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1. BBEOEHUE. OUATHOCTUYECKUE 3AOAYN N HEKOTOPbIE METOAbI UX
PELLEHUA

Pabombl wecmudecsimbix 2o00doe (K.A. [puHzay3 u D. Carpenter) npedcmaensirom cobol
Knaccu4yeckul npumep ycrniewHoU duazHocmu cpedHel MazHumocgepbl Mo OaHHbIM CMYyMHUKOBLIX
HabnrodeHuUl u ¢ nomMouwibro OUCMAaHUUOHHOU OQuacHOCMUKU Ha OCHO8e aHasu3a OucrnepcUOHHbIX
XapakmepucmuK ceucmoebix 80JIH 6Hympu U 8He nisia3monay3bl.

Pa3nu4Hble munbl ecmecmeeHHbIX C8UCMOB8bIX 3JIEKMPOMa2HUMHbIX U3Jly4eHul eo36yxdaromcs e
paduayuoHHbIX rmnosicax 3emsu. Ycnoeuss mako2o 8036yx0deHusi 3asucsim oOm nasiI3MeHHbIX
napamempoe, 2eoMempuu cucmembl, ycriogull pacrnpocmpaHeHUs1 80JIH, HaKOM/IeHUs1 U 8bICbIinaHus
dHep2UYHbIX 4Yacmuy 6 2eO0Ma2HUMHOU J1o8yUIKe. 3aKkoHomMepHoCcMuU 3hpheKmueHo20
e3aumodelicmeusi 6OJIH U 4Yacmuy 4Yacmo XOpowo ofnucbiearomcsi meopuel MJIa3MeHHO20
MazHumocgepHo20 Ma3sepa. [lna3MeHHbIU MacHUMOCGEpPHbIU Ma3ep Moxem (YHKUUOHUpO8amb 8
HECKOJIbKUX OCHOBHbLIX peXumax. 3mu pexumbl omeemcmeeHHbl 3a 8036))x0eHue pa3/Iu4dHbIX
munoe ecmecmeeHHbix OHY usny4denulli. Hanpumep, OuHamMukKa nna3mMeHHO20 Ma2HUMocgepHo20
Ma3epa 3asucum Om MOWHOCMU UCMOYHUKA 3HepP2U4YHbIX Yacmuy e mpybke Ma2HUMHO20 MOJisi.
3HaHue meopuu njia3MeHHO20 MazHUmMocgepHo20 Ma3epa daem 803MOXXHOCMb UCMOJ/Ib308amb 8

dua2cHOCMu4YecKuUx uesiiXHeKomophbie Hoeble ceolicmea AJIEKMPOMacHUMHbIX u3nyquua.
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2. MNA3MEHHbIN MATHUTOC®EPHbLIU MA3EP (MPM)

Relatively dense magnetized plasma and conjugate ends of the magnetic trap form the quasioptical resonator for
electromagnetic waves

e Active substance consists of the plasma of the radiation belts having a characteristic loss cone in velocity space
e (I increment determines the balance between the processes of the induced emission and absorption

e The sources of energetic particles feel the pumping role

o The working modes in MPM are the whistler and Alfven waves

.
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3. BPEMEHHBIE WKAJbI NMNASMEHHOIO MATHUTOC®EPHOIO MA3EPA

Wave spectrum in MPM has three regions of the time-scales

e Smallest corresponds to the nonlinear trapping frequency in the field of individual nonlinear wave 2. and to the

bounce frequency between mirror points Qb .

e Slower variations of the dynamic spectrum are related to the frequency of the wave packet oscillations between the

Q

mirror points “~°9 .

e There also exist time scale of the quasi-linear relaxation processes determined mainly by growth rate B . Precise

calculation shows that the frequency of radiation spectrum modulation is described by the formular
1

,75
Q, =|—
/ [13]

where 1) is the energetic particles life time.

Really in many cases VLF emissions are characterized by periodic repetitions of the dynamic spectra. Corresponding
periods are usually in three ranges (Helliwell 196)5)

e From 0.1 to 1 seconds - ""Chorus".

e From 2 to 6 seconds - Short periodic signals (SP).

e From 10 to 300 seconds - Quasiperiodic Signals (QP).
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4. OCHOBHbIE PEXXUMbI PABOTbI MNITASMEHHOIO MATHUTOC®EPHOI'O
MA3EPA

e Steady - state regime corresponds to a constant level of the electromagnetic turbulence & and a balance between

the supply of the particles from the source and their precipitation into ionosphere
e Relaxation regime

e Auto oscillatory regime

The conditions for realization of these regimes depend largely on the power of the particle source J(K , V) and its

angular dependence in the magnetic flux tube.

More in detail see P.A.Bespalov and V. Yu. Trakhtengerts, Dynamics of cyclotron instability in the Earth's radiation
belts. Reviews of Plasma Phys., 1986. v.10. p.155-292
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5. DYHOAMEHTANBbHbIE YPABHEHUA ( At > T, T, )

OF _ ([ per. _ K
3 = (Io DEF da)) T+J

i o (IOO bt IA{F ° dK‘ ° dV)g i Vg
at 0 Kmin

o I'(,K,v) s the distribution function
(

()
e T(v) isthe disappearance time due to the collisions or transport
o K =u/V
o €(t,w) jsthe spectral energy density
o V(W) isthe rate of the decay

e D(k,v,w) and K(k,vw) are known differential operators
e Rmin is the loss cone boundarie
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6. WWANEHUA

2 2
@,V

= >1

2 2

Usually conditions for the hiss-like whistler emissions excitation depend on the parameter p-

2 2

If b= # 21 | we have hiss-like emissions in VLF band with upper frequency
BL

——
WOax = Wpp L=~
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If b= wi 2 >1 we have hiss-like emissions in ELF band with upper frequency
BL
(42,
0. ——BL
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Thus we can estimate the parameters T_L’ p..
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7. CTALUMOHAPHOE PELUEHUE ®YHOAMEHTANbHbIX YPABHEHUW

Formally to each a source power of particles corresponds a stationary state with a balance between accumulation of
particles from a source and their precipitation in an ionosphere and a constant level of whistler turbulence. We admit,
that the effective decay coefficient taking into account absorption of whistler waves in the magnetospheric a resonator

v(o) as the power function depends on frequency (O

Q
v =v (2
[4)) ’

[e]

and the power of a source of particles depends on sine of an equatorial pitch angler <-,/» and as the power function

depends from a kinetic energy of particles
V\2s
J =J,(x) (v_) ’

Then a stationary distribution function of trapped particles and spectral density of whistler waves determine by the
following relations (Bespalov, 1985):

a) S
F=F(x)()>? e=¢(>)
1% ’ w, -

o
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The whistler waves decay coefficient in the magnetospheric a resonator

v=(2/T,)|In(R)|

The period of group propagation depends on frequency and below so-called nose frequency

— lo,

~ @
g 1/2 _1/2
cw @y,

-1/2

’

where l is the length of a magnetic flux tube, @,. and @3z are plasma and cyclotron frequencies in the equatorial

plane, c is the light velocity. Let assume that a reflection coefficient of whistler waves from the ionosphere R(w)
not so seriously depends from the frequency. For such a case

F=F®C)

This result practically is rather close to the experimental results. Taking into account stationary energetic distribution
in the radiation belts we can to define the Q factor of magnetospheric resonator for VLF and ELF frequency bands.

Thus we can estimate the parameters R(w)
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8. OHY U3NYYEHUA B MATHUTOCOMNPAXEHHbBIX OBJIACTAX

O’Brien (1962) pointed out that the accumulation of the charged particles in RB in many respects is similar to the
accumulation of water in a bucket with opening in side wall.

B v i
=g =)
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Weak pitch-angle diffusion Moderate (Strong) pitch-angle diffusion

|
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Actually exist a certain asymmetry of the geomagnetic 1l
oy trap W e

Ko o e o e

Bespalov and Chukanov (1980) showed that this lead to the noticeable asymmetry in VL Femissions in the conjugated
regions of the magnetosphere, if the weak pitch-angular diffusion of particles is realized.

Mikhaylov and others found experimentally that statistically the degree of the VLF emissions symmetry grows with an
increase in the magnetic activity.

Thus we can estimate the pitch-angular diffusion regime.
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9. USNYHEHUA TUNA QP-1

Frequently QP-1 emissions occur after the pulse external action: HM waves, magnetic pulse, pulse particle injection,
strong whistler, etc.

fn
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If modulation of the electromagnetic waves intensity is not very deep, then the oscillatory frequency is equal to

.
Q, = (71)“2 10s <T,<150s

’

where V=2 “n R‘ IT, g s Tl is the mean particles life-time in the magnetic trap. The modulation rate of decay is equal to y, =-1/T, .

I, =1,

If modulation of the electromagnetic waves intensity is very deep, then the oscillatory period is equal to

Thus we can estimate the mean particles life-time 7; .
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10. U3NTYHEHUA TUNA QP-2. 3BONOLUNA BOJTHOBbLIX CIMEKTPOB

The regime of the generation of the periodic pulses is realized instead of the stationary generation for the appropriate

types of the angular dependence of the particle source power in the regime of weak pitch-angular diffusion (Bespalov,
1982).
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Dynamics of the frequency spectrum
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Let y(,F) the averaged increment of CI. Then two frequency dependences are important: Y(®,Jt) and y(o,F.) . The

mutual position of the maximums of these dependences determines direction and rate of change of the frequency
within the electromagnetic pulse.

For initial problem with E(t — O) — F(t — O) =0
F=J-t
Then average }[fwﬁ X For the steady- @lk
increment X state I = L Xm
v(w,F — J - t) hjm-—- o g et and the increment . () N -
ﬁ has a form: \
has & I\
the following | l
SJorm: ; / | Py, L\
L——-‘L = ‘__....z,_ " L A S
Loy o W, @

Therefore, there is a reason for shift of the wave spectrum from wl to W2 .

Thus we can estimate the particle source power and it angular dependence.
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11. PASMEPHOCTb KHY-XOPOB

First of all, we represented electric field of signal in the numerical form u(i)=E (ti) , l, = IA We introduced

vectors with " components X (@) ={u(@),....u(i + m=1)}. The total number of such vectors is equal to N .
After this, we introduce into the examination the function

C(i,m,r)= %{number of vectors with d[x(i),x(j)]<r}

vogctmr) We produced calculation of the signal dimension, and found
(Bespalov and Sidorovskaya, 1992)

logC
log

According to Takens theorem this means that for describing such
type of chorus is necessary to have theory containing » ordinary
differential equations of the first order. Where

[dim]+1=3<n<2+2[dim]=6

dim=Iim 2.5

Thus we can estimate dimension of electromagnetic signals.
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12. 3AKITKOYEHUE. HEKOTOPBLIE NMPUINTOXEHUA TEOPUU MNNASMEHHOIO
MATHUTOC®EPHOIO MA3EPA

Teopusi nnasMeHHo20 Ma2HuUmocgepHo20 Ma3sepa Mnosie3Ha Osi1 OuacHOCMUKU JIOKallbHbIX U
a2nobasbHbIX Xapakmepucmuk rniaasMeHHbIX Ma2HUMOoCcepHbIX MPoueccoas.
e BepxHsis yacmoma rnoJsiochkl WureHuu ornpedesisem aHU30MpPonuro yHKUUU pacrnpeoesrieHus
e HuxxHs1I1 yacmoma crnekmpa onpedesisiem KOHUeHmpauyuro ¢poHoeouU rnsa3mbl
e [lepuod QP OHY usny4yeHul onpedesisem MOWHOCMb UCMOYHUKa 3Hep2UYHbIX Yacmuy,
e Bpemsi 3amyxaHusi MOOynisiuuUu rnocsie KOpPoOMmMKo20 UMMyJsibca MazHUMocgepHo20 803MYyU,eHUS
onpedesisiem xapakmepHoe 8PeMs XU3HU dHepa2UYHbIX Yacmuy 8 Ma2cHUMHOU JiosyuiKe

e PazHocmb ¢ha3 mexdy QP-1 modynsyuel u 2udpomMacHUMHOU 60JIHOU rnomMoz2aem onpeodesniums

co6¢cmeeHHyto Yyacmomy {2

e [luHamuka cnekmpa e QP-2 u3ny4eHusix onpedesiiem aHU3OMPOMNU MOWHOCMU UCMOYHUKa
3HepauYHbIX Yacmuy,

® YpoeeHb COMnpsiKeHHOCMU 3JIeKmpoMa2HUMHbIX CU2Has108 8 Ce8epPHOM U FXKHOM rosywapusix
onpedesisem mun numy-yasoeou oughghysuu

e Ecniu mMbI 3HaeM 3Hep2emu4ecKul crekmp 3axea4dyeHHbIX 4Yacmuu, MmO MOXHO eoccmaHosuUmb
4YacmomHyH 3asUcuUMOCcmMb 006pomHocmu MmazcHumocgepHoz20 pezoHamopa e OHY duanasoHe

e QP OHY cuzHanbi 6os1e munu4HbI Ons1 cayyas cnabou numy-yanoeol Qugpgy3uu
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