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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
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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

Conepxanue 21



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.

26 Beepenne



[ lonHbi
CIIPABOYHKK TIO

CTh |

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.



[lomabIn '
CITPABOYHHK 10

I'nasa 1

00630p 913bika C



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.
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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.

Fnasa 2. Buipaxenus 47



#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-
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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.
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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:

nasa 3. Onepartopsl 83



| 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.
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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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