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The neutrino charge with its gauge field introduced in [Kopysov Yu. S., Stozhkov Yu. L.,
Korolkov D. N. (2001)] for the purpose of decreasing counting rates in solar neutrino detectors
generates a lot of new phenomena in astrophysical objects. The physics of the new phenomena
is determined by the value of the neutrino charge e, which carriers are neutrinos, quarks and
neutrons, and also by almost degenerate neutrino condensate in substance of macroscopic
objects. It is shown that the strongest restriction on the value of e, can be obtained by a
method of thermal balance of the Sun developed in [Domogatsky G. V. (1968)]. The new
interaction generated by a new gauge (“neutromagnetic”) field, gives rise to the neutrino
Dirac’s magnetic moment of new type. Restriction on its value at the obtained restrictions
on e, is only 2 + 3 orders of magnitude lower than the electronic Bohr magneton and on
many orders of magnitude exceeds all possible estimates of the traditional anomalous neutrino
magnetic moment! The new scenario of formation of solar activity at which new interaction
can play a key role is offered. The new model assumes two-story structure of a convective
zone: external with the developed thermal convection and internal — the solar troposphere,
— in which under the influence of tidal forces of planets whirls like a tornado of the terrestrial
troposphere are formed. In these whirlwinds magnetic fields of the new (neutromagnetic) type
are generated which interaction with substance generates also usual magnetic fields.

The new class of the phenomena arises due to inclusion of the neutrino charge into the
theory of collapsing and neutronizing stars. New opportunities for solving old problems are
being opened on this pathway. In this regard it is desirable to have theoretical justification
of need of introduction of the neutrino charge. In this work the problem of extension of the
standard unified model of electroweak interaction by means of inclusion of the second charge
in the right sector of extended model is put forward. The possible solution of this problem
is planned.

Key words and phrases: neutrino charge, neutrino magnetism of “neutromagnetic”
type, solar troposphere, solar activity.

1. Introduction

This report is a summary of the new direction of research in the astroparticle
physics generated by the introduction of the second charge into the unified theory of
electroweak interaction, which is analogous to the electric charge, formed in the left
sector of the theory.

The second charge is formed in the right sector of the extended unified theory, and
is actually the double of the electric charge, since it is introduced into the theory in
order to restore the left-right symmetry of nature at an early stage of its dynamic
evolution, when there was not yet a spontaneous breaking of local SU(2) x U(1)-gauge
symmetry.

New charge carriers are the neutrino and the neutron, so the second charge is
natural to call the “neutrino charge”, as well as a new interaction that occurs due to
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the existence of a new gauge vector field, is natural to call “neutromagnetic”. Neutrino
charge, which is a coupling constant of the new “neutromagnetic” interaction, at the
initial stage of dynamic evolution in magnitude is equal the electric charge. However,
after the spontaneous breaking of gauge symmetry there is a splitting between two
charges in its magnitude so that the magnitude of the neutrino charge e,, = e becomes
much smaller than that of electric charge e, = e;. By virtue of

ey K €1 (1)

neutrino charge is practically not observed in the laboratory. However, in astrophysical
conditions, a new interaction by the same ratio (1) might radically change the whole
picture of the processes occurring in astrophysical objects.

The introduction of the neutrino charge to the theory gives rise to many new
phenomena in nuclear and neutrino astrophysics and cosmic ray physics. Study these
phenomena requires a broad front of theoretical and experimental works. A worthy
excuse to deploy the necessary research could be the experimental discovery of the
neutrino charge and measuring its magnitude.

Among the new phenomena, which are in question, it should be noted such as
the possibility of a new mechanism for the acceleration of cosmic ray particles in
collapsing stars and pulsars, including the acceleration of neutrons. Resetting the
negative neutrino charge during neutronization of the core of the collapsing star leads
to efficient conversion of energy released in gravitational collapse of stars into energy
of “neutrostatic” field, which, in turn, should lead to the expulsion of neutrons and
neutron-rich nuclei to the surface of the star and, as a consequence, discharge of the
shell. For this reason, at certain stages of the collapse neutronization may occur in
the pulse mode (“neutrino pulsar”).

A very tempting prospect of research on the role of the neutrino charge and mag-
netic field of the new type is the formation of solar activity and the effects of modula-
tion of the counting rate of solar neutrinos in neutrino detectors due to the presence
of a neutrino magnetic moment of neutromagnetic type.

From the above it follows that experiments to detect neutrino charge and to mea-
sure its magnitude are of critical importance.

In this report it will be considered the closest to us astrophysical object — the
Sun. It is shown that the conversion of electromagnetic quanta in the solar interior
into quanta of neutromagnetic field and their subsequent inverse transformation on
the atomic nuclei of a registering device into a bulk X-ray emission provides a new
way of solar interior spectroscopy — the X-ray spectroscopy. We also show that most
closely to this possibility and to the discovery of the neutrino charge approached the
Italian DAMA / LIBRA experiment on dark matter search.

2. Theoretical Reasons for Introducing Neutrino Charge into
Astroparticle Physics

2.1. Extended Electroweak Model with Including Neutrino Charge

Neutrino charge was put forward in [2]. There was a goal to check, whether it is
possible to explain low counting rate in detectors of solar neutrinos by their interac-
tion with substance at their passing through the solar interior. For this purpose the
theoretical instrument was necessary for calculation of energy dissipation at neutrino
interaction with solar matter. The theoretical instrument associated with a neutrino
charge and its gauge field proved to be very convenient for this purpose.

We proceeded from simple symmetry considerations (see fig. 1). We took the
neutrino charge of a neutrino (), to be negative, and the neutrino charge of a neutron
to be positive. By analogy with the Gell-Mann—Nishijima formula for the electric
charge of a nucleon Q. = Q1 = I3+ Y71/2, we have taken for the neutrino nucleon
charge a similar formula @, = Q2 = —I3 + Y2/2. In accordance with a figure 1 we
accepted Y = Y7 (another possibility, which has not been used here is Yo = —Y7).
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Figure 1. If the negative electric charge of an electron neutralizes the positive
charge of a proton, then the neutrino charge of a neutrino, if any, should
neutralize the opposite in sign neutrino charge of a neutron

The table 1 summarizes the supposed values of the neutrino charge for the particles
of interest to us.

Table 1
Baryon number, hadron isospin, electric and hypothetical neutrino charges of
different particles

Quantum number

Particles B Iy 0. 0,

U 1/3 1/2 2/3 —1/3

d 1/3 -1/2  -1/3 2/3

s 1/3 0 -1/3 2/3

c 1/3 0 2/3 —-1/3
p(uud) 1 /2 +1 0
n(udd) 1 —1/2 0 +1
a(ppnn) 4 0 2 2
e, U, T 0 — —1 0
Ve, Vyy, Vr 0 — 0 -1
Ve, Uy, Uy 0 — 0 +1

Calculations of the neutrino energy losses in the solar interior have shown that the
solar neutrino deficit problem can be solved, if we take for the value of the neutrino
charge as follows:

e, =€y =2- 10_461, where e; — electron charge.

The restriction having been received below by the analysis of the Sudbury neutrino
(SNO) experiment data results in ez < 107 Ce;.

The extended model of electroweak interaction proposed in this work explains
the appearance of the second (neutrino) charge as well as its small magnitude. One
proceeds from the chiral-symmetric

SU(3) x SU(3) 2)

(by analogy with the model of S. Weinberg, [3]) gauge-invariant lagrangian: L =
— Zi:l Uy D, Uy + ..., where D, = 0,, — ifAG Ao, Ay — SU(3) generators, f —
coupling constant, for massless Fermionic (Uy) and gauge (Af) fields, is invariant
under gauge transformations

Uy 3 Uy

Uz | — exp (Z > Bredik + 930\3&) Uz |,

Us k=1 Us

where A\p = %(1 +Y5) ks ARE = %(1 — V5) Ak
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There is a subgroup SU(2) x U(1) in SU(3). Therefore, in the group (2) there are
two invariant subgroups, left and right [SU(2) x U(1)]r g, which are isomorphic to the
SU(2) x U(1). In (2) one can also identify a subgroup of SU(3) with generators

A = Ak + ARk

The gauge invariance of (2) requires 16 gauge fields: 8 for the two chiral invariant
subgroups and 8 for the subgroup of SU(3). Fields Uy include techniquarks carrying
three technicolor charges.

As a working hypothesis, one suggests that the release of technicolor leads, at a
certain stage of spontaneous symmetry breaking, to formation of the leptons with
conversion of the initially captured colors to the free lepton flavors.

Spontaneous violation of gauge symmetry of SU(2) x U(1) (left and right) is accom-
panied by formation of electric and neutrino charges, as well as two pairs of semi-weak
and semi-superweak charges, responsible for conservation of corresponding currents.
In this case there are two Weinberg angles 61 and 0y 2, two constants ¢} and g5, and
one constant g = g; = g2. Assuming g5 < g}, we have the following relations for the

right sector:
2
4A A
tan? Qo = (ng> —1=— (1—|—> )
mw2 g1z 72

where A = mzo — myye2, 72 — vacuum expectation value of the second Higgs field in
the right sector (it is a free parameter which determines the values of the neutrino

charge ey and Oy9),
A A
€5 =g5 = 49— <1+),
72 2

1
\/§772 ’

where Gpy = Ggw is the new Fermi constant of the new (super)weak interaction,
accompanying neutromagnetic one.

G2 = GSW =

2.2. Solar Neutrinos and Constraints on the Magnitude of the Neutrino
Charge

As has been shown by subsequent experiments, the problem of solar neutrino deficit
should be addressed in the framework of the theory of neutrino oscillations and the
MSW-effect. A decisive role was played by measurements in the Sudbury Neutrino
Observatory (SNO). As the neutrino detector, heavy water with dissolved NaCl salt
has been used. NaCl was used for detection of neutrons from the neutrino neutral
current splitting of deuterium.

The introduced above isotopic symmetry of interaction of gauge quanta v; = .
and 5 = 7, with nucleons generates the corresponding symmetry of interaction of
these quanta with nuclei. We are interested in the pp-chain reaction (see Figure 2)

Al

2H—i—p—>3He—|—<
Y2

) +(Q = 5.494MeV). (3)

The ratio of the number of neutrino type quanta - emitted by this reaction to
the number of emitted electromagnetic quanta ~; is proportional approximately to
the ratio as/a;. Neutromagnetic 7, quanta were producing disintegration of the
deuterium in the detector SNO by the reaction d +v2 — p+n + (Q = 3.27MeV).
The number of disintegrations of deuteron is also  ag/a;. It has been measured
by counting the number of neutrons captured by NaCl. The neutron counting rate
proved to be in accordance with the predictions of the SSM (Standard Solar Model)
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Figure 2. The scheme of the pp-chain. The orange arrow indicates the
neutromagnetic quantum which is generated by the reaction (3)

for neutrino weak neutral current depletion of deuterium. So, there was no room for
the reaction d(vy2,n)p. From these results we can obtain an upper limit on the values

of ay = e3/hc and es:
(65) 5 10_12061, €9 ,S 10_661. (4)

Obviously, the conversion of v, to ; on the nuclei of type 5Fe+~, — 59Fe* — 5Fe+,
is possible as well as all sorts of giant conversion resonances. Another important con-
sequences of the existence of the neutrino charge is a Fermi-Dirac neutrino condensate
appearance in the matter and the absence of neutrinoless double 8-decay.

2.3. Neutrino Magnetism of the New Type

By means of (4) one can obtain restrictions on the Dirac neutrino magnetic moment
of the neutromagnetic type u,(nm) due to neutrino charge:

h [ e her [ me €
wwtm) = 5 (1) = e () (55
Im./m, = 106, (5)
eafer <1076,

pw(nm) S pp  at {

Here, pup stands for the Bohr magneton. The neutrino Fermi-Dirac condensate of
macroscopic bodies can have a huge magnetic moment of the neutromagnetic type
(neutrino diamagnetism and paramagnetism).

3. An Estimate of the Neutrino Charge Based on the Energy
Balance of the Sun

The method we use here for estimating constants of hypothetical interactions of
particles inside the Sun was invented in [4]. Believing that the conversion 7. — 7,
on the nucleus Z Ay is described by diagram shown in Figure 3, one can calculate the
cross section of the process, which is given by the formula

8 me \ ey 2
2 e 272 v
- 72N (7) , 6
7A= gl (mA) e (6)
where r, = ) h _ QeAec is the classical electron radius, Z and N are the proton
hc )] mec

and neutron numbers in nucleus correspondingly, m4 — the nucleus mass, m., — the
electron mass.
The luminosity of the Sun in “neutromagnetic” quanta can be represented as:

L(v) = Z TACN; A (Nyi€yi) Vi
i,A
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Figure 3. The process of conversion of y-ray quanta of the electromagnetic type
into the neutromagnetic type (similar to Thomson scattering of electromagnetic
rays on protons and nuclei): ZAyx +v. = ZAy + 7,

Here the summation is over different types of nuclei (A) and radial layers of the Sun
(1) with different density, temperature and chemical composition. The calculation was
based on the SSM [5].

The astrophysical limit on the neutrino charge e, can be derived from the require-
ment that the solar luminosity in the neutrino quanta L(7,) has virtually no effect on
the structure of SSM. This requirement can be performed under the condition

L(v) $0.01L(7e).

According to Table 2 one can take the limit (e,/e) < 107°. The increase in
L(v,) to a value L(7.) leads to a higher limit on the order of (e,/e) < 1078. Un-
der these constraints the neutrino magnetic moment of “neutromagnetic” type p, <
(1072 =+ 10?) pup. Surprisingly, a large value of i, of a new type is of crucial impor-
tance for astrophysical applications.

Table 2
The values of the ratio e, /e upper limit for two cases: (i) conversion on nuclei
“He (first column), (ii) conversion on “He with the addition of heavy elements
(second column)

‘He “He + heavy elements
ey,/Je  9.27-10710 8.40 - 10710

4. The Detector DAMA (Dark Matter) as the First
Astronomical Instrument for X-Ray Spectroscopy of the Solar
Interior

Sensor element of Italian device to find dark matter (DAMA) is a Nal crystal.
The device worked for about 13 years. It is found that the observed counting rate
is displaying seasonal variations. Results are shown in Figure 4. A similar signal
is expected from the X-rays generated by solar “neutromagnetic” quanta, but the
maximum of this signal should lie at perihelion of the Earth’s orbit.

One can calculate the DAMA detector response to the flux of solar “neutromag-
netic” quanta. The full flux of solar 72 quanta equals to ®(e,/e) = 1.27 - 10°® .
(e,/e)? quanta/s. In the window of sensitivity (2 — 6) keV the “DAMA” detector re-
sponds only effective part of the flow ®eg = 0.504 ®¢ (e, /€) (see Figures 4 and 5).
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Figure 4. The observed DAMA annual modulation of the counting rate of
particles attributed to dark matter (DAMA collaboration, 2010). The

minimum of observed signal lies at perihelion of the Earth’s orbit
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Figure 5. Normalized to unit energy flux distributions of “neutromagnetic”
quanta from the Sun ¢(¢) (black curve) and the corresponding luminosity I(¢)
(red curve) at e, /e =1

o flux density at the Earth:

®
Pott = m — 35561072 D (cm %71 .

The cross section for the process Na + v, — Na+ v, — Na* +e™:

e (1) ez () )

ONa — T
3 € MNa

We assume that Ze.g = Zna, i.e., the electron shell does not affect the cross section
of (7). Then we have o, = 6.59 - 1073° (%”)2 cm?, and the rate of formation of X-ray

photons
et ONa (Vv — 7e) = 15(e,/e)* quanta/s/Na atom.
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One can represent the rate of production of X-rays and counting rate in units used
by DAMA collaboration:

10%e,

r(cpd/kg/keV) = 0.013 ( > (cpd/kg/keV).

These very simplified calculations demonstrate the possibility of using the DAMA
detector to observe new phenomena related to neutrino charge and receive the exper-
imental constraints on its value.

The effect of the annual modulation of the counting rate in the DAMA experiment
could be attributed to the registration of “neutromagnetic” quanta, if the phase mod-
ulation was opposite to that observed in the experiment. However, these data can be
used to obtain preliminary restraints of the neutrino charge value:

e, <107 8.

This result agrees with astrophysical estimates obtained above.

This analysis provides important indications in which direction should be improved
detectors such as detector DAMA, to move towards implementation of the program
X-ray spectroscopy of the solar core.

Measurements of the spectrum of the produced X-rays would give important ex-
perimental information on the radial profiles of temperature, density and chemical
composition in the central regions of the Sun.

5. The Problem of a Solar Neutrino Counting Rate
Variations and their Correlation with Solar Activity

The problem referred to in the title of this section, in its various aspects had
been discussed in the works [6]. Experimental results on these issues are shown in
Figures 6, 7. The motion of matter in the solar convection zone, generating the usual
magnetic field can also generate powerful magnetic field of neutrino types. These
variations in the solar cycle can lead to a change in direction of the neutrino magnetic
moment of neutromagnetic type and to conversion of left neutrino into the right one
that do not interact with the matter of neutrino detector. This may explain the
variation of the counting rate of solar neutrinos in the chlorine-argon detector for that
period of time in which it was at work.

L L
I .‘| }
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Figure 6. The 37TAr production rates in the Homestake C5Cly solar neutrino
detector [7]
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Figure 7. Comparison of the time variation of five extraction running averages
of measured solar neutrino flux with the number of sunspots [7]

It is found a natural way to modify the thermodynamic structure of the lower part
of the solar convective envelope, where thermal and hydrodynamic processes similar to
processes in the Earth’s troposphere are developing. It turns out that the tidal forces
of the planets can play a key role in shaping both the solar troposphere, and periodic
processes developing in this area of the solar convective envelope. In this model of solar
activity, there is a natural explanation for the emergence of Maunder minimum and
the other similar to it solar activity minima, correlated with conjunctions of planets.
So, it is postulated that tidal forces of planets control the process of solar activity.

Results of numerous observations of the generation and behavior of vortices in hy-
drodynamic laboratory experiments, as well as observation of atmospheric vortices
such as tornadoes points out the important role of microstructure of media in which
the formation of tornadogenesis and other vortex structures occurs. A natural way
to modify the thermodynamic structure of the lower part of the convective envelope
of the Sun is proposed, in which, on the face of weak subadiabatic temperature gra-
dient, the thermal and hydrodynamic processes are developing similar to processes
in the troposphere of the Earth. These forces form the centers of action at the solar
troposphere and the corresponding heliostrophic winds.

An important role in the formation of vortex motion in substance of the Sun plays
a degenerate condensate of electron neutrinos, with the Fermi energy Fr < 10kT,
where T is the local substance temperature. During the formation of vortex motion,
lag of the entrainment of the neutrino condensate is expected. This is the reason for
generation of neutrino type magnetic fields. These fields could produce a polarization
of protons and nuclei and, consequently, magnetic fields of ordinary electromagnetic
type. Such causation phenomena could result in the birth and formation of processes
of solar activity.

6. Neutrino Charge and the Jet Particles Acceleration

There is a phenomenon of great promise. Associated with a neutrino charge, this
phenomenon can produce a powerful mechanism of acceleration of particles up to
relativistic and super relativistic energies. Let us consider in detail the scenario of this
phenomenon.

If non-rotating spherically symmetric star collapses and neutronizes, the neutrino
flux being emitted by the star carries a negative neutrino charge, leaving behind a
positively charged neutron star skeleton. There appears a strong neutrostatic field,
slowing down the neutrino flux and accelerating neutrons and neutron-rich nuclei,
which evaporate from the surface. In this scenario, we should expect the appearance
of a pulsating process of neutronization and collapse (neutrino pulsar [§]).
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A completely different scenario of neutronization occurs when the rotating star
collapses. We expect that the dragging of the neutrino condensate into the rotation
late in time, so there is a strong magnetic field of neutromagnetic type generated
by a rotating neutron skeleton. When rotating, collapsing star may precess, and the
axis of rotation does not coincide with the magnetic axis. Such a star must radiate
a powerful neutromagnetic wave. In this wave, the charged neutrino not slow down,
but accelerate. Neutrons and nuclei also accelerate up to relativistic velocities. The
accelerating nuclei leave behind the electrostatic field that accelerates the electrons
also. There appears a process of jet outflow of relativistic particles — similar to point
effect.

7. Conclusion

An attempt has been made to formulate the principles of elaborating an extended
model of the unified electroweak interaction which includes, along with electric charge,
also the neutrino charge e,. The neutrino charge in this model is a constant of a new
interaction which is transferred by a new gauge (“neutromagnetic”) field. The value
of interaction constant can be very small, but the condition e, = 0, i.e. the case of
absence of the new interaction, is only a special case that should not be considered
as absolute truth. More sophisticated version of the neutrino charge theory will be
discussed in a separate paper.

The main purpose of this study was to generate a phenomenology of the neutrino
charge and get reliable estimates on the amount of e,,. In implementing this program,
we are at the beginning of the path. However, very interesting and important results
in terms of their application to neutrino astrophysics are already obtained. So, on the
basis of the Sun heat balance, it is shown that the upper bound value of the neutrino
charge e, in units of the elementary electric charge e is between e, < (1078+1077), but
Dirac neutrino magnetic moment of a new, “neutromagnetic”, type p, (nm), measured
in units of Bohr magneton up is

o) 5 (10725 10°9) (22V)

my
that is, many orders of magnitude above all experimental and theoretical estimations of
the neutrino anomalous magnetic moment of normal electromagnetic type. This result
is perhaps the most important result of this work. In the subsequent works the program
of laboratory experiments on search and observation of the phenomena connected
with the existence of so high neutrino (and antineutrino) magnetic moment of new
(“neutromagnetic”) type will be presented. Detection of such events will provide a
reliable basis for the development of new areas of research in neutrino physics and
neutrino astrophysics.
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HeiiTpuaHbBII 3apsi/i CO CBOUM KaJIMOPOBOYHBIM IIOJIEM KaK
HOBasi pusmdeckas 0a3a JJisd HOBBIX MOJeJeil COJTHEeYHOMN
AKTUBHOCTHM U BCEIl COBOKYITHOCTH SIBJIEHUI, CBA3aHHBIX C
B3pbIBAMU CBEPXHOBBIX, (POPMUPOBAHUEM MYJIHCAPOB U MX
9BOJIIOIUET

10. C. Konsbicos

Hremumym adeproix uccaedosanuti PAH
Poccuas, 117312, Mocksa, np-kxm 60-semus Oxmasabps, 7Ta

Beenénneriit B pabore [Kopysov Yu. S., Stozhkov Yu. I., Korolkov D. N. (2001)] neiirpus-
HBII 3aPsiJ] CO CBOUM KAJMOPOBOYHBIM ITOJIEM C €TI0 CHUXKEHUSI CKOPOCTEl CUéTa B JIETEKTO-
pax COJIHEYHBIX HEUTPUHO MOPOXKIAET MACCY HOBBIX SIBJIEHUN B aCTPOPUIUIECKHX 00bHEKTAX.
Pu3nKa HOBBIX ABJIEHUIN OMPEAE/IACTCS BEJTUINHON HEHTPUHHOTO 3aPsiia €, , HOCUTEIEM KOTO-
POTO ABJISAIOTCS HEUTPUHO, KBAPKHU U HEHTPOHBI, & TaK>Ke IIOYTHU BBIPOXKJIEHHBIM HEHTPUHHBIM
KOHJIEHCATOM B BeIeCTBe Makpockonmdeckux Tesi. [lokazano, uro Hambosiee CHIBHOE OI'pa-
HUYEHNe Ha 3HAYEHUE €, MOXKHO TOJIYIUTh METOMOM TerioBoro 6ananca CoTHIA, PA3BUTOTO
B pabore [Domogatsky G. V. (1968)]. Hosoe B3anmomeiicTBue, NOpOXKIEHHOE HOBBIM KaJIm0-
POBOYHBIM («HEATPOMATHUTHBIM» ) IIOJIEM, LIOPOXKIAET Y HEATPUHO JUPAKOBCKUN MATHUTHBIA
MOMEHT HOBOTO (HeHTpOMAarHuTHOro) Tuna. OrpaHnvIeHne Ha ero BEJIMIUHY TIPU TOJTY I€HHBIX
Or'PAHUYEHUSIX HA €, JIUIIb Ha 2 -+ 3 TopsiJKa HUKE 3JIEKTPOHHOIO MaraHerona bopa u Ha MHO-
I'0 IIOPSAKOB IIPEBOCXOJAUT BCE BO3MOXKHBIE OLICHKU TPAJUIIMOHHOIO aHOMAJIbHOI'O MAarHUTHOI'O
MomeHTa Heiirpuno! Ilpejyiosken HOBBIN clieHapuii (POPMUPOBAHUST COJTHEYHON AKTUBHOCTH,
[P KOTOPOM HOBOE B3aUMOJEHCTBHE MOXKET UI'PaTh KJIOYEBYIO posib. HoBast Momesnb mpe-
rojiaraeT ABYyXbAPYCHYIO CTPYKTYPY KOHBEKTHBHON 30HBI: BHEIIHIOIO C Pa3BUTOU TEIJIOBOU
KOHBEKIINEN 1 BHYTPEHHIOIO — COTHETHYIO TPOTOocdepy, — B KOTOPOI MO/, BO3IEHCTBAEM MIPH-
JIMBHBIX CHUJI ITAaHET (DOPMUPYIOTCS BUXPEBBIE JIBUXKEHUST TUIIA TOPHA/IO 3eMHON TPOTIOCHEDPHI.
B 3Tux BUXPSAX €HEpUPYIOTCsI MATHUTHBIE MOJIs HOBOTO (HEATPOMATHUTHOIO) THIIA, B3AKMO-
JeficTBe KOTOPBIX C BEIIECTBOM ITOPOXKIAET U OOBIYHBbIE MArHUTHBIE TTOJIS.

Hosslit Kj1acc siBjeHT BOSHUKAET IIPY BKJIIOYEHUH HERTPUHHOTO 3apsijia B (DUBNUKY KOJLJIAll-
CHADPYIOIIUX U HEATPOHUIYIOMNXCA 3BE3/1. Ha 9TOM myTH OTKPBIBAIOTCA HOBBIE BO3MOXKHOCTHU
JIJIsl pa3pelieHus CTapbiX MpobseM. B CBsI3u ¢ 9TUM KeJIaTeIbHO UMETh TEOPETHIECKOe 000C-
HOBaHMe HEOOXO/IMMOCTU BBEJICHUsI HEMTPUHHOIO 3apsija. B JanHo#l paboTe mocTaBsieHa mpo-
OJileMa pacIIupeHus CTAHAAPTHOW OObeIMHEHHON MOJEIN 3JIEKTPOCIAb0ro B3aMMOeHCTBUS
ITIOCPE/ICTBOM BKJIFOYEHHsI BTOPOI'O 3apsijia B MPAaBBIil CEKTOP pacIiupeHHoi Mojenn. Hameden
BO3MOXKHBIN IIyTh PEIIEHUsT ITON MPOOJIEMBI.

KuroueBsble cjioBa: HEATPUHHBIN 3apsi], HEUTPUHHBIN MarHETU3M «HEMTPOMATrHUTHOI'O»
THUIIA, COTHEYHas Tporocdepa, COJTHeYHAasI aKTUBHOCTbD.





