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Abstract

At present classical electrodynamics consikte/o not connected together parts.
From one side this of Maxwell equations, which datae wave phenomena in the
material media, from other side the Lorentz foredjich determines power
interaction between the moving charges. Still ftbitimes of Lorenz and Poincare
this force is introduced as experimental postulatel as yet there is no that united
basis, which connected together these two odd péatte electrodynamics. Present
article solves this problem on the basis of intddun the concept of scalar-vector
potential, which assumes the dependence of tharspatential of charge on its
relative speed.
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| ntroduction

At present classical electrodynamics considtédwo not connected together
parts. From one side this Maxwell equations, whdetermine wave phenomena in
the material media, from other side of Lorentz éyrevhich determines power
interaction between the moving charges. Still ftbitimes of Lorenz and Poincare
this force is introduced as experimental postulatel as yet there is no that united
basis, which connected together these two odd péatte electrodynamics. From a
physical point of view very concept of Lorentz fercauses bewilderment. It is not
completely understandable, what reasons can céséotces, which act on the
evenly moving material object, directed normal teection of its motion. Besides
electrodynamics there are no such laws in phy#it¢sere is a static force, then the
search for the scalar potential, whose gradienegyithis force, is completely
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realized, but Lorentz force by this method they wied search for, but they limited
only to axiomatics. In better shape do not be matedso, in a whole series of other
questions, when classical electrodynamics cannptagx a number of known
phenomena. They include the phase aberration andrdhsverse Doppler effect.
This connected with the fact that in the classetattrodynamics there are no rules
of determination pour on upon transfer of one inegystem to another. The theory
of relativity (STR), based on the postulates, filiss gap. But the use of postulates
indicates that the fact that we do not understdrysips of phenomenon itself, being
satisfied by the fact that use of postulates gigegood agreement with the
experiment. There is a problem of homopolar inadutwhich is exception from the
Farrday law. But, if this is so, that very Farrdayv is incomplete. But in the
electrodynamics there are such phenomena, whi¢hemewithin its framework nor
within the framework STR explanations find. Thigpaprance of the electric pulse
of nuclear explosion and the appearance of constantrical pour on around the
superconductive solenoids and the tori, when imtdeect current is introduced by
induction method. Present article solves this mwbbn the basis of introduction the
concept of scalar- vector potential, which assumhesdependence of the scalar
potential of charge on its relative speed. Thiscept is built within the framework
classical electrodynamics on the basis of the ngitof the laws of induction in the
complete derived within the framework conversiohsalileo. Its bases are placed
in 1988 in work [1] and underwent further developtneand experimental
confirmation in works [2-4]. Unfortunately, the unmost recently indicated
concept was not published in the official scientifournals, but its bases were
presented in the articles of those locating in iaesh[3-7] and were discussed on
the forums. And only most recently appeared pubboa [8,9], in which the partial
data about this concept are contained and its aeparactical results are given.
This work is called to systematize the data inédat

1. Dynamic potentials and the field of the moving charges

The fields, which are created in the assignedial system (ISC) by the moving
charges, we will call dynamic. Can serve as an @kanf dynamic field the
magnetic field, which appears around the movinggds

In this division will made attempt find theegisely physically substantiated
ways of obtaining the conversions pour on uponsfiemof one ISC to another, and
to also explain what dynamic potentials and fields generate the moving charges.
The first step, demonstrated in works [3-6], wasdenavay of writing of the
equations of induction in the total derivativese3a laws are written as follows:
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In relationships (1.1-1.3), which assume the validif Galiley conversions, mark
and not mark values present fields and elementsnaving and fixed ISC
respectively. It must be noted, that conversion3)(&arlier could be obtained only
from the conversions of Lorenz.

Relationship (1.3) attest to the fact timthe case of relative motion of frame
of references, between the fiel'sand H there is a cross coupling, i.e., motion in
the fields H leads to the appearance pour Bn and vice versa. From these
relationships escape the additional consequenckghwvere for the first time

examined in the work [3]. Electric fieldE :L beyond the limits of the long

27TEY

1
charged rod diminishes according to the Flgwwhereg there is the charge, which

has the unit of the length of the conductor.

If we in parallel to the axis of rod in tfield of E begin to move with the
speed AV another ISC, then in it will appear the additiomahgnetic field
AH = cEAv. If we now with respect to already moving ISC lmetp move third
frame of reference with the spedV, then already due to the motion in the field
AH will appear additive to the electric fieldE = ,ugE(Av)z. This process can

be continued and further, as a result of which learobtained the number, which
gives the value of the electric fieIEE\',(r) in moving ISC with reaching of the
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speedV =nAv, whenAv - 0, andn - oo, In the final analysis in moving ISC
the value of dynamic electric field will prove te Imore than in the initial and to be
determined by the relationship:

VIZI
C
2TEY
If speech goes about the electric field of the Isirgpargee, then its electric field
will be determined by the relationship

E'(r,v,)= = Echv?m.

echvcD
B(rv)= 4rEr?

where V- normal component of charge rate to the vectorickvitonnects the

moving charge and observation point.
Expression for the scalar potential, credtgdhe moving charge, for this case
will be written down as follows:

Vv
ech—=

§(r Vo) =S = p(r)ch-2, (1.4)

where @(r) - scalar potential of fixed charge. The potentiflg(r,v,) can be

named scalar- vector, since. it depends not onlthenabsolute value of charge,
but also on speed and direction of its motion wépect to the observation point.
Maximum value this potential has in the directimrmal to the motion of charge
itself.

During the motion in the magnetic field, ngsithe already examined method,
we obtain

H'(v.) = Hchv?m,

whereV, - speed normal to the direction of the magneticfie

If we apply the obtained results to the elmoi@gnetic wave and to designate
components pour on parallel speeds ISCEasand H_, and E; and H_ as
components normal to it, then conversions pouhewy will be written down:



(1.5)

C
Y/ |1 _
where”Z = i iImpedance of free space= ﬁ - speed of light.

Conversions pour on (3.5) they were for the tirse obtained in the work [3].

2. Phase aberration and the transver se Doppler effect

By the aid of relationships (3.5) it is pibés to explain the phenomenon of
phase aberration, which did not have within thanBeork existing classical
electrodynamics of explanations. We will considettthere are components of the

plane waveH , and E,, which is extended in the directiop, and primed system
moves in the direction of the axis with the speed/,. Then components pour on

in the [shtrikhovannoy] coordinate system in aceo® with relationships (3.5)
they will be written down:

E! = H,shx,
C

H! = H chx.
C

thus, is a heterogeneous wave, which has in thecttbn of propagation the
componentE; .

let us write down the summary field &' in moving ISC:
1

E:UEQ?%Egﬂzzagﬁg, (1.2)



if the vector H' is as before orthogonal the axjs, then the vectoE' is now
inclined toward it to the angl@, determined by the relationship:

a Oshy Y (2.2)
C C

Thisis phase aberration. Specifically, to this anglbémecessary to incline
telescope in the direction of the motion of thetkaround the sun in order to
observe stars, which are located in the zenith.

The Poynting vector is now also directed no loreeng the axisy, but being
located in the plan&y, it is inclined toward the axiy to the angle, determined
by relationships (2.2). However, the relation o tibsolute values of the vectors

E' andH' in both systems they remained identical. Howetrer,absolute value
of the Poynting vector increased. Thus, even trrsg/motion of inertial system
with respect to the direction of propagation of wamcreases its energy in the
moving system.

Is not difficult to show that, if we the oization of electromagnetic wave
change ourselves, then result will remain befor@versions with respect to the

vectorsE andH are completely symmetrical, only difference wil the fact that
to now come out the wave, which has to appear iaddih the direction of

propagation in the componeht\',.
Such waves have in the direction of its pgap@n additional of the vector of

electrical or magnetic field, and in this they amilar to E and H of the waves,
which are extended in the waveguides. In fact abthiwave is the superposition

/ 1
of plane wave with the phase speed ﬁ and additional wave of plane wave

with the infinite phase speed orthogonal to theation of propagation.

The Doppler transverse effect long ago iswudised sufficiently. For observing
the star from moving ISC it is transverse to inelirelescope on the motion of
motion to the angle, determined by relationshi2)2But in this case the star,
observed with the aid of the telescope in the henifll be in actuality located
several behind the visible position with respectthie direction of motion. Its
angular displacement from the visible positionhistcase will be determined by
relationship (2.2). but this means that this st#h wespect to the observer has
radial velocity, determined by the relationship

V. =vsina.



. \'
For the low values of the anglssna Ua, and a :E’ Doppler frequency shift

will compose
2

\Y
%D:%?' (23

This result numerically coincides with results SRBut it is principally
characterized by of results fact that it is congdeinto SRT that the Doppler
transverse effect, determined by relationship (2i#re is in actuality, while in
this case this only apparent effect.

The SRT conversion, although they were basedthe postulates, could
correctly explain sufficiently accurately many plogd phenomena, which before
this explanation did not have. With this circums&ns connected this great
success of this theory. Conversions (2.4) and (28)obtained on the physical
basis without the use of postulates and they wi¢ghhigh accuracy coincided with
SRT. Difference is the fact that in conversion®)2here are no limitations on the
speed for the material particles, and also thetfattthe charge is not the invariant
of speed. The experimental confirmation of the faclicated, which serves as
confirmation of the correctness of the proposedvemsions, lies in the fact that
around the superconductive solenoids and theitaa,which is introduced direct
current, appear static electric fields [2-4].

3. Power interaction of the moving charges and unipolar induction

In the classical electrodynamics for caltnfainteraction between the moving
charges it is necessary to know magnetic field,thed, using a Lorentz force, find
the forces, which act on the charges, which movéhig field. Obscure a question
about that remains with this approach, to whatagalied the reacting forces with
respect to those forces, which act on the movirsgges.

The concept of magnetic field arose to asw®rable degree because of the
observations of power interaction of the currentyéag and magnetized systems.
Experience with the iron shavings, which are exkatear the magnet poles or
around the annular turn with the current into tHeacc geometric figures, is
especially significant. These figures served assion for the introduction of this
concept as the lines of force of magnetic fieldatwtordance with third Newton's
law with any power interaction there is always aadiy of effective forces and
opposition, and also always there are those elenddrthe system, to which these
forces are applied. A large drawback in the conoéphagnetic field is the fact that
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it does not give answer to that, counteractingdsrare concretely applied to what,
since magnetic field comes out as the independdndétance, with which occurs
interaction of the moving charges.

However, in the existing concept of powererattion of the current carrying
systems, based on the concepts of magnetic fieldLarentz force, the positively
charged lattice, which is the frame of conductat amwhich are applied the forces,
it does not participate in the formation of thecks of interaction. That that the
positively charged ions take direct part in the poprocesses, speaks the fact that
in the process of compressing the plasma in tramsugh it direct current (the so-
called pinch effect) it occurs the compression alfsions.

Let us examine this question on the basighef concept of scalar-vector
potential [10-12]. We will consider that the scakaector potential of single charge
iIs determined by relationship (2.4), and that tlhectdc fields, created by this
potential, act on all surrounding charges, inclgdmthe charges positively charged
lattices.

Let us examine from these positions poweeratdtion between two parallel

conductors (Fig. 1), on which move the chargeshicaseg,”, g,” andg, , 0,

present the respectively fixed charges of lattiog the moving electrons, which fall
per unit of the length of conductor.

— — —
9, F, F, 0,

r R . , 2
O g ,

Fig. 1. Schematic of power interaction of the eatrcarrying wires of two-wire
circuit taking into account the positively chardatlice.

The chargeg,”, g," present the positively charged lattice in the loaad

upper conductors. We will also consider that bathdeictors prior to the start of
charges are electrically neutral, i.e. in the camols there are two systems of the
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mutually inserted opposite charges with the spediéinsityg,”, g, andg,’, g,

, which electrically neutralize each other. In .Fig these systems for larger
convenience in the examination of the forces odrenxttion are moved apart along

the axisz. Electrons move with the speedls and V,. The force of interaction

between the lower and upper conductors we willdedor as the sum of four
forces, whose designation is understandable framfigure. The repulsive forces

F, and F, we will take with the minus sign, while the attiag force F; and F,

we will take with the plus sign.
The forces, which act in the single sectibnanductor, will be written down:

0,9,
g 27EY
_ 9,0, —V,
F, = ch ,
27TEY C | (3.1)
F gl 92 ﬁ
3 277Er c’
.99, .V,
=+ -2,
R 2TEY ch C

Adding all force components, we will obtain the ambof the composite force,
which falls per unit of the length of conductor,

9.9, 1 Vo _ _
F = > IET (ch S +ch—= o ch S j (3.2)

In this expressiorg, and g, are undertaken the absolute values of chargeshand
signs of forces are taken into account in the letek expression. For the case

: — : A
V K C, let us take only two first members of expansioihie serlesChE, l.e., we

2

lv
will consider thatCh c L1+ 57 From relationship (3.2) we obtain
C

F. = glvlg 2V2 — | 1| 2
= 2mc’t 2mch
where g, and g, are undertaken the absolute values of specifiagelsaandy;, and

(3.3)

V, take with its signs.



Since the magnetic field of straight wirtgrey which flows the current, we
determine by the relationship

H=——.
27
From relationship (3.2) we obtain
[, H.l
F_. = 1’2 —-_"'12 = H 1
2w e A

where H,- magnetic field, created by lower conductor in theation of upper

conductor.
It is analogous

FZl = IlIUH 2!
where H, - the magnetic field, created by upper conduatothie region of the

arrangement of lower conductor.

These relationships completely coincide wité results, obtained on the basis
of the concept of magnetic field.

Relationship (3.3) represents the known afilpower interaction of the current
carrying systems, but is obtained it not by thengimeenological way on the basis of
the introduction of phenomenological magnetic fidddt on the basis of completely
intelligible physical procedures, under the assumnpthat that the scalar potential
of charge depends on speed. In the formation ofaifees of interaction in this case
the lattice takes direct part, which is not in thedel of magnetic field. In the model
examined are well visible the places of applicatioh force. The obtained
relationships coincide with the results, obtainedtbe basis of the concept of
magnetic field and by the axiomatically introdudearentz force. In this case is

\'
undertaken only first member of expansion in thdaese(:hE. For the speedg~C

should be taken all terms of expansion. In termshif the proposed method is
differed from the method of calculation of poweteiractions by the basis of the
concept of magnetic field. If we consider this girstance, then the connection
between the forces of interaction and the chartgs aroves to be nonlinear. This,
in particular it leads to the fact that the law pwer interaction of the current
carrying systems is asymmetric. With the identiGdles of currents, but with their
different directions, the attracting forces andutsjpn become unequal. Repulsive
forces prove to be greater than attracting fordais Tifference is small and is
determined by the expression
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AF = v L1,
2¢? 2recie’

but it is manifested with the speeds of the chaageers of close ones to the speed
of light.
Let us remove the lattice of upper condu¢kog. 1), after leaving only free

electronic flux. In this case will disappear thecks F, and F;, and this will

indicate interaction of lower conductor with thevll of the free electrons, which
move with the speetl, on the spot of the arrangement of upper condubtdhis
case the value of the force of interaction is defias:

9.9, V,—V
F = ch -ch—+—2|. 3.4
> 27E C ( )
Lorentz force assumes linear dependence betweerfiotbe, which acts on the
charge, which moves in the magnetic field, andspsed. However, in the obtained
relationship the dependence of the amount of foa the speed of electronic flux
will be nonlinear.

Let us note still one interesting result. Mreelationship (3.3), with an accuracy
to quadratic terms, the force of interaction oteanic flux with the rectilinear wire
to determine according to the following dependence:

vy, 1v/
, =z 2= | (3.5)

27Er | ¢ 2¢
From expression (3.5) follows that with the unidtrenal electron motion in the
conductor and in the electronic flux the force mieraction with the fulfillment of

1
conditionsV, = EVZ is absent.

Should be focused attention still to oneomg@nt special feature of relationship
(3.5). If we assume that in the upper conductoreti® no lattice, and electrons are
fixed, then nevertheless remains the force, whats an the fixed electrons from
the side of the lower conductor, along which flalws current, which is equivalent
to the presence around the lower conductor of eteeld. This force is determined
by the second member of bracketed expression. féhse is small for the normal
conductors, since. the electron velocities in tllensmall, and cannot be revealed
it. There is no such force in the concept of magrfegid, since fixed electrons with
the magnetic field do not interact. But in the sgpaductors of current density on
many orders exceed current densities in the medats$ therefore around them the
electric field, connected with the electron motiarich yields to measurement, is
formed. With this it is connected the fact thatusnd the superconductive solenoids
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and the tori, into which the current is introducetctric field is formed. And this
fact obtained experimental confirmation in works42

Since the speed of the electronic flux ugualich higher than speed of current
carriers in the conductor, the second term in tlaekets in relationship (3.5) can be
disregarded. Then, since

H — glvl
Yo2mmEch

we will obtain the magnetic field, created by lowemductor in the place of the
motion of electronic flux:

— glg2 V1V2 —_

b 27EY C2 - gZ/'NZH .

In this case, the obtained value of force exaatim@des with the value of Lorentz
force.
Taking that

F; =0,E=g,uv,H,
it is possible to consider that on the charge, winnoves in the magnetic field, acts

the electric fieldE, directed normal to the direction of the motioncbfirge. This
2

: .V . .
result also with an accuracy to of the quadratimge—- completely coincides with
C

the results of the concept of magnetic field andlesermined the Lorentz force,
which acts from the side of magnetic field to tleevfof the moving electrons.

As was already said, one of the importanttreaiictions to the concept of
magnetic field is the fact that two parallel beaofisthe like charges, which are
moved with the identical speed in one directionstrioe attracted. In this model
there is no this contradiction already. If we cdesithat the charge rates in the
upper and lower wire will be equal, and latticalsent, i.e., to leave only electronic

fluxes, then will remain only the repulsive forke.

Regularly does appear a question, and desgecmagnetic field most moving
electron stream of in the absence compensatingyebanf lattice or positive ions in
the plasma? The diagram examined shows that ttdy ifi the problem about
power interaction between the conductors requhiescticulation of the positively
charged lattice. Therefore most moving electrohix fcannot create that effect,
which is created during its motion in the positweharged lattice. At the same
time, if we examine two in parallel moving electrstneams, then appears the extra
force of interaction, which depends on the relasipeed of these flows.

Let us demonstrate still one approach toptieblem of power interaction of the
current carrying systems. The statement of facthefpresence of forces between
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the current carrying systems indicates that thesome field of the scalar potential,
whose gradient ensures the force indicated. Buttkis for the field? Relationship
(3.3) gives only the value of force, but he doesspeak about that, the gradient of
what scalar potential ensures these forces. We smifiport with constants the

currentsl, andl,, and let us begin to draw together or to move aeanductors.

The work, which in this case will be spent, andhat potential, whose gradient
gives force. After integrating relationship (3.8 obtain the value of the energy:

W = L1, Inr |
27EC?
This energy, depending on that to move away cowdsidtom each other, or to
draw together, can be positive or negative. Whemdaotors move away, then
energy is positive, and this means that, supportungent in the conductors with
constant, generator returns energy. This phenomendme basis the work of all
electric motors. If conductors converge, then wackomplish external forces, on
the source, which supports in them the constanayuoknts. This phenomenon is
the basis the work of all electric motors.
Relationship for the energy can be rewritiad thus:

L1, Inr
W= 277£C2 - |2Azl_ |1A12’
where
A, = I, Inr
b 2mEc?

Is Z- component of vector potential, created by lowanductor in the location of
upper conductor, and
_Lynr

AzZ 27ECZ
IS Z- component of vector potential, created by upmerdactor in the location of
lower conductor.

The approach examined demonstrates that tatgewhich the vector potential
in questions of power interaction of the currentyiag systems and conversion of
electrical energy into the mechanical plays. Tipigraach also clearly indicates that
the Lorentz force is a consequence of interactibthe current carrying systems
with the field of the vector potential, created bther current carrying systems.
Important circumstance is the fact that the fororabf vector potential is obliged to
the dependence of scalar potential on the speednidving charges, in connection
with the presence of the dependence of their spal@ntial on the speed, create the
scalar field, whose gradient gives force.
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In spite of simplicity and the obviousness tbfs approach, this simple
mechanism up to now was not finally realized. Hos reason the Lorentz force,
until now, was introduced in the classical eleciramics by axiomatic way.

4. The homopolar induction

The homopolar induction was discovered Baltaday almost 200 years ago, but
in the classical electrodynamics of final answerthat as and why work some
constructions of unipolar generators, there isméounow [10]. Is incomprehensible
the work even of that generator, which was open#dyg Faraday, when there is a
magnetized conducting cylinder, during rotation which between the fixed
contacts, connected to its axis and generatrixeagpthe electromotive force. Is
still more incomprehensible the case, when togethidr the cylindrical magnet
revolves the conducting disk, which does not hateamic contact with the magnet,
but fixed contacts are connected to the axis ok disd its generatrix. In some
sources [11] it is indicated that the answer carol@ined within the framework
STR, but there are no concrete answers as STRply apthe revolving magnet.
Let us show that the concrete answers to all thhasstions can be obtained within
the framework the concept of scalar- vector poéénti

Let us examine the case, when there is desingg conductor, along which
flows the current. We will as before consider timathe conductor is a system of the

mutually inserted charges of the positive latt@geand free electrong)”, which in
the absence current neutralize each other (Fig.3).
The electric field, created by rigid latticepgnding on the coordinate, takes
the form:
9
E"=——,
2TEY

%

\ 4

O

A/
<
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Fig. 3. Section is the conductor, along which fae current.

We will consider that the direction of the vectdretectric field coincides with the
directionr . If electronic flux moves with the spe&t, then the electric field of this
flow is determined by the equality

S TR I P A
E = 277£rChc_ 2775r(1+2c2]' (4.2)

Adding (4.1) and (4.2), we obtain:

g =-9%_
ATECT

This means that around the conductor withctireent is an electric field, which
corresponds to the negative charge of conductorweder, this field has
insignificant value, since in the real conductor C.

Let us examine the case, when very sectidheotonductor, on which with the

speedV, flow the electrons, moves in the opposite directoth speedv (Fig. 4).
In this case relationships (2) and (3) will take tarm

N * 1v?
E zzg—m(“E?J 4.3)
g 1(v-Vv)°
E = ST (1+ 2—02 (4.4)
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Fig. 4. Moving conductor with the current.
Adding (4.3) and (4.4), we obtain:
.0 (v 1v?
E _Zmr(clz _Eclzj' (4.5)

Since the speed of the mechanical motion of comdustconsiderably more than
the drift velocity of electrons, the second terntha brackets can be disregarded. In
this case from (4.5) we obtain

A%
27ECT

E" = (4.6)

The obtained result means that around the movinduwcior, along which flows the
current, with respect to the fixed observer is fednthe electric field, determined by
relationship (4.6), which is equivalent to appeaearon this conductor of the
specific positive charge of the equal

+ _ Qv
g = 2
C

as is obtained the homopolar induction, with wiocdhthe fixed contacts a potential
difference is obtained, it is easy to understanthfFig. 5.
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Fig. 5. Diagram of formation electromotive forcentnmpolar induction.

We will consider that, andr, of the coordinate of the points of contact of the

tangency of the contacts, which slide along theesdyf the metallic plate, which
moves with the same speed as the conductor, aldmghvilows the current. For
convenience in the examination the positive ionghan conductor and the moving
electrons are spread on the coordinateContacts are connected to the voltmeter,
which is also fixed. Then, it is possible to caktal a potential difference between
these contacts, after integrating relationship)(4.6

U= gV rzﬁz gV |nk
27EC?In T 27EC? I

But in order to the load, in this case to the vel®n, to apply this potential
difference, it is necessary sliding contacts td lbg the cross connection, on which
there is no potential difference indicated. Butceiimetallic plate moves together
with the conductor, a potential difference is albsem it. It serves as that cross
connection, which gives the possibility to conveinis composite outline into the
unipolar generator.

Now it is possible wire to roll up into thimg (Fig. 6) of one or several turns,
and to feed it from the current source. Moreovertacts 1 should be derived on the
collector rings, which are located on the rotatioags and to them joined the
friction fixed brushes. Thus, it is possible to abtthe revolving magnet. In this
magnet should be placed the conducting disk with dpening, which revolves
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together with the turns of the wire, which servesragnet, and with the aid of the
fixed contacts, that slide on the generatrix okdiax voltage on the voltmeter. As
the limiting case it is possible to take continumetallic disk and to connect sliding
contacts to the generatrix of disk and its axistdad of the revolving turn with the
current it is possible to take the disk, magnetizedhe axial direction, which is

equivalent to turn with the current, in this case $ame effect will be obtained.

V

21
/]

8paAWaAIOWULICS OUCK
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Fig. 6 . Schematic of unipolar generator with teofving turn with the current and
the revolving conducting ring.

Different combinations of the revolving antkefl magnets and disks are
possible. The case with the fixed magnet and twelving conducting disk is
characterized by the diagram, depicted in Figf #he conducting plate was rolled
up into the ring.

E(r)

V
g g
r1
()GMDICyma}lC}l memaniudyeckas niacmuHKa
r2
T

Fig. 7. Case of fixed magnet and revolving disk.

In this case the following relationships are figi:
The electric field, generated in the revolving disk the electrons, which move
along the conductor, is determined by the relatigns
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The summary tension of electric field in this caskcomprise

_ g (w
EZ_Znsr[czj’

and a potential difference between the poifitand I, in the coordinate system,
which moves together with the plate, will be equal

U = g(rz — r1)(wlj_

27TEY c?

Since in the fixed with respect to the magokthe circuit of voltmeter the
induced potential difference is absent, the podérdifference indicated will be
equal by the electromotive force of the generatangned. As earlier moving
conducting plate can be rolled up into the diskhwitte opening, and the wire, along
which flows the current into the ring with the cemt, which is the equivalent of the
magnet, magnetized in the end direction.

Thus, the concept of scalar-vector potentigeg answers to all presented
guestions, which are concerned all known conswastof unipolar generators.

5. Emission laws of the moving charge
Since pour on any process of the propagatfoelectrical and potentials it is
always connected with the delay, let us introduce being late scalar- vector

potential, by considering that the field of thistgntial is extended in this medium
with a speed of light:
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whereV, (t —Ej - component of the charge rae normal to the vector at the

o r : :
moment of the timé” =1 S I - distance between the chamy®d the point.

Using a relationshife = —grad ¢(r,t), let us find field at point 1 (Fig. 8.)

The gradient of the numerical value of a radiushef vector of is a scalar function
of two points: the initial point of a radius of wecand its end point (in this case this
point 1 on the axis of and point O at the origircobrdinates). Point 1 is the point of
source, while point O - by observation point. Witre determination of gradient
from the function, which contains a radius depegadn the conditions of task it is
necessary to distinguish two cases:

1) The point of source is fixed ad is considered as the function of the position of
observation point.

2) The observation point is fixed affidis considered as the function of the position
of the point of source.

(1)

Fig. 8. Diagram of shaping of the induced eledigtxl.
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We will consider that the chargeaccomplishes fluctuating motion along the axis
Y, in the environment of point O, which is obserwatpoint, and fixed point 1 is

the point of source and is considered as the function of the position ldirge.
Then we write down the value of electric field atrg 1:

y (t _ r(y,t)j
r Y C
E (1) = —M = —i € ch
y oy oy 47eE,r (y,t) C
When the amplitude of the fluctuations of chargeassiderably less than distance

to the observation point, it is possible to consideradius vector constant. We
obtain with this condition:

avy (t —Xj v, (t —Xj
e C C
Ey(x,t) =— sh , (5.2)

4rE,CX 0y C
where X - some fixed point on the axbs.

X X X
aVy(t_C)_aVy(t_Cj at _avy[t_cj 1

Taking into account that = — =

oy ot oy ot Vy(t_z;(j
we obtain from (5.2):
X X
E,(xt)= © 1 avy(t sthvy(t Cj 5.3
y(’)_477300x ( x) ot c 5-3)
v, | t——

This is a complete emission law of the moving ckarg
if we take only first term of the expansion of ethwe will obtain from (5.3):

X X

e avy(t_cj eay[t_cj
E (xt)=- == 5.4
y (%) ATE C*X ot ATE,CX (5-4)
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X
where ay[t—Ej - being late acceleration of charge. This relatiop is wave

equation and defines both the amplitude and phesgonses of the wave of the
electric field, radiated by the moving charge.
If we as the direction of emission take tleeter, which lies at the plangy,

and which constitutes with the axis the anglea, then relationship (5.4) takes the
form:

X\ .
eay(t —stma
ATECOX

Relationship (5.5) determines the radiation patt&ince in this case there is axial
symmetry relative to the axiy, it is possible to calculate the complete radratio

pattern of this emission. This diagram correspdndbe radiation pattern of dipole
emission.

il

X
ince ————= = t —— | - being late vector potential, relationship (5t5
si T A, ( Cj ing vector p i ionship (5t5)

Is possible to rewrite

E,(xt,a)=- (5.5)

X . X\ .
ea, | t—— |sina O0A, | t—= |sina
ATE,C*X £,C° ot '
Complete agreement with the equations of the bkiteyvector potential is again
obtained, but vector potential is introduced hest by phenomenological method,
as this was done earlier, but with the use of aepnof the being late scalar-vector

potential.

E,(x.t,a)=-

Conclusion

Correctness and the usefulness of any thexmysists in that, how it
unambiguously predicts and are described physliah@mena. We showed that the
concept of scalar-vector potential correctly presiend are described all known to
us electrodynamic phenomena. It correctly desciribese phenomena, which none
of the existing theories describe can, such phenameclude the appearance of
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electric pulse with the nuclear explosion and theztezation of superconductive
tori [3,4]. The proposed concept is simple andligible, therefore it successfully
can be accepted as the working tool of electrodyceam

Thus, the construction of electrodynamicsusthdhave been begun from the
acknowledgement of the dependence of scalar pateotti the speed. But nature
very deeply hides its secrets, and in order to cantkis simple conclusion, it was
necessary to pass way by length almost into twduces. The grit, which so
harmoniously were erected around the magnet polesstraight manner indicated
the presence of some power pour on potential naltuteto this they did not turn
attention; therefore it turned out that all exardiraly tip of the iceberg, whose
substantial part remained invisible of almost twadired years.

Taking into account the aforesaid one shoctshsider that the basis of
contemporary electrodynamics is formula (5.1). Fritms formula it follows and
static interaction of charges, and laws of poweeraction in the case of their
mutual motion, and emission laws and scatteringerAdntire aforesaid it is possible
to remove construction forests, such as magnetid ind magnetic vector potential,
which do not allow here already almost two hundyedrs to see the building of
electrodynamics in entire its sublimity and beauty.
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KoHuenuus ckajJsipHO-BEeKTOPHOI0 MOTEHIUAJIA B COBPEeMEHHOM
JIEKTPOAMHAMMKE

D. O. Menne

B Hacrosmee Bpems Kiaccuyeckas »SJICKTPOJAMHAMHMKA COCTOMT M3 JIBYX HE
CBSI3aHHBIX MEXTy co00il yacteil. C 0JJHOM CTOPOHBI 3TO ypaBHEHMUs MakcBeia,
KOTOpBIC OIPEIECIISIOT BOJIHOBBIE SIBJICHUS B MAaTEpPUANbHBIX Cpelax, C JPyrou
cTopoHbl cuia JIopeHna, KoTopas ONpEeNessieT CHUIIOBOE B3aMMOIEHCTBUE MEXKIY
JIBYOKYyIIUMHKCSA 3apsiaaMu. Emé co Bpemén Jlopenna u [lyankape sta cuma BBOAUTCA
KAaK JKCIEPUMEHTAJIBbHBIA MOCTynar. M moka HET TOM €IMHOW OCHOBBI, KOTOpas
CBsi3aJla BOEIMHO A3TH JBE PA3PO3HEHHBIE YACTH SJIEKTpoAMHaMuKH. Hacrosmas
CTaThsl pemaeT 3Ty Npo0JeMy Ha OCHOBE BBEICHHS KOHIICTIIMHM CKAaJSIPHO-
BEKTOPHOr'O0 MOTEHIIMANa, TPEANoaraionieil 3aBUCUMOCTh CKAISIPHOTO MOTEHIIHAIA
3apsijia OT €ro0 OTHOCUTEJIBHON CKOPOCTH.

KintoueBbie clioBa: 3JIEKTPOJMHAMUKA, 3aKOHBI MHAYKIHWH, SJIEKTPUUECKOE MOJIE,
CKaJSIpHBIA MOTEHLIMAJ, MAarHUTHOE II0Ji€, BEKTOPHBIM IOTEHIMAJ, YpaBHEHUS
Makcsemta, ¢aszoBas abepparus, mnornepednsiii ekt Jlomiepa, yHUNOIIpHAS
WHJTYKIIUSL.

BBenenue

B mnacrosmee BpeMs KiaccHMUecKas JJIEKTPOJWHAMUKA COCTOMT M3 JBYX HE
CBSI3aHHBIX MeEXAy co0oit yacteir. C OHON CTOPOHBI 3TO ypaBHEHHsS MakcBea,
KOTOpBIE€ OIPEICIAOT BOJIHOBBIE SIBJICHUS B MATEPUAJbHBIX Cpelax, C Apyrou
cTopoHbl cuina JlopeHna, KoTopas ONpENeNsiET CUIIOBOE B3aMMOAEHUCTBUE MEXKIY
JIBWKYyIIMMHKCSA 3apsiaaMu. Emé co Bpemén Jlopenna u [lyankape sta cuma BBOAUTCA
KaK SKCIEpUMEHTaIbHbIA MocTyjar. M moka HET TOW €IWHOW OCHOBBI, KOTOpas
CBsI3ajla BOCJIMHO ATH JIBE pa3pO3HEHHbIE YacTH AeKTpoauHaMuku. C ¢puzndeckoin
TOYKU 3pEHUSI caMO MOHsATHE cuiibl JIopeHla BbI3bIBaeT HeqoyMeHue. CoBepIleHHO
HE TIOHATHO, KAakKu€ MPUYMHBI MOTYT BBI3bIBATH CHJIBI, JICHMCTBYIOIIHUE HA
PaBHOMEPHO ABUXKYIIUNACS MaTepUaNIbHBIA OOBEKT, HAMPaBICHHBIC HOPMAJIBLHO K
HaIPaBJICHUIO €ro JABMKEHUS. Kpome AleKTpoaIuHAMUKN TaKUX 3aKOHOB B (pu3MKe
HeT. Ecim mMmeeTcs ctatTuyeckas CHJia, TO BIIOJIHE OCO3HAHHBIM SBJISICTCS ITOMCK
CKaJISIpPHOTO TMOTEHILMaNa, TPAJAUEHT KOTOpPOro W MHAa€T TaKyl0 CUJIy, HO CHIIYy
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JlopeHnia Ha 3TOM MyTH HE UCKAJIM, & OTPAHUYMIIMCH TOJIBKO akcuomartukoun. He
Jy4dmuM o0pa3oM OOCTOAT Jieida M B LEJIOM psAlie JPYrMX BOIPOCOB,  KOTJa
KJIACCUYECKAsl ANIEKTPOJMHAMUKA HE MOXKET OOBSCHUTD Psiji U3BECTHBIX siBJIeHUM. K
HUM OTHOCHUTCS (pa3zoBasi abeppaius u nonepeuynsiid 3gdekt Jomnepa. ITo cBI3aHO
C T€M, YTO B KJIACCUYECKOW JIEKTPOJUHAMHUKE OTCYTCTBYIOT MpaBUIa ONpPeAeIeHUs
MoJICH TpH TIEPEXO0/e U3 OJHON MHEPIIMATBLHOW CHCTEMBI B APYTYI0. ITOT mpolen
BocrioyiHsieT Teopus otHocutenbHOCcTH (CTO), ocHOBaHHas Ha mocTymarax. Ho
UCIOJIb30BaHUE TOCTYJIATOB O3HAYAET TO, YTO MBI HE MOHUMAaeM (PU3UKH CaMOTO
SBJICHUSI, JIOBOJIbCTBYSCh TE€M, UYTO HCIIOJIb30BAHUE IOCTYJATOB AAET XOpollee
corjacue ¢ sKkcrnepuMeHToM. CyIlecTBYeT W MpoliieMa YHUIOJSPHON WHIYKIUH,
KOTOpast sIBJISIETCSl MCKJIoueHueM u3 3akoHa Papanes. Ho, eciu 310 Tak, T0o cam
3akoH @Dapanes HenojoH. Ho B 3nekTponMHaMUKe UMEIOTCS U TaKHE SIBICHUS,
KOTOphle HU B €€ pamkax, HU B pamkax CTO oObsicHEeHHS HE HaXOAAT. JTO
BO3HUKHOBEHHUE 3JIEKTPUUYECKOIO UMITYJIbCa SIAEPHOTO B3pbIBAa U BO3HUKHOBEHUE
MOCTOSTHHBIX 3JIEKTPUUYECKUX TMOJIEH BOKPYT CBEPXIIPOBOJSIIMX COJCHOUAOB U
TOPOB, KOrJa B HUX HHAYKIIMOHHBIM CIIOCOOOM BBOJUTCS MOCTOSIHHBIA TOK.
[Ipennaraemasi cTaThsi pelaeT BECh KOMIUIEKC 3aTPOHYTHIX MPOOJIEM Ha OCHOBE
BBEJICHUSI KOHUENIMU CKAISIPHO-BEKTOPHOIO TMOTEHLMANA, IPEAnosararmliero
3aBHCHUMOCTh CKAJISIPHOTO TOTEHIMANa 3apsiia OT €ro OTHOCUTEJIBHON CKOPOCTH.
OTa KOHIENIMs MOCTPOEHA B PaMKaX KJIACCUYECKOM 3JIEKTPOAMHAMHMKH Ha OCHOBE
3alliCH 3aKOHOB MHAYKIMU B TMOJHBIX MPOU3BOJIHBIX B paMKax MpeoOpazoBaHUil
["amunes. E€ ocHoBel 3amoxensl B 1988rony B padote [1] v monydmim nanpHenIee
pa3BUTHE M KCIICPUMEHTAILHOE MOJATBEpXKACHUE B paborax [2-4]. K coxanenuro,
JI0 CamMoro TOCJETHEr0 BPEMEHM YKa3aHHas KOHIIEMIUS He MyOJIMKoBalach B
opuIMATbHBIX HAYUYHBIX >KypHaJlax, a €€ OCHOBBI OBUIM H3JOKEHbl B CTaThsX
HaXOASIIUXCS B apxuBax [3-7] u oOcyxaanucy B Oyorax u Ha ¢opymax. U ToabK0
B caMoe IOCJIe[IHee BpeMs MOSBHINCH myOnukaruu [8,9], B KOTOpBIX comepikarcs
OTPBIBOYHBIC JIaHHBIE OO0 OTOW KOHILENUHWW U TNPUBEAEHBI €€ OTICNIbHbIC
npakTHueckue pesynbraTel. Hacrosimas pabota mnpu3BaHa CHCTEMATHU3HPOBAThH
yKa3aHHbIE JJAHHBIE.

1. lunaMmuyeckre MOTEHUHMAIbI U MOJISI ABMAKYIIUXCS 3aPS/I0B.
[Tonst, KOTOpBIE CO3MAOTCA B 3aJaHHOW uWHepnuaiabHOUW cucteme (MCO)
JOBIDKYIIMMUCS ~ 3apsaamMu, OyaeM Has3plBaTh JUHAMHYECKUMHU. [Ipumepom

JUHAMUYECKOTO TMOJII MOXKET CIYXUTh MArHMUTHOE TMOJie, KOTOPOE€ BO3HHKAET
BOKPYT JBUXKYIIUXCS 3apsJIOB.
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B nannom pasnene OyneT caenaHa MOMbITKA HaWTH (PU3nUecKkoe 0OOCHOBAaHHBIE
npeoOpa3zoBanusa moyied mpu mnepexoge u3 ogHoit MCO B apyryro, a Takxke
BBISICHUTh KakWe JIMHAMMYECKHE TOTEHIMAJbl W TOJISI MOTYT TE€HEpUpOBaTh
JBYOKYyIIKECs 3aps/bl. [IepBhlii mar, IpoIeMOHCTPUPOBaHHBIN B padorax [3-6], Obu1
CEJIaH MYTEM 3allCH YPAaBHEHHI MHAYKLMHU B MOJIHBIX POU3BOJHBIX. DTH 3aKOHBI
3aIMChIBAIOTCS CIEAYIOIUM 00pa3oM:

qSE'dl' = — %—?dmcf[wé]dl'

_ , (1.1)
H :j%—?dé—qﬁ[\*/x D [dI’
NnJIn
rotE' = _%_ItB + rot[v x Iﬂ
9 (1.2)
rotH'’ :Z—? = rot[vx f)]
I[J_Iﬂ ITOCTOSHHBIX HOHeﬁ OTHU COOTHOIICHUS UMECIOT BU/I.
E = [\7 X é]
. 3
A =-[yxD] ’

B cootnomenusx (1.1-1.3), npeanoararoiux CIpaBeIIdBOCTh IIPeoOpa3oBaHUi
["anmuies, MITPUXOBAaHHBIC W HE IITPUXOBAHHBIC BEIWYHMHBI MPEACTABIAIOT OIS U
dJIEMEHTHl B JBWXKymIeiics u HemoaBmwkHoW MCO coorBercTBeHHo. CrnemyeT
3aMeTHTh, uTO TpeobOpazoBanusi (1.3) paHee MOXHO OBLJIO TONYYHUTH TOJBKO H3
npeobpaszoBanuii Jlopenia.

CootHomenust (1.3) CBUAETENBECTBYIOT O TOM, YTO B CIIydae OTHOCHUTEIILHOTO

— —_

ABUIKCHHUA CHCTEM OTCUCTA, MCKIAY IIOJISIMH E 141 H CYHCCTBYCT IICPCKpPECTHAA

—_ —

CBA3b, T.C. IBMKCHHC B ITOJIAX H IIPUBOAUT K ITOSABJICHHIO TIOJICH E 141 HaO60p0T.
N3 3TMX COOTHOILIECHUM BBITEKAKOT AOIOJIHUTCIILHBIC CICACTBHA, KOTOPBLIC BIICPBLIC

ObLIM paccMOTpeHksl B pabote [1]. Dnexrpuueckoe none E = SrEr 3a mpeaenamMu
3apsHKCHHOTO JYTMHHOTO CTEPIKHS, HA SUHUITY JUTHHBI KOTOPOTO TIPUXOIUTCS 3apsi
1

g, yObIBaeT mo 3aKOHY T rae I - paccTosHUE OT LEHTPAIbLHON OCU CTEPXKHS 10

TOYKH HAOIIOICHUS.
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Ecnu napajuienabHo ocu crepxkHs B none E nHauats co ckopoctsio AV nsurats
apyryto UCO, To B Heli mosiBuTCs fononHuTensHoe marautaoe noite AH = gEAv.
Ecnu Temeph MO OTHOIIEHHIO K yxke apmxymeiics MCO HauaTh ABUIaTh TPETHIO
cucteMy orcuera co ckopocthio AV, To yxke 3a cuer asmxenus B mone AH

2
nosIBUTCS 100aBKa K sjekTpuueckomy nomo AE = (g E(AV) . JlaHHBIA TIpOIIECC

MOXXHO HIpOoAOJDKAaTb M Jajlcc, B PEIYJIbTATC YCTO0 MOXKCT OBITH INOJIYUCH PAL,

JNAIOIUM  BEIUYMHY JJIEKTPUYECKOTO IIOJIA E\',(I’) B auwxkyueicas MCO mnpu

JOCTUIKEHUU CKOpOCcTU V = nAv, Korma Av S 0, a N - o, B KkoHEeYHOM HUTOTE B
npuxymieics MCO BennunHa AUHAMUYECKOTO SJEKTPUUYECKOTO TOJS OKaXKETCS
0oJIbIlIe, YeM B UCXOHOM U OMPEICIUTHCS COOTHOILICHUEM:

gchC v
' — C — O
E'(r,v,) 5 = ECh-

Ecoiu peur umaer o0 »JEKTpUUECKOM TIOJIE  OJWHOYHOTO 3apsiga €, To ero
BJICKTpI/I‘-IeCKoe T10JIC 6yz[eT OHpeI[eJISITbCSI COOTHOIIIECHUEM.
Y/
ech?D
I _—
E(rv,)=—2S |
g 2
47EY

rae V- HopMallbHasi COCTaBIIAIONIAsl CKOPOCTH 3apsijia K BEKTOPY, COCAMHSIOIEMY
JBYDKYIIAICS 3apsii U TOYKY HAOJIOICHUS.

Bblpa)KeHI/Ie Al CKAJEIPHOTO IIOTCHIHAJA, CO31aBacMOro ABWIKYHIUMCA
3apAaa0M, JUIA 3TOTO Cliydas 3allMaieTCs CIICAYIOIUM O6p330M:

VD
ech— v

P(1.V,) === p(r)ch2, )

rne @()- ckanapHEIi TOTEHIMAN HEMOABIKHOTO 3apsa. IToTeHmuan ¢'(I’,VD)

MOXXET OBITh Ha3BaH CKaJsPHO-BEKTOPHBIM, T.K. OH 3aBUCHUT HE TOJBKO OT
aOCOJIIOTHOM BEJIMYMHBI 3apsila U €ro CKOPOCTH, HO M OT HAaIpaBJEHUS €ro
JIBUKEHUS 10 OTHOILIECHUIO K TOYKe HaOMoJeHusa. MakcuMaibHOE 3HAYEHUE HTOT
IIOTEHIMAJl UMEET B HAIIPABJIICHUH HOPMAJIbHOM K JBUKEHUIO 3apsija.

[Ipy nBMKEHUM B MAarHUTHOM IIOJI€, IIPUMEHSS YK€ PACCMOTPEHHBIA METOJ,
MOJTy4aeM:

H'(vo) = Hen2.

rac VI:I - CKOPOCTh HOpMaJIbHAA K HAIIPABJIICHUIO MAIrHUTHOI'O ITOJIA.
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Ecnu mosmydeHHbIE pe3yabTaTbl NPUMEHUTH K DJIEKTPOMAarHUTHOM BOJIHE U

0003HaYNThL KOMIIOHEHTHI 0J1el napamiensHbie ckopocty MCO, kak E_ u H_, a

E, u H_, xakx xommoHeHTsI HOpManbHBIC K Hedl, TO MpeoOpa3oBaHMs MOJCH

BaHI/IHIYTC}I:
E’: = E:’
- = .V Z r. - \Y;
E; =Ech- + —|VxH_|sh=,
C v C
R (1.5)
H.=H_,
A =H chy - 1[Vxé]§ﬁ’
. 9T e vZ . c’
1
rae Z = = —UMIIEJAHC MPOCTPAHCTBA, C = ,[—— — CKOPOCTH CBETA.

[Tpeobpa3zoBanus mosteii (1.5)ObL1u BiepBhIe MoTy4eHbI B padote [1].

2. ®a3oBan aGeppauus u nonepeuHblii 3pdext Jomiepa.

[TokaxkeM, Kak MpH MOMOIIK COOTHOIIEHUH (1.5) MOXKHO OOBSICHUTH SIBJICHUE

dazoBoit abeppanuu,

KOTOpOE€ B paMKax KJIaCCHYECKOU QJICKTPOAMHAMUKHU

OOBICHEHUH HE HMMEJIO. By,Z[CM CUMTaTh, YTO HMEIOTCS KOMIIOHEHThI IIOCKOU

Bonuel H, u E,, pacnpocrpaustomeiics B HanpasneHnn Y, a IITPUXOBaHHAS

CUCTCMA ABUIKCTCA B HAIIPABJICHUHU OCHU X co CKOPOCTBIO VX' Torz[a KOMIIOHCHTHI

moJied B INTPUXOBAHHOH CHCTEME B COOTBETCTBHHM C cooTHomeHusmu (1.5)

3aMIIYTCS.

Takum oOpazom, umeercs

E =E,

E) =H,shx,
C

H. = H ch-x.
C

HCOAHOpPOAHAsA BOJIHA, HMWMCHOIIAA B HAIPABJICHUHN

I
pacrpocTpasenus KoMroHenty E, .

3anuimem cymmapuoe noite E' B gemkymeiics MCO:
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NI~

e =[ () +(5)]

— —

I I
Ecmu Bekrop H' mo-npexnemy oproronanen ocu Y, 1o Bektop E  Temeps

—_ VX
=E.ch o (2.1)

HAKJIOHEH K HEW Ha yroyl (', onpeaensieMblii COOTHOLLIEHUEM:
vV _V
a [sh—[—. (2.2)
C C

910 u ecTh (azoBas abepparus. IMeHHO HA TakO# yroj MPUXOIUTHCS HAKIOHAThH
TEJIECKOII 110 X0y MBMKEHHUs 3eMin BOKpyr CoJHIla, 4ToObl HAOI0OaTh 3BE3/IbI,
HaAXOJIAIINECS B 3CHUTE.

Bekrop IloliHTuMHTA Teneph HampaBjieH Y€ He Mo ocu Y, a Haxomsuch B

IINTOCKOCTH Xy, HaKJIOHCH K OCH y Ha YTOII, OHpC,Z[CH}ICMBIﬁ COOTHOIICHUAMHN

(2.2). OtHOmeHue ke abcoMOTHBIX BenmumH BekTopoB E m H' B obemx
CHCTEMAX OCTAlMCh OAMHAKOBLIMU. OIHAKO a0CONIOTHAS BEIMYMHA CaMOTO
Bekropa IlolinTuHra ysenuumnack. Takum 00pa3oM, JakKe IONEPEYHOE JBHKEHHE
MHEPLUATILHOM CUCTEMBI II0 OTHOLIEHUMIO K HANpaBIE€HHIO DPACIpPOCTPaHEHHUS
BOJIHBI YBEJIMYUBAET €€ SHEPIHIO B JIBIKYIIENCS CUCTEME.

HeTpyaHo mOKa3aTh, YTO, €CIM MONAPU3ALUS DIEKTPOMATHUTHOM BOJIHEI
M3MEHHTBCS, TO PE3YJBTAT OCTaHETCs NpexHuM. [IpeoOpa3oBanys 110 OTHOLIEHHIO

—

k Bektopam E n H monnocteio cummerpudnbl, eqMHCTBEHHBIM OTIHYKEM OyaeT
TO, 4YTO TENeph IMOJYYUTbCA BOJIHA, Y KOTOPOW TOABHUTbCA TmpuOaBka B

I
HAIPaBJICHUH PAaCIPOCTPAHEHNs y KommoHeHTa H, .

[losy4yeHHbplE BOJHBI MMEIOT B HAIPaBICHUU CBOETO PaCIpPOCTPaHEHUs
JOTIOJIHUTENIBHBIE BEKTOPA 3JIEKTPUUYECKOTO MM MAarHUTHOIO IOJISA, U B 3TOM OHH
noxoxu Ha E wm H Bosmsl, pacnpocrpanstomuecs B BomHOBomax. IonydeHHas
BOJIHA SIBJISIETCS CYINEPHO3MUIMENH IIJIOCKOW BOJHBI C (a3oBOW CKOPOCTHIO

1

C=,/[—= ¥ JONOJHUTEIbHOW BOJHBI C OECKOHEHYHOU (Pa30BOIl CKOPOCTHIO

UE

OPTOrOHAJIBHOM K HAIIPABJIEHUIO PACIIPOCTPAHEHNUS INIOCKOW BOJIHBL.

[Tonepeunsrit  abdexr [lommepa oOcyxmaercs A0cTaToyHO AaBHO. Jlis
HaOmroaeHus 38e3bl u3 ABmKymehcs NCO Heo0X0IuMO HAKIOHATH TEJIECKOI 10
XOAy JBIDKECHHUS Ha YroJi, ompejaensieMblii cooTHomieHueMm (2.2). Ho B maHHOM
ciiydae 3Be3Ja, HaOmrogaeMas MpH TOMOINM TeJecKolla B 3€HUTE, OyaeTr B
JNEHCTBUTEILHOCTH HAaXOIUTHCS HECKOJBKO TI033Jy BUIUMOTO TOJOXKEHHUS TIO
OTHOIIIEHUIO K HANpPAaBJICHUIO JBMXKEHHUS. Ee yrioBoe CMemieHue OT BUIAMOTO
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TIOJIOKEHUsT OyeT onpeaensaThesi cooTHomenneM (2.2). Ho ato Oyner o3Havark,
4TO Takas 3Be3/la 10 OTHOIICHHWIO K HAOIIOAATENI0 UMEET PaAHaIbHYI CKOPOCTD,
OTIpeCNIIEMYIO0 COOTHOIIICHHEM

V. =vsina

. \Y
[TockosibKy Ayt MaJIbIX 3HAYEHHWM yriaoB SING Ua,a a= E, TO JOIUIEPOBCKHUI

CABUI YaCTOTbI COCTAaBHUT
2

Wy :%é. (2.3)

JlaHHbIl pe3ynapTaT 4YuCIEHHO coBnagaer c¢ pesyiapratamu CTO, HO OH
NPUHLUIIMATIBHO OTJINYaeTcs OT e€ pe3yiabTatoB TeM, 4to B CTO cuutaercs, uto
norepeunbiil dg ekt Jlomiepa, onpenensemMplii cooTHOIeHHEM (2.3), CylecTByeT
B JICHCTBUTEIILHOCTH, B TO BpEeMs KakK B JaHHOM CIIy4ae 3TO TOJBKO KaXKyIIUUCS
ahdexr.

[IpeoOpazoBanust CTO, X0Ta U ObUIM OCHOBaHBI HA IMOCTYJIATaX, HO CMOIJIU
NPaBUJIBHO OOBICHUTH MHOTME (PU3MYECKUE SBIEHUS, KOTOpPbIE JI0 3TOrO
o0bsacHenus He nMenu. C 3TUM 00CTOSATETHLCTBOM U CBSI3aH TaKOUW OOJIBIION ycmex
CTO. IlpeobpazoBanust (2.4) u (2.5) mnonydeHsl Ha (U3HUECKON OCHOBE O3
UCIOJIb30BaHUs MOCTYJIATOB M OKA3aJI0Ch, YTO OHU C BBICOKO TOYHOCTBHIO COBIANIN
¢ CTO. Otrnmurem sBIsieTCS TO, YTO B IpeoOpa3oBaHusx (2.5) HET orpaHHUYEHHIA
110 CKOPOCTH 3apsI0B, a TAKXKE TO, UTO 3apsi]l HE SBISETCA HHBAPUAHTOM CKOPOCTH.
DKCHEepUMEHTANIbHOE  TMOATBEP)KIAEHUE  yKa3aHHOro  (akra,  ciyxaiiee
MOATBEPKIECHUEM MTPABUIILHOCTH MpeIJIaraéMbIX IpeoOpa3oBaHuid, COCTOUT B TOM,
YTO BOKPYT CBEPXMPOBOJISALIMX COJEHOUIOB M TOPOB, B KOTOPBIE BBOIUTCS
TIOCTOSIHHBIN TOK, BOZHUKAIOT CTATUYECKUE dIIEKTpUIeCcKue mois [2-4].

3. CujioBO€ B3auMo/ieiicTBUE ABHKYIIMXCH 3aPS/I0B U YHUIIOJISIPHAS
NHIYKIHSL.

B knaccuueckoi ANEKTPOJMHAMHKE JJIsl pacuera B3aUMOACHUCTBUS MEXKIY
JBUKYIIUMHUCS 3apsiiaMH HY>KHO 3HATh MarHUTHOE TOJIE, a 3aTEM, UCIIOJb3yS CUITY
JlopeHna, HaxomsAT Cuibl, JEUCTBYIOIIME HA 3apslbl, JBUKYIIMECS B 3TOM IOJIE.
[Ipr TakOM MOAXO0JE HESICHBIM OCTAETCS BOIPOC O TOM, K YEMY IPUIIOKEHBI CUIIbI
peakuMu 1O OTHOIICHHUIO K TE€M CHujaM, KOTOpbIE AEHCTBYIOT Ha JBUXKYIIUMECS
3apsiibl.
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KoHmenumsi MarHuTHOTO TOJISI BO3HHKJIA B 3HAYMTEIBHOW CTENEHU Oyarojaps
HAOJIIOJIEHUSIM 3a CHJIOBBIM B3aMMOJCHCTBMEM HaMarHW4YeHHBIX cucTeM. OcoOeHHO
MOKa3aTEIbHBIM SIBJISIETCS OMBIT C YKEJIC3HBIMU OMUIIKAMU, KOTOPBIE BHICTPANBAIOTCS
OKOJIO TMOJIFOCOB MArHUTa WJIM BOKPYT KOJIBIIEBOTO BUTKA C TOKOM B YETKHE
reoMeTpuueckue GUrypbl. OTH (GUTYPHI U TOCTYXHUJIM TMOBOJOM JJisi BBEICHUS
TAKOTO TIOHSTHUS, KaK CUJIOBBIC JIMHUM MarHUTHoOro mois. [Ipu moboM criioBom
B3aHUMOJECUCTBUH, B COOTBETCTBUH C TpEeTbUM 3akOoHOM HprooTOHA, Bcerma
CYLIECTBYET PABEHCTBO CHJI JCHUCTBUA M TPOTHBOAECHCTBHUS, a TAaKXKE BCErAa
MMEIOTCSI T€ BJIEMEHTHI CHUCTEMBbI, K KOTOPBIM 3TH CHJIbl MPWJIOKEHBI. boibiinm
HEJIOCTAaTKOM KOHIICMIIMYA MarHUTHOTO ITOJISA SBJISIETCS TO, YTO OHA HE JAa€T OTBETa
Ha TO, K Y€MY KOHKPETHO MPUJIOKEHBI CUJIbl JACHCTBUA U MPOTHUBOJACHCTBUS, T.K.
MarHUTHOE TOJie BBICTYNAE€T KaK CaMOCTOSITEIbHAash CyOCTaHIMs, C KOTOPOH H
MIPOUCXOAUT B3aNMOAEHUCTBUEC IBUKYIIUXCA 3aPSAIOB.

B koHmemmmu CHIOBOTO B3aMMOJICMCTBHSI, OCHOBAaHHOM Ha IOHSITHIX
MAarHUTHOTO MOJISI U cuJibl JIopeHa, MOJ0KUTEIBHO 3apsyKEeHHAs! pENIeTKa, KOTopas
ABJISIETCS. OCTOBOM IPOBOJHUKA M K KOTOPOW MPUJIOKEHBI CUJIbI, HE y4acCTBYET B
GbopMUPOBAHUM CHJT B3aUMOJECUCTBUS. TO, YTO MOJOKHUTEIHHO 3apsSKEHHbIC UOHBI
MPUHUMAIOT HEMOCPEICTBEHHOE YUacTHUE B CHJIOBBIX MPOIEccax, TOBOPUT TOT (akT,
YTO B MPOLIECCE CKATUA IUIA3Mbl, PU NPOTEKAHUH 4YE€PE3 HEE MOCTOSHHOTO TOKA
MIPOUCXOANT YBEIMYCHHUE INIOTHOCTH HOHOB (TaK Ha3bIBaeMbIH MUHI-IPPEKT).

PaccmorpriM 3TOT BOIPOC HAa OCHOBE KOHIENUIHMU CKAISIPHO-BEKTOPHOTO
MOTeHIMana. bynem cuWTarh, 4YTO CKaATAPHO-BEKTOPHBIM MOTEHUHAT OJWHOYHOIO
3apsga ompenensercs cootHomeHueM (1.4), W YTO DIEKTPUYECKHE IOJIS,
C03/1aBa€MbI€ 3TUM MOTEHIUAIOM, JIEMCTBYIOT Ha BCE OKPYKAIOIIUE 3apAJibl, B TOM
YUCJIC U Ha 3apsi/ibl MOJIOKUTEIBHO 3apsIAKEHHON PEIIETKH.

PazbepeM ¢ 93TUX TO3UIMI CHJIOBOE B3aUMOJICHCTBHE MEXIY JBYMS
napajuIeIbHBIMA MPOBOJHUKAMH (pUC. 1), IO KOTOPBIM JBHXKYTCS 3apsisl. B

+ + - -
JanHom cinysae ¢, , O, w 0, , (, TPeICTaBIAIOT COOTBETCTBEHHO

HETIOJIBIDKHBIC 3apsijbl PEIICTKH W JABWKYIIUECS DJEKTPOHBI, MPUXOJAIINECST Ha
SAVHUILY JJIMHBI POBOHUKA.
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Puc. 1. Cxema cUJIOBOTO B3aUMOJEHCTBUS MPOBOJOB C YUYETOM IOJIOKHTEIBHO
3apsSKEHHOM PEILEeTKH.

+ +
3apanel @, , §, NPEICTABIAIOT MONOKUTEIBHO 3aPSUKEHHYIO PEIIETKY B HMXKHEM

U BEpXHEM MpOBOAHMKAX. Bygem Takxke cuumTaTh, 4To 00a MPOBOJHMKA /10 Hadaja
JBUKEHUS 3aps10B SABJSIOTCS 3JIEKTPOHEUTPAIBHBIMH, T.€. B IPOBOJAHUKAX UMEETCS
JIBE CHUCTEMbl B3alMHO BIJIO)KEHHBIX PAa3HOMMEHHBIX 3apsioB C YyJEIbHON

+ - + - o

JI0THOCTRIO O, , §; u (, , §, , KOTOPHIC JICKTPUICCKU HEUTPATU3YIOT APYT
apyra. Ha puc. 1 3T cuctembl st OOJbLIEro yaoOCTBa PacCMOTPEHHUS CHII
B3aUMOJENCTBHS PA3HECEHBI 110 OCU Z. DJIEKTPOHBI JBUTAKOTCSA CO CKOPOCTAMHM V) U
V,. Cuiy B3aMMOJECHCTBHSA MEXIy HMKHMM M BEPXHHUM IIPOBOJHUKAMH Oynem
UCKAaTh KaK CyYMMY YeTbIpeX CHJI, 0003HAYEHUE KOTOPBIX IMOHSATHO M3 PHUCYHKA.
Cuiibl OTTaIKUBAHUSA F1 51 F2 Oyzem OpaTh CO 3HAKOM MHUHYC, a CHJIBI IPUTSHKCHUS
F;, u F, 6ynem 6pats co 3Hakom mtoc.

Cuipl, IEHCTBYIOIIME HA EAMHUYHBIA y4aCTOK MPOBOJIHMKA, 3AITULIYTCS
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F =4+ 21 I2 gl gZ Chvl
27TEY C
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CkmanpiBasgs  Cwibl, IMOJIYYUM BEJIMYMHY CYMMapHOM CHWIIBI, JEHCTBYIOLIEH Ha
€AUHULY JJIMHBI IPOBOJHUKA,

— 9192 1 2 _ —
F = T [ch s +ch—= o ch S j (3.2)

B JaHHOM COOTHOIICHHHW B Ka4C€CTBC gl )41 g2 B3SThl A0COJIOTHBIC BEIUYMUHBI

3apsAJ0B, @ 3HaKU CWJI YYTEHbl B BBIpaK€HHMU B CkoOkax. [lnsa cimywas V<< C,

BO3bMEM TOJIBKO [1BA IEPBBIX WIEHA PA3JI0KEHUA B PAI ChE, T.€. OyJIeM CUMTATh,

1V
4TO Ch 1+ — . U3 coorHomrenus (3.2)momydaem

2 c?

F. = 919V, — | 1| 2
21 2 2, !
2TECT 27ECT

rae B kadectBe §; 1 {, B3AThI a0COIIOTHBIC BEJMYMHBI yJICIbHBIX 3apsAN0B, a V; U

(3.3)

V, 0epyT cO CBOMMM 3HAKAMHU.

ITOCKOJIbKY MarHMTHOE IOJIE MPSIMOTO MPOBOJA, 10 KOTOPOMY TE€YéT TOK |
onpeJessieM COOTHOIIEHUEM

H=——,
27
TO U3 cooTHOIIeHUs (3.3)morydaem:
I, _H]l,
F, =—212 UH
= omchr ez

rac Hl - MAr"HuTHOC IIOJIEC, CO3JaBac€MOC HMIKHHUM IIPOBOAHHMKOM, IIO KOTOPOMY

TEYET TOK |1, B MECTE PACIOJIOKEHHUS BEPXHETO MTPOBOTHUKA.

AHAJIOrM4YHO
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F21 - |1/U H 21
riue H2 - MarHuTHOE 10JIe, CO3/1aBa€MO€ BEPXHHUM IIPOBOJHUKOM B paﬁOHe

pPAacHoJIOKEHUSI HUKHETO TTPOBOHHUKA.

OTH COOTHONIEHUS TMOJHOCTBIO COBMAAAIOT C PE3yJabTaTaMH KOHIEHIIUU
MarduTHOTO I10J4.

Cootnomrenne  (3.3) nmpeacTaBIseT  W3BECTHOEC  NPABHIO  CHJIOBOTO
B3aUMOJICHCTBUA MEXKY MPOBOJHUKAMM, 10 KOTOPHIM TEYET TOK, HO MOJYYEHO OHO
HE MyTeM BBejieHHs (PEHOMEHOJOTHYECKOT0 MAarHUTHOTO MOJIsA, 4 HA OCHOBE BITOJTHE
MOHSATHBIX (PU3UUECKUX TMPOIEAYpP, B MPEANOJOKEHUU TOT0, YTO CKaJSIPHBIN
MOTEHIIUAJT 3apsia 3aBUCUT OT CKOPOCTU. B dhopmMupoBaHuU CHII B3aMMOICHCTBUS B
JJAHHOM CJIy4a€ HEMOCPEACTBEHHOE Y4YacTHE NPUHUMAET M PEIIETKA, YEro HET B
KOHUEIIMM MAarHuTHOrO moyisi. B pacCMOTpEeHHOM MOJENH  ONPENENIHbl MECTa
NpUIIOKEHHUST Cuil. [lonmydeHHbIE COOTHOIIEHHSI COBIIAJAKOT C PE3YJIbTATAMH,
MOJIYYCHHBIMU Ha OCHOBE aKCMOMATHYECKH BBEIEHHOU cuion JlopeHua. B maHHOM

\'
Ciy4yae B3ST TOJBKO MEPBbIN WIEH Pa3I0KEHUS B Psij ChE. Jlnst ckopocreit V~ C

cienyer OpaTh M OCTAJbHBIE WIEHBl PA3/IOKEHUA. DTHUM MpeljlaraeMblii METOJ
OTJINYAETCS OT METOZA pPacdy€ra CWIOBBIX B3aMMOJEHCTBHIM HAa OCHOBE KOHIIENIHVU
MarHuTHOTO mojs. Eciu ydecTh 3TO 0OCTOSITENBCTBO, TO CBSI3b MEXKIY CHIAMHU
B3aUMOJIEUCTBUS U CKOPOCTSIMH 3apsiIOB OKa3bIBAETCSI HETMHENHON. DTO NPUBOJIUT
K TOMY, YTO 3aKOH CHJIOBOTO B3aUMOJEHCTBMS SBIIAETCS aCUMMETpHUYHBIM. [lpum
OJIMHAKOBBIX 3HAYEHMUAX TOKOB, HO IIPU pPa3HBIX HMX HANPABICHUSAX, CHUIIbI
IPUTSDKEHUS UM OTTAJIKUBAHUS CTAHOBATCA HEOAUMHAKOBBIMU. CHIIBI OTTaJIKUBAHMS
OKa3bIBAIOTCS OOJIBIIMMH, YE€M CHJIbl HPUTSKEHUS. OJTa pa3HHULA HEBEJIUKA U
OIPEIENAETCS BEIPAXKEHUEM

2
AF = ve Ll
2 2.7
2C° 27EC°E
HO TMIPOSIBIIAETCS IPU CKOPOCTSIX HOCUTENEH 3apsiioB OJM3KUX K CKOPOCTH CBETA.

Yo6epeMm penieTky BepxHero npoBoaHuKka (puc. 1), ocTaBUB TOJIBKO CBOOOTHBIN
3NEKTPOHHBIHA 1MoToK. [Ipu oToM mcuesnyt cuisl F u b, n ato Gyner o3nauats
B3aMMOJICHCTBHEC HI)KHETO IPOBOJHHMKA C IOTOKOM CBOOOJHBIX 3JICKTPOHOB,
ABWKYIMXCSA €O cKopocTbio V,. Ilpu 3TOM 3HaueHHe CHIbI B3aUMOJECHCTBHS

onpeaAcCIACTCA N3 COOTHOUICHUA

_ 99 (Vo _
F = > IET ch o ch

V,~V,

(3.4)
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Cuna Jlopenua IpEAnoNaraeT JIMHEWHYI0 3aBUCHMOCTb MEXAY CHIIOH,
JNEUCTBYIOLIEN Ha 3apsiji, U €ro CKOpocThro. OJHAKO B MOJyYEHHOM COOTHOILEHUU
3aBUCHUMOCTb BEJIMYMHBI CHJIBI OT CKOPOCTH DJIEKTPOHHOIO IIOTOKa Oyner
HEJIMHEUHOM.

OtrmeruM em€ OAMH WHTEpeCHBId pe3ynbrar. W3 coorHomenus (3.3), ¢
TOYHOCTBIO [0 KBAQJAPATHYHBIX UWICHOB, CHWJIA B3aWMOJEUCTBUS 3JIEKTPOHHOIO
IIOTOKAa C NPSIMOJMHEHMHBIM IPOBOJHUKOM, IIO KOTOPOMY TEYET TOK, MOYKHO
ONPENEIIUTH U3 COOTHOIICHUS

2
_ 0.9, ([ VV, _1vg
> 21Er| ¢ 2¢?

(3.5)

OTCIOI[a caienyer, 4Yro IIpd OJHOHAIIPpABJIICHHOM ABWKCHUW JJICKTPOHOB B
IIPOBOJHUKE W B JJICKTPOHHOM IIOTOKE CHJIA BSaHMOHCﬁCTBHH IIPpHU BLIITIOJIHCHUH

ycnoBus V; =5V, OTCyTCTBYET.

2

Crnenyet oOpaTuTh BHUMAHUE €I1IE€ HAa OJHY BaXXHYIO OCOOEHHOCTH COOTHOIICHHUSI
(3.5). Ecmu monokuTh, YTO B BEPXHEM MPOBOJHUKE OTCYTCTBYET pEIlETKa, a
JJIEKTPOHBI HEMOABMKHBI, TO BCE PABHO OCTAETCA CWJIA, JEUCTBYIOIIAs Ha
HEMO/IBUKHBIE AJIEKTPOHBI CO CTOPOHBI HMKHETO MPOBOJAHMKA, 10 KOTOPOMY TEUYET
TOK, YTO 3KBUBAJICHTHO HAJIMYHIO BOKPYT HIDKHEIO MPOBOJHMKA DJIECKTPHUUECKOTO
noyis. JTa cuja ONpEeNeNsieTCs BTOPbIM YJIEHOM BBIpaKEHUS B CKoOkax. Jlms
HOPMAJIbHBIX TMPOBOJHMKOB 3Ta CHJIa Maja, T.K. CKOPOCTH DJJIEKTPOHOB B HHUX
HEBEJIMKH, U1 OOHAPYKUTh €€ HEBO3MOXKHO. Tako#l CHiIbl B KOHILIETIIMM MarHUTHOTO
noJiss HEeT, T.K. HENOJABW)XHbIE DIJIEKTPOHbI € MAarHUTHBIM TIOJIEM HE
B3anMOecTBYI0T. HO B cBepXmpoBOJHMKAX IUIOTHOCTH TOKOB HA MHOTO TIOPSAKOB
MPEBOCXOAT MJIOTHOCTH TOKOB B HApMaJbHBIX METaIaX, U MO3TOMY BOKPYT HHUX
oOpa3yeTcs 3JIEKTPUUYECKOE IO0JIe, CBA3AHHOE C IBUKEHHEM 3JEKTPOHOB, KOTOPOE
noanaérca uaMepenuto. C 3TUM U CBsI3aH TOT (HAKT, YTO BOKPYT CBEPXIIPOBOMASIINX
COJICHOUJIOB M TOPOB, B KOTOPBIE BBOJAUTCS TOK, 00pasyercs saeKkTpuieckoe nojue. 1
9TOT (haKT MOJYUrJI IKCIIEPUMEHTAILHOE MMOATBEPIKACHKE B paboTax [2-4].

[TockonbKYy CKOPOCTH 3JEKTPOHHOI'O MOTOKA OOBIYHO TrOpa3fo BHIIIE CKOPOCTH
HOCHUTEJIEH TOKAa B MPOBOJHUKE, TO BTOPHIM WJIEHOM B CKOOKaxX B COOTHOIIEHUH
(3.5) MmoxHO TIpeHeOpeub. Torna, MoCKOIbKY

H, =
27TEC Y
MArdHmTHOEC II0JI€, CO034aBacMO€ HUXHHUM HpOBOI[HI/IKOM B MCCTC JABHXCHUIA
BJICKTPOHHOFO II0TOKA, HOJIyT-II/IMZ
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B JaHHOM CJIy4dac, IIOJYYCHHOC 3HA4YCHHUC CHUJIbI B TOYHOCTHM COBIIAJacT CO

= g,uV,H .

3HaYeHHeM Cuiibl JlopeHna.
Y4yuteiBas, 4To

F=9,E=9g,uv,H,
MOXXHO CYUTAaThb, 4YTO Ha 3ap;1z[, I[BH)KyIHHﬁCH B MAr"umTHOM IIOJIC, I[eﬁCTByeT

QJICKTPHUYCCKOC II0JIC E, HaIpaBJICHHOC HOPMAJbHO K HAIIpaBJICHHUIO JABHXKCHMHA

V2

3apsaaa. I[aHHbIﬁ pe3yJIbTAaT TAKKC C TOYHOCTBIO 110 KBAJIPATHYHLIX YJICHOB >

C
MOJIHOCTBIO COBMAJA€T C pe3yJibTaTaMM KOHIIENIIMM MAarHUTHOIO TMOJdS M
onpenenser cuity JlopeHua, 1eCTBYIONIYIO0 CO CTOPOHBI MATHUTHOTO TOJISE HAa OTOK
JBHKYIIUXCS 3JIEKTPOHOB.

OgHuM M3 CYIIECTBEHHBIX MPOTHUBOPEUMM KOHILEMNIIMM MArHUTHOTO IOJIS
SIBJISIETCS TO, YTO JIBA MAapasUIeNIbHBIX MyYyKa OJJHOMMEHHBIX 3aps10B, ABUTAOIIUXCS
C OJMHAKOBOM CKOPOCTHIO B OJIHOM HAamNpaBJICHUH, AOJKHBI MPUTATUBAThCs. B
PAacCCMOTPEHHOW MOJEIM HTOr0 MPOTUBOpeuMsi yke HeT. Ecnum cuutaTh, 4TO
CKOPOCTH 3apsiioB B BEpPXHEM U HIKHEM IpoBoJe OydyT paBHBI, a pEIIeTKa
OTCYTCTBYET, T.€. OCTABUThb TOJIbKO 3JEKTPOHHbIE MOTOKHU, TO OCTAHETCSI TOJIBKO

CHJia OTTaJIKHMBaHUA F2 HCE3aBUCHUMO OT TOI'O ABMIXXYTCA 3apsabl UJIA HCT.

Bo3Hukaer Bompoc, a co34a€T I MAarHUTHOE IOJIE CaM ABMXKYLIMKCS IMOTOK
AJIIEKTPOHOB B OTCYTCTBMM KOMIICHCHPYIOIIMX 3apsAI0B peleTku. PaccmorpenHas
CXeMa IIOKa3bIBAE€T, YTO PACCMOTPEHUE BOMNPOCA O CUJIOBOM B3aUMOJECHCTBUU
MEXIy TMPOBOJHUKAMHU TpeOyeT yuéTa MOJIOKUTEIHHO 3apSOKCHHOW PEIIeTKH.
[TosToMy caM JBWXKYIIMWACS BJIEKTPOHHBIM IOTOK HE MOXET CO34aBaTh TOrO
s dexTa, KOTOphI co3AaETCs MPHU €ro JBUKEHUU B MOJOKUTEIBHO 3apSyKEHHOM
pemetke. B TO ke BpeMs, e€clii pacCMOTPETh ABa IMApajuIeNIbHO JBHKYLIUXCS
IIOTOKA DJIEKTPOHOB, TO BO3HUKAET JOMOJIHUTENbHAS CHJIA B3aUMOJCHCTBUS,
3aBUCSIIAS OT OTHOCUTEJIBHOW CKOPOCTH 3THUX ITOTOKOB.

[TponemoHcTprpyeM emié OIMH MOAXO0 K TPOOIeMe CHIIOBOTO B3aUMOICHCTBUS.
KoHcraranus ¢akra HaIMuus CHJI MEXIy CHCTEMaMH YKa3blBaeT Ha TO, YTO
CYIIECTBYET KAaKOe-TO I0JI€ CKaJIPHOTO IMOTEHIHANIa, TPAJUEHT KOTOPOro u
oOecrnieurBaeT ykazaHHyio cuiay. Ho uyto ato 3a mone? CootHoirenue (3.3) maér
TOJNBKO 3HAYEHHE CWUJIBI, HO HE TOBOPUT O TOM, TPaAUEHT KAaKOTO CKaJIIPHOIO

IHoTCHIHAaJIa 3TN CHUJIbI oOecreynBaeT. Eyz[eM MoAACPKUBATH ITOCTOSAHHBIMU TOKH Il

u |,, n HauHéMm cOmmwkaTh WK yoansTh NPOBOJHMKH. PaboTa, KOTOpas MpH 3TOM
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Oyaer 3arpadeHa, M €CThb TOT MOTEHIHMAJ, TPaJUEHT KOTOPOro MAaéT CHILy.
[Tpounterpuposas cootHomenue (3.3)mo I, moaydaeM BeIHUNHY SHEPTUU:

11, Inr
27EC’

Orta OHCPIrusi, B 3aBUCHUMOCTH OT TOIo, yAAJIAIOTCA IPOBOAHWKH, WIHU C6J'II/I)K8.TI>,
MOXET OBITh IMOJOXKUTEJIIBHOW WM oTpullaTebHOM. Korma mpoBOAHUKHA yAASIOT,
TO OHCPIrUs IMOJIOKHUTCIIbHA, @ 3TO O3HA4YaCT, 4YTO, HOAACPKHNBAA TOK B IIPOBOAHHUKAX
INOCTOSAHHBIM, I'CHEPATOP OTI[aéT OHCPIUIO. ITO ABJIEHUE U JIEKUT B OCHOBE pa6OTLI

W =

BCEX dJIeKTpoaBuTareneid. Eciam mpoBOMHHMKN COMMXKAIOTCS, TO pabOTy COBEPIIAOT
BHEIIHUE CHJIbI, HAJl HICTOYHUKOM, MOAAEPKUBAIOIIUM B HUX MOCTOSHCTBO TOKOB.
DTO SBJICHUE JISKUT B OCHOBE pabOTHI JIEKTPOTCHEPATOPOB.

CooTHonIeHue sl SHEPTUHM MOKHO MEpPEnucaTh U Tak:

11, Inr
W= chz _IZAzl_IlAZZ’
rac
A, = L InT
27EC?

€CTb Z- KOMIIOHCHTA BCKTOPHOTIO ImorcHuualia, co3aaBacMast HHM)XHHUM
IMPOBOJHUKOM B MCCTC PACIIOJIOKCHNA BCPXHCTO ITPOBOJIHHUKA, a

I
2TEC
€CTh Z- KOMIIOHCHTA BeKTOpHOFO noreHuualia, co3gaBacmast BerHI/IM
HpOBOI[HI/IKOM B MCCTC paCHOJ'IO)KeHI/IH HHWXHCTO HpOBOI[HI/IKa.

PaccMoTpenHbIit MOaX01 AEMOHCTPUPYET Ty OOJIBIIYIO POJib, KOTOPYIO MIpaeT
BCKTOpHLIﬁ INOTECHIHAJI U €ro 3aBUCUMOCTH OT CKOpOCTH B BOIIpOCAax CHIIOBOTO
BSaHMOHCﬁCTBHH nu HpCO6p8.30BaHI/I}I BHCKTqueCKOﬁ BHCpFI/II/I B MCX&HI/I‘ICCKy}O.
Takou moaAxXoa TAaKXE sACHO yKaSBIBaCT Ha TO, 4TO CHJIA HOpCHHa €CTh CJIICACTBUC
BBaHMOHeﬁCTBHH C IIOoJIEM BCKTOpHOFO noreHoualia, co3gaBacMoro I[pyFI/IMI/I
npoBogHUKAMHU. M BaXHBIM OOCTOSTETHCTBOM SIBISIETCS TO, YTO (hopmMupoBaHHE
BeKTOpHOFO IIOTCHIIAJIa 06H33H0 3aBUCUMOCTHU CKaHHpHOFO IIOTECHIKaJIa OT
CKOpOCTI/I. I[BI/I)KyHlI/IeCH 3apﬂzu,1, B CBsA3U C HAJIMYUEM 3aBUCHUMOCTHU UX CKaJISIpHOFO
IIOoOTCHOHaJIa OT CKOpOCTH, CO3OAr0T CKaJI}IpHOC I1oJie, l“paL[I/ICHT KOTOpPOTO H ,Z[aéT
CUILY.

HCCMOTpH Ha TIIPpOCTOTY H OUYCBUIHOCTh TaKOI'0O I10AX0J1a, 3TOT HpOCTOﬁ
MEXAHHU3M 0 HACTOAILICIO BpeMeHI/I HC 6BIJ'I OKOHYATCJIBbHO OCO3HAaH. HO 3T0ﬁ
npuyrHe cuia JIopeHna 10 cux nop BBOAWIACH aKCUOMATHYECKUM IIyTEM.
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4. YHUNoJAsIpHAsh MHIYKIIUS

YHunosnspHas uHaykinus Obiia oTkpbiTa emé Papaaeem nmoutu 200 jgeT Tomy
Ha3aJl, HO B KJIACCHYECKOM AJIEKTPOJUHAMUKE OKOHYATEJIbHOI'O OTBETA Ha TO, KaK U
nodyeMy pabOTalOT HEKOTOPHhIE KOHCTPYKIIMHM YHHUIIOJSPHBIX TEHEPATOPOB, HET IO
HacTosmero Bpemenn [10]. HemonsTHa pabota jmaxke TOro reHepaTopa, KOTOPBIH
Obpl1 OoTKphIT emé DapameeM, Korja WMEETCS HAaMarHUYCHHBIA TMPOBOSIIHIMA
MUINHAP, TPH BPAIMICHWH KOTOPOTO MEXIy HEMOJBW)KHBIMA KOHTAKTaMH,
NOAKIIOYEHHBIMA K €r0 OCH U 00pa3ylollel, BO3HUKAET AJIEKTPOJBUKYINAS CUJIA.
Emé Oonee HEMOHATEH cilydail, KOrma BMECTE€ C UWIMHAPUYECKUM MAarHUTOM
BpalaeTcsl MNPOBOASIIMK JIUCK, HE HMEIONIMI TrajJbBaHUYECKOrO0 KOHTAKTa C
MarHuTOM, a HEMOABMKHBIE KOHTAKThl TIOJKIIOUYEHBI K OCH JUCKa U €ro
oOpasyromieii. B HekoTopsix ncTtounukax [11] roBoputcs, 4TO OTBET MOXKET OBIThH
nosydeH B paMmkax CTO, HO HeT KOHKpeTHbIX OTBeTOB, Kak CTO mpumMeHuTh K
BparmiaroniemMycst Marauty. [lokaxkem, 94To KOHKPETHBIC OTBETHI HA BCE ATH BOMPOCHI
MOTYT OBbITh MOJIy4€HBI B pAMKaX KOHLEMIIUH CKAISIPHOT0-BEKTOPHOTO MOTEHIIMAIA.

PaccmoTpuMm ciywail, Korga MMeeTcsl OJWHOYHBIA JJMHHBINA MPOBOJHMK, IO
KOTOpOMY T€U€T TOK. byneM mo-mpexHeMy cuuTarh, YTO B MPOBOJHUKE UMEETCS

o +
CUCTCEMA B3aMMHO BJIOKCHHBIX 3apPsAJ0B ITOJOXKHUTCIIbHOU PCIICTKU g )41 CBO6OI[HI>IX

3JEKTPOHOB {J , KOTOPBIE B OTCYTCTBUE TOKA HEUTPAIM3YIOT ApYyT Apyra (puc.3).

DJIEKTPUYECKOE T10JIe, CO3/IlaBa€MOE HEMOJIBUKHOM PEelIeTKOM B 3aBUCUMOCTH OT
KOOpAWHATHI I UMEeT BUJI;

\4

Puc. 3.TIpoBoaHMK, IO KOTOPOMY TEYET TOK.
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Eyz[eM CUUTAaTb, 4YTO HAIIPABJICHHUC BCKTOPA JJCKTPHUYCCKOIO IIOJIA COBIIAJacT C

HanpasineHueM | . EciaM 5JIEeKTPOHHBIM IOTOK JBHIKETCA CO CKOPOCTBIO Vi, TO

SJICKTPUYICCKOC IT0JIC 3TOI'O IMOTOKA OIIPCACTIACTCA paBCHCTBOM

v, N
27Er  C 27TEY 2 c?

CknazasiBas (4.1)u (4.2),nonydaem:

E— - — g_vl2
ATECT

(4.2)

910 O3HA4YacCT, 4YTO BOKPYI' IPOBOJHHKA C TOKOM HMCCTCA IJICKTPHUYCCKOC IIO0JIC,

COOTBETCTBYIOIIEE OTPULIATEIILHOMY 3apsiy MPOBOJHUKA. OJHAKO 3TO MOJIE UMEET

HE3HAUUTEbHYIO BEJTMYUHY, TOCKOJIbKY B pealibHbIX MPOBOIHUKAX V K C.

PaccmoTpum cimyyait, Koraa NpOBOJHHMK, IO KOTOPOMY CO CKOPOCTBIO V| TEKYT

9JICKTPOHBI, IBMKETCS B 0OPaTHOM HampaBlieHUH co ckopocThio V (Puc. 4). B atom

ciyuae cootHotnenus (4.1)u (4.2) npuMyT BUI:

Po 9 (1
E = 27EY 1 22
- _ 2

\ 4
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Puc. 4. JIBuxxyuuiics NpoOBOJHUK C TOKOM.

Cknaasias (14.3)u (4.4),nony4aem:

E+ — g Vlv _1\/12
27&r| ¢> 2c¢?

(4.5)

[ToCKONBKY CKOPOCTh MEXaHHUYECKOTO JBIDKEHHSI TPOBOJHHMKA 3HAYUTEIHHO
OoubIie, yem apeidoBasi CKOPOCTh JICKTPOHOB, BTOPHIM WIEHOM B CKOOKaX MOYKHO
npenedpeds. [Ipu 3tom u3 (4.5) nomyqsaem

r=_94 (4.6)
27ECT

[lony4yeHHBI pe3yabTaT O3HAYAET, YTO BOKPYI JABMKYILIETOCA IPOBOAHHUKA, IO

KOTOPpOMY TEYET TOK, IIO OTHOIICHUIO K HCIIOABUKHOMY Ha6J'IIO,Z[aTCJ'HO 06pa3yeTc;1

SIIEKTPUYECKOE IIoJie, ompeaensemMoe cooTHomeHueM (4.6), 4To paBHO3HAYHO

MOABJICHUIO HA 3TOM IIPOBOAHHUKEC YACIbHOI'O ITOJTOXKHUTCIILHOI'O 3apsiaa PaBHOT'O

+ _ QUV
g - C2

Kak momydaercs yHUIIONsApHas HMHAYKLUSA, NPU KOTOPOM HA HEMOJBWKHBIX
KOHTAaKTax MOJIy4aeTCsl pa3HOCTh IOTEHLUAJIOB, JIETKO MOHATH U3 pUC. O.
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<
V 1 \
< V
aeuofcyu;aﬂc;z memanpiuvecKkas niaiacmuHKa
r, 7\
v /il

Puc. 5.Cxema ¢popmMupoBanus 3.1.C. yHUNOJISAPHON UHTYKIIUH.

By,Z[CM CUHUTaTh, 4YTO rl )41 rZ KOOPAWHATBbI TOYCK KaCaHMA KOHTAKTOB, KOTOPLIC

CKOJIB3ST IO KpasM METAUIMYECKOW  TUIACTHHBI, JBIKYIICHCS C TakoW ke
CKOPOCTBIO 4YTO W TIPOBOJHHUK, IO KOTOpoMy Te4ér ToK. [l ymoOctBa
PAcCCMOTPEHHSI TOJIOKUTEIBHBIE MOHBI B MPOBOJHHUKE M JBUKYIIHECS DIIEKTPOHBI
pasHeceHbl 110 KoopauHate Z. KOHTaKThl MOJIKIIOYEHBI K BOJIBTMETPY, KOTOPBIN
TaKXe HemoABIKeH. Torma, MOXXHO BBIYHCIUTH PA3HOCTh MOTEHIIMAJIOB MEXKIY
ITHMHU KOHTAaKTaMH, IPOUHTETPUPOBAB cooTHOIIeHUE (4.6):

U = _uV J.rzﬂz—gvlv Ink
2/EC? n I 27EC? T

Ho 4to06m1 k Harpy3ke, B TaHHOM CJIy4ae K BOJBTMETPY, MPWIOKUTH 3Ty Pa3HOCTh
MOTEHIIMAIOB, HEOOXOAMMO CKOJIB3SIINE KOHTAKTHl 3aMKHYTh TEPEMBIUYKOW, Ha
KOTOPOM HET YKa3aHHOW Pa3HOCTHU MOTEHIMaNoB. HO MOCKOJIbKY MeTamiumdeckas
IJIACTUHA JBUYKETCS COBMECTHO C IMPOBOJHUKOM, TO HA HEM PA3HOCTh MOTEHIUAIIOB
oTcyTcTBYeT. OHa M CIY)KUT TOH IEPEMBIYKOM, KOTOpas AT BO3MOXKHOCTh
MPEBPATUTh TAKOM COCTABHOW KOHTYP B YHUIIOJSIPHBIN T€HEPATOP.

Ternepbr MOXHO MPOBOJIOKY CBEPHYTh B KOJbIO (puc. 6) U3 OJHOrO WIH
HECKOJIbKUX BUTKOB, M 3alHUTaTh €ro OT MCTOYHHMKA ToKa. [IpmuémM koHTakThl 1
CJIEyET BBIBECTH HA KOJIBLEBBIE KOJUIEKTOPHI, HAXOASAIIUECS HA OCU BPAILICHUS U K
HUM TIPUCOCIUHUTH TPYIIMECS HEMOABMXKHBIC METKUA. TakuM o0pa3oM, MOMKHO
MOJYYUTh BpallalOlMica MarHut. B a3toT MAarHuT CJIEAYET IOMECTHUTH
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NPOBOASIIMN JUCK C OTBEPCTHUEM, BpAIAIOUIUMNACS COBMECTHO C BHUTKaMu
MPOBOJIOKH, CHIyXalleil MarHUTOM, U TMpPU TMOMOIIM HEMOJBHXKHBIX KOHTAaKTOB,
CKOJIB3SIIUM O  00pa3yloluM JAKCKa, MOJaTh HaNpsKeHWe Ha BOJBTMETp. B
KauecTBE MPENEIbHOr0 Ciay4yas MOXKHO B3SITh CIUIOIIHOM METAJUIMYECKUU TUCK U
MOJKTIOYUTH CKOJB3ANIME KOHTAaKThl K 0Opa3yrolied nucka M ero ocu. Bmecto
BpAIllAlOIIETOCsd BUTKA C TOKOM MOHO B3ATh JHMCK, HAMArHUYEHHBIM B OCEBOM
HaIpaBJICHUH, KOTOPHIA IKBHUBAJICHTEH BUTKY C TOKOM, TIPH 3TOM OyAeT MOIydeH

Tako# xe 3((PeKT.
N

\—s,
7

spawaowuiicss OUcK

~——7F

B8PAUAIOWULICS  BUMOK

\_,7

Puc. 6.Cxema yHUTIONSPHOTO T€HEpATOpa C BpALIAIOIIMMCSI MAarHUTOM U
BPAIIAIOIIMMCS TPOBOJSAIIUM KOJIBIIOM.

Bo3MokHBI Ppa3INYHBIC COUYCTAHMA BpallatOnUXCsa MAariuToB U JMCKOB
Cnyqaf/i C HCINOABM)XKHBIM MArHuTOM MW BpallalOmUMCs IIPOBOAAIINM JHCKOM
XapakTepusyercs cxeMoil (puc. 7), ecid NpOBOJAIIYI0 IUIACTHHY CBEPHYTH B
KOJIBIIO.

E(r)

<

< Vv

()6‘1/[’)!()/1/[461}!(,}! memaniiudecKkad niacmuHKd

T2
I

Puc. 19.Cnyuaii HenmoABMKHOTO MarHUTa U BPAIIAIOIIETOCs JUCKA.

B sTom CJIy4ac BBIIIOJHAIOTCA CICAYIOIMNUE COOTHOIIICHMUS.
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DNEeKTpUYECKOEe T0Jie, TEHEpUPYEMOE BO BpalIalOIEMCs JUCKE 3JIEKTPOHAMH,
JBIKYIIMMHUCS 0 TPOBOJIHUKY, ONPENETSETCS COOTHOIIEHUEM

__ 9 L v-v__ g +}(V1‘V)2
E 2nerCh C 27EY 1 2 ’
d HCIIOABM>XHBIMHU MOHaAMU
S PN I P A
E _ZIEI’ChC_ZIEI’ 1 22

CYMMapHaSI HaIIPAKCHHOCTD SJICKTPUYICCKOI'O ITOJIA IIPU 9TOM COCTABUT

__ 9 (W
> 2rEr | ¢?
da Pa3HOCTb IIOTCHHHAJIOB MCKIAY TOYKaMH l‘l 151 I’2 B CHCTCMC KOOpAMWHAT,

JBIDKYIIEHCS] BMECTE C TUTACTUHOM, OYyIeT paBHA

U — g(r2 — 1) Wl
27EY c?

[TockonpKy B HEMOABM)KHOM 110 OTHOUIEHHMK) K MArHUTy ILE€NH BOJBTMETpa
WHAYLHMPOBAaHHAs Pa3HOCTh MOTEHLHAJIOB OTCYTCTBYET, TO YyKa3aHHas pPa3HOCTb
NOTEHIMAJOB M OyAeT paBHAa BJIEKTPOABMXKYIIEH CHIION pPaccCMOTPEHHOTO
reHeparopa. Kak u paHee IBIKYIIYIOCS MPOBOJSIIYIO INIACTUHKY MOYKHO CBEPHYTh
B JIUCK C OTBEPCTHEM, a MPOBOJOKY, [0 KOTOPOM TEYET TOK B KOJIBLIO C TOKOM,
KOTOpPO€ SBJIIETCS OKBHUBAJIEHTOM MAarHuTa, HAaMarHW4eHHOIO B TOPLEBOM
HaIpaBJICHUU.

Takum 00pa3zoMm, KOHLENIUS CKaJIIPHO-BEKTOPHOI'O MOTEHLIMANA JAaET OTBETHI
Ha BCE€ IOCTaBJICHHBIE BONPOCHI, KACAIOIIMECS BCEX W3BECTHBIX KOHCTPYKIIUI
YHUIIOJIAPHBIX TEHEPATOPOB.

5. 3aKOHBI M3JIYYeHH S ABHKYIIETOCH 3apsia
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[Tockonpky mI000M TPOIECC PACTIPOCTPAHEHHS JJIEKTPUUYECKUX TONelH U
NOTEHLIMAJIOB BCET/IA CBSI3aH C 3ala3/bIBAHUEM, BBEEM 3al1a3IbIBAIOIINN CKAJIIPHO-
BEKTOPHBIN NOTEHLMAN, CYUTAasl, YTO MOJE 3TOr0 MOTEHILMajIa paclpoCTpaHseTcs B
JAHHOM CpeJie CO CKOPOCThIO CBETA!

r
C
geh—
r,t)= , 5.1
P =— 5.1)
r .
rae Vo | t - E — COCTaBJIAIONIas CKOPOCTH 3apsana {J, HopMaibHas K BEKTOpy [

r )
B MOMeHT Bpemenn U =1 — o I' — paccTosiHUs MEXIy 3apsiOM U TOYKOH, B

KOTOPO# onpeseseTcs mojie, B MOMEHT BpeMenu .

Hcnonssys cootHowenne E = —grad @(r,t), naiiném nose B Touke 1 (puc. 8).

—

['pagueHT uncnoBOro 3HAYEeHHS paguyca BekTopa I ecTh ckamsipHas (QyHKIHS
JIBYX TOYCK: HAYAJIbHON TOYKH paJiiyca BEKTOpa M €ro KOHEYHOW TOYKHU (B JAaHHOM
ciydae 310 Touka 1 Ha ocu X u Touka O B Hawane koopauHat). Touka 1 siBisercs
TOYKOM MCTOKA, a Touka O - Toukoif HaOmoaeHus. [Ipu onpenenenuu rpaareHTa ot
GbyHKUIMH, cOAepKallleld paguyc B 3aBUCHUMOCTHU OT YCJIOBHUH 3a/laud HEOOXOIUMO
pasnuuath JiBa Ciiyyvasi:

1) Touka mcToka (ukcupoBaHa ¥ I paccmMaTpuBaeTCs Kak (DYHKIHUS MOJOXKCHHS
TOYKHU HAOJIIOICHHUS .

—

2) Touka HaOmoaeHus ¢ukcupoBana u [ paccmaTpuBaeTcs Kak (DYHKITHS
MIOJIO’KEHHUSI TOUYKH UCTOKA.
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r A E, (1)

(1)

Puc. 8. Cxema ¢popMupoBaHusi UHAYIUPOBAHHOTO AIEKTPUUECKOTO MOJIS.

bynem cuutaTh, 4TO 3apsia € coBepIIaeT KojeOaTeIbHOE NBUKEHUE BJIOJb OCHU
Y, B okpectHocTu Touku O, KOoTOpas sIBIsie€TCS TOYKOM HAOMIOACHHS, a TOUKOU

MCTOKa sBISETCS (uKcupoBaHHas Touka 1 m [ paccmarpuBaercs Kak (DyHKIHS
NOJIOKEHUS 3apsaaa. Toraa 3HaueHHE SJIEKTPUUECKOTO MOJIs B TOUKE 1 3amuiiem:

06.(11) 0 v (t_r(y’t)j
B S(rt) _ e y C
Ey(l)__ —ay 6_y477£0r (y,t) ch c

[Ipu ycnoBuu, 4TO aMmIUIMTyAa KoJI€OaHWU 3apsAla 3HAYUTENBHO MEHBILE, YEM
paccTosiHuE 10 TOYKU HAOMIOJAEHHS, MOKHO CUYUTATh PAaUyC BEKTOpP SIBISETCS
IIOCTOSTHHOM BeJIMYMHOU. [Ipy 3TOM yCII0BUM nOJTydaem:

ov, (t —Xj v, (t —Xj
E (xt)=———0 ) on ¢ (5.2)
yre ATE,CX 0y C ’ '

rae X - Kakas-To GUKCHUpOBaHHAs TOYKa HA ocH X.
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X X X
6vy(t cj ) 6vy(t cj o 0vy (t cj 1

YyutwiBas, 4To = -— =

oy ot oy ot ( xj
Vy

u3 (5.2) mony4uaem:

ov (t—xj v(t—xj
E,(x1) = — 1 ALY} (5.3)

X
a)
sh——~=, 710 u3 (5.3)

Ecan B3STh TOJBKO HCpBLIﬁ YJICH PAa3JI0KCHHA

C
MOJIy4YrUM
X X
ov, | t—— ea, | t——
E (xt)=——° °) = : (5.4)
a 4rE,c’x Ot ATE,C*X '
X
rae a, (t - Ej - 3ama3/pIBAIOIICe YCKOPEHHE 3apsiaa. ITO COOTHOIICHHUE SBIISETCS

BOJHOBBIM YpaBHEHHMEM U OINpeaeseT KakK aMIUIMTYyJHble, Tak W (a3oBbie
XapaKTePUCTUKHA BOJHBI DJIGKTPUYECKOTO TIOJIs, H3JIy4aeMOro JIBMXKYIIUMCS
3apsIIOM.

Ecnu B kauecTBe HampaBIeHUS U3TyYEHUS B3SITh BEKTOP, JIEKAIIHUI B TIIOCKOCTH
XY, ¥ cocTaBisIFOIUi ¢ ocbio Y yros &, To cootHouienue (5.4) npuHUMaeT BUI:

X .
eay(t —stma
ATECOX

CootHomienne (5.5) ompenenser auarpaMmy HAmpaBICHHOCTH — HM3JIyYCHHUSI.

E,(xt,a)=- (5.5)

[IoCcKOJIBKY B JAHHOM CJIy4dae €CThb OCEBas CUMMETPHUS OTHOCUTEIBHO OCH Y, TO

MOXHO BBIYMCJIWTH IIOJIHYIO JAUarpaMmy HallpaBJICHHOCTH PaCCMOTPCHHOTO
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N3J1y4aTclId. Ota aunarpaMma  COOTBCTCTBYCT  JUArpaMMcC  HAIIPpaBJICHHOCTH
JAUITIOJIBHOT'O U3J1y4aTClIsd.

X

I e A lt-2 : ’

OCKOJIBK —_— = - 3al1a3abIBAOIIINN BCKTOPHBIN
Y 471X C P

NOTeHIal, To cootHotreHue (5.5)MoxHo mepenucarh

X\ . X\ .
ea, t—E sina 1 0A, t—E sina

E (xt,a)=- =-

i ) ATE,C*X £,C° ot

Onarh MOJYYEHO MOJTHOE COTJIACHE C YPABHEHUSIMU 3aIa3/bIBAOIIET0 BEKTOPHOTO
MOTEHIIMAJIa, HO BEKTOPHBIA MOTEHIMAN BBEAEH 371eCh HE (PEHOMEHOIOTHYECKUM
crocoboM, Kak »dTO JeNalloCch paHee, a C HCIOJb30BaHUEM ITOHSITHS
3ama3/IbIBaloIIEro CKaJspHO-BEKTOPHOIO MOTEHIMAA.

3akJIo4eHue

[IpaBUIBLHOCTH M MOJE3HOCTH JHO0OW TEOPUM 3aKIIIOYAETCS B TOM, HACKOJIBKO
OHa OJHO3HAYHO TMPEACKA3bIBAET W ONHCHIBACT (PU3NYECKUE SBICHUS. MBI
MOKA3ajy, 4YTO KOHUEMUMS CKaJIIpPHO-BEKTOPHOIO MOTEHUHMANAa MPABUIIBHO
IPEICKA3bIBAECT U ONHCHIBAET BCE M3BECTHBIE HAM 3JIEKTPOJIUHAMHYECKHUE SIBJICHUS.
OHa MNpaBUJIBHO ONMCHIBAET U TE€ SBJICHHS, KOTOPHIE HU OJHA U3 CYLIECTBYIOLIUX
TEOpU oONHCcaTh HE MOXKET, K TaKUM SIBJICHHSIM OTHOCHTCS BO3HHKHOBEHHUE
ANEKTPUYECKOT0  UMITyJbCa IPU  SIAEPHOM  B3pbIBE WM DIIEKTPU3ALMSA
cBepxnpoBosamux TopoB [3,4]. Ilpeayaraemasi KOHIENIHS MPOCTA U TOHATHA,
MO3TOMY OHA C YCHEXOM MOET OBbITh MPUHATA KaK pabOyuil HHCTPYMEHT
ANEKTPOANHAMUKH.

Takum 00pa3zoMm, MOCTPOEHHUE HIIEKTPOJAWHAMUKH HYXHO OBLIO HAYUHATH C
IOPU3HAHUS  3aBUCUMOCTH CKaJSIpHOrO NOTEHIMasia oT ckopoctH. Ho mpupona
OUYEHb TIYyOOKO MpPSYET CBOM CEKPETHI, M, YTOOBI MPUNUTH K TaKOMY IMPOCTOMY
BBIBOJlY, IPUIIUIOCH IPOWTH IyTh ITOYTH B JIBA CTONETHUSA. MeTallInueCcKue ONMUIIKH,
KOTOpBbIE TaK JPY>KHO BBICTPAWBAINCh BOKPYT IIOJKOCOB MAarHWTa, MPSMBIM
00pa3oM yKa3blBaJIM Ha HaJMYME KAKUX-TO CHJIOBBIX TMOJE€H MNOTEHIMAIBHOIO
XapakTepa, HO Ha 3TO HE OOpaTWIM BHHUMAaHMUsS, MO3TOMY M OKa3ajloCh, YTO BCE
pasrisgend TOJNBKO BEpXYIIKY aicOepra, 3HAuMTelIbHAs YacTh KOTOPOTO
OCTaBaJlach HEBUAMMOM IMOYTH JIBECTH JIET.
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C y4€TOoM CKa3aHHOTO CJEAyeT CYMUTaTh, YTO  OCHOBOM COBPEMEHHOI
anexTpoauHamuku siBisiercss popmyna (5.1). U3 He€ crnenyeT M cratMdeckoe
B3aMMOJICHCTBUE 3aps0B, U 3aKOHbl CHJIOBOIO B3aMMOJCWCTBUS B ClIy4ae HX
B3aMMHOTO JIB)KEHUS, M 3aKOHbl u3nydeHus. [locie Bcero ckazaHHOro MOYKHO
CHSTb CTPOUTEIbHBIE KOHCTPYKIIMM, TAKHME KAaK MArHUTHOE I0JI€ U MAarHUTHBIN
BEKTOPHBIA MOTEHLUHAJ, KOTOPBIE OO CHUX IOP HE MNO3BOJSUIM YBHUJETH 3IAHUE
AIEKTPOJIMHAMHUKH BO BCEM €r0 BEJIMYUH U KPACOTE.
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