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Rapeeporn Talabmai 2008: Process Development of Leech Lime Osmotic Dehydration by
Artificial Neural Network. Master of Science (Agro-Industrial Product Development), Major Field:
Agro-Industrial Product Development, Department of Product Development. Thesis Advisor:

Assistant Professor Saowanee Lertworasirikul, Ph.D. 104 pages

The objective of this research was to develop the process of leech lime osmotic dehydration and find
the optimal process condition by applying Artificial neural network (ANN). The research started with a
consumer survey to determine the preference of osmotic dehydrated leech lime from several sources. The
results showed that consumers preferred the product from Angthong province. From Just About Right score,
the characteristic of hardness was moderate but the appearance lightness and sweetness were quite too strong.
The characteristic of flavor was quite too weak. The moisture content, water activity (a ), lightness and
hardness of the product from Angthong were measured and then used as product profiles for the process
development. Therefore the product specifications of this research were moisture content of 12%-18%, a_, of
0.60-0.75, lightness (L) more than 30 and hardness of 0.2-0.4 N. For sweet taste, the product with low
sweetness was developed in this research. The process of leech lime osmotic dehydration was composed of
two steps: immersion process of leech lime in an osmotic solution and drying process of osmotic leech lime.
For the immersion step, a standard curve between %total soluble solid (TSS) and immersion time was
constructed and a fitting equation was determined. The fitting equation was a logarithmic equation with the
correlation coefficient (r) of 0.9677. This equation could be used to find an immersion time to reach a
specified %TSS, which was used as an input variable in the drying step. For the drying step, back-propagation

ANNs and regression models were used to predict a moisture content, a_, hardness and L of osmotic

dehydrated leech lime from drying process based on three input variables; time (2, 4, 6, 8 hours), temperature
(45, 50, 55, 60 °C) and %TSS (45, 50, 55, 60). The performance measures for selection of the best model
were mean squared error (MSE) and correlation coefficient (r). From the results, ANN had a lower MSE and a
higher r than the regression model for each product characteristic. Therefore, the ANN was an appropriate
model for predicting characteristics of osmotic dehydrated leech lime. Using the best ANNs, a contour plot
for each characteristic was constructed and overlapped to find the optimal process condition with 50%TSS.
The optimal process condition during drying process was 2 hours and 60 °C which gave moisture content,

water activity, L and hardness of 15.16% 0.70 40 0.36 N, respectively. According to a consumer test, the

overall liking was moderate and 88% of consumers accepted the product.

Student’s signature Thesis Advisor’s signature
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sEAUANUTNTUYRIEITazat0y IATadh 50 60 LAz 70 UTNT ADNITIBINNIAAITUDY
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v Y
v 1 I a o o
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5. U0 IMIAMIAAAS (Mathematical Modeling) lTumsinnnwansoaai

o A s . & o 4 9 &
HUVADBINWAUAAIANT (Mathematical model) nJumgmummizuumﬁﬂwmﬂu
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o 4 o . .
5.2 HUUNADINNIAUAAAT (kinetic model)
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5.3 HUUIIAIAMNONUAAN (deterministic model)
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MNN 6 Log-Sigmoid Transfer Function

N301: Demuth and Beale (2002)
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a = purelinfn)
MMNN 8 Linear Transfer Function

#31: Demuth and Beale (2002)
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MINNNUINN V1 m”lﬂ’dumimmmﬂwmaumﬂmmwammmuNammiﬂamuwammm

U

[

wzngauroNeuNIediiied Aty (p <0.05)

alaaunas Andoddny
MIYDUTUHINA 0.089 0.765
MIBOUTV*D 1.495 0.683
A13EOUTU*NMTANY 3.604 0.462
MIYOUTU*DITN 6.824 0.337
Msveusu*1ela 7.563 0.182
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MINHUINND A1 anzMInaaaunieteledssammenimuizaudunsumMsmuIenLL

Hq & v o
ﬂi%ﬂ?WﬂJ%ulﬂuﬂlﬂHQUW’ﬂ@ﬂ

A J A a v 9
Usnanihaaludle  eamallumseuuria  narlumssuusiy

annziinagen o, o .
WENIA (CUINCK) (09PN B RITA) (#2139)
1 50 50 2
2 50 60 8
3 60 45 4
4 50 45 2
5 60 60 8
6 55 60 2
7 60 60 4

M519euInH A2 dnnemsnagevnieiieledssamieuiminegud1msumsiienyy

Hq 9 L. 8 Y o
w1 water activity Lﬂumayamaaﬂ

a :} dy a Y Y
suaniealuile savallumseuuria  narlumsounria

aneiinadoy . o . .
uengA (CUIN) (GNRIEGIET)) (mim)
1 60 50 2
2 50 60 8
3 50 50 2
4 45 45 8
5 50 55 2
6 45 50 2

7 45 45 2
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{ 1 < o
ldnnuanaiudoyaiioon

A J A a v 9
Usnanihaaludle  eamallumseuuria  narlumssuusiy

annziinagen o, o .
WENIA (CUINCK) (09PN B RITA) (#2139)
1 45 60 2
2 55 55 4
3 45 45 8
4 50 50 6
5 55 50 8
6 55 60 8
7 55 45 4

M519euInH A4 gnnzmInadevnIeiieledssamieuimineaud1msumsiienyy

~Aq ¥ 3 I 9 o
nlganuuiailuveyaiiesn

a :} dy a Y Y
suaniealuile savallumseuuria  narlumsounria

aneiinadoy . o . .
uengA (CUIN) (GNRIEGIET)) (mim)
1 55 50 2
2 60 60 6
3 45 55 4
4 55 45 4
5 45 60 8
6 60 45 4

7 60 55 8
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q‘ 1 a 4 9 A A 1 ~ [ o
AT NHHINN 91 ﬂTW15']1ImE]TU’ENIﬂ5\1’(?fi'N‘VIL’I’iiﬂgﬁiﬁll@\‘ilﬂiﬂelﬂﬂiﬁlﬂigﬁ'W]L‘VIEJth’f’I‘ViTU

o Aq v L 3 v
ﬂ”lﬁ1/]TL!TﬂllﬂﬂﬂisﬁﬂQTNﬂfULﬂum@gaﬂﬂﬂ

Y

1 o Y] 9 o 9
AU UNUDIVOYAUUN (aij)

Y

1 o o 9y
AU UNVOIVBYaDON (b, )

-1.8369

-7.1186

= -3.4506

= -3.8676

1.5398

5.0501

= -4.1528

1.1007

0.3458

-3.7093

-6.6188

-2.5711

-2.1732

5.7487

5.3684

-4.9775

= 5.2636

-0.0544

6.1038

5.8469

a, =

2,1

a =

2,2

a.=

23

a, =

2,4

a =

2,5

a =

2,6

a =

2,7

a =

2.8

a =

a
a
a
a
a
a
a
a
a
a

20~

2,9

210
201
212
213
214

215

2,16

2,17

218

219

4.1579

2.2608

5.8871

-6.4707

-3.1325

-5.5426

-2.8026

-5.9064

4.8082

-4.7508

-1.0110

-6.8815

2.7580

-2.0019

0.7329

-5.6826

-4.2289

-7.4785

1.5088

1.6481

4,7
a43,=

43,7

a3,4

A5~

A6
4,7
A0~
q =

39

300~

320

-6.0913

-1.4070

3.3468

-0.9685

-6.7514

1.2416

5.7154

4.6550

5.8760

4.6300

3.5965

-1.9493

-6.7406

-4.5509

5.3300

0.8355

= -3.4895

-1.3544

4.2699

-4.5676

7.6004

6.8003

6.0003

5.2003

-4.4002

-3.6002

2.8001

-2.0001

-1.2001

0.4000

-0.4000

-1.2001

-2.0001

2.8001

3.6002

-4.4002

5.2003

-6.0003

6.8003

7.6004
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Y

Y ' k4 H
anhmiinnnnieseuvesiui 1 lldmitesouvesiugoui 2 (c, )

¢, =0.7857
¢,,~1.1306
¢, =1.8825
¢, =2.4115
¢, =2.4534
¢, =2.7301
¢, =0.1276
¢, =0.5703
¢, ,=0.6860
¢, ,=1.2065
=-0.2373

111

-0.6078

112

¢, ;=2.9983
¢, ,;=2.6360
¢, ;=0.5379
¢, 1=-0.9879
¢, ,=1.6447
¢, ;=0.4674
¢, 1525903

-2.6601

120

210

211

212

213

214

215

216

217

218

219

220

¢, =-1.7009
¢,,=-0.4133
¢,,=0.1065
¢, =1.2619
¢,=-2.7598
¢, =-1.0520
¢,,=0.5985
¢,=0.8330

¢,=2.1696

=1.7846

=1.3315

-2.2110

=0.3546

-1.3711

=2.2658

-0.6208

=0.8205

=2.5311

-1.7214

=1.4122

¢, = 05112

¢, = -1.4685

C

C

C

C

317

312
313
314
315

3,16

= -2.3812

= -1.4050

= -0.8241

= 2.3081

= 0.5970

= -1.0364

= 0.1194

= -0.9682

=-0.4138

2.1194

-1.6993

1.1342

-1.2915

-0.0726

1.5496

¢, = 1.0312

¢, 5= 1.2535

320

0.4150

¢, =0.8199
¢,,=0.0900
¢,:=0.0904
¢, =1.5212
¢,=-1.2787
¢, =1.1690
¢, ~2.4515
C,=2.4578
¢,,=-0.3582
¢, =1.4081
¢, =-0.5204
¢, ,=-1.9524
¢, ;=-1.0038
¢, 126321
¢, 110075
¢y =2.4272
¢, =-1.4573
¢, =-0.2160
¢,15=0.3791

=2.0692

420

¢, =1.5306
¢;,=1.0187
¢,=1.9965
¢;,~1.0233
¢;—0.4912
¢, =2.2993
¢, ~1.3469
¢s=1.3616
¢, =2.2125
=0.6170

5’10

=0.8623

5]]

¢, ,=2.2577

=0.5449

513

c;,=1.7924
¢;,=2.0914
¢;,=2.0236

¢ ,=1.5652

¢;1¢=2.8782

¢, ,,=-1.0790

=0.7423

520
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Y

Y ' k4 H
anhmiinnnnieseuvesiui 1 lldmitesouvesiugoui 2 (c, )

Cs,=-2.1092
c,,=1.4340
¢, =1.7961
Co=2.2945
Cos=1.8021
¢, =0.6847
¢, ~2.8231
Cos=1.1195
Coo=1.7674
C, =-2.7452
=0.4782

611

-0.1769

612

-1.1091

613

Ce1=-0.5107

=0.0695

615

Co1=-0.9138
Co17=1.6350
Co 15=2-4485
Co1=1.9943

=0.4460

620

¢,,=-0.6048
¢,,=2.4219
¢,=0.5137
¢,,~1.4594
¢,,=0.2556
¢,=0.1862
¢, =2.1253
¢,=1.4854

¢,,~1.0853

¢, ,,=0.9932

=2.7175

711

=1.2243

712

=1.1791

713

=1.1237

Cri4
¢, ,=0.6398
¢, =1.3587

=0.1829

717

¢, ,=0.2225

¢, ,,=2.0825

=1.4457

720

¢, =0.2233
cg,=1.1512
cy,=1.0322
¢,,=2.0027
¢, =2.3888
Cy 24583
¢, =1.0527
¢, =1.7701

Cyo=-2.6868

Cqo=1.8079

=0.9937

811

-1.2786

812

-1.9488

813

€ 1,=0.3085

-1.9124

815

=1.3332

816

=0.0175

817

¢y =0.6641

¢ 1,=-1.7000

-2.3394

820

¢,,=0.8199
¢,,=0.0900
¢,,=0.0904
¢, = 1.5212
¢y = 0.6833
¢y = -0.5507
¢, =2.0911
Cy = 1.3999
Cog=2.3504

-1.0036

910

¢y = -1.7892

-0.9669

912

=2.0660

913

=0.9893

914

-1.1237

915

-2.0054

916

-1.7311

917

=1.1869

918

=1.6253

919

=0.1539

920

=-0.3073

101

0.4203

102

0.0369

103

=-1.3198

104

2.4076

105

2.0951

106

0.5461

107

= -0.5880

108

0.3058

109

= -0.8908

1010

=-1.7967

1011

0.2561

10 12

1.2855

10 13

0.5364

10 14

0.4128

10 15

=-1.1606

10 16

=-2.3655

10 17

1.3508

1018

=-0.8101

1019

-1.8369

1020
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Y

4 [ Y H
Anhmiinannieseuvestsui 1 llfmieseuvessugoun 2 (c, )

¢, = 15721

112

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

13"
14
s
16
17
18
19
110
-
iz
TRE
4
s
116
17
s~
1,19

120

0.6977

-0.9436

0.7246

-1.1496

1.0683

0.0662

-1.2957

-0.0720

0.1887

-0.9740

-0.5414

-1.6702

2.0421

-2.2711

0.6829

0.1108

-0.7957

-0.9570

-0.3003

121

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

1219

12 20

1227
123"
124~
125
126
127
128
129
12,00
e
12,02
12,13
12,14
12,15
12,16
12,17

12,18:

0.5384

-0.5930

1.5641

-1.4190

0.7043

-1.3302

0.8565

2.3408

-0.0105

2.7221

1.2131

-1.7086

-1.7939

0.8588

1.0668

1.6652

-1.5418

-2.7313

= 1.7640

0.3546

131

132

133

134

135

136

=1.0543

=2.4966

=1.3320

=-2.3186

=-0.2277

=-0.4786

¢, ,~2.0363

138

139

1310

1311

13 12

13 13

13 14

13 15

13 16

13 17

1318

1319

13 20

=-1.8166

=0.9067

-1.7699

=3.3039

-1.5340

=1.9057

-2.4585

=-2.3546

=0.6496

=0.9990

=1.5194

=1.3937

=2.2229

141

142

143

144

145

146

147

148

149

14]0

14]]

1412

1413

14 l4

14 15

14 16

14 l7

14]8

14]9

14 20

=-1.5436

1.3513

=2.1207

-0.3066

=0.7761

-0.0849

=-1.9615

=0.7906

1.3755

=0.3596

=2.4070

-0.8772

=2.5160

-0.6589

=0.4811

=0.4789

-0.6836

=2.1371

=1.8120

-0.9008

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

151
152"
153
154
155
156
157
158
159
1510
1501
1512
1513
15,14
15,15
15,16
1517
15,18
1519

1520

2.4934

0.9752

0.5914

1.9140

-1.9663

0.9811

2.0704

-0.5326

1.3740

0.5924

-0.4871

0.8279

-0.6759

-0.3599

-1.9299

2.4720

0.3312

0.9654

-0.6460

1.9949
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Y

Y v 4 1
anihmiinnnieseuresrud 1 lidmiteseuresugoun 2 (c, )

161

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

1619

1620

162~
163
164
165
166
167
168
169
16,10
16,11
1612
16,13
16,14
16,15
16,16
1617

16,18

-1.6453

-0.6712

-0.1562

-1.6701

-1.9024

0.0317

1.0665

-2.2242

1.0036

-0.1382

1.7800

-1.2297

0.7143

0.5205

-0.3637

1.2876

-0.0061

-0.4396

-1.1828

0.4735

171

2.3730

¢\p= 1.1956

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

17 20

173~
174~
17,5
176
177
178~
179"
17,00
At
17,12
17,13
17,14
17,15
17,16
17,17
17,18~

17,19

-1.8729

1.6952

3.2093

-1.3014

0.1056

1.9511

-1.3708

1.8578

0.5546

1.0989

2.5155

1.7569

-1.8538

0.7824

2.6629

-1.8578

-1.1842

1.5262

181

182

183

184

185

186

187

188

189

1810

IXII

18 12

18 13

18 l4

18 15

18 16

18 17

1818

1819

18 20

=1.3994

=-2.2905

=-2.1127

=-2.4547

=-1.6005

=1.1511

=0.3899

=-0.5944

=-1.7588

-3.2571

=-0.5303

-3.0057

=0.7572

-0.7762

=1.1972

=1.9053

=1.3503

=0.6852

=0.3318

=0.1863

191

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

1927
193~
194~
195
196
197
198
199
19,10
1911
19,12
19,13
19,14
19,15
19,16
1917
19,18~
19,19

1920

-1.5452

-2.5043

-0.6251

-1.9982

-0.8898

-1.4877

0.9393

1.7677

-0.5586

0.8238

-0.5642

-2.5432

-0.8175

1.4364

1.4735

1.5371

-1.7005

1.2456

0.1134

-0.8839

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

20 17

2018

20 19

20 20

20,1
202
203
204
205
206
207
208
209
20,10
20,11
20,127
20,137
20,14
20,15

20,16

-2.3932

-1.8512

1.1880

1.3099

-0.5210

0.3731

-1.0309

0.8095

-2.4218

1.0100

3.2037

0.8466

0.5227

-1.0796

-0.1205

-2.5238

0.2356

2.0285

-1.4277

-1.1742

vaneme) Wosmuald m=1,2, ..., 20

n=1,2,...,20
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o =q 9 - )
MIRenuun s water activity L‘]J‘L!sll’emua@@ﬂ

1 3’ Y] 9 ) 9 1 :I @ Y
AN UNVDIVOYAUUN (ai’j) AN UNVBIVBYADDN (b, )
a,,= -1.6006 a,, = 3.3333 a;; = 3.0416 b, = 4.7879
a,= 09414 a,,= 1.6630 a,,= 4.3900 b, = -2.3940
a,= -3.4628 a,,= 0.5046 a,,= -3.2679 b, ;= 0.0000
a,= 3.3088 a,,= 13356 a,, = 3.1926 b, , = 2.3940
a = 23732 a,;= 2.6335 a,s= 3.2182 b, = 4.7879
wnemg wetvualdi=1, 2103 k=1

i=1,2,..,5 1=1,2,..,5
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q‘ 1 a 4 9 A A 1 ~ [ o
A1 NHNUINT 93 ﬂTW15']1ImE]TU’ENIﬂ5\1’(?fi'N‘VIL’I’iiﬂgﬁiﬁll@\‘ilﬂiﬂelﬂﬂiﬁlﬂigﬁ'W]L‘VIEJth’f’I‘ViTU

o g ¥ v
ﬂ"li‘1/]1‘lﬂEJLL‘]J‘Uﬂi%ﬂ??hﬁ’ﬂ%ﬂﬂﬂl@lﬁﬁﬂﬂﬂ

séinfmﬁﬂmm%'au”aﬁn%ﬁ (a,) ?infmﬁﬂmm%yjaaaﬂ (b))
a,= -2.5300 a, = 55545 a, = 45291 b, = 7.6004
a,= -5.8271 a,,= -2.6981 a,,= 4.0659 b,,= 6.8003
a,= 67597 a,,= 32543 a,,= -12174 b, ,= -6.0003
a,= 48775 a,,= -2.4936 a,,= 5.2686 b,,= -5.2003
a= 6.7486 a,,= 23734 a,= 2.5669 b, ,= -4.4002
a,= 0.5741 a,,= 64261 a,,= 40176 by,= -3.6002
a,= 41075 a,,= 44454 a,,= 45970 b,,= -2.8001
a,= -0.5600 a, = -5.8044 a, = 48745 by, = 2.0001
a,= 29509 a,,= 5.0732 a,= 48291 b,,= -12001
a,,,= -2.8045 a,,= 27032 a,,= -6.5263 b, = 04000
a, = -50715 a,,= 3.8799 a,,= 41222 by, = -0.4000
a,,= -3.1201 a,,= 69303 a,,= 0.0481 b, = -1.2001
a,,= 5.8504 a,,= -4.1405 a,,= 2.5288 b, = 2.0001
a,,= 58290  a,,= 3.9507 a,,= -2.8602 b, = -28001
a,,= 57079 8, = -3.1291 8= -3.9236 by,= 3.6002
a,,= -26631 a,,= 5.1421 a,,= 49227 by, = 44002
a,,= 48566 a,,= 41550  a,= -41127 by, = 52003
a,,= -0.7827 a,,= 3.0162 a,,,= 69322 b, = -6.0003
a,,= 22048 a,,= 45702 a,,= 56584 b, = 6.8003
a,,= -4.4016 a,,= -1.8859  a, = 59021 by, = -7.6004
HWAEIHE dosmualyi=1,2 1023 k=1

j=1,2,...,15 1=1,2,..15
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q‘ 1 a 4 9 A A 1 ~ [ [
AT NHUINT 4 ﬂTW15']3JmE]iell’ENIﬂ5\1’(?fi'N‘VIL’I’iiﬂgﬁhﬂl@\‘ilﬂiﬂﬂﬂﬂiﬁlﬂigﬁ'W]L‘VIEJth’f’I‘ViTlJ

o g ¥ 3 I v
mi‘1/1m1meJuﬂ%mmumgﬂumay’aaaﬂ

1 o Y] 9 o 9
AN UNVDIVOY AU (aij)

Y

Y

1o @ Y
AN UNVBIVBYADDN (b, )

-0.1180

5.8201

5.0718

4.4676

4.4515

-3.6968

3.4047

5.2737

-2.6882

-4.0970

4.9413

3.8294

-1.7996

3.8634

-2.8158

4=

a4, =

5=

A4~

s~

e

4=

A=

o=

A0~

Hn=

Hn=

A3~

A=

s~

4.7823

-3.6544

-3.7344

1.9744

-4.3821

-1.6910

2.3018

2.0622

0.4980

-2.3225

-4.7989

4.2636

-3.9733

-1.1365

4.9539

a =

312

a3~

A4~

3157

-4.9800

-0.6759

-2.8312

-4.8813

-2.9438

5.5820

-5.5492

-3.9522

6.3411

-5.0503

0.4876

-3.8525

-5.3534

-5.6096

3.9006

6.9054

-5.9189

-4.9324

-3.9459

-2.9595

1.9730

-0.9865

0.0000

-0.9865

-1.9730

2.9595

3.9459

-4.9324

5.9189

-6.9054
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M51INUINT 94 (919)

Y

A [ 4 H
animiinanrieseuvestui 1 lldmieseuvessugoun 2 c, )

¢, =0.1699 ¢, = -2.5483 ¢, = 2.4218 ¢, =2.3382 c;,= 1.0894
¢,,=2.1253 ¢,,= -2.6275 ¢~ 1.0722 ¢, = 1.4637 cs,= 1.1093
¢,,=1.7894 ¢,:= 0.4540 Cyy= -2.4560 ¢,=-2.0767 ¢s,= 2.5191
¢, ,~1.7473 ¢, = 0.8025 ¢y~ -1.0495 ¢, .= 1.2201 ¢s,~ 2.5619
¢, =2.1127 ¢, = 2.4081 ¢y~ -3.0070 c,=1.8843 c; = -1.8998
¢, —1.5973 ¢, = -1.8867 ¢y -1.4185 ¢,=0.7789 ¢ 20719
¢, ~0.6757 ¢, = 1.6082 ¢y~ 2.2068 ¢, =2.2562 ¢~ 0.9192
¢, =2.2786 ¢, -1.0512 ¢, = -0.2981 ¢,=0.5205 cs = 1.9182
¢, =2.4449 ¢,5= -1.3009 c,= 0.0734 ¢,s=0.6003 Cs= -0.6322
¢, ;=3.1082 ¢, = 0.8474 ¢y = -1.1168 Co 28314 ey = -1.3463
¢, ,=0.3429 ¢, = 1.2460 ¢, = -1.8660 ¢, = 2.1050 ¢s = 2.0638
¢, ,=1.9147 ¢, = -1.7744 ¢, = 1.0703 ¢, = 1.4821 ¢s = 1.9669
¢, 5=0.2529 ¢, 5= -1.4011 ¢, = 0.9307 ¢, 1= 34325 Cs = 2.7280
¢, ~0.0808 ¢, = 2.0964 ¢, = 1.0086 ¢, 1~ 0.7606 Cs 1 22983
¢, 126543 ¢, = -1.0875 ¢y = -1.4656 €= -3.0996 ¢~ 2.1282
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M519INUINT 34 (919)

Y

A [ k4 H
animiinannieseuvestui 1 lldmisseuvessugoun 2 c, )

¢, =1.9076 ¢, =0.7204 ¢y, = 1.4544 ¢, = 0.9995 ¢y = 22177
¢o,=1.5008 ¢,,=1.4477 Cyr— 1.6848 Cyp= 24712 Croo= ~1.9192
Co,=1.6418 ¢,=2.1700 cy,= -1.1995 ¢,,= 0.1800 €05~ ~0.6609
Co,=1.6590 ¢,,~2.3099 ¢,.= 1.9640 ¢y~ -0.1898 Co= ~1.3682
Cos—1.2566 ¢,—1.3148 ¢, = 0.6065 ¢, = 1.5335 Cro = 14565
¢, =2.1155 ¢,—1.0423 Cy = -3.2453 Cys= -1.7684 Cro= ~0.6676
¢, =2.0951 ¢, =1.0304 Cg=-2.5052 ¢, -0.4618 C1o~ 0.5639
¢, =2.8317 ¢,=0.6597 C=-2.5118 ¢y = -2.2023 C o5~ 21461
C,5=2.6535 ¢, =2.1128 Ce= 29110 ¢y~ -1.6785 Clog= 2:2339
¢, ,=-3.7977 ¢, =1.2208 Cy o= 1.1185 ¢ = 2.2188 Cro10= -1.0103
¢, =-0.8666 ¢, =-0.7054 Cy 1= 21761 Co = -0.9194 ¢, = -2.9360
C61,=0.0789 ¢, 1,=2.5739 co=1.0808 ¢, ,=-1.5701 ¢, = -0.8679
Co = 1.8444 ¢, 1;=2.3525 Co= 0.5818 ¢, = 0.5749 Co15= 0.9074
C61=0.9857 ¢, 1=2.1149 Com 05747 ¢, = 0.3907 Croi= 28249
Co1—0.8778 ¢, ,=2.6889 ¢y = 1.5280 Cor= -1.5555 ¢y, 2.2954
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M51INUINT 94 (919)

Y

4 [ k4 1
Anihminnnmieseuresrud 1 lldmitesouvesiugoui 2 (c, )

¢, = 1.6719 ¢, =-26371 ¢, = 19200 = 17307 cp = 24239
¢ = 04909 c,,= 01462 c= -1.8234 = 29508  c,= -2.9094
¢y 2.5539  c,= -1.3867  cpp= 0.3936 Cusm 04231 ¢ = 23638
= 11974 ¢, = 29934 ¢~ 2.0407 i~ 09747 ¢~ -0.8185
= 23395 c,= 16782 ¢~ 2.0285 = 14301 = 2.8397
= 13796 ¢, = -1.6638 ¢~ 03872 Cuem 03432 ¢ = -2.9392
21486 c,= 27128 o= -l9212 ¢~ 24742 = 27649
= 29813 c,= 25237 ¢ 05107 ¢~ 00544 ¢~ 0.9088
Co= 0.0288 ¢~ 2.8632 ¢~ 04152 Cug= 0.0069 ¢ = 1.7822
Ci= 34124 ¢, 00147 ¢ = 24159 ¢ = 10739 ¢~ -0.4094
Cun= 22175 ¢y, = 24121 ¢y, = 12317 ¢, = -1.5790 ¢, = -1.7804
Cup= 06179 ¢, = 24026 ¢~ 17525 ¢, = 04942 ¢~ 3.1458
Co= 23471 ¢y 16899 ¢ = 21183 ¢, = 2.0471 ¢~ 0.8313
= 2.5286 ¢~ 02341 ¢~ 22166 ¢~ 08022 ¢~ -2.5235
Ci= 20376 ¢, = 02407 ¢ = 17778 ¢ -0.5494 ¢~ -0.8925

MUY diosmuals m= 1,2,...,20

n=1,2,...,20
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