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1 BBepeHue

JlanHoe yueOHO-MEeTOIMYECKOe TOCOOME COCTABIEHO s 0aKalaBpOB HAIpaB-
nenus 220400.62 «YnpasneHnue B TexHuueckux cuctemax» u 230100.62 «Muadop-
MaTHKa W BeIUMCTUTENbHAS TexHukay npoduias CAIIP mis mpoxoxkaeHus Kypca
«OO0BEKTHO-OPUEHTUPOBAHHOE MPOrpaMMHUpoOBaHuey». B naHHOM mocoOuu copep-
KaTCSl TECOPETUUECKUIM MaTepruall U 1a0OpaTOPHBIE, SBISIOIINECS BBEICHUEM B A3bIK
Cut+, HeoOXOAMMBIM ISl YCHEHIHOTO OCBOCHUSI OOBEKTHO-OPUEHTHPOBAHHOTO
pOTrpaMMHUPOBAHUSL.

[IpermyniecTBOM AaHHOTO MOCOOUS SBJISIETCS HAMPABICHHOCTh HA U3YyUYCHUE
HE TOJIbKO CHHTAKCHCA SI3bIKa, HO M BOCIIUTAHHUE B CTYAEHTaX MPAKTHUYECKUX HABbI-
KOB pa3pabOTKH MPOTPAMMHOT0 00ECIIeUeH s, TAKMX KaK BIaJ€HUE COBPEMEHHBIMU
cpeaamMu pa3pabOTKH, aBTOMATU3UPOBAHHOE TECTUPOBAHUE, COOJIIOJACHUE TTPaBUI
oopMIIEHUS KO/Ia U APYTrHe TEXHUKU HAMMCAaHUs KaueCTBEHHOI0 Kojia. Beé 3To siB-
JsieTcst 00s3aTeIbHBIMUA TPEOOBAHUSIMU K COBPEMEHHBIM ITPOTPAMMUCTAM.

JlaHHBIN KypC IPEAIoaraeT, 4ro CTYJEHT B JOCTaTOYHOW CTEIICHU BIIAJECET
3HAHUSMH B 00JIaCTH alTOPUTMU3AIIUH, CITIOCOOCH ITPOUECTh OJIOK-CXEMBI, a TaKKe
CIOCOOEH K CAMOCTOSTEIbHOMY COCTaBJICHUIO aJITOPUTMOB.

A3pik Cut++ BBIOpaH 10 HECKOJIBKUM MpuuuHaM. Bo-nepBoeix, Cu++ sBisercs
0a30BBIM SA3bIKOM TS s13bIKOB Java, C#, Objective-C, php. Ha maHHBIX si3bIKax mpo-
rpaMMHPOBaHUS BeAeTcs pazpadboTka cBbiie 90% Bcex MporpaMMHBIX TPOTYKTOB.
N3yuenne si3pika Cu++ B TaHHOM CiIy4yae MO3BOJUT JIETKO OCBOUTH JIPYTrOM SI3bIK
MpOrpaMMHUPOBAHUS M3 CHHUCKA, YTO HEMAJOBAXXHO NpH OyaylIieM TPyI0yCTpOM-
ctBe. Bo-BTOphIX, Cu++ 1aét 6osbiie BO3MOKHOCTEH /17151 pabOThI C MaMSThIO Mep-
COHAJILHOTO KOMITbIOTEPA, UTO KpalHe BaXKHO JJIsl MIOHUMAaHUsI pabOThl MPOrpamMMm.
DTO HECKOJIBKO YCIIOXHSIET MPOIIECC U3YUEHUS A3bIKa, OJTHAKO MPUOOPETEHHOE 3HA-
HUE 3HAYUTEIILHO MOBBICUT d(PPEKTUBHOCTH CO3aBAEMbIX BAMHU AJITOPUTMOB H TTPO-
IPaMMHBIX PELICHUM.

CTOUT OTMETHUTH, YTO JAHHOE TTOCOOME M3JIaraeT JIHIIbh KPaTKUNA MaTepral o

OCHOBaM si3bika CH++, He0OXO0IMMOTO /I BHITIOJTHEHUS Ta00paTOpHBIX padoT. Jlms
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00J1€€ OCHOBATEIBHOIO U3YUYEHUS S3bIKa U OCHOB IIPOTrPAMMUPOBAHMS, CTYACHTAM
[IpEeUIaracTcsi O3HAKOMUTBCS C PEKOMEHIYEMOW JIMTEPATypOH, a TIIIaBHOE, KaK

MO’KHO OOJIBIIIE TTHCaTh Koaa!



2 (OCHOBHbIe IAeMeHTbl A3blka Cu++

B maHHO# TJ1aBe pacCMOTPEHBI 0a30BbIC AITOPUTMUYECKUE IIEMEHTHI SI3bIKa
Cu++, HeOOXOMMBIE JIUISI PeATU3AI[|H IIPOCTEHIIIMX IPOTPAMM - OT CO3IaHUs Iepe-
MEHHBIX JI0 pabOThI ¢ KOHCOJIBIO. OTHAKO B TIEPBYIO OUEPE/Ib YUTATEIIIO Mpeiara-
€TCSI 03HAKOMUTLCS CO UHmezpuposannou cpeooii paspavomxu Visual Studio.

WuterpupoBanHas cpena paszpadorku, |DE (anrn. Integrated development en-
vironment) — 370 KOMIUIEKC YTHJIHT, HCIOJIB3YEMBIX MPOrPAMMUCTAMU IS pa3pa-
OOTKH MPOrpaMMHOTO 00ECIIEYCHUS], TAKAX KaK PEAAKTOP TEKCTa UCXOTHOTO KO/,
KOMITWJITOP, CPEICTBA OTIAAKH U T.11. CyIecTByeT MHOKECTBO Cpel pa3pabOTKu B
3aBHCHUMOCTH OT SI3bIKa ITPOrPaMMHPOBAHU, I1aT(HOPMBI Pa3pabOTKHU UITH CII0KHO-
CTH pa3padaTblBaeMbIX IIPOIPAMMHBIX PEIICHHH, OJHAKO MPUHIUI PabOThl B HUX
cxoxwuid. B maHHOM Kypce Oyaer paccMoTpeHa cpena paspadorku Visual Studio or
xommanuu MiCrosoft, ogHako yuTarenb MOKeT u3ydath s3bIk Cut+ B 710001 Apy-

roii IDE.
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2.1 Cpepa pa3pabotku Visual Studio

[MTocne 3amycka Visual Studio mepen HaMu BO3HUKHET CIIEAYIOIIEE CTAPTOBOE

OKHO:
m Start Page - Microsoft Visual Studio (3 | Quick Launch (Ctrl+Q) 2 oo [m} o
FILE EDIT VIEW DEBUG TEAM  TOOLS  VISUALSVM  TEST ARCHITECTURE RESHARPER  ANALYZE  DEVEXPRESS WINDOW  HELP Signin
H- W b Attach.. - L
~  Solution Explorer v 31X
- ~
. . ) .
Ultimate 2013 Discover what's new in
Ultimate 2013
Start . .
You can find information about new features and
enhancements in Ultimate 2013 by reviewing the
Open Project... following sections.
Learn about new features in Ultimate 2013
See what's new in [NET Framework 4.5.1
Explore what's new in Team Feundation Service
Recent
Connect to Azure
Learn more about Azure
e (-
Connect \—E)
Command Window * I x

>

Error List Output Find Results 1 Find Symbol Results  Command Window Toolbox | Solution Explorer

[MporpammupoBanue B cpeae Visual Studio BeimosHsIeTCS B Tak Ha3bIBAEMbIX
peuieHusax, CoCTosIee u3 OJHOTO U 6ojee npoekmos. Kaxaplii MPOEKT COAEPIKUT
(aiiibl ICXOTHOTO KOJIa, a TAKKEe HACTPOUKH JUTI UX KoMy, Co3aaiuM mpo-
ekT, HaxkaB New Project na craproBom okue i B MeHto File. TosiButcs ciemyro-
1ee OKHO co3nanus nmpoekta. B cpene Visual Studio cymiecTByeT MHOKECTBO rOTO-
BBIX [Ia0JIOHOB IS Pa3IMYHBIX MPOEKTOB. [11abIOHBI ONPEeNstoT S3bIK MPOrpam-
MUPOBaHHMS, IIATPOPMY WIH ONEPALMOHHYIO CUCTEMY OYIyIIeH MporpaMMBbl, BUJT
BBIXOJTHOUM COOPKU — UCTIOTHIEMOE MPUIIOKEHUE UITH TTOIKITIouaeMast OnOImoTeka -
, TOJIb30BATENIbCKUE HHTEPEHCH — KOHCOITB, Tpaduueckue uaTepdeiicsr Winforms,
WPF unu npyrux TEXHOJOTUM, a TakKe COACPKUT 0a30Bble HACTPOUKH KOMITHIIS-
IIUU UCXOJHOTO Ko/a. B paMKkax maHHOTO Kypca paccMaTpHUBaeTCs MPOEKT KOHCOJIb-

HOT0 UCTIOIHsIeMOro nmpuioxeHus 1 s3eika Cu++ Win32 Console Application, T.e.
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pe3yapTaTOM KOMIWJISIMKN OyAeT UCIOJHAEMBIN (ailn ¢ pacmupenueM .eXe. Boi-
OpaB HEOOXOIUMBI 11A0JIOH MPOEKTA, TPEOYETCs 3a1aTh UM IPOEKTA U PELLICHUS,

d TaKKC UX PACIIOJIOKCHNEC Ha KOMIIBIOTCPC.

Mew Project ? n
P Recent MET Framework 4.5 ~ Sortby: Default - i Search Installed Templates (Ctrl+E) P~
4 |nstalled i - =
I I Blank App (Universal Apps) Visual C++ Type: Visual C++
4 Templates @ A project for creating a Win32 console
- it
b Visual &= Hub App (Universal Apps) Visual C++ LT
4 Other Languages
b Visual Basic "| win32 Consale Application Visual C++

b Visual C++
b Visual F#
b JavaScript

Python MEC Application Visual C++

Pivot App (Windows Phone) Visual C++

o

o
b TypeScript EE
- ++
b Other Project Types r WebView App (Windows Phone) Visual C++
Meodeling Projects @
Samples xny - - ]
[05] Win32 Project Visual C++
P Online e
& I Empty Project Visual C++
E
I I DirectX App (Universal Apps) Visual C++
<
F
I I Direct and XAML App (Universal Apps) Visual C++
@
44
£ niversal Apps] isual C++
g DLL (Uni | Apps) Visual C
—_— -
Click here to go online and find templates.
Narne: ProgrammingPractics
Location: cusershdocumentsivisual studic 2013\Projects -
Solution name: ProgrammingPractics Create directory for solution

| oK | | Cancel |

MM npoekTa JOJDKHO OTpa)kaTh Ha3HAYCHUE MpOorpaMmbl. Tak Kak JTaHHBIN
MPOEKT CO3/1aeTCsl ISl MPOXOKACHUS Kypca IO MPOrpaMMUPOBAHUIO, IPEIJIaracTCs
Ha3zBanue ProgrammingPractics. [Tpu Haxkatuu kinasumy OK mosBUTCS MacTep co-

34aHHUA KOHCOJIBHOTI'O ITPOCKTA!

Win32 Application Wizard - ProgrammingPractics ? n
g Application Settings
C\_

Owverview Application type: Add common header files for:
) Wind icat

Application Settings — Mo s [Jan
(@) Console application [Imrc
Oouw

() Static library
Additional options:
[ Empty project

Precompiled header
Security Development Lifecyde (SDL)
checks

o
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B nanHOM MacTepe UcnoJib3yiTe 3HaU€HUs1, YCTAHOBJICHHBIE TIO YMOJIYAHUIO, U TTPO-
cTo HaXKMUTe KHONKY Finish ms 3aBeprienus npomecca co3nanus npoekra. [Toce

3aBepIICHHS Iepel BaMH OTKpoeTcs riraBHoe okHo Visual Studio ¢ HoBEIM perie-

HUECM:
m ProgrammingPractics - Microsoft Visual Studio L3 | Quick Launch (Ctrl+Q) P - o x
FILE EDIT MIEW PROJECT BUILD DEBUG TEAM TOOLS  VISUALSVM  TEST  ARCHITECTURE  RESHARPER  ANALYZE  DEVEXPRESS Sign in
WINDOW  HELP
(< B-2 W p Attach.. ~ Debug - Win32 - H_itl =72 A -
ProgrammingPractics.cpp #® X ~  Solution Explorer * 0 x
EPrUgrammingPracti(s - (Global Scope) ~ @ _tmain(int arge, _TCHAR * argv[]) - m % - d @ < M "
; _,: ProgrammingPractics.cpp : Defines the entry point for the console application. + Search Solution Explorer (Ctrls) o-
3 ] Solution 'ProgrammingPractics' (1 project)
4 #include "stdafx.h" 4 [%] ProgrammingPractics
. P 55 External Dependencies
6 =
. s . 4 .| Header Files
7 Elint _tmain(int argc, _TCHAR* argv[])
3 wl B stdafx.h
9 return 8; B targetverh
18 3 23 Resource Files
11 4 .| Source Files
12 I ++ ProgrammingPractics.cpp
++ stdafu.cpp
B ReadMetdt
-
00% =~ 4 »
Error List v Rx
T - Search Error List P-
Description File = Line = Colu.. = | Project

Error List | Qutput Command Window

['maBHOE OKHO MPEACTABIICHO:

1) PegakTop MCXOMIHOIO KOJA.

2) IManens «O6o3peBarens pemienusd» (Solution Explorer) — moka3ssiBaeT Bce
daiinbl, XpaHAIIecs B PEIICHUH U TpoekTe. [[BoWHOM mendok mo daity
OTKpOET (aiisl B peIakTOpe UCXOAHOTO KOAA.

3) IManens «Crucok ommb0k» (Error List) — crucok TeKyIux OmmoOoK, BO3-
HUKIIUX B TIPOIecCe IMOCICAHEeH KoMmwisanuu perieHus. OtoOpaxkaeT
Ha3BaHHE OIMMOKH, (paiia e€ pachosioKEeHUs U HOMEP CTPOKH, B KOTOPOH
ommnbOKa pacrnosiaraercs. JIBOWHOM MIETYOK MO OIMOKe MO3BOJISET OBICTPO

NEPEeNTH C HYKHOM CTPOKE B PEIAKTOPE UCXOTHOTO KOJa.
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4) T'maBHOE MCHIO W ITaHEIH HHCTPYMEHTOB.

Ecnu kakue-nmm6o maHeIu OTCYTCTBYIOT 110 YMOTYaHHIO, BBI MOXKETE BKIIFOUUTH
ux B MeHIO View. OcraipHbIe TTaHEIH B paMKaX JaHHOTO Kypca JIH00 He TIOHAJ0-
Os1TCs1, MO0 00 WX MCIOJIB30BAHUHU OYJET PacCKa3aHO OTMICILHO.

CxoMIWIMpyeM MpPOCKT, HakaB KHOMKY Attach Ha maHenn WHCTPYMEHTOB
BBEpXY, 1100 HaxaB kiaBumy F5, mnbo BeiOpaB myHkT Bebug— Start Debugging.
DTO0 MpHUBEAET K KOMITUJISIIUN TEKYIIETO MPOSKTa M €r0 aBTOMaTHIECKOMY 3aITyCKY.
Tak kKak B HACTOAIIEM MPOEKTE MOKa HET HUKAKUX WHCTPYKIUH, Mporpamma Io-
SBUTCS Ha KPAHE U TYT )K€ 3aBEPIIIUTCS.

Teneps 3aiiieM B KaTajior ¢ CO3/IaHHBIM pellieHueM uepes (hailsioByro CUCTEMY,
YTOOBI MOCMOTPETH MPEACTABIICHUE PEIICHHSI HA )KECTKOM JIMCKe. B marke ¢ pere-
HueMm ProgrammingPractics moskao HariTh manky Debug, manky npoexra Program-
mingPractics u ¢aitn ProgrammingPractics.sIn. Ykazauusiii daiin comepxut oc-
HOBHYIO MH(OpPMAIIUIO O BallleM PEIICHUH, B YaCTHOCTH, JAaHHBIC O BEPCHH IPO-
rpaMMbl U CIIHCOK NpoekToB. Bo BiokenHoi mamke ProgrammingPractics naxo-
IaTcsi  Bce  (hailyibl  MCXOAHOTO KOJAa Balllero TMPOEKTa, a Takke (haiin
ProgrammingPractics.vcxproj, xpansiumii nanasie s Visual Studio o Bcex daitnax
MCXOJTHOTO KOJa B MPOEKTE U HACTPOUKH KOMITUJISIIUU TIPOSKTA.

Crout cpazy oOpaTuTh BHUMaHHUE HA TOT MOMEHT, YTO (DU3UIECKOE KOTTHMPOBa-
HUe (pailyia B manky ¢ MpoOeKTOM HE J100aBUT UCXOJHBIN KOJ B IPOEKT. J{Jis mobas-
JieHus ¢aitsia B MPOEKT 00s13aTeIbHO HEOOX0IMMO BOCIIOB30BaThCs MaHe b0 Solu-
tion Explorer, menkHyB paBoii KHOITKOM 10 UMEHH TIPOCKTA U BHIOpAB MyHKT «/J{o-
0aBuTH cymiecTByoui (Gainy. B nmpoTuBHOM ciydae, mpoeKT He OyIeT y4acTBO-
BaTh B MMPOIECCE KOMIUIISIIUN TIPOTPAMMEI.

[Tanka Debug comepxut mociemuuii pe3yiabTaT KOMITWISIAU TPOTPAMMBI.
Ecnu xkoMnumsiiys mponuia yerenHo, TO B anke OyeT mpucyTcTBoBaTh (daiin Pro-
grammingPractics.exe. DTo u ecTb HUCIOJHAEMBIH (ailyl Balei mporpaMmsl, KOTO-

PBIii MOXET OBITh CKOMIMPOBAH B JIPYTrO€ PACIOJIOKEHUE ISl PAaOOTHI C MPUIIOKE-
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HueM. B marke Takke MOTyT IPUCYTCTBOBATH (halljibl JPYTUX paclIupeHuii, 3T Bpe-
MeHHbIE (haiiyibl, HEOOXOAUMBIE JIUIS OTJIAJKH WM IPYTHX BCIIOMOTaTeNbHBIX 1IeJIeH

cpenbl pa3padoTku. [ paboThl HCTOTHAEMOTO (haiijia OHU HE HY)KHBI.

2.2 lporpamma «Hello, World!»

PaccMmoTpum mpocTeiiiryto nmporpammy Ha si3blke Cu++, BBITOJHSIOUIYIO BbI-

BOJ Ha ’KkpaH Tekcta «Hello, World!»:

program.cpp

#tinclude "stdafx.h"
#include <iostream.h>

using namespace std;

int _tmain()

{
cout << "Hello, World!\n";
return 0;

IIepBas cTpoka
#include "stdafx.h"

BBITIOJIHACT MOaKII0YeHHE OnbmmroTeku Stdafx.h ¢ momorneio TUpeKTHUBEI Mpe-
npoiieccopa #include. IIpenpoyeccop — nporpaMma, MoAroTaBIMBAIOIIAS KOJI IIPO-
rpaMMbI K KoMnwsinud. [locie 06paboTKH Ko/1a MpernpoeccopoM, HTOTOBBIN KOJT
nepeIaeTCsl KOMIWIATOPY. Tak Ha3bIBaEMbIC OUPEKMUBHL NPENPOUEeCCoPaA TI03BO-
JISIFOT TIPOTPAMMHUCTY YKa3aTh KaKue KOHKPETHO JEHCTBHUS MPENPOIeccop A0HKECH
clenaTh ¢ HCXOIHBIM KogoM. DopMaT TUPEKTHB BBINISIUT CICAYIOMIUM 00pa3oM:
#knw4vyeBoeCnoBO napameTpsl

TakuMm 00pa3oM, cTpoKa JOKHA HAUMHATHCS ¢ BO3MOKHBIX MPOOETHHBIX CHM-
BOJIOB 1 00s13aTCIILHBIM CUMBOJIOM #. Jlaiee HAET 0THO U3 IIPEIONPEACIICHHBIX KITHO-
YEeBBIX CJIOB M ITApaMETPhI, CBI3aHHBIC C JIAHHBIM KJIFOUYEBBIM CIIOBOM. KimrodeBoe
ciioBo include BeimosHSIET MOACTAHOBKY TEKCTA M3 yKa3aHHOTO (haiijaa Ha CBOE Me-
cto. Imst mosicraBnsiemoro ¢aiiina MokeT ObITh yKa3aHHOTO JTMOO0 B KaBBIYKAX, JTHOO

B YIJIOBBIX CKOOKaxX. YKa3zaHHE MMEHHU B KaBbIUKaX, KaK 3TO CIelaHo i ¢aiina
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stdafx.h, o3nagaer, uro moaKIFOYaeMbIi (paiii HAXOIUTCS B TOM JKE KaTaJlore, 4To U
JAHHBIN (aill, B KOTOPOM BBIMIOJIHSETCS NUpPEKTHBA. B manHOM ciiydae, (aitn
stdafx.h maxoaurcst B ToM ke kaTayiore, yTo u ¢aiir program.cpp. Ums daitra taxke
MOJKET OBITh YKa3aHO B YTJIOBBIX CKOOKaX, TakK, KaK 3TO CAEIaHO BO BTOPOI CTPOKE
POrPaMMBbI:

#include <iostream.h>

VYTroBbIe CKOOKM 03HAYAIOT, YTO MOJKII0OUYAEMbIN (haiiil HAXOAUTCS B KaTallore
cpenbl pa3pabotku. B katanore cpesbl pa3paboTKu HaXOoAATCs Pailiibl CTaHaPTHBIX
oubnmorex s3pika Cut+. Hampumep, cranmapTHas OuOnwmoreka iostream.h
(input/output stream) comep>kuT (GYHKIMHU IJI BBIBOJA JAHHBIX HA SKpaH M BBOJ
JAHHBIX C KJIABHATYPHI.

Hanee unér mycras crpoka. IlycTeie CTpOKH HE UMEIOT HUKAKOTO 3HAYEHUS C
TOYKHU 3PEHUS BBITIOJHEHHUS MPOTPaAMMBbI, OJJHAKO OHH CITY>KAaT XOPOIIMM BU3yalb-
HBIM pa3lieJICHUEM Pa3IMYHBIX YacTedl mporpaMMbl. B maHHOM ciydae, mycTas
CTpOKa BU3YaJIbHO OT/AEIACT MOAKIIOYECHUE OMOTUOTEK OT OCHOBHOM MPOTPAMMBI.

Crtpoka
using namespace Std;

yKa3bIBAET, YTO CJACAYIOIIMIA KO/ OyIeT NCIO0Ih30BaTh MPOCTPAHCTBO MMeH Std.
JlanHas cTpoka HeoOxoauma JiJisi COKpalleHusi oopaiieHus: K (yHKIUMIM BBIBOJIA
JAHHBIX Ha DKpaH.

B cienyromeii ctpoke
int _tmain()

MPOUCXOIUT OOBSIBIICHUE TIaBHON (PyHKIMK TTporpammel. [lonpoOHo 06 00b-
sBiieHnH (QYHKIHM pacckazaHo B 1.4.1, ceifdyac e CTOUT OTMETUTh, YTO (PYHKITUS
_tmain sBisercs 00s3aTeBHOM IS UCIIOIHIEMON MPOrpaMMBbl, TaK KaK OHa SBJIs-
ETCSl MOYKOUl 6X00a — C TON (HYHKIIMA HAYNHACTCS BBHITTOJIHEHUE CKOMITHIINPOBAH-

HOU IPOrpaMMBl.
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B crnenytomeit ctpoke HaXOAUTCS OTKpBIBaroIIasics GurypHasi ckooka, 0003Ha-
Jarolas Havyajio peanuzanuu QyHkuuu _tmain. Kaxmoi oTkpbiBatorerics puryp-
HOM CKOOKE JI0JI’KHA COOTBETCTBOBAThH 3aKPBIBAIOIIASICS, B IPOTUBHOM CITy4ae KOM-
MUJISAIUS. TIPOTPaMMBI TIpUBENET K omuoke. durypHpie CKOOKH U BCE, 4TO HAXO-
JUTCS. MKy HUMU, Ha3bIBaeTCA 0710Kkom Koda. B 0Gi0ke koja mociieoBaTeIbHO
pacrosararoTcs onepamopust — BbipaxeHus si3bika Cu-++, BEIOJHSIONINE HEKOTOPOE
nericrBue. [locnenoBaTenbHOCTh ONIEPATOPOB COCTABIISIIOT AITOPUTM, T.€. MOCIEH0-
BaTEJIbHOCTh JICVCTBUI, BBIIIOJIHAEMBIX KOMIIBIOTEPOM. Bce onepatopsl BHIMOJHS-
IOTCSI CTPOTO APYT 3a IPYrOM B TOM MOPSIIKE, B KOTOPOM OHH 3aIMCAHbI B UICXOTHOM
kojie. JIto0oit onepatop HAYHET CBOE BBIMIOJIHEHHE TOJILKO MOCTIE 3aBEPIICHUS BbI-
MOJIHEHUS MpeabIAyiero. B Haiiem npumepe, BeChb aiTOPUTM COCTOUT TOJBKO M3
OJIHOTO OTlepaTropa — CleAyIoas CTpoKa
cout << "Hello, World!\n";

ABJISIETCS KIIFOYEBOM, TaK KAK UMEHHO OHA BBITIOJIHSET BBIBOJ TEKCTA HA DKPaH.
B nmanHO# cTpoke BHINOIHAETCS Mepeiadya SKPaHUPOBAHHOTO B IBOMHBIX KaBbIYKAX
tekcta "Hello, World!\n" noroky BbiBosa B KOHCOJIB COUt (CcOnsole output) ¢ momo-
IO OorepaTopa <<, TaKuM 00pa30M TEKCT OYy/I€T BhIBEJCH Ha KpaH. TEKCT B SI3bIKE
Cu++ 3axmrouaeTcst B kKaBbruku. OOpartuTe BHUMaHue Ha \N B KoHIE cTpoku. Co
3HaKa \ HAUMHAIOTCS CIELICUMBOJIBI, HCIIOIb3yEeMbIC TIPU BBIBOJIC TEKCTA Ha KPaH.
Hanpumep, \n He OyeT BhIBEICH Ha 9KPaH B Ka4eCTBE TEKCTa, BMECTO HETO KapeTkKa
BBIBO/IA TEKCTA B KOHCOJIU OyJIeT MepeMeIieHa Ha HOBYIO CTPOKY.

[lepenada naHHBIX B MOTOK COUL 3aBepiaeTcsi CHMBOJIOM ;. JIaHHBIM CHMBOJI
Ha3bIBACTCS pazdenumenem — OH pa3JeisieT oneparopsl si3blku Cu++ apyr or
npyra. Paznenurenem qoipKeH 3aBepiiaThes J000# orepaTop.

Crpoka
return 0;

o0o3HayaeT 3aBepiieHue QyHKiud _tmain u, Takum oOpa3oM, Bceil mpo-
rpamMmMbl. 0 OyzeT BO3BpallEH B OMEPALMOHHYIO CUCTEMY KaK Pe3yJIbTaT BBIMOJIHE-

HUs Bcel nporpammsbl. [IpunsaTo Bo3Bpamate 0 B ciiyyae yCIEIIHOTO 3aBEPLICHUS
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nporpaMMmel. Bo3Bparienue apyroro 3HaueHus1, Harpumep, 1, 0003HavyaeT, 4To mpo-
rpaMMa 3aBepIInIach HEKOPPEKTHO, IIPU 3TOM KOHKPETHOE 3HaYEHHE MOXKET 000-
3HA4YaTh KOHKPETHBIA BUJ OMMOKHU. TakuM 00Opa3om, MOJIb30BaTENb, 3aITyCTUBIINI
IIPOTPaMMy IO BEPHYBUIEMYCS B ONIEPALMOHHYIO CUCTEMY 3HAYEHHUIO MOKET OIpe-

JACINTDb OTpa6OTaJIa JIK IIporpaMMa KOPPCKTHO UJIN HCT.

Bonpocwt 0na nposepku:

1) Kak B s3bike Cut+ 00bsiBisIeTCS: KOMMeHTapuii? J1J1st 4ero HyKHbl KOMMEH-
Tapun?

2) Yro Takoe mupekTHBa mpernpoiieccopa? UTo BBITOIHSAET AUPEKTHUBA Ipe-
nporieccopa include?

3) UYem omnmuaetcs i qupekTuBsl include ykasanue Ha3BaHus OMOIMOTEKH
B KaBbIuKax (Hampumep, “stdafx.n”) u B yrimoBsix ckoOkax (Hampumep, <stdio.h>)?

4) s yero HEOOXOIMMO MOIKIIOYATh OubmoTeky <stdio.h>? Kakue dyHK-
IIUH COAEPKUT 3Ta OnbIroTeKa?

5) Uro takoe pynkuus Main()? Jlns gyero ona HyxHa?

6) UYro Bemomnsiet Gynkmus printf(“Hello, World\n)? Kak pacmudpossia-
etcs printf? J{ist gero HykeH crienciMBoJI “\n” B KOHIIE CTPOKH, €CJTU TIPU BBITOJ-
HEHUH MPOrpaMMbl OH He 0TOOpakaeTcs Ha SKpaHe?

7) Uro nemaet omeparop ;7?7 s yero Hy>XHO CTaBUTh TOYKY C 3amsiTOM B

s3pike Cu++?

2.3 Tunbl AQHHBLIX U NEPEMEHHbIE

S3bik CHu++ OTHOCHUTCS K TUIM3UPOBAHHBIM A3bIKAM MPOrPaMMHUPOBAHMS, TO
eCTb JIIOObIE JaHHBIE B TPOrPaMMe OTHOCATCSA K HEKOTOPOMY THITY JIaHHBIX, OIpe-
JIEJIEHHOMY B CUCTEME THUIIOB JAHHBIX A3bIKA. THI TaHHBIX ONPENEIISIET MPEICTAB-
JICHHE JaHHBIX B BHUJIE ABOMYHOTO KOJA, & TAKKE MHOXKECTBO JOIYCTUMBIX OIepa-
uud Haj HUMU. Hanpumep, Ui LEJIOYMCIEHHOIO THIIA JAHHBIX ONPENEIISIOTCS

apu(pMeTHYecKre onepanuu (CoKeHrue, yMHOKEHHE, IeJICHUE), KOT1a ISl JIOTH4e-
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CKOTO THIa JAHHBIX OIpeIeIeHbl JOTUYECKHE Onepanuy (KOHbIOHKIIHS, TU3bIOHK-
usi, oTpulianue). Takxke i KaXI0T0 THIA JAHHBIX ONpeeNsieTcs pa3Mep OHOM
nepeMeHHo B Oaiitax. Tak, s XpaHeHUs OJHOTO IIEJNOro uucia TpeOyercs 4
OaiiTa, TOrH4ecKoil mepeMeHHoM 1 0aiT, a 1y BEIECTBEHHBIX YUCE C TUIaBaOLIEN
TOUYKON HE0OX0AUMO 8§ OailT. Jlanee nepeunciieHbl OCHOBHBIE TUIIbI IaHHBIX B SI3bIKE
Cut++, uX Ha3BaHUE — KIFOYEBOE CIOBO, UCIOJIB3YEMOE ISl CO3AAHUS IEPEMEHHBIX
-, pa3mep B OailiTax [id NIpeICTaBICHHs OJIHOTO 3HAUEHUs, a TAK)KE IMaIla30H JIOMy-

CTUMBIX 3HAUYCHUU.

Tun faHHbIX Kaouesoe Pa3zmep Jlnanma3on
CJIOBO
[{enounciieHHbIH int 4 ot -2 147483 648
o 2 147 483 647
BelecTBeHHBIH float 4 +3,4x10*%8 (7 3naKoB)
BemectBeHHbII JBOWHOM double 8 11,7%10 % (15 3axop)
TOYHOCTHU
Jlornyeckuii bool 1 false unm true
CUMBOJILHBIN char 1 or -128 no 127

[IpencraBneHne BEIMIECTBEHHBIX THUIIOB JAHHBIX OTIMYACTCS OT XPAHCHHS IIe-
JIOYMCTICHHBIX WM TUCKPETHBIX TUTIOB. JIF00O€ BEIIECTBEHHOE YMCIIO MOXKHO 3aIH-
caTh B Buje N = Mx10P, rme M — MHOXKHUTENb, COACPIKAITUI Bce UG PHI Yucia (MaH-
THCCA), a P — LIETI0€ YKCII0, Ha3pIBaeMoe nopsiakoM. Hampumep, uncno 314,159 Gy-
JeT npeacrasieHo kak 3,14159x102. Yucno -0,00256196 Gyner nmpeacTaBiaeHo Kak
-2,56196x1073. B ciyuyae ManIMHHOTO MPEACTABICHUS BEIIECTBEHHBIX YKMCEN TUIIA
float, nns xpaHeHust MaHTHCCHI BbIessieTcs 3 OaiiTa, a a1 XpaHeHUs mopsaka 1
0aiiT. DTO MO3BOJISIET XPAHUTDH IPOOHYIO YacTh C TOYHOCTHIO 10 7 3HAKa MocIie 3a-
MSATOM, a MOPSIIOK B uarnaszone oT -38 1o 38. Oxpyriienne IpoOHbIX 3HAYCHU 710 7
3HaKa IMOCJE 3amsITOl HE0OX0IMMO YUUTHIBATh TIPH pPeasn3aliiy mporpamm. Tak, c
TOUKM 3peHus s3bika Cut+ uncna 1,6180339887 u 1,6180339895 OynyT OKpyTriaeHbI
10 1,6180340 1, COOTBETCTBEHHO, CTAHYT PABHBIMHU IIPU CPABHEHUH.

Taxe cyIlIecTByeT THI JJaHHBIX VOId, MHOKECTBO 3HAUEHUH 3TOr0 THIIA IMy-
CTO, TO €CTh MIEPEMEHHON JAHHOTO TUIIAa HEJb3sl IPUCBOUTH KaKoe-I100 3HAUCHHUE.

Hcnonp3oBaHue Takoro crneunuyeckoro Tuna JaHHbIX Oy/1eT 00bsicHeHO B m1.4.1.
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Co3znmanre mepeMeHHBIX BBITIOJHAETCS COTJIACHO ClenytonieMy GpopMary:
TunaHHbIX umallepemeHHON ;

TrAc munﬂaHHblx — OTO KJIFOYEBOC CJIIOBO, HA3BAaHUC THUIIA JaHHBIX, a uMﬂHepe-
MeHHOU — YHUKAJIbHBIN, HE NCIOJb30BaHHBIN paHee UACHTH(PUKATOP MEPEMEHHOM.
B KOHIC CTABUTCA PA3ACIHUTCIIL «», 0603Haqa}0mnﬁ 3aBCPIICHUC HHCTPYKIIHUH.
Hanpumep, nHCTpYKIUSA
int a;

Co3aacCT MCPCMCHHYIO C HMCHCM a, IIpu yCJIOBHH, YTO B IIpOrpaMMcC OTCYT-
CTBYET IEPEMECHHAs C TAKUM HMCHEM. AHaJIOrMYHO CO3/IaHHUE NEPEMECHHBIX IPYTHUX

THUIIOB:

float b;
char c;
bool d;

[locne co3nanus nEpEMEHHON €1 MOKHO IIPUCBanBaTh 3HaueHus. [I[pucBoenune

3Ha4YCHUA HepeMeHHOﬁ BBIITOJIHACTCA C IIOMOIIBIO OIICPATOpa HPUCBANBAHUSA «=):

= 5;

= 3.17;

rAJ.
J

true;

QN Cw
|

Omnepatop BBIMOJHAET MPUCBAUBAHUE BBIPAXKEHUS, CTOSIIErO CIpaBa OT OIle-
paTtopa, B IEpeMEeHHY10, CTosLLyI0 ciieBa. [logpobHee 0 Tunax JaHHBIX, CO3AaHUU U
paboTe ¢ MepeMeHHbIMH, a TAKXKE O JOIMYCTUMBIX OMEpPaIUsIX MOKHO MPOYHUTATH B
[1-3]. Jasnee nmpeacraBieHa mporpamMMa, BBIOJHSIONIAS CO3/IaHUE JIBYX IICJIOYHUC-

JICHHBIX IICPCMCHHBIX U BBIBO/JI UX CYMMBI Ha 3KpaH:

program.cpp

#tinclude "stdafx.h"
#include <stdio.h>

int _tmain()
int a; // Ob6baABneHWEe UENOYUC/IEHHOW MNepeMeHHOM
a =5; // WHuMumanusauma nepemeHHOW 3HaAYeHUeM
int b = 3; // DonycTuMMO OAHOBpPEMEHHOe OObsBSIEHUE U MHULMANM3auus

// BblBOL 3HA4YeHUs MepemMeHHoW Ha 3KpaH
cout << "\n Variable a equals " << a;

// 3HayeHuWe nepemMeHHOW nocCse 3anAaToON MNoACTaBUTCA BMecTo %d



18

cout << "\n Variable b equals " << b;

// MoXHO BbIBOAUTb Cpasy pe3ynbTaT CJIOKEHUA
cout << "\n Summ of a and b equals" << a + b;

OOpartute BHUMaHKE Ha Gopmy 3amucu COUL. 3HaKM <K OTIEISIOT YKPAHUPO-

BaHHBIN TEKCT U UM ITepeMeHHo#. Takast hopma 3amucu paBHOCHIIbHA CIIETYIOMICH:

cout << "\n Variable a equals ";
cout << a;

Panee oTmMeudanocsk, 4To JUIsl KaK10r0 TUIA JTAHHBIX CYIIECTBYET COOCTBEHHBIN
HAOOp omepalyii U 3T ONepaluyd MOTYT OTJIMYAThCSA Apyr oT Apyra. Hampumep,

CHEQYIOIINMI KOJI:

int a
int b

5;
3;

float z = 5.0;
float y = 3.0

)

cout << "\nFloat variables division: "<< z/y;
cout << "\nInteger variables division: " << a/b;

B pesynbTare BbINOTHEHHUS MPOTPaMMBbl Ha SKpaHe OyayT MpEeACTaBIICHbI JBa
pe3yJibTara JIeJIeHHs], OJJHAKO, HECMOTPS Ha OJUHAKOBBIE UCXOJHBIC 3HAYCHHUS TIe-
PEMEHHBIX, Pe3yJIbTaThl AejeHus OyayT oTianyaThes. [Ipu geneHnu BeleCcTBEeHHbIX
yucen pe3ynbTaT OyaeT paBeH 1.666, a npu IeIeHUH EJI0YUCIECHHBIX TEPEMEHHBIX
pe3ynbTaT Oynet paBeH 1. DTo 00BACHIETCS TEM, UTO LIETTOUUCICHHBIC TIEPEMEHHBIC
HE MOTYT XpaHUTh JPOOHBIE 3HAUCHHUSI, TAKUM 00pa3oM, JIFOOOM OCTATOK OT JeICHUS

I[EJIOYMCIICHHBIX 3HaYEHUN Oy1eT OTOPOIIICH.

Bonpocel ona nposepxu:

1) Yro takoe nepemeHHas B si3bike Cu++? UTo Takoe TUI JaHHBIX?

2) YeM oTIMUAIOTCS 1IETIOUYUCIICHHBIC TUITBI JAHHBIX OT BEIIECTBEHHBIX (C IJ1a-
BaroIIei TOUKOM)?

3) Kak B s3bike Cu++ IpouCXoIUT OOBSIBICHUE U MHUIHAIA3AIIIS TTePEMEH-

HOM KaKoro-aubo tuma?
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2.4 bnoK Kopa

Kaxnprit onmeparop s3pika Cu++ 3aKkaHIMBACTCSA M MACHTH(PUITUPYETCS pasjie-

JIUTCIICM <(5». JIro6oe BBIPA’KCHHC, ITIOCJIC KOTOPOT'O ITIOCTABJICH CUMBOJI «;», BOCIIPU-

HUAMAETCS KOMIMWJISATOPOM KakK OTIEIbHBIA oreparop. Bce omepartopsl BeINIOJIHS-

OTCA TOCJIICAOBATCIIBHO, T.C. OAWMH OIICPATOPp HAYMHACT CBOEC BBIIIOJTHCHUE TOJIBKO

IMOCJIC 3aBCPIICHUA BBIIIOJIHCHUA IIPCABIAYIICTO. Panee B 11.2.2 YK€ YIIOMHHAJIOCh

MOHSATHE OJIOKA KOJa MPH onucaHuu padboThl PyHKmu main(). OmHako 610K Koaa

CymCCTBYCT HC TOJIBKO B paMKax (bYHKLII/II/I, HO MOXKCT HCIIOJIB30BATbCA OTACIIBHO.

bioku koja 001aaroT ClIeIyIOUMMU CBOMCTBAMM:

biiok koJ1a mo3BOMISIET 0OBEAUHUTH HECKOJIBKO ONIEPATOPOB B OJIMH.
OnuH 6110Ka K02 MOXKET COJIEPKaTh B ceOe JIH000€ KOJIUYECTBO APYTUX
OJIOKOB KOJ1a.

Kaxxapiii 610K KOJ1a CO3/1a€T YHUKAIBHYIO 001aCmb 6UOUMOCMU — YYa-
CTOK KOJa, OTPaHWYHMBAIONINN YHHKAJIbHOCTh MMEH IEPEMEHHBIX U
BpEMs UX JKU3HHU.

B nm000oM BiiokeHHOM OJIOKE KOJIa JOCTYITHBI IEPEMEHHbIE, HAXOISII1-
€cs BO BHEIIHEM OJIOKE KOJa.

brok xoma He MOXKET OBITH 3aKPHIT, TOKA HE OYAYyT 3aKPBHITHI BCE BHYT-

peHHHE OJIOKH KoAa.

PaccMoTpuM Ha crieayromeM npumepe:

int _tmain()

{ //Co3paHue nepeBoro 6soka Koga
int a;
a =5;
{ //Co3paHue BTOporo 6soka Koga
int b = 3;
int ¢ = a + b;
a=17;
int e;
} //3aKkpbiTue BTOporo 610ka Kopa
//int d = c; //0umnbka kKomnunsauum!
int e
{ //Co3paHne TpeTbero 6s0ka KoAa
int b = 7;
//int a = 10; //0umnbka kKomnunsauum!
} //3aKkpbiTne TpeTbero 6s0ka Kopa
} //3aKkpbiTue nepBoro 6s0Kka Koga
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[lepBerit 610k KOma cozmaercs st pynkmuu Main(). [lepBeiMu ero MHCTPYK-
USMHU BBITIOJHSAETCS 0OBSABICHUE U MHUIIMATIM3AIIMS IepeMeHHoi a. Jlanee co3ma-
eTCsI BTOPOH, BJIOYKEHHBIN 010K Koja. B HEM co3maeTcst HoBas mepeMeHHas b u nHu-
IUaIN3UpyeTcs 3Ha4eHueM. Bo BiioxkeHHOM OJIOKe KOja JOCTYITHBI BCE TTEPEMEH-
HbI€, CO3/IaHHbIE BO BHEIIHEM OJIOKE KOJla, HapuMep, nepeMeHHas a. Buyrpu Bio-
YKEHHOTr0 0JI0Ka KOJa MOXKHO MOJyYUTh 3HAUEHHUE TIEPEMEHHOMN &, a TAaKXKe €ro u3-
MEHUTb.

BrosxeHHbIN OJI0K KO/1a OTpeIesieT YHUKAIbHYI0 00J1aCTh BUIMMOCTH JIJIS T1€-
PEMEHHBIX D, C 1 €. DTO 03HAYAECT, YTO: a) ATH IMePEMEHHBIC IIEPECTaHyT CYIIESCTBO-
BaTh MOCJIC 3aKPBITUS OJIOKa Ko/a; 0) mocie 3aKphITUs 0JIoKa Kojaa uMeHa b, ¢ u e
MOHO OyJIeT BHOBb UCITOJI30BaTh JJIS IPYTUX NMEPEMEHHBIX.

[Tocne 3akpeiThs 0JI0Ka KOJa €CTh 3aKOMMEHTHPOBaHHAsi CTpoka kona. Ecinu
€€ paCKOMMEHTHUPOBATH U MOIBITATHCS CKOMIWINPOBATH IPOTPAMMYy, KOMITHIATOP
coobmuT 00 ommnoOke. OmmodKa cBgA3aHa C TEM, YTO MOCIIE 3aKPbITUS BTOPOTo OJI0Ka
KOJla TIepeMeHHas C y>ke He OyJeT CyIIecTBOBaTh, M, COOTBETCTBEHHO, MCIOJIb30-
BaTh ¢€ JIJIS HHUIIMAIU3AIuH riepeMeHHor d OymeT HEeBO3MOKHO.

B cnenyroniei cTpoke co3mpaercs HOBasi IEpEMEHHas ¢ UMeHeM €. Bo Bropom
0JI0Ke KO/a YK€ cO3/laBajiach TIEPEMEHHAsi ¢ TAKUM MMEHEM, HO TaK Kak BTOpPOM
0JIOK KOJ1a HA MOMEHT BBITTOJIHEHUS TAHHOW MHCTPYKIIMH YK€ 3aBEpIIEH, UMSI € CBO-
00THO ¥ MOKET OBITh UCITOJIB30BAHO JIJISI CO3/IaHUsI HOBOW IIEPEMEHHOM, B TOM YHUCJIE
U JPYroro TUIa JaHHBIX.

B TpeTheM OJi0Kke KOja, OMSTH )K€ SBJISIFOLIETOCS BJIOKEHHBIM MO OTHOIIEHUIO
K TIEPBOMY HPOMCXOJUT CO37aHKe repeMeHHoi b. 1 omsare e uMms iepeMeHHoi b
CBOOOJIHO, TaK Kak IOCJe 3aKpbITUSI BTOPOTO OJIOKA KOJa, TAHHOE UMsI OCBOOOIH-
nock. OIHAKO co37aTh MEPEMEHHYIO C UMEHEM & HEBO3MOKHO, TaK KaK MepeMeHHast
a Obula OOBSIBIICHA B MEPBOM OJIOKE KOJA, a 3HAYUT, JHOCTymHa B TpeTbem. [lo-
CKOJIbKY B OJIHOW 00JIACTH BUJIMMOCTU HE MOXKET CYIIIECTBOBAThH JBYX MEPEMEHHBIX
C OJIMHAKOBBIM UMEHEM, TaKasi CTPOKA MPUBEJIET K OMIMOKE KOMITUIISAIUU. YnuTaTe o
npeajaraeTcss HabpaTh YKa3aHHbBIM MpUMEpP U MONPoOOBaTh PACKOMMEHTHUPOBATH

YKa3aHHBIC CTPOKHU AJIA JIYUIICTO IIOHUMAaHUA pa6OTBI 0J10KOB KoJa.
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Bonpocwut 013 nposepku:
1) Yto Takoe 001acTh BUAMMOCTH?
2) Kak co3nmath 00,1aCTh BUTUMOCTH?

3) INosicHuTE TOHATHE BPEMEHH JKU3HH TTEPEMECHHOM ?

2.5 BBOA Y BbIBOA AAQHHbIX B KOHCOAK

B s3pixe Cut+ cymiecTByer J1Ba crioco0a paboThl ¢ KOHCOJBIO: (POPMATHBIN U
MOTOKOBBIW. B 1aHHOM mocoOuu OyneT paccMOTPEH TOJIBKO MOTOKOBBIN BBOJI U BbI-
BOJ Kak Oosiee O€30MacHBIM, OJTHAKO YMUTATENI0 OyJeT MOJIE3HO M3Y4YUTh 00a MoJI-
X0J1a, a TJ1aBHOE, UX OTINYUS, IPEUMYILIECTBA U HEAOCTATKH.

BriBo/1 Ha SKpaH TEKCTa U 3HAYEHUM IEPEMEHHBIX YK€ ObLI pACCMOTPEH paHee.

BeimonHsieTcst BBIBOJ € MOMOIIBbIO MOTOKA COut (console output):

cout << “Hello, ”;
cout << “ World!”;

JlBa mocCieIOBaTeNbHBIX BBIBOJIA HA JKPaH MOXKHO OOBEAMHUTH B OJIHOM
CTpOKE:

cout << “Hello, ” << “World!”;

BbIBO/1 3HaUEHUI IEPEMEHHBIX OCYIIECTBIISIETCS CIEIYIONTUM 00pa3oM:

int a = 7;
cout << a;

Tak MO>XHO BBIBECTH Ha DKpaH 3HAYCHHUS MEPEMEHHBIX BCEX 0a30BBIX THIIOB
JTAHHBIX.

[Iporpamma n0JKHA YMEThH HE TOJIBKO BBIBOJIMTH JAHHBIE HA YKPaH MOHUTODA,
HO M TOJIy4aTh JIAHHBIE, BBOJUMBIE TIOJIL30BATENIEM C KIaBHAaTyphl. s 3TOrO0 Mc-

noJb3yeTcst moTok Cin (console input):

int a;
cin >> a;
float b;
cin >> b;

UteHue TaHHBIX ¢ KJIaBHATYPbl MOXKET ObITh BBITIOJIHEHO KaK B TOJILKO YTO 00b-
SBJICHHYI0, HO HE MHUIIUAJIU3UPOBAHHYIO IEPEMEHHYIO, TAK U B PAHEE CO3JaHHYIO.

[Ipu 5TOM 3HaUEHHE, KOTOPOE XPAHUIIOCHh B IEPEMEHHOM paHee, OyIeT MOTEPSHO.



22

Bonpocwt ona camonpogepku:
1) Yto Oyner, eciii MONBITATHCSA BBIBECTH Ha DKpaH 3HAYCHHE IMEPEMEHHOM,

KOTOpas €iic HE Obl1a WMHUIHUAJIN3NPOBaAHA HUKAKUM 3Ha4YeHUEM?

2.6 BetBneHue u onepatopbl Bbibopa

BeTBnenue sBseTcs BaXXKHBIM MEXAaHHU3MOM B AJIT'OPUTMH3AINH. Bemeénenue -
9TO KOHCTPYKIMA A3bIKa IIPOIrpaMMHPOBAHUNA, O6CCHC‘II/IB21IOIH21$I BBITTOJIHCHUC
OHpCIICJIGHHOfI KOMaH bl NJIN Ha60pa KOMaH/I TOJIBKO ITPpHU YCJIOBHMU HCTHHHOCTH HC-
KOTOPOI'0 JIOTHYCCKOT'O BbIPAKCHUA, JIMOO0 BBIIOJTHECHUE OI[HOfI U3 HECKOJIBKHUX KO-

MaH]1 (HaOOPOB KOMaH/1) B 3aBUCUMOCTH OT 3HAYEHHUS HEKOTOPOT'O BHIPAXKCHUSI.

C Hauano )

Ycnosue
Ycnosue
BbIMOAHEHO
KomaHga
Ycnosue (sbinonHAaeTca
He BbINOJIHEHO nog, ycnosuem)

C 3aBeplieHue ><

BerBnenue B s13pike Cu++ peannsyercs ¢ MOMOIIBIO KITFOUeBOTo clioBa if:

if (ycnoeue)

//OnepaTopbl Noa ycnoBuem

r7ie YCJIOBHE — JIOTUUECKOE 3HaUYeHHE WK Bhipaxkenue. Hanpumep:

bool condition = true;
if (condition) //vncnonb3yiTe NoruYeckyw nepemMeHHyw Kak ycCJioBue

{

cout << "YcnoBue UCTUHHO";

}

condition = 10 < 7;
if (condition)

{
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cout << "ITOT onepaTop He cpaboTaeT, Tak kak 10 6onbwe 7";

}

int value;
cin >> value;
if (value > 10) //vucnonb3yiTe Norn4yeckue BbIpAXEHUA KaK YCJIOBUSA

{
}

cout <<"ITOT onepatop cpaboTaeT, ecnu nosb3oBaTenb BBeAeT 4ucao 6onbwe 10";

Ecnu HeoOxoIuMo caenaTh MEXaHU3M, KOTJa B CIIy4ae BBIIOJHEHUS YCIOBHS

BBIITOJIHACTCA OANH Ha60p KOMaHI, a B CJIy4daC HCBBIIIOJIHCHHUA — ,ZIPYFOfI, HCII0JIB3Y-

( Hauvano )

eTcs KJIIUeBOe ¢JI0BO else:

Ycnosue Venosme
fHe BbINO/IHEHO Ycnosue BbINONHEHO
Komanga?2 KomaHpal
(BbinonHsaeTcs, (BbinOnHsAETCS,
€C/IM YC/I0BME He €c/m ycnosume
BbIMO/THWIOCD) BbIMNOTHWIOC)

P( 3aBeplueHue )4

int value;
cin >> value;

if (value > 10)
{

}

else //0bpaTuTe BHMMaHME Ha MCMNOJb30BaHWe cnoBa else

{

cout <<"3TOT onepaTop cpaboTaeT, ecnu nonb3oBaTeNb BBeAET 4ucno 6onbwe 10";

cout <<"3ToT onepaTop cpaboTaeT, ecnu MoNb30OBaTeNlb BBEAET YUC/IO MEHblle WK
paBHoe 10";

Bo3MOXHO coO31aHuE BJIOXKEHHBIX YCIOBUH. [lJI1 3TOro BTOpPOE YCIOBHE

JIOJDKHO OBITH HAIMCaHO B OJI0Ke KoJa 1o yciaoBueM min Osoke else. Takke Bo3-

MO>KHA OpTaHU3alUsl 1eCHHUYHOU, VTN KACKAOHOU, CTPYKTYPBI:

if (conditionl)

{
if (condition2)
{

cout <<"3TOT onmepaTop CpaboTaeT, €C/NM UCTUHHBI 0ba ycnoBua™;
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else //else BTOporo ycnosus
cout <<"3TOT onepaTop cpaboTaeT, e€CnM UCTUHHO MepBoe YyCnoBUE, a BTOpoe
JIOXHO" ;
else //else nepBoro ycnosus

cout <<"3TOoT onepaTop cpaboTaeT, ecnuM nepBoe yC/OBUE NOXHO";

}

BnoxxeHHOCTh YCHOBI/Iﬁ MOJKET OBIThH HCOFpaHHqCHHOﬁ. OIIHaKO YUYTUTC, YTO
Y2KC BJIOJKCHHOCTDb TPCTLCI'O MOPsAKa CTAHOBUTCA CJIOKHOMU AJIs1 BOCITPUATHA 1CII0-
BekoMm. Ha IIPAKTHUKC CTapaﬁTGCB HC IIPCBBIIMIATL BJIOKCHHOCTH OoJbIIIe YCTBIPCX.

JlecTHnuHas CTpyKTypa:

if (conditionl)

cout <<"I3TOT onepaTop cpaboTaeT, e€cAM UCTUHHO MepBoe ycnosue";
else if (condition2)

cout <<"I3TOT onepaTop cpaboTaeT, ecnu NepBoe YCNOBUE JIOKHO, a BTOpoe UC-
TUHHO" ;

}

else

{

cout <<"3TOT onepaTop cpaboTaeT, ecnu oba ycnoBuA NOXHbI";

}

JlecTHUYHAS CTPYKTYpa MOXKET OBITh MPOI0JDKEHA JTHOOBIM KOJIMYECTBOM YCJIO0-
33078

Taxxe B si3pike Cut++ CyIIECTBYET OrepaTop BETBiIEHHs SWitCh, BeImoOIHSIO-
Ui OJMH 13 HAOOPOB KOMaH]I, CBA3aHHBIX CO OIPE/ICISHHBIM 3HaY€HUEM ITIePEMEH-

HOU.
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(: Hauano :)

3HayeHune
nepemMeHHoM

3HayeHuel 3HayeHune2 3HayeHune3 3HayeHuned

Habop KomaHpg 1 Habop KomaHg 2 Habop KomaHa 3 Habop KomaHpa 4

P(: 3aBepweHune :)4

[Ipumep ucnonp3oBaHus oneparopa Switch:

switch ( ¢ )
{

case 'A':
cout << "lMepemeHHaAa c paBHa ‘A’";
break;
case 'B':
cout << "lMepemeHHaAa c paBHa ‘B’";
break;
default:
default:
cout << "lMepeMeHHasaA C paBHa NwbOOMy ApPYroMy 3HayeHuw";
break;

[Tocne kiroueBoro caosa SWitch 3amuceiBaeTcs uMs MIEPEMEHHOMU, OT 3HAYCHUS
KOTOPOM OyJ1eT 3aBUCETH BBIMOJHEHUSI HA00POB HHCTPYKIUM. KitoueBoe cioBo case
C YKa3aHHEM KOHKPETHOIO 3HAUCHUS IEPEMEHHOM, Hanpumep, ‘A’ 711 CAMBOJIbHOM
NepeMEHHOM, ompenensieT HabOp 3HAYEHHI, KOTOPbIA OYyJEeT BBINOJIHATHCA IMPHU
YCJIOBHH, €CJIM IICPEMCHHAas NOJ switch OyzeT paBHa gaHHOMY 3HaueHwuto. [locie
JIBOETOUMS YKA3bIBAIOTCS KOMaH/1a WJIM HA00p KOMaH/I /ISl BBITIOJHEHHUS TI0J 9TUM
ycnoBueM. [locnemnum oneparopoM siBisieTcs orneparop break, o6o3Hauaromnuii 3a-
BCPLICHUS BBIIIOJHCHHUS YCJIIOBHOI'O OIIepaTopa switch. BapuanToB case MoxeT ObITh
YKa3aHO HCOIPpaHUYCHHOC KOHquCTBO.IIOCHeHHHNL HO HEOOA3aTEIbHBIM OJIOKOM
uzet 0JI0K ¢ KiroueBbIM ciaoBoM default: aToT HaGop onepaTopoB BBHIIOIHUTCS, €CIIH

3HA4YEHUE IEPEMEHHON HE IMOJAXOINUT HE MO/ OJUH CiIy4yau Case.
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2.7 Onepatopbl LMKAA

I[ukn — KOHCTPYKILMS S3bIKa MPOrPaMMHUPOBAHUS, PEATU3yIOL[asi MOBTOPHOE
BBITIOJIHEHUE KOMAaH]l WK Ha0opa KOMaH/ JI0 BBHIMOJIHEHUS ONPEIEICHHOIO YCIIO-
BUs. B si3p1ke Cut+ ecTh TpH BUIA IIUKIIOB — YUK C BPEOYC08UEM, YUK C ROCHLY-

ciosuem, HUKJl ¢ napamempom.

Lukn c npegycnosmem

Liukn ¢ nocrycnosmem

( Hauano )

A

Uukn c napamerpom

HavanbHoe
3Ha4yeHue

Ycnosue Habop KomaHza,

A 4

Ycnosue

Ycnosue
BbIMNONHEHO

umKia

napamertpa

v

BbIMONHEHO
A 4 Habop KomaHz,

umKna

v

M3meHeHue
napameTpa.

He BbINONHEHO He BbINO/IHEHO KoHeuHoe
3HayeHune

3aBeplueHune 3asepLeHne
3aBepweHune

Huxkn ¢ npedycnosuem peannsyercs ¢ MOMOIIBIO KiIrodueBoro ciaosa While ¢

Habop KomaHg,
uMKna

Ycnosue

Ycnosue

MMOoCJICAYIOIKUM YCIIOBUCM IIUKIIA U 010KOM KoJa.

int a = 0;
while (a < 5) // yCnoBHbli UMKA C npenycioBuem

{

cout << "Value is
a++;

}

<< a <« now" << endl;

ConepxumMoe GUTYpPHBIX CKOOOK OyAET MOBTOPATHCS JI0 T€X IMOP, TTOKa YCIIO0-
Bue nocie While siBiasieTcst iCTHHHBIM. Y CITOBHUE IIMKIIA TIPOBEPSICTCS MEPE KaKI0H
utepaipeii. O0parnTe BHUMaHKE, YTO BHYTPH IIUKJIA POUCXOANT YBEINYECHHE TIe-
peMeHHoO# a Ha 1. B mpoTuBHOM citydae, UK OyaeT OCCKOHEYHBIM.

Huxn ¢ nocmycnosuem peanusyercs ¢ MOMOIIBIO KIFOUEBOTo ciioBa do ¢ mo-

CIIEIYIOIIUM OJIOKOM K0J1a U KiIroueBoro cjioBa While ¢ yciaoBuem:

int a = 0;
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do // yCNOBHblii UMKA C MOCTYC/IOBUEM
{
cout << "Value is
a++;
}
while (a < 5);

<< a << now" << endl;

BakxHbIM OTIMYKMEM LHMKJIA C TOCTYCIOBHEM OT LUKJIA C IPEAYCIOBUEM SBIISI-
€TCsl TO, UTO YCJIOBHE OYIET MPOBEPATHCS MOCHE UTepalui. Takum 00pa3oM, UK
C IOCTYCJIOBHEM TapaHTUPOBAHO BBIMOJHUT XOTSI ObI OJIHY UTEPALUIO.

Huxn ¢ napamempom peanu3yeTcsi ¢ MOMOIIBIO KIF04YeBOTO ciioBa for u mmeer

CJEIYIOIINI CUHTaKCHC:

for (MHUUMaAnNM3auuA napameTpa; YCNOBUE UMUKIA; M3MEHEeHWe napameTpa)

{

//Teno umkna
¥

[Tpumep:

for (int i = 0; 1 < 10; i++)
{

cout << "Value is " << i << " now" << endl;
}

31ech B KpyTJbIX ckoOkax moj for mpoucxoaut oObsBICHNUE umepamopa — nie-
PEMEHHOM, UCIIOJIb3YEMOU ISl YIIPABJIEHUS YHUCIOM WUTEPALMUA LHUKJIA -; YCIOBUE
BBITIOJTHEHUS 1UKJIA, TJI€ UTEPATOP AOJIKEH ObITh MeHbIe 10; u crnocod u3MeHeHUst
uTepaTopa — B JTaHHOM CIIy4ae, 3TO YBEJIMUYECHHE UTeEpaTopa Ha 1.

OObsiBlICHNE U WHUIMAIN3ALMS BBITIOJHSAIOTCS TEpPe]] BBIMOIHEHHUEM BCETO
LHUKJIA, TPOBEPKA YCIOBUA BBIMOJHAETCS NEPE] KAKIOW UTEpALIME, ©3MEHEHHUE Ta-
pamMeTpa BBITIOJHIETCS MOCIIE KaXK/I0W UTEPALIUH.

B xauectBe mapameTpa MokeT ObITh 3a7aHa U paHee CO37aHHas IEPEMEHHAs.
B Takom ciydae, nepeMeHHYI0 HY>KHO TOJbKO MHUIIMAIU3UPOBATH 3HAUCHHEM 0€3
oObsBrieHus. [IpenMyniecTBOM MHUIMATH3AIMNA UTEpaTOPa B CAMOM IIMKJIC SIBIISI-
€TCsl OKOHYaHWE 00JIaCTH BUAMMOCTH MTEpaTOpa BHE IIMKJIA, TAKUM 00pa3oMm, UMs
nepeMeHHo-urepaTopa OyAaeT CBOOOIHO JUIsl APYTUX IIUKIIOB WM YYaCTKOB KOJIa.
B xagecTBe urepaTtopa MOTyT OBITh IEPEMEHHBIC M IPYTUX TUIIOB JAHHBIX, HAMIPH-
Mep, BELIECTBEHHBIE WJIM CUMBOJIbHBIE, OJTHAKO HA MPAKTUKE TAKOE PEILICHHUE BCTPE-

9aeTcst peKo.
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VYcnoBre BBINOTHEHHS IIUKJIA MOXET OBITh CKOJBKO YTOJIHO CIIOKHBIM M CO-
CTaBHBIM U JIAJKE HE UCIIOIB30BaTh B CBOEM pacyeTe 3HAYCHUE IIEPEMEHHONW-UTEPA-
Topa. OnATh ke, HAa MPAKTUKE MOJAOOHBIE PEIIECHUsI BCTPEUYAIOTCS PEIKO, TaK KaK
YCIIOKHSIOT BOCHPHUATHE KOJIA.

HtepaTop MOKET MEHATHCS JIIOOBIMU APYTUMU orniepaTopamu. Hampumep:

i++

i--

=1+ 2

= 2;
SomeFunction(i)

*

i
i
i

DTO pacmmpseT BO3MOKHOCTH MCIIOJIB30BAHUS IIUKJIA C TTApaMEeTPOM, MO3BO-
7S 1eN1aTh UK ¢ OOpaTHBIM OTCUETOM WJIM ITUKJI 110 YETHBIM/HEUETHBIM UTEpa-
LIHSIM.

[{ukibl ¢ mapameTpamMu yA00HO KCIONb30BaTh JJiA pabOThl ¢ MacCMBaMU U

JIPYTUMH CTPYKTYPaMH TaHHBIX.

2.8 Onepatopbl nepepayu ynpaBAeHUA

B sa3bike Cu++ cyniecTByIOT TpH onieparopa Nepeaadyn yupaBiIeHUus B aJropuT-

Max, HeoOXOUMBbIE ISl YIPABJICHUS pabOTON LUKIIOB, ONEPATOPOB BETBICHUS U

GbyHKIIUA.
OmnepaTop continue UCToIb3yeTCsl B TEJIE IIUKIIA M BHIMOJIHACT EPEX0/] Ha CIIe-

TYIOIIYIO UTEPALIHIO:

for (int i = @; 1 < 10; i++)

{

cout << "TekcCT, BbIBOAMMbIA B Kaxgon utepauun”;
if (1 % 2 == @) // YcnoBue, npu KoTopoM bymeT nepexopn Ha CleAywWylw UTepauuto

{

continue; // [lOCpOYHbIi Nepexol Ha CleAyuuylw UTepauuo

}

cout << "TekcT, BbLIBOAUMbIA TONbLKO B HEYeTHbIX UTepaumax";

}

OueBHHO, YTO oreparop CONtinue cieayeT MPUMEHSTH TOJIBKO MO HEKOTO-

pBIM yciioBUEM. B mpuMepe BbIle moka3aHo, Kak onepatop Continue mo3BoJsieT ot-
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Ceub BBINIOJHEHNE HEKOTOPHIX OMEPATOPOB B OTAEIBHBIX UTepalusix. B ciydae Bito-
’KEHHBIX [IUKJIOB OIepaTop continue GyeT MepexoIuTh Ha CJICIYIOIYI0 HTEPALIUIO
TOJILKO TSI BHYTPEHHETO ITHKIIA.

Omneparop break ncnons3yeTcs B Telie IUKIIA WM orepaTopa BeTBICHHS SWitch
JUTS yKa3aHMs 3aBEPIICHISI IIMKIIA WIIK oTlepaTopa BeTBIICHHs. [IprMep UCIoIb30Ba-

HUS oniepaTopa break:

int a = 10;
for (int i = 0; 1 < 10; i++)
{

a--;

if (i >= a)

{

cout << "I is more or equal A! Break of cycle";
break; // >ToT onepaTop AOCPOYHO 3aBepwaeT UUKA

}
}

cout <<

A is << a;
Hecmotps Ha TO, 4TO LIUKJI ¢ TapaMeTpoM OOBsIBIIEH Ha BhinojiHeHue 10 ute-

parmii, oreparop break mpepBeT BbIMOJIHEHHS IUKJIA HA TISTONH UTEPALIUH.

2.9 flBHOe U HeABHOE Npeobpa3oBaHWe TUNOB AAHHbIX

S3bIk Cut+ OTHOCUTCSA K SI3BIKAM C HECTPOTOM TUIIM3ALMEN. JTO 03HAYAET, YTO
BCE€ JJAHHBIE B IPOrPAMME OTHOCATCA K OJTHOMY M3 BO3MOKHBIX THUIIOB JAHHBIX, OJI-
HAKO [TPOBEPKA COOTBETCTBUS TUIIOB JAHHBIX IIPU BBINOJHEHUU PA3IUYHbIX Ollepa-
Uil ocyuiecTBisieTcss HecTporo. Hampumep, B LEIOYHMCIEHHYIO NEPEMEHHYIO
MO>KHO [IOMECTHUTb TOJIBKO LIEJIOYUCIIEHHOE 3HaYEHUE, a B BEIIECTBEHHYIO IIEPEMEH-

HYIO MOKHO ITOMCCTUTD TOJIBKO BCIICCTBECHHOC 3HAYCHUC!

int a = 5;

double b 7.5;

B cityyae A3bIKOB CO CTPOrO¥M TUIIM3ALMEN ONIEPALIMU MEXY PA3HBIMU TUIIAMU
JaHHBIX HexonycTumbl. Hanpumep, Takas nmpocras omnepanus, Kak CII0XEHUE lie-
JIOTO U BELIECTBEHHOI'O YHCeNl HeBO3MOkHA. Ha npakTuke mojo0HbIe OrpaHUYeHUs
CUJIBHO OCJIOXKHSIOT IIPOLIECC HAITUCAHUA KoJa. /{11 BO3MOXKHOCTH OCYIIECTBIICHUS
onepauuii MeXy pa3JIM4YHbBIMU TUIIAMH JAHHBIX B s3bIke CU++ CylIecTByeT Mexa-

HHU3MBI IBHOI'O 1 HCABHOI'O HpGO6p&30BaHI/IH THUIIOB JaHHBIX.
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Hesenoe npeoéptnoeauue AJ1 CTAaHJAAPTHBIX THIIOB BBITIOJHACTCA KOMITHJIA-
TOPOM aBTOMATHUYCCKU IIPHU YCIIOBHUH, YTO Hp€06p3.30BaHI/Ie HC IIPUBCACT K IIOTCPC

nanHbix. Hammpumep:

int a = 5;
double b =

a;

OOpaTuTe BHUMAaHHE HA ONIEPAIMIO TPUCBANBAHUS IIPU MHUIIMATIU3AIUHY BElIe-
CTBEHHOM nepemMeHHOM. CieBa OT 3HaKa NPUCBAaMBAHUS CTOUT BEILIECTBEHHAS MEpe-
MCHHa:, a CIIpaBa OCJIOYUCIICHHAA. HOCKOJIBKY JJIL OIICpaly IIpUuCBarBaHUSA HEOO-
XOJIMMO COBMAJIEHUE TUIIOB JIAHHBIX 10 00€ CTOPOHBI MPUCBAWBAHUS, TIEPE]] Onepa-
]_II/Ief/'I IIPpUCBAUBAHUA Cpa6aTBIBa€T MEXAaHHU3M HCABHOI'O Hp606pa30BaHI/I$I oeJao4uuc-
JICHHOT'O 3HAa4Y€HUS B BEILIECTBEHHOE. J|aHHBIM MeXaHU3M Takke OyleT cpadaThIBaTh
B CIIEAYIOIIEN CTPOKE:
double value = 7.16f+15+'a'+true;

[Tox onepanusamMu CIIOKEHUS HAXOIATCSA YETHIPE PA3HBIX THMA JAHHBIX, a UX
pEe3YIbTAT CIOKEHUS T0JKEH ObITh MIPUCBOEH B MEPEMEHHYIO MATOrO TUIA JaHHBIX.
Opnako Onarogapsi HESBHOMY MPeOOpPa30BaHUIO THUIOB JJAHHOE BBIPAKEHUE KOP-
PEKTHO OTpaboTaET.

Aenoe npeoopazoeanue BBHITIOJHACTCS C SABHBIM YKa3aHHUEM I1I€JIEBOTO THIIA
naHHbIX. CUHTaKCUC SIBHOTO MPe0Opa3oBaHMUs:
(uenesoTunZaHHbIX ) UMANCxoaHOMMNepeMeHHO M’

[Tpumep:
double a = 7.16;

int b;
b = (int)a; // flBHOe npeobpa3oBaHue Tuna AaHHbIX

[TockonbKy miepeMeHHas b siBisieTcs e0YnCcIeHHON, OHAa He MOXKET XPaHHUTh
ApoOHyr0 4YacTh. ClieoBaTeNbHO, B MEPEMEHHYIO D MPHCBOUTHCS TONBKO Iiesast
4acTh, a IpoOHast yacTh Oynet orOpoieHa. [Tockonbky siBHOE MpeoOpa3oBaHKE CBsI-
3aHO C TIOTepel JaHHBIX, OHO HE BBIMOJHACTCS aBTOMATHYSCKA KOMITHIIATOPOM, a
TOJIBKO TIPH SIBHOM YKa3aHUU MPOTPAMMHUCTOM. Takum 00pa3om, pazpaboTIHK MO-
Ka3bIBa€T, YTO OH OCO3HAHHO UJIET Ha BO3MOXKHYIO MOTEPIO JaHHbIX. [TogpoOHO mipe-

00pa3oBaHMs TUIIOB JAHHBIX ONMUCaHbI B [1].
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2.1031anbl cbopku nporpammbl Ha A3bike Cu++ U €€ BbINOAHEHUE

JTro00¥ A3bIK MPOTPAMMUPOBAHUS SIBISIETCS JIUIIb CPEJICTBOM OMMUCAHUS JIrO-
PUTMOB, OJTHAKO JJIs TIPOLIECCOPA HE CYIIECTBYET MOHSTHUSA SI3bIKa IMTPOrPaMMHUPOBa-
Hus. [Iporeccop MOMKET BBINOJIHATH TOJBKO MPEIONPEACICHHBIM HA0Op KOMaH/,
BBIPAKCHHBIX B MAIIMHHOM KOJi€. MalMHHBIN KO/ CIOKEH JJIs1 BOCIIPUSITUS YEN0-
BEKOM, IIMCaTh MPOrpaMMbl B MAIIIMHHBIX KOJIAX TSHKEIIO JJIsI OOJIBITUHCTRA JTFOJIEH.
B onpeneneHHBII MOMEHT MPOIIECC HATMCAHUS KOAa ObLT IEPEOCMBICIICH 1 OBLI pe-
aJIM30BaH HOBBIN MOAXO/I: MPOrPAMMHUCTHI OyAyT MUCATh UCXOIHBIN KOJI Ha CIEIH-
aJTbHOM SI3bIKE MTPOTPAMMHPOBAHUH, 4 CHEUUAAIbHAS MPOTPAaMMa — KOMITHIISITOP —
OyJieT BBITIOJIHATH MEPEBO UCXOAHOTO KOJIA C sI3bIKa MPOTPAaMMHUPOBAHUS B MAIlIUH-
HBIM KOJI, TIOHATHBIN Ipoleccopy. Takor mMoaxo/; B 3HAUUTEIIbHON CTEIICHU YIPO-
CTHUJI MPOLIECC HAMKMCAHUA KOJia U TTO3BOJIMII CO3/[aBaTh 00JI€e CIIOKHBIE MPUIIOKE-
Hus. Takum 00pa3oMm, MOSBUIIMCH ATAIbl COOPKU UCIIOTHAEMOMN MPOrpaMMBbl U3 HC-

XO04HOI'O KoJAa.
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MonHbIA TekeT
Moayna n (.cpp)

MonHblit TekeT
moaynsi 1 (.cpp)

IoNHBIA TEKCT
moayna 2 (.cpp)

KomnunAaTop Komnunarop KomnunsaTop

OBbeKTHLIN Ko
mogyns n (.obj)

O6beKTHbIA Kof
mMoayna 2 (.obj)

O6beKkTHbIN Ko
moayna 1 (.obj)

KoMnoHoBLUMK

cpaitnbi (lib)

HecnonHaeman
nporpamma (.exe)

S1ankl co3aaHMA UCNONHAEMOW NPOrpPaMMBl

CHauasia 3arojioBOYHbIe (paiiibl U Qaiiiabl HCXOJHOTO KOJla MepeatoTcsl npe-
npoyeccopy. 3afada mnpernpoieccopa MoAroTOBUTh UCXOIHBIN KO I KOMITHIISI-
1. [loaroroBka 3akiitouaeTcs B BBHITTOJIHCHUH OUPEKMUE NPEenpoueccopa, KoTo-
pBIe IPOTPAMMHUCT MOKET HAIMCATh B UCXOTHOM KOJIe, HallpUMeEp, TUPEKTHUBA ITpe-
npoiieccopa include, BBIMOMHSONMIAS BKITFOUEHHE YKa3aHHOTO TEKCTOBOTO (haiiia Ha
COOCTBEHHYIO MO3UIHI0. [1]

OOpaboTaHHBINM MPEMPOIIECCOPOM TEKCT MPOTPaMMBbI MEPEIACTCS KOMRUIA-
mopy, KOTOPBIHA BBITIOJHSCT JIGKCEMBI, a 3aTeM Ha OCHOBE IPaMMaTHKHU S3bIKa pac-
MO3HAET BBIPAXKCHUS U OTIEPATOPHI, TOCTPOCHHBIE U3 3TUX JeKceM. [Ipu 3ToM KoM-

MUJTOP BBIABIIAAICT CMHTAKCHYCCKHC OIIMOKU U B CIydac UX OTCYTCTBUA CTPOUT
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o00vexmmuutii mooyns [11]. B ciiydae BO3HUKHOBEHUS OIMMOOK MPOIECC COOPKH 3a-
BEpILAETCS, & KOMIIWIATOP BO3BpAILAET KaK pe3ysbTaT CIHUCOK MOJYyYEHHBIX OIIN-
0ok. OmMOKH KOMIMWIATOPA MOXKHO OTIUYUTH 0 OykBe ‘C’ B KoJie OIINOKH.
OOBEKTHBIE MOTYIIN TIEPENAIOTCS KomMnoHosuuky (anri. «linkery), dopmupy-
IOLIEMY UCHOTIHAEMBLIL MOOYb IPOTpaMMBl. Eciiu mporpaMmma COCTOUT U3 HECKOJIb-
KHUX UCXOJHBIX (PailyioB, OHM KOMIMJIMPYIOTCS MO OTAEIBHOCTH U OOBEANHSIOTCS Ha
JTarne KOMIIOHOBKM. Ha 3Tame KOMIIOHOBKM MOIYT BO3HUKHYTh COOCTBEHHbIE
OLIMOKH, HE CBSA3aHHBIC C CUHTAKCUCOM $I3bIKa, HO TaK)Xe TPEOYIOLUE YyCTPAaHEHUS
nporpammMucToM. OmmOKr KOMIIOHOBIIKMKA 0003HavaroTcst OykBamu ‘LK’, kak mpa-
BUJIO, UX IPUUMHBI MOTYT ObITh HETPUBUAJIBHBI, U pEKOMEHAYETCS 0OpallieHue K J0-

KyMEHTAI|H T10 OInOKaM, Hanpumep, [7].

Bonpocwt ona camonpogepku:
1) IlepeuncauTe OCHOBHBIE 3TANbl KOMIWISIUU IpOorpaMMbl? UTO BBINOIHS-

€TCA Ha KaXKIOM dTarie?
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3 Maccusbl U pabota ¢ appecamu

3.1 Yka3arteau u appecHas apudmeTuka

Ykazamens — ctieninanbHbIN TUI JAHHBIX s3bIKa CU++, IpegHa3HAYCHHBIN 1715
XpaHEHUs U pabOThI C aJpecaMu MaMsITH APYTUX NepeMeHHbIX. OObsBICHUE TIEpe-
MEHHOM-YKA3aTeJsl BBIIMOJIHIETCS COTJIACHO CIEAYIOIIEMY CHHTAKCUCY:

TunfaHHbiX* umAlepemeHHoMYKa3aTena;

OTnanune oOBABICHUS YKa3aTesi OT OOBIYHOM MepEeMEHHOM 3aKIII04aeTCs B UC-
M0JIb30BAaHUH 3HAKa * 1mociie MMeHU JaHHbIX. [IpuMepom 00BsBIICHHS yKa3aTels sB-
JSICTCS TIepeMeHHast pointer — oOpaTuTe BHUMAaHUE Ha 3BE3[I0YKY, YCTAHOBICHHYIO
II0CJIE THIA JAaHHBIX INt:
int* pointer;

B maHHOM ciydae 3TO O3HAYaeT YTO IEpeMeHHas-yKaszareiab POinter mMoer
XpaHHUTh B ce0€ aJpec LEeTOUHCICEHHON NEPEMEHHON, HO TOJIbKO LEJI0YNCIEHHOM !

PaccmoTpum crenyromumit Kou:

int value;
int* pointer; // 06baABneHMe yKa3aTenA Ha LENOYUC/IEHHbIW TUM AAHHbIX
int anotherValue;

value = 5;
pointer = &value; // Onepauusa B3ATMA agpeca NepemMeHHOW
// pointer MoxeT XpaHuUTb agpec TOJIbKO

// UenoyYncneHHoW nepemeHHOM
anotherValue = *pointer; // Onepauua pa3bMeHOBaHuA

// BblBOA 3HA4YeHMA, MOJYHEHHOTro MNpWU pa3biIMeHOBaHUM yKa3aTens
printf("value, stored in pointer: %d \n",anotherValue);

// BblBOA agpeca, KOTOpbli XpaHUTCSA B ykasaTene
printf("Address in pointer: %p \n", pointer);

// BbiBOA pe3ynbTaTa pa3biMeHOBAHWA yKa3aTenA

printf("Value in pointer: %d \n", *pointer);

PaGoTta ¢ ykazaTensiMu MPOMCXOAUT C MOMOIIBIO CTICIHAIBHBIX OTMEpAIMiA —
pa3bIMEHOBAHUS U B3ATUA anpeca. Onepauus e3amus adpeca UIMEET CIIEIYIOLINMA

CHHTAKCHUC:

&umsaAllepemeHHoWM
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PesynbpraToM JaHHOM YHApHOM OIIEpALIAH SBIISETCS MTOIYyYEHHE afpeca yKa3aH-

HOW NepeMEHHOM. [JTaHHBINA aApeCc MOKHO IPUCBOUTH B YKA3aTENb:

int value;
int* pointer;
pointer = &value;

B nanHOU cTpOoke CHadasa BBITIOJHAECTCSA ONEpalvs B3STHS agpeca MepeMeH-
Hoii value, a 3aTem mpUCBOCHHME MOTYICHHOTO ajpeca B ykaszarelns pointer. Ormepa-
s B3SITHUS aJipeca MOXKET ObITh OCYIIECTBIECHA HAJl JIIOOOW NIEPEeMEHHOM, OJTHAKO,
KaK OTMEYaJIOCh paHee, yKa3aTeslb MOXKET XPaHUTh aIPEC IEPEMEHHOM TOIBKO TOTO
K€ TUIA JAaHHBIX, YTO U CaM yKa3aTellb.

Onepayus pazvimMenosanusa NPOU3BOIUTCA HAJl YKAa3aTEIEM U MTO3BOJISET IO-
JYYUTh JOCTYIl K 3HAYEHUIO, XPAHAILIEMYCS IO ajapecy B ykazarene. CHUHTaKCHC
YHapHOU Ollepaly pa3bIMEHOBAHUS:

*umallepemeHHoOWYKa3aTena
Hanpumep:
*pointer
Omnepaius pa3sbIMEHOBaHHSI MOXKET MCIOJIb30BATHCS KaK JJIsl OJIYYECHUS 3Ha-

YCHHA I10 YKA3aHHOMY aApcCCy, TaK U JJII KBMCHCHUS 3HAYCHUA 110 YKA3aHHOMY a/l-

pecy.
Hanpuwmep:

int value2;

value2 = *pointer; // PaBHOocunbHO value2 = value;

*pointer = 5; // PaBHOcCuAbHO value = 5;

Kaxk MMpCACTABJICHO B IIPUMCPE, OIICPpAINA PA3SBIMCHOBAHUA NCIIOJIB3YCTCA KaK
CJICBA, TaK M CIIpaBa OT 3HAKa IIPpUCBAMBAHN.

Takske CyllIecTBYIOT Ollepalluu UHKpEeMeHma U 0eKpemenma aopeca.

pointer++;
pointer--;

JlaHHBIE OmEpanurK OCYLIECTBISIOT YBEIUUYCHUE apeca, XPaHAILIErocs B yKa-
3aTelie Ha OJIHO JIUCKPETHOE 3HadyeHue. BaxHO MOHMMATh, YTO IOJ AUCKPETHBIM
3HAYCHUEM I0/Ipa3yMeBaeTcs He 1, a KOJU4YecTBO 0aiT, HEOOXOAUMOE ISl XpaHe-

HUA THUIIA JAHHBIX YKa3aTCJIs:
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int valuel;

double value2;

int* pointerl = &valuel;

double* pointer2 = &value2;

pointerl++; //Anpec yBenuuuTCcA Ha 4 AnA Tuna AaHHbiX int
pointer2++; //Appec yBenuuuTCcA Ha 8 AnA Tuna AaHHbix double

bosnee moapoOHO Ha3HAUEHHE TAKOIO CIEHU(PUYECKOTO U MOILIHOTO MHCTPY-
MEHTa KaK yKa3aTelslb Oy/leT pacCMOTPEHO B CIEIYIOIIMX JJaOOpaTOPHBIX padoTax.
BaxxHo ObITh BHUMATEIBHBIM M HE 3aIyTaThCsl B MOPSIKE BBIIOJHEHUS OMEPALIUi.

HaanMep, B UCXOJHOM KOAC MOKHO BCTPCTUTD HOI[O6HBI€ 3aIIiCH:

pointer++;
*pointer++;

[lon maHHBIMH CTPOKAaMH ITOAPA3YMEBAKOTCA COBEPLIEHHO pa3Hble AeHCTBUS. B
IIEPBOM CJIy4ac BBIIIOJIHACTCS U3MEHEHUE aJpeca, XpaHALIerocs B ykasarele, T.€.
10CJIe MHKPEMEHTA yKa3arelb Oy/IeT yKa3bIBaTh HA IPYTYIO A4ElKy mamsaTu. Bo BTo-
POM cCily4yae CHayaja BBIIOJHECTCS OIEepalys pa3bIMEHOBAaHMs, a 3aTEM UHKPEMEHT.
TakuMm 00pazoM, OyZeT U3MEHEH He aapec B yKasaTelne, a 3HaueHHe, KOTOpoe Xpa-
HUTCS 10 3TOMY aJIpecy.

JInst ykaszaTenei Takke CyILIeCTBYIOT Ollepalliy CIOXKEHUs U BeruuTanus. Ciio-

JKEHHE MOKET OBITh OCYHICCTBJICHO MCKY ABYMS YKA3aTCIISIMU:

int* pointerl;
int* pointer2;
int* pointer3;
pointer3 = pointerl + pointer2;

Pe3ynpTaToMm ciiokeHus, Kak He TPYJIHO Aoraaarhces, OyAeT cyMMa JBYX ajpe-

COB. OI[HaI(O YKa3aTeJIn TaKKC MOTYT CKIIAAbIBATHCA C LCJIbIMHA YHUCIIaMU:

int* pointerl;
int* pointer2;

;ointerz = pointerl + 5;

B cJIy4dac CIIOKCHHA aapecCa € HCIOYUCICHHBIM 3HAUYCHHUEM OCYHICCTBIISACTCS
CABHUI yKasaTejisi Ha YUCJI0, PaBHOC LICJIOMY YUCITY, YMHOKCHHOMY Ha pasMCp THUIIA
JAHHBIX yKa3zarens. [ maHHOTO mpumepa ATO OyAeT yBeIWYEHUE yKaszaTessl Ha
5*%4=20. I[aHHI)IG orncpanuu CJIO0KCHHUSA W BBIYUTAHUSA aAPECOB CTAHOBATCA OUCHDb

yIOOHBIMH MPHU pabOTE ¢ aApecaMu, OTHAKO JUISl HAYMHAIOIINUX MPOTPAMMHUCTOB TO
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MOKET CO3/1aTh MPOOJIEMBI, TaK KaK, yYUTHIBAS MEXaHU3M TIPUBEACHUS THUIIOB JaH-
HBIX, aJipeca yKaszaTejei MOryT MO OIIMOKe ObITh CIOKEHBI C 1EIOUUCICHHON WU
CUMBOJIbHOW MEPEMEHHOM, U KOMIWISTOP HE OyJIET CUMTATh 3TO CUHTAKCHYECKOU
OILITUOKOM.

OOpatuTe BHUMaHKE Ha UMEHOBaHUE NIEpEMEHHBIX. B TaHHOM npuMepe Takue
UMeHa TIepeMeHHBIX Kak value, pointer marot mpejacraBieHUe O TOM, YTO 3TO 3a Tie-
pEeMEeHHas U JJI1 4ero oHa HykHa. Jto0as co3paBaemasi BaMu MepeMeHHas J10JKHA
MMETh YETKOE MOHSITHOE UMsI, KOTOPOE JOJKHO OTpa)kaTh HA3HAYECHHE TEPEMEHHOM.
[TonpobHEEe 00 MMEHOBAaHUY MOYKHO 0O3HAaKOMHTHCS B 6.1.

Ccebliaku. [TomuMo yka3zarenei, B si3bike CH++ CyIIECTBYET OHSATHUE CCHUIKH.
Ccblika - 5TO KOHCTAHTHBIN yKazaTesab. E€ 00bsBICHUE U HHUITUATU3AIUS UCTIONb-
3yeT 3HaK & BBIIISIIUT CIAEAYIOINUM 00pa3oMm:
int& aReference = a;

CcBUIKM CXO0XHU C yKa3aTelsIMU, OHAKO, B OTJIMYMHU OT yKa3aTeJel, CChLIKA: a)
o0s13aHa OBITH TPOUHUIIMAIU3UPOBAHHOMN MPU OO0BSABICHUU; 0) HE MOXKET OBITh U3-
MEHEHa JIPYyTuM ajpecoM; B) paboTa ¢ €€ 3HaUeHHEM BBITIOIHSAETCS KaK ¢ OOBIYHOM

NEPEMEHHON U HE TpeOyeT onepalnii pa3bIMEHOBAHUS U B3SATHUS aJpeca.

int a = 3;

int b = 5;

int& ref = a; //VWHuumanu3saumsa 6e3 onepauumn B3ATUA ajpeca

//ref = &b; //Ownbka! Henb3s npuceBouTb ApyroW aapec

b = ref + 5; //0nAa nony4YyeHuA 3Ha4YeHUA U3 CCbUIKU HE HYXHO pa3biMeHoBaHue!
ref = 5; //0NATb Xe He WUCnosb3yeTcCA pa3biMEHOBaHUe

He myraiite oneparuio 0ObsIBICHUS CCBUIKH C orieparueit B3stus aapeca! Ot-
JUYUE 3aKJIF0YAeTCs B TOM, UTO OOBSBJICHUE CCHUIKUA IMTPOUCXOIUT C YKAa3aHUEM THUTIA
JIAHHBIX 1 HOBOT'0, paHEE HEUCIIOJIb30BaHHOTO HACHTH(DHKATOPA, a OTIepaIIHs B3I THS

BBITIOJTHSETCS HAJl JII000M paHee 00bIBICHHON TEPEMEHHOM.

Bonpocwt 01a nposepku:
1) Yro Takoe ykazatenb? [IpogeMOHCTpUPYHTE CHHTAKCUC OOBSIBIICHHUS TIEpe-

MCHHBIX-YKaSaTCHCﬁ.
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2) Yto Takoe omeparus pa3piMeHOBaHUA? UTO Takoe omepamus B3ATUS al-
peca?

3) Ckonbko OaiiT BeIIEISIETCS MO/ IEpeMEHHYI0-yKa3aTenb? OIMHAKOBOE JIN
KOJIMYECTBO NAaMATHU BbIAEIAETCA U1 yKa3aTelled Ha LeJIOYUCIICHHBIE TUTIBI
JaHHBIX U JJI yKa3aTesleld Ha BEIeCTBEHHbIE TUIBI AaHHbIX? [ oTBETa
Ha BOIPOC UCToNb3yiTe QyHKImto Sizeof().

4) TIponeMoHCTpUpPYITE HA IPUMEPE TPOTPAMMBI, YeM OTINYAETCS OOBSBIIC-
HUE yKa3aTes OT onepannu pa3piMeHoBanus? Kak oTiimuuTh Apyr oT apyra
3TH JIBE ONEpalun?

5) MOHO JI1 IPUMEHUTD OTIEPAIUIO B3STHS aJipeca K yKa3aTemro?

6) MOXHO I TIPUMEHHUTH OTEPALUI0 PA3bIMEHOBAHUS K OOBIYHON IEepeMeH-
HOM?

7) Hwmxe mpencraBieH OTPBHIBOK UCXOIHOTO KOJIA C OOBSBICHUEM PAa3IUIHBIX
IIEpEMEHHBIX M yKa3aresieh. Hax HUMH coBepmIaroTCs pasHble IEUCTBUSA,
HEKOTOPBIE U3 KOTOPBIX BBINIOJIHATCS, IPYTHe K€ HeaomycTUMel. [losicaure,

MMO4YCMYy TC MJIN UHBIC OIICpally AOITYCTUMBI U HaO60pOTI

int integerValue;
int* integerPointer;
int* anotherIntegerPointer;

float floatValue;
float* floatPointer;

integerPointer = &integerValue; // DonycTumas onepauwuA
floatPointer = &floatValue; // DonycTumaa onepauus
integerPointer = &floatValue; // HeponycTumaa onepauus
floatPointer = &integerValue; // HeponycTumaa onepauus
anotherIntegerPointer = integerPointer; // DonycTumaa onepauua
floatPointer = integerPointer; // HeponycTumasa onepauusn

8) Uro Takoe cchuika?

9) Kak npoucxoaut oObsBICHUE CChUIKA? B yeM 0COOCHHOCTH OOBSIBICHHMS
CCBUIOK?

10)  Hamummre npumep, MOKa3bIBAIOIIMNA PA3HUIY MEKIY OOBSIBICHUEM

CCBIJIIKU M onepauﬂeﬁ B3ATHA aJipcca.
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3.2 Maccusbl

MaccuBbl — CTpYKTypa JaHHBIX, O0BEAUHSIIONAs KOHEYHOE KOJTUYECTBO OAHO-
THUITHBIX AJIEMEHTOB, XPaHAIIUXCS MOCIEA0BATENILHO B ONIPEICIICHHON 001acTu AaH-
HBIX. B 3TOM omnpezeneHnn ecTh HECKOJIBKO KIIFOUEBBIX MOMEHTOB, Ha KOTOPBIE ClIe-
nyet oopaTuTh BHUMaHue. [lepBoe — MacCUBBI 3TO CTPYKTypa JaHHBIX, TO €CTh He-
KOTOPBIN CIIOCOO OpraHU3aluy KaKUX-JIM0O JAaHHBIX, HO HU B KOEM CJyyae He caMu
JTAaHHBIE U €€ TUII JaHHBIX. BTOpOE TO, YTO XpaHAIIMecs B MACCUBE JAHHBIE JOJHKHBI
OBITh OAHOTUIIHBIE M UX JIOJKHO OBITH 3apaHee OINpEIeICHHOE KOHEUHOE KOInye-
CTBO. TpeThe — 3TO UX MOCIENOBATENBHOE XPAHEHHUE B ITAMSITH. JTO OYEHb BayKHBIN
MOMEHT, CBA3aHHBIN C BBIICICHUEM MMaMSITH 0]l MACCUBBI U IOCTYyNa K 3JIEMEHTaM
mMaccuBa. OIMH MacCUB HE MOXET OBITh “‘pa3dpocaH’ MO ONepaTUBHON MaMATH, OH
XPAHUTCS LIEIUKOM B OJJHOM MECTE.

[Tonpo6GHO 0 paboTe ¢ MaccuBaMH Bbl MOXKeTe mpouecTs B [ 1], 31ech xe pac-
CMOTPHUM TOJIbKO OCHOBHBIE MOMEHTHL. OOBSIBICHNE U HHULIMATN3ALMS MaCCUBA BbI-

TJISIAUT CJICIYIOMIMM 00pa3oMm:

int integerArray[5]; //o0bbABNEeHMe MaccuBa

integerArray[3] = 7; //nNpucBOeHNe 3NeMEHTY MacCuBa 3Ha4veHus

int anotherArray[] = {3, 4, 1, 2}; // ewe oanH cnocob 06bABAEHUA C MHULMA-
nusauuen

anotherArray[2] = 0;

Ba)XHO OTMETHUTB, UTO KOJIMYECTBO AIEMEHTOB MAaCCHBa JOJKHO 3apaHee OIpe-
JICJIEHO M YKa3aHO B KBAJPATHBIX CKOOKax Mpu 00bsiBIeHUHU. JIOCTYI K 37€eMEeHTaM
MacCHBa OCYIIECTBIISIETCS TAK)KE C MOMOLIBIO KBAJIPAaTHBIX CKOOOK, /1€ B KBaApaT-
HBIX CKOOKax YKa3bIBAeTCS MHICKC HYKHOTO djeMeHTa. BTopoii npeacTaBieHHBIN
Croco0 MHUIMATU3AIMY MacCUBa OTJIMYAETCS OT EPBOTO TEM, UTO JJIsl HETO U3Ha-
YaJbHO HE YKa3aHO KOJIMYECTBO EMEHTOB. OTHAKO OHO OIPENEIsAECTCS aBTOMATH-
YecKu U OyJeT paBHO 4 — pOBHO TOMY KOJIMYECTBY 3JIEMEHTY, KOTOPOE yKa3aHO B
burypHbix ckoOkax mociie 3Haka npucBauBaHus. [Ipu oOpaiieHun K MaccuBy IO
HECYILECTBYIOIIEMY UHIEKCY (HanmpuMmep, OTPULIATEIbHOE YUCIIO WIIA YUCIO OOJIb-
1Iee, YeM KOJIMYECTBO AIEMEHTOB MacCHBA) BO3HUKHET OLIMOKA Ha 3Tare BbIMOJIHE-

HUS IPOTPAMMBI.
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WNunekcanust 5IEMEHTOB MacCHBa HAUMHACTCSI C HYJIA,  PU OOBSIBICHUHA Mac-
cuBa 0€3 MHUIMAIN3ALUU 3JIEMEHThI OYJIyT MPEJICTABIATh TO 3HAYEHHE, KOTOPOE
XPaHWJIOCH B MTaMSITH HA MOMEHT CO3/IaHUS MacCHBa (KaK ¥ JJIsl JTFOOBIX APYTHX I1e-
pPEMEHHBIX, 00BIBIAEMBIX B si3bike Cu++). Il paboTel ¢ MaccuBOM YJI00HO HC-
HI0JIb30BaTh OTEPaTOPHI IIMKIIA, HAarlpuMep, for, oHaKo /1 3TOTO B OTACIBHOM Tie-
pPEMEHHON HEOOXOAMMO XPaHUTh pa3Mep MacCHBa, YTOOBI HE BBIMTH 3a MPEICITBI
MaccuBa. B cremyroniem npuMepe npoucxoauT oObsBIEHHE MAacCHUBa pPa3MepoOM B
[ATh 3JIEMEHTOB U MHUIMATIU3AIUS €r0 CIyYalHbIMU 3HAUYEHUSIMH C UCIIOJIb30Ba-

HHEM OIICpaTopa HUKJIa:

const int n = 5;
int integerArray[n];
for (int i = @; i < n; i++)

{
}

integerArray[i] = rand();

daKTUYECKU, C ’TUM CBSI3aHBI JIBa IIaBHBIX HEYI00CTBA PabOTHI C MACCUBAMU
B si3bike Cu++: 3T0 HEOOXOAMMOCTh KOHCTAHTHOTO MPEAONPEICICHHOr0 3HAUCHUS
AJIEMEHTOB JIJIs1 OOBSIBJICHUS MAaCCUBA U HEOOXOAUMOCTh XPAHEHHUS B JOTIOJHUTEIIb-
HOH IIepeMEeHHO pa3Mepa JaHHOro MaccuBa. [lonmpoOyiiTe co3aaTh MacCHBHI I1€J10-
YHCIICHHBIX, BEIIICCTBEHHBIX, CHMBOJIbHBIX TUIIOB JAHHBIX U TPOMHHUIIUAIU3UPOBATH
VX 3HAYEHUSIMU.

B s3pike Cu++ MOXHO CO37]aBaTh MAaCCHUBBI JIFOOBIX THUIIOB JaHHBIX, B TOM
YHCIIE U MACCUBBI YKA3aTEJIEH U CCBHUIOK.

Ilepenaua maccuBa B pynkuuio. B s3pike Cu++ cymiecTByeT Tpu crocoda

nepeaayn MaccuBa B pyHkuio. PaccMoTpum Ha npumepe:

double SummArray(double doubleArray[5])
{

double summ = 0.0;
for (int i = 0; 1 < 5; i++)

{

summ += doubleArray[i];
}
return summ;

}

double SummArray(double doubleArray[], int arraySize)
{
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double summ = 0.0;
for (int i = ©; 1 < arraySize; i++)

{

summ += doubleArray[i];
}
return summ;

}

double SummArray(double* arrayPointer, int arraySize)

{

double summ = 0.0;
for (int i = @; 1 < 5; i++)

{

summ += arrayPointer[i];
}
return summ;

Bce Tpu crioco6a uMeroT cBou nMpeuMyIecTBa U HeJJocTaTku. B nepBom Bapu-
aHTe MBI TlepesiaeM B (PYHKIIMIO MACCUB CTPOTO OMPEACICHHOTO pa3Mepa, MpUu 3TOM
€ro pa3Mep Mbl BUJIUM U3 OOBSIBICHUS (DYHKIIUH.

MunycoM nojgo6Horo crnocoda siBisieTcst To, 4To (PyHKIUSA HEe OyAeT paboTaTh
C MacCHUBaMU JAPYroro pazMepa, a 3HauuT y JaHHOU (DYHKIIMY OU€Hb OrpaHUYEHHBIE
BApUAHTHI UCIIOJIB30BaHUS. J[Ba Ipyrux mojxoaa MOTyT UCHOIb30BaThCA JJISI Mac-
CUBOB JIFOOOTO pa3Mepa, OJJHAKO pa3Mep MacCHhBa JOJDKEH MepenaBaThesl B (PyHK-
LU0 B BUJE BTOPOU IepeMEHHON. ITHaue BbI HE CMOXKETE ONPEAEIUTD IPEAEIIBI MAC-
cuBa u paboTaTh ¢ HUM. [Ipu paboTe ¢ ykazaTenem TOMOJTHUTEIBHO CIEAYET YUeCTh,
YTO yKa3aTesb SIBIAETCA HE YKa3aTeJIeM Ha MAacCHUB, a YKa3aTeJIeM Ha LEJIOYHCIICH-
HBII TUI JAHHBIX, TO €CTh TOJIBKO HAa OJJHO KOHKPETHOE 3HAYEHHUE, B CIIy4ae MacCH-
BOB, Ha NEPBbIN A71eMEHT MaccuBa. Cle0BaTelIbHO, B 3HAYEHUE YKA3aTeIIsl MOKHO
MIPUCBOUTH aIpec OOBIYHOM IEJI0YUCICHHON MEPEMEHHOM U MOTEPSATh JOCTYI K I1e-
JIOMY MacCUBY JaHHBIX!

MHoromepHble MaccuBbl. PaboTa ¢ MHOTOMEPHBIMU MaTpUIlAMU MaJIO0 YeM
OTIUYaeTcs OT paboThI C 0 THOMEPHBIMH. OOBSIBICHIE MHOTOMEPHBIX MACCHBOB BbI-

TJISIIUT CJICAYIOIMM 00pa3oMm:

int multiDimensionArray[3][4];
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TJIe B HaYajie yKa3bIBAeTCs TUIT JaHHBIX MACCUBA, 3aT€M YHUKAJIbHBIN UICHTH-
buKaTOp MaccuBa, a 3aTeM B KBaJIpaTHBIX CKOOKAaX YKa3bIBAaCTCS KOJMYECTBO dJIe-
MEHTOB T10 KOKJIOMY U3 U3MepeHui. [Ipr 3TOM KOTUYIeCTBO N3MEpPEHU OnpeIes-
€TCSl KOJIMYECTBOM KBaJIpaTHBIX CKOOOK M, TEOPETHUECKH, HUYEM HEOTPAHWUYCHHO.
C Touku 3peHUs BBIACICHUS MaMSATH MHOTOMEPHBIC MACCHUBBI IIPEACTABIISIOTCS B
BUJIC OJJHOMEPHOTO MAacCHBa C Pa3MEpPHOCTHIO, PAaBHOW MPOM3BEICHUIO Pa3MEPOB
BCEX M3MepeHHit. To eCTh MPUBEICHHBIN IBYMEPHBIA MACCUB B ITAMATH OyJIeT Ipe/I-
CTaBJICH KaK eJruHasi 00J1acTh pa3MepoM B 12 I1eJIOUHNCIICHHBIX MMIEPEMEHHBIX, a TIPU
oOpaienun 1o uHAekcy [2][1] HeoOxoaumoe 3HaYeHUE OYyIeT OMPEeAeNSIThCS IO
dbopmyie (1*3+2), rae 1 — ykazaHHBINA HHAEKC BTOPOTO U3MEPEHHUS, 3 — MaKCUMAJIb-
Has pa3MEpPHOCTh MIEPBOTO M3MEPEHUsS, U 2 — WHIACKC MEePBOTO M3MepeHus. boiee
OJIPOOHO ¢ PabOTOM JBYMEPHBIX MAaCCHBOB BBl MOXETE O3HAKOMHUThHCA B [1-3].
VYuture, 4To IIpH Nepeaade ABYMEPHBIX MAaCCUBOB B (DYHKIIMIO, BaM HY>KHO JIOIOJI-

HUTCIILHO MEPEaAaBaTh pa3sMCPhbl KaAXKJI0T0 U3SMCPCHHUA MaCCHBaA.

Bonpocel ona nposepru:

1) Yro Takoe maccun? [losicuuTe mpeacTaBieHne maccrpa B namsatu? Kak npo-
MCXOJUT MEXaHHW3M BBIJIEIIEHUS TaMATH 1o MaccuB? Kak mpenocraBisieTcs JOCTYI
K HY’)KHOMY DJIEMEHTY MaccuBa’?

2) Hanwmure HECKOIBKO CIIOCO00B OOBSIBIICHUS M MHHUIMAIN3ANNA MacCHBa
cpencrBamu Cut+.

3) OObscHuTe, YTO MpeCcTaBisAeT U3 ceda uaeHTugukarop Mmaccupa? Ha ka-
Kyl 00JacTh maMATu OH yka3weiBaeT? Kak mepemats maccuB B (yHkmuio? B dem
3aKJII0YAETCsl 0COOEHHOCTD Tepeayl MacCuBa B (DYHKIIUIO TE€M WJIM UHBIM CIIOCO-

oom?

3.3 Crpoku

CTpOI(I/I — 3TO MAaCCHUBbLI CUMBOJIOB, IIPCAHA3HAYCHHBIC OJIA XPaHCHUA TCKCTA.

TekcT MOXHO MNpEeACTaBUTh KaK ITOCJICA0BATCIbHOCTh CHMMBOJIOB, @ 3HAYHUT, €Io
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MOXXHO y,HO6HO XPpaHUTb B MACCUBC, I'/IC KAXKIaA MMOCICAYyronias sTueiika XPaHUT CJIC-

JTYIOUIANA CUMBOJI TEKCTA:

char text[20];

text[@] = 'H';
text[1l] = 'e’;
text[2] = '1';
text[3] = '1';
text[4] = '0';
text[5] = '!"';

OOparure BHUMaHUE, YTO B NMPUMEPE MbI CO3AaIM MaccuB Ha 20 CHMBOJIOB,
OJTHAKO IIOMECTHJIN B HETO TEKCT TOJIBKO Ha 6 CHUMBOJIOB, T.€. 14 3J1eMEHTOB MaccuBa
He ucnosb3ytorcs. [Ipu pabore ¢ MaccuBamMu 3TO OOBIUHASI MPAKTHKA, TaK Kak
CJIOXHO 3apaHee Npeayraaarh, CKOJIbKO CHMBOJIOB 3aliMET PE3YJIbTUPYIOIUI TEKCT.
TaxuMm o0pa3om, CTPOKH CO3JAI0T C PaCU€TOM Ha MaKCUMAaJIbHO HEOOXOAUMYIO AJIs
TOT'0 WJIA NHOTO TEKCTA JIJINHY.

OpnHako, Kak Mbl 3Ha€M, 3JIEMEHTHI CO3/IaHHOI'O MaCCUBAa, €CJIN UX HE IIEPEUHU-
UAJIU3UPOBAIH, XPAHAT CIy4alHbIEe 3HAUEHUs, XPAaHUBLIMECS B ONEPATUBHON Ma-
MSTH [0 YKa3aHHbIM ajpecam. B ciyuae, eciii Mbl HHULIMATU3UPYEM TEKCTOM HE
BECh MacCCHB, a TOJIBKO €r0 4acTh, KaK ONPEIEIUTh, /1€ 3aKaHYMBACTCS MOJIC3HBIN
TEKCT, a TI€ HAUMHAETCS HEMHULIMAIU3UPOBAaHHBIN Mycop? JJist 3TOTO CyIecTByeT
JIOTOBOPEHHOCTD, YTO MOJIE3HBIN TEKCT JOJDKEH 3aKaHUYMBATHCS HYJIEBBIM CUMBOJIOM

\0', 0003HaYAIOIINM KOHEI[ CTPOKHU:

char text[20];
text[@] = 'H';
text[1l] = 'e’;
text[2] = '1';
text[3] = '1';

text[4] = '0';
text[5] = '!";
text[6] = "\@'; // 3akaH4YMBaeM CTpPOKY HyJiIeBbiM CheL - CMMBOJIOM

Takum oOpazoM, npu 00pabOTKe CTPOK MOMKHO JIETKO ONMPEEIUTh KOHELl 0-

JI€3HOT'O TCKCTA.:

for (int i = @; 1 < 20; i++)
{
if (text[i] = '\@') //Ecnu BCTpPeTWNM KOHEL CTPOKM - 3aKAHYMBAEM LMK
break;
cout << text[i]; // vHaye BbIBOAMM CMMBOJI Ha 3KpaH
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B pesynbTaTe BBITOJHEHUS JAHHOTO ITUKJIa Ha SKpaH OyIeT BBIBEACH BECh I10-
JIE3HBIN TEKCT U3 Maccuba text.

OdeHb YacTo Co CTpOKaMu pabOTAIOT Yepe3 yKa3aTemu:
char* textPointer = text;

[TockoBbKY KOHEIl CTPOKHA MOKET OBITh ONPECIICH Yepe3 HyJIeBOH CIel-CUM-
BOJI, TIepeiavya CTPOK B (DYHKIIMIO MOXKET OCYIIECTBIIATHCSA O€3 yKa3aHHUsS pa3zMmepa
CTPOKH.

CranaapTHble QYHKIMH JJIsi paGoThI €O CTPOKAMH B 6ubamoTexe String.h

int strlen(char* string) — onpenenenre ATUHBI CTPOKH.

char* strcat(char* stringl, char* string2) — o0beiuHeHE IBYX CTPOK B OJHY
CTPOKY.

int strcmp(char* stringl, char* string2) — cpaBHeHue ABYX CTpoK. DyHKIUS
Bo3Bpariaer 0, ecim CTPOKH paBHBI (COBITAAIOT BCE CUMBOJIBI IBYX CTPOK).

void strcpy(char* destination, char* source) — konupoBaHue OHON CTPOKH BO
BTOPYIO.

char* strrev(char* string) — uHBepTHpPOBaHUE CTPOKH.

char* strlwr(char* string) — mpuBeneHHE CTPOKU K HIXKHEMY PETHUCTPY.

char* strup(char* string) — npuBeneHne CTPOKU K BEPXHEMY PETHUCTPY.

float atof(char* string) — pacno3HaBaHue CTpPOKHM B BEIISCTBEHHOE YHCIIO.
OyHKIHS BHITOTHATCS 0€3 OIMOO0K TOJILKO MPH YCIIOBUH, YTO BXOAHAS CTPOKA JICH-
CTBUTEIILHO TIPEJICTABIISICT BEIIECTBEHHOE YHCIIO, T.C. COACPKHUT TOJBKO YHCIIa —
MaHTHCCY C BO3MOXKHOM JPOOHOM YaCThIO U IOPSIIOK YKCIIa, YKa3aHHBIN uepes 3HaK
9KCITOHCHTHI.

int atoi(char* string) — pacrio3HaBaHuE CTPOKH B IIEJI0€ YHCJIO.

long atol(char* string) — pacro3naBaHue CTPOKH B LIEJI0€ YHCIIO JBOMHOM TOY-
HOCTH.

double ecvt(char* string) — npeoOpa3oBaHie CTPOKH B BEHICCTBEHHOE YHCIIO
JIBOMHOU TOYHOCTH.

char* gcvt(double value) — mpeoGpa3oBanue BEIIECTBEHHOTO YUCIIA JIBOMHOM

TOYHOCTH B CTPOKY.
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char* itoa(int value) — mpeoOpa3zoBaHue 11EIOTO YKCIa B CTPOKY.

char* Itoa(long value) — npeoOpa3oBaHue 1€I0T0 YKCIa B CTPOKY.

ABTOp OOpalaeT BHUMaHKUE YUTATE ISl HA UMCHOBAHUE CTAHIAPTHBIX (OYHKITHI
Y CIlIe pa3 HATIOMUHACT O BAXKHOCTHU HPAGUILHO20, 2PAMOMHO20 UMCHOBaHUS (YHK-

UH.

3.4 TeHepauusa CAyYaHbIX YUCEA

JIOBOJILHO dYacTo B TPOrPAaMMHPOBAHHHU TpeOyeTCS WHHUIMAIA3HPOBATH
HavyaJlbHbIC JAHHBIC KaKUMU-THO00 3HaueHUusIMU. [1pu 3TOM 3a1aHKe BCer/ia OJJHUX U
TeX K€ 3HAYCHWH MOXKET NMPHUBECTH K CHUTYyaIldd, KOTJa IMporpamMma OTJIaKeHa
TOJIBKO JIJII OJHOTO OIPECICHHOr0 Habopa HadalbHBIX MaHHBIX. [lodToMy st
WHUIIMATU3AlUN JTAHHBIX YacTO MCMOJB3YIOT TeHEepalMio ClydyalHbIX uucen. s
reHepaluu ciydaHbIx yncesl B Cu++ HeoOX0AUMO MOJKIIOUYUTE JIBE OMOIHMOTEKH
— stdlib.h u time.h. ITocne nmoakrOUYeHUs TIEPBOM OUOIMOTEKH BbI CMOXKETE HCITOJIb-
30BaTh PyHKIMIO rand() s reHepaliuy ciydaiHoro meioro yucia ot 0 10 32767.
Ecnu ske BaM HY)KHO CT€HEpHpPOBATh YHUCIIO B 3aJaHHOM JHMAra3oHe, HalpuMep, OT
30 10 40, TO BOCTIOJIB3YUTECH CASAYIOITUM CIIOCOOOM:
int randomNumber = 30 + rand() % 10;

I'me 30 — Hayaso Bamrero auamna3ona, a 10 — BenmuuHa quanasona (40 - 30).
[TomHuuTE, UTO TIEpe BbI30BOM ¢yHKImHU Fand() HeoOX0auMO XOTs ObI OJIMH pa3 BbI-
3Bath (yHkiumio srand(int seed), kotopas 3agaeT OCHOBY JIJISl BCEX MOCCTYIONIUX
reHepUpPyEeMbIX Yrcesl. YTOObl TP Ka)KJIO0M HOBOM 3aIlyCKe MPOrpamMMbl OCHOBA
OblJ1a HOBOH, a CIEI0BATENIbHO M TEHEPUPYEMBIC YUCIIA, B KAU€CTBE BXOHOTO apTy-
MeHTa QyHkipH Srand() mpeaiaraeTcs MoaBaTh TEKYIIEe BPeMsl, OJy4aeMOe BbI-
3oBoM Qyukimu time(NULL), nexarrei B Oubnuoreke time.h. T'eneparust ciryyaii-
HBIX YHCEJI OYCHb Y00HA /Il HHUIIHAIA3AINH OOJIBIITMX MACCUBOB JaHHBIX, HAITPH-
Mep MHOTOMEPHBIX MacCHBOB, KOTOpbIE OyayT paccMoTpeHbl manee. OmgHako pac-
CMOTPHUM MCITOJIb30BAHUE CIYYANHBIX YUCEN U1l HAIMCAHMS BAlllEd MEPBOU UIPHI

«Yragai unucioy:

program.cpp
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#include "stdafx.h"
#include <stdio.h>
#include <stdlib.h>
#include <time.h>

int main()

{

srand(time(NULL)); // BnAa 3ajaHuAa CyYalHOro HavanbHOro 4ucna
printf("\n---Game: Guess the Number---\n");

int guessNumber = rand()%10; // reHepaumA yragpiBaemMoro 4ucina

int enteredNumber = -1; // BBOAMMOE MNONb30OBaTe/NeM YUC/O

int shots = 9; // KOnuM4ecTBO MOMbITOK

printf("\nEnter number from @ to 9: ");

scanf("%d", &enteredNumber);

while (guessNumber != enteredNumber)

{
shots++;
printf("\nWrong!!! Try again!\nEnter number from @ to 9: ");
scanf("%d", &enteredNumber);

}
printf("\nCorrect! You win in %d shots!\n", shots);
return 0;

D10 Bama IIepBasd KOMIIBIOTCPHAA UI'pa, KOTOpasd BBaHMOﬂeﬁCTByeT C IIOJIB30-

BareneM. [TonpoOyiiTe HamucaTh CBOIO BEPCHUIO IAHHOW UTPhI, OTPAHUYUB KOJINYE-
CTBO MOMNBITOK YTaJIbIBAHUA 0 TPEX WIIM COOOIas MOJIb30BATENIO (Ppa3bl «OO0JIbIIE)

HJIM «MCHBLIC) ITPH YI'daJbIBAHHUH. Hsz[yMaﬁTe CBOH HJOIIOJTHUTCIBHBIC BO3MOXHO-

CTH B UIDE.

Bonpocwt 0na nposepku:
1) Yro BeimosnHseT ¢pyHkius rand()?
2) Kak npou3BecTH reHepaluio CIydyailHbIX YUCE B 3aIaHHOM JHana3oHe?

3) Hdns vero nyxHa ¢ynkuus srand()? [louemy Ha BXOJX JaHHOW (PYHKIIUU

00BIYHO MOAArOT pe3yibTar ¢pynkuuu time(NULL)?

4) Kak ¢ momoripio Gyskimu rand() crenepupoBaTh ClydaiHbIC CHMBOJIBHBIC

3HaueHus1? BerecTBeHHbIC 3HAUEHUS? 3aUIIIUTE MPUMED MOJ0OHOTO KO/Ia.

5) IpuBeauTe HECKOIBKO MPUMEPOB, TIE€ MOXKET MOTPEOOBATHCS T'€HEPAIUs

CIIy4ailHbIX 4YHCel1?
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4 QyHKuuH

@ynKyua B IpOrpaMMUPOBAHUHU - (PpAarMEHT MPOrPaMMHOIO KojAa (IIOAIPO-
rpaMma), K KOTOpOMY MOXHO OOpaTUTBCS U3 IPYroro Mecta nporpaMmsl. Kak u ne-
pemMeHHast, (yHKIHUS 00JaJaeT YHUKAIbHBIM HICHTU(UKATOPOM, MO3BOJISIOIIUM
ev136amp ynxyuio. inentudukarop, wim ums QyHKIUH, CBSI3aHO C aIpeECOM Iep-
BOI MHCTPYKIIUH, BXOSAIICH B (PYHKIUIO, KOTOPO MepeaaeTcs yrpaBieHue npu o0-
pamenuu K pyHkiuu. [locie BeinonHeHns pyHKIMY yIIpaBJIeHUE BO3BpaliaeTcs 00-
paTHO B aipec BO3BpaTa — TOUKY IIPOrpaMMbl, I/i€ JaHHAas PyHKLKs Oblja BbI3BaHa.

@YHKIHMU CIY’KAaT BaXHBIM MHCTPYMEHTOM NPOrPaMMHMPOBAHUSA, MPEAHA3HA-
YeHbI JUIsl YMEHbIIEHUS NyOIMpOBaHUs KOAA, TEM CaMbIM IO3BOJISIIOT YIPAaBISATh
CJIOKHOCTBIO IIPOrpaMMHOro koja. OIHaKo I IMPaBUIBHOTO HCIOJIb30BAHMS
(GyHKUIMA HEOOXOAMMO HE TOJIBKO 3HATh CPEJICTBA A3bIKA IPOrPAMMHUPOBAHHUS, HO U
IIPAaBWJIBHO JIEKOMIIO3MPOBATh 3aJa4d Ha OTACIbHBIC IOAIPOrpaMMbl. J[aHHBIN
HaBBIK MO>KHO MPUOOPECTH TOJBKO MOCIIE 3HAKOMCTBA C KypCOM aJITOPUTMU3AILUU

H TOJIBKO IIpH MOCTOSIHHOM IIPAaKTHUKC.

4.1 OnpepeneHue, onMcaHUe U Bbi30B GYHKLUHA
B s3pike Cut+ peanuzaiusi Kakoro-1u00 MeToaa UMeeT ISy BUI:

Bo3BpawaembiiiTunfarHbix OyHKuua(TunBxoaHoilNepemeHHol umaBxoaHoilNepemeHHonl, ..)

{

CMUCOK BbINOJIHAEMbIX MHCTPYKLWUN

return Bo3Bpalaemoe3HayeHue;

}

I'ne sozspawaemoii Tun/lannvix — 3T0 yKa3aHWE TOTO THUIIA JAHHBIX, KOTOPOE
OyIleT BO3BpaIlaThCsi B PE3yJIbTaTe BBITOTHEHUS (QYHKIUH. DTO MOXKET ObITh INt,
char, double, void uau 1r000# Ipyroi THIT JaHHBIX, KOTOPBIH BbI 3aX0TUTE. DYHK-
U — UM QYHKIINKM, YHUKAJIBHOE B JIAHHOM MpocTpaHcTBe uMeH. [1o mpaBuiam
s3bika Cut++, BBl HE MOYKETE CO3/1aTh JIB€ (YHKIIUH C OJJHUM U TEM K€ UMEHEM, BO3-

Bpala€MbIM THIIOM JAHHBIX U Ha60p0M BXOJHBIX IICPEMCHHBIX.
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I[To mpaunam RSDN ¢yHkmm nmMenyroTcst coriacHo ctuiro Pascal, T.e. kax-
JI0€ HOBOE CJOBO B HMEHM HAUMHAETCS C 3arjaBHOM OyKBbI, Halpumep,
CalculateTriangleArea. TlepBas OykBa TakXe JOJDKHA OBITH 3arJIaBHOH (B OTJIMYUHU
UMEH MepEeMEHHBIX, I7Ie NepBas OyKBa JOJKHA OBITH MIPOMTUCHOMN).

[Tomumo ctus Pascal, nmst pyHKIMH JOKHO HAYMHATHCS C TI1aroja, o0bsc-
HSIIOILETO JICWCTBUE, KOTOPOE BBIMOIHICT JaHHAs (PYHKIIHSL.

[Tocne nmenn pyHKIMK B CKOOKaX 4epes3 3aIsITyI0 yKa3bIBAIOTCS BXOJHBIC TIe-
pemenHble. YTOOBI yKa3aTh BXOJHYIO MEPEMEHHYIO, Bbl JOJKHBI YKa3aTh JUIsl HEE
THUII JAHHBIX, & TAKXKe €€ UMs1, KOTOpoe OyAeT BUIHO TOJIBKO BHYTPU JaHHOU (PyHK-
muu. B nanbHeliem, BbI MOXKETE HCIOJIb30BaTh BXOJHBIE NEPEMEHHBIE BHYTpHU
¢ynkuuu. [lanee uper teno pyHkuuu. Teno pyHkmu oO03HayaeTcs pUrypHoIMu
CKOOKaMHU, BHYTPH KOTOPBIX Bbl MOYKETE HATUCATh JIFOOOW KO/I.

OOpaTtuTe BHUMaHUE Ha opopMIIeHHE Tea (GYHKIUU B IpuMepe Hibke. duryp-
HbIE CKOOKM UJIYT POBHO IOJ| HAYaJIOM OOBSBICHUS (PYHKIIMH, a BCE COJEPKUMOE
TeJla CMEIICHO Ha OAHY TaOYJISAIIUI0 OTHOCUTEIBHO (PUTYPHBIX CKOOOK.

Kak yxe ObUT0 CKa3aHo, B Tele (PyHKIUHU Bbl MOXKETE HAIMCATh JHO00M KO,
UCIIOJIb3Yysl BXOAHBIE NEpeMEHHbIE, MO0 00BABIAA HOBblE. OAHAKO BBINOJIHEHHUE
(GYHKIIMM TOJKHO 3aKaHUMBATHCS orepaTopoM return u ykazanueM uepes mpooen
BO3BPAILAEMOI0 3HAYEHUS, KOTOPOE JIOJKHO CTPOr0 COOTBETCTBOBATH BO3Bpalllae-

MoMy Tuiy AaHHbIX. [Ipumep pyHkmu B si3bike Cu++:

double CalculateTriangleArea(int width, int height)

{
double area = width * height / 2.0;

return area;

}

W3 maHHOTO MpHMepa BUIHO, 4TO (DYHKIUS B pE3yJbTaTe CBOETO BBHIOJHCHHUS
JI0JDKHA BEPHYTH BellleCTBeHHOE 3HaueHue Tuna double. Haspanue ¢yHKIMM roBo-
PHT O TOM, YTO B HEM PACCUMTHIBACTCS ILIOMIAAb TPEYTOJIbHIKA, & IBYMS BXOJHBIMH
NIEPEMEHHBIMH SIBIITIOTCS €T0 JUTMHA U BBICOTA. BHYTpH (DyHKIIMH 00BABISCTCS HO-

Bas MICPpEMCHHAA BCIICCTBCHHOI'O THUIIA, B KOTOPYIO TYT K€ IIPUCBANBACTCA paCcCUu-
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TaHHOE 3HaYeHue momaau. Jlajiee npoucxoauT BO3BpALICHUE 3HAUYECHUS IEPEMEH-
HOM area B MecTO BbI30Ba (pyHKuIMU. O0sA3aTEIbHBIM YCIOBUEM SIBJIIETCS COOTBET-
CTBUE TUIIA JAHHBIX 3HAYEHUS 101 OIepaTopoM return u Tuna JaHHbIX, YKa3aHHOTO
npu 00BABICHUHN PYHKIIUH.

CToUT OTMETHUTB, YTO €ciu (QYHKIUS BO3BpAIIAET KaKOe-IMO0 3HAUEHUE, TO B
MECTe BbI30Ba (PYHKIIHH 3TO 3HaYEHHE JOIHKHO OBITh KyJa-TO 3aIIUCaHO, HAPUMED,
B KaKylO-HUOYIb NepeMeHHY0. VCKIItoueHne coCTaBiIA0T (PyHKIINMH, BO3BpAILAIO-
mue Tar Void, To ecth Hudero. [Ipu 3ToM ykazanue omnepaTtopa return BHyTpu mo-
no0HOHM (pyHKUIMH HeoOs13aTenbHOo. Hanuiem npumMep pyHKIUHU, BBIBOASIIANA TEKCT
Ha DKpaH.

[TockonbKy METOJ AOJHKEH MPOCTO BBIBECTHU MPOU3BOJIBHBIM TEKCT HA SKpaH,
TO 3HAYUT OH HE 00s13aH BO3BpallaTh KaKOe-IH00 3HAYECHHE, a TAKKE UMETh BXOJ-

HBIX IICPCMCHHBIX. HpI/IMepOM HOI[O6HOI>1 (1)}/HK]_II/II/I MOJKCT ITIOCIYKUTD CICAYIOIIAsd:

void PrintHelloWorld()
{

cout << "Hello, World!\n";

}

[TonHOCTHIO HalIa TporpamMma OyJET BRITISAETh CIEIYIONTUM 00pa3oM.

#tinclude "stdafx.h"
#tinclude <iostream.h>

using namespace std;

//Peanusauma ¢yHKUMM, BbLIBOAAWEN HA SKpaH TeKCT.
void PrintHelloWorld()

{
cout << "Hello, World!\n";

}

int main()

{
PrintHelloWorld(); //Bbi30B ¢yHKLMM B Tesie NMpOrpaMMbl.
return 0;

}

OOparure BHUMaHUE, YTO (PYHKIUS JTOJDKHA OBITH OMHUCaHa 0 TOTO, Kak eé

BBI30BYT. B manHOM ciydae, Hama GyHKIUS TOJDKHA OBITH OMucaHa 10 (PyHKITUU
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main. Taxxe He 3a0bIBaiiTe yKa3bIBaTh KOMMEHTAPH Tiepe]] (yHKITUEH, OIMUChIBA-
oI €€ Ha3HAYEHHE — ATO 3HAUUTEIBHO YBEIMUUBAET YUTAEMOCTh IPOTPAMMHOI0
KOJa.

B si3pike Cu++ cyiiecTByeT orpanudeHue: GyHKIUs JOHKHA ObITh 00BsBICHA
110 TOTO, KaK e€ BBI30BYT. B 1aHHOM mpuMepe 3To o3HadaeT, uto GpyHkims PrintHel-
loWorld momxub! ObITE OHcaHa 10 PyHKIUK MAIN, B KOTOPOH MPOUCXOINT €€ BBI-
30B. Eciu ke onucats GyHKIMIO HIKE Main, Kak 3TO CIETaHo B CICIYIOUIEM MPH-

Mepe, KOMIWISITOP COOOIHUT 00 onroke:

#tinclude "stdafx.h"
#tinclude <iostream.h>

using namespace std;
int main()

{

PrintHelloWorld(); //Bbi3oB ¢yHKLMM B Tesie MPOrpamMsbl.
return 0;

}

//Peanu3aumsa ¢yHKUUU, BbLIBOAAWEN HA 3KpaH TEKCT.
void PrintHelloWorld()

{
cout << "Hello, World!\n";
}

K coxainenuto, rpu pa3paboTke MporpaMm Jaxe cpeaHeit cnoxxaoctu (ot 50
000 cTpok KoJ1a) TaHHOE TpeOOBaHKE MPAKTUYECKU HEBO3MOXKHO BBINOJIHUTH. HO B
s3bilke Cut++ ecTh MeXaHW3M, MO3BOJISIONINI O0ONTH JaHHOE OTpaHUYEHHE. ITO
npoToTunsl pyHkiuii. IIpomomun hynkuuu — 510 o0bsiBNIeHNE HYHKIIUU, BO3BpPA-
[Ia€MOT'0 TUIIA JAaHHBIX, UMEHHU (DYHKIIMU U €€ BXOJHBIX IEPEMEHHBIX 0€e3 Tena ca-
Mot ¢pynkiuu. [Ipu 3ToM moapaszymeBaeTcs, 9To camo Teo GyHKIuu Oyaer o0s3a-
TEJIbHO OMTMCAHO B JIPyTOM MECTE.

Crnenyroluii mpuMep TeMOHCTPUPYET pabOTy MPOTOTUIIOB:

#tinclude "stdafx.h"
tinclude <iostream.h>

using namespace std;
void PrintHelloWorld(); //MpoToTnn QyHKUUU

int main()
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{

PrintHelloWorld(); //Bbi30B ¢yHKUMM B Tene Mnporpammbl.
return 0;

}

//Peanusauma ¢yHKUMM, BbIBOAAWEN HA dKpaH TeKCT.
void PrintHelloWorld()

{
cout << "Hello, World!\n";
}

Kak Buaute, Tenepb peanusaius QyHKIUU HAXOAUTCS TOCIE €€ EPBOTO BbI-
30Ba B MeTO/ie Main, O1aroaaps MpOTOTUIY (YHKIIMH, OIMCAHHOTO TIepe/T TNIaBHOM
¢dynkuuei. K coxanenuro, JaHHbIA NpUMEp HaJyMaH U HE IEMOHCTPUPYET pealb-
HOW HEOOXOMMOCTH B IpoToTUnax. OgHaKo npu pazpaboTKe pa3InyHbIX OUOIHO-
TEK WK COOCTBEHHBIX TPOTrPAMMHBIX MOJTYJIEH TaHHBIA MEXaHU3M CTAaHOBUTCS MPO-
CTO HEOOXOIMM.

B 3aBepiieHne yuTaTeNIo npeasaraeTcs CaMOCTOSITENIbHO peaan3oBaTh QyHK-
o double MakeCalculation(int valuel, int value2, char operationKey), koropas
IIPUHUMAET Ha BXOJI JIBE LIEJIOYHUCIICHHBIE IEPEMEHHBIE U OJHY CUMBOJIbHYIO. Ecin
B KAaYECTBE CHMBOJIbHOM MEPEMEHHOM MepemaeTcss «+», «-», «*», «/», «%», TO
JIOJKHO BBITIOJTHUTBCS COOTBETCTBYIOIEE ACHCTBUE HA ABYMS 1EIOYUCICHHBIMU

nepeMeHHBIMU. Pe3ynibTat BBITTOTHEHHON OTIEpalliK BO3BpaliaeTcs u3 GyHKIUH.

Bonpocwt 0na nposepku:

1) Yo Takoe GyHKIHs?

2) Kak BeimissguT 00bsiBiicHHE PyHKINU B si3bike Cu++? Kakue o0si3aTenbHbIe
AIIEMEHTHI OOBSIBICHUS QYHKITAN?

3) Uto Takoe BXOAHBIC nepeMeHHble GyHKIMK? Kakue THITBI JaHHBIX MOTYT
UCIIOJIb30BATHCS B KAYECTBE BXOIHBIX TIepeMeHHbIX? UTo Takoe void?

4) Yto Takoe Bo3BpamaeMoe 3HaueHne? Kakue TUIIbI TaHHBIX MOTYT UCIIOJIb-
30BaThCs B KAYECTBE BO3BPAILIAEMOI0 3HAUeHUSI U3 (QYHKIIUU?

5) B uem ocobenHocTh GyHkmu Main?
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6) OOparure BHMMaHue, 4To (pyHKIMs Main takke MOXeT 00JagaTh BXO/I-
HBIMU U BBIXOJHBIMHU ITepeMeHHbIMU. OTKya B pyHKIpo Main npuxoasr
BXOJIHBIC TIEPEMEHHBIC, U KyJla TIEPe1aeTCs BO3BpaIaeMoe 3HaueHne?

7) Yro Takoe mpototun GpyHKuu? /s 4ero oH HyxeH?

8) HmMeer 11 CMBICIT OIKCHIBATH IPOTOTUIT PYHKIMH HIOKE peau3al[iy JaH-

HOM pyHKIIHUU?

4.2 Cnocobbl nepepauu nepeMeHHbIX B QYHKLUK

Ternepp NpUIILIO BpeMs U3YYUTh OAUH W3 BAXKHEUIIMX MEXAHU3MOB S3bIKa
Cut+ - nmepenaya nepeMeHHbIX B QyHKLIHIO. MBI yKe ¢ BAMH pacCMOTPEIH TO, KaK
nepeaarTcs B PyHKIMU OOBIYHBIEC IEPEMEHHBIE U UCIIOJIB30BAIA UX ISl BBIUKCIIE-
HUSl HOBBIX 3HaueHUU. OJJHAKO 3/1€Ch €CTh HEKOTOPbIE HIOAHCHI, KOTOpbIE HEO0XO-

JIAMO 3HATh. PacCMOTpUM ClIeNyOIUNA IPUMED:

void IncrementInteger(int value)

{
cout << "\nValue of variable in function is " << value;
value++; //yBennyuBaem BXOAHOE 3HayeHune Ha 1.
cout << "\nValue of variable in function is " << value;
}
int main()
{
int a = 5;
cout << "\nValue of variable before function is " << a;
IncrementInteger(a); //yBenudyunsaem 3HayeHue a Ha 1.
cout << "\nValue of variable after function is " << a;
return 0;
}

B sTOM npuMepe Mbl co34aeM LIEIIOYUCIEHHYIO IEPEMEHHYIO CO 3HAUYCHHUEM 5
u niepepaeM e€ B (PyHKIMIO, KOTOpas JO/DKHA YBEJIWMYUTH ATO 3HaueHue Ha 1. Ha
Ka)XJIOM I1are OyJeM BBIBOJUTH Ha dKpaH 3HaueHHUE MepeMeHHbIX. OJIHAKO MOoCIie

3aIyCcKa IpOrpaMMBbl Mbl YBUJIUM CIIEYIOIIEE:

Value of variable before function is 5
Value of variable in function is 5
Value of variable in function is 6
Value of variable after function is 5

W3 npumepa BUAHO, 4TO (HDYHKIIUS MOTYUYHIIa 3HAUEHHE TIEPEMEHHOM a, paBHOE

5, mpaBuiibHO. [locie yero BHyTpu GyHKIIMH MPOUCXOIUT U3MEHEHUE TIEPEMEHHOM
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Ha 1. OmHaKo moce 3aBepiieHus: paboThl PYHKITMN 3HAYCHHUE IEPEMEHHON a 0CTa-
eTCs PaBHBIM 5, X0Ts niepeMeHHas value oueBuHO ObLIa paBHa 6.

Jleno B TOM, 9TO MpH nepeaade mepeMeHHbIX B QYHKIIUIO MTEPEAArOTCs HE CaMH
MIEPEMEHHBIC, & TOJIBKO UX 3HAYCHUS. PAKTUYECKU, ISl KAKIOW BXOJHOU EPEMEH-
HOU OyZeT co3aaBaThCs €€ JoKalbHas KOMUsS C TAKUM ke 3HaueHueM. TakuMm obpa-
30M, BHYTPH (PYHKITUHU BBl CMOYKETE pad0TaTh TOJIBKO C JJOKATHHOU KOMTUEH BXOJHOU
nepeMeHHou. Brl MOokeTe npucBanBaTh B JIOKAJIbLHYIO KOIHIO JIF0O0€ 3HaYeHue, O/1-
HAKO 3HAYEHUE UCXOHOU IIEPEMEHHON PU 3TOM OCTAaHETCS] HETPOHYTHIM. JlaHHBIN
MEXaHU3M IMepefadyd MEePEMEHHBbIX Ha3bIBA€TCS Mepenayedl Mo 3HadyeHHuro. Y Oe-

AUTBCA B 9TOM MOKHO, €CJIM BBIBCCTHU aApCCa IICPCMCHHDBIX!

void IncrementInteger(int value)

{

cout << "\nAddress of variable in function is " << &value;
cout << "\nValue of variable in function is " << value;
value++; //yBennyunBaem BXOfHOe 3Ha4deHue Ha 1.
cout << "\nValue of variable in function is " << value;

¥

int main()
int a = 5;

cout << "\nAddress of variable before function is " << &a;
cout << "\nValue of variable before function is " << a;
IncrementInteger(a); //yBenudyunBaem 3HayeHue a Ha 1.

cout << "\nValue of variable after function is " << a;
return 0;

PesynpTaTom paboThl CTAHET:

Address of variable before function is ©00DD6412
Value of variable before function is 5
Address of variable before function is ©00BC0027
Value of variable in function is 5
Value of variable in function is 6
Value of variable after function is 5

Kak BuIHO U3 mpuMepa, nmepeMeHHbIe Value u a MMeroT JiBa COBEPILICHHO pa3-
HBIX agpeca B OnepaTHBHOﬁ NaMsITHU U, CJICAOBATCIIbHO, KaXK1as1 IICPEMCHHAast MOXET
XpaHUTH COOCTBEHHOE 3HAQUCHUC, U MPU U3MCHCHUHU 3HAYCHMUSI HepeMeHHOﬁ value
3HAQUCHUC HepeMeHHOﬁ a OCTaHEeTCA Hpe)KHI/IM.

PaccmoTpum apyroi npumep:
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void IncrementIntegerPointer(int* pointer)

{
cout << "\nAddress of variable in function is << aPointer;
cout << "\nValue of variable in function is " << *aPointer;
(*pointer)++; //yBenn4MBaem BXOOHOE 3Ha4yeHue Ha 1.
cout << "\nValue of variable in function is " << *aPointer;

}

int main()

{
int a = 5;
cout << "\nAddress of variable before function is
cout << "\nValue of variable before function is "
int* aPointer = &a;
IncrementIntegerPointer(aPointer); //yBenn4nBaem 3HayeHue a Ha 1.
cout << "\nValue of variable after function is " << a;
return 0;

<< aPointer;
<< *aPointer;

JIaHHBIV TPUMEP OTIIMYAETCS TEM, UTO B METOJI MBI IIEPEAAEM HE LIETTOUHCIICH-
HYIO0 IEPEMEHHYIO0, a YKa3aTellb Ha LIEJIOYUCICHHYIO IEPEMEHHYIO. TO €CTh, Ha 3TOT
BHYTpH (PYHKIIMU MBI OyJeM paOoTaTh HE CO 3HAYEHUEM, a C aAPECOM HEKOTOPOIl
nepemeHHoi. 1 ecnu Tenepb B (PYHKIIMM MBI YBEJIMYUM 3HAYEHHUE, XPAHUMOE IO
aZpecy B yKazarese, TO TEM CaMbIM Mbl YBEJIMUYMM 3HAYEHUE NCXOIHOM TEPEMEHHOMN

a, a MPYU BBITIOJIHEHNUH NPOIPAMMBI Mbl YBUJIMM CJIEAYIOIIEE:

Address of variable before function is ©00DD6412
Value of variable before function is 5

Address of variable before function is 00DD6412
Value of variable in function is 5

Value of variable in function is 6

Value of variable after function is 6

JlaHHBIN MEXaHU3M HAa3bIBACTCS NEpeAAUEh nepemeHHblX no ykazamenio. 11 B
HEM yKe He OyJIeT CO3/1aBaThCsl KaKOM-TMOO JIOKATbHOM KOMWW BXOAHOW ITEPEMEH-
HOM, 371eCh MbI OyJIeM paboTaTh HEMTOCPEACTBEHHO C aJIPECOM, B KOTOPOM XPaHUTCS
KaKOe-TO 3HAYCHHE — PE3YNIbTaT pabOThl MPOrPaMMBbI TIOKA3bIBAET, YTO B (YHKIIUU
MBI pab0OTaeM ¢ TeM ke CaMbIM aJpPecoM, YTO U ObLT 110 BbI30Ba (pyHKIMU. CrenoBa-
TEJIbHO, €CJIM Mbl U3MEHUM 3Ha4YCHUE 10 JAHHOMY aJIpeCcy BHYTPHU (PYHKIIUH, TO OHO
WU3MEHHUTCS ¥ BHE TAaHHOW (DYHKIIUH.

VYutute, 4TO BHYTPU (PYHKIIMH BBl MOYKETE U3MEHUTH HE TOJILKO 3HAUCHUE, Xpa-

HHUMOC 110 aaApCCy B yKas3aTcjic, HO U CaM aJIp€C B yKa3aTclJic. B utore sTo mMoxeT
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IPUBECTU K TOMY, YTO BHYTPH (PyHKIHMU BbI Oynere paboTaTh HE C TEM aJpecoM-
HepEeMEHHOH, ¢ KOTOPOil BBI MpeAroiaraiy padboTaTh H3HAYaIBHO.

PaccmoTpum enie oauH npumep:

void IncrementIntegerReference(int& reference)
cout << "\nAddress of variable in function is << &reference;
cout << "\nValue of variable in function is " << reference;
reference++; //yBennyumBaem BXOAHOE 3HayeHue Ha 1.
cout << "\nValue of variable in function is " << reference;

}

int main()

{
int a = 5;
cout << "\nAddress of variable before function is " << &a;
cout << "\nValue of variable before function is " << a;

int& aReference = a;

IncrementIntegerReference(aReference); //yBennyvBaem 3HayeHue a Ha 1.
cout << "\nValue of variable after function is " << aReference;
return 0;

B nanHOM mpumepe npoAeMOHCTpUPOBaHa Mepeiaya nepemMenHoll no ccoblike

— BXOJHOM apryMeHT (yHKIIMH OOBSBIICH Kak NepeMeHHas-CChllKa. PesynbTar pa-

OOTBI NPOrPAMMBI:

Address of variable before function is ©00DD6412
Value of variable before function is 5

Address of variable before function is 00DD6412
Value of variable in function is 5

Value of variable in function is 6

Value of variable after function is 6

Takum oOpazoM, B IpUMEpE BBIIIE MBI TaKXKe OyaeM TepeaaBaTh B (YYHKIIMIO
HE 3HaYeHHE MTEPEMEHHOH a, a €€ ajpec, 4TO MO3BOJUT HAM U3MEHUTH €€ 3HAaUeHUE
BHYTpHU (QYHKIIUHU. 3aMEThTE, YTO PE3yJbTaT pabOThI JaHHOTO MPUMEpPA MOJTHOCTHIO
COBIAJIAET C PE3yIbTaTOM PabOTHI IPOrPaMMBI, I/I€ IEMOHCTPUPOBAIACh Mepeaaya
NEPEeMEHHO 10 ykazarento. OHaKO €CTh BaXXHOE OTJIMYUE B ATUX JBYX CIOC0O0ax
nepeaayun nepeMeHHbix B pyHkiuio. PadboTa no cewlike cunraercsa Oosee Oe3omac-
HOI, yeM paboTa Mo yKa3aTelto, TaK KaK Bbl HE CMOYKETE CITy4yalfHO U3MEHUTh aJIpec,

XpaHUMBIN 10 ccblike. [IpeacTaBieHHbI TPUMEP MOXKHO 3amucaTh 00Jee KpaTKo:

void IncrementIntegerReference(int& reference)

{

cout << "\nAddress of variable in function is

<< &reference;
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cout << "\nValue of variable in function is << reference;
reference++; //yBennymBaem BXOAHOE 3HayeHue Ha 1.
cout << "\nValue of variable in function is " << reference;

}

int main()

{
int a = 5;
cout << "\nAddress of variable before function is " << &a;
cout << "\nValue of variable before function is " << a;

//He 6yaem co3paBaTb NepeMeHHYH - CCbUIKY
IncrementIntegerReference(a); //MepefaemM cpa3y UCXOAHYH NepeMeHHYy
cout << "\nValue of variable after function is " << a;

return 0;

To ecTb, He 00sA3aTEIBLHO 3aBOAUTH OTACIBHYIO IMEPEMEHHYIO-CCBUIKY, a
MOJKHO Cpa3y ke Mepeaarb camy IEPEMEHHYIO.

BakHO yCBOUTH pa3HUIly MEXAY BCEMH TPEMS CIIOCOOAMU Mepeiaun IepeMeH-
HBIX B (DYHKIIMIO U MOHATH, B KAKUX CUTYallUAX JOJKEH UCIOJb30BaThCS KA bl
W3 HUX:

1) Tlepenadva nmepeMeHHOM IO 3HAYSHUIO HCITOJIB3YETCS, KOT1a B DYHKITUH TPe-
OyeTcsl TOJIbKO 3HAaYEHUE UCXOTHOM MEPEMEHHOM, OJIHAKO HYKHO rapaHTH-
pOBaTh, UTO CaMa UCXOJHAs IEpeMeHHasi He OyJIeT M3MEHEHA.

2) Ilepenaya mepeMEHHOM MO CCHUIKE MCIOJIB3YETCs, KOT/Ia MPEAroiaracTcs,
4TO0 (PYHKIUS MOKET U3MEHUTH UCXOHOE 3HaUYEHUE BXOTHOM MePEMEHHOM.

3) Ilepenaya mepeMeHHON MO YKa3aTeNI0 MCIIOJIB3YeTCs, KOTIa Ipeoiara-
€TCs HE TOJIBbKO U3MEHEHHUE UCXOTHOTO 3HAYCHUSI BXOJHOW IEPEMEHHOM, HO
BO3MOYKHO M M3MEHEHHUE CaMOro OOBEKTa, HA KOTOPBIN CChUIAETCS yKasa-
TEJIb.

OnHO M3 MHTEPECHBIX CMOCOOOB WCIIOJIB30BAHUS TMEpeaayd NMEPEeMEHHBIX B
(GYHKIUIO TIO CCBUIKE W MO yKa3aTesto ATO JJIsi BO3BpalieHus: u3 GyHKiuu Oosee
onHoro 3HaueHusi. Hanpumep, HeoOXoauMo Hanucath (yHKIHIO, KOTOpasi OblI pac-
CUMTHIBAJIa KOPHH KBAJAPATHOTO ypaBHEHUs. OJTHAKO B 3aBUCUMOCTH OT KO3 huIiu-
€HTOB KBaJpaTHOTO YpPaBHEHHUs, KOpHEW MOXET ObITh OAWH, JIBa, WJIU MOXET HE
ObITH BoBce. TakuM 00pa3om, 4TOOBI OBLTO MOKHO MCIIOIH30BATh PE3YIhTATHI pac-

4yeTa KOpHEW, QYHKIIHUS JOJKHA BEPHYTh: KOJIMYECTBO KOPHEW, 3HAUEHHUE TIEPBOTO
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KOpHA W 3HAYCHUC BTOPOI'O KOPH:. Bcero TPHU 3HAYCHUS. OI[HaKO MbI 3HA€M, 4TO
q)YHKHI/IIO MOJKCT BCPHYTH TOJIBKO OOHO 3HAYCHHC. I[aHHOC OTpaHUYICHUC MOKHO

000#TH clieayroreil GyHKITUEeH:
int GetRoots(int a, int b, int c, double& x1, double& x2){..}

int Main()
{
double x1;
double x2;
int rootsCount = GetRoots(1l, 3, 2, x1, x2);
if (rootsCount == 2)

cout << "x1 =" << x1 << "; x2 = " << Xx2;
else if (rootsCount == 1)

cout << "x =" << x1;
else

cout << "No roots";

@DyHKIUS CBOUM PE3YJIbTUPYIOIIUM LIEJIOYHCICHHBIM 3HAYEHHEM OYIEeT BO3-
BpaliaTh KOJMYECTBO KOPHEN — HOJIb, OJJUH WJIU J1Ba. BXOAHBIMU IEpEMEHHBIMU OY-
JIeM TiepefiaBaTh TpU Kod(puimeHTa ypaBHEeH!sI, HO IOMUMO HUX, EPEIaANM €1l
JIBE€ TIEPEMEHHBIX IO CChUIKE. B 3TH nepeMeHHble BHYTPH (DYHKIIMU MBI IPUCBOUM
3HaYEHUs pacCUMTaHHBIX KOpHel. Takum 00pazom, mocie BbI30Ba PYHKIIMH MBI MO-
K€M UCIO0JIb30BaTh paCCUMTAHHbIE 3HAUCHUS KOpHEW. PaKTUYECKH, Halla (PyHKIUS

BEpHYJIa TPU 3HAYEHUS] BMECTO OJTHOTO.

Bonpocel ona nposepxu:
1) B yem oTnmune Mexay mnepeaadcii MepeMEHHBIX M0 3HAYCHHIO M yKasa-
tento? [IpogeMoHCcTpUpyiiTe Ha IpUMeEpe.

2) B u4eM oTiamuue Mexy rnepenavyeli IepeMEHHBIX 10 yKa3aTelo U CChLIKE?

4.3 PekypcuBHble GYHKUUM

Pexypcuenasa ¢pynkyusa — QyHKIus, KOTOpas B MPOIIECCE CBOETO BBHITTOTHEHUS
BbI3BIBAET caMy ceOs. Kak mpaBuiio, BBIIOTHEHHWE PEKYPCHUBHBIX aJITOPUTMOB Ha
IIPAKTUKE CJIO0KHO JJISI TIOHUMAHUsI, IIO3TOMY MX CTaparoTCA UCHOJIb30BaTh TOJIBKO
pu HeoOxoauMocTu. JIrobast MpaBUIILHO HATTMCAHHAS PEKYPCHS TOJDKHA COIePKATh

B cebe YCHOBHBIﬁ orcpaTop C ycjiioeuem ocmanosa. HpI/I OTOM BBI3BIBATLCA 9Ta JKC
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camasi (pyHKIMS JOJDKHA TOJBKO B OJHOM M3 BETOK YCJIOBHOTO OIEpaToOpa, WHA4YE
ATO MPUBEAET K OECKOHEUHOW PEKypCHH, a 3HAYUT K «3aBUCAHUIO» MPOTPAMMBI.

[Tpumep pexypcuBHON (HYHKIMHU, BEIYUCISIONICH 3HaYeHHE (PaKTOopHaa:

int GetFactorial(int value)

{
if (value == 1)

{

return 1;

}

else

{

return value*GetFactorial(value-1);

}
}

int main()

{

cout << "I5" = " << GetFactorial(5);
return 0;

}

®yHK1us OyneT BbI3bIBaTh C€0sl C YMEHBIIEHHEM 3HAYEHUS 10 TEX IMOp, MOKa
3HAQYEHUE HE CTaHET paBHBIM |. PaBeHCTBO BXOJHOrO 3HaueHUs | U ecTh yciaoBue
OCTaHOBA.

Jannas QyHkuus He Oe30macHa U MPU ONPEIETEHHBIX YCIOBHUSIX MOKET MpPHU-
BeCTU K OeCKOHEeUHOM pekypcun. Hampumep, eciu monpo6oBaTh BHIYUCIUTH (haKTO-
puan oTpuuaTenbHoro uyncia. OObsICHUTE, TOUYEMY ITO MPUBENET K OECKOHEUHOU
PEKYPCHH, U KaK UCIIPaBUTh (DYHKIIHMIO, YTOOBI U30€3KaTh ATOTO.

Takxke cymiecTByeT NMoHATUE IceBaopekypcun. IlcesdopeKypcusa co3naercs,
KOT'/Ia BBITTOJIHEHHE HECKOJIbKUX (DYHKIIMIT MOKHO pacCMaTpuBaTh KaK OJIHY pEeKyp-

cuto. [IceBmopexypcusi JEMOHCTPUPYETCS Ha CIEAYIOIIEM ITPUMEpE:

void Functionl();
void Function2();

void Functionl()

{

Function2();

}

void Function2()

{



59

Functionl();

3/1ech peKypcHs CO3/1ae€TCsl B PE3ysIbTaTe BBIMOIHEHUS JBYX (PYHKIUN, KOTO-

pbI€ BBI3BIBAIOT APYT JIpyTra.

Bonpocwt 0na nposepku:
1) Yro Takoe pekypcus?
2) Uro takoe ycioBue ocraHoBa? [louemy OHO 00sI3aTeIBHO ISl pEKypCHHU?
3) Ilouemy mpencTaBICHHBIN IPUMEP PEKYPCUU SIBIISICTCS HEOS30MACHBIM?
4) OOBsicHUTE HEOOXOIUMOCTh HAITUCAHUS TPOTOTHIIOB B ATOM CJIy4ae peaju-

3allUM TICEBJAOPEKYPCHUU.

4.4 Tleperpyska GyHKUUH

Kak roBopuiochk paHee, HENb3sl CO3/aTh IBE (PYHKIIMU C OJUHAKOBBIM MMEHEM WU
COBMAIAIONTMMHU BXOJIHBIMHU M BBIXOJHBIMHU MTapaMEeTPaMH.

OpnHako, B HEKOTOPBIX CIydasiX CTAaHOBUTCSA OY€Hb YJOOHBIM, YTOOBI UMEHA (PYHK-
ITUH, BBITTOJTHSIONIYIO OJHY M Ty JK€ 3a7ady, HO JJIs TePEMEHHBIX Pa3HOro THIIA,
OBLITM Ha3BaHBI OJIMHAKOBO — TO YIPOIIIAET 3alIOMUHAHNE UMEH (DYHKIIUM 17151 pa3-
paboTtumka. /{751 3T0T0 B s1361KE CH++ CYIIIECTBYET MEXaHU3M NIEPETpy3Ku QyHKITHH.
JlaHHBIN MEXaHU3M TIO3BOJISIET CO3/1aBaTh QYHKIIUN C OJTMHAKOBBIM HMEHEM, HO OT-

JUYAIOIKUMCST HA00OPOM BXOJIHBIX TaHHBIX. PaccMoTpum npumep:

tinclude "stdafx.h"
#tinclude <stdio.h>

//PaccymTaTb CyMMy ABYX LEIOYUCAEHHbIX MepeMeHHbIX
void SummNumbers(int valuel, int value2)

{
printf("Summ of integer is %d\n", valuel+value2);

}

//PaccynmTaTb CyMMy ABYX LESOYUCSIEHHbIX MNepeMeHHbIX
void SummNumbers(double valuel, double value2)

{
printf("Summ of double is %f\n", valuel+value2);
}
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//PaccuyuTaTb CyMMy [ABYX LENOYUCIEHHbIX MepeMeHHbIX
void SummNumbers(int valuel, double value2)

{
printf("Summ of integer and double is %f\n", valuel+value2);

}

int main()

{
int a = 1;
int b = 2;
SummNumbers(a, b);

double x 3.0;
double y = 4.0;
SummNumbers(x, y);

SummNumbers(a, y);

float m 5.0;
float n 6.0;
SummNumbers(m, n);

return 0;

}

Bce Tpu QyHKI[MM HMEIOT OJHO M TO K€ UM, OJHAKO OTINYAOTCS HaOOPOM BXO/I-
HBIX MepeMeHHbIX. [Ipyr 5TOM npH BbI30BE JaHHBIX QYHKIMK B QYHKIIMHA Main mpo-
rpaMMa cama OnpeeisieT, Kakas U3 TpeX BEpCHi (PYHKIIUH JydIle BCETO MOIAXOIUT
VIS TIepeaaBacMbIX mepeMeHHbIX. Oco00e BHUMaHKe 00paTUTE Ha MMOCICAHNI BbI-
30B Qynkiuun SummNumbers(). Ha Bxoa mepenarorcsi 1Ba BEIIECTBEHHBIX YHCIA
tuna float, npu 3ToM BBI3BIBacTCs Bepcus (QYHKIMH, IPUHUMAOIIAS Ha BXOJ JBa
BELIECTBEHHBIX yncia tuna double.

B nanHOM citydae mporpamMma oTpadaThiBaeT KOPPEKTHO, IIOTOMY YTO MPOUCXOIAUT
HESIBHOE MPeoOpa3oBaHKe TUIOB. J[aHHYIO 0COOEHHOCTD CIEIyeT YUMTHIBATh, TaK
KaK P UCIIOIb30BAHNH MTEPETPYKEHHBIX (YHKIIMH BHI3BIBACTCS Ta BEPCHSL, IS KO-
TOPOU BXOJHBIE MMAPAMETPHI JyUIlle BCETO MOAXOIAT UM BO3MOXKHO HESBHOE TIpe-

o0pa3oBaHUE TUIIOB.

Bonpocwt ona npoeepku:
1) Yro Takoe neperpy3ka QyHKITH?

2) Kak onpenensercst BBIOOp BepCUU MEPETPY>KEHHON (HyHKITUH?
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3) Kak ucnionbs3yeTcs MexaHu3M HEeSBHOTO MTPeo0pa30BaHUs TUIIOB TIPH MTEPETPY3Ke

byHKIUH?

4.5 TnobanbHble nepeMeHHble

B 1.2.4 paccka3siBaJIoch 0 010KaxX Koja, 0003HA4aeMbIX (PUTYpPHBIX CKOOKaX
{}, KOTOpBIE CO3/Ial0T HOBBIC YHUKAJIbHBIC 00JIACTH BUIUMOCTH JIJISl TICPEMCHHBIX.
Opnnako, mepeMeHHbIe MOTYT OBITh CO3/IaHbI B TaK Ha3bIBAEMOU 27100a1bHOll 0011a-
cmu euoumocmu, T.€. BHE OJIOKOB KOJa.

I'nobanvHvle nepemennvle — IEpEMEHHBIC, IOCTYITHBIE B JTF000H 001aCTH BH-
JTUMOCTH TIPOTPAMMBI. DTO 3HAYHUT, YTO BBl MOXKETE 00PATUTHCS K 3HAYCHUTO TAHHOU
MEPEMEHHON W3 JI000TO MecTa MPOrpaMMbl, WM JIaKe M3MEHUTH 3TO 3HAUYCHUE.
OObsiBICHUE TII00ATLHON MEPEMEHHON aHAJIOTMYHO OOBABICHUIO OOBIYHOMN Tepe-
MEHHOH, TOJBKO PACIOJOKECHHE OOBSIBICHUS NMEPEMEHHOW HAXOMHUTCS 3a Tpeie-
JaMu Kakux-muoo Qyukiuii. Cienyromuii mpumMep 1eMOHCTPUPYET CO3TaHHUE U UC-

T0JIB30BAHME TJ100aTLHBIX IICPCMCHHBIX

#tinclude "stdafx.h"

//obbABneHne rnobanbHOW MNepemMeHHOMN.
int globalvariable = 7;

void GlobalPlusTwo()

{

globalvVariable += 2;
}
void GlobalMultiplyThree()
{

globalVariable *= 3;
}
void GlobalEqualsOne()
{

globalvariable = 1;
}

int main()

{
cout << "\nGlobal Variable: " << globalVariable;
GlobalPlusTwo();
cout << "\nGlobal Variable: " << globalVariable;
GlobalMultiplyThree();
cout << "\nGlobal Variable: " << globalVariable;
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GlobalEqualsOne();

cout << "\nGlobal Variable: " << globalVariable;
globalvariable = 5;

cout << "\nGlobal Variable: " << globalVariable;
return 0;

HecMoTpst Ha Bce ymoOCTBa, KOTOPHIE Ja€T HaM MCIOJb30BaHUE TI100aTBHBIX
IMMCPCMCHHBIX (HaHpI/IMep, OTCYTCTBHUC H606XOI[I/IMOCTI/I nepcaaBaTrb ICPCMCHHBIC
BHYTPH (PYHKITUH), HCTIOJIB30BAHNE TJIO0ATBHBIX MIEPEMEHHBIX CTPOTO 3aIPEIICHO U
ABJISICTCS PE3YJABTATOM IIJIOXOT0 MTPOAYMBIBAHUS ITpOorpaMmbl. Micnonb30BaHue rio-
OaJIbHBIX IICPCMCHHBIX 3alIPpCIICHO, IIOTOMY YTO: 1) HUX 3HAYCHUEC MOXHO N3MCHUTH
U3 JIIOOOTO MECTa MPOrpaMMbl, YTO B UTOTE HE MO3BOJISIET KOHTPOJIUPOBATH XPaHU-
MO€ B HEH 3HA4YCHHUC U 3aTpyAHACT IIOHMMAHHNC IIPOIrpaMMBblL 2) HEJIb34 CO31aTh IIC-
PEMCHHYIO C dHAJIOI'MYHBIM HMMCHCM, YTO IIPUBOAUT K IIPHUAYMBIBAHHIO CJIOKHBIX
MMCH IIEPECMCHHBIX.

HOBTOMy, B KauyeCcTBE IJI00AIBHBIX MNCPCMCHHBIX OOIIYCTHMBI TOJIBKO KOH-
CTAaHTHBIC IICPEMCHHBIC — TC ICPEMCHHbBIC, 3HAUYCHUS KOTOPBIX IIOCJIC MHUIIHAJIN3a-

o1 U3MCHUTH HCJIIb3A. Bo Bcex ocTalmbHBIX Cly4dadax CICAYyCT n30eraTh UCI0JIb30-

BaHMS TJ100aTbHBIX IICPCMCHHBIX.

Bonpocwt 0na nposepku:
4) Y onepatopa 1ukia for cymectByer ae o0aacTi BUIMMOCTH. [Tokaxute ux
Ha MpUMepe.
5) Yto Takoe riobanbHas epeMeHHas?
6) [ToueMy HCIOIB30BaHKME TIIOOATBHBIX MEPEMEHHBIX 3alPEIIeHO M MOXKET

MPUBECTHU K OMMOKaM B Iporpamme?
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5 [llonb30BaTeAbCKUE TUNMbI AAHHbIX

Panee Obuia nmpejcTaBieHa padoTta ¢ 0a30BBIMH THUIIAMHU JAaHHBIX U paboTa ¢
azgpecaMu NaMATH, SBJISIIOLIAECS OCHOBOW anroputMmuszauuu. OQHaKo Npu paspa-
00TKe TPUIIOKEHUN HEOOXOIUMBI 00JIee BRICOKOYPOBHEBBIC KOHCTPYKITUU W THUIIBI
JTAHHBIX, OTMIMCHIBAIOIINX 00BEKTHI PEATTBHOTO MHPA.

B si3pike Cu++ BO3MOXKHO CO3/1aHHE€ COOCTBEHHBIX THUIIOB JAHHBIX, KOTOPbHIC
OyIyT OTHOCUTBCS K OJIHOM W3 KaTEropuil: MepedrclIeHUs, CTPYKTYphI, KJIACChl U
oObeauHeHus. PaccMoTpuM co3aHie COCTaBHBIX THUIIOB TAHHBIX JUTSI KXKI0M KaTe-

TOPHH.

5.1 Mepeuncrenus

[Ipenmnonoxum, 9To BbI pazpadbaThiBaeTe nmporpammy «llmaHupoBIIrK 33129,
[JI€ MOJIb30BaTEIb MOXKET PACIUIAHUPOBATh CBOM 3aJjauu Ha HEAEN0. B oTnenbHOM
MepEMEHHOM BaM HEOOXOJMMO XPaHHUTh JCHb HEJNIENH, Ha KOTOPYIO Ha3HA4YeHa Ta
WM uHag 3axada. Kak oto caeimarts?

Campblii mpocToit cnoco0, 3TO MPEACTABUTH IEHL HEICNIH KakK 11eJioe ynuciio ot ()

1o 6.

int weekday;
weekday = 4; //3HadeHune 4 cOOTBETCTBYET NATHULE

switch weekday

{
case @: printf(“3amada 3annaHuMpoBaHa Ha noHendenbHUK™); break;
case 1: printf(“3amada 3annaHuMpoBaHa Ha BTOpPHUK™); break;
case 2: printf(“3amayva 3annaHupoBaHa Ha cpeny”); break;
case 3: printf(“3amada 3annaHupoBaHa Ha 4eTBepr”); break;
case 4: printf(“3amada 3annaHupoBaHa Ha NATHuUUY”); break;
case 5: printf(“3agaya 3annaHupoBaHa Ha cyb66oTy”); break;
case 6: printf(“3amada 3annaHuMpoBaHa Ha BockpeceHbe™); break;
}
DTO BIOJHE PabOTOCMOCOOHOE pEIIeHue, OJHAKO OHO 00J1aJaeT HeI0CTaT-
KaMu:

a) Llenouuncnennas nepemeHHas weekday MoxeT mpuHUMATh HE TOJIBKO 3HAYEC-

Hus ot 0 1o 6, HO U, Hampumep, 15. [logoOHOE 3HaYeHUE B MEPEMEHHYIO MOMKET
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OBITH TPUCBOCHO IO OITHOKE IPOTPAMMHUCTA, OJHAKO MSTHAAIATOTO TSl HEJISTTH HEe
CYILIECTBYET.

0) Heogno3HnauHasi uHTeprperanus yucia. [[ias MHOTUX B CO3HAHUU OTJIOKU-
JIOCh, YTO MOHENEIBHUK 3TO MEPBbIN ACHb HEACNH, a MATHULIA — NATHIN. OJIHAKO B
MCXOJHOM KOJI€ MOHEAEIBbHUKY COOTBETCTBYET uncio 0, a naTtHuie — yucio 4. He-
CMOTpPS HA TO, YTO MPOrPAaMMMCTHI MPUBBIYHBI K WHJACKCAIIMHA, HAYUHAIOIIEHCS C
HYJIS, B CITy4dasx, MOJOOHBIX JHIM HEJEsIM, pa3padoTuuKy OyAeT JIETKO 3aIyTaThCs
U B KaKO-TO MOMEHT MepernyTaTh MATHUILY U CyO0OTY.

B) Ilnoxoe Bocnpusarue ucxoanoro koja. Korma paspabotuuk Oynetr uutaTh
JTAHHBIA KOJI U BCTPETUT SWILCh ¢ I1eTIOYMCIIEHHBIMU 3HAYCHUSAMH, €MY MPHICTCS
pa3o0paTbcsl C MHTEPIPETALIMEN Kaxc0020 1ENO0ro Yuciaa B yCIOBHOM ONEpPaTOpeE.
3a4acTyto, 3TO MPUBOJUT K IPOCMOTPY 3HAUUTEIHHOTO 00bEMA KOA.

Jlist pemieHust yKa3aHHBIX Mpo0sieM B si3bike Cut++ CyIlecTBYIOT Mepeyucie-
Hus. Ilepeuucnenue — noab30BATEILCKUN THUIT JIAHHBIX, CIIOCOOHBIM MPUHUMATH
OrpaHUYEHHOE KOJIMYECTBO MMEHOBAHHBIX KOHCTAHT [2]. [lepeuncienus co3aarores
C TTOMOIIIBIO KITFOYEBOTO CJIOBAa ENUM (OT aHTJI. «enumerationy - nmepeyrciicHre) BHE

0Ji0Ka Koja Kakoi-mbo GyHkIuu B popmare:

enum BmallepeduncneHua
3HayeHunel,
3Ha4deHne2,

N

PaccMoTpum Ha npuMepe nepeurciaeHus JHel Helenu:

enum Weekday

{
Monday,
Tuesday,
Wednesday,
Thursday,
Friday,
Saturday,
Sunday

}s
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Kak HOBBI TUIT TaHHBIX, UM IEPEUNCICHUS TTUILIETCS C 3arJIaBHOM OyKBbI. Te-
II€pb MbI MOYKEM UCIIOIb30BaTh JAHHOE UM IIEPEUNUCIICHUS I CO3aHUs IIEPEMEH-
HbIX. TaK Kak IepeMEHHBIE CO3/IAK0TCA ¢ YKa3aHUEM NMEHH THUIIA TaHHBIX U HEKOTO-
pPOT0 YHUKAJIHLHOTO UMEHHU, TO CO3/IaHUE TIEPEMEHHOM MepedrcieHus: OyaeT BITIs-
JETh CIAEAYIOLUIUM 00pa3oM:

Weekday dayl;

A MHMIIMaIA3a1us BBITOJIHETCS C YKa3aHUEM KOHKPETHOM IMEHOBaHHOM KOH-
CTaHTBI:
dayl = Monday;

Terepp UCIpaBUM Halll UCXOJHBIA KOJ INIAHUPOBILNKKA 3a/1a4 C UCIIOJIb30Ba-

HHUEM NICPCUNCIICHUA:

enum Weekday

{
Monday,
Tuesday,
Wednesday,
Thursday,
Friday,
Saturday,
Sunday

}s

Weekday weekday;
weekday = Friday; //HeT npobnem C MHTepnpeTauuei YUCNOBbIX 3HAYEHWUIA

switch weekday

{
case Monday: printf(“3agaya 3ansaHuMpoBaHa Ha noHedesnbHuk”); break;
case Tuesday: printf(“3agaya 3annaHuMpoBaHa Ha BTOpHUK™); break;
case Wednesday: printf(“3apaya 3annaHupoBaHa Ha cpepy”); break;
case Thursday: printf(“3agada 3annaHupoBaHa Ha 4eTBepr”); break;
case Friday: printf(“3agaya 3annaHupoBaHa Ha nATHUUY”); break;
case Saturday: printf(“3apaya 3annaHupoBaHa Ha cyb66oTy”); break;
case Sunday: printf(“3agaya 3ansaHuMpoBaHa Ha BockpeceHbe”); break;

O6paTI/ITe BHMMAaHHEC, 4YTO I10J 3HAYCHHUEM CaS€ MCIOJb3yETCsS HE YMCIIOBOC
3HA4YCHHUC, a Ta )K€ NMCHOBAHHAA KOHCTAaHTA. DTO 3HAYUTEIBLHO ITOBHIIIAET YUTAC-

MOCTB KOZld U YMCHbIIACT BEPOATHOCTD OIITNOKH IIpX HAIIMCAHWH KOJA.
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Ha camom nene, nepednciieHnst THTEPIPETUPYIOTCA KOMIIMIIITOPOM KakK LEJI0-
YUCJIEHHBIA TN JaHHBIX. [loaTOMY CyliecTByeT HessBHOE IpeoOpa3oBaHUE JII000T0

nepeuncieHus B iNt u o6partHo:

int a = 4;
Weekday day = a;
a = day + 2 + Monday;

[Tprr >TOM MMEHOBAHHBIM KOHCTaHTaM IPHCBAMBAIOTCS ITOCIICIOBATCIIBHBIC
3HaveHus ot 0 u Beiie. Hanpumep, B Hatrem nepeunciiennun Monday oyzaer unrep-
npetupoBatbes kak 0, Tuesday kak 1, Wednesday kak 2 u T.1. JlaHHYI0 HHTEpIIpe-
TAITUI0 MOYKHO U3MEHHUTH, SBHO TIPUCBOUB II€JIOC 3HAUCHUE MPU OOBSIBICHUU HME-

HOBAQHHOW KOHCTAHTAHI:

enum Weekday

{
Monday = 5, // Tenepb noHefenbHuKk 6yneT npeobpa3oBbiBaTbCA B 5
Tuesday, // BTOpHMKY aBTOMATMYeCKM MpUCBaMBaeTCA 3HAYeHue 6
Wednesday, /] 7
Thursday, // 8
Friday = 18, // MaTHuua 6ymeT npeobpa3oBbiBaThbcA B 18
Saturday, // 19
Sunday // 20
}s

B nanHom mocoOuu He OyAeT paccMaTpHUBaThCS, JIJISl YE€T0 HYXKHBI MOJJOOHbBIE
npeoOpa3oBaHus U TIEPEOIPeIeTICHHUs, OJTHAKO Ha MPAKTHKE JaHHBIA MEXaHU3M Obl-
BaeT BechMa IoJie3eH. Takke BaXKHO OTMETUTh, YTO TaK KaK MEPEUHCIICHUS HHTEP-
NPETUPYIOTCS KOMITMJISTOPOM KaK IICJIOYMCIICHHBIN THIT JaHHBIX, TO JIO00E Iepe-
YHUCIICHUE: UMEET pa3Mmep B 4 Oaiita (Takol ke pa3Mep, 4To U THII int).

Bo3moskHO, TpuMeHeHne nepeunciaeHi Oy 1eT mpoIIe MOHATh, €CJIA CPAaBHUTh
UX C JIOTHYECKUM TUIIOM JaHHBIX DOOl, mpHHUMAIOIIMM TOJIBKO JBa BO3MOMHBIX
3HaueHus true u false.

Tenepb, Korma Mbl CO3/1aTH COOCTBCHHBIN THIT TAHHBIX, OH MOXKET OBITH HC-

M0JIb30BaH, HAPUMeEp, B 00BbSABIICHUU (DYHKIIMI HapaBHE ¢ 0a30BBIMU:

Weekday IdentifyTodayWeekday()
{

if (anyStrangeSituation)
return Friday;
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}

Weekday weekdayl = IdentifyTodayWeekday();

5.2 Crpykrypbl

CmpyKkmypa — COCTaBHOU THII JaHHBIX, 00bEIUHSIOUINI B €IUHOE LIETI0€ MHO-
’KECTBO TIOMMEHOBAHHBIX DJIEMEHTOB B 00IIeM ciydae pa3Hbix Tumos [1]. [Toume-
HOBAHHBIE 3JIEMEHTHI HA3bIBAOTCS noAMU cmpykmypsl. CpaBHUBAS CTPYKTYPY C
MacCCHUBOM, CIEAYET OTMETUTh, YTO MACCHB — 3TO COBOKYITHOCTh OJTHOPOJHBIX 00b-
€KTOB, UMEIOIIas o01ee UMs — WACHTU(PHUKATOp MaccuBa. Jpyrumu cioBamu, Bce
AJIIEMEHTBI MACCUBA SIBIISIOTCA 00BEKTAMU OJIHOTO M TOrO k€ Tuma. CTpyKTypa Mmo3-
BOJIIET OOBEANHSTH OOBEKTHI Pa3HBIX TUIIOB.

OOBbsIBIEHUE CTPYKTYPBI BBINOJIHSIETCS C MOMOIIBIO KIIFOUEBOro ciioBa Struct
(ot aHrn. «structure» - ctpykTypa) BHe 0JI0Ka Ko/ia Kakoi-1100 (QyHKIMH U B clie-

nyromeM gopmare:

struct UMACTpyKTypbl
{

TunlaHHbixMonal Umalonal;
TunJaHHbixMona2 Umalona2;

b

Wms u monst crpykrypsl o npaBwiam RSDN [9] umenyroTcs ¢ 3armaBHOU
OYKBBI.

C mOMOIIBIO CTPYKTYP CO3MIAIOT THITBI IaHHBIX, COOTBETCTBYIOIINE PEATbHBIM
oObekTaM. Hampumep, eciii MbI 3aXOTUM OIHKCATh YEIOBEKA, TO JUIS OTHCAHUS

WMEHH, BO3pacTa, mpodeccuu MoHaA00ATCs pa3TuIHbIC TUIIBI TAHHBIX

struct Person

{

char Name[20];

int Age;

char Profession[40];
s

[Tocne oOBsIBIECHUS CTPYKTYPBI MOXHO CO3/1aBaTh AK3EMILISIPbI HOBOT'O THIA

JaHHBIX 1 HHUIIUAJIU3UPOBATh UX JAHHBIMU:

Person personl;
personl.Age = 20;
strcpy(“John McClane”, personl.Name);
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strcpy(“Detective”, personl.Name);

OOpartute BHUMaHUE, 4TO OOpaIIeHUE K MOJISIM KOHKPETHOTO HK3EMIUISIPA BbI-
TIOJTHSICTCS Yepe3 OmepaTop «.» ¢ yKazaHHeM UMEHH MTEPEMEHHOM 710 1 UMEHEM TIOJIst
nocine. KonmnyectBo 6ailT, He0OX0IMMOE 7Sl CO3AaHUS OAHOTO IK3EMILIApa CTPYK-
TYpBI ONPENETISCTCS CYMMOM BceX OalT, TpeOyeMbIX JJIsl XpaHSHHS Ka)I0To IMOJIS.
Takum oOpazom, sx3emIusip Person Oyaet 3anumath 64 6aiita — MaccuB Ha 20 cuM-
BOJIOB 110 0fHOMY 1 OaiiTy, memodnciaeHHoe mose B 4 6aiita, u MmaccuB Ha 40 CUMBO-
JIOB 10 OgHOMY 1 GaiiTy.

CTpyKTypa MOXKET cofiepkaTh B ceOe u nepeuncierus. Co3naanm nepednce-

HHC IJI YKa3aHU:A I110J1a YCJIOBCKA U ,Z[O6aBI/IM €TI0 B CO3AaHHYIO CTPYKTYPY:

enum Sex

{
Male,

Female

}s

struct Person

{
char Name[20];

int Age;
char Profession[40];
Sex Sex;

}s

OOpaTtuTe BHUMaHKE, B JOOABICHHON B CTPYKTYPY CTPOKE MEPBOE CIIOBO SEX
1oJipa3yMeBaeT Ha3BaHUE THUIIA JaHHBIX, 3 BTOPOE CIOBO SE€X — Ha3BaHue nos. Ta-
KUM 00pa3oM, UMs MOJsl B CTPYKTYPE MOXET COBMAAAaTh C UMEHEM THUIIA JaHHBIX.
OTuacTy, 3TO 3aTpyAHAET YTEHHE KO/a, OJTHAKO 3TO OObIYHAs MPaKTHKA.

[Tossam CTPYKTYpbl MOXKHO NPUCBAUBATH 3HAYEHUS IO YMOJYAHUIO:

struct Person

{
char Name[20];
int Age = 25; // MNpucBoeHue BO3pacTa MO YMOJYAHUK
char Profession[40];
Sex Sex = Male; // MNpucBoeHue nosia N0 YMONYAHUIO
}s5

Takum oOpa3zoM oISt JIFOOOTO IK3EMILISIPA CTPYKTYPhI OyIyT aBTOMAaTHYECKU

IMPOMHHUIUAIIN3UPOBAHbI YKa3aHHBIM 3HAUYCHHUCM.

Person personl;
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printf(“Age is %d”, personl.Age); // Pe3ynbTaT BbiBoja: Age is 25

BaxHO!l OCOOEHHOCTBIO CTPYKTYp SIBJISETCSI BO3MOXKHOCTb HCIIOJIb30BAHUS
JPYro# CTpYKTYypHI B KauecTBe noJst. Pacemorpum npumep. [peamnonoxum, uro Ham
HY>KHO XpaHHUTh 00JIblIie HHPOPMAIIUU O MPOQPECCHH YeToBeKa — pa3Mep 3apIuiaThl
U cTax padotel. C 0JHON CTOPOHBI, MBI MOKEM T0OABUTH B CTPYKTYpy Person Ho-

BBIC ITOJIA:

struct Person

{
char Name[20];

int Age = 25;
Sex Sex = Male;

char Profession[40];
int Salary; // Pa3mep 3apnnatbl
int Seniority; // TpygoBoi cTax

}s

O6paTI/IT€ BHHMAHHUC, YTO ITOPAIOOK OJIEN 6I>IJI HU3MCHCH U CI'PYIIIIMPOBAH Ha
JUYHBIEC TaHHBIC YeloBeKa U uHopmaluio o padore. [TogodbHas rpynnupoBka 1aH-
HBIX B CTPYKTYpE TakKe o0JierdaeT h3ydeHue Koja, MoJisi CTPYKTYpPHI Jierde 3armo-
MUHAIOTCS IPYTUM Pa3padOTUUKOM.

Opmnako Bce moJist 0 MpodheCcCU MOKHO BBIHECTH B OT/ACIIBHYIO CTPYKTYPY:

struct ProfessionInfo

{
char Profession[40]; // Ha3BaHue [OMKHOCTHU
int Salary; // Pa3mep 3apnnatbl
int Seniority; // TpymoBoi cTax
}s
struct Person
{
char Name[20];
int Age = 25;
Sex Sex = Male;
ProfessionInfo Profession;
}s5

Teneppb nanHbie 0 mpodeccun comepx arcsi B OTIEIbHON CYIIHOCTH, a CTPYK-
Typa Person conepxur B ce0e 3K3eMIUISP IPYroil CTPYKTYpHI.

CTpyKTypa HE MOKET COAEPKATh IK3EMIUISIP CaMOi ce0sl B KaUeCTBE MOJIA:

struct Person

{
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char Name[20];
int Age = 25;
Sex Sex = Male;

ProfessionInfo Profession;
Person Father; // HeponycTumoe none
Person Mother; // HeponycTumoe none

}s
I[aHHOG OI'PpaHUYCHUC JIOTMYHO, TAK KdK IIPOTHBHOM CJIydac HCBO3MOXKHO
OTIPEACTUTH pa3Mep, HEOOXOIUMBIN JIsi XPAaHEHUS OJTHOTO SK3EMILIAPA CTPYKTYPHI.
Ecnu nipeictaBuTh BCe CTPYKTYPBI IIPOrpaMMBbl B BUEC TaK HA3bIBAEMOU UEPAPXUH,
ITOKA3bIBAIONIEN BKIIOUEHUE OJHUX CTPYKTYp B JpPYyTHeE, TO JaHHAs HEpPAPXUs
JIOJKHA MPEJICTABIATE JEPEBO, 0€3 MUKINYECKUX 3aMKHYTBIX COCTMHEHUH.
O,Z[HaKO, CTPYKTYpa MOXKCT COACPKATb B KA4UYCCTBC IIOJIA YKa34aTClib, B TOM

YHUCJIE U yKa3aTesb Ha caMy ceOsl:

struct Person

{
char Name[20];

int Age = 25;
Sex Sex = Male;

ProfessionInfo Profession;
Person* Father; // [onycTumble nona C AaHHbBIMM O poauTenax
Person* Mother = null; // YkasaTenu cTOMT WHMUMANM3MpoBaTb Kak null

};
Teneps, sx3eMIuIsip PErson MoXeT XpaHUTh B ceOe JaHHBIE O POJUTEIISAX B Ka-
YECTBE yKazarelsel, U 3T0 OyJ1eT KOPPEKTHO C TOUKH 3peHusi cuHTakcuca Cu++.
Pabora ¢ 9K3eMIUISIpOM CTPYKTYpHhI Uepe3 yKa3aTelb UMEET CBOM OCOOCHHOCTH.
JlocTyn K noJisiM 00BbEKTa YEPE3 yKa3aTelb OCYLIECTBIIIOTCS YEPE3 ONEPATOP «—>»,

a HE «»:

Person personl;
Person* personPointer = &personl; //co3paem ykasaTesnb

//V vHUUManNu3npyem agpecom
personPointer->Age = 25; //ObpaTuTe BHMMaHuWe Ha obpaweHune K MoJw
printf(“Age is %d”, personPointer->Age);

personPointer->Profession.Salary = 15000;
personPointer->Mother->Age = 50;
personPointer->Mother->Father->ProfessionInfo.Salary = 25000;

3ameThTe, OOparnieHue K oo Profession BeimoHseTCS Yepes omneparop «—»,

OJTHaKO, Tak Kak Profession sBisieTcs 9K3eMILIIPOM CTPYKTYPHI, & HE yKa3areieM,
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HO JayibHel1Iee 00palieHne K ero BHyTPEHHUM IOJISIM OCYIIECTBIISIETCSL YePE3 OTIe-
patop «.». Ecnu Obl 1aHHbIE O TPOPECCUU XPAHUIIUCh B CTPYKTYpe PErson B xaue-
CTBE yKasarelld, TO OOpalleHHE TaKXe BBINOJHSJIOCh Obl YEPE3 OMEpPaTop «—».
Taxxe CTOUT OTMETHUTb, YTO TeNepb PEerson xpanut uHGOPMAIUIO O POIUTENSIX de-
pe3 yKazartelb, U 4epe3 3TOT yKa3aTellb Mbl MOKEM MOJYUYHUTh AOCTYII K MOJISIM BO3-
pacTa ¥ UMEHH POIUTENIECH, TAK KaK OHU TAKXKE SIBIISFOTCS AK3EMIUISIPAMH CTPYKTYPbI
Person. Takum 00pa3oM MOKHO CO3/1aTh JTTMHHYIO LIETIOYKY 0OpaIeH!ui K BHYTPEH-
HUM I0JISIM, KaK IIOKa3aHO B MOCJIEHEN CTpoKe MpuMepa, Ije GakTHIeCKH MPOouc-

XO0AWUT U3MCHCHHUC 3apIlIaThbl ACAYIIKH IICPBOHAYAIbBHO CO3aHHOI'0 YCJIOBCKA.

5.3 06bepuHeHus

OObeauHEHNs SBIIAIOTCS €€ OJHON Pa3HOBHUIHOCTHIO MOJIb30BATEIbCKUX TH-
NOB JIaHHBIX B si3bike Cu+t+. Tak kak oObeAMHEHUs NPeIHA3HAYEHBI ISl pELIeHUS
crenu(pUUecKux 3a/1a4, B JAHHOM II0COOUHU OHU pacCCMOTPEHBI HE OYAYT, OJHAKO UX

oPpOOHOE OTKMCAaHUE MpeICTaBIeHO B [1].

5.4 AuHamuuyeckas namAaTb

[lepen n3ydyeHneM pa3IMyuHbIX CTPYKTYP aHHBIX HEOOXOJUMO pa3zo0parh Me-
XaHU3M TOT0, KaK BBIIOJIHSETCS Ballla IporpaMMa U Kak oHa paboTaeT ¢ onepaTHB-
HOI mamsThio. [Ipu 3amycke m000# MporpaMmbl BeCh HCIOIHAEMBIN KO/ TOMeNIa-
€TCs B OIIEPATUBHYIO ITaMSITh, & IPOLIECCOP HAYMHAET BBITOJIHATH ONEPaLUI0, HAX0-
JSIIITYROCST B TOUKE BX0J1a — pakTtuuecku, ¢ pyHkmmu main(). st kaxaou uCmoHs-
€MOi MpOrpaMMbl MOKHO BBIICNIUTH 4 001aCTH MAMSITH:

1) CermeHT koj1a

2) CerMeHT JaHHBIX (CTaTHYECKasi NaMSTh)

3) Crek

4) Jlunamuyeckasi naMsTh (Ky4a)

Cecmenm Kooa WCTIONB3YETCS NJIl XpaHEHUsl KOJA MPOrpaMMbl — (QYHKIUM.
@DyHKIMY TOMEMAIOTCA B CETMEHT KOJa Ha 3Tare KOMITWJISIUUU IPOrPaMMBbI U HaXO-

JATCS TaMm JI0 3aBepIleHHs] paboThl MpOorpaMMsbl, MO3TOMY Bce PpyHKiuu B Cu++
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UMEIOT TJI00ATPHOE BPEMS JKM3HU U CYIIECTBYIOT B TEUEHUE BCETO BPEMEHH BBITIOJ-
HEHUS MTPOTPaMMBI.

Cezmenm oannbix (CTaTUYECKAs AMSTh) IPEAHA3HAYEHA JIJISI XPAHCHHUS TTepe-
MEHHBIX B T€UCHHE BCETO BPEMEHHU BBITIOJHEHUS MporpaMmbl. Eciu st mepeMeH-
HOM B KaKOH-1100 MOMEHT pabOThI MPOrpaMMbl BbIICJIEHA TaMATh B CETMEHTE JIaH-
HBIX, OHA TaM OyJIeT HaXOJUTKLCS JI0 3aBEepIICHUS paOOThl POTPAMMBI, TaXKe €CIIH
7Ta epeMeHHas 6oJblle He Hy>kHa. [1o yMo4aHUIO B CETMEHTE TaHHBIX XPAHATCA
rJ100aJIbHbIC IEPEMEHHBIE U KOHCTAHTHI.

Cmex — 3T0 00J1aCcTh MAMSATH, B KOTOPOU XpaHATCS JIOKAJIbHBIC IEPEMEHHBIE U
napameTpbl pyHkiuit. [Ipu Bei30Be QyHKIMY €€ TapaMeTphl U JOKAIbHbIC IEPEMEH-
HBIC TTOMETIAIOTCS B CTeK. CTek QyHKIIMOHUPYET MO MPUHIIAITY CTaKaHa — 3HAYCHHE,
MTOMEIICHHOE B CTEK NIEPBBIM, OKa3bIBACTCS Ha JTHE CTEKa, B TO BpEMs KaK MOCIICTHEe
3HauYEHUE — Ha BepIluHe cTeka. [1o 3aBepiiiennn paboThl PyHKIIMHN BCE IaHHBIE, TTPH-
HaJUIeKANUEe dTOW (PYHKITUH, yaaastoTcs u3 creka. OUncTKa CTeKa HaYMHAETCS C
BEPIINHBI, T. €. CO 3HAYEHUH, TOMEIIEHHBIX B CTEK MOCIEIHUMHU.

Jlunamuueckas namams (auri. “heap” - kyya) — cBo00IHAs 00JIACTh AMSITH,
HE3ape3epBUPOBAHHAS B HACTOSIIIUMA MOMEHT HM JUIA OJHOM HCIIOJHAEMOW Mpo-
rpammbl. [103BoJIsI€T MPOTPAMMUCTY YIPABISITH TPOLIECCOM BBIJIEICHUS MTaMSITH 10T
NepeMeHHbIC U OCBOOOXKICHHEM MaMsITH. [lepemMenHbIe, pa3MeiniaeMple B THHAMH-
YECKOM MamsITH, HA3bIBAIOTCS TMHAMUYECKUMU TIEPEMEHHBIMH.

Kak mpaBusio, pa3mep creka OorpaHUy€eH, U, CJIEA0BATEIbHO, TP BHITIOJTHEHUN
CIIOXHBIX TMPOTPAMMHBIX KOMITJIEKCOB MOJKET IPOU30HTH IEPEIOJIHCHUE CTEKa
(stack overflow), korna B cTeke yke He OyIeT mamsITh [T HOBBIX JIOKATBHBIX Mepe-
MeHHBIX. M30exaTh o100HOH TPoOIeMbl MOXKHO JABYMS CIIOCOOAMU:

1) Co3nanue nepeMeHHON B CTATUYECKOM IMaMSITH.

2) Coznanue nNepeMeHHON B TUHAMUYECKON MaMsTH.

OdeBUIHO, YTO TIEPBOE PEIICHUE 00Ia1aeT HEAOCTaTKaMH — ITIEPEMEHHBIC CTa-

HOBSTCS TJIOOAJTLHBIMU, @ 3HAYUT JOCTYIMHBIMU U3 JIFOOOW TOYKH MPOTpamMMbl. A
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TJIaBHOE, MOJJOOHBIE TTEPEMEHHBIE OCTAHYTCS B CTATUYECKOM MaMSITH 0 KOHIIA BbI-
MOJIHEHUSI IPOrpaMMbl. B 3TOM cilydae XpaHeHHe KaKUX-JIM00 JTOKaIbHBIX, IPOMeE-
JKYTOYHBIX IEPEMEHHBIX CTAHOBUTCS HEBO3MOKHBIM.

Bropoe penienne — BeiieeHuEe aMSATH JJIs IEPEMEHHON U3 001aCTH THHAMH-
yeckoi namatu. CyTh TUHAMHYECKasi MaMsTh — 3TO BCsl CBOOOJHAsI ONepaTUBHAs
MaMsTh, HE 3aHATasg B HACTOALIMNA MOMEHT JAPYTMMH HCHOJHSIOIMMUMHUCS ITPOTPaAM-
Mamu. [Ipu 3TOM, 32 MPOrpaMMHUCTOM OCTAETCS BO3MOKHOCTb OCBOOOMKICHUS BbI-
JIEJICHHOM NaMsTH, B OTJIMYUU OT HaMSITH CTaTUYECKOM.

B si3pike Cu++ BbIfieieHUE U OCBOOOXKICHUE MaMSITH OCYIIECTBIISIETCS TOCPE/I-

cTBOM oreparopoB New u delete, a Bcst paboTa MpOUCXOIUT Uepe3 yKa3aTelu:

int* variable = new int; // BblaeneHve namATU Nog NepemMeHHy
*variable = 7; // WHuumManusaumsa nepemeHHON 3HaYeHuem
printf(“%d”, *variable); // PaboTa co 3Ha4YeHUeM B MNepeMeHHOM
delete variable; // OcBoboxaeHne namATH

Crout IIOMHHTbD, YTO JUIA KaXXJI0TO BBI3BAHHOI'O Ooreparopa NEW NOJIKCH OBITH

BbI3BaH cBOl onepatop delete. [ToscHum Ha pumepe:

int* variable = new int; // BblaeneHve namATU MNoA NepemMeHHyH
variable = new int; // TloBTOpHOe BbigeneHMe MNamMATU
delete variable; // OcBoboxpeHne namaTH

B niepBoii cTpoke npuMepa Mbl BbIAEISIEM MaMsITh B ITMHAMUYECKON 00J1acTH, a
MOJYYEHHBIN aJIpec MOMEIIAEM B YKa3aTellb.

Bo BTOpOi1 cTpoKe Mbl BHOBb BBIICNISIEM MaMATh B JUHAMUYECKOM 00J1acT U
IIOMEIIAEM B TOT K€ yKaszaTenab. OIHAKO Tenepb aapecC BBIICICHHON B IEPBBIA pa3
MaMATH TTOTEPSH, U Mbl HUKAK HE CMOKEeM K HEMY 0OpaTUThCS, HECMOTPSI Ha TO, UTO
OH 3ape3epBUPOBAH OINEPALUOHHON CUCTEMOU ISl HALLIEH MPOTPAMMBI.

B TpeTtbeii cTpoke mpoucxoauT 0CBOOOKICHHE MTAMSITH 110 yKazaTeno. OqHako
O0CBOOO0KIa€TCS TOJIBKO Ta MaMsITh, KOTOpas ObliIa BBIJIEJICHA BO BTOPO pa3, Koraa
MaMsITh, BbIJICJICHHAS B TIEPBOM CTPOKE OCTaeTCs HEOCBOOOXKAeHHOH. [Togo0Hast cu-
Tyalus Ha3bIBAETCS YTEUKOW MaMATH — MOTEPS AOCTyIa K BbIJICICHHON TUHAMUYE-
CKOM mamMaTu 0e3 BO3MOXHOCTH €€ BOcCTaHOBJIeHHs. HecMoTpsi Ha TO, 4TO Haiua

nporpamMma yxK€ HE CMOXKCET IIOJYUYUTH AOCTYII K HaHHOﬁ InamMsTH, OncpanroHHasd
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cUCTEMa BCE paBHO IMOJIAraeT, YTo JaHHAs 00JIaCTh TAMSTH HCTIOB3YeTCs ATOU TPO-
rpaMMOM, a 3HaYUT, €€ HeJb3s 3ape3epPBUPOBATH JJIs APYTOM MPOTPAMMBI, ITOKa OTie-
palMoHHasl cucTeMa He OyAeT mepesamnylleHa. B 1aHHOM mpuMmepe Mbl MOTEPsIIn
JOCTYTI K 4 OaiiTaM OlepaTUBHOM MaMsITH, OJHAKO B peaIbHBIX MPOrpaMmMax mo100-
Has OIMOKAa MOXKET CTOMTh MeraOalThl WU TUrabaTel ONEpaTUBHOM MaMSITH.
Hanpumep, ecnu mogo6Hast ommbKa AOMyIeHa Ha CEPBEPHOM MPHIOKEHHUHU, TO 3TO
MIPUBEET K MOCTOSIHHBIM “NIaJICHUsM ~ cepBepa.

AHanoruyHasi mpo6emMa MOXET BOSHUKHYTh MPU MOBTOPHOM MOMBITKE OCBO-

00X IEeHUS yKe 0CBOOOXKIEHHOM naMsTH. Hanpumep, cneayromuii Koa NpuBeaeT K

OIIIHOKE:

int* variable = new int; // BblaeneHve namATU Nog NepemMeHHy
delete variable; // OcBoboxaeHne namATw

delete variable; // TloBTOpHOe 0CBOGOXAEHME MNaMATH

BBII[CJ'ICHI/IG n OCBO60)KI[€HI/IC maMATHU 11oa, Hallpumep, L[GJIO‘IHCJ'ICHHBIﬁ Mmac-

CHUB BBITJISIIUT CIEAYIONUM 00pa3oM:

int size = 10;

int* intArray;

intArray = new int[size];
delete [] intArray;

Takum oOpa3oM, JJIs BBIJICIICHHS MaMATH 0] MAaCCUB JaHHBIX HEOOXOIUMO
HCIIOJIB30BaTh KBaJPaTHBIC CKOOKH ¢ YKa3aHHEM YHCIIa dJIEMEHTOB MaccuBa. O0pa-
TUTE BHUMaHUE, YTO IIPU BBIACICHUN MAacCUBa B Ka4E€CTBE pa3Mepa MBI MOXKEM HC-
M0JIb30BaTh 3HAYEHHE OOBIYHON MEPEMEHHOM, a He KOHCTaHTHOU. J[aHHas ocoOeH-

HOCTBH IMO3BOJISIET CO3/1aBaTh C IIOMOIILI IUHAMAYECKON MaMATH 0oJiee THOKHUE U

YHUBEPCAIBbHBIE AITOPUTMBI, YEM CO CTATUYECKOM.

[Tpumep:
int main()
{
int n;
printf("Input number of elements: ");
scanf("%d", n); //BBOAMM KOJIMMECTBO 3JIEMEHTOB MacCMBa
int *p = new int[n]; //Bblaensem namsaTb

for(int i = 9; 1 < n; ++i)
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array[i] = i*1e; //npucBavBaeM >/ieMeHTaM MacCuUBa yAecATEpeHHoe
3Ha4YeHVe uHAeKca

for(int i = 9; 1 < n; ++i)
printf("%d ", array[i]); //BbIBOOMM BCE 3/IeMeHTbl MacCcuMBa 4epe3 npo-
6en B OofHYy CTpOuYKY
printf("\n");
delete []p; //ocBoboxaaeM namATb
return 0;

OmnOxku npu padore ¢ IMHAMHYECKON MAMSATBHIO.

1. HeBO3MOXXHOCTE BBIICJICHUA ,ZII/IHaMI/I‘IGCKOI\/JI ImaMsAaTHu OHepaHHOHHOﬁ CUCTC-
MOM. [IpuurHBI MOTYT OBITH PA3JIMYHBIE, OHOW M3 KOTOPBIX SIBISIETCSI OTCYTCTBHE
HE3aHATOU OHGpaTHBHOﬁ namMmsTu. B ClIy4aC HCBO3MOKHOCTH BLIACJICHUA NWHAMU-
qeCKON maMsATH noa NMepCeMCHHLIC OIICpaToOp New He IMPCPBIBACT BBIITOJIHCHUC IIPO-
rpammebl, a Bo3Bpaiiaer Null. Takum oOpa3zom, /IS UCKITIOYCHUS OMIMOOK B KOJE,
H€O6XOIIHMO IIPOBCPATH YKA3aTCIIM HA HCPABCHCTBO null IIOCJIE KAaXKIAO0I'0O BBIACIIC-

HUA ITaMATH.

2. 3menenue ykazaTesnsi, KOTOPBI XpaHUT aJpec BBIACICHHONW 00JIacTH Ma-

MIATHU:

int* variable = new int; // BblaeneHve namATU Nof NepeMeHHy
variable = null; // ®aKkTuyecku, noTepsa UCXOZHOro agpeca
delete variable; // OcBoboxaeHne namATw

Ecnu BBl ucnoib3yeTe TMHAMUYECKYIO TTaMsITh, OU€Hb Ba)KHO MO OKOHYaHUU
paboTHI BBITOJIHUTE €€ 0CBOOOXKIeHHE. VI3MeHeHne yKa3aTels MOXKET IMPUBECTH K
noTepe ajpeca BHIJCICHHON MaMsITH, YTO CAEJIAeT HEBO3MOXKHBIM €€ OCBOOOXK/Ie-
HHE.

3. Ucnonp3oBanune 0cBOOOXKIEHHON 00IaCTH

int* pointerl = new int;

int* pointer2 = pointerl; //konupyem agpec BblAeNeHHON MaMATH

delete ponterl; //ocBoboxpaem namATb

*pointer2 = 7; //Tak Kak BO BTOpPOM yKa3aTesle OCTaNCA UCXOAHbIA ajpec,
//B Hero MOXHO 3anucaTb 3HayeHue, 4TO byaeT owunbKoMn

Pemienriem MokeT ObITh OOHYJIEHUE YKa3aTels (yKazaTeneil) mocie 0CBOOOXK-
JICHUS TTaMSTH.

4. OcB0oOOXIeHNE OCBOOOXKIEHHON MAMSITH

int* variable = new int; // BbloeneHve NamMATU MNof NepemMeHHYyio
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delete variable; // OcBoboxpeHne namAaTH
delete variable; // ToBTOopHOe ocBoboxaeHue namATH

I[JISI MpCaoOTBpaAlICHUA OIMOKH TaK)KE CTOUT 06HYJI}ITI) YKa3aTeCJu IOCJIC OCBO-

00XKIeHUS NaMATH.

5.5 Knaccuueckue CTpyKTypbl AAHHBIX

CmpyKkmypa 0anHbIX — 3TO CIIOCOO OpraHU3aINN KaKUX-TK00 JaHHBIX BHE 3a-
BHCHUMOCTH OT MX THIa. B mporpaMMHpOBaHUN MOXHO TEPCUUCIIUTD CICAYIOIIHNE
CTPYKTYPHI JaHHBIX:

1) Maccus.

2) OIHOCBSI3HBIN M IBYCBSI3HBIIN CITHCKH.

3) Jepesgo.

4) Tpad.

5) CnoBaps.

6) Crek.

7) Ouepenp.

MaccuBbl ObutH paccMoTpens! B 11.3.2. OIHAKO JOCTATOYHO YacTO OpraHu3a-

U TaHHBIX B BHJI€ MaccuBa He ynoOHa. Hanpumep, npu pabore ¢ MacCHBOM MbI
JIOJKHBI 3apaHee ONpeIeTUTh MAaKCUMATbHOE KOJIHMYECTBO €0 DJIEMEHTOB, HE3aBH-
CHUMO OT TOT'O, UCIOJIb3YEM JIM MBI UX BCE WJIM TOJIKO YacTb. B utore Ml 1100 pe-
3epBHUPYEM [0 MACCUB U30BITOYHBINA O0BEM MaMITH U pabOTaeM TOJIBKO B €r0 Orpa-
HUYEHHOHN 4YacTH, HE MPENOCTaBIsAs JOCTyNa K 3ape3epBUPOBAHHON MaMATH AJis
JIPYTHUX IporpamM, MO0 pe3epBUPYEM MACCUB HEJJOCTATOUHOTO pa3Mepa, uyTo MpH-

BOJUT K BBIXOAY 3a JOIIYCTUMBIC IIPEACIILI U OIIIMOKE BBHITTOJIHCHUS IIporpaMMBlI.



Person 48 6anT

char Name[20] 20 6anT
char Surname[20] 20 6ainT
int Age 4 6anTa
Sex Sex 4 6anTa
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MamATb No4 NepemMeHHY Nob30BaTeIbCKON CTPYKTYPbI
Person Bblgenaetca eanHblm Biokom B 48 BanT
Bce nona CTpyKTypbl B NamMATH XPaHATCA NOCAeA0BATEIbHO

Person Persons[5]

5*48 = 240 6anT

Person[0] Person([1]

Person[2] Person([3] Person[4]

MamAaTbe Nog maccue Nt0boro Tu

na AaHHbIX TaKXXe pe3eperMpyeTca equHbIM 6noKom,

PaBHbIM KONKWYECTBY 3NE€MEHTOB MaCCWBa, YMHOMEHHOMY Ha pasmep 0AHOro anemeHTa.

Bce anemeHTbl MaccuBa pacnona
obpalleHne No MHAEKCY NPOU3
aapeca

NoaTomMy Npu co3aaHUK Mac

ratoTcA B NamaATH NocnenoBaTenbHO ApYr 3a ApYrom,
BOOMT HEoBX0AMMbIA CABUT NO adpecy B NaMATK OT
NnepBoro 3/1eMeHTa MaccuBa.

cuBa HeOBXOAMMO CTPOro YKasblBaTh €ro pasmep

C »TOM TOUYKHU 3pCHHA, MACCUBBI HC ITO3BOJISAIOT T'MOKO MCIOJIBL30BaTh MaMsITh

KoMmbioTepa. OJTHaKO CYIIECTBYIOT MHBIE CIIOCOOBI OpraHU3alluy JaHHBIX, TO3BO-

JEIIOIMUX PC3CPBUPOBATH ITAMATDb
MOMCHT KOJIMYECTBO JaHHBIX U, B

3ape3epBUpPOBaHHbIN pasmep. [Ip

HCKIIIOYHNTCIIBHO II0/ HCO6XOI[I/IMO€ B HaCTOHIHI/II?'I
ciy4dac HOTp€6HOCTI/I, YBCIIMYNUTH UJIKM YMCHBIIIUTD

MMEPOM TAaKOU CTPYKTYPHI SBJISIFOTCS CIUCKHU.

Cnucok — CTpyKTypa JaHHBIX, B KOTOPOM KaXKIbIi JIEMEHT CIIMCKa YKa3bIBACT

Ha TOCJEAYIOMHN 3JIeMeHT. B

Cllyyae JBYCBSI3HOTO CIHUCKA KaXKIbIA DJIEMEHT

CIucKa Oy/IeT yKa3bIBaTh Ha TOCIETYIONINI U MPEIIIECTBYIONININ JJIEMEHT CITHCKA.

Takum 06p8,30M, HMCs aIpeC TOJIBKO IICPBOro 3JICMCHTA CIIMCKa, WU 20/106bl

cnucka, MOXXHO IIOJTYy4YUThb JOCTYII K JIIO6OMy CJICAYIOmEMY 3JICMCHTY CITMCKaA.
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Listltem 64 6airTa

Person Person A8 6anT A nA co3faHMA cNUcKa HeoBXoAMMO OpraHM30BaTh CTPYKTYPY,
O4HO W3 nonel Kotoporo Byaer xpaHWTe B cebe MHDopMaUUo

. N o
Listitem™ Next 8 6aunT (Hanpumep, Person), a ABa APYruUX Nona ByayT cOAEpPKaTh
ajipeca Ha cnefyiowWmnin U NPeablAyLLNiA 318 MEHT CMUCKa

Listltem™® Prev 8 6aiT

ltem1
Person Item3
- Next Person
v
Head 1 Prev Next \
Person Prev
Next _ ltem4 (Tail)
N
Prev = NULL ltem?2 Person
Person Next = NULL
Next Prev
Prev

B OTAMYMKM OT MACCUMBA, NaMATb NOA KaXKA bl 21eMeHT MaCcCMBa pe3epBUPYeTCA OTAENLHO OT OCTaNbHbIX
B N0bom ce0bOAHOM NPOCTPAHCTBE NamMATH (Ky4u).

HeT HeobBX0AMMO CTU 3apaHee YKasblBaTb pa3mep CNMCKa, ero pacliMpeHue NpoucxoauT AMHaMKWYECKN
ObpatuTbhea K nobomy 3nemeHTy CNMCKa MOMHO NEpeXodnA No agpecam ykasaTtenei Next oT ronossl ao
HYMHOTO 3/1eMEHTa

Paccmotpum Ha mpumepe. [lonyctrm, HaM HY»KHO CO34aTh CIIMCOK, XPaHSIINI
B ceOe JaHHbIe 0 JTIOX (CTpyKTypa Person). Jlst 3Toro Mbl co3aAuM CIAEAYIONIYIO
CTPYKTYPY-

struct PersonListItem

{

Person Person;
PersonListItem* NextItem;

}

OOpaTuTe BHUMaHUE, YTO OJHO U3 TOJIEH JaHHOM CTPYKTYpPHI SIBIISIETCS yKa3a-
TEJIEM Ha TaKyIo e CTPYKTypy. B manHOM mosie Mbl OyeM XpaHUTh aJpec CIey-
JOIIIErO PJIEMEHTA CIIHCKa.

Teneps, Kak xe co3aaTh caMm crucok? [ Havana co3qaauM NePBbId JIEMEHT

CIIMCKa — I'OJIOBY CIIMCKaA.:

PersonListItem* personlListHead = new PersonlListItem;
personListHead-»Person = ReadPerson(); // 3Jack Bauer
personListHead-»NextItem = NULL;
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OOpartuTe BHUMaHKE, YTO B YKa3aTENb CISAYIOIIETO 3JIEMEHTA MbI IPUCBOUITU
NULL. DTo noruyHo, Tak Kak MoKa 4TO B HaIlleM CIIMCKE CYIIECTBYET TOJIbKO OJMH
anemeHT. [IpunepkuBaiiTech paBuiIa, 4TO MPU CO3AHUN KAKOTO-JIMOO DJIEMEHTA
CIMCKA yKa3aTelW Ha COCEIHUE DJIEMEHTHI JIOJDKHBI OBITh MHHUIIMAIA3UPOBAHBI
NULL. B npotuBHOM citydae, ykazatesb OyAeT yKa3blBaTh Ha HEBBIJICICHHYIO 00-
JaCTh TAMSITH, YTO IPUBEACT K ONMTUOKE BBITIOJTHCHHUS.

TGHCpB I[068,BHM CIIcC OAUH 3JICMCHT CITMCKA:

PersonListItem* personListItem = new PersonListItem;

personListItem»Person = ReadPerson(); // Tony Almeida
personListItem>NextItem = NULL;

personListHead-»NextItem = personlListItem; // CBA3blBAaHWE HOBOrO 3JieMeHTa C
rosioBoW

Tenepb, CCJIM MBI 3aXOTHUM IIOJYYUTH JOCTYII KO BTOPOMY JJICMCHTY CIIMCKA,

9TO0 MOJKHO CACJIAaTh 4€PEC3 YKA3aTCJIb Ha HAYaJIO CITMCKaA:

personListHead-»Person-»Name = “Tom” // meHaem uma Jack Ha Tom B 1 snemeHTe
personListHead-»NextItem»Person-Name = “John” //meHsem uma Tony Ha John BO 2
aNemMeHTe

J{nst mepexofa K Hy»KHOMY 2JIEMEHTY MacCuBa (Harmpumep, msIToMy) MOXKHO HC-

MOJIB30BAaTh CJICIYIOIIUN KOJ!

PersonListItem* currentItem = personlListHead;
for(int i =0; i < 5; i++)

{
currentItem = currentItem>NextItem;

}

[Tocne BhIMOIHEHUS LIMKIIA YKa3aTelsb currentitem oyzaer coaepkath ajpec ns-
TOTO 3jeMeHTa cnucka. OIHAKO JaHHBIA MPUMEP HE YUYUTHIBAET, YTO B CIIUCKE MO-
YKET MPOCTO U HE CYLIECTBOBATH IATOTO 3JEMEHTa (HanpHUMep, 3JIEMEHTOB TOJBKO
Tpu). [loaTOMYy HEOOXOIMMO MPOU3BOAUTH MPOBEPKU CIEAYIOLIETO yKa3aTels Ha
NULL. Hanpumep, nepexoi K KOHILy CMCKa OyAET BHIMJISACTh CIeAYIOIUM o0pa-

30M:

PersonListItem* currentItem = personlListHead;
while(currentItemsNextItem != NULL)

{

currentItem = currentItem-NextItem;

}
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JlaHHBIN TpUMEp OCIIE BBINOJHEHUS IPUCBOUT B currentltem aapec nocinen-
HEro 3JieMeHTa crrcka. OJIHaKoO €l PU CO3AaHUH U JOOABICHUH 3JIEMEHTA B CIIH-
COK HE MPUCBOUTH B yKa3arelb Ha cienyromuid anemeHT NULL, BBl HE cmoxkeTe oT-
JIOBUTHh KOHEI| CIUCKAa, a JAHHBI MpUMEp MPEBPATUTCS B OCCKOHEYHBINA ITMKIL.
Taxxe cTout mMoMHUTH, 4TOo TIpucBoeHre NULL B kakoit-nmbo yxe no0aBlIeHHBIN
9JIEMEHT criicka (Harpumep, personListHead—Nextltem = NULL) npuBenmer x
noTepe JAaHHBIX BCEro MOCIEIYIONIEro CIUCKA U YTEUKe MaMsITH.

Paborta u opranusanus IByCBS3HOI'O CIIMCKa OCYHIECTBIIAETCS aHAJIOTMYHBIM
0o0pa3oM, 3a TEM HCKJIIOUYEHHUEM, UYTO KaKIIbI SJIEMEHT CIUCKA JAOJDKEH JOIMOJIHU-

TCJIIbHO YKAa3bIBATb Ha HpGI[LII[YIHI/II‘/JI:

struct PersonListItem

{
Person Person;
PersonListItem* NextItem; // Cnepywwmin anemeHT cnucka
PersonListItem* PrevItem; // TNpepblaywmin 3nemMeHT cnucka
}

O4eBUIHBIM MTPEUMYLIECTBOM CIIHCKOB NEPEA MACCUBAMM SABISETCA TO, YTO
MBI BBIJIETSIEM NaMATh MOJA OOBEKTHI TOJBKO MPU HEOOXOAUMOCTH, HE PACXOAys
mumHen namatu. Hemocratkom ke sBIISIETCS NMPOCTOTA NOTEPU JAAHHBIX B CIIydae
OLIMOKH UM HEMPABUIIBHOTO JIEUCTBHSI C YKa3aTEJIEM.

/lepeeo — CTpyKTypa NaHHBIX, B KOTOPOW Ka)XIIbIi 3JIEMEHT JIEPEBA UMEET
Ha0Op AOYEPHUX AIEMEHTOB, KaXK/IbIil N3 KOTOPBIX CBSI3aH CTPOrO C OAHUM POAUTE-
neM. B mepeBe MOKHO BBIAEIUTH KOPHEBOM y3€Jl — CaMbIil BEpXHUU Y3€1, U3 KOTO-
POTO BBIXOJUT BCE IEPEBO — U JIMCTHS — Y3JIbI IEPEBA, HE UMEIOIINE CBOUX JOYEPHUX
aneMeHTOB. Takxke CylecTBYIOT MOHSATUSL KOPHS — JIIOOOT0 paccMaTpUBaeMoro B
HACTOSIIIIMM MOMEHT y3Jla — W nojajepeBbeB. OpraHuzanus 3JEMEHTa JepeBa Ha

s3bike CH++ BBITJISIIUT CIIETYIOIIUM 00pa3oMm:

struct PersonTreeltem

{
Person Person;
PersonTreeItem* LeftNode; // NeBasa po4vepHAa BeTBb
PersonTreeltem* RightNode; // NpaBas po4yepHAA BeTBb

}
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31ech NpeCTaBIEH MPUMED JepeBa C ABYMs MOTOMKAaMH — JIEBOM M IPAaBOM
BETBSIMU. J{aHHBIN BUJ IE€PEBHEB TOCTATOYHO PACIPOCTPAHEH B BBIYMCINTEIBHBIX
QITOpUTMAaxX, HapHUMeEp, 3aJadax ONTUMU3ALMH, COPTUPOBKH U MOMCKA JaHHBIX.
OOpaTtuTe BHUMaHHE, YTO JTOUYECPHUI y3€ll HE XpaHUT B cebe MHPOpPMAITUU O POIH-
TEIBCKOM Y3JI€, UTO [T03BOJISIET JOCTATOYHO OBICTPO “TIEPECTaBIISITH OJHY BETBb Ji€-
peBa B Apyryio. B 6onee obmiem ciyyae 3eMEHT JepeBa MOXKET XpaHUTh B cebe
HEOTPAaHUYEHHOE KOJMYECTBO TOYEPHUX HJIEMEHTOB.

Treeltem 64 6aiita

Person Person 48 6anT 0nA co3paHuA aepeea HeoOXOOWMO OPraHM20EaTh CTPYHKTYRY,
N y 0OHO M3 Nnonei koToporo Byaer xpaHuTe B cebe MHGOpPMaUM o
Treeltem™ Left 8 Bbanut (Hanpumep, Person), a aea apyrux nona ByayT cogepmaTh

anpeca Ha NeBbld M NPaBLIH BETHW ASPEeBa

Treeltem® Right 8 banT

Root
Person
Left
Right 1
ltem1 ltem2
Person Person
Left = NULL [ Left
Right = NULL Right 1
Item3 ltem4
Person Person
Left = NULL Left = NULL
Right = NULL Right = NULL

INEeMEHTH SEPEEE TAKME XPAHATCA OTAENLHO APYr OT 4pYra, XpaHa B cefe yHa3aTenu Ha A0YepHUe
Y3Mbl AepeBa. 3HaA TONLKO PacnofoMeHne 3nemMeHTa Root, MOMHO NEPERTH CBEPXY BHU3 K nioGomy
INEeMeHTy depeBa. bnarogapa CEOSi CTPYKTYPE, MOMHO AOCTAaTOMHO BLICTPO «MepecTaBNATL: MECTa MK
niofible BETEW Aepesa memay cofold BHe 3aBMCMMOCTH OT WX Da3Mepa, 4To NO3BONAET MCNONbL30BATh
AEPEBbA ONA OPraHu3aumu BbICTPLIX aNTOPUTMOBE NMOWCHa M COPTUPOBKMK
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Cnucku U 1epeBbsl SABISIOTCS JIMIIb YACTHBIMU CIy4YassMHU TaKOM CTPYKTYPBI,
Kak rpa¢. I pagh — cTpykTypa JaHHBIX, K&Kl 3JIEMEHT KOTOPOIO CBSI3aH C HEONpe-
JICJICHHBIM KOJTMYECTBOM JIPYTUX 3JIEMEHTOB Tpada.

Kak mpaBmio, B rpade HEnb3si 4YETKO OINPEAETUTh FOJOBHON WM KOPHEBOM
y3€l, UM MOXET ObITh 000N 3eMeHT. [lo aToMy KopHEBOH y3en BeIOMpaercs
YCJIOBHO U ONpeAessieTcs KOHKPETHON peanus3alnuei 1 Ha3HayeHueM rpaga. Opra-

HU3alMs dJieMeHTa rpada Ha a3pike Cut+:

struct PersonGraphItem

{
Person Person;
PersonGraphItem* Neighbors; // MaccuB «cocepen» OaHHOroO >neMeHTa
int NeighborsCount; // Konu4decTBO cocepei

¥

I'pad — nocraTouHO CinoXKHAasK 1j1s1 pabOThl CTPYKTYpa JAHHBIX, U IPUMEHSETCS
IIpU PELICHUH HETPUBHUAIBHBIX 3a/1a4, T/Ie OOBIYHBIC aJITOPUTMBI HE CIIPABIISIOTCS,
A100 CIPaBIISIIOTCS ¢ OTPOMHBIMU 3aTpaTaMU BBIUMCIUTEIbHBIX U BPEMEHHBIX Pe-
CYPCOB.

Cnosaps (0TOOpaKEHNE) — CTPYKTYpa JAHHBIX, XpaHsilas Ha00p YHUKATbHBIX
nap <karou-3HaueHue>, TJe B KaUeCTBE KITI04a U 3HAYEHUSI MOTYT OBITh JIFOObIE THIIbI
JAHHBIX. /{7151 MTOHUMaHUs TaHHOU CTPYKTYPHI IPEACTaBbTE ce0€ OOBIYHBIN CIOBAPb.
B HéM omnpeneneHHOE CI0BO, WIH KIl0Y, KOTOPOE SIBISIETCS] YHUKAJIBHBIM B IIpeJie-
Jax IaHHOTO cioBaps. JlJaHHOMY CIIOBY COOTBETCTBYET HEKOTOPOE OMHCAHUE, 3HA-
YyeHue, TIOSICHSIONIEE IEPBOHAYAIBHOE CJIOBO. Takum 00pa3om, cioBapb OpraHU3yeT
TOYHOE COOTBETCTBUE YHUKAJIBHOTO KIFOYa OMpe/IeIeHHOMY 3HaueHuto. OOpaTuB-
IIMCh K TAKOMY CIIOBApIO MO KJIFOUY, MBI TIOyYUM HY)KHOE 3HaUEHUE, IPU YCIOBUU
CYLIECTBOBaHHMS KJtoua B cjoBape. ClioBaph He MOXKET coepkaTh KJtou 0e3 3Haue-
HUS WM 3HaYeHue 6e3 KiIoyva.

[Tpumepom crioBapsi MOKEM TMOCIY)XHTh CIIOBaph OTAela KaapoB <Person-
Double>, rie xirou Person ykaspiBaeT YHUKAJILHOTO YEJIOBEKA B MpeNeNax mpe-
npusitusi, a Double — 3HaYeHne 3apruiaTel JaHHOTO YelioBeKa. M ciioBaps pacnu-
canus moe3aoB <int-string[]>, rae int — kimrou-HoMep moesna, a string[] — maccus

CTPOK-HA3BaHUM CTAHIIUH.
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Graphltem 92 6aiira

Person Person COcobeHHO CTeH rpada ABARETCA TO, 4TO Y Kakaoro yina rpada

Graphltf_‘m; Neigh bDrS[S] MOMHET ObITh MPOW3IBONBHOE KOAMYECTEOD COCeAHM X ¥3N0E. S,H,EEI:

npveeaeH NpPUMED Y3Nna, ¥ KOTOPOro MOMeT BblTe TOALKO 5

int NeighborsCount cocenei.
ltem2
Person
MNeighbors
NeighborsCount = 4
ltem1
Person ltem3
Neighbors Person
MeighborsCount = 2 Neighbors = 3
MeighborsCount
ltem5
ltem4 Person
Person Meighbors
Neighbors MeighborsCount = 1
MeighborsCount = 2

pad = AOCTATOUHO CNOMHAEA CTPYKTYPA ANA XPAHEHWMA AaHHEIX, MCNOAbLIYIOT 8E KpalHe peako. B
JABMCHMOCTH OT 32 434M MOMYT Pa3NKMYaTe: HANPABAEHHLIE M HEHaNpasneHHble rpadel, BECOBLIE K
HEBECOBLIE, LWMEAWYHEIE M aUHKAHYHBIE W T.4.

Cmek — CTpyKTypa JaHHBIX, paboTa KOTOpPOW OpraHW30BaHa MO MPUHITUITY
“IlepBbIM MpHUILIEN, MOCIAETHUM BbImIen . JlJis mpruMepa BO3bMEM CTOIKY TapesoK.
CHayasa BbI TIOJIOKUTE Ha CTOJI MEPBYIO TApPENKy, 3aTeM Ha He€ BTOPYIO, a 3aTeM H
TpeThto. Ho xorza BaMm nmotpeOyeTcs B3sATh TapeliKy, Bbl OyaeTe 3a0uparh UX B 00-

pPaTHOM NOPSAJIKE — CHa4aJla TPETHIO, 3aTEM BTOPYIO U TOJIBKO MOTOM NepBYI0. Takum
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o0Opa3om, Tapenka, MpHuIIeIas IepBo, BIUIa mociaeanei. Pabora crexa opranu-
30BaHa aHAJIOTUYHBIM 00pa30M — MOMeIas B HE€ MOCIeI0BATENLHOCTh JJIEMEHTOB,
BBl CMOJKETE TMOJYYUTh K HAM JOCTYII TOJBKO B oOpaTHOM mopsake. [logoOHas
CTPYKTypa JJaHHBIX YaCTO UCIIOJb3YETCA B HU3KOYPOBHEBBIX MpOrpaMmax, rje Tpe-
OyeTcsl JKeCTKUM KOHTpOJib namsiTu. OJHAKO, JaHHAs CTPYKTypa MOXKET HaXOIUT
CBO€ NPUMEHEHHUE U MOJIb30BATEIbCKUX NMPUIOKEeHUAX. He myTalite noHsATHS CTEeKa
KaK CTPYKTYpHI JAHHBIX M CTE€Ka KaK 00JIaCTU MaMsTH — HECMOTPS Ha UJECHTUYHOE
HAa3BaHUE JaHHBIE TOHATUE IPUHLUIIAAIBHO OTJIMYAKOTCS.

Ouepedv — CTPYKTypa JaHHBIX, Opranu3yromias npuHiui «llepsiM npuien,
IIEPBBIM BbILIEN». DAKTUYECKH, OUepeb TPOTUBOIIOJIOKHA CTEKY, U MPUHLHUIN €€
paboOTHI MOHATEH U3 Ha3BaHMUS.

OTIMYHBIM UCTOYHHUKOM JIJISI 3HAKOMCTBA CO CTPYKTYPaMH JTAHHBIX U UX MPHU-
MEHEHHUEM sBJIsIeTCs [4], BXOASIICH B CIIMCOK 005A3aTeIbHOM JTUTepaTyphl JJIs TIPO-

TPaMMHCTOB.
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6 TexHWKU HanmucaHUA KauecTBeHHOro Koaa

Jlannyto riaaBy xoTenoch 0bl Hauath nutatoit C. MakkonHesia u3 kauru «Co-
BepieHHbIH kKo [10]: «[IummTe ko Tak, OyATO YeI0BEK, KOTOPHI OyIET ero mo/I-
JEpPKUBATh MAHbSIK-TICUXOMAT, KOTOPBIM 3HAET, T/I€ BbI JKUBETEY.

Ha camom niene, UCXOIHBIN KO/ 3TO PA3HOBUIHOCTh TEXHUYECKON JTOKYMEHTa-
un. JIro0as TexHHuuecKas TOKyMEHTALUs TOJKHA O(OPMIISITHCSI COTJIACHO CTaHap-
TaMm, MPUHATHIM B MUPE, TOCYIAPCTBE WM KOHKPETHOW KoMnanuu. B Poccuiickon
®denepanuu, TpeOOBaHUS U CTaHIAPTHl TEXHUYECKOW JTOKYMEHTAllMd ONMUCAHBI B
['OCTax ECK/I (enunas cuctema KOHCTpYKTOpcKoi okymentauuu) u ECIT (enu-
Has CHCTEMa MPOTPaMMHOM JoKyMmeHTaruu). [lpuaep:kuBaThCsi OOIIETTPUHSATHIX
CTaHJApPTOB 00sI3aH KaXKAbIM MHXKEHEP WM pa3pabOTYUK. DTO MO3BOISET obecre-
YUTh TPOCTOTY MOHUMAHUS TEXHUYECKHX MPOCKTOB MEXAY HHXKEHEPaMH, YTO
Ba)KHO, HAIIpUMeEp, MpHU pa3paboTke B KOMaHJIe — Jr00as KOMaH/1a JI0JKHA BIIAJIETh
OJIHUM TTPO(PECCUOHATIBHBIM SI3IKOM 7151 00JIeryeHust pa3pabOTKU U MOBBILIEHUS €€
KauecTBa — WJIM TPHU MOJKIIOYCHUH HOBBIX Pa3pabOTYMKOB K MPOEKTYy — OYEHb
Ba)XXHO, YTOOBI HOBBIN PaOOTHHUK OBICTPO pa300palics ¢ UJICEH U CTPYKTYPOH Mpo-
€KTa U IPUCTYINUI K padoTe.

["oBopst 06 MporpaMMHOM KOJIE, TO B KKJI0W KOMIIAHUU TaKkKe CYIIECCTBYIOT
coOCTBEHHbIE cmanoapmul opopmiaenusn kooa. Ctannapt ohopmIIeHUS KOJIa — 3TO
CUCTEMA MPaBWJI, KACAIOIIMUXCSI UMEHOBaHUSI O0BEKTOB M (PYHKITUH, CTUIS 0opM-
JICHHsI UICXOHOTO KOJia, TpeOOBAaHUA K apXUTEKType npoekTa u T.11. [Ipu ycrpoiictse
Ha paboTy B KauecTBe pa3pabOTUMKa, Bbl IOJDKHBI B 00A3aTEIBHOM MOPSAIKE O3HA-
KOMHUTBCSI CO CTaHAAPTOM O(QOpMIIEHUS KOJa JaHHOW KOMITAHUM U BECh JlabHEH-
M KOJ MHUCaTh CTPOro € COONIIOICHUEM JaHHBIX mpaBwil. Hu npu kakux o0cTosI-
TEJIBCTBAX Bbl HE IOJDKHBI HAPYIIATh JaHHBIE IPABUIIA, 1a’KE €CIIM OHU KaXyTCs BaM
«HeynoOoHbIMUY. To, 4TO KakeTcs HEyJTOOHBIM BaM, MOXKET ObITh YJOOHBIM IS
ocTalbHbIX. Pazymeercs, eciii y Bac €CTh MPEAJIOKEHUS TI0 YIIYUIICHUIO 0opmIie-
HUS KOJa, BBl MOXETE MX BbICKa3aTh KOMAaHJE WJIM BallEMy HEMOCPEICTBEHHOMY

PYKOBOAMTENIO, HO OQOPMIIATH KOJI, ITHOPUPYS MPUHATHIN CTaHAAPT, MPUBEAET K
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mpoOemMam Npu JaTbHEHUIIEH MOAIePIKKe BAIIETo KoAa IPYTUMU pa3paboTIHNKAMHU.
Pa3paboTunku B KOMaHJie OBICTPO MPUBBIKAIOT K cTaHgapram odopmiieHus. B
UTOTe, KO/, 0(DOPMIICHHBIN HE TI0 IPUHATOMY CTaHIAPTY, IPUBOJNT K YBEITUUCHUIO
BPEMEHHU Ha €ro uTeHue. TakuMm o0pazoM, eciii Jpyromy pa3paboTIuKy moTpedy-
€TCsl UICIIPABUTh OIIMOKY B BallleM KOJIE, €My MOHAI00UTCs 00JIbllIe BpEMEHU Ha pe-
meHue mpoosemMbl. boibie BpeMeHn — MeJIeHHas pa3paboTka, MeIJIeHHas pa3pa-
00TKa — MO3/THUE BBIITYCK IPOTPAMMBbI, TO3AHHUH BBIITYCK MPOTPaMMBbI — IOTEPS MPHU-
OBLITH.

DTO MOXET MOKAa3aThCsl CTPAHHBIM, OJHAKO KOJ B TIEPBYIO Oouepeab AOJIKEH
OBITH MPaBUILHO OPOPMIICH, U YKE BO BTOPYIO MPABUIILHO BBITIOJIHATH MOCTABIICH-
HYIO 33/1a9y. ITO WUTIOCTPUPYETCS CIeAyomuM nmpuMepom. [IpencraBpTe, 9TO BBI
— HOBBIH MOJIOZION pa3pabOTYMK B KOMaH/IE M Iepe ] BaMu ObLTa TOCTaBJICHA 3a1a49a
HaIMCaTh YacTh MPOTpaMMbl. Bbl M3HAYAIbHO HE YIENWINA JIOJKHOE BHUMAaHUE
ogopMIICHHUIO KO/a, PEIINB CHavYaIa HallMCcaTh KO/, a 3aTeM «0(hOPMHTH BCE IO Tpe-
ooBanusMY. OTHAKO TP HATTMCAHUU KOJ1a BaM MOTPEeOOBaJICs COBET JIPyroro, bosiee
OTIBITHOTO pa3paboTunka. Tereps: a) Bbl HE MOYKETE MPOAOKATh padoTy, IMOKa BaM
HE TTOMOTYT; 0) Apyroi pa3paboTYUK HE MOXKET OBICTPO OTBETUTHh COBETOM, TaK KaK
€My CHauaja Hy»HO pa3o0parbcs B BalieM He 0OPMIIEHHOM KOJIE; B) MCXOHBIN
KO/l TJI0X0 OpOpMIICH M HE paboTaeT, MoKa JBa pabOTHUKA MpocTauBaroT. 13 npu-
Mepa clieflyeT, 4To oopmieHHe Koja TpH pa3pad0TKe BakKHEE MPaBUIBLHOM pa-
00THI, a Takxke 4To 0(hOpMIICHHE KOJa — ATO HE MPOIIEypa, BHITOIHIIONIASCS T10-
CJIe HaITMCAaHMsI KOJIa, @ HEOTheMJIeMast 4acTh IIpoliecca pa3padoTKH.

Jlanee B 11.6.1-6.2 mpencraBieHsl cTaHAapPTHl OPOPMIICHUS KOJIa, PUHATHIE B
paMKax JaHHOW JUCIMIUIMHBI, M SBJISIONIMECS YacThIO COTJIAMIECHUS 1Mo odopmiie-
auio koga RSDN [9]. B mocienyromumx moapasaenax TakykKe OMUCBIBAIOTCS IMOJIE3-

HBIC TCXHHUKHU I10 HAITMCAHWIO KaYCCTBCHHOI'O KOJaA.

6.1 MpaBuAa UMEHOBAHMUSA U CTAHAAPTLI 0POPMAEHHUA KOAA

O6mme npaBmia
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[Tomuute! Ko vaie ynuraercs, 4eM NULIETCS, TO3TOMY HE SKOHOMBTE
Ha MOHATHOCTU U YUCTOTE KOJIa paJii CKOPOCTHU Habopa.

He ncnions3yiiTe MmaonoHsaTHRIE IpePUKCH uiu cyhukch (Hanpumep,
BEHIE€PCKYI0 HOTALMIO0), COBPEMEHHBIE SI3bIKM U CPEACTBA pa3padOTKU
MO3BOJISIIOT KOHTPOJUPOBATh TUIIBI JAHHBIX HA JdTane pa3paboTKu U
cOOpKH.

He ncnonp3yitTe nogquepKuBaHue uisi OTACIICHUS CJIOB BHYTPU UJICHTH-
(GuKaToOpoB, 3TO Y/UIMHSET WIACHTHU(PHUKATOPHl U 3aTPYJHSET UTEHUE.
Bwmecto 3Toro ucnons3yire ctuiib nMeHoBaHuA Kemen nim [lackans.
CrapaiiTecb HE HCIIOJIB30BaTh COKPALICHUS JIMIIHAKA pa3, IOMHUTE O
T€X, KTO YUTAET KOJ.

CrapaiiTech fenaTh UMEHA HIIEHTU(PHUKATOPOB KaK MOKHO KOpoue (HO HE
B yuiep6 untaemoctu). IloMHHTE, 4TO COBpEMEHHBIE A3BIKH ITO3BOJISIOT
dbopMHpoBaTh UM U3 MPOCTPAHCTB UMEH U THUIOB. ['MaBHOE, YTOOBI
CMBICT WIEHTH(HUKATOpa ObUT MOHSATEH B HCIOJb3YEMOM KOHTEKCTE.
Hanpumep, KoarMuecTBO 31€MEHTOB KOJJICKIIUH Jy4lie Ha3BaTte Count,
a He CountOfElementsinMyCaollection.

Korga npuaymbiBaeTe Ha3BaHHUE I HOBOT'O THUIMA JaHHBIX, IPOCTPaH-
CTBa MMEH WM UHTepdelica, cTapailTech HE UCIOJIb30BAaTh UMEHA, IO~
TEHIIUATFHO WM SIBHO KOH(MDIUKTYIOIINE CO CTAHJAPTHBIMU UIIEHTUDU-
KaTOpaMH.

[TpeAnoYTUTENBHO KCIIONB30BATh UMEHA, KOTOPHIE SICHO U YETKO OIH-
CBIBAIOT MPEIHA3HAUECHUE U/UIIU CMBICI CYIIIHOCTH.

CrapaiiTech He UCIOJIB30BATh JIJIsl PAa3HBIX CYIIHOCTEW MMEHA, OTJIHYa-
IOIKUECs] TOJBKO peructpoM OykB. Pa3zpabarbiBaemblie BaMH KOMIIO-
HEHTBl MOTYT OBITh MCIIOJIB30BaHbl U3 SI3bIKOB, HE Pa3IMYarOIIUX pe-
TUCTP, U HEKOTOPbIE METO/bI (MM JaKe BEChb KOMIIOHEHT) OKaXKyTCsI He-
JOCTYITHBIMHU.

CrapaiiTech MCHOJIB30BaTh UMEHA C MPOCTHIM HamucaHnueM. Mx nerue

yuTaTh U Habupath. M36eraiiTe (B pa3yMHBIX Mpe/esiax) UCIOoIb30BaHus
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CIIOB C JBOMHBIMU OyKBaMH, CJIOXHBIM UYEPEIOBAHUEM COTJIACHBIX.
[Ipexxne, 4yeM OCTaHOBUTHCA B BHIOOpE MMEHH, yOEIUTECh, YTO OHO
JIETKO THUIIETCA U OJHO3HAYHO BOCHPUHUMAETCS Ha ciiyX. Eciu oHO ¢
TPYAOM YUTAETCA, M BBl OLINOAaeTeCh MpU ero Habope, BO3MOKHO, CTOUT
BBIOpATh IPyroe.

CTHiIM HCI0JIb30BAHMS pPerucTpa 0yKB

Iackanw — yxazanue 3Toro ctuiis opopmieHus: uaeHTuguKaropa 0003HavaerT,
4yTO nepBasi OyKBa 3arjaBHas U BCE MOCJEIYIOIIME MEepBble OYKBbI CIIOB TOXKE 3a-
riaBHble. Harmpumep, BackColor, LastModified, DateTime.

Kimen — yxazanue 3Toro ctuisi o003HadaeT, 4To mneppas OykBa CTpOdYHas, a
OCTaJIbHBIC TIepBBIE OYKBHI CIIOB 3ariaBHbie. Hanpumep, borderColor, accessTime,
templateName.

Cokpamenus

1. He ucnons3yiite ab0peBUaTyphl UM HEMOJIHBIE CIIOBA B UACHTU(UKATO-
pax, eciu TOJIbKO OHU HE SBJISIOTCS o0mmenpuHsaTeiMu. Hanpumep, nu-
mute GetWindow, a ne GetWin.

2. He ucnonp3yiiTe akpOHUMBI, €CJIM OHU HE OOIIETPUHSTHI B 00JIACTH WH-
(OopMaIMOHHBIX TEXHOJIOTHIA.

3. Ilupoko pacmpocTpaHEHHbIE AKPOHUMBI HCIOJB3YHTE I 3aMEHbI
mHHBIX (pa3. Hanpumep, Ul BMecto User Interface unu Olap Bmecto
On-line Analytical Processing.

4. Ecnu umeercs uACHTU(PUKATOP IITMHON MEeHee TpeX OyKB, SBIISIOIIMICS
COKpaIIeHHEM, TO €ro 3aMuChIBAlOT 3arjaBHbIMU OykBamu. Hampumep,
System.10, System.Web.Ul. Nmena qnunaHee 1ByX OyKB 3alUChIBAlTE B
cruiie Iackans uinu Kamen, nanpumep Guid, Xml, xmIDocument.

Odopmiienue

1. Wcnonb3yiite TaOynA1MIO, @ HE MPOOEbI 111 OTCTYIOB.

2. U36eraiite cTpOK IIMHHEE 78 CUMBOJIOB, IEPEHOCUTE HHCTPYKIIMIO HA

JIPYTYIO CTPOKY IIPH HEOOXOUMOCTH.
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[Ipu nepeHoce yacTu KoJa MHCTPYKLIUM U ONUCAHUN HA APYTYIO0 CTPOKY
BTOpasi ¥ MOCJIEAYIONIAsi CTPOKH TOJKHBI ObITh OTOMTHI BIIPABO HAa OJIUH
OTCTYI (TaOyJISIHUIO).

OcTaBnsiiTe 3aITyI0 Ha MPEAbIIYIIEH CTPOKE TAK K€, KaK BbI ATO JeJia-
€Te B OOBIUHBIX S3bIKaX (PYyCCKOM, HAIIPUMED).

N30eraiiTe AUIIHUX CKOOOK, OOPAMIIAIOIIMX BBIPAKEHUS LIEITUKOM.
JIumiHare cKOOKHM YCIOXKHSAIOT BOCIPHUATHE KOJA M YBEIUYHBAIOT BO3-
MO>KHOCTb OIIMOKU. Eciii Bbl HE yBEpEeHBI B MPUOPUTETE ONEPATOPOB,
Jy4llIe 3arJITHUTE B COOTBETCTBYIOIIUM pa3/iesl JOKYMEHTALUH.

He pa3memaiite HECKOJIBKO MHCTPYKIM Ha OJHOM cTpoke. Kaxkas uH-

CTPYKIM:A N0JDKHA HAYMHATBCA C HOBOM CTPOKH.

[Ipumepsr:

longMethodCall(exprl, expr2, expr3,
expr4, exprs5);

varl =a *b / (c - g + f)
+ 4 * z;

var2 = (a * (b
* (c + d)
+ e * (f/ z2))

+ 4);

IIycTbie cTpOKHU M IPOOEIbI B CTPOKE

1.

Hcnonb3ylTte 1BE MyCThIE CTPOKHA MEXAY JJIOTUYECKUMHU CEKIIUSIMU B UC-
XOJTHOM (aiine.

Hcnonb3yiiTe BE MyCThIe CTPOKU MEXKTY OOBSBICHUSIMHU KJIACCOB U UH-
Tepdencos.

Hcnonp3yiTe OAHY MyCTYIO0 CTPOKY MEXKIY METOAMHU.

Ecnu nmepemeHHbie B METO/E OOBSBISIOTCS OTACITBHBIM OJIOKOM, HC-
MOJIB3YUTE OFHY MYCTYIO0 CTPOKY MEXIY UX OOBSBICHUEM U UHCTPYK-
nuen, uayuie 3a ’TUM OJIOKOM.

Hcnonb3ylte OHY IYyCTYIO CTPOKY MEXAY JJOTUYECKUMH YaCTSIMU B ME-

TOJE.
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[Tocne 3ansToit qomkeH ObITh mpoded. [locne Touku ¢ 3ansAToM, eciiu OHa
HE MOCJIC/IHASA B CTPOKE (HampuMep, B MHCTpYKIuH for), nomkeH ObITh
npo6Gern. [lepen 3amaToi WM TOYKOH C 3amsATON MPOOEITBI HE CTaBSTCS.
Bce omepaTtopsl HOMKHBI OBITH OTAENEHBI MPOOETOM OT OMEPaHAOB C
00enx CTOPOH.

[Ipumepsr:

TestMethod(a, b, c);

a=b; // HeBepHO

a = b; // BepHO

for (int i=0; i<10; ++i) // HeBepHO

{
a = 1i; // copepxumoe OUIypHbIX CKOBOK cABUraeTcs
b *= 1i; // Ha ofgHy Tabynauuiw

}

for( int i

@ ;i< 10;++1)  // HeBepHO

for (int i = @; i < 10; ++i) // BepHoO

{

}

if(a==b){} // HeBepHO
if (a == b) // BepHo

{

}

JlokajibHbIE IEpEeMEHHbIEC

1.
2.

Ucnonp3yitte ctuibe Komen juist peructpa OykB B UMEHaX MEPEMEHHBIX.
OOBsBIANTE TEPEMEHHBIC HEMOCPEACTBEHHO MEpe]l UX MCIO0Jb30Ba-
HUEM.

CueTunKM B HUKIIAX TPAAULIMOHHO Ha3bIBaloT I, |, K, I, m, n.

JI1s1 BpeMEHHBIX JTIOKAJIbHBIX MMEPEMEHHBIX, UCIIOIb3YEMbIX B KOPOTKHUX
ydacTKax Kojia, MO>KHO J1aBaTh UMEHA, COCTOSIINE U3 HAaYaIbHBIX OyKB
CJIOB UMEHH THUIIA.

He oObsaBisiiTe Oosiee 0AHON MEPEMEHHOM B OJTHON MHCTPYKIIMH.
KoMmMmeHnTupyiite 00bsIBICHHS TaK, 4TOOBI ObLTA MMOHSATHBI HA3HAYCHUE U
CIIOCOOBI UCTIOIB30BAHUS IEPEMEHHOM.

HHHHH&HHSHpYﬁTC INECPEMCHHBIC ITPH O6’I>$IBJ'I€HI/II/I, C€CJIN 3TO BO3MOIKHO.



91

DyHKIUU
1. Wcnonb3yiiTe riaroisl WM KOMOMHAIUIO [J1aroyia U CylieCTBUTEIbHBIX
U TIpUJIaraTesibHbIX ISl UMEH (PYHKIIHA.
2. Ucnonwsyiite cTib [Tackans mas peructpa OyKs.
[Tpumepsr:

private int RemoveAll() {}
public void GetCharArray() {}
internal static Invoke() {}

Odopmaenue if, if-else, if-else-if else
if:

// TNpaBunbHoe opopmneHune
if (condition)
{

DoSomething();

}

// TpaBunbHoe odopmneHne
if (condition)
DoSomething();

// HenpaBunbHoe odopmneHue
if(condition) DoSomething();

// HenpaBunbHoe odopmneHue

if (condition) {
DoSomething();

}

// HenpaBunbHoe odopmneHue
if (condition)

{
DoSomething();

}

if ¢ mocnexyromum else:

// TNpaBunbHoe odopmneHune
if (condition)

{
DoSomething();

else
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DoSomethingOther();

}

// TpaBunbHoe odopmneHune
if (condition)
DoSomething();
else
DoSomethingOther();

// HenpasunbHoe opopmneHue
if (condition) {
DoSomething();

} else {
DoSomethingOther();

}

// HenpasunbHoe odopmneHue
if (condition) DoSomething(); else DoSomethingOther();

Odopmiaenwue for, while, do-while

for (int i = @; 1 < 5; ++i)

{
}

while (condition)

{
}

do
{

}

while (condition);

switch (condition)
{
case 1:
case 2:
X = ...
break;
case 3:
X = ...
break;
default:
X = ...3
break;

IHonb30BaTe/bCKHE THNIBI JAHHBIX (IepPeYHrCc/IeHHs, CTPYKTYPbI)
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1. Bce He BIIOXKEHHBIE TUIIBI (pa3MelllaeMble B IPOCTPAHCTBAX UMEH WIIH
HEIMOCPEJICTBEHHO B I100aJIbHOM MPOCTPAHCTBE), 32 UCKIIOYECHUEM JIe-
JIETaTOB, JOJIKHBI HAXOIUTHCS B OTACIBHBIX (haiiiax.

2. Crapaiitech OOBSIBIATH BJIOKCHHBIE THIIHI B HaYajIe BHEITHETO THIIA.

3. Crapaiitech HEe eNaTh U3IHUIIHEH BIOKEHHOCTU TUNOB. [ToMHUTE, YTO
BJIOKEHHBIMU JIOJKHBI OBITh TOJIBKO TECHO CBSI3aHHBIC THUIIHI.

4. DneMeHThl TUIIOB JIOJKHBI OTACNSTHCS OJHOM CTPOKOM ApyT OT Jpyra.
BroskeHHbIe TUTIBI JOJIKHBI OTAENIATHCS ABYyMsi cTpokaMmu. [Ipu oObsiB-
JIEHUU OOJIBIIIOTO KOJIMYECTBA MOJIeH, UCIIOJI3YEMbIX BHYTPH Kjlacca (He

MyOJUYHBIX ), MOKHO OITYCKATh ITYCTYIO CTPOKY.

[IpencraBneHHbIC TIPaBUIIA OMUCHIBAIOT TOJBKO YacTh TpeOoBanuit RSDN, He
OTHOCSAIIYIOCS K 00BEKTHO-OPUEHTHUPOBAHHOMY IporpamMmMupoBaHuio. C MOIHBIM

CIHCKOM TPeOOBaHUH BBl MOXKETE 03HAKOMHUTHCS B [9].

6.2 KommeHTUpOBaHMUE KOAA

JInst onucaHusl CyTH HEKOTOPOTO y4acTKa KOJAA, MOSICHEHUH K alropuTMy U
Jpyro BaKHOW WH(OpMAIIMU HCIOJIB3YHTE HECKOJIBKO MOJAPSJ HUIYIIUX OJHO-
CTPOYHBIX KOMMEHTapHeB (//...). Mexay rpynmnoii KOMMEHTapueB U COOCTBEHHO KO-
JIOM TIOCTaBbTE IYCTYIO CTPOKY. JTO MOKAXET, 4YTO KOMMEHTApUH OTHOCHUTCA K
0JIOKY K0J1a, @ HE K KOHKPETHON MHCTpYKUMU. HanpoTus, eciiy KOMMEHTapuii OTHO-
CUTCSl K KOHKPETHOM MHCTPYKLMH, IPUKMHUTE €r0 BINIOTHYIO K 3TOM MHCTPYKIIUH.

KoMmMmenTupyiite 00bsBICHUS MEPEMEHHBIX, UCIOIb3Ysl OAHOCTPOUYHBIE KOM-
MEHTApHUH Ha TOU K€ CTPOKE, KaK ATO NMOKA3aHO HUXKE.

OTtaensiiTe TEKCT KOMMEHTApHs OJJHUM TIPoOeoM «// TeKCT KOMMEHTAPHSL.».

[Tpumepsl

int level;
int size; // size of table

// Line 1

//
ArraylList list = new ArraylList(10);
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// Line 1
// Line 2
//

for (int i = @; i < list.Count; i++)

KomMmenTupys xoa, ctapaidiTech 0OBSICHSTh, UTO OH JENIAeT, a He Kakas orepa-
IHsT TPOU3BOAMUTCS. Tak, HHCTPYKIUU If COOTBETCTBYET BBIPAXKEHUE «ECIH... TO...»,
IpUYEM YacTh, WAYIIAS 3a «TO», SBISETCS KOJOM, KOTOPHIH OyAET BBIMOIHATHCA,
ecnu BeIpakeHue B If Oymer BepHbiM. Takum oOpa3om, ansi KOHCTPYKIUHU «if
(somePath && File.Exists(somePath))», HyxHo Hanucath koMMeHTapuil «// Ecin
BBIOpaHHBIN (haiisl CyIIECTBYET, TO...», a HE «// I[pon3BOAUM MPOBEPKY HA HAIUYUE
(aiina u, eciyu OH UMeeTcs, yaaasieM eroy. YacTe npenaokeHus, HIyIIYIOo 3a «TO»,
BIIMCBIBAliTe HENOCPEACTBEHHO MEPE BBIIIOJHEHUEM KOHKPETHBIX AeUcTBUM. Jlis
WHCTPYKIIUH, OCYIIECTBISIOIUX AeHCTBUS, nuiuTe «// [IponzBoaum...» wim «// Jle-
JaeM...», TJIe BMECTO TPOETOUHS BIIUChIBANTE onucaHus aenicTBuil. OnuceiBas Aei-
CTBUS, CTAPAWTECh OMUCHIBATH CYTh MPOMCXOAIIET0, a HE TO, YTO JENAIOT T€ WIH
uHbIe onepaTopbl. Tak, COBEPILIEHHO OECCMBICIIEHHBI KOMMeHTapuu Bpoae «Ilpu-
CBaMBaeM IEPEMEHHOM a 3HaucHUE Dy WIn «BbI3bIBacM MeTO .

[TomHMTE, 9TO SIKOHOMHUTH HA KOMMEHTApUAX HeNb3s. OTHAKO HEe CTOUT TaKXkKe
(dbopMaIbHO MOJIXOJUTH K MPOILECCY CO3/1aHUs KOMMEHTapueB. 3ajjada KOMMEHTa-
pusi — YIPOCTUTh MMOHMMaHue kKoAa. EcTe HeEmano ciiydaeB, Korja caMm KOJ OTIHY-

HBIM 00pa30M ce0st JOKYMEHTUPYET.

6.3 WHCTpyMeHThI 0TAQAKM B Cpeae pa3paboTku

B cpene Visual Studio, Tak e, Kak 1 BO MHOTHX APYTHX cpelax pa3pabOTKH,
CYILECTBYET CIIEMAIbHbIA HAOOp HHCTPYMEHTOB, IPEAHA3HAYECHHBIN I OTIAJAKH
nporpamMmbl. C MOMOIIBIO JaHHBIX HHCTPYMEHTOB Pa3pabOTUYHK MOKET OTCIIEIANUTH
BBIITOJHEHUE TIPOrPAMMEI IIIar 3a IIAroM, HaOJoaas 3a TeM, KaKk MEHSFOTCS 3Haue-
HUSI TEX MJIM UHBIX IIEPEMEHHBIX. DTOT MEXAHU3M JOCTATOYHO YA00€H, IOTOMY YTO
HAWTH OMIKOKY IPOCTO B HCXOJHOM KOJIE 3a9aCTYIO TPYIHO HIIH JaKe HEBO3MOIKHO.

JlaBaiiTe pacCMOTPUM HEKOTOPbIE U3 UHCTPYMEHTOB OTJIA/IKH.
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B nepByro ouepenp, BaM HEOOXOJMMO YCTaHOBUTH KOHGUTYpaLMIO COOPKH
nporpamMmel B coctosiuue Debug. Kongpuzypayus coopxku — 310 Habop HacTpoek
KOMIWJISATOPA U KOMIIOHOBIIIKKA, YKa3bIBAIOIIETO OTACIbHBIC Crieln()UIECKUEe BO3-
MOKHOCTH COOPKH MpoeKTa. Bel MoxkeTe co3gaBaTh CBOM COOCTBEHHBIE KOHPUTYpa-
UM COOPKH, €CJIM BbI JOCTATOYHO OMBITHBIA Pa3pabOTUMK U IOHUMAETE IPUHITUITHI
paboTel kKommmATOpoB. B cpene ke Visual Studio m3HavanbHO CymiecTByeT JBe
koHurypamuu coopku — Debug u Release. ®aktudecku, pazHuiia MeKIy HUMH 3a-
KJIFOYaeTCsl B TOM, 4TO Ipu KoH(purypamuu Release BbimosHseTCs onTUMH3AIMs
xoxa, a mpu Debug — vet. B ntore, nporpamma, coopannas o Release Moxet BbI-
HOJIHATHCS Ha MallMHE KOHEYHOI'O MOJb30BaTels ObicTpee. OnNHAKO MpU 3TOM OT-
Jajika ONITUMU3UPOBAHHOTO KOJIa HEBO3MOXKHA, a 3HAYHT M CPEACTBA OTIAAKH OYIyT
HepocTynHbL. [ToaTOMY A OTIaAKU MPOTrpaMMbl HEOOXOAMMO YCTaHOBHUTH KOH(U-
ryparmro coopku Debug. Ilepexmouenne koHpUTypaluii COOPKH IPEICTaBICHO HA

PUCYHKE HUXKE:

MOCTPOEHWME  OTNAJKA KOMAHAA  CEPBMC  TECT  RESHARPER  AHANM3  DEVEXPRESS O

P MokaneHsiid otnagune Windows - AsTo -  Debug H Win32 - -
nx
regrammingPractics.cpp Release
(TnoBGaneHas obnacTe) - @ .
= Aucnetyep koHdUrypauni..
o . I

Teneppb BCE roTOBO AJIs OTIIAJIKU MPpUiIoKeHUs1. OTIaKy pacCCMOTPUM Ha Clie-

JTYIOLIEM MPUMEPE:

#tinclude "stdafx.h"
#tinclude <stdio.h>

//

int Divide(int dividend, int divisor)
{

int result;

result = dividend/divisor;

return result;

}
int main()
{
int a = 0;
int b = 0;

printf("\nEnter dividend: ");
scanf_s("%d", &a);
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printf("\nEnter divisor: ");

scanf_s("%d", &b);

int result = Divide(a, b);
printf("\nDivision result: %d\n", result);
result 0;

}

[lepBbIM M OCHOBHBIM HMHCTPYMEHTOM OTJIQJIKH SIBJISIETCSI TOYKAa OCTAaHOBA
(breakpoint). Touka ocTaHOBa MO3BOJISIET IPUOCTAHOBUTH BBITIOJHEHUE ITPOTPAMMBbI
Ha JIFOOOM 3Tare W OTCIACAWTHh TEKyIlee 3HAYCHHE MepeMeHHbIX. J[J11 ycTaHOBKH
TOYKH OCTAaHOBA HEOOXOIMMO BBIOPATh MHTEPECYIOMIYIO BAC CTPOYKY HCXOJIHOTO
KOJIa ¥ KJIIMKHYTb HAllpoTUB He€ Ha maHenu ciesa (uiu Haxatb F9). Ecnu Bbl Bcé

C/IeJIajii IPAaBWIIBHO, TO BO3JIE CTPOUYKH KOJIA MOSIBUTCS KPACHBIN KPY>KOYEK:

—lint main()

1
int a = @;
int b = @;
printf("\nEnter dividend: "};
scanf_s("%d" ,8a);
printf({"\nEnter divisor: "};
scanf_s("%d" ,8b);
] int result = Divide(a, b);
printf{"\nDivision result: %d\n", result);
return 8;

HaGepuTe npeacTaBiIeHHbIH KOJI U YCTAHOBUTE TOYKY OCTaHOBA Ha aHAJIOTHWY-
HYIO cTpouKy. Terneps 3amycTuM IporpaMMy Ha UCTIOJTHEHHE.

B cpene Visual Studio npuioxkeHrne MOYKHO 3aIyCTUTh KaK C OTJIAJAKOM, TaK U
0e3. JlaHHbIe BapUaHTHI yKa3aHbl B MEHIO Onmia0Kka TIIABHOTO MEHIO. Eciu BhI 3aITy-
CTUTE MPUIIOKeHNE 0€3 OTIaJKH, TOUKH OCTaHOBa HE OyayT paborarh. [is1 BeIMOI-
HEHUS JAaHHOTO ITPHMepa BaM HY>KHO 00S13aTEJIBHO 3aIyCKaTh MIPHII0KEHUE C TTOMO-
b0 pexxuma Hauams omnaoxy.

[TpuoskeHne 3amyCcTHIIOCH M TOTPEOOBAJIO OT Bac BBO/A 3HAYCHHH IBYX TIepe-
MEHHBIX, 3HAYECHUS KOTOPBIX OYIYT MOJCICHbI ApyT Ha apyra. OaHaKo mocie BBoIa
BBIMOJIHEHHE TTPOrPaMMBbI IPHOCTAHABIMBACTCS M Bac BO3Bpalaer B skpan Visual
Studio. 3ameTbTe, UTO Ha IAHEIU CJICBA, TJ¢ YCTAHOBJICHA TOYKA OCTAHOBA, TIOSIBU-

JIaCh JKCJITad CTPCJIIKA. OTta CTPCJIKa YKa3bIBACT HA Ty CTPOUYKY KOAd, KOTOpasa CIIC
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HC BBIITOJIHKWJIACh, HO BBITIOJIHHUTCA CHeI[YIOIHeﬁl

ProgrmmingPradicecpp # X -

Tnotanesan obascrs] = @ maini]
f EyprEEn QEAEHER GEYVE UEADHMCIEHHEE NEFENEHHNE . +

Int Divide(int dividend, IntT S0 .
int result;

result = diuidend/divisor:
raturn result)

imt naiml)

fnt a = 83
int b = @3

& ||| int result - Divide(s, b);
primtf ("wDivision result: %™, result);
raturn @}

Lo &

AT i i = 0 XM  Cres peacace - 1 ¥

Mran Fraverme Twn Mran R

& sk -33E003400 it O ProgrammingPractice.e main[)CTpesa 10 Ces
[ 2 i ProgrammingPractics.mel_tmeinRTStartup(Cpoxe 336 C

I [ it ProgrammingPractice. eelman CATStarbugp ) Crposa 377 C
e ————

Eogameie Moeenmeimes Momown Mogemsa  Konrponesee spaaean | C1ex mpiscece  Toukn corenoss Beieog

Crpouca 20 Cronbey 1 Tz 1

Teneps, ecu BBl HaBeETE KypPCOP MBIIIN HA Ty WU UHYIO IEPEMEHHYIO, TO €€
TeKylllee 3HaueHHEe BCIJIBIBET B BUE M0JIcKa3Kku. Hanpumep, ABe BBEIEHHBIE C Kila-
BUATYphl IEPEMEHHbIE UMEIOT TO 3HaYEHHE, KOTOPOE BBEIH Bbl. A MEpPEMEHHas, B
KOTOPYIO JTOJKEH MMOMECTUTHCS PE3yIbTAT BHIIIOIHEHUST QYHKIIUN XpaHuT B cebe 0.
B nanHoMm ciyuae, BBI30B (DYHKIMM AEJIEHUS U MPUCBOCHUE 3HAYCHUS B IIEPEMEH-
HYIO TOJBKO JOJDKHO MPOW3O0MTH, a 3HAYHT, U PE3yNbTaT JEICHUS eIlle HE MoMe-
cruics B result. bonee Toro, Ha nanemm Jlokanvhvie nepemenHvle BHU3Y JKpaHa BbI
MOJKETEe B BUJE TaOJMLBI-IE€pEeBa MOCMOTPETh 3HAUEHUSI BCEX MEPEMEHHBIX, KOTO-
pBI€ HAXOATCS B JAHHOM 00acT BUAMMOCTH. KpacHBIM MOJICBEYMBAIOTCS TE 3HA-
YeHHsI, KOTOpbIe ObLIM U3MEHEHBI 3a MOCJIEIHUN 1Iar — MOCJIEAHIOI0 BBITOIHEHHYIO
onepanuio. YToObl MPOIOJKUTH BRIMOIHEHUE TPOrPaMMbl HYKHO Haxkath F5 (v
koMaHaa IIpooonxcums B MeHIO Omaaoxa), 1100 MOYXHO TPEPBATh BBIMOJHEHUE
nporpammsl, HaxkaB Shift+F5 (komanma Ocmanosums).

Onnako, mpu paboTe ¢ TOUKaMH OCTaHOBAa MOKHO BBITIONHSTH CTPOKH KOJA

onHy 3a napyroi. IlepesamyctuTe mporpaMmy B peKHME OTJIAIKU M, KOTJa MpO-
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rpaMMa BHOBb PUOCTAHOBUTHLCSA B TOUKE OcTaHOBa, HaxkmuTe F10. IIporpamma BbI-
MOJIHUJIA CIEAYIONIYIO CTPOUYKY KOJIa, a )KeJNTasi CTpesika IEPeMECTHIIACh HA CTPOUKY
Hke. Ternepp, ecliv BBl HaBeieTe Kypcop Ha IepeMeHHyro result, To 3amerure, 94To
B He€ moMecTwIICS pe3ybTat neneHus. Komanna [llae ¢ 06x0o0om, BI3bIBacMast Kia-
Buiei F10 mpon3BOaUT BBHINMOIHEHUE OJAHON CTPOYKU KOJAQ, O3BOJISS MOCTPOUYHO
BBITIOJTHUTDH KaKON-TMOO0 aJrOPUTM U OTCJICIUTH 3HAYEHUS IEPEMEHHBIX Ha KaXKJIOM
niare.

[lepe3anycTuTe nmporpammy €Ie pa3, Ho TeNneph, Korjaa nporpaMMa mpuocTa-

HOBUTCS, HAXMUTE F11. Tenepb Bl BMECTE C XKEITOM CTPEIOUYKOU MEPEMECTUITUCH
BHYTPb (OYHKIIMH JCIICHUS U MOXKETE C MOMOIIIbI0 HaxkaTus F10 npociieuTs BbINOI-
HEHHE BHYTPU BHI3BAaHHOU (YHKIINH, a TAK)KE 3HAYEHUS BCEX JIOKAJIbHBIX TTEPEMEH-
HeIX. Komanma [llae ¢ 3axo0om, BeI3BIBacMas KiaBuie F11, mo3Bonser 3aMTu
BHYTpPb BBI3bIBAEMOU (YHKIIUU. YUTUTE, YTO 3aMUTH MOXKHO TOJBKO B T€ (PYHKIIUH,
yel UCXOAHBIN KO/ ToCTyIneH. Bl He cMokeTe 3aiiTi B QYHKIIMIO, HAXOASIIYIOCS B
CHCTEMHBIX OMOJIMOTEKaX, TM00 cTopoHHKX 0ll-0nbIHoTEeKax, MOAKIIOYCHHBIX K Ba-
IeMy TIPOEKTY.
Taxxe B cpeae Visual Studio cymecTByeT Takoil MojIe3HbIH HHCTPYMEHT, KaK Ta-
Henb Cmex 6b130606 (Wi Hepapxusi 66130606, TIEPEBOJT MOXKET oTinyatbes!). Jlan-
Has TaHeJb MOKa3bIBAET BaM KTO U B KAKOM MOPSIJIKE BHI3BAI TEKYIIYIO (PYHKIIMIO.
Hanpumep, B Halllem TeKyIieM cocTosiHUU, Cmek 86130606 TIOKA3bIBAET, UTO celyac
BBIMOJTHSACTCS (QYHKIMS J€JICHUs, BbI3BaHHas (yHKIMer main. JlaHHbIli MeXaHU3M
MOJIE3€H, KOrJa He0OX0AMMO MOCMOTPETh KTO, KOTJIa M CKOJIBKO Pa3 BBI3BHIBACT TY
WIN UHYIO (QYHKIMIO, OCOOEHHO €CiM 3Ta (PYHKILHUS YaCTO UCIIONB3YETCs B pa3iny-
HBIX YaCTAX MPOTPaMMEI.

Takum oOpa3oM, TOUKa OCTAHOBA, MaHENb JIOKAIbHBIX MEPEMEHHBIX U MaHEb
CTEKa BBI30OBOB SIBIISIFOTCSI MOIIHBIMU U 3(PHEKTUBHBIMA WHCTPYMEHTAMH TPU OT-
JIJIKE MPOTPAMMBI.

CTOuT MOMHUTH, UTO TOYKA OCTAHOBA Oy/IE€T CpadaThIBATh TOJIBKO TOT/Ia, KOTa

BBIIIOJIHCHHUEC ITPOTpaMMbI JOXOOUT OO YKaSaHHOﬁ CTPpOYKH. 210 BaXHO, TaK Kak,
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HanpuMep, NOCTaBUB TOYKY OCTAaHOBA BHYTPH (YHKIIUH, KOTOpasi BbI3bIBaeTCs 0O-
Jlee OJIHOTO pa3a, TO U OCTaHOB MPOrpamMMbl OyI€T HE OAUH Pa3, & CTOJIBKO, CKOJIBKO
3Ta (PYHKIIHS BbI3bIBaeTCA. TakKe U C IMKJIAMU: TOUYKa OCTAHOBA BHYTPH IIUKJIA TIPU-
BEJIET K OCTAaHOBaM Ha Kak110i urepaunu. OJHaKO €CiIv TOYKa OCTAaHOBA HAXOUTCS
B OJIHOM U3 BETOK YCJIOBHOI'O OIIEPATOPa, TO OCTAHOB IIPOU30MAET TOJIBKO IIPU BBI-

MOJTHEHUHU TOM BETKHU YCIIOBUA.

Bonpocwt 0na nposepku:

1) Uto Takoe koHpurypamus coopku?

2) Uem otiimuaercst koundurypanus coopku Debug ot Release?

3) Uto Takoe Touka ocTaHOBa?

4) Yto Takoe CTEK BHI30BOB?

5) Kakumu criocobamMu MOXKHO y3HaTh 3HAQUYEHHE JIOKAJHLHOW MEPEMEHHON BO

BpeMsI OCTaHOBa?

6.4 JeneHUe UCXOAHOIO KOAA HA MHOXECTBO GpalunoB

B n1.Ommuoka! UcToUHNK CCHIIIKM He HaW/IeH. ONHUCaHbI ATanbl COOPKHU MPO-
rpaMMbl. Takke B MOCOOMH HE pa3 yKa3bIBAJIOCh Ha OrpaHWUYeHUS si3bika Cut+, CBsI-
3aHHBIC C TeM, YTO (DYHKIUSA WM TOJb30BaTEIbCKUI THIT JAHHBIX, TICPEUUCIICHUE
WIH CTPYKTYPa, JOJDKHBI OBITh OOBSIBJICHBI 10 MOMEHTA MX TIEPBOT0 MCIOJH30Ba-
Hus1. Takum 00pa3oM, HeNb3s BbI3BaTh (PYHKIIMIO, €CITH B UCXOJHOM KOJIE BBIIIE HET
XOTsI ObI TPOTOTHITA 3TON (DYHKIIUHU, W HEIB3s CO37aTh IK3EMILIAPa MTePCUNCICHHS
WIH CTPYKTYPHBI, €CJIH OHH HE ObUIM OOBSABJICHBI BBIIIE WM J00ABJICHBI B KO IO~
CPEICTBOM AMPEKTHUBHI mpenpolieccopa #include. Jlanuble orpaHUyYeHUS CO3AAIOT
oIpe/ieIeHHbIC TIPaBUIIa M0 BEACHHIO MPOeKTa mporpaMMsl B cpeae Visual Studio u
JIPYTUX cpeaax pa3paboTKH.

Bo-miepBbIX, B IpOEKTE SBHO MPUCYTCTBYIOT MANKH «3arojIoBOYHBIC (haliiIbD»
(Headers) u «®aiinb ucxoanoro koma» (Source Files). Ilpeamonaraercs, 4to B
narnke «3arojoBOYHbIC (ailiibDy OyIyT XPAaHUTHCS TOJIBKO TaK HAa3bIBACMBIC 3d20.10-

sounble ghailnbl — daiinel ¢ pacmupenueM .h, a B manke «Daiibl HCXOTHOTO KO
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- (baiinbl ¢ pacmupenuem .CPP. Eciau Bbl packpoeTte coaepKuMoe JaHHbBIX MoK, TO
yOenuTech, 4TO TaK U €CTb.

3aronoBoYHBIE (haliIbl JOIDKHBI XPaHUTh B ce0€ TOJIBKO MPOTOTHUIIHI (PYHKITHH,
OOBSIBJICHHE TUIIOB JAHHBIX, a TAK)KE pa3IUYHbIE TTI00aTbHbIE IEPEMEHHBIC U KOH-
CTaHTBI, €CJIM OHU CYIIECTBYIOT B IPOrPaAMME.

dalipl UCXOJHOTO KOJia .CPP XpaHsAT peanu3anuio BceX QYHKIUN U, B Jajlb-
HeHIIeM, peaau3alnio YICHOB KIACCOB.

Jlenenuie mpoekTa Ha (ailyibl BBHIMOMHIETCS MO (PYHKIIMOHAIILHOMY Ha3Haue-
HUIO, T/IE B OJHOM (haiiie TpynmnupyroTcs (yHKIUU, HalpaBlIeHHbIC HAa pPEIICHHE
cxoxux 3aaa4. Hampumep, pyHKIuM paboThl CO CTpOKaMu, (PYHKITUU /IS TTOAKITIO-
yeHus 0a3 JaHHBIX U T.A. Takxke Jt000H MONIb30BATENCKAN THI JTAHHBIX JTOJDKEH
BBIJICTISITECSI B OTJEIBHBIN 3arojoBOYHBIM (aiiy. Takoe pazjeneHue MmpoekTa Ha
daiinpl 1aéT MaKCUMAaJIbHYI0O THOKOCTh MPU BKJIIOYEHUHM paHEE pEaM30BaHHOM
(GYHKIIMOHATBFHOCTH WJIM B CIy4Yae 3HAYUTEIbHOTO MEPEPOCKTUPOBAHUS apXUTEK-
TYpbI IPOTPAMMBI.

B ciyuae BeinosiHeHHs 1a00pAaTOPHBIX pabOT JOTUYHO BBIHECTHU B OTACIBHBIN
3aroJIOBOYHBINA (ailn GyHKUMHU, peanru30BaHHbIE BO BTOPOM JIabopaTopHO padore,
OTIIEIBHBIM (halijIoM XpaHUTh QYHKIMH paOOThl C MACCUBAMU U CTPOKAMU TPEThen
n1abopatopHOit paboTHI, OTEIbHBIC (aiiel A nmepeunciacHuii Color, Weekday, Sex
U OTJeNbHBIC (aiiibl 111 CTPYKTYpbl Person uerseproii tabopatopHoii padbotsl. Ta-
Kasi CTPYKTypa 00JierdaeT HaBUTaIlMIO 10 MPOEKTY U MOUCK HEOOXOUMOM (PyHKITHU-
OHAJLHOCTH B TIpOTpamMMe.

PaccMmoTpum mpumep paszenenusi mporpaMMbl Ha HECKOJIbKO (haitnoB. [pen-
MIOJIO’KUM, YTO Y HAC €CTh MPOEKT C SAMHCTBEHHBIM (DaliloM MCXOMHOTO Koja Pro-

gram.cpp, B KOTOpOM peaIn30BaHO HECKOJIbKO (PYHKIIHIA:

program.cpp

#include "stdafx.h"
void DoSomethingl(){..};

int DoSomething2(){..};

double DoSomething3(int value){..};



101

int main()

{
DoSomethingl();
int a = DoSomething2();
double b = DoSomething3(a);

}

Brinecem QyHkiuu B oTAenbHbIC (aitbl. s aToro cozmaaum daitn Some-
thingFunctions.h B nanke «3aromoBo4nbie daitis» 1 daitn SomethingFunctions.cpp
B nmanke «Manimpl HICXOTHOTO KO .

OTKpoeM 3aroJoBOYHBIN (haiijl ¥ HAINUIIEeM B HEM JIUPEKTUBY Iperpolieccopa

#pragma once v NpoTOTUIIBI (PYHKIIHIA:

SomethingFunctions.h

#tpragma once
void DoSomethingl();
int DoSomething2();

double DoSomething3(int value);

JlupexTuBa npernpoiieccopa #pragma 0Nce KOHTPOIUPYET BBHITTOTHEHHUE TUPEK-
tuBbI #include, He MO3BOJIss MOBTOPHOTO A00aBICHHS (aiiia B MPoeKTe. ITO rapaH-
TUPYET, YTO JIAHHBIN 3aroJIOBOYHBIN (DAl HEe OYIeT ABAXKIABI MOJAKIIOYEH B APYroM
daitne.

B ¢aiin ucxonnoro xkoga no6aBuM AUPEKTUBY #Pragma once, moakIr0YeHue

3arojoBo4HOro (haitia SomethingFunctions.h, a Taxxe peanu3aiuio BceX QyHKITUIA.

SomethingFunctions.cpp

#pragma once
#include "SomethingFunctions.h"

void DoSomethingl(){..};

int DoSomething2(){..};

double DoSomething3(int value){..};

[Moaxarouenue 3aroaoBouHoro (aitia SomethingFunctions.h Heobxoaumo st
CBSI3BIBAHMS peaau3anud QYHKIHA ¢ UX npoToThnamu. Tlociie co3manus TaHHBIX

(baiiyioB MOXKHO MOAUGUITMPOBATHL OCHOBHOH (haiisl HCXOAHOTO KOJa:
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program.cpp

#include "stdafx.h"
#include "SomethingFunctions.h"

int main()

{
DoSomethingl();
int a = DoSomething2();
double b = DoSomething3(a);

}

Tenepb QyHKIMM BIHECEHBI B OTACIBHBIN (ailsl, KOTOPBI MOXKET OBITH MO~
KJIFOUEH C TIOMOINIBIO TUPEKTUBHI #INclude B 1r00yr0 TOUKY UCXOTHOTO Kona. AHa-
JIOTUYHBIM 00pa30M MPOUCXOJUT BIHECEHUE B OTAENIbHBIE (PAliIIbl CTPYKTYp, NIEpe-

YHUCJICHUN U APYIUX IOJIb30BATCIIbCKUX TUIIOB JAHHBIX.

6.5 Pa3peneHue Mopenb-Bup

MBI y’xe U3yduiiv pasiesieHue MporpaMMbl Ha MHOKECTBO (haliioB, KaX bl CO
CBOMM (DYHKIIMOHAJIBHBIM Ha3HaueHHeM. HecKosbKo (aiiiioB MOTyT ObITh 00bEIU-
HEHBI B TaK Ha3bIBa€MbI€ MOYJIH, WK MaKeThl. J[ereHrne MOXeT ObITh IOCTATOYHO
YCIIOBHBIM, Harpumep, Gpaiiabl OJHOTO MOAYJISI MOTYT HAaXOJIUTHCA B OJTHOW TUPEK-
TOPHH, & MOKET OBITH KECTKOE pa3/ielIeHne MOAYJEH, Korjja MOIyJib BHIHECEH B OT-
nenpHbd mpoekt Visual Studio. OgauM U3 6a30BBIX ACICHHI MPOrPaMMbl Ha MO-
yJiu ecTh Aenenne Moaenb-Bus.

Mooenb-Buo — natrtepH NpOEKTHUPOBAHUSA, B KOTOPOM (DYHKIIMOHAIBHOCTD,
CBsI3aHHAs C HETIOCPEICTBEHHOM PAaCU€THON YacThIO M JAHHBIMU MPEIMETHOM 00J1a-
CTHU BbIHECEHA B MO1yJIb «Mojenby (miun «busHec-norukay), a Bcs paboTa ¢ MHTEp-
deticom, HarpuMep, KOHCOJIbIO WK rpadudecKuM UHTEpQeiicom, BEIHECEHA B MO-
nynb «Buny (mmu «llonb3oBarensckuit maTEepdeiicy). [lanHoe pasjaeneHue mpo-
rpaMMbl MIO3BOJISIET 00Jiee TMOKO MCMOJIB30BATh OM3HEC-TIOTUKY CUCTEMBI, a TAKKe
YMEHBILIAET CII0KHOCTH MOJIEPKKU MPOTPaMMHOI0 KOJla B JalbHEHIIEM.

PaccmoTrpum npumep. Jlonyctum, B mporpaMMme CyliecTBYeT (PYHKIUs OmNpe-

JACJICHUA YCTHOCTH YHMClIa:

void IsEven()

{

int value;
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cout << "Enter a value: ";
cin >> value;
if (value % 2 == 9)
cout << "Value is even";
else
cout << "Value is odd";
JlanHasi GyHKIMSA BBITOJHSET CBOIO 3314y, OJHAKO, €CIIU MOAyMaTh, TO (YHK-
M1 J)KECTKO MPHUBsI3aHa K KOHKPETHOMY T0JIb30BaTelibckoMy uHtepdeiicy. Hampu-
Mep, Mbl HE CMOXKEM HCTOIb30BaTh QpyHkmio ISEven(), ecinu 3axoTuM nmpoBepUTh
Ha YETHOCTb YKCIIO, CO3/IaHHOE IIPOrPaMMHO, WM cuuTaHHOe U3 ¢aiina. [Tonp3oBa-
TeJb I0JHKEH Oy1eT 00s13aTeNIbHO BBECTH YHCIIO C KJIABUATYPHI, @ pe3yJIbTaT MOCMOT-
peThb Ha 3kpane. {1 paboThl ¢ aitmamu WK g padoThl ¢ TpaUUIeCKUM MOJIb30-
BaTEIHCKUM HHTEPENHCOM HYKHO OYJIET MUcaTh HOBbIE ()YHKIIUU BHIUUCIICHUS YET-
HOCTH 4HCJIa, 4TO (DAKTUUYECKU SBIISACTCS AyOIMpOBaHUEM (PYHKIIMOHATIBHOCTH.
Jlyist perieHus 1aHHOM MpooOsieMbl pa3ienuM GyHKINIO Ha yacTu Mogenb-Bu.
Jnst aTOro BhIHECEM M3 (DYHKIIMU BECh KOJI, CBA3aHHBINA C KOHCOJIbIO B OTJEILHYIO
byHKIUI0, KOTOpas OyJeT BHIBOJIUTH COOOIIECHUS Ha IKPaH, CYUTHIBATh 3HAYEHUSI C
KJIaBUATYphl U niepenats ux B ¢pynkuuto ISEven(). Cama dpynkmus ISEven() 6yner

BBIIIOJIHATE TOJIBKO OIPCACICHUC YCTHOCTHU YHMCJIa U BO3BpAIldTh PE3YJbTAaT HC B

KOHCOJIb, 4 B KA4CCTBC BO3BPAIaCMOI'0 3HAYCHUA (1)YHKI_II/II/I

bool IsEven(int value)
{
if (value % 2 == 0)
return true;
else
return false;

}
void IsEvenConsole()
{

int value;

cout << "Enter a value: ";
cin >> value;
if (IskEven(value))

cout << "Value is even";
else

cout << "Value is odd";
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C oJ1HOI CTOPOHBI, MOXKET MOKA3aThCs, YTO TEMephb y HAc cTajno Oonblie pyHK-
il 1 6omb11e Koj1a. OHAKO TaHHOE pa3JIeleHHE MTO3BOJISIET TOPa3/1o MIMPeE UCIOJIb-
30BaTh (DYHKIIMIO OTpEJeNieHns YeTHOCTH. Hampumep, Tenepb Mbl MOKEM IMPOBE-
PSTh Ha YETHOCTH HE TOJIBKO YHCIIA, BBEJACHHBIE U3 KOHCOJIM, HO M BHYTPEHHUX 3HA-

YEHUH TTepEeMEHHBIX, 3HAUCHUH U3 (aijIoB U T.J1.

int main()

{

IsEvenConsole(); // OnpenensieM 4eTHOCTb 4YWUC/a, BBEAEHHOrO MOJib30OBaTeNEM

cout << IsEven(4); // Onpepenaem 4YeTHOCTb 4YMUC/A, 33a[AHHOrO MPOrpPaMMHO
cout << IsEven(5); // Onpepensaem 4YeTHOCTb 4YMUC/A, 33a[AHHOrO MPOrpPaMMHO
cout << IsEven(6); // Onpepenaem 4eTHOCTb 4YuUC/a, 3a[4aHHOrO MPOrpPaMMHO

int value;
fscanf("%d", value, inputFile);

fprintf("%d", IsEven(value), outputFile; // Onpependem 4eTHOCTb 4ucna,
//CYNTaHHOIrO M3 ¢aina u pesynbTaT 3anucoiBaeMm B ¢dann

@daKTUYECKU, MBI PACIIMPUIN BapUAHTHl HCIOIB30BaHUA pPa3zpabOTaHHOM
(GyHKIMOHATBLHOCTH, HE OTPaHUYMBAs pa3padoTuyrKa paboTON TOJBKO B KOHCOJIU.
[TonoGHOe pazneneHue Aa€T U Apyrue NPEeuMyLIECTBa, CBA3aHHBIE C MOANECPKKON
koja. Hanpumep, BO3MOXHOCTh aBTOMATU3AI[MU TECTUPOBAHUS C TOMOIIBIO FOHUT-

TCCTOB.

6.6 HHUT-TECTDI

Kak umxenep, 00s3aHHBINA TapaHTUPOBATh KAYECTBO COOCTBEHHBIX PEIICHUH,
POTrPaMMUCT 00s13aH YMETh TECTUPOBATH MPOTPAMMHBIN KOJ. 3a/1aueil TeCTUpOBa-
HUS ABJISIETCS KOHMPOJ1b Ka4ecmaea porpaMMHOT0 NpoayKTa. Pe3ynbpraTom Tectu-
poBaHUs ABIIAETCS MHGOPMAIIHS, CYIIECTBYIOT JIU OMIMOKHU B MPOTPAMMHOM KOJIE B
HACTOSIIIUA MOMEHT M, €CJIM CYLIECTBYIOT, TO B KAKOM 4acTu mporpammel. Onpene-
JIeHUE MecTa OMMOKHU B MPOTPAMMHOM, WJIH JOKAAUIAUUA OWUOKU, OUEHb BAXKHO,
TaK KaK Majo 3HaTh, YTO B MIPOTpamMMe €CTh OITMOKA, HO HY>KHO 3Ty OIITUOKY U HC-
npaBuTh. TakuM 00Opa3zoM, Jr000€ TECTUPOBAHUE JTOHKHO OBITH MTOCTPOCHO TaKUM

o0pa3oM, 4YTOOBI MAaKCHMAaJbHO TOYHO OMNPEICIUTh NPUYMHY BO3HUKHOBEHHS
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omnOku. FKOHUT-TECTUPOBAHKE — OJIUH U3 MHOXKECTBA CIIOCOOOB TECTUPOBAHMSI TIPO-
IrPaMMHOIO0 OOECHeYeHHs, U €ro IMPEUMYIIECTBOM SBIISIETCS aBTOMATU3UPOBAH-
HOCTb, T.€. C MUHUMAJIbHBIM YYaCTHEM pa3pabdO0TUMKa Ha ATAIe BBHINOIHEHUS.

FOnum-mecmul — TECTHI, HAIIPABJIECHHBIE HA TECTUPOBAHUE OTAEIBHOIO 3JIe-
MEHTa MPOTrpaMMBbI H30JIUPOBAHHO OT OCTAILHBIX AJIEMEHTOB MTporpamMmel. B cirydae
CTPYKTYPHOTO MPOTPAMMHUPOBAHUS 3JIECMEHTOM CHCTeMbI cunTaeTcs GhyHknus. [Tox
U30JISIUMEN OT OCTaJbHBIX 3JIEMEHTOB MOJIpa3yMeBaeTCa TaKoe TECTUPOBAHUE, MPU
KOTOPOM TECTUPOBaHUE OJTHON (PYHKIIH HE OYyJIET 3aBUCETH OT PE3YJIbTATOB pabOThHI
Ipyrux QyHKUui. B MpoTHBHOM cilydae, FOHUT-TECT HE MO3BOJIAET JIOKAJIU30BATh
OIIKOKY.

B npenpiayniem noapaszienie paccKka3blBaloOCh O pa3/IelieHUU MPOrpaMMbl Ha
Mopens-Bun. Ilono6Hoe npenctaBieHue nNporpaMMbl B 3HAYUTEIBLHON CTENEHU
YIPOILAET HAITUCAHUE FOHUT-TECTOB. PacCMOTpUM HalncaHue FOHUT-TECTOB Ha TIPU-
Mepe (GYyHKIIMU pacueTa KOPHEH KBaIpaTHOTO ypaBHEHHUS U3 1a0OPaTOPHOM padOThI
Ne2. B nabGoparopnoii paboTe npeniaraercsi npoTeCTUPOBATh (PYHKITMIO HA MHOXKE-
CTBE HMCXOJIHBIX JaHHBIX. BBOIUTH BCE HAOOpHI TECTOBBIX JAHHBIX KaXKIbIA pa3
BPYYHYIO MOKET OTHSTh 3HAUUTEIbHOE BpeMsi. OJJHAaKO MOKHO aBTOMATHU3UPOBATh

TCCTUPOBAHUC (I)YHKI_II/II/I Ha BCCX TCCTOBBIX JAHHBIX 34 CYCT IOHUT-TCCTUPOBAHUA:

//TecTupyemas ¢yHKUMA, BO3BpawWawwas KOAMYECTBO KOpHe
//v paccuuTbiBawWas 3Ha4YeHUA KOpHeW B nepemeHHble X1 n x2
int GetRoots(int a, int b, int c, double& x1, double& x2){..}

//WHNT-TecT, Ha BXOA KOTOPOro MNOAATCA WUCXOAHble AAHHbIE
/ /v OKUOAEMbIE pe3ynbTaTbl BbINOAHEHUA TecTa
bool Test_GetRoots(int a, int b, int c, int rootsCountExpected, double x1Ex-
pected, double x2Expected)
{
double x1Actual;
double x2Actual;

// Bbi3biBaeM GYHKUMIO U pacCYUTbIBAEM KOPHU ANA UCXOAHBbIX AAHHbLIX
int rootsCountActual = GetRoots(a, b, c, &x1Actual, &x2Actual);

// Ecnum paccyMTaHHOEe KOAM4eCcTBO KOpHEeW

// oTnn4aeTcAa OT OXWMAAEMOrO KO/NUYeCTBa KOPHeW,
// TO TecT npoBaneH W Hapo BepHyTb false

if (rootsCountActual != rootsCountExpected)

{

return false;
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}

// ECnn KopHeW HJONXHO ObiTb ABa,
// TO HYXHO MPOBEPUTb KaxXAbll PacCCHUTAHHLIA KOPEeHb C OXMAAEMbIM 3HAYeHuem
if (rootsCountActual == 2)

{
¥

// ECnn KopeHb AONXeH 6biTb TONbKO OAWH,
// TO HYXHO NMpOBEPUTb KOpPEHb C OXWUAAEMbIM 3HAYEHMEM
else if (rootsCountActual == 1)
return (x1lActual == x1lExpected);
// Ecnu KOpHeW HeT W He [OMXHO 6blTb, TO TECT BbINOJHEH YCMNewHo

return (x1Actual == x1lExpected) && (x2Actual == x2Expected)

else
{
return true;
}
}
int main()
{
// Bbi3bIBaeM WHUT-TECT C KaxabiM TeCTOBbIM HAabOpOM AaHHbIX
// W CO 3HaYeHUsAMM KOpHel, KOTOpble OXUAAeM MONYYUTb
cout << Test_GetRoots(l, 3, 2, 2, -2, -1) << endl;
cout << Test GetRoots(1l, 4, @, 2, -4, ©0) << endl;
cout << Test_GetRoots(®, 1, 2, 1, -2, ©0) << endl;
cout << Test GetRoots(®, @, 3, @, ©, ©0) << endl;
cout << Test_GetRoots(@, 1, @0, 1, ©, ©) << endl;
cout << Test GetRoots(4, 1, 4, 0, 0, 0) << endl;
// Ecnn B pe3ynbTaTe BLINOJHEHUA 6yaeT XOoTA Obl 0AHO 3HadeHue false,
// 3HauuT, TecT 6bl1 NpoBaneH M B QyHKUMM eCcTb owubka.
// Takoe TecTupoBaHue ropasgo 6bicTpee py4yHOro BBOAA 3HAYEHUW C KnaBuaTypbl!
// Tnoc npun Heob6XOAMMOCTU NIerko pacwupsAeTCs HOBbIMU TECTOBbLIMWU AAHHBIMU
}

@OyHKIMY, BBINOJIHIIONINE TECTUPOBAaHUE, Ha3bIBatOTCs mecmamu. Habopsl
BXOJIHBIX U BBIXOJHBIX JaHHBIX JJIs1 TECTA HA3bIBAIOTCS H1ECHLOGLIMU CAYYAAMU VITN
mecm-Keiicamu. Bce TeCThI TOJDKHBI OBITH BBIHECEHBI B OTICNBHBIN (haiis, comep-
KallUid B Ha3BaHUE CJIOBO TE€St, 3TO ympOCTUT HABUTalMIO MO MpoekTy. s mpo-
TPaMMHBIX PEIIEHUH, COCTOSANINX W3 MHOXKECTBA MPOEKTOB, TECTHI BBIIEISIIOTCS B
OTJEJIbHBIE MPOEKTHI.

CymiecTByIOT CrienalibHbIe OMOMHOTEKN U (PPEUMBOPKH JIJIsT aBTOMATU3AIUN
TECTHPOBAHUS U HAIMCAHUS IOHUT-TECTOB, Hanpumep, CppUnit u BCTpoeHHBIE cpe/I-
crBa Visual Studio (mpoctpanctBo mmen Microsoft::VisualStudio::CppUnitTest-
Framework). OHu conepikaT JOTOJTHUTEIbHBIC HHCTPYMEHTBI, MTO3BOJISIONIUE CO-

31aBaTb OoJiee CIIOKHBIC BAapUAHTEI TCCTUPOBAHUA. BJ'Ia,Z[CHI/IC HaBBIKOM HalIMCaHH
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IOHUT-TECTOB M 3HAHUE CIIEUUATbHBIA (PEHMBOPKOB SBISAETCS 005S3aTEIbHBIM JIJIs
COBPEMEHHOT0 pa3paboTunka. ABTOp pEKOMEHAYET YUTATENSIM O3HAKOMUTHCS C 3a-

z[aqeﬁ IOHUT-TCCTUPOBAHHA CaMOCTOATCIIBLHO.
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7 3apaHusa K AabopaTopHbiM pabotam

7.1 3apaHue K nabopatopHoi pabote Nel

Ha3Banne: 0OCHOBHBIE 3JIEMEHTHI si3bIka Crt+.

Henab padorbl: M3yuuTh 0a30Bble KOHCTPYKUMHU si3blka Cut+ U cpencrtsa
cpensl pazpadotku Visual Studio, HeoOxXoquMBbIe TS peai3auy MPOCTESHIIINX aJl-
TOPUTMOB.

3ananue:

1. Cosnats penrenue Practics ¢ konconsHbIM TpoekToM CppElements B cpene
pa3pabotku Visual Studio Express. Pabora B cpene Visual Studio Express onucana
BII 2.1.

2. Hammcatp mporpaMmy, BBIBOSIIYIO Ha 3KpaH (DaMHUITUIO, MSI, OTYECTBO U
HOMED TPYIIIHEI CTyAeHTa. [IpuMep peanm3ary npeacTasiieH B 1. 2.2.

3. PeanuzoBarh Bce mpuMepHl, MpeAcTaBieHHbIE B 11.2.3-2.9. {1 BbINONIHE-
HUS IPUMEPOB B paMKax OJHOTO MPOEKTa U OJHOW (GyHKIHU main(), pekoMeHay-
eTCsI MCTIOIh30BaTh OT/IEIbHBIE OJIOKM KOJa AJisl KaKI0To mpuMepa. Takoi moaxon

BU3YaJIbHO PA3JIEIUT MPUMEPHI U Pa3peIIUT MOTEHIIMATIbHBIE KOH(JIUKTHI UMEH T1e-

PEMCHHBIX.
4. Tlpumep:
int _tmain()
{
printf(“Student: Surname Name Patronymic - Group: 5XX”);
//Tvnbl OaHHbIX U MepeMeHHble
{
}
//BBoa/BbiBOA, AaHHbIX
{
}
//fiBHOEe ¥ HeABHOe npeobpaszoBaHMe TUMNOB
{
}
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5. PazpabotaTh mporpaMmy, 3anpamimBaroilyo y MoJb30BaTeNs HET0YHCIICH-
HOE 3HAUEHUE U MPOBEPSIOLIEE, SIBISETCA JM BBEJICHHOE 3HAUEHHME MPOCTHIM YHC-
agoMm. [Ipocroe umcio, 3TO YUCIIO, KOTOpPOE JAenuTcs 6e3 ocTaTka TOJIBKO Ha camo
ce0s 1 Ha equHULYy. TakuM 00pa3om, eciu Mosib30BaTeNb BBes unciio N, mporpamma
JOJKHA TPOBEPUTH B LIMKJIE Bee uncia oT 2 10 N-1, sBisiercst in XoTs Obl OAHO U3
HUX JeNuTeseM 0e3 ocTaTka. AJITOPUTM MPOTPAMMBbI CIICTYIOIIHN:

6. BeiBecTn Ha 3kpaH cooOmeHue «lIpoBepka mpoctoro uyucia. Beeaurte
YHCIIO: ».

7. Cuurarph 3HaU€HHUE NIEPEMEHHOI N.

8. Ecnu 3HaueHue OTpULIaTEIbHOE WM PABHO HYJIO, COOOLIUTH IMOJIb30Ba-
TEJI0 00 3TOM | 3alpPOCHUTH BBO/JI YHCTIA CIIIE Pa3.

9. Cosnarb OyneBy nepeMennyro isValuePrime u mprcBoUTh B He€ 3HAUCHHE
true. OTa nepeMeHHas NOHAIOOUTCS 1ajee Uil 3alIOMUHAHUS, SIBJISIETCS JIU BBEJICH-
HO€ YHCIIO IPOCTHIM.

10. Co3math UK 11O TIEpeMeHHO#H | oT 2 10 N-1.

11. B nmkIie crenarh MPOBEPKY — €CIIM OCTATOK OT JACJICHHs N Ha | He paBeH
HyJ110, TO mpucBouTh B isValuePrime 3nauenue false m mpepBarh BbIONHEHHE
UKJIA.

12. Tocne nmkIia caenath mpoBepky — ecau isValuePrime uctunno, TO BhIBE-
CTH Ha 9KpaH TEKCT «N SBISETCS MPOCTHIM YUCIOM», HHA4Y€ BHIBECTH Ha SKPaH TEKCT
«N HE SBJIAETCS MPOCTHIM YUCIOM.

13. Y 1ocTOBEpUTHCS, UTO BECH KOJ1 1aOOPaTOPHOM pabOTHI COOTBETCTBYET Tpe-
OoBaHMSIM K 0hOPMIICHHUIO KOJ1a, OMcaHHbIM B 11.6.1 1 6.2.

14. OTBeTUTH Ha BCE BOMPOCHI JJI1 CAMOIIPOBEPKH, MPEACTABICHHbIE B 1. 2.2-

2.9.
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7.2 3apaHue K nabopatopHoi pabote Ne2

Ha3Banme: pyHkunu, ykazaTenu u ajpecHas apudmMeTuka

Leab padoThI: H3YYUTHh KOHCTPYKINU 53bIKa CU++, CBSI3aHHBIC C IEKOMITIO3H-
el mporpaMMbl Ha (PYHKITHH, a TAK)KE paCCMOTPETH BOTIPOCKHI PabOTHI € aJpecaMu
MaMSATH.

3ananue:

1. Owuuctuth pyHKIIMIO MaiN B haiiie program.cpp oT Koja npeapLIyIIei Jia-
O0opaTopHOM pabOTHI.

2. O3HaKOMUTKCS ¢ TIpuMepaMu B 11.3.1 ¥ OTBETHTHh HA BOIMPOCHI ISl CAMO-
poBepKHU. J[71s1 BBIMONHEHUS 3TOH M BCEX MOCIEAYIOMUX JaOOpaTOPHBIX OYeHb
BA)KHO TOHATH paboTy C yKaszaTelsiMHU U aapecHyl0 apudMeTuKy. YeauTe 3Tou
TeMe 0co00e BHUMaHUE!

3. PeanuzoBarh (yHKIMIO pacyeTa KOpPHEH KBaJIpaTHBIX ypaBHCHHU Int
GetRoots(int a, int b, int ¢, double* x1, double* x2). ®ynkIius Bo3BpaiaeT Kojue-
CTBO PacCCUMTAHHBIX KOPHEH — HOJIb, OJMH WM JBa -, a B IepeMeHHbIe X1 1 X2 1o-
MEIIAeT 3HAYEHHUsI PACCUYUTAHHBIX KOpHEH. DYHKINIO MPOTECTUPOBATH HA CIICTYIO-

muX BXOAHBIX JaHHBIX:

BxoaHble 1aHHbIE BbixoaHble JaHHBIE
b x1 X2
-2 -1
-4 0
-2 (ogHO peleHue)

Her pewmenunit

o O O = 2
O W N O N O

3
4
1
0
1 0 (ozHO pelieHue)
1

4 4 Her pemennii

Ecau xoTs 661 IpU OJTHOM M3 TECTOBBIX HAOOPOB MPOrpamMma BO3BpaIllaeT HHOE
3HAaYCHUE, 3HAYMUT, IporpamMma paboTaeT HEeMpPaBUIBLHO U €€ He0OXOAMMO HCIpa-

BUTD.
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4. Peanmu3oBarth (YHKIMIO pacdyera KOpPHEW KBaJApaTHOTO ypaBHeHUs Int
GetRoots(int a, int b, int ¢, double& x1, double& x2). lannas GyHKIIUA OTAHMYAETCS
OT MIPEbIAYIEN TEM, UTO KOPHU MepeaaroTcs B GYHKIIMIO KaK CCBUIKH, a HE yKa3a-
tenu. OyHKIMIO MPOTECTUPYNUTE HA TEX YK€ TECTOBBIX HAOOpax, YTO U MPEIbIAYIIYIO
GbyHKITHIO.

5. OOBACHUTH pa3HUILY B CIIOCOOAX Mepeaadr IEPEMEHHBIX B (DYHKITHIO.

6. OOBSACHUTH MEXaHMU3M IMEPErpy3Ku PYHKIUN HA IPUMEPE JABYX paHee CO-
3JJaHHBIX (PYHKIIUH.

7. Hamucarp pekypcuBHYIO (YHKIIHIO BO3BEJICHUS LIEJIOr0 YKCIa B CTENEHb
int GetPower(int base, int power).

8. Hammcarps mpumep, AEMOHCTPUPYIOIIUN MOHSATHE TJIOOATBHBIX MEPEMEH-
HBIX.

9. Hamucarp dyHkimro-urpy «Yramai unciao» void GuessNumber(). ®ynk-
LISl TEHEPUPYET CirydarHoe yucio ot 0 1o 9, 3areM npeaiaraet nojib30BaTEIN0 €r0
yrajatb. ¥ MOJb30BaTelsl MOKET ObITh HEOTPAaHMUEHHOE KOJIMUECTBO MOMNBITOK, KO-
JMYECTBO MOMBITOK MOJCUYUTHIBaeTCs GyHKIMEH. Eciu momp30BaTens yrauai 9uco,
GbyHKIMS co00IaeT 3aTpaueHHOE KOJUYECTBO MOMBITOK M 3aBepiuaercs. Moxete
Mo (ULIMPOBATh UTPY HA CBOE ycMoTpeHue. Hanpumep, orpaHUuMUB KOJIMUECTBO
MOMBITOK 10 TPEX WU COOO0IIas MOJIH30BaTEINIO (hpasbl «OOJbIIIE/MEHBIIIE) MPU yTa-
JIGIBAHUU.

10. JImst Bcex peayin30BaHHBIX (PYHKIUH CO34aTh MPOTOTUNBL. OOBICHUTH
Ha3HA4YCHHE MTPOTOTHIIOB.

11. OTBeTUTH Ha BCE BOMPOCHI JIsl CAMOIIPOBEPKH B 11.4.

12. U3yunth MeXaHU3M OTJIAJIKK MPOrpaMM, OMUCAHHBIN B 11.6.3 U paccMOT-
peTh ero padoty Ha npumepax Gynkuui GuessNumber() u GetPower().

13. U3yuuTh TEXHUKY pa3AesieHus] IpOrpaMMbl Ha MOJIENIb U BHJI, OTIMCAHHYIO

B H.6.5, a TaKKC TCXHHUKY HAllMCAaHHA aBTOMATU3UPOBAHHBIX TCCTOB, OITMCAHHYIO B

11.6.6.
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7.3 3apaHue K nabopatopHou pabote Ne3

Ha3BaHmue: MacCHBBI U CTPOKHU

Leab padoThl: U3y4UTHh NOHATHUE MACCUBOB U CTPOK B si3bike Cu++ 1 paboTy
C JUHAMUYECKOM MaMSTHIO.

3apanue:

1. Cosznath B MpoeKTe 3aroyioBouHbIN ¢aitn functions.h u daitn ucxomanoro
koxa functions.cpp, kak 3To onmcano B 11.6.4. BeiHeCTH B 3arojIOBOYHBIN (aiii Bce
OpOTOTUIIBI (YHKIMI, HaMCAaHHBIX B Hpeablaylied jJabopatopHoil padoTte, a B
(aiin UCXOAHOro KoJla UX peanu3anuio. JleneHne ncxoIHoro Koja Ha MHOXKECTBO
(aiiyioB 00JIETUYUT HABUTAIIMIO B MIPOEKTE U YIIPOCTUT Pa3pabOTKy JadbHEUIIINX Jia-
OopaTopHBIX paboT.

2. Co3maTh aHAJIOTMYHBIE 3ar0JIOBOYHBIC (Pailyibl U (haiIbl UICXOTHOTO KOAa
arrays.h, arrays.cpp, strings.h, strings.cpp. JlanpHeiinme 3a1aHust BBITOIHATD B CO-
OTBETCTBYIOIIMX (haiiax UCXOAHOIO KOJa.

3. H3yuuts co3mganue u paboTy C MacCMBaMHU U CTpoKamu B 11.3.2-3.3.

4. PeamuzoBatb ¢yukmmro Void Sort(double* array, int arraylLength), Beimos-
HSIOIIYI0O COPTUPOBKY BXOJIHOIO MAacCHBa BEIECTBEHHBIX YMCEN JUIMHOW array-
Length. ITponemoucTpupoBaTh paboTy GYHKIMK Ha TPEX MACCHBAX Pa3HBIX pa3Me-
POB, 3aIaHHBIX CIIyYaWHBIMHU 4YKClIaMU. | eHepanus CilydyalHbIX YUCEJI ONMCAaHa B
n.3.4. JleMoHCTpaus JOMKHA TOKa3aTh UCXOAHBIA MacCUB, 3allMCAHHBIN B OJHY
CTPOKY, 1 MaCCUB OTCOPTUPOBAHHBIN.

5. Peanu3zoBarh (pyHKIMIO MEepeMHOXKEHHsI ABYMepHbIX Matpull bool Multi-
plyMatrices(int** matrixA, int aRows, int aCols, int** matrixB, int bRows, int
bCols, int** resultMatrix). B aiaroputMe 00s3aTelIbHO JOKHO OBITH YYTCHO, YTO
JIBE€ MATPHUIBI MOTYT OBITh NIEPEMHOXKEHBI TOJLKO Tpu ycinoBuu aCols = bRows.
Taxoke pa3Mepbl MaTPUIL HE MOTYT OBITh OTPUIIATEIILHBI MJIN PaBHBI HYJTI0. DYHKIUS
BO3BPAILAET UCTUHY, €CIM YMHO>KCHHE BBIITOJIHEHO, U JIOKb, €CIIM YMHOXEHHUE 110

KaKOi-Tn00 NMpUYMHE HE YIaN0Ch.
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6. IIpomemoHCTpUpOBaTH PadOTY HYHKIIMH IIEPEMHOKECHUSI MATPHUIL: HA KBA/I-
paTHBIX MaTpulax 3X3, Ha MPSIMOYTOJBHBIX MAaTpPHIAX 2X5 U 5X3, U MaTpUIax co
cTopoHamu 3x4 u 3x5.

7. OOBACHUTH, KAKUMH NPEUMYLIECTBAMUA M HEAOCTaTKaMHu 00JIaJatoT CHO-
COOBI Tepe/iadyll MaCCHMBOB B (DYHKIIMIO ¢ (PUKCUPOBAHHBIM pa3MepoM M Tepeaadu
MAacCCHBOB B (DYHKIIHIO IO yKa3aTeo.

8. Peamm3oBarh QpyHKIHMIO onpeaeneHus LMHbI cTpoku int GetLength(char*
string). Eciu ykazaTens paBen null, pyHKIus 1omkHa BEpHYTh 3HaUeHHE -1.

9. Peanu3oBarh (hYHKIMIO OMNpEICIICHUS HHICKCA BXOXKICHHS CHMBOJIA B
crpoky int IndexOf(char* string, char c). Eciu takoro cumMBojia HET B CTPOKE, TO
BEpHYTH 3HaueHue -1. Eciu cuMBOJI BCTpedaeTcst B CTpoke OoJiee 0THOrO pasa, Bep-
HYTb UHJCKC TICPBOTO BXOXKICHHSI.

10. Peanu3oBaTh (PyHKIHIO OMpECIICHUs] MHICKCA TOCICTHETO BXOXKICHUS
cuMBoJia B cTpoky int LastindexOf(char™* string, char c). Eciu Takoro cuMBosia HeT
B CTPOKE, TO BEpHYTh 3HaueHue -1. Eciu cumBoON BeTpevaercst B cTpoke Oolee of-
HOTO pa3a, BEPHYTh WHICKC MOCIIEIHETO BXOKICHHUS.

11. Peanu3oBath (DYHKIMIO MOJydeHHsI TOJICTPOKU m3 cTpoku bool GetSub-
string(char* string, char* substring, int startindex, int substringLength). ®yukuus
MoJTy4aeT MCXOIHYIO CTPOKY String m mepenuceiBaeT u3 Heé substringlength cum-
BOJIOB B CTPOKY Substring, HauuHast ¢ cumBoia Startindex. Eciau momy4yuts moj-
CTPOKY IO KaKOW-THOO TPUYMHE HENb3s (OTPUIATCIIbHBIC 3HAYCHUS, IyCTHIC
CTPOKH, HEIOCTATOYHO 3JICMCHTOB B WCXOJHOW CTpPOKeE), (YHKIIMS BO3BpAIIacT
false. [Tocne popmupoBaHus HOBOI CTPOKH (B TAHHOM CIIy4ae, OJACTPOKH ) ITOCIIE/I-
HUM CHMBOJIOM 00sI3aTCJIbHO HEOOXOIMMO 3amrcaTh CHMBOJI KOHIIA cTpoku \0’.

12. PeanuzoBaTh Tpu QYHKIIUU:

bool GetFilename(char* fullFilename, char* filename)
bool GetFileExtension(char* fullFilename, char* fileExtension)
bool GetFilepath(char* fullFilename, char* filepath)
DOyHKIUKY TO3BOJISIFOT MOJIYYHUTh MO TOJHOMY MMeHHU (aiina (BKIto4asl myTh) OT-

ACJIIPHO UM (baﬁﬂa, €ro paClIMpCHUC U IIyTh COOTBETCTBCHHO W IMOMCIIATL UX BO
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BTOPYIO BXOJHYIO CTPOKY Uepe3 yKazaresb. B cimyuyae oTcyTcTBHs Kakoi-nmubo u3
yacTel (IyTH WK pACIIUPEHUs1), B PE3yJIbTUPYIOMIUNA yKa3aTedb JTOJDKHO TMOMe-
matecst NUll. Tlpu peanu3anmuy MOKHO HCIIONB30BATh paHee pa3padoTaHHbIE (YHK-
IIUH, YTO MO3BOJIUT YMEHBIIUThH JaHHbIE (YHKIIUU JI0 TATH CTPOK koja. OOpature
BHUMAaHHUE, YTO UCXOJHAs U PE3YyJbTUPYIOIIAsl CTPOKH SBJISIOTCS BXOJIHBIMH apry-
MeHTaMH (pyHKIKU. DTO OIpa3yMeBaeT, 4YTO OOBSIBICHUE 3TUX IEPEMEHHBIX U BbI-

ACJICHUC ITaMATH 1101 3TU CTPOKHU BBITIOJIHACTCA 6He JAHHBIX (1)YHKHI/II‘/’I

7.4 3apaHue K nabopatopHou pabote Ned

Ha3BaHue: nojab30BaTEIbCKUE TUIIBI JAHHBIX, CTPYKTYPHI TaHHBIX U IMHAMU-
YyecKasi HaMsITh.

Leab padoThI: OCBOUTH MEXAaHU3MBI s13bIKa Cu++, IpeAHa3HAYEHHBIX IS CO-
3/1aHUS TTOJI30BATENBCKUX TUIIOB IAHHBIX, TAKMX KaK MEPEUHUCICHUS, CTPYKTYPHI U
OOBeMHEHUS, U3YUYUTh MPUHIHUIIBI pa0OThl C JTUHAMHYECKOW MaMsThIO, a TaKXKe
CTaHJAPTHBIE CTPYKTYPhI JaHHBIX, UCIIOJIB3YEMbIX B POrPAMMHUPOBAHUH.

3aganue:

1. H3yuuts Teopuio B 11.5.1-5.5.

2. Cosnath nepeuncicHus netoB Color (mopsaka 5 mBETOB), THEH HeIeIH
Weekday, mecsies Month, mosa denoBeka Sex (BOCHOIb3yHTECh CIIOBApEM, YTOOBI
HanucaTh JIHU HEJIeTU, MECSLIBI U MOJI MO-aHTIMHCKY MPaBWIbHO). JIJ1st Kaxa0ro 1e-
peurciieHus (a Takke JUist JIF0O0To HOBOTO TUTIA JaHHBIX, KOTOPBIM BB CO3/IATUTE B
OyayieM) co3aiTe OTAENbHBIN 3aroJIOBOYHbBIN (Daiisl ¢ Ha3BaHWEM 10 UMEHU JIaH-
HOTO TmepednciieHus. MoXeT NoKa3aTbCsli U30BITOYHBIM CO3JaHHE OTIEIBHOrO
daiina s KaKI0TO Mepeyncienus, 3annmaroriero 10 ctpok koga. OgHaKo Takoi
MOAXOJ 3HAYUTEIHHO 00JIer4aeT HABUTAIMIO TIO TIPOCKTY U HM3YyUYEHHE CTOPOHHMX
npoekToB. ['opas3no ynoOHee, KOT/ia BCe CO3/IaHHbBIE THUITHI TAHHBIX MOYKHO TIOCMOT-
pETh B JIEpEBE MPOEKTA, a HE MPOCMATPUBATh KX bl (haitm ucxoanoro koxa. Ilo-
ATOMY BbI/IeJIEHHE HOBBIX TUIOB JJAHHBIX B OT/IEJIbHBIE (DAMIIbI SIBIISIETCS 00s3aTelNb-

HOM MpakTuKoil cpeau pazpadorunkos [10.
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3. Hamucatp mporpamMmy, KOTOpast 3alparifuBaeT y TMOJIb30BaTENs BBECTH I1€-
noe yucyo oT 1 10 365 — neHb roaa, a mporpaMMa BbIBOJUT COOTBETCTBYIOIIHI I€Hb
HEJIeNU, To/Ipa3yMeBasi, YTO MEPBBIN JIeHb B TOy ObLI moHeAelbHUK. [Iporpamma
JOJDKHA OBITH peajr30BaHa ¢ UCIOIh30BAaHUEM YCIOBHOTO omeparopa Switch u pa-
HEE CO3/IAHHOTO MEPEUUCIIEHUSI.

4. Peanu3oBaTh aHAJOTUYHYIO MPOrpaMMYy JJIsSl ONIPEEICHUS MecsIIa.

5. PeanuzoBarh mporpammy, KOTopasi 3alpallliBaeT y MOJb30BaTeNsi HOMEP
ugera. [lepen 3armpocomM nporpamMma J0J1KHa 0TOOPA3UTh B KAYECTBE MEHIO, KAKOMY
YUCITy COOTBETCTBYET TOT WJIM MHOM 11BET. [locie BBoAa moIb30BaTENIeM YuCIa, po-
rpaMMa JOJIKHA 3alpOCHUTh LIBET €€ pa3, OJHAKO BBIBECTU MEHIO M OCTAJIIBHOU
TEKCT TEM LIBETOM, KOTOPBIN BHIOpaJ MOJb30BaTENb.

6. Co3maTth B OTAENHLHOM 3arojoOBOYHOM (aiine cTpyktypy Person. Crtpyk-
Typa JOJDKHA COJIepKaTh MOJisi UMEHHU, (haMUITuH, BO3pacTa, rmosjia.

7. Coznmath B pyHKIHU Main() HECKOIBKO IK3EMILISIPOB CTPYKTYphI Person u
WHULIMAIU3UPOBATH UX MOJSI KOHKPETHBIMU 3HAYCHUSIMH.

8. BpIBecTH Ha SKpaH OHO M3 MOJIEH CO3aHHBIX TIEPCOH, HAIIpUMEp, haMu-
JIUIO WJIK BO3PAcT.

9. Tlompo6oBaTh M3MEHUTH JAHHOE TMOJIE B CTPYKTYpE U CHOBA BHIBECTH HA
AKpaH.

10. Co3nath ykazaTenas Ha Person u momectuTe Tyaa aapec OJHOM U3 CO3/aH-
HBIX IIEpCOH. BriBenuTe agpec, XpaHsAIIMICS B yKa3aTele, Ha SKpaH.

11. BeiBeCcTH Ha DKpaH OJIHO U3 MOJIeH CO3JaHHOM MEPCOHBI, HO ClIeTalTe 3TO
yepe3 ykazareib. OTMETUTH ISl ce0s pa3HUIly B Clloco0ax oOpaiieHust K BHyTPEH-
HUM TOJISIM CTPYKTYPBI Uepe3 OOBIYHYIO IEPEMEHHYIO U Yepe3 yKa3aTelb.

12. TTompoGoBaTh U3MEHUTH 3HAUCHUS TTOJICH TIEPCOHBI Uepe3 yKa3aTellb.

13. Coznatp dyuximu Void PrintPerson(Person& person) u ReadPerson(Per-
son* person), BEIBOJSIIME YeIOBEKAa Ha SKpaH U CYUTHIBAIOIIME YEIOBEKA C KIIABH-
aTyphl COOTBETCTBEHHO. [l nampHeimero ymoOCTBa BOCIPHUATHS JAHHBIX C
DKpaHa, BBIBOJI IAHHBIX O YEJIOBEKE JOJKEH BBINIOJIHATHCS B OJHY CTPOKY, HAPH-

Mep:
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John McClane Age: 35 Sex: Male

14. TlomecTuTh B yKa3aTeiab HOBYIO MIEPCOHY, HO CO3aHHYIO B TMHAMUYECKOU
00JIaCTH NaMSTH € MIOMOIIBIO KJIFOYEBOTO ciioBa NEW. CUuTaTh JaHHBIE O YEIOBEKE
B 3Ty IEPEMEHHYIO C KJIABHATYPBI, U 3aTEM BBIBECTH MX Ha 3KpaH. 3aT€M OCBOOO-
JIUTh NaMSTh CO3aHHOM MIEpEeMEHHOM C MOMOIIIBIO KITF0YeBOTO clioBa delete.

15. O0baBUTE Maccue ykazamenen Ha Person u3 naru snemeHToB. Jlaiee B
[UKIIE B KXKJIbII AJIEMEHT MacCHBa CO3/aTh JUHAMUYECKU HOBYIO NIEPCOHY U CUHU-
TaTh €€ ¢ KIaBUaTypbl. BTOPBIM IIMKIIOM BBIBECTH HA 3KpaH JAaHHbIE U3 MacCUBa B
dopmate «{uHIEKC MeMeHTa}. {TaHHbIC O TIepPCOHE }». TPEThUM IHMKIOM OCBOOO-
JUTh MIaMSTh JUISl KQKJ0T0 3JIEMEHTa MacCUBa.

16. [oaxr0unTh CTAaHAAPTHYIO OMOIMOTEKY OJHOCBSI3HOTO cmmcka Vector.
Co31aTh dK3eMILISIp CIHCKA MEbIX yrcen Vector<int>. [TomectuTh mporpaMMHO B
CIMCOK ISATh LEJIbIX YUCEN, YAATUTh TPETUH 3JIEMEHT CIIUCKA, 100aBUTh Ha BTOPYIO
MO3ULMI0 HOBOE LIEJI0€ YKCIIO. BBIBECTH BCE RIIEMEHTHI CIHMCKA HAa JKpaH U yOe-
JUTHCS, YTO yJaJeHUe U J00aBICHUE HOBOTO 3JIEMEHTA BBIIIOJHUIOCH KOPPEKTHO.

17. B kauecTBe HEOOA3aTENBLHOTO 3a/IaHUS MOMTPOOOBATH CO3/IaTh CITUCOK Tep-
COH 1 opaboTaTh C HUM aHAJIOTHYHBIM ITyTeM. Takxe monpoOoBaTh CO3aTh IK3EM-
ISPl CTAHAAPTHBIX CIIOBAPEN U IPYTUX CTPYKTYP JaHHBIX. B peanbHON npakTuke
pa3paboTUYMKOB OYEHb YACTO MPUXOAUTHCS padOTaTh C BIOKEHHBIMU CTPYKTYypaMu
JaHHBIX, HAIIPUMEp, CIIMCOK MACCHUBOB yKa3aTesel, ClIoBapb CIIMCKOB WJIN CIHCOK
CIIMCKOB CJIOBapei, ¥ 3TO HE CaMble CIIOKHBIE WIIM XUTphIe TpuMepbl. Takum o6pa-
30M, MOJYyYEHHE JTOMOTHUTEIBLHOTO OIbITa paObOTHI C TOJOOHBIMU CTPYKTYypamMu 0y-

ACT VI HAYUMHAOIMUX ITPOIPaMMHUCTOB ITO0JIC3HBIM.

7.5 YKa3aHWAl K COCTaBAEHHIO OTYETOB
TurnoBoe copepkaHue oT4eTa Mo JadopaTopHOU padboTe:
1. TuryabHBI JHCT.

2. Copep:xaHue.
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3. Iesb padoThl: ueTKO cHOpPMYIUPOBATH OOBEKT N3yueHUs. OOBEKTOM U3Y-
YEHUSI MOTYT BBICTYIIATh 3JIEMEHTHI s13bIka CU++, MEXaHUKU U TEXHUKU HAIlMCAHUS
KoJa.

4. TlocTaHoBKAa 3a/1a4M: IPUBECTU TEKCT BBINOJHAEMBIX 33/1a4 TaK, KaK OH
IpEJICTaBJIEH B IOCOOUHU.

5. bJok-cxema: B ciydae, Korja 3ajadeil 1a00paTopHOil paboThl SBIsETCS
IpUyMaTh aJrOpPUTM, B OTUETE JIOJIKHA ObITh MPEACTaBIIEHA OJIOK-CXeMa pa3pado-
TAHHOT'O aJIrOpPUTMA.

6. Hcxoansblil KoA: B ciaydae, Korja 3aaadeii 1ab0opaTopHOl pabOThI SBIS-
€TCsI OCBOCHHE KOHKPETHBIX 3JIEMEHTOB si3bIka Cu++, B oTUeTe JOJIKEH OBITH IPEI-
CTaBJICH HCXOJHBIN KO, I€MOHCTPUPYIOIINN TaHHBIA DJIEMEHT.

7. BbIBOA: KpaTKUi TEKCT B BUJIE€ OJHOTO-IBYX a03alleB, 10Ka3bIBAIOIIUH,
ObLIa JIM JOCTUTHYTA IIEpBOHAYANIbHAS LIEJIb pa0O0ThI, KAKWE HOBBIE MOHATHS U TEX-
HUKH OBLIIM U3Y4YEHBI B XOJ€ PabOThI U JIJIsl YETO HYXHbI JaHHBIE 3JIEMEHTHI A3bIKa
Cu++.

[Ipun mpoBepke oTyeTa MpenojaBareieM 0co00e BHUMAaHUE YAENSeTcs Mpa-
BUJILHOCTH O(hopmiieHHst. OTYET JOKEH COOTBETCTBOBATh CTAHAPTY O(POpPMIIEHUS
By3a [8] (MOXHO HaiTh Ha caiiTe Kadeapbl Wik yHuBepcutera). OOpainaiite BHU-
MaHue Ha pa3Mepsl MPU(PTOB U MEKCTPOUHBIX UHTEPBAJIOB, pa3Mephl Mojiei u ad-
3allHbIX OTCTYIIOB, YKa3aHUsl HOMEPOB CTPaHHULl U T.1. B kauecTBe npumepa opopM-
JIEHUsI TUTYJIBHOTO JIUCTA, COJIEP KAaHUs, TEKCTOBOTO Naparpada u pucyHKoB-rpadu-
KOB UCIOJb30BaTh npuioxenus B, /1, U, K, JI [8].

Y MHOTHX CTyJIEHTOB BO3HMKAeT MHEHHUE, YTO HAaIlMCaHUE OTYETOB 10 Jadopa-
TOPHBIM paboTaM SIBJIIETCSI OECCMBICICHHBIM 3aHSITUEM, @ CAMHU OTYETHl HUKOMY HE
HYXHBI. Tak u ecTh. B nogassnstomeM OOJIBITUHCTBE CIydaeB BCSA 3Ta MaKyJarypa
YXOIUT Ha YEPHOBUKH YEpe3 MATh MUHYT IOCJIE €€ caauu npenogasatento. IIpemno-
JaBaTEJI0 OTYETHl U HE HYXHBI, TAK KaK OTYETHI HE SIBISAIOTCA (HOPMOI MPOBEPKHU
3HAaHMM CTyJIeHTOB. OJHAKO OHM XOPOLIO MOAXOMAT I Haka3aHUs CTYIECHTOB,
IUI0XO CHPABJISIOLIMXCS C BBIIIOJIHEHUEM JJabopaTopHbIX. Tak uinu uHaue, opopM-

JJCHHUEC OTYCTOB BI)Ipa6aTI>IBaCT HABBIKH HAaNKWCAHWUS TEXHUYECKOM JOKYMCHTAIUH.
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Ecau BBI I[eﬁCTBHTeHBHO IIaHUPYECTC CBA3aTh CBOIO JKM3Hb C IIPOrpaMMHUPOBAHUECM
NI HH)KeHepI/Ief/'I, pa60Ta C TEXHUYECKOM I[OKYMCHT&HPIGI;’I, B TOM YHCJIEC U €€ co3aa-

HUE, CTAaHET HEOTHhEMIIEMOM YacThlo U30paHHON BaMu npodeccu.
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8 3aknueHue

B nocoOuu paccMoTpeHbl 6a30BbI€ 31€MEHTHI si3bIKka CHu++, O3BOJISAIOIINE pa3-
pabaTbIBaTh MPOCTEHIIINE AITOPUTMBI U IIPOTPAMMBbl, COOTBETCTBYIOLIUE IPOLIEAYP-
HOW U CTPYKTYPHOM IapajurmaM MnporpaMMupoBaHus. X ycCrienmHoe noHuMaHue
SIBJIIETCS OCHOBOM ISl TaJbHEMILIEr0 pa3BUTHsI HABBIKOB pa3pabOTKU MPOTPAMM-
HOro obecrnieueHHs. B 4acTHOCTH, BaKHBIMU HaBBIKAMH SIBJIIIOTCS YMEHHE BECTU
IPOEKT, cOOMI0aTh TpeOoBaHUs K O(hOPMIIEHUIO UCXOAHOTO KOAa, JEKOMIIO3HPO-
BaTh [IPOIPAMMHBIN KOJI HAa COCTaBHBIE JIOTUYECKUE MOAYJIU, BBIIIOJIHATE TECTUPO-
BaHHE pa3padaTbiBaeMON (PYHKIIMOHAIBHOCTH.

OnHako, Ha MPAKTUKE OT COBPEMEHHBIX pa3padOTUMKOB TpeOyeTCs BiaJeHUE
O00BEKTHO-OPUEHTUPOBAHHON MapaaurmMoi. IMEHHO AaHHbIE OJIXO0/bI B MPOEKTH-
pOBaHUU U pa3pabOTKe MPOrpaMMHOr0 OOECHedeHHs MO3BOJSIOT CO34aBaTh JAE-
CTBUTEJIBHO CJIOJKHBIE PELICHUs, UCXOAHBIM KOJ KOTOPBIX MCYHUCIAETCS COTHAMH
TBHICSY CTPOK Koja u 6onee. [To aToMy ciieyronum HanpaBIeHUEM Pa3BUTHUS HaBbI-
KOB MPOTpaMMHUPOBaHUs JIJIs CTYIEHTOB MpeAJiaraeTcs BbIOpaTh UMEHHO OOBEKTHO-
OpPUEHTHPOBAHHOE NMPOEKTHpOBaHUE Ha si3bike Cu++ mimm apyrom Cu-nogoOHOM

A3BIKE.
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lpunoxeHue A.
3alluTa OT HenpPaBUALHOIO BBOAA AAHHbIX MOAb30BaTEAEM

[Ipu pa3zpaboTke mporpaMMHOT0 00eCTIeYeHUS BaXKHO YUYUTHIBATh, YTO MOJIb30-
BaTbCS IPOTPAMMO Oy IyT OOBIYHBIE JTF01A. YETOBEK CKIIOHEH COBEpIATh OITHOKH,
HarpuMep, IpH BBOJE JAHHBIX B MPUIIOKEHUE, U 3TO HEOOXOAMMO YYUTHIBATH B
MOJIB30BATENhCKUX MHTEpPeiicax. UTOOBI 3aUTUTH MPOTPaMMy OT ITOJIH30BATEIIS
CJHEYET BBIMOJHATH CIACAYIOUINE IATH:

1. Ilpu 3ampoce MaHHBIX OT IOJIB30BATENSA BCET/Ia COOOIANTE YTO MOJIb30Ba-

TeJb JJOJDKEH BBECTH, JIJISL YETO U B KakoM dopmare.

2. TlocTapaiiTech HCKIIIOYUTH HEMPaBUJIBbHBIA BBOJ JAaHHBIX MPOTrPaAaMMHO.

Hanpumep, npu BBoji€ MoJib30BaTeIeM HOMepa TeledoHa MO3BOJILTE MOJIb-
30BaTEI0 BBOJAUTH C KJIABUATYPhI TOJIBKO U PBI, UTHOPUPYSI HAXKATUSI KJ1a-
BUIII OYKB M IPYTHX CUMBOJIOB.
3. Ecaum ucknmrounTh HeNpaBUIBLHBIN BBOI JAHHBIX HEBO3MOKHO HJTH HEOTIPAB-
JTAaHHO CJIOKHO, peaju3ylTe MPOBEPKY BBEACHHBIX JIAHHBIX M, B CIydae
OImMOKH, COOOIINTE MOJIBL30BATEI0, B UYEM 3aKJII0UaeTCs OMMOKa, U 3ampo-
CUTE MOBTOPHBIN BBOJ.
Jlanee npeacTaBieH mpuMepsl PYHKITUH, CUUTHIBAIOIIEH C KJIABUATYPHI LIEITbIC

HJIM BEIICCTBCHHBIC YMCJIA, 3aIIpCiias 1moJib30BaTCJIIO BBOAUTb HHBIC CHUMBOJIbI:

protectedInput.cpp

//Habop ¢yHKUMiA BBOAA CTAHOAPTHLIX TUMOB AAHHBIX C 3AWMTON OT HenpaBWUJIbHbIX
[laHHbIX Mosb3oBaTensa

//®ann pobaBnseTcsa B Nwboin npoekT B nanky Headers Files u nogknwyaetcs 4e-
pe3 aupekTuBy include K KOHKpeTHOMY ¢ai/ly UCXOAHOro Kopa,

//nnb6o noaknwyaetcAa B ¢ainne stdafx.h ana pocTtynHoCcTM BO BCeM MpoekTe
#pragma once

#tinclude <stdio.h> //BubnnoTteka CTaHgapTHOro NoToka BBoAa/BbiBoga (MoAk/wYa-
etca ans printf, scanf)

#tinclude <conio.h> //BubnuoTeka BBOAa/BbiBOAA B KOHCOAM (MNoaknw4aeTcs ANSA
getch, putch)

#include <stdlib.h> //BubnunoTteka cTaHApaTHbIX GyHKUMIA (MOAKAWYaeTcs ANS
atof)

//Tony4nTb uUenoe 4ucno M3 BBOAA KOHCOAU. OyHKLMA 3anpewaeT BBOA JOObIX CUM-
BONOB, KpoMme uupp, 3HaKa MUHYC
int GetInt()
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int inputedKey; //MocnegHuin CYMTaHHLIA C KAaBUATYpbl CUMBON

int value = @; //C4yuTaHHOe 4ucno, ¢opmupyemoe B npouecce BBOAA C Kja-
BUATYpbI

bool isMinusInput = false; //®nar, 6bin N BBEAeH 3HaK MUHYyC (sBnAeTcA
JIM 4MCNo oTpuUaTEeNbHbIM)

int inputedKeyIndex = @; //MHOeKcC TeKylwero BBeLEHHOro cuMBoOJsa (BaxeH
Ana peanusaumu backspace)

int valueOrder = 0; //Mopagok u4ucna (MoxeT OTAMYATbCA OT MHAEKCA B
c/ly4ae BBOAA 3HAKa MUHYC)

//Co3paém "6ecKoHeYHbI" LuKn
while (true)
{
//CUnTbiBaeM CUMBOJI C KJiaBMaTypbl 6e3 OTOOpaxeHWs B KOHCONU
inputedKey = _getch();
//Ecnn 6bin BBeaeH MUHYC (M ecnu OH 6bln BBeAEeH TOJNIbKO MepBbiM
CUMBOJIOM), TO 3aMOMHUTb €ro BBOJA M OTOOpa3uMTb Ha 3KpaHe

if ((inputedKey == '-") && (inputedKeyIndex == @) && (!is-
MinusInput))
{
isMinusInput = true;
_putch("-");
inputedKeyIndex++;

}

//Ecnn BBeAeHa uuppa, TO paccyuTaTb HOBOE LENIOHNUCIEHHOE 3Haye-
HWe C Yy4eTOM MO3ULUMU BBELEHON UMdpbI
if ((inputedKey >= '@') && (inputedKey <= '9"))

{
printf("%c", inputedKey);
value = value * 10 + inputedKey - '0';
inputedKeyIndex++;
valueOrder++;
}

//Ecnn 6bin HaxaT Backspace, To cTupaem nocnegHui cCuMBOJSI, a pa-
Hee MONy4YeHHoe 4ucno genum 6e3 ocTaTka Ha 10 (noTepsauv OAMH MOPSAOK)
if (inputedKey == 8)
{
_putch(8);
_putch(" *);
_putch(8);
value = value / 10;
valueOrder--;
if (valueOrder < 0)

{

}
inputedKeyIndex--;

if (inputedKeyIndex == 0)
{

}

valueOrder = 0;

isMinusInput = false;
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//Ecnn Haxanu Enter M ecTb XOTb Kakoe-TO BBEAEHHOE YUC/IO0, TO
3aBEpWUTb HGECKOHEYHbI LMK
if ((inputedKey == 13) && (inputedKeyIndex != @) && (valueOrder

1= 0))
{
break;
}
}
if (isMinusInput)
{
value = -value;
¥

return value;

}

//MNony4nTb Lenoe 4Yucsio U3 BBOAA KOHCOAM. OyHKUMA 3anpewaeT BBOA JiObIX CUM-
BOJIOB, Kpome uupp, 3HaKa MUHYC
float GetFloat()
{

//DESCRIPTION: 3pecb peanu3oBaH WHOW nopxon, Hexenu B GetInt(). Ecsm
B GetInt() cuyuTbiBaHWE MNPOUCXOAUT HenocpencTBEHHO

//B UeNnoYnMCcneHHyl MepeMeHHyw, TO 34ecCb CHadana dopmupyeTca Maccus
CUMBOJIOB C 4YMUCJIOM, 3aTeM MacCuMB CUMBOJIOB

//npeobpa3syeTca B YMCNO C MOMOWbBI CTAHAAPTHBIX QYHKLMNA

//1) CuyuTbiBaeM C KJjlaBMATYypbl BBEAEHHbIA CUMBOJ

//2) WrHOpupyem Ha BBOJ /10Oble CUMMBO/bI, KpoMe uudp, OAHON TOYKM U Of-
HOro 3Haka MUHYC Ha MepBOW Mo3uUuUM

//3) Ecnu cumBOoN NpaBWbHbIA, 3anoMMHaeM ero B MacCUMB CUMBOJIOB

//4) Korpa nonb3oBaTenb 3aKOH4YWN BBOA, npeobpasyemM MacCUB CUMBOJIOB B
YUCNO, WCMONIb3YSA CTAHOAAPTHYH (YHKLMIO

//TODO: PeanusoBaTb BBOJ 3KCMOHEHLUMANIbHON 4acTu

//TODO: Y4yecTb, YTO 3KCMOHEHUWaNbHas 4YacTb MOXET ObiTb BBeJeHa Kak 'e'
m 'E'

//TODO: Y4yeCTb, YTO 3KCMOHEHUMANbHAA 4YaCTb TOXe MOXET coAepxaTb 3HaK
Nawc WA MUHYC

//TODO: Y4yecCTb, YTO TOYKA He MOXeT 6biTb B 3KCMOHEHUMaNIbHOW 4acTu

//TODO: Y4ecTb, 4TO nepes 3KCMNOHEHUMANbHON 4YacTb 06A3aTeNbHO [OJIKHO
ObITb 4MCNIO

//TODO: Y4yecTb, 4TO nocne 'e' o06A3aTeNbHO AONXHO ObITb YUCIIO

//TODO: MNpu peanusaumm SKCMOHEHUMANbHOW YacTu cpenaTb 6osiee rpamMoTHbIN
pacyeT MakKCMManbHOW AJIMHbI MacCUBa CUMBOIOB

//TODO: MNpaBWAbHO BLICTPOUTb CUCTEMY YCJIOBUI, cAenaTb KOA JlaKOHU4YHee

const int valueMaxLength = 10;

char inputedKey; //MocnepgHuii CYUMTAHHBLIA C KAABMATYpbl CUMBOI

int inputedKeyIndex = ©; //MHAoeKkC Tekywero BBeAEHHOro cuMBOJia (BaxeH
Ana peanusaumu backspace)

char valueAsString[valueMaxLength];

bool isMinusInput = false; //®nar, 6bin N BBeAEH 3HAK MMHYC

bool isCommalnput = false; //®nar, 6b1 Nn BBeAeH 3HAK pasgenvTens
ApO6HOW YacTu

//Co30aéM "6ecKoHeYHbIn" uuKn
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while (true)

{

//CYnTbiIBaEM CUMBOJI C KNaBMATypbl 6€3 OoTO6paxeHus B KOHCOMU
inputedKey = _getch();

//Ecnn 6bin BBefeH MMHYC (M ecnim OH 6bin BBeAeH TONbKO MepBbiM
CMMBOJIOM), TO 3aMOMHUTb €ro BBOA W OTOOpa3uTb Ha 3KpaHe
if ((inputedKey == '-") && (inputedKeyIndex == @) && (!is-
MinusInput))
{
if ((inputedKeyIndex >= (valueMaxLength - 1)))

{
}

isMinusInput = true;

_putch('-");
valueAsString[inputedKeyIndex] = '-";
inputedKeyIndex++;

continue;

}

if ((inputedKey == '.') && (!isCommaInput))
{
if ((inputedKeyIndex >= (valueMaxLength - 1)))

{
}

isCommalnput = true;

_putch(".");
valueAsString[inputedKeyIndex] = '."';
inputedKeyIndex++;

continue;

}

//Ecnn BBeseHa uuppa, TO paccyuTaTb HOBOE LENIONUCIEHHOE 3Haye-
HWe C Yy4eTOM MO3ULUMU BBELEHON UUdpbI
if ((inputedKey >= '@') && (inputedKey <= '9"))

{
if ((inputedKeyIndex >= (valueMaxLength - 1)))
{

continue;

}
printf("%c", inputedKey);
valueAsString[inputedKeyIndex] = inputedKey;
inputedKeyIndex++;

}

//Ecnn 6bin HaxaT Backspace, To cTupaem nocnegHwin CUMMBOA
if (inputedKey == 8)
{
_putch(8);
_putch(" ");
_putch(8);
valueAsString[inputedKeyIndex] = '\0@';
inputedKeyIndex--;
if (inputedKeyIndex == 0)
{
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isMinusInput = false;

}
if (valueAsString[inputedKeyIndex] == '.")
{
isCommaInput = false;
}

}

//Ecnn Haxann Enter M ecTb XOTb Kakoe-TO BBELEHHOe 4ucao, TO

3aBepWUTb HECKOHEYHbI LMK
if ((inputedKey == 13) && (inputedKeyIndex != 0))

{

}
}
valueAsString[inputedKeyIndex++] = '\0';
printf("\n%s\n", valueAsString);

break;

return atof(valueAsString);

[IpencraBnennble PYHKIIUU UMEIOT PsiJi HEIOCTATKOB, OHU TMEPEUYUCIICHBI B
koMMeHTapusx ¢ MeTkod TODO. OgHako OHM AArOT HATJISIHBIN IPUMEP TOTO, KaK
MOYHO BBITIOJIHUTH MPOBEPKY BBOJAUMBIX T0JIb30BaTENIEM JaHHbIX. DyHKIIUHU MOTYT

OBITH MCITOJIb30BAHBI MPY BHITIOJIHEHUH JTA00OPATOPHBIX padoT.



