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Abstract: Branched chain chemical reactions represent a special class of chemical transformation reactions of matter, for the
discovery and experimental-theoretical development of which Semenov N. N. and Hinshelwood C. N. were awarded the Nobel
Prize in 1956. In nature, such processes are widespread. Objective. To investigate the nature of various numerical sequences of
the Fibonacci type and to find out under what conditions they can reflect (express) the patterns of development of branched
chain processes. In this work, the state is formulated that branched chain chemical reactions are a particular case of branched
chain processes of any nature in different spheres, including biological. It is shown that many branched chain processes can
generate numerical sequences of Fibonacci, Lucas, Shannon and others of the same type, which reflect the dynamics of their
development. For all the indicated numerical sequences, it is typical that their formation is determined by a general recurrent
law, which has been the subject of research for many well-known mathematicians. For each of the indicated numerical
sequences they established other laws alternative to the recurrent one, however, they were all of a private nature. They were in
accordance with the recurrent law only in the case of one specific sequence. Comparative analysis of many numerical
sequences allowed us to find a universal law that is common for all types of sequences and terminologically define it as the law
of "doubling with subtraction." For all numerical series the formation of which follows a recurrent law, the law "doubling with
subtraction" is equally valid. The opposite is not true since there are numerical sequences that obey only the law of "doubling
with subtraction," and the recurrent law is not valid for them. It means that the new law is more fundamental and, in fact, is the
primary law and the recurrent law is secondary. Significant differences also exist in the consequences of these two laws. For
example, the increments of sequences formed according to the recurrent law and the law of "doubling with subtraction" have
fundamental differences in their mathematical expression, although they lead in different ways to the same result, namely, to ®
= 1,618... with the serial numbers of the sequence terms tending to infinity. In the work for each of these laws, a branched
chain biological process that was unique to it was found and put in correspondence. In the case of the law of "doubling with
subtraction", the process was followed by the termination of chains with characteristic parameters: the chain length is three
links, the branching factor is -2. In the case of a recurrent law, the process was without chain termination, with an infinite
length and with a branching factor of -2, and with some delay limiting the branching. It seems interesting that such different
branched chain processes of different character are described by the same Fibonacci sequence. The processes of branched
chain character corresponding to the sequences of Lucas, Shannon, and others are discussed. Conclusions. According to our
work, it follows that all formal mathematics, that is, all the mathematical features and patterns related to the Fibonacci
sequence is just a description of those features and patterns that are inherent in the branched chain processes that actually
produce these and other sequences.

Keywords: Branched Chain Processes, Numerical Sequences, Fibonacci Sequences, Lucas Numbers, Recurrent Formula




31 Yurii Petrenko: On Branched Chain Processes, the Laws of Development of Which Are Expressed by Numerical
Sequences Like Fibonacci Numbers, a New Look at Their Nature

1. The Usage of the Numerical Fibonacci
Sequence in Biology and Medicine

Fibonacci (Leonardo of Pisa), well-known Italian
mathematician, about whom, G. Polya, a prominent modern
mathematician and educator, said: “It was an outstanding
Italian mathematician, perhaps the most brilliant scientist of
all mathematicians of the whole European Middle Ages [1].
Among the mathematical problems that Fibonacci (FB)
solved, there was one about many pairs of rabbits might be
born from a single pair at certain conditions and he (FB) gave
a solution to this problem in the form of a numerical
sequence: 1, 1, 2, 3, 5, 8, 13, 21,...etc. This numerical
sequence was later called the Fibonacci numbers or
Fibonacci sequence or even simply - FB. G. Polya himself
used a Fibonacci sequence in his research. Besides, he paid
special attention to the recurrent law of its formation,
expressed in the form: Fn = Fn-1 + Fn-2, n= 3, 4, 5..., and
initial conditions F1=1, F2=1. Polya, as mathematician, was
more interested in mathematical side of this recurrent law.
The increment of this numerical FB sequence for n, aspiring
to infinity, has the value Fn/Fn-1 = 1,618 ... That is why
there are reasons to identify the concept of the FB number
and the “golden ratio”. The golden ration is a rule about how
parts and integer must be related to each other in order to be
in harmony and for some reason this harmony is expressed
by an irrational number 1,618... In biological and medical
literature a lot of attention is given to a question about the
usage of Fibonacci sequence, which increment is connected
with the golden ratio. According to data of this literature, in
recent years, the work on the application of the Fibonacci
sequence as a methodological basis for the first stage of
clinical trials of various drugs, mainly anticarcinogenic
agents, began to appear in large quantities. In work [1] it is
stated that the FB sequence and its modified version are the
most used methodologies for determining the dose
increments which are used in the first phase of clinical drug
trials. In the same work, an interesting explanation is given
about why the FB sequence is widely used. The main thing is
that this is one of the first methods described for these
purposes. It is easy to understand for patients, investors and
regulators (such as the Ethics Committee). Some authors
believe that the FB sequence is preferable when the dose-
toxicity curve has a sharp steepness [2, 3], according to
animal toxicology. It is claimed that about 50% of the current
clinical trials of the first phase are still conducted using FB
sequence, and at the same time, the modified FB sequence is
currently the most used [2]. It should be noted that the first
phase of clinical trials of anticarcinogenic agents is the first
development of human trials and it is an important step in
drugs creation. On this first stage (dose-orientational),
clinical trials are conducted to determine the optimal
recommended dose for a new compound for further testing in
the second phase of the trials [2]. For cytotoxic drugs, this
dose corresponds to the highest dose associated with an
acceptable level of toxicity which is related to the maximum

tolerated dose. From the point of view of efficiency, it is clear
that it is important to move up to the maximum tolerated
dose, and it has to be done quick, but as long as it is safe, but
it is unknown where the safe point is. Therefore, there is a
problem about minimizing probability of getting too low or
too high doses for patients. In the literature it is noted that the
contradiction between safety and efficiency in the first phase
of clinical trials will be solved with the help of new methods,
which are in development. In most oncological trials of the
first phase, it is often claimed, that the dose increment was
corresponded to a modified FB sequence. At the same time,
there is some dissatisfaction in the literature about the dose
escalation and its defining laws. It is noted that even the term
in the method of the modified FB sequence is vague and
incomprehensible. There is no clarity about the nature of the
FB sequence itself. Further, the questions will be considered
in detail both about their nature and what they reflect. There
should be the law of dose escalation by the type of a
numerical sequence of FB or another type, at least for
standardizing the conditions for testing the first phase. We
believe that our work will give a greater understanding of
their nature and semantic content. For example, let us
mention several recent works about the application of the
numerical FB sequence in clinical trials of the first phase. In
2015, a large group of American researchers from various
cancer research facilities in Texas (12 authors) published a
work about the first phase of clinical trials of the Bi-shRNA
STMNI1 BIV drug against hard-to-treat cancer type [4]. In the
same year, a large group of South Korean authors published
an article of the first clinical trials about determination the
pharmacokinetic characteristics of DHP107 in humans, a new
oral drug composed of lipid ingredients and paclitaxel [5].
The preparation DHP107 demonstrated efficiency, safety and
pharmacokinetics of intravenous application, comparable
with paclitaxel as the second line of therapy in patients with
advanced gastric cancer. The dose escalation law with the
modified FB sequence was used In both of these studies.
Quite a lot of publications of this kind about the use of FB
numbers to determine the necessary doses and medicines is
contained in the literature of recent years. In recent years,
authors have begun to focus on more fundamental things, the
important role of Fibonacci numbers and associated with
them golden ratio in the biological and medical spheres.
Noteworthy is the work of Japanese authors: "Two Golden
Ratio indices in fragment-based drug discovery" [6].
Fragment-based drug discovery (FBDD) is a new scientific
direction that can be translated as a fragmented basis for drug
development. It is identified with low molecular ligands (~
150 Da), from which highly reactive molecules with
theoretically drug-like properties are collected. It was the
product of the latest scientific achievements and, in the
opinion of some researchers, this trend seems promising [7],
and the fact that the Fibonacci numerical sequence is
involved in it causes a great interest. In this work, two new
indexes based on the "Golden ratio" are proposed, which
increase the effectiveness of drug development based on the
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FBDD method. The authors of this work method selected
thirty examples from a large number of literature sources
about the use of the FBDD, in which its application was
successful, and analyzed it. They analyzed the ratio of the
number of heavy atoms (not hydrogen) entering the lead drug
to the number of heavy atoms that make up the original
fragment (Scaffold part), and the same ratio of the number of
heavy atoms between the scaffold part and evolution part.
From the graphs of distributions of frequency of occurrence,
the obtained values of these ratios, based on the data of thirty
used examples, they saw a sharp peak of the maximum. It
corresponded to the values of these ratios in the region of
1.618 for both cases. These results were then reinforced by
the thermodynamic data of both the theoretical and
experimental plan obtained by the authors. In the same study,
the authors discovered yet another circumstance related to the
Fibonacci numbers. They found that the percentage of ligand
efficiency, which is an important parameter used in FBDD, is
determined by the value of F. Based on the obtained data, two
indexes were proposed, which make the FBDD process more
specific and increases its efficiency. Interestingly, based on
an analysis of the merits and capabilities of this method, the
study states that it creates a new era in the drug development.
Another interesting point of the work is that the authors are
wondering why the Fb numbers and the golden ratio appear
in the FBDD method and they hope that this understanding
will be achieved in the future. Another important example of
the fundamental connection between biological and medical
phenomena and processes with Fb numbers can be found in
this study [8]. In this study, the authors analyze both
theoretically and experimentally the relationship of two drugs
used in the form of their combination in inhibiting the
channels. Such combinations are often used in clinical
practice to investigate the mechanisms of action of drugs. For
example, Schild-analyzes, which uses agonists and
antagonists, can open a mechanism of competitive action.
The authors of this work considered two different types of
channels that are blocked by two substances due to their
reversible binding to sites located inside the pore. These
channels are terminologically defined in quantitative
pharmacology as Syntopic and Allotopic Models [8].
Syntopic Model included one binding site for both drugs, and
Allotopic Model is two different sites. It was believed that
the binding of any single substance is already accompanied
by the closure of the pore. Channels remain open if their
connecting sites are free. After a rigorous analysis of the
inhibition of these two types of canals by each of the
substances separately and with their joint participation,
differences were determined between them by this criterion.
As a result, a cubic equation y3 - 2y + 1 = 0 was obtained,
which solution, under certain conditions, surprisingly led to a
golden ratio and interesting consequences (giving the roots
0.618.. and -1.618..). This circumstance is also surprising
because, as will be shown below, a similar cubic equation
resulting three roots, two of which refer to the golden ratio,
was obtained by analyzing the law of doubling with
subtraction which was discovered by us. These are two

examples from all literature, when the solutions of the golden
ratio obtained from the cubic equations describing
completely different processes by their nature. The authors of
this work attempted to verify their results experimentally at
the receptors 5-hydroxytryptamine type 3 (5HT3) using
known channel blockers. Unfortunately, there is no clear data
on this in the study. Another very interesting work is the
work on the connection of Fibonacci numbers with
nucleotide frequencies in the human genome [9]. In this
study, a mathematical model is presented which, based on
two quite convincing assumptions, can accurately predict
nucleotide frequencies in single-stranded human DNA using
Fibonacci numbers. The idea of the mathematical model was
based on the analogy with the Fibonacci numbers. In the
relationship between two neighboring terms of the
continuously increasing numerical FB sequence, there always
exists a limit which is numerically equal to F-value. The
main assumption accepted in the construction of this
mathematical model, that this is similar to nucleotide
frequencies with the growth of the number of nucleotides.
There are still some assumptions, but they are less important
than the one mentioned above. This mathematical model was
based on the numerical Fb sequence and the recurrent law of
its formation. The second rule of Chargoff's correspondence
and several more plausible assumptions were also used. It is
known that the first rule of Chargoff's correspondence is
related to double-stranded DNA, and was used by Watson
and Crick to substantiate their double-stranded DNA model.
The second rule of Chargoff's correspondence relates to
single-stranded DNA. For this case, a mathematical model
has been developed. The data obtained from this
mathematical model, applied to all 24 human chromosomes,
produces surprisingly accurate results of nucleotide
frequencies for all nucleotides. Unfortunately, the developed
mathematical model seems rather abstract, and it is difficult
to reveal why it has such predictive power. Apparently, the
comprehension of this with the link between the meaning and
the numerical series of the FB is still ahead. Nevertheless, the
developed mathematical model makes it possible to raise the
level of understanding of the phenomenon contained in the
second rule of Chargoff's correspondence in addition to the
explanations found in [10]. Another important scientific
direction, which is widely represented in numerous
publications, concerns examples of the detection of
manifestations of regularities of the FB and the golden ratio
in various medical phenomena and processes. In this case,
the publication [11] deserves attention, which presents the
first study of the connection of the Fibonacci cascade to the
distribution of coronary artery damage in the human heart
responsible for elevation of the ST segment in myocardial
infarction. In this study, the appearance of Fb numbers in
distribution of the damage of the coronary arteries in the
human heart is demonstrated. The authors of this study
believe that the predisposition to this relation appears in
nature, perhaps because this ratio optimizes the packing
efficiency of structures in a confined space in such a way that
unused space is minimized and the supply of energy or
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nutrients is optimized [11]. In the anatomical structure of
living organisms and their parts, we often find confirmation
in the regularities peculiar to the numerical Fb sequence. In
particular, recently appeared an increased interest in the
anatomical structure of the human body and its parts, mainly,
the hands. It is connected, apparently, with the development
of a perfect functional robotic arm, the creation of which is
being fought by many researchers. They need knowledge of
the regularity of the anatomical structure of the hand and its
functional characteristics. In this case, we can note the work
[12], where from 100 healthy male volunteers of Chinese
origin, data of the functional proportions of the arm
approximated by the numerical Fibonacci series is presented.
A statistical analysis of the data was done and results were
presented in confirmation of their connection with the
numerical data of the FB sequence. In the American journal
of otolaryngology, there is an article about the regularities in
the structure of the cochlea and other spiral forms, which
common in nature and arts and their relationship to the
numerical sequence of Fb [13]. The law of the golden ratio is
used in medical oncological practice as a method for
establishing the exact location of the navel in women after
surgical operations [14]. The meaning of this need is
aesthetic. In this study, it is believed that this method
favorably differs from others used for these purposes. Many
other medical are also discussed in the literature. For
example, is there a relationship between systolic and diastolic
blood pressures and the golden ratio [15]. In the questions of
psychology, a golden ratio also appears. At the same time,
there are works whose authors directly express their
dissatisfaction with the fact that the widespread use of Fb
numbers in the first phase of clinical trials is done under
conditions when their very nature is not clearly known and,
especially, this applies to the modified Fb numbers. The data
presented on the use of the FB numerical sequence show how
significant this problem is for medicine and biology. At the
same time, the questions about the nature of the Fibonacci
numbers and the nature of their connection with the
phenomena and processes observed in the medical and
biological spheres remain open. In a number of works the
opinion is expressed that they can be solved in the future.
Objective: Based on the new law, which is more fundamental
than the alternative recurrent law for the formation of Fb
numbers, reveal the nature of the phenomena and processes
that cause their appearance and which they describe as
processes that have a branched chain nature.

2. About Branched Chain Reactions

In 1956, the Nobel Prize for scientific development of the
problem of branched chain chemical reactions was awarded
to the Nobel Committee. One of the laureates of the award
was Semenov N. N., whom we consider to be the founder of
chemical physics, the creator of the quantitative theory of
chain reactions. The second winner Cyril Norman
Hinshelwood was awarded the Nobel Prize, according to the
encyclopaedic interpretation, for the theory, kinetics and

mechanisms of chain branched reactions. Academician N. N.
Semenov in his Nobel speech, read in Stockholm, in
connection with the awarding of the Nobel Prize in 1956,
which was devoted to the discovery of a vast class of chain
chemical reactions, determined and characterized branched
chain reactions. This speech was published in our book as a
separate brochure and in the journal «Advances of
Chemistry» [16]. At the end of the Nobel speech, N. N.
Semenov noted that many chemical reactions, which we
know as simple, can be chain or branched chain when
examined deeper. The "active particle" is the fundamental
concept of the theory of branched chain chemical reactions.
This concept was introduced into scientific circulation by N.
N. Semenov and became an encyclopedic concept. In a chain
reaction, the primary active particles appear, causing a long
series of successive transformations of the substance. These
reactions of continuation or development of the chain are
possible because in the interaction of the active particle with
the initial substance, in addition to the final substance, an
active particle is formed which also reacts with the starting
material, etc., until for some reason a "death " of this particle
happens which is a chain break. The active particle, which
cyclically does something with the medium, while not
changing itself, will be an example of a simple chain-
unbranched process. In particular, such an example of an
active particle can be the enzyme molecule in a simple
enzymatic process or any other catalyst in the catalytic
process. Other leading concepts and parameters in the theory
of branched chain processes that occur under certain
conditions that determine their nature and mechanism of
action are the chain length and the branching factor. The
length of the chain is the number of its links from the
termination to the other termination, meaning how many
times during this interval the active particle reacted.
Coefficient of branching is the number of active particles
appearing after each act of continuation of the chain. If the
branching ratio is 1, then this is just a chain process. In the
case when two or more active particles appear after the
interaction of one active particle, the branching factor is 2 or
more and this is a branched chain process. According to the
ideas of N. N. Semenov: "Such reactions are the most
common type of chemical transformation of substances."
This direction of branched chain reactions continued to
develop successfully and found expression in the reactions of
valuable lipid peroxidation, having important role to biology
and medicine. The role of an active particle is played by
various radicals, in particular peroxide nature. It should be
noted that we also made some contribution to the
development of this problem, both theoretically and
experimentally. In particular, in solving the problems of
inhibiting the free radical chain process of lipid peroxidation
by antioxidants, acting both by the chain termination
mechanism and by the mechanism of inhibition of their
branching, having a list of published works in this direction,
a link of one of them [17]. It should be noted that even now a
lot of studies are published, in particular on medical topics, in
which membrane peroxide oxidation of lipids is studied, also
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its role and importance for the functional state of cells,
organs and tissues and the organism as a whole. Branched
chain processes that occur in the organism are not limited to
this. For example, has been discovered the phenomenon of
branched chain oxidation of oxyhemoglobin under the
influence of certain factors, hydrogen peroxide with complete
inhibition of catalase or nitrite ions [18]. Everything
considered above was from the category of branched chain
reactions of chemical nature, the direct chemical
transformation of substances. However, in addition to the
chemical reactions associated with the transformation of
substances, there are classes of other phenomena that also
proceed as branched chain mechanism, which is a whole
layer of processes not directly related to chemistry, which
were considered as phenomena and processes of the other
nature. It can be assumed that the concepts and terminology
developed for branched chain chemical reactions should be
fair and applicable to them too. The implementation of such
non-chemical processes is inevitably associated with the
existence of active particles in them. Using the terminology
of the Nobel laureate N. N. Semenov, a pair of rabbits can
formally be regarded as active particles. A pair of rabbits,
like an active particle, leads the chain, continues it and
generates new chains, which means that it makes a branching
of the chains. This process of multiplying and increasing the
number of pairs of rabbits will occur through a branched
chain mechanism.

Below we will consider the regularities and characteristics
of such processes and show that they are responsible for the
appearance of a numerical sequence of FB and other
numerical series.

3. The Numerical Sequences of
Fibonacci, Lucas and Shannon, Their
Characteristics and Laws That They
Are Determined by

Earlier we showed FB sequence, which can be defined as
canonical and also noted that this was not its only form. It is
also represented as a series of 1, 2, 3, 5, 8, 13, etc. and a
sequence of the mathematical form 0, 1, 1, 2, 3, 5, 8, etc. For
both of them, a recurrent law is valid, stating that each
following term, starting with the third, is equal to the sum of
the two previous ones. G. D. Cassini discovered a new law
for the formation of a numerical Fibonacci sequence that is
alternative to a recurrence law, which connects three
neighboring numbers in FB sequence of the following form:
F? (n) — F (n-1)*F (n+1) = (-1)"". After experimenting with
this equation, one can make sure that it is directly valid only
for the canonical form of the FB series and it is individual. In
the 19th century, the French mathematician Lucas discovered
yet another law for the formation of the FB series, and, in
two of its expressions, taking into account the evenness of
the serial number of its terms. This law is expressed by the
following expression: Fy, = anﬂ - an_l; Fop1 = anﬂ + an

The experimental verification, which is easy to perform by

substituting numerical values into these expression, confirms
their fidelity, however, directly only for FB of canonical
forms. And further on, the mathematical formalism applied to
this sequence led to the establishment of a whole series of
identities and the regularities inherent in it. One of them,
discovered by the French mathematician Binet, takes a
special place among them. The peculiarity is explained by the
fact that the law of formation of FB, is radically different
from all others, because it determines the terms of the
sequence by the golden number F, equal to 1.618.., obtained
from the solution of the golden ratio problem. It should be
noted that back in 1595, Johannes Kepler, an outstanding
astronomer and mathematician, noticed one important
peculiarity of the numerical FB sequence. He noticed that the
ratio of the next term to the previous one while the sequence
increases in the direction towards infinity tends to 1.618...
Which means, a connection between the numerical FB
sequence and the golden ratio has been established.

We see what outstanding people, mentioned by us, were
dealing with this problem. Also, by works of other, less
prominent researchers many more laws have been established
which characterize and determine the properties of the FB
sequence. The French mathematician Lucas created a new
series of numbers, completely different, but the recurrent law
of their formation was the same as for the FB sequence. This
numerical series has the form: 1; 3; 4; 7; 11; 18; 29; 47, 76;
123;...etc. The first two terms are also the initial conditions,
as for a FB. This sequence is called Lucas sequence, and its
elements - Lucas numbers. An important feature of Lucas
sequence is the particular law of its formation, discovered by
the mathematician Binet, by using golden number @ having
the simplest form: F, = @" — ®" u F, = ®" + @7,
respectively for odd and for even "n". He also established
another law for the numerical FB sequence, but it has
difficult (complex) form. If the numerical sequences of FB
and Lucas has the same recurrent law, and the sequences are
cardinally different from each other, then it means that this is
due to its different initial conditions.

The initial conditions (1,1) and (1,2) give the same FB
sequence. The initial conditions (1.3) give us another
numerical sequence, called the Lucas sequence. Taking the
initial conditions (1.4), we get the third kind of a numerical
sequence formed according to a recurrence law, with the
form: 1, 4, 5, 9, 14, 23, 37... etc. Choosing other initial
conditions (1.5), we get the following numerical sequence: 1,
5, 6, 11, 17, 28, 45... etc. The last two sequences can be
called Shannon sequence, since he was the first who drew
attention to them and published them [19]. The verification
of the applicability of the Cassini, Lucas and all other known
laws to the Lucas sequence and two Shannon sequences
gives a negative result. This means that all these laws are
specific only for canonical form of FB sequence. On the
other hand, all known laws that establish connections
between numbers of Lucas sequence are not applicable to
either the FB sequence or the Shannon sequence. This means
that all these laws are specific only for one specific sequence.
And now we can discuss a new law which was discovered by
us after studying these sequences. As a result, we established
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new law which is radically different from all previously
known laws. The formulation of this law: "Any term in the
FB sequence and its value is determined by the doubled value
of the previous term minus the value of the third previous
term". Initial conditions for it will be the first three terms of
the sequence. If this law is expressed analytically, then it has
the following formula: F (n) = 2*F (n-1) — F (n-3), where n =
3,4, 5,..., etc — is any determinable sequence number of FB,
and F (n) is its value, n-1 its previous term with the value F
(n-1) and n-3 the third number with the value F (n-3). It is not
difficult to verify the truth of the relation between different
terms of any of the sequences presented here (FB, Lucas, and
two Shannon sequences). Thus, the resulting relation is the
law determining the formation of the numerical sequence of
FB, Lucas, two Shannon sequences, and also many other
numerical sequences. In the literature, this law does not occur
and is not mentioned, which allows us to call it new and
terminologically define as the law of "doubling with
subtraction" (DWS). In this terminology, it reflects its greater
fundamentality and generality in relation to all numerical
sequences. Let us remind that in literature the recurrent law is
considered to be the main, fundamental and it is the basis of
definition of the numerical FB sequence.

3.1. Features Exhibited by Numerical Sequences in Their
Formation According to a Recurrent Law and
According to the Law of “Doubling with Subtraction”

3.1.1. About the Similarities and Differences Between the
Law of “Doubling with Subtraction” and Recurrent
law for the Fibonacci Sequence

The fact that these laws appear to be identical with each
other follows a direct verification of the results obtained by
using them. They are obtained exactly the same for all the

400

sequences listed above. This apparent identity is confirmed
theoretically. Indeed, the mathematical expressions of these
laws have the form: F (n) =F (n-1) + F (n-2) and F (n) = 2*F
(n-1) — F (n-3). Combining them, subtracting the second
equation from the first one, we obtain F (n-1) = F (n-2) + F
(n-3), the same recurrent law. The main goal of this article is
not about showing new law, our goal more significant. We
reasonably assert that the law discovered by us is the primary
and fundamental law for the formation of Fibonacci numbers
in its numerical sequence. A well-known recurrent law,
which is listed everywhere as the main and determining one,
is not main at all. It is secondary to the law that we
discovered, it is its consequence, and we will justify it below.
The fact that the recurrent and our laws are valid for all
sequences means that they are universal, all other laws are
particular. Therefore, we have two universal laws. Which one
of them is the main, and which one is secondary, can be
answered this way: We take the canonical FB sequence and
arbitrarily add to each of its terms any same number, let it be
number “1” for simplicity. As a result, we get sequence: 2, 2,
3,4,6,9, 14, 22, etc., which does not obey the recurrent law
and at the same time the law that we discovered works
absolutely fine. It works the same way if we subtract this
number “1” from sequence numbers instead of adding it.
After subtracting, we get the sequence: 0, 0, 1, 2, 4, 7, 12,
20...etc. If we remove the first two terms “0” we can see that
it still does not obey the recurrence law, but obeys the law
discovered by us. The DWS law is also valid for other
sequences formed according to the formulas shown in Figure
1. These sequences were obtained by a different modification
of the recurrent law, therefore, these are not sequences of
Fibonacci type, since they no longer obey the recurrence law.
At the same time the DWS law remains valid for them.
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Figure 1. Graphical view of Fibonacci sequence and some derivative forms.

On the abscissa axis - the serial numbers of the sequence,
along the ordinate - their values. Sequences are shown in the
columns on the right. Sequence 1 (row 1) — FB sequence
which is formed by the formula F (n) = F (n-1) + F (n-2);
sequence 2 (row 2), formed by the formula F (n) = F (n-1) +
F (n-2)+1; sequence 3 (row 3), formed by the formula: F (n)

=F (n-1) + F (n-2) -1; sequence 4 (row 4), formed by the
formula F (n) =F (n-1) + F (n-2) -2.

The last fact gives a reason to assert that the law
discovered by us has a general nature, while the recurrent law
is secondary to it and is valid only for more specific
sequences. Our next step is a comparative analysis between
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the recurrent and the new law according to their differences
and some characteristic indexes.

3.1.2. About Specific Sequences of FB Type and Their
Properties
A large number of numerical sequences which formation
follows the main recurrent law, which formula has the form:
F,=F, 1+ F,_,, can be attributed to a certain type of
sequences, determined as FB sequences, along with FB

E,=a,=a q"!

E,=F 1+tF a0, =a, 1 +ta,,
a qn—l =a qn—Z +a qn—3'
qn—l — qn—Z + qn—3

E, Fo_ 1, Fh_yua,, a,_4,a,_, - terms of the FB sequence
and the geometric progression with the indexes denoting their
serial numbers, “a” is the first term, and “q” is the
denominator of the geometric progression. The last equation
is easily transformed into a quadratic equation of the

following form:
qg> —-qt—1=0,

The resulting equation is identical to the known equation
of the golden raiot and its solution will be the following two
roots, q1 and q2.

C1+V1+4
=

1-v1+4

~ 1,618..,q, = >

1 ~ —0,618..

First root, the irrational number 1.618..., in the special
literature is usually denoted by the letter @ [6]. Other root,
the irrational number is 0.618... (with a minus sign), which is
denoted by the letter ¢ (the opposite notation also exists).
The relationship between these numbers is determined by the
relation ®*¢ = 1. The presence of two roots means that in
nature there are two numerical sequences that are formed
according to a recurrence law, which means, they belong to
the FB type, and which simultaneously are a geometric
progression. The view of these two rows:

1, ®L, D%, 3, d*, D5, DS, ... etc.
11 _¢)11 ¢)2l _¢3l (1)4: _¢)5; (1)6, ... etc.

3.1.3. About Special Sequences of the Class Formed by the
DWS Law

Consider the case where the FB sequence is formed
according to the DWS law, which formula expression is
represented in the form F, =2F, ;—F,_3 , where
F,, Fp_qand F,_; terms of the numerical Fibonacci
sequence with their ordinal numbers, respectively, n, n-1 and
n-3 (n>3). The question about the possibility of the existence
of a numerical sequence obtained using DWS law and at the
same time being a geometric progression is solved in a
similar way, which means that the following equation must

be: aq™ = 2aq"! — aq""3, where a is the first term of the
geometric progression, and q is its denominator. It is clear

’ Fn—l = ap-1, =

sequence itself. The question comes up: is there any
numerical sequence of FB type, which simultaneously
belongs to another type of numerical sequences, for example,
geometric or arithmetic progression. This possibility exists
only for a geometric progression. For the existence of such
sequence, it should satisfy the conditions expressed by the
following relations.

-2 — — -3
a qn 'Fn—z_ ap—2 =4a qn ’

that the value found for q will be a criterion for the possible
identity between the geometric progression and the numerical
sequence, meaning that the same sequences will be both a
geometric progression and a numerical sequence formed by
the DWS law. The equation q" = 2q"" ! —q"3 can be
easily transformed to q3 — 2q%2 + 1 = 0.

The resulting cubic equation can be solved by the Cardano
method, in which, by appropriate substitution, it is reduced to
an incomplete cubic equation for which the solution is sought
and then the solution of the initial equation is sought using a
solution of incomplete cubic equation. In our case everything
is simple, since this cubic equation can be reduced to the
form:

(q? —q* — 1)(q* — 1) = 0. Three roots are easily found
using this cubic equation, its: ¢, = 1,618,q, =
—0,618, g3 = 1. All of them are valid and two of them refer
to the golden ratio. This is an amazing circumstance for us,
since a similar cubic equation with roots, two of which also
refer to the golden ratio, was obtained in one of the studies
discussed above about the analysis of literature data of
channel inhibition [8].

This can be verified by comparing the cubic equation
obtained by us ypasuenue q> —29? + 1 = 0 and other one
y>- 2y + 1 = 0 which was obtained by authors of the study we
mentioned before. Surprisingly, the analyzed phenomena,
while being of fundamentally different nature, lead to a
single outcome - the golden ratio. At the same time, our
cubic equation is still somewhat different from the cubic
equation obtained in the cited study. The second term of our
equation has an exponent of 2 but in their equation - 1. The
results are also different. The first root is 0.618, we have
1,618, the second one is -1.618, and we have -0.618, sort of
antisymmetric results. Why this happened and what kind of
antisymmetric processes lie at their base deserves special
attention. Apparently, there is something in common between
the processes of inhibiting the channels and all the numerical
sequences defined by the DWS law.

This may be caused by a branched chain mechanism,
which is responsible for the observed phenomena. Note that
from the point of the chain processes that we are developing
here, many things, in particular enzymes, can be considered
as an active particle. It also should be noted that the
presence of three roots in our case means that there are
three numerical sequences in nature that are formed by
DWS law and which are a geometric progression at the
same time. The first sequence is infinitely increasing, the
second is infinitely decreasing to zero (fading), the third is
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the single row. This third sequence satisfies the
requirements of both the DWS law and the geometric
progression, but does not satisfy the recurrent law. It turns
out as an interesting thing, that the DWS law, according to
which numerical sequences are formed, actually
significantly differs from the recurrent law. It is more
significant because it has relation with a larger range of
phenomena than a recurrent law. In other words, the DWS
law encompasses a recurrent law as an individual case.

3.2. The Nature of the Differences in the Relations Between
Two Neighboring Members of Numerical Sequences
Formed According to the Both Recurrent Law and the
Law of “Doubling with Subtraction”

3.2.1. The Relation Between Two Neighboring Terms for
Numerical Sequences of FB Type, Formed According
to the Recurrent Law

For numerical sequences of FB type the relation between
two neighboring terms will be determined as:

E Fo 1+ F,_ F_ 1
e e
Frq Frq Froot Fpoz 14 »=3
Fn—Z
=1+ ! =1+ ! ==1+ ! =1+ !
PN Sl WU S P S
Fns + Fna 14 2=t 14 —ot 1+
Fn—3 Fn—4+ Fn—S 1+ Fn—S
Fn—4

And so on this computational process can go on forever,
forming a complex but interesting mathematical object the value
of which tends to 1.618.., to ®. Perhaps such a mathematical
structure can have an importance for mathematics, representing
interest as a mathematical object of study.

3.2.2. Relations Between the Neighboring Two Members of
the Sequence, Formed According to the Law of
“Doubling with Subtraction”

Now consider the same situation for the case when the
terms of the sequence are formed according to the DWS law.
The relations between the neighboring two members in this
case will be determined as:

Fy=2Fy 1 — Fy3 Fyq =2F 5 — Fyy

o _2Pa=Fos o Faa _
Fry Fry Fry
P = R Fus _
2F,_, — Foy 2(2Fy_3 — Fy_s) — Fn_s
— 1 ~
R L
Frs

The resulting mathematical construction significantly differs
from the structure given above in section 3.2.1. According to the
solutions and their results, it can be seen that there are
fundamental differences between mathematical expressions that
determine the relationship between any two neighboring
members of the numerical FB sequence if they are formed
according to the recurrent law and the DWS law. In the first
case, a certain remainder (surplus) is added to the unit (let it be
“a”), in the second case, some other remainder is subtracted
from “2” (let it be-*b”). Since it is easy to see that in either case
the values of the relations between any two neighboring terms of
the sequence are always equal to each other and tends to
increase with their ordinal numbers to the number @, then the
remainders in the mathematical expressions will be: in the first
case, a=~0.618, in the second, b=0.382. Surprisingly, the

remainders a and b vary that way that the change in the ordinal
numbers of the terms of the sequence does not interrupt absolute
equality: 1 +a =2 - b. Thereby, a comparative analysis of the
DWS law discovered by us with respect to the recurrent law
shows that they lead to the same results for sequence of the FB
type, although, they are different. Moreover, it should be noted
that the DWS law is more important than the recurrent law,
because it covers a wider range of phenomena and this law is
generalizing while recurrent law is a particular law ensuing from
it. As a result, it should be reasonable to say that the DWS law
and recurrent law are different and the recurrent law stands as a
particular case of the more fundamental and significant DWS
law. Behind this mathematical abstract side of these laws real
phenomena are hidden which occur in nature and express these
laws. Note that the recurrent law has long been represented and
still represents, a great mathematical interest as an object of
investigation. Many prominent mathematicians have studied it.
The DWS law has even more significant mathematical interest is
considering what we have noted before. The fact that the DWS
law has such a procedure as doubling the previous member of
the sequence to determine the subsequent one forming FB
sequence seems to be significant for us. This is followed by a
possible relation of a given numerical sequence to biophysical
phenomena and processes. Therefore, it seemed interesting and
important to find a certain model of a branched chain process of
a biophysical nature that would be described by a numerical
sequence of FB or other sequences of this type.

4. Branched Chain Growth Processes of
the Rabbit Pairs Number Developing
According to the Numerical Fibonacci
Sequence, in Accordance with the Law
of "Doubling with Subtraction" or
with the Main Recurrent Law

In the nature, a variety of phenomena are observed which
patterns of development can correspond to the numerical
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sequences of FB and, in some cases, to the numerical
sequences of Lucas, Shannon, triangular numbers and others.
The nature of such phenomena can be conditioned and
associated with a branched chain patterns or a mechanism
embedded in them. Apparently, the prevalence of chemical
branched chain reactions, which Semenov N. N. was saying
about, can be generally extended to the whole variety of
biological and medical processes occurring both naturally
and artificially, if we look closely at them, it may turn out
that they have a branched chain character. In connection with
the stated position that all numerical sequences of the FB
type can reflect processes of a different nature that have a
branched chain character, it is important to find certain model
process that confirms this statement. In this regard, the law of
"doubling with subtraction" carries a lot of content. The
mechanism of the biological process, which has a branched
chain character, is already visible in its form. In any case, the
problem of rabbits, which Fibonacci formulated and gave an
answer in the form of FB sequence, looks exactly this way.
As an active particle in this problem a pair of rabbits can be
represented as a whole. A pair of rabbits, like an active
particle, leads the chain. It continues the chain and generates
new chains producing a branch. Below we will consider the
problem of rabbits formulated by Fibonacci which is
presented in our interpretation from the point of view of the
branched chain character of its process, as well as those
surprising consequences to which this problem leads.

4.1. Biological Model of the Branched Chain Process About
Increasing the Number of Rabbit Pairs and Forming a
Numerical Fibonacci Sequence, According to the Law
of “Doubling with Subtraction”

As it was already noted, the features of a hypothetical
branched chain mechanism that generates the law of
development of phenomena in accordance with the numerical
FB sequence are viewed in the DWS law. The process of
increasing the number of rabbit pairs can relate to such
phenomena. Let us note what biophysical meaning can be
contained in the expression of this law. In the formula
expression of this law, the operation of doubling something
previous can be interpreted as a doubling the number of
active particles, which are the pairs of rabbits. Previous pairs
of rabbits are the number of the pairs which will give
offspring. As a result, the number of pairs increases twofold,
after all rabbits will give offspring. The action of subtraction
can be identified with chain breaks after three acts of chain
continuation performed by active particles. With regard to
rabbits, it can be considered that all pairs of rabbits on the
third occasion will disappear after committing it. Seeing in
the resulting ratio a certain biophysical meaning, a
mechanism for breeding rabbits was compiled and described
on its basis, and an analysis of its functioning with analysis
of the obtained results were done. Le us note our other
assumptions.

We believe that the newborn pairs of rabbits mature and
become capable to reproduce in certain stages and
synchronously at the same time as it is necessary for the

parent pairs to recover for giving the new offspring. In other
words, after the first row of births parenting pairs and
newborns simultaneously participate in the next one at the
same time. It is quite logical to give this system of births
their numbers according to its order: 1st, 2nd, 3rd, etc., as we
will do later on. Thus, newly born pairs of rabbits enter the
next row of births together and simultaneously with the
parental pair, which means they become able to bring a new
pair in the next row along with the parent couple. We can
now describe the branched chain mechanism of breeding
rabbits in accordance with such concepts and analyze the
results of its functioning. Further, we will make minor
clarifications. To select a branched chain mechanism, in
accordance with which the process of increasing the number
of rabbits during their breeding will be done, it is necessary
to determine the conditions. The main concept here, let us
emphasize this, is a pair of rabbits, which can be likened to
an active particle.

The properties of this active particle (a pair of rabbits)
determine the process of increasing the number (of rabbits)
according to branched chain mechanisms. Endow it with the
following properties. It branches the chain with a branching
factor of 2, which means that each pair of rabbits can produce
only one pair, which means only reproduce themselves. A
pair of rabbits, like an active particle, can create a chain with
the length of three, which breaks after it. Such properties of
an active particle or a pair of rabbits with connection to the
length of a chain in three elements, with its break at the end,
are determined by the subtracted second term of the DWS
law. This property means that a newborn pair of rabbits
which committed three rows of birth disappears from the
process. In Table 1, in its first function row, in the order of
their numbers, the values of the corresponding terms of the
canonical numerical FB sequence are written.

Let us assume that this numerical sequence recorded in the
first row reflects the branched chain process of increasing the
total number of pairs of rabbits at each stage in accordance
with the indicated ordinal numbers. The first and second
number are so-called artificially created in the biological
process initial conditions for the development of the
branched chain process of increasing the total number of
rabbit pairs when they are bred. We take any serial number;
let it be the fourth number with its value -3. If the branching
factor was equal to two, which would mean doubling the
total number of rabbit pairs of the previous step, then in the
selected fourth column of the first row there would be a
number 4 instead of 3, which means that one pair is missing.
Moving on to the fifth column of the first row. According to
our thoughts, there should be a number 6, but there is number
5. Again, one pair is missing. In the sixth column of the first
row, in theory, there should be 10, but we see 8, this time
missing 2 pairs. In the seventh column there should be a 16,
not 13, that is a shortfall of 3 pairs. For the eighth column
instead of 21 there should, in theory, be 26 and the shortage
is 5 pairs. It is clear that the row of missing pairs (the second
functional row of Table 1) also follows the numerical FB
sequence and falls behind the main sequence by three
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consecutive numbers.

For greater persuasiveness, we can check this on any
member of the main sequence, for example, on the eleventh
term of the sequence. Its value is 89. The value of the
previous term (10th) is 55. Therefore, the value of the term
which should have been there is 110 and the number of
missing pairs is 21. This is exactly the value that the 8th
member of the sequence has, falling behind 11th by three
numbers (check Table 1). In accordance to our logic this can
be understood as the permanent disappearance of those pairs
of rabbits that have exhausted their resource for the
continuation of chains, limited in length of three links or in
the biological sense by three acts of reproduction. A break

occurs at the end of any three-link chain, the disappearance
of the active particle leading this chain. In Table 1, the third
functional row shows the number of newborn rabbits at each
step of the process. The filling of this line was done using the
logic of branched chain processes with a branching factor - 2.
According to this logic, the number of new active particles
(pairs of rabbits) appearing at each step is always
numerically equal to the number of all active particles (the
total number of pairs of rabbits) of the previous step. It is
easy to verify that the obtained numerical sequence of the
number of rabbit pairs withdrawn from the process is a
Fibonacci sequence. This circumstance seems extremely
interesting.

Table 1. The branched chain process of incremental growth in the number of rabbit pairs described by the law of “doubling with subtraction”.

Ne i/

6 7 8 9 10 11 12

1 Total number of pairs
2 Tthe number of pairs withdrawn from the process
3 Newborn pais

O O =
—_— O =N

8 13 21 34 55 89 144
2 3 5 8 13 21 34
5 8 13 21 34 55 89

—_— O N (W
o = WA
W = (U

Table 1 shows that the staged development of the branched
chain process described here for all three presented
indicators: the total number of pairs, newborn pairs, the
number of pairs withdrawn from the process, correspond to
the same numerical sequence of FB. The difference between
them is that a number of "total numbers" outstrips a number
of "newborns" and a number of "withdrawn pairs from the
process" by one step and three steps respectively. Thus, the
biophysical model of a branched chain process created on the
basis of the DWS law reproduces the numerical sequence of
FB with respect to the total number of rabbit pairs when they
are bred. This model also implies two more important facts
regarding the number of newborn couples and pairs
withdrawn from the process. The number of both newborn
and withdrawn from the process pairs also grows in
accordance to the numerical sequence of FB.

4.2. The Biological Model of the Branched Chain Process
of Increasing the Rabbit Pairs Number According to
the Recurrent law Which Forms the Numerical
Fibonacci Sequence

Giving the semantic content to the FB sequence using the
logic suggested above, according to the new DWS law,
allows us to look at the biophysical essence of the main
recurrent law in a new way, believing that it reflects its
particular branched chain process. Let us set the task to
determine what kind of process is it, which recurrent law
induces and describes. All the conditions that were used
above in the model of branched chain process, which is
forming the DWS law, are kept the same. If we examine the
essence of FB numbers formation from the same perspective,
then we come up with an interesting conclusion that recurrent
law describes a branched chain process without chain
termination, in other words, with an infinite length.
Although, it has one important and necessary condition. This
condition lies in the fact that a new emerging particle (a
newborn pair of rabbits) becomes able to branch the process

only after one step, skipping the next one and after that
becoming immortal, leading its chain to infinity. This is the
biophysical meaning of the main recurrent law of the FB
sequence formation, reflecting the number of newborn
rabbits appearing at each step or stage of development of the
entire process, with the exception of the first two initial
stages. We get a nontrivial answer by speculating using the
same logic. So, if the next term for newborn rabbits is the
sum of the first two preceding terms, the resulting numerical
value for newborns will be the fact that exactly the same
number of mature rabbit pairs produced them. Then the total
number of newborns and their parents will be exactly twice
the number of newborn pairs. Also, there are still immature
rabbits in the transition to this stage, that is, newborns in the
first preceding stage. So, the total number of rabbits will be
determined by the expression: Fn (total)=2Fn (new) + Fn-1
(new), where Fn (new) and Fn-1 (new) are terms of the FB
sequence for newborn pairs rabbits, and Fn (total) is the n-th
term of the FB sequence for the total number of rabbits. It is
not difficult to see that the resulting sequence for the total
number of rabbits will also be a FB sequence. In the last
expression, instead of the terms from a number of newborn
pairs, we can substitute the terms of the total number of pairs
and then we will have: Fn (new)=Fn-2 (total) and Fn-1 (new)
= Fn-3 (total); Fn (total) = 2Fn-2 (total) + Fn-3 (total) = Fn-2
(total) + Fn-3 (total) + Fn-2 (total) = Fn-1 (total) + Fn-2
(total). This means that the same recurrent law of formation
of a numerical sequence is obtained. However, it is necessary
to conduct a more detailed analysis of the sequence nature in
relation to the total number of pairs and newborn pairs of
rabbits at each stage of the whole process. In the same way as
it was done above, we will monitor the number of newborn
pairs and the total number of pairs and enter the data in Table
2. Start with the initial situation. At the initial moment, there
was one mature pair of rabbits, no newborn pairs yet. This
moment is reflected in table 2 by putting number 1 in the
second row of the first column and number 0 in the first row
of the first column. At the second stage a newborn pair
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appeared and it is necessary to reflect this by putting the
number 1 in the first row of the second column. The total
number of all pairs in this case is two pairs, which is
reflected in the cell of the second row and the second
column. At the third step, one more newborn pair appears
because the newborn pair in the previous step has not reached
puberty yet. Therefore, we put number 1 in the first row of
the third column. But in the second row and the third column,
where total number should be indicated, we put the number
3. At the fourth step, 2 and 5 should be written in the
corresponding cells (two of three pairs of the total number
created two newborn pairs) and so on.

Table 2. The branched chain process of incremental growth in the number of
pairs of rabbits described by recurrent law.

Ne 1 2 3 4 5 6 7 8

Nnewborns 0 1 1 8 13
Ttotal pair number 1 2 3 5 8 13 21 34

8]
w
W

Table 2 shows that the phased development of the
branched chain process described here by the two presented
indexes (the newborn pairs and the total number of pairs),
also corresponds to the same numerical FB sequence. The
difference between them is that a number of "total numbers"
correspond to FB sequence with initial conditions (1.2), and a
number of newborn pairs correspond to FB sequence with
initial conditions (0.1). We interpret such differences as the
delay of a newborn pair number from a total number by two
steps. Eventually, we see that it turns out as an amazing case.
Two fundamentally different branched chain processes
proceed according to completely different laws, which lead to
the same result corresponding to the numerical FB sequence.
The DWS law generated by a branched chain process with a
chain termination and with their three-link length, having a
branching factor-2, which is associated with a doubling in the
formulation of the law. Other branched chain process
proceeds without chain termination with an infinite length,
having a branching factor-2. Such a process generates a
recurrent law, which characterizes it. These different laws
from different processes lead to the same effect - the
numerical FB sequence. It is easy to verify using the data of
Table 1 that the summation of two FB sequences, reflecting
the total number of pairs and newborn pairs leads to a
sequence of 1, 3, 5, 8, 13, etc., that is, for n> 3 the further
numerical sequence is a FB sequence, but according to the
table 2, the result of this summation is the classical Lucas
sequence. Lucas sequence is also obtained from the data of
Table 1 when summing up the sequence of the total number
of pairs and pairs withdrawn from the process. Indeed, the
resulting series 1, 2, 4, 7, 11, 18, 29, etc., for n> 3 is the
continuation of the Lucas sequence. As a result, we have an
amazing case; the Lucas sequence turns out to be obtained
from the FB series and it is its derivative. But it is even more
surprising that two fundamentally different in nature and
content branched chain processes, are described in a similar
way by the same DWS law, a which particular version is the
recurrent law.

Thus, it is established that the Lucas sequence is

determined by summing two Fibonacci sequences shifted by
two steps, the first Shannon series, for its part, is determined
by summing the two sequences - the Lucas and Fibonacci,
also shifted by two steps. The second Shannon sequence is
determined by the summation of two, one of which is the first
Shannon sequence, and the second one is Lucas sequence,
also shifted by two steps. Thus, all sequences are determined
through the Fibonacci series. This is an important
proposition, indicating that all sequences can reflect branched
chain processes according to the type considered for FB.
Thus, the biophysical essence of many known numerical
sequences characteristics has a similar nature, all of which
can reflect the dynamics of the development of branched
chain processes with the certain conditions. It should be
noted that the DWS law can have other forms besides Fn
=2Fn-1 -Fn-3, for example: Fn = 2Fn-1-Fn-4; Fn = 2Fn-1 -
Fn-2 and even Fn = 2Fn-1 - Fn-1. For each separate form of
the DWS law expression there will be a variant of a branched
chain process. The form of its expression Fn = 2Fn-1-Fn-3
describes a branched chain process with a chain termination
with a fixed length of three links. If in consideration of the
branched chain process of a biological nature there will be
other conditions, for example, there will be another situation
with the rabbit pair selection, that is, the chain termination
conditions will change, then there will be another description
of it by numerical sequences. For example, if the length of
the chain is not three links (not three acts of continuation of
the chain) but two, then the dynamics of such a process, in
some cases, will have the form of a numerical sequence of
natural numbers. It is easy to verify this by reasoning the
same way as it was done before. Let us show what would
have happened if, according to the biophysical model of the
branched chain process reconstructed by us, pair of rabbits
was withdrawn from the reproductive process and disposed
only after 2 rows of birth. In this case, the result of
determining their number would not be expressed by the
numerical FB sequence. It would be expressed by the DWS
law, but in a somewhat modified form, namely by: F (n) =
2*F (n-1) - F (n-2). Under the initial conditions (1.1), it
would represent a simple single sequence. In the case of the
initial conditions (1, 2), it would represent a sequence of
natural numbers of the form 1, 2, 3, 4, 5, etc. Under the initial
conditions (0, 1) - this would also be a sequence of natural
numbers of the form 0, 1, 2, 3, 4, 5, etc. The last
circumstance creates some interest. Many people, in
accordance with what law the natural number of numbers is
formed, will say that it will be expressed as F (n) = F (n-1) +
1 and only few know another kind of the law, namely: F (n) =
2*F (n-1)-F (n-2). And the main thing is that behind this law,
which forms a natural sequence of numbers, the reality lies
which it was derived of. Thus, the nature of the numerical FB
sequence and other considered sequences is that they reflect
the dynamics of the development of branched chain
processes occurring under strictly defined fixed conditions, a
particular example for which is the process of breeding
rabbits, described by Fibonacci.
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5. Conclusion

The application and use of the FB numbers and the
associated with it golden ratio in the biology and medicine has
become widespread. Apparently, this is only the beginning,
everything will continue to develop. In this regard, the words
of Warren Sturgis McCulloch, the famous neurophysiologist,
who proposed a formal neuron, which became the prologue to
the creation of artificial neural networks, which lies in the
basis of artificial intelligence: "I spent two years measuring the
ability of a person to bring a controlled oblong subject to the
preferred form, because I did not believe that he preferred a
golden ratio or that he could recognize it. He prefers and he
can!». With respect to the Fb numbers associated with the
golden ratio, the law of their formation, alternative to the
recurrent one, is established in the work. This law ("doubling
with subtraction", DWS) is valid for all numerical sequences
for which the recurrence is also valid. At the same time, there
are numerical sequences for which the recurrent law does not
work, and the DWS law is valid. This means that the DWS law
is more fundamental, and, in fact, is a primary law, and the
recurrent law is secondary. Significant differences also exist in
the consequences of these two laws. For example, the
increments of sequences formed according to the recurrent law
and the law of "doubling with subtraction" have fundamental
differences in their mathematical expression, although they
lead in different ways to the same result, namely, to ® =
1,618... with the serial numbers of the terms of the series,
which tend to infinity.

In the work, a branched chain biological process that was
unique to each one of them was found. In the case of the law
of "doubling with subtraction", the process was followed by
the termination of chains with characteristic parameters: the
chain length is three links, the branching factor is -2. In the
case of a recurrent law, the process was without chain
termination, with an infinite length and with a branching
factor of -2, and with some delay limiting the branching. It
seems interesting that such different branched chain
processes of different character are described by the same
Fibonacci sequence. Both these laws are consequences of
two fundamentally different branched chain processes.
Doubling with subtraction is the consequence of a branched
chain process with a chain termination and three-linked
length with a branching factor of -2. The recurrent law is a
consequence of a branched chain process without chain
termination with an infinite length and a branching factor of -
2, but with the condition that the new emerging active
particles become truly active only through a one step. These
different consequences from different processes lead to the
same result, forming a numerical FB sequence.

As a result, it can be considered justified that the
quintessence of many known numerical sequences of the FB
type is that they reflect branched chain processes, the spread
of which is ubiquitous in nature. Perhaps Fibonacci was the
first who drew attention to them.

Interest in different applications of Fibonacci numerical
sequences does not decrease. In support of the above, two

recent works can be cited [20, 21].
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