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Abstract

Introduction

known in experiment planning).

The carried out research on function injection is oof the International programme STEP (Solar_,
Programme). The thorough study of this problern is of
the present decade (1995-2005; Z3"t Sohr cycle). The
Kopetckiy has qualified this decade as a ,dangerous 

de
lhat, during it, an extrernely high geomagnetic activity is

HavinS h rn{{ rhi,s fact, we optimized six 
"rirr.ginjection F, described in literature, JFeldstein et all., 199d,

et all., 1990, Ivanoul p., 1992, M:urayama, 19g6, Bargad
19811, using one of the numerical -"ihodr, narnely the"sir

Six function injection models in the magnetosphere are
of the fimctional (Ieast squares of the differenci bem)en experi
by diffe.rent initial coefficient values o7 iie studied mathematicatl t
exarnples of the moder yierd one minimumwith the optimar coffibat

zed. The minimunt
data and rnodels)

ls are found. Some

of the main tasks
trial Energy
importance in

astronomef
" dlle to the fact

els of function
989, DremuhyrLa

1986, Akasofu,

fex 
method (well

by a lot of
ion equations
y to the ring

s of the Solar
. The highest
the correlation

Models of the function injection F have been
authors. For example, in [Feldstein et all., 1990], linear :

for a are obtained, which connect the velocity oi entering
current with various combinations of geoefiectiv 

" puro:,
Wind (SW) and the Interplanerary tilagnetfu nieiO (n
correlation coefficient is equal to 0.& and it is characteristic
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function injection in the
ana its *"o"iii"r.

between the magnetic lield of the ring current of
magnetosphere Fu*,, calculated by ground observat

Estimation method
We have studied six rnodels of function in

1990, 1989, Murayama T., 1986, Baryadzel. F. et
19811, which are shown on Table No l. whe
coeflicients. SW and IMF take part in the
designations are V and D - the velocity and the
are the module, the azimuthal and the vertical co
power ftrnction of Akasofu and t is the rine current

We have irnproved the rnodels by optimi
this task we used the sirnplex rnethod [Nelder J.A.
the simplicity and sylonyny of its rnechanism:
Let's take lirnctior.rat (1)

(1) U= ),:, (DR-DRM)2 , where DR are t
the ring current, where DRM is the mathematical
M=1, 2, 3, 4, 5 and 6 respectively. M stands
optirnized rnodel.

The essence of the method lies in the fact t
sirnplex (a body with N+l pecks, k=7,2,..., N+1, N
the computed value of flrnctional U.

Further it changes under the influence oft
a) reflectiorn P*=(1- cr)P-crpL, where cre (0.

the simplex, k=1,..",N+1 ; U1=pn1(U1) for p1,, where
of the fiurctional in pecks p1. p is the centrai point
reflection coefflcient, P1 is the sirnplex peck with

xperirnental values of
ion of the rnodel

the number of the

we make a random
the parameters) of

Pp are the pecks o1'

is the maximal value
the sirnpiex, c{, is a
inirnal value of the

1) is the contraction

lthe sirnplex extension
global minimum of the

in one point, which

tion models in every

fttnctional U or we have the condition Ur=rnin(Ur) L.
b) contraction P**=0p*+(1-B)p, where Be

coefficient.
c) extension P*'r.=yp*+(1-y)p, where ye (0,1)

coefiicient and P is its center. The sirnplex goes in tt
tirnctional U with these operations, where its pecks
gives the optirnal values of our parameters.

We consider DRM-ring current fbr the in
iteration by the folowing expression:

DRMj = (2 FiVl-r+DRNal_r)12_ (7/,c: )ul2+(7/r,i ))
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Further the
process continues to
in our case.

consideration proceduro goes to
the accuracye that we are exl

The iterational

I.U = 0,1.10-2

1959 I4UT.

of Table No 4 ,

is seen. In all
the ones obtained

Results
The results and the optirnization proceses are s

2, 3 and 4. The experimental vaiues fbr DR_ring curr
August 197814 UT,30Augusr I97g 2rJT uod, ZZt

On Table No 1 the investigation models are
coefficients are X1, X2 &rtd x3 , the values of which we
4. The value of the fuLncional U is shown in the last co
fiorn which the significant irnprovement of the studied
models, the value of the functional U is equal to 105, but
using a new coefficienl; the value of U is 10-2.

present studies is in the eff'ective application of the opti
this sphere of the space physics.

Bfven. Given three
axr see in Table No

Therefbre, the obtained models are si
specified and they rnodel the ring current functio
magnetosphere with really higher accuracy. Another ntribution of t.he

tion methods in

Table N0 3 illustrates the results of the method. examples begin
the optirnizationfiorn difl'erent i'itial values of the parameters, In the end

they yield the same value fbr the point in which the si 15 contracted.
This represents the solution of the task.

Conclusions

2.

l. , all numerical
producing the

bY Fn-.,
ximation of F"*p

3. The new rnodels funprove the coefficients of the c tion r between

From the result.s we can draw the following cc,nc
Using the algorithm and program suggested in this
models of the ftrnction injection F in the magnetos
magnetic variations on the Earth,s surface can be optir
The optirnal rnodels produce the best rnathematicaf ap

F"*p and fl'oa (fbr exarnple, rr = 0,91 rl opt= 0,97 by F1).
The author wonld like to express her gratitucle to I f. Dr. Feldshtein

for the discnssions and the analysis of the resurts, due to ich this task has
been solved successfulllr.
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Table 1

Optimization models
F1=x1,10-'BzY + x2; if B,, V<1 mVm and
F1==-x3.103(V-300); if B,.V>-l mV/m;
F2=-x.1.Br.v.sin'(e/2).10-t - *z ir@
F2=-x3.1y-ro0). 10r if 81 .v.sin2 @ 12).rc 3, 

10-3<0. 1 mv/m
where @=arcth B"/B": B, =( B.z+R..2\1/2

{, 'm,

r-J=-xl.ru ..trrilu _ xz; 1I t;ru>10"
F3=-x3(V-300).10-3; if B">0 where
Rour=Brt'oe,V2'06,D0'38' where B'=B"4Q.
D is density
F4=-x1.10-'.Fr * - xZi
where F5*=(D.V2; 1/6.V. 

81. s in| @ / z) ;
Br=(Br2+Bu2)1/2; Q=arcts(B,,/B-)
-| J=-xr.lu --e - x'Z; whefe
x=2.L01 a 

.B2 .v. sin4(@/2) ;

F6=x1.V.8,.10-3; if B,<0; anO 1n,+oi<O;
F6=x2.V. (8, -o) /2).10-3 ; if B,<0 and (B,+o)>0;
F6=x2.V((B"-o)12).1.0-3; if B,<0 and (B,_o)<0;
F6=x3; if (B,-o) >0; B">0;
o - dispersion of the IMF
V, D, Bx, By, Bz - par-ameters of the SW and IMF.

Table 2

F1=&&10'trJ/ - 16jI BF.ffiffi'3'gq4
F1=63,9,1U - 300).).002:if B-V> -1 mV.
f z=- ru,r,ljr. v.sm-(e/Z).10 '+5,0; if BrVsin,(o/2).10-r>0.1 mt
F2= 1 1 3. (V-300). 1 0-3 ; if Brvsin2(e/2), 1 0-3<0, 1 mv/m.
F3=- 10,3. 10o.F,nur+5, 1 ; if R*>106
F3=112,(V-300).10 3; if B">0
Frnur=Brt'09.V2'06. Do'38

r+=- I,L,IV ,fgry-JU,4i
Fg*=(DV )VB sin(4e/2)
r)=-Z,L.e.I|.J'+9,'/;
e=2.101 4 

.B2 .y. sin41q/z ;
F6=10,7.V.B,.I0-3; if B"<0; and (&.")<0;
F6=9,1.V.((B,-o)12).IA-3; if B,<0; and (B,+o)>0;
F6=9,1.V.((B,-c)12).7A'3; if B,<0; and (8,-o)<0;
F6=0; (B,-o)>0 and 13,>0,
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Table 3

Examples, illustrating the optimization process
initial and optimal values of the model coefficier s

x1 xZ U

Initial values example 1 for
M1

10,9 1Q al 0,27,10"

Initial values example 2 for
M1

10,0 0,9 1 5 0,5,10.

Initial values example 3 for
M1

Optimal values
for all three examples

8,8 -16,0 -6 0 0,3.1.0 "

Initial values example 1 for
M2

19,4 0,4 1At1 + 0,46.105

Initial values example 2 for
M2

15,0 0,8 I3 l 0,5.10'

Initial values example 3 for
M2

19,0 1,0 15 ) 0,15.10"

Optimal values
for all three examples

10,3 -\ | | -11 .( 0, 1 , 10-'

Initial values example 1 fcrr
M3

5,8 tt f t4 0,1.10)

Initial values example 2 for
M3

5,0 0,8 13 0,3.10"

Initial values example 3 for
M3

4,0 1,0 14, 0,5.10'

Initial values example 4 for
M3

4,4 1,5 15 0,6.10'

Optimal values
fbr all three examples

10,3 -5,1 11 0 0,3.70-'

Initial values example 1 for
M4

6,4 1,4 0,9.10'

Initial values example 2 for
M4

5,0 4,8 0,7.10'

Initial values example 3 for
M4

4,0 5,0 0,2.705

Initial values example 4 for
M4

8,s 4,0 0,4.10"

Optimal values
for all three examples

1aL,L 30,0 0,4.\0'

Initial values example 1 for
M5

6,4 1,4 0,8.1 0"



Initial values exarnple 2 for
M5

\ tl 48 0,1.10'

Initial values exarnple 3 for
M5

4,0 \ tl 0,7.10'

Initial values example 4 for
M5

8,5 4,0 0,4"10'

Optimal values
for all three examples

,) a1
0,2.1,0

Initial values example 1 for
M6

6,8 7,5 '7,5.10"

Initial values oxample 2 for
M6

50 0,2.70',

Initial values example 3 for
M6

\4 \{ 0,3.10'

Initial values example 4 for
M6

r0,4 45 0, l, t0'

Optimal values
lbr all three examples

10,7 o1 0,3.10'

Table 4
uoerftcrents of the old and the new (optimal nLodels

Old coeff. x1 x2 T]

M1 8,9 1,0 I4 1000,3
M2 19,8 0,6 74 0,5,10'
M3 JI 0,4 14 0,3.10'
M4 J6 2.8 0,6.105
M5 7) JI 0,4.10'
M6 5,4 \4 0.2.705
New (optimal) coeffrcient

M1 8,9 -16,0 -68,0 0,3.r\-'z
M2 10, l -5,1 112,0 0,1.10-
M3 10,3 -5,1 172,0 0,1 .10 "
M4 1'.) ?o5 0,5.10''
M5 ') ,) o?

0,2 0-,M6 10,1 o1
0,3.10-'
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O nruurag r.I p a;av ca rr e cr I4H)I(eKrlu o HHa Mo.u ena
Zsnorsnafiru pa3nar{llz crofiHocrrr Ha HarraJrHr4Te
u3cJreABaHI4Te MaTeMaTI4!IeCKI{ MOAenLI e HaMe Mr4Hr,rMyMa rra
Qymqzonana (MeroA Ha HarZ-MaJrKr4Te KBaAparr4 Ha LTKATA Me)r(l{y
eKc[epHMeHTaJrHr4Te 14 MOAenHVTe AaHHr4). Hxroz n
AABAT eArrH MptHr4MyM c olTr4MaJrHrr KoeoI-{IlneHTr4.




