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CyTb npobnembil

[ToHUMaHMe mexaHu3ma Popby-noHmKeHmna KJ1 n npekypcopHbIX
apPekToB B KJ/1 o4eHb BaXKHO AnA Pa3paboTKM METOA0B NPOrHO3MU-
POBaHMA B6ONbLLUMX MAarHUTHbIX BYpPb C NOMOLLbIO OAHO-YACOBbIX AdH-
HbIX MHTEHCUBHOCTM KJ1 HA MHOTUX CTaHUMAX, MONYYEHHbIX B pe€asibHOM
MmacliTabe BpemeHu. lpexxae BCcero paccMaTpmMBaETCA CUTYaLLMA C pac-
npeaeneHmnem KJ1 sBHyTpm CME 1 Kak OHO n3meHAeTCA CO BpemMeHeM.
[lpegnonaraetca, uTo yaapHaAa soaHa nepeg CME v rpaHuybl CME no-
nynpo3paynbl ana KJ1, nppuyem KospPunumeHT npocaymnBaemocT 3aBu-
CUT OT KECTKoCTM Yactuu,. OgHo anddepeHunoHabHOe yp-me onpe-
AenAaet USMeHeHme Co BpemeHem pacnpeneneHma NHTEHCUBHOCTU K
BHyTpu CME c ydueTOM yMmeHbLUeHNA 3HepPrMn 4acTtuuy, B paclumpao-
wemca ob6vbeme CME n noctoaHHoro obmeHa c yactnuamm KJ/1 BHe CME
(3a cuéT nonynpospavyHocTu rpaHuy, CME). pyroe agnddepeHUMoHaNb-
Hoe yp-ue onpeaenseT cutyauuto BHe CME ¢ yyetom gpendoBoro
ycKopeHua Yyactuu, KJ1 yaapHown BonHon nepen CME (3To obbacHAeT
HebonbLIOe NpeaBo3pacTaHne nHTeHcuBHocTu KJ1 nepea Havyanom
MArHUTHOM Bypun), a TakKe obmeH ¢ yactmuamm K/1 BHyTpu CME.



Cytb npobaembl (npoaoneHune)

OcobeHHO CUNbHbLIM 0OMEeH UaeT BAOb MAarHUTHbIX
CUNOBbIX TUHUK (C KO3IPPULMEHTOM NMPOCA4YNBAEMOCTU
OAN3KUM K eanHULE). ITUM 0bbAcHAETCA IPDEKT
npeaAnoOHUXeHUA MHTEHCUBHOCTU RJ1 BAO/b CNUPAIbHbIX
JIMHUN MEXNNAHETHOro MarHUTHOro NO/A, COeANHAIOLLUX
CME c nnaHeTon 3emnsa. NMoKa3aHoO, YTO CpaBHEHUE
MOZE/IbHbIX PAaCYETOB C HAa4Ya/IbHbIMMN AAaHHbIMMU
HabnaoaeHnn nHTeHcmBHocTU KJ1 no3BosseT NnoayumnTb
BaXXHY0 nHpopmauuto o ceomnctesax CME n ynapHou
BOJIHbI, CYLLECTBEHHYIO ANA NPEeACKA3aHMNA OXNOaEeMOU
MarHMTHOM bypu 1 npeaBapmuTeNbHON OLEHKU €€
ONAaCHOCTU ANA CMYTHUKOB, CAMOJIETOB Ha PerynapHbIX
aBUANNHUAX, HA3eMHbIX TEXHOIOTUWN, N 300POBbA NHOAEMN.



1. Introduction

For about 80 years it was obtained a great information on the very complicated
phenomenon connected with major geomagnetic storms: cosmic ray Forbush-
decrease (Fenton et al., 1959) with effects of cosmic ray preincrease (Blokh et al,
1959; Dorman et al, 1967-1969) and predecrease (McCracken & Parsons, 1958;
Fenton et al, 1959; Blokh et al, 1961; Nagashima et al., 1992) as well as effects of
sufficient changes of cosmic ray anisotropy before and during Forbush-decrease
(see review in Krimsky, M1969; Dorman, 1973, M1975). Cosmic ray distribution
function before sudden commencements of magnetic storms was considered by
Belov et al (1995). It was developed different models for explanation of these
effects: magnetic mirror and shock wave model for preincrease effect (Dorman,
1959), semitransparent magnetic piston model for Forbush-decrease (Dorman,
M1963), the model of Forbush-decrease formation by interplanetary shock wave
(Parker, M1963; Krimsky et al, 1974a,b), diffusion model of cosmic ray Forbush-
decrease and preincrease effect (Belov et al, 1973; Dorman, 1973; Nishida, 1982;
Kadokura & Nishida, 1986), kinetic model of the preincrease effect (Dorman &
Shogenov, 1974, 1980, 1986) and possible quality model for predecrease effect
(Blokh et al, 1961; Nagashima et al, 1992; Dorman et al, 1995). Meanwhile until
now there are no full understanding of Forbush-decrease and precursory effects;
here we will step by step consider this problem with some rough estimations to
understand main features of this complicated phenomenon.
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Examples of Forbush effects observed
by neutron monitor on Mt. Hermon
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2. Main Parameters Determined the
Fall Phase of Forbush-decrease

* Independent of the concrete model (moving from the Sun
magnetic mirror, magnetic piston, CME, interplanetary shock
wave, magnetized diffusion region) the fall phase of Forbush
decrease will be determine mainly by two processes: 1) by
particle exchange between inside and outside through the
moved from the Sun magnetized region and 2) particle
energy change during interaction with moved region. To
estimate the role of these two processes we will consider in
the beginning only the first process and then both processes.
For our problem the following few parameters are
important: the velocity v and dimensions €2, L of moving
region (space angle from the Sun and thickness), factors of
semi-transparent (from inside to outside in dependence of
particle energy ) and (from outside to inside).



Case 1: only expanding of CME

2d(N (1, E)or3 ) dt = —N ¢, EJor2(v — u)Fyo(E)
+ No(E)ar? (v +u)Fy (E)
dr/dt=u t=0

dN(t,E)/dt = —N(t,E)fo(E)/2(a+ut)+ Ng(E ) (E)/2(a +ut)



Case 1 (continue)

FE ) =1v+ulfy I'_E_':; A =5u—l'_1;—
N(t,E) _ fl(E)+[NI(E)_ fl(E)]( a
No(E) f2(E) (Ng(E) f2(E) Na+ut



Case 2: expanding of CME + change of
energy

<AEfAt>=—Evidv-u)1- Fy(E})/2rc’

N(t’E):fl*(E)+£N|(E) fl*(E)J( . jfz*(E)/2u
a + ut

No(E)  f5(E) | No(E) #;(E)

*

f (E)=f(E)  f2(E)= f2(E)+ mu(v-u)L-Fio(E))/c?



Main results for cases 1 and 2

E, GeV AN/N,% F (AN/N)*, %

3 33.3 0.040 41.4
10 10.0 0.169 13.4
30 3.3 0.489 4.2

3 16.7 0.096 22.2
10 5.0 0.336 6.6
30 1.7 0.843 2.2



3. Main Parameters Determined the
Recovery Phase of Forbush-decrease

e 1. With expanding CME the magnetic field at the
front boundary decreased and F for corresponding
energy has tendency to increase with time up to 1:

corresponds recovery to the level before Forbush
effect

2. When the Earth came inside CME in time when CR
intensity decreased, we will see double decrease
and then recovery phase

e 3. When the Earth came inside CME in time when CR

intensity recovered, we will see sharp recovery
phase



4. Main Parameters Determined the
Preincrease Effect

No(E)Q *(v+u)(L-Foi(E))6

K(E)~(1+(N(t E)v—u)Fig(E))/(No(EXv +u)i—Fo )
<AE >= + (Evu/c ) K(E) Ng(E)scE™”

E)~ b w/e2 k(e



5. Main Parameters Determined the
Predecrease Effect

The cosmic ray predecrease effect according to qualitative
model discussed in Blokh et al, 1961; Nagashima et al, 1992;
Dorman et al, 1995 is caused by the flux of particles
transperented from inside to outside through moved
magnetized region. From Eg. 1 we see that in the unit of time
the number of particles escaped from inside to outside
through the moved region will be

N{t. E)»=(v—u)Fy(E) 6



5. Main Parameters Determined the
Predecrease Effect (continue)

* The flux of these particles is determined by the intensity
inside , what is smaller than intensity outside , but in
general this difference will be compensated by the
reflected particles and moreover, in the solid angle the
sum of these fluxes we expect bigger than background
(considered above preincrease effect). Only in some special
cases when there are formatted channels in the moved
magnetized region it can be realized the predecrease effect.
We can see in the Table that for big Forbush-decrease the
coefficient of particle transparent for 10 GeV is 0.17 and
0.34 for 13.4 % and 6.6 % amplitude of the Forbush-
decrease (with taking into account the energy change); this
transparence can be formatted by homogeneous diffusion
and in this case the predecrease effect can not be realized.



conclusion

* 1. Processes of CR Forbush-decreases and
precursory effects (preincrease and
predecrease) can be explain by transperancy
of CR through boundary of CME (magnetic
cloud), expanding CME and CR particle energy
decrease inside CME.

e 2. Preincrease effect must be in all cases, but

predecrease effect only when the magnetic
channels through the boundary of CME front is
formatted.



