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OF “METALLIC”?” HYDROGEN

N.N.Leonov

The Internet reports Harvard University physicists for the first time ever have derived “metallic” hydrogen.

In 1979, a Soviet academic magazine devoted to physics published the results of the
experiment conducted by scientists of the Nuclear Physics Institute of the Academy of Sciences
of USSR (Alma-Ata) [1]. It was a reproduction of Rutherford’s famous experiment of nuclear
scattering of a-particles. However, the Soviet physicists conducted the experiment in a more
detailed way having processed the results using the method of “Blair’s phases” [2] that had not
been yet developed in Rutherford’s days. Following such processing, they concluded that atomic
nuclei of all chemical elements feature quasicrystalline structures. In simple terms, it means that
nucleons of a stable nucleus are motionless with relation to each other and have quite definite
positions in the nucleus. Hence, it is obvious that Planck’s constant in indeterminacy relations of
the quantum theory is 7#=0.

The results of the experiment by scientists of the Nuclear Physics Institute of the Academy of
Sciences of USSR mean that the quantum theory statements should be treated with greater care
and put in a healthy, “moderate”, according to W. Shakespeare, doubt.

The “diggings” with the purpose to reveal original causes for the false hypothesis of
indivisible energy quanta existence in the material world found that an insufficient adequacy of
quantum concepts of the material world structure result from the improper neglect of ether with
its resistance to motion of microobjects and the improper denial of magnetic interactions
between microobjects.

There are known two experimental attempts to verify the hypothesis of ether existence in
Nature.

The first one was made in 1851 by A.H.L.Fizeau [3]. The experiment result was positive.
However, the result was disavowed by addressing quantitative relations of the special theory of
relativity [3]. There were seemingly no reasons to doubt the reliability of such a “beautiful”
theory. It is still considered extremely inappropriate. According to the special theory of
relativity, the mass of microobjects should increase with increase in their velocity subject to the
relation: m(v)=m(0)(1-v’c %) " regardless of whether the microobject is an electron or a
nucleon. Then, an era of experiments with microobjects accelerated on high-power accelerators
came. The first experiments showed that mass does increase with increase in velocity. However,
guantitative discrepancies between experimental data and theoretical predictions of the special
theory of relativity appeared to be far from appropriate. When masses of electrons increase by
two or three orders masses of nucleons in the same ranges of acceleration rates increase only by
1,5! How should we take the special theory of relativity after that?

The second attempt was made in 1881 by A.A.Michelson [3]. It completely failed but
physicists somehow still do not notice this. The situation appeared to be so absurd that makes
feel nothing but primitive perplexity. Setting up this experiment, physicists tried to determine if
there exists ether capable of being a material carrier of light waves. In doing so, they assumed
that ether does not interact with matter. It is impossible to understand how physicists over a
century could fail to notice the absurdity of such an assumption. After all, we all, including
physicists, being composed of various chemical substances, naturally feel an effect of light every
day without any experiments. And since, as assumed, light are waves in ether, light wave can
interact with matter only through its material carrier, that is, ether. Therefore, in order to detect
the absence of ether, a material carrier of light waves that does not interact with matter, it was



sufficient just to resort to an ordinary human logic rather than to special experiments. However,
if we assume that ether, a carrier of light waves that interacts with matter, exists we can easily
find that Michelson’s experiment results should be identical both in the presence and in the
absence of ether. As a result, it appears that Michelson‘s experiment is absolutely incapable of
giving an answer to the posed question. Nevertheless, a strong opinion of the absence of ether in
the material world has been established in physics since then.

It is interesting that physicists, without batting an eyelid, still present that experiment in all
textbooks as an example of experimental art!

Magnetic interactions between microscopic objects were neglected due to a false conclusion
made by A.M.A.Ampere based on Oersted’s experiment results. Let us recall that Oersted found
that a “circular” magnetic field occurs around a current conductor. Ampere needed no great
efforts to assume that the magnetic field results from motion of electrical charges that current
carriers have as the experiment was conducted in 1821 when nobody knew anything about the
fact that all material carriers of electrical charges have also self-magnetic fields.

The logic of knowledge development suggests that after discovering self-magnetic fields
with all microscopic objects, including electrical charge carriers, one should have turned back to
Oersted’s experiments in order to make sure that Ampere was right when he claimed that
magnetic fields result from the motion of electrical charges and that a magnetic field around a
conductor is not a result of the motion of self-magnetic fields of electrical charge carriers.
However, quantum physics has been incapable of doing so.

These questions have been solved by the theory of non-linear oscillations that applies and
develops methods of “classical” physics [4]. In order to understand whether a motion of self-
magnetic fields of current carriers without electrical charges thereof can generate a “circular”
magnetic field in Oersted’s experiment, we had to establish which properties current carriers, 1.e.
electrons, should have for this purpose. In addition, we had to establish other properties that
electrons should have so that their paths, according to Lorentz’s experiment, could distort when
they are moving across the magnetic field lines. Following this, we had to determine if a real
electron has all of those properties.

It appeared that moving free electrons do have the properties required and sufficient for the
circular magnetic field in Oersted’s experiment to be generated only by self-magnetic fields of
the moving electrons without electrical charges thereof and for their paths to be distorted in
Lorentz’s experiment in the observed way [4].

The neglect of ether and its resistance to motion of microobjects and neglect of magnetic
interactions between microscopic objects came at a cost to physics. Because of this physics
failed to build adequate mathematical models of atomic nuclei and atoms. For the same reason
physics failed to identify an adequate mechanism of electromagnetic radiation of atoms and of an
“absolute black body”. Having failed to develop a substantial concept of a mechanism of
electromagnetic radiation of an “absolute black body”, it had to resort to the quantum hypothesis
in development of its understanding of the description of such radiation spectrum. Because of
these two principle errors physics failed to achieve a detailed understanding of the structure of
microobjects. It resulted in false hypotheses of “neutrino”, new material entities, “muons”,
“pions”, “quarks”..., in a misunderstanding of energy output reactions in “hydrogen” bomb,
inability to understand the structure of electron and neutron, i.e. key factors on the way to the
understanding of the whole material world structure.

Having considered ether and magnetic interactions between microobjects the theory of non-
linear oscillations, using the methods of “classical” physics it develops, has managed to rectify
the principle errors of the quantum theory and special theory of relativity [4,7-41].
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Having denied ether resistance to motion of microobjects and magnetic interactions between
microscopic objects, physics voluntarily rendered itself incapable of building adequate
mathematical models to represent properties of atoms correctly and thoroughly.

Consideration of these factors of the material world made it possible for the theory of non-
linear oscillations to build an adequate structural mathematical model of an unexcited atom of
protium, a light isotope of hydrogen. This atom consists of proton and electron. The atom
structure is shown schematically on figure 1 (o — proton, « - electron, arrows are magnetic
moment vectors of proton and electron).
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Fig. 1

In this model, there are electric and magnetic interactions between proton and electron. A
quantitative description of electric interactions is well known to physics: Fe=ax?, a=é’,
e:1.602-10719C, x is a distance between electron and proton. Due to different “signs” of
electrical charges of proton and electron, there is an electric attraction between proton and
electron.

As far as magnetic interactions are concerned, a description thereof had to be built almost
“from scratch”. The fact is that physic has two, almost equivalent hypotheses of magnetism
nature: dipolar and current nature. The dipolar hypothesis proceeds from the assumption that
magnetic monopoles exist, which is based on the existence of electrical “monocharges”. The
visualization of a system of magnetic lines in constant magnets (fig. 2 is fig. 6a from [42]) hinted
at the validity of such a hypothesis. However, long searches of magnetic monopoles had no
results.

Fig. 2. Constant magnet field lines

Ampere’s current hypothesis was based on the assumption that there exist stable orbital motions
of electrons, i.e. “electron currents”, in atoms and molecules of matter. However, if this
hypothesis was true a system of magnetic lines of a constant magnet should have had a solenoid
nature (fig. 3 is fig. 9b from [42]). The studies conducted within the frameworks of the theory of
non-linear oscillations showed that magnetism is neither of dipolar nor of current nature.



Fig. 3. Magnetic field of solenoid

According to the hypothesis of dipolar or current nature of magnetism [43], the magnetic
interaction force is inversely related to biquadratic distance. The use of identification methods
showed that the force of magnetic interaction between electron and proton in protium is Fn=px ",
$=122,233-10 *°kg-m*.s .

It is particularly hilarious that quantum physics still does not know it. There is magnetic
attraction or magnetic repulsion between proton and electron in protium. These questions also
had to be clarified “from scratch” within the frameworks of the theory of non-linear oscillations.
It appeared that electron and proton are diamagnetic substances while neutron is paramagnetic.
What an interesting discipline quantum physics is!

Physics, however, knows something about magnetism. Very important are concepts of
“magnetic orientation effect” which makes magnetic moment vectors of self-magnetic fields of
microobjects line up along the external magnetic field lines [42]. Though, it is not the
contemporary physics that deserves a credit: the effect was used by ancient people of Earth for
the purpose of orientation by means of magnetic compasses.

Since it was established that magnetic moment vectors of proton and electron in protium are
position on a straight line crossing proton and electron and are opposite to each other. As a result
it became clear that electric interactions generate forces of attraction between electron and proton
while magnetic interactions generate forces of repulsion. It emerged that this atom has the only
globally stable state of static equilibrium in which x=x*. The adequacy of this “classical” model
of atom is supported by various tests. In particular, there were x* values calculated using the
simplest identification procedures, based on the known experimental values of atom ionization
potentials in one case [44], and based on the same data on spectral lines in another case [44].
Both tests showed that x*=5.3-10"''m. This value is equal to “Bohr radius” measured
experimentally.

Now, we can address the main topic of the article — the hypothesis of “metallic” hydrogen.

The term “metallic” implies that an object has this characteristic, a quasicrystalline
tridimensional structure.

According to quantum concepts, protium features a tridimensional structure as atomic
electron is “diffused” on the tridimensional orbital. Therefore, in terms of the quantum theory,
there is a possibility in principle that there exist tridimensional structures of hydrogen atoms
rigidly bound to each other. Can this hypothesis be true, implementable? This is what physicists
try to discover by means of experiments. The quantum theory lacks theoretical capabilities of
solving this problem.

The “classical” mathematical model described above means that the quantum hypothesis of
“metallic” hydrogen is false. Indeed, leaving behind sizes of proton and electron, the “classical”
model of protium is “one-dimensional”. Electron and proton are bound in this structure due to
electrical attraction between these microobjects. Magnetic interactions between them generate,
due to diamagnetic properties of electron and proton, forces of repulsion that prevent electron
from falling down on proton. Thus, they protect the proton-electron system from a “collapse”,



the hypothetical possibility of which, as long as magnetic interactions between electron and
proton are neglected, once scarred physicists into grey hair.

Let us consider what happens to protium atoms when they unite into molecules. First of all,
let us note that the magnetic field of electron is almost by an order of magnitude stronger than
the magnetic field of proton: u.=8.372u,. Due to this, the magnetic field of protium is mostly
defined by the magnetism of electron.

The magnetic orientation effect arranges the centerlines of magnetic fields of electron and
proton in protium along a straight line that crosses proton and electron. The same effect arranges
along the same straight line L not only electrons and protons of two atoms of protium located
close to each other but also their magnetic moment vectors thus preventing them from combining
into “two-dimensional” structures.

It is well-known that there exist two types of hydrogen molecules called parahydrogen and
orthohydrogen. It has been established that a share of parahydrogen increases with decrease in
temperature. The quantum theory knows no details about the real structure of these molecules.
The theory of non-linear oscillations discovered that a structure of parahydrogen molecule could
be represented by figure 4. This molecule is in a stable static equilibrium.

o> «~—0 «~—0 >
Fig. 4

The analysis showed that orthohydrogen molecule has no static equilibrium and exists in
conditions of continuous reciprocal periodic oscillations of all of its elements along line L with
an amplitude that is rather small for this molecule scale. The periodicity of such oscillations is
defined by that at the end of each half- period the magnetic moment vector of the internal proton
is inversed changing to the opposite direction. Such behavior when the magnetic moment vector
of the internal proton, in simplistic terms, is constantly being inversed is called “sliding mode”.
In these terms, we can say that the intermediate proton has no magnetic field, and this
orthohydrogen molecule structure can be presented by figure 5.
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Fig. 5

The question of whether hydrogen molecules can contain more than two atoms has not been
studied. But even if they can they should be anyway “one-dimensional”, unable to form three-
dimensional crystal-like configurations.

The fact that hydrogen atoms and molecules feature “one-dimensional” structures perfectly
explains the well-known capability of hydrogen to diffuse through many metals and alloys.
Indeed, cross dimensions of these atoms and molecules do not exceed the proton radius that is,
by Rutherford’s rough estimation, 3-10°m. This estimated value is by 4-5 orders less than the
one estimated in the quantum physics. This very fact is a reason why hydrogen diffuses through
walls of vessels that contain it. Another important reason for this is that an electron consisting of
ether elements features a vortex-like structure [4]. Due to this specificity, an electron is
continuously pumping through itself, like a flow-through engine, external masses of ether thus
creating a jet of ether. The force of this jet and movability of a free electron is supported by the
experimental fact that a free electron velocity in conditions of “solar wind”, despite of external
ether resistance to its motion, is close to 600m-s .
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KBAHTOBBIE MEYTAHUA
O <METAJVIMYECKOM» BOJAOPOJAE

H.H.JIeonos

B HarepHere mnosBWIOCH cooOmieHWe, 4To (Gu3uku [apBapICKOro YHHBEpPCHTETa BIECPBBHIC ITOYYHIN

(METAJTNICCKUUN» BOAOPOA.
0

B 1979r, B coBeTcCKOM akaJeMH4ecKOM (PHU3HMUECKOM XKypHaie ObUIM OIyOJIMKOBAHBI
pe3ynbTaThl 3KCIEPUMEHTA, MPOBEAECHHOr0 coTpynHukamMu MHctutyra SAnepnoin ®@usuku AH
CCCP (Anma-Ara) [1]. 9T0 OBUIO MOBTOPEHUEM 3HAMEHUTOTO 3KcrepuMenTa J.Pesepdopaa mo
paccesiHUIO 0-4acTUll aTOMHBIMU siipaMu. Ho coBeTckue (U3MKH MPOBEIH 3TOT IKCHEPUMEHT
6osee neTanbHO, 00paboTaB ero pe3ynbTaThl ¢ MoMolIbio MeToa «ha3 bispa» [2], Bo BpemeHa
Pezepdopna emé He paspaboranHoro. B pesynbrare Takoi oOpaOOTKH, OBUT MOJYYEH BBIBOJ,
YTO aTOMHBIE SApa BCEX XUMHUYECKHUX OHIIEMEHTOB 00JaJaloT KBAa3UKPUCTAIIMYECKUMHU
CTpyKTypaMu. B mepeBojie Ha MpOCTOM SI3bIK, 3TO O3HAYAET, YTO HYKJIOHBI CTAOMIBHOIO sapa
HEMNOJBUKHBl OTHOCUTEJIBHO JApPYr JApyra M 3aHUMalT B SAPE BIIOJHE OIpPEJIEICHHbBIE
nosiockeHus. OTCIoZla, ¢ OYEBHJIHOCTHIO, CIEAYET, YTO, B COOTHOIICHUSX HEOIpeaeIeHHOCTEeN
KBaHTOBOM TeopuH, nocrostnHas M.[1nanka /#=0.

0

Pesynbrarel skcnepumenta corpyaHukoB UAD® AH CCCP rosopar o TOM, 4YTO K
YTBEP)KJICHUSIM KBAaHTOBOW TEOPHM HYKHO OTHOCUTBCA C OOJBIIOW OCTOPOXKHOCTBIO, CO
310pOBBIM, «yMepeHHbIM» 110 B.Illekcnipy, coMHEHHEM.

«Packonkuy, 11e7bI0 KOTOPBIX OBIJIO BBISIBIEHUE UCXOAHBIX IPUUUH OIIMOOYHOCTH TUIIOTE3bI
CYIIECTBOBaHMS HEJCIMMBIX KBAaHTOB PHEPTUU B MaTepuaibHOM Mupe, oOHapyXWiIH, YTO K
HEIOCTaTOYHOM aJIeKBaTHOCTH KBAaHTOBBIX IPEJACTABICHUM 00 yCTpPONCTBE MaTepHaIbHOIO
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Mupa npuBenn OMMOOYHBIN OTKa3 OT ydera 3Qupa, ¢ €ro COINPOTHUBICHUEM JIBUKCHUIO
MUKpPOOOBEKTOB, M OIIMOOYHBIH OTKa3 OT Y4eTa MAarHUTHBIX B3aUMOJCHCTBUI MexXIy
MHUKPOOOBEKTAMH.

°

W3BecTHBI JBE OJKCIEPUMEHTAIbHBIC TONBITKA YCTAHOBJICHUS MCTUHHOCTH THIOTE3BI
cymecTtBoBanus 3¢upa B [Ipupone.

[lepBass Obuta mpenmpunsata B 1851r A.M.JL.®uzo [3]. Pesymprar skcmepumeHTta ObuI
no3uTUBHBIM. OJIHaKO, 3TOT pe3yabTaT ObLI J1€3aBYUPOBAH C IOMOIIBI0 OOpalleHus K
KOJU4YecTBEHHbIM cooTHomeHussM CTO — creuuanbHONW TEOpUU OTHOCUTEIbHOCTH [3].
CoMmHeBaThCSl B HICTUHHOCTH TaKOM «KpPacHBOW» TEOPUU OTHOCUTEILHOCTH, Bpoje Obl, HE OBLIO
HUKAKMX NOpPUYUH. OTO, 10 CUX MOp, cuMmrTaercs odeHb HenpwinuHeiM. CormacHo CTO,
MUKPOOOBEKTHI, IPU YBEJIMUYECHUU CKOPOCTH UX JBHXKEHUS, JOJKHBI YBEIUYHBATH CBOM MAacChl
cornacuo coorHomenno: M(V)=m(0)(1-v?c 2™’ HesaBHCHMO OT TOro, SJIEKTPOHOM HIH
HYKJIIOHOM $IBIIsIETCSI MUKpPOOOBeKT. Ho BOT HacTana spa SKCIEPUMEHTOB C MHKPOOOBEKTaMU,
pa3OTHAHHBIMH Ha MOIIHBIX YyCKOpUTelsix. IlepBble ke OSKCIEPUMEHTHI MOKa3alld, YTO
YBEJIMYEHHUE MAacCChl, C POCTOM CKOPOCTH, JEHCTBUTENbHO mpoucxoaut. Ilpu sTom,
KOJINYECTBEHHBIE PACXOXKICHHUS MEXKIy SKCHEPUMEHTAIHHBIMU JTAHHBIMH M TEOPETHYECKHUMH
npenckazanusiMu CTO okazanuch HempuemaeMo HenpuiandHbIMH. Korma macchl 31eKTpOHOB
YBEJIMYUBAINCH Ha JIBa-TPU NOPSAIKA, TO, B 3TUX XK€ JUANa30HAX CKOpPOCTEH pa3roHa, Macchl
HYKJIOHOB YBEJIMYMBAJIUCH BCEro B noaTopa paza! Kak nocie storo ornocutbes k CTO?

Bropast monbiTka Obuta npeanpunsta B 1881r A.A.MaiikensconoM [3]. OHa oka3zanach
a0COIOTHO HEYAAauHOH, HO (DM3MKHU IMOYEMY-TO STOT0 10 CHX Mop He 3ameuaror. Cutyanus
OKa3ajach HAaCTOJbKO HEJENOW, YTO HUYETro, KpOME MPUMUTHUBHOTO HEAOYMEHHUSI, HE BBI3bIBACT.
CraBst 3TOT SKCHEPUMEHT, (PU3UKU MBITATUCH BBISICHUTD, CYILIECTBYET WU HET 3QUp, CIOCOOHBII
OBITh MaTEPHATLHBIM HOCHUTEIIEM CBETOBBIX BOJH. [Ipy 3TOM, OHM NPEAIONOKIIHN, YTO dPHUP HE
B3aUMOJIeIicTByeT ¢ BemiecTBOM. HeBO3MOXKHO MOHSATH, Kak (u3Mku Oosee CTONeTHs He
3aMevany adCypAHOCTb 3TOT0 MPEeANooKeHus. Beab Mbl Bce, B TOM uucie U (U3HUKH,, COCTOS U3
pa3INYHBIX XUMUYECKHUX BELIECTB, TOBCEAHEBHO OIIYyIlaeM Ha ce0e ecTeCTBEHHbIM 00pa3oM, 0e3
BCAKMX OKCIEPUMEHTOB, BO3JEWCTBHE cCBeTa. A Tak Kak, [0 NPEINOJOKEHNUI0, CBET
npezcTaBisier co0oil BoaHBI B 3(dupe, TO CBETOBas BOJHA MOXKET B3aMMOJEHCTBOBATH C
BEIIECTBOM TOJIBKO 4Yepe3 CBOW MaTepHalibHbIl Hocutenb — 3¢dup. CrenoBaTesnbHO, YTOOBI
OOHApyXUTh OTCYTCTBHE 3(puUpa — MaTepUaJbHOIO HOCUTENS CBETOBBIX BOJH, HE
B3aMMOJICHCTBYIOILIETO C BEIIECTBOM, JOCTAaTOYHO OBUIO TOJIBKO BKJIKOYHUTH OOBIYHYIO
4eJI0BEYECKYIO JIOTUKY, HE oOpalasich K CHelMalbHbIM dKcnepuMeHTaM. Eciu ke omycTUTh
CyILIeCTBOBaHHE 3(Upa — HOCUTENS CBETOBBIX BOJIH, B3aUMOJEHCTBYIOUIETO C BEIIECTBOM, TO
HETPYJHO OOHApYKUTh, YTO pe3ylbTaThl »JKCHEpUMEeHTa MaiikenbcoHa JOJKHBI OBITh
OJIMHAKOBBI, KaK TpH HaJIWYUH, TaK W TPH OTCYTCTBHH Takoro sdupa. B pesynprare
OKa3bIBAETCs, YTO OHKCHEpUMEHT MaiikenbcoHa COBEPIIEHHO HECHOCOOeH JaTh OTBET Ha
nocTaBlieHHBIH Bompoc. Tem He MeHee, ¢ TeX Mop B (U3MKE YCTAHOBUIIOCH TBEPJIOE MHEHHUE 00
OTCYTCTBUH 3(upa B MaTepraabHOM Mupe.

WuTepecHo, 4To QU3MKU 10 cUX MOp, O0e3 MajeHiero cMyIeHHs, IPeICTaBIsII0OT BO BCEX
y4eOHHKAaX 3TOT HKCIEPUMEHT KakK 00pazell SKCIepUMEHTaIbHOTO UCKycCTBa!

°

OTka3 OT yyera MarHUTHBIX B3aUMOCHCTBUI MeXy OOBEKTaMH MHUKPOMHpA MPOU3O0IIENT
BCJIE/ICTBHE OIMOOYHOTO BBIBOJA, cieaHHOro A.M.A.AMniepom U3 pe3yabTaTOB dKCIEPUMEHTA
X.K.Opcrena. Hanmomuum, Dpcren oOHapy»KWil, 4YTO BOKPYI MPOBOJHHMKA C TOKOM BO3HHKAeT
«KpYyroBOE» MAarHUTHOE TMoje. AMrepy He MOTpeOOBaIoCh OOJBIIUX YCHINWMA, YTOOBI
IPEMNOI0XKNUTh, YTO 3TO MAarHUTHOE TI0JI€ MOSBHIIOCH BCIICACTBUE JBIKEHHUS AIIEKTPUUYECKHUX
3apsAI0B, KOTOPBIMU 00JIa Il HOCUTEN TOKa — BEIb ATOT SKCIIEPUMEHT ObLT mpoBeseH B 1821,
a Toraa euié HU4ero He ObLUTO U3BECTHO O TOM, YTO BCE MaTepUANIbHBIE HOCUTENHN SJIEKTPUIECKUX
3apsAA0B 00J1a4at0T emE U COOCTBEHHBIMU MarHUTHBIMU MOJISIMU.



[To noruke pa3BUTHS 3HAHMIA, TIOCTIE OOHAPYKEHUSI COOCTBEHHBIX MAarHUTHBIX IMOJIH y BCEX
00BEKTOB MHKPOMHpPA, B TOM YHUCIE, Y HOCHUTENEH SJIEKTPUYECKHX 3apsjioB, CIIEJOBAIO Obl
BEPHYTbCA K DOKCIEPUMEHTY OpcTena, 4roObl yOeauTbcss B TOM uTOo Ammep Obul TIpas,
yTBEpXkKAasi, YTO MArHUTHBIEC TOJISI TOPOXKIAIOTCS JABMXKEHHUEM JJIEKTPUUYECKUX 3apsiioB U YTO
MarHUTHOE I10JIE BOKPYT MPOBOJHUKA MOPOXKIACTCS HE TBMKEHUEM COOCTBEHHBIX MArHUTHBIX
nojie HocuTedel snekTpuueckux 3apsaoB. Ho kBaHToBas ¢u3uka okazajgach Ha 93TO
HECII0COOHa.

OTH BOINPOCHI YJAIOCh PEIIUTh TEOPUM HEIMHEHHBIX KOJIeOaHWM, HCIONb3YyIOmeH u
pa3BUBAOIICH METONBI «KJaccu4eckoi» ¢u3uku [4]. UToOBl MOHSITH, MOXKET JU JBWKCHUE
COOCTBEHHBIX MAarHUTHBIX TOJIEH HOcHUTENell Toka, 0e3 ydyacTHsl HUX AJIEKTPUYECKUX 3apsi/ioB,
MOPOJIUTh «KPYTOBOE» MAarHUTHOE IIOJIE B JKCHEPUMEHTE Opcrefa, MPHILIOCh HAvaTh C
BBUSICHEHHMSI TOTO, KaKUMU CBOMCTBaMHM JJIsi 3TOrO JOJDKHBI O0JIafaTh HOCUTENIH TOKa —
ANIeKTpOoHBL. KpoMe TOro, MpUIILIOCH BBISICHUTH, KAKUMHU €€ CBOHCTBAMH JIOJDKHBI 00JIaaTh
9MEKTPOHBI 17l TOro, uToObl, cornacHo »3kcnepuMmeHty X.A.JlopeHna, ux Tpaekropuu
WCKPUBJSUIMCh TIPH JBY)KCHHH TIOTIEPEK JIMHWA MAarHWUTHOTO Tojs. [locie 3Toro, mpuImioch
BBISICHUTb, 00JIaa€T JIM PeasIbHBIHN 3JIEKTPOH BCEMHU 3TUMHU CBONCTBAMH.

Oxkasajioch, 4TO JBHXKYILIMECS CBOOOJHBIE 3JIEKTPOHBI JEHCTBUTENILHO 00JaJa0T BCEMU
CBOICTBaMH, HEOOXOAUMBIMH M JOCTATOYHBIMU JUIS TOTO, YTOOBI KPYrOBO€ MAarHUTHOE IOJIE B
OKCIIEPUMEHTE DpCTela IMOPOXKAAIOCH TONBKO COOCTBCHHBIMH MATHHTHBIMHU — TIOJISIMHU
JIBUKYIINXCS AJEKTPOHOB, 0€3 ydacTusi UX 3JEKTPUUECKUX 3apsiioB, U 4TOOBI B SKCIEPUMEHTE
JlopeH1na ux TpaeKTOPUU UCKPHUBIBUIACH HaOII01aeMbIM 00pa3om [4].

o

Otka3 oT ydera 3Qupa, C €ro CONPOTHUBICHHUEM JBMKEHUI0 MUKPOOOBEKTOB, U OT yueTa
MarHUTHBIX B3aMMOJECHCTBUI MEXAy 00beKTaMU MUKPOMHpA JA0poro odounuiuch usmuke. M3-3a
3TOro, OHA HE CyMmeJia IMOCTPOUTHh aJCKBAaTHBIC MAaTEMaTHYECKHE MOJICIM ATOMHBIX siep U
atomoB. [Ilo »9Toil ’xe mpUUMHE OHAa HE CyMela BBISIBUTh aJCKBaTHBIM MEXaHU3M
AIIEKTPOMAarHUTHOTO M3JIyUY€HHUsI aTOMOB U «a0COJIIOTHO 4yepHoro tenay». He cymeB BbrlpaboTarh
COJIepKaTebHOE TMOHSATHE MEXaHW3Ma 3JEKTPOMArHUTHOTO M3JIYYEHHUs «a0COJTIOTHO YEpHOTO
Tena», OHa ObUIa BBIHYXKJEHA OOpAaTHUTHCS K KBAHTOBOW THIOTE3E, TPH BBIPAOOTKE CBOETO
MOHMMAaHUS OTMCAHUS CIEKTpa dTOro u3nyudeHus. M3-3a 3TUX ABYX MPUHIUIHAIBHBIX OLIHOOK,
¢u3MKa HE CMOTJIa JIOCTHYh JIETAITHHOTO TOHUMAaHUS YCTPOWCTBA OOBEKTOB MUKPOMHpPA, ITO
MIPUBEIIO K JIOXKHBIM THUIIOTE3aM CYIIECTBOBAHUS «HEUTPUHOY», HOBBIX MaTepUaIbHBIX CYIIIHOCTEH
— «MIOOHOB», «ITHOHOBY», «KBapKOBY...., K OMMOOYHOMY TIOHHMAHHUIO PEAKIIUN BBIICICHUS
SHEPTUH B «BOJOPOIAHON» OOMOE, K HECTTIOCOOHOCTHU MOHATH YCTPOMCTBO AIEKTPOHA U HEHTPOHA
— KITFOYEBBIX (PaKTOPOB B JIOCTHIKEHUW TIOHUMAaHUS YCTPOHCTBA BCETO MaTepuaibHOro Mupa.

[TpoBenst yueT >¢upa WU MarHUTHBIX B3aUMOJCHCTBUI MEXIy MHUKPOOOBEKTaAMH, TEOPHUS
HEJIMHCWHBIX KOJICOAHWH, C IOMOIIBIO Pa3BHBAEMBIX €I0 METOJIOB «KJIACCHUSCKON» (H3HKH,
CyMerna HCIPaBUTh MNPUHIUMHAIBHBIE OMIMOKA KBAaHTOBOW TEOPHUH U CIENHATBLHOM TEOPUU
oTHOcHUTebHOCTH [4,7-41].

0

OTKa3aBIIMCh OT y4eTa CONMPOTHBIICHHS 3(QHpa IBHKCHHIO MHKPOOOBEKTOB W OT ydYeTa
MarHUTHBIX B3aUMOJCHCTBHIA MEXIYy MUKPOOOBEKTaMH, (pu3uKa JOOPOBOJIBHO JHINUIA Ce0s
BO3MOXXHOCTH TTOCTPOCHHS QJICKBATHBIX MAaTEMaTHYECKHX MOJeJIeld, BEpHO U JIETAIBHO
OTpaKaIOIIUX CBOMCTBA ATOMOB.

Vuer 3THX (PakTOpoB MarepuaIbHOTO Mwupa MO3BONMII TEOPUHM HEITWHEWHBIX KOJIeOaHWN
MOCTPOUTH AaJIEKBATHYIO CTPYKTYPHYIO MAaTeMAaTHUYECKYI0 MOJENh HEBO30YKIEHHOIO aroma
MPOTHUSL — JIETKOTO M30TONa BOJOPOJA. JTOT aTOM COCTOMT M3 MPOTOHA U 3NeKTpoHa. Cxema
ATOr0 aTOMa MOKET OBITh MpejCTaBlieHAa PUCYHKOM | (0 — MPOTOH, * - DIEKTPOH, CTPEIKU —
BEKTOPbI MAarHUTHBIX MOMEHTOB IPOTOHA U 3JIEKTPOHA).
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B »sTO0if Momenu, Mexay NPOTOHOM M 3JIEKTPOHOM HMEIOT MECTO JJIEKTPHUYECKOE U
MarHuTHOe B3auMojieicTBus. KosnuecTBeHHOE omMcaHue 3JEKTPUUYECKUX B3aUMOJIECHCTBUIN
dusmKe xopouo m3BecTHO: Fe=ax?, a=¢?, e=1,602-10"""Kn, x — paccTosiHIe MEXKIy STEKTPOHOM
U npoToHOM. brarogaps pa3HbIM «3HaKamy» JJIEKTPUYECKUX 3apsAIO0B MPOTOHA U 3JIEKTPOHA,
MEXy IPOTOHOM U 3JIEKTPOHOM JEHCTBYET AIIEKTPUUYECKOE MPUTSHKEHUE.

Yro KacaeTcsi MarHUTHBIX B3aUMOJAEHUCTBUI, TO UX ONUCAHUE MPUILIOCH CTPOUTDH MOYTH «C
YHUCTOTO JTUCTa». J[eno B ToM, 4TO B (PM3MKE CYIIECTBYIOT JBE, MPAKTUYECKU SKBHBAJCHTHBIC,
TUIOTE3bl O MPHUPOJE MarHeTU3Ma — JUIOJIbHAA M TOKoBas. J[MIONbHAS TUIIOTE3a UCXOTUT U3
IPENOI0KEHUSI O CYIIECTBOBAHMHM MAarHUTHBIX MOHOIIOJNIEH, MCXOMASAIIETO W3 CYIIECTBOBAHUS
INEKTPUUYECKUX «MOHO3apsioB». Bu3yanuzanus CHUCTEMbl MAarHUTHBIX JIUHUI B IMOCTOSIHHBIX
MarHutax (puc2 — 3to puc.6a u3 [42]) Hamekasa HA MCTUHHOCTb 3TOW rumnote3bl. OHAKO,
JUIUTEIbHbIE TIOMCKM MAarHUTHBIX MOHOIOJIEH OKa3aluch OecrioHbIMU. TOKOBas ke rurnoTesa

Puc.2. JIuHMM MarHUTHOTO 1OJIS IIOCTOSTHHOI'O MarHuTa

Awmrmiepa 0a3upoBajach Ha IPEANOJIOKEHUU. O CYIICCTBOBAHWUHM CTA0MJIBHBIX OPOHTATBHBIX
JIBIDKCHUM 2JIGKTPOHOB — «3JICKTPOHHBIX TOKax» B aToMax M B MoOJIeKyJjax BeuiecTBa. Ho, ecin
OBl 9Ta rumnore3a ObLIa BEpHA, TO CHCTEMa MArHUTHBIX JIMHUA MOCTOSHHOTO MAarHWTa JOJDKHA
Obu1a OBl IMETh COJICHOMIAIBHBIN XapakTep (puc.3, 3To pucyHok 98 u3 [42]). UccnenoBanus,
IPOBE/ICHHBIC B paMKaxX TEOPHU HEIMHEHHBIX KOJIeOaHH, TOKa3ali, YTO IPUPOia MAarHETH3Ma

Puc.3. MarsuTtHoe mosie CoaeHouaa

HOCHUT HE JMIIOJIbHBIA U HE TOKOBBIN XapakTep. COTJacHO THIIOTE3€ JAUTOIBHOTO, WIH TOKOBOTO
XapakTepa HpUpOAbl MarHeTu3ma [43], cumia MarHUTHOIO B3aMMOJEHCTBHS OOpaTHO
NPOTIOPIIMOHATIbHA YETBEPTOW CTENeHH paccTosHus. Mcmonb30BaHue WACHTH(PUKAITMOHHBIX
METO/IOB MOKAa3ajl0, YTO CHJIa MAarHUTHOTO B3aMMOAEUCTBUS MEXKIY 3JIEKTPOHOM U MPOTOHOM B
atome mpotust Fn=px >, f=122,233-10 “kr'm* ¢ 2,

UpesBplyaitHo 3a0aBHO, YTO B KBAHTOBOM (M3MKE /10 CHUX TOp HE U3BECTHO. MAarHUTHOE
NPUTSHKCHWE WIIM MAarHUTHOE OTTAJTKWBAHUE MEXIYy TPOTOHOM M DJIEKTPOHOM JACWCTBYET B
aToMe NPOTHUA. DTU BONPOCHI TAKXKE MPUIIOCH, B PaMKax TEOPUM HENMHEHHBIX KojeOaHHiA,
BBISICHSITh «C YUCTOTO JUCTa». OKa3ajaoch, YTO M DJIEKTPOH, W MPOTOH — JIHMAMAarHeTHUKH, a
HEUTpOH — mapamarHeTuk. /1o 4ero ske MHTepecHas AUCIUILIMHA — KBAaHTOBas (pusmka!

B ¢usuke Bcé ke koe-uTo 3HAOT 0 MarHeTn3Me. OueHb BaXKHBIMU SIBJISIFOTCSI TIPEICTABIICHUS
0 CYIIECTBOBaHMM «MarHUTHOT'O OPHEHTAIIMOHHOTO 3¢ ¢dekTay, Orarogaps KOTOPOMY BEKTOPHI
MarHUTHBIX MOMEHTOB COOCTBEHHBIX MAarHHUTHBIX MOJIE MHKpPOOOBEKTOB  BBICTPAMBAIOTCS
BJIOJIb JIMHUHM BHEIIHUX MarHUTHBIX nonei [42]. IlpaBaa, 310 3aciyra He COBpeMEHHOU (U3UKU
— 9T10T 3¢ ekt ucrnonp3oBaN emE ApeBHUE 3eMIISTHE TSI OPUEHTAINU C TIOMOIIHI0 MAarHUTHBIX
KOMITacOB.

Tak ObIO YCTaHOBJIEHO, YTO B aTOME NMPOTHS BEKTOPHl MArHUTHBIX MOMEHTOB IIPOTOHA H
AJIEKTPOHA PACHOJIOKEHBI Ha MPSMOHN, MPOXOJAIIECH Yepe3 MPOTOH U AJIEKTPOH, M HAINPaBJICHBI
IPOTUBOIIOJIOXKHO APYr Apyry. B pesympTare cTano sicHO, 4TO 3JIEKTPHUYECKHUE B3aMMOCHCTBHS
MOPOXK/IAI0 CHJIBI TPUTSDKEHUS MEXKIY DJIEKTPOHOM M TMPOTOHOM, a MarHUTHBIE — CHIIBI



ortaikuBaHus. OKa3ajaock, YTO ITOT aTOM O0JIAAAET €AMHCTBEHHBIM, IJI00AIBHO YCTOWYHBBIM
COCTOSTHUEM CTAaTHYECKOIO0 PaBHOBECHS, B KOTOPOM X=x*. AJIEKBATHOCTb 3TOM «KJIACCUYECKOI»
MOJICId aToMa TMPOTHUS TOATBEP)KICHA pAa3JIMYHBIMH MpoBepkamMu. B dyacTHOCTH, OBUIH
BBIUKCJICHBI, C TOMOIIBIO MPOCTEHITNX UICHTU(DUKAMOHHBIX MPOLIETYP, BETUUUHBI X*, B OJHOM
Cllydae, UCXOJSl U3 U3BECTHBIX SKCIIEPUMEHTANIbHBIX 3HAUYEHUH MOTEHI[MAIOB HOHU3ALIMY AaTOMOB
[44], B apyroM — HCXOAS M3 TAKUX YK€ CBEJICHHM O CHEKTpaldbHBIX JUHUAX [44]. OO6e mpoBepku
mokasanu, uro x*=5,3-10""'m. Jra BenmumHa OKa3anach paBHA HKCIEPUMEHTANBHO H3MEPEHHOI
BenuuuHe «bopoBcKOro paguycay.
°

Tenepp MOXHO THEPEWTH K OCHOBHOW TeMe COOOIIEHHS — K THUIOTE3€ CYIIECTBOBAHUSA
«METaJUIMYECKOT0» BOAOPOJIA.

TepMuH «MeTalTMYEeCKHil» MOApa3yMeBaeT Halu4Hhe, Yy OO0bEeKTa ATOW XapaKTEPUCTUKH,
KBa3UKPUCTAININYECKON TPEXMEPHOU CTPYKTYPHI.

CornacHO KBaHTOBBIM IPEJCTABICHUAM, aTOM MPOTUS 00J1aaeT TPEXMEPHON CTPYKTYpOH,
TaK KaK aTOMHBIM 3JIEKTPOH «Pa3MbIT» IO TpexMepHOW opoutanu. [loaromy, ¢ TOUkHM 3peHus
KBAaHTOBOM TEOpUHU, MMEETCA MPUHLMIHAIBHAS BO3MOXHOCTh CYIIECTBOBAHHE TPEXMEPHBIX
CTPYKTYp U3 JKECTKO CBSI3aHHBIX MEXJy COOOW BOJOPOJHBIX aTOMOB. MOXKET JIu 3Ta TUIIOTE3a
ObITh UCTUHHOMW, peanu3yeMoi? OTO U MBITAIOTCS BBIICHUTh (DU3MKHU SKCIIEPUMEHTAIbHBIM
nyreM. TeopeTHuueckue BO3MOXHOCTU pEIIEHUsT B3TOW MpoOieMbl B KBAaHTOBOW TEOpUU
OTCYTCTBYIOT.

[TpuBeneHHas BbILIE «KJIACCHYECKas» MaTeMaTHyecKas MOJIelb FOBOPUT 00 OMMOOYHOCTU
KBAaHTOBOM THIIOTE3bl CYLIECTBOBAHMS «METAJUIMYECKOTO» Boaopoja. JleiCTBUTENbHO, €ciu
OTBJIEYbCSI OT Pa3MEpPOB IMPOTOHA M DJEKTPOHA, TO «KJIACCHUYECKas» MOJIENb aroMa IpOTHs
«omgHOMepHa». B 3Toil cTpykType oObelnHeHue 3NIEKTPOHA U MPOTOHA MPOUCXOAUT Onaronaps
AIIEKTPUYECKOMY IPUTSHKEHUIO MEXKIY 3TUMU MUKPOOObEKTaMH. MarHuTHbIE B3aMMOJEHCTBUS
MEXy HUMHU TOPOXKIAIOT, W3-3a JUAMATrHETU3Ma JJIEKTPOHA M IIPOTOHA, CUJIBI OTTAJIKWBAHUSA,
MPEMSITCTBYIONINE MaJCHUI0 3JIEKTPOHA Ha MPOTOH. OHMU, TEM CaMbIM, NPEAOXPAHSIOT MPOTOH-
AJIEKTPOHHYIO CUCTEMY OT «KOJUIAIICa», THIOTETUYECKasi BO3MOKHOCTh KOTOPOTO, ITPH OTKA3€ OT
ydeTa MarHUTHBIX B3aUMOJEHCTBUI MEXIy JIEKTPOHOM U MPOTOHOM, OYEHb CHJIBHO Halyraia
KOTJa-TO (PU3MKOB.

°

[TocMOTpHM, YTO MPOUCXOAUT C aTOMaMH MPOTUS MPU HX OOBEIUHEHUH B MOJIEKYIIBI.
[Ipexxne Bcero, 0OpaTuM BHUMaHUE Ha TO, YTO MAarHUTHOE IOJI€ 3JEKTPOHA MOYTH HA MOPSJIOK
CHJIbHEE MAarHUTHOIO MOJA HMPOTOHA: u=8,372u,. bnaronaps 5ToMy, MarHUTHOE IIOJIE aTOMa
MPOTUS ONIPEAETAETCS MPEUMYIIECTBEHHO MarHETU3MOM 3JIEKTPOHA.

OpureHTalMOHHBIM MarHuTHBIH 3((eKT 3acTaBiseT OCHM CUMMETPHUM MAarHUTHBIX MOJEH
AIIEKTPOHA M MPOTOHA B MPOTUHU paclojaraThCs BJIOJIb MPSIMON. MPOXOJAIEH dyepe3 MpPOTOH U
ANIEKTPOH. DTOT k€ 3((eKT 3acTaBisieT pacmojaraTbcs BAOJb OJHOW M TOH ke mpsamoil L He
TOJIBKO 3JIEKTPOHBI U MPOTOHBI JBYX OJU3KMX aTOMOB MPOTHS, HO M BEKTOPHl MX MArHUTHBIX
MOMEHTOB, HE MTO3BOJISISI UM 00Pa30BbIBATh «IBYMEPHBIE» CTPYKTYPHI.

XO0poII0 U3BECTHO, YTO CYIIECTBYIOT JIBa BHJIa MOJEKYJ BOJOPOJa, KOTOpble ObUIM Ha3BaHBI
[1apaBoOJOPOJIOM M OPTOBOAOPOJIOM. YCTAaHOBJIEHO, YTO C YMEHBUIEHHMEM TEMIIEpaTyphl,
BO3pacTaer Jojid mapaBojopoja. Jletaqm MCTUHHOTO YCTPOMCTBAa 3TUX MOJIEKYJ KBaHTOBOI
TEOPHUHM HEU3BECTHHI. TeopHs HENMHEHHBIX KOJNeOaHWH BBIACHHIA, YTO CXEMa MOJIEKYJIbI
MapaBoI0pO/ia MOKET OBITh TMpEACTaBICHA PUCYHKOM 4. JTa MOJIeKyJia 00J1aaeT YCTOMIMBBIM

*— 0 «—0 >
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CTaTUYCCKHUM PABHOBCCHEM.



AHanu3 mokasaj, 4TO MOJIEKYyJa OPTOBOJOPO/ia CTATUYECKHM PaBHOBECHEM HE 00NagacT u
YTO OHA CYIIECTBYET B PEXHMME HEIPEPBIBHBIX BO3BPATHO-TOCTYMATEIbHBIX MEPUOTUUECKIX
KoJIeOaHUl Bcex €€ AJIEeMEHTOB BAOJNb JHHMU L, ¢ JocTarouHo Manoi, B Macimrtabax 3Toi
MOJIEKYJbI, aMIUIUTYyA0H. [lepuoauuHocTh 3TUX KOJeOaHUU Ompenensercs TeM, YTO B KOHLE
Ka)XJIOTO MOJIyNepruoaa BEKTOP MATHUTHOTO MOMEHTa BHYTPEHHETO NMPOTOHA OMPOKUIBIBACTCS —
M3MEHSET HalpaBJIEHUM HA MPOTUBOMNOJOXKHOE. Takoe MmoBeAeHHE, KOTJa BEKTOP MarHUTHOTO
MOMEHTa BHYTPEHHEIrO IPOTOHA, B IMEPBOM MPUOIMKEHUH, HENPEPHIBHO OMPOKUJIBIBACTCA,
HA3bIBACTCS «PEKHUMOM CKOJBXKEHHs». B 3TOM mpHOIMKEHHWH, MOXKHO CYHTATh, YTO CPEIHUI
MPOTOH MarHWTHBIM IOJIEM HE 00JIaJaeT; cXeMa 3TOH MOJIEKYJIbl OPTOBOJIOPO/IAa MOKET OBITH
MpEeJICTaBICHa PUCYHKOM 5.

00— <« 0 o
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MoryT Jin BOJIOPOJIHBIC MOJICKYJIBI COJIEpXKaTh OoJiee IBYX aTOMOB, HE UcclienoBaiock. Ho
€CliIui U MOryr, TO BCC PABHO OHHU OOJDKHBI OBITH «OOJHOMCPHBIMU», HE CIIOCOOHBIMU
00pa30BbIBATh TPEXMEPHBIE KPUCTAIUIONOJ00HBIE KOH(DUTYPAIUH.

o

To, 4TO BOJOPOJIHBIC aTOMBI U MOJICKYJbI OO0JIAAIOT «OJHOMEPHBIMHY» CTPYKTYPaMH,
IPEeKpacHO OOBSICHAET XOPOIIO M3BECTHYIO CHOCOOHOCTH Bomopona Au(QyHAUPOBAaTH CKBO3b
MHOT'HE METAJUIbI ¥ CIUIaBbl. JleWCTBUTEIBHO, IONIEPEYHBIC Pa3MEPhl THX aTOMOB U MOJICKYII HE
IIPEBBIIIAIOT BEIMYMHBI Pajdyca MPOTOHA, 1o rpy6oil onenke Pesepbopma, paBHoit 3-10 M.
OTa OIlCHKA Ha 4YeThIpe-TSTh MOPSJAKOB MEHBIIEC KBAHTOBOW OICHKH. MIMEHHO 3TOT (akT u
SIBIIIETCSL OJTHOW W3 MPUYMH MPOCAYMBAHUS BOJOPOJA Yepe3 CTEHKH COJIEPIKAIIUX €ro COCY/IOB.
Emé onHa HemaloBaXKHas TPUYMHA OSTOTO SIBICHHS 3aKIOYAaeTCsl B TOM, YTO 3JEKTPOH,
COCTOSIINN U3 3JEMEHTOB d(pupa, odIagaeT cMepUyenofo0HoM cTpykTypoit [4]. briaronaps atoi
cnenuduke, SJICKTPOH HEMPEPHIBHO TMPOKAUYMBACT dYepe3 ce0s, KaK MPOTOYHBIA JIBUTATEINb,
BHEITHUE Macchl 3(upa, co3gaBas TeM caMbIM peakTHBHYIO 3dupHy0 crpyro. O cuie 3Toi
CTPYH M TIOJBH)KHOCTH CBOOOJIHOTO DJIEKTPOHA TOBOPUT DKCICPUMEHTAIBHBIN (aKT, COTJIACHO
KOTOPOMY CKOPOCTh CBOOOJHOTO JJIGKTPOHA B «COJTHEYHOM BETpEe», HECMOTps Ha

COTIPOTHBIICHHS BHEIIHEr0 d()Hpa ero JABHKEHHI0, Oi3Ka K 600M-c .



