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Quiality evaluation of Sappan Lignum based on HPLC multi-index components,
chemometrics combined with EW-TOPSIS method
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Abstract: Objective To comprehensively evaluate the quality of Sappan Lignum by multiple index, chemometrics, and EW- TOPSIS
method. Methods HPLC method was used to simultaneously determine the contents of brazilin, hematoxylin, protosappanin A, (3
protosappanin B, sappanone A, biochanin A, isoliquiritigenin, and sappanchalcone in Sappan Lignum from different origins. The results
were analyzed by clustering analysis (CA), principal component analysis (PCA), and orthogonal partial least squares- discriminant
analysis (OPLS-DA) to look for the main potential markers affecting the quality of Sappan Lignum. Qualities of Sappan Lignum in
different producing areas were evaluated by entropy TOPSIS (EW-TOPSIS) method. Results 18 Batches of Sappan Lignum could
be clustered into 3 categories, and the quality of Sappan Lignum from different origins showed certain regional differences.
Hematoxylin, brazilin, and protosappanin A had great influence on the quality difference of Sappan Lignum, and were the main
potential markers affecting the quality of Sappan Lignum. The quality of Sappan Lignum from Guangxi and Guangdong Province was
the best, followed by Sichuan, Guizhou and Yunnan Province, and that from Fujian Province was poor. Conclusion The established
comprehensive evaluation method for the quality of Sappan Lignum is easy to operate, highly feasible, and practical, which can provide
technical support for more scientific and systematic control of the quality of Sappan Lignum.

Key words: Sappan Lignum; brazilin; hematoxylin; protosappanin A; isoliquiritigenin; sappanchalcone; CA; PCA; OPLS- DA; EW-
TOPSIS

s HHA: 2022-08-15

EEWMAB: JhiEERAWHE ETHRIPESE (P22021005): JbdihEEAE IR P4 E T AAEFRIH GUhERE[2018]213 5)
1T BRIl (1985—), &, TEHIW, A%, WHEH4PTERH. L2k HIFIRTE LT . E-mail: ceix45@163.com
*BIE1EE: 5K (1984—), T, BIEALZIT, MFLWTEshl. FLlmRZ: ERGFIA AT, E-mail: fv1280075@163.com



<78 - FII/HBELIH 202341 A

ARt bl

Drugs & Clinic \ol. 38 No.1 January 2023

A NG RHEYI IR A Caesalpinia sappan L.[¥
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B B 2, Bl SO B 4 e
29 120 MEEY), H EAEFEMERS 80 4, &
BAFRAARRR. BFHARIR. BRI ER
i, BeAh, BfH ZIRBAAME RS, WS
FERM S AR S AERREE, HhmIrAR. 7
KIEAHEFFARREEEZRLS, JETHRARE A(H)
JETRARZE B AHETIARRZRF RS, TR A,
JEWE G 2 3 A IR R Ry, RHEER, OF
AR B 9 A IR 2R R B B, TR T
(H E 2 ) 2020 A hi—FB0M, AR A B Bk
AT E BRI, AR SCHR AN 1~2 Fhisridt
177 MEBS, AT B AR SR A T, A
W =R M f@g. P TR D)1 6
ME X 18 #IFARZM, FH HPLC EillE H
BB AZR. AR BAAE A () FHAR
B. 7hAKHH A, EM G R AL R HERMHAEH
i, JF&E A2 A TOPSIS vEX H &
HATLREVEY, UUPARARR RRIZA . 2T
PR L IR -

1 UESRG

Waters €2695 74 = 50 AH (L i 43 (32 [E Waters
AT FAL604N BT i KF (iR %R
A HBRAFD.

(2)EIAREK B (JIL'5 111882-201302, &/
% 89.9%) Sk R i W 1 IR £ i 24 i e T TR
EPEIR AR (S PRF8032701, Jii &34k 99.1%).
FAKE (LS PRF8010923, Jii &%k 97.0%). &
BT ZE R A (LS PRF8040524, Jii & 4%k 99.6%)
AR HER (LS PRF8031324, JFi &4r%1 99.8%)
X R B R S R A PR A ] JRRHE
A (b5 128839, FiE %k 98.4%) XfHEMILH L
B TEA R AERAR: FEIHFEARR A (S
AF21011905, Jfi &% 98.0%). 7 A HE (L5
AF21011903, Jfi &/3% 98.0%) X HE Fhlty H B #i i
AR ERA R HEE. BRGS0,
H AR A bt

TR L G A6 R KR I Bt Tk 88 I A 245 T
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Table 1 Medicinal information of Sappan Lignum

G KR fit5
S1 P EheE 210906
S2 VY 1|22 B 211101
S3 R R 210812
S4 MK 211203
S5 PPN SR 211115
S6 BOA ETITE=Y 211206
S7 BRI B 220102
S8 SRR 220204
S9 fE AR 210903

S10 TR B 211101

S11 FizEE AT 220203

S12 fEEE TR 220206

S13 IR 210709

S14 il ey 210901

S15 T BH B 210908

S16 IR 211102

S17 JTABT R 211205

S18 TR B B 220110

2 RAEEHR
21 REXBRIBRHIE

HUEPEIRIAR R TIAKE . JRIPARER AL ()57
AR By JKREH AL EBEGZEER AL R HERADR
KT E W0 I o i, R I s o R BE 40 il A
5.614. 9.730. 2.932. 3.780. 0.058. 0.032. 0.096.
0.152 mg/mL VR A XTI &, PR & A
AR R 20 5 1145 VE 2 0 L VA AR (8 o oxef ALt ol
IR 5N 280.70. 486.50. 146.60. 189.00-. 2.90-.
1.60. 4.80. 7.60 pg/mL).
22 HiIXMARTEE

K BRI AH R L) 1.0 g, K525 I H 25 mL,
FROE B, InIERSEE 30 min, 74, #MERE,
&5, JE, RIS
23 ‘il H

Agilent Zorbax ODS Cig it ff (250 mm X< 4.6
mm, Sum); HEE - 0.19%BSE NI shAE, BB
(0~10 min, 22.0% H &% ; 10~20 min, 22.0%—30.0%
FEZ, 20~28 min, 30.0%—35.0% H % ; 28~47 min,
35.0%—48.0%H EE; 47~55min, 48.0%—22.0%
BED)s ALl 285 nm; FEE4ERF 30 'C; A&
1.0 mL/min; @EFEE 20 pL.
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i 28 P S5 s AR VA R 8 iRk A3 (R U X
MRERL, SHAMEEESE R (EEY=
1.5), 55 0F FR it I R € v 06 R B I i) — 3

2.4.2  ZRMERIEBES RS R U A R &
7% 0.1, 0.2. 0.5. 1.0, 2.0. 25mL, )& 20mL &
o, HREMRE R AR, REAIHIAS R GRG0 I
TR 1~6, HEFERI, ok ent iz, CLEE R
KE. BAK. FBHAKE A, (£)EHKE B, HAK
il AL JEBES 2F 3 AL S H BRI TR & -l 1 R
EIRBONMALER, WA AR AT LR,
SR W& 2.

243 KEERE  TRRFES (s S il & it
WA, EEHRE 6 IR, IWREFHAR. AR
Ko BRAARZE AL (E)EHBARZE By 75AKHH AL BB
TR A RHRERMIARE HE e, HE
51 RSD 1843 %A 0.66%. 0.52%. 0.83%- 0.71%.
1.37%. 1.49%. 1.25%. 1.17%.

4
3
8

( | 5 6 7 |
JL\AJJJL @L}JL%_AJ_;_}U_}L_}JW__
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t/min

L-ERBARR 2-75AK -FHHAEA 4-(DEHFKREB 5-
FHAE A 6-EWEHFRA 7-RHEE 8- ALEFM

1-brazilin  2-hematoxylin  3-protosappanin A 4-() protosappanin B
5-sappanone A 6-biochanin A 7-isoliquiritigenin  8-sappanchalcone

E1 RBEXRS (A) F7HAK (B) B HPLC &iE
Fig. 1 HPLC chromatograms of mixed reference substances
(A) and Sappan Lignum sample (B)

Fz2 STMAHILMXRR

Table 2 Linear regression of eight components

D% EIEp r 25 M7 /(pg- mL )
B P A 2 Y=8.234 7X 105 X—526.7 0.999 2 28.07~701.75
AN Y=5.935 1105 X+349.2 0.999 4 48.65~~1216.25
FEHRAEA Y=6.320 5X 105 X—1 051.1 0.999 1 14.66~~366.50
(R)EHAZB Y=9.254 9X 105 X+819.3 0.999 7 18.90~~472.50
IR A Y=3.783 1X 106 X+521.7 0.999 9 0.29~7.25
JEEE 2R A Y=2.901 6 X106 X+983.0 0.999 3 0.16~~4.00
R Y=3.247 9X 106 X—1146.5 0.999 8 0.48~~12.00
PR H Y=4.506 7X 105 X—674.2 0.999 6 0.76~~19.00

244 FREMRLE  BUURR (9T S1) &
BER AW, THI45 )5 04 2. 5. 9. 14, 24h ikt
Wi, WREEHKE HAKE. FEHARAER A, ()
JRFHARZEK By AN A, EBHEGHER A, RHER
AR A A B W TR, TH A 5 A Ay U T AR
RSD {& 4354 0.69%-0.55%.0.82%-0.74%- 1.39%-
1.46%- 1.28%- 1.20%, £55F 3 BH IR AR S A AE
24 h WHSE -

245 HEMRAE BIUPR (5 S FEmiksE,
AT L AR 6 1y, BERE AT, TSR TIIAR,

FAMRETTHEEARARR. AR FEHAKRKER A,
(2)ETARZEK B, TAKED AL EW T 4R A, FHE
FHBAREEEM R ESE, 4R H RSD {H7
4 1.02%. 0.99%. 1.28%. 1.41%. 1.86%. 1.93%.
1.60%. 1.56%.

246 [EIERLE BUORAMEG ('S S1) 4% 9
By, FFEEFRE 059, 43 AN G X HE Sl VA
(EFHAER. HAK. FHARR A, (F)RAHBKRE
B. 7AKH A, WG R A R HERAHAEH
e o H8 i ot LR FE 3 A 4.362, 7.601. 2.015.



<80 - FII/HBELIH 202341 A

ARt bl

Drugs & Clinic \ol. 38 No.1 January 2023

3.127. 0.029. 0.018. 0.065. 0.107 mg/mL) 0.8. 1.0.
1.2mL, % 34, $l&ahlmiEm, e, 5t
HAS 8 Fhmesr 1I-F ¥ R E 75 5l 4 98.93%
100.31% . 98.90%. 98.11%. 96.70% . 97.58% .
97.74%. 99.03%, RSD {474 1.65%. 0.60%-
1.63%. 1.45%. 0.67%. 1.40%. 1.35%. 1.10%.

25 HmlE

B 18 fbFRARFES: (S1~S18), K&tk
AV, AR EIREAE A IR, SR SMRIET IR
AR EFEIHRARZR . AR BIHARE AL (£)EHA
B, AN A, BT HEER AL RHEZRHAA
AHE R H, R WK 3.

®3 AARFEBAFARER. HAE. BAKE A (F)REFKE By %A A BREEFE A RHEEMAAEEETMN

ELER (n=3)
Table 3

Determination of brazilin, hematoxylin, protosappanin A, (4 protosappanin B, sappanone A, biochanin A,

isoliquiritigenin, and sappanchalcone in Sappan Lignum (n=3)

FRESHU(mgg)

e EFEHRARE AR HEIFARA  (R)EIAKREB  HAA EWHEDFERA FHEZR  HAEHE
S1 8.754 15.272 4,181 6.216 0.059 0.034 0.127 0.209
S2 10.182 17.682 4,818 5.722 0.071 0.044 0.160 0.222
S3 6.850 20.034 5.380 6.648 0.073 0.049 0.142 0.237
S4 8.297 16.914 4,755 6.350 0.059 0.039 0.145 0.277
S5 9.703 18.333 5.139 6.134 0.065 0.042 0.151 0.248
S6 9.230 15.090 3.782 5.887 0.059 0.035 0.121 0.195
S7 7.814 19.136 5.251 6.794 0.069 0.041 0.135 0.264
S8 7.347 16.106 4,664 6.505 0.063 0.036 0.131 0.291
S9 4,733 13.132 2.988 5.108 0.062 0.028 0.168 0.162
S10 5.058 13.489 2.940 5.344 0.045 0.030 0.123 0.168
S11 4,557 12.720 3.227 4,949 0.057 0.021 0.116 0.133
S12 4.060 13.188 2.464 4.846 0.056 0.020 0.111 0.147
S13 13.389 24.247 4,580 7.483 0.055 0.031 0.105 0.361
S14 13.045 22.497 3.519 7.816 0.054 0.038 0.100 0.375
S15 12.454 23.391 4.899 7.968 0.052 0.027 0.094 0.348
S16 14.118 25.104 4.051 8.125 0.050 0.033 0.086 0.389
S17 14.585 24.579 2.685 7.648 0.048 0.026 0.082 0.334
S18 11.918 20.684 4,439 6.798 0.047 0.029 0.077 0.299
26 BRI 0 5 10 WEEEE 20 25
Y2 3 R 18 HUR AR T A Z . AR, S
FHAZ AL (£)EIAZ B, A A W5 2 ] R
£ A, FHEEE AT F S B S ==
SPSS 26.0 ZEifHicft, SRIMLAIK R A MIE )T §§_}ﬁ
W LD TR, BRIRHRA, s
T 2. G5 REoR, IR 15 B, 18 ftiA 31 7
PEmBEA 325, SO, S11. S10. S12 BEAH 1 2%, §§ —-

S3. S7. S2. S5. S1. S6. S4. S8 N 2 2K,
S16. S17. S13. S15. S14. S18 TN 32K, KHj
A FEHB DA i B R — A X R .

2 FHARRERLRIKE
Fig. 2 Cluster tree of Sappan Lignum
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27 ERS SR

R 3METIIIAREK. TR FIEARR A,
(E)EFHARZE B, HAE AL [EW TR A FHE
AR H R 5 O E S\ SPSS 26.0 4t
THERAE, R BRYE 5 2NHEAT R o0 Ar, A5
DITESNER, WE 4. LA, 2 MRS
RFAE(E 7 BN 4.420, 2.745 CKT 1), J7ZTTHRE

4y BN 55.255%. 34.310%, R ETERE N
89.565%, HJ AR FFA [ 3 BT AL o RIS B
A SIMCA 14.1 57 F A Bk, 18 fit
TIPS R s o B L E 3, LR 2 4
F R RX 4 0.896, KT 0.5, Fra At e
PR E AT R R G BB R
—3.

R4 HBARPERAHBES

Table 4 Variance analysis of principal component in Sappan Lignum

NIFON VITARFIEE SRE A ar - J7 Al
YRR T ETRERI% BT E TR I% FRIEE HZEERERI%  BBUFETRE %

1 4.420 55.255 55.255 4.420 55.255 55.255
2 2.745 34.310 89.565 2.745 34.310 89.565
3 0.295 3.684 93.249
4 0.199 2.489 95.738
5 0.141 1.761 97.499
6 0.125 1.566 99.065
7 0.049 0.616 99.681
8 0.026 0.319 100.000

4 S3 0.8 ]

s2 e 1 2
2 ST s 041 S5¢ 545188
—0 31; 58 514 = 1 515.51.3 S7 %'s 3
= s9 e os‘?5° S16 =0 S6
-2 Si1eq 61 sfp ] S16e *S13 S11
* 810 17 04 ] %14 S100%g
4 ! 517 52
6 4 2 0 2 4 6 —08
t[1]
3 2 a1 o0 1 2

R2X[1]=0.553 R2X[2]=0.343 Ellipse: Hotelling’s T2(95%)

B3 HARHNERDTHES
Fig. 3 PCA score of Sappan Lignum

2.8 EXfmiEm/)NZRE-FIR S

N3t 93 W 3 A [R) 7 [XCRE i 22 1) 22 53t 1Y
WA BTy, FEIEXS 7 i SR R B R R 7Y, R
JR 53 3 T 0 At 0 47 1E 58 A /s 3R v - 1)
Prabs. #R 3HEPIIIAR. AR, HIFRR
A, (2)ETPARZ B, 75K A, EBGF R AL R
HE R IR H T 527 B8 ¢ A\ SIMCA
14.1 GErt iR A, AT IE A die /s — V-0 o3 i i
Fro 19l 4. 85X 73 250 R%=0.988, fRATH
MZ4 Q*=0.815, KB AR A M AR E -

xof BT 3 ST ) 1E S i e /s 3Rk -4 ) A AR 2
o2 AN R #EAT 200 (X E ke, WE 5. 45

t1]
R2X[11=0.856 R2X[2]=0.075 3 Ellipse: Hotelling’s T2(95%)
B4 FAARBIERRERN_TE-FIRDFRBIS S
Fig.4 Score of OPLS-DA model for Sappan Lignum

Intercepts:R?=(0.0, 0.131), Q?=(0.0, —0.471)

RZ
,,,,,, ®
05 R S
T =
0 T
. - =
-05 =i =
[ ]
-1 =
[ ]
-15

-0.2 0 0.2 04 06 0.8 1.0

E 5 EXmENFEFIRDTERICNER
Fig.5 OPLS-DA replacement detection results
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B8 RRPA BEZTE Y ki 0.131, /T 0.3, &
WIS AL 2 AT QLA HA S Y st i
N-0.4TLCHMHD, Rk @ B A RS FE &
TR RE I LF, WA RCH ) 18 HETFA ) o7 & 2 5
DA TE A2 s e 7> — e ik - 1) o3 A B 28 v B
52 (VIP) fH>1.0 Fiide A R L ORE S 1) 1) 22 Sk
B e VIP BRI TR i 73 S DTk 2 1)
FERE . WL 60 255 VIP MR EIIMRIC I3 A |
ERHAR. FHRAK AL (2)EHFAKRE B, AR
B, BHER. BH¥EZER A, AR A, Hf
TAKRERI VIP 4 1.682. ELFG 73 AR 2 VIP A 1.517.
JRTRARZE AR VIP N 1.460, ¥)>1, X 3 M st
T B 2 S R R, O O R A i R AR
F, M 5 A 0 B ) R BB AR B
2.9 & TOPSIS (EW-TOPSIS) &4
HARPETTIARZR . BARKE . JHTAARE AL (L)
JRAARZ By 75ARH A EHE G ZEER AL FHEER.
AR HRE T R ks A e b, RiEAX x5=
[xi—min(x;)]J/[max(x;) — min(x) X 18 fLIrARE i A
8 Bl B AT 0 — b AL B, 5 WK 5. LAIERS
frfe /N - HA A g VIP B & e hr ik
SIRLE (W, FRARE A Zy=>ij X W £ InAL sk 5k

FEFESR (3R 6); B INAURSRIE MRS R I TR 2=
max (1.5171. 1.6821. 1.4602. 0.8019. 0.097 4.
0.1056. 0.1558. 0.2212), ®EHE Z ¥1M0;

+ " +12 -— " -\2
Df = g (zi;—2z})", D= E (Zi;—27)"
Jj=1 j=1

Ci=D; /(D +D; ) tH A I BT R AR (D}
D) DALV FR bR S LT R HGERE (Co,
GER K 7. W WHEALRT 6 FLRT TR R
AR, GREAT TG TR AR R RN, HIK
VU, SEINFI =R, AR EHLIX = i i B

o
o

=) =

7 8

1.8
=}
F12
-
N,
>
R T
1 2 3 4 5 6

5%ix
LAk 2-EAHAR 3-BFARFA 4-(DEFAKB 5-
HAEHE 6-FHER 7-EHTHERA 8-TAN A
1-hematoxylin  2-brazilin  3-protosappanin A 4-(#) protosappanin B
5-sappanchalcone  6-isoliquiritigenin  7-biochanin A 8-sappanone A

6 FRARHIVIP
Fig. 6 VIPimages of Sappan Lignum

*®5 BESE—LLIELR

Table 5 Results of normalization treatment for each component

- H—1
EFEHRARR A  BEIHERKA (L)EFFARERB SRR A ERCFRA FHER SAREHN
S1 0.446 0 0.206 1 0.588 8 0.417 8 0.5000 0.482 8 0.549 5 0.296 9
S2 0.5817 0.400 7 0.807 3 0.267 2 0.928 6 0.827 6 09121 0.3477
S3 0.2651 0.590 6 1.000 0 0.549 6 1.000 0 1.000 0 0.7143 0.406 3
S4 0.402 6 0.3387 0.7857 0.458 7 0.500 0 0.655 2 0.747 3 0.562 5
S5 0.536 2 0.453 2 0.9174 0.3928 0.714 3 0.758 6 0.813 2 0.449 2
S6 0.4912 0.191 4 0.452 0 0.3175 0.5000 0.517 2 0.4835 0.2422
S7 0.356 7 05181 0.955 8 0.594 1 0.857 1 0.7241 0.637 4 05117
S8 0.3123 0.2734 0.754 5 0.5059 0.6429 0.5517 0.593 4 0.617 2
S9 0.063 9 0.0333 0.1797 0.0799 0.607 1 0.2759 1.000 0 0.1133
S10 0.094 8 0.062 1 0.163 2 0.1519 0.0000 0.344 8 0.5055 0.136 7
S11 0.047 2 0.0000 0.2617 0.0314 0.428 6 0.0345 0.428 6 0.0000
S12 0.0000 0.037 8 0.0000 0.000 0 0.3929 0.0000 0.3736 0.054 7
S13 0.886 4 0.9308 0.7257 0.804 2 0.357 1 0.3793 0.307 7 0.890 6
S14 0.853 7 0.7895 0.3618 0.905 8 0.3214 0.620 7 0.252 7 0.945 3
S15 0.797 5 0.861 7 0.8350 0.9521 0.2500 0.2414 0.186 8 0.8398
S16 0.955 6 1.000 0 0.544 2 1.000 0 0.178 6 0.448 3 0.098 9 1.000 0
S17 1.000 0 0.957 6 0.075 8 0.854 5 0.107 1 0.206 9 0.054 9 0.785 2
S18 0.746 6 0.6431 0.677 3 0.595 3 0.0714 0.3103 0.000 0 0.648 4
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Table 6 Weighted decision matrix table

®6 IMBURFKAEMR

N I A
ERSAE AR FHARA (DESAEB HAWA MWGFKA RUEE SAEHE
S1 0.676 6 0.346 7 0.8598 0.3350 0.0487 0.0510 0.0856 0.0657
S2 0.8825 0.6740 1.178 8 0.2143 0.090 4 0.087 4 0.1421 0.076 9
S3 0.402 2 0.9934 1.460 2 0.4407 0.0974 0.1056 0.1113 0.0899
S4 0.6108 0.569 7 1.1473 0.3678 0.0487 0.069 2 0.1164 0.124 4
S5 0.8135 0.762 3 1.3396 0.3150 0.069 6 0.0801 0.126 7 0.0994
S6 0.745 2 0.3220 0.660 0 0.254 6 0.048 7 0.054 6 0.0753 0.053 6
S7 05411 0.8715 1.3957 0.476 4 0.0835 0.076 5 0.099 3 0.1132
S8 0.473 8 0.459 9 11017 0.4057 0.062 6 0.058 3 0.092 5 0.136 5
S9 0.096 9 0.056 0 0.262 4 0.064 1 0.0591 0.029 1 0.1558 0.0251
S10 0.1438 0.104 5 0.2383 0.1218 0.0000 0.036 4 0.078 8 0.030 2
S11 0.0716 0.0000 03821 0.025 2 0.0417 0.003 6 0.066 8 0.0000
S12 0.0000 0.063 6 0.0000 0.0000 0.038 3 0.0000 0.058 2 0.0121
S13 1.3448 1.5657 1.0597 0.6449 0.034 8 0.0401 0.0479 0.1970
S14 12951 1.3280 0.528 3 0.726 4 0.0313 0.065 5 0.0394 0.2091
S15 1.2099 1.4495 1.2193 0.763 5 0.0244 0.0255 0.0291 0.1858
S16 1.4497 1.6821 0.794 6 0.8019 0.0174 0.0473 0.0154 0.2212
S17 15171 1.6108 0.1107 0.6852 0.0104 0.0218 0.008 6 0.1737
S18 11327 1.0818 0.9890 04774 0.0070 0.0328 0.0000 0.1434
R HAREHREIFNHE 3 itig

Table 7 Ordering of quality evaluation of Sappan Lignum

s Di* Di- Ci He
S1 1.7614 1.2025 0.4057 13
S2 1.3656 1.646 4 0.546 6 10
S3 1.366 4 18751 0.5785 8
S4 1.536 2 1.478 3 0.490 4 11
S5 1.268 8 1.7815 0.5840 7
S6 1.8507 1.0832 0.369 2 14
S7 13174 1.806 3 0.578 3 9
S8 1.697 8 1.3597 0.444 7 12
S9 2.5857 0.3387 0.1158 17

S10 2.527 3 0.3342 0.116 8 16

S11 2.599 0 0.3975 0.1327 15

S12 2.786 4 0.0951 0.0330 18

S13 0.498 7 2.417 2 0.8290 2

S14 1.0337 2.0732 0.667 3 5

S15 0.486 9 2.3814 0.8302 1

S16 0.690 7 25014 0.7836 3

S17 1.3705 23257 0.629 2 6

S18 0.9377 1.9186 0.6717 4

31 ‘BIEFRHHME

I AT R SCHR, [R50 8 ANMBAR U
AP, WS B i it e b 1 KR
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PR IS S B R, WA, BT R
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BRI, 21 - 0.2%M5 L1011, FIE - 0.20%ME R
L - 0.1%ME RIS, @ e AR 7 T 1 (i h £t
B, DAHEE - 0.19%B5 R RGBSR B AT -
32 HiXmiAiHIESENTE

PRI A AR, B e H BRI K A,
809 FH i 14, HH (710,131, 48 B T HR SRR I, B2
PR ARZ . TIARKE . HIARER AL () ETRE B,
HAE A EVEG ZEER AL S HE AT A S FEH
FEBCR I & . B S PRl SR (]34T T %
82, KAl LRI -, i [R] 43 51 20,
30. 40. 50 min, 2553 H B AR B ER HL 30 min
B, SFEbR o R s, Bk B R
KT 1.5, W AR BN #EALSEEL 30 min S5
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