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Ileperpyska oneparopa “[]”
Ileperpy3ka onepatopa “()”
IMeperpyska oneparopa “->"

@ »

ITeperpyska omeparopa “,
I'nasa 16. Hacaenosanue

YrpasineHve OOCTYIOM K YfieHaM 6a30Boro xiacca
HacnenoBaHue U 3alllMIUEHHBIE YWICHDI
3almuicHHOe HacJiegoBaHUe
MHoXecTBeHHOE HacneaoBaHHe
KOHCTPYKTOpBI, JECTPYKTOPH U HACHEedOBAHUE
Korna Bbi3biBalOTCsl KOHCTPYKTOPH U JECTPYKTOPbI
Ilepenaya napaMeTpoB KOHCTPYKTOPY 6a30BOro Kiacca
INpenocraBnenue gocTyna
Buptyanbiibie 6a30Bbic Kacchl

I'nasa 17. Bupryanbhble GyHKUMH U BOsMMOphHIM

BupTtyanbhbie pyHKUMK
BrizoB BUpTYaibHON (hYHKUMH € NOMOLLBIO CCUIKM Ha 0ObeKT 6a30BOro Kiacca
AtpubyT virtual Hacnegyetcst
Buptyanbiibie GYHKINH SBISIOTCS MEPAPXMUECKUMU
Yucro BUpTYalibHBIC QYHKUMM
AOGCTpakTHbie KJIacchl
IMpuMciieHne BUPTyaTbHBIX QYHKUMH
CpaBHEHHE paHHETro U MO3OHEro CBA3LIBAHUS

I'nasa 18. IITa0nous!

0O606u1IeHHblE GYHKIMM
DyHKUMS ¢ [ByMs 000OLLEHHBIMM THITAMM
ABHas neperpyska 0600LeiTHOR (QYHKLMH

Conepxanve
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368
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382
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IMeperpyska 1wabnoHHON GHyHKUMU
Hcno:ib30BaHKe CTAHAAPTHBIX NMapaMeTPoB 1HabA0HHbIX PYHKLIMH
OrpanuyeHusi Ha 060bLIeHHbIE PYHKIMU

IlpuMeHcHMe 0600LUEHHBIX GYHKUMA
O60011teHHast COPTUPOBKA
YnoTHCHHE MaccHBa

O0061IeHHbIE KIACCh
IlpuMep MCNONB30BaHUS ABYX 00OOUIEHHBIX TUIIOB JaHHBIX
IlpuMeHeHMe WAOAOHHBIX KJIAacCOB: 0000ILEHHBIH MacCuB
[TpyMeHeHHe CTaHaapTiibiX THIOB B ODOOLLEHHBIX KJIaccax
IlpyMeHeHMe apryMeHTOB M0 YMOMYAHUIO B 1HA0IOHHBIX KJIACCax
SBHBIEC crielMAIM3aLMM KJTacCOB

Kutouessle cnopa typename v export

Mouub 11abnoHOB

I'napa 19. O0paboTKa HCKIOYNTENbHBIX CUTYAIMi

OcHoBBI 006pabOTKH MCKITIOYUTENLHBIX CUTYaL i
IlepexBaT K1acCOB MCKITIOYMTEILHBIX CUTYaLMit
IlprMeHCHHe HECKOBKUX orepaTopoB catch
O6paboTKa NPOU3BOAHBIX MCKIIOUUTENIBHBIX CHTYaLUH
ToHkKocTH 06pabOTKH MCKITIOUMTENBHBIX CUTYaUMit
IlepexpaT BceX UCKITIOUUTENIBHBIX CUTYALU U
OrpaHuyeHVs UCKJIIOMMTENbHBIX CUTYaUUid
IloBTOPHOE reHepUpOBaHME MCKITIOYUTENBHOM CUTYALMH
@yHkuuu terminate() ¥ unexpected()

O6paboTYMKH, cBsI3aHHbIE ¢ GYHKUMIMH terminate() ¥ unexpected()

Dyukumsa uncaught_exception()
Kunacch exception u bad_exception
ITpumMeHeHue 0BPabOTKHM UCKTIOUUTENBHBIX CUTYaUUit

I'nasa 20. OcHoOBEI CHCTEMBI BBOIA-BLIBOAA

CpaBHeHMe cTapoil ¥ HOBO# CHCTEeM BBOJla-BbIBOAA
ITotoKku
Knaccbl notokos B si3pike C++
BcTpoeHiibie MoTOKM B sidbike C++
dopMaTHpoBaHHbIi BBOI-BLIBOJ
DopmaTHpoBaHHKE ¢ MOMOLIBLIO YWIEHOB KJacca ios
YcranoBka ¢uiaros dopmara
Copoc ¢uaros dhopmara
ITeperpyxenHas dopma pyHkuum setf()
ITpoBepka ¢aros hopMaTHpPOBaHUS
YceraHoBka Beex ¢iaros
ITpumenenue ¢pyHkumit width(), precision() u fill()
IlpuMeHeHHe MaHHUITyIsSITOpoB (hopMmata
Ileperpyska oncpatopoB “<<” y “>>”
Co3naHue co6¢TBEHHbIX PYyHKLMIT BCTABKU
Co3zganve co6CTBeHHBIX GYHKUUWM U3BIEYeIUs
Co3paHue coOCTBEHHBIX MaHHUIYNSITOPOB

I'nasa 21. @aitnosas cucrema

3aronioBok <fstream> u kiacchl daitnop
OTKpbITHE Y 3aKphITHE aina

YTteHue U 3anuch TEKCTOBBIX (Haitnon
BecopmatHbliit ¥ GMHapHbI BBOL-BbIBOI
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CpaBHeHHe CUMBOJIOB M GaiiTOB
@ynkumn put() v get()
DyHkumnu read() v write()
Hononumrenedbic GyHKUMK get()
@yukums getline()
Pacno3uaBanme KoHua aiina
dypukuus ignore()
dynkumu peek() v putback()
®yukuma flush()
I1pon3BONbLHLIN OCTYI
OnpeneneHue TeKylledl MO3ULIUN
Cratyc BBOJA-BbIBOJAA
HacTtpoiika BBOAa-BuiBoAa B (ainb

Inasa 22. Junamudeckas uaeHTHdHUKAUUA TUNA B ODePaTopb! NPUBENEHUS

Junamudeckas unentudukauus tuna (RTTI)
IlpuMeHeHUe aMHaMuyecKoi MaeHTUdUKALMH TUIA
IlpuMerieHue onepaTopa typeid K 1abJoOHHBIM K1accam
OnepaTtopbl NMPUBENEHUST TUTIOB
Orneparop dynamic_cast
3amena oneparopa typeid onepatopom dynamic_cast
IlpumeHeHue onepatopa dynamic_cast K 11abiOHHbBIM KJIaccaMm
Onepatop const_cast
Onepartop static_cast
Oneparop reinterpret_cast

Inasa 23. IIpoctpancTBa uMen, npeodpasoanus yHKUMH K ApyTHe HOBLUECTBA

IlpocTpaHcTBa MMEH
OcHOBBI IPOCTPAaHCTB UMEH
JlupexkTuBa using
HeuMeHoBaHHBIC MPOCTPAHCTBA MMEH
HekoTopbie 0cOGEHHOCTY MPOCTPAHCTB MMEH
IlpocrpaHcTBO UMeH std
Cozpanue GyHKUUI NpeoOpasoBaHus
QDyHKUMHU-YIeHB ¢ atpubyTaMu const 1 mutable
DyHKUMU-WICHBI ¢ arpuoyToM volatile
SIBHBIC KOHCTPYKTOPHI
Muuuanuzanums 4wieHoB Kiacca
ITpuMeHeHHE KITIOYEBOTO CI0Ba asm
Cneuvdukauvu cesize
BydepuzoBaHHbiii BBOA-BBIBOA
Knaccol 6y¢epr3oBaHHOrO BeiBOAA
Co3snarue 0ydepu30BaHHOrO MOTOKa BHIBONA
IpuMeHeHue 6ydhepu3oBaHHOIO BBOAA
BydepusoBaHHbIil BBOJI-BHIBO
IlpuMeHeHHE TMHAMHYECKHUX MACCHBOB
IlpuMcHeHUe GHHAPHBIX ONepaluii BBoAa-BbIBOMA K 6ydepH30BaHHEIM
MOTOKaM
Otnnuusa mexay siseikamu C y C++

I'nasa 24. Beenenue B CTAHAAPTHYI0 OMONHMOTEKY IAGIOHOB

0O630p 6ubnuoreku STL
KonTefiHephl
ANropuTMbI

Conepxanvne

442
442
444
446
446
447
449
450
450
450
453
453
455

457

458
462
464
465
465
468
470
471
473
473

475

476
476
479
480
481
483
484
487
489
489
490
494
495
495
496
496
497
499
499

500
501

503

504
504
505

15



Hrepatopni
Hpyrue 3nemedth 6mbnnorekn STL
KourTeiinephbie Kiacchl
O6ue npunuvnel GVHKLMOHUPOBAHUS
BekTophi
JlocTym K 3j1eMeHTaM BEKTOpa € IOMOILbIO UTepaTopa
BcTaBka v yaaneHue 3JIEMEHTOB BEKTOpa
Bekrop, conepxaiuuii oObeKTh Kiiacca
Cnncku
Dyiikupsa end()
Cpasiienue dynkumii push_front() u push_back()
CopTHpoBKa CIHUCKa
BetaBka ogHOro crvcka B Apyro
Criicok, conepxalluit oOOBeKTH Kilacca
AccoumaTtuBiibic KOHTEHHEPH!
AcCOUMAaTUBHBIN MAacCUB, COAEPXallHil OGBEKTHI
AJrOpUTMBI
IMoncuer
VYianeHue ¥ 3aMeHa 3J1eMEHTOB
H3amMeHetine nopsika cneloBaHUs 3€MEHTOB IMOCNEN0BATEILHOCTH
Ilpeo6pa3oBaHye MOCNENOBATENLHOCTH
IpumMencHue GyHKTOPOB
YHaphbie ¥ 6MHapHBIE (DYHKTOPHI
ITprMmenHcHue BCTPOCHHBIX (PYHKTOPOB
Cosnanue ¢pyHKTOpa
TTpuMeHeHue peJakTOpoB CBS3EH
Knacc string
Hexkotopble dyHKUMH — WieHb! Kacca string
OcHOBHble MAHUTTYJISITOPHI
TloMck cuMBOJIA B CTPOKE
CpaBHeHHE CTPOK
Cospanue C-cTpoku
CTpoKY KaK KOHTeiHepbl
3anuch CTpOKM B IpYTOif KOHTEHHED
3aksouuTenbHble 3amedaHus o 6ubnnoreke STL

YACTb lIl. BUBJIMOTEKA CTAHAAPTHBIX GYHKLIMIA

I'nasa 25. @yukuun BBOAa-BLIBOAA A3bIKA C
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Dyukuus clearerr
Oyukuus felose
Dyukuus feof
®yukuus ferror
®yukuus fllush
Dyukuus fgete
Dynukuus fgetpos
Dyrkums fgets
Oyukunsa fopen
Pyukums fprintf
Oyukuus fputc
Oyrkuus fputs
Pyukums fread
Oynkuns freopen
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Oyukums fscanf 561

Oyukuus fseek 561
DyHkums fsetpos 562
Dyukuus fell 562
Dynkuus fwrite 562
DyHKuMs getc 562
Dynkuus getchar 563
Dyukums gets 563
DyHKUMg perror 563
®yHkums printf 564
PyHkums putc 566
DyHKuus putchar 566
DyHKuuA puts 566
DyHKUMA remove 567
DyHKuMs rename 567
Dyukuus rewind 567
Dyukums scanf 567
®dynkums setbuf 570
®yukums setvbuf 570
Dyukums sprintf 570
Dyykuus sscanf 571
Dyukuusa tmpfile 571
Dyuxuysa tmpnam 571
Dyukuunsa ungetc 571
@yuxuun vprintf, viprintf u vsprintf 572
Tnasa 26. CTpokoBLIE H CUMBOJIbHBIE (QYHRKUUM 573
DyHkuwms isalnum 574
Dyukuus isalpha 574
Dyukumsa isentrl 574
Dynkuus isdigit 575
DyHkums isgraph 575
Dyykuus islower 575
Dyukuus isprint 575
Dyukuus ispunct 575
Dyukuus isspace 575
Dyukuusa isupper 576
Dyukunsa isxdigit 576
Oynkunsa memchr 576
DyuKkums mememp 576
Dyuxkura memepy 576
DyuKuysa memmove 577
Dyukuus memset 577
Dyukuus streat 577
DynKuus strehr 577
Dyukuma stremp 577
Dypkumsg streoll 578
DyHKuM strepy 578
DyHKuMs strespn 578
DyHKLuA strerror 578
®yHkums strlen 579
DyHKuMs strncat 579
DyHKUMS strnemp 579
Dyukuua strnepy 579
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DyHKUMs strpbrk
@OyHkums strrchr
Dyukums strspn
DyHKums strstr
Dyukups strtok
Pyukums strxfrm
Dyrkums tolower
ODylikuus toupper

I'nasa 27. Maremarudeckie yHKIUMH

Dyukums acos
DyHKuMsa asin
Dyukuus atan
Dyukums atan
PypKums ceil
PyHKLMS COS
Oyukums cosh
DyHKuMA exp
Pynkuua fabs
Oyukuws floor
®yukumsa fmod
Dynkuus frexp
Dyukuus Idexp
Pyuxkuma log
Dyrikuusa logl0
Dyrkuust modf
DyHKLUMS pow
DyHKuMs sin
@yukuusa sinh
Qyukups sqrt
Dyukums tan
@yykums tanh

I'nasa 28. OyHkuuH BpeMeHH, JaThl U JIOKATHIALMM

Pyukums asctime
Pynkuus clock
DyHkums ctime
Oyukuus difftime
Dyyxkuusa gmtime
DyHkuus localeconv
DyHkuus localetime
DyHkuusa mktime
®yukuus setlocale
Dyukuus strtime
DyHKuuMA time

I'nasa 29. OysKuMH JHHAMHYECKOr0 pacnpene/ieHus namMaTH

Dyukuus calloc
Qynkuus free

Pynkumsi malloc
Dynkuusa realloc

Tnasa 30. CiryxeGHble pyHKumu
Pynkuus abort
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ODyukung abs
Makpoc assert
DyHKuMSA atexit
Dyikuusa atof
Dyykums atoi
Dynkuua atol
®yHknusa bsearch
Oyrikuua div
DyHkuusa exit
Dyukuns getenv
DyuHkiud labs
Oyukuus Idiv
Dyukums longjmp
Dyukuus mblen
Dyukums mbstowes
Dynkunsg mbtowe
Pynkuusa gsort
DyHKuuA raise
®ynkuus rand
Dyukuua setimp
Dyukuns signal
DyHkumsa srand
Dyukuusa strtod
Dyukuus strtol
PynKuus strtoul
DyHKuysa system
DyHkuuu va_arg, va_start u va_end
Dyukunsa westombs
Dyukuus wetomb

I'nasa 31. @yukuuu 00paboTKH paclIMPEHHLIX CUMBOJIOB

DyHKuMM KiaccUpUKalMK pacliMpeHHBIX CHMBOJIOB

DyHKUMM BBOAA-BBIBOJA PACLIMPEHHBIX CUMBOJIOB

DyHKUMY 06paboTKK CTPOK, COCTOSIMX U3 PACLUMPEHHBIX CHMBOJIOB
DyHKUMM MpeoOpa3oBaHMsl CTPOK, COCTOSIUMX U3 pACIIUPEHHBIX CUMBOJIOB
DyHKuuM 06paboTKU MacCHBOB PACLUMPEHHBIX CUMBOJIOB

DyHKuuM 11peobpa3oBaHyus MHOMOOAMTOBBIX U PaCLUMPEHHBIX CUMBOJIOB

YACTb IV. BUBJIUOTEKA CTAHAAPTHBIX KJIACCOB

Inasa 32. CtannapTHble Ki1acchl BBOIA-BLIBOIA

Knaccul BBOMa-BBIBOAA
3aroyioBKy BBOJIa-BLHIBOAA
®narv GopMaTUPOBAHUS M1 MAHUMYJIATOPEI BBOAA-BLIBOJA
Hekotopbie TUIIB JaHHBIX
Tunmo streamsize u streamoff
Tunbr streampos ¥ wstreampos
Tunw pos_type u off_type
Tun openmode
Tun iostate
Tun seekdir
Knacc failure
Ileperpyska onepatopoB “<<” ¢ “>>7
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YHuusepcaibHble QYHKIMM BBOJA-BHBOAA

®ynkuns bad
Oviikuns clear
Oynkums cof
Dvikuus exceptions
Oynkumg fail

GOyukums fill

Oynkums flags
Oyrikums flush
Oyukuuu fstream, ifstream u ofstream
Oynkums geount
DOynkums get

Oynkums getline
Dynkums good
PyHkUMS ignore
Dyikumns open
dOyHkuus peek
@yukums precision
®yHkums put
DyHkums putback
®yHkuus rdstate
®yHkuMs read
DyHKuua readsome
dyukunu seekg U seekp
@yukims setf
DyHKuMS Setstate
DyHKUMS Str

DyHKuMH stringstream, istringstream W ostringstream
®yHkuus sync_with_stdio
®Oyukumi tellg u tellp
®yHkims unsetf
®OyHkums width
DOyHkuMs write

I'nasa 33. CrannapTHble KOHTEHHEPHBIE KIACCHI

KoHTeitHepHbBIE KJIacChl
Kuacc bitset

Knacc deque

Knacc list

Knacc map

Knacc multimap
Kunacc multiset
Knacc queue

Knacc priority_queue
Knacc set

Kuacc stack

Kiacc vector

I'masa 34. CrannaprHebie ajiropurMsl
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Asroput™ adjacent_find
AusroputM binary_search
AJITOPUTM copy
Anroput™ copy_backward
AnropuT™ count
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Auroput™ count_if 663

Anroput™ cqual 663
AuroputM equal_range 663
AurropurMH fill u fill_n 664
AuroputM find 664
Anroput™ find_end 664
AnroputM find first of 664
AnroputM find_if 665
Anroput™ for_each 665
AJITOpUTMBI generate W generate_n 665
AunroputM includes 665
AusroputM inplace _merge 665
AJITOpUTM iter_swap 666
Anropu™ lexicographical_compare 666
AnroputM lower_bound 666
Anroput™M make_heap 666
AnropuT™M max 667
Anroput™m max_element 667
AJITOPUTM merge 667
Anroput™M min 667
AJropyT™M min_element 668
AJITOpUTM mismatch 668
AJNTOpUTM next_permutation 668
Anroput™ nth_element 668
AnropuT™ partial_sort 669
AnroputM partial_sort_copy 669
AJsropuTM partition 669
AJsroputM pop_heap 669
AJITOPUTM prev_permutation 670
AunroputM push_heap 670
AstroputM random_shuffle 670
AnropuT™MH remove, remove_if, remove_copy u remove_copy_if 670
AnroputMu replace, replace_copy, replace_if u replace_copy_if 671
AJITOpUTMBI TE€VETSE U [EVEISE_COpY 672
AJITOpUTMBI otate U rotate_copy 672
AnroputM search 672
AnroputM search_n 672
AnroputM set_difference 673
AutropUTM set_intersection 673
AuroputM set_symmetric_difference 673
AurropyTM™ set_union 674
AnropHuTM sort 674
AusiropuTM sort_heap 674
AnroputM stable_partition 675
AnroputM stable_sort 675
AJITopuTM Swap 675
AJNTOpUTM Swap_ranges 675
AnroputM transform 675
AJITOpUTM unique U unique_copy 676
AnroputM upper_bound 676
I'nmapa 35. CranaapTHbie MTepaTOPsl, pacnpeneaureau naMaTd U (pyHKTOpbI 677
Hreparopr 678
OcHOBHbBIE TUIIBI UTEPATOPOB 678
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Knacchl HU3KOYPOBHEBBIX MTEPATOPOB 679

Knacc iterator 679
Knacc iterator_traits 679
BerpoeHHle uTepaTophl 679
Knacc insert_iterator 680
Knacc back_insert_iterator 681
Kiace front_inscrt_iterator 682
Kuacc reverse_iterator 682
Knacc istream_iterator 683
Kiacc istreambuf_iterator 684
Knacc ostream_iterator 684
Kutace ostreambuf_iterator 685
JBe GyuKLMK W5 paboThl C UTEpPaTOpaMMU 686
DyHKTOPHL 686
Dy1KTOpH 686
PenakToph cBsizcit 687
HUHseproph 688
AnanTtepsl 689
AnanTtepr yka3saTesiei Ha GyHKUMU 689
AzanTtephl ykasateieit Ha (YHKUHMM — WieHbl Kjlacca 690
Pacnpenenuteny namsatu 691
I'nasa 36. Knacc string 693
Knacc basic_string 694
Knacc char_traits 701
I'napa 37. HUucnoBble Kiacchbl 703
Kiace complex 704
Knacc vallaray 706
Kracch slice u gslice 716
BcrniomorarenbHbie KJacchl 717
YucnoBbie aIrOpUTMbI 718
Knacc accumulate 718
AunroputMm adjacent_difference 718
Anroputm inner_product 719
AsiropuTM partial_sum 720
I'naea 38. O6paboTka MCKIIOUMTENBHLIX CUTYalMii U TMPOYHe KJIACChI 723
HcknoumntenbHele CHTYaLMK 724
3aronoBok <exception> 724
3aronosBok <stdexcept> 725
Kiacc auto_ptr 726
Kunacc pair 727
Jlokanusauus 728
TIpoume Kiaccel 728
YACTb V. NPUIOXEHUS HA A3bIKE C++ 729
I'napa 39. Vinterpanus HOBbIX KJIACCOB: MOJb30BATEILCKHI KJIACC 118 paboThl
€O CTPOKaMM 731
Knacc StrType 732
Beoa 1 BEIBOA CTPOK 735
@yHKUMM NpHCcBaUBaHMsA 735
KoukareHauus 737
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BriuntaHue NoacTpoku 738

OnepaTtopsl CpaBHEHHS] 740
IMpoune cTpoKoBHIE PYHKLIMM 741
[TonHoe onpenenexHue Kiacca StrType 741
IMpumenenue knacca StiType 748
[MpuHLMNBl cO31aHUS M MHTETPALMK HOBBIX TUIIOB 750
Tpobnema 750
I'naBa 40. CuHTakCHueCKHii aHAIM3 BLIPAKEHUH 751
BeipaxeHust 752
CHHTaKCHYeCKHIT aHaIN3 BelpaXXeHUIA: NocTaHOBKA 3aKayl 753
CHHTaKCcHYecKuil aHalIu3 BhIpaXeHHsl 753
Knacc parser 755
Pa3bop BeipaxeHUsi HA COCTABHHIE YACTH 755
Tlpoctas nporpaMmMa CHHTAKCHMYECKOTO aHAIH3a BhIpaXeHUH 758
TpuHIMIIEL pabOTE CMHTAKCHYECKOTO aHalu3aTopa 762
CuHHTaKCcHYecK1il aHanu3aTop, paboTalolumMii ¢ nepeMeHHbIMU 763
TIpoBepKa CMHTaKCHYECKUX OLIMOOK MpPU peKYPCUBHOM HUCXOMSIIEM aHAaIU3€e 770
Co3nanue 0b0011IEHHOTO CHHTAKCHYECKOro aHaIu3atopa 771
HexkoTtoprie 3anaun 777
IIpunoxenne A. Pacumpenue szbika C++ nnsa naargopmer NET 779
JlonosHuTeNbHBIE KITIOYEBbIE CIIOBA 780
KiioueBoe cioBo __ abstract 780
KmoueBoe cioBo __ box 780
KnoueBoe cioBo __ delegate 781
KumoueBoe cioBo __event 781
KitoueBoe cnoBo __ finally 781
KiioueBoe ciioBo ___gc 781
KitoueBoe cnoBo __identifier 781
KioueBoe cnoBo _ _interface 781
KoioueBoe cioBo ___nogc 781
KioueBoe cioBo __ pin 781
KiioueBoe crioso __ property 781
KimoueBoe cioBo __sealed 782
KioueBoe cioBo __try cast 782
KitoueBoe ciioBo __typeof 782
Kimoyesoe cioBo __value 782
PacuivpeHue IMpeKTHB Mperpoleccopa 782
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006 aBTOpE

I'cpbept Lnnnr — aBTOp Hanbosee nonyiasipHbBIX KHUT 10 NporpaMmupoBanuio. OH
SIBJISICTCS MPU3HAHHBIM crieduaincToMm no siskikam C, C++, Java u C#, a Takxke 1o
nporpaMMupoBaHiio B cpefe Windows. KHury, HamucanHHble lunaroM, nepeseneHb
Ha BCe OCHOBHLIE fI3bIKM MUpa. OOLUMIT 06beM #X Mpoaax rpeBuliacT 3 MUUIMOHA 3K-
3eMIUiipoB. OH siBJIsieTcsl aBTOPOM MHOTOMMCIIEHHBIX OCCTCeUIepoB, B YacTHOCTH:
C++: The Complete Reference, C#: The Complete Reference, Java 2: The Complete
Reference, C: The Complete Reference, C++ from the Ground Up, C++: A Beginner's Guide,
C#: A Beginner’s Guide v Java 2: A Beginner’s Guide. ULlnnat nony4umn 3BaHMC MarMcrpa
Mo KOMIBIOTEpHBIM HaykaM B YHuBepcutetTe wtata MiumHoiic (University of Illinois).
Ero KOHCYNETALMIO MOXHO MOJYYUTB MO TenedoHy oduca: (217) 586-4683.



BeeaeHue

Azpnik C++ oka3biBaeT OrpoMHOE BJIUsSIHME HAa BCe OBGJNACTH COBPCMEHHOIO MporpaMMHu-
poBaHusi. Ero cuntakcyc, cTuiib M OCHOBHEIE TPUHLIMIIBI CTAIM CTAHAAPTOM TpU pa3paboT-
K€ HOBHIX s3IKOB. Biaromapsi cBoeil yHMBEpCaJIbHOCTH OH BCe Halle MCIONb3YeTCs I1pH
OMNMCaHNM aJTOPUTMOB M TEXHOJIOTMI MporpaMMUpoBaHus. JONroBpeMEHHBIHM yereX si3blKa
C++ onpenenun OCHOBHHIE TEHACHLMM pa3BUTHsl KOMIIBIOTEPHBIX si3bIKOB. Harnpumep,
A3bKK Java 1 C# sIBISIIOTCS ero HeloCpelCTBeHHBMM HachaenHrnkamy. CKaxeM MpsiMo, He-
BO3MOXHO CTaTb MNpOQEeCCHOHAIBHEIM TNPOrpaMMHUCTOM, He OBNajgeB s3blkoM Ct+. D10
€AM1ICTBCHHBII A3BIK, ITHOPUPOBATh KOTOPHII 1pOrpaMMKCT He MMeEET Tpaea.

Tlepen BamMu nepeBof 4YeTBeproro uspanus kHurn C++: The Complete Reference. 3nech
noapobHO onMcanbl M MPOWUNIOCTPUPOBaHL BCe KJIOYEBHIE CJIOBA, (DYHKIIMM, KJacCH
Y cBoicTBa si3bika C++. TouHee roBopsi, B KliMre paccMarpuBaeTcsl BapuaHT s3bika C++ nop
HasBalieM Standard C++. IMeHHO 3Ta BepCHUsl COOTBETCTBYET MEXIYHAPOAHOMY CTaHIapTy
ANSI/ISO u nogcpx#BaeTcsi BCCMM OCHOBHHIMM KOMIWJISTOpamM, BkJodas Visual C++
koMriaHuu Microsoft 1 C++ Builder koMnanum Borland. TakuM obpa3soM, nHdopManmio, 13-
JIOXKEHHYIO B KHUIe, MOXHO HCIOJB30BATh BO BCEX COBPEMEHHBIX cpeiax MporpaMMHpOBaHMsL.

3a Bpems, Mpouieailee NOCAE BEIXOAA B CBET MPEALIIYILETO U3TaHUsl KHUTH, s13blK C++ He
rnperepriesl HUKakuxX u3MeHeHuil. B To e BpeMst paaMKaibHO M3MEHWIACh CaMma cpena Ipo-
rpaMMupoBaHusl. HanpuMep, nosiBUAcs HOBRIA CTaHmapt sizsika C, MOMYYMBUIMH Ha3BaHHE
C99, a3pk Java 3axBaTUil rOCNOACTBYIOLLEE MOJIOXEHKE B 0o6nacTH Web-nporpaMMupoBaHusl,
npuodpetaeT Bce Oonbluyio MONyAsipHOCTL cpema mnporpaMmupoBanuss NET Framework.
B notoke Bcex M3MEHEHUI, MPOMCLIEALIMX 3a MOCcNeIHUE TOAbl, OCTANOCH HE3LIOIeMbIM JIMLUB
OIHO — Mollb s3biKa C++. Ero npeMMyiuecTBo Hajg APyrUMHM si3blKaMK B 061acTy pa3paboTKu
BbICOKO3((PpeKTMBHOIO MPOrpaMMHOI0 obecriedeHHs Mo-TpeXHeMy OeCCropHO.

U3meHeHus, BHECEHHbIE B 4eTBepToe n3paHue

O6uias cTpyKTypa CripaBOMHMKA ocTanack MNpexHeil. Eciv Bel UMTaIM TpeThe M3[aHue,
TO CMOXETE JIETKO OPUEHTHPOBATLCA M B 4YeTBepTOM. DBOJIBUIMHCTBO M3MEHEHMI KacaeTcs
CTWISI M3JIOXKEHHsI: B HEKOTOPHIX Clyyasix 100aBjieHbl HOBbIE MOAPOOHOCTH, B IPYTHUX MECTax
HHaue packpbita TeMa. KpoMe TOro, Mel CTpeMWIMCh yYeCTb M3MEHEHMs], Kacalollnecsi co-
BpeMeHHO#l cpellbi MporpaMMHpoBaHus. B KHury takke no6aBieHO HECKOJILKO HOBHIX pa3-
IenoB, Hampumep, B MepBOil YacTH WUIIOCTPUPYETCA B3auMOCBs3b MEXAy sizbikom C++
M HOBEIM CTaHaapToM si3bika C, nonyyusiiuM HassaHue C99.

KHura comepXur IBa HOBHIX NpUIOXKEHHs. B mepBoM OrucaHbl pacUIMPEHHHE KIIOYEBHIE
cJloBa, MPEANnoXeHHBle KoMrnaHve Microsoft 1nsi co3nanus yriparisieMoro Kofia Mo TeXHoio-
ruv .NET Framcwork. Bropoe rpunoxeHde oTpaxaer JIMYHBIE BKYChI aBTOpa M TMOCBSILLIEHO
poboTaM, KOTOphie oAroe Bpemst ObUIH ero Xo0bu. HaneeMcsi, uTo y yMTaresieil BbI30OBET MH-
TepeCc pa3paboTaHHbIl aBTOPOM 3KCIlepMMeHTaNbHBIN poboT. Pasymeetcs, Oonbuias yactb
MpOFPaMMHOrO 0becriedeHHs], ynpaBasiolero 3tiM poboToM, HarMcaHa Ha si3bike C++!

B 3akiioyeHHC OTMETHM, YTO BCE MpPOrpaMMbl OBIH 3aHOBO TepenpoBepPeHBl Ha COBpe-
MEHHBIX KOMNUWISITOpax, BKIoyas koMmuisitopbl Visual Studio .NET komnanumn Microsoft
n C++ Builder komnanuu Borland.

CopepxaHne KHAru

B kHure mogpobHO OCBelLElbl BCe acmeKTri si3blka C++, BKJIOYasi ef0 OCHOBY — S3bIK
C. CnpaBoMHUK COCTOUT M3 NITH YACTEH.

e TMommHoxectBo C — ocHoBa s3bika C++.
e S3pik C++,
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* bubnuoteka craHOapTHBIX (YHKLMH.
 bubnuoteka ctaHOapTHBIX KJAaCCOB.
e Tlpunoxcuwms, HanucalHele Ha s3bike C++.

[MepBas qacte comepxut NogpobHoe 0OCcyxaeHHe A3bKa C, KOTOPBIi IMPEACTaBIsAET CO-
60i1 noamHoxecTBo sA3bika C++. Kak u3BecTHO, a3bik C — 3TO (PyHIAMEHT, Ha KOTOPOM
noctpoeH s3uk C++. UMenuno u3 s3mika C no3aMMCTBOBaHEI OCHOBHEIE KOHCTPYKLIMH
si3etka C++, nanpuMep, uMKib for W onepatop if. Kpome toro, si3uik C orpencnun oc-
HOBHBIE CBOMCTBA OJIOYHBIX CTPYKTYp, ykasateNied M ¢yHkuuit B sfiseike C++. TMockoneky
MHOIME YHTaTesllM YXKe XOpollo 3HAaKOMBI ¢ si3bikoM C, obcyxneHue ero ocobGeHHOCTel
B CAMOM Hayajie KHUTH TO3BOJIMT OMNBITHBIM MPOrpaMMHCTaM M36exXaTh MOBTOPEHUS TpOii-
JIEHHOTO M TepciTH HerocpeACTBEHHO K TeMaM, TMOCBsALLIEHHHM cOBCTBEHHO si3biKy C++.

Bo BTOpOI1 YacTH cripaBoYHMKa OOCYXKAEHME BHIXOIMT 34 paMkM sisbika C M TMOCBsILLaeT-
¢ ocobeHHocTsM s3bika C++. 3neck paccMaTpuBaloTesl ero 06beKTHO-OpHEHTHPOBAHHEIE
CBOMCTBa, HarpvMep, Kiacchl, KOHCTPYKTOpHI, HECTpYKTOpBI, MeXaHM3M JAMHaMH4ecKoii
npentndukaunm tMna (Run-Time Type ldentification — RTTI) u wabnoHel. TakuMm obpa-
30M, B yacTH Il onvcanu Te KOHCTPYKLIMH, KOTOpHIE ONPEAe/ISIOT CYILHOCTE si3bika C++.

TpeTssl YacTb MOCBsiILiEHA CTaHAAPTHOI OubnmoTteke QyHKLMI, a YeTBepras —KJIaccoB,
BKJIIOYas ctaHiapTHylo 6ubnuoteky wabnoHoB STL (Standard Template Library). B nsitoit
YacTHU MPUBEICHB [1BA MPAKTUYECKHX MPHIOXKEHUs, CO3JaHHBIX C TMOMOILLBIO f3bika C++
1 00BbEKTHO-OPHEHTHPOBAHHOTO NMPOrpaMMHPOBaHUSI.

PexomeHpyemas nuteparypa

TNonHuit cripaBoyHk 1o C++ OTKpBIBAaeT Mepell YUTATENIMM MHDP HMHTepecHeHLIMX
KHHT TIO MporpaMMHpoBaHHio, HanucaHHuX [epbeprom Lwintom (Herbert Schildt).

Jns naneHeitiero u3yvyeHus sisbika C++ obparvte BHUMaHHE Ha CledyIOLIME U3JaHUsl.

C++: A Beginner's Guide

C++ from the Ground Up

Teach Yourself C++

STL Programming from the Ground Up

C++ Programmer's Reference

Jlnst ocBoeHMs A3bIKa Java Mbl peKOMEHIyeM Takue KHUMH.

Java 2: A Beginners Guide

Java 2: The Complete Reference

Java 2: Programmer’s Reference

O a3wike C# TI'epbept Iunar Hanucan ciaenyiomue CpaBoYHUKH.

C#: A Beginner’s Guide
C#: The Complete Reference
Ipu mn3yyenuu rporpammupoBaHus B cpeae Windows BaM 1OMOTYT TaKMe KHUIH.

Windows 98 Programming from the Ground Up
Windows 2000 Programming from the Ground Up
MFC Programming from the Ground Up

The Windows Programming Annotated Archives

Ecnu BBl 3aX0THTE OCBOMTH S13LIK C, Jiexalyii B OCHOBE BCETO COBPEMEHHOIO Iporpam-
MHWpOBAaHWA, obs3aTeNILHO MPOYTUTE CJICAYIOUINE U31aHUs.

C: The Complete Reference
Teach Yourself C

Ecau Bam HyxeH ObICTpbIi U NPABHILHBIH OTBET HA BaLl BOIPOC, 00paTHTECH
K lepbepry 1lInnary, NpHIHAHHOMY aBTOPUTETY B 00/1aCTH NpOIPAMMHPOBAHMSI.
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OcHoBebl A3bika G+
noamHoxectso C
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Onucanuve s3pika C-++ B KHUre pa3fesieHO Ha JBe 4acTH.
B yactu I o6cyxnaioTcsa cBoiicTBa s13p1ka C, yHAcCIeIOBaHHbIE
si3elkoM C++. O6GBIYHO MX Ha3LIBAOT IoaMHoxecTBoM C
sa3pika C++. B vactu Il paccmaTpuBaloTest crienupuyecKue
ocobeHHOCTU s3blKa C++. B COBOKYITHOCTH 3THU ABE 4acTu
COIEPKAT IOJIHOE onycaHue si3pika C++.



€POATHO, YUTATEJIIM YXKE M3BECTHO, HTO sA3uK C++ co3gaH Ha ocHoBe s3biKa C. Mak-
THYecku 3k C++ BKTouaeT B cedsi Bech s3bIk C, M BCe NMporpaMMBl (32 HEKOTOPBIM
MCKJTIOYEHHeM), HalMcaHHblE Ha 513blke C, MOXHO CYMTATh NporpaMMaMu Ha sisetke C++.
B npouecce paspaborku sispika C++ B kayecTBe oTrpaBHoi Touku OwT BelOpaH si3blk C. 3a-
TeM K HeMy ObUIM 10o0OaBlieHbl HOBbIE CBOWMCTBA M BO3MOXHOCTH, pa3paboTaHHbIe JUIsl MOA-
JEPKKU OOBEKTHO-OPHEHTHPOBAHHOIO MporpaMmupoBanus. OnHako ot s3sika C rpy 31oM
He oTKasalMch, M crangapt 1989 ropma ANSI/ISO C Standard ctan 6asosvim Ookymenmom
MpyU CO3DaHUM MeXIyHapOLHOro cramgaprta siseika C++ (International Standard). Takum
o6pa3oM, ocBauBas A3uik C++, MpOrpaMMUCTE OMHOBpPEMEHHO OBJIaneBaloT si3bikoM C.
Paznenenue coiictB sisbika C M crieMduYeckux ocobeHHocTel sizeika C++ rno3sosser
JOCTUYB TPEX OCHOBHHIX LiENEH.

B YeTKO NpoOBeCTH pasiesMTENbHYIO JIMHUIO MexXay si3bikaMu C 1 C++.

® [lpenoctaButh YMTATENsIM, BIAJCIOIIMM s13blkoM C, BO3MOXHOCTB JIETKO YCBOWMTH
MHGopMaLMIo 06 0COOEHHOCTX sidbika C++.

B Boigeauts v noapobHo onucath CBoOiCTBa si3bika C++, yHacneosaHHbIE OT A3bika C.

OuyeHp BaXHO TOYHO MPOBECTU JIMHHUIO, oTaesstouyio A3blk C ot sizpika C++, Nockosb-
KY OHM OY€Hb 1UMPOKO paclpoCTpaHeHbl, U OT MporpaMMycTa MHorAa TpeOyeTcs MnoaepxKa
fMporpaMM, HamMcaHHbIX Ha obowux s3bikax. Ecnu BB nuiere rnporpaMMy Ha sswike C,
HYXXHO 4€TKO TNOHMMath, [l 3akaHuyMBaeTcsl fA3blKk C M HauuHaeTcs s3bIk C++. MHorue
MporpaMMHMCTHI, pabotaollive Ha f3blke C++, MHOrIA MUUYT NporpaMMbl Ha si3bike C M He
MCHONB3YIOT cneuuduueckue cpBoiictBa s3bika C++. B ocobeHHOCTHM 3TO OTHOCUTCS
K MpOorpaMMHMpOBaHUIO BCTPOEHHBIX CUCTEM M TMOUEPXKE CYIIECTBYIOIIMX TPHIOXEHUI.
TakuM o6pa3oM, MOHMMAHUE PA3NTMUUI MeXIy 3THUMM $S3bIKaMM SIBISETCS HeOOXOZMMbBIM
yCIOBHEM NpotheCCHOHANBHOTO NporpaMMupoBanus Ha C++.

ITonHoe u cBoGongHoe BhageHMe s3bIKOM C abcoMIOTHO HEeOOXOMMMO JUIA TepeBona Mpo-
rpamM Ha si3pik C++. UToOBI cAenate 3TO Ha BHICOKOM YPOBHe, HeOOXONMMO XOpouIO 3HaTb
a3plk C. Hanpumep, 6e3 sicHOro MOHMMAaHUS MeXaHM3MOB BBOIA-BHIBOJA, MPEIYCMOTPEHHBIX
B sa3bike C, HEBO3MOXHO TpaHCGHOPMMPOBATL MpOrpaMMy, OCYLIeCTBISIOILYI0 MHTCHCHBHBIN
06MeH NaHHBIMU C BHEUIHUMM YCTPOMCTBAMHM, B 3xPeKTUBHYIO NporpaMMy Ha siabike C++.

MHoruve yuTaresim yxe BnajetoT s13plkoM C. Beiencreue 310ro BhUie/leHUE TeM, CBSI3aH-
HBIX ¢ si3pikoM C, MO3BOJISIET ONBITHBIM MporpaMMKUCTaM M30eXaTh TNOBTOpEeHUs MpoiIeH-
HOTO M MepeiTH HEMNOCPeACTBEHHO K M3YyYEHMIO ocobeHHocTeit sizbika C++. PasyMeertcs,
B yacT | nopyepkuBaioresl Maneiuive ominuus sisbika C++ ot sizbika C. Kpome Toro, or-
IeneHue nogMHoxectBa C OT OCTalbHBIX CBOMCTB f3blka C++ MO3BONAET B JalbHEHILIEM
COCPENOTOYUTECS] Ha €r0 OOBEKTHO-OPUEHTUPOBAHHBIX OCODEHHOCTSIX,

Hecmotps Ha 1o uto s13bIk C++ MOJMHOCTBIO copepXUT 513K C, KaK MpaBuio, He BCE CBOI-
cTBa sA3blka C UCMONB3YIOTCs B MporpaMMax, HanmcanHeix “B ctwie C++”. Hanpumep, cucrema
BBOZa-BbIBOIA, MpPemycMOTpeHHas! B si3bike C, Mo-npexHeMy IOCTYyNHA B si3blke C++, x0T B
C++ cylLIecTBYIOT CBOM OOBECKTHO-OPHEHTUPOBAaHHbIE MEXaHU3MEI BBOAA-BbIBOAA MaHHbIX. Euje
OMHUM TIPUMEPOM TAKOr0 aHAXPOHU3Ma sIBAseTCsl NMpenpoueccop. OH MrpaeT Ype3BHIYaitHO BaX-
Hy1o poib B s3blke C M oYeHb CKPOMHYI0O — B si3blke C++. OBcyxacHHe CBOIMCTB, MPHUCYLIMX
“cTimo si3pika C”, B NepBOil YaCTU KHUTH TIO3BOJISIET M30€XaTh MyTAHMLbI B OCTAIBLHBIX [J1aBax.

3anoMuuTe: nogMHoxectBo C, onmMcaHHoe B yactu I, sBngercss sigpoM fi3mika C++
M QYHIAMEHTOM, Ha KOTOPOM BO3JBUTHYTBl €ro OOhLeKTHO-OPUEHTUPOBAHHBIE KOHCTPYK-
umu. Bce cBoiicTBa, OmnmMcaHHble 31eCh, fABMSIIOTCS HEOTbeMJIeMO# yYacTeio si3bika C++
M MOI'yT OBITH MCIOJIBL30OBAHEI B BallIMX MPOTrpaMMax.

H Yacme | codepxum mamepuansi u3s moet krueu C: The Complete Reference (McGrawHill-
4 3AMETRY §  Ospome) (Pycekuti nepesod: I'. LLiundm. [Nonbii crpagoyHUK no Asbiky C. — M.: U3d.

Oom ‘Bunbamc”, 2001. — [pum. ped.). Ecnu a3bix C uHmepecyem 6ac Kak caMocmosmert-
Hbi{l A3bIK NPOZPaMMUPOSaHUS, 3Ma KHi2a OKaxemcs 0718 8aC USHHBIM MOMOUWHUKOM.
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qTO6bI NMoHATH A3bIK C+-+, HEOOXOAMMO MOHSATbL MOTUBLI €70 CO3JAHHSA, UIEH, MOJNOXEH-
HblE B €TO OCHOBY, K CBOMCTBa, KOTOPLIE OH YHACJIEAOBAT OT CBOMX NPEALIECTBEHHHKOB.
Takum obpazom. ucropusa sispbika C++ HaunHaetcs ¢ s3blka C. B rnmase npexacrasicH o630p
si3bika C, a TakKe OrnMcaHa MCTOPHUA €ro BO3HHKHOBEHMS, CrOCOObl MPUMEHEHHs] U OCHOB-
Hble npuHUKNLbL. ITockonbky s3blk C++ coznaH Ha ocHOBe sA3biKa C, 3Ty IJiaBy MOXHO CUM-
TaTb OMKHCAHUCM MpEAbICTOPHH si3bika C++. MHoroe u3 Toro, yro caenano sA3plk C++ Ta-
KHM MOMNyJsIPHBIM, YXOIUT KOpHsSIMHK B s3bIK C.

| MpouncxoxaeHune n uctopus a3bika C

S3bik C ObLn1 M300peTeH K BriepBblie peanu3opaH JenHHucom Putuy (Dennis Ritchie) na
komnsiotepe DEC PDP—11 noa ynpaenennem onepaumnonHoit cucremsl UNIX. Azsik C nos-
BWJICA B pe3yibTate pa3BUTUSA sA3blKa noi HassanneMm BCPL. B cBoio oyepesb, 3TOT s3bIK
6bu1 paspaboradn MapruHoM Puyapacom (Martin Richards) nox BausiiMeM Opyroro s3bika,
nMmeBwero HasBanue B, aBtopoM kotoporo 6su1 Ken Tomncon (Ken Tompson). Mrak,
B 1970-x rogax passutHe s3blka B npuBesno K nospicHuio A3bika C.

MHorue roasl (akTUUeCKMM craHaaptoM sisblka C Oblia Bepcusl il onepalyoHHOH
cucremsl UNIX. Briepsrie oHa Oputa onMcana B kHure Bpaitana Kepuurana (Brian Kerni-
gan) u Heunuca Putun The C Programming Language B 1978 romy. (Pycckuit nepepon: Kep-
nurad B., Putum J1. SI3bIK nporpammyupoBanust C. — CII6: Hesckuit amanext, 2001, — Jlpum.
ped.). Jletom 1983 roga Obi1 co3gaH KoMUTET AMePMKAHCKOTO WHCTUTYTa HalMOHaTbHBIX
craHaaproB (American National Standards Institute — ANSI), uenbio KoToporo 6bLia paspa-
GoTka craHaapta s13bika C. Pabora KoMUTETa HEOXHIAGHHO PACTSIHYJIACh Ha LUECTb JIET.

B urore ctanmapr ANSI C 6but onobpeH B aekabpe 1989 roma M cran pacmpocTpaHsThCs
B Hayaste 1990-ro. Brot ctanaapt 6ouL1 Takcke onobpeH OpraHuzaLmeil MEeXIYHapOAHbIX CTaHIap-
ToB (International Standards Organization — ISQO), nonyunB Hassanune ANSI/ISO Standard C.
B 1995 romy Gbuia opobpeHa Ilepsasi nonpaeka, KoTopas MOMHMO BCErO IMPOYEro Jo0aBmIa He-
CKOJIbKO HOBbIX OHOnnoreuHeix ¢ynkumit. B 1989 romy cranmapt sizbika C Bmecte ¢ Ilepsoil no-
NpaBKoit CTanu 6aszoebim GokymeHmom JU1s1 CTaHaapta sisbika C++, B KOTOpOM OBUIO BBUIEJICHO NOO-
muoxcecmeo C. Bepcuio sizpika C, onpeaesieHHy1o craHaaptom 1989 roma, o6biyHo HasbiBatoT C&9.

ITocne 1989 ropa B LieHTpPE BHMMaHMs MPOrpaMMMCTOB okasaicsl s3blk C++. PasButHe
3TOro sA3blka Ha MNpoTsXEeHMM 1990-x ronoe 3aeeplMnOch OAOOPEHMEM CTaHOApTa B KOHLIE
1998 ropa. Mexay TeM pabota Hal s3bIKOM C MpPOAOIKATACH, HE BbI3bIBAs M3JUIIHETO LUYMa.
B urore B 1999 roay nosBuics HOBbIM ctaHmapt si3bika C, KoTopblit 06bIMHO HasbiBaoT C99.
B uenom crangapt C99 coxpaHunt npakTHyeckd Bce cBoiictBa craHaapra C89, He M3MCHUB
OCHOBHBIX ACMEKTOB fA3bIKa. TakuUM obpazoM, s3Ik C, onucaHHbI cTaHgapToM C99, npakTh-
YECKHM COBManacT C s3bIKOM, COOTBETCTBYIOLUMM craHmapty C89. KomureT mo paspaboTke
crangapra C99 cocpeoTouwIcs Ha ABYX BOIMPOCAX: BKIIOYCHHH B SI3BIK HECKOJIBKMX MaTeMa-
THYECKUX GMOJIMOTEK M Pa3BUTHMH HCKOTOPLIX crnenryYecKUX M BECbMa CIOXHEBIX CBOFWCTB,
HArpuMep, MacCUBOB MEPEMEHHOI [UIMHBI M KBanmudHUKaATOpa ykasartesieil restrict. B craH-
Jnapt C99 BOLWIM TaKXKE HEKOTOPHIE CBOMCTBA, M03aMMCTBOBaHHbIC M3 s3bika C+-+, HanpuMep,
olHocTpoyHble kKoMmeHTaphH. [MockonbKy paspaborka ctaHmaprta sizplka C-++ 3aBepiLIWIIach
Io cosnaHus cranaapta C99, Hyu onHO U3 HoBLIeCTB si3bika C He BOHUIO B cTaHmapt C++.

CpaBHeHue ctaHpapTtos C89 n C99

HecMoTpsi Ha To 4YTO BCE HOBLUECTBA, BHECCHHbIE B ctaHaapt C99, BecbMa BaXHbI
C TEOPETHMYECKON TOYKM 3PEHUSI, OHU HMEIM Malio NPakKTUYECKHMX MOCAEACTBUH, TakK
KaK IO CHX MOpP HET HH OJHOIO HIMPOKO pacrnpoOCTPaHEHHOro KOMITMUIATOpa, KOTOPHIi

30 Yactb I. OcHoBb! fi3bika C++: nogmHoXecTBo C



nomaepxusan 6ul ctaHpapt C99. BonblIMHCTBO MpOrpaMMMCTOB IO CHUX MOP CYUTAIOT
a3pikoM C ero BapuaHT, onpeacieHHbli cranaaprom C89. MMellHo ero peajin3yloT BCe
ocHoBHbIE KoMnuistopel. bonee Toro, nommHoxectso C si3bika C++ onucbiBaeTcs
uMeHHo ctaHaaproM C89. Xots HekoTopsle HOBLIECTBa, BKIOYeHHbIE B ctanmapt C99,
B KOHLE KOHLOB 00513aTe/ibHO OYAYT YYTEHHI CACAYIOUIMM cTaHIapToM s3bika C++, no-
Ka OHHU HECOBMECTHMBEI C si3bIkoM C++.

IMockonsky noamMHoxectBo C sa3bika C++ cootBetcTByeT cTaHaapty C89, M 3Ty Bepchio
M3yyaroT OONMbHIMHCTBO MPOrpaMMMCTOB, HMEHHO €€ MBI pacCMOTpHUM B yactH 1. Utak, nc-
nons3ys HazpaHue C, Mbl OyIeM MMETh B BHAY BEPCHIO S13bIKa, OMPEIEICHHYIO CTaHAAPTOM
C89. Omnako mMu Oynem oTMeyath BaKHbIE pasnuums Mexay Bepcusimu C89 u C99, no-
CKOJIbKY 3TO YIYYILUHUT COBMECTUMOCTD s13bIkOB C n C++,

_ C — s3bIK CpegHero ypoBHs

A3k C yacto Ha3bIBAIOT A3bIKOM CPeOHez0 YPOSHA. DTO HE 03HAYyaceT, YTo OH McHee 3¢-
¢ekTHBeH, Oonee HeyaoOeH B MCMOMB30BaHUM MIIM MEHEE MPOLyMaH, YeM S3bIKH BBICOKOTIO
ypoBHs1, Takue Kak Basic win Pascal. Otciona taxke He cneiyer, YTO OH 3anyTaH, KakK si3blK
acceMbyiepa (M MOpoXnacT cBA3aHHBIE € 3TUM NpobJieMBl). DTO BHIPAXEHHE O3HAYAET JIMiLb,
yto sA3blKk C oOBeaMHACT JIyYLIME CBOWCTBA SI3bIKOB BHICOKOIO YDOBHS, BO3MOXHOCTH
ynpae/jicHHsl U rHOKocTh sA3blka accembnepa. B taGiu. 1.1 nmokasaHo mecro s3bika C cpean
JIpyrvx si3bIKOB MPOrPaMMHPOBAHMSI.

Tabnuua 1.1. Mecto a3bixa C cpen OCTaNbHBIX S3bIKOB NPOrPaMMUPOBaHUS

Bbicumia yposerb Ada
Modula-2
Pascal
COBOL
FORTRAN
BASIC
CpefHuii YpOBEHb Java
C#
C++
C
Forth
Huawwi ypoeeHb Macro-assembler
Assembler

Bynyyu si3plKoM cpenHero YpopHs, s3blK C Mo3BONACT OCYLIECTBAATL MaHUMYIALMK
¢ 6utamu, OaiiTaMy M agpecaMM — OCHOBHBIMH 3JIEMEHTaMH, C KOTOpPbIMH paboTalor
¢YyHKLUMK onepalMoHHO# cucTeMbl. HecMoTpss Ha 31O, nporpaMMebl, HamWCaHHbIE Ha
s36IK€ C, MOXHO BBIMNOJIHATL Ha PasHbIX KOMIMBIOTEpPAX. OTO CBOHCTBO MpOrpamMM Ha-
3bIBaCTCA MawuHoHe3asucumocmuro (portability). Hanpumep, ecnu nporpammy, Hanu-
caHHylo s onepaunoHHoit cucteMbl UNIX, MoxHo nerko npeobpasoBath, ytobbl oHa
pabotana Ha muatdopme Windows, To roBopAT, YTO TaKasi MporpamMMa sIBJISIETCHS Mawu-
HoHe3asucumou (portable).

Bce s13bIKM BBICOKOTO YPOBHSI HUCTONbB3YIOT KOHLEMLIMIO TUIOB H@HHBIX. Tun OanHbix
(data type) ompenesisier MHOXECTBO 3HAYCHMIl, KOTODHIC MOXCT NMPMHUMAarh MEpcMeHHas,
a TaKXKe MHOXECTBO OMNEpPaLMil, KOTOpble Hal HEH MOXHO BbIMOJHATE. K OCHOBHBIM THMaMm
JaHHBIX OTHOCATCS LIEJIOE YHCIIO, CUMBON M AEHCTBUTEBHOE yucao. HecMoTpst Ha To yto
B s3pike C CYLIECTBYET NATH BCTPOEHHBIX TUMOB AAHHBIX, OH HE SIBJISIETCA CTPOTO TUMU3M-
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POBaHHBIM S3bIKOM, KaK s3blki Pascal u Ada. B sispike C pa3perieHbl NMpakTHYeCKH BCE
npeobpa3opanus TUNoB. HanprMep, B 0OZHOM M TOM K€ BbHIPaXCHUH MOXHO CBODONHO MC-
MoJib30BaTh NEPEMEHHBIE CUMBOJIBHOTO M LIEJIOYHCACHHOTO THIIOB.

B omMyKe oT A3bIKOB BHICOKOIO YPOBHsI, s13blK C MpaKTUYECKH 11€ MPOBEPSIET OLIMOKH,
BO3HMKAIOLLME Ha 3Tane BLHIMOJHEHHKS nporpamMm. Hanpumep, He oCyLIECTBIAETCS NMPOBEPKa
BO3MOXHOIO BBHIXOfA@ WHICKCAa MacCHBa 3a Npecibl JonycTumoro ananasosa. Ilpenotepa-
wieHHUE oLIMOOK TAaKOro pofla BO3JaraeTcsl Ha MporpaMMMCTa.

Kpome T1oro, sa3pik C He TpeOyeT CTporoil coOBMECTHMOCTH THIOB MapamMeTpoB W apry-
MeHTOB ¢yHKLMit. Kak M3BECTHO, A3BIKM BBLICOKOIO YPOBHS OOBIYHO TpEOyioT, YTOOb! THI
apryMeHTa TOYHO COBMajal C THMOM COOTBETCTBYIOLIEro NapaMerpa. OnHako B sA3bike C Ta-
Koro ycnoBusi HeT. OH MO3BOASET UCMOJB30BaTh apryMCcHT Ji0OOro TMMa, €clu ero MOXHO
pasyMHbIM ofpa3oM npeoOpa3oBaTe B TN napaMerpa. Kpome Toro, sa3bik C npefycMaTpu-
BaeT CPEACTBa TSI aBTOMaTHYeCKoro npeobpa3oBaHyus THIOB.

OcobeHHocTh fA3blka C 3aKJII0YAETCSA B TOM, YTO OH MO3BOJISET HEMOCPEACTBEHHO Ma-
HUMyIKHpoBaTh OUTaMK, OailTaMK, MAalUMHHBIMU CJIOBAMM U YKa3aTeJIsIMU. DTO HEJAET €ro
OYeHb YROOHBIM U1l CUCTEMHOIO NPOrpaMMUPOBaHMsl, B KOTOPOM 3TH OMEPALIMU LIMPOKO
pPacnpoCTPaHEHBLI.

Jpyroit BaxHbIil acreKT A3bIKa COCTOMT B TOM, YTO B HEM MPCAYCMOTPEHO OYEHb HE-
6oJbLIOE KOJMYECTBO KIIIOYEBLIX CJIOB, KOTOPbIE MOXHO MCIOJb30BaTh IS KOHCTPYHpPOBa-
HUA BhipakeHUil. Hanpumep, crangapt C89 comepxut nuiib 32 KIIOYEBBIX C/OBa, a CTaH-
napt C99 nobaBun K HUM Beero 5 ciioB. HeKoTophie A3bIKM MPOrpaMMHPOBaHHs CONEPXaT
B HECKOJIbKO pa3 Oojblle KIYeBbIX CNoB. CKaXeM, CaMble pacnpocTpaHeHHbIC BEPCHM
s3bika BASIC npeaycmarpusatot 6onee 100 Takyx cios!

L] C — CTPYKTYPUPOBaHHLIN A3bIK

Bo3MOXHO, Bbl yXe CHblIaTM  CIOBOCOMETAHME OnouHO-cmpykmypuposannbii  (block-
structured) No OTHOLUEHMIO K SI3bIKY MPOTrPaMMUPOBAHMA. XOTS 3TOT TEPMHH HENMb3s1 HAMPAMYIO
NPUMEHSITh K A3bIKY C, ero oOblYHO TOXE Ha3bIBAOT cmpykmypuposanisiM. OH MMEET MHOTO
obL1Iero ¢ APYTUMM CTPYKTYPUPOBAaHHBIMH sI3bIKaMM, TakuMK Kak ALGOL, Pascal 1 Modula-2.

H Assik C (kak u C++) He cyumaemca 6roYHO-CIMPYKMYpPUPOBaHHBIM, NMOCKONLKY He ro-
4 3aMETKY §  sq0nrem obuAsnams 0dHy (yHKUUL eHympu Opy2ux.

OtnnunTeibHO 0CODEHHOCTBIO CTPYKTYPHUPOBAHHBIX SI3LIKOB SBJIAETCA 060cobneHue Kona
M IaHHbIX (compartmentalization). OHo Mo3BojisieT BHIACJATH M CKPBLIBATH OT OCTAIBHOI
4yacTH NporpamMmsbl JaHHbIE U MHCTPYKLUMH, HEOOXoauMble IS peLlEHUs KOHKPETHOM 3ana-
Y. JTOro MOXHO JOCTHYb C MOMOUIBIO NOANporpamMM (subroutines), B KOTOPbIX HCIOJb3Y-
IOTCSl JIOKaTbHbIE (BpeMEHHBIC) nepeMeHHble. Mcnonb3ys noKalbHble NEpeMeHHbIC, MOXHO
CO3/1aBaTh MOAMpPOrpaMMbl, He Nnopoxiaaroline nobouHeX 3(hdeKToB B APYTHX MOyNsX. DTo
obnieryaeT KoopanHaLUIo MoayJsieit Mexay coboit. Eciu nporpamma pasfencHa Ha 060cob-
JIEHHbIE (DYHKLMH, HYKHO JIMLIb 3HaTh, YTO ACNAET Ta MM MHasA PYyHKLMS, HE WHTEPECYSCh,
KaK MMEHHO OHa BBIMOJHACT CBOIO 3anayy. IloMHuTe, YTO Ype3MEpHOE KCMOJIb30BaHUE LIIO-
GanbHBIX NEpeMeHHBIX (KOTOphIE AOCTYNHBI B JIIOOOM MECTE MporpaMMbl) MOBBILIAET BEPO-
SITHOCTh OLIMOOK M HexenatelabHbiX NobouyHsix 3dgdekrop. (Kaxaslit nporpaMmuct, pabo-
TaBILKiT Ha a3bike BASIC, Xopolio 3HaeT 3Ty npobnemy.)

Konyenuyus obocobneHus wupoko npuMeHsiemcs e a3vike C++. B yacmHocmu, Kax-
. Ha 3aMeTKyY | dan vacme npozpaMMbl, HANUCAHHOU Ha 3MOM A3bIKE, MOXEm YemKo yrpaensamb
k docmynom K Hel u3 Opyaux modyned.

CTpyKTypHble SI3bIKM NPenoCTABNSIOT LIMPOKHil creKTp Bo3MoxHocTeit. OHU gonyc-
KaloT MCIOJb30BaHWE BIIOKCHHBIX LMKIOB, HanpuMep while, do-while u for.
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B cTpyKTYypHMpPOBaHHBIX A3bIKax MCMOJb30BaHWE oMnepaTopa goto NUOO 3anpeuieHo, nu-
60 HEXeJaTeabHO M HE BKIIOYyaetcsl B Habop OCHOBHBIX CPEACTB YMPaBICHHUS MOTO-
KOM BBINOJIHEHUS NPOrpaMMsl (Kak 3TO MPUHATO B cTtaHaapte s3sika BASIC u B Tpa-
auunoHHoM s3blke FORTRAN). CrpykrypupoBaHHbBIE S3bIKM MO3BONSIOT pa3Me-
LIATh HECKOJIbKO MHCTPYKUMH NpPOrpaMMbl B ONHOH CTPOKE M HE OrpaHH4yu-
BalOT MporpaMMKCTa XeCTKUMM MNONSAMHU [y BBoAa KoMaHA (KakK 3To AEnajoCh B CTa-
poix Bepcusx A3bika FORTRAN).

PaccMoTpuM HECKOIbKO MPHUMEPOB CTPYKTYPUPOBaHHBIX M HECTPYKTYPMPOBAHHbIX f3bl-
KoB (1abn. 1.2).

Tabnmya 1.2. CTpyKTYpUpOBaHHLIE M HECTPYKTYPUPOBAHHbIE A3bIKW NPOTPaMMUPOBaHUS

HectpyxrypmpoBaHHbie CTpyXTYpHpOBaHHbie
FORTRAN Pascal
BASIC Ada
COBOL Java
C#
C++
C
Modula-2

CTpyKTYpHpPOBaHHbIE S3bIKM CUUTaIOTCs Oojice coBpeMEHHBIMU. B Hactosiliee BpeMsi He-
CTPYKTYPMPOBAHHOCTDL SIBJIAACTCS NPHU3HAKOM YCTApEBILMX A3BIKOB MNPOrpaMMMpOBaHMS,
M JIYLIb HEMHOIME NMPOrpaMMMCTHl BHIOMPAIOT MX ISl CO3JAHMS CEPBE3HBIX MPMIOKCHHIA.

Hoebie eepcuu cmapbix A3biKoe npozpammuposanus (Hanpumep Visual Basic) exnio-
SRRV NAl  yaiom anemenmer cmpykmypupoearocmu. M 8ce Ke 8pOXOeHHbIE HEOOCTAMKU 3Mux

A3biKo8 epad nu B6yOdym 00 KoHYa ucnpassieHsl, NOCKONBKY CIMPYKIMYypUpO8aHHOCE HE
3aknadbleanach 8 UX 0CHOBY C CaMo20 Havana.

OCHOBHBIM CTPYKTYPHbIM 3jieMEHTOM f3bika C siBnsieTcs @ynxyus. UMeHHO PyHKuUMMK
CIYXaT CTPOUTENbHBIMU OJ0KaMM, M3 KOTOpbIX co3pactca mnporpamma. OHHM NO3BOJSIOT
pa30MBaTh MporpaMMy Ha MOJIYJIH, pelIaroline oTacabHble 3a1aun. Co3naB YHKLMNIO, MOX-
HO He GecnokonuThesl 0 MoboYHbIX a(PGEKTax, KOTOPLIC OHa BhI3OBET B OPYTMX YacTsAX Mpo-
rpammbl. CriocoOHOCTh CO3AaBaTh OTAENbHBIE (DYHKLMM Ype3BblyailHa BaXKHA MpH peannsa-
UMK BOJIBIIMX MPOEKTOB, B KOTOPHIX OOMH ¢parMeHT Kola He IHOJKEH B3aMMOAEHCTBOBATh
C JPYTMMH YaCTSAMM MpOrpamMmbl HEMPEACKa3yeMbIM 00pa3oM.

Hpyroit cnocob6 cTtpyktypupoBaHus M o6ocobieHHs MporpaMmbl, HanMCaHHOH Ha
savike C, — Onoku. baok (code block) — 3ro rpynna onepatopoB, JIOTUUECKU CBSI3aHHBIX
Mexay coboil, U paccMaTpMBaeMbIX KakK eauHoe Lenoe. B sa3sike C 60K MOXHO co3faTth
C noMoluIblo GUIypHbIX CKODOK, OrpaHHYMBAIOLIMX MOCAEAOBATCILHOCTh ONepaTopoB. Bot
TUNHUYHBIA npHMep OJioka.

if (x < 10) {
printf ("CmmukoM Mamnmo, nonpobyiTe cHoBa.\n";
scanf ("%d", &x);

IBa onepatopa, pacnofoXEeHHbBIX BHYTPH (GUIYPHBIX CKOOOK, BBIMOJHAIOTCA, €C/IM 3Ha-
yeHHE NepeMEeHHOM x MeHbiue 10. 1K aBa onepatopa BMecTe ¢ (PUIYpHLIMK cKOOKaMK 06-
pasyrot 6yiok. Biiok — 31O jlormueckasi eguHuLa, NMOcKoibKy oba oneparopa obs3aTesbHO
JOMKHB GbITh BHINONMHEHHI. DJIOKM NMO3BOMSIIOT SICHO, 3/ME€raHTHO U 3(MGPEKTUBHO pean3o-
BbIBaTh PasjiuyHble anropMtMbl. bonee Toro, oHM MOMoraioT NporpaMMMCTY Jyylle Bbipa-
3UTh NpUpPONY AITOPUTMA.
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;J C — qa3bIK ang nporpamMmMucToB

Kak HM cTpaHHO, HE BCE SI3bIKM NMPOrpaMMUPOBAHMS MpPEeOHA3ZHAYEHBI ANS MporpaM-
MMCTOB. PaccMOTpHMM KJacCHYECKHE TPHMEPHI fA3LIKOB, OPUEHTHPOBAHHBLIX HE HAa MpPO-
rpammuctoB, —— COBOL 1 BASIC. A3tk COBOL 6b11 pazpabotaH BOBce HE ISl TOro,
41066l 06JIErYUTH YHacTb NMPOrpaMMUCTOB, YIIYYIINTL SICHOCTH KONa W MOBLICUTH €r0 Ha-
IEeXHOCTh, M aXe HE sl TOro, yrobbl YCKOPUThL BhiMOJHeHWe mporpamM. OH 6bin co3-
IlaH, B YaCTHOCTH, AAs TOTo, YToObl JIIOAH, He SIBISIOILHECS NMPOrpaMMHUCTaMK, MOIJIH M-
TaTh U (IO BO3MOXHOCTH) NMOHKUMaTh (XOTS 3TO BPAMA JIM) HANKMCAHHLIE HA HEM TMpOrpam-
Mbl. B cBoio ouepenb, A3bik BASIC Obul paspabotan 1isi Mosib3oBateiicii, KOTOpHIE
pPEMIAIOT Ha KOMITbIOTEPE MPOCTHIE 3aJaYKH.

B npoTtuBonoyoxHOCcTh 3TOMY, 536K C Obl co3maH UIA MPOrpaMMMCTOB. YUMTBIBAT HX
MHTEPECHl ¥ MHOTFOKPATHO MPOBEPSUICA Ha MPAKTHKE, MPEXIE YeM ObUT OKOHYATEIbHO pea-
JIN30BaH. B utore atoT fA3bIK OA€T MPOrpaMMICTaM MMEHHO TO, YEro OHM XENalu: CpaBHH-
TENbHO HEGONbHIOE KOMMYECTBO OrPAHMYEHHMiA, MMHMMYM MpeTeH3UH, GIOYHBIE CTPYKTYDHI,
M30JIMpoBaHHble (PYHKHUMM M KOMMNAKTHbII Habop kaioyeBsix ciioB. f3bik C obnanaet 3¢-
¢dexTHBHOCTBHIO acceMbniepa U CTpYKTypHpoBaHHOCTHIO A3bIkoB ALGOL man Modula-2. Tlo-
3TOMY HEYOUBUTEIbHO, YTO HMeHHO s3blk C M C++ ctanu Hanbonee NonyaspHbBIMK CPERAKN
npodeccHOoHaNbHBIX NMPOrPaMMHCTOB BHICOKOIO YPOBHSI.

Tor ¢akTt, yto sA3bIK C yacTo MCnoib3yloT BMecTo accembriepa, sABASETCS OHHOM M3
OCHOBHBIX MPHUYHUH E€ro NONyjasipHOCTH. f3bIK acceMbiiepa HCMONIbL3YET CHMBOJIBHOEC MpE.-
cTaBjicHHE (PaKTUYECKOro IBOMYHOIO KOA3, KOTOPbIi HEMOCPEACTBEHHO BbIMOJHAETCS
KoMmnbioTepoM. Kaxnasi onepauusi, BbIpaXEHHasi Ha f3blKe acceMbyiepa, MpeacTaBisieT
co00i1 OTAENbHYIO 3a[ayy, BbINOJHAEMYIO KOMNBIOTEPOM. XOTA A3bIK acceMObiepa npemaoc-
TapJseT MporpaMMUCTY HauGosnbllyio FHOKocTh, pa3pabartsiBath M OTNAXWBATH MPOrpam-
Mbl Ha HEM JIOBOJIbHO CJIOXHO. KpoMe TOro, mocKosbKy si3plK accembnepa sipisieTcsl He-
CTPYKTYpPUPOBaHHBIM, KO HAaroMMHAET CMareTTH — 3anyTaHHYIO CMECh MEPEXONOB, Bbl-
30BOB M MHIEKCOB. BciiencteBue 31Oro nporpaMmbl, HanMcaHHbIE Ha A3bIKe acceMOnepa,
TPYAHO YMUTaTh, MOAMMULUMPOBATL U IKCIUIVAaTUpOBaTh. BeposATHO, OCHOBHHEIM HEOOCTAT-
KOM MporpaMM Ha si3blke accembriepa siBnsieTcss MX MalllMHO3aBUcHMocTh. ITporpamma,
NnpeAHa3HayeHHasi Aasl KOHKPETHOIO LEHTPAILHOrO MPOoLEccopa, HE MOXET BbHTIONHATHCS
Ha KOMIbIOTEpAX APYIOro TUIa.

H3HavanbHo A3blKk C npegHa3zHayasics IS CUCTEMHOTIO rnporpamMupoBanms. Cucmemuas
npoepamma (system program) npeictapiasier coboif yacTs ONepalMOHHON CHCTEMbI WK SIB-
JieTCs ONHOM ¥3 €€ YTHAMT. PACCMOTPUM HEKOTOPbHIE U3 HMX.

¢ OnepaunoHHBIE CUCTEMbI

e Hutepnperaropsl

¢ Pepakrtopsl

¢ KomMnunsrtopsl

e QaitnoBsle YTHIUTHI

¢ OnTuMM3aTophl

e Jucneryepsl peaibHOro BpEMEHKU

e [lpatiBepsl

ITo mepe pocta nonynsipHocTH A3bika C MHOrKME MPOrpaMMMCTh! CTATH MPUMEHSATH €ro

Ins1 NpOrpaMMMpOBaHMsl BCEX 3ajay, MCTNOMb3ysi €ero MalllHHOHE3aBUCUMOCTh U 3(deKTHB-
HOCTb, 2 KpOME TOTO, OH MM npocto HpaBwics! K MomeHTy nossieHns sisbika C sA3bIKH
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NMPOrpaMMMPOBaHMUs MPOLUIN CIOXHBIA U TPYAHBIH MyTh COBEPLICHCTBOBaHMs. Pasymeercs,
BHOBb CO3I2aHHBIN A3bIK BOOpan B cebs Bce syyiice.

C nosineHueMm a3pika C++ HEKOTOpbIE MPOrpaMMMCTBl NOCYMTIH, YTO A3bk C nore-
pAET CaMOCTOSITENBHOCTL M COiAET co cueHbl. OaHako atoro He npousouuio. Bo-nepseix,
HE BCE MPOrpaMMbl JOJDKHBI ObITh 0OBEKTHO-OpHEHTHpOBaHHEIMU. Hanpumep, nporpaMm-
Hoe obecrneyeHne BCTPOCHHBIX CMCTCM No-mpexHeMy cosfaetcsa Ha s3bike C. Bo-Bropebix,
CYLIECTBYET OFPOMHOE MHOXECTBO NMpPOrpaMM Ha sAsbike C, KOTOpble aKTUBHO KCIUTyaTHUpY-
fo1csl M HyxaaoT1es B Moaudukaunu. Ilockoneky s3sik C siBasieTcsl 0OCHOBHOI si3pika C++,
OH NPOJOIIXAET LIMPOKO MCMOMb30BATECA, UMesl OeCTsIIME NMEPCreKTHBI.

_ CrpykTypa nporpaMmbl Ha s3bike C

B T1abn. 1.3 nepeuyncneHbl 32 KIIOYEBBIX CIOBa, KOTOPbIE UCIMONL3YIOTCS NpH HopMUpo-
BaHUM cUHTakKcuca a3bika C, cranaapta C89 u noamuoxectsa C s3bika C++. Bee onm, Ko-
HEYHO, ABJAIOTCA U KIIOYEBLIMH CIOBAMHM si3bika C+-+.

Tabnuua 1.3. KnoyeBsie cnosa nogmHoxectsa C aabika C++

auto double int struct
break else long switch
case enum register typedef
char extern return union
const float short unsigned
continue for signed void
default goto sizeof volatile
do if static while

KpoMe Ttoro, MHorve KoMnunsitopsl /st 6osice 3¢¢peKTHBHOrO MUCNONb3OBAHUS CpE~
Ibl MIPOrpaMMMUpPOBaHUA BHOCAT B si3bIK C HONOJHMTENBHBIE KJIOYeBHE cyioBa. Hanpu-
MEp, HEKOTOpbIE KOMMWIATOPH MPEAYCMaTPpUBAKOT KIIOYEBBIE CJIOBa ILTA YMpaBiEHUs
naMAaTbio NMpoueccopoB cemeicTBa 8086, nmosaepXKN MHOroS3bIYHOTO NMPOrpaMMHPOBa-
HMA M JOCTYINa K CUCTEMHBIM MpephiBaHMAM. TlepeynciiuM HEKOTOPBIC U3 3THX pacuiu-
PEHHBIX KJIIOYEBHIX CJIOB.

asm _cs _ds _es
_S8s cdecl far huge
interrupt near pascal

Bail KoMIUISATOP MOXET W3MEHUTH 3TOT CMUCOK, CTpeMsick Haubonee 3¢hpeKTHBHO UC-
MoJib30BaTh KOHKPETHYIO Cpelly NPOrpaMMHUPOBaHMS.

O6patute BHUMaHKE Ha TO, YTO BCE KIIIOYEBHIE CJIOBa HabpaHbl CTPOYHBLIMM OYKBaMH.
Aszpik C/CH++ yyecmeumenen k pezucmpy (case sersitive), T.€. MPOMMCHLIE U CTPOYHbIE OYK-
Bbl B HEM Da3NMyalorcs. BTO 3HAYMT, YTO CJIOBO else SBNSIETCS KIIOYEBHIM, a CJIOBO
ELSE — Her Kiloyesble cloBa HENb3sl MCMOJIL30BaTh B MPOrpamMMe 1S MHBIX LeJeil, Ha-
MpUMED, B KAYECTBE UMEHH NMEPEMEHHON MK (PYHKLMH.

Bce nporpamMmbl Ha a3pike C cOCTOAT M3 OOHOM WM HecKonbKuX ¢yHkumit. B mobom
ciyyae Mporpamma NOJKHa CofepXath (PYHKIMIO main(), KOTOpas MpPH BLIMONTHEHUH
nporpamMmsl BbI3blBacTcs nepboil. B xopolo HamMcanHoM Kome GyHKIMSA main() IOJDKHA
comepxarb, Mo CywecTBy, cxemy pabothl Beeit nporpammel. HecMotps Ha 1O yto Mms
main() HE BKJIOYEHO B CITMCOK KJIIOYEBLIX CJIOB, MO CBOEIl MPUPOJE OHO SIBISETCS UMEHHO
TakoBbIM. CKaxeM, Ha3BaTh MEPEMEHHYIO MMCHCM main Hesb3s, TaK KaK KOMOWISATOP cpa-
3y BblaacT cooblieHue o6 ounbKe.
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O6uMit BUA mporpamMmbl Ha sA3bike C noka3zaH B JUcTHHre 1.1. MYHKUMKM ¢ MMEHaMK
£1(), ..., £N() onpeaeasrorcsl NOJL30BATCIIEM.

Jlnctunr 1.1. O6wyui BUA nporpammbl Ha a3bike C

o6BsABNICHMS IJIOOANIBHBEIX NEePEeMEeHHHX
TyU_BO3BpamaceMoro_sHaderHuss main (crnucok napameTposB)
{

nocJieOBaTeJILHOCTE OonepaTopoB

Tur_BosBpamaemMoro_sHavenus £1 (cnmcokx napamMeTposB)
{

IIoCJyIenoBaTeJILHOCTE OonepaTopoB

Tur_BosBpaiaemoro_sHavenuss £2 (cnmcokx napameTpoB)
{

nocJyIenoBaTeJILHOCTE OllepaTopoB

Tu_Bo3Bpamaemoro_sHavernuss £N (cnmucox napameTpoB)
{

IIoCJIenoBaTEeJILHOCTE OonepaTopoB

r:l Bubnuoreka u cBa3biBaHUE

C bopMasibHOI TOYKM 3PCHUS MOXHO HANMUCaTh 3aKOHYEHHYIO M BIIOJIHE OCMBICICHHYIO
nporpamMmy Ha sA3sike C, HE MUCMONB3Ysl HX ONHOM cTaHAapTHON GyHKuMK. OIHAKO 3TO I0-
BOJIbHO 3aTPYAHMTENIbHO, TaK KaK B A3blKe C HET KJIIOYCBLIX CIOB, MMCIOLIMX OTHOLUCHHE
K BBOAY-BLIBONY, MAaT€MaTHYECKMM OMEPaLMsiM BbLICOKOTO YpPOBHsA MM oOpaboTke CHMMBO-
JioB. B pesynbrate O0NbLIMHCTBO MPOIPaMM BBIHYXICHB! BbI3bIBATh Pa3nuyHble (PYHKLHH,
colepxaluecs B cmandapmuon 6ubnuomexe (standard library).

Bce xomnunsaTops sisbika C++ conpoBOXAaoTcs craHAapTHOH 6HuGnuoTekoit yHKUMIA,
BBIMONHAIOLUMX Haubojiee pacnpocTpaHeHHble 3aiayu. B aroit GubnnoTeke onpeneaeH MH-
HUManbHbIM Habop (YHKUMIA, KOTOpbIE NMOMIEPXMUBAIOTCS GOMBIUMHCTBOM KOMMMIISITOPOB.
OnHako KOHKPETHBIH KOMMWISATOP MOXET colepxXarb MHOro apyrux ¢dyHkumit. Hanpumep,
crannaptHas OUOIMOTEKa HE CONCPXKUT rpacuuecKux MYHKLHI, HO B KaXIOM KOMIUAATOPE
BCErOa €CTh ONpeaeneHHblii Habop Takux (hyHKLMIL.

CrannaprtHasa 6mbnnoreka a3sika C+- pasgeneHa Ha gBe wacTv: ¢GYHKUHMM M Kiac-
col. CtanpapTHaa 6ubnuoTeka GyHKLHI NpenctapnseT coboit Hacneame sa3pika C. A3bIk
C++ nopnepxuBaet Bce (PyHKLMM, NpeaycMoTpeHHble ctaHgaptom C89. Takum obpa-
30M, BCE CTAHAAPTHbIE PYHKLMHU s3blKa C MOXHO CBOGOIHO MCIOAb30BaTh B MPOrpaM-
Max Ha sizbike C++.

Kpome ctanzapTHoit 6ubanotekn QyHKUMH, A3bK C++ uMeeT coGeTBeHHY0 Oubamore-
Ky KiaccoB. DTa OuGNMoTEKa COCTOUT U3 OOBEKTHO-OPUEHTUPOBAHHBIX MOMYNEH, KOTOPHE
MOXHO MCNOJb30BaTh B COOCTBCHHBIX Mporpammax. Kpome Toro, CyLIECTBYCT CTaHIapTHas
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6ubnyoreka wabnoHos STL, conepxkaias WUPOKWi Habop roTOBLIX PELICHMI MHOFHX 3a-
nay. B vactu I ucnonb3yercsa Tosbko craHgapTtHadg Oubnuoreka (yHKUM, NOCKOMBKY
MMEHHO OHAa OTHOCUTCH K A3bIKYy C.

CraHnapTHas 6MOMOTEKa COCTOMT M3 MHOIMX YHUMBEpCalbHbIX (PyHKLMiA. [Ipy BbI30BEC
6ubMoTEYHOMN (PYHKLUMKM KOMOWIATOp “3anoMuHaer” cc MMsA. [loamHee penakrtop cBaA3eit
oOBeAMHUT Ball Kol ¢ OOBEKTHBIM KOAOM 3Toil OMOnuoTeyHOM GYHKUMK. DTOT NpoLecc
Ha3bIBaecTCs pedaxmuposaruem cesnseil (linking). Hekotopble KOMMUISATOpHl MMEIOT CBOM
cODCTBCHHbIE PENAKTOPHI CBA3CH, OCTaNbHBIC HCIOJBL3YIOT PENAKTOpP CBSI3CH, MNPEIyCMOT-
PEHHBIH ONEPaLIMOHHON CUCTEMOIA.

DyHkunu B 6MbanoTeKe MMerOT MawuroHe3agucumbiti popMmat (relocatable format). Ito
3HAYMT, YTO aipeca NaMaTH IS PasHbIX MALUMHHBIX MHCTPYKLMI HE ABJAIOTCSA abcomoT-
HBIMH — COXpaHsIeTCs JIMLb UH(POPMaLMs O CMELeHMH KX anpeca. PakTHYEcKMe anpeca
SIUEEK, MUCMOJIb3YEMbIX CTAHAAPTHBIMKM (YHKLMSIMH, OMPEACSSAIOTCS BO BPEMSI PEaKTHPOBa-
Hua cesseit. [NoapobHoe onKMcaHWE 3THX MPOLECCOB MOXHO HAWTH B COOTBETCTBYIOLLMX
TEXHUYECKUX pYKOBOACTBax. boyee netanbHble 0OBACHEHUS ObUTU OBl U3TUILIHMU.

B craHpaptHoit 6MOIMOTEKE CONEPXKMUTCA MHOro (PYHKLMH, KOTOpble MOIJIM OBl OKa3aTb-
cs nosie3HbIMA. OHM TMPEACTAaBAsAIOT COOOM KpyMHbIC CTPOMTENIbHBIE OI0KH, M3 KOTOpBIX
MOXHO CKOHCTPYMpOBarh CBOIO MporpamMmy. B yacTHoctH, €CnM Kakyro-TO (DYHKLIMIO BHI
HCIOJIb3VETE B CBOMX NPOrpaMMax OYEHb YacTo, ee CIICAYET NMOMECTHTh B OMOBIMOTEKY.

1 Pa3zpenbHag Komnunauus

BonblIMHCTBO KOPOTKMX MporpaMM oObIYHO MOXHO YMECTHTH B olHOM ¢aiine. OnHa-
KO Mo Mepe Bo3pactaHusi oObeMa MporpamMmsl YBEIMYMBACTCA BpEMsl ee KOMIMIMPOBa-
HuA. Qs pewenms 3toit npobnemsl B sisbike C/C++ npeamycMoTpeHa BO3MOXHOCTD Jie-
JIUTh NPOrpaMMy Ha (aitnbl U KOMIMURKUPOBATH KaXIblii U3 HUX oTaenbHo. CKOMIWINMPO-~
BaB Bce (ailibl, OTPEAAKTUPOBAB CBSA3U MEXIY HUMMU W OMOIMOTEYHHIMU QYHKLUMUAMH, Bbl
MOJIYYUTE 3aBepiieHHbIH 00beKkTHHI Kofd. IMpeumyuiecTBo pasnesibHoi KOMIWISILIMK 3a-
KJIFOYAeTCsl B TOM, YTO NMPH M3MEHEHHWM KOIa, 3anMMCaHHOro B oIHOM K3 (ailnioB, HeT He-
O0OXOAMMOCTH KOMIMMIMPOBATH 33HOBO BCIO MPOrpaMmy. DTO CYLICCTBEHHO 3KOHOMMT
BpeMsl Ha 3Tane KOMMUWIAUMM. JIOKYMEHTALMs, COMPOBOXIAOLIAs KOMOWIATOPH A3bIKa
C/C++, conepXmuT MHCTPYKLMH, KOTOPHIE MO3BOJAT BaM CKOMMMJIMPOBATb MPOrpaMMmy,
3aMMCaHHYIO B HECKOJIbKHMX (paiax.

| Pacuwuperus daitnos .C u .CPP

Pasymeetcs, nporpaMMbl, NPUBEOEHHBIE B yacTtu I, ABAAIOTCS BMOMHE KOPPEKTHHIMH
nporpaMmamy Ha si3bike C++. X MOXHO KOMMUAKMPOBATh C MOMOLIBIO JIFOOOro COBpeMEH-
Horo komnwsitopa sAssika C++. OnHOBpEMEHHO OHM SIBJSIIOTCA KOPPEKTHBLIMH MpOrpaM-
MaMM Ha a3bike C M MOIryT KOMIMIMPOBATBCS C MOMOUIBIO KOMITMISATOPOB 3TOro f3blKa.
Htak, ecny Bbl cobupaetech nyucaTe NporpamMMbl Ha sisbike C, MOXETE paccMaTpUBaTh
MporpaMmel U3 NMEPBOIt yacTH B KayecTse NMpHMepa. TpalMLIMOHHO NporpaMMbl Ha s3bike C
MUCNOB3YIOT paciuvpenus ¢aitna .C, a nporpammel Ha g3vike C++ — .CPP. Komnuasitop
sisbika C++ ucnonp3yer pacwurpeHye ¢aitha aas onpeaesicHUs TUna nporpamMmel. 310 UMe-
et OosibllioE 3HAyeHME, MOCKOJIbKY KOMIMWJISATOpP pacCcCMaTpuBaeT JiloOyio Mporpammy, HMc-
noyis3yloulyto paciurperye .C, Kak nporpammy Ha sAssike C, a mporpammy, 3anMCaHHYIO
B ¢aiin ¢ pacuumpenuneM .CPP, — kak nporpammy Ha s3sike C++. Ecin obpatHoe He yka-
3aHO SIBHO, BBl MOXETE BHIOpaTh J1000€ pacluMpeHue s (aitna ¢ nporpaMMoil U3 nepBoit
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yacTy KHUrM. OAHaKo nporpaMmMbl, NPUBEAEHHbIE B OCTAILHOM YACTH KHUIH, HOJDKHBI ObITh
3anucaHbl B daittbl ¢ paciumpeHuem .CPP.

U nocneanee: xoTs A3blK C ABAACTCA MOAMHOXECTBOM sisbika C++, MeXny HUMH cyLue-
CTBYET HECKOJIBKO OTNMYMiL. B HEKOTOPBIX ciyuyasx nporpaMMy Ha sidbike C HYXHO KOMITH-
JIUPOBATL UMEHHO Kak npoepammy Ha azeike C (Mcnonw3ys paciumpenue .C). Bee takue ciy-
4yau Mbl OTOBapUBAEM OTHENIbHO.

38 Yactb 1. OcHoBb! si3bika C++: nogmMHoxectso C



[TOMHBIN
CIIPABOYHHUK I10

| 1aBa

BoipaxeHus




B 3TOi [aBe PACCMATPUBAIOTCS] CaMble BaXKHble 3jieMeHTH f3bika C (M, COOTBETCTBEHHO,

a3bika C++) — evipaxcerus (expressions). B a3nike C/C++ BoipaXeHHs HOCAT HAMHOTO
fonee abcTpakTHBIA XapakTep, 4eM B OOJIBLIMHCTBE APYrHX f3bIKOB NMPOTrpPaMMHPOBAHMS,
1 00/121a10T GOoNblieil IKCIPECCHBHOCTBIO. BhIpaXkeHHsl COCTOSAT U3 aTOMApHBIX 3/1IEMEHTOB!
JIAHHBIX ¥ oneparopos. JlaHHbie NpeaCcTaBsIiOT coboi MO0 nepeMeHHble, TU60 KOHCTAHTHI.
Kak 1 BO MHOrMx fi3plKax nporpaMMUpoBaHus, B fisbike C/C++ npenycMoTpeHo GoJbllioe
KOJIMYECTBO pa3HOOOPa3HHIX THMOB JaHHBIX U ONepaTopos.

e

~ M9Tb OCHOBHBLIX TUNOB [ aHHbIX

B noamHoxectse C CyLLECTBYIOT MATh /IEMEHTAPHBIX THIOB HAHHBIX: CUMBOJI, LIEJIoe YUC-
JIO, YHCJIO ¢ IUlaBalollleil TOYKOM, YHUCTIO ¢ MUIAaBalollleil TOYKOi YIBOEHHOI TOYHOCTU M repe-
MeHHasi, He MMerolias 3HaueHWitl. MM coOTBETCTIBYIOT ciieyiollve KIodeBbie €oBa: char,
int, float, double M void. Bce apyrve tunbl gaHHBIX B fA3bike C CO31al0TCS Ha OCHOBE
3NIEMEHTAPHBIX THUIOB, YKA3aHHLIX Bhille. PasMep nepeMeHHbIX M AMAMNa30H MX 3HaYyeHWit 3a-
BHMCHT OT THUMA ripolieccopa X KoMnusitopa. ONHAaKo BO BCeX Cly4asx pasMep CHMMBOJIA paBeH
1 6aitt. Pazmep LenourcieHHOR nepeMeHHOH OBBIYHO paBeH JUIMHE MAILMHHOIO CJIOBa, MpU-
HSATOI B KOHKDPETHOH onepayHMoHHON cucreMe. B GonblunucTse 16-GMTOBBIX ONEpalMOHHBIX
cucteM, Hanpumep, DOS 1 Windows 3.1, pasmep uieflounciieHHOi repeMeHHo paBeH 16 GHT.
B 60nbiumnHCcTBe 32-6UTOBLIX ONEpPaLMOHHBIX cMcTeM, Hanmpumep Windows 2000, s1oT pasmep
paBeH 32 6ur. OmHako, CTPEeMSCh K MallMHOHE3aBUCMMOCTU NporpaMM, cieayeT usberarb
KOHKPETHBIX NPEANONIOXeHWl 0 pa3Mepe LIENIOYUCIEHHBIX NnepeMeHHbIX. BaxHo yerko no-
HUMaTh, YTO M B sA3bike C, n B s3vike C++ orosapupaercsl JMIUb MUHUMAAbHBIU OUANA3O0H,
B KOTOPOM M3MEHSIOTCS 3HayeHMsl NepeMEHHBIX KaX/I0ro THra, a He UX pasMep B Oaiftax.

K nsimu ocHoeHbIM muriam OaHHbIX, onpedeneHHsIX 8 Assike C, sizsik C++ 0obasnsiem euwje
skl  Oca: bool U wehar_t. 3mu mursi Gydym paccMompers! 80 8MopPOU Yacmu KHUSU.

TouHoe npenctasjieHHe YKUCEN C IUIABAIOLIEH TOYKOM 3aBUCHUT OT MX KOHKPETHOI1 peany3a-
UK. PasMep uenoro yucna obblyHO paBeH JUIMHE MALIMHHOIO CJIOBa, NMPHHSATOI B OnepaloH-
HOIt cHMcTeMe. 3HayeHus1 NnepeMeHHBbIX TUNa char, Kak NMPaBWiO, WCIIONL3YIOTCS [UISl NMpPencTaB-
JIEHHUSI CUMBOJIOB, NMPEAYCMOTPeHHBIX B cucTeMe KoaupoBaHua ASCII. 3HaueHust, BbIXxoasILME 3a
npenenbl IONyCTUMOro AUAra3oHa, Ha pa3HblX KOMIBIOTEPax 00pabaThiBaIOTCs MO-pPa3HOMY.

Jlnana3zoH U3MeHeHUsA nepeMeHHbIX TUNa float U double 3aBUCHUT OT criocoba npen-
CTaBJIEHUS] YMCEJI C rulaBalollieit Toykoil. B mobom cnydae, 3T0T mMana3oH AOCTATOYHO IUM-
pok. CraHnapr sspika C onpeaensier MMHMMAIbHBIA IUaNa3oH U3MEHEHUsl YHcen ¢ Ia-
patoleit Toukoit: or 1E—37 no 1E+37. MunuManbHoe konnuecTBo uMbp, onpelensolmx
TOYHOCTb YUCEJ ¢ IUIaBalolleil TOUKOM, yKka3aHo B 1abn. 2.1.

Tabnuua 2.1. Bce Tunel ganHeix, onpenenelkele B cTaHgapre ANSI/ISO C Standard

Tun O6b14HbIA pa3Mep, 6T MuHUManbHbIA 4WaNa30H
char 8 Or-128 po 127
unsigned char 8 Ot 0 po 255

signed char 8 Or-128 po 127

int 16 unu 32 OT1-32768 pno 32767
unsigned int 16 vnu 32 Ot 0 no 65535
signed int 16 unu 32 Takomn xe, KaKky int
short int 16 Ot -32768 po 32767
unsigned short int 16 Ot 0 po 65535
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Oxkonyarue mabn. 2.1

Tun O6b14Hbilf pasmep, 6MT MurnmansHbig Aanasox

signed short int 16 Takom e, Kak U y short int
long int 32 Ot -2147483648 po 2147483647
signed long int 32 Takoi xe, kak U y long int
unsigned long int 32 Ot 0 no 4294967295

float 32 lWectb 3aHavawmx umdp

double 64 DecsTb 3Hauawmx undp

long double 80 DecsTb 3navawmx undp

B cmandapme s3bika C++ MUHUManNEHBLIU pasMep U OuanasoH U3MEHEHUs1 NnepemeH-

HbIX, UMEIOWUX 3neMeHmapHelt mun, He onpedeneH. BMecmo 3mozo 8 HeM Npocmo
yKaszaHo, Ymo oHu O0fXHEI coomeemcmeosame onpedeneHHsIM ycnosusiM. Hanpu-
mep, cmaHOapm mpebyem, ymobel nepeMeHHasi muna int ‘umena ecmecmeeHHbIl
pasmep, coomeemcmeyowul apxumekmype OnepayuoHHOU cucmemsi”. B mobom
cnyyae, ee ouana3oH 0omxeH coenadames unu Npesocxooums OUanasoH U3MeHeHUs!
nepemeHHOU O0aHHO20 muna, npedycMompeHHsIll cmaHOapmom sisbika C. Kaxosil
xomnunsamop s3eika C++ 3a0aem pasmep U OuanasoH USMEHEHUS IEPEeMEHHBIX 8Cex
3neMeHmMapHbIX MUNo8 8 3a20M06Ke <climits>.

Tun void Mcnonb3yercs [Uls onpeaeneHusl GyHKUMHK, HE BO3Bpallalolieil HUKaKMX 3Ha-
YeHHH, OO A co3aaHus oboblueHHOro ykasarens (generic pointer). Oba 31n cnyyast Mel
pacCMOTPHM B CENYIOIUMX [JlaBax.

| Mopaudukauma 0CHOBHbIX TMMNOB

3a HcKNoYeHHEM THMA void, OCHOBHBIE THIBL JAHHBIX MOIYT MMETh pa3MuHble MOOugbu-
xamopb: (modifiers), KoTopble UCNIONL3YIOTCA Ji1g Oosiee TOYHOM HacTpoitku. Bot Mx cnmcok.

signed
unsigned
long
short

LlenouncneHHble TUMBI MOXHO MOOMMDULIMPOBATHL ¢ MOMOLIBIO KJIIOYEBbIX CJIOB signed,
short, long M unsigned. CHMBOJIBHHIE TUIBI MOXHO YTOYHATH C MOMOILBIO MoaHdUka-
TOpOB unsigned U signed. Kpome Toro, Tn double MOXHO MoaubULMpOoBaTh KITIode-
BbIM CJOBOM long. B T1a67;. 2.1 ykasaHbl Bce BO3MOXHble KOMOMHALIMHM THUIOB JAHHBIX,
a TAKXKE€ WX MUHMMaIbHBIE NHaNa3oHbl U NpHUONU3MTENBHBIA pasMep B OMTax. (OTH 3Haye-
HHUsl OTHOCATCA Takxe M K A3biky C++.) Yurure, yro B 3TOil Tabnuue npuUBEeneHbl MUHLU-
ManbHble OUAnasoHb! TIEPEMEHHBIX, a He TMNMyHble. Hanmpumep, B KOMMNBIOTEpax, HUCMOJb-
3yI0IMX apr¢METUKY NONONHMUTENBHBIX KONOB (two's complement arithmetic), MUHUMaIb-
HBIM IXana3oH LEJOro Yucaa npoctupaercs ot —32768 no 32767.

[MpumMeHeHKe MonubHKaTOPa signed HONYCKAETCs, HO SIBISIETCS M3NMMILHMM, TMOCKOJBKY MO
VMOJIYaHMIO Bce Liejible Yuca UMeroT 3Hak. Haubonee BaxkeH 310T MoaupHKaTop NpH YTOYHe-
HHMHM TUNa char B Tex peatn3aumsx si3eika C, roe TN char 1o yMOT4YaHHIO 3HAKAa He UMEET.

PazHuua Mexay uenbIMM YMCIaMH, MMEIOIIMMU U HE MMEIOILMMH 3HaK, 3aKIoyaercs
B MHTeprnpeTauny 6uUra B cTapiueM paspsiie. EciM B nporpaMMe onpefeseHo LeJIoe YUCIo
€O 3HAKOM, TO KOMITWJISITOp T€HEPHUPYET KO, B KOTOPOM CTapilMil OMT MHTepNpeTUpyercs
Kak npusnax 3naxa (sign flag). Eciu npusHak 3naka paseH 0, YMCNIO cYMTaeTcsl MOJIOXKHK-
TeJIbHBIM, €CJIM OH paBeH | — OTpHUATENBHBIM.
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NHaue rosops, oTpHUaTeNbHBIE YMCIA MPENCTABASIOTCS C MOMOLUBIO JONOAHUMEAbHO2O0
xooda (two's complement), B KOTOpOM Bce GUTHI YMcia (32 MCKITIOYEHWEM CTapLUEro paspsima)
MHBEPTUPOBaHBI, 3aTEM K NMONYYEHHOMY YKC/y n0DaBisgercs eNMHULIA, a MPU3HAK 3HaKa yc-
TAHAB/IMBAETCS PaBHbIM |.

Llenbie uncna co 3HAaKOM MrparoT BECbMa BaXKHYIO POJib B OYEHb MHOTMX AIrOpHUTMax, HO
IHana3oH UMX M3MEHEHMs] BIBOE KOPOYE, YEM V LiE€JBbIX YMUCEN, HE MMeEIoIMX 3Haka. Pac-
CMOTPUM [BOMYHOE MNpelcTaBiecHUe uncna 32767.

lOlllllllllllllll

Jonyctum, crapilunit 64t paseH |, 3HaYMT, 310 YMC/IO cTaHeT paBHBIM —1. OnHako, ecnu Obl
3712 nepemMeHHast Obl1a oObsABIEHA KaK unsigned int, ee 3HaueHMe cTaylo OB paBHEIM 65535,

Eciy MoaudHKarop TMNa WCNOb3YETcA OTAENbHO (T.€. 6e3 yKasaHMUsl 3/1eMEHTApHOro
TUMa), MO YMOMYAHHMIO MpPEMNoJiaracrcs, YTo oObLAB/IsieMass NepeMeHHass MMeeT THUM int.
Hrak, ykazaHHble HUXe cneliM(PUKATOPbl TUMIOB KBHBAJICHTHHI.

Cneynduxarop Ananor

signed signed int
unsigned unsigned int
long long int
short short int

Xorg onHoro crieuudUkKaropa int BIOJIHE MOCTATOYHO, MHOCKE MPOrPaMMKUCTHI Mpen-
MOYHMTAIOT SIBHO yKa3biBaTh €ro MOAMGMUKALMH.

D UaoeHtudukaropol

B a3pike C/C++ rMMeHa nepeMeHHBIX, GYHKLIMIA. METOK M HpYrUx OOLEKTOB, onpene-
JIEHHBIX TMOJIb30BaTesIEM, Ha3biBaloTC udenmugpuxamopamu (indentifiers). Mueurndukatopu
MOIYT COCTOSITb M3 ONHOIO MM HECKONbKUX cUMBONOB. [lepBHii cMMBON MaeHTH(hMKaTOpa
NOJKEH OBLITH OVKBOH WM CHMBOJIOM MOOYEPKMBAHMA, a CJIEAVIOIME CUMBOMB NOJIXKHBE
6biTL OVKBaMH, UMdpaMH WIM CHUMBOJaMK NopyepkMBaHus. Huxe npuBeneHbl NMpUMEpPHI
NpaBUWIBLHBIX U HENPaBWIBLHBIX MIEHTU(DHKATOPOB.

MpasunpHo Henpasunbro
Count lcount

test23 hitthere
high_balance high...balance

B saspike C annHa nieHTHPHUKATOpoB MoXeT ObITh NMpor3BoibHON. OHAKO HE BCE CUM-
BOJIbI, OOpasyiolline HMAeHTUGhHKATOp, CYMTAIOTCA 3HadallMMH. Ecny vaeHTHUHUKaTOp MC-
MOJb3YeTCsA B MPOLECCE PENaKTUPOBAaHMS BHEILUHMX CBSI3eil, TO 3HAYallMMM CYMUTAKOTCH, IO
KpailHeil Mepe, LUeCTh €ro NMepBhX CUMBOJIOB. DTH MICHTUGHUKATOPH HA3BIBAIOTCS GHEWUHU-
mu umenamu (external names). K HUM oTHocaTca MMeHa (YHKUMI U [o6anbHLIX MepeMeH-
HBIX, UCTIO/Ib3YEMBIX HeCKONBKUMU ¢haitiaMu. Ecnu unertndukatop He MUCNONb3yeTcs B Mpo-
LilecCe pEeNAaKTHUPOBAHMS BHELIHMX CBA3€ll, TO 3HAYallMMM CYMTAIOTCSl, MO KpailHe Mepe,
31 nepsoiit cumBon. Takme MneHTUDUKATOPBI HA3LIBAIOTCA GHympenHumu umenamu (internal
names). K HUM oTHOCATCA, HanpUMep, UMeHa JIOKAbHBIX repeMeHHbIX. B a3pike C++ Het
OrpaHUYeHHH Ha JIMHY UIEHTU(GhUKATOPOB M 3HAYALLMMM CUMTAIOTCS, Mo KpaitHeit mepe, 1024
nepBbix cumBona. [py nepexone or A3bIKa ¢ K A3bIKy C++ 3TOT HioaHC clleyeT YYUTHIBATD.

Cumsonbl, HabpaHHbIE B BEPXHEM U HWXHeM perucrpe, paimmyaiorcd. CnenosarespHo,
count, Count U COUNT — 3TO pa3Hble UICHTH(DHKATOPHKL.
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Knroyesrie cioBa Heb3si UCNOJIB30BaTh B Ka4ecTBe MAEHTU(OHKATOpOB HU B f3blke C,
Hu B s3pike C++. Kpome Toro, mneHtudMkaropel He AOJLKHBI COBIAgaTb C WMEHAMHU
GYHKUMI U3 CTAaHAAPTHBIX 6MGINOTEK.

_ [lepemeHHblE

Tlepemennan (variable) npencrapnsieT coboit UMs STYERKH TTAMATH, KOTOPYIO MOXHO UCIONB30-
BaTh I XpaHeHHs MomnbHUMpyeMoro 3HauyeHHsa. Bce nepeMeHHBIe NOKHBI OHITH 0ObAB-
JIEHBI IO CBOETO Ucnonib3oBaHUs. Huke npuseneH oOLUMii BUI OOBSIBIICHUST NepeMEHHOM.

Mun CNUCOK_NepeMeHHbIX;
3neck C/IOBO mun O3HAYAET OAUH M3 JOMYCTUMBIX TUMNOB AaHHBIX, BKIIOYass MOAU(HUKATOPHI,
a CHUCOK_NepemeHHbIX MOXET COCTOSITb M3 OHOIO WM HECKONbKHMX MACHTH(UKATOpPOB, pa3-
HENEHHBIX 3anATIMU. PaccMOTPUM HECKOJIBKO MPHUMEPOB 0ObABIEHUIA.

int i,3.1;

short int si;

unsigned int ui;

double balance, profit, loss;

Vuyture, B a3bike C/C++ UMs NepeMEHHOI HUKaK HE CBSI3aHO C €€ TUIOM.

Foe o6bABNAIOTCA NepeMeHHbIe

Kak npasuio, nepeMeHHbie OOBABIAIOT B TpeX MecTax: BHYTpH (GYHKUHMIA, B onpenesie-
HUM napameTpoB GYHKUMH ¥ 3a npeaenamy BceX QyHKIMIA. CoOTBETCTBEHHO TaKHe repe-
MEHHBIE HA3bIBAIOTCS IOKAIBHBIMH, (POPMATBHBIMM MapaMeTPaMH ¥ [100AIbHBIMH.

JlokansHble nepemMeHHbie

[TepemeHHBble, OObLsABIEHHBIE BHYTPM (PYHKLMM, Ha3blBalOTCs sAoxassHbimu  (local
variables). B HekOTOpBIX KHHrax, NOcBslUeHHBIX A3bIKy C/C++, 3T nepeMeHHble Ha3blBa-
10Tca aemomamuyeckumu (automatic variables). B Haiueit kHure Mol OyneM NpUIepXUBaTbCs
6onee obled TEPMUHONOTUU M HA3LIBATE UX JIOKAIBHBIMH. JIOKANBHEIE MEpPEMEHHBIE MOX-
HO MCMOJIBb30BaTh TOJNBKO B OnepaTopax, pacnofioXeHHbIX BHYTpH OJioka, rie OHU OObsiBie-
Hbl. MHaye ropops, JIOKalbHbIE NEpEMEHHBIE HEBUIMMBI CHapyXH MX Onoka. HanomMuum,
y10 610K OrpaHUYyEeH OTKpBIBaIOLIe M 3aKpbiBalolieit GUIYpHBIMH CKOOKaMH.

Yallle Bcero JIOKaAbHbIE MepeMeHHble 00bLABNAIOTCA BHYTpU GYHKUMNA. PaccMorprm
JiBa NMpUMepa.

void funcl{void)
{

int x;

x = 10;

void func2{void)
int x;

x = -199;

INepemMeHHast x 0ObsBIEHA ABaX bl cHayaia — B QYHKUMU fincl (), a 3aTeM — B (GYHK-
uun func2(). [lepemeHHas x M3 GyHKuUMM funcl() He MMeET HHMKAKOTO OTHOLLEHUS
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K NnepeMeHHOM x, 0ObsIBIIEHHON BHYTPU MYHKIMHU func2 (). Kaxnas u3 31X nepeMeHHBbIX
CYILECTBYET TOJILKO BHYTpH Os10Ka, rae oHa ObLia oObsBieHa.

Asbik C conepXHT KIIOYEBOE CIOBO auto, KOTOPOE MOXHO MCIOJIb30BaTh ISl 00bsBIie-
HHUS NIOKAJIbHBIX nepeMeHHBbIX. OnHaKo, NOCKOJIbKY BCE JIOKAJIbHbIE NEPEMEHHBIE MO YMOJI-
YaHUIO CYMTAKOTCS aBTOMATMYECKMMH, 3TO KIIOYEBOE CJIOBO Ha MPaKTHKE HUKOIIA HE HC-
nosne3yercs. [1o 370l NpUYKHE B HALLlEM CNPABOYHHMKE Mbl TAKXE HE OyneM €ero npUMeHSTb.
(I'oBOp#AT, YTO KITIOYEBOE CJIOBO auto ObUIO BKIIOYEHO B sA3bIK C 1 obecrnieyeHUsl coBMec-
TUMOCTH C €T0 NpellleCTBEHHUKOM — A3bIKkOM B. 3ateM 3To C/I0BO MepekoyeBasio B A3bIK
C++ juis obecneyeHUs COBMECTUMOCTH € A3bIKOM C.)

U3 coobpaxeHnit ynobcTsa U Mo TpaauuMy G60MBIUMHCTBO MPOrpaMMHUCTOB OOBSIBISIIOT BCE
TIEpEMEHHBIE, MCMOJb3yeMble B (DYHKUMM, Cpa3dy Mnocjie OTKphIBawlleit (HUrypHoit cKoOKu
M Tlepes. BCeMH OCTaIbHBIMK oneparopaMu. OnHako ciellyeT MMeTb B BHIY, YTO JIOKAJIBHBIE
NnepeMEHHBIE MOXHO OOBLABATDL B 1IIOOOM Mecte Orioka. PaccMoTpuM crenyrolmii npuMep.

void f(void)
{

int t;
scanf ("%d%*c", &t);

if{t==1) {
char s[80]; /* 3Ta nepemeHHasa cO3JaeTCs TOJILKO
npy BXOJle B HaHHBNI OJok */
printf ("Beemure mmMsa: ") ;
gets(s);
/* Hexkwe onepaumy .. */
}
}

B a1OM (bparmeHTe JoKanbHas nepeMeHHasl s co3faercs npH Bxone B 6ok if U paspyiua-
€rcsl cpa3y nocje Bbixona U3 Hero. KpoMe Toro, nepemeHHas s ABISIETCS] BUOIMMOR TOJIBKO
BHYTpH O5ioka if, U K HEl HEBO3MOXKHO OOPaTUTLCS M3BHE, JaXe M3 APYIMX yYacteit QyHK-
LMK, coepxalieil faHHbIiA 610K,

ObbsiBNIEHUE TIEpeMEHHBIX BHYTPH OJIOKOB Mo3BosisieT M30exarb NMoboyHbx 3ddekTos.
[Tockonbky nokanbHas nepeMeHHasi BHe 0/10Ka He CYIIECTBYET, €€ 3HAYEHUE HEBO3MOXHO
M3MEHUTDb HenpeaHaMepEHHO.

Crnoco6bl 06bsIBIEHHA JIOKANBHBIX NepeMeHHBIX B A3biKe C (B COOTBETCTBUHM CO CTaH-
naprom C89) n B sisbike C++ cyllecTBEeHHO OTIMYyaloTcsl Apyr or apyra. B aswike C Bee Jio-
KaJIbHbI€ TEPEMEHHBIE JOMXKHBI ObITh OOBLSABNEHH B Hayajle 610Ka 10 BBIMOJHEHHS KaKMX-
6o “akTUBHBIX® onepatopoB. Hamnpumep, nonvitka OObLABMTL JIOKAIBHBIE TEPEMEHHbIE
TaK, KaK NMoKa3aHO B NpUBeIeHHOM HIXe (pparMeHTe, BHI3OBET OLLIMOKY.

/* Ecnu sTa OyHKLUMSA SBNSETCH YacThl NporpamMel Ha sisvlike C,
[Py KOMIUMNALMM BO3HMKHET oumbka. Ecny sTa GyHKUMA
npencraensaer co®oif YacThb NPorpaMMel Ha sA3blKe C++,
ounboK He OBynerT.

*/

void f(void)

"}
o]

T
[

int j; /* 3ToT omepaTop NopoXmaeT oumbKy */
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Mexay tem, B s3pike C++ 31a GyHKUMA cyMTaeTcA abCONIOTHO MpaBHJIBHOM, TMo-
CKOJIbKY B 3TOM SI3bIKE JIOKA/IbHbIE [1EPEMEHHbBIE MOXHO OOBABAATL B JIIOOOM MecTte 6ro-
Ka, HO 10 MX MepBoro ucnonns3opaHus. (bonee nogpobHo 312 Tema Oyner paccMaTpuBaTb-
¢ BO BTOpo#t yacTy KHMIU.) MHTepecHo, uro cranmapt C99 Takxke no3possier oObABNATh
JIOKJIbHbIE MEPEMEHHBIE TAE YIOAHO.

[MockoneKy nokanbHasi nepeMeHHas co3faercs rnpu Bxone B 610K, rae oHa oOBsABiEHA,
M pa3pyluaercsl NMpU BbIXOLE U3 HEro, €€ 3HayeHHe TepsAeTcs. ITO OCODEHHO BaXKHO YYMThI-
BaTh Npu Bb130Be GyHKUMH. JlokanbHble nepeMeHHble PYHKLUMUHK CO3/AIOTCA MPU €€ Bbi30BE
M YHHYTOXAIOTCS MpPH BO3BpAaTE YNpPaB/JEHHMs B BBI3BIBAIOUIMI MOAY/b. JTO 3HAYMUT, YTO Me-
Xy IBYMs Bbi30BaMM (YHKLMM 3HAYEHUS €€ JIOKAIbHBIX IIEPEMEHHBIX HE COXPaHSIOTCS.
(3acTaBUTb MX COXpaHSITb CBOM 3HAYEHHST MOXHO € NMOMOLLBIO MOIH(pHKaTopa static.)

[To ymonyaHuio nokajibHblE NEPEMEHHBIE XpaHATCa B creke. [1oCcKONbKY cTeK siBasiercsi
IUHAMHYeCKON CTPYKTYpoi, U oObeM 3aHMMaeMoOH MM MNaMATH MOCTOSIHHO M3MEHSIETCs,
CTaHOBUTCS TMOHSATHBIM, MOYEMY JIOKAIBHBIE NTIEPEMEHHBIE B MPHUHLIUIE HE MOIYT COXPaHATh
CBOM 3HaYEHUs MeX1y NBYMs BbI3oBaMH (DYHKUMH, BHYTPH KOTOPOil OHW OOBABJIEHBI.

JlokanbHyI0 NepeMEHHYIO MOXHO NMPOMHULIHAIM3UPOBaTh HEKUM 3HadeHHeM. OHo GyneT
NPHUCBaUBaTbCs NMEPEMEHHON Kaxblil pa3 npy BXojie B Osok. PaccMOTpHM B KauecTBe NpH-
Mepa nporpaMMy, KoTopasl AecsiTb pa3 BLIBONMUT Ha neyatb yucino 10.

#include <stdio.h>
void f({void);

int main{void)
{

int i;
for(i=0; i<10; i++) £();

return 0;

}

void f(void)
{
int j = 10;

printf("sd ", Jj);

j++; /* 3TOT onepaTop HE UMEET NONTOBpPEMeHHOTro 3bddexra. */

}

dopmanbHble napameTpsbl

Ecnu GyHKUMS MMeET apryMeHTHl, cliemyeT oOBsIBUTh NEpeMEHHBbIE, KOTOpbie OyayT npu-
HHMMaTb MX 3HadeHUsl. DTH NepeMeHHble Ha3blBaroTcs ¢hopmassneimu napamempamu (formal
parameters). BHyTp# ¢yHKUMM OHHM HHYEM He OTIMYAIOTCA OT APYrHX JIOKAJIBHBIX MEpeMEH-
HblX. Kak nokasaHo B npiBeneHHOM HUXe ¢parMeHTe NMporpaMMbl, oObsBJIEHHE TAKUX Mepe-
MEHHBIX JO/KHO pa3MeLLaThes cpa3y nocie UMeHH (GYHKLIMK U 3aK1I0YaThCsl B CKODKH.

/* OyukuMs BO3BpaumaeT 1, ecnM CUMBON C SBJIAETCH YACTH
CTPOKM S; B NMPOTUMBHOM cllydae oxHa BosBpamaeT 0 */

int is_in{char *s, char c)

{

while(*s)

if{*s==c) return 1;

else s++;
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return 0;

}

®yHkupdg is_in() uMeeT asa napaMetpa: s 1 c. OHa BO3Bpallaer 1, ecny cMMBoON ¢ ABs-
€TCSl YaCTblo CTPOKH s, B MPOTHBHOM ciiyyae (GyHKLIHMg Bo3BpaluaeT 0.

Tun dopManbHBIX NapaMeTPOB 3aAaeTcsl NMpy UX obobsasneHuU. [locne aToro HX MoxHO
HCNOJIb30BaTh KaK OOBIYHBIE JIOKUIBHHE MepeMeHHbIE. YUTUTE, YTO, KaK M JIOKaIbHBbIE
nepeMeHHble, (opMaibHbie NMapaMeETphl SABASIOTCS AMHAMUYECKMMU M pa3pyllialorcs npH
BbIXONl€ M3 QYHKLIMH.

QopManbHele NapaMeTpbl MOXHO MHCMOJL30BaTh B JIIOOBIX KOHCTPYKUMAX M Bhipa-
XeHUax. HecMoTps Ha To YTO cBOM 3HAYEHMUsT OHM TOJYYalOT OT apryMEeHTOB, nepeja-
BaeMbIX M3BHE (DYHKUHMH, BO BCEM OCTAJIbHOM OHM HHUEM HeE OTJIMYAIOTCS OT JIOKajlb-
HBIX NTEPEMEHHBIX.

FnobanbHble nepemMeHHble

B otnnune ot NioKanbHBIX, 2106ansHble nepementbie (global variables) noctynHe 13 no6oit
YacTU nNporpaMMbl U MOrYT OBITH HCMONB3OBAHBI rae yrogHo. KpoMe Toro, oMy coxpaHsior
CBOM 3Ha4YEHHMsl Ha BCEM MPOTAXEHHU BBINOJHEHMS] NporpaMMbl. OObsiBAeHMS TNMOBUTBHBIX
NnepeMeHHBIX JOMKHBI pa3Mellarbes BHE BceX QYHKUMRA. DTH nepeMeHHbE MOXHO MCIOJb-
30BaTh B JIIOOOM BBIpAXKEHUU, B KAKOM Obl 6/I0KE OHO HE HAXOAMJIOCH.

B npuseaeHHOM HUXe ¢dparMeHTe NporpaMmel nepeMeHHasl count 0ObSIBJIEHA BHE BCeEX
¢yHkumit. HecMoOTpsl Ha To 4TO €€ OOBLSBIEHME pacnofiokeHo N0 (GYHKUMH main(), 3Ty
rnepeMeHHYI0 MOXHO OBbUTO Obl C TAKMM XK€ YCrexom OObLABUTE B JPYIOM MeCTe, HO BHeE
GbyHKLMIT M 0 ee nepBoro ucnonb3oBanusa. K Bce Xe nydiue Bcero pasmeuiars oObARIEHUS
rNO6ATBHBIX MIEPEMEHHBIX B CAMOM Hayajle MporpaMMel.

#include <stdio.h>
int count; /* llepemerHasa count siBnaercsa rnobansHoit */

void funcl{void);
void func2(void);

int main{void)
{

count = 100;
funcl():;

return 0;

}

void funcl (void)
{

int temp;

temp = count;
func2();
printf{"count = %4d", count); /* BuBemer umcno 100. */

}

void func2 (void)
{

int count;
for{count=1; count<l1l0; count++)

putchar('."');
}
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[MpucMoTpurecs K 3TOIl nporpaMme NMOBHMMAaTte/bHee. 3aMeTbTe, YTO, XOTA HM (YHKLMS
main(), HM ¢yHKUMA funcl() He comepXaT oOBABJICHUS MEpPEMEHHOIl count, 00e 3TU
GYHKUMHK yereliHO €€ Ucnonb3yot. OnHako BHyTpH GyHKUMM func2() oObsBieHa no-
KaJibHas nepeMeHHas count. Korna ¢pyHkuMa func2() ccbliaeTcs Ha NepeMEHHYIO count,
OHa KCIOAb3YET JIMIUb JJOKATLHYIO NEPEMEHHYIO, a He m1obanbHylo. Ecniu rnobansHas U no-
KalbHas TMepeMeHHble MMEIOT OAMHAKOBBIE MMEHa, TO BCE CCBUIKM Ha UMs NepeMeHHOMH
BHYTpHU 6JI0Ka OyAYT OTHOCHUTBCS K JIOKAIbHOM NepeMeHHOI U He BJMSITh Ha €€ r1obalbHYI0
Te3Ky. BoaMoxHoO, 310 ynobHo, onHaKo 06 3Toif 0COGEHHOCTH NIErKo 3abbITh, U TOLNA NEH-
CTBMSI MPOrpaMMBbl MOTYT CTaTh HEMPENCKA3YEMBIMH.

[no6anbHble NEpeMEHHDBIE XPAHATCS B CIIELIMATBHO OTBEEHHOM U1 Hux mMecte. OHM oKa-
3bIBalOTCSl BeCbMa MOJIE3HBIMK, €CIM pasHbie (GYHKUIMU B MpOrpaMMe MCMONb3yIOT OMHHU W Te
Xe gaHHbte. OMHaKoO, €C/IM B HUX HEeT 0cOO0M HEOOXOOMMOCTH, rN00ATbHBIX MEPEMEHHBIX Clie-
nyeT usberare. Jleno B TOM, YTO OHM 3aHMMAIOT MaMsTh BO BPEMS BCErO BBIMOJIHEHMS IpO-
rpaMMBbl, aXe Korma yxe He HyxHbl. KpoMe Toro, ycnonb3oBaHKe MOGAIBHBIX NMEpeMEHHBIX
TaM, Ijie MOXHO ObL10 Obl OGOITHUCH JIOKATBHBIMH, OClabisieT He3aBUCUMOCTh (PYHKLMIA, no-
CKOJIBKY OHM BBIHYXIEHBI 33BHCETb OT CYUIHOCTH, ONpelelieHHoH B apyroM Mecre. Mrak,
NpUMEHeHHUE OOJBILOrO KOMMYECTBA INMOOANBHEBIX NMepeMEHHBIX MOBBIILAET BEPOSTHOCTD OLLM-
60K BCJIEACTBME HeEMpeackasyeMbix NobouHbiX 3¢hdekToB. BonblMHCTBO NMpobaeM, BO3HU-
KaoLLMX NMpH pa3paborke OONBbLUMX NPOrpaMM, SIBISETCS CIENCTBUEM HEMPEABMIEHHOIMO W3-
MEHEHMS 3HaueHMI MepeMEHHBIX, KOTOPLIE UCIIONB3YIOTC B JIIOOOM MECTe NpOrpaMMbl. JTo
MOXET CJIYYUTbCS, €CJIM B MPOrpaMme OObSIBIEHO CIMILKOM MHOTO IJI00AIBbHBIX NT€PEMEHHBIX.

Keanudukatopsl const u volatile

B s3pike C cyluecTBYIOT ABa KBUTMGbUKATOpa, YNpapaAlOlIMX JOCTYIOM U ModnbHKa-
uMeil: const M volatile. Mx cneayer vykaselBate nepel MoaudukaropaMM THUIOB
M MMEHaMH TUNOB, KOTOPHE OHU YTOUHAIOT. POpMaNbHO 3TH KBUTU(GUKATOPHI HA3LIBAIOT
cv-keanuguxamopamu (cv-qualifiers).

Ksanudukarop const

[TepeMeHHBIE THNA const HE MOIYT M3MEHSTBCH, ONHAKO MX MOXHO MHHULMAIM3IUPO-
BaTb. KoMnwiAaTop MOXeET NOMECTUTL 3THU NMEPEMEHHbIE B NTOCTOSHHOE 3aMOMHUHAIoLIEE yCT-
poiictBo (Random Access Memory — ROM). PaccmorprM npuMep.

J const int a=10;

710 06BABIEHHE CO3MAET LIEJIOUHUCIEHHYIO NEPEMEHHYIO C HMEHEM a M HayaJIbHBIM 3Haye-
HMeM, paBHBIM uMciy 10, koTopoe B OCTaIbHOM YacTH MporpaMMbl U3MEHHUTh HEBO3MOXHO.
OnHako NepeMEHHYI0 a MOXHO KCMONb30BaTh B OpYrux BeipaxeHusX. [lepemeHHas Tuna
const MOXET MNOJIyYMTh CBOE 3HaueHUE JIMO0 BO BpeMsl MHHMLMAIU3ALIMH, JIMOO C MOMOLUBIO
JIPYrUX MailMHO3aBUCUMBIX CPENCTB.

KBanndukarop const MOXHO HCMNONb30BaTh JUIA 3alUMThl OOBLEKTOB, MepenaBaeMbIX
B GYHKUHMIO B KayecTBe apryMeHToB. MHbIMU cnoBamm, ecim B QyvHKUMIO nepenaercs
yKa3zarejib, OHa MOXET MOAMGULIMpOBaTh HAKTUYECKOE 3HAYEHUE, HA KOTOPOE OH CChLa-
ercsi. Ho ecnu ykasatenbp yTouUHUTH KBATU(PUKATOPOM const, QYHKLHS HE CMOXET U3Me-
HUTb 3HAYEHHE B COOTBETCTBYIOLUEH Aueilke. Hanprmep, GyHkursa sp_to_dash(), pac-
CMOTPEHHas1 HWXeE, BHIBOIMUT HA MeYarb THPE, 3aMeHsAsA UM MNpobesibl B CTPOKE, KOTOpast
Apngerca ee aprymeHToM. MHade rosopsi. “crpoka Iuis npoBepKH” OyneT HameyataHa Kak
“crpoka—uis—npoBepku”. Mcnonb3oBaHue kBanubukaropa const B 0ObsBIEHMM napa-
METpa rapaHTUpyeT, YTO KOJl, NMOMELIEHHBII BHYTpH QYHKUMH, HE CMOXET MoandHUupo-
BaTb OOBEKTHI, HA KOTOPHIE CCBUIAETCS YKA3aTellb.
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#include <stdio.h>
void sp_to_dash{const char *str);

int main(void)
{

sp_to_dash{"cTpoka nns npoBepxm") ;

return 0;

}

void sp_to_dash(const char *str)
{
while(*str) (

if{*str== ' ') printf("%c", '-');
else printf("%c", *str);

str++;

}

}

Ecay 66l MBI MONBITAIMCHL MOAUMGHUMPOBaTh CTPOKY BHYTPH (YyHKIIMH sp_to_dash(),
KOMMUIATOP Bbloan 6bl cooblueHne of owmbke. Hanprmep, eciuM HanucaTb (YHKUHMIO
sp_to_dash() Tak, KaK NMOKa3aHO HUXE, TO BO3HMKJIAa OBl OLIMOKAa KOMITWISLIMH.

/* Oumbra */
void sp_to_dash{const char *str)

{

while(*str) {

if(*str==' ' ) *str = '-'; /* Hens3sa! ApryMeHT str

ABNAETCHA KOHCTAHTHEM */

printf("%c", *str);

str++;

}

}

Muorve (yHKUMH M3 CTaHIapTHOH OMONMOTEKHM HCIMONB3YIOT KBAIM(MUKATOp const
B 00BABICHHUAX CBOMX MapaMetpoB. HanpuMep, npororun ¢GyHKUMK strlen() BHIJISAWT
CEeAYIOUIMM 00pa3oM.

] size_t strlen(const char *str);

OObsBUB yKa3arejlb str KOHCTAHTHOI, aBTOpbI 3alLIMTWIN OT U3MEHEHUIl CTPOKY, Ha KO-
TOPVIO OH ccbulaetcs. B mpuHuMne, ecny B craHmapTHOM (GyHKUMM HET HEOOXOMMMOCTH

MOAM(PHUUPOBaTL OOBEKT, HAa KOTOPBIil CChUIaeTCsl €€ apryMeHT, TO 3TOT apryMeHT 00b-
SIBNSIETCH KOHCTAHTHLIM.

Ksanndukarop const MOXHO TaKXe HCMONb30BaTh U NpeloTBpalLleHHs] MoaudUKalMn
nepeMeHHBIX. [ToMHMTe. YTO MepeMeHHyYI0 THMa const MOXHO MOAMGDUUMPOBATH JIMLIb 33
npenenaMy nporpaMmel. Hanpumep., ee 3HaueHHe MOXHO M3MEHMTH C MOMOILLIBIO alNapaTHbIX
verpoiiets. OnHako, eciiM nepeMeHHasi 00bsIBlIeHa KOHCTAaHTHOM, MOXHO rapaHTHUpOBAaTh, YTO
€€ M3MEHEHHE MOXET IPOM30MTH JIMILL BCJISACTBUE BHELLHETO BMELLATE/IbCTBA.

Keanudukarop volatile

KBanudrkarop volatile coobLuaeT KOMMWIATOPY, YTO 3HaYeHHE MepeMEHHON MOXET
n3MeHATbesl HesisHO. Hanpumep, anpec rmo6ansHoi MepeMeHHONM MOXHO Nepelars Taitmepy
ONEPaLMOHHOI CHUCTEMBI M MCIIO/Ib30BaTh €ro ISl OTCYeTa peaJbHOrO BpeMeHH. B atom
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cydae comepXuMoe IepeMeHHO! n3MeHsieTcs 6e3 ABHOro BBIMOJHEHUS Kakoro-jubo ore-
paropa MnpycBanBaHMUs. DTO OYEHb BaXKHO, MOCKO/BLKY GOJBLIMHCTBO KOMIMIWIATOPOB S3bIKa
C/C++ aBTOMaTM4ecKH ONTUMHU3NPYIOT HEKOTOPBIE BHIPAXEHHMSA, CYUTas1, YTO 3HAYEHMS Me-
pPEMEHHBIX HE M3MEHSIOTCS, €CJIM OHHM HE YKa3aHbl B JIEBOM YacTU oneparopa MpUCBanBa-
Hus. Takum obpa3oM, UX 3HAYEHUS] HET CMBICJIA MeperpoBepATh NPU KaXIoM obpalleHHH.
KpoMe Toro, HeKOTOpble KOMITUIATOPbI H3MEHSIOT NOPSIOK BBIYMCIEHHS] BBIPAXEHHUHA B XO-
ne komnwisauun., Kesanudukarop volatile npenorspallaeT Takie U3MEHEHHUS.

Ksanndukatopbl const U volatile MOXHO UCMoOJib30BaTh omHoBpeMeHHo. Hanpu-
Mep, ecnd 0x30 — 3HayeHMe, XpaHsilleecss B MOpTe, KOTOpoe MU3MEHSIETCSl TOJIBKO Mof
BJIMSIHMEM BHELUHMX OOCTOSTENBLCTIB, TO Clelylollee OObSBIEHHE NPENOTBPATUT HENpe-
BUlleHHBIE MO60YHBIE D DEKTHI.

l const volatile char *port = (const volatile char *) 0x30;

] Cneuundukaropbl XpaHeHUs

B a3pike C cylIecTBYIOT YeThipe crieunprKaTopa XpaHeHHsl.

extern
static
register
auto

D11 cnelMUKaTOpHl cOOOLIAIOT KOMIWISTOPY, KaK XPaHUTb OObSBICHHYIO TEPEMEHHYIO.
O61Mit BUI OOBbSBIEHHS], HCITONB3YIOLLErO 3TU cllelM(PHKATOPbI, MPUBEAEH HHUXE.

cneyuukamop_xpaneHust mun uMs_nepemMerHou

O6parTiTe BHMMaHHE Ha TO, YTO CrELM(MUKATOPH XPAHEHHUs] MPEALLIECTBYIOT BCEM OCTalb-
HBIM 3JIEMEHTAM OOBSBIEHMUSL.

B sisvike C++ npedycMompeH euje 0OUH crneyugbukamop xpaHerusi mutable. OH pac-

RNl  cvampueaemcs e wacmu 11,

Cneuudukarop extern

[pexne yem paccMorpeTb cnelUMPUKATOp extern, OMMILIEM CUCTEMY CBSi3eil B SI3bIKE
C/C++. B sa3sbike C/C++ npellycMOTPEHO TpU KaTeropHy: BHEILHUE, BHYTPEHHUE CBA3U U UX
orcyrcTeve. Kak npasuio, GyHKIHK 1 mobaibHbIE MEPEMEHHbBIE HUMEIOT BHELLHKE CBA3U. 3TO
03HayaeT, YTO OHM MOCTYMHHI U3 No6oi YyactTy nporpaMMel. [1o6aibHbie 06BLEKTHI, OOBLSBIEH-
HelE C MOMOIIBIO cheundHUKaTopa static (ONMCAHHOrO B CJEAYIOLIEM pasleiie), MMEIT
BHYTpeHHHe cBA3W. OHM JOCTYIMHSI JIULLL BHYTPH ¢aityia, B KOTOpOM OMHUcaHbl. JIoKasibHbIe
repeMeHHBIE He MMEIOT CBsI3Eil U, ClleOBaTe/IbHO, BUIMMBI JIMILb BHYTPH CBOEro 6y10Ka.

naBHoe npeaHasHayeHHe cneuMdHUKaTOpa extern — VKa3aTb, YTO OObLSBIsiEMbIH
00beKT obialaeT BHELUHUMH CBSI3AMHU B paMKax Bcei nporpammbl. Y1oObl MOHATH, noye-
My 3TO TaK BaXKHO, HeOOXONMMO pa3iuyarb obssesenue (declaration) u onpedenenue
(definition). B obObsiBAEHUM yKa3bBalOTCA MMsA M TMIN obbekta. OnpeneneHue BbUAESAET
namATL g o6bekTa. B nporpaMme MoxeT ObITh HECKOJBKO OObLSBJIEHHI OOHOTO U TOro
Xe 06beKTa, HO TOJILKO OJIHO OfpelesieHUE.

B 6onblLMHCTBE ClydaeB 0ObsiB/ieHHE NMepeMEHHOI ONHOBPEMEHHO SBJISIETCS €€ onpenesie-
HueM. OfHaKo, yKa3aB nepel MMEHEM NMepeMEHHOI crneM(bHKaATOp extexrn, MOXHO OOBABHTD
ee, He onpenessis. TakuM obpa3oM, YTOObl 0BpaTUTLCS K NEpeMEHHOM, ONpenc/ieHHOI B Apy-
roil Yacty rnporpaMmel, €€ clienyeT OObsBUTh, UCMOJB3Yd crelM(pUKATOp extern.

PaccMoTpuM npiMep UcTosb3oBaHMs cretndukaropa extern. ObpaTuTe BHUMaHUE Ha
TO, 4TO 100aNbHbIE NTepeMeHHble £irst U last 0ObABJICHB! NMOcie QYHKUMK main().
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#include <stdio.h>

int main(void)
{

extern int first; /* I'noBaneHele nepeMeHHble */
printf("%d %d", first, last);

return 0;

}

/* TnobanvHOe onpeneneHre nepeMmeHHex first w last */
int first = 10, last = 20;

3Ta nporpaMMa BHIBENET Ha IeyaTbh yucaa 10 20, NMOCKONbKY raobaibHbie NepeMEeHHbIE
first ¥ last, KOTOPbI€ UCIMONb3YIOTCS NMPU Bbi3oBe (GYyHKUUM printf (), UHULUATUIU-
poBaHbl MUMEHHO 3THUMHU 3HayeHWsMU. [lockonbKy cneuudukatop extern B ¢GhyHKUHUU
main() coolllaeT KOMIWIATOPY, YTO NMEPEMEHHBIE first U last OOBABIEHH B JAPYroM
MecTe (B IAaHHOM ciy4ae B koHue Tekyulero daiina), nporpaMMa 6yneT CKOMIWIMPOBaHA
6e3 ownboK, naxe eciy rnepeMeHHbe first U last OyayT MCMOJIbL30BaHB PaHbLIE CBOUX
ornpeneneHum.

CrnenyeT iMeTb B BHMY, YTO OOBSIBJIEHVE NMEPEMEHHBIX B KAY€CTBE BHELIHWX, KaK IOKa-
33HO B TNpelblaylledl nporpamMme, HeoOXOOMMO JIMMIbL TIOTOMY, YTO MNepeMeHHbie first
U last He ObLIM OOBABIEHH IO CBOErO UCIONb30BaHUA B GyHKUMM main (). B npotuBHOM
clydae HeobxonumocTH B crieurdukaTope extern He Obito 66l OBHAPYXHUB NMEPEMEHHYIO,
paree He OOBABIEHHYIO B TEKYLUEM ONOKE, KOMIUIATOP NpoBepseT, He OObsABIEHa M OHA
B OXBaTbiBalolLMX Gnokax. Ecnayv HeT, koMNuisTOp mnpoBepsieT obaibHbIE NEPEMEHHBICE.
O6HapyXWB COBMNajleHWE, KOMIIWIATOP CYWUTAET, YTO AaHHAs CCbUIKA OTHOCHUTCS K paHee
obbsBNeHHON nepeMeHHON. Ecnu HeoOXoAMMO MCNONb30oBaTh NMEPEMEHHYIO, OOBABIEHHYIO
no3aHee B TOM Xe (aitie, clielyeT NPUMEHSTh crieuMdpUKaTOp extern.

Kak yka3biBajoch BhilUe, cCrieM(UKATOp extern MO3BONSAET OOLABUTL NEPEMEHHYIO, HE
onpenenasa ee. OAHaKo, €CY MPU 3TOM BHINONHAETCA MHULIMANU3ALIUS TNEpeMEHHOM, 00b-
ABllEHUE extern CTAHOBWUTCS OMNpefesieHUeM. ITO BaXHO, MOCKONbKY OOBbEKT MOXET UMETh
HECKOJIbKO ODBSIB/IEHWIA, HO TOJIBKO O[HO ONpelesieHue.

CrieuM@dUKaTOp extern WUIPaeT BaXHYIO Pojib B MPOrpaMMax, COCTOSILUMX M3 HECKONb-
Kux ¢aitnos. [IporpaMMy, HanvcaHHyIo Ha f3bike C/C++, MOXHO pa3nesuTb Ha HECKOJIbKO
¢aitnoB, CKOMNWIMPOBaTh WX OTAENBHO, @ 3aTEM OTPeAaKTUPOBaTh CBA3M MeXAy HUMH. das
3TOro HeOOXOAUMO MMETb BO3MOXHOCTh COOOWMTL BeeM (haiiaM O rnodabHBIX NepeMeH-
HBIX, CYUIECTBYIOIUMX B rporpaMMe. Jlyulile Bcero oOBABUTH Bee robajibHBIE MEpeMeHHbIE
B ofHOM dcbaiine, a B Apyrux obbsIBUTD MX C MOMOLIBIO crienMpUKaATOpa extern, Kak INOKa-
3aHO HUXe. 3TO YCWIUT MalUMHOHE3aBUCUMOCTb MPOrpaMMbl.

Nepevii Qaitn Bropo# ¢aiin

int x. y; extern int x, y;
char ch; extern char ch;
int main(void) void func22(void)
{ {

ARRRY x =y / 10;

} }

void funcil (void) void func23(void)

{
x = 123; y = 10;

} }
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Cnucok rnobanbHBIX NEPEMEHHBIX KONUPYeTCcsl U3 nepsoro daiula BO BTOPOW, a 3aTeM
nobasnsercs cneurdukatop extern. OH coollllaeT KOMNWASATOPY, YTO UMEHA W TWUIH
fiepeMeHHBIX, CIeIyIOLMX danee, oObsABAeHH B IpyroM Mecte. MHBIMU clloBaMM, CrieHM-
¢bHKaTOp extern coobLIAET KOMNMIATOPY THUNbl U MUMEHA IIOOANIbHBIX NEPEMEHHLIX, HE
BblIeJIAs JUIS HUX NMaMsTh elle pa3. Bce ccbiky Ha BHelIHUE nepeMEHHBbIE pacno3HAaTCA
B Mpollecce peiakTUpOBaHUs cBs3eil.

Ha npaktuke oObsiBAeHMS BHELUHHMX IEPEMEHHBIX OOBIYHO XPaHSTCS B 3aroJIOBOYHBIX
¢aitnax, KoTopble MPOCTC BKJIIOYAIOTCS B WUCXOAHBIN KOA. DTO M Jierye, M HaleXxHee, YeM
avonHporath Bce oOBbABNEHUS BHEILHUX MEPEMEHHHBIX B KaxaoM daiine Bpy4YHYIO.

B sa3bike C++ crieuvduKaTop extern UMeET €llle OAHO MPUMEHEHWE, KOTOPOE ONMUCAHO
B yactu IL

Cneyughukamop extern MOXHO Makxe NpuMeHAms K obbaeneHusm ¢hyHKuul, HO

Ha zam y 3Mo u3rnuwxe.

Cratnyeckue nepemeHHble

CraTvyeckMe rnepeMeHHbIE, B OTIMYME OT rNIobalbHBIX, HEU3BECTHBI BHE cBoeil (yHK-
uHy Wik ¢aiia, U cOXpaHSIIOT CBOM 3HaYeHUs MeXIy BHI3OBAMH. JTO OYEHb MOJE3HO MNpPH
co3fiaHuu 0boblLeHHBIX GyHKUME U OubnnoTek GyHKLMI, KOTOpble MOTYT UCTIONb30BaThCS
Apyrumu nporpamMMuctaMy. CtaTuyeckye nepeMeHHbBIE OTJIMYAIOTCS KAaK OT JIOKAJIbHBIX, TaK
M OT IOGAIbHBIX MePEMEHHBIX.

JlokanbHble cTaTuyeckue NepeMeHHble

Ecav nokanbHas nepeMeHHasi oObsiB/eHa ¢ noMolubio creuvdukaTopa static, KOMNu-
JIATOP BBIACJUT [UISI HEE MOCTOSIHHOE MECTO XPaHEeHWs, KaK U Iis ryiobanbHOIl nepeMeHHOMN.
[MpuHUMNUanbHOE OTIWYME JIOKaNbHOI CTaTUYECKOI NMepeMEHHON OT robanbHOI cOCTOMT
B TOM, YTO IepBasi OCTAETCSl AOCTYNHOI JIMILUb BHYTpH cBoero Gnoka. [lpouie ropopsi, jo-
KUIbHAsl CTaTUYecKasi MEPEMEHHas — I3TO JIOK&IbHasi NMEPEMEHHasl, COXPaHsoUlas CBOU
3HAYeHWUS] MeXIy BHI30BaMU (DYHKLVU.

Takue mnepeMeHHBIE OYEHBb TOJE3HH MPU CO3AAHUM M3OIMPOBaHHBIX (GyHKUM, FfO-
CKOJIBKY MeXJy BHI30BAMUW UX MOXHO HMCIIOjIb30BaTh B APYrMX YacTsX nporpaMMbl. Eciv Obl
CTaTHUECKHUX MEPeMEHHBIX He Oblo, npuuuioch Obl NMPUMEHSTH FNobanbHbBIE NMEPEMEHHBIE,
nopoxnas HeusbexHble noboyrbie 3¢dexkTrl. [TpUMepoM ynauHOro NMpUMEHEHWUS CTaTHYe-
CKUX TNEPEMEHHBIX SIB/SETCS FEHEPATOp YUCEN, KOTOPbIM MOPOXIAET HOBOE YUCIIO, MCIONb-
3ya npelblylliee 3HaueHUe. [ns XpaHeHUs, 3TOro uMcjia MOXHO 6bUlo Obl MCMONB30BaTh
rnobaNbHyIO NepeMEHHYIO, OJHAKO NMPU KaXIO0M HOBOM BbI30OBE €€ NMpULLIOCh Obl OOBSBIATH
3aHOBO, MOCTOSIHHO NPOBepsisi, He KOHGNIUKTYET JIM OHa C APYrMMHU IIoOanbHBIMU Mepe-
MeHHbIMH. [TpHMeHEHWE CTATHYECKON NMepeMeHHOI JIErKo pellaeT 3Ty npobnemy.

int series(void)
{

static int series_num;

series_num = series_num+23;
return series_num;

}

B 3ToM mpuMmepe nepeMeHHasl series_num NMpoJOJIXaeT CYIIECTBOBAaTL MeXIy BbI30-
BaMHU (QYHKUWYU, a JIOKajJbHasl NEpEMEHHAas KaXIHil pa3 co3faBanack Obl MpU BXone
1 YHUYTOXaJach Npy BbiXxofe W3 GyHKuuU. TakuM oOpa3oM, Kaxablii BH30B (YHKLWM
series() INOPOXINAaeT HOBBHI# 3JEMEHT psla, HMCIOJb3ys MNPEAbIAYLIEE 3HAYEHUE U HE
npuberasa K mobanbHOW rnepeMeHHOMN.
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JlokanbHyl0 CTAaTUYECKYIO NMEPEMEHHYI0O MOXHO WHWUManiusupoBatb. HayanbHoe 3Haye-
HME IPHCBaUBaeTCA JMILUb OUH Pa3, a He MpH KaxaOM BXofle B OJIOK, KaK 3TO MPOUCXOAUT
¢ JlokaabHBIMU NepeMeHHbIMU. HampuMep, B NpuBefeHHON HUXe BepCUU (GYHKLUH se-
ries() nepeMeHHasi series_num MHHULMaIU3UpyeTcs uucioM 100.

int series(void)
{

static int series_num = 100;

series_num = series_num+23;
return series_num;

}

Tenepp psn 6yner Bcerna HauvMHaTbecs € ymcna 123. XoTa BO MHOIMX MPWIOXKEHHEX 3TO
BIIOJIHE MPUEMIIEMO, OOBIYHO FeHepaToOPbl YWCEN MPEedOCTaBAAIOT MOJb30BaTENIO MPaBO Bbl-
6opa HayajgbHOro 3HayeHWs. [Ins 3TOoro MOXHO caeiaTh MEPEMEHHYIO series_num IJO-
6anbHON. OHAKO MMEHHO 1Sl TOro, 4yTtoDObl M3bexaTh 3TOro, U ObUTM CO3[aHbl CTATUYECKUE
NMEPEMEHHbBIE. 3TO NMPUBOAUT KO BTOPOMY CNOCO0y MCIMO/b30BaHUS CTATUMECKUX NEPEMEHHBIX.

FnmobanbHble cTaTUdecKne nepemeHHble

IpumMeneHue cneurdukaropa static K robabHON nepeMEeHHONM 3acTaBsiET KOMITU-
JIITOp €o31aTh IMo0aNbHYIO NMEPEMEHHYIO, BUAMMYIO TOJNBKO B Mpefenax Tekyulero caiina.
HecMoTpst Ha To uTO 3Ta MepeMEHHasi ocTaeTcsi obanbHOM, B Ipyrux daiiax oHa He cy-
mectByeT. ClefoBaTe/lbHO, M3MEHUTh €€ 3HAayeHWEe fIyTeM BMeELUATeJIbCTBA W3BHE HEBO3-
MOXHO. 3T0 NpefoTBpallaeT noboyHble 3¢gdekThl. B HekoTOpBIX CUTyaLMsiX, B KOTOPbIX
JIOKaJIbHblE CTaTMYECKME MEPEMEHHbBIE OKa3bIBaIOTCSl HENOCTATOYHBIMU, MOXHO CO3[aTh He-
6onbluoit ¢aitn, conepXalumii NHIIb (GYHKUWMM, KOTOPbIE HCIONAb3YIOT KOHKPETHYIO IJIO-
6anbHYI0 CTAaTHYECKYIO MEPEMEHHYIO, OTIEJIbBHO CKOMITJIWPOBaTb €0 M INPUMEHATb Oe3
PUCKa BO3HUKHOBEHMS 110004HbBIX 3¢hdeKTOB.

Y1006bI NpOoHTIOCTPYPOBAThL NPUMEHEHHE INI0DAIbHON cTaTHYeCKOl NnepeMeHHOM, Nnepe-
NUILIEM TeHepaTop YMCEN U3 MpedbLoyLIero pa3nesia TakuM oOpa3oM, yToObl HaYaIbHOE 3HA-
YyeHWe 3aaBanoch NMpU Bhi3oBe (YHKUWMM series_start(). Becb daiin, comepxaimii
¢yHkIMM series(), series_start() U series_num(), NOKa3aH HUXeE.

/* Bce QyHKUMU IOOJDKHEI HAXOIUTLCS B OOHOM M TOM xe Oaine. */

static int series_num;
void series_start(int seed);
int series(void);

int series(void)

{

series_hum = series_num+23;
return series_num;

}

/* UHuumanmsaums NepeMeHHOM series_num */
void series_start(int seed)

{

series_num = seed;

}

Bbi3oB ¢yHKUMM series_start () VHHUManu3upyeT redepatop uucen. [locne atoro
CJIEAYIOLLMI 3NTEMEHT PsSiia MOPOXIAETCsl HOBBIM BBI30BOM (DyHKUVU series ().

K cBeneHvio: JlokaabHble CTaTUUECKWE MEPEeMEHHBIC BUIMMH NULLIb B npeaenax Oioka,
rae oHu oOBABJIEHBI, a IoOaibHbIe CTATUYECKHE NepeMeHHble — B Npenenax ¢daiina. Ec-
¥ NoMecTUTh (GYHKUIWHM series () U series_start() B OMOIMOTEKY, TO rnepeMeHHast
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series_num cTaHeT HeBUAUMON. bonee Toro, B nporpaMMe MOXHO OOBSIBUTH HOBYIO I1€-
peMeHHyI0 series_num (pa3yMmeeTcs, B apyrom daiine). Ilo cywectBy, Mmomvdukarop
static INO3BOJISIET CO34aBaTh NEpPEMEHHBIE, BUAWMbBIE JIMlb B Mpefesiax QyHKUMW, He
nopoxnaas noboyHbix adcbekToB.

Monudukatop static no3poisieT CKPbIBaTh YacTh NMPOrPpaMMbl OT APYTUX MoayJeil. 1o
ype3BblyaiiHO BaXHO NpH pa3paboTke OONBIUMX M CJIOXHBIX MPOrpaMM.

B ssbike C++ 3ma ocobenHocme modughukamopa static coxpaHsemcs, Ho obvsene-

Ha HexenamernbHol. 3mo o3Havaem, Ymo npu pa3pabomke HOBbIX NPozpaMm UCIoN,-
308ampk 3Mo ceoLicmeo He pekomerHOyemcs. Bmecmo Hezao crieQyem npumeHsme npo-
cmpa+Hcmea umeH, onucanibie 6 yacmu 1.

Cneundukarop register

CrneundykaTop register M3HaYaJbHO NPUMEHSUICA JIMLIb K MEPEMEHHBIM TUMA int,
char WM ykasatensaM. OQHako BOCIENCTBUM €ro ToNkoBaHWe ObUIO pacliMpeHO, U Ternepb
€ro MOXHO NPUMEHSATh K NEPEMEHHBIM JIIOOOro THUIA.

CrneundukaTtop register ObL1 paspaboraH Uil TOro, YTOObB KOMITWISITOP COXPaHsUT 3Ha-
YeHUE TMEPEMEHHOI B PErUCTPE LIEHTPAIBHOIO MpOLIECCOopa, a HE MAaMATH, Kak oOblHO. D10
O3HAYAET, YTO OMNepaUvU Hall PeTUCTPOBHIMU NMEPEMEHHBIMU BHIINOJNHAIOTCS HaMHOro ObicTpee.

B Hacrosiliee Bpems cMbicn crielMbUMKaTopa register TpaKTyeTcsl OYeHb LUMPOKO.
B cranaapre s3bika C yTBepKaacTcs, YTO “AOCTYI K OOBLEKTY CJEMyeT MAKCUMAIBHO YCKOPHTD™.
(B craHnapre a3bika C++ ropopurcsi, 4To crielMdUKaTop register — 3TO “noackazka KOMIMU-
JIATOPY, YTO INAHHBIA OOBEKT WMCIOAb3YETCsl OueHb WHTEeHCUBHO”.) Ha mpakTvke B pervcrpax
LEeHTPaJIbHOrO MPOLIECCOPA COXPaHSIIOTCSl CUMBOALI M Lejble Yncha. bonee KpynHble OOBeKTHE
Hanopobue MacCHBOB, OYEBMUIHO, TAM HE TNOMECTSTCSA, HO OHW COXPAaHSIOT BO3MOXHOCThb INPH-
opuTeTHON 00paboTku KoMnWIATOpoM. B 3aBMCMMOCTM  OT  peaM3aLMK  KOMIMIATOpa
Y OMNepaLiMOHHON cUCTeEMBI 00paboTKa perMcTpoBoOii NMepeMeHHOM OCYILIECTRISETCH O-Pa3sHOMY.
C TeXHMYECKON TOYKH 3PEHUST KOMITHISITOP MOXET MPOCTO UrHOPMPOBaTh crietdukaTtop reg-
ister U 0OpabaThIBaTh MEPEMEHHYIO KaK OOBIYHO, HO HA MPAKTHKE 3TO CIIYyYAETCs PeiKO

CrneuMdukaTop register MOXHO TNPHMMEHATb TONBKO K JIOKaJbHBIM IEpPeMEHHBIM
u ¢dopManbHBIM MNapaMeTpaM.- K mobanbHbIM MepeMeHHBIM OH HE INpUMeHseTcs. B pac-
CMOTPEHHOM HMXe NnpuMepe GYHKUUS BbIYMCISAET 3HaYyeHWe M sl LebIX YUce.

int int_pwr (register int m, register int e)
{

register int temp;
temp = 1;

for(; e; e--) temp = temp * m;
return temp;

}

"B manHHOM npuMepe mnEpeMEHHBIE e, m H temp OODBSBIEHH KaK PericTpoBble, IO-
CKOJIbKY OHUW MCHOJIb3YIOTCSl BHYTPU LMKIOB. ToT ¢(akT, YTO pErucTpoBble NEpeMeHHbIE
ONTUMU3UPOBaHbl 110 CKOPOCTH, AENAET UX HAeaNbHO MOAXOAALIMMHU [N UCNOIb30BaHUS
B UMKIaxX. OObIYHO PErMCTPOBbIE NepeMEHHBIE NTPUMEHSIOTCS TaM, IE K ONHOM U Tol Xe
nepeMeHHON MPOUCXOMUT OYeHb MHOro obpanieHMit. 3To oYyeHb BaXHO, MOCKONbKY perv-
CTPOBHIMU MOXHO OOBSBUThH CKOJIbKO YrOAHO NMEpPeMEHHBIX, HO HE Bce OHU OynyT obecrne-
YHUBaTh OMMHAKOBYIO CKOPOCTh JAOCTYMa.

KonuuecTBo perMcTpoBbiX MEPEMEHHBIX B KAXIOM OJIOKE ONMTHMMU3UPYETCSl MO CKOPOCTH
M 3aBUCHUT KaK OT OMNEPaLMOHHOM CUCTEMBL, TaK W OT peanm3auuu a3bika C/C++. becnokoutbest
O KOJIMYECTBE PETUCTPOBLIX NMEPEMEHHBIX HE CTOWUT, NMOCKONBKY KOMITWISTOP aBTOMATHYECKU
npeobpa3oBbIBAET “JIMIIIHUE” PEFUCTPOBHIE NMepeMeHHbie B 0OblYHbIE. (DTO obecrneurBaeT Ma-
LIHHOHE3aBUCHMOCTD NMPOrpaMM B PaMKax JOBOJIbHO LIMPOKOro CrEKTpa NMpoLiecCcopoB.)
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OOBIYHO B peErvcTpax LEHTPAJIBHOIO MNpoleccopa OfHOBPEMEHHO MOTYT pacrofiaraTbcsl
Mo KpaitHei#l Mepe, NBe NMepeMeHHble TUNa char WK int. [TockoabKy BHIOOp OMNepaLVoH-
HBIX CUCTEM OYE€Hb LUMPOK, YHUBEPCANIbHBIX PEKOMEHIALMiI IO MCIONB30BaHHUIO PETUCTPO-
BHIX NEPEMEHHBIX He cyllecTByeT. B kaXIoM KOHKpETHOM ciydae ciefyeT obpallaTbcsi
K JOKYMEHTaLlUM KOMIIMASATOPA.

B a3bike C anpec perucTpoBoil nepeMEHHOM C MOMOLUBIO OrNepaTopa & BBIYUCIUTbL HE-
BO3MOXHO (MPUYMHB 00CYXIaloTcs HUXE). ITO BrOJHE JIOTHYHO, MOCKONbKY PErMCTPOBBIE
nepeMeHHbIE XpaHATCA, KaK NMPaBWIO, B MPOLECCOPE, a €ro naMsTh He agpecyetcs. OoHako
Ha 36Kk C++ 3TO orpaHMYeHWE HE PacpPOCTPAHSETCHA, XOTA B 3TOM CJyvae BBIYMCIEHUE
anpeca perMcTpoBOi NEpeMEHHON MOXET MOMELIATh ONTUMHU3ALUU MPOrPaMMBbI.

HecMoTpsi Ha TO YTO B HacTosilliee BpeMsl CMbICK crieuuMdukaTopa register cyllecT-
BEHHO PacliVipeH MO CPaBHEHHIO C TPAAMLMOHHBIM, Ha MPAKTUKE OH MO-MPEXHEMY NMpUMe-
HSIETCA B OCHOBHOM K LIEJIOYMCIIEHHBIM MU CUMBOJIbHBIM INepeMeHHBIM. TakuMm obpasoM, He
clleflyeT OXunath OT crieurdukaTopa register CYLIECTBEHHOTO YCKOpeHUs! paboThl Mpo-
rPaMMBbl, €CJIM OH MPUMEHSIETCH K NEPEMEHHBIM IPYryiX TUIOB.

l _
_..| WHuymanusaums NepPeMeHHbIX

[Tpu obbsABIEHUU NepeMEHHOV €if MOXHO NPUCBOMTL HayajabHoe 3HaueHWe. OOLUMIT BUI
WHULVAIM3aUMU BHITJSAUT CIEAYIOLIMM oOpa3oM.

mun uMs_nepeMeHHoll = 3Ha4eHue;
PaccMoOTpyM HECKOJIBKO MPUMEPOB.

char ch = 'a’
int first = 0
float balance = 123.23;

.~ =

I'nobanbHblE W JIOKANBHBIE CTATUYECKHE NMEPEMEHHbIE MHULIMATU3UPYIOTCH TOJIbKO INpH 3a-
MyCKE mnporpaMMHl. JIokanbHble NMEPEMEHHBIE (32 UCK/IIOYEHUEM CTATHYECKUX) UHMLUAIH-
3UPYIOTCSl KaXIHi pa3 npy BXoje B OJI0K, rie oHU onucaHbl. HennvllManvusvposaHHbiE JIO-
KajbHble MepeEMEHHBIE MMEIOT HEOTIPEEIEHHOE 3HAYEHUE, NTOKA K HUM He OymeT nmpuMeHeH
onepatop npucBavBaHMs. HeuwHWHManu3MpoBaHHBIE ryiobafbHBIE MEPEMEHHBIE U JIOKAb-
Hbl€ CTaTUYECKUE NMEPEMEHHBIE aBTOMaTUYECKW YCTaHAB/IWBAKOTCH paBHbIMU HYJIIO.

D KOHCTaHThI

Korcmarnmamu (constants) Ha3biBaloTcsl (PMKCUpPOBaHHbIE 3HAYEHWSI, KOTOpbie NMpOrpaM-
Ma HEe MOXeT M3MeHUTb, Criocod MpencTaBleHUs KOHCTaHTBI 3aBUCUT OT ee TWma. MHorma
KOHCTaHTH TakKXe Ha3biBaloT aumepasamu (literal).

CuUMBOJIbHBIE KOHCTaHTHI 3aKJIIOYalOTCs B OAMHApHBIE KaBHIYKW. HanpuMep, cvMBOBI
‘a' U '%' ABnAOTCA KOHCTaHTamMu. B sasbikax C u C++ npeaycMorpeHbl pacliMpeHHbie
CHUMBOJTbI, KOTOPHE MO3BONSAIOT MCIOAb3OBaTh ApYrve A3bIKM, MOMUMO aHmMiickoro. Mx
IuHa paBHa 16 6uT. s toro 4rtobbl onpefenuTh pacliUPeHHYI0 CHMBOJIbHYIO KOHCTAHTY,
nepesl CUMBOJIOM cllelyeT NMocTaBUTh OykBy L. PaccMOTpuM npuMep.

wchar_t wc;

wc = L'A';
3nech nepeMeHHOM we NPMCBAWBAETCA pacllMpeHHasi CUMBOJIbHAS KOHCTaHTa, 3KBUBa-
neHtHas Oykse A. PaclumpeHHble cviMBOJBI UMeloT TN wchar_t. B a3bike C atot TR on-

penensieTcs B 3arojloBoUHOM caiinie U He siBNsieTcs BCTPOEHHBIM TUIOM, B OTJIMYHE OT SI3bi-
ka C++, rie OH OTHOCUTCS K 3JIEMEHTapHBIM THUIaM.
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LlenourcnerHble KOHCTAHTH CYUTAIOTCS YWC/IAMM, HE WMEIOLIMMMU ApobHoi yacth. Ha-
npumep, yucna 10 © —100 sBastoTcsl UenouncieHHBIMU KoHCTaHTaMU. KOHCTaHTH ¢ Ina-
BaIOLLIEH TOYKOM cofepXaT ApoOHYIO YacTb, KOTOpasl oTfensdercs AecaTUUHoW Toukoil. Ha-
npumMep, uucio 11.123 npencraBnseT coboit KOHCTaHTY ¢ MnaBatolleit Toukoil. Kpome Toro, B
s3bike C++ yvicna ¢ raBaollleil TOYKoH MOXHO NPE/ICTARISATL € MTOMOLIBIO HaydHOro ¢opMarta.

B asbike C npesycMmorpeHo nBa TUMAa JUIA NpeCTaBAEHUA YUCEN ¢ TUIaBaiollei TOYKOW:
float ¥ double. Mcrnonb3ys Moau¢vKaTOpbl, MOXHO CO30aTh €1i1€ HECKOJIbKO BapUaHTOB
OCHOBHBIX TWIOB. [lo yMOnuaHWIO KOMAWIATOp MPUBOOWT YMCJIOBBIE KOHCTaHTHL K HaM-
MeHbLIEMY rnoaxopslleMy Tumny. TakMM oOpa3oM, ecny MpearnojoXuTh, YTO LIEJIOE YUCIO
saHuMaeT 16 6ut, To uvcno 10 mo yMmonuyanuio vMeet TMN int, a yucyno 103000 — tun
long. HecMorpsa Ha To yTO uMcio 10 MOXHO MPUBECTH K CUMBOJIBHOMY TUITY, KOMITIWISTOP
He HapylUWT FpaHHLIB TUIOB. EAVHCTBEHHOE UCKIIOYEHWE U3 3TOro NpaBWla NMpEACTaBseT
c0o00OH KOHCTAHTa C IUIaBalouleil TOYKOM, KOTopasi Mo YMOAYaHWIO MMEET TUI double.

B 6onbluMHCTBE NpoOrpaMM COIAalleHWsl, TMPUHATHE MO yMONIYaHUIO, SIBJISIIOTCS BIIOJIHE
pa3yMHbIMU. OnHako, Ucronb3yst cydhdUKChl, TUNIBI KOHCTAaHT MOXHO 3aAaBaThb siBHO. Ecnu
focjie KOHCTaHTH C TMaBampolleidl Toukod noctaButh cydpdukc F, oHa OyleT HUMeTb THUIN
float. Eciu BMecTo 6yKBbI F NOCTAaBUTh OYKBY L, KOHCTAHT2 MOJYYUT TUI long double.
Ang uenoyucnenHniX THIIOB cydduke U o3HayaeT unsigned, a cyddukc L — long. Bor
HECKOJIbKO MPUMEPOB Ha 3Ty TeMY.

Tun gaHHbIX Tpumepbt KOHCTaHT

int 1 123 21000 -234
long int 35000L -34L

unsigned int 10000U 987U 40000U
float 123.23F 4.34e-3F
double 123.23 1.0 -0.9876324
long double 1001.2L

LecTHaguaTepuuHble ¥ BOCbMEpPUYHbIE KOHCTaHThI

HHorna no3vHUOHHBE CUCTEMBl CUMCNIEHMS MO OCHOBaHMIO 8 wiu 16 oka3blBawoTcs
viobHee, yeM obblYHas necaTMYHas cvcTeMa. [To3MUMOHHAS CUCTEMa CYUCIEHWUS IO OCHO-
BaHuIo 8 HasbiBaeTcs gocemepuunoli (octal). B Helt ucnonbayrotes undper ot 0 o 7. Yucna
B BOCbMEPHYHOI cHCTeMe pacKianbiBaloTcsl o creneHaM uucia 8. CucteMa cuucneHus
¢ ocHoBaHWeM 16 Ha3mBaeTcs wecmHadyamepuunou (hexadecimal). B Heil ucnonb3ylotcs
nudpbl ot 0 1o 9 u 6ykBH oT A no F, xotophie coorsetctByroT uncnam 10, 11, 12, 13, 14
1 15. Hanpumep, wectHanuatepuyHoe yucio 10 B mecatuyHoit cucteMe paBHo 16. [lo-
CKOJIbKY 3TH CUCTEMBI CUMCTIEHUSI IPUMEHSIIOTCS O4eHb YacTo, B a3blke C/C++ npenycMmor-
PCHBI CPENCTBA JUIsl MPEACTABIECHWS IECTHANUATEPUYHBIX Y BOCBMEPUYHBIX KOHCTaHT. Jlns
310r0 nepell LeCTHaNUATEPUYHBIM YUCIOM yKa3biBaeTca npedukc 0x. BocbMepuyHble KOH-
CTaHTbl HAYMHAIOTCA C HYNs. PaccMOTpUM HECKOJBKO NPUMEPOB.

int hex = 0x80; /* 128 B mecaTMYHOM cucTeme */
int oct = 012; /* 10 B OecCATUYHON cucTeme */

CTpOKOBbIE KOHCTAHTDI

B a3bike C/C++ ecTb elle OAMH BWI KOHCTAaHT — CTpPOKOBble. Cmpoxa (string) — 31O
NOCEAOBATENBHOCTh CUMBOJIOB, 3aKJIIOYEHHAA B NBOMHBIE KaBHUKM. HampuMep, “npumep
CTPOKM” — 3TO CTpOKa. MH yxe BUIEIU NPUMEPH UCIOJb30BaHUS CTPOK, KOINa NMPUMEHS-
au dyHkuM0 printf (). HecMorps Ha To uTo B A3Hke C MOXHO ONpPeAcNsiTb CTPOKOBHIE
KOHCTaHTHI, CTPOTrO roBopsl, B HEM HET OTAENbHOrC TUMa AaHHbIX 11 cTpoK. (B To xe Bpe-
Ms1, B s13blke C++ cyllecTBYET CTaHIAPTHHI Kilacc string.)
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He cnenyeT nytath CMMBOJBI U CcTpoKH. OTaenbHas CMMBOJIbHASL KOHCTaHTa 3aK/IIOYaceT-
Csl B ONMHapHbIE KaBbIYKH, Hanpumep *a‘. EciM 3akmountb OykBy a B ABOIHHBIE KaBBIYKH,
MOJIYYUM CTPOKY “a™, COCTOSLLYIO U3 OHOM OyKBBI.

Vnpaanmoume CUMBOIJIbHbI€ KOHCTAHTHI

TlpakTHYeCcKHN BCce CHMBOJBI MOXHO BBIBECTH Ha MevyaTh, 3aKJIIOYMB UX B OUHOYHLIE
KaBblYKM. ONHAKO HEKOTOPbIE CMMBOJbI, HAaIpUMEpP, CUMBOJI TIEPEXO/la HA HOBYIO CTPO-
Ky, HEBO3MOXHO BBECTH B CTPOKY C KilaBWaTyphl. Jlns atoro B sa3bike C/C++ npeny-
CMOTpPEHH ClelUUWanbHble ynpaeasowue cumeonavivie kKoHcmanmuot (backslash character
constants), ykasaHHbie B Tabn. 2.2. OHW Ha3BIBAIOTCA 3CKElin-nocaedoeamensHoCmamu
(escape sequences). Jns Toro utobbl rapaHTUpPOBaTh MallMHOHE3aBUCUMOCTb, HEODXO-
avMMO wcnonb3oBaTh He ASCII-xkooH, 3KBUBaIEHTHBHIE YNPaBISIOLIUM CHMBOJIBHBIM
KOHCTaHTaM, @ MMEHHO 3CKeiN-nocyieloBaTeIbHOCTH.

Tabnuua 2.2. Ynpaensiowme cCUMBONbHLIE KOHCTAHTLI

Kog 3Havenne

\b MpoGen

\f Mporon Gymarn

\n Hoeas cTpoka

\r Bosspat kapeTku

\t lopusoHTanbHas Tabynsaums
\" J[1BOMHan kaBblyKa

\! OpuHapHas Kasblvka

\O Hynb

\\ O6patHan kocan qepra

\v BeprukancHas rabynsuvs
\a 3BYyKOBOI CUrHan

\? 3Hak sonpoca

\N BocbmepuyHan koHcTanTa N
\xN LectHanuaTepuqHan koHcTaHTa N

IMporpamMma, npuBeneHHas HWXE, BLIMOJHAECT MEPeXOl Ha HOBYIO CTPOKY, BLIBOLUT CUM-
BOJ TabynsaLuM, a 3aTeM neyataeT cTpoky “IlpoBepka BbiBOAa™.

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

{
printf ("\n\tlpoBepka BrBOIaA.");

return 0;

}

L Oneparopsl

B sa3bike C/C++ mnpeaycMoTtpeHo Oonblioe KoiM4ecTBO onepaTopoB. B 3THx sa3bikax
oneparopaM yuensercd ropasno Oonblie BHUMaHMA, YeM B OOJIBLUMHCTBE APYTMX SI3bIKOB.
Oneparopbl pa3leNsloOTCs Ha YeTbipe OCHOBHHE TIpynnbl: apu¢memuueckue (arithmetic),
cpasrienus (relational), soeuueckue (logical) u nobumosvie (bitwise). Kpome Toro, s KoH-
KPETHBIX LieJieli NMpelycMOTPEHO €elli¢ HECKOJIBKO CeLUabHBIX OMepaTopoB.
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Onepartop npuceanBaHus

Ornepatop NpMCBavMBaHWSI MOXHO HCIOJb30BaTh B JIIOOOM KOPPEKTHOM BbIPaXEHHM.
B a3bike C/C++ (B oTvuMe OT MHOTMX f3BIKOB IporpaMMHpoBaHusi, BKIoyas Pascal,
BASIC 1 FORTRAN) onepatop npvcBaMBaHWsl He CYMTaeTcsl OCOOEHHbIM. OOILMII BHA
onepaTtopa NpUCBaVuBaHWUSL BHIIJISLAVT CNEAYIOIIMM obpa3oM.

UMSL_NepeMeHHOU = GbIPaNCEHUE;

3nech BbIpaxeHHE MOXET COCTOSATh KAaK W3 OTAENbHOM KOHCTaHThbl, TaK M KOMOWHauuu
CNoXHbIX ornepatopoB. B kauecTBe onepatopa npucsanpaHus B s3bike C/C++ ucnons3yer-
cs1 3HaK paBeHcTBa (oTiMyHe ot fA3blkoB Pascal 1 Modula-2, B KoTopbix onepatop NpMcBavBa-
HuA obo3HayaeTcss CMMBOJaMK :=). Lleas (target), wim nieBast YacTh ornepaTopa NPUCBaMBaHMS,
Jlo/kHa OHITh MO0 nepeMeHHOM, MO0 yKasatesneM, HO He (GhYHKLMEN WM KOHCTaHTOIM.

Yacto B kuurax o sizbike C/C++ v B coobLUeHUSIX KOMINWIATOPa BCTPEYaIoTC nBa Tep-
MHUHa: Ivalue u rvalue. TepmuH Malue o3nauyaer moGoil OOBEKT, KOTOPBIII MOXET CTOATh
B JIEBOM uacTU onepaTopa npucBavBaHus. C TMNpaKTUYECKOM TOYKH 3pEHUA TEPMMH
Ilvalue oTHocUTC K NepeMEHHBIM. Te€pMUHOM rvalue HasbIBalOT BbipaXeHWe, CTOsLIEe
B MPaBo¥i YacTH OrepaTtopa NPUMCBaUBaHUSI, TOYHEE TOBOpS, 3HAYEHWE 3TOrO BbIpaXeHMUS.

MNpeobpa3oBaHus TUNOB B ONepaTope NpUCBaUBaHUS

Korna B BblpaXeHUM CMELIMBAIOTCS MEPEMEHHBIE pa3HLIX TUIOB, HEOOXOAUMO BBINOJ-
HUTb npeobpasoseanue munoe (type conversion). IIns onepatopa NpHUCBaWBaHHS TNpaBWIO
npeobpasoBaHusl TUIIOB OPMYJIUPYETCA NPOCTO: 3HayeHue MpaBoit yacTH (rvalue) npeobpa-
30BbIBaeTCA K TMIy NeBoi yacTu (lvalue). PaccMoTpyM KOHKpPETHBIH MpUMep.

int Xx;
char ch;
float £;

void func(void)

ch = x; /* Crpoka 1 */
x = £; /* Crpoxa 2 */
£ = ch; /* Crpoxa 3 */
f = x; /* Crpoka 4 */

B ctpoke 1 neBbiii cTapliMidi pa3psin Lleloil nepeMeHHOW x oTOpachiBaeTcsi, W Mepe-
MeHHOW ch npucBavBaroTcsa 8 Mnanwmx 6utos. Eciv 3HayeHWe nepeMeHHOM x M3MeEHs-
etcs ot 0 no 255, To nepeMeHHble ch U x OYNYT 3KBUBWIEHTHHIMM. (3TO OTHOCUTCA JIMUIb
K TeM KOMIIWIATOPaM, B KOTOPHIX MEPEMEHHHE TUNa char Mo YMONYaHWUIO He HMEIOT
3Haka. Eciy TMn char no yMmMonuyaHvio MMeeT 3HaK, TO NMepeMeHHble ch M x OyoyT 3KBU-
BaJIEHTHBIMU, TOJIbKO €CNTU NepeMeHHas x U3MeHsieTcst oT —128 no 127 nubo nepemeHHas
ch viMeeT TUN unsigned char — [llpum. ped.) B npoTMBHOM ciiyyae B NnepeMeHHON ch
OynyT yuTeHBI Julib 8 miaaliux OUT nepemeHHoil x. B cTpoke 2 nepemeHHO# x OymeT
MPUCBOEHA Lieas YacTb nepeMeHHoW £. B cTtpoke 3 BocbMUOWUTOBOE Liesioe YUcCO, Xpa-
HAlleeca B nepeMeHoil ch, OyneT npeobpa3oBaHo B YMCNO ¢ IUaBawolleil Toukoil. To xe
caMoe NpOW3OMAET M B CTPOKE 4, TOJIBKO Ternepb B YMCNO € IUIaBatolleil Toykoil Oynet
npeobpa3zoBaHO LIEJIOYUCTEHHOE 3HAYEHHE NEPEMEHHOM x.

B npouecce npeobpa3oBaHus TMNa int B TUMN char ¥ TWMNa long int B TMMN int cTap-
1ve pa3psabl otbpaceiBaroTesi. Bo MHOrUX 16-6UTOBBIX OMepallMOHHBIX CUCTEMaxX 3TO O3Ha-
yaeT, 4To 8 6UT OyaeT notepsiHo. B 32-paspsnHbiX onepalMOHHBIX CUCTEMaX MpU Nnpeobpa-

I'naea 2. Buipaxexus 57



30BaHUM TUIIA int B TUN char Oyaer notepsiHo 24 OuT, a NpH npeobpa3oBaHUM TUMa int
B TUIl short int — 16 6ur.

IMpaBuna npeobpasoBaHyst TUIIOB CyMMUpoBaHbl B Tabn. 2.3. [ToMHUTE, YTO Npeodbpaso-
BaHWE TUNa int B TUN float, THIA f£loat B TUIl double ¥ TaK fJajie€e HE YBEJIUUUBAECT
TOYHOCTU. ITOT BMA Npeobpa3soBaHuil NHILb U3MeHsIET cniocob npeactaBneHus ydcna. Kpo-
M€ TOro, HEKOTOpblE KOMITWIATOPH INpH Nnpeobpa3zoBaHUM THIa char B TUI int Wi float
10 YMOMYAHUIO CYUTAIOT TUI char HEe UMEIOLLUMM 3HAKAa, HE3aBUCUMO OT 3HAYEHWs Nepe-
MeHHOI1. JlpyrMe KOMIMWIATOPbl NMPEOOPa3OBLIBAIOT 3HAYEHUS CUMBOJIbHBIX TEPEMEHHBIX,
npeBoilliaroliive 127, B orpuuartesibHble yMcna. Mtak, ecny Bbl XOTWTe M30exaTh NMpobiieM,
U1 paboThl ¢ CUMBOJIAaMM CJIEJlyET MCIOJb30BaTh TUI char, a ans paboThbl ¢ LIENBIMU YUC-
JaMM — TUN int, short int UM signed char.

Ecnu BaM HeOOXONWMO BBHINMONHMTEL Npeobpa3oBaHWe THUIA, He yKaszaHHoe B Tabn. 2.3,
rnpeobpa3yifiTe ero cHauajga B NMPOMEXYTOUYHBII TUIl, KOTOPHIH ecTb B Tabyiuue, a 3aTeM —
B pe3yJibTHpylolluid Tun. HanpuMep, 4Tobb npeobpa3oBath THIT double B TUN int, CHaya-
Ja crnenyet npeobpasoBath TN double B TN float, a 3ateM TWUR float — B THN int.
(Pa3zyMeeTcs, 3TO OTHOCHMTCS JIMIUb K aHalW3y BO3MOXHBIX INoTepb TOYHOCTH. JIroboii
KOMITUJISITOP COBEpPlUEHHO CBODOAHO BHINONHUT IpeobpazoBaHue THMNMa double B THUIN int,
He TpeOyd NpoMeXYTOUHBIX npeobpa3oBaHuit. — [lpum. ped.)

Tabnuya 2.3. Mpaeuna npeobpa3oBaHus THNOB

Pesynetupyiowmi Tun  Tun BoipaxeHus BoamoxHbie notepu

signed char char

Ecnu 3sHavenne > 125, peaynbratom Byfiet orpuuarensHoe
yucno

char short int Crapwwe 8 6ur
char int (16 ©6ur) Crapwue 8 bur
char int (32 ©6ut) Crapwwe 24 6ut
char long int Crapwme 24 6ur
short int int (16 6ur) Het

short int
int (16 6ur)
int (32 6ur)
int

float
double

int (32 6ur)
long int
long int
float
double

long double

Crapuive 16 6ur

Crapwwue 16 6ur

Her

ApobHas YacTs U, BO3MOXHO, YTO-TO ele
TouHoCTb, pesynsTar OKpyriseTcs
TouHOCTL, pe3yneTaT OKpyrnseTcs

MHOXeCTBEHHble npuceavBaHng

B a3nike C/C++ pa3speliaercsi MpUCBaUBaTh OAHO M TO e 3HaYyeHHEe HECKOJbKMM fepe-
MEHHBIM onHOBpeMeHHO. HanpuMep, Bo dparMenTe nporpaMMbl, MPUBEAEHHOM HWXE, Ie-
pEMEHHBIM X, y U z OIHOBpEMEHHO NMpHCcBauBaeTcd yucno 0.

Fx=yv =2z

Tako# criocob NpUCBauBaHMs YacTO MPUMEHSIETCS B NPOeCCHOHATBHbBIX MPOrpaMMax.

ApudmeTnueckune onepartopbl

B tabna. 2.4 npuseneH crnucok apudMeTUyeckux onepatopoB g3bika C/C++. Onepatopbt
+, —, * U / BBHINOJHAIOTCA TOYHO TaK X€, KAK U B GOJIbUIMHCTBE IPYIUX A3BLIKOB IpOrpam-
MupoBanusi. FIX MOXHO MprMeHSITb MpPakTUYeCKH K JIIOObIM BCTPOEHHBIM TUIAM AaHHBIX.
Ecnu onepatop / nprMeHsieTcsl K LIEJIOMY YMCNy WU CUMBONY, NpobHast YyacTb oTOpachiBa-
etcsa. Hanpumep, 5/2 paBHo 2.
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Tabnuya 2.4. Apugmetnyeckue onepatopbl

Oneparop Beiicrane

- Bbiuuranue, a Taioke yHapHbIA MUHYC
CnoxeHue

YMHOXeHue

Henenve

Lenexve no Mogynio

-- LekpemeHrauums

++ MHkpemenTauws

»

® N

Ornepatop A€NeH!s1 O MOAY/IO %, KaK M B APYrMX si3blKaX NMporpaMMHpOBaHWs, BO3Bpa-
u12eT OCTaTOK LEJIOYUCIIEHHOTO fejieHHs1. OHAaKO 3TOT OnepaTop HeJb3sl IPUMEHSTb K YyHC-
JlaM ¢ IUIaBamolliel Toukoi. PaccMOTpUM npuMep, B KOTOPOM MCIOJIb3YeTCS ONepaTop %.

int %X, vy

x = 5;

Yy = 2;

princf("%d ", x/y); /* BrBeneT umcno 2 */

printf("sd ", x%y); /* BelBemeT uucio 1, ocTaTok
LEeJIOUNCIIEHHOT'O JeneHus */

x = 1;

y = 2;

printf("%d %d", x/y, x%y); /* BeBemeT umcna 0 1 */

[TocneaHuit oneparop nMporpaMMbl BHIBOAUT Ha 3KpaH 4YMcio 0 M 1, NOCKONbKY pe3ynb-
TaT uenoyucneHHoro peneHus 1/2 pasen 0, a octatok — 1.

YHapHblif MUHYC yMHOXaeT cBoi onepaHi Ha —1. MHbIMM cloBaMU, yHapHBIH MHHYC
MEHSIET 3HAK OMNEpaHIa Ha NMPOTUBOIONOXHBIN.

MHkpemeHTauua U gekpeMeHTaums

B siabike C/C++ ecTh nBa MOJNE3HHX ONEpaTopa, KOTOPBIMM He o0NagaloT HEKOTOphle
Apyrue s3blKA. 3TO olepaTopbl MHKPEMEHTAUMK W HEKpEMEHTalUK ++ U ——. Onepatop ++
nobGasniseT 1 K cBoeMy olepaHiy, a orepaTop —- BblYMTaeT ee. TakuM obpa3oM, ornepaTtop

I x = x+1;
3KBHUBAIEHTEH ONEPATOPY
B+,

a orepaTop

I x=x-1;
3KBUBAJIEHTEH ONEPaTOpy
B x-;

Onepatopbl MHKPEMEHTaUMM M IEKPEMEHTauvuu uMeloT asBe (opMbl: NpedUKCHYIO
u noctdukcHyo. Hanpumep, dparment

I x = x+1;

MOXHO MEPENUCATb TaK
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§ ++x;
WU TaK

=+t

Onnako Mexny npeduKcHOH M nmocTgUKcHOM (opMaMM CYLLECTBYET BaXKHOE OTIHYHE,
KOIZla OHU HCIIOJIb3YIOTCH BHYTPU Bbipaxenui. Ecnm mcnonblyercs npedukcHas ¢opMa, one-
NATOpbl MHKPEMEHTALIMKM M IEKPEMEHTALMM TNPUMEHSIIOTCA K CTAPOMY 3HA4YE€HMIO ollepaHia,
& ecsiv nocTpUKcHass — K HOBoMy. Hanpumep, B pe3ysibTare BHINOJNHEHHMS OMEPaTOPOB

x=10;
Yy = ++X;

nepeMeHHOiA y 6yneT npycpoeHo 3HayeHye 1. OnHako, ecny nepenycaTb 3TOT (parMeHT UHAYe:

x = 10;

Y = Xt++j,
nepeMeHHas y Oyner pagHa 10. B oboux cnyyasix nepeMeHHas x B pe3yJibTATE€ CTAHET paB-
Hoit 11. PasHuLa 3akirouaercs B TOM, KOIa 3TO MPOHCXOANT.

BoabimHerBo KommuasTopoB sa3bika C/C++ co3naroT LA ONepaTopoB UHKpEMEHTAaLUH

M IeKpeMEHTAaLMH o4yeHb ObICTPHIN U 3 beKTUBHBIA 06beKTHBIM Koil. OH BBIMONHAETCA HAMHOIO
6hIcTpee, YeM KOjl, COOTBETCTBYIOILIMI onepaTopy NpucBavBatHMs. 1o 3Tol npUuuHe onepa-

TOpbl MHKPEMEHTALMU U JIEKPEMEHTALIUMU cllefyeT NPHUMEHITh BCerna, KOoraa 310 BO3MOXHO.
Huxe npuBeneHbl NpUOpUTETHE apUBMETHYECKUX OMEPATOPOB.

BBICHIMIA b =
- (yHapHBIH MHHYC)
* / %

HM3LIHIA + -

Onepartopbl, UMeOILME ONVHAKOBBIH MPUOPUTET, BHIMONHAIOTCH clieBa Hamnpapo. Pasy-
MeeTcsl, Ul U3MEeHCHHWsl TMOpsAKa BBIYMCIEHHS ONepartopoB MOXHO NPHMEHSATb CKOOKHU.
B sizbike C/C++ cKOOKM MHTEPNPETUPYIOTCS TOYHO TaK XK€, KaK M BO BCEX APYIHX sSI3bIKaxX
nporpaMMupoBalusi. OHHY TNO3BOASIOT TMPUCBOUTL HEKOTOPLIM OMEpaTopaM MM rpyIirie
ornepaTopos 6oJjiee BLICOKUH NMPUOPHUTET.

Onepartopbl CPaBHEHUS U NIorMyecKue onepaTopbl

B TepMmunue onepamop cpaenerus cloBo “‘cpaBHeHWE” OTHOCUTCH K 3HAYeHWAM OIepaH-
noB. B TepMulie soeuveckuii onepanop cloBO “Norvyeckuil” oTHOCHUTCA K Crocofy, KOTOPbIM
YCTaHABJIMBAIOTCS 3TH OTHOleHUS. TIOCKONbKY omepaTopbl CpaBHEHWSI U JIOTHYECKUE OIle-
paTopbl TECHO CBA3aHbl APYr € APYTOM, Mbl PACCMOTPUM HX BMECTE.

B ocHoBe M onepaTopoB CpaBHEHHSI, W JIOTMYECKHMX OINEPATOPOB JIEXAT IOHATHS
“UcTUHA” U “noxb”. B a3vike C MCTHUHHBIM cuMuTaeTcs Jioboe 3HauyeHUE, He paBHOE HYIIO.
JloxHoe 3HaueHue Bcerma paBHo 0. BbIpaxeHHWs, MCMOJNb3YIOIIME OMepaTropbl CpaBHEHUS
M JIOTMYECKUE omnepaTopbl, Bo3BpallatoT 0, eciu pe3ynbsrar NoxeH, 1 1, ec/iv pe3y/bTaT UCTHHEH.

B a3bike C++ UCTMHHBIE U JIOXHBIE 3HAYEHUS Pa3UYaIOTCs TOUHO TakK XeE, HO. MOMUMO
3TOro, MpeaycMoTpeH ocoOblii THI JaHHBIX bool M 6y/ieBbl KOHCTAHTH txrue U false.
B nporpamMmax Ha si3pike C++ 3HaueHue 0 apromaTyecku Npeobpa3oBLHIBAETCS B KOHCTaH-
Ty false, a HeHyJIcBOe 3HAaYeHHE — B KOHCTAHTY txue. Crnipape/UIMBO U obpaTHOE YTBEp-
XJleHUe: KOHCTaHTa txue NMpeobpa3oBblBaeTCca B 3HaueHue I, a KoHcTaHTa false — B YHcC-
Jio 0. Pe3ynbTaTtoM BbIpaXKeHWil, B KOTOPHIX MCMOJbL3YIOTCSl ONEpaTopbl CpABHEHUS U JIOTH-
YyecKMe OMepaTopbl, SBASIOTCA KOHCTaHTH true U false. OnHako, MOCKOJBKY 3TH
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KOHCTAHThI ABTOMAaTHYECKH NMPeoOpa3oBLIBaIOTCs B uMciaa 1 win 0, pasivune Mexiy siblKa-
M C u C++ B 3TOM acrnekTe CTAHOBMTCS YUCTO aKaJeMHYECKHM.
Onepatopel cpaBHEHMsI M JIOTMYECKUE OfepaTopbl NMpUBEIEHL! B TabN. 2.5.

Tabnuua 2.5. Onepatopbl CPaBHEHUS! U NOTMMECKUE ONEPaTOPbI

Onepatops! CpaBHeHHs

Oneparop LeilctBue

> Bonbwe

>= Bonblie unu pasHo
< MeHblie

<= MeHblue nnm pasHo
1= He pasHo
Nornveckve onepaTopkl

Oneparop HevictBne

&& n

|} mnn

! HE

PaccMOTpUM TabMIly HCTUHHOCTU 1S JIOTMYECKMX OINEpPaTopoB, UCTIONb3ys 3HayeHHs 1 u 0.

P q P&&Q rlla Ip
0 0 0 0 1
0 1 0 1 1
1 1 1 1 0
1 0 0 1 0

Onepatopbl cpaBHEHMSi M JIOTMYECKHME OIlepaTopbl MMeloT 6ojee HM3KMII NPHOPUTET,
uyeM apudMeTuyeckue onepatopbl. TakuM o6pa3oM, BbipaxeHue 10 > 1 + 12 6yner Bbi-
YUCJIEHO Tak, OYATO OHO 3amMcaHo ciaedyroLMM obpa3om: 10 > (1 + 12). Pasymeertcs,
B 000OMX Cllyyasix 3TO BbipaxeHUe OYIeT JIOXHBIM.

B onHOM M TOM e BbIpaXX€HMH MOXHO MCIIOJIb30BaTh HECKOJILKO OMNEPaToOpoB.

J 1055 && 1(10<9) || 3<=4

B naHHOM cnyyae pe3ynbTaToM OyleT MCTUHHOE 3HavyeHue.

Hecmotpst Ha To yTo Hu B a3bike C, HU B s3pike C++ HeT oneparopa “UCKIIOYMTEIbHOE
HITU” (XOR), ero MoxHo JieTko peann3oBaTh B BUIE (GYHKIIMM, UCTIONL3YS IPYTHe JIOrHye-
ckue oneparopbl. PesynbratoM omneparopa XOR sBnsercs McTUHHOE 3HayeHHE, TOJNLKO €CAH
OfIMH U3 orepaHaoB (Ho He 06a) ucTuheH. [TporpaMMa, npuBefieHHasa HUXe, CONEPXHUT PyHK-
LIMIO xor (), NPUMEHSIIOLIYIO onepauuio uckinoyarouero MJIW k 1ByM cBOMM apryMeHTaM.

#include <stdio.h>
int xor{int a, int b);

int main{void)

{
printf("%d4d", xor(1l,
printf("%d", xor(1l,
printf("%d", xor(O0,
printf("%d", xor(O,

OR PO
~—
~— -

~e e e

~e

return 0;
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/* BrmomnHseT onepaumi McKoyakwero WIN,
MCIIONBE3YS nBa apryMeHTa. */

int xor(int a, int b)

{

return (a || b) && !(a && b);

}

Huxe npueBeseHbl NPUOPUTETEI ONEPATOPOB CPABHEHHS M JIOTMYECKHUX ONEPATOPOB.

BBICHIMIA

HM3LUMH [

Kak ¥ n1s aprdpMeTHyecKUX OnepaTopoB, €CTECTBEHHBIM IMOPSLIOK BBIYMCIEHUNH MOXHO
M3MeHATb ¢ NMOMolLLbIO ckobok. HanpuMep, BuipaxeHue

Jiosko || O

apigerca JoxHbM. OfHako, ecny INeperpynnyvpoparh €ro onepadjbl ¢ NMOMOIUbIO CKOOOK,
PE3YJILTAT CTAaHET NMPOTHBOMONOXHBIM.

J!(o&& 0)) || O

IToMHuUTE: Bce BbIpaXKeHHs, MCMONb3YIOILMe ONepaTopbl CPAaBHEHHS U JIOTMYECKHE Orle-
paTopsl, UMEIOT MO0 UCTUHHOE, OO NnoxHoe 3HayeHne. CnenoBaresibHO, ¢parMeHT Mpo-

rpaMMbl, NpHUBeNeHHBIA HUXe, BepeH. B pe3ynbTate ero BHIMOIHEHUS] Ha 3KpaH OyLeT Bbl-
BeZleHO 3HayeHue 1.

int X;

X = 100;
printf("%d", x>10);

Mo6utoBbie onepatophl

B otnnuMe oT MHOIUX APYTHX A3LIKOB, s13blK C/C++ conepXuT NoaHblit Habop MOOHUTOBBLIX
oneparopos. [Tockonbky s3bIK C 6bL1 pa3paboTaH B KayecTBe 3aMeHbI f3blka acceMbnepa, oH
npefycMaTpyBaeT MHOTHE oOMepaliid HHU3KOrO VPOBHS, B YAaCTHOCTH, HOOGLINOGbe onepayuu
(bitwise operation). npeIHa3HayeHHLIE UISI MPOBEPKH, YCTAHOBKH U CIBUIA OUTOB, U3 KOTOPLIX
cocToAaT GaiiThl U MalLMHHBIE CJIOBa, 00pa3ylolure nepeMeHHble TN char WiK int. [To6u-
TOBBIE ONEPaLIMM HeEJNb3A MPUMEHATH K MNMepeMeHHBIM Tula float, double, long double,
void, bool U apyrux, 6onee caoxHbIX, TUNOB. Ilobutopbie onepaTophl s3vika C/C++ nepe-
yHucaeHsl B Tabn. 2.6. TH onepaTopbl MPUMEHAIOTCH K OTAEILHBIM GUTAM ONEPaH/oB.

Tabmua 2.6. Moburosbie onepaTopbl

Oneparop OenctBue
& n
| nnm

A

Ucknmovarowee UNA
BononHerune go egunnubl (HE)
>> Cpsur snpaso

<< Cpsvr sneso
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INo6uroseie onepauun U, UM u HE (nononxenue mo eaMHMLbI) ONMMCBHIBAIOTCS TEMH
Xe TabIUIIaMM MCTMHHOCTH, YTO M MX JIOTHYECKUE aHAJIOTH, 3a UCKJIIOYEHUEM TOTO, YTO Te-
nepp BCE CPABHEHHUS! MPOBOMATCS IMopa3psaHo. Tabnuiua MCTMHHOCTU I oMeparopa Mc-
kmovatottero MUJIN npuseneHa Huxe.

P q p*q
0 0 0
1 0 1
1 1 0
0 1 1

Kak crnenyeTr u3s 3Toit Tabnuubl, pe3ynbTaT onepaumu uckmoyaroliero MJIM papen Mc-
TUHHOMY 3HAYEHMIO TOIJIa U TOJILKO TOI[d, KOIJa TOJIbKO OfIMH M3 OINEPaHIOB ABJISIETCA UC-
TUHHBIM, B IPOTUBHOM cJiy4yae ero 3HayeHHUE SIBJISIETCH JIOXHBIM.

31U omepaTopsl YacTo IPHUMEHSIIOTCS NpU pa3paboTKe ApaiiBepoB, HampuMep, Mpo-
rpaMM, YIpapisiowmrx paboroit MogeMa, AMCKa UMY MpUHTepa, MOCKOALKY ¢ MOMOILUBIO MO-
OUTOBLIX OMEpaLMii MOXHO OMNpEAESIUTL 3HAYEHUST KaXIOro KOHKpPETHOro 6ura, HarpuMmep,
6uta yetHocTH. (BUT YeTHOCTH NMOATBEPXIAET, YTO OCTajJbHblE OUTHI He IMOABEPrajiuch M3-
MeHeHUaM. OObIYHO 3TO — cTaplUMii OUT B KaX10M Oaiire.)

C nomolisio noburosoro oneparopa M MoxHo cObpocurbh 3Hauenme Oura, T.e. J10GoOit
OUT, paBHBIII HYMIO B KAKOM-NTMOO orepaHie, oOHYy/sieT 3HayeHHWe COOTBETCTBYIOILEro OUTa
B pesynbrate. Hanpumep, npupenenHas Huxe QYHKIMA CYMTBIBAET CMMBOJN U3 MOpTa MoO-
feMa Y o6HyNseT OUT YETHOCTH.

char get_char_from_modem({void)

{

char ch;

ch = read_modem(); /* CumTeiBAET CMMBON M3 NOpTa MorueMma */
return(ch & 127);
}

YeTHOCTL OOBIMHO 3a7aeTcsl BOCLMBIM OWUTOM, KOTOpHIif OOHYNAETCS B PE3yNLTaTe Bbi-
nonHeHus onepauru M. BropbiM onepaHIoM 3Toro oneparopa siBjisseTcss 6aiiT, B KOTOpOM
Bce 6uTHl OT 1 10 7 paBHbI 1, a BocbMoi ©6uT paBen . BuipaxeHue ch&127 o3HavyaeT Mo-
napHoe NpuMeHeHWe omnepaiy M ko BceM 6uTaM, cocTaBigioOLUMM 3HauyeHUe NepeMeHHOM
ch, ¥ 6uTaM yucna 127. B pesynbrate BocbMOii OUT nepeMeHHO# ch CTaHOBUTCS paBHLIM 0.
[MpennonoxuM, uTo B NepeMeHHass ch collepXUT CUMBOJ "A" U OUT YETHOCTH.

BuTr yeTHOCTMN

O R«

1 0000 0 1 llepemenHas c¢h, conepxamwas cumeon "a" 1 OUT YETHOCTM
1111111 JIJpouuHOoe NPeNCTaBlIeHue yucina 127
& [lobuToBLIT OnepaTop M

01000001 Cumeon "A" 6e3 OMTa YETHOCTU

IMobuToBas onepauusa UJIU, B oiMune ot onepauuu M, vcnonb3yercs QIS YCTaHOBKHU
3HadYeHus 6uTa. JIo6oit 6UT, paBHbIt 1 B KakoM-IMOO0 onepaHjie, NpUcBarMBaeT 1 cooTBeTCT-
ByIollleMY OUTY B pe3ynbTate. [TocMoTpUM, HanpuMep, YeMy paBHO BuipaxeHue 128 | 3.

1000000 0 IpomuHOe MnpelCTabBJieHMe umcra 128
00000111 IpoMYHOE MPENCTAaBJIEHME uMcia 3

NobuToBElT onepaTop MU
10000111 pPesyneTar

Onepaumst uckmovyatowero MJIU, obuiyHo cokpaweHHo HasbiBaeMag XOR, ycraHapiu-
BaeT 3HauYeHMe OUTa Torra M TOJIBKO TOrJa, Korda of6a cpapHMBAaeMBIX OUTa MMEIOT pa3HbIe
3HaueHus. HanpuMep, ripaxerue 127”120 BbruvcnsgeTcs cienyloiMM oOpa3oM.
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111 1 1 IpouuHOe npelcTaBNeHme umcrna 127
111 0 0 IromuyHOe mnpencTaBJieHMe umcia 120
[lo6uTOBLI onepaTop UcCKYaklmero WIN

0001111 PesyneTar

0 11
0 00
0

[MomMHuTE, YyTO pe3ynbTaToM PabOTHI OMEPATOPOB CPABHEHUS U JIOTMYECKUX OMEpaTopoB
BCerna sABIAIOTCS UCTUHHBIE MJIH JIOXKHbIE 3HAYeHHs, B TO BpeMsl KakK aHAJIOTMYyHbie NobHTOo-
Bble oONepaTopsl MOIYT MNoOpoXiaTb Jodble nenble uucia. MHBIMM cloBaMH, pe3ylbTaToM
MOOHUTOBBLIX onepalMil ABNAIOTCS J100be YKcna, a He Toibko 0 MM 1, Kak Npy Mcnofb3oBa-
HUWH JIOTUYECKUX ONEPATOPOB.

Oneparopbl capura 6UToB “>>" M “<<” cMewalT Bce OMTHI BIEBO MAM BIPaBO Ha yKa-
3aHHOE KOJH4yeCTBO pa3psaoB. O6wMil BML onepaTopoB MOOUTOBOrO CABHUTra BIPABO BbIIJIS-
IUT ClelyloluM obpasoMm.

3HaueHue >> KOAu4ecmeo paspsaioe
Oneparop NoGUTOBOro CABUIA B/IEBO BbIMMSANUT TaK.
3HaueHue << KOAu4ecmeo paspsaioe

Kak Tonbko capriraeMble OMTBl JOCTHUIAIOT Kpasi, ¢ MPOTHBOMNOJIOXKHOIO KOHLA MOSIRISIOTCS
Hynu. (I'py caBure BnpaBo B OTpULIATE/ILHOM LIEJIOM YMc/ie TIPU3HaK 3HaKa coxpaHsiercs.) ITom-
HMTE, YTO CABHI HE SIRISETCS KOJBLIEBbIM, T.€. €M OMUTHl MCYe3aloT Ha OIHOM Kpalo Yyucia,
OHM He MOsIBATCS Ha JpyroM. buTsl, Beilleslive 332 npeneibl YUCAa, CYMTAIOTCH NMOTEPAHHBIMMU.

OnepalMy NoOGUTOBOro cABUra MoryT OblTb OueHb MOJE3HB MPU JNEKOAWPOBAHUM WMH-
¢dopmanui, nocrynaiouweit ¢ BHELIHEro YCTpOicTBa, HampHMep Moaema. Kpome toro, mo-
OUTOBBIE ONEPATOPHI CABUIa MOXHO MCIOJIb30BaTh U1 OLICTPOro YMHOXEHUS WK AeIeHUs
uesbix yuces. C noMolublo CABUMIAa BIOPaBO MOXHO 3¢ ¢eKTUBHO MONENUTbL YMUCIO Ha 2,
a ¢ MOMOUIbIO CJIBUTa BJIEBO — YMHOXHWTb Ha 2, Kak MokKa3aHo B Tabin. 2.7.

Tabnuua 2.7. YMHOXEHUE U feneHue C NOMOLLbIO No6UTOBLIX CABUIrOB

unsigned char x [HBonyHoe npegcrasnenmne 3HaveHue
x=7; 00000111 7
x=xX<<1; 00001110 14
x=x<<3 01110000 112
X=x<<2 11000000 192
x=x>>1 01100000 96
X=X>>2 00011000 24

Ipumeyanme. Kaxcapiif capur 6MTOB BNeBO 03HayaeT yMHoXeHue Ha 2. Tlocne BuiMosHe-
HUA oNepaTopa x<<2 YacTk MHGOpMaUMM NponaaeT, NOCKOAbKY OUTH BHIXOAST 32 MpaHHULIbI
yucna. Kaxpiit caBvr 6UTOB BNpaBo oO3HavaeT aejeHue Ha 2. OOpatvTe BHUMaHUE Ha TO,
4TO MOCHENYIoIME NeJIeHUs1 YMCcia He BO3BPALUAIOT NOTePsAHHBIE GUTHL.

IpounnnioctpupyeM onepauvu NOOUTOBOrO ciBUTra clieAylolleH NMporpaMMoit.

/* TpuMmep noburoBoro crupura. */
#include <stdio.h>

int main(void)

{

unsigned int i;
int j;

i=1;

/* CnBurm BreBO */

for(j=0; j<4; j++) {
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i =1 << 1; /* Caeur Brneeo Ha 1 OuT o3HauaeT yMHOXeHMEe Ha 2*/
printf("Caeur sneepo %d: %d\n", j, 1i);
}

/* Coeuru Bmpaso */

for(j=0: j<4; j++) {

i =1 > 1; /* CoBur BnpaBo Ha 1 OuT o3HauaeT nenenHme Ha 2*/
printf("Caoeur empaeo %d: %d\n*, j, i};

}

return 0;

OnepaTtop AOMONHEHWS 10 EAHHULIBI “~" MHBCPTUPYET Kaxablil OUT oncpaHaga. 1o 3Ha-
4YUT, YTO KaxAas eIMHULIA CTAaHET HYJICM, Y Hao0OpOT.

[ToGuTopble omneparopbl YacTo HUCMONB3YIOTCS B LIM(POBanbHBEIX NMporpaMMax. Eciau paM He-
obxoaumMo caenats ¢aitl HeUMTaeMEBIM, JIOCTAaTOYHO MPOAENaTh Hal HUM HECKOJbKO MOGHUTOBBIX
MaHunynaumit. [Ipowe Bcero MHBepTUPOBaTL KaXIBI OUT B GaifTax, Kak NoKa3allo HUXC.

Ucxonuwit BamT 00101100
llocne nepeoro orpmuanms 1 1 01 0 0 1 1
llocne BToporo orpmuanms 0 0 1 0 1 1 0 O

O6paruTe BHMMaHVE Ha TO, YTO [BOMHOE OTPULIAHUE Bceraa IMPUBOAWUT K UCXOIHOMY
3HayeHHU10. CliefoBaTesibHO, TepBoe AOMONHCHUEC N0 enUHULB 3amudpyer 6aiT, a BTO-
poe — BOCCTaHOBUT €ro.

Jns KoaupoBaHWsi CUMBOJIOB MOXHO MPUMCHSATb (PYHKLMIO, MPUBEAEHHYIO HHXeE.

/* lpocTas umppopasibHasa QyHkUusa. */
char encode(char ch)

{

return{-~ch); /* JononHeHue OO €NMHMLE */

}

Pasymeercs, ¢aitn, 3akoIMpoBaHHHIA ¢ MOMowbo (GYHKLUMH encode(), OYeHb JIETKO
pacuivcpoBats!

TepHapHbI onepatop
Aspik C/C++ colepXHUT oyeHb MOLUHBII M YIOOHBIN onepaTtop, 3aMeHAIOLUMI HeKOTO-
pble ornepatopsl BUaa if-then-else. TepHapHBIil onepatop “?” UMeeT CleaylomMii By,
Boipaxcernue 17 Boipaxcenue 2 : Boipaxcenue 3,

Onepatop “?” BHINOJHAETCH CAEAYOIUMM 00pa3oM: cHauala BhlYHciseTcs Bepaxce-
Hue 1. Ecniv oHO MCTHHHO, BbluMchsieTcs Boipaxcenue 2, v ero 3HayeHWE CTAHOBUTCSH pe-
3yJabTaToM Bcero oneparopa. Ecnu Beipawcenue 1 noxHo, sbluMcnsietcess Buipaxcenue 3,
Y ero 3HayeHVe CTAaHOBUTCSH Pe3yJIbTATOM oneparopa. PaccMoTpum (parMeHT NporpaMMbi.

x = 10;

”

y = x>9 ? 100 : 200;

3nech nepeMeHHo# y npucpavpaerca 3HayeHue 100. Ecnu 6Bl 3HaueHHe nepeMeHHOM X Obl-
JIo MeHblle 9, To nepeMeHHas y cTana 6wl papHo 200. ToT xe caMblif Koi MOXHO 3anuvcaTb
¢ NMoMoLLbIO onepatopa if-else.

Ix=10;
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if(x>9) y = 100;
else y = 200;

»

bonee noapo6Ho onepatop “?
IIpYTHE YCTOBIIble ONEPaTOPHI.

obcyxaaeTcsl B rJlaBe 3, B KOTOPOM paccMaTpuBaloTCs

OnepaTopbl B3TWUA agpeca U pa3biMEHOBaHUSA

Yxazamens' (pointer value) — 3To nepeMeHHasi, oObsIBICHHAsE 0cOOBIM 06pa3oM. B KOTO-
poit XxpaHuTcs aapec 0ObeKTa ONpPEAENEHHOro TMNa. MOXHO BLIACAUTHE TPY OCHOBHblE 06-
JIaCTH MpuMeHeHUd yKasatenie B sisbike C/C++. Bo-nepsblX, ¢ MX MOMOILLBIO JIETKO UHAEK-
CUpPOBaThb 371EMEHTHL MacCUBOB. BO-BTOpEHIX, OHM Mo03BOJAIOT GYHKLMAM MoOAUGULIMPOBATb
cBoM napameTpbl. Y, B-TpeTbHX, HA OCHOBE YKa3aTeneil MOXHO cO3/aBaTb CBSI3aHIible CIH-
CKM M JIpyrvMe IMHaMU4eCcKue CTPYKTypbl naHubiX. ITonpoGhnee ykasatenu onvchlBalOTCS
B I71aBe 5, a noka Mbl U3y4YMM JiBa OMepaTopa, No3BOAAIOLLUX MU MaHHITYIHUPOBaTh.

[TepBblit U3 HUX — YHapHBIR onepamop e3samus adpeca &, BO3BpalLAIOLUMM aapec CBOEro
ornepaHaa. (YHapHbIM Ha3blBaeTCsl OINepaTtop, UMeELUUI TOALKO ofvH onepani.) Hanpu-
Mep, olleparop

J m = &count;

rnoMellaeT B MepeMeHHYI0 m aapec NepeMEHHOM count. 3TOT ajpec OTHOCHTCS K sueilke
MaMsATH, B KOTOPOil HaXoAUTCA NepeMeHllasi count, U HHUKaK He CBA3all ¢ ee 3HaYeHHeM.
BripaxeHHe &count MOXHO MepeBecTH Kak “aipec NMepeMelHoi count”. Takum o6pasoM,
orepaTop NpUCBaMBaHWs, NMPUBEAEHHBbIN BHillle, o3Ha4daeT: “ITpMcBOUTL NMepeMeHHOM m aj-
pec nepeMeliioil count”.

YTo6B! Nyulile MOHATH, YTO MPU 3TOM MPOUCXOAMT, HNOMNYCTUM, YTO MEepeMeHHas count
pacrionioxeHa B fiueifke ¢ agpecoMm 2000, a ee sHaueHHe papHo 100. Toraa B npeabiayilieM
NnprMepe nepeMeHHoOM m Oyner npuceoeHo uvcio 2000.

Bropoit oneparop — onepamop pazsimenosanus ykazamens *, SBISIOLUMICSA MPOTHUBOIO-
JIOXXHOCTBIO ONepaTopa &. DTOT YHAPHbII ollepaTop Bo3BpallaeT 3HayeHWc oObeKTa, pacio-
JIOXeHHOro 1o yka3zanHoMy aipecy. Hanpumep, eciv nepeMeHHasi m COICPXHUT aapec rnepe-
MeHHOil cout, To olnepaTop

Ba="m

MPUCBOMUT 3HauyeHHe MepeMCHHOI count nepeMcHHoM q. Teneppb 3HaueHWe NMepeMeHHON g
oyner papHo 100, NOCKONbLKY MMEHHO 3TO YMCJO 3aMMcaHo B sAyciike, B KOTOPOH XpaHUTCS
nepeMeHBas m. OnepaTtop pa3bIMEHOBaHMS yKasaTens * MOXHO IMepeBecTH Kak “3HauyeHHe,
XpaHsiuieecss o aapecy”. PparMelT NporpaMMbl, MOKa3zaHHBI BbllLE, YUTACTCS CEYIO-
1IIMM obpa3oM: “NPUCBOUTBL MepeMEHHOM @ 3HAuCHHUE, XpaHslleecs Mo aapecy m”. K coxa-
JIEHVI0, CMMBOJ1 orepaTtopa pa3blMEHOBAaHMS YyKa3aTe/isl COBMNAfaeT ¢ CUMBOJIOM ollepaluy
YMHOXEHHS, a CHMBOJI orepaTopa B3SiITHUS aJpeca — ¢ CUMBOJIOM ollepaTopa nooutosoro .
BTH onepatopbl HMKaK He CBfA3aHbl ApPYr ¢ ApyroM. [IpuopureT onepaTopoB pa3biMeHOBa-
HUS yKasaTensi * W B3fTUS ajpeca & Bhllle, YeM MPUOPUTET J110O6oro apudpMeTUUCCKOro one-
paTopa, 3a UCK/IIoUYeHHeM YHApHOIo MHHYCA, UMEIOLLETO TAKOM Xe MPUOPHTET.

B obbaBneHHM Mexjly MMelleM THIa MU UMEHEeM yKa3atess cTaBuTcs cuMBod *. OH co-
o011aeT KOMIUISITOPY, YTO 0ObsB/IsileMas MepeMelHas sIBJieTcsl yKa3aTenem Ha IepeMeH-
HyI0 3a1aHHoro TMna. Hanpumep, oObsiBneHMe yKasaTeNsl Ha MepeMeHHYI TUMa char 3a-
MUCHIBAETCS CIENYIOILUUM 00pa3oM:

J char *ch;

'B OpMUIVHAJIE ABTOP MCIIONB3YeT HECKONBKO MHYI0 TEPMMHONOIUIO, HA3bIBasl YKa3aTelleM aipec
nepeMeHHoit, a To, YyTOo MHl Ha3blBaeM yKasaTeseM, — nepemeHHoii-ykasatenem. Kak HaMm Kaxercs,
3TO He BIIOJIHE COOTBETCTBYET KaK HOpMaMm JIMTEPATYPHOIO A3bIKa, TAK Y TPAIMLIMSM, YCTAHOBUBLUMM-
¢l B PYCCKOSI3bIYHOI TUTEPATYpE MO MPOrpaMMUpoBanuio. — Ilpum. ped.
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OOpatvTe BHUMalie Ha TO, YTO MepeMcHHAs ch B JaHHOM ¢hparMeliTe MporpaMMsl SIRNSCTCS
yKaszatresieM Ha MEPEMCHHYIO TUIa char, a He CUMBOJILHOM nepeMeHHoil. MMeHHO B 3TOM 3a-
KJIIOYAETCH MX MPHHLMMHATLHOE pasdnvuue. THUIT MepeMeHHOM, Ha KOTOPYIO CChUIAETCs YKa3aTeib
(B IaHHOM CJlyyae TUIl char), Ha3blBacTCs 6a3oebim munom ykasamens. CaM yKasatesb NpeAcTaB-
JigeT coboit MepeMeHHYIO, B KOTOPOH XpaHUTcs anpec obbekTa 6a3oBoro TMNa. Takum obpasoM,
yKazartesib Ha CMMBOJIBHYIO MepeMeHHYIO (KaK M J1i000it Apyroi yKasartesib) A0JKeH UMETh JIOCTa-
TOYHBHIH pa3Mep, YTOOb XPaHUTE J1000M agpec B COOTBETCTBUM C APXUTEKTYpOH KOMIIBIOTEPA.
Omnnaxko, Kak Mpapuio, YKasaTe/lM CChUIAIOTCS TOJILKO Ha 0ObeKThl cBoero 6a3oBoro THMa.

B ogHOM 00BABIEHMM MOXHO CMELIMBATL M yKa3aTelu, W oObluHble nepeMeHHble. Ha-
npumep, ornepartop

J int x, *y, count;

OOBABISACT LICJIOYHCAEHHEBIE TICPEMEHHBIE X M count BMeECTe € YKas3aTellcM Y, CChUIRIOIMM-
csl Ha LleJIoOYMCIIeHHble NiepeMeHHbIE.

B cnenyroweit nporpamMme ornepaTopel * M & UCMONL3YIOTCA JUISl 3anucy 3HayeHus 10
B repeMeHHYI0 target. B pe3ynbraTe Ha 3KpaH BulBOAMTCS 4ucio 10.

#include <stdio.h>

int main(void)

{

int target, source;
int *m;

source = 10;
m = &source;
target = *m;

printf(*sd", target);

return 0;

}

Cratnueckuit onepartop sizeof

CratyeckMit yHapHbIM onepaTtop sizeof BHIYMCASET JJIMHY onepaHaa B Gaiftax. Orne-
pPaHIOM MOXeT ObIThb KakK OTHEJIbHAA TepeMeHHas, Tak U UMs THIMa, 3aKJlO4YerIloe B CKOOKH.
[MpeanosoxumM, yto pasMep TuMa int paBeH 4 6aiiT, a TMNa double — 8 6ailT. B 3TOM
cnyyae cieayromil ¢pparMeHT NporpaMMbl BhiBelleT Ha 3KpaH uuciia 8 4.

double f£;

printf("%d ", sizeof f);
printf("%d ", sizeof(int));

CrenyeT NOMHWTD, YTO IS BBIYMCIEHUST pa3Mepa TUIAa €ro UMs JOMXKHO ObITh 3aKilioye-
HO B cKoOkH. MMs mepeMeHHOI B CKOOKH 3aKiloyarh He o0g3aTesibHO, XOTd M Bpena oT
3TOro He Oyner.

C nomouplo oneparopa nepeonpeneneHus tvna typedef B s3blke C/C++ BviaenieH
crnelManbHBIi TUN size_t, OTJAaNeHHO HanmoMUHalOWMI Lenoe uyucio 6e3 3Haka. C ¢op-
MajbHOM TOYKH 3peHUs1 pe3yNbTaT onepaTtopa sizeof MMeeT TUN size_t, HO Ha NpPaKTHKE
€ro MOXHO CYMTATh LieJIbIM YHcioM 6e3 3Haka.

Oneparop sizeof MO3BOJSET CO3MABATh MalllMHOHE3ABUCHMBlE MpOrpaMMbl, B KOTOPbIX
aBTOMaTHYECKH YYMUTHIBAIOTCS PasMepbl BCTPOEHHBIX TUIOB. B KayeCTBe NMpvMepa pacCMOTPUM
6a3y IaHHBIX, K&XAas 3anvch KOTOPOM COCTOMT U3 LuecTH ueibix yucen. Ecnu Takyio 6a3y He-
00X0IMMO peaM30BaTh Ha pa3HbIX KOMIBIOTEpaxX, HEb3s HamesaTbCsl, YTO pasMep LEJoYMCc-
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JICHIIOrO Tuna Be3ac OyaeT onMHakoB. DakTHUECKyIo JUIMHY THIA CENYeT ONpe/einTh ¢ MOMo-
1UbIO onepaTtopa sizeof. TakuM obpa3oM, NporpaMMa JOIKHA UMETh MPUMCPHO TAKOH BUL

/* 3anuce 6 Uenwx uMcen B dann. */
void put_rec{int rec{6], FILE *fp)
{

int len;

len = fwrite(rec, sizeof(int)*6, 1, fp);

if(len !'= 1) printf("Oumbka npm z3anucu");
al

DyHKLMS put_rec() TNpPaBUAbHO KOMMMUIMUPYCTCA W BHIMOAHSETCH B Joboil cpeac,
B TOM 4Hcne Ha 16- u 32-pa3psaaHblX KOMIbIOTEPaX.

B 3akiiouelive OTMETUM, YTO OIcpaTop sizeof BLIMOJHSCTCA Ila 3Tarnc KOMMNWISALMH,
M €ro pe3yabTaT B MporpaMMe pacCMaTpUBAacTCs KakK KOHCTAHTA.

Onepatop nocnefoBaTeNbHOro BLIYUCIEHUS

OnepaTtop nocneaoBaTeIbHOrO BbIYMCIEHHUs (Operator comma) CBA3bIBAeT B OO0 1CJI0C
HECKOJIbKO Bblpakenuil. CHMBONIOM 3TOro oneparopa apnserca 3anatad. [lonpasyMeBaetcs,
4TO JieBasi YacThb olepaTopa MocacJoBaTe/IbHOTO BuIYHCIEHHsI BCeria UMceT THN void. JTo
03HayacT, YTO 3HAYCHHC BHIPKEHUS, CTOSALUCTO B €ro MpaBoi YacT, CTAHOBUTCSA 3l1a4EHU-
€M BCero BhIpaXKeHHsl, pasjeneHHoOro 3ansateiMH. HanpuMep, oneparop

I x = (y=3, y+1);

L ]

cHayajla MpUcBavBacT MepeMCHHON y 3HauyeHde 3, a 3aTcM MpUCBaMBacT MepcMCHHOM x
3HaveliMe 4. CKOOKM 3lech HEOOXONMMbl. MOCKOJIbKY MPHOPUTET oneparopa MNocienaoBa-
TeJILHOIO BBIYMC/ICHUSA MEHbIlE, YCM MPUOPUTET orepaTopa NpUcBavBaHus.

Ilo cywecTBy, BHINONHElIME OINCPATOpPa MOCHENOBATEIbHOIO BBLIYMCICHUS CBOAMTCH
K BbINOJIIIEHHIO HECKONIBKUX OoNepaTopoB noapsia. ECIM 3TOT onepaTop CTOMT B MpaBoi yac-
T oleparopa MPUCBalBaHWS, TO €ro pe3yJibTaToM Bceraa OymeT pe3yJIBTaT BbIpaXEHMS,
CTOSILLEIO MOCJCAHUM B CITHCKE.

Oneparop noc/ie[0BaTe/IbHOIO BbIYUCIElMS MOXHO CPaBHHTb € COIO30M “H” B BHIpaxe-
HUU “cpenail 31O U 3TO U 3T0™.

Onepatop A0CTYNa K YNeHy CTPYKTYpPbl U CCITKU HA YIIEH CTPYKTYpbI

B si3bike C cuMBonbl “.” M “->" 0003HAYalOT onepaTopbl JOCTYNA K JeMEHTaM CTPYyK-
Typ U oObeaUHCHUNH. Cmpykmypsi U 06sedurnenus SIBAAIOTCS COCTABHBIMM THUMaMW JaHHBIX
(MHoOrIa MX elle Ha3bLIBAIOT ae2pecupo6aHHbiMu), B KOTOPLIX O1I0 UMs CBSI3LIBACT HECKOJIBKO
00bekTOB. (cM. rnasy 7). Oneparop AocTyna K wWieHY CTPYKTypbl (TOYKa) MCNonb3yeTcs s
HelOCPEACTBCHHOIO oOpalleHHsl K 3JIEeMEHTY CTPYKTYpbl WM oObeduHelHs. Onepatop
CCBHIJIKM Ha YJIEH CTPYKTYPbl MCITOJIB3YETCS ISl oOpalleHUsl K WieHY CTPYKTYPBl WU o6Gbe-
JMHEHUS yepe3 yKasatelb. PaccMoTpyM ¢parMeHT nporpaMMel.

struct employee
{

char name[80];
int age;

float wage;

1} emp;

struct employee *p = &emp; /* 3anmcarTh anpec CTPYKTYpH emp
B yKaszaTenb p */
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Ins Toro yrobsl NMPUCBOUTL WIEHY wage CTPYKTYpbl emp 3Hauyelive 123.33, HYXHO BbINON-
IIUTb CllelyIOLUMI oflepatop

§ erp.wage = 123.23;
To xe caMoe MOXHO cleNaTh, UCMOIL30BAB YKa3aTe/lb Ha CTPYKTYpPY emp.

'p—>wage = 123.23;

oﬂepaTOpbl “[]” U “()”

Kpyrnbiec ckoOGkM — 3TO onepaTop, MOBHILIAIOIMK MPUOPHTET ONEpaiLni, 3aKIIOUCIIHbIX
BHYTpU. KBaapariibie CKOOKM MCMoJb3YIOTCS [UIS1 MHAEKCAalMKM MaccuBa (MacCHBBI MOAPOOHO
obcyxnarorcs B miase 4). Ecny B nporpaMMe onpezeneH MacCHB, TO 3HAYCHHE BHIPAXKCHHS,
3aKJlI0YeHHOro B KBalpaTHble CKOOKHM, paBHO MHIEKCY 3jieMeHTa MaccuBa. PaccMoTpuM ne-
MOHCTPauMOHHYIO NMPOrpaMmy.

#include <stdio.h>
char s[80];

int main{void)

{

s[3]1 = 'X';
printf(*%c", s[31):;

return 0;

}
3pech cMMBON ‘X' CHavala MpPHCBauMBaeTCs YETBEPTOMy 3JIeMeHTY MaccuBa (B sisbike C
3/IEMEHTBl BCEX MACCHBOB HYMEDYIOTCSl, HauMHasl ¢ HYJIs1), a 3aTeM BBIBOLMTCS Ha IKpaH.
MpvoputeTsl ONnepaTopos

IMpuopuTeThl Bcex onepaTopoB yka3aHbl B Tabin. 2.8. O6paTtuTe BHUMaHWe Ha To, YTo Bce
orepaTophbl, 3a MWCKJIIOYeHHEeM YHAapHbIX W TEpHApHOIO, BBIMOJIHAIOTCS CJieBa HaNpaBo.
YHapiible onepaTtophl “*”, “&” 1 “—" BBINONHAIOTCS ClpaBa HaJleBo.

Tabnuya 2.8. MNpuopureTsl oneparopoB B s3bike C

Bbicwun 0 11 -
1 - ++ ——4- (Tun) * & sizeof
*/ %

Bbicwun ?:

Hvswwi ’
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B sizbike C++ onpedeneHs! eue HECKOMLKO O0MONHUMESbHLIX ONepamopos, Komophie

Ha samerky 6ydym peccmompeHsi 8 Yacmu I1.

BbipaxeHus

Buipancenus cocTosiT U3 OnNepaTopoB, KOIICTAHT, ¢GYHKLUMK M nepeMeHHBIX. B si3bike
C/C++ BbIpaxeHHeM cuMTaeTcsi Jliobasi IonyctiMass KOMOMHauuKsi 3ThX 3aneMeHToB. Ilo-
CKOJIbKY GOJIBLLIMHCTBO BbipaxeHuit B sisbike C/C++ HanoMmuHaloT anrebpanyeckue, yacto
KX TakoBBIMU K cumTaloT. OnHAaKO Npy 3TOM ClelyeT YYUThIBaTh crielu@ryeckue ocodeH-
HocTH s13nKOB C u C++.

MopsiaoK BbIYMCIEHUN

Hu B sizbike C, HU B sizbike C++ MOpSNOK BHIYUCICHHSA MOABBIPAXEHUH, BXOMSLLIMX
B BBIpDAXEHUS, He onpeneneH. KoMNMUnsiTop MOXET caM mepecTpanBaTh BHIpaXeHUs, CTpe-
MSICb K CO3IaHMIC ONTHMAIBHOrO OOBEKTHOIO KOma. DTO O3HAYAET, YTO INPOrPaMMUCT HE
MOJDKEH ITONlaratbCsl Ha OINpeNeseHHBIM TMOPSIIOK BBIYKCAEHUS MOABbIpaXeHUK. CKaxeM,
MPH BBIMUCICHUM BBIPAXKEHUS

Bx=f£f10 + £f20;

HET HMKaKMX rapaHtvit, yto ¢pyHkumsi £1() OyneT Boi3BaHa paniblie QyHKLUMU £2 ().

Mpeo6pa3oBaHue TUNOB B BbIpaXEHUAX

Eciau B BHIpaXeHHe BXOAAT KOHCTAHTH M MEPEMEHHBIE Pa3HBIX THITOB, OHH Mpeodpasy-
I0TCA K ofHOMY Tumy. KoMnunsarop npeoGpa3yeT Bce onepaHabl B THIT “HanboblIEro”
orepaHaa. JTOT IMPOLIECC HA3LIBAETCS packiuperuem munog (type promotion). Bo-nepsbix, Bce
repeMeHHBIE TUIOB char M short int aBTOMaTHUECKM Npeodpasyiorcss B THM int. 10T
Mpouecc HAa3bIBAETCs YeaouucteHrbiM pacuiuperiuem (integral promotion). Bo-BTopbix, BCce rpe-
00pa3oBaHKsI BLITONHSIIOTCS OOHO 33 NPYTHM. CJEIysl MPUBENEHHOMY HUXE aTTOPUTMY.

EC/IM onepaHn uMeer Tun long double,

TO BTOpPON onepaHn npeobpasyercs B Tun long double
VHAUE, ECJIM oneparpn uMmeeT Tun double,

TO BTOpPOI onepaHIn npeobpasyeTcsa B Tun double
VUHAUYE, ECJIM onepanrn uMeeT Tun float,

TO BTOpOo onepaHn npeobpasyercsa B tun float

VHAUE, ECJIM onepanrn uMeer Tun unsigned long,

TO BTOpOV onepaHn npeobpasyercs B Tun unsigned long
UHAYE, ECJIM onepaHm uMeeT Tun long,

TO BTOpPOM onepaHn npeobpasyeTcsa B Tun long

VWHAUE, ECJIM onepaHn uMeeT Tun unsigned int,

TO BTOpPOV onepaHn npeobpasyeTcss B Tun unsigned int

Kpome Toro, ectb OIHO IpaBWIO: €CJIM OOUH K3 OINMEpPaTopoB MMEeT THUIT long, a BTO-
poli — unsigned int, U 3HaueHHUE MEPEMEHHOR THUMA unsigned int HEBO3MOXHO Mpeld-
CTaBUTDb C MTOMOLLBIO TUMA long, TO 06a onepanga npeobpasyloTcsa B THM unsigned long.

[locne BbiMONHEeHHs Npeobpa3oBaHMil THN OOOKMX ONEpalfoB ONWHAKOB W COBMAalaeT
C TUIOM pe3ynbTaTa BhIPAXEHUS.

2
PaccMotpum mpumep npeoGpa3oBaHUs TUITOB.

2
ITpeanonaraercs, 4To NEpEMEHHAs result ONMCAHA B IPYTOM MeCTe nporpammbl. — ITpum. ped.

70 Yactb |. OcHosbl f3bika C++: nogMHoxecTeo C



int i;
float £;
double d;
result=(ch/1)+ (£f*aq - (£f+ 1)
I [ | [
int | double | | float
|1 |—| [J—
I I I
int double float
[— | |
I I
| I
I
double

3mecs cuMBON ch CHauana npeobpasyercs B LeJIoe YKCHO. 3aTeM pe3ynbTaT onepaLuu
ch/i npeobpa3dyeTcs B TUIN double, MOCKOJBKY UMEHHO 3TOT TUIT UMEET PE3YNIbLTAT Bbipa-
xeHus £*g. Ilocne 3toro pelynwrat ornepaluu £+i rnpeobpasyeTcss B THIT MEpeMEHHON £,
T.€. B TUIT £loat. OKOHYATENbHBI pE3ynbTaT UMeeT THN double.

NpueeneHue TMNOB

Ucronbayst npueedenue munos (cast), MOXHO MPUHYIUTENBHO 32JaThb THUI BBIPaXeHHsl.
IlpuBeneHHE TUITOB UMEET CIICAYIOLINI BUL.

(mun) evipaxcenue

3mecy mun — 3710 MoOOI NOMYCTUMBIK THN maHHBIX. HamprMep, B NMpHBeI€HHOM HHXe
¢bparmMeHTe MporpaMmbl pe3yJIbTaT BBIPAXEHUS x/2 MPUBOIUTCA K THUIY £loat.

J (float) x/2

C ¢dopManbHOIl TOUKKH 3pEHHS] MPHBENEHWE TUIIOB SIBJIIETCS YHAPHBIM OINEPATOpPOM,
M €ro MPUOPUTET COBITANAET C MPHOPUTETAMK BCEX NPYTMX YHAPHBIX OMEPATOPOB.

HecMotpst Ha TO YTO MpHUBEAEHHE TUIIOB HE CIMLIKOM LIKPOKO MCIONB3YETCS B IMPO-
rPaMMHMPOBAHMM, MHOTOA 3TOT OIEPATOP OKA3BIBAETCSA OYCHb IMoyie3HbIM. Ilpemmonoxum,
YTO HaM HeoOXOmMMO HCIONb30BATh LIEJIOUMCIEHHYIO MEPEMEHHYIO B KaueCTBE CYETYMKA
LMKIIA, 2 B BBIYUCAEHUSIX HEOOXOAMMO YYKUThIBaTh JpoOHBbIe YacTH. B 3TOM ciyyae npuse-
JIEHUE TUTTOB MO3BOJIAT HAM COXPalUTh TOYHOCTh BBIMUCIICHHIA.

#include <stdio.h>
int main(void) /* BuBOIMT Ha nevaTh YMCIO 1 u 1/2
C yuyeToM IpoBHoit yacTu */

{
int i;
for(i=1; i<=100; ++i)

printf("%d / 2 =: $f\n", i, (float) i /2);

return O;

}

be3z onepatopa mnpuBeneHusi THIa (float) neneHue ObO Obl  LIETOUMCIEHHBIM
¥ npobHas wyacTb Obuta Obl MoTepsiHa.

u e | B A3uike C++ npedycMompens! euje HECKOMbKO OfEpamopoe npueedeHusl muros,
, Ha3aMETRY } ¢ yacmHocmu const_cast u static_cast. Onu o6cyxdatomes e vacmu I1.
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Mpo6enbl 1 Kpyrnbie CKOOKK

IMpoGennt 1 cuMmponbl TabymsilMKu obsiervaloT uteHue rnporpaMm. Hanpumep, msa crne-
LYIOLIMX onepaTtopa COBEPLIEHHO OXWHAKOBHI.

x=10/y~(127/x);
x = 10 / y ~(127/x);

JInmnue ckobku 1ie NMPUBOASAT K OLIMOKAM K HE 3aMejUISIIOT BbINONHEHKE nporpaMM. OqHa-
KO OItM MO3BONSAIOT NPOSCHUTb TOUHBII IMOPSANOK BbluMciacHMit. Kak BB monaracte, Kakoi
K3 OI1CPaToOPOB JICIYC MOHATH?

x = y/3-34*temp+127;
x = (y/3) - (34*temp) + 127;

CocraBHble onepaTopbl NPUCBaNBaHUS

B sa3nike C/C++ cyluectBylOT COCTaBHBIE (OPMBI ONepaTopa MpUCBaWBaHUsl, NPCACTaB-
Jnsiole coboit KomMOMHalMKU oriepaTtopa MPUCBaMBaHKA M apU(pMETHUCCKHX OIepaToOpoB.
Harnpumep, onepatop

B x = x+10;
MO3HO ICpenucath B BUE
I x += 10;

Ornepatop “+=" coo011aeT KOMIUIATOPY, UTO K CTapOMY 3HAUEHHIO TNICPEMCHHOM x Cre-

nyet nprubaButh uucno 10.
Oneparop npucBauBaHusi oOpa3ycT cocTtaBHble (OpPMBI MPAKTUUCCKH CO BceMH OMHap-
HbIMK onepatopamu. Utak, BhpaXeHHe BUaa

nepemeHHast = nepeMeHHas ONepamop 8bipaMceHue
MOXHO IMeperrcaTh CAEnyIoLLUM obpa3om:
nepemerHas onepamop= 8bipadceHle
Hanpumep, BopaxeHue
B x = x-100;
MOXIIO MCPENKCaTh Kak
B x -= 100;

Cocrapiibie GopMbl NTPUCBaUBAaHKUSL LLMPOKO KCITONb3YIOTCHA B NPOGeCCUOHATbHHIX ITPO-
rpammax la si3bike C/C++. YacTo ux Ha3bBalOT COKPAUEHHbIMU ONepamopamy RpUCeaueanus
(shorthand assignments), mockonbKy oHK Dosiee NaKOHUYHHI.
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3
Hepamop — 3TO 4aCTb MPOTPaMMBl, KOTOPYIO MOXHO BBIMOJHUTH OTAENbHO. MHBIMK
cnoBamH, olleparop oflpenernsieT Hekoe neictBue. Onepatopsl a3sika C u C++ pasne-
JISIIOTCS Ha CNEAYIOLIME KaTeTOPHH.

e VYCIOBHBIE OMEPATOPHI

¢ Oneparopbl LKKIa

¢ Oneparopbl nepexona

e Metku

e Oneparopbl-BHIPAXKCHHS
¢ broku

K ycaoensim (conditional) oTHocsiTcs onepartopul if K switch. (YCIOBHBIE OMNCPATOPHI
MHOTIA Ha3bBAOT onepamopamu eemenenus (selection statement).) Onepamopbi yukaa
(iteration statements) 0003HayalOTCs KIIOYEBHIMU CllOBaMK while, for 1 do while. I'pyn-
f1a OIepaTopoB Iepexoda COCTOMT K3 OIEpaTopoB break, continue, goto U return.
MeTkaMu ciyXat ornepaTopbl case, default (OHM paccMarpuBaloTcs B pasnene “Onepatop
switch”) M coOCTBEHHO METKH, KOTOpPHIE OMKChIBalOTCA B pasfesie “Omneparop goto”. Onepa-
TOPbI-BHIPAXCHUA — 3TO ONEPaToOphl, COCTOSIIKE U3 AONYCTHMBIX BhHIpaXeHMit. binok npen-
ctapasieT coboit ¢pparMeHT TeKCTa MporpaMMbl, 3aKIIOUeHHBI B pUTypHble cKobKku. MHoraa
6JI0KK Ha3BIBAIOT cocmasHbiMu onepamopamu (compound statements).

H: B s3bike C++ ecmb euwe 0sa onepamopa: 6nok try (0ns obpabomku UCKIIOHU-
4 38METRY § 1 onpnpix cumyayud) u onepamop o6wbsenerus (declaration statement). OHu 06-

cyx0Baromest & yacmu 11.

TTockonbKy BO MHOTKX ofepatopax pe3yibTaT BHIYKCIEHKS 3aBUCUT OT MCTUHHOCTH WK
JIOXXHOCTH HEKOTOPHX MPOBEPOK, HAYHEM C MOHATHI “UcTHHA” U “JIOXB”.

UcTuHHBIE U NOXHbIe 3HaYeHus B a3bikax C u C++

TIp1 BbIMOJHEHUK MHOTMX ornepatopoB s3bika C/C++ BLIUMCISIOTCS 3HAaYeHUs YCIIOB-
HBIX BBIPAXEHHUIi, KOTOpbIE UMEIOT UCTHUHHbBIE WJIK JIOXKHBIE 3HaueHusi. B sisbike C HCTHH-
HbIM CUMTaeTcsl JIloOOE HEHYJIEBOE 3HA4YEHKHE, B TOM YMCJIE oTpHiarenbHoe. JIoXHoe 3Haye-
HME BCErna paBHO HyO. Takoe npenctaBjeHHe UCTHHHBIX K JIOXKHBIX 3HAYEHHWX TO3BONSIET
co3aBaTh Upe3Bbl4aitHO 3¢ (HEKTHBHBIE NPOrPaMMbI.

B sa3bike CH++ [OAHOCTBIO MONAEPXKMUBAETCA ONUCAHHAs BbIlUE KOHUEMUMSA MCTHHHBIX
U JIOXHBIX 3HaueHUK. Hapsiny ¢ 3tuM B sisbike C++ Hcnonb3yetcsd OyJeB THIT HaHHBIX
C MMEHEM bool, KOTOpHIH MpEnyCMaTpUBaeT TOJNBLKO [Ba 3HauyeHHs: true U false. Kak
yKa3zaHo B maee 2, B si3bike C++ yucio 0 aBTomMaTtMuecKu Mpeo6bpa3oBLIBAETCS B 3HAYEHKE
false, 2 MoOOE HEHYNEBOE 3HAYEHUE — B 3HaueHHEe true. CripaBe/UIMBO K OOpaTHOE YT-
BepXAeHUe: 3HaueHue false npeobpasyercsd B 0, a true — B 1. C dopMaibHOil TOYKH
3pEHUsT YCIIOBHOE BBIpAXKEHKE, BXOASILIEE B YCIOBHBI orneparop, KMeeT THN bool. OnHaKo,
TMOCKONBKY J11000€ HEHYNIEBOE 3HAaueHHE MpeobpasyeTcd B 3HaueHME true, a yucio 0 —
B 3HaueHHe false, Mexay sisbikaMM C M C++ B 3TOM OTHOIIEHKU HET HUKAKO¥ pa3HHULIbI.

? B xHurax no sseiky C++ crnoBo “statement” HMHorma mepeBOOMTCs KakK “UHCTPYKUMaA”. B kayectse
apryMeHTa NMpPUBOIAT YTBEPXICHHUE, YTO CJIOBO “omeparop” B sa3bike C++ OTHOCHUTCSA K CHMBOMY oriepa-
LIMM, KOTOpHII COOCTBEHHO M Ha3LIBaeTCsl aHIMIMIICKMM CloBOM “operator”. He xenas ocnapusarb 3ty
TOYKY 3peHHs], 3aMETUM TOJIBKO, YTO TPAIHULIMOHHO J1ioBast cTpOKa NpPOrpaMMBl B pyCCKOSI3bIMHOMN JIUTEpa-
TYpe NO MPOrpaMMHUPOBAHHIO HA3BIBAaeTCsl ONepatopoM. AHAJIOTMYHO, NBITAACh pa3pelunTh HeoqHO3HAu-
Hocth “cTpoka” — “line” 1 “cTpoka” — “string”, Mbi GyfeM BbIHYXAeHbl NpUAYMATh Ha3BaHWE NS
CHUMBOJILHOM CTPOKM, Hanmpumep CrpuHr. Y1 tak MoxHo nponosixarb 10 6eckoneunocrn! Ham kaxercs,
YTO pasyMHee TMPHUIEPXKUBATHCS CTApbIX NOOPHIX MPaBUN U PYKOBOACTBOBATHCSI KOHTEKCTOM, MOCKOJBKY
MepenyTarb CTPOKY NMPOrpaMMbl ¢ CUMBOJIOM ONEpaLUKM JOBOJLHO TPYAHO. — Ilpum. peo.
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B cmandapme C99 npelycmompeH 6ynee mun _Bool, 00HaKo OH HECOBMECMUM
Ha 3ame'n<y ¢ A3bikoM C++. Criocobul docmuieHuss coeMecmumocmu MexOy munamu _Bool u3

Asbika C u bool u3 Asbika C++ 06cyx0aromea 60 6mopol Yacmu KHu2u.

_ YcnoBHble onepaTopsl

B sizpike C/C++ npenycmoTpenbl Ba YCIOBHBIX onepatopa: if u switch. Kpome Toro,
B HCKOTOPHIX CUTYalLlKMsIX B KAUCCTBC A/ILTEPHATHBL YCJIOBHOMY OMNEparopy if MOXHO INpH-
MEHSTh TEPHAPHHII ornepatop *“2”

Oneparop if
Oneparop if MMeCT CIEOYIOLIUIA BUN:

if (ewipascenue) onepamop;
else onepamop ;

3nmech onepamop MOXET COCTOSAITb U3 OMIOTO MK HCCKONMBKMX OMNEpatopoB MK OTCYTCTBO-
BaThb BOBCeE (MycToit onepatop). Paznen else sBnsieTcs HeoDA3ATENBHBIM.

Ecnu ewipaxcenue MCTHHHO (T.€. HE PABHO HYJIO), BBIMTOJHACTCH omepartop wid 6JoK,
yKa3aHHBIt B pa3nesie if, B MPOTHBHOM Cilyyae BHIIOJHSIETCS ornepaTop WK 60K, mpemy-
CMOTpEHHLII B pa3nene else. OrnepaTophl, yKazaHHble B pasnenax if WM else, SIBJSAIOTCSA
B3aUMOHCKITIOU AL MH.

B sizbike C pe3ynbTraToM YCJIOBHOTO BHIPAXEHUS SIBISETCS cKaaap, T.e. LEJIOe YUCIIO, CHM-
BOJI, YKa3aTesb WIK YUCIIO ¢ I1asaiolleit Toykoit. B sizbike C++ K 3TOMy Habopy THIIOB [O-
GaBysieTcst TN bool. UKCNO € MaBaroLeit TOUKOR PenKo MPUMEHSIETCS B KaYeCTBE pe3ysibTa-
Ta YCJIOBHOIO BHIPAXXEHMS, BXOMALLETO B YCIOBHBIK ONepaTop, MOCKOJIbKY 3HAYUTENIbHO 3aMell-
JIAET BBIMOJHEHUE IpOrpaMMbl. (O3TO OOBLSACHAETCA TeM, UYTO OIEpallMM Hak YKUCIaMK
C IUTaBalOLLER TOUKOM BBUTOIHSIOTCS ME/LIEHHEE, YeM HAL LIEJIBIMK YXCIaMK WK CUMBOJIAMH. )

ITpownmoctpupyeM npHMeHeHHe ornepatopa if C ITOMOIUBIC MPOTPaMMbl, KOTOpas
npencrapisieT coboil yrpolLeHHYIO BEPCHIO UTPHl “yrafgait BonwebHoe yucio”. Eciau urpok
BhIOpan 3aJyMaHHOE 4YKC0, MporpaMMa BBIBOOAMT Ha 3KpaH COOOIICHHUE **BepHO**.
”BosuebHoe YKCIIO” TEHEPUPYETCS € IMTOMOLLBI0 CTAHIAPTHOIO AaTYMKa ICEBAOCTYYailHbIX
yucen rand(), BO3BpAaLLAIONIEro NpPOH3BOJMLHOE YMCIIO, Jicxkallee B JaMarasoHe ot 0 go
RAND_MaX. Kak mpasuio, 310 uucno He npesbiiact 32767. Oyukuus rand() oObsBiIeHa
B 3aroJIOBOYHOM dhaityie stdlib().

/* BonmebHoe uucio. BapuaHT #1. */
#include <stdio.h>
#include <stdlib.h>
int main(void)
{
int magic; /* Bosnmeb6Hoe uucio */
int guess; /* llpennonoxeHne UI'poka */
magic = rand(); /* T'eHepupyeM BoIwebHOE YUCIO */

printf ("YranmaiTe BONwebGHOE YMCHO: ") ;
scanf ("%d", &guess);

if (guess == magic) printf("** Bepuo **");

return 0;
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Crenyioliiasi BepCHs NporpaMmMbl WUTIOCTPHUPYET MIPUMCHEHHE OMNepaTopa else B Ciyyae,
CCJIM UTrPOK OLLKOCH.

/* BommebGuoe umcno. BapmaHnT #2. */
#include <stdio.h>
#include <stdlib.h>

int main(void)
{
int magic; /* BomuebHoe uducyo */
int guess; /* IllpemnonoxeHue urpoka */

magic = rand(}); /* TeHepupyeMm BomueGHOE YUCIO */

printf ("Yragait sonmebHoe umcio: “);
scanf ("%d", &guess);

if (guess == magic) printf("** BepHo **");
else printf ("HesepHo");

return 0;

BrnoxeHHbie oneparopbi if

Baoxcennvim (nested) HaswiBaeTcsi orepatop if, KOTOPBI HAXOMKWTCSA BHYTPH IPYIroro
onepartopa if KWnKM else. BroxeHHbie onepatopbl if BCTPEUarOTCsl MOBOJBHO yacTo. Bo
BJIOXXEHHOM YCJIOBHOM OIEPATOPE pa3feyl else BCEra CBA3aH C OMMXaMILKMM OMEpaTopoM
if, HaxomsLMMCS C HUM B OfHOM ONOKE M He CBSI3aHHBIM C OPYTMM OIEpaTOpoM else.
Paccmotpum npumep.

if (i)
{
if(j) onepaTopl;
if (k) onepaTop2; /* maHumit if */
else onepatrop3; /* cBsA3aH C ILaHHBIM onepaTopoM else */

}

else onepaTop 4:; /* cBs3aH c onepaTopoMm if (i) */

Ilocneminit pasien else CBA3aH He C ornepatopoM if (j), KOTOPBIA HAXONUTCS B ApY-
roM Onoke, a ¢ omeparopoM if(i). BHyTpeHHui1 pa3ien else CBsi3aH C OMMepaTopoM
if (k), MOTOMY UTO 3TOT oneparop if sABIAETCH OmxaiLinuM

Azbik C monyckaet no 15 ypoBHEH BIOXEHHOCTH YCIOBHBIX oneparopoB. Ha npakTtuke
MHOTIMe KOMITWISATOPHI IMpenycMaTpuBaloT HamHoro 6onbliyio riyouHy. lopasmo BaxHee,
uto A3bik C++ ponyckaer no 256 ypoBHeit BioxeHust. OnHaKo Ha MPakTHKe [YOOKO BJO-
XEHHBIC YCJIOBHBIE ONEpaTophl MCITONB3YIOTCH KpaiHe penko, NOCKONbKY 3TO 3HAUMTENBbHO
YCJIOXHSIET JIOTHUKY MPOTPamMMHl.

Hcnonb3yeM BioxeHHBIE onepatophl i€ 1 MoauduKalMK Halleit MporpamMmai.

/* BomuebHoe uumcrno. BapuaHT #3. */
#include <stdio.h>
#include <stdlib.h>

int main(void)
{
int magic; /* BomuebBHoe umcrno */
int guess; /* llpennomnoxeHue uUrpoka */
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magic = rand()}; /* TeHepupyeM BojumebHoe Yucio */

printf ("Yranaitre somueGHoOe uYucro: ");
scanf ("%d", &guess);

if (guess == magic) {
printf("** BepHo **");
printf(* $d — somuebHoe uYucyo\n", magic);
}
else {
printf ("Hesepuo, "):
if (guess > magic) printf ("CmmkoMm mano\n");
else printf ("CiuukoMm MHOTO\N") ;

}

return 0;

Llenoyka onepatopos if-then-else

B nmporpammax na sizeike C/C++ 4acTo UCIMONbL3yeTCss KOUCTPYKLIMSA, KOTOPasi Ha3biBaeT-
cst yenouka if-then-else (if-then-alsc ladder), unu asecmuuya if-then-else (if-then-
clse staircase). OOLIKIt BUI 3TOI KOHCTPYKLIMHY BHITIAIUT TaK.

if(eeipadsicetsue) onepamop:;,
else
if (svipasicenue) onepamop;
else
i £(seipadicenue) onepamop;,

else onepamop;,

3TH yCIOBUSA BHIUYKCIISAIOTCH CBCPXY BHM3. Kak TOJIBKO 311aucCiiie YCJIOBHOTO BBIPAXKCHUS
CTAHOBUTCS MCTHINBIM, BBIMTOJIHSACTCS CBA3alHBIK C HUM OMNEparop, M OCTaBLIAACA YacTb
KOHCTPYKLIMK UTHOpUpyeTcs. Eciu BCe YCITOBHBIE BHIDAXEHUS OKA3wIMCh JIOXKHBIMHM, BhHI-
MOJIHAETCS oflcpaTop, YKa3aHHbLI B MOCJICAHCM pazneNe else. Eciau 31oro passiena Het, TO
1€ BHINOJIHAETCA HU OJMH OMEparop.

ITockonbky no mMepe yBeJIMYEHUS TIYOMHB BAOXKEHHOCTH KOJMMYECTBO OTCTYIOB B CTPOKE
BO3pacTaeT, JECTHULlY if-then-else YaCTO 3alKCHIBAIOT HIlaye

if(evipadicenue)
onepamop;,

else if (ewipadicenue)
onepumop;

else if (ewipusicenuc)
onepamop:,

else
onepamop;
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HUcnone3ysi Lenoyky orneparopoB if-then-else, mnporpamMMmy Ui YrajibiBaHus
“BoJILLEOHOro YyKciaa” MOXHO MEPENKUCcaTh CAENYIOLIHM 00pa3oMm.

/* BomueGHoe uumcrno. BapuaHT #4. */
#include <stdio.h>
#include <stdlib.h>

int main(void)
{
int magic; /* BomnwebHoe uucmno */
int guess; /* llpennonoxeHue nonek3osaTens */

magic = rand(); /* TeHepupyeM BonuetGHoe uyucio */

printf ("YrapaiTe sonmeBHOE UUCIO: ") ;
scanf ("%d", &guess);

if (guess == magic) {
printf ("** BepHo ** *);
printf ("%$d — BomuebGHoe uYucno", magic);
}
else if (guess > magic)
printf ("HesepHo, ciymukoM MHOTO"}) ;
else printf ("HesepHo, chMKOM Mano");

return 0;

TepHapHas anbTepHaTUBA

Bmecto onepatopos if-else MOXHO MCIOJIb30BaTh TCPHAPHLIH orepatop “2”. OOWMi
BHJI 3aMEHSIEMbIX OMepaTtopoB if-else BHIIMSAUT CIENYIOIKEM 00pa3oM.

i£ (ycrosue) svipasiceriue;
else gbipajcerue,

OnHako B JaHHOM CHyuyae ¢ orepatopaMu if U else CBSi3aHbl OTAENbHBIE BHIpAXE-
HUS1, @ HE OINepaTopHl.

Onepatop “?” Ha3bIBAETCS MEPHAPHbLIM, TIOCKOJILKY MMeEeT TpU onepaHma. Ero o6-
WK1 BUO TAKOB.

Buipancenuel? Bopancenue2: Boipaxcenue3
O6paTuTe BHUMaHKE Ha UCMONB30BAHHE K MECTOMNONOXEHHE JTBOCTOUMS.

Onepatop “?” BHINOMHIETCA ClenylowuM obpa3zoM. CHayana suluucisercs Boipaxceruel.
Eciv oHO fIBNSIETCS UCTMHHBLIM, BBIYMCISIETCSl Boipaxucenuel, v ero 3HaueHHE CTAHOBUTCS
3HayeHKeM BCEro TepHapHoro onepatopa. Ecnu Bupaxncenuel IBASAE€TCS JIOXKHBIM, BBIYHCIS-
etcsi Boipascenue3, u pe3ylbTaTOM BLITONHEHUSA TEPHApHOI'O OIEpaTopa CUMTAETCS UMEHHO
ero 3HayeHue. PaccMoTpuM npumep.

x = 10;
y = x>9 ? 100 : 200;

B manHoM cnyyae nepeMeHHoit y npucBauBaercs 3HaueHue 100. Ecin 6b1 nepeMenHas x
Obut2 MeHbLIE 9, TO NepeMeHHas y noixyyuia 6u 3HaueHrne 200 DTOT KoJ MOXHO repernu-
€aThb C MOMOLULIO ONMEPaToOpoB if-else.

x = 10;
if(x>9) y = 100;
else y = 200;
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B crnenyioueM npumepe onecpatop “?” WCNOnNb3yeTca i “BO3BEAEHUS B KBAAPAaT C CO-
XpaHeHHEM 3Haka” yucna, BBEACIIIONO NOJb30BaTeneM. DTa IMporpaMMa YYMTHIBAET 3HaK
WCXOQHOro uMCia chemylolllim obpasoMm: Hanpumep, 10 B kBagpatre pasHo 100, a —10

B KBaapate pasHo —100.
I #include <stdio.h>

int main(void)

{ int isqrd, i;
printf ("Beemure uucno: ");
scanf ("%d", &i);
isqgqrd = i>0 ? 1i*i : -(i*i);
printf(*%d B kBampaTe pasHo %d", i, isqrd);
return O;
}

TepHapHbIit onepaTop MOXHO KCIONIb30BATH BMECTO KOHCTPVKLIMYK if-else He TOJBLKO
IU1sl NPUCBOEHUS 3HaueHUit. Kak M3BeCTHO, BCe (byHKLMK BO3BpALLAIOT Kakoe-nubo 3Haue-
1ue (KkpoMe ¢GyHKLMH, BO3BpallalolUMX 3HaueHUe TUna void). CrnenoBaTelbHO, BMECTO BHI-

paxeHKit B oniepatope “2” MOXHO UCMOJbL30BaTh BH30BH (yHKLMI. Ecnu B oneparope

Wy
?

BCTpeyaeTcsi UMs (YHKLIMK, OHA BLI3BIBAETCS, @ €€ PE3YLTaT UCIONb3YETCS BMECTO 3Haue-
HUs COOTBETCTBYIOLIETO BHIPAXEHMsl. DTO 03HAYACT, YTO, MCIONB3ysl BHI3OBbI (HYHKIIMIA
B KaYeCTBE OMNEPaHJ0B TEPHAPHOIO OMEPATOPa, MOXHO BHINOJHUTL OJHY WJIM HECKOJBKO

GyHKLMI cpa3y. PaccMoTpuM nmpuMep.

#include <stdio.h>

int f1l(int n);
int f2(void);

int main(void)
{

int t;

printf (*Beenure uucno: ");
scanf ("%d", &t);

/* BHBOI COOTBETCTByKLWEro coobulenus */

t ? £f1(t) + £2() : printf("BrepmeH Hyne.\n");

return 0;

}

int f1(int n)

{
printf(*sd ", n);
return 0;

}

int £2(void)

{
printf ("BBemeHo.\n");
return 0;

}
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Ecnu B nporpaMMy BBEAECH HYJb, BHI3LIBAETCA (DYHKLMS printf (), U Ha 3KpaHE MOsIB-
nAeTca coobuteHue “Beenent Hyaw”. Ecin BBeneHo moboe apyroe YUCNo, BHIMONHAIOTCA 00e
¢byukiy £1() u £2(). ObpatMTe BHUMaHWe HA TO, YTO PE3yJbTAT oneparopa “?” B OaH-
HOM MporpaMMe UrtiopupyeTcst U He NMPUCBarMBaAETCsl HU OOHOM MICPEeMEHIOM.

Yurure, komnunsitop sa3nika CH+, cTpeMsick ONTUMU3UPOBATL OOBLEKTHBII KO, MOXET
MPOU3BOJILIIO MCHSITH MOPSAOK BHYUCICIMSA BHpaxkelinid. B TakoM cnyyae ovepentioctb Bbi-
30BOB (hyrkuuil £1() 1 £2() B onepartope “2?” ocraercsl HEU3BECTHOM.

Hcnonb3yst TcpHapHBIil onepaTop, MOXHO €lle pa3 nepenucath NporpaMMy I yrajbl-
BaHus “BoJilcOGHOTO YHCcna”.

/* Bonuethoe uucno. [porpamma #5. */
#include <stdio.h>
#include <stdlib.h>

int main(void)
{
int magic; /* BomuetHoe uucno */
int guess; /* IllpenrnonoxeHue murpoka */

magic = rand(); /* TeHepupyeMm BonuetHoe uMcro */

printf ("YranaiiTe BomuebHOe uUMUCIO: ") ;
scanf ("%4d", &guess);

if (guess == magic) {
printf(*** BepHo ** ");
printf(*%d — BoyuebHOe umucyuo", magic);
}
else
guess > magic ? printf("Muoro") : printf("Mano");

return 0;

B 3t0it nporpaMMe onepatop “?” B 3aBUCUMOCTH OT pe3yJibTata NMPOBEPKU BHIBOAWUT Ha
3KpaH COOTBETCTRYIOLINE COOBILECHHUS.

YcnoBHOe BbipaXeHne

HHorpa nauymHaowmx nporpaMMHUCTOB Ha s3bike C/C++ nNpHBOAUT B CMATEHUE TOT (haKT.
YTO B KayecTBE YC/IOBHHIX BbIPLKEHWI B oneparopax if wiM “2?” MOXHO HCHOJb30BAThH JIIO-
Obie onycTMMbie BHIpaKeHWs. MIHaue rosops, yclIoBHOE BHIpAKEHUE He 00s3aHO COCTOSITh M3
OMepaTopoB CPaBHEHUS WU JIOTUMECKHX OmnepaTopoB, Kak B fznKax BASIC u Pascal. 3naye-
HHCM BBIPAKEHHMS MOXET ObITh JII060E YMCI0, KOTOPOE B 3aBUCUMOCTU OT CBOErO 3HAYCHMS
UHTEpNpEeTUPYCTCA KakK “MUCTHHA” WM “JoXb”. Hanpumep, npuBeneHHbIH HUXE (PparMeHT
MpOrpaMMbl CYUTHIBAET C KJIABHATYPHI B2 LEJIbIX YMC/IA U BLIBOAUT HA IKPaH UX YacTHOE.

/* JleneHue nepeoro 4ucrna Ha BTopoe. */
#include <stdio.h>
int main(void)
{
int a, b;
printf ("Beeoure OBa umcna: ");

scanf ("%4%d", &a, &b);
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if(b) printf("%$d\n*, a/b);
else printf("Jenuts Ha HYIb Helbk3s.\n");

return 0;

Ecnu yucno b paBHO HYJIIO, TO YCJIOBUC oneparopa if SBNAETCH JIOKHBIM, U BHIIOJHACTCA
oneparop else. B NMPOTUBHOM CJTyHac YCNTOBUE ABISICTCA UCTUHHBIM, M BHIMOJHACTCA OCJIEHUE.

Onepatop if MoX11o ObUIO Obl 3anMUcaTh UHaye.
fif(b = 0) printf(*%d\n*, a/b);

OpHaKo clielyeT 3aMETUTh, UTO MOCAECAHSASA 3a0UCh U3OBITOYHA, MOXET CHU3UTEL 3((peKTUB-
HOCTb BBIYUCJIIEHUI M MO3TOMY CYMTAETCsl NPU3HAKOM IIOXOTO CTUIS MPOrpaMMUpPOBaHUS.
Jns nmposepkU ycioBHs ofiepatopa if AOCTaTOYHO 3HAYEHWsl CaMoil MEepeMEHHOH b M HeT
HMKAKOW HEOOXOOUMOCTHU CPaBHUBATL €€ C HYJIEM.

Onepartop switch

B saseike C/C++ npeaycMOTpeH onepaTtop MHOTOBApUAaHTHOIO BETBJICHUs switch, KO-
TOPHI MOCNEAOBATENILHO CPABHUBAET 3HAYECHUE BBLIPAXEHMSI CO CIIMCKOM LENBIX YUCENT WM
CHMBOJIBHBIX KOHCTaHT. Ecnu OOHapyXuBaeTCsl COBMALCHME, BBITOMHSAETCS OMNEpaTop, Ces-
3aHHH ¢ COOTBETCTBYIOLIEH KOHCTaHTOH. OnepaTop switch UMeeT CIIeayIOUIUil BUA.

switch (ewipadicenuc)
{
case koucmanmal:

nocned0oeameIbHOCMb ONEPAMopoe
break;

case KoHCmanmaz.

nocredoeamenbHOCMey ONEPAMOPOE
break;

case xoucmanma3:

nociredoeamenbroOCmb ONEPAMOPOE
break;

default:

nocie0oeamenbHoCmb ONepamopoe
}

3HayeHUeM bipaxcerus JOJDKeH OHTh CUMBOJM WM Heioe yucio. Hanpumep, BoipaxeHus, pe-
3yJILTATOM KOTOPBIX SIBJISIETCSl YMCJIO C TUIABAIOWIEH TOYKOM, He JOIMTYyCKAOTCA. 3HayeHWe Bhipa-
KEHUSI NOCIENIOBATEIbHO CPaBHUBAETCS C KOHCTAHTaMH, yKa3zaHHBIMM B Oreparopax case. Eciu
OBDHApYXMBACTCS COBMNANCHWE, BHINOMHACTCH MNOCICAOBATE/ILHOCTE ONEPaTOpOB, CBA3AHHBIX C
HIaHHBIM OMNEPaTOpoM case, IIOKA HE BCTPETUTCS OMepaTtop break wWm He 6yneT AOCTUTHYT KO-
Hell oneparopa switch. EciM 3HaueHWe BBIPOXKEHWS] HE COBMANaeT HU C ONHOIl M3 KOHCTAHT,
BBINOJHSIETCA Ofeparop default. BTOT pa3eN oneparopa switch sIBISIETCS HeobA3aTeTbHBIM.
Ecnv OH He NpeayCMOTPEH, B OTCYTCTBUE COBINANEHUI He GyneT BBLITIOMHEH HY OZWH OMNeparop.

B sa3bike C omnepatop switch gonyckaer no 257 onepatopoB case! CtaHmapT s3biKa
C++ npenycmarpupaet 10 16384 onepatopoB case! Ha npakTHke KOJMYECTBO pa3lejioB
case B OnepaTope switch cnefyeT OrpaHUuUMBaTh, NMOCKOJIBKY OHO BiusieT Ha 3¢dekTHB-
HOCTb NporpaMmel. HecMOTpPsl Ha TO UTO OMepaTop case SIBJIETCS METKOI, OH MCNOJb3yeT-
¢ TOJILKO BHYTpPHY Onepatopa switch.
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Onepatop break OTHOCUTCS K TpyIife onepatopoB nepexoaa. Ero MoXHo UCTonb30BaTh
Kak B ofepatope switch, Tak ¥ B uMKaax (cMm. pasgen “Onepatopst uukios”). Koraga no-
TOK YIpaB/ieHUs1 AOCTUrAaeT oleparopa break, NporpaMma BHIIIOJIHAET Mepexon K oneparo-
py, clcayoleMy 3a onepaTtopoM switch.

CrenyeT 3HaTh TPHU BKHBIX CBOWMCTBA ornepaTopa switch.

o Onepatop switch OTIMYaeTcs OT oneparopa if TeM, YTO 3HAUCHUE €r0 BHpPAXEHUA
CpaBHUBAETCA UCKIIIOYUTEILHO C KOHCTaHTaMU, B TO BpeMSl Kak B oreparope i£ MOXHO
BHIIONMHATH KAKUE YroJHO CPaBHEHMSI WK BHIYMCIIATD JIIOOBIE JIOTHUYECKUE BHIPAXCHUS.

e JlBc KOHCTAaHTH B Pa3HbIX pa3fcfiaXx case HE MOTYT MMETh OAMHAKOBHIX 3HAYEHUI, 3a
UCKJIIOUEHUEM CJly4asi, KOraa OoUH OlepaTop switch BJIOXEH B APYToi.

e Ecnu B onepatope switch UCNOAB3YIOTCA CUMBOJNBbHBIE KOHCTAHTBI, OHU aBTOMATH-
YECKU NMPeobpa3oBLIBAIOTCS B LEJIOYUCIEHHHIC.

Onepatop switch yacTto Mcnonb3dyercs Wi o6paboTKM KOMaH, BBEACHHHIX C KJaBHUa-
TypH, HanpuMep, NpU BHIOOpPE MyHKTOB MeHI0. B mpuBeneHHOM HUXe NpuMepe (QYHKIHS
menu() BBIBOAMT Ha 3KpaH MEHIO MPOrpaMmel Wil MPOBEPKU FPaBONMCAaHUA W BHI3BIBACT
COOTBETCTBYIOLIME NPOLIECAYPHI.

void menu(void)

{
char ch;
printf(*1l. IpoBepka npaBonmcaHus\n");
printf(*2. UcnpaBneHue ommbokr\n");
printf("3. Bemon ommbok\n");
printf (*Ins nponycka HaxMmuTe mobyn knaBuwy\n");
printf (" BribepyTe NOYHKT MeHo: ") ;
ch = getchar(); /* CuMTEHBaeT CuUMBOJI, BBeOEHHHM C KIasMaTypel */
switch(ch) {
case 'l':
check_spelling();
break;
case '2’':
correct_errors();
break;
case '3':
display_errors();
break;
default -
printf("He BHOpaH HM OOMH NYHKT");
}
}

C dopMayibHOI TOYKM 3peHU HATMYKE ONeparopa break BHYTpU onepaTtopa switch He
00s13aTeJIbHO. DTOT ONepaTop INpPePHIBaeT BLINOJIHEHWE TOCIEAOBATEILHOCTH ONEePaTopoOR
CBSI3aHHBIX C COOTBETCTBYIOLLEN KOHCTaHTO. Ecnm ero mponyctuts, OYAYT BBIIIOIHEHBI BCE
Nocheaylolue ONepaTopbl case, NMOKa He BCTPETHUTCH CHEAyIOWIMIT onepartop break, GO
He OylleT HOCTUTHYT KOHel oneparopa switch. Hanpumep, npuseneHHass Huxe ¢byHKUMs
HCIMOJb3yeT 3TOT 3dhdekT Mg 06pabotkn nHboOpMauuu, MocTynaiouieit Ha BXOA ApaiBepa.

/* OGpaborka 3Hauerus */
void inp_handler(int i)

{
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int flag;
flag = -1;

switch(i)
case 1: /* 3Ty olepaTophl case uMenT OOy */
case 2: /* nocrenoBaTellbHOCThL OlepaTopoB. */
case 3:
flag = 0;
break;
case 4:
flag = 1;
case 5:
error (flag);
break;
default:
process (i) ;

DTOT NpUMep WUIIOCTPUPYET ABa CBOMCTBA orepatopa switch. Bo-nepBhix, onepatop
case MOXET HE UMETh CBSI3aHHOM C HKMM MOCIEAOBATEILHOCTHU ornepaTtopoB. B 3ToM ciyyae
NOTOK VYIPaBJieHUs TIIPOCTO MEPEXOAMT K CJEoyloUIeMy oONepartopy case, Kak Obl
“nposaivBascy” BHU3. B HailleM npuMepe TpM MepBBIX ONMEpaTopa case CBA3aHB C OOHOM
M TOM Xe MOCJIeAOBaTeJ/IbLHOCTBIO ONEPaToOpoB, a UMEHHO:

flag = 0:
break;

Bo-BTOpBIX, ecnmu omnepatop break OTCYTCTBYET, BHIMOJHSIETCS MOCJENOBATEIbHOCTD
OIepaTopoB, CBA3AHHAs CO CNenyloUIMM onepatopoM case. Ecnu 3HaueHue i pasHO 4, me-
pemMenHoW f£lag NpUCBauBaeTCs YMcio 1, U, MOCKOJILKY OnepaTtopa break B KOHLIE JAHHOTO
pasnenia case HET, BHIIOJIHEHUE olepaTtopa switch NponoixaeTcs, U BHIZHIBACTCA (DyHK-
uMs error(flag). Ecau 3HaueHue i paBHO 5, GyHKUMS error OyneT BbI3BaHA C MapaMeT-
pom flag, paBHuM —1, a He 1.

To, uto B oTCYTCTBHE OMnepaTopa break ONepaTophl case BHIMTOJHAIOTCA OOWH 32 opy-
MM, N03BOJsieT M30eXaTh HEHYXKHOTO AyOIMpOBaHUsA OMNEPaToOpoOB M NMOBLICHTL 3(HQEKTUB-
HOCTb IPOrPaMMBl.

BnoxeHHble onepatopsl switch

Onepatophl switch MOryT ObITh BJIOXEHH APYT B Apyra. Jlaxe eCji¥ KOHCTAHTHI pa3aesioB
case BHELIHETO M BHYTPEHHETO ONEPATOPOB switch COBMAmaloT, NMpobieMbl HE BO3ZHUKAIOT.
Hanpwumep, npuBeneHHBINA HXe GparMeHT NMporpaMMel SIBASETCS BIIOJIHE MPHEMIIEMBIM.

switch(x) {
case 1:
switch(y) {
case 0: printf ("JeneHue Ha HyNL.\n");
break;
case l: process(xX,Y):
}
break;
case 2:
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| Oneparops! uukKna

B si3pike C/C++, kak ¥ BO BceX IPYIMX COBPCMEHHBIX S3bIKaX MpOrpaMMHUpoBa-
HUS, NCPATOPHl HUKAA MPEAHa31auCHB [J1A BHIMOJHEHUS MOBTOPAIOUIMXCA WHCTPYK-
Ui, Moka AeicCTBYeT onpcaencHIloc NpaBuAo. DTO YCIOBUE MOXET ObITh Kak 3aaa-
1o apaiiee (B uMKiIe for), TaK U MCIISTHCA BO BpeMs BHMOJIHEHHS LIMKIA (B Oncparto-
pax while U do-while).

Uwkn for

B TOM Miu MHOM BMAC UMKI for €CTb BO BCEX MNPOLEAYPHBHIX SA3BIKAX NPOrPaMMMU-
poBaMsa. OpHako B sA3bike C/C++ on obecneynBaeT 0COOEHHO BLICOKYIO TMOKOCTH
1 QGEKTUBHOCTS.

OO6wwMit Bua onepatopa for Takos.

for (uHuyuanuzayus; yciosue; npupatienue)

lLiukn for mMmeer MHoro BapuanToB. Onliako nambosnee obuias ¢opma 3TOro oneparopa
paboTtaeT cnemywouiMM obpazom. CHavana BHINONHAETCs uHuyuanuzayus (initialization) —
oficpaTop MpUCBaUBaHUsA, KOTOPHI 3alaeT HavyanbHOE 3HAYEHUC CYETUYMKa HUKa. 3aTeM
npoBepsieTca ycrogue (condition), npeactapisouiee co6oil ycmosHoe BuipaxeHue. LIukn
BHITIOJIHAETCS. 10 TEX MOp, NMOKa 3Hayelive 3TOro BHIPAXEHHWSA OCTAETCS UCTUHHBIM. [lpu-
pauenue (increment) U3MEHSIET 3HAYCHUE CYCTYMKA LUUKIA MPU OYEPEIHOM €ro BHIOIHE-
HUM. DTU pasnesisl ONepaTopa OTACAAIOTCS APyr OT Apyra Touykoil ¢ 3anAtoit. Kak Tonbko
yCJIOBUE HMKIJIA CTaHeT JIOKHBIM, MporpaMma MNpeKpaTMT €ro BLINOJIHEHWE U TepeineT
K JleaylouieMy onepaTopy.
B cienyrouiem npuMepe UMk for BHIBOAWT Ha 3kpaH umncha ot 1 no 100.

#include <stdio.h>

int main(void)
{

int x;
for(x=1; x <= 100; x++) printf(*%d ", x);

return 0;

}

Chavana nepeMeHHOW x nmpucBauBaeTcsl YUcyo |, a 3aTeM OoHa CpaBHUBAETCS C UUCIIOM
100. TTockonbky ee 3HauyeHue MeHblle 100, pu3nBaeTca GyHKuUMsA printf (). 3atem
nepeMeHHas x YBEJIMUMBAETCA Ha €AWHULY, U YCJIOBHE LIMKJIA NMpoeepsAeTcs BHOBL. Kak
TOJILKO €€ 3HaueHUe npeBHicUT uucio 100, BHOonHeHUe LUKIA NpekpaTUTcs. B mau-
HOM cJiyyae mnepeMeHHasl x sIBJIAETCH CUCTUYMKOM LIUKJIA, KOTOPBIH MU3MEHSETCS U Tpo-
BEPAETCS HA KaXAOH UTEpalUH.

Paccmorpum npumep uukia for, TEJO KOTOPOTO COCTOMT M3 HECKOJIBKUX OTEpaToOpOB.

for (x=100; x !'= 65; x -= 5) {
z = xX*x;
printf (*"KsampaT uucna %d paseH %f", x, z):

}

Bosseagenne yucia x B KBaapaTr U BH30B (GyHKUMM print£ () BBHINOJIHIIOTCA IO TeX IMOp,
MOKa 3HayeHME TEPEMEHHON x He CTaHeT paBHbIM 65. OOpaTTe BHHMaHME Ha TO, UTO
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B 3TOM LIMKJIE CUETYMK YMEHBLIAeTCs: cHauanla emy npucsaupaetrca yucio 100, a 3ateM Ha
KaXIOM UTepalMyM U3 HEro BHIYUTAETCS YUCITO 5.

B uukie for npoBepKa yCIOBUS BBINIOJIHAETCA Mepen Kaxaod utepaumeit. UHBMU cio-
BaMM, €CIM YCIOBUE LUKJIA C CAMOTO Hayaia ABJISIETCs JIOXKHBIM, €ro Teo He OyneT BHIMOJ-
1ieHO HH pa3y. Paccmotpum npumep.

x = 10;
for(y=10; y!=x; ++y) printf(*%d*, y);:
printf("%d4d", y); /* 37O enVHCTBeHHBY BH30B yHKUMM printf(),

KOTOPHI BHIIOJIHAETCSI B naHHOM ¢parmeHTe */

3TOT UMK HUKoraa He OyAeT BHINMOIHECH, MOCKOJBLKY 3HAYCIIUS MEPEMEHHHX X U y NpH
BXoae B UMK paBHbL. ClemoBaTesibHO, YCIOBUE LIMKIIA ABISETCH JIOKHBIM, U HU TCJIO LIMK-
Nla, HU TIpUpalieHUe CYETYMKa BHINOAHATLCS He OynyT. Takum o6pasom, 3HayeHUE Mnepe-
MEHHOI1 y ocTaHeTcs paBHbIM 10, 1 MMEHNO OHO OYIET BHIBEAECHO HA IKPaH.

BapuanTbl uukna for

B npenwinyuiem pasgene onucaH Haubosiee obuiMii Bup oneparopa for. Omiako oH
MMeeT HECKOJLKO BAPUAHTOB, MOBHILIAKOLIUX €r0 TMOKOCTE ¥ 3(PGDEKTUBHOCTD.

Haubonee pacnpocTpaHeHHBIM ABJIAETCA BapUaHT, B KOTOPOM MCIMOJNB3yeTCsl Onepa-
TOp MOCJIEAOBAaTEILHOTO BBHINOJIHEHUA (“3amgTrass”), YyToO IO3BOJIIET MNPUMEHSTH He-
CKOJIBKO CYETYMKOR LUKJIA ogHOBpeMeHHO. (HamoMHuM, 4TO omnepatop NOCieaoBaTel b~
HOTO BBLITOJIHEHUS! CBA3BLIBAET MEXIY CODOI HECKOJILKO ONEpPaTOpOB, BBIHYXIAs UX Bbl-
NOJIHATHLCS  JApyr 3a japyrom. IloapobHoctH wmanoxens B Iiaee 2.) Hanpumep,
nepeMEHHBE X U y SABIAIOTCA CUETYMKAMM MPUBeaeHHOro HUxe uukiaa. Ux muuuuanu-
3alUs] BHITIOJIHSAETCS B OMHOM M TOM € pasjielie HuKia.

for(x=0, y=0; x+y<10; ++x) {
y = getchar();
y =y - '0'; /* BouecThb U3 nepemMeHHo y ASCII-kopm Hyns */

}

Kak BUIUM, JIBa ONepaTopa MHULMATH3AUMK pasgeneHsl 3angroid. Ilpu kaxmpoit utepaumu
3HayeHWe MepeMEeHHO x YBEJIMYMBAETCA Ha eIMHMLY, a NepeMeHHas y BBOAUTCS C KllaBua-
Typbl. HecMOTps Ha 3TO, mepeMeHHasl y JOJDKHA MMETh KaKoe-TO HayvajlbHOe 3HaueHue,
WHaye Nepel NEepBoi UTepanmnel LUKIIa YCIOBHE MOXET OKa3aThCsl JIOXKHBIM.

Dyuklus converge(), NpUBEAEHHAs HUXe, JEMOHCTPUPYET ONHOBPEMEHHOE MpHUMe-
HEHWE HECKOJILKMX CYETYMKOB LMKIA. OHa KOMUPYET OAHY CTPOKY B JIPYIylO, MepeMellasch
OT KOHLIOB K CepelIMHe.

/* JleMOHCTpauusi OOHOBPEMEHHOTI'O MCINOJL30BaHUSA
HeCKOJIbKMX CUeTuMKOB LUKJa */

#include <stdio.h>

#include <string.h>

void converge(char *targ, char *src);

int main{void)
{
char target[80] = "XXXXXXXXXXXXXXXXXXXXXXXXXXXX";
"llpoBepka GyHKUMM convergel()."
converge (target, "lpoBepka ¢yHKUMM converge().");
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printf("PesynbraT: %$s\n", target);

return 0;

}

/* 37a QYHKUMS KoNupyeT OIHY CTPOKY B npyryo,
nepeMewi@asiCb OT KOHLIOB K CepenvHe. */

void converge (char *targ, char *src)

{

int i, j:

printf ("%$s\n", targ);

for(i=0, j=strlen(src); i<=j; i++, j--) {
targ[i] = srcli];
targl(jl = srcljl;
printf ("%s\n", targ);

}

ITporpaMma BHIBOIWUT Ha 3KpaH CJICAYIOLUME CTPOKMU.

):9.:0.:0:0.0.9.9.0.0.0.9.9.9.0.9.0.9.9.0.9.0.9.9.9.0.9.0.4
XX XKXKXKXXXXKXX XXX XXX XXX XKXKKX
[MPXXXXX XXX XXX XX XXX XXXXKXXKXXX .
[TPOXX XXX XX XXX KX KXKXXXXKKXKXKXXX) .
[IPOBXXXXXXXXXXXXXXXXXXXXX () .
[MPOBeXXXXXXXXXXXXXXXXXXXe () .
IpOBepXXXXXXXXXXXXXXXXXge () .
[pOBepKXXXXXXXXXXXXXXXrge () .
[IpoBepKaXXXXXXXXXXXXXerge () .
[lpoBepka XXXXXXXXXXXverge() .
[lpoBepka OXXXXXXXXXnvergel().
[lpoBepka QyXXXXXXXonverge() .
llpoeepka QyHXXXXXconverge ().
[lpoBepka ¢yHKXXX convergel().
[lpoBepka byHKLUXM converge ().
[lpoBepka ¢yHxUMM converge().
PesynbraT: [IpoeBepka QyHKLUMM converge ()

B ¢yHKIIMM converge() IS MHAEKCALUM CTPOKU C OOOMX KOHLIOB WCMONB3YIOTCH [Ba
cueTYMKa 1UKIa for — mnepeMeHHble i ¥ j. IIpy BLINOJHEHHMHM LIMKIIA CYETYUK i YBCIMYM-
BAeTCH, 2 CUETYMK j YMeHbllaeTcs. BeiMonHeHue LMKiIa NMpekpallaeTcs, KOIa 3HayeHHe
CUETYMKA i CTAaHOBUTCH OOnblie, YeM 3HAYCHME CYETYMKA j. B 3TOT MOMEHT Bce CMMBOJIBI
CTPOKH yX€ CKOIMMPOBAHHI.

YcioBHOE BHpakeHUe He 00513aTesIbHO CBA3aHO C MPOBEPKOM cueTymka upkia. B kaue-
CTBE YCJOBMSA LIMKJIa MOXET MCIIOIBL30BaThCs JIIOOOH NONYCTUMBIIH OMEpaTop CpaBHEHUs WU
JIOTMYECKU I oMmepaTop. DTO MO3BOJSET 3a0aBaTh HECKOBKO YCIOBUI LIMKIIA OOHOBPEMEHHO.

PaccMOTprM (yHKLMIO, KOTOpasi NpoBepsieT NMapoiib Noyb3oeatelisd. Jlng BBONa napojis
MOJIL30BATE]Ib MOXET CHAEJIaTb TPHU TNONBITKU. BhiMonHeHwe wUKIa NpeKpauaercs, eciu
NOJIL30BaTe)ib UCUEpNan BCe NMOMNBITKY WK BBEI NPaBWILHBIN NMapoib.

void sign_on(void)
{
char str{20];
int x;

-for(x=0; x<3 && strcmp(str, "napone"); ++x) {
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printf ("BeennTe naponb:");
gets(str);
}

if (x==3) return;
/* VHaue nomb3oBaTesNb I[ollydyaeT OOCTyn K cucrteme .. */

}

B 3TOH (QpyHKUMM MCHONb3yeTCs CTaHgapTHas (PYHKLMUS strcemp(), CpaBHMBAKOWIAsi [BC
CTPOKM U BO3Bpaulaiolias HyJib, €CJIU OHU COBMAJAIOT.

HanoMHuM, YTO KaxXIHil U3 Tpex pasfeioB uukia for MOXET COCTOSITb W3 JIIOOHIX A0-
NYCTUMBIX BHIpaXeHUH. DTU BHIpaXeHUs MOTYT GHITh 1IMKAK HE CBA3aHBI C NPCAHA3HAYCHU-
€M pa3nelioB. YYUTHIBas BHILICCKA3aHHOE, PACCMOTPUM CAEAYIOLUHUI NpUMCD.

#include <stdio.h>

int sgrnum{(int num);
int readnum(void);
int prompt{void);

int main(void)
{
int t;

for (prompt(); t=readnum(); prompt())
sgrnum(t) ;

return 0;

int prompt (void)

{
printf ("BeenuTe uucno: ");
return 0;

int readnum{void)

{
int t;

scanf("%d", &t);
return t;

}

int sgrnum(int num)

{
printf ("%$d\n", num*num);
return num*num;

O6patTe BHUMaHHUe Ha LMK for B dyHKuuU main(). Kaxawit U3 ero pasgenos
COAEPXUT BHI3OB (hyHKUMHU, B KOTOPOH MOJIL3OBATENI0 Mpelanaracrcss BBECTU C KlaBHa-
Typbel Hekoe uuciio. Ecnu BeeneHO umcno 0, BBINOJIHEHUE LIMKJIA MpeKpaulaeTcs, no-
CKOJIbKY YCJIOBHOE BBIPaXK€HME CTAHOBUTCS JIOXKHHIM. B MPOTMBHOM cilyyae YMCIIO BO3-
BOAMTCS B KBajpaT. TakuM obpa3oM, AaHHbIH HUKI for UCMONB3yeT pas3acibl MHULIUA-
IM3aUMM M TIpUpalleHUs KpailHe HeOOblyHO, nMpU 3TOM M C CHHTAKCHUYEeCKOW,
1 C CEMaHTUYECKOW TOUKU 3pPEHUS LUK ABISETCA abCONMIOTHO NpaBUIbHBIM.

lnaea 3. Onepatopbi 87



Jpyras mHTepecHass ocOOeHHOCTh LUKIa for 3aKTIOYAETCS B TOM, YTO €r0 paslesibl
MOXHO nponyckaTth. Kaxaelii U3 ero pasneiios spnserca neobssatenbHbiM. Hanpumep,
LMK, MPUBEACHHHIA 1IMXeE, BBIMOJHSICTCS A0 TeX Mop, NOKa Mojib30BaTelb He BBENET
YIICJI0 123: ’

B for(x=0; x!=123; ) scanf("%d", &x);

O6patuTe BHMMaHWe 1a TO, YTO pas3jacil MpUpauleHUsl CYETYMKA B JAHHOM LMKIC for OT-
CYTCTBYET. DTO 3HAUMT, YTO MPU KAXKIOH UTepauMu 311adelive MepeMcHHON s CpaBlIMBaeTCs
C YMCNOM 123, U HUKaKWe ACHCTBUS C Hel ©onbilie He BuINONHATCA. Omiako, ccliv nojb-
30BaTeNlb BBEAET C KJIABUATYPH YMCIO 123, YCJIOBHMC LMKIA CTAHET JIOKHLIM, M MporpaMma
MPCKPATUT Cro BHIMOIHCHUE.

CueTYMK MOXHO WHMLMATM3UPOBATh BIIC LMKIA for. BTUM cnocoboM NONB3YIOTCH,
KOrma Hayaiblioe 3HAYEIIME CUETYMKA SIBJISICTCS PE3YyJLTATOM CIIOXKIIBIX BBIMMCIEIIMI, Kak
B ClIeAyIOLLEM MpUMeEpC.

gets(s); /* CumTaThb CTPOKY B IlEepeMeHHy® S */
if(*s) x = strlen(s); /* BHUUCIUTL OJMHY CTPOKMU */
else x = 10;

for( ; x<10; ) {
printf("%4", x);
F+X;

3nechb pasgen MHUuHanu3aguMu OCTaBJICH NYCTHIM, a nepeMeHHasd x UHULHUATU3UPYETCA
[0 BXOOa B LUKIL.

BeckoHeYHbIN UMKn

Xora B KayecTBe GECKOHEYHOro MOXHO UCHOMB30BaTh 000 LMK, TPaAULIMOHHO JUIsl 3TOM
Len npumensiercs oneparop for. ITOCKOMBKY BCe pasziesbl oneparopa for ABIAITCS Heobs3a-
TEJIBHBIMM, €T0 JIErKO CHeJIaTh OECKOHCYHBIM, HE 3allaB HUKAKOIO YCIIOBHOIO BBIPAXCHUS.

B for( ; ; ) printf("3ToT UMKIN BHNOMNHsSEeTCS GeCKOHewHOo.\n");

Ecnu ycnoBHOe BBIpaxeHWe He yKa3aHO, OO CuMTaeTcsd MCTMHHBIM. Pasymeetcs, B 3TOM
Cllyyae MOXHO MO-TIPEXXHEMY BBIMOJIHATE UHULIMATU3ALMIO U NpUpallieHUe cueTYnKa, OaHa-
KO MnporpaMMHUcThl Ha sidbike C++ B kauecTBe O€CKOHEUHOrO 1IMKJIa yalle BCero UCMOnb3y-
I0T KOHCTPYKUMIO forx(;;

Ha camom pene koHctpykums for(;;) He rapaHtupyeT GECKOHEUHOE BbINONHEHUE
LIMKJa, TMOCKOJILKY €ro TeJIO MOXET COHepXaTh OonepaTop break, NpUBOMSIUIMII K HEMEN-
JICHHOMY BHIXOfy. (MBI IETATBHO M3YYMM 3TOT OMNEpaTop HEMHOTO no3nHee.) B aToMm ciyvae
nporpamMma nepenact yrnpasjeHUe CHenylouleMy ofneparopy, HaXolsuieMycsl 3a npencjiiaMmyu
Tena uMkia for, Kak NOKa3aHO HUXKeE.

ch = '\0*;
for( ; ; ) {

ch = getchar(); /* BeecT cumBOn */
if(ch=='A') break; /* Bexon u3s uUukna */

printf ("Bel BeEenu OykBy A");

DTOT UMK BBITIOMHSETCS [0 TEX TOp, MOKA NO/b30BaTeNlb HE BBEET C KJIaBUaTyphl OyKBy A.
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MycTon umkn for

Oneparop MOXET ObITh NYCTHIM. BTO 3HAYMUT, UTO TENO LMKIA for (Kak U JiIloBOro apyroro
LIMKJIa) MOXCT HE COAEPXaTbh HU ONHOIO OIeparopa. BToT (akT MOXKHO UCTIONBL30BaTh Ui MO-
BBILLIeHUS 3Q(HEKTUBHOCTY HEKOTOPHIX &ITOPUTMOB U 3aICPKKH BBHINOJIIEHUS] TIPOTPAMMBb.

Vnanenve npoGeoB U3 BXOQHOIO MOTOKAa — OMMIA M3 Haubojee PacrpoCTPaHCHHBIX 3ajiay.
Hanpumep, cuctema ynpasieHHs 6a30i TaHHBIX MOXET AOMYCKaTh 3alpoc “IOKa3aTh BCE CYETa,
OCTaTOK Ha KOTOpbIX Mcubiiic 400”. baza naHibX pacno3nact Kaxioe CJOBO OTAENBIIO, HE YUU-
THBasl pobenl. ClenoBareibio, Olia pacno3HaeT CIOBO “roKasarh”, HO 1€ NOMMeT clioBa “ no-
Ka3athb”. TakuM obpa3oM. npobesiki B CTPOKE 3anmpoca Heo6XOOUMO UTHOpUPOBATh. DTy 3amady
peiaeT UMK for, KOTOPBIA NpPOMycKaeT Bce MpoGesibl, CTOsILIME NEPel CIOBAMU B CTPOKE str.

j for( ; *str == ' osStr++) ;

Kak BHUAUM, 3TOT LMK HE UMECT TCJia — OIIO0 €MY HC HHYXHO.

LMKIBl YyacTO UCMONB3YIOTCA IS 34IEPXKKU BHIOIIEHUs rporpaMmel. Huxe nokasaHo,
KaK 3TOr0 MOXHO J1OCTHYb, UCIONB3ysl onepatop for.

J for(t=0; t<SOME_VALUE; t++) ;

Lukn while

Btopoit no snaunmoctu uukn B A3bike C/C++ — onepatop while. OH HMMeeT clie-
AyOLWUit BUa.

while (ycroeue) onepanop;

3neck onepamop MOXET ObITh NYCTHIM, OTAEJILHBIM OMEPaTopoM WU GJIOKOM onepatopos. Yc-
A08Ue MOXET 3aJaBaThCA JIIOOBIM BBIPDLKEHHEM. YCNOBUC HMKIIA CUUTAETCS MCTUIIHBIM, €CNU
3HaYeHWe 3TOrO BHIPAKCHMUS He paBHO Hyimo. Kak TONbKO ycnoBMe LIMKJa CTAHOBWTCS JIOX-
11bIM, NIpOrpamMmMa nepejaet yrnparieHUe ONepaTopy, CTosLIEMy Cpaly nocle oneparopa while.

PaccmorpumM nmpumep QyHkuMM, 0bpabaThiBalolieil BBOA ¢ KJ1aBHATYphl, KOTOpas Tepre-
JIUBO XJAET, MOKa NoJib30BaTelib He BBeNET OykBy A.

char wait_for_char (void)

{

char ch;
ch = '\0'; /* HauanbHOe 3HaueHue nepemMeHHo ch */
while(ch !'= 'A') ch = getchar();

return ch;

CHavana nepeMeHHoid ch npucBamBaeTcs HyJb. [1OCKOJIBKY OHa sIBJIAETCH JIOKATBHOM,
ce 3HaueHue BHe QYyHKUMM wait_for char () He onpene/icHO. 3ateM LMK while npose-
PAET, He paBHO JIM 3HAYeHHE nepeMeHHOI ch cumpony A. TTockonbKy HayanbHOE 3HAYEHUE
NepeMcHHOI ch paBHO HYJIO, YCJIOBUE HLMUKJIA SBJISETCA UCTUHHBIM, U €r0 BBHINOIHEHUE
nponoypkaeTcs. YCJOBME UMKIIa TNPOBEPSETCS KaXIbi pa3, KOrma MOJb30BaTesib BBOAWUT
CUMBOJI C KJaBuaTyphl. Kak Tonbko OH BBeaeT OykBy A, yCNOBHUE HUKIIA CTAHET JIOXHBIM,
U MporpaMMa IMpeKpaTUT ero BhIMOJIHEHUE.

Kak v uvkn for, UMK while NMpOBEPSAET CBOE YCJIOBHE MEpen HA4YaioM BHIIIONTHEHUS Te-
na. CnenoBatesibHO, €C/M YCIIOBME LMKJIAa € CAMOr0O Hauyana sIRISACTCA JIOKHBIM, €ro TeJio He
OyIcT BBINOMHEHO HM paly. brarogapst 3TOMy CBOMCTBY HET HEOOXOMMMOCTH OTAENIBHO MPOBe-
PATH YCNOBUE LIMKJIA Mepell BXOAOM B HEro. DTy 0COOEHHOCTh XOpOLIO WLTIOCTPUPYET (hyHK-
11s pad(), nobapmdowlas npobens B KOHELl CTPOKM, MOKa €€ JUIMHA He CTaHET PaBHOW 3a-
paHHoi. Ecny juinHa cTpokH yxxe paBHa Tpebyemoit BeMuMHe, Mpobesibl He 100aBnsoTCA.
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#include <stdio.h>
#include <string.h>

void pad(char *s, int length);

int main(void)
{
char str[80];

strcpy(str, "lpoBepka”);
pad(stxr, 40);
printf(*%d", strlen(str));

return 0;

}

/* JobasnseT npobenbl B KOHeL, CTpOKu. */
void pad(char *s, int length)
{

int 1;
1 = strlen(s); /* BuumcnsieM ANMHY CTPOKu */

while(l<length) {

s{1] = ' '; /* BcraBnseMm mnpoben */
1++;
}
s[1]= '\0'; /* Crpoka OoJXHa 3aBepuwaTbCcs HyJIeBbIM OaiTom */

DyHKUMS pad() MMECT [Ba apryMEHTa — yKas3aTe/lb s Ha YIUIMHIEMYIO CTPOKY M LIEJIO-
YMCIICHHYIO NCpeMEHHYIO length, 33jaiollyio TpedyeMylo MIMHY cTpoku. Ecnu ucxonHas
[IIMHA CTPOKHM paBHA YMCIY length WIM MPEBHILUAET €ro, TO TEJIO LIMKIA while He BBHIMOJ-
HseTcs. EcaM Xe mIMHa CTPOKH, Ha KOTOpYIO CChUIAETCS yKasaTelb s, MEHblle TpeOyeMoH,
byHKUMA pad() NoOaBISET HYXHOE KOMMYECTBO MpoGenoB. ITIMHAa CTPOKM BBIYMCIISICTCS
C NOMOLLUBIO CTAaHAAPTHOH ¢GYHKLHU stxrlen().

Ecny BHIXOA M3 LIMKJIA while 3aBMCHT OT HECKOJILKHX YCJIOBHI, OOBIYHO B KaueCTBE YC-
JIOBMSI LIMKJIa MCNOJB3YIOT OTACNIbHYIO NEPEMEHHYIO, 3HAYCHHUE KOTOPOH M3MEHSCTCS He-
CKOJNILKMMH ONEPATOpaMM B Pa3sHBIX TOUKax LMKIA. PaccMOTpUM mpHMep.

void funcl(void)
{

int working;
working = 1; /* T.e., mcTuHa */

while (working) ({
working = processl();
if (working)
working = process2();
if (working)
working = process3();

}

Kaxnas ¢yHkuMs, Bbi3BaHHasi B 3TOM (palMeHTe IpOrpamMMbl, MOXET BEPHYTh JIOXKHOE
3HAYCHME M TIPUBECTH K BHIXOAY M3 LMKJIA.
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Teno umkna while MoxeT ObiTh nycthiM. Hanpumep, NpHBeAEHHBII HUXE MyCTON LIMKI
BHITIONTHSIETCS IO TEX MOP, NOKa MONb30BaTeNib HE BBEACT OYKBY A.

J while((ch=getchar()) != 'A') ;

OnepaTop MPpUCBaMBaHHUsI BHYTPH YCJIOBHOIO BBIpaXEHUS LMKIA while BHIIJIAMT HEMpH-
BbIYHO, HO BCC€ BCTAHCT Ha CBOM MECTaA, €CJIM BCIIOMHHUTBb, YTO €ro 3HAYCHHUEM SABJIACTCA
3HaAUYCHUC onepaHia, paCMmoONOXCHHOIO B npaBoﬁ yacTH.

Uukn do-while

B otnnumne ot onepatopoB for M while, KOTOpLIC MPOBEPSIIOT YCIOBUE B Hayale LIMKJIA,
oneparop do-while AENacT 3TO B KOHLE. MHBIMU cnoBaMH, LIMKJ do-while BLIMOJHAETCA
Mo KpaitHel Mepe oguH pa3. O6wmMil BUI oneparopa do-while TaKOB.

do (

onepamop;

} while(ycrosue);

Ecny Teno 1Mkia COCTOMT JIMILBL U3 OOHOrO omneparopa, pUrypHele CKOOKH HE 00s13aTeNbHb,
XOTSl OHM JENAIOT 3TOT LIMKI MOHSITHee (MporpaMMHCTY, HO HE KOMMUWsiTopy). LlMki do-
while MOBTOPSIETCS [0 TEX MOP, MOKA yC108Ue He CTAHET JOXHBIM.

PaccMOTpUM mpuMeEp, B KOTOPOM LIMKI do-while CUMTHIBACT YMC/IA C KJIABUATYpHI, IMO-
Ka oHM He mpebicsaT 100.

do (
scanf ("%d", &num);
} while(num > 100);

Yame Bcero omnepatop do-while MpUMEHsieTCs Juts BHOOpa NYHKTOB MeHio. Korma
MONIb30BaTENb BBOAUT AONYCTUMOE 3HAYCHHUE, OHO BO3BPALLACTCS] COOTBETCTBYIOLUCH (hyHK-
umeil. HemonycTvMele 3HAYCHMs] UTHOPHUPYIOTCS. PaccMOTpUM YAYYILEHHYIO BEPCHIO MpO-
rpamMmel JUISL IPOBEPKU MPABOMUCAHUS.

void menu(void)
{

char ch;

printf(*1l. IpoBepka mnpaBomnucaHusa/n");
printf("2. McnpaBneHue oumbBoxr\n") ;
printf("3. BuBom oumBok \n");

printf(” BufepuTe IyHKT MEHK: ") ;
do {
ch = getchar(); /* CuuTHBaeM CUMBOJI C KJaBuaType */
switch(ch) {(
case '1l':
check_spelling():
break;
case '2':
correct_errors();
break;
case '3':
display_errors|();
break;

}
} while(ch!='1"' && ch!='2' && ch!='3"');
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3nech onepaTtop do-while OUEHBb YHOOEH, MOCKONBKY (DYHKLIMS JIOJIXKHA BHIBECTH MEHIO
no kpaitHeit Mepe oauH pa3. EciM nons3oBatens BBEJ NOMYCTUMOE 3HAYEHME, Mporpamma
MPONOJLKHUT BBIMONHATH LHKIL.

_| 06vsenenme NnepeMeHHbIX B YCNOBHbIX onepaTopax
W LMKNax

B s3bike C++ (1o e B craHmapte C89) MOXHO OOBABASATH NEPEMEHHBIE BHYTPH YyC-
JIOBHBIX BBIPAXCHHUM, BXOASLLUMX B OMEPaTopbl if MNM switch, BHYTPHU YCIOBHUS UMKIA
while, a TakXe B pa3fieie MHHMUMATHU3AUMK LMKIA for. O6nactb BUAMMOCTH NMEpEMEH-
110#1, OOBABICHHOK B OMHOM M3 3THUX TPEX MECT, orpaHHyYcHa GJIOKOM, KOTOPbIii OTHOCHT-
¢ K JaHHOMy oneparopy. Hanpumep, nepeMenHasi, oObsiBIcHHasi BHyTpHM LMKIa for,
ABNIACTCS JIOKANBLHOM MO OTHOWIEHHIO K HEMY.

PaccMOTpUM TpUMEp, B KOTOpPOM MNepeMeHHas oObsABJICHA B pa3feie MHMUMATH3ALHNH
LMKna for.

/* llepemMeHHas 1 SABNAETCS JIOKaNbHOWM NO OTHOWEeHMK K uukny for,
a nepeMeHHasa j CyWeCTBYeT Kaxk BHYTpM, Tak M BHE LMKJIa. */

int j;
for(int i = 0; i<10; i++)
jo=1i*i;
/* i =10; // *** Oumbka *** -- nepeMeHHas 1 3meck HeBummma'! */

B sTtoM npuMepe nepeMeHHas i o6bsBieHa BHYTpH pasiena MHULMaNU3aluK LMKia for
M UCITONIb3YETCH B KAaueCTBE CYeTUMKA. BHe nMkia for 37a nepeMeHHas He cywecTByet!

ITockonbKY CYETYMK HYXCH JIMILUb BHYTPY LIMKJIA, €10 OOBSBACHHE B pa3ieie HHULIMATH-
3auvM onepatopa for crano oOLENMPUHATON npakTHKoil. OaHAaKo YUTHTE, YTO CTaHmapTOM
C89 3ro He monyckaercs. (B crannapre C99 310 orpaHMyueHHE CHSTO.)

YmeepxdeHue, ymo nepemeHHasn, obbAeneHHan 6 pasdenie UHUYUaNU3ayuu yukna
Coset for, AenAemMcA IOKanbHOU, € HEeKOMOpbIX KOMIUNAMOpax He ebiNofHAemcCS.
B cmapbix 8epcuax makue nepemerHsle 6uinu docmynHel U 6He onepamopa for.

Odnako cmaHOapm Aa3bika C++ ogpanuyun obnacmb euOUMOCMU MaKux nepeMeH-
HbiX merioM onepamopa for.

Eciy Ball KOMMUWISITOP MOJMHOCTLIO MOLICPXKMBACT CTAHAAPT sizbika C++, To nepeMeH-
HbI€ MOXHO OOBSB/ISATb He TOJNBKO BHYTPH LIMKJIOB, HO U BHYTPH OOBIYHBIX YCJIOBHBIX BbI-
paxeHuil. PaccmoTpuM npumep.

if(int x = 20) {
X =X -Y:
if(x>10) y = 0O;
}

3nech ob6bsIBASICTCS MepeMeHHast x, KOoTopoi npuceanBaetcst Yncio 20. Iockonbky 310 3Ha-
YEHHE CUYMTACTC MCTMHHBIM, BBLIMONHSETCA OJIOK, CBSI3aHHBIM ¢ oneparopoM if. O6nactb
BUIMMOCTH TNEpPEeMEeHHOM, 0ObsABACHHOH BHYTPH YCJIOBHOrO BBIDaXXEHMS, OrpaHH4YMBAECTCS
3TUM 6nokoM. Takum o6pa3om, BHe omneparopa if nepeMEHHOR x He cyluecTByeT. YecTHO
rOBOpS, HE BCE NPOrpaMMHCTBI CYMTAIOT NPHEMIIEMBIM TaKoil crioco® OOBABICHHS Mepe-
MEHHbIX, MO3TOMY B HallleH KHUIe Mbl He OyleM €ro [PUMEHSTh.
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D Oneparopb! Nnepexoaa

B sizbike C/C++ npenyCMOTpeHbE YETHIpE oreparopa O€3yCNOBHOIO nepexofa: return,
goto, break, continue. Oncpatopsl return M goto MOXHO NMPHUMEHATL B NI0OOM MecTe
nporpaMMhl, B TO BPEMsl KaK oNnepatopsl break M continue CBsi3aHbl C OnepaTopaMy LHK-
noB. Kpome toro. oneparop break MOXHO NMPHMEHSTh BHYTPH ONepaTopa switch.

Oneparop return

3TOT omepaTop MCMOJbL3YCTCS L1l BO3BpaTta yrpasncHUa M3 GYHKUMM. OH OTIIOCHUTCH
K omeparopaM 6e3ycnoBHOro rnepexona (jump operators), MOCKOJNBKY BBHIMOHSACT BO3BpaT
B TOUKY BbI30Ba (hYHKUMH. C HMUM MOXCT OBITL CBA3aHO OMpCACNEHHOE 3HauCHHEe, XOTS 3TO
M He obsizatenbHO. EcnM onepatop return cBsizaH ¢ olpene/icHHBIM 3HAauYeiIMCM, OHO CTa-
HoButTcs pe3ynvtatoM GyHkuMK. B crannapre C89 sce dyiikuMM, BO3BpallaiOlUC 3HAYC-
Hus, dopMaiblio He 00s13aHbl OBLTM COACPXKATh oncpatop return. Ecan mporpaMMuct 3a-
ObIBaN yKaszath ¢ro, ¢pyHKIMS BO3Bpallaia KaKoe-To ClyJyaiiHoe 3HaUCHHUE, TAaK Ha3bIBAEMbIii
“mycop”. Onnako B sizbike C++ (1 B cranmapre C99) Bce (yiKLIMHK, BO3IBpALLAIOLME 3HA-
YEHUS, 06f3aHb! CONEPXKATb ONCpaTop return. MHBIMM crnoBamu, ecin GyHKUHS B SI3bIKC
C++ BO3BpalLlacT Hekoe 3HauciHHe, noboi onepatop return, MOSBISIOWMIACST B €c Tene,
NOJIXEH OBITh CBsI3aH C KaKUM-TO 3HaueHHeM. ([laxe B crannapte C89 TpebGosanoch, 4ToObi
dbyHkuMs, BO3BpalLaloLias 3HAaYCHHE, AEICTBUTENLHO BO3Bpallana erot)

Onepatop return MUMEET CICAYIOWMIT BUL.

return 6bipaxceHue,

Boipasxcenue yxa3sbiBaeTCsi NMWb TOrAa, KOTAAa B COOTBETCTBMM CO CBOMM OODBSIBICHHEM
¢YHKUMS BO3BpaliaeT Kakoe-To 3HaueHUe. B 3ToM ciyuae peaynbratoM GyHKUHH SIBASICTCA
3HaYCHHC NAHHOIO BbIPANCEHUS.

BHYTpH yliKUMH MOXHO MCMONB30BaTh CKONBKO YTOJHO OMEPaTopoB return. OnHako
(YHKUMS MpeKpaTMT CBOM BBIYMCIEHHMS, KaK TOJBKO [OCTMTHCT [MEPBOro orneparopa
return. 3akpbiBalowias ¢urypHas ckobka, orpaHMyMBalolias Teno QYHKLMH, TaKXe MpH-
BOAMT K MPEKPALICHHIO €€ BHIMOMHEHUs. OHa MHTCPIIPETUPYETCS KaK OMepaTop return, He
CBSI3aHHBIII HM C KakuMM 3HaucHMeM. EciM nporpaMMHCT He yKaXeT omepartop return
B (yHKUMH, BO3BpALLAIOLLCH HEKOE 3HAYEHHE, TO €€ pe3yNIbTaT OCTAHETCH HEOMpENCIEHHBIM.,

DyHKLYSA, onpefencHHas €o CrneuHGpUKATOPOM void, MOXET HE COOEPXAThb HU OJHOrO
OMepaTopa return, CBA3aHHOIO € KaKUM-IHO0 3HayeHHeM. TTockonbKy Takue GyHKuHU Mo
OMNpPENENCHUI0 HE MMCIOT BO3BpallacMbIX 3HAyeHMM, OECCMBICIEHHO CBA3bIBATL C HUMH
oneparop return.

Bonee moapobHO onepaTop return pacCMarpyuBacTCsl B rnase 3.

Oneparop goto

ITockonbky B sizbike C/C++ cyuiectByer Oorathiif BHIOOp YMpaB/ISIOWIMX CTPYKTYp Ha
OCHOBE OMNeparopoB break M continue, B Onepatopc goto HET 0COOOH 11€0OXONHMOCTH.
CuHTaeTCsl, YTO MCIONBL30BAHUE OMEPATOPOB goto CHUXAET YMTabeNIbHOCTL MporpaMM. Tem
1€ MEHCEe, HECMOTPSl Ha TO YTO OMEpAaTop goto Ha MPOTSXXEHMY MHOTMX JIET MOABCPraeTcs
OCTPaKM3My, OH MO-NPEXKHEMY MHOra MpUMEHsETCs. TpyaHO MpeacTaBUTh cebe CHTyaLMio,
B KOTOpOi1 Henb3st 6b10 OBl 0OONTHCH 6€3 onepatopa goto. Y Bce Xe B yMenbIX pyKax
H MPY OCTOPOXHOM MCIOJIb30BAHWH OMNCPaToOp goto MOXET MPUHECTH MONb3y, Hanpumep,

MpH BBIXOOC U3 FJI)/60K0 BJIOXEHHEIX LIMKJIOB. 3a pPaMKaMH JaHHOro pasjgena B Halleil KHUre
Bbt OOJblLIE HUTAE HE BCTPETHUTC 3TOT omeparTop.
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s onepatopa goto HecobxoauMa memka (label), npencrasnsiowas coboit naeHTHMKaTop
¢ aBoeToureM. MeTka JIo/KHa HaxOaMThCA B TOM Xe (yHKLMH, UTO M ONepaTop goto, — Me-
penpbiruBarb M3 GYHKUMK B GYHKUMIO Henb3sl. Oneparop goto MMEET CIEAYIOWMI BU,

goto aemka.

MemKa,

MeTKa MOXCT HaxonuTbCsl Kak 00, TaK M MOCKe oneparopa goto. Hanpumep, HCMonb3ys
orepaTtop goto W MCTKY, MOXHO opraHu3osath nuki ot 1 go 100.
x = 1;
loopl:
X++;
if (x<100) goto loopl;

Oneparop break

Oneparop break NpUMEHSETCS B OBYX CHTyauMsiX. Bo-MepBBIX, OH MCHONb3yeTCs s
NpeKpalieHHsl BBINMOJMHEHUsT pa3lena case BHYTPU oreparopa switch. Bo-Bropbix, ¢ mo-
MOLLBIO Oneparopa break MOXHO HEMEUIEHHO BBLIMTH M3 LIMKJIA HE3aBUCHUMO OT MCTMHHO-
CTH WJIM JIOXHOCTH €ro yCIOBHUSL.

Ecnu B LIMKIIE BCTpeyaeTcs Oneparop break, MTEpallMM NPEeKpalialoTCs M BHIMONHElIHE
nporpamMmbl BO30OHOBIISIETCSI € OMcparopa, CJAEAYIOLIEro 3a oneparopom umkia. Paccmor-
pPUM 1IpUMeED.

#include <stdio.h>

int main(void)
{
int t;

for(t=0; t<100; t++) {
printf("%d ", t);
if(t==10) break;

}

return 0O;

3ta nporpaMMa BBIBOOHMT Ha 3kpaH uMcia ot 0 no 10, a 3ateM LMk Mpekpawyaercs, mno-
CKOJIBKY BBITIONHSIETCS ONeparop break. YcioBue t < 100 MPH 3TOM UTHOPHPYETCS.

Oncparop break yacToO NMPUMEHSIETCA B LIMKIIAX, BHITONTHEHUE KOTOPBIX CIEAYET HEMEM-
JICHHO NPEKpaTHTb MpM HACTYMJICHUM OMpPEAENEHHOro coObiTHsA. B npHUBEOEHHOM HHXE
NpYMeEpe HaXaTHE KJIABMILM NPEKPALLAeT BbIMOJIHEHUE (DYHKUMH look_up().

void look_up (char *name)
{
do {
/* rnouck mMMeH ... */
if(kbhit()) break;
} while(!found);
/* Touxa Buxoma */
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Ecnu xiaBuuia He Haxara, GpyHKuUMs kbhit () Bo3Bpawiaer 3HayeHHe 0, B MPOTHBHOM
cllyuae OHa BO3BpAlLAEeT HEHyNEeBoe 3HaucHHE. [TOCKONBKY onmepalMOHHBIE CHCTEMbI 3HAUM-
TENBHO OTHAHMYAIOTCA APYT OT Apyra, GyHKuMs kbhit () He OmpenensieTcsi CraHaapTaMM s13bl-
koB C u C++, ogHako B OONBLIMHCTBE KOMITHASTOPOB OHA MPCAYCMOTPEHA.

Ecny LUMKIBI BIOXEHBl OPYr B JApYra, Oorneparop break BHIMNONHSET BBIXOH M3 BHyTpeH-
Hero LIMKJIA BO BHelUHWit. Hanpumep, npuBeneHuas Huxe nporpamMa 100 pa3 BhiBoaMT HA
3KpaH yucna ot 1 1o 10, npuueM Kaxabiil pa3, Koraa cyeTYMK JocTHraet 3HaveHusa 10, one-
paTop break nepenacT yrnpasjieHHE BHCLIHEMY LIMKIY forx.

for(t=0; t<100; ++t) {
count = 1;
for(;;) {(
printf("%d *, count);
count++;
if (count==10) break;

Ecnu omeparop break COAEP>KUTCS BHYTpU Orepatopa switch, KOTOPHI BIOXEH B iie-
KMl LMKJ1, TO BbIXOL OYHET OCYIIECTBIEH TONBKO M3 Omeparopa switch, a ynpasjleHHe oc-
TAHETCS BO BHELIHEM LIMKIIE.

®yHkums exit

Xots GyHKUMA exit () HE OTHOCHTCS K YNPaBISIOIIMM OMEpaTropaMm, HacTalo BpeMs €€
MU3yUUTh. BBI30B cTaHmapTHOI 6MONHoTEeUHOIM GYHKIIMM exit () MPUBOAMT K MPEKpalLEHHIO
paboThl MporpaMMbl M Mepenaye YIpaBieHHUs onepalMOHHON cucteme. Ee agpexkT MOXHO
CPaBHUTL C KaTamylbTUPOBAHUEM U3 MPOrpaMMbl.

DyHKUMA exit () BHINISONT ClEAYIOLIMM 00pasoM.

void exit(int xod eosspamay);

3HaueHHe MEepeMEHHOI K00 8036pama NMEPEACTCS BBI3BLIBAIOLLEMY MPOLIECCY, B POJIU KOTO-
pOro yaile BCEro BBICTYNACT OonepalMoHHas cuctema. Hynepoe 3HaueHHe Kopna BO3BpaTa COOT-
BETCTBYET HOPMaJIBHOMY 3aBEPLIEHHIO paboThl. Jpyrve 3HaueHWsl apryMEHTa YKasblBalOT Ha
Bul owMbky. B KauecTBe Koia BO3BpaTa MOXHO HPHMEHSTb MaKpockl EXIT_SUCCESS
M EXIT_FAILURE. J[ns BbI30Ba (pyHKUMH exit () HEOOXOOMM 3arofioBOYHBIA (haitn stdlib.h.
B nporpammMax Ha s3biKe C++ MOXHO TaKKe WCIONB30BATh 3ar0JIOBOYHBII (ailn <cstdlibs.

OyYHKUHMA exit () 4acTO MCMONB3YETCs, KOraa obs3aTeNlbHOE YCJIOBHE, rapalTUpYIoLiee
MpaBUIIbHYIO paboTy MpOrpamMmel, He BBHIMONHAETCA. PaccMOTpHM, HampHUMep, BUPTYAJIbHYIO
KOMMBIOTEPHYIO HWIPYy, IS KoTopod Tpebyercss cmeumanbHBI rpadumyeckuil ajanTep.
DyHKLYA main () B 3TOH NMPOrpaMMe MOXET BBHIIJIIACTD CICAYIOIUMM OOpa3oM.

#include <stdlib.h>

int main(void)

{
if(!virtual_graphics()) exit(l);
play():;
/* ... */

}

/* ... */

3nechk GyHKUMA virtual graphics() ONpenessieTcsi MOMb30OBATENEM M BO3BPALLAET MCTUHHOE
3HAYCHME, KOITIa B KOMITBIOTEPE €CThb HeoOXOmMMBIH rpadmueckuit aganrep. EcnM xe ero Her,
OHa BO3BpAlLACT IOXHOE 3HAYCHHE, M QYHKIMA exit () npekpalluaet paboTy MporpaMMbl
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B nporpaMMme Uit MPOBEPKM MpaBONMMCcaHKs (YHKIIMSA menu () MOXET MCIMOIb30BATL (DyHK-
LIMIO exit () Ul BBIXOAA U3 MPOrpaMMbl M BO3BpATa YNPAaBIEHUS ONEPaLMOHHON CHUCTEME.

void menu(void)

{

printf(*3. BuBom oumbok\n");
printf(*4. Brxon\n");
printf ("

do (

char ch;
printf("1. NpoBepka npasBonucaHusa\n");
printf("2. Mcnpasnenue oumbox\n");

BrufepuTe NMyHKT MeH©O: *);

ch = getchar(); /* Beom cuMmBOoJla C KJjlaBuaType */

switch(ch) {

case '1':
check_spelling();
break;

case '2':
correct_errors();
break;

case '3':
display_errors();
break;

case '4':

exit(0); /* BosppaT B ONepauMOHHYK cucremy */

}
} while(ch!='1' && ch!='2"

Oneparop continue

Onepatop continue HarmOMHMHAET oMeparop break. OHU pa3nMyaloTCsl TEM, UTO OMepa-
TOp break NpeKpallaeT BHIIOMHEHWE BCero LIMKJA, a ornepaTop continue — JMLIb €10 TE-
KYyLUEH MTepanvM, BBI3bIBAs MEPEXOA K CCAYIOLEH UTEpaLlMK U MpONycKas BCE OCTaBLIMECS
omeparophl B Tene UMkIa. B npkie for oneparop continue BHI3BIBACT MPOBEPKY YCJIOBUS
W MpUpalieHUe CYeTYMKa IMKia. B UMkiax while B do-while omeparop continue mepe-
IacT YMpaBicHHE OrMeparopaM, BXOMILLIMM B ycioBue LMKJIA. [IpuBedeHHass HUXE Mporpam-
Ma MOACYMTBIBACT KONUUYECTBO MPOoOENoB B CTPOKE, BBCACHHOI MOMb30BATENEM.

/* TlogcueT npoBejyoB */
#include <stdio.h>

int main(void)

{

96

char s[80], *str;
int space;

printf ("BeemuTe CTpoky: ");
gets(s);
str = s;

for(space=0; *str; str++) {
if(*str !'= ' ') continue;
space++;

}

&& ch!='3');
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printf(*%$d npobenoe\n", space);

return 0O;

TTpoBepsieTcs1 KaXIblil CHUMBOJ CTPOKH. Ecnm oH He siBsieTcs 11pobenoM, oneparop con~
tinue npepbiBacT TCKYLUYIO MTEPALMIO LMKIA for M 1HayMHACT HOBYIO, B ITPOTHUBIIOM Cly-
yae 3HayeHHe CUYETUYMKA space YBEIMYMBaETCs Ha 1.

B crnenyiouieM npumepe orneparop continue BHITOJHSICT BHIXOI M3 UMKIIA while, nepe-
J1aBasl yrpasJieHHE Oneparopy, BXOASLLICMY B YCJIOBHE LIMKJIA.

void code(void)

{

char done, ch;

done = 0;
while(!done) {
ch = getchar();
if(ch=='%") (
done = 1;
continue;
}
putchar (ch+1); /* llepelitu k crnenywuwel Oykse andpasura */

}

(DyHKLMS code KomMpyeT cooblueHHe, MpubaBissi eAMHUIYY K KOOy KaXI0ro CHMBOJA.
Hanpumep, B coobuieHUM Ha aHIMIMACKOM si3blke OykBa A 3ameHsieTcst Oykeoil B v T.4.
QyHKUMSA MpekpallaeT CBO paboTy, €CM Nonb3osaTelb BBeN cMMBon $. Ilocne 3toro BhbI-
BOI COOOLUEGHMIT Ha 3KpaH NpeKpalyaeTcsi, MOCKONbKY MEPEeMEHHas done NMPUHUMAET MC-
THHHOE 3HAYECHHUE, U, COOTBETCTBEHHO, YCIOBHE LIMKJ1A CTAHOBUTCS JIOXHBIM.

Oneparopbi-BbIpaXeHus

BuipaxxeHusa ObiTM nogpobHO paccMOTpeHH! B maee 2. OnHaKo cIeayeT CAeNaTh HECKOJIBKO
3ameyaHuil. HamoMHuM, uTo N1060€ HOMYyCTHMOE BbipaXkeHHe, 3aBepllaloLLeecss TOUKOH ¢ 3a-
nsiTo#, cuntaercs oneparopoM. Hampumep, oneparopaMy sIBSIIOTCS! CJIEAYIOLUME BbEPAKEHHSL.

func(); /* BrzoB byHkUMU */
a = b+c; /* OnepaTtop npuceampaHusa */
b+f(); /* HedTo HeNOHATHOEe, HO TOXe HONYyCTUMEI onepaTop */

; /* IHNycTo onepaTtop */

TlepBbIit onepaTop BLIMONHSET BHI3OB (PYHKUMH, BTOpOI — npHcBanBaHue. TpeTHit orne-
paTop BHLITJISIAMT BECBMA CTPAHHO, HO TEM HE MEHEE YCMELIHO KOMITMIIMPYETCS U BBIMOIHS-
etcs (Bbi3biBaeTCs GyHKUMS £() M €€ pe3yabTaT CyMMHpPYETCS CO 3Hay€ltMeM MepeMCHHOM
b). ITocnenHuit onmeparop sBnseTcss nycmeim (empty statement). (MHorna oH Takke HasblBa-
etca guxmusenbim (null statement).)

Bnok

brok — 3710 rpynna cBs3aHHbIX MEXIY coboil ornepaTtopoB, pacCMaTPHBAaEMbIX KaK €IMHOE
tenoe. Oneparopel, 06pa3yiowimne 610K, TOrMYeCKH CBSI3aHbl ApYr ¢ ApyroM. biok MHorma Ha-
3bIBACTCS TAKXKE COCMAsHbiM onepamopom. BroK HauMHaeTcsl OTKpbIBAIOLICH (PUIYPHOH CKOD-
KOH { ¥ 3aBepliacTcs 3akphlBalolleil GpurypHoit ckobkoit }. Biaok vaiye BCero MCronb3yeTcs
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KaK COCTABHAsA YacTh OPYyroro orneparopa, HanmpHUMep, YCIoBHOro oneparopa if. OmHako Onok
MOXET SIBNSATHCS M CaMOCTOATC/IBHOM €1MHHMLEN MporpamMbl. HanprMep, €ro MOXHO UCIONb-
30BaTh TaK, KaK IOKAa3aHO B CJICAYIOLLEM MPHMEDE (XOT OOBIYHO TAaK HE NENaT).

#include <stdio.h>

int main(void)
{
int i;
{ /* Bnok */
i =120;
printf("sd", i);
}

return 0;
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I'nasa 4

Maccuebl 1 CTPOKK



accug (array) — 5T0 COBOKYIHOCTb TMEPEMEHHBIX, UMEIOLLIMX OIMHAKOBBIA THIT M OOBLEAU-
HCIIBIX TTOA OAHMM MMeHeM. JIOCTyN K OTACNBbHOMY 3JIEMCHTY MaCCHBA OCYLLECTRISETCS
¢ noMowbio uunekca. CornacHo npaswiam sizblka C/C++ Bce MacCUBBI COCTOST M3 CMEXHBIX
siyeeK namMsiTi. Miamuuid azpec cOOTBETCTBYET MEPBOMY 3JICMEHTY MacCMBa, @ CTApLiMil — rMo-
ciemuemy. MaccuBbl MOTYT ObITh OLHOMCPHBIMM M MiloroMepiibiMi. Hanbosnee pacnpoctpa-
lIeHHbLIM MacCHBOM SIBASICTCA CTPOKa, 3aBecpulaiouiasicss HyneBbiM Gaitom. Ona npencrapisiet
coboi OObIIIbIIT MACCUB CUMBOJIOB, MOCACAHUM 3JIEMEHTOM KOTOPOIO SIBJISCTCS HYJICBOI OaiT.
MaccuBbl M yKasatesd TECHO CBSi3allbl MEXay coGoit. TpyaHo OMNMCHIBATL MacCHBHI, HE
ynioMMHas ykKasatenu, ¥ HaobopoT. B 3TOi riase mbl onMilieM MacCMBBI, a yKaszaTesd pac-
CMOTpUM B maBe 5. YToObl XOpolluo pa3o0partbesi B 3TUX BaXIIbIX KOHCTPYKLMSIX, HCOOXO-
IIMMO U3y4UTb 00e INaBhl.

1 opromephbie Maccmeel

O6bsiBReHNE ONHOMEPHOTO MACCHBa BHIISANT CICAYIOLIMM 00pa3oM.
mun umsi_nepemernoll| pasmep)

Kak u 1npyrve nepeMeHHbIE, MACCHB AOJXKEH OOBLABAATLCH SBHO. YTOOB KOMIWISTOD
MOT BBIIEJIMTb MAMATH IS Hero. 3dechb mun o0bsaBasier 0a30BBII TMII MaccuBa, T.€. THN
€ro 3JICMCHTOB, a pa3mep OMNpPElENsieT, CKONLKO 3JIEMEHTOB CONEPXUTCS B maccupe. Bot
KaK BHIIJISOUT 0ODbsiBleHHE MAcCCHBAa ¢ UMeHeM balance, MMEKUIErO THIT double U CO-
crogiuero u3 100 sneMeHTOB.

] double balance[100];

JlocTyn K 3neMeHTy MaccHBa OCYLLECTB/ISIETCS € MOMOILLULI0 MMEHM MacCHBa M MHIeKca.
Ilns 3Toro MHOEKC 37€MeHTa YKa3blBacTCs B KBaJpaTHbIX CKODKax nocje MMeHW MaccHBa.
Hampumep, ornepatop, NpWBeICHHBI HUXE, IMPUCBAMBACT TPETbEMY 3IEMEHTY MaccHBa
balance 3HayeHue 12.23.

 balancel[3] = 12.23;

Mnpexke nmepporo 3nementa noboro Maccusa B sa3pike C/C++ paped Hynwo. CrnenoBa-
TEJILHO, ONEPATOp

 char p[10];

00BABISET MAaCCUB CUMBOJIOB, cocTosiuimit U3 10 anemenToB — or pL[01 1o p[9]1. Cnenyro-
u1ask mporpaMma 3anofiHsieT LUeJouuciaeHHbi maccuB yncnamm ot 0 mo 99.

#include <stdio.h>
int main{void)
{
int x[100]}; /* OOBsBRNEeHMe LEeNOYMCIIEHHOI'O MAaCCUBA,

cocTosmero u3s 100 snemeHTOB */
int t;

/* 3anonHeHMe MaccuBa umciamm oT 0 mo 99 */
for(t=0; t<100; ++t) x[t] = t;

/* BelBOI Ha 3KpaH 3JEMEeHTOB Maccuepa X */
for(t=0; t<100; ++t) printf(*%d ", x[t]);

return 0;
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Ob6bem namsTH, HEOOXOMMMBHL 1si XpaHCH Ui MAacCHBa, 32aBUCUT OT CrO TMNA U pa3mMepa.
Pasmep onHomepHoOro maccupa B DaiiTax BeIUMCIAETCs No (opMyie:

Konuvecmeo_baiimoe = sizeof(ba3o6bii_mun) * Koauuecmeo_3nemMeHmos

B s3uike C/C++ He npeaycMoTpeHa NpoBepKa BbixoAa MHIEKCAZ MacCuBa 33 Npele/ibl Jonyc-
TMMOIO auanasoiia. FIHbiMM CIIOBaMM, BO BpEMsl BLINOJHEHHS MPOTPAMMBE MOXHO MO OLUMOKe
BBIITH 3a Mpenesibl MamMATH, OTBCICHHON JUIS MaccuBa, U 3anucarh JAHHBIE B COCENIINE SMEHUKH,
B KOTOpbIX MOFYT XPaHWTBCH IpyrHe MEPEMEIHBIC M [aXe MporpaMmHblii Kol. OTBETCTBEH-
LIOCTb 32 MpENOTBpaulctke NOoLoOHbIX OLMOOK Nexut ua nporpammucre. Hanpumep, ¢par-
MCHT MpPOrpamMmbl, NPUBCAELIIBIA HUXe, OyIeT CKOMITMNIMPOBaH 0e3 olIMOOK, ONHAKO BO Bpe-
M$i BHUTTOJIHEHMS NIPOTPaMMbl MHICKC MacCMBa BHIALIET 32 MPEC/bl JOMYCTUMOIO IManasoha.

int count[10], i;

/* BBEIXOI MHIEeKCa MacCuBa 3a Npepnensl HONYyCTMMOI'O IOManasoHa */
for{(i=0; i<100; i++) count[i] = i;

[To cyuiecTBy, OIHOMEpPIibiii MacCHB MPEIACTABASET COOOM CIIMCOK MEPeMEHHbIX, UMEK-
UIMX ONMUAKOBBIM THI U XPaHSLMXCS B CMCXHbIX SUCHKaX NaMaTH B MOPSIKE BO3pacTaHMs
¥x vunekcoB. Ha puc. 4.1 nokasaHo. KaK XpaHUTCA B NaMSITH MacCUB a, IAYMHAIOUIHHCS
¢ agpeca 1000 v oObsBNEHHBIA C TOMOLIBIO ONEpaTopa

J char a(7];
BONeMeHT afo] a[1} al2] al31 al4] a[51] a[6]
Anpec 1000 1001 1002 1003 1004 1005 1006

Puc. 4.1. Maccus uz cemu cumeonos, nauunarowuiics ¢ adpeca 1000

- Co3paHue ykasarens Ha MaccuB

Hwms MaccuBa sBASETCs YKA3aTeNleM Ha MepBblii ero snemeHT. JlonyctuMm, Maccus oGbsB-
JICH C NOMOLIbIO oreparopa
J int sample[10];
VYkasaTenemM Ha €ro MepBbilil MEMEHT NPU ITOM ABIAETCS MMs sample. Takum 00pasom,
B CllemytowemM (parMeHTe YKa3aremo NPUCBauBaeTCA aIpec MepBOro 31eMEHTA MaccuBa sample.
int *p;
int sample[10];

p = sample;

AJpec MepBoro 3JeMEHTa MacCHBa MOXHO TaKKE BBHIYMCIIMTB C MOMOLLBIO orneparopa &. Ha-
MpUMEDP, BbipaXeHUs sample U &sample[0] 3KBUBICHTHBL OnHako B npodecCHOHATLHO Ha-
NMCaHHbIX NporpammMax Ha s3blke C/C++ BBl HUKOIIA He BCTPETUTE BbipaXeHHUE &sample[0].

_ Mepepaya ogHOMEpHOro Maccuea B PYHKLMIO

B s3pike C/C++ Becb MacCHB HeNb3sl Mepenarb B KauecTBe apryMmeHTta (pyHKUMM. Bme-
CTO 3TOro MOXHO MepellaTh YKa3aTesib Ha MacCuB, T.. MMsi MaccuBa Oe3 unnekcoB. I1puse-
JIEHHBIA HMXXe PparMeHT nNporpaMmel nepenaer B pyHKUMIO funcl () vHAeKC i.
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int main(void)
{
int i[10];

funcl(i);

Ecnu aprymeHToM (GyHKUMH SIBJSIETCSI OIHOMEPHBIIF MacCHB, e¢ OpMATbLHEI napaMerp
MOXHO OOBLSBUTBH TpeMs crocobamu: Kak yKasatenib, Kak MacCMB (PMKCHPOBAaHHOIO pa3Mepa
M KaK MaccuB HeolpelesicHHoro pasmepa. Hampumep, utobbl mpenoctaBHTh (QYHKUHH
funcl() JDOCTyN K MacCHBY i, MOXHO UCMONbL30BaTh TPH BapuaHTa. Bo-nepBblx, B KaUECTBE
€¢ apryMeHTa MoOXHO OOBABUTD yKa3aTelb.

void funcl({int *x) /* Ykasarenb */

{

}

BO-BTOprX, MOXHO Iepenarhb ykasareib Ha MacCUB (bMKCV[pOBaHHOI'O pa3mepa.

void funcl(int x[10]) /* Maccur ¢MKCHUpPOBaAHHOI'O pasmepa */

{

}

M, HakoHel, MOXHO MCMOJIb30BATH MACCUB HEOIMpEACNICHHOIO pa3mepa.

void funcl(int x[]) /* MaccupB HeonpeneneHHOTO pasmepa */

{

OTH TpH 00BSBICHNS 3KBUBAIEHTHBI IPYT IPYry, MOCKOJbKY MX CMBIC]T COBEPILUEHHO
OIMHAKOB: B (YHKUMIO [epenacTcs YyKa3aTesib Ha LEIOYHCICHHYK MEPEMEHHYIO
B nepBoM cnyyae neMCTBUTENLHO MCNOJNBL3YeTCsl yKasaTeldb. Bo BTOpOM MNpHUMEHSETCS
crangapTHoe 06bsBAeHMe MaccuBa. B nocnenHeM Bapuaute oObsiBasieTcsi, UTO B (yHK-
uuo 6yner mepenaH LENOYMCNIEHHBII MacCUMB HeonpeaencHHOM qnuHbl. Pasmep maccu-
Ba, nepenaBacMoro B (QYHKLMIO, HE MMEET HHUKAKOro 3HadeHHs, MOCKOJILKY MpPOBEpKa
BbIXOJIa MHIEKCA 32 NpeAcibl JONMyCTUMOro avanasona B s3sike C/C++ He npenycMmoT-
peHa. [Ipu ykasaHuM pasMepa MaccMBa MOXHO Hanucarb JKO60€ YUCIO — 3TO HHUYEro
HEe M3MCHUT, MOCKOJNBbKY B (QYHKUHIO OyOEeT mepelaH He MacCUB, COCTOSILMA u3 32
3JIEMEHTOB, a JIMLIbL YKa3aTeNb Ha €ro nepBbli 3JIEMEHT.

void funcl(int x[32]) /* MaccuB ¢uMKCHUpOBaHHOI'O pasmepa */

{
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| Crpoku, 3aBepLuaoLimecs HynesbiM GainTom

Yalile BCEr0 OTHOMEPHBI MacCUB MCIONB3YETCs Ul NMPEACTABJICHUS CTPOK CHMBOJIOB.
B sizpike C++ ectb aBa BUIA cTpoK. Bo-nepBrix, B HEM MPEAyCMOTPEHBI cmpoku, 3aéep-
warwuecs Hynegbim 6aimom (null-terminated string), npeactaBnsolive co6Oi MacCHUBbE
CHMBOJIOB, MOCIEAHUM 3JIEMEHTOM KOTODbIX SIBISETCS HyNeBoi Galit. DTO eNMHCTBEHHBI BU
CTPOKM, mnpenycMoTpeHHbiH B A3bike C. OH mo-npexuemy SIBISETCH Haubonee LIMPOKO pac-
MPOCTPaHEeHHbIM BUAOM CTpoK. MHoraa cTpoky, 3aBepLialolIMecs HyneBbiM DaiiTom, Ha3biBa-
torcst C-cmpokamu (C-string). B si3pike C++ onpenenel Takxe Kiace string, KOTOpHIA pea-
JIM3yeT ODBEKTHO-OPHMEHTUPOBAHHBE NOAXOI K 00paboTKe CTPOK. DTOT KJIACC MBI PACCMOTPUM

MO3/IHEE, A [10KA COCPEAOTOUMMCS] Ha CTPOKAX, 3aBepLUAOLIMXCS] HYJIEBbIM Gaittom.”

O01siBsIS MaCCHB CUMBOJIOB, CICIYET 3ape3epBUPOBATh ONHY siueiKy [Isl HyneBoro Gaii-
Ta, T.€. YKa3aTh pa3Mmep, Ha eauHuuy Oosnblue, yem mivMHa Haubonblueil npeanonaracmoit
crpoku. Hanpumep, utobbl 0ObSIBUTL MaccUB str, MpeqHa3HaYEHHBIH A1 XpaHEHHs CTpo-
KH, cocTosilieit U3 10 cMMBOJIOB, CNeNyeT BEITOJHUTD CJIEOYIOLLIMIT orepaTop.

B char str[11];

B 3TOM 0OBSBACHMH NpELyCMOTPEHA siueika, B KOTopoi Gyner 3anucaH HyJeBoi 6ailT.
Crpoka CHMBOJIOB, 3aKJIIOMEHHBIX B IBOMHBLIC KaBBIYKH, Hanpumep, “30paBcTByifte, si Ba-
wa ters!”, HasLIBAeTCsi cmpokoeoll koremarnmotl (string constant). KoMnunsitop aBToMaTHiecky
IoGaBIseT K Hell HyNEBO# 6aifT, MO3TOMY MpPOrpaMMHCT MOXET He 6eCMIOKOUTLCSE 00 3TOM.
B s3nike C/C++ npenycMmotpen Gorateiif BuiGop ¢yHKUMI st paboThl €O CTPOKaMM.
CaMbIMM pacrnpoCTpaHEHHBIMU CPEIM HUX SIBJIAIOTCA CJELYIOLLHE.

Hmsa ITpennaznauenue

strcpy(sl,s2) Komupyer cTpoKy s2 B cTpoKy s1.

strcat(sl,s2) [TpUIMHCEIBAaET CTPOKY 82 B KOHEL] CTPOKH 81.

strlen(sl) Beluvcnsger LIMHy CTpOKH 82.

strcmp (81, 82) Bosppaulaer 0, €ciM CTpOKM 81 M 82 COBMAAIOT, OTPULIATENIBHOE
3HauYeHHE, €CNIM 81<82, U MONIOXUTEIBHOE 3HAYEHHE, €ClIK 81>82.

strchr(sl,ch) Bo3sppaluaer ykasarenb Ha HO3MLIMIO IMEPBOro BXOXIACHMSi CUMBONA
ch B CTpOKY s1.

strstr(sl, s2) BoaBpatiaet ykasarenb Ha rMo3vLMI0 NEpBOTro BXOXICHUS CTPOKU 82
B CTPOKY s81.

O™ QYHKUMM OOBSIBCHBI B CTaHAAapTHOM 3aroJIoBOMHOM d¢aitie string.h. (B mpo-
rpaMMax Ha sisplke C++ MCIONb3YeTCs TAKKE 3arooBOYHBIN (aiin <cstring>.) [lpume-
HeHKe 3TMX QYHKUMI WILTIOCTPUPYETCS CIENYILLCH NporpaMMOii.

#include <stdio.h>
#include <string.h>

int main{void)
{
char s1[80], s2[80];

gets(sl);
gets(s2);

4

He cnenyet nyrtath Hyab (0) U HyneBoi 6ait (\0), Wwin HyneBoii cuMpeon. [pHsHakoM KoHLa

CTPOKH fIBJIsieTCSl MMEHHO HyneBoi GaitT. Ecny He ykasaTb oOpaTHYO KOCylo 4epTy, Hyjb Oymer cuu-
TaTbCs OOBIYHBEIM CMMBOJIOM. — [lpum. ped.
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printf ("InmHa cTpok: %d %d\n", strlen{(sl), strlen(s2)):
if(!strcmp(sl, s2)) printf("Crpoxu onmHakosBel\n");

strcat{sl, s2);
printf("$s\n", sl);

strcpy(sl, "IpoBepka.\n"):;

printf (sl1);
if(strchr("Ipueer", ‘'e'))

printf ("B crnoee \"llpuBeT\" ecTb BykBa \"e\"\n");
if (strstxr("lpuBeT*, "uUB"))

printf ("B cnoee \'llpuBeT\" ecTbp coueTaHue OykB \"uB\"");

return 0;

Ecnn 3anyctutb Ha BBIIONHCHUC 3TY nporpamMMy M BBecTM crpoku “[lpuser”
u “IlpuBer”, TO Ha 3KpaH OyoyT BBIBEICHBI CICOYIOLIHE COODOUICHUS:

InvHa cTpok: 6 6

CTPOKM OIOMHaKOBBI

IpuBeTIpUBET

[lpoBepka

B crnoee "IllpuBeT" ecTr OykBa "e"

B cnome "llpuBeT" ecThp coueTaHue OYKB "uB"

ObpatvTe BHMMaHHe Ha TO, uTO QYHKUMS strcmp() BO3BPALLACT JIOKHOE 3HAYCHHE,
TOJIBKO €CJIM CTPOKM onMHakosbl. Ecnu HeobGxomnMo npoBepuTh, COBNAAKOT JIM CTPOKU Me-
XKy coBoit, cielyeT UCMONb30BaTh JIOTHYECKHIE onepaTop OTPULAHUS ! »?

HecmoTtps Ha To uto B sizblke C++ 11 CTPOK MpenycMOTpeH OTOEbHBIH Kiace, CTPOKH,
3aBeplualrolMecsi HyJeBbiM OaifToM, MO-MpeXxHemy BecbMa nonynsgpubel. BodmoxHo, 3710
NPOUCXOONT Onarofaps TOMY, YTO OHM OYCHb 3((PEKTUBHB M MO3BOJSIIOT NpOrpaMMUCTaM
MOJIHOCTBID KOHTPOJMPOBaTL onepauMu Hal crpokamM. ONHAaKo BO MHOTMX CHUTyauusx
OuYEHb YI0OHO MUCMONB30BATh KIAcC string.

U [ByXMepHbie MacCuBbI

B s3pike C/C++ npenycMoTpeHbl MHOTOMEPHBbIE MacCuBbl. TTpoCcTCHILMM U3 HUX SIBJS-
etcsi nByxmepHbiid. TTo cyuiectBy, AByXMEpHBIA MacCHB — 3TO MAacCHB OJHOMEPHBIX MaccH-
BoB. OOBsiBEHUC ABYXMEpHOro MaccHpa d, cocrogulero U3 10 crpok u 20 ctonbuos, Bbl-
[JISLAMT cliedyounM obpasom.

B int d[101[20];
OObABISAS IByXMEPHBIC MaCCHBEI, CICOYET MPOSBILITh OCTOPOXHOCTb. B HEKOTOPEIX #3bIKax
NporpaMMHUpPOBaHKs Pa3MEPHOCTH MacCHBOB OTHEJSIIOTCH 3aNSThiIMM. B OTIMMME OT HMX,

B sizblke C/C++ pasMepHOCTM MacCHBa 3aKJIOYAIOTCS B KBAIPAaTHHE CKOOKH.
O6palueHte K IEMCHTY JIBYXMEPHOIO MacCHBa BRIDISOMUT TaK:

Rarirz]

’ Yytute Takke, YTO OTHOLUEHHUs “GOJbiue™ U “MeHblie™ MeXAy CTPOKaMH MOHUMAIOTCH B JIEKCHU-
korpadbmyeckom cmeicne. Hanpumep, sHayeHve strcmp("A","si*) paBHo —31 (T.e. CTpoKa "A"
MeHbLie CTPOKM "SI"), a 3HaueHUe stremp (A", "A") paBHo 31. OBpaTtuTe BHMMaHMe Ha TO, YTO 3Ha-
yeHUe strcmp("AA", "SA") CHOBA paBHO —31, MHBLIMM cioBamM, QYHKUMS stremp BO3BpaluaeT
pasHocte Mexay ASCII-kogamu mnepBbIX HecoBrnajawoowMx Mexay coboil cumsonob. CobcTBeHHO,
VIMEHHO TaK YNOps0YMBalOTCA €10Ba B andaBUTHOM nopsiake. — Ilpum. ped.
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Crnenywllas nporpaMMa 3arojHsAeT IBYXMEPHEIH MaccuB yucnamu ot 1 1o 19 u BeiBO-

JUT UX Ha 3KpaH NOCTPOYHO.

#include <stdio.h>

int main{void)
{ L}
int t, i, num([3}[4];

for(t=0; t<3; ++t)
for(i=0; i<4; ++1i)
num[t] [i] = (t*4)+i+1;

/* BelIBOn Ha 3KpaH */
for(t=0; t<3; ++t) {
for(i=0; i<4; ++1)
printf("%3d ", num([t][i]);
printf(“\n");
}

return 0;

}

B nanHoM npumepe 3neMeHT num[0] [0] paBeH 1, num[0] [1] paBeH 2, num[0] [2] paBeH
3 v 1.0. 3HaycHHUe 3neMEHTa num[2] [3] paBHO 12. MaccuMB num MOXHO u300pasuThb cie-

IyIOLMM 06pa3oM.

num[t] [1]

0 1 2 3
0 1 2 3 4
1 5 6 7 8
2 8 10 11 12

JIByXMEpHBII# MacCUB XpaHWTCd B BMIE MaTpHMLbl, B KOTOpOil MEPBBII MHIEKC 3amaeT
HOMED CTPOKH, @ BTopoit — Homep ctonbua. Takum obpazom, npu oOXxone 37€MEHTOB B IO~
pSIKE WX pa3MclICHMsi B MamsiTH NpaBbli MHAEKC u3MmensieTcsi ObicTpee, uem nesblit. I'pa-

dHueckas cxema pasMmellleHus IByXMEPHOrO MacCHBa B MAMSTH MOKasaHa ua puc. 4.2.

Hano: char ch[4] [3]

MNpasbit HOEKC HyMepyeT CTONOLUb!

/ ch [0] [0} ch [0] (1] ch [0] [2]

JNesbit

VHOEKE / ch [1]1]0] ch[1}[1) ch[1]1{2]

HymepyeT

CTPO ————| ch(2) (0] ch[21[1] ch[2] [2]
\ ch [3][0] ch[3][1] ch[3] [2)

Puc. 4.2. JlgyxmepHbiii maccus
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O61eM naMsTH, 3aHMMAEMBI# IByXMEPHBIM MacCHBOM, BbipaXeHHBIH B GaiTax, 3amaetcs
cnenyrouweit Gopmynoit:

Koauuecmeo_balimoé = Koauuecmeo_cmpok*koauuecmeo_cmonbuyoe*sizeof(6a3oewiil_mun)

Cuyutas, 4To UEJIOE YUCIO0 3aHMMaeT 4 6aiiT, MOXHO BBIMMCIIUTE, YTO JUIS XpaHCHUS Mac-
cMBa, cocrosiuiero u3 10 ¢tpok U 5 cronbuos, Heobxonumo 10*5*4=200 Gaiit. .

Ecny nIByXxMepHBIA MacCMB MCIONL3YETCSl B KayecTBe aprymenta ¢QyHKLMH, TO B Hee Me-
peoaeTcs TOJILKO YKasaTesib Ha ero nepsblit anemeHT. ONHAKO MpH 3TOM HeoOXOIMMO yKa-
3aTh, MO KpaiHeil Mepe, KOJIMYECTBO CToNOuoB. (MoXHO, pasymeeTcs, 3a1aTb U KOJIMYECTBO
CTPOK, HO 3TO He obsizatennlio.) KonnuecTtBo cTonbuoB HCobxoqMMo KOMNWISTOPY MUl TO-
ro, uToObl MpPaBMJILHO BBIMMCIIWTDL &IpPEC MNMEMEHTA MaccuBa BHYTpH (BYHKUMM, a A4 3TOro
IOJDKHa OBITH U3BECTHA WIMHA cTpokU. HampuMep. yHKLUMS, Moaydaloulas B KayecTBe apry-
MEHTA IBYXMEPHbI MaccuB, coctosiuMid M3 10 ctpok M 10 cToA6110B, MOXET BbIMISLAETH TakK.

void funcl(int x[][10])
{

}

KomnuisTop Jo/KeH 3HAThb KOJIMYECTBO CTOJNOLIOB, MHAY€ OH HE CMOXET MpaBWILHO BEI-
YUCTSTh BHIpaXeHHUsl, MOAOGHBIE CIENYIOLLEMY:

B x12114)

Ecnu ©bl miMHa CTpOKM ©Obila HEM3BECTHA, KOMNWISTOD He Halen Obl Hayalo TpeTbeil
CTPOKHM.

PaccMOTpMM KOPOTKYIO MpOrpaMMy, B KOTOPOIf IBYXMEPHbIf MacCUB MCMOAbL3YeTCs IS
XpaHEHMs] OLIEHOK, MONYYEHHBIX CcTyAcHTamM. [lpeamonaraercsi, 4TO y4YMTesb MNpENonact
B TpEX rpymnmnax, B KOTOpHX y4yatcs He 6onee 30 crymentoB. O6patuTe BHMMaHME Ha TO, KaK
MPOMCXOAMUT ODpallleHUE B MAaCCUBY grade B KaXHoM (GyHKLIMH.

/* [lpocTas 6Gasa IOaHHBEIX, CoIOepXallds OLEHKU CTYINEeHTOB. */
#include <stdio.h>

#include <ctype.h>

#include <stdlib.h>

#define CLASSES 3
#define GRADES 30

int grade [CLASSES] [GRADES] ;

void enter_grades(void);
int get_grade{int num);
void disp_grades(int g[] [GRADES]);

int main{void)
{
char ch, str(80};

for(;;) {
do {
printf (" (B)Bon oueHok \n");
printf (* (l1)evaTs oueHok\n");
printf (" (K) oHeu\n") ;
gets(str);
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ch = toupper(*str);
} while{ch!='B' && ch!='II' && ch!='K');

switch{(ch) {
case 'B':
enter_grades();
break;
case 'Il’:
disp_grades (grade);
break;
case 'K':
exit(0);
}
}

return 0;

}

/* BBOI OLEHOK. */
void enter_grades(void)
{

int t, i;

for(t=0; t<CLASSES; t++) (
printf(*'Class # %d:\n", t+l);
for(i=0; i<GRADES; ++1i)
grade[t] [1i] = get_grade(i);
© )
}

/* CuMTHIBaHVE OUEeHKMu. */
int get_grade{int num)
{

char s[80];

printf ("BeeouTe oueHKky cTyleHTa # %d:\n", num+l);
gets(s);
return{atoi(s));

}

/* BbeIBOI OUEHOK. */
void disp_grades(int g[] [GRADES})
{

int t, 1i;

for(t=0; t<CLASSES; ++t) {
printf ("T'pynna # %d:\n", t+l);
for(i=0; i<GRADES; ++1i)
printf ("Crynentr #%d is $d\n", i+l, gltl[il);

}

MaccuBsbl CTpoOK

MaccHBbI CTPOK MCIMONB3YIOTCS NOBOJNBLHO yacto. HanpuMep, cepsep 6a3Hl JaHHBIX MO-
XET CpAaBHUBaTh KOMaH/bi, BBECACHHLIC MOJIB30BATENIEM, C MACCMBOM JOMYCTUMbIX KOMaHIL.
Js Toro yToGbt CO3MaTh MAacCHB CTPOK, 3aBEPLUANOLLIMXCS HYJNEBBIM OaliTOM, Heobxooum
IBYXMEDHEIl MaCCHB CMMBOJIOB. MakcHMalbHOE 3HAaY€HHUE NICBOrO MHICKCA 3a1acT KOJHYe-
CTBO CTPOK, a ITPABOr0 MHACKCA — MaKCHMAIbHYIO JJIMHY Kaxno#l cTpoku. B npuBeacHHOM
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HMXe (parMcHTE OODBABICH MAcCUB, coCTOsLIME M3 30 CTpOK, Kaxiasi U3 KOTOPbIX MOXET
COACPXaTb 0 79 CUMBOJIOB U 1yNeBOi OaiT.

J char str_array[30]1[80];

JocTyn K OTOCAbIION CTPOKE BEChMA MPOCT: HYXXHO JIMILB YKa3aTh Jiesblii mHIcKCe. Hanpumep,
CIEYIOILHI onepaTop NpuUMeHsicT (GyHKLMIO gets () K TPETbEH CTPOKC MacCHBa str_array.

B gets(str_arrayl[2]);

C QyuKUHONANbHOM TOYKH 3pEHUS 3TOT ONEPATOP IKBUBAJIEHTEH TAKOMY BHI30BY:
B gets(&str_array[21[01);

U Bce ke nepast M3 3THX (OPM 3aNMCH MPEANOYTUTCIIBHCE.
Y1obwl Niyullic NOLTHL, KaK YCTPOEH MacCUB CTPOK, PaCCMOTPUM KOPOTKYIO IporpaMmy,
B KOTOPOH MaCCUB CTPOK MCMOJIL3YETCSi KaK OCHOBA [U1Si TEKCTOBOIO PCIaKTOpa.

/* OueHb NPOCTOM TEKCTOBBIM peIakTop. */
#include <stdio.h>

#define MAX 100
#define LEN 80

char text[MAX] [LEN];

int main{void)

{

register int t, i, J;
printf("Ins BeIXoa BBEIMTE NYyCTYK CTPOKY.\n");

for(t=0; t<MAX; t++) {
printf("%d: *, t);
gets{text(t]);
if(!'*text[t]) break; /* Buixon */

}

for(i=0; i<t; i++) {
for(j=0; text[i][j]; Jj++) putchar({text[i]l[j]);
putchar('\n'};

}

return 0;

BBOI TEKCTa B 3Ty MPOTpaMMy MPOIO/KAETCH O TEX MOp, NOKa MOJIb30BATENIb HE BBEICT
NYCTYIO €TPOKY. 3aTeM BCE CTPOKM BHIBOLATCS HA 3KPaH MO OYEpENH.

] MHoromepHbie MacCUBb!

B s3bike C/C++ maccuBbl MOTryT MMeThb Oosblle IBYyX pa3MepHocTeil. MakcMMaTbHO
IOMYCTUMOE KOJIMYCCTBO Pa3MEpHOCTE 3anacTcsi KomnuisTopom. OOLIMiIT BUI 0OBsBICIMS

MHOTOMEPHOIO MaccHBa TAKOB.
mun ums| Pasmep 1] | Pasmep2) [ Pasmep3)... { PasmepN)
MaccuBbl, nMelllive GONMbILE TPEX pasMEpPHOCTEN, MCTIONB3YIOTCS PEAKO, MOCKOIBKY OHM
3aHMMalOT caMILUKoM Oonbliol 06beM namsith. Hanpumep, ueTbipeXMCpHBIE MaccMB CUMBO-
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JIOB pa3mepHocThlo 10x6x9x4 3anumaet 2160 Gaitt. Ecnin 66l MaccuB comepXai IByXGUTOBLIE
uenele uncna, norpebopanocs 6wt 4320 6aiT. Ecnu Gbl 3NEMEHTHE MACCHBA MMEM THI double
¥ 3aHuManu Obl 8 62T KaxXawlit, TO s MaceuBa norpeboBanock 6b1 17280 6aiit. Pazmep na-
MSITH, BblOEJSIEMON /11 MacCHBa, IKCIOHEHLIMATBHO BO3PACTAET € YBEJIMYCHUCM KOJMYCCT-
Ba pa3MmepHocTeil, HalpuMep, e€CIM K MNpelbiIylliecMy MacCHBy NOOaBUTh NSATOE U3MEPCHME,
B KoTopoM pacnonaraercsi 10 31eMeHTOB, To U Hero noHanobunock 6ut 172800 Gaiit.

Tlpu obpatlcHMM K MHOTOMEPIBIM MAacCHBaM KOMIMWISITOP BHIYMCISET KAXKIbIA MILACKC.
CrnenoBatenbHO, MOCTYN K 9/€MEHTaM MHOTOMEPHOrO MAacCHMBa IMPOHMCXOOMT 3HAYUTCIBLHO
MEIUICHHEE, YeM K JIeMelITaM OIHOMEPHOIO MAacCHUBA.

[TepenaBasi MHOromMepliblii MacCHB B (hyHKLMM, CIEIYCT yKa3blBaTh BCE pa3Mephl, KpOME
nepporo. Hanpumep, eciv MaccHB m OODBSIBIIEH ONEPaToOpoM

B int mr4a10311611535,

To GyHKUMs funcl(), MONyYAIOLLAs €0 B KAYECTBE apryMCHTa, MOXCT BBITISICTb TAK:

void funcl(int d[][3]1[6]([5])
{

Pazymeercsi, npu XeslaHMM MOXHO yKazaTh W NEPBBIA pasmMcp, HO 3TO He 00Si3aTeNIbHO

| Wnpekcaums ykasatenei

B si3bike C/C++ ykasatcaM M MaccHBHL TECHO CBsi3aHbl npyr ¢ apyrom. Kak ussectHo,

¥Ms MaccHBa 0e3 MHIeKca — 3TO yKasaTeNib Ha €ro nepsblil 3ement. PaccmoTpuMm, Hanpu-
MED, CIEOYIOLIMI MACCHUB.

J char p[10]1;

CJ]C)I)’IOU.[MC JBa BHIpaXCHUA abCoMOTHO UACHTUYHBI.

Ip
&p[0]

C npyroit CTOpOHb!, BhIpaXcHHe
Bp == &pl0]

SIBJISIETCS] MCTMHHBIM, MOCKOJIBKY aIpeC MepBOro 3JEMEHTa MAcCHBa COBMNANAET C aNPECOM
BCETO MacCHBa.

Kak ykasbiBanioch paHee, MMs1 Maccupa npenctarisiet coboit ykasarenb. M, Haoboport, yka-
3aTe/1b MOXHO MHIEKCUPOBaTh, KaK MAaCCUB. PaccMOTpuM cremytolmii pparMCHT MporpamMmet.

int *p, i[10];

p = i;
pl5] = 100; /* llpucBauBaHve C NoMoubi MHOekca */
*(p+5) = 100; /* MpucBamMBaHMe C MNOMOUBI ALPECHOR apudpmeTmxu */

O6a omneparopa npycBauBaHus 3aHocaT uncio 100 B 1ecroit anemMenT MaccuBa i. [lepBelit
M3 HHUX MHICKCUDYET YKa3aTejib P, a BTOPOIl MCIONB3YET aupecHylo apudmeTHKy. B obomx
cayJasix pesyNnbTaT onMHakoB. (YKa3atenu u aapecHas apudMeTHKa U3YYaloTcs B [iaBe 5.)
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3T10T cnocold MOXHO MPUMEHSITH U K MHOTOMEPHLIM MaccuBaMm. Hanpumep, ecim nepe-
MEHHas a — 3TO yKas3atesb Ha LIEJIOYMCICHHbBI MaccuB, coctosiiimili u3 10 ctpok u 10 cton6-
LOB, TO CJACHYIOLMe ABa orneparopa OynyT 3KBUBAJIEHTHHIMHU.

a
&af0] (0]

bonce Toro, focTyn K 371€MEHTY, CTOSILLIEMY Ha nepeceyeHrH NepBoil CTPOKU U MATOro CToNb-
Lla, MOXHO MONYyYuTh AByMs criocofamu: NUGO WMHACKCHpys MaccuB — al0] [4], nubo uc-
NMoJbL3ysl yKasatenb — *((int *)a+4). AHAIOTMYHO 3JIEMEHT, CTOALLUMI BO BTOPOil CTPOKE
M TpETbeM CTOJIOLIE, SIBNSIETCS 3HAUYEHUEM BoLIpAKeHW al[l] [2] M *((int *)a+12). JUH
JIBYyXMEPHOIO MacCHBa CIipaBel/iMBa clienytoiiias ¢hopMyna:

aljl[k] =* ((6aszoevii_mun *)a + (i * dauna_cmpoku) + k)

IlpaBuna agpecHoit apudMeTHKM TpeOylOT NpuBeNeHUs TUIMA yKaszaTens Ha MacCHUB
K ero 6azoBoMy Tuny. OOpallieHHE K 3JleMeHTaM MacCHBa C MOMOLILIO yKaszateseil uc-
MOJIL3YETCS HOBOJIBHO LIMPOKO, NMOCKONBKY onepaLuy aapecHoil apudMeTHKHN BBINONHS-
10TCs ObicTpee, YeM MHIOEKCALUA.

JByxMepHBIT MaccMB MOXHO NMPEACTABUTH C MOMOLLBIO YKa3aTe/isi HA MacCUB OIHOMEp-
HbIX MaccuBoB. CliefoBateliblio, MCMONL3Ysl OTAEbHBIA YKa3zaTenb, MOXHO ofpaiiarsces
K 3JIEMCHTaM, CTOSLUMM B CTPOKaxX IBYXMEPHOTO MaccuBa. OTOT crocod WIUIIOCTpUPYETCH
caenytoieil ¢pyHkuMein. OHa BHIBOOMT Ha Mevath CONEPXUMOE 3aJaHHON CTPOKU Inodaib-
HOTO LIEJIOYMUCJIEHHOTO MaccyBa num.

int num({10][10];

void pr_row{int j)

{

int *p, t;

p = (int *) &num[j][0]; /* HonyuuTb ampec MNEpPBOTC 3JIEMEHTa
B CTPOKe C MHIeKcoM j */

for(t=0; t<10; ++t) printf("%d ", *(p+t));

31y QYHKUMIO MOXHO OOOOLIMTE, BKIIOUMB B CIUCOK apryMeHTOB MHIEKC CTPOKH, ee
IJUIY M yKa3aTeslb Ha MNepBblid 3JIEMEHT MaccHBa.

void pr_row({int j, int row_dimension, int *p)

{
int t;
P =p + {j * row_dimension);
for(t=0; t<row_dimension; ++t)
printf("%d ", *(p+t));
}

void f(void)
{
int num[10][10];

pr_row(0, 10, (int *) num); /* BrBonm NepBoi CTpoku */

}
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10T cnoco® MOXHO NMPUMEHATE U K MaccuBaMm Gonee BHICOKOM pa3mepHocTu. Hanpu-
MED, TPEXMEPHLII MAacCHMB MOXHO CBECTH K YKa3aTeNi0 Ha HBYXMEPHbLIM MacCHB, KOTOPLIi,
B CBOIO OY€pEab, MOXHO TMpPEACTaBUTL C IMOMOILLIO yKa3aTesns Ha OXHOMEPHLIH MacCHB.
B of6iieM ciiyyac n-MepHbIT MacCHB MOXHO CBECTH K yKazarenio Ha (n-1)-Mephblii MaccuB
u 1.4 [lpoLecc 3aBepiuaercs NonayyeHUeM yKasaTeIciH Ha OMHOMEpPHBIA MacCHB.

D WHuumanu3auusa Mmaccuea

B s3nike C/C++ nonyckaercs MHULIMATU3ALMS MAcCUBOB NpH WX obbsBacHuU. OOuiuit
BUJl MHULMATU3AMY MACCHBA HE OTIHMYACTCS OT MHULMAIM3ALMY OOBIYHBIX NepeMEHHbIX.

musi_maccuea umsa_maccuea|pazmepl)...| pazmepN) = {cnucox_3nauenuii}

Crucox_sHaueHui NpeacTapisieT coboi CIMCOK KOHCTAHT, pa3feNieHHbIX 3anaTbiMU. THun
KOHCTaHT JOJLKeH ObiTh COBMCCTUMBIM ¢ munom maccuea. [lepBasi KOHCTaHTa NpUCBAUBacT-
csl MeEpPBOMY 3JIEMEHTY MacCHuBa, BTopasi — BTOpoMy U T.n. OOpatutre BHUMaHHE Ha TO, UTO
rniocJie 3aKpoiBaroileiicss GUrypHoit ckoOKHM } 00s13aTeNnbHO DOJKHA CTOATH TOYKA € 3ansiToOM.

PaccMoTpuM npuMep, B KOTOPOM LIEJIOYMCIEHHbIM MaccuB, coctositiuil u3 10 anemeH-
TOB, UHULIManU3upyetcsa yucinamu ot 1 no 10.

§int i(10] = (1, 2, 3, 4, 5, 6, 7, 8, 9, 10};

3pech anemeHTy i [0] mpUcBauBaeTcs 3HaueHue 1, a anemeHTy i [9] — uucno 10.
CHMBONIbHHIE MACCUBH MOXHO MHULUATM3UPOBATH CTPOKOBLIMM KOHCTAHTAMMU:

—w
chaxr ums_maccueafpazmep)="cmpoka";

Hanpumep, cnenyioimii GparMeHT MHULMATU3IUPYET MAcCUB stx CTpoKoi “S nob-
Jio C++7,

B char str[12] = *fA mobmo C++";

To xe camoe MOXHO nepenucats Hauve.

char str(12] = ('a', ', '‘m', ‘', '6', 'm', ‘', ', 'C,
l+l' l+l, I\OI};

[TockonbKy CTpOKM 3aBepiuaroTcs HYJNEeBBIM OaiiToM, HEOOXOAMMO cleauTb, YTOObI pas-
Mep MaccuBa ObUT moctaroyHbiM. Bor mouemy pasmep Maccusa stx paBeH 12, XOTs cTpoka
“S1 mobnwo C++” coctout u3 11 cumBonoB. Eciu MaccuB MHUUMAIM3UPYETCsl CTPOKOBOM
KOHCTaHTOM, KOMIUJIATOpP aBTOMAaTHYeCKU no0apasieT HyneBou Gailt

MHoromepHbie MacCUBbl MHULIMATU3UPYIOTCA aHalorMyHo. PaccMOTpUM mpumep MHU-
LMaTU3aLMKd MaccuBa sqrs yuciaMmu ot 1 no 10 u ux KkBagpaTamu.

int sqrs[10]([2] = {
11
41
91
16,
25,
36,
49,
64,
81,
100

~ n .

~

- = 0~

RPoVo~JounbdwNnRE

o~

}:

MHuLMam3upysi MHOTOMEPHBIIT MACCHB, MOXHO 3aKJIIOYaTh 3JIEMEHTHI CITUCKA B (PUTYPHBIE
CKOOKH. DT0T crocod HasuiBaeTcsi cybaspezamuoii 2pynnuposkoli (subaggregate grouping). Ha-
NpYMep, NpeabULYLLYIO HHULMAIM3ALMIO MOXHO Neperucarh CIeoyIoLnM 00pa3oM.
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int sqrs[10]1[2] = {(

{1, 11},
{2z, 4},
{3, 9},
{4, 16},
{5, 25.
{6, 36}
{7, 49}
{8, 64},
{9, 81},
{10, 100}

}:

Ecnu NMpyu IpynnupoOBKE NAHHBIX YKa3aHbBl HE BCE HayalbHLIC 3HAYCHHA, OCTaBLIMCCA
SNIEMCHTLI TPyINnbl aBTOMATHUYCCKH 3aMMONHAKOTCA HYJISIMU.

WHnumnanusaums bespasmepHoro Maccuea

[MpencraBbre cebc HHULHANU3ALMIO Tabnuibl coobuicHuit 06 olmbKax, Kaxiaoe U3 KO-
TOPLIX XpaHUTCS B OITHOMEPHOM MacCHBE.

char el[12] = "Oumbka npu ureHum\n";
char e2[13] = "Owmbka npu zanucu\n®;
char e3[18] = "HeBO3MOXHO OTKPHTHL Gamn\n';

Y1006l 331aThb NpaBUIbHLIA pa3MeEpP MacCUBOB, MPUILIOCH Obl MOACUUTHIBATE TOYHOE KO-
JIMYECTBO CHMBOJIOB B KaXIOM cooblteHUU. K cuacThio, KOMITUNATOP MOXET caM oIlpcae-
JIUTH pasMep MaccuBa. Eciv B onepatope MHULIMATHU3ALMKM HC yKa3zaH pa3Mep MacCcHuBa,
KOMIMUJISITOP aBTOMAaTHYCCKH CO3MACT MacCHUB, BMCLIAIOLIMI BCce HavyalbHbic 3HaucHus. Ta-
KOU MacCUB Ha3biBaeTcsl 6e3pasmepbim (unsized array). Mcnonb3ysi 3TOT NMOAXOH, MOXHO
nepenucarh Npeabiayiivii GparMeHT nporpaMmmel MHave.

char el(] = "Oumbka npu ureHum\n";
char e2[] = "Oumbka npu z3anucu\n’;
char e3[] = "HeBO3MOXHO OTKpHITH damn\n";

B 3toM cnyuae onepaTtop
B printf("Inuua crpokmu \"%$s\" paBHa %d\n", e2, sizeof e2);
BBLIBEJIET Ha 3KpaH cooliilieHue

I InvHa cTpoky "Owmbka Npu 3anmucu' paeHa 18

Wnuimanuszaums 6Ge3pasMepHbIX MacCHBOB HE TONBLKO ODNEryaeT IporpaMMKHpOBAHUE,
HO Y NO3BOJISICT U3MEHATH COODbIIIeHUs, He 3a00TICh O pa3Mepe MacCHBOB.

3T10T Ccnocob NpUMEeHUM UM K MHOTOMEpHBLIM MaccuBaM. [t 3toro tpebyetcsi yKaszath
BCE pa3Mcpbl, KpoMc nepeoro. (OcTtatbHbIe pasMepbl HYXIIbl JUIS TOrO, YTOOB KOMIUJIATOP
NPaBUJILHO BHIMOJNHAN MHIEKCALMIO MaccuBa.) DTO NO3BONSET Co3aBaTh TaONHUbLI mepe-
MCHHOM IUTHHBI, MOCKONBKY KOMITMJISATOP aBTOMATHYCCKM pasMelliaeT ux B namstu. Hanpu-
Mep, 00bABACHUE MACCHBA sgrt Kak 6e3pazMepHOro BHINISANT TaK:

int sqrs({][2] = {

{1, 1},
{2, 4},
{3, 93,
(4, 16},
{5, 25},
(6, 36},
{7, 49},
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(8, 64},

{9, 81},

{10, 100}
}:

TlpeumyLecTBO Takoro OOBSIBACHUS COCTOMT B TOM. YTO pasMmep TabnuLbl MOXHO M3Me-
HSATb, HE MEHsISl Pa3Mepbl MaccuBa.

_| HUrpa B KpeCcTUKU-HONMUKU

[lpuBeneHHBHIN HUXE MPUMEpP MIUTIOCTPUPYET CIMOCOOB MaHWUMYJIMPOBAHUSI MAaCCHBaMM
B sizbike C/C++. B 3TOM pasnene onucaHa npocTas NMporpaMMa Uil MIpbl B KPECTHMKM-
HOoNUukK. B KauecTBe UrpaIbHOM NOCKU MCMOML3YeTCs IBYXMEPHbI MacCHB.

Komneiotep urpaer oyeHs npocto. Korna Hactynaer ero ouyepenb XOauTb, OH MpOCMaT-
pUBaeT MaTpully ¢ MOMOLLUbLI0 (QYHKIIMU get_computer _move() B NOUCKax cBOOOXHOM
sueiiky. Haiins takyio suciiky, 3anonHsier ec cumBoniom O. Ecnu Bee siueifku 3aHsThl, GUK-
CHUpYETCSl HUYbS, M MpOrpaMMa IpeKpaliiaer cBoio pabory. DyHKIMS get_player move()
rpeanaraeT UrpoKy CAenarb OuepeqHoil XOX U 3aHECTH CMMBOJ X B YKa3aHHYIO UM SIYEHKY.
KoopnuHatst JeBoro BepxHero yrna pasHsi (1, 1), a npasoro HikHero — (3, 3).

MaccuB matrix MHMUMATU3UpyeTcs TpobGenamu. Kaxablii XO#, CHENAHHBLIM MIDOKOM
WIM KOMIBIOTEPOM, 3aMEHSIET NMpoOesl B COOTBETCTBYIOLUEH siueike CHMBOJAMM O MU X.
DTO MO3BOJSAET JICTKO BHIBECTH MATPULY Ha 3KpaH.

[Toce Kaxnoro xona Bbi3biBaeTcsi GyHKLMA check(). Ecnu nobenutens eile He onpe-
JeNieH, OHa BO3BpalliaeT Npoben, eclu BLIMIPAT UIPOK — CUMBOJ X, a €CJIM KOMIILIOTEp —
cuMBon O. BT1a QYHKLMA NPOCMATPUBAET MATPUILY B MOMCKAX CTPOK, CTOAOLIOB M JIMaroHa-
Jiei, 3arnoaHeHHBX OIMHAKOBLIMH CUMBOJIAMU.

Tekyiee coctosiHue urpsl orobpaxaercss QyHklueil disp_matrix(). Obpatute BHU-
MaHKe, HACKONBKO MHUIIMATU3ALMA MaTpULb! NpobesiaMy ynpoiaer 3Ty QyHKLIMIO.

Bce ¢GyHKLUMH NONYYaloT JOCTYI K MACCUMBY matrix no-pasHoMy. Mayuute 3tv crniocoOwl
BHUMATE/bHO, YTOOB! JTyYllle TIOHATh UX MEXaHHU3M.

/* Urpa B KpPeCTUKM-HONMKM. */
#include <stdio.h>
#include <stdlib.h>

char matrix[3]1[3]; /* UrpanbHas nocka */

char check(void);

void init_matrix(void);

void get_player_move (void);
void get_computer_move (void);
void disp_matrix(void);

int main(void)
{

char done;

printf (*370 - urpa B KpeCTMKM HOMIMKMU.\n");
printf (*Bu Oynere urparh C KoMneoTepom.\n"});

done = ' ‘;

init_matrix();

do{
disp_matrix();
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get_player_move();
done = check(); /* Ectb nu nobenurenn? */

if(donei= * ') break; /* HoBenurenb onpeneneH!*/

get_computer_move() ;
done = check(); /* Ectb nu nobemurenn? */

} while(done== * '};
if (done=='X') printf("Be nobemunu!\n");
else printf("s Bemrpan!!!i\n");

disp_matrix(); /* ¢uHanbHOe noJioxeHwe */

return 0;

}

/* UWnyuuanusaums MaTpuulel. */
void init_matrix(void)
{

int i, j;

for(i=0; i<3; i++)
for(j=0; j<3; j++) matrix[i](j] = * *;

}

/* Xon urpoka. */
void get_player_move (void)
{

int x, y;

printf ("Beenure koopavHaTe X,Y¥Y: ");
scanf ("%d%*c%d", &x, &y);

X-=; y-=;

if(matrix[x][yl!= * '){
printf (“HesepHblit xon, mnoneTainTech ewe.\n");
get_player_move () ;

}

else matrixi(x][y] = 'X';

}

/* Xon komnbloTepa. */
void get_computer_move(void)

{
int i, j;
for(i=0; i<3; i++){
for(j=0; j<3; j++)
if (matrix{i]{jl==' ') break;
if (matrix[{i][j]==' ') break;
}
if(i*j==9) (
printf ("Huubs\n");
exit(0);
}
else
matrix[i] [j] = 'O';
}

/* BbIBeCcTM MaTpully Ha 3SKpaH. */
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void disp_matrix(void)
{
int t;
for(t=0; t<3; t++) {
printf(" %c | %c | %c ",matrix[t][0],
matrix[t] [1], matrix [t][2]):
if(t!=2) printf("\n---|---[-~--\n");
}
printf(*\n");
}

/* lNpoeepurhb, ecTb ym nobemurenb. */
char check(void)
{

int 1i;

for(i=0; i<3; i++) /* IlpoBepKa CTPOK */
if (matrix({i] [0)==matrix[i] (1] &&
matrix[i] [0)==matrix[i][2]) return matrix([i][0];

for(i=0; i<3; i++) /* MpoBepka cTonbuoB */
if(matrix[0] [i]==matrix[1](i] &&
matrix[0] [i)==matrix[2][i]) return matrix[0][i];

/* TlpoBepka nuaroHanei */
if (matrix[0][0]==matrix[1](1] &&
matrix(l] [1]==matrix(2][2])
return matrix[(0][0];

if (matrix[0] [2]==matrix[1](1] &&
matrix[1][1]==matrix[2]([0])

return matrix([(0]1[2];

return '
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c YUIECTBYIOT TPU NPUYMHLE, MO0 KOTOPbIM HEBO3MOXHO HAIKCATh XOPOLUYK MpOrpamMmy

Ha s3bike C/C++ 6e3 ucnons3oBaHus ykasateneil. Bo-nepBbix, yKasaTtenu Mo3BONsIOT
GYHKLMSIM U3MEHSTh CBOM apryMCHTBL. BO-BTOpEIX, ¢ IOMOLIBIO yKa3aTeneil ocyLuecTBIsIeT-
¢ JMHaMUvecKoe pacnpenenenve namstd. M, B-tperbux, ykazatenu nosbiiiaioT 3ddek-
TUBHOCTb MHOIHX Npoueayp. Kak Mol yBUIUM B nanbHeiiiiemM, B sizbike C+-+ ykazatenu o6-
JIaNaoT JONOJHUTENLHEIMU NMPEUMYIIIECTBAMH.

YKazateNu — OIHO U3 CaMBbIX MOLUHBIX U, B TO X€ BPEMSI, CaMbiX OMAaCHBIX CPEACTB 513bi-
kKa C/C++. Hanpumep, HEMHULIMAIU3UPOBaHHLIE yKa3aTeNu (WIM yKasaTeJld, COAepXalliue
HEBEPHBIE ajipeca) MOTYT YHUUTOXMTH OINEPALMOHHYIO CUCTEMY KoMIbioTepa. M, uto eiue
XyXe, HENpaBWJILHOE MCMONB3OBAaHWE YyKa3aTesieil MopoxaaeT oWMOKH, KOTopbie KpaitHe
TPYEHO OOHAPYXUTh.

TTockonpKy ykaszaTeny HacTONbKO BaKHbI U OINAaCHBl, MBI PACCMOTPHM UX BECHbMA MOIPOOHO.

Y10 TaKkoe ykasatenb

Ykazameaw (pointer) — 3TO NepeMeHHasi, B KO-
Anpec  MepemeHHan a6 (p ) p ,

AYETIKN B NaMsTH TOPOM XpaHMTCs agpec npyroro obwekrta (Kak Ipa-
namsTm BWJIO, npyroit nepemeHHoit). Hanpumep, ecnu om-
1000 1003 Ha MepeMeHHasl CONEPXUT ajpec Opyrou nepe-
MEHHOH, roBOpST, YTO IepBasi NepeMeHHas ccbina-
1001 emcn (point) Ha BTOpYlO. ITa CUTyauus IoKasa-
Ha Ha puc. 5.1.
1002
1003
1004
1005
1006

MNamaTb

r_:l Ykazatenu

[lepemenHas, xpaHsiiias agpec s4yeikM MaMaTH, OOMXHa ObiTh OOBsABNIEHA KaK yKaza-
Teab. OObsiBNIEHUE yKa3aTelisl COCTOMT U3 MMEeHM 6a3oBOro THIA, CUMBOJIA * U MMEHH Me-
pemeHHoi. O61as ¢hopMa 3TOro oOBSIBNEHNS TAKOBA.

Puc. 5.1. Odna nepemennas ccolnaemcs Ha opyeyro

mun_ykasamens * UMS_yKa3amens,

3necb mun_ykazamens o3Hayaet 0a3oBblil THMN yKazatens. MM Moxer ObiTh ni060it mo-
MyCTUMBII THII.
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bazoBblit TMN yKasaTensi OMpenensieTcss TUIIOM IepeMEeHHOi, Ha KOTOpYyl0 OH MOXET
ceoptatecsi. C GopMaTbHON TOUKM 3peHUsl yKa3dateslb JIIoOOro THUMa MOXeT CChUIaThCsl Ha
Joboe Mecto B namsaTu. OnHaKo onepaluu anpecHoi apudMeTUKH TECHO CBsi3aHbl ¢ 6azo-
BHIM THMIIOM YKa3aTtesieil, [103TOMYy OYeHb BaXHO IPaBWIBHO UX 00BABUTL. (AfpecHasa apug-
MeTHKA 00CYyKIaeTcsi HUXE.)

_ Oneparopbl ang paboTbl ¢ yKazaTensaMu

DTH oneparopel 00CYXIATUCH B INaee 2. PaccMoTpuM KX noBHuMareNbHee. Kak u3Bect-
HO, CYLLUECTBYIOT JIBa CHELIMANBHBIX ONepaTopa s paboThl ¢ YKa3aTesiMu: ONeparop pasbi-
MEHOBaHMsl yKa3aTeslsl * W onepaTop nojiydeHus aapeca & Orneparop & sIBISETCS yHApHbIM
W BO3BpalllaeT anpec ceoero onepanna. (He 3abbiBaiite: yHapHble oneparopsl UMEIOT TONBKO
oouH orepaHa.) Hanpumep, omneparop NnpucBanBaHus

= &count;

3arnvchiBacT B YKA3aTeCJIb m aapec ﬂCpCMCHHOﬁ count. 3T10T anpec OTHOCHUTCA K sAyeike namsi-

TH, KOTOPYIO 3aHUMAET repeMeHHast count’. Allpec ¥ 3HayeHHe NMepeMEHHOI HUKaK He CBsl-
3aHbl OpyT ¢ apyroM. Oneparop & o3HayaeT “aapec”. ClepoBare/lbHO, NpeIbIIyLIUI ONeparop
MPUCBAMBAHUS MOXHO MPOYMUTATh TaK: “TIPUCBOUTDH YKA3aTENTIO m alpec NepeMEHHOM count ™.

Urobul nIydxe pa3oOpathbCsl B MEXAHU3ME, JiexallleM B OCHOBE IPEbIIYLLIETO Ornepartopa
NpUCBauBaHMsl, TIPEAIONOXMM, YTO MEPEMEHHAS] Count XpaHUTCs B siyeiike ¢ Homepom 2000.

Onepatop pa3bIMEHOBaHUsl YKa3aTeNsl * sIBJSIETCS aHTHIOAOM Oneparopa &. 3TOT yHap-
HHI orepaTop BO3BpalliaeT 3HAYeHHe, XpaHsiliieecs Mo ykasaHHoMy anpecy. Harnpumep, ec-
JIM yKa3aTesb m COAEPXUT anpec MepeMeHHOl count, TO ONEpPaTop NpUCBaUBAHUS

Ba="m

MOMECTUT 3HauYeHHe count B nepemeHHyo q. CllenoBatelbHO, NepeMeHHas q CTaHET paB-
Hoit 100, rockoabKy HMEHHO 3TO YHMCIIO 3anucano B syeitke 2000, agpec KOTOpOIl XpaHUTCS
B yKazatesie m. CUMBOJ * MOXHO MHTEPIIPETUPOBATh KaK “3HayeHHe, XpaHsILIEeCs No anpe-
cy”. B maHHOM ciyyae Mpelbloylimit Orneparop o3HavyaeT: “npucBOUTH TEPEMEHHOI q 3Ha-
yeHMe, XpaHsiieecs 1o agpecy m”.

TIpyopUTET ONEPATOPOB & U * BBILLE, YEM NPUOPUTET BceX apuMETHUUECKUX OIEparo-
POB, 32 UCKJIIOYEHUEM YHAPHOTO MHHYca.

HeobxoiuMo MMETh rapaHTHH, YTO yKa3aTeslb BCEIr[Ia CCHUIAETCS Ha IEpEMEHHYIo IIpa-
puneHoro tuna. Hanpumep, eciu B nporpamMme obbsiBeH yKasareslb Ha LIEJIOYMCIEHHYIO
nepeMeHHyIo, KOMITUIATOP IOJIAraeT, YTO ajipec, KOTOPBIM B HEM CONEPXUTCS], OTHOCUTCS
K MepeMeHHOIl TuIa int, HE3aBMCHUMO OT TOTO, TakK JIM 3TO Ha caMmoM aene. ITocKonbKy
yKazaTeJIio MOXHO NPHCBOUTH NioGoil aapec, cienyoliias rnporpamma OyieT CKOMITUIMPOBa-
Ha 6e3 olKMOOoK, HO XEMaeMoro pe3yJibTaTa He HacT.

#include <stdio.h>

int main(void)

{
double x = 100.1, vy;
int *p;

/* Cnenymouuit onepaTop 3acTaBUT ykasarelb p (uUMenuymit
LIeJIOUMCIIEHHBINI TMIN) CCBUIATBCS Ha MepeMeHHYK Tuna double. */
p = &x%;

6 .
Ecnu nepeMenHas 3aHMMaeT HECKOJbLKO SYEEK MAMSATH, €€ aIpecOM CUMTAeTCsl aapec IepBOM
ayediku. — Ilpum. peo.
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/* Crnenywoumii onepaTop paboraeT He Tak, KakK 3agyMaHo. */
Y = *p;

printf ("%f", y); /* He BmBOmMT uMcrno 100.1 */
return 0;

3Ta nporpaMMa HUKOrOa He NPUCBOMT MEpeMeHHON y 3HaueHue ncpeMeHHoil x. [lo-

CKOJIbKY yKa3zaTeslb p SABJSeTCS LCJOYHCIEHHBIM, B NMEpeMeHHYK y OyayT cKOnMMpoBaHbI
Juilb 4 6aiT (MOCKONBLKY LIENbie YUcaa 3aHUMAIOT 4 6aiit), a He 8.

——

B s3bike C++ Henb3s usMeHums mun yKalamens, He UCronb3ya A6HOe npusedeHue
Ha samertry

munoe. B s3abike C npusedeHue munoe ucnons3yemcs 6 60nbLUuKHcmee cryJaes.

BbipaxeHus, cogepxative ykasartenu

Kak npaBuno, BhIpaXeHUs, cOAEpXalllue yKazaTenw, IMOIYMUHSAIOTCS OOLIENPUHSITHIM
npaBunaM. OgHaKo y HUX ecTb CBOU OCOOEHHOCTH.

MpuceBanBanmne ykasateneu

VKazatens MOXHO MPUCBauBATh OPYroMy yKasateno. PaccMoTpuM nipumep.

#include <stdio.h>

int main(void)
{

int x;

int *pl, *p2;

rl &X;
p2 = pl;

printf (" %p"., p2):; /* BolBOOUT ampec NepeMeHHOM X,
a He ee 3HaueHue! */

return 0;

}

Teneppr Ha MepeMeHHYIO x ccpulaloTcsl 00a ykasaTens pl M p2. Aapec nepeMeHHOM
X BbIBOIUTCSI Ha 3KpaH ¢ NomMollbio ¢GopMaTHoOro crieundukaropa %p U GyHKUMM printf ().

AapecHas apudmeTtmnka

K ykaszatensiM MOXHO NpPUMEHSTL TONBKO IBe apudMeTHUYECKUE OMNepaly: CIOXeHUe
1 BelYMTaHue. [IpenronoxuM, UTo ykasarenb pl CCHIIAETCS Ha LIEJIOYHCIEHHYIO NMepeMeH-
HYI0, pa3mellieHHyo Mo aapecy 2000. Kpome toro, 6yacM cuMTars, YTO LIEJIBIE YKCIIA 3aHU-
MaioT 2 Gaiit B niamMsTH Komribiotepa. [locne BHIYMCIEHUs BHIPAXEHUS

I p1++;

nepemeHHasi p1 Oynert paBHa He 2001, a 2002, rnockonbKy Npy yBeMYEHUH YKasaTeNs pl Ha

e€IMHULY OH CChUIaeTcsl Ha CJemyiollce LETOE YHCI0. JTO XK€ OTHOCHTCA M K OlepaTopy
IekpeMeHTauuMu. Hanpumep, ecnu ykasarens pl pased 2000, BoipaxeHue
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foi--:

NPHUCBOUT yKasatesto pl 3Hauenue 1998.

006006112 NpUBCACHHBIN BHLLE MPUMED, CHOPMYIUPYEM CICAYIOLLME MpPaBUia alpeCcHOM
apudmMeTHKU. [Ipy yBENHUEHUM YKA3aTeNIb CChIACTCS Ha AYEHKY, B KOTOPOM XpaHUTCS Clie-
ayowuit aneMeHT 6asoBoro tvna. [1pU ymeHbleHUK OH CCHIAETCS Ha NpeanlaylMid ane-
MeHT. JInsi ykazaTesieif Ha CMMBOJIBI COXPAHSIIOTCS MpaBusia “OOBLYHOM” apudMETHKH, TO-
CKOJIbKY pasMep CMMBOJIOB paBeH 1 0aitT. Bce ocTanbHbie yKasaTenu YBEIMUMBRIOTCS WIIM
YMEHBLLUAIOTCS Ha JUIMIY COOTBETCTBYIOLUMX MCPEMEHHBIX, HA KOTOPLIE OHKH CCHUIAIOTCA. DTO

rapaHTHpyeT, YTO yKa3aTeau Bcerma OyLyT ccwblaThesi Ha anemeHT 6asoporo THnma Onwucai-
Hasi BbILIE KOHLCILMS NMPOWUTIOCTPHPOBAHA Ha pHc. 5.2.

char * ch =(char %3000;
int * i =(int*)3000;
ch 3000
- i
ch+1 3001
ch+2 3002
- i+ 1
ch+3 3003
ch+4 3004
- i+2
ch+5 3005
MNamarts )

Puc. 5.2. Adpecnas apugpmemurxa mecro cessama
¢ 6azoebiM munom (npednoaazaemcs, ¥ymo OAUHA
UeaoHUCAeHHOL nepeMeHHOL pagHa deym batimam)

JleiictBrs Han yKa3aTC¢iisiMH HE OrpaHHUYMBAIOTCA ONepaTopaMyM WHKpEMEHTALUMH U OCK-
PEMCHTALIH K. HaanMep. K HUM MOXHO NOO2BNATL K LIESLIE YKCIIA. Bblpa)KCHl/IC

Jrt = pt + 12;

cMellaeT ykasaTeab pl Ha 12-it smeMeHT 6a30BOro THma, pacloNIOXEHHHIM MOCIE TEKY-
LIEro anpeca.

Kpome Toro, ykasarenm MOXHO BBIYMTaTh. DTO MO3BOJSET ONPEACTUTL KOMTUYECTBO OOBEK-
TOB 6a30BOr0 THIA, PACMOJOXEHHBIX MEXIY ABYMst yKasatensMHu. Bee npyrie apudmernue-
CKME OnepallMy 3amnpelleHbl. B yacTHocTH, yKaszaTenu Henb3sl CKJIaIbIBaTh, YMHOXATh U [€-
auTb. K HUM Hellb3s MPUMEHSITL MOGHTOBLIE ONEpaLy, CyMMHMPOBATh UX CO 3HAYCHUSAMHU Te-
PEMEHHBIX, UMEIOLIUX TUI £loat, double U T.IN., d TAKKE BLIMUTATb TAKHME 3HAYCHUS U3 HUX.

CpaBHeHue ykasatenen

Ykazateny MOXHO CpaBHMBaTh MexXiy coboi. HanpuMep, ciaenyiolimii onepatop, B Ko-
TOPOM CPaBHMBAIOTCS YKa3aTeNu p 4 q, SIBISETCS COBEPLUCHHO MPABWIBHBIM.

if{p<qg) printf("YkasaTenr p COmEpPXUT MeHbuMuil ampec,
yeM ykaszarenb g\n");
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Kak npapuio, ykasaTenu CpaBHMBAIOTCA MexXIy coboii, KOrla OHM CCBUTAIOTCS Ha OOMH
¥ TOT Xe 0GBbEKT, HanpuMep mMaccuB. PaccMOTprM B KauecTBe Mpumepa napy GyHKUuMi ans
paboThl CO CTEKaMM, KOTOpbIE 3aMMCHIBAIOT M M3BIEKAIOT Lefibie uucna. CTeKk — 3710 crnu-
COK, B KOTOPOM JOCTYIN K 3€EMEHTaM OCYIUECTBASACTCS MO MPUHLMIY “MepBBIM BOLLIEN, MO-
cnenHum Builuea”. Ero 4acto cpaBHUBAIOT CO CTOMKOM TApENOK HA CTOAC — HUXHSL Tapen-
Ka Oymer cHsata nocnegHel. CTeKd MCMONB3YIOTCS B KOMIMILATOpax, MHTEpIpeTaTtopax,
nporpaMMax 06paboTKu 3NEKTPOHHBIX TAGAMI U APYTHX CHCTEMHBIX yTHaKHTax. UTobH €O3-
JaTb CTCK, HeoOXonKMMel ABe GYHKUMH: push() ¥ pop (). OYyHKUUS push() 3aHOCHT YMCIIA
B CT€K, 2 (PYHKLUS pop() U3BIEKAET UX OTTYga. B MpUBEACHHON HIXE MPOrpaMMe OHM
ynpapisioTes GyHKuuei main (). [Ipy BRBOgE yucna ¢ KiagMarypbl MPOrpaMMa 3aTalTKUBaeT
ero B ctek. Eciu nosib30Bateib BBEN YMCIO O, 3HAYCHME BoiTaikupaetcsl U3 crexa. Ilpo-

rpamMma MpeKpaTHT CBoK paboTy, KOraa Mojib3oBaTesih BBEAET YMCao — 1.

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

#define SIZE 50

void push(int i);
int pop{void) ;

int *tos, *pl, stackI[SIZE];

int main(void)
{

int value;

tos = stack; /* Yxasarent tos ccemaeTcss Ha BepumMHy cTeka */
pl = stack; /* UHuumanusauus ykasaTens pl */

do {

printf ("BBenure uncno: "“);

scanf (*%d", &value);

if(value!=0) push{value);

else printf ("Unucno Ha BepumHe cTexka paBHO %dA\n", pop());
} while(valuei=-1);

return 0;

}

void push(int i)
{
pl++;
if(pl==(tos+SIZE)) {
printf ("Crex nepenonHeH.\n");
exit(1l);
}
*pl = i;
}

int pop(void)
{
if (pl==tos) {
printf (“Crek ucuepnaH.\n");
exit(1);
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pl--;
return *(pl+1l);

}

Kak BuauM, cTeK peaiu3oBaH B BUIOE MaccuBa stack. CHavaia yKasateJu pl U tos CChi-
JIAIOTCS] HA MepRBblil 3JIEMEHT creKa. 3areM yKasaTenb pl HaUMHAET MEPeMEINAaThCsl Mo CTeKY,
a MepeMeHHas tos MO-MPEeXHEMY XPaHUT afpec €ro BEpIUMHBL 3TO MO3BOAACT uU30eXKaTh Me-
PETONHEHMS CTeKa ¥ obpaleHuUs K nycroMy creky. OyHKimy push() # pop() MOXHO [pHU-
MCHSITL Cpa3y MOCie MHMIIMAIM3alMM cTeka. B Kaxnoil M3 HUX BHIOIHSIETCS MPOBEPKA, HE
BoIllIE]T JIM yKazaTesib 32 Mpefesisl JOMYCTUMOINO AMana3oHa 3HadeHuid. B dyHkuuu push()
3TO MO3BOJAET MPEAOTBPATUTh MEPEMNONHEHKE (3HAaueHKE yKasaTesisd pl HE JODKHO MPEBbi-
waTh afpec tos+SIZE, IIe NMepeMeHHas SIZE onpeaesseT pasMep creka). B dyHKunK pop ()
3Ta NpoBepKa MO3BOJSIET U30EkKaTh OOpALICHUS] K MYCTOMY CTEKy (3HaYeHME YKazatens pl He
JOJDKHO GHITH MEHBILIE YKA3aTeNlsl tos, CCHUAIOIIETrOCcs Ha BEPUIKHY CTEKa).

O6patuTe BHUMaHKE Ha TO, YTO B QYHKLKM pop ()3HAYEHHE, BO3BpAILAEMOE ONepaTo-
pPOM return, HEOOXOOKMO 3aKIIOUMTh B CKOOKHU. Be3 Hyux onepaTtop npuMeT BUA

J return *pl +1;

B sToM ciyyae Bo3ppalaeTcsl 3HaueHue, 3anucaHHoe Mo ajpecy pl, YBEMUMUCHHOE Ha €u-
HHKLYy, 8 He 3Ha4YeHKUe, XpaHslleecsl B UCHKE C afpecoM pl+1.

_| Ykasarenu u maccusbl

YKazateny ¥ MacCUBBI TECHO CBsi3aHBl MeXIy coboif. PaccMorpuMm cnepyrouuit dpar-
MEHT MPOTrPaMMal.

char str[80], *pl;
pl = str;

3nech yKaszaTtesilo pl MPHUCBOCH aapecC MNMEpBOro 3jeMEHTa MacCHUBa stx. Y106k NMONY4YHTh
JOCTYIT K NMATOMY 3JICMCHTY 3TOro0 MacCHBa, CJICAYECT BHIMOJHATH OOWH M3 OABYX ONEPATOPOB:

J stri4]
491871
i *(p1+a)

O06a omnepaTtopa BEpHYT 3HAYCHHUE MATOro 3NEeMEHTAa MaccuBa stx. HamoMHMM, YyTO MHAEK-
calusl MacCMBOB HAaUMHAETCS C HYJIs, MO3TOMY MHICKC ISTOrO 3JIEMEHTa Maccupa str pa-
seH 4. KpoMe TOro, msThlil 3JICMEHT MAacCMBA MOXHO MOMYYMThb, MpUGaBuB 4 K yKa3aTeso
Ppl, KOTODHI BHavyaie CChUtacTcsl Ha nepeblii anmemeHT. (Kak M3BeCTHO, MMsI Maccupa 6¢3
MHICKCA NpeacTaBnsicr coboif ykazaTesb Ha HAa4yalo MacCHBa, T.€. Ha €ro MCPBbiil AMEMEHT.)

310T NpuMep MoxHO 0606uMTh. o cyty, B s3mike C/C++ cyiecTByloT nga crnocoba
obpaleHusl K 3JIEMEHTAM MacCHBa: MHIACKCALIMA W aapecHas apudMeTHKa. XoTs uHIeKca-
UMs Maccupa HarisitHee, ampecHas apudMeTHKa uHorma okasweisaetrcs 3ddexrrpHee. Ilo-
CKONBKY OBICTPOJEICTBUME MPOrpaMMpl OTHOCHUTCSI K ONHMM M3 €€ BaXHCHUIMX CBOMCTB,
nporpaMMHUCThl Ha s3bike C/C++ 1UMPOKO MCMONBL3YIOT yKasaTesm Juis obpalieHust K afe-
MEHTAM MaCCHBa.

B cienyiomeM ¢parmeHTe NMporpaMmsbl MPUBEACHBI B2 BapuaHTa (QYHKUHU putstx(),
WUTIOCTPUPYIOLUE JOCTYN K 3/MIEMEHTAM MacCuBa. B mepBoM BapMaHTE MCIONBL3YETCA MH-
JeKcalusl, a BO BTOpOM — ajpecHasi apudmetuxa. OYyHKLMSA putstr () NpeaHasHaueHa UIs
MOCMMBOJILHOM 3aMMCH CTPOKU B CTAHAAPTHLINA MOTOK BBIBOIA.
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Unnexkcauma ykasaTensa. */
void putstr(char *s)
{

register int t;

for(t=0; sl[t]; ++t) putchar(s[t]);

‘* JloCcTyn C NOMOWbKD ykasaTtensa. */
void putstr(char *s)

{
while(*s) putchar(*s++);

}

BobliKHCTBO NpodcCCHOHANBHEIX MPOrpaMMMUCTOB COMTYT BTOPYIO BCpcHIo Bojiec ro-
HsTHON W HarsaHoi. Ha npakTHke MMEHHO 3TOT crnocof® moCTyna K 3ieMcliTaM MaccuBa
pacrpocTpaHeH HauboMCe LUKPOKO.

MaccwBbl ykasareneiu

Kak ¥ Bce oBbIUHBIC MEPEMEHHEIC, YKA3aTeIM MOXHO MOMeELIaTh B MaccHB. OObsIBACHKE
Maccupa, cocTosero u3 10 LHesoYMCIeHHBIX YKa3aTe/ICH, BRIMISANT CAEAYIOIKM 06pa3oM.

§ int *x[10]:

YT106B MPHCBOKTD aAPEC LCTOUYMCIEITHOI NMEPCMEHHOR var TPEThEMY 3MEMEHTY MacCHBa
yKazaTeJici, HYXKHO BHLIMOJIHHTL OINCPaTop

J x(2] = &var;

Yto6bl M3BJIEUL 3HAYEHUC MCPEMEHHOR var, KUCMONbL3Ys ykKasaTefb x[2], ncobxoanMo
€ro pa3biMEHOBATD:

l *x[2]

MaccuB ykasartesneit nepenactcss B QYHKUKIO KaK 0ObIYHO — JOCTAaTOYHO YKa3aTb €ro
MMs B KauccTe napaMetpa. B cnenyiolueM ¢parmente Ha Bxon GyHKUMK MOCTYNacT Mac-
CHUB yKaszatciiei.

void display_array(int *gl])
{
int t;

for(t=0; t<10; t++)
printf(*sd ", *qlt]):

HanomHKM, YTO MEpeMcHHasl g HE SIBJSIETCSl yKalaTeleM Ha LEJOYMCACHHbIE NepeMeH-
HBIE, C€ CIeAYeT MHTEPIPETHPOBATh KAK YKa3aTenbh Ha MAacCHB LENMOYMCICHHBIX yKa3aTenei
CcnoBaTeAbHO, HEOOXOAMMO OODBSIBMTL, YTO MapaMeTp q NpeacTapiseT coboit Maccus Le-
NOYMCIICHIBIX yKa3aTeIcit. DTo 00bSIBACHUE CACIAHO B 3aroJiopke QYHKLKH.

MaccuBbl yacTo cofepat ykasatenud Ha ctpoku. [MonpobyeM co3znath GyHKUMIO, BLIBO-
IIALLYIO 112 3KpaH coobuieHre 06 OlubKe ¢ 3alaHHBIM HOMEPOM.

void syntax_error (int num)
{
static char *err[] = {
"HeBO3MOXHO OTKpHITH $ammn\n',
"Oumbka npu uTeHum\n",
"Oumnbka npu sanucu\n",
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"Orkas obopynoBaHus\n"
}:

printf("%s", err[num]);

}

VYkazatenn Ha CTPOKK cogepxarcss B Maccupe exx. (DYHKIUKS printf () BLI3LIBACTCS BHYTPU
(yHKUMHK syntax_error () W BHIBOAUT Ha 3Kpau CTPOKY C yKazaHHbIM HoMepoM. Hanmpumep,
eCcJIH MapaMcTp num PABEH 2, 1a 3KpaHe MOsIBUTCH cooblleHre “Oimnbka npy 3anucu™.

OTMETHUM, YTO apryMeHdT KOMalifloi CTPOKU axgv TAKXKE MpeacTapiascT coboit MaccuB
yKa3zaTeseil Ha CHMBOJIBHBIC MEPEMCHHHIE (CM. IJIaBy 3).

n KoceenHas appecauus

HMnoraa ykasartesib MOXET CChUIATLCS Ha JAPYroil yKasaresb, KOTOPBIK, B CBOIO OUYEpEnb,
CONEPXHUT aipec oObIYIOi mepeMeHHOM. Takas cxeMa Ha3biBaeTCsl KoceeHHoU adpecayuell
(multiple inderection), unu ykazameasem Ha ykasamenv (pointer to pointer). [TpuMcHeHne
KOCBEHHOM azpecalMy CHUXAcT HArSAHOCThL NMporpaMmel. KoHUENLMa KOCBEHHOM aapeca-
MU MPOMILTIOCTPHPOBaHa Ha puc. 5.3. Kak BUIUM, OGBIYHLII yKa3aTeNb XpaHUT aapec 06b-
eKTa, copepxamero TpebyeMoe 3HaueHUe. B ciyyae KocpBeHHOIt anpecauuu OOuH yKasaresib
cchlTaeTCs Ha JApYroit ykasaTesb, @ TOT, B CBOM® OYe€pedb, COAEPXHUT aapec oOBeKTa,
B KOTOPOM 3alKCaHO 1YXHOE 3HAYeHHE.

Ykazateno MNepemeHHan

agpec »| 3HaueHue

ObbiHHas agpecauus

Ykazatens Ykazarenb MNepemerHan

A 4

aapec agpec » 3Ha4veHwe

KoceeHHas agpecauus

Puc. 5.3. Obbiunan u xoceennas adpecayus

I'nybrHa KocBeHHO anpecalliid He orpaHHUYeHa, OTHAKO MOYTH BCErga MOXHO oboiTHCh
“yKasaTenem Ha ykaszatenb”. bosiee rpoMo3nkre cxeMbl aipecalMy TpYyAHEe MOHATh, CIEA0-
BaTEMbHO, BEPOSTHOCTL OLUMOOK MPY MX UCIONB30BAHUM PE3KO BO3paCTacT.

He nymaiime koceeHHyo adpecaulio ¢ makumMu OuHaMuyecKuMu cmpykmypamu OaH-
HbIX, KaK CEs3aHHbIe CMUCKU, 8 KOMOPLIX UCNonb3ylomes yKasamenu. 3mo npuHuunu-
anbHO paaHbie NoHAMUS.

Ha 3amerky

[TepemeHHas, npeactabiasiolias coboil yKasaTenb Ha ykasaTelib, OOBSIBISIETCS CJIEAYIO-
WKM 00pasoM: Mmeped €€ MMEHEM 3alMChIBACTCa JOMOJHMTENbHAS 3Be3A0YKa. Hanpumep,
B CNCAYIOLLUEM OMepaTope MepeMeHHas newbalance OOBSIBASIETCS KaK yKasaTejlb Ha ykKasa-
TeJIb HAa YUCJIO C TJIaBaIoOLUEH TOUKOM.

] float **newbalance;

CneﬂyeT MMOMHHTB, YTO MEPEMCHHAS] newbalance HE fBAAETCA YKa3aTeJicM Ha YUCHO
< MAaBarolIed TOUKOM, OHA JTULUL CCBUIAETCH HA yKazaTelb 3TOro THIa.
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UTobHl M3BACYDL 3HAYECHUE MEPECMEUHON C MOMOLLBIO KOCBEHHOM aapecalmi, HEOOXOaK-
MO OBaXAbl NMPpHMEHHUTDL ONEPATOpP Pa3biMCHOBAHHMA.

#include <stdio.h>

int main(void)
{

int x, *p, **q;

x = 10;
P = &x;
qg = &p:

printf(*%d", **q); /* BoBom uucna x */

return 0;

}

3pecs nepeMeHHasl p OOBSIBIEHA KaK LIEJIOYMCIICHHBI YKa3aTenb, a nepeMeHHas q Mpen-
cTapiisieT cobOil yKkazaTeNib HA LENOYMCIICHH I yKasaTeib. OyHKUUS printf () BLHIBOAMT
Ha 3kpaH yuciao 10.

'_J WHnynanusauus ykasarenei

Eciay HecTaTHYECKUIl NOKanbHbIN yKasate)ib OOBSIBICH, HO HE MHULMAIW3UPOBAH, €ro
3HaYeHHE ocTaeTcsl HeonpegeAeHHbM. (InobaibHbe ¥ CTATUUYECKUE JIOKATBHBIE YKA3aTelH
ABTOMATHYECKK MHULIKANKU3UPYIOTCs HyseM.) TIpyU MOMBITKC NpUMEHUTH yKasaTesb, COAEp-
KalKi HeornpeaesaeHHbIH anpec, MOXET pa3pyluUThCsl Kak MporpamMMa, Tak U BCSI ONepaLy-
OHHAasl CHCTEMa — XYK€ HE MPHAYMACLUb!

Ipu pabote ¢ ykazatensiMK GONIBILMHCTBO MpPoGheCCHOHATBLHBIX MPOrPaMMKUCTOB Ha SI3bl-
ke C/C++ mpuaepKHBalOTCs CIEOYIOLIEro COrNalliCHMs: ykKa3aTtefb, HE CcchUlaioluuiics Ha
KOHKPETHYIO SIUCUKY namsiTv, JOMKeH OuTh paped Hymo. Tlo onpepeneHuio moboit Hyse-
BOii yKa3sareib HH Ha YTO HE CChUIACTCS W HE JOJDKEH KCIOJib3oBaThesd. OQHAKO 3TO elue He
rapauTupyet 6e30onacHocTH. Vcnonb3osaHue HyJACBOTO yKasaTelis — BCEro JIKLL ob1enpu-
HSATOE comialiCHKe. DTO BOBCE HE MpaBMno, AuKTyemoe sisbikoM C i C++. Hanpumep,
€C)Id HYJICBOI yKasaTelb MOMECTHTh B JIEBYIO YacTh OMepaTopa MpuCBaKBaHMs, PUCK pas-
PYLUCHHS MPOTPaMMbl ¥ ONEPALIMOHHOM CHCTEMBI OCTAETCS BLICOKHM.

TockosibKy MpeanonaraeTcsi, YTo HyJICBOM yKa3aTelib B BHIUMCICHUSX HE KCIMOIL3YETCS
€ro MOXIIO TNPHMMEHSITL IS MOBBLILUCHUS HarnagHoOCTH W addexTuBHocTH nporpamMm. Ha-
MPUMEDP, €ro MOXHO HMCIOJNL30BATh B KAYECTBE MpH3HAKa KOHLIA MacCuBa, COACPXALLETO
yKa3aTein. BTo MO3BOJMT MPEAOTBPATUTL BLIXOA 32 MpEAesisl JOMycTUMoro auanasoHa. [To-
J0GHast CHTYaLMs WINIOCTPUPYETCS Ha NpriMepe QYHKLNK seaxch().

/* llouck wvmMmeHu */
int search(char *p[], char *name)
{

register int t;

for(t=0; plt]; ++t)
if(!strcmp(p[t], name)) return t;

return -1; /* lVMs He HammeHo */

}

Hux1 foxr BHyTpH PYHKUMM seaxrch() BBHINOJHSETCA OO TEX MOP, MOKA He OymeT HaioeHo
Tpebyemoe KMsi, b0 He 0BHAPYXHMTCS HYJIeBOi yKasaTesb. Kak TOJNILKO HYNEBOI yKasaTenb

126 Yacts | OcHogsl si3bika C++: nofMHOXeCTBo C



OyneT oOHapyXeH, YCIOBUE LMIUIA CTAHET JIOXKHBIM, M MporpaMMa MeEpefacT ynpabicHUe
CICAYIOLIEMY OfepaTopy.

[Mporpammuctsl Ha C/C++ yacto HHUUMATH3UPYIOT CTPOKK. [IpuMep Takoit MHULIMAIU -
3auuu mpuBencH B GYHKUMH syntax_error () M3 pasgena “MaccuBul ykazateneit”. Pac-
CMOTPUM €1LE OIMH BAPUAHT MHMLIMATU3ALMUM CTPOKK B MOMEHT OODbSIBICHMUS.

f char *p = "3mpascTByniTe*;

Kak BUAMM, yKa3atens p He sipnsiercss mMaccupoM. IlompobyeM MOHSTH, MO4YeMy BO3MOXEH
Takoi crnoco6 MHULMaIU3auMKu. Bee xoMnunsttopn sispika C/C++ co3paor T1ak Has3bigae-
MyI0 mabauyy cmpok (string table), B KOTOPO# XpaHsITCsl CTPOKOBLIE KOHCTAHThI, UCIOJIb3Ye-
Mbie B nporpamme. CleaoBareAbHO, MPEAbIAYIUHKI onepaTop MPHUCBOMT yKa3aTesllo p aipec
CTPOKOBOM KOHCTAaHTHI “3apaBcTByiiTe”, 3anmMcaHHOM B TaOGMULY CTpOK. YKasaTenb p MC-
MoJIb3yeTcsl B MporpamMme Kak OOBYHAas CTpOKa (OZHAKO M3MEHSATH €ro HEXEIATeNLHO)
ITpounniocTpupyeM 3TO CIEAYIOIMM MPUMEPOM.

#include <stdio.h>
#include <string.h>

char *p = *3mpabBcTBynTe";

int main(void)
{

register int t;

/* BolBOOVMM CTPOKY B NPsSIMOM 1 OOpaTHOM nopsnke. */
printf(p); .
for(t=strlen(p)-1; t>-1; t--) printf("%c*, pltl]):

return O;

C ¢opManbHOI TOUKM 3peHUs] B CTaHIapTe sisblka C++ CTPOKOBBIA JIMTEpaT MMEET THIT
const char * OnHako B si3bike C++ MpeaycMOTpeHO aBTOMATHYECKOE Mpeobpa3oBaHUE BTUI
char *. Takum 06pa3oM, paccMOTpeHHas BhHILIE MporpaMma sIrsieTcss abCoMoTHO NPaBUJILHOMA.
M Bce Xe 3Ta 0CODEHHOCTD SI3bIKA CUMTAECTCA HEXEJIAaTeIbHOM, MO3TOMY 3TO Mpeobpa3oBaHUe HE
ciaeayeT npuMeHATb. Co3aaBas HOBBIE MPOrPaMMBl, CTPOKOBLIE JIMTEpaibl HEOOXOIMMMO [CIHCTRH-
TEJILHO CUMTATh KOHCTAaHTaMU, a ODBABNEHUE YKA3aTe/d p 3aMMCHIBaTh CIEAYIOIIMM 00pa3oM.

J const char *p = "3mpascTsyiire”;

Ykasarenu Ha QyHKuum

OcobeHHO MATOMOHATHLIM, XOTA M ACHCTBEHHBIM MeXaHU3MOM sizbika C++ sBistiorest yka-
samenu Ha ynxyuu (function pointer). HecMoTpsi Ha TO yTo QYHKLMS HE SBISETCS NEPEMEHHON,
OHa PacIofiaracTcsi B MaMsATH, Y, CICAOBATENILHO, €€ aqpec MOXHO MPHCBAUBATh YKA3aTeMo. JTOT
1Ipec CUMTAETCsl TOYKOM Bxoma B QyHkuMio. UMEHHO OH Mcmofb3yercs mpu ee Buidope. o~
ZKOJIBKY yKa3areJib MOXKET CChIIAThesl Ha (pyHKIIMIO, €€ MOXHO BBI3BIBATH C MTOMOILLIBIO 3TOFO YKa-
3aTens. DTO MO3BOMSAET TAKKE MepenaBath PyHKUMM ApyrUM (YHKUMAM B KQYECTBE apryMEHTOB.

Alpec GyHKUMM 3anaeTcss €€ UMEHEM, YKa3aHHBIM 6e3 CKoBOK M apryMeHTOB. UTOOBI
2a300paThCsl B 3TOM MEXaHK3ME, PACCMOTPHM CIICAYIOLLYIO NPOrpaMMmy.

4include <stdio.h>
#include <string.h>
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void check(char *a, char *b,
int (*cmp) (const char *, const char *));

int main(void)
{
char s1[80], s2[80];
int (*p) (const char *, const char *);

p = strcmp;

gets(sl);
gets(s2);

check(sl, s2, p):

return 0;

}

void check(char *a, char *b,
int (*cmp) (const char *, const char *))
{
printf ("l[lpoBepka paBeHCTBa.\n");
1f(!'(*cmp) (a, b)) printf("PaBuB");
else printf ("He paBHH") ;

}

[Tpu BhizoBe GyHKUMS check() MONYYAET ABA yKalaTeSid Ha CHMMBOJILHBIE TEpEMEHIIbIE
1 yKazatenb Ha ¢yuxkuuio. COOTBETCTBYIOLIME apryMelTel 0ObsIBACHB B €¢ 3arojoBke. O6-
paTuTe BHMMallME€ Ha TO, KaK OODBSIBICH yKasaTeSib Ha (QyHKUMIO. DTy dopMy 0ObSIBIEHHUS
cnenyeT NPUMeNsTh Ui JIoObiX yKa3aTeneil Ha ¢byHKIMH, HE3aBUCMMO OT TOrO, Kakoil THII
MMEIOT UX apryMEHTHI U BO3Bpallaembie 3HaYeHUsi. OGbIBACHUE *cmp 3AKJIIOYEHO B CKOOKHK
ISl TOrO, YTOOH KOMMOWISATOP NPaBUIBHO €r0 UHTEPIPETHPOBAL.

BoipaxeHue

| (*cmp) (a, b)

BHYTpY ¢GYHKUMH check() 0311a4acT BHI30B GYHKLUHKH stxrcmp(), Ha KOTOPYIO CChHUIAeTCs
yKasaresb cmp, C apryMeHTaMu a U b. CKOBKM [0-npeKueMy HeOOXOOMMBI. DTO — ONHMH M3
€nocoboB BbI3BaTh QYHKUMIO € MOMOILLBIO YKa3aTens. AbTCPHATHBHLBIIA BHI30B BBLIIJISIIMT Tak:

J cp(a, b);

[Meperiit crnoco6 npuMeHsieTcs Yallle, MOCKONLKY Ol MO3BOJSCT B0 NPOAEMOHCTPHPOBATD,
yTo GYHKIIMS BH3bIBACTCS yepe3 yKaszatedb. (Muauc ropopsi, YdTaTteNb MPOrpaMMbl Cpasy
YBUAUT, YTO MEPCMECHHAs cmp SIBASIETCs1 yKasatesjicM, a He uMeHeM (yHKUKK.) TeMm He Mme-
11EC 3TH [BA CNOCO6a 3KBHUBAICHTHDIL.

O6paTUTc BIIMMaHKE Ha TO, YTO (GYHKUMIO check () MOXHO BhI3BAaTh, HEMOCPCACTBEHHO
yKa3as QYHKLHIO stxcmp () B KAYECTBE €€ apryMeHTa.

J check(sl, s2, strcmp);

B atom cayuac oTnanaet Heo6XOAMMOCTDL B AOMOMHUTEILHOM YKa3aTene Ha ¢hyHKLHMIO.
MoXeT BO3IIMKHYTH 3aKOHOMEPHbIiI BOMPOC: 3a4YeM Bbi3biBaTh (GYHKUKMKM C MOMOLLBIO
ykasatesieit? Ha nepsblit B30, 3TO NMILUL YCIOXHSIET MporpaMmy, lie mpeaiaras B3aMel
HHMKaKO# KoMreHcauMu. TeM He MEHEe MHOTAA BLHITOJHCE BHLI3LIBATL GYHKUMU Yepe3 yKasla-
TEJIU Y JaXe CO30asaTh MacCuBbl YKaszarteliel Ha GyHkuuHK. PaccMOTpuM B KayecTee MpuMe-
pa CUHTAKCHUCCKUII aHAIM3aTOpP — COCTABHYIO YaCTh KOMITWJISITOpA, BHIYUCISIOLLYIO BhIpa-
*eHusl. OH YacTO BHLI3BIBACT Pa3fMYHBIC MaTteMarhueckue (GyHKUUM (CHHYC, KOCHHYC, TaH-
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reHC U T.4.), CPEACTBA BBOJA-BHIBOAA UMY GYHKLUMM AOCTYIA K pecypcaMm cuctemul. Bmecto
co3paHus GoJbLIOro omnepatopa switch, B KOTOPOM MpHUUIOCH OBl MEPEUYUCATL BCE 3TH
(GYHKUIMM, MOXHO CO3aTh MacCuB ykazaTtesieil Ha HUX. B aToM cnyuae K QYHKUMSAM MOXHO
6bu10 OBl OOpalaThCsl Mo MHAEKCY. UTOOH oueHUTh 3(PpPEKTUBHOCTD TAKOTO MOAX0Aa, pac-
CMOTpMM paclUMpEHHYIO BEpCHIO Mpenblayweil mporpammel. B 31oM nmpumepe ¢yHkums
check () MpoOBEpSET HA PAaBEHCTBO CTPOKH, cocTosdire M3 6yKe unu uudp. s storo oHa
MPOCTO BHI3LIBAET Pa3HbIC GYHKLUMH, BHIMOIHSAIOLME CpaBHEHHE.

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

void check(char *a, char *b,
int (*cmp) (const char *, const char *)):
int numcmp (const char *a, const char *b);

int main(void)

{
char s1[80], s2([80};

gets(sl);
gets (s2);

if (isalpha(*sl))

check(sl, s2, strcmp);
else

check(sl, s2, numcmp);

return O;

}

void check(char *a, char *b,
int (*cmp) (const char *, const char *))

{
printf ("llpoBepka paBeHcTBa.\n");
if (! (*cmp) (a, b)) printf("PaBrwe");
else printf ("He papBHH") ;

}

int numcmp(const char *a, const char *b)
{ .
if(atoi(a)==atoi(b)) return 0;
else return 1;

}

Ecnu rmomp3opatens BBEOET CTPOKY, COCTOsuylo M3 OykB, ¢yHKUKSI check() BHI3OBET
dyHKLMIO stremp (), NOMYYMB YKasaTellb Ha Hee. B mporuBHOM ciyyae O6yneT nepenaH yxa-
3atesib Ha GYHKUMIO numemp (). UTak, B pasHbIX cuTyauusiX ¢pyHKIMS check () MOXET BhI-
3bIBaTh pasHbie QYHKIINM.

_ OYHKLWM AUHAMUYECKOr0 paccnpeaeneHus namaTm

YKa3zatenu no3poyisilOT AMHAMMYECKHM pacrpefiensTh NaMsiTb B MPOrpaMMax Ha si3biKe
C/C++. TepmuH dunamuueckoe pacnpedeaenue namamu (dynamic allocation) o3Hauvaet, yTo
nporpaMMa MoOXeT MojyyaTh HEOOXOAMMYIO €I MaMsTh YX€ B XOJE CBOETO BBINOJHEHUS.
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Kak u3BccTHO, namsiTh Wisi oOANLHBIX NMEPEMCHIIBIX BLUICIACTCS 11a 3Tarne KOMMWISLMH.
Jlokanpiible nepcMciiHbie xpausitTcst B cTeke. CrenoBaTe/ibilo, B XONC BLINOMICHKS Npo-
rpaMMbl HCBO3MOXHO OOBSBMTL HOBBLIC IOOaibIbiec WM JOKaAbHBC epeMetiiibic. U Bee
K€ MIIOrAa B XOIAC BHIMOJICHIMS MPOrPaMMbl BO3IKMKAET 11€00X0AUMOCTh BBIACAUTH HOMNON-
HUTCNBIIYIO NaMaTb, pa3Mep KOTOPOM 3apaHee 1ic u3sected. Hanpumep, nporpaMma Moxer
MCMONL30BATH JHHAMMUYECKUC CTPYKTYPBl — CBSA3AHLIE CIIMCKW MITH IcpeBbsl. Takue CTpyK-
TYpbl JalHbIX SIBASIOTCS IMIAMHUYCCKMMM MO cBocid npupone. OilM YBEJIMUMBAIOTCS WIIH
YMEHBLIAIOTCH MO Mcpe 1HeoOXonauMOCcTH. i Toro ytodbl pcaiu3oBaTh TAKKMC CTPYKTYpHI
JIaHHBIX, NPOrpaMMa JIOIXI1a UMCTh BO3MOXHOCTL pacrpeic/isiTh U 0CBOOOXIATh NaMsITh.

B sa3bike C++ npegycMOTpeHBl aBE CUCTCMBL ISI AUIIAMHYECKOrO PacnpeaciACHUA ma-
MSTH: Ofida yHacacaoBaHa ot s3wika C, Bropas npucywa auvius 136Ky C++. Bropas cucte-
Ma bosice copepuucHiia. E¢ Mbl paccCMOTPHMM BO BTOPOIX YacTH KHKIHM, & MOKa COCPEAOTO-
YKUMCSI 112 CUCTCMC JIMHAMHMUCCKOTO pacrpelcserivs naMsaTH, MpclycMoTpeliHoit sizbikoM C.

ITamsiTe, BbiacnsieMast HYUKIMSIMA OIMHAMMUYCCKOTO PACpCesiClius, HAXOOMTCH B Kyue
(heap), koTtopasi npeacrasnsact coboit obnacTs cBobONIIOR NaMITH, PACITOAOXCHITYIO MCXAY
KOAOM MPOrpaMMbl, CErMENTOM AaHHBIX M CTCKOM. XOTS1 pa3Mep Ky4yH 3apaHec 1iIC M3BECTEH.
€€ 00beM OOBIYIIO NOCTATOUIIO BETHK.

B ociioBe CHCTCMBI AMIIAMHUECKOTO pacrpenenelins naMiTi B sizpike C nexat (GyHKUHM
malloc() U free()X. (Bo MHOrMX KOMNUAATOpax NPCAYCMOTPElIbl JOMOMIHATEBHbIC
GYHKLUKK, MO3BONSIOIIKC JUHAMMYECKHU BHIOESITh NAMSITh, OIIAKO 97K JIBE — CAaMBIE BaX-
Hble.) DTH QYHKLMH CO30AI0T M MOMJACPXMBAIOT CIMUCOK cBOOOOHOK maMaTH. DyHKuMS
malloc () BbiACASICT NaMsATh 11 OObCKTOB, 2 pyukuusi free() ocsoboxnact cc. UHHMHK
CJIOBaMM, MPH KaxXIOM BHI3OBC (QYHKUMS malloc () BLUICHSIET OOTNOSUMTENBIBIA YYaCTOK
naMaT, a GyHkuKUs free() BO3BpallacT €ro OnepalMOHIIONR cucTteMe. Jlobasi nporpam-
Ma, MCrosnb3yllas 3TH QYHKLMK, JOKHA BKIOYath B cebs  3arosopoutibiit  aunit
stdlib.h. (B nporpamMmax Ha sizbikc C++ MOXIIO TaKXC MCIOIL30BAaTh HOBHIM CTHIL 3a-
royioBoYIoro gaiina <cstdlib>.)

IMpoToTHn GyuKuUMK malloc () UMEET CACAYIOLIMIA BUL.

void *malloc(size_t koauuecmeo_batimog)

INMapametp xoauvecmeo _6Gaumos 3anaeT pa3Mep MaMAaTH, KOTOPYIO 11€00XOAMMO BBIUICIHTH
(Tun size_t omnpcaencH B 3arofioBOYHOM (haityic stdlib.h Kak 1ejoe 4yKucao 6¢3 3Haka.)
DyHKIMS malloc () BO3BpallaeT ykasaTelib TUMNa void *. DTO 03HAYACT, UTO CrO MOXHO

NpyUcBauBaTh yKasaTeso Joboro tuna. B ciyuae yerexa ¢ynkums malloc { ) Bosspaiact
yKasatelib Ha MCpBulid 6ailT mamsiTH, BuUIEIEHHOR B Kyue. ECiK pazMepa Kyuu HCIOCTATOM-
HO JUTSl YCHELIHOrO BbLACNCHUS MaMsTH, GYHKLMs malloc () BO3BpalLacT 11Y/I€BOIl YKA3ATEND.

B npuBepeniiom Huxe dparmeHtce nporpaMmbl Boeigcasictcss 1000 Gailt Henpepbin-
HOI MaMsITH.

char *p;
p = malloc(1000); /* get 1000 bytes */

[Tocne BbiNONHCHKS ONEpaTOpa MPUCBAMBAHKUS yKa3aTelib p CCHUIACTCA Ha mepsbiit u3 1000
GaiT BHICJIEHHON MAMSITH.

O6partute BHHMAaliMe Ha TO, YTO B MpEAbIOYIICM MPUMCPE YKa3aTcib, BO3BPALLAEMBiA
¢yHKuMCH malloc (). NpUcBaKBaeTcs ykasarcmo p 6e3 npuscieHus Tvna. B s3wike C 310
JIOMYCKAETCs, MOCKOALKY YKa3are/ib THMNA void* aBTOMAaTUYCCKK MpeoOpa3oBLIBACTCA B THI
yKa3aTcisl, CTOALIEro B NCBOH YyacTH oncpatopa npucsavBanug. OOHAKO cacOyCT UMEThb
B BUOY, YTO B s3bike C++ 3T0 npaBuno xe deiicmeyem. CncoopaTentHoO, B MporpaMmax Ha
s3pike C++ mpu npuceauMBaliMK yKalaTcisl TUNa void* yKasaTelio Apyroro THia Heobxo-
JIUMO BBIMOJIHATH SIBHOC MPUBEACHUE:

o = (char *) malloc(1000});
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B mpuHuMIe, 3TO MpaBUIO PaclpoCTpaHsieTcsl Ha Jiioboe NpycBauBaHue WM NMpeobpa-
3oBaHUe yKasateneil. B sToM 3akiiouaeTcss OMHO M3 MPUHLMITMAABHBIX Pasiuyvil MEXIy
s3plkamu C u C++.

B crenywiiem npumepe BbiiensieTcs namsith it 50 uenwix yucen. O6patvTe BHUMaHVe
Ha TO, YTO TIpMMEHEHME omnepatopa sizeof rapaHTUpyeT MaliMHOHE3aBUCUMOCTb 3TOFO
¢parMeHTa mMporpamMMst.

int *p;
p = (int *) malloc(50*sizeof(int)});

ITockonbKy pa3smep Kyud orpaHuueH, TpU BBUIENICHUN NMaMsATH HEOOXOAMMO TMpOBEpSThH
yKasare/lb, Bo3BpallaeMblil ¢pyHKLKel malloc(). Eciy oH paBeH Hy/O, NMPOMOKATL Bbi-
MOJIHEHUE MPOrpaMMel onacHo. [IpoMUTIOCTPYpPYEM STy MBICIIL CIAEAYIOLUKM ITPHMEPOM,

p = (int *) malloc(100);
if(ip)
{

printf ("lamMaTe mcyepnaHa.\n"});
exit(1l);
}

PasymeeTcsi, eciiM yKkasaTelb p SIBISCTCS HYJEBBIM, He 0O0SI3aT€JIbHO BHINPBITMBATL Ha XO-
Iy — BHI30B (PYHKUHM exit () MOXHO 3aMEHUTh KakKoii-HHOyah 00paboTKOi BO3HHUKLIEH
OoLIMOKY ¥ MPOAOKMTH BHIMOJIHEHKE NporpaMMEbl. JloctatouHo yOenuThes, YTO yKa3aTesb p
©Gonblle He paBeH HYMIIO.

Oyukuus free() sipasercss aHTUNOAOM GYHKLMM malloc() — OHa OCBOOOXAZET pa-
Hee 3aHATYIO 00JIaCcTh JMHaMU4ecKoil namsTi. OCBOOOXIEHHYIO MaMsITh MOXHO CHOBa HC-
MOJIb30BaTh C TMOMOLIBIO TOBTOPHOIO BBI30B2 GYHKIUM malloc(). [Tporotun dyHKummn
free () BHIJISAMT CNEAYIOLINM 00Opa3oM.

void free(void *p)

3mech mapaMeTp p ABISETCS] YKa3aTeJIeM Ha YYacTOK IaMsITH, paHee BbUICICHHBIN (YHKLMEH
malloc (). [TpuHuMNMaNTBEHO BaXHO TO, YTO (MYHKLMIO free{) HU B KOeM CJIyuyae Hesb3s
BHI3BIBATH C HETIPABWJILHBIM apryMEHTOM — 3TO Pa3pyLUNUT CIMMCOK CBOOOAHON MaMsITH.

_ Mpobnembl, BO3HMKaIOLLME NpK paboTe C yKasatensamm

Vkazatenu — ronoBHas 6one nporpaMmuctoB! C omgHONH CTOPOHBI, OHM TPEACTABISIOT
c060i1 Ype3BLIYAIHO MOLLUHBI U HEOOXOOUMBI BO MHOTUX CUTyauusix mexaHusMm. C mpyroi
CTOPOHDI, €CJIM YKa3aTellb COAEPXHUT HENpeaBUACHHOE 3HauyeHHe, OOHApYXUTh 3TY OLUMOKY
KpaliHe TPYIHO.

HegepHblil yKazatenb TPYIHO HalTH, TOCKONBbKY caM 1o cebe oH O1HMOKOI He SIBNSIETCA.
ITpobneMbl BO3HMKaIOT TOTAa, KOIAa, MOAb3YysCh OLIMOOYHBIM yKasaTesieM, Bbl HauMHaeTe
CUMTHIBaTh WIM 3aMUChIBaTh MHGPOPMALMIO B HEM3BECTHOM oOnacTv namsAth. Eciu Bbl cum-
ThIBa€TE €€, B XYILIEM CJiyyae NoJlyyuTe Mycop, HO eciu 3anuchbiBacte — Geperurecs! Boi
MOXeETEe TMOBPEAUTh AaHHble, KOA MPOrpaMMBl U JIaXe OnepaluoHHyio cuctemy. CHavana
OLLIKMOKa MOXET HUKAK HE MNPOSIBUTHCS, OAHAKO B XOME BBIMOJIHEHUS] MPOrPaMMBl 3TO MOXET
MPYBECTH K HETPEeICKa3yeMbIM HOCJICIICTBMHM.7 Takast ouiMOKa HAITOMUHAET MUHY 3aMell-

TeHHOro OEeHCTBHS, MPUYEM COBEPLIEHHO HEMOHSATHO, INe €€ CleAyeT HcKatb. [loucTune,
OIMOOYHBINA YKa3aTe/b — 3TO HOYHOM KOLUMap NnporpaMMMCTa.

7
ITporpaMMa MOXeT Jlaxe YCHELIHO 3aBEPLIMTHLCA, HO OMEPalMOHHAas CHCTEMa T0C/e €€ BBITION-
HEHUsI MOXET OKa3aTbCsi MOBpexXaeHHOMH. TakuM obpa3oM, Masio, yToOBl NporpaMMa nenajia 1o, YTo OT
Hee TpebYI0T, HYXXHO, YTODLI OHA ObUIa He30nacHoOM st CBOEro OKpyxXeuusi. — Ilpum. peo.
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Utobrl Ball coH ObUT [yOOK M Crokoel, npu paboTe ¢ yKa3areJsiMU ClieyeT coOTionars
0co0yI0 OCTOPOXHOCTb. PacCMOTPHMM HECKONILKO PCLENTOB, MO3BOJSIOIIMX H30EXaTh He-
HYXHbIX npobneM. Knaccuueckuil nmpyMep oliubkM npu paboTe C ykaszaTeJissMU — HeuHu-
JUANU3UPOBAHHbIL YKkazamens. PacCCMOTPUM CIIENYIOLIYIO NMpOrpaMMy.

/* OCTOPOXHO: MUHLI! */
int main(void)
{

int x, *p;

x = 10;
*p o= X;
return 0;

B stoit nporpamMe uucio 10 3anucebiBaeTcsd B HEKYIO HEU3BECTHYIO OOJIACTL MaMsTH.
FlpyuMHa 3aKJ1I04acTCsl B TOM, YTO B MOMEHT IPHUCBaMBaAHUS *p = X YKa3aTeslb p COACPXUT
HeonpeneneHubiit anpec. CrlenosaTe/ibHO, HEBO3MOXKHO TpeacKa3sarh, Kyaa Oymer 3armvcaHo
3HauyeHue nepemeHHol x. Ecii mporpaMMa HeseNuKa, TakMe oKy MoryT cefsi HUKaK He
MPOSIBJISITh, TOCKOJIbKY BEPOSITHOCTh TOTO, YTO YKa3aTeslb p CONEPXUT “6e3omnacHbIii” aapec,
JIOCTATOYHO BeJIMKa, W BallW JIaHHbIE, NporpaMMa M orcpalyoHHas CUCTeMa MOryT usbe-
Xatb onacHoctu. OAHaKo, ecjiM MporpaMma MmMeeT GONbLION pa3sMep, BepOSITHOCTL MOBpe-
JUTh XH3HEHHO BaxkHbie 00lacTV MaMsiTM pe3Ko Bo3pacrtaer. B KoHLC KOHLIOB NMporpamma
nepecraHeT pabotath. s Toro Utobbl M30€XaTh TAKMX CUTYaLUil, yKa3aTeJIM BCeraa Clieny-
eT “3a3eMNSTh”, MPUCBAUBas UM KOPPEKTHbBIE aipeca.

Bropoit Bug Havbolnee pacnpoCTpaHEHHBIX OLIMOOK MOPOXIAETCH MPOCTbIM HEYMEHUEM
paboTath C yKaszateJIsMHA. PaccMOTpUM npuMep.

/* OCTOPOXHO — MUHH! */
#include <stdio.h>

int main(void)

{
int x, *p;
x = 10;
P = X;

printf("%d", *p);

return 0;

ITpu BH30Be QyHKUMM printf () uucao 10 He Gyaer sbiBeAeHO Ha 5KpaH. Bmecto 3TOro
BbI TTOJTYYHTE COBEPLICHHO HETPENCKa3yeMoe 3HayeHUe, MOCKOJIBKY NPUCBaUBaHKE

Ir = x

SBJIETCA HEBEPHBLIM. 3TOT Oneparop NpUcBavBaeT yucio 10 ykasaremo p. OqHako ykasateb p
JOJDKEH CoIepXXath alpec, a He 3HaueHue. VicnpaBuTh nporpaMmmy MOXHO CICAYIOLIMM 00pa3oM.

Ip = &x;

Eue omHa pa3HOBMAHOCT OLIMGOK BBI3BIBAETCH HCBCPHEBIMH TPEATIONIOXEHUSIMU O pas-
MellleHMHU TIepeMeHHbIX B MaMATH KoMnblotepa. [lporpaMMMCT He MOXET 3apaHee 3HaTb,
rae UMeHHO OyayT pa3MemieHbl ero AaHHbie, OKAXYTCS JIM OHU B TOM e MECTe NpH cie-
JIYI01lleM 3aITycKe NpOrpaMMbl, U OYAyT JiM pa3Hble KOMMUIATOPb! 00pabaThlBaTh MX OAMHA-
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koBo. MIMenHo mosTomy JioOble cpaBlieHUsl yKa3aTelieil, KOTOPhIE CCLUIAIOTCS Ha pa3Hble
OOBEKTHI, HC UMEIOT cMbIcna. PaccMoTpuM npumep.

char s[80], yI[80];
char *pl, *p2;

pl = s;
p2 = vi
if(pl < p2)

3TOT (pparMeHT WUIIOCTPUPYET TUITUYHYIO OLIMOKY, CBS3a2HHYIO CO CpaBHEHUEM yKasaTeJiei.
(B oueHb peaKVX cUTyaLMsiX TaKue CPaBHCHMS TMO3BOJISIIOT OTpeleSIUTh B3aHMHOE MECTOIOo-
JioxeHue rnepeMcHHbIX. M Bce Xe 3To cKopee MCKIIoUeHUe, YEM TTPaBUJIo.)

AHasiorudlible OHIMOKM BO3HMKalOT, KOIza NMporpaMMUCT cuuTaeT, OyATO JBa CMEXHBIX
MaccvBad MOXHO WMHAEKCHUpOBaTh OOHMM YyKa3zaTesieM, IepeceKash TpaHULy MexXIy HUMM.
PaccMoTpyM ciienyioivii (pparMeHT MporpaMMbl.

int first[10], second[10];
int *p, t;

p = first;
for(t=0; t<20; ++t) ‘*p++ = t;

He ctouT pucKoBath, MHULMAIM3UPYS MacCUBbl NofoOHBIM o6pasom. Ilaxe ecid B He-
KOTOPHIX CUTYaLMSIX 5TOT cnocod cpaboTaeT, HET HMKaKoi rapaHTuM, YTO MaccHBH first
1 second Bcerna OYIyT pacItoNlarateCsl B COCEMHUX AYEHKaX MaMsTH.

Cregyoniasi riporpaMMa JI€MOHCTPUPYET KpaifHe onacHyio omMbKy. ITonpobyiite camu
HaliTH ee.

/* Tlporpamma comepxuT oumbky! */
#include <string.h>
#include <stdio.h>

int main(void)
{
char *pl;
char s[80];

pl = s;
do {
gets(s): /* CumTHBaeM CTpPOKY */

/* BrHIBOOVMM NECATUYHEII 3KBMBANIEHT KaxXIoro cHMMBona */
while(*pl) printf(" %d4", *pl++);

} while(strcemp(s, “roToBo"));

return 0;

B 3T0i1 mporpamme ykasatenb pl UCIONb3yeTca Ui BhiBoma Ha nevars ASCII-komos
CHMBOJIOB, cofepxatlimMxcsi B cTpoke s. [IpobnemMa 3axkimoyaercss B TOM, YTO aapec CTPOKU s
MPYCBaMBAETCs YKa3areaio pl TONBKO OAMH pa3, MO3TOMY MNPH BTOPOM ITpOXoAE LMKIa OH
OyaeT comepxarth ampec siUeHKM, Ha KOTOpOM OCTAaHOBHUJICS B MPOLUWIBIA pa3 — Beab aapec
Hayana CTpOKM €My HE TpMCBauBaeTcs CHoBa. B 3Toii syeitke mMoxer OBITH 3anKcaHO BCE
4YTO YrOJHO: CUMBOJI U3 BTOpOH CTPOKM, ApYyras nepeMeHHasl M axe MHCTPYKLUMsI nporpaMm-
Mbl! UcnipaBUThH NporpaMMy ClieiyeT Tak.
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/* Tenept BCE NnpaBuUNbHO! */
#include <string.h>
#include <stdio.h>

int main{void)
{
char *pl;
char s([80};

do {
rl = s;
gets(s); /* CuumTHIBAEM CTPOKY */

/* BblBOOMM INEeCATUUHBEI SKBUBAJIEHT KaxIOT'O CUMBOJA */
while(*pl) printf(" %4A", *pl++);

} while(strcmp(s, "done")};

return 0;

}

Tenepb B 1aYaTe KAXIOH UTCPALIMK YKA3aTC/1b P1 COACPXMT AIpCC FCPBOrO CUMBOJIA CTPOKH s1
HtaK, rnpy NOBTOPHOM MCMOAB30BAHUM YKA3ATENS €ro HEOOXOAHMO HMHLUMATH3NPOBATH BHOBE

HenpaeunbHas pabota ¢ yKasaTeSlsiMM MOXeT TIPUBECTH K TsKCJIBIM NocncactBusiM. On-
HaKO 3TO HC 3HAYWT, YTO OT yKa3saTelleil cneflyet oTka3aTeCs. [1pocTo HyXHO OHITH BHHMA-
TCNIBHBIM Y CACAUTD 32 TCM, YTOOB YKa3aTeJld coacpXaiM KOpPCKTHBIE aapeca.
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¢ YHKLUMH — 3TO CTPOMTENbHbIE OJIOKU A1 Beex mporpamm Ha g3pike C u C++. B aroit

[JIaBe MBI PACCMOTPUM (ByHKLIMH, TIPEOYCMOTPEHHbBE CTaHmapToM sizblka C, BKJIoYas
TEMHI, CB3aHHBIE C fepefadeil apryMeHTOB, BO3BPAILIEHUEM 31HaYeHnil, IPOTOTUNAMU U pe-
Kypcueit. CpolictBa GyHKUMI, XapakTeplible i A3bika C++, MBI pacCMOTpUM BO BTOpPOIf
yacTy Kuuvrv. B uacTtHocTH, Tam OyoyT OCBELUEHBI BONPOCHI, CBSI3aHHBIC C IMEPErpy3Koi
¢byHK1IMIE ¥ niepenadell napamMeTpoB Mo CCbUIKE.

Oowwuit Bupa GyHKUMKM
O6wmit BUA GyHKLMY BBIDISLAWT CIIEAYIOWINM 00pa3oMm.

mun_eo3spawaemozo_3Hauenus UMs_QYHKYuu(CnucoK_napamempog)
{

meno yuxyuu

}

Tun_eo3epawaemoezo_3na4venus ONpeENeNsieT TUN TepeMEHHOI, KOTopylo Bo3BpaulaeT
dyukursg. OyHKIMS MOXET BO3BpallaTh TNMepeMcHHble Moboro Tuna, KpoMe MacCHBa.
B crnivcke napamMeTpoB NMEpEMMCIISIIOTCS TUITBI apTYMEHTOB M UX MMEHa, pa3fcjieHHbIEe 3arsi-
TeIMM. Ecnu GyHKuMs 1€ MMeeT apryMeHTOB, €€ CRUCOK_napamempoé TycT. B sToM ciydae
CKOOKM BCe paBHO HeOOXOIUMEL.

B s3bike C/C++ ¢ nmoMouibio OJHOIO ONMEpaTopa MOXHO OObLABIATH HECKOJNBLKO Tepe-
MEHHBIX OJMHAKOBOIO THMa, pa3fessisi MX 3ansTbiMU. B MpOTHBOMNOI0XHOCTh 3TOMY, KaX-
Oblif mapameTp GYHKLMY JOJDKeH ObITh OOBSIBICH oTaeNbHO. TakuM oOpasom, oOwIMiT BUI
00BsABIEHUS NapaMETPOB B 3aroJIOBKe (DYHKLIMU BIIJISAUT TaK.

Sflmun uma_nepemennoill, mun umsa_nepemennoil2, . .., mun ums_nepemerroiN)
PaccMoTpyM nipHMepbt MPaBHUJIBHOTO M HEMPABKWIBHOIO OOBSIBICHUS MapaMeTpoB YHKIMIL.

f(int i, int k, int j) /* TpaBunbHo */
f(int i, k, float j) /* HenpaeunbHO */

O6nactb BUAMMOCTN PYHKLMM

Ilpasuna, onpedeasrwyue obnacme eudumocmu (scope rules), ycraHaBIMBaIOT, BUAMT JIH
OIHa YaCThb MPOrpaMMbl IpYIYIO 4aCTh KOJa WIKM JaHHBIX 1 MOXET JIM K HUM 0OpallaTbes.

Kaxnag ¢byHKUMS npeactaBisieT coboil oTaenbhblii 60K onepatopoB. Kox dyukuvu
SIBJISIETCS] 3aKPBIThIM M HEJAOCTYIHBIM AJISI TIOOBIX ONEpaTopoB, PacnoOXEHHBIX B APYTHX
¢yHKuMsX, KpoMme omnepartopoB BbizoBa. (Hamnpumep, HeBO3MOXHO NepeldTH M3 OHHOI
¢GYHKUMH B JpYIyI0O C NMOMOLIBIO oneparopa goto.) Kom, obpasywouivii teno ¢yHKUMY,
CKpPBIT OT OCTAIbHOM YacTH NMPOrpaMMEl, €ClIM OH HE MCMOJb3yeT IobaibHble NMepeMeH-
Hble. BTOT KOJ He MOXET BIMATH Ha npyrue yHKLIMH, a OHM, B CBOIO ouepedb, HE MOTryT
BIUATL Ha Hero. MHaye roeops, Koa ¥ AaHHBIE, OnpeaeieHHbBIe BHYTPU HEKOit (DYyHKIIMH,
HUKaK HE B3aMMOMACICTBYIOT C KOIOM M HaHHBIMH, OIpeacJeHHbIMK B Apyroi (hyHKUMH,
MTOCKOJILKY MX 00JaCTH BUAVMOCTH HE MepeKphblBaIOTCS.

ITepemennble, ornpenesneHHble BHYTpY GYHKUMM, Ha3biBaloTcs aoKaavHuimu  (local
variables). OHM co3galoTcsi NpU Bxome B (YHKLMIO M YHHUTOXAIOTCS TPU BbIXOLE U3 Hee.
HMubiMy cioBamy, JIOKATbHBIE TIEpEMEHHBIC HE COXpAHSIOT CBOM 3HAYEHHS MEXIY BbI30OBa-
Mu GyHKUKK. ETMHCTBEHHOE MCKITIOYEHME U3 3TOTO MpaBWia COCTABIAIOT CTATUYECKHE JIO-
KaJIbHbIC nepeMeHHble, OHU XpaHATCs B NMaMsTU BMecTe ¢ rMo0anbHBIMM MepeMEHHBIMM, HO
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ux obnactb BUIMMOCTH orpanuyeHa ¢yHKuMel, B KOTopoil oHu onpeaeneHbl. (I'nobanbhbie
Y JIOKQTBHbIE MEPEMEHHBIC MOAPOOHO ONHMcanbl B riase 2.)

B sizpike C (M C++) 11IcBO3MOXHO onpeaeuTh oaiy GyHkuMio BHyTpy apyroit o stoit
npyuMie ¢ GopMaibloil TOUKM 3peHust 1y 513k C, HU #3pIK C++ Henb3s cuuTarh GJI0UYHO-
CTPYKTYpPUPOBaHHBIMH.

L AprymeHTbl QyHKUMM

Eciu (GyHKUMSI UMEET apryMCHTBI, B €¢ 3arOJIOBKE JOJDKHBI ObITh OOBSIBJICHBI TTEPEMCH-
Hbi€, MPUHUMAIOILME X 3HAYCHUS. DT MepeMeHIible Ha3blBalOTCS (hopManbHbiMu napament-
pamu GyHkuuy (formal parameters). Kak v nokanbHpie IepeMeHHbIE, OHM CO3NAI0TCH IMpH
Bxone B (yHKUMIO ¥ YHHUUTOXAIOTCA FpU Bbixode M3 Hee. Kak mokaszaHo B CliedylOLieEM
npumepe, oObSBACHUS NMTAPaMETPOB Pa3MCLLAIOTCS Tocjie UMEHU (hYHKLMU.

/* BosBpawaeT 1, ecyy CMMBOJ C SABNAECTCHA YacCTbld CTPOKM S,
u 0, ecnu HeT. */
int is_in(char *s, char c)
{
while(*s)
if(*s==c) return 1;
else s++;
return 0;

}

dyHKIMg is_in() vMeeT aBa napaMmeTpa: s U ¢. OHa Bo3BpaiuaeT 1, ecyiv CUMBOJ ¢ ABJSI-
€TCs YacTelo CTPOKH s, U 0, ecn HeT.

HecMoTps Ha TO YTO 9TH NMEPeMEHHBIE IODKHBI, B OCHOBHOM, NMOJIy4arb 3HaUeHU apryMEH-
TOB, NMeperaBaeMbiX (GyHKIIMY, UX MOXHO HCHOb30BaTh HAPABHE C APYTMMU JIOKAIBHBIMU Nepe-
MEHHBIMH, B YaCTHOCTH, MPUCBAMBATb UM 3HAYEHUS WIV KCTOAb30BaTh B JIIOOBIX BbIPAXKEHUSIX.

Mepenaya napameTpoB NO 3HAYEHMIO U MO CCbiKE

B s3pikax mporpaMMuypoBalivsi CyLIeCTBYIOT [ABa crocoba nepefayd apryMEHTOB B TTOA-
nporpammy. IlepBblif U3 HMX U3BECTCH KakK nepedaya napamempoe no 3nasenuro (call by
value). B stom cnyyae dopmanbHOMY MapameTpy TNOMIPOrpaMMbl TTPUCBAUBaETCs KOMMSs
3HauYeHUs apryMeHTa, K BCE M3MCIICHUS MapaMeTpa HUKaK He OTPaXaloTcsl Ha apryMeHTe.

Bropoit croco6 HaswiBaeTcs hepedavel napamempos no ccviake (call by reference) . [pu
HCIONb30BaHUM 3TOrO METOfla NMapaMeTpy MpPUCBaMBaeTCs aapec apryMeHTa. BHyTpu noa-
MPOrpaMMBbl 3TOT aApec OTKPHIBAET AOCTYN K (haKTMYECKOMY apryMeHTy. DTo 3HauuT, 4TO
BCE M3MEHEHMsI, KOTOPhIM MOIBEPracTcsl rapaMeTp, OTPaXaloTcsl Ha apryMeHTe.

ITo ymonyaHuio B sisbike C/C++ npumcHsieTcs nepeaaya no 3HaveHuio. Kak npaeuino,
3TO O3Ha4aeT, YTO KO, 00pa3yiollnii Teso GylukKUUH, HC MOXET U3MEHATh apryMeHTHl, YKa-
3aHHBIE TP €€ BbI30Be. PacCMOTpUM ClielylonIylo MporpaMmy.

#include <stdio.h>
int sqr(int x);
int main(void)

{ int t=10;

printf("%d %4d", sqr(t), t);
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return O;

}

int sqr{(int x)
{
X = X*x;
return(x);

}

B 3TOM npuMepe 3HaueHue apryMeHTa QyHKUMM sqrt (), T.e. uncio 10 konmupyetcs B nmapameTp
x. [locne BbIMOAHEHMS TIPUCBaMBaHUs x = x * X MOAM(DUUMPYETCS TOJILKO TNEPEMEHHAs x.
3iaueHye nepeMeHHoH t, yka3aHlioi NpM Bbi3oee GYHKLMM sqx (), no-npexHeMy pasHo 10.

MomuuTe, uTo B QYHKIMIO Nepenactcsl JAULIb KOMUSI apryMmeHTa. To, yTo npousoiaer
C 3Toil Konuell BHYTPM QyHKUMM, HUKaK HC OTPa3UTCsl Ha OpuruHane.

Mepenaya napameTpoB NO CCbiKe

Xots B s3pike C/C++ 1o yMonmuaHWIo MPUMEHSIETCS] Ticpefaya MapaMeTpoB Mo 3Haue-
HUIO, UX MOXHO mnepelaBath U 1o cchuike. Uit 3Toro B GyHKLMIO BMECTO apryMeHTa HyX-
HO nepenarh ykasaredb Ha Hero. lockonbKy GyHKLMS TonyyaeT anpec apryMeHTa, ee Kop
MOXET U3MENSITh 3HaueHHe (aKTUHECKOro apryMeHTa BHe (yHKUMMU.

Vkaszatenu nepepatorcd GyHKUMM Kak oObIuHBle mepeMeHHbie. ECTecTBEHHO, OHM JOJIXK-~
HBl ObITh OOBABIEHB KakK yKasatenu. PaccMoTprM B KayecTBe rpumepa GyHKLHIO swap ().

void swap(int *x, int *y)
{

int temp;

temp = *x; /* CoxpaHseM 3HaueHMe, 3aNMCaHHOe Io azpecy x */

*x = *y; /* 3anMceBaeM 3HadveHMe, 3anMcaHHoe Mo anpecy Y.
B AYEMKy C ampecoM x */
*y = temp; /* 3anmceiBaeM MCXOOHOE 3HaueHMe, 3anMcaHHoe Mo

ampecy x */

DyHKIMS swap() MOXET MEHSTh MECTaMM 3HaueHHS OBYX NEpeMEHHBIX, HA KOTOpble
CCBUIAIOTCS] YKa3aTeiM x M y, TMOCKOJbKY OHa MOJNydacT MX ajapeca (a He Komuu). BHyTtpu
570l YHKUMM COAEpXUMOE NepeMEHHBIX MOXHO U3BJIEKaTh, UCTIONL3Ys OObIYHBIE onepa-
LMY HaJl YKa3aTeJIsiMU.

IToMHute, yto GyHKLUMH swap() (Kak M J06oi Apyroit ¢GyHKLMM, MapaMeTpaMKi KOTo-
poil SBJAIOTCS yKas3aTeNn) Mepenalorcsl adpeca apeymenmos. PaccMOTpUM (parMeHT, KOTO-
PHlil IEMOHCTPUPYET NMpaBUJIbHBEA BBI30B (DYHKLIMM swap().

void swap(int *x, int *y);

int main(void)

{

int i, j;
i = 10;
j = 20;

swap(&i, &3j); /* lepenawTcs ampeca NepeMeHHbx i u j */

return 0O;
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B 3toM npumepe nepemeniioit i npuceausacrtes snauciive 10, a nepeMeHHO! § — dMc-
ji0 20. 3ateM GYHKUMM swap () MCpCAaIOTCs anpeca NepeMCHHLIX L M J, a He X 3HAYEHUS.
(Ing 3TOro MCrnoNb3yCTCs YVHaplbii onepatop nonyuenuds anpeca &.) [locne Bosspara
ynpaeiacHus U3 GyHKUMY swap () MEPCMCHHBIC x W y OKAa3bIBAIOTCS TMEPeCTaBICHHBIMMU.

Aspix C++ NO380/17€M @68IMOMaMUYeCKU nepedaséams napamermpb! o CCbITKE, LCroNb-

3yA MexaHU3M CCbIfIOK, a He ykasamenu. 3mo ceolicmeo onuckisaemcs 80 emopoli
yacmu crnpasoyHUKa

Ha 3amerry

Mepepaya MaccuBOB B Ka4ecTBe NapameTpoB

MaccuBbl nonpo6Ho onucatibl B raase 4. Oniako B 3TOM pasfesic Mbl pacCMOTPUM Te-
penayy MacCMBOB B KQUeCTBC MapaMeTpOB (byHKLIMiA, MOCKOJILKY OHU MPEACTaBISIOT UCKIIO-
yele U3 oOblYHOrO MpaBuIa, R COOTBETCTBUHM € KOTOpuIM B s3biKe C/C++ Bce mapaMeTpbl
JOJIXIIBI epenaBaThCH MO 3HAUCHIHIO.

Ecnv aprymeHTOM (YIIKLHY SIBISIETCS MAacCHB, €i1 TICPCOACTCS €ro ajpec. DTa CUTyaluus
fipeacTaBisier coboil MCcKIIoUEHME U3 OOLUCMPUHATOrO MpPaBWia mnepegayd MapaMcTpoB MO
3HaucHuio. (MOyHKLMs, MNOJAYyUMBLIas MACCHUB, MOJYYacT AOCTYIT KO BCCM €ro 3JICMCIITaM
¥ MOXcT ero Moaudvuvposatb. PaccmoTpym B KadecTBe mnpuMepa  (QYIKLUIO
print_upper (), NpenliasHauCHUYIO LIS NpeoOpa3’osalivsl CTPOUYHBIX OYKB B MpOMMCIIbIC
(c KupwuMLe nporpammMa lic pabotaet — [lpum. ped.).

#include <stdio.h>
#include <ctype.h>

void print_upper (char *string);

int main(void)
{
char s[80];

gets(s);

print_upper(s);

printf("\nCrpoka u3 nponmMcHLIX OykB: %s", s);
return O;

}

/* BHIBOOMT CTPOKY, COCTOAWYK U3 NPOnMCHbIX OykB */
void print_upper (char *string)
{

register int t;

for(t=0; stringl[t]}; ++t) {
string[t] = toupper(stringlt});
putchar (string[t]);

}

[Mocne BbI30Ba GYHKUMM print_upper() OykBbl, XpaHSLLMECS B MacCUBC s, 3aMEHs-
I0TCS NPOMUCHBIMU. ECaM BbI 11¢ XOTMTE M3MEHATL COACPXMMOE MacCHBa s, TEpCIULIMTE
fporpaMmMy CJeayIoHIMM 00pa3oM.

#include <stdio.h>
#include <ctype.h>

void print_upper (char *string);
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int main(void)
char s([80};

gets(s);
print_upper(s):
printf ("\nCrpoka He u3MeHMNacCL: %s", s);

return 0;

}

void print_upper (char *string)

{
register int t;

for(t=0; stringlt}; ++t)
putchar (toupper (string(tl]l));

B 37001 Bepcuu NMporpaMMel COAEPXHMOE MacCHBa § OCTAETCSl TIOCTOSIHHBIM, MMOCKOJIbKY
ero 3navyeHve B pyHKUMM print_upper () HE U3MEHSETCS.

CraHaaptHasi OGubGnvoTeuHasi (YHKUMsI gets() TpeacTaBIseT coOOM KIacCHYecKUi
TIpMMEp Tiepeqayy MaccHBa B KAayecTBe MapaMmeTpa. PaccMoTpuM ee aHaior xgets(), XOTs
peanbHas GyHKLHUs gets () HAMHOIO CIOXHEe.

/* YNpoueHHbB BapMaHT CTaHIapTHoM OMbrMoTedHoMn
oyHkumM gets (). */

char *xgets(char *s)

{
char ch, *p;
int t;

P = s; /* OyHkuus xgets() Bo3BpallaeT ykKas3aTeEsNlb Ha CTPOKYy S */

for (t=0; t<80; ++t){
ch = getchar();

switch(ch) {
case '\n':
s[t] = '\0'; /* [pu3sHaK KOHLA CTpPOKU */
return p;
case '\b':
if(t>0) t—-;
break;
default:
s[t] = ch;
}
}
s[79} = "\0';
return p;

}

AprymeHTOM (PYHKLIUM xgets() JODKEH OBITh yKa3aTesb Ha CHMBOJIbHYIO NMEPEMEHHYIO.
PasyMeercs, B KaueCTBe apr'yMEHTa MOXHO 3a1aTh MMSI CMMBOJBHOFO MacCHBa, KOTOpOE MO
OINpeIEIEHUIO SIBNSIeTCsl yKasateieM Turna char *. CHauana (yHKUMS xgets() BBIIONHAET
LMK for, CUeTYMK Kotoporo u3MeHsercs ¢ 0 1o 79. BTo npemoTBpalllaéT BBOI C KJIaBUATYphI
Gonee umMnHoit cTpok. Ecau nonb3opatens nonbiraercs Beectu Gonbiue 80 CHMBONOB,
¢yHKUMA BBIMOJIHUT onepatop return. (B peaibHoil QyHKLMM gets() 3TOro orpaHuHeHHs
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HeT.) [Tockoneky B sizbike C/C++ HCT BCTPOEHHOM NPOBEPKM BbIXONA MHAEKCA MaccHBa 3a Ipe-
JIC/IBl JJOTTYCTUMOTO [IMarna3ona, CJACAYCT yOenUTbCs, YTO NI00OM MaccHB, rnepenaBacMblit (yHK-
LIMU xgets (), MOXeT BMCCTUTh 10 80 cumBosio. Kaxabiit CUMBOJ, BBEIEHHBII € KIaBUATYpBI,
noMmeLaercst B Crpoky. Ilpy HaxatMM KIaBUIUM <BACKSPACE> CUCTYMK t yMeHbLIaeTcs Ha 1,
ynansis U3 MaccHBa nocaenHuit cumeosl. TIpu naxatuy KnaBuLIu <ENTER> B KOHELl CTPOKH I0-
mellaetcsl Hyneoit Oaitr. ITockonbky (QYHKLMA xgets () Monmbuuepycet (aKTHUECKUA apry-
MEHT, T10C/€ BbIXO/1a U3 Hee MACCUB s Oy/leT cosiepXaTh CUMROJBI, BRCICHHDBIE MOJIB30BATC/ICM.

_ AprymeHTbl ¢yHKLMKM main(): argc v argv

Hnorna ObiBact ynoOHO BBOAMTH HaHHbIe, yKa3biBass UX B KOMaHMION CTpoke Mpu 3a-
nycke fporpammbl. J11s1 310ro o0BIMHO UCMONBL3YIOTCSE APryMEHTHl (DYHKLMU main(). Apry-
MEHTAaMM KOMaHJ/IHOM CTPOKM Ha3bIBalOTCH JaHuble, VKa3aHHBIC B KOMaHIHOI CTpOKe orne-
pPaLMOHHOK CHUCTEMBI BCNeAl 3a UMeneM mporpammbi. Hampumep, npu KoMmunsuuu npo-
rpaMMBI YaCTO UCIOJb3YIOT KOMAH/HYIO CTPOKY

CC UMSL_Npo2pamMmbl

31ech napameTp UMA_Npozpammbl SIBISIETCA apryMeHTOM KOMaHIHOM CTPOKM, KOTOPbII 3aia-
€T UMSI KOMITUAUPYEMOIT ITPOrpaMMmabl.

Jns noayyeHusi apryMeHTOB KOMaHHONH CTPOKM NpenHa3HavyeHbl BCTPOEHHbBIE apryMeH-
Tl (PYHKUMHU main(): argv U arge. Llenouncnennslit napamerp arge ConepXuT KONuue-
CTBO apryMEHTOB KoMaiaHoi cTpokU. Ero 3Havelive 11e MOXCT ObiTh MeHblle 1, MOCKOABKY
MMs NporpamMMbl CUMTAETCSi TEPBBLIM apryMeHToMm. IlapameTrp argv mnpelctapisieT coboit
yKaszaTeJib Ha MacCUB CUMBOJIbHBIX yKa3aTeneit. Kaxabiit 3neMeliT 3T0ro MaccuBa cChiulaeTcsi
Ha apryMeHT KOMaHIHOH CTpokKH. Bce aprymeHTbl KOMaHIHOK CTPOKU SABJIAIOTCH CTPOKa-
MM — BBEIEHHBIE YMCIa JOKHBI KOHBEPTUPOBATLCSA B COOTBETCTBYIOIlEE BHYTPEHHCE TIpEa-
crapienve. PaccMoTpuM mnpocTyio TIporpammy, KOTOpasi BBIBOAMT Ha 3KpaH CTPOKY
“ITpuBeT,” ¥ Balle MMs, BBEIEHHOE B KOMaHIHOU CTPOKE.

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

int main{int argc, char *argvl[])
{
if(argc!=2) {
printf ("Bu 3abumn ykasaTk cBoe mMs.\n");
exit(l);
) [
printf (“lMpuser, %s!", argv[l]);

return 0;

}

Eciu B KoMaHaHoi cTpoke HabpaTh UMsI IMPOrpaMMBbI 1 YKa3aTb CBOE UMS, Hal[pUMEp, name
MBan, TO ITporpaMma BeiBeJIET Ha 3kpaH cTpoky “Tlpuser, Mean!”.

Bo MHOIMX ONEpaLiMOHHBIX CUCTEMAX KaxXIbiit apryMeHT KOMaHIHOH CTPOKM [OJUKEH
otnensThed NpodesoM WIM 3HAKOM Tabynsiumu. 3ansTble, TOUKM € 3alATOI ¥ ApYrve 3HaKku
TIyHKTYaLUy pasfeNnuTeNnsaMU He cuuTaioTcd. PaccMoTpuM mipuMep.

J run spot, run

3Ta KOMaHIHAasi CTPOKA COCTOMT M3 TPEX CTPOK. A KOMaHaHast CTpoKa
J Herb,Rick, Fred

COACPXKUT TOJILKO OOHY CTPOKY, MOCKOJNbKY 3andatas pa3ic/IMTENIEM HE BISETCS.
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B HeKOTOpPLIX OINCPALMOHHBIX CHUCTEMAaxX CTPOKY ¢ TMpobelaMu MOXHO 3aKiioyaTh
B JIBOIHBIC KaBbIYKU. B 3TOM ciyyae oHa CUMTaeTCs OoTHESbHHIM apryMeHToM. Ipexne uem
nepelaBaTh NapaMeTpbl Ye€pe3 KOMaHIHYIO CTPOKY, MPOYMTANTE NOKYMEHTAUUIO, CONPOBOX-
JIAIOLYIO Bally OrnepanuoHHYI0 CUCTEMY.

APTYMCHT argv HeoOXoIMMO OOBABISATE camMomy. Yaille Bcero nmpuUMeHsieTCsi Cleldylo-
LUK crocob.

B char *argvil:

TMycThle KBagpaTHBIE CKOOKM 03HAYalOT, YTO MACCUB MMEET HcompenegeHHyo auny. Jloc-
TYN K OTAENBIIBIM 3JIEMEHTAM MACCUBA argv OCYIIECTBISAETCA C ITOMOLIbLIO WMHAEKCALUU.
Hanpumep, snement argv[0] cChUIaeTcs Ha [EPBYIO CTPOKY, KOTOpas BCErla siBIsETCA
MMEHEM TPOrpaMMBbl, NMEMEHT argv[1] CCHUTAETCS HA TEPBHI ApryMenT M T.1.
PaccmoTpuM nporpaMmy countdown, B KOTOPOI MCITOIL3YIOTCH apryMCHTBEI KOMaHAHOIMA
cTpokd. CYETYMK LMKJIA B 3TOI NpOrpaMMe YMCHBLIAETCH € HAYIBHOro 3iiavyeHus, 3aAaH-
HOFO apryMeHTOM KOMaHAHOit cpok, 10 0. ObpaTtyTe BHMMaHWe HA TO, YTO TIEPBBLIA apry-
MENT Npeodpa3ycTcsi B LIEJIOE YMCIO C TOMOWIBIO cTaHaapTHoil ¢yukuuu atoi(). Ecau
BTOPBIM apryMeHTOM siBsieTcs cTpoka “display”. 3HaueHHe CYETYMKA BBHIBOAMUTCA HA 3Kpail.

/* Tlporpamma countdown. */
#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#include <string.h>

int main(int argc, char *argvi{l)
{

int disp, count;

if(arge<2) {
printf ("BrenuTe HadalbHOE€ 3HadYeHMe cueTdukKa\n");
printf("s koMmaHnmHoOIn cTpoke. [lonpobyiTe ewe.\n");
exit(1l);

)

if (argc==3 && !strcmp(argv[2], "display")) disp = 1;
else disp = 0;

for (count=atoi(argv[1l]); count; --count)
if(disp) printf("%d\n", count);

putchar('\a'); /* CurHan */
printf(*Toroso") :

return 0;

}

Ecnu KoMaHaHas CTPOKAa He COMEpXMT apryMeHTOB, Ha 3KpaH BbLIAeTCs cooblluenue 0O
owmnbke. IIporpaMMa, OXHAaIOLAas BBOAA apryMEHTOB M3 KOMaHZHOM CTPOKH, NOJDKHA aHa-
JIU3UPOBATh KMX U JaBaTh TONB3OBATENO COOTBETCTBYIOLIME UHCTPYKLIMH.

Yt0Ob1 BBIOENUTH OTHAENbHBLIA CHMBON M3 apryMeHTa KOManOHOM CTPOKH, HeoOXOAMMO
MCIIOJIb30BaTh UIIEKC Maccupa argv. Cneflytollas nporpaMMa BHIBOAUT Ha 3KpaH BCE CBOM
apryMeHThbl NTOCUMBOJIBHO.

I #include <stdio.h>
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int main(int argc, char *argvi(])

{
int t, 1i;
for(t=0; t<argc; ++t) {
i = 0;
while(argv[t]l[i]) {(
putchar(argv(t][i]):
++1i;
}
printf(*\n"),
}
return 0;
}

YuTtute, YTO NCPBHI MHIAEKC MPEAOCTABNISCT NOCTYN K CTPOKE, 2 BTOPOM — K OT/eNb-
HOMY CHMBOJY.

OObIYHO apryMciiThl arge U argv UCIOJB3yI0TCS IS TICpenavy HavaibliblX napaMeT-
POB TMPOFpaMMbl. TCOpeTUYECKU MOXIIO yKa3piBarb N0 32767 apryMCHTOB. OOHAaKO
B OONBLIKMHCTBE OMEpaLMOHHBIX CUCTEM 3TO KOJMYECTBO HaMHOro Mcubwle. Kak npasuio,
apryMeHTbl KOMalJHOI CTPOKHU 3ajaloT uMs daiina win Kakyo-aubo onuuwo. [IpumMeHe-
HME KOMaHIHBIX apryMEHTOB IMPUAAET NPOrpaMme NpodcCCHOHAIBHBIA BUIL U T103BOJSIET
npyMcliaTh naketitsie Gaitne (batch files).

Ecnu tiporpaMma He MCIONB3YCT apryMClITOB, YKa3bIBaCMBIX B KOMaHOHOI CTPOKE, KakK
TIpaBuio, GyHKLUSA main() sBlIO 00bsABAsieTcs Be3 nmapamerpoB. B nporpammax Ha sswike C
IU1si 3TOr0 JOCTAaTOUHO ITPOCTO YKa3aTh B CIIMCKE apamMeTpoB KJIOYEBOE CJIOBO void. OnHa-
KO B s3piKe C++ CIMCOK NapaMeTpoB MOXHO BOODIE OCTaBUTh NycThiM. Kcrionb3oBaHue
KJ1IOUEBOFO CJIOBA void [Uis oODbSBACHKS MYCTOro CrMcKa napaMeTpoB B s3nike C++ fonyc-
KaeTcst, HO He PEKOMCHIYETCSI. )

Hecemotps Ha 1O yTO MMeHA argc U argv SIBASIOTCH TPAOMUMOHHBIMM, apryMEHTHI
(GYHKUMM main() MOXHO Ha3biBaTb Kak yroaio. KpoMme TOro, KOMMMWISITOPB MOTYT I10O[-
JIEPXUBATh PACLUMPCHHBIA CMMCOK aprymelitoB GyHKUMM main (). Mudopmaumio ob stom
CJleNyeT UCKaTb B NOKYMEHTALMHU.

- Onepartop return

Ornepartop return yxe paccmarpuBaics B riase 3. Kak M3BeCTHO, OH MCNONb3yeTcs
B IBYX CUTyauMsX. Bo-nepBuiX, OH BbI3BIBAET HEMEMLJICHIBII BhIxon M3 (GyHKuuM. Mnaye
FOBODSi, MporpaMMa MepefiacT YNPaBieHUC Bhi3biBalOlEeMy Monyslio. Bo-BTOpeiX, ¢ mOMO-
LIbIO OMepaTopa return OCYIIECTBISICTCS BO3BpaT 3HAYCHUSA., BBIMUCICHHOTO (YHKUMEH.
PaccMOTpHM, KaK 3TO TIPOUCXONIHUT.

Bosepar ynpaenenust u3 GpyHKumMm

CyuiectByeT 1Ba criocoba MpeKpaTUTh BHOJIIeHUe GHYHKLMU U BepilyTh YIPaBieHHE BbI3bi-
BailollieMy Momymo. B nepBom ciyyac (yuKUMSE MONHOCTBIO BBINOJIACT CBOU OIEPATOpHI,
M YNpaB/eHUE JIOCTUraeT 3akpbiBatollcH (UrypHoit ckobku }. (Pasymeercsi, cama ¢urypHas
cKoOKa He MOpPOXAaeT HUKAKOFO ODBEKTHOrO KOfa, O/IHAKO CC MOXHO TaK MHTEPIPETMPOBATD.)
HanpyMep, ¢yHKUMS pr_reverse() B CcAyioileil MporpaMMe BLIBOAMT Ha 3Kpail CTPOKY
“SI mobmio C++" B obpaTHOM NOpsiIKe, a 3aTcM BO3BpallAeT yNpaBieHUe [JTIaBHOMY MOIYITIO.
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#include <string.h>
#include <stdio.h>

void pr_reverse(char *s);

int main(void)
{

pr_reverse("s mobmo C++");

return 0;

}

void pr_reverse(char *s)
{

register int t;

for(t=strlen((s)-1; t>=0; t--) putchar(s([t]):

Kak Tonbko cTpoka nosiBNseTcs Ha 3KpaHe, ¢GYHKLMU pr_reverse () HUYETO HE OCTa-
eTcst JieNiaTh, U OHa BO3BpalllaeT YIIpaBIE€HUE B TOUKY, OTKy/la ObUIa BbI3BaHa.

Ha camoM pene 3T1OoT crnoco® ucnonb3yercs NOBOJBHO penKo, MOCKONbKY, BO-TIEPBHIX,
3TO CHMXaeT HarnsggHocTh U 3¢ EeKTUBHOCTL QYHKLIMM, a BO-BTOPHIX, B OONBILMHCTBE Clly-
4yaeB OHa JOJXHA BEpHYTh HEKUIL pE3yNbTar.

DyHKUMA MOXET COlepXaTb HECKOJIbKO ollepaTopoB return. Hampumep, ¢yHKuus
find_substr() B ciaeAviolled MporpaMMe BO3BpalllaeT HayajabHYIO TMO3WMLIMIO NMOACTPOKY,
BXOJILEH B 3aMaHHYIO CTPOKY, a €C/IM NMOACTPOKA He HaijieHa, BO3BpaliaeT uucio - 1.

#include <stdio.h>
int find_substr(char *sl, char *s2);

int main(void)
{
if(find_substr ("C++ npekxpaceH", "KpaceH") != -1)
printf("noncrpoka He HavneHa");

return 0;

}

/* BosppauwaeT MHIEKC NepBOT0 CHUMBOJIA MNOACTPOKM S2,
BXOoAsWei B CTpoKy sl. */
int find_substr(char *sl, char *s2)
{
register int t;
char *p, *p2;

for(t=0; si[t]; t++) {
p = &sl[t];
p2 = s2;

while(*p2 && *p2==*p) {
pt++;
D2++;
}
if(!*p2) return t; /* llepBrli onepaTop return */

)

return -1; /* Bropol onepaTop return */
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Bo3sepallaemsle 3HayeHUs

Bce ¢yHKLUMM, 32 UCKIIOYEHUEM (YHKLMIA, O0OBLSBAEHHBIX CO CrieUU(PHUKATOPOM void,
C MOMOLIBIO OlepaTopa return BO3BPAILAOT HEKU pc3yabTar. B cOOTBETCTBMM CO CTaH-
naptoMm C89, ecnn ¢dyHKuUMS, BO3Bpallalolas 3HaYeHUC, HE MCIOJB3YET [UIsi 3TOFO Ornepa-
Top return, B BbI3bIBAlOLIMII MOAyJb BO3BpallacTcs “Mycop”, T.e. CyyaifHoe 3HaueHUe.
B siasike C++ (1 B cranjapte C99) Bce dhyHKUMM, BO3Bpallatolllne 3HadeHue, J0AXCHb! Jie-
JIaTh 3TO C TOMOIIBIO onepaTopa return. MHbBIMU c0BamMM, eCliM B 0OBSBIEHUM YKa3aHo,
yto (PYyHKLMsSI BO3BpalllaeT HEKoe 3HaueHHe, JIIo6oil orepatop return, PacnoNOXCHHBIM
B €€ TeJie, No/KeH ObITh CBsi3aH C onpelesieHHOM niepeMcHHoi. OnHaKo, eCM NOTOK yIpas-
JIelIUs NOCTUIHET KoHUa (byHKLUMM, BO3BpAlLAIoNIeii 3HaYenue, He BCTPETHMB HA CBOEM MYTH
ollepaTop return, B BHI3BIBAIOLUMI MOAYNb TakKe BepHeTcs “Mycop”. HecMotpst 11a 1o 4TO
314 OLIMOKA HEe OTHOCUTCH K pa3psly CMHTAKCUYECKMX, OHA SIBJISETCSt IPUHLMITMATBHBIM
M3BSIHOM TPOrpaMMBl M JOJIXXHA OBITH UCKIIIOYEIIa.

Ecnu ¢yHKUMsE He oObsiBiicHa €O creuM(UKaTOpoM void, e€ MOXHO HCIIOJIb30BaTh
B KauecTBe onepaHjaa B moboM BoipaxeHUH. TakuMm o0pazoM, (pparMEHT NpOrpaMMBbl, TIPU-
BEJIEHHBII HUXE, ABJIACTCA COBEPLIEHHO MPABUIILHBIM.

X = power(y):
if (max(x,y) > 100) printf("Gonbuwe");
for(ch=getchar(); isdigit(ch); ) ... ;

Kak mpaBuio, (pyHKLIMS HE NO/LKHA CTOSATH B JIEBOM YacTH Olleparopa NMpUCBauBaHUA.
CnenoBarenbHO, OnepaTop

l swap(x,y) = 100; /* HenpaBuIbHHI oNlepaTop */

sBIgeTcs ollubouHsM. Komnmnstop assika C/C++ pacno3HaeT 3Ty olIMOKY M BbLIACT CO-
oTBeTCTByIoLIee coobrienue. (Kak ykasbiBaerca B yacTu 2, 93K C++ JOMyCKaeT HECKOJIb-
KO UHTEPECHBIX MCKJIIOUYEHMI M3 3TOrO TMpaBUNa, YTO TO3BOJSAET YKas3biBaThb HEKOTOpPbIE
¢yHKLMM B JIEBOI YacTH OTlEpaTopa MpUCBaMBaHUs.)

DyHKIMM MOXHO pa3pfenuTh Ha Tpu kateropuu. K mepBoit kateropuut OTHOCSTCSi Bhbl-
yucautenbibie ¢yHKUMM. OHM BBITIONHSIIOT HEKUE oflepaudy Hal CBOMMM apryMeHTaMH
M BO3BpalAIOT PE3ybTAaT BbIUMCIeHMIt. VX MOXHO HassaTh “HacTOSIIMMM” (YHKLMAMMU.
K mpumepy, “HacTosiuMMu” SIBASIOTCS CTaHAapTHble OuONMOTeYHbIe (YHKUUU sqrt()
¥ sin(). BBIYMCISIOIME KBaAPATHBI KOPEHb U CHHYC COOTBETCTBEHHO.

ODyHKIMU BTOPOrO TUIIA BLIIONHSIOT 00paboTKy uHpopMaimu. Mx Bo3BpaiiaeMoe 3Haue-
HME TIPOCTO O3HAYaeT, YCIELHO JIM 3aBeplUeHb! onepaliuy. B KauecTBe MpuMepa MOXHO yKa-
3atb Oubnuoteunyio ¢yHkuMIo fclose (), 3akpbiBatoiyio ¢aitn. Ecau daitn 3akpbiT ycnen-
HO, (byHKLIMS Bo3BpailiaeT 3HaueHue 0, B IPOTUBHOM CJTyyae OHa BO3BpalllaeT KOHCTAHTY EOF.

H, nHakoHew, GpyHKLUMKM TpeTbero BHIA HE MMEIOT siBHO Bo3Bpaiaemoro 3HaueHusi. Ilo
CYLLECTBY, 3TU (YHKLMM SBISIOTCH TPOLEAYPaMy M HE BBIMMCISIOT HMKAKOro pe3ynbraTta.
K 3Toit kateropum otHocuTca (PyHKLUS exit (), mpeKpallaioilas BbITOAHEHME IMpOrpaMm-
Mbl. Bce ¢yHKUMY, He Bo3Bpallaoiiie HUKaKMX 3HAYEHUI, caeayeT oObIBIsATL C TTOMOLLBIO
cneuudukaropa void. Takue (yHKLMM HENb3s UCTIONb30BATh B BbIPAXXECHHUSIX.

HHorna dynkuuu, He BHIYMCASIOLIME HUMEro MHTEPECHOro, BCE PaBHO YTO-TO BO3Bpa-
watoT. Hanpumep, ¢pyHKUMS printf () BO3BpainaeT KOJIMYECTBO CHMBOJIOB, BbIBEJEHHbIX
Ha 3kpaH. beuio 661 MHTEPECHO YBUAETH NMPOTPaMMy, B KOTOpOH 3TO 3HAauY€HWE UMENO Ka-
KoM-To cMbic. MHBIMK cioBaMM, XOTs# Bee (PyHKUMH, 33 MCKIOYeHHEM (YHKUMIL, OOBsAB-
JIEHHBIX C TIOMOILBIO crietndUKaTopa void, BO3BpalaloT Kakue-TO 3HaueHus, UCIONb30-
BaTh MX B HaJbHEMLIMX BBIYMCIEHUSX COBEpiueHHO He oOsi3atenbHO. Ilpu obcyxmeHnn
¢yHKLUMiE YacTo BO3HHMKaeT Borpoc: “O6sa3ateabHo M NpUCBanMBaTh 3HayeHye, BO3Bpallae-
Moe (yHKLKel, KaKoii-To nepeMeHHoM, o0bsaBNeHHOi B Bhi3biBalollieM Moayne?”. Hert, He
obg3arenbHo. Ecnu onepatop npucBavMBaHWA He yKasaH, BO3BpalllacMoe 3Hauye€HHUE TpOoCcTo
urHopupyetcs. PaccMoTpyM niporpaMMy, B KOTOpOif ucnonb3yeTcs ¢yHKLMS mul ().
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#include <stdio.h>

int mul{int a, int b):;
int main(void)

{

int x, y, z;

x = 10; y = 20;

z = mul({x, y); /* 1 */
printf("%d", mul(x,y)); /* 2 */
mul (x, ¥y); /* 3 */
return 0;

}

int mul (int a, int b)
{
return a*b;

}

B nepBoii cTpoke 3HaueHue, Bo3Bpailaemoe (yHKUMCH mul (), IPUCBAMBACTCS MEPEMEHHO z
Bo BrOpoil cTpoKe BO3BpalllaéMoe 3ilauyeHHe HUYEMY HE IMPUCBaMBAacTCs, HO UCTIONb3YETCH
BHYTpM (yHKUMM printf(). M, Hakouell, B TPCTbeil CTPOKE 3HAYCHUC, BO3BPALAEMOE
C NOMOLIbIO OrepaTtopa return, OTOpPacHIBAeTCsi, MOCKONbKY OHO HMYEMY i€ TIPUCBaHBaET-
Cg U HE ABJIAETCH YacThlo KaKoro-nubo BeipaXeHusl.

Bosepar yka3artenei

HecMoTpst Ha TO uto (hbyHKLMH, BO3BpalaloiMe yKasatelu, HUYEM HE OTIMYaloTCd OT
OObIYHEBIX, C HUMH CBA3aHO HECKOJBKO BaXHbIX MOHSTHIA.

VKazatenu He sIBASIOTCS LIENIOMMCIEHHBIMM niepeMeHHbiMU. OHM cofiepXar aapeca fepe-
MEHHBIX, UMeIoLMX onpeneneHHbIit Tun. Mcnone3ys aapecHyio apudMeTHKy, creayeT UMeETh
B BUYy, YTO Pe3yJIbTaThl €€ orepaLuii 3aBucaT ot 6a3oBoro Thiia ykasateneil. Hanpumep, npu
YBEJMUYEHUH LIEJIOYUCTIEHHOIO yKasatesisi Ha €UHHMLY €ro 3HayeHue yBEIMUMTCs Ha 4 (ecau
Lesiple yucia 3aHuMaloT 4 0aiT namsati). Kak mpaBuiao, npu KaxaoM yBeguuelidu (WK
yMEHBLIEHUM) YKa3aTessl Ha eIUHMIly, OH MepeMellaeTCs Ha CIlelyIoLyto (MM NpenbuIyiyo)
nepeMeHHy0 3toro TMna. ITocKosibKY pasMep MepeMEHHBIX, UMEIOLLIUX pa3Hble TUIIbI, BapbU-
pYeTCsi, KOMIIWISITOP JIOJDKEH 3HATh, C KAKUM THUIIOM JaHHBIX CBSi3aH TOT WM MHOM yKasaTesb.
Ilo 3toit nprurHe (yHKLMA, BO3Bpallaloi@s ykKasateiab, J0/DKHA SIBHO OObLABILTL €r0 TUIL.
Hanpumep, Henb3sg NpUMEHsSTH ollepaTop return JUIS BO3BpaTa yKasaTelsl, UMEIOLLEFO THII
int *, eciu B 0ObsiBeHUM (DYHKUMM YKa3aHO. YTO OHA BO3BPALLAET yKa3aTesb TUrna char * !

Y1066 BepHYyTb yKazaTesb, B OOBLABIEHUM (DYHKLUU ClleayeT YKa3aTh COOTBETCTBYIOLIMM
TUI Bo3BpalllaeMoro 3Havenusi. Hanpumep, cnenyioias ¢pyHKLMS BO3BpAIlAET YKa3aTe/lb Ha
TIEpBOE BXOXIEHHE CUMBOJIA ¢ B CTPOKY s.

/* BosBpawaeT ykKasaTesyib Ha NepBoe BXOXIEeHue
CMMBOJIa C B CTPOKY S. */
char *match(char ¢, char *s)
{
while(c!=*s && *s) s++;
return(s);

Ecnmu cumBol He HaiileH, Bo3Bpalllaercsi Hynb. PaccMOTpHMM KOpOTKYIO Mporpammy,
B KOTOpoOi#i Ucrionb3yetcd QyHKIMS match().
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#include <stdio.h>
char *match(char c, char *s); /* [pororun */

int main(void)
{
char s([80], *p, ch;

gets(s);
ch = getchar();
p = match(ch, s});

if(*p) /* EcTbp BXOXIeHue */
printf("%s ". p);

else
printf ("CuMBON He oGHapyxeH.");

return 0;

3Tta TporpaMMa CcHayala CYMTBHIBAET CTPOKY, a 3aTeM — CHMMBONL. Ecau cuUMBOM BXOOMT
B CTPOKY, NporpaMMa BBHIBOAIUT €€ Ha 3KpaH, HauuHasi ¢ MO3ULIMH, B KOTOPOit OOHApYXEH UCKO-
Mblit CMMBOJI. B MpoTBHOM Ciyyae nporpamMMa Bbinaet coobieHue “CumMBoa He obHapyxeH”.

®yHkumm Tmna void

@yHKUMY, 00bABIEHHBIE C MOMOLUBIO CrielUPHKATOPa void, He BO3BPALLAIOT HUKAKHX
3HayeHuit. 3TO He MO3BOJSET MCNONb30BaTh Takue (PYHKLUWH B BHIPAXEHMSIX U TpenoTBpa-
1aeT Mx HempaBwibHOE npuMeHeHve. Hanpumep, yHKuuA print_vertical () BbIBOOUT
Ha 3KpaH CTPOKY, NepeaHHylo €i B KauyecTBe apryMeHTa, pa3mellas €e CHMBOJIbE OJUH 110
npyrum. TTockonbky 3Ta (yHKLMS HUYEFro HE BO3BpallacT, Ha MeCTe THIa BO3BpAalllaeMoOro
3HavyeHus yKazaHO KJIKOYeBoe CJI0BO void.

void print_vertical (char *str)

{
while(*str)
printf("%c\n", *str++);

PaccmoTpuM npumep, B KOTOPOM Mcnonb3yeTcs (pyHKLMS print_vertical ().

#include <stdio.h>
void print_vertical (char *str); /* TpoToTmun */

int main{int argc, char *argvl[])
{

if(argc > 1) print_vertical (argv([1l]);

return 0;
}

void print_vertical (char *str)
{
while(*str)
printf("%c\n", *str++);
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1 nocnemice, B paHiinx Bepcusx sizbika C KIIOUCBOE CNOBO void 1ie ompenesiiochb. Ta-
~nMM OOPa30M. B CTapbiX TporpaMmax (yHKLMH, 1IC BO3BPALLAIOLIMC HHMKAKUX 3HAYEHUH,
BMECTO crncurdUKaTopa void Mo yMOSYAHMIO MCMONB30BAIM THN int. He yausnsittecs,
BCTPCIMB TakHE MPUMCPHI FIe-HUOYIb B apXUBe.

3ayem HyxeH oneparop return B pyHkumu main()

(OyHKUMS main() BO3Bpall@eT LEJ0E YMCIO Bbi3BaBLIEMY CC MPOLECcCy, Kak NpaBWio, ore-
pALoNHoi cucteme. Bri3BaB (yHKLMIO exit () € 3TMM aprymMeliToM, Bbl MTOAYYHMTE TOT XK€ ca-
it 3gpekt. C popManbHoit TOYKM 3pCcHMsE. cCTH (PYHKUMS main() 1IMYCTO HC BO3BpallacT
SIBHLIM 00Pa3oM. TO BbI3BIBAIOLLIEMY IPOLICCCY MICPENAcTCst HeornpeaencHoe 3nayenre. Ha npak-
LIIKE MIIOrUC KomnunaToph sisbika C/C++ 1o yMonuanvio Bodspauwlaiot yucio 0, 1o nona-
{ATLCS HA 3TO HE CTOMT, MOCKOJIbKY 3TO CHM3UT MallUIiOHE3aBUCUMOCTD Ballleil MPOrpaMMBl.

1 Pekypcus

B s3bikc C/C++ ¢yHKUMSE MOXKET BH3BIBATh camy cebsi. MYHKIMU, BBI3BIBAIOILIME CAMU Ce-
651, na3piBaloTCa pexypcusHbmu (recursive). Pekypenss — 310 npouecc ofipenesieHusi Kakoro-nbo
noHATUs Yepe3 Hero xe. IHOFIA ero HasbiBaIOT kpyeoesim onpedeneruenm (circular definition).

IIpocteiM TIpUMepOM peKypCHBHOM (hyHKLMK sBIsieTcd QPyHKUMs factr (), BHIYHCISIO-
as ¢akropuan uesoro yucna. PakTopuaoM HasbiBa€TCS YUCIO n, TPEACTABIAIOLIEE CO-
0ol npousBeneHUe Bcex Lenbix uvcen oT 1 go n. Hanpumep, dakropuan uucna 3 pasen
I x 2 x 3= 6. PaccMOTpMM PEKYPCHBHBII M UTEPATUBHBII BapuaHTsl (GYHKLUMHK factx ().

/* PeKypCUBHEIA BapuaHT */
int factr(int n)
{

int answer;

if(n==1) return(l);
answer = factr(n-1)*n; /* pexypPCHUBHEW BH3OB */
return{answer) ;

/* WTepaTuBHEII BapmaHT */
int fact(int n) {
int t, answer;

answer = 1;

for(t=1; t<=n; t++)
answer=answer* (t);

return (answer) ;

}

UtepatuBubiii BapuaHT ¢pyHKLUK factr () BHIFISAUT npoie. B HeM ucronb3yercs LMK,
CYCTUMK KOTOPOro TipoberaeT 3HaueHust oT 1 10 n M nocieoBaTeNIbHO yMHOXAaETCs Ha Tipe-
ObIAYLIMIA PE3VAbTAT.

Pekypcusias Bepeusi pyHKUMM factr () HECKONbKO cioxHee. Ecmt yHKuus factr ()
BBI3bIBAETCA C apryMeHToM 1, oHa Bo3BpallaeT yucio 1. B npoTHBHOM coyyae OHa BO3Bpa-
ulaeT 3HadeHue factr(n-1)*n. UToObl BbIMMCIUTL 3TO BhipaxeHue, GYHKLuA factr()
BHI3BIBACTCH n-1 pa3 [0 TeX IOp, MoKa 3Hay€HHE MepeMeHHONW n He CTAaHET paBHbIM .
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B 3TOT MOMEHT HauyHEeTCsi MOCNEeN0BaTeNbHOE BBHITIOJIHEHUE OIEPATOPOB return, OTHOCH-
1IMXCSt K Pa3HbIM Bbi30BaM (DyHKUMU factr ().

INpu BuluMcacHUK dakTopyala uMcia 2 nepBbiit BbI3OB (PYHKLMHM factr () Topoxaact
BTOPOi1 BHI30B 3TOM (PYHKUUM — Terepb YXe ¢ apryMeHTOM, paBHEIM 1. BTopoit BbI30B BEp-
HeT yucio 1, kotopoe GyneT yMHOXeHO Ha 2 (UCXOaHOE 3HauyeHue aprymexTa n). ITompo-
OyiiTe caMu TIpOCJEeNUTh 332 BBI30BaMM (GYHKUMM factr () Mpu BHUMCIEHMM (aKTopUaia
yucna 3. (qTO6bI YBUIETb YPOBEHb KaXaoro Bui3oBa (yHKUMM factr(), MOXHO BCTaBUTb
B He€ BbI30B (hyHKLMM print £ () M BbIBECTU MPOMEXYTOYHBIE PE3YNbTATHI.)

Korna ¢yHkums Bbi3biBaeT camy celsl, B CTEKE pa3MellaeTcst HOBBI Habop cc JIOKAIbHBIX
nepcMeHHbIX M NapameTpoB, M (DYHKLHMS BBITIONHSETCH C Iayana. PekypCUBHLII BBI3OB 1ic
Co3/12eT HOBYIO Komuio pyHKuMH. Konupylotes nuilb nepeMeHHbie, C KOTOPbIMU OHa paboTta-
eT. IIpy KaxaoM peKypcMBHOM BO3BpaTte YNpab/iciiusi KOIMU MEPCMEHHBIX U [1apaMeETPOB yla-
JIAI0TCA U3 CTEKa, a BHITIOJIHEHUE TPOrpaMMbl BO30OHOBJIIETCSE C MecTa Bbi3oBa (hyHKUUH. Pe-
KYpPCUBHBIE (PYHKLMHM HATTOMUHAIOT TEJIECKOII, KOTOPHLI TO pacK/abiBAETCs, TO CKIANBIBAETCS.

Kak npaBuiio, peKypcuBHble (DYHKLMM HE3HAYMTENLHO yMEllbLIAOT pa3Mep Koma M He-
HaMHOFO MOBHILUAIOT 3(¢EeKTUBHOCTb MCIIOb30BAHMS MAMSITU MO CPaBHCHUIO € €€ UTCpa-
TUBHBIMK aHajloramMu. KpoMe Toro, pekypcuHbie BepcHM DONBLIMHCTBA (DYHKLUMH BHINOA-
HAIOTCS HECKOJIBKO MEJUIeIIHEE, YEM MX UTEPAaTUBHBIC 3KBHMBAIEHTH. BOsbuUIOE KOMMUECTBO
PEKYPCUBHBIX BbI30OBOB MOXET BHI3BaTh TE€PENONHEHUE CTEKA, TOCKOJNBKY TIPH KaXAOM Bhi-
30Be (PYHKLMU B CTEKE pa3MellaeTCsi HOBbII HAabOp ee JIOKaJIbHBIX TIEPEMCHHBIX M TapaMeT-
pos. I[Ipy 3T0M NporpaMMHUCT MOXET NpeObiBaTh B MOJIHOM HEBENEHHH. TOKa HC TPOU30i-
JIeT aBapuitHoe npekpailieline paboThl IporpaMmbl.

OCHOBHOE NPEUMYILLECTBO PEKYPCUBHBIX (DYHKIMI 3aKIIIOYAETCH B TOM, YTO OHH YIIPO-
1IAOT ¥ [eJIAOT HAMIsSIHEE HEKOTOPbie aJIropuUTMBL. HampuMep, anroput™ ObICTpoit copTH-
POBKHM TPYJHO peaM30BaTh UTEPaTHBHBLIM criocoOoM. KpoMe Toro, HeKOTOpbIC Npobiems,
CBSI3aHHBIC C MCKYCCTBEHHBIM WHTEJUIEKTOM, JIErye peIluTh, NpUMeHdsi pekypcvio. B 3a-
KJIIIOYEHUE OTMETUM, YTO HEKOTOPHIM JIIONSIM Jlerye QyMath peKYpCUBHO, YEM UTEPAaTHBHO.

Co3paBasi peKypcUBHYIO (YHKLIMIO, HEOOXONMMO NpelyCMOTPETh YCJOBHBIM Olieparop,
HanpuMep, otiepatop if, C NOMOLUBIO KOTOPOTO MOXHO MNPEKpaTHTb BHITIONHEHUE PEKYP-
cUBHBIX BbI30BOB. Eciin 31010 He cienath, ¢hyHKLMs MOXeT HeCKOHEYHO BbI3bIBATH CaMy ce-
0s1. OTCYTCTBME YCJIOBMSI OCTAHOBKH DEKYPCHU SIBJIIETCA BeCbMa pacrpoCTpaHEHIIoN olunb-
KOit. JIng OTCNEXUBAHUA TPOMEXYTOUHBIX PE3yALTATOB CJEAYET LUMPOKO NMPHUMEHATb (PyHK-
110 printf(). 3TO MNO3BOJIUT COXPAaHATb KOHTPOJb 33 BBIMUCIEHHUSIMU U TIpCPBaTh
BbIIOJIHHEHUE NMPOrpaMMBbl, €CJIM BO3HUKIIA OILMOKaA.

D MpoTotunbl GyHKUMIA

B s3pike C++ Bce (GyHKUMKM nOJLKHBEI OBHITh OOBSABIEHB! IO CBOErO MEPBOFO BBHI3OBA.
OOBIYHO [1si BTOFO UCTIONB3YIOTCA Hpomomuns: gyurkyui (function prototypes). B ncxonHom
BapHaHTe s3blka C npotoTunoB He 6buto. OHU ObUM f00aBneHH NpH pa3paboTKe CTaHAAp-
Ta, B KOTOPOM HacCTOSITENIbHO PEKOMEHAYETCS UCTIONBL30BaTh MpoTOTUNLL. CleayeT 3aMeTHTD,
YTO 3TO JIMIUL MOXEJaHWe, a He Kareropuyeckoe tpebosaHue. B TO xe Bpemsi, B S3BIKC
C++ npoToTunbl 9BAAIOTCHA obs3amenbHoimu. B 3To KHUre Bce (PYHKLIMM HMEIOT TIOHBIC
MPOTOTHMBL. BTO MO3BOJIAET BHIMOJHATL OoJiee CTPOryIO MPOBEPKY THIIOB, MPUMEPHO TakK
Xe, Kak B g3bike Pascal. Ecau B nporpamMme ucnosnb3yioTcd MpOTOTUIIBLI, KOMITWISITOP MO-
XET OOHAPYXUTb HECOOTBETCTBUS MEXIY TUMAMK apryMeHTOB M mnapaMerpaMu GbyliKLMi,
a TAKXe HECOBIIafEHUE X KOJUYECTBA.

O6uuit BUL IPOTOTHIIA TAKOB.

mun ums_ghynxyuu(mun ums_napamempal , mun uma_napamempal, ...,
mun uma_napamempaN)
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VYxasbiBarh KMMela fapaMeTpoB He o0s3atesibHo. OlHaKo OHM AT KOMITMSTOPY BO3-
MOXHOCTb OOHApPYXUTb UMS IapaMeTpa, TUI1 KOTOPOro HE COBIIaJaeT C UMEHEM aprymerita,
1103TOMY PEKOMEHIYETCS MCIONb30BaTh UMEHA apryMEHTOB B IPOTOTUIAX.

Crenyloliasi nporpaMma WITKOCTPUPYET LIEHHOCTb NpoToTuroB. [Ipy KOMMUNISIUMM Bbl
nojiyyute cooduieHue o0 ouinbKe, TMOCKONBKY TMpOTpaMMa COACPXMWT BbI30B (DYHKLUMU
sqr_it () C LENOYHUCIEHHBbIM apryMeHTOM, B TO BPEMSA KakK €i ClieflyeT rnepcoarbh ykKasateib
uenoro tuna. (ITpeoOpasoBaHue LEJIOUUCICHHOM MEPEMEHIHON B yKa3aTteslb HE NONYCKAaeTCs.)

/* IlpoToTun ¢yHKUMM oOOeclleuMBaeT CTPOIYyI NPOBEpPKY THUIMOB. */
void sqgr_it{int *i); /* [pororun */

int main{void)
{

int x;

x = 10;
sqr_it(x): /* HecoBnameHue TUIIOB */

return 0;

}

void sqr_it{int *i)
{

*i = ki * *j,

Ecnu onpenenenve GyHKUMK pa3MelIEHO 0 €€ TIEPBOrO BbI30BA, OHO CAMO CUMTACTCH
nporotunoM. Takum oGpa3omMm, mporpamma, TpUBENEHHasi HMXE, SIBJISIETCS COBEPLIEHHO
NpaBUIbHOM.

#include <stdio.h>

/* 3o onperneneHue QyHKUUM CIAYXUT ee MNPpOoTOTUNOM. */
void f(int a, int b}
{
printf("$d ", a % b);
}

int main(void)
{
£(10,3):

return 0;

Ilockonbky ¢dyHkuus £() onpefe/ieHa A0 €€ BbI30Ba B (hyHKLUMM main(), OTACIbHbIN
nporotun He HyxeH. O6beIMHEHUE onpeleSieHUs C MNPOTOTUIIOM Yale BCEr0 MCIONb3YIOT
B MaJieHbKHX MporpaMMax. B GosibliMX nporpaMmax Takoi INpHEM BCTPEYAETCH PENKO, OCO-
OEHHO ecliM Mporpamma COCTOMT M3 HCCKOJBKHX (aitnos. Bce mporpammbl, TPUBCOECHHBIC
B Halleil KHUre, cCofiepXaT OTAeJibHbie TNPOTOTHIIBL ¢(YHKLMIM, NMOCKONbKY MMEHHO TaKoii
CTWIb CUUTAETCA MPaBUJIbHBIM.

EmvncreeHHas QyHkuuysa, LIST KOTOPoi He Tpebyetcst mpototun, — (QyHKUMS main(),
MOCKOJIbKY OHa BCETNa BhI3BIBACTCSH MEPBOIA. '

CrefiyeT y4yuTbIBaTh HEOOJBLLYIO, HO BAXHYIO pa3sHULY MEXIY INPOTOTHNAMH (BYHKIIMIA,
He MMelolluX rapamerpos, B s3bikax C U C++. B g3bike C++ nycToit ciiucoK MapameTpoB
npocto obo3nayaercs nycThiMu ckobkamu. Hampumep, Tax.
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int £():; /* NporoTun QyHKUMM, He uMelel MapaMeTpos,
B s3plke C++ */

Onuako B s3pike C 3TOT NMPOTOTHN TPaKTYeTCs MHaye. [10 MCTOPHYCCKMM MPUYMHAM
MycToit CMcoK napameTpoB B A3bike C 03HA4YaeT omcymemeue unghopmayuy 0 napamempax.
B 3aBMCMMOCTH OT KOMIUJSITOpa 3TO MOXET 03HauaTh, yTo QYHKUMS TMOO HE MMEET napa-
METPOB, JIHOO MMEET HECKOJIbKO mapaMeTpoB. B s3mike C npotoTun QyHKUMM, HC MMEIO-
1ieil mapamMeTpOB, IOJKEH COEpXaThb KIIOYEBOE CIOBO void. BoT kak noskeH BHIIIAAETD
npororun ¢GyHkUMK £() B nporpaMme Ha s3bike C.

] float f(void);

310 0OBABIEHHUE COODILAET KOMMUIATOPY, YTO MYIKLUSA HE UMEET napameTpos. U JIIOOOH BbI-
30B 3TOH (QYHKLMH ¢ KAKUMU-IMOO nmapaMeTpamu fApisercs ownbkoit. B a3vike C++ Takoit
cnocod o6bsABIEHHs TIYCTOTO CMHUCKA NMapaMeTPOB TaKKE JIOIMYCKAETCS, HO CYMTACTCA UTHUIIHUM.

B el I B a3sbike C++ ebipaxerus £() u £(void) 3KeueaneHmHsbi.
HUMAHHE:

[MporoTHnbt GYHKUMI MO3BONSIOT BHIABISATH OLIMOGKM B niporpamMe. Kpome Toro, oHU
rapaHTUPYIOT, YTO (PYHKLIMS He 6yneT Bbi3BaHa C HEBCPHBIMM NapaMeTpamH.

U nocnenHee, MOCKOABKY B paHHMX BepcHsix si3bika C MPOTOTUINBE HE MMOUIEPXHBATUCH, MX
npuMeHeHre B mporpaMMax Ha C aBnsgerca Heobs3atenbHbM. TIpH nepeBoe nporpaMm ¢ A3blKa
C Ha 53k C++ cnenyeT 106aBUTH MOMHBIE NMPOTOTUIBE Beex (yHKUMI. [ToMHUTE, HeCMOTPS Ha
TO YTO MPOTOTHNEI B A3bike C He 06s3aTeNbHbl, B g3pike C++ onu HeobxonuMbl. Cnenopa-
TeJIbHO, obas GyHKUMS B nporpaMMe Ha s3bike C++ Jo/DKHA UMETh MOJIHBIIH MPOTOTUII.

MpoToTunbl CTaHAAPTHBIX OMONMOTEYHBIX PYHKLMI

IlporpamMma fpomxHa copepXaTb NMPOTOTUIBE BCeX BBI3BIBAEMBIX CTaHAApTHBIX OUOIHO-
TeyHbix ¢GYHKUMIL. [Insg 3TOro B mporpaMMmy clienyeT BKIIOYMTb COOTBETCTBYIOUIME 342040-
604Hbie (hailabi, MoanepxuBacMbie KoMmunsatopaMu s3eka C/C++. B a3pke C 3aronoBoy-
Hele daipl 06bIYHO UMEIOT pacliMpeHus h. B a3pike C++ 3aronoBoynbie ¢aityiel MOryT
6bITh KaK OTAENbHBIMM, TaK M CO3aBaThCd CaMUM KomnuasTopoM. B moboM ciiyyae, 3aro-
JIOBOYHBIA aitfl COCTOMT U3 [BYX 3JIEMEHTOB: OTpeAeNieHUi necpeMeHHbIX U QYHKUMIA, Uc-
MoJIb3yeEMbIX B OGMONIMOTEUHBIX GYHKUMSAX, a TakkKe TPOTOTUINOB caMUX GUOIMOTEYHbIX
¢yukumit. Hanpumep, 3aronoBoyHslt ¢ailn stdio.h BKJIIOYAETCS MOYTH BO BCE Mporpam-
Mbl, PAaCCMOTPEHHBIE B KHUIE, MOCKOJIBKY OH COOEPXMT MPOTOTHUI (PYHKUMH printf ().
3aronoBouHble daiiibl Ui cTaHgapTHoi 6MbnroTeku onmucanbl B yactu 1.

[ OnpepeneHue cnucka napameTpos
nepemMeHHON ANINHbI

B nporpamme MOXHO O6BABUTH (DYHKLIMIO C MEPEMEHHBIM KOJMYECTBOM MapaMeTPOB.
B 6o/bIIMHCTBE CllyyaeB 3TO OTHOCUTCH K (QYHKUMM printf(). YTo6H COOOLUMTL KOMIIH-
JISTOPY, 4TO (PYHKUMS MOXET ObITh Bbi3BaHA C pa3HBIM KOJIMYECTBOM MapaMeTpoB, OOBsABIE-
HHUE €€ MapaMeTPOB CIEAYET 3aBEPLUUTh MHOrotoyrem. Hampumep, nmpororun, npUBEOECH-
HEIIT HUXXE, 03Ha4aeT, YTo PyHKUMA func () MOXET UMETh MO MEHbLUEI MEPE ABa MapameT-
pa M CKOJIbKO YFrOAHO JOTOJHUTEIbHBIX TapaMeTpoB (MM BOBCE HE UMETh UX).

J int func(int a, int b, ..);

BTOT cnocod O6BABIEHHUS MapaMeTpoB MCIONB3YeTcs M B onpeeieHn GYHKLMH.
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JlioGast GynKUMsS ¢ nepeMerHblM KONMUCCTBOM MapaMeTpoB AONXHA UMCTL MO MEHb-
weit Mepe oanH dakTuueckuit napameTp. Hanpumep, cnenyouiec obbsiBleHUe SBASETCS
HCIPABUIIBHEBIM.

B int func(...); /* HenpaBunbHo */

| O6usBnenme napameTpoB QYHKLUK
B KNacCUYECKOM U COBPEMEHHOM CTUNE

O6bsaBaEHUE napaMeTpoB GYHKUMM B paliHUX BepcHsix sA3bika C OTNHMYACTCs OT cTanaapr-
roro. UHoraa 3ror cnoco® Ha3biBalOT Kadccuqeckum. B naieil kuure Mbl MCNonb3yeMm coepe-
mermbill cTb. Crannapt s3eika C gonyckaeT o6a CTwis, HO 11aCTOSTC/IBHO PEKOMCHAYET HC-
NOJIL30BaTh JiMILb COBpeMcHHBIM. B s3pike C++ nomnepXkmBaeTcsl TONBKO COBPCMCHHBI CTWIb
obbsiBNEIIMS napaMeTpoB YHKUMK. OAIIaKo CICAYET MOMHUTh O CYLIECTBOBAIIMK CTAPOro CTWIS
MOCKOJILKY MHOTHE MPOrpaMMBI, 1IaNMMCAHIIBIC Ha cTapoM A3bike C, UCMONIB3YIOTCS A0 CHX MOpP.

Knaccuueckoe ob6bsrieHue napaMeTpoB (GYHKUMM COCTOMT M3 IBYX HacTeil: cnucka na-
paMeTpOB, 3aKIIOYEHHOIO B CKOOKM M YKa3aHHOIO BCien 3a MUMeHeM (GYHKUMH. U obbsBIIE-
HUI (paKTUYECKHMX MapaMeTPOB, PACTIONOXEHIIBIX MEXY 3arOJIOBKOM M TeNoM (yHKUMHU

mun uma_gpynkyuu(napamempl, napamemp?2, ..., napasempN)
mun napavempl;
mun napamemp?2;

mun napamempN,
{
meno pyHKyuu

}

Hanpumep, coBpemeHHOe oObsBNEIIMe napaMeTPOB

float f(int a, int b, char ch)
{

/* */
}

B KJIACCUYECKOM BApHUAHTE BLIINIAONT Tak:

float f(a, b, ch)
int a, b;
char ch;
{
2
}

O6paTUTe BHHMaHUC Ha TO, YTC KJIaCCHYECKOE ONPEICNICHUE MO3BOJACT OOBLSBIATH He-
CKOJIBKO MapaMeTpOB OIHOBPEMCHHO.

B ' Knaccuweckuii cmuns obbsieneHus napamempose obbseneH ycmapeswuM u He 1nod-
HUMAHHE: §  Jopyygaemcs A3bKOM C++.
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B ga3uike C CYLIECTBYIOT NATH crnocoboB co3naTh MONb3OBATENBCKU I TUI.

1. Cmpykmypa (structure), no3ponsiouass o6beAMHUThL [PYINY MEpeMelIHbIX MO Of-
HUM uMeHeM. CTpyKTypa 4acTO Ha3bIBACTCS G2peclpO6aHHBIM THUIIOM JAHUbIX.
(PacnipocTpaHelist Takke TEPMUHBL COCMABHOU, UNW COBOKYRHBIIL, THIL.)

2. bumosoe none (bit-ficld), npeacrapnsiowee cob6oit BapUaHT CTPYKTYPbI M TNO3BO-
nsirounce paboTaTh ¢ OTAENBHBIMU GUTAMMU.

3. Obsedunenue (union), NO3BONSAIOLIEE UCIONL3IOBATh OMHY U Ty Xe 0ONacTb naMsTv
JUIS1 XpaHEHUST HCCKOJIBKUX MEPEMEHHBIX pa3HOro TMNa.

4. [epeuucaenve (enumeration), NMpeaCTaBASIONICE COOOM CMUCOK MMEHOBAaHHBIX LE-
JIOYUCNICHHBIX KOHCTAHT.

5. KnwoueBoe cnioBo typedef, famoiice BO3MOXHOCTb MPUCBAUBAThH CYUIECTBYIOLIEMY
THUIY HOBOE UMSI.

B s3bike C++ nomnepXuBaloTcsl Bce MSATh CcrocoboB U HOGABIAIOTCS KIAaCChl, OMUCaH-
HbIE B yacTH 11.

B saAsbike C++ cmpykmypbi u obbeduHeHus Moe2ym uMemb Kak O0bbekmHo-
Ha samerky

opueHmupoeaHHble, mak U npoyedypHble ceolicmea. B amol enase onuckigaomcs
nuwib umnepamugHblie ocobeHHocmu amux munoe Ux ob6beKmHo-OpueHmMUPOBaHHbLIE
ceolicmea 6y0ym paccMmompetbt no3oHee.

CtpykTypsl

Cmpyxmypa — 310 Habop MEPEMEHHBbIX, 0OBLEAMHEHHBIX 06IMM MMeHeM. OHa obecrie-
YyHUBaeT YIOOHBIM Ccnocob opraHu3auvu B3aMMOCBS3aHHBIX JaHHBIX. Ob6saererue cmpykmypol
co3gaer ee 1AOJOH, KOTOPHII MOXHO MCIMONBb3OBaTh NMPU CO3NAHMU OGBEKTOB CTPYKTYPHI
(r.e. ee 3k3eMrusipoB). IlepeMeHHbIE, BXOASLUME B CTPYKTYPY, Ha3biBAalOTCS €€ 4ieHamu
{(members). (UneHbt CTPYKTYPhl YACTO HA3BIBAIOT TAKXKE €€ 3AeMeHmamy VI HOAAMU.)

Kak npaBuno, Bce WieHbl CTPYKTYPbl JIOTMYECKHM CBsi3aHbl Jpyr ¢ apyroM. Hampumep,
MMS U aipec B CIIMCKE PAacCbUIKM €CTECTBEHHO MPEACTABISATh B BUAE CTPYKTyphl. Cleayio-
uMid ¢GparMeHT NporpaMMbl IEMOHCTPUPYET, Kak OOBSIBASETCS CTPYKTypa. cocTosiuias U3
noseit, B KOTOpBIX XpaHATcs UMeHa U aapeca. Kiiouepoe CloBo struct coobluaeT KOMMU-
JIATOpY, UTO OOBLABISIETCS UMEHHO CTPYKTYpa.

struct addr
{
char name[30];
char street[40];
char city[20];
char state[3];
unsigned long int zip:;
};

ObparuTe BHUMaNHUE Ha TO, YTO OODBABICHUE 3aBEpLUACTCS TOYKOIt € 3amAToil. JTO He-
06X0IMMO, NMOCKONbKY OOBSIBIEHME CTPYKTYpHI SIBsieTCs omeparopoM. JlaHHas crpykrypa
uMeeT TUN addr. TakuM obpa3oMm, TUN addr MICHTHGHUMPYET KOHKDPETHYIO CTPYKTYPY
IaHHBIX U SBISACTCS €¢ cretrpUKaToOpoM.

B npuBeneHHOM Bbille (pparMEHTe ewe He co30aHa Hu oOna nepemennas. B Hem nuuip
onpefesicH COCTABHOW THUM AaHHEBIX, @ HE caMa nepeMeHnHas. Ui Toro yrobul BO3HUKIA pe-
a/ibHasA NMEepeMeHHasl NIaHHOTO TUMA, €e HYXHO O0OBABUTH OTaeNbHO. B sA3pike C mepeMeHHas
TUNa addr (T.c. PU3MYECKUIT OOBEKT B MaMsATH KOMIbIOTEPA) CO3AAETCS OIEPATOPOM

I struct addr addr_info;
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3nech o6bABngeTcS mepeMeHHas TUNa addr ¢ UMeHeM addr_info. B a3bike C++ MOXHO
HCTIONB30BaTh 60Jice KOPOTKYIO (OPMY 3amnmUCH.

} 2ddr addr_info;

Kak BUIMM, KIIOYEBOE CJIOBO stxuct 31eCh He noHanobuiock. B s3pike C++ nmpuHATO mpa-
BUJIO: MOCHC OOBLABACHUS CTPYKTYphl MEPEMEHHBIE 3TOTO THIMA MOXHO OObSBIATH, YKa3biBas
JULIB UX TUN, U CTABUTH MEPE] HUM KIIOYCBOE CITOBO struct 1ie obsizarenbHo. [1puynHa 3a-
KJIIOYAeTCsl B TOM, 4TO B s3bike C MMSI CTPYKTYpBI HE onpemenser nonHoe ums tuna. Maxktu-
yeckH B cTaHAapTe A3bika C UMs CTPYKTYpHI cuMTaetcs deckpunmopom (tag). B 1o xe Bpems B
si3bike C++ MMS CTPYKTYpBI MOJHOCTBIO OMPEAESET €€ THIT, TO3TOMY €0 MOXHO MCTOJIb30BaTh
TIPHM OMpPEACNCIIMK nepeMeHHbIX. OHAaKO CNCAYET UMETb B BUIY, YTO CTWIb OOBABICHUS CTPYK-
TYPHI BIIOJHE JIOMYCTUM B MporpamMmax na s3wike C+-+. ITockoibKy nporpaMMbl, PUBEACHHLIE
ByacTH 1, COOTBETCTBYIOT CTaHaapTaM OOOMX S3bIKOB, Mbl HCIOJNb3yeM CMoco0, MPUHSTBIN
B a3bike C. Ipocto noMuuTe, uTo B s3bIKe C++ cyiiectByer 6osee KOpoTKas ¢opMa 3armcH.

Tlocne obbsiBncins nepeMeHIION, npeactasasiomeil coboit cTpykTypy (Hanpumep, rne-
peMeHHON addr_inf), KOMIUIATOP aBTOMAaTHYECKH BLLIEJISACT MaMsATh LIS ee wieHoB. Ha
puc. 7.1 nmokasana cxema pasMelEHUsl B MaMATH nepeMeHHOH addr_info ¢ yYETOM TOIO.
YTO CUMBONBI 3aHUMaloT 1 6aifT, a uenbic yucna — 4.

®amunma 30 6aittos

Ynnua 40 6airToB

lopoa 20 6ainToB

tWrar 3 6aitta

MoyToBLIA 4 6aiiTa
NHAOEKC

Puc. 7.1. Cxema pacnonoxcenus cmpykmypoi addr._info 6 namamu

OIHOBPEMCHHO C ONPEACIEHUEM CTPYKTYPbI MOXHO OOBSABUTb HECKOJIBKO €€ 3K3EMIUIS-
pos. HanpuMep, B onepartope

struct addr {
char name[30];
char street[40];
char city[20];
char state[3];
unsigned long int zip;
} addr_info, binfo, cinfo;
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OMNpeaensicTCsl CTpyKTypa addr U oOBbABIAOTCA nepeMeHHbie addr_info, binfo U cinfo, sIB-
TsIIoLMecs e 3k3eMruigpaMu. BaxHo MOHMMAaTh, YTo Kaxabhil 9K3EMIUISIP CTPYKTYPbl COOCPXUT
CBOM COOCTBEHIILIC KOMUM WICHOB CTPYKTYphl. Hanpumep, none zip B 00bekTe binfo OTMya-
CTCsl OT MO zip, NpUHALIEXALIero nepeMeHHON cinfo. Takum 06pa3oM HW3IMEHCHUs MOJsi
zip. OTHOCALLCTOCH K OOBEKTY binfo. HUKaK HE MOBIUSIOT Ha NMOJE zip B NCPEMEHHON cinfo.

Ecnu B nmporpaMMe HYXCH JHLLIBb OJMH 3K3EMIUISP CTPYKTYpHl, €€ UMS YKa3biBaTb HE
obsi3areabHo. Muaye roropsi, oneparop

struct {
char name[30];
char street[40];
char city[20];
char state[3];
unsigned long int zip;
} addr_info;

0OBABISAET OAHY MEPECMEHHYIO ¢ UMeHEM addr_info, NpeacTaBIsalouIylo coboit 3K3eMmnnsp
CTPYKTYpPHI, ONPCACTICHHON BHILIE.
OO0ObABNEHHE CTPYKTYPbI UMEET CEAYIOIMI 06t B1a.

stxuct urma_muna_cmpykmypsl {
mun uMa_uyneHa,
NN UMS_4A€EHa;
mun Uvs_uleHda,

} umena_sxsem naApos,

30€Ch umA_muna_cmpykmypel I UMEHA_3K3eMRAAP06 MOXHO HE yKa3blBaTb, NpaBia, HE OJ-
HOBPEMEHHO.

JocTyn K unesam CTPYKTypbl

JlocTyn k oTAcnbHBIM WieHaM CTPYKTypsl 0becrneynBaeTcs onepatopoM “.” (0O6bIYHO ero
Ha3bIBAIOT onepamopoM “mouxa” WM onepamopom docmyna K 4aery cmpykmyper). Hampu-
Mep, B ciaeldyiolleM ¢dhparMeHTe NporpaMMbl MO0 zip CTPYKTYphl addr_info, OOBABICH-
HOH paHee, MPUCBANBAETCS MOUTOBLIN MHAEKC 12345,

§ 2ddr_info.zip = 12345;
HmMs aK3eMmisipa CTPYKTYPbl YKa3blBaeTcs NMEpel TOYKOM, a UMS YlieHa CTPYKTYPH — TOCIIe
11+ Oncpartop, NpeaoCTaBASIOIMK JOCTYI K YIEHY CTPYKTYPhl, UMEET CJICAYIOLIHI BUAI:

UM _IKICMIAAPA . UMSI_4NE€HA

TaknM 06pa3zom, uTOObl BHIBECTH Ha 3KPaH MHAEKC, HYXHO BBIMOJHUTD CJIECAYIOLLIMIA
oneparop:

J printf("%d", addr_info.zip);

B pesynbTaTe Ha 3KpaHe MOSBUTCS MOYTOBBLII MHAEKC, cojepxaiuiicsas B none zip rnepe-
MCHHOI addr_info.

AHAJIOTHYHO CHUMBOJIBHBII MacCUB addr_info.name MOXHC MCIO/Ib30BaTh MPH BbI3OBE
(dYHKUMHU gets().

§ gets(addr_info.name) ;

B 3ToM onepatope GYHKUMHM gets () IMEpenacTcs yKasarejb THMAa char * Ha Hayalo
MaccHBa name.
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TMockonbKy nepeMeHHas name MNMpEACTaBAsieT OO0 CHMBOIBHBI MacCHB, AOCTYN k OT-
IeNbHBIM CUMBOJIaM CTpOKM addr_info.name MOXHO NOAYYUTH C MOMOLIBIO Oneparopa
MHackcupoBaHus., Hanpumep, B cacayiouleM ¢parMeHTe nporpaMMbl COAEPXHMMOE CTPOkI
addr_info.name INOCHMBOJIBHO BLIBOOUTCS HA 3KpaH.

register int t;

for(t=0; addr_info.name[t]; ++t)
putchar(addr_info.name[t]);

MNpucsaneaHme CTPYKTYp

Mudopmaumio, conepxaliyiocss B OIHOH CTPYKTYpe, MOXHO NMPUCBaWBaTh APYrOH CTPYK-
Type TOro Xe THNa, UCIoNb3yss oObIuliblil onepaTop npucsanauus. Miiaue rosops, HeT 1u-
KaKoil HeO6XOIMMOCTH TPUCBAUBATh KAX/blil WICH OTIENLI0. PACCMOTPUM MPOrpaMMy, Wi-
JIOCTPUPYIOLIYIO TPUMEHEHUE ONepaTopa NPUCBAUBAHUSA K CTPYKTYpaM.

#include <stdio.h>

int main(void)
{
struct {
int a;
int b;
} x, v;

x.a = 10;
Y = X; /* llpucBamMBaHme OIHOM CTPYKTYpHl IpyTroi */
printf(*%d", y.a);

return 0;

}

ITocne BHINMONHEHUS OrnepaTopa NMPUCBAUBAaHUS YJieH y.a Oyner conepxars uucio 10.

| MaccuBbl CTPYKTYp

Yaie BCEro CTPYKTYPbl UCIONB3YIOTCS KaK 3JICMEHTHt MacCHBOB. i TOro YyToObl 06Bs-
BUTb MaccHUB CTPYKTyp, HCODXOOMMO CHayana Onpenenuts CTPYKTypy U OOBABUTH MAacCHB
MEpPEMEHHEIX 3TOro TMna. Hanpumep, uTobbl OOBLSIBUTH MAacCCHMB CTPYKTYP, COCTOSILUMIA M3
100 anemeHTOB THIA addr, HEOOXOAUMO BHHTOJIHUTE OMNEPATOP

] struct addr addr_info[100]:

OH co3naeT Habop, coctoswuil U3 100 mepeMeHHBIX, NPEeACTABASIOUIMX COO0H CTPYKTY-
pbl TUMNa addr.

Jlnst Toro yrobbl MONYYHUTH AOCTYN K KOHKDPETHOI CTPYKTYpeE, HEOOXOAMMO yKa3aTb €e
mHaekc. HanpuMep, 4ToGbl BBIBECTH Ha 3KpaH MOYTOBBIM MHOEKC, XpaHSUIMIACS B TpEThCH
CTPYKTYPE, CIEAYET HAMUCATh CJAEAYIOLMIT oneparop:

J printf("%d", addr_infol[2].zip);

Kak Bo BCcex MaccHuBax, HyMEpaluusa 3JIEMEHTOB MacCuBa CTPYKTYP HaYHHAECTCHA C HYJIS.
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| Mepenaya cTPyKTYp PyHKLMAM

B 3TOM pasnene pacCMaTpuBalOTCS BOIMPOCHE, CBS3aHHBIE C NEpegavyeil CTPYKTyp M MX
YneHOB QYIKLHUAM.

Nepepaya 4neHoB CTPYKTYp

Ecnu B GYyHKUMIO NepelaeTcsd YNEH CTPYKTYPbI, Ha caMOM JiEjic TIEPEaaeTcs NULIb KOMUs
ero 3uaycHus. CneioBaTeNIbHO, B 3TOM OTHOLLUEHUH YIEH CTPYKTYPbl HHYEM HE OTJIMYAECTCS
OT OOBIYHOI MepeMEHHOM (Pa3yMEeTCs], €C/IM OH CaM HE SBJISETCH COCTABHBIM 3JIEMEHTOM,
narnpuMep MacCHBOM). PacCMOTPUM CJIEAYIOLIYIO CTPYKTYPY.

struct fred
{
char x;
int y:
float z;
char s[10];
} mike;

BoT xak ce uneHbl nepenalores GyHKUMSIM.,

func (mike.x) ; /* llepenaeTcsi CUMMBOJN X */

func2 (mike.y); /* llepenaercs uesoe umucjyo y */

func3 (mike.z) ; /* llepenaeTcs 4YMCIO C niuaBawpweln TOYKON z */
func4d (mike.s) ; /* TepenaerTcs agpec CTPOkU s */
func(mike.s[2]); /* llepenaercs cumBon s{2] */

Ecin HeoBxonmMmo nepenarb adpec OTAENIBHOTO YjieHa CTPYKTYPhl, CIEAYET yKa3aThb OIe-
paTop & nepell MMeHeM CTpYKTypbi. Hampumep, 4to6nl nepenarh ajgpeca YieHOB CTPYKTYpbl
mike, HYXXKHO BHINOJIHUTD CJICAYIOLLHE OMEPATOPHL.

func (&mike.x) ; /* llepenaeTcs agpec cuMMBONla X */

func2 (&mike.y); /* llepepnaeTcs agpec UeJoTro uucna y */

func3 (&mike. z); /* llepenaeTcs agpec uYMucra C NlaBawwmer TOUKOM z */
func4 (mike.s) ; /* llepenaeTcss ampec CTpPOkKM S */
func(&mike.s[2]); /* llepenaercs anpec cumBona s[2] */

O6paTUTe BHUMaHHE Ha TO, YTO ONEPATOP & CTOMT repel UMEHEM CTPYKTYPEI, a HE Me-
ped MMCHaMM €€ OTAENBbHBIX ‘WICHOB. KpoMe TOro, uMs CTpoKM s UM TakK SABJISCTCS alpecoM,
NO3TOMY YKa3biBaTh nepen Heil CUMBOJ & HE CNCAYET.

MNepepaya uenbix CTPYKTYp

Ecnu cTpykTypa siBAsieTcs apryMeHTOM (QYHKUMM, OHa nepepaeTcs nmo 3HadeHuo. Ecre-
CTBEHHO, 3TO 3HAYMT, YTO BCE M3MEHEHHUS CTPYKTYPBE, NMPOMCXOILINE BHYTPH (DYHKUMH,
HUKAK HE OTPa3aTCs Ha CTPYKTYpe, ABIAIOUIEHCS e€ (PaKTUYECKHM apryMEHTOM.

YyTUTE, YTO B 3TOM CJIyyae TMN apryMeHTa OOIKEH COBrnajuarb ¢ TMMoM mapamerpa. Ha-
NpUMEp, B CIEMYIOLLEH NMPOrpaMMe apryMeHT arg M MapaMeTp parm UMEIOT OMHAKOBBIN THIT.

#include <stdio.h>

/* OnpepnesnsieM TUN CTPYKTYPH. */
struct struct_type {

int a, b;

char ch;

} o
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void fl(struct struct_type parm);
int main(void)
{ struct struct_type arg;

arg.a = 1000;

fl(arg);

return 0;

}

void f1(struct struct_type parm)
{
printf("%d", parm.a);

Kak BuauM, ecnu mapameTpbl B GYHKUMHM OGBABIEHBI KaK CTPYKTYPBl, OOBSBICHHE MX
THMA HOJDKHO ObITh rI06aTbHBIM, YTOOH BCE YacTH MpOrpaMMbl MOTJIM HCIOJIb30OBATb UX MO
HasHayeHu1o. Hanpumep, echim Obl CTPYKTypa struct_type Obula OGDbsSBIIEHAa BHYTPH

GYHKUMK main(), oHa 6buta Obl HEBUAMMOI B hyHKUMHK £1().

Kak yxe ykasbiBajoch, NMpH Mepefaye CTPYKTYp THUIT apryMEHTOB [OJDKEH COBMaJaTh
¢ THNoM napameTpoB. OHM OO/KHB GBITH He MPOCTO MOXOXHM, a MAeHTHMYHbl. Hanpumep,
CIeAyIOLIMI BapMaHT Mpeabinylieil MporpaMMel sBasgeTcs HENMpPaBUJIbHBIM U HE OyIET CKOM-
MUAUPOBAH, MMOCKONIBKY THIT apryMeHTa, YKasaHHHiil npy Bbi3oBe GYHKUMHK £1(), OTIMYAET-

CA OT TUIIA €€ napaMeTpa.

/* 3rTa nporpaMMa HeBepHa U He OyIdeT CKOMIMIIMpOBAaHAa.

#include <stdio.h>

/* OnpegnenseM TN CTPYKTYpHl. */
struct struct_type {

int a, b:

char ch;

} o

/* OnpegnernisemM Tum, MOOXOXMIl Ha struct_type,
HO uMeloumi gpyroe mms. */
struct struct_type2 {
int a, b;
char ch;

Y}

void f1(struct struct_type2 parm);
int main(void)

{ struct struct_type arg;

arg.a = 1000;

fl(arg); /* HecoBnaze:Hme TuUNOBE */
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return 0;

}

void f1(struct struct_type2 parm)
{

printf(*%d", parm.a); -
}

[ YKasatenu Ha CTPYKTYpbI

B sa3sike C/C++ Ha CTpyKTYypbt MOXHO CCHINAaThCs TOYHO TaK Xe, Kak M Ha moboit
Ipyroit TMm paHubeiX. OIHAaKO yKa3aTelu Ha CTPYKTYPbl UMEIOT HECKONIBKO 0COBCHHOCTEI.

OObsiBneHue ykasarteneii Ha CTPYKTyphl

Ykasatenu Ha CTPYKTYpbl OOBSBISIIOTCSA C MOMOLLBIO CUMBOJIA *, CTOSLUErC Mepen UMe-
HEM 3K3eMIuigpa CTpyktypel. HanpuMep, ykazatenp addr_pointer Ha CTpyKTypy addr
OOBbABNAETCS TaK:

J struct addr *addr_pointer;

Yurute, uto B s13pike C++ mepen 3TMM 06bsBIeHHEM He 0693aTeNIbHO YKa3blBATh KIIOUEBOE
CJIOBO struct.

Ucnonb3oBaHue yka3atenei Ha CTPYKTYpbl

YKazaTenu Ha CTPYKTYyPbl MCITOJIb3YIOTCS B ABYX CUTYauusix: IS TEpenaydl CTPYKTYphl
B (PYHKUMIO IO CCHUIKE M IS CO3ZAHUS CTPYKTYP OaHHBIX, OCHOBAHHBIX HA JTMHAMUYECKOM
pacrnpeesieHU NMaMsiTh (HanpuMep, CBSI3aHHBIX CIUMCKOB). B 3Toil rmage Mbl paccMOTpHUM
JIMLLb MEPBOE U3 STUX MPUMEHEHHI.

IMepenaua CTPYKTYp B KayeCTBE apryMeHTOB ¢YHKLMM MMEET OJMH CYLUECTBEHHBII He-
IOCTATOK: B CTeK (DYHKUMH TMPUXOOMTCH KOMUPOBATh LIENYI0 CTpykTypy. (HamomuuM, uro
apryMeHTHE, NnepeaaBacMbie MO 3HAYEHUIO, KOMUPYIOTCS B CTeK.) EciM ¢TpyKTypa HeBenuKa,
IOMOJIHUTENIBHBIE 3aTpaTel MaMATH OyoyT oTHOCHUTeNnbHO HeGonblumu. OmHakKo, eciu
CTPYKTYypa COCTOUT U3 GONBLLIOTO KOJIMYECTBA YWIEHOB WIIM €€ wieHaMM SBASIOTCS Gonplive
MACCHBBI, 3aTPaThl PECYPCOB MOTYT OKa3aThCs YPe3MEPHBIMU. DTOTO MOXHO M36eXaTh, €Clu
nepenaBarbh (PyHKUMH HE caMM CTPYKTYPHI, a JIMLb yKa3aTeNlM Ha HUX.

Ecnu ¢yHkuMH nepepaercsl ykasaresib Ha CTpYKTYPY, B CTEK 3aTaJKMBAETCs TOJIBKO €€ al-
pec. B pesynbrare Bbi30Bbl (DYHKUMM BHINOTHSIOTCA HaMHOro Grictpee. Bropoe nmpemmyiiect-
BO. KOTOpOE MNpOSIBASETCS B HEKOTOPBIX CIyyasx, 3ak/oyacTC B TOM, YTO, MOJYy4YMB ajpec,
(QYHKUMS MOXCT MOIM(MULIMPOBATb CTPYKTYPY, SBISAIOLYIOCS €€ (hakTHYeCKUM MapaMETpOM.

Insi Toro ytobbl ONpeeNnuTh alpec CTPYKTYPBI, IOCTATOYHO NMOMECTHTb MeEpei €€ MMe-
HeM onepatop & PaccMoTrpuM ciefytolmit pparMeHT nporpaMMet.

struct bal {
float balance;
char name[80];
} person;

struct bal *p; /* CosnaeMm ykasaTenb Ha CTPYKTYpy */
Tenepb onepartop
] p = &person:

NMpPUCBaMBAET yKa3aTeJio p aapec CTPYKTYPH! person.
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st Toro yToOBl OOpaTUTBLCS K 3JIEMEHTY CTPYKTYpbl Y€pe3 yKasaTc/ib Ha HCe, HYXHO
NPpUMCHHUTL orncpatop “->”. HanpuMcp, BOT Kak BHITISIAMT CChijIKa Ha nosne balance:
J p—>balance
Oneparop “->” oOOHYHO HA3BIBAIOT onepamopom “cmpenxa” (MW onepamopom CCblaku Ha
yner cmpykmypst. — Ilpu. ped.). Ou coctouT U3 cumBonos “-" ¥ “>". Ecnu noctyn K wieny
CTPYKTYpPbl OCYLLUCCTBJISIETCS] HC HCIIOCPCACTBEHHO, @ C MOMOLUBIO yKa3arcssi, BMCCTO Oncpa-

€ »

Topa “.” NMpUMEHsETCcs oneparop “->".

IpowsntocTpypyeM NPUMCHCHHE YKa3aTesisl Ha CTPYKTYpY CJELYIOLICHl NpOorpaMMoil, Ko-
TOpasi BBIBOAMT Ha 3KpaH Yacbl, MUMYTbI U CEKYHIH, UCITONb3ysl CUCTCMIIBII TaitMep.

/* OrobpaxeHue CUCTEMHOTO TanmMepa. */
#include <stdio.h>

#define DELAY 128000

struct my_time {
int hours;
int minutes;
int seconds;

Yo

void display(struct my_time *t);
void update(struct my_time *t);
void delay(void);

int main(void)
{

struct my_time systime;

systime.hours = 0;

systime.minutes = 0;
systime.seconds = 0;
for(;;) {
update (&systime) ;
display (&systime) ;
}
return 0O;

}

void update(struct my_time *t)
{
t->seconds++;
if(t->seconds==60) {
t->seconds = 0O;
t->minutes++;

}

if (t->minutes==60) {
t->minutes = 0;
t->hours++;

}

if (t->hours==24) t->hours = 0;
delay();
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void display(struct my_ time *t)
{

printf (*%$02d4:", t->hours);
printf (*%02d:", t->minutes);
printf (*"%$02d\n", t->seconds);

}

void delay(void)

{
long int t;

/* change this as needed */
for(t=1; t<DELAY; ++t) ;
}

JInst HaCTpOMKK 3TOI NpOrpaMMbl MOXHO M3MCHUTDL OfNpeac/ieHUe KOIICTAaHThl DELAY.

Kak BuauM, B nporpaMme onpenejeHa rnodanbHas CTPYKTypa my_time, HO He OOBsIB-
JieHa nepeMeHHast 3Toro Tvna. B ¢GbyHKUMM main() oObsABIEHA CTPYKTYpa systime, MHH-
LMaNTU3WPpOBaHHasl 3HAYCHWEM 00:00:30. DTO 3HAYMT, UYTO CTPYKTYpa systime JOCTYNHa
TONBKO BHYTPH (pYHKUMH main().

DyHKUMA update (), H3MeHsIOLIAs BpCMsi, U PyHKUMs display (), BbiBOAsLIAs €ro Ha
3Kpan, MoAy4yaloT aApec CTPYKTYphl systime. ApryMeHT oOcux (GyHKUME siBAsSieTCsA yKasa-
TENEM Ha CTPYKTYpY my_time.

B ¢dyHkuMsx update() u display () JOCTYI K KaKIOMY WieHy CTPYKTYPhl systime Ocy-
LiecTBisieTcsl yepes ykasateib. ITockonbky (hyHkiMs update () MOMyYaeT yKa3aTe/b HA CTPYKTY-
py systime, OHa MOXeT M3MEHSATH ee 3HauciiMe. Hanpumep, ytobwl cOpocuth Taiimep Ha 0 no
noctuxeHUHM MoMenTa BpemeHH 24:00:00, B hyHKUMY update () NpeaycMOTPEH OfepaTop

J if(t->hours==24) t->hours = 0;

BTOT onepaTop BBIHYXIAET KOMIMIITOP W3BJeYb aapec, XpaHsilIMitcsl B VKa3aTene t, CChl-

JIAIOLIEMCsl HA CTPYKTYPY systime B (byHKUMM main(), ¥ IPUCBOMTL WICHY hours 3HaucHue (.
INoMHuTe, uTO Oneparop “.” MCNONBL3yeTCs JUIsl HEMOCPEACTBEHIIONO O0pallCHKUS K WicHaM

CTPYKTYpHI. & oflepaTop “->" — ISl OCTYNa K WieHaM CTPYKTYPH Yepe3 yKas3aTcib Ha HCC.

—| Maceueni CTPYKTYPbl BHYTPU CTPYKTYP

YneHamMM CTPYKTYpbl MOIYT OBITb KaK MPOCThIiE, TRK U COCTaBIbIC NepeMcHIIbIC. [lpocmbimu
YWICHAMM CTPYKTYp HA3BIBAIOTCS! IEPEMEHIIBIE, UMCIOLLIME BCTPOEHHbII THI, HANpUMep, LIC/bie
yucna unyM cuMBosibl. C OfHOM K3 pa3nOBUAHOCTCH arperMpOBaHHBIX 3JIEMCHTOB Mbl yXe
BCTpPEYANKCh, KUCIONb3ysl MacCUB CHMMBOJIOB B CTpYKTypc addr. JIpyrMM arpcrvpoBalllibiM
TUIIOM J@HHBIX MOT'YT OBITb OJHOMEPHBIE U MHOTOMCPHBIE MACCUBBI, a4 TAKXKC CTPYKTYPHI.

YneH CTPYKTYypbl, NpeacTaBasiiolnii coboit Maccus, obpabaTheiBactes, Kak oObiyHO. Pac-
CMOTPHUM CIEAYIOLLYIO CTPYKTYPY.

struct x {
int a[10]1{10]; /* IORyxXMEpHEN MacCuUB LENex uucen */
float b;

} vy

s Toro ytoOb 00paTHUTBCSl K 3EMEHTY, WHAEKCH KOTOpOro paBHH 3 ¥ 7 COOTBETCTBEHHO,
cnenyeT BHINONIMTL ONCPaTop

fy.al3117]
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Eciy uneHOM CTpYKTYpH SIBJISIETCSI Jpyrasi CTpyKTypa, OHa Ha3bIBaeTcsl enoxcenHol. Hanpu-
Mep, CTpYKTypa address BJIOXKEHA B CTPYKTYPY emp:

struct emp {
struct addr address; /* BrnoxeHHas cTpyKkTypa */
float wage;

} worker;

31ech CTpYKTYpa emp MMeeT ABa WicHa. IlepBbiM M3 HUX SBASIETCA CTPYKTypa THna addr,
copepxaulasi aapec COTpyaHMKa. JIpyrvM 4WielioM siBisieTcs fepeMcliHas wage, B KOTOPOH
3anucaH Okian cotpyaHuka. CneaywouMit ¢gparMeHT MMpOrpaMMbl NMPUCBavBaeT 3JIEMEHTY
zip CTPYKTYpH address MOTOBHI HILAEKC 93456.

J worker.address.zip = 93456;

Kak BUAMM, WIEHH K2KIOHW CTPYKTYpbl YKa3bIBAIOTCS C/ieBa HAIpaBo B COOTBETCTBUM C INy-
OuHoit BOXeHHUs (OT BHELLHel — K BHyTpeHHei). B asbike C gonyckaercs no 15 ypoBHeit
pioxeHHusi. B sisbike C++ 3T0 KONMYECTBO yBeJHYEHO 10 256.

_| BuTtoBbie nong

B oTnuyMe OT MHOrMX SI3LIKOB NporpaMmmuposanms, a3pik C/C++ obnanaet BCTpoeHHOM
nonaepKkoit 6umosvix noneii (bit-fields), npepocrapnsOLIMX TOCTYT K OTOEAbHBIM OWTaM.
BbuTOBHIE NONS MOIYT OKa3aTbCs MONE3HBIMU BO MHOTHMX CUTYaIIMSIX.

e Ecau nmamatbh orpaHuyeHa, B OOHOM 0aiiTe MOXHO XpaHWTb HECKOJIBKO JIOTHYECKHX
NepeMEHHbIX, MPUHUMAIOLIIKMX 3HA4YECHHUE true U false.

e Korna B onHoM 6aifte HyxXHO XpaHUTb MH(OPMALIMIO O COCTOSIHWH HEKOTOPBIX YCT-
pOWCTB, 3aKOAUPOBAHHYIO HECKONBKUMH OUTaMU.

e Ecnun windpoBanibHEIM MpoLeaypaM TpeOyeTcst OCTYN K OTACIbHBIM OHTaMm.

XoTs uisi peuleHUsl 3TUX 33J1a4 MOXHO HMCITONb30BaTh NOOUTOBHIE OIEpaTopbl, OUTOBLIE
OISl MO3BOJISIIOT CO3/1aBaTh 0onee MpocThie U 3¢ GHEKTUBHBIC TPOTPAMMEL.

J1s poctyna K otaenbHbIM OMTaM B sidbike C/C++ Mcronb3yercsl METOL, OCHOBAaHHBIA Ha
cTpyKTypax. butoBoe nosie npencrapisier coboit ocodyo pasHOBUAHOCTb WIEHA CTPYKTYDHI, pas-
Mep KOTOpOrc MOXHO yKaskBaTh B OuTax. OnpeneneHye OUTOBOIO Mojisi UMeeT CENyIOLMH BUI

stxruct ums_muna_cmpyxmypsl
{

mun umal :Onuna;,

mun uMA2:0MuHa,

MUn UMA.OMUHQ,
} cnucox_nepemennbix;

3nech crielMHKATOp mun O3Ha4YaeT TUI GUTOBOrO Mo, a mapameTp dauHa — pa3Mep 3TOro Mo-
JIfl, BbIpPAXCHHBIM B OWTax. buToBLIE MOSs, AIMHA KOTOpLIX paBHa 1, NODKHBI ObITh OOBsIBIIEC-
HBI C IMOMOLLBIO CrieU(pHKATOpa unsigned, MOCKOJBbKY OTACIBHBIN OUT HE MOXET MMETb 3HaKa.

BuToBBIE NOJNS YaCTO KCMOMB3YIOT ISl AHATHW3a HHGOPMALIMM, ITOCTYMAIOLIEN OT KaKoro-
nubo yctpoitctBa. Hampumep, 0alT cOCTOsSIHMA NOCNENOBAaTENBHOTO IMOpTa OpTaHM3OBaH
cleayrLumrM o0pasoM.
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Bur CMbics1 ycTaHoBneHHoro bura

M3meHeHve B nuHUY curkana paspelleHus Ha nepepavy (change in clear-to-send line).
M3meHeHue cocTosiHUS TOTOBHOCTU YCTPOWCTBa conpshkenust (change in data-set-ready).
O6HapyxeH koHer| 3anucu (trailing edge detected).

MameHeHve B npuemHon NuHuM (change in receive line).
PazpelueHue Ha nepepnaqy (clear-to-send).

loTosHOCTL K npuemy (data-set-ready).

TenedoHHbIt 3BOHOK (telephone ringing).

Curnan npuHsT (received signal).

NoO O~ WN =0

HMiudopmaunio, 3anucaniiyo B 0aiiTe COCTOSIIIMSA. MOXHO TPCIACTABUTL B BUIE CIELYIO-
wero OUTOBOro NOJNs.

struct status_type {
unsigned delta_cts:
unsigned delta_dsr:
unsigned tr_edge:
unsigned delta_rec:
unsigned cts:
unsigned dsr:
unsigned ring:
unsigned rec_line:

} status;

~e o owe

PR RRR R Re

ﬂ,)’lﬂ TOro yrobbl NMO3BONUTH MporpaMMc OIpeaensiTb, MOXHO JIM IMOCBINIATb UJIK MONVYaTh
JaHHbie, cNCAYET UCITONB30BATh TAKHE ONEpaTOpHLI.

status = get_port_status();
if(status.cts) printf ("MoxHO nocumnaTe") ;
if (status.dsr) printf ("MoxHO NpMHUMATL") ;

Y1o6bl 11IpUCBOUTL OUTOBOMY TOJIO 1IEKOC 3HAYCHHUE, MCTIOJIB3yeTCsl TOT Ke ONepaTop, YTo M
JUTst OOBIMHOrO WicHa CTPYKTYphl. Harpumep, B crenyoiuem (pparMeHTe NporpaMMbl ¢ MOMOLLBIO
ONepaTopoB JOCTYHA K WIEHY CTPYKTYphl U ONEpaTopa NpHCBanBaHKsl OOHYJISIETCA NOJE ring.

J status.ring = 0;

Kak BuauM, mis poctyna K OMTOBOMY MOJIKO Mcnonb3yercs onepatop “.”. OpHako juis
Joctyna K OMTOBOMY MOJIO C MOMOLIBIO YKA3aTeJisl 11a CTPYKTYPY HeOOXOIMMO NMPHUMEHSITD
oneparop “->".

HmMena OMTOBEIM MojsiM jaBarth He OOSA3aTENbHO. JTO MO3BOJMT 00pauliathesl TONBKO
K HYXXHBIM [0JI5IM, UrHOPUPYsl HeHyXHbie. HanmpuMep, ecny Bac MHTEpECYIOT TOJIBKO OUTHI
cts U dsr, CTPYKTYpy status_type MOXHO OObSIBUTH Tak.

struct status_type {
unsigned : 4;
unsigned cts: 1;
unsigned dsr: 1;

} status;

JamoMiMTe: cciv OUTHI, PACITONIOXKEHIIBIE Noce buTa dsr, HE MCMONbL3YIOTCS, YKa3bl-
BaTh UX HE O0S3aTCNBIIO.

B onHoit ¥ ToOil K¢ CTPYKType OOBIYHBIC WiEeHbl CTPYKTYPbl HCHObL3YIOTCS Hapsay ¢ OM-
TOBBIMM NojissMU. HanpuMmep, B CTpyKType

struct emp {
struct addr address;
float pay:
unsigned lay off: 1; /* yBoneH unu paboraer */
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unsigned hourly: 1; /* novyacomas omyara unm okyjan */
unsigned deductions: 3; /* HaNoOIroOBhle BhUETH */

}:

JaHIILIC O COTPYANMKE 3alyUCcaHbl B OOWH 0aiT, B KOTOPOM XpaHWUTCsI CTATYC COTPYIIIMKA,
BU[L €O 3apIUiathl M pasMep HanoroB. Ecnu ©bl 3Ta CTpYKTypa He MCIOb30Baia OMTOBHIE
nonsi, ce pasmep OblT 6bl paseH 3 GaiT.

buToBBIE MONsl HaKJIAAbIBAIOT HEKOTOpHIC orpanuueilivs. Hanpumep, Henb3s nonyyutb
azpec 6uToBOro nonsi. Kpome 1oro, GUTOBBIC 10151 HeJib3s1 OPraHM30BLIBATL B MaccHBbl. bu-
TOBBIC MO HENb3sl oObABMATL craTUdecKMMU. HeBosMoxiio npeayragatb, OynyT v OMTHI
CUMTBIBATLCS CJIEBA HAINPAaBO WK CIpPaBa HAICBO MPH MEPCHOCE HA KOMIIbIOTEP APYroro TH-
na. Bce 31O penaer nporpaMMbl, KCMONB3YIOLIME OWUTOBHIC MMOMS, MaUIMHO3aBUCHMbBIMH.

INoMumo YIOMSAHYTHIX, B pa3liblX ONneEpalKHoOHIIbIX CHCTEMAX 11a OuToBLIE MONSA MOI'YT HaKJa-
AbIBAaTbCA AOMOJIINTCIBHBIC OrPAHHUYCHHMSL.

_ OobeamMHeHus

Obsedunenue — 310 06nacTb MaMsITH, KOTOpasl WCMONB3YeTcsl NSl XpaHEeHUs MEPEMCHHBIX
pasHbix TMNoB. OObCAMHEHHE MO3BONSET MHTEPNPETUPOBATL OIMH W TOT Xe 1abop OMTOB Mo-
pasHoMy. OObsBIEHHE O0BbEAMHCHMST HAMOMHUHAET OObsIBNEHHUE CTPYKTYphl. BoT ero obumit Bua.

union uma_muna_obveourenus
{

MUR UVA_YJena,

nun WMA_NAeHA,

Mun UMA_NAeHa,

} uMeHd_3K3€.um}zpos_o6bedunemm;
Hanpumep:

union u_type
{
int i;
char ch;
};

310 OOBSABICHHUE HE CO3MAET HUKAKKUX NMEpeMCHHBIX. YTOOB! OOBSABMTL 3K3eMIUISIp o0beaM-
HEHMs1, HY>KHO TMOO yKa3aTb €ro UMsl B KOHLE OOBSABICHHS], TUOO MPUMEHUTL OTACNIBHBIN

onepatop obbsiBNeHUs1. PaccMOTpUM npuMep nporpaMMbl Ha si3bike C, B KOTOPOM OOBSIBISI-
€TCs IK3EMIUTSAp cnvt OGbEIMHEHYS u_type.

J union u_type cnvt;

[nsi oObsiBREHUS 3K3eMIUIsSIpa 0OBEIMHEHHS B MporpamMe Ha siseike C++ Mcnonb3yercst
JIMLLb WM$ €ro THUIMA, KJIIOYEBOE CJIOBO union ynotpebnsth He obsizarenbHo. Hanpumep, BOT
Kak OOBABMAETCS MEPEMEHHAsl envt B NporpamMe Ha sizbike C++.

J u_type cnvt;
B s3pike C++ HC 3anpeliacTCsl yKa3blBaTh MEpel 9THM OOBSIBICHUEM KIIOUEBOE CJIOBO un-
ion, 110 3TO W3NMLIIE, TOCKONbKY UMsl OOBEAMHEHHS] NONHOCTBIO OMpEAeNseT ero THr. B o

xe Bpemsl, B si3bike C uMsi oObEAMHEHHS CYMTAETCS] IECKPUIITOPOM M MO3TOMY JOJIKHO CO-
NPOBOXAATECS KJIIOYEBBIM CIOBOM union. (Curyaums anaiordyHa oObABICHHMIO CTPYKTY-
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pbl.) Onhako, MOCKONbKY NMporpaMMbl, NMPHUBEACHHEIE B 3TOM pasicie, JOJXIibl ObiTh npa-
BWIbIIBIMH B OBOMX SI3bIKAX, Mbl MIPUACPXKUBACMCSI CTWIS, NPUHSTOro B sidbike C.

B nepeMenHOM cnvt uwenoyucaelniasg nepeMcHHas i M CUMBOJIbHAsi mepeMeHHasi ch
XpalsaTcs B o0HOM M Toi xe obnacty namstd. Pazymeercs, nepemcinias i 3aHumaet 2 0ant
(ecnu pa3Mep THMNa int paseH 2 0aliT), a nepcMeHHas ch — Tonbko 1. Ha puc. 7.2 nokasa-
HO, KaKuM 00pa3oM 00e NCpecMEHHBIC MCITONB3YIOT OIHY U Ty Xe obnactb mamsatH. B mobom
MecTe MpOorpaMMbl Ha MCPCMEIIHYIO envt MOXIO CChUIATbCS, CYMTasi, YTO B HCI XpaHUTCH
nubo uenoe yucno, 1mMdo cMMBOJI.

‘//””——__-__—i—__—__—5\‘\\\\x
Bant O Bant 1

N

Puc. 7.2. Tlepemennvie i u ch ucnonvzyrom obsedunerue
cnvt (npednosgeaeincsa, Yo yeaoe YUcio 3anumaem 2 baiim)

TIpy O6BABIEHUHM 3IK3CMIUIAPA OOBCAMHENHsS] KOMIUISTOp ABTOMATHYECKH BBIIENSCT
MaMsTh, JOCTATOUHYIO [UISl XpaHEeHUs1 HauOonblicro yneira odpenuHelins. Hanpumep, ecnu
CYHUTATh, YTO LIEJIblE YKCNa 3aHUMaloT 2 GaifT, pasmep rnepeMeHHoO! cnvt pasen 2 Oaitt, 1o-
TOMY YTO B Hell JJOJDKHA XpaHUTBHCS LIEJIOYMCIeHIasi nepcMeHHasi i, xoTs repcMcHHas ch
3aHMMaeT TOJIbLKO OMH OaiT.

Jns poctyna Kk wieHaM OOBbENMIIEHUS HUCMONL3YIOTCA TC XK€ CHMHTAKCUYECKUE KOHCTPYK-
LMK, YTO W JUisl JIOCTYMA K YJIEHAM CTPYKTYpPbI: oneparopbl “.” u “->”. lns uHenocpeact-
BEHHOro obpauleHUs1 K 4ieHaM OObeIMHEHUs mpuMensicTcsl onepatop “.”. Ecnu noctyn
K 9K3EMIUBSIpy OObeIMHEHUST OCYLIECTBIISIETCS] YCPE3 YKA3aTelb, UCIOb3YeTcsl oneparop “—”.
Hanpumep, utoOb MpHUCBOMTL 3IeMeNITy i o0beauHenusi cnvt yucno 10, cneayer BbIMON-
HUTDb CIEAYIOUIHI1 ONeEpaTop.

Jcnvt.i = 10;
B cnenyioweM nmpuMepe GyHKLHHU MEpefacTcs yKazaTenb 11a NeEpEMCHHYIO cnvt.

void funcl(union u_type *un)
{
un->i = 10; /* npucBameaeM nepeMeHHom cnvt sxHauenme 10,
UCNoONb3ysS GyHKUMID */

OO0beIUHEHHUs] YacTO WCIONB3YIOTCS Ui CHEeLMaIbHOIO Npeobpa3oBaHUs TUIOB, MOCKONb-
KY K XpaHsiluuMcsl B 00beAMHEHHUH JaHIIBIM MOXHO o0palluathest pasiibiMM criocobamu. Harnpu-
Mep, 00bemMHEHUE MOXHO MCIOJIb30BaTh UI MallUinynsauuy Gaiitamy, o6pasyioliuMy 3HaYECHHUE
THna double, HAPUMEP, U3MEHSITb €r0 TOYHOCTb WIK BBIMOMHSITL HEOOBIYHBIE OKPYITIEHMS.

Y100 NONYUYHTH NMPEACTABAEHHUE O MOAE3HOCTH OOBEAMICHHUI NTpY HECTAHAAPTHHIX Mpe-
obpa3oBaHUsIX THIOB, JOMYCTUM, YTO HaM HYXHO 3amucath B aiin 3HauyeHHC NepeMeHIIoN,
vMetolueit TMn short int. B a3wike C/C++ net gpyHkUMH, NMpeaHa3iaueHHoN uis 3anucH
B ¢aiin mepeMeHHOM TUna short int. PasymMcecrcsa, nonb3ysack ¢yiikuuveid fwrite(),
MOXHO 3anucarh B ¢aiin 3iaueHus 1odoro THUMa, Ho LIS 3HAYCHWM TUNa short int 312
QyHKUus Kpaithe HeapdexkTHBHA. OnHaKo, UCob3ys O00beJMHEHNe, MOXHO JIETKO HANu-
catb QYHKLKIO putw(), 3aMKCHIBAOLLYIO B (ailn ABOMYIIOC MPCACTABICHUE 3HAYCHUS THUIA
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short int 0alT 3a GaittoM. (Ilpr 3TOM cyMTaeTcs, YTO LIEIOE YHUCNIO 3aHKUMaeET aBa Oaiita )
Y100BI MOHSTH, KaK 3TO MNPOMCXOAWT, CHayana co3JafuM OObeAMHEHME, COCTOSILIEE U3 Me-
peMeHHO# Tuna short int U ABYX0aHTOBOro CMMBOJIBHOrO MaccHBa

union pw {
short int 1;
char ch{2];
}i

Tenepb ucnonb3lyeM 06BEIMHEHUE pw B PYHKLIHUH putw().

#include <stdio.h>

union pw {
short int i;
char ch[2];
}i

int putw(short int num, FILE *fp);

int main(void)

{ FILE *fp;
fp = fopen("test.tmp", "wb+");
putw (1000, fp); /* 3anucuBaem yucyo 1000 kak uenoe */
fclose(fp);

) return 0;

int putw(short int num, FILE *fp)
{

union pw word;
word.i = num;

putc(word.ch[0], £fp); /* 3anucek nNeppoil MNOJNIOBUHE */
return putc(word.ch[1l] f£fp); /* 3anuck BTOPOI MNOJIOBUHE */

HecMoTtpst Ha TO YTO (DYHKLUMSI putw() BbI3LIBAETCS € LIEJIOUMCICHHBIM apryMEHTOM,
oHa 6e3 nmpobyieM BBI3BIBAET CTAHAAPTHYIO (PYHKIIMIO putc () sl MOCAEAOBATENbHOM 3aru-
cH B (aiin 0aifToB, U3 KOTOPLIX COCTOUT LIEJIOE YHCIIO.

H B sasbike C++ npedycmompeH 0cobbili eud obbeduHerutll, Ha3bieaeMbiX 6e3bLIMSAHHbI-
A 3aMETKY }  py (anonimous). Onu 06cywdatomes 60 emopoii 4acmu KHUEL.,

Mepeyucnexus

Tlepeuucaenue (enumeration) npeactasiseT coboit HAOOp MMEHOBAHHBIX LEIOYUCACHHBIX
KOHCTaHT, 3aJal0LIKX BCe AONMYCTHMBIE 3HAYeHUs] nepeMeHHoit nanHoro tvna. Ilepeumncne-
HUSl 4acTO BCTPEYalOTCsl B MOBCENHEBHOM Xu3HM. Hanpumep, Ha3BaHHWs MOHET, MUMEIOLIMX
xoxaeHue B CHIA, obpa3yloT nepeumcieHue

penny, nickel, dime, quarter, half-dollar, dollar

Inaea 7. CrpyxTypbi, 06L€AMHEHNS, NepesHcnenns U onepatop typedef 167



l'[epcqncneHMe ONpEacnACTCA KaK CTPYKTypa W Ha4YHMHACTCHA C KIOYEBOro CJIOBa enum . Bort
KakK BbIMNAOUT NCPpEeYUCICHHC!

enum MUn_Hepeyucenus { CnUCOK_KOHCMawm} CrUCOK_NepemMeHHbiX

Tun_nepeyucnenuss Vi CNUCOK_nepemeHnbix yKa3blBaTh HC o6s3atenblio. (OpHako xotsi Ol
OIMH M3 3THX 3JEMCHTOB OODBLABICHHS AOMXEH MPUCYTCTBOBaTh.) Chcaylouinit ¢parMeHT
MPOrpaMMbl ONMpCIENsICT MEPCUHCICIIME C UMCHEM coin.

lenum coin { penny, nickel, dime, quarter, half_dollar, dollar};

Tun ncpeyncieHUs MOXHO MCNONbL30BaTh IS OOBbsABIeHUS niepeMmcHIbIX. B sisbike C
orepaTop, NpUBCACHIIBIA HHUXE, OOBABISIET MCpEeMCIIIIYIO money THIA coin.

] enum coin money;
B sa3bike C++ ncpeMCHHYIO money MOXIIO OOBABUTH € NMOMOLUBIO GoNlee KOPOTKOH 3amnucH:
J coin money:

Kpome toro, B si3bike C++ umsi nepeurcnenns 3agact noiaHbiit Tl B s3bike C oHO siBisi-

€TCS NECKPUIITOPOM, W TMO3TOMY Ui MOMIIOro oObsiBIeHUs 11€00X0NMMO KMCNONb3oBaTh

KJIOUEBOE CNIOBO enum. (CHTyaLMsi aHANOrHYHa OOBSIBIEHHIO CTPYKTYP M OOLEAMIICHMIA.)
Hrak, ykazanubie 1HHUXe ONEPATopHl SIBASIOTCA abCONIOTHO MpaBUIbHBIMH.

money = dime;
if (money==quarter) printf("3T0 uerBeprak.\n");

ImaBHOe B MepeyMcIeHUH TO, YTO Kaxaas KoHcraHta obo3Hauaer nenoe yucno. Cneno-
BaTeJIbHO, UX MOXHO MCIOJIb30BaTh BMCCTO LCIOYMCNEHHBIX MEPEMEHHBIX. 3HAUECHHUE KaX-
JOif KOHCTAITH Ha EIMHHLY MpEBbIlIACT 3Havyenue npeabytyiueit. Ilepsas koHcranta pasHa Q.
TakvM obpa3om, oneparop

J printf("%d %d", penny, dime);

BbIBOJMT 112 3KpaH yKcna 0 2.

3HayeHMsl KOHCTAUT MOXHO 3a4aBaTh C MOMOLIBIO MHULManK3aropa. [ins storo nmocne
MMeHM KOHCTAHTHI CJIEAYET MOCTABUTb 3HAK paBeHCTBa U Lenoe uncno. KoHcrtaHTa, yka-
3aHHas rocjie MIILKAIKW3aTopa, Ha EAWHULY NPEBLIILAET 3HAYEHUE, MPUCBOEHHOE Npebl-
nyueit kolicranute. Hanpumep, B ciaenywouicM dgpparMeHTe nMporpaMMbl KOHCTaHTE quater
npucsauBaetcst 3HayeHue 100.

enum coin { penny, nickel, dime, quarter=100,
half _dollar, dollar};

TCHCpb 3HAYCHMUS KOHCTAHT pacnpenc/iCHbl Tak:

penny 0
nickel 1
dime 2
quarter 100
half_dollar 101
dollar 102

[HKpoko pacnpocTpaHeHO 3ab/1yXACINE, YTO KOHCTAHTHI NEPEYHCICHHUS MOXHO BBOAUTD
M BBIBOOMTL KaK CTPOKM. D10 He Tak. Hanmpumep, ¢parMenTt nporpaMmbl, NpHBEOEHIIBIH
HUKE, padOTaET HENMpaBWILHO.

/* 3Jror ¢parmenT paborark He Oynetr. */
money = dollar;
printf (*%s", money) ;
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3anmoMHHUTE, KOHCTAHTa dollar — 3TO MPOCTO MM LIENOro uMcia, a He crpoka. Ilo 3Tol
KE NPUYKIE CICAYOLIMIA KOO Takke HCBCPCH.

/* HerepHwit xom. */
strcpy (money, "dime"};

WHaue roBops, cTpoKa, coepxkauiasi MMsi KOHCTaHThI, HE MpeoOpa3oBBIBAaCTCsl B CTPOKO-
BYIO MEPEMCHIIYIO aBTOMATHUYECKH.

Co3nath KO, BHINOMHSIOLUIMIT BBOA U BBIBOI MMEH KOHCTaHT IMCPEYMCIICHUS JOBONBHO
CNOXHO DTO CNENYCT AENaTh JUILIb TOMA, KOMIA BbI HE MOXETE JOBONLCTBOBATBCH WX LIENbI-
MH 3HAQuCIIUAMU. HaanMep, B MpOrpaMMc MOXET BO3HMKHYTb HCOGXOIIMMOCTb BBEIBECTH HHa
9KpaH Ha3Balle MOHETDBI, @ HE €€ KOI.

switch(money) {
case penny: printf("penny"):

break;
case nickel: printf('nickel");
break;
case dime: printf("dime");
break;
case quarter: printf("quarter");
break:;
case half _dollar: printf("half_dollar");
break;
case dollar: printf("dollar");

HMuorna mis 310ro MOXHO OOBSIBUTH MAacCHB CTPOK M MCIONb30BaTh KOHCTAHTHI Mepe-
YHUCJACHHUS B KAYECTBE WHACKCA. DTO MO3BOJUT NMpeobpa3oBaTh 3HAUYCIHE KOHCTAHTHI B CTPO-
KY, COIEPXallyIo e¢ WMsl.

char name[] [12]=({
"penny",
'nickel",
"dime",
"quarter",
"half_dollar",
*dollar"
¥
printf ("%s", name[money]);
PasymecTtcs, 3T0T cnoco® MOXHO NMPHUMCHSITh, TOJLKO €CJIM HM OJIHA M3 KOHCTAHT Iepeyuc-
JICHUs1 He Oblla MUMLMATKM3WPOBAHA, IMOCKOJIBKY MAacCHB CTPOK MHACKCHPYETCSl € HyJs,
MpUYEM KaXAbIM CACAYIOUIWI UHIEKC YBENWYHBaeTcs Ha 1.

Kak BMAMM, nepeyrciaeHWsi OIOBOIbHO TPYIHO COENATh HAMNSLAHBIMH, NMO3TOMY OHH OCO-
OeHHO noye3lbl TaM, e Takue npeobpa3oBaHMus 3HaYCHHUIT B MMENa He HyXHbl. B yacTHOCTH,
NepeuMCIeIIMs YacTO MCIONB3YIOTCS B KOMITMIISITOpE MUt CO3MaHusl TabnuLbl CUMBONOB. Kpo-
M€ TOrO, C UX MOMOLLBIO MOXHO BepHUGPHULIMPOBATh NMPOrpaMMbl, MOCKONLKY [EPEYUCICHUSA ra-
PAHTHUPYIOT, YTO NEPEMEHHbIE MOTYT NPHHKUMATh TONBKO MPEANUCAHHBIC 3HAYCHUS.

1 NpumMeHeHue onepartopa sizeof pns o6ecneyeHus
MaLUMHOHEe3aBUCUMOCTH

Bbl MMenu BO3MOXHOCTb YOEAMTHCS, YTO CTPYKTYPH M OOBEIMHCHMSI NMO3BOJSIIOT CO3/1a-
BaTh NMCPEMCHHBIE PAa3HBIX Pa3MEpoB, MpHYEM (akTUYECKHUH pasMep NMEpEMEHHBIX Bapbupy-
eTcs B 3aBUCMMOCTH OT KOMIbloTepa. OnepaTtop sizeof MO3BONSICT BEIYUCIUTD pa3Mep JTio-
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60i1 nepeMeHHON W coenaTh MPOrpaMMmy MallMHOHE3aBUCUMONH. DTOT oneparop OCOBEHHO
noJse3cl npy pabote cO CTpYKTYpaMH U OObeAHHEHUSIMM.

B xone nocsenyowerc U3noxXeHusl Mbl OyneM npennosiaratb, YT0 BCTPOCHHBIC TUITBI JaH-
HBIX UMEIOT CIICAYIOLINE pa3Mephbl. THITMYHBIC VISl MHOIMX KOMIUAATOPOB si3bika C/C++.

Tun Pa3amep B baiitax
char 1
int 4
double 8

TakuMm obpa3oM, ¢dhparMeHT NporpaMmbl, TNMPUBEJCHHBLIM HHXE, BBLIBENET Ha 3KpaH
yucna 1, 4 u 8.

char ch;
int i;
double f£;

printf("%d", sizeof(ch));
printf("%d", sizeof(i));
printf(*%d", sizeof(f));

Pasmep CTpYKTYphl paBeH CyMME pa3MEpOB €€ 4YJIEHOB MIM hpeebiwagem ezo. Pac-
CMOTPHUM TpHUMeEp.

struct s {
char ch;
int i;
double f;
} s_var;

3mech yncno sizeof (s_var) paBHO, Kak MUHUMyM. 13 (8+4+1). OmHako pasmep ne-
PEMCHHOR s_var MOXET ObITH OONbLUE, NMOCKOJbKY KOMINWISITOp MO3BONSICT BHIPAaBHUBATH
CTPYKTYpY IO I'paHuLe cnoBa unu naparpacda. (Ilaparpad — 3to 16 6Gaitr.) Ilockonbky pas-
MEpP CTPYKTYpbl MOXET MPEBHIIATb CYMMY pa3MepoB €€ WIEHOB, MU onpeaesicHus ee ¢ak-
THUYECKOro pa3Mepa BCErna Cneayer NpUMEHSITh onepatop sizeof.

IMockonbky onepatop sizeof sABIseTCs CTATUMECKUM, BCsA HMHboOpMaLMs, HeobxonuMmas
JUIS1 BBIMUCIIEHMST pa3Mepa Jo0oi NepeMEHHOM, CTAHOBUTCS M3BECTHOMN yXXe Ha 3Tare KOM-
MWISILUK. 3TO OCOOEHHO YOOOHO npH paboTe ¢ OOBEAWHCHHUSIMM, MOCKOJABKY UX pa3Mep
BCEIrNa paBeH pa3mepy Haubonbulero yieHa. Paccmorpum npumep.

union u {
char ch;
int i:;
double f£f;
} u_var;

3nech yuciao sizeof (u_var) paBHO 8. Ilpy BHINOAHEHUH MPOrpaMMbl YK€ HE BaXHO,
YTO MMCHHO XpaHWUTCS B OOBEAMHEHUM u_var — TJIaBHOE, UTOOBl pa3Mep OOBbEAMHEHMSI
COBINAnal C pa3sMEpPOM €ro HauboNbLUEro WieHa.

Oneparop typedef

C noMolLbio KJIIOYEBOTO CNIoBa typedef MOXHO OINMpPEAE]HTh HOBOE MMS THIA JAaHHBIX.
HoBeiit THIT IpH 3TOM HE 030aenics, NMPOCTO YXE€ CYHICCTBYIOIMIA THIT NONYYHT HOBOE MMS.
DTO NO3BOJAET MOBLICUTH MALIMHOHE3aBUCUMOCTL nporpaMM. Eciu B nmporpamme ucnosb-
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3yeTcsi MallMHO3aBUCHMbIN TUI, JOCTATOYHO €ro NeperMeHOBaTb, K Hia HOBOM KOMIMbIOTEpE
U1 MoEM(DMKAUMKM TporpaMMbl NPUACTCS WM3MECHWTb JIMIUbL ONHY CTPOKY C ONEpaTopoM
typedef. Kpome Toro, ¢ noMotlblo onepatopa typedef MOXHO NaBaTb TUIIAM OCMBICJIEHHbIE
MMEHA, YTO MOBBILLAET HarjlsiAHOCTb Nporpammbl. OQOLMIA BUA onepaTopa typedef TakoB:

typedef mun Hosoe_ums

3nech 3neMeHT mun 06o3HayaeT J000H JONYCTUMBIIA THII, @ JIEMEHT HO80€_UMsA — TCeBlO-

HUM 3Toro Tuna. HoBoe MMs sBasieTcsl DonoitntesibHbM. OHO He 3aMcHSeT CyLIECTBY1O-
nee uMst Tina.

Hanpumcp. ™in £loat MOXHO NEpPCHMEHOBATH CJIEOVIOIUMM 00pa3oM.
l typedef float balance;

DT0T onepaTop coolliaeT KOMMOWISATOPY, YTO balance — 3TO HOBOC uMs THna float.

Tenepwy B NMporpammMe BMECTO NCPCMCHIILIX THNA £loat MOXIIO UCMOJb30BaThb MEPEMEH-
HbI€ TUIIA balance.

f balance over_due:

3nech rnepeMcHHas over_due gB/ISETCS YMCIOM C njaBaloLleil TOYKOM, HO MMEET THIT bal-

ance, a He float. B cBOW ouepenb, MCNONbL3ys onepatop typedef, TN balance MOXHO
neperMeHoBath etlie pas. HanprMep, oneparop

B typedef balance overdraft;

cool1IaeT KOMNWIATOPY, YTO overdraft — 3TO CMHOHMM CJIOBa balance, KOTOpOE SIBJISI-
eTCst ApYriM nmeHeM Tina float.

Hcnonb3ys onepatop typedef, MOXIO NOBLICUTh HarjisiAHOCTh MPOTpaMMbl M €€ Ma-
LUMHOHE3aBUCUMOCTb, HO HEJIb3st CO3AaTb HOBHI QU3NYECKUIl THIT JaHHBIX.
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B a3bike C++ npeaycMoTpeHO OBE CMCTeMbl BBOAA-BbiBona. IlepBas cucTeMa yHacleno-
BaHa oT g3nika C. BTopasi, 0OBCKTHO-OPUCHTHPOBAHHAS CHCTCMA, MPHUCYLIA TOALKO
a3uiky C++. B 3Toit M crnenytoucii riase Mbl pacCMOTPUM CpPeACTBa BBOJA-BLIBOAA NaHHBIX
B si3bike C. (Cuctemy BBOma-BbiBO#a B sizblke C++ mbl 06cynmm B yactu I1.) Hecmotpsi Ha
TO YTO B HOBHIX MporpaMMax oObIUYlHO MCHOJb3YIOTCA OO6BEKTHO-OPUEHTHPOBAHHBIE CIIOCO-
Obl, cTapbie CpeacTBa BBOAA-BbIBOAA MO-MPCXKHCMY NpHMeHsoTcs wwMpoko. Kpome Toro,
yTOOBI XOpOLIO pa3dbuparbcsi B HOBOIl CUCTEME BBOIA-BLIBOAA, ONpeAcieHHON B g3bike C++,
HeoOXOMMMO NOCKOHAIbHO MOHMMATL, KaK paboTaeT aHajornyHag cuctemMa B s3bike C.

B si3bike C BBOA M BbLIBOJL AaHHbIX OCYLUECTBJSIOTCS € MOMOLUIbIO 6HMbauoTediibix (hyHK-
UMii, KoTopble paboTaloT Kak C KOHCOJIbIO, TaK U € QaitnaMu. C TeXHUYECKON TOUKH 3peHHs
KOHCOJIb M ¢aijibl MAIO OTAUYAIOTCS APYT OT Apyra, HO KOHLUCHOTYalbHO OHU COBCPLIEHHO
pa3uHbie. B 3T0i maBe Mbl MOAPOOHO pacCMOTPUM (PyHKLMH, BHITIOIHSAIONIME BBOA JaHHBIX
C KJIaBMaTypbi W BHIBOA JaHHBIX Ha KOHCOJb. B crenyionicit rmase Mbl obcynuM ¢aitioByto
cucteMy si3bika C M MpoaHaM3KipyeM B3aMMOCBSI3b 06EeHX CHCTEM.

B 3TOil rnaBe onMcaHbl TOALKO KOHCOJBbHbIC (PYHKUHMM BBOAA-BbiBOJA, ONpeNcAcHHBbIE
cTaHzapToM s3bika C++, 32 onHKUM UCKoueHeM. B ctanpapte s3bika C++ 1ie ynoMsiHyTa
HU ollHa (pyHKUMS, YTpaBiasiouas aucrieem (HanpuMep, GyHKUMS yOpaBieHUs] KypCOpOM).
Kpome Toro, B ctaHaapTe HMYEro He CKasaHO O rpaduyeckux (pyHKUMsAX. DTO COBEpLIeHHO
€CTECTBEHHO — Belb YIIOMSIHYTBIE OTE€pallM Ha pa3HblX KOMIbIOTCPax 3HAYMTESIbHO OTIH-
yatotcs apyr ot apyra. Crangoapt C++ cOBeplieHHO MTrHOpHUpyeT (yHKUMH IUIS BLIBOAA
CTPOK OTKDHITHA NHANIOTOBHIX OKOH B crcteMe Windows. BMecTo 3TOro B craHaapTe mpea-
noslaraeTcsd, 4to (hyHKIIMM BBOMA-BLIBOJA BLIMONHSIOT TOJNLKO TeneTainHbii BuiBoa (TT1Y-
output). OnHako GOJBLIMHCTBO KOMOWISTOPOB COAEpXAaT B CBOMX 6HOGAMOTEKaX GyHKIIMM
JUIs. yripaBJieHHsl KOHCOMbIO, a Takke rpaduyeckue (yHKUMH, MpeaHa3HayeiHble IS UC-
MOJb30BaHUSI B KOHKPETHOM OnepauMoHHOi crcteme. Pasymeetcs, Ha sisbike C++ MOXHO
nvcaTh TporpaMMbl, paboTtatouie nop ynpasieiiem cuctembl Windows. Tlpocto cienyet
MMETb B BUIY, YTO crieurduryecKre QyHKUMH, OpHEHTHPOBAaHHBIE Ha KOHKPETHHE Onepa-
UMOHHBIE CHUCTEMBI, CTaHAApTOM si3biKa C++ He npefyCMOTpeHbI.

Bece ¢yHKuMM BBOJA-BBIBOMA, ONpelejieHHbe CTaHAapTOM si3bika C, MCIOJB3YyIOT 3aro-
JIOBOYHBIt ¢aitn stdio.h. B nporpammax, HanMcaHHbIX Ha s3bike C++, MOXHO npuUMe-
HSITh 3aroJIOBOYHBIA Qaiin <cstdio>.

['oBOpsi 0 KOHCONBHBIX (DYHKLMAX, MB HMeeM B BHUAy ¢GyHKUMM A BBONA JaHHBIX
C KJaBuaTyphl U JU1s1 BbIBOAA JaHHBIX Ha 3KpaH. OaHako Ha caMOM aesie 3TH ¢GyHKUMH pa-
60TaloT CO CTaHmapTHBIMK MOTOKaMH, KOTOpbie MOXHO nepeHasHadatb. bojiee Toro, craH-
JNapTHBHIE TTOTOKK MOXHO HarpasisiTh Ha Jpyrue ycTpoictsa (cM. riasy 9).

[ BaxHoe 3amevaHue NpUKNagHOro Xxapakrepa

B nepBoit 4acTH KHUIK Mbl pacCMaTprBaeM CHCTEMY BBOda-BbIBOAA si3biKa C, MOCKONBKY
A3bik C sBIsIeTCS NOAMHOXeCTBOM sisbika C++. Kak yxe ropopmioch, B si3bike C++ onpe-
JIejieHbl  CBOM  COOCTBEHHBbIE, OOBEKTHO-OPMEHTHMPOBAaHHBIE CpENCTBA BBOAA-BBHIBOIA.
B GOJIbIUMHCTBE MPWIOXEHWIT Ha fA3bike C++ yalue Bcero MCnosib3yercss MMEHHO 3Ta CHC-
tema. OnHaKo, YyToObl XOPOLLO TMOHATH OCHOBHI €€ (PYHKUMOHHPOBaHHS, CeayeT ACTATBHO
pa3obpaTbCsa B CUCTEME BBOAA-BLIBOAA si3bika C. [19 3TOr0 €CThb YeThipe NPUUYHHH.

o Korma-uubynbs BaM nMpuaeTcs CTOJKHYTBCS CO CTapbiMM NPOrpaMMaMu, HariCaHHbI-
MU Ha fA3biKe C.

o B obo3pumMoM OyayiueM s3viki C 1 C++ GymyT cocyliiecTBoBarb. MHOrMe mporpaMmi-
CTHl OyIyT nucaThb nporpammsl, ucnoib3ys ruopun C/C++. Kpome Toro, yalle BCero Ha
asbik C++ nepexonsT nporpaMMHCTHI, paHee pa6otasuive Ha C. CrenoBaresibHo, HE00-
XOOMMO 3HaTb CPEACTBA BBOAA-BHIBONA JAHHBIX, MPEIYCMOTPEHHBIE B O0OMX sA3bIKaX.
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e Cucrembl BBOZA-BbiBOLA NaHHLIX B s3bike C n CH++ ocHoBanbl HA OAMHAKOBBIX
NpUHLUWIax.

e B HEKOTOpLIX CUTyaLIMsIX, HAMPUMED, MPH HAIMCAHUW OYEHb KOPOTKUX NPOrpamm,
cpeacTsa Beoda-BuiBoga A3pika C oKa3piBaloTcst MpoLle W HarisaHee, YeEM WX aHa-
Jioru B s3bike C++.

IMoMuMO Beero mpowucro, CyuIcCTBYCT HCNHCAIOE NpaBuiio, Kotopoe miacuT: “Kaxawit npo-
rpaMMUCT Ha s3uike C++ pomkeHn ymeTh nporpaMMupoBaTh Ha s3bike C”. OTcyTCTBUC 3HaIIMIA
O CPCACTBAX BBOAA-BHIBOMA JIAHHBIX B A3biKe C CyxaeT Baill NpodccCHOHANbHbIR KPYro3op.

_| YTenue v 3anucb CUMBONOB

IMpocTefluvMKY  KOHCONBHBIMKA  (YIIKLMAMH BBOZA M BHIBOAA SBJISIOTCS  yNKUWs
getchar (), cUUThHIBalOLIAs CUMBOJ C KJaBuaTypbl, U (pyHKUMS putchar (), BblBOAsiLLAs
CUMBOJ Ha 3Kpail. PyHkuus getchar () oxupaeT HaxaTHsl KJIABMIUM M BO3BpalLIacT ee
3HAUEHHC, KOTOpOE aBTOMATMYCCKU BbIBOOMUTCS Ha 3KpaH. DynKuMs putchar () BbiBOOIUT
CUMBOJI 112 3Kpall B TOYKY, OMpENEsICHHYI0 TCKYLUMM NONOXEHHEM Kypcopa. IlpoToTmnbi
¢yHKUMI getchar () M putchar () BbiJISIOAT Tak.

int getchar (void);
int putchar (inc c);

Kak BuanM, ¢hyHKuus getchar() BO3BpaulacT uefioe yucno. B ero mmaniiem 6aifte co-
JIEPXKUTCSA KOO CHMBOJIA, COOTBCTCTBYIOLIEro HaxaTtoil knasuiue. (Crapwinii 6aiT 0OBHIYHO
CONEPXMT MYNCBOE 3HAYCHMC.) DTO MNO3BOJISIET TIPHMCBOMTbL NOJAYUCHHOE LEJOYMCIEHHOE
3HAYEHUC KaKoi-1mbyab cMMBOJIbHOI TicpeMennoil. Eciu npu BBoae npou3oluna ounbka,
¢yHKUMS getchar () BO3BpaillacT KOHCTAlTY EOF.

HecmoTpst Ha TO 4TO (yHKIMS putchar () no ONpelejicHMIO NOJDKHA NONy4aTb Lejo-
YUCIIEHHbIT apryMeHT, €if MOXHO MepenaBaTb TOJbKO CHMBONbHbIC 3Hayenus. Ha skpa
BHIBOOMTCS JIMLUb Mianiunit 6aiT aprymenta. (PyHKUMS putchar () Bo3Bpawaet JMbo cHM-
BOJI, BBIBENEHIIBIII €0 Ha 3KpaH, JWGO KOHCTaHTy EOF, €ClIM Npou3ollia olrbOKa.
(KouHcTanTa EOF onpeleieHa B 3aTOAOBOYHOM (haitiic stdio.h 1 06biyHO paBHa - 1).

[TpumcHeHve ¢yHKUMIT getchar() U putchar() WLUHIOCTpUpYeTCs cielyouicii npo-
rpammoit. OHa BBOIMT CUMBOJIBL C KJIABUATYPHl U BLIBOOUT MX B MPOTHBOMNONOXHOM PETHCT-
pe, T.e. MPOMKCHbIE GYKBHI CTAHOBATCS CTPOYHBLIMM, U Haob6opoT. UTOOBI MpCKpaTUTb Bbl-
NOJIHEHHE MPOrpaMMbl, JOCTATOYHO BBCCTU TOYKY.

#include <stdio.h>
#include <ctype.h>

int main(void)
{

char ch;
printf (*Beemure TexcT (IOJi19 BHXOma BBeIMTe TOUKY) . -\n");
do {

ch = getchar();

if (islower (ch)) ch = toupper(ch);
else ch = tolower (ch);

putchar (ch) ;
} while (ch != ')

return 0;
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Mpo6nembl, ceg3aHHbie ¢ pyHkumen getchar()

DyHK11MA getchar () MOXET NOPOAMTb HECKONLKO npobiicM. O6braHO 3Ta (hyHKLUS
NOMCLIACT BXOAHBIE JaHHbie B Oydep, noka iic Gyger HaxaTa kjiaBHiua <ENTER>. Ta-
KOi1 crniocob HasbiBaeTcs 6ygepuszosannbim gsodom (line-buffered input). Ina Toro utobu
JaHiibie, KOTOPHIC BH BBEJIM, AEICTBUTENbHO ObUIM mepeaaiibl NporpaMMme, ciienyeT Ha-
XaTb KAaBMIly <ENTER>. Kpome Toro, mpu KaxiaoM BH30Be (ylikius getchar () BBO-
IWUT CUMBOJIW 110 OAHOMY, MOCJICAOBATEsIbIIO pa3Menias UX B ouyepeanu. Eciu mporpammMa
WCIMOJb3YCT MHTCPAKTHBHHIN AMANOr, TaKOe TOPMOXEHHE CTAHOBUTCHA Da3mpakalouinm
¢akTopom. HecmoTps 11a To yTo craHmapT sizslka C/C++ no3possieT caenath GpyHKLHIO
getchar () MHTEepaKTHBHOI1, 3Ta BO3MOXHOCTb MCHOJIb3yeTcs penko. MiTak, ecin BApYT
0bHapyXHUTCs, 4TO TIPUBCACHHAS BhilUe NMporpaMma paGoTaeT He TakK, KakK OXWAanoch,
BBl OymeTc 3HaTb IPUUYHUHY.

AnbtepHatusbl GyHKUuM getchar()

DyHKUMS getchar (), pcalM30BaHHasl BallMM KOMIMWISATOPOM, MOXET HE COOTBETCTBO-
BaTb TpeOOBaliMAM MHTEpaKTMBHOI cpelbl. B 3TOM cnyyae MOXHO HCHoib30BaTh ApYrye
¢(YHKUMHK. NO3BOJISIOLLME CUNTHIBATh CHMBOJIN C KiaBuaTypbl. B ctanmapte sissika C++ He
npeaycMoTpeHo HU OfHoM (yHKUMH, rapaliTMpyloLeil UHTEpaKTHBHBII BBOM, HO Ha Npak-
THKC 3TOT HEOCTAaTOK BOCIOJIHAETCS KOMMOIWISTOpaMH.

Haubonee u3BecTHLIMM abTepHaTHBaMH siBAstoTCA (YHKLMU getch() U getche().
WX npoTOTHNLI BBHIMJISLISAT Tak.

int getch(void);
int getche(void);

BOABLIMHCTBO KOMOWISTOPOB pa3MELIaloT NPOTOTHMMBEL 3THX (PyHKUHI B 3arojioBOYHOM
¢aiisie conio.h. B HeKOTOpbIX KOMIUJIATOpax nepen MMeHamMW 3THX (yHKUM CcTaBUTCA
3Hak noauyepkrpannsa. Hanpumep, B kommuwistope Microsoft Visual C++ 3T ¢pyHKIMH Ha-
3b1BAIOTCS _getch() U _getche () COOTBETCTBCHHO.

ITocne HaxaTHs KnaBUIM GylUKLMS getch() HeMeJIEHHO BO3BpallaeT pe3yjibTaT, BBe-
JIEeHHLIE CUMBOJI Ha 3Kpalie 1e oTtobpaxaetca. MyHkKuusa getche () aHanoruyva (HyHKUUU
getch(), 3a OMINM MCKIIOYEIIMEM: BBEIEHIIbI CUMBOJ OToOpaxaeTcss Ha 3KpaHe. B mHTe-
pakTUBHBLIX NporpaMmax BMecTo ¢(hyHKLUUH getchar() 4aille BCEro MCHOL3YIOTCS ¢hyHK-
LMK getch() U getche(). OnHako, €CM KOMOWIATOP 1i€ MOANCPXKUBACT 3TH (DYHKLMH,
b0 ¢ylKurs getchar(), pealuM3OBaHHast UM, MOJHOCTbIO COOTBETCTBYET TpeOOBaHUAM
VMHTEePaKTUBHOM cpellbl, ClielyeT NpYMeHATb KMEHHO ee.

[TepenuuieM TmpelbAyUIYIO TpPOrpaMMy, 3aMeHsasi (YHKUMIO getchar() ¢yHK-
uMeil getch().

#include <stdio.h>
#include <conio.h>
finclude <ctype.h>

int main(void)
{

char ch;
printf ("BeemuTe TexkcT (myd BHXOOa BBeIUTE TOYKY).\n");

do {
ch = getch();
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if(islower(ch)) ch = toupper(ch);
else ch = tolower (ch);

putchar (ch) ;
} while (ch 1= '.');

return 0;

B xome BHIMOAHCHMS 3TOI MporpamMmbl NP KaXKIOM HaXaTUW KJIaBUIUW COOTBETCTBYIO-
it cuMBoa 6yneT HeMeILNeHHO mepefaH mporpaMme u oTobpaxenl Ha 3kpaHe. Beoa He
Oydepusyetcsi. XoTs B Apyrux NporpaMmax, paCCMOTPEHHBIX B 3TOI KHHUre, Mbl GoJjiblue He
OyacM Mcnonb3oBaTh (GYHKUNK getch() U getche (), 0 HUX BCerna cieayeT MOMHUTL.

Kozda co3daeanack 3ma KHuza, hyHKUUL _getche () U _getch(), NpedycCMOMpeHHbIe

__ komnunsimopom Microsoff Visual C++, He Bbinu coeMecmuMsl €O CMaHOaPMHBIMU Dy HK-
yuamu ee00a-6b1800a, MaKUMU KaK scanf() unu gets(). BMecmo Hux npuxodumcs
LCnonL308amb CreyuanbHble 8epcuu cmaHlapmHbIX OyHKyud, HanpuMep cscanf ()
u cgets (). [lemanu eb! Hailldeme & dokymeHmauuu no komnunsmopy Visual C++.

_.I YTeHue U 3anuCb CTPOK

CrnenyouiMM 1o clIOXHOCTH U 3¢h¢hEKTUBHOCTH ABISIOTCS KOHCOJIbHBIE (DYyHKUNU
gets() U puts (). OHYU NO3BOJSAIOT CUUTHIBATL U 3aMUCHIBATH CTPOKHU.

DyHKIMA gets() CYMTHBAECT CTPOKY CUMBOJIOB, BBENICHHHBIX C K1aBUaTyphl, U pa3Mella-
€T HX 10 ajJpecy, yKazaHHOMY B apryMmeHTe. CMMBOJbl Ha KiaBuaType HabupatoTcs OO Tex
Top, NMOKa He OymeT HaxaTa KiaBuuia <ENTER>. B KOHel, CTpPOKM CTaBUTCHA HE CHMBON Mepe-
X0[la Ha HOBYIO CTPOKY, a HyyieBoil 6ailT. [locne aToro ¢hyHKUMS gets ()3aBeEpPLUAET CBOIO pa-
6oty. PyHKIMIO gets () B OTJIMYKE OT (hyHKIMK getchar () HEJb3sl KCITOIL30BATH LISt TIEpe-
X00a Ha HOBYW CTpoKy. Owmnbku, monyuieHHbie npu HaGope CTPOKM, MOXHO HCMpaBUTb
C MOMOLUBIO KJIaBUIIM <BACKSPACE>. [TporoTrn (hyHKUMU gets () UMeeT ClEAYIOUINIA B

lchar *gets (char *cmpoka)

3nech napaMeTp cmpoka MpeAcTaBusieT cobOi MacCcHB, B KOTOPBIi 3alMCHIBAIOTCS: CUMBOJILL,
BBEICHHBIC moJyib3oBaTesieM. Cllenylollas nporpamma CYMTHIBAET CTPOKY B MacCUB str
M BLIBOOMT Ha 3KpaH €ro JUIHHY.

#include <stdio.h>
#include <string.h>

int main(void)
{
char str[80];

gets(str);
printf ("JImmHa maccrBa paBHa %$d", strlen(str));

return 0;
IIpu pabote ¢ dpyHKUMeN gets () ClcAyeT NpOsABIATh OCTOPOXHOCTh, MOCKONBKY OHa He
MpOBepseT BHIXOA MHAEKCA MacCHBa 3a Mpeiefibl JONyCTUMOro mvarnasoHa. CienosatefibHO,

KOJINYECTBO CHMBOJIOB, BBCOCHHLIX ITOJIB30BATENIEM, MOXET MPEBLICUTL IUIMHY MacCriBa Xo-
5 d)yHKLU/Iﬂ gets () mnpeKpacHo pa60TaeT B MPOCTLIX NporpaMMax, €€ HE CIenyeT InpuMme-
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HATb B KOMMepdeCKMX npisiokenusx. Ee anbTepHarusoil sBisiercss QyHKUMs fgets(),
onucaHHasi B clenytouleil maee. 3ta (PpyHKUMS NpefoTBpallaeT NepenosiiieHre MaccHaa.

DyHKLMS puts () BHBOAUT HA 9KPaH CTPOKY CUMBOJIOB M MEPEBOAMT KypCop Ha Ciie-
LYIOLLYIO CTPOKY 3Kpaiia. Ee npoTOTUN BHIIJISIAUT Tak.

I int puts(const char *cmpoka)

@ynkuus puts (), Kak 1 Gylikuns print£ (), pacno3HaeT 3cKein-nocjienoBaTejbHOCTH,
HanpuMep '\n’', npenya3’HayeHHY!O Ul Nepexoja Ha HoByio cTpoky. Ha BbizoB ¢yHK-
LMK puts () TPaTUTCA MEHbIUE PEeCypcoB, YeM Ha (QYHKUMIO printf (). NOCKOJIbLKY Olia
MOXET BLIBOOMTD JIMIIb CTPOKH, HO He uucaa. Kpome Toro, oHa He opMaTHMpyeT BbIBOL.
TakuM obpa3oM, GpyHKUMSI puts() 3aHUMaET MEHbLUEC MECTa M BbLIMOAHSCTCA OwicTpee,
yeM ¢yHKuMs printf (). [lo 310l npuurHe ¢yHKUMIO puts() 4acTo NPUMEHSIOT IS
onTUMM3auMK Koaa. Eciii npu BbiBOAE BO31IMKIA OlMbOKa, GyHKLUMSA puts () BO3BpallacT
KOHCTaHTy EOF. B mpOTHMBHOM ciyyae OHa BO3BpallaeT HEOTpHuaTeabloe 3uayenive. On-
HaKO MpU BLIBOJE HAHHbIX HAa KOHCOJIb MPOrPaMMUCTHI PEAKO YYMTHIBA!OT BO3MOXHOCTb
owMOKK, NMO3TOMY 3HaueHue, Bo3BpaulaeMoe (yHKUMCH puts(), NpOBepsAeTCsS peaKo.
Crnenyoummit ¢parMeHT BHIBOAUT Ha 3KpaH ciioBo “Ilpuset”.

l puts("llpuBeT") ;

CaeaeHust 06 OCHOBHBIX KOINCOJIbHBIX (pyHKLMSAX npuBefeHbl B Tabs. 8.1.

Tabnmua 8.1. OcHoBHME (PYHKLMKM BBO/IA-BLIBOAA

DyHKLUA Onepaywn
getchar() CuuTbiBaeT cMMBON C KnaBuaTypbl; OXXUAAET Nepexoaa Ha HOBYH CTPOKY

getche() CuuTniBaeT CMMBON C KNaBUaTypbl U BEIBOAWT €0 Ha 3KPaH; HE OXWAAEeT Nepexoaa Ha Ho-
BYIO CTPOKY; HE onpegeneHa B ctaHaapTe a3blka C/C++, HO WUPOKO UCMONb3yeTCst

getch() CuuTLIBAET CUMBON C KNABMATYpPb! U HE BLIBOAWT €0 Ha 3KpaH; He OXMOaeT Nepexoaa Ha
HOBYIO CTPOKY; HE ONpefeneHa B cTaHaapTe fabika C/C++, HO LMPOKO UCMOSb3yeTCs

putchar() BuiBoAUT cuMBON Ha 3KpaH
gets() CuuTbIBaET CTPOKY € KnaBuartypbl
puts () BeiBoguT CTPOKY Ha akpaH

Crenytowas rporpaMma AEMOHCTPHPYET NPHMEHEHNE HECKOIbKHUX OCHOBHBIX KOHCOJIb~
HbiX (yHKUMIT BBOOA-BbiBOAA NMpHU paboTe ¢ KOMMblOTepHbIM ciioBapeM. Ilporpamma npea-
JlaracT TIO/1b30BaTesl0 BBECTH CJIOBO, @ 3aTeM TPOBEPSET, COMEPXKHUTCS JIM 3TO CNOBO B 6ase
JanHuix. Ecay cijioBo HailleHo, Ha 3KpaH BHIBOAUTCS ero 3Hayenne. O6patute ocoboe BHH-
MaHHe Ha KOCBEHHYIO aipecaiiio. ECM BaM He MOHATHO, KaK OHa NMpPUMEHSETCS, BCITOM-
HUTE, 4TO nepeMeHHasi dic AB/IAETCH MACCHBOM yKasaTelicii Ha CTPOKMU.

/* IlpocToit croBapk. */
#include <stdio.h>
#include <string.h>
#include <ctype.h>

/* CnMcoK CJIOB M MX 3HadeHmm */
char *dic[][40] = {

"apToMOOUIE ", "TpaHCMOPTHOE CPencTBO C IOBUraTeNem. ",
"arnac", "CobpaHme KapT, M3OAHHOE B BMUIOE KHUTHU.",
"asponnaH", "JleTapmas MaumHa."

"*rejedpoH”, "CpencTBo cBsAsK.",

"M, "M /* HyJIeBOM CMMBOJI, 3abBepllauyii CIUCOK */
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int main(void)

{
char word[80], ch;
char **p;

do {
puts ("\nBeenoure cnoro: ");
scanf ("%s"., word);

p = (char **)dic;

/* [loMCK COOTBETCTBMSA M BHBOJMI 3HAauYeHMs */
do {
if(!strcmp(*p, word)) {
puts ("3uaueHue: ") ;
puts(* (p+1});
break;
}
if (!strcmp(*p, word)) break;
p =p + 2; /* llepemellesre Bnepen no crmcky */
} while(*p);
if(!'*p) puts("Crora B cloBape HeT.");
printf (*OpomomxuTe paGoty? (y/n): ");
scanf (" %c%*c", &ch);
} while(toupper(ch) i= 'N');

return 0;

_ dopMmaTHpoBaHHbIit BBOA-BbIBOA, HA KOHCOJb

DyHKUMN printf () U scanf () BbINOMHAIOT ¢opMaTHPOBaIIHBIIT BBOA-BBIBOA Ha KON-
COJib, MHaye roBOpsi, OHM MOTYT CYUTHIBATb M 3amUCHIBaTbL Jaliible B 3afaHHOM ¢opmare.
@yHkuMA printf () BHIBOOUT faHiibie Ha KoHconb. PyHkuus scanf (), HA06OPOT, CUUTHLI-

BaeT JaHiibie ¢ KiaBraTypbl. Obe ¢yHKUMM MOTYyT OnepypoBaThb JIOOLIMH BCTPOCHHBIMHU T~
rnamMH JaHHbIX, BKJ104asi CHMBOJIbI, CTPOKH W YMCiIA.

| ®yHkuug printf()

IpotoTun ¢hyHKUUM printf () BLIISIWT CAEAYIOLMM 0Opa3oM.
l int printf(const char *ympasnarowas_cmpora, .)

@yHKuMA printf() BO3BpaLl@eT KOJMYECTBO 3aMUCaHHBIX €0 CHMBOJIOB, a B Clyuae
OLUMOKH — OTPULIATEILHOE YUCJIO.

ITapaMeTp ynpasasiowas_cmpoka COCTOUT U3 31eMEHTOB IBYyX BUIOB. Bo-nepBbix, oH cO-
IEPXUT CHMBOJBI, KOTOpHE BBIBOAATCSI HAa 3KpaH. Bo-BTOpHIX, B HEro BXoAsT crieuMdpurKa-
TOpH (opMarta, HauylHaloIIMecs CO 3HakKa MpOLEHTa, 3a KOTOPHM ciiellyeT kon ¢dhopmara.
KonnyectBo apryMeHTOB AOJDKHO COBMaiaTh C KOJMYECTBOM crieurgpukatopoB ¢opmarta,
MpHUYeM OHH MOMapHoO CPaBHUBAIOTCH cieBa HarpaBo. Hanprmep, BbIZ0B

l printf (" mo6mw %c%s", 'C', "++!");

BHIBEJIET Ha 3KpaH CTPOKY
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5 Sno C++!

Dvokuns printf() nonyckaer WHUPOKuMil BHGOp crncuudukatopos dopMarta noKa-
3daHHBIX B Tabn. 8.2.

Tabnvisa 8.2, Cneundmkaropst opMaTa GyHKUMH printf ()

Kon ®opmar

%C Cumeon

DecatvydHoe uenoe YMcno co 3HaKoMm

[ecatnyHoe uenoe Yucrno co 3Hakom

HayuHbin chopmar (cTpoyHas Oykea e)

Hay4Hbiit hopmar (nponucHas Gykea E)

[ecAaTnyHoe HYUCNOo C NNaBAIOLLEN TOMKON

B 3aeucumMocTu OT TOro, kakom hopmar Kopoue, NpUMEeHSeTcst Nubo %e, NUGO %£
B 3aBucuMocTH OT TOro, Kakon hopmar Kopode, NPUMEHSETCS NUBO0 %E, NUB0 %F
BocbmepuyHoe yucno 6e3 3Haka

CTpoka cumBonoB

HecstnyiHoe uenoe vucno 6e3 3Haka

WecTHaauatepuuHoe 1ucno 663 3Haka (CTpodHblE ByKBb)

WecTHaguatepusHoe uncrio 6e3 3Haka (NponucHble ByKB))

Ykasareno

Ykasaresnb Ha LienoqmMcneHHyto nepeMerHyto. CneumguKaTop BLi3bIBAET NpUcBaUBaHUE 3TOM
LIENIOYUCTIEHHOM NEPEMEHHON KONMMECTBA CUMBOJIOB, BLIBEAEHHLIX Nepes HUM
3HaK %

FEEgETsESaas g

o
o

BuiBOA CMMBONOB

Hns BLIBOA OTAC/HBHBIX CHMBOJIOB MCTIONB3yeTcs cneundUKaTop %c. B pesynbrate cOOT-
BETCTBYIOLUMIT aprymeHT 6e3 M3MeHeHUit 6ylcT BulBCAEH Ha IKpaH.
J1st BHIBOIA CTPOK MPUMCHSETCS CrieunUKaTop %s.

BuiBog uucen

Hnst BbIBONA NCCATHUHBIX LIEJIBIX YMCEJ CO 3HAKOM NPUMENSIOTCS crienrKaTopbl %d
WK %i. DTy cneundrKaTopbl SKBUBAICHTHLH. ONUIOBpEMEHHAs MOACPXKA OOGOUX CHELM-
(prkaropoB o0ycnoBleHa UCTOPUUECKHMU MTPUYMHAMMU.

s BbiBOAA 1E€N0T0 YKchna 6e3 311aKa CIenyeT NpUMEHsTh crelndHKaTop %u.

Crneundukarop ¢opmarta %£ no3BosisAeT BHBOAUTL HA 3KPaH YUCia C IUTaBalolieil TOUKoIL.

Creundurkatopbl %e U %E cOOBLAIT GyIKUNK printf (), YTO HA JKpaH BHIBORMTCA
apryMeHT THna double B HayyHoM dopmate. Yucna, npeacrasieHibie B HaydHoM ¢opma-
T€, BBIJIAIAT Tak:

B x.AdAaddE+/-yy

Ecnu 6yksa E nomxHa 6biTb BHBEIEHA KaK NpPONUCHas, CICAyeT MCNOoJb30BaTh crieynguKa-
TOp %E, a €CJIM KaK CTpouliasg — %e.

DyHKLMS print£() MOXeET caMa BHOUpaTb MpeACTABACHUE YHCA C MOMOLIBIO CHELH-
thukaropa %£ WM %e, €CAM BMECTO HUX yKa3aTb crieunpyKaTophl %g UM %G. B 3TOM Ciy-
yae (yHKUMA CaMa OMpeAeSiuT, Kakoil BWJ uucia kopoye. CrienudrKaTop %G MO3BOJISIET
BEIBCCTH OykBY E KaK IMPOMMCHYIO, @ %g — KaK CTpouHyl0. Cllenyloiasi mporpamMma aeMOH-
cTpupyeT 33(hdeKT npuMenieHus cncurgukaTopa %g.
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#include <stdio.h>

int main(void)
{
double f;

for(£=1.0; £f<1.0e+l1l0; £f=£*10)
printf(*sg ", £f);

return 0;

}
B pe3ysibTaTe Ha 3KpaHe NOABSTCS TAaKWC 4YKcia.

l 110 100 1000 10000 100000 1e+006 1le+007 1e+008 1e+009

Lenbie uncia 6e3 3Haka MOXHO BBIBOOAMTb B BOCBMCPHYIIOM M LUECTHAALATCPUYIIOM
¢opmare, ucnosib3ys cneundrKaTopH %o W %x. I10CKoJIbKY B LUCCTHAALATEPUYHON CHCTCMC
CUMCIICHMs U1 TipencTasieHus urcen ot 10 no 15 ucnone3yiotes 6ykebl oT A no F, ux MoxHo
BHIBOIWUTH KaK TMPOMUCHBIMK, TaK U CTPOYHBIMU. Ecnu ©yKBbl IOJDKHBI ObITh DPONMMCHBIMU,
cremyeT MpUMEHTh CneUUUKAaTOp %X, a €CIM CTPOYHBIMU — %x, KaK OKa3aHO HMXE.

#include <stdio.h>
int main(void)
{

unsigned num;

for (num=0; num<255; num++) {

printf("%oc ", num);
printf("%x *, num);
printf("$X\n", num);
}
return 0;

}

BuiBog appecos

Ecnu Ha 9kpaH HeOOXOLMMO BHIBECTH aipec, CleayeT NpUMeHSTb crieuuuKaTop %p.
3101 cneundukarop dopmara 3actapisieT GyHKUMIO printf () BHIBOAUTB Ha 9KpaH aapcc,
dopMaT KOTOpOro COBMECTUM C THIMOM aipecanyy, NpUHATONH B KoMmblotepe. Crenylowas
NporpaMma BHIBOAWT Ha 3KpaH aapec nepeMeHHoi sample.

#include <stdio.h>

int sample;

int main(void)

{ printf("%p", &sample);

return 0;

}

Cneuundukarop %n

Crneuundukatop dopMaTa %n OTIMYAETCA OTO BCeX OCTANbHLIX. OH 3acTaBisieT (GyHKUMIO
printf () 3anMCHBaTHL B COOTBETCTBYIOLIYI0 MEpEMEHHYIO KOJMUYCCTBO CHMBOJIOB, YX€ Bhi-
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BCACHHBIX Ha 3kpad. CrneundHKaTopy %n NOJDKEH COOTBETCTBOBATDL LIEJIOUMCIEHHBHT yKa3a-
Tenb. Tlocne sapepiuenusi GyHKUMU printf () 3TOT ykasaTenb OYACT CCbUiaThesl Ha Mepe-
MCIHIYIO, B KOTOPOI COACPXHKTCS KOJMMUYECTBO CHMBOJIOB, BHIBCICHHBIX 10 creuudukatopa
%n. OTOT HEOOBIUHEI cNeLN(MUKATOD WLTIOCTPUPYETCS CIICAYIOLIUM MPUMEPOM.

#include <stdio.h>

int main(void)
{

int count;

printf ("3T0o%n npoeepkxa\n", &count);
printf("%d4d*, count);

return 0;

DTa nporpamMma BHBEIET Ha 3KpaH CTPOKY “OTo mposepka” v uucno 3. Crneundukatop
%n OOBIYHO MCNONb3YeTCA IS MHHAMUYECKOrO (JOpMaTUpPOBaHMUsL.

Mopudukaropsl popmara

MHorue cneumndgukatopsi ¢dopMata UMEIOT CBOM MOIM(DHUKATOPH, KOTOpbIE HEMHOrO
U3MEnAoT UX cMeica. Hanprmep, ¢ UX MOMOLLBIO MOXIIO M3MCHATD MUHNUMANBHYIO LLIAPKU-
HY MOJs, KOJIUYecTBO LUMGpP nocie AeCATHYHON TOUKM, a TakXe BbINONHATH BhIpABHUBaHME
no seBoMy Kparo. Monndukarop ¢opMata yKaspiBaeTcsl MeXIy CHMBOJIOM MpoLEHTa M KO-
noM dopmata. PacecMoTpuM MX noapoOHee.

Moaudukarop MUHUManNBLHON LUMPUHBI NONS

Hesioe uvcno, pasMmellieHHOe Mex1y CUMBOJIOM MpOLEHTa U KomoM (opmarta, 3aaaeT MUHU~-
ManeHylo wupuHy noas. Eciu cTpoka BeIBOZa KOpoye, 4eM HYXHO, OHa AOToiiseTes: npobena-
MM, eC/¥ JUIMHHCE, CTPOKAa BCE PAaBHO BBIBOOUTCA MONHOCTBbIO. CTPOKY MOXHO HOMNOJIHATH
HEe TOJBLKO npobenaMu, HO M HyJaMU. s 3Toro mocratouno nocrasuts 0 nepen MomMdu-
KatopoM LuKpuHBl noisi. Hanpumep, cneundukatop %05d AOMNOAKUT YMCIIO, KONUYECTBO
uudp KOTOPOro MeHblle NATH, BeAYLUMMU HYJISAMH, TaK 4TO B pe3y/ibTaTe OHO OyaeT cOCTO-
STh U3 NATU UMdp. BTOT cneurUKaTop WIIOCTPUpPYETCs Clienyiollieil mporpaMMoii.

#include <stdio.h>

int main(void)
{

double item;

item = 10.12304;
printf(*$f\n", item);
printf ("%$10f\n", item);
printf (*$012f\n" item);

return 0;

3Ta NporpamMMa BHIBOAMT 112 3KPaH CIeayloliue YUCa.

10.123040
10.123040
00010.123040
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MoaudnkaTtop MUHUMATbHON IUMPKHBI NOJS Yalle BCero ucnonb3yercs wi GopMath-
poBanus Tabauu. Ilporpamma, npuBcaeHHass HUXe, co3gaeT Tabnuuy KBaapaToB U KyOOB
yycen ot 1 no 19.

#include <stdio.h>

int main(void)

{
int i;
/* BeBOOMT Tabnuuy KBagpaToB U KyBoB orT 1 mo 19 */
for(i=1; i<20; i++)

printf("$8d4 %8d %8d\n", i, i*i, i*i*i);

return 0O;

B pesynbtate Ha 3KpaH OyleT BHBeAeHa clienylollias TaGauna.

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000
11 121 1331
12 144 1728
13 169 2197
14 196 2744
15 225 3375
16 256 4096
17 289 4913
18 324 5832
19 361 6859
Moaudukarop To4yHOCTH

Moouguxamop mounocmu ykasvigaetcs nocne MoouduKaTopa LWMPUHBI TONA (eciu OH
ecTb). DTOT MOIUUKATOp COCTOMT M3 TOYKHM, 3a KOTOpOi cieayeT Lesoe Yucno. Touibiii
cMbIcsT MogM(MKaTopa 3aBUCHT OT TUIA JaHHBIX, K KOTOPBIM OH MPHUMCHSIETCS.

Ecnu MomudukaTtop TOUHOCTH NPUMEHSETCH K YMCIaM ¢ riasawiueil Toukoil ¢ gopma-
TaMH %£, %e WIH %E, OH 03HAYaeT KOJIMYeCTBO AeCATHYHEIX LMdp nocre Touky. Hanpumep,
cneundukarop popMara %10.4£ 03HAYACT, YTO HA IKpaH OYIET BHIBCACHO YMCIIO, COCTOSI-
wee U3 gecatv uMdp, YETHpe U3 KOTOPHIX pacloNoXEeHH 1ocse TOUKH.

Ecnu mooudukartop npuMensietest K cneuvdukaropaM dbopmata %g WM %G. OH 3a1acT
KOJIMYECTBO 3HayaluMx LUUgp.

Ecmu Moaudmkatop VICTIONb3yeTcsl IUI BLIBOAA CTPOK, OH 323[3eT MAaKCHMAIbHYIO JUIMHY
nons. Hanpumep, cneundykatop %5.7s 03HayaeT, YTO Ha 3KpaH OyaeT BbiBeleHA CTPOKa,
COCTOsILLAs KAK MMHKMMYM K3 TMATH CUMBOJIOB, [UIMHA KOTOPOH He npeBbillaeT ceMu. Ecim
CTPOKa OKaXeTCsl IUIMHHee, MOCIeAHUE CUMBOJIBEI 6YayT OTOpPOLLIEHBI.

Ecnn Mooudvkatop TOYHOCTH MIPUMEHsIeTCA K LEJILIM TUMaM, OH 3anaetT MUHUMAaTbHOe
KORUYECTBO LM(PpP, M3 KOTOPLIX JOMKHO COCTOATH 4MC0. ECIM 4UCIO COCTOUT M3 MCHb-
1LIEro KoJM4ecTsa LM@p, OHO LONONHIETCS BEAYLIMMHU HYJISMM.
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PaccMOTpHM 1eMOIICTPaLIMORHYIO TPOrPaMMy.

#include <stdio.h>

int main(void)
{
printf("%.4f\n", 123.1234567),
printf ("%$3.8d\n", 1000);
printf ("%10.15s\n", "3To npocTas nposepka.");

return 0;

OTa nporpaMMa BbIBOAUT Ha 3Kpail CRCAYIOIIME PE3YNLTATHI.

123.1235
1 00001000
3To npocTas Ipo

BoipaBHMBaHUe BbiBOAA

Ilo yMonuaHu1o BHIBOI BbiDaBHUBAacTCs MO MpaBoMy Kpawo. MHaue rosops, ecnu wvpuiia
nons OoJiblie, YeEM BbIBOAUMBIC JaHHbIC, PC3YALTATBHI “TIPUXUMAIOTCA™ Kk IMPaBOMY Kpao.
BbiBoa MOXHO BBIPOBHATBH 0 JICBOMY Kpaio, MOCTABUB MEpes CUMBOJIOM % 3HaK “MHHyC”.
Hanpumep, cncuudrkatop %-10.2£f BHIPaBHUBAET YMCIO C ABYMs 3LiAKaMH TOCHC TOYKY
no NICBOMY Kpato nosisi, coctositero u3 10 nosuwumii.

PaccmotpuM npumep.

#include <stdio.h>

int main(void)

{
printf ("BepaBHMBaHMe O NpaeBoMy Kpak:%8d\n", 100};
printf ("BrpaBHMBaHME [0 JIeBOMY Kpalo:%-8d\n", 100)

return 0O;

O0paboTKa faHHbIX APYrUX TUMOB

s BeIBOma 3HAueHWM IepeMenHbiX TuNa short int M long int (yHKUMS
printf() HCnonab3yeT ABa MOAW(PUKATOPA, KOTOPHIE MOXHO MPUMCHATH K cneyuduka-
TOopaM d, i, o, u u x. Momudukarop 1 (6ykBa “31b") NO3BOJASIET BLIBOAUTL 3HAUYECHMS
TUna long int. Hanpumep, cneuudukatop %1d o3ilayaet, 4TO Ha 3KpaH OyIeT BbIBeIE-
HO 3HauyeHHe TuMa long int. [Ins BLIBOJA 3HaueHUsl TMMNA short int MCIONAL3YyeTCS
Monudukatop h. Hanpumep, cneumdukatop %hu o3nayaeT, YTO Ha 3Kpal OyACT BhIBEIE-
110 3HaUYeHKe Turna short unsigned int.

Mouardukatopbl 1 ¥ h MOXHO Takke NPUMEHsATh K cneludukaropy n. B atoM cayuae
COOTBETCTBYIOLLIMI yKa3aTe/b JOJLDKCH UMETh TUIl long int* vy short int*.

Ecny KOMOuUasiTOp MONHOCTBIO MOMAEPXHWBaeT ctailnapt ga3vika C++, Moaudukatop 1
MOXHO MPUMEHATHL K crneuudukaTopy c. B 3ToM ciyuae on 3amaet pacliMpeliHBI CUMBOJL.
Auanoruuno, ecny Moaudukatop 1 cTouT nepen crietrhbHKaTopoM s, Ha 3KpaH BLIBOAUTCS
CTpOKa pacliypeHlibiX CUMBOJIOB.

Moaudukatop L MOXHO ¥CMo/ib30BaTh Kak MNMpedMkc Nepen cneldrkaropamd e, £
1 g. OH o3HayaeT, YTO Ha 3KpaH BbBIBOOUTCS 3HaueHUE TUIa long double.
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Mopudukatopbt * u #

DyHkUMA printf () WMeET euie aBa MonudukaTopa: * U #.

Ecnmu nepen cncumdmkatopamu g, G, £. E WIM e CTOMT MOOM(UKATOD #, 3TO O3HAYAET, UTO
yucsio OyeT conepXaThb AeCATHUIYIO TOUKY, JaXKC eCiK OHO e UMeeT ApobHoil uacty. Eciau stor
MOIM(PHKATOP CTOHT Nepen crneurUKATOpaMH x WK X , LUCCTHALLATCPUYHBIE YMC/Ta BHIBOIATCS
¢ npcdukcom Ox. Ecnm xe cumBon # ykasaH nepen cneuudukatopoM o, 4icno OyacT LOomnojHe-
HO BeaylMMH ny:Aasmu. K npyrum cneundgukatopam MOIUGUKATOD # MPUMEHATH HENB3S.

1llvpuiy noas ¥ TOUHOCTBL NpPEACTaBACHUA YMC/ia MOXHO 331aBaTh HE TOJBKO KOHCTaH-
TaMH, 110 U NepeMeHHbIMH. [I15 3TOro BMECTO TOYHBIX 3nayclivil B cneuugrKkaTope cncayct
yKazatb ciMBOJ *. Ilpu cKaHMpOBaHWM CTPOKY BbIBOgA (PyHKLUS printf () noouepenHo
COMOCTAaBAET MOAM(HUKATOP * ¢ KaxawM aprymeHtoMm. Hanpumcp, na puc. 8.1 nokaszau
BbIBOA YMCJIa € YeTHPbMs LMbpaMu Nocjic TOYKY B nosie wupunioit 10 cumBonos. B pesynb-
Tare na 3KpaH OyaeT BBIBCACHO YMCTO 123.3,

|

printf("%*.*t", 10, 4, 123.3);

Puc. 8.1. Conocmasanerue modugpuxamopa *
€ €20 3HaueHusmMuU

Crenywoliag nporpaMma WUTIOCTPUPYET NMpYMeHeHue MOAUGhUKATOPOB # U *.

#include <stdio.h>

int main(void)

{
printf ("%x %$#x\n", 10, 10);
printf("s*.*f", 10, 4, 1234.34);

return 0;

| ®yukuus scanf()

®yHkuYa scanf () npeacTapiseT coboit npouenypy Beona. OHa MOXET CUMTHIBATL AaH-
HbIE BCEX BCTPOEGHHBIX THUMOB M aBTOMaTUUECKH npeoOpa3oBHIBATh UMCIa B COOTBETCTBYIO-
Kl BHyTpeHHUH ¢dopmatr. JlaHHas ¢yiiKUuMA BHMISAUT MNOJIHOW MNPOTHBOMNOJIOXHOCTBIO
¢GyHkUMM printf (). [pototun ¢yHKUMY scanf () UMCET CICAYIOIUUH BHI.

int scanf (const char *ympasasowmai_cmpoxa, .. .)
/4

PDyHKUMSA scanf () BO3BPAILLAET KOJMYECTBO MEpeMEHHBIX, KOTOPHIM OHA YCMEIUHO TpH-
CBOMJIA CBOM 3HayeHus. ECAY Mpy uTenuu npousoluia ouiubka, ¢HyHKLMs scanf () BO3-
BpalliaeT KOHCTaHTy EOF. Ilapamertp ynpasasiwowas_cmpoka onpenenseT MOpsaoK CUUThIBa-
HUS 3HAYEHHI ¥ MTPUCBAMBaHWsA UX MepeMeHHBbIM, YKa3aHHBIM B CIIMCKE apryMEHTOB.
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YHpaBnmomaﬂ CTpOKa COCTOMUT U3 CUMBOIJIOB, pa3fac/icHHbIX Ha TPHM KaTeropmH.

e Cneuudukartopsl opMaTta.
o Pasznenutenu.
e CuMBONBI, He SBSIOLUUECS Pa3aENUTENSIMU

PaccMoTpuM Kaxayio M3 3TUX KaTCropuil.

Cneuvdukatopb popmara

Ilepen cneunduxkatopamy ¢opmata cTOMT CUMBOA % OHH cOOOIWIAIOT (YHKIUK
scanf () TUN JaHHBIX, NOMLIEXALUWX BBOLY. DTU Koabl nepeyrcieHb B Tabi. 8.3. Cneuu-
¢ukaTtopel ¢opMaTa COMNOCTaBISIIOTCA C apryMEHTaMM cicBa HanpaBo. PaccMoTtpuM He-
CKOJIbKO TPUMEPOB.

Tabnuya 8.3. Cneyndukaropsl hopmara GyHKUMM scanf ()

Kon opmar

%c Cwiveon

%A [ecsiTuHoe uenoe YMeno Co 3HaKoMm

%1 HecatnyHoe yenoe Y1eno co 3HakoM, BOCbMEPUYHOE UMK LecTHaguaTepruiHoe Yncno

%e [ecsTuyHoe Yreno ¢ nnasaloLlen ToUKon

%E [decsTuyHoe Y1cno ¢ Nnaearwuen ToYKon

%g [ecsTnuHoe Yucno € NaBaloLLeiln TouKon

%0 BocbmepuyHoe u1cno

%S CTpoka cumBOrIoB

%u HecatnyHoe uenoe yncno 6es 3Haka

%3¢ LWectHanuaTepuyHoe Yncno 6es 3naka (CTpoyHeie ByKBbl)

%*p Ykasatens

%n Yka3arenb Ha LenoyrcnenHyto nepemerHyko. CneumncdukaTop Bbi3biBaeT NpUcBavsea-
HUe 3TOW L|eNoYUCnerHHoNn NepemMeHHoN KoniniecTsa CMMBOIIOB, BBEAEHHLIX Nepes Helt

%[] Habop ckarupyembIX cCUMBOIOB

%% 3HaK %

Beog uncen

Ins BBOMA LIenoro yucaa KUCMoOb3YIOTCs crneungrKaTopbl %d WK %i. [na BBoga Yncia
€ TUIaBaloLIEH TOYKOM, NPEACTABIEHHON B CTAaHAAPTHOM WJIM Hay4iHOM (dopmate, MpUMeHs-
I0TCA crieuM(UKaATOPHl %e, %E WIU %g.

HUcnone3ys cneundUKaTopsl %o WIH %x, MOXHO BBOAMTH LEJIBIC YHCIA, MPEICTABIEH-
HBIE B BOCBMEPHMYHOM MJIM LIECTHANUATEPUUYHOM ¢opMaTte cOOTBETCTBEHHO. CrnienindmKaTop
%x VMMeeT [lBa BapuaHTa, MpefHa3HAYEeHHBIX U1 BBOAA CTPOYHBLIX Y TPOMMUCHBIX LUECTHA-
muatepyyHbiX uudgp ot A mo F. OnHako npu BBOZE 1LECTHAALIATEPHYHBIX YMCEN 3TO HE
nMeeT 3HavyeHusi. PaccMOTpUMM MporpaMMy, BHIMONHAIOLIYIO BBOL BOCbBMEpUYHOro M liecT-
HaJaluaTepyyHOro yuchia.

#include <stdio.h>

int main(void)

{ int i, j;
scanf ("%$0%x", &i, &j);
printf("%$oc %x", i, j):
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return 0O;

DyHkuus scanf () NpeKkpallaeT BBOAMTL YMcia, OOHAPYXUB MEPBbIil HEYHCIOBOH CHMBOJL.

Beog, uenbix yucen 6e3 3Haka

Jlns BBOMA Lienbix yMces 6e3 3Haka NpuMeHsieTcs Mmoavdukarop %u. Hanpumep, ¢pparmeHT

unsigned num;
scanf ("%u", &num);

BBOAMT LieNioe yuciio 6e3 3Haka v MpUCBavBacT ero ﬂepCMCHHOﬁ num,

BBop, oTaenbHbIX CUMBOJSIOB

Kak ykasbiBasioch paHee, OTAENbHBbIE CHMBOJIBI MOXHO BBOAMTH C MOMOLUBLIC (ByHKUUM
getchar () WIM MPOU3BOANHBIX OT Hee GyHKkUMi. PyHKUMIO scanf () TakXe MOXHO Mpu-
MEHATb JUIA 9TOM UeJM, MCcnoab3ys crneuudukarop %c. OnHako, Kak M (QyHKUHS
getchar (), GYyHKLMA scanf () Ucnonb3yeT Oydepu3oBaHHBII BBOA, MO3TOMY B MHTEpaK-
THUBIBIX IPOrpaMMax ee NMPUMEHSATh HC CJIeayeT.

HeceMotps Ha 10 4TO npobentl, 3HAKU TabyasLUK U CUMBONBLI NEpexofa Ha HOBYIO CTPO-
KY UCNONb3YIOTCSl KaK pasfenuTeNiv NMpy YTeHUM JaHHbIX JIOOBIX THUIIOB, MpY BBOLE OTHENb-
1ibIX CUMBOJIOB OHM CYMTHIBaIOTCS HapaBHe co BceMW. HanpuMep, ecnu notok BBoza co-
LCPXUT CTPOKY "% y", TO GparMEeHT Kojaa

| scanf ("%c%c¥c", &a, &b, &c);

NPHUCBOMT CUMBOJ X TIEPEMEHHOI a, NpobeT — TnepeMeHHO b ¥ CUMBOJI ¥ — MepeMeHHOM c.

Beop cTpok

DyHKUUIO scanf () MOXHO NPUMEHSATH WA BBOAA CTPOK W3 BXOOHOro notoka. Ilns
3Toro Mcrnonbayercs crneundukarop %s. On 3actaBngeT ¢yHKUMIO scanf () CUMTHIBaThb
CHMBOJIbI, NTOKa He OOHapyXuTcsl pasnenuntesb. CUMBOJIBI, CUMTAHHBIE M3 BXOMHOIO MOTOKA,
3aMUCHIBAIOTCS B MAcCHB, Ha KOTOPBIM CCHUTAETCSI COOTBETCTBYIOLUMIT apTyMEHT, 2 B KOHeELl
3TOr0 MacCHBa 3anuCHIBaeTCs HyneBoil Gaiit. PyHKUMSA scanf () CUMTAET pasfejMTe/IEM
npoOcyi, CUMBOJ Mepexona Ha HOBYIO CTPOKY, CMMBOJ TaOynsiLMM, CHUMBOJI BepPTHKAIBHOM
TabynsALMY, a TakKe CUMBON MporoHa Oymary. CrneposatebHo, GYHKUMIO scanf () Henb3s
NpoCcTO NMPUMEHUTDH JIUIS1 BBOMA CTPOKU “3TO MpoBepKa”, MOCKONLKY BBOI NpeKpaTHUTCS Ha
nepsoM Xe npotesie. Ytobul yBumeTh 3¢hdekT, NpousBeseHHbIH cneun@dUKaTopoM %s, Mo-
npobyiiTe NpYMEeHUTDH CJIEAYIOLLYIO NporpaMMy K crpoke “BceM npusetr”.

#include <stdio.h>
int main(void)
{
char str([80];
printf ("Brenure cTpoky: ");
scanf("%s", str);
printf ("BoT Bawa cTpoka: %s", str);

return 0;

[Tporpamma BepHeT JiMilb CJIOBO “BceM”, a 0cTanbHYIO YacTh CTPOKYU MNPOMIHOPUPYET.
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Beop appeca

Ina Beona anpeca npuMcisietcs cneundukarop %p OH 3actaBnsier GYHKUUIO scanf ()
CUMTHIBATH U3 BXOAHOrO NOTOKA anpec, GopMatT KOTOpOro onpencnsieTcst apXUTeKTypoil LeH-
1panbiioro npoueccopa. Hanpumep, cneayioias nporpaMma BBOLWT aipcc SiUEHKY, a 3aTCM
BLIBOLUT HA IKPaH CC COACPXHMOE.

#include <stdio.h>

int main(void)
{

char *p;

printf ("BeenuTe anpec: ");
scanf ("%p"., &p):;
printf ("llo 3ToMy aIpecy XpaHUTCsa 3HaueHue$p is %c\n", p, *p);

return 0;

B
Cneuundukarop %n

CncuudukaTtop %n BHIHYXI2eT (GYHKLHIO scanf () MPUCBONTH KOJMUCCTBO paHee BBe-
ICHHBEIX CUMBOJIOB TIEpEMEHIION, HA KOTOPYIO CCHITAETCS COOTBETCTBYIOLUMI apryMeHT.

Ucnonb3osanme Habopa ckaHMpyeMbiX CHMBOOB

DyiKLMA scanf () MOAAECPKUBACT CrielM@KATOp YHUBEpCanbLHOro dopMara, Ha3biBae-
MBIl Habopom ckanupyemoix cumeonog (scanset). Ilpu obpabotke 3Toro crnienmdgurkaTopa
GyHKUMA OymeT BBOAUTH TONBKO Te CUMBOJIBI, KOTOPHIE BXOHST B 3alaHHbIii Habop. CUMBO-
JIBl 3aMMCHIBAIOTCA B MacCUB, Ha KOTOPBIH cCbLJIaETCsl COOTBETCTBYIOLUMII apryMeHT. [lns
Toro ytobbl onpeneauTh 11a00Op CKAHUPYEMBIX CHMBOJIOB, [IOCTATOYHO MEPEUYUCTUTh HX
B KBagpaTHHX ckobkax. Ilcpen oTkpeiBawouleil KBagpaTHOi CKOOKOI yKa3biBaeTCsl CHMBOI
npoucHTa. Hanpumep, caenyomiuii Habop CKaHUPYeMBbIX CHMBOJIOB O3HA4YaeT, YTO (PYHKUMS
scanf () noskHa BBOOUTH NULIL CMBOJIBI X, ¥ U Z.

B 2ixvz]

Ipu vcnosb3oBalivy Habopa CKallMpyeMBIX CMMBOJIOB (pyHKUMSA scanf () NPONOJLKAeT
CUUTHIBaTL CUMBOJIBI, MOMellasi UX B COOTBETCTBYIOLUMI MaccuB, MOKa He OOHapyXHTcs
CHMBOJI, He BXONSLIMI B 3anailHelil Habop. [lo Bo3epalieHMM K3 (GYHKUMM scanf () Mac-
cHMB OyICT comepXaTb CTPOKY, COCTOSILLYIO M3 CUMTAHHBIX 3JIEMEHTOB M 3aBepLUaroLLyOCs]
HyneBbiM 6aliToM. Bee BhIlLIECKAa3aHHOE WUTIOCTPUPYETCsl CIEAYIOLLEe nporpaMMOii.

#include <stdio.h>
int main(void)
{
int i;
char str[80], stxr2[80];

scanf ("%d% [abcdefg]%s", &i, str, str2);
printf("%d %s %s", i, str, str2);

return 0;
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Becaute cTpoKy 123abedtye M HAXMHUTE KiIaBully <ENTER>. I1porpamma BhIBCACT Hid IKpail
CENYIOIHC CTPOKK: 123 abed tye. ITockonbKy cMMBON t lie BXOAMT B HAOOp CKaliMPYCMbixX
CHMBOJIOB, 00HapyXUB ero, Qyiikuus scanf () OCTallaBIMBacT CUXTEIBAHWE JAIlIBIX H3 BAOL-
HOTO MOTOKa B NepeMCHHYIO str. OCTaBLIMecs CUMBONK CYMTBHIBAIOTCS B MICpEMENHYIO str2.

Eciv nepBbiM CHUMBOJIIOM Habopa SIBJISETCA 3i1aK 4, HabOp CKaHMpYEMBIX CUMBOJIOB
TpakTyeTcsl Haobopor. 3HaK 4 coobulaeT (GyHKUMH scanf(), 4TO OHa AOKHA BBOAWTDH
TOJIbKO CHMBOJEI, He ONpeeneiiiibic B Habopc.

B GonbluMHCTBE peany3aumMii MOXHO 3anaBaTh AMaNa3oH CHMBOJIOB, MCIONbL3ya neduc.
Hanpumep, cremyrolumit cneuugukatop orpaiMuMBacT BBOI CHMBOJIOB IMana3olioM OT A [0 Z.

F (a-2]

Crnenyet NOMHUTB, YyTO HaboOp CKaHUPYeMBbiX CMMBOJIOB YYBCTBUTENCl K perdctpy. s
TOro 4ToObl BBECTHU KakK MPOMNUCHLIC, TAK U CTpouilbie OYKBbBI, UX CIELYET YKA3aTh OTACNbIIO.

Mponyck HexenaTenbHbIX pasgenurene

Ecnv B ynpasistiouieil CTpoKe 3alal pasaenutenb, GYHKUHMA scanf () MpONyckacT OOUH
VNY HECKOJIBKO pasienvteniell BO BXOOHOM notoke. PaspcnutencM MoxeT ObiTb npobci,
CHMBOJ TabyJsALIMKM, CUMBON BEPTHKAIbLION TabyasaLMM, CUMBOJ MPOroHa OyMaru, a Takoke
CHMIMBOJI Tlepexoaa Ha HoBYIO cTpoky. Ilo cyluecTBy, oauH pa3genuTtesib B YIPaBJsOILCH CTPO-
Ke 3acTaBiseT QyHKUMIO scanf () CUMTHIBATh, HO HE 3aNuChiBaTh B MaMaTh Jiloboe KONUuecT-
BO pasgeaMTenicH, CToSLUMX nepen NepBeIM CUMBOJIOM, HC SIBISTIOLLIMMCS Pa3fCiuTECM.

CumBOsbI, HE ABNKIOLLMECS Pa3peNUTENIMU

CuMBOJIBI, HE SIBISIIOLLMECS] DA3LeIMTENs MU, BHIMYXAAIOT (GYHKUMIO scanf () CUUTHI-
BaTh ¥ TNpONycKaThb 3anamlibie cMMBOILL. HanpuMep, ynpaBasiollas cTpoka "%d,%d" 3a-
cTaBisieT (byHKUHIO scanf () cuMTaTh LIENIOe YMCIO, MPOYUTaTh U OTOPOCUTD 3aMsATYIO, @ 3a-
TEM CUMTaTh cleayoliee Lenoc uuciao. Ecnu ykasauibiii cMMBOJ He Haiacl, (yHKUMs
scanf () npekpaiyaet paboty. Eciu HyXHO cuutaTh ¥ OTOpPOCUTH 3HAK MpPOLICHTA, B YIIpaB-
NISOLLEH CTPOKE UCMOJIb3yeTcs 0003HAUEHME %%.

®yHkumm scanf() cnepyet nepepasartb agpeca

ApryMeHThl (ynKUUY scanf () AOJDKHBI MepenaBaThcsl MO CChbIIKe. TakilM obpasom, ee
apryMeHTaMH JO/DKHEL OblTh yKasaTenu. HanoMuuM, uToO TONABKO 3TOT Crocob nepenay
apryMeHTOB No3BojsieT (YHKLUMHY U3MCHATL UX 3Havyenus. Hanpumep, i Toro, 4toObl BBe-
CTU LIEJIOE YMCJIO U MPUCBOMTBL €ro MepeMeHHON count, (YHKLMIO scanf () CeaycT Bhi-
3BaTh CJICAYIOLIUM 00pa3oM.

f scanf("%d", &count);

CTpOKM CUHUTHIBAIOTCA B CHMBOJIBHBIC MAaCCHBBI, UMCIIA KOTOPBIX CaMU ABJAIOTCH UX aapeca-
MU. CJ'IC}J.OBEITCJ'[!)HO, 1A CUUTBHIBAHKUA CTPOKHM B MACCHB str Heo0X0AMMO HCMONb30BaTh BLI30B

B scanf(*%s", str);

B nanHOM ciiyyac rnepeMCHHad str caMa ABIsICTCS yKa3aTeJIEM, U CTaBUTH NEpen HeH
onepaTop B3sITHA aapeca & HC CIICOYET.

Moaudukaropsl popmara

Kak v ¢yHkumsa print£ (), GylkuMs scangf () AonyckacT Moaudukanmvio cneuudmka-
TOpOB (hopMarTa.
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Crnieuudvkatopb (opMata MOryT COAepXaTb MOAN(DHUKATOP MaKCHMAaIbHOW LUIMPHUHDBI
nona. OH npcactaenseT cobOi 1ICI0E UMCIO, YKa3aHHOe MEXAY 3HAKOM IpoLCHTa M cre-
LudukaropoM dopmara. 3T0 YUCIO OrPaHUYMBACT KOIUYECTBO CUMBOJIOB, KOTOPOE MOXHO
BBecTH. HanpuMep, 4robbl B CTPOKY str Helib3s Obijio BBECTH Gonblie 20 CHMBOJIOB, Cleay-
€T BLIMIOTHUTD CJICAYIOLUMI BHI3OB.

E scanf ("%20s", str);

Ecnu mavHa ctpoku BO BXOOHOM MNoToke Oosblie 20, cnenyiouivii BBOL HA4YHETCS C TOrO
MCCTa, [C OCTaHOBWICS MNpelblaylivil. HanpuMep, npy BBOAE CTPOKH

l ABCDEFGHIJKLMNOPQRSTUVWXYZ

NpenbiayLvii oneparop BBCAET JIULUL ABaALAThE CUMBOJIOB, T.€. 10 OYKBH “T” BK/IIOUHTENb-
HO, Y 3anyileT uX B MaccuB str. OctajlbHbie CUMBOIb, T.6. UVWXYZ, He OyIyT BBEICHEI.
Eciu nocne 3toro 6ynet BbINOAHEH HOBBIM BLI30B (DYHKLMU scanf (), HApUMep,

l scanf ("%s", str);,

70 OYyKBBl UVWXYZ OyayT 3anvcaHbl B repemMediyio str. BBoa cMMBONOB B OrpaHU4YE€HHOE
noJsie npexkpai@actcsi, 1M6o eciu JOCTUIHYTa MaKCUMalbHas 1UMpUHA M0Js, Jubo ecay o6-
HapyXeH pa3acauTtesb. B aToM cnyyae QyHKUUS scanf () NEPEXOAMT K CIEAYIOLUEMY TOJIO.

Jns BBoZa 3naueHUi THMNa long int nepen cneuudukatopoM ¢opMarta ciaeayeT nocta-
BUTH Mogudukatop 1. JIna BBoOa 3iiavenuii TMna short int nepea crnelUpHKATOPOM
¢dopMaTta cienyeT ykazatb Moavdukarop h. OTH MoanMduKaTopbl MOXHO CTaBUThb Mepen
cneuudukaropamy 4, i, o, u, x U n.

[To ymonuanuio cneumdmkatopsl £, e M g coob1aoT GyHKLMK scanf (), YTO BBOOUTCS
yucno ¢ miasawlleit Toukoi. Eciv nepen atumu cneuvdukatopaMy ctouT OyKBa 1, BBe-
JIeHHOE 3HauyeHWe OyleT NpUCBOEHO NnepeMeHHOM THIa double. ITpeduke L o3HayaeT BBOA
3HauyCHUA TUna long double.

Mopaenexne BBORA

MoxHo 3acTaBuTh (GyHKUUIO scanf () CYUMTHIBATL T10JI€, HO HE NPUCBaUBATh €0 HM Ofl-
HO¥ nepeMeHHo. [ 3TOro mepen KOooM COOTBETCTBYIOLIEro popMaTta clienyeT MoCTaBUTh
cuMBoll *. HanpyMep, BbI30B

B scanf("%ds*cd", &x, &y);

03HaYyaeT, 4TO B MPOrpaMMy BBOIUTCSA MMapa yvcen 10, 10. 3anatas MEXAY YMCIaMu AOJKHA
CUMTHIBATECS, HO HE MpUCBAaMBaThCs HU OMHOI mnepeMeHHol. Ilonapienive NprcBaiBaHWs
0COGEIIHO MOJIC3HO, KOraa nporpaMMa o0pabaTriBaeT JIMLIb YacTb BXOAHON MH(pOpMALIMY.

190 Yacts I OcHoBwt s3b1ka C++: nogmHoxecteo C



[ lomHbii
CIPABOYHUK TI0 \ -,

I'1aBa !

daitnosbiii BBO/1/BbIBOJL



B 3TOi rnaBe onucbiBacTcs ¢aiioBas cucrema sasbika C. Kak ykasbiBaioch B rnaec 8,
36K C++ ropagepXxuBaeT ABE CUCTEMbl BBOJA-BHIBOJA: OfHA U3 HUX yliacliefoBaHa OT
sa3pika C. a npyras sABascTcs oObEKTHO-OpUEHTUpPOBaHHOoI. B 3T0i rnaBe Mbl paccMOTpUM
JIMLIB MEPBYIO U3 3TUX cucTeM. (DaitioBas cucreMa, xapakteplias ToJbKo JUis s3blka C++,
oynet onucana B yactu Il.) HceMoTpst Ha To Yto B GONBIIMHCTBE COBPECMCHIILIX MPorpaMm
JU1s BBOAA-BbIBOAA MCITONBL3YCTCSl B OCHOBHOM ¢ainoBas cucrema sizbika C++, nmporpamMmu-
CTHl [O-TIPEXHEMY JOMKHBI XOPOIIO pa3buparbcs B CPCACTBAaX BBOAA-BbIBONA, MPEAYCMOT-
petHbIx sa3bikoM C. TTpuuKMHBL 3TOro MBI yX€ yKasanu B npeabiaylileii riase.

_| dainosbie cucteMsl 93bikoB C u C++

HekoTopble nporpaMMHCTB MMEIOT 1IEBCPHOE MpPeAcTaBiellie O CBA3sX MexXay aitio-
BbIMK cucteMamu s3bika C n C++. Bo-nepebix, s3blk C++ MONMHOCTLIO MOMUIEPXUBAET
¢haiinoryio cucremy sizbika C. CraepoBarenbio, npu nepesoae nporpamm c ssbika C Ha C++
Mpouenyphl BBOAA-BHBOAA MOXHO OCTaBUTb Oe3 M3MeHeHUs. Bo-BTophix, B sA3bike C++ or-
peneneHa cobGCTBEHHasi, OObEKTHO-OPMEHTHUPOBaHHas, CHMCTeMa BBOMA-BbIBOLA, BKIIOYAO-
wasi QyHKUMH M OMeparophl. DTa CUCTEMA [OJHOCTLIO nyonupyer Bce (yHKUMOHATIbHBIE
BO3MOXHOCTH CPEACTB BBOMa-BbIBoA2 si3bKa C, yro mesiaeT MX W3NMUIIHUMM. TIporpaMMuct
MOXET COBEpILIIEHHO CBODONHO MPUMEHATH 00¢ dainoBuie cucteMbl. M Bce e GOABLIMHCTBO
MPOrpaMMUCTOB TIPEANOYUTAIOT UCIONB30BaTh CUCTEMY BBOMa-BbiBOMA s13biKa C++. [MpuunHb
TaKOro BLIOOpa CTaHYT sSICHBI focie u3yuyeHus yactu 11,

Motoku u ¢annel

IIpexnae yeM mepeTH K obcyxiacHUo GaitnoBoit cucremnl s3vika C, cineayer mno-
HATb pasHULly MeXIy nomoxkamu W ¢aiinamu. CucTema BBoga-BHBona s3vika C obecne-
uyuBaeT €AUHOODOpa3nbit UHTepdeiic, He 3aBucAlMil OT (u3MYeCcKUX ycTpoiicTB. MHua-
Yye roBOps, CUCTeMa BBOAA-BbIBOAA CO3NAET MEXIY NPOrpaMMUCTOM M YCTPOICTBOM al-
CTpaKTHOE CpEeNCTBO CBA3W. 3T1a abcmpaxyus HasbiBaeTca nomokoM, a dusnyec-
Koe yCTpoiicTBO — ¢hatinom. B3auMoneilcTBue MeXay MOTOKaMU M ¢aiinaMu MNpenacTas-
nseT IS Hac ocoObIil UHTEpCC.

B cucmeme eeoda-evieola sisbika C++ MOHAMUS romoka u ¢halina makxe uzsparom
Ha 3amerry

8aXHYI0 POrib.

_| MoToku

Qaiinosas cuctema si3pika C npefHa3HayucHa 1S IKHPOKOro CHEKTPa CPeaCcTB BBOJA-
BbIBOMA, BKJII0OYasl TCPMUHAIB, TUCKOBOABI U Mpuntepbl. HecMoTpst Ha paszHoobpa3ue pu-
3UYECKUX YCTPOWCTB, (ailioBasi cMCTeMa MpeoOpa3oBbiBacT KaXI0e U3 HUX B HEKOE JIO-
rMyeckoe yCTpOHCTBO, Ha3biBaeMOe homokoM. Bce MOTOKM (pYyHKUMOHUPYIOT ONMHAKOBO.
ITockonbKy OHM IMPaKkTHUYEeCKH He 3aBUCAT OT KOHKPETHOTO YCTPOWCTBA. OlHA M Ta Xe€
¢GYHKLMA MOXET BLIBOAUTb JaHHBIC KaK Ha XECTKMil OMCK, TaK U Ha KoHcosib. Cyliect-
BYIOT [1Ba BUIia NOTOKOB: TEKCTOBBII U OMHapHBIH.
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__] TekcTOBbIE MOTOKU

TekcToBblit MOTOK npencrapiser coboil MocnenoBaTeNbHOCTL CUMBOJIOB CTaHIapT si3bl-
Ka C no3sonsier (Ho He TpeOyeT) OpraHU3OBHIBATDL MMOTOKM B BMIE CTPOK, 3aKaHYMBatOLLUXCst
CUMBOJIOM Nepexofia. B nocneaHeit ctpoke cCUMMBON nepexofla yKasbiBaTb HE 06s3aTeNTbHO.
(Ha camom pene GONbIUMHCTBO KOMMMIATOpOB s3bika C/C++ He 3aBeplaloT TEKCTOBbiE
MIOTOKM CMMBOJIOM Tepexolia Ha HOBYIO CTPOKY.) B 3aBUCHMOCTHM OT OKpyXeHHsi HEKoTopbie
CHMBOJIbl B TEKCTOBBIX ITOTOKax MOIYT MOABeprathca npeobpa3oBaHuaM. Hanpumep, cumson
nepexona Ha HOBYIO CTPOKY MOXET OBITb 3aMEHeH Mapoil CHMBOJOB, COCTOsILLENH U3 CUMBO-
Jla BO3Bparta KapeTku U nporoHa Oymaru. CnenopaTeNnibHO, MEXIy CUMBOJIAMM, 3aIMCAHHBI-
MH B TEKCTOBOM MOTOKE, U CHMBOJIaMH, BbIBENEHHBIMU Ha BHELUIHME YCTPOICTBa, HET B3a-
HMHO OHO3HayHoro cooreeTcTBUA. [To 3TOM Xe rpyMYKMHE KOMUYECTBO CHMBOJIOB B TEKCTO-
BOM TIOTOKE M Ha BHELUHEM YCTPOIMCTBE MOXET ObITh pa3HbIM.

| BrHapHbIe NOTOKK

bunapnuii nomox — 310 MocnenoBaTenbHOCTL 0ATOB, OAHO3HAYHO COOTBETCTBYIO-
was nocienoparenbHocTy 6aiTOB, 3anMKMcaHHO Ha BHeluHeM ycTpoiicTBe. Kpome Toro,
KOJIMYECTBO 3alMCaHHbIX (MM CYUTAHHBIX) DaliTOB coBnagaer € KOJUYECTBOM OalTOB
Ha BHeLIHeM ycrpoiictee. OnHako OMHAPHBII MMOTOK MOXET CONEPXATb AOMNOCIHUTENb-
Hble HyneBbie OAMTbl, KOTHYECTBO KOTOPHIX 3aBUCUT OT KOHKPETHOI peaiu3alMnu. IDTH
OaifThl IPUMEHSIOTCA A BHIPABHUBAHMS 3amKceil, HanmpuMep s Toro, 4tobbl naHHbIe
3aMofiHsAIM BeCh CEKTOp Ha IKCKe.

_I daiinbl

B s3bike C/C++ ¢haiinom cuutaercs Bce — oT (aita Ha AUCKE 10 AUCTUIES WM NPUH-
Tepa. BLIMONHUB onepalnio OTKPHTUSA, MOTOK MOXHO CBfI3aTh ¢ KOHKPETHBIM (ailioM, KO-
TOPbI MOXHO UCNONbL30BaTh 111 OOMEHA JaHHLIMHU C MPOrpaMMoOi.

He Bce ¢aitnbl obnagaoT onMHAKOBbIMM BO3MOXHOCTAMM. Hanpumep, daiin Ha xect-
KOM [MCKE MPENOCTABNSET MPSIMON NOCTYIl K CBOMM 3ariMCAM, a HEKOTOPbIE MPUHTEPbl —
HeT. 3TO MPUBOAUT HAC K CIEAYIOLIEMY BHIBOAY: BCE NOTOKH B (hailloBoit cucteMe sisbika C
ONMHAKOBHI, a (ailibl MOTYT pa3uYaThCs.

Ecnu ¢aitn Moxer ronaepxuBath 3anpoc nosuyuu (position request), NpHU €ro oTKPLITHH
xypcop ¢paiiaa (file position indicator) yctaHaBnuBaercss B Hayano. [Ipu 4yTeHUU WM 3aMMCHU
OuepeNHOro CUMMBOIA KypcOp NEPEMELLAETCS Ha OfHY MO3MLIUIO BIEpes.

Tlpu 3akpbiTUM (aitna ero cBs3b € MOTOKOM paspbiBaercsa. Ecau daitn Obul OTKphIT Anst
3alKCH, €ro COAEPXMMOe 3alMCHIBAETCS Ha BHeELUHee yCTPOMCTBO. ITOT Mpouecc O0ObIYHO
HasbBalOT owucmioii nomoka (flushing). OH rapaHTHUpPYET, YTO Moc€ 3aKpbiTHA ¢ailia B Mo-
TOKE HE OCTAHETCs HUKakoil cnyuaitHo 3abbiToit MHpopmaumu. [Tpyu HopmanbHOM 3aBepllie-
HUM NporpaMmbl Bce (ailibl 3aKpblBalOTCs aBToMaTnyecku. Ecnu pabora nporpamMmbl 6biia
3aBeplleHa aBapMiiHO, HarpuUMEp BCAELCTBUE OWMOKH WAM  BbIMONHEHUs (DYHKUHU
abort (), daiinbl He 3aKpbIBAIOTCS.

Kaxapiit moTtok, cBsizaHHBI € ¢aiinoM, UMeeT YNpaBisIOUIYI0 CTPYKTYPY THIla FILE,
KOTOPYIO HENb3st MONU(PULKPOBATD.

Ecnu Bbl HOBHYOK B IMPOrpaMMHUPOBAHMM, Pa3lMyus Mexly ¢aitlaMu U MOTOKaMHU MOTYT
nokasarbcsi BaM HaayMaHHbIMU. [TpocTo MOMHMTE, YTO MX eAUHCTBEHHOE MpenHasHayeHne —
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obecneunts yHUPULUUpOBaHHBIN HUHTepdeic. [Mpu BhnonHeHUM ofepauuit BBoda-BbIBoAA
cnenyer MBICIMTh TEPMHUHAMM MOTOKOB, WCMONb3ys [PU 3TOM EIMHCTBEHHYIO (haioByIO
cucreMy. OHa aBroMaTHuyeckM Mpeobpa3yeTr UCXONHHE ofepalliM BBONA WIM BBHIBOAA, CBsI-
3aHHbIE ¢ KOHKPETHBIM (PU3UYECKHM YCTPOWCTBOM, B JIETKO YNPaBlIsiEMblil MOTOK.

| Ochosel daitnosoi cucTemsl

DaitoBas cucreMa sizbika C COCTOUT U3 HECKONBKUX B3aHMOCBSI3aHHBIX (DYHKIIMIA.
B 1abn. 9.1 npuBeneHul Haubonee pacnpocTpaHeHHHe U3 HUX. JIns Ux uUcronb3oBaHUS He-
obxonuM 3aronoBouHblit (aitn stdio.h. B nporpammax Ha s3bike C++ MOXHO TaKxe
MPUMEHSITb 3arofloBOYHBIN (aiin <estdio>.

Tabnuuya 9.1. Haubonee pacnpocrtpanenHbie GyHKUUM BBOAa-BLIBOAA

QyHryus Onepayus

fopen() OTkpbiBaeT cavin

fclose() 3akpbiBaeT ann

putc() 3anucoiBaeT cumBon B hann

fputc() To xe, uTo U putc()

getc() CuutbiBaeT cuMBon 13 ¢aina

fgetc() To xe, uTO U getc()

fgets() CunTbiBaeT CTpoKy U3 danna

fputs() To xe, uTo U gets ()

fseek() YcTanaeBnuMBaeT Kypcop Ha 3afanHblit 6aiT ¢anna

ftell() BosBepalyaet TeKyuiyo No3nLuio kypcopa

fprintf() GaitnoBbIt aHanor QyHKUMM print £ ()

fscanf() daitnosblid aHanor gyHKkuuM scant ()

feof () BosBpawaer UCTUHHOE 3HaYeHne, ecny JOCTUrHYT KoHel ¢harna
ferror() Bo3spauiaer MCTMHHOE 3HaueHue, ecnu npousoluna olunbka
rewind() YcranaBnueaeTt Kypcop B Havano danna

remove() Crupaert chann

££flush() OunwaeT noTok

[Mporotunsl ¢GyHKUMI BBONA-BHIBOAA HAxXOOATCA B 3arofioBOYHOM ¢haiine stdio.h
(CcOOTBETCTBEHHO <cstdio>). Kpome Toro, B HeMm omnpeneneHb! TpU THIA: size_t, fpos_t
U FILE. TUN size_t, Kak U fpos_t, Mpeacraniser coboil LenouncneHHbIi Tvi 6e3 3HaKa.
Tun FILE obcyxaaercs B cnenymolleM pa3fene.

B ¢aiine stdio.h (<estdio>) onpeneneHbl Makpochl NULL, EOF, FOPEN MAX, SEEK_SET,
SEEK _CUR U SEEK_END. Makpoc NULL onpenensier HyjaeBod ykazatelb. Makpoc EOF OOLIYHO
ornpenensieT KOHCTaHTY, paBHyio —1. OH 3a1aer 3HaueHWe, Bo3ppaliaemoe (yHKLMeil BBola MpH
MOMbITKE MPOYECTh HECYLIECTBYIOLLYIO 3allMCh NOce KOoHLa ¢aitna. Makpoc FOPEN MAX ornpe-
nensierT Konu4ecTBo (ailioB, KOTOPHIE MOXHO OTKPbITh OMHOBpeMeHHO. OCTanbHble MaKpoChl
Kcrnonb3ylotcsi ¢pyHKLMER £seek (), OCYLLECTBIAIOLIEH NPpsAMON NOCTYMN K 3anMcaM ¢aiina.

Ykasareno ¢aiina

Yka3arenb ¢ailla — 3To 3BeHO, CBsi3bIBaIOiLEe MEXIy CoDOl Bce KOMIOHEHTH CUCTEMBI
BBona-BoiBoaa. OH MpeAcTapisieT coO0OM yKasarenb Ha CTPYKTypy, MMeIouyi0 THN FILE.
B 3toit cTpykType Xpanutcs nHpopMauus o ¢aiile, B 4aCTHOCTH, €ro Mms, CTaTyc U TEKy-
uiee nosioxeHue kypcopa. [lo cylecTBy, ykasarenb ¢aiina oNMUCbIBAET KOHKPETHHIH (haiin
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M MCIONIL3YETCS COOTBETCTBYIOLUMM IMOTOKOM MPH BHITIOJIHEHWHU oOMEpaLlMii BBOOA-BHIBOAA.
Buinonuuth 3TH onepauun 6e3 ykasatens (aitna HeBo3aMoxXHo. UTobb 0OBLABUTH yKa3aTenb
¢aiina, cienyer BHIOJHUTDL CREAYIOLLIMIA olepaTop.

J FILE *fp;

OtkpoiTue daitna

DyhKiius fopen() OTKPLIBAET OTOK U CBA3BLIBaET €ro ¢ ¢daitioM. 3aTeM oHa Bo3Bpalla-
eT ykasarenb Ha 3710t daitn. Hanbonee vacro gaitnom cuuraercs dbusnueckuit ¢aiin, pac-
nonoxeHHut Ha aucke. UMeHHo Takue dainbl Mbl 6ynem MMeETb B BUAY B XON€ HalbHEM-
wero unoxenus. INpororun ¢pyHKUKUK fopen() MMeeT CAEAYIOLIMIH BUI.

FILE *fopen(const char *uws_chaitna, const char *pescust)
12

3nech mapaMerp ums_cpaiina TipeacTaBisieT co0oil ykasaTenb Ha CTPOKY CUMBOJIOB, KOTOpasi
3a1aeT NOMyCTUMOoe UMs ¢aidia U MOXET BKJIIouaTh B ceba onucanue nytu Kk Hemy. Crpoka,
Ha KOTODYIO CCHINAETCSl YKAa3aTeNb peXcuM, onpenenser NpenHasHadeHue daina. Jonyctu-
Mble 3HaYEHUs MapaMeTpa pedxcum NMpeacTaBieHsl B Tabn. 9.2.

Tabmua 9.2. flonycTuMbie 3Ha4€HUs NapaMeTpa pexRnM

3Havenne Cyebicn

r OTKpbITb TEKCTOBBIN haitn AN\ YTenus

w Co3paTh TEKCTOBIA haiin Ais 3anucun

a LobaBurb 3an1cK B KOHeL TekcToBoro daiina

rb OTKpbITb GUHapHDBIA ain AN\ YTeHus

wb Cozgatb 6uHapHblit thainn ans sanucu

ab Ho6aeutb 3anucu B koney GunapHoro daitna

r+ OTKpbITb TEKCTOBBLIN hain ANg YTeHUst U 3anucu

wt CospaTth TeKCToBbI hainn Ans YTeHUs U 3anucu

a+ [obaeuTb 3anucu B koHeY TEKCTOBOrO dhaina unu co3aars TeKCTOBLIN hain ANs YTeHUs 1 3an1cu
r+b OTKpbITE BUHAPHLIT halin AnNs YTeHUs U 3anucu

w+b Co3zgats GuHapHbIi aiin gns YTeHUs 1 3anucu

a+b [obaeutb 3anucy B koHell GuHapHoro dhaina unu cosgarte GuHapHblii haiin ANs YTeHWs U 3anucu

Kak ykaswiBasioct paHee, ¢pyHKuMs fopen() Bo3Bpailaer ykasarenb ¢aitna. He cnenyer
H3MEHATH 3HaUeHUe 3Toro ykasatens B cobcTBeHHoM mporpamMe. Ecnu Bo BpeMs oTKpHITHs
¢aiina npousoitner olindka, ¢pyHKUMS fopen() BEpHET HyNEBOI yKa3aTesb.

B npuBeneHHoM Huxe nmpumepe ¢yHKLHKs fopen() Hcrnonb3yercs Ul OTKpHITUS (haidna
c umeneM TEST.

FILE *fp;
fp = fopen("test", "w");

BroT (pparMeHT MporpamMmbl abconoOTHO BepeH, M Bce XK€ (hail MOXHO OTKPbITh Ha-
MHoro rpamotHee. Hanpumep, Tak.

FILE *fp;

if ((fp = fopen("test", "w"))==NULL) {
printf ("HeBo3MOXHO OTKpHITE dain.\n");
exit(1);

}

Tenepb MOXHO OODHapYXHUThL OLUMOKY, BO3HHKILYIO MPH OTKPbITUM ¢aitna, Hanpumep, Mo-
MBITKY OTKPHITH (haill, 3auHuleHHBIH OT 3afKUCH, WK MeperioHeHWe AUcKa, U MpaBWILHO
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Ha Hee oTpearpoBaTb. B npuHLMMNE, MpexJe YyeM MPUCTYIaTh K BHIMIOJHEHHUIO orepauuii
BBOJa-BbIBOJA, CJIEAYET BCErNa [POBEPATH, YCMELHO M BblllofHEHa PyHKUUA fopen ().

Xors GOABLUMHCTBO 3HayeHUl MapaMerpa pexcuM WMEIOT BIONHE OYEBMAHBII CMBIC,
HEKOTOpHIe U3 HUX TpeOyroT NOMOAHUTENbHBIX paibAcHEHUi. Eciu Mpu nonbiTke OTKPHITH
¢ailn ToAbKO 1A YTEHUST BHIACHUTCS, YTO Takoro ¢aina Ha Jucke HeT, QyHKUMs fopen()
BEPHET MPHU3HAK OLWKOKU. Eciu MonbiTaTLCsi OTKpLITH HECYLUECTBYIOLMIA hailn wis noGas-
neHus 3amnuceid, oH Oyner co3naH. Kpome Ttoro, ecnu mais nobaBneHUsi OTKPBITH CYLIECT-
ByloUIMit ¢aiin, Bce HOBHIE 3anucH OyayT 3anucaHbl B ero KoHel. McxonHoe conepxaHue
¢aitna ocraHetcs HeMsMeHHbIM. Ecnu HecyliectBylouiuit ¢aitn oTKphIBaeTcs As 3alKcH,
OH Takxe co3naercs. Ecnu ans 3amucH oTKpoiBaeTcst CyLLIECTBYIOLIMIH (ailsl, ero conepxu-
MO€ VHUYTOXAETCS W 3aMEHsIeTCA HOBLIMM JaHHBIMM. PasHMUa MexXay pexuMaMu r+ U w+
3aKJII0YAETCs B TOM, YTO MNPH MOMNbITKE OTKPbITH HECYILECTBYIOLIHI ¢ailn B pexuMme r+ Ho-
Bbiit (aitn He co3naercs, B oTiMYMe OT pexuMa w+. K Tomy xe, ecnm dain paHee cyliecT-
BOBAT, TO B PEXUME w+ €r0 COAEPXUMOE OyleT YHUYTOXEHO, 4 B pEXUME r+ — HeET.

Kak cneayet u3 tabn. 9.2, ¢dait1 MOXHO OTKPHITh KaK B TEKCTOBOM, TaK U B OMHapHOM
pexuMe. Kak mpaBuio, KOMaHIbl BO3Bpara KapeTku W fporoHa Oymarv B TEKCTOBOM pe-
XHME [epeBOAsTCA B CUMBOJBI IEPEXOAA Ha HOBYIO cTpoKy. IIpM BbiBoae BCe MPOMCXOOMT
Hao60opoT: CUMBOJIHI lepexofa Ha HOBYIO CTPOKY UHTEPIIPETUPYIOTCS KaK KOMAHIH Mepe-
Bojia KapeTku W nporoHa Oymaru. [Ipu pabore ¢ 6unapubiMu daitnamu Takue mpeobpaso-
BaHHUSl HE BLIMOIHSIOTCS.

KonunuectBo onHoBpeMeHHO OTKPHITHIX (ailioB omnpenensaercss KOHCTaHTOH FOPEN MAX.
Kak npaBwio, oHa paBHa §, HO ee TOuHOE 3HayeHHE ClefyeT MUCKaTh B NOKYMEHTaUWH, CO-
[IPOBOXIAIOLLEN KOMITWIATOP.

3akpbiTue daitna

®yHKUKsA fclose () 3aKPHIBAET MOTOK, OTKPBIThIH paHee dyHKLHENR fopen(). OHa 3a-
MHUCHIBAET BCe ocTapiuuecs B Oydepe naHHble B (haitn U 3aKpHIBAET €ro, UCMOAb3yst KOMaHIbl
onepauHoHHoi cucTembl. OwMOKa, BO3HMKILAs MNpU 3akpbiTUM (ailia, MOXET MOPOOUTDb
MHOX€ECTBO Mpo0sieM, HaYMHasl C NOTEPH NaHHBIX M pa3pyLleHUs (GaiioB U 3akaHuYMBas He-
npenckasyeMbIMU MOCNENCTBUAMU AN Nporpammbl. Kpome toro, ¢yHkuus fclose() oc-
Boboxnaer yrpapisoLrilt 610K ¢aina, cBA3aHHOTO ¢ MOTOKOM, IMO3BONAS WCIOAb3OBAaTh
3T0T OficK noBTopHOo. OfepallMoOHHash CUCTEMa OrpaHUYMBACT KOJHYECTBO OJHOBPEMEHHO
OTKPHITHIX (hailIoB, 1103TOMY, IIpeXIe Y€M OTKPHITh OLUH (haiil, cnenyer 3aKpbiTh LPYrou.

[MporoTun ¢byHKUMK fclose () BBLIIJIAAUT CAEOYIOLUMM 0Dpa3oM.

lint fclose(FILE *fp)

3nech MmapamMeTp fp npenctariser coboit ykasarens daitna, Bo3epaleHHbIH ¢yHKuuel fopen().
Ecaun ¢hyHKUMSA BepHyna HyNeBOM yKasaTellb, 3HAYMT, (aill 3aKpHIT yerneuiHo. 3HayeH1e EOF sIB-
JisleTcsl MpU3HaKoM olMOkHU. [Insi pacro3HaBaHuss M 0OpabOTKM BO3HUKILUMX MpobneM MOXHO
MCIONb30BaTh CTAHRAPTHYIO (QyHKUMIO ferror(). Kak npasuno, ¢yHKiMA fclose() BbIION-
HSIETCS1 HEBEPHO, €CJIM IMCK OBbUT NMPEeXIEeBPEMEHHO BHIHYT U3 IMCKOBOLA WIH MeperofHeH.

3anuch cuMBONna

[ns BeIBoja CUMBOJIOB MpeAHa3HaueHbl aBe (GyHKUMH: putc() K fputc(). (Ha camom
Iene putc() — 3TO Makpoc.) 3TH 3KBUBAJICHTHbIC (PYHKLHH MPOCTO COXPAHAKOT COBMEC-
THUMOCTb CO CTapbiMM BepcusiMU sidblika C. B KHHUre Mcronb3yercs Makpoc putc(), XOTS
C TAKHUM XK€ YCIIEXOM MOXHO ObL1o OBl BHI3bIBaTh GYHKUHIO fputc().

DyHKUMS putc() 3anMCHBAET CUMBON B aill, OTKPHITHII C MOMOUIBbIO (HYHKLHUM
fopen(). [lporoTun 310# (PyHKUMH BEIIISAUT TaK.
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l int putc(int cumgon, FILE *fp)

3necy mapameTp Jfp npedcTaBnseT coboit ykasarenb (Gaila, BO3BpallleHHBIR ¢(yHKUUeH
Jopen(), a apryMeHT ch sBnsieTcsl CUMBOJNIOM, TMOMLIEXallMM BbiBody. YKasatenb aitia co-
oburaer ¢pyHKUMH pute (), B Kakoil UMeHHO daiin cnenyer npou3sect 3anuch. HecMorps
Ha TO YTO MapaMeTp ch MUMeeT THIT int, B ¢aiul 3anMcbiBaeTcs JIULLUb MIanlluuii Oair.

Ecnu ¢yHkumng pute() BbIIIONHEHA YCMELIHO, OHa BO3BpALLAeT CUMBOJ, 3aMMCaHHbIMA
cio B (aitn. B npoTMBHOM cilyyae oHa BO3BpalllaeT KOHCTaHTy EOF.

YreHue cumBona

BBon cHMBoOna OCYILECTBASIETCS OBYMsl 9KBUBAJICHTHBIMM  (YHKLHSMU: getc()
U fgete (). Hanuuue onMHakoBbIX (yHKLMIA 1103BOIAET COXPaHUTh COBMECTUMOCTb CO CTapbIMM
epcusamHM si3bika C. B panbHeifiuem Mbl OyneM MCMonb30BaTh NULIL (GYHKUMIO gete (), KOTO-
pasi peaii3oBaHa B BUIe Makpoca. [Tpu XenaHuM MoXHO NMPpUMEHSITh M (YHKLMIO fgetc ().

DyHKuHA getc() CYUTHIBaeT cMMBON U3 daiina, oTKpeiToro GyHKLUEH fopen() B pe-
xuMe uteHus. [poroTun GpyHKUMM getc () MMEET ClENYIOLIUI BULL.

§ int getc(FILE *fp)

3nech nmapaMeTp fp aBIseTcsa ykasaresneM ¢aiina, Bo3spauleHHbIM GyHKuMell fopen (). DyHK-
LMS getc() BO3BpallaeT LEJOYMCIEHHYIO MEepEMEHHYI0, MaanliMi OaiiT KOTOpOi ComepXuT
BBefeHHBI cuMBon. Ecnu Bo3HUKAa oliubKa, crapluunit 6aifT 310l mepeMeHHoIt paBeH HyJo.

Ecnu nmpu uteHuu obHapyxuBaercs KoHel ¢aiina, GyHKUHsA getc () BO3BpaLiacT KOH-
cTaHTy EOF. CnenoBartenbHo, s CYMTHIBAHUS AaHHBIX BIUIOTh JO KOHUa ¢aitna MoXHO
NPUMEHSATD ClefyOWHi pparMeHT NporpamMmel.

do {
ch = getc(fp);
} while(ch!=EOF) ;

OnHako QyHKLMs getc () BO3BpallaeT KOHCTaHTYy EOF M NMPH BO3HUKHOBEHWH OLLIKOOK.
[ns pacnio3dHaBaHUs OLIMOKM MOXHO MPUMEHSTH (GYHKUMIO ferror ().

Mpumenenne $yHkumia fopen(), getc(), putc() n fclose()

®dyHkuMH fopen(), getc(), pute() M fclose() o0pa3yloT MUHHMMalbHbLIK Habop
npouenyp Ans paborw ¢ Qaitnamu. IlpuBeneHHas nuxe nporpamma KTOD wmunoctpupyer
npuMeHeHHe GyHKuMil putc(), fopen() U fclose(). OHa CUMTHIBAET CUMBOJLI C KJa-
BHATYpbl M 3arMchIBaeT UX B ¢aill, noka nonb3iopatesnb He BBenet cuMmBon $ Mmsa daiina
3agaercss B KOMaHLHo# cTtpoke. Hanpumep, Bui3Bap nporpaMmmy KTOD ¢ nomoliibio komMaH-
bl KTOD TEST, MOXHO 3anucaTh TeKCT B (aitn ¢ uMeHeM TEST.

/* Mporpamma KTOD gmns paboTel C OMCKOM. */
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argvl(])

{
FILE *fp;
char ch;

if(argc!=2) {

printf ("Bel 3abbu ykasaTbk uMms odanna.\n");

I exit (1) ;
}
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if((fp=fopen(argv(l], "w"))==NULL) {
printf ("HeBo3MOXHO OTKpBITH darui.\n");
exit(1);

}

do {
ch = getchar();
putc(ch, fp);
} while (ch '= '$');
fclose(fp);

return O;

IMporpamma DTOS BbimonHseT MPOTHUBOMNONOXHBIE OMEpPalMU: OHa CYUTHIBAET MPOU3-

BOJIbHbII TEKCTOBbII (hail U BHIBOAMT €ro cofepxumoe Ha 3kpaH. OHa 1EMOHCTPUPYET HC-
nonb3oBaHue GyHKLUM fgete ().

/* Tlporpamma DTOS cuuTtblBaeT ¢aiyi ¥ BEHBOOMT €rc Ha 3kpaH. */
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv(])

{

FILE *fp;
char ch;

if(argc!=2) {
printf ("Ber 3abbim BBEeCTM MMs darna.\n");
exit(1l);

}

if ((fp=fopen(argvi{l], "r"))==NULL) {
printf ("HeBO3MOXHO OTKPHITEL odaltyi.\n");
exit(1);

}

ch = getc(fp); /* CuuTEBaeM cUMMBOM */
while (ch!=EOF) {
putchar(ch); /* BeBOOUM ero Ha 3kpaH */
ch = getc(fp);
}

fclose(fp);
return O;

Yr1o0bl BLITIONHUTE TECTUPOBAHKE 3THUX MPOrPaMM, clielyeT CHayala cO3daTh TEKCTOBHIi

¢daitn ¢ nomoubto nporpammel KTOD, a 3ateM cuMrtath €ro copepxumoe, UCHONbL3ys Mpo-
rpamMMy DTOS.

Mpumenenue ¢yHkumm feof()

Kak ykazaHo Bbilie, oOHapyx1B KoHeL ¢aiiia, ¢GyHKLUA getc () BO3BPALIAET KOHCTAHTY

EOF. OnHako 3TO He caMblii nyYIIUH crnocob Ui pacro3HaBaHWs KoHLa ¢aiia. Bo-
MepBLIX, ONepallloOHHas cucTeMa MOXeT paboTarth Kak ¢ TEKCTOBbIMM, TaK U ¢ GMHapHbIMU
¢aitnamu. Ecnu daitn oTkpbIT 1151 GUHAPHOIO BBOAA, U3 HEr0 MOXET ObITH CYUTAHO llefoe
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4KMCNo, paBHoe KOHCTaHTe EOF. CnefoBatenbHo, KoHel (aitia, pacro3HapaeMblit GyHKLIMEN
getc (), MOXET He COBManarb C pealbHBIM KOHLIOM ¢ailna. Bo-Brophix, ¢pyHKLMs getc ()
BO3BpALIAET KOHCTAHTY EOF HE TONIBKO IO NOCTHMXEHWH KOoHLa ¢aiina, Ho M NpU BO3HUKHO-
BeHUU moboit npyroit ownbku. Ilo 310l MpUyKHEe KoHcTaHTy EOF HEBO3MOXHO MHTEpIIpe-
TUPOBAaTb ONHO3HAYHO. JLNs pellieHus 3Toit npobnembl B A3bike C MpenycMorpeHa GyHKIUA
feof (), pacnosHatollasi KoHell ¢aiina. Ee nporotun umeer cliefyiollinii BUA.

l int feof (FILE *fp)

O6HapyxuB KoHell daitna, GyHKUHA feof () BO3BpaUlaeT UCTUHHOE 3Ha4yeHHe, B MpPOo-
TUBHOM ciydae oHa Bo3spaulaet yucno 0. Takum obpazoMm, mpusesenHas HIXe rpolenypa
CUMUTHIBAaET OMHapHBbIN Qaity, noka He OOHAPYXHUT €ro KoHeL.

J while(!feof(fp)) ch = getc(fp):

Pa3symeertcs1, 3TOT crmocob MOXHO MPUMEHATh KaK A5l OMHAPHBIX, TAK U 118 TEKCTO-
BbiX (aitnoB.

Crenyrouasi nporpaMMa, KOMUPYIOLIAs TEKCTOBbiE WK OMHaphbie Gaiinbl, WUKOCTPUPY-
€T NMpuMeHeHue GpyHKUHMH feof ().

/* KommpopaHue odaina. */
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argvil])
{

FILE *in, *out;

char ch;

if (argc!=3) {
printf ("Bel 3abbun BBeCcTM uMsa daiina.\n") ;

exit(1);
}
if((in=fopen(argv(1l], "rb"))==NULL) {
printf ("HeBO3MOXHO OTKPETL MCXOOHEWs Gair.\n");
exit (1) ;
}
if ((out=fopen(argvi2], "wb")) == NULL) (
printf ("HeBO3MOXHO OTKPHTE pesyibTupylumit damn\n") -
exit(1);
}

/* Konupopahue o¢aina. */
while(!feof(in)) {

ch = getc(in);

if (!'feof(in)) putc(ch, out);
}

fclose(in) ;
fclose(out) ;

return O;

Fnaea 9. ®aiinoeblit BEOA-BLIBOA 199



Pa6ora co cTtpokamu: ¢yHkumu fputs() u fgets()

KpoMe ¢yHKIMIt gete() U putc() daitnoBas cuctema sisbika C COAEpXUT (PYHKLMU
fgets() U fputs (), BHITOJHSOLINE YTEHHME CUMBOJILHEIX CTPOK M3 (paiiia U 3anuch Ux B ¢aiin
COOTBETCTBEHHO. ITH (PYHKUMM aHAJIOTHYHBI (QPYHKLMAM getc() U putc(), OOHAKO OHU CUH-
TBHIBAIOT U 3alUChIBAIOT CTPOKH, a HE OTAE/bHbIE CUMBOJIbL. BOT KaK BLIIISLAST UX MMPOTOTUIILL

int fputs(const char *cmpoka, FILE *fp);
char *fgets(char *cmpoka, int oOauwna, FILE *fp);

DyHkiMsa fputs() 3anKcbiBa€T B 3aNaHHbIH MOTOK CTPOKY, Ha KOTOPYIO CCBUIAETCS
ykasateib cnmpokd. [Ipn BO3HUKHOBEHHMU OLUMOKM OHa BO3BpAlLAET KOHCTAaHTY EOF.

DyHKLHsA fgets() CUYMTHIBAET CTPOKY U3 YKa3aHHOIO IMOTOKA, MOKa He ODHapyXHUT
CHUMBOJ1 fepexofa Wi He mpouutaet dauva—1 cumponos. B otnnume or ¢GyHKIMU getc ()
CUMBON Mepexola CYMTAeTCsl COCTaBHOM yacTblo CTpokM. Pesynbrupymoliasi CTpoka AO/KHA
3aBepllUaThbca HyneM. B cnyuae ycnexa ¢yHKUMsA BO3BpaulaeT ykKasaTeslb Ha BBENEHHYIO
CTPOKY, B MPOTUBHOM CJlyyae OHAa BO3BPaLlaeT HyNeBOM yKa3areb.

Cnenymouias MmporpaMma WIOCTpupyer paboty GyHKUuM fputs(). OHa cuuTHIBAaeT
CTPOKY C KJaBUaTypHl U 3amuchbiBaeT ee ¢ ¢aitn ¢ umeHeM TEST. dns mpekpauenus pabo-
THI NPOrpaMMbl CNelyeT BBECTH MYCTYIO CTpoky. [lockonbKy ¢yHKUMsA gets() He MO3BOS~
€T BBOOMTb CHMBOJI Mepexona, NMpy 3anucH B ¢aill oH SIBHO JONKCHIBAETCA Mepef Kax/Ioi
CTPOKOIi. IT0 obnervyaer nocnenymoLlee yteHue gaina.

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

int main(void)
{
char str(80];

FILE *fp;
if((fp = fopen("TEST", "w"))==NULL) ({
printf ("HeBO3MOXHO OTKpPHTL dair.\n") ;
exit(1);
}
do {
printf ("BeenouTe cTpokKy (OJs BEXODA HaxMuTe knaBumy <ENTER>):\n");
gets (str);
strcat(str, "\n"); /* IobBaenseM CuMBOJ nepexopna */

fputs(str, fp):
} while(*str!='\n"');

return 0;

}

®yHKuma rewind()

DyHKlMA rewind() vcTaHaBIMBaeT Kypcop B Havano ¢aiina, 3a1aHHOro B KauyecTBe €€
aprymeHTa. MHbiMu cioBaMu, oHa “‘nepemarniBaet” (rewind) ¢aitn B Hayano. Ee nmpororun
MMEET CNEeAYIOLLMIT BU.

l void rewind(FILE *fp);

3nech napamerp Jp saBjiseTcsd JOMYCTUMBIM yKa3sateneM ailia.
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IMponemoHcTpupyeM paboty ¢pyHKUMH rewind(), MOAM(ULIMPOBAB MTPOrpaMMy U3 npe-
IbLIyLIEro pasnena Tak, 4ToObl OHa OTOOpaXaia Ha 2KpaHe COLEPXUMOE TONbKO YTO CO3-
IaHHoro ¢aiuta. [lns aToro nporpamMma focae CYUTLIBAHKUS NaHHBIX YCTaHABJIMBAET KypCop
daitna B Hayano, a 3areM Mcronb3yeT QyHKUMIO fgets() s MOBTOPHOIO CUMTHIBAHUSL.
OOparuTe BHUMaHUE Ha To, 4TO Terepb ailyl JO/KEH ObITh OTKPBLIT B peXUME YTeHUsi-
3aMKCH C MOMOLLBIO MApaMeTpa w+.

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

int main(void)
{
char str(80];
FILE *fp;

if((fp = fopen("TEST", "w+"))==NULL) {
printf ("HeBO3MOXHO OTKpHITE ¢aiin.\n");

exit(1);
}
do {
printf ("BeemnuTe cTpoky (IOns BeXOma HaxMmuTe kiaeuuwy <ENTER>) :\n"):
gets(str);
strcat(str, "\n"); /* JobaensiemM CcuMBOJN nepexoma */

fputs(str, fp);
} while(*str!='\n");

/* Tenepb cuuTeEIBaem ¢ain u oTobpaxaeM ero Ha 3kpaHe */
rewind(fp); /* YcranaenuBaem kypcop ¢aina B Hauano. */
while(!feof (fp)) {

fgets(str, 79, fp);

printf(str);
}

return O;

®yHkuus ferror()

OyHKiUs ferror () orpenensier, BO3HUKIA nH olnbKa mpu pabore ¢ daitiom. Ee npo-
TOTUTT UMEET CIENYIOLUMIT BUA.

l int ferror (FILE *fp);

3nech napameTp Jp ABIsiETCS OONYCTUMBLIM ykasartenem ¢aiina. MyHKUKA Bo3BpallaeT Mc-
THHHOE 3Hauy€HWe, €cIM NP BHIMOJHEHUM orepauMy BO3HUKIA OLIMOKa, B MPOTHBHOM
cnyyae OHa BO3BpalLIAET JIoXHoe 3HayeHHe. [TockonbKy ¢ Kaxnoit onepauueit Han aitiom
cBSi3aH onpepneneHHbd Habop owmnbok, ¢yHKUHUIO ferror () cleayeT BHI3HIBATEL Cpa3y Xe
1ocJie BLIMOAHEHHUSI ONEpaLyvH, B MPOTUBHOM cilyyae OLLMOKa MOXET ObITh yInyuieHa.

Crnenyiolulas nporpaMMa WUIIOCTPUpYeT paboty QyHKUMH ferror(). OHa ynanser u3
¢aitna cuMBonbl TaOyNsALMK, 3aMEHAS UX COOTBETCTBYIOLIMM KONWYECTBOM MpOOENOB, KOTO-
poe 3anaeTcsl KOHCTaHToi TAB_SIZE. O6paTture BHUMaHWe Ha To, uTo ¢yHKUUs ferror()
BbI3BIBAETCS IIOCAE BBITIONHEHUs1 Kaxaoil ¢aitnoBoit onepauuu. [1pu 3anycke nporpamMmmbl
YKaXHUTE B KOMaHIHON CTPOKe UMEHA BXOLHOIO U BHIXOMHOTO (aiisioB.
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/* IlporpaMmMa 3aMeHsieT CMMBOJE! Tabynsuuy B TEeKCTOBOM (Qaitye
COOTBETCTBYKIMM KONMMYECTBOM NpobesioB M npopepseTr oumbku */

#include <stdio.h>

#include <stdlib.h>

#define TAB_SIZE 8
#define IN O
#define OUT 1

void err(int e);
int main({int argc, char *argvl(])
{

FILE *in, *out;

int tab, i;

char ch;

if (argct!=3) {
printf ("usage: detab <in> <out>\n");

exit (1) :

}

if((in = fopen(argv([l], "rb"))==NULL) {
printf ("HeBo3mMoxHO OTKpHTL OGarn %$s.\n", argv[l]);
exit(l);

}

if((out = fopen(argv(2], "wb"))==NULL) {
printf ("HeBo3amoxHo oTkpuTk Qarn %$s.\n", argv(l]);
exit(1l);

}

tab = 0;

do {

ch = getc(in);
if (ferror(in)) err(IN);

/* CviMBOon TabynsallM 3aMEHSEeTCH COOTBETCTEYKXUMM KOJMYEeCTBOM NpoberyioB */
if(ch=='\t"') {
for(i=tab; i<8; 1i++) {

putc(' ', out):
if (ferror(out)) err(OUT);
}
tab = 0;
}
else {
putc(ch, out);
if (ferror(out)) err(OUT):;
tab++;
if (tab==TAB_SIZE) tab = 0;
if(ch=="\n" || ch=='\r') tab = 0;
}

} while(!feocf(in));
fclose(in);
fclose(out);

return 0;
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void err(int e)

{
if(e==IN) printf("Oumbra npu BBOIE.\n");
else printf ("Oumbka npu BreBOme.\n");
exit(1);
}
Ypanenue daitna

QyHxUMs remove () yaansieT ykasaHHBI ¢aivl. Ee npotoTun nMeeT caeoyoumil BUI.
| int remove(const char *ums_gaiiia)

Ecnmn ¢GyHKLUMA BHIMOAHEHA YCMEIUHO, OHA BO3BpAlllaeT Hyjlb, B MPOTHUBHOM CJlyyae OHa
BO3BpALLAET HEHYJIEBOE 3HAYCHUE.

Cnenywollias nporpaMMma ynansiet aitn, 3anmaHHuiit B KOMaHIHON cTpoke. OnMHaKoO CHa-
yajia OHa JaeT MOJb30BATE/I0 BO3MOXHOCTE Mepeaymarb. Takue YTWIUTHL MOTYT OBITb 1o-
JIE3HBIMY JUTS1 HOBUYKOB.

/* IBolHas npoeBepka nepexn ynaneHuem ¢amnna. */
#include <stdio.h>

#include <stdlib.h>

#include <ctype-h>

int main({int argc, char *argvl])
{
char str[80];
if (argc!=2) {
printf ("KomannHas cTpoka: xerase <filename>\n");
exit(1);
}

printf("Crepers %s? (Y/N): ", argv[l]);
gets(str);

if (toupper(*str)=="Y")
if (remove(argv(1])) {
printf ("HepoamoxHo ymanuTe oGars.\n");
exit(l);
}

return 0O;

OyucTKa noToKa

Ins Toro 4roObl OYMCTUTHL TNMOTOK BHIBONA, CNEAYEeT NMPUMEHATb GyHKUMIO £flush(),
MMEIOLLYIO CEeyIoLMil MPpOTOTHII.

| int fflush(FILE *fp);:

O71a yHKUUA 3aMUCHIBACT coaepxuMoe Oydepa B ¢aiin, cBA3aHHBIN C yKa3atenem fp.
Ecnn Bbi3Bath QyHKUMIO fflush() C HyJAeBHM apryMEHTOM, AaHHbIC, ColepXKaluuecs
B Oydepax, OynyT 3anucaHbl BO Bce ¢ailfibl, OTKPHIThIC U151 3aITUCH.

B cnyuyae ycneiuHoro BbINOAHEHUS GyHKLMA ££lush() Bo3sspawaet 0, B NPOTHBHOM
cJydyae OHa BO3BpalliaeT KOHCTaHTY EOF.
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| dyukuum fread() n fwrite()

Jng yTeHUS M 3anKUCHU JaHHBIX, pa3Mep THUMa KOTOphIX NpeBbiitiaet 1 Gailr, ¢aitnoBas cucre-
Ma s3bika C conepXuT nBe QyHKUMH: fread() U fwrite(). ITH GyHKUHH 1O3BONSIOT CUMUTHI-
BaTb M 3anMCLIBATL 6;10KK JaHHBIX JII0O0oro Tvna. Mix nporoTunbl MMEIOT CeAYIOLINit BI

size_t fread(void *6vgpep, size_t Komuuecmeo_GainTor,
size_t xoauuecmeo_6aokoe, FILE *fp)

size_t fwrite(const void *6y¢ep, size_t xommecmso_baiimos,
size_t konuvecmeo_bnoxoe, FILE *fp)

B nporotune ¢byHKUUK fopen() napameTp 6yghep mpelcraBnser coboil ykasatenb Ha
obnacte NMaMATH, B KOTOPYIO 3aNMCHIBAIOTCS NaHHBbIC, CYMTaHHBIC U3 (aitna. B npororumne
byHkuMH fwrite() napameTp 6Oyghep npencrapnser coboil ykazatenb Ha obnacTb NamsTH,
colepxalilyo JaHHble, KOTOpble NOXKHBI OBbITh 3anucaHbl B ¢aitn. 3HaueHUe napaMerpa Ko-
aunecmeo_0640Kk06 onpenensiet, CKoAbKO OA0KOB NOMNEKHT CYUTHIBAHUIO MM 3anucH. JUiKHa
610KOB 3alaercs napaMeTpoM Koauvecmeéo _baiumos. (HanoMHuM, 4TO THMN size_t omnpene-
JIEH Kak uenoe 4yucio 6e3 3Haka.) B 3akiioueHue OTMETHM, 4YTO yKa3aTenb fp sBiseTcs yKa-
3aTejieM Ha paHee OTKPbITH MOTOK.

OyHkuns fread() BO3BpallacT KONMYECTBO CYMTAHHHIX OnoxoB. OHO MoxeT ObITh
MeHbILe MNapaMeTpa Koauuecmeo _610ko08, ecnyu oOHapyxeH KoHell ¢aiina wiM BO3HUKIA
owmnoka. OyHxlus fwrite () BO3BpallacT KOJUYECTBO 3anMcaHHbx Onokos. Ecnv He npo-
M30LII0 HUKAKHX OLIMOOK, 3TO 3HaYeHHE PABHO NapaMeTpy xoaukecmeo_610Kko06.

Mpumenenne dyHkumit fread() u fwrite()

Ecnu ¢aiin 6bin oTKpbIT B OMHADHOM PeXHMe, €ro YTeHHE U 3alUCh MOXHO OCYILECTB-
natb ¢ noMoliubio ¢GyHKUHIE fread() M fwrite(). HampuMep, crenyiowas nporpamma
CHayajia 3anuceiBaeT B ¢aiiy, a 3aTeM CUUTBHIBaeT 0OpaTHO repeMeHHble TUMOB double, int
U long. ObOpatute BHUMaHHME Ha TO, YTO B NpPOrpaMMe MUCIOAL3YeTCs onepatop sizeof,
onpeneasiioiinit pa3Mep KaxIoro TMna JaHHbIX.

/* 3anuchLiBaeM INaHHEE, He SBIsUMEeCcs CUMBOJIaMM, Ha IMCK
M CUMTHEBaeM ux obpaTHo. */

#include <stdio.h>

#include <stdlib.h>

int main(void)
{
FILE *fp;
double d = 12.23;
int i = 101;
long 1 = 123023L;

if((fp=fopen("test", "wb+"))==NULL) {
printf ("Hero3MOXHO OTKpEITHL Qanimn.\n");
exit(1l);

}

fwrite(&d, sizeof(double), 1, fp):;
fwrite(&i, sizeof(int), 1, fp);
fwrite(&l, sizeof(long), 1, fp);

rewind(fp) ;
fread(&d, sizeof(double), 1, fp);
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fread(&i, sizeof(int), 1, fp):
fread (&1, sizeof(long) 1, fp);

printf("%f %4 %14, 4, i, 1);
fclose(fp);
return 0;

bydep. xak npaswio, npeacrapisieT coboit oObiyHYIO 001aCcTh MaMATH, NPEeIHA3HAYECH-
HYIO L1l XpaHEHHUsl nepeMeHHbIX. B maHHo# npocroit mporpaMMe 3HaueHHs!, BO3BpalliaeMble
JyHkuMSIMU fread() U fwrite(), UrHopHpyorcsd. OnHaKo B PEUIbHBIX MPOrpaMMax 3TH
3HAYEHUS CJeAyeT aHAJIU3UPOBaTh, PaCro3HABask BO3MOXHbBIC OLUMOKH

B GonbiunHcTBe cavyaes ¢GyHKUMU fread() U fwrite() HUCMONL3YIOTCHA Ul CYUTHIBA-
HUSA CNOXHBIX NaHHBIX, TUIl KOTOPBIX OMpenesieH Mojib3oBateneM, ocobeHHo cTpykTyp. Ha-
npuUMep, OOMyCTHM, YTO B MporpaMMe onpeneneHa clelyioias CTpykTypa.

struct struct_type {
float balance;
char name[80];

} cust;

Cnenywoluii onepatop 3aNnMcChLIBaeT COAECPXHMOE NepeMeHHOM cust B dailn, Ha KoTopbliit
cchinaercsi ykasateib fp.

l fwrite(&cust, sizeof (struct struct_type), 1, fp);

| PyHkuma fseek() v ¢aiinbl ¢ NPon3BobLHLIM
LOCTYNOM

C noMoiubio GyHKUHMK fseek () MOXHO OCYLIECTBIAATH ONepalluy BBOOA M BHIBOIA NAH-
HbIX, MCNONB3Ys Gailibl ¢ NPOU3BOJILHBIM AOCTYNOM. DTa GYHKUMS YCTAHABIMBAECT Kypcop
¢aiina B 3agaHHyI0 no3ulMio Ee npororun uMeer cieayloliuili BUA.

Iint fseek (FILE *fp, long int cwewenue, int Hauaio) ;

3nece napameTtp fp npenctasnsieT cobod ykaszarenb aiuia, Bo3Bpal€HHBI ¢yHKLHMEH
fopen(). [lapameTp cveujenue ykasbiBaeT KojuyecTso OaiiToB, Ha KoTopoe Clienyer mnepe-
MecTUTb Kypcop ¢aiina oT ToukKM. 3aJaHHON NnapaMeTpoM Havaio. 3HaueHUe napaMeTpa Ha-
4q10 3a1aeTcsl ONHHUM M3 CNEAYIOIUMX MAaKpOCOB.

Hayano orcyera Hms Maxpoca
Hauano ¢haina SEEK_SET
Tekyujan noamyus SEEK_CUR
KoHey daiina SEEK_END

Takom obpazom, 4ToObl MepeMecTUTh Kypcop (aiina, Haxonsluiicss B Hayase ¢aitna, Ha
Konuuectso OaiiToB, 3amaHHOE TNapaMETPOM cMeueHue, CIENyeT IPUMEHSTbL MaKpoc
SEEK_SET. Ecnm Toukoil orcueta siBiasieTcss TeKyLUas Mo3MLUMUA Kypcopa, UCToNb3yeTcss MaK-
poc SEEK_CUR, a ecjii Kypcop ¢aiifia ycTaHOBJIeH Ha ITOCJEIHIO 3aKCh, CAEyeT NpHUMe-
HSATbL Makpoc SEEK_END. Ecnu ¢yHkuMs feeek() BBIMONHEHA YCHELIHO, OHA BO3BpallacT
3HayeHHe (0, a eclM BO3HMKIA olLIMOKA, BO3BPALIAETCS HEHYJIEBOE 3HaYCHHUE.

Tnasa 9. ®aiinosblit B80/-BbIBOA 205



Crenyviollas nporpaMMa WUTIOCTPUPYET NMpUMeHeHue GyHKUMH £seek () OHa nepeme-

L1AET KYPCOp B 3aJaHHYIO NMO3MLMIO YKa3aHHoro ¢aitna U orobpaxaer Oailt, 3anvcaHHbIi
B 3TOM Mecte. MMms daiina sanaercss B KOMaHIHOI CTpoKe.

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

int main(int argc, char *argvl[])
{
FILE *f{p;
if(argc!=3) {
printf ("Komaunuas crtpoka: SEEK wmMs_gdaitna xkojmdecTeo_baniToe\n");
exit(1);
}

if((fp = fopen(argv([l], "rb"))==NULL) {
printf ("Herpo3MOXHO OTKpPHTL ¢aitn.\n");
exit(1l);

}

if (fseek(fp, atol(argv(2]), SEEK_SET)) {
printf ("Oumbka.\n") ;
exit(1l);

}

printf ("B nosuumm %1d sanmcas cuMmeon %c.\n", acol(argvl2]), getc(fp));
fclose(fp):

return 0;

Oyukunoo f£seek() MOXHO NMPUMEHSATb U IMEPEMELICHUS Ha 3a1aHHOE KOJMMYECTBO
OaiiToB, yMHOXas pasMep COOTBETCTBYIOILETO THINA HA KOJMYECTBO 3jieMeHTOB. JlonycTuM,
HanpUMep, YTO CIUCOK PACCBUIKM COCTOMT M3 CTPYKTYP, MMEIOLUMX THN list_type. Jlis
nepexona Ha nNecATHIl agpec, 3anucaHHblil B ¢aiite, UCIOAb3YeTCH CACAYIOUIHI oneparop.

fseek(fp, 9*sizeof (struct list_type), SEEK_SET);

Tekyiuyio no3uumio ¢GaitioBoro Kypcopa MOXHO ONpPENeAUTb C MOMOLIBIO (GYHKIMH
ftell (). Ee nporoTHn nMeet cneayolumii BUa.

l long int ftell(FILE *fp);

JlaHHas ¢yHKLMS BO3BpallaeT TeKylliee NoNoXeHHe Kypecopa ¢aitna, cBI3aHHOIO ¢ yka3aTe-
neM fp. Ecan BosHuka olunOKa, oHA BO3BpallaeT 3HaueHUe —1.

Kax npasuno, Npou3BONbHBIIA AOCTYN HYXEH JMILb Npu pabore ¢ OGMHapHHMU (aitna-
MHU. [lpHuvHa noBonbHO mpocra. [lockonbKy TekcToBble (aiibl MOIYT COOCPXATH YNPAaB-
JISIIOLLME CUMBOJIbI, KOTOPBIE HHTEPIIPETUPYIOTCH KAaK KOMaH/Ibl, KONMYecTBO OaifiToB, Ha KO-
TOpOE CHEAYeT BBINOMHHTHL CMELUEHHE KYypcopa, MOXET HE€ COOTBETCTBOBATb OXWIa€MOMY
cuMBony. EnuMHCTBEHHasi cuTyauMs, B KOTopoi (GyHKUMIO fseek() MOXHO NPHUMEHSTH
K TEKCTOBbIM aiinam, BO3ZHMKAET, NUILbL €C/IM MO3ULMUS Kypcopa Obljla paHee onpeneseHa
¢ nomolubio GyHK1MK £ftell () ¥ Makpoca SEEK_SET.

Crnenyer NOMHUTH OHY BAaXKHYIO Bellb: ¢aiin, copepxaliuit TEKCT, MOXHO OTKpPHITH
B OMHapHOM pexume. B 3TOM ciyuyae Ha Hero He pacnpoCTpaHSIOTCS OrpaHUYEHHUs], Ka-
calolllecsl MPOU3BONIBHONO IOCTYNA K 3aMUCAM TEKCTOBOrO (haitna. ITH orpaHUYEHUsT OTHO-
csTCsl LD K (aiinaM, OTKPBITHIM B TEKCTOBOM PeXUME.
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_ ®yHkumu fprintf() u fscanf()

Kpome yxe ynoMaHyThX ¢yHKLMIT BBONA-BeIBONA, B A3bKe C NnpenycMoTpeHsl GyHKLHUH
fprintf() U fscanf(). ITH (YHKUUU COBEPLLCHHO AHAJOTUYHBI (QYHKUUSAM printf ()
U scanf (), 32 UCKIIOYEHUEM 0aHOTO — OHU paboratot ¢ ¢aitnamu. TpoToTunel GYHKLMT
fprintf() v f£scanf () UMEIOT CACAYIOLLUMIA BUI.

I int fprintf(FILE *fp, const char *ynpaswiowas_cmpoka, )
int fscanf(FILE *fp, const char *ympasisiowaa_cmpoxa, ...);

3meck napaMmeTp fp mnpencrarasier coboil ykasarenb ¢aitna, Bo3BpalueHHBI (YyHKUHEN
fopen(). OyHKIMM fprintf () U fscanf () BHIMONHSAIOT ONepallH BBoJa-BbiBoaa ¢ (aii-
JIOM, HA KOTOPbIii CCBUIAETCS YKa3aTeb fp.

PaccMoTpM B KayecTBe NnpuMepa Mporpammy, CYMTHIBAIOWIYIO € KJ1aBHaTypbl CTPOKY
U Lenoe YKo, a 3aTeM 3anMchiBalollylo 3Ty UH$opmaumio B ¢aitn ¢ umenem TEST. 3atem
rporpaMma 4yuTaeT 3Tor ¢ailn U BBIBOOUT CYHMTAHHBIC TaHHbIC Ha 3KkpaH. [1poBepbre comep-
xuMoe daitna TEST nocne BLINOAHEHUS NporpaMMEl U YOEAUTECH, YTO €FO0 MOXHO TOHSTb.

/* NpuMep ucnonbs3oeauusa ¢yukuuii fscanf() u fprintf() */
#include <stdio.h>

#include <io.h>

#include <stdlib.h>

int main(void)

{
FILE *fp;
char s[80];
int t;
if((fp=fopen("test", "w")) == NULL) {
printf ("HeBo3MOXHO OTKpPHTE ¢ain.\n");
exit(l);
}
printf ("Bremure CTpoOKy U LUejioe dYuciyo: ");
fscanf(stdin, "%s%d", s, &t); /* CuuTLlBaeM IaHHEE C KJaBuaTyps */

fprintf (fp, "%s %4", s, t); /* BamuchpBaeM uX B darn */

fclose(fp) ;

if((fp=fopen("test","r")) == NULL) {
printf ("Hero3MoXHO OTKpHTE darn.\n");
exit(1l);

}

fscanf (fp, "%s%d", s, &t); /* CuuTclBaeM IaHHele U3 datna */
fprintf (stdout, "%s %d4", s, t); /* BolBOmMM MX Ha 3IKpaH */

return 0;

Yyrure: x0T GyHKUMK fprintf() U fscanf() yacTo obecrieunBalor Haubonee npocToit
crocob uYTeHMS M 3aMHMCH Pa3HOOOpa3HbIX JaHHBIX, OHM He Beernma 3¢hdexTHBHBL. [TockonbKy
NaHHbIE, 3anucaHHble B ¢aiine ¢ nomoubio ¢dopMata ASCIl, TOYHO COOTBETCTBYIOT CBOEMY
MPeACTaBIEHMIO Ha 3KpaHe, KaX/Iblil BBI30B 3TUX (PYyHKLMI COnpsiXXeH ¢ JOMOAHUTEbHBIMK pac-
xonaMH. TakuM obpa3oM, ec/lt CKOPOCTh BLINTOMHEHHUS oflepalivii BBOna-BbIBOAa U pasMmep ¢aiina
SIB/SIIOTCST KPUTHYECKUMM NapaMeTpaMHu, ClIeyeT NMPUMeHSTh GyHKIMK fread() U fuwrite().
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_ CraHpapTHbie NOTOKU

B Hauane BbinosHeHHs A1000H nporpaMMel, HarnmucaHHoil Ha a3bike C, aBTOMaTHYeCKU
OTKPHIBAIOTCS TPU NMOTOKA: stdin (CTaHAapTHBIN NOTOK BBOAA), stdout (CTaHIApTHBIA Mo-
TOK BbIBON1) M stderr (CTaHIAPTHBIA NOTOX OWMOOK). OOBIYMHO 3TH NMOTOKW CBS3aHbI
€ KOHCOJIBIO, OIHAKO OMNEPALMOHHASI CUCTEMAa MOXET MNepeHanpaBisiTb UX HA JpyrUe ycCT-
poiictea. ([lepenanpapisieMblie oNnepallMi BBOAA-BLIBOAA MOMLIEPXMUBAIOTCS, HATTPHUMED, Ore-
pauMoHHBIMU cucteMamMu Windows, DOS, Unix u OS/2.)

TlockonbKy CTaHIapTHBIE MOTOKM NMpENCTABASIIOT coboil yka3zatenu ¢ailnoB, X MOXHO
HCIONb30BAaTh U1 KOHCOABHOIO BBOZa-BbiBoma. Hanpumep, ¢pyHKUMIO putchar() MOXHO
onpenennThb crenyrLuMM obpa3om.

int putchar (char c)
{
return putc(c, stdout);:;

}

Kak npaBuno, notok stdin HUCnosb3yercs A5 BBOJA C KJIaBUATyPHl, a NOTOKU stdout
U stderr UCIONB3YIOTCH IS 3aNTUCH HA 3KpaH JUCIUICS.

INotoku stdin, stdout U stderr MOXHO NPUMEHATHL Kak ¢ailNoBble yKa3ateau B JIO-
6oit ¢yHkIMM, Mcnonb3ylollel ykasatend THna FILE*. Hanpumep, ¢yukuuio fgets()
MOXHO NPUMEHSATD M1 BBOJA CTPOKM C KOHCOJIM, UCITONB3YS CICAYIOLUHIA BBI3OB.

char str[255];
fgets(str, 80, stdin);

®akTHveCKH TAKOE MCNONb30BaHUe (yHKUMU fgets() HoBonbHOo none3Ho. Kax yno-
MHHaJIOCh paHee, NpUMeHeHHe (GYHKLMU gets() MOXET IPUBECTH K MeperoiHeHUIO Mac-
CHBa, B KOTOPBII 3anHMCHLIBAIOTCS CMMBOJIBI, MTOCKOABKY OHa HE NMpeayCMaTpUBaeT NMpoBEpKU
BO3MOXHOTO BBIXOIA MHJIEKCAa MacCMBa 3a Mpeneibl 1oNycTUMOro nuanasoHa. [1pH ucnonb-
30BaHUU MoOTOKa stdin ¢yHKLMA fgets () npeacraBnsier coboit pa3yMHyIO alibTePHATHBY,
NOCKOJIBKY OHa BHIMOJIHAET MPOBEPKY MHIEKCA MAacCUBa U MNpEOOTBPAalUACT €ro rneperoyiHe-
Hue. Octaetcs Auilb ogHO Heynobcto: ¢GyHKuMS fgets(), B OTIMYME OT (GYHKLMHU
gets(), He yranseT M3 Qaiyla CMMBOJ nepexojla HA HOBYIO CTPOKY, IO3TOMY ero Heobxo-
JUMO yIaJsiTh BPYYHYIO, KaK [0OKA3aHO B CAEAYIOILEM IIpUMeEpeE.

#include <stdio.h>
#include <string.h>

int main(void)
{
char str(80];
int 1i;

printf ("Beengure cTpoky: ")
fgets(str, 10, stdin);

/* YnamnsieM CUMBOJI ME€pexOna Ha HCBYF CTPOKY, €©CJIU OH ecThb */
i = strlen(str)-1;
if(str[il=='\n") str[i] = "\0';

printf ("PesynbTaT: %$s", str);
return 0;
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HUmeiiTe B BUIY, 4YTO MOTOKU stdin, stdout U stderr HE ABAAIOTCH INEepeMEHHBIMH
B OﬁlueﬂpMHS{TOM CMBICJIC 3TOIO CJloBa U UM HHUYCIo HENL3S NMPHUCBOWUTE C NOMOLIBIO (byHK—
uvn fopen(). KpOMe TOro, oOHM OTKpPBLIBAIOTCA W 3aKpHBalOTCA aBTOMaTH4YCCKH, TNOITOMY
HE CNECAYET NbITATLCA MX 3aKPHIBATh CAMOCTOATENLHO.

CBSi3b C KOHCONbHbLIM BBOAOM-BbIBOJIOM

Mexay KOHCONbHBIM U (ailIoBLIM BBOJOM-BHBOIOM CYLLUECTBYET HeOOMbIIOE pa3finyMe.
OyHKIHUKM KOHCONBHOTO BBONA-BLIBOIA, OMKCaHHBIC B aee 8, paboralor C MoToKaMu
stdin WK stdout. [lo cyuectBy, GyHKUMH KOHCONBHOIG BBOJA-BLIBOAA NMPOCTO SIBASIOT-
¢l crieUMajbHBIMU BepcUsIMM CBOMX (bafiIOBBIX aHAJIOrOB M BKIIOYEHBI B f3bIK JIMLUbL JUIS
ynobcTBa nmporpaMMHCTOB. '

Kak onucatio B NnpenbinylleM pa3iese, KOHCONbHBII BBOI-BbIBOIL MOXHO OCYLUECTBJSITL
¢ nomMoubio GyHKUMi daitnosoil cucreMbl. ONHAKO A1 BAC MOXET OKa3aThCsl CIOPIPHU30M,
4yTO GainoBble onepallK BBOAA-BLIBOAA MOXHO BBINOJHATH C MOMOLLBIO KOHCOAbHBIX QYHK-
uuit, HanpuMmep GYHKUMH printf()! 310 Bo3MOXHO Onarogapsi TOMy, YTO KOHCOJBHBIE
¢YHKLMHK BBOIa-BbIBoa paboTaror ¢ NoTokaMH stdin U stdout. Ecin onepalluoHHasi cpena
MO3BOJISIET MEpPEeHarnpaBiigTh NNOTOKU, NMOTOKU stdin U stdout MOXHO CBfI3aTb HE C KJlaBUa-
Typoil 1 3KpaHOM, a ¢ IpYrMMH ycTpoiictBaMi. PaccMoTpuM cienyloilyio nporpaMmmy.

#include <stdio.h>

int main(void)
{
char str[80];
printf ("Beemoure cTpoky: ");
gets(str);
printf(str);

return 0;

Tlpeanonoxum, 4yto 3ta nporpamma Hasbipaetcsi TEST. Tlpu HopManbHOM BBINOAHEHMU 3Ta
MporpaMMa BBIBOLMT Ha 3KPaH MPUINALLEHUe, CYUTBIBAET C KIaBUATYphl CTPOKY U BHIBOOMT €€ Ha
skpaH. OnHako B cpene, NOMYCKAaloLieil nepeHanpabBlieHWe TOTOKOB, CTAHIAPTHBIC TIOTOKH
stdin U stdout MoxHo cps3arh ¢ ¢aiiaMu. Hanpumep, B onepalimoHHbix cuctemax DOS
1 Windows nporpammy TEST M0XHO BBINMOJHHUTB ¢ MOMOILEIO CACAYIOLIEH KOMAaHIHOI CTPOKU.

J TEST > OUTPUT

B 3toMm cayuyae pe3ynabratbl pabotel TEST OynyT 3anucanbl B ¢daitn OUTPUT. Ecau nnsa 3a-
nycxa nporpaMMbl NPUMEHHUTb KOMaHIHYIO CTPOKY

| tEST < INPUT > OUTPUT,

NMOTOK stdin Oyner cBsi3aH ¢ ¢ailoM INPUT, a pe3y/ibTaThl — HarpasieHbl B ¢aill OUTPUT.
Mocne 3aBepiueHuss paboOTHI IPOrpaMMBbl MOTOKH BO3BPALLIAIOTCS B CTAHAAPTHOE COCTOSTHHE.

MpumeHenue yHkuum freopen() ana nepeHanpaeneHust
CTaHAAPTHLIX NOTOKOB

Ina nepenanpaBreHMsl CTaHOAPTHBIX TOTOKOB MOXHO  MPUMEHSTh  QYHKLMIO
freopen(). 91a pyHKLHSA CBA3BIBAET CYLLECTBYIOILMIT MOTOK ¢ HOBBIM (aiinoM. Takum o6-

pa3oM, C ee MOMOILLBIO CTAHAAPTHBII MOTOK MOXHO CBA3aTh ¢ HOBBIM ¢aiinoM. Ee npororun
HMMeeT CJIENYIoLUil BU.
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I FILE *freopen(const char *umsa_gpaiia, const char *pedxcurv, FILE *nomok)

3mech napameTp ums_haiina SIBASETCA yKasaTeseM Ha CTPOKy, colepxaluyro Ums ¢aitia,
CBSI32HHOTO C 3ajaHHBIM nomoxom. Daill oTKpLIBaETCS B pEXUME, 321aHHOM MapamMeTpPoOM
DeXCUM. KOTOPBIf MOXET MMETb Te€ Xe 3HAUCHUS, YyTo W napameTp pexcum B GQYyHKUUH
fopen(). B cnyyae ycrneliHoro BbinojsiHeHUs ¢yHKUUS freopen() BO3BpalllaeT yKasatesb
¢aitna nomok, B MpOTUBHOM Clly4yac OHa BO3BpalliaeT HyNeBOi yKa3aTesb.

B cnenyrolueit nporpaMMe ¢GyHKUHS freopen() NepeHaNpaBasieT CTAHAAPTHBIA MOTOK
stdout B $ailn OUTPUT.

#include <stdio.h>

int main(void)

{
char str[80];
freopen ("OUTPUT", "w", stdout);
printf ("Beemure cTpoky: ");
gets (str);

printf (str);

return 0;

Kak mnpaBuno, nepeHanpapicHUE CTaHOAPTHBLIX MMOTOKOB C MNMOMOLUBIO (GYHKIMK fre-
open() oOxa3biBaeTcs MOJEC3HBIM B OCOOBIX CHUTYaLMUsAX, HanpuMep, npu omnagxe. OmHako
310T cnocob MeHee 3¢deKTUBEH, YeM NnpUMeHeHHe QyHKIIMI fread() U fwrite().
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B nporpaMMbl Ha sispike C/C++ MOXHO BKIIOYATh pa3siMyHBIE MHCTPYKLMH, PErlaMEH-
TUpYIOLLHE paboTy KOMMWISATOpa. DTH MHCTPYKLIMHM Ha3blBAIOTCS OUPEKMUEamu npenpo-
yeccopa (preprocessor directives). XoTsl OHM He ABISIOTCA 4YacThio fA3bIKOB C win C++, ux
NpUMEHEHUE TMO3BOAAET pacClIMPUTh BO3MOXHOCTH mporpaMM. Kpome 3THX AMpeEKTHB.
B IJIABE PacCMaTPUBAIOTCS KOMMEHTapHH.

| Mpenpoueccop

fIpexae YyeM NpUCTYNMTh K OMMCAHMIO MPENpoLeccopa. BCMIOMHUM ero uctopuio. Ipe-
npoueccop a3bika C++ yHacnenosaH ot sizblka C. bonee Toro, oH NpakTHYECKH COBIAJAET
¢ npenpoteccopoM si3bika C. EAMHCTBEHHOE pa3inyMe MeXIy HMMM 3aKII0YaeTca B cTerne-
HM ux BaxHoct. B a3vike C Kaxnas nMpekTHBa mpenpolieccopa SBISETCS HEoOXOAMMOIA.
B si3bike C++ HekoTopbie M3OBLITOYHBIE NMPEKTUBLI KOMMEHCUPYIOTCS 3JIEMEHTAMHU Camoro
sa3biKa, MaKTHYECKY ONHOI M3 NONrOBPEMEHHBIX Leeil sisbika C++ sBRfeTcs nojHoe Wc-
KIoyeHne npenpoueccopa. OLHaKO B HacTosliliee BpeMsl IMPEKTHUBH MpenpoLleccopa npu-
MEHAIOTCS OYeHb 4acTo, U B 0603pUMOM OyaylileM 3TO MoJIoXeHHE He M3MEHHTCS.

[Npenpotieccop CoAepXUT CHEAYIOIINE NUPEKTHUBBI.

#define #elif f#felse #endif
#ferror #if #ifdef #ifndef
#include #line #pragma #undef

Bce nMpekTHBBI Mpenpoleccopa HayKMHalotes co 3Haka #. Kpome Toro, kaxnas nMpek-
TMBa JOJIXXKHA pacnonaraTbCsl B OTAE/NbHOI cTpoke mnporpamMMbl. Hanpumep, $dpparMeHT npo-
rpamMMbl, MPUBENCHHbIH HIXKE, HEBEPEH

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

| OupektuBa #define

Oupektupa #define onpenenseT HMACHTUGHUKATOP U TOCJIENOBATENBHOCTL CUMBOJIOB,
KOTOpasi 3aMEHSIET €ro B TEKCTE MPOrpaMMbl. ITOT MAEHTHM(HMKATOP Ha3blBaeTCsl UMeHeM
Makpoca, a poLECcC 3aMEHbI — Makponodcmaroexoi {macro replacement). O61umit BUA 3TOM
JIMPEKTHUBH TaKOB.

#define UM _MaKpoca nocaedo8amenbHOCMs_CuUMeoa08

ObpaTtuTe BHMMaHME Ha TO, YTO 3Ta JMPEKTHMBA HE CONEPXMUT TOYKMU C 3anaToi. Mexay
HMAEHTU(HUKATOPOM M IOCJIENOBATENBHOCTHIO CHMBOJIOB MOXET pacrnofiaraThCsi CKOJBKO
YrofHo npo6ejaoB, HO caMa MOCIEN0BAaTENbHOCTb [0/DKHA 3aKAHYMBAThCS CMMBOJIOM Iepe-
XOJIa Ha HOBYIO CTPOKY.

Hanpumep, ecam Bbl XOTHTE MCIOAb30BATH BMECTO €AMHMLIH CJIOBO LEFT, a BMECTO
HyJISl — CJIOBO RIGHT, HEOOXOAMMO OOBSIBUTH JIBE NMPEKTUBH #define.

#define LEFT 1
#define RIGHT 0

O9THU NMPEKTHUBbLl BbIHYAAT KOMIIMJATOP 3aMEHATH CJloBa LEFT M RIGHT B MCXONHOM
¢aiine 3HaueHnssMu 1 u O cooTBercTBeHHO. Hanpumep, cneayiowmii onepatop BbIBOIHUT
Ha 3KpaH yucna 0 1 2.

J printf("%d %d %d", RIGHT, LEFT, LEFT+1);
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Ecnu B nporpaMme onpeneneHo HMsi Makpoca, ero MOXHO MCIIONb30BATh JUIS onpeaene-
HUA apyroro Makpoca. Hanpumep, B mpuMBeNEHHOM HIXe (hparMeHTe NMporpaMMbl onpenc-
JIOTCA 3HaY€HHs MIEHTU(UKATOPOB ONE, TWO ¥ THREE.

#define ONE 1
#define TWO ONE+ONE
#define THREE ONE+TWO

MakpononcTaHOBKa 03HaYyaeT MPOCTYIO 3aMeHy MAEHTU(hHKATOpa MOCNeN0oBATEbHOCTbIO
CHMBOJIOB, CBf3aHHOI ¢ HUM. CleoBaTeNlbHO, MPH HEOBXOAMMOCTH C MOMOLLBLIO AUPEKTH-
Bbl #define MOXHO onpeneinTbh CTaHIapTHOE coobieHre 06 olnbke

#define E_MS "craHmapTHas oumOka npu BBoge\n"
/* .. */
printf (E_MS);

Kaxabiit pa3, Korga B UCXOAHOM TEKCTE€ MporpaMMbl BCTPETHUTCS MAeHTHU(dHUKaTOp E_MS,
KOMITUJIAITOP TOACTABMT BMECTO HEro CTPOKY “cTaHfapTHas oluubka npu BBoae\n”.
C TOYKM 3pEHHMA KOMIIMJIATOPA, NPUBENEHHBII BbIILE BbI30B (DVHKUMK printf () BHILJs-
IIUT cnenyolumM obpasom.

J printf("crannapreas oumbka npu BBOmE\n");

Ecnu MaeHTU(hMKATOp ABNSAETCS YacThlO CTPOKM, 3aK/IIOYEHHOI B KaBblYKH, MakpoIrioj-
CTaHOBKa He npou3poautcs. Hanpumep, dbparMeHT nporpamMMbl

#define XYZ sTo npoBepka

printf ("XYZ");

BLIBENIET Ha 3KPaH HE CTPOKY “3T0 mposepxa”, a CUMBOJILI XYZ.
Ecnn nocnenopatelbHOCTh CUMBOJIOB 32HMMAET HECKOJIbKO CTPOK, B KOHLE KaKIOH M3
HUX CJIelyeT MOCTaBUTb OOPaTHYIO KOCYIO 4YepTy.

#define LONG_STRING "B 3TOM npumepe \
ucnonb3yeTrcs oyueHb IOJIVHHas cTpoka"

Jnsa Ha3BaHMA MIEHTU(HUKATOPOB MPOrPAMMHUCTHE OOBLIYHO MCMONbL3YIOT NPONUCHLE Oy-
KBbl. ITO MO3BOJIAET JIEFKO OOHAPYXMWBaTh MaKpoOIOACTAHOBKH B TeKcTe nporpamMm. Kpome
TOro, Jyyllle MoMellaTh BCE€ NMPEKTHBLI #define B caMoM Hayaje McxomHoro daitna wiu
B OTINENLHOM 3arojioBoyHoM daiine, a He pazbpachiBaTh MX MO BCE MporpaMMe.

Makpockl 4acTo MPUMEHSIOTCSL U1 ONpeleNneHuss MMEH KOHCTaHT, BCTpeYalolmMXcs
B nporpamme. JlonycTuM, B MporpaMMe orpeneeH MacCHB, KOTOPHI1 MCMO/b3YETCS B HECKOJb-
Kux Monynsx. KpaiiHe HexenaTenbHO *‘3aLUIMBAaTh’ €ro pasMep B TEKCT MporpaMmbl. Bmecto
3TOro C/elyeT NPUMEHUTL MaKpOMOACTaHOBKY, MCIOb3ys AMpekTUBY #define. Torna s Toro,
4T00bl U3MEHHUThL Pa3MEp MacCHBa, IOCTATOYHO Oyner Moav¢bHLIMpOBaTh OIHY CTPOKY IMpOrpaM-
Mbl, CONEPXAILYI0 NUPEKTHBY #define, a HE BbIMCKMBAThL BCE CCHUIKM Ha pa3Mep MaccHBa
B TeKcTe. [locie 3Toro nporpaMMy HEOOXOOMMO TMEPEKOMITMIMPOBaTh. PaccMoTpuM npumep.

#define MAX_SIZE 100

/* ... */

float balance{MAX SIZE];

/* ... */

for(i=0; i<MAX SIZE; i++) printf("%f", balanceli]);
/* ... */

for(i=0; i<MAX SIZE; i++) x =+ balance(i];

[TockonbKy pa3mep Maccuba balance onpefeisieTcsa UIeHTUDHKATOPOM MAX_SIZE, TO LIs
Toro, YtoObl ONpENeNUTh HOBLI pasMep MaccHpa, JOCTATOYHO TNPOCTO MOAHM(DULMpOBaTh
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onpeneneHMe Makpoca. IlpM MNOBTOpPHOI KOMNHKASLMKM TMporpaMMbl BCE TOCAEAYIOLUIME
CCBUIKM Ha 3TOT uaeHTHdUKaTop OynyT oOHOBIEHb ABTOMATUYECKH.

B a3sike C++ ecms 6onee npocmol criocob onpedesneHus KOHCMaHm, OCHOBaHHbIU Ha

MRS  npumerenuu kniowesozo croea const. O onucar 6 wacmu Il.

Onpepenenve GyHKUUIA B BUAE MAKPOCOB

dupexkTipa #define obnafaeT eile OMHUM MOUIHBIM CBOWMICTBOM: MaKpOC MOXET MMETb
dopmanbHble aprymeHTol. Kaxablit pas, Korga B TEKCTE€ MporpaMMbl BCTPEUAETCH MMSI MaK-
poca, ero popMalbHble apryMEHTHI 3aMEHSAIOTCS (HaKTHYECKMMH. 3TOT BUI MaKpoca Hasbl-
BaeTcs Qyrkyuonarsiem (function-like macro). Pacemorpum npumep.

#include <stdio.h>
#define ABS(a) (a)<0 2 -(a) : (a)

int main(void)
{
printf("abs of -1 and 1: %4 %d4". ABS(-1), ABS(l));

return 0;

Ip1 kOMIMWIALMK MpOrpamMMbl onpefesieHHe Makpoca a OymeT 3aMeHeHO 3HaueHUsMH —1
n 1. CkoOKH, B KOTOpblE 3aKIIOYEH MaKpOC a, FapaHTHPYIOT MPaBWIbHYIO MOICTAHOBKY. [lo-
CMOTPHM, YTO MPOMU3OMIET, €CIM YOpaTh CKOOKM BOKPYT Makpoca a. B 3ToM ciyyae BbipakeHHe

§ ABS(10-20)

ocji€e MaKkpornoACTAHOBKM OyneT npeobpa3oBaHo B CNEAYIOLIMI oneparop.
J 10-20<0 2 -10-20 : 10-20

OueBHOHO, YTO PE3YALTAT 3TOrO BHIpaXeHusa OyneT olIMOOYHBIM.

Hcnonb3oBaHre ¢yHKUMOHAIBHBIX MAaKpOCOB BMECTO HACTOAILIMX (DYHKLMA yBEIHUYH-
Ba€T CKOPOCTb BhHIMOJHEHHSA MPOIrPaMMbl, MOCKOJIbKY B HEHl OTCYTCTBYIOT BHI3OBhl (DYHK-
uuit. OnHako, ecnu pasMep (GYHKUMOHANbHOIO Makpoca JHOCTATOYHO BeJHK, ObicTponeii-
CTBME€ NpOrpamMMbl JIOCTUraeTcs B yiuepb ee pa3Mepy, INOCKOJbKY MHOrue (pparMeHThI
MporpaMMsl MpocTo AyONupyloTcs.

Hecmomps Ha Mo 4mo Napamempu3oeaHHsIe MaKpochl O0BONLHO MONE3HS!, 8 AIBIKE
a 3am C++ ecmp Gonee 3ghghexmuenbitl crnocob co3darus nodcmaennemozo koda, 0CHOBaH-
HbIll Ha UCNIONB308aHUU KIIOYEe8020 ¢/ioea inline.

OuvpekTtusa #error

JdupekTiBa #error BHIHYXIAET KOMITWIATOP NPEKPAaTHTh KOMNWIALMIO. OHa MCMONb3Y-
€TCS1 B OCHOBHOM MpH oThiaike nporpaMM. O6umii Bull IMpeKTUBH #exrror TaKOB.

I #error coobwenue_ob_owbre

[Mapamerp coobiyerue_ 06 _owubke npencrapiser coboil CTpoKy, HE 3aK/IOYEHHYIO B KaBbl4-
ku. Tlpu BpinonHeHUM NUPeKTHBH #error Ha 3KpaH BuiBOAMTCA coollIcHME OO olumdKe,
KOTOPOE MOXET COMPOBOXAATECS Apyroil mHbopmallueit, onpeaeneHHOH KOMIMIATOPOM.
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_ Aupektuea #include

JupektiBa #include BbIHYXIAET KOMMWISATOP CYMTaTb M TOACTABUTb B MCXOAHbBIN
TeKCT MporpaMMbl (ai ¢ 3aJaHHBIM MMEHEM. JTO MM 3aK/I0YaeTcsi B JBOIHBIE KaBbIUKU
win yrnopsle ckobku. Hanpumep, nvpexTHBb

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

3aCTaBIAI0T KOMIMWIATOP CYUTATh U CKOMITMIMPOBATh 3arofloBoYHble (aitibl CTAHAAPTHHIX
6ubnuoTeyHbIx (YHKLMI BBOOA-BLIBOLA.

Bxitouaembie ¢aitibl caMi MOTYT COIAEPXATh AMPEKTHBH #include. Takye aupekTH-
Bbl HA3bIBAIOTCA @roXceHHbMu. [JlyOUHA BNOXEHHMA NMPEKTMB 3aBHCHT OT KOMITWISITOpA.
Cranpapt g3bika C monyckaeT BoceMb YPOBHEH BIOXeHMS, a cTaHiapT sAzbika C++ — no
KpaiiHeit Mmepe 256.

KaBbIuky M yIjioBble CKOOKHM, B KOTOPBIX YKA3LIBAIOTCSA MMEHa BKItoyaeMblx (pailioB, onpe-
NENIIOT Crocob MX MOMCKa Ha XecTKoM nucke. Eciu ums ¢aitna conepXuTcs B YIJIOBBIX CKOO-
KaxX, OH JIOJDKEH HAXOOMTbcA B KATAIOre, YKA3aHHOM KoMmwisaTopoM. OObIMHO 3TO Kataior
INCLUDE, MpelHa3HayeHHbIH U1 XpaHEHUs BceX 3aronoBouHbIX ¢haitnos. Ecau mmsa daitia 3a-
K/IIOYEHO B KaBbIYKH, KaK MpaBWIO, €ro MOWCK BHIMONHAETCA B pabdoueM Karanore. Eciu daitn
He HailleH, MOMCK MoBTopsieTcs TaK, OyaTo UM daiiia ColepXaloch B YIJIOBbIX CKODKaX.

BonplUMHCTBO MpOrpaMMHUCTOB 3aK/IIOYAIOT B YINIOBble CKOOKM MMEHA 3arojloBOYHbIX
¢aitnoB, a KaBbIUKK OCTaBlsiloT Wi GaisioB, onpeneneHHBIX nojb3opareneM. OnHaKo Ha
3TOT CYET HMKAKHMX XECTKMX MpaBWI He npenycMorpeHo. Kaxabiit mporpaMMHCT BOJIEH MO-
cTynath TakK, KaK €My YI0OHO.

Iporpammbl Ha s3bike C++ MOIYT MCMOAL30BaTh NUPEKTUBY #include Ui BKIIOYEHMS
He TONbKO (alinos, Ho Y 3azonoexoé (headers). B sa3vike C++ npenycMorpeH Habop ctaHzapT-
HBIX 3arofIoBKOB, ColepXaiux MHGopMalnio, HeoGXoauMylo fuis paboThl pa3nyHbIX O6MOIHO-
TeK. 3arofloBoK npeicrapisieT coboil CTaHIApTHBII MAeHTH(DUKATOP, KOTOPbIii MOXET, HO He
obs3aH, ABAATLECA UMeHeM daiina. TakuMm obpasom, 3aronoBok B siabike C++ — 3To aberpak-
UMsi, rapaHTHpyIollas, YTo B nporpaMmy OyleT BKModeHa HeoOxonuMasi MH(popMauus. Pas-
JIMYHbBIE BOTPOCHI, CBA3aHHBIE ¢ MCIOb30BAHUEM 3aroJIoBKOB, obcyxnarotresa B yactu 11

_ JAVpeKTUBLI YCNIOBHOW KOMMUNSALUM

IIpenpoiieccop CONEPXUT HECKONLKO NMPEKTHUB, MO3BOMAIOIMX BbIOOPOYHO KOMIMIM-
poBath OTAENbHBEIE YACTH MPOrpaMMbl. 3TOT MPOLECC Ha3LIBAETCS YCAOBHOU KoMRuAsyuel
(conditional compilation). OH 1WHMPOKO MCNONL3YETCH B KOMMEPYECKUX MPHIOXEHHSX, NO-
CKOJTbKY MO3BOJISIET HACTPaMBaTh MX Ha KOHKPETHOE OKPYXEHHE.

OvpekTusbl #if, #else, #elif n #endif

BepositHo, Hanbonee pacnpocTpaHEHHBIMUM IMPEKTHBAMH YCIOBHOI KOMITWISILMMU ABJISA-
10TCS1 IUPEKTUBLI #if, #else, #elif H #endif. DTHU NUPEKTUBHI MO3BOJSIOT BHIOMPaTh KOM-
MWINPYEMbIE€ YaCTH MPOrpaMMbl B 3aBUCUMOCTH OT 3HAYEHUS! KOHCTAHTHOIO BbIPaXK€HHSL.

JdupekTvBa #if MMeEET cneayowmii odb1mit BUL.

#if koncmammnoe_swvipascenue

nocie0osame1bHoCMb ONEPAniopos
#endif
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Ecnu 3HaueHMe KOHCTAHTHOIO BHIPAXEHUSI MCTMHHO, KOJI, 3aKTIOYEHHBI MEXIY OMPEKTH-
BaMH #if M #endif, KoMnwiMpyeTcsi. B npoTHBHOM ciyyae 3Ta 4acThb MPOrpaMMbl UTHOPH-
pyetcs. JIupektisa #endif oTMeyaeT KoHell Oloka nupekTuBbl #if. PaccMorpuMm npumep.

/* TpocToit npumep mmupeKTurBbl #if. */
#include <stdio.h>

#define MAX 100

int main(void)
{
#if MAX>99
printf ("KomMnunupyercs, ecnmu pasmep maccubBa bonbume 99.\n");
#endif

return 0;

DTa nporpaMMa BLIBOAMT Ha 3KpaH cooblleHHE, MOCKONbLKY 3HaueHHe MMEHOBaHHOM
KOHCTaHTbl MAX GoJbliie 99. DTOT NpHUMEP WJMIOCTPUPYET OIAWH OYEHb BaXHbIH MOMEHT.
BripaxeHue, cTosllee rocjie AUPEKTUBbl #if, BLIYUCHAETCA Ha 3Tane KOMNuasuuu. Ta-
KUM 00pa3oM, OHO MOXET COAEPXaThb JIUIIb paHee ONpeleNeHHbie HAEHTH(HUKATOPHL
U KOHCTaHTbl, HO HE INEpeEMEHHBIE.

JIvpexkTvBa #else HIECHTHUYHA OMNEpaToOpy else, ABJAOLUEMYCS YacThio s3blka C++: oHa
ornpefenaeT anbTepHaTUBY nMpekTvBe #if. [lpenbinyiumii mpyvMep MOXHO HEMHOIO YCO-
BEPLLEHCTBOBATb.

/* Simple #if/#else example. */
#include <stdio.h>

#define MAX 10

int main(void)
{
#if MAX>99

printf ("Komnunupyercs, ecnm pasmep MaccubBa Gonbuwe 99.\n"});
#else

printf ("KoMnunvpyercs, ecnu pasMep MaccubBa Man.\n");
#endif

return 0;

B naHHOM ciyyae 3Hau€HME MMEHOBAaHHOM KOHCTAHTHI MAX MEHblie 99, no3ToMy yacTb
MporpaMMebl, YKazaHHasl 1ocjie IUPEKTHBLL #if, He KoMnWiHpyeTcsl. BMecTo Hee KoMIUIK-
pyeTcsl albTepHATUBA, CBA3aHHaA C IMPEKTUBOI #else, M Ha 3KpaHE MOsABIAETCA coobiie-
HME “KoMnunupyeTcst, eCiM pasMep Maccusa Mam .

OOpaTMTe BHMMaHMe Ha TO, 4TO JMPEKTHBA #else ONHOBPEMEHHO SABSETCA KOHLIOM
Gnoka #if M HayaloM anbTepHaTUBHOro 6J10Ka, MOCKOABKY NUpeKTHBa #if MOXET MMETb
TOJILKO OIHY albTEpHaTHBY #else.

HupexktuBa #elif osHauaer “else if” M co3paer uenouky if-else-if, MO3BOJAA BhI-
MOJIHATL MHOIOBapHAaHTHYO YCJOBHYIO KoMINwisiumio. Eciau BeipaXxeHMe MCTMHHO, KOMITH-
JIMpYETCSl CBA3aHHbII € HUM GJIOK KOJ1a, 8 OCTajlbHbIE BblpaxeHUs #elif He BHIYHCHSIOTCS.
B npotuBHOM CiTyyae nposepsieTcs cienyiowuil 6ok, OBmit Bua IMpEKTUBLL #elif TaKoB.
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#1f£ svipasicenue
nocre008ameIbHOCMb ONEPAMopo8
#elif swipasicenue |
nocredo8amenbHOCmb ONepaniopoe
#elif ewipadicenue 2
noc1e006ameIbHOCHb ONepamopos
#elif swepascenue 3
nocedosamensHocmb ONEPAMOPO8
#elif ewipascenue 4

#elif ewipasicenue N

NOCREO08AMERLHOCb ONepantopos
#endif

Hanpumep, crenyowmit ¢parMeHT HCMofb3yeT 3HaY€HHWE HMEHOBAHHOM KOHCTAHThI
ACTIVE_COUNTRY /Ui ONpeNeNeHUs 3HaKa, 0603Hayalolero BajoTy.

#define US 0O

#define ENGLAND 1

#define FRANCE 2

#define ACTIVE_COUNTRY US

#if ACTIVE_COUNTRY == US

char currency(] = "gonnap"';
#elif ACTIVE_COUNTRY == ENGLAND

char currency(] = "oyHT";
#else

char currency[] = "¢paHk";
#endif

CraHpapt a3bika C ycTaHaBIMBAeT, YTO OUPEKTUBLI #if M #elif MOryT OBITL BIOXEH-
HbIMH, a [NyOMHa BIOXEHUA MOXET JOCTUFaTh Mo KpaiiHeil Mepe BOCbMM ypoBHeil. CraH-
napt sizbika C++ ponyckaer 256 ypoBHeil BhoxeHus. BnoxeHHble NHpeKTHBH #endif,
#else WiM #elif CBA3LIBAIOTCA C ONMXANIUMMM AMpeKTUBaMH #if unu #elif. Hampwu-
Mep, cieayoiumil hparMeHT abcoNoTHO BEPEH.

#if MAX>100
#if SERIAL_VERSION
int port=198;
#elif
int port=200;
#endif
#else
char out_buffer[100];
#endif

Oupektusbl #ifdef u ifndef

[pyroii cnoco® ycnoBHO# KOMMWISLMM OCHOBaH Ha NPHMMEHEHMH AUPEKTUB #ifdef
M #ifndef, o3Hayarowmx “if defined” (ecam ompepeneno) n “if not defined” (ecan He on-
peneneHo). OOwMit BUI AMPEKTUBBI #ifdef TakoB.
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#ifdef uva_varxpoca

NoC.1e008aMeEILHOCHL ONEPANIOPO8
#endif

Ecnmn MMsa Makpoca paHee ONpENEsEHO C NMOMOLILPI0 NUpeKTHBbI #define, KOMMUANPY-
€TCs1 COOTBETCTBYIOLIMI1 OJI0K Kona.

JupekTHBa #ifndef uMeeT claeayOMil oO1UMit BUI

#ifndef wua_naxpoca

noc.1e006amenbHoCMy ONEpPaniopos
#iendif

Ecin MMa makpoca He ObUIO OMNPEAENEHO € MOMOIUbIO AUPEKTUBLI #define, KOMMWIH-
pYyeTcsl COOTBETCTBYIOIUHMIT OJIOK Koa.

AvpekTBbl #ifdef U #ifndef MOIYT UCIONBL30OBATH IUPEKTHBHI #else U #elif. Ha-
MpuMep. clieayolunii parMeHT NMporpaMmsl BEIBOAMT Ha 3KpaH CTpOKM “Mpueer, Tex”
M “Pansda mer gmoma”. ONHaKo, €CIHM MMEHOBAaHHAsl KOHCTAHTa TED He ompeaeneHa, Ha
3KpaH BLIBOOUTCA coolieHHE “BeceM npmeetr”, a 3aTeéM — “Pansda HeT goma’.

#include <stdio.h>
#define TED 10

int main(void)
{
#ifdef TED
printf("llpueer, Temn\n");
#else
printf ("BceMm npuser\n");
#endif
#ifndef RALPH

printf("pPancda Her nmomal\n");
#endif

return 0;

}

JvpekTusbl #ifdef M #ifndef MOIYT ObITb BIOXEHHHMH, NIpHYEM CcTaHmapT s3bika C
JlONMyCKaeT KaK MMHHMYM BOCEMb YPOBHEI BlOXeHMs, a ctaHaapT A3bika C++ — po 256

| Oupektuea #undef

IlupekTuBa #undef ynanser onpeaelieHHe yKa3aHHOro MMEHHM Makpoca. MHbIMKM ciioBa-
MH, 3Ta AMPEKTHBA AeaeT MAKpoc HeonpeneneHHbIM. OOLLMIt B AMPEKTUBHL #undef TakoB

l #undef uya_szakpoca

PaccMmotpuM, HampuMep, crefyouuit hparMeHT NporpaMmbl

#define LEN 100
#define WIDTH 100

char array[LEN] [WIDTH];

#undef LEN
#undef WIDTH
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/* B 3TOM TOYKe VMeHOBaHHBIE KOHCTAHBTH LEN u WIDTH
He onpeneneHs */

MMeHOBaHHEIE KOHCTaHTH LEN ¥ WIDTH CYMTAIOTCS ONpeAc/ieHHbIMM, MOKa HE OyneT Bbl-
NOJIHEHA NIUPEKTUBA #undef.

_ Onepatop defined

KpoMe nupektvBbl #ifdef, ecTh e€llle oAuMH Croco® NMPOBEPHUTH, OMPEAENEHO NH HMS
Makpoca. Ui 3Toro MOXHO MPpUMEHATh IUPEKTHBY #if B COYETAaHUM CO CTAaTUYECKUM Ore-
paTopoM defined, BHIMOJHAEMBIM Ha 3Tane KOoMMWIsLMU. Onepatop defined MMeeT cie-
Ayt oo1umit BUA.

I defined uma_makpoca

Eciv B DaHHBIIT MOMEHT MMSI Makpoca SIBISIETCS OMNpeae/eHHbIM, BbIpaXEHHE WMEET MC-
THHHOE 3HayeHWe. B mpoTuBHOM ciyuae oHo noxHo. HanpuMep, 4To0bl pacno3HaTb, B~
€TCSl M MMEHOBAHHasl KOHCTaHTa MYFILE onpeaefieHHON, MOXHO HCNONb30BaTb ONHY M3
cIIeAyIOLIMX KOMaH Mpenpoueccopa:

§ #if defined MYFILE

UIH
J #ifdef MYFILE

[MoctaBMB nepen onepatopoM defined CMMBOJ !, MOXHO 3a1aTh MPOTUBOINOJIOXHOE YCO-
pue. Hanpumep, crnenytowmit pparMeHT nporpaMMbl KOMIWIMPYETCSL TONMBKO B TOM CJyyae,
€CJI1 MMeHOBaHHasA KOHCTaHTa DEBUG He oIlpelesieHa.

#if 1defined DEBUG
printf ("Final version!\n");
#endif

OnHa M3 NpUYMH, Mo KOTOPOi MCronb3yeTca onepatop defined, COCTOMT B TOM, 4YTO OH
MO3BOJIAET NPOBEPUTH, OIPEAECTCHO JIM MMA Makpoca C MOMOLLbIO ornepaTopa #elif.

| OupekTuea #line

JvpekTvBa #line COOTBETCTBEHHO HW3MEHSAET COAEPXUMOE MAaKpOCOB _ _LINE_ _
U _ _FILE_ _, NpPeACTaBJsomMX coboil MIeHTHU(HKATOPLI, OMNpeaejeHHbIE KOMITISTO-
pom. Mnentndukatop _ _LINE_ _ CONEPXWUT HOMEP TEKYLUEH CTPOKHM KOMITWIMPYEMOro
kona. UpeHtndukatop _ _FILE_ _ npenctaBnsieT coboil cTPOKY, COAEPXAallyld MMS KOM-
nwiupyemoro daitia. Q6K BUI AMPEKTUBH #line TaKOB.

#line Homep “ums ¢ainag”

3nech napameTp Homep paBeH NoOOMY MONOXUTENLHOMY YHCIY, KOTOPOE CTAHOBMTCS HO-

BbLIM 3HayeHHeM Makpoca _ _LINE_ _. Tlapamerp umsa ¢uaiina He obsizateneH M MOXeET
ObITb MOOLIM NONMYCTUMBIM MMeHEM ailla, KOTOpoe CTRHOBWUTCA HOBBLIM 3HAaY€HMEM Mak-
poca _ _FILE_ _. JupekTuBa #line B OCHOBHOM WCIIOJbL3yETCS py OTNAJKE Iporpamm
M B Cri€LIMaIbHBIX MPUIOXEHHSIX.

Hanpumep, cneaylowmit Kol ycTaHaBAMBAaET, YTO HYMEPalMIO CTPOK CAEAYyeT HauMHaTb
¢ yucna 100. Oynkumg print€ () BBIBOOUT Ha 3KpaH yucio 102, mockofibKy oHa HaXoauT-
CAl B TPETHEI CTPOKE MpOorpamMMbl, OTCYUTHIBAs OT NMPEKTHUBLI #line 100.
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#include <stdio.h>

. #line 100
int main(void)

/* YcTaHaBnuBaeT CHYETYUK CTPOK */
/* Crpoka 100 */

{ /* CTpoka 101 */
printf ("%d\n",__LINE__); /* Crpoka 102 */

return 0;

}

._J Avpektusa #pragma

JupekTiBa #pragma 3aBUCHUT OT peanu3aumu. OHa Mo3BOASIET NepenaBaTh KOMIWISTOPY
pasinuHbie KoMaHabl. Hanpumep, KOMIMIATOp MOXET MMETh OIMLMIO, TpelyCMaTpUBaro-
HIYIO TPaCCHMPOBKY BBIMOJAHEHMS MPOrpaMMbl. DTY OMLUMIO MOXHO 33JaTb C MOMOLUbLIO M-
PCKTHUBbI #pragma. JleTaiM M NONYCTUMbLIE OINLIMM TIEPEYUCHAIOTCA B NOKYMEHTALIMH, CO-

MPOBOXJAIOLIEH KOMITUAATOP.

| Onepatopsbl npenpoueccopa # u ##

IIpenpouieccop MMeeT aBa oneparopa: # W ##. DTH onepaTopbl MCMNONbL3YIOTCA B AMPEK-

TUBE #define.

Onepatop #, KOTOPbIit Ha3bLIBAETCS OHEpumMopoM npespawieHus ¢ cmpoky (stringize), npe-
o0pasyeT CBOM apryMEHT B CTPOKY, 3aK/IOYEHHYIO B KaBbIUKM. B KauecTBe mpuMepa pac-

CMOTPHM CJIEAYIOLLYIO TTPOrpaMMy.

#include <stdio.h>
#define mkstr(s) # s

int main{void)
{
printf (mkstr (5 suobno C++)) ;

return 0;

}
ITpcnpoueccop NpeBpaTUT CTPOKY

printf{mkstr (I suobnw C++));

B CTPOKY

printf (" sobnio C++");

Onepatop ##, Ha3blBaeMblil onepamopom Koukamerayuu (pasting), “cCKyieMBaeT” JIBE JIEKCEMbL.

, #include <stdio.h>
#define concat(a, b) a ## b
int main(void)

{
l int xy = 10;
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printf(*%d", concat(x, y)):

return 0;

[Npenpouieccop npeobpasyeT CTpoKy
J printf("%d", concat(x, y));
B CTPOKY
B printf("%d", xy);

Ecny 3TH onepatopbl MOKa3aldCh BaM CTpaHHbIMHM, BCIIOMHMWTE, YTO B OONBIUMHCTBE
chiyyaeB 6€3 HMX MOXHO CIOKOIHO 0boiiTHCh. B OCHOBHOM OHH MpenHa3Ha4YeHbl Ui obpa-
OOTKM HEKOTOPBLIX OCOOBIX CHTYaLIMM.-

| Mmena npeaonpeaeneHHbIX MakpoCoB

B ssbike C++ cyuiecTByeT 11eCTh BCTPOEHHBIX MMEH MaKpPOCOB:
__LINE__

_FILE_
_DATE__
__TIME__

__8TDC
_cplusplus

ITepBble NATH U3 3TUX MAKPOCOB OTHOCATCSA K A3bIKy C.

Makpoch __ LINE_ _ M _ _FILE__ YyxXe obcyxaanuch B pa3jese, IOCBSILIEHHOM IU-
pekTHBe #line. KpaTko rosopsi, OHM conepxaT HoMep TeKYLIEH CTPOKM MU UMSI KOMITHUJIM-
pyemMoro daiina.

Makpoc _ _DATE_ _ COmEpXHT CTPOKY, MMEIOLLYIO BUI Mecay/Oens/200. B Hero 3anm-
chiBaeTCA nata Komnunsauuu daiina.

Makpoc _ _ TIME_ _ CONEPXHUT BpPEMS KOMIWIALIMH TMPOrpaMMbl, MPENCTaBIEHHOE
B bopMaTe 4aChIIMUHYMbIICEK YHObI.

CMBICT Makpoca _ _ STDC_ _ 3aBMCHUT OT peanu3auuu. Kak mpaBwio, eciu Makpoc
_ _STDC_ _ omnpeleneH, KOMOWIATOP CTPOro MNpHAEPXUBAETCs CcTaHaapra s3uikoB C
u C++, He NonyckKas HMKAKUX HECTaHIAPTHLIX pacliMpeHu .

Komnunatop, crporo nomaepXupBarwliMii craHaapt s3bika C++, onpepensieT Makpoc
_ _cplusplus, 3HaYE€HUE KOTOPOIo CONEPXUT Kak MMHUMYM LiecTb LiMdpp. Komnunstopsl,
JIONYCKalolIMe  HeCTaHIApTHBHE  paClUMpEeHMsi, onpedeisitoT  3HayYeHue - Makpoca
_ _cplusplus, cocTosfllee U3 MATH U MEHbBILEro KOJIMYECTBA 3HAKOB.

L KommeHTapuu

Crangapr C89 nonyckaeT Jullib OAMH BHMI KOMMEHTapHeB, HAYMHAIOIIMXCA CUMBONAMU
/* M 32KaHYMBAWOILMXCA CMMBOJIaMM */. MexXIy 3Be3104KOI M KOCOil 4EPTON HE AOJKHO
ObiTh MpobesioB. KoMnmnsaTop MrHOpMpyeT TeKCT, 3aKIIOYEHHBI# BHYTPM KOMMEHTApHEB.
Hanpumep, cneayoias nporpaMma BhlBeeT Ha 3KpaH cioBo “Ilpuser”.

l #include <stdio.h>
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int main{void)
{
printf ("lIpueeT") ;
/* printf("3pmecwv”); */

return 0O;

DTOT CTUIb KOMMEHTapUEB Ha3blBaeTcss mHoeocmpoynbim (multiline comment), nockosnb-
KY TAKHE€ KOMMEHTAPUH MOTYT COCTOSITh U3 HECKOJILKUX CTPOK.
/* 310 — npumMep
MHOI'OCTPOWHOI'O
KOMMeHTapus */

KoMMeHTapri MOXHO pa3Melliath B JII0GOM MecTe MpOorpaMMbl, € OOHUM HCKIIOYEHHEM:
OHM HE MOTYT pa3phiBaTh KJIIOUEBbIE cloBa Wi UaeHTU(HKaTopbl. Hanpumep, cnenyroumnii
KOMMEHTAPHIi BIOJIHE KOPPEKTEH.

] x = 10+ /* IoBaensem umcnio */5;
B To xe BpeMsi KOMMeHTapUi

l sSwi/*3TO coBepweHHO HenpaeuneHO*/tch(c) ( ...

HeBEPeH, NOCKOMNbKY KIIOYEBOE CIIOBO He MOXET colepXaTb KOMMeHTapuid. BnpoueM, KoM-
MEHTapUU HE ClelyeT BCTABASATb B CEPEOMHY BbipaX€HWH, TaK KaK 3TO JIMLUb 3alyTbiBA€T
MpOrpaMMy.

MHorocTpouHbie KOMMEHTApUM He MOIYT ObITh BAOXeHHbIMH. WMHade roBopsi, oIWH

KOMMEHTapHi He MOXET COREpXaTb apyroil. HanpuMep, cnenyoiumii ¢pparMeHT Kona Bbl30-
BET OLIMOKY KOMMWISILIMH.

/* 3TO BHEWHMUI KOMMEHTapuit

x = y/a;

/* 3TO BHYTpEeHHUI KOMMEHTapuii - OH NopoxnaeT owmubky */
*/

OJJ,HOCTpO'-IHbIe KOMMEHTapuu

Azbik C++ (1 ctangapt C99) npemycMaTpyBaeT ABa BUIa KOMMeHTapHeB. Bo-nepBbiX, MHO-
TOCTPOUHblE KOMMEHTAapUH. Bo-BTOpbIX, 0dkocmpounsie kommernmapuu (single-line comments).

| // 3TO0 — OODHOCTPOYHBLI KOMMeHTapwu.

ORHOCTPOUHbIE KOMMEHTApHH OCODEHHO Mose3Hbl U CO3AaHMsI KPaTKMX MOLLAroBbIX OMMCa-
HMil nporpaMMbl. HecMoTpsi Ha To YToO OHM He NomIepXMBaloTcsa craHaaptoM C89, MHorue
KOMNWIATOpH! s3bika C no3BonsioT X npuMeHsTb. KpoMe Toro, oHW 6bLIM BKJIIOYEHBI B CTaH-
napt C99. U nocnenHee: opHOCTPOUHBIE KOMMEHTAPHH MOXHO BK/1aJbIBaTb B MHOTOCTPOUHbIE,
KoMMmeHTapuu cienyer pasmeliate Tam, rae HeobxoaMMbl mnosicHeHust. Hanpumep, Bce
(VHKUMH, 338 UCKITIOYEHHEM OHYEHb KOPOTKMX M CaAMOOYEBMIHBIX, JODKHBI CONEPXaTh KOMMEH-
TapUH, B KOTOPbIX OMMCAHO MX MpelHa3HauyeHie, crocod BbI30BA M BO3BPALLIAEMOE 3HAYEHHE.
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B Naliioi raBe colepXUTCcsi 0630p OCHOBIIBIX KOHLCMUMEA, BOIUIOLLICHHBIX B SI3LIKE
C++. OOBEeKTHO-OPHUCIITUPOBAHHLIC CBOicTBa si3blka C++ TecHo CBSI3aHBI JIpYr
c apyrom. Tlo 3TOif Mpuumiie YacTo OLIBAET TPYAHO OMMCATb OJHO IMOUSITHE, 1IC 3aTPOHYB
Ipyrux. Ytobul peluuTh 3Ty NpobieMy, MBI Cliauaia MpemjaracM BauleMyY BHUMaHHIO 6er-
JIblii 0630p HauboJsiec Baxiiblx acrnekToB sidbika C++. K KOTOPbLIM OTHOCSITCS €10 HCTOPHS.
KJIIO4EBbIC CBOMCTBA, @ TaKXe Pa3/IAuMUs MEXIy TPaaHULMONIION KM CTaHDApTHOH BCPCHUSIMH
a3bika C++. B ocranbibix raBax Mbl pacCMOTPHM CBOMCTBa si3blka C++ 6osee noapobOHO.

_| UcToku a3bika C++

UsnauanbHo sa3bik C++ npeactapisin coboit pacuivpeHue sizsika C. BnepBble oH 6bi
paspaboraH B 1979 rony busipHom Crpayctpynom (Bjarne Stroustrup). COTpYAHHKOM KOM-
naHuu Bell Laboratories B r. Mioppeit-Xunn (wrat Hbero-Ixepeu) Chauana S3bIK Hasbl-
Baics “C ¢ knaccaMu”, oniako B 1983 rony ero HasBatine Obi1o uaMcHeio Ha C++.

XoTs 236K C 6bUT OIHUM U3 11anbosiee MOOGUMBIX M IUMPOKO paclpocTpaHeliibix npodec-
CHOHAJIbHBIX S3bIKOB MPOrPaMMHPOBAHUSI, CI'O MOLIHOCTH YXC HE XBaTalo U PelleHHUs OC-
HOBHOH Npo®/cMbl: Bo3pacTawileil cnoxHocty nporpamM. Co BpeMeHeM NporpaMMbl CTaHO-
BUJIUCL Bce Gojfee KPYMHBIMU M CIOXHBIMU. bBesycnoBHo. 36K C — NpCBOCXOOHBINA SI3bIK
MporpaMMHMpoBaHUs, HO €r0 BO3MOXHOCTH, K COXaleHHI0, orpaHuucHbl. Eciu pasmep npo-
rpaMMbl Konebsnercs B npepenax ot 25000 no 100000 ctpok koza, otia CTA1IOBUTCS HACTONBLKO
CJIOXKHOM, YTO MeXaHU3Mbl f3blka C He no3BOJAT paboTaTh ¢ HCH, KaK ¢ €AWHbLIM LIENbIM.
OnHo# U3 ueneil a3bika C++ 6bLI0 Mpeononieline 3toro npengarcreus. f3bik C++ no3sonui
NporpaMMMCTaM MPeKPacHO CIPaBISATECH ¢ 00Jiee KPYITHBIMUA M CJIOXKHBIMU [POTPaMMaMH.,

Bo/IbLUMHCTBO YCOBEPLIEHCTBOBaHMI, BHCCCHHBIX CrpayctpynoMm B s3blk C, Kacanochb
MOAAEPXKKH OOBEKTHO-OpHEHTHpOBaHHOTO nporpaMMuposalins (OOII). (Kpatkoe onnca-
HMe 3TOH MapaiurMbl IPOrpaMMUPOBaHHUS COAEPXUTCS B ciienyioiueM pasaene.) Crpayctpyn
YTBEPXIAET, UYTO HEKOTOpble OOBLEKTHO-OPHENTHPOBAaHHBLIC CBOMCTBA f3biKa C++ Obinn
VHacC/leAoBaHbl Y APYroro oObeKTHO-OPUCHTHPOBaHHOIO fA3blka — Simula 67. TakuMm obpa-
30M, s13bIK C++ obnagaeT NpeuMyLLECTBAMH JBVX MOLUHBIX METONOB MMPOIpaMMHUpPOBAHUS.

C MomeHTa HU3obpereHus a3bik C++ MoaubuumMpoBancs TPHUXAbL, KaXIHii pa3 MpHob-
peTas Bce HOBBle cBoOWHCTBa. IlepBbiii nepecMoTp ero ocHoB coctosuics B 1985 rony, Bropoit
pa3 OH noasepraics pesusud B 1990 rony. HeckosibKo Jier Hasag iayanach pabota Had Co3-
IaHUeM cTaHpapta s3blKa C++. [1ng sToro 6bu1a chopMHUpoBaHa OObEeAMIIEHHA KOMHCCHS
IBYX opraHuzauuii no cranpaprudaumu: ANSI (American National Standards Institute —
AMEPHUKAHCKUIK MHCTUTYT HauMOHablIbIX cTaHaapTtos) U ISO (International Standards Or-
ganization — OpraHusaumsi MeXAyHapoldHbix ctaHpaptos). [lepBbii YepHOBOI BapHaHT
cTaHaapra 6bl1 obHapopoBaH 25 siiBapsi 1994 roma. B 3tom nokymente komuter ANSI/ISO
C++ (W1eHOM KOTOpOoro 6bU1 U caM aBTOP) MHTANCHS NPUICPXUBATLCS UACH, chOpMYIHpPO-
BaHHbIX CTpaycTpynoM, 100aBUB K HHM HOBble BO3MOXHOCTH. Ofako B I[€IOM CTaHIapT
JIMIUB KOHCTAaTUpOBal coctositue s3blka C++, ciioXuBlleecs B TOT MOMCHT.

Bckope nocne ony6iMKoBaiinsg NEPBOro BapHaHTA CTAHIAPTA MPOM3OLUIO cODbITHE, OKa3aB-
lliee OrpOMHOE BIMsIIME Ha pasBUTHe s3bika C++: Anekcarap CrenatioB (Alexander Stepanov)
paspaboran craHzaptiylo 6ubnuoteky wiabsoHoB STL (Standard Template Library). Dra 6u6-
JIMOTEKa NpencTaBisieT coboi Habop OBOBOLICHUBIX Mpoucayp, KOTOPLIC MOXIIO NPUMCHSTH LT
06paboTku naHHbIX. bubnnoreka STL — He TOIbKO MOUIHBIA M 3MEraHTHBIN, HO U OYEHb KPYTI-
Hbli MexaHu3M. Kak crienctBre, WieHbB KOMUTCTA APYXHO IMPOrOJIOCOBATH 3a BKHOYEHHE OUO-
nuoreku STL B ctaHmapt sizbika C++. BT0 3HAUMTENLHO Paclliupiio MepBOHAyalbiible paMKU
s13blka C++ HO, KpOoMe BCEro MpoYero, 3aTOpMOo3UIo pollece CTaHIapTH3alMK.

CnepnyeT YyecTHO NMPU3HATb, YTO HUKTO HE OXMIAI TAKOW MEIUICHHOM paboThl KOMMTETa
no cranfaptusaumMd. B xome 310l paGotbl B s3bik C++ Obilo BHECEHO MHOIMO HOBBIX
CBOJICTB U ClIefaHo OOJbLIOEe KOMUYECTBO MEJKUX YVCOBEPLUICHCTBOBaHM. PakTHYECKH Bep-
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cug g3blka C++, npemioxeHHas KOMUTCTOM, HAMHOIO CJIOXHCC M KPYMHCE, YeM NepBOHa-
yanbHblii BapuaHT Crpaycrpyna. [locnenHuii uepHoBoit BapualT cranaapta 6bUT onyoaruKo-
BaH 14 nos6ps 1997 ropa, u B 1998 roay Obina, 11akoHew, onyOJIMKoBaHa OKOHYaTeJbiiast
BepcHsi 3Toro nokymenra. Kak npasunio, 3ta cnepudmkaius s3vika C++ HasbiBactcs
cmandapmom azeika C++ (Standard C++).

B ocHoBy Hauiel KHUrH nonoxex cranpapt sizbika C++. KpoMe TOro, B Hee BKIIOHCHBI
BCe HOBbi¢ cBOMcTBa sisbika C++ 3Jta Bepcus si3uika MpelUloxeHa komutetom ANSI/ISO
Mo CTaHAapTU3aLMHU U MNOAAePXUBaeTCs GONBLIMHCTBOM KOMIWISTOPOB.

Y10 Takoe 00bEKTHO-OPUEHTUPOBAHHOE
nporpaMmMmupoBaHm1e

IlockonbKy CTUMYJIOM Pa3paboTku s3biKa C++ gBaAsgnoch 0OBCKTIIO-OPHEHTHPOBAHHOE
nporpammupoBaHue (OOIT), HEOOXOAMMO NMOHUMATL CrO OCHOBHBIE NPHUIILIUNBL. O6BLEKTHO-
OPHEHTUPOBaHHOE NPOrPaMMUPOBaHHE — AOBOJILHO MOLIHbIA MeXxalin3M. C MOMCHTa M30-
OpeTeHHs] KOMIbIOTEPa METOAOJNIONTMH MPOrpaMMUPOBAHUS PE3KO U3MCHMIIUCh, B OCHOBHOM
M3-32 BOo3pacTaloLuei CIOXHOCTH MporpamMM. HanpuMep, nporpaMMbl o1t NcpBbiX KOMIbIO-
TepOB MPENCTABISUTA cOBOI NOCIIEAOBATENLHOCTH MalllMHHBLIX KOMaH[, 3alMcaiHbIX B JBOMY-
HOM KOJi€ C MOMOLLbIO NepeKItoyeting TyMOICpOB Ha nepeaHeit naHcay mawiuHb. Tloka mium-
Ha MporpaMM He NMpeBbiLIAIa HECKOILKMX COTEH CTPOK, 3TOT MOAXOA OCTaBAICA BroOJHe pabo-
TocrnocobHbiM. OfHaKo Mo Mepe yBEJNMueliMs pa3Mepa MporpaMm BO3HMKIA HEOOXONMMOCTb
B HOBOM cnocobe MporpaMMMpOBaHUS, U MOSBUWICA S3bIK acceMbliepa, MO3BOJSIOIIMIA 3aKO-
IMpoBaTb MalUWHIible UHCTPYKLHHU C MOMOLUBIO CHMBOIOB. PasMep nporpaMmbl Npoaoixat
YBEJIMYMBATLCS, MO3TOMY MPOrpaMMMUCTaM NoHanoouncs Gosee MOLUHbBIH A3bIK, NO3BOJISHIOLIMI
CIMpaBNSATLCS CO CJOXHBIMH alroputvaMi. Kak m3BecTHO, nepBbiM LIMPOKO pacnpocTpaHeH-
HBIM f3BIKOM MporpaMMupoBaHHs okasaicsi FORTRAN. HecMoTpst Ha To YTo co3laHHe 3TOro
si3blKa B CBO€ BpeMsi 6bUTO OrpoMubiM luarom Brepel, FORTRAN TpynHo Ha3BaTh SICHBIM
M BBIPA3UTENIbHLIM S3bIKOM, MO3BONSIIOLIMM CO31aBaTh MPOCTHIE M HIAMISIIHbIE MPOrPaMMBL.

lecThmecaTble roabi 0aMH TOMYOK PAa3BUTHIO CTPYKTYPHOIO NporpaMMupoBaHusi. Oc-
HOBHBLIMM CpE€ICTBAMH €To BoIUiouieHUs1 cTanu f3bikKh C W Pascal. CrpykTypHble si3bIKH
MporpaMMHUpOBaHUS MO3BOMWIIM JIEFKO CO30aBaTh JOCTATOYHO CJIOXI1ibie MporpaMmbl. Kpome
TOrO, OHM XapaKTEPU3YIOTCS MONAECPXKOW HM3ONIMPOBaHHbIX MOAMNPOrpaMM, JIOKaNbHbIX Ne-
peMeHHbIX, 60raThiM BLIOOpOM ynpaBisiOuIMX KOHCTPYKLMHA U MEYalbHO U3BECTHHIM onepa-
TopoM GOTO. HecMOTpss Ha TO YTO CTPYKTYpHbiE f3bIKH MpPENCcTaBAsSIOT COOOH MOLLHOE
CPEeNCTBO, OHU He MO3BOJISIIOT CO3/12BaTb OUeHb KPYIMHbIE MPOEKTHI.

Hrak, Kaapiit HOBLIH METOA MpOrpaMMHpOBaHHs NO3BOJSUT co3naBaTh Bee Gosee COX-
Hble M KpYMHble MPOrpaMMbl, yiyullias npeabiaywuve noaxonbl. Jo nsobperetus o6beKTHO-
OPMEHTUPOBAHHOIO MPOrpaMMHUPOBAHUS MIIOTHE NMPOEKTHE NOCTUTAIH IPaHHLL, 33 KOTOPbIMH
CTPYKTYPHbLIiA noaxop yxe He pabotan. UMcHIlo 18 NMpeofoneHnss 3TUX MPEensTCTBUiH Obuia
co3faHa 06beKTHO-OPUEHTUPOBaHHAs MapalnurMa.

O6BEKTHO-OPUEHTHPOBAHHOE NMpPOrpaMMUpOBaiile YHACNTENOBAIO JIYYLIME WMAEU CTPYKTYp-
HOrO NpPOrpaMMHPOBAHUA U OOBEAMHUIIO HX ¢ HOBBLIMM MOHATHAMU. B pesynbTaTe BO3HHUK HO-
BHIl cnoco® opraHu3allMM MporpamMm. B npuHuLmne, ectb nBa crnocoba opraHU3allid MNpo-
rpamm: MOJOXHThL B OCHOBY €€ KOJi (KaKue NEHCTBUS TTPOUCXOIAT?) WK AaHlible (YTO M3MEHS-
e€TCs B pe3ynbTarte NeHCTBUIA?). B pamMKax CTPyKTypHOro MOIXOAa [IJIaBHBIM MNOHATHEM
gBraeTcs KoA. MHave roBopsi, ero NpHHUMI MOXHO c¢HOpPMYIMpoBaTh Tak: “KOI H3MCHSIET
naHHble”. Tak, nporpaMMa, HaMcaHHAs Ha CTPYKTYPHOM fI3biKe, HanpuMep Ha g3blke C, on-
penensieTcs ee GYHKUMIMHM, KAKIAsl U3 KOTOPbIX MOXET OMEepUpoBaTh JAHHBIMM JIIOOOTO THMA.

O6beKTHO-OpUEHTHPOBaHHBIE MPOrpaMMbl paboTaloT Milaue. B MX OCHOBY MONOXEHbI
JaHHBle, a 6230Bblii NpUHUMNT GOPMYAHpyeTcs Tak: “palllible KOHTPOMMPYKHT JOCTYN
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K Koay”. B o0beKTHO-OpUEHTUPOBaHIIbIX A3LIKaX ONpPENENsIOTes AAaHHLIC W NPOLENyphl,
OCYLLUECTBAAOLIME K HUM gocTyn. MTak, THN AaHHBIX TOYHO OMNpEReNisieT, KaKoro poaa one-
palMKu K HEMY MOXHO MPUMElISTh.

Jnsi nonnepXkKH oO6BEKTHO-OPMEHTUPOBAHHOTO NMPOrpaMMHPOBaHUS A3bIK AOJKEH obna-
IaTb TpcMsi CBOMCTBaMH: WHKaNCyssided, nonumopdhuMoM M HaclelloBaHHEM. PaccMmot-
PHUM KaXJ0€ U3 ITHX MOHSTUI OTAENBHO.

Mukancynsiuus

Hukancynsyus (incapsulation) — 310 MeXaHH3M, CBSI3bIBAIOLLMII BOCAMHO KOO U JaHHLIE,
KOTOPbIMH Oli MaHHUMYJIMPYET, a8 TaKKe 0OECNCUMUBAIOLLMIA UX 3aLMATY OT BlielIHEro BMeLla-
TeNbCTBA U HEMPaBUJILHOIO MCNOMBL30BaHMS. B 0OBEeKTHO-OpHEHTUPOBaHHOM $3biKE KO
M NaHHbIC MOXHO MMOrpyXaTb B “uepHbIi SLUMK”, KOTOpblif Ha3biBaeTcs odsekmom (object).
Hnaue roBopsi, 06bEKT — 3TO CPEACTBO UHKATCYNSILMH.

BHyTp# o6bekTa Kom M nNaHHbie MOIYT ObiThb 3aKpeimbimu (private) WIH OmKpbimbimu
(public). 3akpbiThlii KON UK naHHbie 06bEKTa JOCTYMNHB! TOJBLKO U3 APYIOil Y4acTH 3TOrO Xe
00beKTa. MHaye roBopsl, K 3aKpbITOH YacTH KOAa WM JaHHbIX HEBO3MOXHO OBPATUTLCH M3-
BHe. EclM Kol WM AaHHbie SBISIIOTCH OTKPLITBIMM, OHM JOCTYNHBI U3 JI0OO0I YacTH Mpo-
rpamMMbl. Kak npaBuio, oTKpbiTag 4acTb Kojd oOeCreyrBaeT yrpaBisieMoe B3aUMOReHCTBUE
(nHTepdeiic) ¢ 3aKpbITLIMM 3N1IEMEHTaMH 00beKTa.

Kak ¢ cMHTaKCHYeCKOM, TaK U C CEMaHTHUYECKOH TOYKH 3peHHUs] OOBLEKT MpelcTaBisieT co-
60i1 nepeMeHHyI0, TUIl KOTOPOI OrpencsieH Mosb3oBatesieM. JIIOOAM, NPUBBLIKIUMM K CTPYK-
TYPHOMY NpOrpaMMHUpPOBAHUIO, MOXET MOKA3aTbCS CTPaHHbLIM, YTO NepeMEHHAs MOXET colep-
Kath HE TOMLKO JaHHbie, HO U Koji. OnHako B 0GBbeKTHO-OPHEHTHPOBAHHOM MPOrPaMMHpOB2a-
HHH JIeJio 06CTOUT UMeHHO Tak. Onpenensii HOBbIA THIT 06BEKTa, Bb ONpeNessieTe HOBbLA THIT
JaHHbIX. KaXIbli 3K3eMIUIsAp 3TOrO THIA NAHHBIX SAB/SETCS CJIOXKHOM MepeMeniion.

Nonumopdusam

A3biIKK 06BEKTHO-OPUEHTHPOBAHHOTO MPOrpaMMHUPOBAHHS NOMLAEPKUBAOT HOAUMOPHUIM
(polymorphism), KoOTopblii xapakTepusyetcsi ¢pa3oil “oaMH HHTepdelC, HECKOIbKO
MetonoB”. Ilpouie rosopsi, NonMMopdU3M — 3To aTpUOYT, NO3BOJMSIOLIMIA € MOMOLUbLIO Of-
Horo MHTCcpdeiica ynpaBisaTb JOCTYNMOM K LefoMy knaccy MetonoB. KoHKpeTHbiit BbiGop
onpeensercss BO3HUKLUEH cuTyaiiMeid. B peanbHoM MHpe npuMepoM nonuMopduima siBis-
etcsl tepMmoctatr. HezaBucuMo oT BUI2 TOIUIMBa (ras, Ma3yT, 3JIEKTPHYECTBO U T.0.), TEpMO-
cTat paboTaeT ofMHakoBo. B mJaHHOM ciydae TepMocTaT (MpeACTABIAOLIMK cO60M MHTEp-
¢eiic) ocraeTcsd HeM3MEHHBIM, HE3aBUCMMO OT TMNa neuyku (meropa). Hanpumep, ecnu Bbl
XOTHUTE MOAHATL TeMMepaTypy 0o 70 rpanycoB, HY>XHO MPOCTO YCTAHOBUTH TEPMOCTAT Ha CO-
OTBETCTBYIOILICE JIEJIEHUE, HE3aBUCUMO OT TUMA IMEYKU.

DTOT NPUHLIKMN pacnpocTpaHseTcs W Ha nporpaMMmupoBaHue. Hanpumep, nonyctum, 4to
B MporpaMMe onpefefeHbl TpU pa3HblX THM2 creka. OgMH CTEK COCTOMT M3 LIENbIX YMCEJI,
IPYroii — M3 CMMBOJIOB, & TPETHI — K3 YMCEN ¢ MnaBalolueil Toukoil. bnaronaps moaumop-
¢u3My nporpaMMMCTY NOCTATOYHO OMNPERENUTb (YHKUMU push() U pop(), KOTOPLIC MOXHO
NMPUMCHSATDL K JIIOBOMY TUNY cTeKa. B nporpaMMe HeobxoamMMo co3fath TPU pa3Hbie BEPCHU
3TMX GYHKUMH U1 KKIOH Pa3HOBMIOHOCTU CTEeKa, HO MMeHa 3THX GYHKUHIA NOJLKHBI OBbITh
ONMHAKOBbIMH. KOMIMWISITOp aBTOMaTHyeCcKU BblOepeT MpaBiibHY0 (YHKLHIO, OCHOBBIBASICH Ha
MHbOpMaLMK O THINE MaHHBIX, XpaHSALUMXCH B CTeKe. TakuM oOpasomM, ¢yHKIMM push()
M pop() — HHTepdeiic cTeKa — OAMHAKOBBI, HC3aBUCUMO OT THNa CTeKa. KOHKpeTHBbiC BapyUaH-
Thbi 3TUX QYHKUMHA onpene/sitoT KOHKPETHBIE PEANn3al[MK (METONB) JUTS KaXKAOTO TUIA IaHHBIX.

TlonuMophusM MNo3BoNsieT YNPOCTUTL MporpaMMy, co3pgaBasi OgMH HHTepheic g
BHUTOJIHCHUS pa3HbIX AeiicTBUil. OTBETCTBEHHOCTbL 32 BLIOOp KOHKpemHo20 Oelicmeus
(MeTona) B BO3HMKILUEH CHTyalMM TNepeKiadblBactes Ha KoMnounsaTop. IlporpamMmucty He
00s13aTesIbHO BMeIUMBaTbcs B 3TOT npouecc. HyxHO numb NOMHMTH NpaBuia U MpaBulib-
HO MPUMCHSITb 00wl unmepgedic.
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IlepBbie OOBEKTHO-OpUEITHPOBAHHbBIE S3bIKU ObUIM MHTEPIIPETUPYEMBIMU, MO3TOMY MOJNH-
MopdHu3M 6bu1 nHHaMHUYeCKMM. OnHako g3blk C++ gpisieTcs KoMouwiMpyeMbiM. TakuM ofpa-
30M, B 513bIKe C++ noaaepkMBaeTca Kak TMHAMHUYECKUIA, TaK U CTATUYECKUA NOTUMOPGU3M.

HacneposaHxue

Hacnedosanue (inheritance) — 3To MpoOLIECC, B XOnC KOTOPOro OIMH OGBEKT MOXET NpHobpe-
TarTb CBOWCTBA Apyroro. OH uMMeeT GONblLIOE 3HAYCHHUE, MOCKOJIbKY MOMIEPXHBACT KOHIIEMLIHIO
raaccuguxayuu (classification). Ecnin nonymarb, Bce 3HaHHMS OpraHM30BaHbl MO NPUHIIMIY He-
papxyueckoil Kiaccudukanuu. Hanpumep, aHTOHOBKa OTHOCUTCS B KJIacCy “a010Ku”, KOTOPbiid
B CBOK ouepelb SBJSETCS YacTblo Kiacca “@pykmer’”, Bxomslucro B Kiace “nuwa”. Ecnu 6b
KaccH(pPUKaLMK HC CYLIECTBOBAIO, Mbi 11€ CMOIJIM Bbi TOYHO OMNMUcaTh CBOICTBA 00beKTOB. Of-
HAaKO IpPU 3TOM 11e00XOIMMO YKA3biBaTh TOJbKO YHHUKAJIbHBLIE CBOICTBA OOBCKTA, MO3BOJSIOLIME
BBUIEJIMTb €0 CPeAX APYTHMX OOBEKTOB Aaliiioro Kiacca. MMCHHO 3TOT NPHHLIMIT JIEXHT B OCHOBE
ME€XaHM3Ma HacllefoBalivsl, NAlOLIEr0 BO3MOXIIOCTb CUMTATL KOHKPETHBI 0OBeKT crietiuduye-
CKUM 3K3EMIUISpoM Oosiee ob1ueid pa3tioBUAHOCTH. B nanbueiilieM MB yOenuMcs, YTo Hacle-
JIOBaHHe SIBISIETCS] BAXKHBIM aCMEKTOM 0OBEKTIHO~OpHEHTUPOBAHHOIO NMPOrPaMMHPOBaHMS,

HekoTopble 0CHOBHbIE NpUHLMNLI 93blka C++

B nepBoit yacTH KHUIK 6bUTO onucaHo noaMHoxecTBo C ssbika C++, U Bce npuMeph
npencTapisiiiv coboil nporpaMmbl, HakTUUECKH HanmucaHHble Ha a3blke C. HaunHas c atoro
MOMEHT2, BCe MpUMCpbl OynyT nporpaMMami, HalmMcaHHbIMM Ha s3blke C++, T.e. 6ynyT
WUTIOCTPUPOBATL CBOMCTBA, NPUCYLIME NULUL S3blKy C++. JINsl KpaTKOCTH Ha3nBeM 3TH Xa-
paKTepUCTUKH “cBoiicTBaMH C++7.

ITporpaMMKCTBI, UMEIOLIME ONBIT paboTh! Ha 3blke C, NOKHBE MOMHUTD, yT0 C++ cyuiecr-
BeHHO oTimyaercs OT f3bika C. DoJbLUMHCTBO 3THX OTIMYMI OTHOCUTCS K ODBEKTHO-
OPUEHTHPOBAHHBIM CBOMCTBaM si3blka. OnHaKo MporpaMMbl, HanucaHHble Ha C++, oTmyatotcs
TaKxXe cnocoboM BBOAA-BLIBOAA NAHHBIX M OCOOEHHOCTAMM paboThl ¢ 3aronoBkamu. Kpome Toro,
60bIUMHCTBO nporpaMM Ha sg3pike C++ obnanatror cneundriuecKUMH CBOKCTBaMM, XapaKTep-
HbIMH MUMeHHo a4 s3bika C++. Tepen msyyeHHeM OOBEKTHO-OPUEHTHPOBAHIIBIX KOHCTPYKIIMI
s3bika C++ cnefyeT TLIaTeNbHO U3YYHTb OCHOBHLIE 3jleMEHTHE NPOrPamMM, HAaMMCAHHBIX Ha HEM.

B 3TOM pa3nesie paccMarpuBalOTCs BOIMPOCH, Kacallluecsi MPakTUYECKH BCEX MPOrpamm
Ha a3bike C++. Tlo Xxomy M3noXeHHS] Mbl TakKe OyNCM MOAYEPKUBAThb pPa3IMUMS MEXIY
cTaHaaptoM fizbika C++, g3bikoM C M paHHUMH BepcHsIMU f3biKa C++.

Mpumep nporpammbl Ha s3bike C++

PaccMOTpHM NpocTylo NporpaMMy Ha sisblke C++.
#include <iostream>
using namespace std;

int main{)

{

int i;

cout << "3170—eBHBOI.\nN"; // OOHOCTPOYHENT KOMMEHTAapPWUi1
/* KoMMmeHTapumt B CTulle siswlka C */

// BBROm umcCryia C noMouwepK© oneparopa >>
cout << "BremuTe udYMucno: “;

cin >> i;

// Tenepb BHEENEM UYuCJIO C [OMOWLK onepaTopa <<
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cout << i << " B KBampaTe PaBHO << i*i << "\n";

return 0;

}

OueBUAHO, YTO 3Ta MpOrpaMMa CWIbHO OTIMYAETCS OT NpPOrpaMM, MPUBENEHHBIX B Mep-
BOi1 yacTu. B Heitl ecThb BecbMa NOME3HBI OTHOCTPOuIibi KomMelitapuii. OHa 1aunHaercs
C BKJIIOYEHHUS 3arojloBKa <iostream>, MNOMICPXHUBAIOILCIO BBOA-BbIBOA B CTWJE $3blKa
C++. (AHaoroM 3arojioBka <iostream> B f3bike C  sBAsercs 3arofloBouHblid  aiin
<stdio.h>.) O6patiTc BlIMMaHHUE Ha eule OOHY ocobelllocTb: 3arojioBOK iostream He
MMCET pacluMpelivst .h, NOCKOAbKY cTaHAapT A3blka C++ He UCMoNb3yeT cTapbiil CTUIIb.

Crenymwolias cTpoka nporpamMmbi

B using namespace std;

Co0OLIAET KOMMUIIATOPY, YTO CICAYCT MCMNOJb30BaTh MpocTpaHcTBO UMeli std. TlpocTtpaHcT-
BO MMeH NpeACTaBIsICT cOO0i HOBLLECTBO, HEeAABHO BKIItoUeliHoe B 513k C++. Ilpoctpati-
CTBO MMell co3naeT obsacTb BUAMMOCTH, B KOTOPOH MOIYT pa3MellaTbcsl pa3jiMyHble 3Jie-
MeHTbl nporpamMmbl. OHM NO3BOMAIT OPraHM30OBLIBATL DosibLIKE MporpamMMbl. OncpaTop
using HMHQOPMHUPYET KOMMMUASATOP © TOM. YTO MPOrpaMMMCT XeflacT McMONb30BaTb Mpo-
CTpaHCTBO UMeH std. B 3ToM npocTpaHcTBE UMCH 06BSB/CHA Bes cTanapTHas 6UbIMoTEKA
sg3biKka C++. TakuM obpa3oM, MPOCTPaHCTBO MMEH std yNpolLaeT AOCTYM K CTaHAAPTHOM
6ubnuotexe. TlporpaMMbl, BKIIOYEHHBIE B MCPBYK0 4YacTb KHUIM, MCMONb30OBAIM TOMbKO
s3blk C. IlpoctpaHcTBa MMeH B HUX GbUIM He HYXHBbI, MTOCKOJLKY 110 YMOJNYaHUIO GUbIHO-
TeuHble (DYHKLMHU g3biKa C HAX0ngTCs B Io0aNblioOM NpPOCTPAHCTBE UMEH.

H i nOCKOﬂbe 3a20/7108KU 8 HOBOM cmurie U npocmpaHcmea UMeH 8KITOYEeHb! 8 A3bIK C++
4 3aMETKy Nuwb HedasHo, cmapbie npo2pamMmMbl UX He UCronb3ym. Kpome moe0, Cmapbie KOM-

nunamopsbl Makxe He noaaep)Kueafom 3amu MexaHusmMbl. Kak nocmynamb 8 makKux cu-
myayusx, Mbi Pacckaxem HuUXe.

PaccMoTpHM Temephb clienyloluyto cTpoKy.
B int main()
ObpaTuTe BHUMaHHUE Ha TO, 4TO CMUCOK napaMeTpoB GYHKLUMK main() nycr. ITUM oua oT-

nnyaetcst or g3blka C, B KOTOPOM (YHKI(MS, HE MMCIOLIAA MapaMeTPOB, JO/IKHA BMECTO
CMMCKa NapaMeTPOB UCMONb30BATH KIHOUEBOE C/IOBO void.

# int main{void)

NUMeHHO Tak obbaBasnach PyHKUMS main () B NepBoil yacTH KHUIKU. OnHako B si3blke C++
MCIO/b30BaTh U 3TOTO KJIKOUECBOE CJIOBO void cOBeplleHHO He obfA3ate;ibHo. Kak npaBu-
Jo, B fA3blke C++, ecniu GyHKUMS HE UMECT MapaMeTPOB, CMMCOK MapaMCcTPOB MPOCTO HE
YKa3blBaeTCs U CJIOBO void B CKOOKax 3aMUChiBaTh 1€ HYXHO.

Crenyrwolias cTpoka WIUTIOCTPUPYET OBa cBoiicTBa si3bika C++,

I cout << “3T1o—e©BEHEON.\Nn"; // OODHOCTPOYHLII KOMMEHTAapUI
Bo-nepBoix, oncpatop
| cout << "3TO0-—BHBOI.\n";

BBIBOOHMT Ha 3KpaH cooOlleHHEe “3To — Bemom.” W BLINOJHSIET MEPEXOI Ha CIEAYIOLLYIO
c¢TpoKy. B sa3bike C++ oncpatop “<<” MMEeT HCCKONLKO 3HayeHWH. OH Mo-npexHeMy sB-
JieTcsl oneparopoM NOOMTOBOTO CABHIa BAEBO, HO, KAK MOKa3biBaeT NaHHBIA NMpUMEp, TaK-
Xe UCIOob3yeTcs B KaueCTBe onepamopa ebieoda. CiioBO cout NnpeiacTasiser coDoi MIeHTH-
¢ukarop, cesizaHnblit ¢ akpaHom. (Ha camom nene sizpik C++, kakK v a3bik C, noftepxusaet
repeHanpasieHUC BBOJA-BLIBOIA, HO IS MpoCTOThi OyneM npeanonaraTb, YTo MAEHTHGMKA-
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TOp cout Bcerzia cBfizaH ¢ 3KkpaHoM.) Maciitudukarop cout u onepatop “<<” MOXHO NpU-
MEHSITb JUIS1 BbIBOAA JaHHbIX JIIOO0OTO BCTPOCHIHOTO THNA, a TAKKC CUMBOJIBHBIX CTPOK.

OO6paTiTe BHUMaHUE Ha TO, YTO IS BbIBOIA MOXHO MO-MPCXKHEMY UCMONb30BaTh (PyHK-
LIMI0 printf () U apyrue GyHKIMH, MPeLYCMOTPEHHbIE JUT1 BBONA-BbIBOAA NaHHbLIX B SI3bIKC
C. OnHako 60MbIIMHCTBO NPOrpaMMUCTOB MOJIaraloT, YTO MCNOJb3oBalue oneparopa “<<”
Gonblue cooTBeTCTBYET nYyXy #3bika C++. bonce Ttoro, xors mnpumeurcHue Qykimu
print£ () npu BeiBOge CTPOK (PaKTHMYECKH IKBHUBAJIEHTHO ollepaTopy “<<”, cucremMa BBOA2-~
BhiBofla fA3blKa C++ npenocTaBisicT NporpaMMHUCTaM 6oJice LHIMPOKHE BO3MOXIOCTH, NO3BO-
JISIS BBOOMTb U BbIBOAUTL OOBEKTHI, @ HE TOJLKO Jalliiblie BCTPOeHHbIX TUITOB, Kak B s3blke C.

Bcnen 3a onepaTopoM BbiBofa B MPOrpamMMe IMOMELUEH OCHOCMPOuHbIE KOMMeHmapui
(single-line comment). Kak yka3sbiBasioch B rnase 10, B A3bike C++ ecTh 1Ba BUa KOMMCH-
TapueB. Bo-nepBbix, B MporpaMmax MOXIO MO-MNpeXiHeMy HCMOJb30BaTh MHOTOCTPOUHbIE
KOMMeHTapHH B cTHiie f3bika C. KpoMe 11X, HCHONb3ysi CUMBOJIBL //, MOXHO ONpencnsith
ONHOCTPOYHbie KOMMCHTapuH. KoMnuisaTop Mriopvpyer MX COmepXUMOE KOMMCHTapHEB.
Kak npaBuio, NporpaMMHCTE UCHOJB3YIOT MHOTOCTpOUlible KOMMEIITapUH IS MpOCTpaH-
HBbIX OMHCaHMii, a ONHOCTPOUHbIC — JUISI KPpaTKHUX 3aMeyaluii. .

3ateM MporpamMma MpemiaracT MOMb3OBATENO BBCCTH YMCIO, KOTOPOE CYMTHLIBACTCS
¢ KJaBHAaTyphl ¢ MOMOLIbIO onepaTopa

B cin >> i;

”

B aspike C++ oneparop “>>” NO-NPCXHEMY SBJISIETCS ONEPATOPOM NOOHUTOBOIO CABMIA
BnpaBo. OnHako, Kak MoKa3aHo Bbillie, B f3blke C++ OH UrpaeT poib 0Heparmopa 66i600a. J1oT
ofeparop NPUCBaUBAacT MEpPEeMEHHOM i 3HaueHWe, BBeaeHlioe ¢ KiaBuaTypbl. HMpentudukarop
cin 0O3HayaeT cTaHHapTHLIA MOTOK BBOHAa, OOBIYHO CBsI3aHHLIN ¢ KiaBuaTypoil. Kak npasmio,

BbIP&XEHHE cin “>>” MO3BOJSAET BEOAMTD NaHHBIC JIIOObIX BCTPOCHHBIX TUIIOB, a TAKXKE CTPOKH.

H OnucarHas ebitwe cmpoka koda He codepxum onevamox. B wacmHocmu, neped udeHmu-
A 3aMETRY | chwamopom i He cnedyem cmaeums cumson &. [lpu 680de UHCDOPMALUL C MOMOLBIO

¢hyHryul [3eika C, Hanpumep, QyHKUUU scanf (), Heobxodumo nepedasams ykasamens Ha
NePeMeHHyI0, NOMyHalwylo 3HayYeHue. VIMeHHO no amol rfpuyure neped ee UMEHeM
8 fizbike C HeobxoduMo yKasbigame onepamop ronyqeHus adpeca & OJOHako onepamop
“>>" @ A3sbike C++ pearnu3oeaH UHaye, rno3momMy OH HE LUCTONB3yerm (MoYHee 2080ps, He 0011-
XKEH UCrionb306amb) onepammop nonyyeHusi adpeca &. IpuduHbl o6bAcHAIOMCA 8 2nase 13.

»

B nporpamMme Ha g3bike C++ BMecTo ofcpatopa “>>” MOXHO NPUMENSTb JIOObiE
(YHKIIMK BBoIa, MpelycMOTpeHlble a3blKoM C, B yacTHOCTH, QYHKLMIO scanf (), XoTd
B JaHHOM MpHMepe 3Ta BO3MOXHOCTBH He HUcMonb3oBaach. OfHAKO, KaK W MPU UCNONb30-
BaHMM oricpatopa “<<”, GONBLUMHCTBO NpOrpaMMUCTOB MOJAraloT, YTo olepatop “>>”
foJbliie COOTBETCTBYET OyXy f3blka C++.

PaccMoTpuM elue OnHY HHTEPECHYIO CTPOKY MPOrpaMMbl.

] cout << i << "B kBagpaTe paBHO " << i*i << "\n";

Ilpennonoxum, uro nepemeHHass i umeer 3HaueHue 10. Toraa naHiiblii oneparop BbiBe-
€T Ha 3KpaH ¢pa3y “10 B kBagpare paBHo 100”. Kak BUOMM, B OHOI1 M TOH Xe€ CTpoO-
Ke MporpaMMbi MOKHO HCMOJIb30BaTh HECKOJIbKO OMNCpaTOpOB << MOAPSA.

IIporpamma 3aBepllaeTcsi ornepaTopoM

] return 0;

OH Bo3BpaLlaeT BHI3bIBAKLLEMY NpoLeccy (Kak NpaBUiO, ONEPallHOHHOW CUCTEME) HYNEBOE
3HaueHHe. B nporpaMMe Ha sa3bike CH++ 3T0T onepatop paboTaeT TOYHO Tak Xe€, Kak
u B nporpaMMe Ha s3bike C. HyncBoe 3HaueHMe siBsieTcsl MPU3HAKOM HOPMANBHOIO 3a-
BeplleHUs] paboThl MporpaMmel. ABapuiiHOE 3aBeplleHHE NOKHO COMPOBOXIaTbcsl BO3Bpa-
LLEHWEM 1eHYyNeBOro 3HaueHUsl. Kpome Toro, B 3ToM clyyae MOXHO NPUMCHSITb HMEHO-
BaHHbl€ KOHCTaHTbl EXIT_SUCCESS U EXIT_FAILURE.
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Oneparopbl BBOAA-BLIBOAA

Onepartopbt “<<” M “>>” MOXII0 NPUMEHSTE COOTBETCTBEHHO U BbiBOAa M BBOAa AaH-
HbIX moboro BcTpoeHHoro Thna. Hanpumep, cienyioiuas nporpaMMa BBOOMT NaHHble TUNa
float, double U CTPOKY, & 3aTCM BBIBOAMT MX Ha 3KpaH.

#include <iostream>
using namespace std;

int main()

{
float f;
char str[80];
double 4d;

cout << "BBemuTe HOBAa 4YUCHa C IJlaBawllelr 3ansaToi: "
cin >> £ >> d4;

cout << “BpenmuTe CTpPOKy: "
cin >> str;

cout << f << " " << d << " " << str;

return O;

3anyctute 3Ty NporpaMMy M nofipoOyiiTe BBECTU CTPOKY “Iro npomepxa’, KOIIA OHa Mpel-
JIOXKHUT 3TO caefarh. [lporpaMma BbiBENET Ha 3KpaH JIMILbL ¢J10Bo “3ro”. OCcTalbHAsA YacTh CTPO-
KM OymeT Npouriiopyposaila, NnockObKy 3a CIOBOM “3ro” cleayeT pasienutesb. TakuM obpa-
30M, CTPOKa “TIpoBepKa” He CUMTBLIBAETCS MporpamMoit. Kpome Toro, 1ot npuMep MOKasbiBaeT,
YTO B OHOI M TOM X€ CTPOKE MOXHO NMPHUMEHSTb HCCKOJILKO ONEPATOpoB BBOAA “<<” roapsi.

OnepaTopbi BBOAAa-BbiBOa, NMpeAyCMOTPeHHble B s3blKe C++, pearMpylor Ha Bce 3cC-
KeHI-rocnenoBaTe/IbHOCTH, MepeyncieHHbie B MaBe 2. HanpuMep, cnenyolunii ¢pparMeHT
SIBJIIETCS COBEPIUCHHO MPaBWIbHbIM.

] cout << "A\tB\tC";

DTOT oMepaTop BHIBOAMT HA 3Kpal cMMBoJbE A, B u C. pa3snenetitibie Tabysimei.

O0nsiBneHne NoKanbHLIX NEPEMEHHbIX

Ecin Bbl 3Haete f3biKk C, 0OpaTUTe BHHUMAaliME Ha BaXKHOE Pa3fiMuue Mexiy f3bikaMu C
n C++, Kacawuleecss oObsIBACHUS JIOKANbHBIX MepeMeniibiX. B ctaHpapre C89 nokanbHble
nepeMeHHbIC KaXaoro 61oka A0/KHBL ObiTh 0ObSIBAEHB B ero Havyale. TlepeMeHHble Helb3s
OOBABISITE MOC/e BbiNoONHsSeMoro orncpatopa. Hanpumep, B craHgapre C89 cienyroiuuii
NpUMeEp sIBJSETCH HenpaBUIbHbIM.

/* O¢parMeHT, HenpaBUIbHLM B sA3mKe C.

B s3Like C++ 3TO BHONHe ponyckaercs ¥/
int £{()
{

int i;
int j; /* B nporpamMmax Ha fA3pke C Tak OenaTh Henb38. */

return j;

}
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B nporpammax, cooTBeTCTByIOLUMX cTaHAapty C89, 3Ta (yHKLMS BBHI3OBET COODOILEHME
00 o1mbKe, MOCKONBKY MEXIy OOBSIBICHMSIMM MEPCMEHHBIX i WM j HaxoaMTcs orepaTop
npuceavBaHus. OIHAKO, CCIM CKOMIMIMPOBaTh 3TOT (hparMeHT B MporpamMme Ha si3blKe
C++, Bce Oynet B nopsinke. B siznike C++ (1 C99) nepeMeHHBIE MOXHO OOBSIBISATE B JIIO-
60M MecTe MpOorpaMME, a He TOJIEKO B Hayane OJIOKOB.

PaccMoTpuMm elie oauh npuMep. D10 BAPUAHT MporpaMMel U3 MpeabIIyIIero pasiea, B Ko-
TOPOM MNepeMeHHas str oOBLsIBISETCS] TONBKO TOTNA, KOIIA B Hell BO3HMKaeT HEOOXOAMMOCTb.

#include <iostream>
using namespace std;

int main()
{
float f;
double d;
cout << "Enter two floating point numbers: ";
cin >> £ >> 4:

cout << "BBEeIMTE CTPOKYy: "
char stx([80); // Crpoka str obmsaBngeTcs 3OecCh
cin >> str;

cout << f << " " << d << " " << str;

return 0;

ITporpaMMuCT MOXeT caMm pellaThb, Iie emy yaobHee oOBSBIATH nepeMeHHble. OQHaKO,
cledysl NMPUHLMIAM MHKAMNCY/SILMKM KOAa W NaHHBbIX, NepeMeHHble peKOMeHayeTcsi oObsiB-
JiATh noONMXxe K MeCcTy ux npumeHeHus. B npenpwbigylieM npuMepe oObsiBjeHUs MepeMeH-
HBIX OBUTM pasnesieHbl MPOCTo WISl AEMOHCTPaUMy TAKOM BO3ZMOXHOCTH, HO B IPYIMX CHUTya-
LMSIX 3TO CBOHCTBO A3bIKA MOXCT OKa3aThCsl HAMHOIO LICHHEE.

OO6mbsiB/ieHNE NEPeMEHHREIX HENOCPEACTBCHHO Mepea MX MCMONb30BaHUeM MO3BOJSET U30e-
XaTh BO3MOXHBIX MoOouHbIX 3ddexkToB. OgHako HauOOJBILYIO MOABb3Y 3TO MPUHOCHT
B OonbLUMX (pyHKUMsIX. HecTHO roBopsi, B KOPOTKMX (hyHKLMSIX (K KOTOPEIM OTHOCUTCSI 60JIb~
IUMHCTBO HAaLLMX MPUMEPOR), 1ieT 0COOOro CMEICNTA pacrnpencsisiTb OObsIBIEHHS] MEePEMEHHBIX
Mo BCeMy TeKCTy. JJOCTaTouHO NpocTo OOBSIBUTE MX B camMoM Hauaje ¢GyHkunu. IToatomy Mbl
OyneM NMPUMEHSATH 3TOT MPUEM COOOPa3HO pa3MepaM M CJIOXKHOCTH CO3AaBaeMbIX (PYHKLIMHA.

VY cneuyanuctoB HeT OOLIETO MHEHMs MO TMOBOAY JIOKAIU3ALMK OOBSABJIEHUS TepeMeH-
HEIX. HekoTophle M3 HUX CYMTAIOT, YTO OOBsIBIEHMs, pa3dpocaHHble MO BCEMY TEKCTY, 3a-
TpyaHsiloT aHanu3 nporpaMm. Ilo 3Toil mpuuMHe NpPOrpaMMKCTH He MPUAAIOT 3TOH BO3-
MOXHOCTH O0NbIIOro 3HaueHusl. B Haueil KHWMre Mbl He NMPUHUMEEM YBIO-JIMOO CTOPOHY.
U BCe xe B 0COOBIX ClTy4asix, B YACTHOCTH B OONBIIMX (hyHKLMSIX, OOBSIBIEHUE MEPEMEHHBIX
HENOCPEACTBEHHO Mepell X UCTONb30BAHUEM 00JleryaeT OTJIANKY MporpaMm.

Mpasuno “int no ymonyauuio”

Heckonbko JieT Hasan B sisblke C++ MOsSIBUNIOCH HOBLUECTBO, KOTOPOE MOXET MOBJIUSITEH
Ha COBMECTMMOCTbh HOBBIX MPOTrPaMM M KOHa, HANMMCAHHOTO Ha cTapbix Bepcusix C++ u Ha
sizbike C. B cravaapre C89 u B MCXOgHOM BapuaHTe s3blka C++ OTCYTCTBHME SIBHOIO TMMNA
B OOBSIBIEHUH MEpeMEHHOM MO0 YMOJYaHUIO TPAaKTOBAIOCH Kak int. OAHAKO NMpaBUIO “int
Mo yMOJUaHUI0” ApM CTaHAapTH3aluu Obulo otbpolueno. B craHaapre C99 ero takke Her.
M Bce e Ha rpakTHKe MO-IpeXHeMy YacTO BCTPevyaloTcsl nporpaMmbt Ha sisblke C M cTa-
phie nporpaMmbl Ha si3bike C++, B KOTOPBIX UCMONB3YETCH 3TO MPABUIIO.

B GonbluMHCTBE Cly4deB 3TO MPABMIIO OTHOCUTCS K THUIly 3HAy€HMsi, BO3BPalliaeMoro
¢dyHkuuMel. B yactHocTH, cTanio oOLenprHSITOR NMPaKTUKOH He YKa3biBaTbh THH BO3Bpallae-
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MOro 3HaucHMsl int, ecau (yHKHMs BO3BpaulaeT uenoe uueno. Hanpumep, cranpapt C89
Y cTapbie BepcuM sizpixka C+-+ BrOjHE AOMNycKaloT cieaylolimit ¢hparMeHT MporpamMmMet.

func(int 1)
{
return i*i;

Cranpapt sizhika C++ TpeOyeT sIBHO yKa3hiBaTh TMI BO3BpAlUdEMOTO 3HAYEHMS, HAAXe
€CJIM BO3BPALLACTCS LIEJTOC YMUCTIO.

int func(int 1)

{
return i*i;

}

ITo npakTHyeckUM coobpaxeHusM OONBLIUMHCTBO KOMIWJISITOPOB MO-MPCXHEMY HPH-
JepXHBAIOTCS MpaBuia “int no yMonyanuio”. OOHaKo MpM CO3[aHMM HOBBIX TMPOrpaMM
3TO NMpaBuJio cicayeT 3a0bITh.

Tvn gaHHbIX bool

B siznike C++ onpencneH BCTpOcHHEBHA OynieB TMMT ¢ UMCcHeM bool. O0beKTH THNa bool
MOTYT NMPHHMMATh TOJILKO JBa 3HAYEHUS: true M false. Kak yKasbiBAIOCH B MEpBOM YacTH
KHUIM, OyJeBbl NEepeMeHHEIE aBTOMaTMUeCKM NpcoOpasyloTcs B LEBe YMcia, U HaoO0opoT.
B uacTHoCTH, BCe HeHyJsieBble 3HaUuCHMS MPeobpasyloTcsl B 3HaUEHHe true, a HyJlb — B 3Haye-
Hue false. CripaBe/UTMBO ¥ oOparHOE YTBEPXACHME: 3i1aUCHME true rnpeoOpasyeTcs B eM-
HuLy, a false — B Hynb. TakuM obpa3oM, B si3bike C++ coxpaHsieTcsi NMPUHLIMII, COMIACHO
KOTOPOMY HYJIb CUMTAETCS JIOXKHBIM 3HAUYEHHCM, a 1iob0e HeHYNIEBOE 3HAYeHHEe — WUCTUHHBIM.

T
Xoms cmardapm C89 (nodmHoxecmeo asbika C++) He npedycmampusaem bynee mur,
4 3AMETRY & cmaHoapme C99 buin dobaener mun _Bool, no3gonsowull XxpaHums 3HavaHus 1u 0

(m.e. ucmur+oe u noxwoe). B omnusue om sA3bika C++ € cmaHOapme C99 Hem knioye-
8bix cnoe true U false. CriedosamensHo, mun _Bool, onpedeneHHbil 6 cmaHlapme
C89, Hecoemecmum ¢ munoM bool, onpedeneHHbiM 8 Asbike C++.

[Hleno e mom, 4mo 60 MHO2UX CyLUECMBYIOLLUX NPo2pamMMaXx, HaruCaHHbIX Ha f3bIKe
C, npoepammucme onpedensanu ceoll cobcmeeHHI 8apuaHm muna bool. Ymobs! co-
XpaHume CO8MECIMUMOCIb C IMUMU npozpammamu, 8 cmarOapm C99 eknowunu He-
rionHoyerHeil mun _Bool. O0Hako coemecmumocmu mexOy cmarOapmom C99 u C++
docmudb 8Ce Xe MOXHO, NoCKonLKy 8 cmarOapme C99 cywecmeyem 3a20M0804HbIT
¢haiin <stdbool.h>, 8 KOMOPoM onpedeneHbl Makpockl bool, true U false. Bxmo-
wug 8 rpozpamMmMy IMOoIM 3a20M060yHbIl ghalln, MOoXHO GoCmuYbL CoeMacmuMocmu me-
0y cmardapmom C99 u A3bikom C++.

' Crapblit ¥ HOBbIW CTUNL si3bIKa C++

B nporecce cBoero pa3euTHst M cTaHaapTu3auuy s3eik C++ nogeeprcsl 3Ha4YUTESIbHBIM
u3MmeHeHusiM. B pesynsrare ¢akTuyeckm cyluectsyloT aee BepcuM sisbika C++. Tlepeag u3
HUX — TpaAMLIMOHHas, pa3pabotannas BbsipnoM CrpayctpynoM. Bropas Bepcusi Obuta pas-
pabotana CrpayctpynoM v koMuteToM ANSI/ISO no craHgaptv3aimy. OHY OYeHb MOXOXH
ApPYr Ha Opyra, XoTsl BTopasi Bepcusi obnanact OonbliMMK BO3MOXHOCTSIMU. TakuM obpa3om,
TpaguMLIMOHHEIH 536K C++ SIBSIeTCs] MOIMHOXECTBOM CTaHIAPTHOTO.

B nalueii KHMre OnMchiBacTCs CTaHOAPTHRINM BapuaHT si3bika C++. D1a BepcHst paspabo-
TaHa koMuteToM ANSI/ISO no craHmapTM3auMu M MoAlepXUBAeTCs BCEMH COBpEMEHHBIMU
koMmmuisitopamu. [lporpamMMer, NpuBefeHHBIE B KHMIE, HANMMCAaHBl B COBPEMEHHOM CTHJIE
¥ CTPOro cneaytot cTaHnapty. OnHako, ey Bbl paboTaeTe co CTapbiM KOMIWJIATOPOM, He-
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KOTOpBbie MporpaMMbt MOTYT CO3[aTh Mpobnemel. B npouecce cTaHmapTM3auMM KOMMTET
ANSI/ISO BHec B S3bIK 3HAYMTENBHBIC YCOBepLueHCTBOBalMs. CTpeMsICk COOTBETCTBOBATE
CTaHaapTy, pa3paboTuMKHM KOMMUISTOPOB YWl uX B CBOMX nporpaMMax. Pasymeercsi, Mex-
Ny TIOSIBJICHMCM 110BOI1 BO3MOXIIOCTH SI3BIKA U €€ peajn3almcil B KOMMEPUYECKHUX KOMIMUIIS-
TOpax BCCraa MPOXOAMT ompeneniclinoc Bpemsi. [TocKoIbKY HOBILECTBA BHOCUITMCE B SI3BIK Ha
MPOTSXEHUM HECKOJILKUX JIET, CTapblc BEPCHU KOMITMIIITOPOB HE CMODIM MX y4YeCTb. 3TO
OYeHb BAXHO, MOCKOJIbKY [IBAa MOCNCAHMX YCOBEpIICHCTBOBAHMSI KacaloTcsi OyKBaJIBHO BCEX
nporpamMm, BKJIouasi camble npocTeic. Ecnu pai koMnunsiTop He nojuepXHBpaeT 3TH BO3-
MOXHOCTH, HC MCYATbTECh — 3TU MPCMSTCTEUS JIETKO 000HTH.

[Npunuunuanpias pasHvUa Mexay CTapsiM M HOBBIM CTHJISIMM CBOAMTCS! K JIBYM CBOMCT-
BaM: 1IOBBIi CTHJIb 34roJIOBKOB M MCIIOJB30OBAlME OMNeparopa namespace. UTOObI MOHSITH
3T Pa3NnyMsi, PaCCMOTPUM JBC Mpocrcime nporpamMmel na sisike C++. TTeppast u3 1mx
COOTBCTCTBYCT CTAPOMY CTHIIIO MPOrPaMMHPOBAHMS.

/*
HporpaMMa Ha C++ B CTapoM CcTuie.
*/

#include <iostream.h>

int main()
{
return 0;

}

Obparure ocobce BHMMaHWe Ha AMPCKTUBY #include. Ona BKIIOYAaeT B TEKCT MpoO-
rpaMMbl 3arojIOBOYHBbII (aitn iostream.h, a He 3arosoBok <iostream>. Kpome TOro,
B 3TOM BapHaHTE IPOrpaMMbl OTCYTCTBYET OfepaTop namespace.

PaccMOTpUM BTOPYIO CKENIETHYIO MPOrPaMMy, COOTBETCTRYIOLLYIO HOBOMY CTMJIIO.

/*
CoBpeMeHHHI CTWUJIb NporpaMMbl Ha sS3bke C++,
UCTNOJNB3YKIVIA HOBRIM BUIO 3arOJIOBKOB M NPOCTPAHCTBO MMEH.
*/
#include <iostream>
using namespace std:

int main()

{

return 0;

}

B 3TOM BapuaHTte NMporpamMmbl MCMOJb3YeTCS HOBbIH BMI 3aroJIOBKOB M INMPOCTPAHCTBO
umeH. O6a 311 cBo¥ICTBA MBI yXe ynoMunanu. PaccMoTpuM mx nobnuxe.

HoBblt CTUNb 3aronoBKoOB

Kak u3BeCTHO, M1 BBI30OBA CTAHANAPTHOK O6uOMMOTEeuHoit GyHKUMM MporpaMMa AOJKua
coIepXaTh 3aroJIOBOYHBII ¢aitn. [Ins 3Toro B nmporpaMmy BKIIOYAIOT IMPEKTHRY #include.
Harpumep, B si3uike C, YTOOR BBECTH B MporpaMMy 3aroJIOBoYHbIL (ailn <stdio.h>, He-
00X0JMMO BBINOJIHUTE CJIEAYIOLUMIA oneparTop.

§ #include <stdio.h>
3nech napaMeTp stdio.h npencrasasieT coboit uMms Gaiina, B KOTOpoM OOBSIBJIEHB! MPOTO-
TMnE (YHKUMI BBOJA-BBHIBOAA, @ AMPCKTUBRA MNpernporeccopa #include BBIHYXIEET KOM-

MUJISITOP BKIIOUWUTH 3TOT (paitn B TEKCT MCXOAHO# nporpaMMbl. UTak, cieiyeT NOMHMUTDb, YTO
JUpexTHBa #include exarouaem haiin B TEKCT NPOrPAMMBI.
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Ha nmpoTsixxeHMH HECKONBKUX JIET MOCIE CBOCTO NosiBieHus s3utk C++ Mcnons3opan TOT
X CTHJIB paboThl € 3aroioBkamu, 4yto M s13blk C. MHBIMM CIOBaMM, B HEM NPUMEHSUIUCH
3azon06o4nbie paiinbl. CTangapTHeilt CH+ TakKe 10NyCKaeT MCIMOJb30BAHME 3arOJIOBOYHBIX
¢aitnos B cTrne si3bika C, Mo3BoJisAs NMPOrpaMMHUCTaM COXpaHsSiTh OOpaTHYIO COBMECTUMOCTD
nporpamMm. OpgHako craHaapT sisbika C++ npenycMarpyBacT HOBBHA BMI 3arojIOBKa, KOTO-
PBIH MCIOJNIL3YETCs] B CTAHOAPTHOM OMOIMOTeKe. DTH 3aroNioBKH Ke seasromcs atinamu. OHu
MPpOCTO MPENCTaBIsIOT cODOM HeKHe CTaHAapTHhle MIEHTH(PUKATOPHI, KOTOpbie MOTYT COOT-
BETCTBOBaTh (paitnam, a MOryT He COOTBETCTBOBaTh UM. HoBhie 3aronoesku siBJISIOTCS abCT-
pakLMci, rapaHTUpyollieil, YTo B nporpamMme OynyT OOBSIBACHBI COOTBETCTBYIOLIME MPOTO-
TUIBE U OTpeieSieHUs1, HeOOXOIMMBIE [UTs BBE30Ba OMOIMOTEUHBIX (hyHKLMA.

[TockoNbKy 3arojIOBKM HOBOTO CTWJISL HE SIBASIIOTCS MMeHaMM (ailyioB, y HUX HeT pac-
wupeHusi .h. OHU COCTOAT JMIUB U3 UMEHM 3arojIoBKa, 3aKJIOYEHHOTO B YIJIOBBIE CKOOKM.
PaccMoTprM, HanpuMep, HCKOTOpBlE CTAHAAPTHEHIE 3arOJIOBKHM HOBOIO CTMJISL.

<iostream> <fstream> <vector> <string>

HogBele 3arojioBKM BKJIIOYAIOTCA B MPOrpaMMy € MOMOLLBIO JUPEKTHBH #include. ExnHcr-
BCHHasl pa3HHLA COCTOMT B TOM, YTO 3alOJIOBKM HOBOTO CTMJIA HE OOS3aTC/IILHO SIBISIIOTCH
¥MeHaMHM ¢aityioB.

ITockonbky 53tk C++ yHacnenosan Bce 6ubnuoteky dyHkumit sizsika C, OH nponoska-
eT MOIACPXHBaTh CTaHIapTHEIC 3arojIoBOYHbIE ¢(aitiet si3bika C. Maue rosopsi, 3arojioBoyv-
Hble ¢aitbl, Takue Kak stdio.h WM ctype.h, no-npexHeMmy AOCTynHel. OmHako CTaH-
napt sizselka C++, KpoMe HMX, OomnpenessieT 3arojJOBKM HOBOTO BMId, KOTOpble MOTYT 3aMe-
HATb o0 pealibHBIC 3aroioBouHble ¢ainbl. B nmporpammax Ha sispike C++ k MMcHam
3aroyioBoyHbIX ¢aitios sisbika C gobasasietcs: npedmkc “c”, a paciumpetue “.h” ordpachl-
paetcsi. Hanpumep, 3aronosouHoMy ¢aitly math.h B CTapoM CTHJIE COOTBETCTBYET 3arojio-
BOK <cmath>, a ¢ailly string.h — 3arofoBok <cstring>. HecMoTpst Ha TO YyTO MCNOJB-
30BaHKe 3aroIoBOYHbIX (aitioB craporo obpasua ponyckaercsi, B craHmapTe sisbika C++
3TOro aejath He peKoMcHAyeTcsi. B Hauleit KHMre Mbl MpUAEPKMBACMCSI HOBOTO CTMJIS 3aro-
JoBKOB. EcCnM Ball KOMMUIATOp He MOAAEPXUBaeT HOBBIR CTHIIb 3arOJIOBKOB, MOXHO MpoO-
CTO 3aMEHUThL UX MMEHAMH 3arojIoBOYHHIX Gaitios craporo obpasta.

ITocKOJIEKY HOBHIM CTUIIb 3aroJIOBKOB MOSIBUICS OTHOCUTENBHO HeJaBHO, MHOTHE CTapble
MPOrpaMMBl He KCIOJB3YIOT ero. B Hux no-npexHemy MpUMEHSIIOTCS 3arofoBOYHHE (aitibl
B ctwiie sizpika C. Hanpumep, uMs 3aronoBoyHoro daiina, copepxallero npoToTHrbl (yHK-
LM BBORA-BBIBONA, YKA3bIBAETCH TaK.

J #include <iostream.h>

3Ta OMPEeKTUBA BHIHYXAAET KOMIWISTOP BKIIOYMTbH B TNPOTpaMMy 3arojIOBOYHBIN (haitn
iostream.h. Kak npaBuno, MMeHa 3aroJIOBKOB CTAPOr0 W HOBOTO CTHMJIsSI COBMAnaroT, 3a
HCKJIIOYEHUEM pacluMpeHust “.h”.

Kak M3BecTHO, BCE KOMMMWMAATOPH! AOMYCKAIOT MCIMOJB30BaHHUE 3arojIOBOYHBIX (baiion
ctaporo ctuiisi. OIHaKo 3TOT CTWIb CYMTAETCs! YCTAPEBILUMM, U €T0 He PeKOMEHIyeTcsl Mpu-
MEHSTH B HOBBIX MPOrpaMMax.

B 1| Hecmomps Ha mo 4mo sazonoeku cmapozo cmuns 6ce ewe MpUMEHSIMCS & cywie-
HUMaHME: §  cmeyowux npoepammax Ha C++, OHU CHUMAIOMCH YCMapeaLUuUMU.

MpocTpaHcTBa MMEH

ITpy BKIIIOYEHUM B MPOrPaMMY 34rojiOBKa HOBOTO CTHJISI €r0 COAEPXHMMOE HOTPYXAeTCH
B MpOCTPaHCTBO uMeH std. [Ipocmparcmeo umen — 310 npocTo 06nacTs BuarMocTH. OHO
MpeIHa3HayeHo [UTA JIOKaJIM3aluMu MMEeH MIEHTU(hUKATOPOB U NpeJoTBpalleHus] KOHQIMK-
TOB MCXJY HMMH. DNEMEHTHI, OOBSABICHHLIE B ONHOM IMPOCTPAHCTBE MMEH, OTHEJNEHHl OT
3/IEMEHTOB, NPUHAUIEXAlIMX APYyTroMy MpocrpaHcTBy. M3nauanbHo MMmeHa OuOIMOTEYHBIX

236 . Yacte Il A3bik CH



GYHKLMIT MPOCTO pa3Melllanuch B MMOOANTEHOM npocTpaHcTee uMent (Kak B sisbike C). OmHa-
KO TOcJie NMOsIBJICHMS! 3aroJIOBKOB HOBOTO 00pasua Mx COacpXMMOE CTalM pa3Mellars B Mpo-
crpaHcTBe umeH std. Tlo3aHee MBI paccMOTpUM 3TOT Borpoc Gosiee noapoOHo, a noka 3t1a
npobneMa He JOJDKHA HAC BOJIHOBATH, TAK KaK OoncpaTop

l using namespace std;

FIOrpyXaeT NMPOCTPAHCTBO UMEH B 001aCTh BUAMMOCTH (T.€. MPOCTPAaHCTEO MMEH std BKIIO-
YyaeTcsi B NOOATbHOE MPOCTPAaHCTBO MMCH). 3TOT OMepaTop YHHMYTOXAET Pa3HULy MeXay
34roJIOBKaMM CTaporo U HOBOTO CTHJISL.

H ele oaHo: yToOBl COXpaHUTE COBMECTHMOCTL € si3blkoM C, MpUHSITO crieayloliee Co-
rnawenve. Ecniv nmporpamma, HanucanHasi na siseike C++, comepXXMT 3aroJioBOK CTaporo
CTUJISl, €70 CONEPXKUMOE MOrpyxaercst B Io0ajibHOE MPOCTPAHCTBO MMEH. BTO MO3BOJISIET
KOMIWIATOPY si3bika C++ KOMIUIMPOBATh MPOrpaMMEl, HanmKucaHHble Ha si3bike C.

Pabota co cTapbiM KOMIMNATOPOM

Kak MB yXe ropopuiy, NpocTPaHCTBA UMEH M 3arOJIOBKM HOBOTO CTWJISI MOSIBUJIMCE OT-
HOCHUTEJILHO HemaBHO. OHM ObuiM pobaeienbl B NMpolecce CrakapTui3almu sisbika C++,
HecMoTpst Ha TO YTO BCC HOBBIE KOMIWISITOPH s3blka C+-+ noaaepXuBaloT 3TH CBOICTEA,
CTapbie KOMIMMUJISITOPB! MOTYT UMX HE YYMThIBATh. B 3TOM ciyuae KOMNWISITOp BbIAAET HA 3K-
paH coobuieHusi 06 owmndKax. Ity ApodsieMy OucCHb JIETKO PELIMTE. HYXHO JIMIIL 3aMEHUTh
3arojloOBKM MMEHAMM 3arojioBoutsiX (haillop CTaporo CTWIs M YIAIUTHL ONeparop name-
space. MlHaue roeopsi, cienyeTr 3aMCHUTEL OMNCPATOpHI

#include <iostream>
using namespace std;

OHNepaTopoM

J #include <iostream.h>

BT0 u3MeHeHHe NpeBpaliaeT COBPEMEHHYI0 MPOrpaMMy B CTapoMoOaHylo. [Tockonbky co-
IEPXUMOE BCEX 3aroJIOBOYHBIX (ailioB Morpyxaercss B MI0OanbHOE MPOCTPAaHCTBO MMEH,
OIepaTop namespace Terepb HC HYXEH.

H nocnenHee: B 0603puMoM OylyllleM Ha MpakTUKe elle goiaro OyAyT BCTpeyaThesl Mpo-
rPAMMBbE, HAITMCAHHBIE B CTAPOM CTUJIE, UCMOJB3YIOLIME 3arojJoBOYHbIE (haitibl M He NpUMe-
HsIOLIME orepaTtop using. Bce coBpeMeHHBIe KOMIUIIATOPHLI CHPaBISAIOTCS € HUMM Oe3
npobneM. OgHAKO HOBLIE MPOrpaMMBbl CIEAYET nucaTh B COBPEMEHHOM CTWUJE, MOCKOJIBKY
JIMIIb OH MOAAEpXHBaeTcs craHgapToM si3bika C++. HecMoTpst Ha To 4To cTapoMoaHbie
FIPOrpaMMBbl €llie MHOTHE roAbl OyayT NoJIepXXMBAaThCs KOMMUAATOPaMH, CIEAYET NMOMHUTD,
YTO MX CTPYKTYpa SIBAAETCS CIMILKOM XECTKOM.

BBepeHue B Knaccol

B atoM pasnene paccMaTpuBaeTcs camasi BaxHasi yacth sisbika C+-+ — knacc. Ing toro
4yToOBI CO31aTh 00BeKT, B si3bike C++ cHauana HeoOXOOMMO omnpeaesivTh ero OOLIMi BUIA,
HCMONB3ysl KITIOYERoe CIOBO class. C CHMHTAKCMUCCKOM TOYKM 3peHHMsl KJAacC FIOXOX Ha
CcTpyKTypy. PaccMOTpuM B KayecTBe MpHMMepa Kilacc, ONpeleIAIOIMil TUIT HOA Ha3BaHWEM
stack. C ero noMoupo MOXHO CO34aTh peajibHBIN CTEK.

#define SIZE 100
// B 3TOoM dparmMeHTe obmsaBnseTcs knacc stack.

class stack {
int stck[SIZE];
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int tos;
public:
void init();
void push(int 1i);
int popl();
Y

Knacc MoxeT conepXarth OTKPHITYIO M 3aKpuiTylo 4vactv. [lo ymMosnyaHMio BCe YJeHbl
KJIACCA CUMTAIOTCS 3aKphIThiMKU. Hanpumep, nepementibie stck M tos SABISIOTCS 3aKpbIThi-
MH. 3TO 03HAYacCT, YTO K HUM HEBO3MOXHO 0OpaTtUThCsl U3 (yHKLIMIH, HEe SIBASIIOLMXCS Wie-
HamK Kiacca stack. TakvM oOpa3oM NOCTUracTcsl MHKAICYISALUUS — NOCTYN K 3aKPHLITHIM
3JleMEHTAaM KJ1acca CTporo KollTpoiupyercst. B xnacce MOXHO Takke onpefie/IMTh 3aKpbiThie
GYHKUMH, KOTOPHIC MOTYT BBI3BIBATHCS APYTMMM WiCHaMM Kiacca.

Jnsi Toro 4ToGb OTKPHITE 3JIEMCHTHI Kiacca (T.e. CACIaTh UX JOCTYNHBIMM fUls APYTHX yac-
Teil mporpammel), cieayeT oObSIBUTE Mx € 1TOMOLIBLIO KIIOUEBOro ciioBa public. Bce nepe-
MEHHBIC WM (DYyHKLUHH, Pa3MCLUCIIHBIE B Pasncie public, NOCTYIHH JUIS JIIOOBEX (hyHKLMIA
nporpamMMmbl. 1o cyluecTBy, BHCIUHSIS YACTh MPOrpaMMbl MONYYaeT JOCTYI K OOBEKTY MMEHHO
ycpe3 ero OTKpbiThie (hYHKIMHU-WIEHBl. XOTsl nepcMelHbie MOXHO OOBSIBASTH OTKPHITHIMY,
storo cneayeT uzberars. HaoOopot, Bce gJaHHBIC peKOMCHAYeTCs OObSRISTL 3aKPHIThIMM, KOH-
TPOAMPYS! NOCTYN K HUM C MOMOLUBIO OTKPHITHIX (hyHKuMit. Kpome Toro, obparvte BHUMaHUe
Ha TO, YTO [OCJa€e KJIIOYEBOro cjioBa public B onpeaesnelinM kiacca stack CTOUT JBOETOUME.

DyHkuMY init (), push() M pop() HA3HBAKOTCA QYHKUUAMU-YAEHAMU, TIOCKOJILKY OHM
SIBSIFOTCS 4YacTelo kiacca stack. IlepeMennble stck M tos HasblBAIOTCS HEPEMEHHbIMU-
wienamu (WM danHemu-wienam). HarmomnuM, oGbeKT co31aeT CBSI3b MEXIY KONOM M JaHHBIMM.
Tonkko (hyHKUMM-YICHBI UMEIOT JOCTYT K 3aKPHITHIM wWieHaM CBoero knacca. Cremopare/ibHO,
JOCTYI K NMCPEMCHIBIM stck M tos MMEIOT TONBKO (yHKLIMM init (), push() M pop().

Ornpenenme K1acc, MOXHO €o31arb 0ObEKT 3TOro TMna. B cyliHoCTH, MMs Kiiacca CTaHo-
BUTCS1 HOBBIM crielM(pMKaTtopoM Tuna AaHHbIX. Hanmpumep, creayiolmii oneparop cosmaet
00BCKT ¢ MMEHEM mystack THNa stack.

§ stack mystack;

O6baBnsis 00BEKT Kiacca, Bbl co3macTe 3k3emnaap (instance) 3Toro Kiacca. B maHHOM ciy-
yae nepeMeHHasi mystack SBIsIETCSl 3K3EMIUISIpoM Knacca stack. KpoMme Toro, o0beKTh
MOXHO CO3[aBaTh, YKa3biBasi MX MMsl Cpasy Mocjie onpegesieHusl Kiacca, T.€. HOCe 3aKpbl-
patouieit GuUrypHoit cKoOKM (TOYHO Tak Xe, KaK 3K3eMIUISIp CTPYKTYpbl).

B s3bike C++ ¢ noMoilblo KII0YEBOTO COBA class ONpENe/seTcsl HOBbIt TMI JaHHBIX,
KOTOpPBIii MOXHO MCIONb30BATh VTS CO3NaHusi 00bekToB 3TOro Thrna. Clenosare/ibHO, 00b-
€KT — 3TO 3K3CMIUTSIp Kiacca. B 3TOM CMBICIC OH HMYEM He OTIMYaeTcsi OT ApYyrux repe-
MEHHBIX, HApuUMep, OT MepeMCHIN0, mpeacTaBasoweit coboit 3k3eMIusap THna int. MHa-
Yye roBopsi, KIacc SIBASIETCS JIOTMUECKOW abCcTpakumeil, a 0ObeKT — €€ pealibHbIM BOIJIOLIe-
HUEM, CYLUECTBYIOIIMM B MaMSTH KOMITBIOTEPA.

OnpeneneHye NMPOCTOro Knacca UMEET CICIAYIOUIMI BUI.

class umAa_xaacca
{

3aKpbimble nepemertblie U OyHKyuu
public:

OMKpbIMble nepeMeHHble U (DyHKyuL
}  cnucox umen obvekmos ;

EcTecTBeHHO, cnucok umen o6vekmoe MOXCT ObITh MYCTHIM.

BuyTtpu onpegencHus kiacca stack GyUKUMU-WICHB MACHTHGHUUMPYIOTCS € TTOMOLIBIO
cBoMX npotorunoe. HanmoMHum, uro B si3bike C++ Bce ¢hyHKLMH NODKHB UMETh MPOTOTH-
nel. TakuM obpazoM, MpPOTOTMIIBL SIBISIIOTCS HEOThEMJIEMO# yacTblo Kiiacca. ITpotortun
dbyHKUMM-wieHa. pa3MellellHblii BUYTPH OMNpeAcNcHUs Kiacca, UMEET TOT XE CMBICH, YTO
¥ MPOTOTHI OOBIYHOM (hYHKLIMH.
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Konupys pyHKIIMIO-UNeH Knacca HEOOXOMUMO COOOLIMTE KOMIBIOTEPY, KAKOMY MMEHHO
KJIaccy OHa MpUHALNeXMT. [ns 3Toro mnepen ee MMEHCM CJIeNyeT ykKasaTh MMsI COOTBETCT-
Byloulcro knacca. Bor kak, nanpumep, onpeaensictes (pyHKuMs push() M3 Kiacca stack.

void stack: :push(int i)

{
if(tos==SIZE) ({
cout << "CTek nepenosiHeH.\n";
return;
}
stckltos] = i;
tos++;
}

Onepatop “::” Ha3bIBACTCS onepamopom paspeuienus obaacmu eudumocmu (Scope resolu-
tion operator). OH coobluacT KOMIUIATOPY, YTO AanHasi Bepcusi GyHKUKMK push () NpuHai-
JIEXUT Kiaccy stack, T.e. (yHKumsi push() npeboipaeT B 0071aCTM BHOIMMOCTM Kiacca
stack. bnarogapst onepatopy paspelieHusi 06nacT¥ BUIMMOCTH KOMITMJISITOP BCETIa 3HAacT.
KaKOMy KJaccy NMPpUHALIEKUT Kaxaasi U3 GyHKUMs.

Ccpinasich Ha WicH KJlacca M3BHE, BCEra CeNyeT YKa3blBaTb KOHKPETHHI 0OBEKT, KOTOPOMY
3TOT WieH MPUHALICKHUT. 151 3TOro Ucrons3yeTest Msi 00beKTa, 3a KOTOPLIM clieayeT onepa-
TOp “.” M MM WieHa. 3TO MpaBUJIO OTHOCHUTCH KaK K JaHHbIM-4ieHaM, Tak U K (PyHKLHSIM-
yiaeHaMm. BOT Kak, nanpumep, BhI3bIBacTcsi GyHKUMS init (). NpUHaLiexailas oobekTy stackl.

stack stackl, stack2;

stackl.init();

B 3tom ¢parMerite cosnarorcsi iea 06bekTa — stackl M stack2, a 3areM OOBbeKT stackl
MHULMaNU3UpyeTCsi C NMOMOLUBI0 (QylIKIMK init (). OOpatute BHMMAHMC Ha TO, YTO MepeMeH-
Hele stackl M stack2 NpeACTaBsioT coboit 1Ba pasHbIX 06bekTa, TakuM 06pasoM, MHULIMATH-
3auMsl oO0beKTa stackl we o3nayaem VHVLMATM3aUMM 00beKTa stack2. OObekThl stackl
Y stack2 CBA3LIBAET JIMLUL TO, YTO OHU SIBJASIFOTCS 3K3eMIUIAPaMU OIHOTO M TOTrO Xe KJacca.

BHyTtpu xnacca ¢yHKUMM-4IEeHbE MOTYT BHE3BIBATH APYr Apyra ¥ obpauiarbest B Iepe-
MEHHBIM-WIeHaM, He MCMoJb3ysl orcpatop “.". 3TOT onepaTop HeoOXOAMM, JIMIUL KOIAa
obpatienre B GyHKUMSIM M NEpeMEHHBIM-YJIEHAM OCYLUECTBIISIETCS U3BHC Kiiacca.

PaccMmoTpuM 3aBeplieHHYIO IporpavMy, B KOTOpOii onpenensiercs: Knacc stack.

#include <iostream>
using namespace std;

#define SIZE 100

// Onpemnenexnue kiyacca stack.
class stack {
int stck([SIZE];
int tos;
public:
void init();
void push(int i);
int pop();
}:

void stack::init{()
{
tos = 0;

}
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void stack::push(int i)
{
if(tos==SIZE) {
cout << "CTek noJoH.\n";
return;
}
stck[tos] = 1i;
tos++;

}

int stack::pop()
{
if (tos==0) {
cout << "CTek nyct.\n';

return 0;
}
tos--;
return stckltos];
}
int main()
{
stack stackl, stack2; // Coz3pmaem gBa obnekTa kiacca stack

stackl.init();
stack2.init();

stackl.push(l);
stack2.push(2);

stackl.push(3);
stack2.push(4);

cout << stackl.pop() << " *;
cout << stackl.pop() << "“ *;
cout << stack2.pop() << " ";
cout << stack2.pop() << "\n";

return O;

PesynbTaT paboThl 310 NpOrpaMMel NMOKasaH HUXe.
3 1 4 2

He 3abniBaitte: 3aKkphiThie WieHb O0OBEKTa HOCTYTIHBI TOJILKO ()YHKLUMSIM-YIEHaM, ApH-
HaLexalM 3ToMy Xxe oobekty. Hanpumep, B npeasiaylieM nmpuMmepe oneparop

l stackl.tos = 0; // Oumbkra, nepeMeHHas tos ABJIAETCS 3AKPHTOM.

HeJb3sA ObUI0 OB MOMECTHTh B (DyHKLMIO main(), MOCKOJILKY NMepeMeHHas tos SIBIsAETCH
3aKpHITHIM WieHoM o0bekTa stackl.

| Neperpy3ka ¢yHKUMiA

Ileperpy3ka (yHKUMI1 sABASETCS OOHOM W3 pa3sHOBUAHOCTEe nonumopdusMa. B si3bike
C++ nomyckaercsi MCNOAb30BaHME (GYHKLHK C OOMHAKOBHIMM MMEHAMH, HO pasHBIMM 00b-

SIBACHHUSIMU rapameTpoB. B Takux ciyuasx roeopsit, 4To (YHKIUMM HepeepyxiceHbl, a caM
TIpOLIECC HA3KIBACTCA Hepeepy3Kou (ynkyuil.
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YToOBI NMOHATH, HACKONBKQ BAXEH MEXaHU3M Ieperpy3kH, paccCMOTPHUM TPH (pyHKUMM, OI-
penefeHHbie B noaMHoxecTee C: abs(), labs() M fabs(). OyHkumnsa abs() BO3BpalliaeT
abCoJIOTHOE 3HayeHWe LENoro yucnaa, (pyHkimsa labs() BHYMCISET abCOJIIOTHOE 3HAaYeHUE
riepeMeHHON THMNa long int, a ¢yHKuMs fabs() npenHasHaueHa Uil ornpeaeneHus abco-
JIIOTHOrO 3HayeHusi repeMeHHoi Tuna double. Hecmotps Ha TO uTO 3T (PYHKLUMM BHINON-
HSIIOT NMPaKTUYeCKN MAEHTHYHBIC ONEpaumy, B si3bike C [ HUX NpeldyCMOTPEHO TPY PA3HBIX,
XOTSl M MaJlo OTIMUAIOIUMXCSl, MMEHU. DTO CIMIUKOM YCJOXHSIET CUTYaLHI0, HPOrPAMMMUCT
JIOJDKEH FOCTOSIHHO FIOMHUTB, Kakylo (yHKIMIO CJEIyeT BbhI3bIBATh B TOM MJIM MHOM Ciydae.
OnHako B s13bike C++ Bce Tpy (PYHKUMM MOXHO Ha3sath 0QMHaKoBO. PaccMOTpuM npumcep.

#include <iostream>
using namespace std:;

// dyHxuus abs neperpyxeHa TPWXIH .
int abs{int i);

double abs (double d);

long abs(long 1);

int main()
{

cout << abs(-10) << "\n";
cout << abs(-11.0) << "\n";
cout << abs(-9L) << "\n";

return 0;

}

int abs{int i)
{

cout << "OyHkumsa abs() ¢ aprymenToM Tuna int\n';

return i<0 ? -i : i;

}

double abs(double d4d)
{

cout << "OyHKUMA abs() ¢ aprymenToM Tmna double\n";

return d<0.0 ? -4 4d;
}

long abs(long 1)
{

cout << "O®yHkumsa abs() c apryMeHToM Tuna long\n";

return 1<0 ? -1 : 1;

3T1a nporpaMMa BbIYHCIIAET CICAYIOLME PE3YJILTATHI.

dyHKUMA abs ¢ apryMeHTOM Tuna int:

10

dyHkuma abs c apryMeHToM Tuna double:
11

dyHxkuma abs c apryMeHToM Tuna long:

9
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B 370#t nporpaMmc onpeneneHs TpU NOXOXHeE, HO pasHble (PyHKUHMM C UMEHEM abs ().
KaXJas M3 KOTOPBIX BO3BpallaeT abCoNMOTHOE 3HaYeHWe CBOEro apryMeHTa. B Kaxiom KOH-
KPCTHOM CJlyYae KOMIAMWISTOP aBTOMATHYeCKH BHIOMpaeT noaxonsiuyro ¢GhyHKUHIO, OCHOBbI-
Basick Ha UHGopMauMM o Tune apryMcHTa. LleHHocTh Mcxanu3ma neperpysku 3akilioyaeTcsi
B TOM, 4TO OH NO3BOJSICT 00panaThcsi K GYHKUMAM, OIM3KUM MO CMBICIY, MCIOJbL3Ysl OIHO
¥ TO X€ UMsi. TakuM oOpa3oM, MMsi abs () SIBJSICTCS Ha3BaHUCM obujell onepayulu, a KOMMY-
JIITOp caM JOJKCH BHIOpAThb €€ KOHKPEMHYI0 peaau3ayuro B 3aBHUCUMOCTM OT KOHTEKCTa.
HyxXHo nviub moMHUTE, Kakasi obl1ast ornepauus Jo/kHa OuTh BuinonHeHa. WUtak, 6narona-
psi nonvmopdu3My TpU CYLUHOCTHM OBUIM 3aMcHeHbt OfHO#M. Pa3symeeTcsi, 3TOT mnpuMmep
CJIVIUKOM TPpHBHAJIEH, HO, Pa3BMBasi 3Ty KOHLEMUMIO, MOXHO MPUMCHUTE MOJIUMOpHUIM
ISl yripasieHusi paboToit 6osiee CI0XHBIX MPOrpaMM.

Kak npagnno, yToObl neperpy3suThb Kakylo-To (hyHKLUIO, JOCTATOYHO ONPEAENUTh TPU €€
pasubie BEPCHUM, a KOMIUJISITOP caM no3aboTutcs 06 octansHoM. OnHaKo cnegyeT NOMHHUTh
00 OMHOM BaXKHOM OTpPaHMYEHUU: TUN /UM KOJIMYECTBO MapaMeTPOB KaxXIOi neperpy-
XeHHOI QYHKLMK JODKHEL ObITE pasHeIMH. Heb3si neperpy3snts GyHKUMH, OTIMYAIOLIMeCS]
JIMIIb THIMOM BO3BPALIAEMOrO 3HAYEHHsl. ITOr0 COBEPLIEHHO HENOCTATOYHO. MOCKOJBKY He-
00X0AMMO, YTOOBI TUITBI M/MJTH KOJIMYECTBO MapaMeTpoB B KAXIOM BEPCUH OTIHYAIUCE APYT
ot apyra. (MHdopMaumum o Tvne BO3BpallaeMoOro 3HayeHWsi HEMOCTATOYHO Ul TOro, YTOOL:
KOMIMMJISITOP MPaBUJILHO Pacrno3Hal HYy>XHBIH BapUaHT NMeperpyxXcHHoi ¢pyHkumnu.) Pasyme-
€TCsl, 3TO HE 3HAYMT, YTO reperpyxaemble GyHKuuM doadcrsl UMCTh OOMHAKOBHIM TMI BO3-
BpalllaeMoro 3HaueHwusi. [TpocTo mwisi neperpy3sku 3Toro Majo.

PaccmoTpuM clile OMH NMPUMED NMeperpyXeHHbIX (hyHKLWIA.

#include <iostream>
#include <cstdio>
#include <cstring>
using namespace std;

void stradd(char *sl1, char *s2);
void stradd(char *sl, int i);

int main()
{
char stx([80];

strcpy(str, "BceMm ");
stradd(stx, "“npuset");
cout << stxr << "\n";

stradd(stx, 100);
cout << stxr << "\n";

return 0;

}

// KoHkaTeHauMsi IBYX CTPOK
void stradd(char *sl, char *s2)
{

strcat(sl, s2);

}

// KomkKaTeHauus CTpoOKM M ueJioI'o 4Yucrna, npeobpa30BaHHOI'O B CTPOKY
void stradd(char *sl, int i)
{

char temp[80];

sprintf{temp, "%d", 1i):
strcat(sl, temp);

242 Yact Il fabik C++



B aToit nmporpamMme (QyHKLMA stradd() sBisieTcsl neperpyxeHHoit. OnHa ce Bepcusi
CKJIEMBaeT B¢ CTPOKMU (aHanoruyHo GyHKLUMU strcat ()). Ipyras Bepcusi cHayana npeob-
pasyeT LieJloe YUCI0 B CTPOKY, a 3aTeM KOHKaTeHUpyeT NnojiyYeHHble CTPOKU. TakuM obpa-
30M, Onaropapsi meperpyske MOXHO Co3laTh eAMHbIN MHTepdeiC, MO3BOIOLMKE KOHKaTe-
HUPOBATh IBE CTPOKHM, a TAKXKE CTPOKY U LIeJIoe YHCJIO.

Pazymeetcsi, oiHO Y TO JXe UMSI MOXHO UCIONB30BaTh U ISl (PYHKLMIA, COBEPLUEHHO HE
CBsI3aHHBIX MEXAy coboil, HO enath 3Toro He crieayer. HanpuMep, UMeHeM sqx () MOXHO
Ha3paTh (YHKILMUIO, BHYMCISIOLIYIO keéadpam LENOro 4Yucia U U3BIEKAIOLLYIO Keadpammbtil
KopeHb U3 4uCna ¢ ruiaBamollcii To4KoH. OaHako 3TU onepalyMy NPUHLKMINUAIBHO PasHbIC,
MO3TOMY UX MEPErpy3Ka He MMeeT HUKAKOTO CMBIC/IA (3TO cyMTaeTcs AypHbBIM ToHoMm). ITle-
perpy3ka HyXHa JUILIb Uil co3daHus obiuero uHTepdeiica sl pOACTBEHHBIX, TCCHO CBS-
3aHiIbIX MEXAY coboit onepanuit.

Meperpy3ka onepaTopos

[Tonumopduam B s3sike C++ nposiBisieTcs Takke B BUOC Neperpysku oneparopob. Kak
M3BECTHO, AIS1 BBOAA Y BeIBoga B si3blke C++ NMpUMEHSIIOTCS onepaTopet “>>” U “<<”. 3710
CTajo BO3MOXHBLIM OJiarogapsi TOMY, YTO B 3aroJIoOBKe <iostream> 3THU ONEparopbl nepe-
rpyxeHHl. [leperpyxeHHble onepaTopbl UMEIOT pa3Hblil CMEICT [UIsl pa3HbIX KJIaCCOB, COXpa-
HsISl IPU 3TOM CBOE MEPBOHAYAILHOE 3HAYEHUE.

B s3pike C++ MOXHO mNeperpy3uTh NOYTH BCE omnepatopbl. BepHemcs, Hampumep,
K Kj1accy stack, paCCMOTPEHHOMY HaMU Bhillie. B 3TOM Kjacce MOXHO MeperpysuTh onepa-
TOp “+”, 3aCTaBUB €ro CKiamblBaTh ABa obbekTa Kiacca stack. [Ipu 3Tom omepatop “+”
COXpaHsieT CBOM NMEpBUYHEIA CMBICIL.

ITockonbKy MexaHM3M Ieperpy3kd OneparopoB HaMHOIO CJIOXHEE, YeM Ieperpyska
¢GYHKLMIA, OTVIOXUM ero oOCcyXaeHue A0 riaBsl 14.

HacnenoBaxue

Kak ykaswiBanoch paHee, HacjefOBaHHE SIBIAETCA ONHON M3 OCHOBHBIX XapaKTEPHBLIX 4EPT
00BEKTHO-OpPUEHTHPOBAHHOIO MpOorpaMMupoBaHus. B sisvike C++ HacienoBaHUe BbIPAXKAETCs
B TOM, YTO OIMH KJIacC MOXeT MpHoOpeTaTh CBOMCTBA APYTOro Kjiacca B MOMEHT CBOEro oOBsiB-
snenusi. HacnepoBaHve MO3BOMSIET CO30aBaTh MepapXUK KJ1AaCCOB, YTOYHSIS KX CBOMCTBA OT CaMbIX
obumx go 6osee KOHKpeTHHIX. IIpoliecc HacnemoBaHMA HAYMHAETCS C OMpeaeNeHUs 6a306020
kaacca (base class), cBoifCTBa KoToporo ©ynyt obLMMM [UId BceX ero HaciaeAHHMKOB. bas3oBbiit
KJlacC TpeAcTaBaseT coboit omucaHuMe Haubonee obiuero xapaktepa. HacnemHuku 6asoBoro
KJlacca HasblBaloTCsl npouszeodnvimu Kaaccamu (derived classes). TTpousBoaHbiil Kiace obanaer
BCEMM CBOIcTBAMM 06a30BOro kjiacca U cBouMU crneuugpuyeckuMu ocobeHHocTsiMH. TTpope-
MOHCTPUpPYEM 3TOT MeXaHU3M Ha MPUMEpPE, B KOTOPOM OIMHCHIBAIOTCH pa3Hble THUIbI 3AaHUIMA.

CHavana obbsiBisieTcsl Kiace building. OH CIYXUT OCHOBO# JUIsl CO3AaHUsI IBYX NpO-
M3BOAHBIX KJ1ACCOB.

class building {
int rooms;
int floors;
int area;
public:
void set_rooms(int num);
int get_rooms();
void set_floors(int num);
int get_floors();
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void set_area(int num) ;
int get_areal();
}:

JIns npocToThl BCE 3AaHMs OMUCHIBAIOTCS JIMIUb TpeMsi CBOMCTBAMM: KOTMYECTBOM KOM-
HaT, KOAUYECTBOM 3Taxeil U obuleil rwiomianslo. Kinacc building BKIIOYAET 3TH KOMIIO-
HCHTBI B CBoeM 00BsABIeHUH. PyHKLUMK-WIEHH, UMeHa KOTOPHIX HayMHaloTcd ¢ npedukca
set, 3a1210T 3HaYEeHUs 3aKPHITHIX AaHHBIX. OYyHKUMKU-WIEHb, UMEHA KOTOPHIX HaYMHAIOTCS
C npeguKca get, M3BJIEKAIOT U BO3BpaLLAIOT 3T 3HAaYEHUS.

Tenepb NpUMEHUM 3TO CIMILIKOM oDlliee onucaHue 31aHus Ui oObsABIEHMs TPOM3BOA-
HEIX KJIACCOB, ONMCHIBAIOIUX OoJiee KOHKpPETHLIE BUAEI COOpYXKeHUil. BoT Kak, Hanpumep,
BHIIJIAAUT KJ1acc house.

// Knacc house saABNsieTcs NPOU3BOIHEIM OT kjacca building
class house : public building {
int bedrooms;
int baths;
public:
void set_bedrooms (int num);
int get_bedrooms();
void set_baths (int num);
int get_baths{);
¥

OO6partuTe BHUMaHUE Ha TO, KaK NMPOUCXOAUT HAaC/IedOBaHWE CBOMCTB Kjacca building.
B ob1eM cityyae nmpoH3BogHBIN KiacC 0ObSBASETCH CleAYIOLLMM 00pa3oMm.

class npou3ssoOHbILi_Kiacc : cneyughukamop_oocmyna 6asoevtii_xnacc
{
// meno Hoeozo Kracca

}
3mecy cneyugpukamop _docmyna yKasbiBaTh HeoOs13aTeTbHO. DTOT rnapaMeTp MoXeT NMPUHHUMAaTh
TpU 3HauYeHUS: public, private Wi protected. (ITogpoGHee MX CMbICT onMcaH B riage 12.)
Iloka ©ymem cuMTaTh, YTO BCE MPOU3IBOAHBLIE KJIACChl MCTMOMB3YIOT OTKPHITOE HAC/IELOBaHHE.
KitioueBoe €10BO public 03HAYaET, YTO BCE OTKPLITHIE WieHbl 6230BOr0 Ki1acca CTaHOBSITCH OT-
KPBITBIMK WICHaMH NPOM3BoaHOro kiacca. CrneposaTeNbHO, OTKPBITHIC WIEHB Kiacca building
CTAHOBATCSl OTKPbITHIMK WIEHAMH NMPOU3BOAHOrO Kiacca house U OCTYNIHBI (PYHKUIMSAM-WIEHaM
KJacca house, Kak OyATO OHU OOBSIBIEHBI HEMOCPEACTBEHHO BHYTPU Mpou3BogHoro Kiacca. On-
HaKo (pYHKIIMU-WIEHH Kjlacca house He UMEIOM HOCTYNa B 3aKPBITHIM WieHaM Kjacca build-
ing. 310 oYeHb BaXHbIl MOMEHT. HecMoTps Ha TO YTo Kiacc house SIBIAETCS HACIEAHUKOM
Kiacca building, OH HMMeeT HOCTYN JIMIUb K OTKPBITEIM WieHaM Kiacca building. TakuM
obpazoM, HacjedOBaHVE He NO3BOJMSET HAPYLWIWTb NMPUHLMIEI MHKATCYISLMK MHGPOPMaUMH,
MOJIOXEHHBIE B OCHOBY O0bEKTHO-OPMEHTUPOBAHHOTIO NPOrpaMMHUPOBAHMSL.

B “' [pou3sodHbiti Knacc umeem npsiMol 8ocmyrn Kak K CE0UM YIeHaM, maK U K OmKpbl-
, DHHMAaHHE: § 00 ynenam 6azoe020 Knacca.

PaccMoTpUM Tporpammy, A€MOHCTPUDYIOLIYIO MeXaHU3M HaciepoBaHusi. OHa co3pmaer
JIBa KJlacca, MpOM3BOAHBIX OT Kjacca building: Kiaccel house U school.

#include <iostream>
using namespace std;

class building {
int rooms;
int floors;
int area;
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public:
void set_rooms (int num) ;
int get_rooms();
void set_floors{(int num);
int get_floors();
void set_area(int num);
int get_area();

};

// Knacc house saBnseTcs NpoM3BOIHEIM OT Kjacca building
class house : public building {
int bedrooms;
int baths;
public:
void set_bedrooms (int num);
int get_bedrooms () ;
void set_kaths(int num);
int get_baths();
)i

// Knacc school Takxe sSBnseTcs MNpOU3BOOHEM oT KJacca building
class school : public building (

int classrooms;

int offices;
public:

void set_classrooms (int num);

int get_classrooms();

void set_offices(int num);

int get_offices():

}:

void building: :set_rooms (int num)
{
rooms = num;

)

void building::set_floors(int num)
{
floors = num;

)

void building::set_area{int num)
{
area = num;

}

int building: :get_rooms ()
{
return rooms;

)

int building::get_floors()
{
return floors;

)

int building: :get_areal()
{
return area;

}
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void house: :set_bedrooms (int num)

{

bedrooms = num;

}

void house: :set_baths (int num)

{

baths = num;

)

int house: :get_bedrooms ()

{

return bedrooms;

)

int house: :get_baths()
(

return baths;

)

void school::set_classrooms(int num)
o
classrooms = num;

)

void school::set_offices(int num)
{

offices = num;

}
int school::get_classrooms ()}
{
return classrooms;
}

int school::get_offices()
{
return offices:;

)

int main()
{
house h;
school s;

.set_rooms(12);
.set_floors(3);
.set_area(4500);
.set_bedrooms (5} ;
.set_baths(3);

jagie e gie g = 2

cout << "B pmome " << h.get_bedrooms() ;
cout << " cnaneH\n";

.set_rooms (200);
.set_classrooms(180);
.set_offices(5);
.set_area (25000);

nunnon
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cout << "B mkKolle " << s.get_classrooms();
cout << " KJlaCCHHX KoMHaT\n";
cout << "Ee momank paBHa " << s.get_area();

return 0;

Pesynbtar pabotsl 3T0¥ MporpaMMbl NpUBEnEH HUXE.

B mome 5 cnameH
B wkone 180 knacCHEIX KoMHaT
Ee nnowane paBHa 25000

Kax BuAMM, OCHOBHOE NMPEMMYLIECTBO MEXaHM3Ma HACJICAOBAHUSI 32KIIIOYAETCSl B TOM,
YTO MOXHO CHayala co3faTth obulyio KiaccuguKaluio, a 3aTeM Ha ee OCHOBe pa3paboTtaTb
YTOYHSIOLIHE KJacchl. TakuM obpa3oM, Kaxawiit 0OBeKT MOXET TOUHO IPeACTaBIsATh CBOM
cobcTBeHHBI NnogKiacc.

B xHurax o s3vike C++ OTHOLUEHME HACIeAOBaHMS YACTO ONMUCHIBAIOT C MOMOLUBIO TEPMU-
HOB 6a306bil Kaacc U Hpou3eo0Hsil Kaace. OIHAKO Hapsiny ¢ HUMH YacTO YIIOMUHAIOTCS TePMUHBI
npedok Vi Hacaednux. KpoMe Toro, MOXHO BCTPETUTh MOHSTHS CYREPKAACe NI NOOKAACC.

KpoMe Bo3MOXHOCTH €O3[aBaTh UEPAPXHYECKYIO Kiaccu(pUKaLMIO, HaclenoBaHue obec-
MEYMBAET MOAREPKKY AMHAMHUYECKOro noiumopdu3Ma € MOMOLUBIO MeXaHU3Ma BHPTYyalb-
HbIX byHKuMit. (Jetanu u3noxeHsl B rnase 16.)

] KOHCTPYKTOpbI U AECTPYKTOPDI

OuyeHp yacTo HeKoTopas 4acTb OObeKTa nepes €ro IepBbIM KMCIOAb3OBAHHUEM MOJDKHA
6bITb MHMLMaIM3UpoBaHa. Hanprmep, BepHemcsl K onMcaHuio Kiacca stack. Ilepea mep-
BbIM UCNOJIb30BaHMEM OOBEKTa 3TOrO KJacca nepeMeHHOR tos cliefiyeT NPUCBOMTL YKciio 0.
st atoro npeaHasHayeHa GyHKUMA init (). [TockoiabkKy MHULManM3alusi OOLEKTOB —
OuYeHb pacrnpocTpaHeHHoe tpeboBaHue, B sA3blke C++ npeaycMOTpeH OCOOBIT MexaHH3M,
MO3BOJISIOLUMIT MHULIMATU3UPOBATh OOBEKTl B MOMEHT MX CO34aHUsl. DTa aBTOMaTHuecKas
MHULIMATM3aLHs] OCYILECTRIAETCS KOHCTPYKTOPOM.

Konempyxkmop — 310 ocobas dyHKuMs, sipsiiolasca wieHoM Kiacca. Ee MMsl HOJDKHO
coBrnagatb ¢ UMeHeM kiacca. HanpuMep, kiacc stack mMoxHo moxubULMpoBarh, NMpeay-
CMOTpPEB B HEM KOHCTPYKTOP.

// Knacc stack ¢ KOHCTPYKTOPOM.
class stack {
int stck[SIZE];
int tos;
public:
stack(); // KoHCTpyKTOpP
void push(int i);
int pop();
Y
Obpatute BHUMaHUE Ha TO, YTO B ODBSABICHUM KOHCTPYKTOpa stack() He yKa3aH TUT
BO3BpalllaeMOro 3HaYeHUsI, MOCKONBKY B si3biKe C++ KOHCTPYKTOPHI B MPUHIMIIE HE MOTYT

BO3BpalllaTh 3HAYCHMS.
Kox KoHCTpykTOpa stack () MOXET BHEIDJISLIETD TaK.

// KoHcTpykTop knacca stack
stack: :stack ()
{
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tos = 0;
cout << "CTeK MHULMAaNU3IupoBaH\N";

Yyture, 4yto cooblieHUC “Crex wuHMumammsupoBalr” MPOCTO MJUIIOCTPUPYET paboTty
KOHCTpyKTOpa. Ha mpakTiKe KOHCTPYKTOpPH Yaiile BCero HMYEro He BBOAST M HeE BLIBOOSAT:
OHU MPOCTO BBHIMOJHSAIOT Pa3IUYHBIE BUAB MHULIMATU3ALIUY.

KoHCTpyKTOp aBTOMaTHuecKM BbI3BIBAETCS B MOMEHT CO31aHUA 00BbeKTa, T.€. npu ero obb-
sineHur. CrnegosatenbHO, 0ObsiBIeHVE 00beKTa B s13bike C++ — 3TO He NMacCUBHAS 3anuCh,
a aKTUBHHIT rpouecc. B a3pike C++ 00bABNCHME SIBSETCS BHINOJMHAEMBIM OINEPATOPOM. DTO
pasiMyre HOCUT BOBCE He akancMMueckuil xapaktep. Kom, ¢ MOMOUIBIO KOTOPOIO KOHCTPYM-
pyercsi 00BLEKT, MOXET OBITh AOBOJILHO Ba)XHbIM. [ NIOGATBHBIX M CTATUYECKMX JIOKATBHBIX
00BLEKTOB KOHCTPYKTOPH BBI3BIBAIOTCS JIMIUL ogHaxabl. [Ipyu ob6bsBIeHUM NOKANBHBIX 0OBeK-
TOB KOHCTPYKTOPB! BBI3HIBAIOTCS KAXKABIN pa3 npu BXOAE B COOTBETCTBYIOLIMIA OIOK.

AHTUIIONOM KOHCTPYKTOpa SIBIsieTCS decmpykmop. Bo MHOTMX CHUTyauusix oObekT mon-
X€H BBIMOJIHUTE HEKOTOPOE AEMCTBUE UMK AEMCTBUS, KOTOPHIE YHUYTOXAT ero. JIoKalbHbIEe
00BEKTEI CO3JAIOTCS NPU BXOAE B COOTBETCTBYIOLUMIT ONOK, a mMpu BbIXOAE U3 HEro OHU
yHuutoxaiorcsi. Tlpu paspylienivv oObeKTa aBTOMATHYECKM BHI3BLIBAETCH €ro HeCTPYKTOP.
I1s 3Toro cyiecTByeT Heckoibko nmpuyuMH. Hanpumep, oGbexT noykeH ocBODOAUTh 3aHU-
MaeMylo UM MaMsITh WIK 3aKpuiTh (aitia, oTKpuITH UM paHee. B a3wike C++ 3t geitcTBust
BHIMOJTHSIET AECTPYKTOp. UMsi mecTpyKTopa nojixHo COBMaaarTh ¢ MMEHEM KOHCTPYKTOpa, HO
nepex HUM CTaBUTCS 3HaK - (Tunbaa). PaccMoTpuM Kiacc stack, cogepxauivit KOHCTPYK-
Top ¥ nectpyxTop. (YUTHTE, YTO Ha CaMOM Jielie KacC stack He HYXIaeTCsl B AECTPYKTODE,
30eChb OH MpHUBeAeH B KayeCTBe WLTIOCTpaLIMHU. )

// O6bsBnenvie knacca stack.
class stack (
int stck[SIZE];
int tos;
public:
stack(); // KoHcTpykTOp
~stack(); // DIecTpykTOop
void push{int i);
int pop();
Y

// KoHcTpykTOop kjnacca stack
stack: :stack()
{
tos = 0;
cout << "Crek MHMUMaANM3MpOBaH\N";

)

// DecrpykTop knacca stack
stack::~stack()
{

cout << "Crek yHUUYTOXeH\n";

}

VYytute, YTO KOHCTPYKTOPEI U AECTPYKTOPB! HE BO3BPALLAIOT HUKAKWX 3HAYEHUIA.
INpowutioctpupyem paboTy KOHCTPYKTOpa M AECTPYKTOpa € MOMOIUBIO HOBOM BepcUU
nporpammel stack. O6patute BHUMaHUE HA To, YTO Tenepb QYHKIIMA init () He HyXHa.

// Vicnonb30CBaHME KOHCTPYKTOpa U IEeCTpyKTopa -
#include <iostream>
using namespace std;

#define SIZE 100
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// CospmaeMm knacc stack.
class stack {
int stck[SIZE];

int tos;

public:

stack();

// KoHcTpyKTop

~stack(); // IectpyxTop
void push(int 1i);
int pop();

};

// KoHcTpykTop knacca stack

stack: :stack()

{

tos = 0;
cout << “CTex MHMLMaNM3MpPOBAaH\N";

)

// DectpykTop kJnacca stack

stack: :~stack()

{

cout << "Crekx yHudTOXEeH\N";

)

void stack::push(int 1)

{

if (tos==SIZE) {

cout <<

return;

)

stck([tos] = 1i;
tos++;

}

int stack::pop()

{

if(tos==0) {

cout << "Crek nycT.\n";

return 0;

CozspaeM npa obrwekTa kJjacca stack

}
tos--;
return stck[tos];
}
int main()
{
stack a, b; //
a.push(1);
b.push(2);
a.push(3);
b.push(4);
cout << a.poepl()
cout << a.pop()
cout << b.pop()
cout << b.pcp()
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I return O;
}

Pesynbtar paboThl NMporpaMMbl BHIDISIAUT Tak.

Crex MHMLMANM3NPOBAH
CTex MHULMANM3UPOBAH

3142

CTeK YHUUTOXEH
CTeK YHUUTOXEH

D KnmoyeBbie cnosa s3bika C++

Cranpapr siasika C++ cogepxut 63 kinoueBbix cyioBa. OHM npueeneHs! B Tabn. 11.1.

Tabnuya 11.1. Knioveesle cnoea s3bika C++

asm
case
const
delete
else
extern
friend
int

new
public
short
static_cast
this
typedef
unsigned
volatile

auto
catch
const_cast
do

enum
false
goto
long
operator
register
signed
struct
throw
typeid
using
wchar_t

bool
char
continue
double
explicit
float

if
mutable
private
reinterpret_cast
sizeof
switch
txue
typename

. virtual

while

break
class
default
dynamic_cast
export
for
inline
namespace
protected
return
static
template
txy
union
void

CtpykTypa nporpamMmbl Ha s3bike C++

ITporpamMmMa Ha si3bike C++ umeeT Takoit obwumit Bua.

#oupexmuegei include

obwvaeneHus 6a308bix KI1aCCO8
06BA8AEHUS NPOU3BOOHBIX KI1ACCO8
npomomunel 0bbtiHbIY QYHRYUL

int main()
{

/! ..

}

onpedenerus obbiuHbIX PYyHKYULL

B GonblIMHCTBE KPYIHBIX MPOEKTOB BCE OOBABIEHUS KIACCOB HOJMXHBI Pa3MeLaThCsl
B OTAEIBLHOM 3arojIoBOYHOM ¢aitsie, KOTOpPhIil MOXeT BKIIOYAThCS B KaXIblit Monyns. OnHa-
KO o611asi CTPYKTypa NporpamMmbl OCTaeTCs HEM3MEHHOIA.
B ocTaBuimxcs rnaeax mul bosiee moApoBHO paccMOTpUM onucaHiible Bbllle CBOMCTBA,

a TakXe ApYTUe acnekTel si3pika C++.
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B OCHOBE OOBEKTHO-OPUEHTUPOBAHHOIO NMPOrpaMMUPOBaHUs Ha si3bike C++ jexur mno-
nsATHe Knacca. Kinacc ompenenser npupony oObeKTa M SIBISETCS OCHOBHBIM MEXaHU3~
MOM MHKancyIsiuuMu. B 3Toit rmase MBI pacCMOTPHM Kiiacchi M 00beKThl Gostee nmoapodHo.

_] Knaccsi

Kracch co3galoTesi ¢ MoMoIbIO KITIOYEBOro ¢loBa class. OObsABIEHME Klacca onpeae-
JISIeT HOBBIM TUIT, CBA3LIBAIOLLMIA KoA W AaHHBle Mexny coboil. Takum obpa3om, Kiacc siB-
JisicTca JioruyecKoit abcTpakuueil, a oObeKT — ee (GU3MueckMM BorulouieHMeM. HMHbIMU
c/loBamMM, 0OBbEKT — 3TO IK3EMIUISIP Kilacca.

OO6bsiBNIEHUE Klacca OYECHb MOXoxe Ha oObsiBienue CTpykTyphl. B rnase 11 6wu1 npoge-
MOHCTPUPOBaH yNpOILUeHHK BUIL Takoro obnsasnenusi. Hike mpuBoautcs nosnHas obuias
¢dopma oObsIBIEHUS Klacca, KOTOPBIH HE SIBJSIETCS HACTETHMKOM HUKaKoro Apyroro kjaacca.

class wma-knacca {
3aKpeimsie OanHbie u QyHKyuu
cneyughukamop_oocmyna:
oaHnHvle u pyrkyuu
cneyughuxamop_oocmyna:
Oannsie u pyHKyuu
/!
cneyuhukamop_oocmyna:
Oannvle u pyHkyuu
} cnucox_obvexkmog;

Cnucok obsexmoe ykasuiBaTb He o0b6s3ateibHo. OH NpoOCTO MO3BOMSET OOBSIBIATL 00B-
eKThl Kiacca. B kauectBe cneguyuxamopa docmyna UCNoNib3yeTCsl OAHO K3 Tpex Kiloue-
BbIX CJIOB si3pika C++:

public
private
protected

ITo ymonuanuio ¢pyHKUMU U HaHHBIE, OOBABICHHBIE BHYTPH KJIacca, CUMTAIOTCSl 3aKpbl-
THIMH M AOCTYNHH JMLIb (PYHKUHMSIM — WieHaM 3Toro kiacca. Cneuudukarop public OT-
KpbIBaeT AOCTYN K GyHKLUUSIM M AAHHBIM KJacca U3 Apyrux yacreit mporpammbl. Creuuou-
KaTop HOCTyna protected HeoGXOAMM TONBKO NPU HACKEJOBAaHUM KiaccoB (CM. ramy 15).
3oHa BAMsAHMA cneuMdUKaTopa AOCTYNa MPOCTHpaeTcs Ao Cleayloluero cneuudukaropa
WY 10 KoHL2 obbsiBnenus ¢aina.

BHyTpU 06BsIBIEHMSI Kiacca crneuupuKaTopbl LOCTYNA MOXHO Y€pEeAOBaTb B MPOU3BOJIb-
HOM mnopsiake. Hanpumep, HEKOTOpLIE WIEHBI KJ1acca MOXHO CAENIaThb OTKPHITBIMU, a 3aTeM
BHOBb MepeHTU K OOBSIBACHMIO 3aKPBLITHIX NMepeMeHHbiX W (yHKuuit. [IpowintoctpupyeM
CKa3aHHOE CIEeNYIOLUMM NPUMEPOM.

#include <iostream>
#include <cstring>
using namespace std;

class employee (
char name[80]; // 3akphT MO yYyMOJYaHUIO
public:
void putname (char *n); // OTKpHTHE 4NEHH
void getname (char *n);
private:
double wage; // CHoBa OOBABNAKTCA SaKPHTHE UYJIEHH
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public:
void putwage(double w); // BHOBbL OOGBLABASKTCS OTKPLITHE YJIE€HH!
double getwagel();

}:

void employee: :putname (char *n)
{
strcpy(name, n);

}

void employee: :getname(char *n)
{
strcpy (n, name);

)

void employee: :putwage (double w)
{
wage = w;

}

double employee: :getwage()
{
return wage;

}

int main()

{
employee ted;
char name[80];

ted.putname("Ten IxoHcC");
ted.putwage (75000) ;

ted.getname (name) ;
cout << name << " 3apabaThBaeT $';
cout << ted.getwage() << " 3a rom.";

return O;

3nech Knacc employee KCIOAB3yeTCH It XpaHeHHS] MMEHM COTPYAHMKA M BEJIMYKMHBI €ro
oksaga. O6parviTe BHUMAHKME Ha TO, YTO CIELIM(PUKATOP NOCTYNa public MCIOAL30BAH ABAXIbI.

HecMoTpst Ha T0.YTO OrpaHHYEHMIT HA MCIONB30BaHKe CreUMGHKATOPOB JIOCTYNIA HET, 3TOi
BO3MOXHOCTBIO HE CTOMT 3/10yTOTPeOIsiTh. OHa mojie3Ha ML U1 BU3yaTM3aUMM pa3HbIX TPYTIT
MepeMEHHBIX, CBA3aHHBIX MEXIy OO0, M yIyJluaeT HarIsAHOCTL MporpaMmbl. OHAKO KOMITH-
JIATOPY BCE PaBHO, KaK CIPYMIMMPOBaHBbI JaHHple BHYTpM OOBSIBICHMS Kjacca. MHorue mpo-
rPaMMMCTBl CYMTAIOT GOJiee €CTECTBEHHBIM IDYIITMPOBATh BCE OTKPHITHIE, 3aLUMILEHHBIE M 3a-
KpBITHIC AaHHbIE, UCIOAL3YS He Gonee OAHOroO pasaena kaxaoro Buaa. Hampumep, GonblumH-
CTBO MPOrpaMMMKCTOB 3aMMCATO Obl OOBSIBICHME Kilacca employee TaK, KaK MOKa3aHO HUXKeE.

class employee {
char name[80];
double wage;

public:
void putname(char *n);
void getname (char *n);
void putwage(double w);
double getwage() ;

}:
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DyHKUMH, 0ObsIBIEHHBIE BHYTPH KJIacca, Ha3blBaOTCst gvhkuuamu-vaenamu. OHU UMEIOT
IOCTYIl KO BCEM 3JIeMEHTaM CBOEro KJjacca, BKIIIOYas 3aKphiThie wWieHbl. [lepemerHbie, 06b-
sIBJIeHHbie BHYTPM KJacca, Ha3LIBAIOTCS HEPeMeHHbiMU-4AeHaMu WIW OaHHbIMU-YAEHAMUL.
(Mcnonb3yetcst Takke TEPMUH Ik3emnanp hepemeHnon.) Vtak, moGoil aneMeHT Kiacca Has3bl-
BAETCS YAeHOM KAadccd.

CylLuecTByeT HECKOJIBKO OrpaHHUYeHMI Ha TPUMEHEHHE WwieHoB kiacca. Hecrarnueckve wie-
HBl KJlacca He MOTYT MMeTh MHUnManmzarop. OObsBieHre Kiacca He MOXET CONEpXarb OOBIB-
JieliMe cBoero oObeKTa. (XOTsl WIeHOM KJIacca MOXET ObiTh yKa3aTelb Ha 0OBeKT JaHHOro Kiac-
ca.) UneHbl Kiacca He MOTYT ODBSIBIISITBCS C KITIOUEBLIMM CJTIOBAMM auto. extern U register.

Kak npaswio, Bce maHHbIE-WIEHb OOBSABIAIOT 3aKPHITHIMM. DTO 0GECNEYMBAET MHKAICY-
LMo AaHHBIX. OIHAKO CYLUECTBYIOT CUTYALIMM, B KOTOPbIX HEKOTOpHIE NMEPEMEHHEIE CleIyeT
0OBARIATL OTKpLITEIMU. (Hanpumep, ecn HEKOTopast nepeMeHHAsT MCIONb3YeTCsi OYEHb Yac-
TO, OTKPBITBIY JOCTYIl BHIMONMHSAETCS HaMHOro Obictpee.) CHMHTaKCHMJYeCKas KOHCTPYKLIMS JUIA
JIOCTYNa K OTKPBITOMY WIEHY KJlacca HUYEM HE OTIMYACTCs OT BHI30Ba (PYHKLUMM-WICHA: YKa-
3bIBaeTCs UMS 0OBEKTA, oreparop “.” v UM NMepeMeHHo. PacCMOTpHM IPOCTOit npuMep.

#include <iostream>
using namespace std;

class myclass {
public:

int i,'3, k; // DocTynHu u3 JOOM TOUYKM NPOIPaMME
}:

int main()
{

myclass a, b;

a.i 100; // TlepemeHHHe i, j ¥ K OOCTYNHH
a.j 4;
a. a.i * a.j;

LS
]

b.k = 12; // HanoMmHuM, 4YTO mnepemeHHHe a.k 1 b.k
// npyvHazgmexaT pasHbM obbeKTam

cout << a.k << " " << b.k;

return 0;

D CBA3b MeXay CTPYKTypaMu u Knaccamm

CrpykTypHsl sBnstiorcs HacnenneM sispika C. Kak Mbl yXe 3HaeM, CMHTAaKCHYECKME KOH-
CTPYKILIMH KJIAcCa M CTPYKTYpbl OUEHb MOXOXH. ONHAKO CBA3b MEXIY CTPYKTYPOH M KJac-
COM HaMHOIO TecHee, YeM KaXeTcsl Ha MnepBblil B3rsia. B aspike C++ ponb CTpyKTypsl Obl-
Jla 3HAYMTEJIBHO pacliipeHa. PakTH4YEeCKM OHAa Crajla ajlbTepHaTMBOM kiaccy. EAMHCTBEH-
HOE pa3lIMiMe MEXIY CTPYKTYPOH M KIacCOM 3aKJIIONAeTcA B TOM, YTO BCE YWIEHB! CTPYKTYDHI
MO YMOJTYaHHUIO CYMTAIOTCS OTKPBLITHIMM, @ BCE WIEHBI Klacca — 3akphThiMU. Bo Bcex apy-
MX OTHOLICHMSIX CTPYKTypnl M KJIacChl 3KBMBaleHTHbl. HMHaye rosops, & sswke C++
cmpyKmypa s6semca pazHoeUuoHoCmbio Kaaccd. PAaccMOTPHUM TIpUMeEp MPOrpaMMbl, B KOTOPO#t
CTPYKTYDa MCITOJIB3YeTCA B KayecTBe KiIacca, KOHTPOJIMPYIOLLENO JOCTYI K CTPOKE.

// Vicnonb3oBaHue CTPYKTYpPH B KayeCcTBe Kjacca.
#include <iostream>
#include <cstring>

254 Yacrs Il. A3k C++



using namespace std;

struct mystr {
void buildstr(char *s); // OTkpHTHIT uyileH
void showstr();

private: // BakpHTHEI uyieH

char str[255];

} o

void mystr::buildstr(char *s)

{
if(!*s) *str = '\0'; // VHuuManusaums CTPOKU
else strcat(str, s);

)

void mystr: :showstr()
{
cout << str << "\n";

}

int main()
{
mystr s;

s.buildstr(""); // VHuuuanmsaums
s.buildstr("Bcem ") ;
s.buildstr("npuset!") ;

s.showstr () ;

return 0;

}

STa nporpaMma BBIBOAKWT Ha 3KpaH CTPOKY “Becem npuser!”.
Krnacc mystr MOXHO mepenucaTh ¢ MOMOLLbIO KJIIOYEBOro CJI0Ba class

class mystr {
char str[255];

public:
void buildstr(char *s); // OTkpHTH uJieH
void showstr();

Y

BosHukaet ectecTBeHHbIit Borpoc: “3ayeM B s3bike C++ npemycMOTpeHbI JiBA SKBMBa-
JIEHTHBIX KJIIOYEBBIX CJIOBA struct U class?”. D1a MHUMas M3GBITOYHOCTL OOBLSICHAETCS HC-
CKOJbKMMH TNpUYMHAMH. Bo-nepBbIX, He HYXHO OrpaHMYMBATL BO3MOXHOCTH CTPYKTYD.
B sizsike C OHM yXe€ HCMOJBb30BAIMCH ANS IPYNNUPOBKM AaHHBIX. CeaoBarelbHO, MOXHO
cAenarb HeOOMBILIOI 1Al BIiepe] M BKJIIOYMTb B CTPYKTYpbl GPyHKUMM-wieHbl. Bo-BTOpLIX, NO-
CKOJIbKY CTPYKTYpbl M KJ1acChl TECHO CBSI3aHbl MEXIy CcOO0Oif, IMpOrpammbl, HarucaHHble Ha
si3bike C, nerko TpaHcgopMHUpoBath B mporpaMMel Ha a3bike C++. W, HakoHel|, HECMOTpS Ha
TO YTO CTPYKTYPHI M KJ1acChl MPAaKTUYECKH IKBMBATCHTHbI, MPUMEHEHHME ABYX &JIbTEPHATHB CO-
XpaHsieT cBobony MoAM(MKALMK ISl KIIOUEBOro CloBa class, MOCKOAbKY KJIIOUEBOC CJIOBO
struct HaBcerna cBsA3aHo ¢ sA3bIkoM C K oGecreynBaeT 0GpaTHYIO COBMECTHMOCTL NTPOTPaMM.

Xotd K10YeBOE CIOBO struct MOXET 3aMEHATh CIOBO class, GOJIBIIMHCTBO MpOrpaM-
MMCTOB MPEANOYMTAIOT 3TOro He jaeniatb. O6BIMHO KIIOYEBOE CIOBO class crenyeT NpHUMe-
HATb IV OOBSBJIEHMSI KJacca, a KIIOYEBOE CIOBO struct — JUIsl OOBSIBICHHS CTPYKTYDbI
B ctune C. IMEHHO Takoif CTMNb MPHUHST B Haiueit kuure. MHorma /Uit OonmMcaHusl CTPYKTYDbl
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B ctune C npuMeHsietcs adbpesuarypa POD (Plain Old Data — npocThie ctapbie JaHHbie). 310
3HAYMT, YTO TaKasl CTPYKTYpa HE COAEPXKUT KOHCTPYKTOPOB, JECTPYKTOpa M (PyHKLMIT-WICHOB.

B 1 B s3bike C++ obbsignerue cmpykmypbi onpedenaem mun knacca.
HHMaHHe.I

Cesisb Mexay 00beguHeHsa MU U Knaccamu

KpoMe ctpykTyp, Uisl ONpeaeieH1sl Ki1acca UCIONb3YIOTCS 00heAMHEHNS union. B s3bI-
ke C++ obbeaArHeHUsS MOrYT COAEPXarb HE TOJLKO AaHHbBIE, HO U QYHKUMH. OHM MOryT
BKJTIOYATb KOHCTPYKTOPHl M JeCTPYKTOP. OOLeAMHEHMs] COXPaHSIIOT BCE CBOICTBA, Ipely-
CMOTpEHHBIE A3bIKOM C, B YAaCTHOCTHM, MX WIEHBI MOIYT pa3sMeLUaTbCs B OOHOI M TOM XKe
obnactu namaru. Kak M cTpyKTypsl, WieHbl OOBEAMHEHHS [0 YMOJNYAHUIO CYMTAIOTCS OT-
KPBITHIMM M MOJIHOCTbIO COBMECTUMBI € sI3biIKOM C. B mpuBeeHHOM HMXe MpUMeEpe oObe-
JIMHEHHWE KCIIONB3YyeTcs 1Sl MepecTaHOBKU 0ailToB B MEpPEMEHHOI THIMA unsigned short.
(Ilpexnonaraercs, uTO LeJiO€ 3HAYECHE 3aHUMaeT 2 baifT.)

#include <iostream>
using namespace std;

union swap_byte ({
void swapl();
void set_byte(unsigned short i);
void show_word();

unsigned short u;
unsigned char cl2];

};

void swap_byte::swap()
{

unsigned char t;

t = cl[0];
cl[0] = cl[1];
cl[l] = t;

}

void swap_byte: :show_word()
{

cout << u;

}

void swap_byte::set_byte(unsigned short i)
{
u = 1i;

}

int main()
{
swap_byte b;

b.set_byte(49034);

b.swap();
b.show_word() ;
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return 0;

O6bseneHne ob6beamHeHus B sisbike C++ ompepensier oco0blii BUA Kiacca. DTO 3HAYMT,
YTO IMPUHLIMIT MHKAICYJIILUM He HapyLUAeTCs.

CyuiecTByeT HECKOJNbLKO OrpaHHYeHUH, HaNoXeHHbIX Ha NMPUMeHeHHe OOBbCAMHEHHU
B a3bike C++. Bo-nepBoix, 00beAMHEHHS HE MOrYT KMCITOJIb30BATHL MEXaHU3M HaclenoBa-
HudA. Bo-BTOphIX, 0ObeAMHEHHME HE MOXET CIyXuUTh 0a30BbIM KiaccoMm. OOBeAMHEHME HE
MOXET cofepXarb: 1) BUpPTyaJibHBIE (QYHKLUMM; 2) CTATHYECKHE MEPEMEHHLIE U CCBUIKH;
3) 0OBEKTEI KIacCOB, B KOTOPHIX IEPErpy:keH ONeparop MPUCBauMBaHUA; M, HaKOHell,
4) 06beKTHl KNacCOB, B KOTOPLIX IBHO 331aHbl KOHCTPYKTOPHI WK AECTPYKTOD.

K obbearHeHMsIM, He cofepXallM (YHKUMM-YIEHBl, KOHCTPYKTOPHl W AECTPYKTOD,
TAKKe MOXHO npumeHsTh TepmuH POD.

Be3biMsiHHbIE 00BeaUHEHMS

B ssbike C++ ectb ocobass pa3sHOBUAHOCTL OObeAMHEHMIt — Oe3bIMAHHbIE 0ObearHe-
HMS, KOTOpblE HE MMEIOT THMIA M HE MOIYT oOpa3oBbiBaTh 00beKThl. BMecTo 3TOrO 6€3bi-
MSIHHOE OOBbeAMHEHHME COOOILAET KOMITUIISITOPY, YTO €ro WIeHbl XpaHATCS B OOHOI obnacth
naMari. OQHAKO JOCTYI K 3THM IMEPEMEHHBIM OCYLUECTBIAETCS HEMOCPEACTBEHHO, €3 IMo-

MOLUM orepatopa “.”. PacCMOTpUM CIEAYIOLLYIO MPOrpaMMy.

#include <iostream>
#include <cstring>
using namespace std;

int main()
{
. // OnpeneneHve ©Ge3bMSHHOT'O OOBENVHEHUS
union {
long 1;
double d;
char s[4];

} o

// Tenepb OTKPHT NPSMOI OOCTYN K 3JIeMeHTaM OOGBeOVHEeHVs .
1 = 100000;

cout << 1 << " *;

4 = 123.2342;

cout << d << " ";

strcpy (s, "hi");

cout <« s;

return 0;

Kak BHAMM, 31eMEHTbI OObEAMHEHUS HUYEM HE€ OTJIMYAKOTCSA OT OOBIMHBIX JIOKATbHBIX
nepeMeHHbIX. HecMOTpst Ha TO YyTO OHM OOBABAEHBI BHYTpM OOBEAMHEHMs, UX OONACTb
BUOMMOCTH paclpocTpaHAeTcs Ha Bech 6mok. OTclona cnenyer, YTO MMEHA YJIEHOB O€3bl-
MSAHHBIX OObEAMHEHMI HE JOMXKHBI KOHGIMKTOBATh C APYTMMM WIACHTH(HUKATOPAMH B TOM
Xe 0bnact BUAMMOCTH.

Bce orpanunueHus, HaJOXEHHBIE Ha ODOBIYHBIE OObeAMHEHMS, PACMPOCTPAHAIOTCA M Ha
Oe3bIMsIHHBIE. BO-MEpBBIX, B HUX MOIYT COAEPXATLCA JIMlUb AaHHBE ((HyHKUHMH-UYIEHB! HE
nonyckawrcs). Bo-Bropeix, Oe3pIMSIHHBIE OObLENAMHEHMS HE MOIYT COAEPXATb 3aKPbITbIE
M 3allMILEHHbIE 37IeMeHTsl. B 3akmoueHre, robaibHble 6e3pIMAHHBIE OOBCAMHEHHUS 10X~
Hbl OOBABNATLCA C MOMOLLBIO KIIIOYEBOIO CJIOBa static.
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- OpyxecTBeHHble QYHKLMK

C moMolLbl0 KITI04YeBOro coBa friend MOXHO MPENOCTaBMTb OOBIMHOM (PyHKLIMK [OC-
TYIT K 3aKPBLITHIM WieHaM kiacca. [IpyxectBeHHas GyHKLMA MMEET JOCTYI KO BCEM 3aKphI-
THIM M 3aIUMILIEHHBIM WieHaM kinacca. Lnsi Toro yro6bl OOBABUTH APYXECTBEHHYIO (hyHK-
LIMIO, CIEAyeT MOMECTHTbL €€ MPOTOTUIT BHYTPM Kilacca, VKA3aB Mepej Heil KIIoYeBOE CIOBO
friend. PaccMOTpMM mpuMep.

#include <iostream>
using namespace std;

class myclass {
int a, b;

public:
friend int sum(myclass Xx);
void set_ab(int i, int j);

};
void myclass::set_ab(int i, int j)
{
a=1i;
b = 3j;
}

// BHuMaHue: OyHxuMs sum() He sABASETCA QYHKUMEN—-YJI€@HOM
// HUKAROTI'O KJjlacca.
int sum(myclass x)
{
/* Tak xak oOQyHkuMss sum() ABASAETCS OPYXeCTBEHHOM MO
OTHOUEHUI K KJlaccy myclass, oHa umeeT npsiMOM HOCTYN
K nepeMeHHEM a u b. */

return x.a + X.b;

}

int main()
{

myclass n;
n.set_ab(3, 4);
cout << sum(n);

return 0;

B manHoM npuMepe ¢QyHKUMA sum() He ABIfSETCH WIEHOM Kiacca myclass. OnHako
oHa oOnamaet MOJIHEIM HOCTYNOM K 3aKpbiThiM WieHaM. Kpome toro, ¢yHKUMIO sum()
MOXHO BbI3bIBaTh 0e3 nmoMolum oneparopa *“.”. [TockonbKy oHa He SIBJISIETCS WIEHOM Kiac-
ca, €il He HY>KHO YKa3biBaTb UMs OOBEKTA.

Xota apyxectBeHHble (GYHKLMM MMEIOT paBHbIE MpaBa ¢ WIEHAMM KIacca, B HEKOTOPBIX
CHUTYaUMAX OHM ObIBAIOT 0COOEHHO MoJe3Hbl. Bo-nepsbix, ApyXecTBeHHble (YHKLIMM [03BO-
JISIIOT MEPErpy>XaTb HEKOTOpBLIE BUABI OrepatopoB (cM. maBy 14). Bo-BTOphIX, OHM 00feryamTt
CO3[aHME€ HEKOTOpbIX (PyHKLMI BBOfa-BbiBofja (cM. rnaBy 18). B-Tperbux, ApyXeCTBEHHbIE
¢yHKUMM MO/E3HBL B CUTYALIMSAX, KOIIAd HECKOMbKO KJIACCOB MOTYT COAEPXAaTh WIEHBI, TECHO
CBSA3aHHLIE C APYTMMM YacTAMM MporpaMMbl. PaccMotpuM noclienree yTBepxXiaeHue noapodHee.
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IlpencraBbre cebe aBa Kiacca, KaxIblit U3 KOTOPLIX BLIBOAMT Ha 3KpaH cooblueHHe 06
ownbke. lpyrast yactb MPOrpaMMbl AOJDKHA MPOBEPATH, OTOOpaxaeTcsl M B AaHHBLIE MO~
MEHT Ha 3KpaHe coolLieHue OT olunbKe, YToOsl He MOBPEAUTb €r0 MpH BBIBOIE CBOEI MH-
dbopmauun. 3Ty nmpobrieMy MOXHO pEUIUTb, MOMECTMB B KaXIblil Kiacc yHKUMIO-WIEH,
BO3BpALUAIOLLYIO MHAMKATOp aKTMBHOIO coobLeHnss. OAHaKo As MPOBEPKHU 3TOCO yCIOBUS
NpUAETCS BBIMOJIHUTL NOMOMHUTENBHYIO paboTy, T.€. BLI3BaTh ABe (PYyHKLMH, a He oaHy. Ec-
JIK YCIOBHE HYXHO MPOBEPHUTE OBICTPO, JOMONMHUTEIbHBIE 32TPATHl BPEMEHU MOIYT OKAa3aTh-
cs HenpuemnembiMu. OHAKO, €l OOBABUTL (PYHKLMIO, APYXECTBEHHYIO 110 OTHOLIEHMIO
K KaXIOMY M3 KJIacCOB, MOXHO MPOBEPUTb COCTOAHME OOOMX OOBEKTOB C MOMOLIBIO OAHO#
¢yHKuMK. B TaKMX CHMTyalMsIX APYXECTBEHHbIE (HYHKUMM MO3BOJIAIOT CO3aBath Oonee 3¢-
¢dexkTuBHBIit Kon. [TpouniocTpupyeM 310 YTBEPXACHME CIIEAYIOLLEH MpOrpaMMoOii.

#include <iostream>
using namespace std;

const int IDLE = 0;
const int INUSE = 1;

class C2; // HenonHoe OGBABJEHUE

class C1 {
int status; // PapHo IDLE, ecnu 3kxpaH CBOGOIEH,
// v INUSE, ecny 3KpaH 3aHAT.
/...
public:
void set_status(int state);
friend int idle(Cl a, C2 b);
}:

class C2 {
int status:; // PaBHo IDLE, ecnm 3kpaH 3aHAT,
// v INUSE, ecrnu 3kpaH cBobGoneH.
/7
public:
void set_status(int state):
friend int idle(Cl a, C2 b);
}:

void Cl::set_status(int state)
{

status = state;
}

void C2::set_status(int state)

{
status = state;
}

int idle(Cl a, C2 b)
{
if (a.status |
else return 1

}

| b.status) return 0;

int main()
{

Cl x;

C2 y;

I'naea 12. Knaccel M 06bexThI 259



x.set_status (IDLE) ;
y.set_status(IDLE) ;

if(idle(x, y)) cout << "3kpaH 3aHAaT.\n";
else cout << "In use.\n";

x.set_status (INUSE) ;

if(idle(x, y)) cout << "3kpaH cBobomeH.\n";
else cout << "3JkxpaH 3aHAT.\n";

return 0;

OOGpatTe BHMMaHME Ha TO, YTO B 3TOI MpOrpaMMe MCIIOJIb3YETC HenoiHoe obeseieHue
(forward declaration) knacca €2. 310 HEOOXOAMMO, IOCKOABKY OOBSBICHHE (PYHKIMHK idle() B
KJ1acce C1 CCbLIAeTCs Ha KIace C2, KOTOpBIi elue He oObABIeH. YToObl OCylUECTBUTL HEMOJIHOS
0ObABNIEHME KJTACCA, MOXHO IMPOCTO NMPUMEHHUTD Cr1ocod, NMPoIeMOHCTPHPOBAHHBIN B MPOrpamMme.

HpyxecTBeHHass (GpyHKLIMSI MOXET ObITb WIEHOM ApYroro Kiacca. PaccMOTpMM BapuaHT

Hallleil MporpaMMel, BKIIOUMB (QyHKUMIO idle() B Kiacc C1.

#include <iostream>
using namespace std;

const int IDLE = O0;
const int INUSE = 1;

class C2; // HenojHoe OGLABIEHUE
class C1 {

int status; // PaBHo IDLE, ecnu 3KpaH 3aHAT,
// v INUSE, ecrny cBOGOIEH.

// ...
public:
void set_status(int state);
int idle(C2 b); // Tenepb obyHkums idle() —uneH xmnacca Cl.
};
class C2 {
int status; // PasHo IDLE, ecny 3kxpaH 3aHAT,
// n INUSE, ecnu cBoGOJIEH.
/7 ...
public:
void set_status(int state);
friend int Cl::idle(C2 b);
};

void Cl::set_status(int state)
{

status = state;

}
void C2::set_status(int state)
{
status = state;
}
260
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// ®yHkums idle() saBRAeTCs 4YNEeHOM kjacca Cl u mpyrom knacca C2
int Cl::idle(C2 Db)
{

if (status || b.status) return 0;

else return 1;

}

int main()
{

Cl x;

C2 y;

x.set_status (IDLE);
y.set_status (IDLE) ;

if(x.idle(y)) cout << "3KpaH cBoBoIeH.\n";
else cout << "3kpaH 3aHAT.\n";
x.set_status (INUSE) ;

if(x.idle(y)) cout << "3kxpaH cBoGomeH.\n";
else cout << "3JkpaH 3aHAT.\n";

return 0;

TMockoneky ¢yHKUMA idle() sABISETCA YWICHOM Kjiacca Cl, OHa MMeEET MPsAMOii JOCTYI
K MepeMEeHHON status, MpUHaLIEXallei 06beKTy Kiacca 1. TakuM obpasom, nwoboil 00b-
€KT KJacca C2 HeoOXonMMOo MepeaaBars B QYHKUMIO idle().

JpyxectBeHHble (DYHKUMKM MMEIOT IBA BaXXHBIX OrpaHMyceHMs. Bo-nepBbiX, MpoOU3BOI-
HbI1 KJIACC HE HaCJIEAyeT APYXeCTBEHHbIE QYHKUMU. BO-BTOpEIX, ApYyXeCTBEHHbIE (PYHKIIMH
HE MOryT coaepXaThb CreluM(GUKATOp XpaHEHHs], T.€. B €¢ OOBABIEHUM HENb3sT MCITONb30BATh
KJIIOYEBBIE CJIOBa static UM extern.

_ OpyxecTBeHHblE KNacchbl

OnuH Kiacc MOXeT ObITb APYXECTBEHHBIM 10 OTHOLUEHHIO K Apyromy. B 3atoM cnyuae
IIpYXeCTBEHHBI KIacc ¥ Bce ero (pyHKUMH-WIEHBI MMEIOT IOCTYIl K 3aKPHITHIM WIEHaM, OM-
peleneHHbIM B JpyroM kiacce. PaccMorpum mpumep.

// llpyMeHeHue IpPyXeCTBEHHHX KJIaCCOB.
#include <iostream>
using namespace std;

class TwoValues {
int a:
int b;
public:
TwoValues (int i, int j) { a = i; b = j; }
friend class Min;
};

class Min {
public:
int min(TwoValues Xx);

};
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int Min::min(TwoValues X)
{
return Xx.a < Xx.b ? x.a : X.b;

}

int main()

{
TwoValues ob (10, 20);
Min m;

cout << m.min(ob) ;

return 0;

B naHHOM mpuMepe KiacC Min MMEET JOCTYN K 3aKpPbITBIM IEPEMEHHBIM a U b, 00DbsIB-
JIEHHBIM B KJlacCe TwoValues.

Cnenyer 3almOMHMTB. €CJIM OOMH KIacC SBNAETCS JPYXKECTBEHHBIM [0 OTHOLIEHHIO
K APYroMy, OH IMPpOCTO NOJYYAET AOCTYN K CYLUHOCTSIM, OIMPEACJICHHLIM B 3TOM KJacce, HO
HE HacneayeT UX, T.€. YJIEHbl KJ1acCa He CTaHOBSITCA YWICHaMU JIPYXECTBEHHOIO KJjiacca.

JpyXeCTBEHHBIE KJIACChI PEAKO MCITONIL3YIOTCH B MPaKTHYECKUX MpUNoXeHusx. OHK He-
00xodMMbl ML B OCOOBIX ClyvYasix.

D MopcraenseMble GyHKLMM

A3bik C++ obnanaeT BaXXHBIM CBOMCTBOM: B HEM CYLUECTBYIOT nodcmagnsemsie QyHKyuu
(inline functions), KOTOpbIE LLIKPOKO MCITOAL3YIOTCS B Kiaccax. B octaBlueiics yactv InaBbl
(M Ha nNpOTsDKEHUM BCei KHUTM) Mbl OyleM Yacto NMPUMEHSITL MOACTaBiAseMbie (yHKLMH,
MM03TOMY PACCMOTPUM MX INOApOOHEe.

B aspike C++ MOXHO HamucaTh KOPOTKYIO (DYHKLMIO, KOTOpasi He BbI3bIBAETCS, a MOJ-
CTaBNAETCS B COOTBETCTBYIOLLUEE MECTO MPOrpaMMbl. ITOT IpoLecC HamoMuHaeT GyHKUNO-
HaIbHYI0O MakKporoACTaHOBKY. UTtoObl 3aMeHMTb BLI30B ()YHKLMM IMOLCTAHOBKOH, Iepel ee
ornpeneNeHNeM CNEAyeT yKasaTb C/OBO inline. Hampumep, B cneayrwolueil mporpamme
¢GYHKUMA max () HE BLI3BIBACTCS, a MNOACTABIACTCS.

#include <iostream>
using namespace std;

inline int max(int a, int b)

{
return a>b ? a : b;
}
int main()
{
cout << max(10, 20);
cout << " " << max(99, 88);
return 0;
}

C TOYKH 3peHMs] KOMITWIATOpa 3Ta MporpaMMa BHIDISANT TaK

#include <iostream>
using namespace std;
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int main()

{
cout << (10>20 ? 10 : 20);
cout << " " << (99>88 ? 99 : 88);
, return 0;
}

TMoncrasasiemuie GYHKIMU NO3BONSIOT CO3/aBaTh O4eHL 3 dheKkTHBHBIE NporpaMmbl Tlo-
CKOJIbKY KJIacChl OOBLIYHO COAEPXAT HECKOJNbKO MHTepdelcHbIX GYHKLMH, KOTOpbIE 3adac-
TYIO BHI3BIBAIOTCA IS AOCTYIA K €ro 3aKpHIThIM YneHaM, HeoOXonMMo, 4ToOsl 3TH GYHKUMHK
BHITIOJIHSJIMCH KAaK MOXHO ObicTpee. Kak M3BecTHO, KaXAblit BbI30B (YHKUMH COMPSIXKEH
¢ JOTIONHUTENBHLIMU 3aTpaTaMM Ha mepelady M Bo3Bpar yripaBieHusl. OObIYHO NMPH BbI3OBE
GYHKUMY ee apryMeHTHl 3aTajKMBAIOTCA B CTEK, a COAEPXMMOE PErucTpoB KOIMHUPYETCs
B OMEPATUBHYIO MaMSATL, YTOOLI 1OC/1€ BO3BPATa yrpaBjieHHUs1 MOXHO ObL10 BOCCTAHOBUTD TiEp-
BOHayaJlbHOE COCTOHUE MNporpamMmbl. Ha 3TM omepauMm 3aTpayuBaeTcsl JOMNOJIHUTEBLHOE
BpeMa. OnHakKo, eCJIH BMECTO Bbi30Ba TeNlo GYHKUMH TPOCTO TOACTABJSETCS B MPOrpammy,
Huyero 3toro He Tpebyercs. K coxaleHuIo, yckopeHue paGoTel nmporpaMMbl JOCTHUIAETCS 3a
cueT YBEJIMYEHUA pasMepa KOAA, MOCKOALKY TeJlOo MOACTABNAeMOil (yHKIIMU ByONUpYeTcs: He-
ckonbKo pa3. [lo 31oit npuyyHe noacraBnsieMple GyHKIMM OJDKHL! OHTH OYEHb MATEHBKMMU.
KpoMe Toro, noicraBnsieMbiMM clienyeT A€1aThb TONLKO Te (GYHKUMH, ObICTponeHCTBUE KOTO-
PHIX HEMCTBUTENBLHO CYLLIECTBEHHO BIMSET HAa 3 ¢HeKTUBHOCTL NPOrPaMMBl.

Kak ¥ cneundukarop register, KIIOYEBOe CJIOBO inline fIRNAETCA NMILUDL peKoMeHOayuell,
a He MPHUKA30M KOMMWISTOPY. B HEKOTOpPBIX ciyyasx KOMIMIWISATOP MOXET €ro MpoUrHOpHpOBaTh.
KpoMe TOro, HEKOTOpblE KOMITWISITOPbI OTPaHMYMBAIOT KAaTeropMy (yHKUMIHA, KOTOPbIE MOIYT
ObITh NOACTaRAAEMBIMU. B YacTHOCTH, Kak MpPaBr/Io, KOMIWIATOPHl HE pa3peulaloT MNoAcTaB-
TITh peKypcHBHbIE GYHKUMH. B KaX1oM KOHKpeTHOM cilyyae HHGOpMaLUio 06 orpaHUYEHUAX
Ha NMPUMEHEHME TOACTABAEMBIX (QYHKUMIT clefyeT UCKaTh B NJOKYMEHTALMH, CONPOBOXIalo-
weit komnuasTop. Yurure, ecau ¢hyHKLMIO Heb3S MOACTABUTL, OHAa OyNeT BbI3HIBATHCS.

INonctaBnsieMble ¢GYHKIMM MOTYT OHITH YWieHaMM Kiacca. Hanpumep, caenymoiuas npo-
rpaMMa CYMUTAETCH BIOJIHE KOPPEKTHOIA.

#include <iostream>
using namespace std;

class myclass {
int a, b;

public:
void init(int i, int 3j);
void show();

}:

// Cosnarbk noncrarJfseMyln QYyHKLMD.
inline void myclass::init(int i, int j)
{

Ji

a
b
}

// CosnaTh IOpyryw MNOINCTABIAEMyR QYHKUMO.
inline void myclass: :show()
{

cout << a << " " << b << “\n",'
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int main{()
{

myclass x;

x.init (10, 20);
x.show() ;

return 0;

}
H i Kniovesoe croso inline He sensemcs vacmeio si3bika C. CnedoeamentHo, OHO He
« 118 3aMeTKy onpedenero 8 cmaHoapme C89, Ho eknoveHo e cmarOapm C99.

Onpepnenexve noacrasnsemMbix GyHKUUN BHYTPU Knacca

Kopotkyo GhyHKLHIO MOXHO ONpPERENUTh HENOCPEACTBEHHO BHYTPHU OOBLSIBJIEHUS KJac-
ca. Ecnu dyHkIMa onpeneneHa BHYTpH OObABIEHMS KJlacCa, OHa aBTOMAaTHYECKH MpeBpa-
HIAeTcs B MOACTaBNsieMYIo (€C/IM 3TO HE NMPOTHBOPEYUT OrpaHUYEHHUAM KOMITUIATOpa). YKa-
3bIBaTh MPU 3TOM KIIOYEBOE CJIOBO inline coBeplUeHHO He 0043aTeNbHO, XOTH OILUMOKOMH
3T0 He cuutaercd. Hampumep, Mpeablayiyro nporpaMMy MOXHO Mepernucarb, MOMECTUB
onpeznesneHusa GpyHKUMH init () U show() B 0ObARIEHME Kacca myclass.

#include <iostream>
using namespace std;

class myclass {

int a, b;
public:

// ABTOMaTHUYECKas MNONCTaHOBKA

void init(int i, int j) { a=1i; b=j; }

void show() { cout << a << " " << b << "\n"; }
};

int main()
{

myclass x;

x.init (10, 20);
x.show() ;

return 0;

O6parute BHMMaHME Ha crocob 3anucH Tesa GyHKUMU BHYTPU OOBSBJIEHUS KJacca my-
class. [lockonbKy noacragngemble ¢pYHKIMHU 0OLIYHO KOPOTKUE, TAKOM NpUeM BIOJIHE TH-
nuyeH. OOHAKO COBEPLUEHHO Heobs3aTeNbHO 3anuchiBaTh GYHKUMM MMeHHO Tak Hanpu-
Mep, oObsiBNieHUE (QYHKIMU myclass MOXHO repernucars HHaye.

#include <iostream>
using namespace std;

class myclass {
int a, b;

public:
// ABTOMaTH4YeCKas IOICTaHOBKa
void init(int i, int j)
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a=1i;
b = j;
}

void show()

{

cout << a << " " << b << "\n";
}
Y

C TeXHUYecKO# TOYKHM 3PEHHUS TOACTAHOBKA (pyHKUMH show() He MMeEET CMbIC]Ia, TO-
CKOJILKY BpeMSl, 3aTPauyMBa€MOE Ha BBOI-BbIBOA, HAMHOIO MNpeBHILAET BpeMs, HEOOXOIUMOE
1A BbI3oBa ¢yHKUMH. OfiHaKo nonamnsollee GONBIUMHCTBO MPOrPAMMHCTOB TIPEANIOYUTAET
MIOMeLaTh BCe KOPOTKMEe (YHKUMM-YieHbl BHYTpM obObaBNeHUA Kiacca. (KpaiiHe penko
B NMPOGECCHOHANILHBIX MPOrpaMMax MOXHO BCTPETHTb KOpOTKHE GYHKUMM-YJIEHHI, orpele-
JIEHHble BHe 0ObsSBIEHHUSA KJlacca.)

KoHceTpykTop ¥ BecTpyKTop MOryT OBITH MOACTaBIgeMBIMH JIMOO MO YMOJUYaHHIO, €CIU
OHM ornpenesieHbl BHYTpU 0ObABJIEHHUS KJacca, JIMOO fABHO.

T KoHcTpyKTOpHI ¢ napameTpamu

KoHceTpykTopaM MOXHO mepellaBaTh apryMeHThl, NpejHa3HayeHHbIE S WHHUIIMATIM3a-
uuM obbekta. FlapaMeTpel KOHCTPYKTOpa 3aal0TCH Tak Xe, Kak WM i Joboil apyroi
dyakunm. PaccMOTpHM Kiiace, KOHCTPYKTOP KOTOPOTO MMEET fapaMeTphl.

#include <iostream>
using namespace std;

class myclass {

int a, b;

public:
myclass(int i, int j) {a=i; b=j;}
void show() {cout << a << " " << b;}

};

int main()

{
myclass ob(3, 5);

ob.show() ;

return 0;

}

O6paTuTe BHMMaHHME Ha TO, YTO B ONpEAESIEHUH KOHCTPYKTOpa myclass () nmapameTpbi
i M 3 vcnonb3ylores UM MHMLIMAIU3allUK YIEHOB a U b.

OTa nporpamMma WUIIOCTPHpPYeT Haubonee pacmpocTpaHeHHLIN crioco® 3agaHus apry-
MEHTOB NPU OOBSBAEHUU OOBEKTA, MCTIONBL3YIOLETO KOHCTPYKTOp ¢ mapamerpamu. Ha-
npUMeEp, ONepaTop

J myclass ob(3, 4);

co3naeT 0OLEKT ob U nepellacT apryMEHTaM 1 M j KOHCTPYKTopa myclass () 3HaucHuUst 3 U 4.
CyuecTByeT elle OfMH criocod nepeaayn apryMeHTOB:

J myclass ob = myclass(3, 4);
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OnHako NepBblii cnoco® Mcronb3yeTcs ropasmo yaiwe. Ha camom nene pasHMiia Mexay
3TUMM IBYMA 0OBLABIEHUMAMM HeBenuka. OHa CBA3aHa ¢ KOHCTPYKTOPOM KONMPOBaHMUS, KO-
TOpbIil Mbl 00cynuM B mase 14.

PaccmoTpuM npuMep, WINIOCTPUPYIOLUHI NPUMEHEHHE KOHCTPYKTOpa C rapaMeTpaMM.
B Hem 0ObsIBNEH Kiacce, 00bEKTH KOTOPOro XpaHAT MHGOPMaLUIo 0 OMONHUOTEYHBIX KHUTaX.

#include <iostream>
#include <cstring>
using namespace std;

const int IN = 1;
const int CHECKED_OUT = 0;

class book {
char author[40];
char ticle(40];
int status;
public:
book (char *n, char *t, int s);
int get_status() {return status;}
void set_status(int s) {status = s;}
void show() ;
};

book: :boock (char *n, char *t, int s)
{

strcpy(author, n);

strcpy(title, t);

status = s;

}
void book::show()
{
cout << title << "." << author;

cout << " Haxopurca ";
if (status==IN) cout << "B OubmoTeke.\n";
else cout << "y uprarensa.\n";

}
int main()

book bl("Teer", "Tom Coitep", IN);
book b2 ("Meneunn", "Mobu Imk", CHECKED_OUT) ;

bl.show() ;
b2.show() ;

return 0;

KOHCTpYKTOpH ¢ rMapaMeTpaMy 1103BOJIAIOT U36eXaTh NMPUMEHEHUS OTAENbHBLIX (YHKLMIA
JUT UHULIMANM3alMM OHOM MJIM HECKOILKHUX TMEpEeMEHHbIX B 00bekTe. YeM MeHblie (pyHK-
LMt BHI3LIBAE€TCA B NMporpaMme, TeM BhIlUEe ee addekTHBHOCTL. Kpome Toro, obpature BHU-
MaHHE Ha TO, YTO KOpOTKUE (YHKIIMM get_status() U set_status() onpeleicHsl
BHYTpU OOBABJIEHMS KJacca book, T.€. cIeNaHbl MOACTaBJIAEMbIMU. JTOT NPHEM YacTO NMpPHU-
MEHSeTCo NpU CO3JlaHUM NporpaMm Ha g3vike C++.
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KOHCTpYKTOpbI C OgHUM NapaMeTpom: 0cobblit cnyyaid

Ecny KOHCTpYKTOp MMeeT OAMH mapaMeTp, BO3HMKAET TPETHIA Criocod rnepefadu Hayallb-
Horo 3HayeHMA. PaccMoTpuM crenyrowmii npumep.

#include <iostream>
using namespace std;

class X {

int a;
public:

X(int j) {a = j; }

int geta() { return a; }
}s;

int main()
{

X ob = 99; // llepenaeT napameTpy Jj 3HadeHue 99.
cout << ob.geta(); // BelBOomMT Ha 3kxpaH uMCcno 99.

return 0;

3nech KOHCTPYKTOp Kjacca X MMeeT oaMH napaMetrp. O6Gpature ocoboe BHMMaHHE Ha
crioco6 o6bsIBNIEHUS 00beKTa ob B GYHKUMHK main (). B 3toMm cnyuyae yucino 99 apromatuye-
CKM mnepenaeTcsd napaMeTpy j KOHCTpykTopa X(). MHade roBopsi, KOMIWIATOP CYUTAET 3TOT
ornepaTop 3KBUBAJIEHTHLIM CIEAYIOLEMY:

J X ob = X(99);

Kak npaBuno, ecny KOHCTPYKTOP MUMEET ONHUH apryMeHT, OOBEKT MOXHO WHULIMAIU3U-
poBaTh MO0 C NMOMOILLBIO BuIpaXeHUs 0b(i), nMbo ¢ noMolubIo onepaTopa ob=jf. DTo Mo3BO-
JIAET HEABHO BHITIONIHATL NpeoOpa3oBaHKe TUIMA apryMeHTa B THIT KJacca.

[ToMHMTE, YyTO 3Ta anbLTepHATHBAa OTHOCHUTCA JIMLIbL K KOHCTPYKTOpaM, HMEIOUM
TONILKO OOUH MapaMeTp.

_.| CraTuyeckue yneHsl Knacca

UneHsl knacca (kak GYHKUMM, TaK U NepeMeHHBIE) MOryT ObITL ctaTUYecKMMM. Pac-
CMOTPUM 3Ty TeEMY noZipoOHee.

Cratuyeckue nepeMeHHble-4YN1eHbI

Ecnu nepen obbsiBneHueM nepeMeHHOM-4YNeHa TMOCTaBUThL KJIOYEBOE CJOBO static,
KOMITUJIATOP CO3JACT TOJNLKO ONMH 3K3EMIsIp 3ToM mnepeMeHHON, KOTOpbli Oyaer Hc-
MoNbL30BaTLCA BCEMK OOBEKTAMH NAHHOrO Kjacca. B ornuuue oT oOBIYHBIX NMepeMEHHBIX-
YJIEHOB, CTaTHYECKHE MEPeMEHHbIE-WIEHbl He KOTIMUPYIOTCA WA KaXIoro o6beKTa OTne)b-
Ho. He3aBucHMoO OT konuuecTBa 0ObEKTOB Kjlacca, CTaTUYECKasd TepeMeHHasl BCerna cy-
IIECTBYET B OOHOM 3K3eMruiApe. TakuM o6pa3om, Bce 0OBEKTH NAaHHOrO Kjacca UCMoJb-
3YIOT OHY U Ty Xe nepeMeHHyro. Bece ctaTuueckue nepeMeHHble HHULIMATU3UPYIOTCS Hy-
JileM eule 10 CO3laHMA NepBoro oobeKTa Kiacca.

OOBbaBNIEHUEe CTAaTHYECKOH TMepeMEeHHOoM-WieHa B Kjacce He O3Ha4aeT ee onpedeneHus
(vHaye roBopsd, NamATh LIS Hee He BbiAensiercs). Urobbl pa3MecTUTL CTATUYECKYIO Tiepe-
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MEHHYIO B MaMATH, CJielyeT ONpelleNUTh €e BHe Kilacca, T.e. rnobaisHo. s 3toro B no-
BTOPHOM OOBSBJIEHUM CTATUYECKON NepeMeHHON Iepel e€e MMEHEM YKa3blBaeTcsl MMs
KJacca, KOTOPOMY OHa TPHUHALIEXUT, U OMNepaTop pa3pellieHUs obsacTh BUAMMOCTH.
(HanoMHUM, 4TO 0OBLSBIEHHUE Klacca NpelcTaBiseT coG0i BCEro NUIUL JIOTUYECKYIO CX€-
My, a He GU3UYECKYIO CYLIHOCTB.)

YtoObl pa3obpartbcs B MEXAaHU3ME MCIOBL30BAHUS CTATUYECKUX TNEPEMEHHBIX-WICHOB,
PacCMOTPHUM ceAyIoyIo nporpaMmy.

#include <iostream>
using namespace std;

class shared {
static int a;
int b;
public:
void set(int i, int j) {a=i; b=j;}
void show();

Y
int shared::a; // OnpernenseMm nepeMeHHyK© a.

void shared::show()

{
cout << "3To cTaTuueckKas IepeMeHHas a: " << aj;
cout << "\n3To ofr4Has nepeMeHHas b: " << b;
cout << "\n";
}
int main()
{
shared x, y;
x.set(1l, 1); // MNpuceramBaeMm epeMeHHOM a 3HaueHume 1
x.show() ;
y.set(2, 2); // llpucpampaem nepeMeHHOM b 3HaueHume 2
y.show() ;
x.show(); /* 3necr OIHOBPEMEHHO M3MEHAKTCA 3Ha4YeHUs
NEePEMEHHBIX-YJIEHOB OOBEKTOB X M Y, HNOCKOJNBKY
nepeMeHHas a& ucnonesyercsa oboumm obwekTamm. */
return 0;
}

Pe3ynbrat paboThbl 3TOH NMporpaMMbl TaKOB.

3TO0 cTaTudYeckas nepemMeHHas a: 1
370 ofnuHasa nepemeHHas b: 1
3TO cTaTudeckas rnepeMeHHas a: 2
370 oOHuHas nepeMeHHas b: 2
3TO cTaTudeckas nepeMeHHas a: 1
39To obmMHas nepeMeHHas a: 1

O6patuTe BHUMaHUE Ha TO, YTO LIENIOYMCIEHHAs epeMeHHasl a oObABAeHa KaK BHYTPH
KJiacca shared, Tak U BHE ero. Mbl YXe yKa3sblBaid, YTO 3T0 HEOOXOMIMMO, MOCKOJIBKY 00b-
sIBJICHHeE TepeMeHHON a BHYTPU Kilacca shared He CONMPOBOXIACTCS BhlIc/eHHeM MaMATH.
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So———— Cmapsbte eepcuu szbika C++ He mpeboganu emopuyHo20 obbsaeneHus cmamudeckol nepe-
Ha 3amerxy MEHHOU-411eHa, YImo NMPUBoAUNO K CEPLe3HbIM HEO0PAa3yMEHUSIM, U Yepe3 HECKONBKO niem om
3moz0 coznaweHus: omkasanucs. OOHaKo Ha npaKmuKe ewe ecmpeyalomcest cmapsble npo-
Zpamribl, KOmopble He CodepXam emOopUYHO20 ONPeOesIEHUN CMAaMUYECKUX MEPEMEHHBIX-

yneros. B amux criywasx cnedyem eHecmu e npozpammy HepbXoOUMbie UCTpasIeHus!.

CtaTuyeckad TepemeHHas-WieH BO3HHKAeT do co3laHWs nepBoro o0nekTa Kiacca. Ha-
NpyMep, B CleAyloleil KOPOTKOIl MNporpaMMe TepeMeHHass & ONHOBPEMEHHO ABJSETCS
M OTKpbITOM, U craTHdecKoi. CrnenoBatesibHO, GYHKLMA main() HMeET K Heit npsaMoit noc-
Tyn. Flockonbky nepeMeHHasi a BO3HMKAET paHblle 0OLEKTOB Kjacca share, el MOXHO
MPUCBOUTL 3HaueHWe B caMOM Hayane nporpammel. Kak nokasaHo B mporpaMme, npH cos-
RaHUM 0ObEKTa x 3HAYEHHUE NMEPEMEHHOI a He M3MeHdetcd. Ilo 3Toi npuurHe oba onepa-
TOpa BbIBOAA OTOOPAXAIOT HA 3KPaHe OJIHO U TO Xe 3HaueHue — 99.

#include <iostream>
using namespace std;

class shared {
public:
static int a;

Y
int shared::a; // OnpenesyieHMe MNEPEMEHHON a.

int main()

{
// ViHmimammsaumsa nepern CO3NaHMEM OOBEeKTa .
shared::a = 99;
cout << "HauanbHoe 3HadYeHMe IepeMeHHOM a: " << shared::a;
cout << "\n";
shared x;
cout << "3HaueHME NEPEMEHHOM X.a: " << Xx.a;
return 0O;
}

O6paTHTe BHUMaHKE Ha TO, 4TO MPU OOPALEHUH K NEPEMEHHOI a HEOOXONMMO YKa3bIBaTh
MMS KJlacca, KOTOPOMY OHa TNPHHAIIEXUT, U MPUMEHSATH ONMepaTop paspelleHUsl obnacTh BU-
aumocth. Kak npaBuiio, yTobObl 0OpaTUThCA K CTATMYECKOM MEpeMEHHOM-YAEHY HE32BUCUMO
oT 00BbeKTa, HeoOXoAMMO BCerla yKa3biBaTb MMS KJlacca, B KOTOPOM OHa OObSIBJIEHA.

Craruyeckie nepeMeHHble-WIEHB! MO3BONSIOT YIIPARIATL AOCTYIIOM K pecypcam, KOTO-
phlE COBMECTHO MCIONL3YIOTCA BCEMU OObeKTaMu Kiacca. Hanpumep, MoxHO co3natb He-
CKOJILKO OOBLEKTOB, 3aNMCHIBAIOMIMX HNaHHbIE Ha XECTKMH IHUCK. OOHAaKO OYEBHIHO, 4HTO
B KaOXIblif KOHKPETHBIII MOMEHT BPEMEHHU 3ariMCh MOXET MPOU3BOAMTD JIMLIL OIAMH OOLEKT.
B Ttakux cuTyaumsax cinenyeT oObABHUTb CTAaTUYECKYIO MEPEMEHHYIO, CNYyXalllyl0o MHAMKATO-
pom. [lo 3HayeHMUIO 3TOI MepeMeHHOW MOXHO onpenenuTh, cBobomeH ¢ain WM 3aHAT.
Kaxplit U3 00LEKTOB ROMXKEH aHANIM3UPOBATh 3TO 3HayeHUe repest Hayanom 3anucd. Pac-
CMOTPHM MPUMEDP, WINIOCTPUPYIOWMNI 3TY CUTYALIMIO.

#include <iostream>
using namespace std;

class cl {
static int resource;
public:
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int get_resource();
void free_resource() {resource = 0;}

}:
int cl::resource; // OnpenenseMm pecypc. \
int cl::get_resource()
{
if (resource) return 0; // Pecypc 3aHAT.
else {
resource = 1;
return 1; // Pecypc npernocTapBlieH OOBEKTY.
}
}

int main()
{
cl obl, ob2;

if (obl.get_resource()) cout << "O6wexT obl obnanaeT pecypcom\n®;

if ('ob2.get_resource()) cout << "O6wexry o0b2 nocrtyn 3amnpeites\n";

’

obl.free_resource(); // OcBoBoxnmaeMm pecypcC.

if (ob2.get_resource())
cout << "O6rexkT ob2 MOXeT MCIHOJb30BaThk pecypc\n”;

return 0;

}

C noMolBIO CTATUYECKON MEPEMEHHOM MOXHO TAKXE OfMpPENESUTH KOJMYECTBO CYLLECT-
BYIOLLIMX 0OBEKTOB KOHKpPETHOTO Kiacca. PaccMotpum npumep.

#include <iostream>
using namespace std;

class Counter {

public:
static int count;
Counter () { count++; }
~Counter() { count--; }

}:

int Counter::count;
void £();

int main(void)
{
Counter ol;
cout << "CyuecreByuye OOBEKTHI: ";
cout << Counter::count << "\n"

Counter o02;
cout << "CyuecrByuye OOBeKTH: ";
cout << Counter::count << "\n";

£0);
cout << "Cymecreywuye obrexkrer: ";
cout << Counter::count << "\n";
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return 0;

}

void £()
{
Counter temp;
cout << "CyuwecTpyoume OOBEKTHI: ";
cout << Counter::count << "\n";
// Nocne Bosepara u3 ¢yHkiwmm f() nepemenHHas temp yHuUTOXaeTCs

3ta nporpaMMa BLIBOAMT Ha 3KpaH CHEAYIOINE CTPOKH.

CywecTryoume OOBLEekTh: 1
CyuwecTeyuyie OOLEKTH: 2
Cymecrepyouye OOLEeKTE: 3
CymecTrypume OOBLEKTH: 2

Kak BumuM, cratmyeckasi nepeMeHHasi-ufieH count YBEJIMUMBAETCH MPH KAXIOM cO3[a-
HUM 00BEKTa M YMEHBILAETCA NPU KAXIOM YHUYTOXeHUHU. CrenoBaTeNlbHO, C €€ MOMOLULIO
MOXHO OTCJIEAUTH KONUYECTBO CYLLECTBYIOLUMX 0OBEKTOB KJacca Counter.

CraTH4ecKHMEe repeMeHHbIe-WIEHH HE 3aMeHSIIOT coboii rnobaibHuie. OnHako rnobab-
HblE TMEPEMEHHLIE HE COOTBETCTBYIOT NyXy OOLEKTHO-OPUEHTHMPOBAHHOIO MNMporpaMMHpPOBa-
HMS1, TIOCKOALKY OHM HApYLLAIOT NPUHLIUIMBI UHKATICYIALUM.

Cratuyeckue QyHKLUN-YNIEHBI

DYyHKUMN-YAEHBI TAKXE MOTYT ObITh CTaTUYECKMMM, HO HAa HUX PACMPOCTPaHSETCA He-
CKONIbKO orpaHMyeHUi! OHM UMEIOT NMPAMOI NOCTYI TONBLKO K APYTHM CTATUYECKUM WieHaM
knacca. (Pazymeercsi, rnoGanbHble (GYHKIIMUM M faHHBIE TaKXe ROCTYMHB CTaTUYECKUM
dyHkunam-wieHaM.) CtatHueckas GyHKUMA-WIEH HEe UMeeT yKasatens this. (31oT ykasa-
Tens onucwipaeted B raee 13.) OnHa M Ta Xe GyHKUMS He MOXET ONHOBPEMEHHO HMETH
CTaTUYECKYIO M HecTaThyeckylo BepcuM. CtaTHdeckue DYHKUMM HE MOTYT OBITL BUPTYalb-
HeIMU. U B 3akiroyeHMe, cTaTUdeCKME DYHKIMMU HENb3sA 00BbABAATH C MOMOIUBIO KIHOYEBLIX
CNIOB const WM volatile.

PaccMoTpUM cnerka M3MEHEHHYIO BEPCHIO MPOIPaMMBbl, MPENOCTABNAIOIIECH ORMH U TOT
Xe pecypc pa3HbiM obbekTaM. O6paTHUTe BHUMaHME Ha TO, YTO QYHKIMIO get_resource ()
MOXHO BbI3bIBATh KaK HE3aBUCHMO OT 0OBEKTa, MCIONbL3ys MMM Kjacca U orepatop paspe-
uleHus1 061acTH BUAMMOCTH, TaK U 4epe3 OObeKT.

#include <iostream>
using namespace std;

class cl {

static int resource;
public:

static int get_resource():;

void free_resource() { resource = 0; }
}:

int cl::resource; // OnpeneneHme pecypca.
int cl::get_resource()
{

if (resource) return 0; // Pecypc 3aHsT.
else {
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resource = 1;
return 1; // PecypC npenocTaBneH HaHHOMY OOBEKTY .

}
}
int main()
{
cl obl, ob2;

/* OyHkUMA get_resource() SABIAeTCHA CTaTUYECKON,
NMO3TOMY €€ MOXHO BBLI3HIBATE HE3aABMCUMMO OT oOmexkTa. */
if(cl::get_resource()) cout << "0O6mexT obl obnanaeT pecypcom\n";

if(!1cl::get_resource()) cout << "O6wrexTy o0b2 noctyn s3amnpeweH\n";

obl. free_resource() ;

if (ob2.get_resource()) // can still call using object syntax
cout << "Tenepe oOBeKT Ob2 MOXeT MCHONB30BaTB pecypc\n";

return 0;

Cratuyeckue (GYHKUMHU-WIEHbB HUMEIOT OrpaHMYEHHBIM KpYr NPWIOXEHHUIl, OMHAKO
OHM OBIBAIOT MoJie3Hbl WA IPelBapUTENbHOM MHMLIMAIU3ALUMUM 3aKPHTHIX CTATUYECKHUX
nepeMEeHHBIX-4JIEHOB 110 CO3llaHUsl peabHbIX 00bekTOB. HampuMep, cnenyrowiad mnpo-
rpamMMa abCoOJNIIOTHO BEpHA.

#include <iostream>
using namespace std;

class static_type (
static int i;

public:
static void init(int x) {1 = x;}
void show() {cout << i;}

};

int static_type::1i; // omnpenenseM nepeMeHHyn i

int main{()
{

// VHMmmanmsupyeMm cTaTUMHeCKMe OaHHEEe repeln co3naHueM obmeKTa
static_type::init (100);

static_type Xx;
x.show(); // OroBpaxaem umcno 100

return 0;

[ Beizos KOHCTPYKTOPOB M ieCTPYKTOPOB

Kak mnpaBuio, KOHCTPYKTOp oObeKTa BbI3bIBA€TCS MPU CO3JNaHUM OOBLEKTa, a MeCTpyK-
TOP — MPH €r0 YHUMTOXKeHUH. TOUHBIA CMBICA 3THX cOOLITHIT MBI paccMOTPMM HIKXe
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KoHeTpykTOopsl NOKaIBHBEIX OOBbEKTOB MOCNEeJOBATENBHO BBI3BIBAIOTCSI MPH UX OOBSIBIIC-
HuM. JdecTpykTOpBl NOKANBHBEIX OOBEKTOB BHI3HIBAIOTCS B OOPaTHOM NOpSIKE.

KOHCTPYKTOpBl [NOOATBHBIX OOBEKTOB BHIMONHAWTC 00 (GYHKUMM main(). InobanbHbie
KOHCTPYKTOPBI BBIIOJIHSIIOTCSI B MOpsike MX 00bsARIeHUs B (aiine. [Topsaok BeI30Ba rnobanbHbIX
KOHCTPYKTOPOB, pacnpelic/ieHHbIX B HEeCKONBbKUX haitnax, 3apaHee He onpeneiieH. InobanbHbie
JleCTPYKTOPHI BHI3BIBAIOTCS B 0OpPaTHOM TOpSUIKE HoCAe 3aBeplleHyst paboThl (PyHKUIMY main().

BrI30BBEI KOHCTPYKTOPOB U IECTPYKTOPOB MILTIOCTPUPYIOTCS chiedyolleil nporpaMmoi.

#include <iostream>
using namespace std;

class myclass {

public:
int who;
myclass(int id);
~myclass() ;

} glob_obl(l), glob_ob2(2);

myclass: :myclass(int id)

{
cout << "MHuuManmsaumsa " << id << "\n";
who = id:

}

myclass: :~myclass()

{

cout << "YHuuroxeHme " << who << "\n";
}

int main{()

{
myclass local_obl(3);

cout << "3JTa cTpokKa yxe He OyIeT neppeoi.\n";
myclass local_ob2(4);

return 0;

B pesynkrate Ha 3KpaHe IOSIBSITCS! CHENYIOLLIME CTPOKH.

VHnunamsaums 1

VHnumanumsaums 2

Wunumanmsaums 3

3Ta cTpoka yXe He OyieT nepBOii.
Vnnumanmszaums 4

YHnuTOXeHne 4

YHUUTOXEeHVe 3

YHUUTOXEeHne 2

YHUuTOXEeHMe 1

H ewe: MOCKONBbKY KOMITHUIATOPBI U ONnepalMOHHbIE CUCTEMBI OTAHWYAIOTCA APyl OT Apy-
ra, nocneaHue ABe CTPOKH HE Bceraa NosBISIIOTCS Ha 3KpaHe.
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| Onepartop pa3speLueHust 06nacT BUAMMOCTY

Kak u3BecTHO, onepatop “::” cps3piBaeT Mexiy coboii MMeHa Kjlacca ¥ ero WwieHa, co-
ob111asi KOMITWJISITOPY, KAKOMY KJlaccy INPUHAUIEXUT IaHHBbIH wieH. OaHaKo orepatop pas-
pelleHMs1 obnacT BUAMMOCTM MMeEeT €ilie OOHO IpeAHa3HauyeHWe: OH OTKPbIBaeT HNOCTYI
K NnepeMeHHOM, UMS KOTOPOi “3aMackKMpOBaHO” BHYTPH BJIOXEHHOH 06acTH BUIMMOCTH.
B kayecTBe npuMepa paccCMOTpUM CllenyIoluit (PparMeHT IporpamMmmal.

int i; // I'noBanbHas nepeMeHHas i

void f£()
{

int 1i; // JlokanbHas NepeMeHHas i

i = 10; // Vcnonb3yeM JIOKAJIBHYK MEPEMeHHYK i

}

Kak ykaszaHo B KOMMEHTapuM, NMpUCBAMBaHHE i=10 OTHOCUTCS K NOKANbHOI mnepeMeHHOi
i. A 4to menartb, eciy PyHKUMM £() HyXeH LocTyn K rnobanbHoii nepeMeHHoi i? Torna
cieayeT IIPUMEHHUTD OIepaTop pa3pellieHust 0bnacTu BUIMMOCTH

int i; // T'nobanbHas nepeMeHHas 1i.

void f£()
{

int i; // JloxanbHas nepeMeHHas 1i.

::1i = 10; // Obpauenue k rnobanbHOM NEepeMeHHOM i.

BnoxeHHble Knacchl

OnvH Kjacc MOXHO OMNpelJeNuTh BHYTPU APYroro. Takum o6pa3om cO3NAKOTCS 6AO0MCEH-
Hble kaacceol. TlockonbKy 0OBbsiBlieHMe Kiacca PaKTUYeCKH omnpeensieT ero obnactb BUAMMO-
CTH, BIOXEHHbIE KJIAcChl MOIYT CyLIECTBOBaTh TONBKO BHYTPH 06/1acT¥ BWIMMOCTH BHELL-
Hero xjacca. Boo6lie-TO, BIOXEHHBIE KJIACChl MCIIONB3YIOTCS peako. IToCKONbKYy B si3biKe
C++ cyniecTByeT ruGKMIl M MOLUHBINH MEXaHM3M HAC/IEI0BAHMSA, HEOOXOAMMOCTH CO31aBaTh
BJIOXEHHBIE KJIACCHI NPAKTUYECKHU HeT.

D JlokanbHble Knacchl

Kracec MoxHO onpenenuts BHyTpH GYHKIMK. PaccMOTpuM crienyowmii mpumep.

#include <iostream>
using namespace std;

274 Yacts II. Ssbik C+H+



void £();

int main()

{
£():
// Knacc myclass oTcofla He BUIEH.
return 0O;

void f£()
{
class myclass {
int i;
public:
void put_i(int n) { i=n; }
int get_i() { return i; }
} ob;

ob.put_i(10);
cout << ob.get_i();
}

Ha nokanbHble Kiacchl HanaraeTcss HecKOJNbKO orpaHuyeHuii. Bo-nmepBbiX, Bce
GYHKUHUM-YJIeHBl NONXHBL OMpenensiThcsi BHYTPU OGBSABNCHMSI nOKaNbHOIO Kiacca. Bo-
BTOPbIX, JIOKAJbHblE KJ1acchl He MOryT O6Gpaluathcsi K JIOKanbHbBIM MepeMeHHbIM, 06bsiB-
JIEHHBLIM BHY1pHM (YHKUMH, 332 HCKJIIOYEHUEM CTATHUECKHX JIOKAJIbHBIX MepPeMEHHBIX
(static) ¥ BHCIIHUX NMepeMeHHBIX (extern). OnHAKO OHM MMEIOT AOCTYN K MMEHaM
TUIIOB U MepevyuclieHUsIM, ONnpeneneHHbIM BO BHeluHed PyHKuuMH. B-TpeTbuX, BHYTpH
JIOKaNbHLIX KJACCOB HeJb3sl OOBABNSATh CTaTUUecKWe MepeMeHHbie. M3-3a 3TuX orpaHu-
YeHMI JIOKaJIbHBIE KJacchl NPUMEHSIIOTCS! JOBOJIBHO PEAKO.

] Nepepaya 06bLEKTOB HYHKLMAM

O6bekTbl MOXHO nepenapatb (yHKUMAM, KakK oOblYHble mepeMeHHBle. Insg 3artoro
npuMmeHsieTcs: OOBIYHBII MeXaHU3M MepenauyM napaMeTpoB o 3HadyeHuto. Hecmorps Ha
BHELIHIOIO MPOCTOTY, 3TOT MNPOLIECC MOXET MPUBECTH K HEOXHUIOAHHBIM IOCNENCTBUSIM,
KacaloluuMcs KOHCTPYKTOPOB U AecTpyKTopoB. [lonpobyem pa3zobparbcsi B 3TOM ¢ MO-
MOIIIbIO cllelyiollieil MporpaMMBl.

// Tepenaua obrekTa QyHKUMN.
#include <iostream>
using namespace std;

class myclass {
int i;

public:
myclass (int n);
~myclass();
void set_i(int n) { i=n; }
int get_i() { return i; }

myclass: :myclass(int n)
{

i = n;
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cout << "CosmaHme " << i << "\n";

g myclass::~myclass()
{

cout << "YHuMUTOXeHMe " << 1 << "\n"';

void f(myclass ob);

int main()
{

myclass o(l);

f(o);
cout << "3710 nepemenHas i B QyHKUMM main:
cout << o.get_i() << "\n";

~

return 0;

void f(myclass ob)
{
ob.set_i(2);

cout << "3TO JOKaJibHas nepeMeHHas i: " << ob.get_i();
cout << "\n";

B pesynbrate paboThl 3101 NporpaMMbl Ha 3KpaHe MOSIBSITCH ClENYIOH{Me CTPOKU.

Cosnanue 1

310 JIoKanbHas nepeMeHHas i: 2
YHUUTOXEeHne 2

370 nepemeHHas i B ¢yHkumm main: 1
YHUYTOXeHMe 1

Kak noka3sbiBaloT 3TH pe3y/ibTarhl, B XoAe paboTbl MporpaMMbl KOHCTPYKTOD BBI3BIBAICS
JIMILb OMHAXbI, MPH CO3AaHUM 00BeKTa © B (PYHKUMHK main(), B TO e BpeMs, N1eCTPYKTOD
OBbLT BhI3BaH deaxcObl. PaccMOTPUM NMPHYMHBL 3TOM CUTYaLIMM.

Koraa obbekT nepenaercst B ¢yHKUMIO, co3paercst ero kKonusi. MMeHHO 3Ta Komus cta-
HOBMTCS MapaMeTpoM (GyHKUMH. 3TO 03HAYaeT, YTO B MPOrpaMMe MOSIBILICS. HOBbI OGBEKT.
ITo 3aBepuieHuM pabotbl PYHKIIMKM KOMMUSL apryMeHTa (T.e. MapaMeTp) YHMYTOXaercs. DTO
MOpPOXIAaeT ABa NPUHUMITHAIBHO BaXKHBIX BoNpoca. Bo-nepBbix, BBI3LIBAETCS JIM KOHCTPYK-
TOp MNPH CO3NAHUM KonuM aprymeHTa? Bo-BTOpBIX, BBI3BIBAETCS U JECTPYKTOP MPU YHHY-
TOXeHWH NapaMetpa? OTBeTHl Ha 3TH BOIMPOCH! Bac VAUBST.

IIpy co3paHuM KOMWM aprymeHTa OOBIYHBIA KOHCTPYKTOpP He ewbi3bieaemcs. Bmecto
HEro BbI3BIBAETCSl KOHCMpYKmop Konupoéarus. UMeHHO OH M coO3daeT HOBYIO KOIMIO
aprymeHTa. Kak yka3biBaeTcsi B rniaBe 14, KOHCTPYKTOP KOITMpOBaHMSI MOXHO onpene-
nTh 9BHO. ONHAKO, ecny OGBSIBIEeHUE KJIacca He CONEPXUT SBHOTO onpelesieHus! KOH-
CTPYKTOPa KOMUPOBaHMWs, KaK B HalleM MpuUMepe, BBI3bIBaeTCs aBTOMATHYECKHUIA KOHCT-
PYKTOP KONMPOBaHMsl, NPeayCMOTPEHHDBIR Mo ymonyaHuio. OH co3aaeT NoOGUTOBYIO (T.€.
WICHTUYHYIO) KOMUIO 00BbeKTa. DTO JierKO NOHsATh. Benb OGBIYHBIA KOHCTPYKTOP Hellb-
351 BBI3BIBATH WJIS1 CO3JAaHUSI KOMMHU YyXe cyllecTBYIOLlero o0bekTa, NMOCKONbKY TaKOH
BbI30B 3aMeHMJ BBl TeKylllee cocTosiIHUe 06beKTa nepBoHadyanbHbiM. B TO e Bpems npu
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nepenaye o6bekTa B GYHKUMIO HAM HYXEH MOJIHbIA AyGnukatr obbeKTa, OTpaXkarouiui
€ro TeKyilee, a He NMepBOHAYAIbHOE COCTOSIHHUE.

[To 3aBepiieHuu paboTbl PYHKUMH KOMusl 0GBEKTAa BHIXOAUT U3 06/1acTU BUAMMOCTH,
MO3TOMY 6bi3bisaemcs ero nectpyktop. Bor noyemy B mpenblaylleit mporpamme nect-
pPYKTOp BbI3biBancst aBaxuabl. CHayala OH BbI3bIBaeTcd, Koraa mapaMmerp GyHKUuM £ ()
BHIXOIUT M3 cBOell 00nacTH BMAMMOCTH, a 3aT€M — KOrma fpH 3aBepliieHuu paboThl
nporpaMmbl YHUUYTOXaeTcsl 0OLEKT o.

IMonBeneM nroru. Eciv BosHKKaeT HeOGXOAMMOCTE CO3aTh KOMHIO OOBeKTa U MepefaTth
ee (PYHKUMH, OObIYHBIIT KOHCTPYKTOP He BBHI3RIBaeTCsl. BMecTO Hero BbI3bIBacTcsl aBTOMATH-
YEeCKHMH KOHCTPYKTOP KONMUPOBAaHUS, CO3AAloIMii MOGUTOBBIM nybnukar obbekta. OgHAaKO
NPy YHUYTOXEHUM KOMUM OObeKTa (KaK MpaBWIO, B MOMEHT BO3BpalueHUsi U3 (DYHKIIMH)
BBI3BIBAETCS €0 AECTPYKTOP.

[TockonbKy aBTOMaTHdeCKMii KOHCTPYKTOP KOMMPOBAHMSI CO3NAET TOYHYIO KOIMHUIO OpH-
IrMHana, OH MOXeT CcTaTh MCTOYHMKOM Mpobnem. axe ecny obGbekT nepenaercst pyHKIMH
10 3HAYEHHUIO, YTO TEOPETUYECKU MO3BONSET 3ALUMTHTE aPFYMEHT OT U3MEHEHMs!, BO3MOXHDL
no6ouHsle a¢dektsl. Hanpumep, eciu obbekr, nepenaBaeMblif Kak mnapamerp, BblIENsieT
JIUHAMUYECKYIO MaMsTh B MOMEHT CBOETO CO34aHMS U OCBODOXHAeT ee MPHU CBOEM YHHYTO-
JEHUH, ero NOoKajlbHash Konust BHYTpH (pyHKuuu GyeT ocBobGoXaaTh Ty Xe caMylo obnactb
NnaMsiTH MPH BbI30Be JeCTPYKTOpa. DTO MpHBeneT K MOBpeXAeHWIO opuruHana. [nst toro
4yto0Bl NPEeNOTBPaTHTh NOSIBJIEHHE TAKUX MpobneM, B Kiacce HEOOXOOAUMO SIBHO OMNpenciuTh
KOHCTPYKTOp KonupoBaHUst (cM. maBy 14).

_ BosspalleHne 00beKToB

DyHKLMST MOXeET BO3BpallaTh OObeKT Bbi3blBalolieMy Moaymo. B kayectse npumepa
MpoaHATM3UPYEM CJICAYIOIUYIO MPOrpaMMy.

// BospBpaumeHne ob6beKTOB U3 QYHKUMM.
#include <iostream>
using namespace std;

class myclass {

int i;
public:
void set_i(int n) { i=n; }
int get_i() { return i; }
}:
myclass f£(); // BosBpaueHue oBreKTa KJjlacca myclass.

int main()

{
myclass o;
o= f();

cout << o.get_i() << "\n";

return 0;

}

myclass f£()
{

myclass X;
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x.set_i(1l);
return Xx;

}

I1pu Bo3BpauleHUH U3 (DYHKIIMM aBTOMATUYECKU CO3MAETCsl BPEMEHHbIH 06BbeKT, B KOTO-
pPOM XpaHUTCsl Bo3BpaiaeMoe 3HaueHHe. IMeHHOo 3ToT 06BeKT Ha caMOM [liefie BO3BpalllaeT-
csl B BbI3bIBatolumii Monynb. [locne BO3BpallleHUST 3TOT OGBEKT YHUUTOXAETCS. DTO MOXET
npYBecTy K HemnpenckadyeMpiM mociencteusiMm. Hanpumep, ecnu mecTpykTop BO3Bpalilae-
Moro obbekTa HoNXeH ocBoOOXIaTh NMHAMMYECKYIO MaMsTh, OHa Oyner ocBoGoXmaThbesl,
Jlaxe ecnu 0ObeKT, KOTOPOMY MPUCBaMBAeTCsl BO3BpallaeMoe 3HayeHue, Mo-IMpexHeMy CChl-
naetcst Ha Hee. M36exaTh 3TOr0 MOXHO € MOMOIUBIO [lepPerpy3Ky onepaTopa NMpUCBauBaHUs
(cM. rnaBy 15) u onpeneneHusi KOHCTPYKTOpa KONMUPOBaHUs (CM. rnasy 14).

L] MpuceaneaHne 00bLEKTOB

Ecay 06beKTbl MMEIOT OIMHAKOBBIH THIT, MX MOXHO MpUcBauBaTh ApYr apyry. I1pu aTom
JIaHHBIe, colepxaiuuecsi B 0OGbeKTe, CTOSLIEM B MpaBoii YacTH onepaTopa NMPUCBAMBAHMSI,
NMPUCBAUBAIOTCH MepeMeHHBIM-WIeHaM OOBEKTa, CTOsSIIEro B JIeBOM yactu. [lpowsoctpu-
pyeM 3TOT MEXaHM3M C MOMOLLLIO CEAYIOL el MPOrpaMMBl, BLIBOASAILEH HAa 3KpaH YUCIO0 99.

// llpucBamBaHue ODOBEKTOB.
#include <iostream>
using namespace std;

class myclass {
int i;

public:
void set_i(int n) { i=n; }
int get_i() { return i; }

};
int main{()
{ myclass obl, ob2;
obl.set_i(99);
ob2 = obl:; // llpucBavpBaHMe IaHHEX OBBekTa Obl obmexkTy Ob2.
cout << "370 nepemeHHas i1 u3 obbekTa i: " << ob2.get_i();
, return 0;

ITo yMonyaHuIo Bce NaHHBIE U3 OAHOIo 0OBeKTa MPUCBAMBAIOTCSI COOTBETCTBYIOILMM Ie-
peMeHHBIM Jpyroro obbekTa ¢ MOMOLUBIO MOOMTOBOro KomupoBaHusi. OOHAKO orepaTop
NMPUCBAUBAHUSI MOXHO MEPErpy3UTh M OINpPeNeNvTh Opyryio npoueaypy (cMm. rnasy 15).
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B MEPBOi YaCTU KHMIM Mbl yXe U3YYIIM YKa3aTelM M MACCMBBI, a TAKXe UX NMpUMeHe-
HME KO BCTPOEHHBIM THNAM JaHHBIX. Ternepp pacCMOTPMM MX B3aMMONEMCTBHE C OGB-
extaMu. Kpome Toro, obcynum HOBOE TMOHSITHE — CCbiAKU, TECHO CBSI3aHHbiE C yKasaTtensi-
MH. B 3aBepuietive 03HAKOMHMCSI C OMEPATOPaMM AMHAMUYECKOIO pacrpeesieH!s MaMsiTH.

MaccuBbl 00beKToB

B sispike C++ MaccuBBl MOTYT cOCTOSTh U3 00BekTOB. C CHHTAaKCHYECKOM TOUYKU 3pe-
Husl OOBsiBIcHMe MaccuBa OGBEKTOB HMYEM HE OTIMYaeTcsl OT OOBSIBJICHWsI MAaccHBa
BCTPOEHHOTO TMNa. BOT Kak BHIMMSIAMT MporpaMma, B KOTOPOM HMCMONB3yeTcst MacCHUB, CO-
CTOSILIIMIA M3 TpeX 3/1eMEeHTOB.

#include <iostream>
using namespace std;

class cl {
int i;
public:
void set_i(int j) { i=3j; }
int get_i() { return i; }
};

int main()

{
cl obl[31};
int i;

for(i=0; i<3; i++) obl[i].set_i(i+l);

for(i=0; 1<3; i++)
cout << ob[i].get_i() << "\n";

return 0;

3Ta nporpaMma BRIBOAMT Ha 3KpaH 4ucna 1, 2 U 3.

Ecnu B Knacce onpeneneH KOHCTPYKTOP € mMapaMeTpaMM, Kaxiblli O6BeKT B MaccuBe
UHHUUMATU3IUPYETCS € MOMOLLBIO CMTMCKAa MHUUHAIM3aLUH, KaK 3TO INPUHSATO IS MACCUBOB
moboro Tuna. OaHaKo TOYHBIA BUJ CMIMCKA MHULIMAIM3ALMK 3aBUCHT OT KOJIUYECTBA Mapa-
METPOB KOHCTpYKTOpa. ECNM KOHCTPYKTOp MMeEeT NUILb OAWH MapaMeTp, MOXHO MpocTo 3a-
aTh CMMCOK HAYIbHBIX 3HAYECHWM, KUCMONb3ysl OOBIYHBIE CMHTAKCHYECKHE KOHCTPYKLIMH,
npeaHasHayeHHble 1T MHULMATU3aUMK MaccHBOB. [lo Mepe co3gaHMsi aNeMeHTOB MacCHBa
3TH 3HaYeHUs! MooyepenHO MPUCBAUBAIOTCS MapaMeTpy KOHCTpykKTopa. BoT kak BbIrnsaumt
cllerka U3MEHEeHHasl BepcHsl Mpenbuiyllei IporpaMMBl.

#include <iostream>
using namespace std;

class cl {
int i;

public:
cl(int j) { i=j; } // KoncTpykrop
int get_i() { return i; }

}:
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int main{()

{
cl obl[3] = {1, 2, 3}; // Cnucok mHMUMANIM3ALMU
int i;
for(i=0; i<3; i++)
cout << ob[i]l.get_i() << "\n";
return 0;
}

Kak u npexne, 3Ta rporpammMa BbIBOAMT Ha 3KpaH yMcia 1, 2 ¥ 3.

DakTHyeckyd CMMCOK MHULMANH3AUMM, NMOKA3aHHBIA B 3TOM Nporpamme, sIBISIETCSl CO-
KpaieHHbIM BapUaHTOM Bonee cNOXHOK (HOpMBbI:

J cl obl3] = { c1(1), cl(2), c1(3) };

3nech KOHCTPYKTOP cl Bbi3biBaeTcsl sIBHO. Pasymeercst, KopotKasi ¢popMa MHHLIMATH3ALUK
HCIonb3yeTcst Yauie. B ocHOBe 310ro crnoco6a neXUT BO3MOXHOCTh ABTOMATHYECKOTO Tpe-
obpa3oBaHus TUMNA, €ClIM KOHCTPYKTOP UMEET TOJIbKO OAMH apryMeHT (cM. rnasy 12). Takum
06pa3oM, COKpalleHHYo ¢opMy MHULIMAIM3ALIMH MOXHO HCITONb30BaTh, TONBKO €CNM Mac-
CHUB COCTOMT U3 OBBLEKTOB, KOHCTPYKTOPBl KOTOPBIX MMEIOT AULilb ONWUH apryMeHT.

Ecnu KOHCTpYKTOp OGBbeKTa UMeeT HeCKONbKO ApryMEHTOB, ClleayeT MPUMEHSITh MOJHYIO
¢opMy MHMLMaNKU3aLMKU. PaccMOTpUM npuMep.

#include <iostream>
using namespace std;

class cl {

int h;
int i;
public:
cl(int j, int k) { h=j; i=k; } // KOHCTpPYKTOp C OBYMS NnapaMeTpamu
int get_i() {return i;}

int get_h() {return h;}
}i

int main()

{

cl ob[3] =

{
cl(1, 2), // Vmnmumanmsaums
cl(3, 4),
cl(5, 6)

}i

int i;

for(i=0; i<3; i++)
{
cout << obl[i].get_h();
Cout << n . Il;
cout << ob[i].get_i() << "\n";

}

return 0;

3nech KOHCTPYKTOp MaccuBa €l umeeT aBa apryMerra. ClienoBaTenbHo, ciefyeT mpuMe-
HATh He COKpallleHHYIO, 8 MOJHYI0 (OPMY MHULIMAIM3ALHUH
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WumumnannauposaHHble U HeMHULnann3npoBsaHHblie MaCcCUBbI

Ocobast cuTyalusi BO3HWKaeT, KOrAa HeoGXoauMo co31aTh KaK MHMLUMAIHM3UPOBAHHBIE,
TaK U HEMHULMATHM3UPOBaHHBIe MaccuBbl 06BeKTOB. PaccMOTpuM cnenylomumii Kiacc.

class cl {

int i;
public:
cl(int j) { i=j; } // KorcTpykTOp

int get_i() { return i; }
}:

3nechb B Knacce cl onpenesieH KOHCTPYKTOP C OOHUM IapaMeTpoM. DTO 3HAUYMT, YTO NIoBoi
MAacCHB TAKOTO TUNa AONXEH OBITh WHUUMAIM3WpOBaH. TakuM 00pa3oM, MaccHB HeENb3sl
OOBSIBUTE OOGBIYHBIM 06pa3oM.

l cl al[%]; // Oumbka, KOHCTPYKTOPY HeOOXOIMM CMNMCOK MHMUMANIM3AUUU

3T1oT oneparop He paboTaeT, MOCKOLKY MpeanonaraeTcst, YTo Kjaacc ¢l He MMeeT MapamMeTpoB,
TaK KakK B OOBSIBJIEHMHM MaccHBa He yKa3aH CIMCOK MHULManu3auuu. OnHako Kiacc el He Co-
JIEPXKUT KOHCTPYKTOPOB, He UMEIOLUMX NnapameTpoB. MTak, NocKoabKy NaHHOMY OOBSARIEHHUIO He
COOTBETCTBYET HU OMH KOHCTPYKTOpP, KOMITUASTOp BbUIacT coolleHue ob ommbke. YTobsl pe-
WKTb 3TY NpobneMy, HeOOX0IUMO TNeperpy3uTh KOHCTPYKTOP, 106aBUB BApHMAHT, HE MMEIOLLIMIA
NapaMeTpoB, KaK IOKa3aHo HMXe. Tenepb B MporpaMmme MOXHO o6bsIBUTL 06a BMaa MaccHBa.

class cl {
int i;

public:
cl() { i=0; } // BusuBaeTCcs IONf8 HEMHUMUMAJIM3MPOBAHHEIX MACCUBOB
cl(int j) { i=3j; } // BusbBaeTCsA ONSA MHUALMATIMSMPOBAHHEIX MACCUBOB
int get_i() { return i; }

};

B TakoM BapuaHTe MpOrpaMMbl IOMYCKAIOTCH ClleAYIOlIME ONePaTOPh.

cl ai[3] = {3, 5, 6}; // VruuranusMpOBAHHEI1 MAaCCUB

cl a2[34]; // HemHuMUManM3MPOBaHHEIT MACCUB

| YKa3zatenu Ha 00beKThl

Ykazatenu MOIYT cChlIaThCsl HE TONBKO HA MeEpeMeHHBbIE BCTPOEHHBIX TMIOB, HO M Ha
o6bekTH. [Ing noctyna K YneHaM Kjacca yepe3 ykasaTesb Ha OGBEKT MCIONb3yeTcsl orepa-
Top “->", a He “.”. [[ponnnocTpupyeM 3TO € NMOMOLLLIO CNENYIOLIENA MPOrPaMMbI.

#include <iostream>
using namespace std;

class cl {
int i;
public:
cl{int j) { i=j; }
int get_i() { return i; }

};
int main{()

{
cl ob(88), *p;
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p = &ob; // TNonyuaeM anpec oOmekTa Ob.

cout << p->get_i(); // mnsa BH3cBa GyHKLUMM get_i()
// npuMeHseTCs onepaTop ->

return 0;

Kak u3BecTHO, MpH YBENMYEHUM YKasaTelid HAa €IMHMLY OH MepeMelllaeTcsd Ha clenyro-
LM 3neMeHT Toro Xe tuna. HampuMep, uenoumcneHHBI ykasarenb Oyner cchUlaThcd Ha
cnenyolllee 1enoe yuciao. Kak npasuno, anpecHas apudMeTrka 3aBUCUT OT TUIA yKa3aTens.
(HMHaye rosopsi, oHa 3aBUCHUT OT TUNA JaHHBIX, HA KOTOPHIM CCbUIAaeTCH yKa3saTelb.) ITO
fpaBWIO KacaeTcsd M yKasateneid Ha obwekThl. Hanpumep, creayiolias nporpaMma UCrolib-
3yeT yKasaTeJsb /Ul JOCTyra KO BCEM TPeM 3JIeMEHTaM MaccuBa ob

#include <iostream>
using namespace std;

class cl {
int i;
public:
cl() { i=0; }
cl{int j) { i=j; }
int get_i{() { return i; }

}i

int main()

{
cl ob(3] = {1, 2, 3};
cl *p;
int i;

p = ob; // YCTaHOBUTE yKas3aTeJlb Ha MNepBHl! 3JIEeMEeHT MaCCHBa.
for(i=0; i<3; i++)
{

cout << p->get_i() << "\n";

p++; // Ykaszsarenk Ha crnenywoumilt oOmekT.

}

return 0;

VkaszaTenio MOXHO NMPUCBOUTH afipec OTKPHITOrO WieHa oGbeKTa, a 3aTeM CChUlaThed
Ha 3TOT WieH ¢ ero nomoulblo. PaccMoTpuM cneayrollylo nporpaMMy, KOTopast BBIBOAMUT
Ha 3KpaH 4Yuclio 1.

#include <iostream>
using namespace std;

class cl | .
public:

int i;

cl(int j) { i=j; }
}i

int main()
{
cl ob(1l);
int *p;
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p = &b.i; // TlonyunTe anpec ujeHa oOb.1i.
cout << *p; // OCOpawmenue kK uYJeHy Ob.i uepes ykasaTens p

return 0;

}

[TockonbKy yxasaTenb p CChUIAETCS Ha 1leJI0e YUCIO, OH MUMeeT Tul int. B naHHoM cny-
yae He MMeET 3HAYEHMs, YTO MEPEMEHHAs i SBNsSeTCS WieHOM OObeKTa ob

1 Mposepka TUna ykasateneu

PaGoras ¢ yKa3arensaMHu, cneayet UMETh B BHAY. MNpUCBanMBaTh MOXHO JIMUL YKa3aTC/IU
COBMECTUMLIX THUIMOB.

int *pi;
float *pf;

Cnenyoluii onepatop HeBepeH.
I pi = pf; // Oumbka — HECOBMECTMMOCTHL TUIOB.

P. a3yMeEETCH, moﬁyxo HECOBMECTUMOCTb MOXHO TPEOAOJIETh, UCTONB3YS MNMPUBEACHUE THUITOB,
OJIHAKO 3TO Hapylla€T NMpUHUMIIbLL crporoﬁ NMpOBCPKH TUIOB.

_I Yka3zatens this

[Tpu BhI3oBe (yHKUMM-wIeHa €l HESIBHO repellaeTcsl yKa3ateNb Ha BBI3bIBAIOWMIT OOB-
€KT. DTOT yKa3aTellb Ha3blBaeTcsl this. PaccMoTpuM mporpamMmy, B KOTOPOiX OfIMCAH KJacc
pwr, NpedHa3Ha4YeHHDIH JUIS BBIYUCTIEHUS CTENEHU HEKOTOPOro Yucia

#include <iostream>
using namespace std;

class pwr {
double b; .
int e;
double val;
public:
pwr (double base, int exp):;
double get_pwr{) { return val; }
Y

pwr: :pwr (double base, int exp)
{
b = base;
e = exp;
val = 1;
if (exp==0) return;
for( ; exp>0; exp--) val = val * b;

}

int main()
{
pwr x{(4.0, 2), y(2.5, 1), z(5.7, 0);

cout << x.get_pwr() << " ";
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cout << y.get_pwr{) << " ";
cout << z.get_pwr{) << "\n";

return 0;

BuyTpy Knacca K GYHKUMM-WIEHY MOXHO OGpallaThCsl HANpsMYIO, He UCTIoNb3ys oOb-
€KTH M Ha3BaHue Kiacca. TakuM oBpa3oM, BHYTpH KOHCTPYKTOpa pwr () OMeparop

J b = base;

O3Ha4ya€T, 41O ﬂCpCMCHHOﬁ b, nprHaLIexauleil Bbi3bIBAIOLIEMY 061>e|<'ry, NMpUCcBanBacTCA
3Ha4Y€HHE 