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Autonomnı́ systémy
Interaktivnı́ testy

Robert Mařı́k

3. dubna 2009

Vyzkoušejte dva, tři nebo dvacet dalšı́ch mých
kvı́zů a potom mi prosı́m vyplňte na
webu. Děkuji!

Pro vytvořenı́ vlastı́ho testu podle tohoto vzoru bu-
dete potřebovat volně šiřitelný AcroTEXeDucation

bundle, zdrojový soubor pro TEX a přečı́st si
návod na domovské stránce.

Kvı́z.

• V testu máte najı́t stacionárnı́ body autonomnı́ho systému. Poté pro jeden vybraný sta-
cionárnı́ bod určı́te Jakobiho matici, charakteristická čı́sla, typ a rozhodnete o stabilitě.

• Jako proměnnou v charakteristickém polynomu požijte proměnnou z!
• Charakteristická čı́sla vepište přesně nebo alespoň na tři desetinná mı́sta. Komplexnı́

jednotku pište jako i.


% Copyright 2005-2009 Robert Marik
%
% The licence allows to use this file for exactly one of the following purposes.
%
% 1. To prepare your own texts after substantial modification of TeX
% macros (such as different mathematical problems)
%
% 2. or to prepare your own texts simply by slight modifications
% (design, introduction) and by using different input data for
% problems. In this latter case you are required to put the resulting
% tests on a suitable public server (your personal webpage, webpage of
% your department, webpage in e-learning course which is open for
% guests etc.).
%
%


\documentclass{article}

\usepackage[czech]{babel}
\usepackage[IL2]{fontenc}
\input kvizycz

\def\righttitle{Autonomní systémy}

\usepackage[noxcolor,czech,pdftex]{exerquiz}
\usepackage[procrespgrp,ImplMulti,equations]{dljslib}

\everyCorrAnsButton{\CA{?}}
\begin{insDLJS}[dljslibRMb]{dljsliRMb}{RMb}

function ProcRespSetPoints(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
// modification of ProcpResSetFormula
// the answer is an unordered list of points, like
// [1,3];[2,-1]
//
// n points are converted into n linear functions in x and
// these functions are processed as in ProcRespSetFormula
// e.g. [1,3];[2,-1] is converted into 1+3*x,2-1*x
//
    ok2Continue = true;
    if (!ProcessIt) return null;
    var fieldname = event.target.name;
    var UserAns = event.value;
    CorrAns = stripWhiteSpace(CorrAns);
    UserAns = stripWhiteSpace(UserAns);
    if (!ok2Continue) return null;
    UserAns = UserAns.replace(/[,]/g, "]+x*[");
    UserAns = UserAns.replace(/[;]/g, ",");
    CorrAns = CorrAns.replace(/[,]/g, "]+x*[");
    CorrAns = CorrAns.replace(/[;]/g, ",");
//    app.alert("User "+UserAns);
    var aUserAns = UserAns.split(",");
    var aCorrAns = CorrAns.split(",");
    var numCorrect = 0;
    var match = 0;
    indepVar = "x";
    a = "[0,1]";
    if ( aUserAns.length != aCorrAns.length ) return notifyField(false, flag, fieldname);
    for ( var i=0; i< aCorrAns.length; i++) {
        match = 0;
        for ( var j=i; j< aUserAns.length; j++) {
            var retn = _ProcResp(flag,aCorrAns[i],aUserAns[j],n,epsilon,a,indepVar,oComp);
            if ( retn == null ) return syntaxError(), null;
            if (retn==1) {
               var temp=aUserAns[j];
               aUserAns[j]=aUserAns[i];
               aUserAns[i]=temp;
               match = match + 1;
            }
        }
        numCorrect += (match) ? 1 : 0;
    }
    var success = (numCorrect == aCorrAns.length) ? true : false;
    if ( success == null ) return syntaxError(), null;
    return notifyField(success, flag, fieldname);
}


function ProcRespSetPointsHint(flag,CorrAnsWH,n,epsilon,a,indepVar,oComp)
{
// modification of ProcpResSetFormula
// the answer is an unordered list of points, like
// [1,3];[2,-1]
//
// n points are converted into n linear functions in x and
// these functions are processed as in ProcRespSetFormula
// e.g. [1,3];[2,-1] is converted into 1+3*x,2-1*x
//
    ok2Continue = true;
    CorrAnsWH = stripWhiteSpace(CorrAnsWH);
    var CorrAnsWHS = CorrAnsWH.split(":");
    HideHint(CorrAnsWHS[1]);
    var CorrAns = CorrAnsWHS[0];
    if (ProcessIt) {
    var fieldname = event.target.name;
    var UserAns = event.value;
    UserAns = stripWhiteSpace(UserAns);
    if (!ok2Continue) return null;
    UserAns = UserAns.replace(/[,]/g, "]+x*[");
    UserAns = UserAns.replace(/[;]/g, ",");
    CorrAns = CorrAns.replace(/[,]/g, "]+x*[");
    CorrAns = CorrAns.replace(/[;]/g, ",");
//    app.alert("User "+UserAns);
    var aUserAns = UserAns.split(",");
    var aCorrAns = CorrAns.split(",");
    var numCorrect = 0;
    var match = 0;
    indepVar = "x";
    a = "[0,1]";
    if ( aUserAns.length != aCorrAns.length ) return notifyField(false, flag, fieldname);
    for ( var i=0; i< aCorrAns.length; i++) {
        match = 0;
        for ( var j=i; j< aUserAns.length; j++) {
            var retn = _ProcResp(flag,aCorrAns[i],aUserAns[j],n,epsilon,a,indepVar,oComp);
            if ( retn == null ) return syntaxError(), null;
            if (retn==1) {
               var temp=aUserAns[j];
               aUserAns[j]=aUserAns[i];
               aUserAns[i]=temp;
               match = match + 1;
            }
        }
        numCorrect += (match) ? 1 : 0;
    }
    var success = (numCorrect == aCorrAns.length) ? true : false;
    if ( success == null ) return syntaxError(), null;
    else
    if (success)  
    {
      PrintHint(CorrAnsWHS[1]); 
    } 
    else 
    {
      HideHint(CorrAnsWHS[1]);
    }
    return notifyField(success, flag, fieldname);}
  else
  {app.alert("O.K. Chcete napovedu. \n Souradnice stacionarniho bodu ktery nas bude dal zajimat budou odkryty v testu.",3);
    PrintHint(CorrAnsWHS[1]);
    return null;
  }
}


function PrintHint(printdestination)
{
this.getField(printdestination).hidden=true;
this.getField(printdestination+"a").hidden=true;
this.getField(printdestination+"b").hidden=true;
}

function HideHint(printdestination)
{
this.getField(printdestination).hidden=false;
this.getField(printdestination+"a").hidden=false;
}




\end{insDLJS}

\def\stabilni{
 \begin{answers}4
   \Ans1 stabilní&
   \Ans0 nestabilní&
 \end{answers}
}
\def\nestabilni{
 \begin{answers}4
   \Ans0 stabilní&
   \Ans1 nestabilní&
 \end{answers}
}


\def\uzel{
 \begin{answers}4
   \Ans1 uzel&
    \Ans0 ohnisko&
    \Ans0 sedlo&
    \Ans0 ostatní
 \end{answers}
}

\def\ohnisko{
 \begin{answers}4
   \Ans0 uzel&
    \Ans1 ohnisko&
    \Ans0 sedlo&
    \Ans0 ostatní
 \end{answers}
}

\def\sedlo{
 \begin{answers}4
   \Ans0 uzel&
    \Ans0 ohnisko&
    \Ans1 sedlo&
    \Ans0 ostatní
 \end{answers}
}

\def\stred{
 \begin{answers}4
   \Ans0 uzel&
    \Ans0 ohnisko&
    \Ans0 sedlo&
    \Ans1 ostatní
 \end{answers}
}





\def\formulasetboxhint#1#2{\RespBoxMath{#1}(x){10}{1.0E-10}{[0,2]}*{ProcRespSetPointsHint}
\CorrAnsButton{#2}
}

\def\interval{1,2]x[1,2}
\def\desifrujdve#1,#2,{\def\prvni{#1}\def\druha{#2}}
\def\desifrujtri#1,#2,#3,{\def\prvni{#1}\def\druha{#2}\def\treti{#3}}
\def\desifrujctyri#1,#2,#3,#4,{\def\prvni{#1}\def\druha{#2}%
  \def\treti{#3}\def\ctvrta{#4}}
\def\cislo#1{\ \RespBoxMath[\rectW{1cm}]{#1}(a){3}{0.001}{[1,2]}\ }


\def\najdiprvnibod#1;#2??{\xdef\stacionarnibod{#1}}


\begin{document}

\makeatletter
%\message{*******\every@TextField----------}
\renewcommand\everyRespBoxMath[1]{\def\every@RespBoxMath{\rectH{16bp}\textSize{0}\TU{Kliknete, vepiste odpoved a stisknete Enter.}#1}}
\makeatother
\everyRespBoxMath{}

\title{Autonomní systémy\\Interaktivní testy}
\author{Robert Ma\v r\'\i k}
\maketitle
\def\posun#1{\leavevmode\hbox to 4 cm{\hss$#1{}$}}
\def\posunb#1{\leavevmode\hbox to 3 cm{\hss$#1{}$}}
\newcount\napovedacislo

\def\skrytybod#1{\setbox0=\hbox{\,$\stacionarnibod{}$\,}%
    \hbox to 0 pt{\copy0\ \ \hss}%
    \dimen0=\ht0%
    \advance \dimen0 by \dp0%
    \advance\dimen0 by 3 pt%
    \edef\ttt{\the\dimen0}%
      {\textField[\textColor{0.9 0 0 rg}\S{N}\V{......}\BC{}%
                \BG{1 1 0.9}  \Q{1}%
      \Ff{\FfReadOnly}]{\jmenopolicka#1}{\wd0}{\ttt}}%
}

\def\pole{\setbox0=\hbox{\textField[\textColor{0.9 0 0 rg}\S{N}\V{Musite najit
      nejprve vsechny stacionarni body.\noexpand\n Teprve potom se vam zobrazi dalsi otazky.}\BC{}%
                \BG{1 1 0.9}  \Q{1}%
                \Ff{\FfReadOnly}\Ff{\FfMultiline}]{\jmenopolicka b}{\hsize}{6cm}}
              \vbox to 0 pt{\vss\box0\hbox{}}}


\def\osetrifunkci#1{\Bigl(#1\Bigr)}
\def\priklad#1#2#3#4#5#6#7#8{
\newpage
\global\advance\napovedacislo by 1
\edef\jmenopolicka{HintFieldNumber\the\napovedacislo}
% #1 
% #2 
% #3 
% #4 
% #5 
% #6 
% #7 
% #8 
\item Studujeme autonomní systém 
\desifrujdve#1,
\let\fcef\prvni
\let\fceg\druha
$\fboxsep=3pt
\boxed{\begin{aligned}
  x'=&\prvni\\
  y'=&\druha
\end{aligned}}
$
\najdiprvnibod#2;??
\begin{questions}
\item Najdìte stacionární body a zapi¹te je ve tvaru 
  {\color{webgreen} \texttt{[A,B]; [C,D]; [E,F]; }\dots  }\\
  \posun{}\formulasetboxhint{#2:\jmenopolicka}{#2}
\item Najdìte derivace\\
\everyRespBoxMath{\rectW{2cm}}
\desifrujctyri #3,
\begin{minipage}[t]{0.48\linewidth}
  \posunb{\frac{\partial}{\partial x}\osetrifunkci\fcef=}%
  \expandafter\RespBoxMath\expandafter{\prvni}(xy){10}{0.00001}{[\interval]} \
  \CorrAnsButton{\prvni}
  \\
  \posunb{\frac{\partial}{\partial x}\osetrifunkci\fceg=}%
  \expandafter\RespBoxMath\expandafter{\treti}(xy){10}{0.00001}{[\interval]} \
  \CorrAnsButton{\treti}
\end{minipage}%
\begin{minipage}[t]{0.48\linewidth}
  \posunb{\frac{\partial}{\partial y}\osetrifunkci\fcef=}%
  \expandafter\RespBoxMath\expandafter{\druha}(xy){10}{0.00001}{[\interval]} \
  \CorrAnsButton{\druha}
  \\
  \posunb{\frac{\partial}{\partial y}\osetrifunkci\fceg=}%
  \expandafter\RespBoxMath\expandafter{\ctvrta}(xy){10}{0.00001}{[\interval]}
  \ \CorrAnsButton{\ctvrta}
\end{minipage}

\bigskip
\textbf{\color{red}Následující úkoly se vztahují ke stacionárnímu bodu  \skrytybod{}!}
\item 
\desifrujctyri#4,
Jakobiho matice:\qquad
$J(\skrytybod{a})=
\begin{mathGrp}
  \begin{pmatrix}
    \cislo{\prvni}&\cislo{\druha}\\\cislo{\treti}&\cislo{\ctvrta}
  \end{pmatrix}
\end{mathGrp}
\ \CorrAnsButtonGrp{#4}
$
\everyRespBoxMath{\rectW{5cm}}
\item Charakteristický polynom (pou¾ijte promìnnou $z$):\qquad
  \RespBoxMath[\rectW{4cm}]{#5}(z){10}{0.00001}{[1,5]}{} \CorrAnsButton{#5}
\item Vlastní hodnoty (oddìlené èárkou):\qquad 
\RespBoxMath{#6}(i){10}{0.01}{[1,5]}*{ProcRespSetFormula} \CorrAnsButton{#6}
\item Stabilita
#7
\item Typ
 #8

\pole
\def\interval{1,2]x[1,2}
\end{questions}

}

\begin{shortquiz}*[AAAA]
  \begin{itemize*}
  \item 
    V testu máte najít stacionární body autonomního systému. Poté pro jeden
    vybraný stacionární bod urèíte Jakobiho matici, charakteristická èísla,
    typ a rozhodnete o stabilitì.
  \item Jako promìnnou v charakteristickém polynomu
    po¾ijte promìnnou $z$!
  \item Charakteristická èísla vepi¹te pøesnì nebo alespoò
    na tøi desetinná místa. Komplexní jednotku pi¹te jako
    {\color{blue}\texttt{i}}.
  \end{itemize*}
\begin{questions}
\priklad
{x+y-2, x+y^2-2}
{[1,1];[2,0]}
{1,1,1,2y}
{1,1,1,2}
{z^2-3z+1}
{(3+sqrt(5))/2,(3-sqrt(5))/2}
{\nestabilni}
{\uzel}

\priklad
{x^2+x-y,2x-y}
{[1,2];[0,0]}
{2x+1,-1,2,-1}
{3,-1,2,-1}
{z^2-2z-1}
{1+sqrt(2),1-sqrt(2)}
{\nestabilni}
{\sedlo}

\priklad
{x(4-2x-y),y(7-x-3y)}
{[1,2];[0,0];[2,0];[0,7/3]}
{4-4x-y,-x,-y,7-x-6y}
{-2,-1,-2,-6}
{z^2+8z+10}
{-4-sqrt(6), -4+sqrt(6)}
{\stabilni}
{\uzel}

\priklad
{6-x+y, 2x+2y}
{[3,-3]}
{-1,1,2,2}
{-1,1,2,2}
{z^2-z-4}
{(1+sqrt(17))/2,(1-sqrt(17))/2}
{\nestabilni}
{\sedlo}

\priklad{x(x-y+2),y-x^2}
{[0,0];[-1,1];[2,4]}
{2x-y+2,-x,-2x,1}
{2,0,0,1}
{z^2-3z+2}
{1,2}
{\nestabilni}
{\uzel}


\priklad{2-x-y,\frac{x(x-1)}{y}}
{[1,1];[0,2]}
{-1,-1,(2x-1)/y,-x(x-1)/y^2}
{-1,-1,1,0}
{z^2+z+1}
{(-1+i*sqrt(3))/2,(-1-i*sqrt(3))/2}
{\stabilni}
{\ohnisko}

\priklad{\frac{xy}{y+1},2+x+y}
{[0,-2];[-2,0]}
{y/(y+1),x/(y+1)^2,1,1}
{2,0,1,1}
{z^2-3z+2}
{1,2}
{\nestabilni}
{\uzel}

\priklad{\frac{x^2(x-2)}{y},\frac{y^2-1}{x}}
{[2,1];[2,-1]}
{(3x^2-4x)/y,-x^2(x-2)/y^2,-(y^2-1)/x^2,2y/x}
{4,0,0,1}
{z^2-5z+4}
{1,4}
{\nestabilni}
{\uzel}

\end{questions}
\end{shortquiz}
\end{document}

%%% Local Variables: 
%%% mode: latex
%%% TeX-master: t
%%% End: 

%%% Local Variables: 
%%% mode: latex
%%% TeX-master: t
%%% End: 


Robert Marik
Zdrojovy text pro pdfLaTeX si muzete otevrit kliknutim na tuto ikonu.

http://www.mendelu.cz/user/marik
http://www.mendelu.cz/user/marik/kvizy/anketa.html
http://www.acrotex.net
http://www.acrotex.net
http://user.mendelu.cz/marik/index.php?item=32
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1. Studujeme autonomnı́ systém
x′ =x + y − 2

y ′ =x + y2 − 2

(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

(
x + y − 2

)
=

∂
∂x

(
x + y2 − 2

)
=

∂
∂y

(
x + y − 2

)
=

∂
∂y

(
x + y2 − 2

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [1,1] !

(c) Jakobiho matice: J( [1,1] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́

http://www.mendelu.cz/user/marik
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2. Studujeme autonomnı́ systém
x′ =x2 + x − y
y ′ =2x − y

(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

(
x2 + x − y

)
=

∂
∂x

(
2x − y

)
=

∂
∂y

(
x2 + x − y

)
=

∂
∂y

(
2x − y

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [1,2] !

(c) Jakobiho matice: J( [1,2] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́

http://www.mendelu.cz/user/marik
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Úvodnı́ strana

Print

Titulnı́ strana

JJ II

J I

Strana 4 z 9

Zpět
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3. Studujeme autonomnı́ systém
x′ =x(4 − 2x − y)

y ′ =y(7 − x − 3y)

(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

(
x(4 − 2x − y)

)
=

∂
∂x

(
y(7 − x − 3y)

)
=

∂
∂y

(
x(4 − 2x − y)

)
=

∂
∂y

(
y(7 − x − 3y)

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [1,2] !

(c) Jakobiho matice: J( [1,2] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́

http://www.mendelu.cz/user/marik
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4. Studujeme autonomnı́ systém
x′ =6 − x + y
y ′ =2x + 2y

(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

(
6 − x + y

)
=

∂
∂x

(
2x + 2y

)
=

∂
∂y

(
6 − x + y

)
=

∂
∂y

(
2x + 2y

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [3,−3] !

(c) Jakobiho matice: J( [3,−3] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́

http://www.mendelu.cz/user/marik
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5. Studujeme autonomnı́ systém
x′ =x(x − y + 2)

y ′ =y − x2

(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

(
x(x − y + 2)

)
=

∂
∂x

(
y − x2

)
=

∂
∂y

(
x(x − y + 2)

)
=

∂
∂y

(
y − x2

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [0,0] !

(c) Jakobiho matice: J( [0,0] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́
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ÍK

A
ut

on
om

nı́
sy

st
ém

y
fil

e
au

to
no

m
ni

.te
x
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Zpět

Full Screen

Zavřı́t
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6. Studujeme autonomnı́ systém
x′ =2 − x − y

y ′ =
x(x − 1)

y

(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

(
2 − x − y

)
=

∂
∂x

(x(x − 1)
y

)
=

∂
∂y

(
2 − x − y

)
=

∂
∂y

(x(x − 1)
y

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [1,1] !

(c) Jakobiho matice: J( [1,1] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́
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7. Studujeme autonomnı́ systém
x′ =

xy
y + 1

y ′ =2 + x + y

(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

( xy
y + 1

)
=

∂
∂x

(
2 + x + y

)
=

∂
∂y

( xy
y + 1

)
=

∂
∂y

(
2 + x + y

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [0,−2] !

(c) Jakobiho matice: J( [0,−2] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́
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Zpět

Full Screen

Zavřı́t
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8. Studujeme autonomnı́ systém
x′ =

x2(x − 2)
y

y ′ =
y2 − 1

x
(a) Najděte stacionárnı́ body a zapište je ve tvaru [A,B]; [C,D]; [E,F]; . . .

(b) Najděte derivace
∂
∂x

(x2(x − 2)
y

)
=

∂
∂x

(y2 − 1
x

)
=

∂
∂y

(x2(x − 2)
y

)
=

∂
∂y

(y2 − 1
x

)
=

Následujı́cı́ úkoly se vztahujı́ ke stacionárnı́mu bodu [2,1] !

(c) Jakobiho matice: J( [2,1] ) =




(d) Charakteristický polynom (použijte proměnnou z):

(e) Vlastnı́ hodnoty (oddělené čárkou):

(f) Stabilita
stabilnı́ nestabilnı́

(g) Typ
uzel ohnisko sedlo ostatnı́
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