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The problem of extracting commonly owned renewable resources is examined
within an evolutionary-game-theoretic framework. It is shown that the existence of
the locally stable coexistence’s equilibrium in a well-defined sense against invasion
by narrowly self-interested behavior. Mathematically, we apply nearly integrability,
Poincaré map to the evoutionary-game. We discuss the importance of the thrid
organization (the government, etc).
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i) |6&|>EDD |6 >FEO0DO0DDOO,

i) |64+ >E, 6| <EDD(QOD)|6%<EODDOOO.

i) |6,4+d&|<EDDDDODD.

gooooOo,000000CCO0O0O0000000O0O0. 0000 64,0100
oo, rp00000000000O000O00O0,00000000000D0O0. ODOO
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ugbooogbuogbooogbouoaoooobaod.

5 Huog

goobob,b00booobooobooobbuooboooboobbooobonon
goog,0bo020b0b00000.b0b000ooobo,bboboboboooboobobn
U.obogbooboobuodgo,oboobobobooboaoa,bbobooboon
gooo. ooboboboobobooboobbb,00bboobobboboobobooooon
gO0o0COCOoOOoOOoOOCOCOOOO0OUOCOCODOO,Ammold0OOOOOOOOOOO
OO0.0000C0DO0O00O00000O0g, Amold0d000OOOOODOODOODO, O
oo, bggbogobobooboob,obodobuboobooboo.oobooo
g, 000b000obooogooooboon.

ugbooodgbobuoodooooobbuoob. obbooobobobbooboboo.
O00000000O0O00. Do0o0o0oo0o00oO0o 20000 (o:Oooo,000
O0)oooOoOo0o.o0o0200,0000000000000,00000000DQ0O0O0O
gooobooboo.og3ob,0boobooboboob,0boooobooboon
gooo,00bo0ogbbooobogooobooob. ogoooobooooon
gboodb,ggbogboobobboa,bobooboouoobooobo,oobooo
goooboboobooboob.0oooboobooboooboobooboooon
gob,ggabooogbbouogooooobououoaooboooobooooooon. o
0000000000000000000,00000000000000000°.00
uboodgbogbogobobbboboobboaobooobad.

goboboboboobooobooooboobo,oboobboo,boobboobod
gbobood,gbooogbbouooaoooooboouoaooooooboooooooa. oo
gooooobgobooobo,bo0doboboooboboboboooooo, oo
gooooboboooboooobb. obbbobbooboooobbooooob,oon
U, gbuogabooodgbobuoooboooobouoaoboooooooooboooon. o
gooooboooooobboo3gobooobooooboobbooob,oooon
gbooodbogboggbobobboboobboo.

0d

og 2. o000 (211), (212) 0000, 00000000000OODOOOOOOO
gogodooa,ooooobbbbbboooogd. bboooooodg, ooooo

bed
_ ®% pppoo0oo,00000000000,0000000,00000.
@t o(b+d)

(y*,2*)=(0,0) 0000,a<0,d<0, (y2*)=(0,1)0000,¢>0,d>0,
(y*,2*)=(1,000000,a>0,b>0, (y,2*)=(1,1)0000,b<0,c<0.

‘00 15 0000000000000000000000,0000000000.000000000
000,000 (boom) J000D000000D,000 (recession) 00 000000000000000
go.o0boooo,boooooooooooobo0oooooobobooooooDbo.
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00: (2.11),(2.12)0 20 200 Jacobi 00 J(y,z) 0,

dy 9y
7 oy or | _ [QA=2y{a—(a+c)z}  —(atc)y(l—y)
W) =\o: o |~
or or —(b+d)z(1—x) (1—=2x){d— (b+d)y}
oy Oz
O00.00Jacobi0O0OOOOO0OO0O0O0OO,0000000D000000O00O00000.
0
00 (y52*) = (0,0)0000000. 00000 Jacobi 00D, J(0,0) = g d>
000. 000000000 «,d 000. 000,a<0,d<000000, 000
(y*,2*)=(0,0) 000 O0O00OO00O. DOoOoOOOOOOOOOOOOODOOODOOOO

000D00o0oo0.

000000000,0000000 (y*,x*):(L,L)DDDDDDDDD
b+d a+c

0.00000 JacobiO OO,

0 _bd(a+c)
J(L L): (b+ d)?
b+d a+c _ac(b+d) 0
(a+c)?
00 JacobioDOOOODO, +4/—2? _npop.ooo —*9_ppp
(a+c)(b+d) (a+c)(b+d)
000000,0000000000000000.000000000,00000.
(0D)
. abed
003 00000000 Replicator 000 (2.13), (214) 0000, ————— < 0
(a+c)(b+d)

oo, gbououodgbuoobogudg,ggobooobo,bbobbboobbbobod.

O0:000b00gbooobbogog.bobogno JacobilDd, 00bonogon.

5 bd(a+ c)
4, _bdla+¢)
J(L L)Z (b+ d)?
b+d a+c _ac(b+d) _5
(a+ c)? 2
abed
000.0000,606-——< _ ~000000000000000000000
(a+c)(b+d)
000. 00 66 ~000000, —%? _ _opoo,DoDooooDOoO,
(a+c)(b+d)

goooboooboboo. b go20b0b00bo0obooboboooooboon
uo.
00 zy0O 6,0 00000000,000000000000.000200000

000000000 (gb_%)DDDD.
— 01)02

1
¢_<1_®w1yu—yna—w+@xm5—w)

(E=00% a1y o+ (5 -v)
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goodgodg (y*,:c*)DDDDDDI]DI]%DDDDD,DDDDDDDDDDDDDD

0o.o000, (y*—bJrLd,x) ,000 |f{<1000.00000000
(d—e)(b+e){a—(a+c)x}(1—2x)
e(b+d)(b—d+2e)z(l —x)

+ ' Jac
000.00¢0,2=2"Y Q000 ¢0000000.000,e00000000
a—C

o=

1 1
0,=<z<— 000 <r<-00000,00000000 ¢000000O
2 a+c a—+c 2

0. (0o)

00 4. (KAMOODO, Arnold and Avez 2]000) 00000000 6,6, 000
0,00000000000000000000000000000000000000
0D000000000.

O0: |[H"—H|<e0OOO 6,6, 00000000000 OOOOOO. OO0O,e00

ugboooa,bggooobob.ogoobdg,

1 52
y024(1 — y)%2b (— — y)

2
o1

1
x—he(l — x)510<§ — x)

:5210g{y_d(1—y)b(%—y>}—51 log{x_“(l—x)c<%—x)}
000.000 |H"-H| <000 6,6, 00000000000000. (0O0)

|H" — H| = log

oo 1. Q0OO0ob0Oo0oo0oooboooobboooboooobboooboobooo,obbof

,__aed Gy pppooOo, AmodODOOOOD.
(a+c)(b+d)

%<ODDD,DDDDDDDDDDDD
a C

ugb.oobobuooboogbogobouoooobobobobo,obdph,
T,We(y,x,8) + T,W%(y,x,0) = R?
ubooogboogboooobooboo.

000040 KAMODODOOODOOODOO,00D0000DCO0,000000O
(torus) D00 O0. 00O0DO0DO0D (stable manifold) W*(y,z,6,0)0 00000
O (unstable manifold) W*(y,z,6;,6,) 00 p0000000000000. DOOO
00000000000 (transition chain) 000 O O.(Arnold [1], Theorem 2) O OO
0000000000000 00D0000D00OooooooOg (Arnold [1], Theorem 3).

(OD)

gbo: 002000000000,

oo 5. doooooooooooooooooooooooo,0o0ooooooa
gogooot. toododooooo, ooouoooooooo.
(y*,z*, K*)=(0,0,K*) 0000, a<0,d<0,FE <O,
=(0,1,K*)0000, ¢>0,d>0,FE <0,
= (1,0,K*) 0000, a>0,b>0,E <0,
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= (1,1,K*) 0000, b<0,c<0,E<O0.

oL
000 E=G/(K)—H ~— —H,0OOO.
GI(K) = Hyg = Hr

00: (2.11),(2.12),(3.4) 0 30 300 JacobiO O J(y,z, K) O,
9% 9y 9y
oy ox 0K
oz ox ox

T2 K)=13, @ x|~
0K oK 0K
oy or 0K
da—(a+c)x
(1-ofa—(aton)  —atayi—y)  y(-yAietds)
o{d — (b+d
(A1) 4 da(-z)  (1—2){d—(b+dy ooy}
i
w2k _m, Ok G’(K)—Ha——H
L8y Loz LoK K
O000.0000,000000000,0000000000000. 00 (y* 2% K*) =
a 0 O
(0,0,K*)ODOOOOOO. OO00O0O0O Jacobi OOO, JO,00=]10 4 0] 00O0.
0O 0 F

000000000 od, FO00. 000,a<0,d<0, E<000000,000
(y*,#*,K*) = (0,0,K*) 00000000. 00000000000000000000
oo0oooooooooog.

d
DDDDDDDDD,DDDDDDD(y*,x*,K*):(—,L,K*)DDDDDD
b+d a+c
0000.00000 JacobiO OO,
0 bd(a + c)
(b+d)?
d
( ’ a ’K*>: _ac(b+d) 0 0
b+d a+c (a+ c)?
L oL
Loy L ox
00 JacobiODOOODDO,0(00), E0DD. 0000000000000 0000
0. (@oo)

O006. 000000 O0OOOO, Replicator D00 (2.13), (2.14) 0 E<0000, 00
gbooogbooabooog.

O0.00000D000D0O00D0.00Db0O0 Jacobibo,0b0ooooO.

s _bd(a+c) 0

(b+ d)2

d a ac(b+d)

YA U (Y R

b+d a+c (a+ c)? 2
g g9t g

"oy o

obo0d.ddb E<O0b0ooboobbooboodg.

godbodoo3goouobooooo,bogao. (oo)
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o022 Q[0OO0O0OObOObOOOOOobOOogooboOo,0b00bU0obobo,0b0b00bDOoDO Exo
O0,Amold000O0ODOODO.

obo: 00 30,00000b000b0d0 F<obbOo,00oobooboobooD.
bl F<ObOUO0O,0b00b0bOO0O0b0OCODODOODODObDDbDObDO,0b0dpO,
T,We(y,x,8) + T,W%(y,x,0) = R?
gooodboobgoobboobdo. bbb 1oboobboobooboooo
0. (Oo)

good
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