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Abstract

In contemporary radio engineering questiohghe propagation of electric
potentials and currents in the long lines is solwatth the aid of the equations of
telegraphy, in which are used the second derivatofethe parameters indicated.
However, there are such cases, when such derigdbwebsent. This is the case,
when dc power supply is connected to the line, tlenwthis stress changes
according to the linear law. Work presents the mesthod of obtaining the wave
of equations, which solves the problems indicatéedconsists in the use of a
concept of parametric reactive self-induction. Isreg also the physical
substantiation of Huygens's principle, who previpugas introduced as postulate.
Keywords: Laws of self-induction, wave equatioraateve self-induction, wave
drag, Huygens's principle.

1. Introduction

Let us refine the concept of reactive setfuiction. By reactive self-induction
we will understand capacitive reactance and indwets with the constant
parameters to the connection to them of the powarces. To the reactive self-
induction let us carry also the case, when withpiesence of that connected to the
capacity or the inductance of the power sourceitr @nergy accumulated in these
elements can change their parameters. This selttiwh we will call parametric.

Subsequently we will use these concepts:ua®imt generator and the voltage
generator. By ideal voltage generator we will usthard such source, which ensures
on any load the lumped voltage, internal resistandhis generator equal to zero.
By ideal current generator we will understand ssobrce, which ensures in any
load the assigned current, internal resistancénisy generator equally to infinity.
The ideal current generators and voltage in natueee does not exist, since both



the current generators and the voltage generatawvs kheir internal resistance,
which limits their possibilities.

2. Capacitive self-induction

If the capacityC is charged to a potential differentk, then the charg€),
accumulated in it, is determined by the relatiopshi

Q=CU. (2.1)
If capacitance value or voltage drop across iteddpon time, then the current
strength is determined by the relationship:

I :d—Q:CdU +U dC.

dt dt dt
This expression determines the law of electricltisduction. Thus, current in the
circuit, which contains capacitor, can be obtaibgdwo methods, changing voltage
across capacitor with its constant capacity eittigenging capacity itself with
constant voltage across capacitor, or to producangdh in both parameters
simultaneously.

For the case, when the capadityis constant, we obtain known expression for

the current, which flows through the capacity:

du
| =C,——. 2.2
when changes capacity, and at it is supporteddhstant stresb,, we have:
dC
| =U,—. 2.3

This case to relate to the parametric capacitivkirsguction, since the current
strength it is connected with a change in the aggaee value.

If we to the capacity connect the direct-eatrgeneratod ,, then stress on it
will change according to the law:
|t
=—. 2.4
C (24)
Thus, the capacity, connected to the source otticarrent, presents for it the
effective resistance

R=— (2.5)



which increases in the course of time in the linkav. It should be noted that
obtained result is completely obvious; howeverhspioperties of capacity, which
customary to assume by reactive element they weréhé first time noted in the
work [1]. This property of capacity is understaniéaiopom a physical point of view,
charging capacity, source it expends energy.
The power, output by current source, is determindtis case by the relationship:
— |02t

P(t)= c (2.6)
The energy, accumulated by capacity in the ttmave will obtain, after integrating
relationship (2.6) with respect to the time:
|,°t°
2C,
Substituting here the value of current from reladginp (2.4), we obtain the
dependence of the value of the accumulated in #maaty energy from the
instantaneous value of stress on it:

W, =

1

W, = §C1U 2,
Now we will support at the capacity constant sttds, and change capacity itself,
then
dC

| =U, — 2.
Value

dcY”

— | = 2.

plays the role of the effective resistance. Th&ulteis also physically intelligible,
since. With an increase in the capacitance incsetts® energy accumulated in it,
and thus, capacity extracts in the voltage sounsegy, presenting for it resistive
load. The power, expended in this case by sowsaetermined by the relationship:

dC 2
P(t) =5V (2.9)
From relationship (2.9) is evident that dependingtbe sign of derivative the
expendable power can have different signs. Wherdénwed positive, expendable
power goes for the accomplishment of external whirllerived negative, the work
on the external circuits accomplishes capacity.



let us examine one additional process, which fafider for the determination of
capacitive self-induction. From relationship (2ifL)s evident that if the charge,
accumulated in the capacity, remains constant, sfi&ss on it can be changed by
changing the capacity. In this case is fulfilled tklationship

CU =CU,=const,

where C andU - instantaneous values, arfg), and U, - initial values of these

parameters.
The stress on the capacity and the energynaglated in it, will be in this case
determined by the relationships:

2.10)

This process of self-induction is connected witthange in the capacity, therefore
it includes the determination of parametric setftiation.

3. Inductive self-induction

Let us introduce the concept of the flow of tha@uative self-induction
& =LI.

Stress on the inductance is equal to the derivafiviee flow of current induction on
the time:

do dl dL
= =L —4 | —
Vs Tta o
Let us examine the case, when the inductancecomnstant
dl
U=L—. 1
L ®

After integrating expression (1.3) on the time,wik obtain:



Ut
= 3.

Thus, the capacity, connected to the source otciditarrent, presents for it the
effective resistance

R=b =
which decreases inversely proportional to timesHould be noted that obtained
result is completely obvious, however such propsrtf capacity, which customary
to assume by reactive element they were for tsetiime noted in the work [1].

The power, expended in this case by source, esmeied by the relationship:

U

This power linearly depends on time. After integratrelationship (3.4) on the
time, we will obtain the energy, accumulated initidictance

1U%°
W =-——.
2 L
After substituting into expression (3.2) the vabfestress from relationship (3.5),
we obtain:

(3.5)

1 2

W = > LI,
Let us examine the case, when the curfgntvhich flows through the inductance,
Is constant, and inductance itself can changeisnctise we obtain the relationship

dL

U=l (3.6)
Thus, the value
_dL
R(t) = (3.7)

plays the role of the effective resistance. Ashia tase the electric flux, effective
resistance can be (depending on the sign of demjaboth positive and negative.
This means that the inductance can how derive grisvm without, so also return it
into the external circuits.
If inductance is made from superconductoriardidged, then
@ =1L, =const,

wherel, and|,- initial values of these parameters, which arated at the moment
of the short circuit of inductance with the presenrcit of current.



This regime we will call the regime of the frozdaw. In this case the relationship
is fulfilled:
—_ I1|‘1
I = (3.8)
wherel andL - the instantaneous values of the correspondiranpeters.

In flow regime examined of current inducticgmains constant, however, in
connection with the fact that current in the inducte it can change with its change,
this process falls under for the determination afametric self-induction. The
energy, accumulated in the inductance, in this cadlebe determined by the
relationship

_1(Ll)’
W, =5

8 4. New method of obtaining the wave equation

In contemporary radio engineering questiohghe propagation of electric
potentials and currents in the long lines is solwéith the aid of the telegraphic
equations, in which are used the second derivatif/dse parameters indicated.

ou _ . ol
5z " bt
ol _ U’
FE T

where L, - running of inductance arid, - linear of capacitance.
Wave equations for the voltages and the curreetslatained from these equations

02U 1 oW
07 V' ot’
021 _ 1 94
02 V¢ at?
whereVv = L - wave propagation velocity in the long line.

JLC,

The knowledge second derivative voltages andents is required. But as to
enter, when to incoming line is supplied voltagbpse second derivative is equal to
zero, when the voltage of source changes accotdirige linear law or when dc
power supply is connected to the line. Answer ts tjuestion the given wave
equations do not give.



The processes, examined in two previous papag, concern chains with the
lumped parameters, when the distribution of po&dlifferences and currents in the
elements examined can be considered uniform. Howedliere are chains, for
example the long lines, in which this conditiomct observed.

We will use the results, obtained in the pras paragraphs for examining the
processes, proceeding in the long lines.

Let us examine the line, which has the mgrmf inductancel, and the linear

of capacitancéC,. If we to this line connect the dc power suppihgrt its front will

be extended in the line some by the speed of trencthoving coordinate of this
front will be determined by the relationship oh.this case the total quantity of the
charged capacity and the value of the summary tadae, along which it flows
current, calculated from the beginning lines tolt@ation of the front of stress, will
change according to the law:

C(t)=2C,=wt C,,

L(t) =zL, =t L,.
The source of voltagk) will in this case charge the being increased dapaé
line, for which from the source to the charged lineaccordance with relationship
(2.7) must leak the current:
oy dem
= G-
This current there will be the leak through the dimtors of line, that possess
inductance, on what the energy of the voltage sowill be also expended. But,
since the inductance of line in connection with th@ion of the front of stress, also

increases, in accordance with relationship (3.8),jtowill be observed a voltage
drop:

vuC,. (4.1)

U, =1—>=vIL, =vUC,L,.

But a voltage drop across the conductors of lindhéabsolute value is equal to the
stress, applied to its entrance; therefore in #e# &xpression should be placed

U, =U . We immediately find taking this into account tta rate of the motion of

the front of stress with the assigned linear patareeand when, on, the incoming
line of constant stress of is present, must compose

v=_ 1 4.2)

JLG,
this expression corresponds to the velocity of pgapion of wave processes in the
long line, obtained from the telegraphic equatidBst for obtaining relationship



(4.2) we should know no derived potentials or auiseUsing this procedure easy to
show that any change in the voltage of the sowmanected to the entrance of long
line will be extended on it at a velocity, detereun by relationship (4.2).
Consequently, if we to the infinitely long line cwatt the voltage source, then in it
will occur the self-expansion of electrical pour @nd the currents, which fill line
with energy. The speed of the front of constamtssttand current in this case will be
equal to the velocity of propagation of electrometgnvibrations in the line. This
wave we will call elektrocurent wave.

It is interesting to note that the obtainedult does not depend on the form of
the function, i.e. to the line can be connectechlibe dc power supply and the
source, whose voltage changes according to anyliaall these cases the value of
the local value of voltage on incoming line will bgtended along it with the speed,
which follows from relationship (4.2). This resatiuld be, until now, obtained only
from the wave equations, obtained by the methodsatition of telegraphic
equations, it is for which necessary to know theoad derivatives of potentials and
currents in the line. This examination indicate® tphysical cause for this
propagation, and it gives the physical picture mfcess itself. This process occurs
in such a way that the wave front, being extendged thie speed o¥/, leaves after
itself the line, charged to a potential differertde which corresponds to the filling
of line with electrostatic electric field energyowever, in the section of line from

the voltage source also to the wave front flowsdimgent| , which corresponds to

the filling of line in this section with energy, veh is connected with the motion of
the charges along the conductors of line, whicls@ss inductance.

the current strength in the line can be obtaiadir substituting the values of the
velocity of propagation of the wave front, deteradnby relationship (4.2), into

relationship (4.1). After making this substitutiove will obtain

|=u, [

LO ]
L0 . L
whereZ = C_ - line characteristic.
0

Thus, the processes of the propagation ofotnpial difference along the
conductors of long line and current in it are carted and mutually supplementing
each other, and to exist without each other theyhalocan. This process can be
called a spontaneous elektrocurent parametricirsgflfetion. This name connected
with the fact that flow expansion they occur adoty and characterizes the rate of
the process of the filling of line with energy.



5. Physical substantiation of Huygens's principle

The Huygens principle says, that each elemkntave front can be examined
as the center of the second disturbance, whichrgesesecond spherical waves,
and the resulting light field at each point of spaaill be determined by the
interference of these waves. This principle is Hasic postulate of geometric
optics; however, it does not reveal physical natoieghis phenomenon. From
geometric optics it is known that any beam of lightlispersing and that the area
of its section in the process of propagation alwayseases, i.e., the field of
electromagnetic wave moving in the direction ofgagation, with the same speed
they are enlarged in the transverse direction. l&tezal expansion of the beam of
electromagnetic waves is also the consequence yijéis's principle.

But is there any physical explanation of this ppke? It occurs, there exists.
Let us examine flat monochromatic TEM thevejgpassing through the slot,

whose width is considerably longer more than wagile (Fig. 1).

Fig. 1. Passage of the plane wave through the slot

After passage through the slot wave begins to Mlarged in the transverse
direction, and this expansion is subordinated Tgdéus's principle. In this case in
the expanding wave the ends of the paths of conptase in the process of their
motion move with the speed of light still, also, tiee transverse direction. But

since with this expansion increases beam sectieginb to decrease Poynting's



vector, which indicates the decrease of electacal magnetic field on the paths of
constant phase. This process of the transverse)gadinsion of electric vectors on
the paths of constant phase is such to the elek&nt spontaneous parametric
self-induction, described in the fourth paragraph.

Difference is only the fact that in the lithe wave of transverse electric field is
propagated, and self-expansion occurs in the dwedf propagation. In this case
occurs the self-expansion of the vector of eledtald still, also, in the transverse
direction. In the long line there is no such expamssince wave in the transverse
direction | limit the conductors of line. The traesse transformation of wave is
accompanied by the fact that, beginning from th&texeof path of constant phase
along it begins leak bias current. This procesgery similar to the expansion of
the compressed elastic, when all its sections begamly to be enlarged. In this
case the energy density of electromagnetic wavenbdg decrease, being evenly
distributed in the increasing volume, occupiedhs éxpanding wave.

This simple examination, he indicates the sutal causes for Huygens's

postulate and is in fact new physical law.
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HoBblil crioco0 moJryyeHusi BOJJHOBOI0 YPABHEHUS U
(pusnueckoe o00cHOBaHMe npuHIMNa ['rolrenca

D. O. Menne

B coBpeMeHHON pPagMOTEXHUKE BOMPOCHI PACHPOCTPAHEHUS AIIEKTPUUYECKUX
MOTEHIMAJIOB U TOKOB B JJIMHHBIX JIMHUSX PEIIAETCS MPU MOMOIIHU TelerpadHbIx
yYpaBHEHUH, B KOTOPBIX HCHOJB3YIOTCS BTOpPbIE IPOU3BOJHBIC YKa3aHHbBIX
napameTpoB. OJHAaKO CYIIECTBYIOT TaKue€ CIy4yaW, KOrjJa TaKhe MPOU3BOIHBIC
OTCYTCTBYIOT. DTO Cllyyaid, KOTJa K JIMHUU TMOJKIIOYEH HUCTOYHHK MOCTOSHHOTO
HANpPsDKEHUS, WIM KOTJa 3TO HAaIpsHKEHHE MEHsIeTCA MO JUHEHHOMY 3akoHy. B
paboTe mpeAcTaBieH HOBBIM cOCO0 MOMyYEHHUs BOJIHOBOTO YPaBHEHHM, KOTOPHIA
pemaeT ykasaHHble npoOsneMbl. OH 3aKiI04aeTcs B HMCIOJIB30BAHUM TOHSATHS
napaMeTpU4ecKoil peakTHUBHOM caMOMHIAyKIMU. lIpuBenaeHo Takxke Qusnueckoe
o0ocHoBaHMe npuHIHMNA [ 1oiireHca, KOTopblii paHee BBOAWICS KaK MOCTYJIaT.
KiroueBble cnoBa: 3aKOHBI CAaMOMHAYKIIMH, BOJIHOBOE YpaBHEHUE, peaKTUBHAS
CaMOMH/IYKIIUS, BOJTHOBOE COIIPOTHUBIIEHUE, TPUHIM [ TolireHca.

1.3aKoHBI peaKTUBHOW CAMOMHAYKIIMH

YTOYHUM  TOHATHE  PEAaKTMBHOM  caMOMHAyKuuu. Ilog — peakTwBHOM
CaMOMHIYKIMEH OyJeM NOHHMMAaTh PEaKIUI0 E€MKOCTEH W WHAYKTHBHOCTEH C
HEU3MEHHBIMM IIapaMEeTpaMH Ha NOJAKIIOYEHHE K HMM HMCTOYHMKOB mnuTaHus. K
PEAaKTHMBHOM CAMOMHIYKLIIMM OTHECEM TakXe Ciy4ai, KOrJa IIpd HaJIUu4uu
NOAKIIOYEHHOT0 K €EMKOCTM WM WHIAYKTUBHOCTM HCTOYHMKA IHMTAHUS WM
HAKOIJIECHHOW B 3TUX JJIEMEHTaX JHEPrued MOTYyT U3MEHAThCA HMX IapaMeTpsl.
Takyro caMOMHAYKIMIO Oy/1eM Ha3blBaTh NapaMeTPUUECKOM.

B nanbHeiimeM OyzaeM HCIIONB30BAaTh TAKME MOHATHS KaK IE€HEpATOp TOKa U
HanpspkeHus. Ilon uaeanbHBIM reHEPATOpOM HAIPsHKEHHs OyZeM NMOHUMAaTh TaKoi
reHepaTop, KOTOphl oOecneuynBaeT Ha JH0OH Harpys3ke 3aJaHHOE HaIlpsDKEHHUE,
BHYTPEHHEE COINPOTUBIICHHE Yy TAKOr0 IeHeparopa paBHO Hyr0. [lox maeanbHbIM
reHepaTopoM TOKa OyJeM MOHMMATh TaKOil reHepaTop, KOTOPBIA 00ecreurnBaeT B
1000 Harpy3Ke 3aJaHHbII TOK, BHYTPEHHEE COMPOTUBIICHHE Y TAKOTO FreHepaTopa
paBHO OECKOHEUYHOCTH. M1eanbHBIX T€éHEPaTOPOB TOKA U HAMPSKEHUS B MIPUPOJIE HE
CYILIECTBYET, MOCKOJIBKY M T€HEPATOPbl TOKA M I'€HEPATOPbl HAIPSKEHUS HUMEIOT
KOHEYHOE BHYTPEHHEE CONPOTUBIIEHUE, YTO U OTPAHUYHUBAET UX BO3ZMOKHOCTH.

2. EMKocTHasi caMOMHAYKIUSA

Ecmu émkxocts C 3apshKeHa J0 Pa3HOCTH IMOTEHIMAJIOB U, 1o 3aps Q,
HAKOIUJICHHBIM B HEU, ONPEAENSAETCS COOTHOIIEHUEM



Q=CU. (2.1)
Ecimn BeaIuynMHAa €MKOCTH WA Pa3HOCTH IIOTCHIINAJIOB 3aBUCAT OT BpCMCHI/I, TO
BCIIMYMHA TOKaA OHpeI[eJ'IﬂCTCH COOTHOLICHHUEM

dQ du dC
"= Ca YV
DTO BBIPAKEHHUE OMNpPEAENSIET 3aKOH EMKOCTHOW CaMOMHIYyKIMH. TOK B Iemnw,
colepxamie KOHACHCATOp, MOXKHO TMOJYYUTh JBYMSI CIOCOOaMH: W3MEHsIS
HanpsHPKEHWE Ha KOHAEHCATOPE MPHU MOCTOSSHHOW EMKOCTH, WA U3MEHSSI BEIIMUYUHY
EMKOCTA TPU HEU3MEHHOM HAINPSDKEHUM HA HEW, WIM IMPOU3BOJUTH WU3MEHEHUE
00oux MmapaMeTpoB OJTHOBPEMEHHO.

I[J'I?I Cly4dasd, Korga CMKOCTb Cl IMOCTOsIHHA, I10JIy4a€M H3BCCTHOC BBIPAKCHUC

JJIS TOKA, TEKYILETO YEPE3 EMKOCTB!

Lt
B ToM ciyuae, Korjga M3MEHSETCS €EMKOCTh, U Ha HEl IOANEPKUBAETCS MOCTOSHHOE
Hanpspkenue U, nmeem:

(2.2)

1t
ODTOT cliydali OTHOCUTBCS K TapaMETPUYECKOM EMKOCTHOM CaMOWHIYKIIUH,
MIOCKOJIbKY BEJIMYMHA TOKA CBS3aH C U3BMEHEHUEM BEJIMYHMHBI EMKOCTH.

| =U (2.3)

Eciu Kk eMKOCTH HOJKIIIOUHUT FEHePATOp MOCTOSHHOTO ToKa |, To HanmpshkeHue
Ha Hell OyJIeT U3MEHSTHCS M0 3aKOHY:

U =tot (2.4)
Cl
CJICI[OB&TCJ'II)HO, CMKOCTb, IOAKIIOYCHHAA K HCTOYHHUKY IIOCTOAHHOI'O TOKa,
npeACTaBIACT AJId HEIO aKTUBHOC COIIPOTUBIICHUC

R= CL’ (2.5)
1

KOTOPO€ YBEIMYUBAETCSl CO BpEMEHEM IO JIMHEHHOMY 3aKkoHy. CieayeTr OTMETHUTb,
YTO TMOJYYEHHBIM pe3yJbTaT SBJISETCA OYEBHUJIHBIM, OJHAKO TaKHE CBOMCTBa
E€MKOCTH, KOTOPYIO TMPHUHATO CUYUTATh PEAKTUBHBIM DSJIEMEHTOM, BIIEpBbIC OBLIH
orMmeueHbl B padote [1]. C pu3nIecKorl TOYKU 3pSHHSI TaKOe CBOMCTBO €MKOCTH
MOHSATHO, 3apsiKasi EMKOCTh, ICTOUHHUK PACXOIyeT SIHEPTHIO.

B stoM ciyyae MOIIHOCTH, OTJaBaemasi UCTOYHUKOM TOKa, OMpPEAENsieTCs
COOTHOIIIEHUEM

P(t) = It (2.6)
C :
DHEPruio, HAaKOIUICHHYI0 €MKOCThIO 3a BpeMsi [, MoJaydnM, HpOMHTErpHpOBaB
cootHoeHue (2.6):



2.2
2C,
[ToxcraBisist cloja 3HaYECHUE TOKAa M3 COOTHOIIeHUs (2.4), mojaydaeM 3aBHCHMOCTb

BEJIMYMHBI SHEPTUU, HAKOIUICHHON B €MKOCTH OT TEKYILETrO 3HAYEHUS HaNpsHKEHUs
Ha HEU:

WC

W, :%Cluz.

Ecnu noaaCpKuBaTb Ha €MKOCTU ITOCTOAHHOC HAIIPSAKCHUC U 1, 4 UBMCHATDH

camy €MKOCTb, TOrJa

dC

Bemuunna

dc\™" _
G R gP.

B cooTHomeHnH (2.7) urpaer poyib aKTHBHOTO COMPOTUBIICHHSA. DTOT PE3yibTaT
TOXE NOHATEH, T.K. IPU YBEJIIMYEHUU €MKOCTH YBEJIIMYMBACTCS HAKOILJICHHAsl B HEU
3HEeprusi, 1 EMKOCTh OTOMpPAET y MCTOYHMKA HAIMPSKEHHs SHEPTHUIO, MPEICTaBiIsst
JUI HETO aKTUBHYIO HAarpy3ky. MOIIHOCTB, pacxoayemMasl PHU 3TOM HMCTOYHUKOM,
ONPENEIISIETCS COOTHOLLIEHUEM

dC
P(t) = Yr (2.9)

W3 coortHomenus (2.9) BHAHO, YTO B 3aBHCHMMOCTH OT 3HaKa IPOM3BOJIHOM
pacxojayeMasi TEHEpaTOpOM MOIIHOCTh MOKET HMETh pas3Hble 3Haku. Korma
MPOM3BOJHAS TOJIOXKUTEIbHAS, pacxoAyemas MOIIHOCTh HAET Ha COBEPUICHUE
BHeIIHel paboTel. Ecnu npousBogHas oTpuilaTenbHas, padOTy HaJ BHEIIHUMHU
LEMSIMHU COBEPIIAET EMKOCT.

PaccmoTtpum emie oguMH MPOIECC, KOTOPBIM TMOJIMAAAET MO ONpPEAcCHUe
E¢MKOCTHOH camouHAykmuu. M3 cootHomenus (2.1) BUAHO, 4TO ecim 3apsj,
HAKOIUICHHBIM B €MKOCTH, OCTAETCSI HEU3MEHHBIM, TO HAINpPSXKEHUE HA HEH MOKHO
U3MEHATHh MYTeM H3MEHEHUs EMKOCTU. B 3TOM cilydae BBIMOIHAETCS COOTHOIIICHUE

CU =C\U, =const,

rac C n U - TCKyIOHUC 3HA4YCHUA, a CO n UO_ Ha4dYaJIbHBbIC 3HAYCHHA OJTHX

I1apaMeTpOB.
Hamnpsbkenve Ha eMKOCTH M SHEPTHsl, HAKOIJIEHHAsI B HEW, OyIyT ompenensiThes
COOTHOLICHUSIMU:

—_ COUO

U c

(2.10)



2
w =2 (G

I[aHHBIﬁ mpouecc CaMOMHAYKIINH CBSA3aH C M3MCHCHUCM éMKOCTI/I, IIO9TOMY K HCMY
OTHOCHUTC OIIPCACIICHUC napaMeTqueCKoﬁ CaAMOWHAYKIINU.

8 3. UHAyKTHBHAS CAMOMHIYKIIHSI.

Beenem noHsTHE NOTOKA MHAYKTUBHOM CaMOWHIYKIIMHU
@ =1l.
Hanpspkenne Ha HHIYKTUBHOCTH, PaBHO IIPOU3BOIHOM 3TOTO ITOTOKA 110 BPEMEHHU:!

do . d . d

Paccmotpum cnydait, korja UHAYKTUBHOCTb L1 IMOCTOSHHA, TOT'Ja

dl
U=L—. 3.1
[TpounTerpupoBaB BeipaxeHue (3.1) Mo BpeMeHH, TIOTyIUM:

Ut
| =—. 2
> (8

Takum 06p330M, WHAYKTUBHOCTDH, IIOJAKJIIOYCHHASA K HMCTOYHUKY ITOCTOAHHOTO
HaMpsOKCHUS, IPpEACTABIIACT AJIA HETO aKTUBHOC COIIPOTHUBJICHHUC

= (3.3)

KOTOPO€ YMEHBIIIAeTCsI 00pAaTHO MPONOPHUOHANBHO BpeMeHH. ClieyeT OTMETHUTb,
4TO TIOJIyYCHHBIH pe3yIbTaT SBIACTCS OYEBUAHBIM, OJHAKO TaKWEe CBOMCTBa
UHIYKTHBHOCTH, KOTOPYIO MPHHSATO CYMUTATh PEAKTUBHBIM 3JIEMEHTOM, BIICpPBbIC
ObLTH OTMeueHbI B padoTe [1].

MoIHOCTh, pacxoayemass TpH 3TOM MCTOYHHKOM IMTaHUS, OIPEIACITUTCS
COOTHOIIIEHUEM

_U%
P(t) = T (3.4)
OTa MOIIHOCTh JUHEHHO 3aBUCUT OT BpeMeHH. IIpoMHTErpupoBaB COOTHOIIEHHE
(3.4) mo BpeMeHH, TOTYYHM YHEPTHIO, HAKOIICHHYIO B HHyKTHBHOCTH

1U%?
WL ZET

(3.5)



[ToncraBuB B BeIpakeHue (3.5) 3HaueHWE HaANpsDKeHUs W3 cooTHomreHus (3.2),
HOJTy4acM:

WL:%LM.

Temepb paccMOTPUM Cilydaid, Koraa Tok |,, Texymmii depes MHIYKTHBHOCTS,

INOCTOSHCH, 4 CaMa MHAYKTHBHOCTb MOKCT HU3MCHATLCH. B sTom ClIydac 1ojiydyacm
COOTHOIIICHHUC

_d
U=l (3.6)
Takum 006pa3om, BennunHa
dL
R(t) =4 (3.7)

Urpac€Tt poJjib aKTHBHOI'O COIIPOTHBJICHUA. 210 COIIPOTUBJIICHUE MOKCT OBITH (B
3aBUCUMOCTH OT 3HakKa HpOHBBOHHOﬁ) ) KakK IMOJIOKUTCIIbHBIM, TakK )41
OTPHULATCIIBHBIM. 910 O3HA4acT, 4YTO U3MCHAIOIIAACA BO BPEMCHHU HMHAYKTHUBHOCTD
MOXKCET IMOJYy4YaTb OHCPIruIO U3BHE, WK OTJaBaTh €€ BO BHEIIIHUE LOCIIN.

Ecnu HHAYKTHBHOCTDH BBIIIOJIHCHA U3 CBCPXIIPOBOJHUKA U 3aKOPOYICHA, TO
@ =L]I,=const,
rac |_1 u Il_ Ha4aJIbHBIC 3HAUCHHUA 3THUX ITapaMCTPOB, KOTOPBIC MMCIOTCA B MOMCHT
KOPOTKOI'O 3aMbIKaHUA NHAYKTUBHOCTH.

9toT peXKUM 6y,£[eM Ha3bpIBaThb PECXKHUMOM 3aMOPOXKCHHOI'O TOKa. HpI/I 9TOM
BBIMIOJHACTCA COOTHOIIICHUC.
| — IlLl
L )

rae | u L - Texyruune 3HaueHUst COOTBETCTBYIOIIUX MTAPAMETPOB.

B paccMOTPEHHOM peXHMME MOTOK OCTAETCS HEM3MEHHBIM, OJHAKO, B CBA3H C
TE€M, YTO TOK B MHIYKTMBHOCTH MOXET M3MEHATLCSA TPU €€ W3MEHEHWH, TAKOW
NpoLECC  TOANAAAET TMOJ OINpPEAEIEHHE  IapaMETPHYECKOH CaMOWHIYKIIHH.
DHeprusi, HaKOIUIEHHAas B WHIYKTUBHOCTH, IPH O3TOM OYJAET ONpPENEIATHCS

COOTHOILICHUEM
2
— 1
W ==ty

2 L

&B.



4. HoBblii c10c00 MOJIy4eHUsI BOJTHOBOT0 YPABHEHMS

B paanorexHuke BOMpOCHl pacHpOCTPAHEHUS AJIEKTPUUYECKUX MOTEHIMAIOB U
TOKOB B JUIMHHBIX JIMHUSIX PEIIAECTCS MPU MOMOIIHU TeaerpadHbIX ypaBHEHUN

ou _ ol
5z " bt
ol _ _ou’
3z Coat

rae L, - norounas nnnykrusrocts (running inductance) C, - moronnas émkocts

(linear capacitance).
N3 5TX ypaBHEHUH TMOJIYyYarOT BOJHOBBIE YPABHECHUS ISl HAIPSY)KEHUM U TOKOB

U 1 U
07 V2 ot
021 _ 1 94
2V ot?

1

rne V=—
v I—oco

HO B JJAaHHOM ciy4yae TpeOyeTcsi 3HaHUE BTOPHIX MPOU3BOJIHBIX HANPSLDKEHUN U
TOKOB.

Ho kak moctymnarb, Korja Ha BXOJ JIMHUM NOAAETCS HANPSIKEHUE, Y KOTOPOro
BTOpasi MPOU3BOJIHASI paBHA HYJIIO, KOT/Ia HAMNPSHKEHUE MCTOYHMKA MEHSIETCSA 0
JUHEWHOMY 3aKOHY WM KOIJa K JMHUM TOAKIIOYEH HCTOYHUK MOCTOSHHOIO
HanpspbkeHusi. OTBeTa Ha ATOT BONPOC MPUBEIACHHBIE BOJHOBBIE YpPABHEHHS HE
JAloT.

[Ipotiecchl, pacCMOTpPEHHBIE B TPEX MPEABIIYIINX Maparpadax, KacaroTcs 1enen
C  COCPENIOTOYEHHBIMM  TapamMeTpaMH, KOTJa  pachpeleleHue  pa3zHOCTel
MNOTEHIIMAJIOB MU TOKOB MOKHO CUMUTaTh OAHOPOJAHBIM. OJHAKO HMMEIOTCS LEIH,
HaIMpUMeEp JJIMHHBIE TUHUHU, B KOTOPBIX 3TO YCIOBHUE HE COOIIOAACTCS.

Bocnonbsizyemcs pedynbratamu, MOJy4YE€HHBIMU B IPEABIAYIIUX Maparpadax s
PacCMOTPEHHUSI MPOIIECCOB, MPOUCXOIAIINX B IJTUHHBIX JTUHUSIX.

PaccMmoTpuM HHUIO, KOTOpas UMEET MOTOHHYIO MHIYKTHBHOCTH (running

inductance)l, u moronny:o émxocrs (linear capacitancel,.

- CKOPOCTb PacpOCTPAHEHHUS BOJH B JNIMHHOMW JTUHUM.

Ecnu kx Takoi nuHuU MOAKIIIOYNUTh UCTOYHUK IMOCTOSAHHOI'O HAIIPAKCHUSA Ul’ TO

ero ()poHT OyJeT pacpOCTPAHATHCS B IMHUHU C KAKOW-TO CKOPOCTHIO V, U TEKyIIas
KOOpAMHATA 3TOr0 (POHTA ompeaenutcss cooTHomennem Z=VL. Tlpu sTOM
CyMMapHasi BeJIMYMHA 3apsHKEHHOW €MKOCTH W CyMMapHOW MHAYKTUBHOCTH, IO
KOTOpPOW TEYET TOK, OTCUMTHIBAEMbIE OT Hayana JUHUHM 0 MECTa HaXOKICHUS
¢dpoHTa HanpsKEHUs, OyIyT MU3MEHATHCA MO 3aKOHY:

C(t) =2C, =wt C,,
L(t) =2z, =vt L,.



Ucrounuk Hanpskerus U Gyzer mpu 5ToM 3apskaTh yBEIMYHMBAIOILYIOCH EMKOCTh
JIMHUH, PACXOJIysl CBOIO 3HEPTHIO, JUIS Yero OT UCTOYHHUKA B 3apsSHKACMYIO JIMHUIO B
COOTBETCTBUH C COOTHOIIIeHUEM (2.7)0yaeT Tedb TOK:

_, 9C(1)
| =U qt

DTOT TOK OyJeT Teub 4Yepe3 MPOBOJAHUKH JIMHUH, 00JIaAafoNne HHIYKTHBHOCTBIO,
Ha 4YTO TaKKe OYyIeT pacxoJ0BaThCs SHEPrusi WCTOYHHMKA HampsbkeHus.  Ho,
MOCKOJIBKY MHIYKTHBHOCTH JIMHUM B CBSI3U C JBIOKCHHEM (POHTA HAMPsHKEHU,
TOKE YBEJIMYMBACTCS, TO B COOTBETCTBHM C cooTHomeHueM (3.6), Ha Hel Oyner
HAOJIIOIaTHCS MaICHIE HAIPSDKCHHS

U, = %:VILO =VvUC,L,.

Ho NMaaCHUC HaIpsOKCHUSA Ha IIPOBOJHUKAX JIMHHH 110 a0COJIFOTHON BEIWYHMHE
PaBHO HAIIPSXKCHUIO, IIPUIO0KCHHOMY K e BX04y, IIO3TOMY B IIOCICIAHEM

Bolpakernu ciaexyer monokuts U, =U . C yderom storo cpasy Haxoamm, 4rto

=vUC.,. (4.1)

CKOPOCTb ABHUIKCHHA (I)pOHTa HaIpsZKCHUS N0JIZKHA COCTABJIATD

V:—l ®.2

v LCo

DTO BBIPAXEHUE COOTBETCTBYET CKOPOCTH PACIPOCTPAHEHHUSI BOJHOBBIX ITPOLIECCOB
B JUIMHHOW JIMHUH, MOJy4eHHON U3 TenerpadHbix ypaBHeHui. Ho mis momydeHus
cooTHoIeHus (4.2)HaM He HY)KHO 3HaTh HUKAKKX MPOU3BOIHBIX MOTEHIMAJIOB HIIH
TOKOB. [losib3ysch 5TOM METOAMKOW JIETKO TMOKa3aTh, YTO JH000€ HM3MEHEHHUE
HaIpsHKEHUS. HMCTOYHMKA, TMOAKIIOYEHHOTO K BXOAY [UJIMHHOM JHHUM OyJer
pacIpoCTpaHATLCS 1O HEH CO CKOPOCTBIO, OIpeaelisieMoil cooTHomneHueM (4.2).
CrnenoBaTenbHO, €CIM K OECKOHEYHO [JIMHHOW JIMHUHM TIOJIKJIIOYATh HCTOYHHUK
HaIpsHKEHUsS, TO B HEW OyleT MMETh MECTO CaMOPACHIUPEHHE U DIECKTPUUYCCKUX
MOTCHIIMAJIOB W TOKOB, 3aIOJHAIOMMX JUHUIO JHeprueid. CKopocTh (poHTa
MOCTOSSHHOTO ~ HAmpsDKEHUST W TOKa TMpH 3TOM OylneT paBHAa CKOPOCTH
pacnpoCTpaHEHUsT AJICKTPOMAarHUTHBIX KoieOaHuii B TUHUU. Takyro BOJIHY Oynem
Ha3bIBaTh 3JIEKTPOTOKOBOU.

NHTEpeCHO OTMETUTH, YTO IMOJYYECHHBIM pE3ylbTaT HE 3aBUCUT OT BHUIA
gynxuun U | T.e. k uHUM MOKeT OGbITh MOAKIIOUEH KAK UCTOYHUK MOCTOSHHOTO
HaIpsHDKEHUS, TaK W HWCTOYHHK, HAIPSHKEHWE KOTOPOTO MEHSETCS IO JIF0OOMY
3aKkoHy. Bo Bcex 3TUX cllydasx BEIMYMHA JIOKAJIBHOTO 3HAYEHUSl HAIpPSKEHHS Ha
BXO/JI€ JINHUU OyAeT pachpOCTPaHATHCSA BIOJb HEE CO CKOPOCTHIO, OMPEAEIIEMOMY
cootHomeHueM (4.2) . Takoii pe3yibTaT MOT OBITH IO CHX ITOP HOJYYeH TOJBKO W3
BOJTHOBBIX YPAaBHEHHH, MMOTYYEHHBIX MTyTEM PEIICHUS TelerpadHbIX YPaBHEHHM, JIJIS
4ero HeoOXOIUMO 3HATh BTOPHIC MPOW3BOJHBIC MOTEHIIMATIOB U TOKOB B JIMHUHU.
[IpuBeneHHOE pAacCMOTPEHHME YKa3blBaeT Ha (PU3MYECKYI0  MPUYUHY TaKoOro
pacnpocTpaHeHus, W JaéT (Qu3Myeckyro KapTuHy camoro mponecca. OH
MOKA3bIBAET, YTO CaM MPOLECC PACIHPOCTPAHEHUS CBSI3aH C DHEPreTUYECKUMU
MPOILIECCAMU 3aIlOJHEHUS JIMHUM ABYMS BUJAMU SHEPIMU U MNPOUCXOAUT TAKUM
o0pa3zoM, 4TO (POHT BOJIHBI, PACIPOCTPAHSASACH CO CKOPOCTHbIO V, OCTaBIISIET 3a



coOoi JIUHUIO, 3apsKCHHYIO A0 Pa3HOCTH IMOTCHIMAJIOB U, 4TO COOTBCTCTBYCT
3aI10JIHCHUIKO JIMHHUU C-)JICKTpOCT&TI’I‘ICCKOﬁ BHCpFHCﬁ QJICKTPUYICCKOI'O IT0JIA. Ha

YYAaCTKEC K€ JIMHUH OT MCTOYHUKA HAIIPSKCHUA U 10 Cl)pOHTa BOJIHBI T€YCT TOK I )

YTO COOTBETCTBYET 3alOJIHEHUIO JIMHUM Ha 3TOM YYacTKE DJHEPTueil, Koropas
CBSI3aHA C TOKaMH, TEKYIIUMH Y€pe3 NHIYKTUBHOCTD JTUHUHU.

BenuuuHy TOka B JIMHUM MOXHO MOJYYUTh, MOJCTABUB 3HAYEHUS CKOPOCTHU
pacnpoctpaHeHus (poHTa BOJIHBI, OmIpejeNsseMoro cootHomeHuem (4.2), B
cootHotienue (4.1).Caenas 3Ty MOJACTaHOBKY, MOJIyYUM

C:O
=V
0
I‘0
rac Z = C_ - BOJIHOBOC COl'[pOTI/IBJ'ICHI/IC JIMHUU.
0

Takum 00pa3om, mpolEecChl PaclpOCTPAHEHUsS] PA3HOCTH MOTEHLUAIOB BAOJb
MIPOBOJIHUKOB NIMHHOM JIMHUU U MOCTOSIHHOTO TOKA B HEM SIBIIAKOTCS CBSI3AHHBIMU
¥ B3aMMHO JIOTIOJTHSIOIIIMMU APYT JIPYyTa, U CYIMIeCTBOBATH IPYT 0€3 pyra HE MOTYT.
Takou mporecc MOYXXHO HAa3bIBaThb 3JIEKTPOTOKOBOM  CaMOIPOU3BOJIBHOU
MapaMETPUUYECKOM CaMOMHAYKIMEH. Takoe Ha3BaHUE CBSI3aHO C TEM, YTO
pacClIMPEHUE SIICKTPUUYECKUX IOJEA M TOKOB IMPOUCXOIAT CAMOIPOU3BOJBHO U
XapaKTepU3yeT CKOPOCTh MPOLECCA 3aM0JIHEHUSA JINHUU SHEPTUEH.

5. dusnyeckoe o0ocHOBaHMe mnpuHuuna I'iirenca m TeopeMa
B3aMMHOCTH NMPUEMHBIX U NEePeIAIINX AHTeHH

[Tpunnun ['oiredca riaacut, 4To  KaXKIbli 3JIEMEHT BOJIHOBOTO (PpoHTa
MOXKHO  paccMarpuBaTh, KaK LEHTP BTOPUYHOTO  BO3MYILECHUS,
MOPOXKJAIOIIETO BTOPUYHBIE C(EeprYecKUe BOJHBI, a PE3YyJIbTUPYIOIIEE
CBETOBOE TIOJIE B KaXIOW TOYKE MPOCTPAHCTBA OyACT ONPEAeIsIThCS
uHTephEpeHITNEl OSTUX BOJH. OTOT TMPHUHIUI SBISETCS OCHOBHBIM
MOCTYJIATOM T'€OMETPUYECKOW ONTHUKH, AAIOIIETO NMPEKPACHOE COBIIAICHUE
C AKCTIEPUMEHTOM, OJHAKO OH HE PAaCKpbhIBaeT (PU3NUECKOU MPUPOJIBI ITOTO
sBieHusA. M3 reoMeTpuuecKoi ONTHKUA W3BECTHO, YTO JIFO0OH My4OK CBETa
ABJISICTCS PACXOMSIIIMMCS M YTO IUIONIQJb €r0 CEYEHHUST B TMPOIECCe
pacnpoCTpaHEHUs BCE BpEMs YBEINYUBAECTCS, T.€. MOJISI AJIEKTPOMArHUTHOU

BOJIHBI ABUI'asCb B HAIIPABJIICHUH PACIIPOCTPAHCHHU, C TaKOH K€ CKOpPOCTBIO



paclIMpSIOTCA B MONEpeYHOM HampasiieHuu. [lonmepeunoe pacmmpenue
My4Ka 3JIEKTPOMArHUTHBIX BOJH TaKXe SIBJISIETCSA CJIEICTBUEM MPUHIUIIA
I'toiirexca.
Ho cymectByeT nu kakoe-mnb6o pusndeckoe 0ObICHEHHE 3TOTO MPUHITUTIA?
Oxka3bIBaeTcs, CyIIECTBYET.

Paccmorpum  mmockyro  mMoHOxpomarnueckyro  TEM  Bouny,

MIPOXOISIIYIO Yepe3 IIeJTb, MTUPUHA KOTOPOH 3HAYUTEIHHO JOJIbIIE OOJIBIIE

Puc. 1.IIpoxoxaeHue mioCKol BOJHbBI Yepe3 HIEb.

JUTHHBI BOJIHBI (puc. 1).

[locne mpoxoxkaeHUs 4Yepe3 LIeNb BOJHA HAYMHAET PaCUIMPSITHCS B
MONEPEYHOM HarpaBlIeHUH. [Ipy 3TOM B pacHIMpSIOLIENCS BOJHE KOHIIBI
JUHUA TIOCTOSHHON a3kl B NPOLECCe HMX JBUKEHHS JIBUTAIOTCS CO
CKOpPOCTBIO CBETa €ILIE U B MOIMEPEYHOM HarpasiieHnd. Ho MockoyibKy npu
TaKOM pACIIMPEHUH YBEIMYMBAETCS U CEYEHUE Iy4yKa, TO HAYUHAET
yMmeHpmiaTbcsi  BekTOp  IloMHTHMHra, 4YTro O3HA4YaeT yMEHBLIECHUE
AIIEKTPUUECKOTO ¥ MAarHUTHOTO TIOJISI HA JIMHUAX MOCTOSIHHOW (a3bl. ITOT
[poLIECC NOMEPEYHOr0 CaMOPAaCIIMPEHUs BJIEKTPUYECKUX BEKTOPOB Ha
JUHUSIX TOCTOSIHHOM (pa3bl Mo00€H 3JIEKTPOTOKOBOM CaMONPOU3BOJIBHOM

napamMeTpuuecKord CaMOMHAYKIMH, OMIMCAHHOW B YETBEPTOM maparpade.

OtnuumeM SBISETCS JHUIIb TO, 4YTO B JIMHUMU PACIIPOCTPAHACTCA BOJIHA

MNOMEepEYHOro SJCKTPHUUYCCKOIO II0JIA, U CaMOPACIIUPCHUC IMPOUCXOIHT B



HaIMpaBJICHUU PACIPOCTpaHEHUs. B [aHHOM e cilydae MpPOUCXOJUT
caMOpacUIMpPEHUEe DBJEKTPUYECKOro TMoJjia emE€ U B  MONEPEYHOM
HanpaBieHUU. B JIJIMHHOW JMHHUM TAaKOTO PACUIMPEHHS] HET, MOCKOJBbKY
BOJIHY B MONEPEYHOM HANpPaBJIE€HUU OTPAaHUUYMBAIO MPOBOJHUKHU JIUHUU.
[Tonepeunas TpanchopMalusi BOJHBI COMPOBOXKAAETCS TEM, YTO, HAUMHAs
OT LIEHTpa JMHUU TOCTOSHHOW (a3bl BAOJb HEE HAYMHAET TE€Ub TOK
CMEILIEHUS. ODTOT TMPOIECC OYEHb IIOXO0XK HA pACIIUPEHHE CHKATOIO
pPE3MHOBOTO IIIHYpa, KOrjJa BCE €ro y4acTKM HAYMHAIOT PABHOMEPHO
pacmupsaTbes. [Ipu 3TOM IMJIOTHOCTH SHEPTUU SJIEKTPOMATHUTHOW BOJHBI
HAYMHAET YMEHBIIATHCS, PABHOMEPHO paCIHpeAesssiCh B BO3pacTaloleM
00bEME, 3aHUMAEMOM PaACITUPSIOIICICS BOTHOM.

DTO mPOCTOE PACCMOTPEHHE, YyKa3blBaeT Ha (U3WYECKUE MPUUUHBI
noctyynara ['rolireHca W 1O CyTH Jefla SIBJISETCS HOBBIM (PU3HUECKUM

3aKOHOM.

1. Menae ®@. ®@. Benukue 3a0myxaenns 1 ommOku pusnkoB XIX-XX

crosietuii. PeBomtonius B coBpeMeHHo# ¢usuke. Xapskos, HTMT, 2010, —

176c¢.



