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V treh korakih do uspeha

1. Spoznavanje zakonov (predavanja).
2. Spoznavanje pristopov, postopkov in principov resevanja (vaje).

3. Osvojitev znanja (lasten studij prve in druge tocke).

Za uspeh je najpomembnejsa tretja tocka. Veliko uspeha pri studiju!

Opombe

e Pri resitvah nalog je postopek prikazan striktno
analiti¢no, pri opravljanju kolokvija/izpita se to ne pri¢akuje.

e Ce nimate |Mathematice, potem je ogled datotek mogo¢ z brezplacnim
MathematicaPlayer-jem.



http://www.wolfram.com/products/mathematica/index.html
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Poglavije 1

Kolokvij 1

Obravnavana tematika:

e dinamika masne tocke (MT),

dinamika sistema masnih tock (SMT),
e masni vztrajnostni momenti teles (MVM),
e dinamika togega telesa (TT),

e rotacija togega telesa okoli stalne osi (Bal).

1.1 Datum: 20.12.2001 b
Naloga 1 (30 tock) er?jl%sgtulj\/e[’r

Drsnik mase m se giblje po vodilu od toc¢ke A do tocke B pod vplivom konstantne sile F'. Dolocite hitrost
drsnika v tocki B, ¢e je le-ta v tocki A miroval in ¢e zanemarimo trenje in velikost drsnika.

F
a m = 1lkg
A B F = 10N
J e R a = 05m
3‘ I ] i = 1m
Resitev
As = 0,618m
v = 3,516m/s
Postopek

Gre za nekonservativen sistem kjer je vlozeno delo enako spremembi mehanske energije. Ker se spremeni
samo kineti¢na energija, velja:

AEk = W12.
Tock: 10

Ker je kineti¢na energija v zacetku enaka nic, sledi:

Ey, — Ey, = Ep, = Wi
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}, Open  ]],



Cell[CellGroupData[{
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Cell["Postopek", "Subtitle",

 CellChangeTimes->{{3.3923505299086046`*^9, 3.3923505318814416`*^9}}],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Vlo\:017eeno delo je enako spremembi mehanske energije\

\>", "Text",

 CellChangeTimes->{{3.392350586620152*^9, 3.3923506031238832`*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"eq", "=", 

   RowBox[{"W12", "\[Equal]", "\[CapitalDelta]Em"}]}], ";"}]], "Input",

 CellChangeTimes->{{3.392350604696144*^9, 3.392350622441661*^9}, 

   3.392350787338771*^9}],



Cell["Kjer je vlo\:017eeno delo", "Text",

 CellChangeTimes->{{3.392350625986758*^9, 3.3923506313244333`*^9}}],



Cell[BoxData[

 RowBox[{"W12", ":=", 

  RowBox[{"F", " ", "\[CapitalDelta]s"}]}]], "Input",

 CellChangeTimes->{{3.392350634118451*^9, 3.3923506476879635`*^9}, {

  3.3923508126451597`*^9, 3.3923508137567587`*^9}}],



Cell["In sprememba mehanske energije", "Text",

 CellChangeTimes->{{3.392350655389037*^9, 3.3923506629899664`*^9}}],



Cell[BoxData[

 RowBox[{"\[CapitalDelta]Em", ":=", 
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 CellChangeTimes->{{3.3923506523246307`*^9, 3.392350681716894*^9}}],
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 "Ker sila ",

 Cell[BoxData[

  FormBox["F", TraditionalForm]]],

 " deluje na poti"
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  RowBox[{
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  RowBox[{

   RowBox[{"{", 

    RowBox[{"vB", "\[Rule]", 
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      FractionBox[

       RowBox[{

        SqrtBox["2"], " ", 

        SqrtBox[

         RowBox[{"F", " ", 

          RowBox[{"(", 
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            RowBox[{"-", "a"}], "+", 
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             RowBox[{

              SuperscriptBox["a", "2"], "+", 

              SuperscriptBox["l", "2"]}]]}], ")"}]}]]}], 
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      SqrtBox["m"]]}], "}"}]}], "}"}]], "Output",
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  3.3923507610008993`*^9, {3.3923507957108097`*^9, 3.392350902854875*^9}}]
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Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"m", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"F", ":=", "10"}], "\[IndentingNewLine]", 

 RowBox[{"a", ":=", "0.5"}], "\[IndentingNewLine]", 

 RowBox[{"l", ":=", "1"}]}], "Input",

 CellChangeTimes->{{3.3923509485605965`*^9, 3.392350975118786*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", "\[IndentingNewLine]", 

  RowBox[{"{", 

   RowBox[{"\[CapitalDelta]s", ",", "sol"}], "}"}], "]"}]], "Input",

 CellChangeTimes->{{3.392350995558176*^9, 3.3923510174997263`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"0.6180339887498949`", ",", 

   RowBox[{"{", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{"vB", "\[Rule]", 

       RowBox[{"-", "3.51577584254143`"}]}], "}"}], ",", 

     RowBox[{"{", 

      RowBox[{"vB", "\[Rule]", "3.51577584254143`"}], "}"}]}], "}"}]}], 
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 CellChangeTimes->{{3.3923510105497327`*^9, 3.3923510178702593`*^9}}]

}, Open  ]]
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Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

II. Newtonow zakon za translacijo in rotacijo\

\>", "Text",

 CellChangeTimes->{{3.3923511108339343`*^9, 3.3923511246638207`*^9}}],



Cell[BoxData[{

 RowBox[{

  RowBox[{"eqx", "=", 

   RowBox[{

    RowBox[{"-", "Ft"}], "\[Equal]", 

    RowBox[{"m", " ", 

     RowBox[{

      RowBox[{"x", "''"}], "[", "t", "]"}]}]}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"eqy", "=", 

   RowBox[{

    RowBox[{"N", "-", 

     RowBox[{"m", " ", "g"}]}], "\[Equal]", "0"}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"eq\[CurlyPhi]", "=", 

   RowBox[{

    RowBox[{"Ft", " ", "r"}], "\[Equal]", 

    RowBox[{"Jt", " ", 

     RowBox[{

      RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}]}]}], ";"}]}], "Input",

 CellChangeTimes->{{3.3923511277582703`*^9, 3.3923512136617937`*^9}}],



Cell["Masni vztrajsnotsni moment in sila trenja:", "Text",

 CellChangeTimes->{{3.3923512225245376`*^9, 3.3923512342514*^9}}],



Cell[BoxData[{

 RowBox[{"Jt", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox["r", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"Ft", ":=", 

  RowBox[{"m", " ", "g", " ", "\[Mu]"}]}]}], "Input",

 CellChangeTimes->{{3.3923512371555758`*^9, 3.3923512554618993`*^9}}],



Cell["Pomik te\:017ei\[SHacek]\[CHacek]a torej je", "Text",

 CellChangeTimes->{{3.3923514554094095`*^9, 3.3923514658043566`*^9}, {

  3.3923515254100657`*^9, 3.3923515261811743`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"Clear", "[", "x", "]"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], "=", 

  RowBox[{

   RowBox[{"x", "[", "t", "]"}], "/.", 

   RowBox[{"First", "[", 

    RowBox[{"DSolve", "[", 

     RowBox[{

      RowBox[{"{", 

       RowBox[{"eqx", ",", 

        RowBox[{

         RowBox[{

          RowBox[{"x", "'"}], "[", "0", "]"}], "\[Equal]", "v0"}], ",", 

        RowBox[{

         RowBox[{"x", "[", "0", "]"}], "\[Equal]", "0"}]}], "}"}], ",", 

      RowBox[{"x", "[", "t", "]"}], ",", "t"}], "]"}], "]"}]}]}]}], "Input",

 CellChangeTimes->{{3.392351397085544*^9, 3.3923514121071444`*^9}, {

  3.3923514708015423`*^9, 3.392351553089867*^9}}],



Cell[BoxData[

 RowBox[{

  FractionBox["1", "2"], " ", 

  RowBox[{"(", 

   RowBox[{

    RowBox[{"2", " ", "t", " ", "v0"}], "-", 

    RowBox[{"g", " ", 

     SuperscriptBox["t", "2"], " ", "\[Mu]"}]}], ")"}]}]], "Output",

 CellChangeTimes->{

  3.3923514133689585`*^9, {3.3923514814768925`*^9, 3.3923515534804287`*^9}, 

   3.392352043845539*^9, 3.392352163988296*^9, 3.3923522521050014`*^9}]

}, Open  ]],



Cell["Podobno za rotacijo", "Text",

 CellChangeTimes->{{3.3923515782260113`*^9, 3.39235159085417*^9}}],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"Clear", "[", "\[CurlyPhi]", "]"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], "=", 

  RowBox[{

   RowBox[{"\[CurlyPhi]", "[", "t", "]"}], "/.", 

   RowBox[{"First", "[", 

    RowBox[{"DSolve", "[", 

     RowBox[{

      RowBox[{"{", 

       RowBox[{"eq\[CurlyPhi]", ",", 

        RowBox[{

         RowBox[{

          RowBox[{"\[CurlyPhi]", "'"}], "[", "0", "]"}], "\[Equal]", "0"}], 

        ",", 

        RowBox[{

         RowBox[{"\[CurlyPhi]", "[", "0", "]"}], "\[Equal]", "0"}]}], "}"}], 

      ",", 

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}], ",", "t"}], "]"}], 

    "]"}]}]}]}], "Input",

 CellChangeTimes->{{3.392351597914322*^9, 3.3923516221391554`*^9}}],



Cell[BoxData[

 FractionBox[

  RowBox[{"g", " ", 

   SuperscriptBox["t", "2"], " ", "\[Mu]"}], "r"]], "Output",

 CellChangeTimes->{3.392351622940307*^9, 3.3923520449070654`*^9, 

  3.392352164058397*^9, 3.3923522532766867`*^9}]

}, Open  ]],



Cell["Ko pride do kotaljenja, velja", "Text",

 CellChangeTimes->{{3.3923516354783363`*^9, 3.3923516817849216`*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"eq", "=", 

   RowBox[{

    RowBox[{"r", " ", 

     RowBox[{

      RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]}], "\[Equal]", 

    RowBox[{

     RowBox[{"x", "'"}], "[", "t", "]"}]}]}], ";"}]], "Input",

 CellChangeTimes->{{3.3923516841883774`*^9, 3.392351692350114*^9}}],



Cell["Sledi", "Text",

 CellChangeTimes->{{3.3923516950740304`*^9, 3.39235169566488*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"solt", "=", 

  RowBox[{"First", "[", 

   RowBox[{"Solve", "[", 

    RowBox[{"eq", ",", "t"}], "]"}], "]"}]}]], "Input",

 CellChangeTimes->{{3.392351651481347*^9, 3.3923517296938114`*^9}, 

   3.392352038187403*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"t", "\[Rule]", 

   FractionBox["v0", 

    RowBox[{"3", " ", "g", " ", "\[Mu]"}]]}], "}"}]], "Output",

 CellChangeTimes->{{3.3923517054990206`*^9, 3.3923517301945314`*^9}, 

   3.3923520472103777`*^9, 3.392352164108469*^9, 3.3923522571823025`*^9}]

}, Open  ]],



Cell["\<\

Pot, ki jo opravi valj preden se za\[CHacek]ne kotaliti\

\>", "Text",

 CellChangeTimes->{{3.392351774358035*^9, 3.392351788748728*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"x1", "=", 

  RowBox[{

   RowBox[{"x", "[", "t", "]"}], "/.", "solt"}]}]], "Input",

 CellChangeTimes->{{3.392351555433237*^9, 3.3923515562544174`*^9}, {

   3.3923517346208963`*^9, 3.392351736673848*^9}, {3.3923517902208447`*^9, 

   3.3923517944469213`*^9}, 3.3923520509657774`*^9, {3.3923521288778095`*^9, 

   3.3923521298792496`*^9}}],



Cell[BoxData[

 FractionBox[

  RowBox[{"5", " ", 

   SuperscriptBox["v0", "2"]}], 

  RowBox[{"18", " ", "g", " ", "\[Mu]"}]]], "Output",

 CellChangeTimes->{

  3.3923515566449795`*^9, 3.392351737154539*^9, 3.3923517949175987`*^9, {

   3.392352048682494*^9, 3.3923520512361665`*^9}, 3.392352130219739*^9, 

   3.3923521641284976`*^9, 3.392352263180928*^9}]

}, Open  ]],



Cell["\<\

Kineti\[CHacek]na energija v trenutku, ko se za\[CHacek]ne kotaliti\

\>", "Text",

 CellChangeTimes->{{3.3923518314100723`*^9, 3.3923518427363586`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Ek1", "=", 

  RowBox[{

   RowBox[{

    RowBox[{

     FractionBox["1", "2"], "m", " ", 

     SuperscriptBox[

      RowBox[{

       RowBox[{"x", "'"}], "[", "t", "]"}], "2"]}], "+", 

    RowBox[{

     FractionBox["1", "2"], "Jt", " ", 

     SuperscriptBox[

      RowBox[{

       RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}]}], "/.", 

   "solt"}]}]], "Input",

 CellChangeTimes->{{3.392351846081168*^9, 3.392351879369034*^9}, 

   3.392352053889982*^9}],



Cell[BoxData[

 FractionBox[

  RowBox[{"m", " ", 

   SuperscriptBox["v0", "2"]}], "3"]], "Output",

 CellChangeTimes->{3.392351880911251*^9, 3.392352054260515*^9, 

  3.392352164148526*^9, 3.392352299322898*^9}]

}, Open  ]],



Cell["se v celoti spremeni v potencialno energijo", "Text",

 CellChangeTimes->{{3.3923518991474733`*^9, 3.3923519188858557`*^9}}],



Cell[BoxData[

 RowBox[{"Ep1", ":=", 

  RowBox[{"m", " ", "g", " ", 

   RowBox[{"(", 

    RowBox[{"H", "-", "r"}], ")"}]}]}]], "Input",

 CellChangeTimes->{{3.392351920117627*^9, 3.3923519377029133`*^9}}],



Cell["Sledi, da je vi\[SHacek]ina dviga", "Text",

 CellChangeTimes->{{3.392351943421136*^9, 3.392351950200885*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"solH", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{"Ek1", "\[Equal]", "Ep1"}], ",", "H"}], "]"}], "]"}]}]], "Input",\



 CellChangeTimes->{{3.3923519518632755`*^9, 3.3923519769293184`*^9}, {

  3.392352323167184*^9, 3.3923523261214323`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"H", "\[Rule]", 

    RowBox[{"r", "+", 

     FractionBox[

      SuperscriptBox["v0", "2"], 

      RowBox[{"3", " ", "g"}]]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{{3.3923519700894833`*^9, 3.3923519774500675`*^9}, 

   3.392352056984432*^9, 3.39235216417857*^9, {3.392352310068349*^9, 

   3.392352326672224*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"m", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"r", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"L", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"v0", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"\[Mu]", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"g", ":=", "9.81"}]}], "Input",

 CellChangeTimes->{{3.392351998860854*^9, 3.3923520231457744`*^9}, {

  3.392352067579667*^9, 3.3923520750403953`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", "\[IndentingNewLine]", 

  RowBox[{"{", 

   RowBox[{"solt", ",", "x1", ",", 

    RowBox[{

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "/.", "solt"}], ",", "solH"}], 

   "}"}], "]"}]], "Input",

 CellChangeTimes->{{3.392352032629411*^9, 3.392352064224843*^9}, {

  3.392352117120904*^9, 3.392352142767782*^9}, {3.392352408840376*^9, 

  3.392352428608802*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", "0.3397893306150186`"}], "}"}], ",", 

   "0.28315777551251553`", ",", "0.6666666666666667`", ",", 

   RowBox[{"{", 

    RowBox[{"{", 

     RowBox[{"H", "\[Rule]", "0.13397893306150188`"}], "}"}], "}"}]}], 

  "}"}]], "Output",

 CellChangeTimes->{{3.3923520647556067`*^9, 3.3923520767929153`*^9}, {

   3.3923521197847347`*^9, 3.392352164218627*^9}, 3.39235236378559*^9, {

   3.392352425944971*^9, 3.3923524406961823`*^9}}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Za  dinami\[CHacek]ne sile na le\:017eaj B nastavimo\

\>", "Text",

 CellChangeTimes->{3.392353625169371*^9}],



Cell[BoxData[{

 RowBox[{

  RowBox[{"eq1", "=", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{"-", "Jx1z1"}], " ", 

      RowBox[{

       RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}], "+", 

     RowBox[{"Jy1z1", " ", 

      SuperscriptBox[

       RowBox[{

        RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}]}], "\[Equal]", 

    RowBox[{

     RowBox[{"-", "3"}], "a", " ", "By2"}]}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"eq2", "=", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{"-", "Jy1z1"}], " ", 

      RowBox[{

       RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}], "-", 

     RowBox[{"Jx1z1", " ", 

      SuperscriptBox[

       RowBox[{

        RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}]}], "\[Equal]", 

    RowBox[{"3", "a", " ", "Bx2"}]}]}], ";"}]}], "Input",

 CellChangeTimes->{{3.3923535116461325`*^9, 3.392353521470259*^9}, {

  3.3923535607968082`*^9, 3.392353601555416*^9}, {3.392353789445589*^9, 

  3.3923537972968783`*^9}, {3.3923542625659027`*^9, 3.392354290255718*^9}, {

  3.3923555257122173`*^9, 3.392355527204363*^9}}],



Cell["Pospe\[SHacek]ek rotorja", "Text",

 CellChangeTimes->{{3.3923536310878816`*^9, 3.3923536363554564`*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"eq3", "=", 

   RowBox[{

    RowBox[{"Jz1z1", " ", 

     RowBox[{

      RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}], "\[Equal]", "M"}]}], 

  ";"}]], "Input",

 CellChangeTimes->{{3.392353673238491*^9, 3.3923537391432576`*^9}, {

  3.39235380110235*^9, 3.3923538017132287`*^9}}],



Cell["\<\

Zasuk v odvisnosti od \[CHacek]asa torej je\

\>", "Text",

 CellChangeTimes->{{3.392353747184821*^9, 3.392353765711461*^9}}],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"Clear", "[", "\[CurlyPhi]", "]"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], "=", 

  RowBox[{"First", "[", 

   RowBox[{

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}], "/.", 

    RowBox[{"DSolve", "[", 

     RowBox[{

      RowBox[{"{", 

       RowBox[{"eq3", ",", 

        RowBox[{

         RowBox[{"\[CurlyPhi]", "[", "0", "]"}], "\[Equal]", "0"}], ",", 

        RowBox[{

         RowBox[{

          RowBox[{"\[CurlyPhi]", "'"}], "[", "0", "]"}], "\[Equal]", "0"}]}], 

       "}"}], ",", 

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}], ",", "t"}], "]"}]}], 

   "]"}]}]}], "Input",

 CellChangeTimes->{{3.392353767564125*^9, 3.392353853868224*^9}, {

  3.3923539242594414`*^9, 3.3923539396315455`*^9}}],



Cell[BoxData[

 FractionBox[

  RowBox[{"M", " ", 

   SuperscriptBox["t", "2"]}], 

  RowBox[{"2", " ", "Jz1z1"}]]], "Output",

 CellChangeTimes->{{3.3923537815542417`*^9, 3.3923538540785265`*^9}, 

   3.392353940332554*^9, 3.392355317252467*^9, {3.3923555504878435`*^9, 

   3.392355568814195*^9}}]

}, Open  ]],



Cell["Izra\[CHacek]unati moramo mvm:", "Text"],



Cell[BoxData[{

 RowBox[{"Jx1z1", ":=", 

  RowBox[{

   RowBox[{"(", 

    RowBox[{"0", "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{"0", " ", "a"}], ")"}]}]}], ")"}], "+", 

   RowBox[{"(", 

    RowBox[{"0", "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{"0", " ", "2", "a"}], ")"}]}]}], ")"}], "+", 

   RowBox[{"(", 

    RowBox[{"0", "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{

        FractionBox["b", "2"], 

        FractionBox[

         RowBox[{"3", "a"}], "2"]}], ")"}]}]}], 

    ")"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jy1z1", ":=", 

  RowBox[{

   RowBox[{"(", 

    RowBox[{"0", "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{

        FractionBox["a", "2"], " ", "a"}], ")"}]}]}], ")"}], "+", 

   RowBox[{"(", 

    RowBox[{"0", "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{

        RowBox[{"(", 

         RowBox[{"-", 

          FractionBox["a", "2"]}], ")"}], " ", "2", "a"}], ")"}]}]}], ")"}], 

   "+", 

   RowBox[{"(", 

    RowBox[{"0", "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{"0", 

        FractionBox[

         RowBox[{"3", "a"}], "2"]}], ")"}]}]}], 

    ")"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jz1z1", ":=", 

  RowBox[{

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      FractionBox["1", "12"], "m", " ", 

      SuperscriptBox["a", "2"]}], "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{

        SuperscriptBox["0", "2"], "+", 

        SuperscriptBox[

         RowBox[{"(", 

          FractionBox["a", "2"], ")"}], "2"]}], ")"}]}]}], ")"}], "+", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      FractionBox["1", "12"], "m", " ", 

      SuperscriptBox["a", "2"]}], "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{

        SuperscriptBox["0", "2"], "+", 

        SuperscriptBox[

         RowBox[{"(", 

          RowBox[{"-", 

           FractionBox["a", "2"]}], ")"}], "2"]}], ")"}]}]}], ")"}], "+", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      FractionBox["1", "12"], "m", " ", 

      SuperscriptBox["b", "2"]}], "+", 

     RowBox[{"m", 

      RowBox[{"(", 

       RowBox[{

        SuperscriptBox[

         RowBox[{"(", 

          FractionBox["b", "2"], ")"}], "2"], "+", "0"}], ")"}]}]}], 

    ")"}]}]}]}], "Input",

 CellChangeTimes->{{3.3923539657791443`*^9, 3.3923542266142063`*^9}}],



Cell["\<\

Sledi re\[SHacek]itev za sile v le\:017eaju B\

\>", "Text",

 CellChangeTimes->{{3.3923550913876896`*^9, 3.392355100160304*^9}}],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"solBy2", "=", 

  RowBox[{

   RowBox[{"Solve", "[", 

    RowBox[{"eq1", ",", "By2"}], "]"}], "/.", 

   RowBox[{"t", "\[Rule]", "1"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"solBx2", "=", 

  RowBox[{

   RowBox[{"Solve", "[", 

    RowBox[{"eq2", ",", "Bx2"}], "]"}], "/.", 

   RowBox[{"t", "\[Rule]", "1"}]}]}]}], "Input",

 CellChangeTimes->{{3.3923543236837854`*^9, 3.3923543983711805`*^9}, {

  3.392355532101405*^9, 3.392355547844042*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"By2", "\[Rule]", 

    FractionBox[

     RowBox[{"3", " ", 

      RowBox[{"(", 

       RowBox[{

        RowBox[{"2", " ", 

         SuperscriptBox["a", "2"], " ", "b", " ", "m", " ", "M"}], "+", 

        RowBox[{

         SuperscriptBox["b", "3"], " ", "m", " ", "M"}], "+", 

        RowBox[{"2", " ", "a", " ", 

         SuperscriptBox["M", "2"]}]}], ")"}]}], 

     RowBox[{"4", " ", 

      SuperscriptBox[

       RowBox[{"(", 

        RowBox[{

         RowBox[{"2", " ", 

          SuperscriptBox["a", "2"]}], "+", 

         SuperscriptBox["b", "2"]}], ")"}], "2"], " ", "m"}]]}], "}"}], 

  "}"}]], "Output",

 CellChangeTimes->{{3.392354324845456*^9, 3.3923543549787855`*^9}, 

   3.3923543991823473`*^9, 3.3923553173526115`*^9, {3.3923555505279007`*^9, 

   3.392355568914339*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"Bx2", "\[Rule]", 

    FractionBox[

     RowBox[{

      RowBox[{"4", " ", 

       SuperscriptBox["a", "3"], " ", "m", " ", "M"}], "+", 

      RowBox[{"2", " ", "a", " ", 

       SuperscriptBox["b", "2"], " ", "m", " ", "M"}], "-", 

      RowBox[{"9", " ", "b", " ", 

       SuperscriptBox["M", "2"]}]}], 

     RowBox[{"4", " ", 

      SuperscriptBox[

       RowBox[{"(", 

        RowBox[{

         RowBox[{"2", " ", 

          SuperscriptBox["a", "2"]}], "+", 

         SuperscriptBox["b", "2"]}], ")"}], "2"], " ", "m"}]]}], "}"}], 

  "}"}]], "Output",

 CellChangeTimes->{{3.392354324845456*^9, 3.3923543549787855`*^9}, 

   3.3923543991823473`*^9, 3.3923553173526115`*^9, {3.3923555505279007`*^9, 

   3.3923555689644113`*^9}}]

}, Open  ]],



Cell["\<\

Uporabimo \[SHacek]e II. Newtonow zakon za dolo\[CHacek]itev sil v \

le\:017eaju A\

\>", "Text",

 CellChangeTimes->{{3.392354963343571*^9, 3.3923549848044305`*^9}}],



Cell[BoxData[{

 RowBox[{

  RowBox[{"eq4", "=", 

   RowBox[{

    RowBox[{"Ax1", "+", "Bx2"}], "\[Equal]", 

    RowBox[{

     RowBox[{"-", 

      RowBox[{"(", 

       RowBox[{"6", "m"}], ")"}]}], " ", "e", " ", 

     SuperscriptBox[

      RowBox[{

       RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}]}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"eq5", "=", 

   RowBox[{

    RowBox[{"Ay1", "+", "By2"}], "\[Equal]", 

    RowBox[{

     RowBox[{"(", 

      RowBox[{"6", "m"}], ")"}], " ", "e", " ", 

     RowBox[{

      RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}]}]}], ";"}]}], "Input",

 CellChangeTimes->{{3.392354988199312*^9, 3.392355059071221*^9}, {

  3.3923555376794257`*^9, 3.392355538891168*^9}}],



Cell["Kje je ekscentri\[CHacek]nost", "Text",

 CellChangeTimes->{{3.3923550668423953`*^9, 3.3923550737823744`*^9}}],



Cell[BoxData[

 RowBox[{"e", ":=", 

  FractionBox["b", "12"]}]], "Input",

 CellChangeTimes->{{3.3923550751944046`*^9, 3.3923550821443987`*^9}}],



Cell["\<\

Sledi re\[SHacek]itev za sile v le\:017eaju A\

\>", "Text",

 CellChangeTimes->{{3.3923550913876896`*^9, 3.3923551132691536`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"solAx1", "=", 

  RowBox[{

   RowBox[{

    RowBox[{"Solve", "[", 

     RowBox[{"eq4", ",", "Ax1"}], "]"}], "/.", 

    RowBox[{"t", "\[Rule]", "1"}]}], "/.", 

   "solBx2"}]}], "\[IndentingNewLine]", 

 RowBox[{"solAy1", "=", 

  RowBox[{

   RowBox[{

    RowBox[{"Solve", "[", 

     RowBox[{"eq5", ",", "Ay1"}], "]"}], "/.", 

    RowBox[{"t", "\[Rule]", "1"}]}], "/.", "solBy2"}]}]}], "Input",

 CellChangeTimes->{{3.3923543236837854`*^9, 3.3923543983711805`*^9}, {

  3.392355116513819*^9, 3.3923551393566656`*^9}, {3.392355301740162*^9, 

  3.392355312916232*^9}, {3.392355543067173*^9, 3.392355544178771*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"{", 

    RowBox[{"Ax1", "\[Rule]", 

     FractionBox[

      RowBox[{

       RowBox[{

        RowBox[{"-", "9"}], " ", "b", " ", 

        SuperscriptBox["M", "2"]}], "-", 

       FractionBox[

        RowBox[{"2", " ", 

         SuperscriptBox["a", "4"], " ", 

         RowBox[{"(", 

          RowBox[{

           RowBox[{"4", " ", 

            SuperscriptBox["a", "3"], " ", "m", " ", "M"}], "+", 

           RowBox[{"2", " ", "a", " ", 

            SuperscriptBox["b", "2"], " ", "m", " ", "M"}], "-", 

           RowBox[{"9", " ", "b", " ", 

            SuperscriptBox["M", "2"]}]}], ")"}]}], 

        SuperscriptBox[

         RowBox[{"(", 

          RowBox[{

           RowBox[{"2", " ", 

            SuperscriptBox["a", "2"]}], "+", 

           SuperscriptBox["b", "2"]}], ")"}], "2"]], "-", 

       FractionBox[

        RowBox[{"2", " ", 

         SuperscriptBox["a", "2"], " ", 

         SuperscriptBox["b", "2"], " ", 

         RowBox[{"(", 

          RowBox[{

           RowBox[{"4", " ", 

            SuperscriptBox["a", "3"], " ", "m", " ", "M"}], "+", 

           RowBox[{"2", " ", "a", " ", 

            SuperscriptBox["b", "2"], " ", "m", " ", "M"}], "-", 

           RowBox[{"9", " ", "b", " ", 

            SuperscriptBox["M", "2"]}]}], ")"}]}], 

        SuperscriptBox[

         RowBox[{"(", 

          RowBox[{

           RowBox[{"2", " ", 

            SuperscriptBox["a", "2"]}], "+", 

           SuperscriptBox["b", "2"]}], ")"}], "2"]], "-", 

       FractionBox[

        RowBox[{

         SuperscriptBox["b", "4"], " ", 

         RowBox[{"(", 

          RowBox[{

           RowBox[{"4", " ", 

            SuperscriptBox["a", "3"], " ", "m", " ", "M"}], "+", 

           RowBox[{"2", " ", "a", " ", 

            SuperscriptBox["b", "2"], " ", "m", " ", "M"}], "-", 

           RowBox[{"9", " ", "b", " ", 

            SuperscriptBox["M", "2"]}]}], ")"}]}], 

        RowBox[{"2", " ", 

         SuperscriptBox[

          RowBox[{"(", 

           RowBox[{

            RowBox[{"2", " ", 

             SuperscriptBox["a", "2"]}], "+", 

            SuperscriptBox["b", "2"]}], ")"}], "2"]}]]}], 

      RowBox[{"2", " ", 

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{

          RowBox[{"2", " ", 

           SuperscriptBox["a", "2"]}], "+", 

          SuperscriptBox["b", "2"]}], ")"}], "2"], " ", "m"}]]}], "}"}], 

   "}"}], "}"}]], "Output",

 CellChangeTimes->{{3.392354324845456*^9, 3.3923543549787855`*^9}, 

   3.3923543991823473`*^9, 3.392355142421072*^9, {3.392355307428341*^9, 

   3.392355317572928*^9}, {3.3923555505980015`*^9, 3.392355569004469*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"{", 

    RowBox[{"Ay1", "\[Rule]", 

     FractionBox[

      RowBox[{

       RowBox[{"3", " ", "b", " ", "M"}], "-", 

       FractionBox[

        RowBox[{"3", " ", 

         SuperscriptBox["a", "2"], " ", 

         RowBox[{"(", 

          RowBox[{

           RowBox[{"2", " ", 

            SuperscriptBox["a", "2"], " ", "b", " ", "m", " ", "M"}], "+", 

           RowBox[{

            SuperscriptBox["b", "3"], " ", "m", " ", "M"}], "+", 

           RowBox[{"2", " ", "a", " ", 

            SuperscriptBox["M", "2"]}]}], ")"}]}], 

        RowBox[{

         SuperscriptBox[

          RowBox[{"(", 

           RowBox[{

            RowBox[{"2", " ", 

             SuperscriptBox["a", "2"]}], "+", 

            SuperscriptBox["b", "2"]}], ")"}], "2"], " ", "m"}]], "-", 

       FractionBox[

        RowBox[{"3", " ", 

         SuperscriptBox["b", "2"], " ", 

         RowBox[{"(", 

          RowBox[{

           RowBox[{"2", " ", 

            SuperscriptBox["a", "2"], " ", "b", " ", "m", " ", "M"}], "+", 

           RowBox[{

            SuperscriptBox["b", "3"], " ", "m", " ", "M"}], "+", 

           RowBox[{"2", " ", "a", " ", 

            SuperscriptBox["M", "2"]}]}], ")"}]}], 

        RowBox[{"2", " ", 

         SuperscriptBox[

          RowBox[{"(", 

           RowBox[{

            RowBox[{"2", " ", 

             SuperscriptBox["a", "2"]}], "+", 

            SuperscriptBox["b", "2"]}], ")"}], "2"], " ", "m"}]]}], 

      RowBox[{"2", " ", 

       RowBox[{"(", 

        RowBox[{

         RowBox[{"2", " ", 

          SuperscriptBox["a", "2"]}], "+", 

         SuperscriptBox["b", "2"]}], ")"}]}]]}], "}"}], "}"}], 

  "}"}]], "Output",

 CellChangeTimes->{{3.392354324845456*^9, 3.3923543549787855`*^9}, 

   3.3923543991823473`*^9, 3.392355142421072*^9, {3.392355307428341*^9, 

   3.392355317572928*^9}, {3.3923555505980015`*^9, 3.392355569004469*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"m", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"a", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"b", ":=", 

  RowBox[{"a", "/", "2"}]}], "\[IndentingNewLine]", 

 RowBox[{"M", ":=", "1"}]}], "Input",

 CellChangeTimes->{{3.392351998860854*^9, 3.3923520231457744`*^9}, {

  3.392352067579667*^9, 3.3923520750403953`*^9}, {3.392355172995035*^9, 

  3.3923551916819057`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", "\[IndentingNewLine]", 

  RowBox[{"{", 

   RowBox[{"Jx1z1", ",", "Jy1z1", ",", "Jz1z1", ",", 

    RowBox[{

     RowBox[{

      RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}], "/.", 

     RowBox[{"t", "\[Rule]", "1"}]}], ",", 

    RowBox[{

     RowBox[{

      RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "/.", 

     RowBox[{"t", "\[Rule]", "1"}]}], ",", "solAx1", ",", "solAy1", ",", 

    "solBx2", ",", "solBy2"}], "}"}], "]"}]], "Input",

 CellChangeTimes->{{3.392352032629411*^9, 3.392352064224843*^9}, {

  3.392352117120904*^9, 3.392352142767782*^9}, {3.392352408840376*^9, 

  3.392352428608802*^9}, {3.392355203378725*^9, 3.392355276193427*^9}, {

  3.392355340956552*^9, 3.3923553518622336`*^9}, {3.3923555543033295`*^9, 

  3.392355556516512*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"0.0037500000000000007`", ",", 

   RowBox[{"-", "0.005000000000000001`"}], ",", "0.0075000000000000015`", ",",

    "133.33333333333331`", ",", "133.33333333333331`", ",", 

   RowBox[{"{", 

    RowBox[{"{", 

     RowBox[{"{", 

      RowBox[{"Ax1", "\[Rule]", 

       RowBox[{"-", "224.4444444444444`"}]}], "}"}], "}"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"{", 

     RowBox[{"{", 

      RowBox[{"Ay1", "\[Rule]", 

       RowBox[{"-", "294.62962962962945`"}]}], "}"}], "}"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"{", 

     RowBox[{"Bx2", "\[Rule]", 

      RowBox[{"-", "219.9999999999999`"}]}], "}"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"{", 

     RowBox[{"By2", "\[Rule]", "297.9629629629628`"}], "}"}], "}"}]}], 

  "}"}]], "Output",

 CellChangeTimes->{{3.3923520647556067`*^9, 3.3923520767929153`*^9}, {

   3.3923521197847347`*^9, 3.392352164218627*^9}, 3.39235236378559*^9, {

   3.392352425944971*^9, 3.3923524406961823`*^9}, {3.3923552188710012`*^9, 

   3.3923552329612627`*^9}, 3.39235527731504*^9, 3.3923553176530433`*^9, 

   3.3923553525632415`*^9, {3.392355550638059*^9, 3.392355569044526*^9}}]

}, Open  ]]

}, Open  ]]

}, Open  ]]

},

WindowToolbars->{"RulerBar", "EditBar"},

WindowSize->{968, 681},

WindowMargins->{{0, Automatic}, {Automatic, 0}},

Magnification->1.25,

FrontEndVersion->"6.0 for Microsoft Windows (32-bit) (April 28, 2007)",

StyleDefinitions->FrontEnd`FileName[{"Creative"}, "NaturalColor.nb", 

  CharacterEncoding -> "WindowsEastEurope"]

]

(* End of Notebook Content *)
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(*NotebookFileOutline

Notebook[{

Cell[CellGroupData[{

Cell[590, 23, 138, 3, 90, "Title"],

Cell[731, 28, 232, 3, 36, "Subsubtitle"]

}, Open  ]],

Cell[CellGroupData[{

Cell[1000, 36, 25, 0, 90, "Title"],

Cell[1028, 38, 98, 1, 43, "Subtitle"],

Cell[1129, 41, 74, 1, 48, "Input"],

Cell[1206, 44, 146, 3, 34, "Text"],

Cell[1355, 49, 209, 5, 48, "Input"],

Cell[1567, 56, 109, 1, 34, "Text"],

Cell[1679, 59, 211, 4, 48, "Input"],

Cell[1893, 65, 114, 1, 34, "Text"],

Cell[2010, 68, 210, 5, 64, "Input"],

Cell[2223, 75, 178, 6, 34, "Text"],

Cell[2404, 83, 248, 7, 60, "Input"],

Cell[2655, 92, 89, 1, 34, "Text"],

Cell[CellGroupData[{

Cell[2769, 97, 285, 6, 71, "Input"],

Cell[3057, 105, 998, 35, 102, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[4092, 145, 27, 0, 43, "Subtitle"],

Cell[4122, 147, 276, 5, 115, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[4435, 157, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[4489, 161, 209, 4, 71, "Input"],

Cell[4701, 167, 388, 11, 48, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[5150, 185, 25, 0, 90, "Title"],

Cell[5178, 187, 74, 1, 48, "Input"],

Cell[5255, 190, 139, 3, 34, "Text"],

Cell[5397, 195, 657, 22, 93, "Input"],

Cell[6057, 219, 124, 1, 34, "Text"],

Cell[6184, 222, 287, 7, 87, "Input"],

Cell[6474, 231, 182, 2, 34, "Text"],

Cell[CellGroupData[{

Cell[6681, 237, 683, 18, 71, "Input"],

Cell[7367, 257, 389, 10, 64, "Output"]

}, Open  ]],

Cell[7771, 270, 102, 1, 34, "Text"],

Cell[CellGroupData[{

Cell[7898, 275, 722, 20, 71, "Input"],

Cell[8623, 297, 225, 5, 67, "Output"]

}, Open  ]],

Cell[8863, 305, 115, 1, 34, "Text"],

Cell[8981, 308, 306, 9, 48, "Input"],

Cell[9290, 319, 88, 1, 34, "Text"],

Cell[CellGroupData[{

Cell[9403, 324, 237, 6, 48, "Input"],

Cell[9643, 332, 285, 6, 67, "Output"]

}, Open  ]],

Cell[9943, 341, 145, 3, 34, "Text"],

Cell[CellGroupData[{

Cell[10113, 348, 358, 7, 48, "Input"],

Cell[10474, 357, 352, 8, 70, "Output"]

}, Open  ]],

Cell[10841, 368, 161, 3, 34, "Text"],

Cell[CellGroupData[{

Cell[11027, 375, 481, 16, 64, "Input"],

Cell[11511, 393, 208, 5, 67, "Output"]

}, Open  ]],

Cell[11734, 401, 129, 1, 34, "Text"],

Cell[11866, 404, 202, 5, 48, "Input"],

Cell[12071, 411, 115, 1, 34, "Text"],

Cell[CellGroupData[{

Cell[12211, 416, 305, 8, 48, "Input"],

Cell[12519, 426, 375, 10, 70, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[12931, 441, 27, 0, 43, "Subtitle"],

Cell[12961, 443, 438, 8, 159, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[13436, 456, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[13490, 460, 401, 10, 71, "Input"],

Cell[13894, 472, 505, 12, 48, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[14460, 491, 25, 0, 90, "Title"],

Cell[14488, 493, 74, 1, 48, "Input"],

Cell[14565, 496, 118, 3, 34, "Text"],

Cell[14686, 501, 1096, 32, 73, "Input"],

Cell[15785, 535, 110, 1, 34, "Text"],

Cell[15898, 538, 314, 9, 48, "Input"],

Cell[16215, 549, 133, 3, 34, "Text"],

Cell[CellGroupData[{

Cell[16373, 556, 773, 21, 71, "Input"],

Cell[17149, 579, 293, 7, 68, "Output"]

}, Open  ]],

Cell[17457, 589, 46, 0, 34, "Text"],

Cell[17506, 591, 2329, 86, 147, "Input"],

Cell[19838, 679, 137, 3, 34, "Text"],

Cell[CellGroupData[{

Cell[20000, 686, 462, 12, 71, "Input"],

Cell[20465, 700, 838, 24, 72, "Output"],

Cell[21306, 726, 783, 22, 72, "Output"]

}, Open  ]],

Cell[22104, 751, 174, 4, 34, "Text"],

Cell[22281, 757, 726, 23, 73, "Input"],

Cell[23010, 782, 115, 1, 34, "Text"],

Cell[23128, 785, 142, 3, 64, "Input"],

Cell[23273, 790, 139, 3, 34, "Text"],

Cell[CellGroupData[{

Cell[23437, 797, 629, 16, 71, "Input"],

Cell[24069, 815, 2645, 73, 91, "Output"],

Cell[26717, 890, 1915, 53, 90, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[28669, 948, 27, 0, 43, "Subtitle"],

Cell[28699, 950, 400, 8, 115, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[29136, 963, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[29190, 967, 786, 17, 71, "Input"],
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}, Open  ]]
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Pripeta datoteka z rešitvijo v Mathematici


POGLAVJE 1. KOLOKVIJ 1 )

1
—muvE = F As,
2

Tock: 10

kjer je As = /12 + a? — a. Sedaj lahko izracunamo hitrost v tocki B:
feriee
Vg = .
m

Naloga 2 (35 to€k) Zadostuje

znanje: TT

Tock: 10

Homogen valj mase m in polmera r vrzemo na vodoravno ravnino z zacetno hitrostjo vy in brez zacetne
kotne hitrosti. Pri danem koeficientu trenja doloc¢ite najvisjo lego tezisca valja H. Valj pri dviganju po
krivulji ne podrsava.

m = 1lkg
0,1m

1m

\3
|

N vo = lm/s
0,1
g = 98lm/s’

Resitev
tv, = 0,34s
r1 = 0,283 m
1 = -—m/s

H = 0,134m

Postopek

Nalogo resimo v dveh delih. Najprej izracunamo hitrost gibanja tezisca, ko se zacne valj kotalitﬂ A%
drugem delu pa izracunamo, kako visoko se dvigne valj s preostalo energijo.

Prvi del resimo s pomocjo II. Newtonovega zakona:

E Fz :mc_iT
i

> My =Jr

Tock: 5

Ravnotezje sil za z in y os (slika :
—F,=mz,
N—-—mg=0=my.

Ravnotezje momentov glede na tezisce:

JT S’D = Ft T.
Tock: 5

1Pri kotaljenju valj ne drsi.
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Y

|

/_\(p\
.

Q x
F

Slika 1.1: Prikaz sil in kinemati¢nih spremenljivk.

2

Masni vztrajnostni moment za tezisce valja Jp = %mr in sila trenja Fy = mg p.

7 integriranjem izraza za pospesek & izracunamo hitrost in nato Se za pot v odvisnosti od casa:
T=v9—gpt

tQ
$=Uot—g/l§

Podobno naredimo za kotni pospesek valja ¢:

. 2gp
= t
r
Tock: 5
Ko velja:
p(t1) = ra(t)
Tock: 5
takrat valj ne podrsava ve¢. Sledi:
1 Vo
1=
3gp
Tock: 5
Ker je x(t1) < L, se to zgodi preden se valj za¢ne dvigovati. Hitrost v tem trenutku je
jjl = x(tl)7
. a(t
o = (t1)
r
Pri najvigji legi tezisc¢a se vsa kineti¢na energija spremeni v potencialno (predpostavimo primerno obliko
krivulje):
Ek1 == Ep
L
5 My + 5JT<P1 =mg(H —r).
Tock: 5

Sledi resitev:

Tock: 5
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Naloga 3 (35 tock) Zadostuje
Na rotor dolzine 3a sta privarjeni homogeni palici, vsaka dolzine a in mase m ter homogena pravokotna “"*¢ Bal
plosca mase m in velikosti a x b, kot prikazuje slika. Rotor pozenemo iz mirovanja in ga poganjamo s
konstantnim momentom M. Dolocite velikosti amplitud dinamiénih sil v podporah po 1 sekundi obrato-

vanja.
x]

m 1kg
a = 10cm
b = b5cm
- M = 1Nm
tl = 1s
A
Resitev
Joys = 0,00375kg m?
Jp = —0,005kg m?
J.iy = 0,0075kg m?
¢ = 1333rad/s’
¢1 = 133,3rad/s
Ay, = —224444N
A, = —294,630N
B,, = —220N
B,, = 297,963N
Postopek
x?
z, A
//////\y)
B,

M
N
a
- \yl
A,

z

Slika 1.2: Prikaz sil in kinemati¢nih spremenljivk.

Za izracun velikosti dinamicnih sil na lezaje bomo uporabili izraza:

Z Mﬁcl = _J$121 4,0 + Jylzl ¢2

ZM?JI = _Jﬂﬂlzl 9272 - Jylzl <P
Tock: 5

Da lahko zgornja izraza resimo, rabimo kotni pospesek ¢ in kotno hitrost ¢. Kotni pospesek dolo¢imo iz
II. Newtonovega zakona:

ZM21 = J2121 @
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Izpeljemo:

¢ =
lezl
in upostevajo€ zaCetne pogoje z integriranjem:
b = pt

Sedaj izraCunamo potrebne masne vztrajnostne momente:

b 3 3
Jey2, =04+m0-a)+0+m(0-2a)+0+m (2 . 2a> = Zmab
1. palica 2. palica —
plosca
3 1
Jyzy =0+ m (g-a) +0+m ((—%) -2a) +0+m (0.;) = —§ma2
—_———
1. palica 2. palica ploséa
1 ay?) 1 ay?) 1 b\?
Sz = Emag +m (02 + (5) ) +Ema2 +m (02+ (—5) ) —&-Eme—i-m ((2> +O>
1. palica 2. palica plogéa
= 3 m (2a* + b?)
Tock: 10
Oznac¢imo z:
¢1 = ¢(t1)
¢1 = ¢(t).
Sedaj lahko izra¢unamo sile v podpori B: Tock: 5
1 . .9
Byz = _ﬁ (_']33121 P1 + Jy121 4101)
1 .9 .
By, = JF% (7‘]-7/'121 b1 — Jyiz ‘Pl) .
Tock: 5
Ker tezisce rotorja lezi v ravnini zz lahko za izracun sil A,, in A, uporabimo izraza za ravnotezja sil:
Ag, + By, = —my e?
Ayl + Byz = miey,
kjer je masa m; = 6m in e = b/12. Tock: 10

1.2 Datum: 12.6.2003

Povpreéen uspeh 5 studentov: 51% E x
)
al
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Notebook[{



Cell[CellGroupData[{

Cell["\<\

Dinamika - re\[SHacek]eni kolokviji in izpiti\

\>", "Title",

 CellChangeTimes->{{3.392350139347005*^9, 3.3923501905706606`*^9}}],



Cell["Dr. Janko Slavi\[CHacek], 2001-2007", "Subsubtitle",

 CellChangeTimes->{{3.3923500368295918`*^9, 3.3923500673434687`*^9}, {

  3.3923501942159023`*^9, 3.3923502006050897`*^9}, {3.3924417832820463`*^9, 

  3.392441783902939*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["1.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

II. Newtonow zakon za translacijo te\:017ei\[SHacek]\[CHacek]a\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"sol", "=", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{

      RowBox[{

       RowBox[{"(", 

        RowBox[{"m1", "+", "m2"}], ")"}], "aT"}], "==", "F"}], ",", "aT"}], 

    "]"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{"aT", "=", 

  RowBox[{"aT", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", "1", "]"}], "]"}]}]}]}], "Input",

 CellChangeTimes->{3.436701072192856*^9}],



Cell[BoxData[

 FractionBox["F", 

  RowBox[{"m1", "+", "m2"}]]], "Output",

 CellChangeTimes->{{3.3924409275315375`*^9, 3.3924409295744753`*^9}, 

   3.4367009704565663`*^9, {3.4367010728538065`*^9, 3.436701075998328*^9}, 

   3.436701113842746*^9, 3.4367012597425394`*^9, 3.436701554065755*^9}]

}, Open  ]],



Cell["\<\

II. Newtonow zakon za rotacijo glede na vrti\[SHacek]\[CHacek]a kolesa\

\>", "Text",

 CellChangeTimes->{{3.4367005634713507`*^9, 3.4367005689291983`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"sol2", "=", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{

      RowBox[{

       RowBox[{

        RowBox[{"-", "yt"}], 

        RowBox[{"(", 

         RowBox[{"m1", "+", "m2"}], ")"}], "aT"}], "+", 

       RowBox[{"Jt", " ", "\[Alpha]"}]}], "\[Equal]", 

      RowBox[{

       RowBox[{"-", "F"}], " ", "a"}]}], ",", "\[Alpha]"}], "]"}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{"\[Alpha]", "=", 

  RowBox[{"\[Alpha]", "/.", 

   RowBox[{"sol2", "[", 

    RowBox[{"[", "1", "]"}], "]"}]}]}]}], "Input",

 CellChangeTimes->{{3.4367006718772306`*^9, 3.4367007374014497`*^9}, {

   3.436700961994398*^9, 3.4367009646281853`*^9}, 3.436701080725125*^9}],



Cell[BoxData[

 FractionBox[

  RowBox[{

   RowBox[{

    RowBox[{"-", "a"}], " ", "F"}], "+", 

   RowBox[{"F", " ", "yt"}]}], "Jt"]], "Output",

 CellChangeTimes->{

  3.392440929624547*^9, 3.436700755056837*^9, {3.43670096614036*^9, 

   3.4367009719887695`*^9}, {3.4367010815663347`*^9, 3.4367011149643583`*^9}, 

   3.4367012696668096`*^9, 3.4367015552975264`*^9}]

}, Open  ]],



Cell["\<\

Kjer je razdalja od vrti\[SHacek]\[CHacek]a do te\:017ei\[SHacek]\[CHacek]a\

\>", "Text",

 CellChangeTimes->{{3.436700778009842*^9, 3.436700783958395*^9}}],



Cell[BoxData[

 RowBox[{"yt", ":=", 

  FractionBox[

   RowBox[{"m2", " ", 

    RowBox[{"(", 

     RowBox[{"a", "+", "b"}], ")"}]}], 

   RowBox[{"m1", "+", "m2"}]]}]], "Input",

 CellChangeTimes->{{3.436700785350397*^9, 3.436700810716872*^9}, {

  3.4367009893537393`*^9, 3.436700989994661*^9}}],



Cell["In te\:017ei\[SHacek]\[CHacek]ni MVM", "Text",

 CellChangeTimes->{{3.4367008184680176`*^9, 3.436700830645528*^9}}],



Cell[BoxData[

 RowBox[{"Jt", ":=", 

  RowBox[{"J", "+", 

   RowBox[{"m2", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{"a", "+", "b", "-", "yt"}], ")"}], "2"]}], "+", 

   RowBox[{"m1", " ", 

    SuperscriptBox["yt", "2"]}]}]}]], "Input",

 CellChangeTimes->{{3.4367007611556063`*^9, 3.4367007616763554`*^9}, {

  3.4367008485713043`*^9, 3.436700861179434*^9}, {3.436700979559656*^9, 

  3.4367009812721186`*^9}, {3.436701285229187*^9, 3.4367012871619663`*^9}, {

  3.436701561015749*^9, 3.4367015650114946`*^9}}],



Cell["Pospe\[SHacek]ek pralnega stroja", "Text"],



Cell[BoxData[

 RowBox[{"aP", ":=", 

  RowBox[{"aT", "-", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"a", "+", "b", "-", "yt"}], ")"}], " ", 

    "\[Alpha]"}]}]}]], "Input",

 CellChangeTimes->{{3.4367009441687665`*^9, 3.436700950267536*^9}, {

  3.4367009839259343`*^9, 3.4367009845768704`*^9}, {3.4367011603596334`*^9, 

  3.4367011606800947`*^9}}],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"a", ":=", "0.5"}], "\[IndentingNewLine]", 

 RowBox[{"b", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"m1", ":=", "10"}], "\[IndentingNewLine]", 

 RowBox[{"m2", ":=", "60"}], "\[IndentingNewLine]", 

 RowBox[{"r", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"F", ":=", "400"}], "\[IndentingNewLine]", 

 RowBox[{"J", ":=", "6"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle",

 CellChangeTimes->{{3.436701121403618*^9, 3.436701122535245*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", 

  RowBox[{"{", 

   RowBox[{"aT", ",", "\[Alpha]", ",", "Jt", ",", "yt", ",", "aP"}], "}"}], 

  "]"}]], "Input",

 CellChangeTimes->{{3.4367010099433455`*^9, 3.436701021930582*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

  "5.714285714285714`", ",", "12.429378531073446`", ",", "25.28571428571429`",

    ",", "1.2857142857142858`", ",", "3.05084745762712`"}], "}"}]], "Output",

 CellChangeTimes->{{3.4367010025326896`*^9, 3.436701022271072*^9}, 

   3.436701123987333*^9, 3.4367011643854227`*^9, 3.436701294162032*^9, 

   3.436701569938579*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Kineti\[CHacek]na enrgija gibanja te\:017ei\[SHacek]\[CHacek]a helikopterja\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ekht", "[", "t_", "]"}], ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox[

    RowBox[{"v", "[", "t", "]"}], "2"]}]}]], "Input"],



Cell["Hitrost te\:017ei\[SHacek]\[CHacek]a", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"v", "[", "t_", "]"}], ":=", 

  SqrtBox[

   RowBox[{

    SuperscriptBox[

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "2"], "+", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"y", "'"}], "[", "t", "]"}], "2"]}]]}]], "Input"],



Cell["\<\

Kineti\[CHacek]na energija rotacije helikopterja\

\>", "Text"],



Cell[BoxData[

 RowBox[{"Ekhr", ":=", 

  RowBox[{

   FractionBox["1", "2"], 

   RowBox[{"(", 

    RowBox[{"Jh", "-", "J1"}], ")"}], 

   SuperscriptBox["\[Omega]h", "2"]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija turbine", "Text"],



Cell[BoxData[

 RowBox[{"Ekt", ":=", 

  RowBox[{

   FractionBox["1", "2"], "Jt", 

   SuperscriptBox[

    RowBox[{"(", "\[Omega]t", ")"}], "2"]}]}]], "Input"],



Cell["\<\

Kineti\[CHacek]na energija glavne elise\

\>", "Text"],



Cell[BoxData[

 RowBox[{"Ek1", ":=", 

  RowBox[{

   FractionBox["1", "2"], "J1", " ", 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "\[Omega]e"}], "+", "\[Omega]h"}], ")"}], 

    "2"]}]}]], "Input"],



Cell["\<\

Kineti\[CHacek]na energija krmilne elise\

\>", "Text"],



Cell[BoxData[

 RowBox[{"Ek2", ":=", 

  RowBox[{

   FractionBox["1", "2"], "J2", " ", 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{"6", "\[Omega]e"}], ")"}], "2"]}]}]], "Input"],



Cell["Masna vztrajnostna momenta", "Text"],



Cell[BoxData[{

 RowBox[{"J1", ":=", 

  RowBox[{"3", " ", 

   FractionBox[

    RowBox[{"m1", " ", 

     SuperscriptBox["l1", "2"]}], "3"]}]}], "\[IndentingNewLine]", 

 RowBox[{"J2", ":=", 

  RowBox[{"3", " ", 

   FractionBox[

    RowBox[{"m2", " ", 

     SuperscriptBox["l2", "2"]}], "3"]}]}]}], "Input"],



Cell["Skupna kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ekht", "[", "t", "]"}], "+", "Ekhr", "+", "Ekt", "+", "Ek1", "+", 

   "Ek2"}]}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Ek", "[", "t", "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"18", " ", 

   SuperscriptBox["l2", "2"], " ", "m2", " ", 

   SuperscriptBox["\[Omega]e", "2"]}], "+", 

  RowBox[{

   FractionBox["1", "2"], " ", 

   RowBox[{"(", 

    RowBox[{"Jh", "-", 

     RowBox[{

      SuperscriptBox["l1", "2"], " ", "m1"}]}], ")"}], " ", 

   SuperscriptBox["\[Omega]h", "2"]}], "+", 

  RowBox[{

   FractionBox["1", "2"], " ", 

   SuperscriptBox["l1", "2"], " ", "m1", " ", 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "\[Omega]e"}], "+", "\[Omega]h"}], ")"}], "2"]}], "+", 

  FractionBox[

   RowBox[{"Jt", " ", 

    SuperscriptBox["\[Omega]t", "2"]}], "2"], "+", 

  RowBox[{

   FractionBox["1", "2"], " ", "m", " ", 

   RowBox[{"(", 

    RowBox[{

     SuperscriptBox[

      RowBox[{

       SuperscriptBox["x", "\[Prime]",

        MultilineFunction->None], "[", "t", "]"}], "2"], "+", 

     SuperscriptBox[

      RowBox[{

       SuperscriptBox["y", "\[Prime]",

        MultilineFunction->None], "[", "t", "]"}], "2"]}], 

    ")"}]}]}]], "Output",

 CellChangeTimes->{3.392441678170904*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", "t"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"y", "[", "t_", "]"}], ":=", 

  SuperscriptBox["t", "2"]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Ek", "[", "t", "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   FractionBox["1", "2"], " ", "m", " ", 

   RowBox[{"(", 

    RowBox[{"1", "+", 

     RowBox[{"4", " ", 

      SuperscriptBox["t", "2"]}]}], ")"}]}], "+", 

  RowBox[{"18", " ", 

   SuperscriptBox["l2", "2"], " ", "m2", " ", 

   SuperscriptBox["\[Omega]e", "2"]}], "+", 

  RowBox[{

   FractionBox["1", "2"], " ", 

   RowBox[{"(", 

    RowBox[{"Jh", "-", 

     RowBox[{

      SuperscriptBox["l1", "2"], " ", "m1"}]}], ")"}], " ", 

   SuperscriptBox["\[Omega]h", "2"]}], "+", 

  RowBox[{

   FractionBox["1", "2"], " ", 

   SuperscriptBox["l1", "2"], " ", "m1", " ", 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "\[Omega]e"}], "+", "\[Omega]h"}], ")"}], "2"]}], "+", 

  FractionBox[

   RowBox[{"Jt", " ", 

    SuperscriptBox["\[Omega]t", "2"]}], "2"]}]], "Output",

 CellChangeTimes->{3.3924416782309904`*^9}]

}, Open  ]],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", "t"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"y", "[", "t_", "]"}], ":=", 

  SuperscriptBox["t", "2"]}], "\[IndentingNewLine]", 

 RowBox[{"m", ":=", "1500"}], "\[IndentingNewLine]", 

 RowBox[{"m1", ":=", "20"}], "\[IndentingNewLine]", 

 RowBox[{"m2", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]e", ":=", 

  RowBox[{"2", "\[Pi]", " ", "7"}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]h", ":=", 

  RowBox[{"2", "\[Pi]", " ", "0.1"}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]t", ":=", 

  RowBox[{"2", "\[Pi]", " ", "250"}]}], "\[IndentingNewLine]", 

 RowBox[{"Jh", ":=", "2000"}], "\[IndentingNewLine]", 

 RowBox[{"Jt", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"l1", ":=", "6"}], "\[IndentingNewLine]", 

 RowBox[{"l2", ":=", "0.35"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"t0", ":=", "1"}], ";"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"{", 

  RowBox[{

   RowBox[{"Ekht", "[", "t0", "]"}], ",", "Ekhr", ",", "Ekt", ",", "Ek1", ",",

    "Ek2", ",", 

   RowBox[{"Ek", "[", "t0", "]"}]}], "}"}], "\[IndentingNewLine]", 

 RowBox[{"{", 

  RowBox[{"J1", ",", "J2"}], "}"}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

  "3750", ",", "252.66187266788756`", ",", "123370.05501361698`", ",", 

   "676644.2863716447`", ",", "4265.445630062798`", ",", 

   "808282.4488879924`"}], "}"}]], "Output",

 CellChangeTimes->{3.392441678281062*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"720", ",", "0.12249999999999997`"}], "}"}]], "Output",

 CellChangeTimes->{3.3924416782910767`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Navpi\[CHacek]na hitrost krogle", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"vy", "[", "y_", "]"}], ":=", 

  SqrtBox[

   RowBox[{"2", "g", " ", "y"}]]}]], "Input"],



Cell["\[CapitalCHacek]as padanja", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"T", "[", "y_", "]"}], "=", 

   RowBox[{"Integrate", "[", 

    RowBox[{

     FractionBox["1", 

      RowBox[{"vy", "[", "y", "]"}]], ",", "y"}], "]"}]}], ";"}]], "Input"],



Cell["Za\[CHacek]etna hitrost", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"v0", "[", 

   RowBox[{"y_", ",", "x_"}], "]"}], ":=", 
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   RowBox[{"T", "[", "y", "]"}]]}]], "Input"],



Cell["\<\

\[CapitalCHacek]as, ki ga krogla porabi za dvigovanje\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Td", "[", "vy0_", "]"}], ":=", 

  FractionBox["vy0", "g"]}]], "Input"],



Cell["Pri tem se dvigne za:", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"yd", "[", "vy0_", "]"}], ":=", 

  RowBox[{

   FractionBox["1", "2"], "g", " ", 

   SuperscriptBox[

    RowBox[{"Td", "[", "vy0", "]"}], "2"]}]}]], "Input"],



Cell["Skupni \[CHacek]as padanja je:", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"TS", "[", 

   RowBox[{"vy0_", ",", "y_"}], "]"}], ":=", 

  RowBox[{

   RowBox[{"Td", "[", "vy0", "]"}], "+", 

   RowBox[{"T", "[", 

    RowBox[{"y", "+", 

     RowBox[{"yd", "[", "vy0", "]"}]}], "]"}]}]}]], "Input"],



Cell["Mesto padca:", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"xd", "[", 

   RowBox[{"vx0_", ",", "vy0_", ",", "y_"}], "]"}], ":=", 

  RowBox[{"vx0", " ", 

   RowBox[{"TS", "[", 

    RowBox[{"vy0", ",", "y"}], "]"}]}]}]], "Input"],
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Cell[BoxData[{

 RowBox[{"a", ":=", "0.2"}], "\[IndentingNewLine]", 

 RowBox[{"b", ":=", "0.2"}], "\[IndentingNewLine]", 

 RowBox[{"c", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"r", ":=", "0.015"}], "\[IndentingNewLine]", 

 RowBox[{"g", ":=", "9.81"}], "\[IndentingNewLine]", 

 RowBox[{"vy0", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"vx0", ":=", "1"}]}], "Input"]

}, Open  ]],
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Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"vy", "[", 

  RowBox[{"a", "+", "r"}], "]"}], "\[IndentingNewLine]", 

 RowBox[{"T", "[", 

  RowBox[{"a", "+", "r"}], "]"}], "\[IndentingNewLine]", 

 RowBox[{"v0", "[", 

  RowBox[{

   RowBox[{"a", "+", "r"}], ",", 

   RowBox[{"b", "+", "r"}]}], "]"}], "\[IndentingNewLine]", 

 RowBox[{"v0", "[", 

  RowBox[{

   RowBox[{"a", "+", "r"}], ",", 

   RowBox[{"b", "+", "c", "-", "r"}]}], "]"}]}], "Input"],



Cell[BoxData["2.053850043211529`"], "Output",

 CellChangeTimes->{3.3924416836587954`*^9}],



Cell[BoxData["0.2093628994099418`"], "Output",

 CellChangeTimes->{3.392441683708867*^9}],



Cell[BoxData["1.0269250216057646`"], "Output",

 CellChangeTimes->{3.392441683728896*^9}],



Cell[BoxData["1.3612727030588043`"], "Output",

 CellChangeTimes->{3.3924416837489247`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"Td", "[", "vy0", "]"}], "\[IndentingNewLine]", 

 RowBox[{"yd", "[", "vy0", "]"}], "\[IndentingNewLine]", 

 RowBox[{"TS", "[", 

  RowBox[{"vy0", ",", 

   RowBox[{"b", "+", "r"}]}], "]"}], "\[IndentingNewLine]", 

 RowBox[{"xd", "[", 

  RowBox[{"vx0", ",", "vy0", ",", 

   RowBox[{"b", "+", "r"}]}], "]"}]}], "Input"],



Cell[BoxData["0.010193679918450561`"], "Output",

 CellChangeTimes->{3.3924416837689533`*^9}],



Cell[BoxData["0.0005096839959225281`"], "Output",

 CellChangeTimes->{3.392441683778968*^9}],



Cell[BoxData["0.21980459270597036`"], "Output",

 CellChangeTimes->{3.3924416837889824`*^9}],



Cell[BoxData["0.21980459270597036`"], "Output",

 CellChangeTimes->{3.3924416838090115`*^9}]

}, Open  ]]

}, Open  ]]
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Naloga 1 (30 tock) Zadostuje
znanje: TT
Slika prikazuje tekoc¢i trak. Pralni stroj mase mo g¢ r,m Povprecen
in teziS€nega masnega vztrajnostnega momenta J < f %T a = 05m uspeh: 50%
je togo pritrjen na togo palico zanemarljive mase, Fo a b = 1Im
le-ta pa je pritrjena na kolo mase m; in polmera 7. mi = 10kg
Vrv je pripeta na razdalji a od vrtisca kolesa in se v
B . . me = 60kg
nekem trenutku napne ter zacne delovati na palico s b
silo F. Izracunajte pospesek tezis¢a pralnega stroja ro= 01m
v tem trenutku. Trenje in rotacijsko vztrajnost F = 400N
kolesa zanemarite. L@— J = 6kg m>
J,m,
Resitev
ar = 5,71m/s’
o = 1242rad/s’
Jr = 25,286kgm?
yr = 1,286m
ap = 3,05 m/s2
Postopek

Postavimo nepomicni koordinatni sistem na visino vrti§ca kolesa; x-os naj bo v smeri delovanja sile, y-os
pa naj bo navzdol, pozitivna rotacija je torej protiurna.

Pospesek teziica izracunamo iz II. Newtonovega zakona za translacijo (zunanja sila povzro¢i spremembo
gibalne koli¢ine):

F
ap = ———.
T mi + Mo
Tock: 10
Zunanji moment povzro¢i spremembo vrtilne koli¢ine in za izbrani koordinatni sistem zapiSemo:
—Fa=—-yr(mi+mz)ar+Jra
kjer je razdalja do tezisca:
_ 0my +ma(a+0b)
mi + mo
Tock: 5
in masni vztrajnostni moment sistema glede na teziste (zanemarimo rotacijsko vztrajnost kolesa):
Jp=J+mz(a+b—yr)®+miyi
Tock: 10

Pospesek pralnega stroja torej je:

ap =ar — (a+b—yr)a,
Tock: 5
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Naloga 2

Helikopter mase m se dviguje glede
na funkcijo y(¢), hkrati pa se po-
mika naprej glede na funkcijo x(¢).
Pri tem helikopter izvaja Se rotacijo
okrog navpi¢ne osi sourno s kotno
hitrostjo wy. Na hrbtu helikopterja
je vzdolzno namescéena turbina, ka-
tere vrte¢i del ima masni vztrajno-
stni moment J; in se vrti s kotno hi-
trostjo wy. Glavna elisa se vrti proti-
urno s hitrostjo we, krmilna elisa pa
6 krat hitreje.

Masni vztrajnostni moment celo-
tnega helikopterja okrog navpi¢ne osi
je Jn. Krak glavne elise je dolg 3
in tezak my, krak pomozne pa je
dolg I in tezak ms. Deviacijske ma-
sne vztrajnostne momente zanema-
rite.

Izra¢unajte kineticno energijo ob
casu tg.

Resitev
Ewni(to) = 37507]
Exn(to) = 252,662J
By = 123370J
Eyn = 676644J
Evw = 4265/45J
Ey = 808282J
Ji = T720kgm?
Jo = 0,1225kgm?
Postopek

Kinetiéna energija helikopterja je:

Ex = Exni(t) + Expr + Ex1 + Exo,

10

(35 toék) Zadostuje
znanje: TT

Povprecen
uspeh: 46%

t

2

1,5t

20kg

1kg

6 m

0,35m
2000 kg m?

0,1 kg m?

7 x 2mrad/s
0,1 x 27rad/s
250 x 27 rad/s
1s

Tock: 5

kjer je kineti¢na energija translacije (tezisca) helikopterja:

1
Exui(t) = 3 muv?(t),
kjer je:

vu(t) = Va2 (t) + 53 (1).

Kineti¢na energija rotacije helikopterja je:

1
Eyur = 3 (Jn — J1) wp.

Tock: 5

Tock: 5
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Kineti¢na energija turbine:

1
EkT = ijtwg.

Tock: 5
Kineti¢na energija glavne elise:
1 2
By = 3 J1 (—we +wn)”.
Tock: 5
Kineti¢na energija pomozne elise:
1 2
Ekg = 5 J2 (6we) .
Tock: 5
Za izra¢un potrebujemo Se masna vztrajnostna momenta elis:
1
Jl =3 g mq l%
1
Jo =3 3 M2 3.
Tock: 5
Kje so imeli studentje tezave?
Pri Ex vrtenja helikopterja je potrebno odsteti masni vztrajnostni moment glavne elise Jp, ker se ta mase
vrti z drugo absolutno hitrostjo. Pri Ey glavne elise je potrebno upostevati absolutno kotno hitrost.
Naloga 3 (35 to€k) Zadostuje
Na sliki je prikazana naprava za sortiranje Znanje:VTrk
leZa:jnih.krogc.el. wKak.éna je najmanjsa in M,7 ' ‘ b g¢ o = 20em E;’gg;?%e;%
kaksna je najvecja hitrost vy, da krogla - b — 20cm
pade v luknjo. Skicirani sta skrajni legi 1 a
in 2 ¢ = 10cm
: a
Recimo, da krogla zaradi napake v = 1lb5cm
proizvodnji poskakuje in zapusti tla z . 1 2 g = 98lm /s2
vertikalno hitrostjo vyo in s horizontalno - v — lm/s
hitrostjo vzo. Ali v tem primeru pade v c @0 =
luknjo? vyo = 0,1m/s
Resitev
vyla+7r) = 2,06m/s
T(a+r) = 0,209s
vola+rb+r) = 1,03m/s
vola+rb+c—r) = 1,36m/s
T, = 0,0102s
Ya = 0,510mm
T, = 0,2198s

g = 0,2198m
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Postopek

Iz spremembe potencialne energije v kineti¢no najprej pois¢emo navpicno hitrost krogle v odvisnosti od

globine padca:
1 2
mgy =5 muv,(y)

vy (Y) = V29Y.

Ker velja v, = dy/dt, z integriranjem (upostevajo¢ zacetne pogoje y(0s) = 0m, §(0s) = 0m/s) pridemo

do ¢asa padanja v odvisnosti od globine padca:

_ [ Ay _ 2y
T(y)_/vy(y) B g

Ker gibanje v horizontalni smeri ni pospeSeno, velja x = vy t in izpeljemo:

vo(y,x) = @

Potrebna zacetna hitrost za prvo lego je:

gb+r)?
b =/
vo(a+7b+) 2(a+r)
in za drugo lego:
gb+c—r)?
btc—p)=, |27
vola+rb+c—r) 2@t

12

Tock: 5

Tock: 5

Tock: 5

Tock: 5

Tock: 5

Pri krogli, ki poskakuje, moramo najprej ugotoviti koliko ¢asa se dviga in kako visoko se dvigne. Iz

ravnotezja sil m g = ma in integriranja enacbe dv/dt = a sledi:

Uyo
g

Tag=

7 nadaljnjim integriranjem pridemo do visine dviga:

1
Ya = §9T3~

Skupni cas padanja krogle je torej:
T =Tg+T(ya+b+r)

iz Cesar sledi novi domet krogle:
Tq = Vgo 1.

Glede na rezultat krogla pade v luknjo.

1.3 Datum: 28.8.2003

Tock: 5

Tock: 5

Povprecen uspeh 2 studentov: 40%

Fa
ol
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Cell[BoxData[
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Cell["Kineti\[CHacek]na energija sistema:", "Text"],



Cell[BoxData[
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Kjer je kineti\[CHacek]na energija mase m0\

\>", "Text"],
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 RowBox[{"Ek0", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m0", " ", 
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 RowBox[{

  RowBox[{"Ek1", "[", "t_", "]"}], ":=", 
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    SuperscriptBox[

     RowBox[{"v1", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{
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    SuperscriptBox[

     RowBox[{
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     RowBox[{"(", 

      RowBox[{

       FractionBox["l", "2"], 

       RowBox[{
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       RowBox[{"Sin", "[", 

        RowBox[{"\[CurlyPhi]", "[", "t", "]"}], "]"}]}], ")"}], 
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   FractionBox["9", "2"], ",", 

   RowBox[{"0.0001666666666666667`", "\[InvisibleSpace]", "+", 

    RowBox[{"0.05`", " ", 

     RowBox[{"(", 

      RowBox[{

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{"3", "+", 

          RowBox[{"0.1`", " ", 

           RowBox[{"Cos", "[", 

            RowBox[{"\[CurlyPhi]", "[", "1", "]"}], "]"}]}]}], ")"}], "2"], 

       "+", 

       RowBox[{"0.010000000000000002`", " ", 

        SuperscriptBox[

         RowBox[{"Sin", "[", 

          RowBox[{"\[CurlyPhi]", "[", "1", "]"}], "]"}], "2"]}]}], ")"}]}]}], 

   ",", 

   RowBox[{"4.500166666666667`", "\[InvisibleSpace]", "+", 

    RowBox[{"0.05`", " ", 

     RowBox[{"(", 

      RowBox[{

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{"3", "+", 

          RowBox[{"0.1`", " ", 

           RowBox[{"Cos", "[", 

            RowBox[{"\[CurlyPhi]", "[", "1", "]"}], "]"}]}]}], ")"}], "2"], 

       "+", 

       RowBox[{"0.010000000000000002`", " ", 

        SuperscriptBox[

         RowBox[{"Sin", "[", 

          RowBox[{"\[CurlyPhi]", "[", "1", "]"}], "]"}], "2"]}]}], 

      ")"}]}]}]}], "}"}]], "Output",

 CellChangeTimes->{3.3924783105478706`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Naloge se lotimo s pomo\[CHacek]jo polarnega koordinatnega sistema: {eR, e\

\[CurlyPhi]}\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"vn", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"r", "'"}], "[", "t", "]"}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"vt", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"r", "[", "t", "]"}], " ", 

   RowBox[{

    RowBox[{"\[CurlyPhi]", "'"}], "[", "t", 

    "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"an", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    RowBox[{"r", "''"}], "[", "t", "]"}], "-", 

   RowBox[{

    RowBox[{"r", "[", "t", "]"}], " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], 

     "2"]}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"at", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    RowBox[{"r", "[", "t", "]"}], " ", 

    RowBox[{

     RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}], "+", 

   RowBox[{"2", 

    RowBox[{

     RowBox[{"r", "'"}], "[", "t", "]"}], " ", 

    RowBox[{

     RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]}]}]}]}], "Input"],



Cell["Polmer se ne spreminja", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"r", "[", "t_", "]"}], ":=", "R"}]], "Input"],



Cell["Zasuk", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], ":=", 

  FractionBox[

   RowBox[{"s", "[", "t", "]"}], "R"]}]], "Input"],



Cell["Pomik vozila", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"s", "[", "t_", "]"}], ":=", 

  RowBox[{"Integrate", "[", 

   RowBox[{

    RowBox[{"v", "[", "t", "]"}], ",", "t"}], "]"}]}]], "Input"],



Cell["Sila trenja", "Text"],



Cell[BoxData[

 RowBox[{"Ftr", ":=", 

  RowBox[{"m", " ", "g", " ", "\[Mu]"}]}]], "Input"],



Cell["Pospe\[SHacek]ek tik pred zdrsom", "Text"],



Cell[BoxData[

 RowBox[{"az", ":=", 

  FractionBox["Ftr", "m"]}]], "Input"],



Cell["Poi\[SHacek]\[CHacek]emo \[CHacek]as zdrsa", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{"az", "\[Equal]", 

     SqrtBox[

      RowBox[{

       SuperscriptBox[

        RowBox[{"an", "[", "t", "]"}], "2"], "+", 

       SuperscriptBox[

        RowBox[{"at", "[", "t", "]"}], "2"]}]]}], ",", "t"}], 

   "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"InverseFunction", "::", "\<\"ifun\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Inverse functions are being used. Values may be lost for \

multivalued inverses. \\!\\(\\*ButtonBox[\\\"\[RightSkeleton]\\\", \

ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/InverseFunction/ifun\\\", ButtonNote -> \\\

\"InverseFunction::ifun\\\"]\\)\"\>"}]], "Message",

 CellChangeTimes->{3.392478318709606*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"InverseFunction", "::", "\<\"ifun\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Inverse functions are being used. Values may be lost for \

multivalued inverses. \\!\\(\\*ButtonBox[\\\"\[RightSkeleton]\\\", \

ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/InverseFunction/ifun\\\", ButtonNote -> \\\

\"InverseFunction::ifun\\\"]\\)\"\>"}]], "Message",

 CellChangeTimes->{3.3924783187596784`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"InverseFunction", "::", "\<\"ifun\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Inverse functions are being used. Values may be lost for \

multivalued inverses. \\!\\(\\*ButtonBox[\\\"\[RightSkeleton]\\\", \

ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/InverseFunction/ifun\\\", ButtonNote -> \\\

\"InverseFunction::ifun\\\"]\\)\"\>"}]], "Message",

 CellChangeTimes->{3.392478318779707*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"General", "::", "\<\"stop\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Further output of \\!\\(InverseFunction :: \\\"ifun\\\"\\) \

will be suppressed during this calculation. \\!\\(\\*ButtonBox[\\\"\

\[RightSkeleton]\\\", ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/General/stop\\\", ButtonNote -> \

\\\"General::stop\\\"]\\)\"\>"}]], "Message",

 CellChangeTimes->{3.392478319120197*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"Solve", "::", "\<\"tdep\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"The equations appear to involve the variables to be solved \

for in an essentially non-algebraic way. \\!\\(\\*ButtonBox[\\\"\

\[RightSkeleton]\\\", ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/Solve/tdep\\\", ButtonNote -> \

\\\"Solve::tdep\\\"]\\)\"\>"}]], "Message",

 CellChangeTimes->{3.3924783194106145`*^9}],



Cell[BoxData[

 RowBox[{"Solve", "[", 

  RowBox[{

   RowBox[{

    RowBox[{"g", " ", "\[Mu]"}], "\[Equal]", 

    SqrtBox[

     RowBox[{

      FractionBox[

       SuperscriptBox[

        RowBox[{"v", "[", "t", "]"}], "4"], 

       SuperscriptBox["R", "2"]], "+", 

      SuperscriptBox[

       RowBox[{

        SuperscriptBox["v", "\[Prime]",

         MultilineFunction->None], "[", "t", "]"}], "2"]}]]}], ",", "t"}], 

  "]"}]], "Output",

 CellChangeTimes->{3.392478319450672*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[

 RowBox[{

  RowBox[{"v", "[", "t_", "]"}], ":=", 

  RowBox[{"c", " ", "t"}]}]], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"s", "[", "t", "]"}]], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"c", " ", 

   SuperscriptBox["t", "2"]}], "2"]], "Output",

 CellChangeTimes->{3.3924783196910176`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"vn", "[", "t", "]"}], "\[IndentingNewLine]", 

 RowBox[{"vt", "[", "t", "]"}], "\[IndentingNewLine]", 

 RowBox[{"an", "[", "t", "]"}], "\[IndentingNewLine]", 

 RowBox[{"at", "[", "t", "]"}]}], "Input"],



Cell[BoxData["0"], "Output",

 CellChangeTimes->{3.392478319711046*^9}],



Cell[BoxData[

 RowBox[{"c", " ", "t"}]], "Output",

 CellChangeTimes->{3.39247831974109*^9}],



Cell[BoxData[

 RowBox[{"-", 

  FractionBox[

   RowBox[{

    SuperscriptBox["c", "2"], " ", 

    SuperscriptBox["t", "2"]}], "R"]}]], "Output",

 CellChangeTimes->{3.3924783197711325`*^9}],



Cell[BoxData["c"], "Output",

 CellChangeTimes->{3.392478319781147*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData["sol"], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{

          RowBox[{

           RowBox[{"-", 

            SuperscriptBox["c", "2"]}], " ", 

           SuperscriptBox["R", "2"]}], "+", 

          RowBox[{

           SuperscriptBox["g", "2"], " ", 

           SuperscriptBox["R", "2"], " ", 

           SuperscriptBox["\[Mu]", "2"]}]}], ")"}], 

        RowBox[{"1", "/", "4"}]], "c"]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       RowBox[{"\[ImaginaryI]", " ", 

        SuperscriptBox[

         RowBox[{"(", 

          RowBox[{

           RowBox[{

            RowBox[{"-", 

             SuperscriptBox["c", "2"]}], " ", 

            SuperscriptBox["R", "2"]}], "+", 

           RowBox[{

            SuperscriptBox["g", "2"], " ", 

            SuperscriptBox["R", "2"], " ", 

            SuperscriptBox["\[Mu]", "2"]}]}], ")"}], 

         RowBox[{"1", "/", "4"}]]}], "c"]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", 

     FractionBox[

      RowBox[{"\[ImaginaryI]", " ", 

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{

          RowBox[{

           RowBox[{"-", 

            SuperscriptBox["c", "2"]}], " ", 

           SuperscriptBox["R", "2"]}], "+", 

          RowBox[{

           SuperscriptBox["g", "2"], " ", 

           SuperscriptBox["R", "2"], " ", 

           SuperscriptBox["\[Mu]", "2"]}]}], ")"}], 

        RowBox[{"1", "/", "4"}]]}], "c"]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", 

     FractionBox[

      SuperscriptBox[

       RowBox[{"(", 

        RowBox[{

         RowBox[{

          RowBox[{"-", 

           SuperscriptBox["c", "2"]}], " ", 

          SuperscriptBox["R", "2"]}], "+", 

         RowBox[{

          SuperscriptBox["g", "2"], " ", 

          SuperscriptBox["R", "2"], " ", 

          SuperscriptBox["\[Mu]", "2"]}]}], ")"}], 

       RowBox[{"1", "/", "4"}]], "c"]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.3924783199614067`*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"m", ":=", "75"}], "\[IndentingNewLine]", 

 RowBox[{"R", ":=", "30"}], "\[IndentingNewLine]", 

 RowBox[{"c", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"g", ":=", "9.81"}], "\[IndentingNewLine]", 

 RowBox[{"\[Mu]", ":=", "0.8"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", "sol", "]"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", 

     RowBox[{"-", "15.281389442971367`"}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", 

     RowBox[{"0.`", "\[InvisibleSpace]", "-", 

      RowBox[{"15.281389442971367`", " ", "\[ImaginaryI]"}]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", 

     RowBox[{"0.`", "\[InvisibleSpace]", "+", 

      RowBox[{"15.281389442971367`", " ", "\[ImaginaryI]"}]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"t", "\[Rule]", "15.281389442971367`"}], "}"}]}], "}"}]], "Output",\



 CellChangeTimes->{3.392478320001464*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Ohranjanje vrtilne koli\[CHacek]ine", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"sol", ":=", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{"L0", "\[Equal]", "L1"}], ",", "\[Omega]"}], "]"}]}], 

  ";"}]], "Input"],



Cell["Vrtilna koli\[CHacek]ina pred trkom", "Text"],



Cell[BoxData[

 RowBox[{"L0", ":=", 

  RowBox[{"m", " ", "v", " ", 

   FractionBox["b", "2"]}]}]], "Input"],



Cell["Vrtilna koli\[CHacek]ina po trku", "Text"],



Cell[BoxData[

 RowBox[{"L1", ":=", 

  RowBox[{"JA", " ", "\[Omega]"}]}]], "Input"],



Cell["Masni vztrajnostni moment mase", "Text"],



Cell[BoxData[

 RowBox[{"JA", ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "12"], "m", 

    RowBox[{"(", 

     RowBox[{

      SuperscriptBox["a", "2"], "+", 

      SuperscriptBox["b", "2"]}], ")"}]}], "+", 

   RowBox[{"m", " ", 

    RowBox[{"(", 

     RowBox[{

      SuperscriptBox[

       RowBox[{"(", 

        FractionBox["a", "2"], ")"}], "2"], "+", 

      SuperscriptBox[

       RowBox[{"(", 

        FractionBox["b", "2"], ")"}], "2"]}], ")"}]}]}]}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"\[Omega]", "=", 

  RowBox[{

   RowBox[{"ReplaceAll", "[", 

    RowBox[{"\[Omega]", ",", "sol"}], "]"}], "\[LeftDoubleBracket]", "1", 

   "\[RightDoubleBracket]"}]}]], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"3", " ", "b", " ", "v"}], 

  RowBox[{"2", " ", 

   RowBox[{"(", 

    RowBox[{

     SuperscriptBox["a", "2"], "+", 

     SuperscriptBox["b", "2"]}], ")"}]}]]], "Output",

 CellChangeTimes->{3.3924783314278946`*^9}]

}, Open  ]],



Cell["Enakost energij", "Text"],



Cell[BoxData[

 RowBox[{"sol2", ":=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{"Ep", "\[Equal]", "Ek"}], ",", "v"}], "]"}]}]], "Input"],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{"Ep", ":=", 

  RowBox[{"m", " ", "g", " ", 

   RowBox[{"(", 

    RowBox[{

     FractionBox[

      SqrtBox[

       RowBox[{

        SuperscriptBox["a", "2"], "+", 

        SuperscriptBox["b", "2"]}]], "2"], "-", 

     FractionBox["b", "2"]}], ")"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{"Ek", ":=", 

  RowBox[{

   FractionBox["1", "2"], "JA", " ", 

   SuperscriptBox["\[Omega]", "2"]}]}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData["sol2"], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"v", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       RowBox[{"2", " ", 

        SqrtBox[

         RowBox[{

          RowBox[{

           RowBox[{"-", "b"}], " ", "g"}], "+", 

          RowBox[{

           SqrtBox[

            RowBox[{

             SuperscriptBox["a", "2"], "+", 

             SuperscriptBox["b", "2"]}]], " ", "g"}]}]]}], 

       RowBox[{

        SqrtBox["3"], " ", 

        SqrtBox[

         RowBox[{

          FractionBox[

           RowBox[{

            SuperscriptBox["a", "2"], " ", 

            SuperscriptBox["b", "2"]}], 

           SuperscriptBox[

            RowBox[{"(", 

             RowBox[{

              SuperscriptBox["a", "2"], "+", 

              SuperscriptBox["b", "2"]}], ")"}], "2"]], "+", 

          FractionBox[

           SuperscriptBox["b", "4"], 

           SuperscriptBox[

            RowBox[{"(", 

             RowBox[{

              SuperscriptBox["a", "2"], "+", 

              SuperscriptBox["b", "2"]}], ")"}], "2"]]}]]}]]}]}], "}"}], ",", 

   

   RowBox[{"{", 

    RowBox[{"v", "\[Rule]", 

     FractionBox[

      RowBox[{"2", " ", 

       SqrtBox[

        RowBox[{

         RowBox[{

          RowBox[{"-", "b"}], " ", "g"}], "+", 

         RowBox[{

          SqrtBox[

           RowBox[{

            SuperscriptBox["a", "2"], "+", 

            SuperscriptBox["b", "2"]}]], " ", "g"}]}]]}], 

      RowBox[{

       SqrtBox["3"], " ", 

       SqrtBox[

        RowBox[{

         FractionBox[

          RowBox[{

           SuperscriptBox["a", "2"], " ", 

           SuperscriptBox["b", "2"]}], 

          SuperscriptBox[

           RowBox[{"(", 

            RowBox[{

             SuperscriptBox["a", "2"], "+", 

             SuperscriptBox["b", "2"]}], ")"}], "2"]], "+", 

         FractionBox[

          SuperscriptBox["b", "4"], 

          SuperscriptBox[

           RowBox[{"(", 

            RowBox[{

             SuperscriptBox["a", "2"], "+", 

             SuperscriptBox["b", "2"]}], ")"}], "2"]]}]]}]]}], "}"}]}], 

  "}"}]], "Output",

 CellChangeTimes->{3.392478331518024*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"FullSimplify", "[", 

  FractionBox[

   RowBox[{"2", " ", 

    SqrtBox[

     RowBox[{

      RowBox[{

       RowBox[{"-", "b"}], " ", "g"}], "+", 

      RowBox[{

       SqrtBox[

        RowBox[{

         SuperscriptBox["a", "2"], "+", 

         SuperscriptBox["b", "2"]}]], " ", "g"}]}]]}], 

   RowBox[{

    SqrtBox["3"], " ", 

    SqrtBox[

     RowBox[{

      FractionBox[

       RowBox[{

        SuperscriptBox["a", "2"], " ", 

        SuperscriptBox["b", "2"]}], 

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{

          SuperscriptBox["a", "2"], "+", 

          SuperscriptBox["b", "2"]}], ")"}], "2"]], "+", 

      FractionBox[

       SuperscriptBox["b", "4"], 

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{

          SuperscriptBox["a", "2"], "+", 

          SuperscriptBox["b", "2"]}], ")"}], "2"]]}]]}]], "]"}]], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"2", " ", 

   SqrtBox[

    RowBox[{

     RowBox[{"(", 

      RowBox[{

       RowBox[{"-", "b"}], "+", 

       SqrtBox[

        RowBox[{

         SuperscriptBox["a", "2"], "+", 

         SuperscriptBox["b", "2"]}]]}], ")"}], " ", "g"}]]}], 

  RowBox[{

   SqrtBox["3"], " ", 

   SqrtBox[

    FractionBox[

     SuperscriptBox["b", "2"], 

     RowBox[{

      SuperscriptBox["a", "2"], "+", 

      SuperscriptBox["b", "2"]}]]]}]]], "Output",

 CellChangeTimes->{3.392478333250515*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"a", "=", 

   RowBox[{"10", "/", "1000"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"b", "=", 

   RowBox[{"2.5", "/", "1000"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"m", "=", 

   RowBox[{"0.5", "/", "1000"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"g", "=", "9.81"}], ";"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData["sol2"], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"v", "\[Rule]", 

     RowBox[{"-", "1.3176245357767353`"}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"v", "\[Rule]", "1.3176245357767353`"}], "}"}]}], "}"}]], "Output",\



 CellChangeTimes->{3.392478333340645*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]]

},

WindowToolbars->{"RulerBar", "EditBar"},

WindowSize->{971, 681},

WindowMargins->{{0, Automatic}, {Automatic, 0}},

Magnification->1.25,

FrontEndVersion->"6.0 for Microsoft Windows (32-bit) (April 28, 2007)",

StyleDefinitions->FrontEnd`FileName[{"Creative"}, "NaturalColor.nb", 

  CharacterEncoding -> "WindowsEastEurope"]

]

(* End of Notebook Content *)
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Cell[7964, 303, 48, 0, 34, "Text"],

Cell[8015, 305, 74, 2, 63, "Input"],

Cell[8092, 309, 58, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[8175, 313, 314, 11, 63, "Input"],

Cell[8492, 326, 456, 9, 50, "Message"],

Cell[8951, 337, 458, 9, 50, "Message"],

Cell[9412, 348, 456, 9, 50, "Message"],

Cell[9871, 359, 456, 9, 27, "Message"],

Cell[10330, 370, 449, 9, 50, "Message"],

Cell[10782, 381, 476, 16, 78, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[11295, 402, 27, 0, 43, "Subtitle"],

Cell[11325, 404, 102, 3, 48, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[11464, 412, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[11518, 416, 54, 1, 48, "Input"],

Cell[11575, 419, 140, 4, 67, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[11752, 428, 225, 4, 115, "Input"],

Cell[11980, 434, 70, 1, 48, "Output"],

Cell[12053, 437, 91, 2, 48, "Output"],

Cell[12147, 441, 186, 6, 67, "Output"],

Cell[12336, 449, 70, 1, 48, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[12443, 455, 29, 0, 48, "Input"],

Cell[12475, 457, 2120, 67, 111, "Output"]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[14644, 530, 27, 0, 43, "Subtitle"],

Cell[14674, 532, 267, 5, 137, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[14978, 542, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[15032, 546, 56, 1, 48, "Input"],

Cell[15091, 549, 626, 17, 48, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[15778, 573, 25, 0, 90, "Title"],

Cell[15806, 575, 74, 1, 48, "Input"],

Cell[15883, 578, 51, 0, 34, "Text"],

Cell[15937, 580, 173, 6, 48, "Input"],

Cell[16113, 588, 51, 0, 34, "Text"],

Cell[16167, 590, 106, 3, 64, "Input"],

Cell[16276, 595, 48, 0, 34, "Text"],

Cell[16327, 597, 82, 2, 48, "Input"],

Cell[16412, 601, 46, 0, 34, "Text"],

Cell[16461, 603, 470, 17, 67, "Input"],

Cell[CellGroupData[{

Cell[16956, 624, 199, 5, 48, "Input"],

Cell[17158, 631, 251, 8, 68, "Output"]

}, Open  ]],

Cell[17424, 642, 31, 0, 34, "Text"],

Cell[17458, 644, 143, 4, 48, "Input"],

Cell[17604, 650, 36, 0, 34, "Text"],

Cell[17643, 652, 285, 10, 79, "Input"],

Cell[17931, 664, 42, 0, 34, "Text"],

Cell[17976, 666, 134, 4, 64, "Input"],

Cell[CellGroupData[{

Cell[18135, 674, 30, 0, 48, "Input"],

Cell[18168, 676, 2108, 72, 110, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[20313, 753, 884, 32, 111, "Input"],

Cell[21200, 787, 516, 20, 128, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[21753, 812, 27, 0, 43, "Subtitle"],

Cell[21783, 814, 362, 11, 115, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[22182, 830, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[22236, 834, 30, 0, 48, "Input"],

Cell[22269, 836, 284, 9, 48, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]]

}

]

*)



(* End of internal cache information *)





Pripeta datoteka z rešitvijo v Mathematici


POGLAVJE 1. KOLOKVIJ 1 13

Naloga 1 (30 toék) Zadostuje
o znanje: TT
/ v g _ Masa mg drsi brez trenja po podlagi Povprecen
. mog = 1k 0 .
/ . l 0 _ 0 1gk s konstantno hitrostjo v. Palica mase uspeh: 50%
’%I mp = ULKS my in dolZine [ se vrti okoli tocke A
A é 7‘/"‘ v = 3m/s s konstantno kotno hitrostjo w = ¢.
m, : I = 0,1lm Izra¢unajte kineti¢no energijo sistema
0(0s) = Orad ob éa§u te. Ali se mehanska energija
ohranja?
w = lrad/s
te = 1s
Resitev
Ji = 83333-10 kg m®
p(ls) = 2rad
Evyw = 45J
Eyi(ls) = 0,4382]
E(ls) = 4.93827J
Postopek

Kineti¢na energija sistema je sestavljena iz kineticne energije drsece mase in kineti¢ne energije relativno
na maso vrtece se palice:

Ey(t) = Exo + B (t)

Podana je kinematika palice in mase; mehanska energija se spreminja. Kineti¢na energija drsece mase:  Tock: 5

1
EkO = 5 mo U2.
Tock: 5
Palica ima translatorno in rotacijsko kineti¢no energijo:
1 9 1.
Ekl(t) = 5 miy Uy (t) + 5 Jl (p(t).
Tock: 5
Absolutna hitrost gibanja tezisca palice je:
l ol 2
vi(t) = (v t3 &(t) cos ga(t)) + (2 (t) sin cp(t)) .
Tock: 5
Potrebujemo Se masni vztrajnostni moment palice okoli tezisca:
1
Jl = E ma 12.
Tock: 2.5
Kineti¢na energija sistema torej je:
1 5 1 . 14 .2
Ex(t) = = (mg+mq) v° + = Imyvp(t) cosp(t) + = 17 mq o(t)
2 2 6 Tosk:
ock: 5
Potrebujemo Se zvezo med zasukom palice in ¢asom. Ker je hitrost vrtenja konstantna, sledi:
t) =wt
#lt) Tock: 2.5

Kje so imeli studentje tezave?

Napaéno so izracunali kineti¢no energijo po formuli: Ey = % (mo +my)v? + % (% my 1%) w?.

Pravilno izracunamo kineti¢no energijo sistema togih teles tako, da seStejemo kineti¢no energijo posa-
meznih teles. Kinetitna energija posameznega telesa: %mvf + %Jt w?; vse glede na tezisée in vedno
absolutne vrednosti hitrosti!
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Naloga 2

Vozilo se pelje v krogu s polmerom R. Hitrost vozila definira funkcija v(¢). Pois¢ite izraz za normalno in

14

(35 toék) Zadostuje
znanje: MT

tangencialno komponento hitrosti ter pospeska. Izracunajte cas t,, ko pralni stroj mase m, ki se nahaja Egggge?ﬁ%
v tovornem prostoru, zdrsne. Koeficient trenja med pralnim strojem in tlemi je p. Vozilo zacnemo spre-
mljati pri ¢asu t = 0, ko je ¢(0s) = Orad. Nasvet: uporabite polarne koordinate.
og () o(t) = c-t
\ 2
¢c = 1lm/s . 47 47
€ = i cos sin
R = 30m R oo tp+ i v
€, = —Usin cos
m = T5ke ¢ STy cosy
9 T o= Tr-é
g = 98lm/s
n = 0.8
Resitev
1
t) = —ct?
s(t) 5¢
vy(t) = Om/s
w(t) = ct
242
ct
an(t) = ——F-
a(t) = ¢
a, = jg
t, = 15,28s
Postopek
7 odvajanjem krajevnega vektorja 7 po ¢asu dobimo vektor hitrosti (é’r = ey, é';, =—pé&):
3(t) = #(t) & + (1) $(1) €,
Razberemo normalno in tangencialno hitrost vozila:
on(t) = 7(t)
v (t) = r(t) $(t)
Tock: 5
7 nadaljnjim odvajanjem pridemo do izraza za pospesek:
a(t) = (#(t) = r(t) 9(t)?) & + (r(t) §(t) +27(t) @(1)) &,
an(t) = 7 (t) — r(t) p(t)?
ay(t) = r(t) 4(t) + 27(t) (1)
Tock: 5
Povezemo podatek za pot vozila s kotom ¢(t):
s(t)
W="r
Tock: 5

Pomik vozila v odvisnosti od ¢asa s(t) dobimo z integriranjem izraza za hitrost:

s@zlvww




POGLAVJE 1. KOLOKVIJ 1 15
Tock: 5
Najvegjo silo trenja definira teza pralnega stroja:
Fo=umag.
Tock: 5
Pospesek tik preden pralni stroj zdrsne s sedeza dobimo iz II. Newtonovega zakona (> F = ma):
Ftr
a, = — = pg.
m
Tock: 5
Pospesek tik pred zdrsom je sestavljen iz normalnega in tangencialnega pospeska:
a, = v an(t)? + ac(t)?.
1z zgornje enacbe sledi cas zdrsa:
1
(R2 (*02+92M2))4
t, =
c
Tock: 5
Naloga 3 (35 tock) Zadostuje
Zaposleni ste v podjetju, ki izdeluje elektromotorje. Da bi lahko ob uveljavljanju garancije preverili, ali Zname'vTT
‘e bil elekt tor i tavli liki d i&liat snih tehniénih resitvah Povprecen
je bil elektromotor izpostavljen prevelikim udarcem, razmisljate o moznih tehni¢nih resitvah. uspeh: 36%
v Na misel vam pride na sliki prikazana ideja:
v zaprtem ohiSju se nahaja kvader mase m,
10 mm masnega vztrajnostnega momenta okoli tezisca
g = 2,5mm J; in preénega preseka a x b. Kvader se lahko
= 05¢g prosto vrti okoli levega spodnjega roba (tocka
9.81m /s2 A). Zanima vas, pri kaksni hitrosti trka v ob
i steno se bo masa prevrnila iz polozaja 1 v
= E(GQ + b%) polozaj 2. Ohigje se po trku ne odbije.
Resitev
v = 1,31762m/s
Postopek
Med trkom se ohranja vrtilna koli¢ina:
Lo = Ly.
Tock: 5
Tik pred trkom je vrtilna koli¢ina okoli vrtis¢a (gledano v absolutnih koordinatah):
b
Lo =mv 5
Tock: 5

Tik po trku je vrtilna koli¢ina okoli iste tocke:

L1 = JAw,

Tock: 5
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kjer je Jp masni vztrajnostni moment okoli tocke A:

w57+ (5) )

Tock: 2.5
Sedaj lahko izpeljemo kotno hitrost vrtenja w takoj po trku:
_ 3bv
~ 2(a2 + b2)
Tock: 2.5
Da se mase zvrne, mora rotacijska kineti¢na energija biti vsaj enaka potencialni energiji najvecjega dviga
teziS€a mase:
E, = Ex
Kjer je:
B Va2 +b b
P 2 2
Tock: 5
in
1
By = 5Ja w?.
Tock: 5
Konéno izpeljemo izraz za hitrost:
2V var+b?>-b\/g
v =
V3. e
Tock: 5

Kje so imeli studentje tezave?
Napacno so predpostavili, da se med trkom ohranja mehanska energija. Pravilno bi bilo, da se ohranja
vrtilna koli¢ina!

1.4 Datum: 23.12.2004

Povprecen uspeh 119 studentov: 52% v
E 3
o

Naloga 1 (35 toék) Zadostuje

V ljubljanskem BTC-ju je v decembru gosto- zmanje: TT

val zabaviséni park, ki je med drugim predsta- Esgge%?%
my 5m vljal napravo FEclipse (na sliki). Drog dolzine [
my = m in mase my se vrti okoli nepomicne osi A. Na
m = 1000kg koncu droga je privarjena konstrukcija s sedezi
mase my. Ce je drog pri kotu ¢ = Orad mi-
M = 100kNm roval in nanj deluje motor s konstantnim mo-
Bclipsg Il = 22m mentom M, potem izracunajte pospesek na
g = 9.81 m/52 maso mg v najnizji tocki. Maso mo aproksi-
- mirajte z masno tocko.

Namig: uporabite II. Newtonov zakon.
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    "1.6816182000385513`"}], ",", "1.2906666666666667`*^6", ",", 

   "62.23582180131746`"}], "}"}]], "Output",

 CellChangeTimes->{3.39252469387988*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Sprememba mehanske energije je enaka vlo\:017eenemu delu\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"eq", ":=", 

   RowBox[{

    RowBox[{"W12", "[", "t", "]"}], "\[Equal]", 

    RowBox[{"A12", "[", "t", "]"}]}]}], ";"}]], "Input"],



Cell["Mehanska energija in delo sta definirana kot", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"W12", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "+", 

   RowBox[{"Ep", "[", "t", "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"A12", "[", "t_", "]"}], ":=", 

  RowBox[{"F", " ", 

   RowBox[{"xA", "[", "t", "]"}]}]}]}], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"EkA", "[", "t", "]"}], "+", 

   RowBox[{"EkB", "[", "t", "]"}], "+", 

   RowBox[{"EkC", "[", "t", "]"}]}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"EkA", "[", "t_", "]"}], ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox[

    RowBox[{

     RowBox[{"xA", "'"}], "[", "t", "]"}], "2"]}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"EkB", "[", "t_", "]"}], ":=", 

  RowBox[{

   FractionBox["1", "2"], "JB", " ", 

   SuperscriptBox[

    RowBox[{

     RowBox[{"\[CurlyPhi]B", "'"}], "[", "t", "]"}], "2"]}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"EkC", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], 

    RowBox[{"(", 

     RowBox[{"2", "m"}], ")"}], 

    SuperscriptBox[

     RowBox[{

      RowBox[{"xC", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "JC", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]C", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"EpA", "[", "t", "]"}], "+", 

   RowBox[{"EpC", "[", "t", "]"}]}]}]], "Input"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"EpA", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"-", "m"}], " ", "g", " ", 

   RowBox[{"xA", "[", "t", "]"}], 

   RowBox[{"Sin", "[", "\[Alpha]", "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"EpC", "[", "t_", "]"}], ":=", 

  RowBox[{"2", "m", " ", "g", " ", 

   RowBox[{"xC", "[", "t", "]"}]}]}]}], "Input"],



Cell["Povezave med koordinatami", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"\[CurlyPhi]B", "[", "t_", "]"}], ":=", 

  FractionBox[

   RowBox[{"xA", "[", "t", "]"}], "r"]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]C", "[", "t_", "]"}], ":=", 

  FractionBox[

   RowBox[{"xA", "[", "t", "]"}], 

   RowBox[{"4", "r"}]]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"xC", "[", "t_", "]"}], ":=", 

  RowBox[{"2", "r", " ", 

   RowBox[{"\[CurlyPhi]C", "[", "t", "]"}]}]}]}], "Input"],



Cell["Masni vztrajnostni momenti", "Text"],



Cell[BoxData[{

 RowBox[{"JB", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox["r", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"JC", ":=", 

  RowBox[{

   FractionBox["1", "2"], 

   RowBox[{"(", 

    RowBox[{"2", "m"}], ")"}], 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{"2", "r"}], ")"}], "2"]}]}]}], "Input"],



Cell["Ravnote\:017eje energij torej je", "Text"],



Cell[CellGroupData[{



Cell[BoxData["eq"], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"g", " ", "m", " ", 

    RowBox[{"xA", "[", "t", "]"}]}], "-", 

   RowBox[{"g", " ", "m", " ", 

    RowBox[{"Sin", "[", "\[Alpha]", "]"}], " ", 

    RowBox[{"xA", "[", "t", "]"}]}], "+", 

   RowBox[{

    FractionBox["9", "8"], " ", "m", " ", 

    SuperscriptBox[

     RowBox[{

      SuperscriptBox["xA", "\[Prime]",

       MultilineFunction->None], "[", "t", "]"}], "2"]}]}], "\[Equal]", 

  RowBox[{"F", " ", 

   RowBox[{"xA", "[", "t", "]"}]}]}]], "Output",

 CellChangeTimes->{3.3925246972447186`*^9}]

}, Open  ]],



Cell["\<\

Z odvajanjem in izpostavitvijo dobimo pospe\[SHacek]ek\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"pos", "=", "\[IndentingNewLine]", 

  RowBox[{"Solve", "[", "\[IndentingNewLine]", 

   RowBox[{

    RowBox[{

     RowBox[{"D", "[", 

      RowBox[{"eq", ",", "t"}], "]"}], "/.", 

     RowBox[{

      RowBox[{

       RowBox[{"xA", "'"}], "[", "t", "]"}], "\[Rule]", "1"}]}], ",", 

    "\[IndentingNewLine]", 

    RowBox[{

     RowBox[{"xA", "''"}], "[", "t", "]"}]}], "\[IndentingNewLine]", 

   "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{

    RowBox[{

     SuperscriptBox["xA", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}], "\[Rule]", 

    FractionBox[

     RowBox[{"4", " ", 

      RowBox[{"(", 

       RowBox[{"F", "-", 

        RowBox[{"g", " ", "m"}], "+", 

        RowBox[{"g", " ", "m", " ", 

         RowBox[{"Sin", "[", "\[Alpha]", "]"}]}]}], ")"}]}], 

     RowBox[{"9", " ", "m"}]]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3925246972747617`*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Za dinami\[CHacek]ne sile na le\:017eaj A nastavimo\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"eq1", "=", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{"-", "Jx2z2"}], " ", 

      RowBox[{

       RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}], "+", 

     RowBox[{"Jy2z2", " ", 

      SuperscriptBox[

       RowBox[{

        RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}]}], "\[Equal]", 

    RowBox[{"Ay", " ", "4", "a"}]}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"eq2", "=", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{"-", "Jy2z2"}], " ", 

      RowBox[{

       RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}], "-", 

     RowBox[{"Jx2z2", " ", 

      SuperscriptBox[

       RowBox[{

        RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}]}], "\[Equal]", 

    RowBox[{

     RowBox[{"-", "Ax"}], " ", "4", "a"}]}]}], ";"}]}], "Input"],



Cell["Izra\[CHacek]unati moramo mvm:", "Text"],



Cell[BoxData[{

 RowBox[{"Jx2z2", ":=", 

  RowBox[{"JxTzT", "+", 

   RowBox[{"4", "m", " ", 

    RowBox[{"(", 

     RowBox[{"a", " ", "a"}], ")"}]}]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jy2z2", ":=", 

  RowBox[{"JyTzT", "+", 

   RowBox[{"4", "m", " ", 

    RowBox[{"(", 

     RowBox[{"0", " ", "a"}], ")"}]}]}]}]}], "Input"],



Cell["\<\

Izra\[CHacek]unamo \[SHacek]e mvm za te\:017ei\[SHacek]\[CHacek]e pritrjenega \

telesa\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"eqJ1", "=", 

   RowBox[{"Jxz", "\[Equal]", 

    RowBox[{"JxTzT", "+", 

     RowBox[{"4", "m", 

      RowBox[{"(", 

       RowBox[{"-", "a"}], ")"}], 

      RowBox[{"(", "a", ")"}]}]}]}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"eqJ2", "=", 

   RowBox[{"Jyz", "\[Equal]", 

    RowBox[{"JyTzT", "+", 

     RowBox[{"4", "m", 

      RowBox[{"(", "0", ")"}], 

      RowBox[{"(", "a", ")"}]}]}]}]}], ";"}]}], "Input"],



Cell["Mvm za ks 2 torej je", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"sol1", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{"eqJ1", ",", "JxTzT"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"sol2", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{"eqJ2", ",", "JyTzT"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"JxTzT", "\[Rule]", 

    RowBox[{"Jxz", "+", 

     RowBox[{"4", " ", 

      SuperscriptBox["a", "2"], " ", "m"}]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.392524702792696*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"JyTzT", "\[Rule]", "Jyz"}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3925247028027105`*^9}]

}, Open  ]],



Cell[BoxData[{

 RowBox[{

  RowBox[{"Jx2z2", "=", 

   RowBox[{"ReplaceAll", "[", 

    RowBox[{"Jx2z2", ",", 

     RowBox[{"sol1", "[", 

      RowBox[{"[", 

       RowBox[{"1", ",", "1"}], "]"}], "]"}]}], "]"}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"Jy2z2", "=", 

   RowBox[{"ReplaceAll", "[", 

    RowBox[{"Jy2z2", ",", 

     RowBox[{"sol2", "[", 

      RowBox[{"[", 

       RowBox[{"1", ",", "1"}], "]"}], "]"}]}], "]"}]}], ";"}]}], "Input"],



Cell["Izrazimo torej silo na le\:017eaj A", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"Solve", "[", 

  RowBox[{"eq1", ",", "Ay"}], "]"}], "\[IndentingNewLine]", 

 RowBox[{"Solve", "[", 

  RowBox[{"eq2", ",", "Ax"}], "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"Ay", "\[Rule]", 

    FractionBox[

     RowBox[{

      RowBox[{"Jyz", " ", 

       SuperscriptBox[

        RowBox[{

         SuperscriptBox["\[CurlyPhi]", "\[Prime]",

          MultilineFunction->None], "[", "t", "]"}], "2"]}], "-", 

      RowBox[{"Jxz", " ", 

       RowBox[{

        SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

         MultilineFunction->None], "[", "t", "]"}]}], "-", 

      RowBox[{"8", " ", 

       SuperscriptBox["a", "2"], " ", "m", " ", 

       RowBox[{

        SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

         MultilineFunction->None], "[", "t", "]"}]}]}], 

     RowBox[{"4", " ", "a"}]]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3925247028327537`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"Ax", "\[Rule]", 

    FractionBox[

     RowBox[{

      RowBox[{"Jxz", " ", 

       SuperscriptBox[

        RowBox[{

         SuperscriptBox["\[CurlyPhi]", "\[Prime]",

          MultilineFunction->None], "[", "t", "]"}], "2"]}], "+", 

      RowBox[{"8", " ", 

       SuperscriptBox["a", "2"], " ", "m", " ", 

       SuperscriptBox[

        RowBox[{

         SuperscriptBox["\[CurlyPhi]", "\[Prime]",

          MultilineFunction->None], "[", "t", "]"}], "2"]}], "+", 

      RowBox[{"Jyz", " ", 

       RowBox[{

        SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

         MultilineFunction->None], "[", "t", "]"}]}]}], 

     RowBox[{"4", " ", "a"}]]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3925247028427677`*^9}]

}, Open  ]],



Cell["Z uporabo ostalih podatkov", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], ":=", 

  RowBox[{"k", " ", 

   SuperscriptBox["t", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jxx", ":=", 

  RowBox[{"2", "m", " ", 

   SuperscriptBox["a", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jyy", ":=", 

  RowBox[{"4", "m", " ", 

   SuperscriptBox["a", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jzz", ":=", 

  RowBox[{"6", "m", " ", 

   SuperscriptBox["a", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jxy", ":=", 

  RowBox[{

   RowBox[{"-", "m"}], " ", 

   SuperscriptBox["a", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jxz", ":=", 

  RowBox[{"2", "m", " ", 

   SuperscriptBox["a", "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"Jyz", ":=", 

  RowBox[{"m", " ", 

   SuperscriptBox["a", "2"]}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"Solve", "[", 

    RowBox[{"eq1", ",", "Ay"}], "]"}], ",", 

   RowBox[{"Solve", "[", 

    RowBox[{"eq2", ",", "Ax"}], "]"}]}], "}"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"{", 

     RowBox[{"Ay", "\[Rule]", 

      RowBox[{

       RowBox[{

        RowBox[{"-", "5"}], " ", "a", " ", "k", " ", "m"}], "+", 

       RowBox[{"a", " ", 

        SuperscriptBox["k", "2"], " ", "m", " ", 

        SuperscriptBox["t", "2"]}]}]}], "}"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"{", 

     RowBox[{"Ax", "\[Rule]", 

      RowBox[{

       FractionBox["1", "2"], " ", 

       RowBox[{"(", 

        RowBox[{

         RowBox[{"a", " ", "k", " ", "m"}], "+", 

         RowBox[{"20", " ", "a", " ", 

          SuperscriptBox["k", "2"], " ", "m", " ", 

          SuperscriptBox["t", "2"]}]}], ")"}]}]}], "}"}], "}"}]}], 

  "}"}]], "Output",

 CellChangeTimes->{3.3925247028728113`*^9}]

}, Open  ]]

}, Open  ]]

},

WindowToolbars->{"RulerBar", "EditBar"},

WindowSize->{968, 681},

WindowMargins->{{0, Automatic}, {Automatic, 0}},

Magnification->1.25,

FrontEndVersion->"6.0 for Microsoft Windows (32-bit) (April 28, 2007)",

StyleDefinitions->FrontEnd`FileName[{"Creative"}, "NaturalColor.nb", 

  CharacterEncoding -> "WindowsEastEurope"]

]

(* End of Notebook Content *)



(* Internal cache information *)

(*CellTagsOutline

CellTagsIndex->{}

*)

(*CellTagsIndex

CellTagsIndex->{}

*)

(*NotebookFileOutline

Notebook[{

Cell[CellGroupData[{

Cell[590, 23, 138, 3, 90, "Title"],

Cell[731, 28, 257, 3, 36, "Subsubtitle"]

}, Open  ]],

Cell[CellGroupData[{

Cell[1025, 36, 25, 0, 90, "Title"],

Cell[1053, 38, 74, 1, 48, "Input"],

Cell[1130, 41, 65, 0, 34, "Text"],

Cell[1198, 43, 150, 5, 60, "Input"],

Cell[1351, 50, 66, 0, 34, "Text"],

Cell[1420, 52, 332, 11, 73, "Input"],

Cell[1755, 65, 148, 3, 34, "Text"],

Cell[CellGroupData[{

Cell[1928, 72, 457, 13, 64, "Input"],

Cell[2388, 87, 537, 14, 64, "Output"]

}, Open  ]],

Cell[2940, 104, 108, 3, 34, "Text"],

Cell[3051, 109, 477, 16, 112, "Input"],

Cell[3531, 127, 74, 2, 34, "Text"],

Cell[CellGroupData[{

Cell[3630, 133, 304, 9, 48, "Input"],

Cell[3937, 144, 527, 15, 67, "Output"]

}, Open  ]],

Cell[4479, 162, 224, 5, 34, "Text"],

Cell[CellGroupData[{

Cell[4728, 171, 1024, 29, 109, "Input"],

Cell[5755, 202, 589, 17, 65, "Output"]

}, Open  ]],

Cell[6359, 222, 44, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[6428, 226, 262, 8, 48, "Input"],

Cell[6693, 236, 643, 19, 83, "Output"]

}, Open  ]],

Cell[7351, 258, 79, 2, 34, "Text"],

Cell[CellGroupData[{

Cell[7455, 264, 526, 12, 181, "Input"],

Cell[7984, 278, 473, 16, 77, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[8494, 299, 27, 0, 43, "Subtitle"],

Cell[8524, 301, 217, 4, 115, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[8778, 310, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[8832, 314, 323, 9, 71, "Input"],

Cell[9158, 325, 501, 14, 51, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[9720, 346, 25, 0, 90, "Title"],

Cell[9748, 348, 74, 1, 48, "Input"],

Cell[9825, 351, 80, 2, 34, "Text"],

Cell[9908, 355, 164, 5, 48, "Input"],

Cell[10075, 362, 60, 0, 34, "Text"],

Cell[10138, 364, 301, 9, 71, "Input"],

Cell[10442, 375, 42, 0, 34, "Text"],

Cell[10487, 377, 206, 6, 48, "Input"],

Cell[10696, 385, 208, 7, 64, "Input"],

Cell[10907, 394, 219, 7, 64, "Input"],

Cell[11129, 403, 420, 15, 64, "Input"],

Cell[11552, 420, 36, 0, 34, "Text"],

Cell[11591, 422, 165, 5, 48, "Input"],

Cell[11759, 429, 358, 10, 71, "Input"],

Cell[12120, 441, 41, 0, 34, "Text"],

Cell[12164, 443, 453, 13, 126, "Input"],

Cell[12620, 458, 42, 0, 34, "Text"],

Cell[12665, 460, 340, 12, 102, "Input"],

Cell[13008, 474, 48, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[13081, 478, 28, 0, 48, "Input"],

Cell[13112, 480, 548, 16, 64, "Output"]

}, Open  ]],

Cell[13675, 499, 78, 2, 34, "Text"],

Cell[CellGroupData[{

Cell[13778, 505, 434, 13, 137, "Input"],

Cell[14215, 520, 503, 15, 66, "Output"]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[14767, 541, 25, 0, 90, "Title"],

Cell[14795, 543, 74, 1, 48, "Input"],

Cell[14872, 546, 75, 2, 34, "Text"],

Cell[14950, 550, 822, 27, 73, "Input"],

Cell[15775, 579, 46, 0, 34, "Text"],

Cell[15824, 581, 325, 10, 71, "Input"],

Cell[16152, 593, 110, 3, 34, "Text"],

Cell[16265, 598, 460, 15, 71, "Input"],

Cell[16728, 615, 36, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[16789, 619, 233, 6, 71, "Input"],

Cell[17025, 627, 240, 7, 51, "Output"],

Cell[17268, 636, 153, 4, 48, "Output"]

}, Open  ]],

Cell[17436, 643, 460, 15, 71, "Input"],

Cell[17899, 660, 51, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[17975, 664, 171, 4, 71, "Input"],

Cell[18149, 670, 757, 21, 68, "Output"],

Cell[18909, 693, 781, 22, 68, "Output"]

}, Open  ]],

Cell[19705, 718, 42, 0, 34, "Text"],

Cell[19750, 720, 784, 23, 183, "Input"],

Cell[CellGroupData[{

Cell[20559, 747, 194, 6, 48, "Input"],

Cell[20756, 755, 766, 24, 64, "Output"]

}, Open  ]]

}, Open  ]]

}

]

*)



(* End of internal cache information *)
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Resitev
¢ = 0,0775rad/s’
¢ = 1,6816rad/s
Jo = 1290667kgm?
a = 62,236m/s
Postopek

Uporabili bomo polarni koordinatni sistem; pospesek na masno tocko je:

— /a2 2
a = /a7 +ag,

Tock: 5
kjer je v splosnem a, = #—r $? in a, = r $+27 ¢ in v naSem primeru ob konstantnem polmeru krozenja
velja:
ay = —1p? a, =1¢.
Tock: 5
Za izracun pospeska nam manjkata kotni pospeSek in kotna hitrost; pomagamo si z II. Newtonovim
zakonom za rotacijo okrog nepomicne osi Y M = Ja ¢
1 . . .
M + imlgl sinp +ma gl sing = Ja @,
Tock: 5
kjer je izraz za masni vztrajnostni moment okoli vrtisca:
2
1 1 812m
Ja = —=mil? =1 I? = .
A (12m1 +ma (2>>+m2 3
Tock: 5
Kotni pospesek torej je:
. 6M+21lgmsing
B 1612 m '
Rabimo Se kotno hitrost pri najnizji tocki; najprej je potrebno izraz preoblikovati tako, da bomo po
. - : ot kot: Lo — de de _ o de.
integriranju dobili zvezo kotna hitrost—kot: Tz —do dt — Pd,"
/ e 7/6M+2llgmsincpd
vy = 1612m
Tock: 5
Ob upostevanju zacetnih pogojev (pri ¢ = Orad je ¢ = Orad/s) izpeljemo:
P = 6 M¢p—21lgm(cosp—1)
812m '
Tock: 5
Pospesek torej je:
9 M? 3(14lgm+2Mm)\> 3\/M2+(14lgm+2M7r)2
a = = -
6412 m? 8Ilm 8 2m?
Tock: 5

Kje so imeli studentje tezave?
INiso narisali skice z momenti na os A in so se zato pogosto zmotili.
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Naloga 2 (35 tock) Zadostuje
znanje: TT
Izracunajte pospesek telesa A v odvisnosti od Povprecen
sile I, e sistem v zadetku miruje. Razmigljate, "SPeM 43%
da morate najprej dolociti gibalno enacbo,
razmisljate o energijah. ..
Telesi B in C sta valja, trenje pa na klancu
je zanemarljivo majhno. Podani podatki so:
F,m,r g, a.
Resitev
. _ 4(F+gm(sina—1))
rA = .
9m
Postopek
Sistem ima eno prostostno stopnjo in ker nas naloga sprasuje po pospesku telesa A, bomo vse spremen-
ljivke zapisali s koordinato x5 (kolinearno z naklonom klanca; navzdol).
Nalogo resimo s pomocjo energij: vlozeno delo je enako spremembi mehanske energije:
Eia = Aja,
kjer je:
By = Ec+ E, A =Fza.
Tock: 5
Kineti¢na energija je:
Ey = Exa + Exp + Exc,
1
Eya == meA,
2
1 .
Exp = 3 JB 9B,
1 . 1 .
Exc = By (2m) ¢ + 3 Je 9.
Tock: 10
Masni vztrajnostni momenti so:
1 1
ngimrz (10:5(2771)(27")2
Tock: 5

in manjkajoce povezave med koordinatami (slika :

TA
¥B = y
T
TA
c=—
¥ a7’

TA
To=21r9c = 5
Tock: 5




POGLAVJE 1. KOLOKVIJ 1 19

Slika 1.3: Prikaz profilov hitrosti za pola hitrosti valja B in C.

Manjkajo Se potencialne energija:

Ep = EpA + EpCa

Eoa = —mgza sina E,c=2mgzc
Tock: 5
Izpeljemo torej ravnotezje energij:
9 5 .
g M +gmaxpy —gmap sina = Fap
in nato z odvajanjem po casu:
gmia —gmia sina+ L MEaTA = Fip.
Ker zgornji izraz velja ob poljubnem casu (hitrosti), velja:
. 4(F+gm(sina—1))
A — .
9m
Tock: 5
Kje so imeli studentje tezave?
Z dolocitvijo kotne hitrosti valja C. Telo C izvaja splosno ravninsko gibanje (translacija in rotacija)!
[Kljub navodilu so nekateri resevali po Newtonu; ker je potrebno obravnavati vsako telo posebej je tak
pristop zamuden!
Naloga 3 (30 tock) Zadostuje

e s . . . .. .. e . .. znanje: Bal
Na sliki je prikazan rotor z gredjo mase 6 m in dolzino 6 a; na zunanji strani lezaja B je na dolzino P ) .
ovprecen

gredi 2 a pritrjeno telo mase 4 m. Za pritrjeno telo ste v Ansysu izra¢unali masne vztrajnostne momente uspeh: 60%
za koordinatni sistem zyz v tocki J: Jog, Jyy, Jazy Jrys a2y Jyz-

Pritrjeno telo ima tezis¢e v tocki T in je pritrjeno na gred, kakor je prikazano na sliki.

Izracunajte dinamicne sile na lezaj A pri poljubnem ¢asu ¢, ¢e vrtenje gredi popisuje funkcija ¢(t).

Velikost lezajev zanemarite. Parametra a in m sta znana.
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2

Jez = 2ma
Jyy = 4m a*
J.. = 6ma>
Joy = —1ma®
Jer = 2ma’®
a Jy.: = ma?
2
. p(t) = kt
)
Resitev
1 2,42
Ay, = 5(20&](: mt* +akm)
Ay, = ak’>mt’* —5akm
Postopek

Za sile na lezaj A moramo zapisati ravnotezje momentov za lezaj B (koordinatni sistem zoys22):

ZMM = —Jayz P+ Jyoz 9272,

ZM'!JQ = _Jﬂﬁzzz Qb2 - Jy2z2 b,

kjer je vsota vseh momentov na os x3 0z. ys:

> M, =4aA, > M, =-4aA,,

Tock: 5

V zgornjem izrazu nam za izracun sil manjkajo masni vztrajnostni momenti:

Jra2s :/ w3 29dm = (0+4m(0) (=2a))+  (0+2m(0) (+a))  + (Jayzr +4m(a)(a)),

Gred med lezaji. Gred na zun. str. lez. B. Pritrjena masa.

Jagzy = Jppzr + 4ma?

Tock: 5

V zgornjem izrazu smo masni vztrajnostni moment za posamezno telo vedno zapisali v obliki: tezisce +
Steinerjev stavek.
Podobno velja za Jy,.,:

Jyszs = / yaz2dm = (0+4m(0) (=2a)) + (0 +2m (0) (+a)) + (Jyzzr +4m(0) (@) = Jypzr-

Tock: 5

Tezis¢ne masne vztrajnostne momente pritrjenega telesa dolo¢imo s pomocjo znanih za koordinatni sistem
Tyz:

oz = Jppon + (—a) (@) dm = Jppor = Joz +4ma?,

Tock: 5
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Jye = Ty + O @AM = Ty = Ty

Tock: 5
Za izracun sil potrebujemo Se kotno hitrost in kotni pospesek:
p=2kt p=2k.
1 2,42 2,42
Am1:§(20ak mt* +akm) Ay, =ak*mt* —5akm
Tock: 5
Kje so imeli studentje tezave?
Stainerjev stavek velja za teziSte: Ce premikamo masni vztrajnostni moment iz tocke J v tocko K, ga
moramo najprej premakniti v tezis¢e T in nato v tocko K!
Najlazje se je postaviti v lezaj B in izracunati dinamicne sile na lezaj A. Bolj zamudna metoda je, da
majprej izracunamo sile na lezaj B in nato s pomocjo ekscentri¢nosti sile na lezaj A. Nekateri so imeli
tezave z doloCevanjem predznaka: > My, > M,.
1.5 Datum: 14.12.2007
Povprecen uspeh 204 studentov: 46% ¥
e~
Naloga 1 (50 tock) Zadostuje
Kolesar mase 2m se s kolesom mase m pri hitrost vg zaleti v mirujo¢i avtomobil mase 10m, sl. (a). Kolo, ;nanje'vMT
ovprecen

kolesarja in avtomobil obravnavamo kot masno tocko, vse izgube pri trku(ih) pa zanemarimo. Pri trku uspeh: 52%
kolesarja v avto se kolo takoj sprime z avtomobilom, kolesar pa po veckratnih trkih z avtomobilom v

nekem trenutku prileti v steno za avtomobilom, kjer ima horizontalno hitrost vy in vertikalno hitrost

enako ni¢. TeziSce kolesarja je v tem trenutku na enaki visini kot tik pred trkom, sistem kolo-avtomobil

pa ima v tistem trenutku horizontalno hitrost vy, sl. (b). Izracunajte najprej hitrost kolesarja vy ter

hitrost avtomobila s kolesom, v1. V nadaljevanju naloge (ko poznate vs) dolocite, kaksen konstanten

pojemek a dozivi glava kolesarja, ko le-ta tréi v steno pri vo — ob koncu deformacije ¢elade, d, se kolesar

(in s tem glava kolesarja) ustavi, sl. (c). Med trkom v steno se kolesar vertikalno ne giblje.

Podatki: vg, m, d

v, v=0
Uy _— <
éé‘ 1
h :
SRRV ACOACOATSRAUSACUAS COACO AT AT ACOATOATOACU A 4
(a) (b) ¢ ()
Resitev
v = 0,051 Vo
Vg = 1,219 Vo
2
)
= 0,074 2
a , pi
Postopek

Tockovanje (50%): uporaba zakona o gibalni koli¢ini 10%, uporaba zakona o ohranitvi mehanske energije
10%, uporaba obeh zakonov za izracun vy in vy 10%, izbira in pravilni zapis ustreznega pristopa za
doloécitev pospeska 10%, dokonéna dolo¢itev pospeska 10%.
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Cell[5712, 195, 48, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[5785, 199, 28, 0, 48, "Input"],

Cell[5816, 201, 1037, 25, 64, "Output"]

}, Open  ]],

Cell[6868, 229, 78, 2, 34, "Text"],

Cell[CellGroupData[{

Cell[6971, 235, 573, 15, 137, "Input"],

Cell[7547, 252, 820, 19, 66, "Output"]

}, Open  ]],

Cell[8382, 274, 239, 5, 34, "Text"],

Cell[8624, 281, 394, 10, 48, "Input"],

Cell[9021, 293, 186, 4, 34, "Text"],

Cell[9210, 299, 358, 9, 52, "Input"],

Cell[9571, 310, 157, 3, 34, "Text"],

Cell[9731, 315, 853, 24, 64, "Input"],

Cell[CellGroupData[{

Cell[10609, 343, 187, 3, 48, "Input"],

Cell[10799, 348, 571, 15, 64, "Output"]

}, Open  ]]

}, Open  ]]

}

]

*)



(* End of internal cache information *)
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Naloga 2 (50 tock)
Dinamski sistem na sliki sestavljajo tri toga telesa. Med telesom A
in podlago nagiba « je koeficient trenja p. Valj B ima polmer 7 in
maso m. Na valj C, ki se kotali po podlagi ter ima polmer 1,57 in
maso m, deluje konstantna sila F.

Dolocite a) stevilo prostostnih stopenj, b) odvisnosti med koordi-
natami, ki popisujejo gibanje teles (za, zc, ¢B, @c), ¢) kinetitno
energijo sistema, d) potencialno energijo sistema, e) delo zunanjih
nekonservativnih sil in izracunajte f) kotni pospesek telesa B ¢p in
g) hitrosti ¢p v odvisnosti od kota pp. Potem zapisite Se vrtilno
koli¢ino sistema glede na vrtisce valja B h) kot funkcijo kota ¢g.
Sistem je v zacetku miroval.

Podani podatki so: F,m,r, g, a, p.

Resitev
TA = T¢B
1
Yc = 3@B
B 3 1
rc = s "PC=T5T¥B
15 .
by = 1—6m7‘2cp%
1
E, = Epo+§gmrsino¢<p]3
1
A = §Fr<pB—gmrucosach
4
¢B = (F —2mgp cosa+mg sina)
15mr
g = H
4
H = (F—2mgpu cosa+mg sina)
15mr
¢ = 2V Hes
13
L = —mr*\/epH
4
Postopek

a)
Sistem ima eno prostostno stopnjo in ker nas naloga zanima pospesek telesa B, bomo vse spremenljivke
zapisali s koordinato ¢p.

Zadostuje
znanje: TT

Povprecen
uspeh: 41%

Tock: 5

b)
Povezave med koordinatami telesa A in B sta o¢itni in enostavno, povezavo med telesoma B in C dolo¢imo

da je hitrost tezis¢a 3/2r oc = —i¢. Po drugi strani je obodna hitrost valja C glede na pol enaka hitrost
obodni hitrosti valja A: 3r ¢c = r$p. Izpeljemo torej lahko:

TA =TPB,
1
Yc = §<)0B7
31
rc = 27‘@0— QTQDB.

Tock: 5
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c)

Kineti¢na energija sistema je:
Ex = Exa + By + Exc,

1
Eya = 5 mij,

1 .
Exgp = 3 Js &%,

1 . 1 .
Eyc = 5mx%+§,]c<p%.

7 upostevanje masnih vztrajnostnih momentov Jg = %mrQ in Jo = %m (3/27)? in povezav med koor-
dinatami, izpeljemo:

15 .
Ekzﬁmﬂ(p%. .
ock: 10

)

Potencialna energija:
Ep = EpA + Epc =+ Epo,
Eoa =mgza sino E,c =mguzc sina,

kjer je Epo neka zaCetna potencialna energija. Tock: 5

/)

Delo zunanjih nekonservativnih sil:

A=—-mgpcosaxy — Fag
Tock: 5

9)

Do kotnega pospeska pridemo tako, da izpeljemo gibalno enac¢bo. Gibalno ena¢bo izpeljemo s pomocjo
energij: vlozeno delo je enako mehanski energiji:

A= Ey,
kjer je:

E, = E+ E,.
Tock: 5

7 odvajanjem izraza A = E,, po ¢asu izpeljemo gibalno enacbo:
SbB = H7

kjer je konstanta H:

4
H =

= Tmr (F—2mgucosa+mgsina).

Tock: 5
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9)

Da dobimo funkcijo kotne hitrosti ¢ od kota ¢p, je potrebno odvod dstB preoblikovati v: dstB =

dep dstB in z integriranjem izpeljemo:

dipB
¥ =2/ H pp.

Tock: 5

h)
Vrtilna koli¢ina glede na vrtisée valja B (pozitivno smer definira koordinata ¢p; definicija vrtilne koli¢ine
L =TT X MvT +JT(p)

1
L=r(mza)+ Js¥B + gT(m¢C) + Jc .
Tock: 5

Kje so imeli studentje tezave?

Tezave s sledenjem navodilom. Pravilno je prostostne stopnje in ne prostorske stopnje. Nekateri so kotni
pospesek ¢p iskali s pomocjo II. Newtonovega zakona, kar je bistveno prevec zapleten postopek. Vrtilna
koli¢ina sistema je vsota posameznih vrtilnih koli¢in.

1.6 Datum: 29.11.2010

Naloga 1 (35 t()ék) Zadostuje
Mehanizem z dvema kroglama, vsaka masa m, se prosto vrti okoli #%&
navpicne osi s hitrostjo n. Z delovanjem konstantne sile F' se zacetni nje: SMT
kot ¢ spremeni na kot ;. Opomba: pri spodnjih izracunih predpo-

stavite, da je masa rok in drsnikov zanemarljiva.

Podatki: m= 4kg, n= 20min~!, p= 85°, ;= 60°, g= 9,81 m/s?,

a= 0,15m, [= 0,2m

Dolocite/izracunagte:

1. Stevilo prostostnih stopenj sistema?
2. Spremembo visine krogel Ah zaradi spremembe kota ¢?

3. Polmer krozenja pred (r) in po (1) spremembi kota ¢.

4. Dolocite kotno hitrost wq krogel v novi legi mehanizma.
5. Izracunajte spremembo kineti¢ne energije Fy krogel.
6. Izracunajte spremembo potencialne energije F;, krogel.
7. Izracunajte delo W sile F'.
Resitev
1. 2
2. Ah = 0,0702m
3. r =0,445m, r; =0,496 m
4. wy = 1,682rad/s
5. Ex =-0,683J
6. B, =5,512J
7. W =4,829]

Postopek
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Naloga 2 (30 tock) Zadostuje

znanje: Bal

Na sliki je prikazan sistem, ki je sestavljen iz tanke
kovinske plosce velikosti b x b in debeline t. Na spo-
dnjem desnem robu je privarjena palica dolzine a in
mase m. Izracunajte masni vztrajnostni moment ce-
lotnega sistema okoli osi OM, ¢e je masa plosce enaka
2m.

Podatki: b=0,8m,a = 0,3m, m = 1kg.

Namig: Masne vztrajnostne momente izracunajte
glede na oznaceni koordinatni sistem

Resitev
Jomy = =0,17kgm?

Postopek

Masni vztrajnostni moment okoli osi OM izra¢unamo z enacbo:
Jap = Jo Ao+ JyAL + T2 = 200y A dy — 2002 A0 X — 20 A A

Prvo je potrebno izra¢unati vse masne vztrajnotne momente glede na izbrani koordinatni sistem. Koor-
dinatni sistem izberemo, tako da koordinatno izhodisce lezi na osi OM. V nasem primeru smo izhodisce
koordinatnega sistema postavili v tocko O.

1 9 b 2 b 2 2 2
JIZEQm(Qb)—f— 5] T3 2m+m2b° =2,13kgm

1 b\’ 1
Jy = —2mb® + <> 2m+ —ma® + b*m = 1,09 kgm?

12 2 3
J —i2mb2—|— 9 22m—|—ima2+ b2—|—(g>2 m = 1.09 kem?
* T 12 2 12 2 = UORE

Tay = gbm = 0,12 kgm?

Jpz = =(=b)m = —0,12 kgm?

e

b b
Jy: = 3 (—2) 2m + b(—b)ym = —0,96 kgm?

. Sedaj je potrebno se dolo¢iti vektor usmerjenosti A, ki ga dolo¢imo na osnovi krajvnega vektorja roas

a

YoM =TM —TO = b
—b

Sedaj lahko izra¢unamo enotski vektor A

a

b
A, 5 0.256
A=Ay | = _ = 0.683
A, a? 4+ b* + (=b) —0.683

Sedaj lahko izra¢unamo masni vztrajnostni moment okoli osi OM, ki je enak:

Jom = 0,17kgm2
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Naloga 3 (35 tock) Zadostuje
znanje: TT
Drsnik zanemarljive mase se giblje po podlagi brez trenja
s slede¢im funkcijskim predpisom Zp = A cos(y). Na dr-
g snik je vrtljivo vpeta palica dolzine 2L in mase m. Dolocite

: Stevilo prostostnih stopenj sistema ter tip gibanja (rotacij-
sko, translatorno, splosno).
f Dolocite tudi gibalno enacbo (zakon gibanja) sistema.
m,2L/, oo
Podatki: ip = A cos(yp), m L.
Resitev
3 1 2
b = 17 <A +CZS( v _ g sm(go))
Postopek

Gibalno enacbo bomo zapisali z uporabo drugega Newtonovega zakona:

ma:ZFi,
i

Jrg=> M,
i
V prvem koraku zapiSemo koordinate teziSca palice in izra¢unamo hitrost ter popesek tezisca palice:

S RETE A BRSSP

o _Jip+L sin(y) 2 — Lcos(p) ¢
T L cos(p)¢* + Lsin(p) ¢ [~

ZapiSsemo drugi Newtonov zakon za smer x, y in ¢. Pri tem je potrebno v formulacijo vkljuciti tudi
notranje sile v spoju med palico in drsnikom:

(Zp + L sin(yp) c,bQ — Lcos(p) p)m = Ny,

(L cos(p) 9* + Lsin(p) ¢)m = N, —myg,
Jr ¢ = —N, L sin(¢) + N, L cos(yp).

1z zgornjih dveh enacb izrazimo sile v podporah in jih vstavimo v enacbo za rotacijo okoli tezis¢a:
Jrg=mL(—L$+ip cos(p) — g sin(p)).

Enacbo uredimo in upostevamo izraz za & p pri ¢emer dobimo gibalno enac¢bo sistema:

3

. 3 1+ cos(2¢)
= — A _
YT uL <

(A cos?(p) cosp — g sin(p)) = — 2

s o)
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1.7 Datum: 7.12.2011

Naloga 1

27

(35 tock)

Raziskujete nove pristope k procesu stancanja. Na sliki je prikazan rezilni noz mase my, ki se s hitrostjo
v1 priblizuje plo¢evini debeline a. Rezilni noz zaradi velike vztrajnosti prereze ploc¢evino in ima po rezanju
hitrost k x v1. Med procesom rezanja izmerite na ploc¢evini silo pol-sinusne oblike, amplitude Fj.

Podatki: a=5-10"*m, m;=200kg, v1= 0.2m/s, k= 0.9, v3= 1m/s.
Doloéite /izracunagte:
F(z) 1. Aliv sila na noz povzroc¢i spremembo gibalne koli¢ine
noza?
T &W U}* E, 2. Ali se mehanska energija sistema spremeni?
- 3. Izracunajte zacetno gibalno koli¢ino noza.
ﬁJ 4. Izracunajte spremembo gibalne koli¢ine noza.
x 0! a T 5. Izracunajte amplitudo sile Fj.
& Q‘« 6. Predpostavite nespremenjeni potek sile F(z) in

C
KR;Q_}—R/Q,m

|-
<

Naloga 3

izracunajte maso noza, da je hitrost pred rezanjem
v in po rezanju k X vs.

(30 tock)

Na sliki je prikazan sistem stirih valjev, pri ¢emer
je na valj A navita vrv. Na prosti konec vrvi de-
luje konstantna sila F. Ce sistem spustimo iz stanja
mirovanja, doloc¢ite kotno hitrost in kotni pospesek
valja C v trenutku, ko sila F' opravi pot L. Predpo-
stavite, da valji ne podrsavajo.
Podatki: R = 02m, m =
F=1kN L =5m.

1kg, g = 9,81111/527

(35 toek)
Slika prikazuje rotor, ki je sestavljen iz gredi in dveh
cetrtink valja (pritrjeni na skrajnih koncih gredi).
Zaradi konstantnega momenta M se rotor zacne vr-

teti. Dolocite velikost amplitud dinamiénih sil v
lezaju A po 2s obratovanja. Dolzino lezajev za-
nemarite.
Podatki:

m=1kg, R=0,3m,a=0,2m, M = 10Nm, t = 2s.

Zadostuje
znanje: MT

Zadostuje
znanje: TT

Zadostuje
znanje: Bal



Poglavje 2

Kolokvij 2

Obravnavana tematika:

e trk togih teles (Trk),

e analititna statika (AS)*,

e analiti¢na dinamika (AD)*.

e lastna nihanja (LN),

e lastna dusena nihanja (LDN),

e vsiljena nihanja (VN),

e prenosnost vibroizolacije (PV),

e pasivna vibroizolacija (PaV),

e merilniki vibracij (MV),

e lastna nihanja sistemov z veé¢ prostostnimi stopnjami (LSVP),

e vsiljena nihanja sistemov z ve¢ prostostnimi stopnjami (VVPS).

* Po Bolonski prenovi je analiticna mehanika obravnavana v okviru predmeta Visja dinamika; naloge, ki
obravnavajo izklju¢no analiticno mehaniko pri predmetu DTT ne obravnavamo; naloge iz AM se ponavadi
lahko resijo s pomocjo energijskih zakonov v okviru klasi¢cne mehanike. Naloge iz nihanj, pri katerih je
uporabljena analiticna mehanika resite s pomocjo klasi¢ne mehanike.

2.1 Datum: 28.3.2002

Naloga 1 (30 tock)

9
Kroglo A mase m zakotalimo s hitrostjo

vg v smeri drugih krogel. Dolocite hitrost A B C D m = 0,2kg
krogle D po trkih. Vse krogle imajo enako v, vg = 1lm/s
maso. e = 03
Resitev

vg = 0,65m/s

vg = 0,4225m/s

vy = 0,2746m/s

28

Povprecen
uspeh: PV%
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Postopek

29

Najprej se zgodi trk med kroglama A in B, hitrosti krogel A in B po trku sta:

m 1 1
vg:vA—(vA—vB)(l—l—e)—:UA—ivA(l—l—&):ivA(l—e),

2m

1
11{3:vB+(vA—vB)(1+6)%:5%(14—5).

Trku med kroglama A in B sledi trk med kroglama B in C, hitrosti krogel po trku sta:

m 1
'Ug:Uﬁ*(vﬁ*UC)@*g)%:5743(1*5%
! / m ]‘ !
vc:vc—i—(vB—vc)(l—&—s)%zivB(l—i—e).

Nadaljujemo z izracunom trka med kroglama C in D:

m 1
Ug:Ué—(UIC—UD)(l‘f‘E)%2596(1—5%
! ! m 1 !
UD:vD—i—(vC—vD)(l—l—e)%zivc(l—l—e)

Hitrost krogle D po trkih torej je:

Resitev

Fo = 41,034m/s?
S — 47.638N

(35 tock)
Na valj A polmera r in mase m deluje
konstanten moment M. Preko vrvi in
kolesa B zanemarljive mase poganja valj
C polmera r in 2r in mase m. Na sredisce
valja C pa je pripeto breme D mase m, ki
drsi po klancu nagiba «. Valj C se kotali
brez podrsavanja.  Dolocite pospesek
sredisca valja C in silo v vrvi med valjem
C in bremenom D, ¢e je sistem v zacetku
miroval. Uporabite D’Alambertov prin-
cip analiti¢ne dinamike.

m = 1lkg r = 10cm
Jo = m-r?> M = 10Nm
uw = 02 a = 30°

Zadostuje
znanje: AD
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Postopek

Sistem je nekonservativen in ima eno prostostno stopnjo (P=1), izberemo eno posploseno koordinato
(N=1): ¢1 = z¢. Ker se valj kotali brez podrsavanja, je zasuk valja C (¢¢) enoli¢no odvisen od pomika
valja x¢:

_ *c
e = o

Velja zp = z¢. Iz geometrije sistema lahko zapiSsemo odvisnost med zasukoma valja A in C:

3330
roa=371vc — ‘PA:3<PC:§7'

Uporabimo D’Alambertov princip in zapiSemo ravnotezno enacbo gibanja:
(£ = mifi) o7 =o.
i=1
Index i nam predstavlja telesa A, B, C, D, kjer kolo B izpustimo, saj ni zunanjih sil, ki bi opravljale

virtualno delo in tudi ni vztrajnostne mase. Telo A opravlja samo rotacijsko gibanje, telo C rotacijsko in
translatorno, telo D pa samo translatorno gibanje. Sledi:

(M — Jx$a)dpa + (—mg sina — mic)dze + (—Jc $cdpc) + (—mg sina — Fyy — mip) dap = 0.

Izraz preoblikujemo:

27
57—mg(2 sina + cosa)—gmitc dxc =0

Ker virtualni pomik dz¢ ni enak nic, sledi:

27 . (2 sinat )
— MIrg=—-———"m S & COS ().
g MTCT 9, g H

Pospesek valja C je torej:
. 8 .
fo==-———g(2sina+ u cosa).

Za izracun sile v vrvi nastavimo ravnotezje sil za telo C:
mic=.5—mgsina—mgpucosa,

sledi, da je sila v vrvi:

S=m [fc+g(sina+ pcosa)l.



POGLAVJE 2. KOLOKVIJ 2 31

Naloga 3 (35 tock)
% IEN
Telo mase my drsi po podlagi brez tre- —17
n.J:a. Nanj je.s tankim drogom zanemar- L 7 m; = 10kg
ljive mase pripeto breme mase mo, ki jo A _ sk
vzbujamo z momentom M (t). Dolocite gi- 4 M2 = &
balni enacbi sistema. Uporabite Lagran- < k= 100kN/m
geve enacbe II. vrste. ) L = 1m
m,

Resitev

T (m1+m2)§§+m2l(¢cosg0—<p2 sing) = —ka

Y mol@+moli cosp=M—moglsing
Postopek

Sistem je nekonservativen in ima dve prostostni stopnji (P = 2). Izberemo dve (N = 2) posploseni
koordinati: ¢; = x,q2 = .

Gibalni ena¢bi bomo dolocili s pomoé¢jo Lagrangeve enacbe 2. Vrsteﬂ

d 0Ex  0Ex
dt 8qj 6(]]‘

:Qj; j:17,N

Masa m; opravlja samo translatorno gibanje, masa ms pa translatorno in rotacijsko; ker pa obravnavamo
maso mo kot masno tocko, je kineticna energija rotacije enaka ni¢. Za doloCitev kineti¢ne energije mase
ms bomo potrebovali njeno absolutno hitrost, zato dolo¢imo najprej njen krajevni vektor:

L [ x+lsing
2= [ cosp ’

Hitrost mase ms je:

. T4+ 1 cosp
27 —l¢ sing ’

Absolutna hitrost mase my torej je:
vi= @3+ 93 = (2 + 1 cosp)? + (=1 ¢ sing)?
=i2 4+ 1292 cos? o+ 2@ ¢l cosp 4 12 p? sin? ¢
=i+ 1292 +21i¢ cosp

Sedaj lahko zapisemo kineti¢no energijo sistema:

1 1 1 1
EK:§m1i2+§m2 (&% + 12 9% +21i ¢ cosyp) =5 (my + my) ¢2+5m2z2¢2+m21w cos @

1 Hitrejse redevanje in manj moznosti za napako predstavlja uporaba izraza:

kjer so Q?I nekonservativne posplosene sile. TakSen postopek priporocen in je prikazan pri poznejsih preizkusih.
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Posploseni sili @, in @, izra¢unamo s pomocjo izraza:

n N
SW =Y "F;or =Y _ Q;dq
j=1

i=1

Virtualno delo sistema je:

32

IW=Mbp—+magdys —kaxdx=MJbp+mag(—lsing)dp —kazdx

=M —maoglsing)dp — kzdx
Sledi:

QJJ: —kx
Qo=M —mygl sine.

)

Najprej obravnavamo posploseno koordinato x:

OF
—,K = (m1 +msa) &+ malp cosp,
0%
d 0Bk
dt 0z

0Fk

e Y

Prva diferencialna enacba torej je:

(m1 4+ mo) &+ mal ($ cosp — @ sing) = —ka.

)
Posplosena koordinata ¢:
oF
== =mal? @+ mali cosep
¢
d OF
— =K =mal® P +mali cosp —myligsing
dt 0¢
0Fk L
—— =—maliPsing
dp

Druga diferencialna enacba je:

ma 2@+ myli cosp =M —mggl sing.

2.2 Datum: 17.3.2005

= (my +ma) & +mal @ cosp —mylP? sinp,

Povprecen uspeh 100 studentov: 65% w
E 3
o
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Cell["Hitrost krogle C po trku s kroglo D", "Text"],



Cell[BoxData[

 RowBox[{"vC1", ":=", 

  RowBox[{"vC0", "-", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"vC0", "-", "vD1"}], ")"}], 

    RowBox[{"(", 

     RowBox[{"1", "+", "\[Epsilon]"}], ")"}], 

    FractionBox["mD", 

     RowBox[{"mC", "+", "mD"}]]}]}]}]], "Input"],



Cell["Hitrost krogle B po trku s kroglo C", "Text"],



Cell[BoxData[

 RowBox[{"vB1", ":=", 

  RowBox[{"vB0", "-", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"vB0", "-", "vC1"}], ")"}], 

    RowBox[{"(", 

     RowBox[{"1", "+", "\[Epsilon]"}], ")"}], 

    FractionBox["mC", 

     RowBox[{"mB", "+", "mC"}]]}]}]}]], "Input"],



Cell["Hitrost krogle A po trku s kroglo B", "Text"],



Cell[BoxData[

 RowBox[{"vA1", ":=", 

  RowBox[{"vA0", "-", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"vA0", "-", "vB1"}], ")"}], 

    RowBox[{"(", 

     RowBox[{"1", "+", "\[Epsilon]"}], ")"}], 

    FractionBox["mB", 

     RowBox[{"mA", "+", "mB"}]]}]}]}]], "Input"],



Cell["Mase krogel so", "Text"],



Cell[BoxData[{

 RowBox[{"mA", ":=", "m"}], "\[IndentingNewLine]", 

 RowBox[{"mB", ":=", 

  RowBox[{"3", "m"}]}], "\[IndentingNewLine]", 

 RowBox[{"mC", ":=", 

  RowBox[{"9", "m"}]}], "\[IndentingNewLine]", 

 RowBox[{"mD", ":=", 

  RowBox[{"27", "m"}]}]}], "Input"],



Cell["Kineti\[CHacek]na energija krogle A", "Text"],



Cell[BoxData[

 RowBox[{"EkA", ":=", 

  RowBox[{

   FractionBox["1", "2"], "mA", " ", 

   SuperscriptBox["vA1", "2"]}]}]], "Input"],



Cell["Zalogo energije predstavlja potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{"Ep", ":=", 

  RowBox[{

   RowBox[{"(", 

    RowBox[{"mA", "+", "mB", "+", "mC", "+", "mD"}], ")"}], "g", " ", 

   "h"}]}]], "Input"],



Cell["Krogla A vsebuje dele\:017e", "Text"],



Cell[BoxData[

 RowBox[{"n", ":=", 

  FractionBox["EkA", "Ep"]}]], "Input"],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"g", ":=", "9.81"}], "\[IndentingNewLine]", 

 RowBox[{"h", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"\[Epsilon]", ":=", "0.95"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"vA0", ",", "vD1", ",", "vC1", ",", "vB1", ",", "vA1", ",", "n"}], 

  "}"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"-", "4.4294469180700204`"}], ",", "4.20797457216652`", ",", 

   "8.20278201140092`", ",", "14.04518789128123`", ",", "22.589706490606183`",

    ",", "0.6502227820231078`"}], "}"}]], "Output",

 CellChangeTimes->{3.3925467627547503`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Virtualno delo:", "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]W", ":=", 

  RowBox[{

   RowBox[{

    RowBox[{"(", 

     RowBox[{"FA", "+", "FvA"}], ")"}], "\[Delta]xA"}], "+", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"MA", "+", "MvA"}], ")"}], "\[Delta]\[CurlyPhi]"}], "+", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"FB", "+", "FvB"}], ")"}], "\[Delta]xB"}], "+", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"-", "F"}], ")"}], " ", "\[Delta]xF"}]}]}]], "Input"],



Cell["Zunanje aktivne sile", "Text"],



Cell[BoxData[{

 RowBox[{"FA", ":=", "0"}], "\[IndentingNewLine]", 

 RowBox[{"MA", ":=", "0"}], "\[IndentingNewLine]", 

 RowBox[{"FB", ":=", 

  RowBox[{

   RowBox[{"-", 

    RowBox[{"(", 

     RowBox[{"m", "+", 

      RowBox[{"2", "m"}]}], ")"}]}], "\[Mu]", " ", "g", " "}]}]}], "Input"],



Cell["Vztrajnostne sile", "Text"],



Cell[BoxData[{

 RowBox[{"FvA", ":=", 

  RowBox[{

   RowBox[{"-", "m"}], " ", 

   RowBox[{

    RowBox[{"xA", "''"}], "[", "t", "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"MvA", ":=", 

  RowBox[{

   RowBox[{"-", "J"}], " ", 

   RowBox[{

    RowBox[{"\[CurlyPhi]", "''"}], "[", "t", 

    "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"FvB", ":=", 

  RowBox[{

   RowBox[{"-", "2"}], "m", " ", 

   RowBox[{

    RowBox[{"xB", "''"}], "[", "t", "]"}]}]}]}], "Input"],



Cell["Koordinate", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"xA", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"x", "[", "t", "]"}], "+", 

   RowBox[{"r", " ", 

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"xB", "[", "t_", "]"}], ":=", 

  RowBox[{"x", "[", "t", "]"}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"xF", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"x", "[", "t", "]"}], "+", 

   RowBox[{"2", "r", " ", 

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}]}]}]}], "Input"],



Cell["Virtualni premiki", "Text"],



Cell[BoxData[{

 RowBox[{"\[Delta]xA", ":=", 

  RowBox[{"\[Delta]x", "+", 

   RowBox[{"r", " ", "\[Delta]\[CurlyPhi]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Delta]xB", ":=", "\[Delta]x"}], "\[IndentingNewLine]", 

 RowBox[{"\[Delta]xF", ":=", 

  RowBox[{"\[Delta]x", "+", 

   RowBox[{"2", "r", " ", "\[Delta]\[CurlyPhi]"}]}]}]}], "Input"],



Cell["Masni vztrajnostni moment", "Text"],



Cell[BoxData[

 RowBox[{"J", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox["r", "2"]}]}]], "Input"],



Cell["Virtualno delo je:", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Collect", "[", 

  RowBox[{"\[Delta]W", ",", 

   RowBox[{"{", 

    RowBox[{"\[Delta]\[CurlyPhi]", ",", "\[Delta]x"}], "}"}]}], 

  "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"\[Delta]x", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"-", "F"}], "-", 

     RowBox[{"3", " ", "g", " ", "m", " ", "\[Mu]"}], "-", 

     RowBox[{"2", " ", "m", " ", 

      RowBox[{

       SuperscriptBox["x", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}], "-", 

     RowBox[{"m", " ", 

      RowBox[{"(", 

       RowBox[{

        RowBox[{

         SuperscriptBox["x", "\[Prime]\[Prime]",

          MultilineFunction->None], "[", "t", "]"}], "+", 

        RowBox[{"r", " ", 

         RowBox[{

          SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

           MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}]}], ")"}]}], 

  "+", 

  RowBox[{"\[Delta]\[CurlyPhi]", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "2"}], " ", "F", " ", "r"}], "-", 

     RowBox[{

      FractionBox["1", "2"], " ", "m", " ", 

      SuperscriptBox["r", "2"], " ", 

      RowBox[{

       SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}], "-", 

     RowBox[{"m", " ", "r", " ", 

      RowBox[{"(", 

       RowBox[{

        RowBox[{

         SuperscriptBox["x", "\[Prime]\[Prime]",

          MultilineFunction->None], "[", "t", "]"}], "+", 

        RowBox[{"r", " ", 

         RowBox[{

          SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

           MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}]}], 

    ")"}]}]}]], "Output",

 CellChangeTimes->{3.392546767000856*^9}]

}, Open  ]],



Cell["Posplo\[SHacek]eni sili", "Text"],



Cell[BoxData[{

 RowBox[{"Qx", ":=", 

  RowBox[{"D", "[", 

   RowBox[{"\[Delta]W", ",", "\[Delta]x"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"Q\[CurlyPhi]", ":=", 

  RowBox[{"D", "[", 

   RowBox[{"\[Delta]W", ",", "\[Delta]\[CurlyPhi]"}], "]"}]}]}], "Input"],



Cell["\<\

Ker je virtualno delo v ravno te\:017eju enako ni, posplo\[SHacek]ene sile pa \

v splo\[SHacek]nem ne (virtualni pomiki so poljubni) sledita gibalni ena\

\[CHacek]bi\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"eq1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{"Qx", "\[Equal]", "0"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"eq2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{"Q\[CurlyPhi]", "\[Equal]", "0"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"F", "+", 

   RowBox[{"3", " ", "g", " ", "m", " ", "\[Mu]"}], "+", 

   RowBox[{"3", " ", "m", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}], "+", 

   RowBox[{"m", " ", "r", " ", 

    RowBox[{

     SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{3.392546767030899*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"4", " ", "F"}], "+", 

     RowBox[{"2", " ", "m", " ", 

      RowBox[{

       SuperscriptBox["x", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}], "+", 

     RowBox[{"3", " ", "m", " ", "r", " ", 

      RowBox[{

       SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{3.392546767050928*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Lagrageva energijska funkcija:", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija:", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek1", "[", "t", "]"}], "+", 

   RowBox[{"Ek2", "[", "t", "]"}]}]}]], "Input"],



Cell["Obro\[CHacek]", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek1", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "m", " ", 

    SuperscriptBox[

     RowBox[{"v1", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "J1", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[Beta]", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["kjer je:", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"v1", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"x1", "'"}], "[", "t", "]"}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"x1", "[", "t_", "]"}], ":=", 

  RowBox[{"2", "r", " ", 

   RowBox[{"\[Beta]", "[", "t", "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"J1", ":=", 

  RowBox[{"m", " ", 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{"2", "r"}], ")"}], "2"]}]}]}], "Input"],



Cell["Valj", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek2", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "m", " ", 

    SuperscriptBox[

     RowBox[{"v2", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "J2", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[Alpha]", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["kjer je:", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"v2", "[", "t_", "]"}], ":=", 

  SqrtBox[

   RowBox[{

    RowBox[{

     RowBox[{"x2", "'"}], "[", "t", "]"}], "+", 

    RowBox[{

     RowBox[{"y2", "'"}], "[", "t", "]"}]}]]}], "\[IndentingNewLine]", 

 RowBox[{"J2", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox["r", "2"]}]}]}], "Input"],



Cell["Koordinate te\:017ei\[SHacek]\[CHacek]a valja so:", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x2", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"x1", "[", "t", "]"}], "+", 

   RowBox[{"r", " ", 

    RowBox[{"Sin", "[", 

     RowBox[{

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}], "-", 

      RowBox[{"\[Beta]", "[", "t", "]"}]}], 

     "]"}]}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"y2", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"-", "r"}], " ", 

   RowBox[{"Cos", "[", 

    RowBox[{

     RowBox[{"\[CurlyPhi]", "[", "t", "]"}], "-", 

     RowBox[{"\[Beta]", "[", "t", "]"}]}], "]"}]}]}]}], "Input"],



Cell["\<\

Odvisnost kota \[CurlyPhi] od posplo\[SHacek]enih koordinat:\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"-", 

    RowBox[{"\[Beta]", "[", "t", "]"}]}], "+", 

   RowBox[{"\[Alpha]", "[", "t", "]"}]}]}]], "Input"],



Cell["\<\

Ker na nivoju te\:017ei\[SHacek]\[CHacek]a obro\[CHacek]a potencialna \

energija enaka ni\[CHacek], je:\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"Ep", "[", "t_", "]"}], ":=", 

  RowBox[{"Ep2", "[", "t", "]"}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"Ep2", "[", "t_", "]"}], ":=", 

  RowBox[{"m", " ", "g", " ", 

   RowBox[{"y2", "[", "t", "]"}]}]}]}], "Input"],



Cell["Gibalni ena\[CHacek]bi", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[Alpha]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[Alpha]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[Beta]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[Beta]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"m", " ", "r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"2", " ", "g", " ", 

      RowBox[{"Sin", "[", 

       RowBox[{

        RowBox[{"\[Alpha]", "[", "t", "]"}], "-", 

        RowBox[{"2", " ", 

         RowBox[{"\[Beta]", "[", "t", "]"}]}]}], "]"}]}], "+", 

     RowBox[{"r", " ", 

      RowBox[{

       SuperscriptBox["\[Alpha]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{3.392546770806328*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"m", " ", "r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "g"}], " ", 

      RowBox[{"Sin", "[", 

       RowBox[{

        RowBox[{"\[Alpha]", "[", "t", "]"}], "-", 

        RowBox[{"2", " ", 

         RowBox[{"\[Beta]", "[", "t", "]"}]}]}], "]"}]}], "+", 

     RowBox[{"4", " ", "r", " ", 

      RowBox[{

       SuperscriptBox["\[Beta]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{3.392546770846386*^9}]

}, Open  ]],



Cell["Podatki:", "Text"],



Cell[BoxData[{

 RowBox[{"m", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"r", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"g", ":=", "9.81"}]}], "Input"],



Cell["\<\

Re\[SHacek]imo sistem diferencialnih ena\[CHacek]b (numeri\[CHacek]na re\

\[SHacek]itev)\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"NDSolve", "[", "\[IndentingNewLine]", 

   RowBox[{

    RowBox[{"{", 

     RowBox[{"ge1", ",", "ge2", ",", 

      RowBox[{

       RowBox[{

        RowBox[{"\[Alpha]", "'"}], "[", "0", "]"}], "\[Equal]", "0"}], ",", 

      RowBox[{

       RowBox[{

        RowBox[{"\[Beta]", "'"}], "[", "0", "]"}], "\[Equal]", "0"}], ",", 

      RowBox[{

       RowBox[{"\[Alpha]", "[", "0", "]"}], "\[Equal]", 

       RowBox[{"\[Pi]", "/", "2"}]}], ",", 

      RowBox[{

       RowBox[{"\[Beta]", "[", "0", "]"}], "\[Equal]", "0"}]}], "}"}], ",", 

    RowBox[{"{", 

     RowBox[{"\[Alpha]", ",", "\[Beta]"}], "}"}], ",", 

    RowBox[{"{", 

     RowBox[{"t", ",", "0", ",", "1"}], "}"}]}], "\[IndentingNewLine]", 

   "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{

    RowBox[{"\[Alpha]", "\[Rule]", 

     TagBox[

      RowBox[{"InterpolatingFunction", "[", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{"{", 

          RowBox[{"0.`", ",", "1.`"}], "}"}], "}"}], ",", "\<\"<>\"\>"}], 

       "]"}],

      False,

      Editable->False]}], ",", 

    RowBox[{"\[Beta]", "\[Rule]", 

     TagBox[

      RowBox[{"InterpolatingFunction", "[", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{"{", 

          RowBox[{"0.`", ",", "1.`"}], "}"}], "}"}], ",", "\<\"<>\"\>"}], 

       "]"}],

      False,

      Editable->False]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3925467715774364`*^9}]

}, Open  ]],



Cell[BoxData[{

 RowBox[{

  RowBox[{"\[Alpha]", "=", 

   RowBox[{"\[Alpha]", "/.", 

    RowBox[{"sol", "[", 

     RowBox[{"[", "1", "]"}], "]"}]}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[Beta]", "=", 

   RowBox[{"\[Beta]", "/.", 

    RowBox[{"sol", "[", 

     RowBox[{"[", "1", "]"}], "]"}]}]}], ";"}]}], "Input"],



Cell["Priprava posameznih objektov za prikaz:", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"Obroc", "[", "t_", "]"}], ":=", 

  RowBox[{"Graphics", "[", 

   RowBox[{"{", "\[IndentingNewLine]", 

    RowBox[{

     RowBox[{"RGBColor", "[", 

      RowBox[{"1", ",", "0", ",", "0"}], "]"}], ",", "\[IndentingNewLine]", 

     RowBox[{"Circle", "[", 

      RowBox[{

       RowBox[{"{", 

        RowBox[{

         RowBox[{"x1", "[", "t", "]"}], ",", "0"}], "}"}], ",", 

       RowBox[{"2", "r"}]}], "]"}], ",", 

     RowBox[{"Line", "[", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{

          RowBox[{"x1", "[", "t", "]"}], ",", "0"}], "}"}], ",", 

        RowBox[{"{", 

         RowBox[{

          RowBox[{

           RowBox[{"x1", "[", "t", "]"}], "+", 

           RowBox[{"2", "r", " ", 

            RowBox[{"Cos", "[", 

             RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], ",", 

          RowBox[{

           RowBox[{"-", "2"}], "r", " ", 

           RowBox[{"Sin", "[", 

            RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], "}"}]}], "}"}], 

      "]"}], ",", 

     RowBox[{"Line", "[", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{

          RowBox[{"x1", "[", "t", "]"}], ",", "0"}], "}"}], ",", 

        RowBox[{"{", 

         RowBox[{

          RowBox[{

           RowBox[{"x1", "[", "t", "]"}], "-", 

           RowBox[{"2", "r", " ", 

            RowBox[{"Sin", "[", 

             RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], ",", 

          RowBox[{

           RowBox[{"-", "2"}], "r", " ", 

           RowBox[{"Cos", "[", 

            RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], "}"}]}], "}"}], 

      "]"}], ",", "\[IndentingNewLine]", 

     RowBox[{"Line", "[", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{

          RowBox[{"x1", "[", "t", "]"}], ",", "0"}], "}"}], ",", 

        RowBox[{"{", 

         RowBox[{

          RowBox[{

           RowBox[{"x1", "[", "t", "]"}], "-", 

           RowBox[{"2", "r", " ", 

            RowBox[{"Cos", "[", 

             RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], ",", 

          RowBox[{

           RowBox[{"+", "2"}], "r", " ", 

           RowBox[{"Sin", "[", 

            RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], "}"}]}], "}"}], 

      "]"}], ",", "\[IndentingNewLine]", 

     RowBox[{"Line", "[", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{

          RowBox[{"x1", "[", "t", "]"}], ",", "0"}], "}"}], ",", 

        RowBox[{"{", 

         RowBox[{

          RowBox[{

           RowBox[{"x1", "[", "t", "]"}], "+", 

           RowBox[{"2", "r", " ", 

            RowBox[{"Sin", "[", 

             RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], ",", 

          RowBox[{

           RowBox[{"+", "2"}], "r", " ", 

           RowBox[{"Cos", "[", 

            RowBox[{"\[Beta]", "[", "t", "]"}], "]"}]}]}], "}"}]}], "}"}], 

      "]"}]}], "}"}], "]"}]}], "\n", 

 RowBox[{

  RowBox[{"Valj", "[", "t_", "]"}], ":=", 

  RowBox[{"Graphics", "[", 

   RowBox[{"{", "\[IndentingNewLine]", 

    RowBox[{

     RowBox[{"RGBColor", "[", 

      RowBox[{"0", ",", "0", ",", "1"}], "]"}], ",", "\[IndentingNewLine]", 

     RowBox[{"Disk", "[", 

      RowBox[{

       RowBox[{"{", 

        RowBox[{

         RowBox[{"x2", "[", "t", "]"}], ",", 

         RowBox[{"y2", "[", "t", "]"}]}], "}"}], ",", "r"}], "]"}], ",", 

     "\[IndentingNewLine]", 

     RowBox[{"RGBColor", "[", 

      RowBox[{"0", ",", "0", ",", "0"}], "]"}], ",", 

     RowBox[{"Line", "[", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{

          RowBox[{"x2", "[", "t", "]"}], ",", 

          RowBox[{"y2", "[", "t", "]"}]}], "}"}], ",", 

        RowBox[{"{", 

         RowBox[{

          RowBox[{

           RowBox[{"x2", "[", "t", "]"}], "+", 

           RowBox[{"r", " ", 

            RowBox[{"Cos", "[", 

             RowBox[{"\[Alpha]", "[", "t", "]"}], "]"}]}]}], ",", 

          RowBox[{

           RowBox[{"y2", "[", "t", "]"}], "-", 

           RowBox[{"r", " ", 

            RowBox[{"Sin", "[", 

             RowBox[{"\[Alpha]", "[", "t", "]"}], "]"}]}]}]}], "}"}]}], "}"}],

       "]"}]}], "}"}], "]"}]}], "\n", 

 RowBox[{

  RowBox[{"Cas", "[", "t_", "]"}], ":=", 

  RowBox[{"Graphics", "[", 

   RowBox[{"{", 

    RowBox[{"Text", "[", 

     RowBox[{

      RowBox[{

       RowBox[{"ToString", "[", "t", "]"}], "<>", "\"\< s\>\""}], ",", 

      RowBox[{"Scaled", "[", 

       RowBox[{"{", 

        RowBox[{"0.5", ",", "0.9"}], "}"}], "]"}]}], "]"}], "}"}], 

   "]"}]}]}], "Input"],



Cell["Sestavimo sliko", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Slika", "[", "t_", "]"}], ":=", 

  RowBox[{"Show", "[", 

   RowBox[{

    RowBox[{"{", 

     RowBox[{

      RowBox[{"Valj", "[", "t", "]"}], ",", 

      RowBox[{"Obroc", "[", "t", "]"}], ",", 

      RowBox[{"Cas", "[", "t", "]"}]}], "}"}], ",", 

    RowBox[{"Frame", "\[Rule]", "True"}], ",", 

    RowBox[{"PlotRange", "\[Rule]", 

     RowBox[{"{", 

      RowBox[{

       RowBox[{"{", 

        RowBox[{

         RowBox[{

          RowBox[{"-", "3"}], "r"}], ",", 

         RowBox[{"3", "r"}]}], "}"}], ",", 

       RowBox[{"{", 

        RowBox[{

         RowBox[{

          RowBox[{"-", "2"}], "r"}], ",", 

         RowBox[{"2", "r"}]}], "}"}]}], "}"}]}]}], "]"}]}]], "Input"],



Cell["\<\

Poi\[SHacek]\[CHacek]imo kdaj pride sistem spet v za\[CHacek]etno lego (da bo \

animacija bolj zvezna)\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{

  RowBox[{"solT", "=", 

   RowBox[{"FindRoot", "[", 

    RowBox[{

     RowBox[{

      RowBox[{"\[Alpha]", "[", "t", "]"}], "\[Equal]", 

      RowBox[{"\[Pi]", "/", "2"}]}], ",", 

     RowBox[{"{", 

      RowBox[{"t", ",", "0.4", ",", "0.5"}], "}"}]}], "]"}]}], ";"}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"FindRoot", "::", "\<\"cvmit\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Failed to converge to the requested accuracy or precision \

within \\!\\(100\\) iterations. \\!\\(\\*ButtonBox[\\\"\[RightSkeleton]\\\", \

ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/FindRoot/cvmit\\\", ButtonNote -> \

\\\"FindRoot::cvmit\\\"]\\)\"\>"}]], "Message", "MSG",

 CellChangeTimes->{3.3925467726890354`*^9}]

}, Open  ]],



Cell[BoxData[

 RowBox[{

  RowBox[{"T", "=", 

   RowBox[{"ReplaceAll", "[", 

    RowBox[{"t", ",", "solT"}], "]"}]}], ";"}]], "Input"],



Cell["Animacija", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ListAnimate", "[", 

  RowBox[{"Table", "[", 

   RowBox[{

    RowBox[{"Slika", "[", "t", "]"}], ",", 

    RowBox[{"{", 

     RowBox[{"t", ",", "0", ",", "T", ",", "0.005"}], "}"}]}], "]"}], 

  "]"}]], "Input",

 CellChangeTimes->{

  3.3925467951513343`*^9, {3.392546951416032*^9, 3.3925469574447007`*^9}}],



Cell[BoxData[

 TagBox[

  StyleBox[

   DynamicModuleBox[{$CellContext`i$$ = 15, Typeset`show$$ = True, 

    Typeset`bookmarkList$$ = {}, Typeset`bookmarkMode$$ = "Menu", 

    Typeset`animator$$, Typeset`animvar$$ = 1, Typeset`name$$ = 

    "\"untitled\"", Typeset`specs$$ = {{{

       Hold[$CellContext`i$$], 1, ""}, 1, 95, 1}}, Typeset`size$$ = Automatic,

     Typeset`update$$ = 0, Typeset`initDone$$, Typeset`skipInitDone$$ = 

    True, $CellContext`i$1883$$ = 0}, 

    PaneBox[

     PanelBox[

      DynamicWrapperBox[

       TagBox[GridBox[{

          {

           ItemBox[

            ItemBox[

             StyleBox[

              TagBox[GridBox[{

                 {"\<\"\\!\\(\\*TagBox[\\\"\\\\\\\"\\\\\\\"\\\", HoldForm]\\)\

\"\>", 

                  AnimatorBox[Dynamic[$CellContext`i$$], {1, 95, 1},

                   AnimationRate->Automatic,

                   

                   AppearanceElements->{

                    "ProgressSlider", "PlayPauseButton", 

                    "FasterSlowerButtons", "DirectionButton"},

                   AutoAction->False,

                   ContinuousAction->True,

                   DisplayAllSteps->True,

                   PausedTime->55.930424213409424`]}

                },

                ColumnsEqual->False,

                

                GridBoxAlignment->{

                 "Columns" -> {Right, {Left}}, "ColumnsIndexed" -> {}, 

                  "Rows" -> {{Baseline}}, "RowsIndexed" -> {}},

                

                GridBoxItemSize->{

                 "Columns" -> {{Automatic}}, "Rows" -> {{Automatic}}},

                RowsEqual->False],

               "Grid"], "ManipulateLabel",

              StripOnInput->False],

             Alignment->{Automatic, Inherited},

             StripOnInput->False],

            Background->None,

            StripOnInput->False]},

          {

           ItemBox[

            TagBox[

             StyleBox[

              PaneBox[Cell[BoxData[

                TagBox[

                 PaneSelectorBox[{1->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.1, -6.123233995736766*^-18}, 0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.1, -6.123233995736766*^-18}, {

                    0.1, -0.1}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{-1.2219455421873473`*^-28, 0}, 0.2], 

                    LineBox[{{-1.2219455421873473`*^-28, 0}, {0.2, 

                    1.2219455421873473`*^-28}}], 

                    LineBox[{{-1.2219455421873473`*^-28, 0}, {0., -0.2}}], 

                    LineBox[{{-1.2219455421873473`*^-28, 

                    0}, {-0.2, -1.2219455421873473`*^-28}}], 

                    LineBox[{{-1.2219455421873473`*^-28, 

                    0}, {-2.4438910843746947`*^-28, 0.2}}]}, 

                    InsetBox["\<\"0. s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 2->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10006084257612363`, -0.00030656191109045596`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{

                    0.10006084257612363`, -0.00030656191109045596`}, {

                    0.10030609224328814`, -0.10030626117364203`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.00006131247825432465, 0}, 0.2], 

                    LineBox[{{0.00006131247825432465, 0}, {

                    0.20006130308020445`, -0.00006131247729396177}}], 

                    LineBox[{{0.00006131247825432465, 0}, {

                    9.603628791732613*^-13, -0.19999999060195012`}}], 

                    LineBox[{{

                    0.00006131247825432465, 0}, {-0.19993867812369578`, 

                    0.00006131247729396177}}], 

                    LineBox[{{0.00006131247825432465, 0}, {

                    0.00012262495554828644`, 0.19999999060195012`}}]}, 

                    InsetBox["\<\"0.005 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 3->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10023773047748989`, -0.0012262130294559484`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{

                    0.10023773047748989`, -0.0012262130294559484`}, {

                    0.10121870975152425`, -0.1012214013120124}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.00024524875208019597`, 0}, 0.2], 

                    LineBox[{{0.00024524875208019597`, 0}, {

                    0.20024509838472307`, -0.0002452486906178484}}], 

                    LineBox[{{0.00024524875208019597`, 0}, {

                    6.146234758121205*^-11, -0.19999984963264286`}}], 

                    LineBox[{{

                    0.00024524875208019597`, 0}, {-0.19975460088056265`, 

                    0.0002452486906178484}}], 

                    LineBox[{{0.00024524875208019597`, 0}, {

                    0.0004904974426980444, 0.19999984963264286`}}]}, 

                    InsetBox["\<\"0.01 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 4->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10051374068297343`, -0.0027586422949019756`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{

                    0.10051374068297343`, -0.0027586422949019756`}, {

                    0.10272075532007077`, -0.10273428476041274`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0005517984615020676, 0}, 0.2], 

                    LineBox[{{0.0005517984615020676, 0}, {

                    0.20055103725812967`, -0.0005517977614504737}}], 

                    LineBox[{{0.0005517984615020676, 0}, {

                    7.000515939506458*^-10, -0.1999992387966276}}], 

                    LineBox[{{

                    0.0005517984615020676, 0}, {-0.19944744033512551`, 

                    0.0005517977614504737}}], 

                    LineBox[{{0.0005517984615020676, 0}, {

                    0.0011035962229525413`, 0.1999992387966276}}]}, 

                    InsetBox["\<\"0.015 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 5->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10086066954304132`, -0.0049026401140510835`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{

                    0.10086066954304132`, -0.0049026401140510835`}, {

                    0.10478334783185803`, -0.10482567346994179`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0009809212458409546, 0}, 0.2], 

                    LineBox[{{0.0009809212458409546, 0}, {

                    0.2009785157344367, -0.0009809173131423952}}], 

                    LineBox[{{0.0009809212458409546, 0}, {

                    3.932698559383843*^-9, -0.19999759448859575`}}], 

                    LineBox[{{0.0009809212458409546, 0}, {-0.1990166732427548,

                     0.0009809173131423952}}], 

                    LineBox[{{0.0009809212458409546, 0}, {

                    0.0019618385589833497`, 0.19999759448859575`}}]}, 

                    InsetBox["\<\"0.02 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 6->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10123908171774103`, -0.007655065640924082}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10123908171774103`, -0.007655065640924082}, {

                    0.10736529274070897`, -0.10746723693532118`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0015325123753293641`, 0}, 0.2], 

                    LineBox[{{0.0015325123753293641`, 0}, {

                    0.20152664091860661`, -0.0015324973784998648`}}], 

                    LineBox[{{0.0015325123753293641`, 0}, {

                    1.4996829499373462`*^-8, -0.19999412854327725`}}], 

                    LineBox[{{

                    0.0015325123753293641`, 0}, {-0.19846161616794789`, 

                    0.0015324973784998648`}}], 

                    LineBox[{{0.0015325123753293641`, 0}, {

                    0.0030650097538292287`, 0.19999412854327725`}}]}, 

                    InsetBox["\<\"0.025 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 7->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10159847125045524`, -0.011009408924014143`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10159847125045524`, -0.011009408924014143`}, {

                    0.1104124362795184, -0.11062022169284186`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0022063542836462434`, 0}, 0.2], 

                    LineBox[{{0.0022063542836462434`, 0}, {

                    0.20219418440900738`, -0.0022063095317062984`}}], 

                    LineBox[{{0.0022063542836462434`, 0}, {

                    4.4751939945030655`*^-8, -0.19998783012536114`}}], 

                    LineBox[{{

                    0.0022063542836462434`, 0}, {-0.1977814758417149, 

                    0.0022063095317062984`}}], 

                    LineBox[{{0.0022063542836462434`, 0}, {

                    0.004412663815352541, 0.19998783012536114`}}]}, 

                    InsetBox["\<\"0.03 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 8->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10187762683818818`, -0.014953973640577987`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10187762683818818`, -0.014953973640577987`}, {

                    0.1138570090958283, -0.11423385277389149`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0030020551717907175`, 0}, 0.2], 

                    LineBox[{{0.0030020551717907175`, 0}, {

                    0.2029795247566836, -0.0030019424416954242`}}], 

                    LineBox[{{0.0030020551717907175`, 0}, {

                    1.127300952932786*^-7, -0.19997746958489288`}}], 

                    LineBox[{{

                    0.0030020551717907175`, 0}, {-0.19697541441310215`, 

                    0.0030019424416954242`}}], 

                    LineBox[{{0.0030020551717907175`, 0}, {

                    0.006003997613486142, 0.19997746958489288`}}]}, 

                    InsetBox["\<\"0.035 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 9->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10200531418878936`, -0.019469718778891733`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10200531418878936`, -0.019469718778891733`}, {

                    0.11761708905292212`, -0.11824356392826127`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.003918974412697854, 0}, 0.2], 

                    LineBox[{{0.003918974412697854, 0}, {

                    0.20388057974010138`, -0.003918723629922358}}], 

                    LineBox[{{0.003918974412697854, 0}, {

                    2.5078277549571426`*^-7, -0.1999616053274035}}], 

                    LineBox[{{

                    0.003918974412697854, 0}, {-0.19604263091470564`, 

                    0.003918723629922358}}], 

                    LineBox[{{0.003918974412697854, 0}, {0.007837698042620212,

                     0.1999616053274035}}]}, 

                    InsetBox["\<\"0.04 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 10->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10190140569848333`, -0.024527835491337746`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10190140569848333`, -0.024527835491337746`}, {

                    0.12159635034775915`, -0.12256920000276202`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.004956136158861774, 0}, 0.2], 

                    LineBox[{{0.004956136158861774, 0}, {

                    0.2048947310872085, -0.0049556289286524615`}}], 

                    LineBox[{{0.004956136158861774, 0}, {

                    5.072302093128353*^-7, -0.1999385949283467}}], 

                    LineBox[{{

                    0.004956136158861774, 0}, {-0.19498245876948492`, 

                    0.0049556289286524615`}}], 

                    LineBox[{{0.004956136158861774, 0}, {0.009911765087514235,

                     0.1999385949283467}}]}, 

                    InsetBox["\<\"0.045 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 11->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10147859376743724`, -0.030087173836759098`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10147859376743724`, -0.030087173836759098`}, {

                    0.12568428933819242`, -0.12711337803921116`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.006112132312077369, 0}, 0.2], 

                    LineBox[{{0.006112132312077369, 0}, {

                    0.20601874417726806`, -0.00611118094806574}}], 

                    LineBox[{{0.006112132312077369, 0}, {

                    9.513640116289024*^-7, -0.1999066118651907}}], 

                    LineBox[{{

                    0.006112132312077369, 0}, {-0.19379447955311335`, 

                    0.00611118094806574}}], 

                    LineBox[{{0.006112132312077369, 0}, {0.01222331326014311, 

                    0.1999066118651907}}]}, 

                    InsetBox["\<\"0.05 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 12->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10064481528974206`, -0.036091690801622986`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10064481528974206`, -0.036091690801622986`}, {

                    0.12975713761775465`, -0.13176024722780671`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0073850176538901805`, 0}, 0.2], 

                    LineBox[{{0.0073850176538901805`, 0}, {

                    0.20724868693072393`, -0.007383339569627537}}], 

                    LineBox[{{0.0073850176538901805`, 0}, {

                    1.6780842626434866`*^-6, -0.19986366927683374`}}], 

                    LineBox[{{

                    0.0073850176538901805`, 0}, {-0.19247865162294356`, 

                    0.007383339569627537}}], 

                    LineBox[{{0.0073850176538901805`, 0}, {

                    0.014768357223517718`, 0.19986366927683374`}}]}, 

                    InsetBox["\<\"0.055 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 13->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09930648495993383, -0.04246814300453291}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09930648495993383, -0.04246814300453291}, {

                    0.13367966688409255`, -0.13637492851233682`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.008772199577286975, 0}, 0.2], 

                    LineBox[{{0.008772199577286975, 0}, {

                    0.2085798517030578, -0.00876938720703775}}], 

                    LineBox[{{0.008772199577286975, 0}, {

                    2.8123702492249825`*^-6, -0.1998076521257708}}], 

                    LineBox[{{

                    0.008772199577286975, 0}, {-0.19103545254848384`, 

                    0.00876938720703775}}], 

                    LineBox[{{0.008772199577286975, 0}, {

                    0.017541586784324725`, 0.1998076521257708}}]}, 

                    InsetBox["\<\"0.06 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 14->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09737257833755743, -0.04912430980180571}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09737257833755743, -0.04912430980180571}, {

                    0.13730806724478395`, -0.1408039516299716}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.010270327009039988`, 0}, 0.2], 

                    LineBox[{{0.010270327009039988`, 0}, {

                    0.21000668590941915`, -0.010265813811818687`}}], 

                    LineBox[{{0.010270327009039988`, 0}, {

                    4.513197221301182*^-6, -0.19973635890037916`}}], 

                    LineBox[{{

                    0.010270327009039988`, 0}, {-0.18946603189133918`, 

                    0.010265813811818687`}}], 

                    LineBox[{{0.010270327009039988`, 0}, {

                    0.020536140820858674`, 0.19973635890037916`}}]}, 

                    InsetBox["\<\"0.065 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 15->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09475951953010608, -0.055948072232230917`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09475951953010608, -0.055948072232230917`}, {

                    0.14049401582145032`, -0.1448770093054751}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.011875183172160415`, 0}, 0.2], 

                    LineBox[{{0.011875183172160415`, 0}, {

                    0.21152273679777425`, -0.011868206743550044`}}], 

                    LineBox[{{0.011875183172160415`, 0}, {

                    6.976428610371704*^-6, -0.19964755362561384`}}], 

                    LineBox[{{

                    0.011875183172160415`, 0}, {-0.18777237045345344`, 

                    0.011868206743550044`}}], 

                    LineBox[{{0.011875183172160415`, 0}, {0.02374338991571046,

                     0.19964755362561384`}}]}, 

                    InsetBox["\<\"0.07 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 16->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09139671126769516, -0.06280769666712045}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09139671126769516, -0.06280769666712045}, {

                    0.14308995482383638`, -0.14841031678266053`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.013581589091019317`, 0}, 0.2], 

                    LineBox[{{0.013581589091019317`, 0}, {

                    0.2131206173734484, -0.013571152939377355`}}], 

                    LineBox[{{0.013581589091019317`, 0}, {

                    0.00001043615164196196, -0.1995390282824291}}], 

                    LineBox[{{

                    0.013581589091019317`, 0}, {-0.18595743919140978`, 

                    0.013571152939377355`}}], 

                    LineBox[{{0.013581589091019317`, 0}, {

                    0.027152742030396672`, 0.1995390282824291}}]}, 

                    InsetBox["\<\"0.075 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 17->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.08723240982982458, -0.0695536401713794}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.08723240982982458, -0.0695536401713794}, {

                    0.14495545405000546`, -0.15121176999294123`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.015383323969875885`, 0}, 0.2], 

                    LineBox[{{0.015383323969875885`, 0}, {

                    0.21479199894666476`, -0.01536816007208976}}], 

                    LineBox[{{0.015383323969875885`, 0}, {

                    0.000015163897786125285`, -0.19940867497678888`}}], 

                    LineBox[{{0.015383323969875885`, 0}, {-0.184025351006913, 

                    0.01536816007208976}}], 

                    LineBox[{{0.015383323969875885`, 0}, {

                    0.030751484041965645`, 0.19940867497678888`}}]}, 

                    InsetBox["\<\"0.08 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 18->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.08223950412934153, -0.07602211810013648}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.08223950412934153, -0.07602211810013648}, {

                    0.1459643659140673, -0.1530879470421364}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.01727307003011684, 0}, 0.2], 

                    LineBox[{{0.01727307003011684, 0}, {

                    0.21652763617993365`, -0.017251604807909424`}}], 

                    LineBox[{{0.01727307003011684, 0}, {

                    0.000021465222207417423`, -0.19925456614981682`}}], 

                    LineBox[{{0.01727307003011684, 0}, {-0.1819814961197, 

                    0.017251604807909424`}}], 

                    LineBox[{{0.01727307003011684, 0}, {0.034524674838026265`,

                     0.19925456614981682`}}]}, 

                    InsetBox["\<\"0.085 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 19->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.07642063716820914, -0.08204052577822968}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.07642063716820914, -0.08204052577822968}, {

                    0.1460123000637895, -0.1538527841707068}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.019242388418954568`, 0}, 0.2], 

                    LineBox[{{0.019242388418954568`, 0}, {

                    0.2183174284784534, -0.019212715198767043`}}], 

                    LineBox[{{0.019242388418954568`, 0}, {

                    0.000029673220187525357`, -0.19907504005949883`}}], 

                    LineBox[{{

                    0.019242388418954568`, 0}, {-0.17983265164054427`, 

                    0.019212715198767043`}}], 

                    LineBox[{{0.019242388418954568`, 0}, {

                    0.038455103617721614`, 0.19907504005949883`}}]}, 

                    InsetBox["\<\"0.09 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 20->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.0698120308018859, -0.08743460557917446}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.0698120308018859, -0.08743460557917446}, {

                    0.1450237853143203, -0.15333750371849228`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.02128173359267653, 0}, 0.2], 

                    LineBox[{{0.02128173359267653, 0}, {

                    0.2201505211102845, -0.021241594838347547`}}], 

                    LineBox[{{0.02128173359267653, 0}, {

                    0.000040138754328983284`, -0.19886878751760795`}}], 

                    LineBox[{{0.02128173359267653, 0}, {-0.1775870539249314, 

                    0.021241594838347547`}}], 

                    LineBox[{{0.02128173359267653, 0}, {0.04252332843102408, 

                    0.19886878751760795`}}]}, 

                    InsetBox["\<\"0.095 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 21->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.06248538920662976, -0.09203699460067037}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.06248538920662976, -0.09203699460067037}, {

                    0.14295838139125933`, -0.1514011043712426}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.02338050939763182, 0}, 0.2], 

                    LineBox[{{0.02338050939763182, 0}, {

                    0.22201544451601893`, -0.02332729196701039}}], 

                    LineBox[{{0.02338050939763182, 0}, {

                    0.00005321743062143211, -0.19863493511838712`}}], 

                    LineBox[{{0.02338050939763182, 0}, {-0.1752544257207553, 

                    0.02332729196701039}}], 

                    LineBox[{{0.02338050939763182, 0}, {0.04670780136464221, 

                    0.19863493511838712`}}]}, 

                    InsetBox["\<\"0.1 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 22->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.05454736149797419, -0.09569654375419478}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.05454736149797419, -0.09569654375419478}, {

                    0.139814992809402, -0.14794050082617027`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.025527170018566542`, 0}, 0.2], 

                    LineBox[{{0.025527170018566542`, 0}, {

                    0.22390028940968407`, -0.025457916313740947`}}], 

                    LineBox[{{0.025527170018566542`, 0}, {

                    0.00006925370482559548, -0.19837311939111751`}}], 

                    LineBox[{{

                    0.025527170018566542`, 0}, {-0.17284594937255096`, 

                    0.025457916313740947`}}], 

                    LineBox[{{0.025527170018566542`, 0}, {

                    0.050985086332307486`, 0.19837311939111751`}}]}, 

                    InsetBox["\<\"0.105 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 23->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.04613626703140662, -0.09828758448791076}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.04613626703140662, -0.09828758448791076}, {

                    0.13563374120399552`, -0.14289926588109284`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.027709364537178167`, 0}, 0.2], 

                    LineBox[{{0.027709364537178167`, 0}, {

                    0.22579291083685799`, -0.027620801678130455`}}], 

                    LineBox[{{0.027709364537178167`, 0}, {

                    0.0000885628590477118, -0.1980835462996798}}], 

                    LineBox[{{

                    0.027709364537178167`, 0}, {-0.17037418176250163`, 

                    0.027620801678130455`}}], 

                    LineBox[{{0.027709364537178167`, 0}, {0.05533016621530862,

                     0.1980835462996798}}]}, 

                    InsetBox["\<\"0.11 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 24->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.03741609372060033, -0.09971820498957401}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.03741609372060033, -0.09971820498957401}, {

                    0.13049497705979468`, -0.13627393609057448`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.02991412106953713, 0}, 0.2], 

                    LineBox[{{0.02991412106953713, 0}, {

                    0.22768115201240058`, -0.029802709139346736`}}], 

                    LineBox[{{0.02991412106953713, 0}, {

                    0.00011141193019039569`, -0.19776703094286344`}}], 

                    LineBox[{{0.02991412106953713, 0}, {-0.1678529098733263, 

                    0.029802709139346736`}}], 

                    LineBox[{{0.02991412106953713, 0}, {0.05971683020888387, 

                    0.19776703094286344`}}]}, 

                    InsetBox["\<\"0.115 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 25->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.028568133778903174`, -0.09993661443771623}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.028568133778903174`, -0.09993661443771623}, {

                    0.12451533247002049`, -0.12811701655208035`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.03212806281292194, 0}, 0.2], 

                    LineBox[{{0.03212806281292194, 0}, {

                    0.22955307627522817`, -0.0319900618850326}}], 

                    LineBox[{{0.03212806281292194, 0}, {

                    0.00013800092788933405`, -0.19742501346230623`}}], 

                    LineBox[{{0.03212806281292194, 0}, {-0.1652969506493843, 

                    0.0319900618850326}}], 

                    LineBox[{{0.03212806281292194, 0}, {0.06411812469795454, 

                    0.19742501346230623`}}]}, 

                    InsetBox["\<\"0.12 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 26->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.019780954156018334`, -0.09893484080238361}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.019780954156018334`, -0.09893484080238361}, {

                    0.11784108178118644`, -0.11853615122122416`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.03433764593014795, 0}, 0.2], 

                    LineBox[{{0.03433764593014795, 0}, {

                    0.2313971947042245, -0.03416920012170827}}], 

                    LineBox[{{0.03433764593014795, 0}, {

                    0.0001684458084396795, -0.19705954877407655`}}], 

                    LineBox[{{0.03433764593014795, 0}, {-0.1627219028439286, 

                    0.03416920012170827}}], 

                    LineBox[{{0.03433764593014795, 0}, {0.06850684605185622, 

                    0.19705954877407655`}}]}, 

                    InsetBox["\<\"0.125 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 27->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.01123965299408624, -0.09674930694008056}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.01123965299408624, -0.09674930694008056}, {

                    0.11063942623497758`, -0.10768937456598585`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.03652940599039047, 0}, 0.2], 

                    LineBox[{{0.03652940599039047, 0}, {

                    0.23320267597406363`, -0.036326641379698335`}}], 

                    LineBox[{{0.03652940599039047, 0}, {

                    0.00020276461069213686`, -0.19667326998367315`}}], 

                    LineBox[{{0.03652940599039047, 0}, {-0.16014386399328268`,

                     0.036326641379698335`}}], 

                    LineBox[{{0.03652940599039047, 0}, {0.0728560473700888, 

                    0.19667326998367315`}}]}, 

                    InsetBox["\<\"0.13 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 28->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.003115457494400932, -0.09345821348910444}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.003115457494400932, -0.09345821348910444}, {

                    0.10308857380937361`, -0.09577683684638827}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.03869020038068163, 0}, 0.2], 

                    LineBox[{{0.03869020038068163, 0}, {

                    0.23495952767330924`, -0.03844933242722716}}], 

                    LineBox[{{0.03869020038068163, 0}, {

                    0.00024086795345447387`, -0.1962693272926276}}], 

                    LineBox[{{0.03869020038068163, 0}, {-0.15757912691194598`,

                     0.03844933242722716}}], 

                    LineBox[{{0.03869020038068163, 0}, {0.07713953280790879, 

                    0.1962693272926276}}]}, 

                    InsetBox["\<\"0.135 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 29->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.004443330954985364, -0.08917605228066178}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.004443330954985364, -0.08917605228066178}, {

                    0.09536760987293333, -0.08302982652449926}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04080743367542369, 0}, 0.2], 

                    LineBox[{{0.04080743367542369, 0}, {

                    0.2366587399897293, -0.04052487896317565}}], 

                    LineBox[{{0.04080743367542369, 0}, {

                    0.00028255471224804263`, -0.1958513063143056}}], 

                    LineBox[{{0.04080743367542369, 0}, {-0.15504387263888192`,

                     0.04052487896317565}}], 

                    LineBox[{{0.04080743367542369, 0}, {0.08133231263859934, 

                    0.1958513063143056}}]}, 

                    InsetBox["\<\"0.14 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 30->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.011318240772304915`, -0.08404591255993216}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.011318240772304915`, -0.08404591255993216}, {

                    0.08764712508823083, -0.06969821727147883}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04286925392867051, 0}, 0.2], 

                    LineBox[{{0.04286925392867051, 0}, {

                    0.23829238535374292`, -0.04254174072624306}}], 

                    LineBox[{{0.04286925392867051, 0}, {

                    0.0003275132024274513, -0.1954231314250724}}], 

                    LineBox[{{0.04286925392867051, 0}, {-0.15255387749640187`,

                     0.04254174072624306}}], 

                    LineBox[{{0.04286925392867051, 0}, {0.08541099465491357, 

                    0.1954231314250724}}]}, 

                    InsetBox["\<\"0.145 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 31->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.01742489805608996, -0.07823045727968708}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.01742489805608996, -0.07823045727968708}, {

                    0.08008138913441364, -0.0560375764769829}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04486471226385869, 0}, 0.2], 

                    LineBox[{{0.04486471226385869, 0}, {

                    0.2398536726264141, -0.044489384539795486`}}], 

                    LineBox[{{0.04486471226385869, 0}, {

                    0.0003753277240632069, -0.19498896036255542`}}], 

                    LineBox[{{0.04486471226385869, 0}, {-0.15012424809869673`,

                     0.044489384539795486`}}], 

                    LineBox[{{0.04486471226385869, 0}, {0.08935409680365418, 

                    0.19498896036255542`}}]}, 

                    InsetBox["\<\"0.15 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 32->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.022714520307399712`, -0.07190252036265045}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.022714520307399712`, -0.07190252036265045}, {

                    0.07280259853384027, -0.04229711531106507}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04678387942596566, 0}, 0.2], 

                    LineBox[{{0.04678387942596566, 0}, {

                    0.24133695628165167`, -0.046358389596550156`}}], 

                    LineBox[{{0.04678387942596566, 0}, {

                    0.0004254898294155027, -0.194553076855686}}], 

                    LineBox[{{0.04678387942596566, 0}, {-0.14776919742972036`,

                     0.046358389596550156`}}], 

                    LineBox[{{0.04678387942596566, 0}, {0.09314226902251582, 

                    0.194553076855686}}]}, 

                    InsetBox["\<\"0.155 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 33->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.027172834422733508`, -0.06523620044531393}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.027172834422733508`, -0.06523620044531393}, {

                    0.06591741657721027, -0.028709427130833153`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.048617917991125165`, 0}, 0.2], 

                    LineBox[{{0.048617917991125165`, 0}, {

                    0.2427377052694543, -0.04814050464023262}}], 

                    LineBox[{{0.048617917991125165`, 0}, {

                    0.0004774133508925471, -0.19411978727832913`}}], 

                    LineBox[{{

                    0.048617917991125165`, 0}, {-0.14550186928720396`, 

                    0.04814050464023262}}], 

                    LineBox[{{0.048617917991125165`, 0}, {0.09675842263135778,

                     0.19411978727832913`}}]}, 

                    InsetBox["\<\"0.16 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 34->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03081686825958626, -0.05839914721233561}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03081686825958626, -0.05839914721233561}, {

                    0.05950574246434829, -0.015482646982091015`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05035911097609622, 0}, 0.2], 

                    LineBox[{{0.05035911097609622, 0}, {

                    0.24405243750970726`, -0.04982865898600855}}], 

                    LineBox[{{0.05035911097609622, 0}, {

                    0.0005304519900876728, -0.19369332653361104`}}], 

                    LineBox[{{0.05035911097609622, 0}, {-0.14333421555751483`,

                     0.04982865898600855}}], 

                    LineBox[{{0.05035911097609622, 0}, {0.10018776996210477`, 

                    0.19369332653361104`}}]}, 

                    InsetBox["\<\"0.165 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 35->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03369021761902714, -0.05154649134176004}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03369021761902714, -0.05154649134176004}, {

                    0.05362142101400396, -0.002795309210297914}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05200085093746747, 0}, 0.2], 

                    LineBox[{{0.05200085093746747, 0}, {

                    0.24527862780314696`, -0.05141693271540622}}], 

                    LineBox[{{0.05200085093746747, 0}, {

                    0.000583918222061254, -0.19327777686567948`}}], 

                    LineBox[{{0.05200085093746747, 0}, {-0.141276925928212, 

                    0.05141693271540622}}], 

                    LineBox[{{0.05200085093746747, 0}, {0.10341778365287368`, 

                    0.19327777686567948`}}]}, 

                    InsetBox["\<\"0.17 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 36->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03585743216519899, -0.04481661616961543}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03585743216519899, -0.04481661616961543}, {

                    0.04829446636162742, 0.009206138057938663}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.053537595185909115`, 0}, 0.2], 

                    LineBox[{{0.053537595185909115`, 0}, {

                    0.24641459707040334`, -0.05290049285260785}}], 

                    LineBox[{{0.053537595185909115`, 0}, {

                    0.0006371023333012621, -0.19287700188449422`}}], 

                    LineBox[{{0.053537595185909115`, 0}, {-0.1393394066985851,

                     0.05290049285260785}}], 

                    LineBox[{{0.053537595185909115`, 0}, {

                    0.10643808803851697`, 0.19287700188449422`}}]}, 

                    InsetBox["\<\"0.175 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 37->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03739811694963174, -0.038328744731308324`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03739811694963174, -0.038328744731308324`}, {

                    0.04353431821350401, 0.020407453124569527`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05496479404456661, 0}, 0.2], 

                    LineBox[{{0.05496479404456661, 0}, {

                    0.24745939065730824`, -0.05427550345135345}}], 

                    LineBox[{{0.05496479404456661, 0}, {

                    0.0006892905932131613, -0.19249459661274163`}}], 

                    LineBox[{{0.05496479404456661, 0}, {-0.137529802568175, 

                    0.05427550345135345}}], 

                    LineBox[{{0.05496479404456661, 0}, {0.10924029749592007`, 

                    0.19249459661274163`}}]}, 

                    InsetBox["\<\"0.18 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 38->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03840123739617978, -0.032182147770094295`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03840123739617978, -0.032182147770094295`}, {

                    0.039333666625352294`, 0.030724804920075004`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.056278799385096424`, 0}, 0.2], 

                    LineBox[{{0.056278799385096424`, 0}, {

                    0.24841265253241804`, -0.05553901758910984}}], 

                    LineBox[{{0.056278799385096424`, 0}, {

                    0.0007397817959865841, -0.19213385314732162`}}], 

                    LineBox[{{0.056278799385096424`, 0}, {-0.1358550537622252,

                     0.05553901758910984}}], 

                    LineBox[{{0.056278799385096424`, 0}, {

                    0.11181781697420626`, 0.19213385314732162`}}]}, 

                    InsetBox["\<\"0.185 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 39->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.038959977284842455`, -0.026456673710990614`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.038959977284842455`, \

-0.026456673710990614`}, {0.035672447093686645`, 0.04010158070860137}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05747676061182314, 0}, 0.2], 

                    LineBox[{{0.05747676061182314, 0}, {

                    0.24927450114264746`, -0.05668885893427911}}], 

                    LineBox[{{0.05747676061182314, 0}, {

                    0.0007879016775440353, -0.19179774053082432`}}], 

                    LineBox[{{0.05747676061182314, 0}, {-0.1343209799190012, 

                    0.05668885893427911}}], 

                    LineBox[{{0.05747676061182314, 0}, {0.11416561954610224`, 

                    0.19179774053082432`}}]}, 

                    InsetBox["\<\"0.19 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 40->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03916735788837023, -0.021214259614917283`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03916735788837023, -0.021214259614917283`}, {

                    0.032521700972825064`, 0.0485043092143127}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05855651426675312, 0}, 0.2], 

                    LineBox[{{0.05855651426675312, 0}, {

                    0.25004541114245354`, -0.05772349931637342}}], 

                    LineBox[{{0.05855651426675312, 0}, {

                    0.0008330149503796985, -0.19148889687570045`}}], 

                    LineBox[{{0.05855651426675312, 0}, {-0.13293238260894732`,

                     0.05772349931637342}}], 

                    LineBox[{{0.05855651426675312, 0}, {0.11628001358312653`, 

                    0.19148889687570045`}}]}, 

                    InsetBox["\<\"0.195 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 41->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.039112702302500475`, -0.01650108406399615}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.039112702302500475`, -0.01650108406399615}, {

                    0.029847092482948513`, 0.055918158566321124`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05951647301957618, 0}, 0.2], 

                    LineBox[{{0.05951647301957618, 0}, {

                    0.2507261043087358, -0.058641938084135904`}}], 

                    LineBox[{{0.05951647301957618, 0}, {

                    0.000874534935440277, -0.19120963128915963`}}], 

                    LineBox[{{0.05951647301957618, 0}, {-0.13169315826958344`,

                     0.058641938084135904`}}], 

                    LineBox[{{0.05951647301957618, 0}, {0.11815841110371209`, 

                    0.19120963128915963`}}]}, 

                    InsetBox["\<\"0.2 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 42->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03887893121007821, -0.012350061323465458`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03887893121007821, -0.012350061323465458`}, {

                    0.027611964306442915`, 0.06234238015096402}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06035551837929899, 0}, 0.2], 

                    LineBox[{{0.06035551837929899, 0}, {

                    0.25131745152453583`, -0.05944358745427556}}], 

                    LineBox[{{0.06035551837929899, 0}, {

                    0.0009119309250234311, -0.19096193314523682`}}], 

                    LineBox[{{0.06035551837929899, 0}, {-0.13060641476593782`,

                     0.05944358745427556}}], 

                    LineBox[{{0.06035551837929899, 0}, {0.11979910583357456`, 

                    0.19096193314523682`}}]}, 

                    InsetBox["\<\"0.205 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 43->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.038540609411197, -0.008783429335217228}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.038540609411197, -0.008783429335217228}, {

                    0.02577988609640658, 0.06778597615846772}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06107290056166384, 0}, 0.2], 

                    LineBox[{{0.06107290056166384, 0}, {

                    0.25182038686152786`, -0.06012816702913198}}], 

                    LineBox[{{0.06107290056166384, 0}, {

                    0.000944733532531862, -0.19074748629986402`}}], 

                    LineBox[{{0.06107290056166384, 0}, {-0.12967458573820018`,

                     0.06012816702913198}}], 

                    LineBox[{{0.06107290056166384, 0}, {0.12120106759079582`, 

                    0.19074748629986402`}}]}, 

                    InsetBox["\<\"0.21 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 44->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03816262344883033, -0.005815241969569115}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03816262344883033, -0.005815241969569115}, {

                    0.02431670295523671, 0.07226378064274368}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.061668148164111564`, 0}, 0.2], 

                    LineBox[{{0.061668148164111564`, 0}, {

                    0.25223583417255774`, -0.060695609803232686`}}], 

                    LineBox[{{0.061668148164111564`, 0}, {

                    0.0009725383608788774, -0.19056768600844617`}}], 

                    LineBox[{{0.061668148164111564`, 0}, {-0.1288995378443346,

                     0.060695609803232686`}}], 

                    LineBox[{{0.061668148164111564`, 0}, {

                    0.12236375796734425`, 0.19056768600844617`}}]}, 

                    InsetBox["\<\"0.215 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 45->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03779935509608445, -0.0034536322812927893`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03779935509608445, -0.0034536322812927893`}, \

{0.023192125717602867`, 0.07579306650265412}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06214098923024661, 0}, 0.2], 

                    LineBox[{{0.06214098923024661, 0}, {

                    0.2525646459024925, -0.06114598089466397}}], 

                    LineBox[{{0.06214098923024661, 0}, {

                    0.0009950083355826367, -0.19042365667224592`}}], 

                    LineBox[{{0.06214098923024661, 0}, {-0.12828266744199932`,

                     0.06114598089466397}}], 

                    LineBox[{{0.06214098923024661, 0}, {0.12328697012491058`, 

                    0.19042365667224592`}}]}, 

                    InsetBox["\<\"0.22 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 46->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03749421704569164, -0.0017027581848479323`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03749421704569164, -0.0017027581848479323`}, \

{0.022380921670542307`, 0.07839073570642731}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06249128497617118, 0}, 0.2], 

                    LineBox[{{0.06249128497617118, 0}, {

                    0.25280755373910235`, -0.06147940992036066}}], 

                    LineBox[{{0.06249128497617118, 0}, {

                    0.0010118750558105183`, -0.1903162687629312}}], 

                    LineBox[{{0.06249128497617118, 0}, {-0.12782498378676002`,

                     0.06147940992036066}}], 

                    LineBox[{{0.06249128497617118, 0}, {0.12397069489653184`, 

                    0.1903162687629312}}]}, 

                    InsetBox["\<\"0.225 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 47->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.037279430610634504`, -0.0005643785583204464}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.037279430610634504`, \

-0.0005643785583204464}, {0.021863769673035147`, 0.08007110903991844}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06271897676089772, 0}, 0.2], 

                    LineBox[{{0.06271897676089772, 0}, {

                    0.25296513042273333`, -0.0616960372866624}}], 

                    LineBox[{{0.06271897676089772, 0}, {

                    0.0010229394742353182`, -0.19024615366183562`}}], 

                    LineBox[{{0.06271897676089772, 0}, {-0.1275271769009379, 

                    0.0616960372866624}}], 

                    LineBox[{{0.06271897676089772, 0}, {0.12441501404756011`, 

                    0.19024615366183562`}}]}, 

                    InsetBox["\<\"0.23 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 48->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03717594581504326, -0.00003903252164958362}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03717594581504326, -0.00003903252164958362}, \

{0.021627838927471457`, 0.08084430877899153}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06282404656726773, 0}, 0.2], 

                    LineBox[{{0.06282404656726773, 0}, {

                    0.25303776202396666`, -0.06179597440091048}}], 

                    LineBox[{{0.06282404656726773, 0}, {

                    0.0010280721663572454`, -0.1902137154566989}}], 

                    LineBox[{{0.06282404656726773, 0}, {-0.12738966888943118`,

                     0.06179597440091048}}], 

                    LineBox[{{0.06282404656726773, 0}, {0.1246200209681782, 

                    0.1902137154566989}}]}, 

                    InsetBox["\<\"0.235 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 49->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03719342811325675, -0.0001268078975114826}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03719342811325675, -0.0001268078975114826}, {

                    0.021667138673646794`, 0.08071522125517906}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06280649148549657, 0}, 0.2], 

                    LineBox[{{0.06280649148549657, 0}, {

                    0.2530256303763543, -0.061779278076233506`}}], 

                    LineBox[{{0.06280649148549657, 0}, {

                    0.00102721340926306, -0.19021913889085773`}}], 

                    LineBox[{{0.06280649148549657, 0}, {-0.12741264740536118`,

                     0.061779278076233506`}}], 

                    LineBox[{{0.06280649148549657, 0}, {0.12458576956173006`, 

                    0.19021913889085773`}}]}, 

                    InsetBox["\<\"0.24 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 50->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03733026272170881, -0.0008276968623029198}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03733026272170881, -0.0008276968623029198}, {

                    0.02198267276740684, 0.07968302095628323}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06266631180914267, 0}, 0.2], 

                    LineBox[{{0.06266631180914267, 0}, {

                    0.25292870496909914`, -0.061645938625721035`}}], 

                    LineBox[{{0.06266631180914267, 0}, {

                    0.001020373183421637, -0.19026239315995644`}}], 

                    LineBox[{{0.06266631180914267, 0}, {-0.12759608135081377`,

                     0.061645938625721035`}}], 

                    LineBox[{{0.06266631180914267, 0}, {0.12431225043486371`, 

                    0.19026239315995644`}}]}, 

                    InsetBox["\<\"0.245 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 51->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03757355357245143, -0.0021415371824108197`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03757355357245143, -0.0021415371824108197`}, \

{0.02258241446789455, 0.0777412488802252}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06240351289029468, 0}, 0.2], 

                    LineBox[{{0.06240351289029468, 0}, {

                    0.2527467442052842, -0.061395881723193685`}}], 

                    LineBox[{{0.06240351289029468, 0}, {

                    0.0010076311671009947`, -0.19034323131498954`}}], 

                    LineBox[{{0.06240351289029468, 0}, {-0.12793971842469487`,

                     0.061395881723193685`}}], 

                    LineBox[{{0.06240351289029468, 0}, {0.12379939461348836`, 

                    0.19034323131498954`}}]}, 

                    InsetBox["\<\"0.25 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 52->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03789912028767238, -0.004067537004172356}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03789912028767238, -0.004067537004172356}, {

                    0.023481097841833658`, 0.07487844973596701}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06201812118105357, 0}, 0.2], 

                    LineBox[{{0.06201812118105357, 0}, {

                    0.25247930635360927`, -0.061028984447272616`}}], 

                    LineBox[{{0.06201812118105357, 0}, {

                    0.0009891367337809542, -0.19046118517255572`}}], 

                    LineBox[{{0.06201812118105357, 0}, {-0.12844306399150215`,

                     0.061028984447272616`}}], 

                    LineBox[{{0.06201812118105357, 0}, {0.12304710562832619`, 

                    0.19046118517255572`}}]}, 

                    InsetBox["\<\"0.255 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 53->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03827152447146641, -0.006603388856899488}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03827152447146641, -0.006603388856899488}, {

                    0.024699806910786715`, 0.07107937257668026}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06151021361524252, 0}, 0.2], 

                    LineBox[{{0.06151021361524252, 0}, {

                    0.25212576987008467`, -0.06054510478690343}}], 

                    LineBox[{{0.06151021361524252, 0}, {

                    0.000965108828339091, -0.19061555625484214`}}], 

                    LineBox[{{0.06151021361524252, 0}, {-0.1291053426395996, 

                    0.06054510478690343}}], 

                    LineBox[{{0.06151021361524252, 0}, {0.12205531840214595`, 

                    0.19061555625484214`}}]}, 

                    InsetBox["\<\"0.26 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 54->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03864418148636073, -0.009743974474356622}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03864418148636073, -0.009743974474356622}, {

                    0.026265323003148475`, 0.0663267572621423}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.060879961119557194`, 0}, 0.2], 

                    LineBox[{{0.060879961119557194`, 0}, {

                    0.2516853641267507, -0.05994412551086623}}], 

                    LineBox[{{0.060879961119557194`, 0}, {

                    0.0009358356086909617, -0.19080540300719348`}}], 

                    LineBox[{{

                    0.060879961119557194`, 0}, {-0.12992544188763627`, 

                    0.05994412551086623}}], 

                    LineBox[{{0.060879961119557194`, 0}, {

                    0.12082408663042343`, 0.19080540300719348`}}]}, 

                    InsetBox["\<\"0.265 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 55->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.0389596409270692, -0.013479679554485105`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.0389596409270692, -0.013479679554485105`}, {

                    0.028209180117911042`, 0.06060371588219436}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.06012768540232773, 0}, 0.2], 

                    LineBox[{{0.06012768540232773, 0}, {

                    0.2511572106750609, -0.05922601180287423}}], 

                    LineBox[{{0.06012768540232773, 0}, {

                    0.0009016735994534994, -0.1910295252727332}}], 

                    LineBox[{{0.06012768540232773, 0}, {-0.1309018398704055, 

                    0.05922601180287423}}], 

                    LineBox[{{0.06012768540232773, 0}, {0.11935369720520195`, 

                    0.1910295252727332}}]}, 

                    InsetBox["\<\"0.27 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 56->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.0391501415621562, -0.01779435020792829}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.0391501415621562, -0.01779435020792829}, {

                    0.03056636619413495, 0.0538967130166257}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.059253928987174236`, 0}, 0.2], 

                    LineBox[{{0.059253928987174236`, 0}, {

                    0.2505403759592204, -0.05839088289117209}}], 

                    LineBox[{{0.059253928987174236`, 0}, {

                    0.000863046096002143, -0.19128644697204616`}}], 

                    LineBox[{{

                    0.059253928987174236`, 0}, {-0.13203251798487192`, 

                    0.05839088289117209}}], 

                    LineBox[{{0.059253928987174236`, 0}, {

                    0.11764481187834633`, 0.19128644697204616`}}]}, 

                    InsetBox["\<\"0.275 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 57->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03913856584918844, -0.022662953480828123`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03913856584918844, -0.022662953480828123`}, {

                    0.03337360724546365, 0.04619911701586267}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05825953751800152, 0}, 0.2], 

                    LineBox[{{0.05825953751800152, 0}, {

                    0.2498339359430169, -0.05743909703410615}}], 

                    LineBox[{{0.05825953751800152, 0}, {

                    0.0008204404838953669, -0.1915743984250154}}], 

                    LineBox[{{0.05825953751800152, 0}, {-0.1333148609070139, 

                    0.05743909703410615}}], 

                    LineBox[{{0.05825953751800152, 0}, {0.11569863455210766`, 

                    0.1915743984250154}}]}, 

                    InsetBox["\<\"0.28 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 58->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.038839929481219435`, -0.02804904158532935}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.038839929481219435`, -0.02804904158532935}, {

                    0.03666717871719881, 0.03751525213855943}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05714575312897231, 0}, 0.2], 

                    LineBox[{{0.05714575312897231, 0}, {

                    0.24903705311825253`, -0.056371349003053496`}}], 

                    LineBox[{{0.05714575312897231, 0}, {

                    0.0007744041259188164, -0.19189129998928023`}}], 

                    LineBox[{{0.05714575312897231, 0}, {-0.13474554686030793`,

                     0.056371349003053496`}}], 

                    LineBox[{{0.05714575312897231, 0}, {0.11351710213202582`, 

                    0.19189129998928023`}}]}, 

                    InsetBox["\<\"0.285 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 59->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.038163538813011384`, -0.033902169029264836`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.038163538813011384`, \

-0.033902169029264836`}, {0.04048021065934634, 0.027864817856360698`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05591431689762414, 0}, 0.2], 

                    LineBox[{{0.05591431689762414, 0}, {

                    0.24814906592918515`, -0.05518877843160468}}], 

                    LineBox[{{0.05591431689762414, 0}, {

                    0.0007255384660194569, -0.19223474903156101`}}], 

                    LineBox[{{0.05591431689762414, 0}, {-0.13632043213393688`,

                     0.05518877843160468}}], 

                    LineBox[{{0.05591431689762414, 0}, {0.11110309532922882`, 

                    0.19223474903156101`}}]}, 

                    InsetBox["\<\"0.29 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 60->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.037015927317369156`, -0.04015546810743609}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.037015927317369156`, -0.04015546810743609}, {

                    0.04483949236628728, 0.017287462427247394`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.05456757764434698, 0}, 0.2], 

                    LineBox[{{0.05456757764434698, 0}, {

                    0.24716959013729348`, -0.05389308660363478}}], 

                    LineBox[{{0.05456757764434698, 0}, {

                    0.0006744910407121968, -0.1926020124929465}}], 

                    LineBox[{{0.05456757764434698, 0}, {-0.13803443484859954`,

                     0.05389308660363478}}], 

                    LineBox[{{0.05456757764434698, 0}, {0.10846066424798176`, 

                    0.1926020124929465}}]}, 

                    InsetBox["\<\"0.295 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 61->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03530463556283829, -0.046723647184233406`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03530463556283829, -0.046723647184233406`}, {

                    0.04976184140020391, 0.005847204978312044}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.053108603229795465`, 0}, 0.2], 

                    LineBox[{{0.053108603229795465`, 0}, {

                    0.24609863075767724`, -0.05248665806457331}}], 

                    LineBox[{{0.053108603229795465`, 0}, {

                    0.0006219451652221542, -0.19299002752788177`}}], 

                    LineBox[{{0.053108603229795465`, 0}, {-0.1398814242980863,

                     0.05248665806457331}}], 

                    LineBox[{{0.053108603229795465`, 0}, {

                    0.10559526129436878`, 0.19299002752788177`}}]}, 

                    InsetBox["\<\"0.3 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 62->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.03294282353885747, -0.05350172530266642}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.03294282353885747, -0.05350172530266642}, {

                    0.05525017925187713, -0.006363691203295226}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.051541289699301246`, 0}, 0.2], 

                    LineBox[{{0.051541289699301246`, 0}, {

                    0.24493670236259396`, -0.050972682495575274`}}], 

                    LineBox[{{0.051541289699301246`, 0}, {

                    0.0005686072037259723, -0.19339541266329272`}}], 

                    LineBox[{{

                    0.051541289699301246`, 0}, {-0.14185412296399147`, 

                    0.050972682495575274`}}], 

                    LineBox[{{0.051541289699301246`, 0}, {

                    0.10251397219487651`, 0.19339541266329272`}}]}, 

                    InsetBox["\<\"0.305 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 63->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.029854598332253672`, -0.060364846429820776`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.029854598332253672`, \

-0.060364846429820776`}, {

                    0.061289549328288805`, -0.019221871972044516`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04987046244228669, 0}, 0.2], 

                    LineBox[{{0.04987046244228669, 0}, {

                    0.24368495424100192`, -0.04935527093235072}}], 

                    LineBox[{{0.04987046244228669, 0}, {

                    0.0005151915099359736, -0.19381449179871524`}}], 

                    LineBox[{{0.04987046244228669, 0}, {-0.14394402935642855`,

                     0.04935527093235072}}], 

                    LineBox[{{0.04987046244228669, 0}, {0.09922573337463741, 

                    0.19381449179871524`}}]}, 

                    InsetBox["\<\"0.31 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 64->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.02598080942136656, -0.06716950847883138}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.02598080942136656, -0.06716950847883138}, {

                    0.06784341076073791, -0.03257159369744635}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.048101962737295265`, 0}, 0.2], 

                    LineBox[{{0.048101962737295265`, 0}, {

                    0.24234529565225404`, -0.0476395593817627}}], 

                    LineBox[{{0.048101962737295265`, 0}, {

                    0.00046240335553256184`, -0.19424333291495877`}}], 

                    LineBox[{{0.048101962737295265`, 0}, {-0.1461413701776635,

                     0.0476395593817627}}], 

                    LineBox[{{0.048101962737295265`, 0}, {0.09574152211905797,

                     0.19424333291495877`}}]}, 

                    InsetBox["\<\"0.315 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 65->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.021284921087627293`, -0.0737564824521354}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.021284921087627293`, -0.0737564824521354}, {

                    0.07485062859490928, -0.04622548015950999}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0462427124877309, 0}, 0.2], 

                    LineBox[{{0.0462427124877309, 0}, {

                    0.24092051511538107`, -0.04583179206696694}}], 

                    LineBox[{{0.0462427124877309, 0}, {

                    0.0004109204207639605, -0.19467780262765016`}}], 

                    LineBox[{{0.0462427124877309, 0}, {-0.14843509013991926`, 

                    0.04583179206696694}}], 

                    LineBox[{{0.0462427124877309, 0}, {0.09207450455469784, 

                    0.19467780262765016`}}]}, 

                    InsetBox["\<\"0.32 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 66->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.015758438702467757`, -0.07995557424577049}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.015758438702467757`, -0.07995557424577049}, {

                    0.08222363520807033, -0.05996774814612046}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04430074999525845, 0}, 0.2], 

                    LineBox[{{0.04430074999525845, 0}, {

                    0.23941438665187362`, -0.04393937631134931}}], 

                    LineBox[{{0.04430074999525845, 0}, {

                    0.00036137368390914276`, -0.19511363665661516`}}], 

                    LineBox[{{0.04430074999525845, 0}, {-0.1508128866613567, 

                    0.04393937631134931}}], 

                    LineBox[{{0.04430074999525845, 0}, {0.08824012630660777, 

                    0.19511363665661516`}}]}, 

                    InsetBox["\<\"0.325 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 67->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.009425271120967846, -0.085592196280314}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.009425271120967846, -0.085592196280314}, {

                    0.08984823693355948, -0.0735601308488222}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04228523009408713, 0}, 0.2], 

                    LineBox[{{0.04228523009408713, 0}, {

                    0.23783175510004684`, -0.041970901325722974`}}], 

                    LineBox[{{0.04228523009408713, 0}, {

                    0.0003143287683641527, -0.1955465250059597}}], 

                    LineBox[{{0.04228523009408713, 0}, {-0.15326129491187257`,

                     0.041970901325722974`}}], 

                    LineBox[{{0.04228523009408713, 0}, {0.0842561314198101, 

                    0.1955465250059597}}]}, 

                    InsetBox["\<\"0.33 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 68->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{-0.00234438703553215, -0.09049548024404788}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{-0.00234438703553215, -0.09049548024404788}, {

                    0.09758546231562769, -0.08675045572416817}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.04020638329120978, 0}, 0.2], 

                    LineBox[{{0.04020638329120978, 0}, {

                    0.23617859247384865`, -0.03993611433372096}}], 

                    LineBox[{{0.04020638329120978, 0}, {

                    0.0002702689574888145, -0.19597220918263888`}}], 

                    LineBox[{{0.04020638329120978, 0}, {-0.15576582589142912`,

                     0.03993611433372096}}], 

                    LineBox[{{0.04020638329120978, 0}, {0.08014249762493074, 

                    0.19597220918263888`}}]}, 

                    InsetBox["\<\"0.335 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 69->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.0053898038651592275`, -0.09450740600089291}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.0053898038651592275`, -0.09450740600089291}, {

                    0.10527568349092042`, -0.09928349764448044}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.038075430843731814`, 0}, 0.2], 

                    LineBox[{{0.038075430843731814`, 0}, {

                    0.2344620181131803, -0.037845849715118056`}}], 

                    LineBox[{{0.038075430843731814`, 0}, {

                    0.00022958112861375807`, -0.19638658726944846`}}], 

                    LineBox[{{

                    0.038075430843731814`, 0}, {-0.15831115642571664`, 

                    0.037845849715118056`}}], 

                    LineBox[{{0.038075430843731814`, 0}, {0.07592128055884986,

                     0.19638658726944846`}}]}, 

                    InsetBox["\<\"0.34 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 70->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.013649732180013863`, -0.0974921909022135}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.013649732180013863`, -0.0974921909022135}, {

                    0.1127449980237293, -0.11091337890340644`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.035904455568237716`, 0}, 0.2], 

                    LineBox[{{0.035904455568237716`, 0}, {

                    0.23269027695094407`, -0.03571190981638465}}], 

                    LineBox[{{0.035904455568237716`, 0}, {

                    0.00019254575185306821`, -0.19678582138270637`}}], 

                    LineBox[{{

                    0.035904455568237716`, 0}, {-0.16088136581446866`, 

                    0.03571190981638465}}], 

                    LineBox[{{0.035904455568237716`, 0}, {0.07161636538462236,

                     0.19678582138270637`}}]}, 

                    InsetBox["\<\"0.345 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 71->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.022279720521602243`, -0.09934502934541098}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.022279720521602243`, -0.09934502934541098}, {

                    0.11981356407394572`, -0.12141648969372026`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.03370623111580521, 0}, 0.2], 

                    LineBox[{{0.03370623111580521, 0}, {

                    0.23087267234949385`, -0.033546899279104835`}}], 

                    LineBox[{{0.03370623111580521, 0}, {

                    0.00015933183670037432`, -0.19716644123368865`}}], 

                    LineBox[{{0.03370623111580521, 0}, {-0.16346021011788345`,

                     0.033546899279104835`}}], 

                    LineBox[{{0.03370623111580521, 0}, {0.06725313039491004, 

                    0.19716644123368865`}}]}, 

                    InsetBox["\<\"0.35 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 72->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.03110356912682387, -0.09999923775275932}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.03110356912682387, -0.09999923775275932}, {

                    0.12630528069172142`, -0.13060371643013685`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.031494016136181496`, 0}, 0.2], 

                    LineBox[{{0.031494016136181496`, 0}, {

                    0.22901945329340068`, -0.03136401880897051}}], 

                    LineBox[{{0.031494016136181496`, 0}, {

                    0.00012999732721098722`, -0.19752543715721918`}}], 

                    LineBox[{{

                    0.031494016136181496`, 0}, {-0.16603142102103768`, 

                    0.03136401880897051}}], 

                    LineBox[{{0.031494016136181496`, 0}, {0.062858034945152, 

                    0.19752543715721918`}}]}, 

                    InsetBox["\<\"0.355 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 73->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.03993408825685263, -0.09943097402651656}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.03993408825685263, -0.09943097402651656}, {

                    0.13205795888651908`, -0.13833074857867148`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.029281323163310388`, 0}, 0.2], 

                    LineBox[{{0.029281323163310388`, 0}, {

                    0.22714165950334797`, -0.029176828193057797`}}], 

                    LineBox[{{0.029281323163310388`, 0}, {

                    0.00010449497025259019`, -0.19786033634003758`}}], 

                    LineBox[{{0.029281323163310388`, 0}, {-0.1685790131767272,

                     0.029176828193057797`}}], 

                    LineBox[{{0.029281323163310388`, 0}, {

                    0.058458151356368185`, 0.19786033634003758`}}]}, 

                    InsetBox["\<\"0.36 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 74->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.04858370828053977, -0.09766095681528092}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.04858370828053977, -0.09766095681528092}, {

                    0.13693299757230798`, -0.14450541306828324`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.027081673169326755`, 0}, 0.2], 

                    LineBox[{{0.027081673169326755`, 0}, {

                    0.2252509304687468, -0.026998990006966025`}}], 

                    LineBox[{{0.027081673169326755`, 0}, {

                    0.00008268316236072909, -0.19816925729942006`}}], 

                    LineBox[{{0.027081673169326755`, 0}, {-0.1710875841300933,

                     0.026998990006966025`}}], 

                    LineBox[{{0.027081673169326755`, 0}, {0.05408066317629278,

                     0.19816925729942006`}}]}, 

                    InsetBox["\<\"0.365 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 75->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.05687512311614498, -0.0947529707353494}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.05687512311614498, -0.0947529707353494}, {

                    0.14082358335146183`, -0.14909131837418937`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.024908350729399065`, 0}, 0.2], 

                    LineBox[{{0.024908350729399065`, 0}, {

                    0.22335928968811142`, -0.024844009869693373`}}], 

                    LineBox[{{0.024908350729399065`, 0}, {

                    0.00006434085970569159, -0.19845093895871235`}}], 

                    LineBox[{{0.024908350729399065`, 0}, {-0.1735425882293133,

                     0.024844009869693373`}}], 

                    LineBox[{{0.024908350729399065`, 0}, {0.04975236059909244,

                     0.19845093895871235`}}]}, 

                    InsetBox["\<\"0.37 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 76->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.06465093330812552, -0.09080934284492352}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.06465093330812552, -0.09080934284492352}, {

                    0.14366060886368007`, -0.1521075578972887}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.022774170633903218`, 0}, 0.2], 

                    LineBox[{{0.022774170633903218`, 0}, {

                    0.22147891400804545`, -0.022724985382091566`}}], 

                    LineBox[{{0.022774170633903218`, 0}, {

                    0.00004918525181165159, -0.19870474337414223`}}], 

                    LineBox[{{

                    0.022774170633903218`, 0}, {-0.17593057274023902`, 

                    0.022724985382091566`}}], 

                    LineBox[{{0.022774170633903218`, 0}, {0.04549915601599479,

                     0.19870474337414223`}}]}, 

                    InsetBox["\<\"0.375 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 77->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.07178138933936362, -0.08596394459028796}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.07178138933936362, -0.08596394459028796}, {

                    0.14541578284555345`, -0.15362468721831113`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.020691270622747754`, 0}, 0.2], 

                    LineBox[{{0.020691270622747754`, 0}, {

                    0.21962190323937447`, -0.02065437984420467}}], 

                    LineBox[{{0.020691270622747754`, 0}, {

                    0.000036890778543085395`, -0.19893063261662672`}}], 

                    LineBox[{{

                    0.020691270622747754`, 0}, {-0.17823936199387896`, 

                    0.02065437984420467}}], 

                    LineBox[{{0.020691270622747754`, 0}, {0.04134565046695242,

                     0.19893063261662672`}}]}, 

                    InsetBox["\<\"0.38 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 78->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.07816963596944229, -0.08037353339271026}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.07816963596944229, -0.08037353339271026}, {

                    0.14610177462881674`, -0.15375762252082797`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.018670937412491578`, 0}, 0.2], 

                    LineBox[{{0.018670937412491578`, 0}, {

                    0.2178000604100468, -0.018643829387347682`}}], 

                    LineBox[{{0.018670937412491578`, 0}, {

                    0.000027108025143895292`, -0.19912912299755522`}}], 

                    LineBox[{{

                    0.018670937412491578`, 0}, {-0.18045818558506366`, 

                    0.018643829387347682`}}], 

                    LineBox[{{0.018670937412491578`, 0}, {

                    0.037314766799839263`, 0.19912912299755522`}}]}, 

                    InsetBox["\<\"0.385 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 79->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.08375418801342037, -0.07420837878094023}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.08375418801342037, -0.07420837878094023}, {

                    0.14576958756103903`, -0.15265638843669388`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.01672347476416053, 0}, 0.2], 

                    LineBox[{{0.01672347476416053, 0}, {

                    0.21602469553358294`, -0.016703993529032155`}}], 

                    LineBox[{{0.01672347476416053, 0}, {

                    0.00001948123512837338, -0.19930122076942242`}}], 

                    LineBox[{{0.01672347476416053, 0}, {-0.1825777460052619, 

                    0.016703993529032155`}}], 

                    LineBox[{{0.01672347476416053, 0}, {0.03342746829319268, 

                    0.19930122076942242`}}]}, 

                    InsetBox["\<\"0.39 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 80->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.08850872784561009, -0.06764308721638616}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.08850872784561009, -0.06764308721638616}, {

                    0.14450365783156896`, -0.1504957746554039}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.014858115140511855`, 0}, 0.2], 

                    LineBox[{{0.014858115140511855`, 0}, {

                    0.21430645996625014`, -0.014844451699991998`}}], 

                    LineBox[{{0.014858115140511855`, 0}, {

                    0.000013663440519857267`, -0.19944834482573828`}}], 

                    LineBox[{{

                    0.014858115140511855`, 0}, {-0.18459022968522643`, 

                    0.014844451699991998`}}], 

                    LineBox[{{0.014858115140511855`, 0}, {

                    0.029702566840503854`, 0.19944834482573828`}}]}, 

                    InsetBox["\<\"0.395 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 81->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09243959158139979, -0.060848398281083065`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09243959158139979, -0.060848398281083065`}, {

                    0.14241536402824367`, -0.1474649219260625}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.01308297606242313, 0}, 0.2], 

                    LineBox[{{0.01308297606242313, 0}, {

                    0.21265521797364342`, -0.013073647483750145`}}], 

                    LineBox[{{0.01308297606242313, 0}, {

                    9.328578672985685*^-6, -0.1995722419112203}}], 

                    LineBox[{{0.01308297606242313, 0}, {-0.1864892658487972, 

                    0.013073647483750145`}}], 

                    LineBox[{{0.01308297606242313, 0}, {0.026156623546173277`,

                     0.1995722419112203}}]}, 

                    InsetBox["\<\"0.4 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 82->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09558150662729127, -0.05398449210407207}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09558150662729127, -0.05398449210407207}, {

                    0.1396357036181729, -0.1437576937150684}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.011405057353961965`, 0}, 0.2], 

                    LineBox[{{0.011405057353961965`, 0}, {

                    0.2110799571341691, -0.011398877039613866`}}], 

                    LineBox[{{0.011405057353961965`, 0}, {

                    6.180314348099361*^-6, -0.19967489978020714`}}], 

                    LineBox[{{

                    0.011405057353961965`, 0}, {-0.18826984242624517`, 

                    0.011398877039613866`}}], 

                    LineBox[{{0.011405057353961965`, 0}, {0.02280393439357583,

                     0.19967489978020714`}}]}, 

                    InsetBox["\<\"0.405 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 83->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09799221925269418, -0.0471960965269347}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09799221925269418, -0.0471960965269347}, {

                    0.13630785133727247`, -0.1395644479139722}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.009830274669896642, 0}, 0.2], 

                    LineBox[{{0.009830274669896642, 0}, {

                    0.20958873755216176`, -0.00982631705751004}}], 

                    LineBox[{{0.009830274669896642, 0}, {

                    3.957612386602111*^-6, -0.19975846288226512`}}], 

                    LineBox[{{

                    0.009830274669896642, 0}, {-0.18992818821236848`, 

                    0.00982631705751004}}], 

                    LineBox[{{0.009830274669896642, 0}, {0.01965659172740668, 

                    0.19975846288226512`}}]}, 

                    InsetBox["\<\"0.41 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 84->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.09974663511652282, -0.04060944118102933}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.09974663511652282, -0.04060944118102933}, {

                    0.13258019044332098`, -0.13506555609479276`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.008363522415299295, 0}, 0.2], 

                    LineBox[{{0.008363522415299295, 0}, {

                    0.2081886766291362, -0.008361085062138032}}], 

                    LineBox[{{0.008363522415299295, 0}, {

                    2.437353161263353*^-6, -0.1998251542138369}}], 

                    LineBox[{{0.008363522415299295, 0}, {-0.1914616317985376, 

                    0.008361085062138032}}], 

                    LineBox[{{0.008363522415299295, 0}, {

                    0.016724607477437328`, 0.1998251542138369}}]}, 

                    InsetBox["\<\"0.415 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 85->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10093100409078135`, -0.034330917128898915`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10093100409078135`, -0.034330917128898915`}, {

                    0.12860023866189302`, -0.13042677270159675`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0070087589670159356`, 0}, 0.2], 

                    LineBox[{{0.0070087589670159356`, 0}, {

                    0.20688596477877322`, -0.007007324516849134}}], 

                    LineBox[{{0.0070087589670159356`, 0}, {

                    1.4344501668012155`*^-6, -0.19987720581175727`}}], 

                    LineBox[{{

                    0.0070087589670159356`, 0}, {-0.19286844684474133`, 

                    0.007007324516849134}}], 

                    LineBox[{{0.0070087589670159356`, 0}, {

                    0.01401608348386507, 0.19987720581175727`}}]}, 

                    InsetBox["\<\"0.42 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 86->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.101637549803437, -0.0284471735989715}, 0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.101637549803437, -0.0284471735989715}, {

                    0.12450971109660937`, -0.1257963607439041}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0057691070590699806`, 0}, 0.2], 

                    LineBox[{{0.0057691070590699806`, 0}, {

                    0.20568590633769585`, -0.005768307047099542}}], 

                    LineBox[{{0.0057691070590699806`, 0}, {

                    8.000119704389824*^-7, -0.19991679927862588`}}], 

                    LineBox[{{

                    0.0057691070590699806`, 0}, {-0.1941476922195559, 

                    0.005768307047099542}}], 

                    LineBox[{{0.0057691070590699806`, 0}, {

                    0.011537414106169522`, 0.19991679927862588`}}]}, 

                    InsetBox["\<\"0.425 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 87->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10195980164405534`, -0.023026318615973797`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10195980164405534`, -0.023026318615973797`}, {

                    0.12044079906508026`, -0.12130374600560417`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.004646962557963228, 0}, 0.2], 

                    LineBox[{{0.004646962557963228, 0}, {

                    0.20459297933409068`, -0.004646544453739185}}], 

                    LineBox[{{0.004646962557963228, 0}, {

                    4.1810422404288394`*^-7, -0.19994601677612744`}}], 

                    LineBox[{{0.004646962557963228, 0}, {-0.1952990542181642, 

                    0.004646544453739185}}], 

                    LineBox[{{0.004646962557963228, 0}, {0.009293507011702413,

                     0.19994601677612744`}}]}, 

                    InsetBox["\<\"0.43 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 88->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10198875465902371`, -0.018119879565771747`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10198875465902371`, -0.018119879565771747`}, {

                    0.11651361450392862`, -0.11705939869986634`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0036441057729662226`, 0}, 0.2], 

                    LineBox[{{0.0036441057729662226`, 0}, {

                    0.20361090792420977`, -0.003643904143281096}}], 

                    LineBox[{{0.0036441057729662226`, 0}, {

                    2.0162968512654408`*^-7, -0.19996680215124354`}}], 

                    LineBox[{{

                    0.0036441057729662226`, 0}, {-0.19632269637827732`, 

                    0.003643904143281096}}], 

                    LineBox[{{0.0036441057729662226`, 0}, {

                    0.007288009916247319, 0.19996680215124354`}}]}, 

                    InsetBox["\<\"0.435 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 89->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10180987501905457`, -0.013765207285862814`}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10180987501905457`, -0.013765207285862814`}, {

                    0.11283466068300387`, -0.11315561980670899`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0027618105837652262`, 0}, 0.2], 

                    LineBox[{{0.0027618105837652262`, 0}, {

                    0.20274274189253394`, -0.002761722809685203}}], 

                    LineBox[{{0.0027618105837652262`, 0}, {

                    8.777408002334786*^-8, -0.1999809313087687}}], 

                    LineBox[{{

                    0.0027618105837652262`, 0}, {-0.19721912072500347`, 

                    0.002761722809685203}}], 

                    LineBox[{{0.0027618105837652262`, 0}, {

                    0.005523533393450429, 0.1999809313087687}}]}, 

                    InsetBox["\<\"0.44 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 90->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10150089091422454`, -0.009988055077174901}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10150089091422454`, -0.009988055077174901}, {

                    0.10949613785644856`, -0.10966792278541806`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0020009474178821858`, 0}, 0.2], 

                    LineBox[{{0.0020009474178821858`, 0}, {

                    0.20199093802495044`, -0.0020009140373225764`}}], 

                    LineBox[{{0.0020009474178821858`, 0}, {

                    3.3380559609410415`*^-8, -0.19998999060706826`}}], 

                    LineBox[{{

                    0.0020009474178821858`, 0}, {-0.1979890431891861, 

                    0.0020009140373225764`}}], 

                    LineBox[{{0.0020009474178821858`, 0}, {

                    0.004001861455204762, 0.19998999060706826`}}]}, 

                    InsetBox["\<\"0.445 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 91->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10113026012592474`, -0.006805123337927767}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10113026012592474`, -0.006805123337927767}, {

                    0.10657587441991104`, -0.10665673967417509`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.001362077340251061, 0}, 0.2], 

                    LineBox[{{0.001362077340251061, 0}, {

                    0.20135743922147592`, -0.0013620668111073075`}}], 

                    LineBox[{{0.001362077340251061, 0}, {

                    1.0529143753493925`*^-8, -0.19999536188122485`}}], 

                    LineBox[{{0.001362077340251061, 0}, {-0.1986332845409738, 

                    0.0013620668111073075`}}], 

                    LineBox[{{0.001362077340251061, 0}, {

                    0.0027241441513583685`, 0.19999536188122485`}}]}, 

                    InsetBox["\<\"0.45 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 92->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10075618228560124`, -0.004226416726301303}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10075618228560124`, -0.004226416726301303}, {

                    0.10413767831245781`, -0.10416922779653465`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0008455351970369419, 0}, 0.2], 

                    LineBox[{{0.0008455351970369419, 0}, {

                    0.2008437478752755, -0.0008455326782963451}}], 

                    LineBox[{{0.0008455351970369419, 0}, {

                    2.51874059684163*^-9, -0.19999821267823856`}}], 

                    LineBox[{{0.0008455351970369419, 0}, {-0.1991526774812016,

                     0.0008455326782963451}}], 

                    LineBox[{{0.0008455351970369419, 0}, {

                    0.0016910678753332868`, 0.19999821267823856`}}]}, 

                    InsetBox["\<\"0.455 s\"\>", Scaled[{0.5, 0.9}]]},

                   Frame->True,

                   

                   PlotRange->{{-0.30000000000000004`, 

                    0.30000000000000004`}, {-0.2, 0.2}}], 93->

                  GraphicsBox[{{

                    {RGBColor[0, 0, 1], 

                    DiskBox[{0.10042602000203747`, -0.002257310798312516}, 

                    0.1]}, 

                    {RGBColor[0, 0, 0], 

                    LineBox[{{0.10042602000203747`, -0.002257310798312516}, {

                    0.10223192386214085`, -0.10224100302483545`}}]}}, 

                    {RGBColor[1, 0, 0], 

                    CircleBox[{0.0004515005085194147, 0}, 0.2], 

                    LineBox[{{0.0004515005085194147, 0}, {

                    0.20045099087696286`, -0.0004515001250211713}}], 
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POGLAVIJE 2.

Naloga 1

Resitev
VDo

Up1 =

Uct

UB1

VA1

n =

Postopek

Pred prvim trkom imajo vse krogle enako hitrost:

VA0 = VB0 = VCo = Upo = —\/2gh.

KOLOKV1J 2

—4.43m/s
4,21 m/s
8,20m/s
14,05m/s
22,59m/s
0,65

Najprej tréi krogla D s podlago; njena hitrost po trku je:

Up1 = —€VDo,

nato tréi krogla C v kroglo D; njena hitrost po trku je:

ve1 = voo — (vco — vp1) (1 +€)

Sledi trk krogle B v kroglo C; njena hitrost po trku je:

vB1 = vBo — (vBo — vc1) (1 +€)

In koncno trk krogle A v kroglo B:

va1 = vao — (Vao —vB1) (L +€)

Delez energije krogle A glede na celoten sistem je:

Eya

1 2
5 ma ’UAl

n = Ep

(ma +mp +mc+mp)gh

33
(30 toék) Zadostuje
znanje: Trk
Povprecen
Na sliki je prikazan Newtonov ojacevalnik (zakaj, uspeh: 83%
boste izvedeli, ko boste nalogo resili); sestavljen je
iz. 4 krogel (ma, mp, mc, mp). Koeficient trka med
kroglami ter kroglo D in podlago je €. Izracunajte
hitrost, s katero se odbije krogla A in kaksen je ta-
krat njen delez energije glede na zacetno energijo
sistema. Sistem krogel spustimo iz viSine h.
Podatki: h = 1m,g = 9.81m/s°,e = 0,95, ms =
m,mp = 3m,mc = 9m,mp = 27m.
Tock: 5
Tock: 5
vagh (362 +6€— 1)
2v2 Tock: 5
_Vgh (963 +27€24+27¢ — 7)
8v2 Tock: 5
~ Vgh (27€" +108 € + 1626 4 108¢ — 37)
32\/§ Tock: 5
(27 €%+ 108 € + 162 €2 + 108 ¢ — 37)°
163840
Tock: 5

Kje so imeli Studentje tezave?
IPri predznakih hitrosti. Najbolje je, da izberemo koordinatni sistem, potem pa dosledno sledimo ena¢bam.
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Naloga 2 (35 tock) Zadostuje
znanje: AD

. . . . . Povprecen
Na valj A, ki se brez podrsavanja kotali po kocki yspeh: 60%

B, je navita vrv. Ce vrv vleGemo s konstantno silo
F in je med kocko B in tlemi koeficient trenja pu,
potem s pomodcjo D’Alambertovega principa izpeljite
gibalno/e enacbo/e sistema.

Uporabite koordinati « in ¢. Predpostavite, da je
trenje dovolj majhno, da kocka B drsi.

Podatki: F,a,r,m, g, i

Resitev
—-3mi—rmyp+F—-3gmuy = 0
3
—mri—imr2¢+2FT =0
Postopek

Sistem je nekonservativen in ima dve prostostni stopnji (N=P=2): ¢y = z, ¢ = ¢. Da izra¢unamo
dinami¢no ravnotezno stanje, moramo najprej dolociti virtualno delo sistemas:

oW = Z(Ii"z +Fv,i) or;.

Nastavimo torej virtualno delo:

W =(Fa+Fya) ora+ (Ma+ M, a) 6o+ (Fp+ Fyp) drg+ (—F dxr)
———

A - translacija A - rotacija B - translacija Sila F
Tock: 5
Posamezne zunanje aktivne sile so :
0
(9
MA =0Nm
_( —(m+2m)gp

pa= (O zmon )

Tock: 5

Opomba: Virtualno delo sile F' bi lahko vkljuéili tudi kot zunanjo aktivno silo in moment na tezisce telesa
A (translacija 4 rotacijal). V tem tem primeru bi se spremenila ¢lena: Fp = (—F,0N), My = —2rF.

Vztrajnostne sile so:

Foa=( 0wt ).

MVA:_J¢7

B

FV,B = —2m:b'B.
Tock: 5
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Pois¢imo Se krajevne vektorje:

TA B TF
TA = , rg = , TR = .
A (yA) ° (ys) ! (yF>

Tock: 5

Ker v y smeri ni zunanjih aktivnih sil (ki bi imele za posledico virtualno delo) nas koordinate ya, ys, yr

ne zanimajo ve¢. Preostanejo koordinate:

TA =T+ T,
IrB = T,
Tp =2+ 27 0.
Tock: 5
- . c e . . o e ar; .
Izracunajmo sedaj Se virtualne premike (po definiciji or; = Zj 94, dg;):
dxp = 0x + 1y,
drp = oz,
dxp =0z + 27 dp.
Tock: 5
Potem, ko uporabimo se J = %mrg, izpeljemo izraz za virtualno delo:
. . . 3 2 .

W =édx (F—3gmp—3mi—mrg)+dp 2Fr—mrac—§m7° %)
Ker je virtualno delo enako ni¢, posploSeni sili @, in ¢, pa v sploSnem nista, ob namisljenih pomikih
ox #0,d¢ = 0 izpeljemo Q, = 0:

-3mi—-rp+F-3gmpu=20
. Ob namisljenih pomikih dz = 0,d¢ # 0 pa izpeljemo Q, = 0:

. 3 2 .
—mi—omr p+2Fr=0
Tock: 5

Kje so imeli studentje tezave?

Sistem ima dve prostostni stopnji! S translacijo gredo skupaj pomiki, z rotacijo pa zasuki.

Naloga 3 (35 tock) Zadostuje
Na sliki je prikazan dinamski sistem, ki je sesta- ZnanJe:vAD
vljen iz tankega obroca mase m in polmera 27 Povprecen

uspeh: 56%

(J1 =m(27)?) ter valja mase m in polmera r. Valj
nakotaljuje brez podrsavanja znotraj obroca in tudi
obro¢ nakotaljuje po podlagi brez podrsavanja.

Za prikazan sistem nastavite Lagrangevo energijsko
funkcijo; torej: z danimi parametri in posploSenimi
koordinatami definirajte Lagrangevo energijsko
funkcijo, pri ¢emer nastavljenih hitrosti ni potrebno
odvajati. Kot posploseni koordinati uporabite
absolutna zasuka a in 5. Po potrebi si pomagajte
s pomozno koordinato ¢ in enakostjo ¢ = a — 3,
glejte sliko b).

Podatki: r,m,g
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Resitev

Postopek

Lagrangeva energijska funkcija je definirana kot:
L=E—E,.

Kineti¢na energija je definirana kot:
Ey = Ey1 + Exo

kjer sta kineti¢ni energiji obroca in valja:

1 1 .
Fyq 7mvf+§J1ﬂ2

2

1 1
By = ,mv% + §J2d2.

2
Tock: 5
Manjkajoce hitrosti so:
v = 1,
Tock: 5
v2 = \/d3 + 5.
Tock: 5
Koordinate tezisca obroca:
x1 =2rp, y1 =0
Tock: 5
in valja
To = x1 + 7 sin(p — §), ya = —r cos(p — f).
Povezava koordinate ¢ s posplosenimi koordinatamﬂ
p=a—0.
Tock: 10
Sedaj nastavimo Se potencialno energijo (glede na to kako smo izbrali koordinatni sistem, je potencialna
energija obroca enaka nic):
E,=mgys.
Tock: 5

Kje so imeli studentje tezave?
\Valj opravlja translatorno in rotacijsko gibanje.
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2.3 Datum: 28.3.2008

Naloga 1

tezisce .~
e

Resitev

2
YAz _ 902 m

© 2umpyg

Postopek

37

(25 toék)
Kroglica B mase mp prileti pravokotno na ploskev klade A,
ki je postavljena na tanko elasticno podlago. Dolocite hitrost
kroglice B in klade A takoj po trku, ¢e je hitrost kroglice pred
trkom enaka vp in je klada na zacetku mirovala. Ob predpo-
stavki, da je gibanje klade v y-smeri zanemarljivo, dolo¢ite tudi
pot, ki jo opravi klada po trku, ¢e je koeficient trenja med ela-
sti¢no podlago in klado enak p. Koeficient trka med kroglico
in klado je enak e.

elasti¢na podlaga

maqg = 5kg a = 060°
mp = 05kg ¢ = 08
vg = 10m/s pu = 05

Hitrosti kroglice in klade po trku dolo¢imo z ena¢bami za premi centricni trk:

U’B——UB—UB—U4 1+57m
( )( )mB—i—mA
0/4——’1}44- VB — VA 1+87m

( >( )mBerA

Zgornji enachi ob upostevanju, da je hitrost klade na zacetku enaka ni¢, zapisemo kot:

vy =vg —v 1+57m,4 = —6,3m/s
B B B( )m /
vy =vp(l+e mn =1,63m/s
A 5 )m3+m4 /

Ker nas zanima kaksno pot nadalje opravi klada je potrebno dolo¢iti hitrost klade v x-smeri:

Var =V sina =1,41m/s

Sedaj je potrebno dolociti le Se pot, ki jo opravi klada po trku z kroglico. Mehanska energija se pretvori

v delo sile trenja, torej:

AWk = Ftrs

Iz zgornje enacbe izrazimo pot in dobimo resitev:

2

s= Az _ 902 m
2 g

Zadostuje
znanje: Trk
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Naloga 2 (25 tock) Zadostuje

znanje: AS

Sistem na sliki je sestavljen iz palice dolzine 2L in mase m ter
vzmeti togosti k. Vzmet je v tocki A pritrjena na palico in je
neobremenjena tedaj, ko je palica v zacetnem stanju pri kotu
wo. Z uporabo analiti¢ne statike dolocite stati¢no ravnovesno
lego. Za popis lege palice uporabite oznaceni kot .

Podatki: m,L,k,pq

Resitev
. ((4L?%ksin oy — mgL
= arcsin
4 L2k
Postopek
Nacin 1
Ker je sistem konzervativen, je najenostavnejSa reSitev z uporabo potencialne enrgije:
O0E,
= = = 0
Qo p

Torej zapiSemo potencialno energijo sistema:
. 1 . . 2
E,=mgsinp+ §k (2L(sin g — sin p))

Zgornji izraz odvajamo pri ¢emer dobimo:

1))
Qp=——F72= (4L2k(sin @0 — sin p) cos ¢ — mgL cos p)

Pogoj stati¢nega ravnotezja zahteva, da je posplosena sila @, = 0:
(4Lk(singy — sing) —mgL) cosp =0

Netrivalno resitev zgornje enacbe predstavlja izraz:

_ aresin 4L2ksin g —mgL
L ALk

Nacin 2
Izberemo posploseno koordinato ¢ = ¢. Uporabimo princip analiticne statike in zapiSemo enac¢bo za
virtualno delo:

SW = Xn: F,67,
=1

Index i predstavlja vse aktivne zunanje sile, ki delujejo na sistem. Na palico deluje sila teze in sila vzmeti.
Virtualno delo zaradi obeh sil zapiSemo v obliki:

oW =kALys — mgdya

2Izpeljava ni potrebna, pomo¢ za zainteresirane studente: velja r ¢ = 27 ¢, ¢ je relativni zasuk valja glede na obro¢. Ce
se obro¢ ne vrti (8 = 0, potem je absolutni zasuk valja: a* = ¢ — ¢ = (2 — 1)p = . V kolikor pa se suka tudi obrog, je
absolutni zasuk valja: a = a* 4+ 8 = ¢ + 5. 1z slednjega izraza izpeljemo odvisnost ¢ od posplosenih koordinat.
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7 izbrano posploseno koordinato ¢ sedaj zapiSemo oba pomika virtualna pomika in raztezek vzmeti:

ya = 2Lsin g, oy = %5@=2Lcosgo&p
¥

ay—c&p = Lcospdyp
dp

Yo = Lsing,  dyg =
AL = 2L(sin ¢y — sin @)

Dobljene izraze sedaj vstavimo v enacbo za virtualno delo:

oW = (4L2k(sin @0 — sin ) cos ¢ — mgL cos p) dp

Qe

Pogoj staticnega ravnotezja zahteva 6W = 0, kar pomeni da mora biti posplosena sila @, = 0:
(4L2k(singo0 —sing) —mgL)cosp =0

Netrivalno resitev zgornje enacbe predstavlja izraz:

_ aresin 4L2ksin g —mgL
7= ALk

Naloga 3 (50 to€k) Zadostuje
Kot strojnik/ca ste si naredili na sliki prikazano vozilo. znanje: AD
7 uporabo Lagrengevih enacb II. vrste doloc¢ite gibalne enacbe
sistema.
Opombe: s je raztezek vzmeti, masa msy drsi v vodilu brez
trenja, masni vztrajnostni moment posamezne osi skupaj s ko-
lesom je J, njuna masa pa m. Karoserija ima maso 2m. Bodite
pozorni na absolutno gibanje mase ms. Poskusite uporabiti ko-
F ordinati z in s.
Navodilo: @) je sistem konzervativen? b) dolo¢ite stevilo pro-
stostnih stopenj (pazite na vzmet) in izberite posplosene koor-
dinate, ¢) dolocite Lagrangevo energijsko funkcijo in d) izpeljite
gibalne enacbe.
Podatki: F,m,mo =m,k,J =mr? R,r,g.

Resitev
i} 3r? .
R+mrs+m f—i—SR r—gmr = -—F
I
k — 5§+ — = 0.
s—l—m( g+ s+ R)

Postopek

a), b)
Sistem je nekonservativen in ima dve prostostni stopnji (P=2); izberemo posploseni koordinati (N=P=2):
q1 = x, g2 = s. Do gibalnih enacb pridemo z uporabo Lagrangevih enacb 2. vrste: Tock: 10

doL oL .
S0 BT N, =1,...,N.
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Qb\l je j-ta nekonservativna posplosena sila.
Za obravnavani primer:

gai_ai:QN g@_@:QN
dt 90&  Ox v’ dt 95 Os s
Tock: 5
c)
Dolo¢imo torej Lagrangevo energijsko funkcijo L = Ex — Ep; najprej dolo¢imo kineti¢no energijo:
1 1 1 1
Ek = (2 (2m)x2) +2 X (2 (m)$2+ QJQOQ) + (27’71112) s
Tock: 5
kjer je hitrost rotacije koles:
_r
TR
in hitrost mase ms:
v =12 + 92
Visina mase ms je:
Y =cons—re—Ss.
Tock: 5
Nadaljujemo s potencialno energijo, ki je v potencialni energiji mase ms in v vzmeti:
L, 2
E,=mgy+ 5 k s“.
Tock: 5

Lagrangeva energijska funkcija torej je:

1 1 2 .9 1 L\ 2
L:—iksz—i—m:f—gm (cons—s—%)—i—Q (2mi2+m2rR;E )+2m (3’52—&—(—5—7;) )

d)
Potrebujemo Se nekonservativne posplosene sile, ki jih dolo¢imo s pomocjo virtualnega dela nekonserva-
tivnih sil:

SWN =" For; = —F ox,

7

Tock: 5
Sledi, da je virtualno delo nekonservativnih sil definirano z:
SWN=_—F x4+ 0 ds.
~—~— S~~~
QN @l
Kakor je prikazano zgoraj, razberemo nekonservativne posplosene sile. Tock: 5

Izracunamo odvode:
oL _gmr
dr R’

d oL . m i r? R Lo2r (-5 1F)
dt@a’c_2mx+2< 2 +mx>+2m<2x—R
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%*gm—ks
doL (. r¥
at 95 TR

Gibalni enachi torej sta:

2

3
R4+mrs+m <;+5R> r—gmr=-—F,

2.4 Datum: 30.5.2002

Naloga 1

Nihajna vrata visine h (tlorisna
slika) izpustimo iz narisane
lege. Vrata so pri kotu ¢p =0 v
ravnovesni legi.

Dolocite: a) gibalno enacbo, b)
razmernik duSenja, c¢) ¢as in
amplitudo konca vrat, ko pri-
dejo le-ta v naslednjo skrajno

lego.

Resitev
m = 38,4kg
J = 4,61312kg m?
wo = 2,94464 rad/s
0 = 0,552121
woq = 2,45514rad/s

Postopek
a)

Za tocko vrtenja napiSsemo ravnotezje momentov
Y M=1Jg
—ko—do=Jep.

Sedaj preoblikujemo ta izraz v splosno obliko:
G+20wep+wip=0.

b)

Iz gibalne enacbe dolo¢imo:

A=0,985111m
B =0,652342m

T = 2,5592
t1 = 1,2796
I, = —0,0736 m

41
Tock: 5
Tock: 5
F
~
(35 toék) Zadostuje
zna-
nje: LDN
2m
800 kg/m”
0,6 m
0,04 m
0,5m
40N m/rad
15N m s/rad
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Cell[CellGroupData[{

Cell["\<\

Dinamika - re\[SHacek]eni kolokviji in izpiti\

\>", "Title",

 CellChangeTimes->{{3.392350139347005*^9, 3.3923501905706606`*^9}}],



Cell["Dr. Janko Slavi\[CHacek], 2001-2007", "Subsubtitle",

 CellChangeTimes->{{3.3923500368295918`*^9, 3.3923500673434687`*^9}, {

   3.3923501942159023`*^9, 3.3923502006050897`*^9}, {3.3924417487323666`*^9, 

   3.3924417494934607`*^9}, 3.39244179057253*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["1.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Masa in vztrajnostni moment okoli vrti\[SHacek]\[CHacek]a:\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"m", ":=", 

  RowBox[{"\[Rho]", " ", "a", " ", "b", " ", "h"}]}], "\[IndentingNewLine]", 

 RowBox[{"J", ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "12"], "m", 

    RowBox[{"(", 

     RowBox[{

      SuperscriptBox["a", "2"], "+", 

      SuperscriptBox["b", "2"]}], ")"}]}], "+", 

   RowBox[{"m", " ", 

    SuperscriptBox[

     RowBox[{"(", 

      FractionBox["a", "2"], ")"}], "2"]}]}]}], "\[IndentingNewLine]", 

 RowBox[{"FullSimplify", "[", "J", "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{

  FractionBox["1", "12"], " ", "a", " ", "b", " ", 

  RowBox[{"(", 

   RowBox[{

    RowBox[{"4", " ", 

     SuperscriptBox["a", "2"]}], "+", 

    SuperscriptBox["b", "2"]}], ")"}], " ", "h", " ", "\[Rho]"}]], "Output",

 CellChangeTimes->{

  3.3926095114290333`*^9, 3.3926096448909426`*^9, 3.3926102156816993`*^9, 

   3.392610854720592*^9, {3.392611100133478*^9, 3.3926111002836943`*^9}, 

   3.3926115894170337`*^9}]

}, Open  ]],



Cell["Lastna frekvenca", "Text"],



Cell[BoxData[

 RowBox[{"\[Omega]0", ":=", 

  SqrtBox[

   FractionBox["k", "J"]]}]], "Input"],



Cell["Razmernik du\[SHacek]enja", "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]", ":=", 

  FractionBox["d", 

   RowBox[{"2", " ", "J", " ", "\[Omega]0"}]]}]], "Input"],



Cell["Du\[SHacek]ena lastna frekvenca", "Text"],



Cell[BoxData[

 RowBox[{"\[Omega]0d", ":=", 

  RowBox[{

   SqrtBox[

    RowBox[{"1", "-", 

     SuperscriptBox["\[Delta]", "2"]}]], "\[Omega]0"}]}]], "Input"],



Cell["Izra\[CHacek]un za\[CHacek]etnih pogojev", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], ":=", 

  RowBox[{

   SuperscriptBox["\[ExponentialE]", 

    RowBox[{

     RowBox[{"-", "\[Delta]0"}], " ", "\[Omega]00", " ", "t"}]], 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"A", " ", 

      RowBox[{"Cos", "[", 

       RowBox[{"\[Omega]00d", " ", "t"}], "]"}]}], "+", 

     RowBox[{"B", " ", 

      RowBox[{"Sin", "[", 

       RowBox[{"\[Omega]00d", " ", "t"}], "]"}]}]}], ")"}]}]}]], "Input",

 CellChangeTimes->{{3.392609826542144*^9, 3.3926098310085664`*^9}, {

  3.392609960654989*^9, 3.3926099617565727`*^9}, {3.3926107623978386`*^9, 

  3.392610780133341*^9}, {3.392610823675952*^9, 3.3926108493829165`*^9}, {

  3.392610922728382*^9, 3.3926109342449427`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{"{", 

     RowBox[{

      RowBox[{

       RowBox[{"\[CurlyPhi]", "[", "0", "]"}], "\[Equal]", 

       RowBox[{"ArcSin", "[", 

        FractionBox["l0", "a"], "]"}]}], ",", 

      RowBox[{

       RowBox[{

        RowBox[{"\[CurlyPhi]", "'"}], "[", "0", "]"}], "\[Equal]", "0"}]}], 

     "}"}], ",", 

    RowBox[{"{", 

     RowBox[{"A", ",", "B"}], "}"}]}], "]"}]}]], "Input",

 CellChangeTimes->{{3.3926101744323854`*^9, 3.3926102035242176`*^9}, {

  3.392610784920224*^9, 3.3926108131007457`*^9}, {3.3926109418358574`*^9, 

  3.3926109602523394`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{

    RowBox[{"B", "\[Rule]", 

     FractionBox[

      RowBox[{"\[Delta]0", " ", "\[Omega]00", " ", 

       RowBox[{"ArcSin", "[", 

        FractionBox["l0", "a"], "]"}]}], "\[Omega]00d"]}], ",", 

    RowBox[{"A", "\[Rule]", 

     RowBox[{"ArcSin", "[", 

      FractionBox["l0", "a"], "]"}]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{{3.392610175343696*^9, 3.392610222541563*^9}, {

   3.3926108138017535`*^9, 3.392610860228512*^9}, {3.392610946923173*^9, 

   3.3926109608331747`*^9}, 3.392611100504011*^9, 3.3926115895171776`*^9}]

}, Open  ]],



Cell["Konstanti iz za\[CHacek]etnih pogojev", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ClearAll", "[", 

  RowBox[{"A", ",", "B"}], "]"}], "\[IndentingNewLine]", 

 RowBox[{"A", "=", 

  RowBox[{"First", "[", 

   RowBox[{"A", "/.", "sol"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"B", "=", 

  RowBox[{"First", "[", 

   RowBox[{

    RowBox[{"B", "/.", "sol"}], "/.", 

    RowBox[{"{", 

     RowBox[{

      RowBox[{"\[Omega]00", "\[Rule]", "\[Omega]0"}], ",", 

      RowBox[{"\[Delta]0", "\[Rule]", "\[Delta]"}], ",", 

      RowBox[{"\[Omega]00d", "\[Rule]", "\[Omega]0d"}]}], "}"}]}], 

   "]"}]}]}], "Input",

 CellChangeTimes->{{3.39261097693633*^9, 3.3926110368224416`*^9}, {

  3.392611106252277*^9, 3.3926111260507455`*^9}}],



Cell[BoxData[

 RowBox[{"ArcSin", "[", 

  FractionBox["l0", "a"], "]"}]], "Output",

 CellChangeTimes->{{3.392611030974032*^9, 3.392611041138648*^9}, {

   3.392611101375264*^9, 3.392611126531437*^9}, 3.3926115895372066`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"(", 

   RowBox[{"d", " ", 

    RowBox[{"ArcSin", "[", 

     FractionBox["l0", "a"], "]"}]}], ")"}], "/", 

  RowBox[{"(", 

   RowBox[{"2", " ", 

    SqrtBox[

     FractionBox["k", 

      RowBox[{

       RowBox[{

        FractionBox["1", "4"], " ", 

        SuperscriptBox["a", "3"], " ", "b", " ", "h", " ", "\[Rho]"}], "+", 

       RowBox[{

        FractionBox["1", "12"], " ", "a", " ", "b", " ", 

        RowBox[{"(", 

         RowBox[{

          SuperscriptBox["a", "2"], "+", 

          SuperscriptBox["b", "2"]}], ")"}], " ", "h", " ", "\[Rho]"}]}]]], 

    " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{

       FractionBox["1", "4"], " ", 

       SuperscriptBox["a", "3"], " ", "b", " ", "h", " ", "\[Rho]"}], "+", 

      RowBox[{

       FractionBox["1", "12"], " ", "a", " ", "b", " ", 

       RowBox[{"(", 

        RowBox[{

         SuperscriptBox["a", "2"], "+", 

         SuperscriptBox["b", "2"]}], ")"}], " ", "h", " ", "\[Rho]"}]}], 

     ")"}], " ", 

    SqrtBox[

     RowBox[{"1", "-", 

      FractionBox[

       SuperscriptBox["d", "2"], 

       RowBox[{"4", " ", "k", " ", 

        RowBox[{"(", 

         RowBox[{

          RowBox[{

           FractionBox["1", "4"], " ", 

           SuperscriptBox["a", "3"], " ", "b", " ", "h", " ", "\[Rho]"}], "+",

           

          RowBox[{

           FractionBox["1", "12"], " ", "a", " ", "b", " ", 

           RowBox[{"(", 

            RowBox[{

             SuperscriptBox["a", "2"], "+", 

             SuperscriptBox["b", "2"]}], ")"}], " ", "h", " ", "\[Rho]"}]}], 

         ")"}]}]]}]]}], ")"}]}]], "Output",

 CellChangeTimes->{{3.392611030974032*^9, 3.392611041138648*^9}, {

   3.392611101375264*^9, 3.392611126531437*^9}, 3.3926115895472207`*^9}]

}, Open  ]],



Cell["\<\

Perioda du\[SHacek]enega nihanja in \[CHacek]as, ko vrata pridejo v naslednjo \

skrajno lego\

\>", "Text"],



Cell[BoxData[{

 RowBox[{"T", ":=", 

  FractionBox[

   RowBox[{"2", "\[Pi]"}], "\[Omega]0d"]}], "\[IndentingNewLine]", 

 RowBox[{"t1", ":=", 

  FractionBox["T", "2"]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData["t1"], "Input"],



Cell[BoxData[

 FractionBox["\[Pi]", 

  RowBox[{

   SqrtBox[

    FractionBox["k", 

     RowBox[{

      RowBox[{

       FractionBox["1", "4"], " ", 

       SuperscriptBox["a", "3"], " ", "b", " ", "h", " ", "\[Rho]"}], "+", 

      RowBox[{

       FractionBox["1", "12"], " ", "a", " ", "b", " ", 

       RowBox[{"(", 

        RowBox[{

         SuperscriptBox["a", "2"], "+", 

         SuperscriptBox["b", "2"]}], ")"}], " ", "h", " ", "\[Rho]"}]}]]], 

   " ", 

   SqrtBox[

    RowBox[{"1", "-", 

     FractionBox[

      SuperscriptBox["d", "2"], 

      RowBox[{"4", " ", "k", " ", 

       RowBox[{"(", 

        RowBox[{

         RowBox[{

          FractionBox["1", "4"], " ", 

          SuperscriptBox["a", "3"], " ", "b", " ", "h", " ", "\[Rho]"}], "+", 

         

         RowBox[{

          FractionBox["1", "12"], " ", "a", " ", "b", " ", 

          RowBox[{"(", 

           RowBox[{

            SuperscriptBox["a", "2"], "+", 

            SuperscriptBox["b", "2"]}], ")"}], " ", "h", " ", "\[Rho]"}]}], 

        ")"}]}]]}]]}]]], "Output",

 CellChangeTimes->{3.392611131939213*^9, 3.3926115895872784`*^9}]

}, Open  ]],



Cell[TextData[{

 "Amplituda pri ",

 Cell[BoxData[

  FormBox["t1", TraditionalForm]]]

}], "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], ":=", 

  RowBox[{

   SuperscriptBox["\[ExponentialE]", 

    RowBox[{

     RowBox[{"-", "\[Delta]"}], " ", "\[Omega]0", " ", "t"}]], 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"A", " ", 

      RowBox[{"Cos", "[", 

       RowBox[{"\[Omega]0d", " ", "t"}], "]"}]}], "+", 

     RowBox[{"B", " ", 

      RowBox[{"Sin", "[", 

       RowBox[{"\[Omega]0d", " ", "t"}], "]"}]}]}], ")"}]}]}]], "Input"],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"\[Rho]", ":=", "800"}], "\[IndentingNewLine]", 

 RowBox[{"a", ":=", "0.6"}], "\[IndentingNewLine]", 

 RowBox[{"b", ":=", "0.04"}], "\[IndentingNewLine]", 

 RowBox[{"h", ":=", "2"}], "\[IndentingNewLine]", 

 RowBox[{"l0", ":=", "0.5"}], "\[IndentingNewLine]", 

 RowBox[{"k", ":=", "40"}], "\[IndentingNewLine]", 

 RowBox[{"d", ":=", "15"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle",

 CellChangeTimes->{{3.392611171836582*^9, 3.3926111772944307`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", 

  RowBox[{"{", 

   RowBox[{

   "m", ",", "J", ",", "\[Omega]0", ",", "\[Omega]0d", ",", "\[Delta]", ",", 

    "A", ",", "B", ",", "T", ",", "t1", ",", 

    RowBox[{"a", " ", 

     RowBox[{"Sin", "[", 

      RowBox[{"\[CurlyPhi]", "[", "t1", "]"}], "]"}]}]}], "}"}], 

  "]"}]], "Input",

 CellChangeTimes->{{3.3926111814604206`*^9, 3.392611235017432*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

  "38.4`", ",", "4.61312`", ",", "2.944642796447159`", ",", 

   "2.455138072871863`", ",", "0.5521205243338424`", ",", 

   "0.9851107833377457`", ",", "0.6523424844713649`", ",", 

   "2.559198350840578`", ",", "1.279599175420289`", ",", 

   RowBox[{"-", "0.07362872752573536`"}]}], "}"}]], "Output",

 CellChangeTimes->{{3.3926112102718496`*^9, 3.3926112352978354`*^9}, 

   3.3926115896173215`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"a", " ", 

  RowBox[{"Sin", "[", 

   RowBox[{"\[CurlyPhi]", "[", "t1", "]"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"-", "0.07362872752573536`"}]], "Output",

 CellChangeTimes->{3.3926115896473646`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"kje", ":=", 

   RowBox[{"Graphics", "[", 

    RowBox[{"{", 

     RowBox[{

      RowBox[{"PointSize", "[", "0.02`", "]"}], ",", 

      RowBox[{"Point", "[", 

       RowBox[{"{", 

        RowBox[{"t1", ",", 

         RowBox[{"\[CurlyPhi]", "[", "t1", "]"}]}], "}"}], "]"}]}], "}"}], 

    "]"}]}], ";"}], "\n", 

 RowBox[{

  RowBox[{"graf", ":=", 

   RowBox[{"Plot", "[", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{

       SuperscriptBox["\[ExponentialE]", 

        RowBox[{

         RowBox[{"-", "\[Delta]"}], " ", "\[Omega]0", " ", "t"}]], ",", 

       RowBox[{"\[CurlyPhi]", "[", "t", "]"}], ",", 

       RowBox[{"-", 

        SuperscriptBox["\[ExponentialE]", 

         RowBox[{

          RowBox[{"-", "\[Delta]"}], " ", "\[Omega]0", " ", "t"}]]}]}], "}"}],

      ",", 

     RowBox[{"{", 

      RowBox[{"t", ",", "0", ",", "T"}], "}"}], ",", 

     RowBox[{"PlotStyle", "\[Rule]", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{"Hue", "[", "0.5", "]"}], ",", 

        RowBox[{"RGBColor", "[", 

         RowBox[{"0", ",", "0", ",", "0"}], "]"}]}], "}"}]}]}], "]"}]}], ";", 

  

  RowBox[{"tmp", "=", 

   RowBox[{"Show", "[", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{"graf", ",", "kje"}], "}"}], ",", 

     RowBox[{"Frame", "\[Rule]", "True"}], ",", 

     RowBox[{"FrameLabel", "\[Rule]", 

      RowBox[{"{", 

       RowBox[{"\"\<a\>\"", ",", "\"\<b\>\""}], "}"}]}], ",", 

     RowBox[{"PlotRange", "\[Rule]", "All"}]}], "]"}]}]}]}], "Input",

 CellChangeTimes->{{3.392611311457347*^9, 3.392611339197235*^9}, {

  3.392611375178974*^9, 3.392611386064627*^9}, {3.3926114498663692`*^9, 

  3.392611551642717*^9}}],



Cell[BoxData[

 GraphicsBox[{{{}, {}, 

    {Hue[0.5], LineBox[CompressedData["

1:eJwVx3k4lAkAx/HBrJKxqay11eoSW8qxD+mY/F5RVDYqQ7SEh2rk3B3J5ohq

sNWOsYrcbGzuoWscSXJEE3LN1lSSu2RkRssw7Lt/fJ/v81nnGXDEW5FCoRwi

+/8xaZGH6Et8zU1vMTsWFsTYm1by59/8/eDteeh+bUqMfQumkQF8Z1juNj6m

/VGMRt4M6yifiaZA5YgDPWKw40QBe/mhuGBrx35WJMZQsK2fOT8OPGYPN8BF

DM0x6thO/k2c0/P9aMYfh4Geh/4Ofj6k8vfsa+GfYFXyjev655W4E2yVLZJ/

gN9YlnfHyBMIhWe1r78cQZpW7havAy3YlmiufvjDEJ7SHSNMU9vRddRuMmFu

APQyVXWtnk4sO/WR48Tox/LaPbqmjkLwdozE0Hl9cHkVeEnW8AqX28Y0Sk3f

IY1vT8uUvUFLkFe63fs3yNZypqHyHe5c8rOuPi7C5/ueehnO7+G2RcCKM34J

2atTJ19M9GPtjE1FF10IE0HxcHbBIKLV6mv993fjTKZA3rdvGLVB8WGM9E50

Yovjo69GMbgyrNhI8gJS75iOwOoPSFK+FaDCasdy/6p+LmMM0q0mi1c6tcLT

0sjMftk4slSH4xyfPkOpLHxNRKkY50UWUVpJzUiCcq4OfwKT9qFvuk43odzq

oC0r8TM2NBR3q/zaAEHl3MNZj0lo2vk4vq1/gsik1vYXhASqZmc2hWjVwWiQ

VtKrLkWftpxtnV+LmimbdOFrKY6/s+HrVNVgwDd3q3blFIpOFOflbayGCsM/

Ni32C/xloTnp4xVo/MvpEvP0vyg0VEh0qHwA93vmCWutpqEvUH+46NE9TJsl

+CxdNoOAl9sXr6HdxaZ1ygO24hmcuMZwEbiUw/n8kF5djQzJVV6t7sM8eCfX

h6/7fRY6WfEbEwxLsWT1E1bbyTnk3KwYoSYUoVjdYNs9EzkGDdT+pTkUYPRM

RfLoinlY3N5qmaJ1Gxu2lzUwBubRLJ292GmQh51NedQi3gKObX/8nS/rFoLd

3H75wZpCOJU0evhV5eA5N7PpRgmFUOlnKfpYZCNoOtCvSFuBmNGvjSlJyMRF

wmL1g6sKhGtF9jR3PA0aj615rhIFoq18Xl9akIJJ1tvEQk9FIjZiW106Mxl2

HoVu11sUiQjdq6L6325gpWGIMctIiVDSXc64W5WIH406HWQZSoQkup8QyRPQ

zPR2Xa1MJXis1NyCSC6KemLuDwZTia+ruUxLpXj0WUevkJAOEdp++pa0ZkVY

IOUslWAviQgaU4zHhdSgzatIXyjfc/46aYb78Qx70iNDDonDCvGYHzVgV5FW

bE59fYUSD3t5N4MbQiV2uzKu5M9ycNm/vTyD9K4cW94R0pW9LUuLSHs1GvbM

yjjQqXvU3EhaM6dC5xDpGXb+7jnSNA+RYHKagxz18I2nzlGJYYHDfvoXDoRR

IdEs0mLh4vDBKQ5okqDeKNIaKbfL/iB9tvvkzTTSvB2F3/dJOTiQYq/WQfpw

VjWFLeEgUvWgTy9punbrLkPSd8P2No2R/gnPQv6Z5ED7xM6oRaFUotY9dnIz

6aPtJm81SG/+2ca46zMHsRaGu9aTLp+QBIaTrinflGxIun3VlTJd0pINOlN0

0jSRmqRtgoP/AMK6YWI=
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1:eJwV1nk4lF0UAHBmRiJFZPkqUvaSKCLJeSWJkGxZUvZ9LZKlrNkZUopCkqXI

kjXLXElJqyhrlpKSmMHMIOv3+mue33PvO+fcc859Z3bbeRs5ElhYWL6ysrCs

f8bcDzVQ4/RQz/hbzMUeTQOt+6VphXU6wHNRII4V98k1pVDvOgvQE40iztyg

gaK5bqaWrj1sb5WJ/Ir7dfk/P+M6V/AmHOUuw10S9aVQns8HLlZNlF7DzZCX

va2sexlOdLq5auA+NhgZoR5+BSp8J7UWo2gQHTfgrVUXCBkvc04X4f6kdMha

jxYC53irwk/j5vLVypfhC4NmdI42GkkDee2ZHU9Lw+GIZt09X9wmwlk35XUj

oVuKkMyIoMFV+imOqrEosOG0/eCBO6udEaocHg1Rd9Zs+sNp8Mtfz1O9Lg6E

inJzb4fRgFNvYfSFcQL895J5fjSUBgf2PLLUoiUCZ9XeOEncar9XxCT5UqA7

84Nh0jUaGHQaD/8eSYHPVlGL5SE0sGl6nPm4NBVO33iq8DaYBlFpplv366aB

2pNBh8FAGqRfL35PFbwFAq4S3j1XaVDkyhpbPnYLYvlsxdoCaPABnq4eCk+H

VPu9BTH+NBCYJE2q1mWA/jDbtyQfGkj3WBYu38iEBkHmspI3DVRbyu0oxvfg

LfaY5YsnDS7ePd+nQbsPChFV72fc8HrssbQX53sA092Ox6odaDAoyKbBFvQA

oo6mqW62p4HT5nKRXyMPoJ/KY2xli9drga2/sDQXwsP2z/ZZ0+D+xwrDfbp5

sHpi+amtGQ0kWs/LcVXkgRnHK113ExqUPmfnmhJ8BOxmokfdjWjQ/Mi6rXTs

EfyWzzhoYECDsSAO9YPhBVDTmYnlatFATsp235G6xzDOycUMP0gDkuF9ixdS

T+CwvkN+4wEa9F3tidG58wT8RjmCJ2Xx+r3V/2lxpRgGmlOe75PC1z1Vs4IU

n8IsxTdIZgcNjvfHsV8wLwdqeGajDCsNnnoViuxJKYfPZu++169QQYj4SulX

WzkYSbfUaSxSYWofi4OXcgXo5Q5my9OpcPfalebrAs/ALs8Wbv2kAlXUPjDn

SyX0l7xzDnpFBYvqsBR7rioQE+NscHtBhVad7EKpE1UgW3lH92wTFTIu9X0t

q6yCjyZLGGs1FU60njnYfLMadilSg6by8HVntb8jhrVwkvv7/dVQfL2U33rP

h3ooDIifVVfA41346KTI2gCCd67w2cji+7ljfE4qNcDgk1v3A6XwdZ+FSLes

BhiyCiKkC1PhzqGBJ888G0G6jLffj4MKE3UPFo5vocDSvS/3Ooan4M13/rcV

hc2gneUjcSBmCjwnHzh2jr+EE6pbuBdeTILISmOJOaEV9LC/brENk/Bxcx99

aEcrHDDp4uKrngT5A1sj/hq0AmvQNVXBokmY9Q3PJlW3grHK0I+BpEm4Om/b

czj8FQh0NidbmU9CFEFM595/bZB0U03S+s9fuC+UL+ug+xbs1OfjHy9PwBs1

s+tK9zpARstSVv7lOKhVbOIR6u6CtU8x7hev/QLe5uOSSmY9sHE0AAp+jYJl

v0/U4qt+GDue+9r9zHe4X2fIlbM4CD9GuSfvfB6EXCELLqgfAeEp6f1KL3ph

psZOKtviB5icytwvqf4FFvudnT5Pj8KtwS9Oc9s6QPH909+5T8agxF1X8Hln

G7jnvF/5fvI3ZMeQW0abm6ELZM0Q2x8oYU8qeN1VCQzHmE6fxgkQW7Y5uaD0

AHi9GkZTTSdh35IxUWPQDzlrcAyGnZ+Ex0EdR+WUA1DjtnPd3vaTMLAxNtqN

HIicG2bf6PtOQv+uOK3PqtdR48a9pRx43RwHIvjLKJHIKe/u1fDWSVA/e7Cg

uzcR1ff6b/Y9NAU/fS9qqB++g+w05ZUNt1LhYE71KePXeQiCPlPfCFJh5vm3

zAMsj9DOiksFGiJU4JnI6hk68gj1iFTzH9pHBeXAUqWakkdIb/EIg1+LCqce

+8bopOQjpQrNioGrVGh73NPIeaYQbdx1bp/zCBW4+03UjxY/QWOmCz+Gf1FB

88WEU8zwE9SSmJFpPkUFmNB9VshXjK4tDnDo4vemKO5Lv0NwMZr9ajMuu40G

LbaD6Z2nStC3RLf8WW0axHK5MaMGnqKyxWu7rpfR4OeDCfdTPuWoWVFaL7yG

BlQD7pqyuHLU6dV5NaqJBp7T57hWH5ajuR+SnfHvaECOPbV45ms5Un/3KerO

bxq0CV8qbFepQL8/8Pj3ck+DSTBrzfalChSQbdc/oz0Nw29uibp4VqKwhlqf

y6enocl5swmKrERxvVzsTINpEJ6riVrNqET3eGsPLZhOQxVxYVnxdSVC0ZuS

Vu2nQS33kUSkcBVi966CTWHTwMJrrFPcVoXuwIZ88bpp0Agpwew5a1CJcd7o

7YZpUIjbZectXIOanbE97GgaHMa6zjnK16BxclDOn1fTkO97c3iLWQ1SHaFm

lHZNw82ju9QtHtSgobCeZBXaNGT5zx/olK9F4i1FV/UkZ+BrdNSZJI06pNKt

VdskMwM2a0Zho2frkP7ED6bc/hkYt5+JEberQ1d4hS9vVZwBLL1SzTmiDr2x

S/Xs1piBtldB4tMv6pA7McjOxnoGeOM2KQsee46enTit53drBhQnDFSZYvUo

npPX7cmdGcjZ6N33Vr4e2Xf0xoxkzsChD+Pzycfq0bbzTi/1cmfghmHjxx9m

9cj/criqROkM/D2+VvA8th6pPKyV7m6bAQapbdfeP/UIrYmxqSzNQGg3ctfO

akB3X03s8VqdgRXKXMJiYQPySajAHrHOQtuzXq6sZw1IVBBCeDbOwj9tEf3y

tgYUIWdJH982C6Gel8k8Mw3opHXK9wy5WSgoY56nYI3off1y05LtLFSW7r/A

+qURAeGUQIDjLARKpL92GWxEz3TSvGZdZmFU81tl069GdKdXZtcf71lYiZ3W

kP/XiOzmzMK6r80C5+8luSPCTeifQsXxigw83qshxx+2TcgjcDlTNmsWuJtk

L0m6NaGhZm164YNZ8HKOvGN+qQm1nhnKyy7E82+9bBQT0YRSPDexJVbPgvPf

oiTuh01I8rFjm9PnWTha/vdY12ATypgu3/Xjyywc275BeeVnE+JSWQ6w7p2F

O5M7hvgnm9DM65vSJsOz0LwvwYpvsQk1/kRxGlOzwJL6XgjjpyAj0e16Ozno

gD0de+NyioJeOTs+usNFh44NMoQIAwpSKStf5uWhg2Pl4PV4EwoSVtd+yiFI

h9c7SC6uNhQ0buW3ZV6cDianFdYuBlBQ6J2PHZ8xOgicZ/FVeUhBNSmaG3lP

0MFVK6qEUUBBk3F1YKRNhwc6G7seFlOQZcjD0k59OuiXxK19qaKgw7ZXErss

6aBi2Vyc+hrfv1fk1Fc/OoSH6ixd+k1BYuJpofxX6eBu9+fq2b/488Iba02D

6VCg5Wy1h0ZBbdyzEt3hdBgt8/G8N0dBDxmviD3JeD6X+zL/khAyp3ii3iI6

NOucfsm5CyFy7Y85oRI6NPX83cW3B6HX5efkLMrosHp7l9UWCYQO5Wlk9VXT

gd3tUcLgXoS2xPIH97fQ4cTQ28fDSghphcc/2/6aDpqxpZ9CVRAKCVr7Y9lO

h+TOUR6+owj98fhjPvCJDkHm94h8GEKtZ5sOf/tGB1Md8vVAHYSWdA967Ryh

w/h7Y+PK0wgdPFGYf36UDvGMLWEj+gjlHE7dNviHDnsEK9e2GSEUtMNxdnCO

DhSf++6/LRCq2NYvI7JIh7M7iF8arRAa33zG9sIKXk+p3x03rBEyZTnSMURk

wI9Gm4JZG4Tkx7hKh3kYwJmfkKbijNClr+1J3NsYMLZv4tQjF4SqXkV7giAD

Ak2NTpHcEDpSwLI/R5gBH48XaeR64OdLb+L6JMqAnRNvdIY8EaJEB02uijFA

ZN68jtsboePOjOILexmQ5Cs5dsYXoahzFQnJ+xlQMJlaceESXl9tL3eKPAMq

fr5hsbuM0Gnp8b0iygy44k/VPOmPULJQPqeBKgNaSBtOSl1BqGOj3cS1Yww4

sKj6exm3yZ+Bx4OaDDhery0WfRWh9L67cZu1GUAU13x/JBCh3nZT12O6DBCU

y5P/gXt7Pa+Opz4DKJMB50KDELJ+8kk6y5AB5qhDe2swQg8yEzd+MGZAkEHj

xru4f8TrjC+bMeBT3KlcvhCExIM3vJG1ZIBlQYRQFG4n95eF563x53cG+P/B

XWQVFpNowwC7fAWkeQ2hidPHnBvtGeCn2rR8E7es2uLJSScGsPKKK/Xg9pKt

ldzpxgD+bG9vnusIle/026DnyQDt+KJn6rhnuRR+BfswYPJ5N5sdbsWVqVfF

lxkgepLVJwh3wNST/IErDPgZLLcQg7t+0PnGpiAGqPXb58fjXv4g7nj0Gv59

PAXXI3CrU76fcA9jwNmlhXhv3GGl2eL3Ihmw9uji57O4W7KtSO+iGeCt8c1c

BjeJLPRzMY4Bpvt9pOfwfE+Gfn25N4kBOyZ3aNfhjvW+mWeZwgAByeEGb9xv

L56JjE9jwO2CuqSduLkMuezr0xnwn2XBSwpeHwOs/fhEBgN89fIdzHCnykfv

2Z7FgKWCioBRvN5fRDUJug8YUF/6muiEW2Ary4/APAbEtwxxD+H9ypwJzO17

zIBDLCsvS/F+fvt+OJzjKQMazemB7LhFOuk2R8oZwCf44Z0pPg95zzxFM2oY

cGGc5WIXPi+/Hu5laX/OgMflmqUE3NJpv4cXGhnA1DpaLYXPW8ll2xzzlwy4

9Zx7gzE+j1R7kdDY1wzgvvfB2gKfV3mTgQt17Qw4o0eIM8XnuVrRVESogwEG

BjH+B/B5pzBPZfV8Y8A/ZruLG35fMp3ja/VGGJCav5JLdMX71ffu84tRvN93

qsVS8fsm32SwoWSCAQrZE2JxDni+USbeYQsMoDXmbqbi9zVs7nYcc4kBbRyq

4XvPI3TepSfPbY0BytQHkVaWeH30LHtNNjChSGj03D0zvB98Nhoy25jQ0CRy

KM0AIYcbuVbZgkwQk93J66+HkMb8D3++HUzYtNzx6rQuQov9jk9WdjMB26X8

sUcLIY+H7nydB5jQax1g5q6G0FmFgLGg00woZPMaiJFCSC6vbo1mwIT6pEzB

BnGEOPkX/3M0YkI+u1Dl6G78fbYQYnDGggm7M3328u9E6HBzRK2YMxPYGKKb

Frnx+3cmOe59BBMEzEd5u5gUNNf8KU8jmgl/ydOnbGYpqOvgVkpNHBP2eMk4

j1IpKFHg1uyDFCZ8N9h2/R3+vl8bzLDyz2bCk8xdRPE+Cvrpkb9fpJ4Jpi+O

f1x5TkFRKTxS5k1MQFw3dQ7VUJBEVbDozWYmGPC/87Z5RkFOS2f5NrQxwWr7

gd7cJ/jvVdzqwlQXE84I93e/yKSgqYJzrU1TTIhYCgkICcTzG+Gwst49B3WH

Wgw3KVBQOsnf5I74HEjf339EU5aClKVH9D9LzQHzpVjeZSkKuupdg2nJzYFZ

mYAARZiCllbsJPcfnYP7XlHyixwUxLKjcWbZZA7GA/WY2743IQ5Tr9j7sXMw

uy3hLCG+CZ1YtG7ckTgHx5bpYoORTeh6jv50JnkOSpSLhMuvNSHGH1nzjPQ5

6BzyLFT3bUIj1/9KpT+aAw1F9fnVc02orsiljdw8BwK9POl84k3IZdluQ+TC

HKgcOv68taYRvc47F+XqMg81HsKiK/j/Hy6MbNPrPg9Xb0iNnGhuQMbfXqtp

e8+DhM7SdHRdAxrZdpgpfmUenEX3714sakD/bmxzGomch2FLu7CsuAYk6/JZ

+1zOPCzF3DQb0mlAabKnN2l1z4Ny17O6q6/rkU21+k3REwvwPk2UN77iOVpQ

vunGvfUfGLvbxipE1SKZ3Rt+6tH+wUrB0PLQahWyCP4l1UJZhDzz8vi1lGfI

8W7rtd3xSyB88UVvqGw54tz50u+T0zKErJ0ouKJejJ7yyB2uVlyB79weJR6F

BeiP+/O7f/hWIf72cwvO2VwkplLxyvTnKkS1Jg8m1NxDqm0FpJLyNVDUl/7v

ocUt5H/hwiVpbRYsu/nzmyKDePQhNactvZQFO/jrldS9ryHId8HHs0SEFTtm

YxfrNmSBbh6RvesgyoplCXpIStwzR8+Cfrfs3MOK9VmyxNWan0Ozy9ZCSRKs

mJojp5Z9twnyYz390lOWFVsR6DUuqj2DrnBK/HdAlRVjVLXvFVZTQUE7+1or

TFkxPcVZ2eUuHYjENHbWJrJiml1RJC55F4i2TK05m8yKVb+/6bK11AVi/b4b

TpJZsbapeOnGfa6QWBR+Y3caKyac6PCPVdIN0nlaqAkZrNjbvdlkQwEPKBo5

/sKmgBUjdK5Ysv/yhvdhJ5w4m1kxo8Y9XFK5l2HbC+1yazor9sR8zGZTYBD8

3NH/ezuTFZO18JC2qgiCyiseu3rnWDEsuVDz6p8gMJJNTTZaZMWu08KKtlsE

Q8qdfg9tVgLG1XH4NuvhEODy8pRR4CZgiY9W3e1/XQPijrSHpH0E7ML4pM9E

Shh0+kv0v5AlYB/d0h0Zj8PgYUft1lA5ApbzqHNgrCUMsOhvYf8UCFiForVr

KCMMrs9IXKSqEDCedu2OJLNwWGyr29F7koCleDH+ExGIgFm/oVvFdgRMeEx1

ESIj4VERm9ppBwI2HXzFrfNOJJh+kx2dcCRg8wWxBoYlkVCnGayw15WAbbq2

J2HL10i4ziv0scibgPX5B9+4LREFHOVn2QtCCJgpI4HY1RIFon9bAx+kE7Dy

sMkJFeoN6BSZFMXuEjCpbBeJkyzREGnE92Y4g4CJM/lzgTcafj23FdiVRcCK

sryvzCtFQ0ns6rOsPAIWqJ9nFBwSDSqSKpOZ5fj6rdb8PrYYOGNbfOH2WwKW

5vh5ZBdnLESnzPXJvidgg11vmy7/FwsUpGHa+oGA8c2f96mWjgVZkd7T9A58

f62JD0E7FjYOkI6c7SFgUcWaN19GxEKLyQW+zT8J2JZjgtvH52JB8dTWN1Er

BKztYnbw+Oc4cA84r7lzjYDJ1pu/Jw7HwcOCQkolCxH7uiX+9ebJONjKpl79

g0jEzCM0OqfY4oH6wu0hxknEQtIniMMq8VB4tDVkWYCICf61a0y4Fw/bDwQo

+MkTsUN3WeTVTRJAJIekK3eQiIm8OyK01yYBxLhv2o0fImIyPe4ZBI8EkKWV

pJ1XJmLtR0nxgZEJcKzsB/OEOhHb/t1hR1hFAtgcMKjn1yNiYyFMyjxHIjjk

DHR+0idiZxsenK/Ylgiu3K5/484QscfzIrvNdyXCJVrkzlUjIjZx/9hxT8VE

iCx7fv2XBRFLV6IO1VgnQsEBCc1aZyL2zPqe6aeSRHiS88zK15WIyYnPplys

SYQybsxvnzsRa3xoFDGIEqGOZpmf40XEXI9KFT/sTIT2shT2WH8itvxIYKvx

fCJMHlh+Zx5JxJQjt2w1OZYEB+W7TBaziZieBZe0QGMSCAUyv6U/wM/rou42

05IEay8EHQ89JGL+EQoNTe1J8N74vL9HPn7+w78KZHqSwDFg7PZQMRGzveTt

d2YmCe5S5rtb6oiYPLeNTd+eZLjOvv3ixXoipqjZyNYunQyOhmq/lxqImJK8

vPwTuWQ4+CNsXhERsVWNNQUN1WR4x8YpVPiKiHHyFta1GCbDqt5Oi4ROIjbz

bbfB9uBk+Hlb/bvUFyIWoyRGkQjD9w/ZuLZ+JWLX4j/LiN1Ihrs++YErvUSM

Y2BoKyM5GRRuyWV6DxMxdqYdg5qbDA4D2IDxJBFrjbEIO/MqGXTF7e2np4hY

ZN1OievtySDveeNvIo2IlZ1XUsv5kAwrq+1Lr2aJmMNz7uG6r8mQvsd4p8o/

Iub8fu217lgytLs6Wu/cQMKmjvLcp7GSIYTeHjHATsK+zlsrpbCRQf6aXFEm

BwkL/mHhtZuDDHdT5meFNpOw+UreMX4eMjjVxsXybyNhu976TGkLk2G7BvXp

F34SJt26PdFLlAwf3hp1pQmSsOKvX/mjxcigOLRDhHcHCROrlOaJlSEDga20

csseEpZV8qawV5EMNcm8fR/ESNh/b24UxCiTwVUoYDVRgoSxEzMHpFTJ0LEP

09kkQ8KeU2y2qAEZso06h9jlSVhRkV9W1SkyGH07TGpTIGEnZpZMqbpkYHO6

JxN9iIS5+S6T/9Mng0eggx9JmYT9Wph6euIsGVQfzHGwqpOwfMMtd6nmZKDK

WB1oBhL27b9hu2pLMuRWIpNQDRImeFF00fM8GTa2xeasnCBhcp22lVUXydBo

ONXaeJKEkZDA+HFbMnj3n50IPkXC/HLyt7y0I0P31HalxdMkTL2+wizDkQzx

AaGWz/VJmKrQYDzNiQzHWH+GXj1Dwq4+Ue9WdiHDo21P384ZkbC74vM92W5k

MM/eOl1tQsKuyzIfNLmTgUv6Cr+/GQlTfBhQ8NGDDJePgg3dgoT1LOontnmR

QfJV3o1nViRMP00jtMybDP0GG4t9rUnY/tWFrjgfMiT3enTIX8T7WfwizcyX

DMftPjNpNiRs05bxNv5LZJj7q7SjzI6Epd6tDWzD/dg/E/NyIGFb64OeuV8m

w/m1Vcf9Tnj8gaBggh8ZeOLsEyadSdhPS5ahBNytvG/Ki11JmE2C0Si7PxkC

7st2u7mTsA1ltbeu4N4rmbok44nnx/Rb6sE9VMYU/eNFwj4EfBSVvUKGm0cs

Txb5kLCJw+xbLuPWeklxd75EwvgEbd+X4F7QE0uV9CNhOYM7Hftwl3TH1Iz5

k7D6/UHfF3B/147go+MuU/2U/Q+3wPMQH5Yr+LxxSlks4g6757t3B25uheHW

JdymNlbZhrh77C9fXcUd/9l0yRq3gs6I8Bru5uOG5u64jS4ZNq97r4QWbzTu

nA7VZZYAMqz+kYtuwP0r/IghEfchK5nRN7hFdVsG1+3yXgzrxh3SY+BCwt1Z

KrQ4jXtPxGU/NtyFlwlekgEkrGlg0oUd97efy28P4bZKvT20bl6zeSkN3HpJ

x89uxB2iMvndCjd/xuP9HLgNV76apuK2bX3awon7hlfHs2zcd32DRDfhrh9+

y12C+9qv08HrFm9B7a9x/3BekeLCbXGoXvLLevxbg4HrTn5UFfkd93h7y5t1

/4t+fGwZd3PSfevNuOUW8jI5rpKwNrXUvHU7uGbPC+CuV0z4te6Pp9MqFHDz

YmT7LbiJTUlbADe6nJG1bhW5WHc93CSFx1/W/ZDnmoQz7s7YviPcuHvCAyL8

cFdrLjqvm4vuOxy+Hu+NaNq6NRw81Mi4FaX1G9Z95atTxv31eJdCR9ZdfNJ2

7jHu7JpaAg/ukVor41rcM2xzu9fNL2NW3oobfFTV162babi5E/cTthvn1h26

6bTbMO4z3V89110VotU2idtpVjZ83X+mQHwR9xa3+NR1i1xUDWcPJGGX9KnZ

647VOHB0D+7VO+3l66aLiTPVcCsbo5p1/w8eTGsn
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1:eJwVx38803kcwPFhp2QulXOuuvVLXCnjHqQfy+crispFZURHeFBNft5NcvkR

1XDVzXaKmJ8XF4ZZvzbkLfkRLeTXrlZJftcy2RRj3Lc/Xo/X47nOP+xIoCaB

QDiE9/VJ3PhD1CXBtta36J0LC3LYyy3/+1/hfsTf89D32pQc9i1Yx4cJPZH9

bstj5A9yaOLPMI4K6ag5XDvuQK8cmCnSsL3CaHTB2YX5lCeH4UjnEFthCuLT

e9lhXnIwlBFlO4U30TnT4A82wnEwN/Uz2yEsRkr1O+a12I/gUP6d9/pnVehO

pEO+VP0eQmR5gZ2jj5FEcpZ8/cUocI0KtwQcaEXb0mz1D78fhidU9zjrrA7U

fdRlkjM3CNRKXX2j3i607NQHlgdtAJbX7TGxdpcg/o7RJCq/H7xehl9SNb5E

l9tlBhXWb4ErdCXlql6j1oiAbJd3ryHfyJOEqt6iO5dCHGuOS+HTfX/THM93

yGeLmJFi+QJUL0+dfD4xgNbOOIm6qRKwEpeN5JcMoUS9hrrQ/T1wJles7t83

guoiUmNo2V3Qhba4wzdjaGhlTJmF4jkoA5M6w2veo3TtW2E6jA5YHlo9wKbJ

kHKr1eKVHm3gb29h47psHOXpjqS4P3kKFarYNXEVcnReapdglN4C6Ui70Fg4

gSZdo193n24GgcNBZ0baJ7ShsaxH5/dGEFfNPZz1m0SGLkHubxoeQ3x6W8dz

TIF0bc5sijKqB4shUnmfvhL1k9VMx+I6qJ1yypa8UqLjb52ExtW1MBhcuJVc

NYV4J8qKijbWgA4tNJmb/BmFqqILssdF0PSPxyX66S+olKKR5lb1AHzv2XLW

OkwjM7H+w0VwD6ZtOEFLl82gsBfbF68h3YVN67QHneUz6MQ1mpfYSwCe54dN

62tVKKM6oM13hA+BGQ2x6/6cRcZ5qRs5lApYsvoxo/3kHCq4KRolcnhQpm++

7Z6VGg2Z630huZXA2BlRxtiKeWR3e6t9ptFt2LC9spE2OI9alLMXu8yLYGdz

EZHHX0DHtj/6IZhxCyJ9fH77yZGAeZQ3+YVUF8Azdm7zjXICpjPA0Ayyy4eI

6fAQHlkDmzGrSyrn5MJFzG71g6samLcof5o9zgWDR458b4UG1i6YN1OWZMIk

401aqb8mlhy3rT6bngEufqU+11s1sTiTq9KGP27ASkqUJcNCC9MyWU67W50G

P1t0ualytDBF4gAmVXOghR7ovVqbiPEZWYUl8Wzg9SbdH4okYt/WsOn2WqnQ

75i4QoE7SuL88XvchqKYcMJZIsZcEhch00yFC1kRm1fhviDYc/46bprv8RxX

3KPDbmkjGqkwP2bOrMat2ZL16gohFVzVPTR2FBHb7U27UjzLgsuhHYIc3LsK

nPlHcFf1tS7l4Q5oovTOqlhgXA8tTbgNC0TGh3DPMIt3z+Em+UnFk9MsKNCP

3XjqHBEbEbvtp35mgSQhKpGBWy5ZHDs0xQKSIqIvAbdB5u3Kv3Cf7Tl5k4ub

v6P0x34lCw5kuup14j6cV0NgKlgQr3swqA83ldy2i4L7bszeZhnuX9DTqP8m

WUA+sTNhUTQRq/NNntyM+2iH1RsD3Jt/dbLs/sSCZDvKrvW4BROK8FjctYJN

GRTcHauuVJrgVmwwnqLiJkn1FO0TLPgfxzyIYg==

      "]]}}, 

   {PointSize[0.02], PointBox[{1.279599175420289, -0.1230246420591282}]}},

  AspectRatio->NCache[GoldenRatio^(-1), 0.6180339887498948],

  Axes->True,

  AxesOrigin->{0, 0},

  Frame->True,

  FrameLabel->{

    FormBox["\"a\"", TraditionalForm], 

    FormBox["\"b\"", TraditionalForm]},

  PlotRange->All,

  PlotRangeClipping->True,

  PlotRangePadding->{

    Scaled[0.02], 

    Scaled[0.02]}]], "Output",

 CellChangeTimes->{{3.3926113501329603`*^9, 3.3926113863350163`*^9}, {

   3.392611450647493*^9, 3.3926115524638977`*^9}, 3.3926115897975807`*^9}]

}, Open  ]],



Cell[BoxData[

 RowBox[{

  RowBox[{"Export", "[", 

   RowBox[{"\"\<d:\\\\slika.eps\>\"", ",", "tmp"}], "]"}], ";"}]], "Input"]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["Naloga 2", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Sila vzbujanja", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"F0", ":=", 

   RowBox[{"n", " ", "F1"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"F", "[", "t_", "]"}], ":=", 

  RowBox[{"F0", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]}], "Input"],



Cell["Nadomestna togost in du\[SHacek]enje", "Text"],



Cell[BoxData[{

 RowBox[{"kn", ":=", 

  RowBox[{"2", "k"}]}], "\[IndentingNewLine]", 

 RowBox[{"dn", ":=", 

  RowBox[{"2", "d"}]}]}], "Input"],



Cell["Pri\[CHacek]akovan odziv", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{

     RowBox[{"\[Omega]", " ", "t"}], "-", " ", "\[CurlyPhi]"}], 

    "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"X", ":=", 

  RowBox[{"X0", " ", "\[Beta]"}]}], "\[IndentingNewLine]", 

 RowBox[{"f0", ":=", 

  FractionBox["F0", "m"]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]0", ":=", 

  SqrtBox[

   FractionBox["kn", "m"]]}], "\[IndentingNewLine]", 

 RowBox[{"X0", ":=", 

  FractionBox["f0", 

   SuperscriptBox["\[Omega]0", "2"]]}], "\[IndentingNewLine]", 

 RowBox[{"\[Beta]", ":=", 

  RowBox[{"1", "/", 

   SqrtBox[

    RowBox[{

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"1", "-", 

        SuperscriptBox[

         RowBox[{"(", 

          FractionBox["\[Omega]", "\[Omega]0"], ")"}], "2"]}], ")"}], "2"], 

     "+", 

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"2", "\[Delta]", " ", 

        FractionBox["\[Omega]", "\[Omega]0"]}], ")"}], "2"]}]]}]}]}], "Input"],



Cell["Amplituda pomika avtobusa", "Text"],



Cell[CellGroupData[{



Cell[BoxData["X"], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"F1", " ", "n"}], 

  RowBox[{"2", " ", "k", " ", 

   SqrtBox[

    RowBox[{

     FractionBox[

      RowBox[{"2", " ", "m", " ", 

       SuperscriptBox["\[Delta]", "2"], " ", 

       SuperscriptBox["\[Omega]", "2"]}], "k"], "+", 

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"1", "-", 

        FractionBox[

         RowBox[{"m", " ", 

          SuperscriptBox["\[Omega]", "2"]}], 

         RowBox[{"2", " ", "k"}]]}], ")"}], "2"]}]]}]]], "Output",

 CellChangeTimes->{3.392611602145336*^9, 3.3926117993388863`*^9}]

}, Open  ]],



Cell["Sila na podlago", "Text"],



Cell[BoxData[

 RowBox[{"Ft", ":=", 

  SqrtBox[

   RowBox[{

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{"kn", " ", "X"}], ")"}], "2"], "+", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{"dn", " ", "\[Omega]", " ", "X"}], ")"}], "2"]}]]}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", "Ft", "]"}]], "Input"],



Cell[BoxData[

 SqrtBox[

  RowBox[{

   FractionBox[

    RowBox[{

     SuperscriptBox["F1", "2"], " ", 

     SuperscriptBox["n", "2"]}], 

    RowBox[{

     FractionBox[

      RowBox[{"2.`", " ", "m", " ", 

       SuperscriptBox["\[Delta]", "2"], " ", 

       SuperscriptBox["\[Omega]", "2"]}], "k"], "+", 

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"1.`", "\[InvisibleSpace]", "-", 

        FractionBox[

         RowBox[{"0.5`", " ", "m", " ", 

          SuperscriptBox["\[Omega]", "2"]}], "k"]}], ")"}], "2"]}]], "+", 

   FractionBox[

    RowBox[{

     SuperscriptBox["d", "2"], " ", 

     SuperscriptBox["F1", "2"], " ", 

     SuperscriptBox["n", "2"], " ", 

     SuperscriptBox["\[Omega]", "2"]}], 

    RowBox[{

     SuperscriptBox["k", "2"], " ", 

     RowBox[{"(", 

      RowBox[{

       FractionBox[

        RowBox[{"2.`", " ", "m", " ", 

         SuperscriptBox["\[Delta]", "2"], " ", 

         SuperscriptBox["\[Omega]", "2"]}], "k"], "+", 

       SuperscriptBox[

        RowBox[{"(", 

         RowBox[{"1.`", "\[InvisibleSpace]", "-", 

          FractionBox[

           RowBox[{"0.5`", " ", "m", " ", 

            SuperscriptBox["\[Omega]", "2"]}], "k"]}], ")"}], "2"]}], 

      ")"}]}]]}]]], "Output",

 CellChangeTimes->{3.392611604729051*^9, 3.3926117993889585`*^9}]

}, Open  ]],



Cell["Du\[SHacek]enje", "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]", ":=", 

  FractionBox["dn", 

   RowBox[{"2", "m", " ", "\[Omega]0"}]]}]], "Input"],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"m", ":=", "20000"}], "\[IndentingNewLine]", 

 RowBox[{"k", ":=", "100000"}], "\[IndentingNewLine]", 

 RowBox[{"n", ":=", "15"}], "\[IndentingNewLine]", 

 RowBox[{"F1", ":=", "800"}], "\[IndentingNewLine]", 

 RowBox[{"d", ":=", "9000"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]", ":=", 

  RowBox[{"2", "\[Pi]", "*", "2"}]}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle",

 CellChangeTimes->{{3.392611615334301*^9, 3.3926116184387646`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"kn", ",", "dn", ",", "F0", ",", "f0", ",", "\[Omega]0"}], 

  "}"}]], "Input",

 CellChangeTimes->{{3.3926116260296803`*^9, 3.392611659928424*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"200000", ",", "18000", ",", "12000", ",", 

   FractionBox["3", "5"], ",", 

   SqrtBox["10"]}], "}"}]], "Output",

 CellChangeTimes->{3.3926117994190016`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"200000", ",", "18000", ",", "12000", ",", 

   FractionBox["3", "5"], ",", 

   SqrtBox["10"], ",", "\[Delta]", ",", "X0", ",", 

   RowBox[{"N", "[", "\[Beta]", "]"}], ",", 

   RowBox[{"N", "[", "\[Omega]", "]"}], ",", 

   RowBox[{"f0", "/", 

    SuperscriptBox["\[Omega]0", "2"]}], ",", 

   RowBox[{"N", "[", "X", "]"}], ",", 

   RowBox[{"N", "[", "Ft", "]"}]}], "}"}]], "Input",

 CellChangeTimes->{{3.39261164196259*^9, 3.3926117560065775`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"200000", ",", "18000", ",", "12000", ",", 

   FractionBox["3", "5"], ",", 

   SqrtBox["10"], ",", 

   FractionBox["9", 

    RowBox[{"20", " ", 

     SqrtBox["10"]}]], ",", 

   FractionBox["3", "50"], ",", "0.06741023702665`", ",", 

   "12.566370614359172`", ",", 

   FractionBox["3", "50"], ",", "0.004044614221599`", ",", 

   "1221.2058059805183`"}], "}"}]], "Output",

 CellChangeTimes->{{3.3926116677797136`*^9, 3.392611756547355*^9}, 

   3.3926117994490447`*^9}]

}, Open  ]],



Cell["\<\

Kak\[SHacek]na bi bila amplituda nihanja, \[CHacek]e bi skakali s frekvenco \

1/3\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"\[Omega]", ":=", 

  RowBox[{"2", 

   RowBox[{"\[Pi]", "/", "3"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"{", 

  RowBox[{

   RowBox[{"N", "[", "\[Omega]", "]"}], ",", 

   RowBox[{"N", "[", "\[Beta]", "]"}], ",", 

   RowBox[{"N", "[", "X", "]"}]}], "}"}]}], "Input",

 CellChangeTimes->{{3.3926117740525265`*^9, 3.392611784327301*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

  "2.0943951023931953`", ",", "1.6887521340066973`", ",", 

   "0.10132512804040184`"}], "}"}]], "Output",

 CellChangeTimes->{{3.392611784828021*^9, 3.3926117994690733`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", 

  SqrtBox["10"], "]"}]], "Input"],



Cell[BoxData["3.1622776601683795`"], "Output",

 CellChangeTimes->{{3.392611790396027*^9, 3.3926117994891024`*^9}}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], " ", "m", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"x1", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], " ", "i", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]1", "'"}], "[", "t", "]"}], "2"]}], "+", 

   "\[IndentingNewLine]", 

   RowBox[{

    FractionBox["1", "2"], " ", "m", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"x2", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], " ", "i", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]2", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"\[CurlyPhi]1", "[", "t_", "]"}], ":=", " ", 

  FractionBox[

   RowBox[{"x1", "[", "t", "]"}], "R"]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]2", "[", "t_", "]"}], ":=", 

  FractionBox[

   RowBox[{"x2", "[", "t", "]"}], "R"]}], "\[IndentingNewLine]", 

 RowBox[{"i", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox["R", "2"]}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Simplify", "[", 

  RowBox[{"Ek", "[", "t", "]"}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  FractionBox["3", "4"], " ", "m", " ", 

  RowBox[{"(", 

   RowBox[{

    SuperscriptBox[

     RowBox[{

      SuperscriptBox["x1", "\[Prime]",

       MultilineFunction->None], "[", "t", "]"}], "2"], "+", 

    SuperscriptBox[

     RowBox[{

      SuperscriptBox["x2", "\[Prime]",

       MultilineFunction->None], "[", "t", "]"}], "2"]}], ")"}]}]], "Output",

 CellChangeTimes->{{3.3926118082717314`*^9, 3.392611816804*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Simplify", "[", 

  RowBox[{

   SubscriptBox["\[PartialD]", 

    RowBox[{

     RowBox[{"x1", "'"}], "[", "t", "]"}]], 

   RowBox[{"Ek", "[", "t", "]"}]}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  FractionBox["3", "2"], " ", "m", " ", 

  RowBox[{

   SuperscriptBox["x1", "\[Prime]",

    MultilineFunction->None], "[", "t", "]"}]}]], "Output",

 CellChangeTimes->{{3.3926118095535746`*^9, 3.392611818155944*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Simplify", "[", 

  RowBox[{

   SubscriptBox["\[PartialD]", "t"], " ", 

   RowBox[{"(", 

    RowBox[{

     SubscriptBox["\[PartialD]", 

      RowBox[{

       RowBox[{"x1", "'"}], "[", "t", "]"}]], 

     RowBox[{"Ek", "[", "t", "]"}]}], ")"}]}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  FractionBox["3", "2"], " ", "m", " ", 

  RowBox[{

   SuperscriptBox["x1", "\[Prime]\[Prime]",

    MultilineFunction->None], "[", "t", "]"}]}]], "Output",

 CellChangeTimes->{3.3926118198483777`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Simplify", "[", 

  RowBox[{

   SubscriptBox["\[PartialD]", 

    RowBox[{

     RowBox[{"x2", "'"}], "[", "t", "]"}]], 

   RowBox[{"Ek", "[", "t", "]"}]}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  FractionBox["3", "2"], " ", "m", " ", 

  RowBox[{

   SuperscriptBox["x2", "\[Prime]",

    MultilineFunction->None], "[", "t", "]"}]}]], "Output",

 CellChangeTimes->{3.392611822211776*^9}]

}, Open  ]],



Cell[BoxData[

 RowBox[{"Remove", "[", "\[Omega]", "]"}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Solve", "[", 

  RowBox[{

   RowBox[{

    RowBox[{"Det", "[", 

     RowBox[{"{", 

      RowBox[{

       RowBox[{"{", 

        RowBox[{

         RowBox[{

          RowBox[{

           RowBox[{"-", 

            FractionBox["3", "2"]}], " ", "m", "  ", 

           SuperscriptBox["\[Omega]", "2"]}], "+", "k"}], ",", 

         RowBox[{"-", "k"}]}], "}"}], ",", 

       RowBox[{"{", 

        RowBox[{

         RowBox[{"-", "k"}], ",", 

         RowBox[{

          RowBox[{

           RowBox[{"-", 

            FractionBox["3", "2"]}], " ", "m", " ", 

           SuperscriptBox["\[Omega]", "2"]}], "+", "k"}]}], "}"}]}], "}"}], 

     "]"}], "\[Equal]", "0"}], ",", "\[Omega]"}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", "0"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", "0"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       RowBox[{"2", " ", 

        SqrtBox["k"]}], 

       RowBox[{

        SqrtBox["3"], " ", 

        SqrtBox["m"]}]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", 

     FractionBox[

      RowBox[{"2", " ", 

       SqrtBox["k"]}], 

      RowBox[{

       SqrtBox["3"], " ", 

       SqrtBox["m"]}]]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.392611827739725*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", 

  RowBox[{"(", 

   FractionBox[

    RowBox[{"2", " ", 

     SqrtBox["k"]}], 

    RowBox[{

     SqrtBox["3"], " ", 

     SqrtBox["m"]}]], ")"}], "]"}]], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"1.1547005383792517`", " ", 

   SqrtBox["k"]}], 

  SqrtBox["m"]]], "Output",

 CellChangeTimes->{3.3926118370431023`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Solve", "[", 

  RowBox[{

   RowBox[{

    RowBox[{"Dot", "[", 

     RowBox[{

      RowBox[{"{", 

       RowBox[{

        RowBox[{"{", 

         RowBox[{

          RowBox[{

           RowBox[{

            RowBox[{"-", 

             FractionBox["3", "2"]}], " ", "m", "  ", 

            SuperscriptBox["\[Omega]", "2"]}], "+", "k"}], ",", 

          RowBox[{"-", "k"}]}], "}"}], ",", 

        RowBox[{"{", 

         RowBox[{

          RowBox[{"-", "k"}], ",", 

          RowBox[{

           RowBox[{

            RowBox[{"-", 

             FractionBox["3", "2"]}], " ", "m", "  ", 

            SuperscriptBox["\[Omega]", "2"]}], "+", "k"}]}], "}"}]}], "}"}], 

      ",", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{"{", "X1", "}"}], ",", 

        RowBox[{"{", "X2", "}"}]}], "}"}]}], "]"}], "\[Equal]", 

    RowBox[{"{", 

     RowBox[{

      RowBox[{"{", "F0", "}"}], ",", 

      RowBox[{"{", "0", "}"}]}], "}"}]}], ",", 

   RowBox[{"{", 

    RowBox[{"X1", ",", "X2"}], "}"}]}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{

    RowBox[{"X1", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       RowBox[{"2", " ", "F0", " ", 

        RowBox[{"(", 

         RowBox[{

          RowBox[{

           RowBox[{"-", "2"}], " ", "k"}], "+", 

          RowBox[{"3", " ", "m", " ", 

           SuperscriptBox["\[Omega]", "2"]}]}], ")"}]}], 

       RowBox[{"3", " ", "m", " ", 

        SuperscriptBox["\[Omega]", "2"], " ", 

        RowBox[{"(", 

         RowBox[{

          RowBox[{

           RowBox[{"-", "4"}], " ", "k"}], "+", 

          RowBox[{"3", " ", "m", " ", 

           SuperscriptBox["\[Omega]", "2"]}]}], ")"}]}]]}]}], ",", 

    RowBox[{"X2", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       RowBox[{"4", " ", "F0", " ", "k"}], 

       RowBox[{"3", " ", "m", " ", 

        SuperscriptBox["\[Omega]", "2"], " ", 

        RowBox[{"(", 

         RowBox[{

          RowBox[{"4", " ", "k"}], "-", 

          RowBox[{"3", " ", "m", " ", 

           SuperscriptBox["\[Omega]", "2"]}]}], ")"}]}]]}]}]}], "}"}], 

  "}"}]], "Output",

 CellChangeTimes->{3.3926118418700433`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"m", ":=", "5"}], "\[IndentingNewLine]", 

 RowBox[{"k", ":=", "30000"}], "\[IndentingNewLine]", 

 RowBox[{"F0", ":=", "10"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]", ":=", "10"}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"N", "[", 

  RowBox[{"-", 

   FractionBox[

    RowBox[{"2", " ", "F0", " ", 

     RowBox[{"(", 

      RowBox[{

       RowBox[{

        RowBox[{"-", "2"}], " ", "k"}], "+", 

       RowBox[{"3", " ", "m", " ", 

        SuperscriptBox["\[Omega]", "2"]}]}], ")"}]}], 

    RowBox[{"3", " ", "m", " ", 

     SuperscriptBox["\[Omega]", "2"], " ", 

     RowBox[{"(", 

      RowBox[{

       RowBox[{

        RowBox[{"-", "4"}], " ", "k"}], "+", 
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Vztrajnostni moment vrat okoli vrtisca je:

J:%m(az—l—bQ)—i—m (g)z.

c)

Za tak sistem pricakujemo odziv v naslednji obliki:

o(t) = e 2«0t (A cos(woat) + B sin(woat)) .

Pri ¢emer je frekvenca duSenega nihanja: woq = v'1 — 62 wy.

Iz zacetnih pogojev:
b
¢(0) =arcsin— in ¢(0) =0,
a
izracunamo konstanti A in B:

A:arcsinl—O in B:5LA
a Wod

Cas enega nihaja:

1 2
T=>-=°T
14 wod

Cas in amplituda pri naslednji skrajni legi:

T

Iy = asinp(t).

t

Slika 2.1: Kot ¢ v odvisnosti od casa.

42
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Naloga 2 (30 tock)

15 slovenskih navijacev se pelje v avtobusu celotne mase m=20 ton iz finala svetovnega prvenstva v
nogometu (Slovenija : Brazilija = 3 : 0). V evforiji vsi sinhrono skacejo “kdor ne skace ni Sloven’c” - s
frekvenco 2 krat na sekundo. Recimo, da silo posameznega navijaca lahko aproksimiramo s harmonsko
funkcijo amplitude 800 N. Ce avtobus niha samo v navpiéni smeri, potem dolocite: a ) gibalno enacbo, b)
amplitudo pomika Sasije avtobusa v ustaljenem stanju, ¢) amplitudo sile, ki se prenese na tla v ustaljenem
stanju in d) amplitudo pomika v ustaljenem stanju, ¢e bi navijaéi bili bolj utrujeni in bi skakali s frekvenco

1/3 Hz. Komentar posledic?

Bt 9|
e,
) A I F, = 800N
T 1 k = 100kN/m
%d g d d = 9kNs/m
Resitev

Ky, = 200 kN/m
d, = 18 kNs/m
Fy = 12kN
fo = 0.6N/kg

Spremenjena frekvenca vzbujanja
w = 2,0944 rad/s

8 =1,68875

X =0.101325m

w = 12,5664 rad/s

wo = 3,1623 rad /s
— 0,142

Xy = 0,06m

8= 0,0674102

X =0,004045m

F, = 1221,21N

Postopek

a)

Najprej poiséemo nadomesten model. Nadomestna togost in dusenje sta:
kn =2k d, = 2d.

Skupna amplituda sile vseh n navijacev je:
Fy=nFi.

Uporabimo II.Newtonov zakon in dobimo gibalno enacbo:
mi+d,t+k,x=Fysinwt.

Preoblikujemo v splosno obliko:
g'é+2(5w0:is—|—w8x = fo sinwt,

b)

1z gibalne ena¢be doloc¢imo:

o~

F dn
fo= 20 =ty 5o .
m m 2muwyg

n

Zadostuje
znanje: VN
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V ustaljenem stanju pricakujemo odziv v obliki:
z(t) = X sin(wt — ),

kjer je w frekvenca vzbujanja. X je amplituda nihanja:
X =Xop.

Parameter Xy = fp/w3. Dinamicni faktor 3 je definiran kot:
w\? ’ w)?
B=1 <1() ) +<25) |
wo wo
c)

Amplituda sile na tla (v ustaljenem stanju je)

d)
Pri frekvenci vzbujanja w = 27/3, je § = 1,68875 in amplituda X =0,1013 m, kar najverjetneje povzroci
porusitev konstukcije.

Naloga 3 (35 tock) Zadostuje

Dva enaka valja sta povezana z vzmetjo togosti k. Enega od valjev vzbuja harmonska sila F(t). Ce se E?Z_VVPS

valja kotalita brez podrsavanja, potem dolocite: a) lastni frekvenci sistema, b) odziv sistema v ustaljenem
stanju.

9
F(t) L m = bkg
k= 30kN/m
m,R F(t) = Fpsin(wt)
C F, = 10N
N w = 10rad/s

Resitev

wo1 = Orad/s

woz = 89,4427 rad/s
X, = —6,582mm
Xy = —6,751 mm

Postopek

a)

Gre za nekonservativen sistem z dvema prostostnima stopnjama. Naloge se lotimo po Lagrange-u:

d 0E, OF
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Imamo dve posploSeni koordinati g; = x1 in g2 = z2. Kineti¢na energija sistema je definirana kot:

1 1 1 1
Ep = —mi?+ §J¢§ + —mil + §ng§.

2 2
Kjer je:
1 i
J = 3 m R? in v = %
Dobimo torej kineti¢no energijo:
E, = m (&7 + 23)-
Odvodi kineti¢ne energije:
OF OF
L =k _y,
(91’1 (9:102
oE}, 3 . oFE, 3 .
—— =-ma — =-ma
i, 2V dig 27
d 9B —§mfi~ d 9By —gmfi
dt 9@, 2" dt 0@, 2%

Sedaj pois¢imo Se posploseno silo. Virtualno delo (predpostavimo: 1 < x2):
OW = k(xg — x1)0x1 + F(t)ox1 — k(x2 — 1)d22.

Ker je 6W = Q10x1 + Q20x2, sledi:
Q1 =F@)+k(xza—z1) in Q2=—k(za—x1).

Ravnotezje za vsako posamezno komponento torej je:

3 .
gmiL = F(t) + k(zg — x1),

gm.’fQ = —k(.’EQ — xl).

Zgornji izraz zapiSemo v matri¢ni obliki:

0 e [ (2) [ 5 (5)- ()

Ob predpostavki harmonskega odziva x; = X; sin(wt) izraz preoblikujemo (sinwt izpustimo) v:

[ _S/Qi:mw —3/2(.:2km+k } ( 2 ) B ( Fo0 )

Lastne frekvence dobimo tako, da izra¢unamo vrednosti w, pri katerih je determinanta enaka nic:

‘ —3/2w*m +k —k

—k -3/2w?m+k ‘_0'
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Dobimo dve resitve:

46

[4k
wor =0rad/s in wpe = I 40\/5rad/s.

b)

Amplitudo odziva sistema v ustaljenem stanju dobimo z reSevanjem gibalne enacbe pri vzbujani frekvenci:

2 Fo(—2k + 3mw?)

X, = —
! 3mw? (—4k+ 3mw?)’

A4Fk

Xy = — .
2 3mw? (4k — 3mw?)

Odziv torej je:

(2 )= (5 Jmer

k= 100kN/m
d = 10Ns/m
Jn = 0,003kg m?
a = 6cm
n, = 6000 obr/min
Resitev
wo = 346,41rad/s
0 = 0,01732
woda = 346,36rad/s
k, = 329kN/m
wo; = 628,319rad/s
0, = 0,00955
wo, = 628,29rad/s
R = 46x107*%
Postopek

Povprecen uspeh 71 studentov: 66%

(30 tock)
Na sliki je masa v obliki ¢rke T, ki je eden od ele-
mentov med menjalnikom in prestavno roc¢ico avto-
mobila ter zagotavlja bolj udobno prestavljanje.
a) Izra¢unajte lastno neduseno in duseno krozno fre-
kvenco sistema, ¢e je masa vpeta kakor je prikazano
na sliki.
b) Kaksna mora biti togost vzmeti, da je lastna
neduSena krozna frekvenca pri mn,. Za koliko od-
stotkov je v tem primeru duSena frekvenca manjsa
od nedusene?
Teznosti ne upostevate; uporabite teorijo majhnih
kotov.

a) S pomocjo I1.Newtonovega zakona najprej napisemo gibalno enacbo (Ja ¢ =), Ma ;):

Jap+da*p+ka®p=0.

Zadostuje
zna-

nje: LDN
Povprecen
uspeh: 80%
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Cell["Razmernik du\[SHacek]enja", "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]", ":=", 

  FractionBox[

   FractionBox[

    RowBox[{"2", "d"}], "m"], 

   RowBox[{"2", "\[Omega]0"}]]}]], "Input"],



Cell["Lastna du\[SHacek]ena frekvenca", "Text"],



Cell[BoxData[

 RowBox[{"\[Omega]0d", ":=", 

  RowBox[{"\[Omega]0", 

   SqrtBox[

    RowBox[{"1", "-", 

     SuperscriptBox["\[Delta]", "2"]}]]}]}]], "Input"],



Cell["Amplituda odziva je", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"X", "[", 

   RowBox[{"\[Delta]_", ",", "\[Omega]0_"}], "]"}], ":=", 

  RowBox[{

   RowBox[{"X0", "[", "\[Omega]0", "]"}], " ", 

   RowBox[{"\[Beta]", "[", 

    RowBox[{"\[Delta]", ",", "\[Omega]0"}], "]"}]}]}]], "Input"],



Cell["Dinami\[CHacek]ni faktor", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"\[Beta]", "[", 

   RowBox[{"\[Delta]_", ",", "\[Omega]0_"}], "]"}], ":=", 

  SqrtBox[

   FractionBox["1", 

    RowBox[{

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"1", "-", 

        SuperscriptBox[

         RowBox[{"(", 

          FractionBox["\[Omega]", "\[Omega]0"], ")"}], "2"]}], ")"}], "2"], 

     "+", 

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"2", "\[Delta]", " ", 

        FractionBox["\[Omega]", "\[Omega]0"]}], ")"}], "2"]}]]]}]], "Input"],



Cell["Amplituda X0", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"X0", "[", "\[Omega]0_", "]"}], ":=", 

  FractionBox["f0", 

   SuperscriptBox["\[Omega]0", "2"]]}]], "Input"],



Cell["Kot zaostajanja", "Text"],



Cell[BoxData[

 RowBox[{"\[CurlyPhi]", ":=", 

  RowBox[{"ArcTan", "[", 

   FractionBox[

    RowBox[{"2", " ", "\[Delta]", " ", 

     FractionBox["\[Omega]", "\[Omega]0"]}], 

    RowBox[{"1", "-", 

     SuperscriptBox[

      RowBox[{"(", 

       FractionBox["\[Omega]", "\[Omega]0"], ")"}], "2"]}]], "]"}]}]], "Input"],



Cell["\:017deljena lastna frekvenca", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"sol", "=", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{

      RowBox[{"X", "[", 

       RowBox[{"0", ",", "\[Omega]0zz"}], "]"}], "\[Equal]", "Xz"}], ",", 

     "\[Omega]0zz"}], "]"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]0z", "=", 

  RowBox[{"Replace", "[", 

   RowBox[{"\[Omega]0zz", ",", 

    RowBox[{"sol", "[", 

     RowBox[{"[", 

      RowBox[{"2", ",", "1"}], "]"}], "]"}]}], "]"}]}]}], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"\[ImaginaryI]", " ", 

   SqrtBox[

    RowBox[{

     RowBox[{"-", "F0"}], "-", 

     RowBox[{"m", " ", "Xz", " ", 

      SuperscriptBox["\[Omega]", "2"]}]}]]}], 

  RowBox[{

   SqrtBox["m"], " ", 

   SqrtBox["Xz"]}]]], "Output",

 CellChangeTimes->{3.3926129330791245`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"k", "=", 

   RowBox[{"1", "\[Times]", 

    SuperscriptBox["10", "3"]}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"d", "=", "10"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"m", "=", "3"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[Omega]", "=", 

   RowBox[{"2", " ", "2", "\[Pi]"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"F0", "=", "10"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"Xz", "=", 

   RowBox[{"1", "/", "1000"}]}], ";"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", 

  RowBox[{"{", 

   RowBox[{

   "f0", ",", "\[Omega]0", ",", "\[Delta]", ",", "\[Omega]", ",", 

    "\[Omega]0d", ",", 

    RowBox[{"X", "[", 

     RowBox[{"\[Delta]", ",", "\[Omega]0"}], "]"}], ",", 

    RowBox[{"\[Beta]", "[", 

     RowBox[{"\[Delta]", ",", "\[Omega]0"}], "]"}], ",", 

    RowBox[{"X0", "[", "\[Omega]0", "]"}], ",", "\[CurlyPhi]", ",", 

    FractionBox["\[CurlyPhi]", "Degree"], ",", "\[Omega]0z"}], "}"}], 

  "]"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

  "3.3333333333333335`", ",", "18.257418583505537`", ",", 

   "0.18257418583505536`", ",", "12.566370614359172`", ",", 

   "17.950549357115012`", ",", "0.0171469843303856`", ",", 

   "1.7146984330385602`", ",", "0.01`", ",", "0.4455460869836689`", ",", 

   "25.52791036273289`", ",", 

   RowBox[{"-", "59.08677520182298`"}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926129331191826`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Lagrageva energijska funkcija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], " ", "J", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]A", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], " ", "J", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]B", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], " ", "m", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{

       RowBox[{"x", "[", "t", "]"}], "-", 

       RowBox[{"a", " ", 

        RowBox[{"\[CurlyPhi]A", "[", "t", "]"}]}]}], ")"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{

       RowBox[{

        FractionBox["a", "2"], " ", 

        RowBox[{"\[CurlyPhi]B", "[", "t", "]"}]}], "-", 

       RowBox[{"x", "[", "t", "]"}]}], ")"}], "2"]}]}]}]], "Input"],



Cell["Gibalne ena\[CHacek]be", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]A", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]A", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    SuperscriptBox["a", "2"], " ", "k", " ", 

    RowBox[{"\[CurlyPhi]A", "[", "t", "]"}]}], "+", 

   RowBox[{"J", " ", 

    RowBox[{

     SuperscriptBox["\[CurlyPhi]A", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"x", "[", "t", "]"}]}]}]], "Output",

 CellChangeTimes->{3.3926129367143517`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"x", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"x", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"4", " ", "k", " ", 

    RowBox[{"x", "[", "t", "]"}]}], "+", 

   RowBox[{"2", " ", "m", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"2", " ", 

      RowBox[{"\[CurlyPhi]A", "[", "t", "]"}]}], "+", 

     RowBox[{"\[CurlyPhi]B", "[", "t", "]"}]}], ")"}]}]}]], "Output",

 CellChangeTimes->{3.3926129368245106`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge3", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]B", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]B", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    SuperscriptBox["a", "2"], " ", "k", " ", 

    RowBox[{"\[CurlyPhi]B", "[", "t", "]"}]}], "+", 

   RowBox[{"4", " ", "J", " ", 

    RowBox[{

     SuperscriptBox["\[CurlyPhi]B", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{"2", " ", "a", " ", "k", " ", 

   RowBox[{"x", "[", "t", "]"}]}]}]], "Output",

 CellChangeTimes->{3.3926129368745823`*^9}]

}, Open  ]],



Cell["Nastavek", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"\[CurlyPhi]A", "[", "t_", "]"}], ":=", 

  RowBox[{"\[CapitalPhi]A", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]B", "[", "t_", "]"}], ":=", 

  RowBox[{"\[CapitalPhi]B", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge1", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge2", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge3", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    SuperscriptBox["a", "2"], " ", "k", " ", "\[CapitalPhi]A"}], "-", 

   RowBox[{"J", " ", "\[CapitalPhi]A", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "\[Equal]", 

  RowBox[{"a", " ", "k", " ", "X"}]}]], "Output",

 CellChangeTimes->{3.392612936904626*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"4", " ", "k", " ", "X"}], "-", 

   RowBox[{"2", " ", "m", " ", "X", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "\[Equal]", 

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"2", " ", "\[CapitalPhi]A"}], "+", "\[CapitalPhi]B"}], 

    ")"}]}]}]], "Output",

 CellChangeTimes->{3.39261293691464*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    SuperscriptBox["a", "2"], " ", "k", " ", "\[CapitalPhi]B"}], "-", 

   RowBox[{"4", " ", "J", " ", "\[CapitalPhi]B", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "\[Equal]", 

  RowBox[{"2", " ", "a", " ", "k", " ", "X"}]}]], "Output",

 CellChangeTimes->{3.39261293691464*^9}]

}, Open  ]],



Cell["\<\

Zapi\[SHacek]emo v matri\[CHacek]ni obliki (Mathematica je zaradi \

lep\[SHacek]ega zapisa pomno\:017eil ge2 z 2 in ge3 z 4)\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{

   RowBox[{"A", "[", "\[Omega]0_", "]"}], ":=", 

   RowBox[{"(", GridBox[{

      {

       RowBox[{

        RowBox[{

         SuperscriptBox["a", "2"], " ", "k"}], "-", 

        RowBox[{

         SuperscriptBox["\[Omega]0", "2"], "J"}]}], 

       RowBox[{

        RowBox[{"-", "a"}], " ", "k"}], "0"},

      {

       RowBox[{

        RowBox[{"-", "a"}], " ", "k"}], 

       RowBox[{

        RowBox[{"2", "k"}], "-", 

        RowBox[{

         SuperscriptBox["\[Omega]0", "2"], "m"}]}], 

       RowBox[{

        RowBox[{"-", 

         FractionBox["1", "2"]}], "a", " ", "k"}]},

      {"0", 

       RowBox[{

        RowBox[{"-", 

         FractionBox["1", "2"]}], "a", " ", "k"}], 

       RowBox[{

        RowBox[{

         FractionBox["1", "4"], 

         SuperscriptBox["a", "2"], "k"}], "-", 

        RowBox[{

         SuperscriptBox["\[Omega]0", "2"], "J"}]}]}

     }], ")"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"b", ":=", 

   RowBox[{"{", 

    RowBox[{"\[CapitalPhi]A", ",", "X", ",", "\[CapitalPhi]B"}], "}"}]}], 

  ";"}]}], "Input"],



Cell["Poi\[SHacek]\[CHacek]emo \[Omega]0, ki ustrezajo", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"Det", "[", 

      RowBox[{"A", "[", "\[Omega]0", "]"}], "]"}], "\[Equal]", "0"}], ",", 

    RowBox[{"{", "\[Omega]0", "}"}]}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", "0"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", "0"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       SqrtBox[

        RowBox[{

         FractionBox[

          RowBox[{"5", " ", 

           SuperscriptBox["a", "2"], " ", "k"}], "J"], "+", 

         FractionBox[

          RowBox[{"8", " ", "k"}], "m"], "-", 

         FractionBox[

          RowBox[{"k", " ", 

           SqrtBox[

            RowBox[{

             RowBox[{"64", " ", 

              SuperscriptBox["J", "2"]}], "+", 

             RowBox[{"9", " ", 

              SuperscriptBox["a", "4"], " ", 

              SuperscriptBox["m", "2"]}]}]]}], 

          RowBox[{"J", " ", "m"}]]}]], 

       RowBox[{"2", " ", 

        SqrtBox["2"]}]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     FractionBox[

      SqrtBox[

       RowBox[{

        FractionBox[

         RowBox[{"5", " ", 

          SuperscriptBox["a", "2"], " ", "k"}], "J"], "+", 

        FractionBox[

         RowBox[{"8", " ", "k"}], "m"], "-", 

        FractionBox[

         RowBox[{"k", " ", 

          SqrtBox[

           RowBox[{

            RowBox[{"64", " ", 

             SuperscriptBox["J", "2"]}], "+", 

            RowBox[{"9", " ", 

             SuperscriptBox["a", "4"], " ", 

             SuperscriptBox["m", "2"]}]}]]}], 

         RowBox[{"J", " ", "m"}]]}]], 

      RowBox[{"2", " ", 

       SqrtBox["2"]}]]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      SqrtBox[

       RowBox[{

        FractionBox[

         RowBox[{"5", " ", 

          SuperscriptBox["a", "2"], " ", "k"}], 

         RowBox[{"8", " ", "J"}]], "+", 

        FractionBox["k", "m"], "+", 

        FractionBox[

         RowBox[{"k", " ", 

          SqrtBox[

           RowBox[{

            RowBox[{"64", " ", 

             SuperscriptBox["J", "2"]}], "+", 

            RowBox[{"9", " ", 

             SuperscriptBox["a", "4"], " ", 

             SuperscriptBox["m", "2"]}]}]]}], 

         RowBox[{"8", " ", "J", " ", "m"}]]}]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     SqrtBox[

      RowBox[{

       FractionBox[

        RowBox[{"5", " ", 

         SuperscriptBox["a", "2"], " ", "k"}], 

        RowBox[{"8", " ", "J"}]], "+", 

       FractionBox["k", "m"], "+", 

       FractionBox[

        RowBox[{"k", " ", 

         SqrtBox[

          RowBox[{

           RowBox[{"64", " ", 

            SuperscriptBox["J", "2"]}], "+", 

           RowBox[{"9", " ", 

            SuperscriptBox["a", "4"], " ", 

            SuperscriptBox["m", "2"]}]}]]}], 

        RowBox[{"8", " ", "J", " ", "m"}]]}]]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926129369747267`*^9}]

}, Open  ]],



Cell["Razberemo tri re\[SHacek]itve:", "Text"],



Cell[BoxData[{

 RowBox[{"\[Omega]01", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"2", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]02", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"4", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]03", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"6", ",", "1"}], "]"}], "]"}]}]}]}], "Input"],



Cell["\<\

Izberemo X in poi\[SHacek]\[CHacek]emo lastne vektorje\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"X", "=", "1"}], ";"}]], "Input"],



Cell["Prvi lastni vektor", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"\[CapitalPhi]A1", "=", 

  RowBox[{

   RowBox[{"Replace", "[", 

    RowBox[{"\[CapitalPhi]A", ",", "\[IndentingNewLine]", 

     RowBox[{"Solve", "[", 

      RowBox[{

       RowBox[{

        RowBox[{

         RowBox[{"Dot", "[", 

          RowBox[{

           RowBox[{"A", "[", "\[Omega]01", "]"}], ",", "b"}], "]"}], "[", 

         RowBox[{"[", "1", "]"}], "]"}], "\[Equal]", "0"}], ",", 

       "\[CapitalPhi]A"}], "]"}]}], "\[IndentingNewLine]", "]"}], "[", 

   RowBox[{"[", "1", "]"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"\[CapitalPhi]B1", "=", 

  RowBox[{

   RowBox[{"Replace", "[", 

    RowBox[{"\[CapitalPhi]B", ",", "\[IndentingNewLine]", 

     RowBox[{"Solve", "[", 

      RowBox[{

       RowBox[{

        RowBox[{

         RowBox[{"Dot", "[", 

          RowBox[{

           RowBox[{"A", "[", "\[Omega]01", "]"}], ",", "b"}], "]"}], "[", 

         RowBox[{"[", "3", "]"}], "]"}], "\[Equal]", "0"}], ",", 

       "\[CapitalPhi]B"}], "]"}]}], "\[IndentingNewLine]", "]"}], "[", 

   RowBox[{"[", "1", "]"}], "]"}]}]}], "Input"],



Cell[BoxData[

 FractionBox["1", "a"]], "Output",

 CellChangeTimes->{3.3926129370047693`*^9}],



Cell[BoxData[

 FractionBox["2", "a"]], "Output",

 CellChangeTimes->{3.392612937014784*^9}]

}, Open  ]],



Cell[BoxData[

 RowBox[{

  RowBox[{"LV1", "=", 

   RowBox[{"{", 

    RowBox[{"\[CapitalPhi]A1", ",", "X", ",", "\[CapitalPhi]B1"}], "}"}]}], 

  ";"}]], "Input"],



Cell["Drugi lastni vektor", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"\[CapitalPhi]A2", "=", 

  RowBox[{

   RowBox[{"Replace", "[", 

    RowBox[{"\[CapitalPhi]A", ",", "\[IndentingNewLine]", 

     RowBox[{"Solve", "[", 

      RowBox[{

       RowBox[{

        RowBox[{

         RowBox[{"Dot", "[", 

          RowBox[{

           RowBox[{"A", "[", "\[Omega]02", "]"}], ",", "b"}], "]"}], "[", 

         RowBox[{"[", "1", "]"}], "]"}], "\[Equal]", "0"}], ",", 

       "\[CapitalPhi]A"}], "]"}]}], "\[IndentingNewLine]", "]"}], "[", 

   RowBox[{"[", "1", "]"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"\[CapitalPhi]B2", "=", 

  RowBox[{

   RowBox[{"Replace", "[", 

    RowBox[{"\[CapitalPhi]B", ",", "\[IndentingNewLine]", 

     RowBox[{"Solve", "[", 

      RowBox[{

       RowBox[{

        RowBox[{

         RowBox[{"Dot", "[", 

          RowBox[{

           RowBox[{"A", "[", "\[Omega]02", "]"}], ",", "b"}], "]"}], "[", 

         RowBox[{"[", "3", "]"}], "]"}], "\[Equal]", "0"}], ",", 

       "\[CapitalPhi]B"}], "]"}]}], "\[IndentingNewLine]", "]"}], "[", 

   RowBox[{"[", "1", "]"}], "]"}]}]}], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"8", " ", "a", " ", "m"}], 

  RowBox[{

   RowBox[{

    RowBox[{"-", "8"}], " ", "J"}], "+", 

   RowBox[{"3", " ", 

    SuperscriptBox["a", "2"], " ", "m"}], "+", 

   SqrtBox[

    RowBox[{
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Izraz normiramo:
,,+da2 __~_/€a2 —0
2 A 2 A p =0
~— ~—~—
250)0 wg
Tock: 10
Lastna neduSena krozna frekvenca in razmernik duSenja torej sta:
k a?
wn = _—
0 JA 9
da®
J
6= A
2 wo
Tock: 5
Lastna dusena krozna frekvenca pa je:
Wod = Wo V 1 —(52.
Tock: 5
b) 1z izraza za lastno neduseno krozno frekvenco izrazimo togost:
Ja wo?
k, = A 20Z 7
a
kjer je:
n
Woy =27 —.
0z 60
Tock: 5
Razlika med duseno in neduseno (krozno) frekvenco je:
w
R—1_ Od7
Woz

kjer je d, razmernik duSenja pri n,. Tock: 5

Kje so imeli studentje tezave?

IV primeru b) je potrebno izracunati pripadajoc¢i razmernik dusenja d,.

Naloga 2 (35 tock) Zadostuje
Sistem na sliki je sestavljen iz mase, vzmeti in ZnanJeZVVN
dveh dusilk. Masa se lahko giblje samo v verti- Esggg?(;‘;%

k 1kN/m kalni smeri in jo vzbujamo s sinusno silo F'(t). '
d = 10Ns/m a) Izracunajte lastno neduSeno krozno fre-
o(t) m = 3ke kvenco, rz.anmermk duse-nja., am.phtt.ldo nihanja
P = Fosi ; mase m in kot zaostajanja nihanja mase za
(t) = Fosin(wt) vzbujanjem. Dolocite, ali je sistem vzbujan
Fy, = 10N pod- ali nad-resonancno.
d w = 2-2mrad/s b) Izracunajte kaksna lastna krozna frekvenca
X, — 1mm je potrebna, da bo masa neduSenega sistema
, =

nihala z amplitudo X,.
Upostevajte teorijo majhnih zasukov.
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Resitev
fo = 333m/s’
wo = 18,257rad/s
6 = 0,1826
w = 12,566rad/s
X = 17,15mm
B = 1,7147
Xo = 0,0lm/s’
¢ = 0,44555rad = 25,52°
wo, = 59,087rad/s
Postopek

a) S pomocjo I1.Newtonovega zakona najprej napisemo gibalno enacbo (ma = )", F;):

mi+2di+kx=F,sin(wt).

Izraz normiramo:

i+ — t+ — z= — sin(wt)
m m
~~~ ~~ ~~~
25(}.}0 UJ% fD

Izra¢unamo lastno krozno frekvenco in razmernik dusenja:

[k
wo = )
m

2d
§=-m .
2w0

Ker je lastna frekvenca vecja od vsiljene, je vzbujanje pod-resonancno.

Amplituda mase je:
X = XO ﬁa

pri cemer je

Xo in 8=

’ (1)) + o)’

Kot zaostajanja mase za vzbujanjem je:

_Jo . 1
-2

48

Tock: 5

Tock: 5

Tock: 5

Tock: 5

Tock: 5

Tock: 5
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b) Lastno frekvenco, pri kateri imamo zeljeno amplitudo, izrazimo iz enacbe (ni dusenja, torej 6 = 0):
Jo 1
X = X = — =
§ 0 w? L2 2 N2
(1 - (2) ) +(202)
Tock: 5
Dobimo dve resitvi, pri ¢emer je ustrezna nad-resonancna
% + X, w?
Wo,z = T
Tock: 5
Kje so imeli studentje tezave?
Tezave s popisom vpliva dveh dusilk.
Naloga 3 (35 tock) Zadostuje
Model preticnega mehanizma iz naloge 1 izpopol- E?S_LVPS
€9 nimo, kakor je prikazano na sliki. Element v obliki Po;preéen
¢rke T se lahko vrti okoli tocke A in je preko vzmeti ygpeh: 49%

Resitev

wo1
wo2

wo3

{x}!

{xy

{xy’

(Ni v merilu.)

a’kopa+Jpa —akx
1
—ak<pA+2kx+m9'é—§ak‘an

1 1
—gakx—l—iazkgp]g—!—g]gbp,
Orad/s
270,1rad/s
1037,8rad/s

16,67 rad
1m
33,33 rad

42,53 rad
1m
—23,27rad

—2,09rad
1m
—0,96 rad

togosti k pritrjen na drog mase m, le-ta pa preko
vzmeti togosti k na prestavno roc¢ico, ki se lahko
vrti okoli tocke B.

7 uporabo oznacenih koordinat in Lagrangevimi
enacbami 2. vrste a) poiscite gibalne enacbe, b) la-
stne frekvence in ¢) drugi (2.) lastni vektor sistema.
Opomba: pri dolocevanju lastnega vektorja normi-
rajte amplitudo X = 1 m. Upostevajte teorijo majh-
nih kotov.

Podatki:

Ja = Jg = J = 0,003kg m?,

m = 0,2kg, a = 6 cm, k = 100kN/m.
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Postopek

a) Sistem je konservativen in ima tri prostostne stopnje (N = P = 3). Do gibalnih enacb pridemo s
pomocjo Lagrangevih enach 2. vrste za konservativni sistem:

doL oL

—— - — =0 j=1,2,3.
dta(jj 3qj ’ J B

Za posplosene koordinate izberemo: ¢4, z,¢B.
Lagrangeva energijska funkcija:

L=E—E,,
kjer sta kineti¢na in potencialna energija definirani kot:
1. 1 . 1.
Ey = §J¢A2+§mxf+§Jng2,

1 1 a 2
Epzik‘(x—agaA)Z—l—ﬁk; (5@3—33) ,

kjer smo predpostavili: apa <z < § pp.

Tock: 10
Izra¢unamo odvode:
0Ly, d oL
Sk (x—apa) 4oL .
dpa at dpn A
OLy, 1 d oL
=k _ _k _ k . - a9 .
Oz (rmaea)® < ”H?WB) aor "t
OLy 1 1 d 0L .
= — - ———=J
Do 2ak ( x + 2ag013> at 9 ¥B
Glede na Lagrangeve enacbe 2. vrste zapiSemo sedaj gibalne enacbe:
a2kg0A—|—J<,bA—akx = 0
1
—ak¢A+2kx+mi—§ak¢B =0
1 1, "
——akx+-a"kep+Jpp = 0
2 4
Tock: 5

b) Pricakujemo lastno nihanje oblike pa = @4 sinwot, = X sinwopt in pp = Pp sin wopt, zato uporabimo
ta nastavek, da zgornje gibalne enacbe zapiSemo v matri¢no obliko:

a’k —wiJ —ak 0 Dy 0
—ak Qk—wgm —%ak X = 0
0 —%ak %an—wgJ by 0

Tock: 5

Poiséemo lastne frekvence:

a*k—wiJ —ak 0
det —ak 2k —wim —tak =0,
0 —%ak ian—wgJ
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sledi:
wo1 \/MJFﬂ_kivmﬂwa“mZ
— J m Jm
Zoz = 573
03 5a2k | k | k\/64J219atm?
\/ 87 Tm ™t 8Jm
Tock: 10
¢) Izberemo X = 1m in dolo¢imo drugi lastni vektor:
a’k —wiy J —ak 0 Dp 0
—ak 2k —wiym —%akz X =( 0
0 —%ak %agkz—w%QJ Pp 0
8am
—8 J+3 a2 m++/64 J2+9 at m?
- {X}= 1
—4am
8 J+3a2m—+64 J2+9 at m?
Tock: 5

Podobno bi lahko doloécili 8e prvi in tretji lastni vektor (naloga tega ne zahteva):

{xy =

QN Q-

8am
—8 J+3a?m—+/64 J2+9 a* m?2

Xy =
—4am
8 J+3 a2 m—++64 J2+9 at m?2

Kje so imeli studentje tezave?

Nekatere je motilo prepletanje koordinat za rotacijo in translacijo. Tezave s potencialno energijo. Izra¢un

determinante.

2.6 Datum: 26.5.2007

b

Naloga 1 (30 tock) Zadostuje
zna-
‘ - o L nje: LDN
Osrednji atrij hotela Mons v Ljubljani dopolnjuje visoka skulptura Povpreéen
(¢asovno nihalo) nemskega kiparja Karla Schlammingerja. uspeh: 57%

Zamislite si, da vas je najel kipar za odgovor na naslednji vprasanji:
a) kako visoko mora biti stozéasto nihalo, da bo nihajni ¢as T in
b) koliksna mora biti masa nihala, da bo stati¢na sila F' zadostovala
za zaCetni odmik Azx.

Pomagajte si z modelom na sliki: ob predpostavki majhnih kotov
najprej izpeljite gibalno enacbo, nato izrazite lastno frekvenco in raz-
mernik dusenja. Dolozino h dolocite ob predpostavki, da je duSenje
zanemarljivo.

Kipar zaradi estetskih razlogov omeji razmerje visine stozca proti
polmeru: h = 20r. Masni vztrajnostni moment stozca okoli vrtisca

jee J=2m (h2 + %), tezise je od vrha oddaljeno 3/4 h.
Podatki: T =5s, g = 9,81 m/sQ, F =1000N, Az = 2.
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   RowBox[{

    RowBox[{"J", " ", 

     RowBox[{

      RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}]}], "\[Equal]", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "m"}], " ", "g", " ", "c", " ", 

      RowBox[{"Sin", "[", 

       RowBox[{"\[CurlyPhi]", "[", "t", "]"}], "]"}]}], "-", 

     RowBox[{"d", " ", 

      RowBox[{

       RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]}]}]}]}], ";"}]], "Input",\



 CellChangeTimes->{{3.3889314443942127`*^9, 3.388931467277117*^9}, {

   3.3889316235418143`*^9, 3.388931623932376*^9}, {3.3889319607767344`*^9, 

   3.388931961387613*^9}, 3.388932664088046*^9, {3.3889337200764832`*^9, 

   3.388933721839018*^9}, {3.3889337586819954`*^9, 3.3889337590024557`*^9}, {

   3.389248861586645*^9, 3.389248886252112*^9}}],



Cell["\<\

Glede na vrh sto\:017eca, se te\:017e\[SHacek]i\[SHacek]\[CHacek]e nahaja:\

\>", "Text",

 CellChangeTimes->{{3.3892488904781885`*^9, 3.3892489229548883`*^9}}],



Cell[BoxData[

 RowBox[{"c", ":=", 

  FractionBox[

   RowBox[{"3", "h"}], "4"]}]], "Input",

 CellChangeTimes->{{3.3892489088946705`*^9, 3.389248932138093*^9}}],



Cell["\<\

Masni vztrajnostni moment nihala okoli vrti\[SHacek]\[CHacek]a\

\>", "Text",

 CellChangeTimes->{{3.3889314738265343`*^9, 3.3889314785132737`*^9}}],



Cell[BoxData[

 RowBox[{"J", ":=", 

  RowBox[{

   FractionBox["3", "5"], "m", " ", 

   RowBox[{"(", 

    RowBox[{

     FractionBox[

      SuperscriptBox["r", "2"], "4"], "+", 

     SuperscriptBox["h", "2"]}], ")"}]}]}]], "Input",

 CellChangeTimes->{{3.388931482378832*^9, 3.38893148733596*^9}, {

  3.388931527774107*^9, 3.388931564677171*^9}, {3.388932674182562*^9, 

  3.3889326760852976`*^9}, {3.3889337283684063`*^9, 3.3889337551969843`*^9}}],



Cell[BoxData[

 RowBox[{"h", ":=", 

  RowBox[{"20", "r"}]}]], "Input",

 CellChangeTimes->{{3.38893382069116*^9, 3.3889338321977053`*^9}}],



Cell["\<\

Po linearizciji (Sin[\[CurlyPhi]]->\[CurlyPhi]) dobimo lastno frekvenco in \

razmernik du\[SHacek]enja\

\>", "Text",

 CellChangeTimes->{{3.3889315901237617`*^9, 3.3889316666037345`*^9}}],



Cell[BoxData[{

 RowBox[{"\[Omega]0", ":=", 

  SqrtBox[

   FractionBox[

    RowBox[{"m", " ", "g", " ", "c"}], "J"]]}], "\[IndentingNewLine]", 

 RowBox[{"\[Delta]", ":=", 

  FractionBox[

   FractionBox["d", "J"], 

   RowBox[{"2", " ", "\[Omega]0"}]]}]}], "Input",

 CellChangeTimes->{

  3.3889315815614495`*^9, {3.3889316415677347`*^9, 3.388931689927272*^9}, {

   3.3889319676866703`*^9, 3.388931968878384*^9}, {3.3889324780204945`*^9, 

   3.388932478861704*^9}, 3.3889326790095024`*^9, 3.388933780423258*^9, 

   3.3892489496032066`*^9}],



Cell["Potrebna masa", "Text",

 CellChangeTimes->{{3.3889317140219183`*^9, 3.388931714402466*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol1", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     FractionBox[

      RowBox[{"2", "\[Pi]"}], "T"], "\[Equal]", "\[Omega]0"}], ",", "r"}], 

   "]"}]}]], "Input",

 CellChangeTimes->{{3.3889317625717297`*^9, 3.388931769281378*^9}, 

   3.3889318367684193`*^9, 3.3889326878321886`*^9, {3.3889338028254704`*^9, 

   3.3889338032560897`*^9}, {3.3889338403594418`*^9, 3.3889338407800465`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"r", "\[Rule]", 

    FractionBox[

     RowBox[{"25", " ", "g", " ", 

      SuperscriptBox["T", "2"]}], 

     RowBox[{"1601", " ", 

      SuperscriptBox["\[Pi]", "2"]}]]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{

  3.38893104595128*^9, {3.3889317703529186`*^9, 3.3889317830011053`*^9}, 

   3.3889318373993263`*^9, 3.388931975608061*^9, {3.388932683205536*^9, 

   3.3889326880525055`*^9}, {3.388933799540747*^9, 3.3889338039270544`*^9}, {

   3.388933838166288*^9, 3.3889338413809104`*^9}, 3.3889364780722866`*^9, 

   3.388936570425083*^9, 3.388937229072171*^9, 3.3889373057324033`*^9, 

   3.3889381353853855`*^9, 3.3892489540996723`*^9, {3.389258453479109*^9, 

   3.3892584581057615`*^9}, {3.389258540183784*^9, 3.389258556186795*^9}, 

   3.3892586678273263`*^9}]

}, Open  ]],



Cell["\<\

Ravnote\:017eje momentov za za\[CHacek]etni pogoj\

\>", "Text",

 CellChangeTimes->{{3.388932069442989*^9, 3.388932080088296*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"eq2", "=", 

   RowBox[{

    RowBox[{

     RowBox[{"m", " ", "g", " ", "c", " ", 

      RowBox[{"Sin", "[", "\[CurlyPhi]0", "]"}]}], "-", 

     RowBox[{"F", " ", "h", " ", 

      RowBox[{"Cos", "[", "\[CurlyPhi]0", "]"}]}]}], "\[Equal]", "0"}]}], 

  ";"}]], "Input",

 CellChangeTimes->{{3.38893208553613*^9, 3.388932112474866*^9}, {

  3.388932691637661*^9, 3.3889326935403967`*^9}, {3.3889338525770097`*^9, 

  3.38893387435833*^9}, {3.3892490442693295`*^9, 3.389249045210683*^9}}],



Cell["Sledi, da mora biti masa", "Text",

 CellChangeTimes->{{3.388932124021469*^9, 3.3889321320830607`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol2", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{"eq2", ",", "m"}], "]"}]}]], "Input",

 CellChangeTimes->{{3.388932154014597*^9, 3.3889321754153695`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"m", "\[Rule]", 

    FractionBox[

     RowBox[{"4", " ", "F", " ", 

      RowBox[{"Cot", "[", "\[CurlyPhi]0", "]"}]}], 

     RowBox[{"3", " ", "g"}]]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{

  3.3889321758159456`*^9, 3.38893269532296*^9, 3.388933881648813*^9, 

   3.388936570465141*^9, 3.3889373116909714`*^9, 3.3889377012911887`*^9, 

   3.388938135415429*^9, 3.3892490476541967`*^9, {3.3892584535792527`*^9, 

   3.38925845821592*^9}, {3.389258540283928*^9, 3.389258556236867*^9}, 

   3.38925866792747*^9}]

}, Open  ]],



Cell["Definirajmo \[SHacek]e za\[CHacek]etni kot", "Text",

 CellChangeTimes->{{3.3889322418108416`*^9, 3.388932254569187*^9}}],



Cell[BoxData[

 RowBox[{"\[CurlyPhi]0", ":=", 

  RowBox[{"ArcSin", "[", 

   FractionBox["\[CapitalDelta]x", "h"], "]"}]}]], "Input",

 CellChangeTimes->{{3.388932257243032*^9, 3.388932302407976*^9}, 

   3.388932701461787*^9, {3.388933896099592*^9, 3.38893393544617*^9}, {

   3.38925844619864*^9, 3.3892584478910737`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Simplify", "[", 

  RowBox[{

   RowBox[{"Flatten", "[", 

    RowBox[{

     RowBox[{"sol2", "/.", "sol1"}], "/.", 

     RowBox[{"\[CapitalDelta]x", "\[Rule]", 

      RowBox[{"2", "r"}]}]}], "]"}], ",", 

   RowBox[{"{", 

    RowBox[{

     RowBox[{"r", ">", "0"}], ",", 

     RowBox[{"T", ">", "0"}], ",", 

     RowBox[{"g", ">", "0"}], ",", 

     RowBox[{"F", ">", "0"}], ",", 

     RowBox[{"\[Pi]", ">", "0"}]}], "}"}]}], "]"}]], "Input",

 CellChangeTimes->{{3.388938149976366*^9, 3.3889381567060432`*^9}, {

  3.389258512053334*^9, 3.3892585525115104`*^9}, {3.389258662529709*^9, 

  3.3892586641720705`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"m", "\[Rule]", 

   FractionBox[

    RowBox[{"4", " ", "F", " ", 

     SqrtBox[

      RowBox[{

       RowBox[{

        RowBox[{"-", "2563201"}], " ", 

        SuperscriptBox["\[Pi]", "4"], " ", 

        SuperscriptBox["r", "2"]}], "+", 

       RowBox[{"62500", " ", 

        SuperscriptBox["g", "2"], " ", 

        SuperscriptBox["T", "4"]}]}]]}], 

    RowBox[{"4803", " ", "g", " ", 

     SuperscriptBox["\[Pi]", "2"], " ", "r"}]]}], "}"}]], "Output",

 CellChangeTimes->{{3.3889381407230606`*^9, 3.388938158598765*^9}, 

   3.389249051760101*^9, {3.389258449923997*^9, 3.3892584582860208`*^9}, {

   3.389258536127952*^9, 3.3892585563370113`*^9}, {3.3892586646727905`*^9, 

   3.389258668037629*^9}}]

}, Open  ]],



Cell["Poi\[SHacek]\[CHacek]imo \[SHacek]e kriti\[CHacek]no du\[SHacek]enje", \

"Text",

 CellChangeTimes->{{3.388932758784213*^9, 3.3889327655539474`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol3", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{"\[Delta]", "\[Equal]", "1"}], ",", "d"}], "]"}]}]], "Input",

 CellChangeTimes->{{3.3889327705411186`*^9, 3.388932783589882*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"d", "\[Rule]", 

    RowBox[{"3", " ", 

     SqrtBox["1601"], " ", "m", " ", 

     SqrtBox[

      FractionBox["g", "r"]], " ", 

     SuperscriptBox["r", "2"]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{

  3.388932784050544*^9, 3.3889339151670094`*^9, 3.3889365705051985`*^9, 

   3.3889381354554863`*^9, 3.3892490760149775`*^9, {3.389258453689411*^9, 

   3.389258458316064*^9}, {3.3892585408547487`*^9, 3.3892585563670545`*^9}, 

   3.389258668067672*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"T", "=", "5"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"g", "=", "9.81"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"F", "=", "1000"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CapitalDelta]x", "=", 

   RowBox[{"2", "r"}]}], ";"}]}], "Input",

 CellChangeTimes->{{3.388932315046149*^9, 3.3889323408532577`*^9}, {

  3.3889323948809457`*^9, 3.388932428539344*^9}, {3.388933939281685*^9, 

  3.3889339398324766`*^9}, {3.38893653884968*^9, 3.3889365450686226`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[{"sol1", "\n", 

 RowBox[{"Flatten", "[", 

  RowBox[{"sol2", "/.", "sol1"}], "]"}], "\n", 

 RowBox[{"Flatten", "[", 

  RowBox[{

   RowBox[{"sol3", "/.", "sol2"}], "/.", "sol1"}], "]"}]}], "Input",

 CellChangeTimes->{{3.388932346521408*^9, 3.3889323470421567`*^9}, {

  3.388932833191205*^9, 3.388932840131184*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"r", "\[Rule]", "0.3880234273623257`"}], "}"}], "}"}]], "Output",

 CellChangeTimes->{{3.388932605073187*^9, 3.388932613375125*^9}, {

   3.3889327064189153`*^9, 3.38893273538056*^9}, {3.388932796989149*^9, 

   3.388932840671962*^9}, 3.3889339441887407`*^9, {3.388936541453424*^9, 

   3.3889365705452557`*^9}, 3.388938240857046*^9, 3.389249080861947*^9, {

   3.3892584537194543`*^9, 3.3892584583461075`*^9}, {3.3892585408948064`*^9, 

   3.3892585563970976`*^9}, 3.38925866810773*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"m", "\[Rule]", "1352.3444608992454`"}], "}"}]], "Output",

 CellChangeTimes->{{3.388932605073187*^9, 3.388932613375125*^9}, {

   3.3889327064189153`*^9, 3.38893273538056*^9}, {3.388932796989149*^9, 

   3.388932840671962*^9}, 3.3889339441887407`*^9, {3.388936541453424*^9, 

   3.3889365705452557`*^9}, 3.388938240857046*^9, 3.389249080861947*^9, {

   3.3892584537194543`*^9, 3.3892584583461075`*^9}, {3.3892585408948064`*^9, 

   3.3892585563970976`*^9}, 3.38925866810773*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"d", "\[Rule]", "122892.58287111417`"}], "}"}]], "Output",

 CellChangeTimes->{{3.388932605073187*^9, 3.388932613375125*^9}, {

   3.3889327064189153`*^9, 3.38893273538056*^9}, {3.388932796989149*^9, 

   3.388932840671962*^9}, 3.3889339441887407`*^9, {3.388936541453424*^9, 

   3.3889365705452557`*^9}, 3.388938240857046*^9, 3.389249080861947*^9, {

   3.3892584537194543`*^9, 3.3892584583461075`*^9}, {3.3892585408948064`*^9, 

   3.3892585563970976`*^9}, 3.3892586681277585`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Ob predpostavki x>y in x' > y' in s pomo\[CHacek]jo II. NZ pridemo do gibalne \

ena\[CHacek]be\

\>", "Text",

 CellChangeTimes->{{3.3889872716872673`*^9, 3.3889873096718864`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge1", "=", 

  RowBox[{

   RowBox[{"m", " ", 

    RowBox[{

     RowBox[{"x", "''"}], "[", "t", "]"}]}], "\[Equal]", 

   RowBox[{

    RowBox[{

     RowBox[{"-", "d"}], 

     RowBox[{"(", 

      RowBox[{

       RowBox[{

        RowBox[{"x", "'"}], "[", "t", "]"}], "-", 

       RowBox[{

        RowBox[{"y", "'"}], "[", "t", "]"}]}], ")"}]}], "-", 

    RowBox[{"k", 

     RowBox[{"(", 

      RowBox[{

       RowBox[{"x", "[", "t", "]"}], "-", 

       RowBox[{"y", "[", "t", "]"}]}], ")"}]}]}]}]}]], "Input",

 CellChangeTimes->{{3.388987313076782*^9, 3.3889873748456016`*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"m", " ", 

   RowBox[{

    SuperscriptBox["x", "\[Prime]\[Prime]",

     MultilineFunction->None], "[", "t", "]"}]}], "\[Equal]", 

  RowBox[{

   RowBox[{

    RowBox[{"-", "k"}], " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{"x", "[", "t", "]"}], "-", 

      RowBox[{"y", "[", "t", "]"}]}], ")"}]}], "-", 

   RowBox[{"d", " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{

       SuperscriptBox["x", "\[Prime]",

        MultilineFunction->None], "[", "t", "]"}], "-", 

      RowBox[{

       SuperscriptBox["y", "\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}], ")"}]}]}]}]], "Output",

 CellChangeTimes->{3.388987379251938*^9, 3.388987995808502*^9, 

  3.388988113497731*^9, 3.3889959572352896`*^9, 3.3893317266934814`*^9, 

  3.3893319681406655`*^9, 3.38933212863144*^9}]

}, Open  ]],



Cell["Vstavimo harmoni\[CHacek]no vzbujanje", "Text",

 CellChangeTimes->{{3.3889874204611936`*^9, 3.3889874313768897`*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"y", "[", "t_", "]"}], ":=", 

  RowBox[{"Y", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]], "Input",

 CellChangeTimes->{{3.3889874330292654`*^9, 3.388987443524357*^9}}],



Cell["nato uredimo, normiramo dobimo:", "Text",

 CellChangeTimes->{{3.3889874054596224`*^9, 3.3889874167458515`*^9}, {

  3.388987447490059*^9, 3.3889874750597024`*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"ge2", "=", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{"x", "''"}], "[", "t", "]"}], "+", 

     RowBox[{

      FractionBox["d", "m"], 

      RowBox[{

       RowBox[{"x", "'"}], "[", "t", "]"}]}], "+", 

     RowBox[{

      FractionBox["k", "m"], 

      RowBox[{"x", "[", "t", "]"}]}]}], "\[Equal]", 

    RowBox[{

     RowBox[{

      FractionBox["d", "m"], "Y", " ", "\[Omega]", " ", 

      RowBox[{"Cos", "[", 

       RowBox[{"\[Omega]", " ", "t"}], "]"}]}], "+", 

     RowBox[{

      FractionBox["k", "m"], "Y", " ", 

      RowBox[{"Sin", "[", 

       RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]}]}], ";"}]], "Input",

 CellChangeTimes->{{3.3889874569636817`*^9, 3.388987573891816*^9}}],



Cell["Razberemo parametre", "Text"],



Cell[BoxData[

 RowBox[{"\[Omega]0", ":=", 

  SqrtBox[

   FractionBox["k", "m"]]}]], "Input",

 CellChangeTimes->{{3.3889875790292034`*^9, 3.388987589163776*^9}}],



Cell["Oja\[CHacek]anje", "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]", ":=", 

  FractionBox[

   FractionBox["d", "m"], 

   RowBox[{"2", "\[Omega]0"}]]}]], "Input",

 CellChangeTimes->{{3.3889875946817102`*^9, 3.388987604916427*^9}}],



Cell["\<\

Poi\[SHacek]\[CHacek]imo primerno togost, da bo \[Omega]0=\[Omega]\

\>", "Text",

 CellChangeTimes->{{3.38898810500552*^9, 3.388988149138981*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"solk", "=", 

  RowBox[{"First", "[", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{"\[Omega]0", "\[Equal]", "\[Omega]"}], ",", "k"}], "]"}], 

   "]"}]}]], "Input",

 CellChangeTimes->{{3.388988053501461*^9, 3.388988064146768*^9}, {

  3.388988096292992*^9, 3.3889880966034384`*^9}, {3.3889881507212563`*^9, 

  3.3889881651920643`*^9}, {3.3889882149536176`*^9, 3.3889882169064255`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"k", "\[Rule]", 

   RowBox[{"m", " ", 

    SuperscriptBox["\[Omega]", "2"]}]}], "}"}]], "Output",

 CellChangeTimes->{{3.3889881579917107`*^9, 3.3889881659832015`*^9}, 

   3.3889882173370447`*^9, 3.388995962332619*^9, 3.389331733443187*^9, 

   3.389331968250824*^9, 3.389332128761627*^9}]

}, Open  ]],



Cell["\<\

Ob predpostavki sinusnega odziva x(t)=X Sin[\[Omega] t-\[CurlyPhi]] opazimo, \

da lahko uporabimo izraz za pasivno vibroizolacijo (g=X/Y)\

\>", "Text",

 CellChangeTimes->{{3.3889878259442496`*^9, 3.38898791907817*^9}}],



Cell[BoxData[

 RowBox[{"g", ":=", 

  RowBox[{"\[Beta]", 

   SqrtBox[

    RowBox[{"1", "+", 

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"2", " ", "\[Delta]", " ", 

        FractionBox["\[Omega]", "\[Omega]0"]}], ")"}], "2"]}]]}]}]], "Input",

 CellChangeTimes->{{3.388987924225571*^9, 3.3889879572530622`*^9}, {

  3.389331717139744*^9, 3.389331718812149*^9}}],



Cell["kjer je dinami\[CHacek]ni faktor", "Text",

 CellChangeTimes->{{3.38898796705716*^9, 3.3889879689198384`*^9}}],



Cell[BoxData[

 RowBox[{"\[Beta]", ":=", 

  FractionBox["1", 

   SqrtBox[

    RowBox[{

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"1", "-", 

        SuperscriptBox[

         RowBox[{"(", 

          FractionBox["\[Omega]", "\[Omega]0"], ")"}], "2"]}], ")"}], "2"], 

     "+", 

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"2", "\[Delta]", " ", 

        FractionBox["\[Omega]", "\[Omega]0"]}], ")"}], "2"]}]]]}]], "Input",

 CellChangeTimes->{{3.3889880002949533`*^9, 3.3889880005352993`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"g2", "=", 

  RowBox[{"g", "/.", "solk"}]}]], "Input",

 CellChangeTimes->{{3.3889882604890947`*^9, 3.388988261881096*^9}}],



Cell[BoxData[

 FractionBox[

  SqrtBox[

   RowBox[{"1", "+", 

    FractionBox[

     SuperscriptBox["d", "2"], 

     RowBox[{

      SuperscriptBox["m", "2"], " ", 

      SuperscriptBox["\[Omega]", "2"]}]]}]], 

  SqrtBox[

   FractionBox[

    SuperscriptBox["d", "2"], 

    RowBox[{

     SuperscriptBox["m", "2"], " ", 

     SuperscriptBox["\[Omega]", "2"]}]]]]], "Output",

 CellChangeTimes->{{3.3889882552816067`*^9, 3.388988262441902*^9}, 

   3.3889958988212943`*^9, 3.3889959656574*^9, 3.3889960541947107`*^9, 

   3.3893317382000275`*^9, 3.3893319683309393`*^9, 3.3893321288217134`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sold", "=", 

  RowBox[{

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{"g2", "\[Equal]", "2"}], ",", "d"}], "]"}], "[", 

   RowBox[{"[", "2", "]"}], "]"}]}]], "Input",

 CellChangeTimes->{{3.388988176027645*^9, 3.388988295249077*^9}, {

  3.388995947180832*^9, 3.388995948813179*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"d", "\[Rule]", 

   FractionBox[

    RowBox[{"m", " ", "\[Omega]"}], 

    SqrtBox["3"]]}], "}"}]], "Output",

 CellChangeTimes->{{3.3889880558248014`*^9, 3.388988084926648*^9}, 

   3.388988122891238*^9, {3.3889881721821156`*^9, 3.388988296130344*^9}, 

   3.38899590006308*^9, 3.3889959491035967`*^9, 3.388996057609621*^9, 

   3.3893318360307007`*^9, 3.389331968451112*^9, 3.3893321288817997`*^9}]

}, Open  ]],



Cell["Du\[SHacek]ena lastna frekvenca je", "Text",

 CellChangeTimes->{{3.3889961563315763`*^9, 3.3889961636721315`*^9}}],



Cell[BoxData[

 RowBox[{"\[Omega]0d", ":=", 

  RowBox[{"\[Omega]0", 

   SqrtBox[

    RowBox[{"1", "-", 

     SuperscriptBox["\[Delta]", "2"]}]]}]}]], "Input",

 CellChangeTimes->{{3.3889961664861774`*^9, 3.388996180396179*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"FullSimplify", "[", 

  RowBox[{

   RowBox[{

    RowBox[{"\[Omega]0d", "/.", "sold"}], "/.", "solk"}], ",", 

   RowBox[{"\[Omega]", ">", "0"}]}], "]"}]], "Input",

 CellChangeTimes->{{3.389332195677848*^9, 3.3893321981714334`*^9}}],



Cell[BoxData[

 RowBox[{

  FractionBox["1", "2"], " ", 

  SqrtBox[

   FractionBox["11", "3"]], " ", "\[Omega]"}]], "Output",

 CellChangeTimes->{3.3893321986921825`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"FullSimplify", "[", 

  RowBox[{

   RowBox[{

    RowBox[{"\[Delta]", "/.", "sold"}], "/.", "solk"}], ",", 

   RowBox[{"\[Omega]", ">", "0"}]}], "]"}]], "Input",

 CellChangeTimes->{{3.388996181617936*^9, 3.388996233903118*^9}, {

  3.388996365151845*^9, 3.388996365802781*^9}, {3.389332133057805*^9, 

  3.3893321339190435`*^9}}],



Cell[BoxData[

 FractionBox["1", 

  RowBox[{"2", " ", 

   SqrtBox["3"]}]]], "Output",

 CellChangeTimes->{{3.3889961834405565`*^9, 3.3889962354653645`*^9}, 

   3.389331899842458*^9, 3.389331968501184*^9, {3.3893321289519005`*^9, 

   3.3893321367030463`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"m", "=", "10"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[Omega]", "=", 

   RowBox[{"2", "\[Pi]"}]}], ";"}]}], "Input",

 CellChangeTimes->{{3.388988298934376*^9, 3.3889883392823935`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"N", "[", "solk", "]"}], "\[IndentingNewLine]", 

 RowBox[{"N", "[", "sold", "]"}]}], "Input",

 CellChangeTimes->{{3.388988344029219*^9, 3.3889883554256067`*^9}, {

  3.388997016067816*^9, 3.3889970179304943`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"k", "\[Rule]", "394.78417604357435`"}], "}"}]], "Output",

 CellChangeTimes->{{3.3889883453110623`*^9, 3.388988356136629*^9}, 

   3.388997020664426*^9, 3.3893319013346033`*^9, 3.3893319685412416`*^9, 

   3.3893322613622975`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"d", "\[Rule]", "36.27598728468436`"}], "}"}]], "Output",

 CellChangeTimes->{{3.3889883453110623`*^9, 3.388988356136629*^9}, 

   3.388997020664426*^9, 3.3893319013346033`*^9, 3.3893319685412416`*^9, 

   3.389332261372312*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"N", "[", 

  RowBox[{

   RowBox[{"\[Delta]", "/.", "solk"}], "/.", "sold"}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"N", "[", 

  RowBox[{

   RowBox[{

    RowBox[{"\[Omega]0d", "/", 

     RowBox[{"(", 

      RowBox[{"2", "\[Pi]"}], ")"}]}], "/.", "solk"}], "/.", "sold"}], 

  "]"}]}], "Input",

 CellChangeTimes->{{3.3889883611238003`*^9, 3.3889883752841616`*^9}, {

  3.388988844438773*^9, 3.3889888455804143`*^9}, {3.38899715086164*^9, 

  3.3889971543266225`*^9}, {3.3889971991410627`*^9, 3.3889972025259295`*^9}, {

  3.389332283023445*^9, 3.38933230112948*^9}}],



Cell[BoxData["0.2886751345948129`"], "Output",

 CellChangeTimes->{{3.3889883621853266`*^9, 3.388988375664709*^9}, 

   3.388988846121192*^9, 3.388997154536925*^9, 3.388997202966563*^9, 

   3.3893319050399313`*^9, 3.389331968571285*^9, {3.389332261402355*^9, 

   3.3893323014198976`*^9}}],



Cell[BoxData["0.9574271077563381`"], "Output",

 CellChangeTimes->{{3.3889883621853266`*^9, 3.388988375664709*^9}, 

   3.388988846121192*^9, 3.388997154536925*^9, 3.388997202966563*^9, 

   3.3893319050399313`*^9, 3.389331968571285*^9, {3.389332261402355*^9, 

   3.3893323014499407`*^9}}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Lagrageva energijska funkcija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "m", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "m", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"y", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input",

 CellChangeTimes->{{3.389060059135253*^9, 3.3890600672969885`*^9}, {

  3.389060517844845*^9, 3.3890605313542705`*^9}, {3.389060641682915*^9, 

  3.3890606564841986`*^9}, {3.389062594896964*^9, 3.3890626066138124`*^9}, {

  3.3890628134412155`*^9, 3.3890628220035276`*^9}, {3.3890647202030044`*^9, 

  3.389064730858326*^9}, {3.3890648973076687`*^9, 3.389064897898518*^9}, {

  3.3890662800459485`*^9, 3.389066289499542*^9}}],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox[

     RowBox[{"x", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox[

     RowBox[{"y", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "a", " ", "k", " ", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{

       RowBox[{"y", "[", "t", "]"}], "-", 

       RowBox[{"x", "[", "t", "]"}]}], ")"}], "2"]}]}]}]], "Input",

 CellChangeTimes->{{3.389060154262038*^9, 3.3890601764639635`*^9}, {

   3.389064749975816*^9, 3.389064773509656*^9}, {3.3890663051320205`*^9, 

   3.3890663112508187`*^9}, {3.3890663435672874`*^9, 3.3890663732099113`*^9}, 

   3.3890664494194956`*^9}],



Cell["Gibalne ena\[CHacek]be", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"x", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"x", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"y", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"y", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]}], "Input",\



 CellChangeTimes->{{3.389060301754122*^9, 3.3890603142420783`*^9}, {

  3.3890627150196924`*^9, 3.389062726796627*^9}, {3.389064807899105*^9, 

  3.3890648195959244`*^9}, {3.3890663864189053`*^9, 3.389066388992606*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    RowBox[{"(", 

     RowBox[{"1", "+", "a"}], ")"}], " ", "k", " ", 

    RowBox[{"x", "[", "t", "]"}]}], "+", 

   RowBox[{"m", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"y", "[", "t", "]"}]}]}]], "Output",

 CellChangeTimes->{

  3.3890607329441423`*^9, 3.389060886685211*^9, 3.3890624122343082`*^9, 

   3.389062727407505*^9, {3.38906283247859*^9, 3.3890628416617947`*^9}, 

   3.3890629786688013`*^9, 3.389064820146716*^9, {3.3890650588098974`*^9, 

   3.389065065078912*^9}, 3.389065143231289*^9, 3.389066389363139*^9, {

   3.38906645268419*^9, 3.3890664611263294`*^9}, 3.389067762918214*^9, 

   3.3890680426404347`*^9, 3.3890680757380266`*^9, 3.389071739726309*^9, {

   3.3890719942222557`*^9, 3.3890720074512787`*^9}, 3.389082747805149*^9, 

   3.389089971031638*^9, 3.3894274009569187`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"x", "[", "t", "]"}]}], "\[Equal]", 

  RowBox[{

   RowBox[{

    RowBox[{"(", 

     RowBox[{"1", "+", "a"}], ")"}], " ", "k", " ", 

    RowBox[{"y", "[", "t", "]"}]}], "+", 

   RowBox[{"m", " ", 

    RowBox[{

     SuperscriptBox["y", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}]}]], "Output",

 CellChangeTimes->{

  3.3890607329441423`*^9, 3.389060886685211*^9, 3.3890624122343082`*^9, 

   3.389062727407505*^9, {3.38906283247859*^9, 3.3890628416617947`*^9}, 

   3.3890629786688013`*^9, 3.389064820146716*^9, {3.3890650588098974`*^9, 

   3.389065065078912*^9}, 3.389065143231289*^9, 3.389066389363139*^9, {

   3.38906645268419*^9, 3.3890664611263294`*^9}, 3.389067762918214*^9, 

   3.3890680426404347`*^9, 3.3890680757380266`*^9, 3.389071739726309*^9, {

   3.3890719942222557`*^9, 3.3890720074512787`*^9}, 3.389082747805149*^9, 

   3.389089971031638*^9, 3.3894274010270195`*^9}]

}, Open  ]],



Cell["Predpostavimo harmonski odziv", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"y", "[", "t_", "]"}], ":=", 

  RowBox[{"Y", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}]}], "Input",

 CellChangeTimes->{{3.389060389991*^9, 3.389060398853744*^9}, {

  3.3890627560286603`*^9, 3.389062760424982*^9}, {3.389064831723363*^9, 

  3.3890648451626873`*^9}, {3.3890664038239326`*^9, 3.3890664055063515`*^9}}],



Cell["Sin[] ne predstavlja re\[SHacek]itve", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge11", "=", 

  RowBox[{"ge1", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", 

    "1"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"ge22", "=", 

  RowBox[{"ge2", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", "1"}]}]}]}], "Input",

 CellChangeTimes->{{3.3890604126135297`*^9, 3.3890604139754877`*^9}, {

   3.389062765071664*^9, 3.389062768466545*^9}, 3.3890628515760508`*^9, {

   3.389064848197051*^9, 3.3890648484674397`*^9}, {3.389066411354761*^9, 

   3.3890664123061295`*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    RowBox[{"(", 

     RowBox[{"1", "+", "a"}], ")"}], " ", "k", " ", "X"}], "-", 

   RowBox[{"m", " ", "X", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "\[Equal]", 

  RowBox[{"a", " ", "k", " ", "Y"}]}]], "Output",

 CellChangeTimes->{3.389060414456179*^9, 3.3890607978374543`*^9, 

  3.38906237707375*^9, 3.389062412494683*^9, 3.3890624909775352`*^9, 

  3.38906285309824*^9, 3.389063135133787*^9, 3.3890648489481306`*^9, 

  3.3890650733608203`*^9, 3.38906604318536*^9, 3.3890664127367487`*^9, 

  3.389066461246502*^9, 3.3890677630283723`*^9, 3.389068042730564*^9, 

  3.3890680758481855`*^9, 3.389071740357216*^9, 3.3890720164141665`*^9, 

  3.389082748135624*^9, 3.389089972754115*^9, 3.389427403981267*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"a", " ", "k", " ", "X"}], "\[Equal]", 

  RowBox[{

   RowBox[{

    RowBox[{"(", 

     RowBox[{"1", "+", "a"}], ")"}], " ", "k", " ", "Y"}], "-", 

   RowBox[{"m", " ", "Y", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}]}]], "Output",

 CellChangeTimes->{3.389060414456179*^9, 3.3890607978374543`*^9, 

  3.38906237707375*^9, 3.389062412494683*^9, 3.3890624909775352`*^9, 

  3.38906285309824*^9, 3.389063135133787*^9, 3.3890648489481306`*^9, 

  3.3890650733608203`*^9, 3.38906604318536*^9, 3.3890664127367487`*^9, 

  3.389066461246502*^9, 3.3890677630283723`*^9, 3.389068042730564*^9, 

  3.3890680758481855`*^9, 3.389071740357216*^9, 3.3890720164141665`*^9, 

  3.389082748135624*^9, 3.389089972754115*^9, 3.3894274040113106`*^9}]

}, Open  ]],



Cell["Pretvorimo v matri\[CHacek]no obliko", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"b", "=", 

   RowBox[{"{", 

    RowBox[{"X", ",", "Y"}], "}"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{

   RowBox[{"{", 

    RowBox[{"v", ",", "A"}], "}"}], "=", 

   RowBox[{"CoefficientArrays", "[", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{"ge11", ",", "ge22"}], "}"}], ",", "b"}], "]"}]}], 

  ";"}]}], "Input",

 CellChangeTimes->{{3.389060420354661*^9, 3.3890604218768497`*^9}, 

   3.3890624277065563`*^9, {3.389063149654667*^9, 3.3890631581568923`*^9}, {

   3.3890634171893625`*^9, 3.389063422376822*^9}, {3.389064853013977*^9, 

   3.38906486355914*^9}, {3.389066589510937*^9, 3.3890666406644926`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"MatrixForm", "[", "A", "]"}]], "Input",

 CellChangeTimes->{{3.3890664199371023`*^9, 3.3890664255852237`*^9}, 

   3.389066480203761*^9, {3.3890665572845984`*^9, 3.3890666445200367`*^9}}],



Cell[BoxData[

 TagBox[

  RowBox[{"(", "\[NoBreak]", GridBox[{

     {

      RowBox[{

       RowBox[{

        RowBox[{"(", 

         RowBox[{"1", "+", "a"}], ")"}], " ", "k"}], "-", 

       RowBox[{"m", " ", 

        SuperscriptBox["\[Omega]0", "2"]}]}], 

      RowBox[{

       RowBox[{"-", "a"}], " ", "k"}]},

     {

      RowBox[{"a", " ", "k"}], 

      RowBox[{

       RowBox[{

        RowBox[{"-", 

         RowBox[{"(", 

          RowBox[{"1", "+", "a"}], ")"}]}], " ", "k"}], "+", 

       RowBox[{"m", " ", 

        SuperscriptBox["\[Omega]0", "2"]}]}]}

    },

    GridBoxAlignment->{

     "Columns" -> {{Left}}, "ColumnsIndexed" -> {}, "Rows" -> {{Baseline}}, 

      "RowsIndexed" -> {}},

    GridBoxSpacings->{"Columns" -> {

        Offset[0.27999999999999997`], {

         Offset[0.7]}, 

        Offset[0.27999999999999997`]}, "ColumnsIndexed" -> {}, "Rows" -> {

        Offset[0.2], {

         Offset[0.4]}, 

        Offset[0.2]}, "RowsIndexed" -> {}}], "\[NoBreak]", ")"}],

  Function[BoxForm`e$, 

   MatrixForm[

   SparseArray[

    Automatic, {2, 2}, 0, {

     1, {{0, 2, 4}, {{1}, {2}, {1}, {

       2}}}, {(1 + $CellContext`a) $CellContext`k - $CellContext`m \

$CellContext`\[Omega]0^2, -$CellContext`a $CellContext`k, $CellContext`a \

$CellContext`k, -(

         1 + $CellContext`a) $CellContext`k + $CellContext`m $CellContext`\

\[Omega]0^2}}]]]]], "Output",

 CellChangeTimes->{{3.3890664201273756`*^9, 3.3890664260859437`*^9}, {

   3.3890664642207785`*^9, 3.389066481024942*^9}, {3.3890665584562826`*^9, 

   3.389066562482072*^9}, {3.389066592595372*^9, 3.389066644740353*^9}, 

   3.3890677631084876`*^9, 3.389068042790651*^9, 3.389068075938315*^9, 

   3.3890720214914675`*^9, 3.3890827482457824`*^9, 3.3890899728943167`*^9, 

   3.3894274076966095`*^9}]

}, Open  ]],



Cell["Poi\[SHacek]\[CHacek]imo re\[SHacek]itev", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol\[Omega]0", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{"Solve", "[", 

     RowBox[{

      RowBox[{

       RowBox[{"Det", "[", "A", "]"}], "\[Equal]", "0"}], ",", "\[Omega]0"}], 

     "]"}], ",", 

    RowBox[{"{", 

     RowBox[{

      RowBox[{"k", ">", "0"}], ",", 

      RowBox[{"a", ">", "0"}], ",", 

      RowBox[{"m", ">", "0"}]}], "}"}]}], "]"}]}]], "Input",

 CellChangeTimes->{

  3.3890634557347884`*^9, 3.389064871089969*^9, {3.389082796705464*^9, 

   3.389082839777398*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      SqrtBox[

       FractionBox["k", "m"]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     SqrtBox[

      FractionBox["k", "m"]]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     SqrtBox[

      FractionBox[

       RowBox[{"k", "+", 

        RowBox[{"2", " ", "a", " ", "k"}]}], "m"]]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      SqrtBox[

       FractionBox[

        RowBox[{"k", "+", 

         RowBox[{"2", " ", "a", " ", "k"}]}], "m"]]}]}], "}"}]}], 

  "}"}]], "Output",

 CellChangeTimes->{{3.3890828158930545`*^9, 3.389082840428334*^9}, 

   3.389089972974432*^9, {3.389427413044299*^9, 3.3894274208455167`*^9}}]

}, Open  ]],



Cell["Razberemo re\[SHacek]itve:", "Text",

 CellChangeTimes->{{3.389063482082675*^9, 3.389063484085555*^9}}],



Cell[BoxData[{

 RowBox[{"\[Omega]01", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol\[Omega]0", "[", 

    RowBox[{"[", 

     RowBox[{"2", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]02", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol\[Omega]0", "[", 

    RowBox[{"[", 

     RowBox[{"3", ",", "1"}], "]"}], "]"}]}]}]}], "Input",

 CellChangeTimes->{{3.389063487019774*^9, 3.3890634927680397`*^9}, {

   3.389064875366118*^9, 3.3890648756965933`*^9}, 3.3890680457549133`*^9}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sola", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"10", "\[Omega]01"}], "\[Equal]", "\[Omega]02"}], ",", "a"}], 

   "]"}]}]], "Input",

 CellChangeTimes->{{3.389067768406105*^9, 3.389067781815387*^9}, {

  3.3890678757504587`*^9, 3.389067915217209*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"a", "\[Rule]", 

    FractionBox["99", "2"]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{{3.38906775505691*^9, 3.389067782526409*^9}, {

   3.389067877092388*^9, 3.389067915737958*^9}, {3.3890680471068573`*^9, 

   3.3890680760084157`*^9}, 3.3890724543038206`*^9, 3.3890827483659554`*^9, 

   3.389082851914851*^9, 3.3890899730545473`*^9}]

}, Open  ]],



Cell["\<\

Izberemo X in poi\[SHacek]\[CHacek]emo lastne vektorje\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"X", "=", "1"}], ";"}]], "Input"],



Cell["Prvi lastni vektor", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"MatrixForm", "[", 

  RowBox[{

   RowBox[{"Normal", "[", "A", "]"}], "/.", 

   RowBox[{"\[Omega]0", "\[Rule]", "\[Omega]01"}]}], "]"}]], "Input",

 CellChangeTimes->{{3.3890638334579277`*^9, 3.389063840147547*^9}, {

  3.3890666768965917`*^9, 3.3890666848279963`*^9}}],



Cell[BoxData[

 TagBox[

  RowBox[{"(", "\[NoBreak]", GridBox[{

     {

      RowBox[{

       RowBox[{"-", "k"}], "+", 

       RowBox[{

        RowBox[{"(", 

         RowBox[{"1", "+", "a"}], ")"}], " ", "k"}]}], 

      RowBox[{

       RowBox[{"-", "a"}], " ", "k"}]},

     {

      RowBox[{"a", " ", "k"}], 

      RowBox[{"k", "-", 

       RowBox[{

        RowBox[{"(", 

         RowBox[{"1", "+", "a"}], ")"}], " ", "k"}]}]}

    },

    GridBoxAlignment->{

     "Columns" -> {{Left}}, "ColumnsIndexed" -> {}, "Rows" -> {{Baseline}}, 

      "RowsIndexed" -> {}},

    GridBoxSpacings->{"Columns" -> {

        Offset[0.27999999999999997`], {

         Offset[0.7]}, 

        Offset[0.27999999999999997`]}, "ColumnsIndexed" -> {}, "Rows" -> {

        Offset[0.2], {

         Offset[0.4]}, 

        Offset[0.2]}, "RowsIndexed" -> {}}], "\[NoBreak]", ")"}],

  Function[BoxForm`e$, 

   MatrixForm[BoxForm`e$]]]], "Output",

 CellChangeTimes->{{3.389063831224716*^9, 3.3890638408685837`*^9}, {

   3.3890666719194345`*^9, 3.389066685298673*^9}, 3.3890679219168425`*^9, {

   3.389068050862257*^9, 3.3890680760484734`*^9}, 3.38907260460995*^9, 

   3.389082748416027*^9, 3.3890899730845904`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"LV1", "=", 

   RowBox[{"{", 

    RowBox[{"X", ",", "Y1"}], "}"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{"Y1", "=", 

  RowBox[{

   RowBox[{"ReplaceAll", "[", 

    RowBox[{"Y", ",", 

     RowBox[{"Solve", "[", 

      RowBox[{

       RowBox[{

        RowBox[{

         RowBox[{"Dot", "[", 

          RowBox[{

           RowBox[{

            RowBox[{"Normal", "[", "A", "]"}], "/.", 

            RowBox[{"\[Omega]0", "\[Rule]", "\[Omega]01"}]}], ",", "b"}], 

          "]"}], "[", 

         RowBox[{"[", "1", "]"}], "]"}], "\[Equal]", "0"}], ",", "Y"}], 

      "]"}]}], "]"}], "[", 

   RowBox[{"[", "1", "]"}], "]"}]}]}], "Input",

 CellChangeTimes->{{3.3890635082202587`*^9, 3.3890636218035836`*^9}, {

  3.3890636657968426`*^9, 3.3890636938471775`*^9}, {3.3890666941914606`*^9, 

  3.3890667551290846`*^9}}],



Cell[BoxData["1"], "Output",

 CellChangeTimes->{{3.3890635500203643`*^9, 3.3890636220739727`*^9}, {

   3.3890636789357357`*^9, 3.3890637070461564`*^9}, 3.389063801932596*^9, {

   3.3890667307440205`*^9, 3.3890667559302363`*^9}, 3.389067922868211*^9, {

   3.389068051713481*^9, 3.389068076068502*^9}, 3.3890726060820675`*^9, 

   3.3890827484660993`*^9, 3.389089973124648*^9}]

}, Open  ]],



Cell["Drugi lastni vektor", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"LV2", "=", 

   RowBox[{"{", 

    RowBox[{"X", ",", "Y2"}], "}"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{"Y2", "=", 

  RowBox[{

   RowBox[{"ReplaceAll", "[", 

    RowBox[{"Y", ",", 

     RowBox[{"Solve", "[", 

      RowBox[{

       RowBox[{

        RowBox[{

         RowBox[{"Dot", "[", 

          RowBox[{

           RowBox[{

            RowBox[{"Normal", "[", "A", "]"}], "/.", 

            RowBox[{"\[Omega]0", "\[Rule]", "\[Omega]02"}]}], ",", "b"}], 

          "]"}], "[", 

         RowBox[{"[", "1", "]"}], "]"}], "\[Equal]", "0"}], ",", "Y"}], 

      "]"}]}], "]"}], "[", 

   RowBox[{"[", "1", "]"}], "]"}]}]}], "Input",

 CellChangeTimes->{{3.3890636582860427`*^9, 3.3890636600285482`*^9}, {

  3.3890637558663564`*^9, 3.3890637875018463`*^9}, {3.3890667579431305`*^9, 

  3.38906676479298*^9}, {3.3890680706006393`*^9, 3.3890680708109417`*^9}}],



Cell[BoxData[

 RowBox[{"-", "1"}]], "Output",

 CellChangeTimes->{{3.3890637816534367`*^9, 3.3890637877922635`*^9}, 

   3.389066765253643*^9, 3.3890679239697948`*^9, {3.3890680528951807`*^9, 

   3.389068076098545*^9}, 3.389072608155048*^9, 3.389082748506157*^9, 

   3.3890899731647053`*^9}]

}, Open  ]],



Cell["\<\

Odziv na poljubne za\[CHacek]etne pogoje:\

\>", "Text",

 CellChangeTimes->{{3.3890826496039424`*^9, 3.389082658837219*^9}, {

  3.3890833659339743`*^9, 3.389083368377488*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"xy", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    RowBox[{"C1", " ", "LV1", " ", 

     RowBox[{"Sin", "[", 

      RowBox[{

       RowBox[{"\[Omega]01", " ", "t"}], "-", "\[CurlyPhi]1"}], "]"}]}], "+", 

    

    RowBox[{"C2", " ", "LV2", " ", 

     RowBox[{"Sin", "[", 

      RowBox[{

       RowBox[{"\[Omega]02", " ", "t"}], "-", "\[CurlyPhi]2"}], "]"}]}]}], "/.",

    

   RowBox[{"sola", "[", 

    RowBox[{"[", "1", "]"}], "]"}]}]}]], "Input",

 CellChangeTimes->{{3.389082661360848*^9, 3.3890827266347075`*^9}, {

  3.3890828858236094`*^9, 3.389082901175685*^9}, {3.3890830401955853`*^9, 

  3.3890830413672705`*^9}, {3.389083086562258*^9, 3.3890831018842897`*^9}}],



Cell["\<\

Za podane za\[CHacek]etne pogoje sledijo ena\[CHacek]be\

\>", "Text",

 CellChangeTimes->{{3.3890833757981586`*^9, 3.3890833983105297`*^9}}],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"eq1", "=", 

  RowBox[{"0.001", "\[Equal]", 

   RowBox[{

    RowBox[{"xy", "[", "0", "]"}], "[", 

    RowBox[{"[", "1", "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"eq2", "=", 

  RowBox[{"0", "\[Equal]", 

   RowBox[{

    RowBox[{"xy", "[", "0", "]"}], "[", 

    RowBox[{"[", "2", "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"eq3", "=", 

  RowBox[{"0", "\[Equal]", 

   RowBox[{

    RowBox[{

     RowBox[{"xy", "'"}], "[", "0", "]"}], "[", 

    RowBox[{"[", "1", "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"eq4", "=", 

  RowBox[{"0", "\[Equal]", 

   RowBox[{

    RowBox[{

     RowBox[{"xy", "'"}], "[", "0", "]"}], "[", 

    RowBox[{"[", "2", "]"}], "]"}]}]}]}], "Input",

 CellChangeTimes->{{3.3890831343609886`*^9, 3.389083172385666*^9}, 

   3.389083354277213*^9, {3.3890899612175264`*^9, 3.389089963580925*^9}}],



Cell[BoxData[

 RowBox[{"0.001`", "\[Equal]", 

  RowBox[{

   RowBox[{

    RowBox[{"-", "C1"}], " ", 

    RowBox[{"Sin", "[", "\[CurlyPhi]1", "]"}]}], "-", 

   RowBox[{"C2", " ", 

    RowBox[{"Sin", "[", "\[CurlyPhi]2", "]"}]}]}]}]], "Output",

 CellChangeTimes->{

  3.3890834097569885`*^9, {3.3890899652733583`*^9, 3.3890899732047634`*^9}}],



Cell[BoxData[

 RowBox[{"0", "\[Equal]", 

  RowBox[{

   RowBox[{

    RowBox[{"-", "C1"}], " ", 

    RowBox[{"Sin", "[", "\[CurlyPhi]1", "]"}]}], "+", 

   RowBox[{"C2", " ", 

    RowBox[{"Sin", "[", "\[CurlyPhi]2", "]"}]}]}]}]], "Output",

 CellChangeTimes->{

  3.3890834097569885`*^9, {3.3890899652733583`*^9, 3.389089973234806*^9}}],



Cell[BoxData[

 RowBox[{"0", "\[Equal]", 

  RowBox[{

   RowBox[{"C1", " ", 

    SqrtBox[

     FractionBox["k", "m"]], " ", 

    RowBox[{"Cos", "[", "\[CurlyPhi]1", "]"}]}], "+", 

   RowBox[{"10", " ", "C2", " ", 

    SqrtBox[

     FractionBox["k", "m"]], " ", 

    RowBox[{"Cos", "[", "\[CurlyPhi]2", "]"}]}]}]}]], "Output",

 CellChangeTimes->{

  3.3890834097569885`*^9, {3.3890899652733583`*^9, 3.3890899732648497`*^9}}],



Cell[BoxData[

 RowBox[{"0", "\[Equal]", 

  RowBox[{

   RowBox[{"C1", " ", 

    SqrtBox[

     FractionBox["k", "m"]], " ", 

    RowBox[{"Cos", "[", "\[CurlyPhi]1", "]"}]}], "-", 

   RowBox[{"10", " ", "C2", " ", 

    SqrtBox[

     FractionBox["k", "m"]], " ", 

    RowBox[{"Cos", "[", "\[CurlyPhi]2", "]"}]}]}]}]], "Output",

 CellChangeTimes->{

  3.3890834097569885`*^9, {3.3890899652733583`*^9, 3.3890899732648497`*^9}}]

}, Open  ]],



Cell[BoxData[

 RowBox[{"konstante", ":=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{"{", 

     RowBox[{"eq1", ",", "eq2", ",", "eq3", ",", "eq4"}], "}"}], ",", 

    RowBox[{"{", 

     RowBox[{"C1", ",", "C2", ",", "\[CurlyPhi]1", ",", "\[CurlyPhi]2"}], 

     "}"}]}], "]"}]}]], "Input",

 CellChangeTimes->{{3.3890829065734463`*^9, 3.389082911570632*^9}, {

  3.389082959189104*^9, 3.389082988961915*^9}, {3.389083130255085*^9, 

  3.3890831307758336`*^9}, {3.3890831768921456`*^9, 3.389083230158739*^9}, {

  3.3890834182191567`*^9, 3.389083422625493*^9}, {3.389083494378669*^9, 

  3.389083498815048*^9}}],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"k", ":=", "2000"}], "\[IndentingNewLine]", 

 RowBox[{"m", ":=", "50"}]}], "Input",

 CellChangeTimes->{{3.3890669097514205`*^9, 3.3890669208774185`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"N", "[", "\[Omega]01", 

  "]"}], "\[IndentingNewLine]", "sola", "\[IndentingNewLine]", 

 RowBox[{"N", "[", 

  RowBox[{"\[Omega]02", "/.", "sola"}], "]"}]}], "Input",

 CellChangeTimes->{{3.389067934735275*^9, 3.3890679700560637`*^9}}],



Cell[BoxData["6.324555320336759`"], "Output",

 CellChangeTimes->{

  3.3890669233209324`*^9, {3.389067926283121*^9, 3.38906797086723*^9}, {

   3.3890680558694572`*^9, 3.3890680761285887`*^9}, 3.3890830196760798`*^9, 

   3.389083508689246*^9, 3.389089973324936*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"a", "\[Rule]", 

    FractionBox["99", "2"]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{

  3.3890669233209324`*^9, {3.389067926283121*^9, 3.38906797086723*^9}, {

   3.3890680558694572`*^9, 3.3890680761285887`*^9}, 3.3890830196760798`*^9, 

   3.389083508689246*^9, 3.389089973324936*^9}],



Cell[BoxData[

 RowBox[{"{", "63.24555320336759`", "}"}]], "Output",

 CellChangeTimes->{

  3.3890669233209324`*^9, {3.389067926283121*^9, 3.38906797086723*^9}, {

   3.3890680558694572`*^9, 3.3890680761285887`*^9}, 3.3890830196760798`*^9, 

   3.389083508689246*^9, 3.389089973324936*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{"LV1", "\[IndentingNewLine]", "LV2"}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1", ",", "1"}], "}"}]], "Output",

 CellChangeTimes->{{3.3890680656535263`*^9, 3.389068076188675*^9}, 

   3.3890835101413345`*^9, 3.3890899733549795`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1", ",", 

   RowBox[{"-", "1"}]}], "}"}]], "Output",

 CellChangeTimes->{{3.3890680656535263`*^9, 3.389068076188675*^9}, 

   3.3890835101413345`*^9, 3.389089973375008*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData["konstante"], "Input",

 CellChangeTimes->{{3.3890897639138174`*^9, 3.389089775220075*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"Solve", "::", "\<\"ifun\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Inverse functions are being used by \\!\\(Solve\\), so \

some solutions may not be found; use Reduce for complete solution \

information. \\!\\(\\*ButtonBox[\\\"\[RightSkeleton]\\\", \

ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/Solve/ifun\\\", ButtonNote -> \

\\\"Solve::ifun\\\"]\\)\"\>"}]], "Message", "MSG",

 CellChangeTimes->{

  3.3890835112429185`*^9, {3.389089768079808*^9, 3.3890897758009105`*^9}, 

   3.3890899735853105`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{

     RowBox[{"C1", "\[Rule]", 

      RowBox[{"-", "0.0005`"}]}], ",", 

     RowBox[{"C2", "\[Rule]", 

      RowBox[{"-", "0.0005`"}]}], ",", 

     RowBox[{"\[CurlyPhi]2", "\[Rule]", "1.5707963267948966`"}], ",", 

     RowBox[{"\[CurlyPhi]1", "\[Rule]", "1.5707963267948966`"}]}], "}"}], ",",

    

   RowBox[{"{", 

    RowBox[{

     RowBox[{"C1", "\[Rule]", 

      RowBox[{"-", "0.0005`"}]}], ",", 

     RowBox[{"C2", "\[Rule]", "0.0005`"}], ",", 

     RowBox[{"\[CurlyPhi]2", "\[Rule]", 

      RowBox[{"-", "1.5707963267948966`"}]}], ",", 

     RowBox[{"\[CurlyPhi]1", "\[Rule]", "1.5707963267948966`"}]}], "}"}], ",",

    

   RowBox[{"{", 

    RowBox[{

     RowBox[{"C1", "\[Rule]", "0.0005`"}], ",", 

     RowBox[{"C2", "\[Rule]", 

      RowBox[{"-", "0.0005`"}]}], ",", 

     RowBox[{"\[CurlyPhi]2", "\[Rule]", "1.5707963267948966`"}], ",", 

     RowBox[{"\[CurlyPhi]1", "\[Rule]", 

      RowBox[{"-", "1.5707963267948966`"}]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{

     RowBox[{"C1", "\[Rule]", "0.0005`"}], ",", 

     RowBox[{"C2", "\[Rule]", "0.0005`"}], ",", 

     RowBox[{"\[CurlyPhi]2", "\[Rule]", 

      RowBox[{"-", "1.5707963267948966`"}]}], ",", 

     RowBox[{"\[CurlyPhi]1", "\[Rule]", 

      RowBox[{"-", "1.5707963267948966`"}]}]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{

  3.389083511282976*^9, {3.3890897688208733`*^9, 3.389089775840968*^9}, 

   3.3890899735953245`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]]

},

WindowToolbars->{"RulerBar", "EditBar"},

WindowSize->{973, 681},

WindowMargins->{{0, Automatic}, {Automatic, 0}},

Magnification->1.25,

FrontEndVersion->"6.0 for Microsoft Windows (32-bit) (April 28, 2007)",

StyleDefinitions->FrontEnd`FileName[{"Creative"}, "NaturalColor.nb", 

  CharacterEncoding -> "WindowsEastEurope"]

]

(* End of Notebook Content *)
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(*NotebookFileOutline

Notebook[{

Cell[CellGroupData[{

Cell[590, 23, 138, 3, 90, "Title"],

Cell[731, 28, 177, 2, 36, "Subsubtitle"]

}, Open  ]],

Cell[CellGroupData[{

Cell[945, 35, 25, 0, 90, "Title"],

Cell[973, 37, 74, 1, 48, "Input"],

Cell[1050, 40, 113, 1, 34, "Text"],

Cell[1166, 43, 798, 20, 48, "Input"],

Cell[1967, 65, 168, 3, 34, "Text"],

Cell[2138, 70, 158, 4, 64, "Input"],

Cell[2299, 76, 156, 3, 34, "Text"],

Cell[2458, 81, 443, 11, 69, "Input"],

Cell[2904, 94, 136, 3, 48, "Input"],

Cell[3043, 99, 196, 4, 34, "Text"],

Cell[3242, 105, 535, 13, 129, "Input"],

Cell[3780, 120, 97, 1, 34, "Text"],

Cell[CellGroupData[{

Cell[3902, 125, 426, 10, 64, "Input"],

Cell[4331, 137, 822, 17, 69, "Output"]

}, Open  ]],

Cell[5168, 157, 139, 3, 34, "Text"],

Cell[5310, 162, 514, 12, 48, "Input"],

Cell[5827, 176, 108, 1, 34, "Text"],

Cell[CellGroupData[{

Cell[5960, 181, 178, 4, 48, "Input"],

Cell[6141, 187, 569, 13, 67, "Output"]

}, Open  ]],

Cell[6725, 203, 126, 1, 34, "Text"],

Cell[6854, 206, 319, 6, 63, "Input"],

Cell[CellGroupData[{

Cell[7198, 216, 630, 17, 48, "Input"],

Cell[7831, 235, 737, 19, 75, "Output"]

}, Open  ]],

Cell[8583, 257, 154, 2, 34, "Text"],

Cell[CellGroupData[{

Cell[8762, 263, 215, 5, 48, "Input"],

Cell[8980, 270, 514, 13, 78, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[9531, 288, 27, 0, 43, "Subtitle"],

Cell[9561, 290, 530, 12, 115, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[10128, 307, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[10182, 311, 325, 7, 93, "Input"],

Cell[10510, 320, 537, 9, 48, "Output"],

Cell[11050, 331, 513, 8, 43, "Output"],

Cell[11566, 341, 516, 8, 43, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[12143, 356, 25, 0, 89, "Title"],

Cell[12171, 358, 74, 1, 49, "Input"],

Cell[12248, 361, 188, 4, 27, "Text"],

Cell[CellGroupData[{

Cell[12461, 369, 596, 20, 49, "Input"],

Cell[13060, 391, 824, 24, 43, "Output"]

}, Open  ]],

Cell[13899, 418, 123, 1, 27, "Text"],

Cell[14025, 421, 233, 6, 49, "Input"],

Cell[14261, 429, 168, 2, 27, "Text"],

Cell[14432, 433, 728, 23, 75, "Input"],

Cell[15163, 458, 35, 0, 27, "Text"],

Cell[15201, 460, 160, 4, 89, "Input"],

Cell[15364, 466, 32, 0, 27, "Text"],

Cell[15399, 468, 195, 5, 85, "Input"],

Cell[15597, 475, 155, 3, 27, "Text"],

Cell[CellGroupData[{

Cell[15777, 482, 414, 9, 49, "Input"],

Cell[16194, 493, 326, 7, 46, "Output"]

}, Open  ]],

Cell[16535, 503, 228, 4, 27, "Text"],

Cell[16766, 509, 370, 10, 89, "Input"],

Cell[17139, 521, 115, 1, 27, "Text"],

Cell[17257, 524, 513, 16, 120, "Input"],

Cell[CellGroupData[{

Cell[17795, 544, 145, 3, 49, "Input"],

Cell[17943, 549, 585, 17, 123, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[18565, 571, 311, 8, 49, "Input"],

Cell[18879, 581, 434, 9, 63, "Output"]

}, Open  ]],

Cell[19328, 593, 120, 1, 27, "Text"],

Cell[19451, 596, 225, 6, 65, "Input"],

Cell[CellGroupData[{

Cell[19701, 606, 253, 6, 49, "Input"],

Cell[19957, 614, 167, 5, 73, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[20161, 624, 349, 8, 49, "Input"],

Cell[20513, 634, 256, 6, 66, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[20806, 645, 27, 0, 62, "Subtitle"],

Cell[20836, 647, 236, 6, 79, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[21109, 658, 29, 0, 62, "Subtitle"],

Cell[CellGroupData[{

Cell[21163, 662, 236, 4, 79, "Input"],

Cell[21402, 668, 267, 5, 43, "Output"],

Cell[21672, 675, 264, 5, 43, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[21973, 685, 589, 15, 79, "Input"],

Cell[22565, 702, 286, 4, 43, "Output"],

Cell[22854, 708, 286, 4, 43, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[23201, 719, 25, 0, 89, "Title"],

Cell[23229, 721, 74, 1, 49, "Input"],

Cell[23306, 724, 45, 0, 27, "Text"],

Cell[23354, 726, 162, 5, 49, "Input"],

Cell[23519, 733, 42, 0, 27, "Text"],

Cell[23564, 735, 786, 19, 75, "Input"],

Cell[24353, 756, 36, 0, 27, "Text"],

Cell[24392, 758, 787, 22, 75, "Input"],

Cell[25182, 782, 38, 0, 27, "Text"],

Cell[CellGroupData[{

Cell[25245, 786, 1245, 37, 79, "Input"],

Cell[26493, 825, 969, 21, 43, "Output"],

Cell[27465, 848, 969, 21, 43, "Output"]

}, Open  ]],

Cell[28449, 872, 45, 0, 27, "Text"],

Cell[28497, 874, 550, 13, 79, "Input"],

Cell[29050, 889, 52, 0, 27, "Text"],

Cell[CellGroupData[{

Cell[29127, 893, 536, 13, 79, "Input"],

Cell[29666, 908, 757, 15, 43, "Output"],

Cell[30426, 925, 759, 15, 43, "Output"]

}, Open  ]],

Cell[31200, 943, 52, 0, 27, "Text"],

Cell[31255, 945, 660, 17, 79, "Input"],

Cell[CellGroupData[{

Cell[31940, 966, 209, 3, 49, "Input"],

Cell[32152, 971, 1768, 47, 80, "Output"]

}, Open  ]],

Cell[33935, 1021, 56, 0, 27, "Text"],

Cell[CellGroupData[{

Cell[34016, 1025, 523, 16, 49, "Input"],

Cell[34542, 1043, 832, 27, 73, "Output"]

}, Open  ]],

Cell[35389, 1073, 108, 1, 27, "Text"],

Cell[35500, 1076, 511, 12, 79, "Input"],

Cell[CellGroupData[{

Cell[36036, 1092, 301, 8, 49, "Input"],

Cell[36340, 1102, 394, 8, 59, "Output"]

}, Open  ]],

Cell[36749, 1113, 78, 2, 27, "Text"],

Cell[36830, 1117, 67, 2, 49, "Input"],

Cell[36900, 1121, 34, 0, 27, "Text"],

Cell[CellGroupData[{

Cell[36959, 1125, 289, 6, 49, "Input"],

Cell[37251, 1133, 1178, 33, 57, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[38466, 1171, 842, 24, 79, "Input"],

Cell[39311, 1197, 374, 5, 43, "Output"]

}, Open  ]],

Cell[39700, 1205, 35, 0, 27, "Text"],

Cell[CellGroupData[{

Cell[39760, 1209, 889, 24, 79, "Input"],

Cell[40652, 1235, 289, 5, 43, "Output"]

}, Open  ]],

Cell[40956, 1243, 184, 4, 27, "Text"],

Cell[41143, 1249, 706, 19, 49, "Input"],

Cell[41852, 1270, 149, 3, 27, "Text"],

Cell[CellGroupData[{

Cell[42026, 1277, 857, 24, 137, "Input"],

Cell[42886, 1303, 338, 9, 43, "Output"],

Cell[43227, 1314, 331, 9, 43, "Output"],

Cell[43561, 1325, 420, 12, 73, "Output"],

Cell[43984, 1339, 420, 12, 73, "Output"]

}, Open  ]],

Cell[44419, 1354, 610, 13, 49, "Input"],

Cell[CellGroupData[{

Cell[45054, 1371, 27, 0, 62, "Subtitle"],

Cell[45084, 1373, 177, 3, 79, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[45298, 1381, 29, 0, 62, "Subtitle"],

Cell[CellGroupData[{

Cell[45352, 1385, 258, 5, 108, "Input"],

Cell[45613, 1392, 263, 4, 43, "Output"],

Cell[45879, 1398, 345, 8, 59, "Output"],

Cell[46227, 1408, 285, 5, 43, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[46549, 1418, 61, 0, 79, "Input"],

Cell[46613, 1420, 193, 4, 43, "Output"],

Cell[46809, 1426, 210, 5, 43, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[47056, 1436, 103, 1, 49, "Input"],

Cell[47162, 1439, 571, 12, 50, "Message"],

Cell[47736, 1453, 1474, 39, 110, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]]

}

]

*)



(* End of internal cache information *)
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Resitev
259 T?
"= TeolaZ 0,388 m,
3F
m = ——— =1352kg.
2 g tan g
Postopek

Z uporabo II. Newtonovega zakona zapiSemo gibalno enacbo:
3h
Jp= —mgT sinyp —d @,

Gibalno ena¢bo normiramo in lineariziramo:

3h
.o Mg d
Z5=0
©+ 7 ©+ 7 ¥
Tock: 5
in razberemo lastno krozno frekvenco in razmernik dusenja (upostevamo h = 207r):
Y LT T
0 J 16017
d
0= .
J?2 wo
Tock: 5
a)
Iz enacbe 27” = wy izpeljemo
259 T?
r =
1601 72
Tock: 10
in tako definiramo polmer (dolzino) stoiceﬂ
b)
Sledi Se izracun mase nihala, ki v bistvu predstavlja varnostni faktor: dve osebi naj ne bi bili sposobni
vzpostaviti takih zacetnih pogojev, da bi nihalo nihalo bolj od Zeljene amplitude.
Staticno ravnotezje pri zacetnih pogojih je:
3h
mg sinpg — F'h cospy =0,
kjer je zeljena amplituda definirana s:
) Ax
S @Yo = T
Tock: 5
Sledi, da je masa stozca:
3F
m=_—.
2¢g tan g
Tock: 5

Kje so imeli Studentje tezave?
Nekateri so pozabili na tezo stozca. F je stati¢na sila, ki se uporabi v zac¢etku, da se nihalo izmakne iz
ravnovesne lege; pozneje na nihanje nima vpliva.
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Naloga 2 (35 tock) Zadostuje
) 5 Pri hoji ¢lovek dviguje svoje tezis¢e za nekaj cm. Razmisljate o tem, da bi ZnanJC:VVN
Nahrbtnik  Drzalo izdelali nahrbtnik, ki bi to gibanje dvakrat ojacal, relativno gibanje pa bi iz- Eggﬁfcﬁ%
koristili za generiranje napetosti. '
g Za spremembo visine pri hoji predpostavite harmoni¢no funkcijo y(t). Za
model na sliki najprej izpeljite gibalno enacbo nato pa izracunajte: a) to-
gost, da bo lastna nedusena krozna frekvenca wg enaka frekvenci vzbujanja w,
b) dusenje d, da bo razmerje med amplitudami X = 2V, ¢) razmernik dusenja
in duSeno lastno frekvenco in d) s katero frekvenco bo nihal nahrbtnik pri
vzbujanju?
Podatki: y =Y sin(wt), m = 10kg, w = 27.
Resitev
k d k d
i+ —o+—3 = +—Ysin(lwt)+ —wY cos(wt)
m m m m
E = mw?=3948N/m
muw
d = — =36,27T6 Ns/m
V3 /
1
0 = —==0,289
2v3
11
wod = Ew = 6,02rad = 0,957 27
Niha z vsiljeno krozno frekvenco w
Postopek
Iz II. Newtonovega zakona ob predpostavkah x > y in > ¥ sledi:
mi=—k(z—y)—dz—y).
Vstavimo podatek o harmoni¢nem vzbujanju ter normiramo in uredimo enacbo:
k d k d
I+—x+—2=+—Y sin(wt)+ —wY cos(wt).
m m m m
Tock: 5
Razpoznamo torej parametre:
k d
wo = — 6= .
m m2wy
Tock: 5
a)
Sedaj lahko dolo¢imo primerno togost, da bo lastna frekvenca enaka vsiljeni:
wo=w — k=muw’
Tock: 5

b)
V normirano obliki diferencialne enacbe razpoznamo splo$no enac¢bo prenosnosti vibroizolacije. Ob pred-
postavki harmoni¢nega odziva z(t) = X sin(wt — ¢) vemo torej kaksno je ojacanje:

X / w)?
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Tock: 5

Zelja je ¢ = 2; ob uporabi podatka za togost dobimo kvadratno ena¢bo z dvema resitvama; fizikalno

ustrezna je samo pozitivna:

mw

d= 73

¢)

Tock: 5

Razmernik dusenja je definiran zgoraj; dusena lastna frekvenca je:

d)

Zaradi vzbujanja sistem niha s frekvenco vzbujanja w.

Tock: 5

Tock: 5

Kje so imeli studentje tezave?

Narobe so zapisali gibalno ena¢bo, niso poznali enacbe za prenosnost vibroizolacije. Niso vedeli, da
nmahrbtnik niha z vsiljeno frekvenco pa¢ pa so mnogi napisali, da niha z lastno duseno frekvenco.

Naloga 3

Resitev

mi+(l+a)kz—aky
my—akx+(1+a)ky

wo1

wo2
a

o)

22

0
0

\/ ko 6,32rad/s
m

(1+2a)k
m

99
2

(
(

1
;) m

1
-1

)

(35 tock)
Zaposleni ste v AET Tolmin in konstruirate
grelnik zraka, ki je izpostavljen vibracijam.
Dejansko konstrukcijo poenostavite s prika-
zanim modelom z dvema prostostnima sto-
pnjama; s pomocjo Lagrangevih enach 2. vrste
izpeljite gibalne enacbe, lastne frekvence in la-
stne vektorje.
Dolocite parameter a, da bo druga lastna fre-
kvenca 10 krat viSja od prve. Za zacetne po-
goje: x(0s) = 1mm, y(0s) = Omm, #(0s) =
O0mm/s, §(0s) = 0mm/s dolocite odziv z(t) in
y(t) (namig glede faze: ker ni duSenja sta x in
y lahko samo v fazi ali v kontrafazi).
Podatki: £ =2000N/m, m = 50kg.

3Glede na teoreti¢no poznavanje fizikalnega nihala smo lahko pricakovali, da je nihajni ¢as odvisen samo od dolzine

nihala.

Zadostuje
zna-

nje: LVVP
Povprecen
uspeh: 43%
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Postopek

Sistem je konservativen in ima dve prostostni stopnji (N = P = 2): z, y. Do gibalnih enac¢b pridemo s

pomocjo Lagrangevih enacb 2. vrste:

doL oL _ doL oL _,
dt oz  Oxr dtoy Oy

Lagrangeva energijska funkcija:

L =FEy - E,,

kjer sta kineti¢na in potencialna energijeﬂ definirani kot (predpostavka x > y):

1 1
Ek:§m¢2+§m92

1 1 1
Ep:§kx2+§k:y2+§ak(x—y)2.

Po odvajanju izpeljemo gibalni enacbi:

mi+(1+a)kz—aky=0 mi—akx+(1+a)ky=0.

Gibalni enacbi v matri¢ni obliki:

(5 2)(5)("t o) (5)-(2)

Ob predpostavki harmonskega odziva (x = X sin(wgt), y = Y sin(wp t)) in ob upostevanju, da sin(wq t)

s ().

ne predstavlja resitve, izpeljemo:

( (1+a)_’:l;m”8 (1+a)726mw3 ><

Netrivialno resitev predstavlja resitev izraza:

=

det(A) =0

iz Cesar izpeljemo dve lastni frekvenci:

k (14+2a)k
wor =4/~  wor=A\—— .
m m

Izpeljemo vrednost parametra a:

10 wp1 = wo2 = a=—.

Da dolo¢imo prvi lastni vektor, vstavimo v matriko A prvo lastno frekvenco, izberemo amplitudo X = 1m

in izpeljemo:

Y =1.

4Potencialno energijo mas ni potrebno upostevati, saj se uni¢i s potencialno energijo prednapetja

Tock: 10

Tock: 5

Tock: 5
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Prvi lastni vektor torej je:

0= (1)m

Za drugi lastni vektor je postopek podoben, vendar v matriko A vstavimo drugo lastno frekvenco, izbe-
remo amplitudo X = 1m in izpeljemo:

Y =—1m.

Drugi lastni vektor torej je:

Tock: 5
Odziv na poljubne zaetne pogoje je:
z(t . .
( yEt; ) = Cy 2 sin(woy — 1) + Co 22 sin(woz — @2).
Tock: 5
Imamo $tiri neznanke in iz Stirih zacetnih pogojev z(0s) = 1mm, y(0s) = Omm, £(0s) = Omm/s,
7(0s) = 0mm/s lahko vse dolo¢imo. Uporabimo namig, da so sta = in y v fazi: ¢1 = @9 in resimo sistem
enacb. Sistem ima Stiri resitve, tukaj je prikazana ena:
Cl == —0,0005 CQ = —0,0005 Y1 = P2 = 7T/2.
Tock: 5

Kje so imeli studentje tezave?
Odziv na poljubne zacetne pogoje je vsota posameznih lastnih odzivov!




Univerza v Ljubljani Fakulteta za strojnistvo

\X\\

LADISK — Laboratorij za dinamiko strojev in konstrukcij

Dinamika togih teles KOlOleJ 3 15.5.2009
Naloga 1 (35 tock) Zadostuje
Valj radija R in mase m nakotaljuje po klancu in je preko E?S_LDN
k vzmeti in dusilke pritrjen, kakor je prikazano na sliki.
m,R Izrac¢unajte lastno neduSeno in duseno krozno frekvenco
\\ sistema, Ce valj na zaCetku izmaknemo iz stati¢ne ravno-
! q vesne lege za amplitudo Ag. Doloéite ¢as po katerem je
amplituda nihanja enaka 1/10 zacetne amplitude.
Podatki:
m = 10kg, R = 0,5m, £k = 10kN/m, d = 100 Ns/m,
g=9.81m/s’.
Resitev
wo = 25,82rad/s
0 = 0,258
wog = 24,94rad/s
t = 0.69s
Postopek

Sistem ima ena prostostno stopnjo (P = 1, N = 1). Z izbrano posploseno koordinato z in uporabo
Lagrangeovih enacb druge vrste zapiSemo gibalno enac¢bo sistema:

90L L _
ot 0  Ox v’

kjer je L Lagrangeova energijska funkcija:
L=E,-FE,

Kineti¢na in potencialna energija imata obliko:

1 1

Ep = 5m:‘cz + 5(JT)cp2 = Zm:'xQ
1

E, = §kw2

Zapisemo Lagrangeovo energijsko funkcijo:

3 1
L= 1m$2 — §k$2

Posploseno silo dusilke dobimo iz zapisa za virtualno delo:

oW =Y For; = —diéx
i o
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Konéno zapiSsemo normirano gibalno enacbo:

Tock: 10

Kakor je prikazano razberemo lastno neduseno krozno frekvenco in razmernik dusenja.

[ 2k
wo = % = 25782 rad/s

o= d =0,129
3mwy

Tock: 5

Tock: 5

wop = woV 1 — 82 =24.94rad/s

Tock: 5

Potrebno je Se dolociti ¢as po katerem je amplituda nihanja za 1/10 manjsa od zacetne amplitude. Odziv
sistema podaja enacba:

z(t) = e 7“0t (A cos(wopt) + B sin(wopt))
Tock: 5

Na osnovi zacetnih pogojev razberemo velikost konstant A in B:
z(0) =4y = A=A
2(0)=0=B=0

Amplitudo odziva sistema potemtakem podaja enacba:
X = Age Owot

Sedaj lahko izracunamo Se ¢as pri katerem se amplituda zmanjsa na X = 1/10 Ag:

1
t=———In1/10=0.69s
5o n1/10 =069

Tock: 5

Kje so imeli studentje tezave?
Zapis gibalnih enacbh: gre za stati¢no ravnovesno lego, zato potencialne energije ni treba uposevati (unici
se s potencialno energijo prednapetja).

Naloga 2 (30 tock) Zadostuje
Na sliki je prikazana naprava, ki se uporablja za testiranje 2"anje: VN
zracnih vzmeti. Klado mase m vzbujamo z ekscentri¢no

maso m, na rocici dolzine e, ki se vrti s konstantno kotno

hitrostjo w. Iz slike je razvidno, da lahko hkrati testiramo

dve zra¢ni vzmeti. Zra¢no vzmet modeliramo z vzporedno

vezavo vzmeti togosti k in dusilke s koeficientom dusenja

d k d. Dolocite koliksna je lahko maksimalna togost k testi-
» ranih vzmeti, da bo amplituda nihanja vzmeti enaka X.
zracna vzmet Vzbujanje sistema je podresonan¢no. Podatki:

m = 150kg, m, = 10kg, w = 6wrad/s, 6 = 0.01,
e=0.05m, X = 0.0l m.
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Resitev

k = 3597kN/m

Postopek

Gibalno enacbo sistema dolo¢imo na osnovi drugega Newtonowega zakona:
mi + 2di + 2k x = me ew? sin(wt)

Opomba: kot pravilna resitev se smatra tudi, da se masa ekscentra doda k osnovni masi. Gibalna enacba
v tem primeru je (m + m.)i + 2di + 2k = me ew? sin(wt). Ena¢bo normiramo ter razberemo lastno
krozno frekvenco:

2d 2k
P i = eC 2 sin(wt)
m m

Tock: 5

2k
wWo = —
m

Tock: 5

Za izracun togosti vzmeti uporabimo enacbo:

X (ﬁ)z

o \/(1 - (50)2>2 + (2550)2

Tock: 5

Uvedemo novo neznanko:

=)

s ¢imer dobi zgornja enacba enostavnejSo obliko

X T

Mmee

m (1—7r)° +4482r

Zgornjo enacbo preuredimo v obliko:

r2(1— (;ni)z) 47 (462—2) +1=0

Tock: 5

Resitvi enacbe:
T = 0.74

To = 1.50

Tock: 5

Ker naloga od nas zahteva podresonan¢no vzbujanje je prava reSitev r; = 0.8. Togost vzmeti je potem-
takem enaka:

2

muw
k:
27‘1

= 35.97kN/m

Tock: 5

Kje so imeli studentje tezave?
IPri zapisu amplitude odziva centrifugalno vzbujanega sistema v ustaljenem stanju.
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Naloga 3

Resitev

w01:\/§

3=

57

wo2 = 2

Xio= { l}r }

Xo = { 711/7” }
Postopek

60

(30 toék)
Rotor modeliramo s togim telesom mase
m in masnim vztrajnostnim momentom
Jr okoli tezis¢a T. Lezaje poenostavimo
z vzmetema togosti k in 2k. 7Z uporabo
Lagrangeovih enacb II vrste in oznacenih
koordinat zapiSite gibalne enacbe sistema.
Dolocite tudi lastne frekvence in lastne
vektorje.
Podatki:
k,m,r, Jr =mrZ.

Sistem ima dve prostostni stopnji. ZapiSemo Lagrangeove enatbe za konzervativne sisteme pri Cemer

izberemo za posploseni koordinati pomik z in zasuk ¢:

doL oL _
dt 0& Ox
dor oL _
dtop Oy
L=Fy—E,

Kineti¢no in potencialno energijo sistema zapisemo v obliki:

1 1
Ey = §mfv2 + 5T ?

1 1
E, = ik(x —ro)’ + §2k(w+rg0)
Lagrangeova energijska funkcija ima potemtakem obliko:

1 1 1 1
L= 5m:§t’+§JT¢2—5k(m—r¢)2—§2k(x+r<p)2

Zadostuje
zZna-

nje: LVPS

Tock: 5

Tock: 5

Sedaj izracunamo vse odvode v Lagrangeovih enacbah s ¢imer dobimo dve gibalni enacbi:

mi+3kz+kro=0

Jrg+krz+3krip=0

Tock: 5
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ODb predpostavki harmonskega odziva:
z(t) = X sinwt

o(t) =P sinwt

Tock: 5
iz gibalnih enacb razberemo masno in togostno matriko:
m 0 [ 3k kv
M_{O mTQ}’ K= kr 3kr?
- Tock: 5
Lastne frekvence sistema dobimo z resitvijo spodnje determinante:
3k — mw? kr _ 2.2 2 2 2,2, 4 _

‘ . W r? — o r? w? =0,=8k“r* —6kmriw +m°r‘w* =0

7 resitvijo zgornje enacbe dolo¢imo obe lastni krozni frekvenci:
k k
wmzﬁ\/*, woz = 24/ —
m m Tock: 5
Lastna vektorja pa sta enaka:
1
w={ ) |
1
S
Tock: 5

Kje so imeli studentje tezave?
Zapis gibalne enacbe, predvsem potencialna energija.
2.7 Datum: 17.1.2010
Naloga 1 (35 tock) Zadostuje

Krogla udari v masivno ploco s hitrostjo v pod kotom 6. Koeficient znanje: Trk

v
®\ {7 ; trka je .
N =

QL 1 Kaksen je trk? ( premi centri¢ni / poSevni centri¢ni )
o / 2 Izracunajte hitrost krogle v n-smeri po trku.
3 Izracunajte hitrost krogle v t-smeri po trku.
4 Izracunajte amplitudo hitrosti krogle po trku.
5 Izracunajte kot .
v o= 40 in/s 6  Ali se kinetiéna energija pri trku ohranja?
© = 40 7 Izracunajte delez izgubljene kineticne energije krogle v od-
e = 02 stotkih.
Resitev
’ \ Vprasanje \ Odgovor ‘
1 Kaksen je trk? (1 = Premi centri¢ni, 2 = PoSevni centri¢ni ) 2
2 Izrac¢unajte hitrost krogle v n-smeri po trku. 5.142301 m/s
3 Izracunajte hitrost krogle v ¢-smeri po trku. 30.641778 m/s
4 Izrac¢unajte amplitudo hitrosti krogle po trku. 31.070272 m/s
5 Izracunajte kot . 9.526601 °
6 Ali se kineti¢na energija pri trku ohranja? (1 = Da , 2 = Ne ) 2
7 Izracunajte delez izgubljene kineti¢ne energije krogle v odstotkih. 39.664887
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Naloga 2

62

(35 toék)
Sistem na sliki se uporablja za valjanje zobatih jermenov. Jer-
men ima profil zoba sinusne oblike in se giblje s translatorno
hitrostjo v. Amplituda sinusnega profila zoba je podana z h,
medtem ko je razdalja med dvema vrhoma podana z b. Zapisite
gibalno enacbo sistema in dolo¢ite translatorno hitrost jermena
v, tako da bo amplituda odziva palice v tocki A enaka h/3.
Ugotovite tudi ali je sistem vzbujan pod- ali nad-resonanéno.
Opomba: Sistem linearizirajte in ga resite glede na ravnotezno
lego.
Podatki:
k=1-10*N/m, m = 3kg, d = 100Ns/m, L = 1m, b= 0.01m

Resitev
. 3d. 3k 3k 3d .
i+ —i+ —a=—yt)+ —yt)
m m m m
3k
wo =/ — = 100rad/s
m
0= 3d =0.5
Qmwo
w=327.7Trad/s
v=0.52m/s

Sistem je vzbujan nad-resonan¢no

Naloga 3

Resitev

wo1 = 27.7rad/s
wop2 = 72.36 rad/s

1
X :{ 0.081 }m

1
X2 :{ ~0.031 }m

(35 tock)
Sistem na sliki je sestavljen iz valja mase m in radija r, ki je
vrtljivo vpet v tocki O. Valj je preko vzmeti togosti k pripet na
klado mase 2m, ki je preko vzmeti pritrjena na togo podlago.
Dolocite stevilo prostostnih stopenj sistema. Z uporabo
oznacenih koordinat zapisite gibalno/e enacbo/e sistema ter
dolocite lastne frekvence in lastne vektorje. Predpostavite
majhne zasuke.
Podatki: k = 103N/m,m = 0,5kg, r = 0,1 m.

Zadostuje
znanje: VN

Zadostuje
zna-
nje: LVPS
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2.8 Datum: 9.1.2012

Naloga 1 (30 tock) Zadostuje
Igrate igrico Angry Birds. Vasa naloga je, da s pticem od- “**™¢ Trk
prete mirujoco loputo. Po elasticnem trku z loputo se ptic¢

odbije pod kotom ay in s hitrostjo vpo. Trk je centricen
in brez trenja.
gL 1 Ali se energija sistema med trkom ohranja?
(Da, Ne)
2 Kaksno gibanje opravlja loputa po trku? (ro-
tacijsko, translatorno, splosno ravninsko)
3 Dolocite hitrost ptica v smeri smernice trka
x tik pred trkom.
N 4 Dolocite hitrost lopute po trku.
5 Dolocite velikost hitrosti pri¢a v smeri smer-
Podatki: B=5°, mp= 20kg, mp= 0.8kg, a= nice trka tik po trku. (pazite predznak)
35°, €= 0.45, vp 1= 3.5m/s, L= 1.5m, 6 Dolocite kot as.
Naloga 2 (35 tock) Zadostuje

. . . . R . je: PV
V kamnolumu se pri separaciji materiala uporablja transporter prikazan na sliki. Transporter modeliramo ananje

kot palico dolzine 2L in mase m, ki je vrtljivo vpeta v tocki O. Enakomerno gibanje peska po transpor-
terju dosezemo s ekscentrom mase m., ki se vrti s konstatno kotno hitrosjo w. Potrebno je upostevati
tudi vzbujanje zaradi padanja peska na transporter, kar ponazorimo s silo F(t).
Dolocite:
1 Lastno neduseno in duseno krozno frekvenco.
2 Odziv transporterja v tocki C.
3 Amplitudo sile, ki preko dusilke prenasa na
podlago v tocki A.
4 Ali se z povecevanjem duSenja povecuje tudi
sila na podlago v tocki A?
Zanemarito maso peska ter predpostavite majhne zasuke!
Podatki:
m = 1t, k = 100kN/m, d = 1000 Ns/m, w = 100rad/s,
L =3m, F(t) = Fy sin(wt), Fy = 5000N, m, = 100kg,
e=01m




Naloga 3

V zadnjem casu je zelo popularna vadba na napravi Power Plate. Nadomestni model naprave je prikazan
na sliki je kinemati¢no vzbujan v vertikalni smeri glede na funkcijo y(t) = Y sin(wt). Predpostavite, da

(35 toék) Zadostuje

se masa m (oseba) lahko premika samo v navpi¢ni smeri.

&

Gy

1.36 N/mm
83kg
37Hz

0.74
9.81m/s?

Koliko prostostnih stopenj ima sistem na sliki?
Ce je razmerje amplitud pomikov, §| = C,
kaksno je razmerje amplitud pospeskov?
Izracunajte lastno neduseno krozno frekvenco.
Izracunajte razmernik dusenja, da bo dusena
lastna krozna frekvenca za 10% nizja od
nedusene

Kaksno je duSenje sistema?  (nadkriti¢no,
podkritiéno, kriti¢no, sistem ni dusen)
Izracunajte relativno frekvenco r = 2.
Izracunajte |%|, ¢e je frekvenca vzbujanja
enaka w.

Ce amplituda pospeska ¢loveka ne sme preseci
0.5g, koliksne so lahko amplitude pospeskov
vzbujanja?

znanje: VN



Poglavje 3

Izpiti

Po Bolonski prenovi je analiti¢na mehanika obravnavana v okviru predmeta Visja dinamika; naloge, ki
obravnavajo izkljuéno analiticno mehaniko pri predmetu DTT ne obravnavamo. Naloge iz nihanj, pri
katerih je uporabljena analiticna mehanika reSite s pomocjo klasicne mehanike.

3.1 Datum: 12.6.2003

Povpreéen uspeh 2 studentov: 38%

Naloga 1 (30 tock)
Slika prikazuje tekoc¢i trak. Pralni stroj mase mo gi r,m,
in tezisénega masnega vztrajnostnega momenta J 62? a = 05m
je togo pritrjen na togo palico zanemarljive mase, F NN a b = 1m
le-ta pa je pritrjena na kolo mase m; in polmera 7. mi = 10kg
Vrv je pripeta na razdalji a od vrtisca kolesa in se v
. . . me = 60kg
nekem trenutku napne ter zacne delovati na palico s b
silo F. Izracunajte pospesek tezis¢a pralnega stroja r = 0lm
v tem trenutku. Trenje in rotacijsko vztrajnost F = 400N
kolesa zanemarite. @m J = 6kgm?
) 2
Resitev
ar = 5,71 m/s2
a = 1418rad/s’
J, = 141kgm?
yr = 0,2143m
ap = —6,018m/s’
Postopek

Za postopek glejte: Kolokvij 1, naloga 1 na strani[9]
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| by ¢
o

Zadostuje
znanje: TT

Povprecen
uspeh: 8%
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  RowBox[{
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Cell["Virutalno delo", "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]W", ":=", 
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    RowBox[{"-", "k"}], 
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     RowBox[{

      FractionBox["a", "2"], 
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     RowBox[{"a", " ", "\[Delta]\[CurlyPhi]"}], ")"}]}]}]}]], "Input"],



Cell["Posplo\[SHacek]ena sila torej je:", "Text"],



Cell[BoxData[

 RowBox[{
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     RowBox[{

      FractionBox["a", "2"], 

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}], ")"}], 

    RowBox[{"(", 

     FractionBox["a", "2"], ")"}]}], "-", 

   RowBox[{"d", 

    RowBox[{"(", 

     RowBox[{"a", " ", 

      RowBox[{
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    RowBox[{"(", "a", ")"}]}]}]}]], "Input"],
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Cell[BoxData[
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  SubscriptBox["\[PartialD]", 

   RowBox[{

    RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]], 

  RowBox[{"Ek", "[", "t", "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  FractionBox["4", "3"], " ", 

  SuperscriptBox["a", "2"], " ", "m", " ", 

  RowBox[{
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 CellChangeTimes->{3.392616443369176*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge1", "=", 

  RowBox[{"FullSimplify", "[", 
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    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 
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        SubscriptBox["\[PartialD]", 
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    RowBox[{"Q\[CurlyPhi]", "[", "t", "]"}]}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"a", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"3", " ", "k", " ", 

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}], "+", 
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       SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",
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Cell[BoxData[

 RowBox[{"\[Omega]0", ":=", 

  SqrtBox[
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    RowBox[{"3", "k"}], 

    RowBox[{"16", " ", "m", " "}]]]}]], "Input"],
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Cell[BoxData[

 RowBox[{"\[CurlyPhi]r", "[", "t", "]"}]], "Input"],



Cell[BoxData[

 RowBox[{

  SuperscriptBox["\[ExponentialE]", 

   RowBox[{"-", 

    FractionBox[

     RowBox[{"3", " ", "d", " ", "t"}], 

     RowBox[{"8", " ", "m"}]]}]], " ", 
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   RowBox[{

    RowBox[{"A", " ", 

     RowBox[{"Cos", "[", 
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       SqrtBox["3"], " ", 

       SqrtBox[
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         FractionBox[

          RowBox[{"3", " ", 

           SuperscriptBox["d", "2"]}], 
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    RowBox[{
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       RowBox[{

        RowBox[{"\[CurlyPhi]r", "[", "0", "]"}], "==", "\[CurlyPhi]0"}], ",", 
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     FractionBox["4", "3"], "-", 
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      SuperscriptBox["d", "2"], 

      RowBox[{"k", " ", "m"}]]}]]}]]], "Output",

 CellChangeTimes->{3.392616444150299*^9}]
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 RowBox[{"a", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"m", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"k", ":=", "1000"}], "\[IndentingNewLine]", 
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  RowBox[{

   RowBox[{"\[CurlyPhi]r", "[", "t", "]"}], ",", 

   RowBox[{"{", 

    RowBox[{"t", ",", "0", ",", 

     FractionBox["10", 

      FractionBox["\[Omega]0d", 

       RowBox[{"2", " ", "\[Pi]"}]]]}], "}"}], ",", 
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 GraphicsBox[{{}, {}, 

   {Hue[0.67, 0.6, 0.6], LineBox[CompressedData["

1:eJwUV3c8lu8Xfr1eEhIyUhkpEYmEFs5DS7JHZO+9ycome+9NVkhWaPl2l5Vs

SrZkZ++V8fP76/mczzn3fZ1znev5nPuc17dRNMLjcLgcUhzu/1/qNXI2iluu

YrY/nq/9bS+CFfJyXaYLqlDcqvzrZVsRDDanLE6xm0DtyznGlu9FwBpkncCm

bgeS6nWXTeuKoLMosqqN3RliT1R9eP6xCHzbyn66zbkDg7pHOVlpEZzZntk5

pe4Did73hGlfFoF9sGuwuZg/SF4/X5AaVQQtZ8iZvrIHQhtXwssCjyK4WJxS

wHgsBB76k2+JmBaBuyjPTeu5MCC9IFqtKV8EPe2fvtV3RML6nwoOSuEiYOTP

f31CPRqs51nr5ZiKoN7Feu1mawzQc7Y+vLJbCLZfhe8YisWB5/fV9Py+QmhS

/Nb8kT0RGMRcXwRHFIJjaiTtVFwSaCVyH+wZFcL5CVV1mmMpUHomieHinUJw

ezbz12QuDaSPSVzLGymAS5/LrsVqZcDT6VPvKN4UwA9SV9fPHZlQ9FNyTMy1

ABha/f3J1V+C7A2Wx5coCsBy2ZSL7VQ2XBlWj5rpfAW1dDKtQq3ZIDIdERQb

9wqstejp9MRyYcnWL+kr/Sv4tpiX8479FaiL8f19issHllMhD9sGX8GvMX8h

keo8cLxhPTcWVwCv6+7GPDTPAzZv4etUx454jt3P2WvNBReab7WGc8VAlsjK

MuKRA/Rn1pfJ1MvhFf0w7UB8FmBXpmpjq8shnbMzt1wgCyzF+uJYTlVAqpnf

fkpaJtTq19wUbK2AN2zjh9vEGWD92t9bR6wSXjMWaTW/T4FGEXrqavZ3wOf6

7AO+PRYUY42zjge+g08BckMSvTEw/Pcdv9bcO1AzhwSx39GwnqCuQKh8D3RC

WyYfeiOBfSUzRvH+R3jVzp+KNgLBI4+bfsnkP5B7dnpRlMMWyPae50m0/gde

ZsvzldqmEKfYJpTA/xmsd46ZcDvrQtGhzRPRnc9AH3mybpqMEeaLB1ru3/8C

9q+ZZDMtrdGZY2wn4n59hRsXyavX8wKQboVkz39kteDBNP2nwCkI5WvZpU/f

roXTNzIR4W4IulZZy3snsxae2j+oXW8LR5J6RrJjJnVgF3fWs1spBkVQRjBQ

ptRB877va4wrFv18Vz0i1FoHFYaaHG07sUiHiswmmL8eJnn4LBdi45HTp6JI

/p16YKZ4q8uUnYRqjH+oqvM0ACs3n/x9rWSEp91j9ddqgAwn4qdrdCko3FSm

rPdrA1xj4d+KdE1FufTLnZ4hjXDe4C+2T5+BZr+cTi6oaQSzJfty07cZiN9S

XK97sRHUXLuIe6Uz0afamBUOpW+QrpCwVXsrC3XbCNG2nW0CU/8HksYPXyLj

maj+HKkmuHnryXFzn5doV3c+y821Cd58oZcL/PASsSvm8HH1NkG6m9ifgwvZ

qLr5YPOA5DvUF0jOKjzJRlJ31T/3CH4Hh7v5K6UB2chekEbGL+Y7rFy59Mb7

TzYifWNJp/71Oyz/ZatZoMhBKRxNg/zL32FrQ9VLXTAHXc24kHOMtRnuvcvM

r1fPQbUMXuYjMs3Q5M/AwO2Vg55EDlyrcj/yB16dCnqZg2aPCe+Evm6GYvsK

g99fcxDtznzgreMtMDI/mGm1l4Py7STlqG+2gL1E5X42Qy66PZvDMG3cAvdK

7j5suZqL2vUPh/+LbwEV3pz2yXu5SH9QPS+uvgXGFDeYVtVy0aZStaXFWgs4

2j4cXzLPRSGtNIIS7K2w+9Xq9G+3XMRy3+rfaYVWsM4bGEBBuajiv6baJa9W

uDFl6xUTl4seCF8MaSxphaqLChGqGblooMRLIX24FQ71s2tP5ucia87B046U

bXD9iwp5zetchM8SHpW60wbilpMvtEpzUcLpmFfnzdvAZoQqaKMsF3FHL1hv

J7WB9tOg+BdH9ufjj4Q7vrVBxbdyw5MluUjBN3c/b7MNFvew4bjCXDSxe1jv

ztEOnsZ/GU/n5CIXB40wJeV20Lp1qJWakoso56uVuP3a4cplhsvno3JRliHt

WaKKdmioSmUv9stFgsNWY72j7XCK2eoCPMtFTSrfC0tOdsDBgen1YcNcpNl+

0e6FWAcMfd0LClbMRcsPvG9qWnXA8cY3QQ/FcpE/GjwUSOuAPueM+jNcuej0

zRvfjrd0AKvcyT1S6lxUXBYTMbrTAVqtg2eoN3NQFt1WkQZdJ2j6rd28PXDU

385cqm88nUB2ryM5uCYHCYYr2gvc7YTj9mOv8ek5qImk5NZx+064arxk6692

1P9ajXTH4E4Q/eHenXA9B2l6HicazeqED2QC4lOUOWh507CpuqMTXFTVdBQ+

ZqPbb2mvsE93QhHJuX3niGzkb/MlMvygE26+UPdb0c1Gp2fOqhrydsFZVvWG

dVw20s/9/rHjXhd8LT2REtL+EhXrOrPc0ewCTsbqwNCUlwjr756kCe2C6lgt

3Rnel8i0OdgRzXTBIQnD+e8SWcjrE4do1WEXFPrLKZWQZKGE4q8krxm64TSf

sMeLiExUF7GTkHCvG54ccl/lDs9ALEpmH6yyumG8foNH3ioN/RyUPDir9gPW
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P6BX/EWkhFODMBYrTqMLe/Bm0iaR6r0hkCdQW964vAdnGT8OX6gzgqATlWXH

+fZg6cx87N0WY/Df271VcnsPnD7wMz7oNgWPgSDpLYU9yHzKg5t+bwnWCbl2

wd57QLJ3p+nanB0I4K9K9AXswUfGmUs1mvawafWOljN8D8ifHW9vabEHz/vN

b+uT9+Bp80ScQrYDSJQr+Z/K2oP2Kocfb487AinzsLJ+/h74c3YlO1g7QuT6

0sZhxR70v7qUPs33DJR1XRtlP+zBoXxLVkjYMzjdik9MR3uQ/HD9o+nUM8jK

ob95p3UPXmg1eb+LdoIyxTtuTpN7oBwSPTbY4AyOn+ulGub2wH06ozGawgVu

csuepVvdA4kMY1tZWRf4QqRXU36wB+rqzDlNzS7gbzUbhiPZBw6SYVUPgitI

9jtoyVHsg/YxVW7OO67QVRZwMM+4D8Z9HvbSma6QcI664w7LPix5P1j72uoK

6kHJmSEX96HBlaKAbcsVWNbZbfu596HM0tXdmMUNxnSKMa5r+0C5yvs+WsIN

8luEaJxv7EPTtaSDLAM3ML+B/jSI7gPPtQ7ZWB83uJojWUF3bx9oB7WITdPc

YJWq29dAah8WuwjdLJVuUO2moVQhvw9sZ+1b3jW5gdvUxAUi1X1IrVpUvz7g

BmKK1utyWvugxot/EDPjBvjPW/UZBvuQCZTFPWtu0HjZJ37BbB/Wc36SHP5z

g5B4cmMR233YOknDQU30HGSJ4oRDnfahKPTPdQri53DKivnYgPs+FFy9W7l6

5O/ry+/l8tsHXm1Xr+/7bpB2j7/AOXgfRvKsGmI23UC37INLY+Q++N0npVSc

d4OL5+4+ok/YB59Ih6sUv91gJrCVyTBtH4QFHTVr292geE1ltiJ7H6YTo5jc

P7mBrc7vj0SF+3BDQUZENM8NBFtMQ+VL9+HZkvICeZgbbAuvamRWHeXPlZw/

a+MGNdnPryx+2geRGAuBMXk38KYi2Rep3YfKw/CiratucM8toi20aR9qK287

XyN3A7IpxoyB9n1Q8LsomzDmCq0KL60v9+xDBM7mGu97V1C5XHny2599sD3v

l06l4Qpn4kVH6WeO+p9Hn2nK5QojuG9lhotHeIsqaafWXI500a+A/7cPTrfG

Ijy9XcAp8DBWlO4AOJucrfLcncHKu37f+swBENMveP0QdgZD12CTLLYDOEt1

R/rtohMoWZy6Q8x7AJe8dGdKVZ2AX45zrOn+AThQpTegk8+AS3L+8e7jAxjg

uVeU9t4RWMXLq3gUj+433gZvHUegun4nOEL7ABR3zGKDXznAHIMcv7LzAahZ

/q5dPm8PYyfpUl54HABH7u0OmRo7GCDrJ37ndwBU6q9GaVTsoGlXv5cp6gCi

tEn2iXxtIX/EyfN3wQF82NIIHIi3At38jFbzgQMoPTXZJfLIGFQzDYTTRg+g

vi77o7CqEcgmcWW1TR1AZMBBerGBIYiGVDjwrx0ADV+atruLPpyxbjyzSXEI

47uTah6XtaBHaNHUR/QQavOINMq/SoFUgyhJUtYhpNtiB9xxCmiO8S+VTv4h

LKwfsF+SVUJh5nGnLxUfQqRNcNg4QQW1n5zjqXx3CGOqsl1kpmpIST1JsbP9

EALbSY07cTpovfiuZuLPQ+CLp8GpyuqihMNFI+2BQ0jCpXyhPqOH+nLvu85P

HsLkk/2+jCJ9pLm0mkm2fwhfWga5HpUYoQO2jp8mRDgscLnao9zUGMk15z59

TMBhZbck83XYTNDyOXkDWnIcho1RRsoHmiKB2nynLHocZo+f1pm/ZoF8Ldz/

+Z3GYRWn8jpmflqgH3SK3iZncVgvTWf1B0dL5GiyH3z1PA5b7zqbkl9khd5R

KqfXXMFhLatq53QXbRBZ9WX2LD4cNtBhkK92xxap6Rzm+wngMKLGP3X/edii

3fKiMqmbOIxuq+Yi974tktLwFrp6B4extlzk5rpth1IJTz7SiOGwyv/cb8k/

s0MiqkT1fXdxWPn5NgqqKTsUhuuVrHmAw26+UT6VdtYeDRcWt2U+wmE8j9VK

7snZI8891V5jORzmbJJ9t6/MHrXn8WpKKeKwX/f7KP4bsUescsR/eFWO8jss

JS4jd0BfXpbMrqvjsJpoJ6xa0wFRP/a36dPCYfGVHH/qfR2Q3vrT9U+6R/wU

M5r15TuginQ+10wDHOaZREe81OSA8A9JDnyNcdgruWmKY38dkOLygK+xGQ77

+02TlvWYI8pJLjsmZYnD3r4X6xW64IjuzWvQ0Ngf5S/OnKyh4oji4q8lrDvi

sFkzbhozC0c0KXbsbJ8zDjunnyxq7+WIhGeGMj+54bDXb3j7nKIdUUB0xcVM

Dxw2r3Ox1emlI+q9HVTo643D9NdPCNuXOiKuCa2rxn44zCMmx8DskyNyCb/+

9lEADntYn/hDs8ERfRc+fpM3GIf9eaUvJNPmiEQGuvByYTgs63pBZ84PR1Tm

kdJmG4nDQjtUtTN7HdHF8wZJMTFH9aV5eIr3O6Kkeh6DyngcVlfNfCqszxFR

mq7z/krCYV9568GnxxF5Ufy3vZWKw+A4ldmFTke0WvKijikTh7mb8wg+a3JE

xoqyEXeycdiFUfUA18+OaGCD4alWHg6zIdL2v17hiGSSf1/wKsBhvkbT0fk5

juiLSMFi1usjPZ7AK/yKcUSCo7YfaktwmOxT+5eNR/wU+N3ynyg/0ksKddZz

c0d0lhMvR1qFw9yMmPN3FB1RRHMzE9d7HBZQEil5/5YjwlvHTjz6hMM+92qq

GjA7IicazVKLzziM/OvHIbVDB/S38qJb+FccxrGjcY7ntwPq/Fd1susbDjPq

HVt7nuSA7mV6Dqw2H/GdZs5Dau+A3kk8zKNrx2E0M83q/o8cUEZw3221nzgM

7059zWnVHtHyviRx68VhY7Ps7Ft19uhFp1ln6sDR/+cVmR4Qa48sGf8Z/R49

wvdxW164Yo/u5DFHGy/gsKoz1pnlj+xQieSURtAyDovtvsjkSmmH2OdLLhWt

4bCmGxflw9tsEfl1rGZhB4dteOXKfJayRX1f9KcdSYmwlSbCvpOhNXIceiXq

x0qEkZsR7f733AzNeNmS5bETYaGqBV8Df5gijQu3fjRyEGGTzaoizJdNkYR5

syn5FSJMj60u+bDNGFFvz8dG3yTC+G7q92zjDNGbUwKzmQpEGP2O6+/3oppo

c3zBP0yZCJNT182v/6l+9J4vZHVVPTrPxVzz1Pwpalc+r6KoRYSZBTY8rIh+

gpbjqb8QzI7uw92ZZu6RR4Knl+LNvImwuH40grsjhNxnivif+BFhbaqp4x//

XUUN741bJAKIsNGzEs39gRfQk6cjuHNhRBjj1odLWRK7Yi4pbRbtiURYuINP

IUH4JtScKxa/XkqEcbmIL6bvygNhwWSItYIIezyO5LhlFEHmvwvOlFVEWIG4

+OavNCUY0UotnvxIhH16z/6e8foTwGWGMCY1EmGCZytxezc0QNLmQYX/9yN8

8c1xaVtNiAa8jF0rEZZwf4f8V64WsI+6+kp1E2FLY9ofaIl04e55s4W9YSJM

TSH4re19fQhbuRj0d/Qo3//WDim79OHn11H2X+NE2FuRWTJddQMw1FdTK/1L

hB0Mr1vsGRlCQM7DOr0NIuyimOadIR1jaHcg1pbdJsIihRn1d3uNgfEe2r79

jwgbpr4Q4SZjAgUTwlfpiPCYb5HJwvOj3bCZ41JyIyUec+jHRiN7zKC4xss7

9yQeWzJpiBoTMocIpX4TX1o8dhgi89Iu1hwUfcKExU7jMaWPh/PcDyxA8PQU

87mzeOy1WumYZKoFMJQCyS4zHkv8y1oSsmABA0OrP6ou4DGBlL86hsGWUOMg

/Sn2Eh6bmDJ+vNptCRnk+dl2l/HY49fGjFFMVqB/86kdLx8e+0vAh86mW8G9

jgo1CgE8RkS1Fpw5aAWXjCmxv4J47EScwmkVBmuYi0VUebfxWLv06aYqX2to

52ba9BU98nscT9SotIayr/bDuhge4wvzkd8as4YYtdZ6sbt4jKXcjjSQygYc

lziKzz3AY16jifTHb9jAkwCv2F1JPFaxbsbhrmkDN5n73foe47GSPzucvz1t

4EylgH61LB4TPOh+ei3DBvakwh7FKeAxgnmnuP1HGxj5M8lvr4zHfqTOl738

YQNfXOC0vCoem2Ulr0V/bSD7ZPIhrzoeG4up6m/dswH//NUpCi08lmy33G1I

agvGotLtf3XwGG6tJWKQ0hYkf+ZVfdPHYyEcqlgLjS1wWxym5RnhsQ+eb18L

0tsCJf6pv5/p0X2e5B9OM9rCYlKFhZ4FHqseU3d0ObI7+SiVwPqo3iyJEyoM

tlDRaHSb2Q6PQXXDr9JTthCnhc7/c8Bj7/poHoactAWn9dPH+52O+D4Q25o8

bgtqofbL1a54LKmfMqcebwu32Vt749zxmHj8bQX5dRs494ED2XvhsT+RqtQc

ozZwIOeVL++Lxz7m+X2j+G4Do1N94VdfHOGtd+6TldpArYfAM8ogPGa/8Mb9

fIwN5NKFac6GHOmjX0RO3d4GAl5P3m0Kx2NUb/O+vpezAVMJ4MmPwmOLLvq6

Etw2wGu7uqOXgMdETfajF39ZA/Ux6T+QjMfEbrW6MBdaw2p6XhNzGh7T0rgr

EOViDdUtaon9L/HY6GsGQ82T1pCkX+H5LheP9YaI0dX/sgK3HQrj+FdH+p1b

JoSlWoEYJxJUeIPHnD2jozWYrYDt8+lzfGV47M3DXl6HAUvAq9gTn3iLx4R0

3Y9TxFtCoy9Hd9N7PBZbrdI1jLcE2ZFQG6wej1GSpF2gqDUHJZu+NM1veMxI

o+bcR0NzUMNxNLs0H/FTo7vWQTAHffbPF8s78djeyu1FA1EzcDJe7j8/jMfC

Gs4d5kSbQOai8j3iTTzG+IF7a67bAHK9Xtqx7uAxmQvPRoIVDaCIejHjzh4e

C6Uek3zWqQ+VAoE7DnhirEKUQtDxmx40OX0omaAixrwKMntfP9SB5QNmpkZO

YuxyrsYi96MnsBFp/mCMmxirGen1NjmvArts7xwOeIkxEgvvZPltJSDclW8X

FiTGkqm9lMqyFeB0oK/fK4wYo2MZsvo08AjET04vBD0lxtruT8zf/cIDMaxl

tY9DibEPUaRjgjYyyHJ4CQlEEGMWXJUTA9Zy6EEq339M0cQYa9ftz/OV8miX

ofTddAIxRtp96JtQoIj0qUqK/bKJMfPXv2QEbZ8gkdaFQvM8YiyyQe4yiYYq

YgjhfaVQQIwpXyK+1SuhhppJ3rxkLSHG1N+G/uI7ro6u7b9O+PSBGNtZcM1P

t9ZC5J/mYrNriLEe2T4FXdBGEy480cGIGJsJ/y8zklIHJa0Xhao2EGPjuIqU

bRldhJsv9F7rJMZoLPOe+DTqoYHCvx4DP4ixR9ycx6pY9VGlyeXnX38RY9uX

dD3+OOkj0/GCZ5FDxNg5vwIcOasB6hx4Zc4z8/94ssJZFUNUlDRtQjt3dF9k

spRghiHyf8JptLNAjLVw5R17OGGIbnbn63xbI8akhJ7JVJoZIdqoKc2STWKM

yrEpn6TQCM3LXFKP3yHG/igK/Xdiyghlfc9TNjgkxrokfBUFnhojt8BJBSk8

AZN/RO/9MNIYKd/nkLtGQsBERN2aCHXGiOxr7qNDcgJWwjqeYXHBBI15TjyY

OkHALttOfD4pb4JqRC7ea6MmYPMePcwKbibI9n2OWCoDAfuasKCa880ESTmN

3/FlImBtpeFFZbMm6KLghVtm5wiYdQ0xjzKFKTpY0ReWZyVgmbvFxWFH74G+

0uzrN9gJ2HcZa3h63xRVWI3xs3AQsE2SFL4P2qYojIf9KgkXAbs710FS/MwU

Gf/V45nnJmDXEnoDroWYIuzVS64fvASM59yzt4/STNEZoz8cH/kJmDvTzab1

16Zonf38hZfXCRiB/b7o9Q+mqH1Uly1I+Ag/m6mRpN4UFWRkMdvcImBTIlIK

Vq2myFdz9MwTEQJGXHiHzKLbFGmeYTstCgTsBtcvWdwvUyTcp0N/UYKA3Yu7

Xne11xSdTMikpbhPwBoYJUW3e0wRpWy3Cr8kAXt4NWFqo8sUkZGSJKs8JmDO

zNfHuVpMEcnnG0NusgSszIjBJu6rKcI7mbNmKRAwH4Zvp0SqTNEhb7p+gzIB

I10ve3Uh3xTtTXbkzaoSMLyvnYxcnCnaScf/PalBwPSpmR3qvEzRporQFSFt

AlY38bzL39QUrZ0wtVHXI2C7GWCRJGuKlhtSKrwMCZjwBn8YsYApWvBo28g1

IWBXplWaWmhN0awQ7laz+VH/A6n/bS6boOkFAfclKwKm4ir8ILTVBE3kGSE6

OwLWJHmeJjLPBI3Qt9zXcSZgjqy2TLgjPQy27Qf5ux31/6K0y/PzJqjvBX9r

oQcBO1fSlui7bIy6N+IV1/0IWOCNQU6lQGPU8aYpnimQgC285/vvipwxajX6

1ycWQsCevHNRr6AzRo09ujrBUUf6y8+PnkgyQnXhsdklsQQsZTWYL0fVCH25

3zj5I4GA7TsuDlyjM0Ifq3gsWdIJmMk9o6bJAENUEr/p8raQgFVe7Hv+RckA

vZa5XNNXTMDUPBJdGPAGqIBE83C/lIDZlPSERpToo+xnX19IVh/xlRXsQYPX

RwkqYTHDtQQsX9VSPSdOF3nSsxcfGzrSx4NT/fMT6uh5m/LSld8ErPmcdO0M

tTpyeREooDhGwNx04vLe3H6K7Dfm36fNEDC5OHL+f4GqyLjnXcO1DQJmFfqm

I4RSGcnEy/zWoCLB1Ap1xtcKH6GJUyw29jQkWHAQ32Lu0EPkFrN4EERHgrGV

UFhLUz1ABZGRLNVnSLBzX0LbHttIIHxIlxY1Jwn2dHneXUJDGFV7qgzVAwnW

LmYqs/+VCaT3OSwHJUgw8dKPe207F2D8+ea/lfskmGdp6rgkOQ9QuyaeZZUm

wTJpPk/kBQqCuUO/uqsaCXapCUU85hAHVlOtfl47Esyq57cqTlQWqqd4ze45

kmBh1SJPC1vlQNroYFvdmQTj/e7k+OW1PLjpZ54O8iDBxpi7faj5FOGn5h/V

sWASTOSOiUkQvQqYD5ZPb4eRYC6eehXkTSpApO7rfDKKBEvNeFUV4/wErqpe

SBRJOLINRJjt21QhSMHoV0I2CcZQ3Lv7TlEdWDqFjN/kHfFDW7NYMqcOVbKk

m3UFJJiNUIG5gI8GjD1+Rb9SQoLR8lTeKHqpCS7NznnHKkgwoPa89eKKFpx8

JCnEUkWCMdm+uvTxrRaIPPir/PgTCeZ1s2yJ+J02dNd/mND7TIIlRSvt46/r

gNndEEeXryTYeLGrBv9rHUjAeOLyvh35e2xLth7qwsptqx+HP0iw/e2zLwn0

eqA5xX/9z68j/kNSbwlhR/Mzej2mtp8EE76Jv5tlpgcZM88VX/wmwQZNmobO

vtMD8jioMB4jwb7bPN/mHNSDZ0BMKzlJgsl7/E412tcD6YSQLvI5EiwHvfOz

FtGH9+Ky1+YXSLBu1PZZ+Kk+XFigiW5bJsHi/PusuR31ISKpZ7lkjQTTJjR4

S4brw+7dZPmoTRKsaH6MKipXH4yXNMvsdkiwtvIeXdxHfehKYaNW2iPBVnR8

5pLa9I/4mLARPCTBJvnX5J/+1oeClVcd9HhSbGb+vq74kj7QpVvwbRFIsaBz

vvQK+/rgJckX2XeMFHtI65YcdNwAZtdWFz+Qk2IrXS/FZ04ZwJPMatnUE6RY

5fBYpO05A6iVcitxpybFOpcsBNgvGADvpiiV9ilSDCt0Jz7gNICkl0TWwECK

sYnyHifhMQCCTEMbG9NR/HmBZzevGIDtdhAv/hwp5tqZmpt85B/MkQ4fZyHF

RNNiWLkvG8ADOeqF+vOkGOVrquS5iwZQsftDOv8iKZbPFLb4m8UAWPITiwM5

SbELKp84jzMaQLCCBqUZNynGUMXrZHbCANb3WCyleEkxDd0DQWK8AegWjLXw

8JNiv4OcZ/rW9aFVKZ/nxHVSjOp4pejCpD7cODQLXRQixeRtRMnv9uhDdhHv

XMdNUkzPL//xcK0+UD1ZkSq/Q4ppK7JzohJ9cCOqKooRI8XutTP+nUvSh8li

F3JHcVLsyokKgomPPtQQ45qFH5JiPVeyfj6R0Qeu0rrLp6VIsao9PO8Pfn2I

VQ8M3pE+4otL4NIbWn0wL6d6VKNIiqXPDv4K6dKDHs3ugnQVUuy2uItKYoke

YGQJZF5qpNiHTnr8qRA9YNRhbhLXJsU6nB2WzUX0wJf8D+cFPVJsUcObQuGU

HixW5QYSDEmxkh086ccZXainvPLwmxkpdmi+V3o5UhfsP95ulH5Gip0WHtYX

TNCBEaMDjqsupNj13EI3PV4deERT++Lkc1JM6kFV4+JXbWAzfXS/2/sIL/2J

hca4FrTTq9Wrhh3VfyaOa4xMEzQ/UZk7Rx7x9bNYvu/o/53TbTiZGEOK0aXS

7F3fVgeyYgGNX0mk2MF71gT94acgIXFiVTmPFPP78mUkMVQVqq1rWRU/k2K0

x6gpewMVIf3blefSy6QYE8+gTgKXGFyxGmezXCPF5K4ql1Mr34GPtCmNoZtH

eu77X8X1HU/1F8YBvDLuva47CUlCkZkZV+E8uGRz7WwlKi2jjISsiIiQijQk

K5WVFEdJSVT6FZJERttoUtHv25/v17lnPM/5nNfrfnMKf8VyUK83if3wjyDU

ls+Ybn6mhZjfRsosKSTwsgrstl8mjZJkTvSay5FgzrneZyRIDbPv2cYEypMg

5Yv9pOJOTXwumF8uRZEERU3Vu2kyOrilIWRX+1oSsGNEyhui9PGsjQ0/dwMJ

qh+TPTx/GOOdUYu1jJ1JxPfVPcXBTmv8xLrykoobsf4asdj9wzZYW9plhZgH

sX7M3R2+X2zxrztl5I++JFBtvZLjK+CADws7vM4NJkFBnAy1WMARfxiac47b

TYL6MRZ9e7wjtrt2oXN7CAlej2XvWjLniEVdf9YbRZAgICm/58CoEz5ffCbj

XQIJnKe9FBMLXbBgqMWS/5JJ8HxotVsrvyvezv0S0ZxKgmeVjwuTdrhijfdm

W3IySZC1zQYlrnXDx29O9cdkk8D2Q/616gw3/OPoSbugXBIMRF0PNH3nhpu1

PusbnCLBgZj7d4+ecMcyAieuKBSRYCHAoE73oztO6gN51lkSvOz0CFc32ISt

YnKZExdJUHLor8Cv55twtZ1RypMy4vf/FXvelvbALNl3v5sqSRCrWHWkLcAD

97dveJt1jQTeDy8VBr7zwAYF417RdSRQL1ez+ivviYt3ZD0NuE6Cdsq5wDt+

njiQMdqs30yCTt63sqZuT/xgJEN7dSsJIlvUxt//9cSqdbrl9DYS1OrINeup

e+Gv7kdyRztIIB4WcUIh2Qu7qugIPXpIAn3Novm2Si/cNP8qrvER0U/G+3uR

j73wiieHv5/vIQFTXOSV6bQXjj+vGXz0GQlWBa4JW033xmPhL4cj+kiQTvMR

kFTyxhs3JrtuHiDB928f3Vcbe+OKZepdNq9IkPOo64Cpqzemf+o31hsmwf3V

KXcjtnnjkJaE67KjJFDKHO25HeGNnx1TVROeIMEmkaojcknemLOl9/yPdyQI

fOaw4vRRb3x6XbzEyEcSyPzK/atKfJwvkJQzH06SYOUS9ckXJ7zxZuJjpGGG

BL/Ctny6UOCN26sORp39RoJL9JOmR/O9sWLcmqkjP0lgETuRUJDtjTN4PQH7

fpEguOJkbEeaN55adWDAd54EHZcb7WXivLHjj9UOVovIsCYtxulCiDdu6HjU

rsNHhu0X2pVd/L3xstORG1YKkqFI6cgNfTtvHLNL7hqFQgaOv5GCC8cbD6Mu

hW9UMkgv0XtRudIbm7L3Fw7RyXCsQiDGhN8bQ2WzTxOLDJHbpctuTXhhA66A

bL4oGez2KD8+fc8L67+yGQ0RJ0NaYyB5/IIX1t2fe9FWkgzJje0lRbFeWJsx

GKS0ggxX54zXPnT1whplq5QFZMjQ/10lKEzVCysP1FTfkidD19cPAjZPPPGa

sF97CxTJEDucxpd2xhOvFjbRDlchw/Wxi0ObdnhiaaOe6yqaZHit8Ljk6S8P

zD4/1XrKgAxli/lffvy7CTM26CXuR2RYl2TWmH1zExZ+FmvmaEIGJ/mkfaR9

m7CgIL2TYkEG0li2ZNKIO/61XfW/SCcyFBZIhjacc8M/l4TnObuSQfypafAj

Gzf87fRNN41NZJD3zro2/90VT3ZbDb71IcNXjYHeDhNX/EZz+7jrDjIcPdC2

XvG+M37defWS1i4yKPt+MmYGOOPBLbPb6XvJIPlIO97vrxPuzTs82b6PDIHX

1+4L0HTCnXMXf+ocIsMH/lZ+1SQevnb7DUWkgAwWszuVVF9Z43ie19rH7WQg

iw70XC7h4LNj+brvO8jw3f5veGeULm6N6DHi6yLDlyiprzw7HbzojLm93lMy

zKt6r1D/rI7jP2jsLR4iw93KAwE1yitwfKJAzZ6fZLjNjjd/k7sKnRWDprRf

ZFA9XR9Td3cNai2PvnNhngwjJY5HuJMqaNGTqad9fBR4rPqGt1dMC8VLDXxF

TAqQwy3iaArrUVx99TqmEgWkb6rPvbjMRWcs3hsqq1JgRHTK0zfXDLW8XGXO

VaeA7naLZ7cizNHC4pOukesoINigFHtJxwLF2iVGDBtT4OfI5Pl3SdbozEhz

3C8uBRQuodp+exvUEj57WNSCAinFc6G/xWzRwqldBRZ2FMBxzzSyTtqh2Ldu

N656UKCu7aMb33UHdCY653anNwXi/hz8YS/MQy207gdjfhT4lk0/H+rLQwva

JgMSQRT4W7Lbf8VfHpK+H/NGawcFlpYGtp6wdkRGHtc/2Owi3NnY1pXniGLj

VX/Hh1HA/9FXc7tVTuiMSBDf6f0UmL79yTAr0Am1lJ6j1kcR+7spd4RdckIL

XWJS7+MoIKDBPCYi54yk/Xir+RIp8GHB+WC7pzMy+pquuiKFArWzZ73Jx51R

7LLFhrwMCrjLXd+t+csZhb1Yu1Q3iwIn2pWPTCm4oG0nvT5L5lBg+e10hUSe

C/LedKT9by4xXz7+6/soF+S4rLFo7ARR72hvn+xZF7Txxfi+B6co8Ms7c0bx

rgsyOCliV11EgbGa53nz4y5IftmehYgLFDhTVzpBWeWKJF8U9nqVUmDLoCkP

Gbki+snOauNyop6sfXcM3VwR36bZFIUqYr3tN87z73ZFsxIKvtQrFJiXdcs+

nuCKPvc76U1fo0CumWHAh1xX9KbgEON5HQVyevvXUC66oj73K29vXKeA4dO3

0tM1rqhL4hU+00TcZ4X5neIWV3S7X6ggsZkCvJuNrRIdrqihgLN3WytxX22V

C56PXVGle6CFbRsFru35kbfjmSs6K5Ero3WPAvU/sp+b9bmivP7bs2IPKCA1

amc8RfhIwdST3w8p4MufnL2t1xXFuq8oH35EgfVFLTW1T11RmIT1ofYeIm99

Pu1Pu1zRtv7ITRXPiP4eNV3RcdcVeRWUamb1UUB2x2bj/CZXxHN/RgkfoEBa

kv9HVO2KzCWWvHF/RYGsIBVSR7Er2tCv3mQ4TAG+itgazSxXpFHgnSM3Ssxf

HmUQH+OK5N3Td5AmKDCYKy1/PYjot8QNk0/vKNCY8FJqwMEVMfonJHs+UuCP

Kh//Zz1XxF8g+rV+kgLlfZYfvkq5ojk3k4enZijwvn09/etfFzQpvvdC3DcK

yGtVDE4Ou6DRvqIDAT8pUGy9avojdkH9Jx46Wf4i7sfKkTlV6IJui6/hF1kk

BLguLWw5kZ+GPufBn0uEIFdiqZy9oguqOJFQNyggBHPrxWqL5p1RrvhQQClV

CKoCXsqfP++MtonnteuLC0GYQOvTqV4n5N13p0haUgjC+5UnzxY7IccT0/v4

VgiB3J4zlmeI97BB3EahW04IhruPGZ2cckR0cb7DfmuFYK/1JiX3SR7i69Pw

NdMUAm79GiutCh6azffRU9YRgnYX+tLjATz0Rqzp7Vd9ISi6v12X/NwB1YuF

WBw2E4LerHPOG63tUdeT7MAKCyEQrNPMbSu2Q2NHapK6rYVAeTordOuMLRL9

+7VVxFEIVL+Ft4Zm2KDwt/v1z/oIgfWDO7JqJZZIuzFG+UaEEAQam0Zl7DZF

1zalCn8sF4ICkfPLxjYrog6RcmX6ZSHIE97irPJ3NRrufmCheVUIFllUJ7AL

ZRHThJoc0SAE4x0KS1NrlqK9ypnzfG1C8G5W1zbh/LcW9d/HJ6UGif6cC9Y7

0KyKzevrhOG1ECwPP3BE8KM69tnzXHnLGyHwIjlbi6dp4sxRsaDyd0JgWhBY

u6hUB08+PPl63XchiMj5pOBUsx5fLix+YkenQmLyaIrXnAk+lVjbYsCiwlXy

KYn7+aY4Zcf9KmVRwulDcXc1udiPM5UqKEmF5bFLrU39zLDoMyPjFnkqWP+2

2zlTtBEvvumoXqVIBXZjjUO2ggWePBe44pQKFXTWlFzcXGWB7+/JnNunSYUp

n8s1u69Y4mjq0DU1Qyq8mruWy8qxxkFfZoqXAxXKlF4zZPhssPMLgUyKKRV4

2p9D2CE2WO2S2o5xCyrE5Ep7J5jaYslMY/f/rKmQM0LZP33JFgvuczG/bUeF

G2pe+asodnjY5KBckTMV8guf3mu+bYe7lbKZ6W5UML1SKi2xzB43MS8uRHpQ

Qe/RNE16lz0+PtQ14OxHhevuainpxP/x+PbhDpMtVMiKWiISr+yAd1Z9a9AI

pMItCd7+VlsHbB4tdVx4JxU2e43WSWU5YG1/jUO/dlNh0H/ZL53LDljGgrvn

XQgVtFVa3mc/cMDC6u7eveFE/eH5ilpjDnhu6U7ruxFUqAXpVNF5BzzxJ06/

JpoKbfWHBDmiPPx09PiaswepsKQ0+9FpJR7GnZeWZsZTwepWrR4y5OGqazf5

YhKpsNL9UbusPQ+fLHg8sz2FCrorNJRMfXk4JW70tVsaFRoNwowu7OLh0MCf

3WYZVJg/6EU3ieZhX1vqLe0sKozSGrpXJvOwjc7KCtkcKtClFF4ZZPIwZ7l2

ASOPCmTbxQ9O5vGw/JKNKfMnqHCFssxS7zQPs997hH88RYUXtckgVszDfx/v

3vyiiAqzHTub9c7x8KeGBIf7Z6nw9fed2ULC/UX5RvUXqLDGXsh141kebk+q

UL1QSoVrHOEtnCIerglukcwup8Kil1l9IQU8fMbxKTmuiqjPSzjvezYPp+tP

/Nh5hQoRgW6l7Wk8HCnza8yjhgrmQ/ZoLI6Ht5Lo/1nUU8GtL+mWUzgPO07K

3tZtJO6vt/+8WBAPGz1fd2X1TSpUBssWq7vzsMotyyJ2CxXS1duSz23kYYkL

3umLblPhg7aV4551PMx/JCRqso0KPjMLCoWyPDzkdtKl8wEVqDMKmjLfHXCA

gPWx8i4qbDvY8HZ+0AF/rPnTmfqYuH8HbwP3Ngc8S/ODjc+p0LxyYld2ugOO

vck6oNBP5DXQ/1vELgfMv72tXuAlFRJCOcEfiDyx7iqo3B2mwsSdtKFEIQdc

ENK/9cIoFQaGDAWDuu2x9MojZxMmqJAbnPxoUaI9Vo7+vNT4ExVccs6KUCbs

MFejblHLTyoEbKhLPJhhiztfbd1Q9IsKFndlNFrVbTEvXXx/zDwVwCgm9ugT

G+wzEf1xPZ8w+P13n++bkA2OKDTuvU4XhsszHJ56gBWuID+uvCYvDLJ3snXH

a8yxRkP8xDFFYcioPfDWTcccX9+iJbtXRRheqkV9kagzw3db8vLXagrDwY2X

l9yq5uJX4V6HKg0IO2sfFMgxwcyR964XnYTh2s6De1/oG+B9N/iXnDwkDDUv

bD/eL5HD0v7lCQ1JwnDVZZ8RpsrgDrId37PDwvBAkV2xfUISS7qf4GdkCsP0

fw5vYtOYuPWHEin5lDB8+U9Gm7Z22oiqYy8cUisMbo87QoxFFFDdy68ZmQ3C

EC8TpsSXqIh8EgtoVTeEodhM9dTHz8ro6tMR+lssDI7S5ZPqderINSSc5d0l

DJYeXZ59B3XQueqTYpbjwjAh+67BTdYQWbkanQh8JwwL5fecLVcboW/zb8ST

PgpDf9Obn4tWIWRuq7oMzwiD98Wn7lfTAH362LJ83YIwOBffca30MUH5x7cU

Oi6mQex/2y5/6zZBaAN5xV5+GsjtSP9xb70pyjnCk64UokHYizDaa2Eu0lMa

k5EVp8E2efXSl9lmaPhJ6jkjSRosMVzSvu2TGToSqSbntYIGmcpOYRyuORq8

v3/ViVU0EPgUFJnw0Ryl7FleUqdAg/t/VstOrd+I1MVbVz9VosGHQ8YLCYc3

ooRAigJNgwaPxN2qyBIWSJVeXaqsTYPUkq5DU54W6Hm94xoLXRpouK/Pe1to

gRQFChUTDWggRjsOc0stUU8VlJ9FNFALjDopZGeJop3HlVpMaHDu9ZkaqURL

1H1hrcqcBQ20NuiG6I5ZIpvIewdGrGlgeOnYTn+aFeq08el6YEcDa7FP5ye0

rZCF7A+pGh7hEo3ku25W6N73o7tOOdOAKq50fy7SCnE75VsS3Ihx952+ySes

UNuZZnqwBw0uZcHhwForZBLm4uvkTfhNRFNhlxVq3fj5ygY/4nxj5tfXjFoh

I6nkRau30MCsWTSW9NMK3ZqW4gkH0qBDzIxnQLZG69vrzn3bRgNyz++6e2LW

6MZJmy+DwTR4nD2w+5KcNeLsHjNp300DO93G5Ncq1qjBJOb45RAaKGk7Gu/V

skY64qJjeeE0yJ/+qeSpa41qPlbqxEbQ4MBaDfJ5PWuk0WqaHBhNA8c49zFz

Yrw69+Vzu4M0WPrWSNCGmK+6PUxBL54GrMv132qJ9SsNqRErE2mgvld23yFi

f2X2hfukFBr0ZCxOv06cr2xivcR0Kg1MxkMjNhHnV7j5dFt/OmGpy407iPpK

snbcaM2kgbBzNGWKqF8uYIlQeTYN/BLK/T50W6GznFMe2bk0eLLzwLRfvRWS

pmlVRp2gwXsfIQW3U1aoaOTBb/9TNAi+XFXWE2OFpBr8bayKaNAs6bjpuZcV

OnVkrlDrLJE/9UFe0HorlK+tZMRXSuzX2HXKetISiZJvZ34sI/Klnbyu/K4l

yhl0f/1fJQ2MRFwqKwssUVZyanzJNRrs07ahNepbIrqHTE9GHQ1QHp58JGiJ

MtY2yu67ToO+SZvckh4LlNr39o5ZMw0K8r24ZX4WSLAqTmRtKw1Ovul+Prba

AiXFiweItRHzF8XrzU9sRIeUNgq87SD6O22VMBywEUUfKN2Y+owGe5JTK5wt

zNGsvVHB3j4aHHlxZYz3xwztX937zn2AeB9BZ7N3VZuhsG6BI0rDNLjYsb10

Nc0M7Vy5tavzI9Ef95nsgnpT5NO2ikfjo4N7xQ5fw5uA/mZXv9UWpEP5ltdS

K20BnfXTj/Wg0EFqSIGPfROh0Xm7yksMOgj42np6fDNE2zjRAiZSdNBP/TWe

arEehV5+cmP/OjoM668bbT2mhQ6fOCg3HEQHYz12QNohPqQYSL4hGEyH5sWt

2ofe/TDq1Dlur7abDp1Zb2tcAl8aCT8ti4kOp8NV2dt6OpJzLTnCz3pFD9Eh

cf97CRkhMVx4SDnd8hQd6PdU+Q+rKmNDh3rZvUV0uPjAe+bFggoekobG/LN0

yKs0yt/SpYZlb7mMj5bS4d4ZRoValQYu/RGPYmvpsNrxjVOAuA6+Gtz3taaL

Diu4pRseu63HHxct6ut8TIc7SpFa08IbsEK+YtObp3S4L2DzMrZlAy5sjYpn

v6BDOm36QImYIT68VIoWOk6HiXxvla0nEb5TwZ1Oe0eHE791t8pJAP6Ddv13

7iMd5G6+s8n0Bxy6o+VkzwwdRjiL0ownAftgPwXNBTpYBGVG7Js0xied0yiW

ixlgYXJl+WolE/zs/bVPfvwMuDlolX3B3wRbifLVHhNigKBtpSh/lwlOLlfJ

L6MxIGH5Q7dX8ya41cg5qpXJAH6+pL4INVO8bvtFNC3GgM3kT52jyaZ470K3

HFmSAZ3cpwlXqk1xxfEfAjIrGLAx7fNfjeemeFxx5Xs9GQYcFX1OCZwzxTIt

G7vsVzGApO1fYbOciz2d9l4JUmAAq6BMbXQ9F+e/K8iJUyLmx/yQVXTn4p6D

t/edUGWAx+EbbpJhXCws8sH9ijoDrh0NHmlM5+KNZWyD+1oMKFcJFeE7z8UJ

hhtWvl7HgDTz2cTZei5ufrplyU8OA57HtgqdvM/Fs0EZ43QDBvidmW4d6+Vi

7fm6DgXEgCx676LBUS7enfOq0siEAYmbL2yNm+TisjWCWa5mDAC+NQ8f/+Di

0VtrQ3dbMCCFesD20R8ulnZ0c0mxZkCDf7VFzCIz7P42jnPGjgH9K4PcXy42

w8djypY38BjQ5x7r9pkYf8TqWeh2ZkCdTZ5v3TwXUy7NjYy7McBJqqRDa5aL

uQZy7fMeDJBmJCgGT3NxXI9V2VIfYv+DQY5+E1zcFBiWrubPgJmQ7a5LB7j4

++/Tu80CGCC7bCr+6EMu1si+y/MOYkAHTdajq4mLgxU+6+zbwYDMIseLzy9x

cenNpRJHdzEgSXyr3+UcLh5xMPpdspe4HwP5NrcDXCw1ETh0K4wBs2/PG73w

5+JsZmPJpygGmM9b+4QrcnHXxeHD/AcZkBtT9ecEmYsFN1CCpeKJfJCaS0sn

THHMVg9NmxQGDC5r33q60BRf/5UgGpDGgDK7JXJHw03xl6zKnwcyGFBR8UL3

kJUp3tb0p7kyhwG6Ifzv06ZNcGSMREhmHgPm238LfmkzwalGOqtDChiwvs7M

pD7PBF+6E3xE9wwDplxWyATomOCJzgHX2+UMiHo84S3sa4x/ZPyglFQxQK10

xPa7vDEWtGc3p1xhQKl026sdHwHL/2e5yqaeAfJR89/EQgEHvGyc6m1lQLZE

9N1dQ0Y4vOjZ+RttRD1ppg1ZrkY4yXfapfAeAzI6fo8YdBniC6Nrbvl3Ee9l

1Kl631UD/OZjfuqnPga07hjfKOqzHvv9CZddMsWAwjNr7qz0Wof3thx7NjbD

gPhblORtdTo4Pr7q8P1vDHATzv0MVB1czD/2OeMXA+5JHng4XqeF96QovaLy

MaF9dnXTo6/quDqzoDyfzgST672SPnWrsWrxfpMqeSbILZ/taBGaMTKfn28x

WMOEG5rP7a315418PZM3dCsygZ7W0zNVxY9yxHN1JlWYcJWu0TDnwUQ/s64p

aGgxIeyWmvkbFSl0J/6TUJ0REwYvi+mtclZCg0Nhh7nAhOmkEEurSmX03eA3

33NjJjRI9262WFBBinOU+e9cJowPMA2NT6xFR0PWTOlZM2FmMdvnXocmKn1c

HdxhwwRPjwcn3vproVY13Xfudkx4VZPJHz6rhb68545E8ZiQu+dPau4KHeS+

efN/N92YINB21THUXBeFtr63t9lE1Pvt4vC2B7ooXTqka9CDCW5LK5b4Weqh

loG49nlvJjzcEFstCxzUxyGZZPoyQV05aUlvAwdN52e2SPszIaL7WbyPsj5a

5VR0HQUwoe6zSl8baT0yuLZa58lWJgjL7Dp5NGQ9cmVUXfULYsIu6mtPgf71

KPVhU/mhHUwQ7FZf8erUBjRp2n+6bS8TrDpsf7r9NEDk874SzqFM+PCwyvGG

mSGSXfQ2dyyMCZpCmu1ZxwyR863vRwUimGDbctvx8HIjtFvyoFB+JBM2ZUgq

F3saocOR/IcVopkQwB+XvazACDXpiMRvPMiEH0ciZBUFEXqWc+pPXywTUu+r

+TToIfR5WjZqWzwThuJknU5vRUjQvvz77CEmVIveXvo8CyGZyxqhaYlMCCzV

UtjcgJA+tXFyWTITjE1l9xi/QMhxOwquSGFCiXusWegsQjvv33u7PpUJareW

6/yiAEqWtwt4mMaENJPpv6NLAZElH1sYpzNhqb6SosdKQBl0B7XrGUzgVKhr

6q4BxOTrYallMuFJlMmlSDVAuT95P85nEffJWm4kpwVI4tPTAYlsJgRF33yi

vQ5Q4bATzsxhwu0HHP9qXUAyz59d4M9lwspPhySOEy554JIanUfU90zOfFQH

kGJL787pfCYwpfj9zmoCqqpx4wUWMGGJ6JolXaqANC71rxs8yYT9vj6TQQqA

ak9vknQ8TeSRzSe8XxqQ7rGBhfuFTNi8ozRoVhRQU5LnqOEZJlBWtmrNEPUa

RQ3ery3+d781Ke2/ELqzy7tK6RwTDOy3rykeIr5XNg8dKz7PBIWh0cRwjFCn

q+++pSVM2Onvt9K6CCE76+FN6ReZYNPq2qYYidBT5G+0+BIT8l5Wx4o4IOSq

80YuoowJbUHTJSx5hAYUt5A+lzOh8PbObqWfRmiEtfVJfxUTug1WPGnLMUIB

ghN1dtVEnrKEVjt7GaF3vwJP3r3ChFq9J8HLVxmh6dFtm6/WMGGK15u6u8wQ

LWrY+e1wIxNeRJAR+7gBSqr43D9/gwmjzfvqTTcS+Sze3Rx2kwmz9YlnZmY3

IEbq3hTfFib496zveO+8AUl7hEvo3WVC//fxhaBpfXTe7vufqnYmqEa+FSjI

1kcKpvtH5O4z4fzWD/UnNPTRWtXICnonE3K+Txlpb+Mgw4UDBhOPmTC38fdZ

GayLWr/8kfHqYcKzfgFntoMu4r49KPD0KfGe6qq4Wq/XIZsncY+anzNhYXvb

n7WzOsjrfKJf3ksm3Ir+23RITBtFm6cncd8S7zn+bZCmzFpkJe3JqH1H5CfP

Qdh3mRpa/kP5lOwHJkRv38cqZaqiWxc7ryx8YoJ39ZZL7+eU0F9+oZeNX5hA

+9Irp9Ykj5LaUjXVFpggcdH82Q+WJMqElKGlS1ngseRr2puTi7GPhOv2JDEW

MBQdN1q9FMDq0/LfvoizwO72SKu+uBB+UtxOeSLJAtGFA4x8IxYW+cu/7ogM

C1zcnnRHH1iGC5oT0xdUWJCaJCqTlLsab8tzEtulxoLeANbvlUnyWH/XqnMv

17LgjPpl0Z97FfCAVFtDoyYLXl8viSGZKOIVMUvehOqxYI1IlN4JrILPrz/E

eWvCApNloBMorImTsqwmwrks8Dm/3+VkiCYOHBPJXWLOgt9yn/HhZ5pYObN0

aoUlC755b14UdlwLC4/uKaq0YsHRm4uf+0xp4Uk9fWt9GxZU3U6YGbXQxrUj

D0ud7VmwYu2M5ulv2jhfN8/5jQMLukkTFS3mOjgy3WfJXkcWUHaOi/nk62CD

dTPe6S4syAp82PxDbR2+myq29I4nC8oCzYQ+GOri0lev79h7s+DKPa12swO6

OFWrfO8rHxaUlok5zdTrYpvBDV2z/ixwyHh/fc0qPbxWUyA6ZQsLzlI/GVW6

6GFmyqM1oltZcO+l3dyeZD38XN0/UX0bC3bndAxcG9TDjUnKms3bWZB0c05b

mZ+DT734OmQVzAJb3ZurBxQ5OGZtc0b/ThaMq/fQW6042CcxZX3gbhbcEVUo

GdjOwdBv/+7rHhYMxZRPKKZwsJzasvxDISz4vFlBsaKYg/kT3pgywlhw8ypT

yKeBgyd6K2cKw1kQoW51kNvJwR0q+4qV97Pg3Luh294vObgi3si2MYIFd0k3

Aivec3DGc9JvsygWWFrbWKp85+Ddyj1l/0Wz4K+Yft7IPAc7xJ1y9Y8hzqf3

tu0Rnz7WeraFf+ogC5x3SRR+E9THokpqNTFxRH8ehGq6kPTxz4M/fIUOsSBj

fsnYF359PPAU0woSWFBR1uD75C8H31qTdlM+iQU2TY9OT//k4DMxjttrk1mw

g99qwPUzB8f3LBc3PsyCB0yLS4LDHLxZYfzuo1QWLHYK6Od7wsHcA9WhXkdY

8OgxJcOxmYMVnkTIfEgn8uuEFX9e4mCyvPGjiKMssOft9PqRxcEfooRiBLJY

wD6cv9xlHwd3PfpP6fgxFkzFF5yVcOfg6lVFfTI5LLi8rGeHOYeDsyMDk6uP

s0BStMtwbCkHh3eraxvksYD7aYvM7LQedpWbG36QzwLjhUHP1Ad6WLIr3WD8

JAtW9QtZcsL08B8Zlw+hp4l8rvv6ZCtXDw/tky5YVMQCqTw1LxURPXx+5bWv

y88S/U3kPS8s18UqYb0VjqUsUOJfaP3VtA5H+pxsbb/Egrgaibh1sUReLb16

OeUsiPp6yjUbrcM+Mm8Wr6xigTpX+WznLR18rPuz+8drLDh9z0RG5rw2Hmy8

utunlgVvbFbQkZs2VioJS+qpI9570YZoLKSN70TPXbl+nQUxqo55pF1a+Nsa

AVJSMwtA9dTSKys1MYh0SP1sYcGkus/G/zo08NGFI1o7WonzbR7NOrdXAys8

Z/o4tLFg/wu33e2R6nhTglS91AMWmMdXuLHSVXHLoPaW+mcsWGd/7Iy3nQIW

6vgRqdhL5Hl5b45+nDx2q72RebqPBRPU3CuXq1fj6TTUdGiABf7brsrUUlZh

OT1rlt0wCwTf752mbV2JD2dvxhMfiffp1+7JusvCDubZyyX42JCQVHEktGsJ

qq62da7gZ0Nh6bSPn68gEhYXOmogyIb1y69+OPuJgjreJiz4Udhw/FJIpFU0

ExmnhY+UM9jw9Dv55pSbODo7oyFpwGLDAhjmRgksQwubPjs+YrOhzOjdWH21

JGpSDrz7ZSkbfqmFjOV9XYG0utwubZBiw2uK957VsnLomI7ocPcKNqSO2zz0

HJNDk4VPJPxWsiEzKMWzvWQVqthleSRJjg0P6pSPvZGSR3KMDbu6FdngadLx

3PTdGhQf8fOirzIb9H47NJGPK6Kh17VDMypsqCystAlZr4ROXVV1EFNnw2Sd

qtFkrDIScZTW9l3HBpnoH5e+D6qi0KaB4BldNrxLG7bUDlZDT+ROlCRy2ECK

Tn597rsayvjKECvbwIbbm0o8RhbWog+eXXbrDdnwTeqx6umD6sjiburhLiM2

vPHr73abVUf8eYvnpo3ZEPpGzrV/rwbaPN+smWjKhkXjM6+kyjRQ69boHUvN

2CDyi3HW/pUGitH9+lLfgg06e2p99xhrooEzV0S7LNlQWxHZ5rxXE3FIO219

rNmwVDti7bIiTfStb6wlwY4Nwrv7KrSmNZEjnPsp6sCGfepchQQxLXS1zFvj

Eo8NVinqBy+u10J0luR2fSc2aJ6qTDnlpYV2RvWee+jMhkPClz18Y7RQ50jO

gLcrMf8+2fHLSS2kaGUvMu3GhuUHdwg61muhlBqqTcImNqi8NnU8+EgLjUt2

JIl6ssEjv84hbFwLcROTmku92CDNF+yt/UsLnf8IPzg+bNj59KBos7A2WuQ8

v/ahLxuK9xg5MldoI59bN4K8/dkg68evraaijW6t3n92ajORr9wZtqieNpI8

qvXiUAAb9t66crQdtFHk90mWaCAbRssVYk0stFGvd6VVaRAbnJ6pLKTbEn4w

Y19D+JMD7UHlP6/juLQQVhMJFnlIuI/W7ttLuKHtogLZThv1Nw+FC25jw2my

/8aYf1aSj2YTtnu8i17wz3nBcdKE/SaoLrWEX+yaTdMlnNkh6P+O8MAKdnHg

v/nbTMNt7AmnuZeEEi4oVeAE/PP3M+WxhCMY1w4cIPyyW6Uun/C1jHuHyggP

HjR7cI/wOnHTI3/++X36o6eEXSOqrZkOhF2e/jdEeGdVX8Yqwq/UfId+EP69

Zk+mBeGhV5FfFbazYbEUf1bGP1viWS3Cpnev2BX+c73AghHh+00amZWEXx/N

IbsRzspoyeggPDzXT9tC+OfOHuvef966UmQP4d6L7UdG/9mwasVhwh12Pql/

/rn8i9xxwo9ekTeSeYSX6isWEzbjO5csQnjkc7vWdcL3QksTFAm/2STMaSN8

4fsyY61/bnc0fEw4Ov5w3IZ/Lnq98S3h5abeMTb/TFGw/fpvvPvheud/3rfT

8S9hPgHjKM9/Hqlxo+5gg8DyVr3NhEdt57zECYtxbfZvIzx2A21e9W+88Z3O

7n+WTwlSJ/zsWkFY2D9nd+3cQLhpj69W5D/Ps0M3EtbWhpCYf96+KcKJ8AgY

acT/8/PiGF/CV4e99iT+s/HEoWDC9d7Fa1P++bLq4QjCZoKU3an/vCwsI5Hw

R5UitSP/nHwjO4twwCrfXen/PPM3/zThKq6jWgbhcW/zwkuEpz5E7frn/wH/

aoly

     "]]}},

  AspectRatio->NCache[GoldenRatio^(-1), 0.6180339887498948],

  Axes->True,

  AxesOrigin->{0, 0},

  PlotRange->{All, All},

  PlotRangeClipping->True,

  PlotRangePadding->{Automatic, Automatic}]], "Output",

 CellChangeTimes->{3.392616446173208*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Lagrageva energijska funkcija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "Jv", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]1", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "Jv", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]2", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], " ", "m1", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{

       RowBox[{"x", "[", "t", "]"}], "-", 

       RowBox[{"a", " ", 

        RowBox[{"\[CurlyPhi]1", "[", "t", "]"}]}]}], ")"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{

       RowBox[{"a", "\[VeryThinSpace] ", 

        RowBox[{"\[CurlyPhi]2", "[", "t", "]"}]}], "-", 

       RowBox[{"x", "[", "t", "]"}]}], ")"}], "2"]}]}]}]], "Input"],



Cell["Gibalne ena\[CHacek]be", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"x", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"x", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"2", " ", "k", " ", 

    RowBox[{"x", "[", "t", "]"}]}], "+", 

   RowBox[{"m1", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "==", 

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"\[CurlyPhi]1", "[", "t", "]"}], "+", 

     RowBox[{"\[CurlyPhi]2", "[", "t", "]"}]}], ")"}]}]}]], "Output"]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]1", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]1", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    SuperscriptBox["a", "2"], " ", "k", " ", 

    RowBox[{"\[CurlyPhi]1", "[", "t", "]"}]}], "+", 

   RowBox[{"Jv", " ", 

    RowBox[{

     SuperscriptBox["\[CurlyPhi]1", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "==", 

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"x", "[", "t", "]"}]}]}]], "Output"]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge3", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]2", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]2", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"a", " ", "k", " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", 

       RowBox[{"x", "[", "t", "]"}]}], "+", 

      RowBox[{"a", " ", 

       RowBox[{"\[CurlyPhi]2", "[", "t", "]"}]}]}], ")"}]}], "+", 

   RowBox[{"Jv", " ", 

    RowBox[{

     SuperscriptBox["\[CurlyPhi]2", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "==", "0"}]], "Output"]

}, Open  ]],



Cell["Nastavek", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]1", "[", "t_", "]"}], ":=", 

  RowBox[{"\[CapitalPhi]1", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]2", "[", "t_", "]"}], ":=", 

  RowBox[{"\[CapitalPhi]2", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"General", "::", "\<\"spell1\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Possible spelling error: new symbol name \\\"\\!\\(\

\[CapitalPhi]1\\)\\\" is similar to existing symbol \\\"\\!\\(\[CurlyPhi]1\\)\

\\\".\"\>"}]], "Message"],



Cell[BoxData[

 RowBox[{

  RowBox[{"General", "::", "\<\"spell1\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Possible spelling error: new symbol name \\\"\\!\\(\

\[CapitalPhi]2\\)\\\" is similar to existing symbol \\\"\\!\\(\[CurlyPhi]2\\)\

\\\".\"\>"}]], "Message"]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge1", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge2", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge3", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"2", " ", "k", " ", "X"}], "-", 

   RowBox[{"m1", " ", "X", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "==", 

  RowBox[{"a", " ", "k", " ", 

   RowBox[{"(", 

    RowBox[{"\[CapitalPhi]1", "+", "\[CapitalPhi]2"}], ")"}]}]}]], "Output"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{

    SuperscriptBox["a", "2"], " ", "k", " ", "\[CapitalPhi]1"}], "-", 

   RowBox[{"Jv", " ", "\[CapitalPhi]1", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "==", 

  RowBox[{"a", " ", "k", " ", "X"}]}]], "Output"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"a", " ", "k", " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "X"}], "+", 

      RowBox[{"a", " ", "\[CapitalPhi]2"}]}], ")"}]}], "-", 

   RowBox[{"Jv", " ", "\[CapitalPhi]2", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "==", "0"}]], "Output"]

}, Open  ]],



Cell["Zapi\[SHacek]emo v matri\[CHacek]ni obliki", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{

   RowBox[{"A", "[", "\[Omega]0_", "]"}], ":=", 

   RowBox[{"(", GridBox[{

      {

       RowBox[{

        RowBox[{"2", " ", "k"}], "-", 

        RowBox[{"m1", " ", 

         SuperscriptBox["\[Omega]0", "2"], " "}]}], 

       RowBox[{

        RowBox[{"-", "a"}], " ", "k"}], 

       RowBox[{

        RowBox[{"-", "a"}], " ", "k"}]},

      {

       RowBox[{

        RowBox[{"-", "a"}], " ", "k"}], 

       RowBox[{

        RowBox[{

         SuperscriptBox["a", "2"], "k"}], "-", 

        RowBox[{"Jv", " ", 

         SuperscriptBox["\[Omega]0", "2"]}]}], "0"},

      {

       RowBox[{

        RowBox[{"-", "a"}], " ", "k"}], "0", 

       RowBox[{

        RowBox[{

         SuperscriptBox["a", "2"], "k"}], "-", 

        RowBox[{"Jv", " ", 

         SuperscriptBox["\[Omega]0", "2"]}]}]}

     }], ")"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"b", ":=", 

   RowBox[{"{", 

    RowBox[{"X", ",", "\[CapitalPhi]1", ",", "\[CapitalPhi]2"}], "}"}]}], 

  ";"}]}], "Input"],



Cell["Kjer je MVM", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Jv", "=", 

   RowBox[{"J", "+", 

    RowBox[{"m2", " ", 

     SuperscriptBox["a", "2"]}]}]}], ";"}]], "Input"],



Cell["Poi\[SHacek]\[CHacek]emo \[Omega]0, ki ustrezajo", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"FullSimplify", "[", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{

      RowBox[{"Det", "[", 

       RowBox[{"A", "[", "\[Omega]0", "]"}], "]"}], "\[Equal]", "0"}], ",", 

     RowBox[{"{", "\[Omega]0", "}"}]}], "]"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", "0"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", "0"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       RowBox[{"\[ImaginaryI]", " ", "a", " ", 

        SqrtBox["k"]}], 

       SqrtBox[

        RowBox[{

         RowBox[{"-", "J"}], "-", 

         RowBox[{

          SuperscriptBox["a", "2"], " ", "m2"}]}]]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     FractionBox[

      RowBox[{"\[ImaginaryI]", " ", "a", " ", 

       SqrtBox["k"]}], 

      SqrtBox[

       RowBox[{

        RowBox[{"-", "J"}], "-", 

        RowBox[{

         SuperscriptBox["a", "2"], " ", "m2"}]}]]]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       SqrtBox[

        RowBox[{

         RowBox[{"-", "k"}], " ", 

         RowBox[{"(", 

          RowBox[{

           RowBox[{"2", " ", "J"}], "+", 

           RowBox[{

            SuperscriptBox["a", "2"], " ", 

            RowBox[{"(", 

             RowBox[{"m1", "+", 

              RowBox[{"2", " ", "m2"}]}], ")"}]}]}], ")"}]}]], 

       SqrtBox[

        RowBox[{

         RowBox[{"-", "m1"}], " ", 

         RowBox[{"(", 

          RowBox[{"J", "+", 

           RowBox[{

            SuperscriptBox["a", "2"], " ", "m2"}]}], ")"}]}]]]}]}], "}"}], 

   ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     FractionBox[

      SqrtBox[

       RowBox[{

        RowBox[{"-", "k"}], " ", 

        RowBox[{"(", 

         RowBox[{

          RowBox[{"2", " ", "J"}], "+", 

          RowBox[{

           SuperscriptBox["a", "2"], " ", 

           RowBox[{"(", 

            RowBox[{"m1", "+", 

             RowBox[{"2", " ", "m2"}]}], ")"}]}]}], ")"}]}]], 

      SqrtBox[

       RowBox[{

        RowBox[{"-", "m1"}], " ", 

        RowBox[{"(", 

         RowBox[{"J", "+", 

          RowBox[{

           SuperscriptBox["a", "2"], " ", "m2"}]}], ")"}]}]]]}], "}"}]}], 

  "}"}]], "Output"]

}, Open  ]],



Cell["Razberemo tri re\[SHacek]itve:", "Text"],



Cell[BoxData[{

 RowBox[{"\[Omega]01", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"2", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]02", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"4", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]03", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"6", ",", "1"}], "]"}], "]"}]}]}]}], "Input"],



Cell["\<\

Izberemo X in poi\[SHacek]\[CHacek]emo lastne vektorje\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"\[CapitalPhi]1", "[", "\[Omega]_", "]"}], ":=", 

  RowBox[{

   RowBox[{"-", 

    RowBox[{

     RowBox[{"A", "[", "\[Omega]", "]"}], "[", 

     RowBox[{"[", 

      RowBox[{"2", ",", "1"}], "]"}], "]"}]}], "/", 

   RowBox[{

    RowBox[{"A", "[", "\[Omega]", "]"}], "[", 

    RowBox[{"[", 

     RowBox[{"2", ",", "2"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CapitalPhi]2", "[", "\[Omega]_", "]"}], ":=", 

  RowBox[{

   RowBox[{"-", 

    RowBox[{

     RowBox[{"A", "[", "\[Omega]", "]"}], "[", 

     RowBox[{"[", 

      RowBox[{"3", ",", "1"}], "]"}], "]"}]}], "/", 

   RowBox[{

    RowBox[{"A", "[", "\[Omega]", "]"}], "[", 

    RowBox[{"[", 

     RowBox[{"3", ",", "3"}], "]"}], "]"}]}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"\[CapitalPhi]11", ":=", 

  RowBox[{

  "\[CapitalPhi]1", "[", "\[Omega]01", "]"}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CapitalPhi]21", ":=", 

   RowBox[{"\[CapitalPhi]2", "[", "\[Omega]01", "]"}]}], 

  "\[IndentingNewLine]"}], "\[IndentingNewLine]", 

 RowBox[{"\[CapitalPhi]12", ":=", 

  RowBox[{"\[CapitalPhi]1", "[", "\[Omega]02", "]"}]}], "\n", 

 RowBox[{

  RowBox[{"\[CapitalPhi]22", ":=", 

   RowBox[{"\[CapitalPhi]2", "[", "\[Omega]02", "]"}]}], 

  "\[IndentingNewLine]"}], "\[IndentingNewLine]", 

 RowBox[{"\[CapitalPhi]13", ":=", 

  RowBox[{"\[CapitalPhi]1", "[", "\[Omega]03", "]"}]}], "\n", 

 RowBox[{"\[CapitalPhi]23", ":=", 

  RowBox[{"\[CapitalPhi]2", "[", "\[Omega]03", "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"General", "::", "\<\"spell1\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Possible spelling error: new symbol name \\\"\\!\\(\

\[CapitalPhi]21\\)\\\" is similar to existing symbol \\\"\\!\\(\[CapitalPhi]1\

\\)\\\".\"\>"}]], "Message"],



Cell[BoxData[

 RowBox[{

  RowBox[{"General", "::", "\<\"spell\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Possible spelling error: new symbol name \\\"\\!\\(\

\[CapitalPhi]12\\)\\\" is similar to existing symbols \\!\\({\[CapitalPhi]2, \

\[CapitalPhi]21}\\).\"\>"}]], "Message"]

}, Open  ]],



Cell["pripravimo izris lastnih vektorjev", "Text"],



Cell[BoxData[{

 RowBox[{"v1", ":=", 

  RowBox[{"{", 

   RowBox[{"X", ",", "\[CapitalPhi]11", ",", "\[CapitalPhi]21"}], 

   "}"}]}], "\[IndentingNewLine]", 

 RowBox[{"v2", ":=", 

  RowBox[{"{", 

   RowBox[{"X", ",", "\[CapitalPhi]12", ",", "\[CapitalPhi]22"}], 

   "}"}]}], "\[IndentingNewLine]", 

 RowBox[{"v3", ":=", 

  RowBox[{"{", 

   RowBox[{"X", ",", "\[CapitalPhi]13", ",", "\[CapitalPhi]23"}], 

   "}"}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"Simplify", "[", "v1", "]"}], "\[IndentingNewLine]", 

 RowBox[{"Simplify", "[", "v2", "]"}], "\[IndentingNewLine]", 

 RowBox[{"Simplify", "[", "v3", "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"X", ",", 

   FractionBox["1", "a"], ",", 

   FractionBox["1", "a"]}], "}"}]], "Output"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Power", "::", "\<\"infy\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Infinite expression \\!\\(1\\/0\\) encountered.\"\>"}]], \

"Message"],



Cell[BoxData[

 RowBox[{

  RowBox[{"General", "::", "\<\"dbyz\"\>"}], 

  RowBox[{":", " "}], "\<\"Division by zero.\"\>"}]], "Message"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"X", ",", 

   InterpretationBox["ComplexInfinity",

    DirectedInfinity[]], ",", 

   InterpretationBox["ComplexInfinity",

    DirectedInfinity[]]}], "}"}]], "Output"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"X", ",", 

   RowBox[{"-", 

    FractionBox[

     RowBox[{"a", " ", "m1"}], 

     RowBox[{"2", " ", 

      RowBox[{"(", 

       RowBox[{"J", "+", 

        RowBox[{

         SuperscriptBox["a", "2"], " ", "m2"}]}], ")"}]}]]}], ",", 

   RowBox[{"-", 

    FractionBox[

     RowBox[{"a", " ", "m1"}], 

     RowBox[{"2", " ", 

      RowBox[{"(", 

       RowBox[{"J", "+", 

        RowBox[{

         SuperscriptBox["a", "2"], " ", "m2"}]}], ")"}]}]]}]}], 

  "}"}]], "Output"]

}, Open  ]],



Cell[TextData[{

 "Pri drugem lastnem vektrju moramo paziti. Iz tretje vrstice matrike A \

sledi, da je X=0. Iz prve sledi, da je ",

 Cell[BoxData[

  RowBox[{"\[CapitalPhi]12", ":=", 

   RowBox[{"-", "\[CapitalPhi]22"}]}]], "Input"],

 ", sledi:"

}], "Text"],



Cell[BoxData[

 RowBox[{"v2", ":=", 

  RowBox[{"{", 

   RowBox[{"0", ",", "1", ",", 

    RowBox[{"-", "1"}]}], "}"}]}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Simplify", "[", "v2", "]"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"0", ",", "1", ",", 

   RowBox[{"-", "1"}]}], "}"}]], "Output"]

}, Open  ]],



Cell["To bi lahko videli tudi iz:", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"FullSimplify", "[", 

  RowBox[{"A", "[", "\[Omega]02", "]"}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{

     RowBox[{"k", " ", 

      RowBox[{"(", 

       RowBox[{"2", "-", 

        FractionBox[

         RowBox[{

          SuperscriptBox["a", "2"], " ", "m1"}], 

         RowBox[{"J", "+", 

          RowBox[{

           SuperscriptBox["a", "2"], " ", "m2"}]}]]}], ")"}]}], ",", 

     RowBox[{

      RowBox[{"-", "a"}], " ", "k"}], ",", 

     RowBox[{

      RowBox[{"-", "a"}], " ", "k"}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "a"}], " ", "k"}], ",", "0", ",", "0"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "a"}], " ", "k"}], ",", "0", ",", "0"}], "}"}]}], 

  "}"}]], "Output"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"a", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"m1", ":=", "10"}], "\[IndentingNewLine]", 

 RowBox[{"m2", ":=", "15"}], "\[IndentingNewLine]", 

 RowBox[{"J", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"k", ":=", 

  RowBox[{"1", "\[Times]", 

   SuperscriptBox["10", "8"]}]}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"\[Omega]01", ",", "\[Omega]02", ",", "\[Omega]03"}], 

  "}"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"0", ",", 

   RowBox[{

    RowBox[{"932.5048082403138`", "\[InvisibleSpace]"}], "+", 

    RowBox[{"0.`", " ", "\[ImaginaryI]"}]}], ",", 

   RowBox[{

    RowBox[{"4568.321925761286`", "\[InvisibleSpace]"}], "+", 

    RowBox[{"0.`", " ", "\[ImaginaryI]"}]}]}], "}"}]], "Output"]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"X", ":=", "1"}], 

  ";"}], "\[IndentingNewLine]", "v1", "\[IndentingNewLine]", "v2", "\

\[IndentingNewLine]", "v3"}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1", ",", "9.999999999999998`", ",", "9.999999999999998`"}], 

  "}"}]], "Output"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"0", ",", "1", ",", 

   RowBox[{"-", "1"}]}], "}"}]], "Output"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1", ",", 

   RowBox[{

    RowBox[{"-", "0.4347826086956521`"}], "+", 

    RowBox[{"0.`", " ", "\[ImaginaryI]"}]}], ",", 

   RowBox[{

    RowBox[{"-", "0.4347826086956521`"}], "+", 

    RowBox[{"0.`", " ", "\[ImaginaryI]"}]}]}], "}"}]], "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]]

},

WindowToolbars->{"RulerBar", "EditBar"},

WindowSize->{1027, 713},

WindowMargins->{{0, Automatic}, {Automatic, 0}},

Magnification->1.25,

FrontEndVersion->"6.0 for Microsoft Windows (32-bit) (April 28, 2007)",

StyleDefinitions->FrontEnd`FileName[{"Creative"}, "NaturalColor.nb", 

  CharacterEncoding -> "WindowsEastEurope"]

]

(* End of Notebook Content *)
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(*CellTagsOutline

CellTagsIndex->{}

*)

(*CellTagsIndex

CellTagsIndex->{}

*)

(*NotebookFileOutline

Notebook[{

Cell[CellGroupData[{

Cell[590, 23, 138, 3, 90, "Title"],

Cell[731, 28, 257, 3, 36, "Subsubtitle"]

}, Open  ]],

Cell[CellGroupData[{

Cell[1025, 36, 25, 0, 90, "Title"],

Cell[1053, 38, 98, 2, 34, "Text"]

}, Open  ]],

Cell[CellGroupData[{

Cell[1188, 45, 25, 0, 90, "Title"],

Cell[1216, 47, 74, 1, 48, "Input"],

Cell[1293, 50, 42, 0, 34, "Text"],

Cell[1338, 52, 448, 16, 64, "Input"],

Cell[1789, 70, 23, 0, 34, "Text"],

Cell[1815, 72, 125, 4, 64, "Input"],

Cell[1943, 78, 30, 0, 34, "Text"],

Cell[1976, 80, 536, 18, 61, "Input"],

Cell[2515, 100, 49, 0, 34, "Text"],

Cell[2567, 102, 484, 17, 61, "Input"],

Cell[3054, 121, 38, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[3117, 125, 164, 5, 48, "Input"],

Cell[3284, 132, 256, 7, 64, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[3577, 144, 576, 17, 48, "Input"],

Cell[4156, 163, 566, 16, 48, "Output"]

}, Open  ]],

Cell[4737, 182, 32, 0, 34, "Text"],

Cell[4772, 184, 143, 5, 78, "Input"],

Cell[4918, 191, 41, 0, 34, "Text"],

Cell[4962, 193, 184, 6, 75, "Input"],

Cell[5149, 201, 48, 0, 34, "Text"],

Cell[5200, 203, 157, 5, 60, "Input"],

Cell[5360, 210, 24, 0, 34, "Text"],

Cell[5387, 212, 461, 14, 50, "Input"],

Cell[CellGroupData[{

Cell[5873, 230, 65, 1, 48, "Input"],

Cell[5941, 233, 1045, 35, 84, "Output"]

}, Open  ]],

Cell[7001, 271, 438, 15, 48, "Input"],

Cell[CellGroupData[{

Cell[7464, 290, 261, 8, 71, "Input"],

Cell[7728, 300, 83, 1, 48, "Output"],

Cell[7814, 303, 422, 15, 103, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[8273, 323, 65, 1, 48, "Input"],

Cell[8341, 326, 334, 12, 109, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[8712, 343, 27, 0, 43, "Subtitle"],

Cell[8742, 345, 323, 7, 137, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[9102, 357, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[9156, 361, 138, 4, 48, "Input"],

Cell[9297, 367, 186, 5, 48, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[9520, 377, 101, 3, 48, "Input"],

Cell[9624, 382, 159, 4, 48, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[9820, 391, 320, 9, 76, "Input"],

Cell[10143, 402, 35610, 589, 294, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[45814, 998, 25, 0, 90, "Title"],

Cell[45842, 1000, 74, 1, 48, "Input"],

Cell[45919, 1003, 45, 0, 34, "Text"],

Cell[45967, 1005, 162, 5, 48, "Input"],

Cell[46132, 1012, 42, 0, 34, "Text"],

Cell[46177, 1014, 536, 18, 64, "Input"],

Cell[46716, 1034, 36, 0, 34, "Text"],

Cell[46755, 1036, 592, 19, 64, "Input"],

Cell[47350, 1057, 38, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[47413, 1061, 509, 16, 48, "Input"],

Cell[47925, 1079, 432, 13, 48, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[48394, 1097, 531, 16, 48, "Input"],

Cell[48928, 1115, 376, 11, 48, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[49341, 1131, 531, 16, 48, "Input"],

Cell[49875, 1149, 424, 13, 48, "Output"]

}, Open  ]],

Cell[50314, 1165, 24, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[50363, 1169, 550, 15, 93, "Input"],

Cell[50916, 1186, 259, 6, 27, "Message"],

Cell[51178, 1194, 259, 6, 27, "Message"]

}, Open  ]],

Cell[CellGroupData[{

Cell[51474, 1205, 580, 18, 93, "Input"],

Cell[52057, 1225, 285, 8, 48, "Output"],

Cell[52345, 1235, 262, 7, 48, "Output"],

Cell[52610, 1244, 303, 9, 48, "Output"]

}, Open  ]],

Cell[52928, 1256, 58, 0, 34, "Text"],

Cell[52989, 1258, 1014, 35, 114, "Input"],

Cell[54006, 1295, 27, 0, 34, "Text"],

Cell[54036, 1297, 145, 5, 50, "Input"],

Cell[54184, 1304, 64, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[54273, 1308, 290, 8, 48, "Input"],

Cell[54566, 1318, 2085, 72, 136, "Output"]

}, Open  ]],

Cell[56666, 1393, 46, 0, 34, "Text"],

Cell[56715, 1395, 523, 15, 93, "Input"],

Cell[57241, 1412, 78, 2, 34, "Text"],

Cell[57322, 1416, 761, 24, 71, "Input"],

Cell[CellGroupData[{

Cell[58108, 1444, 740, 17, 203, "Input"],

Cell[58851, 1463, 262, 6, 27, "Message"],

Cell[59116, 1471, 273, 6, 27, "Message"]

}, Open  ]],

Cell[59404, 1480, 50, 0, 34, "Text"],

Cell[59457, 1482, 424, 12, 93, "Input"],

Cell[CellGroupData[{

Cell[59906, 1498, 190, 3, 93, "Input"],

Cell[60099, 1503, 127, 4, 64, "Output"],

Cell[60229, 1509, 167, 5, 43, "Message"],

Cell[60399, 1516, 134, 3, 27, "Message"],

Cell[60536, 1521, 205, 6, 48, "Output"],

Cell[60744, 1529, 508, 19, 68, "Output"]

}, Open  ]],

Cell[61267, 1551, 256, 7, 36, "Text"],

Cell[61526, 1560, 128, 4, 48, "Input"],

Cell[CellGroupData[{

Cell[61679, 1568, 62, 1, 48, "Input"],

Cell[61744, 1571, 102, 3, 48, "Output"]

}, Open  ]],

Cell[61861, 1577, 43, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[61929, 1581, 102, 2, 48, "Input"],

Cell[62034, 1585, 721, 26, 69, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[62792, 1616, 27, 0, 43, "Subtitle"],

Cell[62822, 1618, 318, 7, 137, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[63177, 1630, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[63231, 1634, 112, 3, 48, "Input"],

Cell[63346, 1639, 315, 8, 48, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[63698, 1652, 162, 4, 115, "Input"],

Cell[63863, 1658, 120, 3, 48, "Output"],

Cell[63986, 1663, 102, 3, 48, "Output"],

Cell[64091, 1668, 285, 8, 48, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]]

}
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Naloga 2 (30 tock) Povpreten
g p Za nihalo na sliki dolocite lastno neduseno in duseno krozno fre- 5Pl 6'7%
0 cooooooasy  kvenco. Doloéite odziv sistema, ¢e ga izpustimo iz stanja mirovanja sziosm‘]e
*Q RYWW pri zasuku ¢q. Predpostavite majhne zasuke. nje: LDN

ma a = 0,bm
m = 1lkg
k = 1kN/m
d = 3Ns/m
wo = 3°

Resitev
wo = 13,693rad/s
0 = 0,0822
woda = 13,647rad/s
A = 0,05236rad
B = 0,00432rad
Postopek

Sistem je nekonservativen in ima eno prostostno stopnjo: P =1, N = 1. Izberemo posploseni koordinati:
a1 = .

Gibalni ena¢bi bomo dolocili s pomo¢jo Lagrangevih enach 2. vrste:
d 0E, OEy

Tock: 5

V zgornji enacbi moramo dolociti kineticno energijo sistema in posploseno silo Q..
Kineti¢na energija sistema je:

1 1
Ek=§J¢2+§m(a¢)za

kjer je:
1
J = —ma?
3ma
Tock: 5

Posploseno silo izracunamo s pomocjo virtualnega dela aktivnih sil, ki je enako virtualnemu delu po-
splosenih sil. Virtualno delo:

W = —kx10x1 + —disdxa
kjer je: x1 = %ag@ in x5 = a . Posplosena sila torej je:
2

a .
Qp = —kznp—daQ@.
Tock: 5

Potem, ko izracunamo odvode kineti¢ne energije:

OFE)

Dp O
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d 9B,
t g

4 5 .
=ga mg,

lahko izpeljemo gibalno enacbo:

4 2
fa2m¢+da2gb+kazg0:0.

3
Tock: 5
Gibalno enacbo preoblikujemo v normirano obliko:
3 3
b+ —do+ ——Fkp=0.
T G T
Ena¢bo primerjamo s splogno resitvijo dusenega nihanja ¢ + 26 wop + wd ¢ = 0, za katero pri¢akujemo
odziv oblike:
o(t) = e 9wo L(A coswogt + B sinwogt).
Sledi:
3k
wn = _—
"~ Viem
3d
= 4m
2 wo
Wod = Wo V 1 —52.
Tock: 5
Za dolocitev odziva moramo dolociti Se konstanti A in B. Glede na zacetne pogoje sledi:
e0)=¢0 =  A=¢p
d % ¥o
$(0)=0 — B =
ka/4 42
3 km
Tock: 5
Naloga 3 (40 tock) Povpreten
Na doma¢i strani www.HowStuffWorks.com ste zasledili ¢lanek o krmiljenju koles (slika levo). Ste mnenja, ;s;;eh;; 3_8%
adostuje

da ima mehanizem dolo¢eno proznost in odlocite se za analizo nadomestnega modela (slika desno). Ih
Zmotili smo vas v trenutku, ko ste izbrali posplosene koordinate x,¢1,¢2 in ste hoteli izracunati: a) gibalne nje: LVPS
enacbe, b) lastne frekvence in ¢) lastne vrednosti!

Tezo elementov oblike L ste se odloéili zanemariti. Predpostavili ste majhne zasuke koles.

= 10cm

= 10kg

= 1bkg

= 1lkgm?

= 1x10®N/m

© 2001 HowStutfWorks.

Recirculating
Ball Gearbox

Steering Arms
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Resitev
wor = Orad/s
Wo2 = 932,51‘&(1/8
wos = 4568,3rad/s
1m
(X} = 10rad
10rad
Om
(X} = +1rad
—1rad
1m
(X}® = —0.43478 rad
—0.43478 rad
Postopek

a)
Sistem je konservativen in ima tri prostostne stopnje (N = P = 3). Do gibalnih enaé¢b pridemo s pomocjo
Lagrangevih enacb 2. vrste za konservativni sistem:

ddL 9L _

— - = =0; =1,2,3.
dtaljj 8C]j ’ J B

Lagrangeva energijska funkcija:
L=Fx—-E,,

kjer sta kineti¢na in potencialna energija definirani kot:

1 . 1 . 1 .
Ekzﬁme‘i‘QJv(P%_"iJv(P%a

1 1
E, = ikj(x—cupl)Q—i—Ek(a(pg — )2
Tock: 5

Pri ¢emer smo upostevali: a1 < x < aypq. J, je masni vztrajnostni moment kolesa okoli vrtisca:

Jy = J 4+ ma a?
Tock: 5

Izracunamo odvode:
0L, 0Ly, oLy,

oLk _ o 0 N 9ok _ ok (z— 9ok ok (—
Li o he-ap)+h(catap) e —ekloap) 5 —ak(z-ag)
d49L _ . 490L . d90L _ .,
at 0F at ag, v dt Dpy v ¥2

Glede na Lagrangeve enacbe 2. vrste zapiSemo sedaj gibalne enacbe:
m1E+2kx—akep —akpy =0
Jy o1 —akx+a2kcp1 =0

ngbg—ak:x—azkgpg =0
Tock: 5
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b)

Pricakujemo lastno nihanje oblike z = X sinwot in p; = ®; sinwpt, i = 1,2, zato uporabimo ta nastavek,
da zgornje gibalne enacbe zapiSemo v matriéni obliki (ker mora enacba veljati za vse ¢ase sinwpt = 0 ne
predstavlja resitve):

2k —my wg —ak —ak X 0
—ak a’k—J, w% 0 d, = 0
—ak 0 a’k—J, wg P, 0
Tock: 5
Poisctemo lastne frekvence:
2k —my wi —ak —ak
det —ak a’k — J, wi 0 =0.
—ak 0 a’k — J, wi
Sledi:
0
wo1 avk
wo2 — VJ+a? mo
wo3 \/k: (2 J+a2 (m1+2m2))
my (J+a2 ma)
Tock: 10
c)
Z vstavljanjem prve lastne frekvence wg; = Orad/s, ki je izrojena izpeljemo prvi lastni vektor (izbe-
remo X = 1):
1
2k —mq 02 —ak —ak X 0 L
—ak a’k —J, 02 0 & | =10 oo xyo=| 2
—ak 0 a’k —J, 0% L) 0 1
a
Ko vstavimo drugo lastno frekvenco, dobimo:
2
B (2- o) —ak —ak )\ (X 0
—ak 0 0 o =101,
—ak 0 0 ®2 0
sledi, da je X = Om in izberemo ®; = 1rad, lastni vektor je torej:
0Om
{(X}® = | +1rad
—1rad
Tock: 5
Podobno kakor smo prisli do prvega lastnega vektorja, pridemo tudi do tretjega:
1
_ am;
{x16) = 2(T+a? m)
2 (Jiz?mz)
Tock: 5

3.2 Datum: 25.11.2003

Povpreéen uspeh 0 studentov: 0% EH
o
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(* Beginning of Notebook Content *)

Notebook[{



Cell[CellGroupData[{

Cell["\<\

Dinamika - re\[SHacek]eni kolokviji in izpiti\

\>", "Title",

 CellChangeTimes->{{3.392350139347005*^9, 3.3923501905706606`*^9}}],



Cell["Dr. Janko Slavi\[CHacek], 2001-2007", "Subsubtitle",

 CellChangeTimes->{{3.3923500368295918`*^9, 3.3923500673434687`*^9}, {

   3.3923501942159023`*^9, 3.3923502006050897`*^9}, {3.3924417487323666`*^9, 

   3.3924417494934607`*^9}, 3.39244179057253*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["1.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\[CapitalSHacek]\[CHacek]etka mora slediti pomikom:", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"e", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]], "Input"],



Cell["Nastavimo ravnote\:017eje sil:", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{

       RowBox[{"-", "k"}], " ", 

       RowBox[{"(", 

        RowBox[{

         RowBox[{"x", "[", "t", "]"}], "+", "p"}], ")"}]}], "+", "Fk"}], 

     "\[Equal]", 

     RowBox[{"m", " ", 

      RowBox[{

       RowBox[{"x", "''"}], "[", "t", "]"}]}]}], ",", "Fk"}], 

   "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"Fk", "\[Rule]", 

    RowBox[{

     RowBox[{"k", " ", "p"}], "+", 

     RowBox[{"e", " ", "k", " ", 

      RowBox[{"Sin", "[", 

       RowBox[{"t", " ", "\[Omega]"}], "]"}]}], "-", 

     RowBox[{"e", " ", "m", " ", 

      SuperscriptBox["\[Omega]", "2"], " ", 

      RowBox[{"Sin", "[", 

       RowBox[{"t", " ", "\[Omega]"}], "]"}]}]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.392630534593792*^9, 3.392630597864771*^9}]

}, Open  ]],



Cell["Sila kolektorja je", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Fk", "=", 

  RowBox[{"Fk", "/.", 

   RowBox[{

   "sol", "\[LeftDoubleBracket]", "1", "\[RightDoubleBracket]"}]}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"k", " ", "p"}], "+", 

  RowBox[{"e", " ", "k", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"t", " ", "\[Omega]"}], "]"}]}], "-", 

  RowBox[{"e", " ", "m", " ", 

   SuperscriptBox["\[Omega]", "2"], " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"t", " ", "\[Omega]"}], "]"}]}]}]], "Output",

 CellChangeTimes->{3.3926305346438637`*^9, 3.3926305979248576`*^9}]

}, Open  ]],



Cell["Amplituda sile na kolektor je takrat ko velja:", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"solT", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"Sin", "[", 

      RowBox[{"t", " ", "\[Omega]"}], "]"}], "\[Equal]", "1"}], ",", "t"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"t", "=", 

  RowBox[{"t", "/.", 

   RowBox[{

   "solT", "\[LeftDoubleBracket]", "1", 

    "\[RightDoubleBracket]"}]}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Solve", "::", "\<\"ifun\"\>"}], 

  RowBox[{

  ":", " "}], "\<\"Inverse functions are being used by \\!\\(Solve\\), so \

some solutions may not be found; use Reduce for complete solution \

information. \\!\\(\\*ButtonBox[\\\"\[RightSkeleton]\\\", \

ButtonStyle->\\\"Link\\\", ButtonFrame->None, \

ButtonData:>\\\"paclet:ref/message/Solve/ifun\\\", ButtonNote -> \

\\\"Solve::ifun\\\"]\\)\"\>"}]], "Message",

 CellChangeTimes->{3.3926305348842096`*^9, 3.3926305979649153`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"t", "\[Rule]", 

    FractionBox["\[Pi]", 

     RowBox[{"2", " ", "\[Omega]"}]]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3926305349042387`*^9, 3.3926305979849443`*^9}],



Cell[BoxData[

 FractionBox["\[Pi]", 

  RowBox[{"2", " ", "\[Omega]"}]]], "Output",

 CellChangeTimes->{3.3926305349042387`*^9, 3.392630598014987*^9}]

}, Open  ]],



Cell["\<\

Ko se \[SHacek]\[CHacek]etka odlepi je sila na kolektor enaka ni\[CHacek]; \

izpostavimo kotno hitrost\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol\[Omega]", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{"Fk", "\[Equal]", "0"}], ",", "\[Omega]"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       RowBox[{"\[ImaginaryI]", " ", 

        SqrtBox[

         RowBox[{

          RowBox[{

           RowBox[{"-", "e"}], " ", "k"}], "-", 

          RowBox[{"k", " ", "p"}]}]]}], 

       RowBox[{

        SqrtBox["e"], " ", 

        SqrtBox["m"]}]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", 

     FractionBox[

      RowBox[{"\[ImaginaryI]", " ", 

       SqrtBox[

        RowBox[{

         RowBox[{

          RowBox[{"-", "e"}], " ", "k"}], "-", 

         RowBox[{"k", " ", "p"}]}]]}], 

      RowBox[{

       SqrtBox["e"], " ", 

       SqrtBox["m"]}]]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.392630534944296*^9, 3.3926305980450306`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"k", ":=", "40"}], "\[IndentingNewLine]", 

 RowBox[{"m", ":=", 

  RowBox[{"5", "/", "1000"}]}], "\[IndentingNewLine]", 

 RowBox[{"p", ":=", 

  RowBox[{"80", "/", "1000"}]}], "\[IndentingNewLine]", 

 RowBox[{"e", ":=", 

  RowBox[{"20", " ", 

   SuperscriptBox["10", 

    RowBox[{"-", "6"}]]}]}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", "sol\[Omega]", "]"}]], "Input",

 CellChangeTimes->{{3.392630603843368*^9, 3.392630606096608*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", "5657.561312084917`"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]", "\[Rule]", 

     RowBox[{"-", "5657.561312084917`"}]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{

  3.3926305350143967`*^9, {3.392630598085088*^9, 3.3926306065873137`*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", 

  RowBox[{

   FractionBox["\[Omega]", 

    RowBox[{"2", "\[Pi]"}]], "/.", "sol\[Omega]"}], "]"}]], "Input",

 CellChangeTimes->{{3.3926306129965296`*^9, 3.3926306257448606`*^9}}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"900.4288486637836`", ",", 

   RowBox[{"-", "900.4288486637836`"}]}], "}"}]], "Output",

 CellChangeTimes->{

  3.3926305350344257`*^9, {3.392630598105117*^9, 3.392630626105379*^9}}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Definirajmo funkcijo trka", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"vPoTrku", "[", 

   RowBox[{"m1_", ",", "m2_", ",", "v1_", ",", "v2_", ",", "\[Epsilon]12_"}], 

   "]"}], ":=", "\[IndentingNewLine]", 

  RowBox[{"{", 

   RowBox[{"(*", 

    RowBox[{"v1", "-", "PoTrku"}], "*)"}], "\[IndentingNewLine]", 

   RowBox[{

    RowBox[{"v1", "-", 

     RowBox[{

      RowBox[{"(", 

       RowBox[{"v1", "-", "v2"}], ")"}], 

      RowBox[{"(", 

       RowBox[{"1", "+", "\[Epsilon]12"}], ")"}], 

      FractionBox["m2", 

       RowBox[{"m1", "+", "m2"}]]}]}], ",", "\[IndentingNewLine]", 

    RowBox[{"(*", 

     RowBox[{"v2", "-", "PoTrku"}], "*)"}], "\[IndentingNewLine]", 

    RowBox[{"v2", "+", 

     RowBox[{

      RowBox[{"(", 

       RowBox[{"v1", "-", "v2"}], ")"}], 

      RowBox[{"(", 

       RowBox[{"1", "+", "\[Epsilon]12"}], ")"}], 

      FractionBox["m1", 

       RowBox[{"m1", "+", "m2"}]]}]}]}], "\[IndentingNewLine]", 

   "}"}]}]], "Input"],



Cell["\<\

Hitrost krogle A in B pred izrazimo iz spremembe potencialne energije\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"solV", "=", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{

      RowBox[{"m", " ", "g", " ", "l", " ", 

       RowBox[{"(", 

        RowBox[{"1", "-", 

         RowBox[{"Cos", "[", "\[CurlyPhi]", "]"}]}], ")"}]}], "\[Equal]", 

      RowBox[{

       FractionBox["1", "2"], "m", " ", 

       SuperscriptBox["v", "2"]}]}], ",", "v"}], "]"}]}], ";"}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"vA", "=", 

  RowBox[{"v", "/.", 

   RowBox[{

   "solV", "\[LeftDoubleBracket]", "2", 

    "\[RightDoubleBracket]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"vB", "=", "vA"}]}], "Input"],



Cell[BoxData[

 RowBox[{

  SqrtBox["2"], " ", 

  SqrtBox[

   RowBox[{

    RowBox[{"g", " ", "l"}], "-", 

    RowBox[{"g", " ", "l", " ", 

     RowBox[{"Cos", "[", "\[CurlyPhi]", "]"}]}]}]]}]], "Output",

 CellChangeTimes->{3.39263053788853*^9}],



Cell[BoxData[

 RowBox[{

  SqrtBox["2"], " ", 

  SqrtBox[

   RowBox[{

    RowBox[{"g", " ", "l"}], "-", 

    RowBox[{"g", " ", "l", " ", 

     RowBox[{"Cos", "[", "\[CurlyPhi]", "]"}]}]}]]}]], "Output",

 CellChangeTimes->{3.3926305379085584`*^9}]

}, Open  ]],



Cell["Trk med kroglo B in C", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{

  RowBox[{"{", 

   RowBox[{"vB1", ",", "vC1"}], "}"}], "=", 

  RowBox[{"FullSimplify", "[", 

   RowBox[{

    RowBox[{"vPoTrku", "[", 

     RowBox[{"m", ",", "m", ",", "vB", ",", "0", ",", "\[Epsilon]"}], "]"}], 

    ",", 

    RowBox[{"0", "<", "\[CurlyPhi]", "<", 

     RowBox[{"\[Pi]", "/", "2"}]}]}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{

    RowBox[{"-", 

     SqrtBox[

      RowBox[{"g", " ", "l"}]]}], " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "1"}], "+", "\[Epsilon]"}], ")"}], " ", 

    RowBox[{"Sin", "[", 

     FractionBox["\[CurlyPhi]", "2"], "]"}]}], ",", 

   RowBox[{

    SqrtBox[

     RowBox[{"g", " ", "l"}]], " ", 

    RowBox[{"(", 

     RowBox[{"1", "+", "\[Epsilon]"}], ")"}], " ", 

    RowBox[{"Sin", "[", 

     FractionBox["\[CurlyPhi]", "2"], "]"}]}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926305387597823`*^9}]

}, Open  ]],



Cell["Trk med kroglo A in B", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{

  RowBox[{"{", 

   RowBox[{"vA1", ",", "vB2"}], "}"}], "=", 

  RowBox[{"FullSimplify", "[", 

   RowBox[{

    RowBox[{"vPoTrku", "[", 

     RowBox[{"m", ",", "m", ",", "vA", ",", "vB1", ",", "\[Epsilon]"}], "]"}],

     ",", 

    RowBox[{"0", "<", "\[CurlyPhi]", "<", 

     RowBox[{"\[Pi]", "/", "2"}]}]}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{

    RowBox[{"-", 

     FractionBox["1", "2"]}], " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "1"}], "+", "\[Epsilon]"}], ")"}], " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{

       SqrtBox["2"], " ", 

       SqrtBox[

        RowBox[{

         RowBox[{"-", "g"}], " ", "l", " ", 

         RowBox[{"(", 

          RowBox[{

           RowBox[{"-", "1"}], "+", 

           RowBox[{"Cos", "[", "\[CurlyPhi]", "]"}]}], ")"}]}]]}], "+", 

      RowBox[{

       SqrtBox[

        RowBox[{"g", " ", "l"}]], " ", 

       RowBox[{"(", 

        RowBox[{"1", "+", "\[Epsilon]"}], ")"}], " ", 

       RowBox[{"Sin", "[", 

        FractionBox["\[CurlyPhi]", "2"], "]"}]}]}], ")"}]}], ",", 

   RowBox[{

    FractionBox["1", "2"], " ", 

    SqrtBox[

     RowBox[{"g", " ", "l"}]], " ", 

    RowBox[{"(", 

     RowBox[{"3", "+", 

      SuperscriptBox["\[Epsilon]", "2"]}], ")"}], " ", 

    RowBox[{"Sin", "[", 

     FractionBox["\[CurlyPhi]", "2"], "]"}]}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926305399715247`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"m", ":=", 

  RowBox[{"20", "/", "1000"}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Epsilon]", ":=", "0.95"}], "\[IndentingNewLine]", 

 RowBox[{"\[CurlyPhi]", ":=", 

  RowBox[{

   FractionBox["10", "180"], "\[Pi]"}]}], "\[IndentingNewLine]", 

 RowBox[{"g", ":=", "9.81"}], "\[IndentingNewLine]", 

 RowBox[{"l", ":=", "0.1"}]}], "Input",

 CellChangeTimes->{{3.392630547462296*^9, 3.392630567390952*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"vA", ",", "vA1", ",", "vB1", ",", "vB2", ",", "vC1"}], 

  "}"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

  "0.17264758495283955`", ",", "0.008524474507046444`", ",", 

   "0.004316189623820981`", ",", "0.16843930006961363`", ",", 

   "0.1683313953290181`"}], "}"}]], "Output",

 CellChangeTimes->{3.39263054005164*^9, 3.3926305709861217`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Lagrageva energijska funkcija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], " ", "J1", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[Alpha]", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], " ", "J2", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[Beta]", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox[

     RowBox[{"\[Alpha]", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], 

    FractionBox["k", "2"], " ", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{

       RowBox[{"\[Beta]", "[", "t", "]"}], "-", 

       RowBox[{"\[Alpha]", "[", "t", "]"}]}], ")"}], "2"]}]}]}]], "Input"],



Cell["Definirajmo masna vztrajnostna momenta", "Text"],



Cell[BoxData[{

 RowBox[{"J1", ":=", 

  RowBox[{

   FractionBox["1", "2"], 

   RowBox[{"(", 

    RowBox[{"2", "m"}], ")"}], " ", 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{"2", "r"}], ")"}], "2"]}]}], "\[IndentingNewLine]", 

 RowBox[{"J2", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox["r", "2"]}]}]}], "Input"],



Cell["Gibalni ena\[CHacek]bi", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[Alpha]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[Alpha]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[Beta]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[Beta]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"3", " ", "k", " ", 

    RowBox[{"\[Alpha]", "[", "t", "]"}]}], "+", 

   RowBox[{"8", " ", "m", " ", 

    SuperscriptBox["r", "2"], " ", 

    RowBox[{

     SuperscriptBox["\[Alpha]", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{"k", " ", 

   RowBox[{"\[Beta]", "[", "t", "]"}]}]}]], "Output",

 CellChangeTimes->{3.392630577074877*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"k", " ", 

   RowBox[{"\[Alpha]", "[", "t", "]"}]}], "\[Equal]", 

  RowBox[{

   RowBox[{"k", " ", 

    RowBox[{"\[Beta]", "[", "t", "]"}]}], "+", 

   RowBox[{"m", " ", 

    SuperscriptBox["r", "2"], " ", 

    RowBox[{

     SuperscriptBox["\[Beta]", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}]}]], "Output",

 CellChangeTimes->{3.39263057710492*^9}]

}, Open  ]],



Cell["Nastavek", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"\[Alpha]", "[", "t_", "]"}], ":=", 

  RowBox[{"A0", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[Beta]", "[", "t_", "]"}], ":=", 

  RowBox[{"B0", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge1", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"ReplaceAll", "[", 

  RowBox[{"ge2", ",", " ", 

   RowBox[{

    RowBox[{"Sin", "[", 

     RowBox[{"t", " ", "\[Omega]0"}], "]"}], "\[Rule]", "1"}]}], 

  "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"3", " ", "A0", " ", "k"}], "-", 

   RowBox[{"8", " ", "A0", " ", "m", " ", 

    SuperscriptBox["r", "2"], " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "\[Equal]", 

  RowBox[{"B0", " ", "k"}]}]], "Output",

 CellChangeTimes->{3.392630577134963*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"A0", " ", "k"}], "\[Equal]", 

  RowBox[{

   RowBox[{"B0", " ", "k"}], "-", 

   RowBox[{"B0", " ", "m", " ", 

    SuperscriptBox["r", "2"], " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}]}]], "Output",

 CellChangeTimes->{3.3926305771650066`*^9}]

}, Open  ]],



Cell["Zapi\[SHacek]emo v matri\[CHacek]ni obliki", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{

   RowBox[{"A", "[", "\[Omega]0_", "]"}], ":=", 

   RowBox[{"{", "\[IndentingNewLine]", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{

       RowBox[{

        RowBox[{"3", "k"}], "-", 

        RowBox[{"8", "m", " ", 

         SuperscriptBox["r", "2"], " ", 

         SuperscriptBox["\[Omega]0", "2"]}]}], ",", 

       RowBox[{"-", "k"}]}], "}"}], ",", "\[IndentingNewLine]", 

     RowBox[{"{", 

      RowBox[{

       RowBox[{"-", "k"}], " ", ",", 

       RowBox[{"k", "-", 

        RowBox[{"m", " ", 

         SuperscriptBox["r", "2"], 

         SuperscriptBox["\[Omega]0", "2"]}]}]}], "}"}]}], "}"}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"b", ":=", 

   RowBox[{"{", 

    RowBox[{"A0", ",", "B0"}], "}"}]}], ";"}]}], "Input"],



Cell["Poi\[SHacek]\[CHacek]emo \[Omega]0, ki ustrezajo", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{

      RowBox[{"Det", "[", 

       RowBox[{"A", "[", "\[Omega]0", "]"}], "]"}], "\[Equal]", "0"}], ",", 

     RowBox[{"{", "\[Omega]0", "}"}]}], "]"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{

      RowBox[{"-", 

       FractionBox["1", "4"]}], " ", 

      SqrtBox[

       RowBox[{"-", 

        FractionBox[

         RowBox[{

          RowBox[{"(", 

           RowBox[{

            RowBox[{"-", "11"}], "+", 

            SqrtBox["57"]}], ")"}], " ", "k"}], 

         RowBox[{"m", " ", 

          SuperscriptBox["r", "2"]}]]}]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{

      FractionBox["1", "4"], " ", 

      SqrtBox[

       RowBox[{"-", 

        FractionBox[

         RowBox[{

          RowBox[{"(", 

           RowBox[{

            RowBox[{"-", "11"}], "+", 

            SqrtBox["57"]}], ")"}], " ", "k"}], 

         RowBox[{"m", " ", 

          SuperscriptBox["r", "2"]}]]}]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{

      RowBox[{"-", 

       FractionBox["1", "4"]}], " ", 

      SqrtBox[

       FractionBox[

        RowBox[{

         RowBox[{"11", " ", "k"}], "+", 

         RowBox[{

          SqrtBox["57"], " ", "k"}]}], 

        RowBox[{"m", " ", 

         SuperscriptBox["r", "2"]}]]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{

      FractionBox["1", "4"], " ", 

      SqrtBox[

       FractionBox[

        RowBox[{

         RowBox[{"11", " ", "k"}], "+", 

         RowBox[{

          SqrtBox["57"], " ", "k"}]}], 

        RowBox[{"m", " ", 

         SuperscriptBox["r", "2"]}]]]}]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926305772751646`*^9}]

}, Open  ]],



Cell["Razberemo dve re\[SHacek]itvi:", "Text"],



Cell[BoxData[{

 RowBox[{"\[Omega]01", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"2", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]02", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol", "[", 

    RowBox[{"[", 

     RowBox[{"4", ",", "1"}], "]"}], "]"}]}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{"\[Omega]01", "\[IndentingNewLine]", "\[Omega]02"}], "Input"],



Cell[BoxData[

 RowBox[{

  FractionBox["1", "4"], " ", 

  SqrtBox[

   RowBox[{"-", 

    FractionBox[

     RowBox[{

      RowBox[{"(", 

       RowBox[{

        RowBox[{"-", "11"}], "+", 

        SqrtBox["57"]}], ")"}], " ", "k"}], 

     RowBox[{"m", " ", 

      SuperscriptBox["r", "2"]}]]}]]}]], "Output",

 CellChangeTimes->{3.392630577305208*^9}],



Cell[BoxData[

 RowBox[{

  FractionBox["1", "4"], " ", 

  SqrtBox[

   FractionBox[

    RowBox[{

     RowBox[{"11", " ", "k"}], "+", 

     RowBox[{

      SqrtBox["57"], " ", "k"}]}], 

    RowBox[{"m", " ", 

     SuperscriptBox["r", "2"]}]]]}]], "Output",

 CellChangeTimes->{3.392630577325237*^9}]

}, Open  ]],



Cell["\<\

Za dolo\[CHacek]itev lastnih vektorjev izberemo:\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"A0", "=", "1"}], ";"}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"solB01", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{"Dot", "[", 

       RowBox[{

        RowBox[{"A", "[", "\[Omega]01", "]"}], ",", "b"}], "]"}], "[", 

      RowBox[{"[", "1", "]"}], "]"}], "\[Equal]", "0"}], ",", "B0"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"solB02", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      RowBox[{"Dot", "[", 

       RowBox[{

        RowBox[{"A", "[", "\[Omega]02", "]"}], ",", "b"}], "]"}], "[", 

      RowBox[{"[", "1", "]"}], "]"}], "\[Equal]", "0"}], ",", "B0"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"B01", "=", 

  RowBox[{"B0", "/.", 

   RowBox[{"solB01", "[", 

    RowBox[{"[", "1", "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"B02", "=", 

  RowBox[{"B0", "/.", 

   RowBox[{"solB02", "[", 

    RowBox[{"[", "1", "]"}], "]"}]}]}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"B0", "\[Rule]", 

    RowBox[{

     FractionBox["1", "2"], " ", 

     RowBox[{"(", 

      RowBox[{

       RowBox[{"-", "5"}], "+", 

       SqrtBox["57"]}], ")"}]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3926305773652945`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"B0", "\[Rule]", 

    RowBox[{

     FractionBox["1", "2"], " ", 

     RowBox[{"(", 

      RowBox[{

       RowBox[{"-", "5"}], "-", 

       SqrtBox["57"]}], ")"}]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3926305773853235`*^9}],



Cell[BoxData[

 RowBox[{

  FractionBox["1", "2"], " ", 

  RowBox[{"(", 

   RowBox[{

    RowBox[{"-", "5"}], "+", 

    SqrtBox["57"]}], ")"}]}]], "Output",

 CellChangeTimes->{3.392630577405352*^9}],



Cell[BoxData[

 RowBox[{

  FractionBox["1", "2"], " ", 

  RowBox[{"(", 

   RowBox[{

    RowBox[{"-", "5"}], "-", 

    SqrtBox["57"]}], ")"}]}]], "Output",

 CellChangeTimes->{3.3926305774253807`*^9}]

}, Open  ]],



Cell["pripravimo izris lastnih vektorjev", "Text"],



Cell[BoxData[{

 RowBox[{"v1", ":=", 

  RowBox[{"{", 

   RowBox[{"A0", ",", "B01"}], "}"}]}], "\[IndentingNewLine]", 

 RowBox[{"v2", ":=", 

  RowBox[{"{", 

   RowBox[{"A0", ",", "B02"}], "}"}]}]}], "Input"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"ClearAll", "[", "A0", "]"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{"solV", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"Dot", "[", 

      RowBox[{

       RowBox[{"A", "[", "\[Omega]V", "]"}], ",", "b"}], "]"}], "\[Equal]", 

     RowBox[{"{", 

      RowBox[{"Mv", ",", "0"}], "}"}]}], ",", 

    RowBox[{"{", 

     RowBox[{"A0", ",", "B0"}], "}"}]}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"solA0V", "=", 

  RowBox[{"FullSimplify", "[", 

   RowBox[{"A0", "/.", 

    RowBox[{"solV", "[", 

     RowBox[{"[", "1", "]"}], "]"}]}], "]"}]}], "\n", 

 RowBox[{"solB0V", "=", 

  RowBox[{"FullSimplify", "[", 

   RowBox[{"B0", "/.", 

    RowBox[{"solV", "[", 

     RowBox[{"[", "1", "]"}], "]"}]}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{

    RowBox[{"A0", "\[Rule]", 

     FractionBox[

      RowBox[{"Mv", " ", 

       RowBox[{"(", 

        RowBox[{"k", "-", 

         RowBox[{"m", " ", 

          SuperscriptBox["r", "2"], " ", 

          SuperscriptBox["\[Omega]V", "2"]}]}], ")"}]}], 

      RowBox[{

       RowBox[{"2", " ", 

        SuperscriptBox["k", "2"]}], "-", 

       RowBox[{"11", " ", "k", " ", "m", " ", 

        SuperscriptBox["r", "2"], " ", 

        SuperscriptBox["\[Omega]V", "2"]}], "+", 

       RowBox[{"8", " ", 

        SuperscriptBox["m", "2"], " ", 

        SuperscriptBox["r", "4"], " ", 

        SuperscriptBox["\[Omega]V", "4"]}]}]]}], ",", 

    RowBox[{"B0", "\[Rule]", 

     FractionBox[

      RowBox[{"k", " ", "Mv"}], 

      RowBox[{

       RowBox[{"2", " ", 

        SuperscriptBox["k", "2"]}], "-", 

       RowBox[{"11", " ", "k", " ", "m", " ", 

        SuperscriptBox["r", "2"], " ", 

        SuperscriptBox["\[Omega]V", "2"]}], "+", 

       RowBox[{"8", " ", 

        SuperscriptBox["m", "2"], " ", 

        SuperscriptBox["r", "4"], " ", 

        SuperscriptBox["\[Omega]V", "4"]}]}]]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3926305774554243`*^9}],



Cell[BoxData[

 FractionBox[

  RowBox[{"Mv", " ", 

   RowBox[{"(", 

    RowBox[{"k", "-", 

     RowBox[{"m", " ", 

      SuperscriptBox["r", "2"], " ", 

      SuperscriptBox["\[Omega]V", "2"]}]}], ")"}]}], 

  RowBox[{

   RowBox[{"2", " ", 

    SuperscriptBox["k", "2"]}], "-", 

   RowBox[{"11", " ", "k", " ", "m", " ", 

    SuperscriptBox["r", "2"], " ", 

    SuperscriptBox["\[Omega]V", "2"]}], "+", 

   RowBox[{"8", " ", 

    SuperscriptBox["m", "2"], " ", 

    SuperscriptBox["r", "4"], " ", 

    SuperscriptBox["\[Omega]V", "4"]}]}]]], "Output",

 CellChangeTimes->{3.3926305775555677`*^9}],



Cell[BoxData[

 FractionBox[

  RowBox[{"k", " ", "Mv"}], 

  RowBox[{

   RowBox[{"2", " ", 

    SuperscriptBox["k", "2"]}], "-", 

   RowBox[{"11", " ", "k", " ", "m", " ", 

    SuperscriptBox["r", "2"], " ", 

    SuperscriptBox["\[Omega]V", "2"]}], "+", 

   RowBox[{"8", " ", 

    SuperscriptBox["m", "2"], " ", 

    SuperscriptBox["r", "4"], " ", 

    SuperscriptBox["\[Omega]V", "4"]}]}]]], "Output",

 CellChangeTimes->{3.3926305775856113`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"k", ":=", 

  RowBox[{"60", "\[Times]", 

   SuperscriptBox["10", "3"]}]}], "\[IndentingNewLine]", 

 RowBox[{"m", ":=", "3"}], "\[IndentingNewLine]", 

 RowBox[{"r", ":=", "0.15"}], "\[IndentingNewLine]", 

 RowBox[{"A0", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"Mv", ":=", "10"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]V", ":=", "100"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"\[Omega]01", ",", "\[Omega]02"}], "}"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"437.80802266196605`", ",", "1015.1582918515919`"}], 

  "}"}]], "Output",

 CellChangeTimes->{3.3926305776156545`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{"v1", "\[IndentingNewLine]", "v2"}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1", ",", 

   RowBox[{

    FractionBox["1", "2"], " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "5"}], "+", 

      SqrtBox["57"]}], ")"}]}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926305776456976`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1", ",", 

   RowBox[{

    FractionBox["1", "2"], " ", 

    RowBox[{"(", 

     RowBox[{

      RowBox[{"-", "5"}], "-", 

      SqrtBox["57"]}], ")"}]}]}], "}"}]], "Output",

 CellChangeTimes->{3.392630577655712*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"N", "[", "v1", "]"}], "\[IndentingNewLine]", 

 RowBox[{"N", "[", "v2", "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1.`", ",", "1.274917217635375`"}], "}"}]], "Output",

 CellChangeTimes->{3.3926305776757407`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"1.`", ",", 

   RowBox[{"-", "6.274917217635375`"}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926305776857553`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{

  SuperscriptBox["10", "6"], 

  RowBox[{"{", 

   RowBox[{"solA0V", ",", "solB0V"}], "}"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"87.78296411219351`", ",", "88.78175889981644`"}], "}"}]], "Output",\



 CellChangeTimes->{3.3926305777157984`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]]

},

WindowToolbars->{"RulerBar", "EditBar"},

WindowSize->{1027, 713},

WindowMargins->{{0, Automatic}, {Automatic, 0}},

Magnification->1.25,

FrontEndVersion->"6.0 for Microsoft Windows (32-bit) (April 28, 2007)",

StyleDefinitions->FrontEnd`FileName[{"Creative"}, "NaturalColor.nb", 

  CharacterEncoding -> "WindowsEastEurope"]

]

(* End of Notebook Content *)
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Cell[CellGroupData[{

Cell[590, 23, 138, 3, 90, "Title"],

Cell[731, 28, 257, 3, 36, "Subsubtitle"]

}, Open  ]],

Cell[CellGroupData[{

Cell[1025, 36, 25, 0, 90, "Title"],

Cell[1053, 38, 74, 1, 48, "Input"],

Cell[1130, 41, 67, 0, 34, "Text"],

Cell[1200, 43, 165, 5, 48, "Input"],

Cell[1368, 50, 46, 0, 34, "Text"],

Cell[CellGroupData[{
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}, Open  ]]
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Cell[9298, 346, 345, 10, 48, "Input"],

Cell[9646, 358, 561, 19, 61, "Output"]

}, Open  ]],

Cell[10222, 380, 37, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[10284, 384, 347, 10, 48, "Input"],

Cell[10634, 396, 1072, 36, 64, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[11743, 437, 27, 0, 43, "Subtitle"],

Cell[11773, 439, 423, 9, 153, "Input"]

}, Open  ]],

Cell[CellGroupData[{

Cell[12233, 453, 29, 0, 43, "Subtitle"],

Cell[CellGroupData[{

Cell[12287, 457, 114, 3, 48, "Input"],

Cell[12404, 462, 275, 6, 48, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]],

Cell[CellGroupData[{

Cell[12740, 475, 25, 0, 90, "Title"],

Cell[12768, 477, 74, 1, 48, "Input"],

Cell[12845, 480, 45, 0, 34, "Text"],

Cell[12893, 482, 162, 5, 48, "Input"],

Cell[13058, 489, 42, 0, 34, "Text"],

Cell[13103, 491, 390, 13, 64, "Input"],

Cell[13496, 506, 36, 0, 34, "Text"],

Cell[13535, 508, 452, 15, 64, "Input"],

Cell[13990, 525, 54, 0, 34, "Text"],

Cell[14047, 527, 345, 12, 102, "Input"],

Cell[14395, 541, 38, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[14458, 545, 1051, 33, 71, "Input"],

Cell[15512, 580, 431, 12, 48, "Output"],

Cell[15946, 594, 409, 12, 48, "Output"]

}, Open  ]],

Cell[16370, 609, 24, 0, 34, "Text"],

Cell[16397, 611, 350, 10, 71, "Input"],

Cell[CellGroupData[{

Cell[16772, 625, 387, 12, 71, "Input"],

Cell[17162, 639, 296, 8, 48, "Output"],

Cell[17461, 649, 278, 8, 48, "Output"]

}, Open  ]],

Cell[17754, 660, 58, 0, 34, "Text"],

Cell[17815, 662, 781, 25, 122, "Input"],

Cell[18599, 689, 64, 0, 34, "Text"],

Cell[CellGroupData[{

Cell[18688, 693, 286, 8, 48, "Input"],

Cell[18977, 703, 1611, 57, 151, "Output"]

}, Open  ]],

Cell[20603, 763, 46, 0, 34, "Text"],

Cell[20652, 765, 349, 10, 71, "Input"],

Cell[CellGroupData[{

Cell[21026, 779, 75, 0, 71, "Input"],

Cell[21104, 781, 346, 13, 93, "Output"],

Cell[21453, 796, 294, 11, 78, "Output"]

}, Open  ]],

Cell[21762, 810, 72, 2, 34, "Text"],

Cell[21837, 814, 68, 2, 48, "Input"],

Cell[CellGroupData[{

Cell[21930, 820, 895, 28, 115, "Input"],

Cell[22828, 850, 291, 10, 64, "Output"],

Cell[23122, 862, 291, 10, 64, "Output"],

Cell[23416, 874, 195, 7, 64, "Output"],

Cell[23614, 883, 197, 7, 64, "Output"]

}, Open  ]],

Cell[23826, 893, 50, 0, 34, "Text"],

Cell[23879, 895, 205, 6, 71, "Input"],

Cell[CellGroupData[{

Cell[24109, 905, 772, 23, 115, "Input"],

Cell[24884, 930, 1214, 35, 69, "Output"],

Cell[26101, 967, 593, 18, 69, "Output"],
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Cell[CellGroupData[{
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Cell[CellGroupData[{
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Cell[CellGroupData[{

Cell[27965, 1037, 59, 0, 71, "Input"],

Cell[28027, 1039, 254, 9, 64, "Output"],

Cell[28284, 1050, 252, 9, 64, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[28573, 1064, 113, 2, 71, "Input"],

Cell[28689, 1068, 136, 3, 48, "Output"],

Cell[28828, 1073, 155, 4, 48, "Output"]

}, Open  ]],

Cell[CellGroupData[{

Cell[29020, 1082, 126, 4, 50, "Input"],

Cell[29149, 1088, 153, 4, 48, "Output"]

}, Open  ]]

}, Open  ]]

}, Open  ]]

}
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Naloga 1 (30 tock) Povprecen
Med pocitniskim delom v Tovarni hitrih elektromotorjev d.d., vam predlozZijo uspeh: 0'%
naslednjo nalogo: izracunajte kaksna je najvecja hitrost vrtenja elektromo- SS Zado?t.ulJ\ZT
torja, da bo Scetka elektromotorja Se v stiku s kolektorjem. Na sliki je prika- 2 nane:
zana Scetka elektromotorja mase m, ki drsi po kolektorju polmera r; na S¢etko 7
deluje vzmet togosti k. Kolektor je nasajen na gred z ekscentri¢nostjo e, ki pri N
doloceni hitrosti povzroci odskok scetke elektromotorja. Lm
Pri ¢ = Orad je vzmet stisnjena za p. Ce upostevamo, da velja: e < r potem N
mora S¢etka slediti podlagi oblike x(t) = e sin(¢t). v
Vpliv teznosti in trenje zanemarite.
m = 95g P
e = 20-10m Y L
N
= 40N/m r
p = 80mm T
Resitev
$ = 5657,6rad/s =900 Hz.
Postopek
Kolektor s kontaktno silo Fy vsiljuje §¢etki doloc¢eno gibanje, ki ga popise II. Newtonov zakon:
—k (z(t) + p) + Fx = m&(t).
Tock: 15
Séetka odskoéi takrat, ko je kontaktna sila enaka nic.
Ker se povrsina pod Scéetko spreminja v skladu z zakonom:
x(t) = e sin(¢pt)
Tock: 5
sledi, da je sila Fy:
Fo=kp+eksin(pt) —emp?sin(pt).
Amplitudo sile pricakujemo takrat, ko velja sin(pt) = 1; sledi:
Fe=kp+ek—emp.
¥ Tock: 5
Kontaktna sila je torej enaka ni¢ pri:
PR Ay
em
Tock: 5
Ker je e < p, bi lahko vpliv spremembe sile vzmeti zaradi pomika tudi zanemarili.
Naloga 2 (30 toék) Povpreé?;
uspeh: 0%
Na sliki je prikazana igraca s tremi enakimi kro- Zadostuje
g m = 20g glami mase m, ki visijo na lahki, neraztegljivi vrvi znanje: Trk
e = 0,95 dolzine I. Krogli A in B izmaknemo iz ravnotezne
— 10° lege za kot . Koeficient trka med kroglami je e.
L Izracunajte hitrost krogel A in B potem, ko prvi¢
I= 01m tréita ena v drugo. Izracunajte tudi hitrost krogel
g = 981 m/s2 B in C potem, ko prvi¢ tréita ena v drugo. Trenje

zanemarite.
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Resitev
VA
var =
v =
UB1 =
UB2 =

vc1 =

Postopek

IZPITT

0,1726 m/s
0,0085m/s
0,1726 m/s
0,0043 m/s
0,1684m/s
0,1683 m/s.
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Najprej se zgodi trk med kroglama B in C, nato pa med kroglama B in A. Preden se lotimo trkov,
izra¢unamo iz spremembe potencialne energije hitrosti krogel A in B pred prvim trkom:

va =vp = /2gl(1—cosyp).

Krogli B in C imata po trku hitrost (hitrost krogle C pred trkom: ve = 0):

vp1 = vg — (0 = vo) (1 +2) 5 = (1 - £) /gl Sin(%)

vc1:vc+(vg—vc)(1+€)%=(1+£)\/a sin(i)

2m

Tock: 5

Tock: 5

¥

Tock: 5

V naslednjem trenutku tréi krogla A s hitrostjo va v kroglo B, ki ima hitrost vg;:

m 1—c¢
var =va — (va —wvp1) (1+&)— =

2m 2

(m+m(1+g) sin (g))

Tock: 7,5

m 1 .
vp2 =vA + (va —vB1)(1+e) — = 5(3—1—52)\/91 sin (g)

Naloga 3

|] B

21

m

i

N

Resitev

Smrla+3ka—kf
mriB+kB—ka

wo1

wo2
{x}!
{x}?

Ay
B,

2m

m = 3kg mer 27, manjsi B pa m in r. Krajsi del gredi je ”
r = 015m fiolg l iIVl. ima torzijsko togost k, daljsi del gredi pa
k= 60°Nm/ ralé;asgtoéinzazil.iki dolocite: gibalne enacbe in lastne

M, = 10Nm frekvence.

wy = 100rad/s Dolocite amplitude pomikov, ¢e vecjemu zobniku
vsiljujemo gibanje z momentom: M (t) = M, sinwyt
Uporabite Lagrangeve enacbe II. vrste.

M(t)

0

438rad/s

1015rad/s

1
1,275
1
—6,275

87,78 - 10° rad
88,78 - 10° rad

Tock: 7,5

(40 toék)
Na sliki sta prikazana dva zobnika, ki se nahajata
na isti gredi. Vecji zobnik A ima maso 2m in pol-

Povprecen
uspeh: 0%

Zadostuje
na-

nje: LVPS
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Postopek

Ko deluje moment je sistem je nekonservativen in ima dve prostostni stopnji (N = P = 2). Do gibalnih
enacb pridemo s pomocjo Lagrangevih enacb II. vrste:

doL 0L
— = N =12

Kjer je Q;\I posplosena sila ne-konservativnih aktivnih sil, saj potencialne sile vsebuje potencialna energija.
Uporabimo posplosene koordinate: ¢ = «, g2 = 3, kjer @ popisuje rotacijo ve¢jega zobnika in S rotacijo
manjsega zobnika.

Lagrangeva energijska funkcija:

L=FE—E,.

Predpostavimo, da velja o < 8. Kineti¢na in potencialna energija sta definirani kot:

1 1.
Ek:fJ1d2+§J252.

2
1 1k
Ep: 5k0[%+§§(ﬂ—0[)2,
kjer je togost daljse gredi: % Tock: 5

Iz virtualnega dela:
OW = M(t) b

razberemo posploSeni sili:

Qg = M<t)’
Q=0
Tock: 5
Izra¢unamo masne vztrajnostne momente okoli vrtisca:
1 2
Ji = 3 (2m) (27)7,
1
Jy = 3 mr?.
Tock: 5
Izra¢unamo odvode Lagrangevih enacb II.vrste in dobimo dve gibalni enacbi:
8mria+3ka—kpB=M(t),
mr2,53+kﬂ—ka=().
Tock: 5

Najprej obravnavamo lastno nihanje (zunanjega momenta torej ne upostevamo). Pricakujemo lastno
nihanje oblike a« = Ag sin wpt, B = By sin wyt, zato uporabimo ta nastavek, da zgornji gibalni enaébi
zapiSemo v matri¢no obliko:

0

R

3k —8mriw? —k Ay \
—k k—mr?w? By )
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Tock: 5
Poiséemo lastne frekvence:
3k —8mriw? —k —0 wor \ _ (ng%
—k E—mnr?wi | woy | (11+V57) k
16 m r2
Tock: 5
Preostane Se dolo¢evanje lastnih vektorjev (tega naloga ne zahteva). Izberemo Ay = 1 in poiséemo lastne
vektorje:
3k —8mriwd, —k Aor 0 1 +1
( —k k—mr?w Bor ) \ O - X = 7—5‘*2‘/?
3k —8mriwl, —k Aoz 0 2 +1
( —k k—mr?wd, Bpz )\ 0 - X = 7*5*2\/57 ’
Amplitude zasukov na vzbujanje ve¢jega zobnika z momentom M (¢) = M, sin(wy, t) dobimo tako, da
reSimo sistem:
3k—8m rzwg —k Ay \ v
—k k—mr?w? B, ) 0o )
Tock: 5
Do resitve pridemo s pomocjo Cramerjevega pravila:
M, —k
A - 0 k—mr?w? B M, (k —mr?w?)
V| 3k —8mriw? —k S 2k2 — 11kmr2w? +8m2rtwi
-k k—mr?w?
3k—8mnr?wi M,
B — —k 0 B kM,
Vo 3k —8mr?w? —k C2k2—11kmr2w2 +8m2riwd’
—k k—mr?w?
Tock: 5
3.3 Datum: 29.6.2004
Povprecen uspeh 3 studentov: 43% s |
Naloga 1 (30 tock) Povprecen
uspeh: 78%
Zadostuje
Kot strojnik/ca ste héeri naredili na sliki prikazano znanje: TT

vozilo.

Izracunajte najvecjo hitrost vozila, ¢e masa mso
lahko drsi brez trenja. Masni vztrajnostni moment
osi skupaj s kolesom je J, njena masa pa m. Karo-
serija ima maso 2m.

Opomba: bodite pozorni na absolutno gibanje
mase ms.

Podatki: m,my =m, J, R,ra,g.
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Resitev
. \/ 2R?2mga
T = )
2J +mr2+5mR2

Postopek

Sistem je konservativen in ima eno prostostno stopnjo. Ker se energija ne izgublja, je sprememba poten-
cialne energije enaka spremembi kineti¢ne energije.
Sprememba potencialne energije:

E,=mga.
Tock: 5
Sprememba kineti¢ne energije sistema pa:
Exy= Exx + Ex +2Fy,
~—~—~ ~~ ~—~
karoserija ~11asa 1Mz ena os
Kineti¢ne energije so:
1 .9
Ek,k = 5 (Qm)z s
Tock: 5
1 1
Eyo = imxz + 3 J @,
Tock: 5
Hitrost mase ms je:
vo = /%2 + y2.
1
Fyo = = mv?2,
k2 9 2
Tock: 5
Ker nas zanima hitrost vozila &, moramo vse odvisne spremenljivke zapisati kot:
oz
’TR
in vertikalni pomik mase ms ter njena hitrost:
Yy =re.
Tock: 5

Sledi, da je kineti¢na energija:
(bQ

Be=ope (

2J+mr*+5mR?).

Najvecjo hitrost dosezemo takrat, ko se masa mso spusti za a. Z izenacenjem potencialne in kineti¢ne
energije dobimo:

. \/ 2R2mga
:I::
2J+mr2+5mR2?

Tock: 5
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Naloga 2
)
(04
Resitev
= 13ra—21rp3—8yg,
= Tra—39rf3—8yg.
Postopek

75

(35 tock)

Sistem na sliki se v tem trenutku uporablja za
preizkusanje Studentskega znanja.

Prikazani so trije valji, ki so povezani z vrvjo
zanemarljive mase, ki ne drsi. Vsi valji imajo
isto maso m, vendar, kakor je prikazano na sliki,
razlicne polmere. Z uporabo oznacenih koordinat
ter Lagrangevih enacb II. vrste izpeljite gibalne
enacbe. Izgube zanemarite.

Podatki: m,r.

Sistem je konservativen in ima dve prostostni stopnji: P = N = 2. Izberemo posploseni koordinati:

@ =qa,qg =7

Gibalni ena¢bi bomo dolocili s pomoc¢jo Lagrangevih enach 2. vrste:

ddL 9L

=2 220, j=1,...,N.

dt OqJ 8qj‘ N

Za obravnavani sistem torej zapiSemo:

4oL oL . doL_ 9L _
dt 8¢ da dt 95 08

Kineti¢na energija je:
Eyx = Fxi + Fixo + Eys,

kineti¢ne energije so:

1 .
By = 3 Jy a2,

1 o1 .
By = 5(2m)y+§J2<P2,

1 .
Eyz = 3 Js B°.
Masni vztrajnostni momenti so:

1
Jp = imTQ.

1
Jy = 3 m(27)2.

Povprecen
uspeh: 38%

Zadostuje
znanje: AD

Tock: 5
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1 2
Jg = Zm (3r)=.

Manjka Se potencialna energija:

E,=-mgy.

Na sredinski valj v horizontalni smeri ne deluje nobena sila, zato se poleg vrtenja okoli tezis¢a valj pomika

samo v vertikalni smeri.

76

Tock: 5

Tock: 5

Ob predpostavki ra > 3r B lahko narisemo profil hitrosti (slika D in nato zapiSemo odvisne koordinate.

Za hitrost teziSca in torej koordinato y lahko to naredimo relativno preprosto:

2|

Slika 3.1: Profil hitrosti za sredinski valj.

y=ra—3rp,

Tock: 5

za kotno hitrost ¢ pa je malo tezje, saj je lega pola hitrosti P odvisna od razmerja 7« in 37 §; tako s

pomocjo podobnih trikotnikov pridemo do koordinate (:

_3rB+ra
N 4r

Izra¢unamo odvode:

87‘[/_ mrr
aa_g
%g—é:%mﬁ (13@—21/'3)

Urejeni gibalni enacbi torej sta:
13ra—21rB—8g=0,

+7rda—39r 3 —8g=0.

oL

3

6—6:—3ng
doL s
dt 93 8

r2 (775[ n 395)

Tock: 5

Tock: 5

Tock: 5

Kje so imeli studentje tezave?
Tezave s kinematiko sredinskega valja.




POGLAVJE 3. 1ZPITI 77

Naloga 3 (35 tock) Povprecen
T uspeh: 19%
k. ’—' Kot konstukter podjetja Aktivna svetila d.d. Zadostuje
g N m ki = 20kNm/rad razmi§ljate o novi konstrukciji obcestne svetilke, ki znanje: VN
(L S | ko —  90kN je prikazana na sliki.
2 = fm Svetilko ste si zamislili tako: na steber mase 4m
4m; 4a m = 30kg in dolzine 4a preko vzmeti togosti ko pritrdite luc
a = 2m mase m. SidriSce stebra aproksimirate z vzmetjo k.
F(t) = Fsin(wt) Uporabite narisane koordinate ter s pomocjo La-
grangevih enacb II. vrste izracunajte amplitudo ni-
Fy = 800N hania Tuéi . B} e
a anja luc¢i z ter amplitudo pospeska luci .
w = 2rrad Lu¢ smatrajte za masno tocko ter predpostavite

majhne kote. Tezo zanemarite.

Resitev
X = —-84cm
X = 332m/s
Postopek

Sistem je nekonservativen in ima dve prostostni stopnji (N = P = 2). Do gibalnih ena¢b pridemo s
pomocjo Lagrangevih enacb 2. vrste za nekonservativni sistem:

d 0L 0L
a9q,  0q, Q;; J=1

Za posploSene koordinate izberemo: «, x.
Lagrangeva energijska funkcija:

L=Ey - E,,

kjer sta kineti¢na in potencialna energija definirani kot (predpostavimo: z > 4a «):

1 1
EkziJQQ—Fimdc?

1 1
Ep:§k1a2+§k2 (z—4aa)?,

kjer je masni vztrajnostni moment stebra okoli vrtisca stebra:

4a>2 64a%m

J= & (am) (4a)? + (4m) ( o) =22

12

app << %apB.
Tock: 10

Virtualno delo nekonservativnih sil sistemas:
SWN =3 "Fér; = F(t)dx1 = F(t) ado

7

kjer smo uporabili 1 = a «; sledi:

Tock: 5
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Izra¢unamo odvode Lagrangeve energijske funkcije:

oL, d oL 64 ,
Ol — (k) +4aks (a —4aa) Gos =30 M
oLy dor .
ok — (s (z~400)) aor - "

Glede na Lagrangeve enacbe 2. vrste zapiSemo sedaj gibalni enacbi:

64
kia—4aks (x —4aa)+ Eazmd = aF(t)
kox4+mi—4akea = 0.
Tock: 5
Pricakujemo vsiljeno nihanje oblike e = A sin wt, x = X sin wt, zato uporabimo ta nastavek, da zgornje
gibalne enacbe zapiSsemo v matri¢no obliko (po krajsanju s sin(wt)):
k1+16a2k2—%—4a2mw2 —4daky AN\ [ aF
—4daks ko — mw? X ) 0 :
Tock: 5

Z uporabo Cramer-jevega pravila izra¢unamo amplitudo X:

ki +16a% ky — 6—34a2mw2 aFy

oAl _ —daks 0
A k1+16a2k2—%4a2mw2 —daky |
—4aks ko — mw?

Amplituda pospeskov je:

X = —w?X.

Kje so imeli Studentje tezave?
Sistem ima dve prostostni stopnji!

3.4 Datum: 14.6.2005

Povprecen uspeh 4 studentov: 51% E).(
ol

Naloga 1 (30 toék) Povpreéen
uspeh: 29%
m g B 9 Na slikiv je prikazana gugalnica z vzmetjo togo- Zadostuje
o _ l g = 98lm/s sti k. Ce nanjo spustimo maso m iz viSine [, znanje: TT

|l Am. 41 k= 10000Nm/rad se le-ta odbije na visino I/2. Za gugalnico

k. \(P m = bkg dolzine 41 in mase 4m poiscite kotno hitrost

@ = I — 1m neposredno po trku in tudi amplitudo odklona

g gugalnice zaradi trka z maso m.
Resitev
w = 3(1_2;\/5) ﬁ = 2,836 rad/s,

3 2
o = \/2 (1 n \/5) \/g# — 0,08696 rad — 4,98°.
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          RowBox[{"g", " ", "l"}]], " ", "m"}]]}], 

      SqrtBox["k"]]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.3926347155957775`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"k", "=", "10000"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"m", "=", "5"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"l", "=", "1"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"g", "=", "9.81"}], ";"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"N", "[", 

  RowBox[{"{", 

   RowBox[{"\[Omega]", ",", 

    RowBox[{

     RowBox[{

      FractionBox["180", "\[Pi]"], "\[CurlyPhi]"}], "/.", 

     "sol\[CurlyPhi]"}]}], "}"}], "]"}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"2.8355770765286947`", ",", 

   RowBox[{"{", 

    RowBox[{

     RowBox[{"-", "4.982275365807912`"}], ",", "4.982275365807912`"}], 

    "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.392634715625821*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Sistem ima dve PS; Lagrageva energijska funkcija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], 

    RowBox[{"(", 

     RowBox[{"4", "m"}], ")"}], " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], 

    RowBox[{"(", 

     RowBox[{"2", "m"}], ")"}], 

    SuperscriptBox[

     RowBox[{"v1", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "J", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "m", " ", 

    SuperscriptBox[

     RowBox[{"v2", "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["Hitrost te\:017ei\[SHacek]\[CHacek]a valja", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"v1", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    RowBox[{"x", "'"}], "[", "t", "]"}], "+", 

   RowBox[{"r", " ", 

    RowBox[{

     RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]}]}]}]], "Input"],



Cell[TextData[{

 "Hitrost telesa mase ",

 Cell[BoxData[

  FormBox["m", TraditionalForm]]]

}], "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"v2", "[", "t_", "]"}], ":=", 

  SqrtBox[

   RowBox[{

    SuperscriptBox[

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "2"], "+", 

    SuperscriptBox[

     RowBox[{"(", 

      RowBox[{"r", " ", 

       RowBox[{

        RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]}], ")"}], 

     "2"]}]]}]], "Input"],



Cell["Masni vzt. moment", "Text"],



Cell[BoxData[

 RowBox[{"J", ":=", 

  RowBox[{

   FractionBox["1", "2"], 

   RowBox[{"(", 

    RowBox[{"2", "m"}], ")"}], " ", 

   SuperscriptBox["r", "2"]}]}]], "Input"],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t_", "]"}], ":=", 

  RowBox[{"m", " ", "g", " ", 

   RowBox[{"(", 

    RowBox[{"r", " ", 

     RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}], ")"}]}]}]], "Input"],



Cell[TextData[{

 "Iz virtualnega dela nekonservativnih sil ",

 Cell[BoxData[

  FormBox[

   RowBox[{"(", "F", ")"}], TraditionalForm]]],

 " dolo\[CHacek]imo posplo\[SHacek]ene nekonservativne sile"

}], "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]Wn", ":=", 

  RowBox[{"F", " ", "\[Delta]xF"}]}]], "Input"],



Cell[TextData[{

 "Pomik sile ",

 Cell[BoxData[

  FormBox["F", TraditionalForm]]],

 " je definiran z ",

 Cell[BoxData[

  FormBox[

   RowBox[{"x", "+", 

    RowBox[{"2", "r", " ", "\[CurlyPhi]"}]}], TraditionalForm]]],

 ", sledi, da je virtualni pomik sile:"

}], "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]xF", ":=", 

  RowBox[{"\[Delta]x", "+", 

   RowBox[{"2", "r", " ", "\[Delta]\[CurlyPhi]"}]}]}]], "Input"],



Cell["\<\

Virtualno delo torej zapi\[SHacek]emo kot:\

\>", "Text"],



Cell[BoxData[

 RowBox[{"\[Delta]Wn", ":=", 

  RowBox[{

   RowBox[{"F", " ", "\[Delta]x"}], "+", 

   RowBox[{"2", "F", " ", "r", " ", "\[Delta]\[CurlyPhi]"}]}]}]], "Input"],



Cell["\<\

Sledijo nekonservativne posplo\[SHacek]ene sile\

\>", "Text"],



Cell[BoxData[{

 RowBox[{"Qxn", ":=", "F"}], "\[IndentingNewLine]", 

 RowBox[{"Q\[CurlyPhi]n", ":=", 

  RowBox[{"2", "F", " ", "r"}]}]}], "Input"],



Cell["Gibalni ena\[CHacek]bi", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"x", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"x", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "Qxn"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "Q\[CurlyPhi]n"}], 

   "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{"F", "\[Equal]", 

  RowBox[{

   RowBox[{"7", " ", "m", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}], "+", 

   RowBox[{"2", " ", "m", " ", "r", " ", 

    RowBox[{

     SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}]}]], "Output",

 CellChangeTimes->{3.392634720252474*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"m", " ", "r", " ", 

   RowBox[{"(", 

    RowBox[{"g", "+", 

     RowBox[{"2", " ", 

      RowBox[{

       SuperscriptBox["x", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}], "+", 

     RowBox[{"4", " ", "r", " ", 

      RowBox[{

       SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}], "\[Equal]", 

  RowBox[{"2", " ", "F", " ", "r"}]}]], "Output",

 CellChangeTimes->{3.392634720292531*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Gibalne ena\[CHacek]be", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"F", "[", "t", "]"}], "-", 

     RowBox[{"2", "k", " ", 

      RowBox[{"(", 

       RowBox[{

        RowBox[{"x", "[", "t", "]"}], "-", 

        RowBox[{"y", "[", "t", "]"}]}], ")"}]}]}], "\[Equal]", 

    RowBox[{"m", " ", 

     RowBox[{

      RowBox[{"x", "''"}], "[", "t", "]"}]}]}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"-", 

      RowBox[{"F", "[", "t", "]"}]}], "+", 

     RowBox[{"2", "k", " ", 

      RowBox[{"(", 

       RowBox[{

        RowBox[{"x", "[", "t", "]"}], "-", 

        RowBox[{"y", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{"2", "k", " ", 

      RowBox[{"y", "[", "t", "]"}]}]}], "\[Equal]", 

    RowBox[{"2", "m", " ", 

     RowBox[{

      RowBox[{"y", "''"}], "[", "t", "]"}]}]}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"F", "[", "t", "]"}], "+", 

   RowBox[{"2", " ", "k", " ", 

    RowBox[{"y", "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{

   RowBox[{"2", " ", "k", " ", 

    RowBox[{"x", "[", "t", "]"}]}], "+", 

   RowBox[{"m", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}]}]], "Output",

 CellChangeTimes->{3.3926347593386765`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"F", "[", "t", "]"}], "+", 

   RowBox[{"4", " ", "k", " ", 

    RowBox[{"y", "[", "t", "]"}]}], "+", 

   RowBox[{"2", " ", "m", " ", 

    RowBox[{

     SuperscriptBox["y", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{"2", " ", "k", " ", 

   RowBox[{"x", "[", "t", "]"}]}]}]], "Output",

 CellChangeTimes->{3.3926347593587055`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Lastno nihanje", "Subsubtitle"],



Cell["\<\

Pri lastnem odzivu ni vzbujanja, zato gibalne ene\[CHacek]be preuredimo\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"F", "[", "t_", "]"}], ":=", "0"}]], "Input"],



Cell["Predpostavimo harmoni\[CHacek]ni odziv", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"y", "[", "t_", "]"}], ":=", 

  RowBox[{"Y", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}]}], "Input"],



Cell["Sin[] ne predstavlja re\[SHacek]itve", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge11", "=", 

  RowBox[{"ge1", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", 

    "1"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"ge22", "=", 

  RowBox[{"ge2", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", "1"}]}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"2", " ", "k", " ", "Y"}], "\[Equal]", 

  RowBox[{

   RowBox[{"2", " ", "k", " ", "X"}], "-", 

   RowBox[{"m", " ", "X", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}]}]], "Output",

 CellChangeTimes->{3.3926347645962367`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"4", " ", "k", " ", "Y"}], "-", 

   RowBox[{"2", " ", "m", " ", "Y", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}], "\[Equal]", 

  RowBox[{"2", " ", "k", " ", "X"}]}]], "Output",

 CellChangeTimes->{3.392634764676352*^9}]

}, Open  ]],



Cell["\<\

Preuredimo zapis v matri\[CHacek]no obliko\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"b", "=", 

   RowBox[{"{", 

    RowBox[{"X", ",", "Y"}], "}"}]}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{

   RowBox[{"{", 

    RowBox[{"v", ",", "A"}], "}"}], "=", 

   RowBox[{"CoefficientArrays", "[", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{"ge11", ",", "ge22"}], "}"}], ",", "b"}], "]"}]}], 

  ";"}]}], "Input",

 CellChangeTimes->{{3.3926347674403267`*^9, 3.392634771736504*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"MatrixForm", "[", "A", "]"}]], "Input"],



Cell[BoxData[

 TagBox[

  RowBox[{"(", "\[NoBreak]", GridBox[{

     {

      RowBox[{

       RowBox[{

        RowBox[{"-", "2"}], " ", "k"}], "+", 

       RowBox[{"m", " ", 

        SuperscriptBox["\[Omega]0", "2"]}]}], 

      RowBox[{"2", " ", "k"}]},

     {

      RowBox[{

       RowBox[{"-", "2"}], " ", "k"}], 

      RowBox[{

       RowBox[{"4", " ", "k"}], "-", 

       RowBox[{"2", " ", "m", " ", 

        SuperscriptBox["\[Omega]0", "2"]}]}]}

    },

    GridBoxAlignment->{

     "Columns" -> {{Left}}, "ColumnsIndexed" -> {}, "Rows" -> {{Baseline}}, 

      "RowsIndexed" -> {}},

    GridBoxSpacings->{"Columns" -> {

        Offset[0.27999999999999997`], {

         Offset[0.7]}, 

        Offset[0.27999999999999997`]}, "ColumnsIndexed" -> {}, "Rows" -> {

        Offset[0.2], {

         Offset[0.4]}, 

        Offset[0.2]}, "RowsIndexed" -> {}}], "\[NoBreak]", ")"}],

  Function[BoxForm`e$, 

   MatrixForm[

   SparseArray[

    Automatic, {2, 2}, 0, {

     1, {{0, 2, 4}, {{1}, {2}, {1}, {

       2}}}, {(-2) $CellContext`k + $CellContext`m $CellContext`\[Omega]0^2, 

       2 $CellContext`k, (-2) $CellContext`k, 4 $CellContext`k - 

       2 $CellContext`m $CellContext`\[Omega]0^2}}]]]]], "Output",

 CellChangeTimes->{3.392634773168563*^9}]

}, Open  ]],



Cell["Poi\[SHacek]\[CHacek]imo re\[SHacek]itev", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol\[Omega]0", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"Det", "[", "A", "]"}], "\[Equal]", "0"}], ",", "\[Omega]0"}], 

   "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      SqrtBox[

       FractionBox[

        RowBox[{

         RowBox[{"2", " ", "k"}], "-", 

         RowBox[{

          SqrtBox["2"], " ", "k"}]}], "m"]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     SqrtBox[

      FractionBox[

       RowBox[{

        RowBox[{"2", " ", "k"}], "-", 

        RowBox[{

         SqrtBox["2"], " ", "k"}]}], "m"]]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      SqrtBox[

       FractionBox[

        RowBox[{

         RowBox[{"2", " ", "k"}], "+", 

         RowBox[{

          SqrtBox["2"], " ", "k"}]}], "m"]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     SqrtBox[

      FractionBox[

       RowBox[{

        RowBox[{"2", " ", "k"}], "+", 

        RowBox[{

         SqrtBox["2"], " ", "k"}]}], "m"]]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{3.392634775692192*^9}]

}, Open  ]],



Cell["Razberemo dve re\[SHacek]itvi:", "Text"],



Cell[BoxData[{

 RowBox[{"\[Omega]01", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol\[Omega]0", "[", 

    RowBox[{"[", 

     RowBox[{"2", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]02", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol\[Omega]0", "[", 

    RowBox[{"[", 

     RowBox[{"4", ",", "1"}], "]"}], "]"}]}]}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Vsiljeno nihanje - ustaljeno stanje", "Subsubtitle"],



Cell["Definiramo vzbujanje sinusne oblike", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"F", "[", "t_", "]"}], ":=", 

  RowBox[{"F0", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]], "Input"],



Cell["Predpostavimo harmoni\[CHacek]ni odziv", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"y", "[", "t_", "]"}], ":=", 

  RowBox[{"Y", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]}], "Input"],



Cell["Sin[] ne predstavlja re\[SHacek]itve", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge111", "=", 

  RowBox[{"ge1", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", 

    "1"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"ge222", "=", 

  RowBox[{"ge2", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", "1"}]}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"F0", "+", 

   RowBox[{"2", " ", "k", " ", "Y"}]}], "\[Equal]", 

  RowBox[{

   RowBox[{"2", " ", "k", " ", "X"}], "-", 

   RowBox[{"m", " ", "X", " ", 

    SuperscriptBox["\[Omega]", "2"]}]}]}]], "Output",

 CellChangeTimes->{3.3926347838138704`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"F0", "+", 

   RowBox[{"4", " ", "k", " ", "Y"}], "-", 

   RowBox[{"2", " ", "m", " ", "Y", " ", 

    SuperscriptBox["\[Omega]", "2"]}]}], "\[Equal]", 

  RowBox[{"2", " ", "k", " ", "X"}]}]], "Output",

 CellChangeTimes->{3.3926347838338995`*^9}]

}, Open  ]],



Cell["\<\

Poi\[SHacek]\[CHacek]imo amplitude nihanja v ustaljenem stanju\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"solXY", "=", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{"ge111", ",", "ge222"}], "}"}], ",", 

     RowBox[{"{", 

      RowBox[{"X", ",", "Y"}], "}"}]}], "]"}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{"XSol", "=", 

  RowBox[{"First", "[", 

   RowBox[{"X", "/.", "solXY"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"YSol", "=", 

  RowBox[{"First", "[", 

   RowBox[{"Y", "/.", "solXY"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{"-", 

  FractionBox[

   RowBox[{

    RowBox[{

     RowBox[{"-", "F0"}], " ", "k"}], "+", 

    RowBox[{"F0", " ", "m", " ", 

     SuperscriptBox["\[Omega]", "2"]}]}], 

   RowBox[{

    RowBox[{"2", " ", 

     SuperscriptBox["k", "2"]}], "-", 

    RowBox[{"4", " ", "k", " ", "m", " ", 

     SuperscriptBox["\[Omega]", "2"]}], "+", 

    RowBox[{

     SuperscriptBox["m", "2"], " ", 

     SuperscriptBox["\[Omega]", "4"]}]}]]}]], "Output",

 CellChangeTimes->{3.392634785956952*^9}],



Cell[BoxData[

 FractionBox[

  RowBox[{"F0", " ", "m", " ", 

   SuperscriptBox["\[Omega]", "2"]}], 

  RowBox[{"2", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"2", " ", 

      SuperscriptBox["k", "2"]}], "-", 

     RowBox[{"4", " ", "k", " ", "m", " ", 

      SuperscriptBox["\[Omega]", "2"]}], "+", 

     RowBox[{

      SuperscriptBox["m", "2"], " ", 

      SuperscriptBox["\[Omega]", "4"]}]}], ")"}]}]]], "Output",

 CellChangeTimes->{3.3926347859970093`*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"F0", ":=", "50"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]", ":=", 

  RowBox[{"50", " ", "2", " ", "\[Pi]"}]}], "\[IndentingNewLine]", 

 RowBox[{"m", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"k", ":=", 

  RowBox[{"30", " ", 

   SuperscriptBox["10", "3"]}]}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"N", "[", 

  RowBox[{"{", 

   RowBox[{"\[Omega]01", ",", "\[Omega]02"}], "}"}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"N", "[", 

  RowBox[{"{", 

   RowBox[{"XSol", ",", "YSol"}], "}"}], "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"132.5654296142367`", ",", "320.0412580765062`"}], "}"}]], "Output",\



 CellChangeTimes->{3.392634789512064*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"0.011350358808643723`", ",", 

   RowBox[{"-", "0.008153566399978515`"}]}], "}"}]], "Output",

 CellChangeTimes->{3.392634789542107*^9}]

}, Open  ]],



Cell[TextData[{

 "Poglejmo kako se spreminjata amplitudi ",

 StyleBox["X",

  FontColor->RGBColor[1, 0, 0]],

 " in ",

 StyleBox["Y",

  FontColor->RGBColor[0, 0, 1]],

 " v odvisnosti od vzbujanja:"

}], "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"Plot", "[", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"XSol", ",", "YSol"}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]", ",", 

     RowBox[{"5", " ", "2", " ", "\[Pi]"}], ",", 

     RowBox[{"70", " ", "2", " ", "\[Pi]"}]}], "}"}], ",", 

   RowBox[{"Frame", "\[Rule]", "True"}], ",", 
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wMpr27HysQ1qjjI7Hy9jwb67mfttbtngVmbtRVtVFjxY/uKGWq4NkndHredu

ZgEj4LU41d8GhUNj+hn2LGimvpzxkLfBx679dqPpLDDa6l54/6MVRlNqI4bP

sSApZuC47nMrNNydUTSQSzg/ru3pbSusUjWZ6ClmwY5V7HZ+hhUW9J7Lf3eT
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Cw7+SW/9d9MSAw0vppf2sqCxeN9ZqSxLZM6aNMr6x4Jau6StlzwtcW9q2Ynw

ZV4g+LG9OneQitOx0TdDFL3A4c2vWXu+UPF2oFOXSMUL3AtafKZbqLjFRWKb

r4YXXNEs83t+h4pqKvs73PSJ5zf03KmIp6JYhZS2kbMXnGvKOUHVoOL9J5wn
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FiVeYLtUYa6GBQX/0ww6nVbjBatcKYf8VChomBDjodnhBRUKjdcNX1qgydIv

78I6vWDZ5qefQh9ZIDXfxPbFVy9IXbJzV+NtC3SrkTQR/vKCI2tIjZeKLTCi

74TW3WkviM5o2+QVa4F3zLNGrNXYcIZcLUrcZYG1LZN+F9axYd5Tvwuzt1pg

I929d0SLDVsSSdTU9RbYflC1PXMLG1TaDIO7VljgRGkRftnHBjnO2xmXcXPc

Of96YgibDV2U1ZSjd8zxVuMz1dxLbPAukkj+STHHUTmH7uIrbCjeabyu09Qc

t7l2XLx6nQ1B8+bbdBmb47XefvXaO2xYwreYL6VnjuWzZTZ8e8YGyjGbRz9X

mWO+kc0O7X42xLaF5fQPkrHzaNvE1kE2XEoofJ33k4zKL2h3DUfY0Df+yJnW

Q8bsAwJjqyk2NFRzVol3kPFs6ClTgbQ3dFyNSm5oIGPitWbbmzreoHRym6Zr
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yU2VjD3hQ6c3XvOGAyo6PhdWkVHgPqfwxA1v+DtH+enwcjLGqW5ooKA3rFOw
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fJianXDPn4QySkvE9fo5MCmyihb5kVB7tuK1Q4McCH1neUbXl4TsJs0lS8Y5
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zbn3fG4eIOEek/S1uJsL7ngmac1+Et7qvPa9z4oLI++7jajOJGxtqMnUs+dC

brne4mInEo5cfmAR5cwFt9bXx+YR3hT5snwJjQvSTlrw2YGEVFaLuyeLC2Sq

drgDYR6lQ6aMwwVKgYTpa3sSFq34wTcWcKEj0j3wgx1RP2JDaolBXFCfe+4N
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mT0oNugHBowQywE9C7zAZfJtRvwg4VGxsgHxfeoiXjuYO+YHS72OGibuscDH
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ALSNZsVkC+1xfIUgXUVFAImsWXll8fY4HVSfrqghgCfDbbeTqu1RaqMgY7G+
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QABUK3Ht1BEHXDuhmDXjIQBrrW0qsMgRtZwEWZNsAYzmGPjlmjqinsyqc3+C
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5wSg0LZLr+WFE/bIfNp1PFcAlWMNUWFDTngk1+KDXokAJDI/vnTf6Yz3H6xZ
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B74snul7bioEW1vSBQUfD3S41BHzzlwINdI+PTLlHuhx7Wxlv60QbGinzlVv
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ke7RpSg4IgSlf63UxnA6ru185R0cJ4R7WQpVTal0LP1SPhOdKIQzMex12ffp

WPWDvensKSE8q0uS36jIwKdj7ckPLgghoCv+jWkXA53+qy27UyAEfWPbn00T

DOwWv1R/o0gItHsfTlxawsSJ+eHT5WVCaNzbecnEnInrlRT9M68JYU6r7gPD

G0w8vueApbBWCJtVFUrT8li43Gwf1+8REb/+ECcBWVhgoX2UUy+EkQjOne5P

LLxnP3nXo1EIPlrLnzUqe+GA1zkdSpMQjlKXW5Ze9EKbxA8L1nYLQXZVZHFa
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dmtvLhd1OrQlns8RQfkB+Ytqb7ho+m1yR62UCGbPl0j4t42Hwf/OlV6WE0HL
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1vopdOf6YR7jdLrqehGsMiuJaR/3Q06pRVHNFhHUNa/gTOgE4Mrwsb7PeiJw

1T1+/U1kAD6nFm2Yqy8Cpz361szXAbh5ULzabpcIqlpSLoTs5uPE9pq6n/tE

wHm1oqXyDx/L53lLypuJINDT9HTXGgF6tC+hGJBFUDwyy3ezowDrIvlNR6gi
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hP41KVnv86n+s4Ll72iWwMfUux57gYU1nJZwv68WYKuTP1FaxULBxx4RjTEW
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Postopek

Med trkom se ohranja vrtilna koli¢ina sistema. V zacetku je vrtilna kolicina sistema okoli vrtisc¢a gugal-
nice:

Lo =2lmug,

kjer je hitrost:

v =+2gL.
Tock: 5
Po trku je vrtilna koli¢ina sistema:
Li=2lmuvi+Jw,
kjer je hitrost mase m po trku:
[
v =14/2g ok
Tock: 5
Potrebujemo Se masni vztrajnostni moment vrtljivega dela gugalnice:
J= 5 (4m) (41)?
=—(“=m
12
in iz Ly = Ly izpeljemo kotno hitrost gugalnice po trku:
3 (1 + \ﬁ) g
w=——""-="4/%.
8 l
Tock: 5
Za izracun najvecjega odklona izrabimo dejstvo, da se po trku ohranja mehanska energija gugalnice.
Mehanska energija je v zacetku samo v kineti¢ni energiji:
1
EmO = 5 Jw2,
Tock: 5
pri najve¢jem odklonu pa samo v potencialni energiji vzmeti:
1
Erﬂl = 5 k' @2.
Tock: 5
Sledi:
/ 13 m?2
Eno = Em — <P_\/2<1+\/§) \/QT
Tock: 5

(35 toék) Povpreéen

o . . Lo . . . uspeh: 70%
Na sliki je prikazan dinamski sistem, ki ga sestavlja telo mase 4m, valj .
adostuje

mase 2m in polmera r ter telo mase m. Valj nakotaljuje brez podrsava- ;panje: AD
nja in je z vrvjo (zanemarljive mase) preko Skripca (zanemarljive mase)

povezan z maso m. Na valj je navita vrv, ki jo vle¢emo s silo F. Sistem

drsi po podlagi brez trenja (1 = 0).

Z uporabo Lagrangevih enacb II. vrste in oznacenih koordinat izpeljite

gibalno/e enacbo/e.

Podatki: m, g,r, F, u.
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Resitev
Tmi+2mr¢ = F,
mr (g+2&+4rp) = 2Fr.
Postopek

Sistem je nekonservativen in ima dve prostostni stopnji (P=2); izberemo posploseni koordinati (N=P=2):
q1 = x, g = ¢. Do gibalnih ena¢b pridemo z uporabo Lagrangevih enacb 2. vrste:

S - =QY, j=1,...,N

Q?I je j-ta nekonservativna posplosena sila.
Za obravnavani primer:

d oL OL oN d oL 0L o
dt 0z Oz dtdp Oy Totk: 5
Dolo¢imo torej Lagrangevo energijsko funkcijo L = Ex — Ep; najprej dolo¢imo kineti¢no energijo:
1 1 1 1
E. = (2 (4m)9’c2) + (2 (2m) v} + 3 Jc,bQ) + (va§> ,
Tock: 5

kjer sta hitrosti translacije (tezis¢a) valja in telesa mase m:

v=2T+rp in vy = V@2 + (r )2

Tezis¢ni masni vztrajnostni moment valja je J = % (2m)r2. Tock: 5
Nadaljujemo s potencialno energijo; ker se potencialna energija spreminja samo telesu z maso m, ostalih
potencialnih energij ni potrebno vkljuéiti:

E,=mg(ro).
p=mg(ry) Tock: 5
Potrebujemo Se nekonservativne posplosene sile, ki jih dolo¢imo s pomocjo virtualnega dela nekonserva-
tivnih sil:
SWN =" FYor; = F dzp,
i
kjer je xp definiran z:
6(EF
Tp=x+2r¢ — dxp = Téquéx—i—Qr&p.
. q;
! Tock: 5
Sledi, da je virtualno delo nekonservativnih sil definirano z:
SWN= F dz+2Fr dp.
~—~ x+\\,£ ¥
QN QY
Kakor je prikazano zgoraj, razberemo nekonservativne posploSene sile. Tock: 5

Izra¢unamo odvode:

oL o 8L_0
880_ g ’ %— 5
d oL d JL . .
a 95 2mr (Z+2r). TR m (T&+2r¢)

Gibalni enachi torej sta:
Tmi+2mro=F,

mr (g+2&+4rp) =2Fr.
(g (,0) Tock: 5
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Naloga 3 (35 tock)
Zaposleni ste v podjetju Lama d.d., kjer proizvajate tudi vibracijske podajalnike. Na sliki je prikazan
poenostavljen model take naprave, ki ga sestavljata dve masi. Vzbujanje sistema zagotavlja magnetna
sila F'(t), ki je posledica izmeni¢nega toka skozi tuljavo in deluje med telesoma A in B.

Dolocite a) lastno/e frekvenco/e
F(t) = Fpsinwt) sistema in b) amplitudo nihanja
-0 mas v ustaljenem stanju.

Fy = 50N Predpostavite, da se mase lahko
w = 50-27rad/s gibljejo samo v navpiéni smeri (ni
m = 1lkg rotacije) in da so amplitude nihanja
k= 30kN/m dovolj majhne, da ne pride do

dotika mas.

[2k =2k
wor = 7\[ = 132,5rad/s,
m
2k+2k
wo2 = 7\f i = 320,0rad/s,
\/ m

Fomw2 — F()k
m2wt —4kmw? + 2 k2 ,5 T,
Fymw?
Y = -8,2 .
2 (m2wt —4kmw?+2k2) i
Postopek

Najprej je potrebno spoznati, da na vsako telo deluje isto velika, vendar nasprotno usmerjena sila
(slika [3.2). Sistem ima dve prostostni stopnji (z, y) in do gibalnih ena¢b pridemo najhitreje s pomocjo

ECIRLO

ECRL

Slika 3.2: Nadomestni model brez tuljave.

I1. Newtonovega zakona. Za telo A velja:

Ob predpostavki z > 0 in = > y sledi:
F(t)—2k(x—y)=mi.

Podobno izpeljemo za telo B:

—Ft)+2k(x—y)—2ky=(2m)7.

Povprecen
uspeh: 50%
Zadostuje
zna-

nje: VVPS



POGLAVJE 3. 1ZPITI 82

Gibalni enachi zapiSemo v matri¢ni obliki:

(8 ) (5) (5 ) () - (50)

Lastno nihanje. Prilastnem nihanju vsiljene sile ni (F(t) = 0). Ob predpostavki harmonskega odziva
(r = X sin(wp t), y =Y sin(wg t)) in ob upostevanju, da sin(wp t) ne predstavlja resitve, izpeljemo:

2k —muw} —2k X Ap— 0
2k 4k—2muw? y )=2%= o )

Netrivialno resitev predstavlja resitev izraza:
det(A) =0

iz Cesar izpeljemo dve lastni frekvenci:

2k — 2k V2k+2k
wor=A\T T re s T

b)

Vsiljeno nihanje. Pri vsiljenem nihanju uporabimo podatek F(t) = Fj sin(wt). Ob predpostavki
harmonskega odziva (z = X sin(wot), y = Y sin(wpt)) in ob upostevanju, da sin(wyt) ne predstavlja
resitve, izpeljemo:

2k —muw —2k X\ _ _ Fy
( 2k 4k—2mw3)(y)_Aw_<—Fo>‘

S pomocjo Cramer-jevega pravila izpeljemo:

o det(Al) Fo?TLOJQ —Foki

T odet(A) T mZwt—4dkmw? +2k2

kjer je:

_( F —2k
A= < —Fy 4k —2muw} >

Na podoben nacin izpeljemo amplitudo Y:

Yy — det(Az) Fgmw2

det(A) 2 (m2wt —4kmw? +2k2)’

kjer je:

_ 2k—mw? Fy
A2_< —2k —Fy )
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3.5 Datum: 27.6.2006

Povprecen uspeh 4 studentov: 36% [ &

e~
Naloga 1 (35 toék) Povprecen
o Na sliki je prikazan parabolicno obliko- usPeh: 4_3%
Lg U 7 LT van lijak, ki ga v muzejih predstavljajo ZadO,St.“JTeT
kot “¢rno luknjo” za kovance. Kovanec e
polmera r, mase m spustimo s transla-
torno hitrostjo vy, kakor je prikazano na
sliki. 'V prvem trenutku kovanec drsi
(w; = Orad/s), potem pa se zaradi tre-
Paraboli¢no nja kmalu zacne kotaliti brez podrsava-
oblikovan lijak nja. Zaradi teze in oblike krivine, se zacne
kovanec spuscati in pridobivati na hitro-
sti. Izracunajte hitrost vy tik preden ko-
vanec zapusti lijak in se nahaja na pol-
TR meru Ry za visino h nizje od izhodiséne
‘ lege. Predpostavite, da delez potencialne
m = 5g r = 5mm energije n predstavlja izgube (drsenje, ko-
Ry = 20mm h = 1m talno trenje, zraéni upor). Namig: bo-
g = 98lkg m/s2 vy = 1lm/s dite pozorni na absolutno kotno hitrost
n = 10% kovanca ws ob izstopu, ko kovanec nako-
taljuje brez podrsavanja.
Resitev
202 —2gh(n—1
vy = L ng( ) — 381606 m/s
BTRT
Postopek
Kineti¢na energija kovanca na zacetku in koncu je:
1 1 1 1
Eklzimv%—i—iJw%, Ek2=§mv§+§Jw§,
Tock: 10
kjer je masni vztrajnostni moment J = 1/2mr? in glede na besedilo naloge w; = Orad/s. Kotna hitrost
.
Wo = o — 6 = i — 2
T R2
Tock: 10
Opomba glede absolutnega zasuka kovanca v tocki 2, ko nakotaljuje brez podrsavanja: « zasuk zaradi
kotaljenja, B je absolutni zasuk tezisc¢a kovanca.
S pomocjo spremembe potencialne energije
E,=mgh
Tock: 5
izpeljemo enakost
Fyq + (1 — n) Ep = Fyo
Tock: 5
in konéno hitrost
2vf —2gh(n—1)
V2 = r?2 2r 3
BT
Tock: 5

Mimogrede: frekvenco krozenja tezis¢a kovanca v lijaku dolo¢imo iz izraza vy/(2 7 Ry) = 30,4 Hz!
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Cell[CellGroupData[{



Cell[BoxData["sol"], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"v2", "\[Rule]", 

     RowBox[{"-", "3.8160636084078363`"}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"v2", "\[Rule]", "3.8160636084078363`"}], "}"}]}], 

  "}"}]], "Output",

 CellChangeTimes->{3.392636059788632*^9}]

}, Open  ]],



Cell["Frekvenca kro\:017eenja te\:017ei\[SHacek]\[CHacek]a?", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{

  FractionBox["v2", 

   RowBox[{"2", "\[Pi]", " ", "R2"}]], "/.", 

  RowBox[{"Last", "[", "sol", "]"}]}]], "Input"],



Cell[BoxData["30.367269321560098`"], "Output",

 CellChangeTimes->{3.3926360598086605`*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["2.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["\<\

Sistem je konservativen in ima dve PS; Lagrageva energijska funkcija\

\>", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "m", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"x", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "m", " ", 

    SuperscriptBox[

     RowBox[{"v1", "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "J", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["Hitrost te\:017ei\[SHacek]\[CHacek]a valja", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"v1", "[", "t_", "]"}], ":=", 

  RowBox[{"r", " ", 

   RowBox[{

    RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]}]}]], "Input"],



Cell["Masni vzt. moment", "Text"],



Cell[BoxData[

 RowBox[{"J", ":=", 

  RowBox[{

   FractionBox["1", "2"], "m", " ", 

   SuperscriptBox["r", "2"]}]}]], "Input"],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox["p1", "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox["p2", "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], "k", " ", 

    SuperscriptBox["p3", "2"]}]}]}]], "Input"],



Cell["\<\

Kjer so deformacije vzmeti (ob predpostavki, da je x>(r+a)\[CurlyPhi])\

\>", "Text"],



Cell[BoxData[{

 RowBox[{"p1", ":=", 

  RowBox[{

   RowBox[{"x", "[", "t", "]"}], "-", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"r", "-", "a"}], ")"}], 

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}]}]}], "\[IndentingNewLine]", 

 RowBox[{"p2", ":=", 

  RowBox[{

   RowBox[{"x", "[", "t", "]"}], "-", 

   RowBox[{

    RowBox[{"(", "r", ")"}], 

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}]}]}], "\[IndentingNewLine]", 

 RowBox[{"p3", ":=", 

  RowBox[{

   RowBox[{"x", "[", "t", "]"}], "-", 

   RowBox[{

    RowBox[{"(", 

     RowBox[{"r", "+", "a"}], ")"}], 

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}]}]}], "\[IndentingNewLine]", 

 RowBox[{"a", ":=", 

  RowBox[{"r", "/", "2"}]}]}], "Input"],



Cell["Gibalni ena\[CHacek]bi", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"x", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"x", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"3", " ", "k", " ", 

    RowBox[{"x", "[", "t", "]"}]}], "+", 

   RowBox[{"m", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{"3", " ", "k", " ", "r", " ", 

   RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}]}]], "Output",

 CellChangeTimes->{3.392636065566941*^9, 3.392636303959733*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "6"}], " ", "k", " ", 

      RowBox[{"x", "[", "t", "]"}]}], "+", 

     RowBox[{"7", " ", "k", " ", "r", " ", 

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}], "+", 

     RowBox[{"3", " ", "m", " ", "r", " ", 

      RowBox[{

       SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{3.392636065566941*^9, 3.3926363040098047`*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell["\<\

Gibalni ena\[CHacek]bi dobimo iz re\[SHacek]itev 2. naloga (dodamo vzbujanje)\

\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"x", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"x", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", 

    RowBox[{"F", "[", "t", "]"}]}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"ge2", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"F", "[", "t", "]"}], "+", 

   RowBox[{"3", " ", "k", " ", "r", " ", 

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}]}], "\[Equal]", 

  RowBox[{

   RowBox[{"3", " ", "k", " ", 

    RowBox[{"x", "[", "t", "]"}]}], "+", 

   RowBox[{"m", " ", 

    RowBox[{

     SuperscriptBox["x", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}]}]], "Output",

 CellChangeTimes->{

  3.3926360749003615`*^9, {3.392636239226651*^9, 3.392636305381778*^9}}],



Cell[BoxData[

 RowBox[{

  RowBox[{"r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "6"}], " ", "k", " ", 

      RowBox[{"x", "[", "t", "]"}]}], "+", 

     RowBox[{"7", " ", "k", " ", "r", " ", 

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}], "+", 

     RowBox[{"3", " ", "m", " ", "r", " ", 

      RowBox[{

       SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

        MultilineFunction->None], "[", "t", "]"}]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{

  3.3926360749003615`*^9, {3.392636239226651*^9, 3.392636305421835*^9}}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Lastno nihanje", "Subsubtitle"],



Cell["Ni vzbujanja", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"F", "[", "t_", "]"}], ":=", "0"}]], "Input"],



Cell["Predpostavimo harmoni\[CHacek]ni odziv", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], ":=", 

  RowBox[{"\[CapitalPhi]", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]0", " ", "t"}], "]"}]}]}]}], "Input"],



Cell["Sin[] ne predstavlja re\[SHacek]itve", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge11", "=", 

  RowBox[{"ge1", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", 

    "1"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"ge22", "=", 

  RowBox[{"ge2", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", "1"}]}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"3", " ", "k", " ", "r", " ", "\[CapitalPhi]"}], "\[Equal]", 

  RowBox[{

   RowBox[{"3", " ", "k", " ", "X"}], "-", 

   RowBox[{"m", " ", "X", " ", 

    SuperscriptBox["\[Omega]0", "2"]}]}]}]], "Output",

 CellChangeTimes->{

  3.392636075491211*^9, {3.392636232286672*^9, 3.392636278252768*^9}, 

   3.3926363091572065`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "6"}], " ", "k", " ", "X"}], "+", 

     RowBox[{"7", " ", "k", " ", "r", " ", "\[CapitalPhi]"}], "-", 

     RowBox[{"3", " ", "m", " ", "r", " ", "\[CapitalPhi]", " ", 

      SuperscriptBox["\[Omega]0", "2"]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{

  3.392636075491211*^9, {3.392636232286672*^9, 3.392636278252768*^9}, 

   3.3926363091872497`*^9}]

}, Open  ]],



Cell["\<\

Preuredimo zapis v matri\[CHacek]no obliko\

\>", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"b", "=", 

   RowBox[{"{", 

    RowBox[{"X", ",", "\[CapitalPhi]"}], "}"}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{

   RowBox[{"{", 

    RowBox[{"v", ",", "A"}], "}"}], "=", 

   RowBox[{"CoefficientArrays", "[", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{"ge11", ",", "ge22"}], "}"}], ",", "b"}], "]"}]}], 

  ";"}]}], "Input",

 CellChangeTimes->{{3.39263622188171*^9, 3.392636228461171*^9}}],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"MatrixForm", "[", "A", "]"}]], "Input"],



Cell[BoxData[

 TagBox[

  RowBox[{"(", "\[NoBreak]", GridBox[{

     {

      RowBox[{

       RowBox[{

        RowBox[{"-", "3"}], " ", "k"}], "+", 

       RowBox[{"m", " ", 

        SuperscriptBox["\[Omega]0", "2"]}]}], 

      RowBox[{"3", " ", "k", " ", "r"}]},

     {

      RowBox[{

       RowBox[{"-", "6"}], " ", "k", " ", "r"}], 

      RowBox[{

       RowBox[{"7", " ", "k", " ", 

        SuperscriptBox["r", "2"]}], "-", 

       RowBox[{"3", " ", "m", " ", 

        SuperscriptBox["r", "2"], " ", 

        SuperscriptBox["\[Omega]0", "2"]}]}]}

    },

    GridBoxAlignment->{

     "Columns" -> {{Left}}, "ColumnsIndexed" -> {}, "Rows" -> {{Baseline}}, 

      "RowsIndexed" -> {}},

    GridBoxSpacings->{"Columns" -> {

        Offset[0.27999999999999997`], {

         Offset[0.7]}, 

        Offset[0.27999999999999997`]}, "ColumnsIndexed" -> {}, "Rows" -> {

        Offset[0.2], {

         Offset[0.4]}, 

        Offset[0.2]}, "RowsIndexed" -> {}}], "\[NoBreak]", ")"}],

  Function[BoxForm`e$, 

   MatrixForm[

   SparseArray[

    Automatic, {2, 2}, 0, {

     1, {{0, 2, 4}, {{1}, {2}, {1}, {

       2}}}, {(-3) $CellContext`k + $CellContext`m $CellContext`\[Omega]0^2, 

       3 $CellContext`k $CellContext`r, (-6) $CellContext`k $CellContext`r, 

       7 $CellContext`k $CellContext`r^2 - 

       3 $CellContext`m $CellContext`r^2 $CellContext`\[Omega]0^2}}]]]]], \

"Output",

 CellChangeTimes->{

  3.3926360755212545`*^9, {3.392636232406845*^9, 3.392636278322869*^9}, 

   3.3926363117309074`*^9}]

}, Open  ]],



Cell["Poi\[SHacek]\[CHacek]imo re\[SHacek]itev", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol\[Omega]0", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"Det", "[", "A", "]"}], "\[Equal]", "0"}], ",", "\[Omega]0"}], 

   "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       SqrtBox[

        FractionBox[

         RowBox[{

          RowBox[{"8", " ", "k"}], "-", 

          RowBox[{

           SqrtBox["55"], " ", "k"}]}], "m"]], 

       SqrtBox["3"]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     FractionBox[

      SqrtBox[

       FractionBox[

        RowBox[{

         RowBox[{"8", " ", "k"}], "-", 

         RowBox[{

          SqrtBox["55"], " ", "k"}]}], "m"]], 

      SqrtBox["3"]]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     RowBox[{"-", 

      FractionBox[

       SqrtBox[

        FractionBox[

         RowBox[{

          RowBox[{"8", " ", "k"}], "+", 

          RowBox[{

           SqrtBox["55"], " ", "k"}]}], "m"]], 

       SqrtBox["3"]]}]}], "}"}], ",", 

   RowBox[{"{", 

    RowBox[{"\[Omega]0", "\[Rule]", 

     FractionBox[

      SqrtBox[

       FractionBox[

        RowBox[{

         RowBox[{"8", " ", "k"}], "+", 

         RowBox[{

          SqrtBox["55"], " ", "k"}]}], "m"]], 

      SqrtBox["3"]]}], "}"}]}], "}"}]], "Output",

 CellChangeTimes->{

  3.3926360755613117`*^9, {3.392636232456917*^9, 3.392636278352912*^9}, 

   3.3926363135334992`*^9}]

}, Open  ]],



Cell["Razberemo dve re\[SHacek]itvi:", "Text"],



Cell[BoxData[{

 RowBox[{"\[Omega]01", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol\[Omega]0", "[", 

    RowBox[{"[", 

     RowBox[{"2", ",", "1"}], "]"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]02", ":=", 

  RowBox[{"\[Omega]0", "/.", 

   RowBox[{"sol\[Omega]0", "[", 

    RowBox[{"[", 

     RowBox[{"4", ",", "1"}], "]"}], "]"}]}]}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Vsiljeno nihanje - ustaljeno stanje", "Subsubtitle"],



Cell["Definiramo vzbujanje sinusne oblike", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"F", "[", "t_", "]"}], ":=", 

  RowBox[{"F0", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]], "Input"],



Cell["Predpostavimo harmoni\[CHacek]ni odziv", "Text"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"x", "[", "t_", "]"}], ":=", 

  RowBox[{"X", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"\[CurlyPhi]", "[", "t_", "]"}], ":=", 

  RowBox[{"\[CapitalPhi]", " ", 

   RowBox[{"Sin", "[", 

    RowBox[{"\[Omega]", " ", "t"}], "]"}]}]}]}], "Input"],



Cell["Sin[] ne predstavlja re\[SHacek]itve", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"ge111", "=", 

  RowBox[{"ge1", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", 

    "1"}]}]}], "\[IndentingNewLine]", 

 RowBox[{"ge222", "=", 

  RowBox[{"ge2", "/.", 

   RowBox[{

    RowBox[{"Sin", "[", "_", "]"}], "\[Rule]", "1"}]}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"F0", "+", 

   RowBox[{"3", " ", "k", " ", "r", " ", "\[CapitalPhi]"}]}], "\[Equal]", 

  RowBox[{

   RowBox[{"3", " ", "k", " ", "X"}], "-", 

   RowBox[{"m", " ", "X", " ", 

    SuperscriptBox["\[Omega]", "2"]}]}]}]], "Output",

 CellChangeTimes->{

  3.3926360755913553`*^9, {3.392636239867573*^9, 3.3926362784230127`*^9}, 

   3.3926363196222544`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "6"}], " ", "k", " ", "X"}], "+", 

     RowBox[{"7", " ", "k", " ", "r", " ", "\[CapitalPhi]"}], "-", 

     RowBox[{"3", " ", "m", " ", "r", " ", "\[CapitalPhi]", " ", 

      SuperscriptBox["\[Omega]", "2"]}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{

  3.3926360755913553`*^9, {3.392636239867573*^9, 3.3926362784230127`*^9}, 

   3.3926363196422834`*^9}]

}, Open  ]],



Cell["\<\

Poi\[SHacek]\[CHacek]imo amplitude nihanja v ustaljenem stanju\

\>", "Text"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{

  RowBox[{"solXY", "=", 

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{"{", 

      RowBox[{"ge111", ",", "ge222"}], "}"}], ",", 

     RowBox[{"{", 

      RowBox[{"X", ",", "\[CapitalPhi]"}], "}"}]}], "]"}]}], 

  ";"}], "\[IndentingNewLine]", 

 RowBox[{"XSol", "=", 

  RowBox[{"First", "[", 

   RowBox[{"X", "/.", "solXY"}], "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"\[CapitalPhi]Sol", "=", 

  RowBox[{"First", "[", 

   RowBox[{"\[CapitalPhi]", "/.", "solXY"}], "]"}]}]}], "Input"],



Cell[BoxData[

 FractionBox[

  RowBox[{"F0", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"7", " ", "k"}], "-", 

     RowBox[{"3", " ", "m", " ", 

      SuperscriptBox["\[Omega]", "2"]}]}], ")"}]}], 

  RowBox[{

   RowBox[{"3", " ", 

    SuperscriptBox["k", "2"]}], "-", 

   RowBox[{"16", " ", "k", " ", "m", " ", 

    SuperscriptBox["\[Omega]", "2"]}], "+", 

   RowBox[{"3", " ", 

    SuperscriptBox["m", "2"], " ", 

    SuperscriptBox["\[Omega]", "4"]}]}]]], "Output",

 CellChangeTimes->{

  3.3926360756314125`*^9, {3.3926362402881775`*^9, 3.3926362784730844`*^9}, 

   3.3926363211144*^9}],



Cell[BoxData[

 FractionBox[

  RowBox[{"6", " ", "F0", " ", "k"}], 

  RowBox[{"r", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"3", " ", 

      SuperscriptBox["k", "2"]}], "-", 

     RowBox[{"16", " ", "k", " ", "m", " ", 

      SuperscriptBox["\[Omega]", "2"]}], "+", 

     RowBox[{"3", " ", 

      SuperscriptBox["m", "2"], " ", 

      SuperscriptBox["\[Omega]", "4"]}]}], ")"}]}]]], "Output",

 CellChangeTimes->{

  3.3926360756314125`*^9, {3.3926362402881775`*^9, 3.3926362784730844`*^9}, 

   3.3926363211444435`*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{"F0", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]", ":=", 

  RowBox[{"50", " ", "2", " ", "\[Pi]"}]}], "\[IndentingNewLine]", 

 RowBox[{"r", ":=", "0.1"}], "\[IndentingNewLine]", 

 RowBox[{"m", ":=", "1"}], "\[IndentingNewLine]", 

 RowBox[{"k", ":=", "1000"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData[{

 RowBox[{"N", "[", 

  RowBox[{"{", 

   RowBox[{"\[Omega]01", ",", "\[Omega]02"}], "}"}], 

  "]"}], "\[IndentingNewLine]", 

 RowBox[{"N", "[", 

  RowBox[{

   SuperscriptBox["10", "6"], 

   RowBox[{"{", 

    RowBox[{"XSol", ",", "\[CapitalPhi]Sol"}], "}"}]}], "]"}]}], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"13.949928469402474`", ",", "71.68495538836505`"}], "}"}]], "Output",\



 CellChangeTimes->{

  3.3926360756814847`*^9, {3.3926362403582783`*^9, 3.3926362785632143`*^9}, 

   3.3926363242789507`*^9}],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{

   RowBox[{"-", "10.456556331024233`"}], ",", "2.170249520276151`"}], 

  "}"}]], "Output",

 CellChangeTimes->{

  3.3926360756814847`*^9, {3.3926362403582783`*^9, 3.3926362785632143`*^9}, 
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Naloga 2 (35 tock) Povprecen

Drsnik mase m drsi po podlagi brez trenja uspeh: 52%

in je preko treh vzmeti (vsaka togosti k) Zadostuje
S . . znanje: AD

pritrjen na valj mase m in polmera r,

ki brez drsenja nakotaljuje po podlagi.

Dolocite, ce sistem je ali ni konservativen,

Stevilo prostostnih stopenj in ob predpo-

stavki majhnih zasukov ¢ s pomocjo La-

grangevih enacb II. vrste izpeljite gibalne

enacbe.

Podatki: m,g,r, k,a =r/2.

Resitev

|
=

mi+3kx—3kry
3mrlp—6kre+Tkr’p = 0.

Postopek

Sistem je konservativen in ima dve prostostni stopnji (P=2); izberemo posploseni koordinati (N=P=2):
q1 = x, g2 = . Do gibalnih enacb pridemo z uporabo Lagrangevih enacb 2. vrste:

doL oL _

- - — =0 j=1,...,N.

dt 8(]J an' ’ J ’ ’
Za obravnavani primer:

d oL 6L_O d oL 8L_0

dt o ox dtdy  dp

“ * v v Tock: 10
Doloc¢imo torej Lagrangevo energijsko funkcijo L = Ex — Ej,; najprej dolo¢imo kineti¢no energijo:
1 1 1,

Ek = (2mx2) + (277111%4— 2J(p2) y
kjer sta hitrosti translacije tezisca valja:

=Ty Tock: 5
Tezis¢tni masni vztrajnostni moment valja je J = %mrQ. Tock: 5
Ob predpostavki majhnih zasukov je potencialna energija

1 1 1

Eyp = 5 kpt + 5 kps + 5 ki,

kjer je deformacija posamezne vzmeti (predpostavka z > (r + a) ¢):
=xr—(r—a)op, =x—(r)ep, =x—(r+a)ep.

p1 ( ) e D2 (r)e p3 ( ) Toik: 5
Izra¢unamo odvode:

oL oL 1

gr_ _ — =—kr(6z—-7 ,

B 3k(z—rp), 9 2 r(6z—T7ry)

d oL i d oL 3 5.

- == . — — = —mr°p.

dt 9y dtop 277 Tock: 5

Gibalni enacbi torej sta:
mi+3kx—3kre=0

3mr2g—6kraz+T7kr?p=0.
7 7 Tock: 5
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Naloga 3 (30 tock) Povprecen
Dolocite lastne frekvence sistema na sliki. U$Peh: 8%
_.M_ F, = 1IN Dglpéite tufii amplitude nihanj-a v primeru sz:;’jset:u{fN
L 1) w = 50-27rad/s vsiljenega nihanja s F'(t) = Fy sin wt.
r — 0lm Privzamite, da poznate gibalni enacbi sistema
m = 1.kg v primeru F(t) = 0N:
k= 1000N/m mi+3kx—3kre =
3mrp—6kra+Tkr’ep
wor = 13,950rad/s
woz = 71,685rad/s
X = -105-10°m
& = 2.17-10%rad
Postopek
Gibalnim ena¢bam za primer lastnega nedusenega nihanja dodamo vzbujanje F(t). Z razmislekom (vir-
tualno delo ali II. Newtonov zakon) ugotovimo, da moramo v gibalni ena¢bi, ki vsebuje 1 m & na desno
stran dodati F'(t). Gibalne enacbe v matri¢éni obliki:
m 0 Z n 3k —-3kr z\ _ ([ F()
0 3mr? & —6kr Tkr? v ) 0 ‘
Opazimo, da togostna matrika ni simetricna. Ne simetri¢nost je zgolj navidezna, saj lahko drugo gi-
balno enacbo pomnozimo z 2 in togostna matrika bo simetri¢na. Lastno frekvence dolo¢imo s pomocjo
determinante, na katero pa mnozenje vrstic s poljubno konstanto ne vpliva. Tock: 5
a) Lastno nihanje. Pri lastnem nihanju vsiljene sile ni (F'(t) = 0). Ob predpostavki harmonskega
odziva (x = X sin(wgt), ¢ = @ sin(wp t)) in ob upostevanju, da sin(wp t) ne predstavlja resitve, izpeljemo:
3k —muwd —3kr X Ap— 0
—6kr  Tkr?—3mr?w? o ) S\ 0 )"
Netrivialno resitev predstavlja resitev izraza:
det(A) =0
iz Cesar izpeljemo dve lastni frekvenci:
8k — b5k 8k ++V55k
wor =\ ——— wo2 =\ ——H—
3m 3m
Tock: 10

b) Vsiljeno nihanje. Pri vsiljenem nihanju uporabimo podatek F(t) = Fj sin(wt). Ob predpostavki
harmonskega odziva (z = X sin(wgt), ¢ = ® sin(wgt)) in ob upostevanju, da sin(wgt) ne predstavlja
resitve, izpeljemo:

3k —muwd —3kr X C Ap— Fo
—6kr  Tkr?—3mr?w? » )= A*%=\ o )

Tock: 5
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S pomocjo Cramer-jevega pravila izpeljemo:

_ det(Ayp) Fo (Tk —3mw?)

~ det(A)  3k2—16kmw? +3m2wt’

kjer je:

A — FO —3kr
1= 0 7kr2—3m7’2w8 ’

Tock: 5
Na podoben naéin izpeljemo amplitudo ®:
o det(Az) o 6FO k
~det(A)  r(3k2 —16kmw? +3m2wl)’
kjer je:
3k - mwi  Fy
Az = ( —6kr 0 )
Tock: 5

3.6 Datum: 12.9.2006

Povpreéen uspeh 5 studentov: 49% e
ol

Naloga 1 (35 t()ék) Povpregen
Delovno dvigalo na sliki sestavljajo: kabina in tovor mase 15m, UsPeh: 2_6%
jeklena vrv mase m, pogon, navijalni boben masnega vztraj- Zadostuje

znanje: TT

nostnega momenta J in protiutez mase 10 m. V eni od moznih
nesrec, se pri hitrosti vrtenja w zlomi gred pogonskega motorja
in sistem: kabina, pletenica, boben in protiutez se za¢ne prosto
gibati, po ¢asu ATj se vklopi varnostna zavora, ki deluje na
kabino in protiutez v nasprotni smeri gibanja s konstantno
silo F. Izra¢unajte ¢as delovanja zavore ATy, preden se sistem
ustavi.

Opomba: pletenica ne podrsava, njeno maso pa zanemarite.

= 20m7r?
30myg
9,81 m/s’
100 kg
0,25 m
4rad/s
= 0,2s

He s T my
I

Resitev

AT, = 0,102s

Postopek

V nalogi nastopajo samo konstantne sile (momenti) in nas sprasuje po ¢asu. Ohranitev oziroma spre-
memba gibalne ali vrtilne koli¢ine je prva moznost, na katero pomislimo.
Zacetna vrtilna koli¢ina sistema je

Li=10mvr+Jw+15mur,
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      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"y", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"y", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "Qy"}], 

   "]"}]}], "\[IndentingNewLine]", 

 RowBox[{"g3", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"z", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"z", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "Qz"}], "]"}]}]}], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{"m", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"3", " ", "g", " ", "\[Mu]1"}], "-", 

     RowBox[{"2", " ", "g", " ", "\[Mu]2"}], "+", 

     RowBox[{

      SuperscriptBox["x", "\[Prime]\[Prime]",

       MultilineFunction->None], "[", "t", "]"}]}], ")"}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{3.3926367277190685`*^9, 3.3926369555566835`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"m", " ", 

   RowBox[{

    SuperscriptBox["y", "\[Prime]\[Prime]",

     MultilineFunction->None], "[", "t", "]"}]}], "\[Equal]", 

  RowBox[{"g", " ", "m", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{

      RowBox[{"-", "2"}], " ", "\[Mu]2"}], "+", "\[Mu]3"}], 

    ")"}]}]}]], "Output",

 CellChangeTimes->{3.3926367277190685`*^9, 3.3926369555767117`*^9}],



Cell[BoxData[

 RowBox[{

  RowBox[{"m", " ", 

   RowBox[{"(", 

    RowBox[{

     RowBox[{"g", " ", "\[Mu]3"}], "+", 

     RowBox[{

      SuperscriptBox["z", "\[Prime]\[Prime]",

       MultilineFunction->None], "[", "t", "]"}]}], ")"}]}], "\[Equal]", 

  "F"}]], "Output",

 CellChangeTimes->{3.3926367277190685`*^9, 3.3926369556267843`*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"sol", "=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"{", 

      RowBox[{"g1", ",", "g2", ",", "g3"}], "}"}], "/.", 

     RowBox[{"{", 

      RowBox[{

       RowBox[{

        RowBox[{

         RowBox[{"x", "''"}], "[", "t", "]"}], "\[Rule]", "0"}], ",", 

       RowBox[{

        RowBox[{

         RowBox[{"y", "''"}], "[", "t", "]"}], "\[Rule]", "0"}], ",", 

       RowBox[{

        RowBox[{

         RowBox[{"z", "''"}], "[", "t", "]"}], "\[Rule]", "0"}]}], "}"}]}], 

    ",", 

    RowBox[{"{", 

     RowBox[{"\[Mu]1", ",", "\[Mu]2", ",", "\[Mu]3"}], "}"}]}], 

   "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{

    RowBox[{"\[Mu]1", "\[Rule]", 

     FractionBox["F", 

      RowBox[{"3", " ", "g", " ", "m"}]]}], ",", 

    RowBox[{"\[Mu]2", "\[Rule]", 

     FractionBox["F", 

      RowBox[{"2", " ", "g", " ", "m"}]]}], ",", 

    RowBox[{"\[Mu]3", "\[Rule]", 

     FractionBox["F", 

      RowBox[{"g", " ", "m"}]]}]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.3926367277691407`*^9, 3.392636955676856*^9}]

}, Open  ]]

}, Open  ]],



Cell[CellGroupData[{



Cell["3.Naloga", "Title"],



Cell[BoxData[

 RowBox[{"Remove", "[", "\"\<Global`*\>\"", "]"}]], "Input"],



Cell["Lagrageva energijska funkcija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"L", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{"Ek", "[", "t", "]"}], "-", 

   RowBox[{"Ep", "[", "t", "]"}]}]}]], "Input"],



Cell["Kineti\[CHacek]na energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ek", "[", "t_", "]"}], ":=", 

  RowBox[{

   RowBox[{

    FractionBox["1", "2"], " ", "J", " ", 

    SuperscriptBox[

     RowBox[{

      RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}], "2"]}], "+", 

   RowBox[{

    FractionBox["1", "2"], " ", "m", " ", 

    SuperscriptBox[

     RowBox[{"v", "[", "t", "]"}], "2"]}]}]}]], "Input"],



Cell["Kjer je MVM", "Text"],



Cell[BoxData[

 RowBox[{"J", ":=", 

  RowBox[{

   FractionBox["1", "12"], "m", " ", 

   RowBox[{"(", 

    RowBox[{

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"2", "a"}], ")"}], "2"], "+", 

     SuperscriptBox[

      RowBox[{"(", 

       RowBox[{"2", "a"}], ")"}], "2"]}], ")"}]}]}]], "Input"],



Cell["Hitrost kro\[ZHacek]enja te\[ZHacek]i\[SHacek]\[CHacek]a", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"v", "[", "t_", "]"}], ":=", 

  RowBox[{

   SqrtBox["2"], "a", " ", 

   RowBox[{

    RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]}]}]], "Input",

 CellChangeTimes->{{3.5544483083584614`*^9, 3.554448310176565*^9}}],



Cell["Potencialna energija", "Text"],



Cell[BoxData[

 RowBox[{

  RowBox[{"Ep", "[", "t", "]"}], ":=", 

  RowBox[{

   FractionBox["1", "2"], "k", " ", 

   SuperscriptBox[

    RowBox[{"(", 

     RowBox[{"b", " ", 

      RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}], ")"}], "2"]}]}]], "Input"],



Cell["Gibalni ena\[CHacek]bi", "Text"],



Cell[CellGroupData[{



Cell[BoxData[

 RowBox[{"ge1", "=", 

  RowBox[{"Simplify", "[", 

   RowBox[{

    RowBox[{

     RowBox[{

      SubscriptBox["\[PartialD]", "t"], " ", 

      RowBox[{"(", 

       RowBox[{

        SubscriptBox["\[PartialD]", 

         RowBox[{

          RowBox[{"\[CurlyPhi]", "'"}], "[", "t", "]"}]], 

        RowBox[{"L", "[", "t", "]"}]}], ")"}]}], "-", 

     RowBox[{

      SubscriptBox["\[PartialD]", 

       RowBox[{"\[CurlyPhi]", "[", "t", "]"}]], 

      RowBox[{"L", "[", "t", "]"}]}]}], "\[Equal]", "0"}], "]"}]}]], "Input"],



Cell[BoxData[

 RowBox[{

  RowBox[{

   RowBox[{"3", " ", 

    SuperscriptBox["b", "2"], " ", "k", " ", 

    RowBox[{"\[CurlyPhi]", "[", "t", "]"}]}], "+", 

   RowBox[{"8", " ", 

    SuperscriptBox["a", "2"], " ", "m", " ", 

    RowBox[{

     SuperscriptBox["\[CurlyPhi]", "\[Prime]\[Prime]",

      MultilineFunction->None], "[", "t", "]"}]}]}], "\[Equal]", 

  "0"}]], "Output",

 CellChangeTimes->{3.392636731083907*^9, 3.3926369588213778`*^9, 

  3.5544483138427753`*^9}]

}, Open  ]],



Cell["Lastna frekvenca (telovadba z Mathematico...)", "Text"],



Cell[BoxData[

 RowBox[{"sol\[Omega]0", ":=", 

  RowBox[{

   RowBox[{"Solve", "[", 

    RowBox[{

     RowBox[{"ge1", "/.", 

      RowBox[{"{", 

       RowBox[{

        RowBox[{

         RowBox[{

          RowBox[{"\[CurlyPhi]", "''"}], "[", "t", "]"}], "\[Rule]", 

         RowBox[{"-", "1"}]}], ",", 

        RowBox[{

         RowBox[{"\[CurlyPhi]", "[", "t", "]"}], "\[Rule]", 

         FractionBox["1", 

          SuperscriptBox["\[Omega]0", "2"]]}]}], "}"}]}], ",", "\[Omega]0"}], 

    "]"}], "[", 

   RowBox[{"[", 

    RowBox[{"2", ",", "1"}], "]"}], "]"}]}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData["sol\[Omega]0"], "Input"],



Cell[BoxData[

 RowBox[{"\[Omega]0", "\[Rule]", 

  FractionBox[

   RowBox[{

    SqrtBox[

     FractionBox["3", "2"]], " ", "b", " ", 

    SqrtBox["k"]}], 

   RowBox[{"2", " ", "a", " ", 

    SqrtBox["m"]}]]}]], "Output",

 CellChangeTimes->{3.392636731174037*^9, 3.392636958881464*^9, 

  3.5544483552881455`*^9}]

}, Open  ]],



Cell["Poi\[SHacek]\[CHacek]emo \[SHacek]e b", "Text"],



Cell[BoxData[

 RowBox[{"solb", ":=", 

  RowBox[{"Solve", "[", 

   RowBox[{

    RowBox[{

     RowBox[{"\[Omega]0", "\[Equal]", "\[Omega]z"}], "/.", "sol\[Omega]0"}], 

    ",", "b"}], "]"}]}]], "Input"],



Cell[CellGroupData[{



Cell[BoxData["solb"], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"b", "\[Rule]", 

    FractionBox[

     RowBox[{"2", " ", 

      SqrtBox[

       FractionBox["2", "3"]], " ", "a", " ", 

      SqrtBox["m"], " ", "\[Omega]z"}], 

     SqrtBox["k"]]}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.39263673120408*^9, 3.3926369589215217`*^9, 

  3.554448404900983*^9}]

}, Open  ]],



Cell[CellGroupData[{



Cell["Podatki", "Subtitle"],



Cell[BoxData[{

 RowBox[{

  RowBox[{"m", ":=", "1"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"a", ":=", "0.1"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{

  RowBox[{"k", ":=", "10000"}], ";"}], "\[IndentingNewLine]", 

 RowBox[{"\[Omega]z", ":=", "50"}]}], "Input"]

}, Open  ]],



Cell[CellGroupData[{



Cell["Rezultati", "Subtitle"],



Cell[CellGroupData[{



Cell[BoxData["solb"], "Input"],



Cell[BoxData[

 RowBox[{"{", 

  RowBox[{"{", 

   RowBox[{"b", "\[Rule]", "0.14719601443879746`"}], "}"}], "}"}]], "Output",

 CellChangeTimes->{3.392636731234123*^9, 3.392636958951565*^9}]

}, Open  ]]

}, Open  ]]

}, Open  ]]

},

WindowToolbars->{"RulerBar", "EditBar"},

WindowSize->{968, 681},

WindowMargins->{{0, Automatic}, {0, Automatic}},

Magnification->1.25,

FrontEndVersion->"8.0 for Microsoft Windows (64-bit) (October 6, 2011)",

StyleDefinitions->FrontEnd`FileName[{"Creative"}, "NaturalColor.nb", 

  CharacterEncoding -> "WindowsEastEurope"]

]

(* End of Notebook Content *)
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kjer je hitrost

v=Tw.
Tock: 10
Ko se zlomi pogonska gred, na sistem deluje moment
My =—-10mgr+15mgr
Tock: 5
Zunanji moment povzro¢i spremembo vrtilne koli¢ine (M = L)7 sledi:
ALy = My ATy.
Preden zacne delovati zavora, je vrtilna kolic¢ina
Lo =11+ ALy
Tock: 5
Zunanji moment na sistem, ko deluje zavora:
My = (-10mg—F)r+ (15mg— F)r.
Tock: 5
Sistem se ustavi, ko se vrtilna koli¢ina Lo porabi (Ls + ALy = 0), kjer je:
ALQ = M2 ATQ
Sledi:
9 AT
AT, = 2T@ 98l
11g
Tock: 10
Kje so imeli Studentje tezave?
7 I1I. Newtonovim zakonom se nalogo lahko resi, vendar je postopek daljsi.
Naloga 2 (35 tock) Povpﬁeéer:y
: 60
9¢ Na sliki je sistem treh enakih mas. Med masami so zaradi ;Saz;tu.e ’
A F_ razlitnih maziv razlicni koeficienti trenja p1, p2, 3. Predpo- ,papie: JAD
K stavite, da se zaradi sile F' vse mase gibljejo v desno smer in s
i pomocjo Lagrangevih enacb II. vrste izpeljite gibalne enacbe.
.~ Dolocite koeficiente trenja, da se bodo vse mase res gibale v
m i, desno smer.
- Podatki: m, g, F.
Resitev
i = g(=3m +2p2)
g = g(=2p2+ps)
F
2 = ——gHs3
m
B F
pe = 3gm
B F
p2 = 2gm
F
w3y = —
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Sistem je nekonservativen in ima tri prostostne stopnje (P=3); izberemo posplosene koordinate (N=P=3):

g1 =z, g2 = Y, g3 = z. Gibalne enacbe izpeljemo z uporabo Lagrangevih enacb 2. vrste:

=Y, j=123.

dt dq¢;  Og;
Tock: 5
Zac¢nemo z Lagrangevo energijsko funkcijo L = Ey — Ey; najprej doloc¢imo kineti¢no energijo:
1 1 1
By = 5m:i:2 + 5my2 + 5mz?
Tock: 5
Potencialna energija je ni¢: £, =0J. Tock: 5
Izra¢unamo $e nekonservativno posploSeno silo:
SWN =" For; = —F 6z + F, 6z — Fy0y + F3 0y — F36z + F 6z,
i
kjer so sile trenja:
Fi=pgm+m+m) Fp=pg(m+m) F3=pzg(m) )
Tock: 5
Sledi, da je virtualno delo nekonservativnih sil:
QY =gm(=3m +2m) Q) =gm(—2p+ps) QF =F—gmps
Tock: 5
Z odvajanjem Lagrangeve energijske funkcije in vstavitvijo v Lagrangeve enacbe I1. vrste izpeljemo gibalne
enacbe:
E=g(=3m+2u) G=g(2p2+tps) E=——gus
m y
Tock: 5
Vse mase se bodo gibale v isto smer, ¢e bodo pospeski nenegativni. Skrajna meja je nepospeseno gibanje:
. . . 2 . . o Y e . . . .
& =9 =%=0m/s", ki nam iz treh enacb omogoca dolo¢itev mejnih koeficientov trenja:
F F F
'ul:3gm H2:2gm M3297m'
Tock: 5
Opazimo, da mora koeficient trenja nujno padati.
Naloga 3 (30 tock) Povprecen
. . . uspeh: 63%
Kvader mase m in stranice 2a ima en rob Zadostui
je

vrtljivo vpet. Gibanje omejuje vzmet togo-

m
sti k, ki je pritrjena na razdalji b. Upostevajte 0 =
majhne zasuke ¢ in pois¢ite gibalno enacbo Eo—
ter lastno frekvenco sistema. Dolocite b, da bo ‘ _
' 2a w, = b50rad/s

sistem imel lastno frekvenco enako w,.

Resitev
302k
26a2m

o

¢+ p =

w
oyl

woy =

S
3

§\® SRS
)
=
3

=0 = 0,1472m

w
o~

= 1lkg
0,1m
10kN/m

znanje: LN
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Gibalno enacbo preprosto najdemo s pomoc¢jo Lagrangevih enacb II. vrste za konservativni sistem:

4oL oL _
dtop Oy

Lagrangeva energijska funkcija:
L=E—E,,

kjer je kineti¢na energija definirana kot:

1 1
mzﬁJ&+§m&

kjer je masni vztrajnostni moment kvadra okoli tezis¢ne osi

J= %m ((2a)* + (2a)?)

in (krivoértna) translatorna hitrost tezisca
v=v2a¢.

Potencialna energija

1

Izra¢unamo odvode Lagrangevih enacb Il.vrste in izpeljemo gibalno enacbo:

362k
8aZm

P+ p=0.

Sledi lastna frekvenca sistema

o b 3R
" 2aVom

Iz izraza w, = wq sledi

8m
b= em
G0N 3%

Tock: 5

Tock: 5

Tock: 5

Tock: 5

Tock: 5

Tock: 5
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LADISK — Laboratorij za dinamiko strojev in konstrukcij

Dinamika togih teles

Naloga 1

Resitev

AT, = 0,102s

Postopek

IZpit 19.9.2012

(35 tock)
Delovno dvigalo na sliki sestavljajo: kabina in tovor mase 15m,
jeklena vrv mase m, pogon, navijalni boben masnega vztraj-
nostnega momenta J in protiutez mase 10m. V eni od moznih
nesrec¢, se pri hitrosti vrtenja w zlomi gred pogonskega motorja
in sistem: kabina, pletenica, boben in protiutez se zacne prosto
gibati, po ¢asu AT; se vklopi varnostna zavora, ki deluje na
kabino in protiutez v nasprotni smeri gibanja s konstantno
silo F'. Izracunajte ¢as delovanja zavore AT5, preden se sistem
ustavi.
Opomba: pletenica ne podrsava, njeno maso pa zanemarite.

= 20mr?
30mg
9,81 m/s”
100 kg
0,25m
4rad/s
0,2s

€ = 3w Ty
[

AT

V nalogi nastopajo samo konstantne sile (momenti) in nas sprasuje po ¢asu. Ohranitev oziroma spre-
memba gibalne ali vrtilne koli¢ine je prva moznost, na katero pomislimo.

Zacetna vrtilna koli¢ina sistema je

Li=10mvr+Jw+15mur,

kjer je hitrost

Povprecen
uspeh: 26%

Tock: 10

Ko se zlomi pogonska gred, na sistem deluje moment

M; =—-10mgr+15mgr

Tock: 5

Zunanji moment povzro¢i spremembo vrtilne koli¢ine (M = L)7 sledi:

AL; = My ATy.

Preden zacne delovati zavora, je vrtilna koli¢ina

Ly=Li+ ALy
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Tock: 5
Zunanji moment na sistem, ko deluje zavora:
My =(-10mg—F)r+ (156mg— F)r.
Tock: 5
Sistem se ustavi, ko se vrtilna koli¢ina Lo porabi (L + ALg = 0), kjer je:
ALy = My ATs.
Sledi:
9 AT
AT, = Jrotgali
11g
Tock: 10
Kje so imeli studentje tezave?
7 II. Newtonovim zakonom se nalogo lahko resi, vendar je postopek daljsi.
Naloga 1 (30 tock) Povprecen
uspeh: 83%
A g
B Na sliki je prikazan Newtonov ojacevalnik (zakaj,
boste izvedeli, ko boste nalogo resili); sestavljen je
C iz. 4 krogel (ma, mp, mc, mp). Koeficient trka med
kroglami ter kroglo D in podlago je e. Izracunajte
hitrost, s katero se odbije krogla A in kaksen je ta-
D krat njen delez energije glede na zacetno energijo
sistema. Sistem krogel spustimo iz viSine h.
—T Podatki: h = 1m,g = 9.81m/s°,e = 0,95, ms =
L m,mp = 3m,mc = 9m,mp = 27m.
Resitev
Do = —4.43 m/s
vp1 = 4,21m/s
ver = 8,20m/s
vgr = 14,05m/s
var = 22,59m/s
n = 0,65
Postopek
Pred prvim trkom imajo vse krogle enako hitrost:
VA0 = VB0 = VCo = Upo = —\/2gh.
Tock: 5

Najprej tréi krogla D s podlago; njena hitrost po trku je:

Up1 = —€VDo,

Tock: 5
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nato tréi krogla C v kroglo D; njena hitrost po trku je:
mp \/gh(3€2+6€—1)
ve1 = voo — (Voo — v 1+e = .
c1 = voo — (veo — vp1) ( )mC+mD Wi
Tock: 5
Sledi trk krogle B v kroglo C; njena hitrost po trku je:
mc Vgh (9€3 +27¢2 +27€e—17)
vB] = UBo — (UBo — v 1+ = .
B1 Bo — (UBo c1) ( €) ms + mc 8.2
Tock: 5
In koné¢no trk krogle A v kroglo B:
( )(1+6) mp Voh (27€* + 108 € + 162¢ + 108¢ — 37)
vA1 = VA0 — (Vap — v € = .
Al A0 A0 — UB1 At o 3273
Tock: 5
Delez energije krogle A glede na celoten sistem je:
Bea Lmaod, (276 410863 + 1622 + 108¢ — 37)°
E,  (ma+mp+mc+mp)gh 163840
Tock: 5

Kje so imeli studentje tezave?
[Pri predznakih hitrosti. Najbolje je, da izberemo koordinatni sistem, potem pa dosledno sledimo enacbam.

Naloga 3

Resitev

wWo
1)
w

A
Jo
fe

Postopek

= 100kN/m
= 10Ns/m
= 0,003kg m?
= 6cm )
T
= 2500 - 0 rad/s
= M sin(wt)
= 1 Nm
= 5N

346,41 rad/s
0,01732
261,8rad/s
2,328
333,3rad/s”
776,11ad/s>

(35 tock)

Na sliki je prikazan model podsestava preti¢nega
mehanizma. Iz menjalnika se na element oblike T
prenaSa vzbujanje v obliki momenta M (t).

a) Dolocite, ali je sistem vzbujan nad- ali pod-
resonan¢no ter za frekvenco vzbujanja izrac¢unajte
prenosnost preko dusilke in vzmeti na podlago fi/ fo.
b) Izracunajte amplitudo sile na podlago pri fre-
kvenci vzbujanja.

¢) Dolocite potrebno lastno krozno frekvenco, da bo
amplituda sile na podlago pri neduSenem sistemu
6 = 0 enaka F,.

Predpostavite majhne kote.

M, = 2328Nm
F, = 388N
M;, = 0,3Nm
fi. = 100 md/s2
wo,, = 125 7rad/s

a) S pomocjo I1.Newtonovega zakona najprej napisemo gibalno enacbo (Ja ¢ =), Ma;):

Jap+da*p+ka®p =M sin(wt).

Povprecen
uspeh: 71%
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Izraz normiramo:

,,+da2 _+ka2 M in(w)
— — o= — sin(wt).
4 JA 7 Ja 7 Ja

N~ —~— ~—

26 wo w? fo

Izracunamo Se lastno krozno frekvenco in razmernik dusenja:

ka2
wo =1/ —,
0 Tn
da®
J
6= A
2 wo
Tock: 5
Ker je lastna frekvenca vecja od vzbujevalne frekvence sledi, da je vzbujanje pod-resonané¢no. Tock: 5
Prenosnost vibroizolacije je:
2
i 1+ (202)
T = % = - 5 3 - 5 .
(1 - (2) ) +(202)
Tock: 5
b) Amplituda pospeska na podlago:
Ji="/ oA
in pripadajo¢i moment ter sila:
M
M = fi Ja Fy = Tt~
Tock: 10
¢) Za dolocitev potrebne lastne frekvence dolo¢imo najprej potrebni pospesek na podlago:
F,a
ft,z - JA .
Tock: 5

Sledi, da je prenosnost:

ft,z

A, =
Jo

Ker ni duSenja, moramo resiti sistem:

Kot edino fizikalno ustrezno resitev izpeljemo:

Wo,z =

)

a2 F?w? —a F, M w?
a2 F2 — M2
Tock: 5




Stvarno kazalo

AD, 29, 34, 35} [39 [75} [79} B4} [B7]
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LN, [55]

LVPS, 9} [60} [62} [67} [7]]
LVVP, 54
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Trk, [11} 33} 37 [61} [63} [70]
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VN, [43} {7, 53} 8} [62} [64} [77}, BT
VVPS, [ FT]
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Uporabljene okrajsave (vsebine se nadgrajujejo v zapisanem vrstnem redu):

e dinamika masne tocke (MT),

e dinamika sistema masnih tock (SMT),

e masni vztrajnostni momenti teles (MVM),
e dinamika togega telesa (TT),

e rotacija togega telesa okoli stalne osi (Bal).
e trk togih teles (Trk),

e analiti¢na statika (AS)*,

e analiticna dinamika (AM)*.

e lastna nihanja (LN),

e lastna dusena nihanja (LDN),

e vsiljena nihanja (VN),

e prenosnost vibroizolacije (PV),

e pasivna vibroizolacija (PaV),

e merilniki vibracij (MV),

e lastna nihanja sistemov z veé prostostnimi stopnjami (LVPS),

e vsiljena nihanja sistemov z ve¢ prostostnimi stopnjami (VVPS).

* Po Bolonski prenovi je analiti¢cna mehanika obravnavana v okviru predmeta Visja dinamika; naloge, ki
obravnavajo izkljuéno analititno mehaniko pri predmetu DTT ne obravnavamo; naloge iz AM se ponavadi
lahko resijo s pomocjo energijskih zakonov v okviru klasicne mehanike. Naloge iz nihanj, pri katerih je
uporabljena analiticna mehanika resite s pomocjo klasi¢ne mehanike.
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