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나노 살균 독 술 수 천연 학 살균제를 나노 하여 무 처리함/

량 살균제 넓 를 처리할 수 저농도 처리 도 병원 미생물에 한 높,

살균 과를 할 수 다 또한 천연 추출물 물질 사 한 산 아염 산수를. , GRAS

함 과 안전 높여 친 경적 저탄 출 살균 술 비 안감,

해 고 질 식 생산 해미생물 과적 제어 통 저 중 안전 보가 하다, , .・

특히 나노 살균 독 술 도 넓 공간에 과적 처리가 가능하, nebulizer ,

존 수 살균제에 적 가능하여 신 편 식 물 식 공정 전 에 적 가

능한 술 야가 다양하 문에 많 제 공정 탕 술 적 가능하다.
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No Treatment

ⓐ 초 균수측정

Chemical disinfectant

Logⓑ 10 측정reduction

희 중 시험 에 라 실시

초 처리

ⓒ Log10 측정reduction

Synergy effect =※ ⓓ 측정값 - (ⓑ 측정값 + ⓒ 측정값)

Hurdle Technology

Chemical disinfection + Ultrasound

Logⓓ 10 측정reduction
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Produce

Microbial count (CFU/g

Total

aerobic

bacteria

Coliform E. coli Pathogen Reference

Carrot
6.6 log

2.58×106
5.16×10

4 C. perfrigens

1.02×104

Jo et al.,

2002/Kim et

al., 2004/Kim

and Cha, 2002

Chinese

cabbage
8.8×106 4.1×105

C. perfrigens

3.2×10
2

Jo et al.,

2002/Jung et

al., 2006

Cabbage 2.05×105

9.21 log

6.9 log

2.40×104

6.60 log

Kim et al.,

2004/Kim and

Cha, 2002/Jo

et el., 2004

Dropwot
1.6×107 3.7×106

C. perfrigens

1.4×105

Jo et al.,

2002/Jung et

al., 2006

Sessame

leaf

3.0×106

7.65 log

9.5×105

7.05 log
1.18-3.4

5 log

Jung et al.,

2006/Choi et

al., 2005

Cucumber 6.57 log

2.45×105
5.42 log

1.03×104

1.38-1.4

1 log

C. perfrigens

3.0×10
2

Jo et al.,

2002/Choi et

al., 2005/Kim

and Cha, 2002

Korean leek 1.6×10
7

9.8×10
6 Jung et al.,

2006

Red lettuce 7.48 log
S. aureus

6.94 log

Choi et al.,

2009

Romaine 6.86 log
S. aureus

8.09 log

Choi et al.,

2009

Red chard 6.47 log
S. aureus

6.95 log

Choi et al.,

2009

Crown

daisy
9.6×106 1.6×106

Jung et al.,

2006

Pimpinella

brachycarpa
2.2×106 8.3×105

Jung et al.,

2006

Chicory 6.6×10
7

4.7×10
6 Jung et al.,

2006

Potato
6.14 log 4.69 log

C. perfrigens

2.6×104

Jo et al.,

2002/Kim et

al., 2007

Balloonflow

er

9.15×10
6

5.2×106
1.74×10

5

3.6×106
1.0×10

S. aureus

3.4×102

S. aureus

1.7×103

Kim and Cha,

2002

Kim et al.,

2009
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Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.00 0.00 0.11 0.17 0.17 0.20

100 0.01 0.13 0.19 0.20 0.23 0.25

150 0.02 0.04 0.02 0.13 0.09 0.14

200 0.01 0.10 0.11 0.19 0.21 0.31

- 124 -

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.00 0.05 0.07 0.05 0.05 0.05

100 0.01 0.05 0.05 0.02 0.02 0.05

150 0.07 0.07 0.12 0.14 0.12 0.20

200 0.00 0.04 0.00 0.01 0.13 0.20

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.23 0.33 0.39 0.53 0.97 0.99

100 0.14 0.24 0.69 0.72 0.67 0.71

150 0.01 0.10 0.07 0.11 0.11 0.16

200 0.00 0.03 0.02 0.04 0.08 0.07

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.05 0.27 0.31 0.22 0.34 0.44

100 0.00 0.04 0.11 0.02 0.14 0.14

150 0.04 0.04 0.04 0.06 0.08 0.06

200 0.02 0.06 0.11 0.02 0.22 0.33
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Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.05 0.05 0.48 0.63 0.72 0.71

100 0.04 0.01 0.03 0.00 0.01 0.06

150 0.06 0.23 0.42 0.34 0.35 0.31

200 0.07 0.58 0.62 0.65 0.68 0.61

Synergy Effect

(Log CFU/mL)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.02 0.03 0.17 0.14 0.24 0.29

100 0.10 0.37 0.14 0.24 0.10 0.12

150 0.07 0.20 0.08 0.19 0.10 0.11

200 0.01 0.17 0.19 0.25 0.29 0.45

- 126 -

Synergy Effect

(Log CFU/mL)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.13 0.27 0.25 0.30 0.36 0.26

100 0.07 0.07 0.02 0.07 0.02 0.02

150 0.06 0.08 0.08 0.07 0.03 0.16

200 0.06 0.07 0.26 0.14 0.41 0.71

Synergy Effect

(Log CFU/mL)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.24 0.44 0.42 0.38 0.44 0.50

100 0.23 0.45 0.21 0.05 0.17 0.17

150 0.24 0.42 0.29 0.01 0.04 0.06

200 0.16 0.49 0.18 0.10 0.59 0.62

Synergy Effect

(Log CFU/mL)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.00 0.03 0.25 0.35 0.45 0.40

100 0.04 0.03 0.24 0.43 0.55 0.51

150 0.03 0.16 0.34 0.44 0.48 0.54

200 0.00 0.07 0.15 0.22 0.38 0.36
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(ppm)

50 0.24 0.44 0.42 0.38 0.44 0.50

100 0.23 0.45 0.21 0.05 0.17 0.17

150 0.24 0.42 0.29 0.01 0.04 0.06

200 0.16 0.49 0.18 0.10 0.59 0.62

Synergy Effect

(Log CFU/mL)

Ultrasound Treatment (min)
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Synergy Effect

(Log CFU/mL)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.05 0.70 0.73 0.65 1.14 1.10

100 0.02 0.33 0.20 0.23 0.60 0.53

150 0.02 0.13 0.06 0.17 0.48 0.53

200 0.00 0.35 0.07 0.24 0.38 0.33

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.32 0.54 0.64 0.75 0.45 0.54

100 0.06 0.03 0.14 1.00 0.58 0.85

150 0.05 0.09 0.12 0.27 0.04 0.29

200 0.10 0.16 0.25 0.24 0.03 0.42
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Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.24 0.44 1.04 0.90 1.09 1.00

100 0.10 0.59 0.29 0.28 0.06 0.04

150 0.57 0.14 0.01 0.26 0.12 0.20

200 0.15 0.35 0.47 0.56 0.30 0.74

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.00 0.15 0.13 0.25 0.46 0.43

100 0.12 0.02 0.03 0.08 0.10 0.34

150 0.06 0.25 0.35 0.39 0.44 0.52

200 0.10 0.00 0.06 0.11 0.77 1.66

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.08 0.02 0.15 0.02 0.13 0.14

100 0.01 0.06 0.32 0.01 0.08 0.19

150 0.03 0.14 0.46 0.21 0.31 0.54

200 0.05 0.15 0.41 0.21 0.14 0.06
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Chlorine

(ppm)
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100 0.02 0.33 0.20 0.23 0.60 0.53

150 0.02 0.13 0.06 0.17 0.48 0.53

200 0.00 0.35 0.07 0.24 0.38 0.33

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.32 0.54 0.64 0.75 0.45 0.54

100 0.06 0.03 0.14 1.00 0.58 0.85

150 0.05 0.09 0.12 0.27 0.04 0.29

200 0.10 0.16 0.25 0.24 0.03 0.42
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Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.24 0.44 1.04 0.90 1.09 1.00

100 0.10 0.59 0.29 0.28 0.06 0.04

150 0.57 0.14 0.01 0.26 0.12 0.20

200 0.15 0.35 0.47 0.56 0.30 0.74

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.00 0.15 0.13 0.25 0.46 0.43

100 0.12 0.02 0.03 0.08 0.10 0.34

150 0.06 0.25 0.35 0.39 0.44 0.52

200 0.10 0.00 0.06 0.11 0.77 1.66

Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.08 0.02 0.15 0.02 0.13 0.14

100 0.01 0.06 0.32 0.01 0.08 0.19

150 0.03 0.14 0.46 0.21 0.31 0.54

200 0.05 0.15 0.41 0.21 0.14 0.06
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Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.06 0.30 0.36 0.53 0.44 0.50

100 0.12 0.31 0.33 0.27 0.16 0.25

150 0.05 0.16 0.22 0.08 0.13 0.12

200 0.06 0.15 0.18 0.43 0.20 0.93
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Synergy Effect

(Log CFU/g)

Ultrasound Treatment (min)

5 20 40 60 80 100

Chlorine

(ppm)

50 0.06 0.30 0.36 0.53 0.44 0.50

100 0.12 0.31 0.33 0.27 0.16 0.25

150 0.05 0.16 0.22 0.08 0.13 0.12

200 0.06 0.15 0.18 0.43 0.20 0.93
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pH
Ultrasound treatment (min)

5 20 40 60 80 100

Chlorin

(ppm)

50
6.16 ±

0.12a

6.14 ±

0.13a

6.12 ±

0.22a

6.08 ±

0.05a

6.04 ±

0.03a

6.03 ±

0.03a

100
6.16 ±

0.12a

6.09 ±

0.12a

6.09 ±

0.13a

6.12 ±

0.02a 6 ± 0.01a 6.06 ±

0.01a

150
6.16 ±

0.16a

6.13 ±

0.19a

6.13 ±

0.02a

6.06 ±

0.01a

6.06 ±

0.02a

6.01 ±

0.01a

200
6.17 ±

0.05a

6.08 ±

0.14a

6.13 ±

0.06a

6.07 ±

0.02a

6.04 ±

0.04a

6.04 ±

0.04a
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pH
Ultrasound treatment (min)

5 20 40 60 80 100

Chlorin

(ppm)

50
6.16 ±

0.12a

6.14 ±

0.13a

6.12 ±

0.22a

6.08 ±

0.05a

6.04 ±

0.03a

6.03 ±

0.03a

100
6.16 ±

0.12a

6.09 ±

0.12a

6.09 ±

0.13a

6.12 ±

0.02a 6 ± 0.01a 6.06 ±

0.01a

150
6.16 ±

0.16a

6.13 ±

0.19a

6.13 ±

0.02a

6.06 ±

0.01a

6.06 ±

0.02a

6.01 ±

0.01a

200
6.17 ±

0.05a

6.08 ±

0.14a

6.13 ±

0.06a

6.07 ±

0.02a

6.04 ±

0.04a

6.04 ±

0.04a
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Components Characteristics Values

Power supply Electrical source 220 V AC, single phase

Output voltage 1.0 - 20.0 kV DC

Output frequency 10.0 - 58.0 kHz

Wave form Pulsed sine wave

Maximum power 2 kW

Air blower Type Centrifugal

Impeller rotating speed 3312 rpm

Power 0.18 kW

Air velocity at plasma

exit
2.5 m/s

Plasma generator Electrode material Tungsten lead

Electrode dimension 3 mm x L 20 mmΦ

Discharge method Corona discharge

Sample treatment Moving mechanism Linear sliding type

Moving speed 0 - 5 cm/s
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μ

μ

μ

Δ

- 152 -

∆        

  시료채취량
적정량×× 역가

    ××
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μ

μ

μ

Δ
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∆        

  시료채취량
적정량×× 역가

    ××
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    공시료흡 도

시료흡 도 ×
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    공시료흡 도

시료흡 도 ×

- 154 -



- 155 - - 156 -

     



- 155 - - 156 -

     



- 157 - - 158 -



- 157 - - 158 -



- 159 -

μ

- 160 -

₀



- 159 -

μ

- 160 -

₀



- 161 -

₀

- 162 -



- 161 -

₀

- 162 -



- 163 - - 164 -



- 163 - - 164 -



- 165 - - 166 -



- 165 - - 166 -



- 167 - - 168 -



- 167 - - 168 -



- 169 - - 170 -



- 169 - - 170 -



- 171 - - 172 -



- 171 - - 172 -



- 173 - - 174 -

Sterilization rate constant (min-1)

k1 k2

Air

105 1.657 ± 0.251
a1)

1.083 ± 0.293
a

72 1.667 ± 0.274
a

0.425 ± 0.244
cde

36 0.959 ± 0.296bc 0.473 ± 0.363cde

24 0.745 ± 0.198c 0.512 ± 0.069bcde

Oxygen

105 1.375 ± 0.208ab 0.763 ± 0.222abc

72 1.367 ± 0.283ab 0.591 ± 0.164bcd

36 1.108 ± 0.283bc 0.376 ± 0.081cde

24 0.708 ± 0.086c 0.161 ± 0.129e

Nitrogen

105 1.819 ± 0.086a 0.869 ± 0.240ab

72 1.684 ± 0.109a 0.238 ± 0.080de

36 1.353 ± 0.337ab 0.391 ± 0.240cde

24 0.914 ± 0.361bc 0.235 ± 0.100de
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Sterilization rate constant (min-1)

k1 k2

Air

105 1.657 ± 0.251
a1)

1.083 ± 0.293
a

72 1.667 ± 0.274
a

0.425 ± 0.244
cde

36 0.959 ± 0.296bc 0.473 ± 0.363cde

24 0.745 ± 0.198c 0.512 ± 0.069bcde

Oxygen

105 1.375 ± 0.208ab 0.763 ± 0.222abc

72 1.367 ± 0.283ab 0.591 ± 0.164bcd

36 1.108 ± 0.283bc 0.376 ± 0.081cde
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n D'-value (min)

Air

105 0.857 ± 0.082 1.236 ± 0.268a1)

72 0.662 ± 0.180 1.072 ± 0.421b

36 0.561 ± 0.323 1.674 ± 1.411b

24 1.227 ± 0.278 3.603 ± 1.216b

Oxygen

105 0.376 ± 0.024 0.279 ± 0.244b

72 0.923 ± 0.288 1.909 ± 0.967b

36 0.803 ± 0.271 2.185 ± 0.943
b

24 0.486 ± 0.333 3.017 ± 2.301b

Nitrogen

105 0.550 ± 0.142 0.463 ± 0.347b

72 0.558 ± 0.172 0.715 ± 0.413b

36 0.633 ± 0.246 1.232 ± 0.805b

24 0.827 ± 0.547 2.427 ± 1.635b
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1)Values with different letters differ significantly (p<0.05).
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1)Values with different letters differ significantly (p<0.05).
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n D' (min)

Fixed　

Uniaxially moved
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n D' (min)

Fixed　

Uniaxially moved
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Current (A)

k1 k2

1.00 3.976 ± 0.803c 1.289 ± 0.553a

1.25 7.787 ± 1.014b 1.750 ± 0.834a

12.810 ± 0.465
a

1.789 ± 0.238
a

- 182 -

Current (A) n D'-value (min)

1.00 0.896 ± 0.102 0.714 ± 0.097a

1.25 0.802 ± 0.141 0.347 ± 0.065b

0.483 ± 0.061 0.163 ± 0.053c
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Current (A) n D'-value (min)
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1.25 0.802 ± 0.141 0.347 ± 0.065b

0.483 ± 0.061 0.163 ± 0.053c
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Span length (mm) n D'-value (min)

15 0.708 ± 0.112 0.247 ± 0.017
b

25 0.489 ± 0.068 0.163 ± 0.053c

35 0.746 ± 0.079 0.464 ± 0.131a

- 184 -

Microorganisms

Products
Positive

mean
A B C D E

Bacteria

8.70x106

±

7.11x10
5

6.26x106

±

2.18x10
5

4.20x106

±

5.31x10
5

3.83x106

±

1.74x10
5

9.71x105

±

1.21x10
5

4.80x106

±

3.52x10
5

Molds

6.51x105

±

2.54x10
4

2.12x105

±

8.40x10
4

1.10x105

±

2.34x10
4

5.32x105

±

1.54x10
5

3.13x105

±

6.54x10
4

1.30x106

±

7.07x10
4

Coliform

bacteria

2.25x104

±

2.54x103

6.21x103

±

1.54x103

1.42x104

±

5.14x103

3.27x103

±

6.81x102

6.67x102

±

1.53x102

9.40x103

±

2.02x103

Salmonella N/D N/D N/D N/D N/D N/D

Bacillus

2.00x102

±

1.00x10
2

3.00x102

±

1.41x10
2

N/D N/D N/D

2.51x102

±

1.21x10
2

Staphylococcus

3.00x10
2

±

1.00x102
N/D N/D N/D N/D

3.00x10
2

±

1.00x102

Listeria N/D N/D N/D N/D N/D N/D
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Span length (mm) n D'-value (min)

15 0.708 ± 0.112 0.247 ± 0.017
b

25 0.489 ± 0.068 0.163 ± 0.053c

35 0.746 ± 0.079 0.464 ± 0.131a
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Microorganisms

Products
Positive

mean
A B C D E

Bacteria

8.70x106

±

7.11x10
5

6.26x106

±

2.18x10
5

4.20x106

±

5.31x10
5

3.83x106

±

1.74x10
5

9.71x105

±

1.21x10
5

4.80x106

±

3.52x10
5

Molds

6.51x105

±

2.54x10
4

2.12x105

±

8.40x10
4

1.10x105

±

2.34x10
4

5.32x105

±

1.54x10
5

3.13x105

±

6.54x10
4

1.30x106

±

7.07x10
4

Coliform

bacteria

2.25x104

±

2.54x103

6.21x103

±

1.54x103

1.42x104

±

5.14x103

3.27x103

±

6.81x102

6.67x102

±

1.53x102

9.40x103

±

2.02x103

Salmonella N/D N/D N/D N/D N/D N/D

Bacillus

2.00x102

±

1.00x10
2

3.00x102

±

1.41x10
2

N/D N/D N/D

2.51x102

±

1.21x10
2

Staphylococcus

3.00x10
2

±

1.00x102
N/D N/D N/D N/D

3.00x10
2

±

1.00x102

Listeria N/D N/D N/D N/D N/D N/D
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Microorganisms

Products
Positive

mean
A B C D E

Bacteria
3.50x10

7

± 5.56x10
6

4.48x10
7

± 3.78x10
6

6.54x10
6

± 7.32x10
5

5.17x10
6

± 7.18x10
5

3.85x10
6

± 5.67x10
5

1.91x10
7

± 2.28x10
6

Molds
1.77x107

± 7.47x106
8.81x106

± 7.18x105
5.50x106

± 4.76x105
4.51x106

± 7.38x105
1.85x106

± 7.11x105
7.70x106

± 2.02x106

Coliform

bacteria

3.17x105

± 3.21x10
4

2.14x105

± 8.27x10
4

4.87x104

± 6.11x10
3

6.12x104

± 4.99x10
3

3.11x104

± 2.12x10
3

1.35x105

± 2.56x10
4

Salmonella N/D N/D N/D N/D N/D N/D

Bacillus
8.30x10

3

± 2.11x10
3

7.11x10
3

± 1.11x10
3

3.71x10
3

± 9.22x10
2

3.11x10
3

± 1.78x10
3 N/D

3.57x10
3

± 1.49x10
3

Staphylococcus
4.55x10

3

± 1.59x103
N/D

3.90x10
3

± 9.16x102
N/D N/D

4.23x10
3

± 1.26x103

Listeria N/D N/D N/D N/D N/D N/D
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Microorganisms

Product
Positive

mean
A B C D E

Bacteria

1.77x107

±

4.12x10
6

1.11x107

±

5.12x10
6

8.95x106

±

9.23x10
5

8.84x106

±

1.77x10
6

5.27x106

±

3.89x10
5

1.04x107

±

2.47x10
6

Molds

8.14x106

±

6.27x10
6

3.74x106

±

9.88x10
5

2.11x106

±

7.66x10
5

1.71x106

±

2.18x10
5

2.22x106

±

4.64x10
5

3.59x106

±

1.74x10
6

Coliform

bacteria

2.27x10
6

±

2.84x105

2.74x10
6

±

3.89x105

8.71x10
5

±

3.64x105

4.89x10
5

±

7.14x104

7.47x10
4

±

8.12x103

1.29x10
6

±

2.24x105

Salmonella N/D N/D N/D N/D N/D N/D

Bacillus

9.11x103

±

3.33x103

8.80x103

±

2.78x103

4.82x103

±

7.98x102

2.80x103

±

4.14x103

1.87x103

±

5.22x102

5.49x103

±

3.26x103

Staphylococcus

8.70x10
3

±

1.67x103

6.17x10
3

±

2.27x103

4.71x10
3

±

1.76x103
N/D

3.12x10
3

±

1.12x103

4.82x10
3

±

1.71x103

Listeria N/D N/D N/D N/D N/D N/D
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Microorganisms

Products
Positive

mean
A B C D E

Bacteria
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3.12x10
3

±

1.12x103

4.82x10
3

±

1.71x103

Listeria N/D N/D N/D N/D N/D N/D
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus

Bacteria

Molds

Coliform bacteria
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria
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Bacteria

Molds

Coliform bacteria
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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10 min treated 2 min treated 2 min treated

- 192 -

Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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Microorganisms

Product

Mean

A B C D E

Bacteria
7.03x10

7

± 1.67x10
7

6.10x10
7

± 6.24x10
6

5.73x10
7

± 1.33x10
7

3.10x10
7

± 7.21x10
6

7.27x10
6

± 2.05x10
6

4.54x10
7

± 6.61x10
6

Molds
1.57x10

7

± 4.16x106
2.03x10

7

± 9.02x106
6.27x10

6

± 1.89x106
5.50x10

6

± 1.65x106
2.20x10

7

± 1.06x106
1.40x10

7

± 3.56x106

Coliform

bacteria

6.10x106

± 6.24x106
6.83x106

± 7.64x105
4.93x106

± 2.57x106
2.20x106

± 1.06x106
2.87x106

± 1.53x106
4.59x106

± 2.44x106

Salmonella
2.20x105

± 7.21x10
4

9.97x105

± 2.08x10
5

1.87x105

± 1.15x10
5

2.63x104

± 4.62x10
3

2.50x105

± 6.08x10
4

3.37x105

± 9.26x10
4

Bacillus
2.23x10

3

± 1.04x10
3

2.53x10
4

± 1.53x10
4

2.97x10
4

± 8.08x10
3

1.60x10
4

± 5.00x10
3

2.77x10
5

± 1.29x10
5

7.02x10
4

± 3.14x10
4

Staphylococcus
3.12x10

3

± 2.27x10
3

4.12x10
3

± 1.12x10
3

1.20x10
3

± 5.75x10
2

2.40x10
3

± 1.00x10
3

1.00x10
3

± 1.00x10
2

2.38x10
3

± 1.02x10
3

Listeria
4.50x104

± 2.00x104
1.60x104

± 3.61x103
2.53x104

± 1.53x104
3.20x104

± 1.00x104
3.20x104

± 2.00x104
3.01x104

± 1.38x104
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Bacteria

Molds

Coliform bacteria

Salmonella

Bacillus

Staphylococcus

Listeria
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Microorganisms

Product

Mean

A B C D E

Bacteria
7.03x10

7

± 1.67x10
7

6.10x10
7

± 6.24x10
6

5.73x10
7

± 1.33x10
7

3.10x10
7

± 7.21x10
6

7.27x10
6

± 2.05x10
6

4.54x10
7

± 6.61x10
6

Molds
1.57x10

7

± 4.16x106
2.03x10

7

± 9.02x106
6.27x10

6

± 1.89x106
5.50x10

6

± 1.65x106
2.20x10

7

± 1.06x106
1.40x10

7

± 3.56x106

Coliform

bacteria

6.10x106

± 6.24x106
6.83x106

± 7.64x105
4.93x106

± 2.57x106
2.20x106

± 1.06x106
2.87x106

± 1.53x106
4.59x106

± 2.44x106

Salmonella
2.20x105

± 7.21x10
4

9.97x105

± 2.08x10
5

1.87x105

± 1.15x10
5

2.63x104

± 4.62x10
3

2.50x105

± 6.08x10
4

3.37x105

± 9.26x10
4

Bacillus
2.23x10

3

± 1.04x10
3

2.53x10
4

± 1.53x10
4

2.97x10
4

± 8.08x10
3

1.60x10
4

± 5.00x10
3

2.77x10
5

± 1.29x10
5

7.02x10
4

± 3.14x10
4

Staphylococcus
3.12x10

3

± 2.27x10
3

4.12x10
3

± 1.12x10
3

1.20x10
3

± 5.75x10
2

2.40x10
3

± 1.00x10
3

1.00x10
3

± 1.00x10
2

2.38x10
3

± 1.02x10
3

Listeria
4.50x104

± 2.00x104
1.60x104

± 3.61x103
2.53x104

± 1.53x104
3.20x104

± 1.00x104
3.20x104

± 2.00x104
3.01x104

± 1.38x104
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Bacteria

Molds

Coliform bacteria

Salmonella

Bacillus

Staphylococcus

Listeria
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Bacteria

Molds

Coliform bacteria

Salmonella

Bacillus

Staphylococcus

Listeria

Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated

- 198 -

Microorganisms

Products
Positive

mean

A B C D E

Bacteria

7.80x10
6

±

1.72x10
5

5.20x10
6

±

2.12x10
5

2.10x10
6

±

1.35x10
5

1.38x10
6

±

3.12x10
5

1.36x10
6

±

6.22x10
5

3.57x10
6

±

2.91x10
5

Molds

5.50x106

±

1.98x10
5

1.00x105

±

6.21x10
4

1.00x106

±

1.24x10
5

8.00x104

±

7.88x10
3

2.00x105

±

6.32x10
4

1.38x106

±

9.10x10
4

Coliform

bacteria
N/D N/D N/D N/D N/D N/D

Salmonella N/D N/D N/D N/D N/D N/D

Bacillus N/D N/D N/D N/D N/D N/D

Staphylococcus N/D N/D N/D N/D N/D N/D

Listeria

6.10x105

±

1.12x10
5

1.40x105

±

4.22x10
4

1.20x105

±

5.11x10
4

5.50x104

±

2.12x10
4

5.50x105

±

2.21x10
5

4.09x105

±

8.95x10
4

Marine

bacteria

5.50x106

±

3.55x10
5

2.90x106

±

1.11x10
5

1.93x106

±

2.75x10
5

1.00x106

±

3.34x10
5

1.36x106

±

2.12x10
5

2.54x106

±

2.57x10
5

Vibrio N/D N/D N/D N/D N/D N/D
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Bacteria

Molds

Coliform bacteria

Salmonella

Bacillus

Staphylococcus

Listeria

Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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Microorganisms

Products
Positive

mean

A B C D E

Bacteria

7.80x10
6

±

1.72x10
5

5.20x10
6

±

2.12x10
5

2.10x10
6

±

1.35x10
5

1.38x10
6

±

3.12x10
5

1.36x10
6

±

6.22x10
5

3.57x10
6

±

2.91x10
5

Molds

5.50x106

±

1.98x10
5

1.00x105

±

6.21x10
4

1.00x106

±

1.24x10
5

8.00x104

±

7.88x10
3

2.00x105

±

6.32x10
4

1.38x106

±

9.10x10
4

Coliform

bacteria
N/D N/D N/D N/D N/D N/D

Salmonella N/D N/D N/D N/D N/D N/D

Bacillus N/D N/D N/D N/D N/D N/D

Staphylococcus N/D N/D N/D N/D N/D N/D

Listeria

6.10x105

±

1.12x10
5

1.40x105

±

4.22x10
4

1.20x105

±

5.11x10
4

5.50x104

±

2.12x10
4

5.50x105

±

2.21x10
5

4.09x105

±

8.95x10
4

Marine

bacteria

5.50x106

±

3.55x10
5

2.90x106

±

1.11x10
5

1.93x106

±

2.75x10
5

1.00x106

±

3.34x10
5

1.36x106

±

2.12x10
5

2.54x106

±

2.57x10
5

Vibrio N/D N/D N/D N/D N/D N/D
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Bacteria

Molds

Listeria

Marine bacteria
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Bacteria

Molds

Listeria

Marine bacteria

Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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Bacteria

Molds

Listeria

Marine bacteria
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Bacteria

Molds

Listeria

Marine bacteria

Sample LPDP DBDP CDPJ

Control

Plasma treated

10 min treated 2 min treated 2 min treated
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3.901 ± 1.359c1)

4.412 ± 1.917
c

4.783 ± 0.383
c

7.788 ± 0.854b

11.067 ± 2.018a

11.814 ± 1.275a

12.791 ± 2.245a

6.384 ± 1.125bc
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c
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Microorganisms

Products
Positive

mean
A B C D E

Bacteria

Molds

Coliform

bacteria

Salmonella

Bacillus

Staphylococcus

Listeria

Microorganisms

Products
Positive

mean
A B C D E
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Microorganisms

Products
Positive

mean
A B C D E

Bacteria

Molds

Coliform

bacteria

Salmonella

Bacillus

Staphylococcus

Listeria

Microorganisms

Products
Positive

mean
A B C D E
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Bacillus

Staphylococcus
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Bacteria

Molds

Coliform bacteria

Salmonella

Bacillus

Staphylococcus

Listeria
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Bacteria

Molds

Coliform bacteria

Bacteria

Molds

Coliform bacteria
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Bacteria

Molds

Coliform bacteria

Salmonella

Bacillus

Staphylococcus

Listeria
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Bacteria

Molds

Coliform bacteria

Bacteria

Molds

Coliform bacteria
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Bacteria

Molds

Coliform bacteria

Bacillus

Sample White rice Brown rice Pressed barley

Control

24 h

treated
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Bacteria

Molds

Coliform bacteria

Bacillus

Sample White rice Brown rice Pressed barley

Control

24 h

treated
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Sample Sprout Paprika Pepper Tomato

Control

24 h R-CDPJ

treated
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Sample Sprout Paprika Pepper Tomato

Control

24 h R-CDPJ

treated



- 219 -

Sample Laver Dried kelp

Control

24 h R-CDPJ

treated
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Sample Laver Dried kelp

Control

24 h R-CDPJ

treated
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http://www.pharmaceuticalonline.com/product.mvc/Sterilization-Technology-0001?VNETCOOKIE=NO
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DBDP

�

�

�

�

� 가 가 양 하DBDP .

� 새싹 균 107 수준 었 균 살 넬라 실러스 포도상 균 리CFU/g , , , ,

스 리아 등 식중독균도 103 10– 6 수준 염 어 비가열살균 술 적 필CFU/g
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� DBDP,
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Δ

Mean values with different lowercase letters in the same column are significantly different (p<0.05).

Mean values with different uppercase letters in the same row are significantly different (p<0.05).
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Consecutive 10-fold 
serial dilutions

Prepared bacterial suspension in
Physiological salt solution 

Inoculation onto standard 
method agar plates

Consecutive 10-fold 
serial dilutions

Inoculation onto standard 
method agar plates

Untreated
(Control)

9 ml of DW

Treatment
For 1/3/5/7/
10 min

1 ml of bacterial
suspension

9 ml of SlALcEW, 
StAEW

Equal volumes of neutralizing
0.5% sodium thiosulphate

Layout of the experiment – in vitro
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Physiological salt solution 
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method agar plates
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method agar plates

Untreated
(Control)

9 ml of DW

Treatment
For 1/3/5/7/
10 min

1 ml of bacterial
suspension

9 ml of SlALcEW, 
StAEW

Equal volumes of neutralizing
0.5% sodium thiosulphate

Layout of the experiment – in vitro
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5.12 ± 0.03 4.68 ± 0.13 5.31 ± 0.02 5.66 ± 0.11 5.89 ± 0.16 6.72 ± 0.04 7.23 ± 0.03

3.21 ± 0.07 3.48 ± 0.09 4.31 ± 0.14 4.74 ± 0.07 4.92 ± 0.12 5.26 ± 0.11 5.61 ± 0.04

5.12 ± 0.03 5.34 ± 0.16 6.23 ± 0.03 7.40 ± 0.12 8.62 ± 0.03 > 9.00 > 9.00

3.21 ± 0.07 4.34 ± 0.14 5.49 ± 0.19 6.80 ± 0.14 7.54 ± 0.16 8.86 ± 0.07 > 9.00

5.12 ± 0.03 6.20 ± 0.08 8.32 ± 0.21 > 9.00 > 9.00 > 9.00 -

3.21 ± 0.07 5.42 ± 0.12 7.48 ± 0.11 8.61 ± 0.03 8.92 ± 0.13 > 9.00 -

5.12 ± 0.03 8.63 ± 0.04 > 9.00 > 9.00 > 9.00 - -

3.21 ± 0.07 7.30 ± 0.11 > 9.00 > 9.00 > 9.00 - -

5.12 ± 0.03 > 9.00 > 9.00 > 9.00 - - -
3.21 ± 0.07 8.41 ± 0.20 > 9.00 > 9.00 - - -

5.12 ± 0.03 > 9.00 > 9.00 - - - -

3.21 ± 0.07 > 9.00 > 9.00 - - - -

3.98 ± 0.13 4.09 ± 0.11 4.42 ± 0.09 4.83 ± 0.17 5.95 ± 0.05 6.36 ± 0.03 7.83 ± 0.06

2.63 ± 0.09 3.52 ± 0.06 3.92 ± 0.16 4.62 ± 0.03 4.98 ± 0.12 5.72 ± 0.02 6.83 ± 0.05

3.98 ± 0.13 5.32 ± 0.05 5.51 ± 0.04 6.41 ± 0.11 7.78 ± 0.06 8.69 ± 0.13 8.89 ± 0.14

2.63 ± 0.09 4.24 ± 0.12 4.79 ± 0.17 5.74 ± 0.07 6.86 ± 0.21 7.46 ± 0.03 7.96 ± 0.08

3.98 ± 0.13 6.49 ± 0.15 6.96 ± 0.11 7.72 ± 0.07 8.84 ± 0.18 > 9.00 -

2.63 ± 0.09 5.30 ± 0.03 5.78 ± 0.06 6.87 ± 0.06 7.58 ± 0.16 > 9.00 -

3.98 ± 0.13 7.62 ± 0.17 8.58 ± 0.03 > 9.00 > 9.00 - -

2.63 ± 0.09 7.06 ± 0.21 7.84 ± 0.09 8.45 ± 0.18 > 9.00 - -

3.98 ± 0.13 7.56 ± 0.11 8.58 ± 0.06 > 9.00 - - -

2.63 ± 0.09 7.31 ± 0.18 7.68 ± 0.17 > 9.00 - - -

3.98 ± 0.13 8.88 ± 0.09 > 9.00 - - - -
2.63 ± 0.09 8.67 ± 0.04 > 9.00 - - - -

- 426 -

4.02 ± 0.11 4.12 ± 0.08 4.52 ± 0.03 4.97 ± 0.18 5.72 ± 0.07 5.99 ± 0.21 6.62 ± 0.09

2.98 ± 0.06 3.25 ± 0.11 3.61 ± 0.17 3.85 ± 0.03 4.48 ± 0.11 4.79 ± 0.12 5.57 ± 0.15

4.02 ± 0.11 5.53 ± 0.12 5.78 ± 0,06 5.96 ± 0.08 6.71 ± 0.17 6.93 ± 0.07 7.68 ± 0.06

2.98 ± 0.06 4.35 ± 0.09 4.68 ± 0.04 5.62 ± 0.18 5.91 ± 0.14 6.58 ± 0.03 6.87 ± 0.11

4.02 ± 0.11 5.86 ± 0.03 6.59 ± 0.12 7.83 ± 0.21 > 9.00 > 9.00 -

2.98 ± 0.06 4.51 ± 0.18 5.78 ± 0.05 6.72 ± 0.08 8.84 ± 0.09 > 9.00 -

4.02 ± 0.11 7.73 ± 0.11 8.49 ± 0.19 > 9.00 - - -

2.98 ± 0.06 6.28 ± 0.06 7.43 ± 0.15 > 9.00 - - -

4.02 ± 0.11 7.89 ± 0.21 8.83 ± 0.02 - - - -
2.98 ± 0.06 7.35 ± 0.08 7.67 ± 0.06 - - - -

4.02 ± 0.11 > 9.00 > 9.00 - - - -

2.98 ± 0.06 8.94 ± 0.13 > 9.00 - - - -

4.05 ± 0.09 5.21 5.59 6.47 7.48 7.84 8.42

3.86 ± 0.12 4.18 4.58 4.76 6.12 6.47 7.49

4.05 ± 0.09 6 6 7 8 8 > 9.00

3.86 ± 0.12 5 6 6 7 7 8.94 ± 0.09

4.05 ± 0.09 7.72 ± 0.11 8.44 ± 0.16 8.95 ± 0.04 > 9.00 > 9.00 -

3.86 ± 0.12 6.33 ± 0.05 7.82 ± 0.18 7.56 ± 0.13 8.92 ± 0.05 > 9.00 -

4.05 ± 0.09 7.47 ± 0.06 7.84 ± 0.21 > 9.00 - - -

3.86 ± 0.12 6.53 ± 0.09 6.77 ± 0.18 8.63 ± 0. - - -

4.05 ± 0.09 8.58 ± 0.14 > 9.00 - - - -

3.86 ± 0.12 7.64 ± 0.09 > 9.00 - - - -

4.05 ± 0.09 8.83 ± 0.16 > 9.00 - - - -
3.86 ± 0.12 7.88 ± 0.03 > 9.00 - - - -
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5.12 ± 0.03 4.68 ± 0.13 5.31 ± 0.02 5.66 ± 0.11 5.89 ± 0.16 6.72 ± 0.04 7.23 ± 0.03

3.21 ± 0.07 3.48 ± 0.09 4.31 ± 0.14 4.74 ± 0.07 4.92 ± 0.12 5.26 ± 0.11 5.61 ± 0.04

5.12 ± 0.03 5.34 ± 0.16 6.23 ± 0.03 7.40 ± 0.12 8.62 ± 0.03 > 9.00 > 9.00

3.21 ± 0.07 4.34 ± 0.14 5.49 ± 0.19 6.80 ± 0.14 7.54 ± 0.16 8.86 ± 0.07 > 9.00

5.12 ± 0.03 6.20 ± 0.08 8.32 ± 0.21 > 9.00 > 9.00 > 9.00 -

3.21 ± 0.07 5.42 ± 0.12 7.48 ± 0.11 8.61 ± 0.03 8.92 ± 0.13 > 9.00 -

5.12 ± 0.03 8.63 ± 0.04 > 9.00 > 9.00 > 9.00 - -

3.21 ± 0.07 7.30 ± 0.11 > 9.00 > 9.00 > 9.00 - -

5.12 ± 0.03 > 9.00 > 9.00 > 9.00 - - -
3.21 ± 0.07 8.41 ± 0.20 > 9.00 > 9.00 - - -

5.12 ± 0.03 > 9.00 > 9.00 - - - -

3.21 ± 0.07 > 9.00 > 9.00 - - - -

3.98 ± 0.13 4.09 ± 0.11 4.42 ± 0.09 4.83 ± 0.17 5.95 ± 0.05 6.36 ± 0.03 7.83 ± 0.06

2.63 ± 0.09 3.52 ± 0.06 3.92 ± 0.16 4.62 ± 0.03 4.98 ± 0.12 5.72 ± 0.02 6.83 ± 0.05

3.98 ± 0.13 5.32 ± 0.05 5.51 ± 0.04 6.41 ± 0.11 7.78 ± 0.06 8.69 ± 0.13 8.89 ± 0.14

2.63 ± 0.09 4.24 ± 0.12 4.79 ± 0.17 5.74 ± 0.07 6.86 ± 0.21 7.46 ± 0.03 7.96 ± 0.08

3.98 ± 0.13 6.49 ± 0.15 6.96 ± 0.11 7.72 ± 0.07 8.84 ± 0.18 > 9.00 -

2.63 ± 0.09 5.30 ± 0.03 5.78 ± 0.06 6.87 ± 0.06 7.58 ± 0.16 > 9.00 -

3.98 ± 0.13 7.62 ± 0.17 8.58 ± 0.03 > 9.00 > 9.00 - -

2.63 ± 0.09 7.06 ± 0.21 7.84 ± 0.09 8.45 ± 0.18 > 9.00 - -

3.98 ± 0.13 7.56 ± 0.11 8.58 ± 0.06 > 9.00 - - -

2.63 ± 0.09 7.31 ± 0.18 7.68 ± 0.17 > 9.00 - - -

3.98 ± 0.13 8.88 ± 0.09 > 9.00 - - - -
2.63 ± 0.09 8.67 ± 0.04 > 9.00 - - - -

- 426 -

4.02 ± 0.11 4.12 ± 0.08 4.52 ± 0.03 4.97 ± 0.18 5.72 ± 0.07 5.99 ± 0.21 6.62 ± 0.09

2.98 ± 0.06 3.25 ± 0.11 3.61 ± 0.17 3.85 ± 0.03 4.48 ± 0.11 4.79 ± 0.12 5.57 ± 0.15

4.02 ± 0.11 5.53 ± 0.12 5.78 ± 0,06 5.96 ± 0.08 6.71 ± 0.17 6.93 ± 0.07 7.68 ± 0.06

2.98 ± 0.06 4.35 ± 0.09 4.68 ± 0.04 5.62 ± 0.18 5.91 ± 0.14 6.58 ± 0.03 6.87 ± 0.11

4.02 ± 0.11 5.86 ± 0.03 6.59 ± 0.12 7.83 ± 0.21 > 9.00 > 9.00 -

2.98 ± 0.06 4.51 ± 0.18 5.78 ± 0.05 6.72 ± 0.08 8.84 ± 0.09 > 9.00 -

4.02 ± 0.11 7.73 ± 0.11 8.49 ± 0.19 > 9.00 - - -

2.98 ± 0.06 6.28 ± 0.06 7.43 ± 0.15 > 9.00 - - -

4.02 ± 0.11 7.89 ± 0.21 8.83 ± 0.02 - - - -
2.98 ± 0.06 7.35 ± 0.08 7.67 ± 0.06 - - - -

4.02 ± 0.11 > 9.00 > 9.00 - - - -

2.98 ± 0.06 8.94 ± 0.13 > 9.00 - - - -

4.05 ± 0.09 5.21 5.59 6.47 7.48 7.84 8.42

3.86 ± 0.12 4.18 4.58 4.76 6.12 6.47 7.49

4.05 ± 0.09 6 6 7 8 8 > 9.00

3.86 ± 0.12 5 6 6 7 7 8.94 ± 0.09

4.05 ± 0.09 7.72 ± 0.11 8.44 ± 0.16 8.95 ± 0.04 > 9.00 > 9.00 -

3.86 ± 0.12 6.33 ± 0.05 7.82 ± 0.18 7.56 ± 0.13 8.92 ± 0.05 > 9.00 -

4.05 ± 0.09 7.47 ± 0.06 7.84 ± 0.21 > 9.00 - - -

3.86 ± 0.12 6.53 ± 0.09 6.77 ± 0.18 8.63 ± 0. - - -

4.05 ± 0.09 8.58 ± 0.14 > 9.00 - - - -

3.86 ± 0.12 7.64 ± 0.09 > 9.00 - - - -

4.05 ± 0.09 8.83 ± 0.16 > 9.00 - - - -
3.86 ± 0.12 7.88 ± 0.03 > 9.00 - - - -
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4.57 ± 0.13 3.43 ± 0.02 3.58 ± 0.11 3.66 ± 0.03 3.79 ± 0.13 3.97 ± 0.07 4.23 ± 0.17

2.75 ± 0.04 2.09 ± 0.12 2.31 ± 0.07 2.46 ± 0.16 2.81 ± 0.10 2.95 ± 0.03 3.23 ± 0.08

4.57 ± 0.13 4.02 ± 0.11 4.12 ± 0.15 4.49 ± 0.12 4.80 ± 0.08 4.93 ± 0.16 5.21 ± 0.19

2.75 ± 0.04 3.31 ± 0.03 3.57 ± 0.13 3.62 ± 0.18 3.75 ± 0.07 3.84 ± 0.21 3.97 ± 0.10

4.57 ± 0.13 4.23 ± 0.07 5.69 ± 0.18 5.89 ± 0.03 6.88 ± 0.14 7.98 ± 0.02 8.89 ± 0.12

2.75 ± 0.04 3.31 ± 0.16 4.52 ± 0.03 4.87 ± 0.11 5.74 ± 0.02 6.67 ± 0.08 7.32 ± 0.11

4.57 ± 0.13 5.34 ± 0.14 6.20 ± 0.06 7.31 ± 0.13 > 9.00 - -

2.75 ± 0.04 4.69 ± 0.02 4.98 ± 0.11 6.53 ± 0.03 8.47 ± - -

4.57 ± 0.13 6.12 ± 0.21 7.78 ± 0.07 > 9.00 > 9.00 - -
2.75 ± 0.04 5.23 ± 0.08 6.49 ± 0.03 7.60 ± > 9.00 - -

4.57 ± 0.13 6.39 ± 0.17 8.68 ± > 9.00 > 9.00 - -

2.75 ± 0.04 5.59 ± 0.14 7.84 ± > 9.00 > 9.00 - -

2.73 ± 0.03 3.26 ± 0.15 3.59 ± 0.18 3.93 ± 0.09 4.86 ± 0.12 5.78 ± 0.14 6.95 ± 0.12

2.05 ± 0.08 2.35 ± 0.11 3.53 ± 0.13 3.58 ± 0.16 3.82 ± 0.17 4.79 ± 0.15 5.83 ± 0.18

2.73 ± 0.03 4.17 ± 0.19 4.47 ± 0.08 4.89 ± 0.13 5.74 ± 0.05 6.75 ± 0.17 7.98 ± 0.14

2.05 ± 0.08 3.43 ± 0.07 3.89 ± 0.11 4.68 ± 0.09 4.92 ± 0.12 5.57 ± 0.19 6.87 ± 0.06

2.73 ± 0.03 5.25 ± 0.13 5.74 ± 0.19 5.89 ± 0.06 6.97 ± 0.03 8.47 ± 0.07 8.89 ± 0.02

2.05 ± 0.08 4.36 ± 0.12 4.73 ± 0.03 4.97 ± 0.11 5.89 ± 0.07 7.84 ± 0.05 8.56 ± 0.12

2.73 ± 0.03 6.36 ± 0.11 6.79 ± 0.07 7.72 ± 0.17 8.79 ± 0.16 - -

2.05 ± 0.08 5.21 ± 0.16 5.72 ± 0.03 6.74 ± 0.08 7.89 ± 0.03 - -

2.73 ± 0.03 7.58 ± 0.12 8.78 ± 0.11 > 9.00 > 9.00 - -

2.05 ± 0.08 6.79 ± 0.08 7.46 ± 0.05 8.68 ± 0.14 > 9.00 - -

2.73 ± 0.03 7.84 ± 0.14 8.61 ± 0.05 > 9.00 > 9.00 - -
2.05 ± 0.08 7.42 ± 0.06 7.95 ± 0.14 8.88 ± 0.13 > 9.00 - -



- 427 -

- 428 -

4.57 ± 0.13 3.43 ± 0.02 3.58 ± 0.11 3.66 ± 0.03 3.79 ± 0.13 3.97 ± 0.07 4.23 ± 0.17

2.75 ± 0.04 2.09 ± 0.12 2.31 ± 0.07 2.46 ± 0.16 2.81 ± 0.10 2.95 ± 0.03 3.23 ± 0.08

4.57 ± 0.13 4.02 ± 0.11 4.12 ± 0.15 4.49 ± 0.12 4.80 ± 0.08 4.93 ± 0.16 5.21 ± 0.19

2.75 ± 0.04 3.31 ± 0.03 3.57 ± 0.13 3.62 ± 0.18 3.75 ± 0.07 3.84 ± 0.21 3.97 ± 0.10

4.57 ± 0.13 4.23 ± 0.07 5.69 ± 0.18 5.89 ± 0.03 6.88 ± 0.14 7.98 ± 0.02 8.89 ± 0.12

2.75 ± 0.04 3.31 ± 0.16 4.52 ± 0.03 4.87 ± 0.11 5.74 ± 0.02 6.67 ± 0.08 7.32 ± 0.11

4.57 ± 0.13 5.34 ± 0.14 6.20 ± 0.06 7.31 ± 0.13 > 9.00 - -

2.75 ± 0.04 4.69 ± 0.02 4.98 ± 0.11 6.53 ± 0.03 8.47 ± - -

4.57 ± 0.13 6.12 ± 0.21 7.78 ± 0.07 > 9.00 > 9.00 - -
2.75 ± 0.04 5.23 ± 0.08 6.49 ± 0.03 7.60 ± > 9.00 - -

4.57 ± 0.13 6.39 ± 0.17 8.68 ± > 9.00 > 9.00 - -

2.75 ± 0.04 5.59 ± 0.14 7.84 ± > 9.00 > 9.00 - -

2.73 ± 0.03 3.26 ± 0.15 3.59 ± 0.18 3.93 ± 0.09 4.86 ± 0.12 5.78 ± 0.14 6.95 ± 0.12

2.05 ± 0.08 2.35 ± 0.11 3.53 ± 0.13 3.58 ± 0.16 3.82 ± 0.17 4.79 ± 0.15 5.83 ± 0.18

2.73 ± 0.03 4.17 ± 0.19 4.47 ± 0.08 4.89 ± 0.13 5.74 ± 0.05 6.75 ± 0.17 7.98 ± 0.14

2.05 ± 0.08 3.43 ± 0.07 3.89 ± 0.11 4.68 ± 0.09 4.92 ± 0.12 5.57 ± 0.19 6.87 ± 0.06

2.73 ± 0.03 5.25 ± 0.13 5.74 ± 0.19 5.89 ± 0.06 6.97 ± 0.03 8.47 ± 0.07 8.89 ± 0.02

2.05 ± 0.08 4.36 ± 0.12 4.73 ± 0.03 4.97 ± 0.11 5.89 ± 0.07 7.84 ± 0.05 8.56 ± 0.12

2.73 ± 0.03 6.36 ± 0.11 6.79 ± 0.07 7.72 ± 0.17 8.79 ± 0.16 - -

2.05 ± 0.08 5.21 ± 0.16 5.72 ± 0.03 6.74 ± 0.08 7.89 ± 0.03 - -

2.73 ± 0.03 7.58 ± 0.12 8.78 ± 0.11 > 9.00 > 9.00 - -

2.05 ± 0.08 6.79 ± 0.08 7.46 ± 0.05 8.68 ± 0.14 > 9.00 - -

2.73 ± 0.03 7.84 ± 0.14 8.61 ± 0.05 > 9.00 > 9.00 - -
2.05 ± 0.08 7.42 ± 0.06 7.95 ± 0.14 8.88 ± 0.13 > 9.00 - -



- 429 -

4.75 ± 0.14 5.53 ± 0.13 5.98 ± 0.19 6.84 ± 0.03 7.79 ± 0.11 8.86 ± 0.18 > 9.00

3.42 ± 0.12 4.76 ± 0.11 4.80 ± 0.21 5.86 ± 0.08 6.90 ± 0.14 7.97 ± 0.02 8.65 ± 0.08

4.75 ± 0.14 6.14 ± 0.09 6.46 ± 0.13 7.58 ± 0.15 7.83 ± 0.12 > 9.00 -

3.42 ± 0.12 4.67 ± 0.03 5.52 ± 0.19 6.59 ± 0.18 6.83 ± 0.09 > 9.00 -

4.75 ± 0.14 5.42 ± 0.07 6.98 ± 0.07 7.63 ± 0.12 8.84 ± 0.07 - -

3.42 ± 0.12 4.73 ± 0.17 6.34 ± 0.02 6.81 ± 0.19 7.59 ± 0.03 - -

4.75 ± 0.14 7.36 ± 0.21 7.84 ± 0.17 8.64 ± 0.12 - - -

3.42 ± 0.12 5.46 ± 0.19 6.53 ± 0.18 8.48 ± 0.16 - - -

4.75 ± 0.14 8.11 ± 0.04 8.51 ± 0,16 - - - -
3.42 ± 0.12 7.46 ± 0.08 7.58 ± 0.05 - - - -

4.75 ± 0.14 8.47 ± 0.07 - - - - -

3.42 ± 0.12 7.50 ± 0.11 - - - - -

3.46 ± 0.12 3.49 ± 0.15 4.53 ± 0.09 5.38 ± 0.07 5.74 ± 0.02 5.97 ± 0.16 6.74 ± 0.05

2.52 ± 0.03 3.15 ± 0.11 3.39 ± 0.03 4.56 ± 0.04 4.72 ± 0.09 4.94 ± 0.03 5.23 ± 0.13

3.46 ± 0.12 4.53 ± 0.07 4.96 ± 0.18 5.86 ± 0.15 6.79 ± 0.03 7.21 ± 0.02 -

2.52 ± 0.03 3.36 ± 0.05 4.23 ± 0.06 4.75 ± 0.17 5.39 ± 0.19 5.97 ± 0.16 -

3.46 ± 0.12 4.98 ± 0.06 6.79 ± 0.15 7.19 ± 0.03 7.81 ± 0.09 - -

2.52 ± 0.03 4.43 ± 0.08 5.49 ± 0.03 5.92 ± 0.18 6.76 ± 0.16 - -

3.46 ± 0.12 6.72 ± 0.03 7.31 ± 0.02 8.61 ± 0.02 - - -

2.52 ± 0.03 5.42 ± 0.14 5.71 ± 0.11 7.73 ± 0.13 - - -

3.46 ± 0.12 7.73 ± 0.06 > 9.00 - - - -

2.52 ± 0.03 6.92 ± 0.03 8.58 ± 0.04 - - - -

3.46 ± 0.12 > 9.00 - - - - -
2.52 ± 0.03 8.91 ± 0.13 - - - - -
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4.75 ± 0.14 5.53 ± 0.13 5.98 ± 0.19 6.84 ± 0.03 7.79 ± 0.11 8.86 ± 0.18 > 9.00

3.42 ± 0.12 4.76 ± 0.11 4.80 ± 0.21 5.86 ± 0.08 6.90 ± 0.14 7.97 ± 0.02 8.65 ± 0.08

4.75 ± 0.14 6.14 ± 0.09 6.46 ± 0.13 7.58 ± 0.15 7.83 ± 0.12 > 9.00 -

3.42 ± 0.12 4.67 ± 0.03 5.52 ± 0.19 6.59 ± 0.18 6.83 ± 0.09 > 9.00 -

4.75 ± 0.14 5.42 ± 0.07 6.98 ± 0.07 7.63 ± 0.12 8.84 ± 0.07 - -

3.42 ± 0.12 4.73 ± 0.17 6.34 ± 0.02 6.81 ± 0.19 7.59 ± 0.03 - -

4.75 ± 0.14 7.36 ± 0.21 7.84 ± 0.17 8.64 ± 0.12 - - -

3.42 ± 0.12 5.46 ± 0.19 6.53 ± 0.18 8.48 ± 0.16 - - -

4.75 ± 0.14 8.11 ± 0.04 8.51 ± 0,16 - - - -
3.42 ± 0.12 7.46 ± 0.08 7.58 ± 0.05 - - - -

4.75 ± 0.14 8.47 ± 0.07 - - - - -

3.42 ± 0.12 7.50 ± 0.11 - - - - -

3.46 ± 0.12 3.49 ± 0.15 4.53 ± 0.09 5.38 ± 0.07 5.74 ± 0.02 5.97 ± 0.16 6.74 ± 0.05

2.52 ± 0.03 3.15 ± 0.11 3.39 ± 0.03 4.56 ± 0.04 4.72 ± 0.09 4.94 ± 0.03 5.23 ± 0.13

3.46 ± 0.12 4.53 ± 0.07 4.96 ± 0.18 5.86 ± 0.15 6.79 ± 0.03 7.21 ± 0.02 -

2.52 ± 0.03 3.36 ± 0.05 4.23 ± 0.06 4.75 ± 0.17 5.39 ± 0.19 5.97 ± 0.16 -

3.46 ± 0.12 4.98 ± 0.06 6.79 ± 0.15 7.19 ± 0.03 7.81 ± 0.09 - -

2.52 ± 0.03 4.43 ± 0.08 5.49 ± 0.03 5.92 ± 0.18 6.76 ± 0.16 - -

3.46 ± 0.12 6.72 ± 0.03 7.31 ± 0.02 8.61 ± 0.02 - - -

2.52 ± 0.03 5.42 ± 0.14 5.71 ± 0.11 7.73 ± 0.13 - - -

3.46 ± 0.12 7.73 ± 0.06 > 9.00 - - - -

2.52 ± 0.03 6.92 ± 0.03 8.58 ± 0.04 - - - -

3.46 ± 0.12 > 9.00 - - - - -
2.52 ± 0.03 8.91 ± 0.13 - - - - -
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4.34 ± 0.08 4.75 ± 0.11 5.48 ± 0.07 5.96 ± 0.13 6.99 ± 0.11 7.03 ± 0.21 -

3.97 ± 0.17 4.31 ± 0.03 4.89 ± 0.13 5.35 ± 0.17 5.87 ± 0.03 6.89 ± 0.15 -

4.34 ± 0.08 7.01 ± 0.02 7.53 ± 0.08 8.79 ± 0.03 > 9.00 - -

3.97 ± 0.17 6.98 ± 0.17 7.21 ± 0.19 7.84 ± 0.12 > 9.00 - -

4.34 ± 0.08 8.31 ± 0.09 8.89 ± 0.04 > 9.00 - - -

3.97 ± 0.17 7.35 ± 0.11 7.87 ± 0.15 > 9.00 - - -

4.34 ± 0.08 8.72 ± 0.17 > 9.00 - - - -

3.97 ± 0.17 8.34 ± 0.14 > 9.00 - - - -

4.34 ± 0.08 > 9.00 > 9.00 - - - -
3.97 ± 0.17 > 9.00 > 9.00 - - - -

4.34 ± 0.08 > 9.00 - - - - -

3.97 ± 0.17 > 9.00 - - - - -

3.49 ± 0.12 3.76 ± 0.16 4.23 ± 0.09 4.64 ± 0.15 5.67 ± 0.05 6.49 ± 0.13 -

2.48 ± 0.17 3.41 ± 0.04 3.89 ± 0.18 4.31 ± 0.05 4.71 ± 0.17 5.89 ± 0.06 -

3.49 ± 0.12 4.36 ± 0.11 4.89 ± 0.08 5.78 ± 0.12 6.84 ± 0.16 - -

2.48 ± 0.17 3.69 ± 0.09 4.63 ± 0.15 4.96 ± 0.08 5.94 ± 0.07 - -

3.49 ± 0.12 6.51 ± 0.15 7.74 ± 0.16 8.41 ± 0.16 - - -

2.48 ± 0.17 5.16 ± 0.09 6.49 ± 0.11 7.82 ± 0.21 - - -

3.49 ± 0.12 7.89 ± 0.21 > 9.00 - - - -

2.48 ± 0.17 7.36 ± 0.05 8.88 - - - -

3.49 ± 0.12 8.58 ± 0.12 > 9.00 - - - -

2.48 ± 0.17 7.83 ± 0.14 > 9.00 - - - -

3.49 ± 0.12 8.88 ± 0.13 - - - - -
2.48 ± 0.17 7.99 ± 0.05 - - - - -

- 432 -

4.69 ± 0.08 5.64 ± 0.11 5.87 ± 0.08 6.52 ± 0.07 6.91 ± 0.12 7.83 ± 0.19 -

4.35 ± 0.12 4.72 ± 0.03 4.96 ± 0.05 5.74 ± 0.17 6.75 ± 0.08 6.98 ± 0.03 -

4.69 ± 0.08 6.41 ± 0.14 6.68 ± 0.17 7.59 ± 0.08 8.83 ± 0.04 - -

4.35 ± 0.12 5.79 ± 0.03 5.99 ± 0.04 6.82 ± 0.21 7.57 ± 0.18 - -

4.69 ± 0.08 6.84 ± 0.16 7.21 ± 0.20 - - - -

4.35 ± 0.12 4.79 ± 0.13 6.31 ± 0.09 - - - -

4.69 ± 0.08 6.96 ± 0.07 7.84 ± 0.18 - - - -

4.35 ± 0.12 5.87 ± 0.12 6.72 ± 0.15 - - - -

4.69 ± 0.08 8.37 ± 0.03 >9.00 - - - -

4.35 ± 0.12 7.66 ± 0.11 8.63 ± 0.06 - - - -

4.69 ± 0.08 8.79 ± 0.08 >9.00 - - - -
4.35 ± 0.12 7.49 ± 0.04 >9.00 - - - -

3.84 ± 0.11 4.35 ± 0.04 4.61 ± 0.05 5.73 ± 0.15 6.71 ± 0.05 7.85 ± 0.14 -

2.35 ± 0.09 4.04 ± 0.03 4.29 ± 0.19 4.58 ± 0.07 5.95 ± 0.06 6.89 ± 0.06 -

3.84 ± 0.11 6.42 ± 0.19 6.59 ± 0.14 7.85 ± 0.19 8.75 ± 0.04 - -

2.35 ± 0.09 5.31 ± 0.14 6.27 ± 0.11 6.78 ± 0.12 7.96 ± 0.05 - -

3.84 ± 0.11 6.79 ± 0.03 6.99 ± 0.07 - - - -

2.35 ± 0.09 5.79 ± 0.04 6.57 ± 0.15 - - - -

3.84 ± 0.11 7.59 ± 0.11 7.96 ± 0.19 - - - -

2.35 ± 0.09 6.53 ± 0.12 6.89 ± 0.06 - - - -

3.84 ± 0.11 7.31 ± 0.12 8.62 ± 0.17 - - - -

2.35 ± 0.09 6.73 ± 0.07 7.39 ± 0.21 - - - -

3.84 ± 0.11 7.97 ± 0.15 8.87 ± 0.14 - - - -

2.35 ± 0.09 7.57 ± 0.13 7.85 ± 0.09 - - - -



- 431 -

4.34 ± 0.08 4.75 ± 0.11 5.48 ± 0.07 5.96 ± 0.13 6.99 ± 0.11 7.03 ± 0.21 -

3.97 ± 0.17 4.31 ± 0.03 4.89 ± 0.13 5.35 ± 0.17 5.87 ± 0.03 6.89 ± 0.15 -

4.34 ± 0.08 7.01 ± 0.02 7.53 ± 0.08 8.79 ± 0.03 > 9.00 - -

3.97 ± 0.17 6.98 ± 0.17 7.21 ± 0.19 7.84 ± 0.12 > 9.00 - -

4.34 ± 0.08 8.31 ± 0.09 8.89 ± 0.04 > 9.00 - - -

3.97 ± 0.17 7.35 ± 0.11 7.87 ± 0.15 > 9.00 - - -

4.34 ± 0.08 8.72 ± 0.17 > 9.00 - - - -

3.97 ± 0.17 8.34 ± 0.14 > 9.00 - - - -

4.34 ± 0.08 > 9.00 > 9.00 - - - -
3.97 ± 0.17 > 9.00 > 9.00 - - - -

4.34 ± 0.08 > 9.00 - - - - -

3.97 ± 0.17 > 9.00 - - - - -

3.49 ± 0.12 3.76 ± 0.16 4.23 ± 0.09 4.64 ± 0.15 5.67 ± 0.05 6.49 ± 0.13 -

2.48 ± 0.17 3.41 ± 0.04 3.89 ± 0.18 4.31 ± 0.05 4.71 ± 0.17 5.89 ± 0.06 -

3.49 ± 0.12 4.36 ± 0.11 4.89 ± 0.08 5.78 ± 0.12 6.84 ± 0.16 - -

2.48 ± 0.17 3.69 ± 0.09 4.63 ± 0.15 4.96 ± 0.08 5.94 ± 0.07 - -

3.49 ± 0.12 6.51 ± 0.15 7.74 ± 0.16 8.41 ± 0.16 - - -

2.48 ± 0.17 5.16 ± 0.09 6.49 ± 0.11 7.82 ± 0.21 - - -

3.49 ± 0.12 7.89 ± 0.21 > 9.00 - - - -

2.48 ± 0.17 7.36 ± 0.05 8.88 - - - -

3.49 ± 0.12 8.58 ± 0.12 > 9.00 - - - -

2.48 ± 0.17 7.83 ± 0.14 > 9.00 - - - -

3.49 ± 0.12 8.88 ± 0.13 - - - - -
2.48 ± 0.17 7.99 ± 0.05 - - - - -

- 432 -

4.69 ± 0.08 5.64 ± 0.11 5.87 ± 0.08 6.52 ± 0.07 6.91 ± 0.12 7.83 ± 0.19 -

4.35 ± 0.12 4.72 ± 0.03 4.96 ± 0.05 5.74 ± 0.17 6.75 ± 0.08 6.98 ± 0.03 -

4.69 ± 0.08 6.41 ± 0.14 6.68 ± 0.17 7.59 ± 0.08 8.83 ± 0.04 - -

4.35 ± 0.12 5.79 ± 0.03 5.99 ± 0.04 6.82 ± 0.21 7.57 ± 0.18 - -

4.69 ± 0.08 6.84 ± 0.16 7.21 ± 0.20 - - - -

4.35 ± 0.12 4.79 ± 0.13 6.31 ± 0.09 - - - -

4.69 ± 0.08 6.96 ± 0.07 7.84 ± 0.18 - - - -

4.35 ± 0.12 5.87 ± 0.12 6.72 ± 0.15 - - - -

4.69 ± 0.08 8.37 ± 0.03 >9.00 - - - -

4.35 ± 0.12 7.66 ± 0.11 8.63 ± 0.06 - - - -

4.69 ± 0.08 8.79 ± 0.08 >9.00 - - - -
4.35 ± 0.12 7.49 ± 0.04 >9.00 - - - -

3.84 ± 0.11 4.35 ± 0.04 4.61 ± 0.05 5.73 ± 0.15 6.71 ± 0.05 7.85 ± 0.14 -

2.35 ± 0.09 4.04 ± 0.03 4.29 ± 0.19 4.58 ± 0.07 5.95 ± 0.06 6.89 ± 0.06 -

3.84 ± 0.11 6.42 ± 0.19 6.59 ± 0.14 7.85 ± 0.19 8.75 ± 0.04 - -

2.35 ± 0.09 5.31 ± 0.14 6.27 ± 0.11 6.78 ± 0.12 7.96 ± 0.05 - -

3.84 ± 0.11 6.79 ± 0.03 6.99 ± 0.07 - - - -

2.35 ± 0.09 5.79 ± 0.04 6.57 ± 0.15 - - - -

3.84 ± 0.11 7.59 ± 0.11 7.96 ± 0.19 - - - -

2.35 ± 0.09 6.53 ± 0.12 6.89 ± 0.06 - - - -

3.84 ± 0.11 7.31 ± 0.12 8.62 ± 0.17 - - - -

2.35 ± 0.09 6.73 ± 0.07 7.39 ± 0.21 - - - -

3.84 ± 0.11 7.97 ± 0.15 8.87 ± 0.14 - - - -

2.35 ± 0.09 7.57 ± 0.13 7.85 ± 0.09 - - - -



- 433 - - 434 -

85.70 ± 0.40 86.02 ± 0.65 86.40 ± 0.77 89.33 ± 0.34 95.84 ± 0.52
101.92 ±

0.23

105.68 ±

0.67

85.88 ± 0.32 87.12 ± 0.54 87.76 ± 0.51 89.41 ± 0.76 94.92 ± 0.22
102.45 ±

0.33

102.87 ±

0.31

85.70 ± 0.40 88.05 ± 0.32 89.44 ± 0.21 94.62 ± 0.07 - - -

85.88 ± 0.32 89.11 ± 0.21 89.45 ± 0.43 91.66 ± 0.22 - - -

85.70 ± 0.40 89.77 ± 0.24 91.92 ± 0.41 - - - -

85.88 ± 0.32 89.82 ± 0.72 91.34 ± 0.21 - - - -

85.70 ± 0.40 91.05 ± 0.44 92.77 ± 0.33 - - - -

85.88 ± 0.32 90.89 ± 0.22 92.88 ± 0.45 - - - -

85.70 ± 0.40 93.66 ± 0.52 - - - - -

85.88 ± 0.32 92.04 ± 0.45 - - - - -

85.70 ± 0.40 97.92 ± 0.21 - - - - -

85.88 ± 0.32 98.04 ± 0.32 - - - - -

18.76 ± 0.66 18.32 ± 0.32 17.92 ± 0.55 16.65 ± 0.21 16.62 ± 0.65 15.02 ± 0.23 14.76 ± 0.43

19.32 ± 0.43 19.03 ± 0.21 18.89 ± 0.22 18.55 ± 0.02 17.79 ± 0.11 17.55 ± 0.24 16.92 ± 0.31

18.76 ± 0.66 17.04 ± 0.21 15.59 ± 0.23 12.88 ± 0.45 - - -

19.32 ± 0.43 18.77 ± 0.35 17.05 ± 0.22 16.88 ± 0.03 - - -

18.76 ± 0.66 16.81 ± 0.22 14.77 ± 0.48 - - - -

19.32 ± 0.43 17.05 ± 0.45 15.12 ± 0.22 - - - -

18.76 ± 0.66 14.08 ± 0.08 12.56 ± 0.66 - - - -

19.32 ± 0.43 14.89 ± 0.19 11.55 ± 0.08 - - - -

18.76 ± 0.66 11.82 ± 0.72 - - - - -

19.32 ± 0.43 12.06 ± 0.41 - - - - -

18.76 ± 0.66 10.05 ± 0.02 - - - - -

19.32 ± 0.43 9.87 ± 0.41 - - - - -

50.23 ± 0.44 50.77 ± 0.21 50.78 ± 0.15 51.67 ± 0.33 53.07 ± 0.51 54.08 ± 0.04 57.02 ± 0.62

50.65 ± 0.12 51.05 ± 0.32 51.62 ± 0.23 53.08 ± 0.28 56.72 ± 0.43 57.21 ± 0.51 58.63 ± 0.48

50.23 ± 0.44 50.83 ± 0.04 51.44 ± 0.22 53.09 ± 0.29 - - -

50.65 ± 0.12 52.09 ± 0.21 52.55 ± 0.55 53.07 ± 0.21 - - -

50.23 ± 0.44 51.59 ± 0.35 52.22 ± 0.09 - - - -

50.65 ± 0.12 52.73 ± 0.01 53.19 ± 0.04 - - - -

50.23 ± 0.44 52.43 ± 0.59 53.09 ± 0.15 - - - -

50.65 ± 0.12 53.09 ± 0.21 54.03 ± 0.37 - - - -

50.23 ± 0.44 54.03 ± 0.61 - - - - -

50.65 ± 0.12 54.66 ± 0.06 - - - - -

50.23 ± 0.44 55.17 ± 0.03 - - - - -

50.65 ± 0.12 55.45 ± 0.22 - - - - -



- 433 - - 434 -

85.70 ± 0.40 86.02 ± 0.65 86.40 ± 0.77 89.33 ± 0.34 95.84 ± 0.52
101.92 ±

0.23

105.68 ±

0.67

85.88 ± 0.32 87.12 ± 0.54 87.76 ± 0.51 89.41 ± 0.76 94.92 ± 0.22
102.45 ±

0.33

102.87 ±

0.31

85.70 ± 0.40 88.05 ± 0.32 89.44 ± 0.21 94.62 ± 0.07 - - -

85.88 ± 0.32 89.11 ± 0.21 89.45 ± 0.43 91.66 ± 0.22 - - -

85.70 ± 0.40 89.77 ± 0.24 91.92 ± 0.41 - - - -

85.88 ± 0.32 89.82 ± 0.72 91.34 ± 0.21 - - - -

85.70 ± 0.40 91.05 ± 0.44 92.77 ± 0.33 - - - -

85.88 ± 0.32 90.89 ± 0.22 92.88 ± 0.45 - - - -

85.70 ± 0.40 93.66 ± 0.52 - - - - -

85.88 ± 0.32 92.04 ± 0.45 - - - - -

85.70 ± 0.40 97.92 ± 0.21 - - - - -

85.88 ± 0.32 98.04 ± 0.32 - - - - -

18.76 ± 0.66 18.32 ± 0.32 17.92 ± 0.55 16.65 ± 0.21 16.62 ± 0.65 15.02 ± 0.23 14.76 ± 0.43

19.32 ± 0.43 19.03 ± 0.21 18.89 ± 0.22 18.55 ± 0.02 17.79 ± 0.11 17.55 ± 0.24 16.92 ± 0.31

18.76 ± 0.66 17.04 ± 0.21 15.59 ± 0.23 12.88 ± 0.45 - - -

19.32 ± 0.43 18.77 ± 0.35 17.05 ± 0.22 16.88 ± 0.03 - - -

18.76 ± 0.66 16.81 ± 0.22 14.77 ± 0.48 - - - -

19.32 ± 0.43 17.05 ± 0.45 15.12 ± 0.22 - - - -

18.76 ± 0.66 14.08 ± 0.08 12.56 ± 0.66 - - - -

19.32 ± 0.43 14.89 ± 0.19 11.55 ± 0.08 - - - -

18.76 ± 0.66 11.82 ± 0.72 - - - - -

19.32 ± 0.43 12.06 ± 0.41 - - - - -

18.76 ± 0.66 10.05 ± 0.02 - - - - -

19.32 ± 0.43 9.87 ± 0.41 - - - - -

50.23 ± 0.44 50.77 ± 0.21 50.78 ± 0.15 51.67 ± 0.33 53.07 ± 0.51 54.08 ± 0.04 57.02 ± 0.62

50.65 ± 0.12 51.05 ± 0.32 51.62 ± 0.23 53.08 ± 0.28 56.72 ± 0.43 57.21 ± 0.51 58.63 ± 0.48

50.23 ± 0.44 50.83 ± 0.04 51.44 ± 0.22 53.09 ± 0.29 - - -

50.65 ± 0.12 52.09 ± 0.21 52.55 ± 0.55 53.07 ± 0.21 - - -

50.23 ± 0.44 51.59 ± 0.35 52.22 ± 0.09 - - - -

50.65 ± 0.12 52.73 ± 0.01 53.19 ± 0.04 - - - -

50.23 ± 0.44 52.43 ± 0.59 53.09 ± 0.15 - - - -

50.65 ± 0.12 53.09 ± 0.21 54.03 ± 0.37 - - - -

50.23 ± 0.44 54.03 ± 0.61 - - - - -

50.65 ± 0.12 54.66 ± 0.06 - - - - -

50.23 ± 0.44 55.17 ± 0.03 - - - - -

50.65 ± 0.12 55.45 ± 0.22 - - - - -



- 435 -

80.45 ± 0.45 80.77 ± 0.35 81.44 ± 0.21 86.06 ± 0.04 89.41 ± 0.12 91.55 ± 0.22 94.91 ± 0.23

80.81 ± 0.03 81.32 ± 0.42 83.29 ± 0.07 86.91 ± 0.54 91.22 ± 0.41 94.02 ± 0.39 96.22 ± 0.38

80.45 ± 0.45 81.66 ± 0.32 82.01 ± 0.11 86.87 ± 0.34 - - -

80.81 ± 0.03 81.92 ± 0.12 83.83 ± 0.51 87.01 ± 0.05 - - -

80.45 ± 0.45 82.43 ± 0.04 84.76 ± 0.51 - - - -

80.81 ± 0.03 82.45 ± 0.41 86.05 ± 0.31 - - - -

80.45 ± 0.45 83.57 ± 0.07 85.23 ± 0.45 - - - -

80.81 ± 0.03 83.45 ± 0.21 86.77 ± 0.04 - - - -

80.45 ± 0.45 84.03 ± 0.23 - - - - -

80.81 ± 0.03 84.06 ± 0.23 - - - - -

80.45 ± 0.45 85.07 ± 0.04 - - - - -

80.81 ± 0.03 85.66 ± 0.09 - - - -

8.05 ± 0.23 8.01 ± 0.31 7.89 ± 0.61 7.81 ± 0.22 7.62 ± 0.41 7.58 ± 0.52 7.53 ± 0.44

7.98 ± 0.12 7.81 ± 0.02 7.72 ± 0.27 7.56 ± 0.61 7.48 ± 0.36 7.40 ± 0.22 7.36 ± 0.12

8.05 ± 0.23 7.94 ± 0.24 7.66 ± 0.25 7.59 ± 0.31 - - -

7.98 ± 0.12 7.55 ± 0.31 7.33 ± 0.07 7.29 ± 0.04 - - -

8.05 ± 0.23 7.56 ± 0.31 7.46 ± 0.04 - - - -

7.98 ± 0.12 7.21 ± 0.15 7.11 ± 21 - - - -

8.05 ± 0.23 7.24 ± 0.26 7.21 ± 0.21 - - - -

7.98 ± 0.12 7.12 ± 0.44 6.88 ± 0.11 - - - -

8.05 ± 0.23 7.03 ± 0.14 - - - - -

7.98 ± 0.12 6.34 ± 0.21 - - - - -

8.05 ± 0.23 5.78 ± 0.02 - - - - -

7.98 ± 0.12 5.16 ± 0.31 - - - -

25.02 ± 0.03 26.77 ± 0.05 28.59 ± 0.81 32.09 ± 0.33 35.91 ± 0.07 39.02 ± 0.25 40.02 ± 0.32

24.43 ± 0.41 25.39 ± 0.34 28.88 ± 0.14 30.11 ± 0.31 34.01 ± 0.12 37.06 ± 0.21 38.15 ± 0.34

25.02 ± 0.03 27.05 ± 0.05 29.52 ± 0.01 35.77 ± 0.05 - - -

24.43 ± 0.41 26.68 ± 0.25 30.33 ± 0.45 34.16 ± 0.09 - - -

25.02 ± 0.03 28.55 ± 0.21 31.02 ± 0.12 - - - -

24.43 ± 0.41 27.56 ± 0.26 30.78 ± 0.28 - - - -

25.02 ± 0.03 50.23 ± 0.44 32.66 ± 0.41 - - - -

24.43 ± 0.41 50.65 ± 0.12 31.55 ± 0.21 - - - -

25.02 ± 0.03 29.04 ± 0.05 - - - - -

24.43 ± 0.41 29.54 ± 0.25 - - - - -

25.02 ± 0.03 30.44 ± 0.06 - - - - -

24.43 ± 0.41 30.53 ± 0.46 - - - - -
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80.45 ± 0.45 80.77 ± 0.35 81.44 ± 0.21 86.06 ± 0.04 89.41 ± 0.12 91.55 ± 0.22 94.91 ± 0.23

80.81 ± 0.03 81.32 ± 0.42 83.29 ± 0.07 86.91 ± 0.54 91.22 ± 0.41 94.02 ± 0.39 96.22 ± 0.38

80.45 ± 0.45 81.66 ± 0.32 82.01 ± 0.11 86.87 ± 0.34 - - -

80.81 ± 0.03 81.92 ± 0.12 83.83 ± 0.51 87.01 ± 0.05 - - -

80.45 ± 0.45 82.43 ± 0.04 84.76 ± 0.51 - - - -

80.81 ± 0.03 82.45 ± 0.41 86.05 ± 0.31 - - - -

80.45 ± 0.45 83.57 ± 0.07 85.23 ± 0.45 - - - -

80.81 ± 0.03 83.45 ± 0.21 86.77 ± 0.04 - - - -

80.45 ± 0.45 84.03 ± 0.23 - - - - -

80.81 ± 0.03 84.06 ± 0.23 - - - - -

80.45 ± 0.45 85.07 ± 0.04 - - - - -

80.81 ± 0.03 85.66 ± 0.09 - - - -

8.05 ± 0.23 8.01 ± 0.31 7.89 ± 0.61 7.81 ± 0.22 7.62 ± 0.41 7.58 ± 0.52 7.53 ± 0.44

7.98 ± 0.12 7.81 ± 0.02 7.72 ± 0.27 7.56 ± 0.61 7.48 ± 0.36 7.40 ± 0.22 7.36 ± 0.12

8.05 ± 0.23 7.94 ± 0.24 7.66 ± 0.25 7.59 ± 0.31 - - -

7.98 ± 0.12 7.55 ± 0.31 7.33 ± 0.07 7.29 ± 0.04 - - -

8.05 ± 0.23 7.56 ± 0.31 7.46 ± 0.04 - - - -

7.98 ± 0.12 7.21 ± 0.15 7.11 ± 21 - - - -

8.05 ± 0.23 7.24 ± 0.26 7.21 ± 0.21 - - - -

7.98 ± 0.12 7.12 ± 0.44 6.88 ± 0.11 - - - -

8.05 ± 0.23 7.03 ± 0.14 - - - - -

7.98 ± 0.12 6.34 ± 0.21 - - - - -

8.05 ± 0.23 5.78 ± 0.02 - - - - -

7.98 ± 0.12 5.16 ± 0.31 - - - -

25.02 ± 0.03 26.77 ± 0.05 28.59 ± 0.81 32.09 ± 0.33 35.91 ± 0.07 39.02 ± 0.25 40.02 ± 0.32

24.43 ± 0.41 25.39 ± 0.34 28.88 ± 0.14 30.11 ± 0.31 34.01 ± 0.12 37.06 ± 0.21 38.15 ± 0.34

25.02 ± 0.03 27.05 ± 0.05 29.52 ± 0.01 35.77 ± 0.05 - - -

24.43 ± 0.41 26.68 ± 0.25 30.33 ± 0.45 34.16 ± 0.09 - - -

25.02 ± 0.03 28.55 ± 0.21 31.02 ± 0.12 - - - -

24.43 ± 0.41 27.56 ± 0.26 30.78 ± 0.28 - - - -

25.02 ± 0.03 50.23 ± 0.44 32.66 ± 0.41 - - - -

24.43 ± 0.41 50.65 ± 0.12 31.55 ± 0.21 - - - -

25.02 ± 0.03 29.04 ± 0.05 - - - - -

24.43 ± 0.41 29.54 ± 0.25 - - - - -

25.02 ± 0.03 30.44 ± 0.06 - - - - -

24.43 ± 0.41 30.53 ± 0.46 - - - - -
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0

102.45±0.21 102.04±0.23 101.55±0.44 100.29±0.28 99.87±0.01 98.77±0.26 98.06±0.33

102.78±0.44 102.11±0.54 101.36±0.16 101.19±0.49 100.8±0.39 99.78±0.72 99.52±0.58

102.45±0.21 101.89±0.11 101.42±0.01 100.08±0.04 99.48±0.25 98.23±0.42 97.77±0.08

102.78±0.44 101.88±0.32 100.93±0.38 100.67±0.32 99.61±0.10 99.26±0.05 99.01±0.12

102.45±0.21 101.45±0.07 101.09±0.02 99.88±0.11 - - -

102.78±0.44 101.54±0.31 100.22±0.06 99.57±0.72 - - -

102.45±0.21 101.03±0.13 100.76±0.42 - - - -

102.78±0.44 101.01±0.05 100.08±0.33 - - - -

102.45±0.21 100.83±0.78 - - - - -

102.78±0.44 100.71±0.18 - - - - -

102.45±0.21 100.42±0.31 - - - - -

102.78±0.44 100.22±0.24 - - - - -

77.42±0.32 77.01±0.12 76.43±0.27 76.02±0.02 75.82±0.38 75.51±0.03 75.22±0.01

78.29±0.62 77.74±0.22 77.61±0.41 77.32±0.38 76.77±0.19 76.59±0.13 76.03±0.42

77.42±0.32 76.68±0.22 76.02±0.18 75.78±0.03 75.02±0.02 74.93±0.21 74.23±0.33

78.29±0.62 77.03±0.04 76.98±0.08 76.33±0.32 76.01±0.03 75.99±0.32 75.43±0.26

77.42±0.32 76.33±0.29 75.83±0.02 75.22±0.21 - - -

78.29±0.62 76.67±0.06 76.01±0.07 75.78±0.55 - - -

77.42±0.32 76.02±0.06 75.52±0.43 - - - -

78.29±0.62 76.05±0.03 75.76±0.08 - - - -

77.42±0.32 76.59±0.02 - - - - -

78.29±0.62 75.82±0.43 - - - - -

77.42±0.32 78.21±0.03 - - - - -

78.29±0.62 75.23±0.28 - - - - -

128.02±0.29 128.41±0.72 128.95±0.49 129.04±0.02 129.52±0.38 129.88±0.01 130.23±0.34

128.55±0.38 128.94±0.28 129.38±0.01 129.71±0.66 130.22±0.28 130.76±0.12 131.48±0.22

128.02±0.29 128.93±0.32 129.63±0.33 130.22±0.33 130.89±0.28 131.02±0.33 131.78±0.02

128.55±0.38 129.43±0.23 129.88±0.29 130.28±0.28 130.39±0.05 131.78±0.04 132.22±0.45

128.02±0.29 129.32±0.28 129.92±0.22 130.87±0.63 - - -

128.55±0.38 129.87±0.29 130.52±0.39 130.92±0.28 - - -

128.02±0.29 129.83±0.32 130.43±0.28 - - - -

128.55±0.38 130.23±0.21 130.77±0.21 - - - -

128.02±0.29 130.02±0.28 - - - - -

128.55±0.38 130.88±0.31 - - - - -

128.02±0.29 128.02±0.29 - - - - -

128.55±0.38 128.55±0.38 - - - - -

- 438 -

80.33±0.02 79.57±0.26 78.51±0.19 78.27±0.09 77.71±0.04 77.62±0.23 77.45±0.51

79.54±0.41 79.91±0.06 78.81±0.02 78.41±0.33 77.53±0.17 77.21±0.07 77.03±0.28

80.33±0.02 78.86±0.01 78.01±0.06 77.61±0.02 77.04±0.26 76.61±0.41 76.03±0.27

79.04±0.41 78.55±0.25 77.51±0.28 77.15±0.27 76.59±0.51 76.04±0.57 75.73±0.15

80.33±0.02 78.03±0.06 76.93±0.21 76.32±0.37 - - -

79.04±0.41 77.83±0.31 76.61±0.05 75.44±0.38 - - -

80.33±0.02 77.51±0.19 76.11±0.05 - - - -

79.04±0.41 77.02±0.06 76.12±0.21 - - - -

80.33±0.02 76.55±0.07 - - - - -

79.04±0.41 76.31±0.21 - - - - -

80.33±0.02 76.03±0.21 - - - - -

79.04±0.41 75.98±0.58 - - - - -

-2.97±0.41 -3.09±0.09 -3.12±0.04 -3.56±0.65 -4.23±0.02 -4.61±0.15 -4.76±0.22

-3.56±0.22 -3.89±0.15 -4.04±0.02 -4.83±0.01 -5.04±0.29 -5.43±0.61 -5.59±0.18

-2.97±0.41 -3.68±0.27 -4.21±0.05 -4.44±0.06 -4.56±0.27 -4.98±0.12 -5.33±0.01

-3.56±0.22 -4.02±0.21 -4.55±0.41 -4.91±0.28 -5.51±0.26 -5.84±0.01 -5.81±0.47

-2.97±0.41 -4.01±0.03 -4.58±0.23 -4.71±0.01 - - -

-3.56±0.22 -4.38±0.06 -4.72±0.44 -5.19±0.51 - - -

-2.97±0.41 -4.56±0.01 -4.89±0.43 - - - -

-3.56±0.22 -4.76±0.51 -5.23±0.01 - - - -

-2.97±0.41 -4.71±0.31 - - - - -

-3.56±0.22 -4.95±0.21 - - - - -

-2.97±0.41 -4.87±0.28 - - - - -

-3.56±0.22 -5.22±0.04 - - - - -

29.03±0.19 29.67±0.01 30.22±0.11 32.05±0.05 33.56±0.01 34.01±0.04 35.32±0.24

28.67±0.32 29.22±0.06 30.88±0.26 31.98±0.07 33.77±0.27 34.32±0.29 35.01±0.37

29.03±0.19 29.83±0.04 30.61±0.09 32.87±0.41 34.06±0.22 34.78±0.01 35.91±0.07

28.67±0.32 29.78±0.26 31.54±0.62 32.43±0.09 34.78±0.41 35.31±0.51 36.31±0.37

29.03±0.19 30.12±0.04 30.89±0.02 33.05±0.18 - - -

28.67±0.32 29.97±0.32 31.89±0.28 32.88±0.01 - - -

29.03±0.19 29.03±0.19 30.58±0.02 - - - -

28.67±0.32 28.67±0.32 30.41±0.21 - - - -

29.03±0.19 30.74±0.38 - - - - -

28.67±0.32 30.97±0.47 - - - - -

29.03±0.19 3.1.02±0.03 - - - - -

28.67±0.32 31.32±0.02 - - - - -



- 437 -

0

102.45±0.21 102.04±0.23 101.55±0.44 100.29±0.28 99.87±0.01 98.77±0.26 98.06±0.33

102.78±0.44 102.11±0.54 101.36±0.16 101.19±0.49 100.8±0.39 99.78±0.72 99.52±0.58

102.45±0.21 101.89±0.11 101.42±0.01 100.08±0.04 99.48±0.25 98.23±0.42 97.77±0.08

102.78±0.44 101.88±0.32 100.93±0.38 100.67±0.32 99.61±0.10 99.26±0.05 99.01±0.12

102.45±0.21 101.45±0.07 101.09±0.02 99.88±0.11 - - -

102.78±0.44 101.54±0.31 100.22±0.06 99.57±0.72 - - -

102.45±0.21 101.03±0.13 100.76±0.42 - - - -

102.78±0.44 101.01±0.05 100.08±0.33 - - - -

102.45±0.21 100.83±0.78 - - - - -

102.78±0.44 100.71±0.18 - - - - -

102.45±0.21 100.42±0.31 - - - - -

102.78±0.44 100.22±0.24 - - - - -

77.42±0.32 77.01±0.12 76.43±0.27 76.02±0.02 75.82±0.38 75.51±0.03 75.22±0.01

78.29±0.62 77.74±0.22 77.61±0.41 77.32±0.38 76.77±0.19 76.59±0.13 76.03±0.42

77.42±0.32 76.68±0.22 76.02±0.18 75.78±0.03 75.02±0.02 74.93±0.21 74.23±0.33

78.29±0.62 77.03±0.04 76.98±0.08 76.33±0.32 76.01±0.03 75.99±0.32 75.43±0.26

77.42±0.32 76.33±0.29 75.83±0.02 75.22±0.21 - - -

78.29±0.62 76.67±0.06 76.01±0.07 75.78±0.55 - - -

77.42±0.32 76.02±0.06 75.52±0.43 - - - -

78.29±0.62 76.05±0.03 75.76±0.08 - - - -

77.42±0.32 76.59±0.02 - - - - -

78.29±0.62 75.82±0.43 - - - - -

77.42±0.32 78.21±0.03 - - - - -

78.29±0.62 75.23±0.28 - - - - -

128.02±0.29 128.41±0.72 128.95±0.49 129.04±0.02 129.52±0.38 129.88±0.01 130.23±0.34

128.55±0.38 128.94±0.28 129.38±0.01 129.71±0.66 130.22±0.28 130.76±0.12 131.48±0.22

128.02±0.29 128.93±0.32 129.63±0.33 130.22±0.33 130.89±0.28 131.02±0.33 131.78±0.02

128.55±0.38 129.43±0.23 129.88±0.29 130.28±0.28 130.39±0.05 131.78±0.04 132.22±0.45

128.02±0.29 129.32±0.28 129.92±0.22 130.87±0.63 - - -

128.55±0.38 129.87±0.29 130.52±0.39 130.92±0.28 - - -

128.02±0.29 129.83±0.32 130.43±0.28 - - - -

128.55±0.38 130.23±0.21 130.77±0.21 - - - -

128.02±0.29 130.02±0.28 - - - - -

128.55±0.38 130.88±0.31 - - - - -

128.02±0.29 128.02±0.29 - - - - -

128.55±0.38 128.55±0.38 - - - - -

- 438 -

80.33±0.02 79.57±0.26 78.51±0.19 78.27±0.09 77.71±0.04 77.62±0.23 77.45±0.51

79.54±0.41 79.91±0.06 78.81±0.02 78.41±0.33 77.53±0.17 77.21±0.07 77.03±0.28

80.33±0.02 78.86±0.01 78.01±0.06 77.61±0.02 77.04±0.26 76.61±0.41 76.03±0.27

79.04±0.41 78.55±0.25 77.51±0.28 77.15±0.27 76.59±0.51 76.04±0.57 75.73±0.15

80.33±0.02 78.03±0.06 76.93±0.21 76.32±0.37 - - -

79.04±0.41 77.83±0.31 76.61±0.05 75.44±0.38 - - -

80.33±0.02 77.51±0.19 76.11±0.05 - - - -

79.04±0.41 77.02±0.06 76.12±0.21 - - - -

80.33±0.02 76.55±0.07 - - - - -

79.04±0.41 76.31±0.21 - - - - -

80.33±0.02 76.03±0.21 - - - - -

79.04±0.41 75.98±0.58 - - - - -

-2.97±0.41 -3.09±0.09 -3.12±0.04 -3.56±0.65 -4.23±0.02 -4.61±0.15 -4.76±0.22

-3.56±0.22 -3.89±0.15 -4.04±0.02 -4.83±0.01 -5.04±0.29 -5.43±0.61 -5.59±0.18

-2.97±0.41 -3.68±0.27 -4.21±0.05 -4.44±0.06 -4.56±0.27 -4.98±0.12 -5.33±0.01

-3.56±0.22 -4.02±0.21 -4.55±0.41 -4.91±0.28 -5.51±0.26 -5.84±0.01 -5.81±0.47

-2.97±0.41 -4.01±0.03 -4.58±0.23 -4.71±0.01 - - -

-3.56±0.22 -4.38±0.06 -4.72±0.44 -5.19±0.51 - - -

-2.97±0.41 -4.56±0.01 -4.89±0.43 - - - -

-3.56±0.22 -4.76±0.51 -5.23±0.01 - - - -

-2.97±0.41 -4.71±0.31 - - - - -

-3.56±0.22 -4.95±0.21 - - - - -

-2.97±0.41 -4.87±0.28 - - - - -

-3.56±0.22 -5.22±0.04 - - - - -

29.03±0.19 29.67±0.01 30.22±0.11 32.05±0.05 33.56±0.01 34.01±0.04 35.32±0.24

28.67±0.32 29.22±0.06 30.88±0.26 31.98±0.07 33.77±0.27 34.32±0.29 35.01±0.37

29.03±0.19 29.83±0.04 30.61±0.09 32.87±0.41 34.06±0.22 34.78±0.01 35.91±0.07

28.67±0.32 29.78±0.26 31.54±0.62 32.43±0.09 34.78±0.41 35.31±0.51 36.31±0.37

29.03±0.19 30.12±0.04 30.89±0.02 33.05±0.18 - - -

28.67±0.32 29.97±0.32 31.89±0.28 32.88±0.01 - - -

29.03±0.19 29.03±0.19 30.58±0.02 - - - -

28.67±0.32 28.67±0.32 30.41±0.21 - - - -

29.03±0.19 30.74±0.38 - - - - -

28.67±0.32 30.97±0.47 - - - - -

29.03±0.19 3.1.02±0.03 - - - - -

28.67±0.32 31.32±0.02 - - - - -



- 439 - - 440 -

41.66±0.23 42.88±0.36 48.94±0.02 55.49±0.61 62.54±0.32 70.33±0.37 -

40.97±0.01 43.65±0.53 49.05±0.35 53.52±0.04 60.38±0.23 69.67±0.52 -

41.66±0.23 43.32±0.32 49.33±0.06 55.93±0.01 - - -

40.97±0.01 43.88±0.13 49.78±0.31 53.99±0.22 - - -

41.66±0.23 43.78±0.04 50.62±0.32 - - - -

40.97±0.01 44.32±0.27 50.35±0.02 - - - -

41.66±0.23 44.32±0.03 51.34±0.27 - - - -

40.97±0.01 44.18±0.26 51.23±0.38 - - - -

41.66±0.23 44.67±0.07 - - - - -

40.97±0.01 44.67±0.09 - - - - -

41.66±0.23 45.33±0.44 - - - - -

40.97±0.01 45.71±0.38 - - - - -

-10.55±0.61 -10.03±0.44 -9.86±0.36 -8.33±0.04 -6.04±0.05 -4.52±0.16 -

-11.03±0.22 -10.67±0.35 -9.93±0.54 -8.65±0.41 -6.43±0.22 -4.02±0.04 -

-10.55±0.61 -9.78±0.23 -9.21±0.43 -7.67±0.49 - - -

-11.03±0.22 -10.12±0.26 -9.28±0.29 -8.02±0.33 - - -

-10.55±0.61 -9.54±0.11 -9.12±0.04 - - - -

-11.03±0.22 -9.67±0.08 -8.92±0.47 - - - -

-10.55±0.61 -9.01±0.09 -8.77±0.35 - - - -

-11.03±0.22 -9.02±0.04 -8.33±0.21 - - - -

-10.55±0.61 -8.73±0.33 - - - - -

-11.03±0.22 -8.66±0.04 - - - - -

-10.55±0.61 -7.55±0.26 - - - - -

-11.03±0.22 -8.03±0.32 - - - - -

22.01±0.04 22.67±0.39 27.54±0.03 30.44±0.43 42.09±0.33 51.28±0.02 -

21.49±0.11 21.98±0.23 27.66±0.43 32.01±0.37 43.54±0.23 52.54±0.04 -

22.01±0.04 23.57±0.33 28.92±0.35 31.02±0.11 - - -

21.49±0.11 22.34±0.27 28.45±0.65 32.87±0.44 - - -

22.01±0.04 24.02±0.33 29.22±0.21 - - - -

21.49±0.11 22.89±0.29 29.31±0.37 - - - -

22.01±0.04 24.55±0.38 29.78±0.52 - - - -

21.49±0.11 23.82±0.55 29.94±0.48 - - - -

22.01±0.04 25.43±0.88 - - - - -

21.49±0.11 24.57±0.33 - - - - -

22.01±0.04 25.88±0.03 - - - - -

21.49±0.11 25.34±0.44 - - - - -



- 439 - - 440 -

41.66±0.23 42.88±0.36 48.94±0.02 55.49±0.61 62.54±0.32 70.33±0.37 -

40.97±0.01 43.65±0.53 49.05±0.35 53.52±0.04 60.38±0.23 69.67±0.52 -

41.66±0.23 43.32±0.32 49.33±0.06 55.93±0.01 - - -

40.97±0.01 43.88±0.13 49.78±0.31 53.99±0.22 - - -

41.66±0.23 43.78±0.04 50.62±0.32 - - - -

40.97±0.01 44.32±0.27 50.35±0.02 - - - -

41.66±0.23 44.32±0.03 51.34±0.27 - - - -

40.97±0.01 44.18±0.26 51.23±0.38 - - - -

41.66±0.23 44.67±0.07 - - - - -

40.97±0.01 44.67±0.09 - - - - -

41.66±0.23 45.33±0.44 - - - - -

40.97±0.01 45.71±0.38 - - - - -

-10.55±0.61 -10.03±0.44 -9.86±0.36 -8.33±0.04 -6.04±0.05 -4.52±0.16 -

-11.03±0.22 -10.67±0.35 -9.93±0.54 -8.65±0.41 -6.43±0.22 -4.02±0.04 -

-10.55±0.61 -9.78±0.23 -9.21±0.43 -7.67±0.49 - - -

-11.03±0.22 -10.12±0.26 -9.28±0.29 -8.02±0.33 - - -

-10.55±0.61 -9.54±0.11 -9.12±0.04 - - - -

-11.03±0.22 -9.67±0.08 -8.92±0.47 - - - -

-10.55±0.61 -9.01±0.09 -8.77±0.35 - - - -

-11.03±0.22 -9.02±0.04 -8.33±0.21 - - - -

-10.55±0.61 -8.73±0.33 - - - - -

-11.03±0.22 -8.66±0.04 - - - - -

-10.55±0.61 -7.55±0.26 - - - - -

-11.03±0.22 -8.03±0.32 - - - - -

22.01±0.04 22.67±0.39 27.54±0.03 30.44±0.43 42.09±0.33 51.28±0.02 -

21.49±0.11 21.98±0.23 27.66±0.43 32.01±0.37 43.54±0.23 52.54±0.04 -

22.01±0.04 23.57±0.33 28.92±0.35 31.02±0.11 - - -

21.49±0.11 22.34±0.27 28.45±0.65 32.87±0.44 - - -

22.01±0.04 24.02±0.33 29.22±0.21 - - - -

21.49±0.11 22.89±0.29 29.31±0.37 - - - -

22.01±0.04 24.55±0.38 29.78±0.52 - - - -

21.49±0.11 23.82±0.55 29.94±0.48 - - - -

22.01±0.04 25.43±0.88 - - - - -

21.49±0.11 24.57±0.33 - - - - -

22.01±0.04 25.88±0.03 - - - - -

21.49±0.11 25.34±0.44 - - - - -



- 441 -

0 5

2.88±0.21 5.34±0.33 11.29±0.21 15.72±0.49 20.51±0.24 32.22±0.03 36.12±0.23

3.17±0.44 6.37±0.28 10.83±0.03 20.38±0.21 24.78±0.01 30.26±0.44 35.21±0.36

2.88±0.21 6.02±0.02 11.87±0.51 16.55±0.01 22.39±0.12 - -

3.17±0.44 6.85±0.03 11.45±0.27 20.33±0.32 25.02±0.01 - -

2.88±0.21 6.58±0.38 12.45±0.23 16.22±0.32 - - -

3.17±0.44 7.37±0.56 12.01±0.02 20.83±0.43 - - -

2.88±0.21 7.01±0.23 12.89±0.15 - - - -

3.17±0.44 7.78±0.25 12.67±0.41 - - - -

2.88±0.21 7.33±0.29 - - - - -

3.17±0.44 8.38±0.08 - - - - -

2.88±0.21 7.89±0.02 - - - - -

3.17±0.44 8.56±0.55 - - - - -

-14.80±0.01 -12.06±0.28 -11.83±0.03 -9.84±0.07 -7.07±0.32 -6.33±0.39 -4.59±0.13

-15.44±0.33 -13.39±0.31 -12.08±0.24
-10.43±0.0

5
-8.32±9.37 -6.92±0.01 -5.11±0.39

-14.80±0.01 -11.33±0.32 -11.02±0.38 -9.31±0.02 -6.77±0.44 - -

-15.44±0.33 -12.74±0.01 -11.78±0.43
-10.21±0.0

3
-6.64±0.33 - -

-14.80±0.01 -11.03±0.26 -10.78±0.06 -8.92±0.12 - - -

-15.44±0.33 -12.32±-.08 -11.42±0.33 -9.82±0.02 - - -

-14.80±0.01 -10.78±0.42 -10.22±0.65 - - - -

-15.44±0.33 -11.56±0.23 -10.87±0.44 - - - -

-14.80±0.01 -10.32±0.29 - - - - -

-15.44±0.33 -10.54±0.02 - - - - -

-14.80±0.01 -9.87±-0.33 - - - - -

-15.44±0.33 -9.55±0.27 - - - - -

14.82±0.71 16.03±0.04 20.53±0.62 27.72±0.31 30.88±0.06 44.39±0.03 52.74±0.24

14.03±0.59 16.34±0.32 23.34±0.37 27.03±0.01 31.57±0.23 46.02±0.38 51.43±0.29

14.82±0.71 16.34±0.12 21.04±0.05 28.42±0.35 31.02±0.01 - -

14.03±0.59 16.08±0.05 23.96±0.41 27.67±0.54 32.04±0.38 - -

14.82±0.71 16.87±0.26 21.55±0.63 29.03±0.06 - - -

14.03±0.59 16.47±0.08 24.33±0.54 28.33±0.54 - - -

14.82±0.71 17.42±0.07 21.93±0.48 - - - -

14.03±0.59 17.05±0.04 24.98±0.08 - - - -

14.82±0.71 17.95±0.33 - - - - -

14.03±0.59 17.66±0.48 - - - - -

14.82±0.71 18.34±0.17 - - - - -

14.03±0.59 18.46±0.22 - - - - -

- 442 -



- 441 -

0 5

2.88±0.21 5.34±0.33 11.29±0.21 15.72±0.49 20.51±0.24 32.22±0.03 36.12±0.23

3.17±0.44 6.37±0.28 10.83±0.03 20.38±0.21 24.78±0.01 30.26±0.44 35.21±0.36

2.88±0.21 6.02±0.02 11.87±0.51 16.55±0.01 22.39±0.12 - -

3.17±0.44 6.85±0.03 11.45±0.27 20.33±0.32 25.02±0.01 - -

2.88±0.21 6.58±0.38 12.45±0.23 16.22±0.32 - - -

3.17±0.44 7.37±0.56 12.01±0.02 20.83±0.43 - - -

2.88±0.21 7.01±0.23 12.89±0.15 - - - -

3.17±0.44 7.78±0.25 12.67±0.41 - - - -

2.88±0.21 7.33±0.29 - - - - -

3.17±0.44 8.38±0.08 - - - - -

2.88±0.21 7.89±0.02 - - - - -

3.17±0.44 8.56±0.55 - - - - -

-14.80±0.01 -12.06±0.28 -11.83±0.03 -9.84±0.07 -7.07±0.32 -6.33±0.39 -4.59±0.13

-15.44±0.33 -13.39±0.31 -12.08±0.24
-10.43±0.0

5
-8.32±9.37 -6.92±0.01 -5.11±0.39

-14.80±0.01 -11.33±0.32 -11.02±0.38 -9.31±0.02 -6.77±0.44 - -

-15.44±0.33 -12.74±0.01 -11.78±0.43
-10.21±0.0

3
-6.64±0.33 - -

-14.80±0.01 -11.03±0.26 -10.78±0.06 -8.92±0.12 - - -

-15.44±0.33 -12.32±-.08 -11.42±0.33 -9.82±0.02 - - -
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3. 국가과학기술 기밀유지에 필요한 내용은 대외적으로 발표 또는

공개하여서는 아니 됩니다.
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