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Abstract. The article discusses the results of solving two classical problems of physics and their
consequences - the problem of radiation of a hydrogen-like atom and the problem of scattering -
by the mathematical method of the integer theory. The transition to the formulation of these
problems in terms of the integer theory became possible as a result of the formulation of the
hypothesis that, during the interaction of physical objects, the exchange of quantities that are
conserved occurs in such a way that the conserved quantities have a common measure before and
after the interaction (i.e., they are commensurable). The concept of magnitude and unit of measure
for bound and free objects is discussed. The introduction of the concept of commensurability made
it possible to give physical grounds for “allowed” states in quantum physics and to explain the
physics of the previously inexplicable requirement that the Miller numbers-index representing
crystallographic planes must be coprime. Physical calculations using the mathematics of integers
make it possible to predict a number of important consequences in solving applied problems, in
particular, in the physics of the phenomenon of superconductivity. Attention is drawn to the fact
that the development of science needs the emergence of new ideas and the conductor of such ideas
should be philosophy.

Keywords: principle of commensurability of conserved quantities, integer theory, foundations of
guantum mechanics, emission spectra of atoms, scattering process, Miller indices of

crystallographic planes

1. Introduction
The “King of Mathematics” K.F.Gauss, who wrote a wonderful monograph on

number theory [1], said that the theory of integers is “the purest branch of pure
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mathematics”. Among the many meanings of this statement, it was also meant that
this theory is unlikely to be applied to explain the physical picture of the world.
However, as you know, the ancient Greeks, namely the Pythagoreans, believed that
the integers rules the world, i.e. the basis of the universe is the harmony of
relationships between integers when performing mathematical operations on them
[2]. But when they discovered that such a simple geometric figure as a square cannot
be described in integers, i.e. that there is no common measure between the leg and
the hypotenuse (the concept of irrationality appeared) the Pythagorean school
of integerity perished. Interest in the science of numbers is also manifested in our
time, and here it should be noted a completely non-trivial approach to the
possibilities of describing the World using numbers of the natural series, which is
described in the monograph [3]. But almost in modern times, Leibniz and Newton
developed the apparatus of differential calculus to describe the World, which we
successfully use even now.

With the development of science about the world around us, in addition to
passive observation, in particular, of the behavior of celestial bodies (namely, this
observation gave rise to differential calculus), a variety of active experiments with
matter occupied the most important place in it. And it was these experiments, when
the methods of optical spectroscopy were developed, that again led to the revival of
the successful use of integers in the description of radiation spectra, in particular, of
hydrogen-like atoms, and already A. Sommerfeld, the recognized leader of this
science, wrote that an integer “reigns” in spectroscopy [4]: "The master in physics
and in physical laws becomes an integer (quantum number), which establishes order
in a discrete series of atomic states." It remained unclear why exactly the established
empirically rational numbers and the relationships between them correctly describe
and predict the emission spectra of atoms.

Bohr's hypothesis about the stationary states of atoms, together with the theory
of Heisenberg and, especially, Schrodinger, not only explained, but made it possible
to calculate almost all the observed spectra. The era of quantum mechanics has
arrived. One could think about the absolute triumph of the proposed ideas about the

structure of the World. However, some ideas about the material objects of the world
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had to be changed. Now localized material objects are represented as wave packets.
Such objects exist at a certain ratio of the phases of wave oscillations within the
limits of the dimensions of the material object, and beyond these dimensions, the
oscillations disappear as a result of wave interference. But if there are no vibrations,
then there is no object in this place. A very convenient model for mathematical
calculations in relation to the integro-differential calculus, and it correctly predicts
the behavior of objects.

Everyone (together with philosophers!) agreed with this picture of the World,
because this model correctly describes the behavior of material entities. At the same
time, there is a glaring discrepancy between the model and experiment in this
concept of material objects: if a material object is a wave packet, then each of the
waves has a different phase velocity when the object moves in the medium due to
the existence of the dielectric constant of the medium, and therefore any wave packet
will blur over time, which means that after a while the object will simply disappear,
turning into separately existing waves. This is a fundamental point, it does not
depend on how much time it takes for such an object to blur. But no one has ever
recorded a single blurred electron. Nevertheless, all physicists do not notice this
discrepancy - everyone has become positivists: mathematics provides an exact
result, so one should use it to study and explain the behavior of nature and one should
not look for the causes of some insignificant (?) discomfort (although in fact this
would mean that one should look for foundations of quantum mechanics).

Bohr's hypothesis of stationary orbits is correct, but it cannot explain why an
electron can only be in the state we observe, why an atomic electron cannot be in a
stationary state between the so-called "allowed" ones. The answer to this question is
given by mathematical solutions, and in particular, the Schrodinger equations, and
then these solutions themselves, confirmed by experiment, become the criterion of
truth. Other mathematical results also become sufficient criteria of truth in physics,
if such results are confirmed by experiment. It is along this path that the development
of modern science is carried out i.e. it became a method of knowing Nature. But in
fact, in our case, we need to look for physical reasons why an electron cannot be in

an energy state (more precisely, a quantum state) between allowed states. If they say
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that this follows from the Schrédinger equations, such an answer is untenable for a
physicist, and especially a philosopher, because electrons in atoms were only in
allowed states, when Schrodinger himself did not yet exist. A striking example of
the failure of absolute faith in mathematical results is the death of the Pythagorean
school of integrity (despite the fact that the Pythagoreans, in their belief that the
world can be described using integers, were right, but their mistake was that they
firmly believed in a pure idea and did not adapt it to the material world - this is
discussed in detail in [5]).

So, now we do not know why Nature is arranged according to quantum laws.
The modern outstanding physicist Lee Smolin clearly writes about this in [6],
arguing that quantum mechanics needs to search for its own foundations. We know
how the world works and we know how to describe it, but we don’t know why it is
so arranged. If this state of affairs suits physicists, then philosophers who ask the
eternal questions "why" should not be satisfied, but should tell physicists to look for
new principles. It is quite obvious to any unprejudiced person that if, in order to
explain the structure of the World, it is necessary to build an accelerator-collider
with a diameter of about 8 kilometers (to search for experimental confirmation of
the truth of mathematics predictions) and to collect many thousands of the highest
professionals from all over the planet to work on this device, then we are dealing
with the crisis of knowledge as such. The foundations of quantum mechanics, which
are now used by all physicists to describe the World, were laid by the minds of
several dozen people, but not tens of thousands.

2. Principle of commensurability of conserved quantities

It is possible to predict the shape of the emission spectra of a hydrogen-like
atom and other fundamental results of physics if we introduce a new physical
principle into it - the principle of commensurability of conserved quantities. It is
formulated as follows [7]:

during interactions of physical objects, conserved quantities (energies,
momenta, momentum, etc.) are redistributed between objects so that each of these
quantities has a common measure before and after the interaction.

But what does the presence of a common measure in two or more quantities of
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the same type values? This means that the values of these quantities can be measured
with the same "meter". For example, the side and diagonal of a square cannot be
measured with the same meter, because the length of the diagonal is V2 of the length
of the side, i.e. is expressed as an irrational number, and precisely for this reason
there is no third segment, their common measure, which would fit an integer number
of times on the lengths of the side and the diagonal at the same time (the
Pythagoreans discovered this for the first time). The proof that any two quantities a
and b of the same type do not have a common measure (are incommensurable) in
the case when the ratio of their values a/b is expressed by an irrational number can
be found in many classical courses of higher mathematics, in particular [8]. It can
be added to this that if any number of identical entities have a common measure,
then each of these entities can be measured using any other.

So, a hypothesis is put forward that the exchange of conserved quantities during
the interactions of physical objects may not occur in any way. This means that the
principle of commensurability imposes quite severe restrictions on the possible
variants of interactions of physical objects. This principle makes it possible to make
a transition to solving problems in physics using the mathematical methods of the
theory of integers. A natural question arises: how true are the physical results that
can be obtained by these methods? First, we must at least solve a few classical
physical problems. Two problems were solved - the problem of emission spectra of
hydrogen-like atoms and the scattering problem, a detailed presentation of which is
given in [7]. The problem of radiation considers the interaction of three physical
objects: proton, electron and photon. The electron is considered as a localized entity,
and it rotates along the classical trajectory around the proton. Exceptionally, only
when the requirements for the presence of a common measure for each of all three
conserved quantities (energy, momentum and angular momentum of the electron)
for the ground state and any other excited state are met, well-known expressions for
the spectral series of Lyman, Balmer and all other series appear. This is how we
reveal the "magism" of the values of the integers that describe these spectral series.
We got the following results:

—original physical reason experimentally observed stationary states of
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electrons in atoms is the need to fulfill the conditions of commensurability for the
ground and any other excited states over all conserved values, which are related to
transitions from the ground state to any other state.

Thus, the physical reason for the impossibility of an electron that is bound in
an atom to be in states other than those that follow from Bohr's hypothesis becomes
clear. With some regret, we now have to admit the absence of any "magic" in the
explanation of only certain quantum states of atoms, for the explanation of which
("magic") it was necessary until now to invoke the argument that "this follows from
the Schrodinger equations." In fact, this follows from the principle of
commensurability:

—only those quantum states of atoms are realized in the experiment, i.e. take
place in Nature, which are commensurable in terms of the values of the conserved
quantities in the previous and new states.

It may surprise the result: why this principle is productive? Most likely,
because this is the principle, by which the World in which we live was formed at its
very birth. If we agree with the hypothesis that the World arose from the explosion
of an infinitely small point with an infinite energy, then it is clear that there was a
time when this point was first divided into two or more parts. These two born entities
(or more of them) began to own the entire amount of each of the conserved
quantities, which was originally contained in the primary point of singularity. That
Is, this (initially total) amount was divided between two born entities. Which of the
two and how much got, for example, energy? If these quantities are commensurable,
then each of the two (or more) entities could measure this value with its counterpart
using its own value. But if the values did not have a common measure, it would be
impossible to make sure who, how much and what received as a result of division.

Thus, at the very beginning of the birth of our World, the principle of justice
was laid, although this contradicts the deep conviction of the Nobel laureate in
physics S. Weinberg, who believes [9] that morality is completely absent in the dead
world of physics.

Using the methods of the theory of integers, the problem of elastic scattering

of a test particle on a force center was also numerically solved for the case of the
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simplest form of the scattering potential in the form of a 5-function (also described
in [7]). The classical result of the behavior of the scattering cross section in the range
of angles 0°-90° is obtained. The dependences of the scattering intensities in the
range of angles 0°-90° clearly showed, firstly, the pronounced discreteness of the
deviations of the test particle, and, secondly, the presence of scattering maxima in
certain angles, i.e. the presence of preferential scattering angles. The new result is
that inside the predominant, i.e. quantized scattering angles, a finer, oscillating
structure of the behavior of the cross section is observed. So far, this result has not
been obtained anywhere. At very low scattering energies, as the interaction energy
decreases, an increase in the distance between individual, discrete diffraction
scattering rings should become increasingly clear. Classical calculations using the
existing apparatus of quantum mechanics give at very low energies only the absence
of the dependence of the scattering cross section on energy [10, 11]. It is very
difficult to verify the experimentally obtained numerical results (i.e., predictions of
calculations), since it is necessary to model the interaction potential as accurately as
possible in the form of a 5-function. The closest thing to this type of interaction
potential would be the scattering of neutrons by heavy nuclei, but the experiment
must be carried out for very low energies of interacting particles, only in this case
quantum effects could manifest themselves in the best possible way. When the
interaction energy changes at very low neutron energies, there should be "dips™ in
the values of the interaction cross sections for a number of energy values, i.e. many
neutron energies should appear at which neutrons will pass by scattering centers
without interaction (as if there were no such centers).

This is a very important conclusion from the results of solving the scattering
problem by the method of the theory of integers, namely, that at very low interaction
energies of the test particle there are a number of such energy values when the test
particle must pass by the center of force without interaction, i.e. without scattering.
For example, for charged particles one can hope to find conditions under which the
effect of superconductivity can arise even at relatively high temperatures. The
physics of this phenomenon is considered in more detail in [12]. It should be noted

separately that when solving practical problems using the methods of the theory of
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integers, it is extremely important to search for the unit of measure itself, with the
help of which we express a conserved quantity, for example, energy (or momentum,
angular momentum, etc.) in these units of measure. We work with numbers, and the
value of the number itself can be obtained only when we divide the absolute value
of the conserved quantity by a unit of measure - therefore, the number of energy
units of the particle that interacts depends on the value of the measure, and the result
of the interaction will depend on of this number!

There are two radically different cases of interaction here: the concept of a unit
of measure for bound particles, such as an electron in an atom, and also for free
particles with, for example, a repulsive interaction potential. The last case is the
scattering of a charged particle simulated by us on the simplest repulsive potential
in the form of a 6-function. For bound particles, the unit of measure is the smallest
value of the conserved quantity in the bound state of particles (ground state), and for
free particles, the unit of measure is the average value of the stochastic noise of the
medium in which the interaction takes place [13]. Then, with an artificial, for
example, increase in the average value of the stochastic noise of the medium, it is
possible to artificially increase the unit of measure of energy for electric charge
carriers, and then even a large energy of interacting particles (high temperature, if
applied to the effect of superconductivity) can be expressed in a small number of
units of measure. But for small values of the numbers with which the calculations
are carried out, many variants of the energies of the interacting particles will appear,
when, as already noted, there should be no scattering. Thus, by changing the noise
of the medium in which the scattering occurs, one can control the superconductivity
temperature. This is a fundamentally new approach to the study of the phenomenon
of superconductivity.

With the help of the concept of the presence of a measure for the conserved
quantities of physical objects that interact, it was also possible to understand and
explain the phenomenon of the requirement for the coprime of the Miller indices for
crystallographic planes that morphologically emerge on the surface of crystals [14].
All textbooks, encyclopedias and reference books indicate that the crystallographic

planes in crystals are expressed by small values of coprime numbers, i.e. three

264



SCIENTIFIC COLLECTION «INTERCONF» | Ne 121

numbers that do not have a common factor. Miller indices can be, for example,
(0,2,3) or (3,9,5), but, it is argued, never, for example, (2,4,10). In the latter case,
such a common factor is often reduced, i.e. the last version of the indices is written:
(1,2,5). Such areduction is unacceptable. As clearly shown in [15], the planes (1,2,5)
and (2,4,10) are different planes, since the plane (1,2,5) is such a plane that passes
through lattice site on the crystallographic axes, and plane (2,4,10) passes through
the void.

So, why are the index-numbers always coprime for planes that morphologically
emerge on the surfaces of crystals? From the point of view of the principle of
commensurability, the fact is that the measure of the angular momentum of electrons
that provide the chemical bond of atoms in the structure must have the same value
for all interacting atoms of the elementary cell of a crystalline substance. If the index
numbers have common factors, then this means that there is another measure, but it
is smaller in value (the number of units of the measure of the conserved value is
twice as large if, for example, the index numbers have a common factor of 2). And
if such a different measure exists for some atoms that build a plane with index-
numbers that have a common factor, then we can state an important fact: it is a
multiple! the main measure and always less! than the main measure. In fact, a unit
of measure for some conserved quantity can only be determined as a result of the
interaction of physical objects, and its value is determined for bound objects, as the
value of a conserved quantity with the greatest connection of objects (or their least
free energy, therefore, the value of a unit of measure is the greatest its value at the
greatest bound between objects). As it seems to us now, each time to determine the
magnitude of the measure for the conserved magnitudes of interacting objects, first
of all, it is necessary to study such a physico-chemical state of these objects and its
atoms, when the connection between them is greatest. This is considered in more
detail in [14].

3. How to test the truth of a physical hypothesis?

Any physical hypotheses, in order to confirm their truth, must be based on
experiment and on the deeper physical principles underlying these hypotheses. In

the case of N. Bohr's hypothesis, such a deeper physical principle in physics was the
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introduction of ideas about the wave nature of matter, i.e. that any localized object
of our world is just a clot of electromagnetic energy, a set, a "package™ of waves
with certain phases of oscillations. But such an object, as already mentioned, must
inevitably “spread” over time, no matter how small the dispersion values of its wave
components are. Such is the price that has been paid to mathematically explain
quantum, experimentally observed (that is, not invented by someone, namely, taking
place in Nature) behavior of objects in the physical world. But the most important
thing is that mathematics (and, therefore, mathematical physics, as a part of
mathematics) itself needs to confirm the truth of the results it gives, precisely by
referring to natural science. She uses the same methods to describe both the internal
state of the electron and the Metagalaxies and cannot give a completely confident
forecast (although the Greek word "mathema™ means: "exactly what is") on the
absolute truth of the results obtained by her, in particular physical results.
Mathematics tests its predictions for truth in natural science. As the mathematicians
themselves put it, they launch their constructed ships into the ocean of natural
science and see if they can float in this ocean.

If they swim, then the mathematical solution is true. After all, it was for this
purpose that the already mentioned “The Large Hadron Collider” was built. The way
out of the crisis of methods of cognition of the World can only be the emergence of
new fundamental physical principles that facilitate its description. New principles
generate new knowledge. And even any hypotheses in this direction should be
welcomed and supported in every possible way, even if at the stage of their
discussion there may be doubts about their truth. The principle of commensurability
makes it possible to make a transition to solving problems in physics using
mathematical methods of the theory of integers. But the question arises, how true is
this principle, what does it rely on?

Its truth is confirmed by the fact that it satisfies the universal criteria for the
truth of any new knowledge:

a) any new knowledge should contain the old as a special case:

this criterion is met by the results obtained in solving the problems of radiation

of hydrogen-like atoms and the scattering problem. The obtained behavior of the
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scattering cross section has a classical form at high energies of the test particle and
does not depend on the energy at low energies. At extremely low interaction
energies, the current methods for solving the problem do not show any features in
the behavior of the cross section, while the proposed method can be used to obtain
the exact value of the cross section for any arbitrarily small interaction energies.
When solving the problem of radiation spectra of a hydrogen-like atom, spectral
series well known from experiments (i.e. Lyman, Balmer, etc.) were obtained and a
completely clear physical interpretation of the causes of stationary states of atoms
was given. Each stationary state must have a common measure in terms of conserved
quantities with the ground state of the atom. This is the true physical cause of the
chosen (possible, i.e. "allowed") states of atoms. Other states (if there were
appropriate  mathematical solutions) are not realized in Nature - they are
incommensurable with the main state. Thus, the "secret” of Bohr's quantization
hypothesis is revealed.

B) new knowledge should give previously unknown results so far:

as regards radiation spectra, the novelty of the results was mentioned above,
and in the scattering problem it became possible to calculate the exact value of the
scattering cross section for any values of the test particle energy up to several energy
units. Quantum mechanics, which works with particles as wave formations, gives
only average values of the scattering cross sections for such extremely low energies
(i.e. for energies extremely close to absolute zero). And the integer calculation
method makes it possible to predict when, i.e. at what energies of interacting
particles, a test particle cannot be scattered, and this means that the passage of such
particles through scattering centers occurs without loss of energy. Such non-
dissipative passage of particles, for example, over a thin conductive film deposited
on some substrate would mean that it (the film) is in a superconducting state.

Thus, using integer calculations, one can hope to find the conditions for the
realization of "windows" with a relatively large temperature in the values of the
superconductivity temperature. From the solution of the problem of radiation of
atoms, results are also obtained, with the help of which it is possible to explain the

physics of interatomic distances in crystals at the level of electronic states of atoms
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of matter and, consequently, to explain the physical causes of possible parameters
of crystal lattices.

c) new knowledge should not be internally contradictory, i.e. the results
obtained from it must not conflict with the original axioms:

fundamental axiom of the transition in physics to calculation methods using
integer mathematics is the hypothetically assumed necessity of the
commensurability of conserved quantities during the exchange of these quantities,
during the interaction of physical objects. The results obtained so far do not
contradict this axiom.

Thus, the validity of the discussed principle of commensurability (which, in
particular, provides physical foundations for confirming the Bohr hypothesis of
quantization) is confirmed by experimental spectroscopic data of measurements of
the radiation of a hydrogen atom and scattering experiments. But it is extremely
important that the principle of commensurability is based on an even deeper
principle - an absolutely primary principle of morality. The principle of morality was
realized already in the very first act of the birth of the World, when as a result of the
“Big Bang” an infinitely small singularity point with infinitely high energy, the very
first two entities were born from this point. Between them there was a separation of
quantities that are absolutely conserved (we now call them energy, momentum, etc.).
These values were divided between the emerging entities fairly - and morality is
already embedded in this justice. But how to realize "justice" from the point of view
of physics? This can be done if each of the emerging entities will be able to measure
each conserved value of its counterpart with the help of its own conserved value (it
must be remembered that at the time of the first division in the World there was
absolutely nothing but these two entities). It is precisely such a hypothetical
possibility to "measure” the value of the conserved quantity of his counterpart with
the help of his own ability to "make sure” in each of them that
the matter that belonged to both of them at first, divided "honestly™ and accurately.
But such a measurement can be done in a single way, when the ratio, for example,
of such a conserved quantity as the energy of the object "a" (for example, E.) to the

energy of the object "b" (Ep) is a rational number, i.e. E4/Es is a rational fraction. If
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such an attitude were irrational, then it would be possible to verify the accuracy of
the division of any substance only up to some sign. However, if this ratio is expressed
by a rational number, such two quantities always have a common measure, and then
the values of Ea, En can be expressed as integers of units of this measure. Thus, the
interaction of physical objects can now be described using integer mathematics. We
emphasize that the integer method of describing physical reality implicitly contains
morality. Therefore, such a description of the World (with the help of integer
methods) should be more true in comparison with the currently existing methods of
integro-differential calculus, which is based on the concept of infinitely small
changes in some variables at infinitely small distances, when physical objects
interact and change their states as a result such an interaction.

As already mentioned above, another specific, substantive problem was also
solved [14], which still had no solution: a physical justification was found for the
hitherto “mysterious” requirement in crystallography that index-numbers denoting
crystallographic planes were necessarily coprime. Until now, these requirements for
coprime of these numbers have been accepted without discussion, simply as a firmly
established experimental fact. Using the principle of commensurability, we
succeeded in formulating the physical foundations for the symmetry of crystals,
which follow from the electronic states of atoms. Let us add to what has already
been said that, in fact, the principle of commensurability is universal and it is related
to all conserved quantities, including those that may sometime in the future be
established when describing the interaction of physical objects. It is important that
when describing such objects, any new states of them can be realized in the
experiment only when the new state has a common measure for all conserved
quantities with the primary state of the system (in other words, only such new states
are realized in Nature). This allows you to select from the set of all states obtained
from mathematical operations, only true ones.

Thus, using the principle commensurability, mathematics derives from physics
(i.e., from natural science, as it should be) a powerful tool and criteria for verifying
the truth of their own solutions (probably this is not accidental - all branches of

mathematics arose from theory of numbers and the search for the actual foundations
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of mathematics is also conducted in the field of integer theory). Such a formulation
of the problem of the development of knowledge, in our opinion, is
epistemologically more correct.

4. Conclusion

Any science cannot develop without new ideas. New ideas may arise either
because of the impossibility of explaining firmly established experimental facts with
the help of existing ideas or because of the dissatisfaction of explaining such facts
with the available means. New ideas hardly win over an audience, especially in
physics, because it is precisely its conservatism that ensures the reliability and
repeatability of samples of technology, without which our life cannot be imagined
now. However, the time comes for the exhaustion of the old methods of cognition
of the World, and ending the deadlock can only be the search for new ideas. The
need to search for new physical principles could be qualified and substantiated by
philosophers working in the field of natural science (or at least evaluate the
formulated new principles), but they are completely crushed and demoralized by the
successes of natural science in the period of the twentieth century. They tail along
of the interpretations of the facts obtained by natural science and, in fact, there is no

philosophy of natural science today.
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