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M7. Abrak programkaédijai
2. Piaci modellek

2.1. Oligopoliumok

0o 1. abra

Row[ {Manipulate [
Plot [Max[0,b -dqg], {g,0,b /d+0.5 }, AxesLabel - {q,"P (q)"},
PlotRange - {0, b +0.5 }, PlotStyle - Purple,
ImageSize - {120, 120 }], Column [ {"Linearis arfuggvény: ",
ToString [TraditionalForm [P[g] =b-dq]]1},
Alignment - {Center, BaseLine }, ltemSize - {17, 1 }],
Delimiter, Control [{{b, 2 }, 0, 10, ImageSize - Tiny,
Appearance - {"Labeled" }3}], Control [
{{d, 1 1, 0.01, 10, ImageSize - Tiny, Appearance - {"Labeled" }}7,
ContentSize - 1807, " ", Manipulate [
Plot [dg” (-€), {q, 0,10 }, AxesLabel - {qg,"P ()"},
PlotRange - {0, d }, ImageSize - {120, 120 }, PlotStyle - Purple 1,
Column [ {"Hiperbolikus arfuggvény: ",
ToString [TraditionalForm [P[Q] ==dg™-€1]1},
Alignment - {Center, BaseLine }, ltemSize - {17, 1 }],
Delimiter, Control [{{e, 11}, 0.01, 2, ImageSize - Tiny,
Appearance - {"Labeled" }3}], Control [
{{d, 51, 0, 10, ImageSize - Tiny, Appearance - {"Labeled" }3}171}]

0o 2. abra

Manipulate [Row[ {Plot [(FC/qg+a+bg”c),
{9,1,5 }, PlotRange - {{0,5 1}, {0,FC +a+b10”c }},
PlotLabel - "Atlagkoéltség fiiggvény", AxesLabel - {qg, AC},
ImageSize - {150, 150 }, PlotStyle - Purple 1,
' " Plot [q(FC/gq+a+bg”~c), {g,1,5 },
PlotRange - {{0,5}, {0,FC +a+b5”" (c+13)1}},
PlotLabel - "Teljes kéltség fuiggvény", AxesLabel - {qg, TC},
AxesOrigin - {0, 0 }, ImageSize - {150, 150 }, PlotStyle - Purple 1317,
Delimiter, Row [{Control [{{FC, 131}, 0, 20, ImageSize - Tiny,
Appearance - {"Labeled" }}71,"
Control [{{a, 5 }, 0, 10, ImageSize - Tiny, Appearance - {"Labeled" 13}7}7,
Rowf[ {" " Control [{{b, 1.5 3}, 0, 10, ImageSize - Tiny,
Appearance - {"Labeled" }}7]," ,

Control [{{c, 1.5 1}, 0, 2, ImageSize - Tiny, Appearance - {"Labeled" 13}7}7,
Delimiter, ContentSize - {350, 170 }]
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3. Versenges, a Cournot-duopolium

3.1. Idoében allandd modell

0 1. abra

Show[ContourPlot [ {solCoke [[2]] -qc = 0, solPepsi [[2]] -gp =0,
nCoke == C1, nPepsi =C2}, {qc,0,4 1}, {gqp, 0,15 3},
ContourStyle - {{Thick, Dashed, Blue }, {Thick, Dashed, Red 1},
{Blue, Thick, Opacity [0.5 1}, {Red, Thick, Opacity [05 113,
ContourShading - False ], ContourPlot [
Evaluate [Flatten [Map[ {s7Coke ==, nPepsi ==t} &, Range [0,20,4 1111,
{gc, 0,4 3}, {gp, 0,15 3,
ContourStyle - {{Blue, Opacity [0.3 ]}, {Red, Opacity [0.3 ]}},
ContourShading - False, Contours - 107, ImageSize - {180, 180 },
FrameLabel - {Subscript [q, c ], Subscript [q,p ]1}]

7 Interaktiv kisérletek

Clear ["Global® " 7];

Manipulate [TabView [ {"Profitfliggvények" - DynamicModule [
{P, g, q1, g2, Psum, TC1, TC2, TR1, TR2, 1, 72, Pilmax, Pi2Zmax, srlmax,
ni2max, Pplot, TC1lplot, TC2plot, gmax, grprofit 1, P = Which [Pr === 1,
b-d wgl+ (1-w)g2),Pr ===2,d (wql+ (1-w) g2)" (-€)];
Psum = Which [Pr ===1, Max [b-dqg,0 ],Pr ===2,dg” (-¢)];

TCl=ql (FC1/9l +al +blqgl~cl );

TC2=q2 (FC2/92 +a2 + b2g2~c2 );

TR1=Pql; TR2 = Pqg2;

nl = TR1- TC1;

n2 = TR2-TC2;

gmax = Which [Pr ===1,b /d,Pr ===2,d J;

Pilmax = Quiet [FindMaximum [x1, {{qgl}, {q2}}]1]1;

nlmax = Pilmax [[1]];

Pi2max = Quiet [FindMaximum [72, {{9l}, {q2}}]1];
[

n2max = Pi2max [[1]];
grprofit =
Row[ {If [sxlmax < O, Style ["Nincs pozitiv lokalis maximum ",

Show[Plot3D [Evaluate [n1], {g91,0,5 }, {g2,0,5 },
AxesLabel - {"\ !\ (\ «SubscriptBox [\ (q\ ), \ (1\)]\)",
"\ 1\ (\ «SubscriptBox [\ (gq\ ), \ (2\)]1\)",
"\ 1\ (\ «SubscriptBox [\ (s7\ ), \ (V) I\)" 3y,
MeshFunctions - {3 &}, Mesh - {{0}}, MeshStyle - {Thick, Blue 1},
ImageSize - {130, 130 } ], Plot3D [0, {91, 0,5 3}, {g2,0,5 3},
AxesLabel - {"\ !\ (\ «SubscriptBox [\ (q\ ), \ (1\)]I\)",
"\ 1\ (\ «SubscriptBox [\ (g\ ), \ (2\)]1\)",
"\ 1\ (\ «SubscriptBox [\ (s7\ ), \ (V) I\)" 3,
Mesh - None, PlotStyle - {Purple, Opacity (0.2 13,
PlotRange - All, ImageSize - {130, 130 }],
PlotRange - {pr » Automatic, Automatic 1t
If [72max < 0, Style ["Nincs pozitiv lokalis maximum "7,
Show[Plot3D [Evaluate [n2], {g91,0,5 }, {g2,0,5 1},
AxesLabel - {"\ !\ (\ «SubscriptBox [\ (q\ ), \ (1\)]\)",
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"\ 1\ (\ «SubscriptBox
"\ 1\ (\ «SubscriptBox

[\ (a\ ),
[\ (),

CADRADR
IVADRADES

- {Thick, Red 1},

MeshFunctions - {3 &}, Mesh - {{0}}, MeshStyle
ImageSize - {130, 130 }], Plot3D [0, {g1,0,5 }, {g2,0,5 3},
AxesLabel - {"\ !\ (\ «SubscriptBox [\ (q\ ), \ (1\)]I\)",

"\ 1\ (\ «SubscriptBox [\ (gq\), \ (2\)]1\)",

"\ 1\ (\ «SubscriptBox [\ (s7\ ), v (V) 1\,
Mesh - None, PlotStyle - {Purple, Opacity 0.2 13,
PlotRange - All, ImageSize - {130, 130 }7],

PlotRange - {pr * Automatic, Automatic

FITYDS

Pplot = Plot [Psum, {q, 0, gmax }, PlotStyle - Purple, AxesLabel -
{"Q","P (Q"}, PlotLabel - Text [Style ["Arfliggvény:P (Q", 10 1],
PlotRange - {{0,gmax }, {0, b }}, ImageSize - {90, 90 }7;
TClplot = Plot [TC1, {ql,0.1,10 3},
PlotRange - {{0,10 }, {0, FC1 +al +b110" (c1 +15)}},
PlotLabel - Text [Style ["TC=FC+VC", 10 ]],
PlotStyle - Blue, AxesLabel - {"q", "TC" 1},
AxesOrigin - {0, 0 }, ImageSize - {90, 90 }];
TC2plot = Plot [TC2, {g2, 0.1, 10 }, PlotStyle - Red,
AxesOrigin - {0, 0 }, ImageSize - {90, 90 }];
Column [ {Row[ {Show[TC1plot, TC2plot ]," " Pplot 11, grprofit 111,
"Cournot -megoldas" - DynamicModule [{P, q, q1, g2, Psum, TC1, TC2,
TR1, TR2, n1, n2, DPilgl, DPi2g2, SolF, gmax, Sol, grrival,
apr, bpr, x, y, Pplot, TC1plot, TC2plot }, P = Which [Pr === 1,
b-d wqgl+ (1-w)g2),Pr ===2,d (wql+ (1-w) g2)" (-€)]1;
Psum = Which [Pr ===1,Max [b-dqg,0 ],Pr ===2,dg”" (-¢)];
TCl=ql (FC1/q9l +al +blqgl~cl );
TC2=q2 (FC2/92 +a2 + b2 g2”~c2 );
TR1=Pql; TR2 = Pg2;
7l = TR1-TC1;
n2 = TR2-TC2;
DPilql =D[x1, ql ];
DPi2g2 =D[n2, 092 1;
SolF = Quiet [FindRoot [
Evaluate [{DPilgl == 0, DPi2g2 03], {{q1,Q1}, {02,Q2}1}11]
gmax = Which [Pr ===1,b /d,Pr ===2,d ];
Sol =
If [Length [SolF ] <2, {},If [TrueQ [Length [SolF ] > 2], SolF, Switch [

Length [SolF ] == 2&&Re[SolF [[1,2 ]]] >0&&Re[SolF [[2,2 ]]] >0&&

m[SolF [[1,2 ]]] ::0&&Im[SoIF [[2,2]]] = 0&&
e[n1 /. {g1 > SolF [[1,2 ]],02 > SolF [[2,2]]}] >0&&
Re[72 /. {ql»SoIF[[l,Z}], 2 5SolF [[2,2]]}] >0&&
m izl /. {gql - SolF [[1,2 ]1,q > SolF [[2,2]]}] = 0&&
mi[n2 /. {ql > SolF [[1,21],92 > SolF [[2,2]]}] =0,
True, SolF, False, {1117
If [Sol # {},x =Sol [[1,2]] +25 +1;
y=Sol [[2,2]] %25 +1
apr =1 /. {ql »Sol [[1,21],92 - Sol [[2,2 ]]};
bpr =72 /. {g1 >Sol [[1,2 11,92 - Sol [[2,2 ]]};,x =10;
y = 10;
apr =1 /. {ql > X, 02 ->VY};
bpr =72 /. (gl > X, 92 —>Vy}; ];
grrival =
Row[ {Show [If [Sol # {}, ContourPlot [{DPilql == 0, DPi2g2 =-0}, {q1,
0.01,x 3}, {g2,0.01,y 1}, ContourStyle - {{Thick, Dashed, Blue
{Thick, Dashed, Red }}, ContourShading - False ], Graphics

ContourPlot
{92, 0.01, y

[{r1 = apr,
1, ContourStyle

72 = bpr },
- { {Blue, Thick, Opacity

{gq1, 0.0, x 1},

[0.5 13,

¥
(11,
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{Red, Thick, Opacity [0.5 11}, ContourShading - False 7,
ContourPlot  [Evaluate [Flatten [Map[ {7l =, 72 =t} &,
{Range [0, apr, apr /4], Range [0, bpr,bpr /4711111,
{91, 0,x }, {92,0,y 1}, ContourStyle - {{Blue, Opacity [0.3 ]},
{Red, Opacity [0.3 ]1}3}, ContourShading - False 7,
FramelLabel - {"Subscript [qg, 1 1", "Subscript (g, 21"},
ImageSize - {130, 130 }, Frame - True ]," ",
If [Sol # {}, Column [{Text [Style ["Verseny esetén ", 9 11,
Row[ {Text [Style [N[apr,5 1,9 1], Text [Style [" + ",10 17,
Text [Style [N[bpr,5 1,10 1], Text [Style [" = ",9 1]1}],
Text [Style [N[apr +bpr,5 ] " profit ", 9 11,
Text [Style [N[P/. {gl >Sol [[1,2]1],92 - Sol [[2,2]]},5 ]
" eladasi aron ", 9 11, Row [ {Text [Style [N[Sol [[1,2 ]],3 ]
"és ", 9 1], Text [Style [N[Sol [[2,21],31,911}1,
Row[ {Text [Style ["mennyiségekkel", 9 11,
Text [Style [" realizalhat6. ", 9 113131,
Framed @Style ["Nincs Cournot -megoldas !" 1,14 1}]1;
Pplot = Plot [Psum, {q, 0, gmax }, PlotStyle - Purple, AxesLabel -
{"Q","P (Q"}, PlotLabel - Text [Style ["Arfiggvény:P (Q", 10 1],
PlotRange - {{0,gmax }, {0, b }}, ImageSize - {90, 90 }7;
TClplot = Plot [TC1, {ql,0.1,10 3},
PlotRange - {{0,10 }, {0, FC1 +al +b110" (c1 +15)}},
PlotLabel - Text [Style ["TC=FC+VC", 10 ]],
PlotStyle - Blue, AxesLabel - {"q", "TC" 3},
AxesOrigin - {0, 0 }, ImageSize - {90, 90 }];
TC2plot = Plot [TC2, {g2,0.1,10 }, PlotStyle - Red,
AxesOrigin - {0, 0 }, ImageSize - {90,90 }];

Column [ {Row[ {Show[TC1plot, TC2plot ]," " Pplot 11, grrival 1113,
Dynamic [tbwpos ] ], Row [ {Style [" Id &ben allandé modell: ", 12, Bold 1,
Style ["Versengés", 12, Bold 1}, Alignment - {Center }],
Delimiter, Column [ {Row[ {Style ["Keresleti suly: ", 10 1,
Text [Style ["Q=w o1+ (1-w)Qg2",10 ]1]1}], Control [{{w, 0.5, "w" 1}, 0.3, 0.7,
ImageSize - Tiny, Appearance - {"Labeled" }1}]}], Delimiter, Column [

{Control [{{Pr, 1, "Arfuggvény: P (Q ="1, {1 - Row[{Style ["b", ltalic 1,
- " Style ["d", ltalic ], Style  ["Q", Italic 131,
2 > Style ["d \ !\ (\ xSuperscriptBox N (QV), \ (-e\) 1\ ltalic 11,
PopupMenu} 1311, {{b, 90 }, ControlType - None},
{{d, 40 }, ControlType - None}, {{e, 1}, ControlType - None},
PaneSelector |
{1 - Row[ {Rowl[ {"b", " ", Manipulator [Dynamic [b],
{20, 100 1}, ImageSize - Tiny, Appearance - "Labeled" 1171,
", Row [{"d"," ", Manipulator [Dynamic [d], {0.5,50 1},
ImageSize - Tiny, Appearance - "Labeled" 1}1}7,
2 - Row[ {Row[ {"d", " ", Manipulator [Dynamic [d], {0.5,50 },
ImageSize - Tiny, Appearance - "Labeled" ]}7],"
Row[ {"€", " ", Manipulator [Dynamic [e], {0.01, 1.5 },
ImageSize - Tiny, Appearance - "Labeled" ]}]}]}, Dynamic [Pr]],
Delimiter, Row  [{Text [Style ["Els & véllalat kéltségfliiggvénye:”, 10 11,
", Text [Style ["Masodik vallalat koltségfliggvénye:", 10 1131,
Row[ {Text [Style [
"\ 1\ (\ «SubscriptBox [\ (TC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (FC\),
\ (1\ ) ]V ) +\ 1\ (A «SubscriptBox [\ (VC\), \ (1\)]\)", 10 17,
", Text [Style [
"\ 1\ (\ «SubscriptBox [\ (TC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (FC\),
\ (2\) ]V ) +\ 1\ (A «SubscriptBox [\ (VC\), \ (2\)1\)", 10 1]}1,
Row[ {Control [ {{FC1, 13, "Subscript [FC, 11"}, 0, 15, ImageSize
Appearance - {"Labeled" }}71," ",
Control [ {{FC2, 13, "Subscript [FC, 21"}, 0, 15, ImageSize

- Tiny,

- Tiny,
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Appearance - {"Labeled" }}]1}], Row[{Text [Style [
"\ 1\ (\ «SubscriptBox [\ (VC\), \ (1\ )]\ )=\ 1\ (\ «SubscriptBox [\ (a\),

\ (V) 1\)\V I\ (A «SubscriptBox [\ (q\ ),
\ (1V )\ )+\ l\ (\ xSubscriptBox [\ (b\),
\ (1V )\ ) (\ *SuperscriptBox [SubscriptBox [\ (q\ ),
\ (1\ )1, \ (\ *SubscrlptBox VeV, V@AV + 1) \hHY
1077, ", Text [Style [
"\ 1\ (\ «SubscriptBox [\ (VC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (a\),
\ (2V ) 1\)\ 1\ (A xSubscriptBox [\ (q\ ),
\ (20 )\ )+\ l\ (\ xSubscriptBox [\ (b\),
\ (2\ )\ ) (\ «SuperscriptBox [SubscriptBox [\ (q\ ),
2\ 71, (\ *SubscrlptBox (N e\, V(22 )] + V) 1\ 10 17131,

Row[ {Control [{{al, 5, "Subscript [a, 11"}, 0,5, ImageSize - Tiny,
Appearance - {"Labeled" }1],
", Control [{{a2, 5, "Subscript [@a, 21"},0,5,
ImageSize - Tiny, Appearance - {"Labeled" 1}11}]7,
Row[ {Control [ {{b1, 1.5, "Subscript [b, 11"1,0,5,
ImageSize - Tiny, Appearance - {"Labeled" 111,

", Control [{{b2, 1.5, "Subscript (b, 21"3},0,5,
ImageSize - Tiny, Appearance - {"Labeled" 1}1]1}7,
Row[ {Control [{{c1, 0.2, "Subscript [c, 1 1"3,0,1,
ImageSize - Tiny, Appearance - {"Labeled" }}1],
", Control [{{c2, 0.2, "Subscript [c, 2 1"},0,1,
ImageSize - Tiny, Appearance - {"Labeled" }1}1}]7,
Delimiter, Row [{Control [{{pr, O, "Full PlotRange" }, {0,131,
Control [ {{Sols, False, "Kezdeti mennyiségek" 1,

{True, False 1}, ControlType - Checkbox }1}7,
{{Q1, 10, "V 1\ (\ «xSubscriptBox [\ (q\ ), \ (I1\)I1\)" 3,
ControlType - None},
{{Q2, 10, "\ '\ (\ «xSubscriptBox [\ (q\ ), \ (2\)1\)" 3,
ControlType - None},
PaneSelector |

{True — Row[ {Row[ {"\ !\ (\ «SubscriptBox [\ (q\), \ (2\)1\H)", " ",
Manipulator  [Dynamic [Q1], {0.01, 20 }, ImageSize - Tiny,

Appearance - "Labeled" 13}7," " Row [
{"V 1\ (\ xSubscriptBox [\ (q\), \ (2\)1\)", " ", Manipulator [Dynamic [
Q2], {0.01, 20 3}, ImageSize - Tiny, Appearance - "Labeled" 13}7]11,
False — Row[{" " 1]}, Dynamic [Sols ]], SaveDefinitions - True ]

3.2. Idoben diszkrét modell

0o 2. abra

Graphics3D [{sol /. {i_,u_,v_ } - {Hue[i /NN], Point [{i,u,v }]},
{Opacity [0.3 ], Thickness [0.007 ], Line ([sol /. {i_,u_,v_ } - {i,uv }]}},
ImageSize - {300, 200 }, Axes - True,

AxesLabel - {t, Subscript [g, ¢ ], Subscript (g, p ]}, BoxRatios - {2,1,1 }]
O Interaktiv kisérletek
Clear ["Global® +"71;

Manipulate [DynamicModule [
{P, g, q1, g2, Psum, TC1, TC2, TR1, TR2, nl, n2, Sol, SolF, D  xlql, D 7292,
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gmax, sol, grrival, var, f, IC, NN, Pplot, TC1plot, TC2plot }, P = Which [
Pr===1,b -d (wqgl+ (1-w) g2),Pr ===2,d (wqgl+ (1-w) g2)”" (-€)];
Psum = Which [Pr ===1,Max [b-dqg,0 ],Pr ===2,dg” (-¢)];

TCl=09l (FC1/9l +al +blqgl”cl );
TC2=02 (FC2/02 +a2 + b2 qg2”c2 );
TR1=Pql; TR2 = PQq2;

7l = TR1-TC1;

n2 = TR2-TC2;

gmax = Which [Pr ===1,b /d,Pr ===2,d ];
NN = nn;

Drlgl = D1, gl ]

D292 = D[n2, g2

SolF =

Quiet [FindRoot [Evaluate [{Drlql ==0,D 292 =0}], {{q9l, 1}, {02,1 }}11;
Sol =If [Length [SolF ] <2, {},If [TrueQ [Length [SolF ] > 27,
SolF, Switch  [Length [SolF ] = 2&& Re[SoIF [[1,27]] >0&&

Re[SolF [[2,2 ]]] >0&&Im[SoIF [[1,2]]] =08&&IM[SOIF [[2,2]]] - 0&&
e[n1 /. {g1l > SolF [[1,21],92 - SolF [[2,2 ]1]}] >0&&
e[n2 /. {ql > SolF [[1,2 11,02 > SolF [[2,2]]}] >0&&
mirl /. {q1 > SolF [[1,2]],92 - SoOIF [[2,2]]}] ==0&&
min2 /. {q1 > SolF [[1,2]],92 - SolF [[2,2]]}] =0,
True, SolF, False, (31171;
var = {ql, g2 };

fr{t,qll ,g22_ }]:={t +1,Re [qgl /.
(FindRoot [ (Evaluate [D[x1,ql 1] /.92 ->022) =0, {91,911 }])], Re [
g2 /. (FindRoot [ (Evaluate [D[n2,092 ]] /.ql - qll) =0, {02,022 }])1};
IC = Flatten [Table [{O,i,j 1}, {i, Qlmin, Qlmax, 1 1},
{j, Q2min, Q2max, 1 }1,1 ];
sol = Quiet [Map[NestList [f, @, NN] &, IC ]7];
grrival =If [Sol # {},
Rowl {Graphics3D [{sol /. {i_?NumericQ, u_?NumericQ, v_?NumericQ } >
{Hue[i /NN], Point [{i,u,v }]}, {Opacity [0.3 ],
Thickness [0.007 ], Line [sol /. {i_,u_,v_ }->{i,uVv }]}},
ImageSize - {110, 110 }, Axes - True,
AxesLabel — {"t","\ 1\ (\ xSubscriptBox [\ (q\ ), \ (1\)]\)",
"\ 1\ (\ «SubscriptBox [\ (q\ ), \ (2\)]\ )"}, BoxRatios - {2,1,1 }],
", Column [{Text [Style ["Egyensulyi helyzet"' 10 11,
Row[ {" (", Text [Style [Sol [[1,2 77,10 171,")",
Text [Style [Sol [[2,2 17,10 1]," )"}], Row [
{Text [Style ["\ 1\ (\ *SubscriptBox ANCADER
Style [n1 /. {gl > SolF [[1,2 ]],092 - SolF
{Text [Style ["\ 1\ (\ *SubscriptBox ANCADIR
Style [n2 /. {gl > SolF [[1,2 ]],092 - SolF
Text [Style ["Nincs Cournot -megoldas !"]]7;
Pplot = Plot [Psum, {q, 0, gmax }, PlotStyle - Purple, AxesLabel N
{("Q","P (Q" 1}, PlotLabel - Text [Style ["Arfiggvény:P (Q", 10 ]],
PlotRange - {{0,gmax }, {0, b }}, ImageSize - {80, 80 }7;
TClplot =Plot [TC1, {qgl,0.1,10 },
PlotRange - {{0,10 }, {0, FC1 +al +bl110" (c1 +15)}},
PlotLabel - Text [Style ["TC=FC+VC", 10 ]], PlotStyle - Blue,
AxesLabel - {"q","TC" }, AxesOrigin - {0, 0 }, ImageSize - {80,80 }];
TC2plot = Plot [TC2, {g2, 0.1, 10 }, PlotStyle - Red,
AxesOrigin - {0, 0 }, ImageSize - {80,80 }];
Column [ {Row[ {Show[TC1plot, TC2plot 1, " ", Pplot }1, grrival 111,
Row[ {Style [" Id sben diszkrét modell: ", 12, Bold 1,
Style ["Versengés", 12, Bold ]}, Alignment - {Center }7,
Delimiter, Column [ {Row[ {Style ["Keresleti sily: ", 10 1,
Text [Style ["Q=w Subscript [qg, 1 ]+ (1-w)Subscript [q, 2 1,10 1]1}17,

\)J\)= " 10 1], Text [
2,2 113, 10}]}],R0W[
\)J\)= ", 10 1], Text [
2,2

1
[
2
(2,2]1},10 113131},
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Control [ {{w, 0.5, "w" 1}, 0.3, 0.7, ImageSize - Tiny,
Appearance - {"Labeled" }}]}], Delimiter, Column [
{Control [{{Pr, 1, "Arfuggvény: P (Q ="1, {1 - Row[{Style ["b", ltalic 1,
- " Style ["d", ltalic ], Style ["Q", Italic 131,
2 > Style ["d \ !\ (\ xSuperscriptBox N (QV), \ (-e\) 1\ ltalic 11,
PopupMenu} 1311, {{b, 90 }, ControlType - None},
{{d, 40 }, ControlType - None}, {{e, 1 }, ControlType - None},
PaneSelector |
{1 - Row[ {Row] {"b", " ", Manipulator [Dynamic [b],
{20, 100 1}, ImageSize - Tiny, Appearance - "Labeled" 117,
", Row [{"d"," ", Manipulator [Dynamic [d],
{0.01, 40 3}, ImageSize - Tiny, Appearance - "Labeled" 13}]111,
2 - Row[ {Row[ {"d", " ", Manipulator [Dynamic [d], {0.01,50 1},
ImageSize - Tiny, Appearance - "Labeled" ]}7],"
Row[ {"€", " ", Manipulator [Dynamic [e], {0.01, 1.5 },
ImageSize - Tiny, Appearance - "Labeled" ]}]1}]}, Dynamic [Pr]],
Delimiter, Row  [{Text [Style ["Els & véllalat kéltségfiiggvénye:", 10 11,
", Text [Style ["Masodik vallalat koltségfliggvénye:", 10 1131,
Row[ {Text [Style [
"\ 1\ (\ «SubscriptBox [\ (TC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (FC\),
\ (1\ ) ]V ) +\ 1\ (A «SubscriptBox [\ (VC\), \ (1\)]\)", 10 17,
" Text [Style [
"\ 1\ (\ «SubscriptBox [\ (TC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (FC\),
\ (2\) ]V ) +\ 1\ (A «SubscriptBox [\ (VC\), \ (2\)1\)", 10 1]}1,
Row([ {Control [ {{FC1, 13, "Subscript [FC, 11"}, 0, 15, ImageSize - Tiny,
Appearance - {"Labeled" }3],"
Control [ {{FC2, 13, "Subscript [FC, 21"}, 0, 15, ImageSize - Tiny,
Appearance - {"Labeled" }}]1}], Row[{Text [Style [
"\ 1\ (\ «SubscriptBox [\ (VC\), \ (1\ )]\ )=\ 1\ (\ «SubscriptBox [\ (a\),

\ (1\) 1\)\V I\ (A «SubscriptBox [\ (q\ ),

\ (1) ]\ )+\ l\ (\ xSubscriptBox [\ (b\),

\ (1V )\ ) (\ *SuperscriptBox [SubscriptBox [\ (q\ ),

\ (V) T, \ (\ *SubscrlptBox N\, \ A\ + 1\Hy\H)" 10 7171,

", Text [Style [

"\ 1\ (\ «SubscriptBox [\ (VC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (a\),
\ (2V ) ]\)\ 1\ (A »SubscriptBox [\ (q\ ),
\ (20 )\ )+\ l\ (\ xSubscriptBox [\ (b\),
\ (2\ )\ ) (\ *SuperscriptBox [SubscriptBox [\ (q\ ),
2\ 71, (\ *SubscrlptBox N\, \ (22 )] + 1\)1\)" 10 17131,

Row[ {Control [{{al, 5, "Subscript [a, 11"}, 0, 10, ImageSize - Tiny,
Appearance - {"Labeled" }1],
", Control [{{a2, 5, "Subscript [a, 21"}, 0, 10,
ImageSize - Tiny, Appearance - {"Labeled" 1}11}]7,
Row[ {Control [ {{b1, 1.5, "Subscript [b, 11"1,0,5,
ImageSize - Tiny, Appearance - {"Labeled" }}],

", Control [{{b2, 1.5, "Subscript (b, 21"},0,5,
ImageSize - Tiny, Appearance - {"Labeled" 1}1}1}]7,
Row[ {Control [ {{c1, 0.2, "Subscript [c, 1 1"3,0,1,
ImageSize - Tiny, Appearance - {"Labeled" }}1],
", Control [{{c2, 0.2, "Subscript [c, 21"},0,1,
ImageSize - Tiny, Appearance - {"Labeled" 1}11}]7,
Delimiter, Control [{{nn, 5, "lteracid" 1, 3,10, 1,

ImageSize - Tiny,
Appearance - {"Labeled" 111,
Delimiter, Style ["Kezdeti értékek:",
9],
Row[ {Control [ {{Q1min, 1, "Subscript [q, 1, min 1"}, 1,
5, 1, ImageSize - Tiny, Appearance - {"Labeled" }}],
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", Control

ImageSize
Row[ {Control

9, 1, Image

[{{Q2min, 1, "Subscript (g, 2,min ]1"1},1,5,1,

- Tiny, Appearance - {"Labeled" }}7]}

Size - Tiny, Appearance - {"Labeled"

1,

[ {{Q1max, 5, "Subscript [g, IL,max 1"}, Qlmin +1,

ISr

Control [ {{Q2max, 5, "Subscript [g, 2,max 1"}, Q2min +1, 9,
1, ImageSize - Tiny, Appearance - {"Labeled" 1}}]11,

SaveDefinitions

- True ]

3.3. Idében folytonos modell

0 3. abra

Row[

{Show|[StreamPlot [Evaluate [Rhs2D /. {k - K[[1]]}],

FramelLabel
ParametricPlot
ImageSize -

{qC, 0, 10 13,

- {Subscript [q, c ], Subscript [q,p ]1}],

[Evaluate [sol [t][[1,171]], {t,0,4
{150, 150 }],

Show[StreamPlot [Evaluate [Rhs2D /. {k - K[[2]]}],

{gP, 0, 10 1},

ParametricPlot
ImageSize -

FrameLabel - {Subscript [q, c ], Subs
[Evaluate [sol [t][[2,1]]], {t,0,4
{150, 150 }]11}]

7 Interaktiv kisérletek

Clear ["Global® +"71;

Manipulate [
DynamicModule

[{P,q, ql, g2, Psum, TC1, TC2, TR1, TR2,

}, PlotStyle

{qC, 0, 10 13,

cript (g, p 1}
}, PlotStyle

{gP, 0, 10 1},

- Red],

I
- Red],

nl, 2, Sol,

SolF, D nl1ql, D 7292, gmax, solcont, grrival, var, fcont, ICcont,

Pplot, TC1plot, TC2plot }, P = Which [Pr === 1,
b-dwqgl+ (1-w)g2),Pr ===2,d (wql+ (1-w) g2)”" (-€)1;
Psum = Which [Pr ===1,Max [b-dqg,0 ],Pr ===2,dg” (-¢)];

TCl=09l (FC1/9l +al +blqgl~cl );
TC2=02 (FC2/02 +a2 +b2qg2”c2 );
TR1=Pql; TR2 = Pg2;

7l = TR1-TC1,
n2 = TR2-TC2;

var = {ql, g2 };

gmax = Which [Pr

Drlql = D[l

q
D292 = D[n2, g2

SolF =

Quiet [FindRoot [Evaluate [{Drlql ==0,D 292 =0}],
Sol =If [Length [SolF ] <2, {},If [TrueQ [Length [SolF ] > 2],

SolF, Switch
Re[SolF
e[rnl /.
e[n2 /.
min7l /.
m[n2 /.
True, SolF,

fcont [{qll_, g

(Evaluate [D[n1,q9l 1] /.92 - 0g22) ==0, {gl,9ll }])]

k2 (Re[qg2 /.

{az,

{{al, 1}, {42, 1 }}171;

131 > 0&&

> 0&&

[Length [SolF ] == 2&&Re[SoIF [[1,271]] >0&&
[[2,21]1:>0&&|m[smF (11,2111
{gl > SolF [[1,2 11,02 - SolF [[2,2 ]
{gl > SolF [[1,2 11,02 - SolF [[2,2 ]
{gl - SolF [[1,2 11,092 - SolF [[2,2 ]
{gl - SolF [[1,2 11,092 - SolF [[2,2 ]
False, 11171;

22 }]:={kl1 (Re[ql /. (FindRoot [

(FindRoot [ (Evaluate [D[n2,92 ]] /.ql - qll) =0,

022 }1)] -022)};

=0&&IM[SolF [[2,2 ]]] = 0&&

-qll),
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ICcont =1If [Sol = {}, {}, Flatten [Table [{i,j 3},
{i, Max [0.1,Sol [[1,2]]-Qlmax, Sol [[1,2 ]] +Qlmax, 1},
{jy Max [0.1,Sol [[2,2]]-Q2max], Sol [[2,2 ]] +Q2max, 1}1,1 ]7;
solcont = Quiet [Map[NestList [fcont, 1, 1] &, ICcont ]7;
grrival
If [Sol == {}, Framed @Style ["Nincs Cournot -megoldas !", 12 ], Row [
{Show/( ListStreamPlot [solcont, ImageSize - 130, StreamStyle - Purple,
FrameLabel - {"\ !\ (\ «xSubscriptBox [\ (q\ ), \ (1\)]\)",
"\ 1\ (\ «SubscriptBox [\ (gq\ ), \ (2\)1\)" 17,
ContourPlot  [Evaluate [{D[x1,ql ],D [n2,092 1}],
{91, 0,Sol [[1,2]] +Qlmax, {g2,0,Sol [[2,2]] +Q2max},
Contours - {{0}, {0}}, ContourStyle - {Blue, Red 1}]7,
" Column [{Text [Style ["Egyensulyi helyzet:", 10 11,
Row[ {" (", Text [Style [Sol [[1,2 ]],10 ]7,
"" Text [Style [Sol [[2,21],10171," )"}1,
Row[ {Text [Style ["\ !\ (\ «SubscriptBox [\ (s\), \ (2\)]\)= ", 10 17,
Text [Style [n1 /. {gl > SolF [[1,2 ]],02 > SolF [[2,21]},10 11},
Row[ {Text [Style ["\ !\ (\ «SubscriptBox [\ (s\), \ (2\)]1\)= ", 10 17,
Text [Style [n2 /. {ql - SolF [[1,2 ]],92 - SolF [[2,2 1]},
107113131310
Pplot = Plot [Psum, {q, 0, gmax }, PlotStyle - Purple, AxesLabel -
{"Q","P (Q™"}, PlotLabel - Text [Style ["Arfiggvény:P (Q", 10 1],
PlotRange - {{0,gmax }, {0, b }}, ImageSize - {100, 100 }];
TClplot = Plot [TC1, {qgl,0.1,10 3},
PlotRange - {{0,10 }, {0, FC1 +al +b110" (¢1+15)}},
PlotLabel - Text [Style ["TC=FC+VC", 10 1], PlotStyle - Blue,
AxesLabel - {"q","TC" }, AxesOrigin - {0, 0 }, ImageSize - {100, 100 }7];
TC2plot = Plot [TC2, {g2,0.1,10 }, PlotStyle - Red,
AxesOrigin - {0, 0 }, ImageSize - {100, 100 }];

Column [ {Row[ {Show[TC1plot, TC2plot ]," ", Pplot }1, grrival 111,
Row[ {Style [" Id sben folytonos modell: ", 12, Bold 1,
Style ["Versengés", 12, Bold 1}, Alignment - {Center }],
Delimiter, Column [ {Row[ {Style ["Keresleti suly: ", 10 1,
Text [Style ["Q=w o1+ (1-w)Qg2",10 ]1]1}], Control [{{w, 0.5, "w" 1}, 0.3, 0.7,
ImageSize - Tiny, Appearance - {"Labeled" }1}]}], Delimiter, Column [

{Control [{{Pr, 1, "Arfuggvény: P (Q ="1, {1 - Row[{Style ["b", ltalic 1,
- " Style ["d", ltalic ], Style  ["Q", Italic 131,
2 > Style ["d \ !\ (\ xSuperscriptBox N (QV), \ (-e\)1\)" ltalic 11,
PopupMenu} 1311, {{b, 90 }, ControlType - None},
{{d, 40 }, ControlType - None}, {{e, 1 }, ControlType - None},
PaneSelector |
{1 - Row[ {Rowl[ {"b", " ", Manipulator [Dynamic [b],
{20, 100 1}, ImageSize - Tiny, Appearance - "Labeled" 1171,
", Row [{"d"," ", Manipulator [Dynamic [d],
{0.01, 40 3}, ImageSize - Tiny, Appearance - "Labeled" 13}]111,
2 - Row[ {Row[ {"d", " ", Manipulator [Dynamic [d], {0.01,50 1},
ImageSize - Tiny, Appearance - "Labeled" ]}7],"
Row[ {"€", " ", Manipulator [Dynamic [e], {0.01, 1.5 },
ImageSize - Tiny, Appearance - "Labeled" ]}]}]}, Dynamic [Pr]],
Delimiter, Row  [{Text [Style ["Els & véllalat kéltségfliggvénye:", 10 11,
", Text [Style ["Masodik vallalat koltségfliggvénye:", 10 1131,
Row[ {Text [Style [
"\ 1\ (\ «SubscriptBox [\ (TC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (FC\),
\ (1\ ) JV) +\ 1\ (A «SubscriptBox [\ (VC\), \ (1\)]\)", 10 17,
", Text [Style [
"\ 1\ (\ «SubscriptBox [\ (TC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (FC\),
\ (2\ ) ]V ) +\ 1\ (A «SubscriptBox [\ (VC\), \ (2\)1\)", 10 1]}1,
Row([ {Control [ {{FC1, 13, "Subscript [FC, 11"}, 0, 15, ImageSize - Tiny,
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Appearance - {"Labeled" 1}3}7]," ",
Control [ {{FC2, 13, "Subscript [FC, 2
Appearance - {"Labeled" 1}1}]1}7, Row

1, 0, 15, ImageSize - Tiny,
Text [Style [

1"
[{
)\
1V ) 7\ \ i\ (A «SubscriptBox [ ( \ )
b\

"\ 1\ (\ «SubscriptBox [\ (VC\), \ y=\"!\ (\ «SubscriptBox [\ (a\),
\ ( 0
\ (V) N\ )+\ l\ (\ +SubscriptBox [\ (b\ ),
\ (1V )\ ) (\ *SuperscriptBox [SubscriptBox [\ (q\ ),
\ (1\ )1, 0\ (\ *SubscrlptBox NV, VAV + 1)\
1077, ', Text [Style [
"\ 1\ (\ «SubscriptBox [\ (VC\), \ (2\ )]\ )=\ 1\ (\ «SubscriptBox [\ (a\),
\ (2V ) ]\)\ 1\ (A «SubscriptBox [\ (q\ ),
\ (20 ) ]\ )+\ l\ (\ xSubscriptBox [\ (b\),
\ (2\ )\ ) (\ «*SuperscriptBox [SubscriptBox [\ (q\ ),
\) T,

(\ *SubscrlptBox NV, V@)1 + 1\ 1\)" 10 1137,
Row| {Control [{{al, 5, "Subscript [a, 11"}, 0, 10, ImageSize - Tiny,
Appearance - {"Labeled" }1],
", Control [{{a2, 5, "Subscript [a, 21"}, 0, 10,
ImageSize - Tiny, Appearance - {"Labeled" 1}11}]7,
Row[ {Control [ {{b1, 1.5, "Subscript [b, 11"1,0,5,
ImageSize - Tiny, Appearance - {"Labeled" }}],

", Control [{{b2, 1.5, "Subscript b, 21"},0,5,
ImageSize - Tiny, Appearance - {"Labeled" 1}1]1}7,
Row[ {Control [ {{c1, 0.2, "Subscript [c, 1 1"3,0,1,
ImageSize - Tiny, Appearance - {"Labeled" 111,
", Control [{{c2, 0.2, "Subscript [c, 2 1"},0,1,
ImageSize - Tiny, Appearance - {"Labeled" }1}1}7,
Delimiter, Text [Style ["Reagélas gyorsasaga:",

917,

Row[ {Control [ {{k1, 0.5, "\ 1\ (\ «SubscriptBox [\ (k\ ), \ (1\)J\)" 3},
0.01, 1, ImageSize - Tiny, Appearance - {"Labeled" }}],"
Control [{{k2, 0.5, "\ 1\ (\ «SubscriptBox [\ (k\ ), \ (2\)]\)" 1,
0.01, 1, ImageSize - Tiny, Appearance - {"Labeled" }}1}7,

Delimiter, Style ["Megoldastdl valo tavolsag:",
9],
Row[ {Control [{{Q1max, 5, "\ !\ (\ «SubscriptBox [\ (gq\), \ (2\)]\)"},
3, 20, 1, ImageSize - Tiny, Appearance - {"Labeled" }}7," ,
Control [{{Q2max, 5,"\ !\ (\ «SubscriptBox [\ (q\ ), \ (2\)I1\)"},
3, 20, 1, ImageSize - Tiny, Appearance - {' Labeled 131131,

SaveDefinitions - True ]

4. Kartell két vallalat esetén

4.1. Idében allando modell

I Interaktiv kisérletek

Az interaktiv kisérlet programkodja a 3.1 interaltisérletének programkoédjdhoz
hasonlo. Ebben azesetben viszont a két vallalat &fizosen realizalhato profitot
maximalizaljuk:

nkozos = sl + 2
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4.3. Idében folytonos modell

0o 1. abra

Show[StreamPlot [Evaluate [Rhs2D], {qC, 14, 16 },
{gP, -14, -16}, FramelLabel - {Subscript [q, ¢ ], Subscript 9,p 1}1,
ParametricPlot [Evaluate [sol [t]], {t 0,500 }, PlotStyle - Red],
ImageSize - {200, 200 }]

7 Interaktiv kisérletek

Az interaktiv kisérlet programkodja a 3.3 interakltisérletének programkédjahoz
hasonl6. Ebben azesetben viszont a két vallalat iiizosen realizalhato profitot
maximalizaljuk:

nkozos = sl + 2

5. Korlatozott kibocsatasu Cournot-
duopdlium

5.1. Korlatozott kibocsatasu modell

0 1. abra

Plot [-Log[l1-q], {q,0,1 1}, AxesLabel - {q/u,TC},
PlotRange - {0, 10 }, ImageSize - {150, 150 }, PlotStyle - Purple ]

0O 2. abra

Manipulate [DynamicModule [{Sol,a,b 1},
Sol =Solve [{gl =so0ll [[2,1,2 ]],02 =so0l2 [[2,1,2 11}, {91,092 }1[[2]];
a =1 /. Sol
b =2 /. Sol
Show|
ContourPlot  [{sl =a, n2 =b}, {gl,0,u /2}, {g2,0,v /2}, ContourStyle -
{ {Thick, Blue }, {Thick, Red }, {Blue, Thick, Opacity [0.5 13,
{Red, Thick, Opacity [0.5 1}}, ContourShading - False,
FrameLabel - {"Subscript [q, 1 ]", "Subscript [g, 2 1"}], ContourPlot [
Evaluate [Flatten [Map[{sl ==, n2 ==t} & Range [0,a,0.1 ]]1]11,
{q1,0,u /2%, {g2,0,v /2},
ContourStyle - {{Blue, Opacity [0.3 ]}, {Red, Opacity [0.3 ]}},
ContourShading - False, Contours - 107, ImageSize - {150, 150 }11],
{{u, 20 }, ControlType - None}, {{v, 10 }, ControlType - None},
Row[ {Row[ {"u", " ", Manipulator [Dynamic [u], {5, 20 },
ImageSize - Tiny, Appearance - "Labeled" 1}],"™,
Rowf( {"v", " ", Manipulator [Dynamic [v], {5, 20 }, ImageSize - Tiny,
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Appearance - "Labeled" ]}]}], SaveDefinitions - True ]

0O 3. abra

Show[ContourPlot [Abs[Evl], {u,0,2 }, {v,0,2 },
ImageSize - {200, 200 }, FrameLabel - {u,v }], ContourPlot [
Abs[Evl] =1, {u,0,2 }, {v,0,2 3}, ContourStyle - {Black, Thick },
ImageSize - {200, 200 }, FrameLabel - {u,v }]]

0 4. abra

Graphics3D [
{sol /. {i_Real, x_Real, y_Real } - {Hue[i /NN], Point [{i, X,y 1}]},
{Opacity [0.3 ], Thickness [0.007 ], Line ([sol /. {i_,x,y_ }->{i,Xy 1}1}},
ImageSize - {200, 200 }, Axes - True,
AxesLabel - {t, Subscript [d, 1 ], Subscript (9,21},
BoxRatios - Automatic, PlotRange - {{0,5 1}, {0,413}, {0,41}]

0O 5. abra

Graphics3D [
{sol /. {i_Real, x_Real, y_Real } > {Hue[i /NN], Point [{i,x,y 11},
{Opacity [0.3 ], Thickness [0.007 ],
Line [sol /. {i_Real, x_Real, y_Real P> (L, X,y Y113,
ImageSize - {200, 200 }, Axes - True,
AxesLabel - {t, Subscript [g,1 ], Subscript [q,2 ]},
PlotRange - {{0,5 }, {0,10 }, {0,5 }}, BoxRatios - {2,1,1 }]

O Interaktiv kisérletek: Allando stratégia

Az interaktiv kisérlet programkddja a 3.1. intenakkisérletének programkddja
alapjan készult. A teljes koltségfliggvények ebbeasetben:

TCl=-lLog[1l-qgl/u];TC2 =-Log[l-02/V];

O Interaktiv kisérletek: Diszkrét stratégia

Az interaktiv kisérlet programkddja a 3.2. intenakkisérletének programkddja
alapjan készult. A teljes koltségfiiggvények ebbemodellben:

TCl=-lLog[1l-qgl/u];TC2 =-Log[l-02/V];



