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BBepeHue

B y4eGHOM MocoGHHU NPEICTaBIeHbl MaTepUalbl OCHOBHOH
4aCTH CEMMHAPCKHX 3aHATHH B MOMACPKKY JEKIMOHHOro Kypca
«AJITOPUTMEI 1 AITOPATMHUYECKHE A3BIKM) JUIA CTYASHTOB 1 Kypca
paxynsreta BMK MI'Y. Kypc coCTOMT M3 Tpex pasienoB —
3IEMEHTHI OOLIeH TEOpHH ATTOPUTMOB; S3BIK TIPOTrpaMMUPOBAHU
Cu [1, 2], KaK TpuUMep aIrOPATMUYECKOrO A3BIKA; CTPYKTYphI
JAHHBIX M KIacCHYeckue anropuTMbl. B momnepxky Kypca
[POBOJIATCS CEMUHAPHI (IPAKTUKYM) — ABa CEMHHAPCKUX 3aHSATHS
B HEJENI0, OJHO M3 KOTOPHIX MOCBSILEHO pa3bopy U YCBOCHHIO
HOBOTO MaTepHala, a BTOPOE — MPOBEPKE JIOMAlHUX 3aJiaHuil B
KOMIIBIOTEpHOM ~ Kilacce. IIpefycMOTpeHO MPOBEACHHME TpPEX
KOHTPOJIBHBIX paGoT M KOJIOKBHYMOB. [IpoBepka nOMANTHAX
3aaHAi ¥ HEKOTOPBIX KOHTPOJIBHBIX PabOT OCYHIECTBISAETCA C
IOMOIIBIO CHCTEMbl apToMaTuueckoi nposepkn Ejudge (asTop —
Anexcanap UepHOB).

B mocobum  paccMarpHBalOTCd  OCHOBHBIC  TEMbI
CeMHHApCKuX 3aHATMH. Ilpu paccMOTpeHMM TeM KpaTko
GOpMYTMPYIOTCS. OCHOBHBIE IIOHATHS ¥ PACCTABJIAIOTCS aKUCHTHL.
[MpuBoasTCS peLICHWs THMIOBHIX 3afa4, KOTOphIE CIEMYeT
PacCMOTpETh HA CEMHHApCKOM 3aHATHM. B kadectBe ¢opMm
POMEXYTOUHOM  OTYETHOCTM IO  Kypcy NpeayCMOTPEHBI
KOJUIOKBUYMBl M 3a4eT ¢ OLEHKOW IO NPaKTHKyMy, HTOroBas
OTYETHOCTh — MUCHMEHHBIA 3K3aMeH 10 Kypcy. TuroBbie 3a1a4n
KOJITOKBHYMOB U 5K3aMEHOB MPHBECHBI B Y4eOHO-METOJUYECKOM
nocobuu [3].

Hapsimy ¢ "TpamMIMOHHBIM" JIOMAIHMM  3aJ[aHHUEM,
BLIONHSEMBIM B TeTpagu, CTyAEHTaM JaloTcd 3amadyu Uil
CaMOCTOSTENIBHOIO  pelleHWs ¢ MpOBEPKOM B cUCTeMe
ABTOMATHYECKOrO  TECTHPOBaHMsA.  3ajayd,  NpoUIenIne
TECTMpPOBaHHE B CHCTEMC, CTYJACGHT CHAcT MpermojaBaTeNio Ha
3aHATHH B KOMIIBIOTEPHOM Kiacce. 3ajiadyl JOMAUIHMX 3alaHui
OIyGIMKOBAHBI B OTHENBHOM NMocobuu «IIpakTHyecKue 3aaum no




BBOJHOMY Kypcy mnporpammuposanus» [4] . Temam 2 n4
(omepaTophl, BBIDAXEHHs, UENble THIBI) MOCBACHB 3a/atH
mepBoii JomamHel paboTel K3 mocodus (pasnen 1.1), Teme 5
(pymKumu) — 3aauu BTOPOH JOMAIIHEH paGote! (pasgen 1.2),
teme 6.1 (OmHOMEpHBIE MAaCCHBBI) — TPEThS AOMAIIHSAL pabora
(pasnen 1.3). Tema 6.2 (CTpokW) BEIIEN€Ha B OTACIBHYIO
yeTBEpTYI0 HOMalIH paboty (pasaen 1.4). Temam 6.3 u 7
(MHOTOMEpHbBIE MACCHBBI, YKasaTelHd, JMHAMAYCCKad namsTh)
[IOCBSAIIEHA MsiTas JoMalnHss paGora (paszgen 1.5), a TeMam 3,8,9
— 10 (daiuibl, BBOA-BBIBOM, CTPYKTYPHBIH THIl M AMHAMHHECKHC
CTPYKTYPBI JIaHHBIX) — LIECTAsl JOMAIHSSA pa6ota (pasgen 1.6).

ABTOpbI BHIPXKAIOT 61aT0aPHOCTH BCEM MPENOaBaTeIIM
nmpaxTUKyMa Ha 1 motoke 1 Kypca, KOTOphI€ Ha NPakTHKE NPOBEH
paGoTy 110 peau3al|y 3TOro Kypca B 2010-2012 rr.

1. f3bik nporpammupoBaHus Cu.
MpocTeiumne nporpammbi

[Ipumep Cu-mporpammel. CTpykTypa HpOrpamMMHOTO daiina.
®yuxuuu 1 nepeMennbie. OObBICHHS U ONPEACTIEHNA byHKUWH,
o6bABNeHUs TepeMeHHbX. OO6JacTH BUIMMOCTH INEPEMEHHBIX:
roGanbHBle W JIOKaTbHBIE — NepeMeHHble.  JIUpeKTUBBI
npemnpoueccopa.

[porpamma Ha si3sike CH  coCTOMT W3  OOBABICHHUSA
nepeMeHHbIX WM (QYHKUMEA, a TaKKe ONPEACTICHHS byHKIMi
(mporpaMma MOXeT GbITh 3alMCaHa B HECKOIBKUX (hajinax, HO I
NpOCTOTEL Mbl OyIeM paccMaTpuBaTh MPOrpaMMbl M3 OJHOTO
daiina). B npumepe mporpaMMBl Ha pHC. 1 ompeaensioTes
dyskumn  func u sum. Takke oObaBiIAeTcs rIoGanbHad
nepeMeHHasi count ¥ HECKOJIbKO JIOKATbHEIX NIEPEMEHHEBIX: a U b
B QpyHKUMKM main U count B pynkimu func.

/* Ipocrad nporpaMMa Ha Cyu, HDOKa3HBawIasl
ompeneyenne dbyHkIMIi, OOBABIECHVA TyroB6aJIbHEIX U
JOKAJIBHEX ITEePEMEHHBIX .

BTo IPVIMEP MHOT'OCTPOYHOI'O KOMMEHTapMA %/

1l B CHir 8 ¢ BOBMEIGE Takmue OIHOCTPOYHRE
/ | KOMMEHTapu

// BrJIOYEHME 33 TOJOBOYHOI'O pania
$include <stdio h>

int count; /* IMofajibHAH HEDEMEHHAZ S

void gwm olinEiig: ANt y) /* onpenenenue
dyHKLMMT */
{

{5

printf ("cymma %d u $d paema %d\n",
)

D, AP Y
elojbbalisning

void func (void)

{

int count; /* JokajpHasg NepeMeHHaA i

count = count - 2;

}

int masn @ (veld)
{

int a, b; // #Zpyrme JIOKaJbHHE IEPEMESHHEE

count = 0;
debmEd (MRRRSEE gay s Y ¥ & KEK 0BoBHAYEHHE
anpeca */




Seanfe (N3d", b)) »

sSum dla, D).
b = b % 3=
sum (a, b);:

Tie ).

printf ("BesBamm oyukumo sum  %d pas\n",
Count);

el 0

Puc.1. Ilpumep npocmoii Cu-npozpammei

I'noGanbsle nepementbie 06baBIsIOTCS BHE OIIpeeIIeH
bynkumit, a noxkanbHbie — BHYTpH (YHKUMH WM 6JoKa
oneparopoB. Obracmeio eudumocmu NEPEMEHHOM ABNsIeTCa s
TIOKANBHOH NepeMENHOM — 610K (COcTaBHOl OnepaTop, cM. pasjen
3) unu QyHkums, B KOTOpo# OHa 00BsBIEHa, s rio6ansHoMH
NEPEMEHHOW —  TpOrpaMMHBIi daiin, Haumnas co CTPOKH
OOBSBIIEHUS. BryTpu ogmHoit o6nactu BUJIUMOCTH MOXET OBITH
JMIIb O/IHA TIEPEMEHHAs C ONpeNeNeHHBIM HMEHEM, IIpU 3TOM
BOSMOXHO nepexpvimue umen — ecnu uMeHa JIOKaNnbHOU U
FIOGANBHOM MepeMeHHOl COBMANaOT, TO B JIOKAIBHOM 061acTH
BUZIUMOCTH HCITONb3YETCA JIOKAIbHAS nepemMeHHas (Ha puc. 1
JIOKallbHast mepeMeHHas count HEPEKpBIBAET rnobanbHyro
BHYTPH $yHKIMH func).

Brinonnenre nporpammel maunnaercs ¢ GyHKI¥MH main,
KOTOpast MMEeT LENOYHCIEHHOE BO3BpamaeMoe 3HaYeHue. Jt1o
SHa4YCHWE 1ns QyHKUMM main  gBRgercs KOZIOM BO3BpaTa
NpOTpaMMbl ISl ONIEpaLHOHHOM CHCTEMBI, W  ecTh

AOTOBOPEHHOCTb, YTO 3aBEPLIMBINASCS YCIEHO mporpamma
BO3Bpamaer 0, a BO3BPaT HEHYNEBOrO 3HaueHus Nenaercs B
Ciydae ommbku. B tene dynxmuu BBITIONHAIOTCS BBIYHCICHUS U
MOTYT BBISBIBATBCA JAPYrue (yHKLHUH (Ha puc. 1 u3 GyHKIMH

main BBIBIBAIOTCA QyHKuEM sum u func). B mecte BhizoBa
yHKLHH JOJKHO OBITH U3BECTHO ee oObsBJeHME. J[g BHI3OBa
(yHKIMA, ONPENENCHH KOTOPBIX COAEpXKAarcs B npyrmf
pporpaMMHbIX (haiinax, ux oOBABNEHHA BKIIOYAIOTCS B TEKyLIHii
(haiin M3 3aroJIOBOYHBIX (Jai/IoB C IOMOWIBIO JMPEKTUBHI
npenpoueccopa #include. Tak, Ha }.)I/IC. 1 obwaBnenus
(pyHKuuﬁ BBOAa-BbIBOJIa scanf #u printf, onpenenejmﬂ
KOTOpBIX HE COJepXKATCS B TEKyLieM IIpOrpaMMHOM (aiine,
BKJTIOYAIOTCA M3 Qaiina stdio . h cranmaptroit 6ubauoTexu Cu.

Ilpu HamucaHwy nporpaMM Ha NMpPaKTHYECKUX 3aHSTHIX U
ciaye JOMAIHUX 3aHATMA pPEKOMEHIYETCS MPUAEPKUBATHCS
OJHOrO CTHIS KOJWPOBaHWS, HANpUMEp TaKoro, }(OTOpI:IM‘
3anMcaH  puMmep Ha pucyHke 1. Hcnome3yeMell  cTHIB
KOJMPOBaHMS JIOJDKEH yCTaHABIUBATEH CIIEAYHOLIHE Ol“paHH:{eHI/I}I
(B cxoOKax JarOTCs HEKOTOpBIE MPUMEphbl OrPaHHYCHUH IS
TNporpamMMel Ha pucyHke 1):

® pasMep OTCTYIOB M MakCHMasbHas AMHA cTpoku (2 u 80
CHMBOJIOB);

® UMEHa MCPEMEHHbIX, THIOB M (GYHKIMA (OCMBIC/ICHHbIE
AHIJIOA3BIYHBIE  MMEHA, OTpaXalom(e  Ha3HAYEHHE
NEPEMEHHBIX; Ul  KOPOTKOXHBYIIMX  I€PEMEHHBIX,
CYETYMKOB HMKIA M T.OI JOIYCTHMBI OOICTIPUHATEIE
KOPOTKHE HMEHA H COKPAILCHHS);

* OOBSBICHHME U MHULUATH3ALMUS [IEPEMEHHBIX (TIepEMEHHbIE
PasHbIX THIIOB — Ha pa3HBIX CTPOKAX, WHULMAIU3ALMSA
TIEPEMEHHBIX Ha CTPOKE OOBSBICHHUS);

® CTHJIb OTCTYNOB M NpobesoB (6510uHble GUrypHEIE CKOOKH
Ha OTAGNBHBIX CTPOKaX, MHpoGensl Mexay HMeHeM
YHKIUKM U OTKpBIBaOIIeH CKOGKOM CIMCKa MapaMeTpos,
nmpoGesbl MeXk/y onepaniaMu GHHAPHBIX ONlepaLyii).




2. Tunbi gaHHbIX. BbluncneHue
BbIpaXeHUin

Tunel paHHeIX s3bika Cu. Ilenbie 3HaKOBble M G€33HAKOBHIC
Tunbl. JIutepansl, HHULMANU3AMSA NepeMeHHBIX. [IpucBauBanye
NepeMeHHbIX.  BplUHCIeHNE  LIENOYMCNCHHBIX  BBIPA)KCHWUH,
npusenenue TanoB. [To6ounsiit 3¢ dexr. Jloruyeckue BHIpaXKeHHUS.
Touxu mocneoBaTeNbHBIX BhrYMcHeHUH. [ToOUTOBEIE onepaluH.
Venosnas onepanys. CTapIIMHCTBO ONepanuii.

bazoesimu Tunamu s3eika CH ABISIOTCS:

char (cuMBONBHBIH),

int (uensii),

float (c nmnaeawoumei TOuKo#H),

double (ABOHHON TOYHOCTH),

void (0e3 3HaueHus).

LlenoyncneHHBIMU THIIAMU SBISAIOTCS TUIMEI int M char.
K o5TtuM TunaM npuMEeHMMBI MOAM(HKATOPBl 3HAKOBOCTH
signed/unsigned. Ecny SBHO MOAU(UKATOP 3HAKOBOCTH HE
yKasaH, TO UEbIH TN int M0 yMOIYaHUIO 3HAKOBBIN - signed
int. KTuny int npuMeHuMsl Takke MOAMGUKATOPHI pasMepa
short, 1long, long long. Ilo HeyOnBanmio pasmepa
LEJOYUCIICHHBIE THIIBI MOXHO OTCOPTHpOBaTh Kak char,
short, int, long, long long, npu 3TOM pa3Mep THma
int He MOXeT ObITh MeHee 2 GaiiT, TMma long — He MeHee 4
GaiiT, THIIa long long — He MeHee 8 Gaiit. [l coBpeMeHHOM
64-6uTHOH apxuTeKTYphl X86-64 pasmep Twna int cocrapmser 4
GaiiTa, long 1 long long — 8 GaiiT.

LlenouncneHHble KOHCTAHTHI 3aMHCHIBAIOTCS B BUAC YHCEN
B ACCATUYHOM, BOCbMEPUYHON M LIECTHAIIATEPUYHON CHCTEME;
OCHOBAHHE CHCTEMbl CYMCIICHMS ONpefiesiercss mnpeduKcom,
NpeIuecTByOIMM LUdpaM 4uCHa: JECATUYHBIE 4Yucaa — Oe3
npeguikca (100), BockMepuunbie — ¢ npedukcom 0 (077=63),

jecTHAAUATEPUIHbIC — ¢ npedukcom 0x wim 0X (0x1F=31).
Tun 1ETOYMCIICHHOH KOHCTAHTHI onpejenseTcs OyKBEHHBIM
cydQUKCOM, TIPUMACEIBACMBIM K LH(paM 4HC/Ia: KOHCTAHTHI Ge3
cydduKca HMEIOT 3HAKOBBIH THI int, cydduke L cooTBeTCTBYET
any long, cyddukc LL - long long, a Oykea U (wm u) —
tuny unsigned. Hanpumep, KoHcTaHTel 1000u, 34L, 945LLU
yMeloT THmbl unsigned int, long, unsigned long
1ong cOOTBETCTBEHHO. IIpyu 3TOM ecnu KoHcTaHTa 6e3 cyddukca
CIMUIKOM BENHKA, 4TOOBI OBITH IpeJCTaBlieHa THIIOM int, OHA
aBTOMATHYECKM NOJY4YUT THIl long uiM long long.
CHMBONLHEIE KOHCTAHTBl 3alHUCHIBAIOTCS B OJHHAPHBIX
KaBbluKax, Hampumep, 'a', '5'. CpenuanbHble CHMBOJIEIL,
Takue, Kak IEpeBOJ CTPOKH, TalyJsLusd, a TakkKe caM CHMBOJI
OJIMHAPHOM KAaBBIYKM MOTYT 3aJaBaThCs C MOMOLIBIO CUMBOJNA \
(oOpaTHBI ci3I), KOTOpHIM TpeOyeT CHEUMAaIbHO TOJIKOBATh
CIIENYFOUIMH 32 HUM CHMBOJ HJIM [OCIIE0BATENLHOCTE CHMBOJIOB
(T.H.  escape-moC/IeIOBAaTENBHOCTb). TaK, MepeBoJ CTPOKH
COOTBETCTBYET cumBOiy '\n', Talyaauus — cumBoiy '\t',
ONMHapHas KaBbluka — cuMBOAOYy '\''. MOXHO ykazaTh KOJ
CHMBOJNIA Y€pPe3 IMOCIEeI0BATENLHOCTD IECTHAALATEPUYHBIX UMD
\x, Hampumep, '\x20' B kommpoBke ASCII cooTBeTCTBYET
cuMBOITy mpobGena. CumBoi ¢ kogoMm 0 3anmvchiBaeTcs kak '\0'.
i HOmMepKKM CHMBOJIOB B PacUIMPEHHBIX  KOAHPOBKAX

(Unicode) mcmome3yercs npeduke L: L't' — cumBon t B
Unicode.
3HayeHus  LEJOYMCICHHBIX  THIOB  Xpamarcas B

NO3UIIMOHHON [JBOMYHON CHCTEME CUHCIEHHUS. 3HAKOBBIA M
0e33HaKOBEIN BAPMAHTEI OJHOTO M TOTO JKe LENOr0 THMA MMEIOT
OIMH U TOT e pasmep. Ilpu 3ToM m1s Ge33HAKOBEIX n-OUTHEBIX
THIIOB BO3MOJXKHBIE 3HAYECHUS NEPEMEHHOM NAaHHOTO THIA JIEKAT
Mexmy 0 u 2" -1. J[na 3HaKOBBIX n-GUTHBIX THIIOB OJWH OHT
OTBOJAMTCSA HA 3HAK, & OCTaJbHbIe OWTHI XPaHAT MOAYJb YUCHA.
OTpuuatensuele wucna, Kak TNpaBWio, MPEACTABAIOTCS B
RONOTHUTENBHOM Koj€: eciii x<0, To n—1 GHUT, XpaHsIIUe YHUCIIO
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x, MPEACTaBJAIOTCS Kak 255 mcnlaed , TIp 3TOM HEO0O0XOIUMO,
yTo6bl 1< | x | <2™7*. [IpeacTaBuMbie B 3HAKOBOM n-OHTHOM THIIE
qHcia HAXOIATCA Mexy —2"* g0 277 -1,

3adaua.

[IpencTaBUTh B IOMONHUTENBHOM Koje i 8-OGMTHOrO
JIEJIOr0 TUIIA YHCIa

0, 1, 12, 64, 127, -1, -4, -17, -128, wncnone3ys Kak
JBOMHYHYIO, TaK U IIECTHALATEPHYHYIO CUCTEMBI CYUCIICHHS.

(Omeempi: 0 = 00000000 = 0x00, 1 = 00000001 = 0x01, 12 =
0x00001100=0x0C, 64 = 01000000 = 0x40, 127 = 01111111 =
Ox7F, -1 = 11111111 = OxFF, -4 = 11111100 = 0xFC,

-17 = 1110 1111 = OxEF, -128 = 10000000 = 0x80).

OO6BbsBNCHNE NEPEMEHHOW COCTOMT M3 ONMCaHHMsi THNa
IepeMEHHOM, €e UMEHU M HeoOsA3aTeNbHON HHUNMaTU3aluu: int
x; unsigned long y=5; signed short z = - 2. B
KayecTBe  BLIPAKEHHS [ WHULMATU3AUMH  TJI0OaNbHBIX
MEPEMEHHBIX MOXET BBICTYNATh KOHCTAHTHOE BBIPAKCHUE, T.€.
TaKoe BBHIPAKEHHE, KOTOPOE MOKET GBITh BBIMMCIEHO Ha Tane
KOMITHJILVIM; JUTS JIOKQJIBHBIX TIEPEMEHHBIX MOXKHO HCIIOJIb30BATh
moGoe  Belpakenue. I[lpy  OTCYTCTBMM  MHHMLHAIM3ALUH
rno6aNbHEIX MEPEeMEHHBIX OHHM OOHYNJIOTCA KOMIIMIATOPOM
(Hesenasn unuyuanuszayus). HanpoTus, NOKaIBHBIM NIEPEMEHHBIM
Bcerja HeoOXoauMO  MpUCBAaWMBATh  3HAUCHHE  BPYUHYIO:
HEMHULMAIN3UPOBAHHBIE  JIOKAJIBHBIE  IIEPEMEHHBIE  HMMEIOT
HEONpeJeIeHHOEe 3HAYECHHE TIPH BBLINOJAHCHUH MpPOrpaMMmbl, a
obpaieHre K TakuM NEPEeMEHHBIM, CKOpee BCEro, MPUBEAET K
HEBEpHO#M paboTe mporpamMMbl U SBJISETCA YaCTHIM HCTOYHUKOM
OLIMOOK.

IIpu OOBsBNEHMHM TNEPEMEHHBIX YacTO UCIOJIb3YIOT
cnequduKaropsl KJaccoB maMmATd static, extern wu
KBaJIM(UKATOp const:

const — 3HAUEHHE EPEMEHHOU HE GyzieT U3MEHATHLCS OCTIe
AHELMAATH3AIMY, HanpuMep, const int size = 100; Ilpu
[(OTIBITKE M3MEHHMTDH MEPEMEHHYIO npousoiiieT omubKa Ha
yrane KOMIAISINH.
static — MeCTO MOA TEPEMEHHYIO OymeT BBHIIENEHO B
CTAaTMYECKOll MaMATH, JOCTYN K MEPEeMEHHOH BOSMOXCH BO
ppeMsi BCETO BBIIOJIHEHHSA TPOrpamMMel, a ee UHULMATA3ALHS
BHIMOJIHAETCA [0 Hauana paGoThI IPOrpamMMbl.
extern — MECTO MOJ rI06aNbHYI0 NEPeMEHHYIO BbIACIACTCA
npy ee OOBABICHUH B IPYroM (aiine, HHALMATAZALAS TAIOKE
peITONHSAETCd B Apyrom (aine, A0CTYN K MEPEMEHHOH
BO3MOKEH BO BpeMs BCETO BBINOIHEHNUS NPOrPaMMBl.
Haubonee uyacTo HCIMOJB3YEMBIM BBIPAXKECHHUEM ABJIACTCA
omepalsl TpHCBaMBaHmsA "=". JleBag 4YacTh IPUCBAMBAHUS
jo/kHa 0003HaYaTh 00BEKT namsaTy (Oynem paccMaTpuBaTh MoKa
TONBKO MMs TEpEMEHHOM), mpaBas — ABIATECA BBIPAXKCHUEM
(marpumep, a = btc, TAC a, b, c — LeJNCYUCICHHbIE
nepeMeHHbie). PesyIpTaToM NPUCBAMBAHMS ABIACTCA U3MCHEHNME
00beKTa TIaMATH, T.e. nobounsiii 3¢pgexm. OOparuTe BHUMAHUE,
YTO MPUCBAMBAHWE SBIAETCS ONepaiyieil ¥ TeHEPUPYeT 3HAUCHHUE
— pe3yNbTaTOM MPUCBAMBAHMA SBISCTCA 3HAYEHUE JCBOM 4acCTH.
CrenoBaTe/ibHO, BO3MOIKHO BBINACATD LICNOUKY NPUCBAUBAHUM
= b = ct+d), nOpd 3TOM Omepauus  NpUCBaHBaHUA
accOLMMpyeTcs ChpaBa HaleBO (T.e. CHa4ajza BBIMUCIACTCA
BeIpaXkeHHe C+d, ero pesynbTaT 3aIMCHIBACTCA B MEPEMEHHYIO
b, a MOTOM — B NEPEMEHHYIO a, MoGO4HBIM 3ddexToM 3TOro
BHIPa)KCHHUS SBIAETCA U3MEHEHHE NIEPEMEHHBIX a U D).

2.1. BoiqucnieHue ebipaxeHuu

Apudmernveckie Onepauud  Haj - LEJIOYMCICHHBIMM
3nayeHuaMHu (6e3 noGouyHoro sddekra) OBIBAIOT OIHOMECTHBIC
(omHOMeCTHBIH WM YHapHBI MmuHyc "-" M mmoc "+") H
IByXMecTHbIE (cloxkeHue "+", BhrdUTaHKE "—", YMHOKCHHE s
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Ale/ieHHe Haleno " /", 0CTaToK OT JeNeHus Haueno "$"). O6parute qpeoGpasyeTes K int; wuHade - X unsigned int. Jro
BHAMaHHE, 4YTO 3amuch "-23" CYMTAETCS KOHCTAHTHBIM Hpco6pa30BaHHe ; Ha3bIBACTCH «HCJIO‘H/ICHGHHOg I;i;ﬂlﬁﬂrr)lililgez
BBIDAXKEHHEM, a HE IEJIOYUCICHHOM KOHCTAaHTOH: B JTOM (integer promotion) ¥ BBIIONHAETCS A1 HM30€XK p
BBIDOKCHMM ~ ONEpalids YHAapHOrO MHHYca TpPHMEHEHa K TOYHOCTH TpPY BBIYHCIEHUSX. Hanmpumep, Npy CIOXEHWH IBYX
LETOYUC/ICHHON KOHCTAHTE 23. mepeMeHHBIX THNa short ofe nepeMeHHbIe gpuson;nca K TUIY
Ilpu nenennu mameno pesyisrar BCernma okpyrisercs int, ¥ CaMo CIIOKEHHE BBITOJIHAETCS B TUIIE int.

CTOPOHY HYJIA M BBIIOJHAETCS PaBeHCTBO (a/b)*b + a%b
a, MO3TOMY 3HAaK OCTAaTKa COBMAJAET CO 3HAKOM AEIUMOIO: yNpaBIAeTCs LENOYHCICHHBIM PaHIOM MpUBETeHHs THMa. Pamr
SRR —27%? TR e ppiOMpaeTcsl TakuMm o0pasoMm, 4YTO paur Tuma long long
i e o ki Gonplie paHra long, KOTOpbIH B CBOK ouepenp Oonblue paHra
oy int # T.A. 10 char. Panr 3HakoBoro u 0€33HaKOBOTO BapHaHTa

HOro IIeNoro Tuma cosnajaioT. [lpu coBnajeHuH 3HAKOBOCTH
sl P Wpaneni unals ol glfllnms Ilonepaﬂz(oxz OmepaHj TUMAa C MEHHUIUM PAHIOM
npeobpaszyercss K omnepaHmy Ttuma ¢ GonbmmM panrom. Ilpu
HECOBINAJACHUM 3HAKOBOCTH BBIIOJNHAETCSA ONEPALMs NMPUBEJICHU,

3) I_[Hf[ OIIEpPaHAOB LECJIBIX TUIIOB HEABHOC NPHUBECACHUEC TUIIOB

Ilpu BbrMuCICHMA apudMeTHUCCKUX ONepamMii ¢ ABYMS
OlepaH/iaMy, a TAKXKE MNP BBITIOJHEHHH ONEPALAY NPUCBAUBAHUS

MOMET aBTOMATHYECKH BBIMONIHATECA HESBHOE MpeobGpasoBaHue B KOTOpPOH Takoke, KaK MPaBHIIO, ONMEPaH/ THIA MEHBIIETO PaHra
OICpaH/ioB (npusedenue ux k dpyzomy muny). Ins JIBYMECTHBIX

npeoOpa3yeTcs K TUILy onepaHja ¢ 60JbUIMM PaHIOM.
APHQMETIECKHX ONEpaIii IPHBCACHHE THIOB BEIOTHAETCS 10 Apudmerryeckas — omepauus  BBIIOJNHAETCS  MOCTE
CIIEYIOLIMM NpaBHIaM:

HESBHOTO IPUBEJICHUS THIIOB, X THIIOM PE3yJbTaTa SBJISETCS THIL,
: MBeeHbl 00a onepanza.
1) Ecmu onepanmel uMeloT pastudmble THUIBL,  TO K KOTOPOMY OBLITH TIPHBEL Panz
Heo6xonuMo NMOMHUTB, YTO TPH HESIBHOM TPHBEICHHU
OCYHICCTBIIACTCA MX NpHBE/ieHUE K obweMy Tumy. Ecim omun U3 6
= y LEJIBIX THIIOB ONEpaH/| 3HaKOBOIO THIIA MOXET OBITh MPUBEIEH K
TUMOB ONEPaH/IOB — BEILICCTBEHHbIH, TO BTOPOW ONEpaHX TOXE |
‘ onepanny 6€33HaKOBOrO THMA W, €CIM 3HAYCHHE OnepaHja
IPHBOZIMTCA K BEIICCTBEHHOMY THIy, H O6mUM TurmoM Gypmer :
i 5 3HaKOBOrO THIA OTPULATENBHO, NPOU3OHAET NEPENONIHEHUE C
HauOOBIINN BEMIECTBEHHBI THII M3 THUIIOR onepanzos (T.e. aud v 5
float mdouble — double, 11t double 1 long doubl BO3MOXHOMH BbIJJaueli OlMO0YHOTO pe3yIbTaTa BEIMUCIICHHS.
T P i Hanpumep, na COBPEMEHHOI cucteme ¢ 4-0aliTOBBIMH THUIIAMHU
T long double u T.nm.). Hanpumep, mns monyuenus

int munsigned int mycts unsigned int u = 50;int
BEIICCTBEHHOTO pe3y/bTaTa OnepaLyi AeNeHHs 3 /2 HeoBXOMIMO Y 20 08 i e e o s
ONHMH U3 ONIEPAH/IOB CAENATh BELIECTBEHHBIM, HATIPUMED, 10GABHE S paBHo, S5 oy e rion e L e
.ow " s LK,
S e e onepann i Oynet mpUBeAcH K 6€33HAKOBOMY THILY ¥ €0 3HAYEHHUE
orepauyu GYeT uenoe Yuco 1, a He BemeCTBEHHOE YKco 1,5, ) SO e, T e
9

2). B ectb onepaiyt 1eioro THma Kopode, em int (T.e. fpuBenen oOpatHO K 3HaKOBOMY Tumy int. Jlis usbexanus
3HAaKOBBINM WM GE33HAKOBBIA BApHAHT short umm char), u Bce

3HAYCHUS DTOro THUMA MOTryT OBITH MPpEACTABJICHBI KaK int, TO OH

12 | 13




TaKMX  OMMOOK  KpailHe  peKOMEHAyeTcs  BBINOJHATE
apudMeTHyecKUe Onepanuy HaJl 3HAKOBBIMU LIEJIBIMH TUIIAMH.

[Ipu npucBauBaHMM TEPEMEHHBIX pPAa3JIMYHBIX THUIIOB
TaKKe BBHINOTHAETCS HEIBHOE NPUBEACHHE THUIIOB: €CIM HE BCE
3HAYEHHs THUIA MPaBOH 4acTH MOTYT OBITh MPEACTABJICHbBl THIIOM
JIEBOW YacTH, TO INPOMCXOJMT OTCEYEHHE CTApIUMX OUTOB WM
NpeBpallieHue 3HaKOBOro Outa B 3Ha4aIlMi (A7 LeNbIX THIIOB),
b0 OKPYIICHHE WM YCEYEHHUE YKCa IS TUIABAIOINUX TUTIOB.
Hamnpuwmep,

1) ecmu signed char ¢ = -1, unsigned char uc #
char sBnseTcs 8-OMTHBIM THIIOM, TO IIOCIIE UC = C; 3HAYEHUE
uc Oyner paBHO 255;

2) ecniu short s = 920 u ™in short — 16-OWTHBIM THII, TO
nocne ¢ = s; 3HadeHue c Oyner pasHo -104.

SIBHOE mNpUBEJEHME TUMOB BO3MOXHO  C ITOMOMIBIO
BRIpaXEHM (type) expr: Hampmmep, pans mnoaydeHus
BEIIECTBEHHOIO pe3y/bTaTa HENeHUS B TepeMeHHoW d Tuma
double CyMMEI ABYX LIENBIX MEPEMEHHBIX a ¥ b Ha JBa MOXKHO
MCIIONB30BATh BBIPAXKEHUE

di—midenplic) (5-b) /7

Yacto BO3HMKaeT HEOOXOMMMOCTH 3alHCaTh PE3YJIbTAT
JByXMECTHOM OMNepauyy B OJUH U3 ONepaHmoB. B stom ciydae
MOXXHO BOCIIOJIb30BATLCS YKOPOUCHHBIM NPUCEAUBAHUEM:

a = a op b oKkBMBaeHTHO a op= b.

Taxue npucpauBaHusS NOMICPKUBAIOTCS VI BCEX JBYXMECTHEIX
onepalui.

ApudmeTHIeCKMMH OnepauaMi ¢ T0604YHBIM 3 deKToM,
TIOMHMO YKOPOYCHHBIX IPMCBAaMBAHMIA, SBIAIOTCA ONEpaIUH
MHKpEMEHTa "++" U JIeKpeMenTa "~-" IByX (opM — npepUKCHOM
(3HaKk omepanuy 10 ONepaHzia) H MOCTHUKCHOM (TOCIe OepaH/a).
[MoGounptii  >bdekT 3TMX  omepauuii —  yBeNHYEHHE
(COOTBETCTBEHHO YMEHBIICHHE) 3HAYEHHA ONEPAHIA HA €MHHILY,
a pe3ysbTaT onepaluy — 3HAYCHHE OMepaHia 0 U3MeHeHus (i
noctduxcHol Gopmsr) TH6O ocie n3MeHeHus (A1 NpeUKCHOI

). Hanpumep, eciu int a = 5, b = 3, TO 3Ha4YEHUE

opMBl !
g)ugameﬂm a-- + b paBHo 8, noGounslii 3pdexT —~ a = 4;
HadeHue BBIPAKEHUS & + --b paBHO 7, no60yHbIA 3QPEKT — b

P
= /L.
' 1"

Omnepauuu cpaBHeHusa (paBHO "==", He paBHO "!=") M
oraomenys (6ombiie ">" Menpme "<", GonblIe WA paBHO ">=",
MEHbIIE WIH PaBHO "<=") reHEpUPYIOT pe3yNbTaT THHa int:
eMHAILY, €CITH OTHOIICHHE HCTHHHO, U 0 B MPOTHBHOM CITyvae.

JIByMsi peXe WCHOJB3YEMBIMH ONEPAMAMH  SBJIAIOTCS
onepauus IOCNENOBATENbHOTO BBYMCICHHT "," ¥ yCIOBHad
onepauus "?:". B omepaumu ", " onepan/ibl BHIYUCISIOTCS ClIeBa
HATIpaBO, @ pPE3yJIbTaTOM ONMEpalUd  SBISETCA —3HAYCHHE
[IOCJIEAHETO BEIUMCICHHOIO BEIPA)KEHUA: B BEIPAKEHUH

a =" (b = 5,v b 2] cyadana, NepeMEHRON b
IIPUCBAUBAETCA 3HAYEHHE 5, MOTOM BBIYMCIIAETCSA BBIPAKCHAC

b + 2, paBHOE 7, ¥ pe3yibTaT 3aHOCUTCA B IIEPEMEHHYIO
a. B omepauuu "exprl ? expr2 expr3" cHavana
BBIYMCIISIETCS BRIPOKEHHE exXprl, W €CJIU €ro 3HaYCHUE OTIMYHO
OT HyJs, TO pe3y/jbTaToOM BCEH onepauuu sBAETCS 3HAYEHHE
BLIDOKEHUS eXpr2, HHA4Ye — 3HAYEHUE BBIPAXKEHHA expr3.
VYcnoBHas omepanus, Kak W Omepaliis NpHCBaUBaHUA,
acCoLMMpPyeTCs CrpaBa HaJeBO, T.€. BhIpAKEHUE

ShERie e ! e DKBHUBAJIEHTHO (a ? b
SRS EE ) ()

Touxou cnedoeanus, WIH MOYKOU NOCIEO0BAMENLHBIX
svivucnenull (sequence point), Ha3pIBa€TC MOMEHT BO BpeMs
BbIMIOJIHEHUSI MpOorpaMmbl  (MHOTJa TOBOPAT O MeCTe B
nporpamMme), B KOTOPOM Bce IOGOUHBIE (EKTh MpeAbIIYIIHX
BBIMUC/ICHMI 3aKOHYEHB], a HOBHIX — HE HayaThl. B KOppeKTHOH
lporpaMme MeXXy JByMs TOYKAMH  MOCIEJOBATENLHBIX
BBIYUC/ICHUN M3MEHEHUE 3HAYCHUS IIEPEMEHHONM BO3MOXKHO HE
Gonee oiHOTO paza, TIPH HTOM CTapoe 3HAYEHHE YHTACTCA TOJIBKO

A onpepencHyus HOBOrO. TakuMH TOYKaMU B nporpaMmme
ABJIIOTCA:




. KOHeI| MOJTHOTO BBIpaXKEHUs (T.e. UL BHIpaOXKEHHd a + b
- c¢*d nocie BEIYUCTICHUS BCETO BBIPAKEHHS);

. TIpH BBIMOJIHEHUH ONEpalvi X , Y — MEXAY
BBIUHCIICHUEM X U V;

o TP BHIMOMHEHUM ONEPAllMK Zz ? X : Y — MEXHIy
BBIYHMCIIEHUEM Z U BBIYHCICHUEM X MO0 V;

o TIIpH BbI30BE QYHKLMH — epe] BHITOJIHEHHEM €€ TeNa U
1ocie BEIYUCIEHUS €€ apryMEHTOB;

o NpPU BBHIOJIHEHUHM OMepaldii x && yH X || y— MEXay

BBIMHUCJIEHHEM X Y BBIYHCJICHHEM Y.

M3-3a HapymieHus CEMaHTHKU TOYEK IOCIENOBATE/IbHBIX
BBIYMCIICHHI BBIPAXKSHHUS TUIIA

(a=2) + (a=3), i++ + ++i gBIMOTCH
HEKOPPEKTHBIMH  (BaXAbl MOAMGUUHUPYETCS  MEepeMeHHast),
aHAJIOTMYHO W BBIPAXEHHA TMMA @ = b++ + b (3HaueHue b
YWTACTCH KaK AJI ONpEAeNeHUs] HOBOrO 3HAYeHHd b, Tak U Ui
BBIYMCIEHHS CYMMBI). 3Ha4deHHE TaKUX BBIpAXEHMH HeE
onpejeieHo (undefined), T.e. CTaHAapT sA3bIKAa He TpeOyeT OT
xommunaTopa CH MOMYyYHTh Kakoe-TO KOHKPETHOE 3HAYeHME.
IHootoMy 17 pasHBIX KOMITMISTOPOB H3-32 OCOOEHHOCTEH
BBINIOJIHAEMBIX UMM ONTHMM3AIMI 3HAUCHWS TAKUX BbIpAKEHUH
OymyT pasnuunsl. Mcnonb30BaHue HEONpEAeNeHHBIX BhIPAKEHUI
KpaiHe He PEKOMEHIYEeTCs: MporpaMma ¢ HHMM OYJeT MoJiyYaTh
HEOXKHMIAHHbIE JUId MpOrpaMMMCTa pe3yNbTaThl WM pasHbIE
pEe3yJIbTAaThl B 3aBUCUMOCTH OT CJIy4alHBIX aKTOpPOB.

2.2. Jloeu4ecKue ebIpaxeHusi

Jlornaeckumu onepanmsMu SBASIOTCA OTpuljaHue "!",
KOHBIOHKIMS "&&" W musptoHknus "||". PesympTatoM 5THX
onepanuii  ABASETCA  €AMHHUIIA, €CIM  COOTBETCTBYIOLIAS
Joruyeckas (QyHKUMS HCTHHHA, W HOJb, €clM JoxHa, J{is
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onepaHIoB (T.e. HENOYHCIIEHHBIX, BEIECTBEHHBIX U
) MCTUHHBIM CYMTaeTCs JII000e HEHYIeBOE 3HAUYCHHE, a
— JIMIIB HOJIb.
pnarojaps TOMY, 4YTO [OCHE BBIYHCICHHS TEpPBOro
onepania omepaimi  "&&" 1:1 "||" HaxomuTcs  TOYKA
[OCAEAOBATENbHBIX  BHIYHCICHHUI, — CTAHOBMTCA — BOSMOXHBIM
HCIIONB30BAHNS (KOPOMKOUY JIOTHKH: ONEPaH/bl BBIMHMCIIAIOTCSA
cjeBa HANPABO, W CCIIM PE3yJbTAT ONEPALUH YXKE H3BECTEH
(3HaueHye TIEPBOO OTEPAH/IA PABHO 0 nnsa KOHBIOHKIMY U 1 11d
JM3BIOHKLIMH), BHIYACIIEH!E BTOPOrO ONEPan/ia He NPOM3BOUTCA.

Hanpumep, B Boipaxenud if (n != 0 && b >
a/n) [EJCHUS HA HONb HE BO3HMKHET, TaK KaK B OTOM cClydae
BBIUMCIIEHUS BTOPOTO OfEpaHia KOHBIOHKUMM He Oynger. B
apyrom npumepe if ((c = getchar ()) != EOF &&
isprint (c)) BbI30B QYHKUMH isSprint NPOU3OUAET TOJIBKO
B TOM ciy4ae, ecnid ¢yHKuMs getchar BEpHET 3HaYCHHE,
oTaM4HOoe OT EOF, MPU 3TOM rapaHTUPYETCs, YTO NEPEMEHHAs C
OyJleT y)Ke U3MEHEHA B XOJie BBHIYMCICHHS M0004HBIX 3¢ dexToB
TIEPBOTO OlepaH/ia KOHBIOHKLIMH.

3a0aqua. HamucaTe BKBHBAJICHTHOE BBIpAOXKEHHE, HE
cojepxarniee onepauuu orpunanus "!":

catsApHEX
yKazaTencH

JIOJKBIO

gl (a>b)

Bl (2*5 = A

By (o) a6

el ahis b el

TR (A<l e 5 o< 30
Pewenue.

i s i<='b

0) 2*a !'= b+4

B) a>=2 §§& a<=5

I) a>=b || c>=d

D a>=1 g& (b>=2 || c>=3).

b




2.3. [NTobumoessbie onepayuu

[To6GuUTOBbIE, WK MOpPa3psAIHbIE, Onepaluy paboTaroT Haj
JBOMYHBIM TIpeACTaBICHUEM Yycha. OIHOMECTHRIMH
MOGUTOBBIMH ONEpPAllMsIMK SBJISCTCS MHBEPCHS WM MOGHTOBOE
oTpunanue “~", IByXMecTHBIMH — noGutoBoe U "&", mobutoBoE
piomouaromee MJIW " | ", nopaspaauoe ucxmodaromee WA "%,
NOGUTOBBIE CHBMIM BiIeBO "<<" u BmpaBo ">>". Cnsur Ha
OTPULIATENBHOE YHMCIO OUT WIM HAa YHCIO, NPEBOCXOAAIICE
IIMPUHY MEPBOTO ONEpanja, He OnpeeseH.

Hy’XKHO OTMETHTBH, YTO TpPH CIBHIe BNPaBO 0e33HaKOBOIO
onepana ocBob0XKAaIoOmuUecs OUTHL 3aNOHAIOTCS HYJIAMH, TOr/ia
KaKk Ui 3HAKOBBIX OMEpaH/OB BO3MOXHO 3allOJIHCHHE Kak
HyNsMH (JJOTHYECKHI CHBUT), TAK M 3HAYEHHEM 3HAKOBOro GuTa
(apudmeTHyecKui cBUT) — BBHIOOP TOYHOTO MOBEJCHUS 3aBUCHUT
or peammsaiuu. [losTomMy s TIOOMTOBBIX — BBIMMCICHHI
PEKOMEH/IYETCsl BCET/1a UCTIOb30BaTh 0€33HAKOBbIC THIIBI.

Ipumep. Tlycts mepeMeHHas x uMeeT THN unsigned
int. YroOel OOHYNWTH BCe OUTHI X, KPOME TpeX MIIaJIUMX,
HeoOXOAMMO WCIIONB30BaTh MOOWTOBYIO ONEpalMi0 &, B3SB B
KauecTBEe BTOPOro MapamMerpa 4MCiIO, y KOTOPOrO JMIIbL TpH
MIamuX GUTa YCTAHOBIEHBL: 3TO YUCIO 7, T.€. OTBETOM SBJIICTCS
BLIDAKEHHE X & 7. AHAJOTUYHO, Ui OCHYNeHHs BceX Our,
KpoMe TpexX MiajiiuX, BTOPEIM NapameTpoM mobutoBoro U
JIOKHO OBITH YMCIIO C YCTAHOBJIEHHBIMM BCEMH OHMTaMH, Kpome
TpeX MJIAJIIUX, TO €CTh ~7, BCE BhIpaXeHne ectb x & ~7. Jlns
YCTAHOBKM JBYX MJIafIIMX OWUT HCHONB3YeTCs BKIIOHAIOIee
UIW: x | 3. HeoOxogumMyi0o KOHCTAHTY MOJMKHO TaKXe
HOJYYMTH CIBHMIOM: [UT YCTAaHOBKM MATH MIAMIMX OUT BMECTO
3alIOMHHAHK] KOHCTAaHTHI 31 MCcnonb3yroT Beipakenne x | ( (1
G e I

2.4. CmapwuHcmeo onepayuu
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CTapUIMHCTEO Olepaiuii 3aj1aeTcst TabmueH IpUOPHUTETOB
puc. 2) W, KaK MpaBuio, COOTBETCTBYET OXUIAHUAM
paMMUCTa, W30aBnss ero OT HeoOXOAUMOCTH MUCATh JIHIIHAC

(cM.

npor
CKO6KM B CJIOKHBIX BBIPAXKECHUAX.

AcconHATHBHOCTH
CrieBa HanpaBo

Onepanuu

= OS>

T ~ ++ —— + -.sizeof (type) * & CripaBa HAJIEBO
AR Cnea HanpaBo
+ = Criesa HanpaBo

<< >> Crniesa HanpaBo
< <= >3=

CrieBa HaOPaBo

= I= CrieBa Hanpaso

& Criesa HanpaBo
% Criepa HampaBo

| Crnesa Hanpaso

&& Cnesa Hanpaso

1 Crnesa HanpaBo

21 Crpasa HalEBO

= ==k = = g= A= = LK<= 30 Cripasa HaJIEBO

' Crnera Hanpaso

Puc.2. Cmapuuncmeo onepayuii 6 Cu.

TIpropuTeT omepanmii MMEHOBAHMS MaMATH (IOCTyMa K
YWIEHaM CTPYKTYpbl, 3/J€MEHTaM MaccKBa, BHI30BA yHKLUN)
Haupbicumit. Jlangee, NPUOPUTET OJHOMECTHBIX ONEpaluH BBHILIE,
uem JBYXMECTHBIX. [puopureT JIBYXMECTHBIX
MYNbTHIUIUKATABHEIX ONEpalyif, B TOM 4YUCIE JIOTHYCCKUX U
NOGUTOBBIX, BBIIE, YEM COOTBETCTBYIOIIMX AIMTUBHBIX:
npuoputer "* / %" BHINE, YeM y "+ -"; MPUOPHTET "&&"
Bhlle "||" , a mpuopuTeT "&" Bpume, YeM "~V M "|".
Ipuopurer otHomenuii ("< <= > >= == |=") HIKE, YeM
apudmeryeckux omnepanuii u ciBUros. IlpuoputeT onepauuu
NPUCBaWBaHWs, B TOM WYHCIE YKOPOUYCHHBIX TNPHCBAMBaHHUH,
CaMbIil HU3KHMH, 33 UCKIIOUCHHUEM OlIepaliuu “saraTas’.




IIpumep. B BeIpakeHNM

sie= Ts3%anvar ub/ oonsitid
paccTaBIsIOTCA Kak

% = - A4 SHed ki AT
PEKOMEH/YeTCs yHoTpeOnaTh CKOOKH, eClli OHU YIy4IIaroT
SCHOCTh M 4YHTAaeMOCTh Kopia, JuO0 B clydYae COMHEHUH
MPOrpaMMHMCTA.

CKOOKH eCTECTBEHHO

2.5. 3adayu Ans camMocmosimesibHo20
peweHust

2.5.1. Llenoii mepeMeHHOH k MPUCBOUTH 3HAYEHHE, PABHOE
TpeThedl OT KOHLA Ludpe B 3amMCH LENOro MOJOXHTENIbHOTO
YUCha X.

2.5.2. Ilenoii mepeMeHHOM k PUCBOUTH 3HAYCHHUE, PABHOES
cymMme HM(p B 3aMHMCH LETOr0 HOJOKHUTENHHOTO TPEX3HAYHOTO
YUCTIA X.

2.5.3. llenoii mepeMeHHOH k MPUCBOUTH 3HAYCHHE, PABHOE

nieppoii 1Mppe ApoOHOM 4YacTd B 3aMHMCH  BEIIECTBEHHOTO |

TIOJIOKUTENBHOTO YACHA X.

2.5.4. Onpeenuth YUCIO, TIOJYYEHHOE BHINMCHIBAHMEM B
obpatHoM Tmopsake HU(pP 3aJaHHONO IMENOTO TPEX3HAYHOTO
qUCa.

2.5.5. Hcnoms3yst yCNOBHYKO omepaunuio “?:”, HamucaTb
BBIpaKEHUE JUTs BBIUMCIICHHUS:

a) MOAyJIs LIeJIOro YKea X,
6) MakcuMyMa JBYX LIENBIX YUCEI,
B) MaKkCUMyMa TpeX LeJIbIX YUCEIL.

2.5.6. llycts int a 5, int . b = 7.Yemy Oyucl

PaBHO 3HaYEHUE BhIpaXEeHHS U 1o604HbIe dhdeKTI?
S G e G | T B
by oeb /et = 3]
BY {a. =1 20 L1 490 F i 180 )
£){a *= b+l (b F=ia)
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>= d. Tem He MeHee, |

2.5.7. Tivomes vl vsuicss) 10 “gROIRRE ¥y (=120
JIns MPUBEEHHOrO BBIPAXKEHHSA YKa3aTh €r0 3HAYCHHE U

oO04HBIC s dexThl (ecnu OHM e€cTh) b0 “ommbra”, eciu

BRIpAKECHHC om0 09YHO

X Yy

2.5.8. TlycTh onpejieNieHbl NEpeMEHHEIE k U X, HMEIoLIHe
man unsigned int. Cuywurag, 4YT0O B X  HAXOOWUTCA
TPEX3HAYHOE  YMCIO, BBIIMIINTE MPHCBAHBAHME, KOTOPOE
[IOMECTHT B kK 3TO YHCJIO B «mepeBepHyToM» BHAe. Hampumep,
ecnu B x comepxkanoch 123, To B k cieyeT NMOMECTUTH YHUCIIO
221,

2.5.9. Ilyctb ompeneneHbl nepeMeHHbie double d;
int 1i; Vkaxure Kakue 3Ha4eHUA OyAyT MMETH NMEPEMEHHbBIE 1
U d Tocie BEIYUCICHUA

i=d=10/4;

Hoscnenue. B 3amavax 2.5.10-2.5.15 cuutath, 4TO TUIT
unsigned int 3anuMaer 32 Gura, a TUN char — 8 Our.

2.5.10. «YmaxkoBaTh» 4YeTelpe cuMBONa B 32-OuTHOE
0e33HaKoBoE Leoe.

2.5.11. «PacnaxoBaTthy 32-OMTHOE O€33HAKOBOE IEJOE
YHCJIO B YETHIPE CUMBOJIA.

2.5.12. Peanu3oBaTh OmEpaluy I THMA «MHOXECTBO»
(oToGpaxenue HOMEPOB OJJIEMEHTOB MHOXECTBA Ha pPaspsfbl
CJIOBa, KOJMYECTBO D3JIEMEHTOB MHOXECTBA 3aJaHO pPasMEPOM
C10Ba): a) 00beIMHEHNE, IEPECEUCHIE, BHIUUTAHUE, IOTIONHEHHE,
CPaBHeHHMEe MHOXecTB, 0) H00aBUTH/YNATMTh JIEMEHT B/M3
MHOXeCTBa; sBISE€TCS JId MHOXECTBO IYCTBIM; B) BHIOpaTh
IIPOM3BOJILHEIN 3JIEMEHT U3 MHOXKECTBA.
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2.5.13. He wcrionb3yst [OMONHHTENBHBIX MEPEMEHHBIX,)

IIOMEHATh MECTaMM 3HAYEHHs ABYX MEPEMEHHBIX THIIA int.
2.5.14. IloMeHATH 3HaK MepeMEHHOM X TUMa int.

2.5.15. WuBepTupoBaTh 5 MiIafumx GUTOB HEpeMEHHOM X

THIa unsigned int, ocTanbHBIE GHTH OCTABUTH 6€3 H3MEHEHHH.

3. Beoa/BbiBog.

CuMBONBHBIH M (OpPMATHBI BBOA-BHIBOL JAHHBIX,
Onepatopbl:  BHIPaXEHHE-ONEPATOp,  YCIOBHBIH  OmepaTop,

omepaTop BbIOOpa, OmMEpaTOpHl IHKIA, ONEPATOp MEPEXOAa,

COCTaBHOM OIepaTop.

®ynxkupn  BBOJa-BbIBOZA B CH  SBIAIOTCS YacThiO
CTaHJapTHOW OUONMOTEKH A3BIKA, JUIS MX UCTOJIB30BAHMA HYXHO
MOAKIIIOYATE 3arojloBOYHbIA daiin stdio.h (cM. pasmen 1). B
9TOM pasjienie IO3HAKOMUMCH C HEKOTOPBIMH  (YHKIMIMH,

ONCpHUPYIOMIMMHA CO CTAHAAPTHHIMM IOTOKAMH BBOJAA U BEIBOZIA

(koTopble OOBIMHO CBS3aHBI C KJIABMATYpOH M JHCIUICEM
COOTBETCTBCHHO).  DYHKUMH  CTaHIApTHOM  GUOIHOTEKH,
Npe/IHa3Ha4YeHHbIe i paboTe! ¢ (aiinaMu, onucanst B paszene 9.

OYHKIUIMHI CHMBOJIbHOTO BBOAA-BEIBOZIA (t.e.

CUHUTBIBAIOIUMMH M 3aIIMCHIBAIOIIMMU OJUH CPIMBOJ'I) SBJIAIOTCA

GyHkuMH getchar u
OOBABICHUAMH:

putchar co cneayrmUMH

int getchar(void); u int putchar(int c);. O6e |
(yHKUMM BO3BPAIMAIOT CYMTAHHBI JTHGO 3aMMCAHHBIA CHMBOJ |
NPUBEACHHBI K int, mubo
CHCIMATPHOC 3HAa4YeHHWE EOF, €CIH JOCTUTHYT KOHEIl ITOTOKA
BBOZAa JMOO mpou3omIa jpyras ommOKa BBOJA-BHIBOJA. |

THII2 unsigned char,

OGparuTte BHMMAaHHE, YTO U3-3a HEOOXOIUMOCTH pasnu4ath BEPHO
CYNTAHHBIH CHMBOJI M COCTOSHME OMHOKM (QYHKUMH HE MOTYT

BO3BpalllaTh 3HAYCHME Tumna char unM unsigned char, |

05TOMY HCIIONB3YETCS 3HAUEHHE THIA int. TUNMYHBIA UK,
qubmaromnﬁ 10 OJHOMY CHMBOJY M3 CTaHJapTHOrO IMOTOKa
BBOJIA 10 JOCTIDKEHHS! €r0 KOHIIA, BBIJIAIUT TaK:

Bnt:G7
B e (e = getohar ()) 41=4EQF)

/* obpaboraTh cJenyomee 3HaveHue C */

®yukiuu GopMaTHOro BBOAa-BhIBOAA scanf M printf
(c mpoTOTHNAMH
il o (const char fEormat; )
I brintf (const char *format;. ou iu)z) ¢ MOrYT
CUMTHIBATH M 3alUChIBaTh JaHHBIE JMOOBIX OA30BBIX THIOB MU
CTPOKM COTJIACHO 3aJlaHHOM opmamuoii cmpoxe, KOTOpas
gBJgeTcs TepBbIM aprymMeHToM ¢yHkuui. QopmartHas CTpoka
3a/1aeT KOJIMYECTBO M THI 3HAYEHHH, KOTOpbIE HEOOXOAUMO
cyuTath JinOO 3amucaTh, a OCTAILHBIC APrYMEHTHI ABIAIOTCS
yKazaTensiMu Ha OOBEKTBHl MNaMATH, Kylda HYXHO TIOMECTHTh
CYUTAHHbIC 3HAYeHHsd, JUOO BBIPAKECHUAMHU, BBIUUCIISIOLIUE
3HaueHus i 3anucH. DopMar OJHOTO 3HAYCHUS 3ajacT
crnenu(uKaTop BBOJA-BHIBOJA, HAUMHAIOIMNCA C CHMBOJNA $.
Hacto ucnonb3yeMbIMU CrieUgUKaTOPaMH ABJIIOTCS:
e 3d, $1d, %$11d — nHamevyartaTh/cuMTaTh YMCIIO THIA int,
long, long long;
Su, %$lu, %1lu - HaneyaTaTh/CUMTATh YMCJIO THIIA
unsigned,
unsigned long, unsigned long
long;

5f, SLf - mnamevarate umcio Thma double, long
double;

Sf, $1f, $Lf — cuwrath yucio Tuma float, double,
long double;
$C — HaneYaTaTh/CYUTATh CUMBOJL,




%S — HameyaraTh/CYHTaTh CTPOKY (TIpM BBOJE CTPOKa
CYMTHIBAETCS 10 NEPBOro MpodensHOro CUMBOIA);
%% — Hame4araTth 3HaK IpPOLICHTA.

OcTranbHble CHUMBOJBI (OPMATHOM CTPOKM NpPU BHIBOIE

COXpaHAKTCA B TOM XK€ BHIE, YTO MOXKET MCIOJIb30BATHCH IJIs
BBI/Ia4H COOOIIEHMI Wik MIepexo/ia Ha HOBYIO cTpoKy. Hampumep,
CHICIYIOIMI BBI30B BBIBOJWT JBa LENBIX YUCIA M HX CYMMY,
OepeBOJs BBIBOA Ha HOBYIO CTpOKy: printf ("$d %d
%d\n", a, b, a + b);. Ycnoxuenuem crneuupuKkaTopoB
MOXHO 0ojee TOYHO HACTPOWTH BHMJI BBHIBOAUMBIX YMCE,
Hanpumep, cnetudukaTop % . 5 £ BEIBOAMT umcnio Tuna double ¢
IITBIO 3HAKAMM [10CTIE 3ansITOM.

OyHKOMA scanf BO3BPALIACT KOJIUYECTBO MNPABHILHO
NPOYUTAHHBIX (COrnacHo (OPMaTHON CTPOKE) apryMEHTOB, YTO
LIMPOKO HCIONB3YETCS JUId IPOBEPKH KOPPEKTHOCTH BBOJA.
Cuemyrommii y4acTOK KOIa CYMTHIBAET TPH 3HAYECHHS THIIA
double u meyaTtaeT cOOOIIEHHE, €CNIM NPU BBOJE MPOM3OLLIA
omuoKa:

AL (scanf (BFLERIERIEN A0n, Gk b= 188
printf ("OmmOka BBOHA: HYXHO BBECTU TPU
BeleCcTBeHHBX uucaa\n") ;

HeobGxoaumo obpamark ocofoe BHHMaHHWE Ha Nepefady
aprymMeHtoB B (QyHKUMIO scanf Ui 3alHCH 3HAa4YeHWH 1o
YKasaTeno, a TakkKe TOYHOMY COOTBETCTBUIO THIIA yKa3aTend H
cnenuuKaTopa BBOJA, TaK Kak B clydae OMMOKM CUHTAHHBIE
¢yHKuuer 3HaveHns OyayT 3amMcaHel B HEBEpHBIE O0GNACTH
NaMATH, YTO MPUBEJAET K OMO0YHOH paboTe mporpaMMel MM e
Kpaxy. Jlis KOHTpONs HMCIONb30BaHUs (yHKIMI (OPMATHOTO
BBOJA-BBIBOJA - LieJIeCOOOpa3HO  MpM  KOMIMISLMH — ©
ucronb3oBanueM GCC BKIOYATh NPERYNpPEXICHAs ceMeiicTBa —
Wformat.

3.1. 3adayu Ons camocmosimesibHO20
peweHust

3.1.1.7 [TycTh ONpe/eneHs! epeMeHHBIE :
Biible d; float f; long lng; 'int i; ‘short

S/

Yro Oyner HameyaTtaHo B pe3yJbTaTe BBINOJHEHMS
caeyromero GparMeHTa mporpammer?

2) i - Ing = f =d ='100/3;

N r("s = %hd,l.5 8dodngn s dld
g, s, 1, 0lng, T g el

- - - ing = 1 = 5 =100/3;
printf("s = Zhdi = et lng = %1d
$f\n", s, i, 1lng, £, d);

B) s =1i=1lng =f =d = 1000000/3;
printf("s = $hd i = %d lng = 3%1d
et s, o1, Mg d Be o d)

r) d =f =1lng = i = s =1000000/3;
BeEintft ("s = hd 1/ = %d.1ng. = $lél
RN Ing B Ay

B lng = 5 LU T
PEINEE( s =hghdii = ed 1ng =%
g, s, i, lng, i, di

€)f = s =d=1lng = i = (double)100/3;
ERimEE (s = 2 diiae — io 5 lng = %1d f =
B s, i, dng, Fosdie

X)s =i = 100/ (double) 3;

i
3anaq!1u33aaaqﬂuka[5]




printf("s .= %$hd. i.=
HENRE s e GF Sl d

aYEd— s d —ng = 1= (double ) 100/3:"
printEf{"s  =ii%shd “ii"=kadidng = 181d! £¥=
HENnI s i ngnng, od)

Hi=s-= = (double) (100/3);
PEInE&HES i = %ld £ =
T L i

3.1.2. ITycTb onpeneneHbl NEPEMEHHBIE :
deublewds= 13020 iz Sant die= 19 iy

Yro OypmeT HameyataHO B pe3yJibTaTe BBINOJHEHUS
CIIEIYIOIIEero (parMeHTa nporpaMmel?

A= vy = idy fiadin) sk, D
prinkia (e =S E v = Sdin!l,

B) .x =5
printf

. Siatle)
)ik

B Y =G
DGRt

O x = d * linlint) 2 . Omds i Yool dis
pringf Sdny =\ eyl

4. Onepartopsbi

Jns opraHu3auyy BEMYUCICHHHN B 13b1ke CH HCITONB3YIOTCS
oneparopel. IlpocTedimnM onepaTopoM SBISETCS BBIpaKEHHE-
omeparop Buaa "expression;": Hanpumep, a = b; a++; win
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5+1; — 9TO KOPPEKTHBIC OIEpaTopBL. CocTtaBHO# onepaTop
E ZBOH,HCT rpyHnMpOBaTh HECKONBKO ONEPaToOpoB BMECTE.
;’}CJICT)[BOHBII‘/I ornepaTop HMEET BHIL
if (expr) stmt; else stmt;, npu4eM HvyH(HO OT.MCTHTI:,
gro BETKa else BCETa oTHocHTCs K Onmwxadmiemy if: npa
ppuBeJCHHBIX y4acTKa KoJia SKBUBAJICHTHBI.

 (x > 2) L (3% o8 o
B (v.> z) AL 2
y = 2} Youien 2
else } else {
zZ = VY;
}
}
Onepatop BbIOOpa swi tch 3anMCeIBaeTCA KaK
switch (expr)
{
case const-expr: stmt;
case const-expr: stmt;
default: stmt;
}
Y TIO3BOJISIET BLIIOJIHHUTL OJAWH M3 ONEPATOPOB B 3aBUCUMOCTH
OT 3HAYECHHs LEIOYUCICHHOrO BHIPAXKEHUS JMOO BBIIOJHUTH
HEKOTOPBI Oleparop Mo yMONYaHHIo (MeTKa de fault), eciid HU
OJVH K3 BapHAaHTOB 3HAYEHHS HE MPELYCMOTPEH. MoxHo
NMepeYncIsTh HECKOJILKO BapHAHTOB 3HAUEHWH Ui OJTHOro
omepatopa. Ilocie TOro, Kak OJHO M3 3HAYEHWH MMOJOLLIO,
NPOUCXOIUT MEPexo] MO COOTBETCTBYIOICH METKE case H
HauWHAeTCs BHIMOMHEHUE TeNla switch ¢ omeparopa IOcie JTOM
METKH. OCTajnbHBIE ONepaTopsl switch TaxKe BHIIONHAIOTCA B
NOpsAgKe WX 3aMMCH, MO3TOMY JUId MMPEKPAlICHUS BHIITOJTHEHUSA
oneparopa Beibopa 00s3aTENBHO HYKHO KCIONB30BaTh OIEPaTop
break:
switch (tag)
{




a *= b; /* Jajee BHIIOJHUTCH a +=

case 2:
b; m3 ciemywomen BeTKu */

case 3aews. t=.b;
npomsouneT BHXOH */

break; /* A 3BOechk
case 4: a -= b; break;
default: break;

Oneparopamu nukia B Cu aensiores while, for, u do
while.lluki while umeeT BUAwhile (expression)

stmt; ¥ BBIOOJHAET oONeparop stmt, IOKa BBYHCICHHUE
YTIPaBISIOIMIEr0 BBIPAKEHHS eXpression [daeT HEHYJIEBOE
3HAYEHNE, MPU 3TOM NepBas MPoBEpKa BhIPAKCHUA MPOM3BOIUTCS
JO TIEpBOro BHIMOJHEHUA omeparopa. Llukn do while
3aMMChIBAETCA Kak

do { stmt; } while (expression);
Y aHAJIOTMYEH LMKIY while, HO MpoBepKa yCIIOBHA BHIXOJA U3
[IMKJIa Jejaercs TMmocjie omeparopa stmt, T.€. Telo IUKIA
HCIIONTHAETCS XOTS OBl OJIMH pas.

ki for gBsSETCS caMbIM MOIHBIM BUIOM tukia B Cd u
3aIMUCHIBACTCA KaK

Forlexpril: expr?; exprdl isEmta.
Ilepen HavanoMm BBHINONHEHMS LMKIA BHIMMCIAETCS BBIPAXKCHUE
exprl, Kak I[paBWiIO, WCIOJB3YyEMOE [UId WHHIMAIM3ALUU
CYETUMKOB UHMKia. [Ipy 5TOM NEpEeMEHHYIO-CYETYMK MOXKHO
o0BSABUTH NPAMO B 3aroioBKe LMKiIa. Teno myxiaa — oneparop
stmt — BBIIOJHAETCS A0 TEX HOP, NOKA 3HAYEHUE BHIPAKCHUS
exXpr2 OKa3bIBAETCS HEHYJIEBBIM, 5TO BHIPAXKEHHE BBIYMCIIIECTCS
mepel HavyajaoM Kaxaod wurepauuu 1ukna. Ilocie oxonuyaHwms
WTepallMid LUKJIA BBIYUCHISETCS BBIpRXEHUE expr3, OOBMHO
coiepxkaimee OOHOBIEHHE cUeTHUMKa Lwkia. IIpumepoMm IuKia

for SBIFIETCS BBEIYHCIEHHE N-H cTemeHH yucna x: for (int
i = EoNoawis M= in ] RV pow ke e Sl iR
for 4acTo UCIIOJIb3YEeTCA [IpOrpaMMHCTaMH n3-3a

BBIPA3UTEIPHOCTA M HANIAAHOCTH: BCE YHPaBJIAOWNE IIHMKIOM

28

KOHCTPYKIMH COCDEJIOTOUCHBI B €ro 3aroJIOBKE, TMPUYEM HET
Orpaunqe}mﬁ Ha UX COJEpIKaHue.

Bce TpH BBIPJKEHHUS U3 3ar0NOBKa IIMKIa for MOryT ObITh
omylleHbl, TPA OTOM 3HAYEHUE BHIPAKCHNS expr2 Bcerjaa
cquTaeTCsl MCTUHHBIM. Hanpumep, BeuHbiil LHKI Ha sA3bike Cu
moet ObITh 3amucal kak for ( ; ;) { ... IS,

Jlns DOCPOYHOrO BBIXOAA M3 IMKIA, KaKk M B ClIyd4ac
oneparopa BBIOOpa, MOXKeET OBITh UCIOJL30BaH onepatop break.
TOT ONMEpaTop NpPEpHIBAeT JMIIb CaMblil BHYTPEHHUH LMK M3
rae3ga 1uioB. Omneparop continue wucnonb3yeTes A
HeMEeUIEHHOrO Tepexofa K Clelyloueid uTepanyd 1HKia,
[POTYCKAs OCTABLIYIOCSH YACTh TeNa LMKJIA, HPH 5TOM BHIPAKEHHME
expr3 He NPOMYCKAETCA U BBHIIOAHACTCA N0 Hadana cleIyIomen
urepauny. Takum o6pasom, NMpH HCMONB30BAHMM continue HET
HeOOXONMMOCTH JIONOJHHUTENIFHO K KOAY 3arojloBKa IHKIa
OOHOBJISITH CYETHHUK [UKIIA.

3adaua. C moMomplo IMKIa while HanmumuTe UK,
SKBUBANEHTHBIH OnucaHHOMY ofmemy Buay wukna for. Yro,
€CJIM TEJIO LIMKJIa COEPIKHUT onepatop continue?

Omepatop mepexoja Mo MeTke goto  label;
UCIIONB3YETCS JJIs OpTaHM3aly CJIOKHOIO IIOTOKA YIpaBJICHHUS.
B kadecTBe METKHM MOXKET BBICTYIATh MACHTH(HUKATOP, OONACTHIO
BUIIMOCTH KOTOPOro OKaspiBaeTcs Bcs GyHKmma. Mecto
nepexofa momeuaercs B TnporpamMMe kak label:. HyxHo
M30eraTh HEONpPaBIAHHOrO NPUMEHCHHUS OnepaTopa goto.

4.1. 3adayu Ons camocmosimesibHo20
peweHusi

4.1.1. TlopcunTarh KOJWYECTBO HATYPAJIBHBIX YMCEN n

(111 <= n <= 999), B 3alMCH KOTOPHIX €CTh [1B€ OJUHAKOBBIE
OuQpEI.



4.1.2.. TloacuMTaTh KOJNMHYECTBO HATYPANBHBIX 4HCEN n

(102 <= n <= 987), B KOTOPHIX BCE TPH LHU(DPHI PA3THIHEL.

4.1.3. TloacuuTaTh KOIMYECTBO HATYpPaIbHBIX uKces n (11
<= n <= 999), ABJIAOLMXCS NATUHAPOMAMH, ¥ PacreyaTaTh UX.

4.1.4. TlomcuuTaTh KOMMYECTBO LMPP B ECATHIHOH
3aIUCH 1[eJIOr0 HEOTPULIATEBHOIO YHCA n.

4.1.5. Onpenenuth, BEpPHO JH, 4TO Ky0 Cymmbl LHQp
HATYPaILHOTO YKC/a n PaBeH n’.

4.1.6. Onpenenuts, ABJAETCA JIM HATypaabHOE 4YMCIO N
CTeTeHbI0 unca 3.

4.1.7. Jlano mwarypanbHOoe uuciao n. Ilomy4ynts Bce €ro
HaTypaJbHbIE NEITUTEIH.

4.1.8. JlaHo HaTypalbHOE YHCIO n.
HauMeEHbIIEEe YHCII0 BUIA 27, IPEBOCXOAIIEES n.

4.1.9. PacnieuartaTh NepBbIie n NPOCTHIX YHCE.

4.1.10. Pacneyarats nepeble n uncen @ubonauyu
(Eiis iy il Bl i A Sadtiitul 0 298GR o

[Tony4uTtsb

5. ®yHKUUM

5.1. dyHKYUU
IMonsatue ¢ynkuun. OmnpenencHue, OOBABICHUE, BBHI3OB

dysxupu. Ilepenaua mnapamerpor B Gynkumio. [lonsrtue
yKazartens. 3a/lauu.

5.1.1. NMoHATHe dpyHKUUM

B pazpmene 1 npu omucaHMy MPOCTEHIIUX IPOrpaMm Ha
a3pike CH yke OBbUIM pacCMOTPEHBI NPUMEPHI KMCMOJIB30BAHUA
dynxumii. PaccmoTpum 5To 6asoBoe ama ssbika Cu NOHATHE
Gonee noapo6uo. [oa ¢pyHKUMEH B A3BIKAX IPOrpaMMHUPOBAHUS
MOpasyMeBacTCs  CrEHUaibHBIM ~ 00pasoM  OQOpMIIEHHbIA
¢parMeHT NpOrpaMMbl, ONKCHIBAIOLIMN pEIIEHHE HEKOTOPOH
noj3ajayu, KaK TpaBUIO, HEOJHOKPATHO BRITIOJHAEMON MNpU
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Gote MpOrpaMMBl. Wcnonb3oBanne QyHKIME Npu paspaboTke
F rpaMM TO3BOJIACT TIONY4YMTE Gosiee HArAHbIA, KOMIAKTHBIA
Ep?leiqe [IOHUMAEMBbIil KOJI MPOTpaMMBbl, a TaKKe obneryaet
[IOBTOPHOE JCHONB30BAaHNE KOJa 3a CUeT I/ICPOJIr}‘,BOBaHny{ B
nporpamMMax y)Xe paHee onuca:mblx dyukuuit. Tem cambIM
ycTpaHaeTes my6aupoBanue paboThl W YCKOPAETCA Mpouece

pa3paloTKH TIPOT PAMMBI.

Onpeaenenue ¢yskumn B s3bike Cu IMEET BUJ:

coun> <uMa> (<COmMcok QopMaJsibHBIX rnapaMeTpoB>)

{

<Tejio QYyHKUMW>

}
rae <Twui> 3a7aeT THIl BO3BPAIACMOTO ¢GyHKUMEH 3HAYEHM,
<CnuCoOK bopMaibHEIX napamMeTpoB> COJIEPKUT
NepevrCICHUE NapaMeTPoOB byHKIMH ¢ 0043aTeNIbHBIM YKa3aHHEM
TUna Ui KaXaoro OTASABHOTO mapaMerpa, <Tejio ¢QyHKUmMu>
COJEPKUT OOBSBICHHE JIOKANBHBIX TEPEMEHHBIX H OINEPATOPEL,
peaNu3yrole anropuT™M JaHHOH ¢dynkuuu. Ecma  Qynkups
BO3BpalllaeT HEKOTOpPOE 3HAYCHHE B KAa4YECTBE pE3yJibTara CBOEH
paGotel, TO B Tene GQYHKOMH  O0A3aTENBHO  JOJDKEH
MIPUCYTCTBOBATH ONEPATOP:

return <BHpaxeHue>;
KOTOpEIM 3aBepHiaeT BHIMONHEHWE (QYHKIMM M BO3Bpaliaer
BEIYKC/IEHHOE 3HAYEHUE BBLIPAXKEHHS B BHI3BIBAIOLIYIO (QYHKIMIO.
Ilpy BbluMCIEeHMM BBIp@KEHHS [0 Mepe HEOOXO0JUMMOCTH

BBIMMOJIHACTCSL NOpHBEIEHHE THOA K O6’I:SIBHGHHOMy TUITY
pe3yirTara.

B kauecTBe mpuMepa TpuBeneM onpeneneHue (QpyHKIUH,
BBIMUCIIAIONIEl MAKCUMYM JBYX LENbIX YACEN:

int
max

{
L

(Antia iniabs



return (a > b) 2 a : b;

Ecnu QyHKUMs HE BO3BPAIIAET HUKAKOTO 3HAYCHHS, TO B
KauecTBe THMA BO3BPALIAEMOr0 3HAYEHMs yKasbiBaeTcs void.

Oneparop return B TakMX QYHKLIMAX MOXKET OTCYTCTBOBATh (8
5TOM clydae BBIMOJHEHHE  QyHKIMH

}), Jmb0 NpUCYTCTBOBaTh, HO HE CONCPKATEL
BHIPAXKEHUS (B TOM CJIy4ae BhiNOJNHeHHMe QYHKIMM 3aBEpIIACTC
HeMe UTEHHO [10 JOCTHKEHHIO onepatopa return). Hampumep:

void
maslae( dnEia, i ntib)
{

printE (T Sa\nd, . (ais' b)) EaE b Py

Eciu (yHKUMA He MMeeT IapaMeTpoB, TO B KaucCTBE

CIIMCKA €€ [TapaMeTpoB yKasbiBaeTcs void. Hanpumep:

itigh

max?2 (void)

{

dntivast b

scanf ("Sduatd Yy &a, &b) ; // '‘BBOH
3HayeHuy a u b

returnuala Sab) | O a psuly
}

Onpenenennto  (QyHKIMA B TpOrpaMMe  MOXCT

NpeLIECTBOBATE €¢ OOBABICHHE, 3a/jaHHOC B BHJE MPOTOTHINA
oTOif  (yHKUMH, THEe YyKasbiBaeTcad MMs (YHKLHMM, TN
BO3BPAlIAEMOr0 €0 3HAaueHMs M  (opMmaibHbie MapameTpbl
¢yuxuun. Harpumep:

int

max (int a, int b); //nmpoToTmn QyHKIM max

3aBEpIIACTCA M0 |
JOCTIKEHHMIO KOHIA Tena (YHKUHH, T.e. 3aKpbiBafomeii ckoOKu
HUKAKOTQ |

HmeHa dopmanbHbIX mapamMeTpoB B POTOTHIIE MOXHO HE
5. Tlepel MCTONB30BAHHEM (yHKIIUM OHA JOJDKHA ObITH
npe/eneHa uin oObsiBIeHa B nporpamme, T.€. 53
yHKIMA JOJIKEH ObITh M3BECTCH, MO KpanHEH

Ka3bIBaT
00s3aTeNbHO Y
mecTe BBI30BA
Mepe €€ npoTOTHII

B30 (QyHKIUHA UMECT BUIL:

s> (<cnuCoK baKTUYECKMX napamMeTpoOB>)

Mesxy CHUCKaMH axTuyeckuX ¥ (OpMaNbHBIX [apaMeTpoB
(yHKUMY JIOTDKHO GLITh COOTBETCTBME MO THUIY M TIOPSAKY
cllef0BaHKs MapaMeTpoB B STHX criickax. OOpatuTe BHUMAHME,
4TO HAIMYUE CKOOOK 003aTEIbHO IAXE B CIIyHac, xoraa QysKuus
we umeer mapameTpoB. [lapameTpel fiepesialoTesl  TONBKO 1O

3HAYEHUIO, TO €CTh B OTACIbHLIC obnactu MaMATH,
COOTBETCTBYIOIHC (t)OpMaJILHbIM rapamerpam, KOIUPYIOTCA
3Ha4YCHUA ePEeMEHHbDIX WIH Bpra)KeHHﬁ, SABJISIFOIIUXCA

(aKTMUECKUMH ~TapaMeTpaMy, H (yHkums He BIMAET HA
(akTHUECKHE MapaMeTpel (B 4ACTHOCTH, HE MOXKET M3MEHATh UX
apavenus). s obecriedeHus BOSMOKHOCTH H3MEHITE 3HAYCHUS
MepeiaBaeMbIX B KadecTBe NapamerpoB 06BEKTOB HEOOXOMMMO
HCIONb30BATh yKasaTeNy, IpU JTOM MOJIENMpyeTcs repesata
MapameTpoB To ccoiike: HopManbHbe NapaMeTpat CBA3BIBAIOTCA
(cepinalotes) ¢ ToM ke 00/IacThiO NAMATH, 9TO U daxTHuecKue.

5.1.2. NMoHATHUe yKasaTens

VkazaTel, - 03TO NepeMeHHas, 3HaUCHUEM KOTOpPOH
SBSeTCs ajpec Hekoroporo ofbekta. IlpnMep OIpeaeNeHus
yKazates:

Hint %, Ap




3mechr x - nepeMCHHasA LCJIOYHUCIICHHOrO THUIIa, P =
yKasarejib Ha 00BEKT MEJOYMCICHHOTO THIA. YKa3aTelb P
MOXET COACPKATE aapec mo00ro 00beKTa LENOYMCICHHOTO THIIA.

Jlns ykasaTeneii onpe/eNeHsl onepalunn & (B3ATHE agpeca
obbekTa) U * (omepauusi pa3bIMEHOBAHMS, B3THE 3HAUYEHUS MO
azipecy). Hanpumep, npu BEINOJIHEHUH ONEpaTopa:

p = &x;

B NepeMeHHOU p OyneT 3adukcHpoBaH afpec NEPEMEHHOM x, a
ITPH BBITIOJIHEHHUH OTIepaTopa:

e = B0

00BEKTY, Ha KOTOpBIH CChUIACTCS yKaszarelb p, OyAeT MPUCBOEHO
3gauenue 10.

Ucnonp3oBanue ykazateneid B KauyecTBe IapaMeTpOB
GyHKIMH OPOWILTIOCTPHPYEM Ha TIPUMEPE CIEAYIOIEH 3a/1auH.

3aoaua 1. Onucath QyHKIMIO, MEHSIONIYIO MECTaMU JBE
IeJIOYUCIICHHEIEC TIePEMEHHBIC.
ITompoGyeM peumTh 3afady 6e3 KCMONB30BaHHUS yKazaTelnew,
onucas QYHKIMIO sSwap:

void
swap (int a, 1nkt b)
{

int tmp = a;

a = b;

b = tmp;

IlpoBepum nonydeHHbIH pe3yabTarT:

intX 1! Wi

printf ("%d #d\n", x, y);

Ha cTaHJapTHBIM NOTOK BEIBOJA OyIET BHIBEAEHO:

g

CrieoBaTeIbHO, 3HAUSHHUS MEePEeMEHHBIX HE H3MEHUTUCH!
Jro W TMOHATHO, IMOTOMY 4YTO MapameTpsl (QYHKUMU swap
Nepe/ialoTcs 110 3HAYEHHIO M, CIIE/I0BATeNIbHO, [OMEHSIIHCH
MecTaMH TOJILKO KOMUM MapaMeTpoB X U Y BHYTPU QyHKIUH, TIPH
3TOM HMKAKOI'O BIIMSHUS Ha caMU (paKTHUECKUE NapaMeTphl X U Y
HE TIPOU30LLIO.

Jlns pocTikeHWs HyxHoro sddekra HeoOX0OuMO B
KauecTBe IMapaMeTpoB (YHKIMH MCIIONB30BATh yKa3aTedd Ha
COOTBETCTBYIOIIUE IIEPEMEHHBIE, T.C. TEpeqaBath B (YHKIMIO
ajipeca NePEMEHHBIX, 3HAUSHHS KOTOPIX TPeOYeTCs MOMEHSTh:

void
Swap (int mpa. cintespb)
// obmen mecTamm *pa mu *pb
{
10k tmp = TPas
= *pb;
= ‘Empy

V6emumcs B paGoTOCTIOCOGHOCTH JaHHOrO BapHaHTa
bynxumu swap:

do = e s

Swap (w0 UGl
allpeca mepeMeHHEX X U Y

PEIDTE el L e

nepegaeM B QYHKIMIO

Ha cranpapTHbIit NOTOK BEIBOJA GyET BBIBEICHO:
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2-1 )
CnepoBarenbHo, 0OMEH 3HAYEHMH IEPEMEHHBIX JEHCTBUTENBHO
npousowen. PaboTy JaHHOTO BapuaHTa (YHKUMH Swap
WITIOCTPUPYET CIEAYIONMH PUCYHOK:

ZpBIp@KCHHC> 11 <TepM> | <BBIpAXKEHHE> <ONepaLui™>
<BBIpAXKCHHUE™>
= <yycno> | <nepeMeHHas> | <oOpalneHHe K

M= -
i GyHKIME> | (<BBIpAOXKEHUE™)

3pech B OMNpEeACACHUN TTOHATHSA <BBIPa’KCHUE> HCIIOJIb3YETCS

ik SR G camo OTpeensIeMoe MOHATHE.
/\\ PeKypCHBHBIM MOXET OBITb M OmpefelieHHe (yHKIHH.
pa: o AT E Hanpumep, (QYHKIHIO BBIYHCICHHS n!(daxTopuan) peKypcUBHO
MOJKHO OIPEEIMTh TaK:
pb: N :
/ — =] 0

{ L n =0,
n! = n*m-1)!, n>0

B sToM OnpesiesieHHU n! onpeaensercs yepes (n - 1)/, T.e. TaKxke

HMeeTCs PEKYPCUBHOE OIpeieNICHUE.

3ameTM, 4TO Ty Xe€ (QYHKUMIO #/ MOXHO ONpeNeauTh U
Takum ob6pazoM, 11 obecreueHHs HEemocpeACTBEHHOTO e HCIIOJIb30BAHUSA peKypcun Kak [IPOU3BEICHNE

AocTyna K 00beKTaM B BbI3biBatollel GYHKIMHU (B YaCTHOCTH, IS i MocneoBaTeNIbHEIX HenblX umucen or I gno n. Takomy

MOAMGUKAUMH WX 3HAYeHMH) COOTBETCTBYIOUIME MapaMeTphbl onpejeneHuo OyaeT COOTBETCTBOBATh MTEpaTUBHAS peanu3aliis

JIOJDKHBI NepeaaBaThCs B BUAE yYKazaTeseil Ha 5TH 00BEKTEI. (ynximy, HCMOAL3YIOMAs MK I BHMUCIECHHUS TPOU3BENCHHS
YKa3aHHBIX YUCel.

Puc. 3. Paboma ghynxyuu swap

5.2. PekypcueHbie hyHKUUU

3adaua 1. TIpuBecTH pEKYPCUBHYKD W UTEPATUBHYIO
peanusanuo Gynkuum n/.

Bocnone3yemMcss TpUBEIEHHBIMA BBIIIE ONpeIeICHUIMU
bynkmu n/.

Ionsarue PeKypCHu. [Mpumepst PEKYPCUBHBIX
ompefencHuil. Pekypcus W wuTepaums. Mertomuka pa3paGoTKH
PEKYPCUBHBIX QYHKIMIA. 3agaum. '
Pexypcusnag peanyzamus:

5.2.1. Pekypcus
unsigned int
fact (unsigned int n)

{

e Bl (il 2D il e i BNl e e B (=l e

}
HpOMonennpyﬁTe BhIUMCEHHE fact (3).

Pexypcus noapasymeBaeT UCTONb30BAHUE B ONPENCIECHUN
HEKOTOPOTO MOHATHS CamMoOro ONPENEsIEMOro IOHATHI. B

KaQueCTBC MNpHMEpa PEKYpPCUBHOIO ONPEAC/ICHUA pPacCMOTpUM
ONpPEAETICHUE MOHATUS <BBIPAXKEHHE™ :
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UrepaTuBHAS peaau3anus:

unsigned int

fact (unsigned int n)

{
Uk, e e e
For (=5 el e T ]
//OMKJI OJIsS BEIYMCJEHUS (QakKTopMajia

S T

}

retUERE?

}

CpaBHHTE NpPEMIOKEHHBIC pPEANM3alUMM C TOYKM 3pEHMs MX
s¢dexTuBHOCTH. ‘

3aoaua 2. Ha ctanjapTHOM NOTOKE BBOJA 3aJaH TEKCT

(mOC/IeIOBATENBHOCT  CHMBOJIOB, 3aKAHUMBAIOLIAACS TOYKOM,
TOUKa B TEKCT He BXoauT). Ha crammapTHeli mOTOK BBIBOAG

BBIBECTH 3TOT TEKCT B 00paTHOM MOpSJIKE.
IMpuBeieM peKypCHUBHYIO peali3alluio PeOIeHUs 3a1auH.

void
prent rev dvoid]

{

eheavich; i
scanf ("%c", &ch);. //BBom . ouepenHori
CUMBOJIA
b ehigleadti T !
print rev (); //pexkypCHMBHENI BEIBOB [IJIA
o6paboTku '

//ocTaBUmXCsS CHMBOJIOB
printf ("%c", ch); //BuBom cmMBOJa

B npensioxxeHHOM peanu3alyy Ui XpaHEHHs 04epeIHOro
BBOJIMMOTO CHMBOJIA HMCIONB3YeTCs JIOKanbHas MepeMeHHas ch. |
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Peamzalia MexaHu3Ma  00pabOTKH  BHI3OBOB .Q)quu,m
npe;(}’CManHBaeT I Kaaoro BbiSOBa (byHKLEIrII/I ola lnt_ruev
co3jaRHMe CBOETO SK3EMIULIPa 3TOH JIOKIBHOH TIepEMEHHON U
pa3MeLlcHHE ee B cTeke (B cTeKoBOM (peitme QyHKIHM — 00acTH
namMsATd B CTCKS, WCHONb3yeMOl s paboTel  QyHKIMH).
AnanoruiHbIM o6paszom  0OpabaThHIBAlOTCA | nvapamerpm
gyynxua. TIp BEIXOZe W3 QYRKUWMM BLICTCHHAA Cif B CTeke
riaMaTh OCBOOOXAETCS.

I[TpomonenupyuTe pabory ¢yskuum print rev Ha
npumepe Teketa "abed. g

IIpu pa3paboTKe PeKypCHBHBIX (yHKUMHA nenecoobpasHo
cnefoBath  cnedyomeit  Meroguke. Kak - mpaBumo,  Teno
peKypCHBHOM (QYHKIHMM CONEPXKMT yCnoBHBIN oneparop if, ogHa
u3 BeTBeil KoToporo (HepeKypcuBHas) oOeCmevMBacT BBIXOJ U3
pekypcun (3Ta BETBb peanusyeT o6paboTKy NPOCTEHIINX Clly4acs
MCXONHBIX JAHHBIX), a BTOpas (PeKypcHBHas) peanusyer
00paboTKy BceX OCTaIbHBIX Cly4aeB MCXOAHBIX JaHHBIX,
HCTIONB3Ysl TIPM 3TOM PEKYpPCHBHBIN BBI30B CAMOH Ompe/enseMon
Gynkuma. B paccMOTpeHHBIX BbINIE MpMMEpax BHIXOX U3
pexkypcun obecneunBaercs nmpu 06paboTke cUTyaluu n < 2 i
OyHKUMY BeIYUCIEHHS QaKTopHaia U CUTyalli BBOJA TOYKH A
$ynximn print rev. Ilo pekypcuBHOW BETBA (Ha mIpuUMEpe
GyEkimE print rev) ocyweCTBIAETCS HENOCPEACTBEHHAs
00paoTKa OHOTO M3 HCXONHEIX 3HAaYeHWH (B JAQHHOM Clydae
TeKYIIEro CUMBONA), Jis OOpabOTKH OCTaBLIMXCH 3HAYCHHUH
UCTIOJNBb3YeTCs PeKypPCHBHBIN BBI30B (PyHKLIMH.

CpaenyiBas peKypcHBHBI M HMTEPATMBHBIA MOAXONbl K
Peammzanuu GyHkuuyu, cieayeT OTMETUTh, YTO HECOMHEHHBIM
AOCTOMHCTBOM  pEeKypCHUBHOM  peaju3aluu  fABJETCA €€
HarAnHOCTh ¥ KOMNAKTHOCTh. OCOGEHHO XOPOIIO 3TO BUHO MpPU
06pabotke cTpykTyp HAHHBIX, MPENNIONATAIONMX BHYTPH cebs
PEKypcHio, Takux Kak CIMCKH, AepeBbs M T.4. OfHako 3a cyer
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HAKJIAHBIX PacXOf0B Ha ofbecreveHue PeKypCUBHBIX BBHI3OBOR
dyHKuMM peKypCHBHAs peann3alis POUTrPhIBACT HTEPATUBHON B
5(PEKTUBHOCTH KaK 1O NAMSATH, TaK ¥ 10 GbICTPOICHCTBHIO.

5.3. 3adayu 9Ons1 camMocmosimesnibHoO2Q
peuweHusi i

QZHKHMM

5.3.1. Omucate QyHKUMIO, KOTOpas IpoBepseT, o0ajaer
M [eNioe HEOTPHMIATENBHOe YACHO N YKA3aHHBIM CBOUCTBOM. B
ciTyyae TOJIOKUTENBHOrO OTBETa (YHKUMA BO3BpAILaeT 3HAYCHHE
1 u 0 B mpoTHBHOM city4ae. CBoiicTBa: '

a) n ABJIAETCS MOJIHBIM KBAJPaTOM,
b) n sBIAETCS MPOCTHIM YUCIIOM,
C) n ABJSAETCS CTEIEHBIO YMCHa 3.

5.3.2. IIporpamma. Ha cTaHiapTHOM IOTOKE BBOJIA 33/1aHO

yucno n (n > 0) M MOCHENOBATENLHOCTE M3 N TENBIX YMCEIL.

OmucaB  COOTBETCTBYIOILYIO (YHKIMIO, HalTH KONMYECTBO
9JIEMEHTOB MOCJIE/IOBATENBHOCTH, ABIAIOLIMXCS:

a) yuciaamMu OuboHayuy (3a1a10TCsA COOTHOIIEHHEM
R TR S L R R N o o P Ol
b) HNaJIMHAPOMAaMH.

5.3.3. IIycTs n — nenoe HeoTpHlaTenbHoe yuco. Onucarh
(dYHKIMIO OT MapaMeTpa #, KoTopas HaXO/IuT:

a) cymMMy IE¢p 3TOTO YMCHa,

b) MaKCHMalbHYKO HHPPY B [ECATUYHOM 3amucH

OTOro 4yucia,

c) KOJIMYECTBO HEUETHBIX IU(P B ACCATUIHOMN 3aMUCH

3TOro 4yucia.
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Pex CUBHBLE HKYUuu

5.3.4. PeKypCHBHO OMMCaTh (yHKLMIO BHIYACTICHHS x" st
peleCTBEHHOTO X (x # 0) m uenoro n:

1 npu n=20,
¥t = 1/x™ npu n<0,
x*x™ wpu n>0.

IIpoTecTHpOBaTh 3Ty QYHKIMIO HA NMOAXOMAIIUX Habopax
BXOIHBIX JIAHHBIX.

5.3.5. PexypcuBHo onucath QYHKUuIO ¢(m, 1), rie 0 <m <
n, [ BBIYMCIEHHMS OMHOMManbHOTO kod(duumenta C," mno

thopmyae:
ClLLErSE Or=C. " €.y 0= m<n.

5.3.6. Tlporpamma. PexypcuBHO omnmcaTh (QYHKIUIO
Beruucienuss HOJ(n, m) - HauOoipumiero oOwWero aenuress
HEOTPULATENIBHBIX IENBIX YMCEN 7 W M, OCHOBaHHYIO Ha
cootnomenun HO/(n, m) = HOL(m, r), tie r — OCTAaToK OT
neneHus n va m. C ee NMOMOINBIO HAWTH HaubOAbIINN 00U
AENUTENb HATypalibHBIX uncend @ U b. CpaBHUTH 3 PEKTHBHOCTE
PeKypcuBHOM M HepeKypcuBHOM  peanusauuu  QyHKIMH
Bbruncnenust HO/.

5.3.7. Tlporpamma. PexypcuHO omucath QYHKUUIO
BEnCchyy HOA, oy Ha ey By (EBE e
BOCIONBE30BaBUIMCH AJIS 3TOTO COOTHOIUEHHEM:

k HO,[Z(YZ], Floy i3, ., nk) = HOJZ(HO,H(H], N2, 3, . nk.]), nk),
= )

41



C nomosro 1o pysxkimu Haith HO/JJ (ay, as, as, ..., a).

5.3.8.
COOTHOIIEHUEM:

IMporpamma. Yucna Pubonauuu

3a/1a10TCy

f0= ];fl o ];f;1+12ﬂ1-]+ﬁb n>1.

PekypcuBHO omucaTh QyHKIHIO BHIYUCIEHUS N-0r0 YUCia
®uboHayud W C €€ IIOMONIBI0  BBIYUCIUTH
dubonavyu.

S 30 M lilyome o b

HaxXOoauT:

a) CyMMy Lu}p 3TOro 4Mcia,
b) MakcHManbHylO LUGpY B JECATHUYHOM 3aIUCH ITOrQ
qpcia,

¢) crapmylo (caMyio JNeByI0) IMdpy B JECATUIHOM |

3allMCHU 3TOI0 Yucia.

5.3.10. Ha cranmapTHOM IOTOKE BBOAA 3aJaH TEKCT
(moceIoBaTeNbHOCTE CHMBOJIOB, 3aKaHYUBAIXOWAACS TOYKOM,
TOYKA B TEKCT HE BXOAWT). PeKypcHBHO omucath (YHKLMIO,
KOTOpast MOJCYATHIBAET KOMUUECTBO LU(P B TaHHOM TEKCTE.

5.3.11. Ilporpamma. B crangapTHOM NOTOKE BBOJA
3a/laeTcs TOCTIENOBATEIbHOCT HEHYJEBBIX LETbIX 4YHCel, 32
KoTtopo# cnenyet 0. BeiBecTd cHavana BCe OTPULIATENIBHBIC YHCIIA
3TOM MMOCNEeNOBaTENBHOCTH, @ 3aTeM — BCe IIOJOXKMTENbHBIE (B
moboM NopsiAKe).

5.3.12. Ha crangapTHOM MOTOKEe BBOAA 3anaHa (opmyna
ClIeTYIOLIEro BUja:

<ghopmyna> ::= <yuppa> | (<ghopmyna> <suax> <gopmyna=>)
<guax> =+ |-| *

<yugpa> ::=0|1|21314|516|718]9

10-e uncaol

LENOC HEOTPUIATEBHOE YHUCJIO.
PexypcuBHO omucaTh (QYHKUMIO OT IapameTpa n, KOTopas s

Cuprasi, YTO B 3amAcH (OpMYJBl HET OLIHOOK, OMHCATh
HKIHIO, BEIVCIAIOLLYIO 3HayeHue 3ToH GOpMybl.

by

6. MaccuBbl

6.1. OOHoMepHble Maccuebl, adpecHas
apugpmemuxa

OIHOMEPHBIE MaCCHBBIL. OnpejiencHie U HHULMATN3ALAA
maccuBa, AOCTYI K JJIEMEHTaM MaccuBa. YKas3arelid U MacCHBBI,
afpecHast apudmernka. [lepeada MaccuBa B KavecTBe mapameTpa
B (hyHKLMIO. 3apaud.

6.1.1. OgHoMepHble MacCUBbI

OHpGL{CHGHI/IC OJHOMEPHOTO MaccuBa UMECT BUI:

<Tun> <uMA>  [<KOJIMYEeCTBO 2JIEeMEHTOB Maccusa> |
, e <TUI> 3ajacT TUI 3JICMCHTOB MaccuBa, MpU 3TOM BaXKHO
MOMHHTb, YTO BCE SJIEMEHTHI MAacCHBa MMCIOT OJIUH U TOT K€ THIL.
[Ipu pasmelieHAd B NaMiTH  BCE 3JEMEHTBlL  MacCcuBa
pacronararforcs  IOAPAL. JocTynm K JJIEMEHTYy — Maccuba
OCYIECTBIsIETCSl 10 €ro MHACKCY, B KauecTBe WHIEKCa
WCHIONB3YIOTCA LENbIe HEOTPULATENIBHBIC yucia, HHISKcanus
3TeMeHTOB MaccnBa Haumnaercs ¢ 0. Takum 00pa3oM, B MaccuBe
¥i3 11 5JIeMEHTOR MHIEKCAIUs SIEMEHTOB U3MEHAETCA B ManasoHe
oT 0 mo n—-1.

Hanpumep, onpejelieHue LeNOUUCICHHOro MAacCHBa x M3
TpeX 3€MEHTOB:

int x[3]; // saementm x[0], x[1], x[2]

HpI/I onpeAeNIeHIH MaccuBa BO3MOXKHaA €ro mnojHad WIn
YaCTUYHAas UHHIEAM3AIHS] Ha4albHbIMU 3HAYCHUAMU:




e 3ol 08,
F PO = R D]
int. aflt}y = {1, 2,
[ alBd = Byrabi]
intiHIuels= {[0]

// bl0] 1, bl3] BEFIVS

He YKa3aHHbIC B WHUIHATIHA3ALNH 3JIECMEHTHI MacCHBa B &

obmem cjiy4a€ HE IOJYy4YarOT HUKAKOro Ha4YaJIbHOI'0 3HA4YCHHA.

VCKIIIOUYeHHE COCTaBIAIOT riI00anbHbIE MacCHBbl, BCE 3J1EMEHTHI §
HYJICBBIMA

KOTOphIX IO  YMOJ4YaHHIO UHULHATIM3UPYIOTCA
3HAYEHUSAMU IIPH ONpeae/iCHNH MacCuBd.

KonuuecTBO 3J1EMEHTOB MacCHBa MOXET OOBABIATECS C

OOMOIIBK) KOHCTaHTBl, B JOTOM Cliydac
HUCIIOJIB30BaTh KOHCTPYKIHIO enum. HaanMep:

PEKOMEHAYETCA

enum - {BUF 'SIZE =+100%7
// obwsaBienne KoHCcTaHTEH BUF SIZE
int buffer[BUF SIZE]:

BrIxoJ 3a TpaHuily MaccHBa OOBIYHO HE KOHTPOJIHpPYETCH
KOMITMJIATOPOM, @ OOHAPY KMBAETCA TOJIBKO Ha 3Tale BBITOIHEHHM

nporpamMMbl. Bo u3bexanue mogoOHOM OMMOKM HPOrpaMMUCT 3

JOJDKEH KOHTPOJIMPOBATh JaHHYIO CUTYalluto CaMOCTOATCIIBHO.

Bo Bcex MMPUBEJICHHBIX BBIIIC MPUMEPaX pasMep MaccuBa -

3ajaeTcs KOHCTaHToM, oqHaKo cranaapT Cu-99 NOmyCKaeT TakkKe
UCHONB30BAHHE MACCHBOB IIGPEMEHHONW JNWHBEI B Ka4YeCTBE
JOKAJIBHBEIX MaccuBOB. Hampumep, BBOJ  LCIOYMCIIEHHOTO

MaccMBa M3 n SJleMeHTOB B craHmapre Cu-99 peanusyetcd &

CJIEAYIOMIUM (PparMeHTOM:

d it

scank (Mxd i ren) i

// BBoOO umMcisia DJIEMEHTORBR MacCCHUBA
ST wsc (o e

B int i =0; . Ligong dba) ol
// BROO MaccmBa

Scant ("84 enxldl s

3adaya I. YKaxute, KakoMy 3JIEMEHTy Maccusa Oyner
npucgoeno 3gadeHue 12, a TaKKe 3HAYeHHe NEPEMEHHOM 1 moce
RBIMONHEHHS CIIEYIOIIEro (pparmeHTa NporpamMmbi:

int 1 = 8;
2 [ 12:

Pewenue. TOCTQUKCHAS ONEepaLyis ++ YBEIHYHUT 3HAUCHUC
nocie €€ WCTONBb30BaHWS B BEIPOKCHUHU.
Eow U

mepeMeHHoM 1
CrnemoBateNbHO, oTBET: af8] = 12,

3adaua 2. Ha cTaHIapTHOM IOTOKE BBOZA 3aJaH TEKCT,
cocTosimil U3 NaTHHCKUX OyKB ¥ LU(P MW OKAHYMBAKOLIMHMCS
Toukoil. Ha cTaHpapTHBIA MOTOK BBIBOJA BBHIBECTH LHUGPY,
HauboJiee YacTO BCTPEUAIOILYIOCS B TEKCTE (ECIM TakuX LUp
HECKOJILKO, BHIBECTH JIIOOYIO U3 HUX).

Jlns peurenus 3agaqu cOpMHUpYEM MacCHB CHYETYUKOB
BXOXeHH nudp B 3a7aHHBIA TEKCT, IIE B 1-OM 3/IEMEHTE
MaccuBa OyfeM HaKamiuBaTh KOJNMYECTBO BXOXIEHUM B TEKCT
uudppel co 3HayenweM i. Ecnmu cUMBONbHAs MepeMeHHas C
comepxkut 1ubpy, TorAa Beipaxenue ¢ - '0' BBMUCIACT
HEeNoUYUCIIEHHOE 3HaYeHHE 3TOH U(PEI H, CIEJ0BATCIIBHO, HH/IEKC
COOTBETCTBYIOLIETO cueTyhKa B Maccue. CHopMHUpOBaB MacCHB
CYETYMKOB, Hadimem MHIEKC (ind max) MaKCHMaJIbHOTrO
SlieMenTa B 3TOM MaccuBe. Torza Boipaxkense ind_max + '0'
4 Oyniet onpenensTh HCKOMYIO LUDDY.

#include <stdio.h>
int




main (void)

{
int digits[10]; // MmaccuB CUETUYMKOB
// wuHMOMAIM3ALMUS MAacCUBa CUETUMKOB
For (int )l =010 <8l O a3
digits[a]" =" 0;

int b[10]7;
E b // BAMPEINEHO! - nomeTKa M3MEHUTH

. =
// BHaveHue KOHCTAHTH a

OuHaKko  MOXKHO YCTAaHOBHTh ~ OOBIMHBIH (HEKOHCTAHTHBIH)

«asaTe/lb Ha HAYAJI0 MAcCUBa U 32TEM V3MEHATB €r0 3HAYCHHE MO

CcBOEMY ycM OTpPEHHUIO, HanpuMmep:

} 1 int a0l
// BBomg TekcTra M (QOpMMPOBaHME MaCCUBE int *p;
CUETYMKOB | - o

char c; // odepenHoi cyMBOJ B pesysibTaTe yKasaTelb p OyneT ykas3plBaTh Ha Havaso

while ((c = getchar ()) != '.") { (1y/1eBOV! AIEMEHT) MACCHBA 2.
Loy R e e 130T Jlna  BBIMMCIEHMS — pasMepa  MaMATH (8 ©Oaiitax),
sl B gt b Iy yeobxoMMOit ISl XpaHeHus 00BeKTa, MCMONb3yeTes Onepanus

sizeof. Tak, 3HaueHHEM BBIPAKCHUA sizeof (<Tum>)
JBIISETCS KOMMYECTBO GailToB, HEOOXOMMMBIX /ISl Pa3MCILCHHA B
NaMsATH 3HAYEHHS YKAa3aHHOTO THIA, BBIPAKEHUE sizeof(a),
rie a — UM HEKOTOPOH NEpeMEHHOH, BO3BpAIaeT KOIHYCCTBO
GaliToB MAaMATH, OTBOJMMBIX KOMITMIIATOPOM [ XPpaHEHHA
nepeMeHHo# a. [l MaccuBa a U3 n 31eMCHTOB sizeof (a) =
sizeof (<Tmun>) * n, rae <Tumr> 3aAacT TAII JIEMEHTOB
MaccyuBa. Hanpumep, IpY yCIIOBHMH, UTO i XpaHCHUs SHAUCHUA
oA int orBogutcs 4 Oaiita mamaTv, Uil MaccMBa a u3
NIPUBEICHHOTO BBIIIE IpHMEpa

Sizeof(a) "= sizeof (ift)s* Jpisil wd]0 = 40,
OGpatute BuuManue, 4to sizeof (a) # sizeof (o) K
Kak pe3ynpTaTOM  BBIYUCIICHHS  BBIPAXKCHHA sizeof (p)
SBSETCS pa3Mep HaMATH, OTBOAUMOM KOMIWIATOPOM MOA
yKasareJib p (o 006beKT int *), 06BIYHO 3TO 4 GaiiTa.

}
// HOOuMCK HMHOEKCA MaKCHUMAJIBHOTO SJIEMEHTAE
int max = digits([0], ind max = 0;
Eloych: | aknutnn el it eIl i b
S ldaiaalE st max)
max ‘= digits[i];
ind max = d;

}
prdapf (Fie\n”, ind mEx o SON) 7
return 0O;

6.1.2. YKa3aTenu u MaccuBbl

Hmsa maccuBa SBsETCA KOHCTAHTHBIM YKasaTejieM Ha |
HYJIEBOH 3JIEMEHT MacCHBa, T.€. IMEET THIL:
Snt e consit;
H3MeHsaTh 3HaueHHE TAKOro YyKasaTels HeNb3s, HarnpuMmep,
omuOKo# 66110 Ob1 HANKCATh CIEAYIONIEE IPUCBANBAHME:
e a o]

6.1.3. AopecHas apudmeTrka

Hap ykasaTensmu OMNpENENEHbl CISAYIOMMES OCHOBHbIC

1
|
§ Olepanuu:
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e 00aBjIcHAE M BBIMMTAHHC HEeJOYHNCICHHON KOHCTaHThI,
e cpaBHenue (==, !=, <, >, <5, >=),
e BHIUMTAHWE yKa3aTelei OfHOTO THMA.

Hanpumep:

3 RE

int

p = a;

xomwkdipogt Bl gl x = a8}
[lpy BBIYMCIEHWM BBIPAXKEHAS D+ 8 anapec, XpaHALIMHCA B
yKasareje B CKJIa/IpIBAaETCA co 3HaYEHUEM
g*sizeof (int), B pe3ynbTare MOJy4aeM ajpec BOCHMOTO
yiementa Mmaccupa (&a[8]1) . Ilocrne BBINONHEHWs ONEpaltid
passIMeHOBaHUs * (P + 8) B mepeMeHHOi x OyneT 3HAUCHHUE
BOCHMOT'O JeMeHTa MaccuBa (a[8]) . OOparure BHUMAaHME Ha
HEOOGXOUMOCTb MCIOJIB30BaHNA CKOOOK B BRIPAKEHUH

X DiE 8

al[l10];
Ry %

Cpasuure:
x =*p + 8; // x =a[0] + 8
%= Rl Pt Bhés /L Kes 48]

AHJIOrMYHO BBIpAXCHHE P -~ i, rae i — HexoTopad
HEeNOYUuCICHHAaA KOHCTaHTa, 3a1acT yKa3aTCJII> Ha i -bIi nepe;[ el
3eMEHT MacCHBa.

[Ipy BHIONHEHMHM oOmepamu  +=, -=

3JIEMEHTOB MacCUBa.
Hanpuwmep,

p +=8; [l p &af8]
npu YCIIOBHH, qTO Nepen BBINTOJIHCHUEM OHCpaHI/H/I P yKa3biBaH Ha
HayaJio MaccuBa a.
Vkazarend OJJUHaKOBOIO TUIIA MOXHO CpaBHI’IBaTB u
BBIYUTATD. otH Oﬂepaulflﬂ UMEET CMBIC] BBINOJIHATE NPH yCHOBHH,

yto oba yKa3aTesd YKa3bpIBalOT Ha 3JIEMEHTBl OJHOI'0 M TOro K€ |

++, -
yKasaTellb TEDE/BUTAETCs HA COOTBETCTBYIOUICE KONMYECTBO §

Taxk, €C/i¥ yKasaTein p A g YKaspBalOT Ha 3JIEMCHTEHI
TOro XC MaccuBa U IIpH 3TOM HOMEp D3JIEMCHTA, Ha

MEHBbIIEe HOMEPA 3JieMEHTa C yKas3atelieM

MaCCl/lBa.
0)1}*101"0 u
Kompblﬁ yKa3blBaeT P,
g, T CcrpaBeTHBO COOTHOIIICHHE:
; p < Q.
[lpu BBIYHTAHUH yKasatenelf BBMUCIACTCA PasHOCTH
XpaHSIIMXCS B ITHX yKasaTelsix, KoTopas 3aTeM ACIUTCA

aﬂpeCOBa i)
Ha pa3Mep (B 6aHTaX) 3jieMEHTa MaCCHUBA. PC3yHbTaTOM SABJIICTCA
KOIII/lquTBO 3JIEMCHTOB MaccuBa, paCHOHOX(eHHle MEXAY

JAHHBIMH YKA3aTeIAMH. Hanpumep:

int a[l10];
nc *pl *q;
B0
q. = &a [
B

i
= (&al8l = ga[0])/sizeof (int)

8
P 7l

3a0aua 3. Uto Oymer HanedyaraHo B pesylbTare
BBIMONHEHHS CJIEYIONIETO (hparMenTa:

a3y ="ty 2, 5%,

Bhtixpx, ‘&i'="by

Ik =Cait 1y

¥px-— = x - 10;

Feint £ (Pl T BE) .

brintf(Msd 3d d\n", aftul, a [N )

PaccMoTpyM BHINOMHCHHE PUCBAUBAHNHA U3 AAHHOTO dparmenTa.

px — a il
*px__ S

eyl &gall]
10 i DR =

-5, px = &al[0]

OcoBriit  muTepec  MPEACTaBNSCT — BHIMOIHCHHUC BTOPOro
NPUCBanBauus, r1¢ CHAYANa BBIUMCIISETCS 3HAUEHNS BRIPKCHUA
B Mpapoif wacTy mpuceauBanmMa (x - 10 = -5) , 3aTeM 31O



3HaYCHUE TIPHCBAMBAETCA N0 ykasatemo px (al[l]l = -3), [ cyma  BRSNMSHISR. BOero MAceHRa

yKasaTelb [EPEBUIAcTCA Ha MPEIBIAYUIHH S1EMEHT MAaCCHBz

g sumla,u 5);
] Zi BYHE MaCCHBa
(px = &a[0]). Takum 06pa3oM, B pe3y/bTaTe BHIIONHEHUS el efe"geﬂg‘)m HADROW TR
' = a -
yKasaHHoro ¢hparmMenTa GyIeT HarmeYaTaHo: z sur ( ’ . ¥
1 // cyMmMa BJEMEHTOB BTOPOM IONOBYHE MaccuBa
LR e 3a0aua_4. OnucaTs (QYHKIMIO BBHIYHCIECHUA CKATSIPHOIO

npoH3BEICHHA JBYX BEIIECTBEHHBIX MACCUBOB M3 N 3JIEMEHTOB.
6.1.4. NMepepaya maccusa B (PyHKL IO
double
scalar (double x[], double gileintian |
double s = 0.0;
TLalEasLA

Ipu nepeade Maccupa B PYHKIHMIO HCTIOB3YETCA TO, U
WMl MACCHBA ABJSETCS KOHCTAHTHBIM yKa3aTeNleM Ha ero HyJeBOH
3IEMEHT: NPU YKa3aHWM B KauecTBE IapamMeTpa HMECHH MaccuBa B
dyHKHIO (aKTHIECKH NepelaeTcs M0 3HAYSHHIO 3TOT yKasaTellh
(T.e. Xomus anpeca Hauana Tod o6nacTv maMsiTH, B KOTOPOW
HaXonaTcs DJJEMEHTH MaccuBa). M3 Tuma ykasatens TaKKe
M3BECTHO, CKOJBKO MECTA 3aHMMAeT KaXK[Ibiii SJIEMEHT MacCHBa,
YTO MO3BOJSIET OOPATHTHCA K JItoOOMy 3neMeHTy maccuBa. Ho
uHpOpMAaLMs O KOJMYECTBE 3JIEMEHTOB MAaccuBa TEPACTCH.
I03TOMY pasMep MaccuBa CIeyeT epeaBath B (yHKIHIO yepes’
JOMOHUTEbHEIM napameTp. Hanpumep, paccMoTpum (yHKIMIO
BBIYUC/IEHUS CYMMBI 3JIEMEHTOB IENOYHCIEHHOTO MaccyBa M3 I
sneMeHTOB. Huke NpuBEAEHBI 1Ba SKBUBAICHTHBIX ONMHUCAHUA
IPOTOTUINA TON QYHKIMH:

Eop (a0 L NORORTE S g1
B =l R G Al
}

return s;

6.2. Cmpoku

Ionstve cTpoku. CTPOKOBHIE KOHCTAHTHI (CTPOKOBBIC
nutepansl). BBoa ¥ BBIBOA cTpOK. PaGoTa co cTpokaMu. 3anadu.

0% g i (Eidiaiole 6.2.1. CTPOKM U CTPOKOBbI€ KOHCTaHTbI

Ilon crpokoii B spike  Cu moHHMaeTcs
NoCNeI0BaTeNbHOCT CUMBOJIOB, OKaHYHMBAIOIIAACSH CHMBOJIOM C
Komom O ("\0'). B s3pIlke HET CNELUANBHOTO CTPOKOBOIO THIIA,
ﬂﬂﬂ XpaHeHHs CTPOK HCIONB3YIOTCS MaccMBbl THma char,
Signed char, unsigned char . IlosToMy CTpOKH, MO
CYTH, sBnstOTCS MaccMBaM¥ CHMBOJIOB, OTJIMYAIOMIUMYCS OT
OOBIMHEIX MaccuBOB 0Gs3aTE/BHBIM HaM4MeM cuMBoma '\0' B
KOHIe crpoky. Jlio6as nporpamma o6paGoTKH CTPOK OIpeNesseT

31ech t — UM MAaccHBa, IPH 3TOM HajMuue KBaJpaTHBIX CKOOOK J
00s13aTeNBHO.

dmdessum ank stRsint o) ¢

3nech t — ykasaTelb Ha LENOE (Ha DJICMEHT MaccuBa ©
unexcom 0).

Bri30B QyHKIIMH:

ARt lili0dy

T i AN o2 57

= sumic, 10>

50 51



KOHEL| CTPOKM HMEHHO Mo JaHHoMy cumpony ('\0'). Kpome
3TOM 0COOEHHOCTH, MOXXHO OTMETHUTh CeqYIOmKe
cneuudryeckue 0COGEHHOCTH CTPOK:

e CTpOKa HE MOXET COJEpXaTb BHYTpPH ce0si CHUMBOI
kozoMm 0,
B s3pike Cu He NpefycCMOTPEHO OrpaHWYEHUH Ha JJIMHY:
CTPOKH,

e JUIMHA CTPOKH HE COJEPKUTCA B CTPOKE (B OTIMYHE O
JPYTuX A3BIKOB NPOrpaMMHUpOBAHMsA, TAC CCTb MNOHATHE
CTPOKH MEPEeMEHHOM JJIVHB).

OnpeneneHne CTPOKM OQOpPMILIETCS Kak OIpese/cHUe
CHMBOJILHOT'O MacCHBa COOTBETCTBYIOLIETO TUIA, HAIIPUMED:

char s[N];// cmpoxa m3 N CHMMBOJIOB

MakcumajipHOE KOJIMYECTBO 3HAYAIIMX CHMBOJIOB TaKOM!
CTPOKM paBHO N - 1 , NIOCKOJBKY B CTpOKE BCErja HOJDKEH
NpUCYTCTBOBATh CUMBOT '\0"'.

Ilpu onpeneneHuy CTPOKM MO aHAJOIMU C MacCHBaMHM
MOXKHO 3ajaTh €€ WHUIMaNu3auuio. Jnsg MHULHMaIu3ayd CTpOoK:
UCTONB3YIOTCS CTPOKOBBIE KOHCTAHTHI (CTPOKOBBIE .TII/ITCpaJIbl)
BUA "<mocnenoBaTeJbHOCTL cuMBomos>". Takad
KOHCTaHTa UMEET TUI
NpeICTaBJIEeHMH 3aKaH4yuBaeTcss cuMBosioMm '\0' , mo3ToMy
(bakThvecKas JUIMHA KOHCTAHTHOM CTPOKH B MaMsATH Bcerna Ha 1

GOMbIE, YeM KONMYECTBO CHMBOJIOB, YKA3aHHBIX B JBOHHBIX

KaBblukax. Hanpumep, uHunpanuzanus:
char er[10]= "error";

Jif e o= ey MR T i Bt e 15—

char const * u B CBOEM BHYyTpPEHHEMY

eneseT CTPOKY U3 10 CHMBOJIOB, MepBble MATH U3 KOTOPHIX
E qaT yKa3aHHBIE B CTPOKOBOH KOHCTAaHTe 3HAYCHMS, a WIECTOM
gO;Z,T copepkath cumpon ¢ komom 0. Kak m B ciydae
c{MBOJIBHBIX KOHCTAHT, npedukc L no3BonseT 3aath CTPOKOBYIO

KOHCTAHTY B KOJIMPOBKE Unicode, Hanpumep, L"unicode

string".

JU1s1 BBOAQ/BBIBO/IA CTPOK MOXKHO HCIONB30BATH (BYHKIIMH
scanf u printf co crnenudukaropom dopmara s

Hanpumep:

char stx[10];
scanf ("%s", str);// BBOHm CTPOKM

@ymxuus scanf MOCIEHOBATENBHO CYUTBIBACT B CTPOKY str
CUMBOJIBI BBOJUMOH CTPOKM (IpEABapUTENBHO IIPOIMYCTHB
npoBesibl, CHMBOJIBI TIEPeBOJa Ha CIEYIONIYIO CTPOKY U T.IL) H
aBTOMATUUECKH N00aBisfeT B KoHel cTpoku cumBoa '\0'. Beoa
BBITNIOJIHSAETCS 710 MEPBOTO CUMBOJA Mpo0es1, CUMBOJIA IIEPEBO/IA Ha
CeYIOUYIO CTPOKY M T.I. (TIONHBIA MEpeyeHbh TaKMX CHMBOJIOB
cMm. B omucaHun Qynkuun scanf [1]). Pasmep maccuBa str
JOJKeH OBITh JOCTATOYHBIM /S pa3MEICHUS B HEM BBOAUMOM
CTPoKM M J00aBiieHHOTo K Helt cumBona ' \0'. CylecTBEeHHBIM
HE/IOCTATKOM JaHHOTrO BapHuaHTa QyHKumu scanf, ABdeTCs TO,
4TO 3[eCh HMKAaK HE KOHTPOJUpPYETCA KONHUYECTBO BBOJMMBIX
CHMBOJIOB, YTO MOXET NPEACTaBAATb Yrposy Juil paboThl
lporpammel. [loatomy mpu ucmonbp3oBaHMM (GyHKIMH scanf

PEKOMeHlyeTcs 3apaBaTh OrpaHMYCHHE HAa pa3Mep BBOAUMOMH
CTPOKH:

ey str{10];

Pt ("%9s", str);

//BBOR <= 9 cumBONOB C moBamnerueM '\0'
// B KOHeI CTPOKU

BhiBon etpoku:




char strell0de

prant Ea(Ras! snshn)s

ITpu BbIBOAE CTpOKH Ha 1e4aTh BBIBOAATCA BCE 3Haqaume

CHMBOJIBI CTPOKH A0 cuMBona '\ ('
6.2.2. PaboTa co cTpokammu

Ilpu paGoTe cO CTPOKaMH HCHONB3YeTCs CTaHAapTHas
6ubnuorexa Gynkuui. [TOAKTIOYATE €¢ MOXHO JUPEKTHBOM
npenpoueccopa:

#include <string.h>

B kayectBe mpuMepoB paGoThI CO CTPOKaMH PaccMOTPUMS
peaM3anmio HEKOTOpbIX (yHKUmE M3 3Toif OGubmmorexu. IMpu)

06paboTKe CTPOK yA0GHO MCIONB30BaTh YKa3aTelu, 4TO U OyHeT
NPOAEMOHCTPHPOBAHO B NPUBEJEHHBIX HIDKE IPUMEpaXx.

3adaua 1. PeanuzoBaTh (PyHKUMIO, KOTOpas BO3BpALIAET
ANMHY (KONMYECTBO 3HAYAlMX CHMBOJOB) CTPOKM CS, @
IPOTOTHUIIOM:

glze t strlen [(pouef char dosls

TIe size_t — 3TO THI, KOTOPbIH HUCTIONB3YETCS B CTaHAapTHOM |
6uGmmorexke Cu JUIL 3aJlaHUs pa3MepoB 0OBEKTa M ABJIETCH
CHHOHUMOM (typedef) HEKOTOpOro menoro Tuma (YacTto —|

unsigned long) .

Ui pemieHMs  3ajaud  BOCIONB3yeMcs
yKa3aTeJiiMH, OIUH U3 KOTOPhIX (Cs) 6yAeT yKasbiBaTh Ha Ha4aJ0
CTPOKH, a Apyroé (tmp) OydeM mnepememiarh Mo CTPOKE O
nepsoro cumponia ¢ kogoMm 0. PasHocTh ykazateneil W pmact
pe3ynbTaT PyHKUINH,

Size t
strlen

{

(const char *cs)

char FEmpil=" cg-
while (*tmp)
1\0'

JBYMS

// Hoka ouepenHO} cuMBON #U

tmp++;
return Empiim L CBy

OBaThb HKUHUIO C IIPOTOTHUITIOM:
i@a’qg__ Peanus dyHKU p

sstrepy (chargtdst Eeonsiteahar " Ssnre)

char

ju1s KOMAPOBAHHS CTPOKH ST.C (Bximouas '\0') B CTpOKy dst .
@yHKIA BO3BPAIIAET yKasaTelb Ha NIEPBHIA CUMBOJ CTPOKH

dst.

Ehar *
Strcpy

{
char *tmp = dst;
while (*dst++ =

(char 7dstriconsti chat wsre)

LS G ),
;
return tmp:;
}

OcCHOBHOI WHTEpEC B MPEIIOKEHHON peau3aliy NPeACTaBIseT
BBIP@XXEHHUE B YCNOBUM LMKIA. OHO BBIMHCISETCS CIETYIOIIUM
obpasoM: Gepercss CMMBOJ IO yKaszaTemo src (TOCNe Yero
yKasatenb src IEpelBUraeTcs Ha CHCAYIOUMH CHMBOJI
KOMMpyeMoi CTpOKH) M MOMeIIaeTcs Mo yKasaTeno dst, mocnie
H€To yKazaTenb dst aHaNOrMYHO MEPEJBUracTCS HA CleMyOMIMiA
CHUMBOJI CTPOKH. 3HAUEHUEM BBIPAKCHUS NMPUCBAUBAHHS SABJISETCS
TOIBKO 4TO CKOMMPOBAHHBIM CHMBOJ, KOTOPhI CPaBHMBAETCS C
'\0' mnn KOHTpOINS 3aBeplieHus nukia. Takum obpazoMm, B
PE3yNbTate BLIMONHEHHS LUKIA B CTPOKY dst KONMPYIOTCS BCE
CUMBOIBI - pexoaHOM CTPOKH SrcC, BKIIOYas 3aBEpIUAIOLIHH
CAMBON '\0'. OGpaTuTe BHHUMAHHE HA MOPAJOK BBIIOJIHEHHS
OTCpaLyii npu BEIMMC/ICHHY BBIPAKEHHS *STC++ . Onepaiuu *
M 4+ uMeroT opMHAaKOBBI IIPUOPHUTET M BBHINOIHAIOTCSA CHpaBa
Haneso. Opuako NOCTQHKCHAA omnepalus ++ HE H3MEHAET




yKaszaTesib Src, MOKa [0 HeMy He IMOJIy4eHO 3HaueHue. B HTopg
3HAYEHUEM JAHHOTO BHIPAXKEHMS ABJAETCS CUMBOJ, Ha KOTODKI)
yKa3biBaJl yKasatesb STC JI0 CBOEro MHKPEMEHTUPOBAHHM.
3ameTuM, uTo OMOMHOTEUHas QYHKIMA strcpy HUKag
HE KOHTPOJNMPYET BO3MOXHOCTb MEPENOIHEHUS MaCCHBg
KoHTponh nepemonHeHuss MaccuBa B ssbike Cu  0Gsizal
OCYIUECTBJIATH CaM MporpaMMucT. B  cBa3M ¢ 3T
PEKOMEH/IYETCSl MUCTONBb30BaTh Ooniee HaJeXHBIH 1 Ge301acHbIH]
BapuaHT GyHKIMM KOMUPOBaHUA (Strncpy) ¢ NPOTOTHIIOM:

chax *strnepya(chariéast,

Zize Lanls

censt char fstel

B KOTOPOM MNpPENyCMOTpeHa BO3MOXHOCTh OTPaHHYUTH pa3Mep

KonupyeMor cTpoku. [lapamerp n 3amaeT MaxcMManbHOE YUCIIO
KOTMpYeMbIX CUMBOJIOB. [lanHas ¢yHKUMsS KomupyeT He Goinee n
CUMBOJIOB CTPOKM src B CIpoKy dst, @OpH 3ITOM
pe3yIbTHPYIOIAs CTPOKa JOoTNoNHseTcs cumMBoaamu '\ 0", ecnu B
CTPOKE SrC MEHBUIE N CHUMBOJIOB.

CHUMBOJIOB) MCXOJHOM CTpOoKM src Oonplie WiId paBHa n, TO

KOMUPYIOTCS TMEpBble n CHMBOJIOB CTpOKM U cumBon '\0' npH
3TOM He fo0aBiseTcs.

Jaunblii «6e3omacHelil» BapHaHT QyHKIMH KONUPOBAHMA

(strncpy) MO CPaBHEHHIO C «OMACHBIMY) BapUaHTOM (strcpy)l
npud CBOeH paboTe BBINONHSAET JOMOJHHUTEIbHbBIE OMepaldd —

CpPaBHCHHUE KOJHUYECTBA CKOMAPOBAHHBIX CHMBOJIOB C IIapaMETPOM
n, 9YTO HNPHBOJHUT K 3HAYHUTECIBHBIM JOIOJHUTEIILHBIM 3aTpaTaM,

MIOCKOJIbKY caMa (pyHKIMS KOMUPOBaHUS O4YeHb mpocta. [TosTomy

HYXXHO I€J1aTh OCO3HAHHBIN BbI60p MEXY OITaCHBIM, HO 6osee
NPOMU3BOAWUTEIIbHEIM BaApUAHTOM H 6G3OHaCHbIM, HO Oonee

MemIeHHsIM. Hampumep, ucnonbp3oBaTh Ge30macHbI BapHaHT |
strncpy TOABKO IPH HaYaNbHON MPOBEpKe BBOJA MOB30BaTEN |
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@yHkuus BO3BpalacT!
yKasateab Ha MEPBBI CUMBOJI pe3yNbTHPYIOWEH CTpoKK (dst).s
OGpaTuTe BHUMaHHE, YTO €CIM JUIMHA (KOJIMYECTBO 3HAYALIUXS

QppeKTHOCTE, 2 asee MpoBepKy BBIXOJAa 3a rpaHulsl Oydepa
3 :

Ha HOJIHSATH CAMOCTOATENHO TIPE] BBI30BOM ()YHKLMH St rcCpy.
BBl

[IpuBeaeM KPaTKOe OMHUCAHHE EIE HECKONBKHX byHKIMI
pTHOH Gu6INOTEKU T paboThl CO CTPOKAMH.

cTaHaa

1) char W icat (char *s, const char *ct);

@yHKIMA TIPHUITACHIBAET  CTPOKY ct B KOHEI CTIPOKH 5S;

B(;BBpalHElCTCH yKasaTellb Ha TNEPBBIA CHMBOJ CTPOKH s. Tak )Keu,

xak s (yHKIMH KOTMPOBAHMA, cymecTByeT 6oyiee HaJeKHBINA

papuaHT TOH (GyHKIMH ¢ IPOTOTUIIOM:

*=trncat (char *s, const char *ct,
sizeint an)i

, KOTOpHIA OrpaHH4nBacT (<= n) KOIMYECTBO MPUITUCHIBAEMBIX

cuMBOJIOB. VIMEHHO  3TOT BapHMaHT W PEKOMEHAYETCA

HCIIOJIB30BATh JJISi KOHKaTeHalyu CTPOK.

char

B = strcmp(constiichar ics,
@enst . char itek)lr

DyHKIKMA CPAaBHHBACT B JISKCHKOIpaUUECKOM ITOPSNIKE CTPOKY
cs co crpokoi ct. Eciu cTpoka cs MeHbIIe CTpOKH Ct,
BO3BpaliaeTcd 3ayenue < 0, ecau cTpoka cs Oonblie CTPOKH Ct,
BO3BpailaeTcss 3Hauenue > (0, B Ciy4ae paBeHCTBa CTPOK
BOo3Bpamaercs 3HayeHue 0.00pature BHUMaHHE, YTO A
CPaBHCHMs CTPOK HENb3s WCIONB30BaTh omepamudu ==, != W
T.IL, TIOCKOJBKY IpPH 3TOM TPOMCXOAUT CPAaBHEHHME yKasarTeseu
(apecor) Ha HauaNO COOTBETCTBYIOIMX CTPOK, @ HE CAMUX CTPOK.

3) char *strchr (const char i tes iehatic) e

Dynkis BO3BpAIlAeT yKa3aTenb Ha OEPBOE BXOXKICHHE CHMBOIA
C B CTpOKy cs wiau NULL, €CJIM TAKOTO He 0Ka3aloch.

4)

Char *strrchr (const char *cs, char c);




(D}/HKIII/IH BO3BpalllaCT yKasare/ib Ha I[OCJICIHEC BXOXICHHUE
CHMBOJIa C B CTPOKY CS HUIH NULL, eciiiM Takoro He€ OKa3ajloCh.

6.3. [JeymepHbie Maccuebl (Mampuuybl)

Muoromephsie MaccuBbl. Ompesie/ieHHe U HHALHAIA3alus
JBYMEPHOIrO MaccyBa (MaTpHIIBI), HOCTYI K JIEMCHTaM MaTPULBH
Ilepenaua MaTpuubl B KauecTBe mapameTpa B ¢Qynkumio. VLAS
MacCHBBI. 3a1aqm.

6.3.1. [lsymepHble MaccuBbl U paboTa ¢
HUMU |

B s3pike C MOYKHO OTIPeJeNnsiTh MHOTOMEPHEIE MACCHBBI,
MpM 5TOM MacCHB pPasMEPHOCTH N paccMaTpuBaeTcsl Kak
OJIHOMEPHBI MAcCUB, KaXKIBIH MEMEHT KOTOPOro Mpe/CcTaBsieT
coboii MacCHB pasMEpHOCTH n -

(MaTpuLbl).

OnpejeiieHue JBYMEPHOro MaccuBa (MaTpHilbl) HMeeT

BHJI.

<TUn> <uMa> [<KOJIMUECTBO CTPOK>]

[<KONMMYECTBO CTOJIDOLOB>]

, The <Tun> 3ajaeT TUII JJIEMCHTOB MacCHBa. Hpﬂ pasmeeHny B
naMiaTu JJIEMEHTBI MAaTpHULIbL
HpHMCp onpeacicHus MaTpHUlibl C
3JIEMCHTaMMU:

int matris (5] 101075
// maTpuna us 5 crpok m 10 cTonbroB

58

1. Tak, AByMepHbI MacCHUB]
aBisteTcs PaKTHYECKH OJIHOMEPHBIM MAaCCHBOM, KaX/Ibli JIeMeHT)
KOTOPOrO B CBOIO OYEpeib TaKXKe SBISCTCS OJHOMEPHBIM:
maccusoM. [lanee Oynem paccMaTpuBaTh IBYMEPHBIE MaCCHBBIS

pacnonararoTcs IIo CTpOKaM.s
LEOYUCIICHHBIMUY

3 ech MaTpHLA matrix onpeaenseTcs Kak OJHOMEPHbBI MacCUB
3 5 2JEMEHTOB, KaXXJIbI U3 KOTOPBIX B CBOKO OUYEpENb SBIACTCS
MaCCldBO\/I n3 10 HeJ0YKCISHHBIX DIEMEHTOB.

[Ipy ONpENENECHUHA MATPUIBI TaK JK€, KaK M TpH
onpesieNeHAN O/IHOMEPHOTO MACCHBA, BO3MOKHA € MOMHas WIn
qacTHYHAS HHUUHMATH3ALWMS HAYaIbHBIMK 3HAYCHHAMY, IIPH 3TOM
gaKziast CTPOKA MATPHLBI HHHNHMATU3NPYETCS COOTBETCTBYIOLIMM
BJIOJKEHHBIM TTO/ICTIHCKOM:!

int matrix[3][2] =

{
4, 5}, /) 0-9 oTRoKa MaTOMIE
{-1, 1}, // l-s cTpoka MaTpwuIH
{0, -7} // 2-a cTpoka MaTpMIE

Joctyn K 3yeMEHTaM Marpulbl matrix OCYIIECTBISETCS C
TIOMOIIBIO BEIpaXKEHHMA matrix [1] [j], rae 1 — HOMEp CTPOKHU
¥ j — HOMEp CcToJIO1A MATPHIIBL.

3adaua 1. Hamuure (¢parMeHT OporpaMmbl s
BBIYUCIECHUS ciiefja KBAJpaTHOW BEILECTBEHHOW MAaTpHLIBI N — ro
nopsaaka (n = 20).

Enum (N = 20}):

double matr[N

double s = 0.

Linhe

B (i =0; i< N
8 = mabelalilii]

[N];

]
0; // cnem MaTpuup

i++) {

- [lpu  paGore ¢ mByMepHBIM  MAaccHBOM
O/B30BaTH yKasatenb Ha Maccus. Hanpumep:
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int matrix[5]110];u//. oapenpaesne
//OBYMEPHOI'O MaccuBa (MaTpPHLIEL)

int (*omatr) ELO 1

// omnpemeyieHue ykasaTeJid Ha MacCUB

3neck ykasaTenb pmatr OMNpeAeNsdeTcs Kak ykasaTelb Hg
MaccuB u3 10 1eTouHCICHHBIX JIEMEHTOB U, CIEI0BATE/IEHO, €M
MOYET OBITh MPHCBOEH azipec M000H CTPOKH MATPHULIBL. 3ameTM,
YTO HANM4YME KPYIJIbIX CKOOOK B ONPEIEICHHM YyKa3aTell Hal
MAcCHB 06S3aTenbHO, TOCKOJbKY omepauus [] umeer Gonees
BBICOKMi1 IPHOPHTET, 4eM onepanus *. CpaBHuTe:

int (*pmatslElod;

// ompeneyieHve ykasaTejid Ha MacCHUB

int *pmatr{10];

// ompenenenue maccuBa u3 10 ykxasaresen
// Ha 3HaveHMa Tuma int

Jinga wmmocTpaudu paboThl ¢ yKasaTejieM Ha MacCHB
PAcCMOTPHM CIEYIOIIYIO 3a/iady. '

3a0aya__2. Yrto Oyner HameyaTaHo B pE3yJbTaTé
BEINOJTHEHUS TAHHOTO (pparMeHTa mporpamMmei: |

AmE SIS =
{
{11 3/ 5}’
£74.9 LT
{ S Bl
b7
slong ol g
int (Fpli il
pl = mbhL;
p2 me+

pl++ti
e
(s SmTiteldy

printf Trp2)

Jins pelleHus 3aladil pacCMOTpUM
3HCMCHT31\4 MaTpHULbl M.

CXeMy JHOocCTyna K

Puc. 4. Jlocmyn k snemenmam mampuyol

Ykazaremo pl, Kak yka3aTelO Ha LEJIOYMCIEHHOE 3HA4YCHUE,
MOMKET ObITh IPHCBOCH afpec J000ro 3J1eMeHTa MaTpHIle! m. Tak,
B Pe3yNbTaTe BHINOIHEHUS IPUCBANBAHU

Pl Gyner npucsoen ampec 0-ro anementa 1-ii CTPOKM MaTpPHIIBI

(m[1] [01). 3ameTM, YTO TaKOE MPUCBAMBAHUE DKBUBAJIEHTHO
NpucBauBanmo

Pl = sm[1]([0];

i
Kasaren, p2 -~ 10 yKkasarenb Ha MaccHB M3 Tpex

ne
I0YNCIEHHBIX SNIEMEHTOB, CJIENOBATENHLHO, €My MOXET OBITh




MpuUcBOeH ajpec Jrobo# CcTpoku Matpuupl m. B pe3syibTarg
BBITIOJIHEHUS TIPYCBAMBAHHUA

p2i—m iy

B p2 Oymer 3aduxcupoBan ajapec 1-od CTPOKM MaTpULbl m .
Torma omepatop pl++; mepeaBuHeT ykasarenb pl Ha
cremyronmi  37MeMeHT 1-off cTpoku Martpuipl, U *pl

m{1][1] = 9, aomeparop p2++; MNEPEIBUHET yKa3aTels
P2 Ha CHEAYIOLYIO CTPOKY Matpuupl, U **p2 = m[2] [0]

= 13. CrenoBaTe/IbHO, B PE3yJbTaTe BBHIIOJHEHMS YKa3aHHOTOR

dparmenTa OyAeT HaneyaTaHo:
g 13

IIpy mepemade MaTpuLbl B KayecTBe mapamerpa B
(QYHKIMIO HEOOXOAUMO yKa3aTh KOIMYECTBO CTOJIOLOB MATPHLIBL,
KOJIMYECTBO CTPOK TpU 3TOM HEOOA3ATENBHO, MOCKONBKY
hakTHYeCKM MepejaeTcs yKasaTelnb HAa MacCUB CTPOK (TpH
HEeOOXOIUMOCTH KOJIMYECTBO CTPOK MOXKET IepelaBathCs ¢
MOMOILBIO  JONOJHUTENIEHOTO TapaMeTpa). Huxe mnpuBeneH
IpUMep TPeX SKBHBAJIECHTHBIX OINHCAHHMH NpoToTUna (yHKUHH,
napameTpoM KOTOpOA IBNAETCS JBYMEPHBIH MacCuB (MaTpuLa):

alole. e aiane et LS ILE

Int fine mate Lol
int Flint. o (Emats)fil] P

Kak BuI¥M, B JaHHBIX ONMCAHMSAX pasMep BTOPOro H3MepeHH

MaTpulibl QUKCUPOBaH M HE MOXeT ObITh M3MeHeH. IIpuunHOM S
sTOr0 fABAdETCH jomyiieHue B craHgapre Cu-89 TONBKOS

KOHCTAaHTHBIX pasMepOB MacCHBOB. (D}/HKI_II/ISI £ u3 omnmcaHud

BBILIE HE MOXET OBbITh HCTIONb30BaHA, HApUMEp, IS MaccHBa §
IporpamMmax

ing a[7][7]. [TlostoMy B peajbHBIX
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OroMCpUbIe MACCHUBBI OINHUCHIBAJIUCH U BBIACIAIMCE B IMAMAITH
H

Mal( Oﬂ}{OMeprIe, a BBIYUCICHHE HMHICKCA HGO6XOIU/IMOFO
K

aﬂeMGHTa JIOXKUJIOCH Ha IporpaMMucTa.

B Cu-99 BO3MOXKHO ONMCHIBATE JIOKAJIbHbIC MHOIOMEPHEIS
yaccHBbl HEKOHCTAHTHOTO pasmepa (T.H. VLA-MaccuBel), a Takxke
ompeAeITe YKasaTell Ha TaKMe MAacCUBBl M, KaK CIIEICTBHE,
spIEIATE U HUX MHAMHHECKYIO MaMAT. be3 ucnomp30BaHUA
yKazaTeneI?I VLA-MaccHuBEI MOTYT OBITh TOJNBKO INEPEMEHHBIMH
ABTOMATHYECKOTO Kiacca NamATH, TO eCTh MCIOJb30BAaThCs Kak
[ToKAJIbHBIC IEPEMEHHBIE JIHGO MapaMeTphl dynkumii. Baxuo, uto
nocye cospanus VLA-maccuBa ero pasmep GorblIe HE MOXET
6eirh u3MeHeH. Mcmonp3oanue VLA-MacCHBOB WILTIOCTPUPYIOT

clieAyIonue NpUMephbL:

// VLA-MaccuB Kak JIOKaJbHasd IepeMeHHasd
[ foo (int n)
{

it a2 [ni;

<... Moxmo oBpabaTeBaTe afi]...>

// VLA-mMaccmpB kak napaMeTp QyHKI
// MoxHo nepenaTs OBYMEPHYID MaTPHLY
// int a[???][???] JgobBoro pasMmMepa
%nt Ssum2d nEm s e in e e e e )

B s = 0;

B (int 1 =N0i e e

or (dptid = e e e
8 = glalials
Eeturn 3

Ecimu VLA-MaccuB MCIONBE3yeTcss B KauecTBe Mapamerpa

YHKIMM u  pasMepHOCTH  MacChBa  TakKe  ABJAIOTCSA




napaMeTpamH, TO €ro OIMCaHue [IO/DKHO CJICAOBaTb IOCHg
omwcanus napamerpos. OGbsBIeHKe B crMcKe napameTpoB VLAS
MAcCHBa JI0 €ro pasMepHOCTel He fomyckaercs. IIpu oObsIBICHAR
dynxupm, coxpepxamed VLA-mMaccuB Kak MapaMeTp, MOXHQ
OMyCTHTh MMSI MaCCHBA, KaK M Jyisi OOBIYHBIX NTapaMeTPOB, HO DK
9TOM HEOOXOAMMO Ha MeCTe pa3MEpPHOCTEH MacChBa yKa3aTk
3Be30UKH U1 TOro, 4T00bl OTINYUTE €r0 OT OOBIYHOTO MaccuBa:

/* obwgBieHne QyHKouy asum2d */
Inta asumZd (ARt v nt s ird ] sl Oh

Heo6Xx0quMO OTMETUThH, 4YTO Kak ¥ Uil OOBIMHOIQ
MaccuBa, BbieneHHe mamath moj VLA-MaccuB, 3alaHHbId Kak
napameTp QYHKIHMY, HE IPOU3BOAMTCA: NMEPEACTCA yKasaTe/lb Ha
TepBbIid 7IEMEHT MACCHBA, HO MPH 5TOM KOMIUIATOPY U3BECTEH
ero pasmep mo 060MM U3MEPEHHAM, YTO MO3BOIAET HCTIONL30BATE
MHIEKCANMIO B Teie QYHKIUM.

Kpome co3manus VLA-maccuBa B aBTOMAaTHHYCCKOM
MIAMATH, BO3MOXKHO BBIJEJICHHE MO/ HEro JUHAMHYECKOH mamst
(paboTta ¢ JUHAMHYECKOH MaMATBIO pPacCMaTpUBAcTCs B Pasfene
7.3). B TakoM ciyyae, Hampumep, IJii JBYMEPHOTO MacCHUBd
ompenensercs ykasarenb Ha VLA-MaccuB M3 n 3JIEMEHTOB, IOJ
KOTODBI MOXHO BBIJCIUTH NMHAMUYECKYIO [IAMATh HA m X I

sneMenToB. Kak ¥ B ciiyuae mapamerpa (yHKIMH, KOMIMIATOP!

obecneynT KOPPEKTHYIO aJpecalliio SJIEMEHTOB NPH WHICKCAWH
1o 060UM U3MEPEHHAM:
int main (void)
{
dnEem, n;
scanf. (1%d%dY,
dpte ffnal lnls
pa,= fint 451 inl) malloc
(int));

&m, &n);

(m * n * sizeof

<. .o CunmTEIBaeM paifa Pl g sl >
L = asum2d (m,*n, ‘paj;
free (pa);

3adagua 3. Onucath QyHKUMIO 1Jig BBIBOAA Ha MNevarh
[1eIOYHCICHHON MaTPHIIBI U3 m CTPOK M N CTOIOLOB.

[puBelieM [Be peaau3allii NpeNIokKeHHOH (yHKuuu. B
fepBOH M3 HHUX MaTPHLA pacCMaTpUBAaeTCs KaK efuHas o6iacTb
naMATH, T.€. OJHOMEpHBI MAacCHB M3 m X TN 3JJIEMEHTOB, BO
gropoit kak VLA-Maccus.

// (1) moCTPOWHHNM BHBOL MaTPHLI KaK eOUHOM
// objsacTy maMaTu

void
feint matr
{
Rt i, v
Eor (1 = (@ g im0 e
for (i =0yt dimiel )
printf (Med" v ald s imidi s ) pa o
alifig]

fant m, dntin Rt S o)

}
printf ("N\a"):
}
}

Omucannas takum obpasom ¢QyHkums print matr Gynet
HCTIONB30BATHCS Clle MyIOIIMM 00pa3oM:

int M, By

lf'(scanf (Vedsdd i sm, &n)
1§t *matrix, = mellec (m ~'n & Shizeor
(int)); /* Bupenemme mumammueckosr maMmsTi
Ion mMaTpuny */
/! sanonmenme Ma TDMIE 3HAYeHUAMHI

== 2) {




for. fint i = 0 doganr ddd)
for {int do= et eny St
matrix[i * n + j] = (L + 3) / 2;
print matr (m, n, Wabrixd:;

// (2) nocTpouHsli BEBOX MaTPHLUE!
// xax VLA-Maccusa
void
print matr (int m, int n, int a[m][n])
{
Intliag ey
for (1 =001
fori(ju=00;
PEdntf s

<.m; i+4+){
Gudoans drbdd
d ", alill3l);

9
©

}
printf {"An")q

B sTOM citygae BO3MOXKHO TaKkoe HUCIIOJIE30BAHUE (byHKHI/II/l

prant matLr;

AnEiim e -
T eoan e TaRd” e, vBn) == 2] |
int matrixmlinl;
// miv B OUMHAMHUUYECKOM HaMATH
// BamoJHeHMe MaTPUIE 3HaYeHMIMHA
for lint 1= 407 1 <'m; i+h)
Fot7lane 1= "0% G5 3 Ja 4
mataelt * W] = e )
print matr (m, n, matrix);

6.4. 3adayu Ons camocmosimesibHO20
peweHusi

Maccuebt

6.4.1. OnucaTh (QyHKLMIO, KOTOpas MpoBepsier, o0sanaer
qi LEJOYHMCIIEHHBI MacCHB M3 1N DIEMEHTOB YKa3aHHbIM
cBOHCTBOM. B Cilydae MONOXMTENBHOrO OTBETA (DyHKLHS
gosspaiuaeT 3Hadenue 1 u 0 B mpoTHBHOM ciydae. CBolicTaa:

a) 5JEMEHTHI MACCHBA YIOPAA0YEHBI 10 BO3PACTAHMIO;
b) MaccuB ABJNAETCS CHMMETPHYHBIM (PaBHOYHAICHHBIE OT
KOHLIOB MacCHBa 3JIEMEHTHI PaBHbI IPYT JPYTY).

6.4.2. Onucath (QYHKUMIO, ONpPEAENAIOIYI0 HWHAEKC
MEPBOTO MO MOPAAKY 3JEMEHTA LEJOYMCIEHHOTO MaccuBa U3 n
5JEMEHTOB, 3HAUYEHHUE KOTOPOTO PaBHO 3aJaHHOMY uHcily X. B
clydae OTCYTCTBUA B MACCUBE YKa3aHHOIO 3HA4YeHUs (QyHKUUSA
Bo3Bpamiaet -1. [1py peiennu 3a1aun paccMOTpETh BapUaHTHI:

a) MaccuB NIPOU3BOJILHBIN,
b) snmemeHTHI MaccuBa YIOPAMOYEHBI 110 BO3PACTAHUIO
(MCTIOIBE30BATD AJFOPUTM JIBOUYHOTO MOKCKA).

6.4.3. Omucarh QyHKIHMIO, KOTOpas B LEJOYHCICHHOM
MacCuBe M3 n 3JJMEMEHTOB MEHSIET MECTaMHM MaKCHMAaJjbHBIA M
MUHHMaJTbHBINA 3JIEMEHTHI (CUMTaTh, YTO B MACCHBE BCE DJIEMEHTHI
pasmyneie).

6.4.4. Onucatpb (byHKIMIO, OCYILECTBIISIOLLYIO
UMKIYeCKUif CHBAr HAa m  MO3MIHIA BIIPABO  3JIEMEHTOB
BCLIECTBEHHOrO MaccHBa M3 N 3MEMEHTOB (M < n).

6.4.5. Omucats (yHKUMIO, KOTOpas YNOPSAOYMBAET [0
HCyOblBaHm0 JneMeHTHI IENOYHCNEHHOro MaccHBa M3 N
YICMEHTOB, HCTIONB3YS CEAYIOM i aNrOPHTM COPTHPOBKH:

a) COpTMpOBKa  BBIOOPOM:  HAXOJHMTCI  MaKCHMAabHbIH
ggsé\feHT MaccuBa U MEHETCS MECTaMH ¢ MOCIETHUM 3JIEMEHTOM,
M TOT ke METOA MPUMEHAETCS KO BCEM 3JIEMEHTAM MAaccHBa,
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KpOMe mocieAHero (OH y)Ke HaxoJWTCA Ha CBOEM OKOHYATC/BHO
MecTe), ¥ T.J.

b) copTHpOBKa 0o0MEHOM (meTon Iy 3bIPbKa)
MOC/IeIOBATENbLHO CPABHUBAIOTCA Mapbl COCETHHX JJIEMEHTQ 3
maccuBa Xy M Xi+1 (k =0, 1, ..., n - 2) 1, €CIK Xk > Xk+1 , TO O
JIePECTaBNSIOTCS; B Pe3ybTare HaMOOIBIIMH NEMEHT OKAXKETCH
HAa CBOEM MeECT€ B KOHIE MacCHBa; 3aTeM TOT XK€ METO]
NPUMEHSETCS. KO BCEM J/IEMEHTaM MacCHBa, KPOME IOCIIE/IHETO,
1k

6.4.6. Omicats QYHKIMIO, KOTOpas s LIEJIOYHCTICHHOTQ
MaccHBa U3 N 3JIEMEHTOB ONpPEIeNseT:

a) NPUCYTCTBYIOT JM B MAacCHBe OJMHAKOBBIE
57eMeHThl (B Cliydae INOJOXHMTENBHOr0 OTBETa BO3BPAIIACTCH
snaveHue 1 U 0 B MPOTHBHOM CITydae),

b) KOJIMYECTBO PA3IMUHBIX JJIEMEHTOB B MAaCCHUBE.

6.4.7. PeunTh NpeAbIAyLIyI0 3aady B IMPEATIONOKCHA
YTO 3HAYEHMS DJIEMEHTOB MAacCHBa Haxo/aTcs B auanasoHe [-100)
100].

Cmpoxu

Ykasanue: npu peuwienuu 3a0a4 He  UCNOIb306AME
cmandapmuyio 6ubIUOmeKy pabomsl co CHIpOKamu.

6.4.8. TIpyuBecTH peanu3aLyio OMMCAHHBIX BhIMIE (yHKIHA
VL

6.4.9. Onucate (PYHKIHMIO, KOTOpas U3MEHSET 3aJaHHYIO
CTPOKY CleIyloIMM o0pa3oM: CHaYaja 3alHCHIBACT B HEEC BCE
9JIeMEHTHl C YETHBIMHM MHJEKCAMM, a 3aT€M BCE DJIEMEHTBI
HEYEeTHHIMM HHAEKcaMu (C COXpaHEHHEM HX OTHOCHUTENBHOIO
NOpsA/IKa B KaXIO0H TpymIe).
Hamnpumep:

abcdefgh => acegbdfh, vwxyz => vxzzwy.

6.4.10. Omucars (PyHKIMIO, KOTOpas B 3a[aHHOW CTPOKE
MEHSET MECTAMHM €€ MEPBYIO ¥ BTOPYIO NOJIOBHHBI.
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n nMCpI
Zlgc%efgh => efghabcd,

6.4.11. Ommucate
conepHHMOE CTPOKH.
HanmpuMep: abc => cba.

6.4.12. Ommcath QYHKIHUIO, MOJNYYAIOILYI0 B KayecTse
jiapaMeTPOB /B¢ CTPOKH 1 OTBEHAMONIYIO HA BOTIPOC, ABISETCS JIH
pepBas CTPOKa npeuKCcoM BTOPOI.

6.4.13. Omucatrs (yHKIMIO, MONYYAIOUIyI0 B KayecTBe
[1apaMeTPOB /e CTPOKH M OTBEHAIOMIYIO Ha BOMPOC, ABJIACTCA JIH
nepBast CTpoKa cy$uKcoM BTOPOii.

VWXYZ => YZXVW.
(OYHKUMIO, «IEPEeBOPAUUBAIOLIYION

JlsymepHble Maccusbt (Mampuyvl)

6.4.14. Onucats (QyHKUMIO, KOTOpas B LEJOYUCIECHHOH
MaTpulle M3 N CTPOK M m CTONOLOB MEHAET MeCTaMH
MAaKCUMAJIbHBIM M MUHUMAJIbHBIA 371€MEHTBHl MaTpULbl (CUMTATB,
YTO BCE ANIEMEHTHI MATPHULIbl PA3JIMIHbI).

6.4.15. Onucate (QyHKUMIO, KOTOpas B BEILECTBEHHOU
MaTpuIile U3 N CTPOK U m CTONOLOB ONpeneNsieT HOMEp CTPOKH,
cojepalleif  MakCUMallbHO€  KOJMYECTBO  IMOJIOJKUTENBHBIX
3JIEMEHTOB (CHUTATH, YTO TaKas CTPOKA TOJIBKO OJIHA).

6.4.16.  Ommcatp  QyHKIMIO, KOTOpas  HaXOIUT
NPOU3BEICHUE MBYX BELIECTBEHHBIX MATPHL MOPAAKA N X m U
I x Kk, COOTBETCTBEHHO.

6.4.17. Onucats GyHKUMIO, KOTOpas s KBaJpaTHOM
UCITOYMCICHHOM MaTpHiel 1-TO MOpsKa ONpeAenseT, SBIIeTCs
71 laHHas MaTpuIa:

) CHMMETPUYHOM OTHOCHTENLHO INIaBHOM AMaroHaM;
b) maruueckuM KBajpaToM (CyMMBI SJEMEHTOB BO BCEX
. CTPOKaX ¥ CTONOLAaX OAUHAKOBBI).
3Haqcefg/qae TIOJIOKWUTENBHOTO OTBETa (YHKUMS BO3Bpaljaet
ue 1 u 0 B MpOTUBHOM CITyyae.




6.4.18. Omucath QYHKIMIO, KOTOpas B IIEJIOYHCIICHHON
MaTpHile U3 N CTPOK M m CTOJOLOB IOACYMTHIBACT KOJIUYECTBO
CTpOK:

a)  HyJEBbIX (BCE 3IEMEHTHI CTPOKH PAaBHBI HYJIIO);

b) BCe SNMEMEHTH KOTOPHIX MMEIOT ONMHAKOBBIA 3HAKM

(cuMTath, 4TO BCE 3IEMEHTH! MATPHUIIBI OTIIMUHEI OT 0);
C)  YHNOPANOYEHHBIX MO BO3PACTAHHIO.

7. OwHamuyeckas namaTb. PasmelleHue
MacCMBOB B AUHAMUYECKOWU NaMATH.
MaccuBnl ykasaTeneu

paGotel ¢
MaccuBoB B

namaTh.  QOyHKIUH
Pasmemenue

JluHamugeckas
JIMHAMHIYECKOM MaMAThIO.

OUMHAMHYECKOW mamsaTH. MaccuBel ykasatened. PasmeleHue

MAaTpHUIIbI B JHHaMUYECKOU MaMsTHU. 3anaum.

7.1. JQuHamuveckasi namsimb. PYHKUUUN
pabombi ¢ QuHamuyeckol namsimoio

B 1ex ciIy4dasx, KOraa pasMep BXOJHBIX JaHHBIXE

NporpaMMel 3apaHe€ HE M3BECTEH, i1 HX pPasMCIICH

HCHOJB3YETCA NUHAMHYCCKasd MaMAThb. HHH&MH‘ICCK&H NnamMiaThe —

9TO CHelMaibHas ofmacTe naMaTd (Ky4a), BBIIC/ICHHE
0cBOOOXK/IEHNE TTaMATH B KOTOPOH NPOMCXOAUT JUHAMHYECKH 10
TpeGOBaHUIO TIPOTPAMMHUCTA.

Jnst paGoThl ¢ JUHAMUYECKOH MaMATBIO HMCHOJIb3YETCSH
craHgaptHas Oubnuotexka Qynxumid. [TopxkmoduTs €€ MOXHO
JUPEKTUBON Mpernporeccopa:

#include <stdlib.h>

PacCMOTPHM OCHOBHBIE CTaHAApPTHHIE QYHKIMM I
pa6OTbI C JUHAMMYECKON MaMsThIO.

Jlisa BelfieNeHMs AMHAMUYECKOW NAaMATH MPEXyCMOTPEHBI
yHKITHH mallocucalloc.

void *malloc (size t n);

@yskuysa malloc BBIJENSET B Kyue 001acTh MaMATH pa3mepa n
faiiTOB M BO3BpAlllaeT yKa3aTelb Ha HAyalo 3TOH 00JacTd WM
NULL, €Cli¥ BBIAEIUTE NaMsTh HE Yanock. Beinenensas o6nactpb
[aMATH HE HHULMAIN3HPYETCH.

foid *calloc (asize t n, B4 @i s ey

Qyukuusg calloc BeigenseT B Kyde o0jacTh MaMsATH Ui
pasmeneHdss n OOBEKTOB pasMepa sSize M BO3BpalaeT
yKasatelb Ha Hayajo 3To# obnacty mm NULL, €Citi BBIAEIUTH
NaMATH  HEe  ynanoch.  Beimenennas  obnmacte  mamsaTH
MHUIHATA3UPYETCS HYJIIMH.

JAns  koppexTHOl paGoThl MpOrpaMMsl Opd  HCTIONB30BAHHH
JAHHBIX (QYHKIWME BCerna CIegyeT IpPOBEPATh BO3BpAIaeMBblii
UMH pe3yabTaT.

Oynxkiuu malloc ¥ calloc BO3BpamalOT yKa3aTelb
o6o0mennoro Tuma (void *). TIpM NpPHUCBOGHMH TAaKOro
YKazaTens yKasaTen0 Ha KOHKPETHBIM THUN OyJeT BBINOJHEHO
HEABHOE NpHMBEJCHNE TUIIOB, HAPUMED:

Char *p = calloc (n, wsizeof (char))i;
/* nesBHOe mpuBememye
YKazaTens void *x char * */

Tem HC MeHee, HWHOrJa MpOrpaMMHUCTBl KCHONB3YIOT SBHOE

puBeeHMe TWmA: OHO MOTIO GBITH HEOGXONUMO, €ciM KOJ
CO3n1aBancs 1A craphix Bepcuit s3bika Cu (no cranpapra Cu89),

g




6o LI MOCJHCHYIOIIETO HMCHOJIB30BAHUA KOJa TaKXKe H JUISE

A3bBIKa CI/['H‘, B KOTOpOM Tp€6y€TC5{ SBHOC NPHUBCACHUEC.

B Ka4yC€CTBC npumMepa pasMCIICHUA JAaHHBIX B

JUHAMWYECKOU aMsATH PacCMOTPHUM CIECAYIOILYIO 3aa4y.

3adaua 1. Hanucath parMeHT IporpaMMel, B KOTOPOM H3 |

CTaHJAapTHOrO MOTOKA BBOJA BBOAUTCS CTPOKa JIMHOM He Ooliee
100 cumMBOIOB M pa3zMelaeTcs B JUHAMUYECKON MAMSITH.

chid pitsEr PLOIT Ens

1f.(fgets  (str; 100, stddn) 1= NULL) {/* BBOZ

CTPDOKM M3
CTaHOapPTHOIO
rmoroxka BBoZa stdin */
Bl nal loe illstrnlon (ISkr) ok il -
A Teomidip)
YCHOEeNHo
SErEHVE (et ) i

O6paTI/ITe BHHUMAaHHE HA TO, YTO B JUHAMUYECKOH MaMITU
CTpOKa 3aHUMACT POBHO CTOJIBKO MECTa, CKOJIbKO peallbHO ;

Tpebyercs i1 ee pasmeieHus. JlanbHeimmi  gocTynm K

JNIEMEHTAM CTPOKU MOKET OCYHICCTBIIATECA KaK IO yKasaTelo, ¢

TakK ¥ ¢ HOMOWIBIO OTIepaLiiu HHACKCUPOBAHUS.

Yacto  Tpebyercs  yBequuuTh pasMep  namATu, |
BBIIC/ICHHbIH TIOJ KOHKPETHBIH yKasaTenb, HampuMep, ecid .
3aroMHUIICA HEKOTophiid Gydep. B Takom ciyyae mcmombsyercs |
dyHKUMS:

vodd *red] loe "(Void Bty Size t size);

@Dynkus realloc U3MEHSET pasMep BBIJENICHHON 06macTH 10 |

size OGalT (4ame Bcero WCmoB3yeTcss s YBEIIHYEHUs) H

{//Brnesenne maMaTHM  BEIOJHEHO |

p03BpallacT yKasaTelb Ha HOBYIO 00NacTh MM NULL, ecnu
BbI/IE/IUTD TIAMATH YKA3aHHOTO pa3Mepa He yaanock. Conepxumoe
061aCTH OT Hayana 10 MEHBIIEro U3 CTApOro W HOBOro pa3sMepoB
ge M3MEHACTCA. VKasaTenb ptr  [NOmKeH 6T paHee
copMUPOBaH PYHKIMAMH malloc, calloc wm realloc.
Ecnu 3TOT YKasaTenb paBeH NULL, TO BEI30OB SKBUBAJICHTEH
malloC, a €CiM pa3Mep paBeH HymO — To BBI3OBY free. Yacrto
yAaeTcs yBEIMIUTb 0011acTh 6e3 H3MEHEeHHs caMoro YKazarens Ha
obnacte (T.e. ee ajpeca), B TakoM ciyvae (QyHKuumei
BO3BPAIACTCA TO K€ camoe 3HauyeHWe ykasatens. Ho ma 3TO
HCNB3A  IIONIAraTeCs W BCEraa HY)XHO OGHOBISTE 3HaueHne
yKazaTeJis, HalpuMep:

- redlloC (D, sizeo: (Eliaded e new_size);

DyHKIHIO realloc He PCKOMEHTYETCS YacTo BBI3HIBATE,
fIOCKO/bKY ~ OHa  J0CTaTOYHO  "3aTpaTHas" mo BpeMeHH
BeIIONHEHUS. Ecnu ee wmcnons3opanme HEeo0X0MMo, To npu
BBI30BE, KOrJa HEH3BECTHO TOYHO CKOJBKO TpebyeTca mamsaTu -
PEKOMEHJIYETCA yIIBAMBATD 3aHATYIO TAMSTS.

OcroGoxnenue AUHAMHUYECKOH MaMiATH  BBIIOJHAET
byuxims:

void free (void se)h C

Qynkims OCBOOONKIAeT B Kyue 06nacTs MaMATH, Ha KOTOPYIO
YKazbiBaer p (ecm p == NULL, ¢yHKuus Huyero me Jelnaer).
O6parure BHUMAHHE Ha TOT (hakT, 4TO pasmep 0CBOOOXKTaeMoli
obnacty mamsT He HaJ0 nepejasath B (hyHKLMIO, MOCKOJIBKY
<bYHKum[ free aBTOMaTMuecku wm3Bnekaer €ro u3 CiyxeOHOIt
HHdopmaruy, cpopmMupoBanHo# hyHKIMAME BBI/ICTICHHA [TAMATH
H XpaHdmeics HENOCPEICTBEHHO mepes AaHHOM o0J1acTeio.

03Tomy snia KOPPEKTHOrO OCBOOOXKIEHHS MaMATH yKasaTennb p

MOMKeH ykaseiBate Ha o6macts NaMATH, paHee BBIIENEHHYIO




onHolt u3 QyHKIMHA malloc, calloc wmH realloc. B
NPOTHBHOM CJTy4ae pe3yJbTar paboTe! GyHKIMH HE ONPE/C/ICH.

Tpu paGoTe ¢ AMHAMUYECKOH MAMATHIO BCerja cicayer &
co6IoaaTh TPABIIO 0CBOOOXKIATE BBIIEJICHHYIO paHee namMATh,

eciyu oTnaja HEeOOXOIUMOCTb B €€ HUCIIOJIF30BaHUU, qTOOBI J1aTh

BO3MOXKHOCTD GUONMOTEKE CHOBa BBIACIUTD 5Ty naMATb HOX ;
MOCJIeAYOIHE 3aI1pOocChl. Wuaue BO3HUKAIOT T.H. ymeuku namsamu,
KOTOPBIC NpUBOAAT K HEBO3MOXXHOCTH BBIAEJIHTE JUHAMHAYECKYIO =
nmaMsaTh, Korjga Ha caMoOM Ji€jie 4acTh €€ HE HUCIIOJIB3YETCA. Ecnu :

npunoxKenue paboTaeT JTUTENLHOC BPeMs, TO OHO MOXKET 3aHATh
BCIO CBOOOIHYIO MAMSAT.

B kadecTse mpuMepa 0GpaGOTKH MacCBa, pasMEIICHHOTO |

B AMHAMMYECKOMH MaMATH, PACCMOTPHM CIIEAYIOLLYIO 3ajaty.

3adaua 2. Ha cTaniapTHOM IIOTOKE BBOJIA 33/1aCTCA nenoe
YUCIO N M MAcCHB M3 N BENICCTBEHHBIX YHCEIL. Ucnone3yd s
pasMEILeHNs MacCHBa JMHAMHUCCKYIO aMsaTh, HAWTH CyMMY &
5JIEMEHTOB MACCHBa, 3HAUEHMs KOTOPBIX MEHBIIC 3HAYCHUS |

IOCJIEJHETO BJIEMEHTA MaccuBa.

#include <stdio.h>
#include <stdlib.h>
ine
main (void)
{
mrr e e T
double *x;
double s = 0.0;
Scant (hEdl, snly;
v = malloc (n *'sizeof (double)) ;
// BHOeJIeHue HNaMsaTy ION MAaCCHUB
. RS ) 41 // BHOEJMTE HaMsATb HEe yINajock
fprintf(stderr, "out of memory\n");
Fe tlrniil

}
// BBOHO M oBpaboTka MacCuUBa
for. (1.sls S o R
scanf("$L1E", &xlills
}
For (i 0L s n Tordi R d
Rk 6 15 v ARG Y OB s A
}
brintf (HEENRY; =S )y
free (x);// ocBoBoxneHme HaMsaTV OT MacCuUBa
return 0;

7.2. Maccues! ykazameneu

B MaccuBe yKasatejgedl Bce OJIEMEHTBl ~MacCHBa
[pejCTaBIsIOT COOOM  ykasaTenu Ha OOBEKTBl HEKOTOPOro
(enMHOrO [T BCEX OSIEMEHTOB MAacCHBa) THNA. Hanpumep,
onpezeneHue Maccusa 13 10 ykasateneli Ha 00BEKTHI THIIA ink:

int *pllol;

HaunGonee 4acTO MacCHBHI yKasaTejeidl NPUMEHSIOT I
OpraHM3alii¥l XPaHEHHs CTPOK, KOr[a KaX/pIid dJIEMEHT MaccuBa
npesicTaBisier coboi ykasaTenb Ha COOTBETCTBYIOUIYIO CTPOKY,
T... COACPXKMT ajipec Hayaja 3TOH CTpokd. IIpenMymiecTBoM
WCTIONE30BaHMS MAacCHBa yKasaTene# B JaHHOM Cly4ae ABJIACTCA
TO, YTO CTPOKM MOTYT UMETh PAsIHYHYIO [IIMHY.

PaccMoTpuM MaccuB yKasaTesei Ha CTPOKM. HavanbHyro
VHUIHau3al[iio TAKOr0 MacCHBa MPOMUIIOCTPUPYEM Ha NPUMEPE
MaccuBa ykaszaresneil Ha CTPOKOBbIE KOHCTaHTBI.

1 const s eher intell = Slliredd, "yellow",
green", NULL};




DneMeHTaMu AAaHHOro MacCuBa ABJAKOTCA  aapeca i
CTPOKOBBIX KOHCTAaHT, MOCJIE THHM JJIEMECHT MacCHUBa

MHULUATTN3HPYETCS HYAEBBIM YKa3aresneM NULL (CM. pUCYHOK).

__H_______4 ;;d\O ﬁw*?

yellow\0

i green\0

Puc. 5. Maccue yxazameneii na cmpoku

3adaua 3. Onmcath (QYHKIHIO, KOTOPOH B KayecTBE
napamMeTpoB Mepe/laeTcs MacCUB yKaszaTenel Ha cTpokHd (Mpu3HaK
KOHLla MaccHBa — YyKasatenb NULL) u cumBoin. OyHKUuA
BO3BPAILIACT KONIMHYECTBO CTPOK, HAYMHAIOIUXCSA C YKa3aHHOTO

CHUMBOJIA.

int
aibligloychimia (el s esi b Deraineiaiitaloy)

{
aliahed il —
while (s
el (g

@ = ()
st ENTIT
i =—"ch) n++:
}

return n;

7.3 Pa3meuwieHue
OduHamMu4decKoll namsamu

Mampuuybi e

PaccMOTpHM clieYIOLIyIO 3aa4y.

3adaua 4. Omucate (yHKUMIO, KOTOpasd BBIACISIET B
JMHAMHYCCKOH MaMATH MECTO MO/ LENOYHMCICHHYIO MaTpHILLy
pasvepa n X m. QYHKIMA BO3BpAaUlaeT yKasaTelb HA MATPHUILY
WK NULL, €CJIH BBIJEIUTE IaMATh HYXKHOTO pa3Mepa He yAaloch.

Kak yxe ynomuHanoch, B ctanpaptre Cu-89 mnms sroro
06BITHO BBIAE/SICA CIUIOMIHOM YYacTOK MaMsTH, a MPOrpaMMHCT
caMm apecoBal HY XKHBIE TIEMEHTHI MATPHLIbL:

it~
flatrix create(int n, int m)
{
return malloc (n * m * sizeof (int)):

}

int *p = mabrix. credte  (n; mj;
// (i,7)-31 snmemenT MaTpunm ects p[i*m+7]

B cranmapre Cu-99 MOXHO 3a[aBaTh HEKOHCTAHTHBIE
PasMepel MaccuBoB. Torga 0O6paboTka MaTpHIp], pasMeHIeHHON B
AMHAMUYECKOM TIaMATH, BBITIAUT CIAEAYIOMIM 00pa3oM:

Void matrix work (int n, int m) {

int (*pm) matrix[m];

// YKazareJs Ha MACCHUB M3 M SJIEMEHTOB

Pm = malloc (sizeof (int) * ni* m);
pm[2][3] = 4;

/ /MoxHO mepepaBaTh pm B QYHKLOUM

// tmna print matr (cm. pasgmen 6.3.1.)

]




//c mporormmamy Tuma
A48t R antom, dnt mataiin [m])

}

Ilpu pasmemieHMu Matpuipl B AMHAMHYECKOM NaMSTH
MOXHO TaKXX€ UCTOJIb30BATh MAaCCHUB yKasaTeslel, KOraa Kax bl
SJIEMEHT  MaccHBa  IMPEACTaBIsSeT  coOoit
COOTBETCTBYIOLYKO CTPOKY Martpuiupl. Toraa

yKasarenen Ha CTPOKH MaTpHIIbI, a HOTOM MECTO

HETIOCPCICTBEHHO IO/ 3JIEMEHTBbI Matpuupl. IlpuueM mecto B |
NaMATH MO SJIEMEHThl MATPHIEI MOXET OBITh BBIEJIEHO Kak |

CIMHBIM 6HOKOM, TaK ¥ IS KaxIom CTPOKH MaTpPHILbl OTIAEBHO.

7.4. 3adayu Onsi caMocmosimesibHO20

peweHust

74.1. Ha
TIOCNICIOBATELHOCTD

CTaHJAPTHOM
CTPOK,

NOTOKE  BBOJA
IPU3HAKOM

(opmupyeT maccuB ykasateneil Ha 5TH CTpokH. B Kauectse

IpHU3HaKa KOHLA MAacCHBA MCIIOJIB30BATh H}’HeBOﬁ yKasaTesb o

NULL.

MaccHBa — ykasarenb NULL):

a) GyHKUMS BBIBOTUT Ha CTaHJApTHBI TOTOK BBIBOJA |

NIOCJIEIHUI CUMBOJT KaXIO# CTPOKH;

b)  dysxuus BeBOOUT Ha CTaHJApTHBIA MOTOK BBIBOJA |
TICPBBIC TPH CHMBOJIA KaXIOH CTPOKHM, HIMHA KOTOPOH Gobiie |

WA paBHa 3;

¢)  (GyHKUKS BEIBOJHT Ha CTAHAAPTHBIA NOTOK BHIBOIA CTPOKY &

MaKCHMaJIbHOU [IJIMHEL;

yKasaTelb Ha
CHayaja B |
AUHAMUYECKOW MaMATH CELYeT BBIAEIMTh MECTO MOJ MACCHB j’

3ajaHa
KOHIA
MOCNIEN0BATENIEHOCTA  ABAAETCA MycTas cTpoka. Konmwectso §
CcTpok He Gonee 20. Hanucats dparment mporpammer, KOTOPBIA
BBOIUT CTPOKH, DasMEIAET WX B JUHAMMYECKON MaMATH W |

7.4.2. Onucats (yHKIHUIO, KOTOPOi B KaueCTBe nmapameTpa |
NEpENlacTCs MacCMB ykasatenedl Ha CTpoKu (TpH3HAK KOHLEA &

d)  GyHKUMA nOACUMTEIBaET KomMuecTRO CTPOK, ABJIAIOIUXCS
paTuHIpOMaMy;

e) Gynxums ynopspoumsaer CTPOKH B JIEKCHKOTpauyeckom
rIopsAIKe.

7.4.3. ; Ommcars  pynkupro, KOTOpast  BHIJEJdE€T B
JMHAMHYICCKOH MaMATH MECTO roj LICTIOYHCIICHHYIO  MaTpHIy
pasMepa n X m IpH YCNIOBUH, YTO NaMATh 0J KaXXIy1o CTpOKy
MATpULBl  BBINENSETCA  oTAensHo.  Dynkuus BO3BpallaeT
yKasaTelib Ha MaTpuly wim NULL, ecim BBIJICJIATL TaMSITh
HY>KHOT'O pa3Mepa He ynanocs.

7.4.4. uOl‘II/IcaTB GyHKIHIO, KOTopas ocBoboxmaer B
JUHAMUIECKOM NaMATH MecCTo, paHee BBIIENICHHOE Q107
HUCMOUHCIICHHYIO MaTpHLly pasMepan x m, U YCIIOBUM, YTO:

a) NaMATb TOJ 3NEeMEHTHI MaTpuObl BBIENANACE €AUHBIM
6710KOM;

b) nmamare mog KQKIYI0 CTPOKY MAaTpULEI  BbIAENsIIacs
OTZENBHO.

7.4.5.Ha CTaH/IapTHOM MOTOKE BBOJA 331aHO YHCIIO
n (n > 2) W snemedTs! TPEX KBAJAPATHBIX LIEIOYHCIIEHHBIX
MaTpHI| pasMepa n x n . Hcnons3ys ans pasmemenus MaTpuil
AMHAMHYECKYIO [IaMATh, BBECTH HTH MAaTpULBI ¥ pacrieyarars Ty

U3 HUX, B KOTOpoi Gonbiie HYJCBBIX CTPOK (CUMTATH, YTO Takas
MaTpula TONBKO 0/1Ha).

8. CTpykTypbI M o6beauHeHus.
CprKTypr. Onucanue Tunos CTPYKTYpP M EPEMEHHBIX 3TOro

Thna. Onepanuu nan CTpyKTypamu. O6beuHenus. 3anaun.

8.1. Cmpyxmype:




CTpyKTypHBIH THI NO3BOJAET PpadoTaTh ¢ COBOKYIHOCTBIQ
HECKONBKMX MEPEeMEHHBIX KaK ¢ eJMHBIM LenbM. IlepemeHHble,

ABJIAIOIIUECA COCTABHBIMM YacTAMHU CTPYKTYpPBI, Ha3BIBAIOTCY &

noasmu. TTons CTpyKTYpbl MOTYT GBITh IIOOOTO THMA.

Onucanne CTPYKTYPHOI'0O THUNA BBITVIAAWAT CJICTYIOLUUM

obpazom:

struct [ <ummsa_rtuna_ crTpykTrypel> ] '{' <cnuco
k.ononeke PP L <Nlepemennmes 1.0

rae  <uMg_THOA CTPYKTYpb>>  —  HAEHTU(HKATOP. B S
JaNnbHEAIIEM MOXKHO CChUIATHCS Ha ONMMCAHHBIA TUIT IIPH TOMOIIH |
KOHCTPYKUMH BHJa struct <uMa CTPYKTYPEBD. Stonll
UAEHTUDHUKATOD MOXeT OBITb OIYIeH, B TakoM Cliiyyae |
ONMHUCBIBAIOTCS TOJBKO NMEPEMEHHBIE AHOHUMHOIO CTPYKTYPHOTO &
THIIA, a TOCNE ONMCAHMS 3aBECTH HOBHIE TIEPEMEHHbIE TOrO e |

THTA YK€ HEBO3MOXKHO,

<crMcoK_moneit™> — ogHo wiM  Oonee  onucaHWM 1
NEPEMEHHBIX, SBISIOUIMXCS COCTABHBIMU YacTAMU CTPYKTYPBI. &
DU onKCaHHUS WMEIOT TOT JK€ CHUHTAKCHC, YTO U OIMMCAHHS |
OOBIYHBIX TepeMeHHbX B CH; NpH 3TOM MMEHa MEPEMEHHBIX B
STHX ONMCAHUAX CTAHOBATCS MMEHAMH COOTBETCTBYIONIMX HOMEH ¥
cTpykTypel. Ilons moryr ObITh m000Oro TUMa, NPOCTOrO WIIA
COCTAaBHOIO, BKJIOUas MacCuBbl M Jpyrue cTpykTypbl. Ilose S

CTPYKTYphI He MOXeT ObiTh VL A-MaccuBom;

<[epeMEHHBIE™> — CIMCOK OMUCHIBAEMBIX MEPEMEHHBIX, W
THIIOM ~ KOTOPBIX  SBASETCA  TOABKO uTO  OOBSBJICHHBIA B8
CTPYKTYpHBIA THM. ECM 3TOT CIMCOK MyCT, TO ONHCHIBAETCS
TOJNBKO CTPYKTYpPHBIN THI (B 3TOM CIyyae MMS THMa CTPYKTYpBI &

HE MOJKET OBbITh OIMYILEHO).

Wmena nonell CTpyKTyphl, a Takke MMEHa THIIOB CTPYKTYD %
HMEIOT OT/ENbHbIE O0NacTH BMAUMOCTM U MOTYT COBMajaTh C 8

AMEHaMU JIpYrux 0ObEKTOB MPOrpaMMBL.

OnucaHue CTPYKTYpHOTO THUIA BCET/Jia OMHMCHIBAET HOBBIH
ur, HE COBIMAJAIOMMI HU C KaKMM W3 paHee ONMMCAHHBIX (Iaxe
ec/Fl CTIMCOK TIONIEH MOJIHOCTBIO COBMAZJAET CO CIMCKOM MOJei
KaKoro-Jbo IPYroro CTPyKTYPHOTO THIIA, ONIMCAHHBIM paHee).

IIpumep I. Onucanue CTPYKTYPHOTO THMA IJiSs XpaHEeHHUs
pH(MOPMAIIUHA O CTYJCHTE:

struct student {
char name[80]; // mome name — Maccus wus
// 80 cmMmBOJIOB (cTpoka)

int group; // mome group - npemnoce umcio
char eityi30i >
// mosme city - maccuB u3s 30 CHUMBOJOB
Rl
// stl m st2 mmenT TMOD Struct student

struct student course{400];
// maccuB ms 400 cTpykTyp THIA

775 ebrpbt Sthdent
struct student *ps;

// ykasaTenb Ha struct student

Ipumep 2. OnucaHue CTPYKTYPHOTO THIA I8 XpaHEHHS
KOMITJIEKCHOT O YHCIIa:

struct complex {
double re, im;
bz
/* HENOCPenCTBEHHO [IPW  OHOUCAHMM  TUIA
CTOYKTYPE HE OIMCAaHH HUKAKMAE [EepEMeHHHe */

struct complex x, y; // x u y - mepeMeHnHHe
Tuna struct complex




Homnsamu cTpykTypsl, B cBOIO Ouepens, MOTyT OBITh APYTHE

CTPYKTYPBI, TO €CTh BO3MOXKHBI BIOKEHHBIE CTPYKTYPEI.
Hap nmepemenHsiMM cTpyKkTypHOro THMHA ompeneieHEl
CIIEAYIOIIUE ONepaLiy:
1. Onepauys B3sTust ampeca ( & ) .

2. KommupoBaHWe W npHCBaHBaHMe (a1 CcTPyKTYp OHmHOrQ &

tvna). Tlpy npucBavBaHMM KONMPYIOTCS 3HAYEHMS BCEX MOJCH

CTPYKTYpeL. CTPYKTYphl MOXKHO mepeiaBath Kak ImapameTpsl (o
3HAUCHHMIO) B (YHKUMIO, MOXHO BO3BpAIaTh KaK pe3ylbTar E

(pyHKUHH.

3. OOCpamerMe K OTAEABHOMY MO0 CTPYKTYpHl. Jlis ‘

oOpalleHHs.  UCTONb3yeTcs omepatop '.' (Touka) B
KOHCTPYKIMH BUJA:

<riepeMeHHas> . <uMA_ToJIa>
T <nepemeHHasa> — MEPEMEHHAs CTPYKTYpHOro Tuma. C

MOJIEM CTPYKTYPbl MOXHO BBINONHATb BCE HAEHCTBHS, KOTOPBIE
ONPEAENCHbI A1 TUIA, KOTOPOMY MPHHAIEKUT 3TO MOJIE.

IIpn obpamenuu k momo CTPYKTYpBl N0 yKa3aTejil0 Ha
CTPYKTYPY MOXKHO HMCITOJIB30BATh omepatop '->"' (CTpemca):
a —> D 3KBHUBAaJIEHTHO (*a) .b.

IIpropuret onepatopos o6parmeHus K Honsm CTPYKTYpPBI
(. u->)— Haubonee BBICOKHII.

llpumepel (¢ yueToM NpHBeIeHHBIX BIIE OIUCaHUH):
stl.group = 101; // sHavenme mossg group
// B nepemennoit stl pasmo 101
strcpy (stl.city, "Mockza"):;
st2 = stl; // sHavenms Bcex moseit stl
//KommupyloTca B mons St2

p = &stl; // p yxaswmBaer mna stl

(*p) .group++; /* yBesmyeHMe IMHOJA group
cTPYKTYPE, Ha KOTOPYD
YKasesaer p' (m.e. Stl) */
p->groupt+;
// TO Xe, 4YTO M B HNpEenHAylelt CTPOKe

x.re += y.re;
st IR =y iim
// CJOXeHMe KOMINEKCHEX UMUCeJ X U Yy

Hukaxue onepaly CpaBHEHHS, a Taloke apudMeTHYECKIE
WA JIOTMYECKHUE OTIEPALUU HAJl CTPYKTYPAaMH HE ONPEIeTIeHbL:

(x ==vy) .. // ommbka!
// IHpaBunepHee: if

y.re && x.im == y.im)

X Sumike el /s oliGiEca ]

x++; // ommbka!

x.group = 102; // ouwmbra! B struct complex
HeT IOJA group.

stl = x; // ommbka! IpucBamBaHME CTPYKTYP
DAa3HEIX TUIOB.

Onepatop sizeof s CTpyKTYphI BO3BpaiiaeT pasmep (B
OaliTax) o6MacTM NAMSATH, OTBOJMMOM KOMIANATOPOM IO
XpaHeHWe CTPYKTypel. Pazmep cTpykTyphl B GaiiTax Bcerma He
MeHb1Ie CyMMBI pa3MepOB BCeX ee Noliel (MoXeT ObITh GoJbIIe):

sizeof (struct complex)=sizeof(x) >=
sizeof (double)+sizeof (double)= 16

Ilpy ommcaHuM NEPEeMEHHBIX-CTPYKTYD BO3MOXHA HX
MONHasi WM 4YacTHYHAs WHUIManM3amusd (KaKk ¥ B ciydae ¢
MaccHUBaMH):




struct.student st3.= {"Cvupnos II.B.'", 1048
"Kanyra'};
struct student st4 = {"Kyz3Heuoma A.I0."};

He YKa3aHHBIC B HHHUNHAIW3AUH TIONA CTPYKTYPEL

MONy4alOT HyJdeBOE 3HAYeHHE B Clydae, €Cld  SABHO
WHUIMATM3NPOBAHO XOTA OBl OAHO TIONE CTPYKTYpH. Ecimm &
MHULMAIM3aMsa  BooOIle He MPOM3BOJAMTCA, TO, KaK M JJig

OOBIYHBIX MEpEMEHHBbIX, IN00anbHBIE CTPYKTYPHI IOJyYar

HYJIEBBIC 3HAUYEHHS, a JIOKAIbHBIE — HE OYAyT MHUIMATM3UPOBAHEL

N0 YMOJIHYaHUIO.

3adaua I. Vicionb3ys ONMMCaHHBIA BhIIE THN struct ¥
complex, onucaTh (QYHKUMIO N7 BBIYMCICHUS MPOM3BEICHUS

JBYX KOMIIICKCHBIX YHCEII.
Bo3moxkubl JBa BapraHTa PEIICHNA:

// IlepBEBI BapuaHT: Hepegava IapaMeTpOB
BHAYEHUD
sitrliot Seompiiesxaiimi] S isErict | compliex
struct complex b) {
struct complex my;
moEe =g redbl el amiEls
m.im = a.re*b.im + a.im*b.
e B
}
// nOpumep BE3OBa:
G = mulh (s iy

// BTOpO¥ BapMaHT: HNepenadya IIapaMeTPOB
yKazaTeJso

struet cempliext imultt (skruetcomplex *a

sitruct ‘combliex ) ]
sStruct ecempliex 'm;

m-Eel=ram=reit b—>rel = ua—>im s betadim
m.im = a->re * b->im + a->im * b->re;
return m;

}

// HOpHMep BH30BA:

c = mul (&x,&y);

Bropoii Bapmant pemenus Gonmee sddexTuBen: mnpm
BbI30BC TaKOH (YHKUMM HE BBINOJHAETCS KOMMPOBAHHE
COJIEPKUMOTr'O [IapaMeTpoB a | b.

3a0aya 2. Yro OGyner HameyataHo B pe3y/lbTaTe
MCTTOJIHEHUS CIIENYIONIEro parMeHTa mporpaMmbI?

a)

sStruetlisBlfincharias s il (60 .
tl.s'=imallec (10);

strepy W(Eis s, N HeNG I

£2 = &g

printfii e s 98 )
STrepyis(tl st il werlichit) i
PYInt (e ciEalt o <

[ockonbky Tmpu KomMpoBaHUH CTPYKTYP HpPOHUCXOMUT
noGaiToBOE KOMMPOBaHHE 3HAYESHHUI UX MOJIeH, TO B pe3yabTare
BOITONHEHUsS NpUCBaWMBaHMA t2=t1 CKONMPYIOTCS yKa3aTesu:
fiolie £2.s Gyner ykasblBaTh Ha Ty Xe 00NacTh MAMSATH, 9TO U
tl.s (cama ob6macTe namATH ckormupoBaHa He Oyaer). B
Pesynbrate BeiBeneTcs: “Hello world!”.

0)

Structist | char i LLAY e bkl e
Strepydbl.s, - Hello 2y ;

L2 . =uti:




prigef (MestyUL2. 80
strdpy ‘tclig; MwoEldt ™) ;
prinkt (veah) tiis)?

B 1aHHOM ciydae TMojieM CTPYKTYPhI SBIISIETCS MAaccUB M3
10 cuMBONOB, M TP TPUCBAMBAHWUM CTPYKTYp BCE €IO
comepxumoe OyAeT CKOMMpoBaHO. B pesynbTaTe BHIBEACTCH
“Hello Hello ”.

8.2. O6BeduHeHuUs

O6nenuuenns B Cu  ONUCHIBAIOTCA TaK JKe, KaK H
CTPYKTYpbI, HO [/l HX OTHMCaHMs UCTOJNB3YETCs KIFOUEBOE CJIOBO

unien:

biigiakiozal el
ildgiuiaiag
double £;
} tmp;

O6beMHEHNS UMEIOT OJJHO MPUHLMIHANBHOE OTJINYKME OT
CTPYKTYp: BCe MOJi OOBEIMHEHMS PaCMonaratoTcsi B NaMATA
HAuMHAas ¢ OJJHOTO M TOTO e 6a30BOro ajpeca U, TaKuM 00pasoMm,
U3MEHEHME ONHOTO mons oObeJMHEHUs BIeYeT 3a CoOoH
MOTEHIMATFHOE U3MEHEHHE BCEX OCTAlIbHBIX TONIEH 00beIMHeHNA
(B CTPYKType e BCe NOJd HE3aBMCHMbI M pacmojaraioTcs B
namaTy 6e3 HaJIOXEHH ApYT Ha Apyra).

O6BIMHO TONBKO OJHO W3 TOJeH oObequHeHus UMeeT
CMBICIT B K&K/l KOHKpETHBIN MOMEHT BpemeHH. Kakoe 13 rosneid
MCTIONB30BaTh —  Ompejenser mporpammuct. Hanpumep,
ONMUCAHHYIO BBIIIE MEPEMEHHYI0 tmp MOXKHO WCIOJB30BaTh L
XpaHEHHs LEI0r0 UMC/a Wik BEMECTBEHHOrO YHCHIa, HO He i
000ouX yucen OJHOBPEMEHHO.

OObeauHEHUsS MOTYT TaK)K€ HCHOAB30BATHCS VIS
opraHM3aliid  JOCTyna K OTHENBHBIM YacTsAM  3HAYEHHIA,
panpuMep:

union intbytes {

int number;

unsigned char bytes[4];
heaidis
d.number = 12345678;

printf ("MoBaliToBoe mnpepacTaBieHue umcia %d
B namMaTn"

"umeeT BuO: %d %d %d %d\n", d.number,
di-bytes 0}, d bytesiid ],
dubytes|2l . d:bybes [31.);

Han o6beuHennsaMy onpeeneHsl Te Ke Olepalyy, 4To U
HaJl CTPYKTYpaMH.

Pasmep 0ObeIMHEHHS B MAMATH ONpejenseTcs pasmepom
HauOOJBIIETO MO B OOBEAMHEHHH.

8.3. 3adayu Onsi camocmossmesibHO20
peweHusn

8.3.1. Onucath 3a7aHHOE TIOHATHE B BUAE CTPYKTYPBL
Onucath TakKe MEPEMEHHYI0 3TOr0 THUNA M MPUCBOMTH eif
YKa3aHHOE 3HaYCHHE:

a) nata (4ucio, Mecst, roa); 16 noaéps 1999 ropa;

6) anpec (ctpana, ropon, ynuua, oM, keapthpa); Poccus,
Mocksa, Uneunka, 1om 3, k8. 34;

B) TPEYTONBHUK (JIBE CTOPOHBI M YrOJ MEMLY HUMHM); 5, 6.7
358 ’

8.3.2. IlycTp «uemovucieHHas» OKPYXHOCTh Ha ILIOCKOCTH
OnHucaHa CJeAYIOUIHM 06pa3om:
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struebonoant: { dntrx;rint yaulsz
struct circle { int radius; struct point
center; };
Ilycts  ectb  Maccus, comepxaumii HHOOPMALHIO  0f
OKPYXKHOCTSX Ha MJIOCKOCTH:
struct circle plane[30];
Onucate Gysxumro, Onpe e IAIONIYO:
a) €CThb JIM CpPeau STHX OKPYXXHOCTEH XOTS Obl JBe
KOHUCHTPUYECKHE OKPYIKHOCTH;
6) ecTb MM cpemy 3THX OKpYKHOCTEH XOTd OBl JBe
BJIOXEHHEIE (He  0O0sM3aTeNbHO KOHLICHTPHYECKHE)
OKPYHOCTH;
B) €CThb JIM CPEM OTHX OKPYXHOCTEH XOTS Gl ollHa
(YCNMHCHHA), TO €CTh HE WMeromas oOIMX TOYeK HU ¢ KaKOid
JpYTOH OKPY)KHOCTBIO MaccuBa plane.

8.3.3. Onucats cTpyKTYpHSBIH THI Lis Npe/ICTaB/ICHUS 1aThl
(meHs, Meca, rox). Menonb3ays stot THI, ONHCATh (PYHKIIUIO,
NPUHAMAIOLIYIO Ha BXOA MACCHUB JaT U YIOPSIIOYUBAIOIIYIO
€r0 110 HeYOBIBAHHIO.

8.3.4. Onucars cTpykTypy mis npencTaBieHns uHGOpMaLuu
0 yenoBeke: gammwims (ge Gomee 30 CUMBOJIOB), MM (HE
Gosiee 30 cumBonos), Bospact. Omucars ¢yHkIm©0O, KoTopas
AU 38]aHHOTO MaccHBa U3 ONIUCAHHBIX CTPYKTYp ONpEAC/ISeT:
a) BO3PaCT CaMoro CTapiiero YeJI0BeKa;
0) KoMM4YECTBO oMl ¢ 3aMaHHBIM UMeHeM (mMs TaxoKe
ABJIACTCS NApaMeTPoM (yHKLHMH);
B) KOJIMYECTBO N0, y KOTOPBIX €CTh OHOGbaMUJIBIBL;
r) damuimio uenoBeka, ueit BO3pacT Ommbke Bcero K
CPCIHEMY BO3pacTy BCEX JIOAeH M3 MacchBa (MOXKHO CUMTATH,
UTO TaKO# Y€NOBeK Of¥H).

8.3.5. laHe! onucaHms:

aum { circle=:0," triangle =14 rectangle
e

2}/
// THI QUIypE Ha IIJIOCKOCTHU

B ruct circlke vinfo i doubleispis
// MHQopMaumus 06 OKDYXHOCTH: I — panguyc

Ftruct triangle infaididlonble a; b, c; };
// TPeYT'OJbHMK CO CTOpOHaMmu a, b, ¢

Ptruct “rectaligl e into Vi dodble w, Iy}
/* NpAMOYT'OJIBHUK: W — IMMPUMHA, h — BEHCOTA
struct shape {
// omMcaHme OINHO¥V (QUIYPH HA IIJIOCKOCTH
inf Randars 0y 1 Mnn e
unien
struct circle  infe wcis
struetytriangle infouk iz
struok regtapgle dnto xig
}inEes
3%

struct shape plane[50];
// wmacecus, ONMCHBAaLUMY  BCe  OUTYPH
IJIOCKOCTH

Onucath QyHKIMIO, KOTOpas i MaccuBa plane BEYUCIACT:
a) KOJIIMYECTBO OKPYXKHOCTEH Ha IIIOCKOCTH;
6) cymmapHblif iepumMeTp Beex huryp;
B) HauGOJIBILYIO [UIOMAb ORAHOM GUTYPEL.

8.3.6. Mcnionb3ys onucanus U3 npeablayliel 3a1aun, onucaTh
(yHkumio, xoropas 3amoiHseT Maccue plane chepyromuMm
oOpazom: mepBeie 10 DIEMEHTOB — OKPYKHOCTH C
Ue/IoYMCIeHHpIMA  paguycamu ot 1 pmo 10  (pammyc




OKpY>KHOCTH PaBeH €€ MOopAIKOBOMY HOMepY); caenyromue 20 = cTpOKa, Ompefesiomas pexum paboTel ¢ dainom. Jomyctumeie
37IEMEHTOB — paBHOOEIPEHHBIE TPEYroJAbHUKH, OCHOBAHMA 8 3HAYEHHS PEXKUMOB:

KOTOpBIX — Henbie gucna oT 1 g0 20, a GOKoBbI€ CTOPOHBI
BIBOE GOJbIE OCHOBaHWs; Tochequue 20 >71eMEHTOB —
KBaJIPaThl, CTOPOHBI KOTOPBIX — HeNbie uncna ot 1 1o 20.

"r" — CyLIEeCTBYIONHI TEKCTOBBIN (ailll OTKpHIBAETCS IS
YTEHHS,;

"w" — CO3MaeTCs HOBBIM TEKCTOBBIH (aiiyl U OTKpHIBAETCS
Ha 3anuch. Ecnu daiin ¢ TakuM MMEHEM CYIIECTBOBAI
9. ®aunsl paHee, TO ero COACPIKUMOe yAasIeTcs;

"a" — TeKCTOBbIH (ailn OTKPHIBAETCS JJIA 3aMHCH B KOHEL]
C TouKM 3peHHs NporpavMbl (ain mpeicTaBnseT cobok daiina (ero "crapoe" conepKUMOE COXPAHAETCS) HIH

TPOM3BOBHYIO  [IOCNEJIOBATENbHOCTE  JNaHHBIX. ComepiknMoe co3fiaeTcs;

daitna MoXeT GBITH MHTEPIPETHPOBAHO KaK MOCIEA0BATENLHOCTD

CMMBOJIOB (TeKcTOBBIE (hailfibl) WM Kak [BOWYHBIC [aHHbIE

(GunapHbie Gaiiisl).

"r+" — CcylecTBYIOIUI TeKCTOBBIH (aiil OTKphIBaeTCS
JUIS 9TEHUS ¥ 3aIUCH, TeKyllas Mo3uuus (Mecto B Qaidie,

N0 KOTOPOMY MpOHCXOAMT YTEHWE WIM  3aIUCh)
Tuns! ¥ Qydkuud Ans paboTel ¢ (aiinamu omucaHbl B YCTaHaBJMBAETCS B Havaio Qaiina;

3aroyioBo4HoM daitne stdio. h.

"w+" — TeKCTOBBIN (hail OTKPHIBAETCS UK CO3/AETCs /I
YTCHHS W 3alUCH, TEKyIas MO3MLMsA YCTaHABJIMBACTCSA B

i Havaso daiina. Ecnu daiin ¢ TakuM MMEHEM CYIIECTBOBAI
9.1. OmkpbIimue u 3akpbimue gpauna paHee, TO €ro CoAePKUMOe YaNsieTcs;

"a+" — TEKCTOBBIA (aiin OTKpHIBacTCA Ui YTEHUA U
JTins oTkpeiTHs (aiina uenoib3yercs GyHKumsA fopen: 3alMCH, TEKyIlas IO3ULUS YCTAaHABIMBACTCS B KOHEI|

FILE *fopen (const char *filename, daiina. Ecnu daiin He cyuiecTBoBal, TO OH CO3aeTcs.

const. char *made ] ; Hna otkpeiTis (aiina B GMHAPHOM peXuMe K 3HAUYEHUIO

NapaMmeTpa mode mpumuckiBaeTcs Oyksa b, Hampumep, "rb"

Dra hyHKUMS MHULHATUZHPYET paboTy ¢ daiinom u O3Ha4yaeT OTKPHITHE CYIIECTBYIOIEro OuHapHoro ¢aiina Ha
CO3/IaeT CTPYKTYpY CO ciyxkeGHOl uHdopmayelt Tuna FILE. ureHue, a "a+b" (umm "ab+") — OTKphITHE GuHAPHOTO (aiina

Tounbli coCTaB STOH CTPYKTYPhI MOXKET 3aBUCCTH OT AL YTEHUS ¥ 3alIMCH C MO3ULOHUPOBAHUEM B KOHeL (aiina.
omepauMoHHON cucteMbl. DYHKIMS BO3BPAIIACT yKa3aTeNb Ha 3T

CTPYKTYpY, KOTOPBI HCIIONb3yeTCA B TANBHEHIIEM [Tl BCEX
onepanyii ¢ dainom.

Otnuyue TEKCTOBOro pexxuma OT GHMHAPHOTO B TOM, YTO B
TCKCTOBOM pEXHMME HEKOTOpbIE MOCIIEIOBATENLHOCTH CHMBOIIOB
‘ MOryT  uHTepnpeTupoBateCsi  0cobObiM  oOpasom. Habop

OyHKUMM MEPEfaroTCs JiBa  [1apaMeTpa: napamerp CHeLMANLHBIX  MOCNEN0BATEILHOCTEl M MX  HHTEPIpETALHUs
filename — uMa OTKpbiBaeMoro ¢aiiia, mapamerp mode —
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3aBHCAT OT oOmnepauuoHHOH cucTembl. Tak, Hampumep, Ha
onepauroHHol cucteme Windows nepeBoj CTPOKH B TEKCTOBBIX
daiinax 3amUCBIBaETCS Kak MOCHENOBATEIBHOCTh M3  JIBYX
CHMBOJIOB: CUMBOJ ¢ K0ofoM 13 u cumBon ¢ konoM 10. B ciydae
OTKphITUs (aiina kak TEKCTOBOIO, JaHHad MOCIENOBATENLHOCTE
Oy[eT MPOUHTEPNPETUPOBaHA KAK ONMH CUMBON '\n', ¥ MMEHHO
B TakoM Buiae Oyaer mnpounTaHa (QYHKIUAMH CTaHIApTHOM
Gubmiorexs. B ciydae xe oTkphITHA daiiia Kak GHHApHOTo, OHa
OyZeT BOCHPHHATA KaK NOCTENOBATENbHOCTh M3 JBYX OalT €O
3HayeHusamMu 13 u 10.

B cimyyae ycnemHoro otkpeiTs (aiina ¢pyakima fopen
BO3BpalllaeT ykasareab Ha nepeMmenHyro tuna FILE. B cnyuae
ommOku dyHKIMs Bo3Bpaiaet 3HaueHue NULL.

[Tocne oxoHuanus pabotel ¢ (aiiioM HeoOXOAUMO
yOEeIUTECA, YTO BCE 3aMUCAHHBIC JAHHBIC TMOTAIM Ha JUCK, M
OCBOOOIMTL BCE pECYpChl, CBs3aHHBIE ¢ HUM. Jlus 3T0ro
ucnolb3yeTes QyHxuus 3akpbiths daiina fclose:

int fclose (FILE #stream) ;

@QyHKUMSA TPOM3BOAUT [O3AMUCh €Ie HE 3alHMCaHHbIX
JaHHBIX B ¢aln U ocBOOOXKAAET BCE PECYpChl, CBA3AHHBIE C
OTKphITBIM (aiinoM. B cimywae ycnmemsoro 3sakpeitus aiiia
¢yHKuMa BO3BpalNaeT HyJIEBOC 3HAYEHWE, B CIy4ae OMIMOKH —
3HayeHue EOF (koHcTaHTa EOF Takke omucana B stdio.h ®
SABJIICTCS OTPULATENBHBIM LIEJIBIM YUCIIOM).

9.2. CmaHdapmHble NTOMoKu eeo0da-eni800a

CranmaptHeii  motok BBojga (OOBIMHO — BBOZ €
KJIABUATYPhI) M CTAHAAPTHBIH HOTOK BEIBOZA (OOBIYHO — BBIBOL HA

9%

i
g
i
2
b
;’fi
5
2 4

sKpaH) ¢ TOUKH 3PCHHs MPOrPaMMbl TAKKe SBISIOTCS (ainamu.
Jlia JOCTYHa K HHM MOXHO HCIOJb30BaTh ONHMCAHHBIE B
stdio.h mnepemeHHble stdin M stdout COOTBETCTBEHHO;
ganpuMep, BBI3OB printf ("Hello\n") »3KBHBaJlCHTEH
pe3oByY fprintf (stdout, "Hello\n"). B ommuue or
06BIYHBIX (aiifioB, K CTaHIAPTHHIM MOTOKAM HENb3s NPUMEHSATDH
oriepallid TO3MIUOHUPOBAHMA, @ TOJBKO IIOCAEN0BATENLHOIO
YTEHHS WY 3aIlUCH.

TpeTbuM CTaHAApTHBIM TOTOKOM sBsSeTcs stderr -
CTAHAAPTHBIA MOTOK g coofwmenud o0 omubkax wu
JMAarHoCTHYECKHMX cooOmeHuil. CraHgapTHelii NOTOK stderr
Taike OOBIYHO acCOLMHUpYETCA C 3KpaHOM M He Oydepusyercs,
coOOILIEHMs, BEIBEICHHBIE B HETO, Cpa3y MOSBIAIOTCS Ha 3KpaHe.
OtenbHBIA MOTOK Ui COOOIIeHMI 00 OMIHOKaX BBIIEISETCS IS
TOro, 4TOOBI MOXHO OBUIO pa3feNuTh HOPMabHbIA BLIBOJ
MPOrpaMMBbl M JIMarHoCTHYeCKUe coobuienus. BoiBoa coobmenus
B MOTOK stderr MpPOM3BOAUTCHA C MOMOILBIO BBI30BAa (PYHKIIUH
3amucH B (aiin ¢ ykasaHneM stderr Kak uMeHH (Qaiina;
fprintd (stderr, "Omnbra BBIIIEJIEHU A
namaru"\n) ; .

9.3. UmeHue u3 ¢pailina u 3anucb e
¢patin

Yrenne M 3anuch BBIMONHSIOTCS B TEKYIIEH NO3HIUK
aiina. Tlocme wreHms (WaM 3amucH) TeKyIas —TO3MIAS
clBuraercd K KoHUY (ailla Ha KONMYECTBO CYMTAHHBIX (WM
3almycaHHBIX) CHMBOJIOB. UTeHHWe W  3alHMCh  ABJISIOTCH
6ydepusosannvimu, T.e., HanpuMep, OKOHYaHUe paboThl PyHKLMK
3aIMCH HE 03HAYACT HEMEICHHOH MOAM(UKALHU CONSPIKMMOro
(haiina Ha muCKe: pe3yNBTATHl 3aIHCH MOTYT GBITH OTPAXKEHBI BO
BHyTpeHHem Oydepe 6Gubnmnoreku paboThl ¢ QaiinaMmu, KOTOpbIe
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Oynyr cOpolueHsl NpH 3akpeiTHd (aiifla Wi Tpd  BHI3OBE
dyHkuuu £flush.

Hns dynkumii dopmaTHOro BBOJA-BBIBOJA printf g
scanf CyWECTBYIOT aHalory npu pabote ¢ dainamu: fprint£
U fscant:

int fprintf(FILE *stream, const char
STormet )
int fscanf(FILE *stream,
Constrchal Eormat, s s

Hcnonb3opanne 5THX GyHKUMi — Takoe e, Kak M
$ysxumit printf u scanf, HO B KayecTBe MEPBOrO napameTpa
yKaseiBaeTcsi (ain, ¢ KOTOphIM Bemercst paboTa. DyHKImA
fprintf BO3BpallaeT KOJMYECTBO 3aMMCAHHBIX CHMBOJIOB,
bynkuus fscanf — KOIMYECTBO YCHENIHO NPOYHTAHHBIX
3HaveHni (nu EOF B ciydae KoHUA daiina i omubxu ytenus).

IlocuMBONBHOE  YTEHHE  OCYILECTBISETCS dyHKIHCH
Tgete:

int fgetc(FILE *stream);
DyHKUMA BO3BpALIAET OYEPENHON CHMBON W3 daiina B BHIE
unsigned char, npeo6pa3oBaHHOrO K int, WM 3HAYEHKE EQHES
eciu Qaiin ucuepnaH wim oGHapysKeHa OLMOKa.

JUist IOCHMBOIBHOTO BBIBOJIA CIYKHUT BYHKIMA fputc:

¥At fpute(dntie, FYLE- *stYeam) ;
OyHKIMS 3aMUCHIBAET CHMBON ¢, NpeoOpa3OBaHHBIA K THIY
unsigned char, B ykasaHHbIA (aiil M BO3BPAINACT 3HAYCHUE
3aMMCaHHOTO CHMBOJIA (MM 3HAYeHHE EOF B ciy4ae ommoKmy).

YteHue u3 daiina cTpoku (moj cTpokoil daiiia NOHAMAKOT
NIOCJICI0BATEIBHOCTE  CHMBOJIOB, OKAQHUMBAIOILYIOCS CHMBOJIOM
KOHIA CTPOKH, ' \n') ocymiecTBuseTcs Gynkupen fgets:
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chakbi*fgebs(char'®a, int size,
FILE *stream);

QyHKIMA 4YHTAaeT B MacCUB s He Oolee (size-1)
CHMBOJIOB, NPEKpallias YTEHUE, €CTH BCTPETHIICS CHMBOJN KOHLA
cTPOKH (OH IIPH 3TOM TAKXKe 3aHOCHTCS B S) WM KOHell (aiina. 3a
MpOYUTAHHBIMU CHMBOJIAaMH B MAacCCHBE 3allHCHIBAETCS CHMBOJ
"\0'. QYHKIHSA BO3BPAIIAET S B CITydae YCIEIHOTO 3aBePIICHHS,
utd NULL — B ciydae ommuOKH, a Takxe ecn (aifn okasancs
pcYepraH 10 TOro, Kaxk 6buT MPOYHTaH XOTS OBl OMHUH CHMBOJL.

QyHkiua fgets He UMEET CBOEro aHalora s paboTh
€O CTaHZAPTHBIMU ITOTOKaMU BBO/Ia-BHIBO/IA, TAK KaK aHAJOrMYHAS
dyHKIMsA gets He NPUHUMAET mapaMeTpa size u [IPOLOJIKAET
YTEHHE N0 TEX MOp, MOKa €CTh JaHHbIC, HEB3Hpas Ha IPaHHIILI
MaccuBa, B  KOTOphIH MpOM3BOAMTCS uTeHWe. [loaTomy
OpraHu30BaTh 6€30MaCHOE YTEHHE CTPOK C MPOBEPKOH HX pa3Mepa
HEBOSMOXKHO € MOMOMIBID (YHKUMH gets, U HEOBXOMHMO
HCIoNb30Bath GyHKUMIO fgets u3 daiina sdtin BMecTO Hee.

3amick cTpoku B aiin BHIIONHSETCA MPH MOMOIIM
bysknuu fputs:

intYfpits(const thar *s, FILE *stream) ;
@yHKUMA 3alUCHIBAET B (all BCE CHMBOJIBI CTPOKH §
(TepMuHanbHBIE '\0' B daiin He numeres). B cinygae omubku
bynkums  Bospamaer EOF, B NPOTUBHOM  Cily4yae —

HeOTpunarensHoe yucno. JlelictBiue (YHKLUM SKBHBAJEHTHO
BBI3OBY:

fprantT (strasm,” "5s7, =1

Ilpumep 1. JlaH TekcTOBEIH daiin  input.txt,
Conepxamuii nensle yncna. TpeGyercs Hameuatars CYMMY BCEX
MCeN B HEM.

RILE e
int sum =




fi7 fopen(finpuE iRt s Py

while: (fscanf (£, "%d", &n) ==
sum += n;

felose! (£);

5 5 1 s i - 16 g AT 1

9.4. BuHapHble galinbi

[Ipu paGote ¢ GumapubiMu faunbivu B daiine byHKIHY
Igets/fputs, tscanf/fprinte UCIIOBb30BaTh
HEBO3MOXKHO, MOCKOJNBKY OHH HHTEPHPETHPYIOT CONEPKUMOE
(haiina KaK TEKCT — TO €CTh MOCJIENOBATENHHOCTE CTPOKOBBIX
JaHHbIX. JIBOMYHBIE K€ [JaHHBIC 3aIUCHIBAIOTCS POBHO B TOM
BHJIC, B KOTOPOM OHHM MPEJCTABIAIOTCA B NamaTH. Hanpumep, Ha
apxutektype little-endian ¢ 32-GHTHBIM HeBIM TUIOM 3aITHCh
ONIHOH MEPEeMEHHON Lenoro Tama B (ailn JOKHA TOMECTUTH B
aiin 4 Gaiira, HaxofAIIHECS B MAMSTH O azpecy, e XpaHuTcs
NICpEMCHHAA: MEPBbIM 3anHMIUeTCH MIagmuil (Hynepoit) Gaiit,
MOCNEAHUM — CTapuiMii OalT. AHANOrMYHO, INPU YTEHUH
NOCIe0BaTeIbHEIE OaiThl daiina UHHLMATU3UPYIOT
noce0BaTeNbHbIe GAUTH B IAMSITH, TI03TOMY Ha OJHOM M TOIi JKe
ApXUTCKTYpe CYMTAHHBIA OOBLEKT HEKOTOPOTo Tura GyieT paBeH
TIPENBAPUTEIIBHO 3aNMCAHHOMY B 3TO MeCTO (aiina 06beKTy Toro
e Tumna.

Eciu B daiine 3amucana nocrienopaTeqbHOCT GaiiT ¢
Komamu 0x31 0x32 0x33 0x34, TO Kak TEKCTOBBIi B
konuposke ASCII oH GyaeT cunTan kak cTpoka "1234". DyHkuus
fscanf c¢ GopmaTHBIM npeobpasoBaHueM "$d" CYMTAECT YHCIO
1234. B p1BOMYHOM e BHAE NODKHO OBITH CYUTAHO YHCIIO
03433582 31 M= 875770417,.

At areHus v 3anuch B/M3 (aiiioB JAHHBIX B ABOHUHOM

BU€ UCTIONB3YIOTCA pyHKMU fread u fwrite.

@ynxumsa fwrite oObsABICHA B CTAHAIAPTHOM
guomotexke Cu kak

size EEwritelconst  vold) *pEE, STzclEisitze
size Etmmemb P SETLESSEphe:

OyHKuMsA 3anUCHIBacT B (aiil, Ha KOTOPBIA YKAa3bIBaeT
peckpuntop fp, nmemb OOBEKTOB, KaXABIH H3 KOTOPHIX HMEET
pasMep size, u GepeT 3TH 0OBEKTHI I0CIIEIOBATEIIBHO 110 afIpecy
ptr. MoxHO npeAcTaBnsATh cebe, YTo ptr Jo/KeH YKas3pIBaTh Ha
MacCUB M3 nmemb 3JE€MEHTOB, B KOTOPOM XPAHATCS OOBEKTHI
pasMepa size. DYHKIMA BO3BpaliaeT KOJHMYECTBO YCIELIHO
3aMUCAHHBIX JJIEMEHTOB, YTO OOBIYHO COBNAJAET ¢ nmemb.

Jlns 3amcu MaccuBa u3 10 LEJIBIX SIEMEHTOB:
Bt raid e (0@ B, 8By L0
8, 9
BEEILE siE= fopeniiiout Wbint "wbY).;
Ewrite i(a  sigeofli(Hm 0 0 £ -

fwrnte d(a sl zoc Fi (g Y

JUs 3anicu ogHoro uncna double MM CTPYKTYPBI:

st gucklipeint disint i

struck point pE = {3, 3. Ap.&ots double
d;

fwrite (p, sizeof (sfductipoint),. 1, L)
twriten(sdpisdizcof (@), 1, f):

OGpature  BHUMaHWe, 9TO H3-3a HEOOXOJUMOCTH




niepeaBarh ajgipeca JiroObIx 00BEKTOB NEPBhIN MapameTp fwrite
UMeEEeT THI const void *.

Oynkiys fread UMEET TOT e MPOTOTHIL, HO Ha 3TOT pas
NepBbI apryMeHtT ptr yKasbiBaeT Ha oOnacT NamsiTH, B
KOTOpYIO OyAyT IIOCJIENOBAaTENbHO CYMTaHbl nmemb OOBEKTOB,
KOKIbIH U3 KOTOPBIX HMeEeT pasMep size. AHAJIOTMYHO,
BO3BpaILlaeTCsl KOJMYECTBO YCTIEIIHO CYMTAHHBIX 00BheKTOB. Ecium
ObL1 JOCTHIHYT KOHELl (haiina WiK npoM3oLuIa Jpyras omubka, To
BO3BpallaeMoe 3HadeHue Oyner MeHbiue nmemb. Hcnonbsyiite
5TOT (haKT I NPOBEPKH KOPPEKTHOCTH BBOJIA.

JInsg cumThIBaHMA Ha3aj 3alMCAaHHOTO MacCcuBa a WM
uucha d:

B E = S = fopan (Mol ioin ! L it Vi

fresd Migniishiveo FREin B L0

fread (&d, sizeof (double),

9.5. lo3uyuoHupoeaHue e ¢halise

Qynkuusd fseek ycTaHaBNMBAeT TEKYUIyIO TMO3MIMIO B
¢aiine:

int fseek (FILE *stream, long offset, int
OElaun)

HoBoe 3HaueHue TeKylledl [MO3MUMM, H3MepsIeMoe B

cumBoJIax (Oaiitax), moiyuaercs nobasnennem of fset GalToOB K
MO3UIIMK, YKa3aHHOM mapameTrpoM origin. Bo3moxHbIE
3Ha4yeHus origin:

— SEEK SET - CMEHICHHE OTCUUTHIBACTCH OTHOCHTE/IbHO
Hauasia (aina (mapamerp of fset JOMKEH ObITh
HEOTPULATENICH);

SEEK_CUR — CMEUIEHHE OTCYUTHIBAECTCS OTHOCHTENBHO
TeKyle# nosuuuu B Qaine (mapamerp offset moxer
UMETD JTI000M 3HaK);

SEEK_END — CMCIICHHE OTCYMUTHIBACTCS OTHOCUTEILHO
KoHIa daitna (of fset nomKkeH 6bITH MEHBILE JIHOO paBeH
HYJIs1).

Koncrantel SEEK SET, SEEK CUR, SEEK END Takxe
onurcaHel B stdio.h. B ciydae ycnemHoro 3asepiienus £seek
Bo3Bpainaer 0, B IpOTUBHOM citydae — -1.

V3HaTh 3HAUCHHE TEKYIeH MNOo3uuUuM B (Qailile MOXHO IIpU
nomoty pyHkuuu frell:

longliftel L(FILEY *strecam)i;
OyHKIMSA BO3BpAIAET 3HAYECHHME TEKyIleH MO3ULIUK
(cMemenne B OaiiTaXx OTHOCHTENBHO Havana ¢aiina) wi -1 B
ciry4ae OLIMOKH.

Ilpumep 2. OmnpenenuTh WM Hameuarath pasMmep Gaiina
inpuE SExis

IBIRIEY D
long size;
fa— fopeny (Wimpukestatll M)
if (£ J= NULL): {
fseek (f, 0, SEEK END);
size = ftell (£f);
fclese (£
printf ("Paszmep damna - 31ld
Bane.\n', size):
} else {

‘H‘h ‘ M




printf ("He ymanocb OTKPHETH Gain
NPl s \n
}

3a0qua 1. @aiin a.txt CONEPXKHUT ABa LENBIX YHCIHA.
TpebGyeTcs gonucats UX CyMMY B KOHEIL 3TOTO ke (aia.

#include <stdio.h>

int main (void) {
IR e
anEia. b
f o fopen i “anExEdaEErh a0
focant (th s desdllhy Ko aen):
Eprintf QGRS i, dc o)
feliose s (f):
return 0;

3a0aua 2. TpeboBanock onucath QyHKIMIO, KOTOpas s
3ajjiaHHoOro (haiiyia, yXXe OTKPHITOrO Ha YTEHWE, IOACUMTHIBAET
KOJMYECTBO JeCATUYHBIX Hudp B HeM. Kakue U3 [pUBENECHHBIX
HIDKE ONVMCaHUI NMPaBUIBHO pellaroT 3Ty 3a1a4y?

a)
int daigits ) (BLLE G0
unsigned char c;
int result = 0;
while ((c = fgetc (f)) != EOF) {
FEL(cuo=1 10088 cns=al O
result++;

}

return result;

}
Iukn while B maHHO#M (YHKUMM HUKOTZA HE 3aBEpIUUTCS: HpH
JOCTIKEHUH KOHIa (ailla 3HayeHWe KOHCTaHTBl EOF OyneT
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MPUBEJEHO K THITy unsigned char B MOMCHT NPUCBaUBaHUs C
= fgetc (f), ¥ MOCKOJBKY 3Ta KOHCTaHTa OTPHULATENIbHA, TO
TaKoe IOCje MPUBEACHHS €€ 3HaK W3MCHHUTCS, W TMOCIEeAyoliee
CpaBHEHHUE C HCXOJHBIM 3Ha4eHHEM EOF Gy/IeT JIOXKHO.

6)

ahtRdilguit S BERE ALY
signed char c;
int result = 0;
while ((c = fgetc [(F) ) !=FOF) {
At e = VDT LR s e s D)
result++;
}
return result;
}
Onwucanye 5Toi QyHKIMH Takke oumbouno. Koncranra
EOF He NpHHAJIeXHT TUMy char (ee Tmn — int). B
GoNbIIMHCTBE peanu3auuii 3HayeHue EOF paBHO -1, M LMK
YCIIENIHO 3aBEPIUUTCS MO JOCTIKEHUM KOHI@ (aiina. OnHako oH
3aBepUINTCS M MpPU YTEHMH CHMBOJA, KOJ KOTOpOro MpH
npuBeJieHMM K Tuimy signed char OKaXercsa paBHbIM -1.
Hanpumep, nipu obpabotke ¢aitna B kogupopke Windows-1251
nepsast ke Oykpa "sa" (uMeromas ko 255) 3asepmmt paGoty
TAaKoro IMKJIa (MockosbKy (signed char) 255 =-1).

B)
int digits. (FDERHAE )

ant ic-

int result = 0;

while ((c = fgetc (f))
PEMIISES= L0V T gt o <=

result++;
}

return result;

I




3anaua peleHa BepHo.

9.6. 3adayu Ans camocmossmenbHO20
peweHus

B zamauax 9.6.1.— 9.6.9. tpeGyerca Hammcats TNIOJIHYIO
nporpamMMmy, 06pabaThIBAIONIYI0 TEKCTOBBIA (aiin ¢ HMeHeM
Inputiext,

9.6.1. Onpenenuth, ckompko pa3 B (aiiie BcTpeuaeTcs
NOCIEI0OBATENLHOCT CUMBOJIOB for.

9.6.2. Pacnevarath Bce CTpoku Gaiina, comepauime
3aJaHHYI0  CTPOKY (BBOAMTCA C KJIABHATYPH) B KAUECTBE
MOACTPOKH. M3BeCTHO, 4TO jIMHA CTpokH B Qaiine He
npesocxonut 80 cUMBOJIOB.

9.6.3. Onpenenuts, Kakas CTpoKa SBISETCS CaMOH
JUIMHHOH B caiine. Ecim Takux cTpok HECKONBbKO, TO BBLIATh
HEPBYIO U3 HUX.

9.6.4. B ¢aiine 3amucana HemycTas mocieqOBaTENLHOCTD
Henbix yuceln. TpeGyercs:

a) HalTy HaubOIbILeE U3 ITUX UHCEIT;
6) MOACUNTATE KOMUYECTBO YETHBIX qycen;

B) ONPEAENUTH, COCTABIISIOT JIM 5TH YHCIIa
apu(hMETHUECKYIO TIPOTPECCHIO;

I') ONPEEUTh, COCTABJISIOT JIU 3TH YHCIA
TEOMETPUYECKYIO MPOTrPECCHIO;

I) ONPENENUTh, CKOJIBKO YHCEN 3TOM
TOCJIEI0BATEIBHOCTH SBJIAIOTCA TOUHBIMY KBaAPaTaMH.

9.6.5. lonucats B KoHel ¢aiina cTpoky FINISH.
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9.6.6. Co3pmatb daiinl ¢ IMEHEM Copy . txt — KOMHUIO
3aj[aHHoTO (daiina.

9.6.7. Y nanuth u3 (aiina Bce MyCThIe CTPOKH.

9.6.8. B ¢aline 3anucaHa HemycTas MOCJIEAOBATEIbHOCTD
LeNbIX YMceln, spisomuxcs yucaamu ®Oubonauuu. [lpunmcats
ele OJIHO, ouepeHoe yucio OGuboHayyu.

9.6.9. Msmenuts aiin cnenmyomum o0paszom: mnepen
KaXIo# CTPOKO# nobGaBuTh ee HOMep U npoben. [InuHa CTpoku B
FICXO/THOM (paiine He npeBocxoauT 80 CHMBOJIOB.

9.6.10. @ainel a.txt H b.txt cojepxar
TNOCJICIOBATEIBHOCTH LENIBIX YUCE)l (BO3MOXKHO, MyCThIE), MPUIEM
yhcaa B KaxaoMm (aiine ynopsnodeHsl MO HeyObIBaHHIO.
Hanucate mnporpammy, koTopas co3jaer ¢aiin  c¢.txt,
coziepXKaIluii Bce yuciia U3 000MX BXOAHBIX (ailloB M Takxke
yHOPAJOYEHHBIH [0 HeyOBbIBaHMIO. 3ampelnaeTcss UCMOJb30BaTh
MACCHUBBI M JUHAMHYECKYIO MaMATh.

10. InHamuyeckue CTPYKTYpbl OaHHbIX

JluHaMu4ecKue CTPYKTYpBl NAHHBIX MCHOJB3YIOTCA IS
NPe[CTaBlIeHHs B NaMATH [aHHBIX, pa3Mep KOTOpHIX 3apaHee
HemssecTeH. B panpmeifimeM  OyayT — paccMaTpuBaThes
JUHAMUYECKUE CTPYKTYpPbl JAHHBIX, COCTOSIIME W3 OJHOTHITHBIX
SJIEMEHTOB (3BEHBEB), HEKOTOPHIE U3 KOTOPBIX CONEPXKAT CCHUTKH
Ha pyTHe 3BEHbA.

ITpn peanmuzauuy TakuX KOHCTPYKIMI Ha s3bpike Cu s
Npe/ICTaBIeHNs 3BEHBEB UCTIONB3YIOTCS CTPYKTYpHI (struct), a
AJ1sl MPEACTaBICHUS CCBUIOK — yKasaTelH. [laMATe 1o 3BEHBs
BblfenAeTcd AuHaMu4deckd (Hanpumep, ¢yHkuuel malloc) u
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AOJDKHA ocBOOOMIATECH ((pyHKuMel £ ree) IpU yIaICHUM
3BEHHEB.

10.1. Crniucku

Junedinbiii - oononanpasnennviii  cnucox — CTPYKTypa
AAaHHBIX, B KOTOpPOH KaXJ0€ 3BEHO CONEPXKHUT CCHUIKY Ha
CﬂeﬂyKHHeGSBeHO.HaHpHMCp,MOXGK)HpHBCCHIT&KOCOHHC&HHe

CITHCKA, KaXXH0E€ 3BEHO KOTOPOro XpaHHUT LEJIOE YHCIIO0 B Ka4yecTBe
JAAHHBIX:

Strugt  Listiode: §

int elem; // xpaHumoe sHaueume

struct listnode *next; // yxazarens
Ha cuenyronee 3BeHO

i

HOCJ]CI{HCC 3BCHO CIIHCKa COI[Cp)KI/IT B IIOoJIe next
3Ha4YCHUe NULL (Il HEKOJBLEBhIX CIIMCKOB) MITH yKa3aTenlb Ha
nepBoe 3BCHO CITMCKA (}IM KOJBIEBBIX CHI/lCKOB).

B 3Benbax osynanpasnennozo cnucxa XPAHATCA CCHUIKH He
TOJIBKO Ha Clle[lyIoliee 3BEHO, HO U Ha npesbIayIee:

struct Jistnode |
int elem; // xpammmoe SHaveHue
Struct listnode *prev, *next;
// mpenmnymee u clenyrmee 3BeHO
i
Hns pabotsl co cnmckom AOCTAaTOYHO yKa3aTeasd Ha ero
TICPBOC  3BEHO: BCE OCTAILHBIE 3BEHBS MOMKHO [IOJTYYHUTH,
TI0CIIEIOBATENBHO POCMATPHBAS CIIMCOK. Hoatomy nipu nepenaue
CIMCKa B KaYeCTBE MapameTpa NEPEatOT TONMBKO 3TOT YKa3aTeb.
Ibvlcnncxa,Hecoaepx«uueroIﬂionHorosseHa,3HaquneTaKor0
yKasaTella IPHHUMAIOT paBHBIM NULL,

Ipumep 1. Onucana IepeMeHHas

Struct listnode *I;
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IMocTpOUTE CIIMCOK M3 TPEX 3BEHBEB, COAEPIKAILIMM YKcIa
1,2, 3, 1 3aHeCTH B L yKasaTejIb Ha €ro Ha4ao.

struct listnode *p;

// cospaHue HepBOIO 3BEHA CHMCKA

pesid(listnode*y 'mallae “fsizeofi“{struct
listnedej

p->elem = 1;

// cosmaHMe BTOPOI'O 3BEHa CIOUCKAa

p->next = (listnode*) malloc (sizeof
(struct 'lustnode) ) ;

p—->next->elem = 2;

b =ips

// cEBMI p Ha BTOpoOe 3BEHO CHMCKA
P .= p->nexk;

// cosmaHue mocygenHero 3BeHA CIOMCKA

p->next = (listnode*) malloc. (sizeof
(struct listnode));

p->next->elem 3z

p->next->next = NULL;

// cuenyomero sBeHa HET

Il

IIpumep 2. Haiitn cymmy BCeX DJEMEHTOB CIIMCKa L.

struct listnode *p;
int sum = 0;
p = L
while (p != NULL) {
sum += p->elem;
P = prouexdi:
// InBMXeHME IO CHUCKY BIPABO

}
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pringf o ed\nl waum) ;

Jist obneryeHus onepanuit goGaBneHHMS W yAaleHus
3BEHBEB B CIIMCKU HCIOJB3YIOT CIMCKH C 3arjaBHBIM 3BEHOM. B
TaKUX CIHCKaX BCErJa COACPXKUTCS XOTs Obl OFHO (TEpBOE)
3BEHO, KOTOPOE M Ha3bIBAIOT 3arjiaBHBIM; B 3arjaBHOM 3BEHE He
XpaHAT HMKAaKMX [aHHBIX. J[ng cnucka ¢ 3arjiaBHBEIM 3BEHOM
yKazaTeslb Ha €ro Hayalo HHKOrJa He M3MEHSETCH, MOCKOIBKY
3arJlaBHOE 3BEHO CIIMCKAa HE MEHSEeTCA. OTO MO3BOJIAET ITHCATH
6oJiee KOMITAKTHBIN KO/,

Ilpumep 3. Omucats (QyHKUMIO, KOTOpas AOCAaBIAET B
KOHEL| 3alaHHOI0 CITMCKA 3B€HO C 3a[JaHHBIM LEJTBIM 3HAUEHHUEM.

a) s cnucka 6e3 3ariaBHOrO 3BEHA:

voldiinsert (Struet! listnode M1 dnE i)
struct listnode *p, *q;
p =" (structh listnede®) mallioc (sizeof
(stenet s tnedel)i:
p->elem = x;
P> Rexid = NUT T
if (*L == NULL) {
//mycTod comMcok: MeHAeTcs yKas. Ha HayvaJo
*L=p;
} else {
s LG
// HEemycTo¥ CHMCOK: HaxoOuM IOCJEeOHEE 3BEHO
while (g -> next != NULL)
g = g->next;
g>Rnext =upy;

ITpumep BrI30Ba TaKoi (HyHKLHK:

TnisemEtie (ST, el )is

Jpyro#i BapuaHT peLICHHs 3TOH 3aJa4ydl — BO3BpaIaTh
yKazaTe/b Ha HOBOE Hayajo CIHMCKA, 4ToObI M30exath paboThl ¢
JIIBOMHBIMHY YKa3aTEISIMHU:

struct listnode * insert (struct listnode
* Ty i o)
struet listnode i ¥p,. *q;
p = (struct listnode*) malloc (sizeof
(struet distnode)) ;
p=>elem '="Xx;
p->next = NULL;
1f (Li== NULL) {
// coucokx ORI IIyCT, HOBBI CHMCOK OyIeT
return p; // HauyMHATBECHS C yKaz3aTead p
else {
g = L; // HaxommMm mocienHee 3BeHO
while (g->next != NULL)
qi= g->nexe;
Cl=>nNeXEE =P
return L
// ykazaTesbr Ha HayvyaJso CIOMCKa HEe M3MEeHUICA

}

ITpumep BrI30Ba TaKOH PyHKLHH:

I, = ansert. (T, 10):
0) [UIg CIMCKA C 3arTaBHBIM 3BEHOM:

void insert i{structilistnode™ L, ant x) "{

strucEl l1stnode i Np, i Ea

P = (struct listnode*) malloe (sizeaf
{struct il istnede) )i;

p—>elem = x;

p=>next =« NULL;

q = L; // coamcok TOYHO He HyCT: €CThb
XoTs ORl 3arylaBHOE 3BEHO

while (g -> next != NULL)




e ot i K]
d->next ="ps

ITprmep BEI30Ba Takoi# GyHKUMY:

insert "\L, 107}

B JanbHeiem OynyT NOJpa3yMeBaThCs
OZIHOHAIPAB/IEHHBIC HEKOJIBLIEBbIE CIIUCKU O€3 3arjaBHOTO 3BEHA
€CJIM MHOE HE YKa3aHO SABHO. :

IIpumep 4. Omyicath GyHKUMIO, yAANIOUIYIO BCE 3BEHBA H3
3aJJaHHOTO CIIUCKA.

struct listnode* erase (struct
listnode *L) {
struct ‘listnode 4p;
while (L != NULL) {
p =L;
L = L->next;
free (p);
}
returm SNULT
}

PekypcuBHOE pellieHHe HepemKko OKasbiBaeTCs KOpoue

HEPEKYPCUBHOTO (XOTs GBICTPOACHCTRHE PEKYPCHBHBIX PELICHHAI,
KaK MpaBuJIo, HUXe):

struct listnode *erase (struct
L istnode s Sl
T E R = NUTT) {
erase  (Ii=>nextyi:
free (L);
}
return NURL-
}

10.1.1. 3apgaum Ansl CaMOCTOSITESIbHOro
peweHus

Crucki.

3ameuanue. B 3amavax 10.1.1. — 10.1.11. cumrare, 4TO NOA
CIACKOM TIOZIPa3yMeBaeTCs OJHOHAMPABIEHHbIA HEKOMBLEBOH
crucok 6e3 3arjiaBHOrO 3BEHA, B 3BEHBAX KOTOPOTO XpaHATCS
pejiple yucna (int) .

10.1.1. Onucarp ¢yHkumo sum2 (L), BO3BPALIAIOLLYIO
CYMMY TIOCJIE[IHETO W MPEANOCIeIHETO YMCeN B CIicKe L (ecnH
OHY €CTb).

10.1.2. Ommcatp ¢yHKUMIO max (L), BO3BpaIAIONIyIO
MaKCHMAaJIbHOE 3HAaUeHHE B HeIycToM crucke L.

10.1.3. Ommucares ¢yukumio has duplicate (L),
OTpeIENSIONIYIO, €CTh M B CMcKe L XoTs Obl /iBa 3BeHa C
OJIMHAKOBBIMH YHCJIAMH.

10.1.4. Omucats GYHKUMIO, KOTOpas MOJY4aeT B Ka4eCTBe
apaMeTpa MacCuB M CTPOMT IO HEMY CIIMCOK, COACPKAIMHA TE XKe
3MeMEHTHl B TOM ke nopsajke. B kauecTBe pesynbTata QyHKIUS
BO3BpAINAET yKasaTelb Ha HaA4ajgo MOCTPOSHHOro CHHCKA.
(PeKxOMEH/jalIks: CTPOUTE CIIUCOK C KOHIIA.)

10.1.5. Onucarp ¢yHkumo copy (L), KoTopas CTPOHUT
KOMHMIO CMMCKAa L M BO3BpalaeT yKasaTelb Ha Hayajo HOBOIO
CIIUCKA.

10.1.6. Onucare QyHKuHIO reverse (L), H3MEHSIONLYO
MOpSNOK wWcel B CIOMCKE L Ha  MPOTHBOIOJOXHBIH.
(PekoMeHaIKsl: CTPOMTD HOBBIH CHMCOK, J00ABIIe SNEMEHTHI B
€ro Haya’no.)




10.1.7. Onucate Qynkuuio insert (L, X), KoTopas
BCTaBJIAET B YIOPAJOYEHHBIH M0 HEYOBIBAHUIO CITUCOK L YKCIO X

TaK, YTOOBI Pe3yIbTUPYIOMHMIA CIUCOK OBUT TAKKE YIOPAAOYEH 1O
HEeyOBIBaHUIO.

10.1.8. Omucars QyHkumio same (L1, L2), KoTopas
OIpelieiAeT, ABJAIOTCS U CIucKA L1 U L2 OJMHAKOBBIMH
(Ha30BeM CIMCKM OIMHAKOBBIMH, €CJIH OHU COMAEPXKAT OJHH U T€
XK€ YHUCIla B OJHAKOBOM MOPSKE).

10.1.9. Onucate ¢pynxuuto filter (L1, L2), KoTtopas

YAQIACT U3 CIIMCKa L1 Bce yucna, KOTOPBIC COACPIKATCA B CITHCKE
L2

10:2.10. Omnucatpb byHKIHIO sort (L),
YHOPAJOUUBAIOILYIO CHUCOK L 10 HeYOhIBAHHUIO.

10.1.11. Onucare dynknuio merge (L1, L2), Koropas
U3 JBYX YNOPAAOYEHHBIX MO HEYOBIBAHHIO CIMCKOB L1 M L2
CTPOUT HOBBIA CIMCOK, COJAEpXKalluii BCe 4YMClia M3 STUX JBYX
CIIMCKOB U TAKXe YNOPSIOYCHHbIN MO HEYOBIBAHUIO.

a) HOBBIH CITMCOK CTPOMTCS 3 3BeHbeB L1 U L2; GyHKIMs
HE JJOJDKHA CO3[iaBaTh HOBBIX 3BEHBLEB;

0) HOBBI CIMCOK CTPOMTCS M3 KOMMM 3BeHbeB L1 u L2;
crucky L1 U L2 He UBMEHSIOTCA.

10.1.12. Cyutag, 4T0 L — OJHOHAIPABICHHBIN KOJIbLEBOH
cnucok 0e3 3aryaBHOTO 3BEHa, omucarh PyHKIMIO insert (L,
X) , KOTOpas BCTABJIAET YUCIO X B HAYAJIO CIIUCKA L.

10.1.13. Cyurag, 4to L - IBYHANpPaBJIeHHbIA HEKONBLEBOM
CIMcOK Ge3 3aryiaBHOro 3BeHa, omucath GyHKmio delete (L,

X) , KOTOpas yJajseT U3 CIUCKa L BCE 3BEHbS, XPaHAIINE YHCIIO
X (ecnu OHH eCTh).

10.2. Cmek. Oyepednb

Ha npakTHKe HepeAKo BCTpeyaeTcss HeoOXOMMMOCTE
OTKJTaJbIBaTh 00pabOTKY HEKOTOPBIX NaHHEIX Ha Goliee mo3aHee
ppema. JInA OpraHMsalMd Tako#fl OTIOXEHHOH 00paboTky
HCTIONB3YIOT, B YaCTHOCTH, CTEKM U ouepenu. M cTek, u ouepens
ONpPENENSIOT [BE OCHOBHBIC Onepauuu: A0GAaBICHUE JIEMEHTa B
CTPYKTYpY [JaHHBIX M M3BJI€YEHHE MNEPBOro JJEMEHTA M3
CTPYKTYPBI JAHHBIX.

Cmex (amrn. stack) ~—  CTIpYKTypa  JiaHHBIX,
NpeoCTaBIAoas JOCTYIl K dNeMeHTaM B IOpsiiKe, 0OpaTHOM
nopsaky noGasnenHus. To eCTb 5MEMEHT, NO0ABICHHBIH B CTEK
mocnegHuM, OyJeT BO3BpallleH [MepBOM ke  oneparuei
m3piedeHus. Onepamuio 100aB/eHUs B CTEK TPUHATO Has3biBaTh
push, a ONeparuio U3BIECUEHHs U3 CTEKA — POP.

B ciyuae ouepeou SNEMEHTHI H3BJIEKAIOTCS B TOM K€
nopsiake, B KOTOpoM OHm  Obutn  jnoGaBieHsl. QyHKIWH,
peanusylomue Jo0aBneHMe M M3BJCUCHHEC M3  OYEpEnH,
peKoMeHyeTcs Ha3bIBaTh enqueue 1%} dequeue
COOTBETCTBEHHO.

Ctexk ¥ ouepelp MOTYT OBITh PEaIM30BAaHEI, HAPUMEp, C
MOMOILBIO  OJHOHANPABJICHHBIX CHHCKOB MK C TMOMOMLIBIO
JMHAMHUYECKUX MAaCCHBOB; BHIOOp 3aBUCUT OT KOHKPETHOM 3a7a4u.
Bcio paGoTy 1O MOUIEP)KAHMIO CTEKa WM O4epeay OOBITHO
BHIHOCAT B OTAENbHBIA MOAyNb (JOCTATOYHO OMMCATh MATH
QyHKIMI: CcO3naHME CTPYKTYPhl JHAHHBIX, €€ YHHUYTOXCHHE,
no6aBaeHUE HOBOTO DJIEMEHTa, U3BJICUECHHE DJIEMEHTA, TIPOBEpKa
Ha nycroty). Takodl noaxox MO3BOJSET OTHEIUTH JIOTHKY
pellleHHs 3a1a4y OT Peanu3aldu CTPYKTYPhl JaHHBIX, Gnarojaps
yeMy MOJXKHO, HAIpUMep, Jerko 3aMEeHWTb B Iporpamme OJHY
peanu3alMio CTeKa Ha APYTYIO WM MCHOJb30BaTh OJIHY U Ty XKe
peain3aluio CTCKa B pasHBIX 3aa4ax.

pumep peanuzanuy CTeKa ¢ MOMOIIBIO THHAMUYECKOrQ MacCuBa:




typedef int datatype;
// THUI DaHHHX, XPaHUMEX B CTeKe
Eypedefiistruct {
// cTpykTypa - mpencraBiieHMe CTeka
datatype *items;
int size; // pasmep creka
int sp; // HOMep mocnemHEro© BaHATOTO
Histacks

// oyHKUMM nns paboTH co crTexom
VOIG T Fetack” (Stack *agl
st->size = 16;
SlE=p SHli=—= ]
st->items =
; malloc (16 * sizeof (datatype));

void delete, stack fstack . *stl. 4
free (st->items);
}
vo%d pushit(stack i st datatype value) {
if (st->sp == st->size - 1) {
sSt->size = st->size * 2;
st->dtems' = ‘realloc (st->items,
st->size *
sizeof (datatype));
}
Stebitensu+#8t->ap] = vilues
}
void pop (stack *st, datatype *value) {
LEATEBE-El <D
printf ("Crer nycr!i");
exat o (]

*value = st->items|[st->sp--];
}
int empty stack (staek *stpif
retlirn stazspasals
}

IIpuMep UCIOIb30BaHUS CTEKA.

Cumras, 4to onucaH THn stack (datatype
char), a takke ¢yHkiumu init stack, delete stack,
push, pop, empty stack g paGoThl CO CTEKOM, ONKCATh
HEPEKYPCUBHYIO QYHKIMIO reverse, KOTOpad BBOAUT C
KJIAaBHATYpbl ~ TEKCT —  TOCIEJOBATENBHOCTE  CHMBOJIOB,
OKaHYHMBAIOIIYIOCS TOUKOH, W BBIBOAUT STY IMOCIIENOBATEIBHOCTE
B 00paTHOM MOPSIKE.

void reverse (void) {

staekisty

chalide:

init gtack (&st});

whilew (le = getchar () al=2ls")
plshi(@sEr e -

while (!'empty stack (&st)) ({
pepilest, i&c);
putchar (c);

}

delere stack. (RSt

}

[Ipumep peanuzanyy O4epean ¢ MOMOIIBIO MaccuBa:

typedef int datatype;

// TWMIO DAaHHEIX, XPaHVMEIX B OoYepenu

enum { max gueue size = 256 };

typedef struct {

// cTpykTypa - OpeAcTaBJIeHHe OdYepeny
datatype items[max queue_size];
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int iheads
// MHOEKC nepBOTO 3JeMeHTa B ouepenn
Int s dizea
// KONIUYECTBO BJIEMEHTOB B ouepenm
} queue;

// dyHruMM nna paBoTH C ouepenbn
void
init_queue (queue *q) ({ g->head = 0;
g->size = 0; }
void delete queue (queue )
void enqueue (queue *q,
datatype value) {
1 Mg->size >= max_gqueue size) {
printf ("Ouepens nepenonHeHa ! \n") ;
expiE M)
}
g->items [ (gq->head + g->size) %
max queue size] = value;
g->size++; a
}
void dequeue (queue *q,
datatype *value) {
If B aied o VYIS
printf ("Ouepems mycra!\n");
Shrali (il
}
*value = g->items [g->head];
g->head = (g->head + 1) %
max queue size;
g->size--; i v
}
it empty queue (queue *q) {
return g->size == 0"}

10.2.1. 3agaum ans camocToATeNEHOTO PELEeHUA

Cmex. Ouepeoo.

10.2.1. OnmcaTs peanu3anyio cTeka Ha OCHOBE
OJIHOHATIPABJIEHHOTO CITHCKA.

10.2.2. Onucats peamusaupuzo 09€PEH Ha OCHOBE
OJIHOHAIIPABJIEHHOTO CITHCKA.

B 3agauyax 10.2.3. — 10.2.6. cCUMTaTh yXe ONHUCAHHBIMH
TUIBI B QYHKUMHM [ paboTsl co cTekoM U OIEPENIBIO.

10.2.3. Hamucats mporpauMy, KoTOpasd HepeB;Mle

pas
3aJaHHOe anreGpanyeckoe BhIpaeHHE, COACPIKAIIEE ONEpaH/l
+ (i

(uenble yucia), Kpyrisie ckobku, GUHapHBIC ONCpaliy KO}; i
NOCTGUKCHYIO 3amuck. Cumrars TOUKY MPH3HAKOM 11
BbIpaKeHHUA. i pereHus 3a1aun ueno/b30BaTh CTCK.

€CJI1 B Ka4€CTBEC

10.2.4. Petmate npeapigyuryro 38431y,
orepalLiii MOIYT BCTpeyYaThCs TaKke yMHOKCHHE U JICTICHAC (*n
/); IPHOPUTETHI ONlepalii JOJIKHbi 0bITb COOMONEHBL.

1025 Peanmusopar,  BbIMMCIICHHE  BBIPAXKCHHS,
COzepKalero GUHApHBIE onepawui +» 7> s / ¥ 3aIMCaHHOTO B
noctukcHon Gopme. B peanuzaryy HCIONB30BATE CTCK.

102.6. Jam aiin, copepiauluii Uenbie uucIa (ux
KOJMYECTBO 3apaHee He H3BecTHO). OMPSACTMTE MOIXO/AMIYIO
CTPYKTYpy AAHHBIX ¥ Hamucarp mporpaMMy, Koropad 3a OwH
npocmotp aiina penraet cieayronyo 3aAaqy:

MM
a) HareyaTaTh CyMMy Mepporo i [OCTICAHET0 THCel, CyMMY
BTOPOro U NpemnocieaHero uucen 1 T- A

i TeM —
6) BbIBeCTH CHauana Bee yeTHble YHCTA (aiina, a 3a dairie;
B
BCE HEYCTHBIC B TOM ke HOpsKe, B KOTOPOM OHU MAYT i




B) BBIBECTH BCE 4YETHBIC 4ucna M3 (aiina B HCXOIHOM
MOpsIZIKE, a 3aTeM — BCE HEYeTHele uucrna Qaiina B mopsjxe,
00paTHOM HOPAJKY HX ClieloBanus B (aiine.

10.3. [JeouyHbie depeebs

JlepeBbsi HCTIONB3YIOTCS IPEMMYIIECTBEHHO [T XPaHEHHUS
YMOPANOYEHHBIX AAHHBIX C BO3MOXKHOCTBIO OBICTPOro MOMCKa MO
KITIOUYy.

JIBoHYHOE J1epeBO — APEBOBHIHAS CTPYKTYpa JAaHHbIX, B
KOTOPOH Kax<jas BEpUIMHA MMEET He Gojee JBYX MOTOMKOB.
Mo3KHO NpHBECTH PEKYPCUBHOE ONpPENENEHHE JBONIHOTO JiepeBa:

a) mycTas CTPyKTypa (IlyCTOe MHOKECTBO BEPIIHH) SBJISETCS
JBOUYHBIM JEPEBOM;

b) cTpykrTypa, coctosinas M3 BepIIMHEI, OTOMKAMM KOTOpO#
SBJISYOTCA J1BA ABOMYHBIX JepeBa (BO3MOXKHO, OAHO W3 HUX MM
o6a — MycTeIe), Takke 06pasyeT ABOHYHOE AEPEBO.

JioGoe moanepeBo ABOMYHOTO fepeBa TaKKe ABfeTCA
JEPEBOM.

Kopnem nepeBa Ha3biBaeTCs BepIUMHA, HE SBISIOMIASCA
TMOTOMKOM HHMKAaKoH Jpyro¥ BepmmHbl. B HemyctoM jepese
BCEra POBHO OJTMH KOPEHb.

Jlucmvamu ACPCBa HA3BIBAKOTCS BEPIUUHBI, HE MMEIOLINE
[TOTOMKOB.

Buvicomoii fepeBa HasbiBaeTcs HAMGONBIIAS JTHHA IIyTH OT
KOpHsi JcpeBa 10 moGoro W3 ero smcroes. JIIMHAa IyTH
M3MEpACTCS B MpPOHICHHBIX BEpUIMHAX: TaK, y JepeBa,
COCTOAIICTO U3 €IUHCTBEHHON BEPLIMHBI, KOPEHb ABIACTCSA U €ro
CIIMHCTBECHHBIM JIMCTOM, & BBICOTA TAKOTO JIepeBa pasHa 1.

Jlerko BHZETH, YTO KOJHYECTBO JIMCTHEB B IBOMYHOM
h-1
JepeBe BBICOTHI h He mpeBBIaeT 2" , a ofIee KOJUYECTBO
. o b
BEPIIMH ONPAHMYEHO BEJUYUHON 2 1.

Hna paboTel ¢ ABOMYHBIMH JepeBbSIMM Ha s3bike CH
MOXKHO HCITOJIB30BATh CJIEAYIONIEE OMUCaHHE:

struct treenode {
int elem;
gtruct treenode *left, *right;
}i
Ilpu mepenaye nBoMHHOTO AepeBa B (YHKIMIO MEPEalOT
yKkasaTelb Ha KOpeHb 3TOro gepesa. llycToMy aepesy
COOTBETCTBYET YKa3arens NULL,.
Ml obxona Bcex BepIMH JepeBa MCHOMB3YIOT Kak
PEKYPCHUBHBIC, TaK M HEPEKYPCHUBHBIE aJITOPUTMEL
PexypcuBHbIi 06X01 fepeBa BHITEKAET HEMOCPEACTBEHHO
M3 PEKYPCHBHOrO omnpeicneHus paepesa. [lpumep: ¢ynxius,
neyaTaroas 3Ha4YeHUs BCEX 3JIEMEHTOB JiepeBa.

void print tree (struct treenode *T) {
1F ST U NG T
printf ("%d\n", T->elem);
print tree (T->left);
print tree (T->right):;
}
}

PexypcuBHBI# anroput™ ocyliecTBaseT o6Xo AepeBa «B
PIyOHHY»: 9JIEMEHTBI IepeBa, PACIONOXKEHHBIE JATBIIE OT KOPHS,
oOpabarthiBaloTcst paHbIle GONBIIMHCTBA (MM BCEX) DIEMEHTOB,
HaXOJIAIIUXCs OIMKE K KOPHIO.

Ilpn HepekypcuBHOM o0XO#e jepeBa A9 XpaHEHHS
BCPIUMH, TNOJIeKalMX 00paboTKe, HCHONB3YIOT CTEK WM
ouepests. Mcrnonp3oBanue cTeka aeT TOT JKe MOpAAOK 06paboTKy
BEPUIVH, 4YTO M NMPUBCACHHBIA BhIIE PEKYyPCHBHBIA ajirOpHTM, a
HCIIOJIb30BAHUE OYEPEIH IO3BONAET OOpabaThIBATL 3JIEMEHTHI
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Aepesa B TIOPAJKES YBECJIAYCHHA pacCTOAHUA OT KOpH:A: CHa4dalla
KOPHEBYIO BEPILHHY, 3aTEM — BCE BEPIIHHB], OTCTOSLIME OT KOPHA
Ha 1, 3aTeM — BCe BEpIIMHEI, OTCTOSIHEE OT KOPHS Ha 2, W TaK
nanee. Taxoii 06X0/1 Ha3bIBaeTCA 00XOJOM B LIUPHHY».

[Ipumep:  HepeKypcuBHBIE  (QYHKUMH, — TeyaTaromue
3HAayeHMs BCEX DEMEHTOB JiepeBa MpH NOMOINH CTeKa U 04epead
(cTek M ouepelb MPU 3TOM JOUKHBI XPaHUTb 3HAYCHHS THIIA

struct treenode *).

// typedef struct treenode *datatype;
// Tun maHHEIX OJIS CcTeKa/ouepenn
void
print tree stack (struct treenode *T) {
stack st;
init std@kvikskyy
plushifi(& st ST
while (l!empty stack (&st)) {
pop (&st, &T);
pf (T = NULL} o
printf (htd\n", T->elem)}
push (&st, T->raght);
pushuifest,” T->lefr):;
}
}
delete stack (&st);

}

void
print_tree queue( struct treenode *T)
queue g;
inder gquenail &g
enqueue (&g, T);
while (!empty queue (&q)) {
dequeue (&g, &T);
if (T == NULL)

continue;
printf ("%d\n", T->elem);
enqueue (&q, T->left);
enqueue (&g, T->right);
}
delete. queue. (&q);
}

10.3.1. 3agauM AnA caMOCTOSATENbHOro
pelueHus

10.3.1. Onucats QpyHKIHMIO, KOTOpAS:

a) BBIYMCIISET CyMMY BCEX JJIEMEHTOB JBOMYHOIO
JepeBa;

0) TOACYMTHIBAET  KOJMYECTBO  BXOXICHUM
3aJJaHHOTO 3JIEMEHTA B JBOMYHOE IEPEBO;

B) BBIYHCIISET BBICOTY JBOHYHOTO [JEPEBa;

) nedaTaeT 3HAYEHHS JAHHBIX W3 BCEX BEpIIMH
JEpeBa, HE ABJISIOMMXCS JUCThIMM;

J) IPOBEPSET, HIECHTUYHHI JIU IBa ABOMYHEIX JEpeEBa;

€) ydalieT Bce AJIEMEHThI 3aJaHHOr0 JBOWYHOIO
iepeBa.

10.3.2. Mcnons3ys onpenencHHbIE paHee THIBI JaHHBIX
«oyepelp» H «CTEK», ONUCaTh HEPEKYPCHBHYIO (YHKLMIO,
KoTOpas:

a) ONpeHeNnseT YKMCIO BXOXIEHHM 3aJaHHOrO JJIEMEHTa B
JIBOUYHOE JIEPEBO;

0) BEIUMCIIAET CyMMY SJIEMEHTOB JBOWYHOrO JEPEBa;

B) HaXOJMT JUTMHY (KOJNHYECTBO Y3JIOB) HA IMYTH OT KOPHS [0
Onwxaifinell BepIIMHEI, cOAep:Kamlell 3alaHHBIA 3IEMEHT (eciu
TaKOW BEPLIMHBI B JEPEBE HET, TO CIUTATH Pe3yIbTaT PaBHBIM -1);




) TMOJCUYMTEIBAET KOJHYECTBO Y3JOB Ha 3aJlaHHOM YPOBHE
HEMyCTOr0 JBOWYHOTO JepeBa (KOpEHb CUYMTaTh BEPIIMHOU
HYJIEBOTO YPOBHS).

10.4. fepeebsi noucka. ABJl-Oepeebsi

Heouunvim Oepegom TIOWCKA HA3bIBaeTCAd JBOUYHOE
JE€pEBO, B KOTOPOM JIEBOE MOJJICPEBO KAaXKHOW BEPIUMHBI MOXKET
coJiepKaTh TOJBKO 3Ha4eHUs (KJIIOYH), CTPOrO MEHbIIHE KiIo4a B
BEepUIKHE, a NPaBoe MOAJEPEBO — TONBKO KIIOUH, CTpOro Gonpmme
KJIo4Ya B BepiinHe. OJMHAKOBBIX KITIOUEH B iepeBe MOUCKa OBITh
HE MOJKET.

JlepeBo MOUCKa MO3BONAET HAXOAUTh HYXKHBIE JIEMEHTHI B
HEM 3a BpeMs, MPOMOPLMOHANBHOE BHICOTE AepeBa. Ilpumep:
(byHKIMS, BO3BpAIAOLIas yKa3aTeNlb Ha BEPIIUHY JepeBa MOUCKa
C 3a/IaHHBIM KJTIOUOM.

struct treenode *
search (struct treenode *T, int key) {
if (T == NULL)
return NULL;
if (T->elem == key)
retrn Ul
if (key < T->elem)
retilrs Ysearehviil=>le Tt Wlaagm)hs
else
return search (T->right, key):;
}

OddexTUBHOCTE MOMCKA K042 B JEpeBe MOMCKA
CYIIECTBEHHO 3aBUCHUT OT €ro CTpyktypbl. Tak, Ansd Aepesa
noyicka U3 N BEpHIMH B JIy4llleM CITy4ae ero BBICOTa COCTABISET
npubiauzurensHo 1og,N (M Mpy MOWCKE B JiepeBe U3 MUJUIHOHA
BEPIIUH NMPUAETCS BHIMONHUTH Beero 20 cpaBHEeHuit), a B Xy/IIEM

— BBICOTA paBHa N: JEpeBO «BBITAHYTO» B HEMOYKY (M HpH
TIONCKE B TaKOM JEPEBE MNPHAETCH TPOCMOTPETH BCE €ro
BEPLUNHB).

ABJI-Oepeso — [BOMYHOE MEPEBO MOMCKA, B KaXKIOM
BEPIIMHE KOTOPOTO BBICOTA JIEBOrO MOANEPEBa 3TOM BEPIIMHEI
OT/IMYAETCS OT BBICOTHI IIPABOrO MOAJEPEBa ITOH BEPIUMHBI HE
Gonee 4em mHa emuHuuy. Takoe CBOMCTBO CYINECTBEHHO
OrpaHMYMBACT YBEJIWYCHHE BHICOTHI AEPEBA C POCTOM KOJHYECTBA
BEPIUKH, TO €CTh TNIOUCK HYXXHOT'O 3JIEMEHTA MPOUCXOAUT GHICTPO.
Kpome Toro, cymectByer 3ddekTHBHBIH anroput™ noGasienus
(BcTaBkM) HOBOro snemeHta B ABJI-1epeBo: HOBBIM 3I€MEHT
flobaBIISeTCS B KAYECTBE JIHCTA K OJHOMY M3 MOJ/ICPEBbEB (KaK
B JepeBe MOWCKA), a 3aTeM JJIA TeX BEpLIMH, € YCIIOBHE
GanaHCUPOBKH ABJI-nepeBa 0Ka3alioch HapyLIEHHLIM,
BBITIOJIHACTCA COOTBETCTBYIOIMI 10680pom, KOTOPHIN CBOAUTCS K
[ICPECTAHOBKE HECKOJBKMX BEPWIMH H MOANepeBbeB. [lpumep:
peanusanus KopoTKoro rnpasoro mosopora RR.

A m&*ﬁ M h

Puc. 6. banancuposxa ABJI-Oepesa

struct treecnode ' »
rotate RR (struct treenode *root) {
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struct treenode *b = root->left;
struct treenode *c = b->right;
root->left = c->right;

// nepeHoc moppepesa N
c—>right = root;

// a cTaHOBUTCH [IOTOMKOM C
b->right = c->left;

// mepenoc nonmepesa M
c->left = b;

// b CTaHOBUTCS MOTOMKOM C
return. c;

// ykaszaTeJb Ha HOBHN KOPEHb HepeBa

}

10.41. 3apauuM Ans CcamMoCTOATESIbHOro
pelieHuA

10.4.1. Omnucarth ¢QyHKUMIO, KOTOpas  ONPEIACTACT,
SBJISETCS JIM JaHHOE JIBOUUHOE AEPEBO JICPEBOM MOUCKA!
a) PeKypCHBHO;
6) HEPEKYPCUBHO, UCTIONB3Ysl ONIPE/ISTICHHBIC paHee
THMNBI JAHHBIX «CTEK» U €OUEPEe/Ib.
10.4.2. Omucarp GYHKUMIO, KOTOpas Jjid 3aJaHHOro
JIBOWYHOTO JIepeBa NOKCKa:
a) HaXOJIUT HAWMEHbILEE 3HAYEHWE B HEM (CUMTATH, 4TO
JEPEBO HEIYyCTOE);
6) noGaBisgeT 3aJaHHbIA SJIEMEHT B JIEPEBO MOKMCKA (ecim
37IEMEHT YiKe OBl B IEpeBe, TO He J0GaBIATh);
B) yHaifeT M3 HEmyCTOro Jepepa IOWCKa  €ro
MaKCHUMaJIbHBIH JJICMEHT;
r) HAXO/IUT B JepeBe NOUCKA MAaKCUMAJBHOE ¥ BTOPOE 1O
BeJIMUMHE 3HAueHWs (CYMTATh, YTO JEPEBO COMCPIKUT HE MCHCE
IBYX DJIEMEHTOB);

n) y#anser M3 AepeBa MOMCKA 3JIEMEHT C 3aJlaHHBIM
3HaYeHHUEM (€CJIH OH €CTh);

€) OmpeneNser, ABIAETCA 1M 3aJaHHOE AEPEeBO MOMCKa
ABJI-nepeBoMm.

11. Cxema komnunsuuu Cu-nporpaMmmsl.
Mpenpoueccop. KomnoHoBwuMK. OTNagumk

Peanbuble nporpamMMbl Ha CH, KaK NpaBHJIO, COCTOST U3
HeckoypkuX  (ainos. Cpenn stux  GaiinoB Moryr ObiTh
3aroioBo4HbIe (ailiibl, comepKalme uHmepgetic IPOrpaMMbl WITH
ee vacteil (T.e. HaGop (yHKUMH M TEPEMEHHBIX, C TOMOUIBIO
KOTOPBIX MOXKHO HCTIONb30BaTh (YHKIMOHATBHOCTD,
DeaTM30BaHHYIO TIPOTPaMMON), M (QalilIbl ¢ peau3aluel qacTeH
nporpammbl (¢ pacmmpenweM .c). B Cu wmcnomb3yercs
paszielbHast KOMITHIISALMSA, TO €CTh Bee (haiiibl ¢ KOIOM IIPOrpaMMBl
MOYKHO KOMIIMJIUPOBATh OTAENBHO.

Cxema xoMnuisuuu Cu-nporpaMmbel IpECTaBleHa Ha
pucynke 7. B xonme xoMmwiAuuMu ofHoro (aina cHayana 3TOT
daiin  obpabarwiBaeTcs  npenpoyeccopoM —  KOMIIOHEHTOM,
TPOU3BOJAIIMM HaGOp TEKCTOBBIX MOJACTAHOBOK Haj (ailiom i
MOJyYeHUs €T0 OKOHYATeNBbHOrO BUJA ¥ Iepelady KOMIUIATOPY.
[ToToM KOMIWISTOp MOJMy4aeT accemOnepuviti KO, TO €CThb
NpeCTaBIeT MPOrpaMMy B BHJE IOCIEHOBATEIBHOCTH KOMaH[
LEHTPABHOTO MPOLeccopa M ONMHCAHUA HEOOXOMMMBIX AYEEK B
ro6anpHOM M cTatuueckoi mamsaru. Jlanee accembnep MONYy4aeT
no daiiny Ha s3bike accemOrnepa T.H. obvexkmuoiii (aitn (Kak
npaBuNo, WMERmMH pacimmpeHne .o Ha Unix-mopoGHEIX
CHCTEMAaX), B KOTOPOM KOMaHBl acceMOnepa 3aKkoqUpOBaHbl B
JBOMYHOM BHJIE, a TAKKE OMUCAH BHJ CTATHYECKOM 1 robanbHON
namsatdH. HakoHen, xoMnoHoéwux OOECIEYMBACT  CIHMAHHE
HECKOJIBKMX OOBEKTHBIX (aiijloB B ONMH HCHOJHAeMbIH (ailn
MPOTPaMMBI.
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Puc. 7. Cxema komnunsyuy MHO20MOOYIbHOT NPOZPAMMbL.

11.1. lMpenpoyeccop

IIpenpoueccop Cu obecneunBaeT TEKCTOBYIO 00paboTKy
datina mporpamme! 0 nmepenaun ee kommuistopy. Cpeau 3aiay
npernponeccopa MOXHO Ha3BaTh obecnedeHHe MOMLYJIBHOCTH

NpOrpamMmel (T.e. onucanke HHTepdeiicHbIX GyHKuMi TporpaMMer
B 3arojioBOYHBIX (aillax W MX TMOAKIIOYEHHE), obecnedeHue
TIEPEHOCHMOCTH TPOrpaMMBbl (32 CYET YCIOBHOM KOMITMJIAIIMM),
aBTOMAaTHYecKasi FeHepalys OJHOTHIIHBIX YYacTKOB Koja (3a cyeT
MakpocoB).  YIpaBiCHHE NPENpPOLECCOPOM  0OecHeunBaeTcs
BKJIFOYEHHEM B TEKCT IPOTrpaMMbl JUPEKTHB Mpernpoueccopa. ITpu
00paboTKE KaX[OOH JUPEKTHBHI NPENPOLECCOP MEHSET TEKCT
NporpaMMbl  OMpeJeieHHbIM 00pa3oM, TMOCHe 4Yero yaalseT W3
TeKCTa 00paboTaHHYIO TUPEKTHBY.

locne okoHyanms paGOTHI MPEMPOLECCOPa KOMIHAATOPY
Cu Ha BX0n mopaetcs (aiinn ¢ TEKCTOM MPOrpaMMBI, CONEPKAIIAM
NUWb ompeneaeHus M OObABNEHUS (YHKUMHA M OOBABICHHS
NepeMeHHBIX, Kak omucano B pasgene 1. Crporo ropops, 1o srana
MPENPOLECCUPOBAHUS  KOMIMJIATOP  TaKKe  [POMU3BOAUT
NpeBApUTENILHYI0  IIOATOTOBKY  TEKCTa  NPOrpaMMel  —
o0pabarbiBaeT MHOrOGaHTOBEIE CMBOIIBI, 3AMEHSAET KOMMEHTAPUH
MpoGeNnoM U T.II., — HO PaCCMOTPEHHE ITOrO MPOLECCa HE BXOIHT
B 3a/1a4M HACTOSIIEro Nocoousl.

IMopkmodenne  3arofoBoYHBIX  (haiiioB IIpOrpaMMBbl
OCYHWIECTBIACTCA C  [IOMOIIBO  AMPEKTHBEI  #include
<file.h>wum #include "file.h". Kak npaBuio, cnucok
AMpeKTHB #include Ansd NOXKIIOYEHHS HEOOXOMMMBIX (aiinoB
yKa3plBaeTCs B MEPBBIX CTpoKax .c-Gaiinma. Ilepebii BapwanT
JAUPEKTHBBI C 3aK/IFOYCHHUEM MMEHU (aiia B yruoBble CKOOKH
UCTIONIB3YeTCA Ui OOLIECHCTEMHBIX OWOIMOTEK, BKJIIOYAs
craniapTHyro 6ubnuoreky Cu, a BTopoil BapuaHT (¢ ABOHHBIMH
KaBblYKaMM) — JUIs TONb30BaTenbckux (aitnos. B cxobkax umm
KaBplYKaX  HAaXOOMTCS WMMs  momyyaemoro daiina  umM
OTHOCHUTENbHBIM MyTh K HeMy. PasHuuma B JByX BapHaHTax
AMPEKTHBHl 3aKIIOYA€TCd B pasHBIX Habopax Karajoros,
OTHOCHTENBHO KOTOPHIX MINYTCA 3alaHHBIC B JUPEKTUBE MyTH K
MOJIKJIFOYAEMbIM 3ar0JI0BOYHBIM daiimam.

Hupextua #define cuyxur g onpeneneHus




HEKOTOPOTO UMEHH, Ha3bIBaEMOro MaKpocom, u
COOTBETCTBYIOIIErO €My mekcma HnoOCmaHoeKu, WIH mend
maxpoca. Hanpumep, AupeKkTuBa

#define DEBUGPRINT fprintf (stderr,
"debug output:") ompexnenser Mmakpoc DEBUGPRINT, mpu
3TOM Tociie 00paboTKK JUPEKTUBB! Jajiee B TEKCTE MPOrPamMMBbl
NPEnpoLeccop 3aMEHIET BCE BXOXK/ICHHUS HMEHH MaKpoca B TEKCT
Ha €ro Teno (BBUIONHAETCS T.H. Makponoocmarogka). Tak, cTpoka
DEBUGPRINT; OymeT 3aMeHeHa Ha CTpoKy fprintf
(stderr, "debug output:");. MakponoacTtaHoBKa He
OyneT BHITIONIHEHA TONBKO B TOM CiIydae, eclii UMs Makpoca GyaeT
HaWIEHO BHYTPM CTPOKH, 3aKJIIOYEHHOH B JIBOMHBIE KABBIYKU:
CIpoKa printE ' ("DEBUGPRINT & “x% = fsd\n% ") He
OyzeT U3MEHeHa IPenpoLecCcoOpoM.

Ha uMs mMakpoca Hanaratotcs Te e OrpaHMueHHs, 4To H
Ha MMCEHa nepeMeHHbIX B Cu — uMs cocTouT u3 uudp, 6ykB u
3HaKa NOAYEPKUBaHUA (), MEPBBIA CAMBOJA HMEHU HE MOXKET
6biTh H@poit. TpaTHUHOHHO B IMEHAX MAKPOCOB MCIIONB3YIOTCS

3ariiaBHble OyKBbl. Makpoc cuuTaeTcs Onpee/ieHHbIM OT CTPOKH,
coneprkallel COOTBETCTBYIOLLYIO AUpeKTUBY #define, 0 KOHIA
nporpammHoro ¢aitna. Eciam  HeoGxoaumo MepeonpeneuTh
MaKpoc WU clienaTth €ro HE OMNPENCNIEHHBIM, TO HEOOXOIMMO
UCIONIB30BaTh UPEKTUBY #undef macro g yaaldeHus
ONpPEAENICHUA MaKpoca macro, Mocje Yero MoXHo OyleT cHOBa
OMpEeNEIUTh MAKPOC C TEM XK€ UMEHEM, HO JPYTUM TEIIOM.

Ecim B XOlle MaKpONOACTAHOBKH IOJYMBINASCS CTPOKA
CHOBA COJEPXKUT MU3BECTHBIE IIPETNPOLECCOPY UMEHA MaKpPOCOB, TO
K 3THM MMEHaM PEKYPCHUBHO MPUMEHSETCS MaKpOHOACTAHOBKA JIO
MONY4YeHUd CTPOKM, HE colepxkalledl MMeHa MaKpOCOB.
Hamnpumep, riocie o6paboTku IPenporeccopomM
HUXKECTICIYIOMIETO yYacTKa Koja CTpoKa

printf ("DEBUG\n"); Gyzmer BcraBjena 16 pas.

#define ONE printf ("DEBUG\n")

#define TWO ONE; ONE

#define FOUR TWO; TWO

#define SIXTEEN FOUR; FOUR; FOUR; FOUR
SIXTEEN;

Beiiiie MBI paccMaTpHBaii MAKPOCHI, Tejla KOTOPBIX BCEINa
PacKpBIBAIOTCS ~ OAMHAKOBO.  MakpoOmNOACTAHOBKH  MOXKHO
BapbMpOBaTh, 3a1aBasi (YOpPMAbHBIE apzymenmv. Mmakpoca (B
cKoOKax I0cyie HIMEHHM MaKpoca) M UCTIONB3ys UX B Tejle Makpoca.
IIpy MaKkpornojcTaHOBKe BMECTE C UMEHEM MaKpoca yKa3hIBaIOTCH
(hakTHuecKME aprymeHThl B CKoOKaX, M B MOACTABIAEMOM TeNe
Makpoca BCEe BXOXIAEHHs (hOpMasbHBIX apryMEHTOB 3aMEHSIOTCS
Ha Qaxruueckue. Ipu 3ToM QaxrHyecKue aprymeHTHI Makpoca
MOTYT OBbITh MIOOBIMH IIOCTEOBATEILHOCTAMA CHMBOJNOB WIIH
BeIpaxkeHUsIMH CH.

Hanpumep, onmcanmblif  Makpoc DEBUGPRINT  MOXHO
YCOBEPIICHCTBOBATH, BBEMS apryMEHT

X: #define DEBUGPRINT(X) fprintf (stderr,
"debug value:%d\n", X) W HCHONBE3yd €ro Kak
BEBUGPRE NI (6 50

(Gymer cosmama ctpoka fprintf (stderr, "debug
valueyzsd\nmy I45)0).

Heobxomumo ~ momyepkHyTh,  YTO  IIPENpPOLECCOp
BBINONHACT HCKIIOYMTENBHO TEKCTOBBIE IMOICTAHOBKH, HE
3a60TCh 0 comepxuMoM akTuueckux aprymenToB. Hampumep,
I MaKkpoca

#define HALF (X) X/2
MaKpOIIOACTaHOBKA I CTPOKM v = HALF (z + 4);

Oyner BBICIANETE KaK y = z + 4/2;, IIpH 5TOM H3-32 PasHBIX




HNPUOPUTETOB JCNICHUSA M CIIOKEHMS MpenosaracMoe 3HauyeHue y
OyneT HeBepHbIM. Bo m3bexanue Takux CUTyallMi M Uil YETKOH
pPaccTaHOBKU MPHOPUTETOB ONEpauuii HEOOXOOUMO 3aKIoYaTh B
CKOOKM Kak Telo Makpoca, TaK M BCE BXOXJECHHS B HEro
(opManbHEIX apryMEHTOB:

#define HALF (X) ((X)/2).

Kpome Toro, HeoOxonumMo u3berats HarmMCaHUsi MaKpOCOB,
B TeJIaX KOTOPBIX apryMEHThl BRIUHCIAIOTCS Gosiee OfHOTO pa3a, a
TaKKe MepefaBarb B MaKpochl B KauecTBe (DaKTHUECKUX
apryMeHTOB BhIpaxkeHus ¢ noGouneiM 3¢ dexrom. Hampumep, mis
Makpoca

#define ABS(X) ((X) >= 0 2 (X) : =(X)),

BBIYUCIISIONIET0 MOMY/b CBOErO apryMeHTa, UCMOJb30BaHHE €ro
KaK ABS (y--); MNpuUBEAET K TOMY, 4TO MNOOOYHBIA 3(dexTt
BbIpaKeHH y-—- Oymer BbluMcieH JBa pasa. ClieqoBaTeNbHo,
TIOJIB30BaTbC  MAaKpoCaMd HEOOXOAUMO ¢  OCTOPOXKHOCTBIO,
u3berags ux O€3MyMHOr0 NPUMEHEHHsA, KOTOPOE MOXET OBITh
3aMeHeHO (YHKUUSIMH. OCHOBHBIM CLEHapHeM HCIIOIb30BaHUA
AB/SIETCS  ABTOMAarM4ecKas TreHepauus OJHOTUIIHOTO  KOJa,
KOTOPBIN HEXeNlaTeNbHO INUCaTh BPYYHYIO, WM obecrieueHue
IIEPEHOCUMOCTH MPOrPaMMBI (CM. HIXKE).

Hexotopeie Makpochl yxe OMpefeieHbl KOMITHASTOPOM
Cu, ¥ UX MOXHO HCHONB30BaThL B mobol mporpamme. Kax
NpaBWIO, TaKWe MaKpochl copepxar uHpopmauuio aubo o
CBOMCTBaX KOMIHJIATOpA, HampuMep, O MOAJEpKHUBAEMOH UM
Bepcuu Cu (Makpoc  STDC VERSION ), 6o o cBoMcTBax
KoMOuupyeMoro ¢aina u OKpYKeHHS MW HCIOJB3YIOTCS MpH
OTNajike, HallpuMep, MaKpOoCh

L BRI DA DY RN,

Kaxnpiit xommunstop 4vacto pgobaBiser CcoOCTBEHHBIE
3apaHee OIpe/ieJieHHble Makpochl K cTaHAapTHeIM. Hampuwmep,

ans komnwiaTopa GCC y3HaTh MONHBIN CIHCOK TaKHX MaKpOCOB
MOXHO, 3aITyCTHB KOMaH/Iy IpenpoLecCHpoBaHus MycToro (aiiina
C 3alUCBhIO0 MAKPOCOB:

gecn=dMu-ta < Jdev/nn il

Kpome 3Toro, mpenpoueccop TaKkKe — TO3BOJAET
OpraHu3oBaTh BKJIOYEHHE ONpejeleHHbIX dactel daiina B
OKOHYATENbHBIA TeKCT (paiiia B 3aBUCHMOCTH OT HEKOTOPBIX
ycnosuii. Halie Bcero 5Ta BO3MOXKHOCTB CIY)KMT JUIS OBBILICHHUS
MEepPEeHOCHMOCTH mporpamMmsl. [Ipu nepBoHayanbHON HACTpOMKe
NpOrpaMMbl Ha KOHKPETHYIO apXUTEKTypy KOMIIbIOTepa C
MOMOIIBIO  psAfia TECTOB  CO3MaeTci  KOHQHIYpalHOHHBIM
3arojI0BOYHBIN (baiii1, B KOTOPOM ¢ MOMOIIBI0 JUpeKTHB #define
32BOAATCA  MMEHA-MaKpoChl, O3HA4aKOI[Me HATMYHE WM
OTCYTCTBHE  ONpEIENEHHBIX  CBOHCTB  apXWTEKTYphl MM
ornepanyuoHHOM CHCTEMBIL JMpexTUBbI
#tifdef/#else/#endif NO3BONAIOT MPOBEPUTH, OMpPEAEIECHO
T KOHKPETHOE MMS, ¥ B 3aBUCUMOCTH OT 5TOTO BKJIIOYHUTH HJIH HE
BKJIIOYHTE TEKCT MexAy #ifdef u #endif B OKOHUYATENBLHBIN
TeKCT (aiina. Bapmantr c¢ JupekTHBOM #else mo3BONAET
BKJTIOYUTDH aJIbTEPHATUBHBINA TEKCT IPU HEBBIMOJIHEHUH YCIOBHS.
Hanpumep, ecnu B koHGUrypauioHHOM daiine ecTh onpeeneHne
#define HAVE LONG DOUBLE 1, TO clemyiomuii ¢pparment
Koja TI03BOJIAET NIEPEHOCUMO OIIpeseUTh THI
longest. floats

#ifdef HAVE LONG DOUBLE

typedef long double longest float;
felse

typedef double longest float;
fendif

JipyruM BaKHBIM Clly4aeM MCIHOJIb30BaHHUS YCIOBHOM




KOMITIWISLIMA ~ SBJISIETCS  3aliuTa OT JBOMHOIO  BKIIIOYEHHUs
3aroloBOYHOro .h ¢aiina B . ¢ daiin peanusanuu. 3aroJ0BOYHBIE
daiiel conepxar 00bABICHHA EPEMEHHBIX U (YHKIIMI, KOTOPbIE
MOTyT MpUBECTH K OmMOKaM B Cilydae HX HEOJHOKPATHOrO
BKJIIOYEHHS B TEKCT mporpammsbl. J{ns OonpIuoH mporpamMmsl €o
CIIOKHBIMH  CBSI3IMH MEXJIy OTHCJIBHBIMU  3aroJoBOYHBIMH
daiinaMd CHTyauus [IBOHHOTO BKJIIOYEHHMS OJHOTO (paiina,
BO3MOXHO, Yepe3 ApYrHe 3arooBOYHsIe (ailibl, MOXKET JIETKO
BO3HUKHYTB. Bo m3bexanue Takoi omubku 0OBIMHO MCHONB3YIOT
CHENYIOIMM TpueM: JUI1 KaXJOTO 3arojioBoYHOro (haisa
ONpeNeNAiOT YHHKAJIbHOE WUMS Makpoca, W BeChb TEKCT (aiina
MOJKIIOYACTC JIMILL TPU YCIOBHH, YTO JAHHOE HMS HE
onpenenedo. Hanpumep, juis cranaaptHoro daiina stdio. h:

#ifndef STDIO H
#define STDIO H
<... TexkcT ¢anna

#endif

11.2. KomnoHoswuk

KommonoBmuk obecrieyuBaeT cOOpKY IporpaMmbl B
€IMHOM HCIoNnHseMoM ¢aiine u3 HaGopa oObeKTHBIX daiinos. [
3aJlaHusd  TPaBMJT KOMIIOHOBKM DNOOANBHBIX MEPEMEHHBIX M
GYHKUMHA  HCTIONB3YIOTCS TIOHATHS GHYMpeHHeW W 6HeulHeu
KOMITOHOBKM (TPEThbsi CUTyalus, 03 KOMIIOHOBKH, UCIIONB3yeTCs
JUISL JIOKAJBHBIX M PErHCTPOBBIX MEPEMEHHBIX, KOTOPBIE HE MOIYT
ObITH BUAMMBI 3a mOpeaenaMu Tekyuero @aiina). ImobanbHbie
nepemeHHele, OOBABNEHHBIe ¢ KBamudukaropom static,
NOJJICKAT BHYTPEHHEH KOMIOHOBKE — MX UMEHA IOJDKHBI OBITH
YHHKaJbHBI B mpeaenax daitna. InobanbHele craTuyeckue
IEPEMEHHBIE C OJUHAKOBHIM HMMEHEM B pasHbIX (aiinax
paspellieHbl, TIp¥ KOMIIOHOBKE TONy4ar pasHbie 001acTH
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CTaTAYECKOH MaMaTH ¥ MOTYT MCIIONB30BaThCA HE3aBUCHMO.

['mobansHEBIE NIepeMEHHBIE, 00DBABJICHHBIE 6e3
kBanuuKaTtopa WiM ¢ Kpanmukaropom extern, MOMIEKAT
BHEIIHe!l KOMIIOHOBKe. Bo BCex KOMIOHyeMBIX (aiax
KOHKPETHOE MMs MOXXET HMETh JIANIb OJlHa [I00aIbHas BHEUIHAS
nepemenHas. IIpu 3TOM TaKas IEpEMEHHasd MOXET ObITh
06BABIEHA B  HECKONbKMX  (paiinax,  obsf3areqbHO  C
kBanudukatopoM extern. OTH OOBABICHUS HE BBIACIAIOT
NaMaTH Uil TIEPEMEHHOM, HO JIMIIB YBEAOMIISIOT KOMITMJIATOP O
HAJIWYHMM B CTATMYECKOM MaMsITU MEPEMEHHOM C ONpPEACICHHBIM
TuioM © uMeHeM.  OnpejenenvieM DIoOanbHOH BHeLIHEH
repeMeHHOH sBnseTcs ee oObsBieHMe Oe3 KBanMQukaropa
extern, TAKOE ONpeleeHHe MOXKET COACPKATh MHULIMATHA3ALIHUIO
NepeMEHHON KOHCTAHTHHIM BBID@KEHMEM M JOIDKHO OBITh
eIMHCTBEHHO JUIL Bcex KommoHyeMblx  (aiinoB. Takoe
ompejie/ieHue BbIAENIET HEOOXOMMMBIM A niepeMeHHOi 00beM
CTATMUECKON NAaMATH, ¥ Bce OOBABJICHHS 3TOH [I0OANLHON
nepeMeHHol ¢ KBaNM(UKATOpOM extern CCHUIAIOTCA HA STOT
ydactok  mamsath.  Taxum  ofpasom,  obecreumBaeTCs
UCTIONB30BAHMWE  OfHOM  TEpeMeHHOW pasHbIMM  (hainamu
MPOrpaMMBl.

DYHKIUH, KaK U [IEPEMEHHBIE, JOJDKHbI ObITb 0OBSIBIICHBI
Ge3 xanudukatopa static wim ¢ KeamuduKkaTopoM extern
T TOTO, 9TOOBI MX MOXKHO GbUIO BbI3BIBATH M3 APYIHX (haitios
(tH. enewnue Gynkuun). Ilo  comamenvio  QyHKINH,
onpemeneHHble B Jpyrux  (Qaiinmax,  oOwsBIAIOTCA  C
KBaIM(PUKATOPOM extern M, KaK MNpaBWNlO, BKIOYAIOTCS B
COOTBETCTBYIOLIHE 3aroioBouHble (aiinbl. Cpemyut KOMITOHYEMBIX
daitioB MOxeT OHITh JIMIIb CHAMHCTBCHHOC ONpE/CNCHHS (mO
MHOTO OOBsBIICHMI) BHEMmHeH OGYHKIMHM C JaHHBIM HMECHCM.
®ynknus ke, OObABIEHHAs WM ONpEJENeHHas ¢
KBaMMHUKATOPOM static, ABNSETCA CTATHYECKOH M HEBUAMMA
s Gysxuui 3 apyrux Qaiinos. Tem He MeHee, HaNpUMep, OHA
MOXeT GBITh BbI3BaHA YEpe3 yKa3areib, NepeflaHHbli B QyHKIHIO
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u3 gApyroro (aiina. PaspemieHo oOnpeneNATh CTaTHYECKHE
GyHKIMH C OIMHAKOBBIM MMEHEM B pas’HbIX TNPOrpaMMHBIX
daitnax.

Xopouwel  NPaKTUKOM  NPOTPaMMHMPOBAHUS  ABJIAETCA
o0bsaBneHne (GyHKLUUHA ¥ MI00aNbHbLIX NEPEMEHHBIX, KOTOpbIC HE
HYXKHBI JJIsl IPTHMX IPOrpaMMHBIX haiinax, Kak CTaTHYECKHX (C
MCTIONb30BaHNEM KBanudukaropa static). Tonbko GyHKIMEU U
TNepEeMEHHbIE, KOTOPBIE COCTABIAIOT MHTepdetic manHoro daiina,
JOJDKHBI OBITh O0BSBJIEHB! KaK BHEIIHHE.

11.3. Moxussmue 06 omnadke. Omnadyuk gdb

Omnaoxoti Ha3bIBAETCS TpPOLECC MOUCKAa U  YAAJNCHUA
omn6oK u3 nporpammel. Kak mpaBuio, NpH OTIaJKe H3BECTHBI
BXOJHBIE IAHHbIE, HAa KOTOPBIX MporpaMma paboTaeT HEKOPPEKTHO
UM TeHepupyeT HeBepHble BBIXOJAHbIC JaHHble. OCHOBHAS
CJIOXKHOCTh 3aKTI0OYacTCs B OOHApyXKEHMM NPHYMHBI HEBSPHOIO
noBefieHUs — Habopa TOYEK MPOTPaMMbl, B KOTOPHIX JIaHHbIC
06pabaTEIBAIOTCS HEMPABUJIBHO, YTO BEJET K HEBEPHOMY BBIXOAY
nporpamMmbl. COGCTBEHHO MCIIPABIEHHE HAHJIEHHBIX OUIMOOYHBIX
MECT MPOrpamMMbl 4acTo TpeOyeT MEHbIE YCHITHH.

Ba30BeIM €IOCOGOM OTIAAKH SBIACTCS T.H. OMAAOOYHAS
neyams — BCTaBKa B TMPOTpaMMy OIEPATOPOB, BBIBOAALIMX
rH(OPMaLIO O TEKYIIEM 3HAYEHUH MEPEMEHHBIX NMPOTrpaMMbl U
NPUHUMACMBIX €10 pelleHHIX. OTnajouHyro mevarb MPHHATO
BBINONHATH HA CTaHAApTHRIM motok ommbok. g ymoGHOro
BKJTIOUEHHMS/OTKITIOYESHHS OTNIAIOMHON [eyaTy BO BCEil nporpamme
BhIa4y Ieyatd OOBIMHO KOHTPONMPYIOT €IMHBIM MAaKpocoM,
onuyell KOMaHJHOM CTPOKM WM TIepeMEHHOH OKpyxeHus. Yacto
HCIIONB3YIOT pasHbie yPOBHM JeTanusauud WHOpMalUud MpH
OTNAJOYHON IEYaTH, TAKKE yIpaBiieMble OMUUSIMHM KOMaHIHOM
CTPOKHM UM TIEPEMEHHBIMHA OKPYIKEHHUS.
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OCHOBHBIM MHCTPYMEHTOM OTJA[KH NpPOrpamMM SBJISIOTCS
omnadyuxy. OTIAOUUK TIO3BONAET MONY4aTh HHPOPMANKUIO ©
TOBE/ICHAM TPOrpaMMbl Ha 3aJJaHHOM Ha0Ope BXOJHBIX MAaHHBIX,
He MeHas (B MICaNbHOM ciydae) ee moBeAeHus. Kak mpasuio,
OTJIAIYHK 3aMMyCKAET MPOrpaMMy Ha 3aJaHHBIX BXOJHBIX JAHHBIX B
YIpaBIsIeMOM peXUME, TO3BOJSA B MOOOH MOMEHT BpEMEHH
OCTAHOBUTb MJM BO30OHOBHThH BHIIOJHEHWE, IOWAaroso (c
TOYHOCTBIO JI0 OTJCIBHBIX CTpoK koja Ha Cu umu accembrepe
LeJeBO MAalUMHBI) BBINOJHATH INPOrpaMMy, OCTaHAaBIMBATh
BBITIOJTHEHHE 1O JOCTHXKCHHH 33JaHHBIX TOYEK MporpaMmsbl (T.H.
moyxu ocmanoga) 6€3yCIIOBHO UM IIPU BBITIOJHEHUH HEKOTOPOro
YCJIOBUSL Ha 3HAYEHMS 3aJaHHBIX SYEEK MAMSTH, OCTAaHABIUBATDH
BBIOJIHCHHE TPU W3MEHEHWM 3HA4YEHUWs B 3aJIaHHBIX fYeiKax
namaTd (T.H. MoyYKkyu HabnodeHus), TPOCMATPHBATh WM U3MEHAThH
(BO BpeMsi OCTAaHOBKM BBITIOJTHEHUS]) 3HAUEHUS IEPEMEHHBIX,
STYEeK MaMATH, MPOCMaTpPUBATh TEKYLIUH CTEK BBI30BOB.

HyxHo oTMETUTB, YTO OTIAAYMK YIpaBISET NPOrpaMMOi
B OuHapHOM Buje (MAIMHHBIX KOJaX W SUEHKax MaMATH), a
NporpaMMUcCTy TpelyeTcss Mmomaydarh MHQOpMALMIO B TEpMHMHAX
nporpamMmsl s3bika CH (CTPOK M OINEPaTopoB MCXOAHOTrO KOAa
nporpaMMmbl,  mepeMeHHbIX). Jlnst  obecmeueHus — Takoi
BO3MOXKHOCTH KOMOWJATOpbl CU MO3BONAIOT T€HEPUPOBATH T.H.
OMAA00YHYIO unghopmayuio, KOTOpas yCTaHaBJIMBAET
COOTBETCTBHE MEXTYy OOBEeKTaMH MporpamMmbl Ha szelke Cu u
o0beKTaMM MAIIMHHOM TMporpaMMbl, ¥ 3alyChlaTb €€ B
crieunaibHble YacTH HCmonHsemoro (aiina nporpammbl. be3
OTNIaJI0uHOM MH(OpPMALIUH TIOJB30BaHHE OTIAJYUMKOM BO3MOXKHO
TOBKO Ha ypoBHe s3blka accemOnepa. B kommunsrope GCC
BhIIaya OTIAJO4YHOM  MHGOpPMALMKH  BKJIIOYAGTCS  ONUMEH
KOMaHIHOM CTpOKM —g. PexoMmenayercs TaloKe OTKIIOYATh
BBITIOJIHEHHE ONMTHMH3ALMH KOMIMIATOpA C MOMOILBIO ONUHMU —
00, TaKk KaKk TMOCTPOEHHE M MOAJEpPXKAaHHE OTIAJOYHOM
MHpOpMALIMK B XOA€ MPOBENCHUS ONTHMM3aUUH KOMIMIIATOPOM
ABISETCS  BechbMa  HETPUBHAJBHOM  3afjayell M IUIOXO




NOJAACPKMBACTCA KOMITHIIATOPAMH.

CranpaptaeiM oTnaguukoM g Unix-nonoGHbix CHCTen
apaserca  omiagumk  GDB.  Otor  omnmagymk SBJISeTcoy
WHCTPYMEHTOM KOMAH[HO# CTPOKH, TO €CTh  yNpaBiempe
OT/AIMKOM OCYMIECTBIACTCA BBE/ICHUEM KOMAH C KIIABHaTyppy
B pexoMeHJ0BAaHHOM i TPOBE/ICHHMA MPAKTHKYMA cpepe
Code::Blocks peanusoBanHa moiiepkka omiaqiuka GDB g
rpaduueckoM HuHTepdeiice, TO €CTh YNPABICHHE OTIANYHKOM
BO3MOYKHO C TIOMOIIBIO MBILIH U TOPSAYMX KIIABHIL, 8 MHOOPMals
OTNaJ4YMKa BBIBOAUTCS B OTHEIBHBIX IPaQUYECKUX OKHAX H B
penaktope ucxomHoro koga mnporpammsbl. [lompoGree o6 arom
MOXHO y3HaTb B JOKYMEHTalldM K CpEA€ Ha caiire
http://wiki.codeblocks.org/index.php?title=Debugging_with Code
::Blocks.

Yacto wucmons3yemble komManast GDB noxazaner B

Tabnuue.
Komanna Onucanue
gdb <file> ~—args | 3arpy3uTth nporpaMmy €
<args> 3aJaHHBIMU napaMeTpamu
KOMAaHJHOU CTPOKH
run/continue 3aIyCTUTH/TIPOAOIKHTE
BBITIOJIHEHUE

break <function name/
file:line number>

3aBeCTH 0€3yCIOBHYIO MOYKY
0CMano8a

cond <bp#> condition 3aJaThb YCJIOBHE OCTaHOBKI"’I
BHINOJIHEHHS [l HEKOTOPOH

TOYKHN OCTaHOBA
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=5

e I

IR ————

—tcn 3aJlaTh MOYKY HAOM0OeHUs

<yariable /address> (ocTaHOBKa BBHINIOJHEHMS IPU
M3MEHEHUH 3HAYEHUA
MEPEMEHHON WM NaMATH I10
ampecy) t

hext/step BBIIMOJIHATE TEKYHIYI0 CTPOKY

MCXOJHOTO KOfa TPOrpaMMbl
fe3 3axoma/c 3axoJoM B
BBI3bIBaeMble QyHKIIUM

print <var> / IIOCMOTPETH/H3MEHHUTD

set <var> = expression | TeKymiue 3HAYCHHS
NEPEMEHHBIX, MAMITH

bt MOCMOTPETh TEKYLI(Hil CTEK

BEI3OBOB

" Towku nabmonenns PEKOMeHTyeTCs 3a/jaBaTh M0 MMEHaM IJI00ambHbIX
NEPEMEHHBIX WM MO aipecy, T.K. TO4YKa HaOMONEHHs 32 JOKaJIBHOH
NEPEMEHHON CTaHOBMTCA HEKOPPEKTHOM Cpa3y IO BBIXOJAE NEpeMEeHHON H3
061acTH BHAMMOCTH.
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