Iinternational Journal of Apnlied Science and Research

Entropy dynamics of S-curves

Grigory Andreevich Korablev

Doctor of Science in Chemistry, Professor of Physics Department at Izhevsk State Agricultural Academy.
Russia,

IJASR 2021
VOLUME 4
ISSUE 4 JULY — AUGUST ISSN: 2581-7876

Abstract: The graphs of S-curves characterize the general dynamics of change of entropic components depending
on the process main parameters. At the same time, their sum is equal to the maximum value of each of them in this
interaction. The condition of the system stationary state is the equality or constant of the correlation between its
entropy and negentropy (equilibrium dynamics). Such regularities are found in many phenomena and
conformational interactions in physical chemistry, nature, engineering and even economy. The examples of their
functional contribution are given. The possibility of objective analysis of the coronavirus regional scenatio is
demonstrated based on the Russian data.
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1. Introduction

In the last century some general regularities in the development of some biological systems depending on time
(growth in the number of bacteria colonies, population of insects, weight of the developing fetus, etc.) were already
found [1].The curves reflecting this growth were similar, first of all, by the fact that three successive stages could be
rather vividly emphasized on each of them: slow increase, fast burst-type growth and stabilization (sometimes
decrease) of number (or another characteristic). Later it was demonstrated that various engineering systems go
through similar stages during their development.

The curves drawn up in coordinate system where the numerical values of one of the most important operational
characteristics (for example, aircraft speed, electric generator power, etc.) were indicated along the vertical and the
“age” of the engineering system or costs of its development along the horizontal, were called S-curves (by the curve
appearance), or they are sometimes also called “life lines”, and as applicable to engineering systems — curves of
engineering system development.

As an example, the graph of the changes in steel specific strength with time is demonstrated [1] (Fig. 1).

“ItisconsideredthatthelawofS-curvesdoesnotreflectthe essence of changes in the systems, it just demonstrates their
result expressed in the changes of main indexes. Butinrealityit, withoutgettingintotechnicaldetails,

allowsseeingtheprocessregularitiesandfuture tendencies intime and drawing the corresponding conclusions.
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Fig. 1 - Dependence of steel specific strength on time

S-curveisanindicator, whichdescribesthesystemstateandcontributesto timely making decisions on finding new trends

of its development. Itallowsshorteningthetechnologicalgap, and, incaseoflackingsolutions, stimulating their
search”.[2]

Thus, S-curvesarethenomograms of changes in the process main parameters. And, therefore, theyarewidelyapplied,
forexample, Lorentz curve.In Lorentz curve [3] the space-time graphic dependence of the velocity parameter (®) on
the velocity itself (B) is given(Fig. 4).
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Fig. 2 — Connection between the velocity parameter ® and velocity itself § = th®
Examples of such nomograms in biophysics:

Surface-diffusive processes during nanostructutre carbonization.

In kinetics of fermentative processes.

Dependence of biophysical criteria on their frequency characteristics.
Fluctuationsofbio-membranes conductivity depending on their frequency.
Dependence of the electron transport rate on the diffusion time of ions.
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As it is known, the notion of entropy can be the criterion of directedness of thermodynamic processes. Therefore,
to explain the unique properties of S-curves this property is used in this investigation from the position of changes
of entropy and negentropy. In addition to such terms, often, especially in mathematical statistics, the following are
used: "entropy production”, as a detivative of entropy with respect to time, and "information", as a detivative of
negentropy with respect to time.

2. Initial data
After analyzing the first law of thermodynamics, we have the following [4]:

1. In the systems in which the interaction proceeds along the potential gradient (positive work), the resultant
potential energy, as well as the reduced mass are found based on the principle of adding reciprocals of
corresponding values of subsystems. This is the corpuscular process, in which entropy can serve as the theoretical
concept.

2. In the systems in which the interactions proceed against the potential gradient (negative work) the algebraic
addition of their masses, as well as the corresponding energies of subsystems is performed. This is the wave process,
in which negentropy can serve as the theoretical concept.

3. The resonance stationary state of the systems is fulfilled under the condition of equality of degrees of their
corpuscular and wave interactions. The entropy products in stationary state are completely compensated by the
negentropy flow.

Coulomb interactions and their varieties are widely applied in classical physics and quantum mechanics to evaluate
the structural interactions in simple and complex systems.

Thus in [5] Van der Waals, orientation and charge-dipole interactions are referred to electron-conformation
interactions in biosystems. And as a particular case — exchange-resonance transfer of energy. But biological and
many cluster systems are electroneutral in structural basis. And non-Coulomb equilibrium-exchange enetrgy
interactions, i.e. non-charge electrostatic processes, are mainly important for them.

The structural interactions of summed electron densities of valence orbitals of the corresponding conformation
centers take place — processes of equilibrium flow of electron densities due to overlapping of their wave functions.
The closer are the values of their energy characteristics, the easier is the equalizing of electron densities.

Heisenbergand Dirac [6]

proposedtheexchangeHamiltonianderivedintheassumptionondirectoverlappingofwavefunctionsofinteractingcenters:
H=—-1,5.5;,

where: H — spinoperatorofisotropicexchangeinteractionforthepairofatoms;ly— exchange constant; SjandS,—
overlapping integrals ofwavefunctions.

Such equilibrium-exchange conformation interactions regulate the stabilization of many organic systems (clusters,
polypeptide chains, etc.). Therefore, insuchapproachtheovetlappingintegralsof wave functions are modeled through
the value of relative difference of energy parameters of interacting centers — coefficient a[7-8].

Applying the reliable experimental data we obtain the nomogram of structural interaction degree dependence (p) on
coefficient «, the same for a wide range of structures (Fig. 3). This type of nomogram, as well as its dissymmetric
variant (Fig. 4) give the possibility to evaluate the degree and direction of the structural interactions of phase
formation, isomorphism and solubility processes in multiple systems, including molecular ones [7-8].

The less isa, the higher is the interaction wave component degree according to Fig. 4 (negentropic curve- scale
number 1). The scale number 2 evaluates the degree of reduction of the corpuscular component.And in Fig. 3 the
increase ofacharacterizes the increase in corpuscular and electrostatic properties in microsystems (entropic curve-
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scale number 2). The decrease in wave properties is determined by the scale number 1.Thus, the notion of entropy
is numerically modeled via coefficient aand negentropy — via 1/ a.
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Fig. 3.Nomogram of structural interaction degree dependence (@) on coefficient a(entropy curve)
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Fig. 4 Nomogram of structural interaction degree dependence (@) on coefficient 1/«(negentropic cutve)

3. Conditions of equilibrium and correlations of entropic parameters

The execution of par. 3 of initial data is classified depending on the peculiarities of process dynamics. Thus,
inelectromagneticwavethedifferencein the pathof vector components is 90°. Ingeneralcase, duting the rotational

motion of the system of two similarvectors (ﬁ) with the phase difference of 90°their resultant:

C=2Y Zﬁ, where for the given angle tg45°=1 1

—

Ifsuchprocessiscomplementedbythemovementalong the spiral dynamics, the vector (C) becomes the tangent vector
and forms the spiral rotation angle, for which:

tgp = C/R = 21/2 where geodesic angle pequals 54.733°  (2)

Atthisanglea silk worm winds the silk thread onto a base.
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Thus,

During purely rotational motion the condition of equilibrium of vector components o fentropiccharacteristics is
fulfilled, and during thes piralone the ratio equals2/2. During the translational motion the conditions of ecither
equilibrium or constant ratio of values of their components are fulfilled. At the same time, exponential
dependencies are revealed in statistic processes. Such approach determines general principles of much physical
regularity.

1) Characteristicofspin-orbitalinteraction— finestructureconstant= — , wherer — electron classical radius, A — its

>

Compton wavelength.
2) m equals the ratio of circum ference length () to its diameter (2r).

3) In [9; 10] theconceptsofbreakingpointduringtheextensionofthreadplasticsbyits winding pitch are used: o, — axial,
og — circumferential stresses, which are replaced by value N. — axial “strain” proportional to them and Ng —
circumferential “strain” by thefollowingequation:

B _

Ng . 5
_Na_tg

2 v =2 0)
This condition allows obtaining the stress-ration system of threads with the minimumweightoftheitem”[10].
Inharmonicoscillationsofthebodythepotentialenergy ratio conditioned by quasi-elastic force to kinetic energy equals
1920, i.e.
E,
E,

= tg?5(3a)

whered — angularcharacteristicofoscillations.
The sum of both types of energies is equal to the maximum value of each of them.

1£3=1, thesystemgetstheentropicequilibriumstate.
4)Inquantummechanicstheratioofmagneticmomentoftheparticletoitsmechanicalmomentiscalledthe gyromagnetic
ratio — g. Here g = 2, if the electron magnetic moment is conditioned only by the spine component and g = 1, if it is
formed by the orbital motion of electrons. Such gvalues and theirratios

characterizethecorrespondingentropicdependencies.

5) Planck’sequation(quantumtransition):

h= E/v, whereE - orbitalenergy, constantinstationarystate, theprocessproceedsalongthefieldgradient
(entropy),V —electromagnetic wave frequency (negentropy), h — Planck’sconstant.

6) Movement rate equation

V=S/t, whereS — waydutingthemechanicalmotionwithenergyconsumption (negentropy), t — time, always
increases and is directed along the gradient (entropy). Lorentzcurve(Fig.2) alsoindicates the availability of space-time
dependence. Inthesecases, theconstantmotionrateistheconditionofstationarystate, which is found both in the
microcosm of atoms and molecules and in the macrocosm during the movement of planets.

7) Microstructural interactions [11]:

The following equation is obtained bypandavalues in the equilibrium state based on the initial nomogram (Fig. 3):

In (Q) = tgp()
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Whereg — geodesic angle, a — relative difference of energy parameters of interacting systems, @ — structural
interaction degree.

8) During the rotational motion of the charged particle in gravitation field [11]:
G\ _to2
In(S)=tg?(@09)©)

Wheregg — electricconstant, G—gravitationalconstant, ag = 1.00233 —

quantumcorrectiontoelectrongyromagneticratioinanatom, whichmay, in this case,characterizetheinfluenceofparticles
motion precession.

9) From the thermodynamic definition of entropy it follows:
T = dw / ds, where dw is thermal energy, therefore the average temperature (T) is a constant value, both in
biological systems and for planets.

10) InchemicalkineticsLeChatelierprincipleisfulfilled: “At the external action upon the equilibrium system, the
equilibrium will shift in the direction of the process, which resiststhis action”.

11) The initial conditions are in accordance with N. Boht's principle of complementarity: for a complete description
of quantum-mechanical phenomena, it is necessary to use two mutually exclusive (additional) sets of classical
concepts, the combination of which provides comprehensive information about these phenomena as integral. For
example, describing an object as particles and as waves.

In such examples:

1. Iftheprocessesproceedalongthegradient(entropy), theparameters are as follows: t, @, E, a,, 1, &9, E,;
2. Iftheprocessesproceedagainst thegradient (negentropy), theparametets are as follows: S, o, », og A.u, G, E.L.

4. S-curvesineconomy

S-curvesare often used in economic investigations, for instance, GDP dynamics, amount and volume of products,
forecast of innovation potential, etc. Thus, the graphs of demand line (entropy analogy) and supply line (negentropy
analogy) are used toevaluatetherationalmarketprice (Fig. 5) [12].

Fromthegraphitisseenthattherationalmarketprice is fixed if the demand and supply lines are in equilibrium.
ThediagramofGDPworlddynamicsisdemonstrative, which almost corresponds to the negentropy graph (Fig. 6)[13].

ThemaindecreaseinGDPgrowthhas startedsince 2018 anditbecomes very significant during the coronavirus
pandemic.
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Fig. 5.Graph of demand and supply

At the same time, GDPof China has been constantly increasing, though with delay, even in 2020.
InordertoavoidGDPstagnation, somenegentropiceconomiesshould probably get some addition of entropic
component. TheChineseexperienceandcoronavirus busting experience already exist in the wortld. Thus,
thecountrieswithrathersmallpercentageofstatecompanies took in the situation faster and are better managing this
problem.
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Fig. 6.Graphof worldGDP
S-curvesandCOVID-19

Similardynamicscanbealsodemonstratedinvirusetiology, whichcanbeinterpretedassmooth transition from atomic-
molecular interactions on the microlevel to formally similar process in macrosystems.

Thisanalogyisconfirmedbyquantitativecalculations for the coronavirus scenario.
LetusconsiderthisontheexampleoftheRussiancoronavirus scenario for the number of diseases in the given time
period (p) in Fig. 7[14].

Such graphs demonstrate the interaction of the process entropic components: the negentropic curve gradually
transforms into the entropic one.
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Fig. 7.Number of diseases in the given time period

In theinitialnomogramsthere is a point, which splits each graph into two symmetrical parts at p=50%. The data
detalization near this value (Fig. 7) provides other wvalues close to it. Thus, forthe first wave
thissituationcorrespondstothedatesfrom 21.04.2020 to 25.04.2020 and provides the average value p = 5493.
Thismeansthatatp=100% theremustbetheplateauwiththe numericalvalue two times greater, i.e. 10987. Actually,
within 13 days — from 03.05.2020 to 15.05.2020 — the average value of pequalled 10661 [15].

For the second wave of the pandemic, the point of symmetric change of such graph equals approximately the half
of its maximum value.

IfwemakethecorrelationbetweenthepandemictimeinFig. 7 andcoefficintaintheinitialnomogram (Fig. 3), we can
evaluate the duration of the graph top plateu. Suchcalculationcorrelates with actual results [15]. The application of
this technique in other regions and countries would allow analyzing and forecasting some important stages of
coronavirus scenario. But in these cases it is necessary to preliminary evaluate the regional correlation coefficient.

Conclusion

Thisapproachisnotconceptuallynewandthegivenexamplesarenotsingular. Thus, thousandsofyearsagoitwasfound:
“Allphenomenaoftheworldaroundus, includingahumanandnature,

areinterpretedbyChinesemedicineastheinteractionbetweentwoorigins “Yin” and “Yang”
representingoppositeaspectsofunifiedreality” [16]. Fromthepointofthesenotions,physiotherapyandreflexotherapy can
be considered as the technique for equalizing the potentials of two manifestations of energy origins, which,
according to modern concepts, are entropy and negentropy(par. 3 ofthe initialdata).

Inthispandemic situationthecollectiveimmunityacts against the virus and even cold winter contributes to forced self-
isolation. In XXcentury, thecenturyofwars,epidemics and revolutons, there were huge human losses.
Butthecoefficientofpopulationgrowthwas the highest during the whole humanity history. In postwar period in
Russia the birth rate of boys was much higher than before the 22dWorld War. Atpresent, in the time of ecological
problems, there is an important principle: all carbon dioxide producedmust be absorbed.

Allthesearethephenomenaofparitycorrelation between entropy and negentropy.
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Concluding observations

1.The graphs ofS-curvescharacterizethegeneraldynamicsofchangeof entropic components depending on the process
main parameters. Moreover, their sum is equal to the maximum value of each of them in this interaction.

2.Theconditionofthe system stationarystate is the equality or constant of the correlation between its
entropyandnegentropy(equilibrium dynamics).

3.Suchregularitiesarefoundinmanyphenomenaand conformational interactions in physical chemistry, nature,
engineering and even economy. The examples of their functional contribution are given.

4. The possibility of objective analysis of the coronavirus regional scenario is demonstrated based on the Russian

data.
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