http://dx.doi.org/10.14383/SIME.2017.25.2.89

ANBALAT BFAEA 299
Axe @R TAE Ads FA

<E Z>
[ A=
II. o]2% w74
Az BAd ZAHE 7] E7 e}
AA - AA - ALSA a1 4
V. 2%

IEXE | A FAI "ol ko] X Yojy 3} A 7ol HFH o = B
A"l FElo] AlFo R w7t AA wd B oy, uE, $4 5 A 1z 5y Uy
SHAl AAIE o] Q. old we} EIAEAI AR e] V=XsE olslstr] flElA= 7]EsE
FAY 7lEHH =8E JojA EFAEALES e AASE 8 0] 7St v
S F3How uAstE Aol ettt ol wet B AFdAE dAE B FHE
AE TR BtAIEAI2~E 7|Edste dish A A, a8 As A gRle] o s
THA o= Attt AE Rl 718ke 12k Ak59F vheFst Har F3 e ke 22 A RS
3oz a8t Ay 94 )& sl “dAEe] iy 485 9% S8A77(1950

* 0] =2 20159 % AN AJ(EHE7| &Y A AL B3] o = Sl
Aete] A YPS whol AH 1 S-(NRF-2015-S1A3A-2046742).

ok AUt 7leddATdstY Ve d gy 2ug, A1A A (cloudnine@pknu.ac.kr)

wik S Il &9l V)E A Gty Haulg 5 AR (wonjoon kim@kaist.edu)
wiex Sk )8l 7| e AGNE 2ug, FEAA (minki.kim@kaist.ac kr)
s S A A A9 AL WA A 2} (cycho@kaeri.re kr)



B

A A Sk 1A 2019709 ), “d At

Z”7(19801d th ~20001d e $-¥h), 2] ar *
o] #g-dste} ApAl) LA 7= IR (2010d ) SRk ~FA)) o] 4dA o 2

2]

d o) ~1960 3 dh),

R

A2}

7} £

]

A
20

Ls

A A 22 2=

=13
=

it

SR
sol glof 7hare] uA A

=
T

_‘|

3

9]

4

L

1

=
%

=)
13

o
1l

9%

=
=

v

A ¥

= 2ok AA

FATE 2 Ak A

sols

A

Al =gle) 7exlEkE

el

ST
™

A

k)

Rt
A 71 ele)7} Qe webq B

]
=

A

=2 7]

= =271

5

3F 1=}

[e] [e}
g8 54

A A 2

g



Macro-environmental Drivers and Technological Evolution of
Complex Product System: Evidence from Nuclear Power Plant

Kiho Kwak - Wonjoon Kim + Minki Kim + Chang Yeon Cho

Abstract : Complex product systems (CoPs) is a engineering—intensive products with
high—ended design technology, which are closely linked with national economic growth and
development of social infrastructures. Accordingly, in order to understand the technological
evolution of CoPs, it is necessary to identify the macro—environmental drivers surrounding
the CoPs and their impact on the technological evolution of the CoPS. Therefore, we
investigate the effect of policy, economic and social drivers on the technological evolution
of CoPS by implementing the longitudinal case study on nuclear power plant during the
periods between 1950 and 2010s. Based on the analysis of various sources of secondary
data and primary data through interviews, we found that the technological evolution of
nuclear power plant is progressed as “Phase 1: Application research for peaceful utilization
of nuclear energy” between 1950s and 1960s, “Phase 2: The first renaissance of nuclear
energy’ during 1970s, “Phase 3: Enhancement of safety and the catch-up of latecomers in
nuclear energy” between 1990s and 2000s, and “Phase 4: Top prioritization of safety and
the development of next generation reactors for the second renaissance of nuclear energy”
since 2010s. We also found that various kinds of policy, economic and social drivers, such
as energy policy, investment in technology development, economic growth and energy
demand, social acceptability and environmental concern, have affected the technology
evolution of nuclear power plant at each phase. We emphasize the role of macro—
environmental drivers in the technological evolution of CoPS. We also suggest that
countries that endeavor to develop CoPs need to utilize those drivers for enhancing

competitiveness and sustaining leadership.

Key Words : Complex product system, Technological evolution, Macro—environmental

drivers, Nuclear power plant
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2 3hi= Etfo]&(Grounded Theory)S 283}
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£ A, A, AEH 202 £EHa, o5 folo] 4d J1ERste] v G B
=) > = O
Yoz wARAT 1 daks <Y 3>34 rk GA, AA, ARH 2918 AgHow
B =) = =] = =
Tt om, o] & F3l 7 815l AVIHE U FHAoR WEsl=AE ol
=L O~ = o 2~ = =1 O = = e
3 g JEE SHTE 7 AZIER A Vexshd s vl AA AA| ALSA &
Aol tigh FAIg A M Aol AASATt
M 1950ati~19606 ] 2] 19708 1) 31 1980 j~2000d ) Sk 4] 201069~ A
Al « o 2
FE|| -ai99394 gee9n “RAY AN R “249 4 34 Ang i
o o A » ” A AR
$gAT LT O 2039 23 AT S 4
u]= ojo) &34 ¢ “H S T w5 A A F2] £9(Pooling) =] A 48 94 Ad Fd 54, @719, ol2e et T K=
Az A9 (1953)n|--.‘:,'-11|3] A= i S A AR 7€ AL AL At 44 24 Ah 34 4
e AA A 84 AD BA5 | g2l St AL F =8 | PWR % BWR &4 &4l
W= dA= 4% == 7 H(Power = Euek $evete %:1_‘7.4_ Ans A= AR 7| LY 31'13‘235—4 32k ofju]
;gji’ Demonstration Reactor Program, Z] A a‘%‘}i} 7 %:éz;‘tgs{ = 37 44 = =0 44 0= Ad 5o
. PDRP) 53 (1955) * dE:FREg N AA V1S « 2-2ubek OPR1000(1,000MW) ) NG
’gﬂ e s £ st N4 (1,450MW) Soshnlg AT =5
- AAFA AR $2 F7F | | 1, 2% 4 3% (Oil Shock)t ‘ AA AA AR Z2g VA £ 2 | -?-All‘]’}:]\:—ﬂ—‘%i ;’1}* }5}? ;}zion
Ne 7 4% 2, A7~ 714 3 o % 214 obst A
1519 357 A4 348 o[ 8ol = £ M7t
o2 A 93T 4] A 3 Aest LA g7 E 4 2End, A2l AR A% ¥ Hds &ﬂﬂl et AL A B4t
714 A #2 AA dAd g dF A 43} il
= 74 7% (Proof of Concept)} 240 28 AR AR 7)o A A gkl A5 [« 34 QbR QA A3 )
1A °1 A e 274 =4 (3*1]4 AApz) 7t kA A3 - HA FHeA3h
- AT FANRE 719 - AR BA &), - FEhEH AANE Y F(T1)5H A7 % gt
W ok & sk A A gn — 2151 A3 604 3AI ) ou] e P Ak 7hs A
&8 (PWR %2], Pressurized - R 404 - 3 A&
Water Reactor) - El ot AR A 7)E E - AR AL SEHS A%
- AAE e Az % PWR, PHWR, BWR, - nEsh 3 A8 gt
- AAY HRE 9B AGR(GCR) &
= FO AR WEA (L) = e A DS 8
e LI 27190 5% GE, — 22 Civaux (1,495MW, — %3 3k0] % (1,100MW,
ﬂg Westinghouse, AREVA 5 PWR) AP1000, PWR) (2017d 6%)
& 15.7)(60MW) - 4% 5/6%.7] (1,000MW, PWR)
E(100MW) = o AR A = 2011 Y FFAm) tho] X
F-2H(166MW) (A 8) . e 3 Axpe E9| fiaZu
- HYELE 1235 7](1,120MW) — maag °1x}i A7) B 9l LS Y E AR
— 3] 157)(587TMW) 34t A 7HE (N4, 1996%)
- g 3 47 7HE: OPR = 4A AR AFE A 99
1000 (1998, 241 t), PWR) 6ul T1 29l s F SFR,
— S22} APR1400 (34T, VHTR, MSR, GFR, LFR, SCWR
PWR) 4+&842007d) 2
obghel v 2] = 4% (47], 2000
I 44 a0 [0 244 o, [ 4914 89
07 3> AR wXN BdEl J|& Mt PeS olF M, AA, AEEH 2ol

2.1 17]1(1950d o ~196

A 1719 2 S
A2z AA Hd F=7
e X% Aew

o729 7]
F RS

dctEn 53] vl

2~

=313}l JEgs

S

ol gl gk
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EEIRCECERECE EE3O

S v A 921s mEsEH 194543
Z1thell wh2 A xde] 94 7]ex
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AATA N AL aL, ool mEf WHAIUIZE Azt whet ] A vEe], W

QAR 7| A -5 Aoty f1st A x| o] th FHH A o= A4

S 7 w7 RA A =), o2 e A YAk WA 7 F=(the nuclear power race) 2Fal
3

a3 tHWalker and Wellock, 2010). o]# g+ & o] 4] Ab#l= 19531 UN &3] <]

o

Ao} wl= ool At thEE o] “FEE 91k YA (atoms for peace)” Aol & H
AE sE5Fead 22 T8 dds 49 oA Ao} A v=e] ARy Ves
TAH O R Satgoma MAl YA W AP A 915 Frelr] g EH A
HI EZH A & 227, 2000). 3 vl Ab=r 7] goll 2w A d& &8 vzt +
Lo R&D ¥ =8 F317138S M AlAE Fee] TAY 9 148 S8se

™ (Thomas, 1988), 1956\ A= AF ZZa3l(Power Demonstration Reactor
Program, PDRP) +H< &3l ®17te] 7|&daS AAH o2 2935 vHBuck, 1983).
o5 &l W= 1957 12€0)] 7t TR Ao AFEE AdE P35t A
SFATHETR & 227, 2006).

n=ro] “gstE 99k AT A ol % 7 WA S5 I Aoty diE

= 1954 23595 Qo] 1 R&D dlibS vl skar, mAul SlEHX], m=H]A] 41
5 7IRE AR Ve s FAsdh ol % 19559 A 71EH A Y
S 19561 A A A4, 1957 AL AR /N2 B|ALE Aolo] Hsgl o,
19654 = 2] & dx7s =9 AkS T8 Etolet 4 166MW) ] -<Fel 4
S SFATHENERE mRALS, 2006, A5, 2014; <X et al, 2011)

50

oConstruction starts o Grid connections I

é 0 = —HH 5 —7a
8 ] 5 l su
[ 1_L_J_annni % e 1 4l Il o

, RN LTI M mﬂﬂﬂﬂﬂﬂﬂimmmmmm iyl

A} & International Atomic Energy Agency (2016), Nuclear Power Reactors in the World, Vienna: IAEA
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1719 94 7= xstel] FEFE v A a9 A2} Aﬂﬁ]ﬂ]ﬂ o] o] AJAA I
= 1950 - 1960t S wk7kA] ZAd i v] o U A
Z~H] 5~10%0°l °o]ZF (EIA, 1994), 19651 ~1970\d M| AH - oy A
2oH] S7FE T3 AT 6%0l S ITHBP, 2016). ololl whel vl=r, My ), =
297l 5 AA Z=oll A fd o] A ET] AR AT et al., 2011; TAEA, 2016).
2ol <adg 4>oME & F o] 19601 d ~1970\d Ato] el Yo = B 177
71el] o] Z2THIAEA, 2016).

A7) Aaeh AA 8213 AAA a1S FA A Exlste] deEoldld v
AAANS T8 5 e 7182 2839t 2 A2 Rossin and Rieck (1978)2] ol
=W 1960 d ) FF7EA] w= ] o] kW d A H]E-2 AesteEdel v
oF 30% 7F# W] Th T3k Lovering et al.(2016)8] AARE &-85fo] 2&E3) )= H4A
Het A4 v]-8(201088 7]19)-2> 1950 o ~ 1960 off 21.8 E&)/MW= 19701 th(4.0 €&
/MW)oll HI3l 5Hl o] =4t o] W] AAEY Bilolde A oA o
8] A7 vl kS AARRIGE T1Eu kA IR “HskE fIeh AT A
e AYA 7\] A, 2 A o Sk &S AAA aRlel e ts ded gy

=0 #HolA 17] 94 7= Mste] s440 FFs
T A7l e AR A A S-S54 Ao R FIESH 1719
A 7ed3tE FE2g vTolA e 9 7leXsE 7HEstete Al A= ool gl3l

ow], 9o] AR akel A Aol Fleld RAojeh= ez w;ﬁu o
3]
AN

2
B
o
fo
ol\
N
38
_ﬁ
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=
_l-LI

rir
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W)

gelgh AZZAto A& g1t 4= AT E, 1996, Balogh, 1991). Ui H3F 3|2 A
uhol U7hAb7) o 9AE R Fajel e s QA= o glolehs S5
ol A2zt AANHE = 1% 71195410 ~19734) F<2t FHIshA A A=Ak
F,2014). 53] Q| Arj AR SN 9] e hF] S5 2
2 e e s 1A - ER, A A 5 TeE gF opES dRdow
A= 2A 7oA EF, 2014).
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2 A 10d g¥] 50% o] E7 et ATare] xA
Az, obef <3 1> #Zo] F7I7t vl=e] 9 £ AAHL 16172 17] div] 28] 7}
|95 36.1% S7FSIATHELA, 1997). o]¢F 22 9Ad

{o

oA w=r AE A9 EH(Pooling) A% gt
A

T} o] S
AtHWalker and Wellock, 2010). 43 A% &7 Alkegh dda 3F 45 A7

J
ol & 7 SATHe A A Al A7, 2001). %7&9] 785 ﬂ%ﬁéﬁ}%— 3 S| AA a3

T A7) W7o, E AL A= A Am 7IRE WA v ek A A
2 g3 tHWalker and Wellock, 2010). olol we} 94 AA A &2 27]9)
LOOOMWH 0.2 7} 2] AFsatqlom, olo we} 27]¢d= 7HE 2 (PWR), 71t
FZ(PHWR), Bl545ZBWR), AZd 71098244 9AZ(AGR), 71448 A=
(VVER)# 22 vhFgh a2 A7) 7]so] Sate] e A7 - didstsE s 94 A%

s

o FEPL SuaA ek FUOE o AR A V1% S Az A%
4 AFol 29 AR FH9) ¥E A4 E] BAAY 5 /1EH BRAYS =

ol A#Z op7|slgitt. oldl wel nF AR 9A VeXgE =
= ]

<I 1> 0[=2| 19504 ~1970d ] A U™ ZWHE LF &

A7) wE Ad 0D gt AA 2 &FMW)
19504 th ~ 1960 o 88 803.2
1950 6 1395
1960 o 82 851.8
1970 o 161 1,092.8

2bE: EIAQ1997)9l 714dbake] oA x} a4

27] YA 71=XsE g 7SR AAA aQle 2= Zb7y 19733 2 1979\ o] i
A7 1, 27 A6 5150l Shock)olth. 271#9] A f 35S S AR L5 See)
o QRO solF AFA olUA Y £y Baye Axstgon, oo e $

Zubehs 19784 49 HExo] Yo = 118 15 7|(68TMW) & 7hs3al7] el o] &t 53]
et 4R QA AR ohe AAA SEs @ ouA ot FojahE )
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of Ba % A7k HlE] FHOR 914 9ol mekGielecki and Hewlett, 1994), AH3]
g uge FUT £ verolek: Qo] 3

X,
rE
2
>
0,
N
o
4
uu)
S
i)
i3
2l
1o,
et
ol
to

2F=E 7] AlzFet A tH(Walker and Wellock, 2010). ©]= 1970t 07 A174e] 14 24914

2 713w 9o A Tad 2= e e, 94 Ve gl A=

& 5908 A8a9r) olg 2o AW $EEL 1,24 A% HF olF FUAnAL
Herom MAshs I e AR A F5 S04 0% 9 Atk Az

EIA(2004)°ﬂ W}E‘:’d %/\1 Aek 7HAE 19709 B9 23.02 2104 19751 50.99 & = 20

2.3 37]1(1980 At ~2000 4t $-&h), “AA= dbd kA Aot
o) 377

371 19799 2]k AR w4l E8AFL, 1986 A2 4z i ZWHE )
WAk 75 AR ols] F435] gabE w4 8-8(Core Meltdown), W3k ¥ 4= v &=
of M st AefAe] €4 2 9(Thermal Pollution) &2 A =4S E214]17]7]
98t o] AEAH o g AE Al7]o|t}h k)] AbmE ola)] n=S 1980 ] o] & AlTF
Ad Ad A Fdolgk= AAS HA ol ofv] FEEHAE ] E5rt g

AHe] 934

A3 5= 917)o FHskd th(Davies, 2012; EIA, 1997).2) o] % AbaLz}
q q

of that A 54 SARM gl an, olyA A dd e AR 8=

A Qalo] FAA Q1A AFslsh= 7]l AH 7|t X]é? ] STHOECD, 2010). ©] yhol
%= Hohenemser and Renn(1988)2] Aol A A2x®l Alal o]F §3 7159 A &
ol tighk vt o Zo] F43] Eoldo] Rl o ulare] A 2Pl AF 2 Y

A3 97 A4 el S W&ol 19761 45%00A4 el AFmA979d) ol F

) AAR w=e] At 4 AL 20139714 T E JATHIAEA, 2016).
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60%, A== AF3L(19861) o] & 70%7HA] “d<53FA tHRenn, 1990). o] &gt
Ao kAol et tEo] Tl S, AEA A, 2elar o] 2 QIgh AR A 84
°o}st7} 19 = =7t =dke EA7F obd A AR EAI S-S AlAFE
olo wet & Al7]e] 9d 7l=xIstE A% A 2o derhq] =3 Y3}, TR
o A& FHAAM HAA ALE A e AAE AL V] SAFEAAR
M, A 79 =5, AA B3t F3, agla A6 A Aoz
WA obAA A are] HH oA w=ke] Westinghouse: 1986\ K- o] Fo]zl n|=+ o
A4 (Department of Energy)2] Aol ddo] Abar A Al 2 xle] =9 ¢l
2 AR Wzto] 7k & (Passive) b AV =S A&3 7MY =(PWR)
o] MAt == 22 AP600= 7R3ttt (Conway, 1938). 199911 AP600°] W=
ARG FA N LI ZHE A 1S5S I5FomA AA dAE A4S SiAbaL 3
SES TAY gib] 90% o3 A oH, 606d2] 758 (Operating Life) Alt&
GA FTHIAEA, 2011).
T A7l 9 kA A E 9% B o A A9 4 e F(Human Error)9] =
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58 wdstsE A=A o] Al ~ 8 (Man-Machine Interface System) 70, 49 F#
gk AlEEolE JhEel] thEk Aol & Al7]el A &= tH(Swaton, et al. 1987).

ASA A 272 1990 ) o] 5 txd WAoo Hetgo] wet o5 weE A%
sttt =8 geisold (Defense—in—depth), 3384 ¢bxl AW (Engineered
Safety Features), 1= W Ako] 2wk A 7] 5= (General Design Criteria) ¥} #2 thoF
gk bd 713 A7 s o] AAtE Aol A& Ak
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AA Hal o) 3 SASIATHWNA, 2017h; &571, 2015). HEo] g~
A7 #F FRE T3 94 AMNE, BF wA, ARG nES g or dys
T UNe, 1980 THE o] wl=r Wk vre A A g RGR 8-S G sk A

T3 H(Dickson, 1986). ool whe} &k~ = 19809 ] o] T=r 2 -2 yeh(she 1,

o] g 71%76_@} e AR o g VAT EPWR) g AR 7= AujA A
Al(Dominant Design)?® A #< Zutaldict /M4 d2E 447149 v545+2Z(BWR)
Walo] gl W &8-S "Wo XX WHPWR 33%, BWR 37%) /\}.TL Al =4 W@z Ao,
AHE T AR A EHA SHolA o kA Vs E g A JTHEsr, 2012 S
HAxE, 2011). AAZ 7FFE TR WAL 1930 ] o] % Al Hf&o] 543 st
A=), IAEA(2016)° 7]9kgh A2te] #4143 1950 o) ~70 o] 7Hh = dd
A4 ¥)F2 44.3%°] MER o 1980 o ~2000 o] F8ke] ZRH R A 1A )
T2 679%= AA 78k 1 A3 201569 12€ dA 7 S92 99 639%,
A T AAY &1%7F 7HH R WAS AEsta ATGE 2).4 ol¢ 2 TS

daome] AujA A YL o]F9 dd 7= Msh Fs] B2 AT
and Error)ol] 7|Wket 5304 a1t}
1978; Tushman and Rosenkopf, 1992).

FU
o ru1o

rir
o

2 4l AdeS AlAFITH Abernathy,

u]

<E 2> 7=

bl

L dd Sl AXE 7Y 82 HREERAMNE T 7F)
5 Gl

Adz o T 5 I
A A Al v =/ A A A v 5/9E
PWR 63.9% 59.4% 85.1% 81.0%
BWR 17.7% 40.6% 6.0%1) 19.0%1)
PHWR 11.1% 0% 15% 0%
71EHGCR, LWGR, FBR %) 7.3% 0% 75% 0%
A 100% 100% 100% 100%

F1 QR del e A4
22: IAEA(2016)0] 7]utate] izt A4

3) FAHoR RFo R AAHHA = @kor}t Al A A EFE(defacto standard) 2= A €]
Al e zkE AAIE onjsi, Aulx AAZE Y olFols g4l mEo] AF FilelA
TR0 7 A39(Schilling, 2010; Utterback, 1994)

4) S ATZBWR) 4% /NSl GE, SlERA], ZAlabe] 98] A=r(dE, n=hH)e FHoR
BEEoy AA Fo Ao AUES RS Aeetas AAZ R HE(E 2).
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1990t =76 o]olxl AAl A A7 F3tel 1o e A o A, 1Eal
AA7 2o A5 714 stegda) 22 AAA 29 w3k M7jolAe] 9 71%] Auj= A
A Aol FAAA FFe mH Aoz ekt 1980d ] S50 A3t 3.8%0l o] =
A AA AARAES 19909 250 21%E 1.7%p dtehstgl e, o] <& & 7|3t

ol ix] 8 7k A%t 2.3%°14 0.9%= 1.4%p sh&a thWorld Bank, 2017, EC,
1997). =3k Al 9 Arbrlee] o, At 1 - 7R o] A& A, 1A A9

o A A8 B s A 71%—4 S8 Moﬂ 22k

: SRRERES 3
L ASE A 9 A4 Ad T AR 2gEo] A BoF o 71 AN
He AFHoR ofstazion], AMe AES AT v 7Y 1t JdFdH
(M&A)= o718ttt olok 28 &37] 719 <t g 334 SAs 9 At
ATNEFAR TG = 719 E0] Bk 7ls o R /A =PWR) =9 Anjz A
AR A3 Aoz Fddnty

A f7rA (& /ME, #3)

TAE AQAMA M A (2,

1970
1972
1974
1976
1978
1980
1982
1984 |
1986
988
990
1992
1994
1996
998
2000

Z+ 5 : EIA (2016), December 2016 Monthly Energy Review, W ashington DC: EIA. % BP (2016), BP Statistical
Review of World Energy June 2016, London: BP # &3t} o 74 4] +4

<O 6> MA MR X UHE dadTtA JtA F0[(1970~2000)

5) z=gntd Alare] A2 E A 2Fe v]=r2] Babcock&Wilcox(PWR 52+ 19871 Framatome
(PWR F2)ol =¥ Q.o m=+9] Combustion Engineering(PWR F3]) 3+ 1990 3%
sk HAlE AR keka ABB(BWR F&)o| elE AT} o] F 2000 ABBE 9AFE ARG

< thA] Westinghouse(PWR F2)oll vz}, &3k 2001 5 Siemens(PHWR F3)& 94}

/\}%4 g 2o Framatome(PWR Fe)ol izl

Ji #d
0



s 3719 A A A, A8 A 8ole Ad FuEe] EFALS FAeE A RE
Agstt GA A AN A4 4% 8o Adrkas A )
et A2 Alne] of vl whe 4 4

2
A BF7F AAAH e FAEA (™ 4), ool wE AlAl A

A

Aol A ot Fe Ao R tﬂ_@]—o} 3 (7
o] et el eyt Al £ 7132 AEskrh WA Z 9] Framatome
2 "9 Westinghouse?t A H-& ¥4 (Information Sharing Agreement, 19811 ~

1992)= &3l dAt= A dH7leS R 5 A= VIS FEEAL, olF
Westinghouse 7]l ok A|£2Q1 k53 el 19961 o5 MAt A== 7]&
(1,450MW, N4 dx}=)ol] thet =24 AA FFa FHob=H A s sk vk,
2006b; NewYork Times, 1981)6). -2 vb2} =3k 19871d 449 Combustion Engineering ¥}
o 71%aE Ao iﬂ7é(1987%_~1997kﬂ_)% 2 97 7159 w ohe} d2y Ux

25 A, AL A 5 e 7135 GRS, 2009).7 ol& Fa&f -evet
= %2 337 7Hed Ve e® 19989 8¢ EZVQOJ A= AA 71521 OPRI1000( Al
o, # KSNP)S ZX3ai3ith OPRI000S AT A2 d&(&3]) 3~627], TE(Y
F) 5~657], Alarg] 1~2357], 2194 1~237] 5 F 107]o|th =3k -vheb= 1992

WRE G7 Z2AE(1992d ~20019)& &3 MMAIt |z 52 A 7] 7] F
2k, 2007 APR1400< Alaze] 35710l gAfjsk=tl A stelom, o5 2009¢ 2ell=
olgtolm 2| E wvlgtel Yol 4715 FEsh=d AFstdth olo] wel g-gueks v,
Zefzs, Ny, 2lAlel, Aol oo} AlAl 6919 ¥ FE=7F7t ¥ Atk Hindmarsh
and Priestley, 2015). Al1312] 3% 7]% 20161 129 2145-E A7 ol ofgln]

¢
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