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‘On the Groups of Analytic Automorphisms

of Cartan Domains
Yin W}}ipiﬁg
(Department of Mafhematics)

' | Abstract

It is a very interesting and ‘important problem to find out the full groups
of analytic automorphisms of Cartan domains. For Ry, the problem was solved
by C L Siegel firstly in 1943!'). For R;, Ry with even order and Rg with
odd order, thé problems were solved by H.Klingen in 195521, 1956!%1 and 1960
respectively. The author and Zhonz Jiaqing also solved the problem of Ry in
19621%). The methods used on these papers are différent fgdm each other. Now,
we show that the method of [5], which is ‘mainly' to make use of the Bergman
metric matrix, can solve the .probliem for all of the Cartan domains.

Key words: autcm>rphism, holomorphic mapping, groups of matrices.
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A Simple and Convenient Approach for
Numerlcal Slmulatlon of Shock waves

Liu Ruxun . ~ Wei Yong
V(beparfmeni'of Mat)zemat.i_c:s.)' ‘(Dép&rtr?zéﬂt of Mo_c'(ef?z MeAchani,c's).
Abst"act

In the paper the quasi- characterxstms method (abbr QCM) is 'ﬁsed A
for numerical sxmulatmg skock waves, and several quasx charactenstlc
, schemes (abbr QCS) are proposed for one d1men51ona1 and two dimensional
hyperbohc conservation laws. Futhermore, the stablhty of these QCS is
proved. The numerical results of several examples such as dam-failue,
shock wave tube and Mach reflectidn problems have shown that the approach

is simple, convenient and satisfactory
- Key woxrds,; numerical simulation, shock wave, guasi-charactcristic metkod.

1 Introduction.

The numerical simulation of the shock wave is of considerable” important
in fluid dynamic research. A lot cf computational methods  were utilized and
developed, such &s shock capturing method!*-*), skock fitting method!®-*), Har-
ten method!®-*), Rardom Choice method!?-*! and FLICL, However, those met-

‘hods generally are complex and burdensome (consumptne) for multidimensicnal
problems ' ’ e

The purpose of this pcpar is to propose a simple and convenient numerical
simulation approach for various skock wave profﬂems, i. e. the quasi-charactc-
fistic method (abbr. QCM). Fecr one dimensional and two dimensional problems,
several effective quasi-characteristic schemes (abbr. QCS) are proposed. In
order to test the effect of the approach the computed results for three conc-

Recewed June, 16, 1986,
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rete examples-are shown. These testing facts indicate that the QCS are satis:
- factory. The position, shape and thickness of shock waves are compared with: -
the known results of other computed methods or experiments. Especially, the
QCM have the following ad;antages: 1) The prozramming is simple; 2) the
quantities of arithematics and informations for computer are much less than
above mentioned. methods; 3) this approacﬁ has the good p'roper.ties as upwind-
type finite differential methods.

' In section 2 we discuss the general governi»xig__ cquation .system: for the hy-
perpoblic conservation laws, arrange the unknown dependent variables and tra-
nsform the system to quasi- -characteristics. forms. In sectlon 3, we propose
the QCS for 1D and 2D shock wave propagation problem. In section 4, we di-
scuss the stability of these QCS. Finally, in section 5, we show the numerncal
results of these testing examples—the dam-failure, shock wave tube and Mach
wave reflection problems, ' '

2 Matnematlcal Discussion of Governlng Equations

' 1) One D1menslona1 Case |

We consxder one dimensional govermng system for the conservatxon laws

U, +(FW),=H, (x,)EQXT. R NG D)
or o ' ' o
U, + AU, =H, A(U)=6F+g). (2

where x is the space independent variable, ¢ is the time, U is the unknown fun-
ction vector U= (u,,u;,,u,), F(U) is the flux vector F(U) = (f,(U),f. (),
L fa ), AW) =(a,,;(U)) o xn is the Jacobian matrix of the flux vector, and
H=H(x,t,U) is the right hand function vector, H=(4y,hs,ska)s k=5, (x,
U)y i=1,2,:-,m . ‘ Lo
: The system is hy;;erbolic type, i. e. A(U) has m different. _re:alv eigenva-
lues 2, (I1=1,--,m), and there are » mutual independent Jleft eigenvectors
W,=(w;;,W; 4, ,w;,) such that , A , .
W A=W, (I=1,2,,m) A
Generally speaking, it is possible to choose an equivalent subset vector

V=(v,,0:,,0,) of the unknown vector U, and . |

U - IR
» a7 =2 S | ('4).
:v{hke‘re O (V) is nonsingular in the solvirg fomain -QxT, Thus the equations
.(2) can be rewritten as ' : :
Vi+A*HV,=H* . (%)
here

304



AV =07 A0, H*=0"'H (6)
and A* (V) has much better properties thzn A (U). Clearly, the eigenvalues
T and the left eigenvectors of A* (U) wre

RE=k W = (D 05 (L=H, 25 e m) ; (7)
Multipling equations (5) by w?¥, we obtain the characteristic form
WiV, +:5 V) =WwiH* (1=1,2,:",m) (8)

which may also be written as the following ordirary differential equations sy-
stem along the conrespoading quasi-characteristic curves C,

C,v dx=A%*V)dt, widV'|C,=w*H*dt|C,(1=1,2,,m) €9)

Example 1 The governing equations of an unsteady inviscid compressible

flow in one dimension written in conservation form are

U, +(FW),=H (10)
P Ao pu
U=|pu], F(U)=[ put+p ', H=- a:l[ ou’ - (10)
e (e+pu | : (e+plu
) 1
e +2up (11

where p is the density, u is the velocity, p is the pressure, e is the total
energy of unit volume, ¥ 1is the ratio of specific heats, and & equals 1,2 or

3 according to plane, cylindrical or spherical flow respectively. If one

chooses ¥
V=| u (12)
then k
Teeaed” 0
Quay=| *a8 P 0
—;-u’ Pl Yot
e wn 0 pu |
a=lo uw 1p|,H*=-2"1]0 (13)
§E0SpgEies : Ypu
M=u-a, u, ut+a (14)
P —
Wi |
we=|ws |=|1 0 -—r (15)
w3
gt 4 L
pa
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¢ where @ is the local acoustic speed

.'Aa';«sly_p s o N ;-:7;.’; (16)
p . ce Steaernn T

. Example 2 The simple shallow water wave eqiations
1

U=[ u:(], F(U)% u’%+?gﬁ’ o "

where u, 4, gand R(u) are the: water . velocity, - the  depth;- €les giavity
acceleration, and the fraction or slope term' respectively. Sippose we elect "

R . . ot L
‘ v=[3] | a8
(‘fhen ' : T P . } ',t = by

: 2%, =% 7], Ha;.:,_[ (19)
T N e T
and S
T Y/ A u+«/£]6 A ¢

P N . [pV* .
DW=
w3
2) Two Dimensional Case

1- : l‘/gJ R ":fé,r'zt:*::;(Zil)
*«/Iz Vg

Now we consider two dimensional problem

U, +(FUN,+(GWU,=H, (%,y,1)QXT 22
or 7 SRIE
U, + AU, +BU, =H, A(U)—éﬁgU) B = 9‘%@—) 3

Similarly, 2,, W, (4, =1,2,..,m) are»~the eigenvalues and left eigenve-
ctors of the Jacobian matrix Al #:,‘ W,(B), (l-],Z', ,m) are the
eigenvalues and left exgcnvectors of the Jacbbmn matrw B(U) with respect to
U, respectively. ' '

W, A=AW,, W B=p.W,, (=1 ,2, .. ,m) o (24)

It is possible to chcose an cquivalent substitutive unkrown vector V
I e (O LN (25)
13V 29 000y ’ dV o v

{Thus equations (23) can be rewritten as ‘ o
| V,+ SV, + B*WYW,=H* (26)
where .
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A7) =Q AWHQ, B*¥)=Q *BANQ, H*=QH (275
.A.“(V) or B*(V) have much better propertics than AU) or B(U) , and
Ai(A*) =4, (), Wi4*) =W, AQ
ui(B*=p,B), W*(B*) W, (B)Q ' (28)
1 Definition 1 The curves cf in the projective plane (x,t) (or projective
plane y, 1))

g it Lo PR oo
e ﬁ_x A or 3" 0 (4, and R T T

or ‘
ety j” =u,(B) or —j— = (B, and %-1 (295)

t.u

jective plane (x,t) (or (y,t)).
Definition 2 Along ¢i, the equatlons (23) may be transformed 1nto

the following ‘ordinary-partial’ differential equations

Wi4*dv| = -W‘(A*) (H*(V) - (G*(V)),dt] .3

,;‘1=1,2,.,....’m4; 0 (302)
The equations (30a) are called the x- pro_lectwe quasi-characteristics equ-
atiogs (abbr. x-projection’ QCE)‘of the equatlons (22) along the QCL c3.
" Similarly, the y- prolectwe QCE along the QCL cl are
W'(B*)dVlc, —W*(B*)H*(V) - (F*(V)) )dt|c3

1=1,2,---- yMe : (306)
Definition 3 The QCE : . ,
C WiAndV [ci=0, 1=1,2,-m (31a)
or B b ( ‘ ‘ |
2(BMAV el =0; B=1,2, ,m (3lb)

are called x-sphttmg QCE m the prolectxve plane (x, t) or y-splitting QCE in
the (y,t). ' : ‘ :

Example 3t Two dlménsxoné,l plane (2=2) and three dlmensmnal (@=3)
axisymmetric unsteady, inviscid ga.s flows can be descrlbed by the following

- ‘conservation equatxon system (s

U+ (F(U)), +4GW)), =H(r,U) N €23
where . Lo '
p res pu
v=| |, Fay=] &7 |, can=| P
pv puv puttp
e Ce+plu | ¢ "L o(e+po

s
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i

Wi(A*) 010 -
| pa
* £
WE(A*) = WD 1 110 0 - a1 (38)
Wt (A% 1
‘ No 10—
g (B*) =v—a, v, v, v+a,
wia* (0 0 1 ——L-
- R 3 pa
L |mi@n| fo1 o 0 :
W (B*®) = = |
wian| |10 0 - N €
W%(B*) 1
4 0 0 1 oG

3 The Quasi-Characteristics Sciiemes

Based on the quasi-charactéristiqs form (9) and (29-31),we will propose
several efféctive QCS. :

1) One Dimensional Case - -

© Let 2&t, Ax be the time and space grid increments respectively, ‘and
t,=n5t,%; = jAx. We indicate the approximating solutions of the unknown v(x,?)
at the grid point (x,, #,) by vj. ' . )

In the control cell Q7% (Fig. 1), drawing the QCL ¢, (I=1,2,~,m) {from
the grid point (x;» t,+;) downwards to the time ‘layer’ t¢=¢,, we note
the intersected point by x,, (/=1,2,--,m). Along ¢;, we have the integral
equatioﬁs_"of the QCE (9)

g(xlytn-pl)dx=j(xi,tn+l)k'dt (40) T Xy lan )
(xi[’tn) (xl_l9tp) s tatr
s("""‘“) W}'dV:S(x“t““)W}‘H*dt (41)
(xi'l’tn) (x‘l,tl) -
(I=1,2,;m) /
If taking different numerical approximation f“'x X1, _»' Xi, xi Xxi, XIa
‘ 1= Xia

for above integral equations, we may be able to
get various QCS. For example, if we take a Fig, 1 .
first order accurate, explicit approximation of the integrals (40) and (41),
then have L : e ‘

X, =%, =AAt , (42)
Vi t) =8, Vi, + (=0, 8,= 5 "% - (43)

D%
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§= —sign(l (V"))
Wi Wrrt=wy (i DIV, +H*( vy )" t1 (44)
1=1,2,-,m; i=1,2,%,m
- Torm the linear equutaon syotem (41), we can solve the approximating
values V5*! at the grid poiuts (x,.t,,H) '

If second order accurate of the integral for"mulae (40), (41) is required,
we can construct second order _accurate QCS, or two-step QCS, i. e. the
the predi‘étor-corrector -schemes. If divided [7,,7,4,] to two time intervals
© [tastesrjzland [1,0, 58,41, according to the formulas of the equations (40)

and (41) , We may bs obtain the fractional step QCS, ‘and so on,

2) Two Dimensional Case
There are two sorts of QSC for two dimensional  problems. The first is
noasplitting QCS, i. e. the projective schemes; the second is splitting QCS,

i. e. the fractional step schemes.
A, Non-Splitting QCS.

Based on the x-projective QCE (30), we considér the control cell Q3
=[%;-1. %4, x [t,, t,4,] on the projective plane (x,#)(Fig. 2), Similarly, we
also have the first in_tegrals ,of QCE along the QCL (29a).

)

(X1, 25,y fan) L (‘—\'C- J’i"n.(-‘;)
.V,«u Yin
X Xi i
/ : Yy ) yiz( Xr, Yi o ’n)yl'l‘ 'yi"
Tin i+
. : Fig, 2 -
“ j(x"y"t”'“)dx A (A*)C“— o . (45)
(’Cl[’Ji’f ) .
jo‘nyn’m)w (A*)dV—W,[H*(V)—(G*(V)) 1t =0 B 715}
(i y58i9ta) . .
1=1, 92yt
The integrals (46) have the first order accurate sch:n‘.es
R L R O T ()
Vi =0V +@=8)V7 y s==signR, (4] D) (43)
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Wi prF=wrcz o[ Vi aronn -Seonmal]  aw
1=1,2,cc9m3 1=1,2,,m

where At =A*(V3,.). The finite difference equation system (49)is a linear

‘algebra system. The unknown vector V%! is the first order approximation of

:the unknown function vector 7 at grid poxnt (X595 stas)e Where the right hand

“vector imvolves the first derivatives of G*(V)mth respect to g, and they may

.be replaced by the central differencial approximations.

a%(G*(V)) i = (G -G -1 /209 (50)

...« Let the operdtor P: expresses above schemes (47—4,9) s i €5 .-

Vu-l-l ___Pn

i

Sxmllarly, accrdmg to y-projective QCE, we also have P"

» V’t:l-’l Pan" .
‘Thus the averaging operator schemes

V'::‘,*=—(V"+*+V"+*) Ly .,+P:_V,:-'.g>,--~ B>

is called the non-sphttmg QCs. . [
B. Splitting QCS ' -
Split the governing equations (26) into three equationm systems .
' Vi + A5V, =0 , (54d)

V,+B*()WV,=0 (54b)
v . .
S =HY) , (55)

The quasi-characteristics forms of the equations (54e) or (54b) are x-spli-
tting QCE (31a) or y-splitting QCE (316), then we also have the first
- integrals , ' '
(xuyi,?wx)

4 dx— A, (A" dE=0 R (56a)
xilyylatn) . . :

j'(xnyltn-c-x) W (A*)dV =0 o R (57a)
x“,y,,t, .

for x-splitting QCE (31a) of the equatio;is (54a). and
(xi’yls n+.x) V
(-"nyip tn+1)

Gt tees) ey g - (576)
(xlyylkptu-)q)‘ . RN

for y-splitting QCE (31b) of the equations (54b). Therefore, we may build
+ 3L

dy - u,(B*)dt 0 - oo (56b)
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© It is of considerable difficulty to give a su£f1c1ent and -stringent proof of
the stablhty for above proposed QCS's However, we are. able to. _prove the

R

u,+(f(u)) +(g(u)),—0 4 -
or P T ORI VI
- +a(u)u, +&(u)u,-0 b (65)
S i atu) = GE®D - a =*‘“ﬁaga(l ==
: y .
Clearly, its first order exp11c1t sphttmg QCS. may be wrltten as 7
‘ 6‘,7-|a(u,-,;)A<t|/Ax, . ='—,Slgn(a(u;. ). SRR !
) ﬂ';’,.i=5xu';’+..:+(1—5;:)u'z’119 =1 (66)
NE ui"‘l -u‘, ) ; o
e s = s At [y, s= —siga(s TR ,
“"iﬂk=6k“':frl+:+(1 9 )u'i'f':l’ k=1 g o (67)

“1+,1 '-u"*}lk B : :
If supposing a(u)>0, b(u)>0 then the equwalent schemes of adove sche-

mes are the followmg upwind sphttlng schemes

iy

e At oL
u‘+’1_ui i~ Ax af iKus i mut o) ISR PO SR (68)
L At 62’+,1(u"“—u§'fil 1) T (68

Ay
Its a.rnphfxcatxon factor of linearized Fourier stability analysxs is
' Gk, t) 1- B+Bcos(k2AJ)—1Bsm(k Ay))(l—‘ . i
Pan A+Acos(k Ax) — idsin (&, A%)) o s (69)

WhereB=—i—;b,A— LA\; a(a, b are the statlonary values of a(u) and b(u)

respectively).: Therefore the sufficient stability condition are

At<mm(la(u‘ DIVEC AR LICTS ,)I/Ay) 70

Generally speakmg, the well known CFL condltxon R

At<mm(,max|/1 (A )I/Ax, maxlm Bi‘ ';)I/Ay) (71)
may be considered as the‘ sufflclcnt stability condition for - the exphqt spli-
tting QCS (58-=59) . e T : SRR Sl

5 Numerical Resu]ts

The computational tests of some numerical examples are carried out.” For
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one dimensional case we take the Riemann condition!”) as follows . o
U,,, x<0” ' ‘ o s

U(x 0) : L e e (72)

: Ua’ x>0 }
""" A The shock wave tube problem
For this problcm, the equatlons (10—15) in example 1 can be used," where

H(U) 0 and Riemann condition is taken as Lax numeérical condition!®?

oot

0,445 3 .. .. [ 05 -
U,=| 0.311 |, .  Ug=| 0.0 - a®
'8.928 1.4275 :

B. The dam-failur® problem = =~~~ 7 ol b Il
This problem was dlscussed in- example 2 (Eqs 17--21). We elect

i .} R (U) { - ’ t
HU)=- (74)
0 . .
where RU) = g(s.,—u*/(c’/z)), s,,—O 0009, c= 40m*/ % s, g=9.81m/s* and Re
conditiont!®) S N =
2881 ° 7 288 :
U,= : Ue=| | o Cam
10.0 A 1. 8 7 o ‘ ..
The numerical results was given in the paper“” ) R
: ; OISR LA 11

For two-dimensional caes, we simulate the followmg example. -

C. The Mach reflection problem '

The method which was discussed in exaniﬁle 3 can be used to solve Mach
‘reflection that occurs when a plane-shock-wave passes a wedge. We select the
Mach number as M =2.0; the angle of the wedge a=26.56° and 35°;. the mesh
increments are taken as Ax=0,136cm, Ay=2raxtga, The positions and shapes
of the shock waves at dlfferent times can be obtained. Flg 3 and 4 show the
isodense and isopiestics of the fluid field for different a. The results show_
the position and w1dth of the Mach stick, the width and track of the reflectwe

N
]
]
N |
]
4

(a) a=26,56 T =150 ps (&)
M=2.0 AB =7.9cm cEiirno lmee ot
- Fig, 3 - sino E':::A:L;,':“: vt s
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shock wave and the distribution behind of the Mach wave which are comparame

(1]
[2]

[3]
[4]
[5]
[6]

[7]
[8]
[9]
[10]
(11]

" with the results obtained by the methods or experiments'®’,

)
1
)
. “:,,;uu n.,'.‘.

.
-----

SCa) o q=35.00° T .=116ps b))
M =20 AB=0.00cm )
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Einstein Gravitation as Quantum Effect of Matter

Fields .in_ High Dimensional Spacce—Time

Y. # Y Mo Houjun, Gao Yiboog

(Center for Fundamental PhySics)

Abgstract
Induced gravity is considered in high dimensional spacetime. Matter fields
in high dimensional space-time are taken to be fundamental while Einstein
theory and gauge:fields ‘are .t;hOug;ﬁt to be the effects of - quantum fluctuations
of matter fields. The gavitational constant, cosmological constant and gauge
coupling constant are calculated from 4+ N-dimensional conformal theory. They
all depend on the quantum behaviors of matter fields in uncompactified space-

time.
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'Photoelectrochemlcal Study on Some Propert1es
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(Carleton University, Ottawa, Canada)
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. ‘After the lead electrodeé: in H, SO; ‘solution was anodicall polanzed the
linear . poténtial ‘sweep in negative" direction followed -immediately: ‘and " the
linear sweep voltammogram and correéponding curve of the sweep potential-pho-
' toelectrlc current were recorded s1multaneously It “was shown expenmentally
' that ‘the peak’ value of the photoelectrlc current’ was dlrectly proportxonal to
the amount of PbO in passive layer when it was not thick. Having calculated
"the_ pH value (~9) we could further confxrm ‘the theontxcal ‘alkaline’ model
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Studies on the Extraction, Synthesis and
Preservation for Protoanemonin

Zhu Zhouyuan Yang Yun Tao Ying
" Mo Dongrong Wu _Yuehuan

(Umverszty of Sczence ‘and Technology of Chma)

- Wu Gonggian
(Academy of Agriculture of Anhui)

Abstract -

Protoanemonin and anemonin which exist in Ranunculaceae were -extracted

from Pulsatilla Chinesis and synthesized In our laboratory: It is proved re-
spectively that tfleir structures are correct by their spectra (UV. IR, NMR, .
MS). Through tests on D. melanogaster and Xanthomonas oryzac Douson, pro-
toanemonin shows pestxcldal and relatxvely htgh fungus 1nh1b1t1ng activities.
:’ When protoanemonm polymenzed these actlvxtxes are dlstmctly decreased h

Key words; pesticidal active substances, Pulsatilla Chinesis, protoanemonin,

extraction and synthesis.
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The Preparatlon and Its Defect Structure
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Abstract
Dopant and undopant Tin and Zinc complex: oxide that has inverse spinel
~ type structure are prepared by means of the combmed method of chemical cop-
““‘frecxprtatxon and solxd state reactan in the’ paper Dependence of temperature.
‘:'Oxygen partxal pfessure and dopant on electncal conductxvxty and relevent de-
fect structure are studxed in detail. It is concluded that the conductxon mecha-
nism of Zn,SnO, is small polaron hopping conduction mechanism at the range -
i 700"(3—900"0 accordxng fo the determmatxon of Seebeck effect

o i(e'y words complex oxide. mverse Spmel defect, non-stoichometry, oxide
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On the Coupling Terms Between the Motion of

Structure and Fluid in Morison Equation

"Lu Yixnyux; Wang  Xiuxi
(Department of Modern Mechanics)

Abstract

The dynamif: response of the offshore structures, which is modeled to be
a cantilever beam as a specific example, is presented by using Airy linear
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- wave theory and Morison equation. The coupling terms between the motion of
structure and fluid in Morison equation are handled by three methods. The ef- .
fect of these coupling terms at different conditions on dynamic response of
the structure is discussed in' detail. It shows that there may be much differe-

" ‘nces among these ‘results when Morison equation is treated by the distinct me-

thods. These results may be useful for engincering application.

' Key words: offshore structures, fluid-solid interactton, dynamic response.
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A4 14 Mid&é"mﬁ‘u?.':’?-" Directolfy AS;Sisdtgﬁce System

Zhou Yong Wang Renhua L1u B1cheng

(Department. of . Radw Electramcs)

" Abstract

A recently developed 114 microcomputer .directory assistance system is
.mtroduced in this paper. Any of :50000 phone numbers. can be qmckly mquxred
of the system based on-an IBM- PC. In this system, ‘the. m1t1al letter strmg: .
of the phone-umt name is used as mput code. A multxstage double haSh :‘.ea.r-ut"i
ching algorlthm is desxgned, w1th this algorithm, ‘there is no need to store the
information about the unit name, hence the. computer memory space required is
much reduced besides the h1gh searchmg speed. The phone number found is
automatxcally reported to phone user through a speech synthes1zer in the compu-
ter The LPC speech compréssion scheme is adopted in the synthesxzer. and
the reporting voxce is. natural and. understandable. As the whole system is

_compacct, and mexpenswe. it can be easxly popularxzed

Key words mxcrocomputer retneve. multlsrage double hash algorxthm, LPC

speech synthesis.
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The Characteristic Loci——Commutative Controller method is a_e'fficient
technique of the design of mulfivariable system. This papef"’iﬁti-oduces a
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A Two—Fluid Model of Turbulence Applied to

Intermittency of Turbulent Free Jest

Fan Weicheng Zheng Lili

(Department of Engineering Thermophysics)

Abstract

A two-fluid model of turbulence is presented and applied to predictions
of the intermittency of turbulent free jets. The influences of interfluid mass
transfer and interfluid friction on the intermittency are studied. The results

obtained here are promissing.

Key words; turbulence modellirg, two-phase flow, predictions.
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La| 54.0 {0.019590. 020670.01984“).01936.0 018930 020750 0198(‘7 3 x FOEES 326

Ce | 50.0° |0 022420 02111"0.02203-0.02110n 09166'0 04690‘0 021 SeDiscaligt =278~

Br | 50.0 0.03455i0.035450.032900.03479‘0 03343:0 03645/0.03460(1.3x107* 3.8

|
Nd| 50.0 [0.034480.03504 0.035200.035130.0349311‘0‘0373810.035361.0 >x-107%-52.9

Sm| 50.0 [0.04344/0.04332/0.04395/0.04361/0. 04272|0 04477(0,043646.9x10-¢ 1.6,

<
| B
Gd| 50.0 [0.05166/0.05209/0.05256/0. 05232'0 0.)007|0 053210 051981 1x10°% 2.0

Y | 50.0 [0.210980.21286/0.21394)0. 209190 207140.216120.211703.3 X 10=*| 1.5
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2.2 kRifEdh ik

Wi a4t La, Ce, Pr, Sm, Gd, Y % {kipflkak (Ce ik B2 +H,0,)
VR, SBIERR0.1, 0.2, 0.4, 0.6, 0.8, 1.0mg/ml MIARAERFIAH, MR8 &
G0l FuegeH b, BAARTESEAN X #peliE, vl 3 C.{EH, HIFiRiElh
2%, FTEmRMEMRKERF, W2,

%= 2 RSB ERARRRAL

TT, Ao La Ce B Nd Sm Gd Y
c 11.5787 | 9.27013 | 10.4078 | 8.56968 | 6.46918 | 6.46966 | 1.19625
4 |—0.160326|— 0.16256 | 0.297833— 0.242792| - 0.235354/— 0.300861| — 0.191434
X Z%| 0.9978 | 0.9987 | 0.9970 | 0.9985 | 0.9991 | 0.9995 " 0.9992

MR Co=cly+d (C ¥fi, mg/ml)
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B Cre =0 [

mFy RESE (CPS/HIE) , Rb RFFITEE (CPS) , Th I SER R (100s).
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53 Blim
IE # La Ce Pr Nd Sm Gd '

BHE (rg)  0.39 0.35 0.50 0.41 0.36 0.40  0.14
%%ﬂ? 1.17 1.05 1.50 1.23 1.08 1.20  0.42

RUFRATIA—LAbm, WE 4. £ 400, $—FLTRERBPOWKE K T 200ppm
R, SCRIERFRAEM 2 [[HIR2ENT5%, ANT200ppm i, JRZEK—ik,
2.5 @154 B-K-3 f1 B-K-4 gy =
ROVAWEIR IR, 4§ B-K-3, B-K-4 B+5 S B Hm s, S0%E f 3%
PR T fFE PRV K ‘
4 RETERENEER

g2 o £ La Ce Pr Nd Sm Gd Ve

FRAELE (ppm) 971.0 1119 785.0 041 Se(200 100.0  80.0
1 SEWHE (ppm) 960.8 1104 793.0 1043  113.0 107.9  94.0
RZ (%) 1.0 133 1.0 0.3 5.8 7.9 17.5

FRUEfE (ppm)  582.4  671.2  471.0 . 624.6 80.0  120.0 108.0
2 EWfE(ppm)  585.6  661.2 482.3  630.8 78.7  110.8  99.6
B2 (%) 0.6 1.4 2.5 1.0 1.6 i T8

FRYE( (ppm) 971.0 1119 785.0 1041 584.6 1448 795.0
3 SC{A (ppm) 949.3 1108 818.5 1021 562.0 1478 805.1

B2 (%) 222 1.0 4.3 1.9 3.9 2.1 1.3
PRMEf(ppm)  485.4  559.5 392.5  520.5 592.3 . 724.0  397.5
4 WM (ppm)  493.7  556.4 406.4  513.0 281.8 728.5  408.9

ixZ (%) b 0.6 3.5 1.4 3.6 0.6 2.9

FRUEMS (ppm)  242.7  279.8 196.3  261.8 146.2 362.0  198.8
5 ZLWfH(ppm)  245.3  278.4 194.2  261.6 134.8 360.1 213.1
B2 (%) 110 0.5 I 0.08 il 72

FR¥E(E (ppm) 10850% = 87e4 100.0  100.0 100.0  100.0  100.0
6 SCHIE (ppm) 120542 83,5 106705 104-1 90.7 w 81%2 “'"107.0
®mE (%) 12 4.5 6.0 4.1 9.3 19 7.0

FREM (ppm)  54.0 43.7 = 50.0 50.0 50.0 50.0  50.0
7 SEH{E (ppm) 63.7 38.4 57.3 55.5 43,2 32.7 1 56.9
wE (%) 18 12 15 11 14 P e
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RAAENSOERRE 4B BRRENEERXA - Gd, YESER & £/ H
FRFfF VT, iRZEiA.

£ 5 B-K-3gWESR
R o a0 Ce0, Pr,0,, Nd,O, Sm.0, Gd,0, ¥.0,
A (%) 5.08 11.95 1.45 5.23 0-33 10203 0-17
Habs (%) '5.01 11.21 1.48 5.17 0,35 0%088" 0507
£ 6 B-K-4gMEsgs

B4y Fat( 8GO 4 Pr. Oy, Nd.Op Sm,0, Gd,0; Y.0,
A (% Fa716.69 2,19 7a55 0 & 0L 44
Atale (%) W93 16425 2.10 7.19  0.51 0.11 0.08

2.6 itig
FA O IR 4L 7 X 380N L Bk ke s, EREAAHIESSE, EERK L
B, GIREREES, AnEii&at AR, AREREERED, FEEESEMRL. T La, Ce,

Br g Nd, _Sm\ Gd, Yix-bEfmc#E, H&EBREART 50ppm WER ST, EHEAR A —
FhiT 2 F BN R A I .
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