
MATEMATICKÁ OLYMPIÁDA 2024/2025
Riešenia úloh domáceho kola kategórie Z9

1 Nájdite všetky dvojice celých čı́sel (𝑥, 𝑦) také, že 𝑥 + 𝑦 je prvočı́slo a 3𝑥 + 5𝑦 = 16.
(Patrik Bak)

Riešenie 1:
Nech 𝑥 a 𝑦 sú vyhovujúce čı́sla, prvočı́slo 𝑥 + 𝑦 označme 𝑝. Z toho 𝑦 = 𝑝 − 𝑥, takže

3𝑥 + 5(𝑝 − 𝑥) = 16,

5𝑝 − 2𝑥 = 16,
5𝑝 = 2(8 + 𝑥).

Na pravej strane poslednej rovnice je párne čı́slo, teda 𝑝musı́ byť párne prvočı́slo, t. j. 𝑝 = 2. Odtiaľ

5 ⋅ 2 = 2(8 + 𝑥),

5 = 8 + 𝑥,
−3 = 𝑥,

a teda
𝑦 = 2 − 𝑥 = 2 − (−3) = 5.

Dvojica celých čı́sel (−3, 5) naozaj vyhovuje, lebo (−3) + 5 = 2, čo je prvočı́slo, a

3𝑥 + 5𝑦 = 3 ⋅ (−3) + 5 ⋅ 5 = −9 + 25 = 16.

Riešenie 2:
Cƽ ı́slo 3𝑥 + 5𝑦 čiže 16 je párne, teda 𝑥 a 𝑦 musı́ mať rovnakú paritu. Preto súčet 𝑥 + 𝑦 je párny, a keďže je to
prvočı́slo, platı́ 𝑥 + 𝑦 = 2.
Dƽ alej už pokračujeme rovnako ako v prvom riešenı́.

2 Pravidelný štvorboký hranol má objem 864 cm3 a obsah jeho plášťa je dvojnásobkom obsahu jeho podstavy.
Určte dlƵžku jeho telesovej uhlopriečky.

(Vladimı́r Dedek)
Riešenie:
Nech 𝑎 je dlƵžka strany podstavy hranola a 𝑣 dlƵžka jeho výšky. Podľa zadania potom

4 ⋅ 𝑎𝑣 = 2 ⋅ 𝑎2,

takže
2𝑣 = 𝑎,

a tiež
𝑎2𝑣 = 864 cm3,

takže
(2𝑣)2𝑣 = 864 cm3,
4𝑣2𝑣 = 864 cm3,
𝑣3 = 216 cm3,

𝑣 = 3ඥ216 cm3,
𝑣 = 6 cm.

Označme 𝑠 dlƵžku jeho stenovej uhlopriečky a 𝑡 dlƵžku jeho telesovej uhlopriečky. Potom podľa Pytagorovej vety
platı́

𝑠2 = 𝑎2 + 𝑣2,



a keďže stenová uhlopriečke je kolmá na prı́slušnú stranu podstavy, lebo jej stena je na ňu kolmá, opäť podľa
Pytagorovej vety

𝑡2 = 𝑎2 + 𝑠2.
Z toho

𝑡2 = 𝑎2 + ൫𝑎2 + 𝑣2൯ = 2𝑎2 + 𝑣2 = 2(2𝑣)2 + 𝑣2 = 2 ⋅ 4𝑣2 + 𝑣2 = 8𝑣2 + 𝑣2 = 9𝑣2,
a teda

𝑡 = 3𝑣 = 3 ⋅ 6 cm = 18 cm.

Telesová uhlopriečka hranola teda meria 18 cm.

3 Nájdite najväčšie možné 𝑛, pre ktoré je možné množinu {1, 2, … , 𝑛} rozdeliť do 5 neprázdnych podmnožı́n tak,
aby čı́sla v každej podmnožine boli po dvoch nesúdeliteľné.

(Tomáš Bárta)
Riešenie:
Keďže všetky párne čı́sla sú súdeliteľné, žiadne dve nemôžu byť spolu v jednej podmnožine. To teda znamená,
že párnych čı́sel v množine {1, … , 𝑛} je najviac 5, a preto 𝑛 < 12.
Prı́pad 𝑛 = 11 pritom vyhovuje, lebo stačı́ zobrať podmnožiny {2, 3, 5, 7, 11}, {1, 4, 9}, {6}, {8}, {10}.
Najväčšia možná hodnota 𝑛 je teda 11.

4 Rozhodnite, či jemožné k čı́slu s ciferným súčtom2024pripočı́tať jednociferné čı́slo tak, aby výsledné čı́slomalo
ciferný súčet 74.

(Tomáš Bárta)
Riešenie:
Po pripočı́tanı́ jednociferného čı́sla sa má ciferný súčet podstatne zmenšiť. To sa môže stať v čı́sle s veľa deviat‑
kami za sebou, ktoré sa po pričı́tanı́ istého jednociferného čı́sla zmenia na nuly.
V našom prı́pade sa má ciferný súčet zmenšiť o 2024 − 74 čiže o 1950. Pritom platı́ 1950 = 216 ⋅ 9 + 6, teda
budeme potrebovať 216 takýchto deviatok.
Nech

𝑛 = 9…9ᇣᇤᇥ
7

89…9ᇣᇤᇥ
216

9,

potom
𝑛 + 3 = 9…9ᇣᇤᇥ

7
90…0ᇣᇤᇥ

216
2,

pričom 3 je jednociferné čı́slo, ciferný súčet 𝑛 je 7 ⋅ 9+8+216 ⋅ 9+9 čiže 63+8+1944+9 čiže 2024 a ciferný
súčet 𝑛 + 3 je 7 ⋅ 9 + 9 + 216 ⋅ 0 + 2 čiže 63 + 9 + 0 + 2 čiže 74.
Odpoveď je teda kladná.
Poznámka:
Cƽ ı́slo má po delenı́ 9 rovnaký zvyšok ako jeho ciferný súčet Keďže 2024mod9 = 8 a 74mod9 = 2, pôvodné
čı́slo dáva po delenı́ 9 zvyšok 8 a nové 2. Preto jednociferné čı́slo zo zadania, ktoré je ich rozdielom, je 3, a to
v ľubovoľnom riešenı́.


////////////////////////////////////////////////////////////////////////////////
//
// (C) 2012--today, Alexander Grahn
//
// 3Dmenu.js
//
// version 20140923
//
////////////////////////////////////////////////////////////////////////////////
//
// 3D JavaScript used by media9.sty
//
// Extended functionality of the (right click) context menu of 3D annotations.
//
//  1.) Adds the following items to the 3D context menu:
//
//   * `Generate Default View'
//
//      Finds good default camera settings, returned as options for use with
//      the \includemedia command.
//
//   * `Get Current View'
//
//      Determines camera, cross section and part settings of the current view,
//      returned as `VIEW' section that can be copied into a views file of
//      additional views. The views file is inserted using the `3Dviews' option
//      of \includemedia.
//
//   * `Cross Section'
//
//      Toggle switch to add or remove a cross section into or from the current
//      view. The cross section can be moved in the x, y, z directions using x,
//      y, z and X, Y, Z keys on the keyboard, be tilted against and spun
//      around the upright Z axis using the Up/Down and Left/Right arrow keys
//      and caled using the s and S keys.
//
//  2.) Enables manipulation of position and orientation of indiviual parts and
//      groups of parts in the 3D scene. Parts which have been selected with the
//      mouse can be scaled moved around and rotated like the cross section as
//      described above. To spin the parts around their local up-axis, keep
//      Control key pressed while using the Up/Down and Left/Right arrow keys.
//
// This work may be distributed and/or modified under the
// conditions of the LaTeX Project Public License.
// 
// The latest version of this license is in
//   http://mirrors.ctan.org/macros/latex/base/lppl.txt
// 
// This work has the LPPL maintenance status `maintained'.
// 
// The Current Maintainer of this work is A. Grahn.
//
// The code borrows heavily from Bernd Gaertners `Miniball' software,
// originally written in C++, for computing the smallest enclosing ball of a
// set of points; see: http://www.inf.ethz.ch/personal/gaertner/miniball.html
//
////////////////////////////////////////////////////////////////////////////////
//host.console.show();

//constructor for doubly linked list
function List(){
  this.first_node=null;
  this.last_node=new Node(undefined);
}
List.prototype.push_back=function(x){
  var new_node=new Node(x);
  if(this.first_node==null){
    this.first_node=new_node;
    new_node.prev=null;
  }else{
    new_node.prev=this.last_node.prev;
    new_node.prev.next=new_node;
  }
  new_node.next=this.last_node;
  this.last_node.prev=new_node;
};
List.prototype.move_to_front=function(it){
  var node=it.get();
  if(node.next!=null && node.prev!=null){
    node.next.prev=node.prev;
    node.prev.next=node.next;
    node.prev=null;
    node.next=this.first_node;
    this.first_node.prev=node;
    this.first_node=node;
  }
};
List.prototype.begin=function(){
  var i=new Iterator();
  i.target=this.first_node;
  return(i);
};
List.prototype.end=function(){
  var i=new Iterator();
  i.target=this.last_node;
  return(i);
};
function Iterator(it){
  if( it!=undefined ){
    this.target=it.target;
  }else {
    this.target=null;
  }
}
Iterator.prototype.set=function(it){this.target=it.target;};
Iterator.prototype.get=function(){return(this.target);};
Iterator.prototype.deref=function(){return(this.target.data);};
Iterator.prototype.incr=function(){
  if(this.target.next!=null) this.target=this.target.next;
};
//constructor for node objects that populate the linked list
function Node(x){
  this.prev=null;
  this.next=null;
  this.data=x;
}
function sqr(r){return(r*r);}//helper function

//Miniball algorithm by B. Gaertner
function Basis(){
  this.m=0;
  this.q0=new Array(3);
  this.z=new Array(4);
  this.f=new Array(4);
  this.v=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.a=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.c=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.sqr_r=new Array(4);
  this.current_c=this.c[0];
  this.current_sqr_r=0;
  this.reset();
}
Basis.prototype.center=function(){return(this.current_c);};
Basis.prototype.size=function(){return(this.m);};
Basis.prototype.pop=function(){--this.m;};
Basis.prototype.excess=function(p){
  var e=-this.current_sqr_r;
  for(var k=0;k<3;++k){
    e+=sqr(p[k]-this.current_c[k]);
  }
  return(e);
};
Basis.prototype.reset=function(){
  this.m=0;
  for(var j=0;j<3;++j){
    this.c[0][j]=0;
  }
  this.current_c=this.c[0];
  this.current_sqr_r=-1;
};
Basis.prototype.push=function(p){
  var i, j;
  var eps=1e-32;
  if(this.m==0){
    for(i=0;i<3;++i){
      this.q0[i]=p[i];
    }
    for(i=0;i<3;++i){
      this.c[0][i]=this.q0[i];
    }
    this.sqr_r[0]=0;
  }else {
    for(i=0;i<3;++i){
      this.v[this.m][i]=p[i]-this.q0[i];
    }
    for(i=1;i<this.m;++i){
      this.a[this.m][i]=0;
      for(j=0;j<3;++j){
        this.a[this.m][i]+=this.v[i][j]*this.v[this.m][j];
      }
      this.a[this.m][i]*=(2/this.z[i]);
    }
    for(i=1;i<this.m;++i){
      for(j=0;j<3;++j){
        this.v[this.m][j]-=this.a[this.m][i]*this.v[i][j];
      }
    }
    this.z[this.m]=0;
    for(j=0;j<3;++j){
      this.z[this.m]+=sqr(this.v[this.m][j]);
    }
    this.z[this.m]*=2;
    if(this.z[this.m]<eps*this.current_sqr_r) return(false);
    var e=-this.sqr_r[this.m-1];
    for(i=0;i<3;++i){
      e+=sqr(p[i]-this.c[this.m-1][i]);
    }
    this.f[this.m]=e/this.z[this.m];
    for(i=0;i<3;++i){
      this.c[this.m][i]=this.c[this.m-1][i]+this.f[this.m]*this.v[this.m][i];
    }
    this.sqr_r[this.m]=this.sqr_r[this.m-1]+e*this.f[this.m]/2;
  }
  this.current_c=this.c[this.m];
  this.current_sqr_r=this.sqr_r[this.m];
  ++this.m;
  return(true);
};
function Miniball(){
  this.L=new List();
  this.B=new Basis();
  this.support_end=new Iterator();
}
Miniball.prototype.mtf_mb=function(it){
  var i=new Iterator(it);
  this.support_end.set(this.L.begin());
  if((this.B.size())==4) return;
  for(var k=new Iterator(this.L.begin());k.get()!=i.get();){
    var j=new Iterator(k);
    k.incr();
    if(this.B.excess(j.deref()) > 0){
      if(this.B.push(j.deref())){
        this.mtf_mb(j);
        this.B.pop();
        if(this.support_end.get()==j.get())
          this.support_end.incr();
        this.L.move_to_front(j);
      }
    }
  }
};
Miniball.prototype.check_in=function(b){
  this.L.push_back(b);
};
Miniball.prototype.build=function(){
  this.B.reset();
  this.support_end.set(this.L.begin());
  this.mtf_mb(this.L.end());
};
Miniball.prototype.center=function(){
  return(this.B.center());
};
Miniball.prototype.radius=function(){
  return(Math.sqrt(this.B.current_sqr_r));
};

//functions called by menu items
function calc3Dopts () {
  //create Miniball object
  var mb=new Miniball();
  //auxiliary vector
  var corner=new Vector3();
  //iterate over all visible mesh nodes in the scene
  for(i=0;i<scene.meshes.count;i++){
    var mesh=scene.meshes.getByIndex(i);
    if(!mesh.visible) continue;
    //local to parent transformation matrix
    var trans=mesh.transform;
    //build local to world transformation matrix by recursively
    //multiplying the parent's transf. matrix on the right
    var parent=mesh.parent;
    while(parent.transform){
      trans=trans.multiply(parent.transform);
      parent=parent.parent;
    }
    //get the bbox of the mesh (local coordinates)
    var bbox=mesh.computeBoundingBox();
    //transform the local bounding box corner coordinates to
    //world coordinates for bounding sphere determination
    //BBox.min
    corner.set(bbox.min);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    //BBox.max
    corner.set(bbox.max);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    //remaining six BBox corners
    corner.set(bbox.min.x, bbox.max.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.min.x, bbox.min.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.min.x, bbox.max.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.min.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.min.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.max.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
  }
  //compute the smallest enclosing bounding sphere
  mb.build();
  //
  //current camera settings
  //
  var camera=scene.cameras.getByIndex(0);
  var res=''; //initialize result string
  //aperture angle of the virtual camera (perspective projection) *or*
  //orthographic scale (orthographic projection)
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var aac=camera.fov*180/Math.PI;
    if(host.util.printf('%.4f', aac)!=30)
      res+=host.util.printf('\n3Daac=%s,', aac);
  }else{
      camera.viewPlaneSize=2.*mb.radius();
      res+=host.util.printf('\n3Dortho=%s,', 1./camera.viewPlaneSize);
  }
  //camera roll
  var roll = camera.roll*180/Math.PI;
  if(host.util.printf('%.4f', roll)!=0)
    res+=host.util.printf('\n3Droll=%s,',roll);
  //target to camera vector
  var c2c=new Vector3();
  c2c.set(camera.position);
  c2c.subtractInPlace(camera.targetPosition);
  c2c.normalize();
  if(!(c2c.x==0 && c2c.y==-1 && c2c.z==0))
    res+=host.util.printf('\n3Dc2c=%s %s %s,', c2c.x, c2c.y, c2c.z);
  //
  //new camera settings
  //
  //bounding sphere centre --> new camera target
  var coo=new Vector3();
  coo.set((mb.center())[0], (mb.center())[1], (mb.center())[2]);
  if(coo.length)
    res+=host.util.printf('\n3Dcoo=%s %s %s,', coo.x, coo.y, coo.z);
  //radius of orbit
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var roo=mb.radius()/ Math.sin(aac * Math.PI/ 360.);
  }else{
    //orthographic projection
    var roo=mb.radius();
  }
  res+=host.util.printf('\n3Droo=%s,', roo);
  //update camera settings in the viewer
  var currol=camera.roll;
  camera.targetPosition.set(coo);
  camera.position.set(coo.add(c2c.scale(roo)));
  camera.roll=currol;
  //determine background colour
  rgb=scene.background.getColor();
  if(!(rgb.r==1 && rgb.g==1 && rgb.b==1))
    res+=host.util.printf('\n3Dbg=%s %s %s,', rgb.r, rgb.g, rgb.b);
  //determine lighting scheme
  switch(scene.lightScheme){
    case scene.LIGHT_MODE_FILE:
      curlights='Artwork';break;
    case scene.LIGHT_MODE_NONE:
      curlights='None';break;
    case scene.LIGHT_MODE_WHITE:
      curlights='White';break;
    case scene.LIGHT_MODE_DAY:
      curlights='Day';break;
    case scene.LIGHT_MODE_NIGHT:
      curlights='Night';break;
    case scene.LIGHT_MODE_BRIGHT:
      curlights='Hard';break;
    case scene.LIGHT_MODE_RGB:
      curlights='Primary';break;
    case scene.LIGHT_MODE_BLUE:
      curlights='Blue';break;
    case scene.LIGHT_MODE_RED:
      curlights='Red';break;
    case scene.LIGHT_MODE_CUBE:
      curlights='Cube';break;
    case scene.LIGHT_MODE_CAD:
      curlights='CAD';break;
    case scene.LIGHT_MODE_HEADLAMP:
      curlights='Headlamp';break;
  }
  if(curlights!='Artwork')
    res+=host.util.printf('\n3Dlights=%s,', curlights);
  //determine global render mode
  switch(scene.renderMode){
    case scene.RENDER_MODE_BOUNDING_BOX:
      currender='BoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
      currender='TransparentBoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
      currender='TransparentBoundingBoxOutline';break;
    case scene.RENDER_MODE_VERTICES:
      currender='Vertices';break;
    case scene.RENDER_MODE_SHADED_VERTICES:
      currender='ShadedVertices';break;
    case scene.RENDER_MODE_WIREFRAME:
      currender='Wireframe';break;
    case scene.RENDER_MODE_SHADED_WIREFRAME:
      currender='ShadedWireframe';break;
    case scene.RENDER_MODE_SOLID:
      currender='Solid';break;
    case scene.RENDER_MODE_TRANSPARENT:
      currender='Transparent';break;
    case scene.RENDER_MODE_SOLID_WIREFRAME:
      currender='SolidWireframe';break;
    case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
      currender='TransparentWireframe';break;
    case scene.RENDER_MODE_ILLUSTRATION:
      currender='Illustration';break;
    case scene.RENDER_MODE_SOLID_OUTLINE:
      currender='SolidOutline';break;
    case scene.RENDER_MODE_SHADED_ILLUSTRATION:
      currender='ShadedIllustration';break;
    case scene.RENDER_MODE_HIDDEN_WIREFRAME:
      currender='HiddenWireframe';break;
  }
  if(currender!='Solid')
    res+=host.util.printf('\n3Drender=%s,', currender);
  //write result string to the console
  host.console.show();
//  host.console.clear();
  host.console.println('%%\n%% Copy and paste the following text to the\n'+
    '%% option list of \\includemedia!\n%%' + res + '\n');
}

function get3Dview () {
  var camera=scene.cameras.getByIndex(0);
  var coo=camera.targetPosition;
  var c2c=camera.position.subtract(coo);
  var roo=c2c.length;
  c2c.normalize();
  var res='VIEW%=insert optional name here\n';
  if(!(coo.x==0 && coo.y==0 && coo.z==0))
    res+=host.util.printf('  COO=%s %s %s\n', coo.x, coo.y, coo.z);
  if(!(c2c.x==0 && c2c.y==-1 && c2c.z==0))
    res+=host.util.printf('  C2C=%s %s %s\n', c2c.x, c2c.y, c2c.z);
  if(roo > 1e-9)
    res+=host.util.printf('  ROO=%s\n', roo);
  var roll = camera.roll*180/Math.PI;
  if(host.util.printf('%.4f', roll)!=0)
    res+=host.util.printf('  ROLL=%s\n', roll);
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var aac=camera.fov * 180/Math.PI;
    if(host.util.printf('%.4f', aac)!=30)
      res+=host.util.printf('  AAC=%s\n', aac);
  }else{
    if(host.util.printf('%.4f', camera.viewPlaneSize)!=1)
      res+=host.util.printf('  ORTHO=%s\n', 1./camera.viewPlaneSize);
  }
  rgb=scene.background.getColor();
  if(!(rgb.r==1 && rgb.g==1 && rgb.b==1))
    res+=host.util.printf('  BGCOLOR=%s %s %s\n', rgb.r, rgb.g, rgb.b);
  switch(scene.lightScheme){
    case scene.LIGHT_MODE_FILE:
      curlights='Artwork';break;
    case scene.LIGHT_MODE_NONE:
      curlights='None';break;
    case scene.LIGHT_MODE_WHITE:
      curlights='White';break;
    case scene.LIGHT_MODE_DAY:
      curlights='Day';break;
    case scene.LIGHT_MODE_NIGHT:
      curlights='Night';break;
    case scene.LIGHT_MODE_BRIGHT:
      curlights='Hard';break;
    case scene.LIGHT_MODE_RGB:
      curlights='Primary';break;
    case scene.LIGHT_MODE_BLUE:
      curlights='Blue';break;
    case scene.LIGHT_MODE_RED:
      curlights='Red';break;
    case scene.LIGHT_MODE_CUBE:
      curlights='Cube';break;
    case scene.LIGHT_MODE_CAD:
      curlights='CAD';break;
    case scene.LIGHT_MODE_HEADLAMP:
      curlights='Headlamp';break;
  }
  if(curlights!='Artwork')
    res+='  LIGHTS='+curlights+'\n';
  switch(scene.renderMode){
    case scene.RENDER_MODE_BOUNDING_BOX:
      defaultrender='BoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
      defaultrender='TransparentBoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
      defaultrender='TransparentBoundingBoxOutline';break;
    case scene.RENDER_MODE_VERTICES:
      defaultrender='Vertices';break;
    case scene.RENDER_MODE_SHADED_VERTICES:
      defaultrender='ShadedVertices';break;
    case scene.RENDER_MODE_WIREFRAME:
      defaultrender='Wireframe';break;
    case scene.RENDER_MODE_SHADED_WIREFRAME:
      defaultrender='ShadedWireframe';break;
    case scene.RENDER_MODE_SOLID:
      defaultrender='Solid';break;
    case scene.RENDER_MODE_TRANSPARENT:
      defaultrender='Transparent';break;
    case scene.RENDER_MODE_SOLID_WIREFRAME:
      defaultrender='SolidWireframe';break;
    case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
      defaultrender='TransparentWireframe';break;
    case scene.RENDER_MODE_ILLUSTRATION:
      defaultrender='Illustration';break;
    case scene.RENDER_MODE_SOLID_OUTLINE:
      defaultrender='SolidOutline';break;
    case scene.RENDER_MODE_SHADED_ILLUSTRATION:
      defaultrender='ShadedIllustration';break;
    case scene.RENDER_MODE_HIDDEN_WIREFRAME:
      defaultrender='HiddenWireframe';break;
  }
  if(defaultrender!='Solid')
    res+='  RENDERMODE='+defaultrender+'\n';

  //detect existing Clipping Plane (3D Cross Section)
  var clip=null;
  if(
    clip=scene.nodes.getByName('$$$$$$')||
    clip=scene.nodes.getByName('Clipping Plane')
  );
  for(var i=0;i<scene.nodes.count;i++){
    var nd=scene.nodes.getByIndex(i);
    if(nd==clip||nd.name=='') continue;
    var ndUTFName='';
    for (var j=0; j<nd.name.length; j++) {
      var theUnicode = nd.name.charCodeAt(j).toString(16);
      while (theUnicode.length<4) theUnicode = '0' + theUnicode;
      ndUTFName += theUnicode;
    }
    var end=nd.name.lastIndexOf('.');
    if(end>0) var ndUserName=nd.name.substr(0,end);
    else var ndUserName=nd.name;
    respart='  PART='+ndUserName+'\n';
    respart+='    UTF16NAME='+ndUTFName+'\n';
    defaultvals=true;
    if(!nd.visible){
      respart+='    VISIBLE=false\n';
      defaultvals=false;
    }
    if(nd.opacity<1.0){
      respart+='    OPACITY='+nd.opacity+'\n';
      defaultvals=false;
    }
    if(nd.constructor.name=='Mesh'){
      currender=defaultrender;
      switch(nd.renderMode){
        case scene.RENDER_MODE_BOUNDING_BOX:
          currender='BoundingBox';break;
        case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
          currender='TransparentBoundingBox';break;
        case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
          currender='TransparentBoundingBoxOutline';break;
        case scene.RENDER_MODE_VERTICES:
          currender='Vertices';break;
        case scene.RENDER_MODE_SHADED_VERTICES:
          currender='ShadedVertices';break;
        case scene.RENDER_MODE_WIREFRAME:
          currender='Wireframe';break;
        case scene.RENDER_MODE_SHADED_WIREFRAME:
          currender='ShadedWireframe';break;
        case scene.RENDER_MODE_SOLID:
          currender='Solid';break;
        case scene.RENDER_MODE_TRANSPARENT:
          currender='Transparent';break;
        case scene.RENDER_MODE_SOLID_WIREFRAME:
          currender='SolidWireframe';break;
        case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
          currender='TransparentWireframe';break;
        case scene.RENDER_MODE_ILLUSTRATION:
          currender='Illustration';break;
        case scene.RENDER_MODE_SOLID_OUTLINE:
          currender='SolidOutline';break;
        case scene.RENDER_MODE_SHADED_ILLUSTRATION:
          currender='ShadedIllustration';break;
        case scene.RENDER_MODE_HIDDEN_WIREFRAME:
          currender='HiddenWireframe';break;
        //case scene.RENDER_MODE_DEFAULT:
        //  currender='Default';break;
      }
      if(currender!=defaultrender){
        respart+='    RENDERMODE='+currender+'\n';
        defaultvals=false;
      }
    }
    if(origtrans[nd.name]&&!nd.transform.isEqual(origtrans[nd.name])){
      var lvec=nd.transform.transformDirection(new Vector3(1,0,0));
      var uvec=nd.transform.transformDirection(new Vector3(0,1,0));
      var vvec=nd.transform.transformDirection(new Vector3(0,0,1));
      respart+='    TRANSFORM='
               +lvec.x+' '+lvec.y+' '+lvec.z+' '
               +uvec.x+' '+uvec.y+' '+uvec.z+' '
               +vvec.x+' '+vvec.y+' '+vvec.z+' '
               +nd.transform.translation.x+' '
               +nd.transform.translation.y+' '
               +nd.transform.translation.z+'\n';
      defaultvals=false;
    }
    respart+='  END\n';
    if(!defaultvals) res+=respart;
  }
  if(clip){
    var centre=clip.transform.translation;
    var normal=clip.transform.transformDirection(new Vector3(0,0,1));
    res+='  CROSSSECT\n';
    if(!(centre.x==0 && centre.y==0 && centre.z==0))
      res+=host.util.printf(
        '    CENTER=%s %s %s\n', centre.x, centre.y, centre.z);
    if(!(normal.x==1 && normal.y==0 && normal.z==0))
      res+=host.util.printf(
        '    NORMAL=%s %s %s\n', normal.x, normal.y, normal.z);
    res+=host.util.printf(
      '    VISIBLE=%s\n', clip.visible);
    res+=host.util.printf(
      '    PLANECOLOR=%s %s %s\n', clip.material.emissiveColor.r,
             clip.material.emissiveColor.g, clip.material.emissiveColor.b);
    res+=host.util.printf(
      '    OPACITY=%s\n', clip.opacity);
    res+=host.util.printf(
      '    INTERSECTIONCOLOR=%s %s %s\n',
        clip.wireframeColor.r, clip.wireframeColor.g, clip.wireframeColor.b);
    res+='  END\n';
//    for(var propt in clip){
//      console.println(propt+':'+clip[propt]);
//    }
  }
  res+='END\n';
  host.console.show();
//  host.console.clear();
  host.console.println('%%\n%% Add the following VIEW section to a file of\n'+
    '%% predefined views (See option "3Dviews"!).\n%%\n' +
    '%% The view may be given a name after VIEW=...\n' +
    '%% (Remove \'%\' in front of \'=\'.)\n%%');
  host.console.println(res + '\n');
}

//add items to 3D context menu
runtime.addCustomMenuItem("dfltview", "Generate Default View", "default", 0);
runtime.addCustomMenuItem("currview", "Get Current View", "default", 0);
runtime.addCustomMenuItem("csection", "Cross Section", "checked", 0);

//menu event handlers
menuEventHandler = new MenuEventHandler();
menuEventHandler.onEvent = function(e) {
  switch(e.menuItemName){
    case "dfltview": calc3Dopts(); break;
    case "currview": get3Dview(); break;
    case "csection":
      addremoveClipPlane(e.menuItemChecked);
      break;
  }
};
runtime.addEventHandler(menuEventHandler);

//global variable taking reference to currently selected node;
var target=null;
selectionEventHandler=new SelectionEventHandler();
selectionEventHandler.onEvent=function(e){
  if(e.selected&&e.node.name!=''){
    target=e.node;
  }else{
    target=null;
  }
}
runtime.addEventHandler(selectionEventHandler);

cameraEventHandler=new CameraEventHandler();
cameraEventHandler.onEvent=function(e){
  var clip=null;
  runtime.removeCustomMenuItem("csection");
  runtime.addCustomMenuItem("csection", "Cross Section", "checked", 0);
  if(clip=scene.nodes.getByName('$$$$$$')|| //predefined
    scene.nodes.getByName('Clipping Plane')){ //added via context menu
    runtime.removeCustomMenuItem("csection");
    runtime.addCustomMenuItem("csection", "Cross Section", "checked", 1);
  }
  if(clip){//plane in predefined views must be rotated by 90 deg around normal
    clip.transform.rotateAboutLineInPlace(
      Math.PI/2,clip.transform.translation,
      clip.transform.transformDirection(new Vector3(0,0,1))
    );
  }
  for(var i=0; i<rot4x4.length; i++){rot4x4[i].setIdentity()}
  target=null;
}
runtime.addEventHandler(cameraEventHandler);

var rot4x4=new Array(); //keeps track of spin and tilt axes transformations
//key event handler for scaling moving, spinning and tilting objects
keyEventHandler=new KeyEventHandler();
keyEventHandler.onEvent=function(e){
  var backtrans=new Matrix4x4();
  var trgt=null;
  if(target) {
    trgt=target;
    var backtrans=new Matrix4x4();
    var trans=trgt.transform;
    var parent=trgt.parent;
    while(parent.transform){
      //build local to world transformation matrix
      trans.multiplyInPlace(parent.transform);
      //also build world to local back-transformation matrix
      backtrans.multiplyInPlace(parent.transform.inverse.transpose);
      parent=parent.parent;
    }
    backtrans.transposeInPlace();
  }else{
    if(
      trgt=scene.nodes.getByName('$$$$$$')||
      trgt=scene.nodes.getByName('Clipping Plane')
    ) var trans=trgt.transform;
  }
  if(!trgt) return;

  var tname=trgt.name;
  if(typeof(rot4x4[tname])=='undefined') rot4x4[tname]=new Matrix4x4();
  if(target)
    var tiltAxis=rot4x4[tname].transformDirection(new Vector3(0,1,0));
  else  
    var tiltAxis=trans.transformDirection(new Vector3(0,1,0));
  var spinAxis=rot4x4[tname].transformDirection(new Vector3(0,0,1));

  //get the centre of the mesh
  if(target&&trgt.constructor.name=='Mesh'){
    var centre=trans.transformPosition(trgt.computeBoundingBox().center);
  }else{ //part group (Node3 parent node, clipping plane)
    var centre=new Vector3(trans.translation);
  }
  switch(e.characterCode){
    case 30://tilt up
      rot4x4[tname].rotateAboutLineInPlace(
          -Math.PI/900,rot4x4[tname].translation,tiltAxis);
      trans.rotateAboutLineInPlace(-Math.PI/900,centre,tiltAxis);
      break;
    case 31://tilt down
      rot4x4[tname].rotateAboutLineInPlace(
          Math.PI/900,rot4x4[tname].translation,tiltAxis);
      trans.rotateAboutLineInPlace(Math.PI/900,centre,tiltAxis);
      break;
    case 28://spin right
      if(e.ctrlKeyDown&&target){
        trans.rotateAboutLineInPlace(-Math.PI/900,centre,spinAxis);
      }else{
        rot4x4[tname].rotateAboutLineInPlace(
            -Math.PI/900,rot4x4[tname].translation,new Vector3(0,0,1));
        trans.rotateAboutLineInPlace(-Math.PI/900,centre,new Vector3(0,0,1));
      }
      break;
    case 29://spin left
      if(e.ctrlKeyDown&&target){
        trans.rotateAboutLineInPlace(Math.PI/900,centre,spinAxis);
      }else{
        rot4x4[tname].rotateAboutLineInPlace(
            Math.PI/900,rot4x4[tname].translation,new Vector3(0,0,1));
        trans.rotateAboutLineInPlace(Math.PI/900,centre,new Vector3(0,0,1));
      }
      break;
    case 120: //x
      translateTarget(trans, new Vector3(1,0,0), e);
      break;
    case 121: //y
      translateTarget(trans, new Vector3(0,1,0), e);
      break;
    case 122: //z
      translateTarget(trans, new Vector3(0,0,1), e);
      break;
    case 88: //shift + x
      translateTarget(trans, new Vector3(-1,0,0), e);
      break;
    case 89: //shift + y
      translateTarget(trans, new Vector3(0,-1,0), e);
      break;
    case 90: //shift + z
      translateTarget(trans, new Vector3(0,0,-1), e);
      break;
    case 115: //s
      trans.translateInPlace(centre.scale(-1));
      trans.scaleInPlace(1.01);
      trans.translateInPlace(centre.scale(1));
      break;
    case 83: //shift + s
      trans.translateInPlace(centre.scale(-1));
      trans.scaleInPlace(1/1.01);
      trans.translateInPlace(centre.scale(1));
      break;
  }
  trans.multiplyInPlace(backtrans);
}
runtime.addEventHandler(keyEventHandler);

//translates object by amount calculated from Canvas size
function translateTarget(t, d, e){
  var cam=scene.cameras.getByIndex(0);
  if(cam.projectionType==cam.TYPE_PERSPECTIVE){
    var scale=Math.tan(cam.fov/2)
              *cam.targetPosition.subtract(cam.position).length
              /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
  }else{
    var scale=cam.viewPlaneSize/2
              /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
  }
  t.translateInPlace(d.scale(scale));
}

function addremoveClipPlane(chk) {
  var curTrans=getCurTrans();
  var clip=scene.createClippingPlane();
  if(chk){
    //add Clipping Plane and place its center either into the camera target
    //position or into the centre of the currently selected mesh node
    var centre=new Vector3();
    if(target){
      var trans=target.transform;
      var parent=target.parent;
      while(parent.transform){
        trans=trans.multiply(parent.transform);
        parent=parent.parent;
      }
      if(target.constructor.name=='Mesh'){
        var centre=trans.transformPosition(target.computeBoundingBox().center);
      }else{
        var centre=new Vector3(trans.translation);
      }
      target=null;
    }else{
      centre.set(scene.cameras.getByIndex(0).targetPosition);
    }
    clip.transform.setView(
      new Vector3(0,0,0), new Vector3(1,0,0), new Vector3(0,1,0));
    clip.transform.translateInPlace(centre);
  }else{
    if(
      scene.nodes.getByName('$$$$$$')||
      scene.nodes.getByName('Clipping Plane')
    ){
      clip.remove();clip=null;
    }
  }
  restoreTrans(curTrans);
  return clip;
}

//function to store current transformation matrix of all nodes in the scene
function getCurTrans() {
  var tA=new Array();
  for(var i=0; i<scene.nodes.count; i++){
    var nd=scene.nodes.getByIndex(i);
    if(nd.name=='') continue;
    tA[nd.name]=new Matrix4x4(nd.transform);
  }
  return tA;
}

//function to restore transformation matrices given as arg
function restoreTrans(tA) {
  for(var i=0; i<scene.nodes.count; i++){
    var nd=scene.nodes.getByIndex(i);
    if(tA[nd.name]) nd.transform.set(tA[nd.name]);
  }
}

//store original transformation matrix of all mesh nodes in the scene
var origtrans=getCurTrans();

//set initial state of "Cross Section" menu entry
cameraEventHandler.onEvent(1);

//host.console.clear();



////////////////////////////////////////////////////////////////////////////////
//
// (C) 2012, Michail Vidiassov, John C. Bowman, Alexander Grahn
//
// asylabels.js
//
// version 20120912
//
////////////////////////////////////////////////////////////////////////////////
//
// 3D JavaScript to be used with media9.sty (option `add3Djscript') for
// Asymptote generated PRC files
//
// adds billboard behaviour to text labels in Asymptote PRC files so that
// they always face the camera under 3D rotation.
//
//
// This work may be distributed and/or modified under the
// conditions of the LaTeX Project Public License.
// 
// The latest version of this license is in
//   http://mirrors.ctan.org/macros/latex/base/lppl.txt
// 
// This work has the LPPL maintenance status `maintained'.
// 
// The Current Maintainer of this work is A. Grahn.
//
////////////////////////////////////////////////////////////////////////////////

var bbnodes=new Array(); // billboard meshes
var bbtrans=new Array(); // billboard transforms

function fulltransform(mesh) 
{ 
  var t=new Matrix4x4(mesh.transform); 
  if(mesh.parent.name != "") { 
    var parentTransform=fulltransform(mesh.parent); 
    t.multiplyInPlace(parentTransform); 
    return t; 
  } else
    return t; 
} 

// find all text labels in the scene and determine pivoting points
var nodes=scene.nodes;
var nodescount=nodes.count;
var third=1.0/3.0;
for(var i=0; i < nodescount; i++) {
  var node=nodes.getByIndex(i); 
  var name=node.name;
  var end=name.lastIndexOf(".")-1;
  if(end > 0) {
    if(name.charAt(end) == "\001") {
      var start=name.lastIndexOf("-")+1;
      if(end > start) {
        node.name=name.substr(0,start-1);
        var nodeMatrix=fulltransform(node.parent);
        var c=nodeMatrix.translation; // position
        var d=Math.pow(Math.abs(nodeMatrix.determinant),third); // scale
        bbnodes.push(node);
        bbtrans.push(Matrix4x4().scale(d,d,d).translate(c).multiply(nodeMatrix.inverse));
      }
    }
  }
}

var camera=scene.cameras.getByIndex(0); 
var zero=new Vector3(0,0,0);
var bbcount=bbnodes.length;

// event handler to maintain camera-facing text labels
billboardHandler=new RenderEventHandler();
billboardHandler.onEvent=function(event)
{
  var T=new Matrix4x4();
  T.setView(zero,camera.position.subtract(camera.targetPosition),
            camera.up.subtract(camera.position));

  for(var j=0; j < bbcount; j++)
    bbnodes[j].transform.set(T.multiply(bbtrans[j]));
  runtime.refresh(); 
}
runtime.addEventHandler(billboardHandler);

runtime.refresh();





5 Nech 𝐴𝐵𝐶 je trojuholnı́k taký, že strana 𝐴𝐵 je dvakrát dlhšia ako strana 𝐴𝐶 a os uhla 𝐵𝐴𝐶 pretı́na stranu 𝐵𝐶
v bode 𝐷. Nech rovnobežka so stranou 𝐴𝐵 prechádzajúca bodom 𝐷 pretı́na stranu 𝐴𝐶 v bode 𝐸 a rovnobežka
s úsečkou 𝐴𝐷 prechádzajúca bodom 𝐸 pretı́na stranu 𝐵𝐶 v bode 𝐹.
Určte pomer dlƵžok úsečiek 𝐴𝐷 a 𝐸𝐹.

(Mária Dományová)
Riešenie 1:
Vďaka rovnobežnosti 𝐴𝐷 a 𝐸𝐹 sú trojuholnı́ky 𝐶𝐴𝐷 a 𝐶𝐸𝐹 podobné a vďaka rovnobežnosti 𝐴𝐵 a 𝐸𝐷 sú aj troj‑
uholnı́ky 𝐶𝐴𝐵 a 𝐶𝐸𝐷 podobné. Koeϐicient podobnosti pre prvú aj pre druhú dvojicu trojuholnı́kov je rovnaký,
pretože je určený tým istým bodom 𝐸 na strane 𝐴𝐶.

𝐴

𝐵 𝐶𝐷

𝐸

𝐹
Priamka 𝐴𝐷 je osou uhla 𝐵𝐴𝐶, teda uhly 𝐸𝐴𝐷 a 𝐵𝐴𝐷 sú zhodné. Priamky 𝐴𝐵 a 𝐸𝐷 sú rovnobežné, takže uhly
𝐵𝐴𝐷 a 𝐴𝐷𝐸 sú striedavé, a teda zhodné. To teda znamená, že uhly 𝐸𝐴𝐷 a 𝐴𝐷𝐸 sú zhodné, a teda trojuholnı́k
𝐴𝐷𝐸 je rovnoramenný so zhodnými ramenami 𝐴𝐸 a 𝐸𝐷.
Trojuholnı́ky 𝐶𝐴𝐵 a 𝐶𝐸𝐷 sú podobné, teda zodpovedajúce si pomery strán sú rovnaké. Platı́ teda

|𝐴𝐸|
|𝐸𝐶| =

|𝐸𝐷|
|𝐸𝐶| =

|𝐴𝐵|
|𝐴𝐶| = 2,

takže
|𝐴𝐷|
|𝐸𝐹| =

|𝐴𝐶|
|𝐸𝐶| = 3.

Riešenie 2:
Vďaka rovnobežnosti 𝐴𝐷 a 𝐸𝐹 sú trojuholnı́ky 𝐶𝐴𝐷 a 𝐶𝐸𝐹 podobné a vďaka rovnobežnosti 𝐴𝐵 a 𝐸𝐷 sú aj troj‑
uholnı́ky 𝐶𝐴𝐵 a 𝐶𝐸𝐷 podobné. Koeϐicient podobnosti pre prvú aj pre druhú dvojicu trojuholnı́kov je rovnaký,
pretože je určený tým istým bodom 𝐸 na strane 𝐴𝐶.
Podľa faktu, že os vnútorného uhla trojuholnı́ka delı́ protiľahlú stranu v rovnakom pomere, v akom sú priľahlé
strany, platı́

|𝐵𝐷|
|𝐷𝐶| =

|𝐴𝐵|
|𝐴𝐶| = 2,

takže
|𝐴𝐷|
|𝐸𝐹| =

|𝐴𝐵|
|𝐸𝐷| =

|𝐵𝐶|
|𝐷𝐶| =

|𝐵𝐷| + |𝐷𝐶|
|𝐷𝐶| =

|𝐵𝐷|
|𝐷𝐶| + 1 = 2 + 1 = 3.

Riešenie 3:
Keďže priamky 𝐴𝐵 a 𝐸𝐷 sú rovnobežné, priamky 𝐴𝐷 a 𝐸𝐹 sú rovnobežné a priamky𝐷𝐵 a 𝐹𝐷 sú totožné, a teda
rovnobežné, trojuholnı́ky 𝐴𝐷𝐵 a 𝐸𝐹𝐷 sú podobné.
Keďže úsečky 𝐴𝐵 a 𝐸𝐷 sú rovnobežné, trojuholnı́ky 𝐶𝐴𝐵 a 𝐶𝐸𝐷 sú rovnoľahlé so stredom rovonoľahlosti 𝐶.
Nech𝐺 je obraz bodu𝐴 v stredovej súmernosti podľa𝐶 a𝐻 je stred úsečky𝐵𝐺. Potom trojuholnı́k𝐵𝐴𝐺 je rovno‑
ramenný so základňou 𝐵𝐺 a 𝐴𝐻 je jeho ťažnica. Kedže aj 𝐵𝐶 je jeho ťažnica, ich priesečnı́k 𝐷 je jeho ťažisko.

𝐴

𝐵 𝐶𝐷
𝐸

𝐹

𝐺

𝐻

Z toho dostávame
|𝐴𝐷|
|𝐸𝐹| =

|𝐴𝐵|
|𝐸𝐷| =

|𝐵𝐶|
|𝐷𝐶| = 3.



6 Plavci Pstruh a Kapor si chceli zmerať svoje sily. Z protiľahlých strán bazéna skočili súčasne do susedných dráh
a plávali proti sebe, každý svojou konštantnou rýchlosťou. Prvýkrát sa plavci minuli vo vzdialenosti 8 metrov
od Pstruhovej štartovacej strany, na konci dráhy sa rýchlo otočili a plávali naspäť. Druhýkrát sa plavci minuli
vo vzdialenosti 5metrov od Kaprovej štartovacej strany, doplávali na koniec dráhy, a tým sa preteky skončili.
Určte, kto vyhral a aká bola dlƵžka bazéna.

(Libuše Hozová)
Riešenie 1:
Druhé mı́ňanie prebehlo bližšie ku Kaprovmu brehu ako prvé mı́ňanie k Pstruhovmu brehu. Teda Kapor plával
rýchlejšie ako Pstruh, a preto vyhral.
Pri prvommı́ňanı́ mali Pstruh a Kapor v súčte zaplávanú 1 dlƵžku bazéna, pri druhommı́ňanı́ mali v súčte 3 dlƵžky
bazéna. Ak teda označı́me 𝑡 čas prvého mı́ňania, tak druhýkrát sa mı́ňali v čase 3𝑡.
Pstruh za čas 𝑡 zaplával 8 metrov, teda za čas 3𝑡 zaplával 24 metrov. Súčasne v čase 3𝑡 preplával celý bazén
a ďalšı́ch 5metrov po otočku. DlƵžka bazéna teda bola 24 − 5 čiže 19metrov.
Overı́me, že situácia zo zadania mohla nastať: Pri prvom stretnutı́ plavcov Pstruh preplával 8m a Kapor 19m−
8m čiže 11m. Pri druhom stretnutı́ Pstruh preplával 19m + 5m čiže 24m a Kapor 2 ⋅ 19m − 5m čiže 33m.
Obaja teda preplávali rovnako 3‑krát viac než pri prvom stretnutı́, takže pomer ich rýchlosti sa naozaj nezmenil.
Riešenie 2:
DlƵžku bazéna označme 𝑑.
Pri prvom stretnutı́ plavcov Pstruh preplával 8m a Kapor 𝑑 − 8m.
Pri ich druhom stretnutı́ (teda nie dobehnutı́) Pstruh preplával celý bazén a navyše 5m, t. j. 𝑑 + 5m, a Kapor
celý bazén a navyše 𝑑 − 5m, t. j. 𝑑 + (𝑑 − 5m) čiže 2𝑑 − 5m. Keďže ich rýchlosti sú konštantné, aj pomery ich
dráh v týchto dvoch časoch sú rovnaké. Platı́ teda

8m
𝑑 − 8m = 𝑑 + 5m

2𝑑 − 5m,

takže
8m ⋅ (2𝑑 − 5m) = (𝑑 + 5m) ⋅ (𝑑 − 8m),

𝑑 ⋅ 16m− 40m2 = 𝑑 ⋅ 𝑑 − 𝑑 ⋅ 8m+ 𝑑 ⋅ 5𝑚 − 40m2,
𝑑 ⋅ 19m = 𝑑 ⋅ 𝑑,

19m = 𝑑.

DlƵžka bazéna teda bola 19m. Pri prvom stretnutı́ plavcov Pstruh preplával 8m a Kapor 19m − 8m čiže 11m,
takže Kapor bol rýchlejšı́, a teda vyhral. Pri druhom stretnutı́ potom Pstruh preplával 19m + 5m čiže 24m
aKapor 2 ⋅19m−5m čiže 33m. Obaja teda preplávali rovnako 3‑krát viac než pri prvom stretnutı́, takže pomer
ich rýchlosti sa naozaj nezmenil.
Poznámka:
Ak by sme za druhé stretnutie predsa len považovali dobehnutie, máme dva prı́pady:
• Nech je rýchlejšı́ Kapor.
Potom pri jeho dobehnutı́ Pstruha ten preplával 𝑑 − 5m a on celý bazén a navyše 𝑑 − 5m. t. j. 𝑑 + (𝑑 − 5m)
čiže 2𝑑 − 5m. Keďže ich rýchlosti sú konštantné, aj pomery ich dráh v týchto dvoch časoch sú rovnaké.
Platı́ teda

8m
𝑑 − 8m = 𝑑 − 5m

2𝑑 − 5m,
ekvivalentne

8m ⋅ (2𝑑 − 5m) = (𝑑 − 5m) ⋅ (𝑑 − 8m),
𝑑 ⋅ 16m− 40m2 = 𝑑 ⋅ 𝑑 − 𝑑 ⋅ 8m− 𝑑 ⋅ 5𝑚 + 40m2,

0 = 𝑑2 − 29m ⋅ 𝑑 + 80m2.
Riešenı́m tejto kvadratickej rovnice dostávame

𝑑 ∈ ൝29 − √521
2 m, 29 + √521

2 mൡ .

Menšia z hodnôt je však menšia než 8m, čo vzhľadom na zadanie nie je možné, takže

𝑑 = 29 + √521
2 m,



čo je približne 25,9m.
• Nech je rýchlejšı́ Pstruh.
Potom pri jeho dobehnutı́ Kapra preplával celý bazén a navyše 5m, t. j. 𝑑 + 5m, a Kapor 5m. Keďže ich
rýchlosti sú konštantné, aj pomery ich dráh v týchto dvoch časoch sú rovnaké.
Platı́ teda

8m
𝑑 − 8m = 𝑑 − 5m

5m ,

ekvivalentne
40m2 = (𝑑 − 5m) ⋅ (𝑑 − 8m),

40m2 = 𝑑 ⋅ 𝑑 − 𝑑 ⋅ 8m− 𝑑 ⋅ 5𝑚 + 40m2,
𝑑 ⋅ 13m = 𝑑2 − 13m ⋅ 𝑑,

13m = 𝑑.
V takomto prı́pade však oba časové okamihy splývajú, čo je spor s tým, že ide o druhé stretnutie.
Tento prı́pad teda nenestáva.
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