
R
O

B
E

R
T

M
A

Ř
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Diferenciálnı́ rovnice prvnı́ho řádu
Explicitnı́ vzorec

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 budete
potřebovat volně šiřitelný AcroTEXeDucation bundle,

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


% 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}

\input kvizycz

\usepackage[czech]{babel}
\usepackage[latin2]{inputenc}

\def\righttitle{LDR prvního øádu}

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


\everyRespBoxMath{\BG{1 1 1}
  \rectH{15bp}\rectW{7cm}\textSize{0}\TU{Klikni a vepis svoji odpoved.}}

\definecolor{mygreen}{rgb}{0,0.5,0}

\def\CorrAnsButtonDefaults
{%
  \CA{?}\W{1}\S{B}
  \BC{0 0 0}\BG{.7529 .7529 .7529}\H{P}
  \TU{Klikni a zobrazi se spravna odpoved.}
}


%
% The following functions are  modifications of the function
% indefCompare and ProcRespEq. 
%

\begin{insDLJS}[dljslibRMb]{dljsliRMb}{RMb}


function ProcRespLDEq(flag,CorrAns,n,epsilon,a,indepVar,oComp){
//
// From the procedure ProcRespEq. We expect linear ODE 
// separated variables ( y'+a(x)y=b(x) ) 
// The variables x and y can be customized, the derivative
// of dependent variable is denoted by prime, like y' or z'.
//
// We introduce new variable instead of y' and handle
// the equation as an equation in three variables.
// The constant multiple of the correct answer is wrong
// (the coefficient at y' has to be equal to 1 and y'
// has to be on the left hand side).
//
// It is sufficient to add four or six lines to the original
// code of ProcRespEq and remove multiple lambda.
//
    if (!ProcessIt) return null;
    ok2Continue = true;
    var success;
    var fieldname = event.target.name;
    this.getField(fieldname).strokeColor = \eqDefaultColor;
    var UserAns = event.value;
    if (UserAns == "undefined") {
        success = (CorrAns == UserAns);
        return notifyField(success, flag, fieldname);
    }
    indepVar = TypeParameters(indepVar);
    var _dy=new RegExp(indepVar.charAt(6)+"'","g");
    UserAns = UserAns.replace(_dy, "M");
    CorrAns = CorrAns.replace(_dy, "M");
    var _V = UserAns.split("M"); 
    if (_V.length !== 2) {
      app.alert("There should be exactly one derivative of dependent variable.");
      return null; // notifyField(false, flag, fieldname);
    }
    var _V = UserAns.split("="); 
    if (_V.length !== 2) {
      app.alert("There should be exactly one equality sign in your equation.");
      return null; // notifyField(false, flag, fieldname);
    }
    var CorrExpressions = CorrAns.split("=");
    var zCorrAns = "("+CorrExpressions[0]+")-("+CorrExpressions[1] +")";
    UserAns = stripWhiteSpace (UserAns);
    if(!ok2Continue ) return null;
    if (!/[=]/.test(UserAns)) {
            app.alert("An equation is expected", 3);
            return null;
    }
    var UserExpressions = UserAns.split("=");
    var zUserAns = "("+UserExpressions[0]+")-("+UserExpressions[1] +")";

    var comp = ( typeof oComp == "object" ) ?
       (typeof oComp.comp == "undefined" ) ? diffCompare : oComp.comp : oComp;
    if ( typeof oComp == "object" && typeof oComp.priorParse != "undefined" )
    {
        if ( typeof oComp.priorParse == "object" )
        {
            for ( var i=0; i < oComp.priorParse.length; i++)
            {
                var retn = oComp.priorParse[i](zUserAns);
                if ( retn == null ) return null;
            }
        } else {
            var retn = oComp.priorParse(zUserAns);
            if ( retn == null ) return null;
        }
    }
    zCorrAns = ParseInput(zCorrAns);
    if (!ok2Continue) {
        app.alert("Syntax error in author's answer! Check console.", 3);
        console.println("Syntax Error: " + CorrAns);
        return null;
    }
    zUserAns = ParseInput(zUserAns);
    if (!ok2Continue) return null;
    indepVar = indepVar+",r:M,";
    a = a+"x[1,3]";
\db console.println("zCorrAns = " + zCorrAns);\db%
    success=randomPointCompare (n,a,indepVar,epsilon,zCorrAns,zUserAns,comp)
\db console.println("success = " + success );\db%
    if ( success == null ) { app.alert(\eqSyntaxErrorUndefVar,3); return null; }
    return notifyField(success, flag, fieldname);
}



function ProcRespLDEfirst(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
    if (!ProcessIt) return null;
    var fieldname = event.target.name;
    this.getField(fieldname).strokeColor = \eqDefaultColor;
    var UserAns = event.value;
    var _V = UserAns.split("C"); 
    if (_V.length > 2) {
      app.alert("Don't use more than one contant C, please!");
      return null; // notifyField(false, flag, fieldname);
    }
// quick fix: C(x+1) is not an error, but C*(x+1) 
    UserAns = UserAns.replace(/C/g,"(C)");
    var success = _ProcResp(flag,CorrAns,UserAns,n,epsilon,a,indepVar,oComp);
    if ( success == -1 ) return null;
    if ( success == null ) { return syntaxError(), null; }
    return notifyField(success, flag, fieldname);
}



function LDEgenSolHomCompare(_a,_c,_v,_F,_G) {
var vysledek = LDEgenSolCompare(_a,_c,_v,_F+";0",_G);
return vysledek;
}


function LDEgenSolCompare(_a,_c,_v,_F,_G) {
//
// the correct answer is in the form A;B
//
// true if there is a constant C in the UserAnswer
// and both (UserAnswer-UserAnswerWithZeroConstantC)/A 
// (UserAnswer-B)/A do not depend 
// on x (1-st variable)
//
// (UserAnswer-UserAnswerWithZeroConstantC) should not to be zero
// (if the general solution is y=2+C*exp(x), we have to ensure that
//  the anwswer y=2+exp(x)+C*0 is wrong)
// 
//
// variables are expected as (xC) and the interval for 
// variables is expected in the form [a,b]x[c,d] (no & sign)
// such that [a,b] is suficiently far from any singularity
// of the equation (and hence far from zero points of A)
// The variable C is fixed, x can be replaced by another variable.
//
    if (!/[C]/.test(_G)){
      app.alert("The constant C seems to be missing!",3);
      return null;
    }
    var eqCa;
    var eqCb;
    var casti = _F.split(";");
    var _GGG = _G;
    _GGG = _GGG.replace(/C/g,"(0)");
    var _GGa = _G+"-("+_GGG+")";
    var _GGb = _G+"-("+casti[1]+")";
    var _FF = casti[0];
    var aAB = _a.split(",");
    var aXY = _c.split(",");
    var _V = _v.split(",");  // e.g. _V[0] = "i:x"
    var _n = aXY.length;
    //
    with(Math) {
      eval( "var "+ _V[0].charAt(2) + " = " + aXY[0] + ";");
      eval( "var "+ _V[1].charAt(2) + " = " + aXY[1] + ";");      
      if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if (isNaN(eqCa = eval(_FF) / eval(_GGa))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if (isNaN(eqCa = eval(_FF) / eval(_GGa))) return -1;
//      app.alert("_GGa "+_GGa+"    eqCa "+eqCa);
      if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if (isNaN(eqCb = eval(_FF) / eval(_GGb))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if (isNaN(eqCb = eval(_FF) / eval(_GGb))) return -1;
        eval( "var "+ _V[0].charAt(2) + " = " + aAB[0] + ";");
        _FF = eval(_FF);
        if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if(isNaN(_GGa = eval(_GGa))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if(isNaN(_GGa = eval(_GGa))) return -1;
        if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if(isNaN(_GGb = eval(_GGb))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if(isNaN(_GGb = eval(_GGb))) return -1;
//        app.alert(_GGa+"   "+_GGb);
        if (_GGa==0) return 1;
        if (_GGb==0) return 1;
//
// Now the test whether the answer is linear in C variable
//
// name of variable : _V[0].charAt(2) e.g.: x
// value of variable : aXY[0]
//
//        app.alert("Seems to be solution, checking linearity in C.");
        var aXYstr = aXY[0].toString();
        var Vstr = _V[0].charAt(2).toString();
        var IsLinearInC=testlinear(_G,Vstr,aXYstr);
        if (IsLinearInC>0.0001) app.alert("Your function seems to be nonlinear in C.");
        return (abs( (_FF / _GGb) - eqCb )+abs( (_FF / _GGa) - eqCa )+IsLinearInC);
    }
}


function testlinear(Ans,xname,xvalue)
{
with(Math){
  eval ("var "+xname+"="+xvalue+";");
  var C=0;
  var AnsA=eval(Ans);
  var C=1;
  var AnsB=eval(Ans);
  var C=2;
  var AnsC=eval(Ans);
  var resultoflinearity = eval((AnsA+AnsC)/2-AnsB);
  return resultoflinearity;
}
}



function LDEpartSolCompare(_a,_c,_v,_F,_G) {
//
// the correct answer is in the form A;B
//
// true if there is no constant C in the UserAnswer
// and (UserAnswer-B)/A is constant (including zero constant)
//
// variables are expected as (xC) (but C is not used in the 
// answer) and the interval for variables is expected in the 
// form [a,b]x[c,d] (no & sign) such that [a,b] is suficiently 
// far from any singularity of the equation (and hence far from 
// zero points of A)
//
    var eqC;
    var casti = _F.split(";");
    var _GG = _G+"-("+casti[1]+")";
    var _FF = casti[0];
    var aAB = _a.split(",");
    var aXY = _c.split(",");
    var _V = _v.split(",");  // e.g. _V[0] = "i:x"
    var _n = aXY.length;
    // pridat test na pritomnost pismene C
    if (/[C]/.test(_GG)){
      app.alert("The particular solution does not contain any C!",3);
      return 1;
    }
    //
    with(Math) {
      eval( "var "+ _V[0].charAt(2) + " = " + aXY[0] + ";");
//      eval( "var "+ _V[1].charAt(2) + " = " + aXY[1] + ";");      
      if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if (isNaN(eqC = eval(_GG) / eval(_FF))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if (isNaN(eqC = eval(_GG) / eval(_FF))) return -1;
        eval( "var "+ _V[0].charAt(2) + " = " + aAB[0] + ";");
        _FF = eval(_FF);
        if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if(isNaN(_GG = eval(_GG))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if(isNaN(_GG = eval(_GG))) return -1;
        return abs( (_GG / _FF) - eqC );
    }
}





function ConstMulCompare(_a,_c,_v,_F,_G) {
//
// True if _G does not contain the string C and 
// _G is a nonzero constant multiple of _F
//
    if (/[C]/.test(_G)){
      app.alert("Remove the constant C, please.",3);
      return 1;
    }
    var eqC;
    var aAB = _a.split(",");
    var aXY = _c.split(",");
    var _V = _v.split(",");  // e.g. _V[0] = "i:x"
    var _n = aXY.length
    with(Math) {
        for (var _i=0; _i< _n; _i++)
        {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aAB[2*_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aAB[2*_i]) + ";");
        }
        if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if (isNaN(eqC = eval(_F)/eval(_G))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if (isNaN(eqC = eval(_F)/eval(_G))) return -1;
        for (var _i=0; _i< _n; _i++)
        {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aXY[_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aXY[_i]) + ";");
        }
        _F = eval(_F);
        if ( app.viewerVersion >= 5)
        {
            var rtnCode = 0;
            eval("try { if(isNaN(_G = eval(_G))) rtnCode=-1; } catch (e) { rtnCode=1; }");
            switch(rtnCode)
            {
                case  0: break;
                case  1: return null;
                case -1: return -1;
            }
        }
        else
            if(isNaN(_G = eval(_G))) return -1;
        if (_G==0) return 1;
        return abs( (_F/_G) - eqC );
    }
}


function PrintHint(printdestination)
{
this.getField(printdestination).hidden = true;
}

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

function ProcRespHint(flag,CorrAnsH,n,epsilon,a,indepVar,oComp)
{
    var fieldname = event.target.name;
    var UserAns = event.value;
    var CorrAns = CorrAnsH.split(",");  
    if (!ProcessIt) return PrintHint(CorrAns[1]), null;
    var success = _ProcResp(flag,CorrAns[0],UserAns,n,epsilon,a,indepVar,indefCompare);
    if (success == true) 
    {PrintHint(CorrAns[1]);} else {HideHint(CorrAns[1]);}
    if ( success == -1 ) return null;
    if ( success == null ) { return syntaxError(), null; }
    return notifyField(success, flag, fieldname);
}


\end{insDLJS}


\sqCorrections

\begin{document}

\author{Robert Ma\v{r}\'{i}k}
\title{Diferenciální rovnice prvního øádu\\
Explicitní vzorec}

\maketitle
%\tableofcontents

\newpage

\section{Teorie}

\begin{definice}[lineární DR]
Nech» funkce $a$, $b$ jsou spojité na intervalu
$I$. Rovnice\index{diferenciální rovnice!lineární}
\begin{equation}
  \label{eq:LDR}
  y'+a(x)y=b(x) 
\end{equation}
se nazývá \textit{obyèejná lineární diferenciální rovnice prvního
  øádu} (zkrácenì pí¹eme LDR). Je-li navíc $b(x)\equiv 0$ na $I$,
nazývá se rovnice \eqref{eq:LDR} \textit{homogenní}, v~opaèném pøípadì
\textit{nehomogenní}.
\end{definice}

Tvar \eqref{eq:LDR} budeme v tomto testu nazývat
\textit{standartním 
  tvarem}. Napøíklad rovnice $2y'+xy=4$ má normální tvar $y'+\frac x2 y=2$.

\begin{definice}[homogenní rovnice]
  Buï dána rovnice \eqref{eq:LDR}. Homogenní rovnice, která vznikne
  z~rovnice \eqref{eq:LDR} nahrazením pravé strany nulovou funkcí,
  tj. rovnice
  \begin{equation}
    \label{eq:LDRh}
    y'+a(x)y=0
  \end{equation}
  se nazývá \textit{homogenní rovnice asociovaná s nehomogenní rovnici
    \eqref{eq:LDR}.}
\end{definice}



\begin{veta}[obecné øe¹ení]\label{veta-o-LDR}\null
  \begin{itemize*}
  \item Je-li $y_p(x)$ partikulární øe¹ení nehomogenní rovnice a 
    $y_0(x)$ obecné øe¹ení asociované homogenní rovnice, je funkce 
    \begin{equation*}
      y(x)=y_p(x)+y_0(x)
    \end{equation*}
    obecným øe¹ením nehomogenní rovnice.
   \item Je-li $y_p(x)$ partikulární øe¹ení nehomogenní rovnice a 
     $y_{0}(x)$ nìjaké netriviální øe¹ení asociované homogenní rovnice, je
     funkce 
    \begin{equation*}
      y(x)=y_p(x)+Cy_{0}(x)
    \end{equation*}
    obecným øe¹ením této nehomogenní rovnice.
  \end{itemize*}
\end{veta}

\newpage

\begin{alignat}{2}
  \label{eq:LDR2}
  y'+a(x)y&=b(x)&&\text{lineární ODR}\\[5mm]
  \label{eq:LDR3}
  y'+a(x)y&=0&&\text{asoc. hom. ODR}\\[5mm]
  y_0(x)&=C\ \underbrace{\ e^{-\int a(x)\dx}\ }_{\text{\hbox to 0 pt{\hss
        part. øe¹ení rce \eqref{eq:LDR3}\hss}}}, \qquad C\in\R&&\text{Obecné
    øe¹ení rce 
    \eqref{eq:LDR3}} \\[5mm]
  y(x)&=e^{-\int a(x)\dx}\Bigl[\int b(x)e^{\int a(x)\dx}\dx+C\Bigr]&&
\text{Obecné øe¹ení rce \eqref{eq:LDR2}}\\[5mm]
  &=\underbrace{\ e^{-\int a(x)\dx}\int b(x)e^{\int
      a(x)\dx}\dx\ }_{y_p(x)\text{ --- part. øe¹. rce \eqref{eq:LDR2}}}
\ + \ {}
  \underbrace{\ \vphantom{\int}Ce^{-\int a(x)\dx}\ }_{y_0(x)}
  \hbox to 0 pt{\qquad $C\in\R$\hss}\nonumber
\end{alignat}

Kde $\int\cdots\dx$ je \textit{jedna} libovolná z primitivních funkcí (bez
integraèní konstanty) a je dána jednoznaènì a¾ na aditivní konstantu. Proto
$e^{\pm\int a(x)\dx}$ je dána jednoznaènì a¾ na nenulovou multiplikativní
konstantu a partikulární øe¹ení je dáno jednoznaènì a¾ na aditivní faktor,
který je øe¹ením asociované homogení rovnice.

\newpage
\section{Testy}

Testy zaèínají na následujících stranách, v¾dy jeden test na stránku.
\begin{itemize*}
\item Odpovìï na normální tvar LDR je dána jednoznaènì, a¾ na to, jestli èlen
  $b$ uvedete napravo nebo nalevo.
\item Integrál funkce $a$ je dán jednoznaènì a¾ na aditivní
  konstantu. Proto musíte nejprve odpovìdìt na tuto otázku a poté
  se vám zobrazí, kterou z primitivních funkcí máte pou¾ít. Potom
  bude odpovìï na funkci $b(x)e^{\int a(x)\dx}$ a její integrál
  dána jednoznaènì (resp. jednoznaènì a¾ na aditivní konstantu pro
  integrál).
\item Jako obvykle si mù¾ete správné øe¹ení zobrazit kliknutím na tlaèítko
  \pushButton[\CA{?}\A{\JS{app.alert("Ano, ale mel jsem na mysli tlacitka v
      testu, ne presne tohle tlacitko!",3)}}]{test}{}{12bp} (i opakovanì,
  pokud se tlaèítko vztahuje k více políèkùm). Nedìlejte to ale pøíli¹ èasto -
  úlohy jsou jednoduché a máte se nauèit metodu. Pøíklady na písemkách budou
  slo¾itìj¹í\footnote{del¹í integrály, slo¾itìj¹í derivace \dots}!
\item A jako obvykle: Máte-li nìjakou pøipomínku èi návrh k tìmto testùm, dejte
  mi prosím vìdìt!
\end{itemize*}

\newcount\cislo
\def\relaxdef{\relax}

\newcount\napovedacislo

\def\indepvar{x}
\def\depvar{y}
\def\dx{\,\text{d}\indepvar}

\def\dolnimez{1}
\def\hornimez{2}

\newcommand{\rovnice}[1][\relax]{\def\standardform{#1}\rovniceB}
\def\rovniceB#1#2#3#4#5#6#7#8#9{\newpage
\global\advance\cislo by 1
% #1 equation
% #2 a(x)
% #3 b(x)
% #4 int a(x) - java
% #5 int a(x) TeX
% #6 b(x)e^(int a(x))
% #7 int b(x)e^(int a(x))
% #8 ob. reseni hom LDR
% #9 part. reseni nehom. LDR
\begin{shortquiz}
{\color{red}\the\cislo. }
Øe¹te rovnici ${#1}$
\begin{questions}
\ifx\standardform\relaxdef
\else
\item Standartní tvar rovnice je 
    \RespBoxMath[\rectW{5cm}]{\standardform}(\indepvar\depvar)
    {4}{.0001}{[\dolnimez,\hornimez]x[1,4]}*{ProcRespLDEq}\ \CorrAnsButton
    [\CA{?}]{\standardform}    
\fi
\item Porovnáním s obecným tvarem rovnice vidíme\\
$a(\indepvar)=\RespBoxMath{#2}(\indepvar){10}{1.0E-10}{\dolnimez}{\hornimez}\ \CorrAnsButton[\CA{?}]{#2}$\\
$b(\indepvar)=\RespBoxMath{#3}(\indepvar){10}{1.0E-10}{\dolnimez}{\hornimez}\ \CorrAnsButton[\CA{?}]{#3}$

\item 
\global\advance\napovedacislo by 1
\edef\jmenopolicka{HintFieldNumber\the\napovedacislo}%
Integrujte (konstantu integrace pou¾ijte nulovou)\\
$\int a(\indepvar)\dx=
\RespBoxMath[
\TU{Napiste primitivni funkci s nulovou integracni konstantou.}]
{#4,\jmenopolicka}(\indepvar){10}{1.0E-10}{\dolnimez}{\hornimez}*{ProcRespHint}
\ \CorrAnsButton[\CA{?}]{#4}$

\item 
\leavevmode
\setbox7=
\hbox{{\color{mygreen}V dal¹ím postupu pou¾ijte  $\int
  a(x)\dx=#5$}}%
\hbox to 0 pt{\copy7\hss}%
\dimen0=\ht7
\advance \dimen0 by \dp7
\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}{\wd7}{\ttt}

Najdìte
$b(x)e^{\int a(\indepvar)\dx}=
\RespBoxMath{#6}(\indepvar){10}{1.0E-10}{\dolnimez}{\hornimez}
\ \CorrAnsButton[\CA{?}]{#6}$


\item Integrujte:
$\int b(x)e^{\int a(\indepvar)\dx}\dx=
\RespBoxMath{#7}(\indepvar){10}{1.0E-10}{\dolnimez}{\hornimez}[indefCompare]
\ \CorrAnsButton[\CA{?}]{#7}$

\item Napi¹te obecné øe¹ení\\
$y(\indepvar)=e^{-\int a(x)\dx}\left[\int b(x)e^{\int a(x)\dx}\dx+C\right]
\\
\phantom{y(\indepvar)}=\RespBoxMath{#8;#9}(\indepvar C){10}{1.0E-10}
{[\dolnimez,\hornimez]x[-1,1]}[LDEgenSolCompare]*{ProcRespLDEfirst}
\ \CorrAnsButton[\CA{?}]{[#7 + C]*#8} $
\end{questions}
\end{shortquiz}

% set defaults
\def\indepvar{x}
\def\depvar{y}
\def\dolnimez{1}
\def\hornimez{2}
}


\large
\lineskip=6pt
\rovnice{y'-y=2}{-1}{2}{-x}{-x}{2*exp(-x)}{-2exp(-x)}{exp(x)}{-2}


                              
% \def\ia{-t}
% \def\eia{exp(-t)}
% \def\indepvar{t}
% \def\depvar{z}
% \rovnice{dz/dt-z=2}{-1}{2}{exp(t)}{-2}12


\rovnice[y'+y/x=x]{xy'+y=x^2}{1/x}{x}{ln(x)}{\ln(x)}{x^2}{x^3/3}{1/x}{x^2/3}

% \def\indepvar{t}
% \def\depvar{z}
% \def\ia{ln(t)}
% \def\eia{t}
% \rovnice[z'+z/t=t]{t\,dz/dt+z=t^2}{1/t}{t}{1/t}{t^2/3}12

\rovnice[y'-y/x=1/x]{xy'-y=1}{-1/x}{1/x}{-ln(x)}{-\ln(x)}{1/x^2}{-1/x}{x}{-1}


\rovnice[y'-2y/(x+1)=(x+1)^3]{(x+1)y'-2y=(x+1)^4}{-2/(x+1)}{(x+1)^3}{-2ln(x+1)}{-2\ln(x+1)}{(x+1)}{(x+1)^2/2}{(x+1)^2}{(x+1)^4/2}

\rovnice[y'+tan(x)*y=1/cos(x)]{y'\cos(x)+y\sin(x)=1}{tan(x)}{1/cos(x)}{-ln(cos(x))}{-\ln\cos(x)}{1/cos^2(x)}{tan(x)}{cos(x)}{sin(x)}

\rovnice{y'-y={1+x^2\over x}e^x}{-1}{exp(x)*(1+x^2)/x}{-x}{-x}{x+1/x}{x^2/2+ln(x)}{e^x}{exp(x)*(ln(x)+x^2/2)}

\rovnice{y'-y\tan x=\sin
  x}{-tan(x)}{sin(x)}{ln(cos(x))}{\ln\cos(x)}{sin(x)*cos(x)}{1/2
  sin^2(x)}{1/cos(x)}{-cos(x)/2}

\rovnice[y'-y*sin(x)/cos(x)=2sin(x)]{y'\cos x = (y+2\cos x)\sin x}
{-sin(x)/cos(x)}{2sin(x)}{ln(cos(x))}{\ln\cos(x)}
{2 sin(x) cos(x)}{-cos(2x)/2}
{1/cos(x)}{-cos(2x)/(2cos(x))}

\rovnice[y'+y/(2x+1)=1/sqrt(2x+1)+3/(2x+1)]
{(2x+1)y'+y=\sqrt{2x+1}+3}
{1/(2x+1)}{1/sqrt(2x+1)+3/(2x+1)}
{1/2 ln(2x+1)}{\frac 12 \ln(2x+1)}
{1+3/sqrt(2x+1)}
{x+3 sqrt(2x+1)}
{(2x+1)^(-1/2)}{x*(2x+1)^(-1/2)+3}


% \rovnice[y'-xy/(x^2+1)=1/(x^2+1)]{(1+x^2)y'-xy=1}
% {-x/(x^2+1)}{1/(x^2+1)}
% {-1/2 ln(x^2+1)}{-\frac 12 \ln(x^2+1)}
% {}{}
% {(x^2+1)^(1/2)}{x}


\rovnice[y'+2y/x=e^(-x^2)/x]{xy'+2y=e^{-x^2}}
{2/x}{e^(-x^2)/x}
{2 ln(x)}{2\ln(x)}
{x e^(-x^2)}{-1/2 e^(-x^2)}
{x^(-2)}{-e^(-x^2)/(2x^2)}


\end{document}
 
\priklad y'+{1\over x+1}.y=\ln(x+1)\qquad x>-1;
\ia=\ln|x+1|\\
\ib=\int (x+1)\ln(x+1)\dx \buildrel per.p.\over = ({x^2\over
2}+x+{1\over 2})\ln(x+1)-{x^2\over 4}-{x\over 2}+{1\over 2}+c\\
y={1\over x+1}\Bigl(({x^2\over
2}+x+{1\over 2})\ln(x+1)-{x^2\over 4}-{x\over 2}+{1\over 2}+c\Bigr)
\reseni {x+1\over 2}.\ln(x+1)-{x+1\over 4}+{c\over x+1}


\priklad y'\cos x-y\sin x=\sin 2x\qquad x\in(-{\pi\over 2}, {\pi\over
2});
y'-y\tg x=2\sin x\\
\ia=\ln\cos x\\
\ib=\int 2\sin x\cos x\dx=-{\cos 2x\over 2}
\reseni {1\over \cos x}\Bigl(c-{\cos 2x\over 2}\Bigr)

\priklad xy'-{y\over x+1}=x\qquad x>0;
y'-{1\over x(x+1)}y=1\\
\ia=\ln{x+1\over x}\\
\ib=\int{x+1\over x}\dx=x+\ln x
\reseni {x\over x+1}(c+x+\ln x)


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://user.mendelu.cz/marik/index.php?item=32
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1. Teorie

Definice 1 (lineárnı́ DR) Necht’ funkce a, b jsou spojité na intervalu I . Rovnice

y ′ + a(x)y = b(x) (1)

se nazývá obyčejná lineárnı́ diferenciálnı́ rovnice prvnı́ho řádu (zkráceně pı́šeme LDR). Je-li navı́c
b(x) ≡ 0 na I , nazývá se rovnice (1) homogennı́, v opačném přı́padě nehomogennı́.

Tvar (1) budeme v tomto testu nazývat standartnı́m tvarem. Napřı́klad rovnice 2y ′ + xy = 4 má

normálnı́ tvar y ′ +
x
2
y = 2.

Definice 2 (homogennı́ rovnice) Bud’ dána rovnice (1). Homogennı́ rovnice, která vznikne z rovnice
(1) nahrazenı́m pravé strany nulovou funkcı́, tj. rovnice

y ′ + a(x)y = 0 (2)

se nazývá homogennı́ rovnice asociovaná s nehomogennı́ rovnici (1).

Věta 1 (obecné řešenı́) • Je-li yp(x) partikulárnı́ řešenı́ nehomogennı́ rovnice a y0(x) obecné
řešenı́ asociované homogennı́ rovnice, je funkce

y(x) = yp(x) + y0(x)

obecným řešenı́m nehomogennı́ rovnice.
• Je-li yp(x) partikulárnı́ řešenı́ nehomogennı́ rovnice a y0(x) nějaké netriviálnı́ řešenı́ asociované

homogennı́ rovnice, je funkce
y(x) = yp(x) + Cy0(x)

obecným řešenı́m této nehomogennı́ rovnice.

http://www.mendelu.cz/user/marik
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y ′ + a(x)y = b(x) lineárnı́ ODR (3)

y ′ + a(x)y = 0 asoc. hom. ODR (4)

y0(x) = C e−
∫
a(x) dx︸ ︷︷ ︸

part. řešenı́ rce (4)

, C ∈ R Obecné řešenı́ rce (4) (5)

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
Obecné řešenı́ rce (3) (6)

= e−
∫
a(x) dx

∫
b(x)e

∫
a(x) dx dx︸ ︷︷ ︸

yp(x) — part. řeš. rce (3)

+ Ce−
∫
a(x) dx︸ ︷︷ ︸

y0(x)

C ∈ R

Kde
∫
· · · dx je jedna libovolná z primitivnı́ch funkcı́ (bez integračnı́ konstanty) a je dána jednoznačně

až na aditivnı́ konstantu. Proto e±
∫
a(x) dx je dána jednoznačně až na nenulovou multiplikativnı́ kon-

stantu a partikulárnı́ řešenı́ je dáno jednoznačně až na aditivnı́ faktor, který je řešenı́m asociované
homogenı́ rovnice.

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

Print

Titulnı́ strana

JJ II

J I

Strana 4 z 14

Zpět
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Zavřı́t

Konec

2. Testy

Testy začı́najı́ na následujı́cı́ch stranách, vždy jeden test na stránku.

• Odpověd’ na normálnı́ tvar LDR je dána jednoznačně, až na to, jestli člen b uvedete napravo
nebo nalevo.

• Integrál funkce a je dán jednoznačně až na aditivnı́ konstantu. Proto musı́te nejprve odpovědět
na tuto otázku a poté se vám zobrazı́, kterou z primitivnı́ch funkcı́ máte použı́t. Potom bude
odpověd’ na funkci b(x)e

∫
a(x) dx a jejı́ integrál dána jednoznačně (resp. jednoznačně až na

aditivnı́ konstantu pro integrál).
• Jako obvykle si můžete správné řešenı́ zobrazit kliknutı́m na tlačı́tko (i opakovaně, pokud se

tlačı́tko vztahuje k vı́ce polı́čkům). Nedělejte to ale přı́liš často - úlohy jsou jednoduché a máte
se naučit metodu. Přı́klady na pı́semkách budou složitějšı́1!

• A jako obvykle: Máte-li nějakou připomı́nku či návrh k těmto testům, dejte mi prosı́m vědět!

1delšı́ integrály, složitějšı́ derivace . . .

http://www.mendelu.cz/user/marik
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Zpět

Full Screen

Zavřı́t

Konec

Kvı́z. 1. Řešte rovnici y ′ − y = 2
1. Porovnánı́m s obecným tvarem rovnice vidı́me

a(x) =

b(x) =

2. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

3. V dalšı́m postupu použijte
∫
a(x) dx = −x

Najděte b(x)e
∫
a(x) dx =

4. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

5. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=

http://www.mendelu.cz/user/marik
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Kvı́z. 2. Řešte rovnici xy ′ + y = x2

1. Standartnı́ tvar rovnice je

2. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

3. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

4. V dalšı́m postupu použijte
∫
a(x) dx = ln(x)

Najděte b(x)e
∫
a(x) dx =

5. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

6. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=

http://www.mendelu.cz/user/marik
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Ř
ÍK
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Kvı́z. 3. Řešte rovnici xy ′ − y = 1
1. Standartnı́ tvar rovnice je

2. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

3. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

4. V dalšı́m postupu použijte
∫
a(x) dx = − ln(x)

Najděte b(x)e
∫
a(x) dx =

5. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

6. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=

http://www.mendelu.cz/user/marik
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Zpět

Full Screen

Zavřı́t

Konec

Kvı́z. 4. Řešte rovnici (x + 1)y ′ − 2y = (x + 1)4

1. Standartnı́ tvar rovnice je

2. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

3. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

4. V dalšı́m postupu použijte
∫
a(x) dx = −2 ln(x + 1)

Najděte b(x)e
∫
a(x) dx =

5. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

6. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=
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Zavřı́t

Konec

Kvı́z. 5. Řešte rovnici y ′ cos(x) + y sin(x) = 1

1. Standartnı́ tvar rovnice je

2. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

3. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

4. V dalšı́m postupu použijte
∫
a(x) dx = − ln cos(x)

Najděte b(x)e
∫
a(x) dx =

5. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

6. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=
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Kvı́z. 6. Řešte rovnici y ′ − y =
1 + x2

x
ex

1. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

2. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

3. V dalšı́m postupu použijte
∫
a(x) dx = −x

Najděte b(x)e
∫
a(x) dx =

4. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

5. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=
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Kvı́z. 7. Řešte rovnici y ′ − y tanx = sinx
1. Porovnánı́m s obecným tvarem rovnice vidı́me

a(x) =

b(x) =

2. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

3. V dalšı́m postupu použijte
∫
a(x) dx = ln cos(x)

Najděte b(x)e
∫
a(x) dx =

4. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

5. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=
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ÍK

LD
R

pr
vn

ı́h
o

řá
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Kvı́z. 8. Řešte rovnici y ′ cosx = (y + 2 cosx) sinx

1. Standartnı́ tvar rovnice je

2. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

3. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

4. V dalšı́m postupu použijte
∫
a(x) dx = ln cos(x)

Najděte b(x)e
∫
a(x) dx =

5. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

6. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=
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Kvı́z. 9. Řešte rovnici (2x + 1)y ′ + y =
√

2x + 1 + 3

1. Standartnı́ tvar rovnice je

2. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

3. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

4. V dalšı́m postupu použijte
∫
a(x) dx =

1
2

ln(2x + 1)

Najděte b(x)e
∫
a(x) dx =

5. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

6. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=
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Kvı́z. 10. Řešte rovnici xy ′ + 2y = e−x
2

1. Standartnı́ tvar rovnice je

2. Porovnánı́m s obecným tvarem rovnice vidı́me
a(x) =

b(x) =

3. Integrujte (konstantu integrace použijte nulovou)∫
a(x) dx =

4. V dalšı́m postupu použijte
∫
a(x) dx = 2 ln(x)

Najděte b(x)e
∫
a(x) dx =

5. Integrujte:
∫
b(x)e

∫
a(x) dx dx =

6. Napište obecné řešenı́

y(x) = e−
∫
a(x) dx

[∫
b(x)e

∫
a(x) dx dx + C

]
=
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