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Axiomatization of physics that D. Gilbert hankered after is implemented by methods of the theory of non-linear
oscillations, using Mandelstam-Andronov’s applied scientific methodology
[ J
Axiomatization of Physics
and Quantum Theory

Axiomatization of physics means identification of a minimal set of the material world objects
and interactions between the same that allow for an academic understanding of the structure of
functioning of the material world objects.

The idea of axiomatization of physics belongs to D. Gilbert. After successful axiomatization
of a number of branches of mathematics, he made attempts to axiomatize physics as well but
failed. Mathematics, that had evolved as an applied discipline, by then completely lost its
semantic load and became an abstract, purely syntactic quantitative discipline being a “thing in
itself” which basics development no longer depended on other scientific disciplines. That is why
it permitted axiomatization of its branches.

The fundamental system of physical concepts of the material world structure was not
complete back then: the microworld theory did not account ether with its resistance to motion of
microobjects, did not account magnetic interactions between microobjects, did not know
structures of photon, electron and neutron,... . All the physical experiments required to this
effect had not been carried out yet. Physics was not ready for a principal potential possibility of
purely theoretical understanding of the structure and functioning of various material world
objects to occur in the framework of existing fundamental assumptions.

A multitude of individual assumptions of the material world structure largely divorced from
each other but capable of consolidating into a complete fundamental system had formed only in
the second half of the previous century. However, the quantum theory appeared to be incapable
of consolidating these assumptions into a single real system. Many of these assumptions were
not understood, were underestimated and consigned to the “dustbin of physics”.

The reason for the underestimation was that physics accepted the hypothesis of existence of
the smallest quanta of energy to be the central concept of the world structure.

Axiomatization of Physics
and the Theory of Non-Linear Oscillations

The situation changed following the experimental results that spoke for the fact that
indivisible quanta of energy and indeterminacy principles are rather abstract subjective
computational tricks of the quantum theory rather than objective factors of the material world
[1]. Physics ignored these results, it did not “notice” them.

The theory of non-linear oscillations engaged in the study of the situation. The methods of
the theory of non-linear oscillations revealed the reasons why the microworld physics addressed
the hypothesis of existence of the smallest quanta of energy. The original reasons for it were
erroneous assumptions of the absence of material ether in nature and erroneous assumptions of
magnetism resulting from motion of electric charges. As a result of these mistakes the
microworld theory denied ether and its resistance to motion of microobjects as well as it denied
magnetic interactions between microobjects.

If taken into account, these factors would allow for obtaining information on the structure of
the material world objects unobtainable by the quantum theory [2-36].

Analysis of new information on the structure of the material world objects shows that the
axiomatic base of fundamental physical assumptions already exists, apparently, in a fragmental
form. Let us attempt to combine it into a system.

o



The fundamental system of physical assumptions of the material world structure in our
Universe consists of five elementary microobjects: neutron n, electron e, positron 4, antielectron
a, antipositron g, five infinite sequences of elements similar to neutron: ni,n,,ns,..., electron:
e1,ez,e3,..., POsitron: 01,0,,0s,... , antielectron: a1,2,,23,... and antipositron: ¢1,¢2,03,... , wWhich
masses, as the number is increased, each time are incomparably decreased while densities are
incomparably increased, and of four types of interaction between them, namely gravitational,
electric, magnetic and neutron.

Elementary Microobjects
Neutron n has “positive” mass m,=1.67495-10?'kg, self-magnetic field with magnetic
moment vector u, and intensity Hy=(y+y1)(unr)rr =yt %0 *—piuar 2, where r is radius
vector from neutron to a point where H, is determined, y and y; are parameters to be identified,
and is a paramagnetic substance. It is involved in gravitational interactions. Neutron consists of,
incomparably smaller and denser neutron-like ether elements n; and features a circular whirl-like
structure (Fig.1).
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Fig. 1. lllustration of neutron structure

Electron e has “positive” mass me=9.1053-10 ! kg, “negative” elementary electric charge (—
e). e=1.60219-10*° C, self-magnetic field with magnetic moment vector u. and intensity
H.=(+y1) (uer)r *[cos?(uer)]? r—yir *ue, and is a diamagnetic substance. Due to a high exponent
at a cosine of angle between u. and r, magnetic field of electron has a very narrow, needle-like
self-magnetic field similar to magnetic field of a long narrow solenoid. It is involved in
gravitational interactions. Electron consists of incomparably smaller and denser, electron-like
ether elements e; and features a long and thin cylindrical whirl-like structure (Fig.2).
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Fig.2. lllustration of electron structure

Positron ¢ differs from electron in the electric charge “sign” only — (+e).

Antielectron 2 has “negative” mass me, “positive” electric charge (+e), self-magnetic field
with magnetic moment vector u. and intensity H., and is a diamagnetic substance. It is involved
in gravitational interactions. Antielectron consists of incomparably smaller and denser,
antielectron-like ether elements 2; and features whirl-like structure of the same kind as electron.

Antipositron ¢ has “negative” mass me, “negative” electric charge (=e), self-magnetic field
with magnetic moment vector u. and intensity H. and is a diamagnetic substance. It is involved
in gravitational interactions. Antielectron consists of incomparably smaller and denser,
antielectron-like ether elements ¢; and features whirl-like structure of the same kind as electron.

Elementary Objects
of Matter Organization Levels Deeper
than Macroworld and Microworld



Elementary objects of matter organization levels deeper than macroworld and microworld:
Nk, €, Ok, 2k, Ok, k=1,2,3,... feature whirl-like structures that consist respectively of elements
Nk+1y Bk+1y Ok+l, Pk+ly Pkl

Interactions
Between Material Objects

Gravitational interaction is central and does not depend on the direction. It takes place
between all material objects. Gravitational interaction force Fg=Gmim,r?, G=6,672-10"
N-m?-kg %, m;,m; are masses of interacting objects, r is distance between interacting objects.

Electric interaction takes place between electrically charged objects. It is central. Electric
interaction generates forces of attraction between charges of different “sign” and forces of
repulsion between charges of the same “sign”. Electric interaction force Fe=qiq.r 2, where
01=kie, g2=kze, kiand k re integers.

Magnetic interaction takes place between all material objects. Since magnetic fields are non-
central, magnetic interactions depend on directions of interacting fields. Subject to [37], an
object that has a self-magnetic field with magnetic moment u is exposed to magnetic force
Fn=V (uH), where V is Hamilton operator (gradient), (uH) is operator of a scalar product of
vectors u and H, applied from external magnetic field H. A paramagnetic object is drawn into
the external magnetic field while a diamagnetic object is pushed out from the external field. The
magnetic interaction force occurs if only the external magnetic field is non-homogeneous, if its
intensity has a non-zero gradient.

Apart from the magnetic force a paramagnetic object is exposed to magnetic moment
Nm=[uH], [uH] is operator of a vectorial product of vectors # and H. In case with a diamagnetic
object, Nmy= —[uH]. If a paramagnetic object does not lack rotational degrees of freedom, then
moment Ny, makes it rotate so that its magnetic moment vector u takes the direction of external
magnetic field intensity vector H. This means that N, tends to orient 4 in relation to H so that
Fm for the paramagnetic object is as high as possible. The result of the object exposure to Ny, is
called orientation effect [38].

Interaction of a diamagnetic object’s self-magnetic field with the external magnetic field
causes the magnetic repulsion force that tends to push the diamagnetic object from the magnetic
field.

The orientational magnetic effect occurs in any external magnetic field, either homogeneous
or not.

Neutron interaction takes place only between neutrons. Neutron field is central. The force of
neutron interaction between two neutrons F,=pr-qr°, p=1581-10kg-m°s?,
0=5032-10"*kg-m®-s 2.

Composite Microobjects

Proton consists of neutron and antielectrona (Fig.3). It is in a single stable equilibrium due to
magnetic repulsion between neutron and antielectron and “negative” mass of antielectron. In this
structure, the centers of mass of neutron and antielectron are in the same point. Proton mass
m,=1.67265-10"*kg. It is 0.00221-10*'kg smaller than difference of masses of free neutron and
antielectron mn—me:1.67486-10‘27kg. This disbalance of masses is due to that fact that neutron
and antielectron have whirl-like structures: when neutron and antielectron unit their masses
decrease because of the opposite twisting of their ethereal jets and because the centers of mass of
neutron and antielectron coincide. Antielectron transfers to proton its electric charge and its
diamagnetism. An electric charge of proton is equal to an electric charge of antielectron (+e).
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Fig.3. lllustration of proton structure

Magnetic moment of proton , should be equal to difference pe—tn=3-10"*11c=0.9997 but, in
reality, ,upzﬁl Ue, 6=8.372, i.e. 1p=0.119 p.. This is again due to whirl-like structures of neutron
and antielectron and because the centers of mass of neutron and antielectron coincide which
results in a decrease of these masses and, therefore, in a decrease of their self-magnetic fields
within proton, i.e. in a decrease of x. and w,. Based on such a variation in masses of neutron and
antielectron within proton, it should be expected that an electric charge of proton should also
decrease. The self-magnetic field of proton consists of a weak “wide-angle” magnetic field of
neutron and a strong, extremely narrow magnetic field of antielectron.

Antiproton consists of neutron and antiproton. It has all properties of proton but its electric
charge is (—e).

Protonium is an object that consists of proton and antiproton. It is in a single stable
equilibrium in which the distance between proton and antiproton is 6.33-10 **m.

Positronium consists of electrona u positrona. It is in a single stable static equilibrium in
which the distance between electron and positron is 4.4-10 °m.

Antipositronium consists of antielectrona and antipositrona. It is in a single stable static
equilibrium in which the distance between antielectron and antipositron is 4.4-10 *° m.

Photon. Photon is a dipole of electron-like microobjects one of which has a “positive” mass
and another — a “negative” mass. These are electron-antielectron and positron-antipositron
dipoles which total electric charges and total masses are zero. There are two diploes more:
electron-antipositron dipole and positron-antielectron dipole each of which has a double electric
charge. All these dipoles are capable of self-accelerating to a velocity a steady value of which is
a function of the density of ether on the dipole path.

Electron-antielectron dipole is in a single unstable equilibrium when r=4.4-10"° m, where r
is a distance between electron and antielectron. If r<4.4-10 '°m, the dipole is “fast” and moves at
a velocity close to ¢ along straight line | on which both electron and antielectron are located. This
happens because forces of electric and magnetic interactions between electron and antielectron
are on straight line I. In such dipole electron is moving ahead while antielectron is following its
“track”. The dipole properties differ based on the position of magnetic moment vectors of
electron and antielectron (Fig.4; « is for electron, < is for antielectron) relative to each other. In
case with 4 version the electron mass exceeds the antielectron mass, and the moving dipole
emits electromagnetic waves which frequency is a function of the difference between the
electron mass and antielectron mass.
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Fig.4. A and B versions of electron-antielectron dipole

In case with B version the electron mass is less than version the electron mass; no
electromagnetic waves are emitted in this case.

“Fast” electron-antielectron dipole takes part in the phenomenon of excitation of atoms and
other microobjects. Although a total electric charge of a dipole and a sum vector of a magnetic
dipole are zero, it has dipolar electric field (Fig.5) and a bivariant magnetic field (Fig.6).



Fig. 5. Electric field
of electron-antielectron dipole

Fig. 6. Magnetic fields of 4 and B versions
of electron-antielectron dipole

If r>4.4-10°m, dipole is “slow”, its motion velocity is incomparably slower than c. As a
result, there exist electric current, constant magnetism, fireball, etc.

Dipoles having double electric charges have no unstable states of equilibrium. They can only
be “fast”. Their motion velocities exceed c.

Unexcited atom consists of a nucleus and electrons. Based on the measurements of nuclear
scattering of a-particles, E. Rutherford established an empirical dependence of nuclear radius on
the number of nucleons in the nucleus rn,=1.4-4*3-10"°m.

Unexcited atom of protium consists of a nucleus — proton and one electron. Due to the
magnetic orientation effect magnetic moment vectors of proton and electron are located on a
straight line that crosses centers of mass of proton and electron (Fig.7, o — proton, e - electron).
This atom is in a single stable equilibrium.
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Fig.7. Structure of unexcited protium

This form of protium exists because of electric attraction and magnetic repulsion between proton
and electron.

A random atom nucleus has a quasi-crystalline structure of its nucleons— neutrons and
protons [1]. Due to the magnetic orientation effect its magnetic field consists of a system of
separate nucleonic magnetic clusters. Magnetic moment vectors of each cluster nucleons are
located along a straight line that crosses all nucleons of this cluster. Each magnetic cluster of a
stable nucleus contains one and only one proton. Therefore, charge number Z of nucleus is equal



to the number of nucleonic magnetic clusters in the nucleus. Since proton has extremely narrow
and strong self-magnetic field component, the magnetic field of the nucleus is Z system of
extremely narrow, needle-like magnetic fields similar to sea-urchin needles in shape (Fig.8).
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Fig.8. System of sea-urchin needles as a countertype
of atomic nucleus magnetic field shape

A stable neutral unexcited atom contains Z number of electrons each of which is on the
centerline of the nucleonic magnetic cluster of the nucleus.

Isobaric variety of atoms is due to the fact that a nucleus having the same number of
nucleons may have different numbers of nucleonic magnetic clusters, i.e. different numbers of Z
protons.

The phenomenon of excitation of microscopic objects consists in the capability of self-
magnetic fields of microobjects to capture photons if masses of such microobjects do not exceed
some critical value m. Each photon is captured as one, without disintegrating into separate
elements of photon dipole. It is located on the centerline of one of nucleonic magnetic clusters of
the microobject so that the “motive force” of the dipole becomes directed along the straight line
of the cluster it was captured by towards the nucleus which magnetic field this cluster is a part
of. The “motive force” of the dipole makes the microobject it was captured by accelerate to a
velocity which steady value depends on the density of ether on the way of this “excited”
microobject. If the microobject mass exceeds some critical value m, the dipole approaches the
microobject that did not make to accelerate in time and “comes off”” the magnetic cluster it was
captured by.

For the same reason, an “excited” microobject can lose photon dipoles it captured if it
collides with another microobject in its motion. A collision of a moving “excited” microobject
with another microobject is a random event. That is why the “lifetime” of an “excited”
microobject is a random value.

Electromagnetic radiation of atoms can be of photon type or of all-wave type. Photon
radiation is emitted by “excited” atoms at collision with other microobjects. L-wave radiation is
emitted by each separate element of atom as a result of external disturbance of the equilibrium of
the atom elements. Electron-like microobjects restore to the initial equilibrium under electric and
magnetic interactions in oscillating conditions. Protons and neutrons of a nucleus restore to the
initial equilibrium under electric, magnetic and neutron interactions. In this case protons emit
electromagnetic waves while neutrons emit only magnetic waves. Neutron interactions make
protons and neutrons emit microwaves.

Proton is a composite microobject that consists of neutron and antielectron bound only by
means of magnetic interactions. The natural frequency of electromagnetic radiation of proton is
estimated to be 2.5-10%s ™.

The natural frequency of unexcited protium is described by the equation:
[w(H)]?=a*B>m. '-0.25h?m. %, where a=¢” is a parameter of electric interaction, A is a parameter
of magnetic interaction, h is coefficient of ether resistance to motion of electron in protium,
h=1.5-10"°kg-s*. This frequency depends on the density of ether in the vicinity of protium: an
increase in protium density results in a “red” shift of this frequency. The superlight “red” shift of
electromagnetic radiation of atoms determined experimentally in peripheral regions of our



Universe gives experimental evidence to the fact that the Universe is finite and that the density
of ether increases on its periphery out of external matter captured by our Universe.

Molecules of matter are aggregations of atoms. Atoms and molecules of almost all chemical
substances, without regard to sizes of nucleus and eclectrons, feature “three-dimensional”
structures The exception is atoms and molecules of hydrogen and hydrogen-like — singe-electron
ions of other substances.

Hydrogen molecules are aggregations of two hydrogen atoms. They feature “one-
dimensional” structures. It has been experimentally established that there may be two kinds of
hydrogen molecules in nature. Theoretical research showed that hydrogen molecules can take
two possible forms (Fig.9). Chemists called these forms orthohydrogen and parahydrogen. The
analysis showed that H; form is “static” and is in a static equilibrium. Another form, Hp, is
“flickering” and exists in conditions of constant self-sustained periodic reciprocal oscillations of
all its elements initiated by periodic successive reversals of the internal proton’s magnetic field
from one side to another.
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Fig.9. Structures of “static” and “flickering” hydrogen molecules

As a result of these constant reversals of the internal proton’s magnetic field the proton kind of
loses its magnetic field.

Due to magnetic interactions and magnetic orientation effect both “static” and “flickering”
hydrogen molecules have ‘“one-dimensional” structures which real cross dimensions are
determined by the proton dimensions. According to Rutherford’s empirical estimation, proton
diameter is 2.8-10°m. This value of cross-dimensions of hydrogen atoms and molecules
completely clarifies the cause for the experimentally detected diffusive seeping of hydrogen
through metal walls of vessels containing it.

In normal earthly conditions, *He u *He cannot form helium molecules. At extremely low
temperatures, a “one-dimensional” form C of these atoms exist that cannot exist in normal
conditions because of extremely small values of its first ionization potentials. These ionization
potentials are A(*He,C)=1.449 eV, A(*He,C)=1.313 eV. Neutral “He and ®He contain two
electrons each. In C form atoms, these electrons are located on the same nucleonic magnetic
cluster of the nucleus, on the same side from the nucleus (Fig.10). An external electron in C form
is distanced from the nucleus next farther than the internal one.
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Fig.10. C form helium structure

This is the cause for extremely low values of the first ionization potentials.

The C form of helium atoms features pronounced dipolar coulombian properties. This is why
at extremely low temperatures atoms can unite into “one-dimensional” helium molecules of
macroscopic length. The binding energy of *He in a two-atom molecule is W,=0.862 eV. For
3He, this energy is W,=0.186 eV. These figures give an idea of temperatures at which super-long
macroscopic helium molecules form.

“One-dimensional” helium molecules of macroscopic length form a superfluid component of
liquid helium. Cross dimensions of these molecules do not exceed 4.44-10 °m for *He and
4.04-10"°m for *He respectively. That is why these molecules freely penetrate through normal
components of liquid helium and through fine filters that do not pass normal components.



Due to the magnetic orientation effect, superfluid molecules of liquid helium tend to take
straight shapes. In confined vessels, these molecules, because of their macroscopic length that
exceeds sizes of the vessels, are in convoluted internally stressed conditions. That is why
fragments of these molecules, tending to extend, are pushed out onto elevated surfaces of bodies
placed in liquid helium, climb up the walls of the vessels and flow over them.

In capillary vessels, nothing prevents these molecules from extending. That is why they
penetrate through such vessels almost without resistance, like thin needles fly through straight
vertical tubes.

In case with confined vessels, superfluid components quite densely fill the vessels due to
macroscopic lengths. As a result, any spatially-localized temperature perturbation almost
instantly becomes spread throughout the volume of liquid helium at a velocity of electromagnetic
interactions propagation.

Magnetism in the Material World

Magnetism plays a unique part in the material world structure. Atmospheric vortexes on our
planet are real visually observable phenomena used as direct analogy in understanding of
electron structure. Stable existence of both atmospheric vortexes and electrons is supported by
vortex-like magnetic whirls that are quite peculiar, purely magnetic structures self-sustained as
they are continuous pumping through themselves surrounding masses of ionized ambient air and
electron-like ether elements e; respectively.

Each e; elementary ethereal object consists of e, elements and features whirl-like structure as
shown on Figure 2; each e, element consists of e3 elements and features whirl-like structure of
the same shape;... . Each of such elements has its own magnetic vortex-like whirl that enables
their stable existence.

The same applies also to other elements of the material world: ny, di, ax, ¢k, k=1,2,3,...

The uniqueness of the material world structure is defined by the fact that all elementary
objects of different levels of matter organization are stable only due to magnetic interactions,
only self-sustained vortex-like magnetic whirls that function as dynamic magnetic frames of
their elementary objects.

It follows that no material world as we know it would exist without magnetism the function
of which in the material world structure the quantum theory failed to estimate.

[ J

The axiomatic fundamental base of physics, unclear and segmental, formed in the second
half of the previous century. This is supported by the findings described in [2-36]. Such
axiomatic fundamental base of contemporary physics laden with the quantum theory concepts of
the material world structure cannot be developed in principle.

This is confirmed by the fact that EmDrive was invented on a purely intuitive basis rather
than on a basis of physical knowledge [33]. Even though multiple tests repeatedly confirmed the
EmDrive operability, physicists failed to identify a substantial nature of its jet thrust.

The axiomatic fundamental base of physics has been successfully developed only by the
theory of non-linear oscillations that already in the previous century outgrew the limits of a
purely physical discipline and became, due to emergence of Mandelstam-Andronov’s applied
scientific methodology, a methodological base of scientific disciplines that use abstract
guantitative formalisms in their studies.
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Muxkpomup 36
AKCUOMATHU3ALUA PU3NKHU

H.H.JIeonos

Axcuomaruzanus ¢usnk, o kKortopoil meuran JI.I'miap0epT, ocyliecTBieHa METOJIaMU TEOPUHM HEINMHEWHBIX
Kose0aHuH, ¢ MOMOIIBIO MPUKIATHON HAyYHOU MeToaonoru MaHenpiTaMa- AHIPOHOBA
°
AxkcuomMatusanms PpU3NKu
U KBAaHTOBasi Teopus

[Ton akcmomaru3zanueld (pU3MKN MOHUMAETCS BBISIBJICHHE MUHHUMAJIHHOTO HAOOpa O0OBEKTOB
MaTepuagbHOro Mupa M B3aUMOJEMCTBUH MEXIy 3TUMH OOBEKTaMH, 00ecreyuBarolIUMU
BO3MOJKHOCTb ~ YHCTO  TEOPETHUYECKOTO  JOCTMIKEHUsS  IIOHUMaHUs  yCTPOMCTBA M
(GYHKLMOHUPOBAaHUS 0OBEKTOB MaTepuaibHOro Mupa.

ABTOpOM wHzen akcuomaruzauuu ¢usuku siasercs J.IunbOepr. VYcmemHo mnposens
AKCHOMATH3aLUIO Psia Pa3feioB MaTEMATUKU, OH MIPEAPUHII TONBITKM aKCHOMAaTU3UPOBATh U
¢usuky. Ho peanusoBark 3Ty uaer0 oH He cyMeld. MaremaTHka, BeIpocIlasi Kak NMPUKJIaJHAs
JUCLHUIIIMHA, K TOMY BPEMEHHU IOJHOCTBIO OYMCTWIIACh OT CEMAaHTUYECKOW HArpy3Kh H
npeBpaTwiach B aOCTPakTHYI0, YHMCTO CHHTAKCHYECKYIO0 KOJUYECTBEHHYIO JHCLUIUIMHY,
SBJISIOILYIOCS «BELIbIO B ce0e», pa3BUTHE OCHOB KOTOPOH yXKe HE 3aBHCEJIO0 OT IPYIHX Hay4HBIX
qucnuivH. [103ToMy OHa 1o3BoJMIIa MPOBECTH AKCMOMATH3aLUI0 CBOMX Pa3JIEioB.

@dyHnaMeHTanbHasE cucTeMa (DU3MUYECKUX MpeCcTaBlIeHUl 00 YyCTpoiicTBE MaTepUalbHOTO
Mupa B TO BpeMs em€ ObUla HEMOJHA: B TEOPUM MHUKPOMHpA HE YUMUTBHIBAJICA 3QHUp, C €ro
COIIPOTHUBIIEHUEM JIBUKEHHUIO MUKPOOOBEKTOB, HE YUMTHIBAIUCh MAarHUTHbIE B3aUMOEHCTBUS
MEX/1y MUKPOOOBEKTaMH, HE ObliIa U3BECTHBI CTPYKTYpbl (POTOHA, SJIEKTPOHA U HEUTPOHA,... .
Emé He Ol mocTaBieHbl BCe HEOOXOAMMBIE JUIsl 3TOro (hu3nyeckue sKcrnepuMeHThl. Pusnka
emi€ He ObljIa TOTOBA K TOMY, YTOOBI MOSBUIIACH IPUHIIMITMATIbHAS IOTEHIHMAIbHAS BOZMOKHOCTh
YHUCTO TEOPETHUUECKOTO JTOCTHKEHUS TOHUMAaHUS YCTPOICTBAa U (PYHKIIMOHUPOBAHUS PA3TUUHBIX
00BEKTOB MaTepuanbHOro Mupa, Ha 6a3e umeromuxcs (yHIaMeHTAIbHbBIX [IPEICTAaBICHU.

MHOXeCTBO OTJENIBbHBIX, BO MHOI'OM HE CBS3aHHBIX MEXAy COOOM, MpencTaBieHUH 00
ycTpoiicTBe MarepralibHOro Mupa, cnocoOHoe K 00bEAMHEHHIO B MOJHYIO (yHIaMEHTaIbHYIO
cucreMy, c(hOpMUpPOBAIOCH TOJIBKO BO BTOPOM MOJOBHHE MpONUIOro Beka. OpHako, KBaHTOBas
Teopusi OKa3ajachb He CIHOCOOHA OOBEIUHUTH BCE ATH MPEACTABIEHUS B €IUHYIO DPEaJbHYIO
cucreMy. MHOTHE U3 3TUX NPEJCTaBICHUN OBIIIM HE MOHATH U HEIOOLEHEHbI, U OTIPABJICHBI HA
«(PUBHYECKYIO CBATKY.

[TpyunHON STOM HEOOLIEHKM SBWJIOCH NPUHATHE (HU3UKONW, B KayecTBE ILEHTPAIHHOTO
npejcTaBieHuss o0 ycTpoiictBe Mupa, THIOTE3bl  CYIIECTBOBAHUS HAaWMEHBUIMX KBaHTOB
OHEPIUH.

Axcnomarusanus Gu3nKu
U Teopusl HeJIMHEHHbIX KOJIeOaHuil
CI/ITyaI_II/IH U3MCHUJIIaCh, KoOraa OBLTH MOJIYYCHBI OKCIICPUMCHTAJIBHBIC PC3YJIbTAThI,
TOBOPSIIME O TOM, YTO HeAEIMMble KBAaHThl SHEPrUU W COOTHOILIEHUS HEOMNpPEeIeIEHHOCTEN
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SBIISIIOTCS He OOBEKTUBHBIMH (paKTOpaMu MaTepualbHOro Mupa, a BCEro JIMib a0CTPaKTHBIMH
CyOBEKTUBHBIMU BBIYUCIUTEIBHBIMA TIpUEMaMH KBaHTOBOW Teopuu [1]. dusuka Ha 3TH
pe3yJIbTaThl HE OTPEArupoBaja, OHa UX «HE 3aMETUIIa.

W3ydyeHreM cuTyallud 3aHsAJach TEOpHsl HEIMHEHHBbIX Kojebanuil. Metogamu Teopuu
HEJIMHEHHBIX Kole0aHui OBUIM BBISBICHBI NPHYMHBI OOpamieHus (U3UKM MHUKpPOMHpa K
TUIIOTE3€ CYIIECTBOBAHUS HEACTUMBIX KBAHTOB OJHEpPruu. VICXOOHBIMU MPUYMHAMHU 3TOTO
OKa3aJINCh OIIMOOYHBIE MPEICTaBICHUS 00 OTCYTCTBMM MaTepuaiibHOro 3¢upa B Ilpupone u
OIIMOOYHBIE MPEACTABICHUS O TOM, YTO MAarHETH3M IOPOXKIAETCS ABUKEHHUEM JJIEKTPUUYECKHUX
3aps0B. OTH OMIMOKM TPUBENIM K OTKa3zy OT ydera, B TEOPUHM MHUKPOMHUpA, 3]upa, ¢ €ro
COTPOTUBIICEHUEM JIBHXKEHUI0O MUKPOOOBEKTOB U K OTKa3y OT y4eTa MarHUTHBIX B3aUMOJICHCTBUI
MEXTYy MUKPOOOBEKTAMHU.

Yuer 3THUX (PAKTOPOB TMO3BOJHI MOMYy4YUTh HHPOpMANUI0 00 YCTPOHCTBE OOBEKTOB
MarepualibHOro Mupa, HeIOCTYITHYIO KBaHTOBO# Teopuu [2-36].

AHanu3 HOBOU uHGpopmanuu o0 ycTpoiicTBe 00BEKTOB MaTepuaabHOr0 Mmupa TOBOPHUT O
TOM, YTO AaKCHOMaTHuyeckas Oa3a (yHZaMEHTATbHBIX (U3MYECKHX MPEACTABICHUN I10-
BUJIUMOMY, B pPa3pO3HEHHOM BHE, yxke cymecTByer. [lompobyem cobOpaTh €€ B enUHYIO
CUCTEMY.

°

OynnaMeHTanbHas cUcTeMa (DU3MUYECKUX TPEICTaBICHUI 00 YCTpOWCTBE MaTepUaNbHOTO
Mupa B Hateil BceneHHO#M COCTOUT U3 MATH AJIEMEHTapHBIX 00bEKTOB MUKPOMHpPA — HEUTPOH N,
QJIEKTPOH €, TIO3UTPOH &, AHTUANEKTPOH 2, AHTUIO3UTPOH @, MATH OECKOHEUHBIX
MOCIIEA0BATEIBHOCTEN 3JIEMEHTOB, MOJOOHBIX HEHUTPOHY: N1,N2,N3,..., JNEKTPOHY: €1,€2,€3,...,
MO3UTPOHY: 01,02,03,... , AHTHDIIEKTPOHY: 21,32,23,... U AHTUIO3UTPOHY: @1,02,03,... , MAcChl
KOTOPBIX, IIPU YBEIMYEHUU HOMEPA, KKIBIM pa3 yMEHBIIAIOTCS Ha HECKOJbKO MOPSAIKOB, a
IUIOTHOCTH Ha HECKOJIBKO MOPSAKOB YBEIMYMBAIOTCS, U U3 YETHIPEX BHUJIOB B3aUMOJCHCTBUI
MEXy HUMH — TPaBUTALIMOHHOE, MIEKTPUYECKOE, MATHUTHOE, HEUTPOHHOE.

DJleMeHTapHbIe 00beKTHI MUKPOMHUPA

HeiliTpon N o0namaer «mOJIOKUTEIHHOM» Maccou mn:1,67495-107271<r, CcOOCTBEHHBIM
MarHUTHBIM [OJIEM C BEKTOPOM MAarHUTHOIO MOMEHTa Mn M C HalpsHKEHHOCTBIO
Ho=(+90) (an) e =piunt 2,0 *—piuar ™, Te r — pammyc-BeKTOp OT HEHTPOHA A0 TOYKH
OTpesieNIeHus] BeTUUuHbl Hy, y U 1 — mapameTpsl, Mojulexaliue UAeHTU(UKAUN, U SBISeTCS
napamaraieTukoM. OH y4acTByeT B TPaBUTALMOHHBIX B3anMojieiicTBuAX. HelTpoH cocTouT u3,
Ha HECKOJIbKO TOpPSJIKOB Oojiee MEJIKMX M Ha HECKOJbKO TMOPSAIKOB Oojee IUIOTHBIX,
HEHUTPOHOIOAOOHBIX AJIEMEHTOB 3pupa N1 00IaJaeT cMepUEnoJOOHOM CTPYKTYpOM, CBEpHYTOM
B KoJIbII0 (puc.l).

)

Puc.1. Harnmsaauerit oOpa3 CTpyKTYphl HEUTpOHA

DJIEKTPOH e 00JIaJlaeT «ITOJIOKHTEITBLHOW» Maccou me=9,1053-107311<r, «OTPHUTIATESITHHBIM)
DJIEMEHTAPHBIM 3JICKTPUYECKUM 3apsaoM (—e). ¢=1,60219-10 °K11, coGCTBEHHBIM MArHHTHBIM
oJIEM c BEKTOPOM MarHuTHOTO MOMEHTa M. " c HaAIPSHKEHHOCTHIO
He=(y+y1)(yer)r_4[COSZ(/ze"r)]27r—y1r_2,ue, U SBIISETCS JMAMarHETUKOM. biaromapst BBICOKOMY
MOKA3aTeNII0 CTEIICHN NPU KOCUHYCE yIiIa MEXAY M. U I, MAarHUTHOE TTOJIC AJICKTPOHA 00Jajaet
OUYCHb Y3KUM, CIIUIETIOJO0HBIM COOCTBEHHBIM MarHUTHBIM IOJIEM, CXOXHM C MATHUTHBIM ITOJIEM
JUTMHHOTO y3KOTO cojieHownaa. OH y4acTBYeT B IPaBUTAIIMOHHBIX B3aMMOJCHCTBHSAX. DJICKTPOH
COCTOMT U3, Ha HECKOJIBKO MOPSIKOB 00Jiee METKUX U Ha HECKOJBKO MOPSIKOB 00Jiee MIOTHBIX,



AIIEKTPOHOIIOI00HBIX 3JIEMEHTOB 3(hUpa e1 U 00J1aJaeT CMEPUYENIo00HOM CTPYKTYpOr UIMHHOTO
¥ TOHKOTO LMJIMHJIPUYECKOro Bujaa (puc.2).

P rpr s e e s s s

Puc.2. Harnsaauerit o0pa3 CTpYKTYphI SJIEKTpOHA

IMo3UTPOH J OTIINYACTCS OT IEKTPOHA TOJBKO «3HAKOMY 3JICKTPHUECKOro 3apsiaa — (+e).

AHTHIJIEKTPOH 2 00J1a/1a€T «OTPULIATEILHON» MACCOUW BEIMYUHBI Mg, «IIOJOKUTEITBHBIM»
JNEKTPUYECKUM 3apsiioM (+e), COOCTBEHHBIM MAarHUTHBIM IIOJIEM C BEKTOPOM MAarHHUTHOIO
MOMEHTa M. U ¢ HanpsbkeHHocTbto H, u sBiserca auamarHeTukoM. OH ydacTBYeT B
IrPaBUTALMOHHBIX B3aUMOJICUCTBUAX. AHTUIJIEKTPOH COCTOUT U3, HA HECKOJIBKO MOPSAKOB Oosee
MEJKUX ¥ Ha HECKOJIBKO MOPSIKOB 00Jiee TIJIOTHBIX, AHTUAJIEKTPOHOIMOJOOHBIX 3JIEMEHTOB
a¢upa 21 1 00MaTAET CMEPUETIONOOHON CTPYKTYPOM TOTO K€ BHUJIA, UTO U AJIEKTPOH.

AHTHIIO3UTPOH @ 00JalaeT «OTPULIATEILHON» MACCOM BETUYUHBI Mg, «OTPULIATEITHLHBIM)»
JNEKTPUUYECKUM 3apsiioM (=e), COOCTBEHHBIM MAarHUTHBIM IIOJIEM C BEKTOPOM MAarHHUTHOTO
MOMEHTa M. W C HanpsbkeHHocTbio H, u sBisiercs auamarHeTukoM. OH ydacTByeT B
IPaBUTALIMOHHBIX B3aUMOJICUCTBUAX. AHTUIJIEKTPOH COCTOHUT U3, HA HECKOJIBKO MOPSAKOB Ooee
MEJKUX U Ha HECKOJIBKO MOPSIKOB 00Jiee TJIOTHBIX, AHTUAJIEKTPOHOIMOJOOHBIX 3JIEMEHTOB
a¢upa @1 1 00651aaeT CMEPUENIOIOOHON CTPYKTYPOIi TOTO K€ BUAA, YTO U DIEKTPOH.

JJieMeHTapHbIe 00beKThI
0oJ1ee ri1y0OKMX YPOBHEH OpraHu3anuu MaTepuu,
YyeM MAKpPOMHP U MHUKPOMUP
DneMeHTapHbIe 00BEKTHI O0Jiee TTYOOKHX YPOBHEH OpraHU3alMi MaTePHH, Y4eM MaKpOMUD U
MHUKPOMHUD: Nk, €k, Ok, 2k, Ok, K=1,2,3,... 00mamar0T CMepuenoJOoOHBIMU CTPYKTYpPaMH,
COCTOSIIIIMMH, COOTBETCTBEHHO, U3 DIIEMEHTOB Ni+1, Ek+1, Ok+1, Pk+l, Pksl-

B3aumopaeiicTBust
MEXK1Yy MaTepUaJIbHBIMU 00beKTaAMU

I'paBuTanmonHoe B3aUMOJEHCTBHE SIBISETCS LEHTPAIbHBIM, HE 3aBHUCSIIUM  OT
HarpaBieHus. OHO HMEET MECTO MEXIy BCEMH MaTepHalbHbIMU oOObekTamMu. Cuia
rPaBUTALMOHHOTO B3aUMOJICHCTBUS Fg:Gmlmzriz, G:6,672'10711H'M2‘K1:2, Mmq,M, — Maccel
B3aUMOJICCTBYIOIINX OOBEKTOB, I — paCCTOSTHUE MEXIY B3aUMOCHCTBYIOIIUMU 00bEKTaMHU.

DJIeKTpHYecKoe B3aWMOJCHCTBUE HMMEET MECTO MeXAy OO0beKTamH, 00JIaJarIuMu
ANMEKTPUIECKUMHU 3apsaamMu. OHO SBISIETCS LEHTPATbHBIM. DJEKTPUUYECKOE B3aUMOJCHCTBUE
MOPOXKAACT CUJIbl TPUTSHDKEHHUS MEXKIY 3apsAlaMHd Pa3HbIX <«3HAKOB» M CHUJIbl OTTAJKUBaHUS
MEXIy 3apsaaMu OJWHAKOBBIX «3HAKOBY». BemwumHa CHIIBI DJIEKTPUUECKOTO B3aUMOJCHCTBUS
Fe=0102r %, re qi=kqe, qo=k-e, kiut k, — messie uncia.

MarauTHoe B3anMOJICHCTBHE UMEET MECTO MEXKy BCEMU MaTepUaIbHBIMUA O0BbeKTaMu. Tak
KaK MAarHUTHBIE MOJIS1 HEUEHTPaIbHbI, TO MAarHUTHBIE B3aUMOJECHCTBUS 3aBUCIT OT HaIlpaBJICHUMN
B3aumoiecTByromux mojeil. CormacHo [37], Ha o00BeKT, O0OMamalOMUA COOCTBEHHBIM
MarHUTHBIM TOJIEM C MarHUTHBIM MOMEHTOM M, CO CTOPOHBI BHEHIHErO0 MarHuUTHOro mnoiys H
nevictByer MaruutHas cuna Fn=V (uH), tne V - onepatop ['amuisToHa (rpanuenra), (uH) —
oTepaTop CKaJsPHOTO MpOou3BeAeHUs BEKTOPOB # 1 H. OOBEKT — mapaMarHeTHK BTATHUBACTCS BB
BHEIITHEE MAarHUTHOE T10JIe, TMaMarHeTHK W3 BHEITHETO IO BhITAIKKMBaeTCsA. Cula MarHUTHOTO
B3aUMOJICCTBUSI BO3HMKAET TOJIBKO B TOM CJlydae, €CIM BHEIIHEe MarHUTHOE II0Jie
HEOJHOPOJIHO, €CJIM €T0 HAMPSHKEHHOCTh UMEET HEHYJIEBOW TPaIUCHT.

KpoMe MarHuTHOW CHIIBI, Ha OOBEKT — MapaMarHeTHK JEHCTBYeT MarHUTHBI MOMEHT
Nm=[uH], [#H] — omepatop BEKTOPHOIrO MpOU3BeACHHS BeKTOpoB u u H. Jlns oObekta —
muamarnetuka Np= —[uH|. Ecnu mapamMarHeTHK He JUIICH BpalllaTelIbHBIX CTENEHEH CBOOOIBI,
TO, Mo nericTtBueM MoMeHTa Ny, OH CTPEMHUTCS TMOBEPHYTHCS TakK, YTOOBI BEKTOpP M €ro



MarHUTHOTO MOMEHTA MPHUHSJI HanpaBiieHue BekTopa H HanpsHKeHHOCTH BHEUTHETO0 MArHUTHOTO
noJisl. TO 03HAYAET, UTO MOMEHT Ny, CTPEMHUTCS TaK COPUEHTHPOBATh BEKTOP # OTHOCHUTEIHHO
H, utoObl BenmuumHa cuisl Fr ans mapamarsHeTmka okas3allaCh MaKCHMAJIBHO BO3MOKHOM.
Pesynbrat Bo3nericTBust MoMeHTa Ny Ha 00BEKT Ha3bIBAECTCS OpUEHTAIMOHHBIM Y dextom [38].

B3anmopeiicTBie cOOCTBEHHOTO MAarHMTHOTO TIOJIS TMAMarHETHKa C BHEIIHUM MarHUTHBIM
MIOJIEM TOPOKIAET CHIIy MarHUTHOTO OTTaJKUBAaHUS, CTPEMSUIYIOCS BBITOJIKHYTh JUAMAarHeTHK
U3 BHELTHETO MarHUTHOTO IOJIA.

OpueHTalMOHHBIA MarHUTHBIN 3 (HEeKT UMeeT MECTO B JTH0OOM BHEIIHEM MarHUTHOM I10JI€ —
U B OJJHOPOJIHOM, U B HEOJTHOPOJAHOM.

HeliTpoHHOe B3aUMOJICICTBHE UMEET MECTO TOJIbKO MEX 1y HelTpoHaMu. HeliTpoHHoe mone
LEHTpaJIbHO. BennuumHa Cuiabl HEUTPOHHOIO B3aMMOJCHCTBHS MEXKIAY JBYMs HEUTpOHaAMHU
Fo=pr*—qr>, p=1581-10 °kr'm°-¢ 2, q=5032-10 "*kr'm®¢ 2.

CocraBHbIe 00bEKTHI MUKPOMHPA

IIporon cocrout wu3 HelTpoHa U aHTUANEKTpoHa (puc.3). OOnagaer eIUHCTBEHHBIM
YCTOWYMBBIM COCTOSIHUEM PaBHOBECHS 33 CYET MarHUTHOTO OTTAJIKUBAHUS MEXKIY HEHTPOHOM M
AQHTHAJIEKTPOHOM U «OTPHIIATEIIEHOCTHY» MacChl aHTUAJIEKTPOHA. B 3TOH KOHCTPYKIIMH HEHTPHI
MacC HEHTpOHa M aHTURJICKTPOHA HAXOIATCS B OJHOW M TOH ke Toyke. Macca mpoTOHa
mp:1,67265-107271<r. Ona MeHbIlle pa3HOCTH MacC CBOOOAHBIX HEMTPOHA W aHTHUAJIEKTPOHA My—
me:1,67486-107271<r Ha BEJIUYUHY 0,00221‘1072716". [IpyunHa »TOrOo sJucOalaHca Macc
3aKIJII0YAETCS B CMEPUYENIOAOOHOCTH CTPYKTYp HEUTPOHA M aHTHDJICKTPOHA: MPU OOBEAMHEHUH
HEWTPOHA W AaHTHYJIEKTPOHA, BEJIMYMHBI HMX MAacC YMEHBIIAIOTCS H3-3a IMPOTHBOIOJIOKHON
3aKpyYEHHOCTH MX d(UPHBIX CTPYH U M3-32 TOTO, YTO IEHTPHI Macc HEUTPOHA M aHTUDIIEKTPOHA
COBMANAIOT. AHTHIJCKTPOH TNepenaéT TPOTOHY CBOM JJIEKTPUYECKUI 3apsi] W CBOM
JTaMarHeTU3M. DJIEKTPHUYECKHUI 3apsi/] MPOTOHA PaBEH JEKTPUIECKOMY 3apsily aHTHIJICKTPOHA

m/w

Puc.3. Harnsaauerit o0pa3 CTpyKTYphI MPOTOHA

(+e). BenuunHa MarHUTHOTO MOMEHTAa HPOTOHA M, JOJDKHA ObLTa OBl OBITH PaBHA Pa3HOCTU
BEMUIHH fie—n=310"*4:=0,9997 1., HO, B eiiCTBUTEIBHOCTH, Up=6" e, 6=8,372, T.. 1p=0,119.
OTO MPOUCXOAUT OMSATH K€ M3-3a CMEPUENOJ0OHOCTH CTPYKTYp HEMTPOHA U aHTUAIIEKTPOHA, U
M3-32 COBIAJEHUS LIEHTPOB UX MAacC, MPUBOIAIIMX K YMEHBIICHUIO 3TUX Macc, a, 3Ha4uT, U K
YMEHBILIEHUIO MX COOCTBEHHBIX MAarHUTHBIX TOJIEW B COCTaBE€ MPOTOHA, T.€. K YMEHbILIEHUIO
BEJIMYUH [ U Un. VX0 M3 TaKOoro M3MEHEHHUs MacC HEHUTPOHA U aHTHRJIEKTPOHA B COCTABE
MIPOTOHA, CIEIYET 0KUIATh, YTO AJIEKTPUUYECKUHN 3apsi/i MPOTOHA TAKXKE JAOKEH YMEHBIIUTHCS.
CoOcTBEHHOE MarHUTHOE TOJI€ MPOTOHA COCT OUT M3 cIa00ro «IIUPOKOYTOJIBHOTO MarHUTHOTO
M0JIs HEUTPOHA U CUJIBHOTO YPE3BBIYAHO Y3KOTO MAOTHUTHOT'O TIOJISl aHTUAJIEKTPOHA.

AHTHIIPOTOH COCTOMT W3 HEWTpOHa M aHTUNpoToHa. OH o00NazaeT BCeMHU CBOMCTBaMHU
HPOTOHA, HO €r0 IEKTPUUCCKHI 3apsi]] paBeH (—e).

IIpoToHuii — 00BEKT, COCTOSIINN M3 MPOTOHA M aHTUNpPoTOHA. OONagaeT eINHCTBEHHBIM
YCTOMUUBBIM COCTOSTHUEM pAaBHOBECHS, B KOTOPOM pacCTOSIHUE MEXAYy IPOTOHOM H
AHTHIPOTOHOM paBHO 6,33-10 M

Ilo3uTpoHmii COCTOMT U3 OJEKTpoHa M mo3uTpoHa. OH o00JagaeT eAMHCTBEHHBIM
YCTOMYMBBIM CTaTHUYECKMM pABHOBECHEM, B KOTOPOM pACCTOSIHUE MEXKAY DJIEKTPOHOM U
MO3UTPOHOM paBHO 4,4- 10 %m.



AHTUNO3UTPOHUH COCTOMT U3 AaHTHRJCKTPOHa M AaHTUIO3UTPOHA, M  oO0Jagaer
€MHCTBEHHBIM YCTOMUYMBBIM CTAaTUYECKUM pPABHOBECHEM, B KOTOPOM pACCTOSIHUE MEXKIY
AQHTURJIEKTPOHOM M aHTUIIO3UTPOHOM paBHO 4,4+ 10 %m.

®oton. POTOH NpeACcTaBIsAeT COO0N UMOIb U3 JIEKTPOHOMOI0OHBIX MUKPOOOBEKTOB, OAUH
U3 KOTOpBIX OO0NagaeT <«IOJOXKHUTEIbHONY», a IPYrol — «OTpUIATEIbHON» MaccamMH. ITO
JJIEKTPOH-AaHTUANEKTPOHHBIA M MO3UTPOH-QHTUIIO3UTPOHHBIM  JUIOIH,  CyMMapHbIE
AIIEKTPUYECKUE 3apsiibl U CyMMAapHbIE MacChl KOTOPBIX paBHbI Hy0. CylIecTBYIOT emé aBa
JUTIONSL AJIEKTPOH-aHTUIIO3UTPOHHBIA M TMO3UTPOH-aHTUAJIEKTPOHHBIM, KaXKIbIH U3 KOTOPBIX
o0aaeT yABOEGHHBIM 3JIEKTPUYECKUM 3apsaoM. Bee aTu aumonu o61anaroT crnocoOHOCTRIO K
CaMOpa3roHy /10 CKOPOCTH, YCTAHOBUBILIEECS 3HAYECHHE KOTOPOM 3aBHCHUT OT ILIOTHOCTH 3(upa
Ha IYTH JIBUKEHUS AUIIOJS.

DNEKTPOH-aHTUAIEKTPOHHBIN IUIONb 00J1aaeT €MUHCTBEHHBIM HEYCTOMYUBBIM COCTOSIHUEM
paBHOBecust nipu =4,4- 10 %M, rre r — pacCTOSHUE MEXKY JIEKTPOHOM U aHTHAJIEKTpOHOM. [1pu
r<4,4-10710M JIUTIOJNb SIBJISIETCS «OBICTPBIM» - OH JBHIKETCS CO CKOPOCTBIO, OJIM3KOM K ¢, BAOJb
npsmMoi |, Ha KOTOPON HAXOIATCS M AJICKTPOH, U AHTHIJICKTPOH. DTO MPOUCXOIUT TOTOMY, YTO
CHUJIBI 3JIEKTPUUECKOT0 M MarHUTHOT'O B3aMMOJCHCTBHUI MEXKAY JEKTPOHOM U aHTHUAIIEKTPOHOM
pacrionararorcsi Ha npsimoit |. Briepenu, B 3TOM qurmonie, WIeT 3JeKTPOH, a aHTHAJICKTPOH — TI0
«cnmemy» dSIEKTpoHa. B 3aBUCMMOCTHM OT B3aUMHOTO PACIOJIOKEHHUS BEKTOPOB MAarHUTHBIX
MOMEHTOB 3JIEKTPOHA M AHTHRJIEKTpOoHa (puc.4; ® - 2JIEKTPOH, °© - AHTUAJIEKTPOH), JIHUIIOJIb
oOnamaer pa3HbIMHU CBOWCTBaMu. B Bapmante A Macca 5SJIEKTPOHA IMPEBBIIIAET Maccy
AQHTHURJIEKTPOHA; B 3TOM BAapUAHTE JBHKYILIUICS JUIIONb U3ITy4aeT 3JEKTPOMAarHUTHBIE BOJIHBI,
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A B
Puc.4. Bapuantsl A u B 31€KTpOH-aHTUAIEKTPOHHOIO JUIIOMS

4acTOTa KOTOPBIX 3aBHCHT OT BEJIMYMHBI IPEBBIIEHUS MAacChl JJIEKTPOHA HaX Maccou
aHTUANIEKTpoHA. B BapuanTe B Macca 2JIEKTpPOHA MEHBIIE MAacChl aHTHRJIEKTPOHA; WU3Iy4EeHUE
AJIEKTPOMAarHUTHBIX BOJIH B 3TOM BapUaHTE OTCYTCTBYET.

«BBICTPBIN»  3IEKTPOH-aHTUAJIEKTPOHHBIM JWUIMONb MPUHUMAET YydyacTHE B  SBJICHUU
BO30Y)XJIEHHsI aTOMOB M JIPYTMX MHKPOOOBEKTOB. XOTA CYMMApHBIA 3JEKTPUUECKUN 3apsij
JUIONS M BEJIMYMHA CyMMAapHOTO BEKTOpa MarHUTHOIO AMIIONS paBHBI HYJIO, OH oOjazaer
JUIIOJIbHBIM 3JIEKTPUUYECKUM T10JIeM (pHC.S) ¥ IBYXBapUaHTHBIM MarHUTHBIM ToJIeM (puc.6).

Puc.5. Dnexrpuueckoe mnose
AIIEKTPOH-AHTUDIIEKTPOHHOTO TUTIONS



Puc.6. MaruutHsle oy BapuantoB A u B
AJIEKTPOH-AHTURJIEKTPOHHOI'O TUIIOJIS

[Tpu r>4,4-10710M, JTUTIONTb — «MEJUICHHBIN», CKOPOCTh €ro JABHKEHUS Ha HECKOJIBKO
MOPSIIKOB MEHbIE ¢. braromaps emy, CymIeCTBYeT NMOCTOSHHBIM MarHETU3M, SJICKTPUUYECKUN
TOK, IIIapOBast MOJIHHS,. .. .

Junonu, o0agaroniie yIBOCHHBIMU MICKTPUICCKUMHE 3apsSaMH, HEYCTOWIMBBIX COCTOSHHMA
paBHOBecHs HE HMEIOT. OHHU SIBISIOTCS TOJBKO «OBICTphIMHY». CKOPOCTH WX JIBHUKEHUS
MIPEBBIIIAOT C.

HeBo030y:k1eHHBbIl ATOM COCTOUT U3 Spa U AIIEKTPOHOB. COriacHO U3MEPEHUSIM PACCESHUS
0-4aCTHII Ha aTOMHBIX siipax, D.Pe3epdop BeIBEI SMIUPHUYSCKYIO 3aBUCHMOCTD pajinyca spa
OT KOJIMYECTBa HYKJIOHOB B sI/Ipe r,,:1,4-A1’ .10

HeBo30yXIeHHBI aTOM TIPOTHS COCTOUT M3 sApa — MPOTOHA W OJHOTO JJICKTPOHA.
bnaronapss MarHUTHOMY OpHUEHTAIIMOHHOMY (G (}EKTY, BEKTOPHl MATHUTHBIX MOMEHTOB IPOTOHA
U JJICKTPOHA PACIIOJIOKEHBI Ha TIPSIMOM, TPOXOIAIICH Yepe3 IIEHTPhI MacC MPOTOHA U AJICKTPOHA
(puc.7, 0—TPOTOH, ©-3JIEKTPOH). OTOT aroM o00JaJaeT EIUMHCTBEHHBIM COCTOSHHEM

0— «—e
Puc.7. Cxema HeB0O30YX/IEHHOT'O aTOMa MPOTHUS

ycTOMuMBOro paBHOBecus. JTa ¢opma aroma NpPOTHUS 00ECHEeunBaCTCS SJIEKTPUUECKUM
HNPUTSDKEHUEM M MAarHUTHBIM OTTAJIKMBAHUEM MEXKY IPOTOHOM U 3JIEKTPOHOM.

SAnpo mNpou3BOJIBHOrO aroMa oOJafjaeT KBAa3UKPUCTAJUIMYECKOH CTPYKTypol M3 CBOUX
HYKJIOHOB — HETPOHOB U NpoTOHOB [1]. biarogaps MarHUTHOMY OpHUEHTalMOHHOMY 3 (deKTy,
€ro MarHUTHOE II0JI€ COCTOMT M3 CHCTEMBI OTHEJIBHBIX HYKJIOHHBIX MAarHMTHBIX KJIACTEPOB.
BexTopsl MArHUTHBIX MOMEHTOB HYKJIOHOB KaXKIOTO KJIacTepa pacroJiaratoTcsi BJOJb MPsIMOii,
OpoxXojslled dYepe3 Bce HYKIOHBI 3TOoro kiacrepa. Kaxiplii kiactep cTaOWIBHOTO s1pa
COJIEP’KUT OJUH U TOJBKO OAMH MpOTOH. [loaTomy 3apsinoBoe yncio Z siapa paBHO KOJIUYECTBY
HYKJIOHHBIX MarHUTHBIX KJIacTepoB sijipa. M3-3a Toro, 4To mpoToH o6sagaeT upe3BbIYaifiHO y3KOH
CHJIBHOM COCTAaBIIAIOIIEH COOCTBEHHOIO MarHUTHOT'O TOJIsl, MATHUTHOE TOJI€ SApa MPeACTaBiseT
coboit cucteMy Z upe3BBIYAHO Y3KHX, CIUIIETIONOOHBIX MarHUTHBIX MOJIEH, HAITOMUHAIOIIUX.
o ¢popmMe, CHCTEMY UTOJIOK MOPCKOTO exa (puc.8).

R
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Puc.8. Cucrema Urojiok MOpCKOTo €xa
KaK aHaJior (bOpMI:I MAarauMTHOI'O IT0JIA aTOMHOTI'O apa



CraOunbHBIN HEHTpPANbHBIM HEBO3OYKACHHBIA aTOM COJIEPKUT Z BIIEKTPOHOB, KaXIbli U3
KOTOPBIX HAXOAUTCS HAa OCH HYKJIOHHOI'O MarHMTHOTO KJacTepa sapa.

N306apHoe pazHOOOpa3ue aToMOB OOECIEUMBACTCS TEM, UYTO SIPO, C OJHUM U TEM XKe
KOJINYECTBOM HYKJIOHOB, MOXXET 00J1alaTh pa3HbIMU KOJUYECTBAMM HYKJIOHHBIX MAarHUTHBIX
KJIACTEPOB, T.€. pPa3HBIMU KOJIMYECTBAMH Z IPOTOHOB.

SBjeHne BO30YKIeHMSI MHKPOOOBEKTOB COCTOMT B CIOCOOHOCTH 3axBaTa ()OTOHOB
COOCTBEHHBIMH MAarHUTHBIMH  TOJSIMH ~ MHKPOOOBEKTOB, OOJIAZAIOIIUX  MaccaMH, He
IPEBBILIAIOIINMU HEKOTOPOH KpuTHuYecKol BenuuuHbl #y. Kaxxaplil (OTOH 3axBaThbIBaeTCsA Kak
eanHoe 1enoe, 0e3 pacnazna Ha OTAENbHBIC 3JeMEHTHl GoTOHHOTO Aumnoiisi, OH pa3MeriaeTcs Ha
OCEBOM JIMHUM OJHOIO W3 HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB MMKPOOOBEKTa TakK, 4YTO
«JIBWKYILAsl CUJIa» JMIIONS OKa3bIBAECTCS HAIIpaBJIEHA BJOJIb OCEBOW JIMHHUM, 3aXBATUBILIETO €0
KJIaCTepa, B CTOPOHY SApa, YacThbl0 MAarHUTHOIO IIOJS KOTOPOrO SIBJIISIETCA AITOT KIIACTEP.
«/IBWKyImas cuiia» 3TOro AMIIOINS 3aCTaBIISET 3aXBATUBIIMN €r0 MHUKPOOOBEKT Pa3TOHATHCS 10
CKOpPOCTH, YCTaHOBMBILIEECS 3HAYEHHUE KOTOPOW 3aBUCUT OT IUIOTHOCTU 3(Hpa Ha IyTH 3TOrO
«BO30YXJIEHHOT0» MHUKpoOObekTa. Ecnu BenumunHa Macchl MHUKPOOOBEKTa IMPEBBIIIAET
KPUTUYECKYIO BEJIMYUHY #j, TO JHUIOJIb COJMKAeTCs C HE YCHEBAIOIIMM pa3orHaThCs
MHUKPOOOBEKTOM U «CPBIBAETCSA» € 3aXBAaTUBLIETO €r0 MAarHUTHOI'O KJIacTepa.

I[To 3Toii xe mpuunHe, «BO30YKIACHHBII» MHUKPOOOBEKT MOXKET MOTEPATh 3aXBau€HHbIE UM
(OTOHHBIE TUTIONH, €CIIM OH, IIPH CBOEM JBIKCHHH, HATAJKUBACTCS HA APYrod MUKPOOOBEKT.
CTONKHOBEHHE JBHXKYILEIoCs «BO30YXKAEHHOT0» MHUKPOOOBEKTa C APYTUM MHKPOOOBEKTOM
ABIIETCS ClydaliHbIM coObITHEM. [loAaTOMy «BpeMsi KU3HW» BO30YXKIEHHOI0» MHUKPOOOBEKTa
SABJISAETCS CIIyYaHHOW BEJIMYMHOM.

DJIEKTPOMATHUTHOE W3JIy4YeHHe aTOMOB MOXeET OBbIThb Kak (POTOHHBIM, TaK W YHCTO
BOJHOBBIM. (DOTOHHOE U3JIY4YEHHE HCIYCKAETCS  «BO3OY)KICHHBIMM» aTOMaMU  IpH
CTOJIKHOBEHUH C JIPYTUMHU MUKPOOOBEKTaMU. YUCTO BOITHOBOE U3TYyYEHHUE HCITYCKAETCS KaXAbIM
AJIIEMEHTOM aToOMa B PE3YJbTAaTe BHEIIHErO BO3MYILEHUS, BBIBOJSAIIETO 3JIEMEHTHI aromMa W3
COCTOSTHUI paBHOBecHs. Bo3Bpar 31IKTpOHONOJOOHBIX MUKPOOOBEKTOB B MCXOJHOE COCTOSTHUE
paBHOBECHsI INPOUCXOAUT TOJ BIMSHUEM JJIEKTPUYECKUX W MArHUTHBIX B3aMMOJCHCTBHI.
Bo3Bpar mpoTOHOB W HEHTPOHOB AaTOMHOIO Spa B HCXOJHOE COCTOSHUE pPaBHOBECHUS
IIPOUCXOIUT NOJ BIUSHUEM DJIEKTPUUECKUX, MArHUTHBIX M HEUTPOHHBIX B3aumonencTeuil. [Ipu
3TOM, NMPOTOHBI UCIYCKAIOT 3JIEKTPOMAarHUTHBIE BOJIHBI, @ HEUTPOHBI — TOJBKO MarHUTHbIE. [1o
BIMSHUEM  HEUTPOHHBIX  B3aMMOJCHCTBMM, IPOTOHBI M  HEUTPOHBI  HCIIYCKAOT
CBEPXBBICOKOYACTOTHBIE BOJIHBI.

[TpoToH sABAsSIETCA COCTABHBIM MUKPOOOBEKTOM, COCTOSIIMM U3 HEUTPOHA U AaHTHAJIEKTPOHA,
CBA3aHHBIMU  TOJIBKO  MarHUTHBIMH  B3auMojeWcTBusMHU.  CoOCTBEHHass  yacToTa
AJIEKTPOMAarHUTHOT'O U3JIy4y€HUsI IPOTOHA OLICHUBAETCS BETUYUHOM B 2,5 10%¢ 2,

Cob6cTBeHHass 4yacTOoTa HEBO30YXKIEHHOTO aroMa MpOTHUsI OIUCHIBAETCS BBIPAKEHUEM:
[w(H)]*=a*fm. '-0,25h*m, 2, rne a=e¢’ — mapamerTp SNEKTPHYECKOrO B3aMMOJCHCTBHS, f —
napaMeTp MarHUTHOTO B3aMMOJeicTBUS, N — K03 GUIMEHT COMpOTUBICHUS dPUpa JTBUKECHHIO
JIeKTpoHa B atome poTust, h=1,5-10°kr-c ', Bennumua 9Toif 4aCTOTHI 3aBHCHT OT IIOTHOCTH
a¢upa B OKPECTHOCTH aTOMa MPOTHUS — YBETUUYEHHE IIJIOTHOCTH MPOTHUS MIPUBOJUT K «KPACHOMY»
CABUTY OTOH 4YacTOTBl. DKCIEPUMEHTAIbHO OOHApy)KEHHasi «CBEPXCBETOBas» BEJIWYHMHA
«KpaCHOT0» CMEIIEHMs 3JEKTPOMAarHUTHOTO H3JIy4Y€HHs aTOMOB B Nepu(epuilHBIX 00IacTIX
Hamleld BceeneHHON maeT 3KCIEepHMEHTAIbHOE JI0KA3aTEIbCTBO €€ 3aMKHYTOCTH M IOBBIIICHUS
IUIOTHOCTU 3(upa Ha e€ mnepudepuu, MpoUCXoAsilee 3a cyueT 3axBara Hamied Bcenennoit
BHEIIHEN MaTepHH.

MouJiekyJibl BeliecTBa MPEJICTaBISIOT COOOW COETMHEHUS aTOMOB. ATOMBI M MOJIEKYJIBI,
IOYTH BCEX XUMHUECKMX BEUIECTB, o0JanaioT, 0e3 ydera pa3MepoB sIpa U DIIEKTPOHOB,
«TPEXMEpPHBIMU» CTPYKTypaMu. VCKIrO4eHHE COCTABIIAIOT aTOMBI M MOJIEKYJIBI BOJOpOJA U
BOJIOPOJIOTIOT0OHBIE — OTHOZJICKTPOHHBIE HOHBI JPYTUX BEIIECTB.

Moutekybl BOJOPO/Ia MPEACTABISAIOT COOOM COSIUHEHHUS NIBYX BOJOPOJHBIX aTroMoB. OHuU
001aJaloT  «OJAHOMEPHBIMU» CTPYKTypaMH. IKCIEPUMEHTAJIbHO YCTAHOBJIEHO, YTO MOTYT



CyILIECTBOBAaTh JBa BHJA MOJEKYJT BoJopoAa. TeopeTHdyeckue HCCIeIOBaHUs IOKa3ajid, 4TO
MOJIEKYJIBI BOJOpOJIa MOTYT HMpUHUMATh ABe (Gopmbl (puc.9). XUMUKH Ha3Bald 3TH (HOPMBI
OpPTOBOJIOPOJIOM U TAapaBOJOPOAOM. AHaNW3 Mokazayi, uto ¢opma Hi — «cTaTHUecKas»,
oOnamaer cratmueckuMm paBHoBecueM. Jlpyras ¢opma Hy; — «mepuaromasy», CyIIECTBYET B
pPEKHUME MOCTOSTHHBIX HE3aTYXAMOIIUX MEePHOJUYECKUX BO3BPATHO-TIOCTYMATEIBHBIX KOJICOAHMIA
BCEX €€ DJIIEMEHTOB, HHULIUUPYEMBIX IEPUOANUECKUMH MOCIEA0BATEIbLHBIMU OMPOKUABIBAHUSIMU
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Puc.9. CxemMbl «CTaTHYECKON» U «MEpIIAIOLIEH»
MOJIEKYJI BOJOpOaa

MarHUTHOTO TOJsI BHYTPEHHEr0 IPOTOHA TO B OJHY, TO B JIPYI'yl0 CTOPOHY. B pe3ynbrare aTux
MOCTOSIHHBIX ONPOKHJIBIBAHUS MArHUTHOTO TOJIsI BHYTPEHHEr0 MPOTOHA, OH, KaK Obl, JIUIIAETCs
CBOET0 MarHUTHOTO TOJIAL.

N «craTrueckasy, U «MepIaasy MOJIEKYIIbl BOJOPOaa 00J1aaaroT, Oarogapsi MarHUTHBIM
B3aMMOJICHCTBHUSIM U MarHUTHOMY OPUEHTAIIMOHHOMY 3D (DEKTY, «OTHOMEPHBIMI» CTPYKTYpaMH,
peasibHbIE ITIONEPEYHbIE pa3Mepbl KOTOPBIX OINpPEAESAIOTCS pa3Mepamu npoToHa. CoriacHo
SMITUpUYECKON ormeHke Pesepdopma, auamerp npoToHa paBeH 2,8° 10 M. Dra Benmunza
MOTIEPEYHbIX Pa3MEpPOB aTOMOB U MOJIEKYJI BOIOPO/a JI€laeT COBEPLUICHHO IPO3PAYHON IPUUUHY
SKCIIEPUMEHTANFHO  OOHapyXeHHOro AU(PPY3MOHHOTO MpOCAaYMBAaHUS BOJOpOJA  uepe3
METAJIJIMYECKUE CTEHKU COJIEPKalNX €ro COCY/10B.

o

Atomsl “He u *He, B HOPMAJIbHBIX 3¢MHBIX YCIIOBHSIX, OOPa30BBIBATD IEIHEBBIC MOJICKYIIbI
HecriocoOHbI. [Ipu upe3BpIUaiiHO HU3KUX TeMmIepaTypax, CYIIeCTBYeT «oaHoMepHas» dopma C
ATHX aTOMOB, HE CITIOCOOHAs CYIIECTBOBATh B HOPMAJIbHBIX YCIIOBHUSAX M3-3a UPE3BbIYAHO MaJIbIX
BEIMYMH €€ TMEepBbIX MOTEHUMAJIOB HWOHW3alMH. OTU T[OTEHUUAJbl HWOHM3ALMUU PaBHbI
A(*He,C)=1,4495B, A(*He,C)=1,3135B. Heiirpansubie atomsr ‘He u *He comepxar mo jsa
anekTpoHa. B atomax ¢opMmbl C 3TH 3IEKTPOHBI PACTIONOKEHBI HA OTHOM U TOM K€ HYKJIOHHOM
MarHuTHOM KJIACTEPE sIpa, C OJHOUN U TOM ke CTOPOHBI OT sijipa (puc.10). Buennuii snekTpoH B
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Puc.10. Cxema atoma renus popmsl C

dopme C OTCTOUT OT siApa HA TOPSAIOK JaJbIle, YeM BHYTPEHHUU. DTO W SBISETCS MPUUUHON
YpEe3BbIYAHO HU3KUX BEJIUYHMH MEPBbIX MOTEHIIMAIOB MOHU3ALINH.

®opma C atoMoB Tenuss 00JagaeT SPKO BBIPAKEHHBIMHU TUIIONHHBIMH KYJTOHOBCKUMU
cBoiicTBamu. braromapsi 3ToMy CBOWMCTBY, 3TH aTOMBI OOJANalOT, MPU UYPE3BBIUANHO HU3KHX
TEeMIIepaTypax, CIOCOOHOCThIO OOBEAMHATHCA B  «OJHOMEPHBIE» TEIHEBBIE MOJICKYIIBI
MaKpOCKOIUYECKOW JJIMHBI. DHEPrusi CBSI3U aTOMOB ‘He B JIBYyXaTOMHOM MOJIEKYyJie paBHa
W3=0,862>B. Jlns aromoB SHe »sra sHeprusi paBHa W,=0,1865B. DOt mmdpsr maror
NpEJICTaBICHUsT O TeMIepaTypaX oO0pa30BaHHUS  CBEPXAJUHHBIX, MAaKpOCKOMHYECKOH
MPOTSYKEHHOCTH, MOJIEKYJI TEITUA.

«OaHOMEpHBIC» TeTNEeBbIe MOJIEKYJIBl MAKPOCKOIMUYECKON ATMHBI 00pa3yr0T CBEPXTEKYUYIO
KOMIIOHEHTY XUAKOro renus. [lonmepedynsie pazMepbl 3TUX MOJEKYT AJIs *He ne MPEBBIIIAIOT
4,44'10_15M, a A SHe ne MPEBBIILIAIOT 4,04‘10_15M. [ToaTomy, 3T MOJIEKYJIBI CBOOOIHO
MIPOHMKAIOT Yepe3 HOPMaJbHbIE KOMIIOHEHTBI XHUIAKOIO TEeIUsl W Yepe3 MEJIKO3EpHUCTHIE
(GUIBTPHI, HE MPOMYCKAIOIINE HOPMAITbHBIE KOMITOHEHTHI.

bnarogapss MarHuTHOMY OpPHUEHTAIMOHHOMY 3(P(EKTy, CBEPXTEKy4He MOJEKYJbl KHJIKOTO
Telvs, CTPEMSTCSl PUHATh IPSIMOJIMHEHHbBIE Gopmbl. Haxonsiuecs B OrpaHUYCHHBIX COCYAaX,



OTH MOJIEKYJIBI, HW3-32 CBOEH MAaKPOCKOIMYECKOW JUIMHBI, IIPEBBIMIAIOIIECH pa3sMepbl 3THX
COCYJIOB, MpEOBIBAIOT B CBEPHYTHIX, BHYTPEHHE HANpSIKEHHBIX COCTOSIHMAX. M3-3a 3TOTO,
(parMeHThl 3THX MOJEKYJ, CTPEMACh pPACIPSIMHUTHCS, BBIIABIMBAIOTCS HAa BO3BBHIIICHHBIC
IIOBEPXHOCTHU TeJl, HOMEIIEHHBIX B XHUJIKUN refuil, 1 B30MPAKOTCS Ha CTEHKU COJEpXKallUuX HX
COCYJIOB, IIEPETEKAs YEPEe3 HUX.

B xanumspHBIX cocyAax HMYTO HE MEIIACT 3TUM MOJIEKyJIaM pacnpsMuthbes. [loaToMmy onn
IPOJICTAIOT 4Yepe3 ATH COCYIbl MPAKTHYECKH 0€3 COMPOTHBIICHUS, CIOBHO MpsSIMbIe TOHKHE
CIMIIBI IPOJIETAIOT Yepe3 MPsIMble BEPTHKAJIbHBIE TPYOKH.

B orpannueHHBIX cOCyJgaX, CBEPXTEKy4yhe KOMIIOHEHTHI, Ojarogaps MaKpOCKOIHYECKUM
JUIMHAM, JOCTaTOYHO IUIOTHO 3aIlOJHSIOT 3TH cocynsl. M3-3a 3TOro0, 110060€ MpOCTPaHCTBEHHO
JIOKQJIU30BAaHHOE  TEMIIEPAaTypHOE  BO3MYILUEHHME, CO  CKOPOCTBIO  PacIpOCTpaHEHUs
JJIEKTPOMAarHUTHBIX B3aMMOICUCTBUM, MPAKTUYECKHM MIHOBEHHO «pPa3Ma3blBACTCSA» IO BCEMY
00beMY KHUIAKOTO TeIIus.

MarneTusMm B MatepuajibHoM Mupe

MarseTusm UrpaeT YHUKaIbHYIO POJb B YCTPOMCTBE MaTepuaibHOro Mupa. AtmochepHbie
CMEpYM Ha Halled IJIaHETe SBIISIIOTCA pPeajbHBIMU BH3YaJIbHO HAOJIO/IaEMBIMU SBJICHUSIMU,
MOCITY>KUBIIUMH TPSAMBIMU aHAOTaMU B JOCTHKCHMM IOHHUMAaHHs YCTPOMCTBA 3JEKTPOHA.
CrabunpHOE CyIIECTBOBaHHME W aTMOC(EpHBIX CMepuel, M DIIEKTPOHOB OOECIIEYHBACTCS
CMEpUYEenoOOHBIMH MAarHUTHBIMH BUXPSAMH, SBISIOIIMMUCA BECbMa CBOEOOPA3HBIMU YHCTO
MarHUTHBIMHU CTPYKTYpaMHU, CAMOIIOICPKUBAIOIIIUMUCS 32 CUET HENPEPHIBHOUM MIPOTOHKHU Yepe3
ce0st OKpYXaIoIIMX UX MAacC MOHU3UPOBAHHOTO aTMOC(HEPHOTO BO3AYyXa U 3JIEKTPOHOMOT00HBIX
AIIEMEHTOB 3(hHpa €1 COOTBETCTBEHHO.

Kaxnaplii snemeHTapHbBI 00BEKT 3(pUpa e€; COCTOMT M3 DJIEMEHTOB €, M 00iagaer
CMEPUETOIOOHON CTPYKTYpPOH, CXxemMa KOTOPOM MpEACTaBICHA HAa PUCYHKE 2; KaXIbId dJIEMEHT
€2 COCTOUT M3 DJIEMEHTOB €3 U 00J1aJjaeT cMepUenofgo0HO CTpYKTypoil Toil ke popmel;... . Y
KaXJIOTO TaKOTO AJIEMEHTa €CTh CBOM MAarHUTHBINA CMEPYENOoI00HBIA BUXPb, 00CCIICUHBAIOIINAN
UX CTaOMIIBHOE CYIIECTBOBaHHUE.

To xe camoe MMeeT MecTo M i IAPYruX 3JEMEHTOB MaTepuasbHoro Mwupa Ny, ok, ok, @k,
k=1,2,3,...

VYHUKaTBbHOCTh YCTpPOICTBA MaTepuaibHOro Mupa ornpenensiercst TeM 00CTOSITEIbCTBOM, YTO
CTaOUITBPHOCTh BCEX JJIEMEHTApPHBIX OOBEKTOB PA3NUYHBIX YPOBHEH OpraHM3alli MaTepuu
o0ecreunBaeTcsl TOJIbKO MarHUTHBIMU B3aMMOJICUCTBHUSMHU, TOJIBKO CAMOIIOACPKUBAIOIITUIMUCS
CMEpUYenoJOOHBIMH MArHUTHBIMH BUXPSMH, WIPAOIIMMU POJIb JUHAMHUYECKHMX MAarHUTHBIX
KapKacoB CBOUX 3JIEMEHTapHbIX 00BEKTOB.

U3 sToro crnemyert, 4to 6€3 MarHeTu3Ma, pojib KOTOPOTO B YCTPOMCTBE MaTepHalibHOTO Mupa
OKa3ajach He CIIOCOOHa OLIEHUTh KBAHTOBAs T€OpHs, MaTepHalbHbI MUp B COBpeMEHHOM BUJE
HE CyILLIECTBOBAI OBl.

[ ]

AxkcroMaTtudeckas QpyHaaMeHTalbHas 0a3a (U3MKH, B HESIBHOM M B Pa3pO3HEHHOM BUJE,
CJIOKWJIaCh BO BTOPOW IOJOBUHE NPONUIOr0 BeKa. JloKa3aTembCTBOM 3TOTO CIYXKUT (akT
MONy4eHUs] pPe3yJabTaToB, NpuBeneHHbIX B [2-36]. Co3manue Takoil (yHIaMEHTATbHOU
akcuomaTtuueckoil  ¢usmueckoi  0azpl, B COBPEMEHHOM  (U3UKE,  OTATOILICHHON
KBAaHTOBOTCOPETUUECKUMHU  TPEJCTABICHUSIMU OO0 YCTPOHCTBE MaTepuaibHOro Mupa,
MPUHIIUTTHATIEHO HEBO3MOKHO.

OTO mNOATBEpXkIaeTcs TeM OOCTOATENbCTBOM, 4YTO u300pereHue nsurarens EmDrive
MPOM30III0O HAa YHUCTO HMHTYUTHBHOW Oa3e, a He 0Oaze ¢usmueckoro 3Hanus [33]. U xorsa
MHOT'OKpaTHbIE SKCMHEPUMEHTAIIbHbBIC MIPOBEPKU HEOJAHOKPAaTHO MOATBEPIAITU
paborocriocoOHOCTh aBurarenss EmDrive, BBISIBUTH CyOCTaHIIMOHAIBHYIO TIPUPOIY €ro
PEAKTUBHOU TATH PU3UKUA OKA3ATUCh HE CITOCOOHBI.

CoOpath pyHIaMEHTABHYIO aKCHOMAaTHYECKYI0 (PpU3MUecKyto 0a3y yaajioch TOJIBKO TEOPUHU
HEJIMHEWHBIX KoJieOaHWid, emE B TPOILIOM BEKE MepepocIield paMKH YHCTO (HU3HUECKON



JTUCLUMIUTMHBL M TIpeBpaTuBLIeiics, Onarogaps pa3padoTKe MPUKIATHON HAyYHOH METOJOJIOTHH
ManpensmramMa-AHIPOHOBA, B METOJOJOTMYECKyr0  0a3y  HayyHbIX  JUCLMILUIMH,
UCTIOJIB3YIOIINX, B CBOMX MCCJIEIOBAHUAX, A0CTPAKTHBIE KOJIMYECTBEHHBIE (JOPMATTH3MBI.



