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4)Bb1Bo1 HEOOXOAUMBIX (POPMYJT JJIsl IOCTPOEHUS BCEX
MPOEKIMI. Y Ka3aTh KAKUE MATPHUILIbI UCIIOIb3YIOTCS JJISl IOCTPOCHUS
BCEX YETHIPEX MPOCKIMI N300paKEHUN U B KaKOU
MIOCJIEIOBATEIIBHOCTA OHU YMHOKAIOTCH.

Jlma mocTpoeHust ucnonab3yrTes MaTtpullsl [lepenoca u
[ToBOpoTa BOKpYTr OocH Y MO CyTH IO TOYKaM CTPOUTCS TOJIBKO
nepeHsas 4acTh TYMOOUYKH, @ OCTaJbHbIC 3 IMyTEM MOBOPOTA YKE
uMerolencs. Ipu noctpoeHnn 3Toi OHONU CTOPOHBI UCITOIB3YETCS
marpuua [lepenoca njist OTpUCOBKM BEPXHETO M HUKHETO sipyca. [l
IOCTPOCHUS MPOEKIIMK UCTIONB3YyeTCsl MaTpulia [ToBopoTa BOKpyr
Y (pponTanshas npoekuus) u matpuua [TloBopora Bokpyr X(Buz
cBepxy). JJIst OTpUCOBKH APYTUX MPOEKINI TAKKE UCIIOTb3YIOTCS
Matpulbl [ToBopoTa BOKpyr ocerd X U Y € pa3IMYHbIM yIJIOM.
B03MO0XHOCTh YMEHBIIIATh U YBEIUYUBATH OOBEKT peaii30BaHa yepes
MmaTtpuily MacimtabupoBaHus, a BpaieHus uepes3 matpuity [loBopora
BOKpYT Y.



5)TekcT nporpamMmel.
®aiin main.cpp
#include "mainwindow.h"
#include <QApplication>

int main(int argc, char *argv[]) {
QApplication a(argc, argv);
MainWindow w;
w.show();

return a.exec();

}

®aiin mainwindow.cpp

#include "mainwindow.h"
#include "ui_mainwindow.h"

MainWindow::MainWindow(QWidget *parent) :
QMainWindow(parent),
ui(new Ui::MainWindow),
dilatation(DilatationM(1, 1, 1)),
rotate(RotateMY (0)),
flag(0),
sizeCenter(15){

ui->setupUi(this);
¥

MainWindow::~MainWindow() {
delete ui;

}

void MainWindow::paintEvent(QPaintEvent *p) {
QWidget::paintEvent(p);
QPainter painter(this);
painter.setBrush(QBrush(Qt::white));
painter.setPen(QPen(Qt::black, 5));
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// Paouyc bonvuieil OKpy#cHOCmuU

float radius;

// Boluucnsem paouyc oKpyscHOCmU

if (width() > height()) // Eciu wupuna oxna bonviue svicomer
radius = (height() - 20) / 2; // Omcmyn om kpaée - 10 nuxcenetl

else radius = (width() - 20) / 2;

Object staticTumba = Tumba(radius / 290., sizeCenter);

// Koopounamul yenmpa éceco

QPointF center = QPointF(width() / 2, height() / 2);
painter.translate(center.x(), center.y());

painter.translate(-radius / 2., -radius / 2.);
staticTumba.drawFront(painter);

painter.translate(radius, 0);
staticTumba.drawPorf(painter);

painter.translate(-radius, radius);
staticTumba.drawUp(painter);

painter.translate(radius, 0);
drawDinamic(painter, radius);

painter.translate(-radius / 2., -radius / 2.);
painter.setPen(Qt::blue);
drawAxis(painter, radius);

}

void MainWindow::wheelEvent(QWheelEvent *wheelevent) {
double k = 1. + wheelevent->delta() / 10000.;
Matr dilatationMnog = DilatationM(k, k, k);
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dilatation = dilatationMnog * dilatation;
repaint();
¥

void MainWindow::drawAxis(QPainter &painter, double radius) {
painter.drawLine(-radius / 2., -radius, -radius / 2., radius);
painter.drawLine(-radius, -radius / 2., radius, -radius / 2.);

}

void MainWindow::drawDinamic(QPainter &painter, double radius) {
Object tumba = Tumba(radius / 290., sizeCenter);
tumba = dilatation * tumba;
tumba = rotate * tumba;

Matr proect = RotateMY (45 * RAD);
if (flag==1) {
//KOCOY20NbHAsL KAOUHEMHAs
Matr rt_x = RotateMX(45 * RAD);
proect = (rt_x * proect);
} else if (flag == 2) {
//KOCOY20nbHAsL CBOOOOHAS
Matr rt_x = RotateMX(30 * RAD);
proect = (rt_x * proect);
}else if (flag == 3) {
//NPAMOY20NIbHASL OUMEMPUS]
Matr rt_x = RotateMX((7 + 1. / 6.) * RAD);
Matr rt_y = RotateMY ((41 + 25./60.) * RAD);
proect = (rt_x * rt_y * proect);
}else if (flag == 4) {
//NPAMOY20SIbHASL UBOMEMPUSL
Matr rt_x = RotateMX(30 * RAD);
Matr rt_y = RotateMY (30 * RAD);
proect = (rt_x * rt_y * proect);

}



tumba = proect * tumba;
tumba.draw(painter);

}

void MainWindow::mouseMoveEvent(QMouseEvent *mouseEvent) {
if (toldXpos || 'oldYpos) {
oldXpos = cursor().pos().x();
oldYpos = cursor().pos().y(;
Yelse {
double newXPos = cursor().pos().x();
double ky = 1. + (newXPos - oldXpos) / 10000.;

I/ double newYPos = cursor().pos().y();
/] double kx = 1. + (newYPos - oldYpos) / 10000.;

int mnogyY = 1;
If (newXPos < oldXpos)
mnogyY = -1;

oldXpos = newXPos;

Il int mnogX = 1;

/] if (newYPos > oldYpos)
Il mnogX = -1;

I/ oldYpos = newYPos;

Matr rotateMnogY = RotateMY (mnogY * ky * RAD);
Il Matr rotateMnogX = RotateMZ(mnogX * kx * RAD);

rotate = rotateMnogY * rotate;
/] rotate = rotateMnogX * rotate;
repaint();
¥
¥

void MainWindow::on_comboBox_currentindexChanged(int index) {
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flag = index;
repaint();
¥

void MainWindow::on_textEdit_selectionChanged()

{

sizeCenter = ui->textEdit->toPlainText().tolnt();

}

®daiin mainwindow.h
#itndef MAINWINDOW _H

#define MAINWINDOW _H
#include <random>

#include <QMainWindow>
#include <QPainter>
#include <QWheelEvent>

#include "Headers/model3d.h"

QT_BEGIN_NAMESPACE
namespace Ui { class MainWindow; }
QT_END_NAMESPACE

class MainWindow : public QMainWindow

{
Q OBJECT

public:
explicit MainWindow(QWidget *parent = 0);
~MainWindow();

private slots:
void on_comboBox_currentindexChanged(int index);
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void on_textEdit_selectionChanged();

private:
double oldXpos;
double oldYpos;
int flag;
double sizeCenter;

Matr dilatation;
Matr rotate;

Ui::MainWindow *ui;

void paintEvent(QPaintEvent *p) override;

// Obpabomuuk cobbimusi NPOKPYMKU KOJeca Mblulu
void wheelEvent(QWheelEvent* ) override;

void mouseMoveEvent(QMouseEvent™* );

void drawAxis(QPainter &painter, double radius);
void drawDinamic(QPainter &painter, double radius);

Y

#endif // MAINWINDOW_H

daiin matr.h
#ifndef LAB1 MATR_H
#define LAB1_ MATR_H

#include <QPointF>

#include <utility>
#include <vector>

using namespace std;

typedef vector<double> type_arr;
typedef vector<type arr> type _m;



class Matr{
private:
type_ m m;

public:
explicit Matr(type_m m): m(std::move(m)){};
int get_n();
int get_ m();
friend Matr operator *(Matr m_I, Matr m_r);
friend type_arr operator *(Matr &m, type_arr &arr);
friend QPointF operator *(Matr &m, QPointF &p);
type arr & operator [](int index);

};

#endif //LAB1_MATR_H
@aiin matr.cpp
//
// Created by ouroboros on 20.09.2020.
Il
#include "../Headers/matr.h"

Matr operator*(Matr m_I, Matr m_r) {
type_m result;
for (inti=0;1<m_lLget n(); ++i) {
result.push_back({});
for (intj =0; j <m_r.get m(); ++j) {
doublei j el =0;
for (intk =0; k<m_r.get_n(); ++k) {
I_J_el += m_I[i][K] * m_r[K][j];
¥
result[i].push_back(i_j_el);
¥
¥

return Matr(result);

}



type_arr operator*(Matr &m, type_arr &arr) {
type_arr result;

for (inti=0; i< m.get_n(); ++i) {
doublei j el =0;
for (intj = 0; j < arr.size(); ++j)
i_j_el +=mli][j] * arr[j];

result.push_back(i_j_el);
}

return result;

}

type_arr &Matr::operator[](int index) {
return mfindex];

}

int Matr::get_n() {
return m.size();

}

int Matr::get m() {
return m[0].size();

}

QPointF operator*(Matr &m, QPointF &p) {
type_arr mult_arr({p.x(), p.y(});
for (inti=2;1<m.get_n(); ++i)
mult_arr.push_back(0);
type_arr tranfrom_arr = m*mult_arr;
return {tranfrom_arr[0], tranfrom_arr[1]};

}

I

®daiin afin3d.h
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// Created by ouroboros on 20.09.2020.
Il

#ifndef LAB1_AFIN3D_H
#define LAB1_AFIN3D_H

#include "matr.h"
#include "math.h"

class RotateMX : public Matr {
public:
explicit RotateMX(double alfa) :
Matr({
{1, 0, 0, 0},
{0, cos(alfa), -sin(alfa), 0},
{0, sin(alfa), cos(alfa), 0},
{0, 0, 0, 1}
»nAix
2

class RotateMY : public Matr {
public:
explicit RotateMY (double alfa) :
Matr({
{cos(alfa), 0, -sin(alfa), 0},
{0, 1, 0, 0},
{sin(alfa), O, cos(alfa), 0},
{0, 0, 0, 1}
»nix
2

class RotateMZ : public Matr {
public:
explicit RotateMZ(double alfa) :
Matr({
{cos(alfa), sin(alfa), 0, 0},
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{-sin(alfa), cos(alfa), 0, 0},
{0, 0, 1, 0},
{0, 0, 0, 1}

n{k
2
class DilatationM : public Matr {
public:
explicit DilatationM(double kx, double ky, double kz) :
Matr({
{kx, 0, 0, 0},
{0, ky, 0, 0},
{0, 0, kz, 0},
{0, 0, O, 1}
n{k
b
class TranslateM : public Matr {
public:
explicit TranslateM(double x, double y, double z) :
Matr({
{1, 0, 0, x},
{0, 1,0, y},
{0, 0, 1, z},
{0, 0, 0, 1}
Ak
b
class CabinetProec : public Matr {
public:
explicit CabinetProec(double I, double alfa) :
Matr({
{1, 0, 0, 0},
{0, 1, 0, 0},

{l * cos(alfa), | * sin(alfa), 0, 0},
{0, 0, 0, 1}

12



R ES

#endif //LABL_AFIN3D_H

daiin model3d.h
Il
I/ Created by ouroboros on 02.10.2020.
Il

#ifndef LAB1. MODEL3D_H
#define LAB1. MODEL3D_H

#include <QPainter>
#include <iostream>
#include "afin3d.h"

#define LEN_X 70*k
#define LEN_Y LEN_X/12.
#define LEN_Z LEN_X

#define RAD 3.14/180.
class Point3D {
public:
Point3D(double x, double y, double z) : point({x, vy, z, 1}) {};

Point3D(type_arr vec) : point(vec) {};
type_arr point;

double x();
double y();

double z();
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;

class Model {
private:
vector<Point3D> vectorPoints;
public:
explicit Model(vector<Point3D> vector) :
vectorPoints(std::move(vector)) {};

friend Model operator*(Matr &, Model &);

void draw(QPainter &painter);
¥

class Object {
protected:
vector<Model> vectorModels;
public:
explicit Object(vector<Model> vector) :
vectorModels(std::move(vector)) {};

friend Object operator*(Matr, Object &);

void draw(QPainter &painter);

void drawFront(QPainter &painter);
void drawPorf(QPainter &painter);
void drawUp(QPainter &painter);

¥

class Tumba : public Object {
public:
Tumba(double k, double sizeH) :
Object({}) {
Model inSquare({Point3D(-LEN_X, -LEN Y, LEN_2Z),
Point3D(LEN_X, -LEN_Y, LEN_2),
Point3SD(LEN_X, LEN_Y, LEN_2Z),
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Point3D(-LEN_X, LEN_Y, LEN_2Z2)});
Model centerSquare({Point3D(-LEN_X, -sizeH*k, LEN_Z),
Point3D(LEN_X, -sizeH*k, LEN_Z),
Point3D(LEN_X, sizeH*k, LEN_Z),
Point3D(-LEN_X, sizeH*k, LEN_2Z)});
Matr rt_y 90 = RotateMY (90.*RAD);
Matr t_up = TranslateM(0, -20*LEN_Y, 0);
Matr t_down = TranslateM(0, 20*LEN Y, 0);
for (inti=0;1<4; ++) {
vectorModels.push_back(centerSquare);
vectorModels.push_back(t_up*inSquare);
vectorModels.push_back(t_down*inSquare);
inSquare = rt_y 90*inSquare;
centerSquare = rt_y 90*centerSquare;

}

Model outSquareL({Point3D(-LEN_X-2, -21*LEN_Y, LEN_2Z),
Point3D(-(LEN_X+LEN_Y*2), -21*LEN Y,
LEN _2),
Point3D(-(LEN_X+LEN_Y*2), 21*LEN_Y,
LEN_2),
Point3D(-LEN_X-2, 21*LEN_Y, LEN_2)});
Matr t_back = TranslateM(0, 0, -2*LEN_Z2);
Matr t_rigth = TranslateM(2*(LEN_X+LEN _Y), 0, 0);
for (inti=0;1<2; ++) {
vectorModels.push_back(outSquareL.);
vectorModels.push_back(t_rigth*outSquareL);
outSquareL =t_back*outSquareL;

}

Model outSquareS({Point3D(-LEN_X-2, 21*LEN_Y, -LEN_2),
Point3D(-(LEN_X+LEN_Y*2), 21*LEN_Y, -
LEN_Z),
Point3D(-(LEN_X+LEN_Y*2), 21*LEN_Y,
LEN_Z),
Point3D(-LEN_X-2, 21*LEN_Y, LEN_2)});

15



Matr t_up_s = TranslateM(0, -42*LEN _Y, 0);

for (inti=0;1<2; ++i){
vectorModels.push_back(outSquareS);
vectorModels.push_back(t_up_s*outSquareS);
outSquareS =t_rigth*outSquares;

}

¥
¥

#endif //LAB1_MODEL3D H
®daiin model3d.cpp
Il
I/ Created by ouroboros on 02.10.2020.
Il
#include "../Headers/model3d.h"

Model operator*(Matr &matr, Model &model) {
vector<Point3D> newVec;
for (auto &vec: model.vectorPoints)
newVec.emplace _back(matr * vec.point);
return Model(newVec);

}

void Model::draw(QPainter &painter) {

size_t size = vectorPoints.size() - 1;

for (int1=0; i < size; ++i)

painter.drawLine(QPointF(vectorPoints[i].x(),
vectorPoints[i].y()),
QPointF(vectorPoints[i + 1].x(), vectorPoints[i +

11.y0));

painter.drawLine(QPointF(vectorPoints|size].x(),

vectorPoints[size].y()),
16



QPointF(vectorPoints[0].x(), vectorPoints[0].y()));

}

Object operator*(Matr matr, Object &object) {
vector<Model> newVec;
for (auto &model: object.vectorModels)
newVec.push_back(matr * model);
return Object(newVec);

}

void Object::draw(QPainter &painter) {
for (auto &model: vectorModels)
model.draw(painter);

}

void Object::drawFront(QPainter &painter) {
draw(painter);

}

void Object::drawPorf(QPainter &painter) {
Matr rt = RotateMY (90*RAD);
(rt*(*this)).draw(painter);

¥

void Object::drawUp(QPainter &painter) {
Matr rt = RotateMX(90*RAD);
(rt*(*this)).draw(painter);

¥

double Point3D::x() {
return point[0];

}

double Point3D::y() {

return point[1];
17



}

double Point3D::z() {
return point[2];

6)Pe3ynbTaT paboThI IpOrpaMMbl (CHUMKH IKpaHa).
———
MpAMOyronkHas U3oMeTpus
I
i
b
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TyT n3MeHeH pasMmep cpeanen nepeknaauasl Ha 40 a cama

IMPOCKIHA 9YTh YMCHbBIIICHA U ITOBCPHYTA

MpaMoyronbHas AMMeTPUS

| 40|

MainWindow
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