JAIST Repository

https://dspace.jaist.ac.jp/

Title MPSUOOOOOOOOOOOOOOOOOOO

Author(s) oo, 00

Citation

Issue Date 2005-03

Type Thesis or Dissertation

Text version aut hor

URL http://hdl.handle.net/ 10109/ 1904
Rights

Description Supervisor: ooooa, ooooooo o0

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



O o o 0

gogbbooogbobobdad
ggbbboodobbboooon

00 o

200500 300



O o o 0

oooo Uodgd ad

oooooo 00O 00 oo
oooo UoOoodood
oooo OO0 od

gogbbooogbobobdad
ggbbboodobbboooon

3100040 0 OO

gogoob: 20050 20

Copyright © 2005 by Adachi Nobuyuki



u o

00000000000000000000000000000MPS (Moving Particle
Semi-implicit) 000 0000000000000 O000O0DO0O0OO00O00O0OO0O0OO0
gbogbobodboboboboobbooboobbbuoooobooboboobbon
gbobbuooogboooobbuooogobood



010
1.1
1.2

020
2.1
2.2
2.3

24
2.5

030
3.1
3.2

040
4.1

Us50
5.1

gogon
gogooog
gogoobog

MPS(Moving Particle Semi-implicit) O

oo ...,
gooog .

231 0OOOO
232 0O0O0OO
233 0OO0OOO
234 0O0O0OO
235 00O
236 0OO0OOO
ggboooog
ggooood

goobooodgd

O e

I
OOO0O .« o e e e s
3.2.1 GoldsmithOOOOO .. ... .. ... .. .
3.2.2  SPH(Smoothed Particle Hydrodynamics) O . . . . . ... ... ..
3.2.3 Immersed Boundary Method . . . . . . . ... ... ... ... ...

goon

UOODO ..

gogon

ggooood
5.1.1 DOO0OOO
0.1.2 0OO0O0OO

O e
1o
2 e

14
14
14
14
14
16

18
18



gell 0O0OO
6.1 OO00ODOOOon
6.2 00000

HEN

gboobooooobooo

i

36
36
36

37

40



10 oo

0D0000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000O0MPS(Moving
Particle Semi-implicit) 0 0019970 0 0 000 000000000000000000
000000000000000000 [12BoMPSO00000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000MPSO0000000000000
0000000000000000000000000

1.1 O0O0oogn

goudbboobogbuogboooboobooobboobuoobobooobad
gboogbuogbbuooboboobbooboboooboobbuoobobbboon
gboogobuogboudboogbuogoboobbooboouoogoboobobon
gbobbooodgobbbooooobbboooobbbooooobbbooooon
gbobogobodbuogobuogbooobuooboobbuoobbuooboouban
gbobooudbbodgboooboobbuobboobbobobuoobobobodoon
googobuodgbbouoobuogoouobboobooobuoooboobobon
gbogbobuogbboobbobobuoobbuodobooobobobuoobbabon
gobogobodbuogobuodgbboooouobboobuooboooboobobon
gbbboodoobbbooobbbboogobbbuooobbon

OOobOooooMPSOODOODOOOODOODOUODODODOODODODODOODOODO
00000000000000000000D0O0000000 djboooooooon
gbouogoboobodbogbboobuogbbobobboobuoobbooban
gbboboodgobood



1.2 O0O0O0OO0OO0

OOobDOoboMpPSOODOOOOOODOODODODOOOOODOODOODODODO
gbuogbobougboobboobuoobboobuoobbobbuoobooobon
gbobogobodgoobbbooboobboobobobbuogbooobooboban
gboobdgbbuoobobogboobuoobooooobboobbobboooboon
gobbogoobbobooon



020 MPS(Moving Particle
Semi-implicit) [J

2.1 OO

MpPSOOUOOOOOOODOOOODOOODOOODOOoOoboOOoooobooOoooDooOoo
googobuogoboobbooobbuoobbooobooobuoooboobobon
ooooooMpPSOOOOOOOOOOODOODOODODODODOOOOOODOD
gogobogobogobooobbbogbboboooboooobooboboon
goooboobbbbobbbbbbboboboouoouoduuooooooooooon
gbobobuoogobbobuoooobobon

22 O0O0OOO

000000000000000000000 (21)00000000000O0OO0O0O
0000000000000 (22)000000000OO

op
==0 (2.1)
git(F) 1 ,

Ub0db«0b000POOO00Op0DO0DLO0v0ODOOODOOOFDOODOODOO
godbboboobooootogobooobooobobbooobbobooooobooon
oooMpPSOOO0OOO0OO0OOO0OOOODOODODOODOODODODODODODODODbDOD
goboboogobood



23 OOO0OOOOOOooOn

MPSOOODODOOOOOODODOODODODODOOODODODOODODODObDOOOObOO
gobbobbobobobobbbbbbbbduoddduoouuuooooooooooon
gogooobbobbbbbbobbbdtdddduodooooooooooooon
gbodbbooubuogbobuoobobuooboboobobboboobboooboon
gobobodboogbuogbbodbuoobbuoobooobuoooobooboban
gbogbobodbbobobuoobbooboobbuouooobbooboboobbod
gobobuogoobbobooon

23.1 UO0OOO

MpSOOODOODOOOOOOODOOOODOODLOOobOOoOooOOooDoboobOoboooo
gogoboobobbbbbobobobbobobbooooddouuouooooooon
O000000000MPSOO0O0OOOODOOOOOOOOOOOOO (23)000000
godbbogdbbboodgb2100bboobbbooobbuooooobboon
gbouogbogobboouobbobbboobugobbuogbobbuoobooboon
gobobuoooon

w(r)

rire

U21:00000o0o00



— -1 0<r<r,
w(r)=4 T (2.3)
0 re < 7T

gbbbrbo200000000 000000 OOO0OOOOODODOOO0OODODOOO0
gob22000000

U 2200000000000

2.3.2 OOOOO

OOobooooMPSOODOOOODOODOOOOODOODODODODOODOODO
OOoooooboboboboboboooooooMPSOOOOOoOoOoOOooooDogoO
0000000000 (24 00000000000000O0O

ni= Y w(lr; — i) (2.4)
J#i
0000000000 .000000/700000000D0000000DO0O00ODOO07 #14
O:0000000000000000000O000O0O0O00O0O00O0O

0000000VOOODoO0O00 mO00O0O0NDOOODOOODOOOOOOO pO0(2.5)
gboooboogn

P= (2.5)

5



ooobooboboboboboboNbObOoboovbobobobuobooboooog
gobooboogg

N (n)
MY 2.
V  Jwdv (26)
goooooooooooooon
m(n)
= 2.7
P = Tuds (2.7)

gooboogoooo r.0bbgooogobobboboooooobbobooogan
gbobgbogoboogbuoobbuoobbobboobbuogboobooboon
00000000000000000000000000000000000000 n°
gobooogo

233 00000

gboboooobooodg IDDDDDDD—%VP(F)DDDDDDDDDMPSDDDDD
gbobbuoooobbbuooooboboooobobooon

oDDDDiDDDDDDDjDDDDDDDDDDDDDDDDQ—FL%QDDD
e 0000000 DONDwOOOOOODO
e 000000000000000000040000

gbobobuooouoogobobo

(VP) = Z i (5 = w7 = ) 28)

TZ|2

oobooobooobodbooboooobooboooooobooobooooRO
pP,O00d00oo0O0OO0OO00doooooodooooooooooooooooooonod
DDDDDDDDDDDDDDD%DDDDDDDDDDDDDDDDDDDDDDDD
000 (28)000Jd00000000000O0O0OOOODODOd=200000000
gbobbuogg 230000



U 23000000000



234 0UO0OOOO

gbuogobodb2ggbodgboogboobobogbobuogooboobbon
goo

gboboogobogoobboogoboouogbbbuooobbooonoboggd e

gbogbobodbuoobboobuooobuoobboooboobbboboobbon
goooo

e 00000000000 40w, 0000
e 0000D0ODDOODOODOO
e 000000 50O0ODO

e JOI0DODOOODOODODODUODLOULOOODANDDODO

OoOgax00
)\:M (2.9)
fy w (r)dv
googooooooobbooobooobbobbn
(9u) = 25 (o, — ) (75 7)) 2.10
J#
gogdoooooobbboooooo 240000
2.3.5 00O
D00 FOOOOODOOOOOOD0O0O
F=F,+F, (2.11)

oodor0000000F, 000000000



024 0000000000000
9



23.6 U0OOOOOOOO

MPSOOODODOOOOOODODODODODODODOOOOODOODObODOobDOOOOOO
gliobodgbouooobboodg2bboobbboobboilgoboabboboobn
goboggboggbouogbbogbbuoogbboobuooboooobobbooboon
gboobobubiligbooobuodgbbuogobboobuooobuoobboobbon
gbobobodooggobobbooooobobobooooobobooooobbbooooon
gboogbbougbbugbuoobobouoobbo2b00obobbuoobboon
gboboggbboogbouogbbogboobbuooboboobbb 20000000
gbbboodbobboooobbbooogg

OO0o00n000D00D00nO0000000DO0ODRO0D00000DOw;000000
0000000000000 0DO0O00000000O0O000O0O0ODO0O0O0O0 (2.8)0
0000000000000000 (210)0000000000000000 (2.11)00
gbobobooggobbboooobobobooogboboboooooobobbuoooon
gboogboobbubogobooobooobuoobbuooboobbbboon
gobooo
Oo0o0000oooooDoey0000ooooO0O00000oooOooOO0b0O00ooo
OoO07A0000000

ut=u" 4+ At [VVQU” + f”} (2.12)
r =7 + At (2.13)

gboobodgbogobobobobbobp;0odbubobobbobooboobd
000°000000000000000000000000000O0O0DOO0OOOO
gboboboogobbbooobboboogoobooon

nf+n;=n’ (2.14)

000000000000000. 000000000000 0000000000
0 (21)000

w:—%vw“ (2.15)
000000000000000000
o
A Ve =0 (2.16)
00000000000000
m;m%+vw: (2.17)

10



000000 (21700000000

At
vw:——;vﬁﬂ“ (2.18)

0000000 (21400 (2.16)00000000000O0O0ODOOOO

p ni—nd

2pn+l1 _ _ _F
Vi = A2 no

(2.19)

000000219 00000000000000MPSO00O0OOOOOODO
(21000000000 1000000000000 0OODOODOOOOOOOOOOOO
O00000000O0ooDooooO0o0U0ooooDooD 000000

24 0O0OO0OOOOOO

MPSOOODODOOOOOODODOODODODODOOODODODOODODODObDOOOObOO
goo

L.gbbnggbobboogobbboogoboon
2.0000bbobooooboboooobobogd
. 000gnooooooogon
4.0000000000DO0O0DO0ODO

5. 4000000DL0OD0DODODOO
6.o0bbbougubboboooobobog
re000bDOo0bOobDbOOobbOOobOoOn

8.n=n+1000000000000((1)0000000000

goooobodbododbdbodioibd-+1000000000000000000

ittt = i + i) (2.20)

7

11



=7 AL (2.21)

3

gbobobuooogbbbudgbedobboboooobbbooooboon

25 OOO0OOOOO

MpPSOOOOOOOOODOO2s00000000000000000O0O0ODO0OODO
gbobogobuogoboboogbbuoobuboboooboboobooboobobon
gbogbobodbuoobooboobuoobuoobbooobuoobooboboobbon
goboboogobboboogooo

12



C START )
|

set parameter

- viscous term
external force term

! Explicit
convective term
time step |
A
particle number density
poisson equation of pressure Implcit

poisson term

update of parameter

CEND)

O 25 MPSODOOOOODOODO

13



30 bououdgd

3.1 OO

0000000000000008wmd000 2wm000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000

000000000000000000000000000000000000000
0000000000000000000000 [56780000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000031000320000

3.2 0OOOO

OO0b000b0oooooboobbo0b0odbObOHarry L GoldsmithO OO DO OOO0OO
00000000 QUooOOO0000SPHOOOOOODOOOO [10)00 Goldsmith OO
OO00000000000 Immersed Boundary Method DO OO OOOOODOODOODO
gbobobuoogobbbooobobbboooon

3.2.1 GoldsmithOOQOQO0O

Goldsmith DO OO OODOOOODOOOOLOOODLOOODLOOODOOOOOODOOODOO
gboboogbbogobboogbbooobbuogoobbobuoooboboboonoo
gbogbobuogbobdbuoobbooboobobbbbobobuooboboobbon
0000000000000 00000oooooooooooo 1o

3.2.2 SPH(Smoothed Particle Hydrodynamics) [

SPHOOOOOOODOODODOODODODOOOOOOO0OO0O0DODO0O00O0000000 12]0

14



g31:0000040n

U 3200000




OobboobooboooooospHODOOOOODOOODOODOOODOOOODOO
goobdodooogbuogbbogbuooboboboobbogbooobooboban
OOoo0o0oobooobooooooobo0oooboobbobb0o0nDO GoldsmithD O OO
gboboboogobboooobobod

3.2.3 Immersed Boundary Method

O0000PeskinOOOOOOOOO Immersed Boundary Method D O OO0 OO0 O
000000000000 00000DO000obOo0Doooooooo 20000000
00000002000000000000000000330000000 [13]000
0000000034000000000 (4000000000000 0ODOOODOO
0000000000000 00000O00O000000DO0oDboDOOo0o0DOoDOoOO00n
00000000000 0000000000000D00000000O0O00oDO00n
000000000000 0DO0DbO0bO0oO0oDOooGg

16



]

0330000000000 13

14]

034 0000000000 [

17



40 OO0 4dd

gboogbobbbooboobbuodgbbogbobooobuobuooboboobboo
gboboguodbbodgboogobooobuogbobogbobobuoobboobobon
goooo

4.1 0OOOO

gogbobgbogboobuogbooboogbobobobooboboobooboogon
gboobobuogbbodobbobbobugbboobbobobuooboboooobn
gobobboboogggobobioooogobobbuooooo sggoboobooooon
gboobobogob2b00dbboguooobooobooobbol1bboooboon
gbobobooggobobboooobobobooogboobbooogobobbuoooon
gbogbobuodgbbodbuoobobuoobobbobobooobobuoobobobon
gbobbuooogbbobooooboboo

gbuogbboobogobboobboobuoobobuooboogboobbod
gbobogbgbooogbuodgbboobbuooobobboobooooooobooon
Ooo4100000000000000000O000O0000O0DbOObOO0bObOobLOobO
gbogbogbgbugbobugbobuogboboboobobd 8pmbd 3pmO0
00000000 100000000000000000000000 4mm/s000003
gboboggoobbobobuooobuogobuoobboobbobuoobbooboon
00000o0o0t=0,1,3,4ms000000000000000000O p=1.2x10"3Pa-s
O0O000b0oobbORe=00330000000000000000b000O0DO0OOO
gbbbuoooobbboooobbboogbbbbuooobbbod

good goo
og 1.05g/cm? 1.09¢/cm?
0000 | 1.2x103Pa-s | 7.0 x 103Pa - s

gbouogobodbogoobobodbuooobuoobboobob20b00bbon
ooobo40000000000DOODLOODODLOODOODOOODODLOOD1DO0
gogbbooobog2b000ooobbuoobbuodgbodbooobboooon
gbboogobbboodgbbbuoooobboooobbboidyobboogn

18



dhdh

R

NIV




7 ol 35 0

042 000010001

03pmubbuggobbougub20000bbbooobbl1oggbboogg1

Oob4200000200430000000000002000000000 100 44
gbobobd200 4500000

20



‘ﬂ

Ay=0.Zum

&
 — 2
5]
5
Y
L}{
043: 000010002
#
J&
—— A
5
8 ﬁ

U 44: 000020001



Ay=0.3um

7 ol 5 o

045 00002000 2

22



50 o

ob41000000000000000O0000O000DLO0ODOODLO0ObOObLObOO0Og
gobbuoogobbbuoooobobooooboboooobobon

5.1 UOQ0OOOOOONO

5.1.1 0U0OO0OO1
gogd1

gudlggboogbogubobuogbobbodbobobouioogobbd 3.0msU
gbobogobuogobuboguobobuooboobboobboobuoobboonoon
goobbbbbodooodddnD 6.100.0msec U U 3.0msec U U ImsecU U O OO
6.20 0 6.300 6400 6.00000

°
°
°
°
°
°
°
°
°
°
°
°
°
®
s

+

X
°
°
°
°
°
°
°
°
°
°
°
°
°
°
[

000000000000000)))000000000000008
000000000000000000000000000000000
000000000000000000000000000000000
0000000000000000 0000000000000
0000000000000 X 0000000000000
000000000000000000000000000000008
000000000000000000000000000000008
000000000000000000000000000000008
000000000000000000000000000000008
000000000000000000000000000000008
000000000000000000000000000000008
0000000000000 )0000000000000008
00000000000 0000000000000
0000000000000 0000000000000
000000000000000)))))00000000000000
0000000000000000))0000000000000008
000000000000000)))000000000000000
0000000000000000)0000000000000000

gsl:001000100000000

23



052001000 10.0msec

0 53: 0010001 1.0msec

24



0 5.4: 001000 12.0msec

0 5.5: 001000 1 3.0msec

25



gono 2

gob20000000000bbo0bo3pdiygobbbbooooon
gbooguoobobuobooobbuoobbilobbooobuooobooooboon
gogobuobogbobugobogbbogbuoobooobbobobbooboon
0 6.600.0msec 0 O 3.0msec 0 0 ImsecO0 O OO0 6.700 6.800 6900 6.100000

000000000000000000000000000000000
000000000000 000000000000
000000000000 000000000006
000000000000 000000000000
000000000000000000))0000000000008
000000000000000)0000)0000000000000
000000000000000000000000000000008
0000000000000000000V0)000000000008
0000000000000000000V) 000000000008
000000000000 000000000000006
000000000000 X000000000000006
000000000000000000000000000000008
00000000000000000000 0000000000000
000000000000000 ))00000000000008
000000000000 000000000000
000000000000 000000000000
000000000000 000000000000
000000000000 000000000000
000000000000000)))000000000000000
000000000000000000000000000000000

Us6:001000200000000

26



P bbb
P4

0 5.7:00 1000 2 0.0msec

0 5.8 001000 2 1.0msec

27



0 5.9: 001000 2 2.0msec

Y

0 5.10: 00 1000 2 3.0msec

28



5.1.2 OO0 2

gob1

gboul1gbogdgbobobbuoobbuoobbuoobboooboooobood
gboogobodbbgobobbogbuoboobobobbogbooobooboban

gbboogboobbbuoodbD 6.1100.0msec 0 U 3.0msec U Imsec OO OO

6.120 0 6.130 0 6.140 0 6.150 000

e0000 0000000000000
0000 ° 000
$33388s8ss8esssetis
4 00000000000 @
4 \dﬁﬁﬂﬁﬂﬁﬁW%o
o0 OO0
o0 Oee
0000 Oeee
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000

gsll:gg200010000boo0

29



0 5.12: 00 2000 1 0.0msec

U 5.13: 002000 1 1.0msec

30



U 5.14: 00 2000 1 2.0msec

U 5.15: 002000 1 3.0msec

31



gono 2

gob20000000000bobobboododooooobobouooooonoon
gboobogobuodgbbuoobboobooobobbodobooobbooboon
gbogbodbobuodbobugbobuodibd 6.1600.0msecd 0 3.0msec 0 U Imsec
Oooo00e1700 6.1800 6.1900 6200000

1000008000902 2222222022200¢
AOOODOOIOAEOOODCK
*+4+ 44444444 44444444+
e D R
44444 e R R e
e e b reee
+ 44444444 P R
44444444 +E44 4444
PEreeeees PE4ereee
L4+ e+ e+ 44 R RS e
R R R R 444444444
4444404444 s
+4+e et e RS
R o
+E44444 44 4444444+
S R
+Eree e e 4o bt
+44 444444

+ 4444444+

+ 4+ 4444444

+ 444+ 4+ 4444
¢++++++¢++++++++++++++++ +*4

tateteletetatetelelate
ﬁwﬁﬂ"'ﬁﬁr ~ﬁﬂpqr ‘ﬂ#ﬂﬂ?
++++++++++++++++ 4444044

g sl6:00200020000000

32



g 51700 2000 2 0.0msec

0 5.18: 00 2000 2 1.0msec

33



0 5.19: 00 2000 2 2.0msec

0 5.20: 00 2000 2 3.0msec

34



5.1.3 0O

guogogodbobdgbgbobbobobobuobuobobnoobuooooobooon
gboobbuogudgbbuoobooobooobuoobbuoouobbogyboon
gboboboogoobobboooobobbooooobobooooobbbooooon
gogobobbbbbbbbbbbbbbtbdooooooooooooooooo
gboboobooooggn

35



el OUO

6.1 U0O0OOOOO0O

oobOoboMpPSOODOOOOOODOODODODOOOOODOODOODODODO
gboobobobugbooobooobuobbuoobbuodbboobbooboon
googobugbbodbogobooobbuooboobuodooouoooobobon
googobodbogobogbooobuoooobooobooobuoobobobon
gbboougooobuoobbuoobbuoobbodobbobbooboboobbodoon
gboboboogobboooobobod

O00000O Immersed Boundary Method D OO0 0000000000 O0OO0DOOO
OO0o0oboobooo0oooooobooooboobooMPSODODbOOOODOODOD
gbobbuoooobbbooobbo

6.2 UO0O0OO0O

e JOUUOUODLODLDUOOUODLDUOUOLODLDLOUUOUOLDDLDbDOUOUOLbLUOUDLDbDDO
gbboogobbuogobbbuooobbuooobouooobbooobboo
gobooboogoobbooooan

gbobogoobboguobboogobboooobbuooobboooooog
gbboudgbbooobbboobbbuoobbbuooobbooobbobo
gbobodogobbbooobobobbooobobbouooobbobooobooa
gbbouoodgobobod

suoguggbboboogobbboogobobboo

gbobougbboogobboodbbobooobboooobbooboboo
gobbuooogbbougoobobuoooobbobooon

36



BN

gbogbobodboboboboobuooobuoobooobuoobooboboobbon
gboboggbobobobobuooobuoboobbuoobbogbbuoooooobooon
g oboooggbobobbobbbuooobobbbbooooobbbbuoooon

gobooogo

37



oy

1] 00 00,00000000000000000000,000000,000, 1997.

[2] Hirokazu Ikeda, Seiichi Koshizuka, Yoshiaki Oka, Introduction of the Moving Particle
Semi-implicit Method.

3] 0000, 0000000000000, 000 21, 230-239, 2002.

4 00 00,00 00,000,0000000000000000000, Transactions
of JSCES, No0.20040013, 2004.

5] 00 00,00 00,00 00,00 00,00 00,00 0,00000000
000000000, 000000,0 1220,0 90, 2002.

6) 00O 0,00 00,00 00,00 0,00000000000000000000
U,0boogggibb oogbbbooogobooad, 36, 2003.

7100 00, 000000000000000, 000000000 DO0OO,00
1400.

8] 00 0,000000000000000000000000000000000
0,090,040, 2001.

9] Harry L. Goldsmith., Microscopic flow properties of red cells, Federation Proceedings,
Vol.26, No.6, November-December, 1967.

[10] Harry L. Goldsmith, Fiona A. Mclntosh, Giles R.Cokelet, Macroscopic and Micro-
scopic Flow Properties of Blood, The Microcirculatory Society, Inc., 1954-2004.

[11] J. J. Monaghan, Simulating free surface flows with SPH, Journal of Computational
Physics,Vol.110, Issue 2, 399-406, 1994.

[12] 0O0O0O0O,000,0000,000,SPHOO0O0OODOOOOOOOODOOOOO,O
gboobodaod, 2003.

[13] Kiyoshi Bando, Kenkichi Ohba., Numerical Simulation of Deformation of a Red
Blood Cell in Small Blood Vessel, AFI/TFI-2004, November 11-12, 2004.

38



[14] D000, 0000, Immersed Boundary Method 0000 00000000000
goboboo,gggoboo1rgbibodggon, 193-194, 2004.

39



Juooogduoood

(15 0000,0000,0000, MPSOOODOOOOOOODOODODODODOOO 180
ooboooooooooo, C2-3, 2004.

40



