A Study on Small Composite Designs for Fitting
Second Order Response Surface Models3)

Park Sung-Hyun, Seo Hyeok, Park Jun-Oh#

ABSTRACT

The small composite design for second order response surface might be appropriate
when experimentation is expensive, difficult, or time-consuming, especially when an
independent estimate of experimental error is available. It is important that the small
composite designs for response surface analysis would be rotatable and slope-rotatable.
Therefore the small composite designs are studied from the viewpoint of rotatability and
slope-rotatability, and the optimal values of a(the distance of axial points from the

center) are investigated as k(the number of independent variables) and #¢(the number

of center points) are changed.

3) This research was partially supported by the Basic Science Research Institute

program, ministry of Education, 1997, project No. BSRI-97-1415.
3) Department of Statistics, Seoul National University, Kwanak-ku, Seoul, 151-742, Korea
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A4e BE2HE Aol Fasth wed B =EodE IH4T
7147 Adge BN FEAYALL AMRT £ AR 59 FAMe S22} g
of gt oE g(FAAM FHANY Ag)el gkol Ao UAY HES A

aFshgch.
1.4 &

HEEY BAVYE R Y SPASs FEU5 PS FE 498 B #

&3 £ dyold Yoz SPYAFAYAD) 1, 1, 1% FEAR(ELA

7= f(x1, %z, ", %)
2 BAYY Q714, o B38E e duHo FeA A gor i YU
Azt B2 AL 99y Qe g gL 23 gFgey
n(x)=p+ gﬁixi'*' 2Biix?+$ﬂijxr‘xjr x = (21, %3, %)
L2 ZANE F 8l o] A4S Y2 F@A o2 Yeud
n(x)= x, B
gb ol "}, A NM, x, =(1,%1, ", Xp X2, -+, X5, X1, -, Xp_1xp) O1 W, BE 3 AA
px1 @HEoIn p= (k+1)(k+2)/201th BE HA2AFY o8 FAsH 23
b=(X'X)T'X 'yt ol BEHW, dr)M, XE AYH Y= x,9 p829 g
e NxpdZEola ye Nx18Folth
WY, 7(x)E FA37] AA Y(x)= xS AEITE F(x)o BAL T
2t

,.:

Var [ x)]=¢" . (X' X) "',
ek, Var [y(x)]e 98 x9 423 (X' X) 7o 9282 ¢ 5 9

D E =S I85F AY 71298 s&&dF BSRI-97-14159) 9sle] REH oz 249 A
2) (151-742) *1%%%’4 J&—HL AFE 4 56-1, HeEa Z}@J%U“:H"L Az
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0447 7127 JRHS HSFAAGANA 27HE F2F SAQ, WA A
2 Box$ Hunter(1957)o1 & AAHA oW, 7]€7] 3HdAd9 7dS Haderst Park(1978)
o o9& AAEUIL, ol F Park(1987)e] <fsf A AT

S EHAY FolH FAEA A E(Central Composite Design : CCD)2 A& 359 A
Joz IUL A7 98] %43 (center points)H =7 (axial points)E 2% 29 AH
27107 AFAGolth FAFAAY L k29 A%l 3F 2 wixgro A H& 43
3147 Bosta, £x A P(sequential experiments)e] 7Hgdtthe F AL za Yot

23 m¥e] RE R4S 4% Bast dou 43S AU S0l o] 27HE
AYARL pfEA F AF vlgo] Bo] EAY, AFAAI oAHHN 2¥E A3}
=d ZAA7te] dale A$dE CCDEYE FEEA A8 (Small Composite Design @ SCD)
2 A&t Ao] Frth(Hartley(1959), Draper(1985), Myers$t Montgomery(1995)). SCD+
29 2Eo & gFo a4 FAE AAT AP HE0 L& L VAR AR}

923 28 & AR E 4 vk SCDE 7HE & FHE FA AFolA & vedo
o2, SCDe HA H¥3s+ N2
N = F+2%+n, = F+T
oltf, 4714, F= 89149 % (the number of factorial points) =2%7? (p=>1),
ny= TAFY F,
T=2k+ ng
oy, FAAHY FE 1/} ololtt.
89 F7 ENA AS A5y FERE GSH 20

xl xz see xk
2k=?
A g AR (fractional factorial portion)

a 0 0
—a 0 0
0 ‘a 0
0 —a 0

0 0 a

0 0 -  —a

% A (axial points)
0 0 0
Z A A (center points)

2 =EAE SCDE ol8slo WSEALAL AT o 42 JEAHL 27 9
sel HAHH 7127 AAHY BHAA PR AR T, A% 59 FAH

G7b g wek ol g gto] Ao A3
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2. #42 SCDE A% ko) Ay
2.1 SCD9 3AA

o' APAY 3l Aol y(x)o) Bilo) Ade FAFozRE H x7A9 A
p=(xt+-+xH)VPue) d42 FHETY o AYAYL 4o Adn 2T FyA
Qe Ade AYAY AR 28 7Fo] Ak AV HAYL #A g
Hadete A4 e 252 BeE Ao uTAsnz Aty AYAHo] of
AL ZEAE ol AT {435

Park, Lim¥} Baba(1993)t Foix A @A FoH A9 AX(degree)E dehle 54
ol 252 nFEAT} o] =RAXN V(x)E ot o] Helstdrt.

V(x)=-o]% Var[fz(x)]=% X (XX 'x,0 (1)
k-39 (k22) 3244 V(x)e FUAE 98 28 (0,6, -, dsy, ) F52
EAY 4 Q. TUFE WHL, '

X1 = pCOoS ¢4,
Xy = psin ¢ cos ¢y,

(2)
Xp—1= 0SIN @ Sin ¢y~ sin ¢, _»cos G,

Xp= psin d;sin @y --sin p,_»sin §

oln, =0, 0<¢y, ", dp—2<m, 0<6<2z °1}.(Fleming(1977), p.218)
o) Wee] Jacobian AL The T P
| 71 = 0" 'sin *"2¢,sin * 2@y~ sin 2p,_zsin d,_» (3
ek A @F A W dYFE A D (0,81, ooz, DB 42 FAAT 3,
V(x) = alp, ¢1,"", Pp—z, O 1k A F(design)®] FAHANAMF-E WtAFo] pUd ZTA
EE HEd WY V)9 H27 oo E

@@=k [ [ [V@da=—k [7[" [alo, b1, b4ms, 00

olnl, o714 dQ= sin*2p,sin ¢_pddy - ddy_odf o1 I,= foz"fo’r---fo"molc}.

¢i 01 atd, w(p, b1, -, dres, )= w(0)y ] RYHE Folx AYA YL
AE BE2c wad, FolA APAF vHAYRe] AVE deF 2L oz FH

o= [ [ [Tato, 61,7, bums, 0~ ()] 'a2
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Frgdgol 0<p<r4d W, WP F=+

1
SKD)=TTRr1D)

o1, R(D)=4- ["o" Mo)dool®, Byt kAW Ao dol 442 a3t 2n

T I
E,,=fpk llkdp=—krk 4)

A9 R(D)e AEILNY (0— w)?e FFHE Yehdo, iAo Qe AdALo)d
R{(D)x 00122 S(D)€ 1°]th
o2 e dFAIAS vlusy] HaMe A e nso ok MEHA Iy
% lﬁlx?u=l o] HIEE &= Aoy B =7 A& Draper®t Pukelsheim(1990)¢l <]
3 AHEE A3 o] RE AP HEo] AT EAFES H=3 Yk F F=x
(scaling factor) g& g=1/7EZ4 t&3 2ol

___{l/a, if a>Vek
E=V Ve if eV

TAAY w7t vl T ol dPHES AA=ST Bat Q= F

o
He 2t o)A HEHE 4w E,= fpk Vdo= —k—g o 3 fpk i p)do =

folpk 'W(e)do7t BTh &R, A = ko ol BAYRCl o) FEEH|ZZ A

1
Rk(D)=*Ikifo o h(p)do7t Bt

SCDE °] &3t k=201 p=1% ZHLAFEY A diy] : xy=x)) s A
Bge FARCR AYud teH 2o,
Var[ y(x)]= 2 (X'X) 'x 6
= (1, %1, %9, 23, %5, 212) (X ' X) THL, 21, %2, 2%, 53, x1%)” 0
otk Rl (X'X)'Pe clele 2ol mAU,

v 0 0 cou <oz <2
0 vy C1,2 0

(X/X)—lo_2= 0 Cl,2 Vs 0 0 0
cu 0 0 Un Cu,2 Cn,n

2 0 0 cnm vn cop
¢z 0 0 cuw copr vi

A7NA, vo= Var(by), vi= Var(b), vi;= Var(by), vip= Var(by),
Ci2™— CO’U(bI, bz), Co.i = COU(bo_ b,’,‘), Co12% COU (bo’ b12)1
cn,z= Cov (by, by), cip=Cov(b; by (i=1,2)°]ch.
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WelA,
Var[y(x)]= x /(X' X) " 'x,d

v 0 0 cu = Cw 1

8 U1 Q.2 8 8 8 . X1
- 2,2 Clp VU x
= (1, x1, %g, X1, X3, X1%2) (1)'2 02 2

Co,11 n S,z fnaz| | xf

cz 0 8 ‘uz Yz Czi| | 42

¢ 0 c c v

0,12 e Czaz Y/ |y,

= v+ vyx} + vexb + vt + vpas + vipxias + 2¢y, nxi+2 co,zzxg + 2¢p, 12%1%2
+2¢1,2201%5 + 2011.2295%95% +2cy, 12x?x2 +2¢y, llexg
= vg+ 0, (%} + 28) + v (6 + 23) + 2¢4 1y (22 + x5) + (v + 2 ¢4y ) x%x%
+ 22155( Co. 12 F C€1.9) + 2¢11, 12212523 + 25)
= vy + (0, + 2¢0 1)0° + v110* + (v + 2¢11 5 — 201 (x2%5)
+2x1%(co, 12 F €127+ €11,120%)..
&, of=(d+af)olm v MA FxE
W Zoll A dgrt.
714 R«(D) & A4dsted F&8¢ 54 Adsw gy 2o

(A1 [ de=22"*/I (k/2),

V1=V, U1 =Vn, Co.n=Co,2, Ci,12= Cx12°7

[A2] f x2dQ = p* L[k,

[A3] fx,-zx,-de=(1/3)fx,-4d.Q=p4lk/k(k+2), (i+7)
(Ad] [ x%%,2 d2=(1/3) [2,%;2d@=(1/15) [ x,°dQ
= 0’ Iy (k+2)(k+ 4), (i#j# 1+1)
(48] [ 2% % d2=(1/3) [ 2%, %, d@=(1/9) [ x,'%;*d2
= (1/15) [ x,%%,2d0=(1/105) [ x,*d@
= 0* I/ K(k+ 2)(k+4)(k+6), (1,7, me B2F T§)

. 2 pr T
& i hm=12-k [ = [ [ [ oln Holx shue x7t &% A%E 7
AW A EEe 00) Bk, |
b, el SAE olgstel thee ARE AL & AT

Vix)= % [ v+ (v +2¢ e’ + et + (vt 2¢11.92— 2 v)(x3x3)

+2x1x5(cp, 12+ €12t 011,1202)]
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Eq—\"l}-k]’ Z)(p) = %[ Uy + (‘Ul + 260.11)02 + 111104 + (012+ 2C11,22_ 21)11)%— 94] O] a3,
(oo, é1, o, -, br—2, ) — w(p)1?
2 2
= (g‘) [ (vip+ 2en,2— 2011)(96%96% - % 94) +2x1x2(cg_12 T+t C11,1202)]
olt}, o| 2R H,

h(p)=f2"f”---f”[w<p,¢1.¢2,---,¢k_2, 0)— w120

= [(012+2C11 n— 201))° 128 2 +(co 2t c1oF €120

o Hu, gzow AFE A Tol A )7t AEBWAS 4A ¢ F Ak SCDAA

AZE 128 JAHY FEQA Sy(D) = G 2ol adl BF FFHoln

Rz(m—— f 21 o)do

— (&) 1wt 2002 20640

+ (1t cf ot 2c0,1201,2) /6 + i, 12/10+(Co e+ c2en /4],

N2(19968 + 232320% + 163524 — 5184a° — 1024408 — 360+ 130704
768023(2 + a%)*

1
1+ Ry(D) -

Sy,(D) =
k=29 A% U FAL BHREHU £=3,4,52 ALNE R(D) S S(DE &
S8 4 . o)@A T8 SUD)O AL olgstad AL BEFAY FAA AAE
29 L Folppg Az;z 23" k=3,4,5°1 p=12 A$Y H=E 1%
R(D) = 77 texn 2o
2
Ry(D)= (%) [12( 010+ 211, 2~ 2011)2/5775 + 4c%.12/35]

2
R4(D) = (‘%) [(1)3— 01)2/32"‘ (Cu.zz_ 011)2/120 +3C%12/40

+ (U§2+ 11%3)/128 + (Ul - 1)3)(1)12 e 1113)/80
+{2¢11 2(vip + v33) — 2011 (V2 + v13) — 3vp2 913}/960 ]

2
RS(D)=(§) [40(v13+ 2c11, %~ 2011)%/21021]

22 SCD9 71€7) 384

()9 13 =3Fe dFd FFd Bl dvkn A 23 EIFAM x; o W@

e 13 saes 9 _ppopat 2 byxolth
axl' =1, j*i
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Hader$} Park(1978)& 71€7] 5149 71&& ohg 2ol

[B1] i=1,2,, ko tatd Var[ay(x)/ox]e o=(x2+xi+ - +2)209 s,
[B2] i=1,2,--, kol dstd, 9y(x)/ox; 9 BAL 2t} =

’

Var 03(x) = Var 09(x) =---= Var 0¥x)
axl ' ax2 axk
2 AAEAT. 71&7] Aol Y= APA o Hr] Y% daFE 23 g3 2.
V= 0= = Uy,
oy =dvp =" =4vp=Vvp=Ug=""=UV4_14,

Ciyii= Ci,ii= Cii,j= Cyj,y= 0 (iFjF I#1).
THABAZ x& ¥4 AsA k- (k=2) F0AM, 28
2 FEHY o] HEo Jacobian Adigte A (3)o]t}.

yx)9l 1A =g5e] B

dxe 4 QAR 732

Var [—a%xL’_‘l ] = Var(b)+ 43 Varib) + i‘* 2 Var(by)
t =1,1F1
+4x;Cov(b;, b)) +2 jzﬁ_;*ix,-(:ov( b;, b;)

+4xij=%*ix,-C0v( bii, bij) +92 » agj' H:ix)‘xlcov( bij, b,‘]) (5)

2 EEHL, B A (DE A B qdTAE 2 6)= oA 2ol (o, 81,0, du_g, 0)
o 2 I}

Va?’[_a%jfl]=wi(9, b1,y o2, 0).
Park¥ Kim(1992)2 919 71&7] FH4 & 537 948 23L& b &3 2o
[Bl’] Z_—"l,,k oﬂ Eﬂff}&], wi(p,¢1,-",¢k_2,6')% p‘ﬂ'gl @-_f}:,
[BZ,] E—% (P,‘lsl,"'_, ¢k—2, 0)0“ EH?-S}-O:] w1(p,¢],'", ¢k—2’ 6)2".=wk(p,¢lv"': ¢k—2! 6)

EESET 2% VLRARNE A% BE AYAYe] 488 5 A+ s1e7] HWAY
£58 ALAGT A9 2A¢ gz

&, ¢1,, Pp—2, 0)= ,2'\[ wil o, $1,", Pr—2,6) —7(0)]2% A s,

M= [ 8o.b1, 7 s, 042 = 3 [[wi(o, b1, S4-2. O~ Wl )12
g Rostgon oA,
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dQ=sin*"?py---sin by odby-dbsodf, w(0)=-% 33w;()
_t;(p, ¢1; Tt ¢k—2, 0)= % gwi(py ¢ls Tt ¢k—29 0)7

—1;,-(0)=71; fw,-(p, b1, bamz, A2, L= fd“Q‘

80,01, 1, 08 TRE A (0,81, baop, A &% Ao BY w; o WE
J #Eoli M)k BAFO rA 2TANY ZE Yo A& g5 FoIth 471N 3

Hgd 0<p<rol WE (o) S HERES Fad, Qk(D)=Ekaorp’*“h(p)dp°1Ek @
E. e 4 (0% SYah

20%1 301
A9 Mo e ho)=LAi+ LB+ k(k"+§) Ceol,

A= ;v%“%( glvi) s
_ 1 , _ )
B,= Z‘vi(4vﬁ+i=%*ivij) k(gv,)[ 2(40,-,—% i ,;*1””)]
+2$(4Ciﬁ+ . i .C%.i}‘),
1= j=1,r#i
_ 3 2\ _ kt2 2( ) ﬁ .,)]2
C, ;(160,,-%]_:%#0,,) 35 [,= 4vl,+]_= i
O S IS A O
3 & Y=Y jcuadyei Y RIS |G SR s )

SCDol 2 Agel 71§71 A2l okt SkeAtE $A2 dei) HE 71
a4 258

_ 1
H{D) = 13756.D)

2 Aostd H (D& A3Age] 71€7] sdAo] lod 1o] A},
HREAMG wp2tA] ez AP Axss nsA 717 APdPAM k(o

fpk 'W(0)do 7t A},

Az gl olUx i(p)/g'7t AmE QD)=

rl

4

g1, %o

=2°13 FAH VIY B¢ A=3E n3sy QD) E FAYPez FHRA
A2=Bg=0,

C,= %gg(le% ~8vnwp+ ol +16¢h, 1),

QZ(D) 2 To 4 (161}11 821111/12+ 1/12 +16 Cu 12)

- 404—288a + 1162*— 480° +94°
482°¢4*
9} Zo]l g9 Aoz EHFHHAYL
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(o]

=2

= & Utk oA FE H(D A

& WEdd k=3,4,5

[}
s

B QD) H(D)E

o] gt 717l AANE UFIAAY g7

A e a9 e FolE Ut FaZ 23-e £=3,4,5°11 p=19 AL
£ 138% QD)+ 47 v 2
Q3(D) = %g,i [160%1 + U%z— 101111’1)12]
Q4(D)=3—2];g—4 [24(2):12+ U§)+641)%1+ 16(1}1"1)11)012‘4‘7(1)%24‘ 1)%3)
- 16(1)1 + 'Uu)‘l)13 - 101)122)13+ 16(1)13 —Vp— 31)1)2)3]
QS(D)= 6388_4 (4011_'012)2
2.3 SCDA SU(D)& H(D)Y v
o]z SCDAAA HAEE 1ty AP 2% S(D)9 71€7] FAAe &xQ
H(D)E vlas) B3 kg 59 o wal oo e stz sio
231 k=29 A% (89 B2 Ao : x, =x,)
X1 X2
-1 -1
1 1
a 0
—a 0
0 a
0 —¢a
0 0
A71A, BOUHlE x, =—x, 2 W= SAD)} HYD)9 e T3t
<E 1> k=29 7359 SCD g S(D)} HD)e e v
a 150 | 153 156 1.59 1.62 1.65 1.71
ng = 1|S«(D) [0.9873"| 0.9738 | 0.9330 | 0.8764 | 0.8135 | 0.7505 | 0.6368
H,(D) | 0.8995 | 0.9293 | 0.9531 | 0.9704 | 0.9809 |0.9846™| 0.9725
a 150 153 156 1.59 1.62 1.65 1.71
ng = 3|S«D) | 08114 | 0.8249 | 0.8321 |0.8341" | 0.8317 | 0.8261 | 0.8080
H,(D) | 09556 | 0.9622 | 0.9660 |0.9673™*| 0.9661 | 0.9625 | 0.9487
@ 1.50 153 156 1.59 1.62 1.65 1.71
ng = 5|S«D) | 07303 | 0.7507 | 0.7667 | 0.7787 | 0.7872 | 0.7927 |0.7968"
H,(D) | 09412 | 0.9439 {0.9446™| 0.9435 | 0.9406 | 0.9362 | 0.9227
* SUD) 7t A7t HEE &= o9
% H(D) 7} Hul7t 52 st o9 3
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232 k=3¢ Ao (29 B2 AUyl i xy=1x,%, )

X1 Xy X3
-1 -1 1
-1 1 -1

1 -1 -1
1 1 1
a 0 0
—a 0 0
0 a 0
0 ] 0
0 0 a
0 0 —a
0 0 0

A71A, Bt x3=—x,x, I BFoAN= S(D)% H(D)S #2 Fd3i.

<E 2> k=32 A% SCD dgd S(D)st H(D)ol o vz

a 1.44 1.50 157 165 175 185 | 1.99
ny = 1|SKD)*| 05492 | 05876 | 0.6290 | 0.6717 | 0.7183 | 0.7579 | 0.8032
H,(D) | 08864 | 0.8926 | 0.9040 | 0.9250 | 0.9568 | 0.9824 |1.0000™"
a 1.44 150 | 157 1.65 175 1.85 1.99
ny = 3| SKD)"| 04659 | 05050 | 0.5483 | 0.5942 | 0.6461 | 0.6915 | 0.7450
| HJ{(D) | 0.9948 | 0.9987 {1.0000°"| 0.9984 | 0.9926 | 0.9807 | 0.9534
a 1.44 1.50 157 1.65 175 1.85 1.99
ng = 5| SKD)"| 03958 | 0.4338 | 0.4769 | 05238 | 05782 | 0.6274 | 0.6870
H,(D) |1.0000™| 0.9987 | 0.9949 | 0.9887 | 0.9791 | 0.9626 | 0.9318
»#* H(D)7} A7t HE5 3t o9 &
a @9 ol +ool X AL e A

233 k=49 A% (89 2xo FUn 1 x,=x,%,)

HE x,=x%%3 2 38 Resolution IV t=}gle] o 29
A RS AEERA(AE EF a9 xpwy) FAT HHAAE olFo] 6749 29 nEF
£8 BES FAY 7 93 BB XE SJAAFES ZA B wd, Aolgiy)
X=x1% 2 3 QAR BN FEFHGYG 20 HE5FEo] EHAAE o|FAT £H
o] Agolsty] Wi FAHI 1A ste EFE EF FAY & Utk wHdAM Age 7x

&3 2ol Ao

[
Il
e
ro,
oY
o
=2
r =]
42
ol
fo
Re)

[ A1
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X1 X2 X3 X4
-1 -1 -1 -1
-1 -1 1 -1
-1 1 -1 -1
-1 1 1 1
1 -1 -1 -1
1 -1 1 1
1 1 -1 1
1 1 1 1
a 0 0 0
—a 0 0 0
0 a 0 0
0 —a 0 0
0 0 a 0
0 0 —a 0
0 0 0 a
0 0 0 —a
0 0 0 0
<E 3> k=41 %9 SCDo g S.(D)st H,(D)Y ztel vl
@ 1.40 1.60 1.80 2.00 2.19 2.26 2.43
ny = 1|S«D)* | 03172 | 0.4418 | 05546 | 0.6470 | 0.7152 | 0.7360 | 0.7783
H{D) | 04822 | 06367 | 0.7378 | 0.8228 | 0.8611 | 0.8732 |0.8855"
@ 1.40 1.60 1.80 2.00 2.19 2.26 2.43
ny = 3| SKD)* | 02711 | 0.3879 | 0.4992 | 0.5947 | 0.6678 | 0.6905 | 0.7375
H,(D) | 04971 | 06671 | 0.7876 | 0.8648 | 0.8727 {0.8733™*| 0.8692
a 1.40 1.60 1.80 2.00 2.19 2.26 2.43
ng = 5|S«D)" | 02316 | 03378 | 0.4429 | 05364 | 0.6102 | 0.6336 | 0.6825
H,(D) | 05023 | 0.6729 | 0.7908 | 0.8637 |0.8676"*| 0.8670 | 0.8612

» H(D) 7t A7 9ES st a9 &
& a®) gol ool A Auigte 2E A9

234 k=5

e}
Lo

BF (8 F&9 Aoy ¢ x5 =x;x5%3%4 )

X1 X3 X3 X4 X5
25—1
A8 8 N ¥ E(fractional factorial portion)
a 0 0]
—a 0 0

0 a 0

0 —a 0

0 0 2

0 0 —a

% (axial points)
0 0 0

%) A (center points)
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<E 4> k=59 79 SCD g S(D)+ H.(D)S 9 Hlu

a 200 | 220 | 240 | 258 | 270 | 280 | 2.87
ny = 1| SKD) |1.0000"| 0.9994 | 0.9986 | 0.9978 | 0.9974 | 0.9979 | 0.9968
Hy(D) | 08996 | 09114 | 0.9457 | 0.9815 | 0.9945 | 0.9992 {1.0000""
a 200 | 220 | 240 | 258 | 270 | 280 | 287
ng = 3| SKD) |1.0000" | 09994 | 0.9983 | 0.9975 | 0.9970 | 0.9966 | 0.9964
H(D) | 09689 | 0.9861 | 0.9944 | 0.9991 |1.0000™"| 0.9993 | 0.9980
a 200 | 220 | 240 | 258 | 270 280 | 287
ng = 5| SK(D) |1.0000"| 0.9993 | 0.9981 | 0.9971 | 0.9965 | 0.9961 | 0.9958

H,(D) | 09804 | 0.9937 | 0.9985 [1.0000™| 0.9993 | 0.9978 | 0.9961
* S(D) 7t Adirt HEE e o9 @
** H(D)7} A7t HA=% 3= o9 &

3.2 8

<E 1>-<E 4>Z%F SCDE o7} Z7Hde] we oAz S(D)el el HD)el %
ok nzEA wath & o9 gol dsted H(D)7t S(D)RY o 2HzEsidn @
& itk v

QAzbe] 71 2, 3, 4, 501 Zzte] FAHAAL 7t 1, 3,59 W A 7]&v] FAAY
AH-ANA HAH agts T3 <F 5> YEHAT

<E 5> p=1% A% SCDAAM HHe o

2 " S«(D)& H(D)E& Sk(D)+ H{(D)E
" A0 Stz ANE AE ogt| FUE AE o
1 1.50 1.65 1.53
2| 3 159 1.59 159
5 171 156 164
1 +00 1.99 2.11
3| 3 +00 157 2.10
5 +00 144 2.16
1 +oo 2.43 2.67
4 3 +00 2.26 2.77
5 +oo 1.44 ' 2.85
1 2.0 2.87 2.86
51| 3 2.0 2.70 2.67
5 2.0 2.58 2.52
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k=503 p=1% A%t =22 A5 HAPYE BFgH, £k=3,5°11 p=1<
Zgoe 71e7] FH4E BE}E o7t EASY k=3,49 F¥= FHY #ol Y
of mat AP FE7F Aab 1o IS FAA F7b FokeE V1€ HAALS ¢
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