1. Yka3atenn Ha pyHKUUN

OnpepeneHue:

YKa3atenb Ha QyHKLMIO — 3TO NepeMeHHas, KoTopasa XpaHUT agpec GyHKLUUN B MaMATW.
OTO NO3BOASET BbI3bIBaTb PYHKLIMIO KOCBEHHO, paboTaTh C PYHKLMAMM Kak C JaHHBIMWU 1
nepesaBaTtb X B KauecTBe NapamMeTpoB.

cpp
#tinclude <iostream>

#tinclude <cmath>

using namespace std;

// CoBpemeHHoe obvsaBneHue muna yKasamesnsa HA QYHKUUI

using MathOperation = int(int, int);

// Pa3nuyHele ¢yHKyuu ¢ oduHakoBol cuzHamypol
int add(int a, int b) { return a + b; }
int subtract(int a, int b) { return a - b; }

int multiply(int a, int b) { return a * b; }

// OYHKUUA, NpUHUMAaWAs yKAsamesas HA QYHKUUKW KAK napamemp
void calculate(int x, int y, MathOperation* operation) {

cout << "Result: << operation(x, y) << endl;

// MaccuB ykazamenel Ha QyHKyuu

void demonstrateFunctionArray() {
MathOperation* operations[] = {add, subtract, multiply};
const char* names[] = {"Add", "Subtract", "Multiply"};

for (int 1 = 0; 1 < 3; i++) {

cout << names[i] << ": ";

calculate(10, 5, operations[i]);

// Callback ¢yHkyus 08 obpabomku OAHHbIX
void processNumbers(int arr[], int size, int (*processor)(int)) {
for (int 1 = 9; i < size; i++) {

arr[i] = processor(arr[i]);



int square(int x) { return x * x; }

int cube(int x) { return x * x * x; }

int main() {

MathOperation* op = add;
cout << "10 + 5 " << op(10, 5) << endl;

op = multiply;
cout << "10 * 5 = " << op(1l@, 5) << endl;

int numbers[] = {1, 2, 3, 4, 5};
processNumbers(numbers, 5, square);
cout << "Squared: ";

for (int 1 = 9; 1 < 5; i++) {

cout << numbers[i] << ;

}

cout << endl;
demonstrateFunctionArray();

return 0;

2. MNeperpyska ¢pyHKLUNA B A3bike C++

OnpepeneHue:

Meperpy3ka GyHKLMA — 3TO BO3MOXHOCTb CO3/aBaTb HECKOIbKO QYHKLMNI C
OAVHaKOBbIM MEHeM, HO pa3HbIMW NapamMeTpamMu (N0 KOANYECTBY, TUNAM WU
nopsaky). Komnunatop BbibrpaeT appropriate GyHKLUIO Ha OCHOBE NepesaHHbIX
apryMeHTOB.

cpp
#include <iostream>
#include <string>
#include <vector>

using namespace std;

void display(int value) {

cout << "Integer: << value << endl;



void display(double value) {

cout << "Double: " << value << endl;

void display(const string& value) {

cout << "String: << value << endl;

void display(const char* value) {

cout << "C-string: << value << endl;

// lMepezpy3ka no konuuyecmBy napamempoB
int calculateSum(int a, int b) {

return a + b;

int calculateSum(int a, int b, int c) {

return a + b + c;

int calculateSum(const vector<int>& numbers) {
int total = 9;
for (int num : numbers) {
total += num;

}

return total;

// [lepez2py3ka c napamempamu Nno YyMOAYAHUI
void showMessage(string message, int repeat = 1, char separator = ' ") {
for (int i = 0; i < repeat; i++) {
cout << message;
if (i < repeat - 1) cout << separator;

}

cout << endl;

// lepeapy3ka 044 pa3HuiX Kamezopuli 3Ha4YeHul
void processValue(int& value) { // 4149 u3smeHsembix 3Ha4veHul
value *= 2;

cout << "Modified value: << value << endl;



void processValue(const int& value) { // [na HeusmeHsembix 3Ha4yeHull

cout << "Read-only value: << value << endl;

int main() {
// lemoHcmpayua nepez2py3Ku no munam
display(42);
display(3.14159);
display("Hello");
display(string("World"));

// JemoHcmpayusa nepez2py3ku no KosauvyecmBy
cout << "Sum of 2: " << calculateSum(10, 20) << endl;
cout << "Sum of 3: " << calculateSum(10, 20, 30) << endl;

vector<int> nums = {1, 2, 3, 4, 5};

cout << "Sum of vector: << calculateSum(nums) << endl;
// [apamempbl no ymoa4YaHuw

showMessage("Hello");

showMessage("Hello", 3);

showMessage("Hello", 3, '-');

// O6bpabomka pa3Heix Kamez2opuli 3HA4YeHuu

int val = 5;

processValue(val); // WU3meHsemoe 3Ha4yeHue
processValue(10); // BpemeHHOe 3Ha4eHue
return 0;

3. WabnoHbl pyHKLMN

OnpepeneHue:

LLabnoHbl GYHKLMM — 3TO MEXaHW3M, MO3BONAKOLWMI CO34aBaTb 0606LLIEHHbIe
dyHKLUMKM, KOTOPblE MOTYT paboTaTh C Pa3IMYHbIMU TUNAaMK JaHHbIX. Komnuastop
aBTOMATUYECKWN reHepPUpPYeT KOHKPETHbIE peannsaumnm Ans KaxkAoro ncnonb3yeMoro
TMna.

cpp
#include <iostream>
#tinclude <vector>

#include <string>



#include <algorithm>

using namespace std;

// ba3oBeili wabnoH ¢yHKyuu 0718 HAXOKOEHUA MAKCUMyMa
template<typename T>
T findMaximum(T a, T b) {

return (a > b) ? a : b;

// labnoH c aBmomamuyeckum BeiBodom Bo3zBpaujaemozo muna
template<typename T1, typename T2>
auto combineValues(T1l a, T2 b) {

return a + b;

// lWabaoH ¢yHkyuu Ona pabomsl ¢ maccuBamu

template<typename T, size_t Size>

void displayArray(const T (&array)[Size]) {
cout << "Array[" << Size << "]: ";
for (size t i = 9; i < Size; i++) {

cout << array[i] << 5

}

cout << endl;

// llabnoH c non-type napamempom
template<typename T, int Factor>
T scaleValue(T value) {

return value * Factor;

// ABHas cneyuanu3sayua wabnoHa 018 C-cmpoK
template<>
const char* findMaximum<const char*>(const char* a, const char* b) {

return (strcmp(a, b) > 9) ? a : b;

// labnoHHaa ¢yHKyuA copmupoBKu
template<typename T>
void sortArray(T array[], int size) {
for (int i = 0; i < size - 1; i++) {
for (int j = 0; j < size - i - 1; j++) {
if (array[j] > array[]j + 1]) {
swap(array[j], array[]j + 1]);



// lWabnoH 0na 6biBoda snemeHmoB kKoHmeliHepd

template<typename Container>

void printContainer(const Container& container) {
for (const auto& element : container) {

cout << element << ;

}

cout << endl;

// Variadic template (wabsaoH C nepemeHHbIM YucsaoMm napamempoB)
template<typename... Args>
void printAll(Args... args) {

(cout << ... << args) << endl; // Fold expression (C++17)

int main() {
// Wcnono3oBaHue wabaoHHbIX QyHKYuUl
cout << "Max int: " << findMaximum(10, 20) << endl;

cout << "Max double: " << findMaximum(3.14, 2.71) << endl;

// ABmomamuueckuli 661600 munoB
cout << "Combined: " << combineValues(10, 3.14) << endl;

cout << "Combined: << combineValues(string("Age: "), 25) << endl;
// Paboma c maccuBamu

int integers[] = {5, 2, 8, 1, 9};

double doubles[] = {3.14, 2.71, 1.618};

displayArray(integers);
displayArray(doubles);

// CopmupoBka maccuBo8
sortArray(integers, 5);

cout << "Sorted integers: ";

displayArray(integers);

// Non-type napamempei
cout << "Scaled x2: " << scaleValue<int, 2>(5) << endl;

cout << "Scaled x10: " << scaleValue<double, 10>(2.5) << endl;



vector<string> words = {"template", "function", "cpp"};

printContainer(words);
printAll(1, " + ", 2, " =", 3);
printAll("Hello", " ", "World", "!");

return 0;

AononHntenbHasa nHpopmaumsa

O6baBneHMe yKa3aTenie Ha PYyHKLUN

Ykazatenu Ha GyHKUUN O6BABAAIOTCA C yKa3aHMEM TUMa BO3BPALLAEMOrO 3HAYEHUA U
TMNoB napameTpoB. CnHTakcnc TpebyeT KPyribix CKOBOK BOKPYr MMEHM yKa3aTens.

<pp
#include <iostream>

using namespace std;

double process(int x) {

return x * 1.5;

double (*func_ptr)(int);

int main() {
func_ptr = process;
cout << func_ptr(10) << endl;

return 0;

UHnumvanmsauusa ykasartenem Ha pyHKLUN



Ykazatenm Ha QYHKLUN MOXHO MHULMANU3MPOBaTb pa3anyHbiMK cnocobamu, BkatoYas
NpsMOe NpucBavBaHMe N NCNOb30BaHWe auto A1 aBTOMaTMYeCKOro BbiBOZA TUMa.

cpp
#include <iostream>

using namespace std;

double calculate(int x) {

return x * 2.5;

int main() {

double (*ptrl)(int) = calculate;

auto ptr2 = calculate;

double (*ptr3)(int);
ptr3 = calculate;

cout << ptrl(5) << " " << ptr2(5) << " " << ptr3(5) << endl;

return 0;

Bbi30B uepes ykasatesib Ha PYHKLNIO

®yHKLUMIO MOXHO BbI3BaTb Yepes ykasaTenb ABYyMA CnocobamMu: HanpsaMyo NCMoab3ya
MMSA yKa3aTens U C ornepaTopoM pasbiIMEHOBAHUS.

c<pp
#include <iostream>

using namespace std;
double transform(int value) {

return value + 0.5;

int main() {

double (*func)(int) = transform;



double resultl = func(1@);

double result2 (*func)(10);

cout << resultl << << result2 << endl;

return 0;

MaccuBbl ykaszatenen Ha pyHKUUU

MaccumBbl ykasatenen Ha GyHKLMM NO3BONAKOT CO34aBaTb TabanLbl GyHKLIMA ANS
BbI30Ba MO MHAEKCY.

cpp
#include <iostream>
using namespace std;

void funcl(int x) { cout << "Funcl: << X << endl; }

void func2(int x) { cout << "Func2: << X * 2 << endl; }

void func3(int x) { cout << "Func3: " << x * 3 << endl; }
int main() {
void (*func_array[3])(int) = {funcl, func2, func3};

for (int i = @; i < 3; i++) {
func_array[i](i + 1);
}

return 0;

YcnoBusa neperpysku GyHKUUA

Meperpy3ka GyHKUMIA TpebyeT pa3numii B CUrHaTypax - KOMYeCcTBe Uan Tunax
napamMmeTpoB.

cpp
#include <iostream>

using namespace std;



// Pa3Hoe koauvyecmBo napamempoB
int sum(int a, int b) {

return a + b;

int sum(int a, int b, int c) {

return a + b + c;

// Pa3sHele munel napamempoB
double sum(double a, double b) {

return a + b;

int main() {
cout << sum(l, 2) << endl; // Bbi306 nepBoli Bepcuu
cout << sum(1, 2, 3) << endl; // Bvi306 Bmopoli Bepcuu
cout << sum(1l.5, 2.5) << endl; // Bbi306 mpemoeli Bepcuu

return 0;

Pa3spelweHne neperpysku

KomnunsaTtop Bbibupaet Hanbosee NoaxoaALLyHO neperpy>XeHHyro GyHKLMI Ha OCHOBe
TOYHOrO COBMNAAEHMSA TUMOB AN JOCTYMNHbIX NPeobpa3oBaHUN.

cpp
#include <iostream>

using namespace std;

void process(int x) {

cout << "Integer: << x << endl;

void process(double x) {

cout << "Double: " << x << endl;

void process(const char* x) {

cout << "String: << X << endl;

int main() {



process(10);
process(3.14);
process("hello");
process(10.5f);

return 0;

NMapameTpbl MO yMO/IUaHMIO U Neperpyska

MapameTpbl MO YMO/YAHMIO MOTYT CO3/aBaTb HEOAHO3HAYHOCTM NpPU BbI3OBE
neperpy>KeHHbIX GYHKLNNA.

cpp
#include <iostream>

using namespace std;

void display(int x) {

cout << "One param: << X << endl;

void display(int x, int y = 0) {

cout << "Two params: << X << "y <<y << endl;

int main() {
display(5);

return 0;

KoHCTaHTHbIe napamMeTpbl U neperpyska

Const BanseT Ha neperpysKky A5 CCbIJIOYHbIX NapaMeTpPOB U yKa3aTenewn, Ho He AnA
napamMeTpoB MO 3HaYEHUIO.

c<pp
#include <iostream>

using namespace std;

void process(int& x) {

cout << "Non-const reference" << endl;



void process(const int& x) {

cout << "Const reference: << X << endl;

void process(const int* ptr) {

cout << "Pointer to const: << *ptr << endl;

void process(int* ptr) {
cout << "Pointer to non-const" << endl;
*ptr = 20;

int main() {
int a = 5;
const int b = 10;

process(a); // Non-const reference
process(b); // Const reference
process(&a); // Pointer to non-const

process(&b); // Pointer to const

return 0;

La6bnoHbl pyHKLUN

LLlabnoHbI NO3BONAIOT cO3zaBaTbh 0606LLeHHbIe GYHKLIMM, KOTOPbIE MHCTaHLMPYHOTCA
KOMMWUASATOPOM A5l KOHKPETHbIX TUMOB.

cpp
#tinclude <iostream>

using namespace std;

template<typename T>
T max(T a, T b) {

return (a > b) ? a : b;

template<typename T, typename U>
auto multiply(T a, U b) -> decltype(a * b) {

return a * b;



int main() {
cout << max(1e, 20) << endl;
cout << max(3.14, 2.71) << endl;
cout << multiply(2, 3.5) << endl;

return 0;

CuHTakcuc wabsoHos

LLIabnoHbl 06BbABAAIOTCA C KAOYEBBLIM CIOBOM template, 3a koTopbIM caegytoT
napameTpbl B Yr0BbIX CKODOKaX.

cpp
#include <iostream>

using namespace std;

template<typename T>
T square(T x) {

return x * x;

template<class U>
U cube(U x) {

return x * x * x;

int main() {
cout << square(5) << endl;
cout << cube(3.0) << endl;

return 0;

BbiBOA TMNOB B WIab/10HaX

Komnuaatop aBToMaTU4eCKn BbIBOAUT TUMbI LLIABNOHHbIX NapaMeTpoOB 13 apryMeHTOB
byHKUMN.

cpp
#tinclude <iostream>



using namespace std;

template<typename T>
void printType(T value) {

<< typeid(T).name() << ", Value:

cout << "Type: << value << endl;

template<typename T, typename U>
auto combine(T a, U b) {

return a + b;

int main() {

printType(42); // T 6biBodumca Kak int
printType(3.14); // T BuiBodumcsa kak double
printType("hello"); // T BviBodumca kak const char*

auto result = combine(10, 2.5); // auto BwbiBodum mun double
cout << result << endl;

return 0;

flBHOe yKka3aHue TUnoB

fIBHOEe yKa3aHue TMNoB HEOBXOAMMO KOrAa BblBOJ, HEBO3MOXEH UN HY>XKEH
KOHKPETHBbIN TUM.

cpp
#include <iostream>

using namespace std;

template<typename T>
T create() {

return T();

template<typename T>
T convert(double value) {

return static_cast<T>(value);

int main() {

// ABHoe yka3zaHue muna koz2da Bei6o0 HeBo3moxeH



int x = create<int>();

double y = create<double>();

// ABHOe ykazaHue K020d HYXeH KOHKpemHbil mun
int intVal = convert<int>(3.14);
float floatVal = convert<float>(2.718);

cout << x << <<y << << intval << " " << floatVal << endl;

return 0;

Cneuuanumsauma wabsioHOB

Cneymannzauma no3Bonset npeasocTtaBuUTb OCO6yI-O peannsalnto lwabnoHa ANA
KOHKPETHOTO TWMa.

cpp
#tinclude <iostream>
#include <cstring>

using namespace std;

template<typename T>
bool compare(T a, T b) {

return a == b;

// Cneyuanu3zayusa 018 C-cmpok
template<>
bool compare<const char*>(const char* a, const char* b) {

return strcmp(a, b) == 0;

int main() {

cout << compare(10, 10) << endl; // true

cout << compare("hello", "world") << endl; // false

cout << compare("test", "test") << endl; // true (cneyuanuzayus)
return 0;

MNMeperpy3ka u wabs0HbI



Ob6bluHble GYHKLUMN U WabaOHbI MOTYT COCYLLLECTBOBATb, MPW 3TOM ObblUHble GYHKLIUN
MMEIOT MPMOPUTET NPU PaspeLLeHM NeperpysKu.

cpp
#include <iostream>

using namespace std;

// 06blvHAA PYHKUUA
void process(int x) {

cout << "Ordinary function: << X << endl;

// lWabnoHHaa ¢yHKUUA
template<typename T>
void process(T x) {

cout << "Template function: << X << endl;

int main() {
process(10); // Bbi308 06blvHOU PyHKUUU (npuopumem)
process(3.14); // Bbi308 wabnoHHOU ¢yHKYUU
process("hello"); // Bbi306 wabnoHHOU @yHKYUU

return 0;

Yka3arenu Ha wabnoHHble pyHKLUN

YKa3atenu Ha wabnoHHble GyHKUNM 06BABAAOTCA C yKa3aHWeM LWabaoHHbIX
napameTpoB.

c<pp
#include <iostream>

using namespace std;

template<typename T>
T transform(T x) {

return x * 2;

int main() {
// YKkazamesno HA KOHKpemHyH UHCMAHUUpoBaHHYH QYHKUUH

int (*int_ptr)(int) = transform<int>;



double (*double_ptr)(double) = transform<double>;

cout << int _ptr(5) << endl; // 10
cout << double ptr(2.5) << endl; // 5.0

return 0;

NMapameTpsbl wabsioHoB

LLlaBa0OHbI MOTYT MPUHUMAaTb Pa3/IMUHbIE TUMbl MAapPaMeTPOB: TUMbl, 3HAUEHNS U Apyrue
WabnoHHbI.

cpp
#tinclude <iostream>

using namespace std;

// Mapamemp-mun
template<typename T>
T getDefault() {

return T();

// lMapamemp-3Ha4yeHue
template<int Size>
class Buffer {
int data[Size];
public:
int getSize() { return Size; }

}s

// lWab6noHHeili napamemp
template<template<typename> class Container, typename T>
void processContainer(Container<T>& cont) {

cout << "Processing container" << endl;
int main() {
cout << getDefault<int>() << endl;

Buffer<10> buffer;
cout << buffer.getSize() << endl;



return 0;

LLIa6n10HBbI € HECKO/ILKUMUW MapamMeTpamm

LLIabnoHbI MOTYT MMETb HECKOJIbKO MapaMeTPOB Pa3HbIX KaTEroOpuii.

cpp
#include <iostream>

using namespace std;

template<typename T, typename U>
auto calculate(T a, U b) -> decltype(a + b) {

return a + b;

template<typename T, int N>
class Array {
T elements[N];
public:
T& operator[](int index) { return elements[index]; }

int size() { return N; }

}s

int main() {
cout << calculate(10, 3.14) << endl;

Array<int, 5> arr;
for (int 1 = 9; i < arr.size(); i++) {

i* 2;

arr[i]

return 0;

ABTOMaTUUeECKUM BbiBOA TUNOB

KntoueBoe cnoBO auto NO3BOAAET aBTOMATUUECKN BbIBOAWNTb TUMbI B LabnoHax.

cpp
#include <iostream>

using namespace std;



template<typename T, typename U>
auto multiply(T a, U b) {

return a * b;

template<typename T>
auto getSize(const T& container) -> decltype(container.size()) {

return container.size();

int main() {
auto result = multiply(2, 3.5); // auto BeiBodum double
cout << result << endl; // 7.0

return 0;

SFINAE v wab6s10HbI

SFINAE (Substitution Failure Is Not An Error) - npyHLuN, Npy KOTOPOM HeyaayHas
NOACTaHOBKA WabAOHHbIX MapaMeTPOB He NPUBOAUT K OLINOKe, @ MPOCTO UCKIOYaeT
wabaoH n3 consideration.

cpp
#include <iostream>
#include <type_traits>

using namespace std;

template<typename T>
typename enable if<is_integral<T>::value, T>::type
process(T x) {

return x * 2;

template<typename T>
typename enable if<is floating_point<T>::value, T>::type
process(T x) {

return x * 3;

int main() {

cout << process(5) << endl; // 10 (uenouucneHHas BepcusA)



cout << process(2.5) << endl;

return 0;

MNMpakTnueckoe NnpumeHeHue ykasatesnen Ha GyHKLUMN

YKa3zatenn Ha GyHKLMM LIMPOKO UCNONb3YHOTCA Ans peanmsaumm callback-os, nnarnHos
N AMHaMUYECKOrO NMOBEAEHMUS.

cpp
#include <iostream>

#include <vector>

using namespace std;

using Callback = void(int);

void callbackl(int value) {

cout << "Callback 1: " << value << endl;

void callback2(int value) {

cout << "Callback 2: " << value * 2 << endl;

class EventSystem {
vector<Callback*> callbacks;
public:
void registerCallback(Callback* cb) {
callbacks.push_back(cb);

void triggerEvent(int value) {
for (auto cb : callbacks) {

cb(value);

}s

int main() {
EventSystem system;

system.registerCallback(callbackl);



system.registerCallback(callback2);

system.triggerEvent(42);

return 0;



