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# # 3972177023 . MAJOR FOOD TECHNOLOGY

KEY WORD: OBMIC HEATIING / ELECTRICAL CONDUCTIVITY / FOOD MIXTURE
SUPORN KANCHANAKITSAKUL: EFFECTIVE ELECTRICAL CONDUCTIVITY OF
LOW-ACID FOODS DURING OHMIC HEATING . THESIS ADVISOR: ASST. PROF.
SATWARUN CHAJWANICHSIRI, Ph.D., THEBSIS COADVISOR: ASSC. PROF. KALAYA
LACHASONGKRAM, Ph. D. 56 pp. ISBN 874-333-481-2

The purposes of this research were to study the effect of temperature on the effective
elecitical conductivities of multicomponent low-acid food mixtures and to study the relationship between the
effective electrical conductivities of food mixtures and those of food components during ohmic heating by
verifying the proposed model based on electrical circuit theory whereas each component resistance
performed as combinations of series and parallel arrangements. A swatic ohmie heating device was
assembled to generate high-frequency alternating current which then passed through food in a cell made of
a 2,65 em ID and 10 cm long glass pipe with pure titanium electrodes at both ends. The accuracy of the
device was tested by using 0.02 M NaCl and 0.1 M NaH,PO, solutions which showed the differences
between the measured and reported electrical conductivities of 3.55% and 1.54%, respectively. The food
samples used were carrot, potato, white radish, carrot and potato, carrot and white radish, potato and white
radish, and carrot potato and white radish in 0.1M NaCl solution at volume fractions of 20%, 40% and
60%. ANl samples were heated up from 25 Cto 125 °C using electrical field sirength and frequency of 30

V/em and | kHz, respectively.

The results showed that the effective electrical conductivities of carrot, potato. white radish,
carrot and potato, carrot and white radish, potato and white radish, and carrot potato and white radish in 0.1
M NaCl solution at 25 DC to 125 oC at volume fraction of 20% were 0.1628-0.4655, 0.1877-0.5330,
0.1855-0.5301, 0.1745-0.5072, 0.1774-0.4943, 0.2001-0.5498, and 0.1767-0.5319 S/m, respectively; whiie
at volume fraction of 40% were 0.1269-0.3883, 0.1693-0.4825, 0.1634-0.4618, 0.1612-0.4478, 0.1338-
03910, 0.1622-0.5106, and 0.1508-0.4686 S/m, respectively; and at volume fraction of 60% were 0.0981-
0.3021, 0.1474-04097. 0.1512-0.4325, 0.1164-0.3459, 0.1170-0.3581, 0.1472-0.4185, and 0.1205-
0.3566 S/m, respectively. The effective electrical conductivities of food mixtures increased linearly with
temperture and decreased with increased volume fraction under ohmic heating, It was also found that the
relationship between the effective electrical conductivities of food mixtures and the electrical conductivities
of food componentis followed the proposed model with the difference of less than 10% for all volume

fractions at any temperatures.
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1361 0.1 TuasRdndauBunnsfasas 60

. amwin infindauaiade (S/m) ANAINLANGY
gouuni () - v
N1SNARDY ULLIRTRBY Faaay)
25 0.0594 0.0683 -1.7650
30 0.0847 0.0784 -7.4565
35 0.1039 0.0955 8.1171
40 0.1235 0.1131 8.4333
45 0.1465 0.1318 -10.0731
50 0.1823 0.1487 -18.4613
55 0.2138 0.1648 -22.8868
60 0.2611 0.1818 -30.3642
65 0.3216 0.2000 -37.7969
70 0.3583 0.2187 -38.9541
75 0.3820 0.2356 -38.3332
80 0.40061 0.2515 -38.0579
85 0.4299 0.2702 -37.1498
90 0.4484 0.2860 -36.2230
95 0.4737 0.3032 -35.9796
100 0.4927 0.3199 -36.0823
105 0.5126 0.3388 -33.9105
110 0.5295 0.3564 -32.6986
115 0.5458 0.3725 -31.7615
120 0.5661 0.3890 -31.2876
125 0.5963 0.4068 -31.7776




37

NMARYAN 9.

mMsnanlunisaaningau

nar lumsandanauusren Ilaaasassatradwaaaduluiada 332 uduls
arlunsdadluos 1 15 2 25 uas 3w ldiuingAuasliluaadlninlianudau
: <l 3 @ ‘ o af a o 5 1Y
10 3u warasaelnReuasalsdauin  Anelafinszuaadun 1 AlaEms awdy
AU 30 Taavian. auarsazaefiguunil 125 asrugaiaa fonpawasanielmaiy

“ L - 1 J 4: L7 Aa’ [y < J
anfaudngiudamidan  AarlumsaanlaliinaGuliivaseinimlaeanantiadi

Whaanlunraandngauationi Minadinisei 4.1

A3 11 mswnaniunisaandmngaunieuihluvansausaeiitaiuiin
wanlunnaiis nnAY
(W) uATaN RITER Waknn e

05 +ve +ve +ve

i +ve +ve +ve

1.5 +ve +ve +ve

2 +ve +ve +ve

2.5 -ve +ve +ve

3 -ve -ve
Afinedydnwnl  ver  unu  dvesainiAlsaeansnanfawihingau

ve-  wnu  TfiWasenmidiaeanunainfawiingau

a1 lumsaInuasey Sdulfuaziainnie 1wy 2.5 3 uas 3 U ANNAGL




38
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= o o » . e - Y o !
Asen A1 MadFsumouaniwin i e nuutdrasstuaninin Nt uain 1d
AMNMINAADY D) QUMRRAN 1 1asuasenlugsazaalniauaaalssd 0.1

I‘A 1 &
uanMdndaurFunasumnsneny

an i idanaiads /m) AdadnuBinns ANARUANEN (TREBRY)
0NN () fatay 20 Fasay 40 Satay 60 Adndauriunsg
s Wy mMs oy ns wiy | ¥ewuas | Feuar | fewsss
NARAY | ANABY | NARAY | 1R8N | VIAADY [ Anaed 20 40 60

25 0.1628 | 0.1781 | 0.1269 | 0.1395 | 0.0981 | 0.1036 | 9.3980 | 9.9291 | 5.6065
30 0.1784 | 0.1948 | 0.1401 0.15616 | 0.1133 | 0.1130 | 9.1928 | 8.2084 | -0.2648
35 0.1847 | 0.2109 | 0.1542 | 0.1635 | 0.1263 | 0.1227 | 8.3205 | 6.0311 | -2.8504
40 0.2074 | 0.2256 | 0.1672 | 0.1758 | 0.1364 | 0.1316 | 8.7753 | 5.1435 | -1.4120
45 0.2203 | 0.2412 | 0.1788 | 0.1910 | 0.1456 | 0.1414 | 5.1897 | 6.8233 | -2.8846
50 0.2459 | 0.2616 | 0.1889 | 0.2014 | 0.1573 | 0.1527 | 6.3847 | 6.0558 | -2.9243
55 0.2614 | 0.2722 | 0.2024 | 0.2144 | 0.1649 | 0.1602 | 4.1316 | 5.9289 | -2.8502
60 0.2754 | 0.2914 | 0.2127 | 0.2262 | 0.1747 | 0.1705 | 5.8097 | 6.3470 | -2.4041
65 0.2901 0.3053 | 0.2280 | 0.2386 | 0.1810 | 0.1808 | 5.2396 | 4.6491 | -0.3867
70 0.3047 | 0.3215 | 0.2412 | 0.2525 | 0.1878 | 0.1889 | 5.5136 | 4.6848 | 0.5857
75 0.3195 | 0.3403 | 0.2544 | 0.2644 | 0.1952 | 0.1978 | 65102 | 3.9308 | 1 3320
80 0.3345 | 0.3550 | 0.2678 | 0.2755 | 0.2046 | 0.2084 | 6.1286 | 2.8753 | 1.8573
85 0.3491 0.3710 | 0.2808 | 0.2877 | 0.2132 | 0.2168 | 6.2733 | 2.4208 | 1.6886
90 0.3645 | 0.3875 | 0.2982 | 0.3021 0.2245 | 0.2273 | 6.3100 | 1.3078 | 1.2472
g5 0.3793 | 0.4033 | 03105 | 0.3133 | 0.2336 | 0.2346 | 6.1595 | 0.9018 | 0.4281
100 0.3927 | 0.4174 | 0.3252 | 0.3269 | 0.2488 | 0.2452 | 6.2898 | 0.5228 | -1.4469
105 0.4111 0.4348 | 0.3352 | 0.3397 | 0.2562 | 0.2541 5.7650 1.3425 | -0.8197
110 0.4248 | 0.4512 | 0.3507 | 0.3522 | 0.2737 | 0.2645 | 6.2147 | 0.4277 | 33613
115 04374 | 0.4663 | 0.3640 | 0.3647 | 0.2830 | 0.2740 | 6.6072 | 0.1923 | -3.1802
120 0.4527 | 0.4833 | 037" 03778 | 0.2859 | 0.2836 | 6.7594 | 0.1856 | 4.1568
125 0.4655 | 0.4986 | 0.3883 | 0.3908 | 0.3021 0.2902 | 7.1106 | 0.5923 | -3.9391
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As19N A2 nsuiaumisuaniwin IR SuasnuANaasiugn Wt WA e 1é
ANNIVARDY D AN HAN 7 1eniudflugrezaielndauaselss 0.1

IA 1 -~
TuansndndauFurnsunnsineiu

gt dassiad (S/m) Adadnnunms FrANLANSINg Fatas)
gounil (1) %ataY 20 faraz 40 fatiar 60 dndonBunas
iRb) W nng Wy s uiu | %euss | Yeuas | Fewas
NAREY | A6 | NAaed | 31809 | nAReY | 418D 20 - 40 60

25 0.1877 | 0.1966 | 0.1693 | 0.1723 | 0.1474 | 0.1508 | 4.7416 |. 1.7720 | 2.3066
30 02114 | 0.2111 0.1878 | 0.1849 | 0.1611 0.1603 | -0.1419 | -1.5442 | -0.4966
35 0.2311 0.2307 | 0.2062 | 0.2006 | 0.1756 | 0.1732 | -0.1731 | -2.7158 | -1.3667
40 0.2462 0.2444 | 0.2275 | 0.2167 | 0.1875 | 0.1866 | -0.7311 | -4.7473 | -0.4800
45 0.2657 | 0.2624 | 0.2414 | 0.2317 | 0.1994 | 0.2002 | -1.2420 | -4.0182 | 0.4012
50 0.2848 | 0.2820 | 0.2536 | 0.2463 | 0.2141 0.2143 | -0.9831 | -2.8785 | 0.0834
55 0.3016 | 0.3005 | 0.2675 | 0.2603 | 0.2256 | 0.2282 | -0.3647 | -2.6916 | 1.1525
60 0.3147 | 0.3138 | 0.2812 | 0.2757 | 0.2376 { 0.2406 | -0.2860 | -1.9559 | 1.2626
. 65 0.3318 | 0.3319 | 0.2970 | 0.2932 | 0.2479 | 0.2546 | 0.0301 | -1.2795 | 2.7027
70 0.3503 | 0.3507 | 0.3128 | 0.3076 | 0.2693 | 0.2687 | 0.1142 | -1.6624 | 3.3859
75 0.3661 0.3684 | 0.3292 | 0.3248 | 0.2699 | 0.2811% 0.6282 | -1.3366 | 4.1497
80 0.3834 | 0.3854 | 0.3455 | 03388 | 0.2898 | 0.2934 | 0.5216 -1 .é392 1.2422
86 0.3390 | 0.4014 | 0.3577 | 0.3529 | 0.3019 | 0.3089 | 0.6015 | -1.3419 | 2.3186
80 04173 | 0.4192 | 03736 | 03678 | 0.3174 | 0.32268 | 0.4553 | -1.5525 | 1.6383
95 0.4307 | 0.4373 | 0.3875 | 0.3844 | 0.3324 | 0.3361 1.5324 [ -0.8000 | 1.3131
100 0.4521 0.4557 | 0.4049 | 0.4001 03404 | 0.3476 | 0.7963 | -1.1865 | 2.1152
105 0.4646 | 0.4707 | 0.4188 | 0.4152 | 0.3528 | 0.3605 | 1.3130 | -1.0858 | 2.1825
110 0.4804 | 0.4894 | 0.4343 | 0.4298 | 0.3709 | 0.3764 | 1.8734 | -1.0362 | 1.4829
115 0.4960 | 0.5063 | 0.4536 | 0.4467 | 0.3815 | 0.3874 | 2.0766 | -1.5212 | 1.5465
120 05146 | 0.5251 0.4663 | 0.4616 | 03945 | 0.4006 | 2.0404 | -1.0079 | 1.5463
125 0.5330 | 0.5422 | 0.4825 | 0.4781 0.4097 | 0.4137 | 1.7261 | -1.3264 | 09763
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M99 A3 mafaunsuaniminiiadiaarnuuusiaasiugn wn Wk S an iy
NMINAFDY 1 AN  saaidnnalugsssanelnhaupantsd

0.1 TuaFM&ngu S msuansinafiu

aninlindeusiads (Sim Adadnnunag AAMHULANAY $DURY)
oumndl () $puas 20 fatay 40 $ouaz 60 Adadauuns
e ey ng e n1s wiu | feaay | Feuar | Feua:
NAABY | 31084 | NAADY | 41889 | nease | daee 20 40 60

25 0.1855 | 0.1967 | 0.1634 | 0.1722 | 0.1512 | 0.1449 | 6.0377 { 5.3856 | -4.1667
30 0.1996 | 0.2108 | 0.1840 | 0.1856 | 0.1724 | 0.1600 | 5.6112 | 0.8696 | -7.1926
35 0.2167 | 0.2297 | 0.1948 | 0.1988 | 0.1828 | 0.1738 | 5.9991 2.0534 | -4.9234
40 0.2291 02438 | 0.2140 | 0.2177 | 0.2017 | 0.1894 | 6.4164 | 1.7290 | -6.0982
45 0.2496 | 0.2620 | 0.2250 | 0.2327 | 0.2146 | 0.2011 4.9679 3.422.2 -6.2908
50 0.2585 | 0.2814 | 0.2373 | 0.2458 | 0.2287 | 0.2170 | 8.4393 | 3.5820 | -5.115S
55 0.2827 | 0.2971 0.2531 0.2655 | 0.2410 | 0.2311 5.0937 | 4.8992 | 4.1079
60 0.2956 | 0.3173 | 0.2676 | 0.2806 | 0.2523 | 0.2445 | 7.3410 | 4.8580 | -3.0916
65 0.3154 | 0.3341 0.2842 | 0.2962 | 0.2651 0.2592 | 6.8290 | 4.2224 | -2.2256
70 0.3331 0.3512 | 0.2866 | 0.3120 | 0.2778 | 0.2731 54338 | 5.1822 | -4.4462
75 0.3533 | 0.3709 { 0.3102 | 0.3267 | 0.2890 | 0.2861 49816 | 53191 | -1.0035
80 0.3683 | 0.3854 | 0.3259 | 0.3426 | 0.3029 | 0.2995 | 4.6430 | 5.1243 | -1.1225
85 03879 | 0.4044 | 0.3447 | 0.3582 | 0.3194 | 0.3145 | 4.2537 | 3.9164 | -1.5341
90 0.4075 | 0.4226 | 0.3575 | 0.3731 0.3337 | 0.3282 | 3.7055 | 4.3636 | -1.6482
95 0.4255 | 0.4412 | 0.3733 | 0.3897 | 0.3475 | 0.3411 3.6898 | 4.3932 | -1.8417
100 0.4421 0.4569 | 0.3869 | 0.4048 | 0.3635 | 0.3564 | 3.3477 | 4.6524 | -1.9532
105 0.4570 | 0.4761 0.4055 | 0.4225 | 0.3812 | 0.3708 | 4.1794 | 4.1924 | -2.7282
110 0.4764 | 04932 | 0.4205 | 0.4367 | 0.3945 | 0.3852 | 3.5264 | 3.8526 | -2.3574
115 0.4810 | 0.5106 | 0.4350 | 0.4532 | 0.4067 | 0.3995 | 39919 | 4.1839 | -1.7703
120 0.5071 0.5283 | 04464 | 0.4685 | 0.4203 | 0.4138 | 4.1806 | 4.9507 | -1.5465
125 0.5301 | 0.5467 | 04618 | 04852 | 0.4325 | 0.4265 | 3.1315 | 50671 | -1.3873
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AN A4 mFauiouanimi i daeaainuuusiaasiugniwin Wi danails
AINNINAREY A Huuiisng 7 resuarenaziiulitluairacanaladien

l'IJ 1 o
aralas 0.1 lwaFAndasBunnsuanaIeiu

anmininirdauamdn §/m) Adadauiunms ArAnLANging Faeaz)
aampdl () 5apas 20 Yaeiay 40 fetiar 60 AdndNAFRS
ng W s o0y ms | wuu | fouar | Youay | Yesar
NARDY | R1A8Y | VAR | 318N | NARDY | A1a89 20 40 60

25 0.1745 | 0.1883 | 0.1612 | 0.1555 | 0.1164 | 0.1242 | 7.9083 | -3.5360 | 6.7010
30 0.1928 | 0.2028 | 0.1750 | 0.1687 | 0.1277 | 0.1365 | 5.1867 | -3.6000 | 6.8912
35 02109 | 0.2189 | 0.1869 | 0.1846 | 0.1419 | 0.1489 | 3.7933 | -1.2306 | 4.933
40 0.2308 | 0.2385 | 0.1977 | 0.1968 | 0.1528 | 0.1597 | 3.3362 | 0.4552 | 45157
45 02504 | 0.2539 | 0.2073 | 0.2081 | 0.1630 | 0.1698 | 1.3978 | 0.3858 | 4.1718
50 0.2634 | 0.2690 | 0.2216 | 02232 | 0.1759 | 0.1829 | 2.1260 | 0.7220 | 3.9795
55 0.2832 | 0.2860 | 0.2408 | 0.2409 | 0.1819 | 0.1925 | 0.9887 | 0.0415 | 5.8274
60 0.3018 | 03034 | 0.2512 | 0.2513 | 0.1931 | 0.2050 | 0.5305 | 0.0398 | 6.1626
65 0.3155 | 0.3197 | 0.2654 | 0.2675 | 02039 | 0.2180 | 1.3312 | 0.7813 | 69152
70 0.3304 | 0.3369 | 0.2807 | 02798 | 0.2147 | 0.2287 | 19673 | -0.3206 | 6.5207
75 03533 | 0.3534 | 0.2956 | 0.2932 | 0.2261 | 0.2398 | 0.0283 | -0.8119 | 6.0593
80 0.3709 | 0.3706 | 03097 | 0.3075 | 0.2380 | 0.2487 | -0.0809 | -0.7104 | 4.4958
85 03870 | 0.3873 | 0.3203 | 0.3220 | 0.2489 | 0.2622 | 0.0775 | -0.5308 | 5.3435
90 0.4021 | 0.4038 | 0.3345 | 0.3358 | 0.2609 | 0.2738 | 0.4228 | 0.3886 | 4.9444
95 04177 | 0.4210 | 03519 | 0.3508 | 0.2738 | 0.2858 | 0.7900 | -0.3126 | 4.3828
100 0.4294 | 0.4358 | 03709 | 0.3645 | 0.2849 | 0.2962 | 1.4904 | -1.7255 | 3.9663
105 0.4444 | 0.4540 | 0.3858 | 0.3776 | 0.2953 | 0.3083 | 2.1602 | -2.1255 | 4.4023
110 0.4601 | 0.4718 | 0.4014 | 0.3933 | 03091 | 0.3184 | 2.5429 | 2.0179 | 3.0087
115 0.4765 | 0.4886 | 0.4124 | 0.4060 | 0.3218 | 0.3305 | 2,5393 | -1.5519 | 2.7035
120 0.4929 | 0.5056 | 0.4322 | 0.4200 | 0.3322 | 0.3408 | 25766 | -2.8228 | 2.6888
125 05072 | 0.5188 | 0.4478 | 0.4339 | 0.3459 | 0.3530 | 2.2871 | -3.1041 | 2.0526
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a9 A5 nrsuBaumsuganimin i daaasnuuuiiaasiugn wsin Wi dananla
ANoIMAREY o gouMAilAN 4 rasuasanuasiadnnaluasazae

. 4 L.
nRanaralas 0.1 arfdagoulSurmsunnsnaniu

g Inrdanamds ©im) AdadauiBanas Arpmuuange Fotas)
aoumugdl (m Yatias 20 fatiae 40 fauar 60 fidadanfiunns
ang ony ms o ns ay | feuar | Fousr | Yeuav
NARDY | A18BY | nARAY | 47889 | naaes | Aeas | 20 40 60

25 0.1774 | 0.1815 | 0.1338 | 0.1430 | 0.1170 | 0.1260 | 2.3112 | 6.8758 | 7.6923
30 0.1914 | 0.1964 | 0.1572 | 0.1583 | 0.1245 | 0.1359 | 2.6123 | 0.6997 | 9.1566
35 02118 | 02131 | 0.1743 | 0.1739 | 0.1381 | 0.1486 | 06138 | -0.2295 | 7.6032
40 02266 | 02305 | 0.1840 | 0.1881 | 0.1528 | 0.1595 | 1.721% | 2.2283 | 4.3848
45 0.2458 | 0.2459 | 0.1965 | 0.1985 | 0.1603 | 0.1707 | 0.0407 | 1.0178 | 6.4878
50 02641 | 02657 | 0.2138 | 02137 | 0.1752 | 0.1845 | 0.6058 | -0.0468 | 5.3082
55 02828 | 0.2820 | 0.2240 | 0.2265 | 0.1891 | 0.1938 | -0.2829 | 1.1161 | 2.4855
60 0.2957 | 0.2966 | 0.2412 | 0.2429 | 0.1984 | 0.2063 | 0.3044 | 0.7048 | 3.9819
65 03106 | 0.3124 | 0.2527 | 0.2636 | 0.2148 | 0.2194 | 05795 | 0.3562 | 2.1415
70 03233 | 03311 | 0.2650 | 0.2709 | 0.2226 | 0.2313 | 2.4126 | 0.2264 | 3.9084
75 03418 | 0.3485 | 02712 | 02836 | 0.2380 | 0.2431 | 1.9602 | 45723 | 2.1429
80 0.3600 | 0.3644 | 0.2856 | 0.2984 | 02446 | 0.2537 | 1.2222 | 4.4818 | 3.7204
85 0.3715 | 0.3811 | 0.2974 | 0.3097 | 0.2568 | 0.2649 | 2.5841 | 4.1358 | 3.1542
90 03897 | 0.3964 | 03091 | 03243 | 02678 | 0.2765 | 1.7193 | 49175 | 3.2487
95 0.4035 | 0.4137 | 0.3212 | 0.3385 | 0.2819 | 0.2910 | 2.5279 | 5.3861 | 3.2281
100 0.4186 | 0.4303 | 0.3341 | 0.3534 | 0.2928 | 0.3017 | 2.7950 | 5.7767 | 3.0396
105 0.4364 | 0.4474 | 03444 | 03658 | 03027 | 03132 | 25206 | 62137 | 3.4688
110 0.4497 | 0.4625 | 0.3548 | 0.3774 | 03158 | 0.3246 | 2.8463 | 6.3698 | 2.7866
115 0.4634 | 0.4795 | 03677 | 0.3936 | 0.3299 | 0.3352 | 3.4743 | 7.0438 | 1.6065
120 0.4792 | 0.4978 | 0.3781 | 0.4047 | 03433 | 0.3488 | 3.8815 | 7.0352 | 1.6021
125 0.4943 | 05131 | 03910 | 04196 | 0.3581 | 0.3596 | 3.8034 | 7.3146 | 0.4189
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ANAMNLANANY (FRURY)

gruugil () fatas 20 Fasay 40 fauas 60 PdadouBunnas

ms iy ms o s wiy | Yeuar | Yeaes | Fouar

NPADY | 31884 | NARDY | 41889 | nAREe | AaBe | 20 40 60
25 0.2001 | 0.1968 | 0.1622 | 0.1718 | 0.1472 | 0.1474 | -1.6492 | 59186 | 0.1359
30 0.2168 | 0.2096 | 0.1818 | 0.1856 | 0.1580 | 0.1583 | 3.3210 | 2.0902 | 0.1899
35 0.2301 | 0.2288 | 0.1979 | 0.1991 | 0.1724 | 0.1727 | -0.5650 | 0.6064 | 0.1740
40 0.2467 | 0.2459 | 0.2167 | 0.2163 | 0.1880 | 0.1883 | -0.3243 | -0.1846 | 0.1596
45 0.2660 | 0.2647 | 0.2352 | 0.2318 | 0.2011 | 0.2015 | -0.4887 | -1.4456 | 0.1989
50 0.2817 | 0.2830 | 0.2519 | 0.2475 | 0.2127 | 0.2131 | -0.4615 | -1.7467 | 0.1881
56 0.2944 | 0.2999 | 0.2648 | 02620 | 0.2291 0.2296 | 1.8682 | -1.0574 | 0.2182
60 03157 | 0.3158 | 0.2857 | 0.2798 | 0.2433 | 0.2439 | 0.0317 | -2.0851 | 0.2466
65 0.3309 | 0.3340 | 0.3001 0.2844 | 0.2562 | 0.2569 | 0.9368 | -1.8994 | 0.2732
70 0.3481 | 03509 | 03179 | 0.3086 | 0.2705 | 0.2713 | 0.8044 | 2.9254 | 0.2957
75 0.3668 | 0.3667 | 0.3422 | 0.3246 | 0.2846 | 0.2854 | -0.0273 | -5.1432 | 0.2811
80 03848 | 0.3854 | 0.3613 | 0.3409 | 0.2970 | 0.2979 | 0.1558 | 5.6463 | 0.3030
85 0.4048 | 0.4040 | 0.3771 | 0.3557 | 0.3110 | 0.3119 | 0.1976 | 5.6749 | 0.2894
90 0.4254 | 04220 | 03892 | 0.3677 | 0.3246 | 0.3257 | -0.7992 | -5.5242 | 0.3389
95 0.4418 | 0.4402 | 0.4105 | 0.3873 | 03396 | 03407 | -0.3622 | 5.6516 | 0.3239
100 04595 | 0.4566 | 04285 | 0.4026 | 03524 | 0.3536 | -0.6311 | 6.0443 | 0340
105 0.4785 | 0.4743 | 0.4449 | 0.4183 | 0.3650 | 0.3664 | -0.8777 | 5.9783 | 0.3836
110 0.4959 | 0.4920 | 0.4623 | 0.4349 | 0.3786 | 0.3800 | -0.7864 | -5.9269 | 0.3698
115 05146 | 05093 | 0.4784 | 0.4492 | 0.3921 | 0.3937 | -1.0209 | 6.1037 | 0.4081
120 05313 | 0.5271 | 0.4942 | 04657 | 04048 | 04065 | -0.7905 | 5.7669 | 0.3952
126 05498 | 0.5452 | 05106 | 0.4804 | 0.4185 | 0.4203 | -0.8367 | -5.9146 | 0.4301
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gounnit () ¥auay 20 fasay 40 fatiay 60 Adndnn s

s WL 9 WL n% uuy | Feuas | Fouar | Fewmay

VAREY | ANa8d | NAReY | 41809 | naade | A1and 20 40 60
25 0.1767 | 0.1829 | 0.1508 | 0.1581 0.1205 | 0.1308 | 3.5088 | 4.8408 | 8.5477
30 0.2050 | 0.203% | 0.1603 | 0.1695 | 0.1397 | 0.1442 | -0.5366 | 5.7392 | 3.2212
35 0.2231 0.2192 | 0.1780 | 0.1856 | 0.1544 | 0.1562 | -1.7481 | 4.2697 1.1658
40 0.2419 | 0.2364 | 0.1959 | 0.2015 | 0.1661 0.1692 | -2.2737 | 2.8586 1.8663
45 0.2624 | 0.2540 | 0.2133 | 0.2188 | 0.1793 | 0.1821 | -3.2012 | 1.1721 1.5616
50 0.2793 | 0.2712 | 0.2279 | 0.2304 | 0.1888 | 0.1913 | -2.8001 | 1.0970 | 1.3242
55 0.3002 | 0.2880 | 0.2427 | 0.2429 | 0.2021 0.2059 | 3.7975 | 0.0824 | 1.8803
60 0.3143 | 0.3038 | 0.2611 0.2601 0.2151 02183 | -3.3408 | -0.3830 | 1.4877
65 0.3321 0.3195 | 0.2760 | 0.2731 0.2218 | 0.2280 | -3.7940 | -1.0507 | 2.7953
70 0.3493 | 0.3377 | 0.2850 | 0.2878 | 0.2363 | 0.2392 | -3.3209 | -2.4407 | 1.6575
75 0.3679 | 0.3562 | 0.3083 | 0.3028 | 0.2458 | 0.2531 | -3.1802 | -2.1015 | 2.96S9
80 0.3839 | 0.3725 | 0.3227 | 0.3159 | 0.2601 0.2673 | -2.9695 | -2.1072 | 2.7682
85 0.4031 0.3899 | 0.3409 | 0.3312 | 0.2686 | 0.2801 | ~3.2746 | -2.8454 | 4.2815
90 04171 0.4072 | 0.3563 | 0.3461 0.2782 | 0.2918 | -2.3735 | -2.8628 | 4.8886
85 0.4366 | 0.4233 | 03730 | 0.3611 0.2879 | 0.3017 | -3.0463 | 3.1903 | 4.7933
100 0.4518 | 0.4410 | 0.3894 | 0.3752 | 0.2974 | 0.3150 | -2.3904 | -3.6466 | 59180
105 0.4694 | 0.4570 | 0.4038 | 0.3895 | 0.3099 | 0.3265 | -2.6417 | -3.5414 | 5.3566
110 0.4837 | 0.4734 | 0.4199 | 0.4047 | 0.3217 | 0.3392 | -2.1284 | -3.618S | 5.4399
115 0.4998 | 0.4912 | 0.4356 | 0.4190 | 0.3314 | 0.3521 | -1.7207 | -3.8108 | 6.2462
120 0.5165 | 05088 | 0.4511 0.4341 0.3472 | 0.3639 | -1.4714 | -3.7686 | 4.8099
125 0.5319 | 0.5265 | 0.4686 | 0.4486 | 0.3566 | 0.3764 | -1.0152 | -4.2680 | 5.6524
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