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Abstract

In this study, we examined the suitability of ten disinfection models for predicting the inactivation of Artemia sp. via single
or combined physical and chemical treatments. The effect of Hydraulic Retention Time (HRT) on the inactivation of Artemia
sp. was examined experimentally. Disinfection models were fitted to the experimental data by using the GlnaFi T plug-in for
Microsoft Excel. The inactivation model were evaluated on the basis of RMSE (Root Mean Square Error), SSE (mean Sum
Square Error) and r°. An inactivation model with the lowest RMSE, SSE and r* close to 1 was considered the best. The
Weibull+Tail model was found to be the most appropriate for predicting the inactivation of Artemia sp. via electrolytic
treatment and electrolytic-ultrasonic combined treatment. The Log-linear+Tail model was the most appropriate for modeling
inactivation via homogenization and combined el ectrolytic-homogenization treatment. The double Weibull disinfection model
was the most suitable for the predicting inactivation via ultrasonic treatment.
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Fig. 1. Schematic diagram of single continuous disinfection process.
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Fig. 2. Schematic diagram of complex continuous disinfection process.
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Table 1. Model types and equations applied in this experiment

Model type Model equation
i N o - kmaxt
I Log-linear 1og10 () = log(V,) — G0y
1log10 (V) = 10g10 (V) = kpad
Log-linear + Shoulder og10() = logl0 (8y) mla(; )
(Geeraerd et al., 2000) In (10) + o
1+(‘ 71)' eikmaxt
Log-linear + Tail logl0(N) = logm (10 10g10(N;) _ 4 (loglo ()
Il (Geeraerd et a., 2000) o Thnat) 4 qglogtolVe))
10g10 (V) = log10[(10"F°™) — 10
Log-linear + Shoulder + Tail et gl )
(Geeraerd et al., 2000) T4 (" 1) ekt
+ 101«»g111<A\',,~>]
Weibull t
log(10) N = 1og10(N,) — (=)P.
(Mafart et al., 2002) 0g(10)V = 10g10 () — ()
Weibull, Fixed p-parameter (Mafart et al., 2002) log(10) NV = 10g10(V,) — (%)1’
" Weibull + Tail log10(N) = 10g[(10 R T
(Albert and Mafart, 2003) « 10(’(61 101990%))
Double Weibull 1og10 (V) = log10 (10" 410 o (- @/s1 +a)
(Coroller et al., 2006) 410 @)y
Biphasic 10g10 (V) = logl0 (V)
(Cerf, 1977) Flogl0(f. e g (1—f). e !
v log10(V) = 1og10(V,) + logl0
Biphasic + Shoulder < ((f ety (1= ). ¢t
(Geeraerd et al., 2005) , glmaa®l

: —)
14+ ((z)'nm\\‘q —1). e Kt

N = the microbial cell density or number (CFU/mL)

No = initial microbia cell density (CFU/mL)

Nres = the residual population density (CFU/mL)

kmax = the first order inactivation rate constant (1/sec)

Sl = aparameter representing the shoulder (sec)

f = the fraction of theinitial population in amajor subpopulation (0-1)
(1-f) = thefraction of theinitial population in aminor subpopulation
kmax1, Kmaxz = the specific inactivation rates of the two populations, respectively (1/sec)
p = ashape parameter (-)

t=time

a = logo(f/(1-f))

6 = ascale parameter (sec)
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4% 2Eo] Ao glo] 7P FasiA] Zefeop
o 7o mo] Bebyale 2 Aush=xel HgA
o, RlZ AHsl= o7 A W &, 7M
e AN AuE 747t 2% nde BAA
2 AAksto] AYAIE SSE (least Sum Squared Error),
RMSE (Root Mean sum Squared Error), 37247
%= (A)E wmsks Zlolth Back et a.(2012)2- 747t
iy Hdlof] ijsto] of Skt Aadghe] SSEQFRMSE
7} 7 G Uk, ) 16] 717k Aol 2]
A% mdlo|zkal B st

& Aol ARERE B A At w2 H7 471
2 s 5 ok 3 A BRE olys B
Ae A= log-linear Fejolth & WA EE=
log-linear #lo] #|%]7|(shoulden) 7} LFeRH: e,
log-linear 7t2: 3 Z7|(tailing) 7} Lhelibi= e, 7
A719k B717} BAlol| e Pzt &atn), A
HQl B4 AR 13} RIS SEAS 7|22
sh= 5740] itk Al /A 5= log-linear +3 =
=r(convex)o| HYeh = FH, 2442 E2dst S
2 vehbs FeE gojEch o wg SR
log-linear <41, log-linear S¥ofl <|%]7]7} thehbs 5
%, 2=(concave) SAl, EEHOY @ 2410
ek 3 7] @Ato] ek S@So]c(Xiong et
al., 1999; Back et ., 2012). ¥ 917 3 107}4] <]
22 Artemia p.& 085101 ATt Aol 285}
At

3. Znt A n¥

3.1, H7|2s MBS A% BE M HFAIZ
e 3
718307t Artemia sp. E2/d3tol| u|2= FFE
ofoli 7] 9]3te] A= 2,65 A, A 2.6 V, A AL
3204 A ATE 10719] A% mdlo| 28519

tiFig. 3). Fig. 394 107}%] =& = Log-linear
+Shoulder+Tail &2, Weibull+Tal %2, Double
Weibull Zdlo] w2 Z3}eh mdla =] glo
7P Agkel Ak mdle AAsH| $l8te] GlnakiT
tool ¢ ¥ YAELE SSE, RMSE, 'S xAslo]
Table 2¢] Urebi it} SSE ¢kt RMSE 32 WA o
EpdE AEA)e B o E2)7F g5k mdo]et
L AL ojulat, 12 gho] 19]] 77he42 374l o)
=)0 2gstER A9t mdojgl= AL & 4
QJtHBack et d., 2012). Table 204 H0] r* 7S
272 s 0 Log-linear+Shoudler+Tail Xd!, Weibull
+Tail =2 2 Double Weibull Z2o] r* zre z+zh
0.9416, 0.9456, 0.9455= H|2=5}A] LrElyit). o] A
9 2= SSE 759 RMSE o] zH2F 0.301} 0.19392
71AF 22 7o 2 EE Weibull+Tall mdo] &2 4]
o At 71 At A o & = Qo

Weibull+Tail 2gof 223k=|o] Q1= Q1x}=2] 2ju]
L o}23} 2} Weibull+Tail ZE)(Table 1)of|4] 6=
A W\ = vdE =7t V102 743 wfj o] Ak
ol pi= 4] HeFE e JAEA p> 1
d = 559, p < 1Y g+ 5H1S oujgict
(Geeraerd et a., 2005; Back et al., 2012).
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Fig. 3. Application of eectrolysis single experimental data
on the ten models.
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AFAIZ —% 1~-5%% A3 7|HA] B2/t AE
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Table 39] Vel SIT) Weibull+Taill ZE9] Qlz=
Logio(No), Logio(Nres), 6, p&] 47F4o]tt. Logo(No)
2 %7] Artemia p.2] 7iA|=0]] LogE 3k o=
1.490]| 4] 1.659] H|aLd] FUFE 7hS YEfWch o=
z7] Artemia sp. 7HA|7H A SHA F-A1E Aol A
Aol & o] otk AS YJugith 6= Artemia
spe] ZhAI47F V102 3HAE wjo] Ao R A|FA|
b 1z0 M= 89.85% % ot AFAIES S7HAIR
upet 6= 7Aske] AFARE 5204 32.32% 24
37.2% ZHAstoit). ol AlFAlIte] S7HEel whet
Artemia p.9] B3t 427t SRR A1 2]
gtk 53] AIFAKE 1204 42714 9] § gho] Bt
12%9] zpol5 Yepfglom A7t 4~52717] 9]
Afolef § gho] 8%9] zfolE vl Ao Hot
Artemia p.2] E2HJ31E flaliA] A Y] AlFARS
4z9] Z o2 gkt

= B FA49] mokE el 2 AY

557d°ﬂ*1t AT 75200 p < 12 LrERton, o2

& AN

AFAEAAE p > 19 208 WSS9I 2 E
2 2 A 2dolM e SdAeke] HA19) mef2 A
FAIZE 52O A @ FEIR Jlow, thE AlFAIRE
Me 253 T FHIZ = @’*@V} Ei Bl

AL o 4 olrk p > 19] BEF THS B4
g A7} s —3—4 gk A7
epol

o] Z7HElel ufe p ghe AAshe A
X717} 3Ragichs 2 & 4= Qlgich 53] ARA
7k 45 7ol A AFAIZke] F7bEle] whet p 2k
o] A1 AAsteick

3.2, =30} Mel3He A= IH MAED MFAIZHol
meE g
225} A17]:5 500 W Qg5kA] 218k 27104
AIFEFATE A FAI7E 304 AT Auts 107H94
2:55510) 218413 23k Fig. 49] )
g o] SSE, RMSE, 1’ 32 Table 49]] urEm}o%u}
714 =& r® 4H0.9572) 7} 7P wHe- SSE 74(0.19),
RMSE 74(0.1555)& 54| o 23] & uff 7b4 215+
gt 24l Double Weibull 2@l 2 Lelytth Table 4
ol 5} Menu ltem 40]| error 2 L}gFo 22 #8314

Table2. Statistical results obtained when applying ten models available in GInaF T on the electrolysis single experimental data

Model type SSE RMSE r?
Menuitem 1 Log-linear 0.56 0.2363 0.8990
Log-linear + Shoulder
(Geetaerd et al., 2000) 056 0.2489 0.8992
: Log-linear + Tail
Menu item 2 (Gestaerd et al., 2000) 0.47 0.2297 0.9141
Log-linear + Shoulder + Tail
(Geetaerd et al., 2000) 0.32 0.2009 0.9416
Weibull
(Mafart et al., 2002) 055 0.2483 0.8997
Weibull, Fixed p-parameter
. (Mafart et dl., 2002) 056 0.2497 0.8985
Menuitem 3 Weibul + Tail
eibull + Tai
(Albert and Mafart, 2002) 0.30 0.1939 0.9456
Double Weibull
(Coroller et ., 2006) 0.30 0.1940 0.9455
Biphasic
_ (Cerf, 1977) 0.56 0.2642 0.8990
Menu item 4 Binhasic + Should
+
iphasic oulder 056 02624 05090

(Gestaerd et al., 2005)
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Table 3. Effect of HRT on the disinfection of Artemia sp. in electrolysis single process on the parameters of Weibull+Tail

model
Perameters Hydraulic retention time(sec)
1 3 4 5
Logso(No) 1.58 155 1.66 1.68
Logio(Nres) Q] Q] 0 0
8(sec) 86.85 74.67 62.05 40.68 32.32
p(-) 3.66 2.68 151 0.48

Realdata
Log-linear

— ——— Log-linear+8
————— Log-linear +T
Log-linear + S +T

Log(N)

05

0.0

Real data
Weibull

— — ——  Weibull Fixed
————— Weibull + T
—— ——  Double Weibull
BiphES\C

Log(N)

0.5

0.0

0.5

Time(hour)

Fig. 4. Application of ultrasound single experimental data
on the ten models.
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500 Wo =51} A|7]of| A Al FAI RS 1~-6x2
3N A AF3E A7+ Double Weibull o] 28
&lo] Table 59 Y ¢itt Double Weibull 2o
A FEEE RS2 Logw(No), o, 61, &, p & 57}
Alotk. Logio(No)= A3 A ®ffollA 1.66~1.74 7
£ 2 WEglo] HEE Q) Fig. 40] HEo] A4
A3 2} 7 (rea data)=48A]7F & Artemia p. 7iAl=7}
Hagt Aoz yehgton, 4841710l 65A17H7HA]
Artemia sp.2] 7RAlG= AJAB] ZHASHE AL 654]7F

o]% Artemia sp.&f ZWA|=7F ThA] BEEA] 74 A
© & UJelytt} Double weibull ZlofjA] E3lAgsl=
ko] Aol gt U/d e Zfolof wet = TIFo 2
TAEle] glow, 7k ko] Agro] Weibull H3zo]
wg} 6,3 &2 ARSI HCoroller et al., 2012).
Table 504 KH.5=0] &3} & o] AFAIZE 13004
7} 103.45%-9} 105.29% & LFERF O}, 2| 2A)7F 5%
w] 17.58%3} 21.23%2 7FAaE|o] A= st gt
‘go) FraE|o] E23t £t SUKeE Ao R UE
ok HE A FAIRA p < 12 U @5 ]
2 B Bt A 02 YEth AlFA|
1h& 7R ol whet p g2 sk A UERY
o] AA717}F Fagth= AS o 4= Sl

33. #AY| M2 BHe A5 Y MW HFAlZtol
mE gt

24719] 3|45 27,500 rpm, A FAI7E 320014
AT AIE 10712]19] 45 o] 285t Fig. 5
ofl LrERich. Fig. 5 1071%]2] mel % LogHinear
+Tail 29, Log-linear+Shoudler+Tail &2, Weibull
+Tail welo] gkeh wel2 Lpech

“1efuf Table 60 Lheh vhe} 2ol © ghe 2AR
g o Log-linear+Tail 223} Log-linear+Shoulder+
Tail ZE9] * 2k 0.99492 £l5)7 Leht Fig. 5
3 gUe AT dehligch 29n 2
Log-linear+Tall XEo] SSE ZHe 0.0140]%11
RMSE 712 0.0395% YEl ) Log-linear+Shoul der
+Tall ®»dl9] SSE ZFe 0.010]%la1 RMSE 7He
0.0419= YElyttt. Log-linear+Tail 2 E-2 Log-linear
meoA E7] @%do] yeRd Ziojm, Loglinear+
Shoulder+Tail =22 Log-linear E&ofA] Z]H]7]
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Table 4. Statistical results obtained when applying ten models available in GInaFi T on the experimental single ultrasound

process data
Model type SSE RMSE r?
Menu item 1 Log-linear 0.30 0.1734 0.9335
Log-linear + Shoulder
(Geetaerd et ., 2000) 0.22 0.1575 0.9506
. Log-linear + Tail
Menu item 2 (Gestaerd et dl., 2000) 0.23 0.1610 0.9484
Log-linear + Shoulder + Tail
(Geetaerd et ., 2000) 0.22 0.1657 0.9514
Weibull
(Mafart et al., 2002) 0.22 0.1553 0.9520
Weibull, Fixed p-parameter
. (Mafart et ., 2002) 0.31 0.1857 0.9314
Menu item 3 Weibull + Tl
eibull + Ta
(Albert and Mafart, 2002) 0.22 0.1645 0.9521
Double Weibull
(Coroller et al., 2006) 0.19 0.1555 0.9572
Biphasic
' (Cerf, 1977) 0.23 0.1708 0.9484
Menu item 4 Biphasic + Should
+
ipnasic oucer Error Error Error

(Geetaerd et al., 2005)

A4 7] @dol Aol WE Ao mA S 7t 78 HTO] Ao A B 12 UERyY| uf

AA|719] o), kmaciz BIEZ/S}E HEF5 On|3ith ol Menu Item 40]li= error = FEA|SFAL RES 2

(Geeraerd et d., 2000). Fig. 5] A real datas 2 'H A 31A] krrh

3] A% Artemia 9.2] /WA S5HA DaE e n Log-linear+Tail X @1} Log-linear+Shoulder+Tail

B A7) o] WAYSHA] ghe Ao ' ThdE Sl el vlwshal 2% Aest] s #4719 AR
Table 6°] o]/4% X<l Biphasic =243} Biphasic AZRE 1-52= WHIAA A¥ste] Ad A

+Shoulder 2 A& 710l A 9 ot} 2R A tho] Log-linear+Tail 243} Log-linear+Shoulder+Tail &

S| o] Q7] wjZel gk Feto] ARA|RE ()2 0 < gl 2gA]AH WAE CREL Ae]sto] Table 73} 89
f < 10] wojof FhrHGeeraerd et a., 2000). H]-& f R gict

Table 5. Effect of HRT on the disinfection of Artemia sp. in ultrasound single process on the parameters of Double Weibull

model
Hydraulic retention time(sec)
Parameters
1 2 3 4 5
Logio(No) 1.68 1.66 171 177 174
a 134 177 177 0.33 177
61(sec) 103.45 65.79 48.70 80.05 17.58
52(seC) 105.29 65.79 48.70 83.25 21.23

p-) 173 095 0.67 0.85 031
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20 Log-linear+Tail 2dlo]] 2-8-AA X AiKTable 7),
P e Logio(No) = 1.70~1.74% 1|12 7o) Aga}A) Lie}
St ok Loguo(Nie) = A FAIZE 120 4E 00302 1}
T e Ehghon, JFRAZE 2520 AL 002 UepdoR
A 2 27104 Artemia sp. 2] BT A
AR 1S o 5= oIt BEEAE £ 5 o]
= K= A 2AI7E 120) 4] 270.81 1/secS K90
_ 1, A FA|7F 2~320]| 4] 390.53 1/sec, 500.40 1/secE
05 7R AFARE 4% ool AlFAIZIelA
15 — _' — “fﬁé"ﬁ‘:d mace= AT ZHS YERfQith 18] 2 & Artemia sp.
TITT S e S 28X} Al7)7] el AFAIES 4% oL
= GAsloF e W ak Qs Ao PerE ek
el AEA1%] Z3E Log-linear+Shoulder+Tail &lo]
Yo 29 A7 2 A3HTable 8), Logio(No) 42} Logio(Nres)
I e e e—— Zrol Log-linear+Tail mdly} -2 3RS yepgom,
T oiREs SRS () E 2 S UERRR

Log(N)

|

Log(N)
>.

o8 0 20 40 80 80 100 120 Iq-
Time{hour) X]iﬂ7]—§‘ 941:’]6_]':8' %}:O] _%_Q] ]”% I’I'FJ'LH7] ]IH
Fig. 5. Application of homogenizer single process experimenta Fof| AA717F ¢l & 4= A9tk Menu item 29
data on the ten models.

Table 6. Statistical results obtained when applying ten models available in GInaF T on the experimental homogenizer single

process data
Menuitem 1 Log-linear 1.99 0.4455 0.2043
Log-linear + Shoulder
(Gestaerd et al., 2000) 164 0.4265 0.4033
) Log-linear + Tail
Menuitem 2 (Geetaerd et al., 2000) 0.014 0.0395 0.9949
Log-linear + Shoulder + Tail
(Gestaerd et al., 2000) 0.01 0.0419 0.9949
Weibull
(Mafart et al., 2002) 0.54 0.2452 0.8028
Weibull, Fixed p-parameter
, (Mafart et al., 2002) 2 04712 02718
Menuitem 3 Weibull + Tail
eibull + Tai
(Albert and Mafart, 2002) 0.07 0.0047 0.9739
Double Weibull
(Coroller et al., 2006) 0.32 0.2005 0.8828
Biphasic
. (Cerf, 1977) Error Error Error
Menu item 4 Bivhesic + Should
+
iphasic + Shoulder Error Error o

(Geetaerd et al., 2005)
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Table 7. Effect of HRT on the disinfection of Artemia sp. in homogenizer single process on the parameters of Log-linear+Tail

model
Hydraulic retention tim:
Parameters Y =)
1 2 3 4 5
Log10(No) 1.70 1.70 1.70 174 174
Log10(Nres) 0.03 0 0 0 0
Kmax(1/seC) 270.81 390.53 500.40 1009.76 1009.76
o] & e F X|H7|7} gl Loglinear+Tall mdlo] o2 ek
= A9 2ol 73 ARt A o= wetE gl A7) S8t A7) 53 22578 ol-8-5to] Artemia
sp.o] B3t v x]= A FAIES 1-6% 2 BISHA

3.4, =g X2lSYe A% 2H MY

A7)l AR 265 A, A 2.6 VE LA,

#4719 3AA} AL EE 27,500 rpm, 2L}

L2500 We| &8 02 G5t 204 AJFAIZH
]

7] B3}t AF IS Log-linear+Tail mElo] 28
3 A7E Table 100 YRS Logi(No)= 1.74
2 A3 7S 920, Logio(Nre) Z0] 002
e B85t b sHA| o] ol A= A o2 et

&
_%
1522 RSA7IA 53 Helggel) A5 des ) el A7) HelaAL o] &3t Aule} ujss)
A =T ARege) ok mAS WIS oy avjseperay) Bak Qe ol
H O 0] ZJalaLzl o] AlFurH I} ZF = 31z O = ] e
Ho}—\:lt‘a'ax‘]ﬂo O"] == “"]—EE]—TOOE 23514 a1z ] a1
ot : Artemia sp. o] B3HAslol 17|58) BH} #247] 2
AT =T 42 dd dife] 105572 &5 wd A B4 A837] gl AFAIRE 1-3% 1
S #2834 SSE ZF RMSE ZH} r? 2 713t & %) °= © o h
= 416 W g A K ZF-S- TH] H217] A2l 24 B} =7 Uehton,
2 AE pdlS 3t 22 X450 Table 99 LR max BT 4] 1o
5 A5 e-;_- ST LVO e . A A7) FA Q] Aso] A7|E) FH R} Artemia sp.
o} A7|1Es+ddr] 53 A2egS Log-linear o] Bapuse] Sat 2102 Tekslo] A7) 4
+Tdl 2] MW A2 LR, W) e % oA Z7lslH A7+ A7) BeE A o241}
Oyl HEl % 1% O 1 i ol 2A5)l5 - S o
=R ARTAE WeibullTal ROl MR o) S ey gge 2 xolr) gl Aow wa

Table 8. Effect of HRT on the disinfection of Artemia sp. in homogenizer single process on the parameters of Log-linear
+Shoulder+Tail mode!

Hydraulic retention time(sec)

Parameters

1 2 3 4 5

Logio(No) 1.70 1.70 1.70 1.74 1.74
L0gio(Nres) 0.03 0 0 0 0

Kmae(1/520) 3 364 4.05 5.11 511

Si(sec) -201 -1.97 -2.02 -3.35 -335

Table 9. Statistical results obtained when applying model available in GlnaFT on electrolysis and homogenizer complex
continuous process data

Experimental conditions Model type SSE RMSE r

Electrolysis + homogeni zer Log-linear + Tail 0 0 1

Electrolysis + ultrasound Weibull + Tail 0.23 0.1689 0.9484




=o]-3f8H2 2|3 4& o83 Artemia sp. S22/ sto] gt 4wl

A48

431

Table 10. Effect of HRT on the disinfection of Artemia sp. in electrolysis and homogenizer complex continuous process on the

parameters of Log-linear+Tail model

Hydraulic retention time(sec)

Parameters

1 2 3 4 5
Log10(No) 174 1.74 174 1.74 174
Logio(Nres) 0 0 0 0 0
Kmax(1/seC) 439.44 508.77 518.33 1009.76 1009.76

Table 11.
process on the parameters of Weibull+Tail model

Effect of HRT on the disinfection of Artemia sp. in eectrolysis and homogenizer complex continuous

Hydraulic retention time(sec)

Parameters

1 2 3 4 5
Logio(No) 153 1.61 146 152 1.70
Logio(Nre) 0 0 ¢ 0 0
&(sec) 71.39 50.79 42.92 41.98 4.14
p(-) 191 141 1.63 0.50 0.17
A0, Kmafl- 1009.76 2 FAT groz yelyt A7+ 25 53k A2S Aol A HRT ®isjo] ot
o 2P ER AFARE 122k B2 asAReE 2 Artemiasp. 28743 A3 23S Microsoft Excle
Artemia sp.& P BRI = e AR Y O 7} 715F SRl GInaRTE o83t H 34
Bt AEwES Agsto] thao AaE Allrk
Wldsprzsat 53 AR AHE o8t D Aed 5

Artemia sp. 2] E8/d3}o]| 1| R]= A FAI ol gt
e 4=3Y5}0], 1 A3= Welbull+Tail 2elof 28
3lod Table 119 A 23}tk Logio(No)= 1.46~1.70
2 UEgten, § glo] AlFAILE 1~4% ko] A A1 3]
Al om, HFAE 4xolA 522 HIAF] |
et 4.14% % G5 A A= YEyith p gt
T o] Qe ACR Ueyith 69 p 7E2 AT
AZE 520l A 71 WA e o =4 S8 S
7} 7V wETH= A o = Uitk 1gEE 2 A
A 2o A= AFAIKE 5204 2243 7S &
=202 g Qi

M 4 Qe Ao

=! [e3]
=

AR

P o]l EAfohs EA 2o
a3z 02 Aejal] galol 17)

d S A2+t A7),

)

%5of ue} Artemia sp. o] 2245}
S Afol7h 9T B M= Afol7k Aick
2) Artemia sp. 2] A5 G317} 7MY 2 oAV o
S8 A7 Esi+td7] S RS A7
9l= mdo] Log-linear+Tail ®dlo] 713 Agls)
T Log-linear+Tail elofl A 22 S4RJIAE =
SE7] 917 QIAbE BlEEAIS S Kma (UseC) gk
O] ATk kmax (Usec) grol S7Fete] wheh 28/d3 &
w7} webAr),

3) A7|Esl BAT Y 27| E)- 2ot B A
23 ol A= Weibull+Tail welo] 71 #/ghakict.
Weibull+Tail SLelofjA] 22} Q1A= 6 (sec) gkt
=9dse] AA71E FAIBR= p () kol ATk AlFA]
7r0] 27l wek 6 (se) gk p (-)3h HolHl Ao
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