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Abstract

In 1962 with the realization of thermonucleaxplosions in space was
discovered the previously unknown physical phenamenvhich consisted in the
fact that near the earth's surface such explostanse the electric pulse of very
large amplitude and very short duration. Up to rtbere is no answer to a question,
what physical mechanisms bear responsibility fer @ppearance of this pulse. In
this article the explanation of the phenomenoncaigid is conducted on the basis of
the concept of the scalar-vector potential, whissuanes the dependence of the
scalar potential of charge on its speed.
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I ntroduction

Explosive processes are characterized byfde separation of significant
thermal energy, with which occurs the strong wagwip of decay products and is
formed plasma. Depending on the type of explodmnglasma can have different
degrees of ionization. With the nuclear explosiansen the temperature of plasma
can reach several million degrees, the degreenmifation of plasma is high. With
the realization of explosions by means of the cativaal explosives cold plasma
with the low degree of ionization is obtained. Witte nuclear explosions occurs
not only fast separation of significant thermal rgye but also emission of

electromagnetic radiation in the wide frequencygenWith the explosions of



nuclear charges is formed also electric pulse with high tension of the electric
field, whose physical nature up to now completdigaure.

Electric pulse of nuclear explosions

It is earlier into 1957 future Nobel laureate dodtans Albrecht Bethe, being based
on the theory of dipole emission, predicted thathva similar explosion will be
observed the electromagnetic pulse (EMP), the gtineof field of which on the
earth's surface will comprise not more than 100 \But with the explosion of H-
bomb with the TNT equivalent 1.4 Mt. at the heigltO km according to the
programSarfish occurred that not expected, the tension of elsadtit turned out
that pour on, beginning from the epicentre of egpo, and further for the
elongation of more than 1000 km it reached severalthousand volt per meters.

(Actual chart area and value of tensions pour gargin Fig. 1)

Aircraft exclusion zone STARFISH: 9 July 1962
(1300 km radius)

Kauai: telephone service out
QCahu: 300 street lights out
Honolulu: burglar alarms ring
Hawsaii: car ignitions fused
Radio to Australia out 20 min.
Radio to Japan out 8 min.
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Fig. 1. Map of tests according to the progi&arfish.



Possibility to refine this question give thetal obtained in the USSR during the
tests with the code nani®ogram K, when not far from Dzhezkazgan at the height
290 km was exploded H-bomb with the TNT equival®0 kt. It was also
discovered with the tests according to this prograhat the explosion is
accompanied not only by electric pulse, but also aused in the telephone lines
and the surface layers of the earth high currents.

Is located the record of the shape of at=dtpulse, made at a distance 1300
km from the point of impact (Fig. 3), obtained withe tests according to the
program3arfish.

Fig. 2 Experimental dependence of amplitude EMitloa time, obtained with the
tests according to the progr&tarfish.

Until most recently in the scientific joursalwas absent article with the
explanation of this phenomenon. This indicates thatfact that there is no theory,

which could give answer to the presented question.



Is known that the problem of this phenomemttempted together with his
students to solve and academician |. B. Zeldovith However, in the existing
sources there is no information about the factttmatproblem was solved by it.

And only in 2013 appeared the first publicationwhich was given an attempt at
the explanation of the phenomenon [2]. In the wibris shown that as a result
nuclear explosion appears not the electromagnaticelectric pulse, the vector of
electric field of which is directed toward the piof impact. For explaining
physical nature of electric pulse are used the &oinof scalar-vector potential, the
assuming dependence of the scalar potential ofgehan its relative speed. The
bases of this concept were placed in work [3], @ndinderwent its further
development in works [4-7].

In Fig. 2 solid line showed the dependencthefpulse amplitude on the time,
recorded on the oscilloscope face, obtained wightdists according to the program
Sarfish, and dotted line showed the shape of pulse, deddaking into account
the parameters of the input circuits of oscillograp

With the detonation the products of explosieat to the high temperature,
and then occurs their gradual cooling, during whiehexplosive energy returns to
environment. The dependence of the pulse amplitmdehe time repeats the
process indicated, and possible to assume thasphgthe temperature of plasma
determines its amplitude. In the time of the detiomaof the charge ([~ 25 ns is a
sharp increase in the pulse amplitude, and there tisea slower process, with
which in the time 7~ 150 ns the amplitude decreases two. We will candihat
the sum of these times represents the time, foctwitioccurs the emission of a
basic quantity of energy, obtained with the exosi

If we consider that one ton of trotyl is eqient ~4.6x10 J, then with the
explosion of bomb with the TNT equivalent 1,4 Mte aseparated ~6.44 x£Q.
Consequently explosive force in the time intervadlicated will compose ~
3.7x1G° W. For the comparison let us point out that thevgroof the radiation of
the Sun ~ 3.9xFOW.



Let us examine a question, where how, in swtsh time, can be the intake,
isolated with this explosion. With the explosionthe atmosphere the energy is
expended on the emission and on the creation afksiave. In space shock wave
Is absent, therefore explosive energy is expenddti@electromagnetic radiation.

In accordance with Stephan-Boltzmann equatiorptheer, radiated by the heated
surface, is proportional to the fourth degree téimperature:

P=0ST",
where - Stefan-Boltsman constant, afd area of radiating surface.

In order to calculate temperature with thewinwadiated power it is necessary to
know the surface of radiating surface. As this aceflet us select sphere with the
surface ~3 m Knowing explosive force and size of radiatingface, we find the

temperature of the cloud of the explosion

with the explosive force ~3.7x¥0N we obtain the value of temperature equal to
~8.6x10 K.

In the concept of scalar- vector potentibe scalar potential of charge it is
determined from the relationship

g ch¥o
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where I' - the distance between the chaayed the observation point/, - the

component of the charge raf normal to the vectof , &, - dielectric constant of

vacuum.
According to the estimations at the inimbment of thermonuclear explosion
the temperature of plasma can reach several hundiidn degrees. At such

temperatures the electron gas is no longer degenaral is subordinated to the



distribution of Boltzmann. The most probable electrvelocity in this case is
determined by the relationship

v 2I:TB]T’ @

where T - temperature of plasma,- Boltzmann constantm- the mass of

electron.

Using relationships (1) and (2), and takingpiaccount with the expansion in
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where N - quantity of electrons in the cloud of explosi@, electron charge. We
determine from the formula the tension of radiak#ic field, which corresponds to

this increase in the potential:

= NekT _ Ag
ATE,Pme’  ATES

(4)

where

Ag=——2 )

Is an equivalent charge of explosion.

One should say that with the warming-up dodspia the ions also acquire
additional speed, however, since their mass corabtie more than the mass of
electrons, increase in their charges can be disteda

For enumerating the quantity of electronis mecessary to know a quantity of
atoms, which with the warming-up formed the clodderplosion. Let us assume
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that the total weight of bomb and launch vehiclagmfrom metal with the average
density of the atoms ~5x%01/snt, is 1000 kg. General quantity of free electrons
in the formed plasma, on the assumption that athatwill be singly ionized with
the specific weight of the metal ~8 gfenwill comprise ~5x16'.

In accordance with formula (4) the tension raflial electric field at a
temperature of the cloud of the explosion ~8.6%@vill comprise: in the epicentre
of the explosion ~6.9xf®/m, at a distance in 870 km from the epicentr@x1('
V/m and at a distance 1300 km from the epicentéx1& V/m. It is evident that in
the epicentre the computed values of electrical pouon the earth's surface they
are close to the experimental values. The ratidesign values to those measured
they comprise: in the epicentre of explosion ~at3a distance 870 km from this
place ~0.4, at a distance 1300 km ~0.25. Certaarly,unknown neither the precise
initial of the temperature plasma nor mass of b@amé launch vehicle, in which it
undermine nor materials, from which are prepareddhelements. Correcting these
data, it is possible sufficiently simply to obtawralues pour on those being
approaching experimental values. But calculateegetftimensional dependence
pour on strongly it is differed from experimentabults. Let us attempt to explain
the reason for such divergences.

Let us first examine the case, when chagydocated above the metallic
conducting plane (Fig. (3) The distribution of é¢texal pour on above this plane

well known [9].




Fig. 3. Negative charge above the limitless condgqgtlane.

The horizontal component of electric field on theface of this plane is equal to

zero, and normal component is equal:

3 (6)

where (- magnitude of the charg&- distance from the charge to its epicenixe,

distance against the observation points to thecefie.

Lower than conducting plane electric fields d&bsent, but this configuration
pour on equivalent to the presence under the camgduglane of the positive charge
of the same value and at the same distance aa thitarge. They indicate that in the
conducting plane the charge sees its mirror reflectThe pair of such charges
presents the electric dipole with the appropriagtridution of electrical pour on.
This configuration pour on connected with the féwat charge, which is been
located above the conducting plane, it induces$ such surface density of charges,
which completely compensates horizontal and vdrocanponent of the electric
field of charge in the conducting plane and lowsrnt it. The dependence of the

area of the charge density from the coordinatalso is well known [9]

1 Z
o(X)=&,E, = > d S (7)

JT i
(Z+x)

If we integrate g(X) with respect to the coordinat®, then we will obtain

magnitude of the charge, which is been located alto® conducting plane. In such

a way as not to pass the electric fields of therg#naq through the conducting

plane, in it must be contained a quantity of frémarges, which give summary

charge not less than the chargeIn this case two cases can realize. With the low
8



charge density, which occurs in the poor conductowsill arrive to move up to the
significant distances significant quantities of igjess. But in this case of charges it
can and not be sufficient for the complete comp@msaWith the high charge
density, it is possible to only insignificantly n®xharges in the plane. This case
realizes in the metallic conductors.

If we periodically draw near and to move awhgrge from the plane, then in it
will arise the periodic horizontal currents, whiebll create the compensating
surface charges. The same effect will be obsenfatharge at the particular point
can be born and disappear. If at the assigned pbmie the plane charge suddenly
in some time arises, then, so that the fields airgd would not penetrate through
the conducting plane, in the same time on the ooty plane the compensating
charges, which correspond to relationship must @ap4). This means that the
strength of currents, which create the compensatimgyges, there will be the
greater, the greater charge itself and the lessintee of its appearance. However,
with the low charge density can realize anotheec#gith a very rapid change in
the electric field the charges will not have tine dccupy the places, which
correspond to the complete compensation for etattpour on, and then the fields
of external charge partially will penetrate througginductor, and compensation will
be not complete. Specifically, this case realizedhie case of the explosion of
nuclear charge in space, since between it and '®astirface is located the
ionosphere, which possesses not too high a contyctig. 4).

If charge will appear at the indicated in figrire point, thus it will gather under
itself the existing in the ionosphere free chargespposite sign for compensating
those pour on, which it creates in it. Howevera ifotal quantity of free positive
chargex in the ionosphere will be less than theievadf charge itself, or their
displacement is insufficient in order to fall inlee necessary point at the assigned
moment, then their quantity will not be sufficigior the complete compensation
pour on the appearing charge and its fields willgteate through the ionosphere. In
this case the penetrated fields, in view of theeaaing effect of the ionosphere, can

be less than the field above it. In this case marintompensation pour on it will
9



occur in the region, situated directly under thargke. This process will make the
dependence of electrical pour on from the distabhgesmoother, that also is
observed during the experiment. Entire this pictwan be described only
gualitatively, because are accurately known neithigkness of the ionosphere nor
degree of its ionization on the height. But eveardg known these parameters, then

bulky numerical calculations are necessary forsthiation of problem.

ionosphere

SIS S S 77777

earth

Fig. 4. Negative charge above the earth's surfath the presence of the

ionosphere.
The sphericity of the ionosphere also supeoseg its special features on the

process of the appearance of the compensatingceudiaarges. This process is

depicted in Fig. 5.
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Fig. 5. Negative charge above the earth's surfath the presence of the
lonosphere.

The tendency of the emergent charge to gathder itself the compensating
charges will lead to the longitudinal polarizatiof the substantial part of the
ionosphere. The compensating positive chargex enighosphere will in essence
appear directly in the epicentre, where they wallib the surplus, while beyond the
line-of-sight ranges in the surplus will be negatigharges. And entire system
charge - the ionosphere - the earth will obtaintamdhl dipole moment.
the model examined speaks, that nuclear explogitinlead not only to the
appearance OF [IEP] in the zone of straight vigihilbut also to the global
ionospheric disturbance. Certainly, electric fialdspace in the environments of the
explosion, where there is no screening effect efitmosphere, have high values
and present large danger to the automatic spatecraf

In accordance with relationship (4) the puseplitude is proportional to the
temperature of plasma, therefore, according togtia@h, depicted in Fig. 2, it is
possible to judge the knocking processes of nuatkarge and the subsequent

cooling of the cloud of explosion. From the figunee can see that two peaks are
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visible in the initial section of the dependencetltd amplitude of electric field.

The first peak presents nuclear blast, which igntlgermonuclear charge, the
second peak presents the knocking process of tmerctear fuel. The rapid

decrease, which characterizes the process of goaluster, further goes. It is
evident that it occurs very rapidly. Naturally tesame that this is that period,
when basic energy losses are connected with thentadsses caused by the rigid
X-radiation.

Thus, the presence of the pulse indicateg #re the properties of explosion
itself, but not second phenomenon.

Now should be made one observation apropbsteom itself the
electromagnetic pulse (EMP), utilized in the litgrasources. From this name
should be excluded the word magnetic, since. tfusgss presents the propagation
only of radial electrical pour on, and in this casagnetic fields be absent. It is
known that the amplitude of the electric field aflge can reach values ~50000
V/m. But if pulse was actually electromagnetic,rthiee tension of magnetic field
would compose ~ 1.3x20A/m (for obtaining this value should be the tensaf
electric field divided into the wave drag of frggase), and its power would be ~5
MW, which is commensurate with the power of smallvpr station.

It is another matter that electric fields adinect currents in the conducting
environments, and these currents will generate etagfields, but this already
second phenomenon.

Since the tension of electrical pour on nthamuclear explosion it is great it can
reach the values of the breakdown tension of @&0@80 V/m), with the explosions,
achieved in immediate proximity from the earth'sfate, this can lead to the
formation of lightning, that also is observed iagrce.

Let us note that the concept of the scalactor potential of thus far general
acknowledgement did not obtain, but the fact thasatisfactorily explains the
phenomenon examined, increases chances by itswagdgement. One cannot falil

to note that this concept explains also the elmtion of the superconductive
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windings and tori during the introduction in therh direct currents [5,8], other

theories cannot explain what.

Electric pulse of the explosion of trotyl charge

Of if the principle of the formation of electric pulsgamined is accurate, then
the usual explosions, with which is formed coldspta, they must be accompanied
by the appearance of electric pulse, although il@essive than with the nuclear
explosion.

The disintegration of the molecule of trotyth its detonation occurs according
to the following diagram:

CHON,=2H O +3.80+ 1.5N.,
If each of the molecules, that was releasednduexplosion will be singly

ionized, then upon decay the molecule of trotyll W isolated 7 free electrons.
Consequently, with the detonation of one mole daftytr will be isolated

7N, =4.2x 13" of the electrons, wherdN, - Avagadro number. With the

explosion of trotyl the temperature of the cloudeaplosion reaches 3500K. If all
molecules of disintegration obtain single ionizatithen the maximum strength of

field of electric pulse composed

E=3.7x 1(?r—]; V/m.

At a distance of 100 m of the point of impact thesion of electric field there will
be the wound of 3.7x20//m. and if the degree of ionization composes &1 %,
will be and even then obtained the strength ofiitdd 37 VV/m, which is completely
sufficient for registering the pulse. The importaraf this method consists in the
fact that by studying the topology of pulse, itpgssible to judge the knocking
processes and subsequent relaxation of the clowmlbsion. Obviously, electric

pulse must accompany the entry of projectile infteknt solid obstacles, since. in
13



this case strong local warming-up to target with formation of plasma occurs.
Consequently, it is possible to draw the concludlmat in those places, where the
plasma of any form is formed, must appear eleptiise.

In the scientific literature there are no coumications about the appearance of
electric pulse with the explosions of conventiomeabplosives, but this can be
connected with the fact that this question no oas investigated.

It is known that the electro-welding creatd®e tstrong radio reception
disturbances, but these interferences very rapiaiynish with the distance. Micro-
bursts it is possible to consider sparking in tl®rpcontacts in the electrical
networks, in the contact systems of electric trarispmeans or the collectors of
direct-current motors. But, since the amplitudesleictric pulse rapidly diminishes
with the distance, electric transport does not gmespecial interferences for the
radio reception.

The lightning also heat plasma to the highpgerature and are created the radio
reception disturbances. There is an opinion that gkannel of lightning serves as
the antenna, which radiates the radio waves oweda range of frequencies. But so
whether this? With that length, which represenéstthck of lightning, this antenna
must have excellent characteristics and reliablit aot only in the short-wave, but
also in the long-wave radio-frequency band. Bus thould mean that with any
lightning stroke in any place of the terrestiallggan our receivers the interferences
would appear. But since they second-by-second enwbrld beat hundreds of
lightning, entire ether would be oppressed by fetences. This it does not occur
for that reason, that the plasma cylinder of lighgnemits not radio waves, but
electric pulses from all its sections. In this c#se excess charges, which arose in
different sections of the channel of lightning, $leeir mirror reflection under the
earth's surface, forming the appropriate dipolelspse fields diminish inversely
proportional to the cube of distance.

Is that which is written in this paragrapig far only theoretical prerequisites.
But if they will be confirmed experimentally, themill be not only just once

confirmed the viability of the concept of scalaector potential, but also will be
14



opened way for developing the new procedures oftualysof the processes,

proceeding with different explosions.
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AHHOTANA

B 1962 rony npu oCyIIECTBICHUM TEPMOSACPHBIX B3PHIBOB B KOCMOCE OBLIO
oOHapyXeHO paHee HEU3BECTHOE (pU3MuecKoe SBIIEHHE, KOTOPOE 3aKII04Yanioch B
TOM, YTO BOJIM3U MOBEPXHOCTH 3€MJIM TAaKHE B3PBIBbI BBI3BIBAIOT AJIEKTPUUYECKUI
UMIYJIbC OYEHb OOJBIION aMIUIMTYABl UM OYEHb MAaloW  JIUTENbHOCTH. [0
HACTOSAIIETO BPEMEHH HET OTBETA Ha BOMPOC, Kakue GU3NUECKUE MEXaHU3MbI HECYT
OTBETCTBEHHOCTh 3a TOSIBJICHHE TAaKOrO MMIIyJlbca. B HacTosmiedl craThbe
0OBsICHEHHE YKA3aHHOTO SIBJICHMSI MPOBOJIUTCS HAa OCHOBE KOHLCIIUHU CKaJSpPHO-
BEKTOPHOTO IMOTEHIMaNa, KOTOpbIM MpeArnojaraer 3aBUCUMOCTb CKaJSPHOTO
NOTEHIIMAaNA 3apsiia OT €ro CKOPOCTH.

BBenenue

B3pbIBHBIE NpOLIECCHI XapAKTEPU3YIOTCSA OBICTPBIM BBIIECICHUEM 3HAUUTENIbHBIX
TEIUIOBBIX JHEPIrHil, MPH KOTOPHIX MPOHCXOAUT OBICTPHIN pazorpeB MpPOAYKTOB
pacnaza u oOpasyercs miazMa. B 3aBuCMMOCTH OT TuIa B3pbIBa IUIa3Ma MOKET
UMETh pa3iauyHble CTeneHu uoHuszauuu. Ilpu sAnepHbIX B3pbIBaX, Korja
TEMIIEpATypa IUIA3Mbl MOJKET JOCTUIaTh HECKOJBKHX MHWUIMOHOB TIPAaayCoB,
CTEIEHb MOHU3ALMM IUIa3Mbl BbICOKA. 1Ipu ocylecTBiIeHNN B3PBIBOB IIOCPEACTBOM
OOBIYHBIX B3pBIBUATHIX BEIIECTB IMOJYYaeTCS XOJIOAHAs IUIa3Ma C HEBBICOKOM

CTeneHblo HOHM3aluu. [Ipu sSAepHBIX B3pBIBAX MPOUCXOIUT HE TOJIBKO OBICTPOE
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BBIJICJICHUE  3HAUMUTENIbHBIX  TEIUIOBBIX  HDHEPrUil, HO U  U3Iy4YCHUE
AJIEKTPOMArHUTHOTO U3JIYYEHUs B MIMPOKOM YacCTOTHOM jauara3oHe. [Ipu B3pbiBax
AJIEPHBIX 3apsSJ0B 00pa3yercs TakKe OJJIEKTPUUECKHI MMITYJIbC C BBICOKOH
HAIPSHKEHHOCTBIO DJIEKTPUYECKOTO TOJIsA, (u3ndeckas MNpuUpoja KOTOPOTO [0

HACTOAIICTO BPEMCHH HE sICHA.

DJIEKTPUYECKUN UMITYJIbC SIAEPHBIX B3PHIBOB.

Emé B 1957 1. Oynymuii HOOeneBckuil naypeat noktop XaHc AnpOpexT bere
(Hans A. Bethe)ocHoBbIBasiCh Ha TEOpHUHU AMITOJILHOTO U3IYYCHHUS, TIPECKA3all, 4TO
IIpY B3pPBIBE aTOMHOTO 3apsija B KOcMoce Oy/eT HaOII0aaThCs IEKTPOMATrHUTHBIN
umnyisc (OMU), mpu 3TOM HANPSDKEHHOCTD OISl HA IIOBEPXHOCTH 3€MJTH COCTaBUT
He Oomee 100 B/M. Ho mpu B3pbiBe BOAOPOAHONW OOMOBI C TPOTHIOBBIM
skBuBasieHTOM 1.4 Mt Ha BbeicOTe 400 KM 1O mporpamme Jarfish mpownzonuio
HEOXKUIAHHOE, OKa3aJIoCh YTO HAMPSDKEHHOCTh AJICKTPUYECKUX IOJICH, HauWHas C
SMUIICHTPA B3pbIBA, U Aajiee Ha npoTsokeHuu oosnee 1000kM mocTuria HECKOIBKUX
JICCSATKOB ThICSY BOJIBT Ha MeTp. (Kapra MECTHOCTH W 3HAYCHHS HANPSIKESHHOCTEH

HoJIeH MmoKa3aHbl Ha puc. 1.)

Aircraft exclusion zone STARFISH: 9 July 1962

1300 k di
( i) Kauai: telephone service out

Qahu: 300 street lights out
Honolulu: burglar alarms ring
Hawsaii: car ignitions fused
Radio to Australia out 20 min.
Radio to Japan out & min.

-
-
-

-
Alr routa to Japan closed

Shipping exclusion zone

{870 km radius) Qahu
N e =i’\"}Maui
;.r
[
T Air mu:lﬂll.'n D
Australia closed
i Hawaii
* 22,000 vim
1.4 Mt at 400 km rr“
Johnston sland
0 52,100 vim 31,800 vim 24,500 vim
SURST PEAK EMP ELECTRIC FIELD
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Puc. 1. Kapra ucneitanuii mo nmporpamme arfish.

B CCCP Bo Bpems ucnbITaHUM ¢ KOJAOBBIM HazBaHueM <«lIpocpamma K», xorna
Henaneko ot Jlkeskasrana Ha BbicoTe 290kmM ObLta B3opBaHa BoAopoaHas bomba ¢
TpOTHJIOBBIM 3KBHUBajieHTOM 300 KT OBUIM TOJY4YEHBI aHAJIOTUYHBIE PE3YJIbTaThl.
[Ipu ucneiTaHuWsIX MO 3TOW MporpamMMe OBUIO TaKke OOHAPYKEHO, YTO B3PHIB
COIIPOBOXKJIAETCS HE TOJBKO OJJIEKTPUYECKUM MMITYJIBCOM, HO U BBI3bIBACT B
TeneOHHBIX JIMHUSAX U MIOBEPXHOCTHBIX CIIOSIX 36MJIH OOJIBIIINAE TOKHU.

Nmeercst 3amuchk HOPMBI DJIEKTPUIECKOTO UMITYJIbCA, CAICTaHHAs HA PAaCCTOSHUN

1300 kM oT mecTa B3pbiBa (pUC. 2), HOJydYCHHAs IPH MCIBITAHUIX IO IpOrpaMme

Sarfish.

50,000 — . P
I STARFISH, 1.4 Mt at 400 km altitude
H | ‘ : : i |
l' \Data corrected for circuit response
Er ll . | . [ : HSEI&:-{:W.EAGHETE
l.| | B FIELD MEASUREMENTS
] {MARIC RABINDWITE
i = wtal, Arehe G30F06T)
] F\ £
I | | . g
i “|.Measured data w-4
i
wim

BATA QRTAINDD B IRCHARD WARHEFSELD AND PUH-U-';-"éL‘I IN H.4.4. LEE
{ENTOR}, "EMP INTERACTION", HEMESPHERE, HEW YORK, 182 REVEGICN

Mormalised time (nanoseconds), t - (ric)

- e e — e ——— ———

Puc. 2. DOkcnepuMeHTanbHas 3aBUCUMOCTb aMIUIMTYIbel OMWM  oT BpemeHw,

NOJyYCHHAs IPU MCIIBITaHUsX 1o porpamme arfish.
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Jlo camoro mocieaHETO0 BPEMEHHW B HAYYHBIX JKypHAIaX OTCYTCTBOBAIU
myOuKauy ¢ 00BICHEHUEM 3TOTO SBJICHUS. DTO O3HAYAET TO, YTO JO HACTOSIIIETO
BPEMEHHU OTCYTCTBOBAJIA TEOPHSI, KOTOpasi CMOTJia Obl JaTh OTBET HA MOCTABJICHHBIH
BOTIPOC.

W3BectHO, uTo mpobiemy DMU BMecTe cO CBOMMM YYEHUKAMH IIBITAJICS
pemnTh akagaemuk . b. 3enpmoBuu [1]. OpHAako B MMEIONIMXCS UCTOYHUKAX HET
uH(bOpMaIIMU O TOM, YTO UM 3Ta IpobdsieMa ObLUIa pelieHa.

N tonpko B 2013 romy mnosBuiach MyOJHMKalus, B KOTOPOW JaHa MOMbITKA
OoOBsICHEHUS yKa3aHHOTO sBJcHHS [2]. B pabore moka3aHo, YTO B pe3yJbTaTe
SIIEPHOTO B3PhIBA BO3HHUKAET HE JJICKTPOMATHUTHBINM, a AJIEKTPHUUECKUI HMITYJIbC,
BEKTOpP AJIEKTPUYECKOr0 TIOJII KOTOPOrOo HampaBieH K MecTy B3pbiBa. [
00bsCHeHHsT (U3UUECKOW MPUPOIBI TAKOTO HMITYJIbCA HMCTOJB3YETCS KOHIICTIIIHS
CKAJIIPHO-BEKTOPHOIO MOTEHIMAja, MPEIoJiaralilas 3aBUCUMOCTh CKaJspHOTO
NOTEHIMaNa 3apsiia OT €r0 OTHOCUTEIbHOM CKOPOCTU. OCHOBBI 3TOM KOHIIETIINH
ObuM 3aJI0KeHBI B pabore [3], a cBOE nampHeimee pa3BUTHE OHA TMOMYYHIIA B
padotax [4-7].

Ha puc. 2 crourHol nTuHMEH moka3zaHa 3aBUCHUMOCTh aMIUIATYIbl UMITYJIbca
OT BPEMEHHU, 3alHMCAHHAs Ha SKpaHe ocuuiuiorpada, mojlyuyeHHas Ipyu UCTIBITAHUSIX
no mporpamme arfish, a myHkTupHOW nHMHMEH MOKa3aHa ¢opMa HMITYJIbCa,
CKOPPEKTUPOBAHHAS C YIETOM IMapaMeTPOB BXOIHBIX IeNel ociuiorpada.

[Tpu neroHaruu MpoayKThl B3pbiBa HATPEBAIOTCS /10 BHICOKOW TeMIEpaTyphl, a
3aTeM MPOUCXOJIUT WX TIOCTETICHHOE OCTBHIBAHWE, MPU KOTOPOM SHEPTHs B3pPHIBA
OoTHaéTcs BHEIIHEW cpele. 3aBUCHUMOCTh aMIUTUTYIBl HMMITYJbCa OT BPEMEHU
MOBTOPSAET YKA3aHHBIA TPOLECC, M MOXHO NPEANONOKUTh, YTO HMEHHO
TEeMITepaTypa ITIa3Mbl ONPENETSeT er0 aMIUTUTYAy. 3a BpeMs JCTOHAIMH 3apsia
T, ~ 25 HC uMeeTcst pe3kuil PoCT aMILIUTYIbl UMITYJIbCA, a 3aTeM UMeeTcsl OoJiee
MEJUICHHBIA TMpolecc, mpu KoTopom 3a Bpems T, ~ 150 Hc ammnuTyna
yMEHBITIAETCST B JABa pa3a. bymem cuurtarth, 49TO CymMMma OJTHX BpeMEH U
NPEACTaBIIET TO BpeMs, 3a KOTOPOE MPOUCXOJUT U3IYUYEHHUS] OCHOBHOTO

KOJINYECTBA SHEPTUH, ITOJTYYEHHOW IPH B3PHIBE.
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Ecnu cuutaTh, 4TO OJHA TOHHA TPOTUJIA SKBHBAJIECHTHA 4.6x10 JIx, To mpu
B3pbIBE OOMOBI C TPOTWIIOBBIM 3KBUBasieHTOM 1,4 Mt BeIfiensercs ~ 6.4 x16° JIx.
CrnenmoBaTesIbHO MOIITHOCTh B3phIBAa HA YKa3aHHOM MPOMEKYTKE BPEMEHHU COCTABUT
~ 3.7x16% Br. Jlns cpaBHEHHS yKaXeM, 4TO MOIIHOCTh m3mydeHms CoiHua ~
3.9x1G° Br.

PaccmoTpum Bompoc, Kya U KakuMm 00pa3oM, 3a CTOJIb KOPOTKOE BPEMsI, MOXKET
ObITh W3pacxojoBaHa Takas »JHeprus. l[lpm B3peIBe B aTmocdepe dSHEpPTrus
pacxoayeTcs Ha M3JIyYeHHE M Ha CO3/IaHHue yJapHOW BOJHBI. B kocmoce ynapHas
BOJIHA OTCYTCTBYET, TO3TOMY SHEPTHUsl B3pbIBA PACXOAYETCSI Ha IJIEKTPOMArHUTHOE
U3JIy4YEHUE.

B cootBerctBuu ¢ 3akoHoM Credana-bonbiiMaHa MOIIHOCTh, H3JydaeMas
HarpeTo NOBEPXHOCThIO, MPONOPIIMOHANIbHA YETBEPTOU CTENEHU €€ TEMIIEPATYPHI:

P=0ST",
rie O - mnocrosHHas Crtedana-bonpimana, a S - momane V3JIy4Yarouen
MTOBEPXHOCTH.

Jlns  Toro 4ToOBl BBIYUCIUTH TEMIEpaTypy MpPU U3BECTHOM MOIIHOCTH
U3JIy4EHUs HYKHO 3HAaTh MOBEPXHOCTh H3Iy4arollleil MmoBepxHOCTU. B kadecTBe
TaKOW TMOBEPXHOCTH BHIOEPEM IIap C TMOBEPXHOCThIO ~ 3 M%. 3Has MOLIHOCTb
B3pbIBA U pa3Mep H3JIydalolled IMOBEPXHOCTH, HAXOJIUM TeMIleparypy obJaka

B3pbIBa

[Ipu momHOCTH B3pbIBA ~ 3.7x16° Bt IMoJiy4yaeM 3HauCHHUE TeMIIepaTyphl paBHOE ~
8.6x10 K.
B xonpemmmn CKaAJIIPHO-BEKTOPHOT'O MOTEHIIMAIIA, CKaJmpHLIﬁ IMOTEHIM AT

3apsaaa onpeaciIACTCA N3 COOTHOLICHUA
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g ch'o

— C
PO = g )

rae, I —paccTosAHusA MEXKY 3apsAJ0M M TOYKOM HaOIroAeHHus, V; — COCTaBIIAIOIIAs

—

ckopoctH 3apsga (, HopmanbHas K Bektopy [, &, - OudIEKTpHYeCKas

IIPOHUIIAEMOCTH BAKYyMa.

B HayanbHBII MOMEHT TEPMOSIIEPHOTO B3pbIBA TEMIIEPATypa IUIA3Mbl MOYKET
JIOCTUIaTh HECKOJIBKUX JECATKOB MHJJIMOHOB rpaaycoB. IIpu Takux temmeparypax
JIEKTPOHHBIN I'a3 YK€ HE SBISAETCS BBIPOKICHHBIM U IIOJIUMHSAETCS PACIPENCIICHUIO
Bonbimana. Hanbonee BeposATHAs CKOPOCTH AJEKTPOHOB IMPHU ATOM OINPEAEISETCS

COOTHOIIICHHUEM

2k T

V= o 2)(

rac T - TEMIICPATYypa IJ1a3MBbl, kE - IIOCTOsSIHHAas BOHLHMaHa, M- macca 9JICKTPOHA.

Hcnone3yst cootHomenns (1) w (2), W yuwmTbiBas Npu pPa3jIoKEHUU B Psl

V2
c?’

FI/IHCp6OJII/I‘ICCKOFO KOCHMHYCa TOJBbKO 4YJICHBI -~ mojryd4acM 3HAYCHHC

MNpHUpalCcHA CKAIAPHOro MOTCHIAalla B TOYKE Ha6J'IIOI[CHI/I}I

Nek T
Ap O—>L— (3)
ATE,rmMC
rie N - konudecTBO SIEKTPOHOB B OONAKe B3pbIBA, € - 3apsj 2JIEKTPOHA.
HaHpH)KeHHOCTb paaruaJIbHOI'O J3JICKTPHUYCCKOI'O II0JIA, COOTBCTCTBYIOIIAA TAKOMY
MMpHUpAIICHUIO IIOTCHOHAJIA, OIIPCACIIACM U3 COOTHOIMICHUA
Nek, T AqQ
E= b= (4)

ATE,r’me®  ArEs

rIe
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_ Nek, T
AQ=——7> ©))
mC
OKBUBAJICHTHBIN 3apsijl B3pHIBA.

Cnengyer OTMETHTH, YTO TPU PA30TPEBE IUIA3Mbl HMOHBI TOXKE MPHUOOPETAOT
JIOTIOJTHUTEIBHYIO CKOPOCTh, OJHAKO, TIOCKOJIBKY WX Macca 3HAYMTEIhHO OOJIbIIe,
4eM Macca JJIEKTPOHOB, & CKOPOCTh 3HAYUTEIHHO HIDKE, MX MPUCYTCTBHEM MOXKHO
npeHeopeyb.

Jl7iss BBIYMCTICHHS] KOJMYECTBAa DJJIEKTPOHOB HEOOXOAMMO 3HATh KOJUYECTBO
aTOMOB, KOTOpBIE TIPH pa3orpeBe obpazoBanu 00sako B3pwiBa. [Ipeamnonoxum, 4To
o0muit Bec OOMOBI W PAKETOHOCHUTENsI, BBHITIOJHEHHOW W3 METa/lla CO CpeaHei
JIOTHOCTBIO aToMOB ~ 5% 132 1/CM3, coctaBisier 1000kr. Ilpu ynenbHOM Bece
MeTamia ~ 81/ cM° oflee KOIMIECTBO CBOOOMHBIX MIEKTPOHOB B 00Pa30BABIICHCS
I1a3Me, B TPEINOJIOKEHUH, YTO BCE aTOMBI OyAyT OJHOKPATHO HOHU3HPOBAHHI,
cocrasut ~ 5x10" .

B coorBerctBum ¢ Qopmymoit  (4) HaNpSHKEHHOCTh — PajHalibHOTO
IEKTPUYECKOTO TOJIS TIPH TeMIleparype oGnaka B3pbiBa ~ 8.6x10 K cocrasut: B
smunenTpe B3pbiBa ~ 6.9%x10 B/m, Ha paccrosamu B 870 KM OT SIHMIEHTpa
~1.2x10 B/Mm u Ha paccrossan 1300kM OT smuIieHTpa ~ 6x1CG B/m. Buano, uto B
SMUIICHTPE PACUYCTHBIC 3HAYCHHUS AIICKTPUYECKUX TOJIEH Ha MOBEPXHOCTU 3EMIIH
ONMM3KM K JKCTIEPUMEHTAILHBIM 3HauYeHHsIM. OTHOIICHHE PACUETHBIX 3HAYEHUN K
U3MEPEHHBIM COCTABJISIOT. B 3MUIIeHTpe B3pbiBa ~ 1.3,Ha pacctossnun 870 km oT
snunentpa ~ 0.4, na paccrossauu 1300 kM ono paBHo ~ 0.25. Koneuno, He
W3BECTHBI HU TOYHBIN pa3mep oOjlaka B3phIBA, HU Macca OOMOBI U PaKETOHOCUTETI,
HU MaTepuaibl, U3 KOTOPBIX OHU H3TOTOBJIICHBI. Bappupysi 3TH BEITUYHHBI,
JOCTaTOYHO  TPOCTO MOJIYYNTh 3HAYEHUs TMOJeH, NpHUOIMKAIoNMecs K
IKCMIEPUMEHTAIBHBIM 3HAYCHHSIM B dmuiieHTpe. Ho pacu€THas mpocTpaHCTBEHHA
3aBUCHUMOCTh TIOJICH CHJIBHO OTJIMYAeTCS OT OSKCIEPUMEHTAIBHBIX PE3yJIbTaTOB.

[TombITaemMcst OOBSICHUTD TPUUUHY TAKUX PACXOMKICHUIA.
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CHauasia paccMOTpUM clly4ail, Korja 3aps]l HaxXxOAUTCS HaJ METAJIMYECKOU
npoBosel miockocThio (puc. 3). PacnpeneneHue 3IeKTpUYSCKUX TOJICH HaT

TaKOM MIOCKOCTBIO XOPOIIO U3BecTHO [9)].

——N—>,

X————

Puc. 3. OtpunarenbHbliii 3aps Hag 0€3rpaHUYHON MPOBOIAIIEH IITIOCKOCTHIO.

FOpI/IBOHTaHBHaH COCTaBJIAIOIIAA JICKTPHUYCCKOTI'O ITIOJIA Ha IMOBEPXHOCTHU IINIOCKOCTH

paBHaA HYJIIO, @ HOPpMaJIbHAasA COCTAaBJAOIIAA ONIPEACIIACTCA N3 COOTHOUICHUSA

- 3 (6)

rae (- BenmmuuHa 3apsna, Z- pacCTOSAHUE OT 3apsaa J0 €ro JIHIEeHTpa, X-

paccTosiHuE O TOYKU HAOJIO/IEHUS 10 AMHIICHTPA.

Huxe npoBopsiiel IVIOCKOCTH 3JIEKTPUYECKHE IOJII OTCYTCTBYIOT, HO TaKas
KOHQUrypauusi nojiell SKBUBAJIECHTHA HAJIMYUIO TOJ MPOBOJSAIIEH IIOCKOCTHIO
IIOJIOKATENIBHOTO 3apsiia TAKOM K€ BEJIMYMHBI M Ha TaKOM K€ PACCTOSIHUM, KaK U
VCXOJHBIN 3apsia. 1'0BOpAT, 4TO B NPOBOJALIEH IUIOCKOCTH 3apsii BHIUT CBOE
3epKkanpHOe OTpaxkeHue. [lapa Takux 3apsaoB NPEACTABIACT JIEKTPUUECKUN
JUIIOJIb  C M3BECTHBIM  PACHpPENEICHUEM JJIEKTPUYECKUX  IOJICH. Takas
KOH(Urypauus nojiei cBs3aHa ¢ TE€M, YTO 3apsili, HaXOJALIMICA Haa MpOBOAALIEH

IIOCKOCTBIO, HMHAYLUPYCT B HEeH TAKYH0O IOBCPXHOCTHYKO IINIOTHOCTHL 3apsa10B,
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KOTOpasi MOJIHOCTBIO  KOMIIEHCUPYET TOPHU3OHTAIbHYHO M  BEPTUKAIBHYIO
COCTaBJIAIOLLYIO JIEKTPUUYECKOTO I0JIA 3apsiia Ha TPAHULE TPOBOASAIIEN IIIIOCKOCTH.
3aBUCUMOCTb BEJIMYMHBI ITOBEPXHOCTHOM IJIOTHOCTH 3apsiia OT KOOPAMHATHI X

TaK)Ke XOpOIIo u3BecTHa [9]

1 Z
o(X)=&,E; = > d S (7)

JT hd
()

Ecnu npounterpuposats 0 (X) mo koopauHarte X, TO MOIYYMM BEIMUYMHY 3apsja,

HAXOJSIIErocs HaJa MPOBOIALICH IUIOCKOCThIO. TakuM o00pa3oM, YTOOBI He

MPOIYCTUTH JIEKTpUUYECKHE OIS 3apsiaa ( depes MpoBOJAILYIO TIIOCKOCTh, B HEM

JIOJDKHO COJICP)KAThCSl KOJIMYECTBO CBOOOJHBIX 3apsjoB, JAIOIIUX CYMMAapHbIN

3apsn He meHee uem (). IIpu 3ToM MoryT peanusoBarscs nBa citydas. [Ipu Huskon

MJIOTHOCTH 3apsifIOB, UTO UMEET MECTO B IUIOXUX MPOBOJHUKAX, ISl BBIIOJIHEHUS
MOCTABJICHHOTO YCIIOBUSI MPUIETCS TMEPEeABUraTh Ha 3HAUYUTENbHBIE PACCTOSIHUS
3HAYUTEJIbHBIE KOJWYeCcTBa 3apsiaoB. Ho B 3TOM ciiydae 3apsiloB MOXKET U HE
XBAaTUTh I TOJHOW KOMIIEHCAUWH. [Ipyu BBICOKOM IIOTHOCTH 3apsJiOB, MOKHO
JIMILIb HE3HAYUTEIBHO CABUHYTH 3apsijibl B MJIOCKOCTH. DTOT Cly4yal peanu3yeTcs B
METAJTUYECKUX MPOBOJHUKAX.

Ecnu nmepruoamdecku mpuOImkaTh WK yIAISATh 3apsij] OT TUIOCKOCTH, TO B HEH
BO3HUKHYT IEPUOAUYECKHE TOPU30HTAJIbHBIE TOKH, KOTOpbIe OYyIeT cO03/1aBaTh
nepeMeIIeHre KOMIICHCUPYIONTUX 3apsaaoB. Takoi ke 3G dekT OyaeT HaOmroaaThCs,
€CIIM 3apsA]l B JAHHOW TOYKE MOXKET POXKIAThCA M ucuye3aTb. Eciu B 3aaHHOMU
TOYKE HaJl TJIOCKOCTBIO BAPYT 32 KAKOE-TO BPEMsI BO3HUKHET 3apsij, TO, JJIsl TOrO,
YTOOBI TTOJISI 3apsA/ia HE TPOHUKIIA Ye€pe3 TTPOBOIAIIYIO IIIOCKOCTH, 32 3TO YK€ BpeMs
Ha  MNPOBOISIIEH  IJIOCKOCTH  JOJDKHBI — TMOSBUTBCA ~ KOMIICHCUPYIOILINE
MIOBEPXHOCTHBIC 3apsijibl, COOTBETCTBYIONINE COOTHOIIECHHUIO (7). DTO O3HAYAeT, 4To
BEITMYMHA TOKOB, CO3/IAIONIUX KOMIIEHCHUPYIOIIHE 3apsiibl, OyAeT TeM OoJblie, YemM
OoJibllle caM 3apsj M YeM MEHbIIe BpeMs ero BOZHHMKHOBEHUs. OHAKO MpU Maioi

IUIOTHOCTH 3apsiIOB MOXKET peann30oBaThcs U Apyrout ciydaid. [Ipu ouenp ObicTpomM
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W3MEHEHUH JBJIEKTPUYECKOrO0 TMOJIA  3apsAabl HE  YCIEKT 3aHATh  MECTa,
COOTBETCTBYIOIIME MOJHOM KOMIICHCAUU 3JIEKTPUUYECKUX IMOJEH, U TOrAa IO
BHEIIIHETO 3apsija YaCTUYHO MPOHUKHYT Yepe3 MPOBOJHUK, U KOMIIEHCALUs OyaeT
HE NOJIHOM. IMEHHO 3TOT Ciydail peaiu3yeTcs B CIydae B3pbIBa SIACPHOIO 3apsiaa B
KOCMOCE, MOCKOJIbKY MEXIYy HUM U 36MHOW MOBEPXHOCTBHIO HAXOJIUTCSA MOHOC(Depa,
o0JaaroIias He CIMIITKOM BBICOKOH MPOBOAMMOCTBIO (puc.4).

Ecnu 3apsin Oynet BO3HHKATh B YKa3aHHOW Ha PUCYHKE TOYKE, U MO HUM OyeT
HAXOJUThCA HOHOC(hEpa, TO OH OyAET CTPEMUThCSI cOOpaTh Mo COO0N HMEIOIIHECs
B MoHOC(epe CBOOOAHBIC 3apsAbl MPOTUBOIOJIOKHOTO 3HAKA JIJIST KOMIICHCAITUN TEX
noJjieil, KOoTopble OH co3fnaer B Hed. OAHAKO eciau  CyMMapHO€ KOJMYECTBO
CBOOOJTHBIX TIOJIOXKHUTENIbHBIX 3apsiioB B HOHOC(hepe OyneT MEHbIIE, YeM BeJIMYMHA
CaMoTO 3aps/a, Wiu WX MEPEeMENIeHHe HEA0CTaTOYHO, YTOOBI TIOMACTh B HYKHYIO
TOYKY B 3aJIaHHBII MOMEHT, TO UX KOJIMYECTBA HE XBATHUT JJIS IOJTHON KOMIIEHCALIUN
MoJiel BO3HUKAIOIIETO 3apsiia U ero MnoJjs NpoOHUKHYT yepe3 nonocdepy. [lpu stom
MPOHUKIIIKE TOJIS, B CUITy SKPAHUPYIOMIETo NeHCTBHUsI MOHOC(HEphI, MOTYT OBITh Ha
MOBEPXHOCTU 3€MJIM MEHbIIE, Ye€M B OTCYTCTBUM HOHOcPepbl. I[lpu sTOM
MaKCUMaJbHas KOMICHCAIusi mojed Oyaer uMeTb MecTo B 00JacTw,
PaCIOJIOKEHHOM HEMOCPEJACTBEHHO MO 3apsioM. JTOT IMpoliecc Oyner Aenartb
3aBUCUMOCTh JJIEKTPUUECKUX TOJEH OT paccTosHus Oojee IUTaBHBIM, 4YTO U
HAOIOMAaeTCsl Ha OJKCIEpuMeHTe.  BCloo 3Ty KapTWHY MOXHO OMHCAaTh TOJIBKO
KaueCTBEHHO, IOTOMY YTO TOYHO HE U3BECTHA HU TOJIIMHA HOHOCQEPDI, HU CTETIECHb
€€ MOHM3auuu 1o BeicOTE. HO make ecnum u M3BECTHBI 3TH MapaMeTpbl, TO IS

peICHUSA 3aaa491 HCO6XOI[I/IMBI IrpOMO3AKHUC YUCJIICHHBIC paC‘-IéTBI.
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MoHochepa

+ + + + + + +

+ + + + + + +

S/ S S
3emns

Puc. 4. OtpunarenbHblii 3aps] HaJl MOBEPXHOCTBIO 3€MJIM NPU HAIMYUU

HOHOC(hEPHI.

Cdepuynocts MOHOCHEPHI TOXKE HAKIAIBIBAET CBOM OCOOCHHOCTH Ha MPOILECC
WHIYKIIMM KOMIIEHCUPYIOUUX 3apsaoB. CxeMaTH4ecKd 3TOT mpolecc h3o0paxeH

Ha pHucC. S.

NoHocdepa

Puc. 5. OtpuniarenbHblil 3apsia Hall TOBEPXHOCTHIO CPepUUecKOil HOHOCHEPHI.

26



CrtpemiieHue 3apsiga codparthb 1moj co00i KOMIIEHCUPYIOIIUE 3apsbl IPUBEACT K
MIPOJIOJIBHON TOJSIPU3aliU 3HAYUTENbHOW YacTu moHocheprl. KommeHncupyrormiue
IOJIOKUTENbHBIE  3apsiibl B HMOHOcepe OyAyT B OCHOBHOM  IOSIBISTHCS
HEMOCPEACTBEHHO B JMHIICHTPE, TJ€ OHM OyIaeT B M30BITKE, B TO BpEMs Kak 3a
npejenamMyu NpssMON BUIUMOCTH B U30bITKE OyAyT OoTpuuaTenbHble 3apsaasl. U Bes
cucTemMa HoHoc(pepa — 3eMJIsl OJYUUT TONOJHUTENBHBIN JUIOJBHBI MOMEHT.

PaccMmoTpennass Moiens TOBOPUT O TOM, YTO SIACPHBIA B3pBIB NPUBEIET HE
TOJIbKO K BO3HMKHOBEHMIO JIEKTPUUECKOIO MMITYJIbCA B 30HE NPSIMON BUIUMOCTH,
HO M K IVI00ATbHOMY BO3MYIICHHIO MOHOC(EPHI, YTO U HAOII0aJI0Ch MPU B3phIBE
O0oMObl.  Jlerko moka3aTh, 4TO B KOCMOCE B OKPECTHOCTSX B3pbIBA, TI€ HET
HKPAHMUPYIOIIETO JEHCTBUS HMOHOC(EPHI, JIEKTPUUYECKHE I0JII MMEKT OO0JIbIINE
BEJIMYMHBI U MIPEJICTABISIOT OOMBIIYIO OMACHOCTD JJIsl KOCMUYECKUX aIllapaToB.

B  coorBerctBUM ¢ cooTHomeHWeM  (4) aMIDITYyda — WUMITyJbCa
OPONOPLMOHANIbHA TeMIepaType IUIa3Mbl, CJIEIOBATEIbHO, MO TIpaduky,
U300paXKEHHOMY Ha PHUC. 2, MOXHO CYAHTbh O MpOIeccax JETOHALUU SIAEPHOTO
3apsija U MOCIENYIOIIEM OXJIKIACHUH o0aka B3pbiBa. 3 pucyHKa BUAHO, YTO Ha
HAYaJIbHOM YYacTKE 3aBUCHUMOCTH aMILUTUTYAbl 3JEKTPUUYECKOTO IOl BUIHBI J1BA
nuka. MOXXHO MpEaNoyIoKUTh, YTO TEPBBIA MUK MNPEACTABIAET JIETOHALUIO
aTOMHOM OOMOBI, BTOPOM MUK HPEACTAaBIISIET MPOLECC AETOHALMHU TEPMOSIEPHOTO
3apsga. Jlamee wmer OBICTpBIA chmaj, KOTOPBIA XapakTEpPU3yeT TMPOIece
OXJaxJIeHus: oOjaka B3pbIBa. BHIHO, YTO OH HPOUCXOAUT OYEHb OBICTPO.
EcTtecTBeHHO NpEANONIOXKUTh, YTO 3TO TOT MEPHUOJ, KOIJa OCHOBHBIE MOTEpU
SHEPTUH CBSI3aHBI C JIyYUCTHIMH MTOTEPSIMHU.

Takum o00pa3oM, HaauMuuMe YKa3aHHOTO HMIIyJbCca SBISIOTCA CBOMCTBAMHU
CaMoro B3pbIBa, @ HE BTOPUYHBIM SIBIICHUEM.

Tenepp cinenyer caenaTb OAHO 3aMEYaHME IO IIOBOJY CaMOro TepMHUHa
NIEKTPOMArHuTHBIA uMIysbe (OMU), KOTOpBIN HCHONB3YyEeTCsS B JIUTEpaAType II0
JaHHOMY Bompocy. M3 3Toro Ha3BaHHS ClelyeT UCKIIOYUTH CIOBO MarHUTHBIH,
T.K. JAHHBIA MpoOLEecC NPEACTaBISIET PACIPOCTPAHEHUE TOJIBKO PaJUaIbHbBIX

SJICKTPHUICCKHX noneﬁ, H IIPHU 5TOM MAarimuTHBIC ITOJISI OTCYTCTBYIOT. I/IBBCCTHO, qTo
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aMIUIATYy1a AJIEKTPUUYECKOTO TMOJI UMITyJIbca MOKET nocturath Benuuud ~ 50000
B/mM. Ho ecim Obl HUMITynbC HEHCTBUTEIBHO OBUI DIIEKTPOMArHUTHBIM, TO
HAIPSDKCHHOCTh MATHUTHOTO 110J1st coctaBmna 06 ~ 1.3x16 A/m (st monydenns
3TOrO 3HAYEHUS CIIEAyeT HANpPsHKEHHOCTh AJIEKTPUYECKOTO MO pas3[eiuTh Ha
BOJIHOBOE COIPOTHUBIICHUE CBOOOTHOTO MPOCTPAHCTBA), & €r0 MOIHOCTh ObLIA OBl
~ 5MBT, uT0 COM3MEPUMO C MOIIIHOCTHIO HEOOJIBIIION AIIEKTPOCTAHIIUU.

DNeKTpUYECKUe Mol UMITYJIbCa MOTYT HaBOJUTh B OKPY>KAIOIIUX MPOBOSIINX
cpenax TOKM, U ATU TOKM OynyT T'€HepUpOBaTh MArHUTHBIE MOJS, HO 3TO YXKe
BTOPUYHOE SIBJICHHE.

[TockonbKy HampsYKEHHOCTh JJIEKTPUYECKHX MOJiel BOJIM3M SIAEPHOTO B3pPbHIBA
BEJIMKA U MOJKET JOCTUIaTh BEJIIMYUH MpoOoiiHOro HampspkeHus Bo3ayxa (300000
B/M), TO mpum B3pBIBaX, OCYIIECTBISEMBIX B HEMOCPEACTBEHHOW OJHM30CTH OT
36MHOM TMOBEPXHOCTH, 3TO MOXKET MPUBOAUTH K OOpPa30BAHUIO MOJHUM, 4YTO U
HaOJII0aeTCs Ha MPAKTHKE.

3aMeTuM, YTO KOHIENIUS CKaJsIpHO-BEKTOPHOTO MOTEHIMaNa IOKa OOIIero
NpU3HAHUS HE TMOJy4yusa, HO TO YTO OHA YJOBJIETBOPUTEIHHO OOBICHSET
paccMOTpeHHbIN (peHOMEH, yBenW4YMBaeT IIaHCHl Ha e€ mpusHaHue. Henb3s He
OTMETHUTB, YTO 3TA KOHIEHIUS OOBSICHSIET TAKXKE DIICKTPU3AIUIO CBEPXIIPOBOISIINX
0OMOTOK M TOPOB NPH BBEJICHHM B HUX IMOCTOSHHBIX TOKOB [5,8], uero He moryr

OOBSCHUTH IPYTUE TEOPHH.

DIIEKTPUYECKUN UMITYJIbC B3PhIBA TPOTHIIOBOTO 3apsia.

Ecin paccMOTpeHHBI OPUHLUI 00pa3OBaHUs dJIEKTPUYECKOTO HUMITYJIbCca
BEPEH, TO U B3pbIBbl OOBIYHBIX B3pBIBUATBHIX BEILIECTB, MPU KOTOPBIX 00pazyeTcs
XOJIOAHAs  IUIa3Ma, JOJDKHBI  TaKXKe  CONPOBOXKIATHCS  BO3HMKHOBEHUEM
IEKTPUYECKOI0  HMIIYJIbCa, XOTS U MEHEE WHTEHCHUBHOIO, Y€M IIpU SALEPHOM

B3pHbIBE.

28



Pacnag MoJiekyisl TpOTWIIA PH €70 AETOHALMU TPOUCXOINT 110 CIEAYIOIIEN

CXEME:
CHON,=2H O +3.50+ 1.3,
Ecmn KaxxJgasd H3 MOJICKYJ, BBIACIMBINAACA TIIPH B3PLIBC 6y,Z[CT OJHOKPATHO

HOHHM3HUPOBAHA, TO IIpHU paciaac MOJICKYJbI TPOTHIIA 6y,Z[CT BBIJCIICHO 7 CBO60,Z[HI>IX

51eKTpoHoB. Clle0BaTeNbHO, NPU JETOHALMM OJHOTO MOJS TPOTHIAa Oyner
_ 4
BeiesteHo /N, = 4.2% 16 anekTpoHoB, rae N, - uncno Asoraapo. Ipu B3psiBe

TpoTHIa TemmepaTypa objaka B3pbiBa jnocturaer 350K. Eciu Bce Monexysbl
pacmaga TpPOTWIA TIOJMydYaT OJHOKPATHYI0 HMOHHM3AIMI0, TO MAaKCHMajbHas

HaMpsHKCHHOCTD ITOJIA DJICKTPHUYCCKOI0 UMITYJIbCa COCTAaBUT
_ 1
r

Ha paccrosaun 100 M oT MecTa B3pbIBa HANPSHKEHHOCTH JJEKTPHYECKOTO TOJIS
oymer pana 3.7x10 B/m. Eciu crenens nonnsamuu coctasut 0.01% ,to u Toraa
OyzmeT moiydeHa HamnpspKeHHOCTh mosst 37 B/M, 4YTO BIOJMHE MOCTATOYHO JIJIs
pEeTUCTpali UMITYJIbCa. BaxHOCTh Takoro MeToja 3aKIIYaeTcs B TOM, YTO
u3ydasi TOTOJIOTHIO HWMITYJIbCa, MOXKHO CYAUTh O TIpolleccax JeTOHAIMH |
MOCTIEAYIONIEH penakcanuu obaka B3pbiBa. OUEBUIHO, ANEKTPUICCKUN HUMITYIIBC
JIOJDKEH COIYTCTBOBATh W TOMNAJAHUIO CHAapsija B pa3IudyHbIe TBEPABIC MPETpabl,
T.K. TIPA 3TOM MPOUCXOIUT CUIBHBIA MECTHBIA Pa30TpPeB MHILIEHU C 0Opa30BaHUEM
wia3mbl.  ClemoBaTeNbHO, MOXHO CHAENaTh BBIBOJ, YTO B TEeX MeCTaX, T/
oOpasyercs maa3Ma Jr000T0 BUA, TODKEH BOSHUKATH U AJIEKTPHYECCKUI UMITYJIBC.

B mHaywHOii smTeparype OTCYTCTBYIOT COOOIIEHHSI O BO3HHKHOBEHUH
AIIEKTPUUECKOTO MMITYJIbCA TIPU B3PBIBaX OOBIYHBIX B3PHIBUATHIX BEIIECTB, HO ITO
MOKET OBITh CBSI3aHO C TEM, YTO ITOT BOMPOC HUKTO HE UCCIIETOBAI.

H3BecTHO, UTO AJEKTPOCBAPKA CO3/AET CHIIbHBIC MOMEXU PATUOTPUEMY, HO ITH
MIOMEXH OY€HBb OBICTPO YOBIBAIOT C PACCTOSTHUEM. MUKPOB3pHIBAMU MOYKHO CUUTATh
Y UCKPEHHUE B TUIOXUX KOHTAKTaX B JEKTPUUECKHUX CETSAX, B KOHTAKTHBIX CHCTEMax

QJIICKTPOTPAHCIIOPTHEIX CPEACTB UIIM KOJIJICKTOpax HBHFaTCHCﬁ ITOCTOAHHOI'O TOKAa.
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Ho, mockonpky aMmmimtyaa »dIEKTPUYECKOTO HWMITYJhCa OBICTPO YOBIBaeT C
PACCTOSIHMEM, TO OCOOBIX TTIOMEX JIJIsl pauoTprEéMa 3TH MPOIIECCH HE BHI3BIBAIOT.

MomnHus TakKe pa3orpeBaeT IUIa3My N0 BBICOKOW TeMIepaTypbl M CO3HaéT
nomexu panuonpuémy. CyiecTByeT MHEHHE, YTO caM KaHajl MOJHHUHM CIYXKUT B
KayeCTBE aHTCHHBI, M3JIy4aloIlell paJMOBOJIHEI B IIIMPOKOM JIuamna3zoHe dactot. Ho
Tak Ju 3707 [Ipu Toi MyIMHE, KOTOPYIO MPECTABISICT KaHal MOJHUM, TaKasi aHTCHHA
JOJDKHA ObUTa OBl MMETh MPEKPACHBIE XAPAKTEPUCTUKH W HANEKHO H3IIydaTh HE
TOJILKO B KOPOTKOBOJIHOBOM, HO M B JJIMHHOBOJHOBOM paJHiOAHamna3one. A 310 Obl
03HA4aJo, 4To MpH JIF0OOM yJaape MOJHHH B JIIOOOM MECTe 3€MHOTO IIIapa B HAIIUX
MpUEMHUKAX BO3HUKAINA OBl TOMEXU. A MOCKOJBKY €XKECEKYHJIHO Ha 3€MHOM IIape
OBIOT COTHHM MOJIHMM, TO BeCh 3(hup ObLIT OBl 3aII0JIHEH CUTHAJIaAMU TTOMEX. DTOro He
MPOUCXOMUT IO TOW MPUYWHE, YTO ITUTA3MEHHBIN KaHall MOJIHMHM W3JIy4aeT He
PaJIMOBOJIHEI, a YJIEKTPUICCKUE UMITYJIbCHl TEMH YIaCTKaMH KaHala, rae o0pa3yercs
wia3ma. [Ipu 3ToM, MOCKOIBKY MPOIIecC MOHU3AIMH KaHalla MOJTHUH MPOUCXOIUT He
OJTHOBPEMEHHO BO BCEX €ro TOYKaX, W30BITOYHBIC 3apsjbl, BO3HUKIIHE B
pa3IMYHBIX yYacTKaxX KaHalla, BUISAT CBOE 3epKaIbHOE OTPaKEHHE MOJ 3eMHOMN
MOBEPXHOCTHI0, 00pa3ysi COOTBETCTBYIOIIUE MAWIOJNHU, IO KOTOPHIX YOBIBAIOT
00paTHO MPONOPITMOHATIFHO KyOy pacCTOSHUSI.

To, uyro HamucaHo B O3TOM maparpade, TOKa TOJBKO TEOPETHUECKUE
npeanockuiku. Ho ecnu oHM  OyIayT MOATBEPIKIEHBI AKCIIEPUMEHTAIBLHO, TO OyIeT
HE TOJBKO €I pa3 MOATBEPKACHA KUIHECIOCOOHOCTh KOHIICTIIMUA CKaJSIPHO-
BEKTOPHOTO MOTEHIMAIa, HO U OTKPOETCS MyTh I Pa3padOTKU HOBBIX METOIHK

HCCIICAOBAHUA MPOLCCCOB, IMPOUCXOAAIINX ITPH PA3JIMIHBIX B3PbIBAX.
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