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The analysis conducted covers conditions in which electrons and neutrons can be formed from individual
ethereal elements as well as conditions in which electrons and neutrons disintegrate into individual ethereal
elements.

*

It took a very long time for our civilization to come from the concept of three elephants being
the World basis to the concept of our World matter being composed of atoms. Much less time
was taken to understand that atoms consist of a nucleus and electrons and nucleus consist of
nucleons, i.e. protons and neutrons. It would seem that identification of electrons and nucleons
was “around the corner”. However, the whole theoretical fantasy of physicists as well as their
experimental attempts could not solve this question.

There were experimental attempts made to identify structures of electrons and nucleons by
scanning and by fragmentation. However, scanning had no clear results. Experiments with
collision of high-energy microscopic objects accelerated using powerful test arrangements
yielded rather informative results.

Physicists could not comprehend these results as masses of “fragments” observable in
collision of microscopic objects appeared to be much lighter than those of the original
microscopic objects. One would think that these results could be explained in terms of the
relativity theory according to which a microscopic object mass is increased proportionally to the
object motion velocity. But, according to the relativity theory, a relative mass increment is only
function of the velocity and does not depend on whether the microscopic object is an electron or
a nucleon. But the experiment showed that a nucleon mass at the same velocity is increased by as
little as 1.5-2 times whereas an electron mass is increased by 2 or 3 orders.

Physicists found themselves at an inmost loss. The result was, on the one hand, a hypothesis
for restrictive quarks which persistently elude any direct observations and, on the other hand, a
concept of primitive microscopic objects being made up of themselves — a lovely baby talk.
Physicists did not understand the meaning of the acceleration experiment results. Enchanted by
the “beauty” of the relativity theory they could not even think about its quantitative relations
being probably erroneous. So they invented another way out of this situation. They have
assumed that “fragments” are quantized carriers of various interactions.

In attempts to justify their failures physicists agreed “... that in considerably intense
“fragmentation” of matter the classical analysis principle should play out. ... Therefore, the
question “what an electron is made of?”” may turn out to be merely insensible [1, p.12].

*

Physics is considered to be the most elite of sciences as it deals with the material world
structure. Its studies are used as the general theoretical basis for any other science. There have
been significant applied results obtained in physics over the last time.

Why studies of the structure of matter ceased yielding positive results? Why Nobel prizes
have been awarded for theories related with the hypothesis for quarks and quantized carriers of
interactions? Indeed, the experiments in a-particle scattering by nuclear structures gave the
convincing evidence of the absence of real indivisible quanta of energy in the material world [2].

The search for causes of failures in quantum physics regarding the studies of the structure of
electrons and nucleons had absolutely unexpected results. It emerged that these causes were
formed earlier than a century ago. The causes consist in the false conclusion that the material
world lacks ether with its resistance to motion of microscopic and that magnetism is a
consequence of motion of electric charges rather than an independent phenomenon [3,4]. These
false conclusions were due to the lack of any methodological base in the microworld physics.



It became possible to clarify these issues using Mandelstam-Andronov’s applied scientific
methodology developed within the theory of non-linear oscillations [5,6].

The microworld theory neglect towards ether made all models of microworld objects
conservative rather than dissipative. It was the grossest mistake made by physicists since
dissipativity is an attribute of any and all processes in the material world. Setting ether aside
physics got itself deprived of an ability to gain substantial understanding of the experiment
results [2] which are the convincing evidence of the absence of indivisible quanta of energy in
nature.

Moreover, having neglected such an important factor as magnetic interactions between
microscopic objects physicists failed to build structural mathematical models of the microworld
objects. As a consequence physics got to use functional models which have rather a constricted
outlook and unsatisfactory heuristic capabilities as compared to structural models.

*

The neglect of ether and magnetic interactions between microscopic objects had irreversibly
weakened the perceptual potential of quantum physics. The consideration of these factors
showed that the available results of experiments in collision of artificially accelerated
microscopic objects allow for understanding of composition and structure of electrons and
nucleons. The results primarily mean that electrons and nucleons feature no indivisibility which
Is an attribute of a solid body. Therefore, their structures are not counterparts of solid bodies.

The search for possible macroscopic counterparts showed that only atmospheric vortexes
alone can be such a counterpart [2].

The hypothesis for electrons and nucleons being made up of ether elements and having
vortex-like structures has been carefully verified in consequence of its development. It appeared
that each electron-like microscopic object looks like a long, thin, straight solenoid. Magnetic
field of such a solenoid is of a very narrow, long straight needle shape. This result was
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undisputedly confirmed following identification of the electron self-magnetic field shape by
means of known experimental lengths of “He spectral lines [7].
Neutron has a circular shape and is a vortex-like closed circinal structure.

7

In the detailed analysis of neutron-to-proton transformation reaction it has been established
that proton originates from neutron/antielectron synthesis. However, the structure of proton had
been beyond comprehension before it became possible to identify structures of electron-like
microscopic objects and neutron. There are only magnetic interactions between neutron and
antielectron taking place as a magnetic repulsion due to antielectron being a diamagnetic
substance. Forces of magnetic repulsion between neutron and antielectron are equal to each
other. In this situation antielectron and neutron could approach each other only because of
neutron mass being by three orders larger than antielectron mass.

During neutron-antielectron fusion magnetic repulsion makes neutron elude antielectron and
antielectron, due to its “negative” mass rushes towards neutron. Antielectron imminently catches
up with neutron to form a composite object together, that is, proton. Since as far as antielectron is



approaching neutron magnetic repulsion forces between them are continuously growing
antielectron cannot stop at a finite distance from neutron. Hence, according to the contemporary
physical terminology, a collapse or fusion of antielectron and neutron should happen. Lacking
knowledge of neutron and antielectron structures, a researcher of the problem concerning the
structure of proton is found playing a role of “a fleece carrier” in front of new gates. It became
possible to find a way out of this situation only after the structures of antielectron and neutron
had been understood. Proton appeared to be a very unusual object: the centers of neutron and
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antielectron masses coincide within proton, and the stability of this structure is due to magnetic
repulsion.
*

Over the time of its existence physics accumulated the enormous number of experimental
facts that represent various details of the material world structure. However, it could not
completely integrate them in a uniform system of theoretical knowledge because of the lack of
necessary methodological basics. It emerged into formation and usage of wrong concepts of the
material world structure significantly limiting heuristic capabilities of theoretical physics. These
include such inadequate concepts as “indivisible energy quanta”, “spin”, “collapse and
annihilation of matter”, “mass-energy equivalence”, “mass defect”, neutrino”, etc.

Mandelstam-Andronov’s applied scientific methodology developed within the theory of non-
linear oscillations [5, 6] allowed for having these mistakes identified and partially corrected [3,
4,7, 8-25].

Structures of electron and neutron have been a key factor to precondition the ability of
gaining understanding of the general diagram of the material world structure. It emerged that
matter features infinite divisibility and there is an infinite variety of matter organization levels
with increasingly smaller primitive objects similar to known electrons, positrons, antielectrons,
antipositrons and neutrons both in properties and in structures. According to this diagram, our
Universe matter consists of macroscopic objects, microscopic objects and free primitive objects
of other matter organization levels.

*

Electron, being an ethereal vortex-like structure, is constantly drawing, like a flow-type
engine, certain masses of surrounding ether through its central channel. Hence, free electron is in
a constant motion despite of external ether resistance. This is a good explanation of electronic
solar “wind”.

The central channel of such a neutron “vortex” is continuously closed and isolated from
surrounding ether by spiral jets coiling around the central channel. By means of these spiral jets
external ether is drawn through a “hole” in a neutron “doughnut” creating a certain draft.
Therefore free neutrons are also in a constant motion. However, the motion velocity of free
neutrons is much lower than the one of free electrons.

Proton, being a neutron-antielectron structure, is also constantly drawing external masses of
ether through itself. Hence, free protons are also in a constant motion. The motion velocity of
free proton is lower than the one of free electron but higher than the motion velocity of free
neutron.



It should be emphasized that the existence and self-acceleration of free electrons, neutrons
and protons is exclusively due to magnetic interactions between ether elements in part of these
microobjects.

*

The disclosure of the fact that electrons and neutrons feature ethereal vortex-like structures
made causes for failures in experiments aimed at identification of the same by means of
nondestructive tests or breakdown tests crystal-clear.

Investigation of unknown structures by scanning could yield positive results if only the
structures in question are either completely ordered or contain ordered fragments. For instance,
X-ray investigation of liquid structures showed the presence of locally ordered fragments, locally
ordered molecular aggregates therein [26]. The lack of positive results of “X-raying” of electrons
and nucleons can be explained by the fact that vortex-like structures have no ordered fragments.

If electrons and neutrons can be broken down into component elements the latter can be only
individual ether elements. But our instruments are rerm capable of detecting any individual ether
elements. Therefore, if such a breakdown of electrons and neutrons is possible it is not
observable in experiments.

*

Could it be possible in our Universe that electrons and neutrons are assembled of free
elements of ether? What are the conditions necessary and sufficient for such an assembly and
how does it take place? So far it is absolutely unclear what should be a starting point in search
for answers to these questions.

Existence of atmospheric vortexes has played a vital role in identification of electronic and
nucleonic structures. If the Earth had no sufficiently dense atmosphere and if such atmosphere
lacked conditions for origination and existence of vortexes, then the nature of electronic and
neutron structures would hardly be identifiable.

Is it possible to learn the conditions and methods for generation and disintegration of
electrons and neutrons using atmospheric vortexes as counterparts in these questions either?
Unfortunately these questions in the theory of atmospheric vortexes are rather in an
unsatisfactory state. Presently these questions are solved on the basis of convective, thermal
concepts, and magnetism is not considered as a vortex formation factor. Neglecting magnetism
of atmospheric gases it is impossible to explain even the very existence of spiral gas jets coiling
around the vortex central channel.

*

We shall begin investigation into the possibility of breaking electron and neutron structures
down into component elements with the consideration with regard to atomic nucleus structures.
There are two methods of nucleus destruction currently known: dynamic and static. The first
method consists in bombarding the nucleus with natural high-energy cosmic radiation or with
artificially accelerated microobjects.

The second method can only take place in natural phenomena such as static compaction of
matter due to its ultrahigh gravitational contraction. The strongest gravitational contraction of
stellar matter may result in origination of such cosmic objects as “neutron stars” or” black
holes” [27].

*

Most of the known neutron stars have masses close to 1.44 of the Sun mass. Due to
gravitational contraction they are significantly smaller in size than the Sun; they have the radius
of about 10-20 km. Neutron stars mainly consist of a neutron core in heavy nuclei shell. The Sun
mass is 2-10°° kg. Therefore, if a neutron star mass is 2.88-10* kg the density of matter therein
with the star radius of 10 km shall be 6.88-10" kg-m™. As my=m,~1.67-10°" kg, then 1m°
contains 4.12-10* nucleons. This means that the relative volume for each nucleon shall be equal
to 2.43-10* m>. Such a volume is contained in a conventional sphere having the radius of
0.834-10°>m. But as long as this real volume is limited by a surface that is very different from
the sphere having the radius of 0.834-10™ m, these conventional spheres for each pair of



adjacent nucleons intersect. Hence, distance r between adjacent nucleons in a neutron star having
the mass of 2.88-10°° kg and the radius of 10 km is less than 2-0.834-10"° m=1.67-10"°m.

In order to understand what do these figures mean one should address dependencies between
nuclear interaction force and distance r between nucleons [15]: Fn(r)=pr*-qr®, where
p=1,581-10"kg-m°-s?, q=5,032:10"* kg-m®s™. It follows from this relation that F,(r)=0 if
r=3.528-10" m. Since there is a nuclear repulsion between nucleons when r<3.528-10"° m, and
a distance between adjacent nucleons in a neutron star having the parameters above is
r<1.67-10"°m, then nuclear structures in such a star shall fall into separate nucleons.

These calculations give a direct, immediate evidence for that fact that a neutron star core
consists of nucleons which are not bound by nuclear interactions.

Density of matter in a neutron star equal to 6.88-10"" kg-m™ is 4.7 times higher than density
of matter in an atomic nucleus. Indeed, radius r, that contains A nucleons is determined by an
empirical relation of E. Rutherford: r,=1.4-4"-10" m. As my=m,~1.67-10%" kg, the atomic
nucleus matter density estimated in natural environment shall be Am,(4-3*-zr,*)™* = 1.45.10
kg-m™.

*
As for destruction of electron and neutron structures such process can basically take place in
two ways either: dynamically and statically. In what conditions it can be possible?

Experimental facts indicative of breakdown of electrons and neutrons into component
ethereal elements as a result of high-energy collisions have not been observed yet. Only a
theoretical analysis of possibility of such collisions can be conducted.

There is electrical repulsion having the force of ax? and magnetic repulsion having the force
of SOx™ between two free electrons, where a=23.1-10% kg-m®s? p=122.1-10"%kg-m* s,
0=8.372. The approach energy of these two electrons should be equal to E=ar*+86r?so that they
could approach each other to distance r.

The estimated radius of electron was r. = 2.808-10® m. The approach energy of electrons
appeared to be equal to 10%? eV for r=5.62-10"°m, 3.2-10" eV for r=10"° m, and 3.2-10%V for
r=10"" m.

There are nuclear forces and magnetic attraction between free neutrons. Magnetic forces here
are much weaker than the nuclear ones. Neutrons can approach each other to distance r if the
approach energy is £=0.25qr*-3"pr. There is the approach energy of 4.6-10" eV required for
r=10"° m and the approach energy of 1.2-10*eV for r=10"° m.

Such approach energies can be encountered in cosmic radiation. This means that there are no
principal obstacles for disintegration of high-energy neutrons into separate ethereal elements due
to collision between them. However, our instruments are not capable of observing such
phenomena.

*

Let us see if it is possible for neutrons to disintegrate into separate ethereal elements due to
static load or gravitational contraction. What requirements should be met by the objects capable
of such disintegration?

Let us consider an object having mass M(kg) and radius R(m). Density of matter in such an
object is P=M[(4/3)zR*] *kg-m™. Since nucleon mass is m,=1.67-10%' kg, one cubic meter of this
object should contain k, nucleons, k,=Pm,™. Hence, there is volume v equal to k,"m?® for each
nucleon in the object in question. Assuming that this volume has the shape of a sphere with
radius p(m), then v=(4/3)rp® and p=1.186-10°-RM *m=0.736-10°-P*m. But this volume
shape is other than spherical as all adjacent spheres of radius p in a sphere of radius R partially
cut each other. Hence, distance r between adjacent neutrons in this object is less than 2p.

Thus, for an object having mass M(kg) and radius R(m) the distance between two adjacent
neutrons: r<2.375-10°RM *m=1.475.10"-P""*m.

*



It follows from the relation above that when /=2.88-10% kg and R=10* m nuclear structures
in neutron stars do disintegrate into separate neutrons. Distances between adjacent neutrons in
such neutron stars are less than 1.67-10"° m.

Experiments on accelerators showed that antielectron bonding energy in proton is 290 MeV.
Based on this value it became possible to establish that antielectron “radius”, and thus electron
“radius” r. are equal to 2.808-10"'°m. Since the distance between adjacent neutrons in a neutron
star having the properties above is less than 1.67-10° m, then “neutron” radius ry, is less than
0.83-10""*m. It is possible to assume that r,e (3-10"°:8.3-10™°) m.

The estimated values of r. and r, allow for obtaining the relevant estimated values of the
density of matter in electron P, and in neutron P,. It follows from the estimated value of r. that
Pe=me-(4737r*)1=9.11-101.0.75(z-2.808°-10*%)*=0.98-10" kg-m>. As r,e(3-10%:8.3.10™'%)
m, then Pr=m,-(473'r,%) € (6.97-10":148-10"") kg-m>.

*

Prior to analyzing the obtained results we should revert to some properties of electrons and
neutrons resulting from vortex-like ethereal structures. As it has been said before masses of
electron and neutron vortexes depend on density of surrounding ether, on motion velocity of
electrons and neutrons, and on orientation of magnetic moment vectors of electrons and neutrons
versus motion velocities thereof.

Electrons and neutrons are so structured that magnetic fields thereof are constantly drawing
external ether through them. Flows of ether being drawn through electron and through neutron
have the same directions as magnetic moment vectors of electron and neutron.

When electrons and neutrons are moving the ether counter-flow density is increasing
proportionally to the motion velocity of electrons and neutrons while the outgoing ether flow
density is decreasing accordingly.

Magnetic moment vectors of free electrons and neutrons are opposite to their velocity vector.
That is why an increase in the ether counter-flow density and a decrease in the outgoing ether
flow density moving free electrons and neutrons are capturing additional ethereal masses
growing in mass themselves. If magnetic moment vectors of moving electrons and neutrons had
the same direction as their velocity vector their masses would not be increase but decrease with
increase in the velocity.

Electrons and neutrons of composite microobjects cannot be arranged so that all vectors of
their magnetic moments would be opposite to their motion velocity vector. That is why not all of
them are capable of capturing maximum possible additional masses of ether.

Experiments using accelerators showed that free electrons and neutrons moving at the same
velocity are not subject to the relativity theory laws: relative gains in electron masses exceed
relative gains in neutron masses by two or three orders.

There is no experimental data available with respect to relations between relative gains in
masses of electrons and neutrons at rest with increase in density of the entire surrounding ether.

*

Discovery of neutron stars showed that atomic nuclei can disperse into separate nucleons
from rise in ambient pressure. This triggered an interest in possible “dispersion” of neutrons into
component elements with further increase in ambient pressure [28]. Even discussions about
possible transformation of neutron stars into “quark” stars emerged.

Neglect of material ether deprived physics of any capability of identifying the structures of
electrons and neutrons. Consideration of ether showed that “quarks” are merely a phantom of the
physical imagination. Studies in this field have been no longer of any scientific or objective
nature but have passed into the field of pure scholasticism that has nothing to do with the real
world. Nobel prizes awarded for these scholastic exercises only aggravated the situation having
made a fascinating unprecedented promotion for scientific half-competence in the ancient history
of science.

*



Let us refer back to our figures. The density of matter in an atomic nucleus is 1.45-10%" kg-m’
3. Nuclei start dispersing into separate nucleons when ambient pressure is as high as P~10"’
kg-m™ and there are nucleonic repulsion forces between neutrons. In case with an object having
the mass of M=2.88-10*" kg such pressures are possible if R~19 km.

The density of matter in neutron is within (6.97-10"";148-10"") kg-m™. In case with a neutron
star having the mass of //=2.88-10% kg and R=10* m the density of matter is 6.88-10*" kg-m™.
These figures speak for the fact that it is not that far on a cosmic scale for the density of matter in
a neutron star to reach a value at which neutrons would “disperse” into component elements. In
the opinion of the paper authors [28], such a “dispersion” of neutrons should result in a “quark”
object of stellar mass. In very deed it should be an ethereal object of stellar mass.

This assumption is supported by the following fact. According to the available estimate, the
density of matter in electron being equal to 0.98-10* kg-m™ is almost by two orders lower than
the one in neutron. Apparently this is the reason with increase in density of a massive object
electrons should “disperse” into ether elements earlier than neutrons. Therefore, electrons and
other electron-like microscopic objects in neutron stars may “disperse” into component ethereal
elements rather than be pushed to the periphery of such stars.

*

Origination of such interesting cosmic objects as “black holes” is considered to be
dynamical, resulting from explosive, gravitational contraction.

“Dispersion” of microscopic objects in neutron stars due to increased density thereof may
give rise to static, gradual and extremely prolonged formation of “black holes”.

Regarding “black holes” as such, these are defined as objects which gravitational attraction
cannot be surpassed even by “light quanta”, i.e. photons. Consideration of ether and magnetic
interactions between microscopic objects made it possible to understand that photons are
electron-antielectron dipoles [10]. Analysis of the dynamics of such dipoles shows that
gravitational attraction of photons distancing from a source of gravitational attraction does
decelerate the motion of “slow” photons but accelerates the motion of “fast” ones.

*

The findings above are not final but have to be further verified and elaborated. The only

thing doubtless therein is that these findings are not resulting from pure scholasticism.
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Mukpomup 23.
ATMOc(hepHbIe CMEpYH U CMEPUENoJO0HbIE CTPYKTYPHI

H.H.JIeonos

AHanM3uUpyOTCs yCIOBUS (OPMHUPOBAHUS DJIEKTPOHOB M HEUTPOHOB W3 OTACIBHBIX 3JIEMEHTOB 3(dupa u
YCIIOBUS pacmajia 3JIeKTPOHOB U HEUTPOHOB Ha OTAEIbHbIC d(DHUPHBIE IIEMEHTHI.

*

[TorpeboBanoch OY€Hb MHOTO BpPEMEHH JJs TOTO, 4YTOOBl Hamla MUBWIM3ALMS OT
NpECTaBICHUN O TpeX CIIOHAX, Kak 00 ocHOBe Mupa, mpuiuia K IpeACTaBICHUsIM O TOM, YTO
BCE BEIIECTBO B HamieM Mupe COCTOMT U3 aToOMOB. 3HAUYUTENIIbHO MEHbBIIE BPEMEHU
noTpe0oBaJIOCh AT TOTO, YTOOBI MMOHSATH, YTO ATOMBI COCTOSIT U3 Spa U AIEKTPOHOB, a SIAPO — U3
HYKJIIOHOB — MPOTOHOB U HEHTpoHOB. Kazanock Obl, 4TO BBISICHEHHE MPHUPOJBI JIEKTPOHOB U
HYKIIOHOB «HE 3a ropamu». OpHaKo, Bci TeopeTuueckas QaHrazus (QU3NKOB M BCE UX
9KCIIEPUMEHTANIbHBIE MOMBITKA HE TIOMOTJIU PEUIUTh 3TOT BOIPOC.
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bbuin nmpeanpuHATE AKCIIEPUMEHTAIbHBIE MONBITKA BBIICHEHHS CTPYKTYP 3JIEKTPOHOB H
HYKJIOHOB C IOMOUIbIO CKaHMPOBAHUSA U C MOMOIIBIO «pa3IpoOJeHHs» Ha COCTABHbIE YacTH.
OpnnHako, CKaHMPOBaHUE HUKAKUX BPAa3yMUTENbHBIX PE3YJIbTaTOB HE MPUHECIIO. DKCIIEPUMEHTHI
[0 CTOJIKHOBEHMIO BBICOKOPHEPIMUHBIX MHKPOOOBEKTOB, pAa30THAHHBIX HAa  MOILHBIX
YCKOPHTEISIX, PUBEIN K IMOIYYEHUIO BeCbMa HH(POPMATUBHBIX PE3yIbTATOB.

DU3MKYU 3TU PE3yJIbTAThl IIOHATh HE CYMENH, TaK KaK MacChl «OCKOJIKOBY, HAOII01aBIINXCS B
CTOJIKHOBEHUSIX MHUKPOOOBEKTOB, OKa3aJMCh HAMHOTO OOJIbIIe, YeM MacChl HCXOJHBIX
MHUKpOoOOBEeKTOB. Kazanmoce Obl, 3TH pe3yiabTaTbl MOXHO OOBSICHUTH C IOMOIIBIO TEOPUHU
OTHOCHUTEJIBHOCTH, COTJIACHO KOTOPOW Macca MHKPOOOBEKTa YBEIMYUBACTCS C YBEIWYCHHEM
CKOpocTH ero aBwxkeHus. Ho, coryiacHO Teopuu OTHOCUTEIbHOCTH, BEIMYMHA OTHOCHUTEIBHOIO
IPUPALICHNUS] MAacChl 3aBUCUT TOJIBKO OT CKOPOCTH, M HE 3aBUCUT OT TOTO, 3JIEKTPOHOM WU
HYKJIOHOM SIBJIIETCSI MUKPOOOBEKT. DKCIHEPUMEHT K€ II0Ka3al, 4TO NpU OJHOW M TOH ke
CKOPOCTH Macca HYKJIOHa yBeluduBaeTcs Bcero B 1,5-2 pasa, Torja Kak Macca 3J€KTpOHa
YBEJIMYMBAETCS Ha 2-3 mopsiiKa.

Ou3uKN OKazanHuch B TiryOouaiiiiell pactepssHHOCTH. B pesysnbrare mosBWIIaCh, C OIHOM
CTOPOHBI, TUIOTE3a CYLIECTBOBAHMS «CTECHUTEIbHBIX» KBAPKOB, YIOPHO YKJIOHSIOIIMXCS OT
NPSMBIX HAOIOJCHUH, C IPYTOil — MPEICTaBICHHS, YTO dJIEMEHTAPHBIE MUKPOOOBEKTHI COCTOSAT
«caMu U3 cebs» - o4apoBaTeNIbHBIM JeTckuil yiener. PU3MKKU HE TMOHIM, O YE€M T'OBOPAT
pe3ysbTaThl  JKCIEPUMEHTOB Ha  YCKOPUTENAX. 3adapoBaHHbIE «KpPAacOTOW»  TEOpUHU
OTHOCHUTEJIBHOCTH, OHU JaX€ MBICIM HE JONYCTWIH, YTO €€ KOJIMYECTBEHHbIE COOTHOIIECHUS
MOTryT ObITh OHIMOOYHbIMU. [103TOMY OHM BbIIyMaJIM APYrol BbIXOA W3 ATOH curyanuu. OHU
CTaJli CYMTaTh, YTO «OCKOJKW» SIBJISIIOTCS KBAaHTOBAaHHBIMM HOCHUTENISIMH  Pa3IUYHBIX
B3aUMOJICYCTBUI.

[IpiTasicb ompaBiaTh CBOM Heydaud, (U3MKK JIOTOBOPUIMCH JO TOIO, «...4TO IpH
JIOCTaTOYHO CHJIBHOM <«JIpOOJICHHH» MaTepuu MPUHIMI KJIACCUYECKOTO aHaiu3a JO0JKEH
U3KHUBaTh ce0s. ... B CBS3M C 3TUM BOMPOC «U3 YErO COCTOUT AJIEKTPOH?» MOXKET OKa3aThCs
MONPOCTY JIMIIEHHBIM cMbIcaay [1, c.12].

*

®u3nka cuuTaeTcs HamOoJee SIUTAPHOM Cpely eCTECTBEHHOHAYUYHBIX IUCLMIUIMH — BEb
OHAa 3aHMMAETCi HCCIEIOBAaHUEM YCTPOMCTBAa MaTepuanbHoro Mupa. Pesynbrarter €€
HCCJIEIOBAaHUM CIIy>KaT o0IiereopeTndyeckoi 0azoi it 1000M Ipyroil ecTeCTBEHHOHAYYHOU
JUCUMIUIMHBL. 3a mpolueAmee Bpems (u3uka Jo0MiIack 3HAUYMUTENBHBIX MPUKIATHBIX
pe3yNbTaToB.

[Touemy ke wuccienoBaHUS CTPYKTYpPbl BEIIECTBA IMEPECTAJd HNPUHOCUTH IO3UTHBHBIE
pesynbratel? [louemy cramu npucyxnarb HobGeneBckue NpemMuu 3a TEOPUH, CBSI3AHHBIE C
TUIIOTE€30M KBAapKOB M KBAaHTOBAaHHBIX HOCUTENIEH B3auMozecTBuii? Benp pesynabTaTsl
UCCJIEIOBAaHUM IO PACCEIHUIO (-YaCTHUIl ATOMHBIMU SJIpaMH TNPEAOCTaBUIN YyOenuTelabHbIe
AKCIIEPUMEHTAJIbHBIE JI0KA3aTENbCTBA OTCYTCTBHS PEAIBHBIX HEJIEIMMBIX KBAHTOB JHEPIUU B
MartepuaibHoM Mupe [2].

[Touckn mpuuuH Heynad KBAHTOBOM (M3WKH, B H3YUYEHUHM YCTPOICTBAa 3JIEKTPOHOB U
HYKJIOHOB, IIPUBEJNIM K COBEPIIEHHO HEOXKUAAHHBIM pe3ysbraTtaM. OKa3aloch, 4YTO 3TU MPUUHHBI
chopmupoBanich 0Oojee CTONETUS Hazal. 3aKIIoyaloTcsl OHM B OLIMOOYHOM BBIBOAE 00
OTCYTCTBHH B MaTepuaibHOM Mupe 3¢upa, ¢ ero ConpoTUBICHUEM IBUKEHUIO MUKPOOOBEKTOB,
U B OMMOOYHOM BBIBOJIE, YTO MAarHeTH3M — HE CaMOCTOSITENIbHOE SIBJICHUE, a CIIeACTBUE
JBUKEHUS JIEKTPUUECKUX 3apsiioB [3,4]. OTu ommOoYHbIEe BBIBOABI OKAa3alHCh OOYCIIOBJIECHBI
OTCYTCTBHUEM HEOOXOAUMOM METO0JI0THUECKOr 6a3bl B (PU3MKE MUKPOMHUPA.

SIcHOCTB B 3TH BOIIPOCH! yIAJIOCh BHECTH C MOMOUIBIO MPUKIIAJTHON HAy4YHONU METOAOJIOTHH
MannenbitramMa-AHIPOHOBA, pa3pabOTaHHON B TEOPUU HETMHEWHBIX KoJjeOaHwuii [5,6].

Otka3 ot ydera >(upa, B TEOPUH MUKPOMHUPA, IPUBET K TOMY, YTO BCE MOJIEIN OOBEKTOB
MUKpPOMHpA B KBAaHTOBOW TEOPHUU OKA3aJIUCh HE TUCCUNATHUBHBIMU, & KOHCEPBATUBHBIMH. JTO
Obuta rpyOeimmas omuOKa (PU3MKOB, TaK Kak JAUCCHMATHBHOCTH SIBJICTCS HEOTHEMJIEMBIM
CBOWCTBOM BceX, 0€3 MCKIIIOYEHHUs, MPOLIECCOB B MaTepuanbHoM Mupe. OTKa3aBIIMCh OT y4eTra



abupa, ¢u3nka nummiia ceds BO3MOXKHOCTH JOCTIKEHUS COAEPIKATEIHLHOTO TOHUMAHUS
pe3yJbTaTOB AKCIEPUMEHTa [2], choyKamMx YOeIUTENbHBIM JI0KA3aTeIbCTBOM OTCYTCTBHUS B
[Tpupose HeAEeTMMBIX KBAaHTOB SHEPTHH.

W3-3a TOMOJHUTENHHOTO OTKa3a OT y4yeTa TaKoro BakKHeWIIero ¢akropa, Kak MarHUTHBIC
B3aUMOJICHCTBUS MEXIy MHKPOOOBEKTaMH, (H3MKa HE cymela MOCTPOUTh CTPYKTypHBIE
MaTeMaTHUYecKue MoJeNn OO0bEeKTOB MHUKpomupa. B pesynbTare 3TOro oHa ObUIa BBIHYKIEHA
UCTIOJIb30BaTh (DYHKIIMOHANBHBIE MOJAETH, a (YHKIMOHAJIbHBIE MOJEIN O00JaJaloT BeCbMa
OTpaHUYEHHBIM KPYTO30pOM M HEYJOBIIETBOPUTEIHHBIMU SBPUCTHUECKUMU BO3MOKHOCTSAMU, 10
CPaBHEHHIO CO CTPYKTYPHBIMU MOJCIISIMH.

*

Otkaz or ydera 5(upa MW MarHUTHBIX B3aUMOJCHCTBUH MEXAY MHUKPOOOBEKTAMH
HEBO3BPATHUMO OCJIa0usI MO3HAaBATEIbHBIA MOTEHIMAl KBAHTOBOM (DM3UKHU. YUeT 3TUX (aKTOpOB
MoKa3aJl, 4TO MMEIOUIMECs pPe3ylbTaThl JKCHEPUMEHTOB IO COYAAPEHHSIM MHUKPOOOBEKTOB,
pa30THAHHBIX HAa MOIIHBIX YCKOPUTENAX, IMO3BOJSIOT BBIpAOOTaTh MOHUMAHUE COCTaBa U
CTPYKTYp D3JEKTPOHOB U HYKJIOHOB. W3 3THX pe3ynbTaToB, IpPEXAE BCEro, CIENYeT, 4TO
9JIEKTPOHBl U HYKJIOHBI HE 00JaJal0T CBOMCTBOM JI€IMMOCTH — HEOTHEMIIEMBIM aTpHOyTOM
TBepaoro Tena. CieoBaTeNbHO, MX CTPYKTYPHI HE SIBIISIFOTCS aHAJIOTaMU TBEPABIX TEIL.

[Toricku BO3MOXKHBIX MAaKpOCKOMHYECKHX aHAJIOTOB IIOKa3alld, 4YTO B KaueCTBE TaKOTo
aHaJjiora MOTYT OBITh HCIIOJIB30BaHbI TOJILKO aTMOC(epHbIe cMepuu [2].

['unore3a 0 TOM, YTO SJIEKTPOHBI M HYKJIOHBI COCTOSIT M3 3JIEMEHTOB 3(upa u obianaroT
CMep4erofoOHBIMU CTPYKTYpaMHU, MPOIILIa THIATEIBHYIO IIPOBEPKY, B PE3YJIbTATE Pa3BUTHSI STON
runore3bl. OKa3aaoch, YTO KaXKIbIM 3JEKTPOHOMOAOOHBIH MUKPOOOBEKT MOX0X HA JUIMHHBIMH,
TOHKHUH MPSIMOH COJeHOWA. MarHUTHOE II0JIE TaKOTO COJICHOWJa MMeeT (OpMY OYCHb Y3KOM

JUIMHHOM MpsAMOM cruLbl. DTOT pe3ysbTaT MOJydusl OECCOpHOE MOJATBEPKIECHUE B pe3ysbTaTe
UACHTUGUKAIMU  (OPMBI COOCTBEHHOI'O MArHUTHOTO TIOJIi DJIEKTPOHA, TPOBEIEHHON C
MCIIOJIb30BAHUEM H3BECTHBIX JKCHEPUMEHTAIbHBIX 3HAYEHWH JJIMH CHEKTPaJbHBIX JIMHUUN
atomos “He [7].

HeiiTpon umeer gopmy KoJiblia U SBISETCS CMEPUENOOOHBIM 00pa30BaHUEM, CBEPHYTHIM B

KOJIBLIO ¥ 3aMKHYTBIM Ha CeOsL. /@))
)

[Ipu neranbHOM aHaNU3€ peaKlUMU MpEBpallleHUss HEUTPOHA B MPOTOH, OBLIO YCTAHOBJIECHO,
YTO IIPOTOH BO3HHUKAET B PE3YJbTAaTE HEMTPOH-AHTUIIEKTPOHHOrO cuHTe3a. (OJHAKo, 10 TOro,
KaK yJaJIoCh BBISIBUTH CTPYKTYPBI 3JIEKTPOHOMOAOOHBIX MUKPOOOBEKTOB U HEUTPOHA, CTPYKTYPY
IPOTOHA MOHATH OBUIO HEBO3MOXHO. MeXJy HEMTPOHOM M aHTHDJIEKTPOHOM MMEIOT MECTO
TOJIBKO MAarHUTHBIE B3aMMOJICHCTBHS, PEAIN3yeMble B BHJE MAarHUTHOTO OTTAJIKWBAHMS HU3-32
JMaMarHeTu3Ma aHTHUIJIEKTPOHA. BEIMYMHBI CUI MAarHUTHOTO OTTAJIKUBAHUSA MEXKIY HEUTPOHOM
U aHTURJIEKTPOHOM paBHBI Apyr Ipyry. B arToii cuTyanuu, cOiMKeHHE aHTHAJIEKTPOHA U
HEHUTPOHA OKAa3aJIOCh BO3MOXHBIM TOJIBKO M3-3a TOr'O, YTO BEIMYMHA MAacChl HEUTPOHA HA TPHU
MOPsIIKA IPEBOCXOIUT BEIMYMHY MAcChl aHTUAJIEKTPOHA.

B mpouecce HENTPOH-aHTHUAIEKTPOHHOIO CUHTE3d, HEUTPOH, IO ACHCTBUEM MarHUTHOTO
OTT&JIKMBAHUs, yOeraeT OT aHTUAJIEKTPOHA, a AHTUAIEKTPOH, U3-32 «OTPULATEILHOCTH» CBOEH



Macchl, YCTPEMIISICTCS 38 HEUTPOHOM. AHTHAJIEKTPOH, ¢ HEM30€KHOCTHIO, JOTOHSET HEUTPOH U
o0Opa3yeT BMecTe C HEWTPOHOM COCTaBHOW OOBEKT — MpOTOH. Tak Kak, Mo Mepe COIMKEHUs
AQHTURJIEKTPOHA C HEUTPOHOM, BEJIMYMHA CHJIBI MAarHUTHOIO OTT&JIKMBAHUS MEXAY HUMHU,
HENpEepbIBHO BO3pAacTaeT, TO Ha KOHEYHOM pACCTOSIHUM OT HEHTpOHAa aHTHAJIEKTPOH
OCTAaHOBUTHCS HE MOkeT. CnenoBaTeibHO, MO COBPEMEHHOW (M3NYECKON TEpPMUHOJIOTHH,
JIOJDKEH MPOU30MTH «KOJUIAINCY, CIUSHUE aHTUAJIEKTPOHA U HEUTpoHA. B mpobieme noHnmMaHus
CTPYKTYpbl TpPOTOHA, O€3 3HaHUS CTPYKTYp HEWTpPOHAa M AHTHUIJIEKTPOHA, HCCIIEAOBATENb
OKa3bIBAETCsl B POJIM «HOCUTEJI PYHO» Iepe]l HOBBIMM BOpPOTaMH. BeITH U3 3TOro crymopa
yZaJI0Ch TOJBKO OCIE AOCTHKEHUSI IOHUMAHUS CTPYKTYpP aHTH3JEKTPOHA U HeWTpoHa. [Iporon
OKa3aJICs OuYeHb HEOOBIYHBIM OOBEKTOM — LEHTPhl MAacC HEMTpOHAa W AHTHUIJIEKTPOHA B

)
Ao

V

MPOTOHE COBIMAJIAIOT, & YCTOMUYMBOCTH 3TOM KOHCTPYKIIMH 00ECIIeYNBAECTCS CUIIAMU MarHUTHOTO
OTTaJIKUBaHUS.
*

3a BpeMsi CBOEro CyHIeCTBOBaHMSA, (HU3MKAa HaKomwWia Oorareifiee MHOMXKECTBO
AKCIIEPUMEHTANBHBIX (DAKTOB, OTPAKAIOIIUX PA3IUYHBIC JIETAIH YCTPOMCTBA MaTepHaIbHOTO
Mupa. O0beIMHUTD UX B €JUHYIO CUCTEMY TEOPETUYECKOT0 IIOHUMAaHUS OHA, B TIOJTHOW Mepe, He
CyMela HU3-3a OTCYTCTBUS HEOOXOAMMBIX METOJOJIOIMYECKIX OCHOB. DTO MPUBEJIO K MOSBICHUIO
U HCIIOJIb30BAHHIO OLIMOOYHBIX MpEACTaBIeHUNH 00 YCTpoiicTBe MaTepuaibHoro Mupa,
CYIIECTBEHHO OIPaHMYMBIIHUX 3BPUCTHUYECKHE BO3MOXHOCTH TEOpeTHUecKor ¢u3uku. B ux
YyHClle TaKUE HEaJeKBAaTHbIE MPEJCTaBICHUS, KaK «HEIEIMMbIE KBAHTBI SHEPIrUN», «CIHHY,
«KOJUTANlC U aHHUTHIIALIMS BEIIECTBAY, «IKBUBAJCHTHOCTh MAacChl U DHEPTUN», «Ie(heKT Maccey,
CHEUTPHUHOY,. ... .

[Tpuxnannas Hay4Has MeTOAOJNOrHs MaHenbinTamMma-AHAPOHOBA, pa3paboTaHHas B paMKax
TEOpUH HEIUHEUHBIX KoyieOaHuu [5,6], MO3BoNMIA BBIIBUTH 3TH ONIMOKM W YAaCTHMYHO HX
yctpanuts [3,4,7,8-25].

CTpyKTypbl DJJIGKTpOHa W HEHUTPOHA SBWJINCH KIIOYEBBIM (PAKTOpOM, OOYCIOBHBIIUM
BO3MOXHOCTh JIOCTHXKEHHs IOHMMaHHs oOImeil cxembl ycTpoilicTBa MaTtepuaibHOoro Mupa.
Okazasioch, 4TO Marepusi 00JIaJaeT CBOWCTBOM O€3rpaHMYHON JETUMOCTH U YTO CYLIECTBYET
0ECKOHEUYHOE MHOXKECTBO PA3JIMUYHBIX YPOBHEH OpraHu3allud MaTepuu ¢ Bce Oosee u Ooiee
MEJIKUMH 3JE€MEHTAPHBIMU OOBEKTaMH, AHAJOTHYHBIMH HAIIUM 3JEKTPOHAM, MO3UTPOHAM,
AQHTUAJIEKTPOHAM, AHTUIO3UTPOHAM M HEUTPOHAM, KaK IO CBOMCTBaM, TaK U MO CTPYKTYpPaM.
CornacHo »TOi cxeme, B Haiell BceneHHOH BelecTBO COCTOMT M3 OOBEKTOB MaKpoOMHpa, U3
00BEKTOB MUKPOMHUPA U U3 CBOOOIHBIX 3JIEMEHTAaPHBIX 00BEKTOB JPYTUX YPOBHEW OpraHU3aluu
MaTepuHu.

*

DneKTpoH, Oyayun d(PUPHBIM CMEPUYETONOOHBIM OOBEKTOM, MOCTOSHHO MPOKAYMBAET, Kak
IIPOTOYHBIN JIBUraTElb, YEPE3 CBOM LIEHTPAIbHBIN KaHal OIPENEICHHBIE MAacChl OKPY)KAIOIIETO
ero BHemiHero s¢upa. BcriencrBue 3Toro, cBOOOTHBIM 3JEKTPOH HAXOAUTCA B IOCTOSHHOM
JIBUKEHUH, HECMOTpPSI HAa COMPOTHUBIIEHHWE BHEIIHEro 3¢dupa. 1o xopouo oOBACHSIET HaIUuHe
AIIEKTPOHHOI'O COJTHEYHOT'O «BETPa.

[leHTpanbHBIN KaHAT HEUTPOHHOTO «CMepUa» 3aMKHYT Ha cebs. OT okpysxaromiero 3pupa oH
M30JIUPOBaH CHHUPATBHBIMU CTPYSIMU, HABHUBAIOIIMMUCS Ha LEHTPAJIbHBIM KaHal. OTUMU
CHUPATBHBIMU CTPYSIMH, BHEIIHUNA 3(Up NpoKauMBaeTcs 4Yepe3 <«AbIPKY» B HEUTPOHHOM
«OyOnuKe», co3aaBas HEKOTOPYIO «TAry». IloaTomy cBOOO/IHBIE HEMTPOHBI TAKXKE HAXOAATCS B



MOCTOSIHHOM JBM>KeHUH. OIHAKO, CKOPOCTh IBHYKEHUSI CBOOOHBIX HEHTPOHOB HAMHOTO MEHbIIIE
CKOpPOCTH JIBUKEHHSI CBOOOIHBIX 3JIEKTPOHOB.

IIpoTOH, SABIAACH HEUTPOH-AHTUAIEKTPOHHOM CUCTEMOM, TAKXKE IIOCTOSHHO ITPOKAYMBAET
yepe3 ceOs BHemHHe Macchl 3¢dupa. [losTromy cBOOOIHBIE NPOTOHBI TaKXKE HAXOAATCA B
IOCTOSTHHOM JIBMKEHUH. CKOpPOCTh JABIIKEHHSI CBOOOJHOTO TPOTOHA MEHbBIIE CKOPOCTH
JBYDKEHUS! CBOOOHOTO JIEKTPOHA, HO O0JIBIIIE CKOPOCTH JIBUKEHUS CBOOOIHOTO HEMUTPOHA.

HyXHO moOmYepKkHyTh, YTO CYIIECTBOBAaHUS M CaMOPA3TOH CBOOOJHBIX 3JIEKTPOHOB,
HEUTPOHOB U IIPOTOHOB OCYIIECTBIIAECTCA UCKIFOUATEIBHO 3@ CYET MATHUTHBIX B3aMMOJCHCTBUM
MEXy dJIeMeHTaMu d(hUpa, COCTABISIOMIUMU ITH MUKPOOOBEKTHI..

*

OOHapy)XeHHe TOTO, YTO MEKTPOHBI M HEUTPOHBI 00J1a1aI0T SPUPHBIMUA CMEPUYETIOA0OHBIMU
CTPYKTYypaMH, CIEJAlI0 COBEPIICHHO IIPO3pauyHbIMU IPUYMHBI HEyJad B OKCIEPUMEHTAX,
HAIPaBJICHHBIX HA BBIABICHUE 3TUX CTPYKTYp C MOMOIIBIO HEPA3PYLIAIOUIEr0 CKaHUPOBAHUS
WK C TIOMOMUIBIO pa3pylaromield pa300pky Ha COCTaBHBIE YAaCTH.

W3ydyeHre HEWU3BECTHBIX CTPYKTYp C IIOMOUIbIO CKAaHMpPOBAHHS MOXKET IPUHECTU
IIO3UTUBHBIE PE3YNbTATHI TOJBKO B TOM CJIy4ae, €CIIM M3y4aroTCs CTPYKTYpPhl WIH IOJHOCTBHIO
YIIOPSIOYCHHBIE, WIH COJIEpKAIIUE YHOpsA0UYeHHBIe (parMeHThl. Tak, peHTreHorpaduueckoe
UCCIIEJOBAHUE CTPYKTYp MXHMJAKOCTEH IOKAa3aJ0 HAIWYME B HUX JIOKAJIBHO YIOPSAAOYEHHBIX
(GbparMeHTOB, JIOKAJbHO YIOPSIAOYEHHBIX MOJEKYJSIpHBIX arperatoB [26]. [lomHoe oTcyTcTBHE
HO3UTHUBHBIX PE3YJIbTATOB, MPU «IIPOCBEUYNBAHUMY HIIEKTPOHOB U HYKIIOHOB, OOBSICHSAETCS TEM,
YTO B CMEPYENOA0OHBIX CTPYKTYpaxX HUKAKUX YIOPSIOUYECHHBIX (PParMeHTOB HET.

Eciin BO3MOXHO pa3pyllIE€HUE IEKTPOHOB M HEUTPOHOB HAa COCTaBHBIE YACTH, TO TaKHUMH
COCTaBHBIMHM YaCTSAMH MOTYT OBITH TOJBKO OTIENbHBIC 3JeMEHTHI ddupa. Ho Hamm npubopsl
HECNOCOOHBI 3a(UKCUPOBaTh OTAENbHbIE 3JIeMeHThl 3¢upa. CrenoBarenbHO, €CIM TaKoe
paspylleHHe 3JIEKTPOHOB WU HEHUTPOHOB BO3MOXKHO, TO SKCIIEPUMEHTAIBLHO OHO HaMH HeE
Ha0Ir01aeMoO.

*

Bo3moxHa nu, B Hameil BcenenHoll, cOopka »71€KTPOHOB M HEHTPOHOB M3 CBOOOJTHBIX
anemMeHToB d(upa? KakoBbl ycroBus, HEOOXOAUMBIE U JIOCTATOYHBIE JIJISI DTOW COOPKH, M Kak
oHa npoucxoaut? C 4yero HauaTh NOMCKH OTBETOB Ha 3THU BOIPOCHI, [TOKA YTO COBEPIICHHO HE
ACHO.

CymiecTBoBaHHE aTMOC(EPHBIX CMepYel ChIrpaio KIIYEBYIO POJb B BBIABICHUM CTPYKTYD
AJIEKTPOHOB M HYKJIOHOB. Eciin Ob1 3emuis Oblia JMIlEHa JOCTaTOYHO IUIOTHOW arMmocdepsl, U
ecnu Obl B 3TON aTMocdepe He ObIIO YCIOBUH Ul 3apOXKJI€HHS U CYLIECTBOBAHUS CMepUeid, To
BBISIBUTH XapaKTep EKTPOHHBIX U HEUTPOHHBIX CTPYKTYP BPAJ JIK OBl y1a710Ch.

MOo>KHO M y3HaTh YCIOBUA U CIOCOOB! (POPMHUPOBAHHUS U PACIIa/Ia HJIEKTPOHOB U HEUTPOHOB,
UCIIOJIB3YSl aTMOC(epHble CMEPUYH B KaUeCTBE aHAJIOTOB U B ATHX Borpocax? K coxanenuto, 3Tu
BONPOCHI B TEOPUU ATMOC(EpPHBIX CMepuell HaxXoAATCS B BeChbMa HEYIOBJIETBOPUTEIHLHOM
cocrosHUU. B HacTosmiee BpemMs OHU pemaloTcss Ha 0a3e KOHBEKTHBHBIX, TEIUIOBBIX
Npe/CTaBIeHU, MarHeTU3M He PacCMaTpPHUBAETCS B KauecTBE cMepueoOpasyromero Qaxropa.
be3 yuera marneTusma atMoc(epHBIX ra30B, HE OOBSICHUTH JaXKe CYIIECTBOBAHWE CITUPATHHBIX
ra3oBbIX CTPYH, HABUBAIOIMXCS HA LIEHTPAJIBHBINA KaHaJ cMepya.

*

BolsicHeHHME BO3MOXKHOCTH DPaspyLIEHHs CTPYKTYp DJIEKTpOHA M HEHUTpOHAa HA4YHEM C
pPaccMOTPEHHsI ITOrO BOIIpPOCa MO OTHOUIEHHIO K CTPYKTypam aTOMHOro sjpa. B Hacrosiuee
BpEMs XOPOIIO W3BECTHO CYIIECTBOBAHHE JIBYX CIOCOOOB pa3pylIeHUs spa - AMHAMUYECKOTO U
cratuueckoro. IlepBbiif crmoco6 3akiroyaercss B OOMOapIupOBKE spa €CTECTBEHHBIM
BBICOKOOPHEPTMYHBIM KOCMUYECKMM H3JIyUEHHEM WM HCKYCCTBEHHO pa30THAaHHBIMM Ha
YCKOPUTENSIX MUKPOOOBEKTaMHU.

Bropoii crioco0 MOXXeT MPOUCXOUTH TOJIBKO B €CTECTBEHHBIX NMPHUPOIHBIX SABICHHUIX — MPU
CTaTMYECKOM YIIJIOTHEHUHU BELIECTBA, 3a CYET €r0 CBEPXBBICOKOTO TPaBUTALMOHHOTO CIKATHS.



B pe3ynbrarte cuibHEHIIEro rpaBUTAMOHHOTO CXATHUsl 3B€3HOTO BELIECTBA MOT'YT BO3HHUKATh
TaKue KOCMUYECKHUE OOBEKTHI, KAK KHEHTPOHHBIE 3BE3/bI» U «UEPHBIC TBIPE» [27].
*

BOaBIIMHCTBO M3BECTHBIX HEUTPOHHBIX 3Be3] oOjagaeT maccoi, Ommskon k 1,44 maccel
Connua. Pa3zmepsl ux, u3-3a rpaBUTAMOHHOTO CHKATHsI, 3HAYUTEIBHO MEHbIIIE pazMepoB ColHIa
— oHU umeror paguyc nopsaka 10-20xkM. CocToSIT HEHTpPOHHBIE 3BE3/lbI, B OCHOBHOM, W3
HEUTPOHHOW CEpJIIIEBUHBI, 3aKIIFOYEHHON B 000J0YKY M3 TsOKENbIX siaep. Macca ConHIa paBHa
2-10%%r. [TosToMy, mpu Macce HEUTPOHHOM 3BE3/1bl, paBHOMU 2,88- 10%kr, miotHOCTH BelecTBa B
Hel, pu e€ paauyce B 10kM, paBHa 6,88~1017KF-M'3. Tak xak mn:mp:1,67-10'271<r, 10 B IM°
COIECPIKUTCS 4,12-10% HYKJIOHOB. 3HAYUT, Ha KaXKJbId HYKJIOH MPUXOJUTCS OTHOCHUTEJbHBIN
00beM, paBHBIN 2,43-10"°m>. Takoit 06beM COZICp)KHUTCS B YCIIOBHOM cdepe ¢ paamycoM B
0,834-10%°m. Ho, Tak kak o5TOT peaNbHBIA O00BEM OTpaHUYCH TOBEPXHOCTHIO, CHIIBHO
OTIIMYAOIIEHCs OT cepsl ¢ paguycoM B 0,834-10™"°m, T0 1M YCIIOBHBIC Cephl, IS KaKIOU
napbl COCEHUX HYKJIOHOB, nepecekatorcs. CieioBaTelIbHO, B HEUTPOHHOI 3Be3/1e, 001a1aromeit
maccoii B 2,88-10°°r u paauycom B 10kM, paccTositHME ' MEXIYy COCEJHUMH HYKJIOHAMHU
MeHbIe, uem 2-0,834- 10'15M=1,67- 10%m.

UTOoOBI MOHATH, O Ye€M TOBOPST 3TH HU(PHI, HY)KHO OOPATUTHCS K 3aBUCUMOCTH BEITUYHHBI
CUJIbl SJIEPHOTO B3aUMOJECHCTBUSI OT PACCTOSIHMS I MEXIy HykiaoHamu [15]: Fn(r):pr‘4-qr‘5,
rae p=1581-10"%r-m>¢?, q=5032-10 "“kr-m®-c?. 3 srT0ro BRIpaxeHms ciexyer, uro Fn(r)=0
npu r=3,528-10'15M. Tak kak, mpu r<3,528-10'15M, MEXy HYKJIOHaMU JEHCTBYET SAEpHOE
OTTAJIKUBaHUE, U B HEHUTPOHHOHN 3BE€3/i€, C MPHUBEICHHBIMHU BBIIIE MMapaMeTpaMH, PACCTOSHUE
MEXIY COCEIHMMH HYKJIOHAMU r<1,67-10'15M, TO SJIEpHbIE CTPYKTYpHl B DJTOH 3Be3le
pacchInarTcs Ha OTACIIbHBIC HYKJIOHBI.

OTU pacueThsl AT MPsSMOE, HEMOCPEACTBEHHOE J0Ka3aTelbCTBO TOrO, YTO CEpJIlleBUHA
HEUTPOHHOW 3BE€3/lbl COCTOMT M3 HYKJIOHOB, HE€ CBSI3aHHBIX MeXay co00il saepHbIMU
B3aMMOJICHCTBUSAMHU.

[InoTHOCTB BeliecTBa B HEUTPOHHOM 3Be3/e, paBHas 6,88- 1017Kr-M'3, B 4,7 paza BbIIIIe, YeM
IUIOTHOCTh BEHIECTBA B AaTOMHOM sjpe. JleWCTBUTENbHO, BENMYMHA pajaudyca sapa [y,
cojepxamero A HYKJIOHOB, OMPEEISIeTCs IMIUPUYECKUM cooTHomeHueM O.Pesepdopra:
r,I:1,4-A1/3-10'15M. Tak kak mnzmpzl,67-10'271<r, TO OILIEHKAa IJIOTHOCTU BEIECTBA B aTOMHOM
SJIpe, B €CTCCTBCHHBIX YCIIOBUSX, paBHA Amn(4-3'1-7rr,[3)'1: 1,45-10 kr-m,

*

Uro kacaercs pa3pylIeHHs] CTPYKTYp DJIEKTPOHA W HEUTPOHA, TO ATO, B TMPUHIIUIIE, MOXKET
MPOUCXOIUTh TAKXKe JBYMS MYTSIMH — AWHAMUYECKUM U CTaTHUYECKUM. B KakuX yCIOBHUSX 3TO
MOKET UMETh MECTO?

DKCTepUMEHTAIbHBIE (DAKThI, CBUAETEIHCTBYIONINE O Pacraje JIEKTPOHOB U HEHTPOHOB Ha
COCTaBJISIONTNE MX JJIEMEHTHI 3QUpPa, B PE3yJIbTaTe CBEPXIHEPTUIHBIX CTOJKHOBCHHIM, ITOKA HE
3a(UKCUPOBAaHbI. MOXHO TOJIbKO TPOBECTH TEOPETUYECKUN aHAIU3 BO3MOXKHOCTH TaKHX
CTOJIKHOBEHU.

Mexny nByMs CBOOOJHBIMU DJIEKTPOHAMHU JEHCTBYET DJIEKTPUUYECKOE OTTAIKMBAHHUE, CHIIA
K0T0§)o_r20 paBHa x> goMaFH‘{/ITgoe OTTAJIKUBAHUE, CHIIa KOTOPOro pasHa B0x™, rae 0=23,1-10%
kr-m ¢, f=122,1-10"kr-M ¢, 6=8,372. UTOOBI 3TU NEKTPOHBI CONMUZUINCEH IO PACCTOSHUA I,
SHEPrus UX COMMKEHHS TOJIKHA ObITh paBHA E=ar'1+,80r'2.

OueHka paguyca SJEKTpOHA OKa3ajach pPaBHOU r.=2,808-10"m. DHeprus COMMKEHUS
AJIEKTPOHOB, HEOOXOTUMas JIIs r=5,62-10'16M, OKa3ajach paBHOM 10123B, TUTS r=10'15M, paBHOM
3,2-10113B, " OI9 r:10'14M, paBHOM 3,2- 10%B.

Mesxty CBOOOJHBIMU HEHTPOHAMH JCHCTBYIOT SICPHBIC CHJIBI M MAarHUTHOE TPUTSIKCHHE.
MarauTHbIE CHITBI 3/16Ch HAMHOTO cinabee saepHbIX. [ cOnmKeHns: HEHTPOHOB 10 PaCCTOSHUS
I HCOOXOIMMO 3aTpaTUTh SHEPTHIO E=O,25qr'4-3'1pr'3. Jlnst r=10""M Heo6xoamMa SHEPTHs
4,6-1073B, TUTSE r=10"6u — sHeprus 1,2 1015B.

Takue »SHeprum COMMKEHUS BCTPEUAIOTCS B KOCMHUYECKOM H3ITyYCHHH. 3HAYHT,
MPUHIMITAATBHBIX TPENSTCTBUN N7 pacnafa BBICOKOIHEPTUYHBIX, CTATKUBAIONIUXCS MEXKIY



co0oM, HEUTPOHOB Ha OTIENbHBIC AIeMEHTHI 3¢dupa HeT. Ho Hamm npubopsl Takue SBICHUS
HaOJIFOJATh HE CIIOCOOHEL.
*

[TocMoTpuM, CyIIECTBYET JM BO3MOXKHOCTH paclaja HEMTPOHOB Ha OTIENbHbIC 3JIEMEHTHI
adupa 3a CUET CTATHUECKOW HArpy3KH, 3a CYET I'pPaBUTALMOHHOTO cxarus. Kakum ycrnoBusim
JOJIKHBI YTOBJIETBOPSITh OOBEKTHI, IOMYCKAIOIINE BO3MOXKHOCTh TAKOTO pacmaja’?

PaccmotpuMm 00bexT ¢ maccoir M(kr) u paamycom R(m). [I10THOCTH BelecTBa B TakOM
o6bekre P=M[(4/3)zR°*]*kr-M>. Tak kax macca Hykioma mM,=167-10%kr, T0o B OZHOM
KyOM4eCcKOM MeTpe, B O3TOM OOBEKTE, JOJDKHO HaXOIUThCs K, HYKIOHOB, ko=Pm,*.
CnepoBarenbHO, Ha KaxAbli HYKIOH, B paccMaTpUBaeMOM OOBEKTe, MPUXOAUTCS 00BeM V,
paBubii K, 'M>. ECiM Mpemmonoxuth, 9to 5T0T 00heM nMeeT dGopMy mapa pammyca p(M), TO
V=(4/3)np3 u p=1,186-10'9-RM Byv=0,736-10°-P*m. Ho dbopma 3TOro 0ObeMa OTIIMYACTCS OT
miapa, Tak Kak B 1ape paguyca R Bce coceanue mapsl paanyca p 4aCTHYHO MEePECEeKatoTCs APYT
¢ npyrom. CnemoBareibHO, PACCTOSIHHUS I MEXIy COCEIHUMH HEHUTpOHaMHU B 3TOM OOBEKTE
MEHBIIIE, YEM 2p.

Takum oOpa3om, B 00BekTe ¢ Maccoit M(kr) u pamumycoM R(M) paccTosHUS MEXITy
COCETHUMH HEHUTpOHAMHU r<2,375-10'9RM '1/3M=1,475- 10°. P 3y,

*

VA3 5TOr0 COOTHOIICHHS CIIE/yeT. YTO B HSHTPOHHBIX 3Be3ax, mpu M=2,88-10%r u R=10"m,
AJIEPHBIE CTPYKTYpbl ACHCTBUTEIHHO pAacHaJaroTcsi Ha OTIEIbHbIE HEUTPOHBI. PaccTosHus
MEXJly COCEJHUMH HEUTPOHAMU B TAKUX HEUTPOHHBIX 3B€3/1aX MEHblE, yeM 1,67- 10"°m.

DKCHepUMEHThI Ha YCKOPUTENAX IMMOKAa3ald, YTO SHEPrus CBS3U AHTHUAJIEKTPOHA B MPOTOHE
paBHa 290M»B. Hcxons w3 3TOH  BEJIWYMHBL, YJAJIOCh YCTAHOBHUTb, 4YTO «PaIUyC»
AQHTUAJIEKTPOHA, & 3HAUUT, U «PaJUYC» BJIEKTPOHA I, paBHbI 2,808:10 '°m. Tak xak paccrosiHue
MEXIYy COCEIHHMMHM HEUTpOHAaMH, B HEWTPOHHBIM 3BE3/l€ C IPUBEACHHBIMH IapaMETPaAMH,
Menbie, geM 1,67-107°M, To W3 5TOro ciemyer, 4To «pammycy HEHTPOHA I, MEHbIIE, YeM
0,83-10'15M. MOXHO MPEAOI0KUTH, 9TO Iy € (3-10'16;8,3-10'16)M.

[Tony4yeHHbIe OLEHKH Fe U Iy TMO3BOJIAIOT MOJYYUTh COOTBETCTBYIOLINE OLIEHKU IMJIOTHOCTH
BEIIECTBA B DJIEKTpOHE P, U B HEUTpoHE Pn. M3 OIEHKM BEIUYMHBI [, CIEAYET, 4TO P.=
Me-(4737r%)1=9,11-10%.0,75(z-2,808%.10%)*=0,98-10"%kr-m>. Tax kak rye(3-107%;8,3-10°
)M, T0 Pr=mp-(473'r.%) € (6,97-10",148-10 )kr-m >,

*

IIpexne, 4em aHaJIM3UPOBATh IIOJYYEHHBIE 3]1€Ch PE3YJbTAThl, HYKHO BEpPHYTBCH K
HEKOTOPbIM CBOWCTBaM JJIEKTPOHOB U HEHUTPOHOB, OOYCJIOBJIEHHBIMH CMEpYEnoJ00HBIMU
3QUpPHBIMU CTPYKTypaMH. PaHee OBLIO BBIICHEHO, YTO BEJIMYMHBI MAacC 3JEKTPOHHOTO U
HEUTPOHHOTO CMepuell 3aBHCAT OT IJIOTHOCTH OKpPY)Karoliero 3¢upa, OT CKOPOCTH JIBUKECHUS
AJIEKTPOHOB M HEUTPOHOB, U OT OPHUEHTALlMHM BEKTOPOB MAarHUTHBIX MOMEHTOB JJIEKTPOHA W
HEUTPOHA OTHOCUTEJIBHO BEKTOPA CKOPOCTH UX JBUKEHUS.

DJIEKTPOHBI U HEUTPOHBI YCTPOEHBI TaK, YTO UX MATHUTHBIE MOJS MOCTOSHHO MPOKAYNBAOT
yepe3 HUX BHeHHUH 3¢up. [ToToku 3TOr0, MpokaynBaeMoro yepes 3JIEKTPOH U 4epe3 HEHTPOH,
sbupa HMEIOT T€ K€ HaIlpaBJIEHUS, YTO M BEKTOPbl MAarHUTHBIX MOMEHTOB D3JIEKTPOHA U
HEUTpPOHA.

[Ipy nBUXKEHMM OJIIEKTPOHOB M HEWUTPOHOB, IUIOTHOCTH BCTPEYHOTO TMOTOKAa 3dupa
YBEJIMYMBACTCSI C POCTOM CKOpPOCTH JIBUKEHHUS, a IUIOTHOCTh YXOJSIIEro IOTOKa 3¢dupa
COOTBETCTBEHHO YMEHBIIIAETCA.

BekTopbl MarHMTHBIX MOMEHTOB CBOOOJHBIX JBMXKYIIUXCS JJIEKTPOHOB U HEHTPOHOB
HaIlpaBJIEHbl IPOTUBOIOJIOKHO BEKTOPY UX CKOpOCTH. I103TOMY, M3-3a yBEIMUYEHHUS IUIOTHOCTH
BCTPEYHOTO MOTOKA 3(pUpa M YMEHBIIEHHUS OTCTAIOIIEro IMOTOKA, JBHXKYIIUECS CBOOOIHBIC
JJIEKTPOHBl W HEUTPOHBI 3aXBaThIBAIOT JIONOJIHUTENIbHBIE A(QUPHBIE MAacChl, yBEIUYMBas
BEJIMYMHBI CBOMX Macc. Ecnu Obl, Tpu JABMXKEHHM SJIEKTPOHOB W HEWTPOHOB. HANpaBJICHUS
BEKTOPOB MX MATrHUTHBIX MOMEHTOB MMEJHM HAIPABJICHUS BEKTOpA CKOPOCTH, TO MX MAacChl HE
YBEIUYUBAIHUCH OBI, C POCTOM CKOPOCTH, @ YMEHBILIAIUCH.



B cocTaBHBIX MUKPOOOBEKTAX, 3JIEKTPOHBI U HEHTPOHBI HE MOTYT PACIONAraThCsl TaK, YTOObI
BCE BEKTOPBl UX MArHUTHBIX MOMEHTOB ObUIM HAIPaBJIEHbI IPOTHUBOIMOIOKHO BEKTOPY CKOPOCTH
newxeHus. [losromy He Bce M3 HHX MOTYT 3axBaTblBaThb MAKCHUMAaJIbHO BO3MOXHBIC
JIOTIOJIHUTEIIbHbBIE KOJIMUYECTBA HpHpa.

OKCHEpUMEHTBI Ha YCKOPUTEIAX MTOKA3aJM, YTO ABUXKYIIHMECS C OJHOM U TOH ke CKOPOCTBIO
CBOOOJIHBIE 3JIEKTPOHBI M HEHTPOHBI HE MOAUMHSIOTCS 3aKOHAM TEOPUU OTHOCUTEIBHOCTU —
OTHOCHUTEJIbHBIE TPUPOCTBI MAacCC 3JEKTPOHOB OOJbIIE OTHOCUTENIBHBIX IPUPOCTOB MAacc
HEUTPOHOB Ha JIBa-TPH MOPSAIKA.

OKCHEpUMEHTAJIbHBIE JIaHHBIE O COOTHOLIEHUWM OTHOCHUTEIBHBIX IPUPOCTOB  Macc
MOKOSIIIMXCSL JIEKTPOHOB M HEUTPOHOB, NPU YBEIMYEHUHU IIOTHOCTU 6Ce20 OKPYKAIOLIEro

a¢upa, OTCYTCTBYIOT.
*

OTKpbITHE HEUTPOHHBIX 3BE3]] IOKa3ajo, 4YTO aTOMHBIC SApa MOTYT pacChllaThCsi Ha
OT/IEJIbHBIE HYKJIOHBI B pE3yJIbTAT€ IOBBIIICHUS BHEUIHErO JaBJICHUSA. DTO WHULUHPOBAIO
WHTEPEC K BO3MOXKHOCTH «PACCHIMAHUS» HEUTPOHOB HA COCTABIIAIONIME UX DJIEMEHTHI IMpHU
JIaJIbHEHMIIIEM TOBBIIICHUH BHENIHEro jaaBieHus [28]. 3aroBopwiin Jake O BO3MOXKXHOCTH
MIpEBpAIlCHHS] HEUTPOHHBIX 3BE3]] B «KBAPKOBBICY.

Otka3 oT y4eTra MaTepuabHOTO 3(hupa, TUIIII PU3UKY BOZMOKHOCTH BBISIBJICHHS CTPYKTYP
AJICKTPOHOB W HEUTPOHOB. YUeT 3(pupa MmoKazai, 4To «KBAPKH» SBISIOTCS BCETO JIMIIb TUIOA0OM
buznueckoit gonwmesu. VccnenoBanus B 3TOH 0OONACTH MOTEPAIU HAY4YHBIM, OOBEKTUBHBIN
XapakTep W Mepenuid B 00JacTh YMCTON CXOJACTHKH, HE MMEIONIEH OTHOIICHHS K PEabHOMY
mupy. HoOeneBckue mpemMuu 3a 3TH CXOJACTUYECKUE YIPAKHEHHS CHUTYAIUI0 TOJBKO
YCYT'yOWIIH, CO3/1aB YAUBUTEIBHEHUINTYIO OSCIIPEIICICHTHYIO PEKIaMy HAydHOH MOIYyrpaMOTHOCTH

B MHOT'OBEKOBOM HCTOPUHN HAYKH.
*

Bepuemes K HamuM idpam. TIT0THOCTS BelnecTBa B aToMHOM spe paBHa 1,45 10 krm™,

Pacceinarbes, Ha OTEIbHBIE HYKIIOHBI, JIpa HAUMHAKOT P BHELIHEM JIABJICHUU P=10"kr-m3,
KOrJla MeX1y HEHTpOHaMH JEHCTBYIOT CHIIBI HYKJIIOHHOTO OTTalKWBaHUA. B 00bekTe ¢ Maccoii
M:2,88'1030KF TaKHue JaBJICHUsI UMEIOT MecTO mpu R=19kmM.

B HeliTpoHE MIOTHOCTH BEIIECTBA HAXOJAUTCS B MHTEpBaje (6,97-1017,148-1017)KF-M'3. B
HEUTPOHHOU 3BE3JIEC C M:2,88-10301<r u R=10"M mioTHOCTH BEIIIECTBA paBHA 6,88-1017Kr-M'3.
Ot uudpsel TOBOPAT O TOM, YTO HE TaK YK U JaJIeKO, 0 KOCMHUYECKUM Maciutadam, 0
YBEIMYECHUS IUIOTHOCTH BEUIECTBA B HEUTPOHHOW 3B€3/€, IPU KOTOPOM HEWUTPOHBI
«PACCHITLTIOTCS» HA COCTAaBJIAIONINE MX dJeMeHThl. C TOUKM 3peHHs aBTOpPOB paboTel [28], B
pe3ysbTare TaKoro «pacChllaHMs) HEHUTPOHOB, MOJYYUTCS «KBApKOBBIN» OOBEKT 3BE3THOMU
Mmaccel. Ha camom zene, 9To 1omkeH ObITh Y(UpHBIA 00BEKT 3BE3THON MaCCHI.

B momp3y 93TOro mpeAmnosioKeHHs TOBOPHUT crleayromiee o0cTosTenbcTBo. COrmacHo
MOJYYECHHOM OLICHKE, BEJIMYMHA IUIOTHOCTM BEIIECTBA B JJIEKTPOHE, paBHAs 0,98-1016KF-M'3,
MOYTH Ha JBa TOPsJIKa MEHbIIIE TIJIOTHOCTH BellecTBa B HeHWTpoHe. [lo-BumuMomy, nu3-3a 3TOro,
AIIEKTPOHBI, TPU TOBBIIICHUH TUIOTHOCTH B MAacCCHBHOM OOBEKTE, JOJKHBI «PacCHIMaThCSI» Ha
MeMeHTHl d(dupa paHblne, 4eM HEHUTpPOHBI. M3 3TOrO CiemyeTr, 4ToO 3JIEKTPOHBI W JIpyrUe
AIIEKTPOHOIIOI00HBIE MHUKPOOOBEKTHl B HEUTPOHHBIX 3BE3/1aX MOTYT HE BBITECHSATHCS Ha
nepuepuIo STUX 3BE3]I, a «PACCHITIATHCS» HA COCTABIISIIONINE UX DJIEMEHTHI dPupa.

*

O06pa3oBaHre TaKUX WHTEPECHBIX KOCMHUYECKUX OOBEKTOB, KaK «UEPHBIC JIBIPHI», CIUTACTCS
MPOUCXOASAIINM IUHAMUYECKUM MyTEM, B pe3YyJIbTaTe B3PbIBHOI'O, TPABUTAIIMOHHOTO C3KATHUS.

«Pacceimmanney» MHUKpPOOOBEKTOB B HEHTPOHHBIX 3BE3/aX, B PE3YJbTaTe YBEIUUYCHHUS HUX
IJIOTHOCTH, MOJET OKa3aThbCid HAYaJloM CTaTHUYECKOro, MOCTENEHHOr0, YpEe3BbIYAMHO
JUTUTEIIBHOTO 00Pa30BaHUs «IEPHBIX JBIPY.

Uro Kkacaercs camMHX <«YEPHBIX MABIP», TO, MO OMPEICIICHUIO0, 3TO — TaKue OOBEKTHI,
TPaBUTAIMOHHOE MPUTSKEHHUE KOTOPBIX HE MOTYT MPEOJO0JIETh [1a)K€ «KBAaHTHI CBETa», T.€.

dotoHbl. Yuer 3¢upa M MarHUTHBIX B3aUMOJCHCTBUU MEXIYy MUKPOOOBEKTAMHU MO3BOJIWIH



HOHATH, YTO (DOTOHBI MPEACTABISIIOT COO0I IEKTPOH-aHTHAIEKTpoHHbIe aunonu [10]. Anamu3
JUHAMUKHA TaKUX JUIOJEH IOKa3bIBaeT, 4YTO TI'PABUTALMOHHOE MPUTSKEHHE (DOTOHOB,
YAQISAIOUMXCS OT HMCTOYHHMKA TPAaBUTALMOHHOTO NPUTSKEHUS, IEHCTBUTEIBHO, YMEHBIIAET
CKOpOCTb JIBM)KEHUS «MEJUIEHHBIX» (DOTOHOB, HO YBEJIMYMBAET CKOPOCTh JBMIKEHUS «OBICTPHIX)»
($OTOHOB.
*
[IpuBeneHHbIE BbIIE PE3YJIbTAaThl HE SBISIOTCS OKOHYAaTeNbHBIMU. OHHM HYXJIAKOTCA B
JIOTIOJIHUTEIBHO BEpUPUKALMKY U B JaJIbHEHIIEM pa3BUTHH. B HUX HECOMHEHHO TOJIBKO OJJHO —
OHM HE SIBJISIOTCS IUIOJAMH YUCTON CXOJIACTUKH.
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