
=~~~~, YO-~&~ •••• ~r~~±.~~~~~o±.~. 

*~Ili, -5E"t";b~o =~*fttil;, ±.~&[!:j •• ~ •• ~r}vf:.~ T 

~.~ot~~m.~'~;~o&[!:j •••• ~r~~.M~~~* • 

• , ~~ •• ~t·t'v'-?) "t"li, £::-C~~Uw.:tililiiJ-~*"t" •• l, 

.It*-5E~*-£mil;~;mT ~ 0 

±.~.MtIiI;-5E1."';b ~ tv' -? *fttli.M~~ t jitijJt. l~~ ~iI'v' 7J: 

iI'iI\ 1!~~r,U!t 7J:~0 

~ ;1:±.li, ~~~~t VC~~fj~~*t.: l.ftPJT~~~.ff.t':T tliiJ 

~I:, -t~1*~~f:jf~t VC~PJT~, ~i ~ ",,"'t~:$7}v· -Y1 :/'PJT~~ 

" t':;To 

*-£m~"t"li, W~li~~~~t l-C~±.~f~U~.-5Etv'-?*fttl:~ 

,1;';H:;b-C7t;j:Jfilr~ ~tt -C ~ t.:o lil' l, *~f:jf~t l-C~±.~~~I: 

jJ ,~ilrj3i1'n~ J: -? f: 7J: -? -C ~ t.:o 

~~~~t l-C~±.ilr*-£m •• · 36JIH:lk'!~~jJ*~7t;f1fli, ~ •• 

J;J.*.v'Hf~ ~ '~ilr, -t~.*.~ 0 t ~ t l-CMeade (1968)iI\ -t l 

-Cm:&~ , t l-C Malinvaud (1998) ~ 51itJ~- r 4, 61itJ~- r 3 ilr~ 

If; nJ: -? 0 

.~tl-c~±.#*-£m •• ~.~T&~~~7tfiT~~r~~, 

Nichols (1970) ilrW~-C"t";b0 -? 0 fiti.~~' ~ •• ~r}v t l-Cli, 

_*t itMt ~=~~.~~, ~:WM •• ~r}vilrTobin (1965) I: J: ~ 

JItrm~n-cv't.:o ~ ;1:flti_*M~ •• ~r}vilr, v,vl9>J.> "Hahn 

~-tlI 1 



(1966) Q)r .. ~m" t L-CliJf~~n"(I,'t.:o 

':'n;Q)liJf~~:~~~n, Nichols Q)3ii)(iI~, American Economic Review 

~:~~~ nt.:o LiI'L., -t-Q)fi':' Q)1JIj)(~i*Ji!. -c.'I;Ul t Iv t·~m ~ n -C ~ 

t.: J: -J -r-~.o 0 ":) i 1'), f\Il.Q)1JIj)(I:EIt'-C5Iffl ~ n~ .:. t li ~iI' .. ::>t.:o .. 

~, American Economic Review I:EIt' -C li, .::. Q)Nichols Q)1JIj)( a-tJt~T 

~ b Q)~'::' Q)fiIi)(~:MT.o::1)( ;..t Hi~~; ~It'o 

*#Q)911.o ~ll'), Nichols Q)3ii)(a-5Iffl L. "'(1t'~1JJ~-CQ) b Q)Ii, {till 

(1991) -c.' ~ ~ 0 801j:.-ftfi¥-Q) 8 ;;ti:li/"{7' )v~m-r-3; 1'), :III1.fdlii'ii:jJJta-7t:tJT 

T ~ liJf~ iI~;/? iI~OO -r: ~ < h. ; n ~ iI~, Asako (1991), Boone and Sachs 

(1990), WH·::::::_ (1990) a-3;If-CE':' -J 0 

.:. n; Q)liJf~I:EIt'-C, Nichols.:er )vQ) 71r7i1{£·-r L. b iElitl:li 

2JA ~ n -C1t'~It' t,11U:>n.o o Nichols .:er)vQ)m~a-~litl:T ~.:. t iI~, 

.:. (J)~)(Q) 3:~T -7-c.' ~ ~ 0 

~E, Nichols(J)fiIi)(a-~~.mT~b(J)t L.-C, i~J~I:Ii±:III1.a-nX;!{.:er 

)v I: 2J).. L. t.: b (J) -r: li ~ It, iI~, fi~jt ill Q) nX;~.:e 7')v a-7t:tJTT ~ Shell, 

Sidrauski and Stiglitz (1969) (J)~nt.:fnii)(iI~~'f;n~o 

1 ~7}1; 

'/0 - Q)*'fI5~i*(J)nX;~.:er )vl:, ~ill~~ t:'itill tit' -J =":)Q)~llfj~a

b":)±:III1.a-~A T ~ o 

::::::":)Q)~~~~, jt*K, ±:III1.L, ~tbNQ)fi:)"I: J: I') ~~~ Yil~~ill 

~ n, 1Hiq:~~ bit.: ~~ I: 1tJltkT ~ 0 

i~, .M#.~T~.~H~, W~~~~~.*t-t-Q)m.~#-~ 

"'t'3; ~±:III1.Q)=":)-r:3; ~ 0 

JU'*1Jn (~Q\, \I1it:it) ~ttifilltli:t~X\t~*~t!t1i1t -*IiiJ*(J)~ 

ill~~a-
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y= F(K,A(t)L,B(t)N) 

eT -0 0 .::.:: -r: A (t) 1j:±i&:tt1:IJa~H.Hi~~~ land augumenting technical 

progress a-, B(t) 1j:~Ib:tt1:IJa~rUt*T~~ a- JFT 0 

AL a-~*±i&, BN a-~:JJ*~lbc J:~o tt1t~~~*Ij:-~ gA' gB -r:~-O, 

-::>~I) 

A(t)IA(t) = gA' B(t)IB(t) = gB 

-e ~ -0 c 1&:~T -0 0 

~tIJ:tt1:IJa~tt1t~~~I':-::>II',"(Ij:, T-r:I':~< O)7ttJfi1f~-Oo ±:ltI!.~:lJa~ 

tt1t~~~Ij:, Nichols (1970) I': cl:: I) ~A ~ nt.:o ±i&:tt1:IJamtt1t~~~O)

f71J c L. '"(, jijftO) bi1foo-r:m~ c ~ -:) '"( 11' -0 ±i&fljffl O)m$lJt#lfOi1f~ If ~ 

n-O-r:~~-?o 

tt1t~~~I': -::>11' '"( 0)1&:~ c L. '"(;ffiH~;ffi-j;'tt1&:~i1f~ If ~ n-o 0 .:: nlj: 

;ffiH~I.:;ffi-j;'c ~-O~£~~a-tt1t~~~I': cl:: I) .JET -0 ell' -? b O)-e~ 

1.>0 ~M~I':~1.> c, ;ffiHI'f,n.:;ffi-j;'c ~-Oo)lj:, ±:ltI!., ~tb, jt*O)JU(-e 

~ ~ -? 0 ;ffiH~ I.:;ffi-j;' c ~ 1.> ~£~~O)fiHi~Ij:, 1&0)~~~~ c lt~ L. '"( 

..t~T -0 0 L.t.:i1f-:) '"(;ffiHI'fJI'::1 A J- i'ili c ~-O~£~~a-tt*T~~I': cl:: IJ 

fillJE L. cl:: -? eT 1.> -1 :/-l:!:/7'" l' :1i1f1£~I':~ 1:-0 0 

.:: 0)1&:~0) be -elj:, ~~:tt1:IJa~tt1t~~~*I':-::> ~ gA ~ gB (~~Ij:± 

i&m~O)~~~f~tlJm~b~~-~-r:~1.>~) -r:~-Oc~~-r:~J:-?o 

1ii!i*~~~;m/ll1ft -*IiiJ*-r:~-O )mH!!Jo)~£~~Ij:, *'fi5.iJR~-e 

~-O, -::>~ I) 

<D ° < K, AL, BN < 00 I.: -::> ~ 
of of of 

F, = ----aK > 0, F2 = 0 (AL) > 0, F2 = 0 (BN) > ° 
o~ o~ o~ 

Fll = 01(2 <0, F 22= 0 (AL)2 < 0, F33= 0 (BN)2 <0 

CID (liBmO)~ff) 
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lirn F = lirn F = lirn F = 00 
.-0 1 AL-+O 2 sN-O 3 

lirn F,= lirn F. = lirn F3= 0 ._00 AL-O) BN-oo 

"eif.>1.> C~JET 1.>0 

.::tt~CD, CIDO)~JEO)~ c"e, -*fWl*O)wrii~iIRB9~ii~~~::-?"'"'(, 

~ ~~:: 

F(O.AL.BN) =F(K.O.BN) =F(K.AL.O) =0 

ilfJiX:.ll:T1.>o -?£ 1'). ~ii~~K, AL, BNI±. -ftt-t'tt~ii~::~1iJx 

essential -c'if.> 1.> 0 

-= :])1-~ '*'ltfl9ttffill~ ~ftrJiX::!{ c jiIij.ll:T 1.>1Y:~~~0) 71 :t~!lA ~ iI' 

~:: L J: -J 0 

~~xO)JiX::!{.~CWcT1.>o~.~~~~~L",( 

C(Y) -C(BN) = 8,IC(K) -C(BN)I + 8. lC(AL) -C(BN)I 

~~1.>o '::'::-c' 

of of 
8, =K oK Iy, 8. = AL 0 (AL) Iy 

"eif.>1.>o .It.-JEO)~ftrJiX::fH~~"eI±, PJT~~ft~. ~. 8, I±-JE-c'if.> 1'), 

C(Y) -C(BN) = 8,lc(K) -C(BN)I + 8,lc(AL) -C(BN)I = ° 
ilfJiX:.ll: T 1.> 0 Lt..: ilf "? "'( 

C(Y) =C(K) =C(AL) =C(BN) 

c ~ 1.> 0 ~~~1JO~1Y:*T)1t~$~:: -? ~, C (L) = ° J: I') 

C(A) =C(BN) 

iI{JiX:.ll:-itnlf~ ~ ~"'o 

Lt..:ilf ,,?",(, CD§1t1J1JJiX:£t$ilr~o-c'if.>1.>~~:I± C(A) =C(B) > 0, CID 

§1t1J1J JiX:£t$ilfj£"(' if.> 1.> ~~: I± C (A) = C (B) + gN' C (B) ~ 0, ilLf tt-t' 

ttJiX:.ll:-itnlf~ ~ t.t"'o 
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[$111] (=:::JJ".AtPjrB9ti1filt~) 

tt~i1!$-~r ±:I&~:bD~, JJ11IJ~:bD~ -e ifJ 0, -::> i IJ 

Y=F(K,A (t) L,B(t) N) 

-e ifJ 0 ~, ~f*TJ?l(; -IV:: jilii:ii: Tot.: ~ 0) T?hlHHt, 

G(A) = G(BN) 

-eifJoo 

.: (7)T:fr~1!J::a- fr4t':Tttmi1!$-(7)~:a-, li:W ~:2JA L. t.: Nichols (1970) 

~: t ~ JJ.,'::::'::J '7 A ~ JIA9ttmi1!$- t J: 11-? 0 

tll'-el±, G(A) =G(N) = g> 0, G(B) = Ot~~T 0 0 -f L. -C, ~fl: 

~:±:I&~:bD~ttmi1!$- i- b -::>~~~~ i-

Y=F(K,A(t)L,N) 

t. < .: t ~: Too 

It.(})''JJII_*il: ~~~fiIIi*i- 1 t L. J: -? 0 1(* v ~ 7 Jvfilli*:a- T, :1& 

Y-TK-QL-wN 

-ea;yoo fIJiMJi::k1tJ: IJ, 

T =F, (K,AL,N) 

Q =AF,(K,AL,N) 

w =F3 (K,AL,N) 

~{iIJ~'noo 

(2) 

~~~~(7)7t~fIJffl . Jiffl~{II'-::>O)~.r2:-e ~ ~~T 0 ~I5:J11!.iIR(7)i!t~:a

:m~Too 

.~mfl(})~1i =-::>0)~~B9:st~, :st*t ±:I&t ~{ft1ET 00 :st*t± 
:l&t 1±7t~~:{-VhA9j(~-eifJo t~~T 0 0 Tot, =-::>(7)it~(7)I/X~* 

I±~ L. < ~ Itnli'~ ; ~ 11'0 :IlI!fiIIi i- V, .:y:m:l&fiIIi i- V" t Tot, 1(~m 
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Jjq):I!;J{tf~f!!:I;l:, 

Q ve 
r=-+

V V 
(3) 

C: t.t J.> 0 :tijll~I'n lJ{1;l:~M~~ C: \... -rq)±:lII!.1.IrMtrlDt~*, ~ 2lJ{I;l:ftM 

C: \... -rq)±:lII!.~1f1.l';~ CJ.> C: T~ ~tLJ.>lDt~*~~J.>o 

~M~~'='.:z.-;( V-)VC: l..-rlt~J.>q)~, ft~c: \...-rq)ft*1.Ir~.;z;.tf:lT 

WH~il...t1.lrlJ~I;l:-I!O~~J.>o b \"'±:lII!.~.=..:z.-;( V-)VC:TJ.>q)~~tL 

Ii', ftMmJjq):l!;JflT~f!!:J:\I;l:~lE ~ tLtl.Ii't.t ; t.tlt~ \..., ~; tLJ.>*8* b 1 

t.:~t.t"?-r< J.>~~~do It)-rtLl:\"'hitm:~2JA\...t.tlt~~.lIJ, .=..:z.-;( 

V - )viII~q)r,,~JlH;l:Mi:R:~ tLt.t It~o 

ft~mtIJ1.Ir:I!;JftfT J.>~, 

ve Q 
r---v=-v>O 

~~J.>o l..t,:1.Ir"?-rT~:lII!.fiffi...t~$I;l:, j{*lDt~* (.:tL~11t1:flJT$C: 

J:~) ~...t[Q) J.> .: C: I;l:~ ~ t.t It~o 

~~~~~·~~~t~.fi~ ±.q)m1f~~, ~.TJ.>~~~~~· 

7'1:'-- (h) ~.ftm~c: C: ~ I:m~q)-$ C: \... -rib7ET ~ 't"~h -J 0 

TJ.>C:, •• TJ.>~~~~~·7'1:'--q)-$~ffi.~, BIJ~&~~1b 

T~~h-Jo WJf;f~~~~)v· 7'1:.-- (0'L) q)-5t, •• l..t.tlt)$7]-, 

"?11J (0'- V)L :a-m~q)-$C:±.~1f~iJr.;z;.t.tTiI'It~t.tiJ'q)r,,~MI;l: 

.: .: ~ 1;l:;1f.:t t.t It~o WJf;f~.Ql(; I:"? ~ ~~T~, "? 11J 

0'= V 
~1J1:7ET J.> 0 

(4) 

TJ.>C:1IIAq)ftPJf~I;l:, ~~m~ (~J.>It~I;l:1iJ5II17]-m~) Y'1'77, •• 

~ ~ ~ ~ )v • 7' 1 :'--PJf~ h C: 1.1'; t.t 1.> 0 .::. q) J: -5 1:7E~ ~ tLJ.> ftm~I;l:, 

111 A M ~ 1J Individual Purchasing Power C: J: It tL 1.> (Shell. Sidrauski 
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and Stiglitz (1969) 15~- ~~~mo 0 

lITlImllH: "? It, "(li, 111 AJJHt1J 1.1' t:> 0) lITJp*!~f-~-C:- ~ ~ tlt'-) 

Nichols (1970) O)iOC~ ~-~1t L, *0) J: -) ~?.( '1'~~;t J: -) 0 ~~'pJj

~ Y~' t:> O)-~O)lITJ;* ~ s, ~lJlT ~ ~ '" I! ? )v .. 7''( :;.--m~ (irL) ~, 

;O)-~O)lTJ;*~ at L, lITJiSli, 

S=sY+ a VL 

t #c~ ~:tL~ t iOC~T ~ 0 

~.j(~ H = K + VL O)!tI:lJD7tli, L~r-~-e~~O)-c:-, 

H=,K+VL 

-C:-~~O 

1:.~!lmmtliO):I5]~~14 S = H J: I') , 

K+(1-a)VL=sY 

~f;!J~,:tL~ o 

fJJ~{<$:*, li, (1) , (2), (3) , (4) , (5H: J: I') ~JiX; ~ :tL Q 0 

2 ~list:l: 

JjllJfMftO)WMJlitfJ:.~Not L, *O)~G~ 

Y K L V Q 
Y=N' k=N' l=li' v=A' q=A' 

~~~Qo 1:.~~~I:-::>It'-r 

Y = F(k,I,I) == j(k,!) 

t T Q t, fIJiI\lJft*1t~14li 

oj(k,l) 
ok f. (k, z) r= 

oj(k,l) 
q=-="":"''':'-'o':''''''l':'''''' I.(k,l) 

5O-t±I 

o 

(5) 

7 



w= y-kl.-lf. 

t~1.>o 

W. -r"t"li, if* t ±i& t li~~I¥.J"t" ii.> 1.>, -? i I') f.. (k, I) >O~{OC%:T 1.> 0 

~~~~~~~.~y,~~"t"ii.>1.>~ ~h~ 

Y=Jf(AL)b}j-(a+bl, O<a+b<l 

tETo ~~q, .*t±.t~~~~~=~>O) "t"~I'), ±i&t 

JtIlJ t t 1 t.:~~1¥.J (F
23 

= F32 > 0) t ~1.>o 

~ h i "t"~.:cT)V~/J'Jt*~ ffl")~lJt lWIi'" t, *~~7t:n~~ 

k=sy-gk+(l- a )(q-rv)I==A(k,v) (6) 

V = (r-g)v-q == B(k,v) (7) 

~ 2J1il"t" ~ 1.> 0 

~ G I:, .*JHI$~F~~$lJ~li . 

k K = sy+ (1- a) (q-rv) I ~ 0 (8) 

l If G < li, 0< s ;;; a < l-r{OC~T 1.> 0 

i!;JIiJiltA(l)IIJ~B9~.~ :l5)remt*~ t t "t"li, k = 0, ~ = 0 iJtmtJLi'" 1.> 0 

J: '? "(, (6) , (7) J: 1') , 

sfj-gk+ (1- a ) ijl v = ----:---:-----'--
(1- a ) If 

v =-ij-
f-g 

t ~ 6 0 ,l,.:J. T, :It.J~mt~WH: I±~[I.-f}/\ '/ r -r ffl'" 6 0 

:It.Jremt~19U;ft1:Ei'" 6 t, (10) J: I') , 

't>g 

(9) 

(10) 

~~i'"~t~"t"~1.> o -?1I'):I5)remt*~, ~.~~.$~"t"~6 o .*~ 
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~7~~~~~~~Ot0~.~~~~±.~~~~~~~~~~t~~ 

I), :l5JflTRX;*i,}rlb~(f.H:~~*t~~ (0il)f<g) 7-A~tJ~~~~ 

~Q)"'("Gb~o 

~ ~ "'("(9), (10) ~ I), 

(f - g) (s'o- gk) = (1- a) glli. (11) 

t ~ ~ 0 k > O~ ~ t "t: li, f > g ~ I), if 

s'O>gk 

i,}{ RX;Jl. ~ ~ 0 

It.:i,}{-?~, ~Q)~f!j:i,}fli'iJ-~p;f, ±.~~It\ (v =0, q=O) :;0-

Q)RX;.~~~~kQ):l5JflTRX;.M(~=~~~~~k) ~I)~, ±.*~~ 

~~}vQ)Mk~flli/J'~ < ~~o 
*-"tlt\~ 

y = rk+ql+w 

~ (ll) I:ft~ ~ J.> t, 

(sf - g) I (f - g) k+ qll + (f - g) sw = (s - a) gql 

~ 2J < ~ t i,}f"'(" ~ J.> 0 

l t.:i,}{ -?-r 

t It\ ~ 1i~~*1i*~2J < ~ t i,}f\." ~ ~ 0 

11I~1*~O)~M !III*&k = 0 ~M ~ li , (6) J: I) 

t ~ J.> 0 tiillQ)rp:tJ 7 :J F9~ 2lJ{liIE~Gb J.> 0 ~ ~ \." sr = g ~~t.:~ k Q) 

fl ~ kIt l J: ~ 0 ~ ~ to < k ~ k I I: "? ~ sr ~ g t ~ ~ Q)"t:, !Ill ti k = 0 

~@:~ liIE"'("GbJ.>o 

k>k
l 
",(,,~J.> t, ~Q)@:~~iE~li-~t¥.H:lifl5El~lt\o sr- gQ)J"4: 
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Q)fiRiI\ ti:ill~ 2lj{ Q) JE M: ~ ~MM:"t' O/j. "( ..tJID IJ li t: &?.Q C, dIIkl k = 0 

Q)ti ~ li~ c ~ 1.> "t' Gb ~ -? 0 

~klk=OQ)~~*~OC~1.>kQ)~~~cL:-?o~.Qc, 

O<k~kIQ)C~ dv/dk> 0 

k;;;ku Q)~ dv/dk~O (~~Iik= kDQ)~) 

c~1.>o -fL"(, kI<k<kul:"?It\"(li, ~klk=OQ)ti~li, JEGb1.>It\ 

li~ Q) c'i:J ; Q)fIR 'b c IJ~.Q Q)"t' Gb.Q 0 

~. k = 0 li}]C~~:im.Q C~5E~1.>o (6) 1:13It\"( k = 0, v = 0 c~.Q 

c, ~. k = 0 iI{}]{.~ ~:im.Q I: li q= !, (0, l) = 0 "t'~ It;/1..I!~ ; ~ It\o 

~Q)tt~~~~~~.~~cL"(, ~c~~~~·~~'~M*Gb~;;/1.. 

1.>0 ~1!~;I!, q= by/Z"t'Gb1.>iI';"t'Gb.Qo 

I!Il I:, dII. k = 0 iI{Wjil';/1.. "(It\ 1.> 0 

~. v = 0 liI«fiUlldll.c ~1.>ilr, ~Q)ni~ li, 

dv 

dk 
Bk I., 

--=---
q/" 

(r-g)2 

c~1.>o r>g~~t.:~kl:"?\t\"(, .t;,>OQ)iOC5EQ)'bc"t'li, ~Q)~~ 

liJE c ~.Q 0 

~.v=O'bit.:}]{.~~:im1.>c~5EL, Imll:Wjil';/1.."(It\.Qo 

~.k=OC~.v=OCQ)3'<:.~Eli, :Jt;jflTJ££M"t'ti).Qo ~iJ, 

(k,v) = (0,0) 'b~flTJ££M"t'Gb7.>iI\ P)'T"'t"li~Q): -? ~Mli trivial C 

L1l!HJ!~ .Qo 

.A.\~~1i ~. k = 0 Q)..t.1JQ)1iJ{ilt"t'li k <0, T1JQ)~~"t'li k> 0 

"t'Gb 7.> 0 *I:~. v = OQ)..t.1JQ)'llj{ilt"t'1i v> 0, T1JQ)1iJ{~"'t"li v <0 c 

~7.>0 ~;/1..;:IJ, :Jt;jflTJ£.~ME~~~C~.Qo 

~flTJ£.ME~U.~.Qft~ "?ilJ~5E~~~ft~~, -.~~~ 

T 7.> 0 9G#t~~"t' Gb.Q k Q)WWlM: koilfPJflj-"t' ti) 7.> C, ~5E~_.~ft~ c fiIij 
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~1 i!;jIiIi!t:l:O).'«~~1!: 

(0 <s;;; a <10)';--.7.) 

V 

~ 
. 
k=O 

~~--------------~------~----~~k 
kr k 

(j£) klli s.t;(kI.l) =g~ifllt':To 

.3LT 7.>~9G~~~"'(';/i;>7.>~::IJ*:ltMilli v O):mWHiR vol±Iil--::> l~'~It'o lip l, 

*I~I:'::' O).:z..::. - 7' ~ Vo :r£,i'il1R ~ -It 7.> ;( :tJ.::.;( Ldi, .::. O)~ T )Id: li 

1il-:(f1£-t 7.> *~B9~,~*IJm..t 1:*I~~rt.: "i t.: "i ;/i;> t), (k. v) ~{(k. f) I: 

JOC~ l"CIt, < 1IiJ, .::.tt:r~,~*~tic It, -7 0 

~,~*5Ett:r, tlJ~"** (6). (7) O)kj%i1i:1J:J.~T)vl: J: t) ~M l J: -7 (f;t 

81 :r~moo .::..::."'(' 
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A. = sf - g + (1- a) l.t., (k. I) - vJ;, (k. I) 1I 

= sf - g + (1 - a ) lB" 

All = - (1- a) If <0 

B. = vJ;, (k.l) -I., (k.l) <0 

BII = f-g>O 

C 1.... J: -? 0 1'::r ~7 :;.tfj~J 

~ = AJ1II- A.,B. 

= (sf - g) (f - g) + (1- a ) gIB. 

c~1.>o 

s;;;; a ==> ~<O 

1Jt JfX. rr. T 1.> 0 

1....t,:1JL? -r, 1'::r ~7 :;.ttT71j0)*ftt1J~~0)=~ A,. A21;t~~~c ~ IJ, 

:!E)~JfX.:lltml;t,*.~ C ~ 1.> 0 

:!E)~JfX.:lltm1J{'*.~--C:~1.>~, ~O)ili:-m-C:-I;t, HII*l v = 0 0)11;Ji~ l;t, !II:i~ 

k = 0 0)11;Ji ~ J: IJ "* ~ < ~ Itnli'~ t;, ~ "'0 ~1f~ t;, Ii', ll1J:1f0)11;Ji ~ 1J> t;, 

1i:1fO)ni~ ~51 < t, 
~ 

---<0 
A.,Bv 

C ~ 1.> 1J> t;, 1.' ~ 1.> 0 
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[i1ti1l2] (~JjJi1t:l:) 

J1TJt*I:-::>~ 0 <8 ~ a <H·1lit~T~ C. 

(1) :ltJflTJ1X:-.&:I±ilJ~I'fJI:~*B9. -::>i ~ r(k.z) >g-r-iiJ~. 

(2) si» gk 1/~J1X:JL 1..-. jt*~*9IJ(I± '/ 0 - (7) ±:Itk (7) t:t It>-'C T )v(7)j(* 

#i*91J( J: ~ b /j, ~ It>, 

(3) sr(k.l) <g -r-iiJ ~. 
(4) :ltJflTJ1X:-.&:I±,*,~-r-iiJ ~. 

iJ'i;J1X:JL T ~ 0 

3 fJ~TI:b~ 

tb~f** (6), (7) a:-fr4t,:Tl$fT~~I±. ~~I:fHET ~ -r-iiJ;"? -? 0 .: tL 

G (7)l$fTK;£~(7) -? i? (8) ~?'I4t.: ~ t:t It> b (7) li. ~3Jl:;FliJfj~ t:tK;£~ C V"(~~ 

~~tL~o 

181 2 a:- h. J: -? 0 J1X:-.&::ltJflTlW E 1:II3C~T ~ l$ff*I~Ii. IlBklOE -r-iF ~ tL 

"'(It>, k (7)W'tJ.Hlli ko • ~ l"'( ko(7)mlttc I..- "'(#C~ ~ tL.o v (7)W'IJHlli V02 

-r- iiJ.o 0 

~JJl=i'iiJ.-r~ QfJ~Tft. vo,J: ~ * ~ It> v (7) WWHl iJ> G tfHeT .o3ff*I 

~_tJ:*ImiJfiiJ.o c. It>-rnfljlj~;;t (8) 7jqt.: ~ t:t < t:t.o 0 t.: bUi. Im 2 

(7)1JJMfi! (ko'vo) iJ>G Iil36T .ol$ff*I~~~k. J: -? 0 I..-liG < li k liit}:bn. 

vli~#T~o ':(7)l$ffK;£~Ii. ~.o.~(7)q~~llBkI~=Oc~b.o~ 

.: (7)1~Ii k liill:P I..-~It. v 'i~# l~lt"'(lt> < 0 T.o c • .: (7)l$ff*Ii& 

li;b~iJf ~ (7) IlBkI K=O c ~~q,~-e£,-r~b.oo .: (7)1~li. b li~': (7) 

l$fT*I~lifljfj~;;t (8) ~ 7jqt.: ~ t:t < t:t ~ 0 

':(7)l$fTKif~li. ;ff~l(7)q,~-r-vfdlc~b.oo ':(7)':c~~~-?o ;;t(6) 

50-UI 13 



v 

/ 

/ 

/ 

.... 

~2 8 IT III ~ 

(0 <S;;; a <1) 

/ "-K=O 
/ 

r=g 

--- lv·-
=0 

~~~-----------------L~1---~--------k 

dk . 
-= 1sT -g + (1- a) If ... -J, ) I k- (1- a) ITV dt VIZ 11 

-n'>K i .0 0 v *'h~: ililt\-t-73-/J' ~ ~ kI: -::>\,\ '"(, ST - g > 0, k < 0, v> O-n' 
JfX.JL L '"( \,\.0 O)-e, dkl dt <O-n'PX.JLT.o 0 Lt.: -n' -::> '"(, (ko' v) -n> I? 1':1136 

T.o.fiH~~, ~~~~-ev*'ht~b.oo 

::. 0)::' t J: IJ, ::. O).q:TH~I;;I:. vfdl t ~b.o ~ -::> t WJO)~I!l~,~-eHll 

~ K=Ot ~b.o O)-eifJ.o o ::. O).,*-e, ~1J*:ltMiIIi-n'It\-::> i 1." ~...t:n L~ 

14 50-UI 



It ~ .: C: 1;l:/FilJfi~"t" il; ~ 0 

':Q) J: -? I: (ko'vo) J: IJ I±lJeT ~ntr~~I;l:1f~lllif.~"t"fIjlJf.J~f1j:(8) >r 

fJiit.: ~ ~ < ~ ~ Q)"t", bttbnl;l:': Q) J: -? ~ntr~~>rtl~I!*T ~ .: C: IJ~"t" 

~~ o 

~ .. :lt!l1illi fP"it [J C « ~ ~ffftl! * I:, V02 J: IJ IJ'\ ~ '" W WHil! v03 IJ' I? I±lJe 

T~ntr~~>r~x.J: -? o 1;l:t.&9I;l:, kl;l:~1JDL.;%'Ht, vl;l:J::1f.L.;%'Ht~ o 

.: Q)ntr~~I;l:, !t.JJEIIif.~"t"dllki v = 0 C: :5(b~ 0 

.: Q)ntr~~IJ{lliiJ~lUlb~ V = 0 C::5(b -:::> t.:1~Q)~.~"t", ill1:filliJ::1f-$I;l: 

£,-rlEIJ'I?~I:~t.~ o .:nHt~L.J: -? o "' i 

v v q 
-=-+g=r--

V v v 

J: IJ, 

v~ 0 <:=::> v~ q/r 

C: ~~ o 

V = 0 >r5FT dllki v = q/ rI;l:, lliiJ ~lUIb~ V = 0, "? i IJ v = q/ (r- g) 

Q)£,-rT:nI:f.iL~ L. , L.IJ' b -tQ)jli ~ l;l:lE"t"il; ~ 0 .: Q)dII~ V = 0 Q)J::n 

Q)~~"t"I;l: V > 0, T:nQ)~~"t"1;l: V <0 C: ~ ~ 

':Q)~~V=OC::5(b -:::> ~.~b.$.~v#TML..~~IIif, .~J: 

:1f.$ (V/ V) I;l:~c:~~ o 

.'" "(, 1f Illllif.~"t" v IJ{ -l! 0 C: ~ J.> IJ' ''' ~ IJ' >r ~M L. J: -? 0 

~~ ••• E~I?QftT~/F*JE.~~.~ dII~k=oQ)T:nc:~ 

kiv=OQ)T:nC:"t"m.~nJ.>~~~OC:"?#~T~ o ':Q)/F*JE.~~ 

~I;l:, i9:iiJ~~~ V = 0 Q)ifiili:ki r = g C: 1;l::5(b I? ~ "'0 .: Q)}£Ell I;l:, (gJ 

2 Q) v IJ{j\"t"il;~~~I:WiIJ'n -C"'~ b -? Oc: ,,?Q) 'UH~Q)i9:flJ~~ki (.: 

ttl;l:~ I ~HlQ)lliiJ~~~ V = 0 c:M~I: ~ ~ IJ~*ffijl L. "(WiIJ' tt -C" ' ~) 

C: , .: Q)/F*~ •. ~~.I;l:3(b-:::> -C 1;l:"'lt~" ' IJ'I?"t"il; ~o 

50-UI 15 



f$fi*IH:&I;I:, ][ v' 1:5(t> t? ~ v' 0) 1.", fJJWHi§: (ko' vo,) i,p t? I:IHeT 7.> f$ 

fi.~~, ~~~~~.~O)~MO) •• ~v=Ot~7.>or=gi~~Tk 

i kll t L J: ? 0 T 7.> t (7) J: IJ 

~~ =(v.t;,-.t;.)k+(r-g)v 

t~QiI{, :tijll~lJj{l;l:k>O~~7.>o)1."~t~7.>o v<01."~IJ, k<km 

O)~ r> g 1."~ 7.> 0)1.", :ti:ill~ 2 Jj{ t ~ t ~ 7.> 0 L t.:ilL ::>",(, dvl dt <0 t 

~QO)~, ~~~~~v=ot~7.>o 

~:JJ$:I&fiIIi v = 0 1;1:, 1t~mtiO)~~~fI: (3) t iPii.n:T 7.> 0::' O)~~~fI: (3) 

t (4) J: IJ, :l&fiHi V 1;1:, 

Q+V 
V= 

r 

t ~ IJ, v = V= 0 J: IJ Q = - Vil'fJll(;.n:T 7.>0 77 AO):I&fto) t t 1."1;1:, 

:l&fillir~$I;I:~UE~~ t L "'(O)±:I&O)JlX:t£$ QIV I:~ L < ~7.>0 
::. tL i ~0);Jf~J: IJ, (6). (7) • (8) i fil]~I:~t'::Tf$figH:&I;I:, vO);W 

WH~iI'f vo• t V02 J: IJ IJ .. ~ v' t 0) t 1:1!l~ ~ tL7.> 0 

4 a ~81?~.Qf&q)?--A 

::.tLi~I;I:, 0<s~a<10)7-Ai7t:.tJfL"'(~t.:: o ::.::.~, ;:f""I:!~ 

~·Y1~m~~t?0)&~.a~~~~~~t?0)&~.sir@7.>::.t~ 

~v' (a <s 0)7- A 1;I:*lrl~!UnT 7.» iI'f, 0 <s < a = 1 ~~ 7.> 7- A 

to =s < a <11."~7.> 7-A O)="'? i7t:.tJf L J: ? 0 

T- A I : 0 <s < a = 1 ±itI1.iI't? O);:f"" I:! ~ )v • Y 1 :'-PJf~iI'f~"'(& 

~~tLQ~I:I;I:, tb~~*I;I: 

k = sy-gk 

v = (r -g)v-q 

16 
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(7) 
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t ~J.>o 

k=O"t"if>J.> (k,v) (7) k;!I...g-1t li, ~W:*&...tl:if>J.>o ':(7)~, sy=gfdJfJIX. 

3LT J.> 0 ±:ltkil~if> J.> ~ t ~ It'll;f t (7) 'J 0 - (7)JIX.*.=c T}v I: 13 It J.> k (7)~flf 

JlX.lUIf li, fH£ T J.> ~ t;:d!1iiJ - t t.t J.> 0 .~ (k, 0), -? i t) ±:Itk iI~:(H£ l 

~1t'~(7) 'J 0 -:l5Jflfilf~~B9 I:;JF~*B9 (f, (k, I) < g) "t"~ J.> (k = O~ 

~T~W:*&#~.*&r=g(7)~~~Q~TJ.» ~~~ ±:Itk#~~TJ.>~ 

(7):l5JflfJIX.£Ii~~ l ~ It, (jgJ 3 ) 0 

th~B9 I:~:IJ*B9"t" if> J.> :l5JflfJIX.£WHi, f < y/k = g/ s J: t) sf <g ~~t':T 0 

~ ~ I:, ~*(7)PJT1i?tft(l.* rk/y ~ 0, t T J.> t, 

v 

L 

jgJ3 ~ 1Ij Jilt A 
(O<s<a<= 1(7)7-7..) 

k=o 

I 

:/r=g 
I 

I 
I 

I ~~tr.J¥1i.~ 
l*l~ 
I 

O~------------~~------~~------k 
kI k km 

50-tlI '/o-~~ 17 



f - g = ( 0
1 

- s) g/ s > 0 

J: IJ, 0
1 
> s cJ.t Q 0 

~~ •• ~, ~~IJ~~~~Qo~~~~~ a=I~~Qt~=O 
~~IJ, ~~~.M(7)i1Im~ 

~=(sf-g) (f-g)<O 

i.I~.JLT~1.P~~~~o ~tlfJH±, f-g>O, sf-g<Ot>J(iQo 

k t V I:~T Qlt~fJJ~(7)*G* ~5F L. "(.i3::' -j 0 

~~ •• *IJm~I± 

i.I~.JLT~o 

L. t.:i.lL::> "( B3 = 1- ( Bl + B) t T ~ t 

ok s 1 - --;;- = - .- > 1 
ask 1-°1 

ok 1 8 8 0<- - . =~=1-~<1 a 1 k 1 - Bl 1 - °1 

ok g 1 
-- -. = ---. < - 1 a g k 1- Bl 

av s (l-s) 8 
--= .. 1 >1 
a s v (1- 0.) ( °

1 
- s) 

-1< av _I = _~= -(1-~)<0 
a 1 v 1- Bl 1- Bl 

av g ok g 1 -- -- =--. <---. <-1 a g v a g k 1-°1 

~2Jili~~ ~ o 

~~~fki.l~ :J 7'" 7"'7"'7 ;:;q~~~~~a;JI±, 

8
1
= a, O

2
= b, 8

3
=1- (a+b) 
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c 1" n I;):' J: "'0 

~1J*:ltl1:fiffi I: 0 ~ 

i} si} 
V = -- = --:-.--=---:--

i -g (8,-s)g 

vi S 8
2 

y (8,-s)g 

vi 8 
-.- = -,,-:...L-

k 8,-s 

"//'J&."SL 1" J.> 0 

?-- An: s = 0, 0 < a ~ 1 ~~pJi-:f!J Y7)' l? O)JlTJr7)t~ < ~ ~ n~'" 
7-:;7.. "t'1;I: 

k = (1- a ) ql- gk- (1- a )Tvl 

11 = (r-g)v-q 

"t'iliJ J.> 0 

~~I:ii~"t' ~ J.> J: -J I:, k = 0, 11 = O:rfri9t.:1"1£O)iWl;l:ff:tE L.~"'o 

1814 :rh-J: -J 0 !IIJ*& 11 = 0 c!IIJ*& k = 0 o)~l±, -fn~'n 

q 
v=-

r-g 
q 

v=
r 

"t'iliJ J.> 0 L. t.:7)'-::> -Cpjf.!j-O) k I: 0 ~ !IIJ*& 11 = 0 1;1:, !IIJ*& k = 00) ...tjjl:fiL 

111" J.> 0 

*I:!IIJ*& k = 0 1;1:, a * 10)~1: 1;1:£,-( L. ~ iJ{~ (k > O,v > 0) l:f1L 

1IL.~"'0 iJ{~ (k>O,v<O) l:flLtI-tJ.>PJ~tt~~"'I:~J.>o 

"'-( n I: L. ~, !IIJ *& k = 01;1:, !IIJ*&k = 0 0) 1'151: fiLtI-t J.> 0 L. t.: 7)t "? 

-C , 1£0) (k,v) l;l:ff.f£L.~~"'o 

19 



1!14 jEO)~IiIilt:l:MO)~~1¥t£tt 

(0 = s< a <1 (J)'i"-:A) 

v 

k=o 
r( V= ; - (I!~)rl) 

O~~------------------------k 

~j:3, a=l"t"~.ot 

k = -gk~ 0 

t ~ IJ, trivial ~j5j~nlUltm (0,0) (J)};.tF(f-t£ L, iE(J)1WI;t-'\:'I;t IJ ff.t£ 

5 .ft~lililt.t*~~.2~~tt 

~~i"t"tis~aifi~L~~ ~~"t"~.~.~~(J)&;.s~~~ 

~9N·Y1~~.~~(J)& •• ai~@.o'i"-:A, ~iIJO~a<s~l 
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"t'ib 7.> 'T - ;7..1: 0 ~ ;it;Jft[$;:lltV?-.tH: *,}EtH: a-~~T 7.>0 

.1ti!;J1i liltl: t -f Q)~:i:f! .: V? -7 - ;7.. "t' l:t, ;it;Jft[ Rlt * V? -.11 l:t ~ 1:,f1-

~v'o flfkV?;it;Jft[$;:lltMV?-? -Sk>k, (0i IJ sr<ga-t;;t':Tk) a-~t':T 

~ V? l:t, ~ < O"t' ib 7.> Q)"t' fiU mB~H: tii}~U:: ~ 7.> 0' L.. t.: i/t "? "'( k> k, ~: 0v' 

"'( l:t, ;it;Jft[Rlt:lltMI:t - ."t'if:> 7.> 0 

*1:, ;it;Jft[ Rlt:lltMi/{ k < k, a- (0 i IJ sr > gi/tRltJr T 7.» ~t':T -7 -;7.. a

~;t J:: -J 0 -Y::1 ~7 :.--fi9iJV?Mjf}*[] (Trace) t -t-V?fi9iJ5tV?ffl~~:0v'"'( 

Trace = A k - Bv= ST - g - (1- a) IBk+ T - g > 0 

~ ~ O 

t ~.Q 0 1..- t.: i/{"? "'(, ~tt1Jl.¥5tv?= 0 V?~~ Al. A2 ~: 0v'"'(. *V? =-
0V?'T-;7.. 

(1) =~~I:iE (~> 0) 

(13) A,= O. A2> 0 (~= 0) 

H A,< O. A2> I A, I > 0 (~< 0) 

i/r~ ;t I? ;/1..Q 0 

'T-;7..~ ~"t'~, ;it;Jft[$;:llt~.m~~~*'}E"t'ib7.>o'T-;7..~"t'~, 

Jl!J~ k = OV?iEV?fij{ ~ l:t , Jl!J~ V = OV?iEV?ni ~ J:: IJ ~ fiUm~~:* ~ < ~ 
7.> 0 'T-;7..(p)"t'I:t. jilijJl!J~I:t* 1..- "'(v' .Q o 

'T- ;7..H "t'I:t, ;it;Jft[Rlt:lltI:tfiUpJTagtii,~ t ~ IJ, Jl!J~ V = 0 V?iEV?fj ~ l:t 

Jl!J~k=OV?iEV?~~J::IJ~fiUmag~*~<~.Qo 

v'"f;/1.I: L..1.:> k<k, V?tid,I:I:t, Mjf}~I:tiEt ~7.>V?"t', ;it;Jft[$;*V?f.ij 

m~*,}Ettl:t$;Jr 1..- ~ v'o 

*~ag.#.i:~:i:f! tii,~:I5]ft[$;:lltMi/rflfkffiET.Q~, 1f::i:V? ko l:~ L.., 

v'"f;/1.i/,V?tii,~;it;Jft[$;*MI:J/:{*T .Q f$fi*IWti/tllfE (} c 0ffiET.Q ~ I?, 

.: ;/1. a- *~~tii,~*,}Ett J:: ~.: t I: L.. J:: -? 0 

.: V?*~B9,*,~*,}Ett a-~t.:T (} t o V? i1lJi/t , Im 5 1:7F ~;/1. "'(v'.Q 0 .: 
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v 
1M5 *irI~ • ..a'R~1i 

(0 < a < s< 1) 

~~----~------~--------~-----Lk 

kl k2 kr k3 
0) 7" - A -e li. m:,~ I': 13'" -C. Ell! ~ k = 0 0) M ~ li . v = 0 0) fij{ ~ J: IJ 'b 

-)( ~ "'.:: C: 1':t£~T/'( ~ -eil!>.o 0 

=: 0O):i5]~P.X;:IHi~O) -? t. El (kl• v) C: E, (k,. v,) C: li,*,~-e iI!> IJ, E'(kz, v.) 

li:;f*5E:i5]~p.x;~fW-e iI!>.o 0 ko < k2 -e ~.o II¥. *IV'fli*5EI¥J,*,~*I~I':$'? 

-C,*,~E11':~* L.. .111(1)'7 T I': ~'B,,'.o 0 'b L. ko> k2 -e iI!>.o C:. *IV'fli'* 

,~E, I.:q)nRT.o 0 

1!l61i. rnc~I':13"'-C. EII!~ V= OO)M~~~EII!~ k = OO)fij{~ J: IJ 'b-}( 

~ <. flllttO):i5]~p.x;£fW~~ff;ttT.o7"-A>d:-7FTo .::O)~-eli. :i5]~p'x;£ 

fWli= 0ff;ttT.o 0 

,~El (kl.v) liJljjpjfl¥J:;f*5E-eil!> IJ. ,~Ez(k2,v2) li,*,~-eil!>.oo ko > kl-e 
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~J., t. ~l1fli~5E(f.j¥*,gg~f:1&"?-e¥*,gE.I:JIXJRt"J.,o L.il'L.. kO<kl 

""C.'~ J., t. gl1fli/f'~5E(f.j¥*,g~~I:1&"? -e ,gE.il' i:>3efi't L. k li{!o I:JIX 

JRt" 1.>0 

L.~~"?-e. ~5E(f.j¥*~g~~~e.~WM~,~i:>m3et"J.,~l1f~ 

"'-rtLil'~:l5)fl~:IltJW~JIXJRt" 1.> t li 11' it ~ 11'0 

v 

~ 6 *.tr.J.,.a~:i:tt:rrt.t\'\?--A 

(0 < a < s< 1) 

V2 -------------

O~------+---------------~------~k 

kl 

6 .iVi9iB9I!lBfl A l:::" - '" 

1b~1** (6) . (7) ~kl*ji!I1t)'li. t-t8 1 -C-~ ~ tL -ell' J., 0 

~5E(f.j¥*,g~~I:1&"? -e,*,g (k.v) I:JIXJRt" 1.> (k.v) li 

k = Al (k -k) 

50-fiI 
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(14) 

:a:-lMt':T 0 

.~Ib~1*~(13), (14) 1:!HtJ.d/:URA t:- F:a:-, r.uPJj-(J9J[)tJRA t:- '" 

cJ:I?-Jo kCvQ)J[)t3f;t.7-t:-r-I;t, -fn~n-).,"("~1.>o T1.>c, ).,1;1: 

rF} ;I. - 5' - (s,l,g) I:*ff't 1.> Q)"(", J~7;1. - 5' -Q)~1tl: J: lJ:lt;Jft 

Jil(;~"'Cl)J[)tJRA t: - FiI{It'iI'I:~1t't 1.> iI':a:-~ 1.> ;: C ilt"(" ~ 1.> 0 

LiI'L, 0 < s ~ a < 1 Q)7- A 1:j31t'-C;: n:a:-$re't 1.> Q)1;l:iU=~I:m 

.,,(,,~1.>o ~~~~~ ~~M~Q)~~Cl)~.M~Q)~~:a:-~~~~~~ 

~ ~It'iI'i:> "("ib1.>o Lt.:ilt"? -C, .lt~(J9~~~7- A (0 < s < a = 1) 

I: "? ~, J[)tJRA t: - ". Cl) .lt~JJJ~:a:- T 1.> 0 

6 -1 .,ifitr..lJ&3kA ~-" 
r.uPJj-a9J[)tJRA t: - "'1;1: 

dk dv 
- dk == {3(k) , - dv == {3(v) 

"("~.~n1.> o 

It, J; sy= gk "(" ib 1.> Q)-r: 

)., = s~ - g = (0, - 1) g < 0 

iI{Jil(;JtT 1.> 0 J:-? -C (13), (14) J: IJ 

{3(k) = {3(v) = - ).,=(I-O)g 

iI{if;iI'n, ~~I:O< {3(k)<gC~1.>o 

y Q)JlJ.JRA t:- ". f3(y) :a:-;JtA9 J: -? 0 ~il€M~Q):lt;JftJil(;~MQ)ifr-m"("(7) 

*'l~1t J: IJ 

y-y = h(k,l) (k -k) 

c ~ 1.> 0 L t.:iI{"?-C 

iI = h (k ,l) k 
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= AJ.(k,l) (k -k) 

= A, (y-y) 

-r: ib IJ , 

dil 
(3(y)= - dy = - A, 

tlf>jt i 1.> 0 J:: -? "'"C 

(3(y) = (3(k) = (3 (v) = - A, 

tlf Jiltj[ 1" 1.> 0 

F.ijPJTB9J/)C*A e - V (3(k) (7)lt~~~(7)tt*!:t, 

a(3(k) s 0, . . 
1>-as- (3(k) = (1-0Y J(1-0;)8,-II~O~(1-0;)8,~1 

a(3(k) 1 8,82 03 ( ) ~ ~ 
-a 1-~ = (1 - 0 )' 0;3 - 0;, <: 0 ~ 0;3 <: 0;, , 

a(3(k) g 8, ) . 
-ag (3(k) =1- 1- 0, 1(1- 0;, 8,-11 

83 = 1 - 8, - 0, (~II.J (7) PJT~:frftc*) 

0;, =yf
ll 

(k,l) I~ (k,l)' 

(J'j= (Jj,=yf'j(k,l) If,(k,l)!;(k,l) (~~~~i tj t (7)~7t(7)ii~1J'tt) 

-r: ib 1.> (t-t8 2 ~ ~mo 0 

(3(k) (7) si: -? "'"'"C (7)ili1i~1Jtt !:t, £,f 1 J:: IJ Ij, ~ "'0 lTJi* s (7).1:# 

tlf (3 (k) ~~:if (1Jnii) ~ -It .0 t:. ~ (7)£'~+?}~f4!:t , ( 1 - 0;) 8, < (> ) l-r: 

ib .0 0 ib 1.> "q:t, lTlI * s (7) 7;: ~ It, 00 . i1k;bX (7) J[UI:t A e - J-. tlr, s (7) 

Ij, ~ "'00 . i1k;bX(7)JDC~A ~ - r· J:: IJ iI!'" (!f."') t:.~(7)1l':~+?}"=f4I:t, 

(1 - o;J 8, < (> ) 1 -r: ib .0 0 

a(3(k) I as < (» Otlf Jilt3L-t 1.> t:,N)(7)+?}~f4 t l"'"C, 0;,«>)1, 
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0;,< (»1 ;Q~ib~fl?;ttJ., (#82 (J)IiIA 2 'd:-~fflOo 

J,.ftlH:.lt~±:Iti;Q~~",OO • :Iti~li C'!IX~ltA ~ - J-.;Qi"!f!- < (ill <) t:t. J., t:. 

~(J)1Z,~-t7t~f~li, 11,,> «) l1,;t"ib J., 0 

g;Qi" ,8(kH:N.I~T~*'d:-.;Tj.J: -Jo i1' 

o,8(k) _g_ =1+ fJ + 11,.8~2 <1+ 8 
Og ,8(k) • 1-8. • 

C t:t. J., 0 ~ I? I: 

o,8(k) g 8. 1 (1 + 8.) ~ 82 + 8,) l ----ag ,8(k) = - 1- 8. 11,282+ 11,,8,- 8. I 

;Qi"2J;Q>;ttJ., 0 

1i17 'd:-.;Tj.J: -J 0 Il£l]= Ol;t , Il£l( 1- 11,.) 8.=1 (J)J::nI:f)i:i'lTJ.,o 

Il£l]= 0 (J)T1J(J)~~'t"I;t, ]< 0 't"ib ~, 

o,8(k) g • 
0< ----ag {3 (k) <1+8. 

;Q~hltJl: T J., 0 t:. c x.1;f, ] < 0 (J) -t7t~ftj: c L.--C 

'd:- ib If J., .: C ;Qi"<: ~ J., 0 

Il £l] = 0 (J) J: 1J (J) 'fiJ{ ~ 't" l;t, ] > o't" i.b ~, o{3 (k) / 0 g < 0 c t:t. J., 0 

] > 0 (J)-t7t~ftj: c L. -C 

11,2' 11,,> 1 + (11 8.) > 2 

'd:-iblfJ.,': C ;Qr<: ~ J., o 

~~·§7'~~~~.ft ':(J)~-~'t"~ 

,8 (k) = (I-a) g 

ct:t.~. i1' 
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~7 8/3(k)/8g(J)'jE. 

---------'o~------Ll------'~---~--a13 

(11) CD J = (112 0, + ~, 8, 
(1+ 0) ( 8, + 8,) 

0
1 

CID J>«)O-r:3b~ t a{3(k) < (»0 ag 

@ J=O 

a{3 (k) = a{3(k) = 0 
as a I 

a{3(k) g 
----ag {3(k) = 1 

~{4~o 
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{1(k)li, sC n:li1/:fl'fL-~\"o ~t;>I:!J@.,*~\"Q)li {1(k)iP1(*Q)PJT 

{4;j-ftC$a 1:~:j'fT ~ .::. C -r:iiJ I') , 

a{1(k) a 1 
0> ~ {1(k) ~ -1<:::> a!E 2 

~fRlt.u:T~o _*;j-ftC$li, ~~I:li3ff1Jac\,';bn~o .::.n1.lf*~T~ 

~, _*:5tftC$Q)~\"OO' itk~1."I±, -fn1.lf1!h'OO· :I&~J: I') 'b, I/3CJ;f[A 

~- J-' {1(k) I±i!!\,'o ~ t::>I:IJ'ij-Q)OO . :I&~I:j3\,'"(, 1(*;j-ft[!$Q)...tgf.I±, 

~i I')JlX%A ~- J-'~iJl~~-tt~\,' o 

i t.:l- a 1±±:I&:5tft[!$ C 9f1lJ:5tftC$ C Q)~D-r: iiJ ~ Q)1.", .::. n t? ="':) Q) 

:5tft[!$Q)~D1.Iq %...tgf.T~ C, JlX%A ~- J-' {1(k) 'b it.: 1 %:lJD~T~o 

6-2 jQmtf!lIi!tA. 

0< s < a =1Q)7 - A Q)*l%J!Iw,1** 1:j3\,,"(, *~B9,*,~*-£JlIJ...tI: 

~~ (k, v) 1:"':)\""(, kQ)nX::Ilf:$G(k) , vQ)...t~$G(v) I±, -fn-f'n 

• (k - k) 
G(k)=(1-8)g k ~O<:::>k~k 

• (v -v) 
G (v) = (1- 8) g ~ 0 <:::> v ~ 1) 

v 

cJJ-1*(fJl:*i~o G(k), G(v)I±, -fn-f'nk, vQ)1j!~iJlj;IUl~-r:iiJl'), 

~ t? I: 

!im G(k) = !im G(v) = A, = - (1- 8) g 
._00 V-CIO 

!im G(k) = lim G(v) =00 
It- 0 v - 0 

c ~~o 
~1t;#c~~-c+ iiJ 7.> ~:h$itkfilliQ)WM~ v.l±, 

Bk ( • ) 
Vo = 1) + 1 _ B ko - k 

'" v 
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=v- Bk ( • ) 
(1- s) f ko-k 

t, )ti:k:~thO)WM-fiR ko~: J: ~ i:k:~ ~ n1.>o 1tH0)~14i1;1fil-~~ 1.> t, 

;MM-fiR vo<v ~:"?~, WM-fiR voil;/J'~ 1t'00 . jtl1J~lf t\ ~*:It!!.filliO)l:~* 

1±~It" tit' -? ~*:It!!.fjIlH: ~T 1.> ~1<t(J9J!X*ttil;2JiI>n1.> 0 

G(v)<7)~7" :v<O~~QIIit 1~7~-~ -S, I, gO)~11:~:J:~IIII*l 

G(v) ilrl:~: ~ 7 "T 1.> O)iI" ~ 1.> It'l±r~: ~ 7 "T 1.> O)iI>:a-~~ J: -? 0 

v < v ~:"? ~ 

a G (v) 1 1 I·· ( a k I) . I v (a VI) 
a 1 G(v) = - 1- 8, I k Oil azT + 10,. + v-v az""""".O 

H~1.>o 

t-=t.:tl.io;,,0;3~1~~1.> (I8IA2~~mO t, JTJ;*O)l:~~:J:1')1III 

kI!lG (v) 1±l:Jr ~ 7 "T 1.> 0 

..:t L. -C 0;. ~ 0;3~~ 1.> t, 1 O)!t1tJO~: J: I') G(v)l±, rJr ~ 7 "T 1.>0 

gilt G(v) ~:&I;rT~*~:"?It'-CI;t, 
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"t"~1.> t aG(v)lag<O t~ I), fIII~G(v)l±r1J~7 I-T1.>o 

I!I 8 a-}j. J: -? 0 :fir I) Q) ~kll M = 0 1:, ~ 1.> v' I± 1:1J Q)~ ~"t" I± 

a G(v)1 a g <Oi/fJV(;3LT 1.>0 :fir I) o)~~(l- q.) 8,= 0 1:, ~o v'I±1: 

30 

1 
~ 

1 

o 1 

(t±) CD M= 1- 0, - d..,8, 0, - d..,O, 0, 

® ~~ I I d.." d.., I d.., ~ d.." M ~ 0 1 

ji~ IT I d.." d.., I d.., ~ d.." (1- d..) O,;:i;; 11 
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11Q)~~-c." 1;;1: a c(v) / as> 0, -t- l "'( m.:.~ ~:ij 1.> 45°~1:., if:> 1.> It, 1;;1:1:.11 

Q)~~-c."I;;I: a c(v) / a 1 <0 t ~ 1.> 0 

.:: n t;. =:"'? Q)~~Q)*im#Ht 1 0;,. 0;2 I 0;2~ 0;" M ~ 0 11;;1:, ~ 8 -c."~ 

~I tlla~:/1."'(It'1.>o '::Q)*:im~-%~~I 1':;J31t'",(I;;I:, if:>1.>It'I;;I:V't"'?Q) 

+?J-~# t l "'( 

-c."if:>1.>~, 

ac(v) ac(v) ac(v) 
as> 0, a I <0, a g <0 

t~1.>o "'?ilJ sQ)1:.1+, IQ)Tii, if:>1.>It'I;;I:gQ)Tiil':J::IJ, dI.J~c(v) 

~1:.1J~~7~l, m40)v<f~"'?~vQ)1:.1+*~.i1.> o"'?ilJ, ~ 

-Q)WWH~vo ~ 'b"'? 00 . :I&~I':"'? It'"'(, lIT;;* s 1J~* ~ It'. ~Ib:ii 1':.It~ 

±:I&MffI1J~j..'~It'. tt*TJ!~* g1J~/J' ~ It'OO . :I&~Q)'l-J 1J~:h*:I&1iHiO) 

1:.1+* 1;;I:?ili < ~ 1.> Q) -c." if:> 1.> 0 

G(v) (j);;7 t- : v> iJ~~QIIl¥ '::0)7-7- -c."1;;I:, 

c(v) = -(1-0Jg (v-f) <0 
v 

-c."if:>1.>o '::'::-c." 

h == (1- OJ g (v- f ) 
v 

t lJ::-J o t"1.>t 

a h s k 0., (a k S) f (a VS). ' --- =--, --, --- --- <0 if (1- u.) 8 ~1 ash 1- 8, ask v- f a s V 11 ,-

ah 1 1 J' ,(ak I) 'I v (av I) 
alh= - 1-8, l k811 TIT +1~2 - v-v TI-:O 

8, 82 8, ( ) v (a VI) - u. - u. - -- --- > Otif u. ~ u. (1- 8,) 2 '2 13 v-V a 1 v '2 - 13 
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1.Ir*i .Q o 

~ t~ t.:.lf~ 8 ~ J.;. J: -? 0 ~~ n ~ 1 0;3' 0;. 1 0;. ~ 0;3, (1 - 0;,) il, ~ 11 

t ~. T.Qo ::. 0) ~ ~ n I: .t:> v' "( li, ~.Q v' li -f 0) $ 7t • ..g-

10;3,11,.1 0;.~<1,3~11 1:.t:>It'"(Ii, SO)J:~, IO)lJt1l~.Qv'IigO)T 

"li1':J:~, 1tIl*& C(V) liJ::m:'i7 rT.Qo 

::. tL i 1."O)ra~Ii, ~ 9 I:jf- ~ n "(v'.Q o ~ 9 q) (1) li <1,. ~ 0;3 ~ 11 il,O) 

7 - ;q:, (2)1i <1,. ~ <1,3~ 10)7 - ;q:, -fnlftL1tJt.t".Q 0 t.:. t ;t liJIT 

.*s~J:~T.QtLJ:-?o~~ ••• ~G~~d~J:~L, ~~*& 

- (1- il,)gliT:nI: 'i7 r L, - (1 - il,')gt tj:.Q o v<G'I:?It'"(Ii, 

ItIl*&C(v)liJ::nI': 'i 7 r T 7.>0 v> G'I:?It'"(Ii, v1.lrJ:~T 7.> 1:?tL, 

1t'1'tLif Lit' 1tIl*& C(v)li ~ to) 1tIl*& CO)T1j1:f:il:lit" 7.> ::. t f: tj: 7.> 0 

7 -:J.. (2) f:? It'"( li, v>G 'I: ?It'"( liif Lit' l1li*& C(v)li ~ t 0)l1li*& 

J: ~ ~ J::nf:f:il:lit" 7.>0 v <G'f:?It'"(Ii, v1.lr*~f:fg;TT 7.> f:?tL, 

iflBQ) l1li. C(v) li~;b ~, 1t'1'tLifLIt'IIII. C(v) li~· t O)ItIl.O)T:nf: 

f:il:lit" .Q ::. t f: tj: 7.> 0 

7 '7C1-/{J"~llJlJk~ 1:- " 

7 - 1 "'CI-/{J"~JIU~~ I: - " 

a = 1 0)7-:J..f:?ti, *&*~1tI.tb~{;$:*0)J!:(*:J.. e'- r-f:?ti~lM"L 

t.:.o 4'-£Ii, a = 1 0)7-:J..f:?ti1:.~~lt~:17'· ~7"7:J..ml1."~7.> t 

~~t" 7.> t, fb~{;$:* ~*&*~1tI. L tj: < "( ~ J!:(*:J.. e' - r' ~*~ 7.> ::. t 1.Ir 

"(' ti 7.> ::. t ~jf--f -? 0 ::.::. 1."0)7 -:J.. 0) k, y O)J!:(*:J.. e' - r- ~ 0) a (k), 

a(y) t icT': t f:t" 7.>0 a(k), a(y) li, 7"0 -rO\;tj:J!:(*:J.. ~- r'~~ 
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G(v) 

Or-------~~~-------------v 

- ( 1 - @{)g - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

G(v) 

Or-------~~~~-----------v 
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-c'if.>~o .::n~:~n ... -c f3(k). f3(y)li, O"':"7J}v~Rgr't"if.>~o 

kl-aQ)?[J_J~JI-~JIX*AI:::"-/" ::17+' ;$f'7'7A~~~~lkl7)bC't" 

li , (12) J: IJ 

iJ~2Jipn~ o '::'::'t", x=JI-acT~c (15) li, 

:i: + (1- a) gx = (1- a) d 

C ~ ~ 0 .:: 17)~7t1:ff.!EAI7)-~1Wli, 

Sib 

X = - + C exp 1- (1- a) gt I 
g 

Sib 

x=-+C 
o g 

't"if.>~I7)-e 

x = x+ (xo -x) exp 1- (l-a)gtl 

x = Slb/ g 

~1~~ o 

.:: .:: 't" (16) ~~5tT ~ c 
:i: =(1-a)g(x-x) 

(15) 

(16) 

't" if.> ~ 17) -e, x C -t17)~flT.JVt£tM xC 17):¥ '" :;; 7'li, (1- a) g 17)*'t"ji~ 

~.~;n~,::c~b~~ o L~~~-C, XI7)U.A~-~~ , 

dx 
- - = (1- a) g > 0 

dx 

a (k) 0)1I1fi .:: 17) J: -J ~: JI-al7) 7"0 -/ { }v ~U.A ~ - l-' li-5£ C ~ ~ 

~ .::.::-ek~~I7)U.A~-~~*~J:-Jo~5E~~~R~~~if.>~k 

I: '? ~ , (16) J: IJ 
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II-a = ~-a+ (II-a- it-a) exp 1- (I-a) gtl 

~{nJ(;~i" 1.> 0 (I7) a-ta?} t., '"( 

(17) 

(18) 

t*i1.>~{, .::ttlj:~Ij:~-5Etlj:~I:>~"'o JlXJltA t:::- J-'Ij:iE"t'~lttt 

I!~ I:> ~"'Q)"'(" 

"'(" J;; 1.> 0 

Iml01j:, a (k) a-7FT 0 ~H·~"t'Ij:J;; 1.> ~~ k = k"t'J;; 1.>~, 

a (k) = {3 (k) = (1 - a) g t ~ 1.> 0 f: t., '"( 

k ~ k <==> a(k) ~ {3(k) 

~rnJ(;~ i" 1.> 0 

*5EffJ~,~*I~1':7ih '"( k I.:JlXJi:!:i" 1.>k I':-?~, k < (» k"'("J;; 1.>~, k 

~{k I.:JlXJi:!:T 1.> I': -? tt '"(, I{jC~.A t::: - J-' a (k) 1j:*~fH':~ < (l!! 0 ~ -:> '"( 

"'<0 k=kQ)~I':Ij:, a(k)=(I-a)gt~1.>o 

~ 1:>1':, k<kQ)~, k~rH::ili:"'ti!, JlXJi:!:.A t:::- J-'Ij:~< ~1.>o ~I: 

k>k"t'J;;1.>~I:Ij:, k~{kt_tt'"("'~li, .JlXJi:!:.A t:::- Vlj:~< ~~o 

(18) I: (17) a-ftA T 1.> t 

a(.) ~ (k r!OXP l(l-a) Kt I 
T - 1 + exp j(1 - a) gt I 

a-~~o 

J:-:>,"(7"tJ-/~)V~JlXJi:!:.A t:::- J-·Ij:,.lt*k/kQ)~~'~~t ~1.>o 

ko<k"'("J;;1.>~, f&Q)~f!j:~r-5E"t'J;;~ t, iI!. (k-k) ~{*~"'li, a(k) 

50-ur 35 



I 

a(k) 

g------- ---- - ------ --- - --- -- - ----

{3(k) = (1- a)g 

O~--~k~/------k~--------------k 

, 
_1 __ 

(iE) k == a 1-. k 

I;!:*~ < ~1.>o 
a (It) (I):" 7" )~7.)1-? - q)~1tilr a (k)!IIi~ ~ ~ 7 J- ~-tt" 1.> :n[ti]i;!:, 

oa(k) _s_= __ X_<_l 
oS a(k) g-X 

oa(k) 1 bX < 
--o-l-~=- g-X -b 

oa(k) _g_ = __ g __ > 1 
og a(k) g-X 

( 
k ) I-a 

X==agT >0 
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-r-1F~n~o '::'::1: a(k)=g-X>O-r-<b~o 

lJ.:iJ'-::>""C, sO)Tfi., gO).1.;1f.li, iJ'l;t. ~ (<fJ~")li~j]B9I:) a(k) 

Hil{fJil.:r .1.1n: :,; 7 r ~ -tt ~ 0 1 0) i.!£9-'li , a (k) Hil{fJil.:r .1.11 I: :,; 7 r ~ -tt ~ 0 

a~ID.W ~~·Y~5~~~.OO.0)~~l~ 

Ji- = (J!.D-) + k fj , 
y k 
-=a-
y k 

a(y)=g!a-(2a-1)( ~)~I 

da(y) 
dy 

1:<b~o 

(1 -a) (2a - l)g (--4--) ~~ O<=> a ~ _l_ 
ay y 2 

(19) 

JlX*~ 1::: - r a(y) iJ' y O)ttl1Jn (i.!£9-') OO.t l;t. ~ t.:d)O)£,~+5t~dj:lj:, 

1 
a>«)"Z 

1:<fJ~ o aiJ'25t0)11:~L")t, -(-0)"*1:0).7}., a(y)li-~~ (gl2) 

t l;t.~ o 

~ 11 0) (1) iJ' ~ ~ Ijij ~ iJ'1: <b ~ iJ{, a > 1/ 2 O)~, JlX*~ 1::: - P a (y) iJ' 

lE -r- <fJ ~ t.: d) \: li 

>( 2a - 1)~ _ , y a y = y 
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-z"~ltnl!~ t:J ~v'o 

jt*7t~c$a O)m~B9 ~fjgil~~0.3-z" iiJ ~ t T ~ ~ t:J. a (y) 1;1: y O)iJly 

oo~t ~ ~ o (81110) (2)1:5F ~ n~ J: -? ~:, y iI~*-~ < ~ ~ ~:-::>n . a(y) 

li.:jdi'H: ag I:~ili: L -Cv, < 0 

~11 iI' t:J IlA t:J iI'-z"iiJ ~ iI~, a < 112 O)'r - A '"("Ii, y < (» y~: -::>v'-C, 

yil~ y iI't:J~n -Cv'~fI, qX}:!:[A ~- F a(y) li1f!. < (~<) ~~o -f L-C, 

a>1I20)'r-A-z"li, y«»y~:-::>v'-C, yil~yil't:JM.n-cv'~fI, qx 

*A~-Fa(y)li~< (1f!.<) ~.o o 
\-. 

a(y)d:b**0)~7" '::'::"C'Z=(2a-l)g(Y/Y)-·-c L. a(y)=ag-Z>O 

t i!f ~ a&? J: -? 0 ToO t re '7 .;( - :$7 - 0)~1til~ a (y) BII~:"- 7 r ~ -tt.o 1r 

[tiJli, 

oa(y) 
as 

o a(y) 
01 

o a (y) 

og 

S 

a (y) 

1 
a (y) 

Z 
---~O 

ag - Z ~ 1 
<=;>a <:-

bZ ~ 2 
- <:0 ag- Z 

g = 1+ Z = ag ~ 1 
a(y) ag-Z ag-Z 

O<oa(y) _s_< l 
os a(y) 

Lt..:iI~-'.)-C, a«»1/20)~li, sO)l:.¥f., 100±tl1JDli a(y)BII~~1:. 

11 (T1r) 1::"-7 r ~-tt~ o :"-7 rO)fIJ.t~:-::>~ , a<ll2 O)~, sO)1:. 

g'l.liiiJ i i) a(y) BII~~ l:.1r~::"-7 r ~-tt~v'o -Aif~l:a iI~ 2 7t0) 1 J: i) 

*- ~ v' iI'/j-, ~ v' iI' I: ipipp G -r, gO) 1:.¥f.li ip ~ i) a (y) BII~ ~ 1:.11 I: :,.-

7 r ~-tt~o 
38 50-fi I 



18111 ?[J-/~J"~JIi*AI::- f" 0(1/) 

(1) a >_1 
2 

a(y) 

ag - - - - - - - - - - - - - - - - - - - - - - - ---

.8(y) = (1- a)g 

~--~----~~----------y 

y' 

a(y) 

(2) a< _1 
2 

(1 - a) g - - - - - - - - - - - - E 
1 

1 

1 

ag - - - - - - - - - - - - -1- - - - - - - - - - - --
1 
1 

o '--------------<~I------------ Y 
Y 

(¥E) CD a (y) = ! a - (2a - 1) ( ~ r~1 g 

.:ID y' = ( 2a ~ 1 r g -r:;li; 7.J 0 
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«(v) 1:-:>\.'"(0)./-" ~:1J$:l&fiIIi v 1:"'?V'-CO)7"O-J{)i.17j:mORA J:!

}q:"'?v'-Cli, ~~Illf"t'liWPJij'""E ~ t.t.1J'-::> t:'1J~, .::. hi:"'? ~7:l~ h -Cv ' ~ 

r,,'m,~ ~ ~ L -C 13 .::. -? 0 

*~l¥J~,~~~_tJ:~~ kO)f$qT~~li, (17) J: IJ 

k, = [k'-a+ (k:-a- it-a) exp 1- (1- a) gt f ]-6-

"t'~~ h~o reHllO) ko I:}J Lkt O)f$rr~~1J~'::' 0) J: -? l:iRi ~ o)'""E, *~ 

l¥J~,~~~I:'ifh -C v I:JlXJ;R-t .o~~Vt = v(kt) ~ (12) J: IJ ;jt9')t:.v' o .::. 

O)v(k)~jI;fdlt~tlctv'-? (Barro and Sala-i-Martin(1995)~2 . ~~~~O o 

'::'h~;jt9')~ t:.9') (12), (7) J: IJ IIfrdl t ~WH~-t ~ t 

dv dv/dt (r-g)v(k)-q 
dk = dk/dt sy-gk 

dv r -g q 
dk sy-gk v(k) + sy-gk 

v(k) = N(k) I c- J ~~;~ dli f (20) 

t;jti~ o '::''::'1.'', Cliff~O)5Etlc1."~IJ, 

q 
D(k) == k sy -g 

() [J h(ii,I)-g 'J 
N k == exp sf(1i ,I) _ gli dk 

1."~~ 0 

'::'O)*~l¥J,*,~~~li,*,~ (F.,v) ~Jj~O)"t' , v=v(k) 1J~nltJL-t~ o 

.::. '::'1.", :rj'. 7'" ~l7 Aru~P-E~tlc0)1OC~0) 'b t ""("Ii , ,* ,~Ii 

(k'V)=((~)~' b ~ (~)~) 
g (a-s) I I -a g 
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"t"4 k./":dt 0 0 

~.~ (k,v) ~:~ltoiffcjUl1~v(k)Q)1i~~*8')J:-?o o1!7'JvQ)5EJ.!!! 

~ffl"'-r 

, ( Cl ..:.../,......,1 (---,k ,-,I )_V....:...+--,-( f_----'=g'-'---) V_' -'--( k-"-) ----''''-'''.12-'--( k-,--, l..!...-) 
V k,=-

sf-g 

H-!JoQ)"t", 

, ( ") _ /'. (k, 1) - /'1 (k , I) V 
V k - (l-s)f 

f.l(k,l)=(a-l)flk, f. . (k,l) = bfil 

"t"iiJOQ)"t", 

, (") b 
V k = (a-s)l >0 

iI{~1.)'noo 

.:: n t., Q)'M¥Il ~ b t I:, -~m (20) Q)J!.1*A9 ~~~ *8') 0':: t, .:: nilr 

~~nt.:~m"t"iiJoo '::Q)~m~mfJijTot, a(v)~*8')o.::tilr"t"~ 

o Q)"t"iiJ 0 0 

7-2 ft~lit •• 

k t y t Q)Rlt~*G(k), G(y) li, (18), (19) J: ~ -fn~n 

G(k) = g! (fr-1

- 11 

G(y) = ag ! ( ~ )~ - 11 

t ~o o jiIij~Q)rdH:li*Q)Mf* 

G(y) = aG(k) 
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-IJ{J1}.rL i" .0 0 

G(k) 1;1: kq), G(y) 1;1: y q)1f!-.iIlllBU~"t"ib.oo 
.-1 

G(g) (/)5/7 " :::":::""t"m=.(gly)-.- ci".oc, 

G(y) =ag(m- 1) ~ o<=> m~ 1 <=> y ~ g 

c 1'j:.oo 

PJf l} q) y~: ":)\" \ -C , 

am s 1 ----
as m a 

am g 1 
----=--ag m a 

"t" ib .Q q)"t", 

aG(y) = gm >0 
as s 

a G(y) = bgm > 0 
al I 

aG(y) = -a+(a-1)m< 0 
ag 

sq)..t.~, lq)~tm, gq)ffi;TI;I:, G(y)lltJki~..t.1n:~7 I-~-tt".Q o 

:::.. q) ~ 7 I- q)liJ.t ~~~ J: -J 0 

1;1: t.iJ I:PJTl}q)k < k{m> 1, G(y) > 0) I:"':) ~ 

a G(y) s m 
G(y) 

= >1 
as a(m-1) 

a G(y) I bm > 1 if b~ a 
al G(y) a(m - 1) 
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a G(y) _g_ = _ 1 + m > _ 1 
ag G(y) a(m-1) 

Lt.:ilf "?,"(, sQ)1:~'±, G(y)HlliWH .. iI'~ 1)1:1n:~7 l- ~-tr.oo ±1tI!. 

7tftC*ilfj(*7tre*~TIElI? ~,,~ (b ~ a) ~ I? If, I Q)~:lJDI± G(y) HII*'i 

~ iI'~ I) 1:1n: ~ 7 r ~ -tr.o 0 g Q)-ffi;T '±, G(y) HII*'i ~;/;y i I) 1:1n: ~ 

a G(y) s 
as G(y) 

m a 
a(l - m) ~ 1<=> m ~ 1 +a 

a G(y) I 

a I G(y) 
bm ~ ;;;., a 

a (1 - m) 1 <=> m <: a+ b 

a G(y) g I m I 
ag G(y) = - 1+ a(l-m) <-1 

J:"?,"(, gQ){5;TI±, G(y)!II:!k;Il~iI'~I)1:1r~:~7l-~-tr.oo 

.:.:-e- m=a/(a+b)~~t':TY~y" m=a/(l+a)~~t':TY~y, 

t L J: -? 0 T.o t 1i < y, < y, t ~.o 0 

y< (»y,"t";/;Y.o t, sQ)1::n~:J: I) G(y) HIIk;Il'±n'~ I) (;/;Yi I) 1: 

1r~: ~ 7 r T.o (L ~ ,,~ ) 0 

y< (»y,-e-;/;Y.o c, 1Q)~:lJD':J:1) G(y)!II:!k;Il'±n'~1) (;/;YilJ) 1:1r 

~: ~ 7 l- T.o (L ~ It\) 0 

8 J.l ~ t\. t.: 1111 

~ ~ tLt.:~eQ)"~ < ":)n' ~ ;/;Ylf J: -? 0 

(1) 1'('1')v 
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~*c7i;~ftlHr-rt"~~~~ r±:I&J ili"~<1:~I:ltilU-,ttlt\ -::>1 ~ 

~=0~~~~?tt717~~~~~~cl~?o 

1ii...tiln)~~~a-M~l-C, A41;t r±:I&J a-f!MfT~~~;t_>?o ~:hm 

a-~30 ~:: c l;tttlt' l, ~~,: 'b ltilil: l ttlt'I~7')vjf~':M l, A41;t7 

'7 A O)WffrHj a- TTiI'It' tt iI" -::> 1 ~ 1~7' )vj(~~frHj~iI{lE c tt ~ iI'It' tt;Q' 

~r,Ulil{~~o ::~r,:UII;t, :bn:bn~.:cT)V':i3It'-C Fz= 0, q = Oc 

Tnli, Mijij~~ ~ ~~I?? 0 1~7)v~~a-A4 l;tf*~T ~:: c a-JFT:: 

C#~~~o*~.~~~~~~T~o 

(2) :bil{OO~:I&frHj~OO~.lt~ 

:b#OO~:I&frHj, :l&frHj.~·GDP.lt.tt~~.~~, G~OO~.lt~A. 

1:~iI'-:d.: C It':bn~ 0 :: ~:: C~, .lt~tb~l: ~ ~ ~ ~ ;Q'I: tt I? ? 0 :: 

n~ ~m~C:: I? i ~~.:cT)v~I~7.) -7 -s, I, g C ~~)!a-ijij ~;Q' 

I:Tnli~It'o 

(3) ±:I&~ti 

±:I&~ti~ ~ 1 ~i tt 717';Q{k:£r~JiX;-!~:I:bHl'T~:h*-?tb~B9~:h.1i C 

~~.~ ijij~~~~n~~~~~~o 

(4) ±:I&~ f*J1:£I9JiX;-B:.:c T)v 

:bn:bn~~?~~, ~1:B9 •• ~T~~~~~o±:I&~~1:B9 •• ~ 

T~~~OO~ ~.~~~n~~m~~~o±:I&~AK~T~a-~OOT~ 

'f5.E~~~o 

Mal .~IIJ~1** 

1** (6), (7) a-:ltg~JiX;.1W (k, fj) ~ili:m~~%1tT ~ C, tb~I;t, 

k=Ak(k-k)+Av(v-fj) I 
v = B.(k-k)+Bv(v-fj) 

(AI) 

~i6:w. ~ ~ ~o :::: ~ Ak,Av,Bk,Bvl;t, -t-n~n k C v C ~:ltgWJiX;.1ii 
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(k, v) "t"~fIIIj~tl"("" 5Eti:"t"~-Oo kl±V"\'/"7'"t"~~"';t~w.:tt (:/* 

~~tt) "t" ~ IJ, v I± V "\' /' 7'"t" ~ -0 ~;t~w.:tt (ilifJf4II~ffc) "t" ~ -0 0 

.:: O)jl3L1J~:rtO)-~WH±, 

k- k= Cll exp(A,t)+C,. exp(A,t) 

V- v= C" exp(A,t)+C .. exp(A.t) 

c ~ -0 0 .::.::"t" A" A,I±, !t.ftt1J~:rt 

i - (A k + Bv) A + (A~v - AvB,) = 0 

(A2) 

O)M"t"~-Oo '::'::"t", ~=A~v-AvBkCT-Oc, !t.ftt1J~:rtO)MIj:, 

A = Ak+Bv±J(Ak+Bv)2_4~ 
2 

"t" ~ -0 0 !l¥tt1J~:rtO)~Jglj:rtIj:, 

(Ak+BY - 4~= (Ak-Bv)2+4AvBk > 0 

t ~ IJ, ="?O)lll±~ll"t"~-Oo 

~ I? I:, 

A, A,=~= (sf- g) (r - g) + (1- a )glBk < 0 

~rRlt3LT -0 0 =llO) -? -t:> V- t "? I±~, ft!?O)lll±lE c ~ -0 0 -:> i IJ , 

A,= A k+Bv+J(Ak+Bv)2_4AvBk > 0 
2 

"t" ~ -0 0 

~<O:IJ, ~*ti~~*5E~t~-Oo 

.::.:: "t"(A2) a- (AI) I:ft).. -9-0 t, 

k = (AkCll + AvC.t2 exp ( A, t ) + (AkC" + AvC •• ) exp ( A, t ) 

V = (BkCll + BvC,,) exp ( A, t ) + (B.C •• + BvC .. ) exp ( A.t ) 

H4-Oo .::O):rtc, (A2) a-~IIIJ t"t"~~L."(.~,tl-O 
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k= A,Cll eXp(A,t)+ .l."C'2 exp(.l."t) 

v = A, Cll exp (A, t) + .l."C.2 exp ( .l."t ) 

tipt:>, !f!¥11;tlA; (i= 1,2) f.:ftIl.iiT.QmI~~:7 )-)1; [Cl;' C 2;] 1;1:, 

(A3) 

t;Jti.Qo 

~~ •• k~W •• ,~ •• ~~.Q~ ~m •• v~WM.~~*.~ 
~.Qo f~f':h..Q J: -? f.: v.l;l: ko~ml.t l-Ci*~~tL.QiJ\ Liit:> < 1;I:~t.: 
iJ't vol;l: •• ~~.QiJ'~':::- t < 1&-?'::' t f.: l J: -? 0 

W •• ko' v.l;l:, (A2) J: IJ , 

k.,- k = Cll +C'2 I 
Vo- 1) = C2,+C22 

(A4) 

vo- 1) = 
A,- Ak 

Cll+ J..-Ak 
Av A C'2 v 

Bk 
Cll+ Bk 

C'2 A,-B. .l.,,-B. 

(AS) 
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v -v = 

(A6) 

k 1;1: ~ "" / 7'1: ~ ~ It) t.:.~. C,2• C2273~-l! 0 1: ~ It) t t" 1.> t. k 1;I:~ti: l 

*''Hr1.>o ::O)t.:.~~5EB9*Ii!Ll:~:f1Li'lt"1.> (k,v) 73~ (k,v) ~:l/3t*t"1.>t.:. 

i)~:I;I:, C, .. C22I;1:-e01:~lttLl;f~t?~It)o T1.>t (A4), (A5) J:IJ 

Cu = k,,- k 

Vo =v+ 

=v+ 

(ko -k) = 

,1..- A. ( .) ko-k 
Av 

B. ( .) 
1 -B k,,-k 
". v 

O)J:~~, k"O)~~tl~~5Et"J.,o 

P).J::.J: 1J~5EB9~B*Irm~:-::::>It\~I;I:, 

k -k = (k,,-k) exp(A,t) 

V - V = (VO - V) exp ( A. t ) 

(A.-A.) 
(k,,- k) exp (A.t) 

Av 

( A.-A.) 
(k -k) 

Av 

B. (k" - k) exp (A. t ) 
A.-Bv 

B. 
(k -k) 

A.-Bv 
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(A7) 

(A8) 

(A9) 

47 



A,- At _ Bt > 0 
Av - A,-Bv 

J:lJiEc~.Qo 

(lijf,H: L '"( 35i1tT J.>>f'*~89¥*,li'fftJmI:-::>It)'"( I±, Cll = C21 = 0 J: IJ 

k-k=(k.,-k) exp(,t.t) 

v-v=(vo-v) exp(A2 t) 

Bk ( • ) 
(,t.- Bv) k - k 

i~m~~.Qo>f'*~89¥*~ftJm~~~~, ft~~J.> o 

*~89¥*.li'fft~xx c >f'*~89¥*,li'fftJmZZPJ.)1.~f$rrft~I±, -~1W 

(A6) ~5F~n.Q o Cll' C2h C2" G..I±, -et1~I±~It)o .::nl?~f$~Tft 

~~I±, ~r.o89I:I±k, vQ)ffi~89~1t*I±A2>OI:~L<~.QQ)'t', kc 

v c 1±~iIt L '"( It) < 0 

~AlI±, .*JJJ~1** (AI) ~1)J:#I~-C~.Qo *~89¥*,li'fft~I±:fi..t 

IJ ~m:.xx, >f'*~¥*,li'fft~I±, :fir IJ ~m:.Zz-C5F ~ n'"( It).Q 0 

>F*~¥*,li'fft~zz~~ ~ Q)~~~I±, *~89¥*,li'fftJmXX~iE~~ ~ J: 

IJ {,*~ < ~.Q,::ci5F~-j o 1ltr~~'l?ri~i51< c, 

(1- s) f - (1- a) IBk -'-----'---'------'----"- > 0 

c ~ J.> ~, I? 't' ~ J.> 0 

48 

*~89¥*,li'fft~I:i31t),"(I±, (A8) , (A9) J: IJ 

k = A, (ko - k) exp (..t,t) 

= A, (k -k) 

(l-s) If 

(A10) 
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x 

v=O z 

O~------------------------------k A 

v = A, (VO - V) exp (A, t ) 

=A,(v-v) 

A, ( A, - A k) ( • ) ----'-'----'-----"'- k- k 
Av 

50-t±I 

k 

(All) 
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#82 fit~(1)1I.:nt!t 

ji)f~7tftG*-r-t:tt.f';/'L 

tToo 
~~~*rd)<7)~~O)i1i~1J11 l1ij (i,j=1,2,3,i*j) 

-r, l1ij= Y Fi/ FiFj t 5E~T 0 t, 

0;,= 0;, = y/" (if<$: t ±:ItI!.<7)~o/C<7)i1i~1Jtt) 
IJ, 

y (k/" + 1/,,) (1(:<$: t #iIJ<7)~o/C<7)i1i~1Jtt) 
0;,= 11,, = - I, (y-k!, I!,) 

11 = 11 = - y(k/,,+I/,,) (±:ItI!.t #iIJ<7)~o/CO)i1i~1Jtt) 
,,32 t, (y- k!, -It,) 

iI~2JiI';/'Lo 0 

~o/C<7)i1i~1Jtt t ji)f~7tftC*, ~~<7)i1i~1Jtt t <7)rd) ~:I±, 

( at, k) 1 (a /, I) 1 
0',,= 0;, = ---ak - f, 8 = -aT -!, 8 

2 1 1 2 

(
aF3 K ) 1 (aF, N) 1 

11,,= 0;,= aK F. 8 = aN F. 8 
3 I 1 3 

(
aF3 L)1 (aF, N)l 

11,,= 0',,= aLF, 0: = aN F, 0: 

tit' -j Mffiil{~ 0 0 

~~~*<7) El e.1li'Ii~1Jtt l1iil±, 

11 = y!" = ( a/, ~)_1 
11 l a k!, 8, 
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11. = Y['l2 = ( 0 f. _I )_1 
'l2 f. 01 8. 8. 

_ YF .. _(oF, N) 1 11.-------
33 F,' oN F, 8, 

c 5:E. tt ttQ 0 

_*c±:III!.li:ftli7tA9"t"ibQcf&5:ETQO)"t", Oi.>o"t"ibQo ttt:>I:, ~ 

iln~tfc F O)-*IiiJ*tt J: IJ , 

K-Fu +AL-F •• +AN-F13 = 0 

Oi. 8. + Oi. 8. + Oi, 8, = 0 

ilfJ.iX;JtT Qo Oi.< 0, Oi.> 0 "t"ibQO)"t", Oi,lilE~1.-'-rtto)~~ c IJ ? Qo 

it* c §JtlJli, :ftIi7tA9, fti'A9O)1.-'-rttO)1iJfj~tt t ib Q 0 

1iiJ~1: 

Oi, 8. + 0' .. 8. + 0'" 8, = 0 

ilfJ.iX;JtT Qo 

f&5:EOi.>OO)tc"t"li, CD Oi,> 0, O' .. ~O, ®Oi,<O, 0' .. >0"t"ibQ2 

"?0)7-AO)~ilf1iJ~"t"ibQo ~1:j(*c§Jlbcilffti'A9 (Oi.< 0) "t"ib 

QC, ±:III!.c§Jlbcli£.-r:ftli7tA9 (0' .. >0) C~Qo 

jC*O)P.JT145tre* 8. (k, 1) 1:"?1.-''"( 

o 8. k _ k 8u _ ( );;;., ( ) ~ ak e = -8- - 1 - 1 - Oi. 8. ~ 0 <=::> 1 - Oi. 8.:> 1 
• • 

o 8. I I ~. ( );;;., ~ ---ale = -8- = Oi.- 1 8. <: o<=::> Oi. <: 1 
• • 

50-:t±I 51 



a 8. 1 1 t;. 
--- == - = 1 - (1 - t1 ) 8 ~ 0 <:::::> (1 - t1 ) 8 ;E 1 a 1 8. 8. 22 • 22 • 

Cl - 0; ,) 8, - 1 = - 0;,8, - Cl - 8,) 

= 0;. 8. + 0;. 8. - ( 8. + 8.) 

= (0;.- 1) 8.+ (a,.- 1) 8. 

-c: if> Q (J) -c: , 
(1 - 0;,) 8, ~ 1 <:::::> ( 0;. - 1) 8. + ( 0;. - 1) 8. ~ 0 

c ~Qo 1iiJ~1: 

Cl - a..) 8. ~ 1 <:::::> ( 0;.- 1) 8, + ( a .. - 1) 8. ~ 0 

Cl - a..) 8. ~ 1 <:::::> ( 0;.- 1) 8, + ( a .. - 1) 8. ~ 0 

~~T':' c iI~-C:~ Q o 

I8IA2Ii, (1- 0;,) 8, ~ l~rrqt':T (a,., 0;.) ~~To ~~1lJ~~~7 

(a,. , 0;.) 1;;1:, 

- 0;, 8, = 0;. 8. + 0;. 8. > 0 

~rrqt.: ~ tH!~ t? ~ "'0 J: -? -C, I8IA 21: :i:Ht QJJj(,~ ~j!Qtc...t t) (J)ill~ 

0;,8, = o (J)...t1n: tLtI T Q (0;., 0;.) (J)JJ.iI~~~1lJ~-C:if> Q 0 

t.:cx.l! a12 >l.O;.>l-C:if>Qc, Cl-o;,)8,>lc~Qo it.:, (i) 

0;.< I, 0;.< l,(ii) 0;.< 1+ (8. / 8.),0;.< 0 -C:if>Q C, (1 - 0;,) 8,< lc 

~Qo 

:r:f. ~7'7A~~~~~(J)>b c-C:li, 

( 1 - a.;) 8. = a.;= 1 (i=l=j) 

ilrJiltJtTQo I8IA2-C:li, ,~eD(l,l) iI~':'(J)7-AI:t-ttc:.TQo 

':'~i-C:(J).*~*(J)~~7~~~TQo 
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ImA 2 (1 - 0;,) 9, = 1 Q)~-It 

--------1----------
0"1l81<O 

_-'--_~~__L_.lI...._ ____ __L_ ___ __L_~ __ 0"13 

fh 0 1 1+~ 
~ fh 

[v/v] 

~~~~.~ttt •• ~~.t~oo~~. ~T~~.~#.~~~o 
(1) <1,,8,+ <1,282+ <1,38, =0 

<1,2 8, + 1122 82 + 1123 8, = 0 

(2) (11'2-1) 8,+ (<1,,- 1) 8, ~ 0<=>(1 - <1,,) 8, ~ 1 

( <1,2 - 1) 8, + ( 0;, - 1) 8, ~ 0 <=> (1 - (122 ) 82 ~ 1 

( <1,3 - 1) 8, + ( 0;, - 1) 82 ~ 0 <=> (1 - (133 ) 83 ~ 1 
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(3) (1,,<0. o;2>0"'t'ib.o~. (i}o;3>0. O'"..?O. (ii)o;3<0. (123)0 

(J)= -::> (J)*'I..g--\t(J)}j. iI~liJ~-e ib.o 0 
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