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CopeprxaHue nekumn

CTpykTypbl: 0bbsiBAEHME, NONSA, NHULNANNZALNS.
Mepepava cTpykTyp B hyHKLMN.

CrpykTypHoe cesizbiBatue (C++17).
BnoxeHHble CTPYKTYpbl U MacCuBbl CTPYKTYP.
Mepeuncnenns: enum n enum class (C++11).
KopTexu: std: :tuple, std: :pair.

std: :apply (C++17).
std::initializer_list (C4++11).

00000O0CO0OO0OCO

Onpepgenenne Tnnos: using vs typedef.
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3a4emM Hy>KHbl CTPYKTypbI?

[pynnnpoBka CBsA3aHHbIX AaHHbIX NO4 OAHUM WMEHEM.

[MprMep: To4YKa Ha NJIOCKOCTN MMEET KOOPAMHATHLI X 1 §.

Bes cTpykTypbl: ABe OTheNbHbIE NepeMeHHble X U ¥ — HeyaobHo.
Co cTpykTypoii: oguH 0bbekT Point cogepxut obe KOOpLMHATLI.

VnpowaeT nepefady faHHbix B hyHKLUN.

Mo3BonsieT co3pasaTb bonee CAOKHbLIE TUMbLI AAHHBIX.

Ananorus

CTpyKkTypa — Kak aHKeTa: nMsl, BO3pacT, aApec — BCE B O4HOM MECTE.
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ObbsiBneHnEe CTPYKTYpbI

struct Point {
double x;
double y;
};

struct — KJKO4YeBOE C/OBO.
Point — ums HoOBOro Tuna.
Mons x n y — YneHbl CTPYKTYpbI.

Touka ¢ 3ansAToii Noce 3akpblBaloLLEin ckobkn obsizatenbHal

Mons no ymonuanuto public (B otanume ot class). MNogpobHee — BecHOIA.
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Nununannsaums cTpykTypsbl

Point p; // 3HaveHus He ompegneneHs (Mycop)

Point p2{}; // 0 0

Point p3{1.5}; // 1.5 0

Point p4 = {1.5, 2.3}; // arperaTHas HHHUIEAIA3aIUSL

Point p5{3.2, 4.3}; // yuusepcambras umunuanusanus (C++11)

Point p6{.x = 5.1, .y = 6.2}; // uMenoBamnse urunuammsatops (C++20)

@ ArperaTHasi unuumanmsaumns paboraer, ecin Bce noasi public.
@ VHuBepcasbHasi nHuuunanmsaumsa {3 — npeanoyTuTeNbHA.

o C++20: umeHoBaHHble nHnumanusatopsl (designated initializers).
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HocTyn k nonsim

Point p{1.0, 2.0};

p-x = 3.0; // u3MeHeHue oy
double y = p.y; // uTenme mons
cout << "x = " << p.x << ", y =" <K< p.y << endl;

@ [loctyn yepes onepaTop . (Touka).
@ Monst MOXHO YNTaTb U USMEHSATD.

@ Ecnu cTpykTypa nepesaHa kak const, nosisi HeNb3si M3MEHSATb.
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[lepegaya CTpPyKTYpbl MO 3HAYEHUIO

void printPoint(Point p) {

cout << "(" << p.x << ", " << p.y << ")" << endl;
}
int main() {

Point p{1.0, 2.0};

printPoint(p); // cospaércs xomus

return O;

o Co3zpaérca konust CTPYKTYpbl.
o [lna manenbkux ctpyktyp — OK.

o [Ins 6onblumx cTpykTyp — LOPOTO.

MexmaTt FODPY Jekums 3. CTPYKTYpPLI, NEPEHNCACHNS, KOPTEXN OceHHMiA cemecTp 2026 7/53



[lepegada CTpyKTypbl MO CCbISIKe

void move(Point& p, double dx, double dy) {
p.x += dx;
p.y *+=dy;
}
int main() {
Point p{1.0, 2.0};
move(p, 0.5, 1.5);
cout << p.x << " " << p.y; // 1.5 3.5
return O;
}
@ lI3meHeHuns B beHKLWIVI BJNAKOT Ha OPUTnHan.
@ Het konuposanus — adpdekTnsHo.
@ Ecaum He HY)XHO M3MeHSITb — UCNOAb3YiiTe const CCbIKY.
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const-ccblJIKa Ha CTPYKTYpY

void printPoint(const Point& p) {
cout << "(" << p.x << ", " <K< p.y << ")" << endl;
// p.x = 5; // OIMBKA!
}
int main() {
Point p{1.0, 2.0};
printPoint (p);
return O;

@ const 3aWuaeT OT U3MeHeHUl.
@ DddekTusHO, BesonacHo.
@ PekomeHpyemblii cnocob nepepayn bonbwNX CTPYKTYP.
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BosepaT cTpykTypbl 13 dyHKLMM

Point createPoint(double x, double y) {

}

return {x, y}; // Bo3BpaT CTPYKTyps

int main() {

Point p = createPoint(5.0, 3.0);

cout << p.x << " " < p.y; // 53
return O;

o CTpykTypy MOXHO BO3BpaLlaTh 13 PyHKLMN.

@ lcrnonbayetcs konnposaHue uan move-cemantuka (C++11).
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BO3BpaT CCbIIKN Ha CTPYKTYPY

Point& getPoint(Point& p) {

return p; // BO3BpAT CCHIKKM Ha CyLEeCTBYOWLEHE O6bEKT
}
int main() {

Point p{1.0, 2.0};

Point& ref = getPoint(p);

ref.x = 10.0;

cout << p.x << '\m'; // 10.0

Point copy = getPoint(p);
copy.x = 20.0;

cout << p.x; // 10.0
return 0;

OcTopoxHo

He Bo3BpalyaiiTe cCblIKy Ha JIOKa/IbHbI OOBEKT — OH DygeT yHUHTOXEH!
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CrpykTypHoe casizbiBatue (C++17)

struct Point { double x, y; };

Point p{1.0, 2.0};

auto [x, y] = p; // pacmaxoBka Iojell B IepeMeHHHE
cout << x << " " <K y; // 12

@ [losBonsieT pacnakoBaTb CTPYKTYpY B OTAE/IbHbIE NEPEMEHHBIE.
o Paboraer ¢ struct, class, std: :tuple, std: :pair.

o [lepemeHHbIe MONYHAOT KONUM 3HAYEHNIA.

o [Joctynno ¢ C++17.
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CTpyKTypHOe CBA3bIBaHME C MOAMDUKATOPAMY

struct Point { double x, y; };

Point p{1.0, 2.0%};

const auto [x, y]l = p; // xomcTamTHre KOmmMK

auto& [rx, ryl = p; // ccunku Ha nonsa (u3MeHsAEMEbE)
const auto& [crx, cryl = p; // KOHCTaHTHbHE CCHUIKZ

rx = 5.0; // usMeHseT p.x

cout << p.x; // 5.0

@ MoxxHo ucnons3oBaTh const, &, const&.

@ auto& no3BOJISIET U3MEHSATb OpUrMHan.
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CTpykTypHoe cBsizbiBatue anst maccueos (C++17)

int arr[] = {1, 2, 3, 4, 5};
auto [a, b, ¢, d, e] = arr;
cout << a << " " <K< ¢c < " "< e; // 135

@ Pabotaet ¢ maccuBammn hUKCUPOBAHHOrO pasmMepa.

o Konunyecteo NEePEMEHHbIX OOJI)KHO COBNaAaTb C pa3aMepoM MacCCUBa.
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BrnoxxeHHble CTpyKTYypbl

struct Point { double x, y; };

struct Rectangle {
Point topLeft;
Point bottomRight;

};

int main() {
Rectangle rect{{0, 0}, {10, 10}};
cout << rect.toplLeft.x; // O
return O;

o CTpykTypa MOXET CcopepXaTb Apyrue CTPYKTypbl.

o WNuuymannzauus: BnoxeHHble purypHble CKobku.
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Maccus cTpykTyp

struct Point { double x, y; };
int main() {
Point points[3] = {{1, 2}, {3, 4}, {5, 6}};
for (int i = 0; i < 3; ++i)
cout << points[i].x << " " << points[i].y << endl;

for (auto p : points) // paboTaem c KommaMu
cout << p.x << " " << p.y << endl;

return O;

@ Maccus CTPYKTYP — KakK Maccus noboro Apyroro tuna.

@ [locTyn k nonsim Yepes MHAEKC U TOUKY.
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

struct Point { int x; int y; };
int main() {
Point p{3, 4};
auto [a, b] = p;
a = 10;
cout << p.x << " " << a;
return 0;
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

struct Point { int x; int y; };
int main() {
Point p{3, 4};
auto [a, b] = p;
a = 10;
cout << p.x << " " << a;
return 0;

Oveet: 3 10 (nepemeHHble a 1 b — Konuu, N3MEHEHUE a He BAWNSIET HA P .X)
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Mepeuncnerns (enum) — C-ctunb

enum Color { RED, GREEN, BLUE };

Color ¢ = RED;

int value = GREEN; // HesBHoe mpeobpasoBarme K int
cout << value; // 1

@ DnemeHTbl — uesble Yncna (no ymondatuio ¢ 0).
@ MoxHo 3agaTh 3HayeHus: enum Color { RED = 1, GREEN = 2, BLUE = 4 };.
@ DNeMeHTbl SKCMOPTUPYIOTCS BO BHELWHIOW 06/1acTb BUAMMOCTH.

@ HesaBHoe npeobpa3oBaHne K int — MOXeT NMpUBECTU K OwubKaMm.
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[Mpobnembl C-cTuna enum

4 KOHd)ﬂMKT NMEH: ABa pa3HbIX enum HE MOryT MMe€Tb OANHAKOBbLIE NMEHA S1IEMEHTOB.

o HesisHoe npe06pa303aHme: Color ¢ = RED; int i = c; — pa60TaeT, LaXKe eCcsin 3TO He
HY>KHO.

@ OrcyrcrBue obnactm BugmumocTu: RED goctyneH Besge.

; // OIMBKA! X yxe ompenenén
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enum class (C++11)

enum class Color { RED, GREEN, BLUE };

Color ¢ = Color::RED;

// int value = Color::RED; // OUIMBKA! HeT HesBHOTO IpeobpasoBaHUA
int value = static_cast<int>(Color::RED); // sBHO

@ DNieMeHTbl Haxof4sATCsl B CBoell obnactn sugumocTu (Color: :).
@ Het HesgHoOro npeobpasosaHus Kk int.
o besonacHee n yaobree.

@ MoxHo ykasaTb 6a30Bbiii Tun: enum class Color : char { RED, GREEN };.
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CpasHeHune enum u enum class

XapakTepuncTuka | enum enum class
ObnacTb BugMmMocTu rnobanbHas BHYTPM enum class
HesiBHoe npueefeHne k int | ga HeT

BesonachocTe HU3Kas BblCOKas
Moppepxxka 6azoBoro Tuna | Aa (MOXHO ykasaTb) aa (MoxHo ykasaTb)

PeKomeH,qyeTc,q Bcerga ncrnosib3oBatb enum class.
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enum class ¢ 6a30BbIM TUNOM

enum class Color : char { RED, GREEN, BLUE };

enum class Flags : unsigned int { FLAG1 = 1, FLAG2 = 2, FLAG3 = 4 };
// Pasmep Color = 1 6airt (char)

// Pasmep Flags = 4 6aiitra (unsigned int)

@ DJKOHOMUS MaMATU.

@ VaobHo ansa 6utosbix dnaros.
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[Nepeuncnenns u switch

enum class Color { RED, GREEN, BLUE };

Color ¢ = Color::RED;

switch (c) {
case Color::RED: cout << "Red"; break;
case Color::GREEN: cout << "Green"; break;
case Color::BLUE: cout << "Blue"; break;

@ switch oTinyHo paboTtaeT ¢ enum class.

o KoMnunsaTop MOXeT npeaynpeanTb O NPONYLLEHHbIX BapuaHTax.
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

enum class Season { WINTER, SPRING, SUMMER, AUTUMN };
int main() {

Season s = Season::WINTER;
cout << (int)s;
return O;
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

enum class Season { WINTER, SPRING, SUMMER, AUTUMN };
int main() {

Season s = Season::WINTER;
cout << (int)s;
return O;

Oveet: 0 (no ymonyaHuio nepebiii 3n1emeHT paseH 0, siBHOE NpuBeaeHUE)
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

enum Color { RED, GREEN, BLUE };
int main() {

Color c¢ = GREEN;

int x = ¢ + 1;

cout << x;

return 0;
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

enum Color { RED, GREEN, BLUE };
int main() {

Color c¢ = GREEN;

int x = ¢ + 1;

cout << x;

return 0;

}

Oteer: 2 (GREEN =1, c 4+ 1 =2)
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C++23: std::to__underlying

#include <utility>
enum class Color { RED, GREEN, BLUE };
int main() {
Color ¢ = Color::GREEN;
int value = std::to_underlying(c);
cout << value; // 1
return O;

@ [Npeobpasyer nepeuucnermne B ero 6az3osblil Tum.
@ AnbTepHaTuBa static_cast<int>(c).
o [octynno ¢ C++423.
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KopTtexn (std: :tuple)

#include <tuple>

std::tuple<int, double, std::string> t(1, 3.14, "Hello");
int a = std::get<0>(t);

double b = std::get<1>(t);

std::string s = std::get<2>(t);

@ leteporeHHas konnekuus UKCUPOBAHHOIO pa3Mepa.
@ [JlocTyn no nHaekcy yepes std: :get<I>.

@ YpaobeH ans BO3BpaTa HECKOJIbKUX 3HAYEHUA 13 yHKLMN.
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Co3pgaHue KopTexxa

#include <tuple>

using namespace std;

tuple<int, double, string> t1(1, 3.14, "Hello");

auto t2 = make_tuple(2, 2.71, "World");

tuple<int, double, string> t3{3, 4.2, "C++"}; // yHuBepcanbHas HHULUAIA3ALUS
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HlocTyn K anemeHTaM KopTexa

tuple<int, double, string> t(1, 3.14, "Hello");
cout << get<0>(t); // 1

cout << get<1>(t); // 3.14

cout << get<2>(t); // Hello

get<0>(t) = 10; // usMeHeHUe

(] VlHﬂ,eKCbI N3BECTHbI Ha 3Tane KOMNunaaunn.

@ Henbss ncnonbsosats nepeMeHHYI0O B Ka4eCTBE MHAOEKCA.
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Noctyn no Tuny (C++14)

tuple<int, double, string> t(1, 3.14, "Hello");
cout << get<int>(t); // 1 (ecam Tum yHEKaIEH)
cout << get<double>(t); // 3.14
cout << get<string>(t); // Hello

© MoxxHO 0bpalaTbCs Mo TUMY, €CIM TN YHUKANEH B KOPTEXE.
e [JoctynHo ¢ C++14.

@ Ecaum Tun BCcTpeyaeTcs HECKONBKO pa3 — oLWMBKa KOMMUASLUN,
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PacnakoBka kopTexa ¢ std: :tie (C++11)

tuple<int, double, string> t(1, 3.14, "Hello");
int aj

double b;

string s;

std::tie(a, b, s) = t;

cout << a << " " << b << " " << s; // 1 3.14 Hello

a = 10;
cout << get<0>(t); // 1

@ std::tie co38aET KOPTEX CChINOK.
o [lo3BonsieT pacnakoBaTb KOPTEX B CYLUECTBYIOLUNE NEPEMEHHBIE.

@ Mo>xHO UrHopmpoBaTb 371eMeHThI € std: :ignore.
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IrHopupoBaHue anemeHTOB

tuple<int, double, string> t(1, 3.14, "Hello");
int aj;

string s;

std::tie(a, std::ignore, s) = t;

cout << a << " " << s; // 1 Hello

@ std: :ignore NO3BOJIAET UTHOPUPOBATb HEHY>XXHbIE SJIEMEHTbI.
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CTpykTypHoe cBsizbiBatue ans koptexeid (C++17)

tuple<int, double, string> t(1, 3.14, "Hello");
auto [a, b, s] = t; // pacmakoBka B HOBHE II€PEMEHHHE
cout << a << " " << b << " " << g; // 1 3.14 Hello

o BGonee KoMnakTHbIi CMHTaKcKC, Yem tie.
@ Co31aéT HOBble NEpPEeMEHHbIE C KOMUAMU 3HaYeHN.
@ Pabortaer ¢ C++17.
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

auto t = make_tuple(2, 3.14, "Hi");
auto [x, y, z] = t;

x = 10;

cout << get<0>(t) << " " << x;
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

auto t = make_tuple(2, 3.14, "Hi");
auto [x, y, z] = t;

x = 10;

cout << get<0>(t) << " " << x;

Oveet: 2 10 (cTpyKTypHOe CBSi3bIBAHME CO3[AET KOMUM)
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std::pair — 4acTHbIVi cny4aii kopTexa

#include <utility>

pair<int, double> p(1, 3.14);

cout << p.first << " " << p.second;
p.first = 10;

@ KopTex 13 AByX 3/€eMeHTOB.
@ [locTtyn 4epes nons first u second.

@ YpaobeH ans Bo3BpaTa [BYX 3HaYEHWA.
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std::make pair

auto pl = make_pair(5, "Hello");

auto p2 = make_pair(3.14, 42);

cout << pl.first << " " << pl.second; // 5 Hello
cout << p2.first << " " << p2.second; // 3.14 42

std::pair x{ 1, "Hello" };
cout << x.first << ' ' << x.second << endl;

o ABTOoMmaTu4yecknii BbIBOA, TUNOB.

@ VaobHo ansa 6eicTporo cosgaHus nap.
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

auto p = make_pair(5, "Hello");
auto [a, b] = p;
cout << a << " " << b;
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

auto p = make_pair(5, "Hello");
auto [a, b] = p;
cout << a << " " << b;

Oveert: 5 Hello (cTpykTypHoe cBsizbiBaHue ans pair)
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std::apply (C++17)

#include <tuple>
int add(int a, int b) { return a + b; }
int main() {
auto t = make_tuple(3, 5);
int result = std::apply(add, t);
cout << result; // 8
return O;

o lMpuMeHseT yHKUNIO K apryMeHTaM U3 KOpTeXa.
@ Ya0bHO Ansi BbI30BA (PYHKUMIA C NapamMeTpamm U3 KOpTexa.

o [octynno ¢ C++17.
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apply ¢ nambaoii

auto t = make_tuple(4, 7);

auto product = [J(int a, int b) { return a * b; };
int result = std::apply(product, t);

cout << result; // 28
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

auto t = make_tuple(2, 3);

auto sum = [](int a, int b) { return a + b; };
int res = std::apply(sum, t);

cout << res;
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

auto t = make_tuple(2, 3);

auto sum = [](int a, int b) { return a + b; };
int res = std::apply(sum, t);

cout << res;

Oveet: 5 (apply Bbi3bIBaeT NsimMbAY C 3neMeHTaMn KOPTEXa)
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std::initializer list (C++11)

#include <initializer_list>
void print(std::initializer_list<int> values) {
for (int x : values)
cout << x << " "y

int main() {
print({1, 2, 3, 4}); // 123 4
return 0;

o [lo3BonsieT nepefaBaTb CNMCOK 3HAYEHUIA B PYHKLMIO.
@ llcnonb3yetcs ans MHMLMaANU3aunm KOHTeliHepOB.

@ Tonbko Anst 4TeHUs.
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initializer list n yuknbl

int sum(std::initializer_list<int> values) {
int s = 03
for (int x : values)
s += x;
return s;

int main() {
cout << sum({ 1, 2, 3, 4, 5 }); // 15
return O;

@ MoxHo ucnonb3oBaTh range-based for.

@ YaobHO Ansi PyHKLUWIA C NEPEMEHHBIM YMCIOM apryMEHTOB.
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initializer list ¢ pasHbiMn Tnamu

#include <string>

void printAll(std::initializer_list<std::string> words) {
for (const auto& w : words)

cout << w << " "

}

int main() {
printAl1({"C++", "Python", "Java"l}); // C++ Python Java
return O;
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using vs typedef

typedef (crapbiii cTunb):

typedef unsigned char byte;
typedef std::vector<int> IntVec;

using (cospementbiii, C++11):

using byte = unsigned char;
using IntVec = std::vector<int>;

] using HNTAETCA ny4ule.

@ using paboraer ¢ wabnoHamu.
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using c wabsoHamu

template<typename T>
using Vec = std::vector<T>;

int main() {
Vec<int> v; // std::vector<int>
Vec<double> w; // std::vector<double>
return 0;

o typedef He nopfepxmBaeTt WaboHbI.

(] using NO3BOJNIAET CO34aBaTb wabnoHHble nCeBAOHNMDbI.
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using o151 yKasaTeneli Ha (pyHKLUNN

using Func = int(x) (int, int);
int add(int a, int b) { return a + b; }
int main() {

Func f = add;

cout << f(2, 3); // 5

return O;

o using ynpowaeT 0bbsABNEHNE CNOXKHbBIX TUMOB.

@ Vkazsatenu Ha cyHKUUM DygyT nogpobHO n3yHeHbl NO3XeE.
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

using IntPair = std::pair<int, int>;
IntPair p{1, 2};
cout << p.first << " " << p.second;
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Bonpoc: 4To BbiBE#ET 3TOT Koa?

using IntPair = std::pair<int, int>;
IntPair p{1, 2};
cout << p.first << " " << p.second;

OTeer: 12
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CTpyKTypbl VS Kaacchl

XapakTepuncTuka struct class

Joctyn no ymonyaxuto public private
HacnepoBaHue no ymonyanuto | public private
WNcnonb3oBaHne MacCuBHbIE TUMbI AAHHbIX aKTUBHblE OOBEKTDI

@ B C++ struct u class no4Tu 04NHAKOBbI.
@ PasHuua ToabKO B AOCTYNE MO YMOAYAHNIO.

@ struct Ucnonb3yrT AN NPOCTbIX AAHHbIX, class — AN CNOXKHbIX.
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Koraa ncnonb3oBath CTPYKTYypbi?

[ns npocTbIx TUNOB-HOCUTENER JAHHBIX.
Korga Bce nonst omkHbl ObITh OTKPLITHI.

Ons coemectumoctn ¢ C (B3anmopeiicteue ¢ C-kopom).

[Ons arperatHoi nHuymannsaumm (MHULNANU3aLMUs C NOMOLLbIO OUFYPHBIX CKOBOK).

Ecnun y cTpykTypbl ecTb MeTogbl (noBefeHne), paccmMoTpuTe Ucnosib3oBaHmne class.
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CTpyKTypbl: rpynnupoBKa faHHbIX, nepesada B QyHKUUN, CTPYKTypHOe cBsisbiBaHue (C++17).

Mepeuncnenns: enum (yctapeswwuii) n enum class (besonacHbiii).

°
°

o KopTexu: std: :tuple, std: :pair, pacnakoska, std: :apply.
@ std::initializer_list ans paboTbl CO CMUCKaMN 3HAYEHWIA.
°

OnpepeneHve TUNoB: using npegnoyTuTenbHee typedef.
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Kntoyesble HOBOBBEAEHWNA B JIEKLUUN

Cranpapt | Hosossegenve

C++11 enum class, std: :tuple,
std::initializer_list, using

C++14 [OCTYN K KopTexy no tuny (get<T>)

C++17 CTPYKTYpHOE CBsi3blBaHME, std: :apply

C++20 designated initializers gns cTpykTyp

C++23 std: :to_underlying
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Y710 panswe?

o Cregylowas nekuns: npeacTaBieHne gaHHbIX N NobuToBbIE onepauuu.

@ Ha npakTuke: cTpykTypbl, nepedncieHus, pabota ¢ BeKTopaMm CTPYKTYp.
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Bonpockl?

MexmaT FODPY JNekuyns

CTpyKTypSI, ne|

WCNEHNS, KOPTEXMN OceHHMiA cemecTp 2026




