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BBenenue

SA3pik Cu ABISIETCA OJHUM U3 HanOoJIee MOMYJISPHBIX U MOIIHBIX
SI3bIKOB TIporpaMMupoBanusi. JlaHHBIN sI3bIK OOJiajlaeT OoratbiM Ha0O-
POM OIEepaTOPOB U MO3BOJISET KOMITAKTHO 3aIMUCHIBATH BhIpaxkeHus. OH
IIUPOKO HCIOJB3YETCS MPU Pa3padOTKe CUCTEMHBIX W TMPUKIATHBIX
IPOTpaMM.

JlaHHBIN A3BIK SIBISETCS CTPYKTYPUPOBAHHBIM, MOMAYJIBHBIM, a
TaK)Xe TIEPEHOCUMBIM, TO €CTh NMPOTPAMMbI, HAITUCAHHBIE HA HEM, MOTYT
JIETKO YCTaHABJIMBAThLCA Ha JIF000i maTdopme.

Azeik Cu 6611 co3aan Jleaucom Putum s pa3pa®oTku omepariu-
onHoit cucteMbl UNIX u peanmn3zoBaH B paMkKax 3TOW CHUCTEMBI.
Cu — s3BIK IPOTPAMMHUPOBAHUS OOIIEr0 HA3HAYCHHS, XOPOIIO HU3BECT-
HBIN cBOeH 3 (DEKTUBHOCTHIO U SKOHOMUYHOCTBHIO.

JlaHHBIN A3BIK MOJEPKUBACT YKa3aTelId Ha TIEpEMEHHbBIC U (YHK-
nuu. Ecnu pa3zyMHO MCHONB30BaTh yKa3aTeldd, MOXKHO CO37aBaTh (-
(GeKTUBHBIE MPOTPAMMBbI, TaK KaK yKa3aTelu MO3BOJISIIOT CChLIAThCA Ha
OOBEKTHl TaKUM K€ 00pa3oMm, Kak 3TO JenaeT komibiotrep. SA3bik Cu
MOJIEPKUBACT apu(PMETHUKY yKa3aTeeH, YTO MO3BOJIAET OCYIECTBIISTh
HEIMOCPEJACTBEHHBIN JOCTYI U MAHUMYJISIINIO C TAHHBIMU.

SA3pik Cu ABISIETCS A3BIKOM KOMIMJIMPYIONMIETO TUMA. TeKCT Hc-
XOJIHOW MPOTPaMMBbI JJI MOJYyYeHUSI O0BEKTHOTO MOAYJIS KOMIUIUPY-
eTcsl B Ba 3Tana. CHayaia BCTyIaeT B CHIIy Mpenpoleccop, 00padathl-
BAIOUIUNA CTPOKU-IUPEKTUBBI, HAUMHAIOIIUECS CO 3HAKa #, MOCJE Yero
TPAHCIUPYETCS] TEKCT MPOTPaMMBI M CO37acTCs OOBEKTHBIM (MallIvH-
HBIH) KOJI.



1. TUIIBI JAHHBIX 1 OITEPATOPBI

1.1.1TepeMeHHbIe U 0a30Bbl€ THIIBI JAHHBIX

[TaMsTh KOMIIBIOTEPA MOXKHO PACCMATPUBATh KAK IMMOCJIEA0BATEIIb-
HOCTh ITPOHYMEPOBAHHBIX fueeK. HoMepa sueek Ha3bIBAKOT aapecaMu
namMmsTd. AJpec Mo3BoJsieT o0pamaTbes K TOW WIK UHOM siYelKe mamsi-
ti. Kaxnas siueiika uMeeT pasmep B oauH Oaiit. C 3TUMU sueiikamu
MOXHO paboTaTh MO OTACIBHOCTH WJIH LIEJIBIMHU OJIOKAMH.

[lepemennbie B s3bike CH MCMOJB3YIOTCS JJIsI XpaHEHUs: UHGOP-
Manuu. [lepeMeHHas MOXKET 3aHUMAaTh OJHY WJIM HECKOJBKO SYEeK Ia-
MSTH, B KOTOPBIX MOKHO XPaHUTh HEKOTOPhIC 3HaUeHUs. YTOOKI orpe-
JIEUTh MEPEMEHHYI0, HEOOXOIMMO YKa3aTh €€ TUI U UMSL:

THUIL_TIEPEMEHHON HUMs_TIEPEMEHHOW;

Tun nepemeHHOW — XapaKTEepUCTHKA, omnpenenswomas dopmar
NPEJCTABJICHUS JTAHHBIX B IMAMATH KOMITBIOTEpa, MHOXKECTBO JIOIYCTH-
MBIX 3HAUEHUH STUX JAHHBIX M COBOKYITHOCTH OIEpaIliii Haj HUMHU.
3Has TUI IEPEMEHHOM, KOMITUIATOP BBIACIUT IS HEe HEOOXOIMMOE
KOJIMYECTBO STUYCCK MaMATH U OYJET 3HaTh, KAKOTO pOJia JaHHbBIC OymyT
XPaHUTHCS B 3TOW IEPEMEHHOM.

3aMeTuM, YTO PE3CPBUPOBAHUE MAMSTH JJIs IEPEMEHHON HE O3Ha-
9aeT, YTO BBIACICHHBIC STYCHKU MaMITH OYJYT «OUHIIEHBD OT 3Hade-
HUI, KOTOPBIC PaHEee XPAHWIUCH B HUX. [[03TOMY eciii He HHHUIIAATN3H-
pOBaTh MEPEMEHHYIO, TO €€ 3HAUCHHUE MOXKET OBITh MPOU3BOJIBHBIM.

B si3p1ke CH MMeeTCsl HECKOJIbKO 0a30BBIX THITOB:

char —cumBon;

int — memoe ywncIo;

float —uwmcio ¢ maBaroIel TOYKOM OJUHAPHON TOYHOCTH;
double —gucno ¢ aBarEe TOYKO TBOMHONM TOYHOCTH.

Taxke MMeeTcs HECKOJIbKO KBaIM()HUKATOPOB, KOTOPHIC HCIIOJIb-
3yI0TCs BMecTe ¢ 0a30BbIMU THmamu. KBamudukaroper shortu long
NPUMEHSIOTCS K mesiomy tumy int. Ksamudukarop shortnpumensercs B
TEX Ciydasx, KOrja 3apaHee M3BECTHO, UTO MEepeMeHHas OyaeT MpHHU-
MaTh «IOCTaTOYHO» HEOOJBIIUE IieNble 3HaueHUs. Eciim mepemeHHast
MOJKET NMPUHUMAThL OOJIBIIUE IICJIbIC 3HAUCHUS, TO UCIOJIB3YETCS KBa-



madukarop long. Hampumep, HUXe ONpesciieHbl JBE MEpEMEHHBIC C
UMEHaMHU | ¥ |, mpuueM nepemMeHHas | umeeT Trn Short int,a j — long int:

short int i;
long int |;

B ompeaenenusax short intu long int cmoso int MoskHO omycTuTh. Ilo-

9TOMY MOKHO 3aIlluCaTb
short i;
long j;

Kpanmudukaropsr signed ¢o 3makom) u unsigned §e3 3uaka) npu-
MeHsIoTCsa K TunaM char, int, short int, long inBrauenus mepeMeHHBIX
¢ KkBalmdukaropoMm Unsignedscerga HeoTpuLaTelbHbl. Eciu nmepemen-
Hasi oObsBIIeHA Oe3 KBajaudukaropa unsigned;ro, mo ymMoja4aHHiO, OHA
curMTaeTcs 3HaKoBou (Signed).

Huxe nmpuBoauTcs Tabinia 0a30BbIX THUIIOB JaHHBIX C YKa3aHHEM
TpeOyeMOro KOJIMYeCTBa MaMATH U JUala3oHa 3HAYCHUH.

Tun Pa3zmep Jnamna3on
(B OaiiTax)

unsigned char 1 0— 255
char 1 -128 — 127
unsigned short 2 0 — 65535
short 2 -32768 — 32767
unsigned int (1@a3psaa0B) 2 0 — 65535
unsigned int (3a3psnaa) 4 0 — 4294967295
int (16 pa3psoB) 2 -32768 — 32767
int (32 pas3psnaa) 4 -2147483648 — 2147483647
unsigned long 4 0 — 4294967295
long 4 -2147483648 — 2147483647
float 4 1.2e-38 — 3.4e+38
double 8 2.2e-308 — 1.7e+308
long double 10 1.7e-4932 — 1.7e+4932

3aMmeTHM, 4YTO IIeJible Yncia Tuma iNt ObiBaroT Kak 16pa3psaHbie,
Tak U 32pa3psaubie. Pazmep JaHHOTO THMA 3aBUCUT OT BEPCUM KOMITH-
JATOpa U MapKu KoMnberoTepa. [Ipy nucnonp3oBaHUM TEPEMEHHON LIETO-



rO TUIIA CO 3HAKOM CTapIlIMid OUT YWCia MHTEPIPETHPYETCS KaK 3HAKO-
BbIli (0 —mosoxuTeNnbHOE uncio, 1 —oTpunarenbHoe). [losromy auana-
30H 3HAYCHWM, Hampumep, Mg 16-pa3psaHbIX IENbIX Yucea Tuma int
MOJTy4aeTcs CASTyIOMMUM 00pa3oM: OT 2P 110 2°1.

3HaucHUEeM MepeMeHHON Tuma char seisercs konm (pasmepa B
1 OaiiT maMsATH), COOTBETCTBYIOIINI MTPEACTABIICHHOMY CUMBOJILY.

Tun long doublenpenna3naden s BHIYMCICHUNW C IOBBIIICH-
HOW TOYHOCTBIO.

Uto0BI y3HATh pa3Mep TOTO MM MHOTO 00BEKTa, MOYKHO BOCITOJb-
30BaThcs onepatopoM Sizeof(),koTopslii Bo3BpalaeT pasMep 00beKTa B
oaiirax. Hampumep, sizeof(int), sizeof(double) t.1. Takke MoxxHO wC-
TI0JTb30BaTh U UMl TIGPEMEHHOM, Harmpumep, mocie oobsaBiacHus doublex
MOJKHO y3HATh pa3Mep NMEPEeMEHHOU X, 3amucaB MHCTpyKIuio Sizeof).
Omnepatop Sizeof() BeImoaHsACTCS HA 3Tale KOMIWISAIHUKA IIPOTrPaMMEI,
3HaYECHUEM KOTOPOTO OYICT SBISATHCS KOHCTaHTA, paBHAs YHCIy OauT
00BEKTA.

B 3aronoBounbix ¢ainax <limits.h> u <float.h> onpenenenst
CUMBOJIMYECKHE KOHCTAHTHI, TPEJCTABISAIONING MPEACIbHBIC 3HAYCHUS
711 pa3dWyHbIX TUINOB JAaHHbIX. Hanpumep, koncranta INT_MIN
(INT_MAX) mpexacraBiseT MHHMMAJIbHO (MaKCHMajabHO) BO3MOIKHOE
3HaYeHHe, KoTopoe MoxkeT mpuauMath Tvm int; DBL_MIN, DBL_MAX —
COOTBETCTBEHHO MHHHMAJIbHOEC U MaKCHMaJbHOC 3HAYCHME JUIS IT0JIO-
JKUTCIBHBIX nepeMeHHbIX Tuna doubleu T.1. Hmwke npuBeneHa tadbnuia
CUMBOJIMYECKHMX KOHCTAHT U3 (paitna <limits.h>.

Koncranra 3HaYCHUE Onucanue

CHAR_BIT 8 KOJIMYECTBO OMT JJIsl TUIIA JIaH-
HeIx char

CHAR_MIN -128 MMHMMAaJbHOE 3HAYCHHUE TUIIA
JaHHBIX cChar

CHAR_MAX 127 MaKCHMAaJIbHOC 3HAYCHHE TUIIA
MaHHBIX char

SCHAR_MIN -128 MHHUMAaJIbHOE 3HAYCHUE THIIA
naHHbBIX Signed char

SCHAR_MAX | 127 MaKCHMAaJIbHOC 3HAYCHHE TUIIA
naHHBIX Signed char

UCHAR_MAX |255 MaKCHUMaJIbHOE 3HAUCHHE THUIIA
naHHBIX UNsigned char




SHRT_MIN -32768 MHHMMAaJbHOE 3HAUYEHHUE TUIIA
JIaHHBIX Short
SHRT_MAX 32767 MaKCHMaJIbHOE 3HAUCHHE THIIA
naHHbIX short
USHRT MAX | 65535 MaKCHUMaJbHOE 3HAUYCHUE THUIIA
naHHBIX unsigned short
INT_MIN -32768 MHHUMAaJIbHOE 3HAYCHUE THIIA
(-2147483648) | nanHbIxX int
INT _MAX 32767 MaKCHUMaJbHOE 3HAUYCHUE THUIA
(2147483647) | mansbix int
UINT_MAX 65535 MaKCHUMaJbHOE 3HAUYCHUE THUIA
(4294967295) | mannbix unsigned int
LONG_MIN -2147483648 | MuAMMaNIbHOE 3HAYCHUEC THIIA
JIaHHBIX long
LONG_MAX 2147483647 MaKCHMaJIbHOE 3HAUCHHE THUIIA
naHHBIX long
ULONG_MAX (4294967295 MaKCHMaJIbHOE 3HAYCHHE TUIIA
naHHBIX UNsigned long

[IpuBenemM Takke HEKOTOPHIE CUMBOJNYECKHNE KOHCTAHTHI U3 (haii-

na <float.h>:

Koncranra 3HaueHue Omnuncanmne

FLT MIN |1.175494351e-38 MHHHUMAJIbHOE
IIOJIOJKUTEIBHOE 3HAUECHHE
tuna nadabeix float

FLT MAX |3.402823466e+38 MaKCHMAaJIbHOE 3HAUCHHE
tma gqa"gueix float

DBL _MIN |2.2250738585072014e-308munMansHoe
[IOJIOJKUTEIBHOE 3HAUYECHHE
trna naHueix double

DBL MAX | 1.7976931348623158e+30fakcumanbpHoe 3HaUYCHUE
tuna nauaeix double

B si3pike Cu €cTh XKECTKOe TpeOOBaHME: BCE ONMUCAHUS MEPEMEH-
HBIX BHYTpU OJIOKA JOJKHBI pa3MellaThcsl BHaYajle JAHHOTO OJI0Ka /10
IIEPBOTO ONEPATOpA.

10




IlepenmosiHeHHe 0e33HAKOBBIX IeJbIX THNOB. Eciu 3HadeHue
IIepEeMEHHOM, UMeIoIeld 0€33HaAKOBBIN MBI THUI, BBIXOJUT 3a I'PaHU-
el cBoero gauamnazona (or O mo M, rme M — npenenbHO JOIMYyCTHMOE
MaKCHMaJIbHOE 3HA4YCHHUE), TO B ATOW IMEPEMEHHOW OyIeT XpaHUThCS
YHUCJI0, B3ATOE 10 MOy 0 ynciaa M+1.

Hanpumep, mycTh niepeMeHHass a umeetr tan unsigned short3a-
NUIIeM B TEPEMEHHYI0 @ 3HAYC€HHE CUMBOJUYECKOW KOHCTAHTHI
USHRT_MAX (a = USHRT_MAX).To ecTh B IepeMeHHON & Haxo-
autTes uncno 65535. Ecnu Teneph 3HaueHWE TTIEPEMEHHON & YBEIIUUUTh
Ha equHuUIly (at++), To mepemeHHas a npumet 3HaueHue 0. Eciim Tenepb
U3 @ BBIYCCTh eAMHUILY (@--), TO IEpeMEeHHas & BHOBb IMPUMET 3HAUYCHHE
65535.

IlepenosiHeHHe 3HAKOBBIX HeJbIX THNOB. [lycTh, Hampumep,
nepemeHHas a terneps umeer tun Shortm a = SHRT_MAX o ectb
a = 32767).Eciu x a npubaButh enuuuiy (at+), To mepeMeHHas a
npumMet 3Hadenue SHRT_MIN, To ectp a Oyner uMeTh MUHUMAJIBHO
JOMYCTUMOE OTpHIlaTeIbHOE 3HaUeHue. M Hao0opoT, eciu nepeMeHHas
a nmeet 3HaueHrne SHRT_MIN u u3 a Beryecth eaunuily (a--), To me-
peMmeHHas a npumet 3HadeHue SHRT_MAX.

IIpeoOpa3zoBanus TUNOB. Eciiv B BBIPaKCHUHU MOSIBJISIIOTCSA OTIE-
paHIbl pa3IMYHBIX 0a30BBIX THUIOB, TO OHM MPEOOpa3yrOTCs K HEKOTO-
poMy 0011IeMy TUITY TIO CJICAYIOUIUM OOIIMUM MpaBUIIaM.

 Ecam kakoi-m00 W3 ONEPaHJIOB NPHUHAUICKHAT THUIY long
double,to u ocTanbuBIe TpEBOAATCS K lOoNg double.

* B mpoTuBHOM ciy4ae, €CliM KaKOW-TM0O0 M3 OIMepaHI0B MpH-
Hautexut Ty double,ro u npyrue npusoasTcs k double.

B mpoTuBHOM ciy4ae, €CJiM KaKOW-TM0O M3 OMepaHI0B MpH-
Hajexut Tuny float, To u ocransHbie mpuBoaATCs K float.

B mpoTuBHOM ciy4ae, €CJiM KaKOW-TM0O0 M3 OMepaHJ0B MpH-
HaUIeKUT TUny unsigned longyo m ocTanbHBIE MPUBOASTCS K THITY
unsigned long.

B mpoTuBHOM ciiy4ae, €CliM KaKOW-TM0O0 M3 OMepaHI0B MpH-
HAUICXKUT TUIY |0Ng, To 1 ocTallbHBIC TPUBOAATCS K THITY lOoNng.

B mpoTuBHOM ciy4ae, €CJiM KaKOW-TM0O0 M3 OMepaHI0B MpH-
HaJUICKUT TUny unsigned int,To u ocrajbHbIE MPUBOIATCSA K THITY
unsigned int.
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* B mporuBHOM ciy4ae, eCiiM OmepaHIbl UMEIT T uUnsigned
shortu/vmm unsigned chamo onn npeoOpa3syrores k unsigned int.
* B npoTuBHOM ciiydae BCe OmepaH bl MPUBOIATCS K TUIY INt.

1.2.Oneparopbl U BbIpasKeHUS

Apudmernueckue omeparopbl. K HUM oTHOCAT ciokenue (+),
Bbluntanue (-), ymuoxxenue (*), nenenue (/), octatok ot nenenus (%).
JlelleHHe HelbIX YHCces COMPOBOXKIAETC 0TOpAachIBAaHUEM JIPOOHOM Yac-
td. Beipaxkenue a % b gaet octatok npu aenennu a Ha b. Hampuwmep,
II0CJIC BBIMOJIHEHUS CIICAYIOIICH YacTH IPOrPaMMBbI

inta=5,b=3,q, r;
g=al/lb;
r=a%b;

nepemMeHHas g Oyzet umeTh 3HadeHue 1, a r Oyaer paBHO 2.
3ameTHM, 4To ornepaTop % MPUMEHSIETCS TOJIBKO K IIEIIBIM YHCIIaM.
OnepaTtopsbl OTHOLLICHHMS U JIOTHYECKHEe onepaTopbl. K HUM OT-
HOCST CJICAYIOIIUE OIepaTophl. 0OJbINe Wik paBHO (>=), 6onbme (>),
MEHBIIIE WK paBHO (<=), MeHbIe (<), paBHO (==), He paBHO (!=), TOTH-
yeckoe U (&&), nornueckoe NI (||),orpumanune HE (!).
JIro0oe JTornyecKkoe BRIPAKEHHUE MOKET MPUHUMATH JU0O0 WCTHH-
HOC 3HaYCHHE, TU00 J0KHOE. JIOTHYeCcKoe 3HaUCHNE «HCTHHA» B S3BIKE
Cu mipeicTaBiisieTcs JII0OBIM IICJIBIM HEHYJICBBIM 3HAUCHHUEM, a 3HaUCHUE
<JI05Kb» —HYJIEM.
JIJIs pOM3BOJILHOTO BBIpaKEeHHUS A OyAyT BBIITOJHCHBI CJICIYIO-
IIME PAaBCHCTBA!
A && J10Kb = JI0XKD,
A && uctuHa = A,
A || noxs = A,
A ||uctuHa = uctuHa.

BreIpakeHHs, MKy KOTOPBIMH HaxoaaTcs omepatopel && u ||,
BBIYHCIIIOTCS CJIE€Ba HAMPABO, MPUYEM BBIYHMCICHNE 3HAYCHUS BBIpaXke-
HUS MPEKPAIIAETCs Cpa3y ke, KaK TOJbKO CTAHOBHUTCS SCHO, KAKHM OY-
JET Pe3yJbTaT — UCTUHHBIM WM JIOXKHBIM. 3aMETHM, YTO TPHOPHUTET
orepatopa && BBl TPHOPUTETA OrepaTopa ||.
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Hanpumep, nycth onpenesieHbl 1elible IEPEMEHHBIE X U Y C UHHU-
nuajim3anuen HauajlbHBIX 3HAYEHUM .

intx=1,y=2;
B mornueckom BBIPpA’>KCHHUH
.(X>y&&y>0)...

CHayaja BBIYHCIISICTCS 3HAYCHHE BBIPAXXEHUS X > Y, KOTOPOE B JAHHOM
clIy4ae SBIJIICTCS JIOKHBIM (HyJIeBbIM). Tak Kak JJIsI HCTUHHOCTH JIOTH-
yeckoro BelpakeHus Buga A && B, rie A u B — HekoTophIe BhIpake-
HUSI, HEOOXOIUMO U JIOCTATOYHO, YTOOBI M A, u B ObuIM UCTUHHBIMU
BBIpOKCHUSMH, TO BhIpaxkeHue (X >y && Yy > 0) npuMeT JI0)KHOE 3HA-
yeHue. [ToaToMy KOMIUISATOP HE OyJIeT BHIYUCIIATH 3HAUYCHUE BhIpaKe-
Hus y > 0.
AHaniornyHo, nyctb X = 1, y = 2Torjia 3HaueHNE BbIpaKEHUS

(Y>> X&&E&EX>0||x==y && x> 0)...

OyJleT UCTUHHBIM, TaK KaK y)kK€ UCTUHHO BhIpakeHue Yy > X && X > 0,
IIOATOMY HET HEOOXOJAMMOCTH BBIYHCIIATH 3HAYCHUE BBIPAKCHUS

X ==y && X > 0 (HamoMHuM, 4TO BhIpakeHue Buaa A || B uctuaHO
TOTJ[a W TOJIBKO TOTJA, KOTJIa HCTUHHO XOTs OBl OJHO W3 BBIPAKCHUH
A wm B).

W3 cka3aHHOTO BBIIIE CIIEYET, YTO MEPBBIM OTNIEPAHAOM OINEPaTO-
pa && s3ddexTuBHEEe CTaBUTh TOT, Y KOTOPOTo HAWOObINIAs BEPOST-
HOCTh OKa3aThCs JIOKHBIM. A s omepaTopa ||, Ha000poT, B KauecTBE
NEPBOT0O OMepaHa Jydlle CTaBUTh TOT, Y KOTOPOTO HanOoJIbIlas Bepo-
STHOCTb OKa3aThCsl HCTUHHBIM.

Omneparop npucBanBanus. OOumil BUA orneparopa MpucBauBa-
HUS CJICAYIOIIUN:

MMsI_TIEPEMEHHON = BBIPAKCHHUE

Hanpumep:
double x, y, z; PonpenenseM Tpu ACHCTBUTEIbHEIC IICPEMCHHBIC */
x=0.2; [*nepemenHOl X nmpucBanBaeM 3HaueHue 0.2 */
y = 0.5; [*nepemenHoii y nmpucBauBaeM 3Hauenue 0.5 */
Z=X+Y, [*nepeMeHHOl Z MpUCBauBaEM CyMMY 3HAYCHHH X 1 Y */
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[TockonmbKy pe3yabTaTOM BBIPAKEHHS C OMEPAaTOPOM IMPHUCBAWBa-
HUS SIBJISICTCS 3HAYCHHE BBIPAXKEHUS, CTOSIIETO CIpaBa OT OMEpariuu
PUCBAaUBaHUs, TO BBHIPAXKEHUS MIPUCBANBAHUS MOTYT OBITh BJIOYKEHHBI-
My, Harpumep X =Y = 0.31ech cHavana OyA€T BBINOJHEHO MPHUCBaUBa-
Hue Y = 0, mociie KOToporo nepeMeHHas y OyAeT paBHa HYJIIO, a 3aTeM
3TO 3HAYEHUE OYyJIeT MPUCBOCHO MEPEMEHHOM X.

B s3pike Cu MPUHATO CIIEAYIOINIEE MPABUIIO: JIIOOOE BBIPAKEHUE C
OTIepaTOpOM TPUCBAMBAHUS, 3aKIIOYCHHOE B KPYIJIbIe CKOOKH, MMEET
3HaUYCHHE, paBHOE NPUCBAUBaEMOMY BhIpakeHuto. Hampumep, Boipaxe-
Hue (X = 1 + 2)umeer 3HaueHue 3. [loaTOMy MOXKHO 3amucaTh TaKoe
BBIpa)KCHUE!

y=Kx=1+2)+4,
r7e NepeMEeHHON Y MpUCBauBaETCs 3HaU€HUE 7, a MepeMeHHast X OyaeT
UMETh 3HaueHHE 3. YUHUTHIBasi JJAHHOE OOCTOSATEIHCTBO, MOKHO TaKkKe
3aMUCHIBATH JIOTUYECKUE BHIPAXKEHUS C ONEPATOPOM IIPUCBAUBAHUS, Ha-
npumep

(x=1+2)<4),

KOTOPOE€ B JAHHOM CJIy4ae SBJSCTCS UCTUHHBIM.

B si3p1ke Cu 17151 KOMIAKTHOM 3aMMCH BBIPAXXECHUH, IJI€ Y4aCTBYIOT
oriepaTopbl NMPUCBAUMBAHUS, UMEIOTCS CJICAYIOIIME CHeIHaIbHbIe apud-
METUYECKHE OTEPATOPHI:

Oneparop [Tpumep OKBUBAJICHT
+= a+=10; a=a+ 10;
-= a-=2; a=a-—2;
*= a*=>h; a=-a*b;
/= al=10; a=a/ll0;
%= a %= 3; a=a% 3;

Onepatopbl MHKpeMeHTa U JeKpeMeHTa. O4YeHb 4acTO B MPO-
rpaMMmax K MEepeMEHHON MNpuUOaBISIETCS €AUMHUIIA WIM OT MEPEeMEHHOMN
€MHUIA BBIYUTAECTCSA. YBEIMYEHUE 3HAUYCHUSI Ha 1 Ha3pIBaeTcs WHKpe-
MEHTOM, a yYMeHbIlIeHue Ha 1 — nexkpeMeHToM. JIJIsi MaHHBIX JIEMCTBHI
IPETyCMOTPEHBI CIICITUABHBIC ONIEPATOPHI. ONepaTop MHKpeMeHTa (++),
KOTOPBI YBEIIMYMBAET 3HAUCHUE NEPEMEHHOM Ha 1, u omeparop aekpe-
MeHTa (--), KOTOPBI, B CBOIO OYepe/b, YMCHBIIACT 3HAYCHHUE MTEPEMCH-
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Hoii Ha 1. Hanpumep, mycth nepemenHas X umeet tun double.Cnenyro-
IIHEe TPU BBIPAKEHUS MPUBEAYT K OHOMY U TOMY K€ PEe3yJIbTarTy:

X++; X=X+1; X+=1;

OmnepaTopbl HHKPEMEHTA U JCKPEMEHTa padoTalOT B IByX BapuaH-
Tax: npegurxciom v nocmeurcrom. TlpeuKCHbI BapuaHT 3amUCHIBa-
eTCs mepea MMeHeM mepeMeHHOH (++X), a MOCT(PUKCHBIA — MOCIC Hee
(x++). B mpocThIX BBIpaKEHUSAX, HATIPUMED

X++ wuw  +X

0o0a BapuaHTa PaBHOCHJIBHBL. B CI0KHOM K¢ BBIpakCHUU (€ClId B BBI-
POKECHUU MPUCYTCTBYET OIEPATOpP NMPUCBAUBAHUA WU OINEPATOP HHKpE-
MEHTa WJIM JIEKPEMEHTa) NPEPUKCHBINA M MOCTHUKCHBIA BapUAHTHI IPH-
BEAYT K pa3jJWyHbIM pe3yiabTaTaM. IIpedUuKCcHBIN onepaTop BHITOIHSICT-
Cs JI0 orepaTopa NMpHCBauMBaHUs, a MOCTHUKCHBIN — mociie Hero. Ha-
puMep, TOCHE CIEAYIONIEH YacTH MporpaMMbl TepeMeHHas Y Oyner
MMETh 3HaUYCHHUE 2.

x=1;
y = ++X;
a II0CJI€ TaKUX CTPOYEK IPOrpPaMMBI
X=1;
y = X++;

nepeMeHHas Yy Oyner umerh 3HadueHue 1. IlepemeHHast ke X B 000uX
clly4asix IpUMeT 3HaueHue 2.

Ilycroit onmeparop. /laHHbIld oniepaTtop COCTOUT U3 TOUYKHU C 3alls-
ToH (;) M MCIOIB3yeTCs I 0003HAUCHHUS ITyCTOTO Teja YIPaBIISIOIIETo
orneparopa.

KomMeHnTapuu B TekcTe mnporpamm. KommenTapuii — HaOOp
CUMBOJIOB, KOTOPBIE HUTHOPUPYIOTCS KOoMMOWISATOpoM. KommeHTapuii
MOKET MOMEIIATHCS B JIIDOOM MECTe POrpaMMbl U 3aHUMAaTh OJIHY WJTU
HECKOJIbKO CTpOK. BHyTpu Habopa CUMBOJIOB, MPEICTABISIONIUX KOM-
MEHTapuii, He JOJKHO OBITH CUMBOJIOB /* U */, IpeACTaBIAIOMIMX COOT-
BETCTBEHHO HA4aJIO U KOHEL KomMeHTapus. [Ipumep koMMeHTapus:

[* Tekct kommeHTapus */
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1.3. KoHcTaHTBI

KoHcTtanTel B s3bIke CH MOTYT OBITH CTPOKOBBIMH, CUMBOJIbHBIMH,
IICJIBIMU M BEIICCTBEHHBIMU. UTOOBI ONpEIeIuTh KOHCTAHTY, HEOOXOIH-
MO COOOIIUTh KOMIIMJISATOPY €€ UMs M 3HadyeHue. [[1s ee ompeaeieHus
UcnoJib3yercs aupektrBa #define umeromas ciaenyomui CHHTaKCHUC!

#define ums 3HaueHuUe

[Tocne nupeKTUBBI TOYKA C 3aIITOM HE nuieTcs. [lepen Tem kak HayaTh
TCHEpHUPOBATh 00OBbEKTHBIC (MAIIMHHBIC) KOJIbI, KOMIUISATOP IMOACTaBIIS-
€T BMECTO KaKJIOTO BCTPEYEHHOTO UM UMEHU KOHCTAHTHI €€ 3HAYCHUE.

s onpeneneHus YUCIOBOM KOHCTAHThI HEOOXOAUMO 3aJ1aTh €€
M 1 3HaueHue. Hanpumep, mycTb UMEETCS TUPEKTUBA

#define Pl 3.14

Torga mpenpoueccop nepen TPAHCISIIUEH MPOrpaMMbl 3aMEHUT B HEU
Bce umeHa Pl Ha uucioBoe 3nauenue 3.14:

[* ucxomHas nporpamma */ [* mocne npenporeccupoBanus */
#include <stdio.h>
#define PI 3.14

int main( ) int main( )

{ {
double x = 2*PI; double x = 2*3.14;
printf("%f\n", PI*PI); printf("%f\n", 3.14*3.14);
return O; return O;

} }

[Ipu ompeniesiecHUU KOHCTAHTHI €€ TUI HE yKa3biBaeTcs. KoMmuiis-
TOP CaM OIPEJICNINUT, K KAKOMY THITY OTHOCHUTCS OOBSBJICHHAs KOHCTaH-
Ta, 1O €€ 3HaUeHHI0. B mpuBeneHHOM BhIIIEe NTpuMepe KoHcTaHTa Pl Oy-
JIET OIpEAECTICHa KaK JEUCTBUTEIBLHOE YUCIIO C IUIABAOIIEH TOUYKOM, TaK
Kak ynucio 3.14aBnserca 1eiCTBUTEILHBIM.

Ecnu 00b1BUTE

#define N 100

To KoHcTaHTa N OymeT oTHeceHa K IeIoMy THUIly, Tak kak uyucio 100
SABIISIETCS LIEJIBIM.
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YtoObl 00BsBIICHHAs KOHCTAaHTa OblIa OoTHeceHa kK Tumy float, He-
00X0JIMMO, YTOOBI YMCIIO UMEIO XOTs Obl OJHY LU(PY MOCIE 3aMsIToMH,
Hanpumep

#define X 2.0

Ecnu 00BsBIIsIeTCS KOHCTaHTa CUMBOJIBHOT'O THUIIA, TO OHA JOJIDKHA
OBITH 3aKJIIOUCHA B OJMHAPHBIC KABBIYKH.

#define LETTER ‘&’

Ecnu ke B KauecTBE KOHCTAHTHI HY>XXHO OOBSIBUTH CTPOKY, TO €€
H€O6XOHI/IMO 3aKJIO4YUTH B HBOfIHBIG KaBbIUKH.

#define SENTENCE “This is a string constant”

JInsi 3amOMUHAHUSA CTPOKOBOW KOHCTAHThI MCIOJIB3YETCS IO OJHOMY
0aiiTy Ha KaXJbli CUMBOJI 1 aBTOMAaTUYECKH J00ABIISIETCS K HEH mpH-
3HaK KOHIIA CTpOKH — cuMBOJ ‘\O’, KOTOpBIH B TaOJHIIE CHMBOJIOB
ASCI| umeet HyneBoit kod. JlaHHBIM CUMBOJ SIBJSETCS OTPAHUYUTEIIEM
CTPOKH.

3ametrrM, 4To omeparop Sizeof() MoXHO Takke MPUMEHATH IS
KOHCTaHT, HallpuMmep:

#include <stdio.h>

#define EXP 2.711828

#define GREETING "Hi"

int main()

{
printf("%d\n", sizeof(EXP));
printf("%d\n", sizeof(GREETING));
return O;

}

[Ipu stom pasmep ctpokoBoii koHcTaHThl GREETING Oyner umers
3HaueHue 3, Tak Kak yumtbiBaeTcsa cuMBoi \O'. Tor e pe3ynabTaT Io-
JYUYUTCS U TIOCIIe MHCTPYKIIHH

printf("%d\n", sizeof(“Hi"));
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1.4. HeckoabKko ¢j10B 0 pyHKmuu main()

S3pik CH sIBJIIETCS MPOLIEAYPHBIM s3bIKOM. JIro0as mporpamma,
HalWCaHHAs Ha JAHHOM SI3bIKE, COCTOUT M3 OJTHOM Win OoJiee QyHKITUH,
CpeIr KOTOPBIX 00513aTeIbHO JTOJDKHA MPUCYTCTBOBATh PpyHkmms main(),
TaK KaK IMporpaMma IpH 3amycke Bcerja HaunHaeTCs ¢ 3TOH QYHKIUH.

3ameruM, uto ¢GyHKIMA Main() Bo3Bpammaer tan iNt. 9To mpomu-
cado B crangapre C99 Okta6ph, 1999rox): «DyHKIMSA, BbI3bIBAIONIAS
3allyCK MPOrpaMMbl, Ha3bIBaeTcsA Main. Peanusaius He 0OBABISCT IIPO-
TOTHI JUIst 3TON (pyHKIMHU. OH TOJDKEH OBITH ONPEJICIICH IyTEM BO3Bpa-
Ta 1iesioro tuna int... Eciim Bo3BpamiaeMplii THIT HE COBMECTHM C THIIOM
iNt, cocTostHKME 3aBEPILICHUS, BO3BPAIAEMOE B XOCT-CPEY, ABJISACTCS He-
cnenuduirpoBaHHbpIM». TO €CTh €Clii BO3BpamiacMblii THIT (PYHKITHH
main() otirueH oT Tumna iNt, TO KOMIMIATOP BOJICH BO3BpAIlaTh B XOCT-
cpeny (B OCHOBHOM, 3TO ONEpaIlMOHHAs CUCTEMa) JTF000e COCTOSTHHE,

KoHedHo, i MaJleHbKHX IMPOrpaMM BO3BpAIllCHUE 3HAUCHUS B
OIEPAIMOHHYI0 CHCTEMY HE CTOJIb BaxkHO. Ho Bce ke HEKOTOphIC oIe-
palMoOHHbIC CHCTEMBI IIPEIyCMAaTPUBAIOT BO3MOYKHOCTh MPOBEPKHU 3HA-
YeHHS, KOTOpOE BoO3Bpaliaercss mporpamMmoii. [lostomy ymoOHO BO3-
BpalllaTh HYJICBOE 3HAYCHHUE, KaK KOJ HOPMaJIbHOI'O 3aBepIlIcHHs pado-
Thl (PYHKITUH.
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2.BBOJ U1 BBIBO/J B CH

2.1.CtanaapTHbIA BBOJ-BbIBO/

Nwmeetcs psan 6ubamoTeynbix GyHKIUN s3bika Cu, obecreunBaro-
IIMX CTAaHAAPTHYIO CUCTEMY BBOJA-BbIBOJA JIsl mporpamMm Ha Cu. Bech
BBOJI U BBIBOJI OOECIIEUMBAETCS MOCPEICTBOM TaK HA3bIBAEMBIX NOMO-
KO8 — TMOCJIENOBATEILHOCTEM CHUMBOJIOB, KOTOPBIE OPraHU3YIOTCS B
CTPOKH U 3aBEPIIAIOTCS CUMBOJIAMU HOBOW CTPOKH.

Crangaptabiii BeiBOA. OyHkius putchar() semsercs mpocreii-
el GyHKIMEeH KOHCOJIBHOTO BBO1a-BbIBOIa. OHA BHIBOAUT €IMHUYHBIN
CHUMBOJI Ha SKpaH:

int putchar( int c)

B kadectBe pesynpTaTa JaHHas (DYHKIHS BO3BpalllaeT MEpeAaHHBIA B
Ka4yeCTBE MapaMeTpa CUMBOJI C, B cirydae ke omuoku — EOF.ITapameTp
JTaHHOU (YHKIIUU JOJDKEH OTHOCHUTBHCS K OJJHOMY M3 CIICIYIOIINX BHUJIOB
JTAHHBIX

[* cumBoNIbHAsE KOHCTaHTa */ | [* cumBONBHBIN uTepan®/ | [* cuMBobHAS TIepeMeHHasT*/
#include <stdio.h> #include <stdio.h> #include <stdio.h>
#define LETTER 'A’ int main( ) int main( )
int main( ) { {
{ putchar('A"); char letter ="A’;
putchar(LETTER); putchar(\n"); putchar(letter);
return O; return O; return O;
} } }

Hwuxe IMPUBCACHBI YIIPABIAIOIMINC CHUMBOJIbI, HCKOTOPBLIC U3 KOTO-

PBIX MO3BOJISIIOT TIEpEMEIIAaTh KypCcop MO dKpaHy:

CuMmBoI Kon Onucanue
CUMBOJIa
\b 8 nepeMeleHre Kypcopa Ha OJIHY IO3UIIMIO BJIEBO
\t 9 TOPU30HTAJIbHAS TA0yIIAIIHS
\n 10 MepeMENICHUE Kypcopa B HA4ajIo0 Cleayroen
CTPOKH
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\v 11 BEpPTUKAJIbHAS TAOYJISIUS

\r 12 MEpEMEILICHUE Kypcopa B Ha4aja0 TOM k€ CTPOKHU
0e3 mepexojia Ha CICIYIONIYIO

\f 13 HOBAas CTPAHMIIA

\” 34 nBoitHas kaBbruka ()

\ 39 onuHapHas kaBbraka (‘)

\? 63 | BompocuTeabHbIH 3HaAK (?)

\\ 92 | oOparHas HaknoHHas yepra (\)

®yHk1usa PUts() oCyIecTBISCT BBIBO CTPOKH HA SKpaH:
int puts(const char *s)

B kaudectBe mapamerpa JaHHas (yHKIUS JOJKHA MOJYYUTh OJUH W3
CHEAYIOIINX BUIOB JaHHBIX

[* ctpokoBast koHcTaHTa*/
#include <stdio.h>
#define MESSAGE "a message
int main( )
{
puts(MESSAGE);
return O;

[* ctpokoBbIit TuTepan*/

#include <stdio.h>

2'Int main()

{
puts("a message");
return O;

}

}

[* ctpokoBast nepemennas™/

#include <stdio.h>

int main( )

{
char message|] = "a messgge
puts(message);
return O;

}

3aMeTuM, 4TO I0Ji CTPOKOBBIM JIMTEPAJIOM IMOAPAa3yMEBACTCs MOCICI0-
BaTEJILHOCTh CHMBOJIOB, 3aKIFOUEHHBIX B IBOMHBIC KABBIYKH.

ITpu Be3OBe (yHKIMs PUts() oToOpa3uT Ha dKpaHE 3HAYCHUE IIe-
PEIaHHOTO apaMeTpa, a 3aTeM IIOMECTUT Kypcop B Ha4aJlo ClICAYIoIei
cTpoku. B kadecTBe 3HAUYCHHUS JaHHAs (DYHKIUSA BO3BpAIAcT HEOTPHUIIA-
TEJILHOE YKCJIO, €CJIU MPH BBHIBOJE CTPOKHU S OIIMOKH HE MPOHU3OIILIO, B
ciny4ae xe omnbku — EOF.

Cranaaptabiii BBoA. Oynknus gets() BBOAUT CTpOKy B mepe-
MEHHYIO S 0 Te€X IIOp, IT0Ka HE BCTPETUT CHMBOJ HOBOM CTPOKH HIIH
WHIUKATOp KoHIa ¢aiina. [locie 3Toro MaccuBy CMMBOJIOB S 100aBIIs-
eTCsl OrpaHrYMBaroIIHi cuMBoJ1 \O’

char *gets(char *s)

[TapameTpom manHON QYHKIIMM SBIISIETCS UMS TlepeMeHHon. Hampumep:
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#include <stdio.h>

int main( )

{
char s[10];
gets(s); /®BBox cTpokH C KIaBHATYPHI */
puts(s); /BbIBoa CTpOKHW Ha 3kpaH  */
return O;

}

dynknus gets()oyaer paccMaTpuBath MepBbie 9 CUMBOJIOB, BBEACHHBIX
C KJIaBHATypbl, KaKk 3HAYCHUE CTPOKOBOU MIEPEMEHHOM S, M OJIMH CHMBOJI
otBoAMTCS s HyJeBoro cumBosia \Q'. [ToaTtomy pealbHO MOKHO BBe-
CTH Ha OJIUH CMMBOJI MCHBIIIC.

®dyukius gets(char *sposspaiaer crpoky S. Hanpumep, B ciie-
AYIOMEM TIPUMEpPE MPOUCXOIUT 3alpPoOC BBECTH CTPOKY, IMOCIE YEro
BBEJICHHAS CTPOKa BBIBOJAMTCS Ha 3KPaH BMECTE CO 3HAYCHHEM e¢ -
HBI, ¥ TaK JI0 TE€X IOp, ITOKa BMECTO BBOJA OUYEPETHOW CTPOKHU HE OyIeT
npocto Haxkata kinasuina ENTER.

#include <stdio.h>

#include <string.h>

int main()

{
char s[10];
while (strlen(gets(s)) > 0)

printf("%s %d\n", s, strlen(s));

return O;

}

OyHKIUA getchar() BBOJIUT C KJIABUATYPbl €AUHUYHBIN CUMBOJI:
int getchar(void).

B kadecTBe pe3yibTaTa Kakaoro cBoero BbizoBa (yHkmus getchar()
BO3BpaIllacT CUMBOJI BBOJIa WJIH, €CJIM OOHAPYKEH KoHel| (haiiia, 3Hade-
nue EOF.

#include <stdio.h>
int main()
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char c;

¢ = getchar();
putchar(c);
putchar('\n");
return O;

}

B xadecTBe mpuMepa nmpuBeIeM IporpaMmy, KOTopasi 3ampaninBa-
et cuMBOJI U BeiBoauT ASCII| ko1 BBe1eHHOr0 cMMBoOIIA:

#include <stdio.h>
int main()
{
char c;
c = getchar();
printf("ASCII kogom cumBoia %c seasercs %d\n", ¢, C);
return O;

}

ITpu ucnonbp3oBannu GyHkuu gets() HeoOXoaMMO KOHTPOJIUPO-
BaTh BBOJ CHMBOJIOB, YTOOBI HE BBECTH OOJbIlCe KOJIMYCCTBO CHMBO-
JIOB, YeM 3asBJICHO B TOH CTpPOKe (C y4eTOM HYJIb-CHMBOJIA), KyJa 3TH
CHMBOJIBI BBOJIATCS. ClleAyroImas mporpaMma YuTacT CUMBOJIBI U3 CTaH-
JapTHOTO BXOJHOTO YCTPOMCTBA B CHMBOJIbHBIM MAacCHUB S ¢ KOHTPOJIEM
KOJINYECTBA BBEJACHHBIX CHMBOJIOB:

#include <stdio.h>
int main()
{
char c, s[10];
inti=0;
while ((c = getchar()) I="\n' && i < 9)
s[i++] = c;
s[i] ="\0’;
puts(s);
return O;
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Ho ayume Bmecto pynkiuu gets()ucnons3oBars pynkimio fgets(), xo-
TOpas TO3BOJISET yKa3aTh pa3Mep CHMBOJIBHOIO MAacCHBa, KOTOPBIH
TpeOyeTcs 3aloJHUTh BBOJJOM CHMBOJIOB C KJIABHATyphl. YKa3aHUE pas-
Mepa CHMBOJIBHOIO MacCHBa JaHHON (YHKIUH JaeT BO3MOXKHOCTH M3-
OekaHus OMIMOKU BBIXOJA 3a €ro MpeJelibl, 4YTO HE 0O0EeCIeunBaeTCS
dbyukuueii gets().Heboabimm ke HemocTtatkoM pyHkimn fgets()spis-
eTcs TO 0OCTOATEILCTBO, YTO OHA HE YalseT 3aBEPINAIONIUN CHMBOJI
KoHIIa cTpoku ‘\N’, kak 310 Aemaer QGynknus gets(). Huwxke npuBeneH
npuMep ucnoiib3oBanus ¢yHkiuu fgets(). boiee moapodHO 0 HaHHOM
dbyHKIMHU paccka3aHo B ri1aBe 13 «Pabota ¢ daitmamu».

#include <stdio.h>

int main()

{
char s[10];
fgets(s, 10, stdin);
printf("%s", s);
return O;

}

Bosepamasich k Gyukmuu getchar() gametum, 4To €€ MOKHO UCIIOJIb30-
BaTh TAK)Ke I IPUOCTAHOBKU JACHCTBUSA IPOrPAMMAGBI

int main( )

{
... I* mporpamma */
getchar();
return O;

}

2.2.MdopMaTHbIii BBOA-BbIBO/

®opmaTHbIii BbIBOA. Hecmotpst Ha To uTo pyHkmu putchar()u
puts()MCoaB3YIOTCS JOBOJBHO YacTO, UX BO3MOXKHOCTH HECKOJIBKO OT-
panuueHbl. JlaHHbIe QYHKIMKA HE MOTYT O0OCCIIEUNTh BBIBOJ YMCIIOBBIX
JTAHHBIX.
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®yukrus printf() mo3BosiseT BHIBOAWTH HA JKpaH JaHHBIC BCEX
TUIIOB M MPUHUMATh B KaueCTBE MapaMEeTPOB HECKOJIbKO apryMEHTOB.
JlanHas QyHKIUS TEPEBOJINUT BHYTPCHHEE NPEICTABICHHUE MIEPEMEHHBIX
(B maMsTH KOMITbIOTEPA) B TEKCTOBBIN (hopMar:

int printf(char *format, argument_1, argument_2 argument_n)

®dyukius printf() npeobpasyer, GopmaTHpyeT M MedaTaeT CBOM apry-
MEHTBI B CTAaHIapTHOM BBIBOJIC IO yIIpaBicHueM (popmaTa. B xauecTse
pe3yapTaTa OHa BO3BpAIACT KOJMYECTBO HAle4aTaHHBIX CHMBOJIOB.
Crtpoka ympasienus ¢Gopmarom format comepkur cHerupUKaTOPHI
npeoOpa3oBaHus, ¢ard, MUPUHY MOJEH, TOYHOCTh IPEJICTaBICHUS U
JUTEPATHHBIE CUMBOJIBI.

OcHoBHEbIe npeoOpazoanus Gyukmum Printf():

CumBOn Tumn aprymenTa
%d (%I) | mecaTHYHOE 1[EJ0€ YHCIIO
%u 0€33HAKOBOE 1I€J10€ YHCIIO
%0 0€33HaKOBOE BOCBMEPUYHOE 11€JI0€ YHCII0
V)4 0€33HaK0BOE MIECTHAAIATEPUIHOE 11€JI0€ YUCTIO
%%of neiicteuresibHoe uncio tumna float vuim double
%e IEHCTBUTEILHOE YHCIIO B SKCIIOHCHITUAILHOU (hopme
%g Han0oJee KOPOTKOE MPEACTABICHUE JEHCTBUTEIBLHOTO

yrcna (6o B hopmare %f, 1100 B SKCIIOHEHIIMATIBLHOM
dopmare %e)

%cC OJIMHOYHBIN CUMBOJI

%S nevyarb CTpoku A0 cuMBoja \Q' win B 3a1aHHOM
KOJIMYECTBE CHMBOJIOB

UtoObl 3a1aTh MIUPUHY TIOJSI TIPU BBIBOJE 3HAUYCHHS HEKOTOPOM
NEPEeMEHHOM, HEOOXOJAMMO BCTAaBHUTH IEJIO€ YHUCIO B CHEIU(DUKAIIIO
npeoOpa3oBaHus MEXIy 3HaKoM ImporeHta (%) u crnenudpukaropoM
npeoOpazoBanusa. Hanpumep, macTpyknus printf(“%10d”, 15) zamaer
neyath 1enoro yucia 15 ¢ mmpunoi nous 10.

Ecimu HeoOxoauMo 3a7aTh TOYHOCTH MPEACTABICHHMS, TOTA CIICTY-
€T MOMECTUTh B CIeHM(UKALMIO MPeoOpa3oBaHUs MEXIY 3HAKOM IIpo-
neHTa (%) u crenudukaTopoM IMpeoOpa3oBaHus ACCATHUHYIO TOUKY (.),
MIOCJIe KOTOPOM CTaBUTCS 1IEJIO€ YMCIIO, 3aJaiolee TOYHOCTh MpeCTaB-
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nenust 1aHHBIX. Hampuwmep, mocie unctpykiuu printf(“%.2f", 0.14788)
Ha 3KpaH BeiBeaeTcs uncio 0.15.

Ecii TOYHOCTH MpeICTaBICHUS UCIOIB3YETCs MPU BBIBOJE CTPO-
KOBO¥ TIEpEMEHHOM, TO 3TO OyET 03HaYaTh MAaKCUMaJIbHOE KOJIHMYECTBO
CHMBOJIOB CTPOKH, KOTOpoe OyzaeT Haredatano. Hanpumep, nocie uH-
crpykuuu printf(*%.3s”, “abcde”)na sxpane mosBuTCcs ciioBo abc.

[IupuHy TONS ¥ TOYHOCTH MPEACTABICHUS MOKHO OOBEIUHSTH,
Hanpumep printf(“%10.2f", 0.14788).

Huxe npuBeieHbl IpUMEPhI KCIIOIb30BaHMs oniepaTopa printf().

NuacTpyKmu PesynbTar Ha dKpane
printf(“%d”, 50); 50
printf(*a = %d”, 10); a=10
printf(“%o0”, 9); 11
double a=0.01, b=1.1; 001+11=1.11
printf(“%.2f + %.2f = %.2f \n”, a, b, a+b);
char *s = “abc”; s =abc
printf("s = %s”, s);
char s[] = “abc”; s=ab
printf(“s = %.2s”, s);
printf(“s = %5.1s”, “abc”); S= a

®dyukiusa sprintf() memaer To ke camoe, 4to u QyHkus printf(),
3a UCKJIFOUYCHHEM TOTO, YTO PE3yJIbTAaT BHIBO/IA 3aTIOMUHAETCS B MACCHBE
CUMBOJIOB String (mepBbiii apryMeHT (PyHKIMH), a HE OTOOpa)kaeTcs Ha
JKpaHe:

int sprintf(char *string, char *format, argument atgument_2,..., argument_n)
Hampumep:

int main()

{
char s[10];

sprintf(s, "a = %d", 50);
puts(s);
return O;

}

ITocine yero ctpoka S OyaeT uMeTh 3HaueHue “‘a = 50",
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®opmartHblii BBoA. OyHkiusa scanf() unraer cuMBOIBI M3 CTaH-
JApTHOTO BXOJHOTO MOTOKA, HHTEPIPETHPYET MX COTIAcHO (popmaty u
pacchuIaeT pe3yJIbTaThl B CBOM apTyMEHTHI.

int scanf(char *format, &argument_1, &argument_2&argument_n)

B kauectBe pesyibrata pyHkmus scanf()BosppamaeT KOJUYECTBO yC-
TMEITHO BBEJICHHBIX AJIEMEHTOB JaHHbIX. Hampumep:

int main()
{
double x;
while (scanf("%lf", &x) == 1)
printf("%10.2f\n", Xx);
return O;

}

PaccmoTpumMm, kak padoraet ¢pynkuus scanf()Ilycts crangapTHbIi
BXOJIHOM TOTOK COJEPKUT TOCJIEA0BATENbHOCTh CUMBOJIOB. CHayana
clIeBa HaIlpaBO MpoCMaTpHBacTCs yrpapisiomias crpoka format. Eciu
OYepEIHBIM CHMBOJIOM JIAaHHOW CTPOKH SBJISETCS CUMBOJ Mpobena ‘ ',
a100 cuMBOJ Tadysuu ‘\t', TUOO0 CHMBOJI Iepexo/ia Ha HOBYIO CTPOY-
Ky ‘\N' (maHHBIC CUMBOJBI OyJIeM Ha3bIBaTh NpoOeibHbIMU), TOTAA BO
BXOJTHOM TMOTOKE MPOIYCKAIOTCS BCE MOJPSAJ HAYIIHE MNPOOEIbHBIC
CUMBOJIbI, TIOKa HE BCTPETUTCS Apyroil cumBoi. Jlanee, eciu B yrnpas-
nsromeii crpoke format Bcrtperniics ¢opMar, KOTOPhI HaYMHAETCS CO
3Haka %, TO U3 BXOJIHOTO MOTOKA YUTAETCS MOCIEA0BATEIbHOCTh MO/
PAl UAYIIMX CUMBOJIOB J0 MEPBOro MpoOesbHOTrO cuMBoJia. [IpounTan-
Has TOCJIEIOBAaTEIbHOCTh CHMBOJIOB IMpeoOpasyeTrcss BO BHYTpPEHHEE
3HAQYEHUE B MaMSITH KOMIIbIOTEpAa B COOTBETCTBUHU C TUIOM (opmara,
KOTOpOE TepeaaeTes 1Mo ajipecy ouepeaHoro aprymenra (&argument i).
Ecau B mocieqoBaTeIbHOCTH MTPOYUTAHHBIX CUMBOJIOB BCTPETUJICS He-
JOTTYCTUMBIA CUMBOJI JUIsl TaHHOTO ¢hopMmara, TOrjla B COOTBETCTBUU C
JTaHHBIM (HOPMATOM MPEOOPa3yIOTCA BCE CUMBOJIBI U3 MPOYUTAHHOM TO-
CJI€IOBATEILHOCTH JI0 TAHHOTO HEJIOMYCTUMOTO CUMBOJIA.

Ecnu B ynpassiomeii ctpoke formatscrperniics CHMBOJI, OTJIMY-
HBI OT MPOOEIBbHOTO CHMBOJIA, HE BXOJSAIIET0 B KakoM-11u0o0 ¢dopmMmar,
TOT/Ja MPU CYUTHIBAHUM OYEPEIHOTO CHUMBOJIA M3 BXOJHOTO TMOTOKA
MPOUCXOJUT MPOBEPKA HA PABEHCTBO JAHHBIX CUMBOJIOB. Eciii aHHBIC

26



CHUMBOJIbI OKAXyTCS pa3InyHbIMU, Toraa ¢yHkuus scanf()mocpouno 3a-
BEpIIaeT CBOIO padoTy (BO3BpaTHUB KOJWYECTBO YCIICIIHO IpeoOpas3o-
BAaHHBIX W IEPEIAHHBIX apryMEHTaM 3HAueHUWH), a HECOBIAJAOIU
CHUMBOJI OCTAaeTCS BO BXOJAHOM IOTOKE. ECin jke JaHHBIE CUMBOJIBI COB-
TIaJId, TOT/Ia 3TOT CUMBOJI IponyckaeTcs u pyukmus scanf()npomomkur
CBOIO paboTy.

Hanpumep, mycts pyHkmus scanf(umeer crneayromue apryMeHTHI:

int a;
scanf("a = %d", &a);

YToObI MpaBUILHO BBECTH YHCIIO B IEPEMEHHYIO &, HEOOXOIMMO BBECTHU
C KJIABUATYPbI CTPOUKY BUAA

a=10

OnHo u3 BakHBIX oTiMuui PyHkimu scanf()or ¢pyukuuii getsu
fgets() npu BBOJIE MOTOKA CHMBOJIOB B CTPOKOBYIO NEPEMEHHYIO S CO-
cTout B cieayromeM. Oyuknus scanf()uuraer cMMBOJIBI U3 CTaHIAPT-
HOT'O BXOJHOTO ITOTOKA M 3alIMCBIBACT UX B MEPEMEHHYIO S JI0 TeX IOp,
NoKa He BCTpeTHTcs nmpooenbubiii cumBon (17, \t', \n’). ®yHkmum xe
gets(u fgets()3anucrIBalOT B CTPOKY S CHMBOJIBI U3 BXOJHOI'O IIOTOKA,
1oKa He BeTpeTutTes cuMBoul ‘\n'. Takum 00pa3oM, Hellb3sl C MOMOIIBIO
¢yaknun scanf() BBecT B mepeMeHHYI0 S HEKOTOPOE MpeIOKEHHE,
coJiepIKariee mpoOeITbHBIC CHMBOJIBI.

Hanpumep, nociie onpenencaus crpoku char s[100]u mHCTpYK-
muu scanf(“%s”, s)momeiTka BBecTH npemioxkenue “Ilpuser, mup! \n”
pUBEAET K TOMY, UTO CTpOKa S OyAeT coaepxkaTth 3HaueHue “Ilpuser,’.
Ecim BMecto dynknuu scanf()nmpumenuts ¢pynknuo gets(),ro ctpoka
S Oyznet conepxathb Ilpuet, mup!”. Ecnu ke B 3TOM cllydae UCTOJIb-
30BaTh QyHKIuio fgets(),To B cTpoky S OyIeT 3ammMcaHo Takoe 3Haue-
aue: “Ilpuset, mup! \n”,

®dynkiusa sscanf()untaeT cumMBOIIBI U3 cTpoKH String:

int scanf(char *string, char *format, &argument_1,&argument_n)

JlanHas (yHKIUS MpocMmaTpuBaeT CTpoKy String coriacHo dopmarty
format u mepenaeT moaydeHHbBIC 3HaUeHHS B argument_1, argument_2,
..., argument_n.

Huxe mepedyuciaeHbl TUTBI TaHHBIX U MPUBEACHBI clielUpUKAIIUN
npeoOpa3oBaHus A1 oneparopo printf u scanf.
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Tun Crneunduxaus Cneunduxarys
JAHHBIX npeodpa3zoBaHus npeoopa3zoBaHus
s printf s scanf

long double %Lf %Lf
double %f %lf
float %f %f
unsigned long %lu %lu
long %Id %Id
unsigned int %u %u
int %d %d
short %hd %hd
char %cC %cC
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3. HUKJbI U OTEPATOPbI CPABHEHU S

3.1.¥YcioBHbIi onepaTop

Y CIOBHBIN ONEPATOP MO3BOJISIET IIPOBEPUTH HEKOTOPOE YCIOBUE U
B 3aBHCUMOCTH OT PE€3YyJIbTATOB IMPOBEPKU BBIINOJHUTH TO WA HHOE
nerctere. CTPyKTypa YCIOBHOTO ONEPATOPa UMEET CIEAYIOIINN BU/L:

if (BeIpakeHue)
UHCTpYKIUs_1;

else
UHCTPYKIUS_2;

npuueM elsesacTs MOoXeT OTCyTCTBOBaTh. ECiM BBIpaXKeHHE B CKOO-
Kax MPUHUMAET MCTHHHOE 3Ha4YeHHE (OTIUYHOE OT HYJIS), TO BBITOJ-
HsACTCS MHCTPYKIMA_ 1, a ecnm moskHOE (paBHOE HYJIIO) U MPUCYTCTBYET
elsewacty — HHCTPYKIHUA_2. BMecTO 0HO# MOXKHO HCIIOJIB30BaTh Ha-
O0Op MHCTPYKIIUM, JJISI ITOTO UX HEOOXOAUMO 3aKIIOUHNTh B (DUTYPHBIC
CKOOKH.

[Tockomnbky omepatop If mpoBepsieT YUCIIOBOE 3HAYCHHUE BBIpaXKe-
HUS B CKOOKax, TO B HEKOTOPBIX CIIy4asiX, KOT/la B BBIPAKEHUU MPOUC-
XOJIUT TIPOBEPKA HAa PAaBEHCTBO WJIM HEPABEHCTBO HYJIIO, YCIOBUE MOXK-
HO 3aIMChIBATh B COKpAIIEHHOM BUJie. B 3TOM ciydae 3anuch Buaa

if (BeIpaxkenue != 0)
MOYKHO TIEPEIUCATh CICAYIOUIM 00pa3oM:
if (BeIpaXkeHue)

Cornacuo npuasiToMy B CH COTJIAIICHUIO CIIOBO €lSeBcernia oTHO-
cutes K Omkaiinmemy yciaoBuro if. UToObI KOMIWISTOP PaBHILHO WH-
TEPIPETUPOBAN BIOKCHHBIE If-else koHCTpykIMK, HeoOX0oaUMO JTOJIXK-
HBIM 00pa3oM paccTaBuUTh GUTypHBIE CKOOKH. Hampumep, B mpuBeacH-
HBIX HIDKE JIBYX CIydasx CJIOBO €lSeoTHocuTcs K pa3HBIM yCIOBHUSM If:
B MEPBOM ciydae elseorHocurcs ko BTOpOMy yCIOBHIO, & BO BTOPOM —
K TIEPBOMY.
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if (a > 10) if (a > 10)
if (b <10) {
a=0; if (b < 10)
else a=0;
b=0; }
else
b=0:

B s3p1ke Cu meeTcs oneparop, KOTOPhIN cpazy paboTaeT ¢ Tpems
omnepaHjaMu. ITO YCIOBHBIN oniepaTop « ? : ».CHUHTAKCUC UCTIO0JIb30Ba-
HUS TAHHOTO OIEpaTopa CJIECTYIOIIUN:

BbIpaxxeHue 1 ?BbpIpakeHue 2 :BbIpaXeHUE 3
JlaHHasi CTpOKa YUTAETCS CIECAYIOIIUM 00pa3oM: eciiu BhIpaxkeHue 1
WCTUHHO, TOT/Ia BHITIOIHACTCS BRIpAXKCHUE 2 1 3HAYCHHUE BBIPAKCHUS 2
CTaHOBUTCSI 3HAYEHHEM BCEr0 YCJIOBHOTO BBIPAXKECHUA. B MpOTHUBHOM
ClIy4dae BBITIOJHSAETCS BhIpaXKEHHE 3, U €ro 3HaYeHHWE CTAHOBUTCS 3Ha-
YEHHWEM BCETO YCJIOBHOTO BbIpakeHus. Hampumep, 4ToOBI 3amucaTh B
NEPEMECHHYI0 MaXMaKCUMaIbHOE 3HAYCHUE U3 JABYX Yuced & U D, MOXK-
HO 3aIucaTh TaK:

max=(a>Db)?a:b; /[*max=max{a, b}*

TO €CTh IIEPEMEHHON MAXNPUCBAUBAETCS 3HAYCHUE BBIPAKEHHUS

(a>b)?a:bh.

3.2.0neparTop nepexkya04aTEeb

Omnepatop Switch mo3BosisseT BRIOpaTh OJHY M3 HECKOJBKHX ajlh-
TepHaTUB. JlaHHBIN ONlepaTop UMEET CIEAYIOIUNA OOUTNA BUJL:

switch @eipaxenue)

{

casecoHcranTa-BeIpakenue 1:uHcTpykiuu_1; break;

CaSe&oHCTaHTa-BhIpaXKCHUE N MHCTPYKIUU_N; break;
default:uactpykuu_(n+1);

}
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CHauajna BBIUMCIISACTCS 3HAYCHHE 11€JI0TO BBIPAKEHUSI B CKOOKax, a 3a-
TEM OHO CPaBHUBAETCS CO BCEMH KOHCTaHTAaMU-BBIpaXeHUSIMH. Bce
3HAYEHUSI KOHCTAHT-BBIPAKCHHUH JOKHBI OBITh pa3nuaHbIMU. [Ipy coB-
NaJCHUM 3HAYCHHUS BBIPAXKEHUS B CKOOKaxX CO 3HAYECHUEM OJIHOM W3
KOHCTAHT-BBIPAXEHUHN BBITIOIHIIOTCS COOTBETCTBYIONINE HHCTPYKIIHH.
Eciu HM ofHa M3 KOHCTAHT HE MOAXOAWT, TOTJA BBITIOJHSIOTCS HHCT-
pykiuu ¢ kaoueBbiM ciaoBom default. Ecoiun defaultorcyrctByer un Hu
OJTHa KOHCTaHTa HE MO0, TO HUYETO HEe MPOUCXOIUT.

Hampumep, B creayromen HNporpaMMe NPOMUCXOAUT IPOBEPKA,
YyeTHas WJIM HedeTHas 1udpa Obljia BBEeHA.

#include <stdio.h>
int main()
{
Int a;
printf("a =");
scanf("%d", &a);
switch (a)
{
case 1: case 3: case 5: case 7: case 9:
printf(‘bBenena neuerHas mudpa");
break;
case 0: case 2: case 4: case 6: case 8:
printf(‘bBeacHa uetHas nudpa ");
break;
default:
printf(‘bBeaena e mudpa");
}

return O;

}

3.3.0neparTopsbl HUKJIA

Konctpykmuu si3eika Cu MO3BOJSIOT paccMaTpuBaTh TPU OIepa-
topa rukia: for, whileu do-while.
Omnepatop for popmanbHO MOKHO 3aMKCaTh CIETYIONTIM 00pa3oM:

for(Beipaxkenre 1; BeIpaxkeHue 2; BRIpaKeHHE 3) TEJIO IIHKIIA
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Teno nukna cocrapisier IMOO OHA UHCTPYKIMS, JTIMOO HAOOp MHCTPYK-
Wi, 3aKJIIOYECHHBIX B (UrypHble CKOOKH. Bripaxkenue 1 oObI4HO ucC-
MOJIB3YETCS N1 MHUIMATU3AllM HadyaJbHbIX 3HAUYEHHUH TMEPEMEHHBIX,
KOTOPBIC YIPABJISIOT MUKJIOM (YIpaBisSIoONIue MepeMeHHbIe). Bripake-
HUE 2 ONpEeaeNsIeT YCIOBHS, MPU KOTOPBIX TEJIO IUKJIa OyJeT BBITOJ-
HATbCS. Bripaxkenue 3 omnpeensieT U3MEHEHHE 3HAUeHUM YIpaBIIsio-
KX epeMeHHBIX. L[k fOr BeImoIHASTCS 10 CleAYIOIIeH cxeme:

1. Beruucnsiercs Beipaxkenue 1.

2. Beruucnsercs BeIpakeHue 2.

3. Ecu 3HaueHHME BBIpOKCHUS 2 SBIISICTCS UCTUHHBIM (HEHYJIE-
BBIM), TOTJIa BBITOJHICTCS TEJIO ITUKJIA, a 3aTeM BBIYHCIISCTCS
BBIpAXKEHHE 3 W OCYIIECTBIACTCS TMEPeXo] K BBIPAKEHUIO 2.
Ecim ke 3HaueHWE BBIPpAXKCHHUS 2 SBISCTCSA JIOXKHBIM (HYJIe-
BBIM), TOIJla BBINOJIHEHHE omeparopa for 3aBepinacetcs. [lpu
OTCYTCTBUM BBIp@KEHUsI_2 OHO MOAPA3yMEBAETCS BCErja HC-
TUHHBIM.

Hamnpumep, mocie BhIMOTHEHUS [IUKIIA

for (i=1;i<=10; i++)
printf(“%d\n”, 1);

Ha 9KpaH OyayT BbIBeJACHHI lLienble uuciaa 1, 2, ..., 10,a nocne BwImoi-
HEHUS 1IHKJIa

for (i=10;i>=1;i-)
printf(“%d\n”, i);
Ha dKpaHe nossaTcs uncaa 10, 9, ..., 1.

[TpuBeaem Taxke nmpuMep 1ukia for ¢ aByms ynpapisironumu re-
PEMEHHBIMU:

for (i=1,j=10;i<j; i++, j-)
printf(“%d %d\n”, i, j);
VYnpapnsromas nepeMeHHass MOXKeT ObITh CHUMBOJIbHOM. Harmpu-

MCpP, HHIXC IIPUBOJMUTCA BBIBOJA HA 3KpPaH BCCX CTPOYHLIX JIATHHCKHX
CHUMBOJIOB.

char c;
for(c ='a’; c <='z'"; c++)
printf("%c ", c);
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JIroboe M3 TpeX BBIpAKEHUU B ITUKJIE MOXKET OTCYTCTBOBaTh. Ha-
IIPUMED, LUK

for (; ;) { remo nukna }
SBJSICTCSI OECKOHEUHBIM.
Omnepatop While popMaibHO 3aruchIBacTCs B BUJIE
while (BeipakeHue) Teo uKja

BeIpakeHHe B CKOOKax MOJKET NMPUHUMATH JHOO HYyJIEBOE (JI0XKHOE),
a1M00 HeHyleBoe (MCTUHHOE) 3HaucHue. Telo mukia OyAeT BITOIHATH-
Csl, TOJIBKO €CJTM BBIPOXKCHHE UCTUHHO. ECIIN jke BBIpaKCHUE JIOKHO, TO
MK 3aBepiiaetcs. Hampumep, BbIBOA Ha dkpad uucen 1, 2, ..., 10
MOJKHO OCYIIECTBUTH CJICAYIOMIUM 00pa3oM:

=1,

while (i <= 10)

{
printf(“%d\n”, i);
I++;

}

Omnepatop nukia for Bumga
for(Beipaxkenue 1; BelpaskeHHE 2; BhIpa)KCHHE 3) TEIIO IIUKIIA

MOJKHO 3aMEHHTH olepaTopoMm mukia While cnegyrommm o6pazom:
BbIpakeHue 1;
while (Beipaxkenue 2)
TEJIO IWKJIA
BBIpaXeHUE _3;

}

Omnepatop do-while. Eciin mpoBepka HCTHHHOCTH BBIPAKCHHS
mukia While npoucxoauT 10 BBITOJIHCHUS Teja IMKJIA, TO B IIHMKIC
do-while sta mpoBepka OCYyIIECTBISICTCS IOCJIC MPOXOXKIACHHUS Tela
ukia. Oneparop do-while popmanbro 3anuceiBaeTes B BHIE

do Teno mukaa while (BelpakeHue);

33



Teno nukaa OyJaeT BBIIOJHIATHCS 0 TeX IOp, IMOKa BhIPaKEHHUE B
CKOOKaxX SIBJISETCS MCTUHHBIM. ECIU BBIpaKE€HHE JOXHO IPU BXOJE B
LUKJI, TO TEJIO HUKJIA BBIIIOJIHUATCSA POBHO OJIMH Pa3s.

3.4.Omnepartopsl break m continue

Omnepatop break mo3Bossier BBIATH W3 omepaTopoB Iwkia for,
while, do-whileu nepexmouarens switch. JlanHslii onepaTop 1aeT BO3-
MOKHOCTh HEMEJICHHOI'O BBIXOJa M3 CaMOr0 BHYTPEHHErO IMKJIA HJIH
nepexsrouarestss. HanmpuMep, MOKHO CIIEAYIONIMM 00pa3oM IpoOexarh
Bce Touku oTpe3ka [0, 1] ¢ marom 0.1:

#include <stdio.h>
int main( )
{
double x;
for(x=0;;x+=0.1) /BeckoHeuHbIN ITUKIT */
{
if (x>1)
break;
else
printf("%.1A\n", x);
}

return O;

}

OmnepaTop CcONtiNUe BBI3BIBACT MPEKIACBPEMEHHOE 3aBEPIICHUC
BBITOJIHEHHUS TEJIa IUKJIA C NMEPEXO0JIOM K CIEIYIOLIEMY Iary UTepaluH.
s nukinoB wWhile u do-while ato o3HauaeT HeMeaICHHBIN MTepexoa K
IIPOBEPKE yCIIOBHS, a JyIs mukia for —mepexon k Beipaxkenuo 3. Ome-
paTop continuenelicTByeT Ha caMblii BHYTPSHHUHN UK.

B kauecTBe mpuMepa UCIOIb30BaHUS oreparopa Continuemnpuse-
JIeM IIPOTrpaMMYy BBIBOJIa Ha DKpaH BCEX HEUETHBIX HMUp:

#include <stdio.h>
int main( )
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int I;
for (i = 0; 1 <= 9; i++) /* nepemennas i npoberaet see udps! ot 0 10 9 */

{

if (1%2 == 0)/* eci uudpa yeTHas, LTHOPHPYEM OCTABILHECS OIEPATOPHI */
continue;
printf("%d\n", i);
}
return O;
}

3.5.Ipumepnl

IIpumep 1. TpeOyercsi cocTaBuTh IMporpaMmy MOCTPOEHUS Tao-
JIMLB! 3HAYeHHi GyHKIMH Y = € — X Ha otpeske [A, B] ¢ marom H. B
KKJIOM CTpOKE TAaOJUIbl BHIBECTHM 3HAYECHHE apryMeHTa U COOTBETCT-
ByIOIIlEE €My 3HaueHUe PYHKIMU B POpMaTUPOBAHHOM BHUJE C 2 3HAKA-
MM TMOCJIE 3ansaTou. Takke HAaMTH MUHUMAJIBHOE CPEIU BCEX 3HAYCHUM
(GyHKIMM Ha 33JJaHHOM OTpEe3Ke C TOYHOCThIO H M KoJMuecTBO 3Haue-
HUW QYHKIIMY C YETHOM 11€JI0M YaCThIO.

B cnenyromeii mporpamme ucmojib3yercs ¢ynkmus  modf(),
MMEOIIAs TAKOW MPOTOTHIL:

double modf(double x, double *ip)

Jannas QyHKuMs pa3z0uBaeT NEUCTBUTEIBLHOE YHUCIO X Ha IENYI0 U
JTpOOHYIO YacTH, MpUYEM 00€ YacTH UMEIOT TOT k€ 3HAaK, YTO U UCXO/I-
Hoe 3HaveHHe X. [lenas yacTh 3ammoMuHaeTcs B *ip, a ApoOHAs BbIIaeTCs
KaK pe3yJbTaT (YHKIIUH.

#include <stdio.h>
#include <math.h>
#define A -2 [fieBas rpaHuIIa OTpPE3Ka */
#define B 2 [fipaBa rpaHHIIa OTpPE3Ka */
#define H 0.1 [tuar (mpupaineHnue aprymenTa) */

/* dyrkuust F() Beraucisier 3sHaueHne GyHKIuY Y = € — X B ToUKe X */
double F(double x)
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{

return exp(x) - xX*x;

}
int main()
{
double Xx,y, /lapryment u 3Hauenue ¢pynkiuu 'y = F(X) */
min, /MuHUMaIbHOE 3HAYCHHE (PYHKITMU C TOYHOCTHIO H */
q; [fienas yacTh 3Ha4YCHHS (PYHKIUN */

int N;/*komyecTBo 3HaYeHMI PYHKIMH, UMEIOIIMX YETHYIO LIENYIO YacTh*/
n=0;
X=A;
min = F(A); /[*HadanbHOE 3HAYCHUE MUHUMYyMa */
while (x <= B)
{
y = F(X); /*BbluncisieM 3HaueHHe QYHKUHE Y = € - X° B TOUKE X */
printf("%10.2f %10.2f\n", X, y)*BeIBoagMM 3HaUeHUS X U Y Ha dKpan*/
if (y < min)
min = y;
modf(y, &Q); /*3amuceiBaeM B IepeMEHHYIO ( LIETYIO 4acTh OT Y */
if ((long)g % 2 == 0) /fipoBepsieM Ha YeTHOCTH */
Nn++:
X +=H; fBenmuuuBaeM X Ha H */
}
printf("min = %.2f\n", min);
printf("n = %d\n", n);
return O;

Ipumep 2. /{751 11€J10T0 HEOTPHUIIATEIIHBHOTO YKCia N HANTH CYMMY
U KOJIMYECTBO €ro HU(P, UCIOIB3Ys ONEpalii ICACHUS HAICIO U B3s-
THS OCTaTKa OT J(EJICHHUS.

3aMeTHM, YTO HCIOJIb30BaHUE orepaTopoB / v % /uIs HeIbIX 4Yu-
Cell OCHOBAHO Ha CIEAYIOIIEM YTBEPKACHUU. I JII000H maphl LEIbIX
gucen au b, rme b > 0, cymecTByeT eIMHCTBEHHOE Pa3ji0oKEHHE BHUIA
a=bg+r,raegqur —uensic uncmau 0< r <h.
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#include <stdio.h>

int main( )
{
int n, [f1cxomHOo€e yreio N */
sum, [€ymma 1udp yuciaa n */
k: [%onudaectBo 1udp umciaa N */
sum = Kk = Of* maganbHOe 3HaYeHHE I CYMMBI i KOJM4ecTBa Iudp */
printf("n=");
scanf("%d", &n); [BBOIMM 4HCIIO N */
do
{
K++; [RauTeiBaeM mocienHow udpy unciaa N */

[* npubaBsieM K TEKyIIEH cyMMe MocieHion uudpy ducia n */
sum +=n%10;

n /= 10; [5TOpackiBaeM IocienHow udpy unciaa N */
} while (n = 0);
printf("sum = %d k = %d\n", sum, Kk);
return O;

Ipumep 3. Onpenenuthb, comepkurcs au nudpa digit B memom
qucie N.

#include<stdio.h>

int Search(int n, int digit)
{

intd; /*ouepennas mudpa yucna n */
do

{
d=n % 10;
n /= 10;
}
while (n !'= 0 && d != digit);
return d == digit;
}
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int main()
{
int n, digit;
scanf("%d%d", &n, &digit);
printf("%s\n", Search(n, digit) ? "yes" : "no");
return O;

IIpumep 4. CoctaBuTh NporpaMmy, Ne4aTaAONIYIO PA3JI0KEHUE HA
MPOCThIE MHOXKHUTEIU 3aJJaHHOTO 11e10T0 yncia N> 0.

B cruenymomeM alroputMe MCIOJIb3YETCS TaKOE YTBEPKICHUE!
NyCTh & — HEKOTOPOE IIEJI0€ YMCIIO, TpuYeM a > 1, Toraa CylecTByeT
€IMHCTBEHHOE  pAa3J0KEHHWE Ha  MPOCThIE  MHOXHUTEIM  BHUJA
a=pfps..pS~, roe ky, ko, ...., K, — Lienable HONOKHTENBHBIE 4YUCA,

P1: P2, ..., Ph —OpOCTBIC YUCTIA U P1 < P2< ... <Pp.

#include <stdio.h>

int main()
{
unsigned int n, Fcxomnoe uncio N */
i; Riaoxurens yucna n */
printf("n =");
scanf("%u", &n); /BBogum N */
=2 ffillieM MHOKUTENM, HAYMHAas ¢ yucia 2 */
while (n !'=1)
{
while (n % i !'=0)
++:

printf("%u\n", i); /*BeIBOAMM OYEpeIHON MHOXHTEID | */
N /= i;/* nenuM N Ha MHOKUTEND i, YTOOBI €r0 OOJBIIE HE YUUTHIBATL*/

}
}

Hcnmonb3yeM TOT (akT, 4TO €Cli HaTypajJbHOE YUCIIO0 UMEeT COOCTBEH-
HBIM JEINUTEIh, TO €CTh AEIUTENb, OTJINYHBINM OT CAaMOIr'0 4HciIa U eOu-

return O;
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HUIIbI, TO 3HAYECHUE 3TOTO JICIIUTENS HE MPEBOCXOIUT KOPHS U3 TAHHOTO
yucia. [ToaTtomy MOXKHO Tak MOAUDUITUPOBATH MPOrPaAMMY:

#include <stdio.h>
int main()
{
unsigned int n, i;
printf("n =");
scanf("%u", &n);
| = 2;
while (n 1= 1)
{
if (n% i==0)
{
printf("%u\n", i);
n/=i;
}
else
if (i*i > n) /* npoBepka, oCTAKCh K COOCTBEHHBIE JETUTETH */
I =n;
else i++;

}

return O;

}

IIpumep 5. [IpoBeputs, sABASETCS U 3a]aHHOE I[IEJI0€ HEOTPHIIA-
TEJILHOE YHCJIO0 N IIPOCTHIM.

HamoMHHM, YTO LI€JI0€ YHCIIO HA3BIBAETCS IIPOCTHIM, €CIH OHO
HUMEET POBHO Ba AeauTels. [lo3ToMy unciao 1 mpoCThIM HE SIBIISETCS.

JIIs HamMCaHMs aJrOPUTMa MCIOIB3YEM TaKO€ yTBEPXKICHHE: ec-
M 1IeJI0€ HEOTPHUIATEILHOE YKCIIO N MOKHO IPEACTaBUTh B BUIE MPO-
U3BeIeHH LeablX uncena a u b (n = ab), npuuem a> 2u b > 2, torna
m6o a < [Vn], mu6o b < [Vn], rae [] — uenas gacTe ymcna. ITosTomy
OymeM HMCKaTh ACIIUTENM YKCIa N B quana3oHe oT 2 10 [/n].

#include <math.h>
[* moruueckasi GyHKIIMS IPOBEPKH IICJIOI0 YKCIIA HA TPOCTOTY */
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int Prime (unsigned int n)

{
if (n==0]| n==1) return 0;
else
{
int bound = sqrt((double)n); [* babm [Vn] */
inti=1;
while (++i <= bound && n % i = 0)
re:[urn (i > bound);
}
}

Ipumep 6 (anropurm EBkamaa). [[aHbl 11€716Ie TOJOKHUTEIBHBIC
yuciaa N u M. Haiitu ux saubonsmmii oouuii aenurens (HOJ), ucmoinb-
3ysl CJIEAYIOIIMUE COOTHOIICHHUS:

HO/I(n, 0) =HO/I(O, n) =n;

HO(n, m =HO/(n - m, n), ecmu > m,

HOZ(n, m =HO/(n, m - 1), ecau m>n.

unsigned int Nod(unsigned int n, unsigned int m)

{
while (n =0 && m !'=0)
if (n>=m)
n-=m; [BbluMTaeM u3 N 3HaveHue M */
else
m -=n; [BblurTaeM U3 M 3HayeHue N */
if (m == 0) return n;
else return m;
}

JlaHHBIN BapuaHT ajaroputMa EBKIHIa MOXKHO MOAUDUIIMPOBATh, €CIIU

Y4CCTb TaAKUC COOTHOIIICHMUA.
HOZ(n, m) = HOZI(n, n % m), ectt m# Owu HOJI(n, O) =n.

unsigned int Nod(unsigned int n, unsigned int m)
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B w

10.

11.

{
while (n =0 && m !'=0)

if (n>=m)
N %= M/* B N coxpaHseM OCTATOK OT JACJICHHS YnciIa N Ha M */
else

m %= n/*8 m COXpaHseM OCTATOK OT AEJICHHU Yucia MHa N */
if (m == 0) return n;
else return m;

3.6.3agaun

Haiitu cymmy Bcex HEYETHBIX (S;) M CyMMy BCeX YETHBIX (Sp) Iie-
JbeIX yncen B auarnazone ot 1 1o 100.

HamedaTaTs Bce IBy3HAUHBIC IIEJIbIC TTOJIOKHUTEIbHBIC YUCIa, KpaT-
HbIE TpeM, 0€3 UCITOJIL30BaHMs YCIOBHOTO OIepaTopa.

Jlano HatypansHOe N, Beraucauts NI (0! =1, n! = n(n - 1)!).

Jlano memoe uucio N > 0. OnpeaenuTs, SBASETCS U OHO CTCIICHBIO
yucia 3.

Jlano nenoe uucino N > 0. HaiiTu HauMeHbIee 1eI0€e MOJ0KUTSIIb-
HOe uncio K, KBaapar KOTOporo mpesocxoaut n; kK& > n. ®yHkuuo
W3BJICYCHUS KBaAPATHOTO KOPHS HE UCTOJIb30BaTh.

Jlano memoe guciao N > 0. OnpeaenuTs, MpeacTaBUMO JIH YHUCIO N B
Buze N = Kk, riae Kk — HekoTopoe nenoe aucio.

JUIs ABYX IENBIX IOJOKUTEIBHBIX YHCed & M D HaWTH UX Hau-
MmenbIee obmiee kpatHoe (HOK).

[ToacunTaTh KOJIWYECTBO TPEX3HAYHBIX HATypaJIbHBIX YHCEII, B 3a-
MIMCH KOTOPBIX €CTh JABE OJWHAKOBBIC IU(PHI.

[ToacunTaTh KOJWYECTBO TPEX3HAYHBIX HATypaJIbHBIX YHCEIl, B 3a-
IIACH KOTOPBIX BCE TPH IIU(PPHI pa3IMIHBI.

OnpenenuTh, UMEIOTCSA JU B 3alKCH IEJIOT0 YHUC]ia N HEYETHBIC
U PHI.

Onpenenuth, SBISETCS JM 1iejioe yuciao N > 0 CMMMETPUYHBIM B
JECITUYHOM 3aITiCH.
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12.

13.

14.

15.

16.

17.

18.

19.

Jlano HaTypaibHOe yuciio N. HaliTu 3HaueHue yuciia, moJy4eHHOTO
CJIeAYIOIMM 00pa3oM: M3 3amucHu yuciia N BeIOpocuts 1udpst O u 5,
OCTaBUB MPEKHUM MOPSIAOK OCTATBHBIX ITAPD.

JlaHo neiicTBUTENBHOE YKCIIO X U 1enoe yuciio N > 0. Mcnonb3ys
OJUH IIUKJ, HAUTHU CyYMMY 1+x+ X2 + X3 + ... +X".

JlaHo AeMCTBUTENLHOE YHUCIIO X M Ienoe yuciio N>0. Halitk 3na4e-
e Boipaxerus X —X/(3!) + /(5! — ... + (=1V>x™ Y ((2n+1))).
[TocnenoBarenbHOCT, PUOOHAYYN OMPEAEISAETCS CIEAYIOIUM 00-
pasom: Xo= 0,X; = 1, Xy = Xn1 + Xno ipu N > 2. [lycTh maHO HATY-
PATBLHOE YUCIIO N. BBIYUCIUTD Xp,.

JlaHbl 1HeNBIe MOJOXKUTEIbHBIE Yyuciaa N u K. Mcnonb3ys TOJIbKO
omepaluu CI0KEHUS U BbIYMTAHUS, HAUTHU 1ETYIO YacTh U OCTaTOK
OT JeacHus N Ha K.

Onpenenuth, MOKHO JIM 3aJlaHHOE HATypaJlbHOE YMCIIO N mpesacTa-
BUTH B BUJIE CYMMBI JIByX KBaJI[paTOB HATYpPaJIbHBIX YUCEIL.
CocTaBuTh MOporpaMmy, IE€YATAION[YI0 BCE PpPa3IMYHBIC IPOCTHIE
MHOYKUTEJIH 33JJaHHOTO 11e710T0 uncia N> 0.

[lycth maHo HaTypajibHOE Yncio N. HaneuaraTth KBajpaThl BCEX YH-
celt oT 1 10 N, He UCII0JIb3Ys ONIEPAIMI0 YMHOKEHHUS (MCITOJIb30BAThH
pasercteo (N + 1°=n’+ 2n + 1).
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4. OBPABOTKA MOCJIEJOBATEJIbHOCTEM

[TocrienoBaTebHOCTh JAHHBIX HE BCET/IA HYKHO COXPAaHSThH B Ia-
mstu. [locnegoBaTeabHOCT, MOKHO 0OpabaThiBaTh MO MEPE MOCTYILIe-
HUS €€ DJIEMEHTOB: IIPU YTEeHUU (ailna, Mpu BBOJE HEKOTOPHIX TAHHBIX
C KJIaBUATypPhI U T.]I.

B nanHOM paszgene paccMaTpUBaIOTCS 3a/1a4M, B KOTOPBIX 3JIEMEH-
Thl YHUCJIOBOW IMOCIIEIOBATENBHOCTH MO OJTHOMY BBOJSTCS C KJIaBUATY-
pbl. IIpu3HakoM 3aBepIlICHUS] YMCIOBOM MOCJIEAOBATEILHOCTH Oyaem
cuutath uncyio 0, KoTopoe He SABISETCS €€ DIIEMEHTOM.

4.1.Ilpumepsbl

IIpumep 1. IlogcumTaTh KOJMYECTBO MHUHUMAIIBHBIX 3JIEMEHTOB
IIOCJIEIOBATEIIBHOCTH IEUCTBUTEIIBHBIX YUCETL.

#include <stdio.h>
int main()

{

double a, [$HaueHne TEKYIIEro 3JIEMEHTa MOCIeI0BaTeIbHOCTH */
min; /AMUHUMAJIBHBINA 3JIEMEHT ITOCIEN0BATEIBHOCTH */
intn=0; [*k0IMYeCcTBO MUHHUMAJIBHBIX 3JIEMEHTOB */
printf("a =");
scanf("%lf", &a);
min = a; [f1avanpHOE 3HAYEHME MUHUMAIBHOIO djieMenra ¥/
while (a '=0)
{
if (a == min)
N++;
else
if (a < min)

{

[* ecli BBEIEHHBIN AJIEMEHT OKA3aJICSI MEHBIIIE BCEX MIPEABITYIINX */
[* 31EMEHTOB TIOCIEN0BATEILHOCTH, TOTIA nepeonpencisieM minu n */
min = a;
n=1,;
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}
printf("a =");
scanf("%lf", &a);
}
printf("n = %d\n", n);
return O;

}

Ilpumep 2. B mocnenoBaTeIbHOCTH IIENBIX YHCENT HAWTH MaKCH-
MaJbHOE KOJTUYECTBO MOJIOKHUTEIBHBIX SJIEMEHTOB, UTYIIUX MMOAPS.

B nporpamMe HIKe B KaueCcTBE HAyaJbHOTO 3HAYEHUS NEpPEeMeEH-
HOW MaXx (MakCHMalbHOE KOJMYESCTBO MOAPSJ HIAYIIUX ITOJONKHUTEIh-
HBIX 3JIEMEHTOB) Oepetcs 3HadeHue 0, TaKk KaKk MaKCUMYM HIIETCS Cpe-
JIM HEOTpHUIATEIbHBIX AieMeHTOB. Eciu ke TpeOyercsa HalTH MUHUMYM
WM MAaKCHUMYM CPEAM BCEX AJIEMEHTOB HEKOTOPOTO KOHEUHOT'0 MHOKeE-
CTBa, JIEMEHTaMH KOTOPOTO SIBJISIIOTCS ITPOW3BOJIBHBIC YHCIIA, TO HU B
KOEM Cllydae HeJb3sl B KaUeCTBE HAYAIBHOTO 3HAYCHHS JUII MIN U mMax
Opath M3II00JICHHOE HAauYMHAIOMMMU Tporpammuctamu uucio 0. Js
ATOTO Clydas UMEETCsl Macca MOX0/I0B, HAapUMEpP B KaueCTBE Hayallb-
HOTO 3HAYEHHUS MOKHO B3STh MPOU3BOJBHBIN 3JIEMEHT paccMmaTpuBae-
MOTO MHOECTBA.

#include <stdio.h>
int main()
{
int a, [*3HaueHue TEKyIIero 3JeMeHTa IociieJoBaTeAbHOCTH  */
N, /* KOAUYECTBO MOAPSI MAYIIHUX MOJOKUTEIBHBIX JIEMEHTOB */
max; /* Makc. KOJIMYeCTBO OOAPsJ UAYIIHX ITOJIOXK. DJIEMCHTOB */
max = 0; /*HauanpHOE 3HAUCHHE MaKcuMyMa */
printf("a =");
scanf("%d", &a);
while (a !'= 0)
{
n=0;
[* cunTaeM KOJIMYECTBO MOAPSI UAYIIUX HOJOKUTCIBHBIX JJIEMEHTOB */
while (a > 0)

{
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n++;
printf("a =");
scanf("%d", &a);
}
if (N > max)
max = n;
[* mpoOeraeM Bce MOAPST UAYIIKE OTPULIATEIbHBIC AJIEMEHTHI */
while (a < 0)
{
printf("a =");
scanf("%d", &a);
}
}

printf("max = %d\n", max);
return O;

}

HarmagHoCTh TpUMEHEHUS UMEHHO BJIOKEHHBIX [IUKJIOB, KOTOPBIE
npoOeralT ULEIble CEPUU SJIEMEHTOB, O0JIAAOMIMX TEM WM WHBIM
CBOWCTBOM, Kak B MPEABIAYIIEM NPUMEPE, MOKA3BIBAOT CIIECAYIOLINE
IIPUMEDPBHI.

IIpumep 3. IlycTh MMeeTCA MOCIIENOBATEIBLHOCTh IEIBIX YMCEN.
TpeOyeTcs BbIBECTH AJIMHBI BCEX CEPUM MOAPSA UAYIIUX MOJIOKUTEIh-
HBIX U MOJPAL UAYIIUX OTPULATEIBHBIX 3JIEMEHTOB.

[* BapHaHT ¢ BJIOKEHHBIMU IMKJIaMH */ | [* BapuaHT Oe3 BIIO)KEHHBIX ITUKIIOB */
#include <stdio.h> #include <stdio.h>
int main() int main()
{ {
int a, n; int a, n_plus, n_minus;
n=0; n_minus = n_plus = 0;
printf("a ="); printf("a =");
scanf("%d", &a); scanf("%d", &a);
while (a !'=0) while (a !'=0)
{ {
while (a > 0) if (a>0)
{ {
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n++;
printf("a =");
scanf("%d", &a);

}

if (n>0)

{
printf("+: %d\n", n);
n=0;

}

while (a < 0)

{
N++;
printf("a =");
scanf("%d", &a);

}

if (n>0)

{
printf("-: %d\n", n);
n=0;

}

}

return O;

}

}

n_plus++;
If (n_minus > 0)
{
printf("-: %d\n", n_minus);
n_minus = 0;
}
}
else
L
N_minus++;
if (n_plus > 0)
{
printf("+: %d\n", n_plus);
n_plus = 0;
}
}
printf("a =");
scanf("%d", &a);
}

[*1oce nuKia HyXHa e1e oiHa poBepKa*/
if (n_minus > 0)
printf("-: %d\n", n_minus);
if (n_plus > 0)
printf("+: %d\n", n_plus);
return O;

IIpumep 4. B nociienoBaTeIbHOCTH LEIBIX YUCET HAUTH JJIMHBI
Y4aCTKOB CTpOrod MOHOTOHHOCTU. Hampumep, B mocieoBaTeIbHOCTH
1, 2, 3, 2, ZumeroTcs ABa ydyacTKa CTPOrod MOHOTOHHOCTH, & UMEHHO

1,2,3u 3, 2.

#include <stdio.h>
int main()

{

int @, /* 3HaYeHME TPEABIAYIIErO 3JIEMEHTA MTOCICA0BATEILHOCTH */
b, /*3HadyeHue TeKyIero dAeMeHTa ocIeaoBaTeIbHOCTH  */
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N; /*nuvMHa ydacTka CTpOroil MOHOTOHHOCTH
printf("a =");
scanf("%d", &a);
if (a!=0)
{
n=1,
printf("b =");
scanf("%d", &b);
while (b !'=0)
{

/ *yqaCTOK MOHOTOHHOTI'O BO3paCTaHUA */
while (b '=0 && b > a)
{
N++:
a=b;
printf("b =");
scanf("%d", &b);
}
if (n>1)
{
printf ("n = %d\n", n);
n=1;
}

[*y4acTOK MOHOTOHHOT'O yObIBaHHS */

while (b != 0 && b < a)

{
N++:
a=b;
printf("b =");
scanf("%d", &b);
}
if (n>1)
{
printf ("n = %d\n", n);
n=1,
}

[* mpoOeraeM Bce MOPSIT UAYIIHE OJMHAKOBBIC 3JICMEHTHI */

a7

*/



N =

while (b 1= 0 && b == a)
{
printf("b =");
scanf("%d", &b);

4.2 .3anaun

Haitn cymMMy U KOJIMYECTBO 3JIEMEHTOB MOCIIEI0OBATEIBHOCTH.
JlaHo yunciio K ¥ mociae0BaTeIbHOCTD JEHCTBUTENIbHBIX YMCEI. BhI-
BECTH HOMEp IIEPBOI0 JIEMEHTA MOCACA0BATEILHOCTH, 00JbIIero K.
[IpoBepuTh, ABIAETCS JM JaHHAs NOCIENOBATEIBHOCTh BO3pac-
TaIOIICH.

BriBecT HOMEpa TEX S3JIEMEHTOB MOCJIEIOBATEIBLHOCTH, KOTOPHIC
MEHBIIIE CBOCTO JIEBOT'O cOCea, U KOJMUYSCTBO TaKUX DJICMEHTOB.
Halt KOMMYECTBO BJIEMEHTOB ITOCJIEIOBATEIBHOCTH, PACIIOJIO-
YKEHHBIX MEPE]T NEPBHIM MUHUMAIBLHBIM 3JICMEHTOM.

B mocnenoBaTeIpbHOCTH 1ICJIBIX YHMCEJ HAWTH MaKCHUMAaJbHOE KOJIU-
YECTBO YETHBIX JIEMECHTOB, UAYIIUX TOIAPSI.

[lycTh UMeeTCsl MOCIe0BATEILHOCTD IEIbIX Yncell. Tpedyercs BbI-
BECTH JJIMHBI BCEX CEPUM MOAPAI UAYUIUX YETHBIX W MOAPSI UAY-
IIMX HEYETHBIX JIEMEHTOB.

B nocnenoBateabHOCTH LEIBIX YUCET HAUTH KOJIMYECTBO YUACTKOB
CTPOroro BO3pACTaHUsS MOCJEIOBATEILHOCTA M BBIBECTH HA JKpPaH
JUTAHBI JAHHBIX YYaCTKOB.

Havitu HOMep 3ieMeHTa nmocaea0BaTeIbHOCTH, C KOTOPOTO HAYWHA-
eTcsi caMmas JJIMHHAS TOJIOCJIEN0BATEIBHOCTD TOAPSA HIYIIAX
OJIMHAKOBBIX YHCEJ, U KOJIUYECTBO 3JIEMEHTOB B 3TOM MOJIIIOCIIE0-
BaTEJILHOCTH.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

3adauu ona camocmosmenvHou pabomeol

Hailtu B 1OCIIENOBAaTENIbHOCTY MHWHHUMAJIBHOE IOJIOKUTEIBHOE
YUCJIIO.

Jano uymcio K wm mocnenoBareabHOCTh JICHCTBUTEIBHBIX YHCEIL.
BriBecTH HOMEp MOCHEAHETO JJIEMEHTA IIOCJIEA0BATENBHOCTH,
oobIrero K.

BriBecT HOMEpa TEX BJIEMEHTOB IOCJIEI0BATEIBLHOCTH, KOTOPHIE
OO0JIBIIIE CBOETO MPABOTO COCE/A, U KOJIMYECTBO TAKUX JIEMEHTOB.
[IycTp MMeeTCs MOCIeI0BaTENbHOCTh JIEHCTBUTEIBHBIX YUCEN, CO-
JepKalias o KpamHen Mepe ABe eauHulbl. Hantu cymmy siieMeH-
TOB TOCJIEI0BATEIBbHOCTH, PACIOJIOKEHHBIX MEXIY IMEPBOM U IIO-
CJIETHEW €IUHULIEH.

Haittn n1Ba HaMMEHBIINX 3JIEMEHTA MOCIEN0BATEIBHOCTH U BBIBEC-
TH 3TH JJIEMEHTHI B OPSAKE BO3PACTAHUSA UX 3HAYEHHUM.

Haiitu HOMEp 1epBOro MUHMUMAJIBHOIO U HOMEpP ITOCIEIHETO0 MAakK-
CUMAaJIbHOTO 3JIEMEHTOB MOCIEI0BATEIBHOCTH.

Haitn KonmyecTBO 3JIEMEHTOB, PACIIOIOKEHHBIX MOCIE MOCIEIHE-
r0 MaKCUMAaJIbHOTO 3JIEMEHTA ITOCIIEJOBATEIbHOCTH.

Haiti KOJIM4eCTBO 3JIEMEHTOB, PACIIOJIOKEHHBIX MEXIY MEPBBIM U
MIOCJIETHUM MAaKCHMAaJIbHBIM 3JIEMEHTOM MOCIENOBATENBRHOCTH. Ec-
JU B HA0Ope MMEETCsl €NMHCTBEHHBIM MaKCUMAaJbHbBIA 3JIEMEHT, TO
COOOIIUTH 00 ITOM.

Haiitn MakcuMalIbHOE KOJIMYECTBO HNOAPSAI UAYIIMX MUHUMAJIbHBIX
AJIEMEHTOB MOCJIEI0BATEILHOCTH.
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5. OJHOMEPHBIE MACCHUBBI

5.1. HayajabHbIe cBeIeHUA 0 MACCHBAX

B oTinunie 0T 0OBIYHBIX MEPEMEHHBIX, KOTOPBIE XPAHST OJHO 3Ha-
YEHUE, MACCHUBBI UCIOJB3YIOTCS JJIsi XPAaHEHUS 11eJIor0 Habopa OJHO-
TUIIHBIX 3HAYeHUM. MaccuB — HaOOp OJHOTUIIHBIX AJIEMEHTOB, TOCIIE-
JIOBATEIbHO PACIIOJIArAIOIINXCS B NaMsATH KoMIibroTepa. s onpenene-
HUS MacCUBa HEOOXOAMMO YyKa3zaThb THUI 3JEMEHTOB, KOTOPBIE B HErO
BXOJAT, U MAKCUMAJIbHOE KOJMWYECTBO JJIEMEHTOB, KOTOPOE MOKET
OBITh MOMENIEHO B MaccuB. Hanpumep:

#include <stdio.h>
#include <stdlib.h>
#define N 10
int main()
{
int a[N], /*maccuB apasmepa N */
I [*cueTuuk */
for (i=0;i<N;i++)

{
a[i] = rand()%100;
printf("%d\n", a[i]);
}
return O;

}

B Hamem ciyuae ompenaensercs MaccuB a u3 10 messix 31eMeHToB (TO
ectb 010k u3 10 mocrnenoBaTeNbHO PACTONOKEHHBIX AJIEMEHTOB THUIIA
iNt), KOTOPBIH 3aMOIHACTCS CAyYalHBIMHU YHCIIaMH B Auana3one ot O 110
99. 3ameTuM, uTO HymMepalus 3J1eMeHToB MaccuBa HaunHaeTcs ¢ 0. Ilo-
ATOMY K 3JIEMEHTaM MacCHBa & HEOOXOJIUMO OOpaIaThbCcsi TaKUM 00pa-
soM: @[0], a[1], ..., a[N-1].

Homep mosurmuu 3yemMeHTa, coaepsKaliuiics B KBaJapaTHBIX CKOO-
KaX, Ha3bhIBalOT HMHJIECKCOM »JeMeHTa. MHIEKC MODKEH OBITh ICIBIM
YUCJIOM WJIU 1IEJIOYMCIICHHBIM BBIPAKEHUEM.
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[Tociie TOro Kak MacCcuB OIPENENICH, €r0 MOXHO MHUIUAIU3ZUPO-
BaTh. MHuUIManu3aius MaccuBa O3HAYa€T, YTO MPU €ro OObSIBICHUU
3JIEMEHTaM JaHHOTO MaccuBa OYJyT MPUCBOEHBI HauaJbHbIC 3HAUYCHMUS.
Hampuwmep,

int a[5] = {10, 20, 30, 40, 50};

[Tocne Takoit MHULIMATU3ALMM Mbl OyJeM MMETh LIEJIOYMCICHHBIN Mac-
CUB U3 IIATH 3JIEMEHTOB CO CJIECAYIOIIUMU 3HAUYCHUSIMMU:

a[0]=10, a[1]=20, a[2]=30, a[3]=40, a[4]=50.

Ecnu nipu uHMIIManu3anum pa3Mep MaccuBa He yKa3aH, TO pa3Mep
onpeeseTcs Mo YUCTy HavYaJlbHBIX 3HaueHui. Hampumep, mMaccuB u3
5 meapIX 4Ymcen, MPUBEACHHBIN BBIIIE, MOKHO CKOHCTPYHPOBATh ClIe-
JTYIOIITUM 00pa3oM:

int a[] = {10, 20, 30, 40, 50};

Ecnu uHUIMaIM3upyeMbpIX 3HaAUCHHH MacCHBa MEHBIIE, YeM BCEX
DJIEMEHTOB MAacCHBA, TOTJA OCTAJIbHBIE DJIEMEHTHI aBTOMATUYECKU MHU-
MUAT3UPYIOTCS HyIsIMH. Hampumep, ecnmm WHAIIMAIN3UPOBAaTh MacCHB
CIEAYIOIIUM 00pa3oMm:.

int a[10] = {0};

TO BCC DJICMCHTBI JdHHOI'O MaCCHrUBa 6y,Z[}7T HMCTDb HYJICBOC 3HAYUCHUC.
3aMeTI/IM, 4TO MACCUBbI HC MHUINHUAIU3UPYIOTCA HYJIXIMU aABTOMA-
THYeCKH. JIIs 3TOMl LienM cienyeT MHUIIMAIM3UPOBATh XOTs Obl OJIMH
QJICMCHT.
Uto0bl y3HATh 00BEM MaMATH, 3aHUMAEMBbIM TEM HWJIM MHBIM Mac-
CUBOM, MOXHO K HMCHH JAHHOI'O MACCHUBa IIPUMCHHTL OIICPATOP
sizeof(),nanpumep:

#include <stdio.h>

int main()

{
int a[10];
printf("%d\n", sizeof(a));
return O;

}
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5.2.IlpuMepsnl padboThl ¢ MAaCCUBAMMU

IIpumep 1. IIpoBeputh, 00pa3yrOT JU FAEMEHTHI IIETOUUCICHHOTO
MaccuBa apu(pMETHUUECKYIO TPOTPECCHUIO.

#include <stdio.h>
#include <stdlib.h>
#define N 10

[* mogudukaTop CONStykas3pIBaeT Ha TO, YTO 3HAYCHHS DJICMEHTOB */
[* MaccuBa au 3HaYeHue N MEHATH HEJIb3SA */
int Progression(const int *a, const int n)
{
intd, i;
d = a[1] - a[0];
1=1;
while ((++i < n) && (a[i] - a[i - 1] ==d))

return (i >=n);

}
int main()
{
int i, a[N];

for (i=0;1<N;i++)

a[i] = rand()%10;
printf("%s\n", Progression(a, N) ? "progressionmia‘progression");
return O;

}

Ipumep 2. Onpenaenuthb, BCe M 3JIEMEHTHI MacCHBa @ IMOMApHO
pa3JIMYHBI.

B HmwxkenpuBeacHHOW mporpamme mnepemenHas flag urpaer pons
JOTMYeCcKol repeMeHHoN. OHa MHHMIIMATU3UPYETCSA ¢ HAavyaJbHBIM 3Ha-
yeaneM 1 (MCTHHA), TO €CTh OyJeM CUHTaTh, YTO 10 YMOJYAHHUIO BCE
9JICMEHTBI MaccHBa TOMapHO pa3auvHbl. CHadanma OyjeM CpaBHUBATh
BCE AJIGMEHTHI ¢ uHaekcamu 1, 2, ...,N-1 ¢ snementom a[0], 3atem Bce
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3JIEMEHTHI ¢ uHACKcamu 2, 3, ...,N-1 ¢ amementom a[1] u T.1. Kak T0/B-
KO HaXOJUTCS Mapa OJMHAKOBBIX AJIEMEHTOB, IIPOIIECC OCTAHABINBACTCS
u pyukius Different Bosspamaer HysaeBoe (1oxHOE) 3HaueHue. B mpo-
TUBHOM CiIy4ae (yHKIIMS BO3BpaIlaeT 3HaueHue 1 (MCTUHHA).

int Different(const double *a, const int n)

{

inti, j, flag;

| =0;

flag = 1;

while (i < n && flag)

L
=1
while (++] < n && a[i] != a[j])
if j <n) [€cmu j<n, Torpa afi]==a[j] */

flag = 0;

else i++;

}

return flag;

}

IIpumep 3. TpebOyercs onpeaeauTh KOIUIECTBO PA3IUUYHBIX dJie-
MEHTOB MacCHBa.

int CountDifferent(const double *a, const int n)

{
int K, /*KomW4ecTBO pa3IMYHBIX DIEMEHTOB */
L J;
k=0;
for (i=0;i<n;i++)
{

J=5

while (++) < n && a[i] = a[j])
[* ecnu anementa aJi] et cpeau snementos a[i+1], afi+2],...,a[n-1],*/
[* Torma yBenuunBaeMm cueTyuk K */
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if j >=n)
K++;

}

return k;

IIpumep 4. [lycTh umeeTcss HEKOTOPBI MAacCUB JIEUCTBUTEIIBHBIX
qrcea & U HEKOTOpoe uncio X. TpeOyeTcs mepecTaBuTh 3JIEMEHTHI Mac-
CHBa Tak, 4TOOBI CHayayia cieqoBanu (B IPOMU3BOJILHOM IOPSAKE) dJIe-
MEHTBI, MEHBIIIUE YHUCIIa X, a 3aTEM 3JIEMEHTBHI, HC MEHBIIUEC YUCIa X.
HMcnoabs3oBaTh HEe 00JIee OJJHOrO MPOX0/1a [0 MaCCUBY.

ByneM mpocMaTprBaTh 3JIEMEHTHI MacCHBA CJIEBa HAIIPaBO, MTOKa HE
BCTPETHUM 3JIeMeHT a[i|>=X. 3aTreM OyJeM MpocMaTpUBATh HJIEMEHTHI Mac-
CHBa CIIpaBa HaJICBO, ITOKa He BcTpeTuM ateMeHT a[j]<X. ITocie atoro me-
HsieM seMenTsl a[i] u afj] MecTamu 1 ipooIKaeM JaHHBIN MPOLIECC.

void Exchange(double *a, const int n, const double

{
inti=0,)=n-1, buf;
while (i <))
{
while (i < j && aJi] < x)
I++:
while (i < | && a[j] >= x)
-
if (i<j)
{

[*mensiem mectamu a[i] u afj] */
buf = a[i];

ali] = alj];

a[j] = buf;

I++:

=
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10.

11.

12,
13.

14.

15.
16.

5.3.3apaun

[lycts mmeercss maccuB pa3zmepoM N. BriBecTn cHawana ero ajne-
MEHTHI C YETHBIMU UHAEKCAMH, a 3aTEM — C HEYETHBIMU.

[IycTp MMeeTcs LEIOYUCIEHHBIM MacCuB a pasMepoM N. BeiBecTu
HOMEDP TIEPBOTO M3 TEX €ro AJIEMEHTOB a[i], KOTOpBIC yIOBICTBOPS-
10T ABOMHOMY HepaBeHcTBY a[l]<afi]<aln].

[TomMeHsATh MECTaMM MUHUMAIBHBIM M MAaKCHUMaJIbHBIA 3JIEMEHTHI
MAaCCHBA.

OcymecTBUTh IUKIWYECKUN CABUT 3JIEMEHTOB MAacCHMBA BIIPABO Ha
OJHY TIO3ULHUIO.

[lycts uMeeTcsa maccuB Lenbix ynucen. [IpoBeputs, yepenyrores m
B HEM YETHBIE U HEUETHBIE YHCIIA.

Onpenenuts, SBISETCS JIM JAaHHBIA MAacCUB & CUMMETPUYHBIM, TO
€CTh UMEET JIK MECTO OBITh PABEHCTBO MEPBOTO M MOCIEIHETO AJie-
MEHTa, BTOPOTO U MPEANOCIETHETO U T.J.

OnpenenuTe KOMUYECTBO PA3JIMYHBIX 3JIEMEHTOB MAacCHBA, €CIIH
U3BECTHO, YTO DJIEMEHTHI IAHHOTO MacchBa 00pa3yroT BO3pacTaro-
IIYI0 TOCIEA0BATEIBHOCTD.

JlaHO NIEMCTBUTENBHOE YMCIIO I U MaccuB pazMepoM N. Hautu siie-
MEHT MacCHBa, KOTOPbIN Hanbosee 030K K TaHHOMY YHUCIHTY.
Haiitu HOMepa JBYX OJMKalIMX 4Yucesl MacCuBa.

Onpenenute MaKCUMAIIBHOE KOJWYECTBO OJMHAKOBBIX 3JIEMEHTOB
MAaCCHBa.

JlaH uenouncieHHblii MaccuB pazmepoM N. HazoBeMm cepuen rpymnmy
MOJPAL UAYIIAX OJUHAKOBBIX JIEMEHTOB, a JNIMHOM CEPUU — KOJIU-
YECTBO 3TUX JJIEMEHTOB. BBIBECTM Ha JKpaH [JIMHBI BCEX CEpUM
JAHHOTO MAacCCHBA.

VY 1anuTe U3 MacCHUBa BCE HYJIEBBIE DJIEMEHTHI.

B MaccuBe nenpIx 4ncesn HAaWTH JJIMHBI YYaCTKOB CTPOTrOM MOHO-
TOHHOCTH.

JlaHel Ba MaccwBa & M D, 37eMEHTBI KOTOPBIX YMOPSAAOYEHBI TI0
Bo3pacTaHuio. OOBEIUHUTh ATU MACCUBBI TaK, YTOOBI PE3yJIbTHU-
PYIOIIUN MacCHUB OCTAJICS YIIOPAIOUYECHHBIM.

YnopsigouuTh MacCUB pazMepoM N Mo BO3PACTAHUIO.

[TycTh uMeeTcst MaCCUB AEMCTBUTEIIBLHBIX YUCEIl. BBIBECTH NHIEKCHI
MAaCCHBa B TOM HNOPSJKE, B KOTOPOM COOTBETCTBYIOIINE UM 3JIEMEH-
Thl 00pa3yI0T BO3PACTAIOIIYIO OCIEA0BATEIBHOCTD.
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17.

18.

19.

20.

21.
22.

23.

24.

25.

20.

27.

28.
29.

Pa3znennth MacCuB Ha JIBE€ 4YaCTH, IOMECTHUB B MEPBYIO OTPHUILIATEIb-
HBIC AJIEMCHTHI, @ BO BTOPYIO — HEOTPHUIIATEIbHEIC (TOPSAIOK CIIEI0-
BaHUS SJIEMCHTOB B KaXXJOW M3 TPYIII JOJIKEH OCTAThCS MPEHKHUM).
[lycTh UMeeTCs MacCuB &, COCTOSIIMI U3 HyJIel u equHuIl. Tpeoy-
€TCsl YIOPSAI0YUTh MAacCUB @, UCTIOJIb3Ysl HE 00JIee OJJHOTO MPOXOK-
JICHUS TI0 JAHHOMY MACCHBY.

3adauu onsa camocmosmenvHou pabomeol

Halitn MUHUMAIBHBIM 3JIEMEHT U3 BCEX JJIEMEHTOB MAacCUBa pas-
MepoM N > 2,y KOTOPBIX UHJIEKC KpaTeH 3.

Jlan maccuB pazMepom N, rjae N —4detHoe 4ncio. [lomeHsTe mecra-
MH €TI0 TIEPBBIA 3JIEMEHT CO BTOPBIM, TPETUN — C YETBEPTHIM U T.]I.
OnpenenuTs, SBISETCS JIM MACCUB YIIOPSIIOUYEHHBIM 110 BO3PACTAHUIO.
Jlanel 1Ba MaccuBa a U b oguHakoBoro pasmepa N. ChopMHpOBaTH
HOBBIM MAacCHUB C TOTO k€ pa3Mepa, KaxJIblid JIEMEHT KOTOPOTO pa-
BEH MaKCHUMAaJbHOMY U3 3JIEMEHTOB MacCHBOB a U D ¢ TeM ke HH-
JIEKCOM.

Jlan maccuB a pasmepom N. ChopMupoBaTh HOBBIH MacCUB D TOro
Ke pasMmepa 1o CISAYIOIIEMY IIPaBUIY. DJIEMEHT Dy paBeH cyMMe
3JIEMEHTOB MaccHBa a ¢ Homepamu oT 1 1o K.

YBEINYUTh BCE YETHBIC YHCIA, COJEpKAIIUECS B MAacCHUBE, HA HC-
XOJHOE€ 3HAYEHHME MEPBOr0 YETHOrO 4yMcia. Eciau 4eTHble ynciia B
MacCHBE OTCYTCTBYIOT, TO OCTaBUTh MacCUB 0€3 N3MEHEHUH.

Jlan MaccuB pazMepoM N, BCE 3JIEMEHThI KOTOPOTO, KPOME MOCIIe -
HETro, YIOpsAJIOYeHBl MO Bo3pacTtaHuio. CaenaTh MacCUB yHOPSIO0-
YEHHBIM, TIEPEMECTUB MOCIEIHUMN JIEMEHT Ha HYKHYIO MO3UITUIO.
Jlan MaccuB pazMepoM N, BCE 3JIIEMEHTBI KOTOPOro, KpOME OJIHOTO,
YIOPSAIOYEHBI 110 Bo3pacTaHuto. Caenarh MacCUB yHOPSIOYECHHBIM,
MEPEMECTUB HJIEMEHT, HApPyIIAKIIUN YIOPSIJA0YEHHOCTh, HA HYX-
HYIO TTO3UIIHIO.

JlaH 1ieouncieHHbii MmaccuB pazMmepoM N. [IpoayOnupoBaTs B HEM
BCE YETHBIC YHCIIA.

Y nanuTh U3 MacCUBa BCE MUHUMAJIbHBIC JIEMEHTHI.

JlaH 11eT0YMCICHHBIM MAacCUB pa3MepoM N > 2. Y nainTh U3 MacCUBa
BCE DJIEMEHTHI C YeTHBIMH HOMepamu (2, 4, ...).YcaoBHBIN onepa-
TOP HE UCTIOJIB30BaTh.
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30.

31.

32.

33.

34.

35.

36.
37.

VY anuth U3 MaccuBa BCE OJMHAKOBBIC JIEMEHTHI, OCTABUB UX IEP-
BbIC BXOXJICHHUS.

Jlan ueno4uncieHHbli MaccuB paszmepoM N. OnpenenuThb, sBISETCS
JIA OH MEPECTAHOBKOMU.

Haiitu HanOoJibliee KOITUYECTBO OJMHAKOBBIX 3JIEMEHTOB MACCHUBA,
UAYIIUX TOAPSII.

BbIUUCIUTE CYMMY 3JIEMEHTOB MAacCHUBA HAXOJAIIMXCS MEXIY Mep-
BBIM MUHUMAJIbHBIM U MOCIECTHUM MaKCUMaJIbHBIM 3JIEMEHTaMU.
JlaHbl ABa yHIOPSIAOYEHHBIX IO BO3PACTAHUIO MACCUBA LIEJIBIX YHCE
a u b. HaliTh KOJMYECTBO Pa3IUYHBIX YUCEN, KOTOPbIC MPHUCYTCT-
BYIOT ¥ B MacCuBe @, M B MaccuBe D.

[TycTh nMeeTcs MaccuB a JEHCTBUTENIBHBIX YKCEN pazmMepoM N. 3a-
nucaTh B MacCuB D BCe 3JeMEHTHI MacCHBa @ B TIOPSJIKE BO3pacTa-
HUS 1 0€3 TTOBTOPCHMIA.

CdopmMupoBaTh MacCUB MPOCTHIX MHOXKUTEJIEH 3aIaHHOTO YHCIIA.
Haiitu Bce mpocThle yucia B auamnazoHe ot 2 g0 N. PeanuzoBaTh
pElIEHHE NAaHHOW 3a/1a4ud B BUJE AIITOPUTMA «pemieTo Jpartocde-
Ha», KOTOPbI OCHOBaH Ha cieayioileM npunnune. CHadana B Ha-
oope uucen 2, 3, ...,N BEIYEPKUBAEM BCE 4HCIIa, ACsAIIMecs Ha 2,
KpoMe camoil 2. 3aTeM paccMaTpuBaeM YMCIO 3 U BRIUEPKUBAEM U3
JaHHOTO Habopa Bce uucia, aesmmecs Ha 3, kpome 3. Janee pac-
CMaTpUBaeM CJEAYIOIIEe Mocie 3 HEBBIYEPKHYTOE YHUCIIO, TO €CTh
S, U BBIYEPKHUBAEM BCE MOCJIEAYIOIINE AeAInecs Ha Hero yncia. U
TaK Jajee.
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6. MHOI'OMEPHBIE MACCHUBBbI

6.1.O0npenesieHre 1 MHUIUAJIN3ANUSA IBYyMEPHBIX MAaCCHBOB

B s3p1ike Cu umeeTcs BO3MOXKHOCTh CO3/1aBaTh N-MEpPHBbIE MACCH-
Bbl. Ctangmapt ANSI npeagycmarpuBaet, 4to 3HaU€HHE N MOXKET OBITh
0 KpaifHel Mepe J00BIM YHCIIOM B Tipeaenax ot 1 mo 12.

B nanHom pazzene OyayT paccMaTpUBaThCs ABYMEPHBIE MACCHUBBI.
Takue MacCUBBI OMUCHIBAIOTCS CJIEIYIOMIUM 00pa3oM:

int a[10][20];

To ecTh TeM camMbIM OmIpeleicH JABYMEPHBI MacCHB IICJBIX YHCET 4,
coctosiiuid 3 10 ctpok u 20 cton6iioB. Kakaplid 3JieMEeHT TByMEPHOTO
MacCuBa OJHO3HAYHO ompeneisercs mapoi wHaekco | u j: a[i][j], roe
| — HOMep CTpOKH, a | — HoMep cToiiona. Kak u B ciyyae 0JJHOMEPHBIX
MAacCCUBOB, HyMepalus I10 IMEePEMEHHBIM | M | HauYMHAETCS C HYJISA:
a[0][0] — snemeHT, HAXOIAIIMICS HA MEPECEUYCHUU HYJICBON CTPOKH U
HyJIeBOTO cTos0ma... a[9][19] — snemeHT, HaXOAAIIMIICS Ha Tepeceye-
HUH JICBATON CTPOKH M JCBATHAAIATOIO CTOJIONIA.

JIByMepHBI MacCHB MOYKHO HHHUIIMAIM3UPOBATH MPH €ro 00bsB-
JICHUH:

int a[3][2] = {{1, 2}, {3, 4}, {5, 6}};

[Ipu »>TOM 3Ha4YeHUs] B (PUTYPHBIX CKOOKAX TPYIIUPYIOTCS MO CTPOKAM.
Ecnu nononHutenbHbie (QUTYpHBIE CKOOKM HE MPUCYTCTBYIOT, TO YMCIA
pacHpenensatoTCsS N0 CTPOKAM: CHaJasa 3aroIHsACTCsS HyJIeBas CTPOKa, 3a-
TeM IepBas u T.11. Hanpumep, MaccuB & MOKHO MHHULIMATIU3APOBATH U TaK:

int a[3][2] = {1, 2, 3, 4, 5, 6}:

Ecnau nns xakoi-amb0 CTPOKHM yKa3aHO HEAOCTATOYHO 3HAYCHUM,
TO OCTABIIMECS 3HAYCHUSI JAHHOW CTPOKH MHUIIMATIU3UPYIOTCS HYJISIMM.
Hanpumep, eciau MaTpuily & MHUIHAIM3UPOBATh TAKUM 00pa30M:

int a[3][2] = {{1}, {3}, {5}};

TOT/Ia BTOPOW CTOJIOCI JAHHOW MaTpuIlbl OyJeT coaep)kaTh HYJICBBIC
3HA4YEeHU.

1,0
310
510
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Ecan HEoOX0aMMO BCE 3JIEMEHTHI MaTPHIBl MHUIHMAIU3UPOBATh HYIIS-
MH, TO JUISl 3TOI0 MHHMITHATH3AIIAI0 JIOCTAaTOYHO MPOCTO 3amucaTh Cie-
TYIOIHAM 00pa3oM:

o o

10.

11.

12,

13.

int a[10][20] = {0};

6.2.3agaun

Jana marpuna pazmepom m X N. Halitu CyMMBbI 2JIEMEHTOB BCEX €€
YETHBIX CTPOK.

Jana matpuna pazmepoM M X N. HaliTh MUHUMaIbHOE 3HAYECHUE
CpeJi CyMM 2JIEMEHTOB BCEX €€ CTOJIOIIOB U HOMEp CTOJIOIa C ATUM
MHUHUMAaJIbHBIM 3HAYEHHUEM.

HailTu MUHMMAIIBHBIN 3JIEMEHT CPEA MAKCUMAJIBHBIX 3JIEMEHTOB
KaXJIOW CTPOKU MATPUILIBI.

BriBecT HOMEpP TEPBOM CTPOKM MATPHIIBI, COJEPKAIIEH PaBHOE
KOJIMYECTBO MOJIOKUTEIBHBIX U OTPUILIATEIBHBIX 3JIEMEHTOB, IMPH-
YEM HYJIEBBIC AJIEMEHTBI HE YUUTHIBAIOTCH.

HaiiTi KoTM4ecTBO CTPOK MATPUILIbI, BCE 3JIEMEHTBI KOTOPBIX Pa3INYHBI.
Jlana kBagparHas maTpuia nopsaka N. Hautu cymMmmy 3JIEMEHTOB €€
TJIaBHOW U 0OpaTHOM JuaroHajeu.

Jlana kBaapaTHas maTpuia nopsiaka N. TpeOyercs TpaHCIOHUPO-
BATh JAHHYIO MATPHILY.

Jlana kBagpatHas marpuua nopsaka N. HalkTu cymMMbl 3JIEMEHTOB
€€ JUaroHaJeH, MapaJuIeIbHBIX TJIABHOM, HAYMHAS C OJIHODJIEMEHT-
HOW JTMaroHaJu.

Jlana kBagpaTHasi MaTpuIla Mopsiika N. 3aMEHUTh HYJISIMU 3JIEMEHTHI,
JIeXKaIle OJJHOBPEMEHHO BBIIIIE IJIaBHOM M 0OpaTHOM AUaroHaiei.
Ynanuth Bce CTONOIBI MATPUIIbl, COJEPHKAIIME TOJIBKO TMOJIOKHU-
TEJIbHBIE DJIEMEHTHI.

Haiitu Bce pas3nuuHble BJEMEHTHI LEJIOYUCICHHOW KBaJIpPATHOU
MaTpPUILBI.

Jlana matpuna. Hanmcars mporpammy, KOTOpast yHopsiiOUYUBAET
CTPOKH 3TOM MATPUILIBI 10 BO3PACTAHUIO CYMM 3JIEMEHTOB €€ CTPOK.
Jlana marpuna pasmMepoM M X N, rae Mu N —4detHble ynciaa. [lome-
HATb MECTaMM JIEBYIO BEPXHIOKO M NPABYK HIXKHIOK YETBEPTH
MAaTpPHUIIBI.
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14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

HaneuaTtats BCe 37€MEHTBHI MAaTPHUIIbl C UX MHACKCAMU, SIBIISIIOIIMEC-
Cd MaKCHMAaJbHBIMM B CBOE€H CTPOKE M MHUHHMAJbHBIMM B CBOEM
CTOJIOLIE.

JIBe CTpOKHM MaTpHIlbl HA30BEM APKBUBAJICHTHBIMM, €CJIM COBMAAAlOT
MHOkECTBA 3JIEMEHTOB, BCTPEYAKOIIMXCA B 3THUX CTpoKax. Hautwu
KOJIMYECTBO CTPOK, SKBUBAJICHTHBIX HYJICBOH CTPOKE.

3aoauu ons camocmosmenvHol pabomoi

Haiitn MUHMMaIbHOE 3HAYEHHUE B KaXKJOM CTOJIOIE MaTPHIIHI.
[IpeoOpa3zoBaTh MaTpHIly, TOMEHSIB MECTaMHU MUHUMAJIbHBIN U MaK-
CHMAaJIbHBIN 3JIEMEHT B KaXJI0W CTPOKE.

BriBecTn HOMEp EPBOM CTPOKU MATPHUIIBI, KOTOPAS COAEPIKUT MaK-
CHUMaJbHOE KOJIMYECTBO OJUHAKOBBIX DJICMEHTOB.

JlaHa BelecTBEHHasi KBajpaTHas marpuia nopsaka N. CocTaBUTH
MPOrpamMMy BBIYMCIICHUS CYMMBbI 3JIEMEHTOB, PACIIOJIOKEHHBIX BbI-
111€ TJIABHOM U HM>KE OOpaTHOM IraroHaei.

Halitn MakcuMabHBIN 3JIEMEHT MaTpullbl. IlepecTaBisis ee CTpoKu
U CTOJIOIBI, TOOUTHCS TOr0, YTOOBI MAaKCUMAJIbHBLIM DJIEMEHT OKa-
3aJICS B JICBOM BEPXHEM YTIIY MATPUIIHI.

CocCTaBUTh MPOrpaMMy HaXOXKJICHHUS YHMCIa CTPOK MAaTpHUIlbl, MU-
HUMAJIbHBIA 3JIEMEHT KOTOPBIX OTPUIIATEIbHBIN.

CocTaBUTh IpOrpaMMy HaXOXXACHUS MHHHUMAJIBHOTO M3 BCEX IIO-
JIOKUTEJIBHBIX 2JIEMEHTOB B KaKJIOM CTOJIOIIE MAaTPHIIHI.

3aMEHUTh HAMMEHBIINUN 3JIEMEHT KaXKJI0l CTPOKH MATpPHIIbl, HAYM-
Has CO BTOPOM, HAMOOJIBIIINM 3JIEMEHTOM MPEABIAYIIEH CTPOKH.
3ajaHa KBajJpaTHasi MaTpula nopsaka N. VCKIo4uTh U3 HEE CTPO-
Ky M CTOJOEIl, Ha TIePEeCEUCHUN KOTOPBIX PACTOJIOKEH MUHHMAJIb-
HBIN DJIEMEHT IIaBHOU JTMAarOHaIH.

Onpenenuth, €CTh JU B MAcCCHUBE pasMepoM M X N OJMHAKOBBIC
CTPOKH.

Onpenenutp, SBISIETCS JIU MAaCCUB MarndeCKUM KBaJpaToM, TO €CTh
COBMAJaeT JU B HEM CyMMa KaKJOH CTPOKH, KaXJOTO CTOJIOLA U
JIBYX JTHArOHaJICH.

Jlana nenouuciieHHas Marpuua. HaWtu HOMEp IIEpPBOTO U3 €€
CTOJIOIIOB, COJIEPKAIMX TOJbKO HEUETHBIE YHCIIa.

Hanucate mporpammy, KOTOpasi ynopsiIOYUuBAET CTPOKH MATPHUIIBI
110 BO3pAaCTaHWI0 MUHUMAJIbHBIX 3JIEMEHTOB €€ CTPOK.
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7. YKA3SATEJIM U MACCHUBBbI

7.1.Yka3arenu u aapeca

VYkazaTtenu NpeacTaBisioT cOO0OM NMepeMeHHbIE, 3HAYEHUSIMHU KO-
TOPBIX SBJISIOTCS ajpeca mamsaTH. Eciu B «0OBIYHON» TTEpEeMEHHON CO-
NEPKUTCS HEKOTOPOE 3HAYEHHUE, TO YKa3aTeIb COACPKUT AIPEC TOU MU
VHOM MEPEMEHHOW, B KOTOPOU COJEPKUTCA HEKOTOPOE 3HAUCHUE.
«OObIYHas» TIEPEMEHHAsI HenoCpeoCmeeHHO CChUIAeTCS Ha 3HAYCeHUE,
yKa3aTeJlb K€ CChUIAECTCS HA 3HAYCHUE KOCBEHHO.

CHUHTAaKCHC CO31aHUs yKA3aTeNs UMEECT CICAYIOMNN BUL!

TUI *UMSI_TIEPEMEHHOM,

IJIe TUIT — TUII IEPEMEHHOM, aJipec KOTOpoi OyAeT coAepkKaThCs B yKa-
3aTelie, UMs_IIEPEMEHHON — UM TIEPEMEHHOM THIA YKa3aTellb, CHMBOJI
«3BE3/I0YKa» 03HAYAET, UTO OObsIBIsIEMasi IEpEMEHHas ABJISETCS yKa3a-
TEJIEM.

ITycth x — HeKoTOpas mepeMeHHas, Hanpumep, 1enoro tumna (int),
a px — yKazarellb Ha IEPEMEHHYIO 11€JIOr0 TUMa. YHapHas onepainus &
ompeaesieT aapec 00beKTa:

int X, *px;
pX = &x; [* Teneps nepeMeHHas PX COAEPHKUT afpec IMepeMeEHHON X */

[Tocne Takoro mpucBawBaHUs TepeMEHHas PX OyAeT coaepkaTh ajpec
nepeMeHHor x. EquHCTBEHHOE OrpaHHYCHHE UCTIONB30BAHUS OTIEpAIluU
& COCTOUT B TOM, YTO €€ HEJb3sl MCIO0JIH30BaTh K OOBEKTY C KJIACCOM
namsATu register.3ameTumM, 4To agpec pa3MEIICHHS MEPEMEHHON BHIOH-
paeTcs KOMIBIOTEPOM M MOXKET M3MEHSTBCS MPH OYEPEIHOM 3aIyCKe
IPOTPaMMBI.

Od4eHb MOJE3HO MHUIMATU3UPOBATh yKa3aTeldb HYJIEBBIM 3Haye-
aueM (NULL) npu ero oObsSBICHUH, €ClU 3apaHee HE M3BECTHO, ajpec
KaKoMW MepeMEHHON OH OyJeT UMETh B KAUECTBE CBOETO 3HAUCHMUS.

double *pd = NULL;

Tak xak ykazaTenab COACPXKHUT ajpec 0OBbEKTa, 3TO JACT BO3MOXK-
HOCTb KOC8EHH020 TOCTYIIAa K 3TOMY OOBEKTY Yepe3 yKa3aTeNlb. Y HapHas
omepanus * (omepalus KOCBEHHOW ajpecallii) oOpalaercs o 3TOMY
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aapecy, 4ToObl U3BJIEYDL COACPKUMOE 00BEKTa, HA KOTOPBIN CChIIAETCS
yKaszaresnb. Hanpumep, oneparop

printf(“%d”, *px);

HaIevyaTaeT COACPKUMOE TICPEMEHHOM X.

B kadectBe THUIIa MEPEMEHHOM-YKa3aTeasi MOXXHO HCIIOJIb30BaTh
KioueBoe ciaoBo VOid. IIpu 3ToM mepeMeHHas-yKa3aTelb MOKET CO-
JIepKaTh aJipec JF0OOro o0bEKTa, TONBKO K TAKOMY YKa3aTEII0 HEJIb3s
NPUMEHSTh YHAPHYIO OTEpaInio * U apuMETHIECKUE OTepaIiu.

VYkazaTenu MOKHO CpaBHHBAThH C TTOMOIIBIO OTICpaIlHid CPAaBHEHUS
(<, <=, >, >=, ==, 1=).ToabpKo B CpaBHEHUH JIOJDKHBI y4acTBOBATh yKa-
3aTeM Ha IaHHBIE C OJJTHUM U TEM K€ THUIIOM.

7.2.Yka3zaTeJu U apryMeHThbl (PyHKIUH

CymiecTByIOT /iBa crocoba mepenadn mapameTpoB (YHKIMH: IO
3HAYCHHIO U TI0 cChUike. B s3bike Cu nepenada apryMeHTOB (yHKIIHSIM
OCYIIECTBIIACTCS MO 3HAYCHUIO; BhI3BaHHAs (YHKIMS HE UMEET Hero-
CPEIICTBEHHON BO3MOXXHOCTH M3MEHUTH MEPEMEHHYIO W3 BBI3BIBAIOIICH
nporpamMbel. Hampumep, B cleayrolierd nporpaMme MOcCi€ BbI30BA
dynknun Swap(a, bpnayeHus nepemennsix a u b B pynkmuu main()
OCTaHyTCs 0€3 U3MEHCHMUS.

void Swap(int a, int b)

{
int buf;

}

int main()

{
inta=1,b=2;
Swap(a, b);
return O;

}
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YroObl ACHCTBUTEIBHO IOMCHATh 3HAYCHHUS JAHHBIX IEPEMEHHBIX,
00BsBICHHBIX B (yHKIMH Main(), mporpamMma J0JDKHA HMETh Clie-

NYIOIIUNA BUL!

void Swap(int *pa, int *pb)
{
int buf;
buf = *pa;
*pa — *pb;
*pb = buf;
}
int main()
{
inta=1,b=2;
Swap(&a, &b);
return O;

}

B nanHOM mporpaMme MPOMCXOOUT Tepedada apryMeHTOB (DYHKIIUH
Swap()mo ccpuike, To ecTh QYHKIHUH IEPeIatoTcs aapeca IepPeMEHHBIX
a u b, mocie yero ayg M3MEHEHUS 3HAYCHUN TaHHBIX TEPEMEHHBIX HC-
IOJIB3YETCS OIepalusa KOCBEHHOH aapecarnuu (*).

B kauecTBe emie ogHOrO mnpuMepa HCIOJIb30BAHUS YKA3ATEJEH,
KOTOpPBIC TIEPEIAIOTCS B KaUueCTBE MapaMeTpoB (DYHKIIUH, IPUBEICM all-
TOPUTM HAXOXXJICHHUS CyMMBI M KOJIMYECTBA HHU(P IEIOr0 HEOTPHILa-
TEJIHHOTO Yucia N;

#include <stdio.h>
void Digits(int n, int *psum, int *pk)
{
*psum = 0O;
*pk = 0;
do
{
("pk)++;
(*psum) += n%10;
n/=10;
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} while (n !'=0);

}
int main()
{
int n, [ficxomHoe ynuciao N */
sum, /[tymma nudp uucia n */
K; [*onuuectBo mudp uncia N */
printf("n=");
scanf("%d", &n);  /BBogum umcio N */
Digits(n, &sum, &K);
printf("sum= %d\n", sum);
printf("k= %d\n", k);
return O;
}

7.3.¥YKa3zareJid 1 MACCHUBBI

Jlns Hadaima 3aMeTuM, 4TO, KaK U y BCSAKOM NMEPEMEHHOM, y TEpe-
MEHHOW THIIA MAacCCUB JIOJHKHO OBITh HEKOTOpPOE 3HAUYCHHUE. 3HAUYCHHEM
NIEPEMEHHON TUIIA MACCUB SIBJISIETCS apPEC HYJIEBOTO 3JIEMEHTA MAaCCUBA!

[ToaTOMY TOYyCTUMO CIIEAYIOLIEE TPUCBOCHHUE!

int a[10], *pa;
pa = a;

B naHHOM ciiydae nepeMeHHas-ykKaszarellb Pa OyJleT UMETh B KaueCTBE
CBOETO 3HAYEHUSI aJ[peCc HYJIEBOro 3JIEMEHTa MacCHBa a. 3aME€TUM, YTO
MIPUCBOCHUE PA = @ MOkHO TAKXXE 3aIlMCaTh U B TAKOW SKBUBAJICHTHOU

dopwme: pa= &a[0].
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3anuch WIM CUNTHIBAHUE JAaHHBIX B MAaCCUB MPOUCXOMIST CIIEIYIO-
UM 00pa3zoM. [t 3TOro KOMITMJISTOP BBIYMCISET aapec COOTBETCT-
BYIOIIIETO 3JIEMEHTA, YUYUTHIBAs pa3Mep JIIEMEHTOB, U3 KOTOPHIX MacCHB
COCTOMT, M BEJIHYHMHY CIBUIa OTHOCUTEIILHO HYJIEBOIrO 3jeMcHTa. Ha-
npuMep, 4TOOBI 3amucaTh WM CUMTATh I-H 3yeMeHT MaccuBa double
a[10], koMnUIATOpP YMHOXXHUT 3HAYCHHE CIBHUIa | Ha pa3sMep dJIeMEHTa
tuna double o ects Ha 8) m momyunt 8*i OGaiir. 3aTeM KOMITHIIATOP
I00aBUT K aipecy HYJIEBOro 3JIeMEHTa MaccuBa 8*i OalT caBura M TeM
CaMbIM BBIYHCIUT aapec I-ro 3JIeMEHTa JaHHOro MaccuBa. [locie 3Toro
10 JAHHOMY aJIpecy I-# 3JeMEHT MOYKHO CUMTaTh, TINOO HEKOTOPOE 3Ha-
YeHHE 110 JaHHOMY aJIpecy MOKHO 3aIicaTh.

KoMnmisTop He KOHTPOJIMPYET BBIXOJ[ 3a I'paHUIbI MaccuBa. Ec-
JIM, HAIIPUMED, MPH 3allMCH WM CUNTHIBAHUM JaHHBIX OyJIeT yKa3aH aj-
pec a[20], To KOMIUIATOP 3aMMIIET WM CYUTACT B SUCHKY IO aapecy,
caBuHyTOMY Ha 160 OaliT OTHOCHUTENBHO ajpeca HYJIEBOTO JJIEMEHTA
MacCHBa, HEKOTOpOe 3HaueHHe. B n1aHHOM ciiydae BhIOpaHHas 00JacTh
HaMATH MOXET NMPUHAICKATh IPYrol MEPEeMEHHOHN, U pe3ysIbTaTr Ipo-
IpaMMbl MOKET OBITh HENPEICKA3yEMBbIM.

CymectByeT a8e (OPMbI 3alKMCH JUIS JOCTyIa K 3JIEMEHTOM Mac-
cuBa. [lepBolii crtoco0 (MHIACKCHBIN) CBSA3aH C HCIIOJB30BAHUEM OIICpa-
topa [], Hampumep a[0], a[5].

BTopoii croco® cBA3aH C UCMOJIb30BAHUEM aJPECHBIX BBIpaxke-
HUM. 3aMeTHM, 4TO MpU MPUOABICHUH €IMHUIILI K 1IEJION MepEMEHHOM
cc 3HaueHue ypenmmuntest Ha 1. Ho eciim mpubaBUTh eIUHUIY K TIepe-
MEHHOM-yKa3aTeNo, TO €¢ 3HAaUCHUE YBEINYUTCS Ha YHUCI0 OalT TOro
THUTIA, HA KOTOPBIH OHA yKa3biBaeT. Hanmpumep, eciiu equHUIY npuoda-
BUTh K yka3zaremo Ha float, To 3HaueHHe JaHHOrO yka3aTels yBellH-
yutcs Ha 4. [TosTroMy 3HaueHue a[i] MOXKHO 3amucaTh ¢ MOMOIIBIO aJI-
pecHoro BeIpakeHus: *(ati). To ectb 3HaueHue at+i sABIIETCA aape-
COM I-T0 DJIEMEHTa MacCHBa &, a *(a+i) sBiasgercs 3HaUYeHUEM |-TO dJie-
MEHTa JJAHHOTO MacCHBa. 3aMETHUM TaKXke, 4yTo 3anucu &a[i] m a+i saB-
JSI0TCS DKBUBAJICHTHBIMU. J1000€e BhIpakeHue Bujaa a[i] Bcerma mpu-
BOJUTCA K BUy *(@+i), ToO €CTh MHIEKCHOE BhIPAKECHHE MpeoOdpa3yercs
K aJpECHOMY.

Hwke npuBeeHbl JBE SKBUBAICHTHBIC TPOTPaMMBI, TIPHYEM Iep-
Bas TMporpamMma Bcerja Mmpeodpasyercss KOMIHIATOPOM KO BTOpOMY Ba-
pPHAHTY.
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#include <stdio.h> #include <stdio.h>
#include <stdlib.h> #include <stdlib.h>
#define N 10 #define N 10
int main() int main()
{ {
int a[N], /*wmaccus apasmepom N*/ | inta[N], /*maccus apasmepom N */
I; [*cueTunk */ I; [*cueTunx */
for (i=0;1<N;i++) for i=0;i<N;i++)
{ {
a[i] = rand()%10; *(a+i) = rand()%10;
printf("%d ", a[i]); printf("%d ", *(a+));
} }
return O; return O;
} }

Eme pa3 nmogyepkHeM, YTO UM MAacCUBa HE SBIISIETCA MEPEMEH-
HOWH, IIOPTOMY HEIB3s, HANpuMep, 3anucatbh at+, XoTsT MOXKHO 3aIlu-
caThb pat+.

Nmeercsa Tpu BapuaHTa Mepelaym MacCUBa B Ka4E€CTBE MapameTpa

GyHKITUU:
1. [TapameTp 3amaerca Kak MacCUB C yKa3aHHEM €ro pa3Mepa, Ha-
npuMep

ums_¢pynaknuu (int a[100])

2. ITapameTp 3amaeTcs Kak MaccuB 0e€3 yKa3aHHUs €ro pa3mepa, Ha-
npuMep

ums_dyakuuu (int af])
3. ITapameTp 3amaeTcs Kak yKas3areib, HAIPUMED
ums_¢pyaknun (int *a)

Korjga KOMIMIISTOp BCTPEYaeT B KAadeCcTBE NAapaMeTpa OIHOMEPHBIM
MaccHB, 3anucansbii B popme int a[100] wiwm int a[], To o npeobpasy-
€T 3TOT MmapaMeTp K By int *a.
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7.4.Monuduxkarop const

Ecnu 3HaueHrEe NEpEMEHHON HE JOKHO U3MEHSTHCS, TOTIa MEPET
e OOBSABIICHUEM CJIEAYET MOCTaBUTh MOAU(UKaTOp CONStHampumep:

constinti= 10;

Oco6eHHO maHHBIH MOAUGUKATOP TMOJIC3EH MPH Iepeaade apryMeHTOB
dbyukimu. HecMoTpst Ha TO, YTO BCe BBI3OBHBI B 513bIKe CH — 3TO BBI3OBBI
110 3HAYCHUIO, IMPHU KOTOPHIX (YYHKIIUH IEPEIAIOTCS KOIMUH apTyMEHTOB
¥, U3MEHSSI OTH CaMbl¢ KOIHMH IEPEMEHHBIX, CaMHU IIEPEMCHHBIC B BBI-
3BaBIel (DYHKIIUU OCTAIOTCS HEM3MEHHBIMH, WHOTIA KEJIaTeIbHO II0-
Ka3aTh, YTO MepeaaHHOe 3HAUCHUE HEe JOJDKHO M3MEHAThCsA. Hampumep,
ecii GYHKIHMH B KaYeCTBE apryMEHTOB IepeaaroTcs MaccuB a (BepHee,
yKasaTellb Ha HYJICBOM 3JIEMEHT MAacCHBAa) M €ro pa3MEepHOCTH N, MpH-
geM 3JIEMEHTBI MacCHBa HE JOJDKHBI M3MCHSATH CBOE 3HAUCHHUE M pa3-
MEPHOCTh N JIOJDKHA OCTaBaThCS MOCTOSIHHOM, TOTJIa MOKHO OOBSBHTH
(GYHKILMIO CIEAYIOIMMM 00pa3oM:

ums_¢yaknuu (const int *a, const int n)

Ecau mponcXoauT MOmbITKa M3MEHUTh 3HAYCHUE apTyMEHTa, KOTOPBIM
ObT 00BSABJICH ¢ MOAMMUKATOPOM CONSt, TOrjga KOMITMISTOP BBIAACT
npeaynpexacHue 1100 coodmeHue 06 ommoke.

7.5.MaccuBbl IepeMEHHOT0 pa3Mepa

OpHOMEpHBIE MacCHBBI HanOoOJiee pacHpOCTpaHCHBI B IIporpam-
mupoBaHuu. Eciii 3apaHee HEHM3BECTHO, KaKOTO pa3Mepa MacCHB HaMm
IIOHAJ00UTCS, TOrAa UMEET CMBICI KCIIOJIL30BaTh JUHAMUYECKHE MacC-
CHUBBI. B TOT MOMEHT BpeMeHH, KOrja MOHAJI00UTCS MAacCHB TOTO HIIH
WHOTO pa3Mepa I XpaHSHUs JaHHBIX, HEOOXOIUMO BBIJICIUTH TUHA-
MUYECKYIO MTaMsITh TpeOyeMoro oobema, a Korjia OHa CTaHET HE HYXKHA,
TO OCBOOOJUTH €€. DTO OUYEeHBb YJI00HO, TaK KaK MPH OOBSIBICHUU CTaTH-
YECKOr0 MacCHBa HEOOXOJHMMO 3apaHee OIPEISIUTh €ro pa3sMep BO
BpeMs CO3JJaHMS MPOTrPaMMbl, 1 TaKOW MaccHUB OyJeT 3aHUMAaTh MaMSTh
Ha BCEM MPOTSHKCHUH pabOThI JAHHOW ITPOTPAMMBEL.

UtoObl co37aTh AWHAMHYECKHN MacCHB, HEOOXOJMMO YyKa3aTh
oneparopy calloc() Tun snemMeHTOB MaccHuBa M MX KojindecTBo. Hampu-
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Mep, eciii Tpedyercs quHamuueckuit MmaccuB a u3 10035memeHTOB THITA
double,rorga He0OX0OAUMO BBIIOJIHHUTH CIICIYIOIICE:

double *a; /*ykasarenp Ha TUHAMHUYECKUI MacCuB */
[* 6ok u3 100>memenroB tuna double: */
a = (double *)calloc(100, sizeof(double));

Omneparop calloc() Bo3BpaTUT aapec HyJIEBOrO JJIEMEHTA BBIACICHHOTO
OJI0Ka TaMSITH TP YCIICIITHOM HCXOJI€, B IPOTHBHOM € CITydae — 3HaJe-
nue NULL. Bce aneMeHThI BbIJICIEHHON 00J1aCTH TaMsITU OOHYJISIFOTCS.

Co3aTh TMHAMWYECKHA MACCUB TaKKEe MOYKHO TPH TIOMOIITH OTIe-
patopa malloc():

double *a;

[* 610k u3 100>1ementos tuma double:*/
a = (double *)malloc(100 * sizeof(double));

B otnuune ot oneparopa calloc(),smemMeHTsl BeIIeICHHOM 00JaCTH Ma-
MSTH HE OOHYJISIFOTCH.

Ecnan nuHamMuyeckuii MaccHB @ Mociie paboThl ¢ HUM OOJIBIIE HE
HY’KCH, TO BBIICJICHHYIO I10J] HEro MaMsATh MOKHO OCBOOOJUTH Ollepa-
topoM free():

free(a);

Hwuxe mpuBoaUTCS pUMEP CO3IaHUS JTUHAMUYECKOTO MAaCcCUBA.

#include<stdio.h>
#include<stdlib.h>

[* BBIBOJI DJIEMEHTOB MacCHBa Ha dKpaH */
void Print(const int *a, const int n)
{ . .

inti;

for (i=0;i<n;i++)

printf("%d ", a[i]);

printf("*\n");

}
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int main( )
{
int *a, [*anpec HyIeBOTO dIEMEHTa qMHAMUYECKOTO MaccuBa */
size, [pa3zmep nuHaMUYecKoro Maccrupa a */
I; [fcueTynx */
scanf("%d", &size); /[BBoaum pasmep MaccuBa ¢ KJIaBHATyphI */
a = (int *)calloc(size, sizeof(int)); Bowimensem mamsars mog maccus */

if (@ == NULL)

printf(" HemocraTouno mamsTu ");
else
{

[* 3amoIHsIeM 3JIEMEHTHI MacCHBa MPOU3BOJILHBIMHU YnCIaMu */
for (i=0; i< size; i++)
afi] = rand()%10;
Print(a, size);
free(a);  /dcBoOokmaeM MaMsTh, BRIJCICHHYIO 11O MAacCUB */

}

return O;

Ecimu Bo Bpems pabOThI ¢ TUHAMHUYECKHM MAacCHBOM HEO0OX0JINMO
WU3MEHHTH €T0 pa3Mep, TO B 3TOM cirydae moMoxeT GpyHkius realloc():

void *realloc(void *p, size t size)

®dyuknusa realloc()zamenser Ha Sizepasmep 00beKTa, Ha KOTOPBIN YKa-
3BIBACT yKazaresb P. s TOW 4acT, pa3Mep KOTOPOU paBEH HAUMEHb-
IIeMy W3 CTapoTo W HOBOTO pa3MepoB, COJCPKUMOE He n3MeHurcs. Ec-
¥ HOBBIH pa3mep OOJIbIIE CTaporo, TOTrJa JOMOJHUTEIHHOTO IpO-
CTpaHCTBAa HE HMHMIMAIM3UpPYETCsA, B 3ToM ciaydae ¢yHkuus realloc()
BO3BpaIllaeT yKazaTeidb Ha HOBOEC MeCTO maMsaTu. Ecim ke mamstu 3a-
npammBaeMoro oobema Het, Toraa Gyukiusa realloc()Bo3spaiiaeT 3Ha-
yenne NULL, npudem *P npu 3TOM HE U3MEHSIETCH.

#include<stdio.h>
#include<stdlib.h>

void Print(const int *a, const int n)

{
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int i;
for(i=0;i<n;i++)
printf("%d ", a[i]);

printf("\n");
int main( )
int *a, [*anpec HyIeBOro >JIeMeHTa IMHAMUYECKOro MaccuBa */
size, [pa3zmep nuHaMHUYecKoro Maccrupa a */

new_size , /Mosslii pa3mep MmaccuBa a */
I, [tueTunk */
*tmp;
scanf("%d", &size); /[BBoaum pasmep MaccuBa ¢ KJIaBHATyphI */
a = (int *)calloc(size, sizeof(int)); Buinensem namsars mog Maccus */
if (@ == NULL)
printf("aerocrarouno mamsatu'");
else
{
for (1= 0; 1< size; i++)
afi] = rand()%10;
Print(a, size);
new_size = 2 * size; HOBBIN pa3mep MaccuBa a */
tmp = (int *)realloc(a, new_size * sizeof(int
if (tmp != NULL)
{
for (i = size; i < new_size; i++)
afi] = rand()%10;
Print(a, new_size);
}
free(a);
}

return O;

}
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7.6.MaccuBbl yka3areJeii

MaccuBbsl MOKHO (PopMHpOBaTh TaKKe M U3 yKaszarenei. OueHb
YacTO MAacCHUBBI yKa3zaTeJiell HCHOJIb3YIOTCS Il paboThl C MacCHUBamMu
CcTpOK. Kakplil 3JIEMEHT TAaKOTO MAacCHUBa ABJISETCA yKa3aTelleM Ha He-
KOTOPYIO CTPOKY, UJIH, 00Jiee TOYHO, KKbIA JIIEMEHT COJICPKUT aApec
HYJIEBOT'O CUMBOJIA COOTBETCTBYIOILIEU CTPOKH.

Hampumep, 00BABMM W HWHHIMAIW3UPYEM MACCHB yKa3aTeleu
color, cocrosmuii U3 Ha3BaHUU TpeX MBETOB (COCTABIIAIOIINME I[BETA B
KOMITBIOTEpHO# rpaduke):

char *color[3] = {“red”, “green”, “blue”};

CxeMaTHYHO MACCHB yKa3aTelei COlor MosKHO U300pa3uTh CIIEIyIONUM
00pa3oM:

color[0] | —— ¥ | e’ [ 47 ] 07|

|:|:|||:|r-["|] .__._l :g:l £ | e | e | Nt | a0’ |

CD'DI"[E] |—_|.| -rl:l:'l €] | T | e’ | :-ID;-l

Kaxxplil ykazaTeslb CChbUIACTCS HA HYJEBOM CMMBOJI COOTBETCTBYIOIIEH
cTpoku. [losToMy MaccuB yka3zaTeseil COlOr MOXKET CChUIAThCS Ha CTPO-
KM TIPOU3BOJIHOM JJTUHBI.

Paccmotpum eme ogun npumep. Co3aaauM MacCUB yKa3aTesen u3
10 sneMeHTOB, B KOTOPOM OYAYyT XPaHUTHCSA apeca MAaCCHBOB II€JIOTO
THUIIA, MPUYEM MAaCCUBBI OyAyT UMETh Pa3INIHYIO JIJIMHY, HaIPUMED:

a[0] | ——{ 10 ]
al1]| ——{10] 20

al2] —— 1020 [z0]

S e B EAE T EIE E S E

#include <stdio.h>
#include <stdlib.h>
int main()

{

int *a[10] = {NULL}; /* unrmumanusupyem Bce seMeHTHI MaccuBa HyJsiMu ¥/
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inti, j;
for (Ii=0;1<10; i++)
{
a[i] = (int *)calloc((i+1), sizeof(int));
for (j =0;)<=i;j++)
afi]fi] = j*10 + 10;
}

for (i=0;1<10; i++)
{
for (j =0;)<=i;j++)
printf("%d ", a[i][j]);
printf("\n");
}
for (i=0;1<10; i++)
{
free(ali]);
afi] = NULL;
}

return O;

7.7.]IBymMepHbIe MACCHUBBI IIEPEMEHHOI0 pa3Mepa

Co3aaTh AMHAMUYECKHUM JBYMEPHBI MAacCHUB MOXKHO HECKOJIbKHU-
MHU crioco0amu. MBI ke B TaHHOM Iaparpade orpaHuuYuMCs paccMoTpe-
HHUEM TOJIbKO OJIHOTO CIloco0a, HauboJiee yrnoTpeOUTEILHOro 1 0jaro-
MPUATHOTO JIJISI U3MEHEHUSI pa3MepoOB JBYMEpHOro maccuBa. st cos-
JTAHUSI TAKOTO MAacCHBA CHauajia TPeOYeTCs BBIJACIUTh MaMsTh JJIsl OJ1-
HOMEPHOTO MacCHBa YKa3aTeJieil Ha OJIHOMEpPHbIC MacCHUBBI, a 3aTeM
BBIJICJIUTH MaMATh JJI1 OJJTHOMEPHBIX MAaCCHUBOB.

Hampumep, mycth TpeOyeTcst co3aaTh JUHAMUYECKUN TBYMEPHBIN
maccu alm|[n] tuma double:

a

=1 [ 1 [ 1T — 1 1 |
a1l +— T 1T _— T ] |
al21| —[ T T - 1 ] |

afm-1]] —g— I - 1 | |
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B npencraBnenHoi Huke nporpamme pyukmus Dispose()B mukiie mpo-
XOJIUT TI0 MAacCHUBY yKasarejied M OCBOOOXKJIAeT MaMsTh, 3aHUMAaeMYIO
KaXIbIM 3JICMCHTOM, a 3aTe€M OCBOOOXKJaeT IMaMsTh, 3aHUMAcMYI0 ca-
MHUM MAaCCUBOM YKa3aTeJeu.

®ynkmus Allocate() cHauana BeIIeNsIeT MaMATh JUIsl MacCHUBa yKa-
3aTeieid, a 3aTeM B IMKJIC TTPOXOJIUT 110 JAHHOMY MacCUBY yKa3aTelleH U
BBIJICIISICT MaMsITh JJII OJJHOMEPHBIX MacCHUBOB. Eciii Ha KakOM-TO 11are
UTCPAIIMK TaMsITh BBIICIUTH HEBO3MOXHO, TO BBI3BIBACTCS (DYHKIIUS
Dispose()mist 0cBoO0KIeHHS YCIICIITHO BBIICACHHOM MaMsITH IS HEKO-
TOPBIX OJHOMEPHBIX MAacCHBOB, a cama ¢yHnkuus Allocate()Bo3Bpamaer
3HaueHue NULL. Ilpu ycnemHoM BbIICICHUU MaMATH JJIsl BCEro JBY-
mepHoro maccuBa ¢yHkuus Allocate() Bo3pamaer ykaszareib Ha OJI-
HOMEPHBIN MACCHUB YKa3aTeJIEH.

#include<stdio.h>
#include<stdlib.h>

[* 0cBOOOXKIEHNE TaMATH, 3aHUMAaeMOW JBYMEPHBIM MaccuBoM a */
void Dispose(double **a, int m)
{ . .

Int I;

for (i=0;i<m,i++)

if (a[i] '= NULL)
free(ali]);
free(a);

}

[* BeIIEIICHUE TAMSATH 10T IBYMEPHBINA MaccuB a */
double **Allocate(int m, int n)
{

double **a;

int i;

int flag; /*noruueckas nepemenHas */

a = (double **)calloc(m, sizeof(double *));

if (@ != NULL)

{

i =0;
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flag = 1;
while (i < m && flag)
{
afi] = (double *)calloc(n, sizeof(doublg))
if (a[i] == NULL)
flag = O;
else i++;
}
if (flag)
{
Dispose(a, m);
a = NULL;
}
}

return a;

}

[* 3amoJIHeHHE JIEMEHTOB IBYMEPHOTO MaccuBa */
void InitArray(double **a, int m, int n)
inti, j;
for (i=0;i<m,i++)
for(j=0;]<n;j++)
a[i][j] = rand()%10;
}

[* BBIBOJ Ha 3KpaH 3JIEMEHTOB ABYMEPHOI0 MaccuBa */
void PrintArray(double **a, int m, int n)
inti, j;
for (i=0;i<m,i++)
{
for j =0;j<n;j++)
printf("%.1f ", a[i][j]);
printf("\n");
}
}
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int main()
{
double **a;
int m, n;
scanf("%d%d", &m, &n);
a = Allocate(m, n);
if (a = NULL)
{
InitArray(a, m, n);
PrintArray(a, m, n);
Dispose(a, m);
a = NULL;
}

return O;

}
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8. CUMBOJIbBI U CTPOKH

8.1.1IpencraBjieHue cuMBOJILHON HHGopmManuu B IBM

CumBonbHas uHGOpMAIMS XpAHUTCS U 00padATHIBAETCS B KOM-
NBIOTEPE B BUAEC HUPPOBOro KOJa, TO €CTh KaKJIOMy CUMBOJIY CTaBUTCS
B COOTBETCTBHE HEKOTOPOE YMCI0-KOA. {151 pa3HbIX THIOB KOMITbIOTE-
POB U OTMEPAIMOHHBIX CUCTEM HCIIOIB3YIOTCS Pa3IndHbIe HAOOPHI CHM-
BOJI0B. HeoOxoaumeIii HAOOp CHMBOJIOB, MPEAYCMOTPEHHBIN B TOM HIIH
WHOM KOMITbIOTEpE, OOBIYHO BKIIIOYACT:

* YNPaBISIOUIME CHUMBOJbI, COOTBETCTBYIOIIHE OINpPEICICHHBIM
GYHKIMSM,

* 1udpHI;

* OykBbI ali(paBUTA;

e cnenuanbHbie 3HaKH (MpoOen, CKOOKM, 3HAKU MpENUHAHHS
uT.g.),

* 3HAKH ONEpAIUM.

Jlnst mpeacTaBieHUs] CUMBOJIBHOW MH(OpPMalUM B KOMIIBIOTEpE 4Hale
BCEI'0 UCIMOJIb3yeTcs andaBUT, COCTOAIMMN 13 256 CuMBOJI0B. KaxkabIit
CHUMBOJI TaKOro ajgaBuTa MOXHO 3akoaupoBarh 8 Ouramu (1 GaiiTom)
namat. Bece cuMBodibl mpoHyMepoBaHbl oT 0 10 255, mpudemM KaxaoMy
HOMEpPY COOTBETCTBYET 8-pazpsaubiii ABonuHbiii koa o 0000000010
11111111.

Cpenu HaOOpOB CHUMBOJIOB HamOOJIbIlIEE PACTIPOCTPAHEHHUE TOITY-
yuna Tabmuna koaupoBku ASCIl (American Standard Code for
Information Interchange- amepukaHcKuii cTaHAAPTHBINA KO 111 0OMe-
Ha uHpOpManuel). B maHHO# TabnuIle CTaHIAPTHBIMU SBJISIOTCS TOJIb-
ko repBbiec 128 cumBoII0B (cMMBOJIBI ¢ HOMepamu oT 0 1o 127).CHaua-
Ja pa3MeInarTcs yupasisionme (HeoToOpakaeMbie) CUMBOJIBI (CUMBO-
ael ¢ HoMepamu oT 0 1o 31). Jlanee uayt OyKBBI JaTHHCKOTO ajihaBHTa,
udpel, 3HAKU TPENUHAHUS, CKOOKHM U HEKOTOPBIC APYTHE CHUMBOJIBI,
IpuYeM JaTUHCKUE OYKBBI pacrojararorcsa B aJaBUTHOM TOPSIIKE,
uudpsl Takxke yrnopsaodeHsl oT 0 1o 9. OcranbHbie 128 Kk010B TaOIUIIBI
cuMBoJioB ASCII ucnonb3yrorcst ajisi pa3MelIeHus CUMBOJIOB HAIMO-
HaJbHBIX ali(DaBUTOB, CHMBOJIOB MCEBAOTPA(UKN U HAYYHBIX CUMBOJIOB.
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JIns mpencTaBieHUus CUMBOJIBHBIX MEPEMEHHBIX B si3blke Cu ucC-
noJib3yercs THN Char. 3HadeHueM IepeMeHHOW Tuma char seisercs
8-0UTHBIN KO/, COOTBETCTBYIOIIUNA TOMY WJIM HHOMY CUMBOJTY.

8.2.budamnorexka o0padboTKH CHMBOJIOB

bubnnoreka o6padoTku cuMBOJIOB (<Ctype.h>)comepkut ¢GyHK-
I[MH, BBITIOIHSIOIINE TPOBEPKHU U OMEPAIUU ¢ CHMBOJILHBIMHU JTAHHBIMH.
Kaxkmnast GyHKIUS [MOJIydaeT B KaUYECTBE apryMEHTa IIeJI0¢ YKMCII0, KOTO-
poe A0KHO OBITh 3HaueHHeM Unsigned channto EOF. ®yukiuu Bo3-
BpaIIalOT HEHYJIeBOE 3HaUeHUE (MCTHUHA), €CIIU apTyMEHT C yIOBJIETBO-
pset ycnoButo, U O (105kp) — MHAYeE.

[IporoTun Onucanue QyHKIIMU

int isdigit(int c) MIPOBEPKA, SIBIISCTCS JIU CUMBOJ C IECSITUIHON U PO

int islower(int ¢) | mpoBepka, SBJIIETCS U CHMBOJI C JIATUHCKOW OYKBOM
HWKHero perucrpa (‘a’ — ‘2')

int isupper(int ¢) | mpoBepka, SIBJIIETCS JU C JATUHCKON OYKBOM BEPXHETO
peructpa (A’ — ‘Z)

int isalpha(int ¢) | mpoBepka, sBiIgeTCS U C JAaTHHCKOMN OyKBOM
(isalpha(c) = islower(c) || isupper(c))

int isalnum(int ¢) | 6ykBa 6o Hudpa
(isalnum(c) = isalpha(c) || isdigkt)]

int tolower(int C) | mepeBox TATHHCKOTO CHMBOJIA C HA HYKHUH PETUCT]

int toupper(int C) | mepeBoT TATHHCKOTO CHMBOJIA C HA BEPXHHUI PETHCTP

int isspace(int ¢) | mpoBepka, sBiseTcs au C nmpodenom (‘ '), cMeHoH
crpanunbl (‘\f'), HOBOI cTpokoii (\N’), Bo3Bparom
kapetku (‘\r'), Tabymsmueit (‘t'), BepTUKaIBHON
tabyssueit (‘\v’)

int iscntrl(int c) IIPOBEPKA, SABJSETCS JIM C YIPABJISIONIUM CUMBOJIOM

intisprint(int ¢) | mpoBepka, sIBIIIeTCS JIM C ITeYaTaeMbIM CHMBOJIOM,
BKJTFOUAs Mpooen

int isgraph(int ¢) | mpoBepka, siBIIsIeTCs JIM C TeYaTaeMbIM CHMBOJIOM,
KpoMe npoberna

int ispunct(int ¢) | mpoBepka, sIBIIsIeTCs JIM C ITeYaTaeMbIM CHMBOJIOM,
KpoMme npo0desna, 0yKBbI WK HUPPHI
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Hanpumep, rmociie HHCTPYKIIUN
printf("%s%s%s\n", "5 ", isdigit('5') ? "is " : "nas ", "a digit");
Ha SKpaHe MOSBHUTCS ClIeayromias cTpoka: 5 is a digit.

8.3.Ctpoku B sa3bike CH

B s3pike CH HET TaKOro OTICIBHOIO THIIA JAaHHBIX, KaK CTPOKA.
Ho MOKHO OIpeNeauTh CTPOKY ABYMS Pa3IUUYHBIMU CIIOCOOAMHU.

CTpoka KaKk MacCHB CHMBOJIOB. Bo-TIepBBIX, CTPOKY MOKHO OII-
pEeACINTh KaK MAcCHUB CHMBOJIOB, KOTOPBIM 3aKaHUYMBACTCS HYJICBBHIM
cumBojoMm \O'. Hynb-cumBoa (\O’) ucnosb3yeTcs ajis TOro, 4ToObl OT-
MeuaTh KoHer cTpoku. B Tabmuie cumBonoB ASCII manHbIil cuMBOM
umeeT HoMmep O. ITpu omnpezelieHnH CTPOKK Kak MacCHBa CUMBOJIOB €i
IPHUCBANBACTCSA MM U YKA3bIBACTCS MAaKCHMaIbHOE KOJUYECTBO CHMBO-
JIOB, KOTOPOE MOJKET COJCPIKATHCS B HEH C y4eTOM HYJIEBOI'O CHMBOJIA.
Hanpumep, char §10]. Takoe oObsiBIICHHE CTPOKHM B BHUAC MacCUBa
CUMBOJIOB TPEOyeT OMPECICHHOr0 MECTa B MAaMSTH JJIA JECATH dJIe-
MEHTOB. 3HaUCHHEM CTPOKH S SIBJISICTCS aJpec e¢ MePBOro CUMBOJIA, de-
Pe3 KOTOPBIH OCYIIECTBIISICTCS TIOCTYI KO BCEM €€ DJICMEHTaM.

Hanpumep, B clieAyroinel mporpaMMe OOBbSBIACTCS MAaCCHUB CHM-
BOJIOB S, KOTOPBIN 3aIOIHSICTCS MOJIH30BATEIEM C IMOMOIIBIO ()YHKIIHH
fgets(),a 3areM BBIBOIUTCS Ha 3KpaH Mpu oMoty ¢pyHkmun Puts().

#include <stdio.h>

int main( )

{
char s[10]; [f1accuB cuMBOIIOB */
printf("BBenute He 60nee 9 cumBOIOB: );
fgets(s, 10, stdin);
puts(s); /8p1BOT cTpOKH */
return O;

[Ipu 0OBSABICHUM CTPOKA MOXET OBITh Cpasy ke WHUIUATIHU3HUPO-
BaHA, TO €CThb OHA MO>KET OBITH IMPUCBOCHA MAaCCHUBY CHUMBOJIOB.
char s[] = “moon”;
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[Ipu TakoM OOBSBICHUHM CO3/IA€TCS MACCUB S, COCTOSIIMI U3 S 3JIEMEH-
ToB. ‘M’, ‘0’, ‘0’, ‘n’, \O'. OtaeiapbHbIC CUMBOJIBI BHYTPH MacCHUBa MO-
T'yT U3MEHSThCS, HO caMma TepeMeHHas S Oy/IeT yKa3bIlBaTh Ha OJHO U TO
’K€ MECTO HaMSITH.

OOBsiBIICHUE CTPOKHU B BUJIE MAaCCHBA CUMBOJIOB C MOCJEAYIOLIEH
WHUIMATU3aIMed MOXKHO 3alicaTh TaKXKe CIASTYIOMNM 00pa3oM:

char s1[5] = {'m’, ‘0’, ‘0’, ‘n’, \O’};

char s2[7] = {'m’, ‘0’, ‘0’, ‘n’, \O’}.
[Tocne Takoro oOBSIBIICHUSI MAaCCUBBI CUMBOJIOB S1 u S2 OyayT UMETh
TaKoOM! BUII.

sl: m| o| o/ n| \0

S2: m| o| o| n| \0| \0f \O

To xe camoe MOXHO cJienaTh U B 0oJiee y100HOM (hopMe, a UMEHHO:
char s1[5] = “moon”;
char s1[7] = “moon”;

[ToguepkHeM, 4TO HAJIMYUE HYJIEBOTO CUMBOJA O3HAYAET, YTO KO-
JUYECTBO AJIEMEHTOB MAacCHMBa CHUMBOJIOB JIOJKHO OBITh MO KpailHel
Mepe Ha OJWH OO0JbIIe, YeM MAaKCHMAaJIbHOE KOJMYECTBO CHUMBOJIOB,
IUIAHUPYEMBIX JJI pa3MELICHUS B ITAMSATH.

3aMeTuM, 4To Mnociie 00bSBICHUS CTPOKH, HAIPUMED

char s[10];

a0COJIIOTHO HCIOITYCTHMaA 3alIMCh BHU1a
s = “Hello”;

TO €CTh MMsI MAacCUBA HEJb351 UCIOJIb30BaTh B JIEBOM YAaCTH OmepaTopa
IPUCBAUBAHUS.

Crpoka kak yka3zarejib Ha NepBbld CUMBOJ. CTPOKY MOXHO
TaK)K€ OMPEIAEIUTh U APYTUM CIIOCOOOM — C UCIIOJIb30BaHUEM yKa3aTeNs
Ha cuMBOJI. Eciim 00BsBUTH Char *Ps 1o 3TUM cambiM 3ajaetcs mepe-
MEHHas PS KOTOpas MOXKET COJIEPKATh AIPEC MEPBOTO CUMBOJIA CTPOKH.
B 3TOM cilyyae He MPOUCXOIUT PE3CPBUPOBAHUA MAMATH JIJISI XPAHCHUS
CHUMBOJIOB, KaK B CJIy4a€ C MacCCUBOM CUMBOJIOB, U cama IepeMEHHAs PS
HE MHULUATU3UPYETCSI KOHKPETHBIM 3HAYCHUEM.
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Eciu roe-to B mporpamme mociie o0bsABICHUS Char S BcTpeua-

€TCSd MHCTPYKIHMS BHUJAa PS = “SUN”, Torga KOMOWISITOP MPOU3BOJAUT
CIICAYIOIINE JICUCTBHS: B HEKOTOPYIO 00acTh mamsaTH (CKopee BCero B
obactTh mamsatu read only mocieaoBaTeIbHO IPYT 3a IPYroM 3aIUChI-

BarOTCsA cuMBOJIBL ‘S’, ‘U’, ‘N’ u \O’; mepeMeHHOM PS IpHCBaUBaCTCs al-
pec MepBOro CUMBOJA, TO €CTh, B HAIlEM Clly4yae, aJipeCc CUMBOJa '‘S'.
[Tocnie mHUIIMATIU3AIUMN CTPOKHU PS K KaXXJIOMY €€ CUMBOJIY MO>XXHO 00-

pamartbes uepes nnaekce: PY0], pq1], pq42].

Hwuxe mpuBoAUTCS TpUMEDP UCIIOJIBb30BAHUS yKA3ATENSA HA CTPOKY:

#include <stdio.h>
int main()

{

char s[17] = "this is a string";
[* nepemMenHol PSIpHCBaUBAETCs aApeC IEPBOrO CUMBOJIA CTPOKH S */
char *ps = s;
int i;
for (i=0;1<16; i++)
[* oOpalleHre K 3JIeMEHTaM CTPOKHU PSIIO UX HHAEKcaM: */
printf("%c", psli]);
printf("*\n");
psS=ps +8;  [kazaremio pSmpucBarBaeTcs aapec OykBbl ‘@’ */
printf("%s\n", ps);  /™BeIBOa Ha 3KpaH HOBOM CTPOKH */
return O;

B pe3ynbTare Ha SKpaHe MOABSATCA JIBE CTPOUKHU:

this is a string
a string

Kak u B ciaydae ¢ MacCMBOM CHMBOJIOB, CTPOKY, OOBSBICHHYIO

4yepe3 yKaszaTellb Ha MEepPBbId CUMBOJI, MOXKHO Cpa3y K€ WHUIIUAIU3UPO-
BaTh, HAIIPUMEP

char *ps = “sun”;

B 3ToM citydae co3naercs nepeMeHHas-yKa3aTeiab PS KOoTopasi yKa3blBa-
€T Ha CTPOKY "sun’.
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3aMeTuM, YTO CTPOKa, OMpejAeicHHAas Kak yKa3aTellb Ha IepBbIH
CHMBOJI CTPOKH, MOXET OBITh ITOMEIIEHA B HEM3MEHAEMYIO 00J1acTh Ia-
MSTH, TO €CTh 3HAYECHHS JJIEMEHTOB B 3TOM Ciy4yae M3MEHUTH OyeT
HEJIB3s1, XOTS MOYKHO OyZeT H3MEHHUTh 3HAYCHUE CaMOI'0 yKa3aTes PS

Eie pas moguepkHeM, 4TO MPU OOBSIBICHUU CTPOKH Kak MacCHBa
cumBoJIoB (Hampumep, charg10]) mpoucxoauT pe3epBUpOBaHKE MECTa
B IIAMSTH, B TO BpeMs Kak 00bsABIcHHE yKa3arens (Char *S)rpebyer me-
CTO TOJIBKO JJII CAaMOI0 yKa3aTels, KOTOPBIH MOXKET YKa3bIBaTh Ha JIFO-
00 CHMBOJT MJTH MacCHUB CHUMBOJIOB.

Hwke mpUBOAATCSA HECKOJIBKO MPUMEPOB paOdOThI ¢ CUMBOJIAMHU M
CTPOKaMH.

IIpumep 1. [IpeoOpazoBaHue CTPOKH S B IIEJ0€ YHUCIIO.

int Atoi(const char *s)

L
Int1, n;
i=n=0;
while (s[i] >="'0"' && sJi] <="'9")
{
n =n*10 + (s[i] - '0");
I++;
}
return n;
}
B nanHom ciydae Beipakenume §[i] — ‘O’ maeT uMciaeHHOE 3HAYCHHE
CUMBOJIa, KOTOPBIA XpaHUTCSA B §[i], TTOCKOJBbKY B TaOJIHMIIC CHMBOJIOB
mudpser ‘0, ‘1, ..., '9" unyt moapsa. To ectb ‘O’ mpeodOpaszyercs B O,

‘1’ mpeobpaszyercsa B 1 1 Tak 10 cuMmBoia ‘9Q’, KOTOPHIM mpeodpaszyeTcs
B uncio 9.

IIpumep 2. [IpeoObpazoBanre TPOMUCHOTO JATHHCKOTO CHMBOJIA B

CTpOUHBbI. Eciiu e CUMBOJ HE SIBJIAETCS MPONMCHOM JTATUHCKOU OyK-
BOM, TO OH OCTaeTcs 0€3 U3MECHEHHMUS.
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int ToLower(const int c)
{
if (c >="A'&& c<='2Z")
return c + (‘a' - 'AY);
else return c;

}

IIpumep 3. DyHKIUS YIAJTICHUSI U3 CTPOKHU S BCEX CUMBOJIOB, COB-
MaAr0IINX C CHMBOJIOM C.

B ¢ynknun DeleteSymbol(Yoynem nepesanuceiBaTh BCe CHMBO-
JBI, BXOJISIINE B CTPOKY S, TAKUM 00pa3oM, 4ToOBI CpeId HUX HE OKa-
3aJICsl CHMBOJI C.

void DeleteSymbol(char *s, const int c)

Lo
inti, J;
i :j =0;
while (s[i] I="\0")
{
if (s[i] '=c)
s[i++] = s[i;
I++;
}
s[i] = "0}
}

IIpumep 4. OnpeneneHue UIMHBI CTPOKU O€3 yueTra CHUMBOJIA
koHIa crpoku \Q'.

int Strlen(const char *s)

{
inti=0;
while (s[i] '= \0")
I++;
return i;

}
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IIpumep 5. KonupoBanue cTpoku t B CTPOKY S.

void Strcpy(char *s, const char *t)

{
inti=0;
while ((s[i] = t[i]) '="\0")
I++:
}

Ipumep 6. JlobaBrneHue cTpoku t K cTpoke S.

void Strcat(char *s, const char *t)

Lo
inti, j;
i :j =0;
while (s][i] '="\0")
i++:
while ((s[i++] = t[j++]) != \0")
}

8.4. ®yHKUUM 00pPadOTKH CTPOK

Huxe nipuBesieHbl OCHOBHBIC (DYHKIIMM OIEpaiuii HajJl CTPOKaAMHU
(6bubnmoteka <string.h>):

IIporoTun Onucanue QyHKINU

int strlen(const char *s) BO3BpAIACT JIJIUHY CTPOKHU S

char *strcpy(char *s, const char *t) konupyer crpoky t B CTpPOKy S,
BKirodas \Q’; Bo3BpaIaer S

char *strncpy(char *s, const char *txonupyer He 6ojiee N CHMBOJIOB
size _tn) cTpoku t B S, Bo3BpamiaeT S. Jlo-
IOJIHAET PE3yJIbTaT CHUMBOJIAMM
\O’, ecau cuMBOJIOB B t MeHblIIE,
yeM N

char *strcat(char *s, const char *t) | npunuceiBaer t k S; Bo3BpaIiact S
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char *strncat(char *s, const char *t
Size tn)

, IPUIIUCHIBAET HE 00Jiee N CUMBO-
70B { K S, BO3Bpalaer S

int strcmp(const char *s,
const char *t)

cpaBHUBaeT S W [; BO3Bpamaer
<0, ecnu s<t, 0,ecimu S==t, u >0,
eciiu St

int strncmp(const char *s, const char,
size tn)

Higamornuna Qyakiuun  stremp(),
TOJILKO CPaBHHMBAIOTCS He OoJiee
N IEPBBIX CUMBOJIOB B CTPOKAaX S
ut

char *strchr(const char *s, int c)

BO3BpaIllaeT yKa3aTeldb Ha IMep-
BOE BXOXJCHHE CHMBOJA C B
ctpoky S, mubo NULL, ecnu Ta-
KO0 CHMBOJIa HE 0Ka3aJ10Ch

char *strrchr(const char *s, int ¢)

BO3BpalllacT yKa3aTeldb Ha II0-
CJIeIHEE BXOXKICHHUE CUMBOJIA C B
cTtpoky S, mu6o NULL, ecnu Ta-
KOI'0 CMMBOJIa HE 0Ka3aJI0Ch

char *strpbrk(const char *s,
const char *t)

BO3BpAIlla€T yKa3aTelb B CTPOKE
S Ha MEPBBIM CUMBOJI, KOTOPBIU
COBNAJ C OJIHUM U3 CUMBOJIOB,
Bxoagamux B t, muoo NULL, ecion
TaKOBOT'O HE OKA3aJIOCh

char *strstr(const char *s, const cha

BO3BpAIllA€T yKazaTejlb Ha Iep-
BO€ BXOXKJIEHUE CTPOKU { B CTpO-
ky S, 1m6o NULL, ecim Taxoi
MIOJICTPOKH B S HE 0Ka3aJIOCh

char *strtok(char *s, const char *t)

UIIET B S JIEKCEMY, OTpPaHUYECH-
HyH0 cumBojamu u3 t. Bosspa-
1IaeT yKa3zaTelb Ha MEPBbIA CUM-
BoJI texkcembl, oo NULL, econ
JIEKCEMBbI HE CYIIECTBYET

[TpuBeaem npumep ucnosibzoBanus ¢pynknun Strchr().ITocne BoI-
TIOJTHEHUS CACAYIOIIHUX CTPOUYCK MPOTrPaAMMBI

char *s, c;
s = "check"™:
C : lel;
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printf("%s%c%s%s%s\n", "symbol ", c, strchr(s, ¢)Wwas " : " was not ",
“found in ", s);

HAa 3KpAaHE MOSBUTCS TAKOU PE3YJbTAT:
symbol e was found in check.

PaccMOTpuM Takke MpuMep MCIOIb30BaHus QyHKIU Strstr():

char *s, *t;
s = "this is a test!!l";
t = "a test"

printf("%s\n", strstr(s, t));

ITocrie BBIMOIHEHHUS TAaHHBIX CTPOK Ha SKPaHE MOSBUTCS TAKOH Pe3yJIbTar:
a testl!!l.

®dyukius Strtok() mpumensiercs 11 pa3dueHUs CTPOKH Ha JIEKCe-
MbI, OFPaHHYCHHBIC DPA3JCIUTCIbHBIME CHMBOJAMH (IIPOOEIbI, 3HAKH
nyHkTyanun). IlepBoe oOpamenue k Strtok() Bo3Bpammaer 3HadeHHE
yKa3aTeJisl Ha MEePBbIi CHMBOJI MIEPBOH JIEKCEMBI B CTPOKE S M 3alKMChIBa-
et HysneBor cumBoaI (\O) B S HEMOCPEICTBEHHO 3a BO3BPAIIICHHOM JICK-
CEeMOii.

#include <stdio.h>
#include <string.h>
#define DELIMITERS " .,;;;\n\t"  /tumBounsi-pa3aenurenun */

int main()

{
char sentence[500]; ¢fpoka, pazOuBaemas Ha JIeKCeMbI */
char *word; [fanapec Havayia oYepeIHOM JICKCEMBI B CTPOKE */

fgets(sentence, 500, stdin);
word = strtok(sentence, DELIMITERS);
while (word !'= NULL)
{

puts(word);

word = strtok(NULL, DELIMITERS);
}

return O;

}
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[Tpu mocaeayronmx oOpalleHUus X ¢ HYJIEBBIM 3HAYCHHEM IIEPBOIO ap-
rymenTa ¢yHknus Strtok() mpomomkaer pa30ouBaTh Ty K€ CTPOKY Ha
nexcembl. AprymenT NULL mnokaspiBaer, uro mpu BbI3oBe Strtok()
JI0JDKHA TIPOJIOJDKATh pa30MEeHHe ¢ TOr0 MecTa CTPOKH Sentencekorto-
poe OBLJIO 3aIKMCaHo MPH MOCIECIHEM BbI30BE (PYHKIIHH.

[TpuBeacHHbIC BbIIe QYHKIMHK U3 OnONIHOTekH <String.h>moxHo
JIETKO MPOIKCaTh U CaMOCTOATENbHO. Huke, B KauecTBe mpuMepa, Ipu-
BeJIcHBI TpU BapuaHTa ¢yHKimu Strlen() ¢ ucrmonp3oBanneM ykasare-
JIeH, KOTOPBIC BO3BPAIIAIOT JTMHY CTPOKH S.

int Strlen(char *s)
{
inti=0;
while (*s |1="0")
{
S++;
I++:
}
return i;

}

int Strlen(char *s)

{
inti=0;
while (*s++ !=0’)
I++;
return i

}

int Strlen(char *s)

{
inti=0;
while (*s++)

i++;
return i;

}

Taxxe npuBeneM BapuaHThl GyHKIHH Strcpy()komupoBaHus CTPOKH t B

CTPOKY S.

void Strcpy(char *s, char *tyoid Strcpy(char *s, char *

{
while ((*s = *t) = "\0")
{ S++;
t++;
}
}

{
while ((*s++ = *t++)
1="0")

-

[void Strcpy(char *s, char *t)

{

while (*s++ = *t++)

8.5. ®yHKnuMn npeodpa3oBaHusl CTPOK

Huxe npuBoagrcs GyHKIUH MpeoOpa3oBaHus cTpok (OuOImoTeka

<stdlib.h>).
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IIporoTun Onucanue QyHKIIMU

double atof(const char *s) MEPEBOJUT CTPOKY S B JCHCTBH-
TCIIBHOC YHUCJIO

int atoi(const char *s) IICPEBOJIUT CTPOKY S B IIEJIOC YHCIIO

long atol(const char *s) MEPEBOIUT CTPOKY S B JIMHHOE

LIEJIOE YHCII0

double strtod(const char *s, champeoOpasyer mnepBbic CHMBOJIBI
**endp) ctpoku S B tunt double,urHopupys
HayaJbHBIC CHMBOJIbI-Pa3iCIUuTeNIN;
ecim endpue NULL, to yka3zare-
a0 *endp mpucBamBaeTcs aapec
CHUMBOJIA, KOTOPBIA SIBISICTCS Iep-
BBIM CHMBOJIOM CTPOKH-OCTaTKa
rociie mpeoopazoBaHUs

long strtol(const char *s, chanpeoOpa3yer mepBble CHMBOJIBI
**endp, int base) CTpOKH S B THn |0NQg, UTHOPHUPYS
HaYaJIbHbIE CHMBOJIBI-Pa3/ICIUTEIIH;
ykazaTeao *endp npucBamBaeTcs
aJpec CHMMBOJIA, KOTOPBIN SBIISCTCS
IICPBBIM CUMBOJIOM CTPOKH-OCTaTKa
nocJie mpeoopa3oBanus; base -oc-
HOBaHHE, 110 KOTOPOMY IIPOH3BO-
JUTCS TIpeoOpa3oBaHue

unsigned long strtoul(const char fpaboraer Tak e, kak u Strtol(),
char **endp, int base) TOJILKO BO3BpaIllacT Pe3yJIbTaT TH-
na unsigned long

Hampumep, HuxKe NpUBOIATCA NBE NPOTPAMMBI, BBIMOJHSIOUINAEC
OJHO U TO K€ JICUCTBUE 3a CYET IBYX SKBUBAJICHTHBIX HHCTPYKIIUHU

x = atof(s); m X = strtod(s, NULL);

[* npumep bynkuuu atof() */ [* npumep bynkuuu strtod() */
#include<stdio.h> #include<stdio.h>
#include<stdlib.h> #include<stdlib.h>
int main() int main()
{ {

char *s ="1.5" char *s ="1.5";
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double x; double x;
X = atof(s); X = strtod(s, NULL);
printf(*x = %Mf\n”, x); printf(“x = %f\n”, x);
return O; return O;

} }

Ecnu Tpebyercst nmpou3BecTH oOpaTHOE IpeoOpa3oBaHue YuCa B
CTPOKY, TOT/1a B 3ToM nomoxeT ¢yHkuus Sprintf(). Hampumep:

inta =123;

char s[10];
sprintf(s, "%d", a);
puts(s);

8.6.IIpuMepsbl padboThHI CO CTPOKAMU

IIpumep 1. Jlano uenoe uncio N, 1 < n< 26.3anucaTth B CTPOKY
SiepBbI€ N MPOMUCHBIC JIATUHCKUE OYKBHI.

#include <stdio.h>
#define LENGTH 27
int main()
{
char s[LENGTH];
int I;
unsigned int n;
printf(“n =");
scanf("%u", &n);
for (i=0;i<n;i++)
s[i] ='A" +1;
s[n] = "0’
puts(s);
return O;
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IIpumep 2. /Jana ctpoka, u300paxaroias 1eja0€ MojJ0XUTEIbHOE
yucio. Halitu cymmy 1mmudp sroro uucna.

#include <ctype.h>
int Sum(const char *s)
{
Int i, sum;
i =sum = 0;
while (isdigit(s[i]))
{
sum += (s[i] - '0Y;
I++;
}
return sum;

}

IIpumep 3. [IycTh UMEETCS 11€JI0€ YHUCIIO N B IECATUYHON CUCTEME
CUHMCJICHUS M HeKoTopoe menoe unciio 2< P < 10.Tpebyercs Hanmucathb
(GYHKIMIO, KOTOpasi 3alUChIBACT B CTPOKY S MpEJCTaBICHUE YKcia N B
-1 CHCTEME CUHCIICHUS.

void Itoa(int a, int p, char *s)
{
int i, j, buf;
I =0;
[* reHepupyeM HU@PHI B 00paTHOM mopsiake */
do
{
s[i]='0"+ a % p;
al=p;
|++
} while (a = 0);
s[i] = "0’
[* mepeBopaurBaeM CTpOKy */
j=i-1,
I =0;
while (i <)
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buf = sJi];
s[i] = sil;
s[j] = buf;
I++;
=
}
}

IIpumep 4. Jlana ctpoka S. IlogcuntaTh KOIMYECTBO COJAEp)Ka-
IIUXCSl B HEH TJIACHBIX U COTJIACHBIX JJATUHCKUX OYKB.

#include <stdio.h>

#include <string.h>

#include <ctype.h>

#define N 500 * pA3mep cTpoku S */

#define VOWEL "AEIOUYaeiouy" /*rmacHbie 1aTUHCKKE OYKBBI */

void Count(char *s, int *ng, int *ns)
{
inti;
I =*ng =*ns = 0;
while (s[i])
{
if (isalpha(s[i]))
if (strchr(VOWEL, s[i]))
(*ng)++;
else (*ns)++;
I++;
}
}

int main()

{
char s[N];

int ng, [%oaudecTBO TIIacHBIX OyKB  */
ns; [kommyecTBO COTNIacHBIX OYKB */
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fgets(s, N, stdin);

Count(s, &ng, &ns);

printf("ng = %d ns = %d\n", ng, ns);
getch();

return O;

3ameuanne. B pynkuu Count()ucronb3yercs gpyukmus strchr()
u3 oubmoTeku <String.h>xoTtopas nmpoBepsieT, COACPIKUTCS U CHMBOJI
gi] B ctpoke VOWEL, 10 ecth cumBOa §i] cpaBHUBaeTCsA CO BCEMHU
CUMBOJIAMH JTAHHOW CTPOKHU. M Tak ¢ KakKJIbIM CHMBOJIOM CTPOKH S. DTO
He coBceM (D (HEeKTHUBHO.

BmecTo Toro 4roObl cpaBHHBATH CHMBOJ S[i] cO BceMu cHMBOJIa-
mu ctpokun VOWEL, MoXHO MpoBEepKy Ha MPHHAICKHOCTH CHMBOJIA
g[i] MHOECTBY IJIaCHBIX OYKB OpraHM30BaTh CIACAYIOIIMM 00pa3oM.

ITycTs int flag[256] —nornyeckuit MaccuB, KaKIbIii MWHIEKC KO-
TOPOTO COOTBETCTBYET TOMY WJIM HHOMY CUMBOJY M3 TaOJHUI[bI CHUMBO-
noB ASCII. Bce snemenTsl MaccuBa flag, mHACKCH KOTOPBIX COOTBET-
CTBYIOT TJIACHBIM OyKBaM, ONpEIETUM EIUHHUIIAMH, a BCE OCTaJIbHBIC
anemMeHThl — O:

int flag[256] = {0};
for(i=0; i < strlen(VOWEL); i++)
flag[VOWEL]i]] = 1;

Teneps 94TOOBI MPOBEPUTH, ABISICTCS U HEKOTOPHIA CUMBOJ C TJIACHOM
JATUHCKON OyKBOH, TOCTATOYHO 3aIMucaTh

if (flag[c])
Takum oOpaszom, pynkiuo Count() MOXKHO YCOBEPIICHCTBOBATh ClIe-
JTYIOIIAM 00pa3oM:

void Count(char *s, int *ng, int *ns)
Lo

int i, size;

int flag[256] = {0};

size = strlen(VOWEL);

for(i=0; i < size; i++)
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flag[VOWELTi]] = 1;
| =*ng =*ns = 0;

while (s[i])
{
if (isalpha(s[i]))
if (flag[s][i]])
(*ng)++;
else (*ns)++;
i++:
}

}

IIpumep 5. Jlana HekoTopasi cTpoka S. Beiienuts B JaHHOU CTpoO-
K€ BCE IIEIbIC HEOTPHIIATEIILHBIC YHCIIa M HANTH HX CyMMY.

Jist perienns JTaHHOH 3a/1auu Il pa3HOOOpa3us UCIONIb3YeM -
HamMu4eckyto ctpoky digit, kyaa OyneM 3amuchiBaTh OYEPETHOE BBIJIC-
JICHHOE YHMCJIO U3 CTPOKH S.

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#define N 300

[* GyHKIMS BO3BpAIaeT CyMMY LIEIbIX YHCEI U3 CTPOKHU S */
int Sum(char *s)
Lo

inti, j, sum;

char *digit = NULL,;

sum =i=0;

while (s]i])

{

[* mporryckaeM Bce CHMBOJIBI, HE SIBIIIOIIHAECS mudpamu: */
while (s[i] && lisdigit(s[i]))
i++:
j=1; [*3amomMuHaeM MO3UIMIO HaYaga 0YePeIHOTO yrcia */
[* mpoOeraem 1Mo BceM MOAPSI UAYIIUM ITudpaM, BXOISIIUM B
COCTaB 0YEePEIHOTO YHCIIA!

*/
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while (s[i] && isdigit(s][i]))
i++:

[* BBIIETIIEM ITaMATh 711 AMHamMu4eckoi crpoku digit: */

digit = (char *)malloc((i - j + 1) * sizeoff@r));

strncpy(digit, &SJj], i - j); *kommpyem mudpsl B ctpoky digit */

digit[i - j] = "\0’;

sum += atoi(digit); Mpubasnsem ouepeanoe uncno k Texymeit cymme*/

free(digit); [6cBOOOXKIaeM TTaMATh */

digit = NULL,;

}

return sum;

}

int main()
{
char s[N];
fgets(s, N, stdin);
printf("sum = %d\n", Sum(s));
return O;

}

8.7.Pa30ueHue CTPOKH Ha JIEKCEMbI

PaccmoTpum 3asady BBIZEIICHUSI BCEX CIIOB B CTPOKE-TIPEIIIONKE-
Hun. O003HaYMM dYepe3 SEeNteNCEeCXOIHYI0 CTPOKY-TPEIIOKECHHUE, B
KOTOPOM TpeOyeTcs BBIACIHTH BCE CJIOBa, a yepe3 Word — odepemHoe
BBIZICJIEHHOE CJIIOBO B CTPOKE Sentence.

Bo3moxeH ciyyait, koraa nepeMeHHas SeNtenCeiBIsieTcss MacCu-
BOM CHMBOJIOB, HAIIpUMEDP

char sentence[200];

Takke BO3MOXKEH CiIy4ai, Korjaa nepeMeHHas SeNtenC&sisieTcs ykasa-
TEJIEM HA CTPOKY:

char *sentence;

To ke camMoe MOXHO CKaszaTh M 0 mepeMeHHoW WOrd. JlaHHbIe ciy4yan
UCXOMAT U3 TOW WJIM MHOM 3a7a4u pabOThI CO CTPOKAMHU.
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Cayuaii 1. PaccmoTpum Takoil ciyyaidl: MycTh NE€peMEHHas
SentencesBiseTcss MaCCUBOM CHUMBOJIOB M HEKOTOPBIC €€ SJIEMEHTHI,
HapyUMEp CHMBOJIBI-PA3ICIUTENN, pa3periaeTcs 3aMEHUTh Ha CHMBOJI
\O’, a mepemeHHas WOrd siBiisieTcst yKa3aTelieM Ha CTPOKY.

CoctaBuM mporpaMMy, KOTOpasi CHayaia 3aMeHsET BCE CUMBOJIBI-
pasaenauTenu ciaoB (mpoOeibl, 3HaKK IMyHKTyallun) Ha HyJIb-cuMBOJI \Q’,
a ykazaTtenb WOrd OynmeT KaXawlii pa3 coAepKarh ajipec MepBOTO CHUM-
BOJIa OYEPETHOTO CIIOBA B MPEANIOKEHUN Sentence.

HanpuMmep, mycTh MacCHUB CHUMBOJIOB SENtENCECOACPKUT TaAKYIO
CTPOKY:

Hii|. T h|li|s| |i|s|] |a|l |t]lels|t|.|\O

[Tocite 3aMeHBI BCeX CHMBOJIOB-pazzaenurencii Ha cumBos '\O' Oynem
UMETh CTPOKY SENtence cieayromieM BU/e:

(Hfifofa[T|h|ifsj0fijs|faj0ft{e[s]t[W0]0]

Jlanee, npricBouM nepeMenHoi word aapec Oyksol ‘H':

[Hli[wfa[T|hfi|s]0]i|s[W]afOft]ef[s]|t]|W[0]

word

[Tocne aToro mpucBoeHus nepeMenHas Word OyzieT yka3biBaTh Ha CJIIOBO
“Hi”. 3arem nmepemennoi Word npucBounm ajapec OYKBbI ‘T

[H]i[W]0[T[h|i|s|Ofi|s|W]ajO[t{e|s]|t]|\0]0]

word

Teneps nepemennas Word ykaseiBaeT Ha cjioBo “This” u 1.1.
Hwoke MpUBOANUTCS TaHHBIA aJITOPUTM BBIJCICHHUS CJIOB U3 CTPOKH
sentence.

#include <stdio.h>
#include <string.h>
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#define DELIMITERS " .,;;\n\t"  /tumBounbi-pa3geaurenu */
#define N 300

int main()
{
char sentence[N]; lcxomnas ctpoka */
char *word; /*agpec Hauanaa ouepeaHOIO CIOBa B MPEII0KEHUN */
inti, j, n;
fgets(sentence, N, stdin); BBOIUM CTPOKY C KjIaBUATYpHI */
n = strlen(sentence); nftuaa npemnoxxeHus sentence */

[* B LIMKJIE 3aMEHSIEM BCE CHMBOJIBI-pa3aeauTean Ha cumBoi \O' */
for (i=0;i<n;i++)

{
if (strchr(DELIMITERS, sentenceli]))
sentenceli] = "\0";
}
I =0;
while (i < n)
{

[* porryckaeM Bce pasaeauTenn */
while (i < n && sentenceli] == "\0")

i++:
word = &sentenceli]; fio3unus Hayasga HOBOTO CJIOBA */
puts(word); BbIBOIMM Ha DKpaH OYepeaIHOE CIOBO */

[* iporyckaeM CHMBOJIBI TOJIBKO UTO HAalleuaTaHHOI'o cjioBa  */
while (i < n && sentenceli] '="\0")
I++:

return O;

3ameuanue. B npenpiaynieM anroputme Ui KaXI0rOo CUMBOJA

cTpoku Sentenceswi3biBanack (ynkiusa Strchr(), koropas omnpenensia,

SBJSICTCS JIU TEKYUIUA CHUMBOJI CTPOKHA CHUMBOJIOM-PA3/ICIUTENIEM. ITO
O3HAYaeT, YTO €CJIM B CTPOKE SENteNnCe&uMBOJIOB-pa3nenuTeneii OyaeT
OTHOCHUTENBHO» MAJIO, TO CIIOKHOCTh ajJrOpUTMa MPOBEPKH HA MpH-
HAJJIEKHOCTh Ka)XXJIOr0 CHUMBOJIA CTPOKM Sentence k cuMBoJIaM-
pazaenurensM OyaeT MPUMEPHO TaKasi:
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strlen(sentence) * strlen(DELIMITERS).

DTO HE OYEHH XOPOIO, OCOOCHHO €CIIM MBI UMEEM 0 C JOCTATOYHO
JUIMHHOU CTpOoKOUW Sentencell3aMeHuThs CUTyaruo MOKHO OYE€Hb JIETKO.
Beenem norudeckuii maccus int flag[256], B kotopom mopsiikoBbie HO-
Mepa (MHIEKCHI) 3JIEMEHTOB COOTBETCTBYIOT KOJaM CHMBOJIOB U3 Tal-
mutibl cuMBoI0B ASCII. D1eMeHThl JTaHHOTO MacCHBa WHUITUATIHU3UPYEM
CJIICIYIOIIMM 00pa30M: €ClId CHMBOJI C KOJOM | SIBIIIETCS CHMBOJIOM-
pasnmenureneM, To nojaraem flag[i] = 1, unaue flag[i] = 0. U tak mns
BCeX cuMBOJIOB u3 Tadmumbel cumbosioB ASCII (1 =0, 1, ..., 255):

int flag[256] = {0};
for (i = O; i < strlen(DELIMITERS); i++)
flag[DELIMITERSI[i]] = 1;

[Tocne ganHoro nukia maccus flag Oymer umeTs Takoi BH/I:

(.1 v .. 1. f1]o]v].. 1t]1]. . Jolaol]. |ol. |
9 10 ... 32 .. 4 45 46 .. 58 58 .. A5 @AA ...
ﬁllt? :lllrl-? [ [ :_? :.? ::? [ :!:L? i.'E? :z?

a a

Teneps npoBepka, ABIACTCS JIH i-ii CHMBOJI CTPOKHA SENtENC@UMBOJIOM-
pazaenuTeneM, OyAeT BhITVISIACTD CIASTYIOMMUM 00pa3oM:

if (flag[sentenceli]])

[ToaTOMy 3aMeHa BCEX CUMBOJIOB-PA3CIUTENCH HA HYJIb-CUMBOJ OyAET
BBITJISJIETh TAK:

for(i = 0; i< n; i++)
if (flag[sentenceli]])
sentence[i] = \0’;

Cayuaii 2. PaccmoTrpum emie ouH ciaydaid. [lycTe uMeeTcs: Heko-
TOpas CTPOKa-TpPEJIOKEHUE SEentencepuyem mnepeMeHHas Sentence
SIBJISICTCS JTMOO yKa3aTejaeM Ha CTPOKy (To ecTh, B 00IIEeM ciiydae, dJie-
MEHTBI TaHHOW CTPOKH HEJIb3S1 U3MEHSATh, TAK KaK CTPOKA MOXKET HAXO-
JTUTHCS B 00JTACTH MaMSATH TOJBKO IS YTCHHUS), TM00 MaCCUBOM CHMBO-
JIOB, 3HAYEHUS JIEMEHTOB KOTOPOTO IO YCJIOBUIO 331a4U MEHSITh HEJb-
3s. Takke MmycTh mepeMeHHas WOrd SBisieTcsl JTMHAMUYECKUM MacCHBOM
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CUMBOJIOB, U BCE€ CJIOBa W3 CTPOKM Sentencerpedyercs MmooyepeaHo
CKOITUPOBATH B MIepeMeHHYyI0 WOrd.

It Toro 4ToOBI aNropuTM padboTand O4YeHb OBICTPO, B JAHHOM
cllydae y4TeM 3aMeuyaHue, ykazaHHoe nocie ciyydas 1.

#include <stdio.h>

#include <string.h>

#define DELIMITERS " .,:;\n\t" [€umBombI-pa3aenurenu */
#define N 300

int main()
{
char sentence[N]; lcxomuas ctpoka */
char *word,; [buepenHOe CII0BO B IIPEAJIOKEHUN */

int flag[256] = {0}, len, |, j;
len = strlen(DELIMITERS);
[* eciim cCUMBOJI C KOJI0M | aBIIsIETCA CUMBOJIOM-Pa3CIUTCIICM,
to nonaraeM flag[i] = 1:
*/
for (i=0;i<len;i++)
flag[DELIMITERSJi]] = 1;
fgets(sentence, N, stdin);  Boaum cTpoky ¢ ki1aBuaTypsl */
I =0;
while (sentenceli])
{
[* mpomyckaeM Bce pa3acnuTens */

while (sentence[i] && flag[sentenceli]])
i++;
j=1; fO3UIIMs Hadaia HOBOTO ciioBa */
/ * onpcacIEM O30 OKOHYAaHUA OUYCPCIHOTO CJIIOBA B CTPOKE */
while (sentence[i] && !flag[sentenceli]])
i++;
[* BBIIEIIIEM ITaMATh IS OYEPEIHOIO cjoBa; */
word = (char *)calloc(i —j + 1, sizeof(chpr)
[* xonupyem B iepeMeHHy 0 WOrd CHMBOJIBI 0OYepeTHOTO ciioBa */
strncpy(word, &sentence[j], i - J);

word[i - j] ="0’;

97



10.

11.

12,
13.

puts(word);

free(word);  /bcBoOokmaeM TUHAMUYECKYIO TAMATh */
word = NULL;
}
return O;
}
8.8.3agauu

BriBecTH Ha 3KpaH Bce HUQPPHI, CTPOUHBIC U IPOMKUCHBIC JIATUHCKUE
OYKBBI C UX KOJIaMH.

Jlano yetHoe yucio N > 0 u cuMBOJBI C; U Cpo. BeIBECTH CTpOKY
JJIMHBI N, KOTOpasi COCTOUT U3 YEPEAYIOIIUXCA CUMBOJIOB Cy U Cp.
J/lana HekoTopasi cTpoka. BbeIBECTH CTPOKy, COAEPMKAIIYID TE€ K€
CHUMBOJIbI, HO PACIIOJI0KEHHBIE B 00pAaTHOM MOPSJIKE.

Jlana cTpoka S pazmepom N. 3anucath B CTPOKY t pazmMepom 2N cum-
BOJIbI CTPOKH S, MEXTy KOTOPHIMU BCTaBJICHO MO OJHOMY ITpoOeITy.
Jana ctpoka S. Hamucath joruueckyro (QpyHKIIMIO, KOTOpasi OINpe-
NEIIAET, COAEPKUTCS JIM B CTPOKE S JIBA PAIOM CTOSIIUX OJUHAKO-
BBIX CHMBOJIA.

Hana crpoka S. [logcunTtars 4acTOTYy BXOXKAECHUN KaXX10TO CUMBOJIA
B CTPOKY S.

JlaHo nenoe HeoTpunaTreapbHOe Ynucio. [lepeBectu ero B CTpOKOBYIO
NEPEMEHHYIO0, HE UCIOIb3YsI OMOIMOTEUHBIX (PYHKIIHIA.

Jlana ctpoka, n3oOpaxkaroiasi JBOMYHYIO 3aIUCh 1IEJIOT0 MOJIOXKH-
TEJIBHOrO0 4ucia. BeIBECTH CTPOKY, M300paKarollyr0 JACCATUUYHYIO
3aliCh ITOTO YHUCJIA.

JIaHbI CTPOKH SU ). Y JAUTh U3 CTPOKU S IIEPBYIO NOACTPOKY, COB-
NaJarnyo ¢ S.

Jlanbl cTpoku S U §. HalTh KOJIMYECTBO BXOXICHUU CTPOKH S B
CTPOKY S.

3aMEHUTh B CTPOKE KXY CEpUI0 MOAPS] UIYIIUX TPOOEoB Ha
OJIH TPOOEI.

Jlana crpoka-nipemioxkenne. Hautu KkonmyecTBO CIOB B CTPOKE.
Hanucate ¢pynkmuro void WordN(char &, char %, int K), koropas
K-e CITOBO CTPOKHM S 3aIMChIBAET B CTPOKY {.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

20.

27.

Jana ctpoka-npemioxkeHue. BeIBECTH CTPOKY, COIEpKALIYIO OTH
K€ CJI0Ba, pa3/ieICHHbIC OJJHUM IIPOOEJIOM U PacIojI0KEeHHbIE B 00-
paTHOM TIOPSJIKE.

Jlana cTtpoka-tipeaioxxeHne. BoIBECTH Ha 3KpaH BCE CIIOBA JAHHOU
CTPOKH B aJIpaBUTHOM TOPSJIKE.

Jlana HexkoTopas CTpoka. BeIIeIUTh B TAHHOW CTPOKE BCE IIEJIBIC
HEOTPHULIATEIIbHBIC YMCIIA U BHIBECTH X HA DKPaH.

3aoauu ons camocmosmenvHol pabomoi

Jano nenoe yucio N, 1 < n < 26. BeiBecTu N NMOCIAEIHUX CMPOY-
Huix (TO €CTh MaJICHbKUX) OYKB JIATHHCKOTO ajipaBuTa B OOpaTHOM
NOpsiJIKe, HaUMHas ¢ OYKBBI ‘Z'.

OnpenenuTts, CKOJIbKO Pa3IuYHbIX OYKB BCTPEUaeTCs B CIOBE S.
JlaHO 1eloe HEOTPUUATEIBHOE YHCIO. 3alucaTh ABOWYHOE IPE]I-
CTaBJICHUE JAHHOT'O YKCJIa B CTPOKOBYIO NIEPEMEHHYIO.

Jlana ctpoka, uzo0paxkaromas IeCATHYHYIO 3alUCh IIEJIOro MOJIo-
KUTEIBHOTO 4Kciia. BeIBeCTH CTPOKY, M300pa)karollyo JBOUYHYIO
3aIUCh ATOTO XK€ YKCa.

3aMEHHTh B CTPOKE KAy CEpPUI0 MOJPAI UAYIINX CHMBOJOB-
pasnenurenei My CJIOBaMHU Ha OJHUH MPoOe.

JlaHbl CTPOKU SU Sy. Y JAIUTH U3 CTPOKHU S MOCIIEIHIOKO MOJICTPOKY,
COBITAJIAIOINYI0 ¢ Sp. Ecim coBmamaromuyx noACTpOK HET, TO BbIBEC-
TH CTPOKY S 0€3 U3MEHEHUH.

Jlana ctpoka-npeanoxenue. Hautu KOaM4ecTBo CIOB, KOTOPBIE CO-
JepKaT XoTs ObI 0JTHY OYyKBY ‘A’

Jlana crpoka-tipeqioxxenue. HaiTtr KomuecTBO CHMMETPUYHBIX CIIOB.
Jana ctpoka-npemioxkeHue. BeIBECTH CTPOKY, COIEpKALLYIO ATH
e CJIOBA, pa3iejICHHbIE OJHUM NPOOEIOM, U PACIOJIOKEHHBIE B
anaBUTHOM TOPSJIKE.

Hamucate ¢ynkmuto void FillStr(char %, char *, int n), koropas
CTPOKYy 1 3amojmHgeT N TMOBTOPAIOUIIMMUCS KOMUSIMH CTPOKH-
nrabJyiona S.

Y 1anuth U3 CTPOKHU S IPYIIIbl CUMBOJIOB, PACHOJIOKEHHBIE MEXKY
ckoOkamu ‘(* u ‘). CaMu CKOOKHM TOKE JOJKHBI OBITh HCKITFOUCHBI.
[Ipenmnonaraercs, 4To BHYTPH KaXJA0W Mapbl CKOOOK HET IAPYTHUX
CKOOOK.

99



9. CTPYKTYPhbI

9.1.OcHoBHBIE CBe/IeHUS 0 CTPYKTypax

CtpykTypa — 00BEIMHEHHUE OJHOTO MIJIM HECKOJbKHX OOBEKTOB, B
Ka4ueCTBE KOTOPBIX MOTYT BBICTYINATh MEPEMEHHbBIC, MACCUBBI, yYKa3aTe-
mu u T.4. HekoTopbeie 00BbEKTHI, KOTOPBIE UCIOIB3YIOTCS B KOHKPETHOM
nporpamMme, Tak Wid HHAYE MOTYT OBITh JIOTUYECKH CBSI3aHBI MEKY CO-
ooii, HanmpuMmep: abcuucca (doublex) u opaunara (doubley) moryt sB-
JSATHCSL KOOPAWMHATAMM HEKOTOPOM TOYKHM IUIOCKOCTH, WM (haMUIIHS
(char name[20]))rox poxaenus (int year)u rpymnma (char group[30])
MOTYT COJIEp>KaTh CBEJCHHSI O TOM HJIM MHOM CTyJleHTe U T.1. [loaTtomy
JUIsl yIoOCcTBa paboThl ¢ TAaKMMHU OOBEKTAMU UX MOXKHO TPYHIHUPOBATH
noa oJAHUM HMMeHeM. Ecium maccuB mpencTaBisieT co0oil Habop OJIHO-
TUIIHBIX JaHHBIX, TO CTPYKTYypa SIBJsAETCA 00Jiee YHUBEPCATHLHBIM TUIIOM
JAHHBIX, TTOCKOJILKY OHA MOKET COJIepkKaTh OOBEKTHI Pa3IMUHbBIX TUIIOB.

OObsiBIIEHUE CTPYKTYPBI OCYIIECTBISETCS C MOMOIIBIO KIIFOUEBOTO
cioBa Struct,3a KOTOpsIM ClleAyeT UMs CTPYKTYPBI, U JaJIe€ UIET mepe-
YUCJIEHUE CHUCKa OOBEKTOB, 3aKJIIOYEHHBIX B (purypHoie ckooku. Ha-
puMep, ONMUCAHUE CTPYKTYPHI, NPEACTABISIONIEH COO0M TOYKY ILIOC-
KOCTH, BBITJISLIUT CJEAYIOIIUM 00pa3oMm:

struct DOT
{
double x; [f0cmucca */
double y; [opaunara */
|

Onucanue e CTPYKTYphl, KOTOpas MpPeACTaBIsieT cO0O0il CBEIECHHS O
CTYJICHTE, MOXET BBITJISIIETh TAKUM 00pa3oM:

struct STUDENT

{
char name[20]; hamunus crynenra  */
int year,; ffon poxaeHus */
char group[30]; [tpynna */

¥
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IlepemeHHbIe, OOBSBICHHBIE BHYTPU CTPYKTYPBI, Ha3bIBAIOTCA €€ JJie-
MEHTaMHU. DJIEMEHTBhI OJHOW CTPYKTYpPhl JOJKHBI MMETh YHUKAJIbHbBIC
MMEHA, XOTSI UME€HA 3JIEMEHTOB PA3JIMYHBIX CTPYKTYP MOTYT COJIEPKATh
oJuHaKoBble UMeHa. Kaxoe oObsABICHHE CTPYKTYpPhl JIOJKHO 3aKaH-
YUBATHCSI TOYKOU C 3aIISATOMH.

[Ipu 00BABICHUU CTPYKTYphI BHYTPH MPOTpaMMbl pe3epBUpPOBa-
HUSI MIAMATHU TOJ HEE HE NMPOUCXOJUT, OHA MPOCTO OIMCHIBAET HOBBIN
TUN JaHHBIX. OOBSABUB CTPYKTYPY, MOXKHO CO3/1aBaTh MEPEMEHHBIC ITO-
ro TUMA.

struct DOT A, B; [fiepemennbie A 1 B tuma DOT */
struct STUDENT stud; /tiepemennas studtuna STUDENT */

OTUM caMbIM Mbl OOBSBUIIM JIBE MEpeMEHHbIE-CTPYKTYphl A u B, koTo-
pBIe MOTYT COJEpKaTh KOOPAMHATHI TOYEK IUIOCKOCTH, W OJHY Iepe-
MEHHYIO-CTPYKTYpY Stud OOpaieHne K OTACIbHBIM 3JIEMEHTaM CTPYK-
Typbl TPOMCXOJHUT 4epe3 omeparop «rouka» (.): A.x A.y, stud.name
stud.year, stud.grouf cieayroiieii mporpaMMe BBOAITCS KOOPAHMHATHI
TOYKH IJIOCKOCTH A, a 3aTeM BBIBOJIUTCS Ha 3KPaH PACCTOSHHUE OT ITOU
TOYKH JIO Havajia KOOpINHAT.

#include <stdio.h>
#include <math.h>
struct DOT
{
double x;
double y;
3
int main()
{
struct DOT A;
scanf("%lf", &A.x);
scanf("%lf", &A.y);
printf("d = %.2\n", sqrt(A.x*A.x + A.y*A.y));
return O;
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BaxHBIM MOMEHTOM TIPH OMUCAHUM CTPYKTYPHI SBISETCS MECTO,
rie oHa oObsBisiercs. Ecnu oObsaBIEHHE TPOUCXOAUT BHE BCeX (DYHK-
Ui (Takoe OOBSIBIICHUE HAa3bIBACTCS BHEITHUM), TOT/IA 3TO OOBSBICHUC
MOKET MCIOJIb30BAThCSI BCEMU (PYHKIIUSAMH, CICIYIOMUMH 3a HUM. Ec-
T K€ CTPYKTypa OOBSABISAETCS BHYTPU KaKOH-TO (yHKIIMH, TOTJA 3TO
O0OBSIBIEHUE MOXKET MCITOJIB30BATHCS TOJBKO 3TOM (DYHKIIHEH.

Kak 1 MaccuBBI, CTPYKTYpHBIE IIEPEMEHHBIC TIPH MX ONPeIeTICHUN
MO>KHO MHHUITUATIU3UPOBATH, HATIPUMED:

struct DOT A={1.2,-2.5};
struct STUDENT stud = §Isanos"”, 1990, 'Kb-11"};

Ecnu ctpykTypa nepenaercs B Ka4yecTBe apryMeHTa (pyHKIUH, TO,
B OTJIMYME OT MACCHBOB, IMepe/iadya MPOUCXOJUT MO 3HAUYCHUI0. UTOOBI
OCYILIECTBUTH MEpeaady CTPYKTYpbI MO CChUIKE, HEOOXOAUMO NepeaaTh
ee aJpec.

[ToMumo TOTO, 4TO (PYHKIMSAM MOKHO IMEpPENaBaTh CTPYKTYpPHI B
KaueCTBE apryMeHTOB, (YHKIIMU MOTYT TaK)K€ BO3BpallaTh CTPYKTYPHI,
HanpuMmep:

#include <stdio.h>
struct DOT
{
double x;
double y;

J#
struct DOT Init(double x, double y)

{
struct DOT A;

AX=X;
Ay =Y,
return A;

}

int main()

{
struct DOT B = Init(2.4, 1.5);

return O;

}
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Ecnu nBe CTpYKTYypHBIE MEPEMEHHBIE UMEIOT OJIMH THII, TO OJIHY
IIEPEMEHHYI0 MOXHO IPUCBOUTH APYTOU, HAIIPUMED:
struct DOT A={1.2,-2.5}, B;
B=A;
[Ipu 3TOM 3HAYEHUSAMH 3JIEMEHTOB OJTHOM CTPYKTYpbl OyJyT 3HAUCHUS
COOTBETCTBYIOIIMX 3JIEMEHTOB APYrOM CTPYKTYPBI, €CIU JAXKE CPEIn
DJIIEMEHTOB CTPYKTYPHI IIPUCYTCTBYIOT MAaCCHUBEI.
Takke MOXHO CO3/1aBaThb MaCCUBBI CTPYKTyp. Hampumep, MOKHO
3a7aTh ociaeaoBaTeabHOCTh 3 10 3JIEMEHTOB TOYEK IIIOCKOCTH.

struct DOT a[10];

Torma obpamieHne K KOOpAMHATAM TOYEK OYyIET MPOUCXOTUT CIICIYIO-
UM 00pa3oM:

a[0].x, a[0l.y,..., a[9].x, a[9].y

9.2.00neavHeHUA

OObenuHeHNE — Takas MepeMeHHas, KOTopas B pa3Hbie MOMEHTHI
BPEMEHHU MOXKET XpaHUTh OOBEKTHI Pa3IMYHOr0 THIA U pa3mepa. B ka-
KIBIN OTIPEACICHHBIA MOMEHT BPEMEHH MOXKET HCIIOJIb30BAThCS TOJIBKO
OJIMH U3 DJIEMEHTOB O0BEIMHEHMS. | TaBHOW O0COOEHHOCTHIO O0OBEINHE-
HUS SBJISIETCS TO OOCTOSITENLCTBO, YTO I KaXKIOr0 U3 OOBSIBIECHHBIX
9JIEMEHTOB BBIJIEIIETCS OJHA U Ta K€ 00JaCcTh IIaMITH, TO €CTh OHH IIe-
pekpbiBaroTcs. [loaToMy eciii B JaHHBIE MOMEHT BPEMEHH HCIIOJIb3YeT-
Cs HEKOTOPHIH 3JIEMEHT OOBCAWHCHMS, TO 3HAUCHUS OCTAJIbHBIX JJIe-
MEHTOB CTaHOBSTCS HeolpeaeaeHHbIMU. OObeIHHEHNUS YKOHOMST IIPO-
CTPAHCTBO BMECTO TOTO, YTOOBI MPOCTO TaK TPATUTh MaMATh Ha HEHC-
MOJIb3YEeMbIC B JaHHBIM MOMEHT IIEpEMEHHEIC.

Jlns omucaHus OOBEIWHEHHUS HMCIOIB3YETCS KIFOYEBOE CIIOBO
union, HarpuMmep:

union NUMBER
{

long I;
double d;

I3
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3nech nepemenHas | umeer pasmep 4 Oaiita, a nepemenHas d — 8 Oalir.
ITostromy Ha nepemennyto Tuna NUMBER Oyner orBeneno 8 Oaiit, To
€CTh JIOCTATOYHO, YTOOBI XPaHUTh CaMyI0 OOJIBIIYIO M3 JaHHBIX JBYX
IIEPECMEHHBIX.

ITpu 0O0BsABICHHH 00BEAMHECHNUE MOKHO MHUIIMAIM3UPOBATH TOJIb-
KO 3HaYCHHEM, MMCIOIIUM THUII €ro IEePBOro 3jneMeHTa. Takum o0pa3om,
B HaIlleM clly4yae 00beIMHCHHUE MOYKHO MHHUIIUAIN3HPOBATh TOJIBKO 3HA-
yeHueM Tuia long, HanmpuMep MOXKHO 3amucaTh

union NUMBER value = {10}, [*ro ectp value.l == 10 */
1 ObL1a OBI OIIIMOOYHOM 3aIMCh BUIA
union NUMBER value = {10.0};

Huxe npuBeieH HEOOJIBIIIOW MPUMEP C UCTIOTB30BAHUEM 00BEU-
HEHMUS:

#include <stdio.h>
union NUMBER
{
long |;
double d;
¥
int main()
{
union NUMBER value = {10},
printf("l = %d\n", value.l);
value.d = 5.0;
printf("d = %f\n", value.d);
return O;

}

OObeMHEHUsT MOTYT BXOJAUTH B CTPYKTYpPhl U MaccuBbl. OOpar-
HOE Takke BO3MOXHO. Hampumep, HuXe MPUBOJATCA J1Ba SKBUBAJICHT-
HBIX OOBABICHUS CTPYKTYphl STR:

union NUMBER struct STR

{ {
long I; char s[10];

104



double d;

|3
struct STR

{
char s[10];
union NUMBER value;

I3

;

union NUMBER
{

long |;
double d;
} value;

[locne omHOro W3 JAaHHBIX OOBSABICHHH OOpaIleHHE K JJIEMEHTOM
CTPYKTYpbl STRIpOUCXOIUT ClIeAYIOIIMM 00pa3oM:

int main()

{

struct STR st = {"abc", 10};

printf("s = %s\n", st.s);

printf("l = %d\n", st.value.l);

st.value.d = 1.0;

printf("d = %f\n", st.value.d);

return O;
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10. AMPEKTUBLI TIPEIMNPOLECCOPA

[Ipenpoueccop — mporpamma, KOoTopas IPOU3BOIUT HEKOTOPHIC
MaHUIYJIAIUA C UCXOAHBIM TEKCTOM IMPOrpaMMBbI MEpE] TeM, KaK OH
NoJIBEprHETCSl TpaHchauu. [Ipenponeccop 3amyckaercss aBTOMaTuye-
CKM NpHU KOMIWISILIMKA TporpamMMmbl. Bce IUpPEKTHBBI IMpernpoleccopa
HauyMHAIOTCA co 3HaKa #. [locne qupekTuB mpemporeccopa Toyka ¢ 3a-
[ISITON HE CTaBUTCH.

10.1.ImpexTuna #include

JupekTusa #includeskioyaeT B TEKCT MPOrpaMMbl COICPIKUMOE
yka3zaHHOro (aiiina. OTa JUPEKTUBA UMEET JABE (POPMBI 3aIIHUCH.

#include 'ims darina"
#include sams daiina>

Eciu nmMs daiina ykazaHo B KaBbIYKax, TO MPEIPOLIECCOP OCYIECTBIISIET
HOUCK (paiiyia B COOTBETCTBUH C 3aJaHHBIM MapIIPyTOM, a MPHU €ro OT-
CYTCTBHHM — B TeKyleM Karaiore. Eciau ums ¢aiina 3a1aHO B yIJIOBBIX
CKOOKax, KOTOpbIE€ UCIIOIB3YIOTCA AT (paiijioB cTaHIapTHOW OMOIHMOTE-
KH, TO MOMCK (haiiia MPOU3BOJUTCSA B CTAHAAPTHBIX JTUPCKTOPHUAX OIle-
PallMOHHOM CUCTEMBI, 3aaBaeMbIX koManaoit PATH.

HupekTuBa #include oyeHb 4acTo MCHOIB3YETCS JJIS BKIIOYCHUS
CIICIYIOIIMX 3arojIOBOYHBIX (paitioB cTtangapTHOM OmOmmoreku: Stdio.h
(ctangapTHas OuOIMOTeKa BBOJa-BhiBOAa), Stdlib.h (pynkiuu obiero
Ha3HauyeHus), String.h Gubanoreka QyHKINMA, ONCPUPYIOLIUX CO CTPO-
KaMH) H T.[.

10.2.ImpexTuna #define

JlaHHas AUPEKTHUBA CIY>KUT IJISI 3aMEHbl KOHCTAHT, ONEPaTOPOB
WJIU BBIPAXKECHUI HEKOTOPHIMU HacHTUPUKaTopamu. UneHTudukaropsl,
KOTOPBIE 3aMEHSAIOT CTPOKOBBIE WJIM YHUCJIOBBIE KOHCTAHTHI, HA3BIBAIOT
MMEHOBAaHHBIMM KOHCTaHTamu. Maentudukatopsl, 3aMmeHsitonme ¢par-
MEHTBI MPOTPaMM, HA3bIBAIOT MAKPOOIPEACIECHUSIMH, MPUYEM MAKPO-
ONPENECIICHUS MOTYT UMETh apTyMEHTHI.
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Hupektusa #definemmeer nBe Gpopmel 3anucu:
#define uneHTuduKaTop TEKCT
#define unentudrikatop (CIUCOK MapaMeTPOB) TEKCT

JlaHHas AUPEKTHBA 3aMEHSET BCE MOCIEAYIONINE BXOXKICHUS UICHTU(U-
KaTopa Ha TEKCT. TakodW NpolLECC HA3bIBACTCA MAaKpPOIIOJCTAHOBKOM.
TexcT MOXeT npeACcTaBisATh coOO0M JIr00oM (hparmMeHT nporpammbl Ha Cu
100 MOKET ¥ BOBCE OTCYTCTBOBaTh. Hampumep, BCTPETUB OmpesieieHue
#define E 2.711828ufrenoBanHasi KOHCTAHTA), MPETPOIICCCOP 3aMCHUT
BCE MOSBJICHUS! KOHCTaHTHI E Ha ynciennyto koncranty 2.711828.

Eciu e TeKCT OTCYTCTBYET, TOT/Ia BCE AK3EMILISIPhI UACHTU(PUKA-
TOpA YIAAISIOTCS U3 IPOTPAMMBL.

Makpoonpeneneaue 0e3 mapaMeTpoB oOpabaThiBaeTCs TaK ke,
KaK ¥ UMEHOBaHHasl KOHCTaHTa. Hanpumep, MOKHO 3anucaTh

#define FOREVER for(; ;)

1 3aTeM B IporpaMme nucath Oeckoneunbie ukibl B Bujge FOREVER.

Bo BTopoii popme 3ammcu aupektHBbl #define mmeercs crmcok
napaMeTpoB, KOTOPBIA MOXET COAEPkKaTh HECKOJBKO HIASHTH(UKATO-
POB, pa3/IeJICHHBIX 3anAThIMU. [lapaMeTphl B TEKCTE MaKpOONpeEACICHUS
OTMEYAIOT TMO3WIIMH, Ha KOTOPHIC JOJDKHBI OBITH IMOACTABIICHBI apry-
MEHTBI MaKpOBBI30Ba. MaKpOBBI30B JIOJKEH OBITH OTJEIBHOM JIEKCEMOI
U COCTOATHh M3 HACHTH(PHUKATOpA M 3aKIIOUYEHHOTO B KPYIJIbIE CKOOKHU
CIIUCKA apTYMEHTOB, KOJMYECTBO KOTOPHIX JOJHKHO COBHAJATh C KOJIM-
YECTBOM MapaMeTpPOB.

B kadecTBe mepBoro mpuMepa IpUBEAEM MaKpOOMNpPEACICHHUE C
OJTHUM MapaMeTpOoM JIJIsl HaXOKJACHUS KBaJipaTa yucJa.

#include <stdio.h>

#define SQR(X) ((x) * (x))

int main()

{
printf("%d\n", SQR(5));
printf("%f\n", SOR(SQR(0.12)));
return O;

}

[TosicHuM 3HAaYCHMS KPYTJIBIX CKOOOK IpH Makpoomnpeneiaenun ((X) * (X)).
Koueuno, MoxH0 ObLIO OBI 3aIMCATH
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#define SQR(X) x* X

Ho Torna B kBagpaT KOPpPEKTHO OyAyT BO3BOJUTHCS TOJIBKO YHUCIIA, a HE
BbIpakeHUs1. Hanmpumep, ecnu B mporpaMme BCTPETUIACH UHCTPYKLIHS

r= SQR(a + b);
TOT/1a TIOCJIe padOThI IMpempoIieccopa ITOT KOJ Pa3BEPHETCS B CIECAYIO-
A KOJI.
r=a+b*a+hb;
[ToaToMy OyieT KOppEeKTHEE 3anucaTh
#define SQR(X) ((xX) * (x))
B kauecTBe BTOPOro IpUmMepa MPUBEIEM MAaKPOOIPEAECICHUE C

JIBYMS ITapaMeTpaMu ISl HAXO0KIECHUS MaKCUMaJIbHO 3HAYCHUS U3 J1aH-
HBIX [TApAMETPOB:

#include <stdio.h>
#define MAX(X, y) ((X) > (y) ? (X) : (y))

int main( )

{
intx=1,y=2;
int max = MAX(X, y);
return O;

}

10.3.ImpexTuBa #undef

JIupextuBa #undefucmonp3yercs mms OTMEHBI ACHCTBUS IUPEK-
tuBbl #define.Cunrakcuc 1aHHOW JUPEKTUBBI CIICTYIOIIHIA;

#undefunentuduxarop

Hupektua #undeformenser aciictBue Tekyiero onpenencuus #dedef
71 yKazaHHoro wujaeHtuduxkaropa. O0jacte ASMCTBUS MMEHOBAHHOM
KOHCTaHTBI HJIM MaKpPOOIPEACIICHUS IPOCTUPACTCS OT MECTa HUX OIpe-
JCJICHHS 10 MECTa MX OTMEHBI ¢ momoInpio #undefmnbo 1o koHma ¢aii-
JIa, €CJIA TaKUX OTMEH HE ObLIO.

OTMEHSATh MOXKHO M HECYIIECTBYIOIINE KOHCTAHTHI U MaKpOOIIpe-
nenenus. Taxke TOMyCKaeTCs MOCjae OTMEHBI HEKOTOPOI'O OIPEACIICHHUS
OIpEICUTh €ro 3aHOBO ¢ momoInbio #define.
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11. P’YHKIIUU

11.1.OcHoBHBIE cBeIeHUS 0 (PYHKIIMAX

OyHKIUSA — TOAMpPOrpamMMa, KOTOpash OPraHU30BBIBACT TOT WU
WHOW aJITOPUTMHUYECKHIA TIPOIIECC W BO3BpallacT HEKOTOPOE 3HAYCHHE.
[Iporpamma Ha s3bike CH uMMeEET 10 KpalHel Mepe oAaHy (YHKIIHIO
main(), koTopas aBBTOMaTHYCCKH BBI3BIBACTCS TIPH 3aITyCKE MPOTPaMMBI.
Cama ¢ysKIus main() MoxeT BBI3BIBATh ApyTrue (GyHKIHH, a T, B CBOIO
ouepe/ib, CaMU MOTYT BBI3bIBATh T€ WJIW WHBIE ()YHKITUH.

DYHKIUS COCTOUT U3 OOBSABICHUNM U ONEPaTOPOB U IpeIHaA3HAYE-
Ha JJIA pelieHus ompeneneHHOW 3amaun. Kakmas ¢GyHKIUS TOJDKHA
UMETb UM, KOTOPOE UCIIOJIB3YETCS JIJIsi €€ OOBSBICHUS, OTIPEACIICHUS U
BBI30BA.

Korma umst QyHKIIMM BeTpedaeTcsl B MporpaMMe, TO YIIpaBiICHHUE
nepeaaeTcs K Teay AaHHOW (DYHKIIMH, TO €CTh OCYIIECTBIISIETCS BBHI3OB
¢dbyskuuu. [Ipy BhI30Be (PYHKIIMM €H MPU HOMOIIU apryMeHToB ((hop-
MaJIbHBIX TIapaMETPOB) TEPEIAIOTCS HEKOTOphIe 3HaueHWs ((hakrTmye-
CKHE TIapaMeTphl), KOTOPBIC MCIOIL3YIOTCS (DYHKIMEH BO BpeMs e¢ pa-
00Tbl. JIt0OO aprymMeHT (PyHKIIMU MOXKET ObITh KOHCTAaHTOH, IEPEMEH-
HOW WJIV BBIPAKECHUEM.

OO6uuii popmat onpeneseHuss PyHKIIMU UMEET CICAYIOUUNA BUJL:

THUII_BO3BPAIIacMOro_3HavyeHUs UMs_(DYHKIUHU (CIIHMCOK_IapaMEpPTOB)
00BIBJICHUSA
OTIePaTOPHI

}

Tun Bo3BpaiaeMoro 3Ha4eHUs] OOBSABISIET TUIl 3HAYECHUS, BO3Bpalae-
Moro gynkuuei. Eciau sxe GyHKIMS HE BO3BpaIllacT 3HAUYCHUS, TOT/IA B
KA4eCTBE THUIIA BO3BPAIIa€MOIr0 3HAYEHUS BBICTYIIAET IyCTOM THMN —
void. Eciau QyHKIMsS HE MOJy4aeT apryMEHTHI, CIIHCOK IapamMeTpOB
Takke 00BsBIISICTCS Kak VOid.

OyHKIIMKM MOTYT BO3Bpamiath 3HaueHus. [locime oOparieHus K
(GyHKIMM OHA BBITIOIHSAET HEKOTOPHIE JEUCTBUS U B KAU€CTBE PE3yiIbTa-
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Ta CBOEH pabOThl MOKET BO3BPATUTh HEKOTOpOE 3HaueHHe. C MOMOIIIbIO
MHCTPYKIHMM Feturn mpoucxoauT BO3BpAT pe3yjbTaTa OT BBI3BIBAEMOM
dbyHKIIMKU K BbI3BIBaroIIei. [locie cimoBa return MokeT ciaenoBarh Jito-
00¢ BBIpaKEHHE!

return BeipaxxeHue;

BripaxkeHue, eciau 3T0 HEOOXOJMMO, MPUBOJUTCS K BO3BPAIIAEMOMY
TUNY (QYHKIIAH.

CymiecTByeT Tpu crocoba BO3BpallleHUs YIPaBICHUS B TOYKY
pOTrpaMMBbl, U3 KOTOpo Oblia Bhi3BaHa (yHKIus. [lepBbie 1Ba ciocoda
OTHOCSITCA K Ciydaro, Korja (DyHKIMS HE BO3BpalllaeT pe3ysbTaT. B
NEPBOM Cily4yae ympaBjeHUE NepeaacTcs Mpu JOCTHKEHUHN MpaBoil Gu-
rypHON CKOOKHM, 3aBepiiarolnie ¢pyHkiuw. Bo BTopoM ciiyyae yrpas-
JIEHUE TIEpeaacTCs MPU BHITIOJIHEHUH OTepaTopa

return;
B tpetbem ciiydae, koraa QyHKIMS BO3BpaIlaeT PE3yIbTaT, OMepaTop
returnseipaxxenue;

BO3BpAIIaeT BhI3BIBAIONICH (YHKIIMY 3HAUCHUE BHIPAKCHHSI.

OmnepatopoB return B ¢GyHKIIMKU MOKET ObITh HECKOJbKO. Toraa
JTAHHBIE OIepaTopbl OyAyT (PUKCUPOBATH COOTBETCTBYIOIINE TOUYKHU
BBIXO/I1A.

11.2 . TIporoTHnbl PyHKIHH

[IpoToTun QyHKIMU COOONIAET KOMIMISITOPY TUI BO3BpAIllaeMO-
ro pyHKIHUEW 3HaYCHUsI, KOJIMUYECTBO MapaMeTpoB, MOJIydaeMbIX (yHK-
AEH, a TAKXKE TUIBI TAPAMETPOB U MOPSAOK UX cienoBanus. Kommms-
TOP OCYIIECTBIISIET MPOBEPKY COOTBETCTBUS TUIIOB IMEpe/iaBaeMbIX (hak-
TUYECKHUX MapaMeTpoB TUMaM (POpMaJbHBIX MapaMeTpoB, TO €CTh KOM-
MUJIATOP UCIOJIB3YET MPOTOTUI (PYHKIIUHU JJIsI TPOBEPKU MPABUILHOCTH
BbI30BOB JIaHHOW (GyHKIMU. [IpoToTun GyHKIIMU UMEET TaKOM e BUJ,
YTO U omnpenenaeHue PyHKIUU, ¢ TON JUIIL Pa3HUIICH, 4TO Teao (yHK-
I[UA OTCYTCTBYET, NMpUYEM MMeHa (OPMaJIbHBIX TAPAMETPOB TAKKE MO-
ryT ObITh onyiieHbl. Eciau nmpototun ¢GyHKIMKA HE 3aJlaH, a BCTPETUIICS
BbI30B (DYHKIIMH, TO CTPOUTCS HESIBHBIA MPOTOTUI U3 aHAN3a (POPMBI
BbI30Ba (DYHKIIMH.

110



Hampumep, B HUKENPUBEACHHOW MPOrpaMMe, KOTopas 3arpaiiu-
BaeT JBa Yuciia a u b, mociie yero BRIBOJIUT Ha SKPaH CEPEAMHY OTPE3Ka
[a,b], ucnonezyerca ¢pyukuus Middle(). IIporotun manHON (QyHKIHH
MMEET CICAYIOIINNA BU!

double Middle(double, double);

JlanHblid ipoToTHI YKa3biBaeT, uto ¢pyHkuus Middle() umeer nBa apry-
meHTa tria doublen Bo3Bpamaet pesynbraT THIA double.

#include<stdio.h>
double Middle(double, double); poroTun dpynkum */

int main()

{
double a, b;
scanf("%lf%lIf", &a, &b);
printf("middle = %f\n", Middle(a,b));
return O;

}

[* onucanne pyukiuu Middle() */
double Middle(double a, double b)
{

return (a+ b) / 2;

}

BaxHO 0COOESHHOCTBIO MMPOTOTHUIIOB SIBJIICTCS TIPUBEICHNUC TUIIOB
aprymenToB. Hampuwmep, ecan ¢ynknun Middle() mepenats nBa menbix
aprymeHnTa 1 u 2, To JaHHBIC apryMEHThI CHavajia OyAyT HpPUBEICHBI K
tuny double (1.0a 2.0), mpeskie YeM BBIUKC/IATh 3HAUCHHE BhIPAXKCHUS
(a + b) / 2. Tosromy pe3ynbrar OyaeT BepHbiM: 1.5. Eciu Obl 1aHHBIC
apryMeHThI He ObUIH mpuBeneHbl K Tumy double,to ¢yHKIusa Bo3BpaTH-
na Obl 3Hauenue 1.0.
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11.3.Kiaaccenl maMsATH

Kaxnas mepeMeHHas KpoMe TUIa, UMEHH U 3HAUYCHUS MMEET eIle
OJIHY XapaKTePUCTUKY — KJjlacc maMsaTu. Kimacc maMsiTu xapakTepusyer
BpeMsl CYIIIECTBOBAHHUS M MECTO XpaHEHHUS 00BEKTa BO BpEMs BBITIOJTHE-
HUSI TIpOrpaMMbl. B COOTBETCTBUH € KJIACCOM IMaMATH IE€pEMEHHas MO-
KeT ObITh aBTOMaTHueckou (auto), peructpoBoii (register), BHeriHewH
(extern)u cratnueckoii (static).

[To ymon4aHuO, €CIM KJacC MaMITH OIMYIIEeH, Mpeirojaraercs,
YTO TIEPEMEHHAs ABJISETCS aBTOMATHIECKOM.

OO6nacTei0 ACHCTBUS aBTOMATHUYECKHUX, PETUCTPOBBIX M CTaTHYE-
CKMX OOBEKTOB sIBJseTCS OJIOK, IJIe OHM OMNpEeIeHbl, BKIIOYas BIIO-
YKEHHBbIC OJIOKM B JIaHHBIM OJIOK, B KOTOPBIX HE COJEPIKATCS Tepeorpe-
JEJCHHBIX TIEPEMEHHBIX C TEMH K€ HMEHAMH.

BpeMs sxu3HU 00BEKTa ¢ KjaccaMu ImaMsaTh autou registercosma-
JaeT CO BpEeMEHEM BBINONHEHUs Osioka. Takwe oOBEKTHI CO3MAOTCS B
MOMEHT BXOJla B OJIOK M YHHUUYTOXKAIOTCS IIpU BbIXOJe W3 Hero. Ilpu
3TOM IIEpEMEHHBIE C KJaccoM IaMsATH register,eciau 3TO0 BO3MOXKHO,
XpaHATCS B MAIIMHHBIX peructpax. OcoOEHHO 3TO BaXXKHO, €CIU Tepe-
MEHHasl OUY€Hb YaCTO MCIMOJIb3YETCs, HaIpUMeEp MePEMEHHbIE-CUCTUNKH,
CyMMBI M T.JI. 3aMETHM, YTO PETUCTPOBBIC IEPEMEHHBIC MOTYT OBITH
TOJIBKO 11eJIOr0 TuMa. KOMOUISsTOp MOXKET MPOUTHOPUPOBATh YKa3aHUE
Ha TO, YTO MEPEMEHHYIO JKelaTeIbHO Pa3MECTUTh B MAIlTMHHOM PETUCT-
pe. B 3ToM ciydae Takas nmepeMeHHas SKBUBAJICHTHA aBTOMAaTHYECKOM
nepeMeHHON. OmnucaHue PErucTPOBBIX TEPEMEHHBIX BBITJISINAT Clle-
JTYIOIITUM 00pa3oM:

register int i
register char c;

OOsbsiBNicHUE register Mo)KHO TPUMEHSATh TOJBKO K aBTOMATHUYCCKHM
nepeMeHHbIM U (hopManbHbIM NapaMmeTpaM pyHkiuu. Hanpumep:

long Sum(register int n)

{

register long sum;
register int i;
for(i=0;i<n;i++)
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sum +=1i;
return sum;

}

BHeliHue nepeMeHHbIe ONpeeNstoTcss BHE (DYHKIUN, MOATOMY
OHM JIOCTYITHBI TTOYTH JJIA 000N M3 HUX. Takue mepeMeHHbIE CYIIeCT-
BYIOT B T€UCHHE BBIMOJHEHUS BCcel nmporpammbl. O0IacTh Xe IeHCTBUS
BHEIIIHEH MEPEMEHHOM MPOCTUPAETCs OT TOUKU BO BXOJIHOM (hailnie, T1e
oHa 0OBsIBIICHA, /10 KoHIA (aitma. Hampumep, mociie BBIOIHEHUS Clie-
JIYIOIIEH TPOrPAMMBI:

#include <stdio.h>
inti=1; /*BHemHsas nepemMcHHas */

void Print()
{

}

int main()

{

printf("%d\n", 1);

Print();
++:
Print();
return O;

Ha DKpaHe MOSBUTCS TAKOU pe3yJibTar:
1
2

OnHako, €cliv JaHHYIO MPOrpaMMy 3alucaTh B TAKOM BUJIE

#include <stdio.h>
void Print()

{
}

inti=1; /*BHemHsas nepeMeHHas */

printf("%d\n", i);  /*ommoOka */
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int main( )

{
Print();
++:
Print();
return O;

}

TO 3TO IPHMBEAET K OIMMOKe, MOCKOIbKY GyHKIug Print() naxoaurcs BHe
o0JacTH ACHCTBUS BHEIIHEH TIepeMeHHOMU I. Eciim Heo0XouM TOCTyI K
BHEIIIHEH MEPEMEHHOU /10 €€ OOBSIBICHUS WM OHA OIpeJelieHa B JIpy-
rOM HCXOJHOM (haiisie, CieayeT BOCIOIb30BaThCA ONMcanueM extern:

#include <stdio.h>
void Print()
{
extern int i;
printf("%d\n", 1);
}
inti=1; /[*BHemHsa nepemeHHas */
int main()
{
Print();
i++:
Print();
return O;

}

Crpoka extern int ioObsBIIIEeT IJIs OCTaBIleics JacTu (aiiia, 4To Ie-
peMeHHas | uMeeT TUI iNt, IpH 3TOM MaMSATh JUIsl HE€ HE BBIACIISICTCS.

VHuiuaan3upoBaTh BHEIIHIOK MEPEMEHHYI0 MOXHO TOJIBKO IMPHU
ee ompeaencHud. ECliM BHENIHSAS MepeMeHHas ompe/ecHa, HO He HHHM-
[HaJIM3UPOBaHa, TOIJAa, IO YMOJYAHHIO, OHA IIOJy4aeT HYJICBOE Ha-
YaJbHOE 3HAUYCHHUE.

3ameTHM, 4TO caMu (YHKIHHU SBJISIOTCS BHEIIHMMHM OOBEKTaMH,
Tak Kak B si3bike CH oJHy (YHKIHIO 3amlpenicHO OOBSBIATH BHYTPH
Ipyrov pyHKIMH.
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Cratudecknue mepeMeHHbIe (StatiC) MOryT OBITH JIOKAJBHBIMH H
rio0anbHbIMHU. JIOKaJIbHBIE CTaTHYECKHUE MEPEMEHHBIC BHUIHBI TOJIBKO
TON (PYHKIIMH, TI€ OHU ompeseiacHbl. ToNMbKO B OTIMYHE OT aBTOMAaTH-
YECKHX MEPEMEHHBIX CTAaTHYECKHUE JIOKAIbHBIE TIEPEMEHHBIC COXPAHSIOT
CBO€ 3HAUCHHUE U I0CJIC BhIXOJIa U3 (DYHKIIMH, & HE BO3HUKAIOT U YHHUY-
TOXKAKOTCS MPU KaXKJIOM €€ BbI30Be. [Ipu ciieayromeM BbI30OBE JaHHOU
(GYHKIMHU CTaTUYeCKas JOKaJlbHas IepeMeHHas OyJeT MMETh TO 3Haue-
HHUE, KOTOPOE OHA MMeEJa IpHU MOCIEIHEM BbIxoae W3 Hee. Hampumep,
MOCJI€ BBITIOJIHEHUS CIEAYIOIIEH MporpaMMbl Ha dKpaH OyayT BhIBEE-

uel yucia 10, 20, ..., 100:

#include <stdio.h>
void Print()
{
static inti = 10;
printf("%d\n", i);
| += 10;
}
int main()
{ . .
int j;
for (j =1;)<=10; j++)
Print();
return O;

}

['moGanpHBIC CTaTHYECKUE TIEPEMEHHBIC TOCTYITHBI BCeM (DYHKIIH-
sIM JJaHHOTO (haiina, pacroyioKEHHBIM HUXKE X onpeseneHus. Ho B npy-
rux ¢aiiax riodalbHbIE CTATUYECKHE MIEPEMEHHBIC HEU3BECTHBI.

[Ipeapiayninii mpuMep MOXKHO MEPENrcaTh B TAKOM BUJIE:

#include <stdio.h>
static inti = 10;
void Print()
{
printf("%d\n", 1);
I +=10;
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}

int main()
{
intj=1,
for (j =1;)<=10; j++)
Print();
return O;

}

11.4.¥Yka3aTenu Ha QyHKIUN

DyHKIIUU, KaK U JII0OBIE 3JIEMEHTHI JaHHBIX, UMEIOT aapeca. Kak u
UMSI MacCHBa SIBJISIETCS aIpeCOM IEPBOTO JIEMEHTA MAaCcCHBa, TaK U UMS
GyHKIMM SBIASETCS aIpecoM Hadaia MAIIMHHOTO KOja JaHHOW (PyHK-
1. [1o3TOMy MOKHO ompeenuTh yKazatellb Ha (yHKIMIO U padoTaTh
C HUM Kak ¢ OOBIYHOW MepeMeHHOM. YKazaTeiau Ha (YHKIUHU MOXKHO
nepeaaBaTh APyruM (YHKIUMSAM B KaueCTBE apryMEHTOB, MOYKHO BO3-
BpalaTh B KAYECTBE PE3yJbTaTOB paOOThl (PYyHKIINM, MOKHO pa3MeIlaTh
B MacCHBax M T.I.

UToOBbI MOAYUYHUTH aJPEC TOW WIM UHON (PYHKIUHU, JOCTATOYHO 3a-
nucath ee UM (KOTOpOoe M COACPIKHUT ee aapec) O€3 3aMBIKAIOIINX CKO-
0ok, To ecth ecnu F() — HekoTopas ¢yHkimsA, To F — anpec maHHOMU
dbyukiuu. Hanpumep:

#include<stdio.h>
int Compare(int a, int b)
{
return a >= b;
}
int main( )
{
printf("%p\n", Compare);
printf("%p\n", main);
getch();
return O;
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[TosToMy 4TOOBI TEepesaTh HEKOTOPOU (PYHKIIMU afgpec TOW WJIM MHOU
(GyHKIIMU, TOCTATOYHO NEPEaTh UM Mepe/ilaBaeMOn PyHKITUH.

Crenyrommil mpuMep HLTIOCTPUPYET NPUMEHEHUE yKa3aTessl Ha
byHKIHIO.

#include<stdio.h>
int ShowMsg(char *msg)
{

return puts(msg);
}
int main()
{
int (*pFunc)(char *); [YxazaTenb Ha QyHKIHIO */
pFunc = ShowMsg;
(*pFunc)("A message \n"); Bui3biBaeMm QyHKLIUIO Yepes ykazarennb */
return O;

}

[Tpueaem eme npumep. Harmmmem ¢ynkmuio Count(), kotopas
BBIUHCIIAECT KOJMYECTBO OOJIBIIMX WIIM MAaJCHbKHMX JAaTHHCKHX OYKB B
crpoke S. ITycte ¢ynkuuu int Big(int ¢) u int Small(int ¢)cootBerct-
BEHHO ONPEICISIOT, SBISETCS JU CUMBOJ C OOJBIION MM MaJeHbKOM
naTHHCKOM OykBoi. Eciin B kauecTBe napamerpa ¢pyukuuu Count()me-
penaercs anpec ¢pynkuuu Big(), To oHa OyaeT BBIYHMCIATH KOJUYECTBO
OOJIBIIINX JIATUHCKUX OYKB B cTpoke S. Ecnu xe naHHoW (QyHKIUU Tie-
penarh anpec ¢ynkuun Small(), To oHa moacyMTacT KOJIMYECTBO Ma-
JICHBKHX JIATHHCKUX OYKB B CTPOKE S.

B 3aronoBke ¢pynknus Count()umeer Takoi mapamerp:

int (*flag)(int)

DTO 3HAYUT, YTO B KauecTBe aprymenrta ¢pynkius Count()moxer momy-
YUTh aApec aOCOIIOTHO JIF000H (PYHKIIMH ¢ TEM yCIOBHEM, YTOOBI OHA
BO3BpaIlana pe3yjbTaT 1EJoro TUMA, a B Ka4eCTBE MapamMeTpa MpPHUHH-
Mana tun int. 3ameTum, uyto Bokpyr *flag HeoOXoauMBI KpyTIible CKOO-
KM, 4YTOOBI COOJIOCTH COOTBETCTBYIOIIUM TPHOPHUTET OMEPATOPOB.
Kpyrasie ckoOku umeroT 600iee BBICOKHIA MPUOPHUTET, HEKETH OIEepaTop
3Be3nouka (*). [TosTomy eciu 3anucarhb
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int *flag(int)

TO 3TO OOBsIBJIeHHE OyAeT O3HAa4aTh (PYHKIIHMIO, KOTOpas B KauecTBE Ta-
paMeTpa ToJaydaeT IeJI0¢ YUCIIO M BO3BpAIlaeT yKa3aTellb Ha HEKOTOPOe
TeJI0€ YUCIIO.

®dyukius, koTopas nepenaercs Gyukiuun Count()B kadecTBe ma-
pameTpa, BBI3BIBACTCS B YCJIOBHH If;

if (*flag)(s[i]))
Pa3piMeHOBBIBaHME (YHKIIMA B JaHHOM CJly4ae HEOOXOJMMO, 4TOOBI
BBI3BATH 3Ty CaMyI0 (PyHKITHIO.

#include<stdio.h>
#define N 200

int Big(int); fipororun ¢pyukuuu Big()  */
int Small(int); fiporotun Gynkuu Small() */
int Count(char *s, int (*)(int)); /*apororun ¢pyukun Count() */
int Big(int ¢)
{

return (c >="'A' && c <="Z");
}
int Small(int c)
{

return (c >='a' && ¢ <='2");
}
int Count(char *s, int (*flag)(int))
{

inti, n;

I=n=0;

while (s[i] '="\0"

{

it ((*flag)(s[i]))
n++;
I++;
}
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return n;

}

int main()

{
char s[N];
fgets(s, N, stdin);
printf("%d\n", Count(s, Big));
printf("%d\n", Count(s, Small));
return O;

}

[IpuBenem Takxke MpuMep MCIIOIH30BaHUS MacCHBa yKa3aTeseh Ha
dbyaknuu. Onpenenum Tpu GyHkmuu: Sum, Subtraction, Multiplication,
KaKJasi U3 KOTOPBIX MMEET JIBa IEJIOYHMCICHHBIX IMapaMeTpa U BO3Bpa-
IaeT HEKOTOPOE II€JI0e YNCIIO — Pe3yJIbTaT OMHAPHOUW OomepaIuu ¢ JaH-
HBIMHA dYuclIaMd (CyMMa, pa3HOCTh, NPOU3BEICHUE). AJpeca TaHHBIX
GbyHKIUH OyayT XpaHUTbCs B MaccuBe f pasMepom 3, KOTOPBIN HHHIIHA-
JTU3UPYETCS CIACAYIOITUM 00pa3oMm:

int (*f[3])(int, int) = {Sum, Subtraction, Multipkation};

[Tocite Toro kKak mMoJib30BaTENb BBEJACT JIBA IEIbIX Yucia (& u b) u Ho-
Mep apudmMeTndeckoi omepanuu Haj naHHBIMU guciamu (0 — cymma,
1 — pa3HOCTh, 2 —TIPOU3BEICHNUE), IPUBEICHHAS HIDKE IIPOrpaMMa BBI-
BEJICT Ha 9KPaH COOTBETCTBYIONIIHMH pe3yabTaT (a+h, a-b wiu a*b).

#include<stdio.h>

int Sum(int, int);
int Subtraction(int, int);
int Multiplication(int, int);

int Sum(int a, int b)

{

return a + b;

}

int Subtraction(int a, int b)
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{

return a - b;
}
int Multiplication(int a, int b)
{
return a * b;
}
int main( )
{
inta, b, I;

int (*f[3])(int, int) = {Sum, Subtraction, Mulglication};
scanf("%d%d", &a, &b);
scanf("%d", &i);
if(i>=0&&i<=2)
printf("%d\n", (*f[i))(a, b));
return O;

11.5.Pekypcus

Pexkypcusi — Takoil crnoco0 opraHu3aiuy alropuTMHYECKOro Mpo-
1ecca, mpu KOTopoM (YHKIMS B TIPOIIECCE BHITTOJTHEHUS BXOIAIINUX B €€
COCTaB OIIEpaTOpPOB oOpaIaeTcs cama K cede HEermocpeCTBEHHO 00
gyepes pyrue QyHKIUHU.

Pexypcusi MOXET OBITh npsimou WU koceeHHou. Eciu GyHKUIMSA
BBI3BIBAET caMy ceOs, TO pedb HACT O MpsMOM pekypcuu. Ecim ke
GyHKIMS BbI3BIBAET APYryl0 (YHKIUS, KOTOpas 3aTE€M BBI3bIBAET HC-
XOJIHY10 (DYHKIIMIO, TOT/1a UMEET MECTO OBITh KOCBEHHASI PEKYPCHS.

JIx00yr0 peKypCUBHYIO (PYHKIIHIO MOXHO CJI€JIaTh HEPEKYPCUBHOM
(uTepatuBHOM). PeKkypcuBHBIC alropuTMbl HanOoJiee MPHUTOIHBI B TEX
CiIydasiX, KOrjja UCIOJIb3yEeMbI€ JTaHHBIE OMpeE/eIeHbl peKypcuBHO. Pe-
KypcuBHasi (pyHKIMS OOBIYHO BBITVISIAMT KOpOY€ M HarjisgHee, HO Tpe-
OyeT OOJIBIIIMX 3aTpaT IMPOLIECCOPHOI0 BPEeMEHU M OOJIBIIErO pacxoja
aMSITH.
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3aMeTuM, 4TO Korja (yHKIUS BBI3BIBAET caMy Ce€O0s, B TOM CIIy-
yae BBIMOJIHAETCS HOBas KOMMS JaHHOW (PyHKIMM, a ClieJloBaTeNIbHO,
JIOKaJIbHBIE TIEPEMEHHBIC BTOPOI BEPCUHU UCXOTHON (PyHKIIMU OyayT He-
3aBUCUMBI OT JIOKAJIbHBIX MEPEMEHHBIX UCXOHON (DYHKIIHH.

PexypcuBHas (hyHKIMS OJHOKPATHO BBI3BIBACTCS M3BHE. Y CJIOBUS
MIOJTHOTO 3aBEPIICHHUSI Pa0OThl PEKYPCHBHON (YHKIIUM JOJKHBI Haxo-
JIUTHCSI B HEW CaMO.

11.6.I1lpumepsl ¢ HCNOJb30BAHUEM PEKYPCHHA

IIpumep 1. B cnenyromiei mporpaMMe OpPOUCXOAUT BBIBOJ Ha K-
pan nensix yucen 10, 9, ..., 1c ucnonap3oBaHrEeM PEKYpCUBHON (PYHK-
uu Print(). Jlanaas pyHKIUMS B Ka4eCTBE apryMEHTa IOJIy4aeT YHCIIO,
KOTOpOE HEO0OXOAMMO BBIBECTH Ha 3KpaH. [locie Toro kak 4uciio Hare-
YyaTaHo, JaHHas (DYHKIIMS BI3bIBACT caMy ceOsl ¢ apryMEHTOM, Ha eu-
HHUI[y MEHBIIHMM TOJIbKO uTO HamedatanHoro. ®yukiuu Print() 3aBep-
IaeTcsl B Clydyae, KOrja OHa B KayeCTBE MapaMerpa MOJIy4aeT 4Yucio,
MEHbIIIEE CAMHHMIIBI.

#include <stdio.h>
void Print(int);

void Print(int i)
{

if (i>=1)

{
printf("%d\n", 1);
Print(i - 1);

}

}
int main()
{
Print(10);
return O;

}
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IIpumep 2. B kauecTBe Apyroro mMpocToro npuMepa paccCMOTpuUM
POTPaMMy, BBIUUCIISIIONIYIO CYMMY BCEX II€JIBIX YHUCEN B JUAMa30HE OT
1 10 n (3a0yaeM Ha BpeMs 0 cyMMe apu(METHICCKOMN ITPOTrPECCHH), TS
3HaYeHUEe N BBOAMUTCS TOJIb30BaTelieM ¢ KiaBuatypsl. [lycte Sum@) =
= 1+2+...4. Torna 6yayT UMETh MECTO CJICAYIOLIME PABEHCTBA!

Sumf) = Sum@ - 1) +n nopu n>0;
Sum(0) = 0.
[TosToMy Hallla nmporpaMmma OyJIeT UMETh CIASTYIOMINI BU/I:

#include <stdio.h>
int Sum(int);

int Sum(int i)

{
if (i>=1)

return i+ Sum(i - 1);

else return O;

}

int main()

{ .
int n;
printf("n =");
scanf("%d", &n);
printf("sum = %d\n", Sum(n));
return O;

}

Ipumep 3. TpeOyeTcs COCTaBUTh PEKYPCUBHYIO (PYHKIIUIO
int Count(char &, int n) memoro Tuma, KOTOpasi BEIYUCISCT KOJIHYSCTBO
MaJICHbKHX JIATHHCKUX OYKB B CTPOKE S.

Brenem xapaktepuctuyeckyro ¢GyHku F Ha MHOXecTBE Bcex
cuMBOJI0B U3 Tabaunbel cuMmBosioB ASCII: F(c) = 1, eciin cumBoi C siB-
JISICTCS. MAJICHBKOM JTaTUHCKOM OykBo#, 1 F(C) = O nHaue.

ITycte muHa cTpoku S paBHa N. Torma konmdectBo (count)ma-
JICHBKUX JIATUHCKUX OYKB B JAHHOH CTPOKE OYJCT BBIYMCIIATHCS IO Ta-
KoM popmyiie:

count =F(g[0]) + F(5[1]) + ... + F(g[n-1]).
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PexypcuBnas ¢pyuknus int Count(char *s, int njioquuHsercs ciemyro-
MM PEKYPPEHTHBIM COOTHOIICHUSM:

Countg, 0) =0,

Countg, n) = Countg, n - 1) +F(g[Nn-1]) mpu n > 0.

#include<stdio.h>
#include<string.h>
#define N 300

int F(char);

int Count (char *, int);

int F(char c)
{
if (c>='a' && c <='7")
return 1;
else return O;

}

int Count (char *s, int n)
{
if (n==0)
return O;
else return Count(s, n - 1) + F(s[n-1]);

}

int main( )
{
char s[N];
fgets(s, N, stdin);
printf("count = %d\n", Count(s, strlen(s)));
return O;

}

Ilpumep 4 (reHepupoBaHHMe INepecTaHOBOK). IIpuBenem Oosee
WHTEPECHBIM MPUMEP C MCIOJb30BAaHUEM PEKypPCHBHOTIO MeTona. Tpe-
OyeTcs creHepupoBaTh Bce N! mepecTaHOBOK N-3JIEMEHTHOTO MHOXKECT-
Ba. PaznmnuHbpie aJirOpUTMBI PEIIEHUS TAHHOW 3aJa4d MOXXHO HAWTH B
kaurax [13] u [15].
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bynem mpexamnonararb, 4YTO 3JE€MEHTHI HMCXOJHOTO MHOKECTBa
{1, 2, ..., n} mopsxka N pacroJoXeHbl B N-3JICMEHTHOM MAacCHBE a.
Nnes cienyromero HECIOKHOTO ajlropuTMa I€HEpUpOBaHUS IepecTa-
HOBOK COCTOMT B cieaytonieM. CHadana Ha MocjeHee MECTO MaccuBa a
1o oYepeau cTaBUM uucia 1, 2, ...,N, mpudeM BeCh MAacCHB a Bcerjaa
JOJDKEH COZIepIKaTh BCe dJeMEHThI MHOKecTBa {1, 2, ..., n}. Ilocae To-
ro Kak 3JIEMEHT Ha IOCJeHeM MeCTe MacCuBa a 3a)UKCUPOBaH, aHAJIO-
THYHO TIOCTYMaeM C OCTAaBIIUMHUCS 3jieMeHTaMHu. Hampumep, mycTh Ha
nociegHeM mecte 3adukcupoBaH 3neMmeHT 1. bymem paccmartpuBath
MOJIMACCHUB MacCHBa &, COCTOSIMN U3 nepBbIX N-1 3neMeHToB. JlaHHBIM
MOJIMACCHUB COAEPXKUT uucia 2, 3, ...,N. Tenepp B 3TOM MOJAMAaCCHUBE
OyJieM I0 ouepeIM Ha MOocjieqHee MEeCTO CTaBUTh unucna 2, 3, ...,N u T.1.
[Tocie Toro Kkak Ha BCE€X MECTaX d3JIEMEHThI 3a(pUKCUPOBAHBI — IEpPE]
HaMH o4epe/iHas IepecTaHOBKa.

#include <stdio.h>
#define N 3

[* Gynkiusa Print BBIBOAUT HA SKpaH OYEPEIHYIO IEPECTAaHOBKY */
void Print(const int *a, const int n)
L

int i;

for (i=0;i<n;i++)

printf("%d ", a[i]);

printf("\n");

}

[* bynkIus SWapMeHSIeT MeCTaMM 3HAYCHUS IEPEMEHHBIX */
void Swap(int *a, int *b)

{
int buf;
buf = *a;
*a - *b’
*b = buf;
}

[* pynkuusa Perestanovkeenepupyer nepecTaHOBKH
* & —UCXOOHBII MAacCUB,
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* kK — HOMep niieMeHTa, TIe PUKCHPYETCs OUePEIHOM FJICMEHT
* N —pa3Mep MaccuBa a

*/

void Perestanovka(int *a, const int k, const int n)

{

if (k<0)
{
[* BEIBOAMM Ha 3KpaH O4YePEIHYIO IEPECTAHOBKY */
Print(a, n);
}
else
Lo
inti;
for (i=0;i<=k; i++)
{
Swap(&ali], &a[k]);
Perestanovka(a, k-1, n);
Swap(&ali], &alk]);
}
}
}
int main( )
{
int a[N];
int i

[* 3amoiiHsAEM HayaJdbHbIE 3HAYEHNU MaccuBa a */
for (i=0;1<N;i++)
afi] = i+1;
Perestanovka(a, N-1, N); téuepupyem Bce nepecTaHoBKHU */
return O;

11.7.3apaum Ha NpUMEHEHUE PEeKYPCUn

1. CocraButh pekypcuBHyto ¢yHkiuio double Fact(double) semecr-
BEHHOT'O THUIA, BEIYUCIISIIONLYIO 3HaueHue akropuana Nl = 1-2-...A.
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© N

10.

11.

12,

13.

14.

15.

16.

CocraButh pekypcuBHyio pyHkiuo double Fact2(double) Beme-
CTBCHHOI'O THIIA, BBIYUCIIAIONIYIO 3HaUCHUE JBOWHOTO (hakTopHaja
n!! = n-(N—2)-(+4)-...,r1e nocaeaAHNI COMHOKUTEIb B IPOU3BE/IC-
HUM paBeH 2, €CJIM N —4YETHOE YKCIO, U 1, €ClIu N — HeUeTHOE.
CocraButh pekypcuBHyto ¢yHkuuo double PowerN(double, int n)
BEIICCTBEHHOT'O THIIA, HAXOASAINYIO 3HAUCHHE N-H CTEMEHU YKClia X
o gopmyie: X = 1, X" =x- X npun>0,x"=1 /X "upu n< 0.
CocraButh pekypcuBHyto ¢pyukmuio long Fib(longn) neioro tuna,
BBIYHCIIAIONIYIO N-H 3JIEMEHT IOC/IeI0BAaTeILHOCTH uucen Pubdo-
HaYYH.

CocraBuTh pekypcuBHyio (ynkmuio int DigitSum(int n) memoro
THUIIA, KOTOpas HAXOIUT CyMMY HH(p LEeaoro uucia N, He UCIOJIb-
3ys ONEPaTOPhI IHKIIA.

CocTaBUTh PEKYPCUBHYIO (DYHKIIHIO, KOTOpas BBIUHUCIACT MaKCH-
MaJIbHYIO IUQPY 1eJI0ro yucia n.

BbIBeCTH MacCHB Ha 3KPaH, UCIOJIb3Ys PEKYPCUBHYIO (PYHKIIMIO.
CocTaBUTh PEKYPCHBHYIO (DYHKIIUIO, KOTOpPas BBIYUCIISIET CYMMY
3JIEMEHTOB MaCCHBa, CTOSIIMX HAa HEYCTHBIX MO3UIUAX.

CoCTaBUTh PEKYPCUBHYIO (DYHKIIMIO, KOTOPAsh BBIUMCIISCT KOJIHYE-
CTBO HEUYCTHBIX DJICMEHTOB MaCCHBA.

CocTaBUTh PEKYPCUBHYIO (DYHKIIHIO, KOTOpas BBIUHUCIACT MaKCH-
MaJIbHOE 3HAUYCHHE U3 BCEX 3JICMEHTOB MaCcCHBa.

CocraButh pekypcuBHyo ¢yrkiuio int DigitCount(char %, int n)
IICJIOr0 THIIAa, KOTOPask BRIYUCIIIECT KOJIMYSCTBO LIU(MP B CTPOKE S, HE
UCIIOJIb3YS OIEPATOPHI IHKIIA.

CocraButh pekypcuBHyro (yHknuto int Symmetric(char &, int n)
JIOTHYECKOTO THIIA, KOTOpas ONpeaessaeT, BIIeTCS JIM CTpOKa S ma-
JTMHIPOMOM (TO €CTh YMTACTCS OJIMHAKOBO CJIEBA HAIIPaBO M CIIpaBa
HayeBo). Oneparop 1uKjIa B TeJie PYHKIIMH HE HCII0Ib30BaTh.
CoCTaBUTh PEKYPCUBHYIO (DYHKITUIO JIOTUYECKOI'O THIIA, KOTOPas OII-
peIeIIseT, SIBISICTCS JIM MAaCCHB & YIOPAA0YCHHBIM 110 BO3PACTaHHMIO.
CocTaBUTh PEKYPCUBHYIO (DYHKIIMIO 1I€JIOT0 THIIA, KOTOpas CYUTACT
KOJIMYECTBO BXOJXKICHUI DJIEMEHTa X B MaCCHB a.

CoCTaBUTh PEKYPCUBHYIO (YHKIHIO JIOTHYSCKOTO THIIA, KOTOpPas
OIpECIIACT, COACPIKHUTCS JIU FJIEMEHT X B MacCHBE a.

CocTaBUTh AJITOPUTMBI ITy3BIPHKOBOH COPTHPOBKH U COPTHPOBKHU
METOJIOM IIPSIMOTO BBIOOPA C MMOMOIIBIO PEKYPCHUH.
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17.

18.

19.

20.

21.

22.

23.

CocTaBUTh PEKYpPCUBHYIO (DYHKIIUIO JIOTHYECKOT'O THIIA, KOTOpas
OTIpeJIeTIsIeT, BCE JIU JIIEMEHTHI MacCCHBa a SBIISTFOTCS PA3JIMUYHBIMU.
Jlanbl 1Ba HaTypaiabHBIX 4yucia & > 1 u b > 1. Hanucate pekyp-
cuBHyto ¢ynknuio HaxoxaeHus HOJl(a, b). Mcnonb3oBate coort-
HOIIICHUS:

HO/I(a, 0)=HO/1(0, a)=a;

HO/I(a, b=HO/I(a-b, b, ecnu a> b;

HO/I(a, b =HO/I(a, b-8, eciu b > a.

CocraButh pekypcuBHy (yHkimo C(n,Mm) memoro THma, HaxXos-
YO0 YKCJI0 COYETaHHUM 13 N 3JIEMEHTOB MO M, UCTIOB3YS (POPMYJIBL:
Cn,0)=Cq,n=1,Ch,mM=C{1,m) + Cn—1,m-1).

®duiika MOXKET JBUTaThCs MO MOJIIO JAJIMHBI N TOJBKO Brepen. Jim-
Ha Xona ¢umku He Oosiee K. BeiBecTn Ha 3KpaH pa3IMYHBIC ITYTH,
0 KOTOPBIM (UIIKAa MOKET MPOUTH ToJIe OT Mo3uluu 1 10 1mo3u-
Uy N,

3amadya o Hakjelke Mapok. MmerTcs Mapku JOCTOMHCTBOM Ny,
Ny, ..., N pyOaeit (uucmia Ny, Ny, ..., N Pa3IMYHbIC), U 3alac MapoK
CUMTAETCS HEOTPAHUYEHHBIM. BBIYUCINTH, CKOJIBKUMH CHIOCO0aMu
MOKHO OIUIaTUTh C TIOMOIIBIO JAHHBIX Mapok cymmy B N pyOsei,
€CJIM JIBa croco0a, OTJIWYAIOIIMECs] MOPSIAKOM CllaraeMmbiX, CUHMTa-
I0TCSI pa3IMYHbIMU. BBIBECTH Ha 3KpaH BCEBO3MOXKHbIE KOMOWHa-
MW JAaHHBIX Mapok. [Ipu HammcaHuW peKypCUBHOU (PYyHKIIMH BOC-
M0JIb30BATHCS PEKYPPEHTHBIM COOTHOIIIEHUEM

F(N) =F(N—-ny) + F(N—ny) +... + F(N—ny),

F(N) =Ompu N < 0,

F(0) = 1.

B MaccuBe a pazmepomM N yJaauTh MUHUMAJIbHOE KOJUYECTBO HJIe-
MEHTOB TaK, 4TOOBI OCTaBIIHECs 00pa30Baju CTPOTO BO3paCTaro-
IIYIO MOCJIeIOBATEILHOCTD (MJTH, YTO TO K€ camoe, HAaWTH MaKCH-
MaJbHYIO MO JJIMHE CTPOTO BO3PACTAIOUIYIO IOJIOCIEI0BATENb-
HOCTb II0CJIEIOBATEIIBHOCTH &y, @y, ..., &n).

B maccuBe a pazMepom N LEIbIX Yhcesl HAaWTH MaKCUMalbHO JJTHH-
HYIO TMOJIOCJIEIOBATEIbHOCTh YHCEN TaKylo, UYTO KaXKIbIH MocJe-
TYFOITUI 3JIEMEHT TOMOCEA0BATEILHOCTH JSIMICS OBl HAIEI0 Ha

MPEABbLAYIIUN.
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12. PABOTA C BUTAMMU NTAMSATHU

12.1.buToBble onepanuu

[Ipexxae yem paccMaTpuBaTh OUTOBBIC ONEpallMd, YTOUYHHM, Ka-
KM UMEHHO 00pa30M IieJibie Yuciia MPeICTaBISIOTCS B JBONYHOM BHJIC.
Uto kacaeTcs O€33HAKOBBIX IIEJIBIX YHCEN, TO 37eCh Bce Ipocrto. Ha-
npuMep, 8-pa3psijiHble 0€33HAKOBBIC II€JIbIE YHCIA MPEACTABISIOTCS
CIeAYIOUIUM 00pa3oMm:

Jlecatuunoe uncno | 8-pa3psIHOE TBOMYHOE MPEICTABICHUE YKCiIa
0 00000000
1 00000001
2 00000010
3 00000011
255 11111111

Ecnu >xe 1ienoe 4ucio sBISE€TCS 3HAKOBBIM, TO JJIsl TAKUX YUCENT OObIY-
HO TpUMEHseTcs Takas (gopma 3amucu (KOJAUPOBAHUS), KaK OONOJIHU-
menvHblll K00. JIaHHBIA KO MPUMEHSIETCS ISl TOT0, YTOOBI TIPH CITOXKe-
HUW JIBYX 4YHCEJI, WMEIOIIMX pa3Hble 3HAKH, OINEPAIUI0 BBIYUTAHUS
MOHO OBLIO ObI 3aMEHUTh HAa OOBIYHOE CIIOKEHUE.

Hampumep, 4To0bI mOMyduTh 8-pa3psaaHbId JOTMOJTHUTEIBHBIA KO
yucnaa -1, TpedyeTcs mpojaenaTh cieayronue mard. Bo-nepsoix, chop-
MUPOBATh ABOWYHBINA KOJ MOy uncia -1, a umenno 1:

00000001.
Bo-BTOpBIX, MHBEPTUPOBATH BCE OUTHI JAHHOTO YKCIIA!

11111110.
B-TpeTbux, npubaBUTh K NOJYYEHHOMY YHCITY CAUHUILY:

11111111,
DTO U ecTh 8-pa3psAaHbIA JOMOJHUTEILHBIN Ko uncia -1. Eciau tenepp
CJIOKHUTh JIOMOJHUTENbHBIN KOJ 4Kcia -1 u TBOMYHOE MpencTaBiICHHUE
yycia 1, To Moay4uM Takoe YUCIO!

100000000.
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[TocKOIBbKY MOTYYEHHOE YUCIIO TOXKE pacCMaTPUBAETCS KaK 8-pa3psiiHoOE,
TO crapiuii OMT 1 He y4uThIBaeTCS, U TEM CaMbIM 8-pa3psIHBIN pe-
3yJabTaT CyMMUpoBaHus paBeH 0.

Crapiuiuii OUT AOMOJHUTENBHOTO KOJIa ABOMYHBIX YHCENl OTBEYAET
3a 3HAK YHWCJa: CTapIIui OUT HEOTpUIATENbHBIX uncen paBeH O, oTpu-
nartenbHeIx — 1. Hmwke mpuBenena tabmmma 8-pa3psaHbIX 3HAKOBBIX
JIBOUYHBIX YUCE.

Yucno | JomomnuTtenbHbld Koj | Uucio | JlOMOJMHUTENBHBIN KO
0 00000000 -128 10000000
1 00000001 -127 10000001
2 00000010 -126 10000010
126 01111110 -2 11111110
127 01111111 -1 11111111

buToBBIe omepanuu paccMaTPUBAIOT OINEPaHIbl KaK YIOPSAo-
YeHHbIE HAOOPHI OUTOB, KAXKIBIA OUT MOXKET UMETh OJHO M3 JBYX 3Ha-
yennii — Owm 1. Takue oneparuu mo3BOISIOT MPOTPAMMHUCTY MaHHUITY-
JUPOBATh 3HAUYCHUSMH OTJICIbHBIX OWTOB.

Onepanuu Haznauenue
& nopaspsiiHoe 1
| nopaspsaaoe MJIN
A nopaspsiaHoe uckinoyvaromee NJIN
<< CIBUTI BJIEBO
>> CIBUI BIIPABO
~ nopaspsaaoe HE (momonHenue 10 eUHUIIbI)

OnepauHH caBura << @ >> CIBUTAIOT OUTHI IIepBOr0 oOIepaHga
BJICBO WJIM BIIPABO Ha KOJMYECTBO OWUTOB, 3aJJaHHBIX BTOPHIM OIl€paH-
oM. Ilpu 3TOM OUTHI, yXOadmue 3a IPEACabl pa3psIHON CETKH, Teps-
I0OTCSI, @ OCBOOOJMBIIMECS ABOUYHBIC Pa3psi/ibl 3aMOJHSIIOTCS HYJISMHU.
Hampumep, mis 8-paspsaHoro 0e33HakoBoro uucia (unsigned char) 27
MMEIOT MECTO CJIEAYIOLINE paBEHCTBA.

00011011 <<1=00110110 (27 << 1 =54),
00011011 <<2=01101100 (27 << 2 =108),
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00011011 << 3 =11011000 (27 << 3 = 216),

00011011 << 4 = 10110000 (27 << 4 = 176),
00011011 << 5 = 01100000 (27 << 5 = 96),
00011011 >> 1 = 00001101 (27 >> 1 = 13),
00011011 >> 2 = 00000110 (27 >>2 = 6).

Ecnu onepanus casura BnpaBo (>>) nmpuMeHsieTcs K MEPEeMEHHBIM 3Ha-

koBoro Tumna (signed), To ocBoOomuBIIMECS pa3psAAbl 3aMOIHAIOTCS

enuHuaMu. Hampumep, mis 8-paspsaHoro 3HakoBoro urcia (char) -27
HUMEIOT MECTO OBITh TaKHe PaBCHCTBA.

11100101 << 1 = 11001010 (-27 << 1 = -54),
11100101 << 2 = 10010100 (-27 << 2 = -108)
11100101 << 3 = 00101000 (-27 << 3 = 40),
11100101 >> 1 = 11110010 (-27 >> 1 = -14),
11100101 >> 2 = 11111001 (-27 >> 2 =-7).

3aMeTHM, YTO CIBMI BJeBO (BIPABO) COOTBETCTBYET YMHOXKCHHIO
(meneHuI0) NEBOTO ONepaHaa Ha CTCICHb YKCIIAa 2, PaBHYIO 3HAUCHUIO
BTOPOI'O OIICPAH/IA.

Omnepanus ~ SIBJISCTCS OJHOMECTHOM, OHA U3MEHSET KaXIbli OUT
IeJIoro unciia Ha oOpaTHed. Onepanuu &, | 1 N — AByMECTHBIE; OIIe-
paHabl 3THX OIEpaliii — Leable BEIUYMHBI OJUHAKOBOM JauHBL. Ore-
palyy BBIOJIHAIOTCS IMOMAPHO HaJ BCEMHU JIBOWYHBIMH pa3psaaMu OIe-
paHJIoB.

OmnpeneacHue OUTOBBIX OIEPALIHIA:

bur neBoro bur npaBoro ~X X&Yy | X|y| x”"y
onepanya (X) onepanza ()

0 0 1 0 0 0

0 1 1 0 1 1

1 0 0 0 1 1

1 1 0 1 1 0

Hampumep:
Onepanus ~. | Oneparms & | Omepanus |: | Oneparus

~01010101: 01010101 &: 01010101 ]|: 01010101~
. 00000001 : 00101011 : 01011010

——————————————————————————————————————————————————————————————————————————————————————————————————————————————

10101010 | 00000001 | 01111111 00001111
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[IpuBenem Takxe HEKOTOpbIE (hOPMYJIBI C MCIIOJb30BAaHUEM OIIe-
pauuii &, | u *, KOTOpbIe HAM IMOHAI00SATCS B TaJIbHEHIIIEM:
x|1=1, x| 0 =x,
X&1l=x, x&0=0,
XxM1=~ x"0=x

12.2.1lpumepsnl ¢ UCNOJIb30BAHUEM OMTOBBIX OllepPaALIM

IIpumep 1. Hanucath (QyHKIMIO, KOTOpasi MedaTtaeT JBOUYHOE
IpECTaBJICHUE TIEJIOT0 YHca a.

®dyukiusa DisplayBitsnonydaer B kauecTBe mapaMerpa 4ucIo a,
KOTOpOe TpeOyeTcs MpeACTaBUTh B JBOMYHOM BHUEC, U KOJUYECTBO 3a-
HUMAEeMBbIX JJAHHBIM YUCIIOM OUT paBHO N.

#include <stdio.h>

void DisplayBits(int a, char n)

{
char i, bit;
fori=n-1;1>=0;i-)
{
[* BeImensieM I-i cipaBa Out */
bit=(a>>i) & 1;
printf("%d ", bit);
}
}
int main()
{

int a;

scanf("%d", &a);
DisplayBits(a, sizeof(int)*8);
return O;
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Ipumep 2. [Tycts uMeeTcs menoe yuciio a. Tpedyercs i-if cnipaBa
OWUT B YHMCJIE€ A YCTAHOBUTH B 3HaUeHHE 1, HE MCHSS 3HAYCHMS JPYTUX
OUTOB.

O6o03HauuM yepe3 b memoe uuncno, cogepxkaiee 1 B i-m 6ute u 0 —
B OCTaJIbHBIX. Ero MoxHO moiryuuth Tak: b = 1 <<i. Torma tpeOyeMoe
YHCIIO TOJydaeTcs TakuM obpasom: a | b.

al=1<<i;

Ipumep 3. [Tycts uMeeTcs menoe uuciio a. Tpedyercs i-if cipaBa
OWUT B YHMCJIe A YyCTAaHOBUTH B 3HaueHue O, HE MEHsS 3HAYCHMS JPYTUX
OUTOB.

PaccMoTpum 1iesnoe uncio b, copepsxamee OB i-m 6ute 1 1 —B oc-
TabHBIX: D = ~(1 <<i). Toraga TpedyemMoe yuciio noayyaercs Tak: a & b.

a&=~(1<<i);

IIpumep 4. B nenom urciie a TpeOyeTcss HHBEPTUPOBATH I-i cripa-
Ba OUT, HE MEHSISI 3HAUEHUS IPYTUX OUTOB.

a=(1<<i);

IIpumep 5. /lanbl 1Be IepeMeHHbIE X U Y 11eJI0T0 ThHa. TpedyeTcs
I-ii cripaBa OMT IEPEMEHHOW X IMOCTAaBUTh HA |-10 CIIpaBa MO3UIIUIO IIe-
PEMEHHOH Y, HE U3MEHSS PU TOM OCTaIbHBIC OUTHI B Y.
CHavayia OOHYJIMM Bce OHMTHI B TIEPEMEHHOU X, KpoMe i-To crpaBa
onTa X;, KOTOPBIH IIOCTAaBUM Ha j-10 CITpaBa IMO3HIINIO B X:
(x>>1) & 1) <<},
3areM OOHYJIHMM |-i cripaBa OUT B MEPEMEHHOM Y, HE U3MCHSISI 3HAUCHUSI
OCTAJIbHBIX OUTOB:
y & ~(1 <<j).
Jlis pemieHus] 3aaud OCTAJIOCh TMPUMEHUTh TOOWUTOBYIO OIEpaIUIO

NJIN k ipeapAyM ABYM BhIPAXKECHUSIM:
y=((x>>1)&1)<<jly&~(1<<)).

IIpumep 6. HaitiT Koan4uecTBO €TMHUYHBIX OMTOB B II€JIOM HEOT-
pHUIIATEIFHOM YHCTIC a.
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®ynkmusa BitCountkax bl pa3 mpoBepseT COCTOSTHUES MIIAIIIETO
OuTa, MOCTENEeHHO CIIBUTasi BCE OMTHI Ha OJHY IMO3UIMIO BIPABO, U TaK
710 T€X Mop, MoKa He OyAyT MPOBEPEHBI BCe N OMTOB 1I€JIOT0 YHCIA.

short BitCount(unsigned int a, short n)
{
short count;
int I;
count = 0;
for (i=0;i<n;i++)
{
if(a&1l)
count++;
a>>=1;
}

return count;

}

®dyuknuo BitCount Mo)kHO HEMHOrO ONTHMHU3UPOBATh, YUHMTHIBAS TO
00CTOSITEILCTBO, UTO €CJIM TOCJIE OYEPETHOTO CABUTA BCEX OMTOB Ha
OJIHY TIO3HUIIMIO BIPABO YHCJIO @ CTAHOBUTCSA HYJEBBIM, TO B HEM HET
oosiee eqMHUYHBIX OMTOB. [l03TOMY HET HEOOXOJAMMOCTH BCErjaa Mpo-
cMaTpuBaTh Bce N OWMTOB, a JIUIIb JO TE€X MOp, TOKa HE OyJIeT y4TeH ca-
MBI CTapIHi (JICBBIN) €IMHUYHBIA OUT.

short BitCount2(unsigned int a)
{
short count;
count = 0;
while (a !'= 0)
{
if(a& 1)
count++;
a>>=1;
}

return count;
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Ipumep 7. [Jano nenoe umcio N > 0, sBistoieecss HEKOTOPOU
crenenbio uncaa 2: N = 2. Haittu nenoe uncino K — nokasarens 3ot
CTEIICHHU.

int Degree(unsigned int n)
{
int k;
k=-1;
while (n)
{
n>>=1;
k++:

}

return k;

Ilpumep 8 (aaropuT™M OBLICTPOTr0 BO3Bede€HHSI B CTENEHb).
ITycTh TpebyeTcs BBIUMCIUTH &', IJie & U N — HEKOTOphIE LieJble YNCHa,
npuueM N> 0.PaccMOTpyUM Takue CTEIEHH Yucia a:

a, a? a* ab, ...,a%,
rae t = [log, n]. 3ameTuM, 4TO KaXkI0€ YKMCIIO U3 YKa3aHHOM MOCie0Ba-
TEIBHOCTH IOJIYYaeTCs IMyTeM YMHOXKCHHS MPEIbIAYIICIo YKCiia CaMo-

ro Ha ceos. HpeI[CTaBI/IM YHCJI0 N B BUJIC TAKOI'O pa3HO)KeHI/I5[:
n=n2"+n_2""+.. +n2+n,,

rae N, Ny, ..., Ny —uncna u3 MHokectBa {0, 1}. Toraa yucio a" MokeT
OBITh BEIYMCJICHO TAaKUM 00Pa30M:
an — anoanlfz n,[4 ant_lfz“lantfz‘

[T05TOMY KOJIMYECTBO ONEpaliii yMHOMKEHHS NPH BBIYMCIEHHH @ MO
JTaHHOMY MeTOJIy He npeBocxoaut 2 log n.

long Degree(int a, unsigned int n)
{
long deg, /trenenu umcna a: a, &, &, &,... */
rez, [PpesyabTaT BO3BEICHUS B CTEIEHB */
rez = 1;
deg = a;
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10.

while (n !'=0)
{
if (n & 1)
rez *= deg;
deg *= deg;
n>>=1;

}

return rez;

}

12.3.3agaun

HaiiT KOMM4eCTBO HYJNEBBIX M €IMHUYHBIX OMTOB B II€JIOM HEOT-
pHULIATEILHOM YHUCTIE a.

[TycTh umeercst maccuB a pazmepoM N < 32, COCTOSIIUN U3 HYJEH
U enquHMIl. TpeOyeTcs 3amucaTh 3HAYCHHS JJEMEHTOB MAacCHBa a B
nepeMeHHy10 Thma unsigned lon@ Buzie mocieaoBaTeIbHOCTH OH-
TtoB a[n-1] ... §1]4[0].

HammcaTh (yHKIIMIO MPOBEPKHA HA YETHOCTH IENIBIX YHCEN, UCIIOIb-
3ys TOJIbKO OMTOBBIE OTIEPAIIUH.

Ilycth maHo 1enoe unciao a. BeiBecTr BHavase 3HaUYC€HUS €ro OUTOB
C YETHBIMU MHJICKCAMH, a 3aTEM — C HEUETHBIMU.

ITycte mano menoe uuciio a. [IpoBeputh, 4epenyrOTCs JIM B HEM
€AUHUYHbBIC U HYJICBbIC OUTHI.

B menom 4mcie a cIBUHYTh Bce OMTHI BeBO Ha K mo3wuimii, 3ame-
HUB OCBOOOIUBIIMECS OUTHI €IUHULIAMU.

OcymiecTBUTh IUKJIMYECKUN CABUT OUTOB B IIEJIOM 4YHUCJIE @ Ha
K rmo3unuii BieBo.

OcymiecTBUTh IUKJIMYECKUN CABUT OUTOB B IIEJIOM YHUCJIE @ Ha
K rmo3wuiuii Bripaso.

Haiitn HOMep mepBoro (MOCJCIHEro) clpaBa €AMHHYHOIO OUTa B
1[EJIOM YHUCTIe a.

Hatitn HOMep mepBoro (IociieIHeT0) crpaBa HyJIEBOro OuTa B Iie-
JIOM 4HCJIE a.
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11.

12.
13.

14.

15.

OnpenenuTb, pacroa0okKeHbl JIM OUTHI B 1I€JIOM YHUCJIE a B MOPSIKE
BO3pacTaHusl, TO €CTh MPEICTABUMO JIM JAHHOE YHCIIo B Buje 2 — 1
JJ1s1 HEKOTOPOTro N.

[lepecTaBUTh OUTHI B IIEJIOM YUCJIE B OOpaTHOM MOPSIJIKE.

ITycte umeercs uenoe uuciio a > 0. 3anucath B CTPOKOBYIO Tiepe-
MEHHYIO BOCBMEPUYHOE MPEICTABICHNE JaHHOTO YHCIIA, UCIIOJIb3YS
cleayIolee MPaBuiIo: ABOMYHOE MPEJCTABICHUE Yuciia a pa3OuBa-
eTCs CIpaBa HaJICBO HA TpUaAbl (TPOUWKH IUQP), U KaxKaas Tpuajaa
3aMEHSETCS BOCbMEPUYHOU UGBPOIA.

[Tycte umeercs uenoe uuciio a > 0. 3anucath B CTPOKOBYIO Tiepe-
MEHHYIO MIECTHAATEPUUYHOE MPEJCTABICHUE TAaHHOTO YHCia, WC-
MOJIB3Yys TPABUJIO W3 MpEbIAyIIeH 3amaud, pa30uBas JTBOUYHOE
IpeICTaBIICHNE YKMCIIa Ha TeTpaabl (deTBepku mudp).

Hammcate QyHKIIIO

unsigned long Perest(unsigned long X, unsigned tarchar n),
KOTOpas MepecTaBisieT OUTHl B YUCIIE X B COOTBETCTBUU C NIEpecTa-
HOBKOHM Pi u3 §, (N = 32) u Bo3BpalacT MOJIyYECHHOE 3HAYCHHE B
Ka4eCTBE pPe3yJibTaTa.
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13.PABOTA C PANJIAMU

13.1.®Daitasl M NIOTOKH

®aii1 — WMEHOBaHHAs COBOKYITHOCTHh IPOW3BOJIBHBIX JaHHBIX,
pa3MelleHHass Ha BHEITHEM 3allOMHHAIOIIEM yCTPOMCTBE, KOTOpasi Xpa-
HUTCSI, TIEPEChIACTCS U 00pabaThiBaeTCs Kak equHoe 1enoe. dain mo-
XKET COJIep)KaTh MPOTPaMMy, YUCJIOBBIC JaHHBIC, TEKCT, 3aKOJUPOBAH-
HOE M300paKeHUE U T.1.

B s3bike Cu nmro0oii daitn paccmaTpuBaeTcsl Kak MOCIE0BaTEIb-
HBIM IMOTOK 0aMTOB, KOTOPBIM OKaHYMBAETCS MapKepoM KoHIIa daiina:

LI I [T T . | [ mapxepsorma daiins |
o1 2 3 4 5 |

Jlnst Havanma 3aMeTHM, YTO BBOJAMMBIC JIAHHBIE OTIPABIISIIOTCS Ha
JMCK WJIM TIeYaTarollee YCTPONUCTBO HE cpasy. Tak Kak 3aluch JTaHHBIX
Ha JUCK U UX CUUTHIBAHUE C IMCKA TPEOYIOT TOBOJIBLHO MHOTO BPEMEHH,
TO CHayajia OHU MOCTYIAIOT B 00JaCTh MaMsTH, Ha3bIBaeMyto Oydepom,
peHa3HAuYCHHYIO 11 BpeMEHHOro xpaHeHus uHdopmammu. Korma
Oydep 3amonHseTcs, JaHHBIE Pa30M HAMPABISIOTCS HA JUCK WU TIPUH-
Tep. CuuTaHHbIE C JUCKA TAHHBIC TAKXKE MOPIMSIMU MTOCTYNAIOT CHaYasa
B Oydep.

Jl1st Toro 4ToOBI 3anmuchiBaTh B (paill 1aHHBbIC WKW CYUTHIBATH MX
u3 (aiisa, HeOOXOUMO OTKPHITH (aiin ¢ momomsio GyHkuu fopenus
oubamorekn <stdio.h>.OTkpeIThI (aiin Bo3BpamacT ykazareib (Ha3bl-
BaeMbIil (DailToBbIM yKa3zaTelleM) Ha cTpykrypy FILE, xoTopas comep-
KUT uHOOpMaIUio i1 padoThl ¢ (daitnom. JlaHHas CTpyKTypa cojaep-
KUT: azipec Oydepa ¢aiisa; KOITMIECTBO CUMBOJIOB, OCTAIOIIUXCS B Oy-
depe; MoOJIOKEHHE TEKYIIero cuMmBojia B Oydepe; OTKpHIT (aitn as
YTEHHUS WM 3alucy; ObUIM JIM OmMOKU IIpu padoTe ¢ (aimoM; He
BCTPETUJICS JIM MapKep KOHIIa daiina.

[Ipu 3anucu B (aitn wim yTeHur u3 (ailia mporpaMma moaydaeTt
HeoOxoaumyto uHopmanuo u3 ctpykrypsl FILE. Ykazarens na nan-
HYIO CTPYKTYPY OIPEACIISICTCS CISAYIOIINM 00pa3oM:

FILE *f;
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®dyuknusa fopen()Bo3spaiiaeT ykaszareinb Ha (aiin;
FILE *fopen(char *name, char *mode)

Oo6pamenre k fopen()BeIrIsauT ClIeaYIOMMM 00pa3oM:
f = fopen(name, mode);

[epBeiii aprymenT (NAme) -5To cTpoka, coaepikamias uMs ¢aiina. Bro-
poii aprymMeHT HeceT MH(OpMaIlMI0 O TOM, B KaKOM pexume ¢ailn oT-
KpbiBaeTcs. Hrke mpuBeaeHbI peXKUMBI OTKPBITHSA (aiia:

Pexum Onucanue
rt OTKpbITH hain ang yTeHus. ITOT Gaia T0HKEH CYIEeCTBO-
BaTh
"w" OTKpBITH (haila aJ1s 3alUCH; €CIu 3TOT (aiiyl paHee CyIIecT-

BOBaJI, €Io COACPKNUMOC YHUITOKACTCS

OTtkpeiTh (aiin mas 3anucu (1oOaBieHHs) B KOHel[ (aiina.
Co3snars (aitn, eciiu ero HeT

"r+" | OTKkpsITh (hailsl OTHOBPEMEHHO ISl YTEHUS U 3anucu. Dain
JOJIKEH CYIIECTBOBATH

w+" | OTKpbITh (aiin s yTeHus u 3anucu. Ecnu atoT ¢aiin cy-
HIECTBYET, TO €0 COJIEPKUMOE YHUUTOKAETCS

OTkpeITh dain g uyteHus U godasieHus. Cos3math Gaiin
3aHOBO, €CJIA €0 HET

[TombITKa OTKPBITH HECYIICCTBYIONIUN (paii i YTEHHS cpasy
obepHeTcst omuOKOoi. MOTYyT UMETh MECTO W JAPYTHe OIIMOKH, HAMpH-
Mep TOTBITKA YTeHHs (aiiyia, 3anuIeHHOTO OT YTeHus U T.1. Eciu npu
OTKPBITHH (paiia mpoM30Iia Ta WIM HHas oimubka, To GyHkius fopen
Bo3BpaTuT 3HaueHue NULL. Hanpumep, cienyronime HHCTPYKIUH

FILE *f;
if ((f = fopen(“c:\\a.data”, "r")) == NULL)
printf(“File could not be opened\n”);

O3HAYaIOT MOMBITKY OTKphITHA ¢aina “c:\\a.data” mis urenusa. Eciu
NP OTKPBHITHH (aiiiia mpom3oiiia omuoka ((haiaoBblid yKa3aTellb paBeH
NULL), Torma ma skpan BeiBoauTcs coobmienune “ File could not be
opened”.
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PaccMoTpuM OCHOBHBIE OMOIMOTEUHBIC (PYyHKIMH (OHMOIHMOTEKA
<stdio.h>)ms paboTsl ¢ daitnamu.

FILE *fopen ( const char *filename, const char* neod
®dynkius fopen()oTkpeiBaeT (aiis ¢ 3a7aHHBIM UMEHEM M BO3BpaIliaeT
yka3zaresb Ha ¢aitn unmu NULL, ecnu daiin He yaanoch OTKPHITS.

int fllush(FILE *f)
[Tpou3BOANT [03amKCh BCEX OCTaBINMXCS B Oydepe He3amucCaHHBIX
naHHBIX. JIJIg MOTOKa BBOJAA 3Ta (YHKIMS HeompeaeiacHa. DyHKIus
Bo3Bpamaer EOF B ciaydyae BO3HMKHOBEHHS OIIMOKH, B MPOTHBHOM
ciyuae — 0. Uactpyknusa fflush(NULL) BeimonHsieT yka3aHHbIE IEHCT-
BUS JIJIS BCEX MIOTOKOB BBIBOJIA.

int fclose(FILE *f)
3akpeiBaeT (aiin f. [lepea 3TUM MPOMCXOIUT 3amKCh €Ie He3alrcaH-
HBbIX JaHHBIX U3 Oydepa auOO CUUTHIBAHUE €I1I€ HEMPOUYUTAHHBIX W3
oydepa mannwix. [Ipu 3aKpeITHN TOTOKA, Oydephl, 3aXBaUuCHHBIC CUCTE-
MoOH, ocBoOOXmaroTcs. dyHkius Bo3BpamtaeT EOF B ciaydae ommbku u
O —B MPOTHUBHOM clTy4ae.

int feof(FILE *f)
OmnpenensieT, JOCTUTHYT Jik KoHell ¢aiina. [Ipu ero goctrxkeHnu QpyHk-
HA BO3BpaAIlaCT HCHYJICBOC 3HAYCHHUC, B IIPOTHBHOM CJIy4acC BO3Bpalla-
ercs 0.

int remove(const char *filename)
VYnanser daiin ¢ ykazaHHbIM UMeHEeM. Bo3Bpalaer HeHyJieBOe 3Haye-
HUE B CiIydae OlMOKH, B MPOTUBHOM ciydae Bo3Bpariaercs 0.

int rename(const char *oldname, const char* newname
®dyukius rename() 3amenser crapoe umMmsa (¢aiina oldname HoBbIM
Newnameeciay monbITKa U3MEHUTh UMl OKa3aJlaCh HEYIAaYHOM, TO BO3-
BpamacT HCHYJICBOC 3HAUYCHHUC, B IIPOTHUBHOM CJIy4ac — 0.

int fputc(int c, FILE *f)

3anuceiBaeT cuMBOJI C B (paiinm f. dyHKIusS Bo3BpamaeT 3amvcaHHBIA
CHUMBOJI MPU YCIIEIITHOM ucxoje, nHaue — EOF.
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int fgetc(FILE *f)
YuraeT odyepenHol cuMBOJa U3 (aiina f, Ha KOTOpBIH yKka3bIBaeT (aiiio-
BbIM yKa3aresb. OyHKIMS BO3BpAIIACT NMPOYUTAHHBIA CUMBOJI MPHU YC-
MEIIHOM MCXO/IE; €CJIM XK€ TOCTUTHYT KoHell ¢aiina — EOF.

int fputs(const char *s, FILE *f)
3anuchIBaeT CTPOKY CUMBOJIOB S B daiin f. Bo3Bpaimaer koimyuecTBo 3a-
MMCAHHBIX CUMBOJIOB; B ciy4dae ommbku — EOF.

char *fgets(char *s, int n, FILE *f)
UuTaer CTpOKy CUMBOJIOB U3 (paitna B MaccuB cuMBOJIOB S. IIpu sTOoM
yuTaeTcs He Oosiee N-1 CUMBOJIOB, IpeKpalias YTeHUue, €CIU BCTPETUIICS
cumBoJI ‘\N'. B cTpoKy S Takxke gpodaBiseTcss Hyab-cuMBoJI \0'. DyHK-
IS BO3BpaAIaeT S; eciu ke ¢aitn ucuepmas, Torma — NULL.

int fprintf(FILE *f, const char *format, argument, 1., argument_n)
3anuceiBaeT cuMBOJIbI B (aiin f mox ympasinenuem ¢opmara. Bo3spa-
IaeT KOJUYECTBO 3alMCAHHBIX CUMBOJIOB; B cirydae omnoku — EOF.,

int fscanf(FILE *f, const char *format, &argument_.1., &argument_n)
Yuraer manHele u3 ¢aiina f mox ynpasiaenuem ¢gopmara. Bossparaer
KOJIMYECTBO IMPeoOpa3OBaHHBIX 3JIEMEHTOB; B ciiydae omunbOku — EOF.
JlanHast pyHKIUs padoraer aHanorudyno Gynkiuu scanf() ¢m. m. 2.2,
dopmaTHBII BBOJI-BBIBO/).

int fseek(FILE *f, long count, int origin)
YcranaBimBaer ykasatenb (aiina f Ha ompenenennbiii 6aiT. Ilocite-
JyIoIllee YTCHHE WJIM 3aluch OyAEeT MPOBOJUTHCS C JaHHOTO Oaiita (C
JaHHOM MO3uLKHK). B ciiyyae nBondHOro (aiiyia mo3uius ycTaHaB/IMBa-
€TCS CO CMEIIEHHEM COUNtOTHOCUTEBHO!
* Havaja daiija, eclii 3HAYeHHE IEePEeMEHHOH Ofrigin paBHO

SEEK_SET:

* TeKyIled MO3UIMHU, €CIIM 3HaUCHHE MEePEeMEHHOM Origin paBHO

SEEK_CUR;

* KoOHIA (aiia, ecnM 3HAYCHHE IIEPEMCHHOM Ofrigin paBHO

SEEK_END.
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int rewind(FILE *f)
Ilepemerenue ykaszarenst B Hadajao (aiina. JlaHHbIN orepaTop 3KBHBa-
JICHTEH 3aI1uCHU

fseek(f, 0, SEEK_SET);

long ftell(FILE *f)
Bo3Bpamaer TeKyIyo Mo3uIUIo yKaszarens ¢aiina f; B ciydae ommoku
dbyHKIMg Bo3Bpamiaert -1.

int ferror(FILE *f)
Bo3zBparaet HeHysIeBOE 3HAUCHUE, €CITU MIPU OYEPETHOM OMepaIvu pu
pabore ¢ daiinom f mpousomia ommoOKa, B IPOTUBHOM ClIydae BO3Bpa-
maetcs 0.

13.2.TexcToBble (haiiabl

TexcToBbIi (aiin — MmociIeI0BaTeIbHOCTh CTPOK, MPHYEM KaXKaas
CTpOKa 3aKaHYMBaeTCsA CUMBOJOM ‘\N' u gomojHeHa cumBosioMm \O'.
TexcToBbIi (aiin COCTOMT M3 OOBIYHBIX MEYATHBIX CUMBOJIOB (B KOAax
ASCII), Bkirogas mpoOesIsl, CHMBOJIBI HOBOM CTPOKH, CHMBOJIBI Ta0yIIs-
nuu. Hampumep, B TekctoBoM (aiine menoe yuciao 123 npeacraBieHo
TpeMsi cumBoJlamMu-Tudpamu ‘1, 2" u ‘3’, xotopeie B (aite pacmoio-
’KEHBI IPYT 3a APYrom, odpasys cioBo “123”,

Jls1 3amanus TOro, 9To (paiiia OTKPHIT B TEKCTOBOM PEKUME, MOXK-
HO J00aBUTh K 3HAUYCHHMIO PEXKHMMa OTKpBITHS Mode cumBon ‘t': “rt”,
“wt”, “at”, “r+t”, “w+t”, “a+t”.

[IpuBeneM mNpuUMEpHl HMCIIOIL30BAHUS OMOIMOTEYHBIX (YHKITUN
TU1s1 pabOTHI C TEKCTOBBIMU (DaiimaMu.

Ipumep 1 (pynxuus fputc()). Hwke npuBoautcs GyHKIUS 1mMO-
CUMBOJIBHOM 3amucu B ¢aiiia ¢ umenem fileName, kotopas mpomosmka-
€TCs JI0 TeX IOp, MTOKa B CTAaHAAPTHOM IMOTOKE HE BCTPETUTCS UMHUTAIIUS
npu3Haka koHua ¢aiina EOF.

MHorue oneparuoHHbIE CHCTEMBI MTO3BOJITIOT UMUTUPOBATH YCJIO-
BHE KOHIa (haiiyia ¢ momoipio KiaBuatypsl. B cucreme MS-DOS s
3TOr0 MCHOJIb3yeTcss kKomMOmHamus kimaBuin Ctrl+z, mocie yero ciemyer
Ha)kaTh KiaaBuiny Enter.B cpexe Windowsnis umuTtanuy KoHa Qaiiia
ucnoib3yercs komOuHanus kiasuin Ctrl+z,a B cpene UNIX — Ctrl+d.
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int CreateTextFile(char *fileName)
{
FILE *f;
char c;
if ((f = fopen(fileName, "wt")) == NULL)
return 1,
while ((c = getchar()) = EOF)
fputc(c, f);
fclose(f);
return O;

}

Ipumep 2 (bynkmus fgetc()). BeiBoa coaepKuMoro TeKCTOBOTO
daiina Ha skpaH. OyHKIIUSI CYUTHIBAET U3 (paiiia Mo OJHOMY CUMBOJIY H
BBIBOJIUT CUMTAHHBIE CUMBOJIbI HA DKPaH.

int ReadTextFile(char *fileName)
{
FILE *f;
char c;
if ((f = fopen(fileName, "rt")) == NULL)
return 1,
while ((c = fgetc(f)) = EOF)
putchar(c);
fclose(f);
return O;

}

Ipumep 3 (pynxoms fputs()). [Toctpounoe 3amonHeHue (daiia.
B cnenyromeit mporpamme ¢ kiaBuaTypbl BBOAsATCS 10 cTpok u 1o-
CTPOYHO 3aIUCHIBAIOTCSI B TEKCTOBBIN (haidll.

int CreateTextFile(char *fileName)

{
FILE *f;

char s[300];
int I;

142



if ((f = fopen(fileName, "wt")) == NULL)

return 1;
for (i=0;1<10; i++)
{
fgets(s, 300, stdin);  BBoaum CTPOKY ScC KIaBHATYphI */
fputs(s, f); BanuceiBacM CTpOKY SB daitn  */
}
fclose(f);
return O;

}

Ipumep 4 (pynxums fgets()).Iloctpounoe urenue (aiina.
int ReadTextFile(char *fileName)

{
FILE *f;
char line[500];
if ((f = fopen(fileName, "rt")) == NULL)
return 1;
while (fgets(line, 500, f) '= NULL)
{

}

fclose(f);
return O;
}

OyHKIMHU, padOTaIOIIUE C CUMBOJIAMU U CTPOKAMH, Mpe/IHa3HAYE-
HBI TOJIBKO JJI UT€HMS W 3anmucu Tekcta. Eciau Tpebyercs 3anucaTh uiu
cUMTaTh U3 (pailja TaHHbIC, COEPKALIUE YUCIOBbIE 3HAUYCHUSI, TO HYX-
HO ucronb3oBath Gyukmuu fprintf() u fscanf().

Ipumep 5 (pynxoms fprintf()). Crenyromas GyHKIUS 3anuChI-
BaeT B TEKCTOBBIM (paiii cBeIeHHS O paOOTHHUKAX HEKOTOPOM OpraHu3a-
nuu: gamuins pabOTHUKA, TOJl POXKIEHMs, 3apaboTHas muiata. Boa
JAHHBIX C KJIABHATYphl MPEKpaIaeTcs B TOM Clydae, KOrja Ha 3ampoc
BBECTH OYEPEAHYIO paMUIINI0O PAaOOTHUKA TMOJIb30BATENIb BBEAECT CTPOKY

“000”_

printf(line);
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int CreateFile(char *fileName)

{
FILE *f;
char name[50]; * pamuast */
int year,; [*ron poxnenuss  */
float earnings; [* 3apaboTHas miarta */
if ((f = fopen(fileName, "wt")) == NULL)

return 1;

printf("name: ");

scanf("%s", name);

while (strcmp(name, "000"))

{
printf("year: ");
scanf("%d", &year);
printf("earnings: ");
scanf("%f", &earnings);
fprintf(f, "%s %d %.2\n", name, year, eams);
printf("name: ");
scanf("%s", name);

}

fclose(f);

return O;

}

Ipumep 6 (pynxmus fscanf()). Urenne 3ammceit u3 (aiina, co-
JieprKaliero ceenenns o paborarnkax. Cozmanue JaHHOTO (haiiya MpuBo-
JUTCS B IPEABLIYIIIEM IIPUMEDE.

int ReadFile(char *fileName)

{
FILE *f;
char name[50]; [* pamunms */
int year,; [*ron poxxnenus  */
float earnings; [* 3apaboTHas miaTa */
if ((f = fopen(fileName, "rt")) == NULL)

return 1;
while (fscanf(f, "%s%d%f", name, &year, &earng)d= EOF)
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{

printf("%s %d %.2f\n", name, year, earnings);
}
fclose(f);
return O;

}

Ipumep 7 (pynkmua fscanf()). Cnenyromas GyHKIHS BBIICIACT
BCE CJIOBA M3 TEKCTOBOTO (haiiia, KOTOpPBIC pa3lieicHbl MPOOCIEHBIMU
cumBojamu (', ‘\t’, ‘\n’), u BBEIBOOUT JaHHBIC CJIOBA HA SKpaH.

int ReadWords(char *fileName)

{
FILE *f;
char s[500];
if ((f = fopen(fileName, "rt")) == NULL)
return 1;
while (fscanf(f, "%s", s) |= EOF)
{

}

fclose(f);
return O;

puts(s);

13.3./IBonunbIe aiiiabl

JIBonuHbIl (paitin OOBIYHO COCTOMT M3 IMOCJIEA0BATEILHOCTH 3aIlH-
ceil OJIMHAKOBOM JIJIMHBI U OJIMHAKOBOI'O BHYTPEHHEro (opmara, mnpu-
4yeM 3aIlMCH HEIPEPHIBHO CIEAYIOT APYT 3a APYTOM.

JIBonuHbIli (hopMaT O3HAYAET, YTO YMCIIA COXPAHSIOTCS BO BHYT-
perHeM dopmarte. 1 CuUMBOJIAa IBOMYHOE IIPEJICTaBIICHHUE COBNAACT C
€ro TeKCTOBBIM mpejcTaBieHueM (mBondyHoe npencraBienne ASCII ko-
Ja cMMBOJIA). [l YuCel Ke UX JIBOWYHOE MPEACTABICHHE OYCHb CHJIb-
HO OTJIMYAETCS OT MX TEKCTOBOTO IpejcTaBiieHus. Hampumep, ducio
123 B nBonuHoit cucreme umeeT npeacrapiaeHue 1111011u nomemaer-
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Csi B OJIMH OalT mamsatu. B TekcToBOM ke (opMare JaHHOE YUCIIO 3a-
HUMaJIO ObI 3 OaifTa maMsTH.

JlJis 3amucu W YTEHUWsS JaHHBIX B JBOMYHOM (popMare HCIOJb3Y-
1orcst cootBercTBeHHO PyHKiuu fwrite() u fread(). 3anucaB maHHbBIC C©
nomorrsto fwrite(), MoxxHO BO3BpaTUTh 3TH JaHHbIe ¢ momMoibio fread().
[IpoToTumbl JaHHBIX (QYHKIIUNA CIETYIOIIHE:

size t fwrite(void *ptr, size_t size, size t nLEI*f)

size t fread(void *ptr, size _t size, size t n, Elf)
®dyukius fwrite() 3anuceiBaer B (aiin f u3 MaccuBa, yKa3aHHOrO B Iie-
peMeHHOM Ptr, N 3JIeMEHTOB, pa3Mep KOTOPHIX YKa3aH MapaMeTpoM Size,
JlanHas QYHKIUMS BO3BpalacT KOJUYECTBO YCICIIHO 3allMCaHHbIX
AJIEMEHTOB.

®ynkmus fread() cuureiBaer u3 daitna f B MaccuB, yka3aHHBIN B
nepeMeHHou ptr, He 6oiee N JIEMEHTOB, pa3Mep KOTOPBIX YKa3aH Iia-
pametrpoMm Size. JlanHas QyHKIHS BO3BpAIaeT KOJWYSCTBO YCIIEITHO
CUUTAHHBIX 3JICMCHTOB.

Ecimu tpeOyercs, HanpuMep, 3anucath B IBOMYHBIN (aiin f 3Haue-
HHUE nepeMeHHoM X Tra double;To 3To MOXKHO cliejaTh TaKKMM 00pa3oM:

fwrite(&x, sizeof(x), 1, f);
Ecau xe TpeOyercs 3anmucarh B (paiia MacCHB IIEJBIX YHUCEN @, COJep-
KaIMi N 3JIEMEHTOB, TO 3TO MOXHO ClIeJIaTh CICTYIONIUM 00pa3oM:
fwrite(a, sizeof(int), n, f);

Jlns 3aganust TOTO, 4TO (paiiyl OTKPHIT B JBOMYHOM PEXKUME, ClIe-
AayeT 100aBUTh K 3HAYCHHUIO PEeKUMa OTKpBITHSI cuMBoia ‘b’ “rb”, “wb”,
“ab”, “r+b”, “w+Db”, “a+b”. PaccMoTpum npuMepbl pabOTHI ¢ IBOUYHBI-
MU (paiimamu.

IIpumep 1. 3anonHUM TBOUYHBIN (ailsl 1IEIBIMU YUCTaAMHU.

int CreateFile(char *fileName)

{
FILE *f;
int a;
if ((f = fopen(fileName, "wb")) == NULL)
return 1;
printf("a ="); scanf("%d", &a);
while (a != 0)
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{
fwrite(&a, sizeof(a), 1, f);
printf("a ="); scanf("%d", &a);
}
fclose(f);
return O;

}

IIpumep 2. Urenue ¢aiisia 1eiblx 4UCEN, CO3JaHHOTO B MPEJbI-
IyIIeM MpUMepe.

int ReadFile(char *fleName)
{
FILE *f;
int a;
if ((f = fopen(fileName, "rb")) == NULL)
return 1;
while (fread(&a, sizeof(a), 1, f))
printf("a = %d\n", a);
fclose(f);
return O;

}

Ipumep 3. Crneayromas Gynknus Size()Bo3Bpaiaer KOJIHISCTBO
0aiiToB, 3aHuMaeMbIX ¢aiiiaom ¢ umeneM fileName.Eciu takoro ¢aiina

HE CYIIIECTBYET, TorAa (DYHKIIMS BO3BpalllaeT 3HaueHue -1.

long Size(char *fileName)
{
FILE *f;
long n;
if ((f = fopen(fileName, "rb")) == NULL)
return -1;
fseek(f, 0, SEEK_END); /fiepememaem yxasarens a konern (aiina */
n = ftell(f); [*cunTBHIBaEM TEKYINYIO MO3UIIMIO YKa3aTes */
fclose(f);
return n;

147



IIpumep 4. UreHue nBonvyHOTO (aiina 1esblX Yucea B 0OpaTHOM
OPSIIKE.

int ReadConverseFile(char *fileName)
{
FILE *f;
int a;
long i, n;
if ((f = fopen(fileName, "rb")) == NULL)
return 1;
n = Size(fileName)/sizeof(int); KomruectBo kKommonenT B daiine */
fori=n-1;,1>=0;i--)
{
fseek(f, i*sizeof(int), SEEK_SET);
fread(&a, sizeof(a), 1, f);
printf("a = %d\n", a);
}
fclose(f);
return O;

}

IIpumep 5. TpebyeTcs 3aMEHUTH BCE AJIEMEHTHI JBOMYHOTO (haii-
J1a 1eJIbIX YMCEeN Ha UX KBaJpaThl.

int SquareRechange(char *fileName)
{
FILE *f;
long i, n;
int a;
if ((f = fopen(fileName, "r+b")) == NULL)
return 1;
n = Size(fileName)/sizeof(int);
for(i=0;i<n;i++)
{
fseek(f, i*sizeof(a), SEEK_SET);
fread(&a, sizeof(a), 1, f);
a *= a;
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fseek(f, i*sizeof(a), SEEK_SET);
fwrite(&a, sizeof(a), 1, f);

}

fclose(f);

return O;

}

®ynkrus fwrite() mo3BosieT 3anmuchBaTh B (DAl 1EIbIe CTPYKTY-
PBI, KOTOPBIC 3aTeM MOKHO ITPOUYUTaTh ¢ oMolsio fread().

IIpumep 6. ITycTh uMeEIOTCS CBEICHUSI O PA0OOTHUKAX HEKOTOPOU
opranuzanuu: Gamuaus pabOTHUKA, TOJl POXKJICHUS, 3apab0OTHAs MiaTa.
OObenmMHUM TIEPEUMCIICHHBIC DJJIEMEHTBl JIaHHBIX B  CTPYKTYpPY

WORKER:

struct WORKER

{
char name[20]; Ihamums */
int year; Fon poxnenuss  */
float earnings; fBapaboTtHas miaTa */

I

YroOnI 3amucaTh Ha IUCK OYEPEIHBIC CBEJICHUS 0 paboyeM (0UepeaHyIo
CTPYKTYPY), HCIIOJIb3YEM TaKyl0 HHCTPYKIIHUIO:

fwrite(&worker, sizeof(worker), 1, f);
rae nepemennas worker umeer tun WORKER. Ananoruuno, 4ro0sl
CUHMTATh OYSPEIHYIO CTPYKTYPY, BOCIIOIB3YEMCSI HHCTPYKITUEH
fread(&worker, sizeof(worker), 1, f);
B npusenennoit Hrke mporpamme ¢yHknus CreateFile()3amon-

HseT ¢ain cBeAeHU o paboTHuKax, a ¢yuknus ReadFile()BeiBoaut
conepkumoe (aiiya Ha SKpaH.

#include<stdio.h>
struct WORKER

{

char name[20];
int year,;
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float earnings;

I3

[* 3anonnenue daiina */
int CreateFile(char *fileName)
{
FILE *f;
struct WORKER worker;
if ((f = fopen(fileName, "wb")) == NULL)
return 1;
printf("name: ");
scanf("%s", worker.name);
while (strcmp(worker.name, "000"))
{
printf("year: ");
scanf("%d", &worker.year);
printf("earnings: ");
scanf("%f", &worker.earnings);
fwrite(&worker, sizeof(worker), 1, f); Aamuce crpykrypsi B daitn */
printf("name: ");
scanf("%s", worker.name);
}
fclose(f);
return O;

}

[* urenue daiina */
int ReadFile(char *fileName)

{
FILE *f;
struct WORKER worker;
if ((f = fopen(fileName, "rb")) == NULL)
return 1;
while (fread(&worker, sizeof(worker), 1, f))
{

printf("%s ", worker.name);
printf("%d ", worker.year);
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printf("%.2An", worker.earnings);
}
fclose(f);
return O;

}

int main()

{
char *fileName = "c:\\a.data™:
CreateFile(fileName);
ReadFile(fileName);
return O;

}

Ilpumep 7. Unorma tpedyercss mpocto A00aBUTH OAHY 3aIllMCh B
koHel ¢aiina. [Toaromy MOXKHO 3amucaTh GyHKIIMIO 3aMOJTHEHUS (aiina
U3 TIPEABIAYIIEro MPUMEpPa B CICTYIOIIEM BHUJIC.

[* ¢hynkiusa qoOaBieHus 3amKcy B KoHel daiina f */
int AddWorker(FILE *f, const struct WORKER *worker)
{
fseek(f, 0, SEEK_END); /fiepemernaem ykasarens B konen daiina f */
fwrite(worker, sizeof(*worker), 1, f);
if (ferror(f))
return 1;
else return O;

}

[* 3amonHenue daiina */
int CreateFile(char *fileName)
{
FILE *f;
struct WORKER worker;
if ((f = fopen(fileName, "wb")) == NULL)
return 1;
printf("name: ");
scanf("%s", worker.name);
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while (strcmp(worker.name, "000"))
{
printf("year: ");
scanf("%d", &worker.year);
printf("earnings: ");
scanf("%f", &worker.earnings);
AddWorker(f, &worker); /*1o6aBisiem 3amuch B daiin */
printf("name: ");
scanf("%s", worker.name);
}
fclose(f);
return O;

}

IIpumep 8. OdyeHb yacTo MPUXOAUTCS KOomUpoBaTh (ailnbl. Pac-
CMOTPHUM OBICTPBIH aITOPUTM KOTMPOBAaHHS (aiiIoB C UCIIOJIb30BAaHUEM
oydepa oomena. Hmwxe npuBoautcs pyukius CopyFile(),koropas ko-
nupyet conepxxumoce daiiia fileNamelns daitn fileNameOut.

#define LENGTH 1024 /pasmep Oydepa */

int CopyFile(const char *fileNameln, const chaidéflameOut)
{
FILE *in, *out;
char buffer[LENGTH];
long n;
in = fopen(fileNameln, "rb");
out = fopen(fileNameOut, "wb");
if (in == NULL || out == NULL)
{
fcloseall(); [BakpbiBaeM Bce TIOTOKH */
return 1;
}
while (n = fread(buffer, sizeof(char), LENGTH))
fwrite(buffer, sizeof(char), n, out);
fcloseall();
return O;
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NOoO O

10.

11.

12.

13.4.3apaum HAa TeKCTOBbIE (PALJIbI

Nmeetrcs TekcToBbll (aiii. [logcunuTaTh KOJIUYECTBO COJEPIKAIINX-
Csl B HEM JIATUHCKUX OYKB.

Onpenenutb, CKOJIBKO PA3IUYHBIX OYKB BCTPEUYAETCS B TEKCTOBOM
daitne.

JlaHa cTpoka S U TeKCTOBBIN ¢aiiyn. Hamucats GyHKIHMIO, KOTOpas
100aBJIsAET CTPOKY S B KOHEIl TEKCTOBOTO (haitna.

Jano ums (aiina u nenoe yuciao N, 1 < n < 26. Co3naTtk TEKCTO-
BBIN (haiiyl ¢ yKa3aHHBIM MMEHEM M 3alucaTh B HETO N CTPOK clie-
OyIOIMM 00pa3oM: MepBasi CTPOKa JOJKHA COJIEPKAThb CHMPOYHYIO
JATHHCKYI0 OYKBY «a», BTopas — OYKBBI «ab», TpeTbss — OYKBBI
«abc»u T.1.; IOCIeAHsISA CTPOKA JOJDKHA COJEP)KaTh N Hada bHBIX
CTPOUYHBIX JATUHCKUX OYyKB B alipaBUTHOM TOPSIIKE.

Haiitu nepByto caMyro KOPOTKYIO CTPOKY B TEKCTOBOM (haidJie.

B TexcToBoM (haitsie yaanuTh BCe MyCThIe CTPOKH.

[IpoayOnupoBaTh B TEKCTOBOM (paiisie BCE T€ CTPOKHU, KOTOPbHIE CO-
JepKaT CUMBOJI Mpodera.

3amMeHUTh B TEKCTOBOM (ailsie Bce MoApsA] HAylIue MpoOesbl Ha
OJIH TIPOOEI.

B TekcToBOM (hailne MmoacuuTaTh YUCIO MOSIBICHUN KaXKJI0W CTPOU-
HOM JIATUHCKOM OYKBBI M CO37aTh HOBBI TEKCTOBBIN (hailsl, Kakmaas
CTpOKa KOTOPOI'0 MMeeT BUJ «<OYKBa>—<4HCJIO €€ IOSBICHUN>»,
BykBbI, OTCYTCTBYyIOIIME B TE€KCTE, B (hailll HE BKIHOYATh. BYKBbI
JIOJKHBI pacroiaraTbCs B aI(paBUTHOM MOPSIIKE.

Jlan TexkcToBbli (haiin. HaiiTu koanuecTBO ab3aieB B TEKCTE, €CIIH
a03a1lbl OTJEISAIOTCS APYT OT JIpyra OJHOW WJIM HECKOJbKUMH ITyC-
THIMU CTPOKaMHU.

Jlan TekcToBbIN (ailn, cojepxaliuii TeKCT, BHIPOBHEHHBIN 1O Jie-
BoMy Kkparo. Kaxmas crpoka coaepxut He Oosiee 100 cumBOmIOB.
BBIpOBHATH TEKCT IO MPaBOMY Kparo, 00aBUB B HAYal0 Ka)KIou
HEIMYCTOM CTPOKHU HYKHOE KOJIMYECTBO MTPOOEIIOB.

JlaH TeKCTOBBIN (hailyl, B KOTOPOM KaKJ1asi CTPOKa COJEPKUT HE 00-
nee 100 cumBosioB. 3amnucath Bce CTpOKH ¢aiiia B HOBBIM (aiin,
W3MEHUB MOPAJIOK CIEOBaHUSI OYKB B KaXKJI0M CTPOKE Ha MPOTUBO-
ITOJIOYKHBIM.
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13

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

. JlaH TeKcToBBIN (haiii, Kaxaas CTpoKa KOTOPOTO M300pakaeT 11eJI0e
YHUCJI0, JOMOJIHEHHOE CjieBa M CIpaBa HECKOJIBLKHMH IIpOOEIaMH.
Haitu KoJIM4ecTBO 3TUX YUCET U UX CYMMY.

JlaH TeKCTOBBIN (hailyl, KOTOPBIM COJEPKUT TAOIHUIY IEJbIX YHUCET
pasMepoM M X n. Halitu cymmy siemMeHTOB K-ro croibma gaHHOM
TaOJTALIBI.

JlaH TeKCTOBBIN (hailyl, KOTOPBIM COJEPKUT TAOIHUIY IEJIbIX YHCEN
pazmepoM M X N. HallTu CyMMBI 3JIEMEHTOB BCEX €€ YETHBIX CTPOK.

JlaH TEKCTOBBIN (haiisl, KOTOPBIM COACPKUT TAOJHMITY IEIbIX YHCEI
pazMepoM N X N. HailTu cymMMmy 3JIEMEHTOB TJIABHOW JIMArOHAIU
JQHHOM TaOJIUIIBI.

JlaH TEKCTOBBIN (haiil, KOTOPBIM COACPKUT TAOJMITY IEIbIX YHCEI
pasMepoM N X N. 3anucath B IPyrol TeKCTOBbIN (aiin Ty xe Tad-
JUIlY, TOJIBKO B TPAaCHOHHUPOBAHHOM BHJE. BBIMOIHUTH 3TO € HC-
MOJIb30BaHUEM U 0€3 MCIOJIH30BaHUS JOTIOJHUTEILHOTO JBYMEPHO-
ro MaccHBa.

PacnieyaTaTh Bce ciioBa u3 TEKCTOBOTO (paiiia, HE UMEIOIINE B CBO-
€M COCTaBe HU OJHOM ITUPPHI.

3amnucaTh BCE CJIOBA M3 MCXOJHOTO TEKCTOBOTro (hailia MoCTPOYHO B
JPYTOoi TEKCTOBBIN (paii.

B texcroBoMm (paitie HalTH camMoe TEpBOE CIO0BO, HAUMHAIOIIEECS
Ha OOJIBIIYIO OYKBY.

PacrnieuaTaTh 13 TeKCTOBOTO (haiiyia BCe CII0Ba MAKCUMAIBLHOM JIJTUHBI.
JlaH TEKCTOBBIN (haiisl, KOTOPBIM COACPKUT TAOJIMITY IEIbIX YHCEI
pa3MepoM M X N, MpUYEM B 3aIMMCH HEKOTOPBIX YHUCEN COJEPKATCS
MIOCTOPOHHUE CUMBOJIBL. TpeOyeTcs: BRIBECTH KOOPAWHATHI BCEX Ta-
KUX HEKOPPEKTHO 3allMCAHHBIX YHCEI.

JlaH TeKCTOBBIN (haiisl, KOTOPBIM COJEPKUT TAOIUILYy CBEICHUH O
cryaenTax. [lepBoiii cTonden coaepkuT (haMuianu, BTOPOM — roja
POXKJICHUS, TPETUH — cpeauuii 0aml. a) BeIBeCTH TOJIBKO T€ CTPOKH
JAHHOW TaOJUIbI, KOTOPBIE COJEPkKAT MaKCUMAaJbHBIA CpeaHUi
0ami. 0) BeiBecTr HHGOPMAIIHMIO TOJIBKO O T€X CTYACHTaX, KOTOPHIC
Cpeau CaMbIX MOJIOJBIX HMEIOT HAMBBICIIUM CpEIHUIN Oasl.

B TekcToBOM (hailyie MoaCYMUTATh YMCIIO MOSIBICHUN KaXJ0TO CIOBa
¥ CO3/1aTh HOBBIM TEKCTOBBIM (paiiji, KaXk/1as CTpoKa KOTOPOTO UMe-
€T BUJ «<CJIOBO>—<YHUCJIO €ro mosABIeHUIr>». CloBa JOJKHBI pac-
10JIaraThCs B MOPSJIKE UX MEPBOIrO MOSBICHUS B UICXOAHOM (aiiie.
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25.

26.

27.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.
38.
39.

40.

3adauu ona camocmosmenvHou pabomeol

JlaH TeKCTOBBIN (aiiy. BEIBECTH KOJTMYECTBO COACPKAIIMXCS B HEM
CTPOK.

Jano ums daiina u nenoe ynciio N, 1 < n< 26.Co3aaTh TEKCTOBBIM
daiin ¢ ykazaHHBIM MMEHEM W 3amucaTh B HETO N CTPOK JJIMHBI N,
cTpoka ¢ HomepoM K, K =1, ...,N, 1o/bKkHA comepkaTh K HauaabHbIX
nponuchvix (TO €CTh 3arJIaBHBIX) JATHHCKHX OYKB, IOIOJHEHHBIX
CIpaBa CUMBOJIAMH «*» (3Be3mouka). Hampumep, mist N = 4 daiin
JTOJDKEH coAepKaTh CTPOKH «A*X**» «AB**», «ABC*», «ABCD».
JlaHa cTpoka S M TEKCTOBBIM (haityi. [[00aBUTH CTPOKY S B Hayajo
daiina.

Jlan tekctoBbii (aitia. [logcunuTaTh 4acTOTY BXOXKJICHHUN KaXJ0IO0
CHMBOJIa B JaHHOM (paiiJie.

3aMeHHUTh B TEKCTOBOM (paiijie BCE IMPOMHUCHBIC JATUHCKHUE OYKBBHI
Ha CTPOYHBIE, @ BCE CTPOYHBIC — HAa MPOMHUCHBIE.

Haiiti mepByto caMyro JUIMHHYIO CTPOKY B TEKCTOBOM (paiiie.

B texcToBoM (haitsie Bce MyCcThie CTPOKU 3aMEHUTH Ha CTPOKY S.
Jlanbl 1Ba TeKCTOBBIX (paiina. /loO0aBUTH B KOHEI[ IepBoro daiina
COJIEp)KMMOE BTOpOTO (haiina.

[Ipoay6mupoBaTh B TEKCTOBOM (haiijie BCEe HEMYCThIE CTPOKH.

Jlan TekcToBbIi (aiin. HaiiTu koanuecTBO ab3aleB B TEKCTE, €CIIU
mepBasi CTpoKa Kaxjoro ab3ama HaYyMHAETCS C OS-TM HPOoOEIoB
(«xkpacnas cmpoka»). IlycTbie CTpOKM MEXIy a03alamMu HE y4H-
THIBATh.

JlaH TEKCTOBBIN (haiisl, KOTOPBIM COACPKUT TAOJIMITY IEJbIX YHUCEI
pasmepoM M X N. Halitu cymmy siaemMeHTOB K-if cTpoku gaHHOM Tao-
JIMIIBI.

JlaH TEKCTOBBIN (haiisl, KOTOPBIM COACPKUT TAOJIMITY IEIbIX YHCEI
pasMepoM N X N. HaliTu cymMmy 3JIEMEHTOB OOpaTHOW IHUaroHalu
JTAHHOU TaOIUIIEI.

B TekcToBOM (paiisie BEIBECTH MOCHIEIHEE CII0BO HAUMEHBIIICH JTHHBI.
[ToacuuTaTh B TEKCTOBOM (paiiie KOJUUYECTBO CHMMETPUIHBIX CJIOB.
PacneuaraTh Bce clloBa M3 TEKCTOBOTO (paiiia, MMEIOIINE B CBOEM
COCTaBe XOTA Obl OAHY HUPY.

PacrieuaTaTh 3 TeKCTOBOTO (haiiyia BCe CII0Ba MUHUMAIBHOU JTHHBI.
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41.

42.

43.

44.

=

N3 ucxoaHOTro TeKCTOBOrO (hailyia MOCTPOUYHO 3alucaTh BCE CJIOBA, B
KOTOPBIX HET IU(p, B APYroit TEKCTOBBIN (aii.

JlaH TekcToBBIN (haitn, coaepramuii TEeKCT, BRIPOBHEHHBIN IO Jie-
BoMy Kkparo. Kaxmas crpoka coaepxut He Oosiee 100 cumBOmIOB.
BBIpOBHSATH TEKCT MO LIEHTPY, 100aBUB B HAYAJIO KAXKJIOW HEMyCTOMN
CTPOKH HY>KHOE€ KOJIMYECTBO MPOOEIIOB.

JlaH TeKCTOBBIN (haiiy, Kaxaas CTpoKa KOTOPOTO M300paXkaeT 11eJI0e
WU JICUCTBUTEJILHOE YHCJIO, JIONOJHEHHOE CJieBa W CIpaBa He-
CKOJIbKMMH TpoOenamMu (BEIIECTBEHHBIC YHCIIa HMCIOT HEHYJICBYIO
JIpOOHYIO YacTh). BEIBECTH KOJIMYECTBO LEIBIX YHCEI U UX CYMMY.
@aiin coaepkUT MHPpopMaIuo 0 KHUrax: (pamMuaus aBTopa, Ha3Ba-
HUE KHHUTH, KOJIMYECTBO CTPAHUIL, IIeHa. a) OnpeaenuTh caMylo Jie-
HIeBYIO KHHTY. 0) Cper caMbIX JOPOTMX KHUT HAWTH KHHUTH C HaH-
MEHBIIIUM KOJIMYECTBOM CTPAHMUII.

13.5.3aga4yu Ha ABOUYHBIE (PaAiiIbI

B daiine nenbix yucen yJaaiuTh BCe OTpUIIaTEIbHbIC YUCTIA.

Han ¢aiin BemecTBeHHbIX uncen. Co3maTh ABa HOBBIX (haiinia, mep-
BBI M3 KOTOPBIX COJCPKHUT DIEMEHTHI UCXOJAHOTO (aiiyia ¢ HeYeT-
HBIMU HOMEpPaMU, a BTOPOW — C YETHBIMH.

Han daiin nensix yucen. [IpoayonupoBaTe B HEM BCE DJIEMEHTHI C
HEUYETHBIMU HOMEPAMH.

Han daiin nensix uncen. Co3aaTe HOBBIN (ailil, coepKaluii Te xe
AJIEMEHTHI, YTO M UCXOAHBIN (haifsl, HO B OOpaTHOM IOPSIKE.
TpebOyercst 3aMEHUTH BCE JIEMEHTHI IBOMYHOTO (haiisia IEeabIX 4u-
ceJl Ha UX MOJYJIH.

Jan daitn nensix uncen. [IpoBepuTs, SABISIETCA U OH CUMMETPUY-
HBIM.

Jlanbl 1Ba Mpou3BONIbHBIX (paiina. TpeOyercs 100aBUTh K IIEPBOMY
daiiny comepkruMoe BTOporo ¢aija, a Ko BTopoMy ¢aiiay — co-
JEPAKUMOE MEPBOTO.

Jaubl 1Ba (paiina BEHIECTBEHHBIX UYUCEI, DJIEMEHThl KOTOPBIX YIIO-
psAIoYeHbl MO Bo3pacTaHuto. OObeIMHUTH 3TU (aisibl B HOBBIN
¢aiis Tak, 4TOOBI €ro JIEMEHTHI TAK)KE OKa3aJUCh YIOPSI0YEHHbI-
MU 10 BO3PaCTaHHUIO.
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10.

11.

12.

13.

14.

15.

3anoaHuTh (pai JeMCTBUTEIbHBIX YUCEN, 3aTeM HAaWTH KOJIMYECTBO
€ro y4acTKOB BO3PacTaHMs.

Jan daiin mensix umcen. YABOUTH €ro pa3Mep, 3alucaB B KOHEI]
¢aiina Bce ero HCXOIHBIC AIIEMEHTHI (B TOM e TOPSJIKE).

Jan daiin uenbix uncen. YABOUTH €ro pa3Mep, 3alucaB B KOHEI
(aiina Bce ero UCXOIHBIC AJIEMEHTHI (B 00paTHOM MOPSIKE).

Jan ¢aiin nenasx yucena. YHopsAouUuTh €ro 3JEMEHTHI 10 BO3pac-
TaHMUIO.

Nwmeetcs daitnn, coaepkamuil KOOpAWHATEI To4YeK MIockocTu XOy,
KaKJas 3aluch COACPKHUT aOCIMCCY M OpAMHATY TOYKHU. a) HaiTh
KOOPJIMHATHI BEPIIIVH MPSMOYTOJIbHUKA, KOTOPBIN OyAET COAepKaTh
BCE YKa3aHHbIC TOYKHU. 0) HaliTu pagnyc OKpy>KHOCTH C IIEHTPOM B
TOYKE Hauyajla KOOpPJMHAT, KoTopasi OyJeT cojep:KaTh BCE JaHHbBIC
TOYKH.

Nmeetcs daiin, coctosmmuii U3 3anvceit 00 aBTomoomsix. Kaxmas
3aMUCh COJICPKUT CICTYIOIINE OIS

char mark[30]; [f1apka aBToMOOMIISA */

unsigned int year; /fonx Beimycka */

double mas, speed;Micca u MakcuMasbHas CKOPOCTH aBTOMOOMIIS*/
a) HaliTu, ckoJIbKO MMeeTCs caMbIX OBICTPBIX aBTOMOOMICH. 6) Ha-
1eJaTaTh Bce MapKu aBTOMOOMIIeH Oe3 moBTopeHwmii. B) Haiitu cpe-
¥ CaMbIX CTapbIX aBTOMOOMICH HambOojee CKOpocTHBIC. ) Hame-
yaTaThb MapKHU TOJBKO CaMbIX HOBBIX aBTOMOOHJIEH B MOPSJIKE yBE-
JMYCHUS UX Beca.

Jlan HexoTophli ¢aiin (TEeKCTOBBIM WM JTBOWYHBIN). HamucaTth
GYHKITHIO

void Sdvidchar *fileName chark),

kotopas 3amudpoBeiBacT Qaiin ¢ mmeHeM fileName merogom
CABHMTIA C IIOMOIIIBIO0 1estoro Kimoua K. Jlanubii MeToa mudpoBaHus
COCTOMT B clienyromieM. PaccMoTpum HCXOaHBIA (aitn kak moce-
JIOBaTEILHOCTL OaliTOB (THMHa Char),o0TKphIB €ro B IBOMYHOM (op-
mate. Ilycts K — HekoTOpoe (pUKCHpOBAaHHOE IIEJI0€ YKCIO THIIA
char. CuntbiBas 3HaUCHUE OYepeAHOTO Oaiita u3 (aiiia 1 3amuchl-
Bas €ro B MEPEMEHHYIO THIa CharcC, nmpeoOpa3oBbIBaeM €ro TaKUM
obpazom: C += K. IIpu 3TOM ClI0)KEHHE MPOUCXOIUT IO MOYIIIO
256. IlomyyeHHOE€ HOBOE 3HAUCHHE 3aMKMChIBAEM HAa MECTO TOJBKO
4YTO CUMTAHHOTro OaiTa B ucxojaHoM aiine. 1 tak co Bcemu Oaiita-
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16.

17.

18.

19.

MU paccMatpuBaeMmoro Qaina. UtoObl yCKOPUTH alropuTM mudpo-
BaHUS, XKeJIaTeIbHO CUYUTHIBaTh OalThl U3 (paiia 1eabpIMu OJIOKaMH,
npeoOpa3oBbIBaTh UX, a 3aTEM 3alKChIBaTh HAa MPEKHUE MO3UIINU.
Taxke nHanucars (QyHKIUIO pacuiddpoBaHus ¢aiina. 3aMeTuM,
4yTOOBI pacuudpoBaTth (aiti, HEOOXOAUMO MPOU3BECTU ONEPALIUIO
C -= Kk co Bcemu Oaiitamu 3amnudpoBaHHOro Qaiina.

Han daiin f. Hanucats GyHkIuio

void Vizhene(char *fileName char *key),

KoTopas 3amu(poBbIBaCT €ro MeToJoM Bu:keHepa. A nMeHHO:
nyctb key = KK;...Ks — HekoTopoe ciioBo jumrHbI S (KiTF09 3amudpo-
BaHus). CunThiBacM TepBbiid OalT daina f u mmdppyem ero ¢ mo-
MoOIbIo Kiaro4a Ky (omucaHHBIM B IPEABIAYIICH 3a7ade CriocoOoM),
3aTeM CUUTBhIBacM BTOpoi OaiiT ¢aiina f wm mmdpyem ero ¢ momo-
mpio Kioua K, u T.4. (St1)-ii cunTanHblid OalT mudpyeTcss BHOBb
KJITI04oM Ky, TO ecTh, B 1iesioM, daiiia f pasOuBaceTcs Ha OJIOKH JIH-
HBI S, Ha KOTOPBIC HaKJIaJbIBaeTCs KioueBoe cioBo key Takxe Ha-
nvcath (YHKIMIO paciiudpoBanus ¢aa.

Jan ¢aiin f. Hanncats QyHKIHIO

void Zamenégchar *fileName chark[256]),

KOTOpas 3amu(poBbHIBACT €r0 METOJA0M MPOCTOoii 3amMeHbl. Omu-
meM AaHHbIM Metoa. ITycth A — MHOKECTBO BCEX 3HAYCHUH Iepe-
meHHOM Tuma char, §J(A) — cummeTpudeckas rpyIia MoICTaHOBOK
MHOXKecTBa A. Kimroduom 3ammdpoBanus OyneT SBISITHCS ITPOU3-
BOJIbHAs (ukcupoBanHas mojactaHoBka K € SA). Eciu XiXo...Xs —
comepxkumoe daiina f, To oHo mudpyercs B MUPPTEKCT YiYo...Ys =
= K(X)K(x)...k(Xs). ITpomecc e pacimmdpoBaHus BBINISIAUT Clc-
IYIOIAM 00pas’oM: XiXo...Xs = K (y)K (y2)...k (ys), rze K* — mox-
ctanoBka u3 (A), oOpatHas K moAcTaHoBKke K.

3aoauu ons camocmosmenvHol pabomol

Han daiin nensix uncen. Co3nath ABa HOBBIX (paiiia, IEepBbIN U3 KO-
TOPBIX COJEPKUT YETHBIE YMCIIa U3 MCXOJIHOTO (haiiyia, a BTOpOH —
HCUYECTHBIE.

JlaH daiin BelecTBeHHBIX uncen. HailTu cpennee apudmMeTndeckoe
€ro JIEMEHTOB U CYMMY €TI0 3JIEMEHTOB C YETHBIMU HOMEPAMHU.
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20.

21.

22.

23.

24.

25.

26.

27.

B ¢aiine nenpix yncen HaWTH KOJWYECTBO CEpUi, TO €CTh HaOOpOB
MOJIPSJT UAYIIMX OJMHAKOBBIX 2JIEMEHTOB.
Han daiin nenasix yucena. Co3math HOBBIM (hailyl MENbIX YUCel, CO-
JepKalui IJIMHBI BCEX CEpUil UCXOAHOTO (paiina.
B ¢aiiyie BelleCTBEHHBIX YUCENI IOMEHITh MECTaMU MUHHUMAaJIbHbBIN
1 MAaKCUMAJIbHBIN 3JIEMEHTHI.
JlaH (aiiy1 BeleCTBEHHBIX YUCell. 3aMEHUTh B (hailyie KaKablil dJie-
MEHT, KpOMe€ IEePBOI0 M IMOCIEIHEr0, Ha €ro cpeaHee apudmernye-
CKO€ C IIPEJBIAYIIAM U MTOCICAYIOLIUM JIEMEHTOM.
JHanbl N daiinos BemectBennbix uncel (FILE *f[N]), snemenThI Ko-
TOPBIX YHOPSAI0YEHBI MO Bo3pacTaHuio. OObeAUHUTHL BCe 3T (Daii-
JbI B HOBBIM (hailn Tak, 4TOOBI €ro 3JIEMEHTHI TakK)XE OKa3ajucCh
YIIOPSIAOYEHHBIMM 10 BO3PACTAHUIO.
Nwmeetcs daitn, cocrosmuii U3 3amuced o cryaeHTax. Kaxmas 3a-
MIACh COJEPKUT CIEAYIOIINE OIS
char name[30]; damuns cryaenra */
unsigned int year; B poXKACHUS */
struct SUBJECT mark[10]; MaccuB npeameToB */
rne SUBJECT —eTpykrypa, onpeaensemas clIeayOIMMUM 00pa3oM:

struct SUBJECT

{

char subjectName[30]; HaumeHnoBanue mpeameta */
int z; diieHKa 1o mpeaMeTy */

I3
Taxxe umeercs aii, coaeprKaiuil CBEJICHUS O IIpenoaBaTesx.

char subjectName[30]; HaumenoBanue npeamera */

char name[30]; Famuns npenogasatens */
a) Hameuarath peHTHHT CTYACHTOB II0 YCIIEBAEMOCTH, IIPUYEM CTY-
JICHTOB, UMEIOIINX OJIMHAKOBBIA PEUTHUHT, PACIIOJIOKHUTh 110 YBEJIU-
YeHHIO Bo3pacTa. 0) Jlis Kaxkaoro mpernojaaBaTelIs Hare4yaTaTh CIIH-
COK Han0oJjee yCrneBarouX CTyJASHTOB I10 €ro IPeIMETY.
daiin coaepXuT MHPOPMAIIUIO O PE3yJbTaTaX CECCUU HEKOTOPOM
rpynnbl: ®UO cTryneHTa, olleHKH 1o ATy 3k3aMmeHaMm. [loacuurars
KOJIMYECTBO CTYJICHTOB, HAOpaBIIUX HAUOOJbIIEE KOJIUUECTBO Oall-
JIOB.
daiin coaepxuT uHGOpMaAIMIO O KHUTAX. (haMuIus aBTOpa, Ha3Ba-
HUE KHUTH, KOJIMYECTBO CTPaHUII, ieHa. a) OnpeaeInTh caMylo J0-
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28.

poryto kaury. 0) Cpeau caMbIX JACIICBBIX KHUI HAMTH KHUTH C Hau-
OOJIBIITUM KOJUYECTBOM CTPaHHMII.

@Daill COAEPKUT OMUCAHUS TOBAPOB, MMEIOIIUXCSA B MPOJAKE B
TOproBoi opranuzanuu. OmnycaHWe ToOBapa BKIKOYaeT B ceOs Ha-
3BaHUE, LIEHY M KOJIMYECTBO ToBapa. a) OIpeaeanuTh caMblii J0po-
roii ToBap. 60) Cpenu caMbIX MaJOYHCICHHBIX TOBAPOB HAWTH ca-
MBbI€ 1OPOTHE.
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14. CTPYKTYPbBI JAHHbBIX

14.1.0OaH0CBSA3HBIE CIIUCKH

CnuckoM Ha3bIBAaETCSl KOHEUHbIA HAOOp MTUHAMUYECKUX DJIEMEH-
TOB, Pa3MEILAIOIINXCSI B Pa3HBIX O0JIACTAX MaMSTH, JUHEHHO CBSA3aH-
HBIX JPYT C JAPYTrOM C MOMOIIBIK CHENHAIbHBIX yKazareneun. Kaxabiit
3JIEMEHT OJHOCBSI3HOTO CIMCKA UMEET OJHO WJIM HECKOJIbKO MH(pOopMa-
IIMOHHBIX MOJIEW U CCBUIKY HA APYTOM BJIEMEHT:

first

l

1 —— —— 3 — -—I—| n |I'TT.TLL|

Kaxx/1p1¥1 3JIEMEHT CIIMCKA OMUCHIBAETCA CIAEAYIOLUM 00pa3oM:

struct ELEMENT

{
int data; [MHbopMaIOHHOE TI0JIe CITUCKA */
struct ELEMENT *next; /*kasarens Ha ciiemyrommuii 3JeMeHT crucka */

¥

JIoCcTylm K CBSI3HOMY CITMCKY OCYIIECTBIISIETCS Yepe3 yKaszareib
first Ha mepBBIiA P7IEMEHT CMCKA, KOTOPBIM ONpeaeseTcs TakK:

struct ELEMENT *first;

[Tocnenyroiue 31€MEHThl CIUCKA AOCTYMHBI Y€pe3 CChLIOYHBIE MOJIS.
CchUlouHOE TMOJie TOCIETHEr0 3JIEMEHTa MMEET HYJIEBOE€ 3HAUYCHHE
(NULL), 9ToOBI OTMETUTH KOHEI| CIHCKa. /laHHBIC B CBS3HOM CITHCKE
XpaHATCS TUHAMHYECKUM 00pa3oM, TO €CTh CO3J1a€TCsl HOBBIM 3JIEMEHT
WIN yAQISETCS HEKOTOPHIA CYIIECTBYIOUIUN JIEMEHT CIHCKa M0 Mepe
HEOOXOJUMOCTH.

Eciau B Havyasio 0OBIYHOTO OJHOHAIPABICHHOTO CIHUCKA J00aBUTH
JOTIOJIHUTENIbHOE 3BEHO, KOTOpoe Oy/eT paccMaTpUBAThCS HE Kak dJie-
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MEHT CIIHCKa, a KaK 3JICMCHT, COACPIKAIIMIA aJpec MEePBOro DJIEMEHTA
CIIMCKA, TO IMOJIyYUM CIIMCOK C 3arjlaBHbIM 3BEHOM. YKa3areib Ha 3a-
TJIaBHBIN AJIEMEHT 0003HayuM uepe3 head:

struct ELEMENT *head;

| =1 1 | =1 2 | s=1—* +—> » [HULL|

JIJIs TaKMX CIIMCKOB HEKOTOPBIE aJIrOPUTMBI 00PAOOTKH 3aIUCHIBAIOTCS
IPOIIE, TaK KaK B CIIUCKE BCEI/Ia €CTh XOTS ObI OJTHO 3BEHO (HaXke eciu
OH ITyCT).

B s3p1ke CH U1 CO3JaHUS JUHAMHYECKMX 00BEKTOB HCIOJIb3YET-
cs pynakius malloc(),umeromas oauH mapamerp:

void *malloc(int size)

®dyukims malloc() Bo3Bpaliaer ykazareab Ha MECTO B IAMSATH JIJIs 00b-
eKTa pa3Mepa Size.Ecau jxe maMsTH 3ampaiimBaeMoro oobemMa HeT, TO-
raa ynkius Bo3Bpamaer NULL.

Hampumep, 1715 BeIICICHUS MAMATH T10]] 3JIEMEHT CIHCKa He00Xo-
JMMO MCIIOJIb30BaTh JIaHHYIO (DYHKIIMIO CICAYIOIMMM 00pa3oM:

struct ELEMENT *q; /*ykasarenb Ha 3JIeMEHT ciiicka */
g = (struct ELEMENT *)malloc(sizeof(struct ELEMEN)T)

JlanHast QyHKIMS cO31aeT AUMHAMHUYECKHA 00BeKT pa3mepa (B OaiTax)
sizeof(struct ELEMENT)u Bo3BpalmiaeT ajpec BBIICICHHOIO ydacTKa
naMmsaTi. J[MHaMHUYecKuid OOBEKT, CO3JaHHBIM C ITOMOIBI0 (PYHKIIUH
malloc(), Oymer cyiiecTBOBaTh BIUIOTH O 3aBEPIICHMS OCHOBHOM IIPO-
rpaMMbl, JIMOO 70 T€X MOp, MOKa OH He OyJeT YHUUTOXEH (DyHKIHEH

free():
void free(void *p)

®dynkius free() ocBoboxIaeT 00J1acTh MaMATH, Ha KOTOPYIO YKa3bIBaeT
p. Ecau p pasao NULL, Torna nannas QyHKIus HAYEro He Jejaer.
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OueHb BaKHO 3aMETHTh, YTO MOBTOPHOE MPUMEHCHHE (DYHKIIMH
free() k aTomy ke ykazarenmo IMpHBEACT K omuOKke B mporpamme. Ha-
npuMep, OIMO0YHa OyIeT TaKasl 3aIuCh.

int *a;

a = (int *)malloc(sizeof(int));
free(a);

free(a); [ommoka */

Br13oB ke ¢pyuknuu free() mins HyneBoro ykasareias abCoNMOTHO 6e300-
ne3neHeH. [loaToMy pekoMeHayeTcst mocjae 0OCBOOOXKACHHS JUHAMUYE-
CKOH 00JacTH MaMsATH MPHUCBANBATh CBSI3aHHOMY C HEH yKa3aTeNro Hy-
neBoe 3HaueHue. ClienoBaTeIbHO, WCIPABUTH MPEABILAYILIYIO OIIHOKY
MOYHO TaKUM 00pa3oM:

int *a;

a = (int *)malloc(sizeof(int));
free(a);

a = NULL;

free(a);

K nmmHEHHBIM cnmMckaM OOBIYHO MPHMEHSIOTCS CICAYIOIIHUE OIle-
palnuu.

1) mouCK dJIEMEHTA ¢ 3aIaHHBIM CBOHCTBOM;

2) mevath BCEX DJIEMCHTOB CIIHMCKa, HAYWHAs C HEKOTOPOIo dJie-
MEHTA,;

3) ompeaeneHne KOJIMYEeCTBa 3JICMEHTOB B CITUCKE;

4) BcTaBKa MOIOJHUTEIBHOTO 3JIEMEHTAa CIIMCKA [0 WU IOCIe
yKa3aHHOTO 3JICMEHTA,;

5) ynaneHue 37eMeHTa C 3aJaHHBIM CBOWCTBOM;

6) coeIMHEHHE IBYX CIIMCKOB B OJUH CIIMCOK TEM HIJIM MHBIM 00-
pa3zoM (HampuMmep, CAUSHUE IBYX YIOPSIOYCHHBIX CIIMCKOB C COXpaHe-
HUEM YIOPSAA0YCHHOCTH);

7) pa30ueHHUe CIMcKa Ha HECKOJIBKO IOACIHCKOB,

8) ynayieHre BceX 3JIEMCHTOB CITHCKA.
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Jloctyn K MH(GOPMALMOHHOMY M CCBLIOYHOMY IO DJIECMEHTA
cuucka ( (eciM TOJBKO IO DJAEMEHT (] paHee ObLIa BbIAEICHA IaMSTh
dyuknueri malloc()) ocymecTBisieTcs, cileIoBaTeIbHO, CIEIYIONUM
00pa3oM:

(*g).data
(*g).next

CymiecTByeT M Apyrasi SKBUBaJIEeHTHass gopma oOpalleHus K TOJISAM
aJeMEHTa (:

g->data
g->next
NmenHo BTopoit opmoil Mbl U OyJeM IOJIb30BaThCS B CJEAYIOIIMX

npumepax. CpaBHUTE, U1 IpUMeEpa, OOpalieHus K MOJsM CJIEIYIOIIEro
1ocJe (] 3JIEMEHTA:

(*(*g).next).data g->next->data
(*(*qg).next).next g->next->next

Taxxke BMECTO TOro 4YTOOBI KaXIblii pa3 He mucarh Struct
ELEMENT, ucnone3yem cpeactso typedef:

typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

Teneps moxHo nipocto ucatb ELEMENT, nanpumep ELEMENT Q, a
He struct ELEMENT q.

14.2 Ilpumepnbl padoThl ¢ OHOCBIA3HBIMU CITUCKAMH

B npumepax maHHOro maparpada HCIOJB3YIOTCS CIIMCKH C 3a-
TJIaBHBIM 3JIEeMEHTOM. B nH(GOpMaImoHHOM I10JI¢ 3arjaBHOrO 3JIEMEHTa
(head), ecin mo3BOJIIET CUTyamus, MOKHO XPaHUTh CIIYKCOHYIO HH-
dopmarinio, HampUMep KOJIUIECTBO IJIEMEHTOB B CITUCKE M T.1I.
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IIpumep 1. TpeOyercs co3aaTh CHMCOK U3 3JIEMEHTOB IOCIIEI0BA-
TEJILHOCTH LIEJIBIX YHCEJ, BBOJUMBIX MOJb30BaresieM. Takxe Tpedyercs
Hamucath GYyHKIMIO YAQJICHHUS BCEX AJIEMEHTOB CIHCKA, UMEIOLIUX He-
KOTOpPOE 3HAYEHHUE X.

B peanuzaiiuu anroputMa peiieHus: JaHHOM 3a7a4u HaMm MoTpeody-
eTcs TepeMeHHas-yka3atelb head xotopas OyaeT comepxath aapec 3a-
TJIABHOTO DJIEMEHTA CIIMCKA, U MIepeMeHHas-ykas3aTens last,kotopas Oy-
JIET COAEPXkKaThb B Ka4eCTBE CBOEI0 3HAYECHUs aapec IOCIEIHErO JJie-
MEHTa CITUCKA!

fﬁad lfst
[ 5 | ] 2 | > +—]17 [uuL]

Omnepanuto 100aBJICHUSI HOBOT'O JIEMEHTA B KOHEI CUCKa 0PopMuUM B
BUJIC OTACIBHOU PYHKIIUH

AddElement(ELEMENT **last, int X)

JlanHas QyHKIHS B Ka4eCTBE apryMEHTOB IMOJyYaeT 1eJI0€ YUCIO X, KO-
TOpoe TpedyeTcs 3amucaTh B MH(OPMAIMOHHOE MOJIE CO3/1aBa€MOT0
2JICMEHTA, M yKa3aTellb Ha TMEePEeMEHHYI0-yKa3aTenb last To aemaercs
MOTOMY, YTO TIPU T0OABJIICHMU HOBOTO 3JIEMEHTA B KOHEI] CIHCKA, aJApec
JAHHOTO 3JIEMEHTa TPeOyeTCs COXpaHWUTh B MepeMeHHOU last, mosromy
niepeaeTcs aapec mepeMeHHON-yKa3aTes).

#include<stdio.h>
#include<malloc.h>

[* snmement cnucka */
typedef struct ELEMENT

{

int data;
struct ELEMENT *next;
} ELEMENT;

[*  co3maHue 3arjiaBHOTO BJIEMEHTA criucka ¥/
[*  *head —yka3aTenpb Ha 3arjaaBHBII 3JeMEHT, */

165



[*  *last —yka3arenp Ha MOCIACAHUN IeMEHT  */
void CreateHead(ELEMENT **head, ELEMENT **|last)
{
*head = (ELEMENT *)malloc(sizeof(ELEMENT));
(*head)->next = NULL;
*last = *head,;

}

[* moGaBieHrEe HOBOI'O JIEMEHTA CO 3HAYEHNUEM X B KOHEL] CITUCKA,
TO €CTb ITOCJIE DJICMEHTA, Ha KOTOPBIN yKa3bIBaeT yKa3aTelb last
*/
void AddElement(ELEMENT **last, int X)
{
ELEMENT *q; /*HOBBIi 371eMeHT cIrcka */
[* BBIIEIIIEM TAMATh JIJIs OYEPEIHOIO PJIEMEHTA CIIHMCKa: */
g = (ELEMENT *)malloc(sizeof(ELEMENT));
/* 3anonHseM MHPOPMALIMOHHOE U CCHIOYHOE I10JI€ HOBOI'O dIeMeHTa; */
g->data = x;
g->next = NULL,
[* CBA3BIBAEM HOBBIN DJIEMEHT ( C OCTAILHBIMU >JIEMEHTAMH CITUCKA,
TO €CTh B CCBIJIOYHOE I0JIe dIeMeHTa *last 3anmuceiBaem aapec
HOBOT'O DJIEMEHTA’

*/
(*last)->next = q;
*last = q;

[* Tenephb 10OABIICHHBIIN 3JIEMEHT CTAHOBUTCS ITOCIICIHUM
9JIEMEHTOM CITHCKA
*/

[* BBIBOJI Ha DKpaH BCEX JIEMEHTOB CIUcKa */
void Print(ELEMENT *head)

{
ELEMENT *q;

g = head->next;
while (q '= NULL)

{
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printf("%d ", g->data);
g = g->next;
}
printf("\n");
}

[* ynaneHue BceX 3JIEMEHTOB CO 3HaUYCHHUEM X */

[* 94TOOBI yAAIUTh 3JIEMEHT CITMCKA CO 3HAUCHHEM X,
TpeOyeTcsl KaKIbIi pa3 MpoCcMaTPUBATh COACPKUMOE
CJICAYIOLIETO 3JIEMEHTA MOCJIE AJIEMEHTA,

Ha KOTOPBIM YKa3bIBAECT TEKYIIUN YKA3aTENb (

*/

void DeleteElement(ELEMENT *head, ELEMENT **lashtix)

{

ELEMENT *q, *t;
g = head,;
while (g->next '= NULL)
{
if (g->next->data == x)
{
t = g->next;
g->next = g->next->next;
free(t);
}
else q = g->next;
}
*last = q;

}

[* ynaneHue BCero CIucka, He BKIIOYast 3arjIaBHbBIN dJIeMeHT */
void Distruct(ELEMENT *head, ELEMENT **last)

{
ELEMENT *q, *t;

g = head->next;
while (q '= NULL)
{

t=q;
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}

g = g->next;
free(t);
}
head->next = NULL;
*last = head;

int main()

{

ELEMENT *head, *last; /%arnasusiii n mocnenumii smemMenTs! crimcka */
int a;
CreateHead(&head, &last); d¢63maem 3arnaBuelil sement  */
printf("a =");
scanf("%d", &a);
[* bopmupyem crucok */
while (a '=0)
{
AddElement(&last, a); [fobasnsem k criucky ouepennoii snemenr */
printf("a =");
scanf("%d", &a);
}
Print(head); /fieuataem crmcok */
printf("deleted x =");
scanf("%d", &a);
[* ynansem Bce 3J€MEHTHI CIIMCKa, MMEIOINE 3HaucHue a */
DeleteElement(head, &last, a);
Print(head); fityaTaeM HOBBII CITHCOK */
Distruct(head, &last); K nansem Bech CIIMCOK */
return O;

IIpumep 2. MOXHO OTrpaHUYUTHCS U OJHOM (PYHKIHMEH CO3MaHuUs

CIHCKa W3 MPEIbIIYIIEero MpuMepa, He MPOIUCHIBAas OTIACIBHO (YyHK-
o AddElement(). Tonpko Takol BapyaHT HE COBCEM yJIOOCH Il 00-
jee o0IIero cirydas — Korja B MPOMEKYTKaX MEXIY OIeparusMu J0-
OaBJICHUS DJICMEHTOB B CITUCOK TPEOYETCSI MPOU3BOJIUTH TE HMJIM WHBIC
BBIYHCIICHUS WM MaHUITYJISAIIHHA CO CITUCKOM.
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3aMeTHM, YTO B JAHHOM ClIydae HEOOXOAHUMOCTh B IIEPEMEHHOM
lastormanaer.

void CreateList(ELEMENT **head)
.
int a;
ELEMENT *q;
[* co3maeM 3aryiaBHBIN 2JeMEHT */
*head = (ELEMENT *)malloc(sizeof(ELEMENT));
(*head)->next = NULL,;
g = *head;
printf("a =");
scanf("%d", &a);
[* bopmupyem crmcok */
while (a !'=0)
{
g->next = (ELEMENT *)malloc(sizeof(ELEMENT));
g = g->next;
g->data = a;
g->next = NULL,
printf("a =");
scanf("%d", &a);
}
}

Ipumep 3. ChopmupoBaTh CIHUCOK IEJNBIX YHCEN, BBOJAUMBIX
M0JIb30BaTENIEM, B MOPSIAKE BO3pacTaHus U O€3 MOBTOPEHUM 3JIEMEHTOB.
BrIBeCTH 371eMEHTHI CIIMCKA HA SKpaH M HAUTH CyMMY BCEX DJIECMEHTOB
CITUCKA.

B nmanHo#t 3amadye He 00s3aTeNbHO BBOJUTH IEPEMEHHYIO-
yKasarelb lastHa mociemHuii 3JEMEHT CIUMCKA, TaK KaK KaKIIbIi pa3 He-
00X0JMMO TPOCMATPUBATh €T0 AJEMEHThI, HAUMHAs C Hayayia, 4TOOBI
MOCTaBUTh HOBBIM AJIIEMEHT TaKUM 00pa3oM, YTOOBI BBHIMOJHSUIMCH BCE
yCJIOBHS 3a/laud. 3a OIMEpalnio BCTABKM HOBOTO JIEMEHTa OyJIeT OTBe-
yath QyHkiusa Insert().

Taxxe B maHHOM TpUMEpe AJid pasHOOOpa3us HaIUIIEM PeKyp-
cuBHYI0 QyHKuio Print() BeiBoga Bcex 3JIEMEHTOB CIIMCKA Ha SKpaH.
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#include<stdio.h>
#include<malloc.h>

typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

void CreateHead(ELEMENT **head)

{
*head = (ELEMENT *)malloc(sizeof(ELEMENT));
(*head)->next = NULL;

}

[* BcTaBKa HOBOI'O 3JIEMEHTA CO 3HAUCHHUEM X */
void Insert(ELEMENT *head, int x)
{
ELEMENT *q, *t;
g = head;
while (g->next '= NULL && g->next->data < x)
g = g->next;
if (g->next == NULL || x < g->next->data)
{
t = (ELEMENT *)malloc(sizeof(ELEMENT));
t->data = x;
t->next = g->next;
g->next = t;
}
}

[* pexypcuBHast pyHKIIHS, KOTOpPask OCYIIECTBIISIET BBIBOJ
Ha DKpaH BCEX AJIEMEHTOB CITMCKA

*/
void Print(ELEMENT *q)
{

if (q != NULL)
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{
printf("%d ", g->data);

Print(g->next);
}
}

[* cymMma 3J1eMEHTOB cITHCcKa */
int SUM(ELEMENT *head)
{
ELEMENT *q;
ints =0;
g = head->next;
while (g '= NULL)
{
S += g->data;
d = g->next;
}

return s;

}

[* ynanenue cnucka u3 naMsatu */
void Distruct(ELEMENT *head)
{
ELEMENT *q, *t;
g = head->next;
while (q '= NULL)
{
t=q;
d = g->next;
free(t);
}
head->next = NULL;

}

int main ()

{
ELEMENT *head;
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int a;
CreateHead(&head);
printf("a =");
scanf("%d", &a);
while (a '=0)
{
Insert(head, a);
printf("a =");
scanf("%d", &a);
}
Print(head->next);
printf("\n");
printf("sum = %d\n", Sum(head));
Distruct(head);
return O;

}

IIpumep 4. Huxxe npuBEICH aaropuT™M NOCIEI0BATEIBHOTO TTOUC-
Ka DJIEMCHTA C 3aJaHHBIM 3HaueHneM X. OyHkius Find Bo3BpariaeT aj-
pec mepBoro dJIeMeHTa co 3HaueHueM X. Eciiu asieMeHTa co 3HaueHueM X
HET B cucke, To ¢yHKIMa Bo3BpaTuT 3HaueHrne NULL.

ELEMENT *Find(ELEMENT *head, int x)
{
ELEMENT *q;
g = head->next;
while (q '= NULL && g->data != x)
g = g->next;
return q;

}

Ipumep 5. [IycTh uMeETCA CIUCOK LEIBIX YUCEII, JIEMEHThI KO-
TOPOro ymnopsI04YeHbl 0 Bo3pacTtanuto. Hamucate QpyHKIMIO, KOTOpas
00aBISAET B IAHHBIN CIHCOK 3JIEMEHT CO 3HaUYCHUEM X TaK, YTOObI CIIU-
COK OCTaBaJICsl YIOPSAOYEHHBIM.

void Insert(ELEMENT *head, int x)
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ELEMENT *q, *t;

g = head;

while (g->next != NULL && g->next->data < x)
g = g->next;

t = (ELEMENT *)malloc(sizeof(ELEMENT));

t->data = x;

t->next = g->next;

g->next =t;

}

IIpumep 6. [loacuntath MaKCUMaIbHOE KOJUYECTBO OJMHAKOBBIX
DJIEMEHTOB B CITHCKE.

long MaxPovt(ELEMENT *head)
{
ELEMENT *q, *t;
long max, n;
g = head->next;
max = 0;
while (q '= NULL)
{
n=1,
t = g->next;
while (t '= NULL)
{
if (q->data == t->data)
n++;
t = t->next;
}
if (N > max)
max = n;
g = g->next;
}

return max;

}
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IIpumep 7. Hanucath PyHKIMIO, ONPENENAIONIYI0, TYCT JU CIH-
COK C 3arjaBHbBIM 3JIEMEHTOM.

int ISEmpty(ELEMENT *head)

{
return (head->next == NULL);

Ilpumep 8. Hanucare QyHKIHIO, KOTOpasi MEpPEeBOPAYMBACT CITH-
COK, TO €CTh NIEPBBIH dJ1eMeHT (0e3 ydyeTa 3arjlaBHOr0) CTAaHOBHUTCS IIO-
CJI€THUM, BTOPOU — MPEATIOCIETHUM U T.]I.

[IyCTh UCXOIHBIN CIIMCOK UMEET CIEIYIOIINN BU/L:

lhe ad

—p 1 o | —s —| 11 | HIILL

AJITOPUTM COCTOHUT B TOM, YTOOBI B CCHUIOYHOE IOJI€ OYEPEAHOIO dJIe-
MeHTa (], XpaHsIlee aapec CICIYIOMEro mocie ¢ 3JeMeHTa, 3alucaTh
azipec IPeabIAYIICTIO DIEMEHTA.

Ha mepBoM 11are B CChUIOYHOE T10JI€ MIEPBOTO IeMeHTa (0e3 yueTa
3arnaBHOro) 3amuceiBaeM 3Hadenne NULL. i-if mar cxeMaTH4HO MOXK-
HO M300pa3uTh CISIYIOMINM 00pa3oM.

a) [lepemenHast t comepkUT aapec MOCICTHEr0 dJIEMEHTa HOBOIO
CIHMCKa, a MepeMEHHAsA ( COIEPKHUT aJpec OYEePEIHOTO DJIEMEHTA HC-
XOJIHOTO CIMCKA, B CCHUIOYHOE I10JIe KOTOPOTo TpedyeTcs 3amucath aj-

pec anementa t:
t q r

EoLc[ e —FJia] [l el o[ [wo]

6) N3MeHseM 3HaUEHUE CCHIJIOYHOIO MOJIA DJIEMEHTA q:
t =] T

fuii[ife—s e Tit] [Glo[mld— ——[nnurL]
N,

B) [lepeonpenensem 3HadeHMs 37eMeHTOB t U (:
t 9

Hwuxe mpesictaBiieH anropuT™ epeBOPAYNBAHUS CIIUCKA.
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void Reverse(ELEMENT *head)
{

ELEMENT *q, *r, *t;

g = head->next;

t = NULL;

while (q '= NULL)

{

r = g->next;
g->next = t;
t=gq;
q=r

}

head->next = t;

14.3.3agaum Ha OTHOCBA3HBLIE CIIUCKHA

Halitn xoamyecTBO MaKCHUMAaJIbHBIX 3JIEMEHTOB CIIMCKA JCHCTBU-
TCJILHBIX YHCEII.

Hammcate ¢yHKIMIO, KOTOpas MO CIUCKY L CTPOUT ABa HOBBIX CITH-
cka: Ly — U3 moI0KUTEIbHBIX 3JIEMEHTOB U L, — M3 OTpUIIaTEIbHBIX
2JIEMEHTOB cIHcKa L.

OnpenenuTs, SBISETCSA JIM CIIMCOK YIOPSJOYCHHBIM 1O BO3pacTa-
HUIO.

CdopmupoBaTh CIIUCOK IEIBIX YUCEN, BBOJUMBIX MOJIH30BATEIIEM, B
TOM MOPSIAKE, B KOTOPOM BBOJSITCS 3TH YMCla, HO 0€3 MOBTOPEHMI
AJICMEHTOB.

Hammcate dyHKIIMIO, KOTOpas OCTaBIsSeT B cIUcKke L Tompko mep-
BBI€ BXOXKJICHHUS OJJMHAKOBBIX YJIEMEHTOB.

OnpenenuTs KOJIMYECTBO PA3IUYHBIX AJIEMEHTOB CIUCKA JCWCTBU-
TEJBbHBIX YUCEJI, €CIIM U3BECTHO, YTO €T0 AJIEMEHTHI 00pa3yloT BO3-
PACTAONIYIO MOCIE€A0BATEIILHOCTb.

Nmeercs crimcok nenbix yucen. [IpoayonupoBath B HEM BCE YeT-
HBbIC YHCIIA.

Hanucatrs QyHKIIUIO, KOTOpas MO JABYM JaHHBIM JIMHEHHBIM CIIH-
ckaM (hOpMHUPYET HOBBIM CIMCOK, COCTOSIIMN U3 3JIEMEHTOB, OJIHO-
BPEMEHHO BXOAIINX B 00a JaHHBIX CITHCKA.
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10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

Hanucate QpyHKIUIO, KOTOpas 1Mo JABYM JUHEUHBIM crivckam Ly u L,
dbopMUpyeT HOBBI CIUCOK L, cocTosIuiA U3 37IEMEHTOB, BXOISIIUX
B L1, HO He BXomsmuX B Lo.

Hanucate (QyHKIMIO, KOTOpash B JIMHEWHOM CIUCKE U3 KaxJI0H
TPYNIbl MOJAPSA UIYIIUX OJMHAKOBBIX 3JIEMEHTOB OCTABIISET TOJIb-
KO OJIVH.

Hanwucate QyHKIMIO, KOTOpas yJIaJsSieT U3 CIHUCKA 3JIEMEHTHI, BXO-
JSIKAE B HETO TOJIBKO OJUH Pas3.

[Iycte uMmeercss cnucok L; NEHCTBUTENBHBIX YHCEN. 3alucaTh B
cnucok L, Bce aneMeHThl criucka L, B mopsiike BO3pacTaHUsS UX
3HAYCHUU.

[IycTp mMeEEeTCs CIMCOK JCUCTBUTEIBHBIX YHUCEN y—ar—...—a,.
CdopmupoBarhk HOBBIN criucok b;—b,—...—b, Takoit xe pasmep-
HOCTH TI0 CJICAYIOIIEMY TpaBHIIy: 3JIeMeHT Dy paBeH cymme aire-
MEHTOB MCXOJTHOTO CITUCKA ¢ HoMepamu oT 1 10 K.

3aoauu ons camocmosmenvHol pabomol

Hamucates (QyHKIUIO, KOTOpas, MOJYyYHWB B KauyecTBE IapaMerpa
yKasarelb (| Ha OJUH U3 3JIEMCHTOB CIIMCKA U HEKOTOPOE YHCIIO X,
n00aBIISICT HOBBIN 3JIEMEHT CO 3HaueHHEM X mociie (0) 3JIeMeHTa,
Ha KOTOPBIM YKa3bIBaCT CChLIKA (.

Hamucate (QyHKIHIO, KOTOpas, MOJYYHWB B KadyecTBE IapaMmerpa
yKasareib (] Ha OJUH U3 3JIEMEHTOB CIIMCKA, yAAJIIeT PJICMEHT, pac-
IOJIO’KEHHBIN IIOCIIE DJIEMEHTA (CaM DJIEMEHT), Ha KOTOPBIM YKa3bl-
BaeT CChIIKA (.

CdopmMupoBaTh CIUCOK JACHUCTBUTEIBHBIX YUCEN. 3aTeM Mpeodpaso-
BaTh €ro, MpUOaBUB K IOJOKUTEIbHBIM YHCIAM MaKCHMAaJIbHBIN
JJIEMEHT.

Y aaluTh U3 CIKCKa BCE AJIEMEHTHI, BCTpPEUaroIIHecs 0oJjiee 0THOIO
pasa.

JlaH crnucok menbix yucell. IIpoayOmupoBaTh B HEM BCE MPOCTHIC
yycIa.

OnpeneanTh, €CTh JIM B CIUCKE IEHCTBUTEIBHBIX YUCE DIEMEHTHI,
IPEBOCXOISINNE CYMMY BCEX 3JICMCHTOB CITHCKA.

OmnpeneanTsb, 00pa3yIoT JIM 3JIEMEHTBI CIMCKA JeHCTBUTEIbHbIX Y-
CCJI FEOMETPUUCCKYIO MPOrPECCHIO.
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21. Yyanuth U3 CcOHUCKa JCHCTBUTEIBHBIX YHMCEI BCE MaKCUMAaJbHbIC
AJIEMEHTHI.

22. IlycTh UMEIOTCS JIBa CIHCKA, 3JIEMEHTHI KOTOPBIX YIOPSIOUYEHBI IO
Bo3pacTanuio. ChopMUpOBaTh HOBBIM CIIUCOK U3 JIEMEHTOB MEPBO-
r'0 ¥ BTOPOT'O CIKCKA, 3JIEMEHTHI KOTOPOTO OYyAYT YIIOPSI0UYEHBI.

23. ChopMupoBaTh CHHUCOK ACUCTBUTENBHBIX YHUCEN a3—ar—...—a,,
BBOJIUMBIX MOJb30BaTeiieM. 3aTeM CPOPMHUPOBATh HOBBIM CIHCOK
b;—by,—...—b, Takoli e pa3sMEpHOCTH IO CIICTYIONIEMY MTPaBUIIY:.
3JIEMEHT Dy SABISETCS MaKCUMAaJIbHBIM K3 3JIEMEHTOB HCXOJHOTO
criucka ¢ Homepamu oT 1 o K.

24. Ilyctb uMeeTcsi TeKCTOBBIM (aiis. Mcnonb3ys JTUHEHHBIA CHUCOK,
MOJICUUTATh YHUCJIO TOSIBICHUN Ka)XJOTO CJIOBa M CO3/1aTh HOBBIM
TEKCTOBBIN (paiii, Kax1asi CTpoKa KOTOPOr0 UMEET BUJ] «<CIOBO>—
<YHUCJI0 ero MmosBIeHUN>». C0Ba JOKHBI paclojiaraTbCs B JICKCH-
KorpauIecKkoM MopsiaKe.

25. [UKIN4eCKU CIMCOK — 3TO CIUCOK, MOCIEIHUMN IJIEMEHT KOTOPOTO
YKa3bIBAET HA MEPBbIM. TaKOW CIHCOK MO3BOJISIET MPOrPAMME CHOBA
U CHOBa IMPOCMATpPUBATh €ro MO KPYyry A0 TeX MOop, MOKa B 3TOM
€cTh HeoOXoauMOCTh. Hanncats QpyHKIMIO 100aBIeHUs 3JIEMEHTA B
UKJINYECKUN CIUCOK M (DYHKIMIO TTeYaTH BCEX 3JIEMEHTOB CITMCKa,
HA4YMHAas C HEKOTOPOTO AJIEMEHTA.

26. 3anucaTh B IIUKJIMYECKUH CIIMCOK N IEIBIX YUCET, BBOJUMBIX MOJIb-
3oBaresieM. Takke HanmucaTh GYHKIIMIO, KOTOpas MOJy4aeT B Kaye-
CTBE MapaMeTPOB yKa3aTellb Ha OJIUH U3 JIEMEHTOB CHHUCKA ( U 1ie-
noe yuciao K > 0. JlanHas ¢yHKIMsA mpoOeraet mo 3JeMEeHTaM CIIH-
CKa, HAUMHAS C JJIEMEHTa (, U OCTaHaBJMBaeTcs Ha K-m 1o cuery
3JIEMEHTE, KOTOPBIN YAAISETCS, U CYET HAYMHAETCS CO CIIETYIOIIEro
AJIEMEHTa, U TaK JI0 T€X MOp, MOKa B CHUCKE HE OCTAHETCS OJUH
aneMeHT. DyHKIMS BO3BpaIllaeT 3HAUCHUE JaHHOTO AJIEMEHTA.

14.4.Crteku, ouepenu

CTekoM Ha3bIBaCTCS KOHEUYHBIM YIOPSAOYCHHBIM HAOOP AJIEMEH-
TOB, PACIIOJIOKEHHBIX B JUHAMUYECKOU MaMATH, B KOTOPOM J100aBJICHUE
HOBBIX 3JIEMEHTOB U YJAJICHUE CYIICCTBYIOIIUX BBIMIOJHACTCS TOJIBKO C
OJHOTO €r0 KOHIIa, KOTOPBIM HAa3bIBACTCS BEPIIMHON CTEKA.

177



Ctex SIBIISIETCSA YACTHBIM CITy4aeM JIMHEWHOTO OJIHOCBSI3HOTO CITH-
cka. BBuy BaXKHOCTH CTEKOB U O4Yepeiei, UM TPUCBOWIN COOCTBEHHbBIC
uMeHa. Hayi crekom BBITIOJIHSIIOTCS CIIEYIOIIME ONepaliu:

1) noGaBieHNE B CTEK HOBOTO DJICMCHTA,;

2) TOCTYIl K TIOCJICIHEMY BKJIIOUYCHHOMY OJJIEMECHTY (BEpIIHMHE

CTEKa);

3) UCKITIOUEHHE U3 CTEKA MOCIETHETO BKIFOYSHHOTO AJIEMEHTA.

CTexku OY€Hb YaCTO MCMOJIb3YIOTCS KOMITMIISITOPAMU JJIsi OTCIIe-
KYBaHUS QYHKIIMA M UX TapaMeTpoB. Beskuit pas, Korma mporucxoauT
BBI30OB (PYHKIIMH, TaHHAsT (YHKIMA JOJDKHA 3HATh, KaK BEPHYTHCA K BbI-
3bIBAIOIIECH (PYHKIIMH, TO3TOMY aJipec BO3BpaTa IMOMEIIACTCS B CTEK.
Ecnu mpoucxoauT uesslii psija nmocieoBaTeIbHbIX BBI30BOB, TO ajpeca
BO3BpaTa MOMEIIAIOTCS B CTEKE B TAKOM MOPSKE: MOCIESAHUM MPHUILIET —
NEPBLIM BBINIEN, TaK YTO MOCIE 3aBEPIICHUS BBIOJHEHUS KaXKION
GYHKIIMN POUCXOIUT TIepexo K PyHKINH, €€ BhI3BABIIICH.

IIpumep 1. B cnenyromem npumMepe co3jaercs CTEK, U €ro co-
JIEPKUMOE BBIBOJIUTCSI HA DKPaH, MPUUYEM IOCJE U3BJICYEHU UH(POpMa-
LAY U3 OYEPETHOTO JIEMEHTA CTEKA TAHHBIN JJIEMEHT yIAJISETCS.

#include<stdio.h>
#include<malloc.h>

typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

[* noOaBlieHME 2JIEMEHTA B BEPIIUHY CTeKa */
void Push(ELEMENT **first, int x)
{
ELEMENT *q;
g = (ELEMENT *)malloc(sizeof(ELEMENT));
g->data = x;
g->next = *first;
*first = (;
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[* V3BnedeHre MHPOPMAIIUN U3 BEPIIUHBI CTEKA C IMOCIICTYIOIINM
yAajaeHueM 3Toil BepuinHbl. UHGopMalys U3 BEpIIMHbBI CTEKa
firstmomermaercs B 3J€MEHT X, a BEpIIMHA YAAISICTCS.

*/

int Extract(ELEMENT **first, int *x)

{

ELEMENT *q;

if (*first == NULL)
return O;

*x = (*first)->data;

g = *first;

*first = (*first)->next;

free(q);

return 1;

}

int main ()

{

ELEMENT *first = NULL; /* Bepmuna creka */
inti, X;
for (i=0;i1<10; i++)
Push(&first, i);
while (Extract(&first, &x))
printf("x = %d\n", x);
return O;

}

JpyruMm crnendagsbHbIM BUJIOM JIMHEWMHOTO OJHOCBS3HOTO CITMCKA
SIBJISIETCS ouepenb. Haj ouepebio BBITTOTHSAIOTCS CICAYIOIINE ONEepAIUU:.

1) noGaBicHUE B KOHEI OUEPEIH HOBOI'O DJIEMCHTA;

2) IOCTYII K IEPBOMY 3JICMEHTY OUepE/IH;

3) HCKIIIOUCHHE M3 OUepPEIU IIEPBOr0 dJICMEHTA.

Ipumep 2. Co3nanum ouepeib U3 LEJIbIX YUCET U €€ COJACPKUMOE
BBIBEJIEM Ha DKpaH, IpUYEM IOCe HU3BJICYCHUS MHPOpPMAIIUK U3 O4Ye-
PEIHOTO AJIEMEHTA OUYEePEAU JAHHBIN AJIEMEHT YIaINM.

#include<stdio.h>
#include<malloc.h>
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typedef struct ELEMENT
{

int data;

struct ELEMENT *next;
} ELEMENT;

[* noGaBjeHHUE 3JeMEHTa B KOHEIl ouepeau */
void AddElement(ELEMENT **first, ELEMENT **last, ihXx)
{

ELEMENT *q;

g = (ELEMENT *)malloc(sizeof(ELEMENT));

g->data = x;

g->next = NULL,

if (*last == NULL)

*first = q;
else (*last)->next = (;
*last = q;

}

[* u3BneyeHne MHGOPMALIMK U3 IIEPBOrO YJIEMEHTa OUepeIn
C TIOCJIEAYIOUIAM YAAJIIEHUEM 3TOU BEPIIUHBI
*/
int Extract(ELEMENT **first, ELEMENT **last, int *X)
{
ELEMENT *q;
if (*first == NULL)
return O;
*x = (*first)->data;
g = *first;
*first = (*first)->next;
if (*first == NULL)
*last = NULL;
free(q);
return 1,
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int main ()
L
inti, x;
ELEMENT *first = NULL, *last = NULL;
for (i=0;i<10; i++)
AddElement(&first, &last, 1);
while (Extract(&first, &last, &x))
printf("x = %d\n", x);
return O;

14.5.3a1a4u HA CTEKH U OYepean

CdopmupoBaTh CTEK IENIbIX YUCET, BBOAUMBIX MOJIH30BaTEIEM, a
3aTEM €ro COJEPKUMOE BBIBECTH Ha DKpaH, HE yAaJIsisl DJIEMEHTHI,
U3 KOTOPBIX M3BJeKkaeTcs nHpopmarus. Takke Hanmucath QyHKIIUIO
yAaJeHus CTeKa.

Pacnonoxuth 3J€MEHTHI EJIOYUCIEHHOIO MaccuBa pa3MepoM N B
0OpaTHOM TOPSIIKE C UCTIOIH30BAHUEM CTEKA.

Hanucarbs QpyHKIMIO, KOTOpas ClI0oBa B TEKCTOBOM (aiiie pacneya-
ThIBa€T B oOpaTHOM mopsiake. [lo daiiny MOXHO MPOUTH TOJIBKO
OJIVH pa3s.

DNEeMEHTHI 11eJIOUYUCIICHHOTO MacCuBa 3amucarh B ouepenb. Hamu-
caTh (QYHKIMIO U3BJICUYEHUSI DJIEMEHTOB U3 O4Yepeau JI0 TEX MOop, MOo-
Ka MNEPBBIN AJIEMEHT OUYEPE/IA HE CTAHET YETHBIM.

JlaHbI IB€ HEMYCThIE OUYEpPE/IU, KOTOPHIE COJIEPKAT OJJMHAKOBOE KO-
JUYECTBO 3JIeMEHTOB. OOBEIMHUTH OYEpPEeau B OJIHY, B KOTOpPOM
AJIEMEHTBI UCXOIHBIX OUEPEJIEH YepEeTyIOTCHI.

JlaHbl NIBE€ HEMYCTBIE OYEpPEAU. DJIEMEHTHI KaXIOW W3 ouepeneu
yHOOPSA0UYEHBI 1O Bo3pacTaHuio. OObEAUHUTH OYEpEerd B OJIHY C
COXPAaHEHUEM YTIOPAIOYEHHOCTH 3JIEMEHTOB.

[lycth uMeeTcst aiia TeMCTBUTENBHBIX YUCET U HEKOTOPOE UYUCIIO
C. Ucnonb3ys ouepenb, HameyaTaTh CHayajla BCE 3JIEMEHThI, MEHb-
e ynciia C, a 3aTeM BCE OCTAJIbHBIC AJIEMEHTHI.
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14.6./IBycBsi3HbIE CIIMCKHU

s Gonee ruOKOM pabOThl ¢ JUHEHHBIMH CIHUCKAMU KaXbId
2JIEMEHT MOKHO CHAOIUTH JOIOJIHUTEIBHBIM CCHUIOYHBIM IIOJIEM, YTO-
OBl Ka)KJIBIH AJIEMEHT COJIepIKal CCBHUIKH Ha JIBa COCETHHUX JICMCHTA!

first

HNULL 1 L 2 *-—» —P n |NULL

B nanHoM ciydae ynpomaercsa onepanus 100aBiIeHU U yAaJICHUS dJie-
MEHTa CIIMCKA, a TaKK€ MOKHO MCCJEA0BaTh CIUCOK B JIHOOOM Hampas-
JICHUHU.

14.7.3axa4yu Ha ABYCBSI3HbIE CIIUCKH

1. IlycTth umeeTcsi OJHOCBS3HBIA CIIUCOK JIEMCTBUTEIBHBIX YMCEN, Ka-
KJIBIH 3JIEMEHT KOTOPOTO COJEPIKHUT JOIOJHUTEIbHOE (Hepean3o0-
BaHHOE) CCBUIOYHOE moje prev. [IpeoOpa3oBaTh MCXOAHBIA OJIHO-
CBSI3HBIM CIIMCOK B JIBYCBA3HBIN, B KOTOPOM KaXKIbIHA JIEMEHT CBS-
3aH HE TOJIBKO C TIOCJICIYIONIMM 3JIEMEHTOM (C TOMOIIBIO TIOJIS
next),Ho u ¢ MpeABITYIINUM (C TTOMOIIBIO MO Prev).

2. Hamucare QyHKIMIO, KOTOpas MO MPOM3BOJILHOMY YyKa3aTelto Ha
OJIUH U3 DJIEMEHTOB JIBYCBSI3HOT'O CITMCKA IMOJICYUTHIBACT KOJIHYECT-
BO DJICMEHTOB B 9TOM CITUCKE.

3. Hanucare ¢yHkIuoo, KoTOpas, MOJYYHWB B KauyeCcTBE MapamMeTpa
yKazaTelb Ha OJWH W3 DJIEMEHTOB JBYCBS3HOTO CIMCKA JICWCTBU-
TEJIbHBIX YHCEN W JIBa 4YMClia, JOOABJISIET MEPBOE YUCIO B HAYAJIO
CIIUCKA, a BTOPOE B €ro KOHEIl.

4. JlaHo 4HMCJIO X M yKa3zaTelb (] Ha OJWH M3 3JEMEHTOB HEMyCTOTO
JIBYCBSI3HOTO CIHCKA. BCTaBUTH MOCe JaHHOTO 2JIEMEHTa CITHMCKa
HOBBII 3JIEMEHT CO 3HAUEHUEM X.

5. Hamwmcats pexypcuBHy0 (QYHKIIHIO, KOTOpas OCYIIECTBIISET BBIBOJ
Ha JKpaH BCEX AJIEMEHTOB JIBYCBS3HOTO CIHCKa B OOpaTHOM Ha-
IpaBJCHUH, HAYMHAA C MTOCIEAHETO JIEMEHTA.
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10.

HNmeeTcst ABYCBS3HBIM CIIMCOK JEMCTBUTEIBHBIX unced. [Ipoayonu-
pOBaTh B HEM BCE MOJIOKUTEIBHBIE YUCTIA.

JlaHo HEKOTOpOe YuCIIO X. YIIUTh W3 JABYCBSI3HOIO CIIHUCKA BCE
AJIEMEHTHI CO 3HAYECHUEM X.

[IycTp MMeeTcs HEKOTOPBIA ABYCBS3HBIA CIUCOK JEUCTBUTEIBHBIX
gucen u HekoTopoe uucio C. Tpebyercs mepecTaBUTh 3HAYCHUS
DJICMEHTOB TaKUM OOpa3oM, 4TOOBI CHadaja ClIeJOBaIH (B MPOM3-
BOJIBHOM TIOPSIIIKE) 3JIEMEHTHI, MeHbIHe yucia C, a 3aTeM 3J1eMeH-
ThI, HE MeHbIHne yncia C.

Onpenenuth, PacroIOKEHbI JIM 3JIEMEHTHI B JIBYCBSI3HOM CITUCKE
CUMMETPUYHBIM 00pa30OM.

OcymecTBUTh HIUKINYECKUN CABUT 3JIEMEHTOB JBYCBSI3HOTO CIIMCKA
Ha K mo3uruii Bripagso.

14.8. bunapHbIe nepeBbs

BHHapﬁoe ACPCBO — 3TO KOHCYHOC MHOKCCTBO 3JICMCHTOB, KOTO-

poe 1100 MycTo, JIMOO COACPKUT OJIUH IJIEMEHT, Ha3bIBa€MbI KOPHEM
JIEpeBa, a OCTAJIbHBIC AJICMEHTHI MHOXKECTBA ACIATCS Ha JBa Helepece-
KAIOIIHUXCS IMOJIMHOKECTBA, KAKI0€ U3 KOTOPBIX CaMO SBIIICTCS OMHap-
HBIM JICPEBOM. DTH MOJIMHOKECTBA HA3bIBAIOTCS IIPaBBIM U JICBBIM ITO/I-
JEPEBbSIMH UCXOJTHOTO JISPEBa.

toot

!!|B|!! |1-IT_TLL|C|.!!
|woLL| D |WULL| | E [wurL| | s | F| a |

[wore] ¢ [wurL] e B |wure|  [woir| 1 |wwoop]

Ha nanHOoM pucyHKe MpHUBEACHO JAEPEBO U3 JEBITH BepilnH. BepiinHa
A sBIISIETCA KOpHEM JiepeBa. JleBoe moaaepeBo uMeer Kopens B, a mpa-
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BO€ moaaepeBo — KopeHb C. OTCYTCTBHE BETBU 03HAYAET ITyCTOE MO-
nepeo. Hampumep, y mognepeBa ¢ kopaem C HET JIE€BOTO MOJJEPEBa,
OHO TycTO. Tak»xe myCcTo U mpaBoe noaaepeBo ¢ kopHem E. bunapHbie
noaaepeBbs ¢ kopusimu D, G, Hu | umerotr nycrteie jieBbie U MpaBbie
MOJIJICPEBHSI.

Bepiurna, nMeromas mycTble NpaBoO€ U JEBOE MOJJIEPEBbS, HA3bI-
BAETCSl TEPMUHAIBHON BEPIIMHOW WM JIMCTOM. HerepMuHaibHas Bep-
IIMHA HA3bIBACTCA BHYTPCHHEN.

bunapHoe nepeBO Ha3bIBa€TCsl CTPOTrO OWHAPHBIM, €CIU Kaxaas
€ro BEpIINHA, HE SBIISIONMIASCS JTUCTOM, UMEET HEMYCThIE MPABOE U Jie-
BO€ MOJIJICPEBBAL.

BepurnHa V, Haxoasmascs HEMOCPEICTBEHHO HUKE BEPIIMHBI U,
HAa3bIBAETCS HEMOCPEICTBEHHBIM NMOTOMKOM U. Ecnu BepmmHa U Haxo-
JUTCS Ha I-M YPOBHE, TO BEpIIMHA-TIOTOMOK V Haxomutcs Ha (I1+1)-M
ypoBHe. Hymeparus ypoBHe# HaumHaeTcst ¢ 0, To €CTh KOpeHb JiepeBa
HaXOJIUTCSI HAa HYJIEBOM YPOBHE, €r0 HEMOCPEICTBECHHBIE IOTOMKH — Ha
MIePBOM YPOBHE M T.J. MaKCUMAaJIbHBIN YPOBEHb KaKOW-THOO0 M3 BEPIIUH
JIepEBA Ha3bIBAETCS €TI0 BHICOTOM.

JINMMHOM MyTH K BEpIIMHE V Ha3bIBaeTCS YHUCIO BeTBel (pedep),
KOTOPBIE HY>KHO MPOUTH OT KOPHS K BEpIIUHE V. TO €CTh €Clii BEpIIMHA
HaXOJMTCS Ha I-M YPOBHE, TO JUTMHA MYTH K JJAHHOH BEPITUHE paBHA i.

JlepeBo Ha3bIBaeTCS UJCAIbHO COAJaHCUPOBAHHBIM, €CIIM YHCIIO
BEPIIUH B €ro MPaBOM U JIEBOM MOAJIEPEBBSIX OTJIMYAETCS HE Oosiee YeM
Ha €JIMHHUILY .

bunapHoe J1epeBO Ha3bIBAE€TCS JIEPEBOM IOKMCKA, €CIU JiroOas
BEpIIMHA V JAaHHOTO JiepeBa 00JagacT TeEM CBOMCTBOM, YTO BCE KIIIOUHU B
JIEBOM MOJJIEPEBE BEPIIMHBI V MEHBIIE KIIKOYA BEPIIUHEI V, @ BCE KIIFOYU
B MPABOM IOJIJICPEBE BEPIIUHBI V OOJIbIIIE KJIF0Ya BEPIIUHBI V. 3aMETUM,
YTO BHJI JIEpeBa MOMCKA, COOTBETCTBYIONINI HAOOPY AaHHBIX, 3aBUCUT
OT MOCJIEOBATEILHOCTH, B KOTOPOW 3JIEMEHTHI 3TUX JAHHBIX MMOMeEIIa-
IOTCSI B IEPEBO.

Kaxknas BepmmHa OuHapHOTO JepeBa B sizbike CH ONMHMCHIBACTCS
CIEAYIOIIUM 00pa3oMm:.

struct ELEMENT
{

int data; HadopMaoHHOE T10JIe */
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struct ELEMENT *left; /*ykaszarens na kopens sesoro noauepesa */
struct ELEMENT *right; /*yxasarens Ha kopens npasoro nomuepesa */

3

14.9.11lpumepsbl ¢ UCNOJIb30BAHUEM OMHAPHBIX J1epeBbEB

IIpumep 1. IlycTh gaH N-3JE€MEHTHBIM MACCUB IEIBIX YHCEI.
CdhopmupoBaTh HACATLHO COATAHCUPOBAHHOE JEPEBO W3 DIIEMEHTOB
MaccuBa a. 3aTeM YJaIHuTh JepeBo.

®dynknus Nodena Bxoje mosyvaer KOJIM4ecTBO N 3JIEMEHTOB Jie-
peBa, CO3/IaeT KOPHEBYIO BEPIIUHY U CTPOUT PEKYPCHBHO TEM K€ CIIO-
coboMm JieBoe mojepeBo ¢ Nl = N/2 BepmmHaMu U mpaBoe MOIEPEBO C
nr =n—nl — 1eepmmuamu.

#include<stdio.h>
#include<malloc.h>

typedef struct ELEMENT
{

int data;

struct ELEMENT *left, *right;
} ELEMENT;

ELEMENT *Node(long n, int *a, long *pi)
{
if (n<=0)
return NULL;
else
{
long nl, nr;
ELEMENT *q;
nl = n/2; [iicio BepIuH B JIeBOM moajgepee  */
nr=n-nl-1; /Hucio BepuuH B mpaBoM noaaepese */
g = (ELEMENT *)malloc(sizeof(ELEMENT));
g->data = a[*pi];
(Pi)++;
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g->left = Node(nl, a, pi);
g->right = Node(nr, a, pi);
return q;
}
}

/* PEKYpCUBHOE yaaieHue aepesa  */
/* *Q —yKa3aTeib Ha KOpeHb aepena */
void Distruct(ELEMENT **q)
{
if (*q '= NULL)
{
Distruct(&((*q)->left));
Distruct(&((*q)->right));
free(*q);
}
}

[* medatp OuHapHOTO JepeBa */
void Print(ELEMENT *q, long n)
{
if (q != NULL)
{
long i;
Print(g->right, n+5);
for(1=0;i<n;i++)
printf(* ");
printf("%d\n", g->data);
Print(g->left, n+5);
}
}

int main()

{
ELEMENT *root = NULL;

long i;
inta[10]={1, 2,3,4,5,6,7,8,9, 10};
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I =0;

root = Node(10, a, &i);
Print(root, 0);
Distruct(&root);

return O;

B nmanHoi#i nporpamme ¢ynkmus Print() BeiBoauT OMHapHOE AEpeBO Ha
skpad. [IpudeM 3IeMEHTHI JiepeBa BBIBOJIATCSA HA DKpaH MO CJIOSM, Ha-
YHHAsI ¢ KOPHEBOW BepImMHBI. KaXKabplii ypOBeHb OYJET HAXOIUTHCSA Ha
JKpaHe BepTHKaIbHO. Hampumep, Takoe OHApHOE IepEBO

OyJleT UMETH CIIe/IyIOIIee MPECTABICHUE HA dKPaHe:

6
11
8
12
9
10
5

IIpumep 2. Ilycth A — HEKOTOpPOE CBOWCTBO, KOTOPBIM MPOU3-
BOJIBHBIN 3JIEMEHT JepeBa (| 0o obnagacT, 6o He oOmanaeT (Hampwu-
Mep, CBOMCTBO OBITh MPOCTHIM YHCIOM JIJISl LIEJIOYUCIICHHBIX 3JIEMEHTOB
JepeBa, CBOMCTBO OBITh MOJIOKHUTEIBHBIM YHCIOM U T.1.). M mycTh Tpe-
OyeTcsl HATH KOJIMYECTBO JIEMEHTOB OMHAPHOIO JepeBa, 001aJar0InX
naHHbIM cBoiicTBoM A. Ompenenum: A(Q) = 1, ecinu 3aeMeHT oOJagaeT
cBoiictBoM A, 1 A(Q) = O —B nmpoTuBHOM ciydae. Torma GyHKIUS 1O
cYeTa KOJIMYECTBA AJIEMEHTOB OMHAPHOIO JiepeBa, 001agarolnX CBOM-
CTBOM A, OyAeT BBITJISAETh CICIYIOIIUM 00pa3oM:
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long Count(ELEMENT *q)
{
if (g == NULL)
return O;
else return A(q) + Count(g->left) + Count(q->hiy

}

Hanpumep, enu tpeOyercs HAWTH KOJWYECTBO AJIEMEHTOB OMHAPHOIO
JI€pEBA, TO OMPEIAETUM CBOMCTBO A JJIsl BEPIIMHBI JEPEBA KAK CBOWCTBO
ObITh HemycTOM BepmnHoOW. M Torma gyHkuus mojcyera BepiiuH OU-
HApHOTO JiepeBa OyAeT UMETh CJICAYIONIUNA BUJL:

long NodeCount(ELEMENT *q)

{
if (g == NULL)
return O;
else return 1 + NodeCount(g->left) + NodeCowx(ight);

}

Crnenyromiass QyHKIUS MOJICUYUTHIBAET KOJIMYECTBO JINCTHEB OMHAPHOTO
JIepeBa;

long LeafCount(ELEMENT *q)

{
if (0 == NULL)
return O;
else
{
if ((g->left == NULL) && (g->right == NULL))
return 1;
else return LeafCount(g->left) + LeafCount{dght);
}
}

Ipumep 3. Cneayromas QyHKIUS OpOBEPSIET, SIBIASETCS JIM OU-
HapHOE JEPEBO UJCATHHO COATAaHCHPOBAHHBIM:
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int Balance(ELEMENT *q)

{
if (@ == NULL)
return 1,
else
{
if (abs(NodeCount(qg->left) - NodeCount(g-#ip > 1)
return O;
else return (Balance(g->left) && Balance(eft));
}
}

IIpumep 4. Hanucath QyHKIUIO J00aBIECHUS 3JIEMEHTa X K HJie-
albHO COAJAaHCUPOBAHHOMY JEPEBY TaKWM OOpa3oM, YTOOBI IMOTydYeH-
HOE JIEPEBO OCTABAJIOCH HJI€aTbHO COATaHCUPOBAHHBIM.

void AddElement(ELEMENT **q, int x)
{
if (*q == NULL)
{
*q = (ELEMENT *)malloc(sizeof(ELEMENT));
(*q)->data = x;
(*q)->left = (*q)->right = NULL,;
}
else
{
/* CCJIN KOJINYCCTBO 3JICMCHTOB B JICBOM HO,Z[,Z[@p@B@ BGpH_II/IHBI
q-IC HpCBOCXOI{I/IT KOJINYCCTBA BeleI/IH B HpaBOM
IIOJI/IEPEBE JAHHOM BEPIIMHBI, TO CITyCKAaeMCs T10 JIEBOU
BETKE, MHAYE — 10 TPABOM
*/
if (NodeCount((*q)->left) <= NodeCount((*q)rght))
AddElement(&((*q)->left), x);
else AddElement(&((*q)->right), x);

}
}
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IIpumep 5. [TocTpoenue nepeBa MoMcKa BBOJUMBIX IOJIb30BATE-
JIEM YHCE.

[IpuBenennas Hwxke QyHkusa INsertnob6asinseT HOBBIM 2JIEMEHT X
B JICPEBO MOHUCKa cleayrouuM obpaszom. CpaBHHUBAEM 3HAYEHUE TEKY-
el BepIIMHBI ( ¢ X. Ecny 3HaYeHus COBMAIM, TO YBEIWYHUBAEM I10JIE
countsepmnnbl (. Eciin 3HaueHne BepIIMHBI (] MEHbLIE, YEM X, TO IIe-
pEXOoIUM BHM3 IO MpaBoil BeTke. Ecin e 3HaueHne BepuIuHbl [ 00JIb-
1€ 3Ha4€HUs X, TO CITyCKAaeMcCs IO JE€BOM BeTKe. Ecim BepimHa ( myc-
Tasi, TO BCTABIIIEM HOBBIM 3JIEMEHT CO 3HAYEHUEM X B 3TY MO3ULMIO.

®dyukius Display BeIBoaUT Ha 9KpaH 3HA4YECHHs BCEX KIIIOUEH Je-
peBa MOUCKA B MOPSAJIKE BO3PACTAHUS UX 3HAYCHUU C KOJIMYECTBOM IIO-
BTOPEHUM.

#include<stdio.h>
#include<malloc.h>
typedef struct ELEMENT
{

int key;

long count;

struct ELEMENT *left, *right;
} ELEMENT;

void Insert(ELEMENT **q, int x)
{
if (*q == NULL)
{
*q = (ELEMENT *)malloc(sizeof(ELEMENT));
(*a)->key = X;
(*q)->count = 1;
(*q)->left = (*q)->right = NULL,;
}
else
{
if (*q)->key ==X)
((*q)->count)++;
else
if (*q)->key > x)
Insert(&((*q)->left), x);
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else Insert(&((*q)->right), X);

}
}

void Display(ELEMENT *q)
{
if (q != NULL)
{
Display(q->left);
printf("%d : %d\n", g->key, g->count);
Display(qg->right);
}
}

int main()
{
ELEMENT *root = NULL;
int a;
printf("a =");
scanf("%d", &a);
while (a !'= 0)
{
Insert(&root, a);
printf("a =");
scanf("%d", &a);
}
Display(root);
return O;

}

Ilpumep 6. Hwke npuBoAUTCS PEKYypCUBHAs M UTEpaTHUBHAas
GyHKIMS, KOTOpasi ONpeNesaeT, IPUCYTCTBYET JIU 3JIEMEHT X B JIepEBE
ITOUCKA!

[* pexypcuBHas GyHKIHS MOWCKa | /[*urepaTuBHAs (YHKIHS IIOMCKA
snemeHra */ snemeHTa */

int Search(ELEMENT *q, int x) |int Search2(ELEMENT *root, int x)
{ {
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if (q == NULL) ELEMENT *q = root;
return O; for (;;)
else {
if (g->key == x) if (g == NULL)
return 1; return O;
else else
if (gq->key > x) if (q->key == Xx)
return Search(g->left, x); return 1,
else else
return Search(g->right, x); if (q->key > x)
} q = g->left;
else g = g->right;
}
}

IIpumep 7. HanucaTh GyHKIMIO yAaJI€HUS BEPIIUHBI C 3aJaHHBIM
KJIFOYOM X U3 JIEpeBa MOUCKA.

[Ipy ynaneHnu BEpIIMHBI MOKET BO3HHKHYTh OJIMH U3 TPEX CIy-
YaeB!

* BEPUIMHBI C KJIHOYOM, PaBHBIM X, HET;

* BEpIIMHA C KIIOUYOM X UMEET He 00Jiee OJTHOTO MOTOMKA,

* BEPIIMHA C KIIFOYOM X UMEET ABYX ITOTOMKOB.

Ecnu ynansemas BepIIMHA SBISETCS JIMCTOM, TO OHA YAAAE€TCA, a
COOTBETCTBYIOIIIAN yKa3aTellb B €€ POAUTEIbCKON BEPIINHE YCTAHABIIH-
BAETCS B HYJIEBOE 3HAUCHUE.

Ecnu ynansemast BepiuivHa UMEET TOJIBKO OJTHOTO IMOTOMKA, TO OHA
yAQISETCsl, & COOTBETCTBYIOIINM yKa3aTeslb B €€ POAUTEIbLCKON BEpIIU-
HE YCTaHABJIMBAETCS HA 3TOr0 IMOTOMKa. B 3TOM ciydae BepiunHa-
MMOTOMOK 3aHUMAET B JE€PEBE MECTO yAAJIECHHOW BEPIINHBI.

B Tperbem ciyuae moctymaeMm cieayomuMm oopazom. Ilycts  —
yaansieMmas BepumnHa. Haxoaum BepmmHy Max meBoro noanepeBa Bep-
IIMHBI ( ¢ MAKCUMAJIbHBIM 3HAaUE€HHEM Kitoda. Bepmmna Max sBisiercs
caMOM IPaBoO¥l BEPUIMHOM JIEBOTO MOAAEPEBA BEPIIMHBI (. 3aTEM 3aMe-
HSEM KIIO4 M CUETYHMK BEPIIMHBI (] HAa COOTBETCTBYIOIIME 3HAUYECHUS
BepinHbl Max. [Tocie aToro ygansiem Bepuimny Max.
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ELEMENT *Max(ELEMENT *q)
{
if (g == NULL)
return NULL;
else
if (g->right == NULL)
return q;
else return Max(q->right);

}

void Delete(ELEMENT **q, int X)
{
ELEMENT *t;
if (*q != NULL)
{
if (*q)->key > x)
Delete(&((*q)->left), x);
else
if (*q)->key < x)
Delete(&((*q)->right), x);
else
{
if ((*q)->left == NULL)
{
t=*q;
*q = (*q)->right;
free(t);
}
else
if ((*q)->right == NULL)
{
t=*q;
*q = (*q)->left;
free(t);
}

else

{
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t = Max((*q)->left);
(*a)->key = t->key;
(*g)->count = t->count;
Delete(&((*q)->left), t->key);
}
}
}
}

IIpumep 8. HaxoxaeHue BBICOTHI MPOU3BOJIBHOTO OMHAPHOTO
nepeBa.

long Height(ELEMENT *Qq)
{
if (@ == NULL)
return -1;
else
{
long i, j;
| = Height(qg->left);
j = Height(g->right);
if (i >)
return i+1;
return j+1;
}
}

IIpumep 9. OnpeneneHne KoJUYECTBA JIEMEHTOB Ha K-M ypoBHE
JepeBa.

[* nepemenHas levelorBeuaer 3a HoMep ypoBHS BepIIuHbI ( */
long Count(ELEMENT *q, long level, long k)

{
if (q == NULL || level > k)
return O;
else
if (level == k)

194



return 1;
else return Count(g->left, level+1, k) + Ctigr>right, level+1, k);

IIpumep 10. BeiBog Ha 3KpaH BCEBO3MOXKHBIX MTyTeH, BEAYIIUX OT
KOPHS K JIUCThSIM OWMHAPHOTO JiepeBa.

JIiss pemeHus JaHHOW 3aJadyd HMCIOJIb3yeM JOIOJTHHUTEIHHYIO
CTPYKTYPY — IBYCBSI3HBIN CITHCOK, KOTOPBIHA OyIeT COJepKaTh dJIEMEH-
ThI ouepeaHoro mytu ounapuoro nepesa. Oyukmus ObhodTree(pabdo-
TaeT CJICIYIoIMM o0pa3omM. Eciu ouepenHas BepmuHa jepeBa ( HE Hy-
JeBas, TOrIa

1) moGagisieM ajipec BEPIIMHBI (] B CITHCOK;

2) eclii BepIrHa ( SBJIICTCS JIUCTOM, TOT/Ia ITle4aTacM CITHCOK,

WHAYe, €CIIU BEpIIMHA ( JUCTOM HE SIBIISICTCS, TOT/Ia PEKYPCUBHO
BbI3bIBacM (yHkiuioo ObhodTree()mwis simemMeHTOB JI€BOrO MOAACpEBa
BEPIIMHBI (], a 3aTeM IS 3JIEMEHTOB MPaBOTO MOJJICPEBa JaHHOW BEp-
IIMHBI;

3) ynaisem BepIIMHY ( U3 CIIUCKA.

#include<stdio.h>
#include<malloc.h>

[* anemeHT OMHAapHOTO AepeBa */
typedef struct TREE_ELEMENT
{

int data;

struct TREE_ELEMENT *left, *right;
} TREE_ELEMENT;

[* 3]IeMEHT IBYCBS3HOTO CIIHCKa */
typedef struct LIST _ELEMENT
{

TREE_ELEMENT *node;

struct LIST_ELEMENT *next, *prev;,
} LIST_ELEMENT;

[* co3maHue 3arjJaBHOro dJIeMeHTa crmucka */

void CreateHead(LIST_ELEMENT **head, LIST _ELEMENTI&st)
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{
*head = (LIST_ELEMENT *)malloc(sizeof(LIST_ELEM¥T));

(*head)->prev = (*head)->next = NULL;
*last = *head,

}

[* nobaBlileHHE K CIIUCKY BEPIIHMHBI Aepena t */
void AddToList(LIST_ELEMENT **last, TREE_ELEMENT 3t
{
LIST _ELEMENT *q;
g = (LIST_ELEMENT *)malloc(sizeof(LIST_ELEMENT))
g->node = t;
gd->next = NULL,;
g->prev = *last;
(*last)->next = q;
*last = q;

}

[* neyaTh criucka (BBIBOJ HA SKpaH OYEPEIHOTO IMyTH) */
void PrintList(LIST _ELEMENT *head)
{
LIST _ELEMENT *q;
g = head->next;
while (q '= NULL)
{
printf("%d ", g->node->data);
g = g->next;
}
printf("\n");
}

[* ynaneHue U3 CIIMCKa MOCJIEIHEro daeMeHTa */
void DeleteFromList(LIST_ELEMENT **last)

{
LIST_ELEMENT *q;

g = *last;
(*last)->prev->next = NULL;
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(*last) = g->prev;
free(q);
}

[* 00xo0x 371eMeHTOB OMHAPHOIO JIepeBa U POPMHPOBAHUE MyTeH */
void ObhodTree(TREE_ELEMENT *q, LIST_ELEMENT *head,
LIST_ELEMENT **last)

{
if (q != NULL)
{
AddTolList(last, q);
if (g->left == NULL && g->right == NULL)
PrintList(head);
else
{
ObhodTree(g->left, head, last);
ObhodTree(g->right, head, last);
}
DeleteFromList(last);
}
}
int main()
{

LIST _ELEMENT *head = NULL, *last = NULL;
TREE_ELEMENT *root = NULL,;

... I* co3manue oumHapHOro nepena */
CreateHead(&head, &last);

ObhodTree(root, head, &last);

return O;

PaccmoTpum emie OJMH aIrOpUTM PEIICHUS JaHHOW 3ajayd.
TonpKO B TAHHOM CIIy4ae JUIsl XpaHEHUS BEPIIUH JAEPEBaA, KOTOPHIE BXO-
IAT B COCTaB OYEPEIAHOIO IyTH, UCIOJIb3YEM NUHAMHUYECKAU OJHOMEP-
HbIX MaccuB. II0CKOJIbBKY MakcuUMajbHasl JJWHA U3 BCEX HMEIOIIUXCS
MyTEH, UAYIIUX OT KOPHS K JIUCThAM, B TOYHOCTH PaBHA BBICOTE JIEpPEBA

IUTIOC OJIMH, TO Pa3MEPHOCTh MaccuBa OyAET paBHA ITOMY YHUCTY.
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[* amemeHT OMHapHOTO NepeBa */
typedef struct ELEMENT

{

int data;
struct ELEMENT *left, *right;
} ELEMENT;

[* BBIBOJ HA DKpaH OYEPEITHOTO IMyTH */
void PrintRoute(ELEMENT **a, long n)

{

}

long i;
for(i=0;i<n;i++)

printf("%d ", a[i]->data);

printf("*\n");

[* 06xox seMeHTOB OMHAPHOTO JepeBa U GopMUpOBaHUe myTel */

void ObhodTree(ELEMENT *q, ELEMENT **a, long *pn)

{

}

if (q !'= NULL)
{
a[*pn] = q; /*3anmceiBaeM ouepenHyO BEPIIMHY B Maccus a */
(*pn)++; /*B MaccuBe Ha OJHY BEPIIHMHY CTaIO O00OJbIne  */
[* ecnu BeplInHA JepeBa SBISICTCS JIUCTOM, TO BHIBOJIMM
OYEpEIHOM IMyTh HA DKPaH
*/
if (q->left == NULL && g->right == NULL)
PrintRoute(a, *pn);
else
{
ObhodTree(g->left, a, pn);
ObhodTree(qg->right, a, pn);
}
(*pn)--; [*ynanseM ( BepiuHy B3 MaccuBa a */
}
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=

int main( )

{
ELEMENT *root = NULL; /*xopens nepea */
ELEMENT **a; [*MaccuB 11 XpaHeHUs myTend */
long n, [fnuHa oyepeIHOro MyTH */

h; BbicoTa nepeBa */
...I* co3manne buHapHOTO Aepena */
h = Height(root); /*Berancnsem BoicoTy AepeBa */
[* BBIIENAEM TTAMATH IS XpaHEeHUs BEPIINH J€pPEBa, KOTOPHIE
BXOZIAT B COCTAaB OUYCPCAHOTO ITYTHU
*/
a = (ELEMENT **)malloc((h + 1)*sizeof(ELEMENT %)
n=0;
ObhodTree(root, a, &n);
free(a);
return O;

14.10.3apauyn Ha OMHAPHBIE IepeBbA

Haiitu cymMmMy 371€MEHTOB OMHApHOIO JIepeBa.

Haittn BepmimHbI, y KOTOPBIX KOJIUYECTBO MTOTOMKOB B JIEBOM MOJ-
JIEPEBE HE PABHO KOJHUYECTBY IMMIOTOMKOB B IPABOM ITOJIJIEPEBE.
Haiitu BepiimHbI, UIsI KOTOPBIX BBICOTA JIEBOT'O MOAAEPEBA HE paB-
Ha BBICOTE MPABOTO MOAAEPEBA.

Hammcate QyHKIUIO, KOTOpas ONpeaesseT YuCiIO BXOXKICHUN dJie-
MEHTa X B OMHapHOE JAEPEBO.

Haiitn MakcuMalbHBIN 3J1€EMEHT OMHAPHOTO JAepeBa U KOJIUYECTBO
MTOBTOPECHUN MAaKCUMAJIBLHOTO 3JIEMEHTA B IAHHOM JIEPEBE.
Hanucate (yHKIIHMIO, KOTOpasi ONpENesieT, e€CTh U B OMHAPHOM
JiepeBe XOTs Obl JIBa OJITMHAKOBBIX AJIEMEHTA.

Hammcate QyHKIIHMIO, OMpEACSIIONIYI0 MAaKCUMAJIbHOE KOJIHMYECTBO
OJIMHAKOBBIX AJIEMEHTOB OMHAPHOTO JepeBa.

Hanucate QyHKIMIO, KOTOpask ONpeeseT, ABIsSeTCs I OMHApHOE
JIEPEBO CUMMETPUYHBIM.

Hanucate QyHKIMIO, KOTOpask ONpeeseT, ABIsSeTCs I OMHApHOE
JIEPEBO AEPEBOM ITOUCKA.
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10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

[Tycth umeetcs ounapuoe aepeBo 1. ChopmupoBaTh ABa UACATIHLHO
cOaJlaHCUPOBAHHBIX JIEpEeBa M3 OTPHUIIATEIIBHBIX U HEOTPHUIIATEb-
HBIX 3JIEMEHTOB JiepeBa T.
BriBecTu Ha 3KpaH BCE MYyTH, BEyLIHME OT KOPHA K JIMCThIM OMHApP-
HOT'O JEpEeBa, y KOTOPBIX CYMMAapHBIM BEC AJIEMEHTOB MHUHUMAJIb-
HBIU.
Haiitu mocnegHuii HoMep U3 BCEX YpOBHEM OMHApHOIO JiepeBa, Ha
KOTOPBIX €CTh MOJIOKUTEIBHBIC JICMEHTHI.
Ha xaxkgom ypoBHE OMHApHOTO JAEpeBa HANTH MaKCUMAJIBHBIHN 3J1e-
MEHT.
Ha xaxxgom ypoBHE JiepeBa HAaWTH KOJIMYECTBO BHYTPEHHUX BEP-
IIMH U KOJINYECTBO JTUCTHEB.
Hait cyMMBI 3JIEMEHTOB BCEX HEUETHBIX YPOBHEM.
Haith MUHUMaJIBbHBIA M MaKCUMAJIbHBIA NMYTH MEXAY JIUCThIMHU
OMHApHOTO JIepeBa.
Ynanuth U3 OMHAPHOTO JiepeBa HAMMEHBIIEE KOJWYECTBO BEPILIUH
TaKuM 00pa3oM, 4TOOBI IOJYYEHHOE JEPEBO OBLIO CTPOTO OMHAPHBIM.
[Tyctes mmeeTcs TeKCTOBBIM (pait. Vcmons3ys AepeBo MoOMcKa, CO3-
JaTh JIPYroll TEKCTOBBIN (paiil — 4aCTOTHBIN CIIOBaphb, COJICpIKAIIMI
CJIOBA M KOJIMYECTBO MOSBJICHUHN KaXKI0T0 CJI0OBA B UCXOAHOM (haiie.
Hammcate (yHKIMIO, KOTOpas OCYIIECTBISET HOCAOUHbBIU 00X00
OuHapHo2o depesa, Ipu KOTOPOM 3HAUCHUS BEPIIUH IIeYaTaroTCs OT
YPOBHS K YPOBHIO, HAUMHAsl ¢ KOPHEBOM BEPIIWHBI. 3HAYCHUS BEP-
IIMH JIEpEBa Ha Ka)XJOM YPOBHE I€YaTaroTCsd CJieBa Hampaso. Jlis
pean3alyu aIrOPUTMa HCIIOJIb30BaTh CTPYKTYpPy OYEpellb Cle-
nyroumM obpaszom. Ha mepBom 1iare BCTaBUTh B Oouepeqlb KOpHE-
BYIO BEpPIIMHY. 3aT€M MPOMUCATh LHKJ, pabOTaIOMMUN MO TaKOMY
NPUHLNITY.
[Toka ouepenp HE MycCTa:

1) OepeM u3 ouepenu NMEPBHIA TEMEHT (;

2) BBIBOJMM 3HAYCHHE dJICMEHTA (] HA DKpaH;

3) ecnu y BEepIIMHBI ( €CTh JIeBasi BEPIIMHA-TIOTOMOK B JIepeBe,

TO 100aBJIsieM 3TOT TOTOMOK B O4€pe/ib;
4) ecnu y BepIIUMHBI ( €CTh MpaBas BEpUINHA-TIOTOMOK B Jiepe-
BE, TO J100aBJIsieM 3TOT TOTOMOK B OU€pE/ib;
5) ynanseM u3 ouepean IEMEHT (.
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Ilpunosxcenue 1

AJITOPUTMBI IOUCKA

ITycth MMeeTcsl HEKOTOPhI MaccuB a (Hampumep, JeHCTBHTEIb-
HBIX Yrcen) pasmepoM N. HyXHO ompenennTsb, CONSPKUT JIM MAacCUB a
AJIEMEHT C HEKOTOPBIM HAamepe] 3aJaHHbIM 3HaueHWeM X. B gaHHOM
paszene MpUBEAECHBI TPU AITOPUTMA PEIICHUS AAHHOW 3aJa4yu: JIMHEW-
HBIN MOKCK, TTOMCK ¢ OaphepoM M JBOWYHBINA TTOUCK. Bee ¢yHkiuu nan-
Horo pasznena (LinearSearch(), BarrierSearchq) BinarySearch())ss-
JSFOTCS JIOTUYECKUMH M ONPENEISIOT, MPUCYTCTBYET JIU AJIEMEHT X B
MaccuBe a.

1. JInHeHHBIA MOUCK

AJTOPUTM JIMHEWHOTO TMOWCKA 3aKII0YaeTcs B TOM, YTO MAacCHUB
MOCJIEJIOBATEIbHO TPOCMATPUBACTCA IO OJJHOMY JIEMEHTY J0 TeX IOop,
nmoka JIMOO HE BCTPETUTCS MCKOMBIM 2JIEMEHT X, Ju00 He OyayT mpo-
CMOTPEHBI BCE 3JIEMEHTHI MaccHBa (€CiIu 2JIeMEHTa X B MAaCCHBE HET).

int LinearSearch(const double *a, const int n, tolasible x)

L
inti;
=1
while (++i < n && a[i] != x)

returni < n;

2. Ilouck ¢ bapbepom

AJNropuT™M JTHHEHHOIO IMOMCKA MOXXHO HEMHOI'O YCOBEPIIEHCTBO-
BaTh, eciu B 1ukie While yopats npoBepky BbIX0j1a 3a TPaHHIY MaCCH-
Ba (I <n). Ho mis 3TOr0 Hago MMETh TapaHTHIO, YTO 3JIEMEHT X 00s13a-
TEJBLHO HaWmeTcs B MaccuBe a, yToOnl nmkia While ocranosumncs. s
9TOM LIEJIM B KOHEL MAaCCUBA JOCTATOYHO IOMECTUTH JOIOJIHUTEIbHBIN
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AJIEMEHT CO 3HaueHHEM X. Takol 3JIeMEHT Ha3bIBaeTCsl OapbEepHBIM 3JIe-
MEHTOM.

int BarrierSearch(const double *a, const int mstalouble x)
L
Int I;
a[n-1] = X; /*na nocnennee MecTo craBuM OapbepHEIii d1eMeHT */
i =-1;
while (a[++i] = x)

return i < n-1;

3. JIBOMYHBIH MOUCK

Ecnu 3apanee M3BECTHO, UTO MACCHUB SIBJIECTCS YIOPSIAOYEHHBIM,
TO JITOPUTM TIOMCKA MOXHO cienaTh oosee d3pdextuBHbIM. ITycTh 11
OTpPEJICTICHHOCTH MAacCHB & YMOPSI0YEH MO Bo3pacTanuio. B criemyro-
IIEM aJITOPUTME PEATM30BAH OB0UUHDBIL NOUCK DNIeMEHMA.

ITycth | © I — COOTBETCTBEHHO JieBas W IpaBas TPaHUIIBI TOTO
MOIMacCHBa B MacCHBE @, KOTOPBIA MPEIIOJIOKUTETLHO CONEPIKUT HUC-
KOMBIW 3JIEMEHT X:

[ 1T - | | T =1 ] | . | |
al[0] all] o alr] a[M-1]
W3HavyaneHO 3HaYeHUs | M I' 0XBaTHIBAIOT BECh MAacCuB @, TO ecTh |=0 u
r=n-1, rme N — pa3MepHOCTh MaccuBa & Ha odepenHoM 1rare HaxoJIum
cepenuny orpeska [l, r]: mid=(I+r)/2. [Tocie yero ameMeHT X cpaBHUBA-
eM co cpenHuM 3iieMeHToM alMid] Tekymero moamaccuBa (¢ rpaHuIa-
mu | u r). IIpu 3TOM BO3MOXKHBI Takue cutyaruu: X==a[mid], x<a[mid],
x>a[mid]. B nmepBomM citydae 3JIeMEHT X HaWJICH B MacCUBE @, U MOUCK
MOJKHO 3aBEpIINTh. B ABYX ApPYrux ciydasx Mbl MOYKEM OTOPOCHUTH IO-
JIOBHHY TEKYIIETO IMOJMACcCHBa MyTEM IEPEONpeIeCHUs MO0 3HaYe-
Hus |, mubo 3Havenws r. Hampumep, ecim X<a[mid], To moHsATHO, YTO
MHTEPECYEMBbIl HAac 3JIEMEHT MOYKET HaXOJMTHCS JI0 DJIEMEHTA C WHJICK-
coM Mid, mosToMy mepeonpeneauM 3HAYCHUE MPABOM TPaHUILI [, T0-

710uB I'=mid-1, mocie yero nepexoauM K CIeAyIOIIeMy Iary.
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int BinarySearch(const double *a, const int n, ¢calmible x)

{

int |, [*1eBast rpaHuIla paccMaTpUBaeMOro MaccuBa  */
r [fipaBast rpaHHIIa pacCMaTPUBAEMOro MaccuBa */
mid; [*epenuna otpeska [l, r] */
| =0;
r=n-1,
while (I <)
{
mid = (I + r) / 2; Beraucisiem cepeauny orpeska [l, r] */
if (a[mid] == x)
| =r = mid,
else
if (a[mid] < x)
| = mid + 1;

else r=mid - 1;

}

return (a[l] == x);
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Ilpunoosicenue 2

AJITOPUTMBI COPTUPOBKH

3ajmadya — OTCOPTUPOBATh HEKOTOPBIM MaccHB & pa3MepoM N 1o
BO3pPACTAHHUIO.

1. MeTox npsiMoro Boioopa

JlaHHBIM METOJ OCHOBaH Ha cieayromeM npuHIiune. Ha i-m mrare
(i=0,1, ..,n-2) nmercs MUHUMAJIbHBINA 3JICMEHT M3 BCEX DJCMCHTOB
MaccuBa ¢ MHIekcamu i, i+1, ..., N-1, mociie 4ero 3TOT MUHUMAJILHBII
3JIEMEHT MCHSETCSA MECTaMH C I-M 3JIEMEHTOM MacCHBa, U MEPEXOJIUM K
CJICIYIOIIEMY IIary.

CII0)XKHOCTH COPTHPOBKH B cpeHeM ciydae: O(n).

void SelectionSort(double *a, const int n)

{

int i, [f1oMep TekyIero ara */
I [EgeTymnk */
k: [fiHIeKC MUHUMAJIBHOTO djieMenTa  */
double min; [3HaueHre MUHUMAJIBHOTO 3jieMenTa */

for(i=0;i<n-1;i++)
{
K = i; 1auanpHOe 3HAYEHUE UHIEKCA MUHUMAJIBHOTO AeMeHTa™/
min = a[i]; /*HavaneHOE 3HAUECHHE MUHUMAJIBHOTO 3JIeMeHTa */
forG=i+1;j<n;j++)
if (a[j] < min)
{
k=j;
min = alj];
}
alk] = alif;
ali] = min;
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Ha ocHoBe mMeTona mpsSMoro BHEIOOpa MOXKHO pellaTh, HAIpUMeED,
CJIeAYIOUIUE 3aa4Hu.

1.1. Copmuposxa unoexcoe Ha 0CHOB8e Memooa RPAMO20 6blO0pa

[lycTh UMeeTCsSI MacCUB JICMCTBUTENBHBIX uKcen a. Tpedyercs 3a-
UcaTh MHIEKCHI MAcCHMBa & B MaCCHB MHJEKCOB iNdeX (Takoro e pas-
Mepa, YTO U MacCHB @) B TOM MOPSIKE, B KOTOPOM COOTBETCTBYIOIIHE
UM 3JIEMEHTBI 00Pa3yIOT BO3PACTAIOIIYIO IIOCIEI0BATEILHOCTD, IPHYEM
HOPSIOK CJIEIOBAaHUS 3JIEMEHTOB B MaCCHBE @ JOKCH OCTAThCS MPEIK-
HuM. Hanpumep, eciii MacCHB @ COCTOMT U3 DJICMEHTOB

30, 10, 20, 50, 40,
TO MaccHB INAEeXO0yIeT COCTOATh U3 TAKUX JJICMCHTOB!
1, 2,0, 4, 3.

B nmaHHOM ciydae MOXKHO IPHUMEHHTh METO IPSIMOro BEIOOpA,
TOJIbKO IEPECTaB/IATh HE CaMH DJIEMEHTHI MAacCUBa &, a IePeCTaBIIATh
COOTBETCTBYIOIIUE JAHHBIM dJIEMEHTaM HHIEKCHI B MaccuBe index.

void Createlndex(const double *a, int *index, dons n)
int i, , k, buf;
double min;
[* mycTh M3HAYaIbLHOE PACIOJIOKEHNE HHICKCOB B MaccuBe index
COOTBCTCTBYCT IIOPAAKY CIICAOBAHUSA 3JICMCHTOB MAaCCHBaA a.

*/
for(i=0;i<n;i++)
index([i] = 1i;
for(i=0;i<n-1; i++)
{
k=1i;

min = a[index[i]];
forG=i+1;j<n;j++)
if (a[index[j]] < min)
{
k=j;
min = a[index[j]];
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}

buf = index[K];
index[k] = index[i];
index[i] = buf;

1.2. Hepememuaauue I/IeMEHMOB 6 maccuee

ITycth ¢ MaccMBOM TpeOyeTcs BBIIOJHHMTH OIEpaIiio, IIPOTHUBO-
IOJIOKHYIO COPTHPOBKE, a MMEHHO IeperacoBaTh (IepeMellaTh) Bce
3HAUYCHHMS B UCXOJHOM MacCHBe a. B 3TOM ciyyae MOXXHO NMPUMEHHTh
aJICOPUTM, HEMHOTO ITOXOKUH Ha METOJ IPSIMOr0 BBIOOpA: Ha I-M Imare
(i= 0, 1, ...,n-2) Opou3BOJBLHEIM 00pPa30M BHIOMpACTCS SJIEMEHT H3
BCEX DJIEMEHTOB C MHIEKcaMu 1, i+1, ..., N-1, mocie 4ero 3ToT 3JIeMEHT
MEHSAETCS MECTAMH C |-M JIEMEHTOM MacCHUBa.

void InterMix(double *a, int n)

{
inti, k;
double buf;
for(i=0;i<n-1;i++)
{
k =1+ rand()%(n - i);
buf = a[i];
a[i] = a[k[;
a[k] = buf;
}
}

2. MeToa NpsiMOro BKJIIOYEHUSA

OcHOBHasi uaesi COPTUPOBKM METOJOM NPSIMOrO BKJIFOUEHUS CO-
CTOUT B TOM, UTO MpU J0OABJICHUHN HOBOTO 3JIEMEHTA B YK€ OTCOPTUPO-
BAHHBIII MAacCUB 3TOT 3JEMEHT CTAaBUTCS HA HYKHYH IO3UIHIO Tak,
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4TOOBI MOJIYYMBIIUNCA MAacCUB CHOBA ObUI OTCOPTUPOBAaHHBIM. IlycTh
I-1 mepBbIX 2eMeHTOB (I > 1) UCXOTHOTO MaccuBa yKe OTCOPTHPOBA-
Hbl. Ham TpeOyercs mepeiBUHYTh BCE U3 JIaHHBIX I-1 37IeMEHTOB, 0OJIb-
mKe i-ro 3JeMEHTa, Ha OJHY MOo3uIlnio BipaBo. Ha ocBoOomuBIIEecs
MECTO CTaBUM JaHHBIN i-i 37eMeHT. [locime 4yero Mel yke UMeeM | OT-
COPTUPOBAHHBIX ITEPBBIX JIIEMEHTOB.

[IepBblii 2JIEMEHT MacCuBa & SIBISETCA OJHOAJIEMEHTHBIM OTCOP-
TUPOBAHHBIM MacCHUBOM. [l03TOMyY MOCIEIOBATEIBHO paccMaTpUBaeM
cryqan i =1, 2, ...,n-1.

CII0%KHOCTb COPTHPOBKH B cpeHeM ciydae: O(n°).

void InsertSort(double *a, int n)
L
inti, J;
double buf;
for(i=1;i<n;i+t+)

{
buf = a[i];
j=i-1;
while (j >= 0 && a[j] > buf)

{
afj+1] = a[];
=
}
a[j+1] = buf;
}

3. [Iy3pIpbKOBasi COPTHPOBKA

[Ipy my3BIpEKOBOW COPTUPOBKE COBEPIIAETCS HECKOJBKO MPOXO-
JOB 10 MaccuBy. [Ipu Kaxxa0M TakoM MpoOX0Ji€ MPOUCXOAUT CPABHEHUE
COCEIHUX 3JIEMEHTOB. Eciii mMOpsa0K COCETHUX 3JIEMEHTOB HEMPABUIIb-
HbII, TO OHM MEHSIOTCS MecTamMu. Eciii mpu odepelHOM MPOXOAE IO
MACCHUBY BBISICHSIETCSI, YTO HET TAKOW Maphl PAJIOM CTOAIIUX 3JIEMEHTOB,
NOPSAJOK KOTOPBIX HENPABUIIbHBIN, TO €CTh MACCUB YK€ OTCOPTUPOBAH,
TO aITOPUTM COPTHPOBKH 3aBEPIIACTCH.
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B anroputme Hrbke 1eiaodnciieHHas rnmepeMenHas flag Oyner orse-
9aTh 3a TO, OCTAJIUCH JU B MACCHBE PSAJAOM CTOSIIUC DJIEMCHTHI, TTOPS-
JIOK KOTOPBIX HEMpaBUIbHBINA. [10 3HaUueHHIO MaHHOW TEepeMeHHO# Oy-
JCT BUIHO, CIEAYeT MPOAODKATh IMPOIECC COPTHPOBKH JIMOO MAacCUB
y’K€ OTCOPTUPOBAH.

[TockoabKY MpH KaXXKIO0M IPOXOXKIACHUN 110 MACCHUBY MaKCHMallb-
HBIC 3JIEMEHTHI OYIyT TIEpEeMeIaThcsl B KOHEII MaCCUBa, TO HET HE00XO-
JTUMOCTH KKl pa3 MpocMaTpHBaTh BCE Maphl 3JIEMEHTOB. 3a BepX-
HIOIO TPaHMIy MacCHBAa, 10 KOTOPOH HY)KHO IPOBEPATH IJIEMEHTHI, Oy-
JICT OTBEYaTh NICpEeMCHHA I

CJI0HOCTh COPTUPOBKH B cpejHeM ciydae O(n°), B yumem ciy-
yae n-1.

void BubbleSort(double *a, const int n)
{
inti, r, flag;
double buf;
flag = 1;
r=n;
while(flag)
{
flag = O;
for(i=1;i<r;i++)
if (a[i] < a[i-1])
{
buf = a[i];
ali] = a[i-1];
a[i-1] = buf;
flag = 1;
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4. lllelikepHasi COPTHPOBKA

JlaHHas COPTUPOBKA SBIISIETCS YJIYUIICHUEM ITy3bIPHKOBOTO METO-
na. Anroput™ paboThI NPU MIEUKEPHON COPTHUPOBKE Clieayromuii. J[Bu-
YKEHHE IO MACCUBY MPOUCXOJUT MOOYEPEIHO BIIEPE U HA3aM, U JTOIOJ-
HUTEJBHO BBICTPAUBAETCS HA4aJI0 M KOHEI MAaCCUBA B 3aBUCHUMOCTH OT
MeCTa NOCJIETHETO U3MEHEHUS.

void ShaikerSort(double *a, int n)
{
intl, r, i, k;
double buf;
k=1=0;
r=n-2;
while(l <=r)
{
for(i=1;i<=r; i++)
if (a[i] > a[i+1])
{
buf = a[i];
all] = afi+1];
ali+1] = buf;
k=1;
}
r=k-1;
fori=r;1>=1; i--)
if (a[i] > a[i+1])
{
buf = a[i];
all] = afi+1];
ali+1] = buf;
k=1;
}
| =k + 1;
}
}
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5. beicTpasi copTupoBka

JIaHHBIN AJITOPUTM COPTHUPOBKHM OCHOBAH Ha PEKYPCHUBHOM METO-
ne. beicTpas copTupoBKa (PUKCUPYET IEMEHT MacCHBa X, Ha3bIBaGMbIi
OCEBBIM, a 3aTeM TEePEyNnoPsSI0YMBAET MAaCCUB TaKUM 00pa3oM, 4TO BCE
AJIEMEHTBI, MEHBIIIME OCEBOr0, OKa3bIBAIOTCS Iepe]l HUM, a OOJIbIINe
AJIEMEHTHI — 32 HUM. JTO MPOUCXOAUT ClIeayromumM oopazoM. [Ipocmar-
pYBaeM 3JIEMEHTBI MacCHBa CJi€Ba HAIPABO, PACIOJIOKEHHBIE 10 OCEBOTO
AJIEMEHTa X, TIOKa He BCTPETHUM DBJIEMEHT @ > X. 3aTeM IMpocMaTpUBaeM
AJIEMEHTBl MacCHBa CIIpaBa HaJIEBO, PACIOJIOKEHHBIE ITOCIE OCEBOIO
3JIEMEHTa X, IOKa He BCTPETUM dyeMeHT & < X. Ilocne storo mensem
MECTaMH DJIEMEHTBI & M & MECTAMH W IIPOJIOJDKAEM JaHHBIM mpouecc. B
KKJIOW M3 YacTeld MaccHBa JIEMEHTHI HE YIIOPSAOYMBAIOTCS. 3aTEM all-
roput™M QUICKSOrtBbI3bIBacTCS PEKYPCUBHO IS KaXKI0M U3 IBYX YaCTCH.

C0’XHOCTB COPTUPOBKH B cpeaHeM cirydae O(n * log, n).

void QuickSort (double *a, int |, intr)
{

inti, J;

double x, buf;

j=r
x = a[(I+r)/2];
do
{
while (afi] < x)
I++;
while (x < alj])
=
if (i <=}])
{
buf = a[i];
all] = afj];
a[j] = buf;
I++;
-
}
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} while( i <=));
if (1 <)) QuickSort (a, |, ));
if (r > 1) QuickSort (a, i, r);

6. CopTHPOBKA MOACYETOM

CopTHpOBKa IOJICYCTOM SBJISCTCS CIECHHUATU3HMPOBAHHBIM aJro-
PUTMOM, KOTOPBI paboTaeT HEBEPOSATHO OBICTPO, €CIU DJIEMCHTAMH
JaHHBIX SBJISIIOTCS IICJIBIC YKCiIa CO 3HAYCHHUSIMH, 3aHUMAIOIUMHU OTHO-
CUTEJIbHO Yy3KHH quana3oH. bojbInas CKOpocTh COPTUPOBKH MOACUYETOM
JOCTHUTAETCS 3a CYET TOTO, YTO MPH ITOM HE MPUMEHSIOTCS OTCPAIUU
CpaBHCHHUS.

[IycTh @ — MacCuB LEJNBIX YHUCEN, COCTOAIIMU W3 N SJIEMEHTOB.
O06o03HaunM Yepe3 MIN 1 Max cCOOTBETCTBEHHO MUHUMAJIbHBIM U MakK-
CUMaJIbHBIA 3JIEMEHTHI MaccuBa a. Torma 3HadeHus siaemeHToB a0,
a[l], ..., ap-1] maccuBa a OyayT HpUHAMICKATH MHOXECTBY {Min,
mintl, ..., max, MOIIHOCTh KOTOPOTO HE MPEBOCXOJUT 3HAYCHHSI
m = max—min+ 1. To ectb B MaccuBe & UMEETCS He OojIee M pa3ny-
HBIX DJICMCHTOB.

CopTHpOBKY IOACYETOM HAYHEM C CO3JaHWs MaccuBa Countpas-
MEPHOCTH M, B KOTOpOM 3jeMeHT counfi] Oyaer comepikaTh KOJUYECT-
BO BXOJXKIEHHMH 3iemMeHTa Mint B maccuse &, rae i = 0, 1, ...,m1. To
ectb counf0] Oyner comepkarh KOJMYECTBO 3JICMCHTOB MacCHBa a,
pPaBHBIX 3HAYEHHUIO MIN, 3;1eMeHT COUNfl] — KOJWYECTBO 3JIEMCHTOB
MacCHBa @, paBHBIX 3HaUCHHIO Mint+1 u T.1.

[Tocite Toro kak MaccuB COUNtOyIEeT 3aroHCH, HAYWHACM Tepe-
3alMChIBATh 3JIEMEHTHI B MaccuBe a. CHavana 3amumem counfO] sie-
MEHTOB CO 3HauyeHHeM MIN, 3ateM counfl] smeMeHTOB cO 3HAYECHHEM
Mint1 u 1.1. ITocne yero OyaeM UMEeTh OTCOPTUPOBAHHBIN MACCHB a:

[ min [ .. [ min [miedkl | 0 [ mirel | ... |max | ... | max |

count[0] count[1] count]m-1]

Crnoxnocts anroputMa O(n+m). Hanpumep, ecau M < N, TO aJropuT™m
OyneT paboTaTh OUYE€HBb OBICTPO.
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void CountSort(int *a, int n)
{
int *count, m, i, j, k, min, max;
count = NULL;
/* IICPBBIM ACJIOM MIICM MUHHUMAJIbHOC U MAKCUMAJIbHOC
3HAUYCHHUA MaCCHUBa A
*/
min = max = a[0];
for (i=0;i<n;i++)
if (a[i] < min)
min = a[i;
else if (a[i] > max)
max = a[i];

m =max - min + 1; /pa3smepHocth MaccuBa count */

[* co3maeM IMHAMHUYECKUI MacChB COUNt,Bce DIIEMEHTHI
KOTOPOT'0 N3HAYAJIbHO PaBHEBI HYJIIO

*/

count = calloc(m, sizeof(int));

/* MOICYUUTHIBAEM KOJUYECTBO BXOXKIECHUN KAXIOr0 dJIEMEHTA
B MacCuB A

*/

for (i=0;i<n;i++)
count[a[i] - min]++;

[* mepe3anuceIBaeM 3JEMEHThI B MaccuBe a */
k =0;
for (i=0;i<m,i++)
for (j = 0; j < count[i]; j++)
a[k++] =i + min;
free(count);

}
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