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Annotation: The lightning structure in the course of the electric spark is considered. Nature
of distribution of the charged particles in the channel of a lightning on the basis of the
received experimental data is established.

The mechanism of lightning in sufficient detail is presented in the literature (1,2). The
model of the discharge is comprised of a series of emerging channels (streamers), within
which consistently moves the flow of electrons. The channel is heated to several thousand
degrees, so that the electrons in the form of a spark overcome enormous distances. Some
papers lightning model is a dense plasma stream of charged particles that are compressed
powerful magnetic field in a very narrow channel with a diameter of about an inch. It is
assumed that the magnetic field is created by the very flow of charged particles and has a
transverse coaxial converging to form the center of a circle. In this paper, the author proposes
an inductive model.

An electron in a constant magnetic field spirals (3):

M=eB/w (1)
where M - mass of the electron,
e - electron charge,
B - magnetic induction
w - angular frequency of the spiral.

Thus , the angular frequency is defined by the formula:

w = 2xaf 2

where f - cyclotron frequency. For example, the earth's ionosphere electrons in a
magnetic field of the earth , according to the formulas (1) and ( 2) , the cyclotron frequency f
=1.4x10°Hz (3). On the other hand, is defined as the cyclotron frequency of the electrons
number of revolutions around the propagation axis in a second , ie:

f=vs/ A (3)

where vs - linear velocity distribution of electrons , A - the helical pitch .

From the numerous experimental data known to the parameters of a linear lightning and
Earth's magnetic field (1,2):

The diameter of the bore of lightning - 10-45 cm,

The linear distribution of lightning - 150 km /s,

The current in the channel - 200 kA

Length zipper - upto 0.5 s,

The magnetic field of the Earth - 5x10°° T .
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The proposed model is based on the results of the study of linear images of lightning, a
small portion of which is to repeatedly enlarged shown in Figure 1. The photo was taken on
SLR photographic film emulsion.

Three points are shown in the lightning spread a negative image. In the center of the
image is fixed initial stage of the spread of lightning - a bright uniform cord. Due to the high
density of charged particles to discern any details is almost impossible. At the bottom of the
image shows the last stage of the spread of lightning - the remnants of the channel, dissolving
in the atmosphere. Original technique of photographing enabled to detect an intermediate
stage of development of a lightning. Thanks to a manifold increase in the photograph turned
out blurry. However, in the upper portion of the image is clearly visible spiral some particles.
Taking the diameter of the lightning channel ~ 0.2 m at pictures easily determine the helical
pitch of A ~ 0.1m. Then, using the above parameters of a linear lightning and Earth's magnetic
field, according to the formula (3) can determine the cyclotron frequency f = 1.5 x 10° 1/sec,
which is quite exactly the same as the result calculated by formulas (1) and (2) for electron-
helix. The corresponding mass of the particle, calculated using the formula (1) is equal to 8.5
x 10% kg, with great accuracy the mass of the electron ( 9.1 x 10! kg). Consequently,
according to the source (2), in this case, there was a spark of the electrons in the system of
positively charged streamers.

Earth's magnetic field causes the electrons traveling at an angle a to the lines of the
field, move inside the channel at a speed v spiral radius R:

R=—— "t
(e/m)B
where v, =vsina - the radial velocity of the electrons ,

v, =vcosa - linear velocity of the electrons (3).

Thus, electrons entering the earth's field angle o close to 90°, the spiral has a
maximum radius and the minimum linear velocity along the streamer. Further spread of the
spiral along the canals of consecutive streamers slightly depends on the magnetic field of the
Earth, because due to the phenomenon of self-induction, the spread of the spiral continues
automatically. Spiral of electrons similar to current I, propagating on coils of wire cylindrical
coil of length I and the number of turns of wire N. In the vicinity of any cylindrical coil, due
to the phenomenon of electromagnetism, there is always a magnetic field (4). In this case, the
coil is virtually infinite, and the magnetic field is concentrated mainly in the inside and on the
rule of thumb is directed towards a linear lightning propagation. Induction of the magnetic
field inside the coil defined as:

BL = po Hi,

where po = 1.257x10 ® Vesec / ( Aem ) - magnetic constant , H.=I_N/I - the magnetic
field (4). Using a helical pitch A = I/N can be written H_ = I_/ A. Thus, the current in the coil
I, ~ 10°A, A = 0.1m, find H_ ~ 10’ A/ m, B_ ~ 12T, that hundreds of thousands of times
more parameters of the magnetic field of the Earth. The phenomenon of self-inductance is
expressed in an abrupt increase in the magnetic field inside the coil, which induces a voltage
in the coil itself, it creates a magnetic field. The voltage is opposite in sign to the charge
generating its current change. As a result, inductance prevents an abrupt change in current
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causes a slow increase in the current circuit circuits [4], i.e., a spark discharge. The formation
and distribution spirals thus stabilized.

As a result of the performed work proposed a model in which a lightning spark flowing
in sequences of positively charged streamers, is an avalanche of electrons moving in a spiral
formed in the Earth's magnetic field and propagates through the phenomena of
electromagnetism and inductance.

MexaHu3M pa3BUTUS pas3psa MOJHMM JOCTaTOYHO JI€TAJbHO IPEJICTaBIEH B
murepatype (1,2). OOmenpuHSTBI MEXaHW3M OIHMCaH, Hampumep, B pabore (2). ABTOp
paccMaTpuBaeT pa3BUTHE pa3psla B TaK Ha3bIBaeMOW JUAEpPHOH (opme, MpeacTaBisioLIeH
coOOH TMOcCeI0BaTEIbHbBIN PAJ BO3HUKAIOUIMX KaHAJIOB-CTPUMEPOB, CIABHUHYTBIX OJHH IO
OTHOLIECHHUID K JPYrOMy B IPOCTPaHCTBE U BO BpeMeHH. IIoTOK 31eKTpOHOB,
IepEMELIAOUXCS BIOJIb IIOCIEN0BATEIBbHO Pa3BUBAIOLINXCS CTPUMEPOB, pa30rpeBaeT KaHall
Jauepa 10 HECKOJBbKHX ThICSY TPajlycoB, Oyarojaps ueMmy 3JEKTPOHbBI B BHJIE MCKPOBOTO
paspsa IIpeoJoJIeBalOT I'MTAHTCKUE paccTosiHUSA. Jlanee yka3pIBaeTcCs, UTO IMEpPEMEIIECHUE
AJIEKTPOHOB BJIOJIb CTPUMEPOB TNPHUBOJUT K OOpa3oBaHUIO OOBEMHOIO 3apsiia BOKPYT
pa3orpeToro MCKpPOBOIO KaHaja, IOJSIPHOCTb KOTOPOTO COOTBETCTBYET 3HAKy 3apsaa
IPO30BOTrO 00JaKa.

OnHako B 3TOM OOIIETIPUHATON MOJIEIH Pa3BUTHUS pa3psiia MOJIHUU HE COBCEM MOHSATEH
XapakTep paclIpoCTpaHEHMsI DSJIEKTPOHOB BHYTPU KaHajla. B HEKOTOpBIX MCTOYHMKaX
HCKPOBOM paspsii MOJHHM TPEACTaBIA€T COOON IUIOTHBIM IMOTOK IUIa3Mbl 3apsDKEHHBIX
YacTHUILl, CKAaThIX MOIIHBIM MAarHUTHBIM IIOJIEM B OYEHb Y3KOM KaHaJle TUAMETPOM OKOJIO
cantumerpa. [Ipennonaraercs, 4o MarHUTHOE Tosie oOpasyercs O6iaarogapsi caMoMy MOTOKY
3apsDKEHHBIX YacTUIl M MUMEET MOMNEePEYHYI0 KOAKCHAIbHYIO (OPMY CXOMASALIMXCS K LEHTPY
KaHajga OKpyXHocTed. HemoHATHO, Kak 3apsHOKEHHBIM YacTULAM C HHU3KOM HayaJbHON
CKOPOCTBIO yHAa€Tcs B IpoLEecce paspsna CO34aBaTh MArHUTHOE II0JIE, YAEP KUBAIOLIEE
JIOCTAaTOYHO IUIOTHYIO IJIa3My B O4YeHb MajioM oObEéMe MpocTpaHcTBa. B HacTosmieil cratbe
MIPEIIPHUHATA MTONBITKA OCMBICIIEHHSI 3TOTO IpoLiecca.

Kaxk u3BecTHO, 31€KTPOH B IOCTOSTHHOM MarHUTHOM TIOJIE IBMDKETCS o crinpaiy (3):

M =eB/w, 1)
rae M — macca snekTpoHa,
€ - 3apsna dJIEKTPOHA,
B — uHyKIus MArHUTHOTO TIOJIS,
(® —yrJIOBas 4acTOTa CIMPAJIH.
ITpu 5TOM, yrioBas 4acToTa onpeznensercs mno Gopmyse:
w = 2xf (2
rae f —1mknoTpoHHas dYactoTa. Hampumep, Uis 3IEKTPOHOB 3eMHON HOHOC(hEpHI,

HaXOJIIUXCSI B MarHUTHOM Tiosie 3emiH, coryiacHo ¢opmynam (1) u (2), uukinoTpoHHas
- 6 .

gactota f =1,4x10°T1 (3). C mpyroit CTOpOHBI, IMKIOTPOHHAS YaCTOTa OMPEACISICTCS KakK

YHCIIO 00OPOTOB AJIEKTPOHOB BOKPYT OCH PacIpOCTPAaHEHHUs 32 CEKYH/IY, TO €CTb:

f=v/2, ©)

r7e U, — CKOPOCTb JUHEHHOTO PaCIPOCTPAHEHHU DJICKTPOHOB, A — LIar CpaiH.
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Kpome TOro0, M3 nmureparypbl H3BECTHBI MapaMeTphl TUHEHHONH MOJIHUM U MarHUTHOTO
HOJIA 3EeMITH:

JnameTp KaHana CTBOJIA MOJIHUU - 10-45 cm,
CKOpoOCTh TMHEWHOTO PACIIPOCTPAHEHUSI MOJIHUU - 150 xm/c,
Cuia Toka B KaHaje - 200 KA,
JImMTenhbHOCTh MOTHUN - 1005c¢,
NHpykuust MarHuTHOTO 1oJIst 3eMJI - 5x10° T

@otorpaduss JUHEHHON MOJHUM, HEOOJBIION YYacTOK KOTOPOM H300pakEéH Ha
pHCYHKe, ObLIa CeJlaHa B UI0JIE MO3HUM BeUepOM OOBIYHBIM 3€pPKabHBIM (DOTOAIIAPATOM.

Pucynok. DBomto1ust TMHEHHOW MOTHUHU.

CHUMOK TIpencTaBisieT Co00M MHOTOKPAaTHO YBEIWYEHHBIH Y4acTOK MOJIHUH,
coctapisitouit ~1-2% ot oOmielt IIMHBI MOJHWM, TOMaBiIed B Kaap (OTOMIEHKH. ITO,
0€3yCIOBHO, OTPA3WIOCh HA PE3KOCTH M KOHTPACTHOCTH M300pakeHUsI, OJTHAKO, TTO3BOJIUIIO
YBUAETDH JETali, HEIOCTYITHBIC IPH MEHBIIIEM YBEITUYCHUHU.

Ha HeratuBe moka3aHbl TpH MOMEHTa >U3HM MOJIHUU. B 1eHTpe CHUMKa
3apukcupoBaHa HavaNbHAsl CTAAUS KU3HU MOJHUM — SPKUNA OJTHOPOAHBIN mHYp. [ImoTHOCTH
3apsKEHHBIX YAaCTUIl HACTOJBKO BBICOKA, YTO PA3IUYHUTh XapakTep ABMIKCHHS dTHX YaCTHI]
MPAKTUYECKU HEBO3MOXKHO. BHHM3y moka3zaHa MOCHeIHsIs CTaausl )KU3HH MOJIHUU — OCTaTKH
KaHala, pacTBopsoniuecss B atmocdepe. B Bepxuelr uwactu ¢otorpadum mokazaHa
MPOMEXYTOUHAs CTaAWsl Pa3BUTHUsI JUHEHHOW MOJHUHM, HAa KOTOPOH OTYETIUBO BHJIHA
CIUpanb HEKOTOPbIX dacTull. l[IlpuHumas nuamerp kaHama mouHuu ~0,2M, MOXHO IO
dotorpadpun omnpeaenuts mar coupanun  A~0,1m. 3areM, HCMONB3ys BBINICYKA3aHHBIC
napaMeTpbl JIMHEHHONW MOJHHH M MAarHUTHOTO ToJis 3eMid, mo ¢opmyie (3) MOXKHO
OIPEETUTh UUKIOTPOHHYIO YacToTy f =1,5x10° 06/cek, 4TO HOCTATOUHO TOYHO COBIANACT C
pe3yibTaToM, BBIYMCIACHHBIM 10 ¢opmyram (1) u (2) aas 3JIEKTPOHHOW CITHpaH.
COOTBETCTBYIOIAs MACCa JaCTHIIB!, Bhrauc/IeHHas 1o gopmyre (1), pasua 8,5x10" kr, uro ¢
GOMBIION TOYHOCTBIO COOTBeTCTBYeT Macce aekrpona (9,1x10° kr). CrnemoatensHo,
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cormacHo TeopuH (2), B JaHHOM ciydae HaONIONANICS WCKPOBOM paspsii DJICKTPOHOB B
CUCTEME ITOJIOKUTENIBHO 3apsKEHHBIX CTPUMEPOB.
Beipaxxenue cuiibl JIopeHIa, IEHCTBYIOIEN HAa IBWXKYLIYIOCS B 3JIEKTPOMAarHUTHOM
M0JIE 3apsDKCHHYIO YacTUIly, B BEKTOpHOU popme umeeT Buj (3):
F =qE +q[vB], 4

—

rae E — HanpsokEHHOCTH 3IIEKTPHYeCKOro Mo,

B — maruurHas HWHAYKIWA,

—

U — CKOPOCTb YaCTHILBI,
( — 3apsa 4YaCTULIBI.

Ecnu cuurtarh MarHuTHoe 1mosie 3€MJIM  NIOCTOSIHHBIM M OJHOPOJHBIM  JUIS
OTHOCHUTEIILHO KOMIIAKTHOU CPEllbl paCIPOCTPAHEHUsI MOJIHUY, TO KaHaJl JINHEWHOW MOJIHHH,
BEPOSITHO, UCKPUBJISIETCS MO JEUCTBUEM DIEKTPUUECKOTO I0JIs1, HENPEPBIBHO MEHSIOIIETOCS
B 3aBHCHMOCTH OT 3apsiaa Onu3iexammx oOsakoB. MarHuTHoe mosie 3eMiId 3acTaBisieT
3JIEKTPOHBI, JIETAIIKE 110 YIVIOM O K CWJIOBBIM JIMHHUAM IIOJIsl, IBUTAaThCs BHYTPU KaHAJIA 110
cnupaiu paguyca R:

R Ui
(e/m)B’

U ABUIaThbCAa BJOJIb CHUJIOBBIX JIMHAH MarHuTHOI'O HOJA 3eMJIA CO CKOpOCTBIO U, TAC

v, =vsina, v, =vcosa, (3). Takum 00pa3oM, IPH BXOKICHUH HICKTPOHOB B MOJIC 3EMITH

nox yriom o Omuskum k 90°, criupanh MMeeT MaKCHMMAJIbHBIH PajMyC U MHHUMAIBHYIO
CKOPOCTb JINHEHHOTO NepEMEIIEHNS BJI0JIb KaHajla cTpumepa. JlanpHelinee pacpocTpaHeHue
CIMpaIX BIOJb KAHAJOB IOCJIEN0BATENbHO UAYIINX CTPUMEPOB HE3HAYUTENIBHO 3aBHCUT OT
MarHuTHoro mosigs 3emiud, uO0 Onaromaps SBJICHHUIO CAMOMHIYKLWH, IPOLECC
pacnpoCTpaHEHUsl COMpalnd NpOAOJDKAaeTcs  aBToMaTudecku. CnMpanb  3JIEKTPOHOB
aHAJIOTMYHA [MIMHAPUYECKO Karymike mmHod | u ¢ konmmuecTtBoM BUTKOB N |, 10 KOTOPBIM
npotekaet Tok |, . B OKpecTHOCTSX J1F000# [UINHPHIECKOM KATYIIKH, Oaroaaps siBICHHIO

3JIEKTPOMAarHeTH3Ma, BCerjia CylecTByeT MaruuTHoe moje (4). B manHoM citydae, Karyinka
NpPaKTHYECKH OECKOHEYHA, ¥ MalHUTHOE I10JI€ B OCHOBHOM COCPEIOTOYEHO BHYTPU HEE M I10
npaBuily OypaBuMKa HAIPaBJIEHO [0 HAIPABJICHUIO JMHEWHOIO PaclpOCTPAHEHUS MOJIHHH.
WHAYKIMsS MarHUTHOTO TIOJISl BHYTPH CIIMPAJIU ONPEIENISIETCs KakK:
B, =u,H_,
roe U, =1,257x10°Bc/(AM) - MarHWTHas  IOCTOSHHAS, H =I1/N/I-

HanpspKEHHOCTh MarHUTHOTO 1odist (4). Mcnonk3ys u3 Gororpaguyeckux AaHHBIX BETUUUHY

mara cnimpand A = 0,1u Mmoxuo 3anmcars H, =1, /1. Takum oGpasom, uist TOKa B CIMPaIIH

I ~10° A, maxomum HLz107A/M, B, #1277, uro B nBectu ThICSY pa3 GoJbIie

[IapaMeTpoB MarHUTHOTO Mojis 3eMid. SIBlIeHHME CAaMOMHAYKLIMH BBIpaXaeTrcs B
CKauKOOOpa3HOM YBEIMYEHMHM MAarHUTHOTO TOJII BHYTPU CIUPAJH, KOTOPOE HHIYLHPYET
HallpsDKEHHE B CAMOM  CIMpaid, CO3JAloLIe 3TO0 MarHutHoe moJie. HampsokeHue
IIPOTUBOIIOJIOKHO TMOPOXKIAIIEMY €ro HM3MEHEHUIO TOKa. B pesynbrare, caMOMHIYKIUS
NPEMSATCTBYET CKAYKOOOpa3sHOMY M3MEHEHHUIO TOKa, O0OYCIIaBIMBAET MEJICHHOE HapacTaHHUe
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TOKa TP 3aMbIKaHUU LienH (4), To ecTh, PH UCKPOBOM paszpsiae. [Iporecc GopmupoBanus u
pacrpocTpaHeHHs CIUPAIH, TAKUM 00pa3oM, CTaOUIH3UPYETCS.

B pesynbraTe BBHINMOJIHEHHOW pabOTHI pacCCMOTPEHA HBOJIOLUS JTUHEWHOW MOJHHMU B
nporiecce e€ pacnpocTpaHeHus: B atMochepe 3emin. B Buie runoressl mpeiokeHa Moaesb
pacIpOCTpaHEHHUs 3apsKEHHBIX 4YacTUL BHYTPU KaHaja JIMHEWHOM MOJIHUHU, COIVIACHO
KOTOPOM HMCKPOBOW paspsi JUHEMHOW MOJIHUM, MPOTEKAIOLIMI B IMOCIECAOBATEIILHOM psiJie
MOJIOKUTEIBHO 3apSUKCHHBIX CTPUMEPOB, MPEACTABIsAeT CcO00# JIaBUHY 3JIEKTPOHOB,
JBIDKYILIUXCS TIO CIIUPAJIM, 00pa30BaHHON B MAarHUTHOM I10JI€ 3eMJIM U PAaCIpOCTPaHSIOMIEHCS
Omaroapst ABJICHUSM JIEKTPOMArHeTH3Ma U CAMOMHTyKIIUH.
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