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Circular Section Metal Wall Cut-Off Waveguide
Accurate Calculation when used as a Standard
Attenuator

Zhi-Xun Huang

Abstract- In this paper, the mathematical analysis is carried out
from many angles, so that the theoretical calculation problem
of the circular metal wall cut-off waveguide used as a premary
attenuation standard is completely solved, and the Chinese
national standard of the attenuation quantity is established.
The benchmark was completed by the Chinese National
Institute of Metrology (NIM) with an accuracy of 5x10%;Reach
the international advanced level. The calculation accuracy
provided in this paper is 108~107.This is a good example of a
project combining theory and practice.

There are a series of original achievements in this

paper: (1) a new method for solving CMS equation accurately
is proposed; (2) The precise attenuation constant formula is
derived by the surface impedance perturbation method, that
is, the formula later called the Huang's equation is proposed;
(8) The general theory of metal-walled circular waveguides
lined with dielectric layers, namely the Huang Zen equation, is
presented. (4) The influence of oxide layer on the inner surface
of the circular waveguide is analyzed and calculated. The
calculation results of HE,; mode of circular cut-off waveguide
are obtained. Therefore, the basic mathematical physics
equations are also contributed.
Keywords: cut-off waveguide attenuator,  national
standard for attenuation; the accuracy of the attenuation
constant, metal wall circular waveguide lined with
dielectric layer;, mathematical physics equation.

. INTRODUCTION

n microwave measurement technology, the
parameters to be measured are frequency, power,

impedance, attenuation, phase shift, etc., and
attenuation measurement occupies a prominent
position™.  Microwave  attenuation  measurement

methods, an important method is the replacement
method, including high frequency replacement method
(microwave replacement method), medium frequency
replacement method, low frequency replacement
method (audio replacement method), the essence is to
compare the unknown attenuation with the known
precise value, so as to measure the value of the
unknown attenuation. Therefore, a high precision
standard attenuator is required. The attenuator of WBCO
(cut-off waveguide attenuator) is commonly used for IF
substitution. Because the receiving electrode is usually

Author: Communication University of China, Beijing 100024, China.
e-mail: huangzhixun75@763.com

a mobile structure (mounted on a piston), it is also
called piston attenuator™. In addition, because of its
highest accuracy, it can be used as a national
measurement standard, also known as the primary
standard of attenuation.

It must be pointed out that the accuracy of the
microwave attenuation measurement system is lower
than that of the cutoff attenuator used as the standard;
For example, if the accuracy of the latter is 5x10?°, the
former is 10°~10™. In China, the microwave attenuation
measurement  system  produced by microwave
instrument factories in the 1980s had an error of no
more than one thousandth. Of course, the accuracy of
5x10% standard attenuator is difficult to do, but in 1980
by the Chinese Academy of Metrology (NIM) research
group completed the project reached this level, known
as the first attenuation standard or National attenuation
basic standard. Below this is the Secondary attenuation
standard, its standard cut-off attenuator accuracy is
5x10% then the accuracy of the entire microwave
attenuation measurement system is 1073, that is, the
error is not more than one thousandth.

From 1966 to 1980, the American Bureau of
Standards (NBS), the National Institute of Physics
Labaratory (NPL), and NIM all built a first-stage
attenuator working in the medium frequency (30MHz),
all using a cut-off waveguide attenuator. Professor
Mengzong Song of NIM is the chief designer, and
engineers Yongjian Xia and Ronggen Mo are
responsible for the structural design!®. The machining
problem of precision circular waveguide is solved!®. Zhi-
xun Huang is responsible for theoretical calculation and
error analysis®®. In addition, there are other researchers
involved in this project, after several years of efforts
finally successful, technical indicators reached the
international advanced level. This paper is a
comprehensive theoretical summary by the author,
including my new equations, which are contributions to
the basic waveguide theory.

[I. STANDARD ATTENUATORS IN MICROWAVE
ATTENUATION MEASUREMENT

The working principle of the cutoff waveguide
attenuator is the exponential decline characteristic of the
evanescent field in the waveguide when the waveguide

© 2024 Global Journals
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cutoff point is below (f <f,, 4> A4,), and a circular
waveguide is placed along the direction £ :

E= Eo e”
The field strength at Z =0(starting point) is E ;. If Z I
the field strength is E,, there is:

E| = EO e_al (1)
If the attenuation generated by a waveguide of length |
is defined as A , then there is

EO
A=In—"=ql (Np)

E, @)

For example, when A =20dB=2.3Np, e™*
=0.1. This means that when the design is & =1dB/mm,
the field strength decreases to 1/10 of the starting value
after only 20mm along the direction Z. This is a fast rate
of descent, indicating that large attenuation, such as
more than 100dB, can be obtained only with a shorter
cut-off waveguide.

When the electromagnetic wave propagates in
the metal wall waveguide, there will be a cutoff

phenomenon, that is, only the frequency f>fcwave,

waveguide

P

above the cutoff frequency, can propagate. At the
frequency of f<f,, the evanescent field is

characteristic, which is a reactive energy storage field.
Such devices, known as cut-off waveguides (WBCO),
have prominent uses in electronic instrument design. In
1942, E. Linder™” gave a formula for calculating the
attenuation constant of the cutoff waveguide:

21
oa=—

; 2
7 1— (_Cj
Cc }\,

The cut-off wavelength A is determined by the

size of the waveguide cross section. We know that
length and time are the two basic units of metrology; It is
now associated with two basic units, which determines
that it can obtain ®high accuracy (if the waveguide
machining size is very precise).... Of course, Linder's
formula is not very accurate, so improving the formula is
a work for future generations. Both R. Grranthan® in
1948 and R. Rauskolb® in 1962 made efforts, but the
accuracy of their formulas was not high enough to meet
the requirements for the design and construction of first-
order standard attenuators. The problem was solved by
me.

3)

moving coax-line

—~

C| L

R |

U,

U5

Figure 1: Example of Output Attenuator for a Meter Wave Standard Signal Generator

To visualize the actual operating state of the
cut-off waveguide, Figure 1 shows the output circuit of a
standard signal generator capable of obtaining a
voltage output in the microvolt (uV) range®®. When the
receiving electrode (L) mounted on the coaxial line is
moved, the output voltage U is uniformly and
continuously changed for use by the experimenter.
Here, | represents the length of the actual operating
cut-off waveguide.

The main mode of the circular waveguide,
strictly written as HE;; mode, indicates that the effect of
the finite conductivity of the wall cannot be ignored, and
the H,; mode (TE,; mode) under ideal conditions will be
slightly affected by the mode coupling™®. But generally
speaking, the main mode in the circular waveguide is
H,, mode (TE;; mode); If its inner diameter is 2a, the
cutoff wavelength of the mode is

2
xc_nzk—n a=3412a (4)

© 2024 Global Journals

Set Ato the operating wavelength (depending
on the signal source), so in order to obtain the H,;-mode
evanescent field must be satisfied:

A
3.412

Here are the transverse dimensions of the
circular waveguide used in the primary attenuation
standards built by the highest metrological institutions in
several countries: 2& =3.2cm (NIM);2 & =5.06cm(NPL);
2a=8.12cm(NBS).

The relation A- | equation of the cutoff attenuator
is not linear at all locations and has A nonlinear segment
at smaller |(and therefore smaller A)®. In order to
maintain high accuracy, the application can avoid this
section, that is, avoid the initial attenuation section of
about 20dB, that is, maintain the linear relationship A =
& |. The laser length measurement technology can be
accurately measured, so the focus of the study turns to

a<

()
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the attenuation constant@ . It must be pointed out that
the outstanding contribution of the author is the
monograph  {Introduction to the Theory of Waveguide
Cutoff Below) , published in 1991, which makes the
cutoff waveguide theory into a complete system, and
derives some new equations and formulas, and gives
the solution methods!'”. In the book, it is pointed out
that for microwave attenuation measurement, a branch
of metrology, in the 30 years from 1950 to 1980, the

increased from 5x10° to close to 5x10°, because it is
basically a calculation standard, and the attenuation
constant is mainly determined by the basic unit (length
and frequency). In the case of the increasing level of
machining and surface treatment technology, it is
required to theoretically derive the attenuation constant
formula with higher accuracy (higher than 5x10?®). For
the HE,; mode in the metal-walled circular waveguide,
the formula is derived as!®:

accuracy of the cutoff attenuator standard was
2r 1 (a ) ) i
Oy =5 > 1—(7°j g —Jy |+= 1—(7°j e —Jy | +F, (Np/m)  (6)
among
2
_gt_ M)z
Jll_a M 1+ 21_1(}\‘) a (7)

Where g, is the relative magnetic permeability

of the wall metal; ¢, is the relative dielectric constant of

the filling medium; Tis the skin depth of the inner wall,
7 =(muof )2, where ois the RF conductivity of the

wall metal, u = ., is the magnetic permeability of

the wall metal. The calculation shows that the formula
derived by the author is the most accurate one of the
same kind (the accuracy is 1x107%), which can meet the
calculation needs of establishing high precision national
attenuation standard.

It can be obtained from formula (2):

dA:d—aA+a-dI 8)
a

The above formula indicates the method of
giving electrical performance indicators for standard
cutoff attenuators, which is very important. The first term
on the right side of the equation is caused by the
circular cut-off waveguide, and the second term is
caused by the length measuring (displacement
measuring) mechanism. Since the 1970s, due to the
development of laser length measurement technology,
the second item has been greatly reduced (such as
displacement resolution up to 0.0001dB), so the main
task is to reduceda/a . The basic parameters of the
first order cutoff attenuation standard developed
successfully by various countries are derived from two
main factors: the uncertainty of the radius of the circular
waveguide (da/a) and the uncertainty of the RF

conductivity of the waveguide wall material (dofo ). The

operating mode is Hy(TE,;), and the operating
frequency is 30MHz.

Now look at where the US and China have
reached. According to literature [11], the NBS of the
United States in 1960 was as follows: the average inner
diameter of the cut-off waveguide was 81.21015mm(at
20°C), the diameter machining uniformity was
+0.762um, the diameter measurement uncertainty was
+1.27mm, the radio frequency conductivity of the tube
wall was 1.2825x107(€2-m)™, and the uncertainty was
dolo =+5%.For such a waveguide, the attenuation
constant ¢ =0.393701 dB/mm(at 20°C).The partial error
and the uncertainty of pipe diameter caused by =3x10°
5, the small change of temperature in the constant
temperature room caused by =+1x10% and the
uncertainty of pipe wall conductivity caused by
+2.6x10°.NBS technical report gives o =0.393701
dB/mm. dafa =+1x10* that is, one part in 10,000.

In addition, according to literature [4], the
situation of NIM in China in 1980 was as follows:
average inner diameter of cutoff waveguide
31.96254mm(at 20°C), non-uniformity of pipe diameter
processing *=0.5um, uncertainty of pipe diameter
measurement =0.6um, radio frequency conductivity of
pipe wall =1.6034x107(Q-m)", uncertainty +4%. In
this case, the attenuation constant & =0.99995775
dB/mm (20°C); After synthesizing the partial errors, the
NIM technical report gives dad/a =5x10°, that is, 5
parts per 100,000.

It can be seen that the attenuation standard
established by China's NIM is better than that
established by the NBS of US. As for a lot of theoretical
analysis work is not NBS.
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[11. HisTORICAL BACKGROUND: FROM realizability of transmitting electromagnetic waves in a

THOMSON FQUATION TO CMS EQUATION circula_lr metal-walled tube (that is, a circular WaveguiQe).
QA @ Why is Thomson so early can come to the right

British scientist Joseph Thomson (1856-1940)  conclusion? This is mainly because his mathematical
won the Nobel Prize in Physics in 1906 for his discovery  starting point is correct: first analyze the electrical
of the electron. In 1893 J. Thomson published a book: vibration of the cylindrical cavity inside the conductor,
Notes on New Research in Electromagnetics - a that is, solve the two-dimensional wave equation. This
continuation of Professor Clerk Maxwell's {(Treatises on made him the first scientist in history to predict
Electricity and Magnetism) 2. It fully affrms the waveguides.

Figure 2: Circular Waveguide

For the readers ease of understanding, the speed of electromagnetic waves. The following
Thomson's analysis is presented in today's notation, and  partial differential equation holds in the conductor:
its system of units is changed to SI. A medium cylinder

with radius of (a) is buried in a uniform infinite 82HZ+52HZ: 0°H,
conductor space (&,,4,), and the cylindrical ox? 8y2 ¢ ot

coordinate system (', ¢, Z) is taken for analysis (FIG. Where o is electrical conductivity. The above
2). Thomson showed that the following partial differential  two formulas can be written as
equations held in the medium:

1 62HZ

62H2+82HZ_ 1 asz vt2 Z_V2 ? (in medium)

o oyt VI oo ,
VfHZ=Guc p Z (in conductor)

He called V "the speed of electrodynamic
action" propagating through a medium, which is actually

This was Thomson's starting point. When you take a cylindrical coordinate system, then

82HZ +l aZHZ +i asz_i aZHZ (|n medium)
. . A &

°H, 10°H, 1 0°H,__ o*H,
+— +— Ol 7 (inside the conductor)

a2 r or r ooy’

Thomson assumed H, changes according to ~ Proposed by Helmholtz (1821-1894) in 1860. In this way,
jat o . two ordinary differential equations are obtained:
the law of cosm¢-e'”, which in fact introduced the

steady state, monochromatic simple harmonic concept

z

dr? r dr

V2 r?

=0  (in medium)

d?H, 1 dH, (0)2 mzj
+— + H,

© 2024 Global Journals
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d’H, 1dH

dr? r dr

2
z 4 Z ] +ﬂ H
— Joou, r2 | =0 (in conductor)

Where Mis a positive integer.Let 7. =+/ Jou.o , then the equation in the conductor is

d’H, 1 dH, m?
YRRV i Ry H, =0
d(y.r)* ver d(ver) (ver) (10)
The equation in the medium is Bessel equation, | |
while in the conductor it is Bessel equation with virtual E¢|r:a = E¢ r=a

variable.
Obviously, the equation in the medium has only
the following special solutions:

H!=Acosm¢-J, (gr)ej‘”‘ (11)

Where A is the constant. The other particular
solution of the general solution (Neumann function)
does not exist, because it is necessary to ensure that
the field at r=0 is finite. For the equation in the

conductor, there may be two special solutions are |,

(y.r)and K, (.r), but the bigger, r I bigger, this

does not meet the physical reality, so there is only one
special solution:

HY =Beosmd- K, (jr) e iy

Where B is the constant. Therefore, the change
in the medium field is according to the Bessel function;
Within the conductor, the field is modified by the second
class Bessel function. The latter description is what
makes him unique.

Thomson derived the characteristic equations

of circular waveguide H,,, modes, and it is surprising

that this work succeeded at the end of the 19th century.
His method was to obtain two different equations with
two boundary conditions, combine them to eliminate the
two arbitrary constants, and finally obtain a
transcendental equation, called the characteristic
equation (a term later used in the 20th century, but not
by Thomson). The two boundary conditions are as
follows:

1. At the interface between the medium and the
conductor, the "magnetic field line" parallel to the
surface is continuous, which can be written as

| g
Hz|r:a _Hz |r:a

2. The interface between the medium and the
conductor is continuous with Ithe vertical "electric
strength". In the present expression, it can be written
as

The first boundary condition causes
0] .
A ‘]m (Vaj =B Km (JYca)

However, in order to apply the second
boundary condition, we must first write the expression,
ie

E! N_i dH; , .
o~ joe dr (in medium)
1 dH)
Ed')I N2
c dr

(in conductor)

This way, we can write

dH' (o o
z=Acosm¢ J | —r | et —
dr ¢ (V )e \
I
d:rz =Bcosm¢ K, (Jycr) et jv,

By the second boundary condition, we get

1 o 0 1. .
——=J,|=a|=B = jy. K,(jy.a
AJ(DSV (V)BGJY (Jy.)

Simultaneous solution, and set u = 4, . =

;urc:u 0 then

o
2 " V - Mic K,m(J’Yca) (13)
Va Jm(\(’;aj ived Kn(jvea)

This is the characteristic equation of the circular
waveguide when the wall conductivity is finite, that is,
the equation (86) in Thomson's book!™.

Thomson pointed out that when "the wavelength
of the electric vibration can be compared with the
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diameter of the cylinder (2a)", that is, when the
wavelength is very short and the frequency is very high,

itis y.avery large, then

N
2y.a

Thus there is

K (jvea) = jK(jv.a)

At this time, the right end of equation (13)
becomes . /y.a, which is a small quantity, so when

the frequency is very high (i.e. microwave), the following
equation is obtained as an approximate solution of the

equation:
| ( j
V

This means that the tangential component of
the electric field strength at the interface is zero. At this
time, take M =1 to obtain the equation of "maximum
period of electric vibration" :

(14)

D a=1841
v

From this, the cut-off wavelength of the H,; mode is

A.11 =0.543x2ma=3.142a (15)

This is slightly larger than half a circumference
(ma). The above concept is completely correct, but
Thomson did not have a "mode" at the time.

Thomson pointed out that if A >A, (the

operating wavelength is greater than the cut-off
wavelength), "the electrical vibration is not attenuated",
which is the electromagnetic wave transmission.
However, if we carefully examine the right side of the
characteristic equation, we find that there is a small
imaginary number term, "which marks the gradual
reduction of vibration". That is to say, when the finite
conductivity of the wall is taken into account, there is a
small attenuation in the propagation of the
electromagnetic wave.

The "wave whose wavelength is comparable to
the diameter of a cylinder" predicted by Thomson turned
out to be the microwave. The circular waveguide he
predicted was realized 43 years later (i.e. 1936) by
scientists at Bell Laboratories (BTL) in the United
States!"®. This shows that the predictions of science can
be made much earlier than the development of
technology, and demonstrates the power of applied
mathematics. It is commendable that he deals with the
finite conductive wall at the beginning, thus making the

© 2024 Global Journals

discussion close to reality and giving people a deeper
impression. Under microwave conditions, he pointed out
that his characteristic equation can be solved according
to the ideal conductive wall, so as to find the cutoff
frequency and cutoff wavelength, and the error is not
large. In this way, Thomson correctly solved the problem
of calculating the sum of the principal modules. In
addition, he pointed out that the finite conductive wall
must cause a small attenuation of the guided wave. His
shortcomings lie in: (1) In the derivation process, it is
assumed that the conductor ois very large and the
medium o =0;(2) From the beginning, it is stipulated
that it is a type of magnetic wave mode. Two points (1)
and (2) determine that his analysis is not very strict,
especially the second point is the most important.

Thomson started with the H,scalar wave

equation. However, when the conductivity is finite, the
electric and magnetic fields must be superimposed to
satisfy the boundary conditions at I = a .Therefore, the
resultant field is neither a transverse magnetic field nor a
transverse electric field, but a hybrid mode. A TM or TE
mode can exist alone only if the wall conductivity o = .

From 1893 to 1936, a long gap was formed in
the field of waveguide theory. It was not until 1936 that J.
arson and three others published a characteristic
equation that solved the problem of both assuming finite
wall conductivity and mixed mode analysis.”! This is
known as the Carson-Mead-Schelkunoff equation, and
since both are finite wall analyses, it should be possible
to derive J. Thomas's equation from the CMS equation.
On account of

ira=jjopcas= - jopca=an *;—"
()]

Sowhen o »we , there is

Jy.a=amypce, =ak

Where ream K = @,/ p1.€, | let

v=a [k2+y2

Sowhen k?»y? there is
V= jyca

So the right end of the characteristic equation is

1 Kn(aK) . KW
ak Kn(ak) v K,(v)
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On the other hand, if the medium is a vacuum
(&y, My), then

0
—a= E,a=K,a
; Ho€o Ko

Where Ky = 04/LL,€, | let
u=a1/k§+y2

2 2
When ko»y , we have
®

u=—a
Vv

So Thomson's characteristic equation can also
be written as

1 InW) _p, Kin()
uJn(u) v Knw)

But mathematics knows

(16)

Ko (0 == gjmﬂ HY' (%)

Where HS]) is the first kind of order Hankel
function, so there ism
KL(iX) HY(x)
Kn(iX) H®(x)
The characteristic equation can be obtained as

13, _p, HYW)
u ) v HYV)

(7)

Obviously, this is part of the CMS equation, or it
can be immediately derived from the CMS equation!™. It
can also be seen that Thomson's equation does not
contain waveguide propagation constanty, which will
undoubtedly greatly reduce the application value of the
equation.

IV. A NEW METHOD FOR ACCURATE
SOLUTION OF CMS EQUATION

In the development of waveguide theory, a
prominent research direction is the characteristic

equation method, which is remarkably effective for
cylindrical guided wave systems and can be applied in
other cases. The essence of the method is to derive the
eigen equation containing the longitudinal propagation
constant (¥ =a + jf), which is actually the eigen
value equation. For cylindrical guided wave structures,
the initial derivation was for metal-walled circular
waveguides, but it was soon found that this method
could be generalized to other guided wave systems.

Figure 2(b) shows a vacuum cylinder (&g, £4,)
embedded in an infinitely large conducting medium (¢,
M. ). For the sake of universality, the macro parameters
of region | are &, i, , 0, and the macro parameters of

region Il areg,. u,. 0,. In this way, a generalized
mathematical physical model can be constructed, which
is applicable not only to metal wall circular waveguides,
but also to a series of other guided waveguides, such as
single-line surface waveguides, dielectric tube circular
waveguides, dielectric rod circular waveguides, and
optical fibers. The generalized characteristic equation is
derived by J. Carson et al., in cylindrical coordinate
system, the field vector is written as

E= Erir + E¢i¢+ Eziz
H =Hrir +H¢i¢+Hziz

Where | is the unit vector. Starting from the two
curl equations (Vx H=jwe E, VxE=- jou H)
in Maxwell equations, the relationship between the
transverse field component and the longitudinal field
component can be found out when electromagnetic
wave propagates along the cylinder. First specify the
following symbols:

hr=r \ o’ +7°
hr=rJo’,u, +v°

Ignoring the mathematical derivation, the CMS
equation can be obtained!*:

{M Iulu) _ ke ::(V)} [ KE Juu) kg H’m(v):|:m2y2 ( 11 jz

Mlu ‘]m(u) MZV Hm(v)

u J_(u)

v)

u> u?
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Where u=ha, v=h,a. The above equation

is the generalized characteristic equation of cylindrical
wave. The cylindrical function in the formula is a
transcendental function with infinite roots for each value,
so the solution of the above equation is a discrete
spectrum, and a value can be obtained for each normal

wave type, so it is an eigen value equation.m y, .

Carson et al's paper wused 8th-order
determinants to find non-zero solutions under Bezout
condition when 8 constants were treated as variables,
while we use 4th-order determinants. This is because we

k{l J(u) pH; (V)} {ﬁ J'm(U)_[

3 v HM|| u I,

it is

' 2
S _G lem(V) =m2y2[i—ij
jog, )V H (V) Voo

only take cosm¢ or sinm¢ for analysis; This can be

done because these two types of modes are polarially
degenerate. However, the derivation is an eigen-valued
equation, and the degeneracy model of the eigen-
valued problem can be ignored, so the derivation
method can be greatly simplified.

For the most common non-ideal conductive wall
circular waveguide, region 1 is air and region 2 is
conductive medium, so the characteristic equation
becomes

(19)

U=a,/u, ks +7°
V:aw/kz2 +y2

Zhixun Huang and Jin Pan propose a theoretical analysis and a new numerical solution, see below!'.

Suppose the region 1 is the non-dissipative medium and the region II is conductor, then

1781805 W=

c L_O
€,=6,=€,€+ T =&y | €
2 c r2%0 ° 0 r2 H

jo joe,

) is the complex permittivity. Then the wave numbers of two regions become:

where &, (&,

(¢
k12:C02 8r180H0:8r1 k()z; kzzzngcuc:“rc I(0 (8 + ]
jog,

so we have:

R T ex e

Equation (20) is the basic propagation equation
for cirular waveguides, the field components in the guide
for the (m, Nn) mode are proportional to exp[ |

(we —yz— mg)]. But

2
vi=a’kl+a’y*=a’k! (%J ~1|+y?

© 2024 Global Journals

Ho s

“2 = Hc = Mrcuo

c EH’m(V) o221 1 ?
i) e (3

Equation (20) can be written in the form:

F (W)=0 (21)

The algorithm for solving equation (21) is based
upon the Newton-Raphson method, which is based
upon the preliminary determination by trial of an

approximate root Uy :
- First guess Uy,

~ Nextguess 4, U=t [F (Yo, F’(thy
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— Third guess Y2, Y2 =t [ F (thy F" Uy,

This process may be repeated until the desired
degree of approximation is attained:

L Flo)
T E )

where N is the calculation number, not mode index.
And now we may have:

n

u
1 £1x107
u

n

In common case, it has been assumed that the
bounding conductor is lossfree, but in practice, this

assumption will not be true. Because of the finite
conductivity of the surrounding con ductor, the electric
field will penetrate into the metal, and the resistance
losses thereby incurred will cause the coupling of wave
modes, except the circular symmetrical modes in the
circular waveguide. When m =0, this case yields

waves of the type HE , (E,#0) and EH™(H,

#0), named with the first derivation given by Carson-
Mead-Schelkunoff. We must bear firmly in mind, that the
hybrid wave has six field components. So we can strictly

distinguish between the hybrid modes HE™ and the
transverse electric modes H .

Putting m =1, from the CMS equation on HE mode, we have:

G Eaptilete

But

Then

~ s |1H;(v) 1 1)\

e R S
(ol I )
O 6 | ey

ol ) (-0

() G- )
i crr 1) 3 (5803 2] )
24
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Now, in our practical condition f«f , the
attenuation constant « is very large, so we have

Up=ay/K; +75 =&

T
=a, | 1+ j—
Yo o( J ZaJ

Using Linder's formula:

Putting

n
Og="—

T AVL-(/AY

C
Then
21

Up="—

2 (29)

T
1-(h /1) (a+ i E)
So that the F(U,) and F' (U,) can be obtained

by computer analysis. The skin depth of the walls of the
guide is given by

C

S
" Re(jo’ue,

For the most important mode HE,,, the cutoff
wavelength may be written in the form
2na

f.=——""=__=34125791a
1.84118378

The calculations will be made for the brass
guide. It will be assumed that the original data are given
by :

Yo _ 4% 10"H/m (permeability of free space),

€0 — 8.854187818x10"°F/m (permittivity of free space),

€11 —1.000537(relative permittivity of air),

Hro — 0.99998(relative permeability of brass),

G = 1.6034x10” 1/2m (RF conductivity of guide wall),
a = 1,598125x10°m (inner radius of circular guide),

f = 30MHz (signal frequency).

Now, we calculate the @ and £ :
Eri—q, 0 =0,9999593 dB/mm, S =0.0827073 rad/m

Srl=1.OOO537, O =0.9999593 dB/mm, ﬁ =0.0827073
rad/m

© 2024 Global Journals

€1 =2, @ =9999440 dB/mm, [ =0.0827096 rad/m

It shows how the attenuation constan « and
phase constant £ depend on the relative permittivity of

medium in the guide. It is seen that the difference
between vacuum and air should not be sufficient large
to be observed.

The attenuation constant of 30MHz WBCO
attenuator standard built in NIM is 0.99995775 dB/mm.
As a numerical example, we calculated the attenuation
constant of same attenuator, the final result is
0.99995930dB/mm. This value is larger than that
mentioned above, the correction will be 1.55 part in 10°.

V. USING THE SURFACE IMPEDANCE
PERTURBATION METHOD TO DERIVE AN
ACCURATE ATTENUATION CONSTANT
FOrRMULA: THE HUANG EQUATION

Zhi-xun Huang has tried to directly derive the
calculation formula of the attenuation constant of the
precise cut-off waveguide by using other analytical
methods instead of starting from the characteristic
equation of the cylindrical structure, and has
succeeded. We use the surface impedance theory of
the waveguide. Let's start with the Maxwell curl equation,
let

(26)

we have
Vx H = joe E,

The subscript ¢ stands for conductor. The
planar metal surface impedance is defined as

z= [t @7)
gc
Plug in the formula (26) and get
/ 1)
ZS: & (28)
o+ Joe
There are good conductors
(29)

Zs: /J(Duc - m“cejnm
(&) (&)

In 1948, Leontovich deduced the relationship
between tangential electric field and tangential magnetic
field in metal as follows!"®.
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(30)

E.~ |®Reeri(i H,
(&)

Where i, is the unit vector perpendicular to the

metal surface; Take the axis to the metal surface as the
origin point to the coordinates inside the metal, then it
can be written

E =E_ g

Where subscript s represents surface. So we can derive

E~ |®Heeive(i H,)
(e}

Because o is very large and E is small, the

(31)

magnetic field is mainly in the inner surface of the
conductor. It can now be concluded that

E.~Z(i, H,) 32

The approximate sign means that the
displacement current in the conductor is ignored. The
above equation is a concise form of the surface
boundary condition of a nonideal conductor, where the
surface impedance is the scale coefficient in this vector
equation and is scalar. A good conductor is small, and

therefore E is small.

Leontovich condition describes the relationship
between the surface electromagnetic field components
of a non-ideal conductor with good conductivity. Despite

the small E size of a good conductor, the calculations

considered are obviously much better than those
considered when the conductivity is infinite. It can be
seen that Leontovich's condition already implies the
concept of surface impedance. The application of
Leontovich condition is as follows: (1) When
electromagnetic wave passes through an object, the

' in” "
complex refractive index is N="" + 1M requiring N

»1: (2)Let the skin layer be T, 17«7*/275;@Let it be the
radius of curvature of the surface of the object, T«I (a
surface with little curvature can treat the wave of the
adjacent surface as a plane wave).

Metal-walled circular waveguides are not flat
metals and are more complicated to deal with. On the
inner surface of such a waveguide, since the inner
radius is &, the coordinates of any point on the cylinder
are (a,¢, Z), and the tangential vector field of the point

IS

E = E¢i¢ +E,i,

HS:H¢i¢+ H.,i,
Define the impedance dyadic of the circular
waveguide as

Z =Lyl + Z i, (33)

Where Z¢is the circumferential surface

impedance; Z,is the axial surface impedance;i¢i¢is a

dyadic circumferential unit vector; i,i, is the dyadic axial
unit vector. The electric field vector and the magnetic
field vector of the inner surface of the circular waveguide
are related by the following formula:

Z=7(H,i) (34)
This is also a way of writing surface boundary

conditions, which can be shortened to Leontovich
conditions under certain conditions. On account of

stir:(H¢i¢ Hziz)xir:HZi¢ — H¢i2

Therefore,
7 (H. i 820 8 1,
Z( slr)_ ¢ _H¢
0 0 Z

The first row and column of the first matrix to the
right of the equation are zero, so the remaining factors
can be used:

”(H')[Zd’ OHHZ} ZHi —ZH.i
VA sl )= =%y Zl(b_ z 4)’2
0 Z,||-H,

hence

ES:Z¢HZi¢ - ZzH¢iz (35)
Thus writable
E¢=Z¢Hz
Ez:_ ZZH¢
hence
z a
[ HZ (36)
r=a
Z =— EZ
r=a
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Where Z¢is the circumferential surface
impedance of the inner wall of the circular waveguide;
Z, s the axial surface impedance of the inner wall of the

circular waveguide, which is generally mode dependent.
For certain patterns, they may not differ much. In short,
for circular waveguide and cylindrical resonator, the
definition of surface impedance must be expanded to
two. Since both are complex:

Z,=R+ X%,
ZZ:RZ+ij

(38)
(39)

So there are four real quantities that need to be
determined. If the two impedances are normalized to the

vacuum wave impedance (=376.62), the symbol is
Zy, Q)

Zy (40)

N)

fz
ZZ

Zo,

Z,= (41)

The above statement shows that it is necessary
to distinguish between the two surface impedances for
non-planar metals. The ambiguity of the surface
impedance reflects the non-unity of the field relation of
the surface. In the simple theory, the difference between
the two kinds of surface impedance in the inner wall of
the circular waveguide is ignored

Z,~7, (42)

In fact, the normalized surface impedance of
the flat metal Z; (i.e. Z;) is taken instead of the two.

This approach loses its
derivation considerably.
The surface impedance analysis of metal-walled
waveguides must lead to the theory of coupled modes.
Given the surface impedance is equivalent to given the
tangential field. Strictly speaking, as long as the loss of
the waveguide wall is considered, there is no separate
wave or magnetic wave in the circular waveguide except

Hy,wave and [E, wave, because the

impedance makes the wave and magnetic wave
coupling. The strict theory when the coupling is not
ignored is the coupled wave theory. The solution to the
problem of wave propagation in an ideal waveguide with

a given shape is known, and the mode is assumed M,

When the wall of the waveguide is a non-ideal
conductor, the field in the waveguide is given by:

rigor, but simplifies the

surface

© 2024 Global Journals

l,//:MO+iCTMi

i=1

(43)

In the formula M is the orthogonal module. For

non-ideal waveguides, there is no longer a pure, single
normal mode. As indicated in the above equation, a new
factor is introduced into the orthogonal normalizing
function set - the self-coupling coefficient C of the mixed
mode. It is no longer possible to classify TM and TE
modes in the waveguide. The cause of C can be
described from different angles, one of which is the
surface impedance. To get a better sense of this,

consider the E_, (EH™ to be precise) mode groups in
circular waveguides. Let the longitudinal electric field
component in the ideal waveguide be

E,=J,(hr) cosm¢

Let's just write down the time phase factor of the
field. For a non-ideal conductive wall waveguide, the
surface impedance will couple a certain amount of H-
wave energy, resulting in

H,=C J,(hr)snm¢

In the case of ideal waveguide. Ho¢ is

H¢E=— J'ﬁ J_(hr) cosm¢

hy

The coupling is caused by H waves

H;' =C [ L:%T 3,(hr) cosm ]

hence

Hy| = -1 3,00 - iC B"me(ha)}com

hy hva
On the other hand
EZ|r:a =J..(ha) cosm¢d
Combine the above types can be obtained
J,(ha)
2.7 % g (ha)+ jc Py, (ha)
hy hya

(44)

2

Expand the pair by Taylor series, and take the
first term, and getJm(ha) h,a

Jn(ha)=a (3h) I, (ha)



CIRCULAR SECTION METAL WALL CUT-OFF WAVEGUIDE ACCURATE CALCULATION WHEN USED AS A STANDARD ATTENUATOR

Plug in the above formula and get
ach

2% % 1 jc BMy, (9)
hy hya
If we ignore the first term in the right
denominator, we get
2
~ a
JCBmM
That is
2
c-fba 1 @7)
" Bom iZ,
make
1
C=— (48)
T Ci
we have
Bom ~
C~ i (49)
T hga JZZ
Because Z, is small, C_ is also a small

amount; And when Z,—0, then C,—0.This means
that all Ewaves in the circular waveguide are stable. In
addition, when M=o, C, =0.Therefore, the purity of
E,, mode is not impaired by Z, existence.

In a similar way, we can lead the circumferential
surface impedance of the exit mode E,_ .

Bo Ko 7
ff v J_(ha) + jC hOJ ' (ha)

C,J,.(ha) (%0

In addition to the approximation relation of
Bessel function, J; (ha) = J; (h,a) is taken, so it is

obtained
K5 [ 3, (ha) Jko(zﬁi
b | Jn(ha) hy Z,

)] (M) Z
J.(ha) Wa) Z

)

h, a-sh (51)

If we ignore the second term on the right, we get

Bom 1
C= Ka Z (52)
Thus obtained
2
C.= 2 (JZ ) (53)

0

So Z¢ to0, C
T

The case of H,, (strictly HE™) pattern groups

is discussed below. Let the longitudinal magnetic field
component in the ideal waveguide be

H, - J..(hr) cosm®
For non-ideal waveguides, the inner wall surface
impedance will be coupled to a certain wave energy,

resulting in E
H,=J..(hr) cosm¢

Follow the previous way to extrapolate

5 jﬁ Ju(ha) . Bo
Iy 3.0 Ka )
Jn(ha)
ZZ: —j Bom ﬁ\]'m(ha) (55)

rga™"
The characteristic equation can also be derived

from the surface impedance analysis. For example, for

the Hmn (strictly HE ™) pattern group, from the formula
(64) and the formula (55), make them equal, and specify
7o=18,). thus it can be deduced:

=0 (56)

z

The above equation is called the surface impedance characteristic equation in order to distinguish it from
the characteristic equation established by the field matching method. make

ko Jn(ha) _

(57)

hy J,(ha)
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we have

So it can be solved

. 2 2 =
il 1) 1 = 1 my 0
:——Z —_ | T — — —_— —_ 0 —_— = :0
’ 2(“4}*2 (Z‘”zj (hsaJ Z 9

Take a plus sign (HE™ pattern group) or a

Y=\/a2 + 2hsh+ (5h)?
minus sign (EH™  pattern group). Let Z¢«1,
So the problem is finding &h, it is a complex

i ion for HE ™ ined: ;
approximate equation for can be obtained quantity, 5h — hl N th Thus it can be proved that

ko Jm(ha) > My, >
— ~—jZ,+ 1 3.2 60 2 2 4
hO Jm(ha) ¢ h(?a ’ (60) o=Re=Y — l £ A+1 & (A2+Bz)
he 2\ 2n 2\\ 2n
The above formula can be solved by
perturbation method. (61)
Now let's see how we derive the attenuation — 2 2 2
=g+ 2hhh +h =
constant. When propagating with an ideal conductive A=ty hohl kﬁ hz
wall, the field component is proportional to git”*, y, B=2h,(h,+h)

=,/h2 —Kk> When the waveguide wall is not ideally

_ _ _ . In the perturbation method, oh is a function of
conductive, the field component is proportional to

the surface impedance and the waveguide geometry. In

jot ™12 /hOZ —k02 . ) ) order to derive the H,, wave, the derivation is a little
e Y = If the non-ideal waveguide is

= X : S more complicated. The normalized value of the wave
regarded as a perturbation of the ideal waveguide, it can surface impedance is given. The above formula can be
be proved

expressed as the binary simultaneous equations of, and
a new equation is obtained after elimination 7 :

Y=,/y%+2h5h+ (5h)?

When A > }\‘c’ Yo =g, therefore

k, J. (ha) 2+. ko J(ha) 1 Bom) Z|_
{EJmma)} ‘{hoJmma)}[z“ j ( ) N >

we have

K dha) (o 1) 2 Bm Z,
hy - 2[“ ]1 ot ( j

(63)

(&
—~
>0
2
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By using function expansion, it can be obtained approximately

J, (ha)

nfige| s

_h
ko

J_(ha) 1+2,2,

Finally get

1+2Z, 5
1+z,z,)

2n |1 1 J?
M =-DN+= (M=) +F|1-J+—
X 2( ) 2\/( ) ( 4]

(64)

Where J represents the influence of the finite conductivity (or skin depth) of the waveguide material. If the

term J* . J*, is ignored, there is

2n 1 1
=" 1—(M=-J)+—
A \/2( ) 2

itis

(6%)

J(M =J)? + P

Where J is related to the wave pattern:

1
(&
=

|

|

Formula (66) is the main result of this section.
It's called Huang's equation. In the derivation process,
Leontovich condition is assumed to be true, which
naturally has errors; Bessel function operation and final
formula shape sorting, there are also errors. However,
the formula (66) is more accurate than the formulas
listed in foreign literature, and its accuracy can
reach 107.

2
In formula (66), if the term Iis zero, then

2
1-(%) -
c A

(67)

(66)

}\’ 2
L 9=(1+0.4186] 1, (TC]

T
This is Rauskolb's formula, where J= gg. If we

take 9=1 and J= g/a’ we get Grantham and
Freeman's formula

_2n A, 2
S IOE

Therefore, we can see that the formulas in this
paper can summarize the previous formulas.

In summary, for HE;; modes in a metal-walled
circular waveguide, Huanng's equation is:

(68)
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2n 1 %
0y =" 4= 1—(—°j -J, |+

Ao 2 A

2
g 1 (A,
J=——=p, | I+——| ==
= Hre kfl_l( 2 J

And hg=—— where Ki=1.84118378; The

2na
Kiy
formula %11 derived by me is the most accurate of its
kind, and can fully meet the needs of establishing high-
precision national attenuation standards.

As mentioned earlier, for microwave attenuation
measurement, between 1950 and 1980, the accuracy of
the cutoff attenuation standard was increased from
5x10% to close to 5x10%, because it is basically a
calculation standard, and the attenuation constant is
mainly determined by the basic unit (length and time).In
the case of the increasing level of machining and
surface treatment technology, it is required to
theoretically derive the attenuation constant formula with
higher precision. This gives rise to the so-called Huang
equation.

VI. GENERAL THEORY OF METAL-WALLED
CIRCULAR WAVEGUIDES LINED WITH
DieLeCcTRIC LAYERS: HUANG ZENG
EQuATION

Figure 3: Metallic Wall Circular Waveguide Lined with
Dielectric Layer

In 1943, H. Buchholz"® published the paper
"Circular waveguides filled with dielectric matter", which
first put forward the problem of the influence of dielectric
filled waveguides. In 1950, H. Wachowski and R.
Beam!'® published an article entitled "Dielectric rod
waveguide with Shielding". In the above paper, the
characteristic equation (assuming the conductivity of the
waveguide material o=®) when the inner wall of the
circular waveguide is artificially added with a uniform
dielectric layer (FIG. 3) is derived, which is called the
BWB equation. In 1957, Unger?” proposed a perturbed
approximate solution to the BWB equation."These works
are called "artificial dielectric layer circular waveguide
theory". In 1949, J. Brown" published a paper entitled

© 2024 Global Journals

1 ) ’
> 1—(—°j g, =y | +3

(69)
A

(70)

©[a

"Correction of attenuation constant of piston type
attenuator", which analyzed the normal mode of circular
waveguides with uniform oxide layer on the inner wall,
and also assumed that the conductivity of the
waveguide material o=«;The eigen equation derived
under this assumption is called Brown equation, and its
shape is different from that of BWB equation. In 1993,
Zhi-xun Huang and Cheng Zeng!"”! published the most
general formula, called the Huang Zeng equation.

In early applications, the lined waveguide is
mainly used as a long-distance transmission tool in the
micro wave and infrared bands, that is, the application
of the lined uniform dielectric layer to obtain a small
attenuation of the main low-order mode. Later, in the
study of mode suppression and how to reduce the radar
reflection cross section (RCS), the opposite application
of low-loss long-distance transmission has appeared,
that is, the use of lining the medium layer to obtain a
large attenuation of the main low-order mode; The
theoretical basis is that since the internal radiation of the
low-order mode in the terminal short-circuit waveguide is
the main contribution to RCS, the RCS can be greatly
reduced as long as the lined dielectric layer can
effectively inhibit the main low-order mode.
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Bl conpucTor M|

> L AR ||
( IR -

REGION 1
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Figure 4: Multi-Layer Dielectric Lined Metal Wall Circular Waveguide

When assuming the physical model, Zhi-xun  multi-layered, that is, multilayered coated circular
Huang and Cheng Zeng!¥ stipulate that the dielectric ~ waveguide, as shown in FIG. 4.A difficult mathematical
lining of the metal-walled circular waveguide can be  analysis results in the following characteristic equation:

Year 2024

k§£g In(u) e, Fe(Q)J (uu I(u) p, F (Q)J

=
H

I

Version

[ssue [

h 3. h F(a)(h 3,0 h R (71)
2 > 1 8L € 1,MaMs 1
= =+ ——P —c ¢ T " | —
| RUGIR (e Prlahint » e |
Mp=Mp, Ma=MN>
U=hp, d=hb, v=ha
Erp €3 '(2)(V)
( ) h2 QZ( ) h3 H(z)( ) Z(Q)(72) (72)
€2 o r3 '(2)(V)
Re(Q):EPz(Q)_ 1 HO W) R, (a)(73) (73)
among
Pi(hri-l):‘Jm(hri-l) Nm(hri) _Jm(hri) Nm(hri-l) (74)
Q (hry) =J.(hr,) Ni(hr) = J3,.(hr) N (hr,) (75)
P(hr,) =3, (An) N (Ar) = 3, (he) Ny () "
Q'(hr..) =Jdn(hr,) Ni(hr) =35 (hr) Ni(hr) (77)

Our new equation can be used to deal with the situation of artificially adding dielectric layer to the inner wall
of the circular waveguide, and to analyze the effect of forming oxide layer in the precision cutoff attenuator.

VII. CALCULATION OF THE INFLUENCE OF the standard cut-off waveguide attenuator as the core,

OxXIDE LAYER ON THE INNER SURFACE OF to form a comparable standard at IF (30MHz). If its
accuracy reaches 5x10% the overall microwave

~ o -[6] :
CIRCULAR WAVEGUIDE attenuation measurement accuracy can reach 10310,
Microwave attenuation measurement N short, the circular cut-off waveguide is the heart of the

technology mainly uses IF instead of the method, that is, ~ cut-off attenuation standard, and its processing

© 2024 Global Journals

Global Journal of Science Frontier Research (A ) XXIV



Global Journal of Science Frontier Research (A ) XXIV Issue I Version I E Year 2024

CIRCULAR SECTION METAL WALL CUT-OFF WAVEGUIDE ACCURATE CALCULATION WHEN USED AS A STANDARD ATTENUATOR

conditions meet the requirements of high precision and
low roughness to ensure that the electrical index is
qualified. The entire attenuation standard should be
placed in a laboratory with constant temperature and
humidity. Taking the standard of the National Institute of

Metrology (NIM) as an example, the accuracy is dA
dyy,
Y1

=+5x%x107%, O‘~d|:O.OOO2dB.O’[her indicators  are:
measuring range 0~120dB, resolution =+0.0001dB
(0.1mdB). Accordingly, two examples of accuracy data
can be calculated: +0.0007dB/10dB(i.e., +7x10°°);

+0.0052dB/100dB(i.e. =5.2x107%). The high resolution

length measurement guarantees a reduction of dl,
which is due to the use of laser length measurement
technology.

Below the national standards, there are so-
called secondary standards, which are distributed in
various industrial sectors and assume the task of
regional standards. The fixed-point same frequency
comparison method (based on the medium frequency
substitution method) is adopted, which is based on the
cut-off attenuator as the core standard component. For
example, the domestic TO-7 attenuation standard
measuring instrument, its total index is: frequency
1GHz~12.5GHz(fixed intermediate frequency 30MHz
after conversion), attenuation range 100dB, attenuation
measurement accuracy 5x10% Specifically for the
standard cutoff attenuator, the circular cutoff waveguide
is made of H59 brass, the diameter is 2 & =31.962mm,
the diameter machining accuracy is =5um, and the
internal surface roughness Ra is 0.2um.Corresponding
attenuation  constant % =1dB/mm; The length
measurement technique used is raster, not laser, but
also achieves high resolution - reading resolution of
0.002dB(2mdB).

For the cut-off waveguide attenuators with
accuracy up to 5x107%, the oxidation layer on the inner
wall of the guided wall is a problem that needs to be
considered. The thickness of this oxide layer is small,
but it is a factor in error. As mentioned earlier, the
relevant equations are the starting point for our analysis.
For example, Brown's equation assumes that the oxide

film is a pure medium and its dielectric constant is &,

~oo. Brown's®"! approximate analysis shows that the
error of the propagation constant for H,;; mode in the
cutoff region is

=+(5x10°+0.0002)dB; This means that i.e.

dry =(1~1.8) d (78)

Y11 a
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Where a

Waveguide;d is the oxide film thickness. Therefore,
Brown believes that if the attenuation constant error is
required to be <1x10® the oxide film thickness is

is the inner diameter of circular

required to be d <10*mm(0.1um). These can be called
‘circular cut-off waveguide theories for naturally
occurring thick layers of oxide film".

The characteristics of this section are as
follows: (1) The characteristic equation of the metal-

walled circular waveguide with dielectric layer is
discussed;(2)Brown equation was derived from
Buchholz-Wachowski-Beam equation (BWB

equation):(3)The perturbation solution (H,,, mode) of

Brown equation is discussed. (4)The case of H-mode
below the truncated frequency is further obtained;,,
(5)The reasons for the inconsistency between the two
sets of theoretical results are analyzed. (6)The H;;-mode
cut-off waveguide is numerically calculated, the
influence of oxide layer is numerically analyzed, and the
limit of tolerable oxide layer thickness is obtained.

If we follow Figure 3 for discussion, we have &

:b+d, p:b/a<‘]’ Xl: hla’ X2:’h2a pxizhlb’
PX; = th. Here, is the radial propagation constant:
h=+k; y*

Eekeeekie 09

Where Yis the axial propagation constant: kz
is a parameter that characterizes the performance of the
medium is:

— 2 H
k2_\/(‘) €1, — JOU,0,
Where ®2is the dielectric constant of the
dielectric layer H2is the permeability of the dielectric
layer, Hy _ Hillo O3 is the conductivity of the dielectric

layer. For the actual medium, G, =0, so there are

kp= e, =Ko e M,
take the medium Hr =1, so get

kzz\/m

Unger gives the form of the BWB equation as: ['?

(80)
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1V, (pxz )

2 2

5%

11 2_p2 X2 — X2 iJ’m(pxl)Jr e, W._(px,) _{EJE(P&)JF
m x Jn(px)  px2 Z,,(px,)

X22 _erlz X ‘]m(pxl) pXZZUm(pXZ)

Uon(p%,) = 30 (0%) Nip(6) = Ny (pX,) 350 (%,)
Vi(P%) = pxE [ T (9%,) Niy(%,) = N7 (9%,) 30 (%,) ]
Wi, (p%) = px2[ 310(%) Niy(pX,) = J1(pX,) Ny (%) 1
Z,1(p%,)= %[ 30%) Nep(pX5) =3 (PX,) N7 (%) ]

Now we want to transform the formula, for example

2 X=X .. h; —h _ 2(8r_1)k02_ > ko _k02b2

p p

again, let's deal with the following items:
8r Wm(pxz)

e D R " (-e)? ¢ 4 K

=0

30 (% )NL (PX,) = I (P Nm(%,) &, I (DN, (h8) - I, () Ny (h,b)

_&
pX; Um(pXZ) - X,

It is
Po(hr)=J,(hr) N, (ha) —J,.(ha) N (hr)
where I represents radial coordinates. Then there is
Pn(h0)=J,.(h,b) N, (ha) —J (h,a) N, (h,b)
Pr(hb) =3, (hb) N (ha) —J,(ha) Ny (h,b)
Therefore available

8r Wm(pxz)__ Sr Pr;(hzb)
pX; Um(pxz)_ hza Pm(th)

Itis

Qu(Mor) =Jn(hyr) Ny (ha) —J,(ha) Ny (hr)

the same can be proved:

1 Volpx) 1 Qu(hb)

pX; Zm(pxz)_ hza Qm(th)

After this kind of sorting, the BWB equation becomes

{ 1J,(hb) &, F’r;(hzb)} { 13, (hb) p, Q;n(hzbq K

h J.(hb) h, R(hb)| [ I, (hb) h, Q,(hb)

the above formula is strict when the waveguide material is ideally conductive (o= ).

bk

|

1 1
hoh

© 2024 Global Journals

J0(PXo N (%) = Niy (%) 3 (%) P, I, (BN, (,8) — 3, ()N, (,b)

T

(81)

(82)
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We tried to derive the Brown equation from the BWB equation, and now we have

ha=hb+hd
ha=hb+hd

Suppose d«b, cylindrical functions can be expanded by variables.h,b and h,b. The Taylor series
shows:
! 1 ! 2
f(x+A)=f (x)+f (XO)A+5 f (%) A2+..
linear expansion is preferable if Asmall:
f(%+A)=1 () /(%) A
Therefore there may be

In(h) = J,,(hb) + hod J;,(h,b)
Jn(h8) =3, (hb) + hod J, (h,b)

The second type of Bessel function also has a similar relationship, so it can be proved that:
Pa(hb) 1
P.(b)~ hd (83)

Now we need to utilize the Wronsky relation of the integer order Bessel function:

‘]m(X)Nr’n(X) - ‘]'m(X)Nm(X) = Jm+1(X)Nm(X) - Jm(X)Nm+1(X) = Jm(X)Nm—l(X) - ‘]m—l(X)Nm(X) :i

X
and
3 (ONA () = I (N, () =~
X
20N - 0N (9 =2 (1ﬂj
X X

It can therefore be proved that:

The following symbols are also introduced:

u=hb=h/k?+v? (85)
A=hDb=b. k; +* (86)
and consider the following relationship:
k2=_,y2
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This style (82) can be arranged as

{k(f J,(u) , buk? } _{J'm(u)_ w,ud (1__

Jnu) pda” | [ J,(u) b

can also be written as

_[ﬁf%(uL buk H 7,u) pud [1

u
Ho ‘]m(u) da®u, ’ ‘Jm(u) b

(87)

this is Brown's characteristic equation. The error only comes from ignoring small quantities of higher order during
linear expansion, which requires very little (the oxide film is very thin).Brown's equation is correct, but it cannot be

used for film thickness.

Equation (87) can also be written as

[g 5,(u) , buc } { L. r?

1
Ho Jn(u) daPp, | | °3.(u) b

(88)

Now the perturbation solution of Brown's equation is required; Multiply the left side of the formula and
expand it, multiply the left and right side by d/b, omit the (d/b)? term, and set 6 =d/b to obtain the

approximate equation:

CN| N

U ! 2 2 2
[ B 2 s )

(89)

now we're going to approximate it. For the sake of comparison with Brown's original text, using one of his symbols, it

Mz [ J(u) n(U) q
It is actually
f (U)=0 (90)

is actually:

N = 1Y
hence

2 2 U2
hrm=k0 _b_n;

perturbation is for d -0 (no oxide film present).Case of d —0:

J.(u)=0
let the root be

Uy =Ko

when a thin oxide film is present, perturbations are generated:

u,,=+k._, du.,
now we're going to do the Newton-Raphson process, which is

 fkm)

W™ F k)

1)

(94)
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However, it can be proved that:

dh,, Uy, q
h, = bk, o (95)
and
Clhmn _ den
N Vim %)
So when u,... = K...,
den knzqn kmn f (kmn)
=— = AU, =5 5
Tm  bh, by, (ki) (97)

So let's figure du,,,, out first. From formula (89), when J'm(u):O,

Thus obtained

2 2 2
(o)== 1 o -1 5| TR [
ann qrm qrm k2 krm qmn
replace it with k?, and arrange it hi,

2 2.2 2 2 \2
(k) =okd 21 | T 1K )
qmn qmn k2 kr‘m qrm

look below; f (k ) Just take the first term of formula (89) (zero-order approximation) and set then there is W, _ Ho

i [ 20

The expression is obtained by solving according to the differential rule obtain f'(Y), and then J/ (K,,,)
equal to 0, so that's it

K (k)
f'(k )= 2 Koy = 70 3
( mn) qmn Jm(krm)

Using the Bessel recurrence formula:
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Finally get

(K )—-S?i [1—13i]

k2

thus obtained

dy(b) 0 k2 1— m2 + mzhrinqrin 1— kr121n
(b) h2 b2 mn 2 k k2 2
YWh mn qmn 27'mn qmn

hm” . obtained from formula (92)

It can be determined by the following formula: Om

2 k2
] k2 _mn 2
2

O _ K307, vigb® _K3b® —hib? _ kb? —kgb® |, ks

These results are consistent with Brown's.
The opposite formula (100) can be deformed. On account of

mn

O

mi

So the equation (100) can be written as

2 2 2
k2 — km-{kz-—m)+wn(l—k j (K2, —nf)+nfk;($£"~€}j

k2

mn

Oy _ OKan M8 |\ o 1 1) Kelew 4
v TRt ekt TlE, a, )T KK,

k2 2 k2
q;nj k2 ian

(100)

(101)

(102)

where The symbol (b) indicates that this result is obtained by expanding the reference radius (not). The second

term on the right can be simplified to

b7

however

an k2 knnqmn

2 k2 =k2b%(e, —
It can therefore be proved that:
k2 kr12'1n + h2 (qrm krin) = kozqr%n

we plug in these results

O ok3 M g% k2, K oK,
v® Theb? hp kﬁn—mz Kb

m°3 — k2 hmn (qrm — k2 I(rin m*3 qr%]n — kr%n k k2 +h? (qmn
w+ K2 —mzzhribz K2 —m2

Ky0m,

2 2 1,2 |12
kmﬂ_m k2 hmn

<
(103)

(104)
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However . ké ,k2 _ €&,, In addition can be ordered

2
, hri K2 1_}\'—2 22
kmn c.mn
hence
O §k2 e -1 1
dy(g;n: 2mnz+m28 2 2 Grin
however
o b DK 1_[2an2 1 P 05

Tk ko ke ) TR

So finally get

O 8 m(e, -1

mn

YO TR e (ke -G, (106)

mn

This expression is relatively comprehensive, Brown has not given such a clear expression.
VIII. ANALYSIS OF CIRCULAR CUT-OFF WAVEGUIDE AND H,,-MODE

Approximation theory still admits that positive scale can exist. Start with a clear formula, which is obtained
from equation

d/b 1
() — - 2 - -
mn 2 d m 1 2
=( e | 1-— A
N R ( J e b "
)\' 7\’C.r‘r‘n
Let m_ N =1, get the formula applicable to H,;mode
d/b 1
O —7— . d_1 1\~
11 2
=(A +— 1-— A 108
+® [ ;11) -1 b kfl—l( 8Jl_[x J (108)
cll
For the specific case of the cut-off waveguide attenuation standard, A » A, it is obtained
(b) 1 1 2
o) -4 9 (1——j (_7»011) (109)
Y11 b bk;-1 € A
Obviously, the second term on the right side of the equation is small, so
(b)
%:_E (110)
Tu b
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The minus sign indicates that the oxidation film reduces the attenuation constant.

Now proceed from equation (24) of Brown's paper!'¥; Let g, = 4, M =N =1 then the formula becomes

d'Y(b) =d 1 . k11 { 21( ] hllqll (1_ kuJ
Yﬁ) b hllb k11 q121 ks k11 q11

Brown, however, "takes the unperturbed decay constant K,,/b", which has two caveats.

1. This assumption is only true if the terms koin the formula are ignored. By numerical verification, it is proved that

it is allowed to work in the cut-off area.
2. Brown lost a minus sign and should have taken it instead

hib®=—kj;

hence

dy(b) — d kll {1 lllqll ( 1 2} =_E k121 {1_i q121
Chy

Yﬁ) ) b k11 k2 k11 q11 b k121_ Q121 b2k22k121

If & ~1is assumed, then k§» ké, therefore desirable:
.y 21,2
O ==b°k; —b%kg +kiy b°K; + kg

Hence there

(111)

b*k; bzkiqn

(112)

(113)

2 21,2 21,2
G K bk bl 1 2 1
- 22 2
KIS DK b b2k22 G ki b ky Oy
You get it when you plug it in hb=ha-hd
O hb=h,a — h,d
y(b) :—B (114) Suppose d «a, cylindrical functions can be expanded
H by variablesh,a. h,a. Introduce the following
This result is correct, and Brown's original formula is: symbols:
dh, _d 1 Jky-ki+bks(ky+D)
=— U=nha= 2 2 (115)
hy b K1 Kbk hazayk
this is wrong, because of the loss of a minus sign. X,=ha=a,/k; +y? (116)

Brown is wrong, but his conclusion is still correct on an
order of magnitude scale.
We discuss the perturbation of BWB equation

(H™ -mode) and H,;-mode cases. There is now

x2 Bmgﬂﬂ koé{ mgzﬂz—kii—;eSK—mZhﬁnu%L_lz_ S T:

Andlet 6 =d/a, similar analysis is obtained

(117)
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The term &% was omitted from the derivation. Where K is

J.(u) m?
K="\ (1__J (118)

In(w) 7 g

Take formula (117) as
(119)

f (u)=0
It can be proved that:
(a) Kk
dy(g)n =~ 2znz_ dUm 120
Yrm a hmn ( )

It can also be proved that:

€) 2 2 2 32 2 7 2
den m 8 {1_ kmn + hmnX2.mn |:1_ k”n :| kmn (121)

Y(w? ) hrfna2 X;.mn k22 krin X22.n'n krin - m2
and
K2 The formula can be written as
hem=ks — =2 (122) 1
a H? d m 1) =
em=kea' ~ ka' + ko, 12 v a k- (1_;) - (ka .
c.mn

But the formula has been rearranged to become
Let M =N =1, get the formula applicable to H,, modes:

€

1
drim _ M8 XGom —kin | Kokan + Mo (G — ki) diy d 1 (, 1 Y
V@ TRa? K2, - KX MO 1_&) (129
cll

for the specific case of the cut-off attenuation standard,

However (X;mn - krzm) can be written as: A» A thus obtained
¢

2 2 2,2
X2.mn - kr’r‘ﬂ: kOa (gr _1) 124 (b)
1 11 N_EL( _iJ (%mj (130)
() ~ 2 _
And know k,f ,k?=1/¢,, so the last can be obtained Tu a kﬂ 1 & A
dy(a) . (5, -1) 1 equation (130) shows that the artificial application of
m —m°d-— > TV (125)  dielectric layer on the inner wall causes only a small
(a) g (k3 —m)G )
Y r mn mn effect and can be ignored.
So why are the results of the two theories
and inconsistent?
2 2 First, the formula should be written as
L
mn 2 T+ (126) 2 2
kO }\‘c.mn h(b) = 2 umn - 2 I(mn (131)
mn ko __2 ko - 2
b b
2na.
Mem =" (127)
mn
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the other formula should be written as

however
2
@_ |2 K _
R (132 g=d_a-b_, b
a a a
the difference between them can therefore be found:
hence
2 2
) _p@- |2 K L 2201 )2
N — P _\/ko e _\/ko oz b*=a"(1-9) (133)
Hence there
k2 k2
(b) — 2 ~ 2 _ h®
n_\/kO_Wn_nS)ZN ko_i;zn(l—i_zs) hrm
Again, we approximate, we get
(b) (a) k2
~(a
h. =h 1—az—h”(:‘:)28
Thus obtained
2
h(b) _ h(a) - 8kmn
mn mn a2 (a) (134)

n

On the other hand, formula (121) can be deformed and arranged into the following form:

dh® o Sk m?

k2

(@ ~ a’h®
mn

8 2
+azh(a)z Kin| 1-

compared to the past formula, hence

dn@ —dh® =— Szkfgn)
a'hy, (135)

Therefore, it is obtained from formula (134) and
formula (135):

b b
Drah@=hD+ch? (g
hence
() b
Yim+dytm =y 0 +dy ) (137)

That is to say, after the propagation constant is
perturbed, the result is the same whether it is expanded
aor expandedb. In other words, under first-order
approximation, the results obtained by BWB equation
are consistent with those obtained by Brown equation.

Consider the following formula:

(a) (a) — ., (b) (b)
Y1r tayiy =y oy (138)

2
X2. mn

Ko Kom K =17’

2 2
X2.mn

the sum is the same, but the items are different. To give
a number like this:

1.0001000+0.0000006=1.0000006+0.0001

212 2
J m hmnXZ.mn

(139)

Even though the equation is true, the small
quantity on the left is 6x107, and the small quantity on
the right is 1x10*.So the end result is different.

If the medium layer is not artificially laid, but
caused by natural oxidation, the use of Brown analysis
is obviously more reasonable, because just finished
processing is the radiusb, the propagation constant;

yl(f) . Oxidation expands the ideal conductive boundary

to cause perturbation. From an experimental point of
view, the propagation constant in the presence of an
oxide layer can only be compared with that in the

yl(f), and cannot be compared

with that in the absence of oxidation yl(f) .

The conclusion is that the process of naturally
forming an oxide layer on the inner surface of a copper
or brass circular waveguide may cause an error of 10

absence of oxidation
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orders of magnitude in the attenuation constant
(depending on the thickness), which cannot be ignored
for high accuracy standards! Brown's analysis had a few
flaws at the end, but it was mostly correct. As for the
sign of the error, all analyses indicate that the presence
of an inner dielectric layer reduces the attenuation
constant. There are no contradictions or differences to
explain here.

We finally discuss the numerical calculation of
the H,,-mode case where the operating frequency is
much less than the cutoff frequency, or the operating
wave is longer than the cutoff wavelength. Then, the H; -
mode can be numerically calculated by the formula
(140) and written as

Aoy d
Oy (140)
hence
Ay d (141)
a,| b
namely
Aal
d=~b|—* (142)
gy

For example, if there is such a copper (or brass)
waveguide with an internal radius b of 16000.00um,
there is

Aoy

Oy

d=1.6x10% um (143)

It can be seen that when it is specified that |
Aay, |/oy, is less than a certain value, it is also

necessary to ensure that the thickness of the oxide film
is less than a certain value. For example, <5x107%,
oxide film thickness d <0.8um.

It can be seen that if we want to make a cutoff
attenuation standard with an uncertainty of 5x107%, it is
necessary to take appropriate anti-oxidation measures
for copper (or brass) waveguides. Because even if the
error assigned to this aspect is 1x10?, the oxide film
thickness is still required to be d <0.16um. In the
scientific research of surface physics and surface
chemistry, there are special instruments and methods
for measuring the thickness of oxide film, such as the
ellipsometer method (using the polarization of the metal
and the oxide film to measure) and the film resistance
method, which can be selected, and this paper will not
be described.

© 2024 Global Journals

[X. CONCLUSION

Based on a research project | participated in at
NIM in China in the past, based on the mathematical
equations in the waveguide theory and a lot of
mathematical analysis, this paper makes an original
research on the cut-off waveguide theory used in first-
order attenuation criteria, and gets a series of new
achievements. They are unknown to the international
scientific community, such as the later named equations
(Huang equation, Huang Zeng equation), as well as
some unique algorithms. This paper is a complete
summary, a large number of mathematical analysis work
has been elevated to the level of physical significance,
so0 that this paper is not only a contribution to metrology,
but also to the enrichment of basic scientific theories -
providing new mathematical equations in teaching, and
strengthening the waveguide theory in physics.

From the development and experimental
results, NIM reached a high level of accuracy of 5x107°
for the cut-off attenuation standard in 1980. This
requires a theoretical calculation accuracy better than
1x10%. It is best to reach 1x107. This paper shows how
the author achieved this requirement through hard work,
and vividly illustrates the twists and turns and hardships
of scientific research work.

| would like to thank Professor Min Zhu for his
help in writing this article.

REFERENCES REFERENCES REFERENCIAS

1. Barlow H, Cullen A. Microwave measurements.

Constable, 1950.

Harnett D, Case N. Proc. IRE, 1935, 23(6): 578-592

Huang Z X. Electronic Jour, 1963, 1(4): 128-141.

4. Mengzong Song. Development report of standard
cut-off attenuator for first-order attenuator.NIM, 1980

5. Yongjian Xia, Ronggen Mo, Acta Metrology, 1982,
3(2): 135-141.

6. Huang Zhi-xun. Journal of Metrology, 1983, (4): 316-
318.

7. Linder E, Proc. IRE, 1942, 30: 554-556.

8. Grantham R, Freeman J. Trams. AIEE. 1948, 67:
329-335.

. Rauskolb R. A.E.U., 1962, 16: 427-435.

10. Huang Z X. An Introduction to the Theory of
Waveguide Bolow Cutoff. Metrology Publishing
House, 1981(1st pub.), 1991(2nd pub).

11. Allred C, Cook C. Jour. Res. NBS, 1960, (July-sep):
225-228.

12. Thomson J. Notes on recant researches in electricity
and magnetism, intended as a seguel to Prof.
Maxwell's treatise on electricity and magnetism.
Dawsons of Pall Mall, 1893; reprinted 1968.

13. Southworth G. B.S.T.J., 1936, 15(4): 284-309.

14. Carson J, Mead S, Schelkunoff S. Bell Sys. Tech
Jour., 2(1936), 15, 310.

w



CIRCULAR SECTION METAL WALL CUT-OFF WAVEGUIDE ACCURATE CALCULATION WHEN USED AS A STANDARD ATTENUATOR

15.

16.
17.

18.

19.

20.

21.

Huang Z X, Pan J. Acta Metrologica Sinica, 1987,
8(4): 267-270.

Leontovich M. Res. Radio wave, 1948, I : 1-11
Huang Z X, Zeng C. Microwave & Opt. Tech. Lett,,
1993, 6(6): 342-349.

Buchholz H. Elektr. Nachricht. Techn, 1943,
16(Mar.): 73-85.

Wachowski H. Rep. Invest, Microwave Opt., 1950, 3:
21-25.

Unger H. Bell Sys. Tech, Jour., 1957, 36(Sep.):
1253-1273.

Brown J. Proc. |EE, 1949, Pt. 3, 96: 491-495.

© 2024 Global Journals

Year 2024

N
H

I

Version

[ssue [

Global Journal of Science Frontier Research ( A ) XXIV



Global Journal of Science Frontier Research ( A ) XXIV Issue I Version I E Year 2024

CIRCULAR SECTION METAL WALL CUT-OFF WAVEGUIDE ACCURATE CALCULATION WHEN USED AS A STANDARD ATTENUATOR

This page is intentionally left blank

© 2024 Global Journals



\VZ GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: A
Py PHYSICS AND SPACE SCIENCE
Volume 24 Issue 1 Version 1.0 Year 2024
Type: Double Blind Peer Reviewed Interenational Research Journal

Publisher: Global Journals
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

A Classical Interpretation of the Quantum Universe Extrapolated
from the Fine Structure Constant («)

By John R. Crary

Abstract- The Fine Structure Constant (FSC) model of the universe is a conceptual perspective
based on a classical method for analyzing the Fine Structure Constant (a). A Python algorithm
calculates prime number property sets where the sum of the elements equals the whole number
values for a equal to 137 and139. A hybrid coupling of these property sets produces a
U{137/139}twin prime metaverse where a =137.036, an almost exact match to the observed
value. The FSC Model projects that the Fractional Coupling Constant (a,;; = 0.036)is a more
accurate measure of its relative electromagnetic (EM) strength. This same calculation is used to
determine the Fractional Coupling Constants (a,,) for the twin prime metaverses (U{2/3}, U{3/5},
U{5/7}through U{197/199}) to estimate their respective electromagnetic forces. The results
suggest that this model mirrors our observable universe and offers an abstract landscape into
the quantum nature of electromagnetic forces, including Baryonic Matter, Dark Matter, Dark
Energy, and a possible variable speed of light.

Keywords: fine structure constant, quantum, matter, dark matter, dark energy, electromagnetic,
conceptual model, primordial black holes.

GJSFR-A Classification: FOR Code: 020106

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

© 2024. John R. Crary. This research/review article is distributed under the terms of the Attribution-NonCommercial-No
Derivatives 4.0 International (CC BY-NC-ND 4.0). You must give appropriate credit to authors and reference this article if parts of
the article are reproduced in any manner. Applicable licensing terms are at https://creativecommons.org/licenses/by-nc-nd/4.0/.



A Classical Interpretation of the Quantum
Universe Extrapolated from the Fine Structure
Constant (a)

John R. Crary

Abstract- The Fine Structure Constant (FSC) model of the
universe is a conceptual perspective based on a classical
method for analyzing the Fine Structure Constant («). A Python
algorithm calculates prime number property sets where the
sum of the elements equals the whole number values for «
equal to 137 and139. A hybrid coupling of these property sets
produces a U{137/139}twin prime metaverse where «
=137.036, an almost exact match to the observed value. The
FSC Modéel projects that the Fractional Coupling Constant (a3,
= 0.086)is a more accurate measure of its relative
electromagnetic (EM) strength. This same calculation is used
to determine the Fractional Coupling Constants («,) for the
twin prime metaverses (U{2/3}, U{3/5}, U{5/7}through
U{197/199}) to estimate their respective electromagnetic
forces. The results suggest that this model mirrors our
observable universe and offers an abstract landscape into the
quantumn nature of electromagnetic forces, including Baryonic
Matter, Dark Matter, Dark Energy, and a possible variable
speed of light.

Keywords: fine structure constant, quantum, matter, dark
matter, dark energy, electromagnetic, conceptual model,
primordial black holes.

L. [NTRODUCTION

he Fine Structure Constant alpha(a) value is
~1/137, precisely measured as 137.035999206][1],
which  characterizes the strength of the
electromagnetic  interaction  between  elementary
charged particles. The FSC Model proposes that there
may be a classical interpretation for this unitless QED
number as described in a previous article [2], “A
Conceptual Model of our Universe Derived from the Fine
Structure Constant (a).”

The FSC Model calculates the value of a at
137.036 by assuming that our universe is a hybrid of the
twin prime number metaverses U{137} and U{139}
where a=137.000 and a=139.000 respectively. The
FSC theory assumes that the whole number part of a,
137 is due to it being associated with the U{137/139}
metaverse and that the fractional part of a;;; = 0.036 is
the actual measure of the electromagnetic force (EM)
that binds charged particles.

Most importantly, the Fractional Coupling
Constants (a,,) values can be generated for the other
twin prime metaverses, and together, those differences

Author: e-mail: John.R.Crary@gmail.com

drive the functional nature of our universe. The
questions being investigated are comprehensive and
include attempts to align the FSC Model property set
calculations with existing scientific theories to ultimately
define a collective inference for why we have Matter,
Dark Matter, and Dark Energy.

[I.  FSC FINE STRUCTURE CONSTANT
CALCULATIONS

The Python-generated Fine Structure (o)
calculations are shown in Table 1, which displays the
property counts for hypothetical metaverses U{139}
and U{137}. The top row represents the U{139}
property counts where o = 139.000, while the bottom
row represents the U{137} property counts for
o= 137.000. In each case, the generated a values
represent the sum of the prime number elements in their
respective property sets.
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Table 1: FSC Fine Structure Calculations

Metaverse | D01 | D02 |Do03| D04 | D05 | D06 | D07 | D08 | D09 | D10 (P-Sum| o/a,
U{139} 1 1 |48 | 54 |240[235]|109| 86| 2 | o | 776 | a=139.000
{139} > {2,137}
J Fractional Coupling Constant a y;137/139;
U{139/137} unary| (U391 - (U373} s U137) > 77T | @=137.036
5 (777-723)/(777 + 723)
u{137} 1 | o |[s54|3a[235|214] 86 98| 0| 2 | 723 | «=137.000

The yellow section in the middle describes a
hybrid U{137/139} metaverse that produces an a =
137.036 with a Fractional Coupling value of a ,5; = 0.036
based on the U{137} and U{139} property counts.

The red font describes how the U{137}
property set must originate from the U{139} metaverse
to create the hybrid U{137/139} metaverse. This
subtracts the D01 = 4 property from U{137} and pulls it
from the U{139} D02 property set (+1) to create the
hybrid configuration determining the fractional a,;,value.

This hybrid FSC model gives the Fine Structure
Constant (a) a classical mathematical definition using a
Relative Dominance (RD) calculation of the (U{139}
minus U{137})/U{137/139} for the property calculations
described in blue. This RD/a,, calculation (A-B)/(A+B) is
then applied to the other twin prime metaverses to
identify how their hybrid fractional EM forces compare to
the U{137/139} metaverse.

Lastly, the FSC property sets represent a
dissection of the Fine Structure Constant () into a range
of n-dimensional sets of prime numbers that define focal
points of quantum energy for each metaverse. The
theory is that the higher the twin prime ratio of these
property sets, the more matter-like its quantum nature.
As an example, the U{137} 10"-dimension has two
property sets, {2-3-5-7,11-13,17-19,23,37} and {2-3-5-
7,11-13,17-19,29-31}where the elements sum to 137
and the “-* indicate pairing of twin prime values. This
represents the highest twin prime ratios for our
U{137/139} metaverse [2] and is presumably the most
functional.

The supposition is that only prime number sets
represent stable quantum states, whereas composite
numbers are unstable and cannot form property
elements. Properties from different metaverses seem to
have the same “quantum gravity,” but the higher the
twin prime pair, the larger the number of property sets
they generate.

[1I.  METAVERSE COUPLING CONSTANTS

The difference between « and a,, is that «
reflects the fact that it is extracted from the U{137/139}
hybrid metaverse, while a,5, is a measure of its actual
Electromagnetic Force (EM), where:

a = U{137/139} + a,5, = 137 + 0.036 = 137.036

© 2024 Global Journals

The FSC Metaverses represent absolute energy
levels, while the Fractional Coupling Constants (a,,)
represent their relative EM strength between the hybrid
metaverses.

Table 2 illustrates the Fractional Coupling
Constant (a,,) calculations for the twin prime metaverses
U{2/3} through U{197/199}. The U{137/139} hybrid
metaverse row for light is highlighted in yellow. The
higher a,, values (Baryonic Matter) are highlighted in
green, while those with lower a,, values in grey represent
the Dark Metaverses.



Table 2: Twin Prime Metaverse Hierarchy

Metaverse P1/P2 P1
. o om Metastate
u{rP1/pP2} Ratios Sums
u{2,3} 1/1 3.000 1.00000
U{3,5} 1/2 4.000 1.00000
u{5/7} 2/2 5.500 0.50000
u{11/13} 1/2 12.000 1.00000
U{17/19} 2/3 17.600 0.60000 .
Baryonic
U{29/31} 7/9 29.250 0.25000 585
Matter
U{41,43} 14/15 41.103 0.10345
U{59,61} 35/39 59.081 0.08108
u{71,73} 61/67 71.063 0.06250
U{101,103} 204/224 101.051 0.05140
U{107/109} 257/278 107.043 0.04299
U{137/139} 724/776 137.036 0.03600 724 Light
U{149/151} 1064/1136 149.034 0.03364
U{179/181} 2601/2761 179.030 0.03021 11608
U{191/193} 3645/3863 191.029 0.02930 ’ b ::atter
U{197/199} 42944549 197.029 0.02906
----------------- - - Dark Energy
Higher Twin Prime Metaverses

The premise is that the larger the a,, values have
stronger EM force, while those with lower a,, values have
less EM force. What this means for our FSC Model
universe is outlined below.

e Baryonic Matter, highlighted in green, represents
EM forces stronger than a;;; = 0.036. The
presumption is that the stronger the EM force, the
more tightly it binds matter & energy, giving our
universe its quantum-level chemistry and physics.

e The table row highlighted in yellow represents
electromagnetic radiation (photons of light) free
from baryonic internment and able to travel through
space. This is where the EM value of a5, is too
weak to bind with matter but can transfer energy to
the lower metaverses, presumably when the
U{137/139} EM wavelength matches the quantum
energy in a lower metaverse.

e The grey section describes the Dark Metaverses,
characterized by decreasing EM forces and the
inability to absorb or emit EM radiation or form
matter. However, they would have enough EM
forces to influence Light and Baryonic metaverses.

e The Dark Metaverses describes a medium through
which light must travel and is best described as an
ocean of weakly interacting twin prime metaverses
U{149/151} and above. Much like the speed of light

slowing when it travels through glass or water, this
implies that the Dark Metaverse is a possible
determinant for the speed of light.

If the Dark Metaverse had a higher density in
the past, it may have reduced the speed of light. The
effect would mimic an expanding universe, as described
by ChatGPT-3.5, “In this scenario, it could give the
illusion of a more accelerated expansion, potentially
making it seem like the universe is expanding at a faster
rate than it is. This effect could be analogous to the
observations that led to the discovery of dark energy,
which is thought to be responsible for the accelerated
expansion observed today.”

[V. THE BiG BANG & DARK METAVERSE

The FSC Model aligns with current theories that
Dark Matter results from Primordial Black Holes (PBHS)
created during the Big Bang[3]. These represent tiny
black holes from which our universe evolved. The Dark
Metaverse theory supports the possibility of their
dimensional property sets DO01-D(n) manifesting as
primordial singularities. These singularities would range
differently in size, each with quantum scale gravity.

Depending on the size and number of these
singularities, where the larger twin prime metaverses
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represent more cumulative energy, four things can

happen:

1. The smallest singularities quickly dissipate their
energy into the cosmos via Hawking radiation,
creating a cascade of baryonic matter an instant
after the Big Bang.

2. The remaining singularities, too large to dissipate
the entirety of their energy as Hawking radiation,
survive today as Dark Matter. These FSC
singularities would have little or no EM forces,
cannot interact with light, and have no physical
structure except to encapsulate a tiny amount of
quantum gravity[4].

3. The Dark Energy conjecture has three possible
answers:

a) Itis an illusion due to a slower speed of light in
the past because the Dark Metaverse was
denser, as described in the previous section.

b) Dark Energy is due to PBHs emitting Hawking
radiation faster now than in the past and
possibly increasing as the density of Dark
Matter decreases and the universe cools.

c) or both.

4. Lastly, early in the universe’s evolution, the largest
singularities would coalesce into Black Holes and
be the focal points in forming stars and galaxies.

This process describes our universe’s formation
much like liquid droplets (Coacervates) in water[5],
which involves dissolution into the surrounding media,
possible phase separation, and, eventually, a state of
equilibrium in a turbulent system.

V. CONCLUSION

The FSC Model represents a conceptual
description of the quantum nature of our universe based
on the idea that set theory can replicate the value of the
Fine Structure Constant a= 137.036. Mainly, it provides
a Python algorithm [6] for fractionating the value of a
into prime number property sets where a =137 and
a =139 and forming a hybrid metaverse that
mathematically matches the observed
a= 137.035999206. The theory is that these property
sets give a granular understanding of implied quantum
states of matter and energy. It does not alter existing
sciences but potentially provides a theoretical
scaffolding that defines the universe.

The FSC theory presumes that the Fractional
Coupling Constant for U{137/139} a,;,= 0.036
represents the true EM force and that these a,, forces
can be calculated for all the twin prime metaverses.
These EM forces present a new paradigm for
understanding Matter, Dark Matter, and Dark Energy.

The FSC Model supports the theory that an
array of primordial twin prime singularites may
contribute to the gravitational force we call Dark Matter.
Dark Energy is due to an increasing speed of light or an

© 2024 Global Journals

accelerating dissipation of Hawking radiation from Dark
Matter as the universe expands.

The FSC Model provides an abstract
perspective of our universe based on classical math, set
theory, and deductive reasoning for a magical number
(o) that previously defied scientific inquiry. It is not
intended as a proof of concept but as a novel approach
for aligning a conceptual model with the science that
describes our universe.
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Three Properties of Matter

By Li Xuefeng

Introduction- Let me talk about three concepts first, which may not be very accurate but | haven't
found a better description. Radiation is the process by which particulate matter radiates energy
as it cools. A quantum is a unit of energy radiated outward during the cooling process of particle
matter. Temperature is a measure of the ability of particulate matter to radiate externally."The Law
of Cooling", the matter composed of elementary particles, every atom in it, builds a temperature
field that is high inside and low outside, continuously radiates energy outward, cools itself, and
makes its own state more stable Stablize. At the same time, it is constantly absorbing the energy
transmitted from other nearby atomic substances. Every substance composed of elementary
particles maintains a balance in this dynamic state of heat release and heat absorption. Heat
release is active and heat absorption is passive. There is a substantial difference between "The
Law of Cooling" and "The Theorem of Heat Exchange" learned in middle school. Heat exchange
is understood from the molecular level. The law of cooling is the heat exchange explained from
the quantum level. It is important to note here that active cooling is a basic property of matter.
This feature was previously unrecognized. What is the temperature? We use a thermometer to
measure the temperature, high and low, what exactly are we measuring? In air, is the velocity of
the gas being measured? Obviously not, is the amplitude of the crystal oscillator measured in the
solid? Is pressure measured in liquids? Obviously neither.
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. [NTRODUCTION

et me talk about three concepts first, which may
Lnot be very accurate but | haven't found a better

description. Radiation is the process by which
particulate matter radiates energy as it cools. A quantum
is a unit of energy radiated outward during the cooling
process of particle matter. Temperature is a measure of
the ability of particulate matter to radiate externally."The
Law of Cooling", the matter composed of elementary
particles, every atom in it, builds a temperature field that
is high inside and low outside, continuously radiates
energy outward, cools itself, and makes its own state
more stable Stablize. At the same time, it is constantly
absorbing the energy transmitted from other nearby
atomic substances. Every substance composed of
elementary particles maintains a balance in this dynamic
state of heat release and heat absorption. Heat release
is active and heat absorption is passive. There is a
substantial difference between "The Law of Cooling" and
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'"The Theorem of Heat Exchange" learned in middle
school. Heat exchange is understood from the
molecular level. The law of cooling is the heat exchange
explained from the quantum level. It is important to note
here that active cooling is a basic property of matter.
This feature was previously unrecognized. What is the
temperature? We use a thermometer to measure the
temperature, high and low, what exactly are we
measuring? In air, is the velocity of the gas being
measured? Obviously not, is the amplitude of the crystal
oscillator measured in the solid? Is pressure measured
in liquids? Obviously neither.

What is the temperature we measure indoors? It
is still radiation, which is the determination of the radiant
energy of indoor materials. In solids and liquids, the
temperature we measure is still their radiative capacity.
Therefore, temperature is a measure of the ability of
particle matter to radiate to the outside. These are just
personal knowledge, for reference only.
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a) The essence of frictional heat generation

When we were young, we often played the
game of smashing sparks at night, that is, smashing the
small stone in our hand on the big stone, you will find
that if there is sliding, the spark will be very small, and
the spark will be when it touches will be great. This is in
great contradiction with the theory of frictional heat
generation that we have learned. Is there any other
explanation? The current popular explanation, the
energy transformation of objects. If we must understand
in this way , we will further consider how these energies
are converted from kinetic energy to heat energy of
molecular motion.

To talk about the essence of frictional heat
generation, we must first talk about the essence of
friction. The relative motion of two objects forms friction.
From a macro perspective, the relative motion of two
objects is the relative displacement of the two contact
surfaces. From the perspective of microscopic particles,
it is the relative displacement of the two particle clusters.
The contact surface of the two particle clusters has
obvious unevenness, and friction is the mutual collision
of the convex parts of the contact surface. collision, we
can infer that it is the pressure generated by the
particles in the contact part. It can be considered that
the essence of friction is: the pressure generated by the
collision between the particles of the convex parts of the
two relative motion contact surfaces .From the point of
view of weak gas pressure, the molecular kinetic energy
is increased, the molecular oscillation is intensified, and
the radiation energy is in increased. From the
perspective of high-intensity pressure, just like the
principle of proton collider, proton collision produces the
same effect of splitting, resulting in great atomic splitting
and releasing a lot of energy. Therefore, the heat
generated by friction is generated by The strong
pressure between the contact parts. When the pressure
is strong, the particle structure can be broken and
changed, resulting in breaking excitation, thereby
releasing a large amount of energy.

Its formula uses iron as an example to illustrate:

A (The Big Atom) B (Little atoms)+C (Little atoms)
+Energy

From the calculation point of view, the frictional
heat generation Q, is proportional to the contact surface
pressure, P and speed V. It can be seen from this that
pressure plays a decisive role in frictional heat
generation.

The pressure formula for the collision of moving
objects, p=mv/st. m is the mass, AV is the decrement
in velocity, s is the contact area, and At is the action
time. Substituting the data in can calculate the pressure
at the touch. This formula extends to collisions between
small particles and can be transformed into p=mv2/2n
r 3. Vis the velocity and r is the particle radius.
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Why, when there is a lot of stress, energy is
generated? We know that there are a large number of
high-speed moving electrons around each atomic
nucleus. Although two relatively stationary objects are
stationary when viewed as a whole, they still have high -
speed electrons at the level of the atoms in the contact
surface and relative motion. As long as the pressure is
large enough to make the two particles come into close
contact with each other, breaking the respective laws of
motion of electrons around their nuclei, The particle
structure will change, resulting in mass-energy
conversion to release energy. This is the essence of
frictional heat generation.

We know that there is a large space around the
nucleus, and there is a magnetic field generated by the
movement of electrons. When the pressure on the
material is greater than the binding energy, the normal
feeling is that the object begins to change in shape or
diffuse and slide around. But what happens if there is no
room for activity? Let us boldly imagine that matter
begins to compress space. At first, it compresses the
circulation space of magnetic field lines around the
nucleus. The magnetic cycle of a single atom cannot be
completed, and the large cycle of the magnetic field of
matter is forcibly completed, and the magnetic energy is
collectively released to the outside, forming external
magnetism. In the past, matter had no magnetism,
because individual particles had their own magnetic
cycles and exhibited random magnetism to the outside
world, so there was no magnetism. Under the action of
pressure, the magnetism is concentrated and released
in a concentrated direction, so it appears magnetic to
the outside. This is the principle of the formation of
magnetism, and the magnetism of geomagnetism and
stars is formed in this way. This is my reasoned
understanding of the formation of the Earth's magnetic
field, and | hope you can refer to it.

Under the pressure of the magnetic cycle, the
pressure continues to increase, and the electron
circulation around the nucleus is blocked. In order to
achieve the cycle, the atom releases a part of the energy
ions to keep itself intact. Due to the release of heat
energy, the object begins to heat up, and as the
pressure continues to increase, the material slowly
liquefies, then vaporizes, and finally completes
ionization. Continuing, the ions begin to decompose.
First, the large ions are decomposed into small ions,
and the small ions continue to decompose into a soup
composed of protons, neutrons, and quarks. Finally, the
quantization is completely decomposed, and the energy
generation process of a star is completed. The reaction
of protons in the ion soup of proton quarks is the pattern
in the proton collider. The ions collide with each other
and break apart, forming smaller ions.

Triboelectricity is a phenomenon we all know,
and the phenomenon of stone tip sparks shows that
there is an ultra-high temperature energy release



process at the stone tip. The power of one person
completes the spark of the stone tip, the power of the
earth's plates, produces a volcanic eruption, and the
power of the earth has geothermal heat. This is what |
know about the source of the earth's heat.

b) The following is my understanding of the sun

The sun is a liquid sun, which is substantially
different from the gaseous sun recognized by the
current mainstream of science. How stable is the
gaseous sun, a series of problems such as the greater
the mass, the lower the density. In particular, the
understanding of the sunspot prominence flare is even
more unclear and cannot be explained accurately.

The sun is a huge liquid metal hollow sphere,
and its structure can be roughly divided into four layers:
from the outside to the inside, respectively, the outer
metal atmosphere layer, the liquid metal layer, the inner
gas ion layer with metal large ions decreasing to small
particle ions, The last formed quantum core area.

The extreme temperature and extreme pressure
inside the star converts metal ions into light quanta to
generate huge energy, which is the source of the huge
energy of the sun. This huge energy heats and boils the
metal on the surface of the sun, turns into metal gas and
flies into space, forming the metal gas layer of the sun.
This layer is what we usually think of as the burning
surface of the sun. Thus forming the radiant feeling that
people see. Most of the vaporized metal molecules
liquefied and fell back to the sun after cooling in space,
forming metal rain on the surface of the sun. Among
them, the lighter metal molecules (such as sodium)
gasify and cool down in the upper atmosphere for a
long time to form solids. Because of its lower
temperature, it is darker than its surroundings. The solid
blocks are large, and they are seen on the earth. This is
sunspots outbreak phenomenon. It forms like hailstones
on Earth. When the sunspots fall back to the sun, they
gather a large amount of other liquid or solid
substances to form a larger volume, and when they fall,
they splash huge waves to form solar prominences. The
aroused liquid shallow place causes the overflow of
internal ion hot, which can also form the eruption of
solar flares. The prominence flare formed in this way is
only accidental. Most of the prominence changes and
flares are formed in this way. Solar prominences are
formed by the cooling of the sun’s atmospheric material
in the air, just like the clouds on the earth. The darker
black prominences are generally higher in height and
relatively lower in temperature, and the shadows left on
the surface of the sun are more obvious, but they will not
Obviously, there are vague performances. As the height
decreases, due to the heating of the prominence by
solar radiation, a relatively high-temperature space is
formed between the prominence and the sun’s surface
due to the greenhouse effect. As the temperature of the
prominence increases, the color of the shadow will be

roughly consistent with the color of the sun’s surface. At
this time, there will be an inconspicuous appearance,
but there will be an obvious prominence phenomenon at
the edge, but it will not be obvious after turning into the
sun, and it will feel difficult to be found. As time goes by,
the height will further decrease, and the temperature of
the prominence will further increase. As it rises, the color
begins to shine and it becomes white spots. As the
temperature continues to rise, the cloud begins to
evaporate or sublimate, and its volume expands rapidly,
forming an evaporative flare explosion. Such a flare
often has a large inner high pressure of the prominence,
which produces a self-expansion, forming a huge flare.
Such flares tend to push part of the prominence material
directly out of the sun. Black shadow prominences
generally do not fall back to the sun, only concentrated
sunspot prominences will fall back to the sun, forming a
splash-type flare explosion, if the sunspots are
evaporated before falling back to the sun, it will form an
evaporative flare explosion just like the black shadow
prominence. There is a colorless stage between the
white white spot and the black prominence, which gives
people a wrong understanding, the shadow disappears
automatically, the flare is produced instantaneously, and
the place where there are sunspots is often the place
where the prominence is concentrated, so the two are in
the same place. The odds are high together, which is
what | know about prominence sunspot flares.
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These understandings are seen and
summarized in the high-definition map of the sun. The
pictures | collected on the Internet in 2021 show a
spoon-like celestial system appearing in the space of
the sun. Although the sunspot model described ten
years ago does not have a handle, the body system is
exactly the same. The photos show that the sunspots
described by the mainstream theory are far from each
other. So far, no one at home and abroad can explain
this phenomenon clearly.
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The Sun, almost perfectly explained all the
mysteries of the sun. A solid, almost unquestionable
sun. In the past, hydrogen polymerization was said to
solve the problem of solar energy. It has been more than
a hundred vyears since hydrogen polymerization
released energy, and there has been no successful
experiment so far. There are too many doubts in spectral
analysis, and my cooling law can better explain the
problem of radiation spectrum.

Frictional heat generation is a phenomenon we
all know. The phenomenon of sparks at the tip of the
stone indicates that there is an ultra-high temperature
energy release process at the tip of the stone. The
power of a person completes the spark of the tip of the
stone; the power of the earth's plate produces a volcanic
eruption; the power of the earth has geothermal heat.
The power of Jupiter has Dahongban; the power of the
sun has radiance. From the perspective of natural
phenomena, we make such inferences. However,
whether our reasoning is correct or not can only be
determined through the verification of pressure
experiments, and the change state of matter under
pressure is the root of unlocking the essence of frictional
heat generation. (Note: In my planetary model, there is
no gaseous planet, the sun is liquid, and Jupiter is a
semi-liquid planet, which is the period when the earth
collapsed. The description of the geomagnetic field here
is definitely the current world, and the geomagnetic
phenomenon, strongest explanation).

c) Three properties of matter
In my opinion, matter composed of elementary
particles has three major properties:

1. Thermal radiation of the substance;
2. Cold polymerization of substances;
3. The thermal composition of matter.

Since my understanding of the properties of
matter originated from the thinking of the sun and the
universe, when explaining these issues, it is connected
with the evolution of galaxies.

1. Thermal radiation of matter

Under extremely high pressure and temperature
conditions, matter changes matter from atoms into ion
matter, and then into a basic ion soup composed of
protons, neutrons, etc., and then these ions collide with
each other and annihilate each other in a high-energy
state, becoming quantum beyond the speed of light is
emitted into space, and this process happens inside the
stars, and the sun is the closest one to us. It is in this
form that stars eject matter. (lons collide with each other
in a high-energy state and annihilate into quanta, which
has been proved in the European proton collision
experiment.) No matter can exist in the ion state at the
star's constant center. Can ions be completely
quantized inside the star? Is the standard to measure
whether a star can be established.
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2. Cold polymerization of substances

The interior of the star annihilates matter, and
starts its parabolic cosmic journey at the speed of light,
and finally gathers in the extremely cold place on the
edge of the galaxy to form a molecular cloud that
revolves around the galaxy. Due to the rotation of the
galaxy, the propagation of these light-speed matter The
distance is greatly increased, and finally most of these
substances cannot escape from the stars and galaxies
vertically, and finally form molecular clouds at the edge
of the galaxies, that is to say, the space with the
galaxies as the reincarnation unit shrinks due to the
rotation. These molecular clouds formed giant molecular
clouds after cooling in the later stages of the galaxy.
Matter is cooled in the low-temperature state at the edge
of the galaxy, and the quantum is re-gathered,
combined, and under the cooperation of pressure. The
process of recombining into elementary particles and
massive atoms is the cold polymerization of matter, and
this process is also the reverse process of matter
annihilation.

3. Temperature composition of matter

It is based on the current temperature of the
earth, modern scientific research, and the various
physical and chemical changes that occur between
atoms and molecules that are composed of elementary
particles used by people in production and life. All are
temperature combination properties of matter. For
example: C bumns to generate CO,, and then cools into
dry ice; C, H, O form inorganic state, organic state,
plants, animals, etc. are warm combinations of
substances. Like iron changing from solid to liquid, and
then into particle gas, it is also a combination of
temperature. Until the process of becoming ion soup of
protons and neutrons under high temperature and high
pressure and annihilation to become quantum later, it is
the heat dissipation of matter. The decay of massive
atoms is also the thermal radiation of matter.

The three major properties of matter, the
physical and chemical changes in modern people's
understanding, research, and use of life, are only its
warm composition, and its radiation radiation has been
contacted, but not understood; the cold polymerization
of matter, people There is neither contact nor
awareness, and it happens in the black hole region
where people have mysterious awareness. Some
people have studied the cold polymerization of
substances in the past, but there has been no progress
so far. | think that the first is that the conditions are
limited—the coldness is too small; the second is that the
characteristics of cold polymerization and warm
combination  of substances have not been
distinguished. What is said here is the key point of cold
aggregation.

The main breakthrough of my thinking is to
complete the imagination of the critical stage of the



theory of cold aggregation, and to realize that matter is
a complete cosmic cycle from radiation to aggregation.
Since the starting point of my thinking is the cold
aggregation of matter, it is the same as the hot
aggregation of the current science. Mainstream has a
substantial difference. As a result, there are great
differences in views on things in the universe. For
example, | think the cloud-shrouded Large Magellan
system is a galaxy that is going out, while the clear
Small Magellan system is a galaxy that has just been
born.
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Physics of Gravity. Comments and Criticism of
the Theory of Relativity

[. V. Kuzminov

Abstract- The proposed article is an analytical review of
previously published articles in the series "Physics of Gravity"
and "The picture of the world according to the second law of
thermodynamics". The main topic is the physics of gravity.
This article presents the proposed hypothesis on the physics
of gravity in a brief form. A critique of existing views on the
topic of gravity is also presented. Currently, the generally
accepted and dominant theory in the field of gravity is the
General Theory of Relativity. The proposed hypothesis is
based on the concepts and laws of classical Newton physics.
At the same time, a critique of the existing theory of gravity,
based on postulates, conventions and assumptions, is
presented.

Keywords: physics of gravity, gyroscopic forces of
rotation of electrons, temperature dependence,
quadratic dependence of gravitational forces on
distance.

. [NTRODUCTION

s stated in the abstract, a review of the articles
A"Physics of gravity" and "The picture of the world

according to the second law of thermodynamics"
is offered [1], [2]. In other words, the article proposes
an alternative version of the physics of gravity and
rejects all existing ones put forward over the past
hundred years. The proposed hypothesis is based on
the concepts of classical Newton physics, the planetary
model of the structure of the atom.

The article consists of two main parts. The first
part is the proposed version with comments and
additions, the second part is a criticism of existing
versions. The very fact of the existence of many versions
is evidence of the relevance of the topic of gravity. The
article is constructive in nature, since a new alternative
version, a hypothesis, is proposed. The proposed
hypothesis explains the physics of gravity as such and
the inverse temperature dependence of the forces of
gravity. All existing versions (theories) of gravity physics
do not even note the inverse temperature dependence
of gravity forces.

[I.  THE PROPOSED VERSION

The articles[1], [2] are conceptually related. The
articles present the mechanism of formation of
gravitational forces as a cumulative reaction of

Author: independent researcher, Russian Geographical Society
(Russian Academy of Sciences) 10 per. Grivicova, SPb 190000 Russian
Federation, Royal Geographical Society 1Kensington Gore London
SW7 2AR (N 1090229) UK. e-mail: garikuzminov@gmail.com

gyroscopic forces of rotation of electrons to the external
impact of the Expansion of the Universe. The articles
also note the inverse temperature dependence of the
forces of gravity, namely, an increase in the
temperature of objects reduces the forces of gravity,
and vice versa. The inverse temperature dependence is
explained by the change in the stiffness of interatomic,
intramolecular, intermolecular bonds depending on the
temperature of the object. Interatomic and
intermolecular bonds are schematically represented in
the form of a lattice. Electron rotation is the dynamic part
of the gyroscope, interatomic and intermolecular bonds
are the static part of the gyroscope. The reaction of the
dynamic part is transmitted to the static part of the
gyroscope. The result of an external influence (gravity)
depends on the rigidity of the lattice. As the temperature
increases, the rigidity of the lattice decreases, and vice
versa. For example, an increase in stiffness increases
the effect of the reaction of the gyroscopic forces of
rotation of electrons on the lattice itself, thereby
increasing gravity, and vice versa. The proposed
article[1] presents an attempt to explain the quadratic
dependence of gravity forces on the distance between
objects. To understand the workings of the forces of
gravity, it is necessary to constantly keep in mind that
the Expansion of the Universe is initially, everywhere,
constantly, isotropic. Accordingly, the reaction (gravity)
is initially, everywhere, constantly, isotropic. Yes, there
is a gravitational field. Any field must have an energy
source. For the forces of gravity, this energy source is
the energy of the Big Bang and its consequences — the
Expansion of the Universe. This field extends to the
entire universe. This is an indirect proof of the common
origin of all things. Yes, there are controversial
statements about the Big Bang. In any case, by indirect
signs, we are in the phase of the expansion process.
Moreover, it is quite possible that this expansion has a
local character on the scale of the multiverse.

The main property of a gyroscope is the desire
to maintain its original position, the desire to return to its
original position. It is this property that is the main one in
the formation of the forces of gravity and inertia. The
proposed hypothesis does not question the existing
calculation base, since it has an empirical basis.
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1. CRITICISM OF GENERAL AND SPECIAL
RELATIVITY

The main, dominant, generally accepted version
on the topic of gravity is the General Theory of
Relativity. The main points of criticism of the general
theory of relativity are presented in the article [3]. In this
article, we will consider some points in the theory of
relativity. To begin with, there should be a general belief
that classical physics should have priority in the study of
physical phenomena. Inother words, there is an
objective physical phenomenon. There is a need to
describe this phenomenon. Let's assume that classical
physics cannot give a description of this phenomenon.
In this case, some assumptions, postulates, and
conventions are possible. In this case, some tricks are
possible, the creation of some new theories. But if
classical physics is quite capable of describing the
phenomenon, why do we need these new theories,
tricks, and so on. As an example, let's take the speed of
light and Einstein's postulates on this topic, namely,
postulate 1 and postulate 2. Wonderful postulate 1,
everything is clear and understandable, there is nothing
new, everyone agrees. But here postulate 2 arises. At
first, everything is fine too — the speed of light has a limit.
Like the speed of sound. There are no questions. The
interpretation of this point raises questions. It is
necessary to start with the fact that speed is a relative
concept. It is pointless to impose any restrictions on
this phenomenon. There are portable speeds, there is
an addition of speeds, there is no absolute rest, that is,
the whole universe is constantly in motion. Then there is
classical mechanics, there is wave theory. Light has a
wave nature, that is, it must obey the wave theory. The
wave theory says that the speed of the wave does not
depend on the speed of the wave source. The speed of
light, the speed of sound, and the speed of the wave
from the stem of the vessel must obey this law. A model
for understanding this phenomenon can be taken as a
wave from the stem of a vessel. There is nothing new in
the statement that the speed of light does not depend
on the speed of the light source.

Now let's return to postulate 1. We have two
reference frames. Let's assume that the reference frame
1 is stationary. The reference frame 2 moves relative to
the system 1 at a speed of V. The speed of light in the
system 2 is C. For system 1, the speed of light of
system 2 wil also be equal to C, because the
information (return signal) about this speed will pass at
the speed of C. In other words, the illusion is created
that the speed of C remains the speed of C in all
reporting systems, the addition of speeds is excluded.
The illusion is that in reality, the speed of the light front
of system 2 in system 1 propagates at a speed of C+V.
This illusion is described by the Lorentz transformations.
The Lorentz transformations show the process of
inhibition of signal transmission, while (in Einstein's
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interpretation) they exclude the existence of real events,
namely the phenomenon of C+V. Postulate 2 (as
amended by the general theory of relativity) assumes a
certain absolutely stationary frame of reference and
asserts the absoluteness of the speed of light. Now it is
proposed to solve the problem. Let's say that engineers
and scientists have created a spacecraft capable of
moving in space for a long time with constant
acceleration "g". How long will it take for the speed of the
device to reach the speed of light? The answer is about
300 days, almost 1 year. Earthlings are constantly
under the influence of acceleration equal to "g". It turns
out that those who are now 50 years old have already
overcome the speed of light 50 times. None of these
people dissolved, disappeared, and so on, according to
postulate 2. Einstein's postulates set the blinders on
scientific research at the stage of hypotheses and
assumptions.

For example, in the article[3] it was suggested
that dark matter is material objects that move relative to
us at superluminal speed. Accordingly, we are also
dark matter in relation to this dark matter. It turns out
that the blinders set by Einstein narrow the scope of
research in this direction. Currently, dark matter is
literally perceived as some kind of matter with special
properties.

IV. CONCLUSIONS

The main conclusion of the article is that the
gyroscopic forces of rotation of electrons are the basis
for the formation of gravitational forces. The forces of
gravity are the cumulative reaction of the gyroscopic
forces of rotation of electrons from the Expansion of the
Universe. It should also be noted that the Expansion of
the Universe occurs initially, constantly, everywhere,
isotropic, respectively, the reaction (gravity) is initially,
constantly, everywhere, isotropic. Gravity is an indirect
evidence of the common origin of all things — visible and
invisible. The basis of the forces of gravity is the
dynamics of the rotation of electrons, the combined
gyroscopic forces from the rotation of electrons. With
changes in temperature and distances between
objects, the main influence on the change in
gravitational forces is exerted by the forces of
interatomic, intramolecular and intermolecular bonds,
which form a kind of rigid lattice. The formation of a
'rigid lattice" does not contradict the concepts of
nuclear interactions. Changes in body temperature,
distances between bodies change the rigidity of this
lattice, respectively, changes the reaction forces,
respectively, the forces of gravity. It is also necessary to
note the general nature of the forces of gravity and
inertia. As a conclusion to the article, it should be noted
that postulate 2 contradicts postulate 1 of the special
theory of relativity. Attempts have already been made to
revise postulate 2. This article proposes a new version of



postulate 2. Postulate 2. The speed of light in a vacuum
is constant in all coordinate systems (tied to a light
source in accordance with the theory of waves), moving
rectilinearly and uniformly relative to each other in
accordance with postulate 1. The speed of light is the
limiting speed of transmission of the return signal during
the ftransition (recalculation) from one coordinate
system to another, while working the classic addition of
speeds.

With modern approaches (special relativity
theory) to this issue, the position arises that the Earth is
the center of the Universe.

Lorentz transformations describe illusions that
occur at near-light speeds. It is necessary to affirm in the
minds of the general public that mass is a scalar
quantity. Currently, mass is associated with gravity in the
general public. It is for this reason that theories like
Einstein's general theory of relativity arise. Einstein's
theory is based on the action of gravity, which "deforms
space", forms certain pits, and other matter rolls into
these pits, again under the influence of gravity. Yes,
gravity arises (in the form of a reaction) when a certain
force from the outside, an external force, is applied to
the mass. For example, the constantly acting external
force of the expansion of the Universe. The force of the
Expansion of the Universe causes a reaction in the form
of gravity. Inertia forces are also a reaction to some
other external influences. Centrifugal forces are also a
reaction to giving rotational motion, momentum to a
material body, mass. This is confirmed by the fact that if
the external forces are balanced, then a state of
weightlessness occurs.
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AHHOmauus- Ha psige KOHKPEeTHbIX MPUMEPOB MOKa3aHo, YTO MNOAMEHa 3SHeproHocutens
TENMOBON (POPMbl OBMKEHUAIHTPOMNMEN KaK KOOPAMHATOM TennoobmeHa npuBOAUT K psagy
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TepMoaMHamMuku.  BCKpbITbl  rHOCEOsiorMyeckMe  KOpHM  3TUX  napanorMsmos U
npegnoxeHabonee obwas mepa KONMYecTBa XaOTMYECKOrO ABMXKEHWS, HasBaHHas Aans
KpaTKoCTM TepmoumnynbcoMm. [lokasaHO, kak ero npuMeHeHWe BMEeCTO 3JHTPONuu
YyCTpaHAETNPakTU4eCKn BCE M3BECTHblE M OOHapyXeHHble aBTOPOMMAPaniorn3mbl, BKIOYas
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BO3MOXHOCTEN TEPMOANHAMMYECKOrO0 MeToada Npu UCCrefoBaHUM HEPaBHOBECHbLIX CUCTEM U
HecTaTM4ecknx npoueccoB, K CUHTE3y TepMOAMHAMUKM C OPYruMU ddyHOAMeEHTasbHbIMU
ancumnnmHamm u kK 6onee rnybokoMy NOHMMaHMIO MUPOYCTPOMCTBA.
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Instruction of Paralogistics Thermodynamics
YCTPAHEHME ITAPAJIOT'MT3MOB TEPMOJIMHAMUWKIN

V. Etkin

Annomayus- Ha psase KOHKPETHbIX IPUMEPOB I0KA3aHO, YTO
noaAMeHa JHEPrOHOCHTEJIA TeIJ10B O ¢opmbl
ABM:KEHUSIDHTpONMeH  Kak  KOOPAMHATOH  Temjioo0MeHa
NPUBOIUT K PALY NMAPAJIOrH3MOB, YHCJI0 KOTOPBIX PacTET No
Mepe pacimupeHust cdepbl NPUIOKEHHS TEPMOJUHAMUKH.
BCKpBITBI THOCEOJOrHYEeCKHEe KOPHHM J3THUX NAPAJIOrU3MOB H
npejpJiokeHadoee o0masi Mepa KOJIMYECTBA XA0THYECKOro
JABH:KEHUsI, HA3BaHHasd /Il KPATKOCTH TepMOMMMY.JIbCOM.
IlokazaHo, Kkak ero NpHMeHeHHMe BMeCTO 3JHTPONHUH
YCTPaHSIeTIPAKTHYECKH BCe M3BeCTHble M O0OHApY:KeHHbIe

ABTOPOMIIAPAJIOru3Mbl, BKJIIOYasd IpeACKa3aHue TeI10BOI
CMepTHU Bceenennoii unaerpaganuu OMOJIOrNYEeCKHX
cucrem.Caenan BBIBOJ, YTO 3aM€Ha DJHTPONHUH TEpPMO-

UMIIYJbCOMOTKPBIBACTIYTh K PaclIMPEHUuI0 BO3MOKHOCTEH
TEPMOAUHAMUYECKOI 0 MeToaa npu HCCJIeJ0OBAHUU
HEPABHOBECHBIX CHCTEM M HeECTATHYECKUX MpPoOLECcCoB, K
CHHTEe3y TePMOIMHAMMKH C JIPYrUMHU (YyHIAaMeHTAIbHbIMH
JAUCHUMIIIMHAMHU H K 0oJ1ee F.]'IyﬁOKOMy IMOHUMAHUIO
MHPOYCTPOIicTBA.

Knrouesvle crosa: 3Hepeusi u dHMpPONUs, MeniooOMeH u
paboma, ouccunayus u HeoopamumMocms, OUOIO2UYECKaAs U
KOCMONIO2UYECKAst I800YUSL, NAPAOOKCHL U NAPALOSUSMBbL.

[. Bsepenune

pormwto Gojee MOIyTopa CTONETHHA C TOHM IOPHI, KaK

B €CTECTBO3HAaHMWE BOLUIO IOHATHE 3HTPOIHUH U

OpuHOMO €€  Bo3pacTaHMs B HEOOPATHMBIX

nporieccax [1]. OmHako 10 CHX MOp HE YTUXAIOT
CHOpBl O COKPOBEHHOM CMBICIE€ 3TOTO MOHITHUS H O
(GU3HYECKUX OCHOBaHMAX YIIOMSHYTOTO MpWHIHUMA [2],
MPUBEIIIETO K yTpaTe TEPMOTUHAMUKON OBLIOH CIaBBI
TEOpUH, «4bW BBIBOJBl HHMKOTAA M HHUKEM HE OyayT
onpoBepruyTs»[3]. B obmmpHoli  Hay4yHOH W
OKOJIOHAYYHOHM JIUTEpAType €i IOCBSIIEHBI COTHU KHUI
TBICSYH CTATeH, I1e 3TH BONPOCHI OOCYKIEHBI C Pa3IMYHBIX
Touek 3peHus [4]. Tem He MeHee O CHX TIOp HE JOKa3aHa
WCYEPNBIBAIOIINM O00pa3oM HECOCTOSTENBHOCTh TEOPHUU
TerioBoir cmeptu Bceenennoit P. Kmaysmyca [2] m He
YCTPAaHEHO «BOIUIONIEE HMPOTHBOPEUNE TEPMOAMHAMUKHU C
spomonert  [5]. Tem BpeMeHEM TIOHATHE JHTPOIHH
Hepellarnyyio TpaHubl (HU3MKH ¥ IPOHHMKIO B caMble
COKPOBEHHBIE O00NacTH YenoBedeckod Mbiciau. Hapsay c
TepMonuHamMm4deckoit suTponueit P. Knaysuyca mosiBuiachk
CTaTHCTHYeCKas, HMH(POpPMAalMOHHAs,  MaTeMaTH4YecKas,
JIMHTBUCTUYECKAsl, MHTEIUIEKTyallbHas M T. I. DHTPOIHUH,
yro emé Oonee OCIOKHWIO HHTEPIPETALMIO 3TOrO
MHOTOJIMKOI0O M IUIOXO MOJJJAIOLIEroCs HHTYUTHBHOMY
BOCHPHSTUIO TIOHATHSL.

Author: D.t.n., prof. Togliatti State University (RF).
e-mail: etkin.v@mail.ru

Ha »rom ¢oHe ocTaBaiMch He3aMeueHHBIMU
MOTBITKA JJOKa3aTh HEaJeKBATHOCTh IIOHSATHS OSHTPOIHH
cymiectBy zena [6]. HamportuB, cxomHas ¢ mapagokcoM
I'mb6ca m Teopreil TEIUIOBOW CMEPTH CHUTyalus BO3HHUKIIA
NpakTHY9eCcKd B KaXIOH  00NacTh  NpUIIOKEHHS
TEPMOJMHAMUKY, BKJIIOYas W3JIy4CHHE, HETEIUIOBBIC U
PETIATUBUCTCKHE MAIUMHBI, OHOJOTMYECKUE CHCTEMBI H
CHCTEMBI C OTPHUIIATENEHBIMU a0COMIOTHEIX TeMIepaTypamMu
W JUCKPETHOM SHepruedl, u T. m. [7]. DHTpomms crana
«aXWJJIECOBOM  IATOM» TEPMOAMHAMHUKM M «KO3JIOM
OTITYIIEHHUS» 32 «JIFO0YIO M BCAKYI0» HEOOpaTHMOCTh [8].

Llenp oJTOM craTh — TIOKa3aTh, HACKOJIBKO
TMOJIE3HOW MOXKET OBITH 3aMEHA SHTPOMUH TEPMOHMITYIHCOM
Kak Oolee aJeKBAaTHON 3KCTCHCHBHOW MEpOW TEIIOBOrO
JIBHKCHHS.

[I. Heobxoaumocts lNMepeonpenenenna nan UsrHanua

duTponumn n3 TepmoayHaMuKm

[Monsitne oHTponMM B  TepMonuHamuke P.
Knay3uyca[l] Hepa3pbeIBHO CBS3aHO C €ro MPEACTaBICHUEM
o rtemwrore Qu pabore W Kak 0 JByX EIMHCTBEHHO
BO3MOXHBIX ~ CHOCO0aX  JHEProoOMeHa  CHCTEMBI ¢
OKpy)Xarouleid cpefoil. OTO CleAyeT M3 €ro 3amucu eé
OCHOBHOT'O 3aKkoHa (1-ro Hayana TepMOJUHAMHUKH) B BHIE:

dU = 6Q —-5W= TdS—pdV, Q)
rne U — BHyrpeHHsst 9Heprust  cuctemsl;0Q,0W-
JJIEMEHTapHblE  KOJNWYECTBa  TEIUIA,  ITOTJIOUIEHHOTO
cuUCTeMOM, ® paboTel, coBepméHHOH ero; T, S —

abcoJtoTHas TeMIlepaTypa M 3HTponus;P, V- abcomroTHoe
JIaBJIEHUE U 00BEM CHCTEMBI.

Mexnay temao Knaysuyca cymecTsoBano Apyroe
IpeICTaBIeHHe O TEIUIOTE Kak O HEBECOMOM U
HEYHUYTOXUMBIM (irtonzie, MeHnyeMbIM TeriopoaoMm. [Ipu
9TOM TEIUIOTapacCMaTPHUBAIACh B OIHOM pSAY C TaKUMHU
SIBICHHUSIM, KaK CBET, JIEKTPHUYECTBO, MArHETU3M U T. 1L, T.
e. Kak (QYHKOHS COCTOSHHS, a HE Impolrecca. Takoe
MOHMMaHWE TEIUIOTHl [0 CHX IIOp COXPaHWIOCh B
KJIACCUYECKOH TEepMOJMHAMHUKE B IOHSITHU TEIUIOEMKOCTH
cuctembl[9] W B TeopHH TEIUIOOOMEHAa, KOTOPBIH
ompeneNnsercss Kak Ipomecc OOMEeHa MeXAy TelaMu
BHYTpeHHel TeruoBoil 3Heprueii[10]. bonee Toro, takoe
MMOHMMAaHNE OKAa3aJ0Ch €JMHCTBEHHO IPHEMIIEMBIM U JUIS
TEPMOIWHAMHUKHM  HeoOpaTuMbIx  mporeccoB  (THID),
OTEpUPYIOMIEH IOHATHEM BHYTPEHHHX  HCTOYHHKOB
terma[l1-1 4. ]Ia u cam P. Knaysmyc mnepBoHadaipHO
OTEpPUPOBAT IOHATHEM «IIOJIHOM TEIJIOTHI TeNa» Kak
CYMMBI TEIUIOTHI, MOJIBEAEHHOW HM3BHE W BBLACIHMBIICHCS
BHYTPH Tella B pe3yJIbTaTe COBEPIICHUS «pabOTHI
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JACTpETaLuN» JUCCUITATUBHOIO Xapakrepa [1].
OpHakoTakas MNOAMEHAa IOHATHS TEIUIOTHI cTaja Ooiee
3aMETHOM C MEPeXOAOM K HM3YYEHHMIO OTKPBITHIX CHCTEM,
TJIe HapsAy ¢ TEINIOOOMEHOM W paboTO CYHIECTBYET II0
KpaiiHell Mepe emé ABaBHa dHEproodMeHa: MaccooOMeH,
XapaKTepU3yIOIMICS N3MEHEHHEM MacChl CHUCTEMBI IpH
HeM3MeHHOCTH e€ cocrtaBa, u Audpdy3usk-ro BemrecTsa
qepes TpaHUIIBI CHCTEMBI, XapaKTepu3yromasics
N3MEHEHHEM COCTaBa CHCTEMBI IIPH HEU3MEHHOCTH €
Maccel. Ilpu »TOM Ha TpaHmie, TIA€ HMEET MEeCTo
MaccooOMeH winu auddy3us, «KIACCHYECKHe IOHITHS
TEIUTOTHI U pabOTHI TepSIOT cBOM cMbIci» [15]. Emé Oomnee
NpoOJeMHBIM  CTajo  JleJieHHe  HYHeprooOMeHa  Ha
TewIoo0MeH W paboTy B CIOXHBIX (ITOJUBApUAHTHBIX)
CHUCTEMaX, COBEpPILIAIONINX ITOMHMO pabOoTHl pacIIMpEeHHs
dW,= pdV npyrme Bugsl BHemHed paborsr  W°
(MEXaHWYEeCKHX, OJEeKTPUYECKMX ® T. 1.  CHI).
DneMeHTapHbIE KOJIMYECTBA 3TUX BHUIOB BHEIIHEH paOOTHI
dwe H3MEpsUIOCh MIPOU3BEICHHEM BEKTOpa
pe3ynbTHpYIOIEeH cuibl F Ha BBI3BaHHOE €10 IepeMeleHue
drobbexra e€ nprioxkenus, a cama paborad W= dE = F-dr;
MIPE/ICTaBIsuIa COO0OM KOJMMYECTBEHHYIO MeEpy IIpolecca
npeBpanieHusi BHeWHed sHeprun E w3 omHoit (i-if) eé
dopmel Ei B 1pyryto (j-10)E;. Taxas pabora He 3aBucena oT
OyTd mpoiecca, a e€ osiaemeHrapHoe KonudectBo OW°
SIBISUTIOCH NONHBIM T depennnanoM.K Hell oTHOcHIIach U
pabora raza B mortoke —Vdp[l6]. OTuBHmEl pPabOTHI
NPUHOMIAAIGHO OTIMYajach OT paboThl BCECTOPOHHETO
pacumpenuss  pdViopexiae — BCero  HalpaBJICHHOCTHIO
mpolecca IepeMelleHus (BEKTOpPHOH MNPUPOJIOH CBOMX
KOOpIUHAT ), a TAK)KEe 3aBUCUMOCTBIO OT IYTH (Xapakrepa)
nporecca (TmocieqHee MOAYEPKUBaeTCs OOO3HAUYEHHEM eé
9JIEMEHTAPHOTO KOJHWYecTBa 4epdW). Takoro Buzaa
pabora coBepiIaeTcs He TOIBKO IPH PACIINPEHHH, HO U TIPH
BBOJIE B CHCTEMY BEIIECTBA, 3apsaa, MMITYJIbca M JIHOOOro
Jpyroro sHep roHocutens. K ux 4uciy ciemyer oTHECTH U
TEIJIO0OOMEH, TOCKOJIBKY OH TakKXKe CBSI3aH C N3MEHEHHEM
HMITYJIbCa XaOTHYECKOT'O JIBIKEHHUS YaCTHII, COCTABIISIONINX
CHCTEMY.

UroObl  pasznuuaTh JBE OTH  HE3aBUCHMBIE
Kareropun  paboT, 1enecooOpa3HO  Ha3bBaThb  HX
COOTBETCTBEHHO «TEXHUYIECCKUMID W H(HETEXHIIECKHUMID)
W". HemonumaHue TOro, 4ro «pabora pabore po3Hb», IO
CHX IIOp MeEIIAeT OCO3HaTh, 4YTO WCTHHHAs («JIMHHSA
BOJIOpa3/iesiay MPOXOJUT HE MEXIy Temtoroid Q u paboroi
W, a mexay yrnopsmaodeHHBIMAW, ¥ HEYIOpSI0YCHHBIMU
W Bugamm paGoT KaK KOIMYECTBCHHBIMH MEpaMu
NPUHOMIHMAIGHO — Pa3jIMYHBIX  TPOLECCOB  «IHEPeOon-
pespawjerus» 1 «Inepeoneperoca»[17]. Cnenyer 3aMeTHTb,
YTO JUIS CIOXKHBIX CHCTEM, B KOTOP bX IIp O BKAIOT U T€, U
apyrue TIPOIIECCHI,IOKa3aTeNbCTB CyIIECTBOBAHUS
SHTPONHHU KaK KOOPJIUHATH TEIIOOOMEHAN0 HACTOSIIETO
BpeMeEHH He cyiecTByer [18].

Nmeercs emgé OITHO 00CTOSITENBCTBO,
BEIHYX/IAIOIlee BO3BPATUTHCS K IIOMCKY Oonee oOmier
OKCTEHCUBHOH Mephl TEIIOTHl (€€ HHEpProHOCHUTEINs),
Hexxenn SHTponws. OHO 3akiroyaercss B TOM, 4YTO B
MeXaHHMKEe, Ha OCHOBE KOTOPOW BO3HHKJIA TEPMOIWHAMUKA,
BCE TPOIECCHl CUMTAIUCH OOpPaTUMBIMH (MIYIIMMH Kak B

© 2024 Global Journals

MIPSIMOM, TaK U B OOpaTHOM HaIlpaBJEeHUH 0€3 KaKhX-JIHOo
OCTaTOYHBIX M3MEHEHWH B OKpyxkaromied cpene). TakoBon
Oobuta w Teop s TtemwioBeix MamumH C. Kapro [19],
Oaszupyromascss Ha NPEIOKEHHOM MM METO/IE IHKIIOB.
CaM0 TOHATHE IMKJIA TPEANojarajo  BO3MOXKHOCTh
BO3BpaIleHHUs pabovero Tena TeIUIOBOM MAIIWHBI B
UCXOJIHOE COCTOSIHHE, T. €. 0OpaTHMOCTH NMPOMCXOMSIINX C
HHUMITPOLIECCOB, 41O BITOJTHE COOTBETCTBOBAJIO
MIPE/ICTABICHUIO O TEIUIOpOAEC KaK HOCUTEIE TEIUIOBOU
(GOpMBI  BHEprum. [To-BumuMoMy, JMIIb  TOJHOE
KpYIICHUENPEICTABICHUH O HEYHUUTO)KUMBIX M HEBECOMBIX
¢monnax nomentano Kiaysnycy yBUAeTh 3TO M IepelTn K
TPaKTOBKE TEIUIOTHI JIMIIb KaK KOJIMYECTBEHHOH Mepbl
nporecca TersI000MeHa. Bo3moxkHo, TOMY
CHOCOOCTBOBAJIO M CBOWCTBO  TEIUIOTHI  NEpeTeKaTh
«CaMONIPOU3BOJIBHO» JIMIIb B HANpPaBICHUN ITOHWKEHHS
TEMIIEpaTyphl, KOTOPOe OBUIO TOJIOKEHO UM B OCHOBAaHHUE
ero gopmymupoBku 2-ro Havana tepMmomuHamuku [1]. B
JM000M Cilyyae IIOHMMaHHWE TEIUIOTHl KaK «JIHEPruH B
COCTOSIHMM Tepexoia», T. €. Kak (QYHKIUM IIpolecca,
MOTPeOOoBaJIO OTHICKAHUST KOOPIMHATHI ATOTO Ipolecca, T. €.
rapamerpa, ¢ HEO0OXOJUMOCTHIO HM3MEHSIOIIETOCS TPUETO
MPOTEKAaHWH W OCTAIOIIErocsi HEW3MEHHBIM B  €ro
orcyrcTBMe (B aguabaTHYecKWX  CHUCTeMax).  OTy
koopauHaty P. Knaysuyc Hamén myréM paccMOTpeHHUs TOro
KE caMoro IMKiIa wuaealbHoH (0OpaTHMOW) TEIIOBOH
MAIIMHBI, OTHAKO OH Ha3Ball €€ «IHTPONHEH», NOAYEPKUBAs
TEM CaMbIM IIPOTHUBOIOJIOKHOE TEIUIOPOJY CBOHCTBO 3TOTO
SHEPrOHOCHTENSl BO3pacTaTb B pe3yJbTaTe MOSBICHUS
BHYTPEHHMX HCTOYHHMKOB TeIuia. HarisgHee Bcero sto
MPOSBHIJIOCH B 3aMUCH ypaBHEHHs OanaHca SHTporuu[11]:

dS = deS + duS| (2)

Tl COBEPIIIECHCTBOBAHMS METONOB aHanu3za, = 0,Q°/T u d,S
= 0Q%T — yacTd W3MEHEHHWs DHTPOIHH, OOYCIOBICHHBIE

COOTBCTCTBCHHO BHCIIITHUM TEII000MEHOM Qe u
BHYTPCHHUMH UCTOYHHUKAMU TCIJIa (?H
CormacHo OTOMY BbIPa>XCHUIO, JIFO0BIE

HeoOpaTUMBIE TPOLECCH], BHI3BIBAIOT M3MEHEHHE OJHOTO H
TOro e mapamerpa — OBHTpormu S. Tak »HTporus
MIpEBpaTHiach B «KO3JIa OTHYIICHUS 3a «JIFOOYIO U BCAKYIO
HEOOpaTUMOCTBY, XOTS W3HAYAIBHO IpeTHa3Havyagach s
orucanus TemroooMena. He u3ameHumiicst cratyc SHTPOITUH U
IOCJIe TOTO, KaKk OOHAapYXWINCh BHYTPEHHHE HCTOYHHKH
WIN CTOKM U y JAPYIUX NAapaMeTpoB, B YACTHOCTH, y YHCEI
Mmorel k-x BemecTB Ny, BOSHUKAIOIINX HJIM UCUYE3AIONIUX B
xoze XMUMHUYECKHX  PEaKLUi. C  pacmmpenuem
TEPMOAMHAMHUKMA Ha CJIOXHbBIE (TIONMBapHaHTHBIE) |
HEpaBHOBECHBIE (B TOM YHCJIE OTKPBITHIE, ONOIOTHYECKUE U
XMMHUYECKH pearupyloliie) CHUCTEMBI, a TaKkKe Ha
HETEIUIOBBIE M HEIHUKIMYECKHE MAIMHBI, CBS3aHHBIE C
SHTPOMNHUEH Mapajoru3Mbl CTaIH BOSHUKATH NMPAKTHUECKH B
KaXI0W obactd NpuwioxkeHus TepmomuHamuku [20].
OHTponus craja «paKoBOH OMYXOJbI0 M «aXHIJIECOBOU
nAToit» TepMmoauHamuky [21]. OpHako MOHUMAaHWE TOro,
YTO BCE 3TU HEYAAaYW OOBSCHAIOTCS MOIBITKAMHA HM3YydaTh
HeoOpaTUMBIE  TPOIECCHl  CPEJACTBAMH  PaBHOBECHOU
TEpPMOAMHAMHKH, OCTABAJIOCH JOCTOSHHEM JIMIIbHEMHOTHX



Y4€HBIX-OIMHOUEK  [22]. OTuM,  NO-BUAMUMOMY, U
OOBSCHSETCS KMBYYECTh 3TOTO IIOHATHS M OTCYTCTBHE
TIONBITOK MOCTPOEHHS TEPMOANHAMUKY Ha O€33HTPONUIHON
OCHOBE.

Jls mowcka Gosiee ajeKBaTHOW Mepbl KOIMYECTBa
Xa0THYECKOTO JBIKEHMS, WIPaloieil 110 OTHOIIEHHIO K
BHyTpeHHell sHeprun Uy posb 3HEProHOCHTENs, LEJIeco-
00pa3Ho00paTUThCS K HMOHATHUSIMKOJIMYECTBA JIBHXKECHHS
MV  HKHABOH  CHIIBI» MVZ, BBeNEéHHBIX emé B XVII
croneruu P. Jlekaptom[23]u I'. JletiGaumem [24]. O6e 3tn
Mepsl  OTHOCWIMCh K  BHYTpEeHHEMY  KoieOare-
JBHOMYIBIKeHHIO. VIMEeHHO  «okuBas cwia»  Obuia
nepernMeHoBaHa mo mnpemiokennto T. HOnra (1807) B
«IHEPTUIo», a I0CI/Ie BBEICHMS MMOTCHIUAIBLHON SHEPTUU —
BO BHyTpeHHIOIO dHepruro U. VIMEHHO oOHa moOCIyXWia
OCHOBOIT s ompefenenus sueprun >pupa U = MCT.
Mpammy (1871); H. H. YmoB y (1873); Idx. Tomcony
(1881); O. Xosucaiiny (1890), A. Ilyankape (1898) u®d.
Xazenopmo  (1904). DOra osHeprus BaBoe  Oomble
KHHETHUECKOH SHEPrHUHANPABICHHOIO IBIDKEHHS MVv?/2
IPH TOM JK€ 3HAYCHUH CPelHel CKopocTu V = |V|, KoTopoe
BO3HMKAaeT B CHCTEME B pE3YJIbTaTe KOJUIEKTUBHOI'O
(MaKpOCKOIIMYECKOr0)  JABIDKEHHS  INPU  BPAIICHUH,
muddysmn u 1. 1. [14]). Torgza MoXeT BO3HHUKHYTH €ro
pe3ynbTHpyIomui uMmynsc J = MV, 3HEpruskoroporo
craHoButca BHemwHed E,. Ilo wmepe xe 3aryxaHus
koneOannii (V—0) 1 BO3HUKHOBEHHUS YCTOMYHMBBIX CTPYKTYP
YacThb <OKMBOW CWJIBI» MEpPEXOAWT BO BHYTPEHHIOIO
NmoTeHIManbHyl0 sHepruto  U,,,. OTa dSHeprus Takxe
craHoBuTcss BHemHed E.,,, ecim meHTp Macchl CHCTEMBI
WU3MEHSET CBOE IIOJIO)KEHHE OTHOCHTENIBHO OKpY’Karomen
cpensl. TakuM oOpa3om, BHyTpeHHsiS sHeprusi U — OTHIONB
HE BCEr/a SIBIISIETCS] PACCETHHON YacThiO BHEIIHEH SHEpPT Uy,
KaKoOBOM €€ IpeCTaBiIseT 3aKOH COXpaHEHWs JHEPrHH B
MeXaHHKE HEKOHCEPBATUBHBIX CHCTEM:

(Exn +Enor + U)= CONSL. A3)

To, 4TO BHYTPEHHSS DHEPrUs SBISAETCA LENIbIM, a
HE 4YacTblO, CTAHOBHUTCS OCOOCHHO OUYEBHIHBIM, €CIIH
Y4€CTb, UTO [UI U30JHPOBAHHBIX CUCTEMIIOHSITUE BHELIIHEN
SHEPruy YTpPauMBaeT BCSAKUHM CMBICH. Takum 00pas3om,
MMEHHO BHYTpeHHss »Heprus U sBiseTcd BEITUYUHOMN,
COXPAHSIOIIENCS B U30JIMPOBAHHBIX CHUCTEMAX, M JHIIb €€
YacTh 3a BBIYETOM YIOPSAOYEHHBIX COCTABIIIONMX Uy
nU,, 1enecooOpa3HoO  Ha3BAaTHBHYTPEHHEH  TEIUIOBOU
sHeprueil Uy DTo COOTBETCTBYET 3aKOHY COXPaHEHHUs BUJA:

(Ugt Ut Upon)us= CONSL. 4

Takoifi TOAXOM  CIIOCOOCTBYET  YCTpPaHECHHUIO
CO3JaBIICHCS] CHTyalluH, KOI/la «COBpeMEHHas (u3uKa He
3HaeT, 4TO Takoe dHep ms» [2 5.] Ecmum x ToMy ke mmoj
a0COJIOTHOM  TeMIlepaTypon T(K) [IOHUMATbMEPY
MHTEHCUBHOCTH XAOTHYECKOr0 JBIXKECHUS, TO BHYTPEHHIOKO
TEIIOBYI0 S3HEPrHI0 UgMOKHO NMPEICTABUTH 110 aHATIOTHU CO
«cBA3aHHOM dHepruei» [empmromsma TS B BHze
npoussenenus Ug= TOgy, moHumas mojx © ¢ 3KCTEHCHUBHYHO
Mepy KOIMYECTBA ITOT0O IABMKEHUA[26]:

O=Uqy/T,(Jlx K™Y (5)

Ha3BaB €€ JUIsI Kp BKOCTH « @p BHMMIOYyilIbcom» (T. €.
HMITYJIbCOM, YTPAaTHBIIMM BEKTOPHYIO IPHPOJY BCIIEACTBHE
Xa0TUYHOCTH JIBIDKEHUS ). ITOT TEPMOMMIYIIEC BKIIOYAET B
ce0sl TOCTYNaTeNbHYI0, BpalllaTeNbHYI0 M KojeOaTenbHyIo
COCTaBJISIFOLIYI0 CKOPOCTH V, YTO JIENAeT €ro 3aBUCAIINM,
MoOOHO TEIIOEMKOCTH, OT YHCIIa CTENeHeH CBOOOJBI
yactul cucteMsl. [IpaBomepHocTs npeacTasienus Ugs Buae
npoussenenus OqT (1) noaTeepkaaeTcsa TeM, 4TO B 3TOM
cirydae e€ auddepennman

dU~TdO+ OdT (6)

KOPPEKTHO OTpakaeT W3MEHEHHWE BHYTPCHHEHW TEIUIOBOH
SHEPrUM KakK BCJIEJCTBUE BHENIHETo TemiooomeHa Td®g, Tak
Y NIPY BO3HUKHOBEHUHMBHYTPEHHNX MCTOYHHKOB Temna® (dT
BeneacrtBue auccunanuu. Taxoe mpexncraBienue  dUg,
CIpaBeUIMBOCTh KOTOPOro OyHeT MOATBEp)KACHAa HIKE,
TIOJTHOCTBIO YKJIabIBaeTCs B paMKH TPaBHII
muddepeHIMaIEHOr0 MCYUCIEHUS, Yero HE CKaKEIb O
cnaraembix d.S u d;S B ypaBHeHun (2).OTiinure BHyTpeHHEN
TemoBoi 3Hepruu UgoT cBsi3aHHOM aHepruu TS, KoTopyro
TaK)Ke MOXXHO MHTEPIPETUPOBATH KaK SHEPIHIO, CBA3aHHYIO
C TETUIOBBIM JIBHXKEHUEM, CBA3aHO C uieHoM OydT, xoTopsIii
oOpamiaercss B HYJIb B HM30TEPMHUYECKHX IPOILECCAX,
HaIpuMep, BXUMUYECKHX peaknusx, rae 0Q =TdOy= TdS. B
TaKUX CIIy4asx MOHSATHS CBOOOMHOHN 3Hepruu [ empmronbia
U-TSu omeprum I'mb6ca U+pV —TScoxpansior cBoit
cmbic. OgHako B JpYrux Ciydasx »3TO p 3aAWYHE
MIPOSIBISIETCST BEChbMa HAIJIAJHO, YTO W OyIeT IOKa3aHo
HIDKE.

[11. VYerpanenue Ilapanorusmos, Ceazannbix C

Durponueit

Kak Oputo moka3aHo BeIOIE, TMOAMEHa P.
Knayznycom TTOHATHUS «TETUTIOTHI TeIay KaK
KOJIMYECTBEHHON MEphI €ro BHYTPECHHEH TEIDIOBOW YHEPTUU
Uy Oonee y3KMM HOHATHEM «TEIUIOTHI Mpouecca» Q Kak
KOIIMYECTBEHHON Mepoil  mporecca  TemiooOMeHa U
BBCJICHUE SHTPONMUU KaK KOOPIWHATHEI 3TOTO TMporecca
OTpaHUYMIA TEPMOTUHAMHKY PACCMOTPECHUEM PAaBHOBECHBIX
CHCTEM U OOpPaTHMBIX MPOIIECCOB, Y KOTOPBIX OTCYTCTBYIOT
BHYTPCHHHE  WCTOYHHKH  TeIUIa. JTO  MPEBPATHIO
KJIACCHIECKYIO TEPMOIUHAMUKY Knaysuyca B
TEPMOCTATHKY, OTPaHUYHUBAOIIYIOCS M3Y9dEeHUEM
paBHOBECHBIX CHCTEM W  OECKOHEYHO  MEJICHHBIX
mporieccoB. [IOCKONBKY ¢ TIOSBICHHEM  YIOMSHYTBIX
BHYTPCHHUX HCTOYHHWKOB TEIUIa JHTPOMHS MOTJa TOJBKO
BO3pacTaTh, OBUI cIeTaH OMUOOYHBIH  BBIBON 00
OMHOCTOPOHHEH HANpPaBICHHOCTH BCEX IMPOIECCOB BO
Bcenennold u HaBsi3aJlo €1 HE CBOICTBEHHYIO NpUPOJIE
BeIell  «CTpelly BpeMeHW». B 3TOM  OTHOIICHUH
HECOMHEHHBIM TIPEMMYLIECTBOM TEPMOMMITYIIbca Ogrepen
SHTPOMHUEH SIBISIETCS €ro CIIOCOOHOCTh KaK BO3PAcTaTh B
Iporeccax Tepexoia VIIOPSIOYCHHBIX (OpPM DHEPrUH B
TEIUVIOBYIO, TaK © YOBIBaTHB IpOIECCAX  SBOIIOIMWH,
COITPOBOXKIAIOIIUXCS  BOSHUKHOBEHHEM  «IIOPSAIKAa»  HX
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«xaoca» [27]. ViIMeHHO TakoBBI MpoIecchl (HOPMUPOBAHMS
BCeX (MHUKDOCKONMYECKHX M MAaKpPOCKOIMYECKHX) (opM
BelecTBa BeeneHHol.

CymiecTBOBaHHE TEPMOHMMITYJIbca oOOJafaeT Toi
CTENECHBIO0 OYEBUIHOCTH, KOTOPAasl YAOBJIETBOPSET MOHSITHIO
(eHomeHonornueckoii Teopur. OH3aBEZOMO CYIIECTBYET B
CHCTEMax C MAaKCBeJUI-OOJBIIMAaHOBCKUM pacIIpe/iesieHueM
CKOPOCTH ¥ HMIYyJbCa 4YacTHIl, YTO OCBOOOXXZAeT OT
HE0OXO0INMOCTH MIOHCKa myTen 000CHOBaHUS
CYIIECTBOBAHMUS SHTPOIMH B HEPABHOBECHBIX CHCTEMaX M e
NPUMEHUMOCTH K pEalbHBIM  IIpoIeccaMm. Ero
HHTEpIpEeTaluuHe TpeOyeT IPUBICUCHUS MOJIEKYISPHO-
KMHETUYECKOH M CTaTUCTUKO-MEXaHWYECKOW TEOpHH, 4TO
JleflaeT  TePMOAMHAMHUKY  BIIOJIHE  CaMOJIOCTaTOYHOM
teopueir. Ocraércss mokasaTth, UYTO  HCIOJNB30BAHHUE
TEPMOUMITYJIbCa BMECTO SHTPOIHMHU YCTPAHSET IIPAKTUIECKH
BCE YIIOMSIHYTHIE BBIIIE MapaJOrH3Mbl TEPMOINHAMHUKH.

a) MWcknoyeHue HepaseHcMs U3 MAMeEMaMU4eCK02020
annapama mepmoOuUHaMUKU
W3BectHO, uTO 00BENMHEHHOE ypaBHEHUE 1-TO 1 2-
IO 3aKOHOB TEPMOJMHAMHUKM B CiIydae HEOOpaTUMBIX
MIPOLIECCOB NMPUHUMAET BUJI HEPABEHCTBA!

TdS>dU + paV. (6)

[Mpu4nHOM BO3HUKHOBEHHS HEPABEHCTB SIBIIACTCS
TO, YTO B OTCYTCTBHE PABHOBECHS B CHCTEME IOSBJISIFOTCS
BHYTPEHHUE HUCTOYHUKU Teria, B pe3yJibTate
KoTOpbIX TAS>6Q. AHaOTHYHBIE HEPABEHCTBA BO3HUKAIOT,
BOOOIIE TOBOPSI, U y IPYTrUX MapaMeTpoB @, B TOM YuCIIe U
i eé 00béMa V, KOTOpbI MOXET YBEIWYUBATHCS IMPU
pacUIMpPEeHUH CHCTEMBI B MyCTOTY O€3 COBepIICHUs PaOOThI
dWp'= pdV. D10 06CTOATENBCTBO SBILICTCS OCHOBHBIM
NPENSTCTBUEM JUIS TMPUMEHEHUs] TEPMOJHHAMHYECKOTO
METOa  WCCIICMOBAHUSI K  JIPYTUM  JIUCLUILIHHAM,
U3YYAOIIUM pealibHbIe (HECTATHIECKHUE) MPOIECCHI.

Mexy TeM BO3MOXXEH WHON MOAXOMI K BBIBOIY
OCHOBHOT'O  ypaBHEHHS TEPMOJMHAMHKH, HW3HAYAIHHO
OpPHUEHTHUPOBAHHBIN HA HCCIIeIOBAaHHE BHYTpEHHE
HEpPaBHOBECHBIX (HEOHOPO/IHBIX) CHCTEM C MPOTEKAIOIIUMHE
B HUX HECTATHYECKUMH MPOIlECCAMU. DTOT METOJ] OCHOBAH
HA TPEACTaBIEHUU BHyTpeHHed oHepruu Ujkaxmoii-
HcrenieHu CBOOOMABI CHCTEMbI HEU3MEHHOro 0o0bnéMa VB
apameTpoB HEPABHOBECHOCTH CHUCTEMBI KaK IeNIoro Z;. DTu
napameTpbl MOXXHO HANTH MO M3BECTHOMY PACHPE/ICIICHHIO
wroTHocTH pi = dO/dV ux suepronocuTeneii ® ; (Macce M,
uycaa Moneil K-X BemiecTs, TepMomMIynscd g, 3apsama 3,
nmnyasca J =MV, ero momenra Lu T. 1.) mo oO0béMy
cucrembl V. TIpu 5TOM HEOIHOPOJIHOCThL UX PaCIpE/IC/ICHHs
BBIPAXKACTCACMEIIICHUEM PaUyc-BeKTOpa MX meHTpa R; or
EroMOJIOKEHNS B PaBHOBECHOM (OIHOPOIHOM) COCTOSHHU
R, [Tocieame ompenensoTces H3BECTHRIM 00pazom[28]:

R = 0;Yp; (r, hraV; R, = 0 pio(t) raV, (7)
rier - Oerymast (3iepoBa) NpPOCTPaHCTBEHHAs: KOOPINHATA; {

- BpeMs.
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OTCIOI[a CJICAYCT CYIICCTBOBAHNEC B HCOAHOPOAHBIX
CHUCTEMAX HCKOTOpPOro «MOMCHTa pacrpeaciacHus»,
HUMCIOLICTO CMBICIT BEKTOpa MOJIApU3alluid CUCTEMbBI B CAMOM
O6HI€M NMOHUMAaHUWH 3TOTI'0 TCPMHHA!

Z=0(Ri-Ri) =l[pi (1, 1) - pu(t)] raV ®
¢ miesoM R= R -R,, Ha3BaHEIM HaMU «BEKTOpOM
CMEILIEHUSD.

IMockoneky B paBHoBecun R,,=0, dZ= 06dR,

TOBHYTPCHHSISI JHEprusi cucTembl B memoM U Kak cymma
naprmansaexoHepruit Ui=U; (Z;) cranoBurcst Qynxumeit
HE3aBUCHUMBIX mepeMeHHbx O n R:U = LiU; (Z). B takom
cnydae e€ monHbI auddepeHnran MOXHO MPEICTaBUTH B
BHJIe TOxAecTBa [27]:

dUEZilPid@i‘f‘ EiFi . dRi, (9)

rae Y= (0Ui/00,)r— ycpeaHEHHbIe 3HAUCHHS 0000IEHHBIX
JIOKAJIBHBIX TTOTEHIMANIOB Vi (aOCOMOTHON TeMmepaTypbl [ n
JIABJICHUE P, XUMUYECKOTO MOTeHIUaNak-ro KOMIIOHEHTa |l i,
€ro 3JIeKTPHYECKOr0 ( U TPaBUTALMOHHOTO TOTEHIHANA g U
1.11.); F= (OUi/OR)e= VUi— cuiibl B ux o0IIehu3nueckom
MOHHMAaHUH.

Unens! 1-i CyMMBI 3TOrO TOXAECTBA OMUCHIBAIOT
MPOLIECCHl  TPHOOPETEHUs] WM YTpaThl TapHUaIbHON
sHeprun U; He3aBHCMMO OT TOro, 4YeM OHHU BBI3BAHBI:
MIEPEeHOCOM JHEpProHocurens ©; 4epe3 TIpaHMIBI CHCTEMBI
WIN TIOSIBJICHHEM €r0 BHYTPEHHHMX HMCTOYHHMKOB. UJICHBI ke
2-1  cymMMBI  ONNCHIBAIOT  BHYTPEHHIOIO  pabory,
COBEpIAEMYIO IIPH MIPEBpaIIeHuH B i-10 sHepruo U; npyrux
e¢ ¢opm, T. . e€ BHYTPCHHUE HCTOYHUKA. B OTHOPOTHBIX
cucremMax (dR=0) »3T0 BbIpaKCHHE TEPEXOJUT B
00beAnHEHHOE ypaBHEHHE 1-ro M 2-TO Hayall KJIaCCHYECKOH
TEpMOJIMHAMUKH ToIMBapuaHTHbIX cucteM dU = XW,d®i[9].

I'maBHOe mocromHCTBO TOXAEcTBa (9) cocrour B
TOM, 4YTO OHO YCTpaHSET HEONPEJACIEHHOCTh MOHSATHS
MapIUaIbHOW  JHEPrud  JIOOOW  CTEMEeHH  CBOOOIBI
HepaBHOBECHOH cucTeMbl U HaéT enuHOe OIpejereHue
noHsATHs cuiasl F kak e€ rpaamenra. JledcTBUTENBHO,
BeipaxkeHre F-dR; nerko npeobpa3oBats k Buny @id¥; kak
aHaJory paboTsl ra3a B moToke Vdp, MIN K BBIPAKCHHIO
Xi-Jdt, ecnmu BBECTH MOHATHUS TEPMOAUHAMHYECKOH CHIIBI
Xi = F/0©; u noroka J=dZ;/dt= ©O,v;, KaKOBBLIMHU OTIEPHPYET
THII. B Takom ciydae BwIpaxeHus (5) u (6) craHoBsATCA
YaCTHBIM CiIydyaeM OOIIEro BBIPAXECHUsS TapHUaIbHON
sHeprun U;=¥®; nroboii crerneHn CBOOOABI CHUCTEMBI Kak
MIPOM3BEACHUS €€ KOJMYECTBEHHOW W KayeCTBEHHOH MEpBI,
a TepMOJIMHAMHYECKHE CWIBl Xi MOTOKH J IpHoOperaroT
ONHO3HAYHBIM  CMBICH  HampsHKEHHOCTH  COCTOSTHHMS
SHEPrOHOCHTEIIS ¥ €r0 NMITYJIbCA.

Bu3oinMpoBaHHBIX CHCTEMaxH3MEHEHHE IapaMer-
poB ®; 00yCIIOBIICHO MCKIIOUNTEIHHO BO3HHUKHOBEHHEM HX
BHYTpeHHUX HCTOYHHKOB dO;/dt, Tak YTO3aKOH COXpaHEHUs
sHepruu B Hux dU/dt=0 npuHuMaeT npocToii BU:

Y¥,de;/di+ X X;-3 =0. (10)



YHHKaJIBHOCTH 3TOTO 3aKOHA COCTOUT B TOM, UYTO
OH yTBEp)KJAeT HAJIWYME KCTOYHUKOB WJIM CTOKOB
suepronocureis dO/dt He TOIBKO y SHTPOIMHH, HO B O0IIIEM
cirydae y JIF000H CTENeHU CBOOOBI CHCTEMBL. DTO O3HAYaeT
HE TOJIBKO BO3MOXHOCTh BO3HHKHOBEHMSIB M30JIMPOBAHHON
HEpaBHOBECHOM cHucTeMe He€ HOBBIX CBOHCTB W
WCYE3HOBEHHUS CTaphIX, T.€. €€ IBONIONMH U WHBOJIOLWH, U
OTCYTCTBHE B HEH 3aKOHOB COXpaHEHHs JI000ro u3
SHEeprouocurene [29], dYero coBpeMcHHas (QU3HKA HE
JIOITYCKaeT.

C ngpyroii croponsl, Beipaxxenue (10) maer
BO3MO)KHOCTb HCCIIEIOBaHUsI BHYTPEHHHUX IIPOIIECCOB B
N30JIMPOBAHHBIX CHUCTCMaAX, HE pacujicHsA ux Ha
sneMeHTapHbie 00bEMbI VU HE yBENTUUYUBAsS TEM CaMbIM
YHCIIO CTereHel ux cBo0obI 10 OeckoHeuHOoCTH. [Ipr aTOM
COXPaHSIOTCS TaK Ha3blBaeMble «CHUCTEMHBIC» CBOWCTBA
00BbeKTa MCCIIEI0BaHuUs, OTCYTCTBYIOIIME B €r0 OT/AENIBbHBIX
HacTiax.

Haxonen, ypaBmenus (9) u (10) maer emmmHOe
OIIpeieIeHUE TIOHSITUH, KOTOPBIMH orepupyer
TEpMOAMHAMHKA, MEXaHWKA, HJICKTPOAMHAMHUKA HAPYTHE
JUCHUIUIMHBL. ~ JTO  OTKPBIBa€T  BO3MOXKHOCTH  HX
nanpHeimero cunaresa [30].

b) YcmpaHeHue HeonpedenéHHocmu nomeHyuana
KOMMoHeHma
Hauano IIPUMECHEHUIO paBHOBECHOU

TEPMOJMHAMHMKYA K HCCIEIOBAHHIO TpoiieccoB aupdy3uu,
XUMHUYECKUX © (Ha30BBIX TMPEBPAICHUM, CBS3aHHBIX C
W3MCHCHHEM MAacChl M COCTaBa HCCICIYEMOW CHCTEMBI,
monmoxwtu  pabdorer  Jx. I'mbbca[31]. On mpeomonen
OrPaHUYCHHOCTD KJIACCHYECKOM TEPMOTUHAMUKH
FOMOTE€HHBIMH CHUCTEMaMH OCTPOYMHEWIIIUM  CIOCOOOM,
MPEJICTABHB 3aKPHITYIO B I[EJIOM CHCTEMY KaK COBOKYITHOCTh
OTKPBITBIX OJHOPOJIHBIX MOACUCTEM, T. €. CBE/Is BHYTPECHHME
MPOLIECCHI M3MEHEHUSI COCTaBa CHUCTEMbl B XHMHYECKHX
peaknusix, mpoleccaXx AUBIBIY3MH W T I K Hpoleccam
AHEIIHEro n30UPATETLHOTO MaccooOMeHa yepe3
MOTYPOHUIIAEMbIE MEMOPaHbI, BOOOpakaeMble BEHTUIIN U
T. 1. OHAKO HEKOTOPBIE MPOIECCHl B OTKPBITHIX CHCTEMAX
OKa3aJIUCh HACTOJILKO CBOCOOPA3HBIMH, YTO «OOBSCHHUTH W
MOATBEP/UTH UX 3aKOHOMEPHOCTH Ha OCHOBE KJIACCHYECKUX
KOHUENIMN He NpeacTaBisieTcss BO3MOXHBIM» [32]. B
YaCTHOCTH, Hapsay C TeooOMeHoM U paboToi
pacuiMpeHry B TaKUX CHCTEMaXx IMOSBUIIMCH €IIE JBa BUIA
SHEprooOMeHa: OOBIYHBIH MaccooOMeH (IepHOC BelecTBa
0e3 M3MEHEHHs COCTaBa CHCTEMbl) W W30MpaTeNbHBINA
MaccooOmern (muddy3ust k-x BelecTB uepe3 TPaHUIIBI
CHCTEMBI, CBSI3aHHAs C M3MCHCHHEM COCTaBa CHUCTEMBI Oe3
W3MECHCHHUS €€ MACCHI).

B Takom ciydyae BHYTpEHHsS dHeprus cucrembl U
craHoBUTCs  (yHkuumedr uucen Momed  Ngeex  k-x
HE3aBHCUMBIX KOMIOHEHTOB u (a3 cucremsr U= U (§ V,
Ny), a oObenuHEHHOE YypaBHeHHE 1-r0 W 2-T0 Haval

PaBHOBECHOI TEPMOMHAMUKH MPUHUMAET BH
cootHomeHus ['nboca [9]:
dU =TdS - pdV + X Lk dNy (11)

rae S, V — BHYTpEHHSS SHEprusi, SHTPONHUS W 00BEeM
orkpeitoii  cucteMprp = -(OU/OV)rnk, T = (OUIOS)ynk -
abcomtorabie naBienue u temmepatypap = ©U/ON)svnm
— XUMHUYECKMM NOTEHUWal KOMIIOHEHTa, HAWICHHBIA B
ycIoBusxX moctosHCTBa S, V 1 uncina moierr NyBcex

3anuceiBas 3TO BbIpakeHne, [ mO0Oc momaran, 4ro
«ueprust U, oueBumHo, Oyner ¢ynkumein S, Vi My» kak
HE3aBHCUMBIX TIEPEMEHHBIX, a MepBbIi 1 BTOpoi wieHs! (11)
MO-TIPEKHEMY  XapaKTepHU3YIOT TEIIoOOMEeH u  pabory
pacmMpeHuss ~ paBHOBECHOW  cucreMbl. OpHako B
nanpHeimeM [2 0 [BBISICHUIOCH, YTO 3TO JAAJEKO HE Tak.
Ourporuss S = SMu 06séM V = M MHOTOKOMITOHEHTHO
CHCTEMBl C HEOOXOIMMOCTBIO M3MEHSETCs Kak Ipu
MmaccooOMene (M#const),Tak W TpH H3MEHeHUH &
coctaBaNi/N):S = §Ny, V = uN¢ npu HeusMeHHBIX
NapUUabHBIX MOJISIPHBIX JHTPONUAX SyM  00BEMA®
KOMITOHEHTOB. DJTO SIBHBIM 00pa3oM HapyLIalOT YCIOBHE
MIOCTOSIHCTBA dHTponnu Su o6véme V B ypaBuennu (11) ,
3anoxeHHoe Jx. T'mOOcom mpu ompeneneHWH IOHATHS
XMMHYECKOTO TOTEHIHANa [, BCIEACTBHE YEero 3Ha4YeHUE
MOTEHI[Majla KOMIIOHEHTa B IIpoleccax MaccooOMeHa,
muddy3nn 1 ocMoca OKa3bIBaIOTCSI Pa3jIMYHBIMU CO BCEMHU
BBITEKAIONIMMH JUTS TEPMOXUMHU TTocieacTBrAMU [20].

[NonoxxeHne MeHsI€TCS, €CIIM BMECTO SHTPOIHMHU KaK
KOOpAMHATHI TEINIOOOMEHA HCIIONIb3yeTCs TEPMOHMMITYIIbC
Ogkak Oonee oOIMI MApaMETP, U3MEHSIOIIUNCA HE TOIBKO
IIpH TEIUI00OMEHe, HO U B Tporieccax auddy3uu u ocMoca.
B o5ToM cnydae IOCTOSHCTBO ®y TrapaHTHpyeT HX
orcyrcTBue, Tak uTo npousBoHasi = dU/dNy ogHo3HauHO
3a1aéT YICIbHYIO BEIMYMHY JHEpPrud K-ro KOMIIOHEHTA,
BBOJMMOTO B CHCTEMY. OJTO COOTBETCTBYET 3alliCH
coorHomreHns I'mbbca (11) B KommakTHOW opme,
OCHOBAaHHOM Ha TUNOTE3€ JOKAJIBLHOrO paBHOBecHs [14]:

[Ipu sTom cBOOOmHBIC 3Heprun ['enpMromnbia F u
I'n66ca G coxpaHSIOT CBOW CMBICI M BEJIMYHHY, ITOCKOJIBKY
B 9ToM ciaydae dU = Td®,= TdS.

c) YcmpaHeHue npou3eosna 8 8blbope OBUMYUUX CUA
peasnbHbIX npoyeccos

Korma rosopsar o pesomonun B ¢umsuke XX
CTOJICTHS, TO OOBIYHO UMEIOT B BHIY KBAaHTOBYIO MEXaHUKY
(KM) u teoputo orHocurensHocTH (CTO um OTO). Mexny
TEM Hap g1y C HUMHU B Iiep BH TP @U TOTO )K€ CTOJIETHS
BO3HMKJIA emE O/lHa HE MeHee (yHIaMeHTaJbHasl Teopus —
TepMoAMHaMHUKa HeoOpatumbix mponeccoB (THIT). Ora
Teopus, MTOTyqHBIIAs Ha3BaHWE  TEPMOAWHAMUKHI
HeoOpaTUMBIX TmporieccoB [12-14], OGasupoBamach Ha
IMMOHEPCKUX paboTaxOyayIiero HOOEIEeBCKOro JaypeaTa
JI.Omzarepa  [33], «kotoperii B1931r. mnpemnoxun
«KBa3UTEPMOJMHAMHUIECKYIO TEOPHIO CKOPOCTH
HEOOpaTUMBIX (PH3UKO-XUMHUYECKHX MTPOLECCOB. DTa TEOPHs

BIEPBbIE  MPEOAOJENA0rPAHUUEHHOCTh  TEPMOJUHAMUKU
KBazucraTuueckuMu npoueccamu [11-14].  OcHoBHBIMU
BEJIMUMHAMH, KOTOPBIMH onepupyer OHa,

SABJIAIOTCACKAJIAPHBIC «TEPMOJUHAMUYCCKUC) CHUJIbL Xi u
<ITIOTOKH» Ji. ITH BEINYHUHBI HaxoIiaTCsa B HEW HAa OCHOBE
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BBIPa)KCHHS [UIsl CKOPOCTH BO3HHKHOBeHHs dHTporuu dS/dt
Kak (YHKIUM HEKHX IapaMeTpoOB Of, XapaKTEepU3YIOIINX
yAaJeHUuE TaKUX CUCTEM OT PaBHOBECHUS:
dSdt = Ei(GSIG(xi) d(li/dt = Ei Xi \1 (13)
Opnaxo rapaMeTphl Qi paBHOBECHOMU
TepMOAMHAMHUKE ObUIM 3aBeioMO HensBecTHBLIIoaToMy ero
TEOpHsl OCTaBaIach, MO CYIIECTBY, IMYCTHIM (HOPMATN3MOM
JI0 TeX TOp, MOKa Apyrod Oyaymmii HOOeleBCcKui Jiaypeat
W. IlpuroxkuH He MNPENIOKHAT METOJ HAXO0XKICHHS ITHX
BEIMYMH Ui «CTalMOHAPHBIX» HEOOpPAaTUMBIX MPOIIECCOB
[9]. Jnst »TOro OH BBLABHHYJI THUIOTE3Y JIOKAIbHOTO
paBHOBECHS, COIJIACHO KOTOpOH B d3JeMeHTax o00béMa
KoHTMHYyMa dV cymiecTByeT paBHOBecHe (HECMOTpS Ha
MIPOTEKaHNe B HUX HECTATHYECKHUX IPOIECCOB), TaK YTO HX
COCTOSIHHE XapaKTepH3yeTcs TeM ke HaOOpOM IepeMEHHBIX
®j, Y4TO W B paBHOBeCHM (HECMOTps Ha IIOSIBICHHE
JIOTIOTHUTENBHBIX TEPMOIUHAMHUUYECKHX CcHI Xi), a K HUM
IIPUMEHUMBI BCE COOTHOILIEHUS paBHOBECHOU
TEpPMOAMHAMHK (HECMOTPS Ha HEM30EKHBIN IEepexojl WX B
HEpaBEeHCTBA).
IIpu Bcell cBoeil BHYTpeHHEH NPOTHBOPEUUBOCTH
9Ta THINOTE3a I03BOJISUIA HAXOAUTH BEKTOpPHBIE CHIIBI X M

IIOTOKH Ji , HCITOJIb3YA3aKOHbI COXpaHCHHUA MacCcChI,
numIyjibcCa, 3apsgiga W OHCPruM, B3ATbIC U3 JIPYTUX
JUCHUILINH. 9t0 ’I‘p€6OB aJI0  COCTaBJICHUA  OOBOJIBHO

CIIOKHBIX W TPOMO3JKUX ypaBHECHHH WX OaiaHca C IIETHI0
Beimenenust w3  dS/dtroit ux wactm d,S/dt, xoropas
XapaKTepU3yeT «IPOU3BOACTBO» DHTPONUU BCIEICTBUE
nuccunanuu. OJHaKO M B 3TOM CIy4dae pasJioXKUTb
«IPOU3BOJICTBO IHTPOITHI» HA COMHOXKHUTENH XU J MOXHO
MHO)KECTBOM ~ CIIOCOOOB. OJTO OOYCIIOBMJIO M3BECTHBIN
MIPOM3BOMI B MX (DU3UYECKOM CMEICTIE M pa3MepHOCTH. Takon
IIPOU3BOJ COBEPILLIEHHO HEIOMYCTUM, KOI/Ia peub UAET HE O
paccessHUM SHEPrWH, a O Mpoleccax e¢ mpeoOdpa3oBaHUS,
MTOCKOJIBKY UCKa)KaeT MXPa3MEPHOCTh W (PU3UUCCKUI CMBICI
coMHOXUTeNEH [36]. DTOT HENOCTATOK YCTpaHSETCs, €CIH
curbl  Xi TOTOKM J HAXOMUTh HEMOCPEICTBEHHO U3
coorrHomreHus (10). TIpu 3ToM oTmamaer HEOOXOAMCOCTH B
COCTaBJICHUM VIIOMSHYTHIX ypaBHCHWN OanaHca, dYTO
COCTaBIJIIET OCHOBHYIO TpynHOCTh mpuioxkenus THII k
pas3inyHbIM cucteMam [ 14].

d) YcmpaHeHue «npuopumema» mena08020 pasHoO8ecuUs

B yxe ymomsnyroit pabore [31] k. I'mb6c,
NpUMEHsST B KayeCTBE YCIOBHS pPABHOBECHS MUHUMYM
BHYTpeHHe#l sHepruu U, Hamén ycinoBUsl TEPMUYECKOrO,

MEXaHHUYECKOTr O U MaTepHaIbHOTO paBHOBECHSI
TeTePOreHHBIX CUCTEM:

T =T"; (TenyoBoe paBHOBECHE);

p’ =p"; (MexaHHYEeCKOE paBHOBECHE) (14)

W = W’. (MaTepranbHOE PaBHOBECHE),

rae OAHUM W ABYMsS HITpUXaMH 0003HAYCHBI TeMIeparypa
T, JABJICHUC P U XHUMHAYCCKUN NOTCHIUAJIN K k-ro BCIICCTBA
MHOT'OKOMITOHEHTHOM CHCTEMEI.
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WHoit pe3ynpTaT moirydaeTcsl IpH HCIIOIb30BAaHUU
B KauecTBE KPHUTEpPHUsl PAaBHOBECHS NPHHIUIA MaKCUMYM
satponuu S = S (U, V, Ny) = max, Bapuanus KOTOpoi 3S
o sHeprun U, 00péMy V 1 unciam moseit Ny IpUBOANT K
ycioBusiM paBHoBecwHs [13]:

T =T";p/T" =p"/T"; W/T =w’/T". (15)
HecnoxkHo 3aMeTuTs, 4YTO JBa  IOCIEIHUX
paBeHCTBa TpeOyIOT NPEABAPUTEILHOTO  BBHINOIHEHUS

ycnoBus TeruioBoro paBHoBecuss T= T. Otcroma 00BIMHO
JeTIaeTCsl BBIBOA 00 0COOOM pONM TEIIOBOrO PaBHOBECHS,
0e3 KOTOpOro sKOOBI HE MOXET HACTYIWTH HH
MEXaHHYECKOe, HU MaTepHaibHOe paBHOBecHE.
HecootBercTBre 3TOr0 pe3yiapTaTta IKCIEPHMEHTAM, IPH
KOTOPBIX HAOIIOAIOCh TpeKpamieHneM oOMeHa Kk-Mu
BEIIECTBAMH B YCIIOBHSX  HAPYIICHUS  TEIUIOBOTO
paBHOBecHs, o0men3BecTHO [13]. Mexay TemcTpemIicHue
THII ynosierBoputh ycinosusM (13) mpuBoanT K TOMY, 4TO
TEPMOAUHAMHYECKHE CHUJIBI Xi=Ayi/Ts THII B
00513aTEITEHOM TIOPSAAKE COACPIKAT TEMIIEPATYPY, UTO JICIACT
pa3sHOpOMHBIC CHJIBI B3aWMOCBS3aHHBEIMU. [lociemHee U
nocinyxmio ocHoBod JI. Owzarepy muisi HOCTYIMPOBaHUS
3aBUCUMOCTH CKOPOCTH JIFOOOTO PEesIaKCaIlMOHHOTO TIpoIiecca
J OoT Bcex NEHWCTBYIOIMUX B CHUCTEME CHII X, ONIMOOYHOCTH
KOTOporo OymeT moka3aHa Hibke.Takum oOpa3oMm, 3aMeHa
SHEPTETUYCCKUX KPUTCPUEB PABHOBECHS SHTPOITMIHBIMU HE
POCTO HCKaxxaer yCI0BUSA MEXaHHIECKOTO u
MaTepUaNLHOTO paBHOBecHs, HaiimeHHbIe [nOOcoM, HO U
MEHSET Pe3yNbTaThl TEPMOAMHAMUYECKOTO aHAIH3A.

e) YcmpaHeHue  KoHgpaukma  THI ¢
pe3ynbmupytoujeli cusnel

THIT oborarnna ¢pusnyecKyro MbICIb XX CTOJIETUS

NnoHAMUem

paaAoOM  IIPUHIUIIOB O6HIG(1)I/IBI/I‘IGCKOFO 3apaKkTepa H
YCTaHOBUJIa MPUHIUATINAIBHYIO BO3MOXKHOCTb CcaMO00-
pranusanyu B CUCTCMaX, Nan€Kux  OT PpaBHOBCCHHL.

OnHaBepHYJa B TEPMOJANHAMHUKY TIOHSATHE CHJIBI, yTPaueHHOE
co BpeMéH C. KapHo, 1 00bsicHMIa MHOXXECTBO 3(h(EKTOB,
BO3HHKAIOIINX IPH OJTHOBPEMEHHOM NPOTEKAHUH B OJTHUX H
TeX e 00JIaCTSAX NMPOCTPAHCTBA HECKOJIBKUX PAa3HOPOAHBIX
HeoOpatuMbIx nponeccoB. Bxmax THII B map guurmy XX
croseTnst ObUT OIEHEH NpHUCyXaeHueM aByx HoOeneBckux
npemuii (JI. Onzarep, 1968, U. Ilpuroxun, 1977).

Omnako THII nmo cmx mop Oasupyercs Ha
NPUHIOMIIE BO3pPACTaHUS DHTPONMM W psjie THIOTE3 H
MOCTYJIATOB, YTO JMINAET €€ HEeOoOXOJUMOW ITOJHOTHI H
crporoctd. OIMH H3 TakWX TOCTYJAaTOB — MPHHIMII
muHeriHocTH JI. OH3arepa, COrJacHOYTO KOTOPOMY JIFOOOU
He3aBHCUMBI MOTOK J (Teruia, BElecTBa, 3apsiia, MITYJIbCca
U T. I1.) JIMHEHHO 3aBUCHUT OT BCEX JECHCTBYIOIINX B CUCTEME
TepMoanHaMudeckux cua X; [33]:

J=2jLinj,(i,j =1,2,...n) (16)
rae Lij— xoadduMenTsl NponopyuoHaabHOCTH, Ha3BaHHbIE
OmnzarepoM «(peHOMEHONIOTHYEC-KUMIM», KaK W CaMH 3TH
YpaBHEHHUSL.



I'nmaBHBIA CMBICT O3THX 3aKOHOB 3aKIIOYaliCs B
YTBEPXKICHUM BCEOOIIEH B3aMMOCBS3aHHOCTH pEabHBIX
(mecraTnuecknx) mporeccoB. [1oIOXNUTENBHBIN 3HAK BCeX
4IeHOB CyMMBI (16) man ocHOBaHME Hiee «CHHEpreTU3May,
T. e. ycuieHus 3(p¢dexTa B pe3ynbTare KOONEepaTHBHOTO
nevictBusa. OfHAKO OTH  YpaBHEHUS pPacXOJWINCh C
3akoHaMU TerionpoBogHocTH (Pypee), muddysnn (Puka),
anexTponposoaHocTH (OMa), dunsrpanuu (Japcen), Bszkoro
Tpenus (HproTOHA) U T. 1., B KOTOPBIX YITOMSHYTBIE IIOTOKH
UMENH EJUHCTBEHHYIO (Pe3YJIbTHUPYIOUIYIO) ABIXKYIIYIO
cury F, BeIpaxaromyrocss — TpaJUeHTHITEMIEPATYPBI,
XMMHYECKOTO M 3JIEKTPHYECKOrO IOTEHIMANa, TaBIICHUS,
CKOPOCTH H T. II.

J=-LiF, (17)

Koaddummentsr L; B 3TUX 3aKOHAX SBISUIACH
(YHKIMSAMH TTApaMETPOB M CTPYKTYPBI CUCTEMBI U HE OBbUIH
BEIMYMHAMHU TOCTOSIHHBIMM, TaK 4YTO 3akoHbl (14) Obum
HenuHeWHbIMA. [lodTOM OTHecenwe ypaBHeHm (16) K
«peHomeHnonmornueckumM» (MONIYYEHHBIM W3 OIBITA) HE
COOTBETCTBOBAJIO, CTPOI'0 TOBOPS, NEHCTBUTEIHLHOCTU. DTO
OTHOCHTCSI M TIOJOXXUTEIHHOMY 3HaKy BCEX UJICHOB
MaTpuuHoi ¢opmsl (15), uro, kak mokazan X. Kazumup [12-
14], cnpaBennuBo Janeko He Juid Bcex cuwi. Kpome Toro,
OCTaBaJIOCh COBEPILICHHO HEMOHATHBIM, KakuM 00pa3om
MOT'YT OBITH CBSI3aHBI 3aBEIOMO HE3aBHCHMBIE TIOTOKH.

[MpyunHy yKa3aHHOTO HECOOTBETCTBUS MOXKHO
MOHATH, €CIM HCXOAWTh HE U3 HACU «HAIOXKCHUSD)
(cyMMHUpOBaHHsI) HCTOYHUKOB DHTPOIWH, BBI3BAHHBIX
JeiCTBHEM DPA3HOPOIHBIX HCCUMATUBHBIX CHI X, a M3
MEXaHWK{, YTBEP)KIAIOWIEH CYIIECTBOBAHUE pE3YJIbTH-
pytomeit Fi aTux cui. B m30mMpoBaHHBIX cHCTEMax cyMMa
BHyTpeHHHX cun %R (i = 1, 2...n) Bceraa paBHa HYJI0. JTO
O3Ha4aeT, YTO B COIVIACHM C TP @bUM 3aKOHOM HbioTo m
Mo0yI0 13 NPWIOKEHHBIX CWJI HUX F MOXHO BBIpa3uTh
cymMmoii N-1 cun peaximu Fj unoro, j-ro poxa: K= - X, 4F.
[Mockonbky X; = F/@;, 3axoHbl (16) MOXKHO IPEICTABUTH B
MaTpUYHOH (hopme, mogodHoH (15):

\1: LiEn —1(®j/®i) XJ: EjLinj. (18)

Kosdbdmmentst L =L®/OB 3TOM BBIpaXKeHHH
00BEANHSIOT B ce0e KMHETUYECKHE U TePMOAWHAMUYECKHUE
(bakTopkl, 4TO U O0BACHAET, MoueMy UX aHanoru Lj B (14)
HE UMEIOT CMBICIIa HU TeX, Hu ApyTuXx [12]. Takum oOpazom,
TIOSIBJISIETCS. BO3MOXXHOCTH O0OCHOBAaTh MAaTPUYHYIO (OpMY
3aKOHOB IIEPEHOCa, He Ipuoeras K Mx IMOCTYIHMPOBAHMUIO, U B

TO K€ BpEeMs YHOPOCTHTh UX IYTEM HaXOXKICHUS
PE3yNBTHPYIOIIEH NBIKYIIEH CHIIBI JIIOOOTO HE3aBUCUMOTO
mpouecca W mpuBedeHuss  3akoHoB  (16) kK WX

«nuaroHansHOI» opme (18) [35].

f)  Vempanenue «ouckpumunayuuy mennogvix Mauiun
[IpuHATO CUMTATP KaK HEYTO CaMoO COOOH
pasymetoreecs, u9ro MakcumanbHbli  KIIJ[  mroGoi
HETEIUIOBOM MAaIIWHBI (MEXaHUYECKOW, THIPaBIUICCKON,
ANEKTPUYECKON U T. M) ONIM30 K K EAWHUIE, TOTIA KaK JUIs
TEIUIOBBIX ~ MAalllMH-JBUraTeNiel, »JHEprusi K KOTOPbIM

noaBoauTcss B Qopme Temna Q;, OH  OrpaHHYEH
TeMIlepaTypaMH TIOJBOZa W OTBOZAA TEIIa M Ha NPaKTHUKE
peaxo npesbimaeT 40%.

Takast «INCKpUMHHAUMS»  TEIUIOBBIX  MAIMH
OCHOBaHa Ha YOEXIEHWH, 4TO JHEpPrHs, MOJBEIEHHAS K
MallliHE B YIOPSIOYEHHOH (hopme, MOXKET OBITh LETHKOM
mpeBpaieHa B 0ol apyroit eé Bun[9]. Orcioga —aeneHue
Bcex (DOPM DHEPIUU Ha IHMPONUliHble U Oe39HMPONULIHbIC
[36]. OTronocku Takoro AeiaeHUs 3By4aT B YTBEPXKICHUAX O
HETPUMEHUMOCTH2-TO 3aKOHa TEPMOAWHAMHKHU (IIPUHIMIIA
WCKIIIOYEHHOTO BEYHOrO0 JBWrarens 2-ro  poja) K
HETEIUIOBBIM ~ MallliHaM, a TaKkkKeB HEe0OOCHOBAHHBIX
yIpéKax B aJIpec TEIUIOBBIX nekTpuueckux cranmumii (TIC)
B «PAaCTOYMTEIHCTBE» HMHU OOJNbIIEH YacCTH TEIUIOTHI
cropanusi ToruMBa. IIpy 5TOM B HaAyYHOH M OKOJIOHAYYHOH
JUTEpaType PEIKO CIBIMIATCS T'0J0ca TeX, KTO IIOHUMAeT
MIPUYMHY TaKOH pa3HOTrOJIOCHIIBI MHEHMHA. MexXay TeM oHa
JISKUT B NPUMEHEHUHM OHOro u toro xe tepmuHa KIIJ[ k

JIBYM MIPUHIUITHATHHO pa3ITUYHBIM TATIAM
mpeoOpa3oBaTelieii SHEPTUU Pa3TUYHBIMUA KPUTCPHSIMH HX
3¢ HEeKTUBHOCTH.

Honstue KI1/] 66110 BBEICHO B HAYKY M TEXHUKY B
koHUe XIX Beka, Korga yxe CyIIECTBOBAJIM HE TOJIBKO
MEXaHUYECKUE U DJIEKTPUUECKHE, HO U TEIUIOBbIE MAILIUHBI.
Omnako uxKIIJl ompememsuics pasmudHbIM 00OpazoM. Y
MEXaHHYEeCKUX W TOJOOHBIX UM MAIIUHAX, UIT KOTOPBIX
ObLTa M3BECTHA HE TONBKO coBepmaemas umu padbora W, Ho
u momaocte N =dW/dt, KITJT nompemensuics OTHOIEHAEM
nX BBIXOAHOM MomHOcTH N" K MOIIHOCTH Ha BX QICN‘I/IJ'II/I
K€ OTHOIIICHUEM COBEpPIIAcMOM MAaITMHON TIOJIE3HOMH paOoThHI
W°k Teopernueckd Bo3MoxHOii W'.B TepMoamHaMuKe
takoro poaa KIIJ| HazbiBatorcs omuocumenvruimu. Haue
onpegensercs: «repmuueckuitn» KIIJ TerioBoil MamuHbm,
OTHOCAIIMNACA K paspsany abcomomuslx. B TUKIHIECKHX
TEIUIOBBIX MalllMHAaX, TAE€ Hapsay C HCTOYHUKOM TeIlla
QqHeoOxomuMm  TerronpueMHuke Q,, OH oOIpenenseTcs
OTHOIIEHUEMITONE3HON paboTel W° K moaBedEéHHOM OT
TOpSYero HMCTOYHHWKA TemioTeQM 3aBHUCHT OT CPETHHUX
TeMIepaTyp pabodero Tea yCTAHOBKUB MPOIIECCE ITOABOAA

u oteoza rerwta 1, u T,[37]:

m=W/Q.=1-T,/T,<1, (19)

Otu KIIJI xapakTepusyloT cmenenb npespamiu-
MOCmU TEIJIOBOW DSHEPruH, IOABOJUMON K TEILIOBOM
MamHe. Takoro poma abcomorasie KIIJ moryr ObITh
onpeaeneHbl s 000k (OPMBI SHEPTUH, MOABOJUMOH K
peoOpa3oBaTeai0 dHEPTUM BO3ACHCTBUEM, OIMMUCHIBAEMBIM
1t cymmori ToxmectBa (9). Ilpm Takom momxoje
€CTeCTBCHHBIM 00pa3oM BO3HHMKAET MPEICTABJICHHE O
eIUHCTBE BhIpaxkeHUs abcomroTHOro KIIJ[ TermmoBo# wiu
HETEIUIOBOW IIMKINYECKOM MAIUHB) KaK 00 OTHOIICHUU
coBeplIaeMoOd B IMKJIEC TONE3HOM paborer W, K
mocrymnaromnieli Ha Bxox MamuHel dHepruu U, Otot KIIJ]
ymoOHO  BBIPA3WTh  Yepe3  CPEOHHE  MOTCHIMAJIBI
SHEproHocuTeNss ®; B mpoleccax ero BXO A U BbIX 0 A M3
ycraHoBKUY 1 u¥W , Kak aHaloroBcpeaHEeTepMOAMHA-
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T

(

MMYECKOM TeMIIEpaTypbl MOABOJA U OTBOAA TEIUIA T1=ASl'

YTydSu T, =AS,YT.0S,.

a0COMIOTHOT O KITJ JIF000H (IIMKITMYECKOH U HEL[MKIIY €CKOM)
MalvHb puMeT Bup [38]:

Ipn 3TOM BBIPAXKCHUE

nmax=WH/E1 =1 —‘Pz/\Pl. (20)
TakoBbI, HampuMep, PACIIMPHUTEIBEHBIC MAIIUHBI
(meTaHmEepsI), OCYIIECTBISIONINE PACITUPEHIE MOTOKA ra3a
OT JNaBICHHUS P1 O Pz < P1, MaTHUTOTHAPOAMHAMUYCCKUE
TCHEPATOPHI, paloTaroIIUe IO OTKPHITOH CXeMe C
SHTANBIMEH MIa3Mbl Ha BXOJIE U BbIX0oJie renepartopa hy u h
<h;; BerposHepreTMueckMe YCTAaHOBKH CO CKOPOCTSIMH
BETpa Ha BXOJIC U BBIXOJE V1 U V, <Vy; DJIEKTPOCTATUICCKUE
MallWHBL, MOJTYyYalolIie 3apsa Tpd IOTEHIWale 1 U
OTJAIOIIHE €ro MPH TMOTCHIUAN® »< @1 U T.A. [ Bcex
HUX aOCOJIOTHBIC KII MCHBINC CAWHUIIBI, MOCKOIBKY
a0COIOTHBIC 3HAYCHUS TOTCHIMANa TpUEMHANKA YHeprun P,
HE MOTYT OBITh paBHBI HYIIO HU TEOP CTHUECKH (ITOCKOIBKY
IMpH  3TOM  B3aWMOJCHCTBHE C HHUM  CTAHOBHUTCS
HEBO3MOXXHBIM), HH TeM OoJee  MPaKTHYECKU.DTO
00CTOSATETLCTBO CBHUICTENLCTBYET O EIUHCTBE 3aKOHOB
npeoOpa3oBanus 00X ¢Gopm sHepruu. Ilpm 3TOoM
pasIUUHEe 1| max IpeoOpas3oBaTenell  pasiUYHBIX  (OpM
SHEPrHH OIPEAEIAIOTCS HE caMod d3Tod ¢opMoH, a
CTCIICHBI0 HEPAaBHOBECHOCTH HCTOYHHUKA MpeoOpa3yemMoit
SHEPruH, T. e. OTHOLIEHHEM pacrnoyaraemoro
nepenafaobo0ménHoro moreHnuanA Wik  abcomoTHOM
BEJIMYMHE OTOr0 TIOTEHNHATa. B KadecTBe TmpuMepa
paccmotpumM abcomrotHeid KIIJ] rumposnexTpocTaHImu ¢
mepenag oM YpOBHEH BOIBI MEXIY €€, BEpXHUM M HIDKHUM
obepoMAH =30 M, ecnu TpPaBUTANMOHHBIA IOTCHIHAT
Maccel M majaromeit Boibl ONnpesienaTh BoipaxkeHneMY g =
MgH, a ero abconroTHy0 BenwmduHy Hj; OTCUMTHIBATH OT
uentpa 3emnm ¢ pagmycom R=6-10° m.Torma eé
«abcomotnbiit» KIIJ| cocrapur Benmumumgy = AH/ H;
=510° Taxum o0pa3oM, MBI OUYCHb JalleKd OT
BO3MOXKHOCTH  HCIIONIE30BaTh  «BCHO  T'PaBUTAIIMOHHYIO
SHEPTHUIO», TAK YTO TEILIOBHIC MAIIMHBI - OTHIOb HE CaMBbIC
«paCTOYMTENBFHBIC» B OTHOIICHWHM  HCIONH30BAaHUSL
moreHnmana W, mpeodpaszyeMoii HopMbI SHEPTUU.

Enuncteo  Beipaxenust KIIJI  TemnoBelx U
HETCIUIOBBIX  [UKIMYSCKUX  MAIIWH,  BBIpaXKa-eMoe
cootHomeHueM (20), TO3BOJAET OOOCHOBATH IPHHIIMITHI
UCKJIFOYEHHOTO BEYHOrO ABHWraTeds l-ro m 2-ro pojaa, HE
mpuberas k moctynataMm. Ecmu sreprust Eq, momBoqumas
MallvHe, paBHA HYIIO, TO corniacHo (20) OynmeT paBHA HYITIO
u pabora takoii mamuasl W, (1-e¢ HaYano TepMOIHHAMHKH).
Ecmm  cpema, sBIsifoImasics MCTOYHWUKOM —JHeprum E,
onHopoaHa, T. €.¥1=Y,, To KIIJI Takoi mammuuem =0, kak
n e€ paboraW,. D10 nonoxeHne MokeT ObITh 0000IIEHO U
Ha HEIUKJIHYECKUe MaImuHbI [39].

g) OnposepyceHue  meopuu «menaosoll  cmepmu
BceneHHol»
[Ipu  oOocHOBaHWM TPHWHIWIA  BO3pACTAHUS

sutponuu P. Kiaysuyc ocHOBBIBajics Ha Ka3aBIIeMcCS
OUEBUJIHBIM NOCTYJIaTe O TOM, 4To TepMmuueckuid KIIJ]
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000l HeoOpaTUMOW TerToBoi Mamuuael 1y =1 — Q/Qq
MeHbIIe, yeM B obparumoM mukie Kapro 0= 1 — To/Ty npu
TeX K€  TeMIepaTypax  TEIUIONCTOYHWKa 1; H
TEIUIONpHEeMHUKa T, M KoiaudecTBax moaseAéHHOro Q; u
otBenénnoro Q, remna.B Takom ciyuae dS, = 8Q,/T> dS; =
8Q¢/Ty, T. e. SHTPONHS CHCTEMBI, BKJIIOYAIONIEH HNCTOYHHK
TeIvia, IUKIMYECKH JCHCTBYIONIYIO TEIUIOBYIO MAIIMHY H
TEIUIONPUEMHHK, BO3PACTALT.

He mHalinga B 3TOM pacCyXIeHHH KaKHX-THOO
nporuBopeunii, P. Knaysuyc npunan stomy BBIBOIY cTaryc
00IeU3NIECKOT0 IIPUHIMIIA BO3PACTaHUSI DHTPOITUI» H
TOJIOKMJI €r0 B OCHOBY «TEOPHHM TEIUIOBOH CMepTH
Bcenennoii». OTa Teopus npecKa3blBaia NpeKpalieHue Bo
BcenenHolt B menmoM  Kakux-TMOO  MakKpoIpOIIECCOB
BCJIC/ICTBHE HACTYIUICHHST B HEH TEpMOJMHAMHYECKOTO
paBHOBECHS, YTO OBUIO PaBHOCHJIBHO YTBEPXKICHHIO O €&
«COTBOPHMOCTH». DTa TEOPHsI 10 CUX IIOp HE OIPOBEPTHYTA
HECMOTpSI Ha TO, YTO YIIOMSIHYTasl «TEIUIOBAas CMEPThHY He
HacTynuia u 4epe3 13—14 mMuwuinapaoB JIET, OTIYIIEHHBIX
€l 3To! MOJENBIO.

Mexnay teM B paccyxaeHus Knaysmyca Bkpaniach
ommOKa, HE 3aMe4YeHHas HU €ro COBPEMEHHHKAMH, HH
nocienoarensiMi. OHa craHeT Oojee OYEBHUIHOM, €CiH
ucronbp30BaTh BhIpaxkeHue (11),coriiacHo KoTOpoMy Ipu

OIHUX U TE€X XK€ Tln T, KIIJ obpatimoii 1 HeoOpaTHMOiL

TEIUIOBOH MallnHBI OMMHAKOBHL. ClemoBarensHO, ommobKa
Knay3snyca cocrosia B yTBEpXKIEHUM, YTO CPABHHUBAEMBIE
MAIIMHbl WMENH OJMHAKOBHIE TEMIIEpaTyphl TOpSYEro Hu
XOJIOHOTO HCTOYHUKOB.

Cronp ke HECOCTOSTENbHBIMHM OKa3bIBAIOTCS Ha
MOBEPKY M JAPYTHe JOKa3aTelbcTBa 3Toro npuHummna [40].
Bonee toro, MoxxHO MOKa3aTh, UTO, OCTABAsCh B paMKax
pPaBHOBECHOH  TEPMOAMHAMHKH, JIOKAa3aTb  IMPHHIUI
BO3pacTaHMs SHTPOMUH BOOOIIE HEBO3MOXHO. Jlyst 3TOTrO
JIOCTaTOYHO PacCMOTPETh CUCTEMY, BHYTPEHHSS SHEpPrUs
koropoit UompenensercsiduTpornuelt S nodbéMom V, T.
e.U=U (S, V). Torma, paccmatpuBasi 0OBIYHBIM 00Opa3oM
SHTPONHI0 Kak obOpaTHyw ¢yHkmmo S=S (U, V), MBI ¢
HEOOXOINMOCTBIO IPHIEM K BBIBOAY, YTO B M30JIMPOBAHHBIX
CUCTeMax, TJ€ B CUIIy 3aKOHOB coxpadenusa U u V, = const,
SHTPONUATAKKE TOJHKHA OCTaBaThCS HeM3MeHHOH [41]:

Si=S (U, V),,= const. (21)

KapaunanbHoe pemieHue »Toro Bompoca AaéT
BBEJICHUE TEPMOMMIYIbca ©gKaKk MCTHHHOH  Mephl
BHyTpeHHeil Temnopoit sHeprun U= T®,. CornacHo sTomMy
BBIPa)KEHUIO, TEPMOMMITYJIBC CUCTEMBI MOXKET yOBIBaThH HE
TOJBKO TP 3aTyXaHHWH KOJNEeOaHWH U IpeBpalleHUuH
TernoBoi »Heprun Uy BO BHYTPEHHIOI MOTECHIHUANBHYIO
SHEPrHI0 TOMH ke cucteMbl B, HO U IIpH €€ NpeBpameHuy B
KMHETHYECKYIO SHEPTHIO YIIOPSI0YEHHOTO IBMKeHHs E.
JleWcTBUTENBHO, 110 Mepe NPHOIMKEHHSI CKOPOCTH CUCTEMBI
K IpeIesbHON CKOPOCTH PAaCIpOCTPaHEHUs BO3MYLICHMH,
Korja e€ TpeBbllIeHHWE B KOJNeOaTeIbHOM —Mpolecce
CTaHOBHUTCS HEBO3MOXHBIM, 3TOT MPOLIECC MPeKpalaercs, T.
€. TeruIoBoe (HEYIOpsI0UeHHOE) ABHKEHUE BBIPOXKIACTCH.
VmeHHO 1o 3TOH mpuyuHe TemnepaTtypa T H3IydeHHs Wi



¢u3n4IecKkoro BaKyymMa, B KOTOPBIX CKOpPOCTH CBETa
MAaKCUMaJbHa, paBHa HYJIIO. CrenoBareiabHo,
TEPMOUMITYJIbC BBIPOXKIAETCS U MIPU B3PBIBE «CBEPXHOBBIX),
COMPOBOXKJAIOUIMMCSI  IpEBpalllEHUEM  BEIIECTBA B
H3JIydeHUE. DTOT NPOLECC MOXKET CIYKUTh MPUMEPOM
BO3HUKHOBEHHUSI «IOPAZIKa» M3 «Xa0ca», BO3MOXKHOCTb
kotoporo obOocHoBan W. Ilpuroxwun [27]. Tem caMbM

3aMeHa SHTPOIUU TEPMOUMITYIIECOM yCTpaHseT
HaB3aHHYIO TEPMOJUHAMHUKON Knay3uyca
OIHOCTOPOHHIOKD ~ HANpaBIEHHOCTh  MPOLECCOB  BO

BcenenHoll, nomyckass BO3MOXHOCTb €€ HEOIpPaHUYEHHOTO
BO BPEMEHH M IPOCTPAHCTBE (DYHKIMOHHPOBAHMS, MHUHYS
COCTOSIHAE PaBHOBECHSL.

h) Yempanenue napadoxca I'u66ca

Cpenu mapagokcoB (PU3UKH e[Ba JIU Haingrces emé
OOWH CTOJIb )K€ M3BECTHBII M CTONb )K€ 3araJouHbli, Kak
«mapanokc I'mbOca» — yTBEpXKICHHE O CKadKOOOpa3HOM
BO3pacTaHUU SHTPONHU pu CMEIICHUN
HEB3aMMOJCHCTBYIOINX HICATIbHBIX Ta30B B OTCYTCTBHE
KaKuX-JIMOO TEIIOBBIX mwin 00bEMHBIX 3¢ ekToB. B cBoeii
3HaMeHHTOW pabore «O paBHOBECHH Te€TEPOTrEHHBIX
BemectBy [42] Jx. Tubbc pacnpocTpaHua MeETOABI
TEPMOIMHAMUKH 3aKPBITBIX CHCTEM, IPEICTaBHB HX Kak
COBOKYITHOCTh OTKPBITHIX CHCTEM, pa3aenéHHbBIX
YCIOBHBIMH TOJIYIPOHHUIIAEMBIMU ~ TIEperopoAkaMu. Tem
caMbIM OH 3aMEHWI BHYTPEHHHE IPOLECCHl H3MCHEHHS
COCTaBa CHCTEMBI IIPOIIECCAMH BHEIIHETO M30MpPaTEIHHOTO
MaccooOMeHa (muddy3un yepes rpanuibl noacucrem). Ipu
39TOM OH OOHApyXWJ, YTO Pa3HOCTb MEXIY 3HTpOIHUEH
CMECH JIBYX Macc HJealbHbIX ra3oB Mj u My, KaxIplil U3
KOTOpPBIX  3aHMMaJl  BHa4aje  IOJOBMHY  IOJHOIO
obbémacmecu V, OOJbILIE CyMMBI SHTPOITHI TEX K€ ra3oB 10
CMEIIECHUsI Ha MIOCTOSIHHYIO BEINYUHY

AS.=R.In2, (22)

ONpeNeNSIEeMyI0  UCKIIFOUMTENIbHO Ta30BOM  MOCTOSHHOMN
cMecuR..

XapakTtepHo, 4ro cam ['m0O0c, OCHOBBIBasCh Ha
CTATHCTUYECKOW WHTEPIPETALIMH SHTPOIHHU, HE YCMATPHBA
B 9TOM pe3yJbTaTe HHYEro MapajoKCalbHOrO, CYMTAS, YTO
OH «BCELENIO0 ONPEACNACTCS YUCIOM  CMEUINBAEMbIX
MOJICKYI» W 3aBUCHT JIHIIb OT TOTO, CYMTAEM JIH MBI UX
TOKECTBEHHBIMH WJIH pasauduMbiMi. OJHAKO 1O Mepe
H3YYEHHS 3TOTO BOMPOCA MCCIICAOBATEIN HATATKHBAIUCH Ha
Bce OONbIINE U OOJBIIUEC TPYIHOCTH, YTO M OOYCIOBHIIO
MOSIBIICHUE CJIOBOCOYETAHHUS «mapagoke ['ubocay.

B TeueHHe MoOMyTOpa CTOJETUS ITOT PE3yAbTAaT HE
pa3 CTaHOBHJICS OOBEKTOM HCCIIEIO0BaHUS KaK (DH3UKOB, TaK
u ¢unocohoB. MHOTMM €ro McCIEIOBaTENsIM Ka3ajaoch, YTO

OHU cymenu, HaKOHell, OOBSACHUTH CTPaHHYIO
HE3aBHCUMOCTh CKauka SHTPOIMM OT CTEICHU U XapaKrepa
pasnuaus CMEIINBAaEMBbIX ra3oB Hapsgy c

HEJIOMYCTUMOCTBIO  YTIOMSHYTOTO CKayKalpyd CMELICHHU
TOXXIECTBEHHBIX Ta30B. OXHAKO MONOOHO JIEreHJapHOMY
CUHKCY 3TOT MapafoKC BHOBb M BHOBb BO3HHKAJ Ha
CTpaHUIAX HAYYHBIX KHUT ¥ >KYPHAJOB M HE COLIEN C HUX
BIUIOTH [IO HACTOSIIEr0 BpeMeHH. B uTore OOMbIIMHCTBO

HCcIIeqoBaTeIeH 3TOro mapanokca CKIOHWIOCh K MHEHUIO,
YTO OH «HE pa3pellM B IUIOCKOCTU KJIACCHUYECKON
TepMoanHaMuKm» [45].

Hnaue oOcTOMT 1€110, €CIHM BMECTO SHTpPOIUH,
UMeroIen KOH(UTypalmoHHYIO COCTABIISIOILYIO,
UCIONb30BaTh TEPMOMMIYNECE ¢, 00NaNAIOIMIA TPOCTHIM
(u3HYecKnM CMBICIOM. Torza CTaHOBUTCSI O4EBUAHBIM, YTO
IpA CMEIIMBAHUU  HEB3aUMOJEWUCTBYIOIIUX Ta3oB C
OJMHAKOBOM TeMIepaTypoil U AaBIEHUEM TEPMOUMITYIIBC HE
MEHSIETCS XOTs Obl B CHIIy 3aKOHAa COXpaHEHHs HMITYJbCa
CHCTEMBI B IIEIIOM. JTO TeM OoJsiee OueBHIHO, YTO oba rasza
emeé 10 CMEIIEeHUs HaXOAWINCh B TEPMHUECKOM U
06aprYecKOM pPaBHOBECHH, SBIISIOMIEMCS IJISI CHCTEMBI C
JIBYMSI CTETIEHSIMHU CBOOOJIBI ITOJTHBIM.

i) Vcempanenue  npomueopeuuss  mepmMoOuHaMuKu - ¢
meopuetl 3800yUU

H3BecTHOBOIHIONIEE
TEPMOJUHAMUKH ¢ Teopuen OHOJIOrMUECKOI
aBOMIOIMM»[27], OOYCIOBIEHHOE TEM, YTO TIPHHIIUI
BO3pacTaHMsl SHTPONUM MPEANHUCHIBAET MPUPOAE JUIlb €€
Jerpajganuio.  BeposSTHOCTHass ~ TpakTOBKa  SHTPOIUHU
BonbiiMaHoM He pa3peliana 3TO NpOTHUBOPEUHE, TOCKOIbKY
naBayia BcelleHHOH JIMINL HUYTOXKHBIM IIaHC H30€XKaTh
«TETJIOBOU CMEPTU.

Mexay TeM HECIOKHO JOKa3aTh, YTO KAaKHe-THOO
peanbHbie mporiecchl dpi/dtZ) MOryT BO3SHUKHYTH TOJBKO B

MIPOTUBOpPEYHE

HEPABHOBECHBIX CHCTeMaX (rae pi#p;), a HXCKOPOCTHB

pasHBIX YaCTSIX CHCTEMBI 3jieMeHTaX ob0béMa dVumeror
MPOTUBOMOJIOKHBIM 3HAK. B 3TOM Jierko yOeauThes,
MPEJICTABHUB JIOOOH IKCTEHCHBHBIM MapaMeTp HEOTHOPOIHOMN
cuctemMbl ©; (e€ maccyM, wumcino wmoneik-xsemects Ny,
SHTPONMHUIOS JIIEKTpUYEeCKUd 3apsaa3, wummnyinsc P, ero
MOMEHT L U T. I.) HHTETPaJIOM OT €ro JoKaibHOHp;= dO;/dV

u cpeaHeil P; = ©;/V mIoTHOCTH BEIpaxeHHeM O = [pidv=

| p; dV.Torna

[ (pi - p; Yt dv=0. ()

Jlerko BHUIACTh, YTO OTO TOXICCTBO BBIIIOIHACTCA

TONBKO B TOM Cilydae, Koraa mporeccsl d(p; - p;)/dt

MPOTHBOHANPABIICHEL. JTO TMOJOXKEHHE, HA3BaHHOC HAMH
KIPUHYUNOM — NPOMUBO-HANPAGLEHHOCMU — NPOYECCOo8,
MOXET PacCMATPUBATHCS KAK MATEMATHYECKOE BBIPAKCHHE
UAJIEKTUYECKOI0  3aKOHa «EINHCTBA u 60pBOBI
MIPOTHBOMOIOKHOCTEH». DBPHUCTHYECKAS IICHHOCTH HSTOTO
MPUHIMIIA KaK OJHOrO U3 Hamboiee oOUMX 3aKOHOB
€CTECTBO3HAHUS COCTOHT B OOHAPYXEHHH CHEIU(PUISCKOTO
KJlacca TMPOIECCOB  «MoApu3ayuuy CHCTEMBI B CaMOM
o0mieM MOHUMAaHWU 3TOTO TEPMUHA KaK IOSBICHUS B HEH

qacrei (oOmacret, ¢as, KOMITOHEHTOB) c
MIPOTUBOIOIOKHBIMH CBOHCTBAMH.

Oror TIPUHIINAT yCTpaHser HaBsI3aHHYIO
TEPMOAUHAMHUKON Knaysuyca OIHOCTOPOHHIOIO

HAaIpaBJICHHOCTh TporieccoB Bo Bceenennoit. K Takomy xe
BBIBOJLY MBI NPUXOINM, 0a3upysch Ha 3aKOHE COXpPaHEHMS
sHepruM B wm3onupoBaHHOM cucreme (dU/dt),, =0 u
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toxnectse (10), ecnmum mpencraBum  Fvi B Bume
MIPOM3BEACHUS CHJ U TMOTOKOB Xi-J, KaK 3TO IPUHATO B
HepaBHOBecHOW TepMmonuHamuke [11-14]. Tlockombky ke B
W30JMPOBAHHBIX CHCTEMax HW3MEHEHHe mapaMmerpoB O
O0YyCIIOBJICHO  HCKJIIOUUTENBHO  HAIMYMEM y  HHX
BHYTPEHHHUX HCTOYHHKOB, TO TPOTHBOIOJIOKHBIA 3HAK
UMEIOT W MOHHOCTH X Jpa3HOMMEHHBIX MPOLECCOB
IpeBpallleHus. DHEpPruu. OTO O3HAa4yaeT, 4YTO Hapsaay C
mpoleccaMy  AWCCHNanue, B KOTopeix XiJ> 0 ,B
W30JMPOBAHHBIX ~CHCTEMax HEW30eXHBI U  TPOLECCHI
«caMOOpraHu3alum» HEKOTOPBIX |-X CTeIeHed CBOOOIbI, B
koTopbIx mnpousseneHne XjJ< 0 .TakoBbl, B YaCTHOCTH,
TIPOLIECCHI «BOCcXosIel tuddy3um» (epeHoca BemecTsa B
CTOpPOHY BO3pacTaHHWs €ro KOHLEHTpPAIWH), SBICHHS
COIIPSDKECHUS» ~ XUMHYECKHX  peakiui  (IpoTeKaHus
peakuuii B HampaBJIEHHM BO3pacTaHus €€ CpOACTBa),
«aKTUBHOT'O TPaHCHOpPTa» (HAKOIUICHWS B OPraHax BEIIECTB
¢ Oompmiel sHep meit [mbb6ca) m .. Takum obOpasom B
HEpPaBHOBECHBIX CHCTEMaX C HEOOXOAMMOCTBIO BO3HHKAIOT
MIPOTUBOHAIPABIIEHHBIE MTPOIECCHI SBOJIOINN ¥ HHBOJIIOLIUH
(merpamamum), KOraa OJHA CTENEHb CBOOOIBI CHCTEMBI
TIp WJIMmKaeTcss K p BHOBECHIO, B TO Bp @MsI KaK Japyras —
yaajsiercss OT Hero. OTO U YCTpaHsAeT OTMEYEHHOE BBIIIE
MIPOTUBOPEYHE TEPMOJUHAMUKH C IBOJIFOLUEH.

boiree  Toro, ToxmectBo  (10)  comepkuT
TEPMOJMHAMHUYECKHE CHJIBI, BBIpa)KaeMble TI'paJUCHTAMHU
norennuaita X;= Vi, HU3MEHEHHE KOTOpPBIX OTpa)kaeT 0e3
JIOTIONTHUTENBHBIX PACYETOB HE TOJBKO MPHOIMKEHHE HIIH
yIoaJIeHue CUCTEMBI OT COCTOSTHHSI PABHOBECHS 110 JIF000i1 i-i
creneHn e€ CBOOOABI B OTIENBHOCTH, HO W YCIOBHUE
paBHOBECHsI JaHHOT'O poja:

dXi> 0 (9Bomronwst); dX; = 0 (paBroBecue); dX;<O0 (MHBOIIOLHS).
(23)

Oro pgaér B pykd uccienosarteneid  Ooiee
HaAOHEIH, Oonee «du3nuHbIiy U Oonee MHGOPMATUBHBII
WHCTPYMEHT aHajiu3a NpoOJeM DSBOJIONMH, HEKEIW He
TTOITAFOIIUIACS BRIYHCIICHUIO MaKCUMyM SHTporuu [44, 45].
IIp n 3TOM BBISICHSETCS, YTO IO TEX IOp, IIOKa B CHCTEME
MIPOTEKAIOT KaKue-JIM0Oo IPOIEecChl, Cpear HUX 00513aTeIbHO
OyIyT MMEIOIIME S3BOJIOIMOHHBIX XapakTep. TeM cambIM
YTBEPXKIAeTcsi, 4YTO NPHPOAE CBOHCTBEHHBI HE TOJIBKO
pa3pyLINTENbHbIE, HO M CO3MIATENbHbIE TEHICHIUH. JTO 1
HaOmroaeTcss B JKMBOM M HEXHMBOW NPHPOJAE Ha Beex
YPOBHSIX MHPO3/IaHUSI.

j)  YcmpaHeHue napadokca
abconromHelx memnepamyp.
[NonsiTne oTpHuaTENsHON aOCOMIOTHOM (CITMHOBOM)
TeMIIepaTypbl BO3HUKIO BO BTOPOW TOJIOBMHE XX B IOCie
OTKPBITUSI CIIMHOBBIX CHCTEM, B KOTOPBIX C IIOMOIIBIO
oOpallieHus 3HaKa MarHUTHOTO TIOJISI MJTH BBICOKOYACTOTHOTO
UMITyJIbCca YAaBaJIOCh CO3/1aTh «HHBEPCHIO 3aCEIEHHOCTEI

ompuuyamesibHbIX

OHECPIETUYCCKUX ypOBHeﬁ o6na/:[afomnx CIIMHOM
OJICMCHTAPHBIX HacTuly —COCTOsIHUC, B KOTOPBIX
OOJIBIIMHCTBO  DJIEM CHTApHbBIX YaCTUI[ HaxXxOAUTCA Ha

BEPXHEM SHEPreTHIecKoM ypoBHe [46)].
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OcHOBaHMEM Ui BBEJECHUS OTOrO IOHATHSA
MOCIYKHJIa BCE Ta K€ CTATUCTHUYECKasl TPAKTOBKA MOHATUS
SHTpoNUH. EciM CTaTUCTHYECKYI0 SHTPONUIO MPHUHATh
TOXKIECTBEHHON TEpMOJMHAMMYECKOH HAa TOM OCHOBaHUM,
YT0 00€ BEJIMYMHBI aJJIMTUBHBI U JOCTUTAIOT MakCUMyMa B
COCTOSIHUM  paBHOBecus (mpuHImn bomeivana), To,
COMOCTABJISAS BBIpaXKeHHWEe mpousBogHod (OU/OS) mis
CTaTHCTHYECKU OIpeJeiIEHHON BHyTpeHHeil sHepruu Un
SHTPONUU S H3BECTHBIM OIpeJIeIeHEeM
TEPMOJANHAMHUUYECKON TEMIEpaTypsl TEPMOMEXaHHUUECKON
CHCTEMBI

T = (0U/09)e, (29
MOXXHO MpPUHTH K 3aKJIIOYEHHIO, YTO CHCTEME SIIEPHBIX
CIIMHOB B COCTOSSHUM HMHBEPCHOM 3aCENnEéHHOCTH ClexyeT
NpUNKCAaTh  OTPUIIATENIbHOE  3HAYeHHWe  aOCONOTHOU
temnepaTypsl T <0.XapakTepHO, UTO NMPU TAKOH IIOATOHKE
MOJ] KJIACCHKY» HPHIIIOCh JONYCTUTh, YTO COCTOSHUS
CIIMHOBBIX ~CHUCTEM C  OTPHUIATENBHON  aOCOMIOTHOMN
TEMIIEpaTypOl B HUX JIEXKAT ... BBIIIE OECKOHEYHO BHICOKHX
temnepatyp T =o!

CrnengyeT OTMETHUTh, YTO CYIIECTBOBAHUE CUCTEM C
UHBEPCHON  3aCeNEHHOCTbIO  ypOBHEH  sBiIseTCS B
Hacrosllee BpeMs TBEPAO YCTAHOBIEHHBIM (HaKTOM.
[TepBoit HOJICUCTEMOH, yIIOBJIETBOPHUBILEHA 3TUM
TpeOOBaHUsM, SBHJIACh YINOMSHYyTas BBbIIIE CHCTEMa
SZCPHBIX CIIMHOB HMOHOB JIMTUS B KpUCTauax Qropuzaa
mutust  (LiF). Ecmu xkpucrammer LiF momectuts B
MarHuTHOE MoJIe, a 3aTeM OBICTPO U3MEHHUThH HAIpaBlICHHE
BHelIHero nons (kak 3to Obuio B ombiTax E.Ilapcena n
P.ITaynnma, 1951), TO simepHble MarHUTHl OKa3bIBAOTCS
HECIIOCOOHBIMH MOCJIENOBATh 32 HUM, U O JIblias uX 4acth
OKaXeTCd B BEPXHEM DJHEPreTHUYECKOM COCTOSHUU —
MIPOM30MAET UHBEPCHS 3aCEICHHOCTH. B TakuX ycTaHOBKax,
KaK Jla3ephl, OHa CO34aéTCA «IOAKAYKOID» HX HSHEeprueut
MHUKpPOBOJTHOBOT'O M3JIy4€HUs, Onaromapst uyemy coznaércs
CTaI[MOHAPHOE HEPAaBHOBECHOE COCTOSHUE CHCTEMBI.

OJHaKO MHBEPCHOMU 3ace€HHOCTUENIE  HelocTa-
TOYHO, YTOOBI TOBOPHUTH 00 OTpHIA-TEIHHON aOCOTIOTHOM
TEMIepaType — Ba)KHO, YTOOBI CHCTEMa OCTaBajach BO
BHYTPEHHEM pPaBHOBECHUHU IPU HUHBEPCHON 3aCEEHHOCTH.
JelictButenbHo, coriacHo (24), oTpulaTebHble 3HAYCHHS
TEPMOANHAMUYECKON TEeMIIepaTypbl MOT'YT ObITH
JOCTUTHYTBI TOJBKO B TOM CIIydae, KOrja CHCTEMa IyTeM
obpaTtuMoro TemtoodMeHa OyeT repeBeieHa B COCTOSIHHE C
OonbIueil BHyTpeHHeH sHeprueit U u ¢ MenbIieit sHTponuei
S Mexay Tem o00a H3BECTHBIX CHOCO0Aa JOCTYDKCHUS
WHBEPCHOM 3aCeIEHHOCTH B CHCTEME SIEPHBIX CIMHOB
(uHBepcHsl BHEIIHETO MAarHUTHOTO IIONISi M BO3JeWCTBHE
pasMoYacTOTHBIM HMITYJIbCOM) HE YAOBJICTBODPSIIOT 3TUM
ycioBusiM. B mepBoM cnocobe M3MeHEHHE HarpaBIICHUS
BHEIIIHETO MArHUTHOI'O TONS OCYIIECTBIIAETCS, KaK 3TO
nomguépkuBaercst [lapcemoM, HacTonbko OBICTPO, UTO
SIEpHBIE  COMHBI HE  YCHEBAIOT  MU3MEHUTh  CBOIO
opueHrauuioo. CrnenoBaTeNbHO, BHYTPEHHEE COCTOSHUE
cucTeMbl (B TOM YHCIIE €€ DHTPOIUS S) ocTaBaJUCh INpU
9TOM HEU3MEHHbBIMM — UW3MEHSUJIaCh JIMIIb BHEIIHSSA
MOTeHIMabHAsl  (36eMaHOBCKasi) DJHEPrus CIHHOB B



MarHuTHOM TIOJIe, BXOZSIIAas B TaMHJIbTOHHAH CHCTEMEI
HapsiAy C OHEeprue CHHUH-CIMHOBOTO B3aMMOIEHCTBUS.
BuyTtpennsisi ke oaHeprus cucremMbl U, KoTtopas 1o
OIIPEJIETICHUIO HE 3aBHCHT OT TIIOJIOKEHHUSI CHUCTEMBI Kak
LEJIOr0 BO BHEMIHMX IIOJSIX, OCTaBajach NpPH 3TOM
HEeW3MeHHOW. B mportuBHOM ciydyae (mpu usmeHenun U)
HapymIajgochk Obl yCIIOBHE IOCTOSHCTBA B BbIpaykeHHH (16)
KOOpAMHAT BCEX BHAOB PAadOTHI, a HE TOJIBKO 00bEMa. DTO
Kacaercs W JAPYroro crnocoda WHBEPCHH 3aCENEHHOCTH,
JIOCTUTAEMOI0  C  TOMOIIBI0  BbIcokoyacToTHOro  (180-
IpaJyCHOr0) HMITyJbca. DTO BO3JEHCTBHE HUKAK HEINb3s
OTHECTH K KaTeropuu TEIuiooOMeHa, MOCKOJIBKY OHO TakK ke
MMeeT  HalpaBJICHHBI  XapakTep H  COOTBETCTBYET
annabaTHueckoMy IIPOIECCY COBEpIUNEHMSI HajJ CHCTEMOH
BHEIIHEH paboTHI.

Wutepnperanuss  yNOMSHYTHIX — 3KCIIEPUMEHTOB
W3MEHSETCs, €CIM BMECTO DHTPONHMH B BbIpaxkeHuu (16)
Gburypupyer TepMoUMINyab® g, KOTOPBIH, Kak M MOAYJb
CKOpOCTH V, HE MEHSET 3HaKa IPH MHBEPCUU MArHUTHOT'O
nonst. Ilpm srtom cpa3y oOpamaer Ha ce0si BHHUMaHHE
HapylIeHHe NPHHIOWIA Pa3JIHYUMOCTH IPOLECCOB. ITO
HapylIeHHe COCTOMT B TOM, 4YTO HHTEPIPETAlusio
OHapyXEHHOTO B OJKCIIEPUMEHTE 0CO00ro, KayeCTBEHHO
OTIIMYMMOTO M HECBOJUMOrO K JAPYI'MM IIporiecca CIHHH-
peméTOYHOW  penakcalu  Kak  Temwroodmena.  To
00CTOATENBCTBO, YTO MEXIY TEIIOoBOH (DOPMOI BMKEHMS
W OpHEHTAIMeN CIIMHOB CYIIECTBYET HEKOTOpas CBS3b, CLIE
He MaéT OCHOBAHMHM NPHUIHCHIBATH 3Ty (OPMY CIMHOBOU
cHucTeMe. W3BecTHO, Hampumep, 4YTO OXJIAXKACHHE
KOHJICHCHPOBAHHBIX CpPEA MPaKTHYECKH 10 aOCOIIOTHOIO
HynIs TeMIepaTryp HE TpPUBOAUT K HCUYE3HOBEHHIO
COOCTBEHHOI'O MOMEHTa BpalleHus siiep.B Ttakom ciydae
OCHOBaHMH s Tp KEOBKM TeMmrep T§p B T  Kak
OTpULATENBHON, HE OCTAETCS.

OTH 3KCIIEPUMEHTHI NOATBEPAMIH (C IPHUEMIIEMOMH
TOYHOCTHIO)  CHPABEMJIMBOCTH  3aKOHAa  COXPaHEHUS
MOMEHTa KOJIMYECTBA JIBWKEHUS TP CIIMH-CIIHHOBOM
B3aMMOJICHCTBUN M TOKA3ajJH, YTO «TEMIepaTrypa» CMecH
OTIpENIeNISIETCSI BHIPaXKCHUEM:

T=&GIMY/ZG, (25)
roe T,
cucremer, C; —

— Temmeparypa KakOW-THOO dYacTH CIIMHOBOH
BECOBOM  KOI(P(PUIIMEHT, HA3BAHHbIH
9KCIIEPUMEHTATOPAMH «CIIMHOBOHM TEIIOeMKOCThIO». Kak
cinemyer W3 BbIpaxkeHus (23), B HEM CO «CIIMHOBOH
TeroéMKocThio»  Cj  compspkeHa BeJIWYMHA, OOpaTHas
abcomoTHON TemmepaType.Takum o00pa3oMm, pedb B 3THX
JKCIIEPUMEHTAaX HUAET BOBCE HE O TEPMOAMHAMHYECKOMN
TEMIIEpaType, a O HEKOEM CTaTUCTUYECKOM IIapaMeTpe
pacripeieieHus, BbIIaBaeMOM 32 Heg.

k) MUcknoyeHue 2-20 Hayana
mepMOoOUHAMUKU
BBenenne MOHATHS OTPHUIATENHHOW aOCOMIOTHOMN
TEeMIepaTyphl, K COXaJICHUIO, HE OTPaHUYMIINCH MHBEPCHEN
mKanbel Temiepatyp. IlocmemoBan HEM30eKHBINH BBIBOL 00
«MHBEPCHM» B TaKWX CHCTEMaxX W CaMOro IPHHIHUIA

HCKIIOYEHHOTO BEYHOro IBHWraTtens 2-ro poma [46]. DOta

«uHsepcuu»

«UHBEPCUS» COCTOMT B YTBEPKICHHH BO3MOXHOCTHU
IIOJIHOTO MpPEBpAlICHHUs] B TAKUX CHCTEMax TEIUIOTHI B
paboTy W B HEBO3MOXHOCTH, HANpPOTHB, IIOJHOTO
npeBpameHuss paboTsl B TemwIoTy. JleHCTBUTENBHO, MO
Pawmceto, ropstunM B obactn 7<0 ciemyer cuuTaTh TENo C
O0nbIIeit TeMmep arypoit (T. €. ¢ MEHbIIEH Mo abCOMOTHOM
BEIMYMHE OTpHLATENbHONH Temneparypoi). Emm Temepb
npeacTaBuTh cebe mukin KapHo, ocymiecTBisieMbId IpH
OTPULATENBHBIX TEMIIEPATYPAX FOPSUYEro U XOJIOAHOIO TEI
T1 u Tz, To TepMudeckuii kg oOpaTUMoii MantHbl KapHo
M= 1 —T,/T; CTaHET OTPHUATETBHBIM, TIOCKONBKY TOPSUHM
B obmactm T < 0 cimeayer cuWTarh TEJNO C MEHBIIECH MO
a0COJTIOTHOM BENWYMHE OTPUIATENIFHOM TeMIIepaTypou
(TyT; > 1) [9]. Oror Oonee YeM «yAWBUTEIBHBII»
pe3ysbTaT O3HayaeT, 4To coBepliaeMas B 3TOH obOJacTH
TemriepaTyp pabora nmkia KapHo Oyner moioKUTEnbHOH,
eciu terio Q, oTOMpaeTcst OT «XOJOMHOTr0» HCTOYHHUKA, a
TEIUIONPHEMHUKOM  SIBIISieTCsl  Ooilee  ropsdee  Telo.
ITockonbKy k€ € MOMOIIBIO TEIUIOBOIO KOHTAaKTa MEXIY
TEIJIONCTOYHUKOM M TEIUIONIPUEMHUKOM Bce Temio Qy,
MepeJaHHOE «TOPSYEMY» HCTOYHHKY, MOXKET OBITh IIyTeM
TEIJIOOOMEHa ~ BO3BpAIlCHO  «XOJOJHOMY», TO B
HETIPEepbIBHOM MOCIIEA0BATEIIFHOCTH IIMKIOB padora Oyner
OPOM3BOAUTBECA 32 CYET TEIJIOTHI TOJIBKO  OJHOTO
«XOJIOTHOTO» Teja 0e3 KaKuX-JIMOO OCTaTOYHBIX N3MEHEHHUH
B JpYruX TejlaxX B HapyIIEeHHe 2-Iro Hadajaa TEPMOAUHAMUKH.
Tem cambIM IpeTepnenu «UHBEPCHUIO» HE TOJIBKO MOHATHE
TEpPMOAMHAMHYECKON TeMIepaTypbl Kak BEJIMYUHBI CYryoo
MOJIOKUTEIBHOM, HO W MPUHLIMII HCKIIOYEHHOTO BEYHOIO
JBUTATENA 2-TO p gra. Xap a&KTep HD, YTO TAKO il BEIBOJ OBLI
CAETaHHA OCHOBAHUHU...TOTO K€ BTOporo Haudana! B camom
Jierie, BO3MOXKHOCTD TIOJIHOT'O TIPEBPAIIEHHs Teryia B padoTy
o3HavaeT, 4yTo 00brgHoe BhipakeHne KI1/] () He mpumeHnmo
B obnactu T <0. Ho Torna, o4eBHIHO, yTpaunBaIOT CHILY U
BCE BBIBOJBI, OCHOBaHHbIE Ha Hem! Hammmo «mopouHslit
kpyr»! Tem He MeHee, YTBEp)KICHHE 00 «UHBEPCHI)
MIPUHIUNA HUCKIOYEHHOIO BEYHOIO JABHraTeis 2-To pona
NPOHUKIO HAa  CTPaHWIBI  Y4eOHMKOB W  CTallo
BOCIIPOU3BOUTHCS 1aXKe B JTYYIINX U3 HUX. DTO JIMIIb OAUH
U3 MHOXKECTBA NPUMEPOB TOrO, KAaK OTOXKIECTBIECHUE
TEPMOJMHAMHUYECKON M CTaTUCTHYECKOW  DHTPOIHHU
MOAPBIBaeT OBUIYI0 YBEPEHHOCTb B  HEMOTPEUIMMOCTH
TEPMOJMHAMHUKH M HENPEIOXKHOM CIpaBeNIMBOCTH €€
CJICACTBHM.

1) YcmpaneHue napadokca
merna08bIX MaWUH

B romml, mociaenoBaBmMe 3a
¢dbyHnamenTanbHOil  pabotel  A. Dinmreiina  (1905),
coziepxaBieii  (OPMYIUPOBKY  CIEIMAIBHOW  TEOpHHU
orHocurensHocTH (CTO), (GU3MKM CTPEMWIHCh NPUAATH
KJIACCMYECKUM 3aKOHaM TaKO i BUJ, KOTOp Hi ObLT Obl
WHBapUaHTEH BO BCEX MHEPLMAIBHBIX CHCTEMax oTcuéra. B
00JacTH TEPMOAMHAMHMKH 3TO OCYIIECTBHJI BIepBble M.
Mnask B 1907 r. [47]. OH mp mién K BBIBO §¥, 4TO
SHTPONMASIOIKHA ~ OCTAaBaTbCS  JIOPEHL—HMHBAPHAHTHOM,
IIOCKOJIBKY ~ YCKOPDEHHME  CHCTEMbl  OCYLIECTBIAETCS
ananabaTUYecKy, B TO BpeMs KaK BHYTPEHHIOO sHepruio U,

peaamusuUCmcKux

TOSABJICHUEM
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rermiory Q u Temneparypy T ciemyer npeoOpa3oBEIBaTh B
COOTBETCTBHH C BBIPAXKCHHUSIMHU:
U=U/y;,Q =Qy; T'=Ty, (26)
rre Q°, T' — Teruora u TemrmepaTypa B CHCTEME OTCYETa,
JBIDKYILEHCS OTHOCUTENBEHO HAOMIOqaTelNst CO CKOPOCTHIO V;
y = (1 ~%c?)"” — muoxurens JIopeHIa;c — CKOPOCTb CBETA B
BaKyyMe.
B p eynabrare o Hop muén k BeBomy, uto KIIJ]
pensTUBUCTCKOrO nuKiIa KaHo onpezensieTcst BbIpaskeHneM:
nd=W,/Q" = 1 T/Tyy. (27)
Haiinennpie I1aHKOM COOTHOLIEHUS MOIYYMIH
omoOpeHne A. DHWHmTEHA W HHU Yy KOTO HE BBI3BIBAJIH
comHeHns, moka B 1963 1. X.Otr [48] He OOHapyXHI
abCypIHOCTb  3TOrO0  pe3yabTaTa C TOYKH  3PEHHA
TepMoauHaMuku. JleiictBurensHo, no Ilnmanky temneparypa
JIBIDKYIIETOCS WCTOYHHKA BCETJa HIDKE HM3MEPEHHOH B
HEMOJIBIKHOM CHUCTEMe OTCUéTa, U B cOoTBeTCTBUU C (19)
npeobpazoBaHMAMI  M\6cecda  menviue, uem y
KAAccu4ecko2o, a TPH ONPEIETEHHBIXY MOXXET OKa3aThCs
naxxe ompuyamensnuim. 11o OTTy, HampoTHUB, TEMIeEpaTypa

JBIDKYIETOCS HMCTOYHUKA 6Ce20d 6blide, W €ro MallliHa
Kapuo umeem 6nee evicoxuil knod, uem Kiaccuueckas.

TltK(oTT)zl—TzY/Tl- (28)

Bckope kK TakoMy jKe BBIBOJY HE3aBUCHMO OT
X.Otra npumén X. Apsensc [49]. OgHako B OTIIMYME OT
Orra, OH c4yén  HempaBWIbHBIMH ¥ (opMysibl
npeoOpa3oBaHMus OSHEPrud W uUMIylbca. Ha stor pa3
pabora Oblla 3aMeueHa, W IOCICIOBalia JIABMHA
nyOJMKalui, TMPUBENNINX K OXXUBJIEHHOW JHCKYCCHUM Ha
MEXIYHapOOHBIX cuUMIo3uymax B bproccene (1968) u
[Murrcoypre (1969). Dt auckyccuu OOHAPYKWIM TaKOW
Xaoc B o0nactu onpezaereHdss 0a30BBIX IMOHATHH W
KOHIETIIIUA TEePMOIAUHAMUKH, 4TO X.Ap3enbc 3asiBWI O
«COBPEMEHHOM KpH3HCe TepMoanHamuKm». U nemo 3aech
HE TOJNBKO B OTCYTCTBHU EAWHCTBA B PEISTHBHCTCKUX
npeoOpa3oBaHMsIX OSHEPrHH, TEIUIOTHI W paboThl, a &
Hedicenanuu uccieoogamernet 6038pawamvcs K
OCHOBAHUAM —~ MEPMOOUHAMUKU — BCAKULL  pas, — Ko2oa
B03HUKAEM HE0OX00UMOCMb 0000uenUsT ee Memooos Ha
bonee obwuii kiacc cucmem. BMecCTo 3TOro aBTOpHI
MHOTOYHCJIEHHBIX ~ PabdOT  MNBITAIUCh  «IIPUMHUPUTH»
pasnuuHble TpeoOpa3zoBaHus. JloroBapuBajIuch JIaxe 0
TOr0, 4YTO NPUMEHEHHWE TOH WIW HWHOH (OPMYIIBI
npeoOpa3oBaHMs 3aBHCHUT OT MOJOXKEHUS TEpPMOMETpa B
npoctpancTBe.B pesynbrare mnpobieMa peIsiTUBHCTCKUX
npeoOpa3oBaHUNl  TEPMOAMHAMHYCCKUX BCIMYUH ObLIa
«3aMeTeHa 1oJ| KOBEPY.

Mexay TeM, kak Obuto mokazaHo Hamu[20],
penaTuBUCTCKas MamuHa KapHOo mpencraBiser coOoi
KOMOMHALIMIO TEIUIOBOH M MEXAaHMYECKOM  MAIIUHBL,
MONydYaroled  Hapsay ¢  TeloTOHQ KMHETHYeCKyIo
suepruio AE oy =Q° (Uy, — 1), HeoOxomumyro st

© 2024 Global Journals

noanepxkanusi ero ckopocTu.KIIJ Takoit MalivHbl AOIKEH
ONPENENATHCS  OTHONICHHEM CYMMapHOH paloTHl K
CYMMapHOMY € KOJHWYECTBY TMOABEAEHHON K HEMY
teruioBot Qm  mexanmdeckort  EoHeprum.OTtor  KIIJ]
NIPUHUMAET TPOMEXKYTOUHOE 3HAUEHUE MEXKAY YHUCTO
TEIUIOBOM M YMCTO MEXAHWYECKOW MAILMHBI U MEPEXOIUT B
KJaccuieckrue BoIpakeHns nx abcomorHex KIIJ mo mepe
U3MEHEHUS ux JloNu B MIPOU3BOUTENBHOCTH
KOMOWHUPOBaHHOW MammHbL. OTHAKO caMo Mo cede 3TO He
pemaer TPOOJIEMBI  PENATHBUCTCKUX — IpeoOpa3oBaHUM
TEPMOJUHAMUYECKUX BEJIIMYUH. 3J€Ch Ha IMOMOIIbL BHOBb
MPUXOAWT TIOHATHE TEPMOHMITYJIbCa KaK  (yHKIAA
KOJIMYECTBA JBWKEHUA. B OTIMYuMe OT SHTpONHUH, OH
HU3MEHSIETCS. CO CKOPOCTBIO, B TO BpeMS KaK BHYTPEHHSI
Ternosas 3Heprust Ug HampoTuB, 0CTaéTcsl HEM3MEHHOH IO
onpegnenenuto. Torna u ux KIIJ| ocraércst nHBapuaHTHBIM
[0 OTHONICHUIO K JIOOBIM TpeoOpa3OBaHUSIM HTPOIUU U
abcomroTHOH Temnepatypsl [20].

[V. 3aknoyeHve.

VYTpara TepMOAMHAMHKOW CTaTryca TEOpHH, YbH
CIIE/ICTBUS HOCWJIM XapakTep HEMPEJIOXHBIX HCTHH,
00YCIIOBJIEH UCIOJIb30BAHUEM SHTPOITMU B HECBOHCTBEHHOU
el posu HOCUTENs TeIUIoBOH (opMbl SHepruu. bynyun
ommbouno BBenéHHoi P. Kirysmycom B KkauectBe
KOOpJMHATHl ~ TEIUIOOOMEHA,  JHTPONMSIOPOAMIA DAL
HEOYEBHUJIHBIX MPOTHBOPEYHH, YHCIO KOTOPBIX MHOXKUIIOCH
o Mmepe pacumpenus obmactu e€ mnpuiokeHus. Kak
MOKa3aHO B CTaThe, YCTPAHUTh OTH MApaJOrHM3MbI U3
TEpPMOAMHAMHUKYA MOXXHO JIMIIb NMYTEM 3aMEHBI SHTPOINUH
Oonee aJeKBaTHBIM, OOLIMM M (PU3NYECKH IPO3PayHBIM
MOHSTHEM TEPMOUMIYJIbCa. JTO TMO3BOJSIET HE TOJBKO
YCTpaHUTh  M3BECTHBIE U BHOBb  OOHapy)XEHHBIE
Mapajyoru3Mbl TEPMOJUHAMHKY U BEpHYTh €l ObUIOH craryc
O€3ruIoTe3HOM TEOpHH, HO W OTPHIBAET BO3MOXKHOCTH

00beAMHEHNS paBHOBECHOU u HEpaBHOBECHOU
TePMOJMHAMUKM M HUX  CHHTe3a C  JApYrUMHU
(dbyHIaMEeHTaIbHBIMU JUCHUIUINHAMU Ha enHON
MOHATUMHON M KOHLENTYalbHOM OCHOBE C Y4ETOM
HEOOpaTUMOCTH  pealbHBIX  TpoleccoB. [lpm  aToM

YCTPAHSETCS «BOIHMIONIEE MPOTUBOPEUHE» TEPMOIMHAMUKU
¢ Teopuel OMONIOTMYECKON UM KOCMOJIOTHYECKON 3BOJIFOIINU
U CYIIECTBEHHO  YIPOIIACTCS  IpEloJaBaHHE  ITON
JUCIHILUTAHBI TyTEM COBEPIICHCTBOBAHUS METOMIOB aHAJIN3a,
YCTPaHEHHUS TEPMOJUHAMHYCCKAX HEPABEHCTB, CTPOTO
JI0Ka3aTeNLCTBA BCEX €€ MOI0KEHMM, 0TKa3a OT M3JIOKEHUS
TEPMOIUHAMHUKH Ha OCHOBE IMOCTYJIMPYEMBIX «Hadal» U T.
m.[50].
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.
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It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLICY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e  Computer programs
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e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

¢) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
O Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

O Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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