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The mechanism of electromagnetic atomic radiation frequency spectrum has been described.
[ J
VI1. Mechanism of Formation of
Electromagnetic Atomic Wave Radiation Frequency Spectra

Identified structures of non-excited and excited atoms showed that there are two types of
electromagnetic atomic radiation in the material world: purely wave radiation and photon
radiation.

Purely wave electromagnetic radiation is generated by oscillations of electrons and
antielectrons contained in non-excited and excited atoms. This radiation has a discrete frequency
spectrum which structure is completely defined by the structures of multiple non-excited and
excited atoms.

Experimental observations showed that frequency radiation spectra of atom of each chemical
element:

- are single-curved, with small but finite width of each spectral line,

- form serial structures in the shape of sequences converging with increase in the radiation
frequency,

- at careful examination almost every spectral line is multiplet, i.e. it consists of several,
almost undistinguishable separate lines.

TNO - theory of non-linear oscillations obviously demonstrates that its mathematical models
of atoms quite simply explain these properties of atomic frequency spectra. Let us show it on the
example of protium.

VI11.1. An Atom of Protium
The frequency spectrum of protium consists of frequency spectra of non-excited atom and
excited atoms with various excitation degrees, i.e. with various quantities of captured photons.

VI1.1,1. Unexcited Atom of Protium
The simplest of non-excited atoms is protium. It consists of one proton and one electron
(fig.1, O — proton, e - electron, arrows are magnetic moment vectors of proton and electron).
This atom generates electromagnetic radiation at the same frequency that corresponds to the
frequency of electron oscillation relatively to proton.
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Fig.1. Non-excited protium diagram

VI11.1.2. An Excited Atom of Protium
The structure of excited atom is ambiguous. Due to magnetic orientation effect [14] that
positions the magnetic moment vector of an object along the lines of external magnetic field,
each photon dipole is positioned on the centerline of one of the atom’s magnetic clusters [15].
For instance, singly excited protium can have one of the forms show on fig.2 (e — photon
electron, o - antielectron).
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Fig. 2. Singly excited protium diagrams



In multifold excited protium, all photons are on the same side from the non-excited atom. For
the variant shown on the left on figure 2, the diagrams of singly, two-fold and three-fold excited
atoms are shown on fig.3.
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Fig.3. Singly, two-fold and three-fold
excited protium diagrams

VI1.1.3. Electromagnetic Radiation of Protium Atoms

Electromagnetic radiation of atom occurs at natural frequencies of such atom. The number of
natural frequencies of an atom is equal to the number of electrons and antielectrons in the atom.
The closer electron or antielectron is to the nucleus, the higher its natural frequency is.

Non-excited protium is static, contains one electron and has one natural frequency wi . The
first index means the series number, the second one means the number of photons captured. This
frequency is basic for series no. 1 (fig.4).

Singly excited atom contains two electrons and one antielectron. That is why it gets
additionally two natural frequencies and it emits at frequencies w11, w1 and ws;. Captured
photon makes the atom accelerate. In this case, ether resists to the motion of all elements of the
atom. Since the “motive force” of photon in this atom is directed leftwards, the black electron is
located closer to the nucleus than in the non-excited atom. Hence, its corresponding natural
frequency: w1.1>w10. Frequencies w,1 and w34 correspond to natural frequencies of electron and
antielectrons that belong to the first captured dipole. These frequencies are such that
w11>w71>w31. Frequencies w1 and w31 are basic for series no. 2 and series no. 3.

Two-fold excited atom contains three electrons and two antielectrons. As a result, it gets
additionally two natural frequencies and it emits at frequencies w12, w22, w32, w42 and ws, The
two previous electrons and antielectron come closer to proton. Consequently, their corresponding
frequencies increase: wio<wi1<wiz, wW22>w21, w32>w31. TWO new frequencies satisfy the
equations: ws<wmg<w3 . Frequencies ws,and w4 are basic for series no. 4 and series no. 5.

And so on (on fig.4, g — is quantity of photons captured by protium).
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Physics names the first series of this spectrum after those who discovered them: no. 1 is
Lyman series (black color), no. 2 is Balmer series (red color), no. 3 is Paschen series (green
color), no. 4 is Brackett series (dark green color), and no. 5 is Pfund series (brown color).

Horizontal “slice” of this spectrum gives a clear picture of the frequency spectrum of single
non-excited and excited protium. Non-excited protium has one frequency wi o that is a basic



frequency of Lyman series. Singly excited protium has three frequencies: w1 that is the second
frequency of Lyman series shifted upwards, and two frequencies that are basic frequencies of
Balmer series (w21) and Paschen series (w31), respectively. Two-fold excited protium has five
frequencies: w1, that is the third frequency of Lyman series shifted upwards, the second shifted
frequencies of Balmer series (w) and Paschen series (w32), and two frequencies that are basic
ones in Brackett series and Pfund series. And so on.

The described scheme of frequency spectrum is typical of many protium atoms where all
photons are on the same side from proton on which electron is in the non-excited atom. All
spectral lines in the frequency spectrum of this protium atom are single, singlet in terms of the
quantum theory.

The frequency spectrum of many protium atoms where all photons are on another side from
proton has the same structure but all points of this spectrum, except for w1 o, are a bit shifted with
relation to the first spectrum points. Thus, the general view of the frequency spectrum for a
random multitude of protium atoms has the described structure where w1 is singlet, a single
point, while other points are duplets (in terms of the quantum theory), very close pairs of points.

VI11.2. Electromagnetic Radiation of Other Atoms

The frequency spectrum of protium, even though it has a relatively well-defined structure, its
structure, however, is not absolutely defined. Indeed, only the first three series, i.e. Lyman series,
Balmer series and Paschen series, do not cross each other while Paschen series partially crosses
Brackett series and Pfund series [2]. Apparently, the higher the series number, the larger the
intersection.

The illustrated regularity of the atomic frequency spectrum is only applicable in case with
protium and deuterium as their nuclei have only one nucleonic magnetic cluster. The structure of
the frequency spectrum of tritium is of the same shape, though tritium nucleus has two magnetic
clusters. The point is that magnetic moment vectors of triton parallel with each other and the
distance between these vectors is much shorter than distances to atomic electrons of tritium. Due
to this, atomic electrons in tritium treat both magnetic clusters of triton as one, single cluster.

V11.2.1. Electromagnetic Radiation of *He Atoms
Nuclei of “He and nuclei of other heavy elements have Z>2 unparallel, intersecting magnetic
clusters (fig.5). Photons that these atoms capture occupy various magnetic clusters in absolutely
erratic, random manner. Due to this, the spectral pattern becomes irregular so that spectra of both
neutral and ionized atoms are, in general case, extremely complex aggregations [19].
In order to illustrate the specificity of these spectra it is sufficient to examine the spectrum of
*He. Its nucleus general view is shown on fig.5.
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Fig.5. Nucleonic magnetic clusters of *He



*He atoms conform to all rules of electromagnetic frequency spectrum formation applicable
among the overwhelming majority of chemical elements. *He atoms demonstrate those rules in
the clearest and simplest manner. Those rules, even by the example of *He, do not catch the eye
on first acquaintance. One should observe their manifestations in order to identify them.

*He nucleus has two magnetic clusters (fig.5), and “electron shell” of non-excited atom has
two electrons. These electrons may occupy magnetic clusters in a different manner. Due to this,
there may be three different forms of “electron shell”:- 4, B and C (fig.6, © — nucleus 4He, .-
electron).
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Fig.6. 4, B, C forms of “He

The contemporary physics does not know a possibility or conditions for three “He forms, 4. B. C. It only knows
experimentally measured potentials of (‘He,4) ionization and experimentally measured spectra of their wave
electromagnetic radiation [3]. In addition, TNO found that the A from exists in the Earth’s atmosphere while the C
form is “building elements” of superfluid component of liquid helium.

But this is not all that complicates the structure of (*He,4) frequency spectrum. The
deformation of the nucleus shape caused by electric repulsion between protons complicates the
spectrum even more. This deformation causes the angle between the vectors of the nucleus
magnetic clusters to be equal not to 90°, as shown on figures 5 and 6, but 60° or 120°. This was
found by TNO by means of the identification procedure that utilizes the structural mathematical
model of (*He,4) and known experimental data on resonant lengths of electromagnetic waves
they emit [3]. Such deformation of nucleus and “play” of magnetic interactions between
elements of (*He,4) further divides the (*He,A) electron shell into variants (*He,41), (*He,A.),
(“He,45).

The short-wave part of the table containing experimental lengths of spectral lines for
neutral (*He,A4) atoms looks as follows [3]:

2652,848

2644,802
601,4041
591,4147
584,334
537,0296
522,2128
515,6165
512,0982
509,9979
508,6431
507,7178
507,0576
506,5702
506,2000
505,9122
505,686
320,392



This fragment of the table may be presented as four spectral series where bold digits denote
expectants of resonant lines of electromagnetic radiation of neutral (‘He,4) atoms (the right
column contains differences between the values of the adjacent spectral lines):

601,4041

9,9894
591,414

7,0807
584,334
537,0296

14,8168

522,2128

6,5963
515,6165

3,5183
512,0982
509,9979

2,2801
507,7178

1,1476
506,5702

0,6580
505,9122
508,6431

1,5855
507,0576

0,8576
506,2000

0,514
505,686
320,392

Because (‘He,4) atom contains two electrons each separate neutral non-excited (‘He,A)
features two intrinsic frequencies and two corresponding resonant lines. Hence, the presence of
bold series in the table of experimental values of spectral lines of neutral (*He,4) means that the
“electron shell” of that non-excited atom exists at least in two variants.

Quantitative calculations showed that neutral non-excited (‘He,4) have resonant lines in
601,4A, 537A, 5104, 320,4A, 170A and 80A.

The line in 508,6431A is not a resonant line of those atoms but obviously belongs to singly
excited (“He,A) and forms spectral series possible only for excited atoms.

So, let us show how the frequency spectrum of electromagnetic radiation of multiple non-
excited and excited atoms of (*He,4) is formed.

Since protium has only one magnetic cluster, the structure of the frequency spectrum of
many non-excited and excited protium atoms is clear and evident, visualized as a scheme on
plane g,, where q is quantity of captured photons, w is spectrum frequencies (fig.4).



*He nucleus has two nucleonic magnetic clusters k; and k.. There are no definite rules how to
photon would be choosing a particular cluster. Such choice is random. The least probable is a
situation when all the captured photons occupy the same cluster. The most probable are
situations when photons randomly occupy one or another cluster of the nucleus.

Neutral non-excited atom of (*He,4;) has two electrons and two natural frequencies w; and
w, corresponding to electrons on clusters k; and ko. Here, unlike protium, the (*He,4;) spectrum
scheme cannot be illustrated on a plane.

Full geometric imaging of such scheme is only possible in three-dimensional space
g,w(ky),w(k2), where q is quantity of captured photons, w(ki), w(kz) are spectrum frequencies
corresponding to electrons and antielectrons of clusters k; and k. For better visualization of this
scheme it is better to use coordinate planes q,w(ki) and g,w(kz) instead of its three-dimensional
image.
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Fig.7

Non-excited atom has two natural frequencies w; and w,. If the first photon occupies cluster
ki, the cluster gets two new microobjects: electron and antielectrons along with two new
frequencies in the spectrum. As a result, the first electron is displaced closer to the nucleus, and
frequency w; will increase. In this case, frequency w, will shift a bit too.

If the second photon occupies cluster k,, the cluster gets additional electron and antielectron
along with two new frequencies in the spectrum. Frequency w, will noticeably increase while
frequencies on the other plane will also shift but much less.

As far as atom captures new photons, the actions described in the microscenarios above will
be repeated in different sequences.

At first sight, there is a big difference between the spectral series of protium illustrated by
figure 4 and the spectral series of (*He,4,) illustrated by figure 7. On figure 4, natural
frequencies grow in each series. Figure 7 does not show such a regular growth in frequencies in
the spectral lines.

Such specificity of spectral series of protium and helium atoms is attributed to the fact that
protium has only one magnetic cluster while helium has two. Each new photon captured by
protium occupies the same nucleonic magnetic cluster. Each new photon in the same helium
atom occupies one of two magnetic clusters regardless of which cluster the previous photon
occupied.

The increase in the frequencies of the helium spectrum that corresponds to cluster k;
becomes irregular, as shown on figure 7, where the next photon occupies not cluster k, but
another cluster, k;. The frequency series corresponding to cluster k, in such case has a slight
duplet of frequencies instead of a regular jump of frequencies. If previous photons keep
occupying cluster k; the duplet will become a triplet,... , until the next photon occupies cluster K
again.



This is how the frequency spectrum of the same atom can have lines that upon a closer view
appear to be duplets, triplets,..., multiplets with any number of spectral line layers.

If every multiplet layering in the same helium spectrum is considered as a singlet, it emerges
that spectral lines for this atom occur in the same way as for protium and have a structure close
to the one of protium, even though not such regular.

Figure 7 shows only the initial fragment of the (*He,41) spectrum and only for the case where
photons occupy clusters ki and ks strictly one by one. In general, photons occupy clusters k; and
k2 not in a strict, periodically recurring order but in a chaotic, random order that can be described
by the sequence {y;}, where y; =ki or yi =k, and i=1.2,...,q. For finite number q of captured
photons, the number of different sequences {xi} is 2%

Thus, the general spectrum of the entire aggregation of (*He,4) atoms is a sum of an infinite
number of spectra corresponding to different infinite sequences {yi}.

The full spectrum of (*He,A) is a sum of (*He,4;), (“He,A4) and (*He,45) spectra. This is the
(*He,4,) spectrum formation process. The spectra of (‘He,4,) and (*He,4s) are formed in the
same manner. They differ from each other, primarily, by natural frequencies of non-excited
atoms.

lonized atoms “He* are commonly called hydrogen-like because they have non-excited “He*
with only one electron, like in case with protium. However, the nucleus of “He, unlike protium,
has two nucleonic and magnetic clusters. In protium, photons occupy the same nucleonic
magnetic cluster, whereas in “He* they occupy not one but any of two different magnetic clusters.
That is why *He* spectra differ from protium spectra as they are formed according to the same
rules as neutral “He spectra.

V11.2.2. Electromagnetic Radiation of *He Atoms

The contemporary physics does not know that neutral atoms of *He do not exist at all in
natural earthly conditions and that they can only stably exist at extremely low temperatures. Only
ionized hydrogen-like atoms ®He* can stably exist in natural earthly conditions and their
frequency spectra are much shifted towards higher frequencies relatively to the spectra of “He".

The quantum theory, because of its neglect of magnetic interactions between microobjects,
believes that spectra of *He and “He differ from each other, just like spectra of hydrogen
isotopes, in only insignificant isotopic shifts.

Indeed, things are all different. The *He nucleus consists of two protons and one neutron.
Formally, it has two nucleonic and magnetic clusters but due to these clus

ters being parallel, in terms of atomic electrons and antielectrons located from the nucleus at
distances by four orders larger than the nucleus diameter, it has one nucleonic magnetic cluster.
The magnetic moment of this merged magnetic field is close to 2.

The “He nucleus consists of two protons and two neutrons and has two nucleonic magnetic
clusters (fig.5). The magnetic moment of each magnetic cluster of the “He nucleus is
ﬂ(“He):ﬂ%—ﬂnzo.ggg?up.

As 1(*He) is almost two times as great as u(*He), some properties of *He differ very much
from those of “He. First, it should be noted that according to the quantitative analysis both
electrons in neutral *He may be only at the same side from the nucleus. In addition, since the first
ionization potential of such atom is as little as 1.313eV, which the contemporary physics, again,
knows not, neutral atoms of *He can only exist at extremely low temperatures.

This speaks for the fact that neutral atoms of *He cannot exist in natural conditions.

As regards *He*, the distance between its electron and the nucleus is twice larger than in “He".
That is why the ionization potential of *He*=27.198eV is twice as little as the ionization potential



of *He*=54.44eV. Moreover, since all electrons and antielectrons in *He" atoms are twice farther
from the nucleus than in *He*, frequencies in the spectrum of *He" are almost thrice lower than
the corresponding frequencies in the spectrum of “He*.

Another interesting property of *He* atoms is that the frequency spectrum of these hydrogen-
like atoms is topologically similar to the one of protium atoms but approximately by half shifted
relatively to the protium spectrum towards higher frequencies.

VI11.2.3. Electromagnetic Radiation of Other Atoms

A specific feature of a random chemical element is charge number Z that is the number of
electrons in a neutral non-excited atom equal to the number of nucleonic magnetic clusters of the
nucleus and to the number of protons in the nucleus.

Knowing these properties of atom and knowing the structure of photon one can understand
how the structures of the atom electromagnetic radiation frequency spectrum are formed. This
formation procedure is similar to the one demonstrated above for spectrum of “He.

Each captured photon randomly occupies one of Z nucleonic magnetic clusters ki, ka,...,kz.
Atom captures photons in the order that can be described by sequence {yi}, where i=1,2,..., and
xi can be any value of (kq, ka,....kz). For a final value of ¢, the number of sequences {y;} is Z°.

The problem of atomic frequency spectra formation has two aspects: a purely theoretical
aspect that consists in understanding how the entire infinite spectrum of atoms is formed, and the
applied aspect.

Practically speaking, it is not of interest to know the structure of the infinite “tail” of spectrum
as the most informative is the high frequency part of spectrum.

One of the reasons for this is associated with the fact that “tail” lines of spectrum for higher q
are practically indistinguishable due to their enormous number.

On the other hand, excited atoms are in constant motion at rather high velocities. Due to this,
the “lifetime” of excited atoms, and, hence, the maximum possible value of q significantly
depend on the density of microobjects on the way of excited atoms.

For instance, the upper limit of q in earthly conditions is such that only five spectral lines
could be distinguished experimentally in the frequency spectrum of protium: Lyman series,
Balmer series, Paschen series, Brackett series, and Pfund series. In addition, all these series are
generated by atoms that captured at most two photons.

The “lifetime” of excited atoms in rarified cosmic space exceeds the same in earthly
conditions. Therefore, they can capture more photons and accelerate to extraordinarily high
velocities and energies.

VI11.3. Electromagnetic Radiation of Atoms
and Ether

An essential fact is that electromagnetic atomic radiation frequencies vary with variation
in the ambient ether density.

It will be recalled that according to TNO, purely wave electromagnetic radiation of atoms is
generated by oscillations of electrons and antielectrons contained in the “electron shell”.
Frequency properties of this radiation are determined by natural frequencies of the oscillations of
atomic electrons and antielectrons. The values of these natural frequencies depend on ether
resistance to motion of electrons and antielectrons. Moreover, since ether resistance to motion of
electrons and antielectrons depends on its density, the characteristics of electromagnetic atomic
radiation depend on the ambient ether density.

This dependence is especially clear in case with protium radiation. A simple mental image of
protium implies that an increase in ether density results in a decrease in electron velocity and,
thus, leads to a decrease in electron oscillation frequencies. The study of the structural
mathematical model of protium behavior gives a formal, quantitative confirmation to this
conclusion.



VI11. About Photons Family

It became possible to understand the photon structure by having recalled the theoretical
discovery made by Dirac but consigned to the rubbish bin of physics: there may be electron-like
microobjects with “negative” masses [4].

Dirac’s discovery implies that there are four electron-like microobjects: electron e.” with
“positive” mass and “negative” electric charge, positron e.” with “positive” mass and “positive”
electric charge, antielectron e.* with “negative” mass and “positive” electric charge, and
antipositron e.” with “negative” mass and “negative” electric charge.

Physicists did not like this idea and right away they rushed to disavow it arguing that there
are no experimental hints at microobjects with “negative” mass. Having this declared, they fell
on face badly and indecently. The point is that physics widely uses the motion equation for
microobject with mass m, electric charge g, in the external magnetic field with intensities E and
H of electric and magnetic components [20]: d/dt[mv(1-v’c?)]=q(E+c '[vH]), where v — is
microobject velocity, ¢ — is light velocity, [VH] — is operator of the product of vectors v and H.
For m=m, and g=—e, this is an electron motion equation while for m=—m, and gq=+e, this is an
antielectron motion equation. However, neither the equation nor its solutions change if these two
signs are changed at once. This means tracks of electrons and antielectrons are not
distinguishable in the contemporary observatory arrangements, they completely coincide, and
that physicists in principle are unable to distinguish between the tracks of antielectrons and the
tracks of electrons. What fun. After all, this is so trivial. What surprises more should we expect
from physicists?

But, as the word is, let them, physicists, ride, they live in their own “reality”. Let us return to
the charge. It appears that there is a whole family of different photons. One of them, electron-
antielectron dipole 4, is described above. There may well be photon self-accelerating positron-
antipositron dipole @*. As sums of electric charges are zero (or close to zero) in each of these
dipoles they may be called “chargeless”.

Apart from chargeless, there may, in theory, be photon self-accelerating dipoles with total
electric charges equal to 2e. These are electron-antipositron dipole 0 and positron-antielectron
dipole o0*.

“Chargeless” photon dipoles can be “fast” or “slow”. The study of the behavior of “fast”
dipole @ showed that its motion happens without electromagnetic radiation if the mass of
electron exceeds that one of antielectron. If the mass of antielectron slightly (by 6~107*kg)
exceeds the mass of electron, such dipole, while moving, emits electromagnetic waves which
frequency has a great sensitivity with relation to 6 and changes together with ¢ within (0.10™)s™.

The “motive force” of “fast” chargeless dipoles is a difference between the forces of
magnetic and electric interactions while the “motive force” of charged dipoles is a sum of the
interaction forces. Steady motion velocities of both kinds of photons depend on the density of
ether on their way. However, velocities of fast chargeless photons are close to ¢ and those of
chargeless are much higher than ¢. Microobjects excited by charged photons should be cosmic
rays of extremely high energy, capable of shower disintegration reactions.
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Muxpomup 43.
HEPEIHIEHHBIE NPOBJIEMbI ®U3UKH 3

H.H.JIeonos

Jaro ommcanue MexaHn3Ma (OPMHUPOBAHUS YACTOTHOTO CHEKTPa 3JICKTPOMAarHUTHOTO M3IIYUSHISI aTOMOB.
°
VIIl. Mexanu3m ¢popmupoBaHus
YaCTOTHBIX CIIEKTPOB
3JIEKTPOMATHUTHOT0 BOJIHOBOT'O M3JIy4YeHUSI aTOMOB

BrisiBieHre CTPYKTYyp HEBO30YKICHHOTO M BO30YXKICHHBIX AaTOMOB TIOKa3aliH, 4YTO B
MartepuaibHOM Mupe CymIeCTBYIOT JBa BHJA AJIEKTPOMATHUTHOTO M3Jy4YEHUS aTOMOB — YUCTO
BOJIHOBOE€ U (DOTOHHOE.

YucTo BOJTHOBOE 3JEKTPOMArHUTHOE U3JIyUYE€HHE TeHEepUpYyeTCs KONIeOaHUsIMU SIIEKTPOHOB U
AHTHUDJICKTPOHOB, COJICPKANINXCS B HEBO30YXKICHHBIX M B BO30YXKIEHHBIX aroMax. ITO
u3NydyeHue 00JalaeT AUCKPETHBIM YaCTOTHBIM CIEKTPOM, CTPYKTypa KOTOPOTO MOJIHOCTHIO
OTIPE/ICIIACTCS CTPYKTYypaMU MHOXKECTBA HEBO30YKICHHBIX M BO30YK/IEHHBIX aTOMOB.

DKcrepuMeHTalIbHbIE HAOMIOEHHS MTOKA3adl, YTO YaCTOTHBIEC CIIEKTPhI M3IYYEHHUS aTOMOB
Ka)XJI0TO XMMHYECKOTO JJICMEHTA

- IBJISIFOTCA JINHEWYATHIMU, C MaJIOH, HO KOHEYHOW IIMPUHON KaKJIO0W CIIEKTPaIbHOM JTUHUH,

- 00pa3yloT cepHalibHbIe CTPYKTYPbl B BHJI€ CXOISIIMXCS, TPH YBEJIHMYECHUH YaCTOTHI
U3JIy4EeHUS, IOCIEA0BATEIIbHOCTEN,

- IIPM BHHUMATEIbHOM PACCMOTPEHUU MOYTH KaxJash CHEKTpaJbHAas JIMHUSA OKa3bIBACTCS
MYJBTUILUIETHOW — COCTOSALLIEN U3 HECKOJIBKUX, ITOYTH HEPAZJIMUYUMBIX OTIAEIbHBIX JIMHUM.

THK - Tteopuss HeMMHEWHBIX KOJ€OaHM, C HATJISTHOCTHIO, JIEMOHCTPHUPYET, 4YTO €&
MaTeMaTHYeCKUe MOJIETTM aTOMOB JIOBOJIBHO TPOCTO OOBSICHSIIOT 3TH CBONCTBA AaTOMHBIX
YaCTOTHBIX CIEKTPOB. [Tokaxkem 3TO Ha mpuMeEpe aTOMOB MTPOTHSL.

VII.1. ATom nporus
YacTOTHBIN CHEKTp MPOTUS COCTOUT M3 YACTOTHBIX CIEKTPOB HEBO30YXJAEHHOIO aToMa M
BO30Y)KJCHHBIX aTOMOB C pa3IMYHBIMU CTENEHSAMHU BO3OYXKICHHS, T.€. C PpPa3IUYHBIMU
KOJINYECTBAMH 3aXBAaYE€HHBIX aTOMaMHU (POTOHOB.

VI1.1. HeB0o30ys/1eHHBI aTOM NPOTHS
[Tpocreiimum U3 HEBO30YKI€HHBIX, SBIsETCS aTOM MpoTusi. OH COCTOUT U3 OJIHOTO IPOTOHA
U OoAHOro 3jekTpoHa (puc.l, O — MpOTOH, ® - 3JIEKTPOH, CTPEIKH — BEKTOPbl MAarHUTHBIX
MOMEHTOB IIPOTOHA U AJIEKTPOHA). DTOT aTOM T'E€HEPUPYET JIEKTPOMATHUTHOE HU3Iy4YCHHE Ha

O0O— e
Puc.1. Cxema HEBO30YXIEHHOTO aToMa MPOTHUS

OJIHOM YacTOTE, OTBEYAIOIIEH COOCTBEHHOW dYacToTe KoJieOaHWW DJIEKTpOHA OTHOCHTEIBHO
MPOTOHA.

VI11.1.2. Bo30y:k1eHHbIii aTOM NPOTHSA
CtpykTypa  BO30YKIEHHOrO  aToMa  HEOJHO3HayHa.  biarojgaps  MarHUTHOMY
opueHTanmoHHOMY J3Qdekty [1], 3acraBusionieMy BEKTOp MAarHUTHOIO MOMEHTa OOBEKTa
pacrioyaratbCsi BJOJIb JMHHNA BHEIIHETO MAarHUTHOTO TIOJSI, KaXABIH (OTOHHBIA IHITONb
pacmoraraeTcss B aroMe Ha OCEBOHM JIMHMM OJHOTO M3 MAarHUTHBIX KJIacTepoB aTtoMma. Tak,



OJTHOKPAaTHO BO30Y)KJIEHHBIH aTOM MPOTHS MOXET MMETh OJHY M3 (hopM, M300paKEHHBIX Ha
puc.2 (® — GOTOHHBIH JIEKTPOH, 0 - AHTHUAIICKTPOH ).

O e o o X 0 e O o
Puc.2. Cxembl 0JHOKpaTHO BO30YKJICHHOTO aTOMa ITPOTHS

B MHOrokpaTHO BO30YKIE€HHOM aToMe MpOTHs, Bce (OTOHBI PACIOIOKEHBI C OAHON U TOM
e CTOPOHBI OT HEBO30OYXIeHHOTO aToMa. [l BapuaHTa, H300pa’keHHOTO cjeBa Ha PUCYHKE 2,
CXEMBbI OJTHOKPATHO, IBYKPATHO M TPEXKPATHO BO30YKIECHHBIX aTOMOB IMPUBECHBI Ha puUC.3.
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Puc.3. CxeMbl 0OJJTHOKpATHO, IBYKPATHO M TPEXKPATHO
BO30Y)KJICHHOTO aTOMa IIPOTHS

VI11.1.3. D1eKTpOMarHuTHOE U3/TyYeHHe
aTOMOB NPOTHUA

DJIEKTPOMAarHUTHOE H3JIYYEHHE aToMa IPOUCXOAUT Ha COOCTBEHHBIX 4YacTOTaxX aToMma.
KonuruecTBo COOCTBEHHBIX YacTOT aTOMa PaBHO KOJMUYECTBY SJEKTPOHOB U aHTUAJIEKTPOHOB B
atome. Uem OsmrKe JIEKTPOH UITM aHTUAJIEKTPOH K SIIPY, TEM BBIIIE €ro COOCTBEHHAs! 4YacTOTa.

HeB030y»aeHHbIN aTOM IPOTHUS HEMIOABHXKEH, COJIEPKUT OAMH AIIEKTPOH U 00J1aaeT OHOM
coOCTBEHHOM 4acTOTON @10 . IlepBbIil HHIAEKC O3HAYAaET HOMEpP CEpUH, BTOPOM — KOJIUYECTBO
3axBayeHHbIX (POTOHOB. JTa yacToTa siBNsieTcs 6a3oBoi ains cepun Nel (puc.4).

OnHOKpaTHO BO30YXKIEHHBIM aTOM COACP>KUT JBa JJICKTPOHA M OJUH AHTHUAJIEKTPOH.
[ToaToMy y HETo MOSBISAIOTCS elI€ TBE COOCTBEHHBIC YACTOTHI, M OH U3ITy4aeT Ha YacToTaX 11,
w21 M w31 . 3aXBauCHHBIH aToOMOM (DOTOH 3aCTaBIIIET aTOM pPa3roHAThCH. [Ipu sTOM, BCe
AIIEMEHTHI aTOMa UCHBITHIBAIOT COMPOTUBIIEHUE dUpPa CBOEMY ABIKEHUIO. Tak Kak «IBUXKYIIas
cuia» GOTOHA B 3TOM aTOME HaIpamjIe€Ha BJIEBO, TO YEPHBIM AJIEKTPOH pacroyaraercs K sapy
Onmxe, yeM B HeBO30ykJIeHHOM artoMme. [loaTomy oTBewaromas emMy COOCTBEHHash 4acToOTa
w11>w10. YaCTOTBl w21 M 31 OTBEYAIOT COOCTBEHHBIM YaCTOTaM 3JIEKTPOHA U aHTUAJIEKTPOHA,
MPUHAUICKALUM TI€PBOMY 3aXBAU€HHOMY JUIOJIO. BenuuuMHBI 3THX YacTOT TaKOBBI, 4YTO
W11>W21>031 . YaCTOTBI w7 1 U w3 1 SBASIOTCS 0a30BbIMU ISt cepur No2 u jijist cepuu Ne3.

JIBykpaTHO BO30YXJCHHBI aTOM COAEPKUT TPU DIIEKTPOHA U JBA AHTHAIEKTpoHA. B
pe3yabpTaTe 3TOr0, Y HEro MOSBIISIFOTCS eI BE HOBBIE COOCTBEHHBIE YaCTOTHI, M OH M3JIy4aeT Ha
4acToTax w12 , W22 , W32 , W42 U w52 lIpexkHue qBa ANEKTPOHA U AaHTURJIEKTPOH CIBUTAIOTCS
ommke K mpoToHy. [loATOMY COOTBETCTBYIOIIME WM BEIWYWHBI YacTOT YBEIWYUBAIOTCS:
w10<w11<W12 , W22>W21 , ®32>®31 . JIBE HOBBIE YaCTOThI YAOBJIETBOPSIOT HEPABEHCTBAM:
W52<W42<03 2. YaCTOTBI W52 U (42 ABTSAIOTCS 0a30BBIMHU 7151 cepurt No4 1 jiyist cepuu Ne5.

U Tax nanee (Ha puc.4, ( - KOTHYECTBO POTOHOB, 3aXBAYCHHBIX aTOMOM TPOTHSI).
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Puc.4

B ¢usuke mepBbIM cepHsiM 3TOTO CIIEKTpa MPHCYKICHBI MMEHA OTKPBIBATENCH 3THUX Cepuil:
Nel — cepus Jlaiimana (uepnbiii 11BeT), No2 — cepusi bambmepa (kpacHbiii mBet), Ne3 — cepust
[Tamena (3enénbiii uBer), Ned — cepust bpekerra (TémHO-3enensiit 1Bet), NeS — cepus I[lpynna
KOPUYHEBBIH 11BET) [2].

["'opu30HTaIBHBIN «CPE3» ATOrO CHEKTPA AAET YETKOE MPEJCTABICHNUE O YaCTOTHOM CIIEKTpE
omoenvbHo2o HEBO30YXKJAEHHOr0 M BO30YXAEHHOro aromMa npotus. HeBo3OyxkaeHHBIH aTom
pOTUSL O0NaaeT OAHOW YacTOTOM @i — 0a3oBoil yactoToi cepum Jlaiimana. OmHOKpPATHO
BO30Y)KJICHHbIII aTOM MpoTHs OOJIafaeT TpeMsl 4acTOTaMH: 11 — BTOPOH YAaCTOTOW U3 CEpUU
JlaiiMaHa, CMEIIEHHON B CTOPOHY YBEIHYEHUS, U JBYMS 4aCTOTAMH, SBIISIOUIMMHUCS 0a30BBIMU
yactotaMu cepuil banbmepa - w1, u Ilamena - ws 1. [IBykpaTHO BO30Y>KIEHHBIM aTOM IpPOTHS
o0nanaer MHATHIO YacTOTAMM: 12 — TpeThedl u3 cepun JlaliMaHa, CMELIEHHOW B CTOpPOHY
YBEJIMUEHUS, BTOPBIMHU, CMEILIEHHBIMH YaCcTOTaMu U3 cepuil baibMepa — wy o, u [lamena - w3 2, u
JBYMsI 4aCTOTaMH, SBJISIONIMMIECS 0a30BbIME B cepusix bpekerra u [1dynna. U tak nanee.

.

[TpuBeneHHON cxeMOW 4YacTOTHOro CIHEeKTpa 00JajaéT MHOKECTBO AaTOMOB IIPOTHS, B
KOTOPBIX BCE (POTOHBI PACIOIOKEHBI C TOH CTOPOHBI OT HPOTOHA, Ha KOTOPOW pacIoyioKeH
AJIEKTPOH B HEBO30YXIEHHOM aToMe. B 4YacTOTHOM cIHEKTpe 3TOro aroma MpOTHS Bce
CIEKTPaJIbHbIE IMHUH OAWHAPHBIEC — I10 TEPMUHOJIOTUU KBAHTOBOU TEOPUU — CUH2IEMHbIE.

Jiis MHO>KECTBa aTOMOB IPOTHS], B KOTOPHIX BCEe (POTOHBI PACIIONOKEHBI C APYTrOW CTOPOHBI
OT IIPOTOHA, YACTOTHBIH CIIEKTp 00J1a1aeT COBEPLIEHHO aHAJTOIMYHOM CTPYKTYpPOM, HO BCE TOUKHU
3TOTrO CIEKTPa, KPOME 10 , YyTh-UyTh CIBMHYTHl OTHOCHUTEIBHO TOUEK IMEPBOro crekrpa. Tax
4TO, OOIMMI BHJ YAaCTOTHOIO CIEKTpa, AT MPOU3BOJILHOTO MHOXKECTBA aTOMOB MPOTHS,
o0Jasaer NpUBEIEHHON CTPYKTYPOH, T1I€ 10— CUHIJIET - OAMHApPHAs TOYKA, & OCTAJIbHbIE TOUKU
— dynnemsi (TI0 TEPMUHOJIOTUU KBAHTOBOM TEOPHUHU) - OUEHb OJIM3KHUE Nnapbl TOUEK.

VI1.2. Dn1eKTpoMarHuTHoe u3ayyeHue
APYTUX aTOMOB

YacTOTHBI CHEKTp MPOTHs, XOTS U OONagaeT OmHOCUMENbHO HYETKOW CepUalbHOMI
CTPYKTYpOM, HO BCE K€ €ro CTPYKTypa HE€ SBISIETCS aOcoomHo YeTKOW. JleHCTBUTENBHO,
TOJIbKO NepBble TpH cepuu — Jlaiimana, bansmepa u Ilamena He nepecekaroTcst MeXIy co0oil, a
BoT cepusi Ilamena yxe wactuuyHo mnepekpbiBaercsi cepusMu bpekerra u Ilpynna [2]. Tlo-
BUIMMOMY, YEM BBIIIE HOMEP CEPUH, TEM MEPEKPHITHE OOJIbIIIE.

[IpowsmrocTpupoBaHHasi yHoOpsI0YEHHOCTh YaCTOTHOI'O aTOMHOIO CIHEKTpa MMEET MECTO
TOJIBKO JUISI aTOMOB NPOTHUS W JAEUTEpHUs, TaK Kak siipa 3TUX aTOMOB 0O0JaJalOT BCEro JHINb
OJIHUM HYKJIOHHBIM MAarHUTHBIM KijacTepoM. CTpyKTypa 4acTOTHOIO CIEKTpAa TPUTHUS HMEET
TaKyo xe (GopMy, XOTS y ]pa TPUTHUS CYLIECTBYIOT JIBa MarHUTHBIE Kiactepa. Jlejao B ToM, 4TO
BEKTOPBI MAarHUTHBIX MOMEHTOB TPUTOHA NapAJJIENbHBI IPYT APYTY U PACCTOSHHUE MEXIY ITUMU
BEKTOpPaMH HAMHOI'O MEHBIIE, YEM PACCTOSHHUS 10 aTOMHBIX JJIEKTPOHOB TpuUTHd. M3-3a 3TOrO,
ATOMHBIE JIEKTPOHBI B TPUTHUH BOCHPUHHUMAIOT 00a MarHUTHBIE KjacTepa TPUTOHA KakK OJIUH,
€UHCTBEHHBIN.

VI1.2.1. DneKTpoOMarHuTHOE H3JIy4eHHe
atomos “‘He
Snpa ‘He u Aapa JIPYTUX TSDKEBIX DJIEMEHTOB oO0najgaroT Z>2 He mNapaliesIbHBIMU,
NEPEeKPEIUBAIOIIMMUC MarHUTHBIMU Kiactepamu (puc.5). doToHBI, 3aXBaThlBaeMble 3TUMHU
aTOMaMH, COBEPILIEHHO HEYNOPSJI0YEHHO, CIy4aiHbIM 00pa3oM, pacCakMBAIOTCS 10 HX
pasIMYHBIM MAarHUTHBIM KjacTepaM. M3-3a 3TOro, ynopsiou€HHOCTb CIEKTPAJIbHOW KAPTHHBI



HapyIIaeTcs, TaK YTO, CHEKTPhl U HEUTPAIbHBIX, U MOHU3UPOBAHHBIX ATOMOB IPEACTABIISIOT
co0oii, B 00111eM ciTydae, Ype3BbIYaiiHO CIIOYKHBIE 3allyTaHHbIC MHOXKECTBA [3].

UTOoOBI MPOWLTFOCTPUPOBATH CIENU(PHUKY ITUX CHEKTPOB, JOCTATOYHO PACCMOTPETH CHEKTP
atomos “He. SAnpo umeet BUI, N300paKEHHBIN Ha puUC.S.
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Puc.5. HykiioHHBIE MarHUTHBIE KJIacTEPHI AApa ‘He

Atomsl ‘He, cobmromator Bce mpaBmia (pOPMUPOBAHHS SIEKTPOMATHUTHOTO YACTOTHOTO
CIIEKTpa, MPUHSATHIEC CPEIM MONABISIONIEr0 GONBIIMHCTBA XHMHUCCKIX JIEMEHTOB. ATOMBI “He
HanOoJiee YeTKO M Haubojee MPOCTO NEMOHCTPUPYIOT 3TH MpaBuja. DTH IpaBwia, JaXe Ha
npumepe *He, IpU [IepBOM K€ 3HAKOMCTBE, B IMIa3a He GpocaroTcst. UToObl MX BBISIBUTH, HYKHO
MPUCMOTPETHCS K UX TPOSBICHUSIM.

.

B snpe atoma *He ecTb 1Ba MArHWUTHBIE kiacrepa (puc.5), a B «QJIEKTPOHHOU 00OJOUKE)
HEBO30YXXJIEHHOTO aTOMa - JIBa AJIEKTPOHA. DTH JIEKTPOHBI MOTYT MO-Pa3HOMY Pa3MECTUTHCS
Ha MarHUTHBIX Kiactepax. M3-3a 9TOro, MOryT CyIIecTBOBaTh TPU pasHbie (HOPMBI
«OIEKTPOHHOU 06010ukm» - A, B u C (puc.6, © — sapo *He, « - AIIEKTPOH).

O . ; . O ° ; O . °
A B C

Puc.6. ®opmel 4, B,C atoma ‘He

CoBpeMeHHOIT (pU3MKe BO3MOKHOCTh H YCIIOBHS CyIIeCTBOBaHMS Tpex (Gopm A. B. C aroma *He He u3BecTHSL.
MI3BECTHBI TOIBKO HKCIIEPHMEHTAILHO H3MEPEHHbIE TIOTEHIUAE HOHM3AIIH aToMoB (‘He,A) i SKCIIepHMEHTAILHO
M3MEpEHHBIE CIIEKTPBI BOJIHOBOT'O 3JI€KTPOMarHuTHOro ux uanydenus [3]. Kpome toro, THK BrbIsicHMIIa, yto opma
A cymecTByeT B YCJIOBHAX 3eMHOW atMmocdepbl, a opma C mpencraBiseT coOOH «CTPOUTENBHBIE JIEMEHTHD»
CBEPXTEKy4el KOMIIOHEHTBI XKUJKOTO FelTusl.

Ho 1 5T0 eme He BCE, UTO YCIOXKHSAET CTPYKTYPY YacToTHOro criektpa aroma (‘He,A). K
JOTIONTHUTEIPHOMY  YCIIO)KHEHHMIO STOr0 CHEKTpa HNpuBOAUT JedopMaius GOpMbl  sapa,
BbI3bIBa€Masl 3JIEKTPHUYECKUM OTTAJKMBAHUEM MEXIy IMpoToHamu. M3-3a 3Toi medopmaruw,
yroJl MeXJly BEKTOpaMH MarHUTHBIX KJIACTEpOB siipa OKa3bIBaeTCs paBHbIM He 90°, kak Ha
pucyHkax 5 u 6, a 60° unu 120°. Oro ycranosneHo B THK ¢ momorpio uaeHTH(HUKATMOHHON
MPOUEAYPHl, HCHOJNB3YIOMIEH CTPYKTYPHYIO MaTEMaTHYECKYI0 MOJENb aToMa (4He,A) u
M3BECTHBIE SKCIIEPUMEHTAIIBHBIE ITaHHBIE O BEIMUYMHAX PE30HAHCHBIX JUIMH 3JIEKTPOMArHUTHBIX
BOJIH, UM u3nydaeMbix [3]. Takas medopmarus siapa M «urpa» MarHUTHBIX B3aUMOJICHCTBUIN
MEXY JIEMEHTAaMU aTOMa (*He,A), mononsuTeNnBHO pacuierisier hopmy (‘He,A) 3JIEKTPOHHOU
000JI0YKH aTOMa Ha BapHUaHTHI (4He,A1), (4He,A2) , (4He,A3).



KopoTkoBoIHOBass 4acTh TaONHIBI IKCHEPUMEHTAIBHBIX 3HAYEHUH IJIMH CIEKTPATbHBIX
JIMHUM 1J1s1 HEUTpaJIbHBIX aTOMOB (4He,A) UMeeT cieayronmi Bua [3]:
2652,848
2644,802
601,4041
591,4147
584,334
537,0296
522,2128
515,6165
512,0982
509,9979
508,6431
507,7178
507,0576
506,5702
506,2000
505,9122
505,686
320,392

OTOT QparMeHT TaOIMIIBI MOKHO MPEACTABUTH B BUJAE YETHIPEX CIEKTPAJIbHBIX CEPHi, rie
KUPHBIMU IU(ppaMU BBIACICHbI IPETEHJEHTl HAa PE30HAHCHbBIC JIMHUM 3JIEKTPOMArHUTHOIO
W3JIy4eHUS] HEUTPAIBHBIX aTOMOB (4He,A) (B mpaBoM CTOJOLIE MOMEILIEHBI PA3HOCTU MEXKIY
BEJIMYMHAMU COCEIHUX CHEKTPaIbHbIX JIUHUI):

601,4041
9,9894
591,414
7,0807
584,334
537,0296
14,8168
522,2128
6,5963
515,6165
3,5183
512,0982
509,9979
2,2801
507,7178
1,1476
506,5702
0,6580
505,9122
508,6431
1,5855

507,0576



0,8576
506,2000

0,514
505,686

320,392

Kaxxnprit oTaenpHbIA HEHTpaIbHBIA HEBO30YKICHHBIA aTOM (4He,A), W3-3a HAIAYUSI B €r0
COCTaB€ JBYX DJIEKTPOHOB, 00JIaJlaeT JBYMs COOCTBEHHBIMH 4YacTOTaMHM U JBYMS
COOTBETCTBYIOIIMMH PE30HAHCHBIMU JUHUSAMH. Clie10BaTeIbHO, HATMYHUE BBIJICJICHHBIX CEpUN B
Ta0NMIE SKCHEPUMEHTAIbHBIX 3HAUYEHUM CHEKTPaIbHBIX JIMHUM HEHUTPaIbHOIO (4He,A)
03HAYaEeT, UYTO «3JIEKTPOHHAsI 000JI0YKa» ITOT0 HEBO30YKJACHHOTO aTOMa CYIIIECTBYET HE MEHee,
YeM B JIBYX pa3HbIX BapHAHTAX.

KonuuecTBeHHBIE pacyeThl MOKa3allk, YTO HEHTPaIbHbIE HEBO30YKICHHBIE aTOMBI (He A)
061371210 pe3oHancHbIMI uHuAMH B 601,44, 5374, 5104, 320,44, 170A u 80A.

Yro kacaercs JuHEE B 508,6431A, To OHA He ABIAETCA PE3OHAHCHOMN JIMHMEH STUX aTOMOB.
OHa, Mo-BUIMMOMY, MPUHAJICKUT OJHOKPATHO BO30YKIEHHOMY aTOMY (4He,A) u obpa3zyer
CHEKTPAJILHYIO CEPHUI0, UMEIOIIYI0 MECTO TOJIBKO JIs1 BO30Y>KICHHBIX aTOMOB.

Wtak, mokaxxem, Kak (OPMHPYETCS] YACTOTHBIM CHEKTP SJIEKTPOMAarHUTHOTO H3IIyYCHHS
MHOKECTBA HEBO30YK/ICHHBIX U BO30YXK/ICHHbIX aroMoB (‘He,A;).

Tak kak B aromMe MPOTHS HMMEETCS TOJBKO OJWH MarHUTHBIN KIIAacTep, TO CTPYKTypa
YaCTOTHOTO CIIEKTpa MHOXKECTBA HEBO30YXIEHHBIX M BO30YKIECHHBIX aTOMOB IPOTHS UMEET
YEeTKHA, HATJSIIHBIA XapakTep, BU3yaTM3UPOBAHHBIA B BUJE CXEMBI Ha IJIOCKOCTH (,@, T1e q -
KOJINYECTBO (DOTOHOB, 3aXBaUu€HHBIX ATOMOM, (» — YaCTOTHI CIIeKTpa (puc.4).

B siape *He uMeroTcst 1Ba HYKIIOHHBIE MarHATHBIE Kiactepa ky i Ky, He cymecTByer HUKaKix
YeTKHUX TMpaBuJl BbIOOpa (POTOHOM TOrO WIJIM APYroro Kiacrepa. ITOT BBIOOP MPOUCXOAUT IO
Bosie ciyyas. HaumeHnee BeposiTHOW sIBisleTCs CUTyalMs, Korja Bce (OTOHBI, 3aXBayCHHbIE
aTOMOM, CaAATCA Ha OJMH U TOT ke Kiactep. Hambornee BepOATHBIMU SBISIOTCS CUTYAIHH,
Korga (OTOHBI CAAATCs, B NPOHM3BOJIBHON IOCIENOBATEIBHOCTH, TO Ha OJWH, TO HA JAPYroi
KJIacTep sapa.

HeliTpanpHblif HEBO30YXAEHHBIN aTOM (4He,A1) o0nanaer NByMs DJIEKTPOHAMU U JIBYMS
COOCTBEHHBIMH YaCTOTAMU (1 M (2, OTBEUAIOIIMMH DIICKTPOHAM Ha kiactepax Ki u Kp. 31ech, B
OTJINYME OT TPOTHUS, CXEMY CIIEKTpa aTOMOB (4He,A1) M300pa3uTh Ha IUIOCKOCTH YK€
HEBO3MOXHO.

[TomHOE TeoMeTpHuyeckoe H300paKEHHE 3TOH CXeMBl BO3MOXKHO TOJBKO B TPEXMEPHOM
npoctpanctse (,w(K1),w(K2), rae q - konmdecTBo GOTOHOB, 3axBaueHHBIX aToMoM, (K1), w(Kz)
— YacTOTHI CIEKTpPa, OTBEYAIOIIME JJICKTPOHAM M AHTHAJICKTpoHaM kiactepoB Ky um K. s
YBEIMYEHUSI HATrJSAHOCTH D3TOW CXEMBbl, BMECTO €€ TPEeXMEpHOro H300paKeHHs, JydIle
UCIIOJIb30BaTh KoopanHatHbie miockocTh J,w(Ki) u g,w(ky),

q | (ki) q | w(kz)
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Puc.7

HeBo30y>xaeHHbIi aTom obsiafaer JByMs COOCTBEHHBIMHU 4acTOTaMH w1 U wy. Eciu nepsbiit
¢doToH caguTcs Ha Kiactep Ki, TO Ha 3TOM KJacTepe MOSIBISIOTCS JiBa HOBBIE MUKPOOOBEKTA -
3JIEKTPOH M AHTUAJIEKTPOH, a BMECTE€ C HUMH B CHEKTpPE - U JIB€ HOBbIE 4acTOThl. B pe3ynbraTe
3TOTO, TMEPBBII AMEKTPOH CMECTHTCS ONIKE K sIpy, W YacToTa ; yBenuuurcs. llpu stom
HECKOJIBKO CABHHETCS M 4acTOTa .

Ecnu BrOpoii ¢oToH csager Ha kiactep Ky, TO Ha kiactepe K, MOSBITCSA JOTOJHUTEIILHBIC
JIEKTPOH M aHTHRJEKTPOH, U B CIEKTpe - ewé OBe HOBbIE 4acTOThl. YacToTa w; 3aMETHO
YBEJIMYUTCS, @ YACTOThl HA APYroi IJIOCKOCTH TAaK)K€ MCIBITAIOT CMEIEHUs, HO 3HAYUTEIbHO
MEHBbIIHE.

[Ipu 3axBare aTroMOM HOBBIX (DOTOHOB, OyayT, B pa3IMYHON IOCIIEJOBATEIHBHOCTH,
HOBTOPATHCS JI€HCTBUS, ONMCAHHbIE B 3TUX JIBYX MUKPOCLICHAPUSX.

.

Ha  mepBelii  B3MIsIL,  MeXAY  CHEKTPAlIbHBIMM  CEpUSMH  aTomMa  MpoOTus,
IPOWJUIIOCTPUPOBAHHBIMU PUCYHKOM 4, U CIEKTpajIbHbIMU CEpUSIMHU aTOMOB (4He,A1),
IPOMJUTIOCTPUPOBAHHBIX Ha PUCYHKE 7, CYLIECTBYET 3HauuTeNnbHas pasHuua. Ha pucynke 4, B
KaKIOW cepuH HAOJI0JAeTCsl PEryJIsipHbIA POCT BEIMYMH COOCTBEHHBIX 4acToT. Ha pucynke 7
TaKOr'0 PETYJSIPHOTO POCTa YaCTOT, B CIIEKTPAJIbHBIX CEPHSIX, HET.

Takast crienuguKa ClIeKTpaIbHBIX CEPH, Y aTOMOB IPOTHSI U TeIUsl, OOBACHSIETCS TEM, YTO Y
aToMma MpoTHUs CYUIECTBYET TOJbKO OJAMH MarHUTHBIN KiacTep, a y aroma renus ux asa. Kaxsiit
HOBBII ()OTOH, 3aXBAaYCHHBI aTOMOM MPOTHS, CAOUTCA HA OAWH M TOT K€ HYKIOHHBIN
MarHuTHBIN Kiactep. B arome ke remus, kaxaplii HOBbIM (DOTOH caauTCs HAa OJUH, U3 JIBYX,
MarHUTHBIN KJ1acTep, HE3aBUCUMO OT TOr0, Ha KaKO# KiacTep cel NpeAbl Ayl poToH

PerynspHOCTh pOCTa BEIMYMH YaCTOT B CIEKTPE Telksl, OTBEYAIOIIEro Kiactepy Ka,
HapyIlIaeTcs, COrJIaCHO PHUCYHKY 7, B TOM cllydae, Korja ouepenHoil (oToH canurTcs He Ha
xinactep Ko, a Ha mpyro#t kimacrep — Ki. B wactotHo#t cepuu, oTBedaromeii kiacrepy Ko, B aToM
Clly4ae, BMECTO PEryJsipHOrO CKauka BEJIMYMHBI YacTOThI, MOSBISAETCS TPYIHOPA3INUYNMBIN
ayriet yactot. Eciu chnenytompe (OTOHBI POJOIDKAT CaAUThCS Ha KiacTep Ki, To 3TOT ayruiet
niepepacTeT B TPUILIET,. .. , MyJIbTHILICT, IOKa OuepeIHON (POTOH CHOBA HE CS/IET Ha Kiactep Kp.

Tak B 4aCTOTHOM CIEKTPE OJHOTO M TOTO K€ aToMa resiis MOTYT MOSBIATHCSA JUHUU, TPU
BHHUMATEJIbHOM PAaCCMOTPEHHUH, IPEICTABIISIIOIINE COOON AYIUIEThI, TPUILIETHL,. .., MYJIbTUILIETHI
C JIFOOBIM KOJIMYECTBOM PACCIIOCHUHN CIIEKTPaJIbHON JIMHUY.

Ecnn kxaxmoe MyNbTUILIETHOE PAcCiIO€HUE, B CHEKTPE OJHOTO M TOro e aroma Tenus,
paccMaTpuBaTh KaK CHHIJVIET, TO OKAa3bIBAETCS, UTO CIEKTPAJIbHBIE CEPUHU, JUIS 3TOTO aTOMa,
00pa3yroTcs Tak ke, Kak 1 JJIs aTOMa MPOTUSI U UMEIOT, IIYCTh HE TaKyI0 e PEryJspHYIO, KaK y
aToma MpOTHsl, HO TOCTATOYHO K Hel OJIM3KYI0, CTPYKTYPY.

.

Ha prcyrKke 7 MpeicTaBIIeH TOIBKO HAa4YalbHEIHA (parMenT crektpa atomos (‘He,A1), 1a i T0
TOJIBKO JJISi TOTO Ciy4asi, Korja (JOTOHBI CAAATCS CTPOTO MOOYEpeHO Ha kiactepsl Ki u Ko, B
obmem ciydae, (GOTOHBI camircs Ha Kiactepbl K1 u Ky He B CTPOrOM IEepHOIUYECKH
MOBTOPSIOLIEMCS] TOPSAJKE, a B XaOTUYECKOM, CIydyallHOM MOpSAJKE, KOTOPbI MOXKET OBITh
OIMCaH MOCJIEI0BATENBbHOCTEIO {yj}, Tae yi =K1 wmn xi=K; , a i=1,2,...,q. Iy KoHeyHOTO YNCHa q
(OTOHOB, 3aXBaYEHHBIX ATOMOM, YMCJIO Pa3HBIX HoCe0BaTeIbHOCTEH {¥i} paBHo 29,

TakuM 06pazoM, o6l CreKTp Bcero MHoxecTBa atomoB (‘He,Ay) mpencrasmusier coGoii
CyMMYy  OECKOHEYHOr0  YHCla  CIEKTPOB,  OTBEYAIOIIMX  pa3HbIM  OECKOHEYHBIM
HIOCJICIOBATEIBHOCTSIM { i}

.

IMonusiii criextp atomoB (‘He,A) mpencrasmser coGoii cymmy crektpos atomos (‘He,A1),
(4He,A2) u (4He,A3). [Ipomecc popMupoBaHus CHEKTpa aTomMa (4He,A1) TOJIBKO YTO MPECTaBICH
Bamemy BHuManuio. CHeKTpsl aTOMOB (4He,A2) u (4He,A3) (hopMHUPYIOTCS TOYHO TaK IKe.



OTnuyatoTcss OHM JPYr OT Jpyra, MpeXJae BCEro, BeIMYMHAMU COOCTBEHHBIX YacCTOT
HEBO30YXICHHbBIX aTOMOB.
.

VIoHM3HpOBaHHBIE aToMBI “He' IPHHATO Ha3bIBaTh BOJOPOLONOJOGHBIMH M3-3a HAIMYHS y
HEBO3GYKICHHOTO aToMa ‘He' TOIBKO OHOTO SMEKTPOHA, KaK U y mpotrs. OHako, sapo He
o0nanaer, B OTIMYME OT si/ipa MPOTHsSI, IBYMsSI HYKJIOHHBIMA MarHUTHBIMH Kiactepamu. Ecnu B
aTome npoTus (POTOHBI CaJATCS HA OUH M TOT ’K€ HYKJIOHHBIM MarHUTHBIN KJacTep, TO B aTOMeE
*He* oHu camsTcs He Ha OMH, a Ha JI0GOI U3 JBYX Pa3sHBIX MAarHUTHBIX KIacTepos. IloaTomy
criekTpbl “He' OTIMHYAIOTCS OT CIIEKTPOB MPOTHS, TaK Kak (POPMHPYIOTCS OHH IO TEM IKe
IPABUJIAM, YTO U CIIEKTPBI HefiTpanbHoro *“He.

VI1.2.2. DnekTpoMarHuTHoe M3JIyyeHHe
aromos *He

CoBpeMeHHOH (pU3HMKE HE U3BECTHO, YTO HEUTPaAIbHBIC aTOMBI 3He B €CTECTBEHHBIX 3€MHBIX
YCIIOBUSAX BOOOINE OTCYTCTBYIOT, YTO OHH MOTYT CTaOWJILHO CYIIECTBOBAaTh TOJBKO  TIPU
Ype3BbIYAHO HM3KUX TeMmIepaTypaXx. B  ecTeCTBEHHBIX 3EMHBIX YCIOBHSIX CTaOMIBHO
CYIIECTBOBAaTh MOTYT TOJBKO HWOHU3MPOBAHHBIC, BOJOPOJONOAO0HBIC AaTOMBI 3He+, a ux
YaCTOTHBIE CIEKTPbl OYE€Hb CUJIBHO CABUHYTBI, B CTOPOHY BBICOKMX YacCTOT, OTHOCHUTEIIBHO
CIIEKTPOB ‘He".

.

B KkBaHTOBOM Teopuu, H3-3a OTKa3a OT Yy4yeTa MarHUTHBIX B3aMMOJEHCTBUM MEKIY
MHUKPOOOBEKTAMH, CUYHTACTCS, YTO CIEKTPBI SHe u “He ortnmuarorcs JIpyr OT Jpyra, Kak W
CIIEKTPBI U30TONOB BOJIOPO/1A, BCETO JUIIb HE3HAYUTEIIbHBIMU U30TONMMYECKUMHU CABUTAMH.

B neiictBuTenbHOCTH, BCE OOCTOMT COBEpIIEHHO HHaye. Smpo 3He cocrout u3 JBYX
MpOTOHOB W  ofHoro HedTpoHa @opmanbHO, OHO 00JaJaeT JABYMS HYKJIOHHBIMHU
MarHUTHBIMU KJIACTEPAMH, HO, M3-3a NAPAJUIEIIbHOCTH JTUX KIACTEPOB, C TOYKHU 3PEHHUS
ATOMHBIX D3JICKTPOHOB W aHTUAJEKTPOHOB, HAXOJSAUIMXCS Ha PACCTOSHHUAX OT sApa,
MPEBBIIIAIOIINX JUAMETP f]pa, KaKk MHUHUMYM, Ha 4YeThIpe MOps/Ka, OHO OO0JagaeT OJHUM
HYKJIOHHBIM MarHUTHBIM KJIAaCTepOM. BenudumHa MarHUTHOTO MOMEHTa 3TOr0 OOBETUHEHHOTO
MarHUTHOTO NOJs ONM3Ka K 2up, .

Snpo *He cocrout u3 JIByX MPOTOHOB U JIBYX HEUTPOHOB M 0O0JIaJIaeT JABYMSI HYKIOHHBIMU
MarHUTHBIMH KiacTepamu (puc.5). BennumHa MarHUTHOTO MOMEHTa Ka)JIOTO MarHUTHOTO
Kkiacrepa siapa “He pasHa u( He)=,—1n=0,9997 ;.

Tak kak ,u(SHe) MOYTH BJABOE OOIBIIE, YeM ,u(4He), TO HEKOTOPBIE CBOMCTBA *He oucHb
CHIIBHO OTIMYAOTCs OT CBOMHCTB “He. [Ipexnae Bcero, Hy’)KHO MOAYEPKHYThb, YTO, COIJIACHO
KOJINYECTBEHHOMY AHAJIMU3Yy, B HEUTPAJIBHOM aToMe SHe o06a 3JIEKTPOHA MOTYT HaXOJMThCA
TOJIBKO C OJTHOM M TOM K€ CTOPOHBI OT siApa. A Tak Kak MOTECHIIMAJ MEPBOM MOHMU3AIIUN TaKOTO
aTomMa paBeH Bcero nuiib 1,3135B, 4To omsTh ke, coBpeMeHHOW (U3MKe HE H3BECTHO, TO
HEWUTpaJIbHBIE aTOMBI *He MOTYT CYHIECTBOBAaTh TOJBKO TIPH YPE3BBIUAWHO HM3KHX
TeMneparypax.

OTO TOBOPHUT O TOM, YTO B €CTECTBEHHBIX YCIOBUSIX HEUTPAIbHBIE aTOMBI *He CYIIIECTBOBATh
HE MOT'YT.

Yto KacaeTcs aroma 3HeJ’, TO B HEM DJIEKTPOH OTCTOMT OT Sipa B JIBa pa3a JaJbIle, YEM B
atome “He'. [loaToMy mnoTeHUMAN WOHM3ALMH aTOMa 3He+=27,1983B BIBOC MEHBIIIE
MOTEeHIIMala NOHU3aMud aToMa 4He"=54,443B. A Tak Kak BCE€ DJICKTPOHBI U aHTUAJIEKTPOHBI B
atomax *He" orcros B 182 pasa ganblie oT sapa, 4eM B aTOMax 4He+, TO B CIIEKTPE aTOMOB SHe"
BCE YACTOTHI MOYTH B TPU pa3za MEHbIIE, YEM COOTBETCTBYIOIIME YACTOTHI B CIEKTPE aTOMOB
*He".

Emé oxHo 1r000IIBITHOE CBOMCTBO aTOMOB 3He™ 3axmouaercs B TOM, YTO YaCTOTHBIA CIIEKTP
THX BOJOPOJONOMOOHBIX aTOMOB TOMOJOTHYECKH IMOAO0CH CHEKTPY AaToMOB MPOTHUS, HO
MPUMEPHO B TOJITOpA pas3a CABUHYT, OTHOCHUTEIIBHO CIEKTpPa MPOTHS, B CTOPOHY BBICOKHX
4acToT.



VI1.2.3. DinekTpoMarHuTHoe U3JIy4eHue
APYrHX aTOMOB

XapakTepHbIM IMPU3HAKOM IMPOM3BOJIBHOIO XHMUYECKOTO 3JIEMEHTa SIBIISIETCA 3apsaoBOE
quciao Z — KOJMYECTBO JJIEKTPOHOB B HEWUTPAJIbHOM HEBO30Y)KIECHHOM aTOME, paBHOE
KOJIMYECTBY HYKJIOHHBIX MarHUTHBIX KJIACTEPOB Spa U KOJINYECTBY IIPOTOHOB B S7PE.

3HaHUE ATHX CBOWMCTB aroMa M 3HAHHE CTPYKTYphl (POTOHA IMO3BOJISIOT IMOHSATH, KaK
IPOUCXOIUT (POPMUPOBAHHE CTPYKTYPhI YACTOTHOI'O CIIEKTpa 3JIEKTPOMArHUTHOI'O U3JTy4EHUs
storo aroma. I[Ipomenypa sToro (GpopMHpPOBaHUS AHAIOTWYHA MPOJEMOHCTPUPOBAHHON BHIIIE
npomeaype GopMUpOBaHKS CrieKTpa aToma *He.

Kaxnapiii GoTOH, 3aXBaueHHBIA aTOMOM, CaJIUTCS, CIyYaillHBIM 00pa3oMm, Ha OAWH U3 Z
HYKJIOHHBIX MarHUTHBIX KJIacTepoB siapa Ki, Ka,...,Kz. ITopsiok 3axBata pOTOHOB aTOMOM MOXKET
OBITh OINHKCAH IOCJIEI0BATEILHOCTRIO {yi}, Thae I1=1,2,..., a x MOXeT NpPUHUMATh Jt00O0E
3HaueHue u3 MHOxkectBa (K1, Ko,...,Kz). s KOHEYHOro 3HaYeHHs BEIUYUHBI ( KOJMYECTBO
nociexoBarebHocTel {)i} pasHo Z°.

.

B mpobGrneme QopMupoBaHUS YAaCTOTHBIX CIIEKTPOB aTOMOB CYIIECTBYIOT JIBa acCHeKTa —
YHUCTO TEOPETUUYECKHM, 3aKIIIOYAIOIIUICS B JOCTHKEHUH MTOHUMaHMs mpouecca GopMHUpOBaHUS
BCETr0 OECKOHEYHOTO CIIEKTPa aTOMOB, U TPUKJIaTHOM.

C mnpakTHUecKOW TOYKM 3pEHHUs, 3HAHUE CTPYKTYpbl OECKOHEYHOI'O «XBOCTa» CIEKTpa
MHTEpeca HE TPEJICTAaBIISET, TaK Kak Haubojee MH(POPMATUBHON SBISETCS BBICOKOYACTOTHAS
4acTh CHEKTpA.

OpHa U3 NPUYMH 3TOTO CBSI3aHA C TEM, YTO JUIsl OOJIBIINX ( «XBOCTOBBIE» JIMHUU CIEKTpPA, U3-
3a UX OFPOMHOI0 KOJIMYECTBA, IPAKTUYECKU HEPA3INYNMBI.

C npyro#i cTopoHsbl, BO30YKJIECHHbIE aTOMbI HAaXOJATCS B IOCTOSHHOM JIBHJKEHUHU C BECbMa
OonpmuMHu  ckopocTsiMH.  M3-3a  3TOro, «BpeMs IKM3HM» BO30YKICHHBIX aTOMOB, a,
CJIEIOBATENIbHO, 1 MaKCUMAJIbHO BO3MOXKHOE€ 3HA4€HHE (| CYIIECTBEHHO 3aBHUCST OT IUIOTHOCTHU
MHUKPOOOBEKTOB Ha MyTH BO30Y>KICHHBIX aTOMOB.

Tak, B 36MHBIX YCJIOBMSIX BEJIMYMHA (] HACTOJbKO OTpaHUYEHA CBEPXY, YTO B YaCTOTHOM
CIEKTPE MPOTHUS DKCIEPUMEHTAIBHO YJAJIOCh BBIIEIHUTH TOJBKO ISATh CIEKTPAIBbHBIX CEPUM —
Jlaitmana, banbmepa, Ilamena, bpekerra u [Ipynna. A Bce 3TH cepun reHEpUpyrOTCsS aroMamy,
3aXBaTHBILIUMH He OoJiee 1ByX (POTOHOB.

B pa3pexeHHOM KOCMHUYECKOM IPOCTPAHCTBE «BPEMS KHU3HU» BO30YKIEHHBIX aTOMOB
NPEBBIIAET €0 3HAYEHHE B 3€MHBIX YCIOBHsX. I103TOMy OHM MOryT 3axBaThiBaTh OOJbliee
KOJIMYECTBO (DOTOHOB U PAa3TOHATHCS /10 HEOOBIYAHO OOJIBIINX CKOPOCTEN U SHEPTUH.

VI1.3. DiekTpoMarHuTHoOe U3JIydYeHue aTOMOB
u 3¢up

[IpyHuMnuanbHOE 3HA4YEHHE HMEeT TOT (akKT, YTO YACTOThI 3JIEKTPOMATHHTHOIO
H3JIy4eHHsI ATOMOB H3MEHSIOTCS ¢ H3MEHEHHeM INIOTHOCTH OKpY:Kaouero 3¢gupa.

HanmomuauwMm, uto, cormacio THK, 4ncTo BOJHOBOE 3JE€KTPOMArHUTHOE W3JIYYEHHE aTOMOB
reHepUpyeTcsl KoueOaHUsIMHU 3JIEKTPOHOB M aHTHAJIEKTPOHOB, COJECPIKALIUXCS B «QJIEKTPOHHOU
o0osiouke» aToMoB. YacTOTHBIE CBOMCTBA ATOrO HU3IYYEHHS] ONPENEISIOTCS COOCTBEHHBIMU
4acTOTaMH KoJeOaHW aTOMHBIX JIEKTPOHOB U aHTUAJIEKTPOHOB. 3HAUYEHUS 3TUX COOCTBEHHBIX
YacTOT 3aBUCAT OT CONPOTHUBIICHUS 3(Upa IBUKEHHUIO JIEKTPOHOB U aHTUAJIEKTPOHOB. A TaK Kak
COIIPOTHUBIIEHUE 3(Upa IBHKEHUIO AJIEKTPOHOB W AHTUAJIEKTPOHOB 3aBUCHUT OT €ro IJIOTHOCTH,
TO ¥ XapaKTePUCTUKH OHJIEKTPOMATHUTHOIO M3JIYy4YE€HHUS AaTOMOB 3aBUCAT OT IUIOTHOCTHU
OKpYKaroImiero agupa.

OcobeHHO YETKO 95Ta 3aBUCHMOCThH IIPOCIEKHBACTCA B W3IydeHHH mpoTus. IIpocroit
MBICJICHHBI 00pa3 aToMa MPOTHsI TOBOPHUT O TOM, YTO YBEIMUYEHHE IJIOTHOCTU 3(UpPa MPUBOJUT
K YMEHBUICHUIO CKOPOCTH JJEKTPOHA M, TEM CAMBIM, INPUBOAUT K YMEHBIIECHUIO YacCTOTHI



KoJieOaHul 3nekTpoHa. VccrnenoBanus CTpyKTypHON MaTeMaTHUECKOM MO/IEH TUHAMUKH aToMa
npoTHs JaeT (opMalibHOE, KOJMUECTBEHHOE MOITBEPAKIEHUE ITOr0 BBIBOAA.

VIII. O cemeiicTBe (poTOHOB

JlocTiub MOHMMaHUS CTPYKTYphl ()OTOHA yAalIOCh, BCIOMHUB caenanHoe I1./lupakom wu
BBIOpOIIEHHOE Ha (U3MYECKYI0 «CBAJIKY», TEOPETUYECKOE OTKPBITHE BO3MOXHOCTHU
CYIIECTBOBAHHMS AJIEKTPOHOIIOI00HBIX MUKPOOOBEKTOB C «OTPHUIATEIBHBIMIY MaccaMH [4].

N3  otkpertus  Jlupaka cieayer, 4YTO CYIIECTBYIOT UEThIpE 3JIEKTPOHOMOIOO0HBIE
MUKpPOOOBEKTA: JIEKTPOH €+ C «II0JIOKUTEIBbHOI» MacCOW U «OTPULATEIbHBIMY JIEKTPUUECKUM
3aps7I0M, MO3UTPOH €4 C (TIOJNOMKUTENBHON» MAaccoil M C (IIOJNOKMTEIBHBIMY» 3apsIoM,
AHTHDJIEKTPOH €. C «OTPHMIATENLHOMN» MACCON U «TIOJNOKUTENBHBIMY 3apAI0M, AHTUIIO3UTPOH €.
C «OTPULATEIBHOIN)» MACCO» U «OTPULATEIILHBIMY 3aPSA0M.

dwusuKam 3Ta uaesl He OHPAaBUIIACh, U OHH Cpasy ke OpoCHIInCh e€ Je3aByupoBaTh, 3asBUB,
YTO OTCYTCTBYIOT KaKue-I100 3KCIEpUMEHTAIbHbIE HAMEKH Ha CYIIECTBOBAaHHE MUKPOOOBEKTOB
C «OTpHULATENFHOW» MAaccOd. 3asiBUB 3TO, OHM OY€Hb CHJIBHO M HETPHIIMYHO OCKAHJIAIHJIIHCE.
Jeno B ToM, uTO B (PU3HKE MIMPOKO UCIOIB3YETCS YpaBHEHUE JIBHXKEHUS MHUKPOOOBEKTa MaCChl
M, WMEIOMIETO DJIIEKTPUYECKH 3apsa (, BO BHEIIHEM DJJEKTPOMArHUTHOM IIOJIE C
HanpsokeHHoctsmu  E u  H JNEKTPUYECKOM UM  MarHUTHOM KOMITOHEHT  [4]:
d/dt[mv(1-vc2) °°]=q(E+c '[VH]), rze V — ckopocTs MHKPOOGBEKTa, ¢ — CKOPOCTh cBeta, [VH] —
orepaTop BEKTOPHOTO MPOW3BEACHUS BEKTOpoB V. u H. JIns m=me u =—e, 3TO - ypaBHEHUE
JBWDKGHUS DJIEKTPOHA, a Uil M=—M, U (=+e, - aHTHAIEKTpoHAa. Ho, OT OXHOBpEMEHHOI
MEepPEeMEHbl 3TUX JABYX 3HAKOB, HM CaMO YpaBHEHHE, HU €ro peIlIeHus, HEe H3MEHATCSA. ITO
O3HAayaeT, YTO B COBPEMEHHBIX HAONIONATENBHBIX YCTAaHOBKAX TPEKH JJIEKTPOHOB U
AQHTHUDJIEKTPOHOB HEPA3JIIMYUMBI, MOJIHOCTHIO COBMANAIOT, U 4YTO (U3UKU MPUHIUIUAIBHO
HECIIOCOOHBI OTIMYUTh TPEKH aHTHUAJIEKTPOHOB OT TPEKOB AEeKTpoHOB. Kak 3a0aBHO. A Beab 3TO
TaK TpuBUaIbHO. Kakux e emé cropnpu3oB AaTh OT GU3UKOB?

.

A Temepb, Kak TOBOPUTCS, OOT ¢ HUMHU, ¢ (PU3UKAMH, OHU JKUBYT B CBOEH «peaJbHOCTI.
Bepnemcs k neny. Oka3piBaeTcs, CyIIECTBYET 1I€JI0€ CEMENCTBO pa3HbIX (poToHOB. O6 0/1HOM U3
HUX — OJJIGKTPOH-aHTUAJIEKTPOHHOM Jumosne d paccka3aHo Bbime. Huuto He Memraer
CYIIECTBOBAHHIO M (JOTOHHOTO CaMOpPa3TOHSIOMIETOCS TO3UTPOH-aHTUITO3UTPOHHOTO TUTIONS d*.
Tak kKak B KaXJIOM M3 3THUX JAUIONEH CYyMMBI 3JIEKTPHUUECKUX 3apsA]0B paBHBI (MM OJIM3KH)
HYJTIO. TO UX MOKHO Ha3BaTh «0e33apsJOBBIMU.

Kpome  Ge33apsiioBbIX,  TEOPETHYECKH  BO3MOXKHO  CYIIECTBOBaHHME  (POTOHHBIX
CaMOPa3TOHSIONIUXCS JUITOJIEH C CYMMApHBIMH JICKTPUIECKUMU 3apsiAaMy BEIMYHHEI 2e. DTO —
ANIEKTPOH-AHTUIIO3UTPOHHBIN TUMOIb O ¥ IO3UTPOH-AHTUAIIEKTPOHHBIN TUMONb O*.

«be33apsnoBbIe» (OTOHHBIE JHUITOJINA MOTYT OBITh KaK «OBICTPBIMHY, TaK U «MEIJICHHBIMI.
HccnenoBanust AMHAMUKU «OBICTPOro» AUIONSA d 0OHAPYKUIIO, YTO €ro JBHKEHHE MPOUCXOIUT
0€3 AJIEKTPOMArHWTHOTO H3JIyUeHHs, €CIIM Macca IJIEKTPOHA NMPEBOCXOAHWT BEIUYHHY MacChI
aHTHIJIeKTpoHa. Ecin jke BemMYrMHAa Macchl aHTHUAJNIEKTPOHA HE3HAUYUTENBbHO (Ha BEIMYUHY
0~107°kr) mpeBbIIAET MAcCy OSIEKTPOHA. TO STOT [MIONb, BO BPEMsi CBOCTO IBIIKCHIIS,
U3Iy4aeT  JJEKTPOMAarHUTHbIE  BOJHBI,  4YacTOTa  KOTOpBIX  0OJagaer  IpoMajHOMN
YYBCTBUTEIHHOCTHIO II0 OTHOIIECHHIO K BEIWYMHE O, W3MEHSSICh BMECTe C O B HMHTEpBaje
(0,10%)¢ ™.

.

Bennumna «aBukymiei cuiabl OBICTPBIX 0e€33apsA0BBIX TUMONEH paBHA pPasHOCTH CHII
MarHUTHOTO W JJIEKTPUYECKOTO B3aMMOJCHCTBHIA, a BEIIMYMHA «IBIDKYIIEH CHIIBD) 3apsIOBBIX
JUIOJIEH paBHA CyMMe CWJI 3THX B3auMojeicTBUi. CKOPOCTH YCTaHOBHUBILEIOCS JIBUKCHHUS
000ux BUIOB (H)OTOHOB 3aBUCAT OT IJIOTHOCTH dupa Ha UX myTH. [Ipu 3TOM, CKOPOCTH OBICTPHIX
0e33apsaoBbiX (POTOHOB, OMU3KM K ¢, a 0€33apsaoBBIX 3HAYUTEIHHO OOJbIIE, YeM C.
MukpooOBeKThI, BO30YXKICHHBIC 3apsSI0BBIMH (OTOHAMH, JOJDKHBI TIPEACTaBIATh COOOM



KOCMHUYECKHE JIy4d 4Ype3BbIUAHO OOJBIION JHEPruu, CIOCOOHBIE HA JIMBHEBBIC paCMallHbIC
peaKIuu.



