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BaHUs akyabTeTa MHGOPMATUKYU U TPUKJIAIHON MaTeMaTuku VHCTH-
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topctBe ¢ U. I'. 'Humenko);
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Mpeaucnosue

CoBpeMeHHOe OOIIECTBO SIBJISIETCS MH(GOPMAIIMOHHBIM, B HEM BCE
GoJIbIIIee YMCIIO JIOfIeN 3aHITO TOJIyYeHUuEeM, TIepepaboTKON U UCIIOIb-
30BaHMeM UHMOPMAIIUK ¢ TIPUMEHEHNEM KOMITbIOTEPHBIX TEXHOJIOTUIA.
KoMITbIOTEPBI KCITOB3YIOTCS TPAKTUIECKU BO BCEX 00JIACTSIX YeI0BeYe-
CKOW JIESITEJTHOCTHU: B TPO(ECCHOHIBHOM, yueOHOM, T0CYyTOBOM cdepax.

JlanbHeiinee pazpurrie HHGOPMAIIMOHHOTO 001iecTBa Tpedyer pas-
paboTKH OOJIBITOTO KOJTMYECTBA KAUeCTBEHHBIX TIPOTPAMMHBIX TIPOLYK-
TOB, 00ECTIEYNBAOIINX YIOBJIETBOPEHUE PACTYIIUX MOTPEOHOCTEN JTfo-
JIe.

B atux ycioBusix BecbMa aKTyaJbHBbIM CTAaHOBUTCSI OBJIajieHUE CO-
BPEMEHHBIMU TEXHOJOTUSAMHU TporpamMmMupoBanusd. McciaemnoBanus
B 00J1aCTH yTIpaBJIeHUsI TIEPCOHATOM TIOKa3bIBAIOT, 4TO TIPO(ECCHUST TTPO-
rpaMMucTa OyieT OHON U3 caMbIX BocTpeboBaHHBIX B X X1 B.

[lesnbio u 3amavamu yaebHOTO mMocobust «TexHomornust paspaboTKu
IPOTPAMMHOTO 00ECTIEUEHNUST> STBIISIETCS CUCTEMATHU3AIINS U YIOPSIoYe-
HU€e CBEJIEHUI O TEXHOJIOTUSIX Pa3pabOTKU COBPEMEHHDIX MTPOTPAMMHBIX
IPOAYKTOB. PaccmoTpenune TeopeTuyecKuX OCHOB ITPOrPaMMUPOBAHUS
COIPOBOKIAETCST OOJIBIIMM KOJUYECTBOM MPUMEPOB, WILIIOCTPUPYIO-
MIUX TIPUEMBI CO3/TaHUS TIPOTPAMM, a TaKyKe 3a[aHUSIMU JIJIsT CAMOCTOSI-
TEJIbHOTO BBITIOJTHEHNs], TTO3BOJISIIONUME C(HOPMUPOBATH y 00ydaro-
HIUXCS PAKTUYeCKre HaBbIKU ITPOrPaMMUPOBAHUSL.

YuebHoe 1mocobre COCTOUT U3 IBYX YaCTEH.

B nepBoii yactu, «MeTo/bl M 3TAlbl TEXHOJIOTUN TTPOTPAMMUPOBa-
HUS», U3YYAIOTCS ATAITbl DBOJIIOIUM TEXHOJIOIMHU ITPOIPAaMMUPOBAHNS,
OCHOBHBIE 3TAIIbl U MOJIEJIN JKU3HEHHOT'O 1IUKJIa ITPOrPaAaMMBbl, TIOCTAHOB-
Ka 3aJlayu U onpejiesieHue crenuduiaiuii, NpoeKTUPOBaHue U peasin-
3aI(isl TTPOTPaMMBbl, AaHATM3UPYIOTCS TUIIBI 1T0JIb30BATEIBCKUX WHTEP-
(eiicos.

Bo BTopoii yactu, «OCcHOBBI TPOrpaMMUPOBAHUS HA A3bIKE BbICOKO-
IO YPOBHSI», PacCMaTPUBAIOTCI OCHOBHbBIE AJTOPUTMUYECKHE KOHCT-
PYKIIMM M WX peaju3alus Ha S3bIKax BBICOKOTO ypoBHs Python
u C. PaccmarpuBaercst IpuMep TPOEKTUPOBAHUST W Pa3pabOTKH TIPO-
IPaMMHOIO IIPUJIOKeHud Ha ga3bike C, a TakKe BO3MOKHOCTU UHTerpa-
iun s136ik0B C 1 Python.



[IpuBenennbie mpuMepsl Ha A3biKe C peasM30BaHbI B cpejie pa3pa-
6otku Microsoft Visual Studio 2013 (monosHUTEIBHOE TECTHPOBAHIE
IIPOBOINJIOCH B KOMITUJISATOPE gece version 4.9.2 Debian 4.9.2-10). Ipu-
Mepbl Ha s13bike Python BeimosiHsiines B nntepperarope Python 3.6.

[Tocne kax01i TJIaBbl MPUBOAUTCA MEPeYeHb KOHTPOJIbHBIX BOIPO-
COB, TTO3BOJISIIONIUX OIEHUTH CTENEHb OBJAAeHUs yueOHBIM MaTepua-
JgoM. Bo BTOpoO#i yacTu, KpoMe KOHTPOJIbHBIX BOIPOCOB, TTPUBOJIUTCS
CIUCOK 3aJ[aHUIl TI0 TPOTPAMMUPOBAHUIO JIJISI CAMOCTOSITEIBHOTO BbI-
MOJTHEHUSI.

[Toco6ue peHasHAYEHO TSI CTYIEHTOB, 00YYAIOIIXCSI TI0 TIPOTPaM-
MaM CpefiHero TpodeccuoHaIbHOTO 00pa3oBaHms, a TaKKe IS BCEX,
MHTEPECYIONUXCS COBPEMEHHBIMU TEXHOJOTUSIMU ITPOTPAMMUPOBAHMSL.

B pesysbprarte nsydeHnnst MaTepragoB ocoOmst 00yJIaronuecst 0JK-
HBbI OCBOUTb:

mpyooevie delicmeus

* BJIa/leHIe HaBBIKaMU Pa3pabOTKHU aJITOPUTMOB PEIIEHUS 3a/1aY;

* HaBBIKAMU JIOKYMEHTHUPOBAHUS TIPOTPAMM;

* COBPEMEHHBIMHU TEXHOJOTUSIME Pa3pabOTKU MPOTPAMMHBIX TIPH-
JIOKEeHU;

Heo0x00uMbLe YMeHUs.

* BBIOMPATHh HEOOXOAUMBIE METO/bI IIPOTPAMMUPOBAHUS JIJIST PEIIie-
HUS TIOCTABJIECHHBIX 33/1a4;

* pa3pabaThIBaTh MPOrPAMMBbI METOJIOM CTPYKTYPHOTO IIPOTPAMMI-
pOBaHUS;

* paspabaTbiBaTh IIPOTPAMMbI METOAOM OOBEKTHO-OPUEHTHUPOBAH-
HOTO TIPOTPAMMUPOBAHNS;

Heoo0x00uMbvLle 3HAHUSL

* METOJIbl U ATAIbI TEXHOJOTUU ITPOTPAMMUPOBAHN;

* 0COGEHHOCTHU CTPYKTYPHOTO TIPOTPAMMUPOBAHIS;

* 0COOEHHOCTH 0OBEKTHO-OPHEHTHPOBAHHOTO ITPOTPAMMHUPOBAHMUSI.



Yactb 1

METO[bI 1 3TAIbI
TEXHOJIOIMK
NMPOrPAMMUPOBAHUA

B u. 1 u3yyaiorcs aBoJIOIMS TEXHOJOTMU ITPOTPAMMUPOBAHUS, KU3-
HEHHBI IUKJI ¥ 3TAIIbl TEXHOJIOTUU TPOTPAMMUPOBAHMS, CPE/Ibl pa3pa-
OOTKH IIPOrpaMM, MMOJIb30BaTEIbCKUI HHTEP(EITIC.

B pesysibraTe usyuenus paszesa 00ydaoniuecst 10 KHDL:

3namo

* COBpEMEHHbIE TIPEJICTABJIEHUSI O MeTO/laX M TEeXHOJOTUAX ITIPO-
IrpaMMUPOBaHUS;

* CTAHAAPTHI B 00JIaCTH Pa3pabOTKU W PeaTU3aIK TPOTPAMMHOTO
obecrieyeHn;

ymemo

* TPAMOTHO OPUEHTUPOBATHCS B CYIIECTBYIOMIMX TEXHOJIOTUSIX TTPO-
rpaMMUPOBaHN;

* IPUMEHSTH TEOPETUYECKNE 3HAHNUS B 00IaCTH KU3HEHHOTO IIKJIa
K OpTaHU3aI[iu ¥ Pa3paboOTKe MPOrPAMMHOTO 00eCTIeYeH S;

e1ademv

* HaBBIKAMU OIIEHKM KauyecTBa pa3pabOTaHHBIX aJTOPUTMOB U IPO-
rpaMm;

* HaBBIKAMU BBIOOpPA OCHOBHBIX KOMIIOHEHTOB MHTepdetica s pe-
aJIM3alnuy JIMajiora ¢ 1moJib30BaTesIeM.






maBa 1
JBONIOUUA TEXHOJNOr M NPOrPAMMUPOBAHIUA

B pesysbrare usydenus rir. 1 o6ydaronecst J0JKHBI:

3namo

* WCTOPHIO, JIOTUKY U TEHEHIIMN Pa3BUTUsI TEXHOJIOIHI IIPOTPaMMUPOBa-
HUS,

* COBPEMEHHbIE IPEICTABIECHUS O METOAX U TEXHOJOTHUSX IIPOrPAMMUIPO-
BaHUS,

ymemo

 uaeHTUUIUPOBATH U KAacCU(PUIMPOBATH METObI IPOrPAMMUPOBAHUSI;

* IPaMOTHO OPUEHTHPOBATHCS B CYIIECTBYIONUX TEXHOJIOIMAX IIPOTPaM-
MUPOBaHUS;

eslademo

* HaBbIKaMU PabOTHI ¢ Y4eOHOI U HAYYHOH JINTEPATYPOIl O METOaX U TEX-
HOJIOTHUSIX TIPOTPAMMUPOBAHMNS,

o crenrUKOol IIPUMEHEHNS PA3IMYHBbIX METOL0B IIPOrPAMMUPOBAHUS JIJIS1
pelieHrs KOHKPETHbBIX 3a/[ay.

1.1. HecTpykTypupoBaHHoe nporpaMmMupoBaHue

* TexHoJornei NporpaMMIUPOBaHUSA Ha3bIBAETCSI COBOKYITHOCTb METO-
JIOB ¥ CPEJICTB, UCITOJIb3YEMBIX B TIpoIlecce pa3paboTKU TIPOTpaMM-
Horo obecriedenus (I10).

Kak ji06ast TeXHOJIOTHsI, TEXHOJOIHMS IIPOrPAMMUPOBAHUS IIPE]I-
cTaBjsieT coboil TOC/Ie0BATEIbHOCTh TEXHOJOTHYECKUX OIePaIHii
(aTamoB NMporpaMMUPOBaHU ) € OTIUCAHUEM olepaluil (MCXOaHbIe TaH-
HbIe U Pe3yJIbTaThl) U YCJOBUSIMU UX BBITIOJTHEHNUS.

[lo cepenunnl 1960-x IT. TpenMyIieCTBEHHO UCTIOJIH30BAIACh HECH -
PYKMYypuposannas, <«CTUXUMHAsS» TEXHOJOTUS MPOrPaMMHUPOBAHUS.
CrpyKTypa MepBhIX IMPOCTEUIINX ITPOTPAMM COCTOsIa COOCTBEHHO U3
MpOrpaMMbl, HATUCAHHOUN Ha MAIIMHHOM S3bIKe (B IBOMYHBIX WU IITe-
CTHAJI[aTEPUYHBIX KOAX) U 00pabaThiBaeMbIX €10 JaHHbIX.
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[TostBeHME MawUHHO-OpUEHMUPOBAHHBIY A3b1K08 (acceMOIepoB)
MTO3BOJINJIO TIPOTPAMMUCTAM BMECTO KOJ/IOB MCITOJIb30BaTh MHEMOHIYE-
cKre 0003HAYEHMST KOMOB OIepalliii 1 CUMBOJINYECKIE UMEHA TaHHbIX.
[TporpaMMBbI cTaTu «4UTAEMBIMUY.

[Tossnenue s3vik06 npozpammuposanusi 8vicokozo yposus (FORTRAN,
ALGOL) no3Bosinio CHU3UTh YPOBEHD JleTaju3aluu omnepaiuii. bosib-
UM JIOCTUKEHUEM 3TUX SI3bIKOB CTajla BO3MOKHOCTD UCIIOJIb30BaHUS
TOAPOrpaMM. BbII co3anbl 60JIbIe OMOTMOTEKN PAa3JINIHbBIX TTO/-
nporpamm. Terepb CTPYKTypa MPOrPaMMbl COCTOSIIA U3 OCHOBHOM TTPO-
rpaMMbI, 00/1acTH T/I00aIbHBIX JaHHBIX U Habopa moamporpaMm. Hezmo-
CTAaTOK TaKOW CTPYKTYPbl — BO3pacTaHWe BEPOSITHOCTH HMCKaKEHUS
qacTU TJ00AIbHBIX JaHHBIX KAKON-I100 MOAIIPOrpaMMOIl TIPU YBeEJIN-
4eHUM KOJMYECTBa MoAIporpamm. st cOKpallleHusl TaKuxX OMIMOOK
OBLIO MPEJIOKEHO Pa3MellaTh B MOAIIPOrpaMMax JIOKaJIbHbIE JaHHBIE.
ITosgBuIach BO3MOKHOCTD COBMECTHOI paspaborku I1O HecKOIbKUMU
IPOTPAMMUCTAMU.

B 1960-x rr. ipu paspaborke cirokuoro [1O (Hampumep, omepaiinoH-
HBIX CHCTEM ) CTAIU CPBIBATHCSI CPOKH Pa3pabOTKu mporpamm. Paspasmii-
Cs1 «<KpU3UC ITPOrpaMMUPOBaHusT». [ [prunHa — HeCOBEPITIEHCTBO HECTPYK-
TYPUPOBAHHOTO, «CTUXUHHOTO» MporpaMMupoBanusi. Vcmosb3oBasics
METOJI ITPOrPaMMUPOBAHUSI «CHU3Y — BBEPX», T.€. CHavyasia pa3padaThl-
BAJIMChH TPOCTHIE MOAIPOTPAMMBI, a 3aTeM CTPOMJIACh CJOKHAs IPO-
rpamMma myTeM ux c6opku. IIpu cbopke mporpaMMbl MOSIBJISLIOCH OOJIb-
moe KOJIMYECTBO OINIMOOK COrJIacoBaHUsS, a IMPU WX HMCIIPABICHUN
TOSIBJISLIIMCH HOBBIE OOk, [Ipoitece TecTUpOBaHMS ¥ OTJIAKK 3aHMU-
mas 80% Bpemenn paspadorku I10.

CtouMoCTb anmapaTHBIX CPEJICTB CHUKAJIACh,  CTOMMOCTb pa3pa-
6otkn 11O Bce Bpemst pocsia M3-3a TOTO, YTO CO3/ABAINCH Bce Oouree
MOIITHBIE U CJIOKHBIE TTPUKJIAIHbIE TTPOTPAMMBbI TIPU OTCTAaBAHUU TEXHO-
JIOTHH WX Pa3spabOTK.

Bbio pazpaboTaHo MHOTO SI3BIKOB, HO JIMIIb HEKOTOPbIE U3 HUX I10-
ayanin Toraa mupokoe npumenenne (FORTRAN, ALGOL, COBOL).
ITpomoEKaOMIiCS POCT CTOMMOCTH OOJIBIINX ITPOTPAMMHBIX ITPOAYK-
ToB B 1960-X IT. 1 UX HEHAAEKHOCTH IIPUBEIN K OOJBITNM HCCIEI0Ba-
TEJIbCKUM PaboTaM B 00JTACTH CO3aHMsI TEXHOJIOTHI IIPOrpaMMIPOBa-
HUS.

1.2. lpouenypHoe 1 MOAYNbHOE NPOrpaMMUpoBaHue

B pesynprate umcciemoBarebckux pador 1960—1970-x rr. ObLia
paspaboTaHa TEXHOJOTHUS npouedyprozo (WU CmpyKmypHozo, MOOYib-
H020) TIPOTPAMMMPOBAHMS, BHECIIAS SICHOCTh B HAaIlMCAHUE TTPOTPaMM,
IIPOCTOTY TECTUPOBAHUA U OTIAJIKU, JIeTKOCTb Mojudukaiuu. I1o cpas-
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HEHUTO CO CTUXUIHBIM IMPOTPAMMIPOBAHNEM TEXHOJOTHUS MTPOIIELy PHO-
rO MIPOTPAMMUPOBAHUS — ITO JUCHUTLTUHUPOBAHHBIN TIOJIXO] K HAIIU-
canuto nmporpamm. [IpoiierypHoe mporpaMmmMupoBaHrie OCHOBAHO Ha MO-
JleJIi TIOCTPOEHUs TTPOTPaMMbl KaK MepapXuu TPOIefyp, YTO U JaJIo
Ha3BaHWe JJAaHHOW TeXHOJIOTHH.

[l uyuenud rpoiierypHoro nmporpammupoBanus B 1971 r. H. Bup-
TOM OBLJI CO3/IaH SI3bIK MporpammupoBanns Pascal, Hamemmmii 60J1b-
noe rnpuMeHenue B yHupepcurterax. Ha nporssxennu 1970-x rr. co3na-
BaJjicst s13bik C Ha 6aze KOHIIEIIUH TPEAIIECTBYIONNX IBYX S3bIKOB —
BCPL u B, paspaboTaHHBIX JJIsT HalMMCAHUsI KOMITAJISITOPOB M OTlepa-
MUOHHBIX cucTteM. SA3pik C MOMYyYUs MUPOKYIO TONYJISIPHOCTh B pe-
3yJIbTaTe€ €ro MCIOJIb30BaHUS B pa3pabOTKe OTeparimoOHHON CHUCTEMBI
UNIX. B konme 1970-x rr. 6b1 co3maH <«Kjaaccuyeckuii» s13bik C
b. Kepuurana u /. Putun. Ha atom si3bike ObLIM HarmicaHbl (hakTHIEC-
KU BCE HOBBIE OTIEPAIIMOHHBIE CUCTEMBI M CUCTEMHBIE ITPOTPAMMHbBIE
MIPOTYKTHI.

TexHosoruss MpoOIEAYPHOTO MPOTPAMMHUPOBAHUS OCHOBaHA Ha MC-
MOJTh30BAHUU CJIEAYIONNX METOI0B (MIPUEMOB) TPOTPAMMUPOBAHUS:

1) meTox dekomnosuyuu (HUCXOISIIETO TIPOEKTUPOBAHNS ), T.€. Pa3-
JleJIeHre TTPOrpaMMbl Ha TIPOIIEAYPhI MIPOCTENIIEeN CTPYKTYPhI U IIPe/i-
CTaBJIeHUE TIPOTPAMMBbI B BUJI€ UePAPXUU TTPOIIELYD;

2) MeTOx MOOYILHOU Opzanusayuu, T.e. TPYIIUPOBKA IPOIELYP
1 00pabaThIBa€MBIX UMU JAHHBIX B MOYJIN, KOTOPbIE TIPOTPAMMUPYIOT-
cd U KOMIIMJIUPYIOTCS OTAesibHO. [IpenmyIiecTBa JaHHOTO MeTo/la 3a-
KJIIOYAIOTCsI B TTapasijie/lbHOi paboTe TPOrpaMMECTOB, YIA0OCTBE TIPOo-
rpaMMHUPOBAHUSI, BO3MOKHOCTHU CO3/[aHUsT OMOINOTEK;

3) METOJ CMmpYKmMypHOzo NPOZPAMMUPOBAHUS NPOUedyp, KOTOPHIit
3aKJII0YAETCS B CJIEYIOIIEM:

* paszesieHne TPOIeyp Ha BIOKEHHbIE OJIOKHU, UTO TTO3BOJISIET JIO-
KaJ130BaTh MEePEMEHHbIE U OTEePaToOpPbl UX 0OPabOTKM, CTPYKTYPHPO-
BaTh MPOIEAYPY;

* HCII0JIb30BAHKE OTIEPATOPOB BETBJIEHUS U IIUKJIOB, OCYIIEeCTBIISIO-
MIUX TIepeiavy YIpaBJIeHus TOJIbKO CBePXYy — BHU3, UTO IIPUBOJIUT K SIC-
HOCTH aJITOPUTMa, K 0OJIETIEHUIO TTPOTPAMMHUPOBAHKS U COTTPOBOJK/IE-
HUST TIPOTPAMM; OIIEPaTOPbl OE3yCJIOBHOI Mepeadn yipaBieHus goto
HCII0JIb30BaTh HE PEKOMEH/IYeTCs;

* ¢hopMaTUpOBaHUE TEKCTA MPOIEAYPHI, T.€. UCIIOJIH30BAHNE OTCTY-
TIOB JIJIST OTOOpaKEHUST BJIOKEHHOCTH OJIOKOB, TIpUMeEHEHNE UaeHTUuhU-
KaTOPOB, HECYIITUX CMBICJI, U UCIIOJb30BaHE KOMMEHTAPUEB, UTO MTPHU-
BOJUT K TIOBBIIIEHUIO YUTAEMOCTH TMPOrPpaMM U K OOJIETYEHUIO WX
COTIPOBOXKICHUS.

HawnboJee n3BeCTHBIMY MPOIELYPHBIME SI3bIKAMU TIPOTPAMMUPOBa-
ung gasagorca PL1, ALGOL-68, Pascal, C, C++.
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1.3. 06beKTHO-OPUEHTUPOBAHHOE NPOrpaMmmMUpOBaHMe

[Tpumenenne MHGOPMAITMOHHBIX CUCTEM B 9KOHOMUKE U yIpaBJe-
HUW TIPUBEJIO K TOSBJIEHUIO OOIBIIMX 10 06beMy mporpamm. O6acth
[IPUMEHEHHUST ITPOrPAMMHOTI0O 00€eCIeueHusT MMOCTOSTHHO PaCIINpPIIach,
IIPOIleCChl yIpaBJieHusd, Mojie;Kalliie aBTOMATU3alluu, YCIOKHSINCE.
CTpyKTYpHBI TIOJIXO/T K TPOTPAMMUPOBAHUIO HE TTO3BOJISA aJeKBAaTHO
MOJIEJIMPOBATD CJIOKHYIO ITPeAMETHYIO 061acTh. IIpobiema clIoKHOCTH
IPOTrPaMMHOT0 06eCIIeueHusT Pelagach myTeM APOOIeHIS TIPOTrPaMMbI
Ha OT/EeJIbHBIE TIPOIEYPhl U YMEHBIIECHUS UX pasMepa s yao0cTBa
paboTHI 1 TIOBBIIIEHNS YUTaOEIBHOCTH TIporpaMMbl. ITpu TakoM mo/xo-
jie TPYJIHO OIHUCATh PeajbHble OOBEKTHI IPEAMETHOI 00IaCTH BO BCEM
X MHOTOOOPA3nH, X TOBeIEHIE U B3aUMOCBSI3U MEKITY HUMHU.

Bce BhImeckazaHHOe TPUBEIO K IOSIBJEHUI0 HOBOTO, 00BEKTHO-
OPUEHTHPOBAHHOTIO, 110/1x0/1a K TporpaMmmupoBanuio (OOII).

B nauame 1980-x rr. b. Crpaycrpyn paspaboran sizbik C++, cras-
ITUI TIEPBBIM ITPOMBITIJIEHHO UCTIOJBb3yEMBIM SI3BIKOM, UCITOJIb3YIONAM
00bEKTHO-OPUEHTUPOBAHHBIN TOAXO0AA K TIPOTPAMMUPOBAHUIO. S13BIK
C++ 6p11 IocTpoeH Ha Oase AByX s13bikoB — C 1 Simula 67, g3b1ka 1mpo-
IPaMMHOTO MOJIe/IMPOBaHust, pazpaborartoro B Esporne. K sromy MomeH-
Ty UMEJINCh U APyrre 00beKTHO-OPUEHTUPOBAHHBIE SI3BIKHU, Hanboee
M3BECTHBIM 13 KoTOpbixX Obl1 Smalltalk, saBisroniuiicst urcThiM 06BEKT-
HO-OPUEHTUPOBAHHBIM 43bIKOM. O/THAKO HU OJINH M3 HUX He Halles Ta-
KOTO IIUPOKOTO IpuMeHeHust, kKak C++.

B 1991 r. saunepnanackum mporpammuctom ['Buso Ban Poccymom
ObLT pa3paboTaH sI3bIK IporpaMMupoBaHus Python, Bkirouaromiuii B ce-
Os1 Kak MpOIeAyPHbIE, TaK ¥ 00bEKTHO-OPUEHTUPOBAHHBIE BO3MOKHO-
CTH.

B 1995 r. pupmoii Sun Microsystems ObLT pazpaboTaH Ha OCHOBE
a3bIK0B C 1 C++ HOBBIH SA3bIK Java, NCTI0JIb3yeMbIi /1JIs1 CO3/IJaHUST WH-
TepakTUBHBIX Web-cTpanuir u B pa3paboTKe IPUIOKEHUI Ha Oase
Internet n Intranet, a Takxxe a1 peamusamnuu [1O ycTpoiicTs, B3aumo-
peiicTByONUX 10 ceTh. OOBEKTHBIN MOAXO0/ K TPOrPaMMUPOBAHUIO HC-
10JIb30BaH B HOBBIX BEPCHUSX SIBBIKOB Iporpammuposanust Pascal, C++,
Modula, Java.

Kiouesbim nousituem OOIT saBiisieTcst moHsTIE 00BEKTA.

OODBEKTHI SBJISAIOTCS TIPOTPAMMHBIMI KOMIIOHEHTAMU, MOJIETPYIO-
MU 9JIEMEHTBI pearbHOro Mupa. Kaskprii 00beKT XapaKTepu3yeTcs
CBOMM cocTostHrEeM u TioBesieHreM. CocTosinne 00beKTa OIPEIeIsieTCst
COBOKYITHOCTBIO €r0 CBOMCTB (aTpUOYTOB) M MX TEKYIIMMK 3HAYCHMUSI-
mu. [ToBezieHne onpeaessieT B3anMOoIelicTBre 00beKTa ¢ APYTUMU 00'b-
eKTaMU: TO, KaK OH BO3JEICTBYET Ha ApPyrre OOBEKThI, U KaK APYTHe
00BEKTHI BO3/eCTBYIOT Ha Hero. [loBenerre 06beKTa OOBIYHO MTPUBO-
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JIUT K M3MEHEHWIO COCTOSTHUSI €T0 W JIPYTMX OODBEKTOB: M3MEHSIIOTCS
3HAUEHUS UX CBOICTB. /]eiiCTBHSI, KOTOPBIE MOTYT BBIIOJHITHCS 00BEK-
TOM, Ha3bIBAIOTCSI METO[AMU.

OpHoTHIIHBIE 0OBEKTHI 0OBEAMHAIOTCS B Kiacchl. Kiace — aTo co-
BOKYITHOCTH 0OETOB, UMEIOIINX OJMHAKOBBIE CBONCTBA 1 METO/IBI.

Ocnosbimu npuniunamu OOII geasiroTcs:

Abcmparyus dannvlx TO3BOJISIET BBIAEJNUTD CYIIECTBEHHBIE MTPH-
3HAKU OOBEKTa, OTJAUYAIONINE €r0 OT APYIHX OOBEKTOB. AOCTpaKI[Us
JIOJIKHA OXBAThIBATH IIOBeIeHNE 0OBEKTa, OT/EISIS CYIIeCTBEHHBIE OCO-
OGEHHOCTH TTOBEICHIS C TOUKHU 3PEHMST PEIIaeMOil 3a1a4i OT HECYIIEeCT-
BEHHBIX.

Huxancyasyus o3navaet, 4T0 KaxkKAblil OOBEKT MOJHOCTHIO OIUCHI-
BaeTCcsl COBOKYITHOCTBIO CBOMX CBOWMCTB M MeTOAOB. VHKarCysiimst
MI03BOJISIET CKPBITh BHYTPEHHIOIO OPraHM3annio 0ObeKTa, He BJIUSIO-
IIYIO Ha €ro BHeIIHee rmoBegeHne. Takum 06pa3oM, MHKAIICYJISIIHS [103-
BOJISIET B MaKCHMAaJIbHO# CTENEeHW M30JUPOBATh OOBEKT OT BHEIIHETO
okpyskenns. OcHoBHoul exmunilen nukancyasiunu B OOII aBisgercs
kiacc. Kirace onmchiBaet qaHHble, OTPEIEISIIONINE COCTOSTHIE 0OBEKTa,
u (PYHKIINM, OIpeIesAolie HmoBegeHne obbekTa. HKamCymsiums
obecrieunBaeT COKPBITHE DJIEMEHTOB-IaHHBIX W JIEMEHTOB-(DYHKITHII
(B KJTacce ¢ ympaBJieHUEM JIOCTYIIOM K HUM).

VIHKaICyIsMs YIPOIIaeT CO3[aHre U COIMPOBOKICHUE OOJIBIINX
IPOrpaMM, TaK KaK MHKAIICYJINPOBaHHbIe B 00beKTe QYHKINN OOMEHN-
BAlOTCS C IIPOTPAMMOIl CPaBHUTEIHHO HEOOJbLIIMMU O0ObeMaMU JaH-
HBIX. B pesysbraTe 3amena nin MoauduKaims IaHHbIX 1 METO/[0B, NH-
KalCyJUpPOBaHHBIX B OOBEKT, KaK IPaBUJIO, HE BJeYeT 3a COOOi
cyliecTBeHHOU MoauduKainm Bceil mporpaMmbl B 11es1oM. Kpome Toro,
MHKAIICYJISIUs JaeT BO3MOKHOCTb OIpeesieHus] MPaBUI AOCTyIIa
K ajieMeHTaM o0beKTa Kjacca. ATpuOyTBI JOCTyIa private, protected,
public 0ObABIAIOT 2JIEMEHTHI KJIacCa COOTBETCTBEHHO 3aKPBITHIMU, 3a-
HIUIIEHHBIMU U OTKPBITBIMHU JIJIST IOCTYTIA.

Hacaeooeanue 1103B0Js1€T CO3/1aBaTh HOBBIE KJIACCHI HA OCHOBE CY-
mecTByoMMX. [Ipr 9TOM MPOM3BOAHBIN KJacC HACAELyeT TaHHbIE
u GyHKIMKI 6a30BOro Kjiaacca. Kpome Toro, mponusBOIHBINA KJIACC MOKET
I00ABJISITH HOBBIE JaHHBIE, a TaKyKe JAOIMOJHSITh WK MOANMPHUITPOBATh
dbynkmmm 6azoBoro kiacca. [Ipunaiun nacienoBanust npumaer OOII
3HAYMTEIbHYIO THOKOCTD. [Ipu pabore ¢ o6bekTaMy 0OBIYHO TOAOMpPa-
eTcst 00beKT, Hanbosee OJM3KWIT TI0 CBOMM CBOMCTBAM JJIsSI PEIIEHUSI
KOHKPETHON 3a7laui, U Ha €r0 OCHOBE CO3/IA0TCsI MOTOMKH, 00J1a1ao-
1K€ JOTIOJHUTETbHBIMU CBOMCTBAMU ¥ METOIAMYL.

Hoaumoppusm o3HavaeT CIIOCOOHOCTh OOBEKTOB (IK3EMILISIPOB)
KJIACCOB, CBSI3AHHBIX HACJIEOBAHUEM, PearupoBaTh PasJIUndHBIM 00Opa-
30M Ha OJ{HO U TO ke coodIenne (BbI30B (DYHKIMK KJIacca).
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PaznnyaioT HeCKOJbKO BUIOB MOJUMOPhU3MA:

e 00mmumit moauMopdusM (Ieperpyska omnepaiuii, mpeodpasoBaHie
TUTIOB, Tleperpy3ka (GyHKIINN );

* YUCTHIH mosMMOpdu3M (BUPTyanbHble (DYHKINH, aOCTPaKTHbIE
KJIacChl);

* MapaMeTPUIeCKUi TOTUMOPDU3M.

llepezpyska onepayuii — 310 NiepeoripeiesieHre JeCTBUIA OTlepalnuii
IPUMEHUTETHHO K 00bEKTaM KOHKPETHBIX KaccoB. IIpeobpasoBanie
TUIIOB JIAHHBIX TP COBMECTHOM KX MCITOJIb30BAaHUU TOKE SIBJISIETCS O]~
HUM U3 METO/IOB MOJUMOPGhU3Ma.

llepeepyska Qynxyuu — 3TO UCIOJIb30BAHUE OJMHAKOBOTO MMEHU
g YHKIUH, BBITIOJTHSONINX TOX0KNE JeCTBUS, HO C Pa3HbIMU TH-
IaM¥ JaHHBIX, ¥ OOBSIBIIEHHBIX B OHON 00JIaCTH JEHCTBUSL.

Bupmyanvruas ¢ynxyus — 3to smeMeHT-PyHKIUST 0Aa30BOTO KJacca
B MepapXuu HacJel0BaHus, liepeolpe/ie/ieHHass B ITPOU3BO/IHBIX KJac-
cax U BhI3bIBae€Masi B 3aBUCHUMOCTH OT KJ1acca 0ObeKTa, a[pecyeMoro ue-
pe3 yKasaTeJsb WU CChIIKY Ha 0Aa30BbII KJIacc.

lapamempuueckuil noIUMOpPuU3M — 3TO MEXaHU3M HCII0JIb30BAHUS
00001IIeHHOTO OTpe/eieHrsT (QYHKIINKY WK Kaacca (1mabioHa) AJist aB-
TOMATUYECKON TeHepaliuy HOBBIX (DYHKIIUI WU KJIACCOB JIJISI Pa3Jiny-
HBIX TUTIOB JJAHHBIX.

[IpeumyiiiecTBa momuMopdu3aMa IMPOSBJISIOTCS B CJIEIYIONIEM:

* obJierdyeHne MPOrpaMMHUPOBAHNUSI CIOKHBIX CHCTEM 3a CYET BO3-
MOKHOCTU Ha3bIBATh MOX0KME (Pas3inyaroniecs: ToJbKO TUIIAMU CBO-
MX MapaMeTPOB) JIEUCTBUS OJTHUM UMEHEM;

* obecrieyeHre BUPTYaJIbHBIMU (DYHKIIMSIMHU YUCTOTO MOJTUMOPQU3-
Ma, T.e. BO3MOKHOCTU MCIIOJIb30BATh OJIUH U TOT K€ ONepaTop /Jisl BbI-
30Ba MHOXecTBa (pyHKIMM. [Ipn aTOM KOHKpeTHast DyHKIUS olpe/e-
JISTIETCST TIO0 TUILY BBI3BIBAEMOTO 0OBEKTA,;

* MeXaHu3M BUPTYaJTbHbIX (DYHKIMNA — 3TO BO3MOXKHOCTh HAIKCA-
HUS IPOCTHIX (DYHKIUI 0OIIEro HasHAYEHMS /IS NePapXH KJIaCcCOB;

* obecrieyeHre KOMITAKTHOCTH ITPOTPAaMM 1 PaCIIUPSIEMOCTH epap-
XU KJIACCOB 32 CYET UCIOJIb30BAHUS BUPTYATbHBIX (DYHKITUI;

* aBTOMATHYECKasl TeHepalus 10 0O0OIEHHOMY IIa0JIOHY HOBBIX
(byHKIIMI MK KJIaccoB U Pa3JTUYHBIX TUIIOB JJAHHBIX, peain3yeMast
MEeXaHU3MOM ITapaMeTPUIeCcKOTo oJTuMopdu3aMa.

Mtak, 00beKTHO-OPUEHTHPOBAHHBIIH MOAXO0/ K TPOrPaMMUPOBAaHUIO
MeeT PsiJi CYIIeCTBEHHBIX IPEUMYIIECTB Tepe/l CTPYKTYPHbBIM ITOIXOI0M:

* BO3MOKHOCTH 00Jjiee aJieKBaTHOTO MOJEINPOBAHUS TIPEAMETHON
00J1aCTH ¥, COOTBETCTBEHHO, ITPOTPAMMHUPOBAHUST B TIOHSTHSIX, MAKCH-
MaJIbHO NIPUOJIMIKEHHBIX K TIPEAMETHOI 00J1acTH;

* MHOTOKPATHOE MCITOJIb30BaHNe HAMMCAHHOTO KO/IQ;

* COKpallleHIe BpeMeHH pa3pabOTKK U OTIAAKU TIPOTPAMM.
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OpHaKo caeayer OTMETUTD U PSIT HEJOCTATKOB 00bEKTHO-OPUEHTH-
POBAHHOTO TIOIXO/IA:

3HaunTenbHas TIyOrHA abCTPAKIIMKM MOKET TIPUBECTH K CO3/IaHUIO
«MHOTOCJIOWHBIX> TIPUJIOKEHUH, TJle BBIIOJHEHNE 0OBEKTOM Tpedye-
MOTO JIEHCTBUSI CBOANTCS K MHOKECTBY oOpalieHnii K obbekTam OoJiee
HU3KOT'O YPOBHS, YTO CKA3bIBAETCS HA ITPOU3BOJAUTEIBHOCTH CUCTEMBDI.

WMukancynganusi CHUKaeT CKOPOCTb JIOCTYyTa K JJaHHBIM. 3aripeT Ha
IIPSIMOI IOCTYII K TIOJISIM KJTacca U3BHE TIPUBOIUT K HEOOXOAMMOCTH CO-
3/1aHUS U UCTI0JIb30BAHUS METO/IOB JIOCTYTIA, UTO BEJIET K JIOTIOJTHUTEIb-
HBIM PaCXO/IaM.

Koz, oTHOcAmuMiica K KJaccam-TIOTOMKAM MO’KeT HaXOJIUThCS He
TOJIKO B 3THX KJaccaX, HO U B MX KJaccax-lIpefKax. ITO MPUBOJUT
K CHUIKEHUIO CKOPOCTU TPAHCJIAIUY U BBIIIOJHEHUS ITPOTPAMMBI.

Obecrieyenne oaMMopdu3Ma IIPUBOIUT K HEOOXOAUMOCTH CBSI3bI-
BaTb METO/Ibl, BbI3bIBaeMble ITPOTPAMMOIl He Ha 3Tarle KOMIIWJISAINY,
a B IIpollecce UCTIOJHEHUs TPOTPAMMBbl, HA YTO TPATUTCS JIOTIOJTHUTEIb-
HOE BpeMs.

1.4. [lexnapaTtuBHoe nporpammupoBaHue

PaccmoTpenHbie BbIle TTOAXO/bI K MTPOTPAMMUPOBAHUIO peasn3y-
I0TCSI B paMKaxX TakK Ha3blBaeMOTO UMIIEPATUBHOTO CTUJISI IPOTrPaMMU-
pPOBaHUS. DTOT CTUJIb IIPEATIoJaraeT, YTO IIPoTrpaMMa IpeICTaBJIsIET CO-
6011 moc/Ie[0BaTeIbHOCTh KOMaH I (MHCTPYKIINIT), BBIITOJIHSIS KOTOPbIE
KOMIIBIOTED pellaeT MOCTaBJCHHYIO 3ajady. [Ipyrumum ciaoBamu,
P 3TOM ITOXO/I€ TPOrpaMMa J0JLKHA OOBSICHUTD KOMITBIOTEDPY, KaK
pemiath 3a7auy. lloaTomy npu MMIIEpaTMBHOM IPOTPAaMMUPOBAHUU
CHayaJja CO3/IaeTCs MOJIEeNb PEIIeHUs], KOTOpasl 3aTeM MePeBOUTCI Ha
UMIIEPATUBHBIN SI3BIK, IIPUYEM CaM IIPOIIECC TIepeBo/Ia, BOOOIIE TOBOPS,
He UMeeT OTHOIIIeHUS K PeleHnio nexoaHou 3ajaun. COOTBETCTBEHHO,
IIPOIECC PENIeHNs 3a1a4l 4acTo pa3bUBaeTcst Ha JBa 9Talla, peainsye-
MbIX Pa3HbIMU CIEIUATUCTAMMU:

* [IOCTAHOBKA — Pa3pabOoTKa MOJIEJIM PELICHIS 3a/]a4ul;

* KOJIMPOBaHUE — 3allMCh MOJIEJIM HA UMIIEPATUBHOM HA3bIKE IIPO-
rpaMMUPOBaHUA.

[ToMmuMO MMIEPATUBHOTO, MIUPOKOE PACIIPOCTPAHEHUE TOJYUUJI
JleKJapaTUBHBINA CTUJIb TPOTPAaMMUPOBaHUs. B paMKax JaHHOTO CTUJIS
IIpOorpaMMa IPeACTaBIIsIET COO0I COBOKYITHOCTD YTBEPIKIECHUH, OTCHIBa-
01X PpParMeHT IPEAMETHOM 06IACTH NN CIOKUBINYIOCS CUTYAIIHIO.
Takum 06pa3oM, OIKCHIBAETCS PE3YJIbTAT, & HE METO/IBI €TI0 JOCTUKEHUSI.

[IporpamMmmupys B AeKJapaTUBHOM CTWUJIE, ITPOIPAMMUCT JIOJIKEH
oIucaTh, 4mMo HYKHO peliaTh. B 0CHOBe ieKIapaTUBHBIX SI3bIKOB JIESKUT
(popmanuzoBanHag yesoBeueckas Joruka. YesaoBeK ONMKUChIBAET peliae-
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MYIO 33/1a9y, a TONCKOM PeIeHns 3aHNMAETCSI CUCTEMa IIPOTPaMMUPO-
BaHWSI.

JleknmapaTBHOE TTPOTPAMMHUPOBAHNE MOXKET TIPUMEHSITHCS BO MHO-
TUX 00JIACTSIX YEJI0OBEYECKOM AeSITETbHOCTH, K KOTOPBIM OTHOCSITCSI:

* CO3/IaHME CUCTEM MCKYCCTBEHHOTO UHTEJLIEKTa,;

* aBTOMATHYECKOE JI0KA3aTeJbCTBO TEOPEM;

* pa3pabOTKa 9KCIIEPTHBIX CCTEM U 000JI0YEK IKCIIEPTHBIX CUCTEM;

* CO3/IaHMe CUCTEM TOJIEPKKU TPUHATUS PENTeHni;

* paspaboTka cucteM 06pabOTKU €CTECTBEHHOTO SI3bIKa,;

* [TOCTPOEHUE TJIAHOB JIEHCTBII poOOTOB.

[IpuMeHeHME AEKTapAaTUBHOTO CTUJISI B 9THX O0JIACTSIX MO3BOJISIET
JIOCTHYDb 3HAYUTEIHHO OOJIbIIEN CKOPOCTH Pa3pabOTKU MPUIIOKEHMIA,
YMEHBIIUTh PasMep MCXOIHOTO KOJa, CO3iaTh OoJiee MOHSTHBIE, 110
CPaBHEHUIO C UMITEPATUBHBIMHU SI3BIKAMH, TIPOTPAMMBI. DTOT MOAXO/ CY-
IIECTBEHHO TIPOIIle W Tpo3pauHee (hopMaTu3yeTcss MaTeMaTHIeCKUMU
CpeICTBaMH, TTI09TOMY ITPOTPAMMBI JieT4e TECTUPOBATh U BePUMUITPOBATD.

K nexsapatuBHOMY CTHJIIO B TIEPBYIO OYePElb OTHOCATCS (DYHKITHO-
HaJIBHBIN 1 JIOTUYECKUH TTOIXO/IBI K TTPOTPAMMHUPOBAHUIO.

DyHKIMOHAIBHOE TPOrPaMMUPOBaHUe CHOPMUPOBAIOCH B pe-
3yJIbTaTe MaTeMaTHYeCKO HAIPaBJIEHHOCTH MPU UCCIEOBAHUH B 00-
JIACTU MCKYCCTBEHHOTO WHTEJJIEKTa U OCBOEHUN HOBBIX HAIlPaBJIEHUN
B nHpopmaTrke. EAMHCTBEHHOU yIIpaBidionieli KOHCTPYKIIUE SBJIs-
eTcsl BbI30B PyHKIMU. B hyHKIIMOHAIBHOM SI3bIKE CYIIECTBYET HEKOTO-
poe MHOKeCTBO 0a30BbIX (DYHKIIMIL, HA OCHOBE KOTOPBIX CTPOSITCS BCE
apyrue GYHKINK, Kak KOMIO3UIMN 0a30BbIX. B HacTosIee BpeMs cy-
IIECTBYET MHOKeCTBO (PYHKITMOHAIBHBIX SI3BIKOB ITPOTPAaMMUPOBAHUS,
OPUEHTUPOBAHHBIX HA Pa3Hble KJIACCHl 33/ad W BUIbI TEXHUIECKUX
cpezcts, Harpumep, Lisp, Haskell u ap.

Jlormueckoe mporpaMMrpoBaHue BOZHUKJIO KaK yIIpolneHre GyHK-
IIMOHAJIBHOTO MPOTPAMMUPOBAHUS JIJIST MAaTEeMAaTUKOB W JIMHTBUCTOB,
pelIanuX 3a[a4l CUMBOJIBHOI 06pabOTKH.

3ajaua ONMMUChIBAeTCsS KaK COBOKYITHOCTh OOBEKTOB, 32 OCHOBY OIIM-
canust 6epyTcs OTHOIIEHUST MeKAy oObekTamu. Jlormueckast mporpam-
Ma TIpeficTaB/sieT coOOi HAaOOP OTHOIIEHU, KOTOPbIE HAa3bIBAOTCS
(bakTamu, ¥ MPaBUJI, HA OCHOBAHUU KOTOPBIX MOTYT OBITH ITOJIyYEHBI
HOBBIE OTHOTIIEHWUSI.

[Iporpamma He 3afjaeT HUKAKOTO IIPOIlecca BBIUYMCIEHUM, a Tpe-
cTaBJsieT coO0i cBoero poja 6a3y JaHHBIX O MIPEIMETHON 00J1acTh 3a-
naun. Ee mpuMenenre WHUTUATU3UPYETCS 3AIIPOCOM.

[Touck oTBeTa Ha 3aITPOC 3aKJIIOYAETCS B TOTBITKE JIOTUYECKOTO BBI-
BOJ[a 3alpoca Ha OCHOBaHMK (DaKTOB ¥ IPABWJI, UMEIOIUXCS B Gase.
K smormaecum si3pikam oTHOCsITCsE Prolog, ¢ MHOKECTBOM JIMAIEKTOB,
Datalog, Mercury, u ap.
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1.5. KOMNOHEHTHbIE TeXHONOrMu

OINBIT KMCITOJIP30BAHMS TEXHOJIOTUN OOBEKTHO-OPUEHTHPOBAHHOTO
IPOTPAMMHUPOBAHMS BBISIBUJI TIPOOJIEMbI COBMECTHMOCTH TIPH KOMIIO-
HOBKE OOBEKTOB KOMITUJISIIIAK, CO3/[aBaEMbIX PAa3HBIMU KOMITHJISITOPA-
MU s13bIka. OTCYTCTBOBAJIM CTAHAAPTHI KOMITOHOBKH JIBOMYHBIX PE3YJIb-
TaTOB KOMITHJISIITIN OOBEKTOB B €[IMHOE 1IEJI0€ TaKe B IIPEIesIaX OHOTO
sI3bIKA IPOTPAMMHUPOBAHMS C Pa3HBIMK KOMITUIsITOpaMu. ITombiTka n3-
MEHEHUST OJJHOrO 0OBbEeKTa MPUBOIIIA K HEOOXOAMMOCTH MEePEKOMITH-
JIIIAK BCEro Koza mpoekrta. B pesyibrare paspaborka I1O 6puia orpa-
HUYeHa WMCIOJIb30BAHMEM TOJBKO OJHOTO SI3bIKA MTPOrPAMMHUPOBAHUSI
U TOJIBKO OJTHOTO KOMITHJISITOPA.

3metenus B TpeGOBaHUSX K MH(MDOPMAIMOHHOMY CEPBHCY, & TAaKIKe
HOSIBJICHIE HOBBIX TIPEACTaBIECHUI O TpeOyeMbIX JaHHBIX U (PYHKIUSIX
npuBean K yeaoxkuennio 110. 1o moTpeboBaIo Co3IaHUsT aBTOMATH-
3MPOBAHHBIX TEXHOJIOTUI pa3paboTKu 1 conpoBoxkaeHus I10.

[TorpebHOCTD B paspaboTKe TEXHOJIOTHIA, YCTPaHSIONNX YKa3aHHbIE
HEOCTATKU U YOBICTPSIONIMX HAMMCAHUE TIPOTPaMM, IIPUBeEJIa K MMOsIB-
JIEHUIO KOMIIOHEHTHBIX TeXHOJI0Thii iporpaMmMupoBanust 1 CASE-tex-
HOJIOTUA.

[Tpu KOMITOHEHTHOM TTOIXO/IE MOJIEJTH TIOCTPOEHHSI ITPOTPAMMOBI TTPE/I-
cTaBJisieT cob0il COBOKYITHOCTh OT/E/IbHBIX JABOMYHBIX 00BEKTOB-KOM-
MOHEHTOB — (PUBWUYECKN OT/EIHHO CYIIECTBYIOIINX YacTell IMporpaM-
MBI, B3aMO/EHCTBYONUX MEK LY COOOI Yepes CTaHAapPTHbBIE ABONIHbIE
nntepdeiicsl. KoMmoHeHTHOe MporpaMMUPOBaHUe TI0/Ipa3yMeBaeT Ha-
JINYEe He TOJIbKO CAMUX KOMITOHEHTOB, HO M HEKOTOPOI BU3YaJIbHO Cpe-
b1 pa3pabOTKH, MO3BOJISIONIEN B IUATOTE CTPOUTD TIPOTPAMMY M3 3THX
KOMIIOHEHTOB.

OO6BbeKThI-KOMITOHEHTBI MOKHO cobparhb B dll-6mbanorexn nin mc-
noJiHsieMble (haii/Ibl, MCIIOIh30BaTh B JIOOOM sI3BIKE ITPOrPaMMHUPOBa-
HUsl, IPUMEHSITh B OJHOM WJIK B Pa3HbIX IIPOIECcaX, HAa OXHOM WJIN
Ha Pa3HbIX KOMITbIOTEPAX.

TexHoI0rMN TTPOrPaMMUPOBAHUSI, UCIIOJIB3YIOIINE KOMIIOHEHTHBIH
noaxos, paspaboranbl Ha 6aze texuonoru COM (Component Object
Model — xommnioHeHTHasE MOJIEJIb OOBEKTOB) 1 Ha Oa3e TEXHOJOTUHU CO-
smanust pactpeneaeHHbx 00bektoB CORBA (Common Object Request
Broker Architecture — ob1mast apxXuTeKTypa ¢ MOCPEAHNKOM 00pabOTKH 3a-
pocoB 06beKTOB). OO€e TEXHOIOTUN OCHOBAaHBI Ha OOIINX MPUHITUAIIAX.

O06bexTsl (KommoreHTb ) COM uMeroT cireaymore 0coOOeHHOCTH:

* ABJIAIOTCS 0ObeKkTaMu (sK3eMIusipamu) kaaccoB COM, comepskar
TI0JIsT 1 HaOOPBI BUPTYAIbHBIX (DYHKIINI, Ha3bIBaeMbIX HHTEPdecam,
MOTYT UMETh HECKOJIbKO MHTeP(deiicoB, 06eCIeunBaONINX OCTYII K €T0
NOJAM U (PYHKITUSIM;
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* MIPeJICTaBJIEHbI B IBOMYHOM BU/JIE, B BU/IEe TMHAMUYECKT KOMIIOHY-
embIx 6ubnorek (dynamic linking libraries, dll);

* HE3aBUCUMBI OT SI3bIKOB TTPOTPAMMUPOBAHUS.

Texnomnornsgs COM — 910 MOzieTb B3aMMOECTBUS TUTIA «KJIHUEHT —
cepBep». KimmeHt — 9710 iporpamma miin 00beKT, NCTOJIB3YIONINI PY-
roit o6bekT. KimeHT mozpcoeauHsiercss K 0ObeKTy 4depe3 MHTepderic.
CepBep — 9710 Mecromnojoxenne o0bekToB COM, MOAK/IIOYaEMbIX
K TIPUJIOKEHUTIO-KJTUEHTY.

Cepsepol COM paszensiioTcs Ha TPU IPYIIIIBL

* BHyTPEHHHE CepBepbl — peajn30BaHbl Ha 0aze AMHAMUYECKUX
OMOINOTEK M UCIIOJHSIOTCS. B TOM JK€ TIPOIECCE, YTO U KJIMEHT;

* JIOKaJIbHBIE cepBepbl — peannsoBanbl Ha 6aze EXE-mporpamm, uc-
MOJTHAIOTCS B JIPYTOM IIpoliecce 110 CPAaBHEHUIO ¢ KJIMEHTOM, HO Ha OfI-
HOM KOMIIBIOTEPE C KJIUEHTOM;

* yIaJieHHbIE cepBepbl — peaim3oBadbl Ha 6aze EXE-mporpamm
1 UCTIOJIHSIOTCS Ha y/IaJIeHHOM KOMIThbIOTEpE.

Texnonorus COM ¢dupmbr Microsoft u ee pacupeeieHHasT BEPCUST
DCOM sBunch OCHOBOM i1 Pa3pabOTKU KOMITOHEHTHBIX TEXHOJIO-
Uil TPOrPaMMHUPOBAHNS.

Texnonorusi ActiveX aToil ¢hupMbI HalLIA MMUPOKOE MPUMEHEHUE
3a cyueT CJAeAYIONMX TPEeuMYIIeCTB:

* ObICTpast pa3paboTKa IIPOTPaMM U3 KOMIIOHEHTOB;

* HCIOJIb30BaHNEe 3HAKOMBIX COBPEMEHHBIX CPEICTB Pa3pabOTKH:
Visual Basic, Visual C++, Borland Delphi, Borland C++;

* MpUMeHeHNe BU3YaJIbHOTO TTPOTPAMMUPOBAHMS JIJISI CO3IAaHUS HC-
MOJIb30BAHUS KOMIIOHEHTOB — 3JIEMEHTOB yIipaBiieHust ActiveX;

* cooTBeTcTBUE cTanapTaM Internet u COM.

B a3bike Java B kauecTBe 6a30BOil KOMITOHEHTHOI MOJIE/IH TIPUHSTA
TexHoJsiorusi JavaBeans. OcHoBoll cpenpl JavaBeans gBsisercss komIio-
HeHTHast OOBEKTHAST MOJIENb, MPEACTABIISIONast OO0 COBOKYITHOCTb
ApXUTEKTYPbl U TMPUKIAJAHBIX MPOTPpaMMHBIX wHTepdeiicoB. Komto-
HeHT Java Bean («kodeiiHoe 3epHO» ) MOKHO ONpeNeuTh Kak MHOTO-
KpPaTHO MCIIOJIb3YEMbII IPOrPaMMHBIN 00BEKT, MOIYCKAIOIUil 0Opa-
60TKY B rpadu4ecKOM MHCTPYMEHTAIBHOM OKPY/KEHUN M COXPaHEHUE
B JIOJITOBPEMEHHON TTaMsITH.

Texnosorus JavaBeans nojiep;kuBaeT B3auMoJIeliCTBUE € TIOXOKUMU
KOMIIOHEHTHBIMU cTpyKTypamu. Hampumep, Windows-1iporpamma mpu
HAJIMYUU COOTBETCTBYIOIIETO MOCTa MOKET MCIIOJTb30BaTh KOMITOHEHT
JavaBeans rtak, 6yaro on sBisitercss komroneatom COM umnn ActiveX.

[lng co3panust CJIOKHBIX KOMIIOHEHTHO-PAcIpe/leIeHHbIX CUCTEM
ucnosb3yetcs TexHonorust Enterprise JavaBeans (EJB). OcHoBHoe Ha-
3HaveHue Texnosornu EJB — cosmanne nudpacTpyKTyphbl JisT KOMIIO-
HEHTOB, MTO3BOJIAIONIEN JIeTKO pa3MeliaTh X Ha cepBepax. TexHoJIorus
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0CBOOOJKIAET TTPOTPAMMUCTOB OT HEOOXOANMOCTH JE€TATHHON pean3a-
I[N CEPBUCOB, 00ECIIEYNBAOIINX XpaHeHe, Tepeaady 1 6e30MacHOCTb
maHHbIX. Peanusaiiust 3THX TPOIECCOB MOKET OBITH OCYIEeCTBJIEHA
EJB-cuctemoii, mpu 3TOM y IpOrpaMMHUCTa UMEETCsI BO3MOKHOCTD Ca-
MOMY KOHTPOJIUPOBATh U OMUCHIBATH JJAHHbIE TTPOIIECCHI.

Texnonoruss CORBA ucnosib3yet NpuHIUIIbI, aHAJIOTUYHbIE TEXHO-
gorun COM. B Hell Takke TpUMeHsSeTCS MOJIeJib B3aUMOJIeNCTBUS
«KJIUEHT — CepBep», HO OPraHU3aIns B3aUMO/IeHCTBUS TTPOU3BOIUTCS
C TIOMOTIIBIO CITEIMATHFHOTO TMTOCPEeIHUKA. TaKnM MOCPETHUKOM BBICTY-
naet Gpokep 3arpocoB k oobekTam (ORB, Object Request Broker). Hau-
6o.tee mmpoko ucnogabsyercs VisiBroker ¢pupmbr Borland. Texnomoruio
MOKHO IPUMEHSTH JIJIst paspaboTku pactpenesentoro [10 B pasHopo-
HOW BBIYUCJIUTEJIBHOU Ccpeie.

CASE-rexnomnornu ( Computer-Aided Software/System Engineering) —
pa3paboTKa MPOTPAMMHOTO 00eCIeUeH I /TTPOTPAMMHBIX CHCTEM C HIC-
oJIb30BaHueM KomIbloTepHoii nnozep:kku. CASE-cpenctBa npencras-
JISIOT cO60i MHCTPYMEHTHI pa3dpaOOTKH, aBTOMATH3UPYIOIIIE IPOIECCHI
co3nanus u conpoBokaenus 110, BKToUas sTanbl aHAIN3a U TPOEKTU-
poBanus I10, remepamuio Koma, TeCTUPOBAHUS, JOKYMEHTUPOBAHUS
U JIPyTHE TTPOIECCHI.

BoabmmucTBo CASE-TexHoMOr1iT 0CHOBAaHO HA METOO0JIOTUM TTPO-
HelypPHOTO ¥ OOBEKTHO-OPHEHTUPOBAHHOTO MPOEKTUPOBaHMs. B Ha-
CTOSITIIMIT MOMEHT Ha PBIHKE ITPOrPaMMHOTO 00eCIieueH sT HaCUNThIBa-
ercst 6osee 300 pasanunbix CASE-cpemcts. Hambosee m3BecTHBIMU
asisiorcss CA ERwin Process Modeler (panee BPwin), CA ERwin Data
Modeler (patnee ERwin), Rational Rose, ARIS.

1.6. MepcnekTuBbl pa3BUTUA TEXHONOIUA NPOrpaMMUPOBaHUS

PaszBuTtne mHGOPMAIIMOHHBIX TEXHOJOTUU COMPOBOKIAETCS TOSIB-
JIeHueM HOBBIX UM COBEPIIEHCTBOBAHUEM CYIIECTBYIONIUX IOJXO/0B
K IIporpaMMupoBaHuio. Bee paspabarbiBaeMble TEXHOJIOTUN CO3JaHMUS
MporpaMM JIOJIPKHbBI TIOJIZIEPKUBATBCS SI3bIKAMU TPOTPAMMUPOBAHUSI.
YBemueHne CJI0KHOCTH pelllaeMbIX 3a1a4 TpebyeT co3laHus HOBBIX,
60Jiee MOIIHBIX, OPUEHTUPOBAHHBIX HA MPOOIEMHYIO 00JI1aCTh, SI3bIKOB
nporpaMMmupoBanus. Kpome TOT0, S3bIKM TTPOrPaAaMMUPOBAHUS JOIKHBI
obecrieuynBaTh MPOJJICHNE JKM3HEHHOTO IIMKJIA IIPOrPaMM.

[Io MHeHUIO MHOTUX HCCJIe/loBaTeseld, pa3BUTHE SI3bIKOB ITPOTPaM-
MUPOBaHUs B OJIMKaiiniee BpeMst OyIeT ABUTAThCS B HAIIPABJIEHUN BCE
60bIIIel aOCTPAKINN, H3MEHEHIS YPOBHSI IeTaIN3aI[ii 1 HanOOoJIbIIIe-
ro ymnpoleHusi. ITo IpUBeeT K MOBBIIIEHUIO HAJEKHOCTH Ipollecca
CO3/IaHUSI IPOTPAMM U YMEHbBIIEHUIO KOJINYeCTBa J0ITyCKaeMbIX pa3pa-
60TYMKAMU OIMHOOK.
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PaccMoTtpum eriie HeKOTOpbIe HATpaBJIeHUs Pa3BUTHS SI3bIKOB TIPO-
IrpaMMUPOBAHUS.

B nocnennee Bpems B cB31 pa3BuTHeM VHTEPHET-TEXHOJIOTUH 11 -
POKOe pacipocTpaHeHne TOJMYYUJIN S3bIKU CIIeHapUeB WJIU CKPUIITHI.
[TepBoHaUaIbHO 9TU A3BIKU UCIOJIH30BAJIUCH B KaueCTBE BHYTPEHHUX
YIIPaBJISAIONINX SI3BIKOB B Pa3JIMYHBIX CJI0KHBIX cucTeMax. B HacTos1ee
BpeMsI MHOTHE M3 HUX Yy’Ke BBIILIN 32 MPeJesibl CBOETO M3HAYAJIbHOTO
IPUMEHEHHUsT U UCTIOIb3YIOTCS BO MHOTUX 00JIaCTSIX.

HawuboJiee paciipocTpaHeHHBIMU CKPUIITOBBIMU SI3bIKAMU SIBJISTIOTCSI:

* JavaScript — cozman B komnanuu Netscape Communications B Ka-
YeCTBe SI3bIKA JIJIST OTMCAHUS CJIOJKHOTO TIOBEJIEHMsT BeO-CTPaHNIL,

* VBScript — cosman B kopriopaiiuu Microsoft Bo MHOTOM B Kaue-
CTBe aJIbTEPHATUBHI JavaScript;

* Perl cozpaBasicst B ToMOIIb CHCTEMHOMY aIMIHUCTPATOPY OTIe€pa-
1uoHHO# cucrembl Unix s 06pabOTKM pasjMYHOrO POja TEKCTOB
U BBIJIeJIEHUS HYKHOU nH(bopMaruu. Pa3Buiics /10 MOIITHOTO CpeicTBa
pabOoThI C TEKCTAMH.

XapakrepHbie 0COOEHHOCTH CKPUTITOBBIX SI3BIKOB:

* UHEPIPETUPYEMOCTh (KOMIUJIAINS HEBO3MOKHA WJM KpaiiHe
HesKeJlaTeJIbHA);

* IPOCTOTA CUHTAKCHUCA;

* JIeTKas PacIIupsieMOCTb.

B nacrogriee BpemMsd MoJiyduin pa3BUTHE MTPOTPAMMHO-AIIapaTHbIe
KOMILJIEKCBI, IT03BOJIAIONME OPraHu30BaTh lapaJljieJibHOe BBITIOJTHEHUE
Pa3INYHBIX YacTell OTHOTO U TOTO ;K€ BBIUUCTUTENBHOTO TIpotiecca. /s
OpraHU3aINK MO00HBIX BEIYUCTIEHU TPeOYETCs MOIEPIKKaA CO CTOPO-
HBI SI3BIKOB TIpOrpaMMupoBanmst. HekoTopbie si3biku 06IIero Ha3HaYeHsT
coiepsKaT 3JIEMEHTBI TTO/IEPKKY MTapaslyieTu3Ma, OHAKO JJIsT TIPOrpaMm-
MHUPOBaHUsI KCTUHHO MapajlIeIbHbIX CUCTEM TPEOYIOTCS CIIeInaIbHbIE
Cpe/iCcTBa.

s3pik Occam 6b11 cozman B 1982 1. v mpeHa3HAYEH U1 TPOTPaM-
MHUPOBaHUsI MHOTOIIPOIIECCOPHBIX CUCTEM paciipeieJIeHHON 00pabOTKM
naHHbIX. OH ONKCBHIBAeT B3aMMOJICHCTBUE TMApaJLIebHBIX TTPOIECCOB
B BHJIe KaHAJIOB — CIIOCOOOB Tepegaur NHPOPMAIMU OT OJHOTO HPO-
11ecca K Ipyromy.

B 1985 r. 6bL1a mpeioskeHa MO b TapasiieIbHbIX BhIUNCIEHIH
Linda. OcHOBHOII ee 3aaueil IBJIsIeTCS OpraHr3alist B3auMOIeICTBHS
MEK/Ty TIapaJijieJIbHO BBITIOJHSAIONIUMHUCS TIpolieccaMu. JTO JOCTUTAET-
CsI 3a CYET MCIIOJIb30BaHUs T100aabHOM obmacty maHHbiX. OQUH Ipo-
1[eCC MOKET TIOMECTUTD Ty/1a HEKOTOPYIO COBOKYITHOCTb JJAHHBIX, a JIPY-
TOil — OKMATh MOSIBJIEHUS B 00JIACTH HEOOXOUMON MTOPIIUN TaHHBIX.
Cuemyer oTMeTuTh, uTO Linda — aT0 Moes1h mapasiieIbHbIX BHIYKCIIE-
HUI, OHAa MOKeT OBbITh 06aBIeHa B JIIOOOH S3BIK IPOrPaMMUPOBAHMUS.
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B HacTosiee Bpems nasnbHeillee pa3BUTHE MOJy4YaeT Hapajurma
00BEKTHO-OPUEHTHPOBAHHOTO TPOrPaMMUPOBaHusi. B dacTHOCTH,
B PaMKaX 9TOW TapajiiTMbl MOXKHO BBIJIEJTUTD ACNEKMHO-OPUCHMUPO-
sannoe (AOII) u cybsexmio-opuenmuposainoe (COII) mporpammupo-
BaHMUe.

B cospemennom I10, kak mnpaBusio, MOKHO BBIJIEJIUTH OIMpe/iesieH-
HbIE YaCTH, UJTU ACNeKMbl, OTBEUYaIoNNe 32 Ty WJIN UHYIO (DYHKITMOHAJb-
HOCTh, peanmn3ariusg KOTOPOH paccpefioToueHa IO KOAY MPOTpPaMMBbI,
HO COCTOUT U3 cX0XKUX KyckoB Koza. AOII nipearnonaraet Hanname s3bi-
KOBBIX CPEJICTB, TIO3BOJIIIONINX BBIJIESATh CKBO3HYIO (DYHKIIMOHAJb-
HOCTB B OT/IE/TBHBIE MOJIYJIN. DTO MTO3BOJISIET YIIPOIATh paboTy (oT/aai-
Ky, MoauUIIMpoBaHue, JOKYyMEHTUPOBAHUE U T.J.) C KOMIIOHEHTaMU’
MPOTPAMMHON CUCTEMBI M CHUKATD CJI0KHOCTH CUCTEMBI B 11€JIOM.

COII — 210 MeTO/ TOCTPOEHUST CIOKHBIX CUCTEM KaK KOMITO3UITUN
cyOopexToB. CyOBeKT — MPUIOKEHNE, CITOCOOHOE CAaMOCTOSITEILHO pea-
JIN30BBIBATH 33/1a4y, UMEIOTIYI0 HECKOIBKO ITyTell penieHus. B otinune
oT 00beKTa, CyObEeKT MOKET caM BBIOMpATh 9TOT MYTh, T.€. CIOCOOEH
KOPPEKTUPOBATh MOCTEI0BATEIbHOCTU CBOUX IEUCTBUN [/ JOCTUKE-
HUS TocTaByieHHon 1ieu. Ctparerus ympaBjeHus TaKUMU TTPUJIOKe-
HUSMU JTOJKHA OCHOBBIBATHCSI HE HA KOHKPETHBIX KOMaH/IaX Ollepaliu-
OHHOHM CHCTEMBI, a Ha WHCTPYKIUsX. [Ipm ympaBieHnn oObeKTaMU
UCTIOJIB3YIOTCST UX OT/IETbHBIE METOIBI, CYOBEKTY JKe YKa3bIBaeTCsl HO-
Mep UHCTPYKITNU, HA OCHOBAHUY KOTOPOI OH (DYHKITMOHUPYET, ¥ OH Ca-
MOCTOSITEJTHHO OY/IET YIPaBJISATh CBOUMHU METOAAaMU, YTOOBI TOCTUYD
pesymbTara.

KoHTponbHble BONpPOCHI

1. Kakue aTarmsl 9BOTIONUHN PO TEXHOJOTHH ITPOrPAMMUPOBAHMST ?

2. Kakue s3bIKM 1 METOIBI IIPOTPAMMUPOBAHUS BbI 3HAETE?

3. Kakue $g3bIKM NpOrpaMMUPOBAaHUS Ha3bIBAIOTCS SI3BIKAMHM BBICOKOTO
YPOBHSA?

4. Kakas Mojiesib TOCTPOEHUS TIPOTPAMM JIESKUT B OCHOBE TEXHOJIOTUH TIPO-
1Ie/IlyPHOTO TTPOTPAMMUPOBAHMS ?

5. KakoBbI OCHOBHBIE METO/IBI TTPOIIEAYPHOTO IIPOTPAMMUPOBAHIMS ?

6. Ha yeM OCHOBBIBaeTCS KOHIIEMINSA OOBEKTHO-OPUEHTHPOBAHHOTO PO-
rpaMMUPOBaHU?

7. KakoBbI OCHOBHBIE ITPUHIUIIBI 0OBEKTHO-OPUEHTUPOBAHHOTO MIPOrPaM-
MUPOBAHUST?

8. Uro Takoe koMiioHeHTHbIe TexHonorun u CASE-texnonoruu?

9. B yem npenmyInecTBa M HEJOCTATKU SI3BIKOB CIIEHAPUS ?

10. KakoBa o6/1acTh IpYMEHEHHs SI3bIKOB TapajijieIbHbIX BBIYUCIEHUI?



maBa 2
OCHOBHDbIE 3TAIDbI
TEXHOJOrM NPOrPAMMUPOBAHUA

B pesysibraTe usydyenus 11 2 00y4aonmecs 10 KHBL:

3namo

e cTaHgapThl B 00J1aCTH Pa3pabOTKK U Pean3alu IPOrpaMMHOro obeciie-
YeHUS;

* IpeJICTaBJIeHUs O KU3HEHHOM I[UKJIE IIPOrPaMMbI;

* METOIOJIOTMYEeCKHe TIPUHIIUIIBI PaspabOTKU U peai3allii aJrOPUTMOB
U TIPOIPAMM;

ymemo

* OPUEHTUPOBATHCS B COBPEMEHHBIX MOAEISAX JKU3HEHHOrO I[UKJA IPO-
IrPaMMHOI0 00€eCIeueHusI;

* IPUMEHSTH TEOPETUYECKUE 3HAHUS B 00JIACTU KU3HEHHOIO IUKJIA K Op-
raHusaly 1 pa3paboTKe IIPOrPaMMHOT0 00eCIeYeHns;

enaden

* HaBBIKAMU BbIOOPA MOJIEIN pa3pabOTKK IIPOTPAMMHOIO 00eCIeueH s,

* HaBbIKAMM OI[EHKK KauecTBa Pa3pabOTaHHBIX alTOPUTMOB U IIPOTPAMM.

2.1. Anroputmbl U Nnporpammbl

TepMUH «aaropuT™M» MPOUCXOANUT OT UMEHU Y30EKCKOTO MaTeMaTH-
ka Aub-Xope3amu (825 T.), KOTOPBIi BBeJI PaBUJIa BHITTOJTHEHUS Y€ ThI-
pex apudmMeTUyecKuxX oreparuil B JAECATUIHON CHUCTeMe CUUCTIEHUS.
C 1747 r. ucroab3oBajcst TEPMUH «ajaropucMmycs, Kk 1950 r. mosiBuics
TepMUH «ajropudm» (cmbica — anropudm EBkinzaa). bombiioil Bkiaza
B TEOPUIO aJITOPUTMOB B CBSI3U € aBoJonnelr IBM BHecn maTemaTu-
ku J[. Tunws6epr, K. T'egens, A. Uepu, C. Knuan, A. Teiopunr, A. Map-
KOB.

[Iepeuncanm OCHOBHBIE C80UCMBA ANZOPUMMOS:

* OIpe/IeJIEHHOCTh (JIETEPMUHUPOBAHHOCTH) — TOYHOCTH U TTOHST-
HOCTB, 00eCITeunBaroIie OJHO3HAYHOCTh PE3yIbTaTa;

* pe3yJabTaTUBHOCTh — TOJIydYeHUe NCKOMOTO pe3yJibTaTa yepe3 KO-
HEYHOE YKCJIO0 3TANoB (111aroB);
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* IUCKPETHOCTb — PACUJIeHEHHOCTb aJrOPUTMa Ha OT/IeJIbHbIE 9Ta-
bl (111arn );

* MAacCCOBOCTb — IIPUTOJIHOCTDH JITOPUTMA /ISl pellleHUsT BCeX 3a/iad
JTAHHOTO THTIA.

OcHOBHBIMU TPEOOBAHUSIME K aJITOPUTMY (KaK U K TIPOTPaMMe) siB-
JIFI0TCS KOMIIAKTHOCTh 1 MUHUMAJIbHOE BPEMS peasu3aluu.

CyIecTBYIOT CJIYIONIHE CIIOCOOBI 3ATMCH AJITOPUTMOB:

* 1iceBI0KO/ ((POPMYJIBHO-CJIOBECHBIN) — cOZiep:KaHue Toce[0Ba-
TeJIbHBIX 9TAIOB BBIYMCJICHUN 3aj[aeTcsl ¢ Hymepalueil B ITPOU3BOJIb-
HOI (hopMe Ha ecTeCTBEHHOM SI3bIKe; 3TO UCKYCCTBEHHbIH, HedhopMasib-
HBI SI3BIK, HO HE SI3bIK TTPOTPAMMUPOBAHNS;

* GJIOK-CXEMHBII — M300paskeHne CTPYKTYPbhI aJifOPUTMa B BH/IE
rpauIecKOTO MPeACTaBIeHNs ITAIOB Mpoiiecca 06paboOTKN JTaHHbBIX
C TIOMOIIIBIO CHEINATBHBIX TEOMETPUIECKIX CUMBOJIOB (610K0B). Oc-
HOBHBIMH OJIOKaMMU, MCIIOJb3yEeMbIMU JIJIST 3aITCH aJITOPUTMA, SIBJISI-
I0TCS:

— () — Havan0/KOHeI| aIrOpPUTMA,
— // — BBOI/BBIBOJ JAHHBIX,
S wponeee

— <> — 610K BbIGOpA pelleHNsT;

* AJITOPUTMUYECKHE SI3BIKM — HETIOCPEACTBEHHAsI 3aIMCh aJITOPHT-
Ma pelleHust 3a/[a41 ¢ TIOMOIIBIO OTIEPATOPOB SI3bIKA.

PaccMoTpuM pasiindHbie CITOCOOBI 3aIIMCH aJTOPUTMA JIJIs PETeHsT
cJIeyIoleil 3a/1aun: BBECTH JiBa Ynca, a u b. IlepemeHnHoll m pucBo-
UTh 3HaYeHNE HarOOJIBIIEro U3 ATUX YhCes. SHaYeHNe TIepEMEHHON m
BBIBECTH. AJITOPUTM MOJKHO 3aIUCATh C MOMOIIBIO TICEBIOKOMA WJIH
6JIOK-CXEMBI.

3amnuch aIropuT™Ma TICEBIOKOOM MOKET BBITJISIETh TaK:

1) BBecTH /iBa yncia: a u b;

2) ecaint a boJibine b, TepeMeHHON m TPUCBONTD 3HAYEHME a, MHade b,

3) BbIBECTHU 3HAUYEHUE M.

Biiok-cxema, cojiepskaliiast Te sKe Tarlbl, TToKa3aHa Ha puc. 2.1.

IIpoepamma — 3TO yHopsiioueHHasT MOCTIEI0BATENbHOCTD KOMaH/I
KOMITbIOTEPA, HEOOXOIUMAsT JIJIST PEIIeHUsT KOHKPETHOW 3a/IavH.

[Tporpammbl He UMEIOT 3apaHee CTPOTO PErJTaMeHTHPOBAHHOTO Ha-
6opa KauyeCTBEHHBIX XapaKTePUCTHK. IlepednciuM OCHOBHBIE XaApPax-
MePUCTUKU NPOZPAMM:

* QITOPUTMUYECKAsT CJIOKHOCTh (JIOTHKA aJTOPUTMOB 0OpPabOTKH
nHbOpMaInn );

* TyOuHa TPopabOTKH, MMOJHOTAa M CHCTEMHOCTh PeaM30BaHHBIX
(pyHKIIUIT TPOTPAMMBI;
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Puc. 2.1. Brok-cxema ajaroputMa

* TpeOGOBaHKS K OIIEPALMOHHOI CHCTEME M TEXHIUUECKUM CPEICTBAM
CO CTOPOHBI IIPOrPAMMBI;

* yI0OCTBO OCBOEHUS 1 SKCILIyaTaIliU TIPOTPAMMBbI.

Kpumepusmu xauecmsa nporpaMmbl SIBJISIIOTCSI:

* MOOMJIBHOCTb — HE3aBHCUMOCTH IIPOTPAMMbI OT IIPOrPAMMHBIX
Y TEXHUYECKUX CPEACTB 00pabOTKY JaHHBIX;

* HAJIEKHOCTh — YCTOMYUBOCTD B paboTe IPOrpaMMbl, TOYHOCTH BbI-
HoJIHeHnsT PYHKIMI 06paboTKy;

* 5 PEKTUBHOCTD — OIEHKA PACX0JI0B BHIYUCIUTEIbHBIX PECYPCOB
(00bEMOB AMATH JJIS1 KCILIYaTaIlMK [IPOrPaAMMBbI U T.IL.);

* IPYKECTBEHHOCTh — ObeciieyeHne Apy:KecTBEHHOro nHrepdeiica
11t pabOThI TIOJIB30BATEJIS;

* MOAUMUIMPYEMOCTh — CIIOCOOHOCTh K BHECEHUIO W3MEHEHUN
U paciupeHnii GyHKINi 06paboTKY;

* KOMMYHUKATUBHOCTh — BO3MOMKHOCTh WHTErpallil C APYTUMU
IIPOrpaMMaMU.

Ha xauecTBO IIporpaMMbl BIHSIOT CIEAYIONHE (GaKTOPbI:

* MapKETHHT PbIHKA U crenudukaims TpeOOBaHUil K IIpOrpaMMe —
omnpezenerre cocraBa GyHKIUNA 00pabOTKK JAHHBIX IIPOIPAMMBbI, BbI-
6Op MOJIb30BaTEIBCKOr0 MHTepdelica, TpebOBaHUS K KOMILIEKCY TeX-
HUYECKUX U [IPOIrPAMMHBIX CPEJICTB;

* IPOEKTUPOBAHKE CTPYKTYPHOI CXEMbI IIPOrPAMMBI — aJITOPUTMI-
3alUsl IPOLECCOB 00PabOTKU JAHHBIX, pa3paboTKa CTPYKTYPBI IIPO-
rpaMMbl 1 Gasbl JaHHBIX, BEIOOP METO/IA U CPEJACTB CO3LAaHUS IPOrPaM-
Mbl — TEXHOJIOTUU IIPOTPAMMUPOBAHMNS,;

* IporpaMMupoBanue (aJrOpUTMU3ALKS, TECTUPOBAHUE U OTJIAl-
Ka) — TeXHWYecKasl peanusaius IMPoeKTa MPOTPAMMBI, BBITIOTHSIEMAs
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C TTOMOIIBIO BBIOPAHHOTO MHCTPYMEHTAPHS TEXHOJIOTUHN IIPOTPAMMHUPO-
BaHUS (ATOPUTMHUYECKHE SI3BIKU U CUCTEMbI TTPOTPAMMUPOBAHUA );

* DKCILIyaTalygd U CONPOBOXKAEHUE NPOrPaMMbl — Ba)KHBIA JTall,
CBSI3AHHBII ¢ yCTpaHeHWeM OOHAPY/KEHHBIX ONMTHOOK;

* pacrpocTpaHeHue IIporpaMMbl U 3aBepllieHue KU3HEHHOTO I[UK-
Jia — 3Tall, CBA3aHHBIN C TOCTOSHHOW MPOTPAMMOUN MapKETUHTOBBIX Me-
POTIPUSATHIA 1 3aKaHUMBAOIIIIICS TMO0 OTCYTCTBHEM CITPOCa, OO U3-
MEHEHUEM TEXHIUYECKON TIOJTUTHKN pa3paboTUrKa.

2.2. XXU3HEHHbIW UUKN NPOrpaMmbl

Kusnennwvuit yuxa nporpammuoro odecriederus (FKII ITO) — aTo co-
BOKYITHOCTb B3aWMOCBS3aHHBIX ITPOIECCOB OT MOMEHTA TMOSTBJIEHUS
Hjled CO3JaHus IIPOrPAMMHOTO OOeCIeueHusT 10 OKOHYAHMS €ro 9KC-
TJTyaTaum.

Omnucanue ctpykrypsl JKII ITO u coctas ero mpoiieccoB perjaaMeH-
Tupyetcst MexayHapoaubiM ctangaprom [ISO/TEC 12207: 1995 «Infor-
mation Technologe — Software Life Cycle Processes» («Wubopmariu-
oHHbIe TexHojoruu — IIporecchl JKM3HEHHOTO TUKJIA TPOTPAMMHOTO
obecmeueHust» ). OTedecTBEHHBII BapHMaHT CTaHAapTa Ha3bIBAeTCs
IroCT P NICO/MOK 12207—2010 «Mudopmarimontas TeXHOJIOTHS.
CucremHas u mporpaMMHast MHKeHepust. [Ipoiiecchl JKUSHEHHOTO ITUK-
Jia IPOTPAMMHBIX CPEJICTBY.

CornacHo atomy ctangapty, apxutekrypa sKII I1O coctout us tpex
KOMITOHEHTOB:

1) Ocnosuvie npoueccor: ITlpuobperenne, IloctaBka, Paspaborka,
Oxcrryaraist, CompoBOXKIEHUE;

2) Iloddepacka: JlokymentupoBanue, KoHdurypamnmonHoe yipas-
nenne, Obecreuenne KauecTBa, Bepudukaius, Banuganus (mposepka
NIPpaBUJIBLHOCTH ), YTipaBieHue mpoekToMm, PeBusus otuetoB, Pelrenue
3ama4 (ycTpaHenue n1eeKToB);

3) Opzanusayus: Ynupasiaenue, Madpacrpykrypa, CoBepliieHCTBO-
Banue, O6yuenue.

Cranzmapt coCTOUT U3 ceMU Pa3/eJIoB U YeThIpeX MpuiokeHuit. Pas-
nesbl 1—4 SBISIOTCS BBOJHBIMU. Paszesbl 5—7 cOCTOST U3 moapaszie-
JIOB, B KOTOPBIX PACKPBIBAETCS Co/lepsKaHme PadOT 1 JAT0TCSI KOMMEHTa-
pun Kk HuM. O61Iee gncao paboT u KomMeHTapueB TpeBbimaeT 220.

ITporecc PaspaboTka nporpaMmMHoOro odecneuenusi (pasz. 5.3) co-
nepkuT 13 moapasaesnos:

* 10020mo6Ka npoyecca — BbIOOP MOJEIN JKIU3HEHHOTO IIUKJIa, CTaH-
JIapTOB, COCTaBJIEHNUE TLJIaHa PaboT;

* ananuz mpebosanuil K cucmeme — ornpejesenre (QyHKIMOHAb-
HBIX, 9KCILIyaTallMOHHBIX, TI0JH30BATEICKUX TPeOOBAHMIA;
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* NPOEKMUPOBAHUE APXUMEKMYPbL CUCMEMbL — OTIpeJieJieHe COCTa-
Ba obopynoBaust, I[1O u omeparnii, BHIIOTHIEMbIX TIEPCOHATOM;

* anaus mpebosanuil Kk npozpammHomy obecneueHuio — orpeesieHIe
(byHKITMOHATBHBIX BO3MOKHOCTEN, B TOM UHCJIe Cpe/ibl GYHKIIMOHUPO-
BaHUS KOMIIOHEHTOB, BHEIITHUX WHTEP(EICcOB, TPeOOBAHUI K JaHHBIM,
yCTaHOBKe, TPUEMKe, IOKYMEHTAIINH, 9KCILTyaTallui U COTIPOBOXKIEHUIO;

* NPOCKMUPOBAHUE APXUMEKMYPLL NPOZPAMMHO20 00eCneuenus —
orpezieJieHrie CTPYKTYPbI MPOrPaMMHOTO 00eCTieueH sT, TOKYMEHTHPO-
BaHNe NHTEP(HENCOB €ro KOMIIOHEHTOB;

* demanvroe NPoeKmMuposanue NPoZPAMMHOZ0 00ecneyenis — OTIN-
carmne xomroHeHToB I1O u unTepdeiicoB Mexay HUMHU, pa3spadoTKa
TpeOOBaHUII K TeCTaM;

* KOOUposanue u Mecmuposanue KOMNOHEHMO8 NPOZPAMMIHOZ0 0bec-
neuenus — paspaboTKa U TECTUPOBaHIE KOMIIOHEHTOB,;

* UnmMezpauUs KOMNOHEHMO8 NPOZPAMMHO20 obecneuenus — cOopKa
ITPOTPAMMHBIX KOMIIOHEHTOB B COOTBETCTBUU C IIJIAHOM WHTETPAIlNH,
tectupoBanre [10 Ha cooTBeTCTBHE TPEOOBAHUSIM, COOTBETCTBYIOINM
CBOUM crelrupuKaImsM;

* K6ANUDUKAUUOHHOE MECTNUPOBAHUE NPOZPAMMHO20 00ECNEUeHU —
TeCTUPOBaHUE B IPUCYTCTBUU 3aKa3unKa, POBEPKa JJOKYMEHTAIINY;

* unmezpavus cucmemvl — cOOpPKa BCEX KOMIIOHEHTOB CHCTEMBI,
11O u obopynoBaHus;

* Keanupurayuonnoe (ammecmauyuonnoe) mecmuposanue cucme-
MblL — TECTUPOBAHKE CHCTEMBI Ha COOTBETCTBHE TPEOOBAHUSIM, TIPOBEP-
Ka o(hOpMJIEHUS W TIOJTHOTHI IOKYMEHTAIlNH;

* UHCMANIAYUS NPOZPAMMI020 00ecneyeniuss — YCTaHOBKa IPO-
rpaMMHOTO obeciiedennst Ha 060py/I0BaHNH 3aKa3unKa U IIPOBEPKa ero
paboTOCIIOCOOHOCTH;

* npUeMKa npozpammnozo obecneueniss — OlleHKa Pe3yIbTaToB KBa-
JTUHUKAITOHHOTO TECTUPOBAHNUS U ITEepeada MPorpaMMHOro obecreve-
HUS 3aKa3umKy.

MO:KHO BBIIEIUTH CJIeAYTOIIIe YKPYITHEHHbIE aTarbl paspabotku [10
C Y4ETOM COOTBETCTBYOUMX cmaduil paspabomxu no TOCT 19.102—77
«Cragun pa3pabOTKI»:

* MocTaHOBKA 3a/1aun (cTanus <« TexHuueckoe 3aanue );

* onpesiesienne crenuuKanuii (cTaaus «ICKU3HBINA TTPOEKT» );

* mpoekTupoBaHue (cTaus « TexHuuyecKuil IpoexT» );

e peanmzanus (craanst «Pabounii mpoekTs ).

ITo cTanmapTy BO3MOKHO TaK:Ke HAJTW4YKe OTAEJTbHOTO 3Tara Compo-
BOXK/IEHU S, 3aKJIIOYAIOIIET0Csl B COITPOBOKACHUN U MOAM(PUKAIINN TTPO-
TPaMMHOTO TTPOIYKTA.

[lesenrie Ha 3TAIBI SABJASETCS YCAOBHBIM U MOYKET U3MEHATHCS TIPU
HeobxoanmocT. Harmpumep, TecTupoBaHue U OTJIaKa MOTYT OBITh Ya-
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CTHIO dTama peanusannuu (UIu IPOTPAMMHUPOBAHUS), & MOTYT OBITDH OT-
NETTBHBIM 9TATIOM.

Ilocmanoska 3adauu — 310 1mpoiecc GOPMYIUPOBKKA Ha3HAYEHMUST
ITO u ocHOBHBIX TpeOOBAHMIT K HEMY.

Cneyuguxayusmu Ha3bIBAIOT MTOJHOE U TOUHOE ONucaHue (PyHKITNH
u orpaHndennii pazpadbarsisaemoro I10.

IIpoexmuposainue — 3710 TMpoOIECC Pa3padOTKKU CTPYKTYPHOI CXEMBI
ITO ¢ mpoekTpoBaHNEM KOMITOHEHTOB M UX B3aUMOCBSI3€EN.

Peanusayus — 210 11poliecc mporpaMMUpPOBaHusl KOMIIOHeHTOB 110
Ha BBIOPAHHOM $I3BIKE ITPOTPAMMUPOBAHNS, UX TECTUPOBAHUST U OTJIAIKL.

PaspaboTKa IPOrpaMM sIBJISIETCS OJHON M3 CaMbIX IJIUTEIbHBIX CTa-
nuii cosnanus [10. [ToaTomy olieHKa CJI0KHOCTU U TPYOEMKOCTH 3TO-
rO 9Talla OKa3bIBaeT OCHOBHOE BJIMSIHUE Ha TJIAHWPOBAaHWE BCETO KOM-
mieKca paboT B I[EJIOM.

K orenke amurenbHOCTH U TpyzoeMKocTh paspaborku 1O mpean-
SBJISIIOTCS CIIeAYIOIre TpeOOBaHUSI:

* UCTIOJIb30BAHUE TIPEIBIAYIIETO OIBITA OIEHKN aHAJOTUYHBIX TTPO-
TPaMMHBIX MOJTyJIE;

* OIlEHKAa BCETO0 KOMILIEKca paboT, BKJIOYAst HOBYIO pa3pabOTKy,
BHeCEeHWE N3MEHEHUH B CYNIECTBYIONTNE MOIYJIA, PyKOBOACTBO TIPOIIEC-
COM Pa3pabOTKK 1 TECTUPOBAHKE Pe3yJIbTATOB;

* y4yeT KBaJU(DUKAINK COTPYAHUKOB, BBITIOJHSIONNX Pa3paboTKy;

* OIleHKA TOYHOCTH TTOJTyYeHHBIX Pe3yIbTaTOB.

Ha npakTrke mpuMeHSIOTCS CJIeIyIOITne OCHOBHBIE METOIbI OTI€HKU
TpyzoeMKocTu paszpadorku I[10:

» metouka COCOMO;

* OlleHKa TPpyAo03aTpat 1mo GyHKINOHATBHBIM TOUKAM;

* DKCIIEpTHAs OlleHKa.

Memoouxa COCOMO (Constructive Cost Model) 6a3upyercss Ha
OTleHKe TPYAOEMKOCTA B 3aBUCUMOCTHU OT KOJMYECTBA CTPOYEK IIPO-
rPaMMHOTO Ko/la. JTa 3aBUCUMOCTD BbIpakaeTcst (hopMyaoit

T=a-KLOCP-EAF, (2.1)

rae T — tpynosarpatsl (yes/mec); KLOC — KoJM4ecTBO CTPOUYEK KO/
(6e3 yuera kKommeHTapuesn); EAF — ¢hakTop KOpPEKTUPOBKHU TPY103aT-
paT B 3aBUCUMOCTH OT (haKTOPOB CPE/Ibl; O U 3 — KOHCTAHTHI, OTIpejie-
JIEHHBIE B TIPOIIECCe aHAJIN3A IPOEKTA.

JlaHHBIIT METOJ TMO3BOJISIET MPHUOJIM3UTENBHO OIEHUTH TPYIOEM-
KOCTh BCETO IPOEKTA B I[eJIOM Ha HA4aJbHOI CTagun pa3pabOTKHU.

Memoo ouenxu mpydosampam no QYHKUUOHAILHBIM TMOUKAM PAC-
CYUTHIBAET KOJUYECTBO CTPOUEK MTPOTPAMMHOTO KOJIQ, TTPUXOISAITUXCS
Ha peaym3alnio oHON PYHKIIMOHAIBHON 3a/laui TIPOEKTA B 3aBUCUMO-
CTU OT UCIIOJIb3YEMOTI'0 A3bIKa IPOIPAMMUPOBAHUS.
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B pamkax aTOro0 TOAX0/1a TIPOU3BOAUTCS TIPUOIM3NUTETHHAS OllEHKA
KoJindecTBa (DYHKIUHN, BXOAAINX B pean3aIuio Kaka0ro GyHKIINO-
HasbHOTO TpeboBaHust. IloydeHHOEe B pe3ysbraTe KOJIMYECTBO (DYHK-
IIMOHAJIBHBIX TOYEK IEePEBOJAUTCS B YCJOBHbBIE CTPOKU MPOIrPAMMHOTO
KOJIa.

JlaHHBINT METOJ JaeT BO3MOKHOCTH ITOJIYYUTH HPUOIU3UTETbHBIE
yCpelHEHHbIE Pe3yJIbTaThl, He YUYUTBhIBAOIINE KBAJIU(MUKAIIUIO TTEPCO-
HaJTa, 3aHIMATOIIET0CsT pa3paboOTKOI.

MeTton aKCTIEPTHOU OIEHKM YYWTHIBA€T MHEHHS 3SKCIIEPTOB TP
OIleHKe 3aTpaT Ha Pean3annio Kaka0ro GyHKIIMOHATBHOTO TpeboBa-
HUsA. Kakablil skcniepT aeT TpU OIIEHKU — HAWJIYUIIYI0, HAUXY/IITYIO
u Hanbosee BeposiTHyIo. OOIIast oIeHKa OnpeessieTcst Mo (hopMyJie

T = ZLi+4'M+Si’
; 6
rzie L, — Hausydinas omeHka; S, — Hauxyzuas onenka; M, — nanboJiee
BEPOSTHAA OIEHKA.

JlaHHBIN METOJ OTJIMYAETCS HOCTATOYHOI CyObEKTUBHOCThIO. MHe-
HUSI 9KCIIEPTOB He BCEr/ia SIBJISIIOTCS JOCTaTOUHO 0O0CHOBAHHBIMU IIPH
HOBBIX paspaboTkax. Kpome Toro, mpm KOppeKTHPOBKE TPOEKTHBIX pe-
IeHui TpeOyeTCst TOBTOPHOE TIPUBJIEYEHIE DKCIIEPTOB.

PaspaboTka nmporpaMMHBIX CPEJICTB, KaK MPABUIIO, BEIETCS KOJLIEK-
TUBOM cIlelTuaincToB. OT MpaBUIbHON OPTaHU3aIUM 3TOTO KOJLIEKTH-
Ba BO MHOTOM 3aBUCUT YCIIEITHOCTb BCETO ITPOEKTA.

MOJKHO BBIJIEINUTH CJAEAYIOIAE BUAbI Pa3pabOTKU MTPOrPAMMHBIX
CPE/ICTB:

* aBTOpPCKasi pa3paboTKa,;

* KOJIJTEKTUBHas pa3paboTKa.

[Ipu asmopckoil paspabomke Bech KU3HEHHBIH UK paspabOTKH
MO/I/IEPKUBAETCST OJTHUM YeJIOBEKOM — aBTOPOM. Takoil MeToJ| ipume-
HUM B 006JIaCTH CO3/IaHKS HAYKOEMKUX IIPUJIOKEHUH, IS pealn3aliiii
KOTOPBIX TPeOyeTCs IeTalbHOE N3YUYeHIEe TIPEAMETHO 06/1acTH, a KPYT
oTpeduTeNel IPUIOKEHNS JOCTATOYHO y30K. OIHAKO /ISt COBPEMEH-
HBIX MACCOBBIX Pa3pabOTOK TaKOI METO HEIIPUMEHUM 13-3a UX 00beMa
U CJIOKHOCTH, a TakkKe HEeOOXOAWMOCTH WX JJINTETHHON TOMIEPKKH
U COITPOBOKICHUS.

[Ipu Konnexmuenou paspabomre MPOU3BOIUTCS Pas3jeieHIe TPyIa
MEKIY pabOTHUKaMU, 3aHATHIMU pas3paboTkoitl. IIpu atom MoryT mc-
M0JIb30BATHCS CJEAYIONE MOJIEIH:

Hepapxuueckas modenv XapaKTepu3yeTcst HaTNINEeM PYKOBOJISIIIETO
3BeHa (TJIaBHOTO pa3pabOTYMKa), KOTOPBIA OCYIIECTBIISET paseieHne
6OJIBINOI pa3paboTKH Ha boJiee MeJIKIe YacTH, iepeaBaeMble TI0 Hepap-
XUYECKON JIECTHUIE PYKOBOMSIINM 3BEHbSIM 0oJjiee HU3KOTO YPOBHSI

(2.2)
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BILJIOTH JI0 KOHKPETHOTO crenuajrcra. Coopka TOTOBOTO MPOrpaMMHO-
T0 TIPOJYKTa BEJETCST B 0OPATHOM HaIlpaBJIeHUH OT O0Jiee HU3KOro K 60-
Jiee BBICOKOMY 3BeHy. IIpu aTOM mpotiecc cOOPKU OCTATOYHO 3aTPYII-
HUTEJIEH U He BCerja yCIelleH.

B mampuunoii modenu KonnekTB pa3paboTIMKOB COCTOUT U3 PaBHO-
MPABHBIX CHENUATNCTOB, 3aHUMAIOIINXCST TIPUOTM3UTETHHO OTMHAKOBDI-
MU 3aj[adaM¥ B paMKax eIMHOTO MpoekTa. PaszeneHne o0si3aHHOCTEH
BHYTPH KOJIJIEKTHBA MPOUCXOAUT B COOTBETCTBUM C OCOOEHHOCTSIMU
npoekTa. KoopanHaiiust geficTBUil BHYTPU TaKOTO KOJIIEKTUBA 3aTPY/I-
HeHa.

B modenu xomanovt 2naenozo npozpammucma oH CIIEINATICT 3aHH-
MaeTCst HETIOCPEICTBEHHO pa3paboTKoil. OH IPUHIMAET BCe TIPOEKTHBIE
peIeHust, OCYIIECTBIISIET HAIMCAHUE U OTJIAAKY KO/a, a TaKyKe MOJTro-
TOBKY IPOEKTHOW JOKyMeHTaI[uu. Bce ocrabHble YeHbI KOJLIEKTHBA
BBITTOJTHSIIOT TIOPYYEHUST TJIABHOTO TIPOTPAMMICTA ¥ OKa3bIBAIOT €My
BCECTOPOHHIOIO TIOMOIIb U TIOIEPIKKY. Takast MOJIesIb TIPUMEHUMA [1TIsT
HEeOOJIBIINX TPOEKTOB, KOTIA TPYAOEMKOCTh Pa3paboTKH OTHOCUTEIbHO
HEBeJINKA.

Hoepnas modenv TipeaniosaraeT HaJUYME OJHOTO TJABHOTO paspa-
6oTumKa, 3a7a4eil KOTOPOTO SIBJISIETCSI CO3[aHKe TPOTOTHUIIA CUCTEMBL.
3aTeM Ha OCHOBE MTPOTOTHIIA KOJJIEKTUB Pa3pabOTIYMKOB CO3/a€T FOTO-
BBIU IIPOrPaMMHBIN ITPOYKT.

IIpouecc obecneuenus xKauecmsa TpeaonaraeT odecredeHne rapaH-
THI{ TOTO, YTO MPOrPaAMMHBIE TPOAYKTHI M IIPOIECCHI COOTBETCTBYIOT yC-
TaHOBJIEHHBIM TPEOOBAHMSIM 1 YTBEPIKAEHHBIM TIITAHAM.

B nensx obecnieuernst 00beKTUBHOCTH U OECIIPUCTPACTHOCTH KOHT-
POJIb KauecTBa JOJIKEH TPOM3BOANUTHCS CyOheKTaMM, HEITOCPEACTBEHHO
He CBSI3aHHBIMU € Pa3pabOTKO# TPOrPaMMHOTO TTPOAYKTA WU BBITTOJI-
HEHMEM IIPOIecca B IIPOEKTe.

[Ipu obGecrieyeHNN KadyecTBa MOTYT HCIIOJIb30BAThCS PE3YJIbTaThl
APYTHX BCIIOMOTATEIBHBIX MTPOIECCOB, TAKNX KaK BePU(UKAIIS, aTTeC-
Talusi, COBMECTHBIE AHAJIM3bI, Ay/IUT U PEIIeHUe MPOOJIEM.

I[Ipoiecc obecredeHmnst KagecTBa COCTOUT M3 CJEAYIOMMX paboT:

* TIOZITOTOBKA ITPOIIECCa;

* obecrieueHre KauecTBa MPOAYKTa;

* obecrieyeHne mpoIecca;

* obecrieyeHre CHCTEM KayeCTBa.

ITodzomoska npoyecca Tipeanonaraer aanTanio mpoiiecca obecrie-
YeHUsI KauecTBa K YCJIOBUSAM KOHKPETHOIO IpoeKTa. B paMkax maHHOMI
paboThl 1OJKEH OBbITh paspaboTaH ILUIaH BBIMOJHEHU 3aj1a4d Ipollecca
obecrieyeHrsT Ka4eCTBa, COAEPIKAIINN CTaHAAPTHI Ka4eCTBa, METO0JI0-
T, TIPOIIEYPBI M CPEICTBA JIJIsI BBITOJTHEHUST PA0OT 10 00eCeueHn o
KadecTBa. JIniia, oTBevaromiue 3a coOI0eHne COOTBETCTBHS YCIOBUSIM
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JIOTOBOPA, JIOJIKHBI OBITh OPraHMU3alMOHHO HE3aBUCHMbBI M UMETh pe-
CYPCBI U TIOJTHOMOYHS 17151 pAOOTBL

Obecneuenue xauecmsa npooyKma O3HAYAET, UTO BCE IIPOrPAMMHbIE
IIPOAYKTBI JOJKHBI ObITh U3TOTOBJIEHBI 110 YCIOBHAM J0TOBOPA, IIOJIHO-
CTBIO COOTBETCTBOBATH TPEOOBAHUSAM, YKa3aHHBIM B JOTOBOPE, U Y0B-
JIETBOPSATD 3aKa34ymnKa.

Obecneuenue npouyecca moapasyMeBaer, YTO BCE XapaKTePUCTUKU
IIPOTPAMMHOIO IIPOJAYKTA U IPOLECCOB COOTBETCTBYIOT YCTaHOBJIEH-
HBIM CTaHJapTaM ¥ IIPOLEAYPaM, a IEPCOHAJ, YYACTBYIOIUN B Pean-
3aIlUU TIPOEKTa, 00JIa1aeT JOCTATOYHBIM OIIBITOM U 3HAHUSAMU U CIIOCO-
6eH K 00yJeHHIO.

Obecneuenue cucmem Kauecmea O3HA4YaeT IIPOBEIEHUE OMOJIHK-
TeJIbHBIX PadOT 110 YIIPaBJIEHUIO KAaueCTBOM B COOTBETCTBUMU C Pasjelia-
MU CTaHJAPTA, YKa3aHHBIMU B JJOTOBOPE.

PaccMOTpUM 9BOJIIOIMIO MOAEIEN KU3HEHHOIO IUKJIA IIPOrPaMM-
HOTO 0bOecIeueHUS.

MOKHO BBIJIEJIUTD TPU MOJENN KU3HEHHOTO IUKJIA IIPOTPAMMHOIO
obecIIeueHN:

e KacKaJ[Hasl MOJIEJIb;

* MOZEJIb C IPOMEKYTOUHBIM KOHTPOJIEM;

* crupasibHast MOJEJb.

Kackaonas modenw nipeaiiosaraer mepexoz Ha CJeAyIOIUi 9Tall 110-
cJie 3aBeplIeHusT BCeX OIepalyii mpeablayiero arama. JocronHcTsa
MOJIEJIN 3aKJII0YAIOTCS B CJIEYIOIEM:

* [OJIyYeHUe MOoCJIe dTalla 3aKOHYEHHOTO Habopa MPOEKTHON JJOKY-
MeHTauu 0e3 BO3BparTa Ha IIPe/IbLAYIIE STalIbI

* IPOCTOTA ILJIAHUPOBAHUS IIpoIiecca pa3pabOTKU IIPOrPAMMHOTO
obecrieyeHus.

OzHako JaHHas MOJENb IIPUMEHUMA TOJbKO K CO3JaHUIO CUCTEM,
JIS KOTOPBIX TOYHO U IOJHO ¢(POPMYyIUpPOBaHbl Bee TpeboBanus. Ta-
Kre pa3paboTKu BeTpedarorcs: penko. HeobXoauMocTh BO3BPATOB Ha
IpebIAYIIIe 9Tallbl ObIBaeT 00YCIOBJIEHA CeLYIONIMMU IPUIMHAMU:

* HETOUHBIE clenu(pUKAIUY, YTOYHEHHE KOTOPBIX TpedyeTr mepe-
CMOTpa MPEAbIAYIINUX PelleHnl;

* U3MeHeHUs TpebOBaHUI 3aKa3unKa;

* MOPaJbHOE YCTAPEBAHNE TEXHUYECKUX U IPOTPAMMHBIX CPEICTB.

Modenn ¢ npomexcymounvim KoHmpoiem NOAAEPAKUBAET UTEPALILOH-
HBII XapakTep mporecca paspaboTKH, T.e. BO3BPAT Ha MPe/bIAYIINe 9Ta-
b1, OIacHOCTD NCHOIL30BAHKUA MOAETIH COCTOUT B TOM, YTO pa3paboT-
Ka IIPOrPaMMHOI0 0OeCIIeUeHsT MOKET 3aTAHYThCS.

Cnupanvras modenb OCHOBaHA Ha TOM, YTO IIPOTPaMMHOe obecrieye-
HIE CO3/IaeTCsl He CPasdy, a UTEePAIMOHHO C MCIIOJIh30BaHUEM METO/a
IPOTOTUIIMPOBAHKA. IIPOTOTUIIOM HA3bIBAETCSA MPOrPAMMHBIN IIPO-
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IYKT, peajausyloluil BHenHre uarepdeiicl U oT/eabHble (QYHKINN.
Hanpumep, Ha IepBOi UTEPAIMK CO3AAETCS U IIOCTABJISIETCS M0JIb30Ba-
TeJII0 [epBasi BepcHsl IPOrPAMMHOTO IIPOAYKTA C peaausaliueil BHeIl-
HUX UHTeP(ENCOB U IJIaBHBbIX (PYHKIIMIL, Ha CIeAYIOIUX UTePAIUsIX —
CJIeAYIONIe BEPCUU IIPOrPAMMHOIO IIPOAYKTA € peajusanueil J0moi-
HUTEJbHBIX (DYHKIUIA,

JloCTOMHCTBA CIMPATbHOM MOJIE/IN 3aKJII0YAIOTCS B CIIEAYIOIIEM:

* IPOrPaMMHBII TPOAYKT MOKET IOCTABJIATHCSA IOJb30BATENIO
C TIepBOI BEpPCHUH;

* COKpallleHNe BPEMEHU MOSBIEHNUS IIEPBhIX BEPCUI IPOrPAMMHOTO
IIPOJYKTa;

* OBICTPOE MIPOABIIKEHIE CIEAYIONUX BEPCUI IIPOJAYKTA HAa PHIHKE;

* YCKOPEHUE YTOYHEHUN crieluduKaIii 3a cueT IMOsIBIECHUS [IPaK-
TUKU UCIIOJIb30BAHUS IPOLYKTA;

* YMEHbIIEHKE BEPOSITHOCTH MOPAIbHOIO YCTAPEBAHKS CUCTEMBI 3a
BpeMsI Pa3pabOTKIL.

HexgocTatky CrmpasibHONW MOZAEIH COCTOSAT B TPYAHOCTU YIIpaBJie-
HUS BpeMeHeM Pa3paboTKU U, TJIaBHOE, B JOPOTOBU3HE TAaKOW OpraHu-
3a1uy paboT, IPeAIoIaraiolleil IIOCTOSHHOE HCIOIb30BaHIe BCEX Ka-
TEropuil CIENNAIUCTOB B OLHOM IIPOEKTE.

2.3. [locTaHoBKa 3afauu u cneyudgmkayma nporpammol

Ilocmanoska 3adauu — 310 1mpoiecc GOPMYIUPOBKUA Ha3HAYEHIUST
IPOrPaMMHOI0 0OecIiedyeHust ¥ OCHOBHBIX TpeboBanuii k Hemy. Omu-
CBIBAIOTCSL (DYHKUUOHATLHBIE MPeOO8aHUs, ONPeNesaioniie (PYHKIIHH,
KOTOPBIE JOJIKHO BBIIOJHSITE IIPOrpaMMHOe o0ecIieueHne, U aKCHiya-
mayuonHvle mpebosanust, ONPEIESIONNe XapaKTEPUCTUKN ero (QyHK-
[MOHUPOBAHMS. JTall IOCTAHOBKM 3aj[aull 3aKaHYMBAETCsI pa3padoT-
KO mexnuueckozo 3adanus ¢ TPUHSATHEM OCHOBHBIX ITPOEKTHBIX
pelieHuii.

Texnuueckoe 3amanue B cooTBeTcTBUM co crtangaptom ['OCT
19.201—78 <«Texuuueckoe 3ajganue. TpeboBaHMSA K COHEPIKAHUIO
1 0opOpPMJIEHUTIO> UMEET CJeyIole OCHOBHbBIE Pa3/leibl:

* BBejleHUE: HaUMeHOBaHMe 1 KpaTKas XapaKTepucTUKa MTPOrpaMM-
HOro obecrieyeHus;

* OCHOBaHMeE JIJIsT Pa3pabOTKH;

* Ha3HauYeHMe Pa3padOTKU: onucaHue (PyHKIIMOHAIBHOTO 1 OKCILIY-
aTallMOHHOTO Ha3HaueHusd, criennduKanum GyHKIINH;

* TpeOOBaHU K IPOrPAMMHOMY M3AEINIO: K QYHKIMOHATbHBIM Xa-
paKTepHUCTUKAM, K HaZIe;KHOCTH, K TEXHUYECKHUM CPEICTBAM;

* TpebOBaHU K IIPOrPAMMHOI JOKYMEHTAI[UH;

* TEXHOJIOTHYECKKE TPeOOBAHMS.
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Texnosornyeckne TPeOOBAHUST OMPENESIOT BBIOOD CJEAYIOMINX
PUHIUIINAIBHBIX PElIeHU, BAUSIONIUX Ha IIPOIECC TPOEKTUPOBAHUS
IIPOTPAMMHOTO 06eCIIEUeHMSI:

* APXUTEKTypa IMPOTPAMMHOTO 0O€eCTIeYeHIS,

* TI0JIb30BaTEbCKUN MHTEP(ETIC;

* METO/]I TPOTPaMMUPOBAHNS;

* S3bIK TTPOTPAMMUPOBAHUS;

* cpejla MPOrPaMMUPOBAHUS.

ApPXHUTEKTYpOii IPOrPaMMHOT0O 00€ecIeYeH s Ha3bIBAIOT OINMCAHNE
CO3/[aBa€MOT0 ITPOrPaMMHOT0 0OecTieYeHrsT Ha YPOBHE €r0 KOMIIOHEH-
TOB U CBS3el MEX/y HUMM.

ApXUTEKTypa MPOrpaMMHON CUCTEMBI BO MHOTOM 3aBHUCHUT OT TIPEJI-
METHOI 06J1acTH, I KOTOPOM paspabarbiBaeTcst cructema. Iloatomy
JaCcTO apXUTEKTYPBI CUCTEM, pa3padaThIBAeMbIX [IJIsT OJHOW M TOH Ke
peAMETHON 00JacTi, mMeloT MHOro obiiero. CiemoBarebHO, TIPU
MTPOEKTUPOBAHUN aPXUTEKTYPhl HOBOW CHCTEMBI MOKHO BOCITOJIb30-
BaThCS PEIIEHUSIMH, YAa4HO TIPUMEHEHHBIMI B paHee pa3pabOTaHHBIX
cucTremax.

PazBuTre nanHOTO MOAX0/a TIPUBEJO K MOSABJIEHUIO apxumexmyp-
Holx wabonog (ATTEPHOB), HA OCHOBE KOTOPHIX MOJKET CO3AaBATHCS
apXUTEKTypa KOHKPETHON CUCTeMbl. ADXUTEKTYPHbBII MaTTEepPH Tpej-
craBiisieT coOOi oNucaHue TUIIOBOM OpraHM3aI[ii IIPOTPAMMHOI CHC-
TEMBI, OITPOOOBAHHON B PA3JIMUHBIX YCJIOBHUSAX U MPOJAEMOHCTPUPOBAB-
et cBoto 3pPHeKTUBHOCTb.

PacrnipocTpaHeHHBIMU SBJSIOTCS CIeAYIONINEe apXUTEKTYpHbBIE TaT-
TEPHBI:

* Mozeb-TipeicTaBiaenne-KouTposiep (Model-View-Controller,
MVC) npuMeHsieTcs B CUCTeMaX, OpPUEHTHPOBAHHBIX Ha 00C/IyKIBAHIE
KJTUEHTOB;

* MaTTePH XPAHUJIUIIA JAHHBIX IPUMEHSETCS B cucTeMax, (DyHKIIMO-
HUPOBaHNE KOTOPBIX CBI3aHO ¢ 00pabOTKOI 6OJIBIIOro 00beMa JaHHbIX
(nH(pOPMAIIMOHHBIE CUCTEMBI, CUCTEMBI YIIPABJIEHUA ); apXUTEKTypa Ta-
KUX CUCTEM JIOJIKHA CO/IeP;KaT KOMIIOHEHTBI, TeHepUpPYIoIlre JaHHbIe,
1 KOMIIOHEHTBI, UX 00pabaThIBaIOIIIHE,;

* MaTTEPH «KJUEHT-cepBePy MPelyCMaTPUBAIOT paciipesiesieHue 3a-
JTAHUN MeXy TOCTaBIIUKAMU W 3akazumkamu ycayr. [locraBimku
(cepBepbl) HPeEAOCTABJLIOT 3aKa3uvKaM (KJIMEHTaM) OIlpe/ieIeHHbIN
Habop ycayT (CEPBUCOB), TOCTYI K KOTOPBIM OCYIIECTBIISIETCS C TOMO-
IO yIAJIEHHOTO BBI30BA COOTBETCTBYIONIUX TTPOIIEYD;

* MaTTEPHBI TOTOKOB JIAHHBIX MTPE/IIOJIAraloT MOCTPOEHNE apXUTEK-
Typbl CUCTEMBI U3 (PYHKIIMOHATbHBIX MOJyJel, KOTOpble TOJIydaioT
BXOJIHBIE JlaHHbIe W MPeoOpasyioT X B BbIXojHbIe. [IpeobpasoBanmst
MOTYT OCYIIIECTBJIATHCS KaK OCJeI0BaTeIbHO, TaK U MapasjesbHo;
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* MHOTOYPOBHEBAsI CHCTEMA TPEACTABISIET COOON MePapXUUECKYTO
CUCTEMY, COCTOSIIYIO M3 HECKOJbKUX YPOBHEH, KaXKIbII M3 KOTOPBIX
BBITIOJIHSIET OnpeiesieHHble QyHKIn. Kaxaplii ypoBeHb TTPeI0CTaABIIS -
€T YCJIYTU BBIIIECTOSIIEMY YPOBHIO W UCIOIb3YET YCIYTH HUMKECTOSI-
IeTO YPOBHS.

[Tpu mporieypHOM TTPOrPAaMMUPOBAHUK MOJIETh TIOCTPOEHUS TIPO-
rpaMMBbI — HepapXxusi MHOKECTBA TTOAMTPOTPaMM, TIPU 0OBEKTHO-OPHEH-
TUPOBAHHOM IIPOTPAMMUPOBAHUYU — WEPapXus MHOKECTBA KJIACCOB,
COBOKYITHOCTh OOMEHMBAIOIIUXCS COOOIIEHUSIMUH OOBEKTOB KJIACCOB.
[Tpu sTOM TpPOCTOM BUE apXUTEKTYPhI MPOTPaMMa — 3TO COBOKYII-
HOCTH OT/IEJIBHO KOMITUJIMPYEMBIX TTPOTPAMMHBIX €IMHUII, UCITOJIb3Ye-
Mast TIPU PeNeHn N 3a/1a4.

Ilaxemwvt npoepamm — 3T0 COBOKYITHOCTH IPOTPAMM, PEITAIOIINX 3a-
a4y HeKOTOPO# MpHKIaaHoI obmacT. Hampumep, maker MaTeMaTiye-
CKHUX ITPOTPaMM, TTaKeT rpahuiecKux MPOrPaMM.

IIpoezpammmoie komniexcol — 3TO COBOKYITHOCTb B3aMMOCBSI3aHHBIX
IPOTPAMM, COBMECTHO PEINAIONNX HeOOBIION KJIacc 3a/1a4 HEKOTOPOH
NPUKJIaAHON obactu. It pelneHuns: 3aja4i MOTYT HCIIOJIb30BaThCS
HECKOJIBKO ITPOTPaMM KOMILJIEKCA, YIIpaBJisieMble UHTEP(hENCOM C TT0JIb-
30BaTeseM, TIPUYEM UCXO/IHbIE TAaHHbBIE W PE3YJIbTATHI JKETATETHHO Xpa-
HUTD B IIpeJiesiaX OTHOTO MPOEKTA.

IIpozpammmvie cucmemvl — 3T0 COBOKYITHOCTD TIOJICUCTEM TIPOTPAMM,
COBMECTHO PEINaroN(uX OOJBIION KJIacC CJIOKHBIX 3afad HEKOTOPOM
IpUKIagHON obmact. OTinyre OT IPOrPAMMHBIX KOMILIEKCOB — B3a-
UMO/ICICTBIE TTPOTPaMM CHCTEMBI depe3 OO0Ire JaHHble W HaJIdne
Pa3BUTHIX MOJTH30BATENBCKIX NHTEP(DENICOB.

ITonvsosamenvckuii unmepgetic TpeACTaBISIET COOO COBOKYITHOCTD
IIPOTPAMMHBIX 1 aIlllapaTHBIX CPEICTB, 00ECTIEYMBAIOIIIX AUAJIOT ITOJIb-
30BaTeNsl M KOMIIbIoTepa. Pa3mmaaroT caemyionie TUIThI TI0JIh30BaTe b-
CKUX UHTepdhecoB:

* IPUMUTUBHbIE UHTEPQENCHI;

* uHTep(derCchl-MeHIO;

e uHTepdeich co CBOOOIHON HaBUTAIINEN;

» uaHTEPGENCH TPSIMOTO MAHUITYTMPOBAHUS.

K TexHoOrnyeckuM TpeOOBAHUSAM K ITPOrPAMMHOMY OOECTIEYEHUTO
OTHOCSITCS:

* BBIOOP MeTO/[a TPOrPAaMMHPOBAHUSL: MPOIEAYPHBIN UM 0OBEKT-
HO-OPUEHTUPOBAHHBIN;

* BBIOOD s13bIKA TporpammupoBanus: C++, Java, Python u ap.;

* BBIOOD cpejibl porpammupoBanus: Visual Studio pupmbr Microsoft,
Embarcadero RAD Studio (Bkmouatormast Delphi u C++ Builder),
Eclipse u ap.
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Cnevugpuxayusmy Ha3bIBAIOT MTOJHOE U TOYHOE Onrcanue (GyHKINN
1 OTpaHMYeHUi paspabaTbiBaeMOro mporpamMmmuoro obecreuenust. Cy-
IECTBYIOT (DYHKIIMOHAJIbHBIE CIIENM(UKAINN, OTKMChIBafOIIe (DYyHK-
I[N Pa3padaThIBAEMOTO IMTPOrPAMMHOTO 00eCIIeUeH s], U HKCILIyaTali-
OHHBIE CIenn(UKAIIH, ONMKCHIBafoIIe TPeOOBaHUS K TEXHUYECKUM
cpenctBaM. TpeboBaHUE TIOJTHOTHI O3HAYAET CTPOTOE COOTBETCTBHE TEX-
HUYECKOMY 3a/[aHNIo, a TpeOOBaHIEe TOYHOCTH — OJHO3HAYHOE TOJIKO-
BaHUe creluduKanuii pa3paboTIMKOM U 3aKA3UYUKOM.

Crenudukaium cojepar:

* JIEKOMITO3UIINIO M COZIEPKATEIHbHYIO TIOCTAHOBKY 3a/1ad;

* HKCILIyaTal[MOHHbBIE OTPAHIMYEHUST,

* MaTeMaTH4YeCKIe METO/IbI PEIIEHNST,

* MOJIEJIU TIPOTPAMMHOTO 00€eCIIeUeH s,

Moziesi TpOrpaMMHOTO 0OeCTIeUeH ST 3aBUCSAT OT TEXHOJOTUH TIPO-
rpaMMupoBaHus (IIPOIeypHast Ml 0ObeKTHO-OPUEHTHPOBAaHHAST ).

[Tpu mporterypHOM TPOTPAMMHUPOBAHNHN MCITOJIB3YIOTCS CJEMYIOIINE
MOJIesI Pa3padaThIBAEMOTO TIPOTPAMMHOTO 0OeCTIEYeHIS:

* (DYHKI[MOHATBHBIE arPaMMBbI, OTPasKAFOIIIie B3AUMOCBSI3H (DYHK-
il pa3pabaThiBa€MOTrO MPOTPAMMHOTO 00eCHeYeHrs] U OPUEHTHPO-
BaHHBIE HA Mepapxuio GyHKIINH, TeKOMIIO3UIINIO (DYHKITNIA;

* IMarpaMMbl TTOTOKOB JaHHBIX, ONKCHIBAMOIINE B3aNMOIEHCTBUE
MCTOYHUKOB U MOTPeOuTeE el MHGMOPMAIINN 1 TIO3BOJISIIOTNE CIIEIUbU-
IIMPOBATh Kak (PYHKIIMM, TaK U JaHHbIE;

* IMarpaMMbl CTPYKTYP JaHHBIX, OIMCHIBAOIIe Oa3bl JaHHBIX Pa3-
pabaTbIBaeMOTO TIPOTPAMMHOTO 00€CTIeUeHHST;

* IWarpaMMbl TIEPEXOM0B COCTOSIHUI, OIUCBHIBAMOININE TOBEICHIE
pa3pabaThIBAEMOrO TPOTPaMMHOTO ObecTieyeHust TIPU TOJIyIeHUN YII-
PaBJISTIONINX JTAHHBIX U3BHE (HATIPUMED, KOMAH/IBI TI0JIb30BATEIST ).

[Tpu 06BEKTHO-OPHEHTUPOBAHHOM IIPOTPAMMKIPOBAHUI MOJEJIH Pa3-
pabaThIBaeMOro IPOrpaMMHOro obeciedeHnst OCHOBAHbI Ha IIpeJMeTax
peasbHOTO Mupa. Ha artame omnpenesnenust crerudukannii Tpedyercst
pa3paboTaTh MOJIeJb MPEAMETHON 00JIaCTH TPOTPAMMHOTO obecriede-
HUsT Ha Oase Mepapxuy KJAccoB (THIIOB, ONPENeeHHbBIX M0JIb30BaTe-
jeM), OOBEKTHON JIeKOMITO3UINU. Pa3pabarbiBaeMoe TPOTPaMMHOE
obecriedeHre TPEJCTABJSETCS] B BHUE COBOKYITHOCTH OODBEKTOB (K-
3eMILJISIPOB KJIACCOB), B Pe3yJibTaTe B3aMMOAEHCTBUSI KOTOPBIX Yepes3
repeady cooOIEHMIT TIPOMCXOANT BBITIOJHEHNE TPeOYeMbIX (DyHKITHIA.

B HacTosiiiee BpeMst CTaHAAPTHBIM CPEJCTBOM ONUCAHUs pa3paba-
TBIBAEMOTO TIPOTPAMMHOTO 0O€eCIIeUeHNsI C UCII0Ib30BaHnEM 00BEKTHO-
OPUEHTUPOBAHHOTO MOJAXO/a SIBJSETCs (PaKTHUecKu rpapuyecKuii
a3k UML (Unified Modeling Language, yHuBepcaibHBIN SI3BIK MOJIE-
JUpoBaHust ), pazpaboranubiii apropamu . byq, /1. Pam6o u 1. SIko6-
conom B 1995 .
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Aszpik UML onrcbiBaeT Mojiesb CJI05KHOU CUCTEMBI B BUJIE CITeITNAJb-
HBIX TpaPrUUeCcKUX KOHCTPYKIIUH (iarpamMm).

Jlnarpamma mpejictaBisieT coO0i CBSA3HBIN Tpad, BEPUINHBI KOTOPO-
TO TIPEJICTABJISIOTCS B BUJIe TeOMETPpUUeCKUX (hUTYP, CBI3AHHBIX MEKITY
coboit pebpamu (ayramu).

Bce nuarpaMMbl UCTIONIB3YIOT eIMHYIO TpahUUeCcKyIo HOTAITHIO.

B namarpammax ucrnosb3yeTcsi Tpy TUla rpauyecKux 3JeMeHTOB,
MMEIONINX Pa3jiInuHOe Ha3HAuYeHue:

* reoMeTpudecKre purypbl 0603HavaroT BepunHbl rpada. Vx dop-
Ma CTPOTO COOTBETCTBYET OIpe/ieJIEHHBIM 3JIeMeHTaM g3biKa (KJace, Ba-
PUAHT UCIIOJIb30BaHUS, COCTOSIHUE, JeSATebHOCTD). Kax/1oll Bepiine
MIpUCBanBaeTCsl yHUKAIbHOE UM,

* pasjnuHble JUHUU (pebdpa), COeUHSIONIINEe reOMeTpruIecKre (-
rypbl (BepinuHel Tpada) 0003HAYAIOT CBSI3YM U B3AMMO/IENCTBUST dJIeMeH-
TOB;

* crieliMaJibHble TpaduyecKre CUMBOJIBI, PACIOJAraloTcs OKOJIO
NIPYTUX 3JIEMEHTOB /IarpaMMbl U CO/iepsKaT JAOMOJHUTEIbHYI0 NH(MOP-
Maiuio. JomoJHUTENbHBIN TEKCT MOXKET pa3MellaThCsl TaKKe BHYTPU
KOHTYPOB T€OMEeTPUUECKUX (PuUryp.

Horanus s3pika UML onipenesnigeT ucmoJib3oBaHue CJeIYIONAX OC-
HOBHBIX BUJIOB IMarpamMM:

* BapMAHTOB MCII0JIb30BaHU (IIPEIE/IEHTOB) — OMUCHIBAIOT OCHOB-
Hble DYHKIIUU CUCTEMBI,

* KJIACCOB — OITMCBIBAIOT KJIACCHI, UX XapaKTEePUCTUKHU (110JId U Olle-
parm) v CBI3U MeXKy HUMU;

* KOOIIEpalM — ITOKa3bIBAIOT B3aMMOAEHCTBHE OOBEKTOB B IIPO-
1ecce peaju3aliiyi BapuaHTa UCIoJIb30BaHN;

* IAKETOB — ITOKa3bIBAIOT CBI3M HAOOPOB KJIACCOB, 00bEAMHEHHBIX
B ITAKEThI;

* COCTOSTHUI — JIEMOHCTPUPYIOT COCTOSTHHSI 00bEKTa U IIEPEXO/IbI 13
OJTHOTO COCTOSTHUS B JIPYTOE;

* JIeSITEJIbHOCTA — TIPEACTABJSIOT COO0I CXeMy ITOTOKOB yITpaBJie-
HUS [ pellieHns HeKOTOPOH 3aj1aul;

* KOMIIOHEHTOB — OIIMCHIBAIOT KOMIIOHEHTBI ITPOrPaMMHOTI0O obec-
HIEUEHUST U UX CBSI3U MEKIY OO0,

* pa3BepThIBAaHUS — IO3BOJISIOT CBS3bIBATDH MPOTPAMMHbBIE U alllia-
paTHbIe KOMIIOHEHTBI CUCTEMBbI.

Kaxkmas 3 aTux auarpaMM JeTaau3nupyeT U KOHKPETU3UPYeET pas-
JINYHbBIE MTPE/ICTABIECHUS O MOJIEJIN CUCTEMbI B TepMUHax g3bika. CoBO-
KYITHOCTD 9THX JHATPAMM COAEPKUT BCIO HEOOXOAUMYIO MH(MOPMAIIHIO
NI peau3aliii MpoeKTa CJI0KHOU MporpaMMHON cucTeMbl. [Ipu co-
3/IaHUU MOJIeJielt coie/lyeT TTPUAEPKUBAThCS CAeAYIOMNX OCHOBHBIX pe-
KOMEH/IAIU.
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Jltobast MoesTb TOJKHA COEPIKATh TOJIBKO T€ HIEMEHTHI, KOTOPBIE
ornpezesenbl B Hotaruu s3bika UML. Kaxapiii a1eMeHT MoKeT ObITh
HCIIOJIb30BaH TOJIbKO B COOTBETCTBUM C Ha3HAYEHUEM U 110 IIPaBUJIaM,
onpe/ieJIeHHbIM B SI3bIKe.

Kaxnas nuarpaMmma 10JKHA TTOJTHOCTBIO OTIMCHIBATh paccMaTpuBae-
MBIl (DparMeHT IpeIMeTHON 00IaCTH, Ha Hell JOJIKHBL ObITh IIPEICTaB-
JIEHBI BCe 3HAYMMBbIe ajieMeHTbl. OTCYyTCTBUE KaKUX-JM00 3JIEMEHTOB
MOJKET MTPUBECTH K CEPhE3HBIM ONTUOKAM B MOJIETMPOBAHUH.

Bce asmemeHTBI TuarpamMMBbl IOJKHBL IPUHAIIEKATD K OJTHOMY YPOBHIO
npezcraBiaeHusd. [1pu MmoieTmpoBaHnM CJI05KHBIX CUCTEM YaCTh UCIIOJIb3Y -
I0T MePapXUUeCKUIl TIOIXO0/I, ITPU KOTOPOM JIMarpaMMbl HUSKHETO YPOB-
HS YTOUHSIIOT U JICTAJIM3UPYIOT 3JIEMEHTDI JIMarpPaMM BbICIIUX YPOBHEN.

Kenarenpro nHdopmaimio 060 Bcex ajleMeHTax JuarpaMMbl IIPel-
CTaBJIATh B SBHOM BHU/le, HE UCIIOJIb3ys 3HAUE€HUs, 3a/laHHbIe 110 YMOJI-
YaHWI0. ITO YCKOPUT U YIIPOCTUT IMPOIIECC PeaTnu3allii MOJIEJI.

Kaxxmast Mmoziesb KOHKPETHOM ITPOTPAaMMHOM CUCTEMbBI MOKET COZIEP-
’KaTbh BCE WX TOJbKO HEKOTOPBIE TUIIBI IHATPAMM.

2.4. llpoekTupoBaHue U peanu3auua nporpaMmbl

IIpoexmuposarnue — 310 TIPOIECC Pa3padOTKU CTPYKTYPHOU CXEMBI
IIPOTPAMMHOTO 00€CTIeYeH s ¢ MTPOEKTUPOBAHIEM KOMITOHEHTOB U WX
B3aMMOCBS3€EN.

Merononornueckom OCHOBOW IPOEKTUPOBAHUSA IIPOrPAMMHOTO
obecriedeHus sIBJISIETCSI CUCTEMHBIN TTOAXO]I.

Cucmemiviii n100X00 — 3TO METOMOJIOTHSI CIIEIINATLHOTO HAYYHOTO
TIO3HAHWS, B OCHOBE KOTOPOTO JIEKUT UCCIIe0BaHne 00bEKTOB KaK CH-
creM. [Ipn sTOM HccenoBanne O6HEKTOB HAIIEIEHO:

* Ha PACKPBITHE IEJTOCTHOCTH 00bEKTa 1 00ECTIEYNBAIOIINX €T0 Me-
XaHU3MOB;

* BBISIBJIEHIE MHOTOOOPA3HBIX TUIIOB CBSI3€il CI0KHOTO OOBEKTA;

* CBe/leHME 9TUX CBI3el B eINHYIO TEOPETUYECKYIO KapTUHY.

CucTeMHBIN MTOXO]] Pean3yeT MpeACTaBIeHNe CI0KHOTO 0OBEKTa
B BUJIe MEPAPXUUYECKON CUCTEMbl B3aMMOCBSI3aHHBIX MO/IeJel, TT03BO-
JISIOINX (DUKCUPOBAThH I[EJOCTHBIE CBOMCTBA 00BEKTA, €T0 CTPYKTYPY
U INHAMUKY.

Metopnosiorust CTpyKTYpHOTO aHanu3a u npoektupoBanus 10 orm-
pelessieT PyKOBOJSIIINE YKa3aHUs [T OIIEHKH 1 BhIOOpa TIpOeKTa pas-
pabarsiBaemoro [10, maru paboThl, KOTOPbIE TOJIKHBI OBITH BBITIOJIHE-
HbI, UX TI0CJIe/IOBATEIbHOCTD, IPAaBUJIa pacipe/iesieHusl 1 Ha3HAYeHUs
orepaiuii 1 METO/I0B.

CmpyxmypHolil anaiu3 — 3TO METOJ] KCCIIEIOBAHUST CHCTEMBI, Oa31-
pyloleiics Ha eKOMIIO3UI[UN CHCTEMbI, HAYMHAS C CAMOTO 00IIero 06-
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30pa C MOCTENEeHHON eTau3alnell Ha KaK/IOM CJelyIoNeM yPOBHe.
B pesysbrare obpasyercst nepapxudyeckasi CTPyKTypa CO MHOKECTBOM
YPOBHEM, Ha KaXK/IOM U3 KOTOPBIX JIETATU3UPYIOTCS 2JI€MEHTHI TTPeIbI-
TyTIero YPOBHSI.

MeTo/bl CTPYKTYPHOTO aHaJN3a OCHOBBIBAIOTCS Ha COOJIIOACHUN
CIIEYTOIINX TTPABIL:

* pa3bueHre CUCTEMBI Ha YPOBHH aOCTPAKIINH C OTPaHUYEHIEM YHC-
Jia 3JIEMEHTOB Ha YPOBHE;

* BKJIIOUEHNE Ha KaKJIOM YPOBHE TOJBKO CYIIECTBEHHBIX JIJIST 9TOTO
YPOBHS JleTaJjieif;

* UCIIOJIb30BaHUE CTPOTUX (POPMAJIBHBIX IMPABUJ 3AITUCU U YCJIOB-
HBIX 0003HAYEHUI — HOTAIUA;

* mocJIe[oBaTeIbHOE TIPUOJIMKEHIE K KOHEYHOMY PE3yJIbTaTy.

OCHOBHBIMU CPe/ICTBAMU CTPYKTYPHOTO aHAJIN3a SIBJISIOTCS:

* DFD (Data Flow Diagrams) — nrarpaMMbl IIOTOKOB JJaHHBIX B HO-
tanmsix [eitna — Capcona, Mopmona — Jle Mapko u z1p., obecriednsaio-
e TpeboBaHus aHaIn3a ¥ (PYHKIMOHAJBHOTO MTPOEKTUPOBAHMS HH-
(bopMaITMOHHBIX CUCTEM;

» STD (State Transition Diagrams) — nuarpaMMBbl Ilepexojia COCTO-
SHUU, OCHOBaHHbIE HA paclIupeHusax XapTiau u Yopaa — MeJsuiopa /s
MIPOEKTUPOBAHUS CUCTEM PEAIbHOTO BPEMEHH;

* ERD (Entity-Relationship Diagrams) — nuarpaMMBbl «CYIIHOCTb-
CBsI3b» B HoTalusax Yena u bapkepa; cTpykTypHble KapThl /[;kekcoHa
u (unm) KoHcrantaiina it TPOEKTUPOBAHUS MEKMO/IY TbHBIX B3aUMO-
JeCTBUIT U BHYTPEHHEHN CTPYKTYPBI 0ObEKTOB;

» FDD (Functional Decomposition Diagrams) — nuarpamMmbl (DyHK-
IIMOHAJIbHOMN IeKOMITO3UINY;

« SADT (Structured Analysis and Design Technique) — TeXHOJIOTHS
CTPYKTYPHOTO aHaJIn3a 1 MPOEeKTUPOBAHNS;

* cemeiictBo IDEF (Integration Definition for Function Modeling).

Tumn Mojenn mporpaMMHOTO OGecIIedeH s OTIPeIe/IsieTCsl BhIOpaH-
HOU TEXHOJIOTMe — MEeTOJOM IPOrpaMMUPOBaHUs (IIPOIEyPHBIH,
00BEKTHO-OPUEHTHUPOBAHHBIN, KOMITOHEHTHDIH ).

[Ipu npouedyprom nodxode Momeab MOCTPOEHUST IIPOTPAMMHOTO
obecrieueHnst — vepapxust GyHKIUH, T.€. IeKOMITO3UIINS MOIEIN IIPO-
rpamMMbl 10 GYHKIIMOHATBHOMY TTPUHITUITY.

[TpoekTupoBaHue 3aKaI04aCTCS B IEKOMIIO3UIIMN MOJIEIN ITPOTPaM-
MHOTO 00ecIiedeHrsI METOIOM ITOIAroBoil AeTann3anuu. B pesyiprare
TaKOU JIEKOMTIO3UITUU TPOUCXOIUT MOCTETIEHHOE pa3zieieHue TPoIelyp
Ha 6oJtee MesTKre (DYHKITNHT, KaskK/Iast U3 KOTOPBIX Peai3yeT HEKOTOPYIO
yacTh 0611ero mpoiecca. B pesyibrare mosry4aercst CTpyKTypHast cXeMa
MOJIEJTH TTPOTPAMMOBI, TIPEICTABIISTIONIAst COOON MHOTOYPOBHEBYIO, Hiepap-
XMYECKYI0 CXeMYy B3anMO/IeCTBUS TOANPOrPaMM IO YIIPABJIECHUIO.
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MeTon nonaroBoi reTaansaiu mpuMeHsaeT HUCXOSALYIO IOIIaro-
BYIO pa3pabOTKy aJTOpPUTMa, KOT/Ia Ha KaKIOM Iare MpOUCXOIUT pas-
JIoKeHue (PyHKIIUU Ha MOPYHKITUU.

[Ipu ob6sexmmo-opuenmuposannom nooxode MOJENb ITOCTPOECHMS
IPOTPAMMbBI — 3TO HePapXusi KJIacCOB, OOBEKTHAS IEKOMITO3HIIHSI.
B pesynbrare neKOMITO3UIIMHU TIOJYYaeTCs CTPYKTypHas cXema IIpo-
rpaMMBbl, ITPECTABJISAIONIAas COOON MHOTOYPOBHEBYIO, HePapPXUUECKYIO
CXeMy B3aUMOJIEHCTBUS 9K3eMILIIPOB (00BbeKTOB) KiraccoB. Ciemyio-
Ui 9TAIT IIPOEKTUPOBAHMUS ITPOrPAMMHOI0 0OeCIICUeHIST 3aKII0YaETCSI
B pa3paboTKe KJIacCOB U NX MHTEP(ENCOB € OIMCAHNEM 3JIEMEHTOB-IaH-
HBIX U 2JIeMEHTOB-(DYHKIMN KaxJ0To KJjacca. [y mpoeKTupoBaHUs
MOJI30BATETHCKUX MHTEPGENCOB UCTIONB3YIOTCS CIOKHBIE MHTEPMENCHI:
MEHIO C MepPapXHUuecKoil CTPYKTYpPOil KOMaH/I, CBOOOHASI HABHUTAIWS,
He TPUBsS3aHHAS K YPOBHAM uepapxuu (ucrosbsyercs B Windows-
IPUJIOKEHUAX ).

ITalbl MPOEKTUPOBAHKS ITPOrPAMMHOIO 00eCIeueHusT TPU 0OHEKT-
HO-OPUEHTUPOBAHHOM TO/IXO/€ TIPUHITUTTNATBHO OTJIMYAIOTCS OT TIPO-
IIe/IyPHOTO TO/X0/Ia, TaK KaK TPOEKTUPOBAHUE IMPOTPAMMBI BeIETCS
B TepMUHaX (MOHITHUSIX) IPUKJIALHON 00IaCTH U OTPasKAET ee nepap-
xuto. Peanusayus — 3TO TIpoIlecc CO3/IaHUs KOJa KOMIIOHEHTOB IPO-
rPpaMMHOI0 00ecIieyeHrs] Ha BBIOPAHHOM SI3BIKE IIPOrPaMMUPOBAHUS,
€r0 TeCTUPOBAHUS U OTJIAJIKU.

[Tpu mporierypHOM TIO/IXO/IE peaTu3aIins 3aKII09aeTcsl B TIPOTPaM-
MUpoBaHUM PYHKIUN U pailnoB (Moyaeil) ¢ UCIoIb30BAaHUEM METO-
JIOB CTPYKTYPHOTO TIPOTPaMMHUPOBaHUsS (DYHKIINI U TTPOrpaMMUpPOBa-
HUST «CBepXy-BHU3» (top-down).

JTar MporpaMMUPOBAHUSA 33[a4N BBITIOJIHIETCS B CIEAYIONEN T0-
CIeIOBATEIbHOCTH:

* MporpaMMHpPOBaHue (DYHKIINI BEPXHETO YPOBHS CXEMBI;

* MporpaMMUpoBaHue HYHKIINI HUKHETO YPOBHSI CXEMBI U T.JI.

[Ipn mporpamMMmupoBaHuU W OTJaZKe (DYHKIINI BEPXHETO YPOBHS
(byHKIIMM HUKHETO YPOBHS, TEKCTa KOTOPBIX ellle HeT, UMUTUPYIOTCS
«3arJIyIIKaMu», T.e. BBIBOJOM COOOIIEHHI O BBI30BE TUX (DYHKITH.

[Ipr 06BEKTHO-OPUEHTHPOBAHHOM ITOAXO/€ TAIl Peaau3aliy 3a-
KJTI0YaeTCs B MPOTPAMMUPOBAHUN 3JIEMEHTOB-(DYHKITUI 1eJIbIX B3au-
MOCBSI3aHHBIX KJIACCOB, HAUMHAsI ¢ Oa30BBIX KJIACCOB.

TectupoBaHue 1 OTIaKa SIBJISIOTCS 3aBEPIIAIOIIUMHU dTAalaMu TIPo-
Tiecca peaynsalii MporpaMMHOro obecriedenus. TecTupoBaHue MO3BO-
JisieT OOHAPY KUTH OIMMOKM, a OTJIaJKa — UX UCIIPABUTb.

B coorBercTBUM ¢ aTamaMu 06pabOTKM TIporpaMMbl (KOMITHJISAIINS,
KOMIIOHOBKA, BBITIOJIHEHNE ) PA3IMYAIOT CJICAYIOIIIE IPYIIIhI OMIMOOK:

* CHHTaKCHUYeCKHe ONNOKN, 0OHAPYKUBAEMbIE€ KOMITHISITOPOM TIPH
CUHTAKCUYECKOM U CEMAaHTUYECKOM aHaN3e MPOTPaMMBbI;
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* OMMOKN KOMITOHOBKH, (DUKCHUPyeMble KOMITOHOBIIMKOM (perak-
TOPOM CBsi3€il) TIpu 0ObeANHEHUH MO/LYJIEi TPOrpaMMBbl;

* OMMOKM BBITIOJHEHMSI, OOHAPY/KMBAeMble OTIEPAIIMOHHON CHUCTe-
MOI WJIM TIOJTb30BaTEJIEM TIPU BBITIOJTHEHUHU TTPOTPAMMBI.

13 Bcex TpyIIi OMMOOK CaMbIMK CJIOKHBIMU JIJIsT TECTUPOBAHUST 1 OT-
JIAJIKH SIBJISTIOTCST ONTMOKY BBITTOJTHEHMSI TPOTPAMMOBI, & CPEI HUX — JIO-
rmdyecKre OIMMOKM, UMEIOINe HellpecKa3yeMble TIPUYNHBL. Tak, mpu-
YIMHAMKM MOTYT OBITh OMIMOKW TIPH TIPOEKTUPOBAHUK IIPOTPAMMBI,
pa3paboTKe aJrOPUTMOB, OTIPEIEIEHII CTPYKTYPBI TaHHBIX.

Tecmuposanue — 3TO TPOIECC BBITIOJHEHUS IPOTPAMMBbI Ha TECTO-
BBIX HabOpax ¢ Meabi0 0OHAPY/KEHHsT OIMMOOK, JOMYIIEHHBIX TP pea-
susanuu rnporpammel. CorsacHo pekoMenganusam Microsoft, pasanya-
0T CJIelyIole CTa/iui TeCTUPOBAHUS:

* MOJIYJIbHOE TECTHUPOBAHME, TIPOBEPSIOIIee HEOOIBINNE OTAETbHbIE
YaCTH IPOrpamMMbl (I[UKJIbI, GIOKHU, TOJIPOrPaAMMBbI );

* KOMIIOHOBOYHOE TeCTUPOBaHUe, MpoBepsiolllee CAeAyONnil ypo-
BeHb — IporpaMMHbIe (ailrbl (MOLyIH), 00beInHEHNE, B3AUMOIEICT-
BHE OT/IeJIbHBIX YacTell MPOorpaMMbl;

* CUCTEeMHOE TeCcTHUpOBaHUe, IIPOBepsIollee MOJHYI0 BEPCUIO ITIPO-
rpaMMbl, B3aMMO/ICICTBUE C OMEPAITMOHHON CUCTEMO;

* CTpecc-TeCTHUPOBaHKe, n3ydaroliee paboTy IporpaMMbl TIPH Orpa-
HUYEHHBIX CUCTEMHBIX pecypcax;

* OeTa-TeCTHPOBaHNE, TO3BOJISIONIEE Y3HATh MHEHHE CITEI[HAJIIC-
TOB-I10JIb30BATEJICH;

* [IPUEMHO-CAATOYHOE TeCTUPOBAHUE — MPUEMKA M0JIb30BATEISIMU
B PeaJIbHBIX YCIOBUSAX. TecTOBbIi HAOOp MOJKEH COMEePKATh ST KasK-
JIOTO TecTa: OMKMCAaHWe TeCTUPYEMOTO 3JieMeHTa, 11eJib U MHCTPYKIIUIO
MIPOBE/IEHUS TeCTa, UCXO/IHbIE JAaHHbBIE U OXKUJaeMble Pe3yJIbTaTbl, OMU-
caHUe cpeJlbl TECTUPOBAHUS U JIP.

CyliecTBYIOT U Jpyrue BW/bl TECTUPOBAHUS, HaIlpaBJeHHbIE Ha
MIPOBEPKY PA3JIMYHBIX ACTIEKTOB KOPPEKTHOCTU KOJIa IIPOTPAMMBI U €70
COOTBETCTBUS TeXHUYECKOMY 3aianuio. OTnesbHON pa3HOBUIHOCTHIO
MOJKHO CYUTATh METOI0JIOTHIO pa3paboTku yepes trectupoBanue (TDD,
Test-Driven Development), cOriacCHO KOTOPOIA TECTBI JIJIs PA3JIMYHBIX (DYHK-
U TIPOTrpaMMbl Pa3pabaThIBAIOTCS 0 CO3MAHUS KO ITUX (DYHKITHIL.
Takast MeTO[MKa IO3BOJISIET COKPATUTh 00BEM MPOTPAMMHOTO KO
1 TOBBICUTD €T0 HAJIEsKHOCTh, HO YBEJMYNBAET 3aTPaThl Ha Pa3padoTKYy.

Omaadka — 9T0 TMPOoIeCC TIONCKA U UCTIPABJIEHNUsT OMMUOOK, OOHAPY-
’KEHHBIX TPU TECTUPOBAHUU MPOTPAMMBL. VIMEIOTCS METO/bI OTIAKU
IPOTrPaMMHOTO 0OecTieueH sl, OCHOBaHHBIE Ha aHA/IN3€e TEKCTa TIPOrpaM-
MBI U Pe3yJIbTaTOB TECTUPOBAHUSI G€3 MOMOJHUTEILHON HH(MOPMAIIHH.
Hampumep, MeTO/l MHAYKITUYU BKJIIOYAET CJIEAYIONINE TTPOIECCh OTIal-
KI: BBISIBJIEHHE CUMIITOMOB ONTHOKH, U3ydeHHe (pparMeHTa Mporpam-
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MbI, BBI[BUKEHIE TUIIOTE3bI 00 OMIMOKe, IPOBEPKA IMIIOTE3bI U, IPU He-
00XOIUMOCTH, BBIIBUKEHIE HOBOI TUIIOTE3bl, HAXOK/EHIE OITUOKY.

VIMeloTcs TakKe METObI OTJIAKHU, IO3BOJISION[NE [T0JIy4aTh JOIOJI-
HUTEJbHYIO MH(MOPMaInio 06 omndKe u 00JIerdaolire mporecc Mouc-
Ka 1 UCIpaBjieHns omnOKu. K HUM OTHOCSTCST METO/] OTJIa[JOYHOTO BbI-
BOJla M WHTEIPUPOBAHHBIE CPEACTBA OTJIAAKK. MeTOa OT/IaZ04HOrOo
BBIBOJIa 3aKJI0YAETCS B JA00ABJIEHUM B IIPOrPpaMMYy JOMOJHUTEIBHOTO
OTJIaZIOYHOTO BBIBOJA B Y3JI0BBIX Toukax. Ho, 6e3ycoBHO, Hanboee
9(PEKTUBHBIMU METOJAMU SIBJISIOTCS MHTETPUPOBAHHbBIE CPEICTBA OT-
JIAJIKY, VMEIOIIECS B COBPEMEHHBIX Cpeflax ImporpaMmmupoBanus. Ha-
npumep, ornaaunk Visual C++ Berpoen B cpeny Visual Studio, nmeer
CBOU MEHIO U ITaHEeJIM HHCTPYMEHTOB, KOTOPbIE MTO3BOJISIIOT BBITTOJIHSTH
cJIeIyIolne TeUCTBUS:

* YCTAHOBKA Pa3/JIMYHbBIX TOYEK IPEPBIBAHUS, CBSI3aHHBIX C KOJOM,
C JAHHBIMU, C COOOIEHNEM, YCIOBHBIX TOUYEK IIPEPhIBAHUS;

* BBIIIOJTHEHNE TPOrPAMMBI 0 TOUKH IIPEPhIBAHUS;

* IIPOCMOTP B IIECTH OKHAX OTJIa[4MKa HH(POPMAIIIH O TEKYIIIEM CO-
CTOSTHIM ITPOTPAMMBbI TIPH OCTAHOBKE IIPOTPAMMBbI B TOUKE TIPEPHIBAHUS
Y TIPY TOIIATOBOM BBIITOJIHEHNY;

* [IOLIATOBOE BBIIIOJHEHUE IIPOrPAMMBI C 3aX040M B (DyHKIMK U He3
3ax071a;

* BBIIOJTHEHIE TPOrPAMMBI 10 CTPOKH C KYPCOPOM.

ObecrieueHne yCTOMYNBOCTH IIPOTPAMMHOM CHCTEMBI OCTUTAETCS
C TIOMOIIBIO 3AUUMH020 NPOZPAMMUPOSAHUs. B paMKaX 9TOTo 1Moaxo1a
B TEKCT MOJYJISI BKJIIOYAIOT IIPOBEPKU KOPPEKTHOCTH BXOIHBIX U BbI-
XOJHBIX JAHHBIX B COOTBETCTBUU €O crenuuKaIeil 9T0ro MOIYJIs.
B ciydae oTpUIlaTEIBHOTO pe3yJ/IbTaTa MPOBEPKH BO30YKIAETCS COOT-
BETCTBYIOIIAs UCKIIOYNTEIbHASE CUTYaIus. [[Jis 5TOro B MOJyJIb BKJIIO-
qafoTcst 00PadOTYMKN COOTBETCTBYIONUX NCKIIOYUTEIbHBIX CUTYAIIHIL.
ITu 06pabOTYMKY, TIOMUMO BbIZa4yu HEOOXOJUMON JUArHOCTUYECKON
nH(GOPMAIIK, MOIYT IPUHATh MEPbI JUOO 110 MCKIIOUEHIIO OIMHOKU
B JJAHHBIX, JINOO 110 0CJIaOJIEHUIO BJIUAHNASA ONTNOKU.

[IpuMeHeHMEe 3aN[UTHOTO POrPAMMUPOBAHUS MOIYJIEH TPUBOIUT
K CHIJKeHNI0 9((PEKTUBHOCTH IIPOrPAaMMHOIO ObGecIiedeHnsT Kak I10
BpPEMEHH, TakK U 110 maMsaTh. [109ToMy HEOOXOAMMO pasyMHO PeryaInpo-
BaTh CTEIIeHb IIPUMEHEHUS 3alUTHOTO IIPOrPAMMUPOBAHUS B 3aBUCH-
MOCTH OT TPeOOBaHUI K HaIeKHOCTH 1 3(P(HEKTUBHOCTH TPOrPAMMHO-
1o 0beCIIeYeH NS,

2.5. [lokymeHTMpPOBaHKE Nporpamm

[Tportecc pa3pabOTKK TIPOTPAMMHOTO 00ECIIeYeHNsI COTPOBOK/IAET-
cs1 co3laHreM OOJIBIIOTO KOJNYECTBA JOKYMEHTOB. ITH JOKYMEHTHI CO-
ITPOBOK/IAIOT MTPOIIECCHI:
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* yIpaBJieHusT pa3pabOTKOI MTPOrPaMMHOTO 0OeCTIeueHNsT;

* Tiepeaun HHGOPMAIMH MEKIY PazpadOTYNKaMU MPOTPAMMHOTO
obecrieyeHns;

* Hepegady IMoJIb30BaTeIIM HH(pOPMAIUU, HEOOXOAUMOI /It 9KC-
ILJTyaTallii IIPOrPAMMHOTO 00ECIIeYeHNUS.

Best moKyMeHTaIus e IuTCs Ha IB€ OCHOBHBIE TPYIIIIDL:

* JIOKYMEHTBI YIIPaBJIEHHs Pa3padOTKOIl IIPOrpaMMHOTO 00eCTIeUeHNS;

* JIOKYMEHTBI, BXOJSIIINE B COCTaB IIPOTPAMMHOTO 00ECIIEYeHNSI.

K mepBoii rpyiimne OTHOCSATCSI JOKYMEHTHI, CBSI3aHHbBIE ¢ pa3paboT-
KOI M COTPOBOKIEHMEM MTPOrPaMMHOTO obecIiedyeHnst, KoTopbie obec-
[EYNBAIOT CBSI3W BHYTPU KOJIEKTHBA Pa3pabOTUMKOB U MEKIY KOJI-
JIEKTUBOM Pas3pabOTUMKOB M JIMIAMU, YIIPABJISIONMMEI IIPOIECCOM
pazpaboTku. Cioa BKIIOYAIOTCS pa3JIndHble CTAHIAPTHI, IJIAHbBI, OTYe-
THI, a TAKKe paboure JOKYMEHTBI 1 TIePeIcKa MeKy pa3padOTINKaMU
1 YIIPABJISAIONINME Pa3pabOTKOI.

Ko BTOpOIi rpyrmime OTHOCSATCST TOKYMEHTBI, BKJIIOYaeMble B COCTAB
IIPOrPaMMHOT0 0OecIiedeHnst. DT JOKYMEHTHI B CBOIO OU€pe/b JEIsT-
s Ha JIBE TPYIIIIBL:

* JIOKyMEHTAIIMsI TT0 COTTPOBOKIEHUIO;

* [I0JIb30BATEIHCKAS JOKYMEHTAIIHSI.

B cocraB 1OKyMEHTAIIMH IO COMTPOBOKIEHUIO BKIFOYAIOTCS JOKYMEH-
ThI, OIIACBIBAIOLINE CTPYKTYPY U cocTaB I10: apxuTeKTypy mporpaMm-
HOII CHICTEMBI, CIIEIM(UKAIIIN 1 TEKCTHI ITPOrPAMMHBIX MOIYJIEH, Cpej-
CTBa TECTHPOBAaHMS, a TaKKe PYKOBOACTBO IO CONMPOBOKIECHUIO
IIPOrPaMMHOI CHCTEMBI ¢ YKa3aHUEM allllapaTHO- U IIPOTPaMMHO-3aBU-
CUMBIX €€ YacTeil.

K 1mosp30BaTeIbcKON JOKYMEHTAIUN OTHOCSATCS TOKYMEHTHI, OIH-
CBIBAIOIIINE ITPOIECCHI YCTaHOBKY U HacTpoiiku 110, a Takike HHCTPYK-
[[UY CHUCTEMHBIM aJMUHUCTPATOPAM U KOHEYHBIM II0JIb30BATENISIM II0
OKCILTyaTallii TIPOTPAMMHBIX CHCTEM.

KauecTBO mporpaMMHOI JOKYMEHTAIIMKA HATIPSIMYIO BJIUSIET Ha yC-
nex skcrayatanun 11O B 1iesom. B ¢Bsi3u ¢ aTum 11st obecriedeHust Ka-
JyecTBa TPOTPAMMHON JOKYMEHTAI[MU pa3paboTaH psifi CTaHAAPTOB,
B KOTOPBIX IPEIIUCHIBAECTCS MOPSIIOK Pa3pabOTKK 3TON JTOKYyMEHTa-
1in, GopMyIHpYOTCs TPeOOBAHUS K KasKIOMY BHIY JOKYMEHTOB U OII-
PENESIOTCS MX CTPYKTYpa M COflepsKaHue,

KoHTponbHble BONpoCbi

1. KakoBbI OCHOBHBIE 3TaIbI pelenns 3agad Ha IBM?

2. Yro Takoe KU3HEHHBII MK/ IIPOrPAMMHOTO 00eCIIeYeH s ?

3. Kakue Moze/iu JKU3HEHHOTO I[UKJIA IIPOTPAMMHOTO 00eCIieYeH s Bbl 3Ha-
ere’?
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4. YTO Ha3BIBAETCST APXUTEKTYPOIT TPOrPAMMHOTO 0GeCTIedeHUsT?

5. KakoBbI OCHOBHBIE THIIBI TI0JIb30BATEIHCKUX MHTEPGEHCOB?

6. Uto Takoe creruduKaIiim, KaKie CBeIeHUsT OHU COJePKaT?

7. Kakue auarpaMmmbl BKIo4aeT 136k UML?

8. Uro npezcraBiiser coOOM CTPYKTYPHBII aHAIN3?

9. Kakue mpaBuia jie;kaT B OCHOBE CTPYKTYPHOTO aHAJIN3a?

10. Kakast MozeJIb IIOCTPOEHUSI IIPOrPaMMBbI UCIIOJIb3YETCS IPU 0ObEKTHO-
OPUEHTUPOBAHHOM TIOX0/1€e?

11. B uem 3akJoyaercst aTall peajnsaliii IIporpaMMHOTO oOecIiedeHns ?

12. Kakue MeTobl OIIEHKH TPYAOEMKOCTH Pa3pabOTKH IIPOrPaMMHOIO
obecrieueHrs Bbl 3HaeTe?

13. Kakue crioco6bl 3aIicy aJirTOPUTMa Bbl 3HaeTe?

14. Kakue BUbI OpraHu3aiiy KOJJIEKTHBA Pa3pabOTYMKOB TPOrPAMMHOTO
obecrieueHrs BbI 3HaeTe?

15. Kakue paboThl BBITIOHSIIOTCS B IIPOIlecce 0OecIiedeHnsT KauecTBa mpo-
IPaMMHOTO TTPOYKTa?

16. Kakre oCHOBHBIE TPYIIIIBI OIINOOK B IIPOrPAMMHbIX TIPOAYKTAX BbI 3Ha-
ere?

17. Kakue ctagum TectupoBanus 11O BbI 3HaeTe?

18. KakoBbI OCHOBHBIE METO[BI OTJIATKN?

19. Yro noppasymeBaeTcs MO/ 3aIUTHBIM IIPOIrPAMMUPOBAHUEM ?

20. KakoBbl OCHOBHBIE IPYIIIIBI JOKYMEHTAI[IH IIPOrPAMMHOIO 00€CIIeYeHIs ?

21. Kakumu cBoiicTBaM# 00J1aIal0T aJITOPUTMbI?

22. Kakue cymiecTBYIOT (hOPMBI 3aMTICH AJITOPUTMA?

23. Ilo KakuM KPUTEPUSM OIIEHUBAETCSI KA4eCTBO ITPOTPaMMBb ?

24. Kakue akTophl BAUAIOT HA KQUeCTBO IIPOTPaMM ?

25. Yro npezcrasisieT co60it HHCTPYMEHTapuil TeXHOJIOTHH IPOrPaMMUPO-
BaHUA?



masa 3
M0JIb30BATENIbCKUA UHTEP®EINC

B pesysibrare udydeHus 1. 3 00ydarouecs A0JKHbL:

3namo

* [IOHATHUE U BUJIBI [10JIb30BATEIbCKUX UHTEP(ENCOB;

* OCHOBHbIE KOMIIOHEHTBI I10JIb30BaTEIbCKUX UHTEPPENCOB;

ymemo

* OPUEHTUPOBATHCS B CYIIECTBYIOMIMX BHUAAX IOJb30BATEIbCKUX HHTEP-
(eticos;

* BpIOMpaTh HarboJIee MOAXO/AIIME THUIIBI M0Jb30BATEIbCKUX UHTEP(hEN-
COB JIJISI PeIIeHUsI KOHKPETHBIX 3a/1a4;

enademov

e crienudUKON pean3aliy PasIndHbIX TUIIOB JUAJIOTOB;

* HaBbIKAMU BbIOOPAa OCHOBHBIX KOMIIOHEHTOB MHTepdeiica s peainsa-
UM [AAJIOTaA C [T0JIb30BaTEeIEeM.

3.1. Tunbl nonb30BaTeNbCKUX UHTEP(IEACOB

Ionvzosamenvckuit. unmepgetic npeacraBasier coOON COBOKYII-
HOCTb IIPOrPAMMHBIX U allllapaTHBIX CPEACTB, 00ECIIeYNBAIOIINX [1a-
JIOT TIOJIB30BATENIST U KOMITbIOTepa. /[uanoz — sTo mpoiecc oOMeHa
nHdopmalmeil Mexx1y 1oJab30BaTeieM U IIPOrPaMMOii, ocylilecTBJisie-
MBIl B peaibHOM MaciiTabe BpeMeH! U CJIY KAIIHil 7151 PElieHusT KOH-
KpeTHOU 3ajziaun. Pas3inyaioT cienyoline TUIBI 10JIb30BaTEIbCKUX
nHTEPGENCOB:

* IPUMUTHUBHBIE UHTEP(ENCHI;

* uHTep(derCchl-MeHIO;

* uHTepdeich co cBOOOIHON HaBUTAINE];

* uHTepderch MPIMOro MaHUITYJIUPOBAHUS.

Ipumumuenwviii unmepgetic peanusyeT eJMHCTBEHHBIN CIleHApUi
paboThI MPOrPaMMHOTO OGecIieUeH s HallpuMep, BBOJ TaHHBIX — 00-
paboTka — BBIBOJ pe3ysibTaToB. [Togo6HbIIH nHTEPhENC TPUMEHSIETCS
KpaliHe peNKO, HalpuMmep, KOrja IporpaMMa MMeeT TOJBbKO OJHY
(pyHKIHIO.
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Hnmepetic-menro peaamsyer MHOKECTBO CIIeHaprieB PabOThI ¢ nepap-
XUYECKON CTPYKTYPOil KOMaH I, BRIOMpaeMbIX MoJib3oBaTesieM. epap-
XM4ecKasi OpraHu3als MeHIo ¢ rpadoM Tula <«jepeBa» 3aJaeT CTPO-
ro OTPAaHMYEHHYI0 HaBUTAIMIO: BBEPX-BHU3, BIIPABO-BJIEBO 110 BETBIM
rpada.

Humepgeiic co c60600n0il Hasuzayueli peann3yeT MHOKECTBO CIle-
HapueB pabOTHI, He IPUBSI3aHHBIX K YPOBHSIM HepapXuu KoMaH 1. Taxoii
unrepdeiic mpeanoaraeT omnpenesieHne MHOKeCTBA KOMaH/l Ha KOH-
KpeTHOM Iirare paboTsl. Takue nHTEpdENCH HA3bIBAIOT TPAPUIECKUMU
nosb3oBatestbekumu uHTepdeiicamu (GUI, Graphic User Interface)
i nnrepdeiicamun WYSIWYG (What You See Is What You Get, ato
BUJINIITH, TO U TTOJTy4nInb ). [IpenmytiectBa nHTEPhENRCOB CO CBOOOTHOM
HaBUralueil 1o cpaBHeHUIO ¢ UHTepdeiicaMu-MeHIO 3aKJIIYalTCs
B BO3MOKHOCTH JIOCTYTIA K JTF0OOBIM KOMaH/IaM ¥ B BEIOOpE KOMaH I, Me-
IONINX CMBICJI B JIAHHBINT MOMEHT. /[1asoroBbie OKHA POTPAMMBI COJIEP-
JKAT MEHIO Pa3JIMuHbIX BUIOB (KHOIMOYHOE, HUCIHAJakllee, KOHTEKCT-
HO€) U 3JIeMeHTbl YIIpaBJieHUs BBOJIOM/BBIBOJIOM, peau3yloniue
JIMAJIOT C T10JIb30BaTesIeM.

Humepdeiic npsamozo manunyauposanus peainsyet MHOKECTBO Clie-
HapueB PadOTHI MOCPEACTBOM BHIOOpA M TIEPEMEIEHUST TUKTOTPAMM,
OTPEIEISIONNX 00bEKTHI IPEAMETHON 001acTH. ITOT THI HHTEPdeiica
peann3oBaH B nHTepdeiice oneparnonHoi cucreMbl Windows, sBJisier-
cs1 aTbTEPHATHBON HHTEPdEICY CO CBOOOIHON HaBUTAIHEN.

Tun wHTEpdeiica 3aBUCUT OT TEXHOJOTMYECKUX TPeOOBAHUIl TIPO-
TPaMMHOTO 0OeCTIeYeH ST

* BBIOOP MeTO/a TIPOTPAMMUPOBAHUST: TIPOIEYPHBIN W 00BEKT-
HO-OPUEHTUPOBAHHBIN;

* BBIOOP si3bIKa mporpammupoBanust: C++, Java, Python u ap.;

* BBIOOD cpespl mporpammupoBanust: Visual Studio ¢pupmsr Micro-
soft, Embarcadero RAD Studio u ap.

Mcmonp3oBanre nHTEpdEiica co cBOOOAHON HaBUTAIMEN WJIA WH-
Tepdelica MPSIMOTO MAHWUITYJIUPOBaHUsT TPeOyeT BBHIOOPA OODBEKTHO-
OPUEHTHPOBAHHOTO TOAX0/a K MPOrPaMMHUPOBAHUIO M BBIOOPA COBpe-
MEHHOI Cpefibl BU3yaJbHOTO MPOrpaMMUPOBaHusi, Hampumep, Visual
Studio, RAD Studio unu Eclipse.

B mocietee Bpemst 60JbII0€ paciipocTpaHeHne MOy I BeO-1MH-
tepdeiicer. Beb-unTepdeiic — aTo cpea B3auMOIeCTBIS TIOJIb30BATEIsT
1 TIPOTPAMMBbI, 3aITyIIIEeHHOH Ha yiaJleHHOM cepBepe. Harllle Bcero Takue
nHTEP(MEHCH MPUMEHSTIOTCS ST paOOTHI € Pa3JIMYHBIMU OHJIANH-Cep-
BUCAMMU: HAYMHAS C DIEKTPOHHOMN IMOYTHI 1 3aKaHUNBast CCTEMaMu Beb-
aHaJIMTUKK. B3auMozeiicTBre ¢ cepBUCOM MIPU 9TOM ITPOUCXOAUT Yepe3
CrennaabHy0 TpahuIecKyio 000JI0UKY, COCTOSIIYIO U3 KHOTIOK, OKOH,
noJsieil BBO/Ia U IPYTUX 2JIEMEHTOB.
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3.2. Knaccutpukauma guanoros u Ux peanusauus

Kak yske oTMeuasioch BBIIIE, IUATOT — 9TO MpoIiece oOMeHa HHHOP-
Malteil Mek/1y ToJIb30BaTesieM 1 ITPOTPaMMO.

Paznuyalot siBa TUIA uasiora: ypasJsieMble TPOTPaMMO U yITpaB-
JisieMble TIOJTb30BaTEJIEM.

J/lnasor, ympaBisieMbIii TTPOTpaMMOM, TpeaycMaTpuBaeT HaTUJINe
’KECTKOTO CIleHAapUsl IUaJora, 3aJI0;KeHHOTro B IIporpammy. /luasior, yii-
paBJIsIEMbIH 1T0JIb30BaTEsIEM, TTPElyCMaTPUBAET, YTO CIIeHAPUI uajiora
3aBUCUT OT TIOJTb30BaATEJIS.

Paznuyator Tpu popMmbl auasiora:

* (hpasoByIo;

* TUPEKTUBHYIO;

* TAOJIMYHYIO.

@paszosas Gopma mpeoaaraeT oOIeHNe ¢ MOJb30BaTeIeM Ha ec-
TeCTBEHHOM $3bIKe. Peanmsariust Takoir (bopmbl Kpaiiie ciaoxna. ITo-
9TOMY Yallle BCETO UCIIOIb3YIOT IUAJIOTH, TTPEIIoarafoIme OHOCIOXK-
Hble OTBETHI.

Bormpoc iporpammsbr: Beedume sospacm
OtBet nosib3oBareisi: 40

Henocrarku ¢dpazoBoii popmbl — 3TO OTCYTCTBUE TapaHTUM Ipa-
BUJIbHOCTH OTBETA U 3HAUMTEJIbHAS PECyPCcO3aTPATHOCTD, CBSI3aHHAS CO
CJIO3KHOCTBIO Peau3alnu.

Jupexmusnas dopma mpemmnonaraeT UCIOJIb30BaHNEe KOMaHA (-
PEKTHUB) CIIENNaIbHO pa3paboTaHHOTO (HOPMATBHOTO si3biKa. KomaHmy
MOKHO BBOJIUTD:

* B BUJIe CTPOKU TE€KCTa B KOMaH/IHOW CTpOKe (HalpuMep, KOMaH bl
MS-DOS);

* Ha)KaTHEM HEKOTOPOIl KOMOMHAINK KJIaBHI (HAIIPUMeEp, aKceie-
paTophl);

* IOCPE/ICTBOM MaHUITYJMPOBAHUSA MBIIIbIO (HAIIpuMep, Imeperac-
KHBaHUe ITUKTOTPaMM).

OCHOBHBIMY IOCTOMHCTBAMY TUPEKTUBHOUN (DOPMBI SBJISIOTCS:

* HeOOIBIION 00hEM BBOAMMON MH(MOPMAINH;

* I’OKOCTD;

* UCIIOJIb30BaHNE OTPaHWYEHHOr0 Habopa KoMaH, obecriednBaro-
niee MmpeICKa3yeMblil pe3yJbTart;

* OpHEHTAIlMs Ha IUAJIOT, YIIPaBJsIEMbIi TI0Tb30BaTeIEM;

* UCIIOJIb30BaHNE MUHUMAJIBHON 06JIACTH 9KPaHa WUJIM OTCYTCTBHUE
9KPaHHOT'O BBIBOJIA.
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K nemoctatkam aupeKTUBHON (POPMBI OTHOCSTCS:

* [IPAKTUIECKOE OTCYTCTBHUE TOACKA30K Ha 9KpaHe, 4TO TpebyeT 3a-
TOMWHAHUS;

* OTCYTCTBHE OOPATHON CBSI3M.

JvpextuBHast hopMa ymobHa JIsT TTIOJIb30BaTeNIsI-IpodeccruoHaa.

Tabiuunas dopma mpeaoaaraeT, 4To MoJIb30BaTe/lb BHIOMPAET OT-
BET U3 CIIMCKA, IIPEIJI0KEHHOTr0 mporpaMmoii. JloctonHcTBaMu Tabmd-
HOU (POPMBI SABJIAIOTCS:

* HaJIMYMe TOICKa3Ku (HaMpaBJIeHHOCTh He HA 3allOMUHAHUE, a Ha
y3HaBaHMue);

* COKpaIlleHIe KOJIMYeCTBa OIMNOOK BBO/IA: TOJIb30BATEb HE BBOAUT
nH(OpMAINIO, a YKa3bIBaeT HA HEE;

* COKpallleHIe BpeMeHH 00yUYeHMsI T0Tb30BaTEIsI.

K Hemocrarkam TabmaHON (hOPMBI OTHOCSITCST:

* HEOOXOMMOCTD HAaJMUMsI HABBIKOB HABUTAI[NH 110 SKPaHY;

* UCIIOJIb30BaHMe OOJIBIION TLTOIAAN dKpaHa /It H300pakeHUsI BU-
3yaJIbHBIX KOMIIOHEHTOB;

* THTEHCUBHOE MCITOJIb30BAaHUE PECYPCOB KOMITHIOTEPA, CBSI3aHHOE
¢ HEOOXOAMMOCTBIO TOCTOSTHHOTO OOHOBJIEHUST MH(MOPMAITIH Ha SKPaHe.

3.3. OcHOBHbIE KOMNOHEHTbI UHTEP(IENCOB

I'paduueckue nosib3oBaTebckue MHTEPMENCHI MOAAEPAKUBAIOTCI
IPAKTUYECKU BCEMU COBPEMEHHBIMU OIEPAllMOHHBIMU CUCTEMaMU
obmtero HazHadenus: Windows, Linux, macOS u ap. B pamkax yka-
3aHHBIX OIEPAIMOHHBIX CHCTEM JIJIsT TaKUX MHTepdeiicoB paspaboTa-
HbI HAOOPHI CTAaHAAPTHBIX KOMIIOHEHTOB B3aMMOJEHCTBUS C MOJb30-
BaTeJIEM.

[Tonb3oBaTembckue nHTEPGDENCH COBPEMEHHBIX TTPOTPAMM CTPOSIT-
cs1 1o texroyorun WIMP: Windows (okna), Icons (mmmkTorpaMmsi),
Mouse (Mmbitiib), Pop-up (BcruibiBatoliiye nin BbiaJalonine MeHIo).

Takum 06pa3oM, OCHOBHBIMY 9JIeMeHTaMU TpapruuecKux nHrepdeii-
COB SBJSIOTCS OKHa, NMUKTOTPAMMBbI, KOMIIOHEHTHI BBO/Ia-BBIBOJIA,
MBIIIb, KOTOPYIO MCIOJB3YIOT B KaueCTBe YKa3bIBAIOIIETO YCTPOCTBA
1 YCTPONCTBA MTPSIMOTO MaHUITYJIUPOBAHISA 0ObEeKTaMI Ha 9KpaHe.

Ox1o — 9TO orpaHUYeHHast PAMKOI 00J1aCTh 9KPaHa, KOTOPast MOKET
MEHSTh pa3Mepbl W MeCTOIOJIO)KeHWe B TpejiesiaX aKpaHa. Bce okHa
MOKHO Pa3/IeJINTh Ha MSTh KaTeropuii:

* OCHOBHBIE OKHA (OKHA TIPUJIOKEHUS );

* JoYepHUE OKHA;

* OKHA JINAJIOra;

* nH(GOpMaIlMOHHbIE OKHA;

* OKHa MEHIO.
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OKHO TIPUJIOKEHUS] OOBIYHO COMEPKUT: PAMKY, CTPOKY 3aroJIOBKa
¢ KHOIIKO# CMCTEMHOTO MEHIO ¥ KHOIIKaMH BbIOOpa MPeICTaBICHMS OK-
Ha M BBIXO/Ia, CTPOKY MeHI0, MUKTorpaduyeckoe MeHIO (MaHes b WHCT-
PYMEHTOB), TOPU3OHTATBHYIO M BEPTUKAJIBHYIO TOJIOCHI TTPOKPYTKH,
CTPOKY COCTOSTHMSI.

JlouepHee OKHO UCIOJB3YIOT B MHOTOJJTOKYMEHTHBIX IPOTPAMMHBIX
nntepdeiicax (MDI). B ormmyue ot okHa NpUIOKeHUs, TJoUepHee OK-
HO He CO/IePKUT MEHIO.

JlnasoroBoe OKHO MCHOJIB3YIOT [IJII TPOCMOTPA U 3a/IaHUST PA3JIAY-
HBIX PEKUMOB pabOThl M HEOOXOAMMBIX MmapameTpoB. OHO MOXKET COo-
nepsKaTh KOMIIOHEHTBI, 00eCIIeunBaloIie 0Ib30BaTE0 BO3MOKHOCTh
BBO/Ia-BbIBOJIAa MH(POPMAITUN.

udopmarimontbie OKHa OBIBAIOT JBYX THUIIOB: OKHa COOOIIEHUIT
1 OKHA TTOMOIIIN.

OkHa MeHI0 MOKHO MCIOJb30BaTh KaK OTKPBIBAIOIIUECS TaHe n
nepapxuyeckoro MeHI0 UJIM KaK OT/leJIbHble KOHTEKCTHbIE MEeHIO.

ITuxmoepamma — 310 HeOOIBIOE OKHO ¢ TpaduuecKuM nzobpaske-
HueM. Pa3iinyaior cieayoliye TUKTOrPaMMbI:

* [IPOTPAaMMHbBIE€ MUKTOTPAMMBbI (CBEPHYTOE B MUKTOTPAMMY OKHO
MPUJIOKEHU );

* MMKTOTPAMMBI JOYEPHUX OKOH;

* TUKTOTPAMMBbI TIAHETH HHCTPYMEHTOB (JyOJUPYIOT KOMAH/IbI Me-
HIO JIJIs OBICTPOTO BBI30BA);

* IIUKTOrPAMMbI 0OBEKTOB (HCIIOIB3YIOTCS JJIst TIPSIMOTO MaHHUITY-
JIUPOBAHMS OOBEKTAMMN ).

[Tpsimoe MaHUITY TMpOBaHIe OOBEKTAMI — HTO BO3MOKHOCTD 3aMEHBI
KOMaH/Ibl BO3/ICHICTBHUS Ha HEKOTOPBINA 0OBEKT (PU3MUECKIM JEHCTBIEM
B MHTep(deiice, OCYIIECTBISIEMBIM C TIOMOIIBIO MbITIH. [Ipu aTOM JTI06ast
00J1acTh 9KpaHa PACCMATPUBAETCST KaK ajlpecat, KOTOPBIA MOKET OBbITh
AKTUBU3MPOBAH IIPU TO/IBEIEHNN KypCcopa U HAKaTUU KJIaBUIIUA MBIIIIH.

[To peakiiuu Ha BO3/ieHiCTBIE PA3INYAIOT CJIEIYTOITIE TUITBI 3/IPecaToB:

* yKazaHue 1 BbIOOP (pa3BepThIBaHME MTUKTOTPAMMBI, OTIPE/IEIEHNE
aKTUBHOTO OKHA);

* OYKCHPOBKA 1 «PE3NHOBAst HUTh» (ITEPEHOC 00BhEKTA U €T0 TPAHMUIL);

* KpaHHbIe KHOIIKHU.

[lna peanusaiiuy 11ajoroB, YIIPaBJisSeMbIX MOJIb30BaTeIeM, pUMe-
HAIOT MEHIO Pa3JINYHBIX BUIOB.

Jlist peanu3anuu AMAJIOTOB, YIIPABJISEMBIX CUCTEMON, OOBIYHO HC-
MOJIb3YIOT JINAJIOTOBbIE OKHA.

CnenaHo MHOXeCTBO TONBITOK CO3/aHUSI COIMATIU3UPOBAHHOIO
MOJIb30BATEBCKOTO (MHTEJIEKTYaIbHOTO) nHTepdeiica. B ocHoOBe Ta-
KOTO mHTepdeiica JeKUT ues Co31anus mepcoHnGUIMpOBaHHOTO NH-
Tepdeiica.
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K uHTeNIeKkTya bHbIM 2JIeMeHTaM T0Jb30BaTeNbCKUX MHTepdeii-
coB oTHocsTcst Mactep, CoBeTuuk, ATeHT.

IIpozpammy-macmep VCTIONB3YIOT JJIST BBITIOJTHEHUST 0OIIIEPaCIIPOCT-
pPaHEHHBIX, HO PE/IKO BBITIOJHSIEMbBIX OT/I€JIbHBIM TI0JIh30BaTeIeM 3a/1a4.
BoimosiHeHne OAOOHBIX AeCTBHUIT TpebyeT OT MOJIb30BATE ST TIPUHSI-
THS CJIOKHBIX B3aMMOCBSI3AHHBIX PEIIeHUH, TT0CIe/J0BATeIbHOCTD KO-
TOPBIX IUKTYET ITporpamma-mactep. Muresnekryanbabie Mactepa ciio-
COOHBI Ha KaKJOM IIare JAeMOHCTPUPOBATh B OKHE MPOCMOTpPaA
pe3yJibTaTbl OTBETOB TI0JIb30BaTE I Ha TMPEIbIAYIEe BOIPOCHI, TTOMO-
ras mocJjie/JTHeMy COPUEHTUPOBATHCSI B CUTYAITUH.

Mactep peanusyeTr mocjie/JoBaTeJbHbINA WJIW JIPEBOBUIHBINA CIleHA-
pwit muasora. Ero mezecoo6pasHo NCIOIB30BATD [T PENIeHNsT XOPOIITO
CTPYKTYPUPOBAHHBIX, ITOCIE0BATEIbHBIX 3a/1a4.

Cosemuuxu TIpeACTaBISIOT coO0i (hopMy ToacKa3ku. X MOKHO
BBI3BATH C TIOMOIIbIO MEHIO CITPABKM, KOMAHHOW CTPOKW OKHA WJIU U3
BCILIBIBatOTEr0 MeHi0. COBETUMKM TIOMOTAIOT T0JIb30BATEISIM B BbI-
MOJTHEHUY KOHKPETHBIX 3a/1a4.

IIpoepammmnvie azenmvi NCTIOJNB3YIOTCS JIJIs1 BBITIOJIHEHUS PYTUHHON
paboTsl. Pazanyaror:

* [IPOTPAMMBbI-aTeHThl, HACTPABaeMble HA BBITIOJHEHNE YKAa3aHHBIX
3a/1ay;

* IPOTPAMMBI-aTeHTBhI, CIIOCOOHBIE 00YIaThCsT, PUKCUPYST IEHCTBUS
MOJTb30BaATEJIS.

KoHTponbHble BONpPOCHI

1. KakoBbI OCHOBHBIE THIIBI TIOJTb30BATENBCKUX NHTEPHENCOB?

2. B uem mpenmyiiecTBO unTepdeiica co cBOOOIHON HABUTAIIUEN TIO CPaB-
HEHUIO ¢ uHTepdelic-MeHt0?

3. Kakue nuarepdeiicpl Ha3pIBalOTCs rpapuIecKuMM ?

4. Kakue mHTEpdENCH MCIOMB3YIOTCS TPH 0OBEKTHO-OPHUEHTHPOBAHHOM
MI0/IXO7I€ K TIPOTPAMMUPOBAHUIO?

5. YTo Takoe auamnor?

6. Kakue tursl Araiora Bl 3HaeTe?

7. Kakue gopmbl 1uajiora Bbl 3HaeTe?

8. KakoBbl OCHOBHbIE KOMITOHEHTBI TPahUUeCKUX MOJb30BATEITHCKUX WH-
TepdeiicoB?

9. Kakue Bu/ibl MUKTOrPaMM Bbl 3HaeTe?

10. Kakue aieMeHTBI T0JI30BATETBCKUX NHTEP(HEICOB OTHOCSATCS K MHTEJ-
JIEKTYaJTbHBIM ?



YacTb 2

OCHOBbI
NMPOrPAMMUPOBAHUA
HA f13bIKE
BbICOKOI0 YPOBHA

B 4. 2 paccMaTpuBalOTCS OCHOBBI IIPOrPAMMUPOBAHUS HA SA3BIKAX
[IPOTrPaMMUPOBaHKs BbICOKOro yposHs Python u C.

B pesysbraTe ndyueHus pasjesa 00ydaronuecs N0 KHDL

3namo

* CTPYKTYPY IIPOIPAMMBL;

* OCHOBHbIE TUIIbI JAHHBIX, UX OCOOEHHOCTH U UX 0COOEHHOCTHU UX
00pabOTKM B SI3bIKAX IPOrPaMMUPOBAHUS;

ymemo

* PEAIM30BBIBATH CTAHJAPTHBIE AJITOPUTMUYECKUE CTPYKTYPBI /IS
pelleHus 3a/1ay;

* BBIIIOJIHATH CTAHJAPTHBIE OIEepaluy Haj AAHHBIMU Pa3IMYHOIO
THIIA,

e1ademv

* OCHOBHBIMHU IIPUHITUIIAMU OOBEKTHO-OPUEHTUPOBAHHOIO U CTPYK-
TYPHOT'O MOAX0/A IPU CO3JAHUH IIPOrPAMM;

* HaBBIKAMU HAIMCAHWS IIPOTPAMM Ha A3BIKAX BHICOKOTO YPOBHSI.






maBa 4
NMPOrPAMMWPOBAHUE
HA A3bIKE BbICOKOIO YPOBHA PYTHON

B pesysbrare udydeHus 1. 4 00ydaronmecs J0JKHbL:

3namo

* CTPYKTYPY IIPOrPaAMMBbI;

* OCHOBHBIEC THUIIBI JJAHHBIX, UX OCOOEHHOCTH;

* CTaHJapTHBIE MOJYJIH SI3bIKA;

ymemo

* BBINOJIHATH CTaHAAPTHBIE ONEPAIMN HaJl JAHHBIMU PA3JIMIHOTO TUIIA;

* IIPUMEHSTDH CTaHAAPTHBIE AITOPUTMUYECKUE CTPYKTYPbI 1151 00pabOTKN
JIAHHBIX;

eésiademov

* OCHOBHBIMU IIPUHITUIIAMU OOBEKTHO-OPUEHTUPOBAHHOTO IIOAXO0Ja IPU
CO3JJAaHUK IIPOTPAMM;

e crerudUKoN PaboOThI ¢ IIepEMEHHBIMU PA3JIUYHbIX TUIIOB JaHHBIX.

4.1. 3HaKOMCTBO C A3bIKOM NPOrpaMmMuUpoBaHua
Python

Python — BBICOKOYPOBHEBBIN SI3BIK IIPOrPAMMUPOBAHUST OOIIETO
Ha3HaUYeHUsI ¢ IUHAMUYECKON TUTTU3aliieil, aBTOMaTHUeCKUM yIIpaBJie-
HUEM aMSITBIO, TIOIEP/KKON MHOTOTIOTOYHBIX BBIYUCTIEHNUN 1 YI0OHBI-
MU CTPYKTypaMu gaHHbIX. Ha puc. 4.1 mepeuncieHsl 061acTh prMe-
HEHUS SI3bIKa TIporpaMMupoBanust Python.

[Tpexxme uyeM TmepexoAWThb K BBINIOJHEHUIO TIPOTPAMM Ha SA3bIKe
Python, paccMoTpuM, Kak 3alycKaioTcst IIPOrpaMMbl Ha KOMITbIOTEPE
(puc. 4.2). BpinosHeHWe TTPOTPAMM OCYIIECTBJISIETCST ONePaITMOHHON
cucremoit (Microsoft Windows, GNU /Linux u rip.). B 3agaun omnepa-
IIMOHHOW CHUCTEMbI BXOJIUT BbIJIeJIeHNe pecypcoB (OTllepaTUBHON maMsi-
TA U TIP.) JJIsI IPOTPAMMBI, 3allpeT UJW pa3pelieHue Ha JOCTYI K yCT-
policTBaM BBO/Ia,/BbIBOJIA U T.I.
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Cucremuoe

MPOTrPaMMUPOBaHUE
Urpsr, borp b

HCKYCCTBEHHBIN I'pacdurueckuit

UHTEJIIEKT \ / nHTepdeiic

IIporpamMmmupoBanue
HayyHbIX <+ — Beb6-crienapun

BBIUNCJIEHUN

beicTpoe / pgthonm \ WNurerpamus

CO3/IaHue KOMIIOHEHTOB:
[IPOTOTUIIOB Cpython,
Jython,
IronPython

IIpunokenus
a3 JJaHHDBIX

Puc. 4.1. O6aacTi npuMeHeHus1 A3bIKa nporpaMmupoBanusi Python

[Iporpamma
Ha s13bike Python

[}

WNurepnperaTop
Python
(BupTyanpHas
mammaa Python)

U U

OmnepanmonHas cucTeMa

(] (]

Kectruii quck Momnutop

IIpunoxenus

Puc. 4.2. Cxema 3amycka nporpaMm

Jlog 3armycka mporpaMm, HAIlMCAHHBIX Ha SI3bIKE ITTPOTPaMMMPOBA-
nust Python, Heobxoxuma nporpamma-uHTEpIperaTop! (supmyanvias
mawuna) Python. [lanras nmporpamma ckpeiBaet ot Python-mporpam-
MICTa BCe OCOOEHHOCTH OIEPAIMOHHON CHCTEMBI, TIO9TOMY, HAIHCaB
nporpammy Ha Python B cucreme Windows, ee MOKHO 3a1ycTUTh, Ha-
npumep, B GNU/Linux u mojiy4uTb CXOKU pe3yabTar.

CkauaTh M yCTaHOBHUTH HHTepIpeTaTop Python? MokHO coBepiieH-
HO GecriaTHO ¢ odunmaabHoro caifta http://python.org. /st paboTs

! Python siBJIsteTcst MHTEPIPETUPYEMBIM SI3BIKOM POTPAMMHUPOBaHUs (KOMaH/[bI
BBITIOJIHSIOTCS TIAT 32 MIArOM), B OTJIWYUE OT KOMIMJIUPYEMBIX, T/le TeKCT MTPOTPaMMBbl
TepeBOJINTCS B AKBUBAJIEHTHBIN MAITMHHBIN KO/I.

2 TIpotiecc yCTaHOBKH 3aBUCHUT OT OMEPAITMOHHON CHCTEMBI.
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HaM ToHazobuTcss mHTeprperatop Python Bepcum 3.6 wim Bbime.
B mpotiecce ycranoBku pekomerayercs ykasaTh myTh C: /Python36-32.

[Tocsie ycTaHOBKHM MPOTPAMMBI-MHTEPIIPETaTOpa 3aIyCTUTE WHTEP-
akTuBHYIO Tpaduueckyio cpexy IDLE! u noxxaurech mosBieHus mnpu-
ryIanieHus /1Jisl BBOIa KOMaH/I;

Type "copyright", "credits" or "license()" for more
information.
>>>

4.2. InTennekTyanbHbli KanbKynaTop

B camom Hauase o6yuenust Python MokHO paccMaTpuBaTh KaK WH-
TePAKTUBHBIA WHTEJJIEKTYAJIbHBIM KaJbKYJATOP. B MHTEpakTUBHOM
pexxume IDLE nalinem 3Hauennss MatemMatuyeckux Boipaskennit. Ilocire
3aBepIIeHNsT Habopa BbIPAKEHIS HAKMUTE KIaBuUILy <Enter> Jist 3aBep-
HIeHW BBOJIA U MTOCJIEeIYIOIIEeTO BhITIOJTHEHUS YKa3aHHBIX BbIPAKEHUIA:

>>> 3.0 + 6

9.0
>>> 4 + 9
13
>>> 1 - 5
-4
>>> _ + 6
2

HuxauM 1o iuepKuBaHieM B TIPEbIIYIIEM ITPUMepe 0003HAYAETCSI
ITOCJICTHU TIOJTyYeHHBI Pe3YJIbTaT.

Eciu coBepuuth ommoOKy Ipy BBOJIE KOMaH/IbI, TO MHTEPIIPETATOP
Python coobmmut 06 sTOM:

>>> a
Traceback (most recent call last):
File "<pyshell#0>", line 1, in <module>
a
NameError: name 'a' is not defined

B maTremaTuyeckux BbIpKEHUSIX B KauecTBe OIEPaHI0B MOTYT UC-
M0JIb30BaThCs Kak yenvie uucia® (1, 4, —3), Tak u seujecmeenvie® (B po-

! Boibop cpenpt IDLE o6yciioBieH TeM, 4TO OHA BXOIUT B CTaHAAPTHYIO TIOCTABKY
unTeprperaropa Python u siBisiercst cBOGOAHO pacpocTpaHsIeMOii.

2 A TaksKe KOMILIEKCHBIe uncia u jorndeckue 3uavenust (True, False).

3 O6bsicHEeHNE TPABUIT XPAHEHVsI BENECTBEHHDBIX YHCEJ B KOMITBIOTEPE BBIXOAUT 32
paMKH y4eOHWKA, CPAaBHUTE B CJIEAYIONIEM TIPIMEPE PE3YIIbTAThI BHIUMCIEHIA:

>>>2/3 +1

1.6666666666666665

>>>5/3

1.6666666666666667

>>>
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rPAaMMHUPOBAHUM WX eIlle Ha3bIBAIOT YUCIAMU C NAABANUWEU MOUKOLL):
4.111, —9.3. Maremarndeckre orepaiuu, JOCTYIHbIe HaJ YUCIaMU
B Python!, mpezacrasiensr B Tab. 4.1.

Tabruya 4.1
Marematnueckue oneparopsi B Python
Omneparop Omnucanue
+ Chosxkenue
- Boruuranue
* YMHoxeHnne
/ [lenenue (B pe3yJsibTaTe BEleCTBEHHOE YHCJIO)
// [lenenue ¢ okpyriieHreM BHU3
e BosBenenue B cTernienb
% OcraToK OT JeJIeHst
>>> 5/3
1.6666666666666667
>>> 5 // 3
1
>>> 5 % 3
2

>>> 5 ** g7
67762635780344027125465800054371356964111328125

Ecau onun u3 omnepaH/ioB 4BJISIE€TCS BeNeCTBEHHBIM YUCJIOM,
TO B pe3yJibTaTe BbIUUCJIEHUN MMOJYYUTCS BellleCTBEHHOEe YUCIIO.

[Ipu BBIUMCIEHUN MaTeMaTHYeCKUX BbIpaskeHuin Python mpumep-
JKUBaeTcd TPpUOpUTETa oTiepalinii (cjeyeT MaTeMaTHdecKUM corJialie-
HUSIM):

>>> -2 ** 4

-16

>>> - (2*%*4)

-16

>>> (=2) ** 4

16

B cayyae comHeHull B opsijike TPpUMEHEHUI MaTeMaTUu4eCKUX olle-
PaTopOB U JJIsE YIIPOILEHUS YTEHNS BhIpasKeHil Oy/1eT MoJIe3HbIM 000-
3HAYUTH IIPUOPUTET B BU/E KPYIJIBIX CKOOOK.

Boipaskasch B TepMUHAX MPOTPAMMUPOBAHUS, TOJBKO YTO MbI I10-
3HAKOMMUJINCD C YUCTOBbIM MUnom danioix (11eJJOYNCTIEHHBIM TUITOM int
u BemecTBeHHbIM TUIIOM float), T.e. MHOKECTBOM YHCIOBBIX 3HAYEHUIT
1 MHOKE€CTBOM MaTeMaTU4YeCKHUX ollepalluii, KOTOPble MOKHO BBITIOJI-
HATb HaJl JaHHBIMU 3HAUYEHUSM.

U JTio6omnbiTHo, uto B Python Beipaskenwue (b * (a // b) + a % b) sxBuBajeHTHO a.
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sI3pik mporpammupoBanust Python mpemocrasisier 60/1b1101 BEIOOD
BCTPOEHHBIX TUIIOB JaHHBIX, O KOTOPBIX PeUb MOM/IET AaJIbllIe,

4.3. llepemeHHbIe

PaccmoTpum BeipakeHue y = X + 3 * 6, rlie y U X ABJISIOTCS nepe-
MEeHHbIMU, KOTOPbIEe MOTYT co/iep;KaTh HeKoTopble 3HaYeHus1. Ha ga3bike
Python BbrumcINTH 3HaYEHUE Y TIPU X PaBHOM 1 MOKHO CJIEAYIOIINM

obpaszoMm:
>>> x = 1
>>> vy = xXx + 3 * 6
>>> Y
19

B BbIpaxkeHUM HETb3sT UCIOJIb30BATh MTEPEMEHHYIO, eCJIU paHee el
He OBLITO TIPUCBOEHO 3HAUYEHUE C TIOMOIIBIO UHCMPYKUUU NPUCBAUBAHUSL.
Jlst Python takue mepemeHHbIe He OIpe/esIeHbl, U UX UCIOJIb30BaHIe
IIPUBEIET K OIIMOKE.

Conepxumoe iepeMeHHO y MOKHO BbIBECTU Ha 3KPaH, €CJIu B WH-
TEPAKTUBHOM PeKMMe BBECTU ee NMs.

Hmena niepeMeHHBIM 33/I1aeT IIPOTPAMMMUCT, HO €CTh HECKOJIBKO Or-
paHUYeHWH, CBSI3AaHHBIX C UX HamMeHoBaHuWeM. VIMeHa TepeMeHHBIX
HeJIb3s1 HAUMHAThH ¢ 1Pl U B KaueCTBe UMEH TlepeMeHHbBIX HeJb35 UC-
I0JTb30BATh KJIIOYEBbIE CII0BA, KOTOPBIE it Python umerot omnperenen-
HBIU cMbIcJT (3TU caoBa nojicBeunBatoTcs B IDLE opaHikeBbIM 11BETOM,
Tab. 4.2).

Tabruya 4.2

Kmouessie cioBa Python
and as assert break class continue
def del elif else except exec
finally for from global if import
in is lambda nonlocal [not or
pass raise return try while with
vield True False None — —

Jlasee Mbl gacTo OymeM obpamarbest K GopMmyJie IepeBojia U3 IKa-
abl B rpajtycax 1o Heanscuio (7,) B mkamy B rpagycax mo @apenreiTy

(Tp):
TF = 9/5 * TC + 32

Onpenennm znauenue 1, upu T, pasaom 26. Cos3gaaumM nepeMeH-
HYIO ¢ UMeHeM cel, comepikaliyio 3HaueHIe [[eJI0YNCAeHHOro TuIa 26:
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>>> cel = 26

>>> cel

26

>>> 9/5 * cel + 32

78.80000000000001

B MOMeHT BBINOTHEHNSI HHCTPYKIMK NTpucBanBanus cel = 26 B ma-
MSTH KOMIIbIOTEPA co3maercs obvexm (puc. 4.3), pacioIOKEHHBIH 110
HEKOTOpOMY adpecy (yCI0BHO 0003HAUNM €ro Kak id1), uMeronuii 3Ha-
yeHre 26 IeJI09MCIeHHOro Tuma int. 3ateM co3maeTcs IlepeMeHHast
¢ uMeHeM cel, koTopoii npucsausaemcs aopec obbexra idl.

Takum o6pasom, mepemertbie B Python comep:kar agpeca 00beKTOB.
Haue MOJKHO CKa3aTh, 4TO NEPEeMEeHHbLe CChIIAIOMCS Ha obvexmbl. Tur
TIepEMEHHOI OITPeIe/ISIeTCs] TUIIOM 0ObeKTa, Ha KOTOPBIN OHA CChLIAeT-
cs. B manmpHeiimem ajist yupoineHust 0y1eM TOBOPUTb, 4TO IIepeMeHHast
XPaHUT 3HAUEHUE.

cel idl:int

idl > 26

Puc. 4.3. Moaenb namsatu aus Boipazkenus cel = 26!

Beruncnenne cienyomnero BbIpaskeHns TPUBEET K TPUCBANBAHUIO
nepeMeHHOI cel 3HaueHus 72, T.e. CHaYaIa BBIYMCISETCS [IpaBasi 4acTh,
3aTeM Pe3yJIbTaT MMPUCBAUBAETCS JIEBOU YaCTH:

>>> cel = 26 + 46

>>> cel

72

PacemoTrpum GoJiee CIIOKHBIN IIpUMep:

>>> diff = 20

>>> double = 2 * diff

>>> double

40

Bo BTOpOM BBIpaKeHNHU B ITEPBYIO OYEPEb TTPOUZOMAET BEITUCIEHIE
IpaBoii yacTH, re Ha Mecto epementoii diff mogcraBurcs sHauerue 20,
1 pe3yJIbTaT BBIYMCIIeHUsT IprucBonTcst iepemerHoil double. ITo okonua-
HUY BBIYKUCJIEHUI TTAMSTh OyIeT IMETh BUJI, [TPEACTABICHHBII Ha PHC. 4.4.

diff idl:int
double id2 :int

Puc. 4.4. Cxema namstu Python npu paGore ¢ nepemeHHbIMU

! PucyHnku K 1J1. 4 ganbl o usgauuio: @edopos /. KO. OCHOBbI TPOrpaMMUPOBAHUS
Ha mpuMepe si3bika Python : yue6. mocobue. CII6., 2016
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Jlanee mpucsonm nepemennoii diff smauenue 5 u BeiBeeM Ha 9KpaH
coznepsxnmoe epemerubix double u diff:

>>> diff = 5

>>> double

40

>>> diff

5

B momenT npucBanBanus nepementoin diff smauenus 5 B mamsiti
(puc. 4.5) cozmactcest 0ObEKT TIO afapecy id3, Comep KaIiii 1eJTOunCIeH-
Hoe 3HaueHue 5. Ilocsie 9TOro M3MEHUTCS COAEPKUMOE TIEPEMEHHOM
diff, BMecto azmpeca id1 Tyna sanurercs aapec id3. Takske Python ysu-
JIAT, 9TO Ha OOBEKT 1O azpecy idl OoJblle HUKTO He CChLIAeTCs M T0-
9TOMY YIAJWUT ero u3 mnaMsTi (IIPOU3BeeT aBTOMATHIECKYI0 COOPKY

mycopa).
diff ( / id1 :int

id2:int

id3:int

Puc. 4.5. Cxema namaru Python npu pa6ore ¢ nepemMmeHHbIMU

BHuMarebHbII ynTaTeh 3aMETILL, 4TO Python He nusmenser cyiie-
CTBYIOIIKE YNCIOBbIE OOBEKTHI, a CO3/[AeT HOBBIE, T.€. 0OBEKThI YNCJIIO-
BOTO THUIIA JaHHBIX B Python siistiorest neusmensiemoimu.

Y HauMHaAIIMX TPOTPAMMUCTOB YaCTO BO3HUKAET HeJIOyMEHUe IPU
BUJIE CJICIYIONINX BbIPAKCHU:

>>> num = 20

>>> num = num * 3
>>> num

60

Ecmm BCIIOMHUWTD, YTO CHa4daJia BbIYUCJIAETCA IIPpaBasd 4YaCTb BbIpaKe-
HMA, TO BCE CTAaHET Ha CBOU MECTa.

4.4. OYHKUNKN

CDyHKHPIefI B IIPOIr'paMMUPOBaHNHN HA3bIBAECTCA IMOCJIE€10BATEC/IbHOCTD
I/IHCprKHI/Ifl, KOTOpPasA BbIIIOJIHAET BbIYNCICHH . C ueM MOKHO CPaBHUTb
CPYHK]_[I/IIO? HaHpaLHI/IBaeTCH dHaJIOTHA C «4YEPHBIM AIMMKOM», KOT'/la MbI
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3HAeM, UTO TIOCTYIIAeT Ha BXOJ ¥ YTO IIPH ATOM TI0JIy4aeTCs Ha BBIXOJE,
a BHYTPEHHOCTH «4€PHOTO SIIKa» OT HaC CKPBITHL. B kKauecTBe mpumepa
MOJKHO TIpuBecTH Oankomat. Ha Bxox 6aHKOMaTa MmocTymaeT mIacTUKO-
Bas Kaprouka (IIMH-KOJI, JeHeKHash CyMMa), Ha BBIXOJE Mbl OXKHIaeM
HOJIYYHTD 3arpalinBaemMyio cymmy. Hac He oueHb CHIIBHO MHTEpecyeT
IpUHIUT paboThl GaHKOMAaTa /10 TeX T0P, MoKa OH paboraet 6e3 choeB.

PaccMOTpuM BCTPOEHHYTO (QYHKIINIO ¢ MMeHeM abs, IpHHUMAOILY IO
Ha BXOJ| OIUH apryMeHT — 0OBhEKT YMCJIOBOTO THIIA, M BO3BPAIIAIOILY IO
abCOIIOTHOE 3HaYeHue It 9TOro oObekTa (puc. 4.6).

Vimsi pyHKLmM \ / APryMeHT (yHKLIMK
BosBpaliaemoe
APTYMENT by 3HayeHwue: abconoTHoe
d bs ('9) 3HayeHuWe ymcna -9

®yHKUMSI BO3BpaLLaeT abcontoTHoe l

-9 é 3HayeHue yucna. 6 9

ApryMeHT MoxeT ObITb int unu float.

Puc. 4.6. DyHKIUSA KaK <YE€PHbIN SIUK»>

[Tpumep BoI3oBa hyHKIUU abs ¢ apzymernmom —9 nmeet BUL:

>>> abs (-9)

9

>>> d = 1

>>> n 3

>>> abs(d - n)

2

>>> abs(-9) + abs(5.6)
14.6

Pesynbrar BbI30Ba (DyHKIIMM MOKHO TIPUCBOUTH TIEPEMEHHOM, HC-
10JIb30BaTh €T0 B KayecTBe OMEePaH/I0B MaTeMaTUYECKUX BbIPAKEHUM,
9TO 1103BOJIsIeT (hOPMUPOBATH OOJIEE CJIOKHBIE BHIPAKEHMSI.

PaccmoTpum nipuMepbl HECKOJTbKUX BCTPOEHHBIX MaTeMaTUYeCKUX
dbyHKIIA.

Oyukiusg pow(X, y) BO3BpallaeT 3HaU€HNE X B CTENIEHN Y. DKBUBA-
JIEHTHO 3anucu X**y, ¢ KOTOPOIl Mbl y3Ke BCTPEUaJINCh.

>>> pow (4, 5)

1024

ODyHKIMSA POW MOXKET TPUHUMATh TPETUHM apTyMeHT, TOT/Ia BHI30B
byHKIMU ¢ apryMeHTaMu pow(X, Y, Z) 9KBUBAJEHTEH BBIUUCJIEHUIO
BbIpaskeHus (X **y) % z:
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>>> pow(4d, 5, 3)

1

Oynuknus round(number) BosBpalaeT Ync/Io ¢ IJIABAONEH TOY-
Ko, okpyrJieHHoe 10 0 1udp nocse 3amsatoit (1o ymosrdanuio). OyHk-
s MOKeT OBITh BbI3BaHa ¢ AByMsl aprymeHTtamu: round(number
[, ndigits]), rae ndigits — yucsio 3HaKOB TIOCJIE 3ATIATOI:

>>> round(4.56666)

5

>>> round(4.56666, 3)

4.567

[Tomumo cocTaByieHUSI CJIOXKHBIX MaTeMaTUYeCKUX BbIPpAKEHUN
Python mosBoJisieT niepeaBaTh pe3yJibTaT BbI30Ba (DYHKIUU B Ka4eCT-
BE apryMeHTOB APYTUX (BYHKIUI Oe3 MCIOJIh30BAHUS JOTIOTHUTED-
HBIX [TepEMEHHBIX.

Ha puc. 4.7 nipescraBien mpuMep BbI3oBa GYHKIIUM U TTOPSIOK UX
BBIUKCJIEHNS. B 9TOM mprMepe Ha MecTe YMCIOBBIX 00BEKTOB —2, 4.3
MOTYT HaXOJUThCST OOJIee CIOKHBIE BBIPAKEHMUsI, TOITOMY OHHU TaKiKe
HY’K/IAI0TCSI B BBIYUCJIEHUM.

pow (abs (-2), round(4.3))
1 3
2 4
5

Puc. 4.7. IlopsiioK BbIYMCIEHUS COCTABHOTO BbIpasKeHUs

Ha mpakTuke 4acTo Tpu HAIMCAHUN TIPOTPaMM TpebyeTcst Tipeodpa-
30BBIBATh TUITbI 00HEKTOB.

OyuKIs int TpuHUMAaeET JTI000e 3HaYeHre 1 TPeoOdpasyeT ero B 1ie-
JIoe YHCJIO, eCJId 3TO BO3MOXKHO (Bo3BpariaeT 0, ecjii apryMeHThI He Tie-
pejlaHbl):

>>> 1int ()

0

OyuKIws int MOKeT TIpeoOpa3oBaTh YKCJIO C TIABAIOIIEl TOUKOI
B I[eJI0€, HO 9TO He OKPYTJIEHHE, a OTCeYeHne IPOOHON YacTH:

>>> int (5.6)

5

Oyukius float BosBpaiiaer yncyio ¢ maaBaoIieil TOUYKOi, MoCcTpo-
eHHoe 13 uncia uan crpokn’ (Bospparaet 0.0, ecim apryMeHTHI He Tie-
pe/laHbl):

>>> float (5H)

5.0

>>> float ()
0.0

'O cTpokax peub MOWIET HIKE.
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Onucanvie GyHKIUHN COMEPKUTCS B IOKYMEHTAITUN, KOTOPas MOXKET
ObITH BbI3BaHa ¢ momonpio GyHkmu help (Ha Bxom momaercst mmst
dbynkIIUN):

>>> help (abs)

Help on built-in function abs in module builtins:

abs(x, /)
Return the absolute value of the argument.
Bepnemcs k dopmysie niepeBosa rpaaycoB 1o nikaie Dapenreiita
(T;) B rpapycsl 1o mkadse Heabcus (T,):
TC = 5/9 * (TF - 32)

[TpousBemeM HECKOIBKO BBIYUCIEHNH, T/e TiepeMenHas deg_ f Oymer
cojJiep:KaTh 3HaueHue B rpaaycax 1mo MapenreiTy:

>>> deg_f = 80

>>> deg_£f

80

>>> 5/9 * (deg_f - 32)

26.666

>>> deg_f = 70

>>> 5/9 * (deg_f - 32)

3aMeTuM, 4TO KasK/IbIil Pa3 JJisl epeBo/ia MPUXOANTCS HabupaTh OfI-
HO ¥ TO JKe BbIpakeHue. Y TIPOCTUM BBIYMCJIEHNUs], CO3/IaB COOCTBEHHYIO
(bYHKIIMIO, TIEPEBOAAITYI0 rpaaychl 1o mmkase DapenreiiTa B Tpagychl
o mikaJe Ienbcus.

B niepByo ouepenp HeoO6X0aMMO TpUIyMaTh MMt hyHKIUHN (pHc. 4.8),
K IpUMepy, HazoBeM (yHKIHIO convert_co_cels. TTocrapaiitech, uto-
661 nMst 66110 ocMbIicieHHBIM (lenal23 — 110X0il TprMep) 1 OTpaKkaio
CMBbICJT (DYHKIIMHU, BCHOMHUTE O ITPAaBUJIaX HAMMEHOBAHUS ITePEMEHHDBIX.
[ToMmuMoO 9TOTO, HEKETATEIBHO, YUTOOBI MM Ballleil (DyHKIIUU COBIIa/a-
JI0O ¢ UMeHaMU BCTPOeHHbIX GyHKIni Python (BcTpoerHbie hyHKIIMN
B IDLE noacBeunBaroTcs (proieTOBBIM IIBETOM ).

Ums dyHKuuM ApPryMeHT hyHKUMM
(npuaymbisaeT (rpamycel no dapeHreiTy)
NpOrpammumcT)
AprymeHT chyHKUUMN l BosBpauwaemoe
(rpapycsl no 3HaueHue B

rpagycax no

convert_co_cels (80)  Lenscmo

PapeHreTy)

dyHKLMA BO3BpaLLaeT
3Ha4eHue rpaaycosB no

80 —>| Ao aavemne > 26.666

rpagycoB no dapeHrenty
(MoxeT 6bITb int unu float)

Puc. 4.8. Cosnanue coOCTBEHHOI (DYHKIMH
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[IpencraBum, uto dyHKIMsa ¢ nMeHeM convert co_cels cosmana,
TOT[Ia ee BBI3OB [Is1 3HadeHust (aprymenta) 80 Oymer WMETh B
convert_co_cels(80).

[Tepeiinem HemocpencTBeHHO K co3nanuio (ynkiuu (puc. 4.9).
KitoueBoe cioBo def o3Hauaet, 4to gasee ciaexyer onpesenenne GpyHK-
run. [Toce def ykaspiBaercst umst hyHkimn convert _co_cels, 3atem
B CKOOKax yKasbIBaeTcst napamemp (MM TTapaMeTphl ), KOTOPoMy OyaeT
MIPUCBANBAThCsl 3HaUeHUWe NpU BbizoBe (pyHKIMU. [lapameTpnr hyHK-
U — OOBIYHBIE TIepEMEHHbIE, KOTOPBIMU (DYHKITUST TIOJb3YETCS JIJIsT
BHYTPEHHUX BbruncieHuii. [lepemernbie, 00bsIBIEHHBIE BHYTPU (DYHK-
II1¥, Ha3bIBAIOTCS JOKAIbHbIMU Y He BUAHBI BHe hyHkimu. [Tocme cum-
BOJIA «» HAUMHAETCS meno (pynkyuu — OJOK KOMaHI, OTHOCSIIUNCS
K pyukiun. Teao GyHKIME MOKET coepKaTh JI000€e KOJTUIeCTBO NH-
crpykimii. B wHTEepakTHBHOM pexkume Python camocrositesbHo pac-
CTaBUT OTCTYTIBI! OT Kpast pelakTopa, TeEM CaMbIM 0O03HAYMB, TJIe HauN-
HaeTcs Teso GyHKIUHU. Beipaxkenue, crosinee Mmocjae UHCTPYKIINHU
return, OyzieT BO3BpAIIaThCS B KA4eCTBE Pe3yJbTaTa BhI30Ba (DYHKIIHL.

OcmbicneHHoe Eaep?;i;pn'; o,
UMS pyHKUMM P Y

(8biGMpaeT izgromntko)
NporpaMMucCT)

def convert_co_cels (fahren):

return (fahren — 32) * 5/9

BosBpallaemoe 3HayeHne

Puc. 4.9. Cxema cosnauust pynknuu 8 Python

B uHTepakTUBHOM peskuMe co3fianue (PYyHKIIUU UMeeT CJIeAy IO
BujI (717151 3aBepIlieHrst BBoa (DYHKIIMM HEOOXOANMO J[Ba pasa HakKaTh
kjaaBunty <Enter>, NOKIABIIUCh IMPUTJIAIIEHUs J/Jis BBOJA KOMaH]I
>>>);

>>> def convert co_cels(fahren):
return (fahren-32) * 5/9

>>> convert_co_cels (451)

232.77777777777777

>>> convert_co_cels(300)

148.88888888888889

ITocie co3matus HYHKIMU €e MOKHO BBI3BATh, IIOACTAaBUB B CKOO-
KaX apryMeHThI, T.€. 3a/laB KOHKDETHbIE 3HAY€HN .

' Orerynbl uTpaoT BaKHYIO poJib B Python, otrensis 6i0k koman tesa hyHKImu,
UK U TP
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4.5. lporpammbl B 0TAENbHOM haiine

BHumaTebHbBII YnTaTeTh 3aMETHJT, YTO B UHTEPAKTUBHOM PEXUME
HeJIb3sT BEPHYTHCS ¥ BHECTU M3MEHEHUsI B BBIpasKEHUE, KOTOPOe yiKe
OBLIIO BBITTOJTHEHO, TIO9TOMY HMPUXOAUTCS HAOUPaTh €r0 IMOBTOPHO.

MHorocTpoutble BbIpaKEHUsI, Te JIETKO JOMYCTUTh ONIUOKY TPH
Habope, yI0OHO TIOMETIATh B OT/EJbHbIE TEKCTOBbIE (hailsIibl ¢ paciinpe-
HUEM .pYy.

B mento IDLE Boibepute File — New File. [TosiBuTCSI OKHO TE€KCTO-
BOTO PElaKToOpa, B KOTOPOM MOKHO HabWpaTh KOMaH/Ibl Ha sI3bIKE TIPO-
rpammupoBanust Python. Habepem B pefakTope ciieyroniuii Koz:

# 5T0 KOMMEHTapuM, M OHM MUITHOpMpPpyoTcss Python
# firstprog.py

a=5b

print (a)

print (a+5h)

B menI0 pegaktopa BeibepeM Save As u coxpanuM (aiiyi B AUPEKTO-
puio C:/Python36-32/, ykazas mpousBosbHOe MM, Hampumep first-
prog.py. B pannux Bepcusix IDLE npuxoannoch BpydyHyO MPOMUCHI-
BaTh pacimpeHue gaiina.

Jlis1 BBINIOJIHEHMST TIpOrpaMMbl B MeHIo pegakropa IDLE Beibepem
Run — Run Module (wiu vaskmeMm Kaasuiry <F5>). PesynbraT paboTh
IIPOTPaMMBbI OTOOPA3UTCST B MHTEPAKTUBHOM PEKUME:

========RESTART: C:/Python36-32/firstprog.py ========

OyHKIM print B IprMepe 0TOOpaKaeT COAeP:KUMOe ITePEMEHHBIX,
nepelaHHbIX el B Ka4yecTBe apryMeHTOB. BcrmoMHUM, 4TO MHTEPaKTUB-
HBII PEKUM TI03BOJISLI HaM 00XOAUTHCs 6€3 BbI30Ba 9TON (DYHKITU.

Pas6epemcst Terepp, Kak co3[aBaTh U BbI3bIBATH (DYHKI[UH, HAXOIS-
muecs B oTaeabHoM daiine. Cozmaaum daiin myfunc.py, coaepsranimit
cremyiommuii Koz (teso ¢pyakiun B Python nputsro otaensts 6o ve-
TBIPbMSI IIpoOeiaMu, JUOO0 OAHOM Tabyssaiueil — IpUAEPKUBAINTECH
B paMKax (paiijia OJTHOTO U3 3TUX ITPABUJI):

# myfunc.py

def f(x):

X =2 *x
return x

BeimmosiHM mporpaMMy ¢ TIOMOTIBIO Ha)KaTHs Ha KJIaBuUIy <FH>.
YBuanuM, 94To B MHTEPAKTUBHOM peXUME IPOrpamMMa BBITTOJTHUIACD,
HO HUYETO He BbIBEJIa HA AKPaH:

>>>
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Bce nmpaBunbHO, Benb Mbl He Bbi3Basiu (ynkimo! [Tocse 3amycka
IPOrpaMMbl B UHTEPAKTUBHOM PeskrMe Bbi3oBeM (dyHKIuIO f ¢ pa3smny-
HBIMU apTyMEHTaMU:

>>> f(4)

8

>>> f(56)

112

Pab6oraer! Teneps BbizoBeM (yHknuio f B haiisie, Ho He 3a0yaeM Ipo
print. [lanee mpeacraBieHa OOHOBJIEHHASI BEPCHUST TPOTPAMMBI:

# myfunc2.py
def f(x):
X = 2 * X
return x

print (£(4))

print (£(56))

BbIoIHMM [IpOrpaMMy U YBHAWUM, YTO B MHTEPAKTUBHOM PEKIIME
0TOOpa3nJICS Pe3yIbTarT:

8
112

4.6. 06nactb BUANMOCTH NEPEMEHHbBIX

Panee Mbl oTMeTHIH, YTO TIepeMeHHasl SIBJISIeTCS JOKAAbHOU (BUIHA
TOJIbKO BHYTPU (PYHKIUN), €CJIU 3HAYeHUe el MprucBanBaeTcs BHyTPU
(byHKIMH, B UHOM CJIydae — nepeMeHHast 2100aivhas, T.e. BupHa (K Hell
MO’KHO 0OPaTUTBCST) BO BCE ITPOrpaMMe, B TOM YKC/Ie U BHYTPU (QyHK-
UM,

B otnenpublii aiis ¢ uMeneM var_prog.py IOMeCcTUM CJIey IO
KOJI:

# var_prog.py

a = 3 # rnobanbpHas IIepeMeHHas
print (‘rmnobanpHas IepeMeHHasT a = ', a)
y = 8 # rnobanbHas epeMeHHas
print (‘rimobanbHasl IepeMeHHass v = ', V)
def func():
print ('func: rmobanbHas IIepeMeHHas a = ', a)
v = 5 # rnoxanbHas IepeMeHHas
print ('func: nokanbHas HIepeMeHHasT y = ', V)
func () # BERBBaem o¢oyHKIMO func
print ('??? y = ', vy) # oTobpazurcs riuobaybHas IIepeMeHHas

OO6paTuM BHUMaHUE, 9TO Y (DYHKIMK print MOKeT OBITh HECKOJIBKO
apryMeHTOB, 3a/IaHHBIX Yepe3 3aIsATy0. B ofmHOYHbIe arocTpodbl 110-
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metraetcs ctpokal. [lociie BBITIOJTHEHWST TPOTPAMMBI TOJYUYUM CJIETYIO-
U pe3yJibTart:

riobanbHadg IIepeMeHHas a = 3

rinobanbpHasl IIepeMeHHass y = 8

func: rnobanbHas nepeMeHHas a = 3

func: nokanwpHas nIepeMeHHass y = 5

222 y = 8

BHyTpu OyHKIME MBI CMOTJIH 0OPATUTHCS K TJI00ATBHON TIepeMeH-
HOI a 1 BBIBECTHU ee 3HaUeHUe Ha 9KpaH. 3aTeM BHYTPHU (DYHKIIUU CO-
3[1aeTCs JIOKATbHAS TIePEMEHHas Y, IPUYEM ee UM COBITQ/IaeT C UMEHEM
TJI00aJIbHON TIEpEMEHHOI — B 3TOM CJIydae IpHU 0OpallleH’H K Y BBIBO-
JIUTCS COJIEPKUMOE JIOKAIbHON ITepeMEeHHOM, a r100aJbHast IepeMeH-
Hasl OCTAeTCSI HEM3MEHHO.

Kak ObITh, €C/IM MbI XOTUM U3MEHUTD COJEPAKUMOE TJI00aTbHON Tie-
peMeHHOU BHYTpU DyHKIMK? B cienyoliem mpuMepe eMOHCTPUPYeT-
cs1 TI0ZI0OHOE M3MEHEHHeE C KCIT0JIb30BaHMeM KJtoueBoro coba global:

# var_prog2.py
x = 50 # rrnobanbHas IIepeMeHHas
def func():
global x # ykKazweBaeM, YTO X TIJobalbHas IIepeMeHHas

print ('x paBHo', X)

x = 2 # u3MeHseM TJI0DabHYyD IepeMeHHY
print ('3amMenseM riobanbHOEe 3HadeHMe X Ha', X)
func ()
print ('3HadyeHre X cCcocCTaBiasieT', X)

PesysibraT paboThl IIPOrPaMMBbI var_prog2.py:

x paBHO 50
3aMeHsieM TriobalyibHOe 3HadeHMe X Ha 2
3HaYeHMe X cocTaBisgeTr 2

4.7. lpumeHeHne (PyHKLMI

Ha npaktuke yacTo (DyHKITUU UCIIOJIB3YIOTCS I/ COKPAIeHns HC-
XOIHOTO KOJIa TPOTPAMMObI, HATIPUMED, €CJI 0ObIBUTH (PYHKIINIO BU/A:
def func(x):
c =7
return x + 8 + cC
TO KO Ha puc. 4.10 MoxeT OBITH 3aMeHEH TPeMsI BBI30BaMU (DYHKITUT
C Pa3JNYHBIMU aPTYMEHTAMMU.
beiBator ciayyaun, kora pyHKIIMS HUYEro He NMPUHUMAET HAa BXOJ
Y HYEero He BO3Bpaiaer? (IBHO He UCTIOTb3YeTCsI MHCTPYKITUS return).

! MoxxHo 6bIJIO 6bI HCIIOJIb30BAaTh I[BOﬁHbIe KaBbruku. O CTPOKax peyb HOﬁ[[eT HUIKeE.

2 Ha camoM jeJie, ecJiv He yKasaTh MHCTPYKIUIO return, To Python Bce paBHo BepHer
00bekT None.
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print (func (4))

]

b=a+8+cC
1 print(b)

i print (func (9))
[} a=3

c=7

b=a+8+C print (func (3))

[
1
T
'
1
1
'
1
1
T
L
T
1
'
1
1
'
1
T
L)
]
1
'
1
1
1

............

Puc. 4.10. IIlppumep MHOTOKPATHOTO BbI30Ba (DYHKIIUU

[Tpumep moxo6HOM GYHKIUN:
def print_hello():

print?‘HpMBeT')
print ('Hello')
print ('Hi')

Bugnm, uro BuyTtpu dyukiun print_hello mpoucxoaut Bbi30B print,
nosTomy B MoMeHT Bbi3oBa print_hello ere pas BoizbiBath print e Tpe-
oyercst. [Ipumep Ha puc. 4.11 geMOHCTPUPYET, YTO MHOKECTBO IIOBTO-
PSIIOIIUXCST BBI30BOB print MOKHO 3aMEHUTh HECKOJIBKUMU BbI30BAMHU
¢dyukmuu print_hello.

| print (Mpueet’) |
print ('Hello')
print ('Hi')

print_hello ()

1 '
i i
1 '
i print (Mpuset) !
! zrint :'Hgllo‘) ) 1 print_hello ()
| |
i i
1 '
1 '

print ('Hi')
print ('MpuseT’)

print ('Hello')
print ('Hi')

print_hello ()

Puc. 4.11. Ilpumep ucnoib30BaHus BbI30Ba (hYHKIMIA

Nmena ¢yukiuii B Python gBisgiorcss 0ObIYHBIMY TIEPEMEHHBIMU,
coepKanuMu aapec obbekTa! THA (PYHKIMA?, MOITOMY STOT apec
MOKHO TIPUCBOUTDL JPYTOM TlepeMeHHON 1 BbI3BaTh (DYHKIIUIO YiKe
C IPYTUM UMEHEM:

# call_func.py
def summa(x, Vy):
return x + vy
f = summa
v £(10, 3) # BH3HBaeM QVHKIMIO C OPYTUM MUMEeHEM

' B Python Bce siBiistetcst oObeKTaMu.
2 Jla-z1a, 9TO elie OANH TUTI JaHHBIX B Python.
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[TapameTps! hyHKIIMK MOTYT IPUHUMATD 3HAUEHUS TT0 YMOJYAHUIO:
# func_var.py
def summa(x, v = 2):

return x + vy

a = summa (3) # BMecTO Yy IOIOCTaBIAeTCS 3RHAYEHMUE
# 1O YMOTYAaHUIO
b = summa (10, 40) # Temnepr 3HaYeHME BTOPOTO IIapaMeTrpa

# paBHO 40
B cBsi3u ¢ TeM, uTo UM (DYHKIUK SBJISIETCS OOBIYHON IIEPEMEHHOM,

MOJKHO IIEpEAATh €€ B Ka4eCTBEC apryMeHTa IIPp1 BbI3OBE (byHK]_[I/II/I:

# call_summa.py

def summa (x, y):
return x + vy

def func(f, a, Db):
return f(a, b)

v = func(summa, 10, 3) # mepemaemM summa B KadecTBe

# aprymMmenrTa

ITOT mpUMep TOKa3bIBaeT, Kak u3 QyHKIru func MOKHO BBI3BATH

(bynkimio summa.

ITomumo I9TOI'0, B MOMEHT BbI3OBa Cl)YHKI_[I/II/I MOJKHO IIpHCBaMBaTb

3HAYeHUd KOHKPETHBbIM NapameTpaM (HCIIOJIb30BaTh KJAI0UeBble ap-
2YMEeHMbL):

# key_arg.py
def func(a, b=5, c¢=10):
print('a paBmo', a, ', b paBsmo', b, ', a ¢ paBHo', C)

func (3, 7) # a=3, b=7, c¢=10
func (25, c=24) # a=25, b=5, c=24
func (c=50, a=100) # a=100, b=5, c=50

Owmn6Koit GyIeT SBASITHCS BBIZ0B (DYHKIIUH, TPH KOTOPOM He 3a/aH

ApPryMeHT a, TaK KakK JJid HETO HE YKa3aHO 3Ha4Y€HHE 110 YMOJIYaHUIO.

4.8. CTpOKM ¥ onepauuu Haf CTpoKamm

st pabotel ¢ Tekctom B Python mpemycmorpen crieruaibHbIN

CTPOKOBBIN TUT JaHHBIX Str. CTPOKOBbIe OOBEKTHI CO3/AIOTCS, €CJIU
TEKCT TOMECTUTD B OZIMHOYHBIE allOCTPOMbI MJIU IBOMHbBIE KAaBBIYKU:

>>> 'hello'
'hello'
>>> "Hello"
'Hello'

Bes kaBbruek Python paciieHUT TekeT Kak UMsT mepeMeHHO 1 TTOTIbI-

TaeTcsl BBIBECTU HA 3KPaH ee COJIeP;KMMOe, eCId TaKas IlepeMeHHast Cy-
IIeCTBYET:
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File "<pyshell#2>", line 1, in <module>
hello

NameError: name 'hello' is not defined

MoxHO co3/1aTh TTyCTYIO CTPOKY:

>>> !

Jlsist pabothl co crpokamu B Python mipegycmorpero 6oibiiioe 4nciio
BCTPOEeHHBIX (yHKIMI. Paccmorpum, Hanpumep, ¢hyHkiuio len, koto-
pada oipenesdaeT AJMHYy CTPOKH, HepeﬂaHHOfI ell B KauecTBe ApryMEHTa:

>>> help(len)
Help on built-in function len in module builtins:

len(obj, /)
Return the number of items 1in a contailner.

[Tpumep BbI3oBa (hyHKIMH len st cTpokoBOTrO aprymenTa:

>>> len('IlpuBeT!"')
5

4.9. Onepauumn Hapg CTPoOKaMu

C nomotpio onepanuu korkamernauuu (onepaTtop «+» JJs CTPOK)
Python mo3BosIsI€T 00BEAMHNUTH HECKOJIBKO CTPOK B OZIHY (TaKsKe JOTIy-
CKAeTCsT PACIIOIOKUTH CTPOKH TIOCJIEI0BATENHHO 0e3 KaKuX-Tr00 orre-

paTopoB):
>>> 'IlpmBeT, ' + 'zBeMisgHe!’
'TlpuBeT, 3eMidHe!'
>>> 'llpuBeT, ' 'BemiugHe!'

'MpuseT, 3emiugHe!'’

3[[6(3[) HaYMHAKTCA YAUBUTEJIbHBIE BG]J_[I/I! HOMHI/ITG, MBbI TOBOPHJINA,
YTO OINEpaIMy 3aBUCAT OT THIA AaHHBIX? Haa oObekTamu ornpe/esieH-
HOT'O THUIIAa MOJKHO ITPON3BOAUWTD TOJIBKO OIIpEAEJSIEHHDBIE OII€EPpallN: Y1C-
Jla — CKJIaAblBaTbh, YMHOATb U T.[., T.€. IDOU3BOAUTDH HaJl HUMU apmb—
METHUYECKHUE OIIEPpAIlNH. Tak BOT, AJIsd CTPOKOBBIX O6'I)€KTOB onepanuAa
CJIOKEHUA O6’b€I[I/IH§I€T CTPOKH, a [Jid YNCJIOBBIX — CKJIQ/bIBAET. Yro
HpOHSOfU.[GT, €CJIM IIPpMMEHMTDb OIIEpATOp CJIOKEHHA OAHOBPEMEHHO
K YMCJIY U CTPOKe?

>>> 'Mapc' + 5

Traceback (most recent call last):

File "<pyshell#8>", line 1, in <module>
'Mapc' + 5

TypeError: must be str, not int

Python He paszobpaJicst, YTO MBI OT HET'O XOTUM: CJIOKUTh YKCJIA WK
00beMHUTH cTPoKK. K mpumepy, 4ToObl OObEAMHUTD CTPOKM, MOKHO
¢ OMOIIbI0 (hyHKIHK Str mpeoOpa3oBaTh YNCIO 5 B CTPOKY 'D' U BBI-
[OJTHUTDH 00beNHEHNE:
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>>> 'Mapc' + str(5)

'Mapch'

MoskHO TIpousBecTH 0OpaTHOE IpeodpasoBaHKe TUIIOB (U3 CTPOKU
B YHUCJIO):

>>> int ("-5")

-5

[Torpocum Python moBTopuTts (pasMHOKUTH) cTpoKy 10 pas:

>>> "CIAM" * 10
' CITAMCIIAMCIIAMCIIAMCIIAMCIIAMCIIAMCIIAMCIIAMCIIAM '

OTMeTuM, 9TO OMEPATOP YMHOKEHUST JJISI CTPOKOBBIX OOBEKTOB

IproOPET HOBBIN CMBICIL.

CTpOKI/I, 110 aHaJIOTUN C 4YUCJIaMH, MOKHO l'Ipl/ICBaI/IBaTb1 IEpEMEH-

HbIM:
>>> g = " m3aydawn rporpaMMmmpoBaHme”
>>> 3
'd m3ydyan nIporpaMyMmupoBaHue’
Y o
>>> g*4

'Ad m3y4yan [mOIporpaMMmpoBaHMesd mM3ydan IporpaMMUMpOBaHMEed
U3ydan IIporpaMMMpoBaHMedd mi3ydan IporpaMMUpOBaHMe'

>>> s + " Ha ga3pKe Python"

'd m3ydYan IporpaMMuMpOBaHME Ha s3HKe Python'

ITomecTnTh Ppa3Hbl€ BUbl KaBbIY€EK B CTPOKY MOJKHO HECKOJIbKUMN

crocobamu:

>>> "Hello's"
"Hello's™"
>>> 'Hello\'s'
"Hello's™"

HepBbeI cr1ocob — 3aKJIIOUYUTH CTPOKY B KaBbIYKHM PA3HbIX THUIIOB,

aTo0BI yKa3ath Python, rae 3akamuuBaercst ctpoka. Bropoit — uctosinb-
30BaTh CIIEIMATbHBIE CUMBOJIBI (YNPABIsiouue escape-nociedosamens-
HOCMU), KOTOPbIE 3aMUCHIBAIOTCS KaK JiBa cuMBOJa, HO Python BuauT
WX KaK OJINH:

>>> len("\'")

1

HOJICSHO IIOMHHUTDb 4aCTO BCTpE€YAIOIINECA praBﬂHIOU_[I/Ie II0CJIEe10-
BaTE€JIbHOCTU:

\n - Iepexon Ha HOBYI CTPOKY

\t - 3Hak Tabyiudnmmn

\\ - HaKJIOHHAas 4YepTa BJIEBO

\' - CHMMBOJI OIOMHOYHOWM KaBHYKMN

\" - CHUMBOJI OBOMHOM KAaBHYKU

! HarmomutaeMm, 94T0 B TIePEMEHHON XPAHUTCST aipec 00beKTa (B TAHHOM CJIydae CTPo-

KOBOTO 0OBEKTA).
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[Tpu mombITKe pasdUTh IMHHYIO CTPOKY € MTOMOIIbI0 <Enter> Bo3-
HUKaeT OIoKa:

>>> 'DTO IOJIMHHAaSA

SyntaxError: EOL while scanning string literal

>>> CTpOKa

Traceback (most recent call last):

File "<pyshell#20>", line 1, in <module>

CTpOKa

NameError: name 'cTpoka' is not defined

Jl1s1 co3mannst MHOTOCTPOYHOM CTPOKU ee HEOOXOUMO 3aKJII0UNThH
¢ 06enx CTOPOH B TPU OJMHOYHBIX armocTpoda:

>>> '''DT0 nOiImMHHAasA

cTpoka' "'

'STO0 mIMHHag\ncTpoka'

OTMeTuM, 4TO TIPU BBIBOJIE HA 9KPaH MHOTOCTPOYHOM CTPOKHU Tepe-
HOC CTPOKHU 0TOOPA3UJICS B BUJIE CIEMAJIbHOTO CMMBOJIa "\n'.

4.10. lononHutenbHble BO3MOXHOCTH (PYHKLMK print

Bepuemcs k yxke BcTpeuanieiicss Ham ¢yHKiun print. [lepenaanm
Ha BXOJI 9TOU (DYHKITUU CTPOKY CO CIEINATbHBIM CUMBOJIOM:

>>> print ('3To mamHHas\ncTpora')

DTO »OjamMHHAas

CTpOKAa

OyHKusa print cMoria paclo3HaTh CHEIMATbHBII CUMBOJ U OTOO-
pa3uTh Ha dKpaHe MepeBoji CTPOKU. PaccMoTpuM elile HECKOJBKO TTPU-
MEpOB:

>>> print(l, 3, 5)

135

>>> print (1, '2', 'cHoBa cTpoka', 56)

1 2 cHOBa cTpokKa 56

Takum 006pasoM, (PYHKIMS Print MO3BOJISIET BBHIBOAUTH OOBEKTHI
Pa3HbBIX TUTIOB.

Ha camom ziesie y a0 (DyHKITMN €CTh HECKOJIBKO «CKPBITBIX» apTyMeH-
TOB, KOTOPBIE 33/IaI0TCS 110 YMOJYaHUIO B MOMEHT BbI30Ba (puc. 4.12).

Paccmotpum nipumep:

>>> print(l, 6, 7, 8, 9)

16789

[To ymoganuio GyHKIMs print ais BhIBoga Habopa 0ObEKTOB HC-
MOJIb3YEeT B KadecTBe pasdzenuntesist mpoben. [liist 3aganust apyroro pas-
JleJIUTeJIst MOSKHO N3MEHUTDh 3HaUeHre TTapaMeTpa sep=":" B MOMEHT BbI-
30Ba HOYHKIUN:

>>> print (1, 6, 7, 8, 9, sep=':")

1:6:7:8:9
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>>> help (print)
Help on built-in function print in module builtins:

print(...)
print(value, ..., sep="", end="\n’, file=sys.stdout, flush=False)

4 ) "
] .
1
I
1
1
!

’

CTpoka, KoTopasi pacrnosnaraeTcs

MNepeuncnsem Ctpoka-pasgenutens
nocne nocrnegHero oobekTa.
06beKThI, mMexay obbekTamu.
Mo ymonyaHuio - nepeBo Ha HOBYHO
KOTOpble XOTUM Mo ymonyaHuio
CTPOKY.
oTo6pasnTb. npoben.

Puc. 4.12. «CkpbiTbie» mapameTpbl PyHKIIUHU print

4.11. Beop 3Ha4YeHuWit ¢ KnaBUaTypbl

YcaoxaUM TporpaMMy U MOIMTPOCUM TI0JIb30BaTE IS BBECTU UTO-HU-
Oymb ¢ knaBuaTypsl. B Python mist aToro nmpexycmorpena crienmuaabHast

dbyaKIMA input:

>>> g = input ()
3eMJIsgHe, MH IpUJIeTesIuM C MUPOM!

>>> 3
'3eMiigHe, MB IIpujleTenu C¢ Mupom! '

>>> type(s)

<class 'str'>

B mpumepe Mbl BbI3Basin (yHKIINIO input ¥ pe3yabTar ee paboThI
IIpHUCBONJIN HepeMeHHOﬁ s. I[TocJsie aTOTO MOIB30BaTE b BBEJI 3HAYEHUE
C KJIaBUATyphl U HaxKaa <Enter>, T.e. yka3as Ha 3aBepiienue BBoja. Co-
JEepPKUMOE TIEPEMEHHOII S BRIBE/IN Ha 9KpaH — oToOpasuiach ¢pasa, Ko-
TOPYIO BBeJI MOJIb30BaTeb. 3aTeM BbI3Bau (QyHKIIUIO type, KOTOpas
IMO3BOJIAET OIIpeae/JINTDb TUIL O6’b€KTa, CCbIJIKA Ha KOTOprfI COAEPIKUTCA

B I[IEPEMEHHOM §.

BHumaHue: doyHKuMa input Bo3BpaLLaeT CTPOKOBbI OObeKT!

Pa6ota ¢ pyukimei input MOKET IPUBECTH K HEOKUJAHHBIM OIITHO-

KaM.
>>> 8 = input ("BBeguTe uUmcio: ")
BBeoure umcno: 555

>>> g + 5
Traceback (most recent call last):

File "<pyshell#33>", line 1, in <module>

s + 5

TypeError: must be str, not int

B saTom ipuMepe nCIoJIb3yeTcsl BXOJHOU apryMeHT (pyHKIUM input,
KOTOPBII BBIBOJUT HA dKPAaH CTPOKY-IIPUTJAlleHUe Tepe]] M0Jb30Ba-
TeJILCKUM BBOLOM: "Beedume uucno: . Ilocie BBoma 3HaUeHUS ¢ KJIaBU-

12



aTyPBI TIBITAEMCST CJIOKHUTD €r0 C YUCIOM 5 U BMECTO OJKUIAEMOTO Pe-
3yJIbTaTa MmoJiydaeM coobiieHre 06 ommbke. VcmpaBuTh ommoOKy 1mo3-
BOJIsIET TIpeoOpas3oBaHme TUIIOB (BbI30B (DYHKIINH int):

>>> s = int (input ("BBemuTe dUmcio: "))
BBenuTe umcmno: 555

>>> s + 5

560

Kask/ip1ii CMMBOJI CTPOKU MMEET COOCTBEHHBIN MOPSAKOBbII HOMED
(unoexc). Hymepaius ciMB0OJIOB HaurHaeTcst ¢ HyJist. Python mossoss-
eT 00paTUTHCS K 3aJaHHOMY CHMBOJIY CTPOKU C IIOMOIIBIO OllepaTopa
CKOOOK CJIEAYIOMINM 00pa3oM:

>>> g = 'S4 mobio OrcaTbh IIPOTPaMMEH ! '
>>> s[0]

IHI

>>> s[-1]

B kBajpaTHHIX CKOOKAX YKasbIBaeTCs MHIEKC CUMBOJIA. Ecim HyJie-
BOIl MHIEKC — TIepBast OyKBa CTPOKH, YTO TOTAA O3HAYaeT MHAEKC —17?
OueBujHO, UTO MOCJeIHUI cuMBOJI. [lJis IepeBosa OTpUIlATENIbHBIX
WH/IEKCOB B TOJIOKUTEJbHBIE MCIOJIb3yeTCs ciemayiomas gopmya:

JUIMHA CTPOKU + OTpHIIaTeIbHbIi nHaekc. Hampumep, aig —1: len(s)—1,
T.e. 24.

>>> len(s)-1
24
>>> s[24]

[TorrpoOyemM M3MEHUTH TIEPBbI CUMBOJI CTPOKH (C HYJIEBBIM MH/IEK-
COM):
>>> g = 'S4 mobio OrcaThk IIPOTPaMMEH ! '
>>> s[0] = 'J'
Traceback (most recent call last):
File "<pyshell#41l>", line 1, in <module>
s[0] = 'J
TypeError: 'str' object does not support item assignment

[TorbITKa M3MEHUTH CUMBOJI B CTPOKe § TIpuBeJia K omudke. Jlemo
B TOM, 4TO B Python cTpoku, kak u 4mcia, SBIASIOTCS HEM3MEHSIEMbIMU
00bEKTAMI.

Pabora co cTpOKOBBIMEU 00bEKTaAMK HE OTIMYAETCS OT PAOOTHI € YKC-
J0BbIMU 0ObekTaMu (puc. 4.13).

B MoMeHT m3MeHeHUsT 3HaUeHUsT repeMentoit s (puc. 4.14) Oymer
CO3/IaH HOBBII CTPOKOBBII OOBEKT TI0 ajpecy id2, m aToT agpec Oyaer
3aIiCaH B IEPEMEHHYIO S.
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>>> s =" nporpammumct!'

idl:str

'A nporpammuct!

Puc. 4.13. Cxema npucBO€eHHsI IIEPEMEHHOI CTPOKOBOTO 00bEKTA

>>> s ="'A nporpammucT!'
>>> s = "H HayMHawWwun nporpammmct!’

S id1 : str
"HHHHHHHH"

id2 : str

A HaunHawWmn
nporpammucrt!'

Puc. 4.14. Cxema npucBO€eHHs IIePEMEHHO HOBOTO CTPOKOBOI0 00bEKTa

Hpemne YEM MBI HOfIMGM, KaK MOJKHO U3MEHUTDH CTPOKY, ITO3HAKO-
MUMCI CO Cpe3aAMU:

>>> g = 'IIMTOHH BOIOATCA B Adpuke'
>>> s[1:3]
IMTl

s[1:3] — cpes (yacTb) cTpoOKU S, HAUMHAS ¢ WHAEKca 1, 3akaHYMBas
nHIEKCOM 3 (He BKJIOYUTENHHO). JTO JIETKO MOHSATH, €CJIN WHIEKCHI
IIPe/ICTaBUTD B BUjie cMeleHuii (puc. 4.15).

[1n|T|O|H bI
01 2 3

Puc. 4.15. THaexchl CHMBOJIOB B CTPOKE KaK CMeIeHH S

CO cpe3aMi MOKHO ITPOU3BOAUTD PA3JIMYHBbIEC MAaHUITYJIATNIA:
>>> s[:3] # ¢ 0 mHOeKca IO TpeTuil He BKJIOYUTEIBHO
'Tnt!

>>> s[:] # Bcs cTpoka

'IIMTOHE BOOATCSA B Adpuke'

>>> g[::2] # TpeTunn apryMeHT 3amaeT mar

(rmo yMonmdaHMo OIMH)
'IITH osic due'

>>> g[::-1] # «obpaTHHI» mar
'exupdA B SACTSIOOB BHOTHUIL'
>>> gs[:-1] # BcIOMHUM,

KaK MB HaXOOMIIN O’I‘pMLIaTeJIbeHZ
# mHmexc
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'IINTOHE BOOATCHA B Adpux'

>>> g[-1:] # cHOBa OTPUIIATEJILHHIN MHIEKC

Iel

TGHGPB,HCHOHLBYHCPGSH,HSMCHHNIHepBbﬁiCHMBOH]BCTpOKe,CO-
SHaBIﬂHﬂHOCTpOKyI

>>> g = 'Y mobion OIMcaThk IPOTPaMMH! '
>>> 'J' + gs[l:] # dopMupyeTcsa HOBas CTpoOKa
'J mobno IMcaTh IPOTpPaMME ! !

4.12. Jlornyeckue BbIpaXeHus

B Python 7151 cpaBHEHUsT YrcesT TIPeAyCMOTPEHO HECKOIBKO OTTepa-
TOPOB CPaBHEHUSI:

e > — (OJIbILIE,;

e < — MEHBIIIE;

¢ >= — (OJIbIIlEe UK PABHO;
¢ <= — MeHblIle UJIU PaBHO;
* == — paBHO;

 |= — He paBHoO.

B WMHTEPAKTUBHOM PEXKMME ITPONU3BEAEM CPABHEHUE JIBYX YUCEJL:

>>> 6 > 5

True

>>> 7 < 1

False

>>> 7 == 7 # He 1yTauTte == U = (IIPUCBOUTH)
True
>>> 7 |
False

Python Bosspamaer True' (ucrtmny?), Korma cpaBHEHHE BEpHOE,
u False (s105xp) — B nrom cirydae. True u False otrocsitest k oeuuecko-
my (6ynesomy) Tuny nanHbix bool:

>>> type (True)
<class 'bool'>

7

PaccmoTpum OoJiee CIOKHBIE JIOTHYECKUE BbIPAKEHUSL.

Jozuueckum evickasvisanuem (npeduxamom)® OyIeM Ha3bIBATh JIIO-
60e IMOBeCTBOBATEIbHOE IIPEJJIOKEHNE, B OTHOIIEHNH KOTOPOTO MOKHO
OZIHO3HAYHO CKa3aTh, ICTUHHO OHO WU JOXKHO.

Hamnpumep, BbickazbiBaHue «6 — 4eTHOe 4MCIO». VcTMHHO wmian
0107 OUueBUIHO, 9YTO UCTUHHO. A BbICKa3biBanue «6 Oombire 19»?
BrickasbpiBanue JI0KHO.

' O6s3aTesbHO ¢ GOJIBIION OYKBBL

2 True unreprperupyercsi Python kak uncio 1, a False kax umuciio 0.

3 ndopmaruka. Teopus (c 3amauamut u penienusiMu ). VIHTepHET-Bepcus U31aHuUs
Hlayuyxosa JI. 3. Undopmarura 10—11. M. : IIpocsemmenne, 2000 (pexum nocrymna:
http://book.kbsu.ru/theory/chapter5/1 5 1.html).
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SBsisietcst sin BhicKa3biBaHMeM (hpasa «y Hero rosryobie riiazas ? OHo-
3HAYHOCTU B 3TOM (bpase HeT, I09TOMY OHA He SIBJISIeTCSI BbICKA3bIBAHUEM.

BbickaspiBaHusT MOKHO KOMOWHHpPOBaTh. BbickasbiBanust «Ilet-
poB — Bpau», «IeTpoB — MmaxMaTHCT» MOKHO OOBEANHSITH C TIOMOIIIBIO
cs130k U (and), JIU (or).

«ITerpoB — Bpau U maxmatucTt». ITO BbICKa3biBaHUE UCTUHHO, €C-
7 o6a BhickaspiBauust «IlerpoB — Bpau» U «IlerpoB — maxmaTtucts
ABJISIOTCSI UCTUHHBIMU.

«IlerpoB — Bpau MJIN maxmaTtucTs». ITO BbICKa3bIBaHWE UCTUHHO,
ecJIi UCTUHHBIM SIBJISIETCSI 00HO M3 BbicKasbiBaHuii «IlerpoB — Bpau»
nin «IleTpoB — maxmaTuct».

Paccmorpum npumep KOMOWHAIMN M3 BBICKA3bIBAHUI Ha SI3BIKE
Python:

>>> 2 > 4

False

>>> 45 > 3

True

>>> 2 > 4 and 45 > 3 # xoMOmHanmusa False and (m) True

# BepHeT False
False
>>> 2 > 4 or 45 > 3 # xombunanus False or (mnm) True

# BepHeT True
True

Bce, 4To ckazano Bblle 0 KOMOMHAIIMY JIOTUYECKNUX BBICKA3bIBAHU,

MOKHO OOBEJIMHUTD M TIPEJICTaBUTh B BUJE TAOIUIbI UCTUHHOCTH, TIe
0 — False, a 1 — True (Tabu. 4.3).

Tabruua 4.3
N cTuHHOCTD KOMOMHALMH JIOTUYECKUX BbICKA3bIBAaHMI
XY and or
00 0 0
01 0 1
10 0 1
11 1 1

I[JIH PythOH VICTUHHBIM UJIN JIOKHBIM MOJKET OBbITb HE TOJIBKO JIOTU-
YECKOE€ BbICKa3bIBaHUE, HO 1 0OBEKT.

BHumaHwme: B Python nio6oe uncno, He paBHOe HyJIO, UK HEMYCTOIA
06bEKT MHTEPNPETMPYIOTCA KaK UCTUHA. Yucna, paBHble Hymo, NyCcTble
06bEKTbI U cneumanbHblil 06bekT None' MHTEPNpPeTUPYIOTCA Kak JI0Xb.

! Mmeet cenmasnpieiii Tum NoneType.
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Paccmotpum nipumep:

>>> '' and 2 # False and True
>>> '' or 2 # False or True
2

B nmpumepe smormdeckuii omepatop and (1) mpuMeHsIETCS K ABYM
orepaHiaM: MyCTOMY CTPOKOBOMY OOBEKTY (JIOKHBIN) U HEHYJIEBOMY
grc0BoMy 00beKTy (McTuHHBIN). B ntore Python BepHys Ham mycToii
CTPOKOBBIN 0ODBEKT. 3aTeM aHAJIOTHYHO TIPUMEHSIETCST JIOTHYECKHUH OTTe-
patop or (Win), B Pe3yJIbTaTe Yero Mbl TOJYIUIN YUCTOBOM OOBEKT.
Pasbepemcst, OTKy1a B3s1JICSI TAKOI pe3yIbTar.

PaccmoTpum Gostee ToApoOHO TPH JIOTHYECKUX orepaTopa: and, or,
not.

Otpurianue not (He) — HauboJIee IPOCTOI M3 HUX, TOITOMY HAaUHEM
C HEro:

>>> vy = 6 > 8

>>> Y

False

>>> not vy

True

>>> not None

True

>>> not 2

False

PesysbraToM TIpUMeEHEHUsT JIOTHYECKOTO omepatopa not Oyaer oT-
pUIlaHUe OllepaH/ia, T.e. €CJIU OlePaH/l UCTUHHBIN, TO Pe3yJbTaTOM ITPU-
MEHEHUST oIlepaTopa Not CTaHeT JIOKb, U HA0OOPOT.

B pesyibraTe npuMeHeHus1 Jornueckoro omeparopa and (1) moJy-
ynm True (uctuny) win False (710xb)!, eciu ero ornepaniamMu siBJISTIOT-
€4 JIOTUYeCKHe BbICKA3bIBAaHUSI:

>>> 2 > 4 and 45 > 3 # xoMbuHaums False and (u) True
# BepHeT False

False

Ecan onepangamu oreparopa and sBJISTIOTCSI 00BEKTHI, TO B PE3YJIb-
tare Python BepHer 06beKT:

>>> '' and 2 # False and True

Jl1st BRIUMC/IeHWST pe3yJibTata mpuMeHenus omneparopa and Python
BBIUMCJISIET OIEPAH/IbI CJIeBa HAIPpaBO M BO3BpAIaeT IEPBBIN 0OBEKT,
MMEIOIINI JIOKHOE 3HAYCHHUE.

ITocmotpum Ha crosber; and Tabauibl uCTUHHOCTH (CM. TabJ1. 4.3)
U IIPOCJIeIUM 3aKOHOMEePHOCTh. Eciu cpeau onepanioB X, Y eCTb JIOXK-

! Mlcxonst n3 TabIuIbl UCTUHHOCTH.
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HBIH, TO Pe3yJIbTaTOM SIBJISI€TCA JIOKHOE 3HAaUeHue, HO BMECTO JIOKHOTO
3HAYeHUsI IS orepanioB-00bekToB Python Bo3Bpaiiaer mepBbiii JT0K-
HBII OTiepaH/l, BCTPETUBIINICA B BbIPAKEHUU, U JAJIbIle BEIYUCIEHUS
He TTPOU3BOJIUT. ITO HA3BIBACTCS BbIUUCACHUEM NO KOPOMKOU CXEME:

>>> 0 and 3 # BepHeT NEePBHM JIOXKHHM OOBLEKT-OIIepaH
0
>>> 5 and 4 # BepHeT KpaWHWM IIPaBHM OOBLEKT-OIIepaH]]
4

Ecin Python He ymaercs HaiiTu JIOKHBI 0ObEKT-OIEpaH, TO OH
BO3BpalllaeT KpaliHuii IPaBbIii ONlepaH/I.

Jlornyeckuii ormeparop or AeiiCTBYeT MOXOKHM 00pasoM, HO JIJIsT
00beKTOB-omepan 0B Python BosBpariaer mepsbiii 00bEKT, NMEIOIIIT
ucTUHHOe 3HaveHue. Python mpekpatuT naibHelIne BBHIYUCIEHUS,
KaK TOJIbKO Oy/IeT HalileH IIePBbIil 00bEeKT, MMEIOIi HCTUHHOE 3HayYe-
HUe:

>>> 2 or 3 # BepHeT IIepPBHIM MCTUHHHY OOBLEeKT-OlIepaH]]
2
>>> None or 5 # BepHeT BTOPOM OOBEKT-OIIepaHn,
# Taxk Kak TIEPBHM JIOKHHM
5
>>> None or 0 # BepHeT oCTaBmUICSA OOBLEKT-OIIepaH
0

Takum 06pa3oM, KOHEYHBIN Pe3yJIbTAT CTAHOBUTCSI M3BECTEH €EIIle 10
BBIYNCJIEHUS OCTAIbHON YacTH BhIpasKeHus!

Jlornyeckue BbIpasKeHUST MOKHO KOMOMHUPOBATH CJEAYIOMINUM 00-
pasom:

>>> 1 + 3 > 7 # mpuopurer + BHIIE, dYeM >

False

>>> (1 + 3) > 7 # CKODOKM CIIOCOOCTBYIT HATISOHOCTH
False

>> 1 + (3 > 7)

1

B Python ectb BO3MOKHOCTH MPOBEPUTH MPUHAMIEKHOCTD YHCIA
MHTEPBAJLY:

>>> x = 0
>>> -5 < x < 10 # »KrBMBaAJEHTHO: X> -5 and x< 10
True

Temeps BbI 6€3 Tpyma cMoOKeTe pasobpaThcst B paboOTe CIEAYIOIIETO
KoJla:

>>> X =
>>> Y
>>> X 0OY Yy

True

>>> (X or y) + 6
7

< 10 # True
>

5
2 3 # False
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Pertrum HeboubInyio 3agauky. Kak BorancauTs 1,/X, 9T0OBI He BO3HM-
KaJio OH_[I/I6KI/I JdeJIeHnsA Ha HyJIb? [[]IH I9TOI'O JOCTATOYHO BOCIIOJIb30-
BaTbCd JiormdeckuM orepatopoM. Kakum? IIpsamoil myTb mpuBOIUAT
K OIIMOKE:

>>> x = 0

>> 1 / X

Traceback (most recent call last):

File "<pyshell#88>", line 1, in <module>
1/ x
ZeroDivisionError: division by zero

PemtennieM GyzeT caeayionui Kou:

>>> x = 1

>>> x and 1/x
1.0

>>> x = 0

>>> x and 1/x
0

Crpoku B Python MoskHO cpaBHHBaTH aHATOTHYHO YncaM. CMBO-
JIBI TIpeJICTaBJIEHbI B KOMIIbIOTEpe B BuUje 4uces. EcTh cremnuanbHasd
TabJIMIia, KOTOpast CTaBUT B COOTBETCTBUE KAKIOMY CHMBOJY HEKOTO-
poe gnciaol. OnpenennTp, KaKOe YMCI0 COOTBETCTBYET CUMBOJTY, MOXK-
HO ¢ ToMoIIbio hyHKInu ord:

>>> ord('L")

76

>>> ord('d")
1060

>>> Oord('A'")
65

Takum 0O6pa3om, cpaBHEHUE CIMBOJIOB CBOJUTCST K CPABHEHUIO YM-
ceJi, KOTOpble UM COOTBETCTBYIOT:

>>> 'A' > 'L

False

Cpasaenue ctpok B Python nmponcxoauT mocumMBoJIbHO:

>>> 'Aa' > 'Ll

False

Crenytomuii TOJe3HBIN JOTUYECKUH OTepaTop, ¢ KOTOPBIM TO3HA-
koMmuMcs, — in. OH IpUHUMAET JiBe CTPOKU U Bo3Bpataet True, eciu
nepBas CTpPOKa sIBJISIeTCs MOJICTPOKON BO BTOPOIi CTPOKE:

>>> 'a' in 'abc'

True

>>> 'A' in 'abc' # 6Gonpmon OYKBH A HET
False

! Tloxpo6uee o Unicode cm.: https://docs.python.org/3/howto/unicode.html.
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>>> "" in 'abc' # mmycTass cTpokKa ecThb B JINOOM CTPOKe
True
>>> '' 1in
True
OcBoOUB JTOTUYECKHUE OIIeEpATOPhI, HepeﬁﬂeM K X IIpUMEHEHUIO Ha

IIPaKTHKe.

4.13. YcnoBHas MHCTPYKLMA if

Hamnbostee gacto jorndyeckrie BBIPA)KEHUST MCIOJIB3YIOTCS BHYTPH
ycsoBHON nHcTpyKinu if (puc. 4.16).

if <ycnosue>:
__ <6110K 8blpaxeHul>
[ [ J
i S
1 A Y
I N
1 AN
4 npobena nnu N Briok BbIpakeHin
ofHa Tabynsuus BbIMNOMHSAETCS, ecnu

ycnosue UCMUHHO
Puc. 4.16. Cxema UCIIOIb30BaHUS YCAOBHON HHCTPYKIMH if

bsiok BbIpaskeHUIl BBITIOJHSAETCS TOJBKO B TOM CJIy4yae, eCJIv BbIpa-
’KeHre, KOTOPOe HAXOUTCSI B YCJIOBUH, SIBJISIETCS NCTUHHBIM. J[J1st ipu-
Mepa oOpaTuMcs K TabJInIe BOZOPOIHBIX ITOKa3aTe e’ /Il Pa3InyHbIX
BetectB (Tabir. 4.4).

Tabruya 4.4
3Havenus pH /st pa3IuyHbIX BelleCTB
Bemectso pH
A6mounblii cok 3,0
Kode 3,0
[Mamnynb 3,5
Yaii 55
ITutneBag Boxa 6,5—8,5
Kposb 7,36—7,44
Mopckas Boga 8,0
MpbLo (;kupoBoe) 1751 pyK 9,0—10,0

[TpousBenem IpoBepKy:

>>> pH = 5.0
>>> 1if pH == 5.0:

! Cwm.: Wikipedia, Bogoposbiii mokasaresb, http://ru.wikipedia.org/wiki/Bomopos-
HBIN_1TOKa3aTeJb.
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print (pH, "Kode")

5.0 Koode

B npumepe nepemennoii pH npucBanBaetcs BellleCTBEHHOE 3HAUe-
nue 5.0. 3areM 3HaYeHUE MEPEMEHHON CPABHUBAETCS C BOIOPOIHBIM
nokasaresieM st Kode (5.0), u, ecii OHM COBMNAIAIOT, BbI3bIBAETCSI
bynakmms print.

MoskHO TPOU3BOAUTDH HECKOJIBKO ITPOBEPOK MOAPSII:

>>> pH = 5.0

>>> if pH == 5.0:

print (pH, "Kode")

5.0 Kooe
>>> if pH == 8.0:
print (pH, "Boma")

Xo/1 BBITIOJTHEHUST TAaHHOM TTPOrpaMMBbl ITOKa3aH Ha puc. 4.17.

1 6nok if

2 6nok if

False

l

Puc. 4.17. Xop BbIOJIHEHUS IPOTPAMMBI,
coJiep:Kaieil ycI0BHbIe HHCTPYKIIUU

Ha mpakTriKe BCTpEUYarOTCs 3a/[auM, TJ€ BBIMOJHITH BCE MTPOBEPKU
He UMeeT CMbICJIa. B ciieyionieM mpumMepe UCIONb3yeTcsT HHCTPYKITHS
elif (coxpamenue ot else if):

# elif.py
pH = 3.0
if pH == 8.0:
print (pH, “Bonma”)
elif 7.36 < pH < 7.44:
print (pH, “KpoBw”)
Xo/1 BBITIOJTHEHUS IPOIPaMMBbI TTIOKa3aH Ha puc. 4.18.
Ecou pH == 8.0 aBisteTcs T0KHBIM, TO TIpoBepsieTcs 7.36<pH<7.44,

B CJIy4yae ero UCTUHHOCTH BhIoJHseTcs 010K Boipaskenuii elif. He cy-
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6nok if

True
7.36<pH<7.44

False 6nok elif

|

Y

Puc. 4.18. Xop BbINOTHEHUS IPOTPAMMBI,
cozepskaiieil ycaoBHyo uucrpykuuio elif

IEeCTBYET OrpaHnYeHnil Ha KosmdectBO nHCTpyKiuii elif. O6mmit cun-
TaKCHUC TIPEJICTABJIEH HITKE.

if <ycmnoBue>:

<OJIOK BHpaxeHUM>
elif <ycrnoBume>:

<BOJIOK BHpaXeHUN>
else:

<OJIOK BHPAXEHUI>

BJjiok BhIpaskeHMil, OTHOCSIIUIICS K else, BBIMOIHSIETCS, KOra Bee
BhIIIECTOsIINE yeaoBus BepHyin False.
PaccmoTpuM 1epByio «GOJBIIYIO» TPOrPaMMY:

# big _prog.py
# CTpoKy Impeobpa3oBajiM K BeEINeCTBEHHOMY TUILY
pH = float (input ("BBemoure pH: "))
if pH == 7.0:
print (pH, "Boma")
elif 7.36 < pH < 7.44:
print (pH, "KpoBb")
else:
print ("4Yro »TO?!")

B caenyiomiem JsincTunre mpejctaBien OoJiee CIOKHBIN MTPUMEP
IIPOrPaMMbI, UCTIOJIB3YIOTIEN YCIOBHbIE UHCTPYKITUM

# big_prog2.py

value = input ("BBemuTe pH: ")

if len(value) > 0: # mpoBepseM, 4YTO IIOJIB30BATEJIL XOTb
# uTo-HMOYIL BBEI

! TIpu HaGope MCXOAHOTO TEKCTa CJenTe 3a OTcTyamu — B Python a0 upesBbryaii-
HO BaJKHO.
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# IIepeBOOMM B BemeCTBEHHOE YMCJIO BBOI IIOJIL30BATEIIS:
pH = float (value)
if pH == 7.0: # Bunoxeuuwmin if
print (pH, "Boma")
elif 7.36 < pH < 7.44:
print (pH, "KpoBb")
else:
print ("4To >3T0?!")
else:
print ("BeemuTe 3HadeHue pH!")

4.14. CTPOKN LOKYMEHTaL UM

LARIALS

B tpoiinbie qBoitabie KaBbraku (""") B Tese (GyHKIMU ¢ 00€nX CTO-
poH nomeniaeTcd nHGOpPMaIlsd, KOTOPYIO BBIBOAUT HA dKPaH (DyHKIIUS
crupasku help.

PaccMoTpuM npuMep TOKYMEHTHPOBAHUS COOCTBEHHBIX (DYHKITUA.
Jl1st aTOrO HanuIIeM (GYHKIUIO, KOTOpast HUYero He OyaeT aeaaTh (B Te-
Jie GYHKIIUMU JJIs1 9TOTO YKa3bIBAaeTCsl MHCTPYKIUS pass). Vicxonubiii
TeKCT (PYHKIIMU TTPe/ICTaBJIeH B CJAeAYIOleM JUCTUHTE:

# mydoc.py
def my_function() :
T QYHKIMA, KOTOopad HMYero He »geraerT.

pass

help (my_function) # oTobpaxeHme onMcaHms OYHKIIN
# my_function

Pesyabrat 3amycka nporpaMmbi:

Help on function my_function in module _ main__ :

my_function ()
OyHKIIMS, KOTOpas HUYEero He neJjaerT.

4.15. Mopaynu

[TpeamosoKuM, 9YTO MBI HAITACATIA HECKOJIBKO TTOJIE3HBIX (DYHKIINIA,
KOTOPbIE YaCTO MCITOJb3YEM B CBOUX TIporpaMmax. YToObl K HUM OBICT-
po obpamnaThest, yI0OHO 3TH (DYHKIIMU MTOMECTUTH B OTAETHHBIN (haii
u 3arpy:karb ux orryzaa. B Python takue daiinbsr ¢ Habopom QyHKITII
HA3BIBAIOTCST MOOYasmu. UTOOBI BOCTIOIB30BATHCST (DYHKITUSIMU, KOTO-
pble HAXOASITCSI B OTAETBHOM MOJYJE, €r0 HeOOXOINMO UMNOPIMUPO-
6amw C TTOMOTIBIO NHCTPYKITUHU import:

>>> import math

B npuBeiecHHOM HIZKe TIPUMEPE B MaMSITh 3arpysKaeTcs CTaHAapT-
HBII MO/LyJ1b math, KOTOPBIA coepKUT HAOOp MaTeMaTHIECKUX (QyHK-
i, Tenepb MbI MOJKEM 00PAIaThCst K (DYHKIIMSM, HAXOSAIIINMCST BHY -
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TPH 9TOTO MOIYJIsI, CJeLYIONUM 00pa3oM (HaIIprMep, /I HaXOKIEHsT
KBa/IpaTHOTO KOPHS U3 9):

>>> math.sqgrt (9)
3.0

[Tpu obpamnieHnn K HYHKIMHA U3 MOJYJIST YKa3bIBAETCS UMSI MOJLYJIST
W, 4epe3 TOYKY, UM (DYHKI[UU ¢ apryMeHTaMU. ¥Y3HaTh O (QyHKI[USX,
KOTOPBIE COMEPKUAT MOIYJIb, T03BOJIsIeT (hyHKIms help:

>>> help (math)
Help on built-in module math:

NAME
math

DESCRIPTION
This module is always available. It provides access
to the mathematical functions defined by the C standard.

FUNCTIONS
acos(...)
acos (x)

Return the arc cosine (measured in radians) of x.

Ecsin HeoOX0IMMO ITOCMOTPETD OIUCAHKE OTAETbHOM (DYHKIINN MO-
nyJst, To BbisbiBaeM help mrda ee:

>>> help(math.sgrt)
Help on built-in function sqgrt in module math:

sgqrt(...)
sgrt (x)

Return the square root of x.
B momenT ummoptupoBanust Moyt math cosmaercst mepementast
¢ uMeHeMm math:

>>> type(math)
<class 'module'>

OyHkus type mokasasa, 4To THIT JaHHBIX TTepeMeHHoi math — mo-
nyb (module). ITepemernnast math cogep:xur cepLaky (azpec) MOIYIb-
HOro 0ObeKTa. B aToM 00beKkTe copepskarcs ceblaku Ha GyHkimu. Cxe-
Ma paboThI ¢ 00BEKTOM THIIA MOAYJIb IIpecTaBIeHa Ha puc. 4.19.

B mowment BbizoBa ¢dyuknum sqrt Python maxomur mepemennyio
math (Moaysb mo/KeH OBITH TIPeBAPUTENLHO UMIIOPTUPOBAH ), MPO-
CMaTpHUBAET MOAYJIbHBII 0OBEKT, HAXOAUT (DYHKIUIO Sqrt BHYTPH TO-
TO MOJIYJISI U 3aTeM BbI3BIBAET €e.
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id3: module

id1: function
math acos (x)
math . /
id3 > acos [ i | id2: function
acosh | id2 > acosh (x)

Puc. 4.19. Cxema, npeacTaBiagiomas 00beKT TUIIA MO/Y.JIb

B Python Mo:&HO IMITOPTHPOBATH OTAETBHYIO (DYHKITIIO U3 MOLYJIST:

>>> from math import sgrt

>>> sgrt(9)

3.0

B atom ciyuae mepemennast math cospana He Oyzer, a B maMsITh 3a-
rpy3uTcs Toabko GyHkIus sqrt. Ternepb BbI30B (PyHKITUN MOKHO TTPO-
U3BOJANTH, He 0Opalasich K MMEeHU MOJyJIst math, HO Hamo OBITH KpaiiHe
BHUMaTe bHbIM. [IpuBeneM npumep:

>>> def sqgrt(x):
return x * x

>>> sqgrt (5)

25

>>> from math import sqgrt

>>> sgrt (9)

3.0

OO6baBuIN cOOCTBEHHYIO (DYHKIIMIO C UMEHEM Sqrt, 3aTeM BbI3Ba/IN
ee u ybemuauch, uto oHa pabortaer. Ilocse 3TOro MMIOPTHUPOBAJIH
dynukmmo sqrt u3 Moaysst math. 3aTem cHOBa BBI3BAIN Sqrt ¥ BUINM,
4TO 9TO He Hama ¢yHknusa! Ee moamennin!

Crenyromunii mpumep:

>>> def sqgrt(x):

return x * x

>>> sgrt (6)

36

>>> import math

>>> math.sqrt (9)

3.0

>>> sqgrt (7)

49

CHoBa 00bsIBJIsIEM COOCTBEHHYIO (DYHKIUIO C UMEHEM Sqrt 11 BbI3bIBA-
eM ee. 3areM UMITIOPTHPYEM MOJY/Ib math 1 13 Hero BbI3bIBAEM CTaHAAPT-

HyI0 QyHKIMIO sqrt. By, uTo Temeps BbI3bIBAOTCS 06€ (QYHKI[UN.
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Korza MbI TOJIBKO HaUMHAIW 3HAKOMUTHCS € (DYHKIUSIMU, TO KC-
0JIh30BaN (DYHKITHIO abs /1t HaxosxaeHusT Moy i yrcaa. Ha camom
nesie 9Ta GYHKIMSA TOKE HAXOAUTCA B MOJyJie, KoTopbiil Python sarpy-
’KaeT B TaMsITh B MOMEHT Hayajia CBOel paboThl. ITOT MOAYJIb Ha3bIBa-
ercss __ builtins  (1Ba HIKHMX MOAYEPKUBAHUS 0 U IIOCTIE MMEHU
MozyJist). Eciii BbI3bIBATH CIIPABKY IS JAHHOIO MOJYJISL, TO 0OHApy-
KM OTPOMHO€E KOJIMYeCTBO (DYHKIIUI 1 TePEMEHHBIX:

>>> help(__builtins_ )
Help on built-in module builtins:

NAME
builtins - Built-in functions, exceptions, and
other objects.

DESCRIPTION
Noteworthy: None is the 'nil' object; Ellipsis
represents '...' in slices.

Oyuknus dir Bo3Bpamaer mepedeHb UMeH BcexX QYHKIUN U Tepe-
MEHHBIX, COJIEPKAIUXCS B MOJLYJIE:

>>> dir(__builtins__ )

'abs', 'all', 'any', 'ascii', 'bin', 'bool', ‘'bytearray',

'bytes', 'callable', 'chr', 'classmethod', 'compile',
'complex', 'copyright', 'credits', ‘'delattr', ‘'dict’',
'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset',6K 'getattr',
'globals', 'hasattr', 'hash', 'help', 'hex',K6 'id',
"input', 'int', ‘'isinstance', ‘'issubclass', 'iter',
'len', 'license', 'list', 'locals', 'map', 'max',
'memoryview', 'min', 'next', 'object', 'oct', 'open',
'ord', 'pow', 'print', 'property', 'quit', 'range',
'repr', 'reversed', 'round',6 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super',
'tuple', 'type', 'vars', ‘'zip']

YHacTtb u3 aTuX (PYHKIUN BBl 3HaeTe, C APYTUMU MbI IO3HAKOMUMCS
B CJICAYIONIMX IJIaBax.

4.16. Co3naHue cobCTBEHHbIX MOAynen

PaccmoTpum 1iporiece co3manust CoOOCTBEHHBIX Moy Ieit. J{Jist aToro
cosmaanM Gaiia ¢ MeHeM mm.py (AT MOAYJIEH 00s3amenvio YKa3bl-
BaeTCsd pacliupeHue .py), CoAepsKalluil CJAeAYIOMMNN NCXOMHBIA KO
(comepsknMoe Gy IyIIero MOLyJist):

# mm.py

def f£():
return 4
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3arem coobium Python, rae mckaTh co3manubrii Moxyib. BoisscHum
yepes obOpalneHue K nepeMenHoii path moxysis sys, riae Python o ymour-
YaHUIO XPAHUT MOy N (Y Bac CIIUCOK KaTaJIOTOB MOKET OTJINYAThCS ):

>>> import sys

>>> gys.path

["", 'C:\\Python36-32\\Lib\\idlelib', 'C:\\Python36-

32\\python36.zip', 'C:\\Python36-32\\DLLs",

'C:\\Python36-32\\1ib', 'C:\\Python36-32",

'C:\\Python36-32\\1lib\\site-packages"']

[TomecTM CcO371aHHBIN MO/YJIb B OJIMH U3 TIePEYNCIEHHBIX KaTaJlo-
roB, Harpumep B 'C:\\Python36-32'. Eciiu Bce caenano mpaBuibHO,
TO UMIIOPTUPYEM MOJYJIb, YKa3aB TOJHKO €ro NMsi 6e3 pacIInpeHust:

>>> import mm

>>> mm.f () # yUepes TOYUKY M3 MOIYJISI MM BH3HBaeM QYHKIMD £

4

CoznaauMm ciaenyionuii MoayJab (110 aHAJOTUU C TPEAbIIYIIIM),
YKaykeM I Hero nMd mtest.py:

# mtest.py

print ('test")

Nmnioptupyem co3iaHHBIA MOYJIb HECKOJIBKO Pa3 MO/

>>> import mtest
test
>>> import mtest

3aMeTuM, 4TO, BO-TIEPBbIX, UMIIOPT MOJYJIsI IPUBOAMUT K BBITIOJIHE-
HUIO COZIeP>KAIIUXCS B HEM WHCTPYKIIAI, BO-BTOPBIX, MOYJIb TIOBTOPHO
He uMnoprupyercs. /[eso B ToM, 4TO UMIIOPT MOJyJIell — pecypcoeMm-
KU1 TIporiecc, moaTomy JuinHuii pas Python ero ne npoussoaut. B coy-
yae BHECEHUsI M3MEHEHUH B MOJYJb HEOOXOAMMO BOCIIOJIB30BATHCS
dyukimeii reload 13 moxysist imp:

>>> import imp

>>> imp.reload(mtest)

test

<module 'mtest' from 'C:\\Python36-32\\mtest.py'>

IToT KoJ yKaszbiBaer Python, uto Momysb Tpebyer TOBTOPHOI 3a-
rpysku. [Tocse BbizoBa yukuuu reload ¢ ykaszanmeMm B KauecTBe ap-
TyMEeHTa MMEHH MOJYJist OOHOBJIEHHBIN MO/IYJIb 3arPY3UTCS TIOBTOPHO.

[Tponomxum akcriepuMeHTbl. CO3/a/IUM elle OJUH MOAYJIb C NMe-
HEM MYpr.py:

# mypr.py
def func(x):

return x ** 2 + 7

x = 1int (input ("BBemuTe 3HadeHMe: "))
print (func (x))
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Nmmopt MOmyJist TPUBOAUT K BBITIOJTHEHUIO MHCTPYKITUI, COZlepsKa-
MUXCSI BHYTPU MOJLYJIS:

>>> import mypr

BBemure 3HaveHme: 111

12328

Kaxnm 06pazoM MOCTYINT, €I HeOOXOAMMO UMITOPTHPOBATH (hyHK-
o func m3 Momysst IS MCIIOIB30BAHUSI €€ B JPYToil mporpamme?
Yro6s1 oTeMTh ncnosHerre MoayJist (Run — Run Module) ot ero nm-
nopTupoBanud (import mypr), CyIiecTByeT clieliuajbHas TiepeMeHHast
__name___ (MMeHa CreNuaabHbIX (QYHKIUN U TTepeMeHHbIX B Python
HAYMHAIOTCS Y 3aKaHYMBAIOTCS ABYMS HUJKHUMU TTOTUEPKUBAHUSIMMU ).

I[Ipu BbimoHeHun wmoxayasd (Haxatuu <F5>) mnepemeHHas
__name___ OyzeT cojepskarth CTpoKy " main__ ", a B cily4ae UMITOp-
Ta — uMs Moayad (puc. 4.20).

3anyckaem (Run, <F5>):

" "

L, —_main__
mypr.py .’

print(__name__)

~
~

~ WmnopTupyem (Import mypr):

~

~a
umypru

Puc. 4.20. Pa3neneHne UMIOPTA U BBIOJTHEHUS MOYJISI

PacemoTpum uctiosib3oBaHue 3TOTO IIpreMa Ha ITPpakTUKe, JJ19 9TOTO
CO31aIuM MO/IYJIb C UMeHeM mmtest.py:

# mmtest.py
def func(x):
return x ** 2 + 7

if __name_ == "_ _main__ ":

X = int (input ("BBemuTe zHadeHue: "))
print (func(x))

[Tpu 3amycke (Run — Run Module) mannoro Moy st BEITIOTHSITCS
BCE MHCTPYKIMU, co/eprKallnecsd B HEM, TaK KaK yCJOBUE __ name_
== " main__" BepHer 3HaueHue True. Vmmopt moxaysg (import
mmtest) MpUBEIET K 3arpysKe B maMsTh (pyHKIuHU func.

w

4.17. ABTOMaTU3UPOBAHHOE TECTUPOBaHUE (DYHKLMUMA

B paspaborke mporpaMMHOTO OGeCIIeYeHMsSI CYLIECTBYET ITOAXO]I
(paspabotka uepes rtectuposanue, TDD, Test-Driven Development),
IIPX KOTOPOM CHauaJjia pa3padbaThIBAIOTCS TECTHI, T.€. CIIepBa OIKChIBA-
10T, Kak mporpamma ((yHKIHsT) 0/KHA paboTaTh, a Mocje 9TOTo M-
HIyT caMmy porpaMmy ((yHKIIMIO). ITO 1MO3BOJISIET BIIOCJIECTBUU TTPO-
BEPUTH MTPABUJIBHOCTH €e HallMCaHUs.
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[TpeacraBim, 4TO MBI y3Ke cosfann GyHkimio func_m, KoTopast BbI-
qucageT cpeiHee apudmMeTrnieckoe, OKPYIJIsis ero 10 TpeX 3HAKOB Moce
sansToil. [IpeacraBum, Kak ObI MbI BBI3BAJIM TaKy10 (QDYHKIIHIO, T.€. HAIIU-
IIIEM TECTHI:

>>> func_m(20, 30, 70)

40.0

>>> func_m(1l, 5, 8)

4.667

Teneps peammsyem dpyHknuo func_m u B ee omucanue 100aBUM Te-
CTBI, TIPOBEPSIOIINE TPAaBUALHOCTH paboThl PYHKINU. 3aT€M UMITOPTH-
pyeMm moxayib doctest u BoizoBeM (yHKIMIO testmod, koTopas 3armyc-
TUT TEKYIIUN MOJYJTh U TIPOBEPUT, COBIAIAIOT JIX PE3yIbTAaThl BBI30BOB
(byHKIIMI B OTTMCAHUN C TeM, YTO TIOJIy4daeTcs B peasbHocTH. Ecau pe-
3yJIbTAT COBIIQ/IAeT, TO HA 9KpaHe HUYETO He TIOSIBUTCS, B MHOM CJiydae
0TOOpA3SATCS ONIMOKH.

B ornenbHoMm (aiise ¢ umenem test_func.py coszmaiitTe U BbITOTHN-
te (Run Run Module) ciexyroumii Koz:

# test_func.py
def func_m(vl, v2, v3):
"""BpUKCIAeT cpenHee apudMeTmdeckoe Tpex 4Yucell.

>>> func_m(20, 30, 70)
40.0

>>> func_m(1l, 5, 8)
4.667

return round((vl + v2 + v3) / 3, 3)

import doctest

# aBTOMATUYECKM IIPOBEPSAEeT TeCThH B OOKYMEHTAallUun

doctest.testmod()

B peByJIbTaTe BBITIO/THEHWA IIPOIrPpaMMa HMYETO HE BbIBE/JIET Ha 9KPaH,
TaKIQHCaBTOMaTHSHpOBaHHOeTECTHPOB&HHGIKEBHﬂBHHO(HHH6OK.Tb-
1epb UCIIPABUM TECTOBbIE BBI30BBI B ITporpamme (test_func2.py):

# test_func2.py
def func_m(vl, v2, v3):
""" "BRUMCIISAEeT CcpenHee apudMeTmdeckoe Tpex dYKucell.

>>> func_m(20, 30, 70)
60.0

>>> func_m(1l, 5, 8)
6.667

return round((vl + v2 + v3) / 3, 3)
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import doctest
# ABTOMaATUYECKNM IIpOBepsdaeT TeCTH B LOOKYMEeHTAllIN
doctest.testmod ()

B pe3yJibTaTe BbIIIOJITHEHWA IIPOTrPaMMbl YBU/JIUM COO6HI€HI/IH O BO3-
HUKIINX O]J_[I/I6K3.X B IIpOoLecce IIPOBEPKU PE3YJJIbTAaTOB:
EIE I b b b A I b b S b b b b b b b R R b b b b b b b i e i i S S b S R R R I b b b b b b b b e i b b b b b b
File "C:/Python36-32/test_func2.py", line 4,
in _ main__ .func_m
Failed example:
func_m(20, 30, 70)
Expected:
60.0
Got:
40.0

RO I b S b b b S S R R S b S S S R S I I e b b S S R R S S b b b i b b i S R R S Sk i S S b b 4

File “C:/Python36-32/test_func2”, line 7,
in _ main__ .func_m
Failed example:
func_m(1, 5, 8)
Expected:
6.667
Got:
4.667

EE I S e S b b b b S S S S S S b b b S I S S S I I R I I S S S S b b S S S S S b b bk S I S S S b b b b 4

1 items had failures:

2 of 2 in _ main__ .func_m
***TesgtFailed*** 2 failures.
>>>

4.18. CTpokoBble MeTofbl

BoeizoBem ¢yHkmuio type u repenaiuM el 11eJIOYMCIEHHBIN ap-
TYMEHT:

>>> type(0)
<class 'int'>

DOyHKIKSA COOOIMIA, YTO IEJOUNCIEHHBI 00beKT () OTHOCHTCS
K Kjaccy 'int', T.e. Tun gauHbix B Python asistercst kaaccom. Jlist yupo-
IMEHUsT TPEJACTaBUM KJIaCcC KaK aHaJor MOJIYJis, T.e. HaOop (DYHKIIHii
U TIepeMEHHBIX, co/epsKanuxcs BHyTpru Kiaacca. DyHKIUU, KOTOPbIE
HAXO/IITCSI BHYTPH KJIacca, Ha3bIBAIOTCS Memoodamu. VIX TiaBHoe OT/Iu-
que OT BbI30Ba (DYHKITNI 3 MOLYJIST 3aKJII0YAETCS B TOM, UTO B KayecT-
BE IEPBOI0 apryMeHTa MeTOJl IIPUHUMAET, HallPUMepP, CTPOKOBBI 00b-
eKT, eCJI1 3TO METOJI CTPOKOBOTO KJacca.

PaccmoTpum nipumep BbI30Ba CTPOKOBOTO METO/1A:

>>> gstr.capitalize('hello")
'Hello!
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[To anasoruu ¢ BbI30BOM (DYHKIIMM U3 MOIYJSI YKa3bIBACTCA UMs
KJlacca — str, 3aTeM uepes TOUKY — MMsI CTPOKOBOTO MeTo/Ia capitalize,
KOTOPBIY IPUHUMAET OJIUH CTPOKOBBIN aprymeHT (puc. 4.21).

MepBbin aprymeHT
ANA CTPOKOBbLIX
7 MeTo08 — CTpoKa

>>> str.capitalize ('heITo')

Y
I N
] N
! MeTtoa BO3spawaeT Konuio CTPOKK,
VMa knacca B KOTOPO# NepBbIi CUMBON ~ B
(TMna naHkbix) ~ BEPXHEM PerucTpe, OCTanbHue — 8
HWKHEM

Puc. 4.21. Ilonas popMa A1 CTPOKOBBIX METOIOB

Metox — 310 0ObIYHAsT DYHKIINS, PACIIONOKEHHASI BHYTPH KJIacca.
Bri3oBeM cTpOKOBBIN MeTO/ center:

>>> str.center('hello', 20)

' hello '

IJTOT MeTOJi MPUHUMAaeT JBa apryMeHTa — CTPOKY M YMCJO
(puc. 4.22).

>>> str.center ('hello’, ZAO)

’ !
’ '
14 U
MeTon Bo3spawaer CTpoky, 1
UEHTPVPOBaHHY NO AprymenT

3anaHHon anuke. Mo 3apaer AnuHy
YMOMUAHKUIO 3aN0NHAETCH CTPOKH
npobenamu

Puc. 4.22. Tlonnas popMa A1 CTPOKOBBIX METOI0B

CDopMa BbI30Ba METOa Yepes O6paH_I€HI/I€ K €TI0 KJjIaCcCy € 11oOMOIIbIo
TOYKW Ha3bIBAETCS MOJIHOU (OpMOLl, HO Yallle UCIIOJIb3YIOT COKPAaujet-
HY10 POPMY BbI306G MEMOOA:

>>> 'hello'.capitalize()

'Hello'

[lepBbIii apryMeHT MeToja IIOMECTUJIM Ha MECTO HMMEHM KJacca
(puc. 4.23).

>>> 'hello'.capitalize( )
A

\
1

\
BbiHecnu ua aprymenTta
(moxeT BbITb
BblpaxeHuem)

Puc. 4.23. Coxkpamennasi ¢oopma /iJisi BBI30Ba METO/IOB

Baskro ormertuTs, uto Python, mepes TeM Kak BbI3BaTh METOJI, BCE-
ra npeobpasyer COKpamieHHYI0 (opMy B aHAJOTMYHYIO €il ITOJIHYIO

hopwmy.
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[Tonyyenue crpaBKu sl METOAA IMPOU3BOAUTCS IMYTEM BBHI30OBA
dbyuknum help (BMecTo nMeHr MOLYJIsT YKa3bIBAETCST MMsT KJIACCA):

>>> help(str.capitalize)
Help on method_descriptor:

capitalize(...)
S.capitalize() -> str

Return a capitalized wversion of S, i.e. make the
first character have upper case and the rest lower
case.
BoiHeceHHbBII 13 MeTO/[a ITEPBBII CTPOKOBBIN apIyMEHT MOKET ObITH
BbIPa’KeHUEM, BO3BPAIIIAIOIIUM CTPOKY:
>>> ('TTA'" + 'G' * 3).count(’'T")
2
HecnoxHo noragarbes, 4To aesaeT MeTo count.
Caenyronuii mosie3npiii Meto — format!':
>>> '"{0} u {1}'.format('Tpyn', 'mMam')
'Tpyno u mMam'
Bwmecro {0} u {1} moacraBsitcst aprymentsr Metoza format.
[Tomenssem ux Mmectamu:
>>> '"{1} u {0}'.format ('Tpym', 'Mam')
'Manm U Tpyno'
Python comepskuT cTpoKOBBIE METOIBI, KOTOPBIE BO3BPAIIAIOT UCTH-
uy (True) wim moxs (False).
CrpoxoBeiii MeToj] startswith mposepsier, HaunHaeTcs U CTPOKa
C CUMBOJIa, IIEPEIAHHOTO B KAYeCTBE apTyMEHTa METO/LY:
>>> 'spec'.startswith('a'")
False
[Tpu paboTe ¢ TEKCTOM Ha MPAKTUKE YACTO MCIIOIH3YIOT CTPOKOBBII
MeToj Strip, KOTOPbIIl BO3BpallaeT CTPOKY, OYMIEHHYIO OT CHMMBOJIA
nepenoca ctpoku (\n) u IpoOeIoB:

>>> g = ! \n ssssss \n'
>>> s.strip()
'ssssss!

CTpoKOBBIl METO/I SWapcase BO3BpalllaeT CTPOKY € IPOTUBOIIOIOK-
HBIMU PETUCTPaMU CUMBOJIOB:
>>> 'Hello'.swapcase ()

"hELLO"

Bri3oBbI MeTo10B B Python MoKHO IPpOM3BOAUTE B OJHY CTPOKY:
>>> 'IIPMBET'.swapcase () .endswith('t")

True

! TIoxpobuee cm. https://docs.python.org/3.1 /library /string. html#format-examples.
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B nepByio odepesib BBI3bIBAETCSI CTPOKOBBIM METOJI Swapcase JJisi
crpoku 'TIPUBET', 3atem /Jis1 pe3yabTUPYIONIEN CTPOKU BbI3bIBAETCS
metoz endswith ¢ aprymenTom 't' (puc. 4.24).

TPUBET' .swapcase().endswith('T')
‘npuseT'.endswith('T')
True

Puc. 4.24. Tlopsiznok BbI30Ba METO/10B

3arnycTrTe KaskKIblil U3 TePeUnCIeHHBIX HIKE CTPOKOBBIX METOOB
B MHTEPAKTUBHOM PEKMME Ha TIPUMEPe Pa3IMUHBIX CTPOK U pas3bepu-
TeCh B IPUHIIKIIE UX PAaOOTHL.

[IpenrnosioxKuM, 4To MepeMeHHass S COJEPKUT HEKOTOPYIO CTPOKY,
TOT/Ia K HEell TPUMEHMMBI CJIEAYIOIINE METO/IbI

* S.upper — BO3BpalllaeT CTPOKY B BEPXHEM PETUCTPE;

* s.lower — Bo3BparIaer CTpOKy B HUKHEM PETUCTPE;

* s.title — Bo3BpaIaer cTpoKy, MepBbIil CHMBOJI KOTOPOII B BEPXHEM
perucTpe;

e s.find('Ber’, 2, 3) — Bo3BpaIaeT MO3UINIO IOACTPOKN B MHTEPBA-
ae mbo —1;

 s.count('e’, 1, ) — Bo3BpalaeT KOJUYECTBO MOACTPOK B UHTEP-
BaJsie 1mubo —1;

* s.isalpha — nposepser, cocTouT i CTPOKa TOJIBKO U3 OYKB;

* s.isdigit — poBepsieT, COCTOUT JIX CTPOKA TOJIBKO U3 YHCET,

* s.isupper — IIpoBepsieT, HAIMCAHDI JIN BCE CUMBOJIBI B BEDXHEM Pe-
THCTPE;

* s.islower — ipoBepsieT, HalMCaHBI I BCE CUMBOJIBI B HIZKHEM Pe-
THCTPE;

* s.istitle — nmposepser, HauMHaeTCs iU CTPOKA ¢ GOJIBINON OYKBBI;

* s.isspace — IIPOBEPSIET, COCTOUT JIX CTPOKA TOJIBKO U3 IIPOGETIOB.

BoimostHrM 06beIuHEHNE IBYX CTPOK € TIOMOIIBIO oIlepatopa +:

>>> 'TT' + 'rr'

'TTrr'

[Ipu BoITIOTHEHNT 3TOTO Kozia Python BbI3bIBaeT crieluasibHbIN CTPO-
KoBbIii MeToxl __add__ um mepemaer eMy B KauecTBe MEPBOTO apryMeHTa
CTPOKY 'rr':

>>> 'TT'.  _add__('rr')

'TTrr

HamoMuuM, 9TO 3TOT BBI30OB 3aTeM IpeoOpasyercss B IMOJTHYIO

bopmy:
>>> gstr.__add__ ("TT", 'rr'")
'TTrxr!

Uhttps://docs.python.org/3/library /stdtypes.html#string-methods.
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3aberas BIiepes], CKakKeM, 4TO 3a KayKIO0W U3 olepal(iii HaJ[ TUIIaMU
JTAHHBIX CKPBIBAETCS CBOM CIIEIUATbHBIN METO/I.

4.19. Cnucku
4.19.1. Co3ganue crnmcka

[TpeamomoxkuM, uTo HEOOXOANMO 00padboTaTh NHMOOPMAIIIIO O KYP-
cax Bamot! (puc. 4.25).

[lata DOonnap CLUA EBPO
uUsD EUR

30.05.2015 52.9716 58.0145
29.05.2015 52.2907 57.1433
28.05.2015 51.0178 55.6757
27.05.2015 50.3223 54.8412
26.05.2015 49.8613 54.7477
23.05.2015 49.7901 55.5508
22.05.2015 49.9204 55.5714

Puc. 4.25. NMucdopmanus o Kypce BaJioT

Kypc BamioThl Ha KaXK/IbIi IeHb MOKHO TTOMECTUTD B OT/IEJIBHYIO TIe-
PEMEHHYIO:

>>> dayl = 56.8060
>>> day?2 57.1578

CxemarnyHo momo6Hast pabota ¢ TlepeMEeHHBIMU TIPeCTaBIeHa Ha
puc. 4.26.

day1 = 56.8060 id1-float
dayl | jqd1 >| 56.8060
day2 = 57.1578 id2:float
day2 | id2 >| 57.1578
day3 = 57.4093 id3:float
day3 | id3 >I 57.4093 |
day4 = 56.1843 id4:float
day4 | id4 >I 56.1843 |
day5 = 57.2207 id5:float
day5 | id5 >| 57.2207

Puc. 4.26. Cxema namsaru Python npu padore ¢ nepeMeHHbIMU
' URL: http://www.sberometer.ru/cbr/.
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Kak moctymuTs, ecin HeoOXoanMo 06paboTaTh KypChl BAIIOT 3a MO-
cieHue [Ba roga? B TakoM ciydae Ha MOMOIIb MIPUXOAAT Cnucku. VIX
MOZKHO PacCMaTpUBaTh Kak aHAJIOT MAaCCUBa B IPYTUX SI3bIKAX IIPOrPaM-
MUPOBaHMsI, 32 UCKIIOYEHNEM BasKHOW 0COOEHHOCTH — CITUCKH B Kave-
CTBE CBOUX 3JIEMEHTOB MOTYT COJAEPKaTh 00bEKThI Pa3/IMUHbIX TUIIOB.

Crucok (list) B Python aBisgercs 06beKTOM, IO9TOMY MOKET OBITH
IIPUCBOEH MEePEMEHHOI (HAllOMUHAEM, UTO B IIepEMEHHON XPaHUTCS ajl-
pec 00beKTa).

[IpezcTaByM CIUCOK IS 33/1aUi C KYPCOM BaJIiOT:

>>> e = [56.8060, 57.1578, 57.4093, 56.1843, 57.2207]

>>> e

[56.806, 57.1578, 57.4093, 56.1843, 57.2207]

CIICOK TI03BOJISIET XPAaHNUTh Pa3HOPOHbIE JaHHbIE, 00PaIaThCs K KO-
TOPBIM MOJKHO Yepe3 MM crircka (B JaHHOM CJIydae IePeMeHHYIO €).
PaccmoTtpum cxematnuHo, kak Python paboraert co crimckamu (puc. 4.27).

id2:float id4:float

57.1578 56.1843

id1:float id3:float id5:float

2 ‘4\

3
\ \ \
-__. 0 1 3
e Lids ] id1 id2 id3 id4 id5

idé6 : list

Puc. 4.27. Cxema namsitn Python npu pa6orte co cuckom

Ilepemennas e comepsKutT agpec crmcka (id6), Kask[aplil 9JIeMeHT
CITMICKA COJIEPKUT yKasarTesb (anpec) obbekTa. B obiiem Buje co3manme
CITMCKa ITOKa3aHo Ha puc. 4.28.

OnemeHTbl cnncka
- 1
. ! <
1
Vg \J Sa
[ <ebipaxeHue1>, <ebipaxeHue2>, ... , <ebipaxkeHueN> ]
Puc. 4.28. O6mas ¢popma co3/jaHus CIIHCKA

Ha mecTe ay1eMeHTOB crimcka MOTI'YT HaXO/UTbHCA CJIOKHBIE BBIPDAKCHUA.

4.19.2. Onepanuu HaJl CIICKaMH

OO6panaThest K OTeIbHBIM 3JIEMEHTAM CIIMCKA MOKHO I10 MX UHOCK-
cy (1I03UIMN ), HAYMHAS € HYJId (110 aHAJIOTUM CO CTPOKAMU ):

>>> e = [56.8060, 57.1578, 57.4093, 56.1843, 57.2207]
>>> e[0]

56.806

>>> e[1]
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57.1578

>»> al-1] # nocnegHuUl SIeMeHT

57.2207

ObGpainenie Mo HeCyEeCTBYIOIEMY HHACKCY NPHBEIET K OnndKe
IndexError:

>»»> e[100]

Traceback [(most recent call last):

File "<pyshell#10=", line 1, in <module=
e[100]

IndexError: list index ocut of range

ﬂ{} HACTOANLErO MOMEHTA MBI pacCCMaTPHUBAIH HEH3MEHAECMbBIE THIILI
JanHbix (kaacesi). Benomunre, kak Python pyraaca npn nonsitke na-
MCHHTDL CTDDKH. H]){}BE}],EM SRCHEPHUMEHT 110 HAMEHCHH ) CIHTHCKL

»»>> h = ['Hi', 27 , -8.1, [1,2]] # co=paHne coMcka

>»>» h[l] = 'hello' # n3aMeHeHMe SNeMEeHTa CIHICKa B TO3IMIDDT 1
>»> N # pPesyNETHURYRIMA CrIHMCOK

[FHiY, *hello*, -8.3, {1, 271

*»> hl[l] # M3MeHeHHHN 3JIeMeHT CIHCKAa

'hello®

Ha puc. 4.29 npescrasnena cxema naMaTH B MOMEHT CO3/IaHMA CITH-
cka h.

55> h=[’bonjuur‘,'npnnef ‘hola’,"aloha’, npueit’)

< T%T-r

a8 | st

ST e

Puc. 4.29. Cxema namsatn Python npu padote co comckom

npDHHBEHEM HIMeHeHHe CTTHCKE:

=»> H[1l] = 'hellg’

=>> h

['bonjour', 'helle', 'hela', 'alcha', 'mpueiT')
>>»» hill]

'hello!

Cxema naMsATH B MOMEHT H3MEHEeHHs CIICKa Mmokasana na puc. 4.30.

BuanuMm, 4T0 B IaMATH CO3aeTCs HOBBIH cTpokosbiil oobekT ‘hello’.
3arem ajzpec aroro obbekrta (id7) noMemaeTcs B HepByio sueiiky cimc-
Ka (BMecTo ajgpeca id2). Python obuapysur, 4to na o0BCKT 10 aapecy
id2 Gosblle HEeT CChLIOK, 03TOMY VAAJIHT ero u3 HaMsITH (nponzsener
ABTOMATHYECKY 10 COOPKY Mycopa).



>>> h[1]="hello'

@ fd2:str id4:str
aloha

id1:str

id7:str id3:str id5:str
< \ \ | \
h g ———10% jg1 |2 ia7 |2 ics |3 ias |4 ias

id6 : list

3

Puc. 4.30. Cxema namsitu Python B MOMeHT u3MeHeHuUsI ciucKa

Crurcok, HaBepHOe, HanboJjiee YacTO BCTPEUAIONIMIICS THUIT JaHHBIX,
C KOTOPBIM MPUXO/IUTCS CTAJIKUBATHCS ITPU HAITMCAHUU TTPOTPAMM. ITO
cBsI3aHO co BcTpoeHHbIMU B Python ¢yHkImsMu, KoTopbie Mo3BOISAIOT
JIETKO ¥ OBICTPO 0OpabaThiBaTh CIIUCK:
len(L) — BosBpaiaer ync/Io 3J1eMEHTOB B CITHCKe L;
max (L) — Bo3BpamaeT MmakcuMaIbHOE 3HaUeHNe B CIIUCKe L;
min(L) — Bo3Bpaiaer MUHUMAaJIbHOE 3HAUEHNE B CIIMCKe L;
sum(L) — Bo3BpalaeT cyMmMy 3Ha4eHU# B crincke L;

« sorted(L) — Bo3Bpalaer KOMUIO CIKcKa L, B KOTOPOM 3JIEMEHTBI
VIIOpAI04€eHbI 110 Bo3pacTtanuio. He namenser crnmcok L.

[TpuMepbl BBI30BOB (DYHKIIN 71T PAOOTHI CO CITUCKAM:

>>> e = [56.8060, 57.1578, 57.4093, 56.1843, 57.2207]
>>> e

[56.806, 57.1578, 57.4093, 56.1843, 57.2207]
>>> len(e)

5

>>> max(e)

57.4093

>>> min(e)

56.1843

>>> sum(e)

284.7781

>>> sorted(e)

[56.1843, 56.806, 57.1578, 57.2207, 57.4093]
>>> e

[56.806, 57.1578, 57.4093, 56.1843, 57.2207]

Omnepartop «+», IPUMEHEHHBIH K CIIMCKAaM, CJIY/KUT s KX 00beIr-
HeHUs (BCTIOMHUTE CTPOKH ):

>>> original = ['H',6'B']

>>> final = original + ['T']
>>> final

['H', 'B', 'T']
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Omnepartius moBTOpeHus: (BHOBb BO3HUKAET aHAJIOTHS CO CTPOKAMM ):

>>> final = final * 5

>>> final

('g', 'B', 'T', 'H', 'B', 'T', 'H', 'B', 'T', 'H', 'B',
', 'H', 'B', 'T']

Uncrpyxius del mo3Bosisier ynansTsh U3 CIMCKA 2JIEMEHTHI 10 yKa-

3aHHOMY MHJIEKCY (3TO MHCTPYKIINS, TIOITOMY CKOOKM He TPeOyroTCs):
>>> del final[0]
>>> final

[lB', lT', 'H', lBl, IT', IH', IB" ITI, |H|, |B|, |T|,

1 H 1 , 1 B 1 , 1 T 1 ]

Paccmorpum uaTepecubiit mpumep. Cosgaanm dyukmnmio f, 0obemm-
HSTIOIIYIO /[Ba CITHCKA!

>>> def f(x, y):
return x + vy

>>> £([1, 2, 31, [4, 5, 61)
(1, 2, 3, 4, 5, 6]

Teneps mepemaanM B KauecTBe aprymMenToB GyHkiuu f 1Be cTpoku:

>>> f("123", "456")

1123456

Jlanee mepemaanm B KadecTBe apryMeHToB (pyHKImu f 1Ba dnca:
>>> £(1, 2)

3

B urore nebouibias (l)yHKI_[I/IH yYMEET O6'beI[I/IHHTb NJin CKRJIa1bIBaTb

riepelaHHbie €il 0OBEKTHI B 3aBUCMOCTH OT MX KJacca (THIa JaHHBIX).
Omnepatop in 110 aHAJIOTUN CO CTPOKAMH IIPUMEHUM K CITHCKY:
>>> h = ['bonjour', 7, ‘'hola', -1.0, 'mpuBiT']
>>> 1f 7 in h:

print ('3HavYeHne ecTh B CINUCKe')

3HayeHme eCcThb B CIIMCKe

AHAJIOTUYHO CTPOKaM, JIJIs CIIMCKA CYIIECTBYET OIlepaTop M3BJiede-
HUS cpe3a:

>>> h = ['bonjour', 7, ‘'hola', -1.0, 'mpupiT']
>>> h

['bonjour', 7, 'hola', -1.0, 'mpusBitT']

>>> g = h[l:2]

>>> g

[7]

Cxema TaMsATH TPUMEHUTENIHHO K Ccpe3aM IIpejcTaBjieHa Ha
puc. 4.31.

[TepemenHoiT g MpricBanBaeTCs ajipec HOBOTO crmcka (id7), comepska-
I[Er0 yKa3aTeJIb Ha YHCI0BOI 0OBEKT, BRIOPAHHBIN C IIOMOIIBIO CPe3a.
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id7 : list

g | id7 0 id2

id2:int id4:float

id3:str
m id5:str

id1:str *hola’

'npusit’

'bonjour’

s N N\
h [ids ———10 g7 [ jaz |2 ias |3 igw |4 ias

id6 : list

Puc. 4.31. Cxema namstu Python npu padore co cpesamu

Bepuemcs k uncrpykiuu del u yaanim ¢ moMoInbpio cpesa moacim-
COK:

>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del al[0]

>>> a

[1, 66.25, 333, 333, 1234.5]

>>> del al[2:4] # ynmaneHue IIONOCIIMCKA
>>>a

[1, 66.25, 1234.5]
>>> del al:]
>>> a

[]

4.19.3. IlceBIOHNMBI M KONMPOBaHHUE CIIUCKOB

PaCCMOTpI/IM OCO6€HHOCTB, CBA3aHHYIO C U3MEHAEMOCTBIO CIIMCKO-
BOTO THUIIA JaHHBIX, /IJIA 3TOT'O BBIITIOJTHUM CJIEAYIOINE NHCTPYKIINN:

>>> h

['bonjour', 7, 'hola', -1.0, 'mopusitT']

>>> p = h # comepxaT yKazaTelb Ha OOMH M TOT Xe
# CcHomcoxk

>>> P

['bonjour', 7, 'hola', -1.0, 'mpuBit']

>>> p[0] = 1 # MommduIIMpPYeM OOHY M3 IIepeMeHHHX

>>> h # u3MeHMINIach Opyras IIepeMeHHas !

(1, 7, 'hola', -1.0, 'mpuBiT']

>>> P

(1, 7, 'hola', -1.0, 'mpwuBiT']

Ha cxeme, nmpesicTaBieHHO HA pUC. 4.32, BUJHO, UTO TIepEMEHHBIE P

uh YKa3bIBalOT Ha OAWH MU TOT K€ CIIMCOK, T.€. ABJIAIOTCA IICEBAOHU-
MaMMH.

Bosnuxkaet BOIIPOC, KaK IIPOBEPUTD, CChIJIAIOTCA JIN IIEPEMEHHBIE HA
OANH M TOT K€ CIINCOK:
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idZfNoat

=%

h (o] )

!
1 | iz |2 iz |3 e

idS:Noat
\
4 s
idG ; list

Puc. 4.32. Cxema namartu Python npn paGote ¢ necengonnmMamu

»»> X =y = [1, 2] # coamany MNCeBNOHMMH

»>> X 15 v # CccramTcs M [NepeMeHHHEe Ha oOMH M TOT ke
# obnexrT

True

=2 ¥ = (1, 2]

s»> vy = [1, 2]

=ns X i85 ¥

False

K cnuckam npuMenyMel Ba Bua Konnposanng. llepsbiit Bu1 — no-
BB}_‘)‘IHOC??’EH(JE Hﬂnupc}&mme, 1pH KﬂTﬂpﬂM CO3J1AETCH HOBLI i (J'ﬁ']JEKT.
HO OH ﬁyﬂET JAMOJIHCH CChIJIKAMH Ha 2JICMEHTHI, KﬂTﬂphlE CUIIE[}}KHJIIEC]J
RlopuiuHane:

=22 a = [4, 3. [2, 1]]

=>>» b = ajzl

s»>» b is a

False

>»> b[2][0] = =100

=== &

[4, 3, [-100, 1]1] # croMcoOK & TOXe HNIMEHMUICH

g T =

Bropoit Buja konuposauns — ziybokoe konupoeariue, [Tpn ravbokom
KOMHPOBAHUM CO3/eTCSH HOBBIH O0BEKT M PEKVPCHBHO CO3/1a10TCH KO-
NN BCEX ODBEKTOB, COJEPKALIMXCH B OPHITHAIE:

>»>» import copy

»>»> a = [4, 3, [Z, 11]

»>>> b = copy.deepcopyla)

>»>> b[2][0] = =100

5 g

[4, 3, [2, 1]] # coucox & He MIMEHHICH
222>

L (),ﬂ.Hﬂﬁ CTOPOHBL, CHHCOK ITPEIOCTABIACT BOIMOKHOCTD Mih’ll-!fl’)l['
KalliHi, C© ﬂpvmil — NMOABJACTCAHA OITaCHOCTb NMOBJIHATL Ha MNCEBIAOHHM
CITHCKA.
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4.19.4. Metoapl cricka

Pabora ¢ MeToaMu CIIMCKa TTOX0/Ka Ha PabOTy CO CTPOKOBBIMU Me-
togpamu'. /lanee nmpuBeneHbl HanboIee MOIyJIsIPHbIE METO/IbI CIIHCKa:

>>> colors = ['red',6 'orange',6 'green']
>>> colors.extend(['black', 'blue']) # pacmmpser

# CIMCOK CIIMCKOM
>>> colors

['red', 'orange',6 'green',6 ‘'black', 'blue']

>>> colors.append('purple') # mobaBnisgeT BJIeMeHT B CIIMCOK
>>> colors

['red', 'orange', 'green', ‘'black', 'blue', 'purple']
>>> colors.insert (2, 'yvellow') # mobasiseT BJIEeMeHT

# B yKazaHHYI II03UIINIO
>>> colors

['red', 'orange',6 'yvellow', 'green',6 'black', 'blue',
'purple']
>>> colors.remove('black'") # voanser »iIeMeHT U3 CIMCKAa
>>> colors
['red', 'orange',6 'vellow', 'green',6 'blue',6 'purple']
>>> colors.count ('red') # KoIMYeCTBO IIOBTOPEHUNI

# apryMmeHTa MeToma
1
>>> colors.index('green') # BoO3BpamaeT IIO3MIIMIO B CIINMCKE
3

>>> colors
['red', 'orange',6 'vellow', 'green',6 'blue',6 'purple']

>>> colors.pop () # ymansdgeT M BO3BpallaeT IIOCIIeOHMUNA
# BIIeMeHT CINCKa

'purple’

>>> colors

['red', 'orange',6 ‘'vellow', 'green',6 'blue']

>>> colors.reverse () # CcImMcok B OOpaTHOM IIOPSOKE
>>> colors

['blue', 'green',6 'yvellow',6 'orange',6 'red']

>>> colors.sort () # copTMpyeT CIMCOK (BCIIOMHUTE

# O cCcpaBHEHUN CTPOK)

! Tonbko BMecCTO Kaacca str mcnosbsyercs list, a B kauecTBe 1epBOro aprymenra
B II0JIHOM (hopMe METO/I IPUHUMAET CIIUCOK.

2 Tlompobuee cm. https://docs.python.org/3/tutorial /datastructures.html#more-
on-lists.
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>>> colors
['blue', 'green',6 'orange',6 'red',K ‘'vellow']

>>> colors.clear () # mmm del color[:], odmmaeT CIMCOK,

# ¢ Bepcum Python 3.3
>>> colors

[]

4.19.5. IIpeoGpa3oBanune THIIOB

Ha mpakTike 10BOJIBHO YaCTO BO3HUKAET HEOOXOAMMOCTD B U3MEHE-
HUU CTPOK, HO HAIIPSIMYIO MBI 9TOTO CZEJIaTh He MOKeM (CTPOKH OTHO-
CATCS K HEM3MEHsIEMOMY THUITY JJaHHBIX). Tor/1a Ha TOMOIIb TPUXO/ST
civcku. PemenreM MosKeT ctaTh mpeoOpasoBaHUE CTPOKU B CIIMCOK,

N3MEHEHUE CIIMCKA 1 O6paTHO€ Hp€O6PaSOBaHI/I€ CIINCKa B CTPOKY:

>>> g = 'CTpoKa Ojad uU3MeHeHud'
>>> list(s) # ¢yHRIMS list mHTaeTcs Ipeobpa3oBaTh
# apryMeHT B CIIMCOK

(r¢', '7', 'p', 'o', 'xk', 'a', ‘', ‘'m', ‘'m', 'a', ,
'n', 's', 'm', ‘'e', 'v', 'e', 'v', 'm', 'a']

>>> 1lst = list(s)

>>> 1st[0] = 'M' # m3MeHseM CIMCOK, IIOJYYEeHHHN U3 CTPO-
KU

>>> 1lst

[('M', 'tv', 'p', 'o', 'xk', 'a', ‘', ‘'m', ‘'‘m', 's', ' ',
'w', 's', 'Mm', 'e', 'H', 'e', 'mw', 'm', 'a'l

>>> g = ''.join(lst) # mpeobpaszyeM CIIMCOK B CTPOKY

>>> S

'MTpoKka OJjd MU3MeHeHUd'

OTI[GJHJHO OCTaHOBUMC:A Ha NCITIOJIb30OBAHUU CMTPOK0OB020 MGTOI[ajOiIlI

> A = ['red', 'green',6 'blue']
>>> ' '.join(A)

'red green blue'

>>> ''.join(A)

'redgreenblue'’

>>> '***%1 Join(A)
'red***green***blue'

CTpOKOBBIIT METOJI join TPUHUMAET B KaUeCTBE apryMeHTa CIUCOK,
KOTOPBIN HEOOXOMMO TIPe0OPa3oBaTh B CTPOKY, a B KAUECTBE CTPOKO-

BOI0 00OBEKTA YKa3bIBA€TCA COEAUHUTEIIDb 3JIEMEHTOB CIIMCKA.

[Toxosxkum 06pazoM MOKHO IIpeobpa3oBaTh YMCJIO B CIICOK (Ha IIPO-
MEKYTOUHOM 3Talle UCIOJIb3yeTCd CTPOKA) U 3aTeM U3MEHUTDb IOJIY-

YEeHHbBIU CITUCOK:
>>> n = 73485384753846538465

>>> list(str(n)) # d4Ymcno mnpeobpasyeM B CTPOKY, 3aTeM
# CTpPOKY B CIMCOK

[l7l, l3l’ l4|, l8l, I5l, I3l, I8I, I4I, I'7I, |5I,

'g', '4', 'e6', '5', '3+, '8, 4', '6', '5"']
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Ecnm CTPOKA COACPHKHT Pas/c/IHTE /b, TO €€ MOMKHO Hp@(]ﬁpﬂﬁﬂﬁﬁ'l‘h
B CIUCOK ¢ MOMOIIBK) CTPOKOBOro metosa split, kotopsiii mo ymosaa-
HHIO B KAUCCTBC PAa3JICTINTCIA HCTTOMb3YVET ﬂpﬂﬁt‘ﬂ:

>>>» 8 = 'd a dd dd gg rr tt yy rr ee'.split()

B3> 8

|,IdJ; '.{i‘, 1dd1; 1d'f-:i|] |gg|' 1I,r1' 'LLI' 13"_‘}".1 1rr|' |ee|]

Brizos metoma split ¢ paspeamrenem "

>»> 85 = "d:a:dd:dd:gg:rr:tt:yy:rr:ee'.split(*:

> 5

[Id‘, Ia1* idd'; Iddi‘ 'gg'. ‘I‘]‘.". lt_tl' iwl' II--rI' leeil

")

4.19.6. BaoskeHHble CIMCKH

Panee ViKke VIIOMHHAIO0Ch, MTO B Ka4CeCTBC 3JIEMEHTOR CIIMCKa MOI'VT
HaXO/HUTHCH Uﬁ'bt‘]f'['hl Jl]ﬂﬁﬂfﬂ THITA (KJIEI{‘CEI)_ HATlpHMeEp CIHCKH!

»ax lgt = (LAY 1), [*BY2l. ['C'.3]])

>>> 1lst

DTt o e [PBN &)y [P &)

>>> 1st[0]

Ote 11

i1k idin idd:sir idSzint id7 sir ic&:int

(1] |lw=] [=] [=] []

\

0o \ A TR !
O it |* w2 | [© e id5 w7 id8

i3 : kst id6 ; st id9 : i

“ ° o [! e |?
id10 : list
Puc. 4.33. CxeMa naMaTH pH PﬂﬁDTE Pythﬂl’l C BIOKECHHBIMHY CNHCKAMH
[TonoGHbie CTPYKTVPDE AAHHBIX HCTIOILAYIOTCS JUIS XPAHCHHST MATPHIL
GGPFJ.]J.[EHHE K BAOMCHHOMY CIHHCKY ITPOHCXOHT HCpe3 YEasaHe J1BYX
HIIEKCOB {li]'I,H.C‘KC BHCHINCTO CITHCKa M MHACKC BJIOMCHHOIO CII]iCKEl}f

==> 15t [0]1[1]
1
CxemMaTH4yHO BAOKEHHBIE CITMCKH TT0Ka3aHbl Ha puc. 4.33.

4.20. Urepaymm

f3pik nporpammuposanns Python nossosiser B kpaTyaiime cpokn
CO3/1aBaTh IPOTOTHIIL PEAbHBIX TIPOrpaMM OJaroapa ToMy, YTo B He-

! BI:II'TPH-H, HEPHOBAA PO THIATIIA ﬁyﬂ}'llli‘ﬁ NPOT MM,
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T'0 3aJI0’KEHbI KOHCTPYKITUH JIJISI PEeNeHNs] TUTIOBBIX 33/1a4, C KOTOPBIMHU
YaCTO MPUXOAUTCS CTATKUBATHCS IIPOTPAMMHUCTY.

BcrmomanTe, Kak MBI peliain 3a/ady IMojcyeTa CyMMbl 9J1€MEHTOB
CIIMCKa 4Yepe3 BbI30B efnHCcTBeHHON dynknun sum([1, 4, 35, 6, 7.0, 3,
2.0]).

PaccMoTpuM elie HECKOJIBKO TOZOOHBIX ITPUEMOB, KOTOPbIE 3HAYM-
TEJIbHO YIIPOINAIOT JKU3Hb pazpaboTunka Ha s3bike Python.

4.20.1. Mucrpykuus for

K npumepy, Mbl XOTUM BBIBECTU HA 3KPaH KaXK/bIil U3 3J€MEHTOB
CIIMCKa num.:

>>> num = [0.8, 7.0, 6.8, -6]

>>> num

(0.8, 7.0, 6.8, -6]

>>> print (num[0], '- number')

0.8 - number

>>> print (num(l],'- number')

7.0 - number

Tenepb IMpeacrtaBmuM, 4TO B CIIMCKE ITATBCOT 3JIEMEHTOB... Z[JIH I10-
n06HBIX ciydaeB B Python cymectByior yukaoe. [lepenmiiem sTot mpu-
MEDP C UCIIOJIb3OBaHUEM I/IHCprKL[I/II/I fOI‘Z

>>>num = [0.8, 7.0, 6.8, -6]

>>>for 1 1n num:

print (i, '- number')

0.8 - number

7.0 - number

6.8 - number

-6 - number

[Tuk for mo3BosisteT 06PATUTHCS K KAKIOMY U3 DJIEMEHTOB yKa3aH-
HOTO cricKa. MIMst mepeMeHHOM, B KOTOPYIO Ha KasKIOM Irare OyeT 1mo-
MEIAThCsT DJIEMEHT CITMCKA, BEIOMpaeT IporpaMMIcT. B Hatirem mpume-
pe 9TO TlepeMeHHass ¢ uMeHeM i. Ha mepBom 1mmare mepemMeHHON i
IIPUCBaUBaAETCS MIEPBbIN 3JIeMEHT cliicKa num, paBHbIi (.8. 3aTeM mpo-
rpamMmMa repexouT B TeJso nukia for, ornenentoe orcrymnamu (4eTbipe
npobesa Wiau ofHa TaOyJAlms). B Tese IUKIa COMEPKUTCS BHI3OB
dbyHKIMHN print, KOTOPOI TIepelaeTcs Ha BXO/1 mepeMennas i. Ha cieny-
fo11eM mare (UTepaluy IUKJIa) IepeMeHHoi i Oy1eT IPUCBOeH BTOPOii
aJeMeHT criucka, paBubiit 7.0. [Ipousoiiner BbI30B hyHKIIUM print 11
oToOpakeHUsI TEKYIIETO COMEPKUMOrO TIepEMEHHON 1 Ha 9KpaHe U T.JI.
Testo TIMKJIa BBITTOTHSIETCST /10 TEX TIOP, TTOKa He OyIeT TOCTUTHYT KOHEI]
CITHCKA.

B o6iem Buze nHeTpykius for 1ist oOparieHus K KaskIoMy U3 dJIeMeH-
TOB YKa3aHHOTO CIUCKA BBITJISAUT TaK:

104



for <mepemMenHas> in <CIMCOK>
<TeJyo IIUKJa>

Hanpuwmep:
>>> for 1 in [1, 2, 'hi']l:

print (1)

1
2
hi

Wuctpykius for cxoxnm 06pazoM paboTaeT st CTPOK:

>>> for 1 in 'hello':
print (i)

O HKFHO o

[To aHasoruu cO CIUCKOM [IJIsT CTPOKM TIPOUCXOAUT oOpalleHue
K KaXJIOMy W3 CHMBOJIOB, TIOKa He OyJeT JOCTUTHYT KOHEI[ CTPOK.
B obmuiem Bue 3amuch WHCTPYKIUU THKJA for m/ist 3aaHHoil CTPOKK
BBITJISA/IAT TaK:

for <mepemMenHasi> in <cTpoka>
<TeJyio IUKJIa>

Nuctpykuus for mo3BosisieT POU3BOAUTD ONEPAIUK HAJl OT/E]Tb-
HBIMU 9JIEMEHTaMHK CITHCKA WU CTPOKM (B 00IeM cirydae nociedosa-

menvHOCmu):
>>> num = [0.8, 7.0, 6.8, -6]
>>> for 1 in num:
if 1 == 7.0:
print (i, '- umcio 7.0")
7.0 - ywmcmno 7.0

B npumepe ycroBHast mHCTPYKIHS if TO3BOJIM A BBIBECTH Ha 9KPaH
TOJIbKO YKa3aHHOe 3Ha4eHUe U3 CIIMCKA, BBIIIOJHUB B TeJie 1UKJIA CPaB-
HEHME C KaK/IbIM 2JIEMEHTOM CIIMCKA.

[ToxoskuM 06pa3oM ¢ MOMOIIBI0O MHCTPYKITUHN I[UKJIA TIPOU3BOIUTCS
IIOMCK CUMBOJIa B CTPOKE:

>>> country = "Russia"
>>> for ch 1in country:
if ch.isupper():
print (ch)
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4.20.2. Ddyuknus range

JlocTaToYHO 4acTo Ha MPAKTHKE TIPU pa3paboTKe MporpamMM HeoOXo-
VMO TIOJIYIUTh Juanasown nesbix quces (puc. 4.34).

0123456789
v A -

7’ ~
’ ~

’ ]
Hayano war 1

~
~

OKOH4YaHue

Puc. 4.34. Ilmana3oH 1eJIbIX Yhcel

Jlist pemenust aToil 3amaun B Python mpemycmorpena dyHKIms
range!. B xauecTBe aprymeHnToB (OYHKIIMS IPUHUMAET HadyaJbHOE 3Ha-
yeHue auaraszona (1o ymosdanuio (), KoHedHoe 3HaueHue (He 8KA0UU-
meavro) n mar (o ymosyanuio 1). Ecau BbI3BaTh (QyHKIMIO range
B MHTEPAKTUBHOM PeXKMMe, TO JMAlla30Ha YHCeJl Mbl HE YBUINM?:

>>> range (0,10,1)

range (0, 10)

>>> range (10)

range (0, 10)

[l cozmanua nuanaszoHa (HEM3MEeHIeMOM I0CJe/I0BaTeIbHOCTH )
HEOOXOMMO UCTIOIH30BaTh, HATIPUMEP, MHCTPYKIHIO for:

>>> for i1 in range(0, 10, 1):

print (i, end=' ')

0123456789
>>> for 1 in range(10):
print (i, end=' ')

0123456789
>>> for i1 in range(2, 20, 2):
print (i, end=' ')

246810121416 18

Takum 06pa3oM, B TIepEMEHHYIO 1 Ha KasK[OM Imare Iuk/a (urepa-
1K) OyIeT 3alKChIBaThCs 3HAUEHKE M3 Jrara3oHa, KOTOPBIN reHepu-
pyetcs GyHKIMe range.

[Tpu KeJaHUK MOKHO TIOJYYWUTh AUATA30H B OOPATHOM MOPSIIKE
cienoBanust (0OpaTUTe BHUMAHWE HAa apryMeHThI (DYHKIINY range):

>>> for 1 in range (20, 2, -2):
print (i, end=' ")

201816 141210864

!Tlompobnee cm. https://docs.python.org/3.6/library/stdtypes.html#range.
2 Mynkius range BepHyJa 00beKT THIa range. VlnTepecHo, 4to range /iJisi 9KOHO-
MHU MECTa XPAaHUT B TIAMSTH TOJBKO HAYAJI0, OKOHYAHUE U AT [MATIa30HA
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Terepb ¢ MOMOIIBIO TUATTA30HA HAN/IEM CYMMY YHCET Ha MHTEPBAJe
ot 1 mo 100:

>>> total = 0
>>> for 1 in range(l, 101):
total = total + 1

>>> total

5050

[TepemeHHOI 1 HA KaXKA0W UTEPAINU ITUKJIA [TOCTIE0BATEIbHO MTPHU-
cBamBalOTCd 3HaueHus u3 auanazoHa or 1 go 100 (HamomuHaem, 4To
KpaliHee ITpaBoe 3HaUeHue He BKJtoyaercs). Ha nmepBoit utepanuu re-
pemenHas total comep:xut 3nauenve 0 (nHMIMaIN3NpoBain total me-
pell BXOZOM B IMKJ). B Tese 1nukja cHauajsa BBIUYUCJSETCS IIpaBast
JacTh MHCTPYKIMU TIpUcBanBanus, T.e. total + i. [lepemennast i Ha nep-
BOM II1are cojiep;KuT 3nadenre 1 (fmepBoe 3HaveHme U3 [UaIa3oHa), Ta-
KM 00pa3oM, TIpaBasi 4acTh WHCTPYKIINU MTPUCBanBaHust OyeT paBHA
3HaUeHMIo 1. ITO 3HAUEHUE TIOMENAETCS B JIEBYIO YaCTh, T.€. IIPUCBAU-
BaeTcs epemerHoi total. Ha Bropom mrare total yke Oyzer comepikarhb
3Hauenue 1,1 — 2, T.e. mpaBas 9aCTh MHCTPYKITUU MPUCBANBAHUS CTAHET
paBHa 3, Jajiee 9TO 3HAYEHIE TTOMEIaeTCs B mepeMeHnyio total u T.1.,
10 KOHIla auariasoHa, T.e. 0 3HaueHus 100. Ilo oxonuanuu 1ukia
B total OyzeT comep:kaThcst HCKOMast CyMMa IHCET.

B Python Bo3mokHO OoJiee ajieTaHTHOE pellieHre TAaHHOM 3a1aduu
B (PyHKITMOHATTBHOM CTUJIE:

>>> sum(list (range (1, 101)))

5050

Ito perenne Tpebyer HeOOIBINX MOSICHEHUH. /[nana3oHbl MOKHO
HCITOJIb30BaTh TIPU CO3/IaHUU CITUCKOB!

>>> list (range (10))

(0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

>>> list (range (2, 10, 2))

[2, 4, 6, 8]

Bb130B (pyHKIIMM Sum /i1 CIIMCKA B Ka4ecTBe apryMeHTa ITPUBO/IUAT
K BBIYMCJIEHUIO CyMMBbI 3JIEMEHTOB CITHCKA.

[lnanason, co3maBaeMblii hyHKIMEH range, Ha MMPaKTUKe YacTo UC-
HOJIb3YeTCsT [T 3aanust undexcog. Creyionuil mpruMep I1eMOHCTPHU-
pyeT u3MeHeHue CITUCKA ITyTeM YMHOKEHUS KaK/I0T0 U3 €T0 3JIEMEHTOB
Ha 2:

# range_two.py

lst = [4, 10, 5, -1.9]

print (lst)

for 1 in range(len(lst)):
lst[i] = 1st[i] * 2

print (lst)
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B kauecTBe aprymenTta (hbyHKI[MU range B IpPUMepe 3aaeTcsl IJIu-
Ha crucka. B aToM ciydae cosmaBaemblil quamasoH Oyger ot 0 1o
len(Ist) - 1. Python He BK/IOUaeT KpaitHuil IpaBbIil 2JIEMEHT JAMAIa30-
Ha, TaK KaK JJIMHA CIIMCKA Beeraa Ha 1 6oJiblie, 4eM MHIEKC IIOCIeHETO
ero aseMeHTa (HalmoOMIHAEM, WHIEKCAIINS CITUCKA HAYMHAETCS C HYJIST).

B pesyJibTare BBIIOJTHEHUS IIPOTPAMMOBIL

(4, 10, 5, -1.9]
[8, 20, 10, -3.8]

4.20.3. Co3nanne cnucka

HepBI)IM paCcCMOTpPHM IIpUMEDP CO3AaHUA CITMCKA C IIOMOIIbIO METO-
na append:

>>> a = []

>>> for 1 in range(1l,15):

a.append (1)

>>> a

(., 2, 3, 4, 5, o, 7, 8, 9, 10, 11, 12, 13, 14]

I/IHCTPYKL[I/IH fOl' ITIO3BOJIAET ITOC/JEeA0BaTE/JIbHO M3 AMAlla30HaA OT 1
10 14 BbIOpaTh YKC/Ia U € MOMOINBIO MeToma append, HAXOISIIErocs
B TeJIe I1KJIa, I[O6aBI/ITI) X K CIIMCKY a.

Cremytomnuii mpuMep — co3laHue CIUCKA U3 Ialla30Ha ¢ TTOMOIITHIO
byuxkiun list:

>>> a = list(range(l, 15))

>>> a
(r, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]

Python nogaepsxuBaet oTebHbIe BO3MOXKHOCTH (DyHKITMOHATHHO-
ro CTUJid InporpaMMmMpOBaHMd, KOTOprfI CTPOUTCA UCKJIIOYUTEJbHO Ha
BbI3OBEC (I)yHKL[I/Iﬁ 1 ITO3BOJIAECT KOMIIAKTHO 3aIlIMCbIBATh KOMaH/bI. OZ[‘
Ha U3 TaKUX BO3MOYKHOCTEN — <«CIIMCKOBOE BKJIIOUEHIE» (llSt compre-
hension, nHa4ye «CITMCOYHOE BCTpaI/IBaHI/IG»). PaCCMOTpI/IM €ro IIpuMe-
HUTEJIbHO K CO3/IaHUIO CIIMCKaA.

>>> a = [1 for 1 in range(l,15)]

>>> a
(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]

[TpaBua paboTHI CO CITMCKOBBIM BKJIIOUEHHEM ITPEICTABICHBI Ha
puc. 4.35.

>>>a = [iforiinrange(1,15)]
« v *.
7’ b S~
/l \\ \\\

’ N So
~

4TO Aenaem ¢ N\ ~.
3NEMEHTOM yTo 6epem oTkyna 6epem

Puc. 4.35. Cxema uCoi»30BaHusI CIIMCKOBOIO BKIIOYEHUS
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B cremytomem mpumepe BbiOMpaeM M3 AuanasoHa Bce ymcia ot 1
10 14, BO3BOJIMM UX B KBaJIpaT U «Ha JeTy» (popMUpyeM U3 HUX HOBbI
CITUCOK:

>>> a = [i**2 for 1 in range(l, 15)]

>>> a

[1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196]

CrrckoBoe BKJIIOUEHHE TTO3BOJISIET 3aaBaTh YCJIOBUE JJIST BBIOOPA
3HaYeHUs1 U3 [rana3oHa (B cjaeaylonieM MpuMepe UCKIIYWIN 3Have-
Hue 4):

>>> a = [i**2 for 1 in range(l, 15) if i != 4]

>>> a

[1, 4, 9, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196]

BMmecTo nuama3oHoB, reHepupyeMbIx (hyHKIMEH range, MOKHO yKa-
3bIBATH CYNIECTBYIONUI CITMCOK:

>> a = [2, -2, 4, -4, 7, 5]
>>> b = [1**2 for 1 1in a]
>>> Db

(4, 4, 16, 16, 49, 25]

B mpuMepe mocsie1oBaTeIbHO BRIOMPAIOTCST 3HAUEHUST M3 CIIUCKA a,
KasK/IbIil 3 €TO 3JIEeMEHTOB BO3BOJUTCS B KBAJ[PAT U «HA JIETY» 100aB-
JISIETCS B HOBBIU CITMCOK.

[To aHATOTHHU CO CIMCKaMU MOKHO IOCJIEIOBATEIHHO TIepeOrpaTh
CUMBOJIBI U3 CTPOKU U (hOPMUPOBATh M3 HUX CIUCOK (B CJIEAYIOIIEM
npuMepe UCKIIOUUIN CUMBOJ 1):

>>> ¢ = [c¢*3 for ¢ 1n 'list' 1if ¢ != 'i']
>>> C
['111', 'sss', ‘'ttt']

ODyHKIMS map' T03BOJISIET, UCTIONB3Ys] (DYHKITMOHAJIBHBIN CTUJIb TIPO-
IrpaMMUPOBAHUS, CO3/[aBATh HOBLIH CIIMCOK HA OCHOBE CYIIECTBYIOIIETO:

>>> def f(x):
return x + 5

>>> list(map(f, [1, 3, 4]))

(6, 8, 9]

B npumepe pyHKIMS map NpUHUMAEeT B KauecTBe apryMEHTOB UMsI
dyuximn f u cimcok (mam cTpoky). B mporecce BoizoBa pyHKIMM map
Ka)K/IBIN 3JIEMEHT YKa3aHHOTO CIUCKA (MU CTPOKU ) TIO/IAeTCs Ha BXO/T
dyukmuu f, u pesysabrar BeizoBa GyHKIMK f 17151 KasKI0TO U3 dIeMeH-
TOB YKa3aHHOTO CITMCKa <Ha JIETY» H00aBJSETCS KaK 9JI€MEHT HOBOTO
ciircka. QyHKIMS map Bo3BpanaerT 0ObEKT THITa map, MOITOMY MOJIY-
YUTh WUTOTOBBIM CITMCOK MOJKHO C TIOMOIIBI0O MHCTpyKinu for smbo
byuxrmn list.

! TloxpoGhee cm.: https://docs.python.org/3.6/library /functions.html#map.
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[Tpumep BbI30Ba (PYyHKITUW map 75 CTPOKU:

>>> def f(s):
return s * 2

>>> list (map(f, “hello”))

['hh', 'ee', '11', '11', 'oco0']

DOyHKIMOHATbHBIE BO3MOKHOCTH Python mosBossiioT onpenensth
HeOOJIbINNE OJHOCTPOUHbIE (DYHKITMHM Ha MeCTe BbI3oBa (DyHKINN (-
TOpUYECKU Takue (DYHKIIUU MOJYYUIN Ha3BaHue A-(DYHKINI):

>>> list (map(lambda s: s*2, "hello"))

['hh', 'ee', '11', '11', 'oo']

[lanee paccMOTpUM TreHepaIuio CIIMCKa, COCTOSAIIETO U3 CAyYalHbIX
1[EJIBIX YHCEJI:

>>> from random import randint

>>> A = [randint(l, 9) for 1 in range(5)]

>>> A

(2, 1, 1, 7, 8]

B nannom npumepe GyHKIMA range BbICTYIIAeT KaK CYETUMK KOJIU-
yecTBa 9JIEMEHTOB co3zaBaeMoro crucka. Obparnrte BHUMaHME, YTO
pu (GOPMUPOBAHNU HOBOTO CIMCKA MepeMeHHas 1 He MCIOJIb3YeTCSl.
B pesynbraTe msTh pas Oyzaer mpousBeneH BbI30B (GyHKIMHU randint!,
KOTOPasi CreHepUpyeT 1eJIoe TICeBA0CAyYalHOe YUCI0 U3 UHTEPBAJIA OT
1 10 9, 1 yke 970 4KcJI0 100ABUTCS B HOBBIN CITUCOK.

Chopmupyem CIUCOK, 3HAYEHHsT /IS KOTOPOro OyaeM 3ajaBaTth
C KJIaBUATYPBHIL:

# input_list.py

a = [] # oObsaBnisgeM IIyCTOM CIMCOK
n = int (input()) # yxKaswbBaeM KOJIMYECTBO D3JIEMEHTOB CIIMCKa
for i in range(n): # oyHKIMS range KOHTPOJIUPYET IOJIUHY
# croucka
new_element = int (input()) # yxasnBaeM odYepenHON’

# =rIeMeHT cCcIOmucka
a.append (new_element) # npobaBisieM BJIeMEeHT B CIMCOK
# mocnemHmMe IOBEe CTPOKM MOXHO OBUIO 3aMeHUTHL ONOHOM:
# a.append(int (input()))
print (a)

PGSyJIbTaT BBIIIOJIHEHU A ITPOTr'PaMMBbI:

!Tlompo6hee cm.: https://docs.python.org/3.6/library /random.html.
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[Iepenuiiiem mporpaMMy B OJIHY CTPOKY, UCITOJIb3YsI BO3MOKHOCTH
CIIMCKOBOTI'O BKJIIOUCHUM .
>>> A = [int(input()) for 1 in range(int (input()))]

4.20.4. Mucrpykuus while

Wucrpykuus for mcnosb3yercs, eciu 3apaHee U3BECTHO, CKOJIBKO
uTepanuii HeoOXOAUMO BBIIOJHUTDL (YKa3bIBAETCS YEPe3 apryMeHT
(bynkIum range nan oka He 3aKOHUMTCA CITUCOK,/cTpoka). Eciu 3apa-
Hee KOJIMYECTBO UTePALMil IIMK/IA HEM3BECTHO, TO IIPUMEHSIETCST MHCT-
pykuus rukiaa while. Teso mukima while Boimosasierest 1o tex mop, mo-
Ka BbIpajkeHUEe SBJISIETCS VMCTUHHBIM WJIM He IPOM3O0IIE] BbIXOJ U3
I[KJIa C TOMOIIbI0 HHCTPYKIK break.

while <BHpaxeHMUe>:<TeEJO LUKIIa>

[layee mpuBe/ieH TIpUMeEpP IIPOrPaMMbI IOJICUETA YHCIa KPOJUKOB
C MCITOJIb30BaHMEM MHCTPYKInK 1inkia while:

# while_rabbits.py

rabbits = 3

while rabbits > O:

print (rabbits)
rabbits = rabbits - 1

Wuctpykmus while BoimosiHsieTest 10 TeX mop, MOKa YCI0 KPOJUKOB
B YCJIOBUU TI0JI0kUTeAbHOE (rabbits > 0). Ha kaxkmoit urepamnun 1iukia
nepeMeHHas rabbits ymenbimaercst Ha 1, 4TOOBI He MOTyYHICS OECKO-
HEYHBIH IUKJI, TIPU KOTOPOM yCJIOBHE Beera Oy/1eT 0CTaBaThCst HCTHH-
HbIM. B Hauasie paboThI MporpaMMbl HHUIMATU3UPYETCS TIepeMeHHast
rabbits (mepemenHoll npucBanBaeTcs HayalbHOE 3HaueHUe 3), 3aTeM
IIPOMCXOUT Iepexo/l B Tesio 1ukia while, Tak kak yciosue rabbits > 0
SABJIAETCS UCTUHHBIM (BepHeT 3HaueHue True). /[anee B Tese 1uKJIa Bb-
3bIBaeTcst (GyHKIMS print, KoTopast 0TOOPA3UT Ha IKpaHe TeKyIlee 3Ha-
yeHue repeMmenHoii rabbits. Ilocie atoro mepemennas rabbits ymenn-
muTcs Ha 1 m cHOBa mpou3oiijieT mpoBepka ycaoBus 2 > 0 (BepHeT
True), nepeiizeM B Tes0 1UKJIA U T.[I., [IOKa He AoieM 10 ycaoBud 0 > 0.
B sTom ciyuae BepHetcst sorndeckoe 3Hadenne False m mpowmsoiiger
BbIXOJ 13 MHCTPyKIinu while. B pesy/ibrate BbIIOIHEHUS IIPOTPAMMOBIL

3
2
1
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beckoneunbIii 1UKJ, OPraHM30BAaHHBIN C TIOMOIIBIO WHCTPYKIIUU
while, mosBosisier pousBOANTH 0OOPAOOTKY BBEIEHHBIX C KJIABUATYPHI
CTPOK:

# while_input.py

text = ""
while True:
text = input ("BBemuTe dYMCIIO MIM CTOII OJsd BHXOoma: ")
if text == "cTom":
print ("Bexonm m3 OporpamMMu! Do BcTpedm!")
break # MHCTPYKLMS BHXOIA M3 LIMKIA
elif text == '1':
print ("4Ymcimo 1")
else:

print ("9Tro >T0O?!")
PesynbraT BbINOSTHEHUS TTPOrPAMMbI UMeEET CJIeAYIONAN BUJL:

Brenoure dYMCIIO MM CTOII IOJs BEHxOoma: 4

4To 3T07?!

BrenuTe dYMCIIO MM CTOII IOJIs BHxOma: 1

Yucrno 1

Brenure dYMCIIO MM CTOII IJIs BEHXOOA: CTOII

Beixonm mz3 mporpammel! o BcTpeum!

Temno IMUKJIa Whlle BbBIITOJIHAETCA 6€CKOH€‘{HO€ YHCJIO pa3, TaK KaK
True BCerjga ABJIACTCA UCTUHOM. BbIXOI[ N3 IUKJIa OCYIIECTBJIAETCA 110
uHCTpyKIuu break, eciin mosibp3oBare/ib BBEIET C KIaBHATYPhI CTPOKY
<«CTOII».

Crenyonuii UCXOAHBIN TEKCT J€MOHCTPUPYET MpUMeEp IojcueTra
CYMMBbI YHCeJI, BCTPEYAIOIINXCI B CTPOKE:!

# total_num.py
s = 'aa3aBbbb6ccc'
total = 0
for 1 in range(len(s)):

if s[i].isalpha(): # ITOCHMMBOJILHO IIPOBEpseM HaJludue

# OYKBH
continue # MHCTPYKIUS IIepexomda K CleoylleMy
# mary nmkia
total = total + int(s[i]) # HaxkamIMBaeM CyMMy,
# ecnam BCcTpeTwmIach Ludpa

print ("cymma d4ymcen:", total)

B mpumepe ucmnombdyeTcsd WHCTPYKIMSA continue. BrimosHeHne
JAaHHOW MHCTPYKIIMU NIPUBOJIUT K TIePeXO/ly Ha CJEeAYIONIUN mar 1ukK-
JIa, T.e. Bce KOMaH/Ibl, KOTOPbIe HAXOISATCS Tocyie continue, 6y1yT Ipo-
urHopupoBaHbl. [lajsiee npencraByieH pe3yJibTaT BBITIOJHEHUS TPOT-
PaMMBbI:

cyMMa d4ymcen: 9
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4.20.5. Bio;xeHHbIe UKJIbI

Python mosBosisieT BKIaabIBATh MHCTPYKIINN IIMKJIOB APYT B Apyra
TaK, KaK MOKa3aHo B CJEAYIOIeM IpuMepe:

# for_outer_inner.py

outer = [1, 2, 3, 4]

inner = [5, 6, 7, 8]

for i in outer: # BHemHMI LUK

for j in inner: # BIOXEeHHHN (BHYTPEHHUN) LIMKII
print('i=", 1, 'j=', 3J)

B npumepe BHernmii nuki for mepebupaer Bce a/eMEHTHI CITHCKA
outer (Ha 1epBO¥ UTepalMy BHEITHEro MUKJa pukcupyercs i = 1), 3a-
TeM yIIpaBJIeHHE TIePEIaeTCs BJIOKEHHOMY KTy for, KoTopbIit mpoxo-
TIUT 110 BCeM 3JIeMeHTaM CIIICKa inner (n3MeHnseTcs nepemerHas j). [To-
CcJie TOTO, KaK 3aKOHYATCS 9JIEMEHTHI B CITICKeE inner, yIpaBJieHue BHOBb
BO3BpaliaeTcs: BHelHeMY UKy ((buKcupyeTcs cienyioniee 3HaUYeHNe
i = 2), mocjie 3TOT0 BJIOKEHHBIN ITUKJ TIPOXOUT IO BCEM dJIeMEHTaM
cniicka inner. Tak moBTopseTcs 70 TeX 1Mop, MOKa He 3aKOHYATCS 3IeMEeH-
THI B criricke outer (puc. 4.36).

1.2 3,4]

[5,6,7, 8]
i=1 =2
j=5,6,7.8 j=5,6,7, 8

Puc. 4.36. Ilpumep BbINOJHEHUS BIOKEHHBIX IUKJIOB
PesysibTaT BINIOJITHEHUS TTPOTPAMMBL:

i= 1 j=5
i= 1 j= 6
i= 1 4= 7
i= 1 j= 8
=2 j= 5
=2 j= 6
i= 2 =7
i= 2 j= 8
i= 3 j= 5
i= 3 j= 6
i= 3 j= 7
i= 3 j= 8
i= 4 j= 5
=4 j= 6
= 4 =7
= 4 j= 8

PaccMmoTpum mprMep pabOThI ¢ BIOKEHHBIME criickami (M. 11. 4.19.6):

## for_lst.py
Ist = [[1, 2, 31,
(4, 5, 61]
for 1 in 1lst:
print (1)
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PesysbraT BBITTOJTHEHUST TPOTPAMMBbI:

(1, 2, 3]

(4, 5, 6]

B mipumepe ¢ momoribio nHCTPyKIHK for mepebupaioTcs Bee aieMeH-
THI CITHCKa, KOTOPbIE TaK/Ke SIBJSIOTCS criuckaMu. YToObl 100paThCst 10
9JIEMEHTOB BJIOKEHHBIX CITUCKOB, HEOOXOINMO BOCIOJb30BATHCSI BJIO-
’KeHHOU mHCTpyKIuei for:

# for_lst2.py

st = [[1, 2, 3],
(4, 5, 6]]
for 1 in lst: # BHemWHUN IIMKII
print ()
for j in 1i: # BIIOXEHHBM IIMKII

print(j, end = "")

PGSYJIbTaT BBIIIOJIHEHUA ITPOTPAMMOBI:

123
456

4.21. MHoxecTBa

MHuozxecTBo (set) B s3bike Python — HeymopsimouerHast KoJeKIust
HeU3MeHSIeMbIX YHUKATbHbIX 3JIEMEHTOB:

>> v = {'A', 'C', 4, '5', 'B'}

>>> Vv

{rc', 'B', '5', 4, 'A"}

OTMeTnM, 4TO MTOPSIJIOK DJIEMEHTOB CO3/ITAaHHOTO MHOKECTBA OTJINYA-
eTCsT OT TIOPsIIKA 9JIEMEHTOB MHOKECTBA, OTOOPAKEHHOTO Ha 9KpaHe,
TaK Kak MHOXECTBO — 3TO Heynopsidouennas xoarexyus. Ha puc. 4.37
MHOKECTBO TIPE/ICTABJIEHO CXeMaTUYHO.

Puc. 4.37. Muo:xectBo B si3bike Python

MmuoskectBa B Python obsazator mHTEpeCHBIMU CBONCTBAMMU:

>>> v = {'A', 'C', 4, '5', 'B', 4}

>>> Vv

{lCl, IBI, |5|, 4’ IAI}

BumyM, 94TO IMOBTOPSIONHNECS 3JIEMEHTBI, KOTOPBIE MbI I0OABIIIM
P CO3aHUKM MHOKECTBA, ObLIM YaJeHbl (BBIIOJIHIETCS CBOUCTBO
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YHUKAILHOCMU DJIEMEHTOB MHOKecTBa). IlepeiizeM K paccMOTPEHUIO
c11oco00B CO3/1aHNS MHOKECTBA:

>>> gset ([3, 6, 3, 5])

{3, 5, 6)

B npumMepe MHOKeCTBO GBLIO CO3[[aHO Ha OCHOBE crcka. Obparure
BHUMaHHE, YTO B MOMEHT CO3/[aHUsI MHOKECTBA U3 CIMCKa OYAyT y/a-
JIEHBI TOBTOPSIIOIIUECS 9JIEMEHThL. JTO JIETKUI CII0CO0 OYMCTUTD CIIH-
COK OT ITOBTOPOB:

>>> list(set([3, 6, 3, 5]))

[3, 5, 6]

DyHKIK range Mo3BOJISIET CO3/[aBaTh MHOKECTBA U3 JANalla3oHa:

>>> get (range(10))

(0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

PaccMOTpUM HEKOTOPBIE OIlePAllUU Hajl MHOKECTBAMM

>>> gl = set (range(5))

>>> s2 = set(range(2))

>>> gl

{0, 1, 2, 3, 4}

>>> S2

{0, 13

>>> gsl.add('5'") # mobaBiieHMe DBJIeMeHTa

>>> gl

{0, 1, 2, 3, 4, '5'}

Y MHOXKecTB B d3bIKe PythOH MHOTIO O6LH€FO C MaTeMaTn4YeCKuMun
MHOKecTBaMu (puc. 4.38):

>>> gl.intersection(s2) # mnepecedyenHme MHOXecTB (sl & s2)

{0, 13

>>> sl.union(s2) # obbemmHeHMe MHOXecCcTB (sl | s2)

{0, 1, 2, 3, 4, '5'}

s2

s1

Puc. 4.38. Onepanuu HaJi MHOKeCTBaMHU

4.22. Koptexu

Koprex (tuple) B Python cxox 110 cBomM cBOICTBaM CO CITMCKOM 32
HCKJTIOYEHIEM U3MeHsIeMOCTH. KOpTeKu MCIosb3yioTes,, Koraa HeoO-
XOJIUMO OBITH YBEPEHHDBIM, YTO 3JIEMEHTBI CTPYKTYPBI TAHHBIX He OYIyT

! TIompoGhee cm.: https://docs.python.org/3/tutorial /datastructures.html#sets.
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M3MeHeHbI B Ipoiecce paboThI MporpaMMmbl. BemomuuTe mpobiemy
c riceBoHuMamMu (cMm. 1. 4.19.3).
PaccmoTprm HEKOTOPBIE TIOMYJISIPHBIE OMIEPAIINN HAJT KOPTEKaMU':

>>> () # cormaHuMe IIyCTOTO KopTexa

()

>>> (4) # »To0 He KopTex, a LeJIOYUMCIIeHHHM OOBLeKT!

4

>>> (4,) # a BOT »TO - KOpPTEeX, COCTOSIMI U3 OOHOTO

# omaementa!

(4,)

>> b = ('1', 2, '4") # corpmaeM KOopTex

>>> b

(*1+, 2, '4")

>>> len(b) # ompemensgeM OIMHY KopTexa

3

>>> t = tuple(range(1l0)) # coz3manme KopTexa C IIOMOIILI
# oyHKIIUMM range

>>> t + Db # cramsHMe KopTexen

(0, », 2, 3, 4, 5, 6, 7, 8, 9, '1', 2, '4")

>>> v = tuple([l, 5, 6, 7, 8, '"1']) # xopTex M3 CIMCKa

>>> T

(1, 5, 6, 7, 8, '1")

C moMoIIpio KOpTeKel MOKHO IPUCBAaWBaTh 3HAUYEHUS OIHOBPE-
MEHHO ABYM II€EPEMEHHDBIM:

>>> (X, y) = (10, 5)

>>> X

10

>>> Yy

5

>> x, y = 1, 3 # ybpanu KpyTLJbHe CKObOKU

>>> X

>>> Yy

3

[TomeHATH MecTaMU COIEP;KUMOE JIBYX TIEPEMEHHBIX MOXKHO CJIE/Ty-
IOIUM 0OPa3OM:

>>> X, Yy = vy, X

>>> X

3

>>> Y

1

Koprexx n3aMeHUTh HeJb3s, HO MOKHO M3MEHUTb, HAIIPUMEP, CITH-
COK, BXOJSIINUIN B KOPTEXK:

>>> t = (1, [1,3], '3")

>>> t[1]

Tlompobnee cm.: https://docs.python.org/3/tutorial /datastructures.html#tuples-
and-sequences.
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>>> t[1][0] = '1"
>>> t
(x, 1+, 31, '3")

4.23. Cnosapu

CioBapsp (dict) B Python — HeymnopsimouenHast nusaMeHsieMasi KOJI-
JIEKIIUST WJIH, TIPOIIe TOBOPSI, «CIUCOK» C IMPOU3BOJIbHBIMU KJIIOYaMU,
HEU3MEeHSeMOTO THUTIA.

PaccMmoTpum nipuMep co3jiaHus cI0Bapsi, KOTOPbI KayKJIOMY CJIOBY
Ha aHTJIMHACKOM $I3bIKe (MHOJNICECmB80 Ktouell Cl08aps) CTaBUT B COOT-
BETCTBUE CJIOBO HA UCIIAHCKOM SI3bIKe (MHONMCECMBO 3HAMEHUIL CLOBAPSL).
CxeMaTUYHO TaKoOM cJIOBaphb Ipe/icTaBjeH Ha puc. 4.39.

MHoXecTBO

MHoXxecTBO Knto4yen 3HavYeHun

Hen3MeHsieMoro Tuna !
N

A
Y

1. eng2sp

Puc. 4.39. CxeMa cOOTBETCTBHSA MHOKECTBY KJIIOYei
MHO’KeCTBa 3HaYE€HUIl caoBaps

CospmagnM cI0Bapb-IIePEBOAYNK C aHTJIMICKOTO SI3bIKA Ha MCIIaH-
CKUU SA3BIK:

>>> eng2sp = dict () # cozpgaeM IIyCcTOM CJIOBapb
>>> englsp

{3}
>>> eng2spl'one']='uno' # mobaBiuseM 'uno' Iy DJIeMeHTa

# ¢ mMHOerKcoM 'one'
>>> eng2sp

{'one': 'uno'}

>>> eng2spl'one']

'uno'

>>> eng2spl'two'] = 'dos'

>>> engl2spl'three'] = 'tres'

>>> eng2sp

{'three': 'tres', 'one': 'uno', 'two': 'dos'}

B xauectBe NHIEKCOB CJ/JI0OBApA B IIpHUMEPE MNCIIOJIb3YIOTCA HEN3ME-
HAEMBIE CTPOKH, HO MOYKHO OBLJIO BOCIIOJIb30BAThCS KOpTEXKaMH, TaK
KaK OHH TOXX€ HEM3MEHACMbIC!
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>>>
>>>

ii> e[(4,'6")] = 1"

>>> e

{(4, '6'): "1}

PesynbTupyommuii cioBapb eng2sp oToOpasuiics B «IIepeMeliaH-
HOM» BH/IE, TaK Kak, 110 aHAJOTUHM ¢ MHOKEeCTBAMU, CJIOBAPH SBJISTIOTCS
neynopsadouennoi Konrexyuei. GakTmaecku, cIoBapb — 9T0 0TOOpaske-
HUe JIByX MHOKECTB: MHOKeCTBA KJII0Uell 1 MHOKeCTBA 3HAUEHUA.

K croBapsim mpuMeHUM OIlepaTop in:

>>> eng2sp

{'three': 'tres', 'oOne': 'uno', 'two': 'dos'}
>>> 'one' 1ineng2sp # momck 1o MHOXReCTBY KIIOYEN
True

Ha npakTike 4acTo cj0Bapu KCIOIb3YIOTCS, €CIU TPedyeTcst HailTu
YaCTOTY BCTPEYAEMOCTH 3JIEMEHTOB ITOCJe0BATEIbHOCTH (CITHCKE,
cTpoke, Koprexel).

Hanumem yHKIMIO, KOTOpas BO3BpaAIllaeT CJIOBaph, COAEPKAINA
JaCTOTY BCTPEYAEMOCTH 9JIEMEHTOB IepelaHHOI n0C1e008ameibHOCMU:

def histogram(s):

d = dict()
for ¢ in s:
if ¢ not in d:
dlc] =1
else:
dlc] = dlc] + 1 # mnmu d[c] +=1
return d

Pesysbrat BoizoBa ¢hyHkiuu histogram s1s criicka, CTpoku, Kopre-

Ka COOTBETCTBCHHO:
>>> histogram([2, 5, 6, 5, 4, 4, 4, 4, 3, 2, 2, 2, 21)
{2: 5, 3: 1, 4: 4, 5. 2, 6: 1}
>>> histogram("ywte3475eryt3478e477477474")
{*‘4*: ¢, '8': 1, 'e': 3, '3': 2, '7*: 7, '5': 1, 'r': 1,
'v': 2, 'w': 1, 't': 2}
>>> histogram((5, 5, 5, 6, 5, 'r', 5))
{5: 5, 6: 1, 'r': 1}

4.24. 06pa6oTka uckntouenuin B Python

PaccmoTpum mmpuMep mporpaMmbl, TPUBOISIIEN K OMIMOKe:
# zero_error.py

x = int (input())

print (5/x)

! Bce 9T TUIIBI JAHHBIX KMEIOT 00LIME CBOMCTBA, TaK KaK OTHOCATCS K [OC/IEA0BATE b
Hoctsim. TToxpo6uee cwm.: https://docs.python.org/3/library/stdtypes.html#sequence-
types-list-tuple-range.
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BoimostHuM iporpamMmy u yoeanMcst, 9TO TepeBoj OYKBBI B YHCJIO
U JleJIeHre Ha HYJIb IPUBOST K OMIMOKaM:

r
Traceback (most recent call last):
File "C:\Python36-32\zero_error.py", line 1, in <module>

x = int (input())
ValueError: invalid literal for int() with base 10: 'r'
>>>
0

Traceback (most recent call last):
File "C:\Python36-32\zero_error.py", line 2, in <module>
print (5/x)
ZeroDivisionError: division by zero
Kakum 06pa3oM IpoM3BeCTH MPOBEPKY, YTOOBI M30€KaTh aBapHii-
HOTO 3aBepllieHus TTporpaMMbi? MoJKHO, HAlpuMep, IMyTeM ITPOBEPOK
KOHTPOJIMPOBATh BBO/ C KJIaBHaTyPbl, KaK 9TO O6I)IUIHO AEJIa€TCA B IIPO-
eIy PHBIX A3bIKAX IIPOTPAMMUPOBAHUA:
# 1if_error.py
x = int (input())
if x == 0:
print ("Error!")
else:
print (5/x)
Teneppb mporpamma 1pwu JieJieHUM Ha HYJIb He ITPOU3BOJUT aBapUi-
HOT'O 3aBe€pIIEHMA:

>>>

0

Error!

B Python peanmsosan! nepexsar ormmbOoK, OCHOBaHHBII Ha 06paboT-
Ke UCKJIIOYUTETBHBIX CUTyalnid. PaccMOTPUM M3MEHEHHYIO TIPOTPAMMY:

# try_error.py

try:
x = int (input ("BBeguTe umcio: "))
print (5/x)

except:

print ("BozHukia ommbra OejeHus Ha HyJIb")

BoITiosTHUM TTPOTPAMMY U TIOTIBITaEMCS Pa3/IeJIUTh Ha HYJIb:

BBenguTe uymcmno: 0
Bo3HMKIIA omrbkKa OejleHrs Ha HYJIb

B 610K try momerntaeTcst Koj, B KOTOPOM MOSKET TIPOU30ITH OITHOKA.
B cirydae BO3HUKHOBEHUS OMIMOKK (MCKIIOUNTENIbHON CUTYAIlUN) YII-
paBJieHue nepeaercst B 6710k except. [ToBTOPHO BBITIOJTHUM MTPOTPaM-

! [Ipyrue o6beKTHO-OPUEHTHPOBAHHBIE SI3BIKU TOKE MOJ/IEPKUBAIOT JaHHbBII MeXa-
HU3M.
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My

1 OOHAPYJKUM, YTO TP BO3HUKHOBEHUU OIMUOKU TIepeBoa OYKBBI

B Y1CJI0, CHOBA ITOTIaaeM B OJIOK except:

BBenouTe 4mMciio: K
BozHMKIIA omMbKa OeJjleHus Ha HYJIb

Jlesio B TOM, uTO except Ge3 yKazaHusl TUIIA UCKIIOYUTENbHON CUTY-

allU II€EPEXBATBIBAET BCE BN /bl BOSHUKAIOIITNX ommbok. Kak nam OoTAc-
HHTB(HHH6Ky'ﬂ€ﬂ€HHH Ha HYJIb OT omuobKu Hp€O6paSOBaHHH TUTIOB?
Hepeﬁz[eM B I/IHTepaKTI/IBHHﬁ PE€KHMM UM BBIIIOJTHHMM HECKOJIBKO OIlepa-
HHﬁ,HpHBOHﬂHHD(KIHHUHOQGHHHM%

>>> 4/0
Traceback (most recent call last):
File "<pyshell#0>", line 1, in <module>
4/0
ZeroDivisionError: division by zero
>>> int("r")
Traceback (most recent call last):
File "<pyshell#l>", line 1, in <module>
int("r")
ValueError: invalid literal for int() with base 10: 'r'

[Ipu nmenenwm Ha HyJ b BosHHMKaeT ommbOka ZeroDivisionError,

pu npeobpasoBanuu TunoB — ValueError. Bocrob3yemcst atum 3Ha-
HUEM U U3MEHUM Hallly TPOTPaMMY:

# try_except.py

Cry:
x = int (input ("BBemguTe umcio: "))
print (5/x)
except ZeroDivisionError: # ykaznBaeM TUII UCKIIYEeHUS

print ("Boz3HuKIIa ommbKa OejeHUs Ha HyJb")
except ValueError:
print ("Boz3Hmukia ommbrka IIpeobpas’oBaHMs TUIIOB")

3alycTuM MporpaMMy U yOeanMcst, 9TO Terepb cpabaThiBalOT pas-

JIMYHbIe OJIOKKM eXxcept B 3aBUCUMOCTHU OT THIIA BO3HUKAIONIUX MCKIIO-
YeHUH:

Beenure umcno: 0

BozHMKIIa omMOKa OeJjleHus Ha HYJIb

>>>

BreouTe 4ymcrno: vy

BozHMKIIa omMbKa IpeobpazoBaHMs TUIIOB

PaccmoTpum ciegyomiuii mpuMep 00pabOTKN MCKITIOYEHUI:
# try_finally.py
try:

X = int (input ("BBemmuTe dYucio: "))

print (5/x)

!Tlompobhee cm.: https://docs.python.org/3/library/exceptions.html#bltin-excep-

tions.
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except ZeroDivisionError as z:
print ("ObpabaTeBaeM MUCKIIDYEHMEe - OeJIeHre Ha HyIb!")
print (z) # BHBOOMM Ha »3KpaH mnHbOOpMAaIMD 06 ommbre
except ValueErrorasv:

print ("ObpabaTHBaeM MCKIIYeHMe - IIpeobpa3oBanHue"
+ " TuIoos!")
print (v)
else:
print ("BHIIONHSAETCSI, €CJIM He IPpOoM30IIo"
+ " WCKIOYUTENBbHHEX cuTryammm!")
finally:

print ("BHIOJIHSAETCSI BCerma ¥ B IIOCJIeOHKD odepenb!")

Boeimosaum niporpamMmy 1 pa3iinaHbIX BXOJAHBIX 3HAYCHUN:

Beenure umciio: 0

ObpabaTHBaeM MCKIIDYEHMVe - »OejeHue Ha HyJb!
division by zero

BHIIIONHACTCS BCerma M B IIOCJIEOHDD odepenb!

>>>

BeenouTe 4ywmciio: r

ObpabaTeBaeM MCKIIOYeHUe - IIpeobpa3zoBaHME TUIIOB!
invalid literal for int () with base 10: 'r'

BHIIOJIHSIETCS BCerma M B IIOCJHIeIHOD odYepenb!

B npumepe mokasano, 4To WHGOPMAIUIO 00 WCKIIOYEHUH MOKHO
IoMelaTh B IepeMeHHY0 (C TTOMONIbI0O UHCTPYKIIMU aS) U BBIBOJIUTH
Ha 9KPaH ¢ MOMOIIbI0 PyHKIUHU print.

[TepexBaT UCKIIOUEHUI UCIOJb3YeTCS NPU HANIMCAHUU (PYHKIIUI.
PaccMmoTpuM mipuMep 0OpabOTKU OIMMOKH, KOTJa MCKOMBI 3JIeMEHT
He 0OOHAPYIKeH B CIIHCKe:

# list_find.py

def 1list_find(lst, target):

try:
index = lst.index(target)
# MerTon index reHepupyeT McCKIodYeHme ValueError:
except ValueError:
## ValueError: value is not in list
index = -1
return index

print (list_find([3, 5, 6, 71, -6))

PGSyJII)TaT BBIIIOJIHEHHWA IIPOTI'PAMMBIL
-1
4.25. Pa6ota ¢ channamu

Ha mpakTuke paHHbIe st 0OpabOTKM 4acTO MOCTYIAOT U3 BHEIII-
HUX UCTOYHUKOB — (paityioB. CyliecTBYOT pasjinyHble (hopmaThbl aii-
JIOB, HanboJIee IPOCTOM U YHUBEPCAIbHBII — TeKCTOBbII. OH OTKPBIBA-
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eTcst B JII0OOM TEKCTOBOM pefakTope (Harmpumep, cTaHaapTHOM bBJok-
HoTe). Pacimmpennst y TekcToBbIX (haiiios: .txt, .html, .csv u 1.1

[ToMMO TEKCTOBBIX €CTh IpyTrHue TUIbI (PaityioB (My3bIKaJIbHBIE, BU-
neo, .doc, .ppt 1 TIp.), KOTOPBIE OTKPHIBAIOTCS B CIIEIIHATBHBIX TPOTPaM-
Max (My3bIKaJIbHBIX WU BumeonpourpsiBaressax, MS Word u T.11.).

B aT0i1 rmaBe ocTaHOBUMCST HA TEKCTOBBIX (paiijiax, XOTsS BO3MOKHO-
ctu Python nmu He orpaHnYMBaOTCS.

BeimostHUTE Cenytonye maru:

1) cosmaiite karasor file examples;

2) ¢ nomombio (Hampumep, biokHoTa) cospaiiTe B KaTajore
file _examples texctoBbiil daiin example text.txt, comepKamuin ciaemry-
IOIUIA TEKCT:

First line of text
Second line of text
Third line of text

3) cospaiite B Katasore file examples daiin file reader.py, conep-
KaIil ICXOAHBIN TEKCT IIPOTrPaMMbI Ha s13bike Python:

# file_reader.py

file = open('example_text.txt', 'r')
contents = file.read()

print (contents)

file.close()

Bermosiaum nporpammy file reader.py:

First line of text
Second line of text
Third line of text

Onucanuie TporpaMMBbl TIpe/IcTaBaeHo Ha puc. 4.40.

Paccmotpensiit moaxoj k pabote ¢ daitmamu! Python yraciemosar
ot si3bika C. [lo ymosrganuio, ecjiv He yKa3bIBaTh PESKUM OTKPBITHUS, UC-
TI0JIb3Y€eTCs OTKPBITHE Ha «4TeHre» (MOKHO OTKPBITh Ha «3aITUChy WU
«JI00aBJIEHIE> ).

OTKpbITUE harna
(“oTKpbITHE KHUMN
npu uteHun”) N
\ S \
S
N \
A N

> PeXUM OTKPLITUA
vmsa cdaina o
‘*: channa: urenue (read)
\

AY

haitnosbliit 06beKT \ 'Y
waopwannoos - file = open(‘example_text.txt', 'r')
oTKpbiBaeMoMm daine: - =
charinoBbIN Kypcop, T.e.

CKONLKO yie Npounn - contents = file.read()

(“3aknapka B KHure”)

7z

. print(contents) oceoBoauTs
cogepxvumoe ~ 3aHATbIe chainom
cavina B Buge pecypcbl

CTPOKU 1 fl |e.C|05e() *---=-===" (3aBepwmnTh

noMecTUTL B onepauuu ¢
nepemMeHHyo chainom)

Puc. 4.40. Onucanue mporpaMmsl 15t padoTel ¢ (aitiamu B Python

7’
npo4yecTtb .

! Tlompobnee cm.: https://docs.python.org/3/library /os.html#os-file-dir.
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Daitbr 0cOOEHHO MOABEP/KEHBI OMTMOKAM BO BpeMsi PabOThI ¢ HUMMU:
JKECTKUU AN CK MOJKET 3allOJTHUTDHCA, I10Ib30BaTE/Ib MOKET YAAJINUTDb NC-
noJb3yeMblil (hails Bo Bpems 3anucu, (aiiyi MOTyT epeMecTUuTh U T.1I.
IJTU U JpyTUe TUIIBI OMINOOK MOHGH)HBpCXB&THTb(IHONKHHBK)O6pa-
6OTKHIMHUHOHGHHﬁ.

Jlanee mokazaH npumep 06pabOTKU OMIMOKK OTKPBITHS HECYIIECT-
Byfotero (aitra c nmenem 1example text.txt:

# file_reader2.py

# Ommbxra mIpu OTKPHTUNM Odaliia

try:

f = open('lexample text.txt') # oTkpoTMe dalyma Ha dTe-

HIVEe

except:

print ("Ommbkra OTKpPHTHUSA odarna")
else: # BHIIONHSETCS, eCJIM He IIPOM3OIJIO OWMOKU
f.close()
print (' (OumucTka: 3akpeTHe Odania) ')
Boeimosnum niporpammy:

Ommbra OTKPHTHUSA odalna

B nasbHeiitnem aiist paboTe ¢ dhaiiiamu 6yeM UCIIOIb30BaTh MeHeO-
asrcep Kowmexcma (MHCTPYKIMIO with!), koropsiit He TpebyeT pydHOTO
0CBOOOKIEHUST PecypcoB, T.e. BbizoBa Mertona close. B caexyromem
pUMepe MpeACTaBIeH UCXOAHBII KO/ IPOrPaMMbI ¢ UCIIOIb30BaHIEM
MeHesKepa KOHTEKCTa:

# file_reader3.py

try:
# oCBOOOXIEHME PEeCcypCOB IMPOUCXOMOUT aBTOMaATUYECKU
# BHYyTPKM MeHeoxepa KOHTEeKCTa:
with open('lexample_text.txt', 'r') as file:
contents = file.read()
print (contents)
except:

print ("Ommbkra OTKpPHTHUS darna")

Boeimosnum nnporpammy:

Ommbra OTKPHTHUSA ¢danna

Pas6epemcs, kakum obpazom Python ompenenser, riae nckarb daiin
1t OTKpBITHS. B MoMeHT BbI3oBa (hyHKIMK open Python wimer yka-
3aHHBIN (hbailJl B TEKyleM pabouem kamanoze (TaM, Te PACION0KeHa
3armyckaemasi mporpamma). OTmpenesnnTh TEKyIIHi paboYnil KaTajor
MOSKHO CJIEYIOIIMM CIIOCOOOM:

>>> import os
>>> o0s.getcwd()
"'C:\\Python36-32\\file_examples'

! MeHekep KOHTEKCTA UCTIOIb3YETCsT He TOJBKO TIpU paboTe ¢ (haiiiam.
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Ecsint oTKpBIBaeMbIii hailr HAXOAUTCS B APYTOM KaTauore, TO HeoO-
XO/IUMO yKa3aThb MyTb K HEMY:

1) abCOMOTHBIN Ty Th, T.e. HAUMHAST C KOPHEBOTO KAaTAJIOTa!

'C:\\Users\\Dmitriy\\datal.txt'

2) OTHOCHUTEIBHBIN TIyTh data\\data1.txt', T.e. TTyTh OTHOCUTEIHHO Te-
Kyiero pabouero karanora 'C:\\Users\\Dmitriy\\home' (cm. puc. 4.41).

xaranor home

reader.py

karanor data 'data\\data1 tXt'

datal.txt

Puc. 4.41. Cxema onpejiesieHus OTHOCUTEJIbHOIO IyTH

Jlasee paccCMOTPUM HEKOTOPBIE CIIOCOOBI YTEHHS COAEPKIMOIO
(aiina.

[Ipumep yTeHUs cOmEP;KUMOTO Bcero haiiyia, HAUMHAA € TEKyIlen
no3uuuu kypcopa (mepemeniaet Kypcop B KoHelr aiisia):

# file_readerd.py

with open('example_text.txt', 'r') as file:

contents = file.read()
print (contents)

PesynbraT BbINOSTHEHUS TTPOTPAMMBbIL:

First line of text
Second line of text
Third line of text

Cuexyouuii IpuMep AeMOHCTpUPYeT paboTy ¢ Kypcopom (aHAJIOr
3aKJIAJKU B KHUTE, C KOTOPOU MPOIOJIKAETCS YTeHUe):

# file_reader5.py
with open('example_text.txt', 'r') as file:
contents = file.read(10) # yKasbBaeM KOJI-BO
# CHMMBOJIOB IJIsI 4YTEHNS
# xypcop mnepememaeTrcs Ha 11 CcuUMBOI

rest = file.read() # umraem c¢ 11 cumMmBOIa
print ("10:", contents)
print ("ocTanbHOe:", rest)

PesysnbraT paboThl IIPOTPaMMBbIL:

10: First line
ocTanbHOoe: of text
Second line of text
Third line of text

Eciin Heo6X0AMMO TIOJIYYUTH CITUCOK, COCTOSIINI 3 CTPOK, TO MOJK-
HO BOCITOJIb30BaThCst MeToIoM readlines Tak, Kak 1OKa3aHO B IIPUMeEpE:
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# file_reader6.py

with open('example_text.txt', 'r') as file:
lines = file.readlines/()

print (lines)

Pesysbrat paboThl MPOrPaMMBL:

['First line of text\n', 'Second line of text\n', 'Third
line of text']

Jl7ist BBITIOJTHEHUST CJIEYIOIIEro mpuMepa cosaaiite daiia plan.txt,
co/lepsKalluil TeKCT:

Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune

Hanumem mporpammy, oOpabaTbhiBalollyio cogep:xkumoe (aiiia
plan.txt:

# file_reader7.py

with open('plan.txt', 'r') as file:
# UmraeM comepxmMoe o¢aniia B BMUIOE CIIMCKAa CTPOK
planets = file.readlines/()

print (planets)

# OTobpaxkaeM D2JIeMEHTH CIIMCKa B OOpaTHOM IIOpsIKe

for planet in reversed(planets):
# BozBpamaeM KOIIMI CTPOKM, M3 KOTOPON yOajleH CUMBOJ /n
print (planet.strip())

B pe3yJibTaTe BbIIIOJIHEHUA ITPOTrPaMMBbI:

[ 'Mercury\n', 'Venus\n', 'Earth\n', 'Mars\n',
"Jupiter\n', 'Saturn\n', 'Uranus\n', 'Neptune']
Neptune

Uranus

Saturn

Jupiter

Mars

Earth

Venus

Mercury

Eciin He0O6XOAMMO BBIIIOJHUTH HEKOTOPbIE ONEPALMK ¢ KayKI0U U3
cTpok aiiia, HaUMHASA € TeKyIlel Mmo3uiuu (ailJioBoro Kypcopa o
KoHIIa (haiiyia;

# file_reader8.py

with open('plan.txt', 'r') as file:

for line in file:
print (line)
print (len(line.strip()))
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PesynbraT BbIOSTHEHUS TTPOTPAMMBL:

Mercury

7
Venus

Earth
Mars
Jupiter
Saturn

Uranus

6

Neptune

-

B caenytomnem npuMepe npousBOAUTCA 3alUCh CTPOKU B haiti. Ecsmn
(baiina ¢ yKazaHHBIM UMEHEM B pabodyeM KaTajiore HeT, TO OH Oy/eT CO3-
aH, ecyu (DaiisI ¢ TAKUM MMEHEM CYIIECTBYET, TO OH Oy/IeT Tiepe3arnicaH:

# file_write.py

with open("top.txt", 'w') as output_file:

output_file.write("Hello!\n")
# MeTonm write BoO3BpamaeT YMCIIO 3alMCAaHHBEX CHMBOJIOB

Jluist mobaBieHUsT CTPOKHU B (Daiiyl HeOOXOAUMO OTKPHITH (hailsr B pe-
xume 'a’ (cokp. ot append):

# file_append.py

with open("top.txt", 'a') as output_file:

output_file.write("Hello!\n")

4.26. PerynsipHble BbIpaXeHUs

Python mopjeps;kuBaeT MOIHBIN S3bIK PEryJISAPHBIX BbIPasKeHUIi!,
T.e. MAabGJOHOB, 0 KOTOPHIM MOKHO WCKaTh/3aMEHSITh HEKOTOPBIN
texkct. Hampumep, peryisipHoe Bbipakenue '[ea]’ osHauaeT 10605
cUMBOJI 13 HabOpa B CKOOKaX, T.e. peryJsipHoe Boipaskenue 'r[ea]d’ cos-
nazaet ¢ 'red' u 'radar’, Ho He co ciioBoMm 'read’. /71 paboTHI ¢ peryJisip-
HBIMU BBIPAKEHUSAMU HEOOXOMMO UMIIOPTUPOBATH MOAYJIb I€:

! Tlogpobnee cm.: https://docs.python.org/3/howto/regex.html.
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>>> import re

>>> re.search("r[eald", "rad") # yxazpBaeM mabjioH M TEKCT
<_sre.SRE_Match object; span=(0, 3), match='rad'>

>>> re.search("r[eald", "read")

>>> re.search("[1-8]", "3")

<_sre.SRE_Match object; span=(0, 1), match='3'>

>>> re.search("[1-8]", "9")

>>>

B ciyuae coBmazeHus TekcTa ¢ IabJOHOM BO3BPAIIAeTCs 0ObEKT
match', mnaue Bospamntaercst None.

4.27. 06bEKTHO-OpPMEHTMPOBAHHOE NporpammupoBanue Ha Python
4.27.1. OCHOBBI 00'bEKTHO-OPHEHTHPOBAHHOTO MOAX01a

[TpearmonokuM, 94TO CymiecTByeT HabOp CTPOKOBBIX MEPEMEHHBIX
JUJ1S1 ONIMCAHUS a/ipeca NMPOKUBAHUS HEKOTOPOTO YeJIOBEeKa:

addr_name = 'lIBaH JBaHOB'

addr_linel = 'MocCKOBCKUI Tp. 122' # ampec IPOIUCKU
addr_line2 = "' # darTMUecKuUN ampec IIPOXMBAHUS
addr_city = 'Mocksa'

addr_state = 'BoCTOYHHIN' # aOIMMHMCTPATUBHEIN OKPYT
addr_zip = '123678" # MHOexC ampeca IIPOIVCKU

Hanumem ¢dynknuio (addr.py), KoTopast BBIBOAUT Ha dKpaH BCIO
nH(GOPMAITUIO O YesIOBEKe:

def printAddress(name, linel, line2, city, state,
zip_code) :
print (name)
if(len(linel) > 0):
print (linel)
if(len(line2) > 0):
print (line2)
print(city + ", "™ + state + " " + zip_code)
# BrozoB OyHKIINMM, IIepenmada aplyMeHTOB:
printAddress (addr_name, addr_linel, addr_line2,
addr_city, addr_state, addr_zip)

PesynbraTt paboTs osryuunsiieiicss mporpammer (addr.py):

/iIBaH JIBAaHOB
MOCKOBCKMUI TIp. 122
MockBa, BocTouHml 123678

IIpGHHOHOHﬂIM,HSMeHﬂﬂHCbCBeﬂeHHH()qeﬂOBeKCIIHOHBHHCHIHP
ﬂeKcaﬂpecaIHX»KHBaHHH.CkBﬂaHHN[HOByK)HepeMeHHyKX

# cozmamMM TepeMeHHy, CONEPXAllyld MHIEKC ampeca IPOXVMBAHUS
addr_zip2 = "678900"
! Tloxpo6uee cm.: https://docs.python.org/3/library /re.html#match-objects.
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Oyuxkius printAddress ¢ yueTom HOBBIX cBejieHUil OyeT MMETh
cremyitomuii Buz (addrl.py):
def printAddress(
name, linel, line2, city, state, zip, zip2):
# mobaBuiaM IapaMeTrp zip2
print (name)
if(len(linel) > 0):
print (linel)
if(len(line2) > 0):
print (line?2)
# mobaBuaM BHBOI Ha SKpaH IIEepeMeHHOM z1p2
print (city + ", "™ + state + " " + zip + " " + zip2)

# HDoGaBmiaM HOBHM apryMeHT addr_zip2:
printAddress (addr_name, addr_linel, addr_line2,
addr_city, addr_state, addr_zip, addr_zip2)
HpI/IHIJIOCI) B HECKOJIbKUX MECTaX M3MEHUTD I/ICXOI[HI)HL/,I TEKCT IIPO-
rpamMmel (addrl.py), uToObI yuecTh HOBOE yciIoBue. B uem coctout He-
OCTaTOK PacCMOTPEHHOTO Mmoaxoaa? OrpoMHOe KOJTUYECTBO ITepeMeH-
ueix! YeMm OoJibllie CBeJEeHUI O 4YeJoBeKe HYKHO 00paboTaTh, TeM
60]1[)]_[16 IMEPEMEHHDBIX MbI JOJIKHBI CO31aTh. KOHG‘-IHO, MOJKHO IIOMeEC-
TUTh BCE B CIUCOK (DJE€MEHTaMH CIHCKa Torga OyAyT CTPOKH),
Ho B Python ectb 60tee yHUBEpCaTbHBIN MOAXO/ /15T pabOThI ¢ Habopa-
MU Pa3HOPO/JHbIX /IaHHbIX.
OO6beHIM BCe CBEIEHUS O YeJIOBEKE B eUHYIO CTPYKTYPY (K1acc)
c umerem Address:
class Address(): # mMs Kjacca BHOMpaeT IPOTPaMMMCT
name = "" # cTpokKOBOe IIOJIEe Kiacca
linel = "
line2 = =
city = v
state = ""
zip_code = ""

Knacc B namen IIporpamMme 3aJa€T ]_L[a6]IOH AJId XpaHEHUA MECTa
IPOKUBaHWS 4YejoBeka. IIpesparuTh mabJOH B KOHKPETHBIN ajpec
MOJKHO depe3 cosganue oosexma (sxsemniapa)' knacca Address:

homeAddress = Address()

Tenepb 3aIIOJIHM I10JIA 06'b€KTa KOHKPETHBIMU 3HAYEHUAMN (qepeB
TOUKY ):
## BamongdgeM IoJjie name obbekTa homeAddress:

homeAddress.name = "lBan lBaHoOB"
homeAddress.linel = "MOCKOBCKUM IIp. 122"

!B Python kmmaccsl siBistioTest 06beKTaMU, HO JIJIST YIIPOIIEHUsT Oy/IeM CYUTaTh, 4TO

3TO TOJIBKO MIA0JIOH JIJIst CO3/IaHUsT OOBEKTOB.
2 BeriomumTE 0 co3annm oObekTa Kiacca int: a = int ().
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homeAddress.line2 = "Tuwxas ym. 12"

homeAddress.city = "Mocksa'"
homeAddress.state = "BOCTOYHHN"
homeAddress.zip_code = "123678"

Cosgaaum emie oarH 00bekT kiaacca Address, KOTOPBIN COMEPKUT

I/IH(i)OpMa]_II/HO O 3aropoZHoM /IOM€ TOI'O K€ 4eJIOBEKA:

# IIepeMeHHass COIEepPXUT amdpec obbekTa Kiacca Address:
vacationHomeAddress = Address()

SBI[aI[I/IM I10JIA 06'b€KTa, aJpeC KOTOPOTIO HAXOJUTCA B HepeMeHHOfI

vacationHomeAddress:
vacationHomeAddress.name = "lBaH JMBaHOB"
vacationHomeAddress.linel = "mp.Mupa 12"
vacationHomeAddress.line2 = ""
vacationHomeAddress.city = "Komomua'"
vacationHomeAddress.state = "leHTpalbHBN pPanoH"
vacationHomeAddress.zip_code = "12489"

BriBesiem Ha sKkpaH MH(OPMAIIMIO O rOpojie I/ OCHOBHOTO U 3aro-

POJIHOTO aPECOB TPOKUBaHNs (depes yKazaHue UMeH 00bhEeKTOB):

print ("OcHOBHOM ampec IpoxmBaHus " + homeAddress.city)
print ("Agpec 3aropomHOro moma "
+ vacationHomeAddress.city)

Namenum mcxomubiii ko ¢pyHkiun printAddress ¢ yaerom mosy-

YeHHBIX 3HAaHUH 00 00beKTax:

def printAddress(address): # mnepemaeM B QOyHKIMDO OOBEKT
print (address.name) # BHBOOMM Ha DKpaH IIoje obbeKkTa
if(len(address.linel) > 0):
print (address.linel)
if(len(address.line2) > 0):
print (address.line2)
print (address.city + ", " + address.state + " "
+ address.zip_code)

Ecin o6bexTb homeAddress u vacationHomeAddress panee Obi-

JI CO3/IaHbI, TO MOKEM BBIBECTU MH(MOPMAIIMIO O HUX, II€PE/IaB B Kaue-
cTBe aprymenTa ¢yHkinu printAddress:

printAddress (homeAddress)
printAddress (vacationHomeAddress)

B pesysbrare BoimoHenust mporpamMmMbl (addr2.py) mosydum:

OCHOBHOI aIpec IpOXMBaHMA MOCKBa
Ampec 3aropomHoro nomMa KoJtoMHa
/iBaH JIBaHOB

MOCKOBCKMUI TIp. 122

Tuxass yn. 12

MockBa, BocTounmm 123678

/iIBaH JIBaHOB

mp.Mupa 12

KomnoMHa, IlleHTpalbHHM panoH 12489
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B0o3MOKHOCTH KJIACCOB M OOBEKTOB HE OrPAaHUYMBAIOTCS JIUIIb 00b-
eIMHEHNEM TIEPEMEHHBIX IO/l OTHUM UMEHEM, T.€. XPAHEHUEM COCMOS-
nust o6sexma. Kiacchl Takke MO3BOJSIOT 3a[aBaTh (GYHKIUKU BHYTPU
cebst (Memoodwt) 1715t pabOTHI € TIOJISIME KJIACCA, T.€. BIMSATD Ha n08e0eHue
obvexma. [l geMoHcTpanun co3faaumM kiaace Dog:

# ndog.py

class Dog() :
age = 0 # BoRpacT cobaku
name = "" # mMsa cobaxku
weight = 0 # Bec cobaxrku

# IIepBHM apryMeHTOM J0OOTO MeToIa BcCeTrma SBIIsSeTcs
# self, T.e. cam ObOBEKT:
def bark(self): # OVyHKIINMSA BHYTPM KJjlacCa HAa3HBaeTCsS
# mMeTomoMm
# self.name - obpameHme K UMEHM TeEKyllerO
# obmexTa-cobaku
print (self.name, " roBopuT TaB")

# Cozpmaem obmexkT myDog kjacca Dog:
myDog = Dog ()

# IpucBamMBaeM 3HA4YEHUsS IIOJNsIM OobOBLekTa myDog:

myDog.name = "Jlauka" # mMsa cobaru
myDog.weight = 20 # Bec cobaxru
myDog.age = 1 # BOBpacT cobaru

# Bo3pBaeM MeTon bark obbekTa myDog,

# T.e. mompocuMm cobakKy IIoIaThb TIOJIOC:

myDog.bark ()

# IonHass ¢opMa IOJisT BHBOBa MeToma myDog.bark()

# oypmer: Dog.bark(myDog), Tme myDog - caM o0bekT (self)
PesynbraT paboThl IIPOTPaMMBbI:

Jlalika TOBOPUT TaB

JlaHHBI TpUMEP IEMOHCTPUPYET 008EKMHO-0PUCHMUPOBAHHDLI
1n00x00 B IPOrpaMMHUPOBAHUM, KOTJA CO3/AI0TCS OODBEKThI, MPUOJIU-
’KeHHbIE K PeabHOW KU3HU. Mex1y 0ObeKTaMy TIPOUCXOIUT B3aUMO-
NEefCTBUE TIO0 CPEeCTBaM BbI30Ba MeTOHOB. Ilosst oObekTa (mepemMeH-
Hble) (PUKCUPYIOT €r0 COCTOSIHIE, 8 BBI30B METO/IA TPUBOIUT K PEAKITUN
oObekTa 1 (M) UIBMEHEHUIO €T0 COCTOSTHUS (M3MEHEHMIO TTePEMEHHBIX
BHYTPH 00BEKTA).

B npenbiayiinem npumepe Meskay cosmanneM oobekTa myDog kirac-
ca Dog u npucBoennem emy umenu (myDog.name = "Jlaiika") mpo-
IIJIO HEKOTOPOe BpeMsi. MoXKeT TIPOU30ITH TaK, 4TO IIPOrPAMMIUCT 3a-
OyzeT yKasaTh UMs, U TOTa cobaka OcTaHeTcsl Oe3bIMSIHHOI — TAKOI'o
JIOTIYCTUTH HeJib3sl. 130exkathb moo6H0i OITUOKY TT03BOJISIET CIIEITHATb-
HBIIE MeTo/l (KOHCmpyKmop), KOTOPbIN BbI3bIBAETCS aBTOMATUYECKU
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B MOMEHT CO3[aHisl 00beKTa 3aJlaHHOro Kjiacca. PaccMoTpuM mpumep
paboThI KOHCTPYKTOPA:

# dogl.py
class Dog():
name = ""
# KOHCTPYKTOP BHBHBAETCS B MOMEHT CO3IOaHusa obOBLekTa
# mTOoro xjacca;
# coneumanbHBNM MeTOn Python, mosToMy OBa HMKHUX
# mmomYyepKMBaHUS
def  init  (self):
print ("Pommiack HOBas cobaka!™")

# ConpmaeM cobaky (obbekT myDog kiacca Dog)
myDog = Dog ()
3amyCcTUM IPOrpaMMy:

Pomomunack HOBasi cobaka!

Cuenytomuii puMep IeMOHCTPUPYET MPUCBOEHME MMeHU cobake
4epe3 BbI3OB KOHCTPYKTOPa Kjracca:
# dog2.py
class Dog () :
name e mn
# KOHCTPYKTOPD
# Br3HBaeTCsI Ha MOMEHT CO3IaHmsl ODOBeKTa 3TOrO Kiacca
def _ init_ (self, newName) :
self.name = newName

# Cozmaem cobaky M yCTaHaBIMBAEM ee VMsd:
myDog = Dog ("Jlanka")

# BoBOOMM ¥MMS COOAKMN:
print (myDog.name)

# Crnenmyomasi KOMaHIa BHIOACT OmMMOKY, IIOTOMY dYTO

# KOHCTPYKTOPY He OBUIO HepemaHO UM :

# herDog = Dog()

Terepb mMsT cOOaKM TPUCBAWBAETCSI B MOMEHT ee co3aaHust (POK-
nenust). B xkoncrpykrope ykasanm self.name, Tak kak B MOMEHT BbI-
30Ba KOHCTpyKTOpa BMecTo self momcraBuTCST KOHKPETHBI OOBEKT,
T.e. myDog.

Pe3ysibTaT BBITIOJHEHUS TIPOTPAMMBL

Jlamka

B npezpiayiieM mpumepe st o0paiieHust K MMeHU cOOaKu MbI Bbl-
BOJIMJIM Ha 9KpaH 1osie myDog.name, T.e. 3aj1€3a/11 BO BHYTPEHHOCTH
0ObeKTa U 0CTaBajId OTTYy4a MH(GOPMALIUIO O HeM. 3BYUUT KYyTKOBATO,
TI03TOMY /171t 60JIee «IyMaHHO#» paboThl J06aBUM B Kiaacc Dog aBa me-
tofa setName u getName:
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# dog3.py
class Dog():
name = ""
# KOHCTPYKTOP BH3HEBAETCsS B MOMEHT CO3IOaHusa obbekTa
# mToro xmacca
def _ _init__ (self, newName) :
self.name = newName
# MoxeM B J100O0OV MOMEHT BHZ3BATH MEeTOI M MU3MEHUTH
# uMsa cobaru
def setName(self, newName) :

self.name = newName
# MoxeM B J0OO¥ MOMEHT BH3BATh METOI UM Y3HATH UMS
# cobaxku

def getName (self):
return self.name
# BOBBpamaeM Tekyllee UMsI OOBeKTa

# ConpaeM cobakxy C HadYalbHBM MMEHEeM:
myDog = Dog ("Jlanka")

# BoHBOOMM WM CODAKM:
print (myDog.getName () )

# YcTa”HaBiMBaeM HOBOE MMSA CODaKM:
myDog.setName ( "llapuk")

# TlpoBepsieM, YTO UMSA U3MEHUIIOCH:
print (myDog.getName () )
BeinmosHum niporpammy:

Jlamka
Mapmk

4.27.2. HaciegoBanue KjIaccoB

O6mbekTHO-oprenTrpoBanubiil mogaxon (OOII) B mporpamMMupoBa-
HUWM TECHO CBA3aH C MBIIIJICHUEM YeJ0BeKa, C YCTPOUCTBOM €ro mams-
ti. Yrobsl syumie nmoHsaTh ocodernHoctu OOII, paccmoTpum Mozesb
XpaHeHUs1 U U3BJedeHUus1 nHQOPMAIUU U3 TaMATU YejoBeKka (MoJeJb
npemiokeHa Kommmazom n KBumnmmanom)!. B cBoem akcnepumeHTe
yUYEHbIE WCIOJIb30BAIN CEMaHTUYECKYIO CETh, B KOTOPOil OBLIN TIPej-
CTaBJICHbI 3HaHUS O KaHapelike (puc. 4.42).

Hanpumep, «kanapeiika — 3To sKeJTasi ITUIA, KOTOPasi yMeeT MeTh»,
<IITUIIBI UMEIOT TIePbhs U KPBLJIbs, YMEIOT JIeTaTb» U T.I. S3HAHUS B 9TOU
CEeTH IPEJICTaBJIEHbl HA PA3JIMUHBIX YPOBHSIX: HA HUKHEM YPOBHE pac-
roJiaratotcst OoJiee YacTHbIE 3HAHWS, a Ha BEPXHUX — Oosiee oOIIue.
[Tpu TakoMm mozxo/e /71 TOHUMaHUS BbICKa3biBaHUs «KaHapelika Mo-

' Taspunosa T. A., Kyopssues /]. B., Mypomues /l. . inxenepust s3Hanuii. Mogenn
u metozbl : yuebnuk. CII6. : Jlanb, 2016
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Puc. 4.42. Monenb XxpaHeHHs U U3BJIeYeHUs1 UH(POpMaTHH
U3 naMsTH yesoBeka (npeanoskena Koamnzom u Kpuumanom)

JKeT JIeTaTh» HEOOXOAMMO BOCITPOU3BECTH MHMOPMAIIIIO O TOM, YTO Ka-
Hapeiika OTHOCUTCST K MHOKECTBY TITHII, ¥ Y TITHIL €CTh 00IIee CBOMCT-
BO <«JIETaThb», KOTOPOE pacipocTpansercs (Haciedyemcs) M Ha KaHape-
ex. JlabopaTopHble 9KCIIEPUMEHTHI TIOKA3a/Ii, YTO PEaKIiy JIAeil Ha
mpocThie Bompockl Tuma «Kanapeiika — aTo ntuna?», «Kanapeiika mo-
JKeT JieTaTh?» uin «Kanapeiika MOKeT 11eTh?» Pa3inyaloTcs 110 BpeMe-
Hu. OTBeT Ha Bompoc «MoskeT Jin KaHapelika jietaTh?» Tpebyer 60JIb-
nero BpeMeHU, 4eM Ha Bompoc <«Moxker nu KaHapelika TeTh».
ITo muenunto Kosumnsa n KBujinana, aTo ¢BsI3aHO ¢ TeM, 4To uHGOp-
Malysi 3allOMUHAETCST YeJJOBEKOM Ha HamboJsiee aOCTPaKTHOM YPOBHE.
BmecTo TOTO 4TOOBI 3alIOMUHATH BCE CBOMCTBA KAXKIOW TITHUILbI, JIOAN
3alOMUHAIOT TOJIBKO OTJIMYUTEIbHBIE 0COOEHHOCTH, HAIIPUMEp, JKeJl-
TBII 1IBET ¥ YMEHUeE TIeTh Y KaHapeek, a Bce OCTaJbHbIe CBOMCTBA Tiepe-
HOCSITCST Ha OoJiee abCTpaKTHBIE YPOBHM: KaHapeiKa Kak ITHIIA YMeeT
JIETaTh U TIOKPBITA IIEPhSIMU; MITUIIBI, OyIyuN JKUBOTHBIMU, IBIIIAT U ITH-
TaloTcd U T.A. [leficTBUTEIbHO, OTBET Ha BOIPOC «MOKeT Jin KaHapeu-
Ka JBIIaTh?> TpebyeT GOIbIIero BpeMeHH, Tak Kak 4eJI0BeKy HeoOXo-
JIMMO IIPOCJIeIOBATh 110 MepapxXuu MoHATUH B cBoeil mamaru. C apyroii
CTOPOHBI, KOHKPETHBIE CBOMCTBA MOTYT IIEPEKPBIBATD OOJIee 00IIHe, 9TO
Takke TpeOyeT MEeHbIEro BpeMeHrn Ha 00paboTky mHbopmarmu. Ha-
mprMep, Borpoc «MosKeT Jii cTpayc JieTaTb» TpeOyeT MEHBIIEro Bpe-
MEHM JIJII OTBETa, 4eM Bolpochkl «VIMeeT s cTpayc KpbUIbsi?» WU
«MoskeT i cTpayc ABIIIATH?».

YTOMSAHYTOE BBIIIE CBOWCTBO HACJIEJOBAHUS HAILIO CBOE OTPaKe-
HIEe B 00beKTHO-OPUEHTHPOBAHHOM ITPOrPAMMHUPOBAHNU.
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K mpumepy, HE0OXOAMMO CO3aTh TIPOTPAMMY, COAEPIKAIIYIO OIHCaA-
rue kiaccoB Paborank (Employee) u Knuent (Customer). It kiac-
CBI IMEIOT OOIIMe CBOMCTBA, MPUCYIIIE BCEM JIIOISIM, TIO9TOMY CO3/ia-
M 6asoeoil knace Yenosek (Person) u HacsiemyeM OT HEro douepiue
kiaccel Employee 1 Customer (puc. 4.43).

Person

Employee

Puc. 4.43. epapxus KJIaccoB

Koa, omuceiBaomuii nMepapxuio KJIAcCOB, IPECTaBJIE€H HUKe
(person.py):

class Person():
name = "" # UM 4YesoBeKa

class Employee(Person): # ykas3wBaeM 0a30BHM KJjlacC Person
job_title = "" # HamMeHOBaHME IOOJIKHOCTM PaboOTHUKA

class Customer (Person): # ykKazbBaeM 0a3O0BHI KJAacC Person
email = "" # mouTa KiIMeHTa

COBI[&I[I/IM 00BEKTHI Ha OCHOBE KJIACCOB U 3AIIOJHUM UX I1OJI:

personl = Person() # cozpmaeM o0ob6BLekT Kjacca Person
personl.name = "lBau IleTpoB" # BaronHseMm 1ore obwbekTa

personEmployee = Employee() # cos3maeM 0OOBEKT Kiacca
# Employee

# IIoye name yHaciIemoBaHO OT KJjacca Person:

personkEmployee.name = "IleTp lBaHOB"

personEmployee.job_title = "IlporpamMucT"

personCustomer = Customer ()

personCustomer.name = "IleTp IleTpoB"

personCustomer.email = "me@me.ru"

B o6bekrax kinaccos Employee 1 Customer 1osiBijioch 1oJjie name,
YHacCJIeIOBaHHOE OT KjacCa Person.

PesysnbraT paboThl TIPOTPaMMBI PErSON.py:

Bau IleTrpoB IleTp lMBaHOB IlporpamMMuctT IleTp IleTpoB me€@me.ru

[lasee mipesicTaBIeH TpuMep HaCJIeI0BAaHUS METOIOB:

# personl.py
class Person():
name = ""
def __init_ (self): # xoHCTpYKTOpP 06a30BOTrO Kjacca
print ("Co3maH dYejloBeK")

class Employee (Person) :
job_title = v
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class Customer (Person) :

email = "
personl = Person()
personEmployee = Employee ()
personCustomer = Customer ()

PeByJIbTaT BBITTIOJIHEHHA ITPOTPAMMBIL

Co3maH 4YeJlOBEK
CozpgaH d4YeJyioBeK
CozpgaH d4YeJsyioBeK

Taxum 06pa3oM, MPH CO3MaHNN 0OBEKTOB BBI3BIBAECTCS KOHCTPYKTOP,
yHacJIeIoBaHHBINA 0T 6a30BOT0 Kiacca. Ecim modepHue Kiaccol coaep-
’KaT cOOCTBEHHbBIE KOHCTPYKTOPHI, TO BBITOJHATHCS OyayT oHu. IIpu-

Mep CO3/IaHust COOCTBEHHBIX KOHCTPYKTOPOB [IJIsT IOYEPHUX KJIACCOB:
# person2.py
class Person():
name = ""
def _ init_ (self): # KOHCTPYKTOp 6a30BOTO Kjacca
print ("Co3maH dYejoBeK")

class Employee (Person) :
job_title = ""
def __init_ (self): # XKOHCTPYKTOP OOYEpPHETIO KJjacca
print ("Co3zmaxH paboTHMUK")

class Customer (Person) :
email = "
def __init_ (self): # KOHCTPYKTOP IOYepHEro Kjacca
print ("Co3maH IIOKyIIATelNb")

personl = Person()
personEmployee = Employee ()
personCustomer = Customer ()

PesysibraT paboThl IIPOTPAMMBL:

Co3maH 4YeJloBEK
Co3pmaH paboTHUK
Co3maH IoKyIiaTelnb
BuiyiM, 4TO B MOMEHT CO3/1aHKsI 00bEKTa BBI3bIBAETCS KOHCTPYKTOP,
COIepPKAIUICS B IOYE€PHEM KJIacce, T.e. KOHCTPYKTOP 6a30BOTO Kjacca
OBLT nepeonpedenen B fouepHux Kiaccax. [Topoit Ha mpakTuKe Tpebyer-
Cs1 BBI3BATh KOHCTPYKTOP 6a30BOTO Kjacca U3 KOHCTPYKTOpaA J0YepHe-
T'O KJiacca.
# person3.py
class Person():
name = ""
def _ init_ (self):
print ("Co3maH dYejoBeK")
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class Employee (Person) :

job_title = "
def _ _init_ (self):
Person._ _init_ (self) # BH3HBaAeM KOHCTPYKTOPD

# Bas3oBOro KJacca
print ("Co3maH paboTHUK")

class Customer (Person) :
email = ""
def _ init_  (self):
Person._ _init_ (self) # BH3HBaeM KOHCTPYKTOP
# HbazoBoro kKijacca
print ("Cos3maH IIOKyIIaTenb")

personl = Personf()
personkEmployee = Employee /()
personCustomer = Customer ()

PesynbraT paboThl TIPOTPaMMBbI:

CozmaH dYeJyIOBEeK
CozmaH dYeJyIOoBEeK
CozpmaH paboTHUK
CozmaH dYeJyIoBEeK
Coz3maH IIOKyTlaTelb

4.28. Pa3pa6oTka npunoXeHuii ¢ rpachu4eckum uutepdeincom
4.28.1. OcHosbl paboTsI ¢ MoayteMm tkinter

s3pik Python mossosster cosmaBarh npuiioxkeHus: ¢ rpadudecKumM
uHTEP(MEICOM, ST STOTO MTPUMEHSIIOTCS pasinaHble Tpadudeckne 61o-
aunorekn'. OCcTaHOBUMCS Ha PACCMOTPEHUHU CTAaHIAPTHOM rpaduyecKoii
o6ubanorexku tkinter? (Bxoaut B crangapTHyio moctaBky Python, mo-
CTYIHYIO ¢ ounranbHOTO caiita python.org).

I[TepBbiM mesiom mipu pabore ¢ tkinter Heo6xoaMMO CO3/1aTh TIABHOE
(xopnesoe) oxkHo (puc. 4.44), B KOTOPOM pa3MellaloTcs OCTaIbHbIE Tpa-
(budeckre aseMeHTbl — 6udicemot. CytecTByeT OOJBIION HaOOP BUI-
JKeTOB® Ha BCe CJIydau KMU3HU: JIJIsT BBOJIA TEKCTA, BBIBOJIA TEKCTA, BBITIA-
natore MeHio 1 T.71. Cpean BUKETOB €CTh KHOTIKA, TIPU HaKaTUW Ha
KOTOPYI0 HPOMCXOMUT 3ajaHHOe coObiTHe. HeKoTopble BUIKETHI
(@petimor) MCTIONB3YIOTCS U1 TPYITTUPOBKY JIPYTUX BUKETOB BHYTPHU
cebsl.

[IpuBemeM mpuMep MPOCTEHIIEl TPOTPAMMBI JJIsT OTOOPasKEHUsI
TJIaBHOTO OKHA:

! Tlompo6nee cm.: https://wiki.python.org/moin/GuiProgramming.
2 TTogpobuee cm.: https://docs.python.org/3/library/tkinter.html.
3 TToxpoGHee cm.: http://eftbot.org/tkinterbook /tkinter-index.htm.
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Puc. 4.44. Cxema ri1aBHOro oksa B tkinter

# mytkl.py

# IlopmkiaoyaeM MOIOYJb, COOepXallrli MeTONOH IJIs PaboTH
# c rpaduxomn

import tkinter

# ConpaeM rinaBHOe (KOpHEeBOe) OKHO,

# B mnepeMeHHYI Window 3anmMchHBaeM CCHJIKY Ha OOBEeKT
# xmacca Tk

window = tkinter.Tk()

# BamaeM o00paboTUMK COOBTHI IOJsI KOPHEBOIT'O OKHAa
window.mainloop ()

Pe3yibTaT BBIIIOJTHEHUS TPOTPAMMBbI TIOKa3aH Ha PUC. 4.45.

Puc. 4.45. TnaBHOE OKHO

C moMoIIpio Tpex cTpouek Kojia Ha siabike Python ymamoch BeiBecTn
Ha 9KpaH IOJHOIICHHOE OKHO, KOTOPOE MOKHO CBEPHYTb, PAaCTSIHYTh
WJIN 3aKPBITh.

I'pacdprueckue (OKOHHbBIE) TPUJIOKEHUS OTJINIAIOTCS OT KOHCOJTbHBIX
(6€e3 OKOHHBIX ) HamureM 00paboTKK cOObITHIL. [[J1s1 KOHCOJBHBIX (CKO-
pee, MHTEPaKTUBHBIX ) TIPUJIOKEHHMIA, ¢ KOTOPBIMU MbI PabOTaIN paHee,
He TPeGOBAJIOCH OTIPE/IE/ISATh, KaKyk0 KHOTIKY MBIIIN ¥ B KAKOH MOMEHT
BpPEMEHM Ha)KaJl TI0JIb30BaTe b IIPOrPaMMbL. B OKOHHBIX IPUIOKEHUSIX
BayKHBI BCE MAHUITYJISIIIUN C MBIIIBIO ¥ KJIaBUATYPOIi, TAaK KaK OT 9TOTO
3aBHCHUT, HAIIPIMep, KaKOH IMMyHKT MEHIO BHIGEPET MMOJIb30BATE b,
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CieBa Ha puc. 4.46 mokasaH aJropuT™M pabOThI KOHCOJBHOM IPO-

rpaMMBbl, ClIpaBa — IIPOrpaMMbl ¢ rpadrudeckuM nHTepdencom.

HO
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3anyck l
y Co3paHue rpacduyeckoro
MHTepdelica
l ]
Yrenne 3anyck umkna o6pa6oTku
BXO[HbIX co6bITUN
AaHHbIX
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O6pa60TKa cobbiTue
Ans
ob6paboTkn?
BbIBO Jil O6pa6oTka
e3ynbTaTta
pesy. MonyuyeH

3anpoc Ha
3aBeplueHue?

l

[ 3aBepLueHune }

Het

[ 3aBeplieHue ]

Puc. 4.46. Cxema pabOThI KOHCOJIBHOM IPOrPaMMbI M IPOTPAMMBI
c rpaduyeckum unTepdeiicom

Cuepytomnuii mpuMep AeMOHCTpUpyeT cos3aanue Bukera Label:

# mytk2.py

import tkinter

window = tkinter.Tk()

# CozmaeM OOBEeKT-BUIOKEST Kjlacca Label B KOpPHEBOM OKHe window
# text - mapamMeTp OiIs 3adaHus OTOobpaxaeMoro TeKcTa
label = tkinter.Label (window, text = "32ToO TEeKCT B OKHe!")
# OrobpaxaeM BUIXET C IIOMOIBLI MeHemxkepa pack
label.pack()

window.mainloop ()

B pesysbraTe paboThl IporpaMMbl 0TOOpaskaeTcst rpaduueckoe OK-
¢ TeKCTOM BHYTpHU (puc. 4.47).

9 X

370 TEKCT B OKHE!

Puc. 4.47. Tekcr B OKHe

Jlasee mipesicTaBieH IpUMep pa3MelleHusT BUIKETOB BO (hpeiime:

# mytk3.py
import tkinter
window = tkinter.Tk()

# CozmaeMm odperM B TI'JIaBHOM OKHE



frame = tkinter.Frame (window)

frame.pack ()

# ConpmaeM BUIOXETH U IIOMemaeM ux BO o¢pernme frame
first = tkinter.Label (frame, text='First label')
# OTobpaxaeM BUIXeT C IIOMOIIBLID MeHeIxepa pack
first.pack()

second = tkinter.Label (frame, text='Second label')
second.pack ()

third = tkinter.Label (frame, text='Third label')
third.pack()

window.mainloop ()

[Tpumep BBITIOTHEHUS TTPOTPAMMBI ITOKa3aH Ha puc. 4.48.

First label

Second label
Third label

Puc. 4.48. Pa3amemenue BUAKeTOB BO dpeiime

MO’KHO M3MEHSTH TIapaMeTphl (ppeiiMa B MOMEHT co3annst 0ObeKTal:

# mytkd.py

import tkinter

window = tkinter.Tk()

frame = tkinter.Frame (window)

frame.pack ()

# MoxeM M3MEeHSITL IIapaMeTpH odperMa:

frame2 = tkinter.Frame (window, borderwidth=4,
relief=tkinter.GROOVE)

frame2.pack ()

# PanmMemaeM BuIOXeT B IIepBoM o¢penmMe (frame)

first = tkinter.Label (frame, text='First label')

first.pack()
# PanMemaeM BUIOXKEeTH BO BTOpOoM ¢penme (frame2)
second = tkinter.Label (frame2, text='Second label')

second.pack ()

third = tkinter.Label (frame2, text='Third label')
third.pack()

window.mainloop ()

PesysibTaT BBINIOJIHEHUA TTPOTPAMMBbI ITOKa3aH Ha puc. 4.49.

First label

Second label
Third label

Puc. 4.49. N3amenenne napameTtpos ¢peiima npu co3aanuu o0beKTa

! Tloppo6uee cm.: http://effbot.org /tkinterbook /frame.htm.
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B caenytomem npumepe mist orobpaskenust B Bumkere Label comep-
JKUMOTO TepEeMEHHOI HCIoab3yercss mepeMeHHass data kiacca
StringVar (u3 moxnys tkinter). B ganprelineM n3 mpuMepoB CTaHeT
TIOHsITHee, TToueMy B tkinter mcrosb3yrorest mepeMeHHbIe cOOCTBEHHO-
ro Kiaccal.

# mytk5.py
import tkinter
window = tkinter.Tk()

# Cozmaem o0OBeKT Kjacca StringVar

# (cosmaeM CTPOKOBYVID IIepeMeHHyl, C KOTOpOM yMeeT

# paborars tkinter):

data = tkinter.StringVar ()

# MeTonm set MO3BONAET M3MEHUTL COIEPXKUMMOEe IIepeMeHHOM :
data.set ('ODauuele B OKHE')

# cBs3BBaeM TeKCT Oy BuoxeTra Label ¢ mepemenHon data
label = tkinter.Label (window, textvariable = data)
label .pack()

window.mainloop ()

PesyibTaT BBITTOJTHEHMS ITPOTrPAMMBbI TIOKa3aH Ha puc. 4.50.

7 X

[laHHbIE B OKHE

Puc. 4.50. Oto6paskenne nepeMeHHOM B OKHE

4.28.2. Illa6aon «Moaeas — Buag — Konrposurep»
Ha npumepe moay.Jd tkinter

Crenyiomuii mpuMep MOKA3bIBAET, KAKUM 0OPA30M HCIIOJIb30BaTh
BupkeT (Entry) a5 BBojia 1aHHBIX:

# mytk6.py

import tkinter

window = tkinter.Tk()

frame = tkinter.Frame (window)

frame.pack ()

var = tkinter.StringVar ()

# OOHOBIIIEHME COOEePXMMOTI'O II€PEeMeHHOM B MOMEHT BBOIa TeKCTa
label = tkinter.Label (frame, textvariable=var)
label.pack()

# IIpobyeM HabpaThk TEKCT B IIOSBMBIIEMCS IIOJe IJII BBOIA
entry = tkinter.Entry (frame, textvariable=var)
entry.pack()

window.mainloop ()

3amycTuM MporpaMMy U BHYTPU TEKCTOBOTO OKHa MOMPOoOyeM Ha-
OpaTh MPOU3BOJIbHBIN TeKcT (puc. 4.51).

! Tkinter momepxuBaeT paboTy ¢ epeMeHHbIME KiiaccoB: BooleanVar, DoubleVar,
IntVar, StringVar.
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Puc. 4.51. Bumeker njist BBoa JaHHBIX

BuaymM, 4TO TEKCT, KOTOPBI MblI HabupaeM, cpasdy OTOOpaskaercst
B okHe. /leso B ToM, uto BumskeTsl Label u Entry ucmosb3yror aist BbI-
BOJIa ¥ BBOJIA TEKCTA OHY U Ty Ke mepeMennyio data kracca StringVar.
[Togo6Has cxema pabOThI OKOHHOTO MTPUJIOKEHIS YKIIAJABIBAETCS B YHU-
BepcanbHbil 1mabsaoH (marrepr) MVC. B o6iiem Buie mox modenvio
(Model) mornmarot crmocob XxpaHeHus JaHHBIX (HAIlpUMep, B TepeMeH-
HOIT Kakoro kjacca). Bud (View) cyKuT aist 0TOOpakeHUs JaHHbBIX.
Koumponanep (Controller) orBeuaer 3a 00paboTKy JaHHBIX (puc. 4.52).

Mogenb: Bupa:
XpaHeHve B oTobpaxeHue
nepemMeHHomn COAepPXMUMOro
Tuna StringVar nepemMeHHon
'
7
'

KoHTponnep: ,

MoaMdVKaLmst e

nepemMeHHoi d

nocne Haxatusa
KHOMKWU

Puc. 4.52. Cxema ma6iona MVC

OcobenHocTtbio madbona MVC siBJsieTcst To, 4TO B cilydae u3MeHe-
HUSI KOHTPOJIJIEPOM JaHHBIX (KaK TO OBLIO B MPEABIAYIIEM MPUMeEPE
C U3MeHEeHUEM TIePEMEHHON var) «IOChLIAeTCsl CUTHAM» 8UOY C TIPOCH-
60ii 0OHOBUTH OTOGPasKaeMoe copep;kuMoe (IlepeprucoBaTh OKHO), OT-
cro/la BO3HUKAET OOHOBJIEHHE TEKCTA B PEKMME PeaJbHOTO BPEMEHIL.
Curey1omuii IpuMep JAeMOHCTPUPYET BO3MOKHOCTH 00pabOTKU COObI-
TUI TIPU HA’KaTUU Ha KHOIIKY (BukeT Button):

# mytk7.py
import tkinter

# KouTpomnnep: OVHKIMS BHEH3HBaAeTCs B MOMEHT HaXaTUs

# Ha KHOIKY

def click():
# MeTom get BoO3BpamaeT Tekyllee 3HadveHme counter
# MeTOom set ycCcTaHaBIMBaAeT HOBOe 3HaudyeHMe counter

counter.set (counter.get () + 1)
window = tkinter.Tk()
# Momenb: cos3maeM OOBEKT Kjlacca IntVar
counter = tkinter.IntVar ()

# ObHynsgeM CO3IaHHHM OOBLEeKT C IIOMOIILI MeToma set
counter.set (0)
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frame = tkinter.Frame (window)

frame.pack ()

# Co3maeM KHOIIKY ¥ yKasbBaeM obpaborumk (dbyukims click)

# TIpM HaxaTuUM Ha Hee

button = tkinter.Button(frame, text='Click’',
command=click)

button.pack()

# Bum: B peanbHOM BpeMeHU OOHOBJIISETCSI COOepXUMOEe

# Buoxera Label

label = tkinter.Label (frame, textvariable=counter)

label.pack()

window.mainloop ()

PesybTaT BBITTOTHEHWS TPOTPAMMBbI TIOKa3aH Ha PUC. 4.53.

Puc. 4.53. O6paboTKa coOBITHS NPH HAKATHH HA KHOKY

Jasee mpexacTaBieH Oojiee CIAOKHBIN MPUMEP C ABYMSI KHONKAMMU

u 1ByMst oopaborurkamu cobbrtuii (click _up, click_down):
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# mytk8.py

import tkinter

window = tkinter.Tk()

# Momeinb:

counter = tkinter.IntVar ()

counter.set (0)

# IIBa KoOHTpOJJIEpa:
def click_up():

counter.set (counter.get () + 1)
def click_down() :

counter.set (counter.get () - 1)
# Bum:
frame = tkinter.Frame (window)

frame.pack ()

button = tkinter.Button(frame, text='Up',
command=click_up)

button.pack ()

button = tkinter.Button(frame, text='Down',
command=click_down)

button.pack()

label = tkinter.Label (frame, textvariable=counter)

label .pack()

window.mainloop ()

PesysibraT paboThl TIPOTPaMMBI TIOKa3aH Ha PHC. 4.54.



Puc. 4.54. Tlpumep ¢ AByMsT KHOTIKAMH ¥ AByMsI 00pa0OTYNKAMHU COOBITHIA

4.28.3. I3meHeHue napaMeTpoOB N0 YMOJTYAHUIO
npu paoore c tkinter

Tkinter 1mo3BoJIsIeT U3MEHSTDH TapaMeTPhl BUIKETOB B MOMEHT HMX
CO3/IaHUS:

# mytk9.py

import tkinter

window = tkinter.Tk()

# CosmaeM KHOIKY, U3MeHdgeM mpudT C IIOMOLLID KOpTeXa

button = tkinter.Button(window, text='Hello',
font=('Courier', 14, 'bold italic'))

button.pack ()

window.mainloop ()

PesysibTaT BBITIOJIHEHUS IPOrPAMMbI TIOKa3aH Ha puc. 4.55.

Puc. 4.55. N3amenenne mpudTa npu cO37aHUU BUIKETA

B ciaeaylomeM IIpuMepe uU3MEHAIOTCA IIapaMeTPbl BUIKETa Label:

# mytkl0.py

import tkinter

window = tkinter.Tk()

# UzmeHnseM QOH, IIBET TeKCTa:

button = tkinter.Label (window, text='Hello', bg='green',
fg='white")

button.pack()

window.mainloop ()

PesyibTaT BBIITOJTHEHMS TPOTPAMMBbI TIOKa3aH Ha puc. 4.56.

Puc. 4.56. U3menenne napamerpos Bukera Label

Menedaucep pacnononcenus (zecomempuu) pack Toxxke nmeer cBou Ta-
pameTpbl. /lasiee pecTaBIeH NCXOMAHBIN KO/, IEMOHCTPUPYIONTUI H3-
MeHEeHHe ITapaMeTPOB MeHeKepa reoMerpun (puc. 4.57):
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# mytkll.py
import tkinter

window = tkinter.Tk()

frame = tkinter.Frame (window)
frame.pack()

label = tkinter.Label (frame, text='Name')
# BopaBHMBaAHMKE II0 JIEBOMYy Kpako

label .pack(side = 'left')

entry = tkinter.Entry (frame)

entry.pack(side='left"')
window.mainloop ()

Puc. 4.57. I3MeHeHHe mapaMeTPOB MeHe/I)Kepa reOMeTpUu

Ocob6eHHOCTD CJIEAYIONIETO TPUMEPA B TOM, YTO BBEJIEHHBIN TEKCT
(uepes Bumket Entry) otobOpaskaercs Ha akpane (depes BumkeT Label)
TOJIbKO B MOMEHT HakaTusi KHONKHU (BukeT Button), a He B peasibHOM
BpeMeHH, Kak 9T0 ObLI0 paHee (puc. 4.58).

# mytkl2.py

import tkinter

# BrHRBHBaeTCsa B MOMEHT HaXaTuUs Ha KHOIIKY :

def click():

# Ilonyd4YaeM CTPOKOBOE CONEPXMMOE IIOJIS BBOIA U
# ¢ nmomMombib config muaMeHseM oToObOpaxaeMBIlI TEKCT
label.config(text=entry.get())

window = tkinter.Tk()

frame = tkinter.Frame (window)
frame.pack ()

entry = tkinter.Entry (frame)

entry.pack()

label = tkinter.Label (frame)

label .pack()

# IpuBsi3EHBaeM OOpPaboTYMK HakaTUsS Ha KHOIIKY

# K dymxumm click

button = tkinter.Button (frame, text='Illedyarn!',
command=click)

button.pack()

window.mainloop ()

11111

11111

Meuats!

Puc. 4.58. BoiBoj TekcTa IpU HAKATHH HA KHOTIKY

144



4.29. Peanu3auus anroputmos

[Tpemnonoxum, HeoOXOAUMO HANTH TO3UINIO HAMMEHbIIIETO JIeMEH-
Ta B caeayomnieMm Habope ganubix: 809, 834, 477, 478, 307, 122, 96, 102,
324, 476.

[TepBBIM /1€JI0M BBIOMPAEM TOAXOAAIIMI 1T XpaHEeHUs TUIL JIaH-

HbIX. QUYEBUIHO, YTO HTO OYET CIKCOK:
>>> counts = [809, 834, 477, 478, 307, 122, 96, 102, 324, 476]

>>> counts.index (min (counts))

# pemeHue 3amayM B OIOHY CTPOKY !

6

>>>

YcnokHUM 3a/1a4y U MMOMbITaeMCSI HAUTH TTO3UIUIO /IBYX HAUMEHb-
IIUX 3JIEMEHTOB B HEOTCOPTUPOBAHHOM cIiicKe. BO3MOKHbBIE aJrOPUT-
MBI pPelieHus:

1) nouck, yoarenue, nouck. Ilonck nHmpekca MUHUMAJIBHOTO dJIEMEH-
Ta B CIIMCKe, y/laJieHle ero, CHOBa MOMCK MUHUMAJIbHOTO, BO3BpalllaeM
yJIQJIEHHBIN 3JIEMEHT B CITMCOK;

2) copmuposka, NOUCK MUHUMATLLHBLY, ONpedeieHue UHOeKCOs,

3) nepebop ecezo cnucka. CpaBHIUBAEM KasKbIil 9JIEMEHT TI0 TIOPSI/I-
Ky, TTOJIy4aeM J[Ba HAMMEHDIINX 3HaYeHUsI, 0OHOBJISIEM 3HAYECHUST, €CITH
Hali/leHbl HauMeHbIIINe.

PaccMoTpuM Kask/blii U3 MepevyrcaeHHbIX aJITOPUTMOB.

1. Ilouck, yaajieHue, MOUCK: TOMCK WH/IEKCA MUHUMAJbHOTO 3JIeMeH-
Ta B CITUCKe, y/laJieHre ero, CHOBa IIOMCK MUHUMAaJIbHOTO, BO3BpallleHue
yIAJIEHHOTO 3JIeMeHTa 00PaTHO B CITHCOK.

Haynewm:

(809, 834, 477, 478, 307, 122, 96, 102, 324, 476]

MHIOEKC : 0 1 2 3 4 5 6 7 8 9

llepsvuii MunuManbHbIM: 96.

Nupnexc anementa 96: 6.

YnangeM u3 crnucka HaWJeHHbI MUHUMAJbHBI 3jeMeHT (96),
IIPY 9TOM MHAEKCHI B 0OHOBJIECHHOM CITHCKE CMEIIAIOTCS:

[809, 834, 477, 478, 307, 122, 102, 324, 476]

MHIOIEKC : 0 1 2 3 4 5 6 7 8

Bmopoti munumanbabiit: 102.

Nupnexc anementa 102: 6.

Bosspaiiiaem yaaeHHbIH (TIepBbIil MUHUMAJIBHBIN ) 3JIeMEHT 06paT-
HO B CIIUCOK:

[809, 834, 477, 478, 307, 122, 96, 102, 324, 476]

VMHIEKC : 0 1 2 3 4 5 6 7 8 9

He 3abbiBaeM 0 cMeNeHIN MHAEKCOB TIOCJIE YAAJCHIS IEPBOrO M-
HUMAaJIbHOTO 3JIeMEHTA: MH/IEKC BTOPOTO MUHUMAJIbHOTO 3JIeMEeHTa pa-

145



BEH MHJIEKCY TePBOTO MUHUMAJIBHOTO 3JIEMEHTa, TI03TOMY YBeJInJYnBa-
eM WHIEKC BTOporo MuwHuUMaidbHOTO Ha 1. DYHKIMSA, peanmnsyiomas
JAHHBIA QJITOPUTM:

def find_two_smallest (L) :
smallest = min (L)
minl = L.index(smallest)
L.remove (smallest)
# ymansieM TIepPBBI MUHYMAJIBHHEM 2JIEeMeHT
next _smallest = min (L)
min2 = L.index(next_smallest)
L.insert (minl, smallest)
# BOBBpamaeM IIEPBHU MUH/MAaJILHBN
# mpoBepsieM MHIOEKC BTOPOTO MUHMMAILHOTLO M3-3a CMEleHUS :
if minl <= min2:
min2 += 1 # min2 = min2 + 1
return (minl, min2) # BOBBpamaeM KOpPTEeX

2. CopTUpOBKa, NMOMCK MHHUMAJbHBIX, OIlpe/ejieHle HH/IEKCOB:

peanmun3anyd BTOPOTrO aJropuTMa MHTYUTHBHO ITIOHATHA, IIO9TOMY IIPpU-
BedEM TOJIBKO HCXOI[HBIﬁ TEKCT (byHK]_II/II/II

def find_two_smallest (L) :
temp_list = sorted(L)
smallest = temp_list[0]

next_smallest = temp_list[1]
minl = L.index(smallest)
min?2 = L.index(next_smallest)

return (minl, min2)

3. Ilepe6op BCero CMCKa: cpaBHUBAEM KasK /bl 2JIEMEHT 110 TIOPSI/I-
Ky, TIOJIy4aeM JiBa HAMMEHBIINX 3HaueHUs], 0OHOBJISIEM 3HAYECHS, €CJIH
HallZeHbl HAUMEHBIIINE.

Tperuit aaroput™ HamboJee CIOKHBIN U3 MEPEUNCICHHBIX BHIIIE,
II09TOMY OCTAaHOBUMCS Ha HEM IOApoOHee,

B oTnmume oT yesmoBeKa, KOTOPBIM MOKET OXBATUTD B3IJISI/IOM CPa3y
BeCh CIIMCOK W MHTYUTHUBHO CKa3aTh, KAaKOW U3 3JIEMEHTOB SBJSETCS
MUHUMAaJIbHBIM, KOMIIbIOTEDP He 00J1a1aeT moJo0HbIM MHTeIeKTOM. OH
IIPOCMATPUBAET JJIEMEHTHI 1I0 OZHOMY, IOCJIEI0BATEIbHO Mepedupast
UX U CpaBHUBas.

Ha niepBoM 11are paccMaTpuBarOTCs TepBbIe JBA dJeMeHTa CIIICKa.

[809, 834, ...]
MHIEKC : 0 1

CpasuuBaem 809 u 834 u onpejesisieM HAaUMEHBIITNI U3 HUX, YTOOBI
3a[aTh HauaJbHble 3HaYeHA mini 1 min2, rje 6ya1yT XPaHUTbCS UHOECK -
Cbl TIEPBOTO MUHMMAJILHOTO ¥ BTOPOTO MUHUMAJIBHOTO 3JIEMEHTOB CO-
OTBETCTBEHHO. 3aTeM IepedrpaeM 9JIeMEHTbI, HAauMHAas ¢ UHEKca 2 10
OKOHYAHUS CITUCKA.

146



Onpenennnu, uro 809 — nepBbiii MUHUMATBHBIN, a 834 — BTOpON
MUHUMAJIbHBIN 3JIEMEHT U3 JIBYX TEPBbIX BCTPETUBIINXCS 3HAUEHUN
crirucka. PaccmaTpuBaeM creyromuii ajieMeHT criucka (477).

dyieMeHT 477 oka3ajcgd HauMeHbIIUM (Ha30BeM 3TO «IIEPBBIM CJIY-
qaeM» ). [loaToMy 0OHOBIISIEM COIEpKUMOE TIepeMeHHbIX mini 1 min2,
TaK KaK HAlllJIM HOBbI HAUMEHBIIINI 9JIEMEHT.

PaccmarpuBaem cienyioniuii anemeHT crucka (478). On okaszancs
MEXK/y ABYyMS MUHUMQJIbHBIMU 3jieMeHTaMHu (HAa30BeM 3TO <«BTOPBIM
clydaems ).

CHoBa OOHOBJISIEM MHUHHMAJbHBIE 9JIEMEHTHI (Terepb OOHOBUJICS
TOJIbKO mMin2), U T.JI. I0Ka He JI0IIeM /10 KOHIA CITUCKA.

[lanee mnpencraBiieH MCXOAHBIA TeKCT (DYHKIIUU, Peanu3yoniuil
MPe/IJIOKEHHBIN aJTOPUTM:

def find two_smallest (L) :
if L[0] < L[1]:

minl, min2 = 0, 1

# ycTaHapBIMBaeM HadaJIbHHE 3HAYEHUS
else:

minl, min2 = 1, 0

for 1 in range (2, len (L)):

if L[i] < L[minl]: # <«IIepBHI Ciydan»
min2 = minl
minl = 1

elif L[1] < L[min2]: # «BTOpONM cCydam»
min2 = 1

return (minl, min2)

KoHTponbHbie BONpoChbl U 3afaHus

1. KakoBbl cusibHbie U cjabble CTOPOHBI SI3bIKA ITPOTPAMMUPOBAHUS
Python?

2. Kakue mpaBuiia HaMeHOBaHUsSI mepeMeHHbIX B Python cymectByior?
Omnwummire Mozesb maMsiti Python mpu pabote ¢ nepeMeHHBIME.

3. Onummre miporecce cosaanust pyuknuii B Python.

4. Kakue oTimuns MeX/y BBITIOJTHEHUEM KOMaH I B paiijie OT BBITIOJTHEHUS
B UHTEPAKTUBHOM pesKuMe?

5. Kakue cyriecTByIoT omepanuu HaJi CTPOKaMu B si3bike Python?

6. Kakue cyriecTByioT oreparopsl otHomreHuii 8 Python? Ilepeuncinre
IpaBUJIa JOTHYECKUX OIepalliii Hax 0ObeKTaM.

7. B Kakux ciydasix pUMeHsIETCsT YCJIOBHAS HHCTPYKIHst f?

8. Yto takoe MozyJib B Python?

9. OmminuTe TPOIIECC CO3aHMsST COOCTBEHHBIX MOy el B Python.

10. Kakue cymiectByioT cTpokoBbie Meroabl B Python? B yem ormmume
ynkIHMii OT METO/I0B?

11. Yro Takoe crnucok B Python? Omnurmre mporece co3manust CIICKa.

12. [lepeuncinre 0OCHOBHBIE ONepalluy Haj ciickamu B Python.
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13. Yro Takoe miceoHnMbI? B ueM 3akioyaeTcsl KIOHUPOBAHUE CITUCKOB
B Python?

14. Tlepeuncinre OCHOBHbBIE METOABI cIicka B Python.

15. IlpuBennTe npuMeps ipeodpaszoBanust TUTIOB B Python (cricku, cTpokm).

16. OmuinTe BO3MOKHOCTH TPUMEHEHUsI BJIOKEHHBIX CTUCKOB B Python.

17. Kakue nukJibl cymectByor B Python?

18. B kakux ciydasx npumensiercss nukia for (Ha mpumepe CIHCKOB
1 CTPOK)?

19. B kakux ciyyasix ucrojb3yercs: pyHkius range B Python?

20. Tepeuncaute ciocoObI reHepanuu crucka B Python.

21. B kakux ciayyasx npumensiercs nuki while 8 Python?

22. Onumiute 06J1aCTh TPUMEHEHUsI BJIOKEHHBIX IMKJI0B B Python (Ha
MpUMepe BIOKEHHBIX CITFICKOB).

23. YTo Takoe MHOkecTBO? Kakue ornepainuu cyIiecTBYIOT HaJl MHOKeCTBa-
mu B Python?

24.Yrto takoe koprex? Kakme omeparuu HajJ KOpPTeXaMU CYIIECTBYIOT
B Python?

25.Yrto takoe cioBapb? Kakue omnepanuu Haj CJIOBAPSIMHU CYIIECTBYIOT
B Python?

26. Kax npoucxoaut o6paboTka rckmodyennii 8 Python?

27. Kakne 0coOGeHHOCTH OOBEKTHO-OPHEHTHPOBAHHOTO MPOrPaMMUPOBa-
Hus cymectByioT B Python? Yro Takoe kiacchl, 00beKTHI?

28. OnumuTe CTPYKTYPY OKOHHOTO TPUJIOKEHUS Ha TPUMepPe MOYJs
tkinter.

29. Yto takoe 1mabson «Moenb-Bua-KOHTPOJLIep> (Ha MIPUMeEPe MOJLYJIsT
tkinter)?

3afaHua ans camocToATENIbHOr0 BbINOJIHEHUSA

1. Haiixure 3Ha4enne Boipaskenus 2 + 56-5.0 — 45.5 + 5°.

2. Haitnure 3Ha4eHUs U1 CIaeAyIONIUX BbIPAKeHUI:

pow(abs(-5) + abs(-3), round(5.8))

int (round (pow (round (5.777, 2), abs(-2)), 1))

3. Cospaiite cobcTBeHHBbIe (DYHKIIMU 11 BBIYUCIEHUS CIEAYIONINX BbIPa-
JKeHUM:

a) x* + 4%

6) y' + 4.

4. Cozpnalite B otaesbHOM haiiyie (PyHKIIMIO, TIEPEBOISIIYIO TPAAYChl 110
mkase Ieabcus T, B rpaxycel no mkane @apenreiita T, 1o hopmy.e:

T,=9/5-T,+32.

5. Hammmure B otaesnbHoM aiine GyHKINIO, BRIYUCISAIONIYIO CpeaHee
apudmMeTruecKoe Tpex 4yuces. 3afaiiTe 3HA4eHUs 10 YMOJYaHUIO, B MOMEHT
BBI30BA MCIOJIb3YNTE KJIIOUYEBbIE APTYMEHTDI.

6. [TompocuTe MONBL30BATENSI BBECTU CBOE UMST U TIOCJIE ITOTO 0TOOpaA3UTe
Ha sKpaHe cTpoky Buma: «IlIpuset, <umsa>!> Bmecto <ums> momkHO yKa3bl-
BaTbhCA TO, YTO TOJIb30BaATEJb BBEJ C KJIABUATYPHI.
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IIthﬂq)pa60TbIHp0rpaMNﬁm
Kak Tebsi 30BYyT?

Bacsa
I[lpuBeT, Bac4!

7. Hanumure mporpammy, OIpeeisgionyio CyMMy U ITPOU3Be/leHre Tpex
qﬂceﬂiCrﬂnaint,ﬂoat),BBeﬂeH}HﬂX(:KﬂaBHaTypr

ITpumep paboOTHI IPOTPAMMBbI:

BRenuTe 1epBoe YmMcio: 1

BBenouTe BTOpOe dYMcio: 4

BremouTe TpeTbe 4Yucio: '/

CyMMa BBeIEeHHBEX 4Yucei: 12

IIpomuzBeneHre BBEIEHHBEX dYucen: 28

8. Hamummmre cOGCTBEHHYIO IIPOrpaMMYy, OIIPEIeISION[yi0 MaKCUMaIbHOEe
U3 JIBYX BBEJEHHBIX 4Kces. Peann3oBaTh B BUJE BbI30BA COOCTBEHHOM (DYHK-
1M, BO3BpaIaolieil 6oJbllee U3 ABYX MepeaHHbIX eil YrceL.

9. Hanmummre rporpaMmy, IIpOBEPSIONLYIO 11eJI0e YUCJI0 Ha YeTHOCTh. Pea-
JIN30BaTh B BUJIE BBI30BA COOCTBEHHOW (DYHKIUN.

10. Hanumure mporpaMmy, KOTOpas 1Mo KOy ropojia U JJIUTEJTbHOCTU Tie-
PEroBOPOB BBIUUCJISIET UX CTOUMOCTD U BBIBOJIUT pe3yJibTaT Ha akpaH: Exare-
puHOYpr — kox 343, 15 py6/mun; Omck — oz 381, 18 py6,/mun; BopoHex —
Koz 473, 13 py6/muH; SIpocaasib — kox 485, 11 py6/muH.

11. Haiinure momazb TpeyroabHUKA ¢ ToMotbio (opmyast ['epona. Cro-
POHBI 33/1al0TCs ¢ KJIaBUATypbl. Peann3oBaTh BblYMCIeHUE TIIONAJAN B BUE
(yHKIIMM, HA BXOJ KOTOPOU MOAAIOTCS TPU YMCJIA, HA BBIXO/IE BO3BPAIIAETCS
mionaib. DyHKIMSA HAXOAUTCS B OT/IETBHOM MOJIYJIE, T/le TIPOUCXOUT Pasjie-
JIeHe MEKTy 3aIlyCKOM ¥ UMIIOPTHPOBAHUEM.

12. HanmummTe nporpaMMmy-urpy B BUjle OTAEJIbHOTO MOy id. KoMiibioTep
3arajlbIBaeT cayvdaiiHoe YnCJIo, TI0JIb30BaTe b MbITaeTcs ero yrajaath. [Iporpam-
Ma 3anpammaet yucao O/[VH pas. Ecau uncsio yragano, To BBIBOJUM Ha 9K-
pan «ITobena», nnaue — «IloBTOpuTe eme pas»! st HAMCAHKUS TPOTPAMMBI
noHago6utest pyukiws randint() w3 moysst random',

13. Hammure pyHKIUIO, BBIYUCISIONIY IO 3HaYeHue: x4 + 4%, ABroMaTnsu-
py#Te mpoliecc TeCTUPOBAHUS (PYHKITUU € TIOMOTIBIO MOYJIST doctest.

14. 3amana crpoka s = "Y sykomopbs 123 n1y6 3esenbrii 456"

1) ompeaennTh, BCTpevyaeTcs i B cTpoke OGykBa 'si'. BbiBecTn Ha 9KpaH ee
MO3uINI0 (MH/IEKC) B CTPOKE;

2) ompenenTh, CKOJIBKO pa3 B CTPOKe BCTpedaeTcst OykBa 'y’

3) ompeesnTh, COCTOUT Ji cTpoKa Tosbko u3 0yks, ECJIN ner, TO BoiBe-
CTHU CTPOKY B BEpXHEM PETUCTPE;

4) onpenenuth aauny ctpoku. ECJIV amwHa cTpoKW TpeBBITIaeT YeThipe
cuMBoJia, TO BbIBECTU CTPOKY B HUJKHEM PETUCTPE;

d) 3aMEHUTH B CTPOKe 1epBbIii cuMBoJ Ha 'O'. Pe3ysibTaT BEIBECTH Ha IKPaH.

15. Hamucatp B oT/iesibHOM MOJIyJie (PYHKITUIO, KOTOPasi Ha BXOJ] IPUHUMA-
€T /IBa apTyMeHTa: CTPOKY (s) u nesnouyuciaennoe 3nadenue (n). ECJIU pnuna

Uhttps://docs.python.org/3/library /random.html.
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CTPOKHU S TIpeBbIIaeT N cuMBOJIOB, TO GyHKIMS BO3BpaIllaeT CTPOKY S B BEPX-
uHem peructpe, UHAYE Bo3BpamaeTcst ncxomaaast CTpoka s.

16. [lan ciucox L =[3, 6,7, 4, -5, 4, 3, —1]:

1) onpenesute cymmy anementoB cnucka L. ECJIVM cymma ripeBbiiiaeT
snaudenne 2, TO BeIBeCTH Ha 9KPaH YUCJIO 9JIEMEHTOB CITICKA;

2) omnpezieinTe pa3HOCTh MEXKy MUHUMAJIbHBIM M MAKCUMAJbHBIM 2JIeMEH-
tamu crcka. ECJIN abcomorHoe 3Havenne pasnoctu Goubine 10, TO BoiBec-
TH Ha 9KPaH OTCOPTUPOBAHHBIN 110 Bo3pacTanmio ciiucok, MHAYE BeiBecTn Ha
akpaH ¢dpady 'Paznocts Mmenbiie 10'.

17. laun cimcok L = [3, 'hello', 7, 4, 'mpuser’, 4, 3, —1]. Onpenenvre Hajm-
yne ctpoku mpuBet’ B cricke. ECJIN Takas cTpoka B CICKe TIPUCYTCTBYET,
TO BwIBecTH ee Ha 9KkpaH, moBTOpuB 10 pas.

18. [lan cimcok L = [3, 'hello', 7, 4, 'mpuser’, 4, 3, —1]. Onpenenvre Hajm-
yne ctpoku mpuBet’ B crincke. ECJIN Takas cTpoka B CICKe TTPUCYTCTBYET,
TO ynanuts ee u3 cricka, MHAYE nobaButh cTpoKy B criucok. [logcuanrars,
CKOJIbKO pa3 B ciucke Bcrpevaercss uuciao 4, ECJIM 6olblie oQHOro pasa,
TO ouncTUThH CIUCOK.

19. Hanumure mporpamMmy, KOTOpasi 3alpallinBaeT y IOJb30BaTeNsT /IBE
CTPOKU U (POPMUPYET U3 ITUX CTPOK CIUCOK. ECIM CTPOKU COCTOSAT TOJBKO U3
YICeJI, TO TIporpaMma 100aBJIsieT B cepeInHy CIIUCKa CyMMY BBEIEHHBIX YHCET,
nHaue J00aBJIsIeTCs CTPOKa, 00pa3oBaHHasl U3 CAUSHUS [BYX BBEJIEHHBIX PaHee
cTpok. MIToroBast cTpoka BBIBOJIUTCST HA 9KPaAH.

20. 3aman crimcok cyioB. Heo6xoanMo BeIOpATh M3 HETO CIyYailHOE CJIOBO.
M3 BBIOpaHHOTO CJAYYANlHOTO CJIOBA CJIy4ailHO BbIOpaTh OYKBY M IOIPOCUTH
MOJIb30BATEJIST ee yraaath. [IpuMep paboThl IIPOTpaMMBL:

* 3aJIaH CIIMCOK CJIOB: ['camoBap’, 'BecHa', '1eTo'|;

* BIOMpPaeM CJIy4ailHOe CJIOBO: 'BeCHa';

* BBIOMpAEM cIIydaiiHyto OyKBy: 'c’;

* BBIBOJIM Ha 9KpaH: Be?Ha.

[Tosib30BaTeb MbITAETCS yragaTh OYKBY.

ITodckaska: ucnionwsyiite mero choice() Monyst random.

21. Haiinure Bce 3Hauenus pyukimu y(x) = x> + 3 va uarepsaie ot 10 1o
30 ¢ marom 2.

22. lan cimcok L =[-8, §, 6.0, 5, 'crpoka’, —3.1]. Onpeneauts cymmy 4u-
ceJI, BXOJISINX B CIUCOK L.

HO&CKCL?KCZZ JJI OIIpENENIEHNA TUIla O6'beKTa MOJKHO BOCITIOJIb3OBATbCA CpaBHE-

HueM Buaa: type(—8) == int.

23. Hannmure nnporpaMmy-urpy. Komiblorep 3arajgpiBaer cirydaiiHoe yuc-
JI0, TTIOJTb30BATENb MBITAETCA eTo yrazaTh. [Toab30BaTe b BBOAUT YHUCIIO 710 TEX
1op, 1MOKa He yrajiaeT UJju He BBeseT cjioBO 'Boixon'. KoMmibioTep cpaBHUBaeT
YICJIO ¢ BBEIEHHBIM U COOOIIAET T0JIh30BaTe 0, OOJIbIe OHO MU MEHBIIE 3a-
raJlaHHOTO.

24. Jlano umcJio, BBeJleHHOe ¢ KjaBuarypbl. Onpesnesninte cyMMy KBa/IPaTOB
He4YeTHBIX 1P B YUCJIE.

25. Haiizure cymmy drcesi, BBOAMMBIX ¢ KiaBuatypbl. KosmuecTBo BBOIH-
MBIX YHceJl 3apaHee HensBecTHO. OKOHUYaHKe BBO/A, HanpuMep, cjioBo 'Crorm’'.
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26. Jlan mpousBoJibHBIN TekeT. Haliute HOMep 11epBOro caMoro JJIMHHOTO
CJIOBa B HEM.

27. Jlan mpousBobHBINM TeKeT. HameuaraiiTe Bce mMeronuecss B HeM Q-
PBbI, OIIpe/IeJInTe UX KOJUYECTBO, CYMMY U Hal/IuTe MaKCUMaJIbHOE.

28. Hanuimure (hyHKIINIO, KOTOpasi BO3BPAIlaeT Pa3HOCTh MEsKIY HaubOoIb-
MMM ¥ HAMMEHBIIUM 3HAYeHUSIMUA U3 CITUCKA 1EJIBIX CIyYaiHbIX YHCe.

29. Hanumure nporpaMmy, IMpoBepAIONIyI0 YeTHOCTb YHMCJa, BBOAMMOTO
¢ KJ1aBUaTypbl. BeimosanTe 06paboTKy BO3MOKHBIX UCKJIIOUEHHI.

30. Cosmaiite kaacc StringVar /st paGoThl CO CTPOKOBBIM TUIIOM JIaHHBIX,
conepskamuii Mmetozet set() u get(). Metox set() cayxut a1t U3BMEHEHUS CO-
JepKUMOTo CTPOKH Kiacca StringVar, get() — 1711 osryueHust coiep>KkuMoro
crpoku kiacca StringVar. Cospaiite o6bexT Tuma StringVar u mporectupyiite
€r0 METO/IbI.

31. Cozpaiite kimacc Touku Point, mo3sosstioniuii paboTath ¢ KOOpAUHATA-
M (X, y). JlobaBbTe HEOOXOMUMbIE METOJIBI KJTacca.

32. Hanmimute OKOHHOE MPUJIOKEeHNe, TI03BOJISTIONIee IePeBOUTD TPa/lyChl
no mmkasne Mapenreiita B Tpaxycs 1o nikaie [lexbcus:

YkaxuTe 3HaveHne B QapeHreiiTax:

s e

Mepesectn & Llenscun




InaBa 5
NMPOrPAMMWPOBAHUE
HA A3bIKE BbICOKOIO YPOBHA C

B pesysibrate u3ydeHust T 5 00yqaionirecst J0JKHBL:

3namo

* CTPYKTYPY IPOTPAMMBbI;

* OCHOBHbIE THIIbI JAHHBIX, UX OCOOEHHOCTH;

* CTaHJapTHBIE OUOTMOTEKH SI3bIKA;

ymemo

* BBINIOJIHATH CTaHAAPTHbBIE Ollepaliy Hajl JaHHBIMU Pa3JIUYHOIO THIIA;
* paboTaTh C yKa3aTeJIsIMI;

enademo

* HaBbIKaMK 0OPAOOTKU CTATUIECKUX M AMHAMUYECKUX MACCHBOB;
* HaBBIKAMU CO3/IaHUST TUHAMUYECKUX CTPYKTYP.

5.1. CTpykTypa nporpammbl

S3bik mporpammuposanust C 6611 cospan B 1972 r. Jlennncom Purt-
qin. B s3pike C coderaroTcst Jiydine CBOMCTBa sI3bIKa acceMbJiepa
1 SI3BIKOB BBICOKOTO ypoBHs. Hasmume 6Gosbiioro Habopa yIpasJisiio-
X KOHCTPYKIIHI, BO3MOKHOCTb 00Pa0OTKH CJIOKHBIX CTPYKTYP JIaH-
HBIX, TIPHUCYIINE SI3BIKAM BBICOKOTO YPOBHSI, MOTIOJTHSAIOTCS THOKIMM
cpecTBaMM BBOJA,/BbIBOJIa M PAOOTHI C MAMSTHIO, XapaKTEPHBIMU [IJIsT
SI3bIKa acceMbiepa.

[Iporpamma Ha C cocTOUT M3 HECKOJIBKUX (PAiIOB IBYX TUTIOB: (haii-
JIOB 3aroJIoBKOB (¢ pacimpenreM <.h») u daiinos kozoB (¢ pacimpe-
HUEM «.CPP» ).

Daiinvr 3a20108K06 cofepkat 00IIe COCTAaBHBIE YaCTH TIPOTPAMMBI,
HaIrpuMep, AUPEKTUBbBI ITPerpolieccopa /Jisl MOAKII0UYEeHUS 3ar0JI0BOY-
HBIX (allJIOB MCIOJb3YeMbIX OMOJNOTEK SI3bIKa, OODBIBICHUS THUIIOB,
oTpesieNIIeMbIX T10JIb30BaTeeM, OIpe/esieHus MMEeHHBIX KOHCTaHT,
IIPOTOTHUIIBI (DYHKITMI (3aro/I0BKY (DyHKIIMIT Oe3 Tesa).

Daiiivt k0006 comep:KaT CAeIyONIe COCTaBHbIE YACTH: OIpe/eie-
HUsl QYHKIUIA (TeKCTbl (PYyHKIUI), NUPEKTUBBI IIperpoiieccopa s

152



MOJKJIIOUEHNsT (DAIIOB 3ar0JIOBKOB, OODBSIBIEHUS TIOOAJBHBIX IEpe-
MeHHBIX. B onHOM u3 (ailloB KOMOB HAaXOAUTCS TJaBHAs (DYHKITHS
main(), ¢ KOTOPOIi HAYMHAETCS BHITTOJIHEHHNE TIPOTPAMMBbL.

Boabimm npenmytinectBoM s3bika C SBJISETCS €T0 PaCIIUPSIEMOCTD,
T.€. BO3MOKHOCTb BHECEHMST MIBMEHEHUH B SI3bIK. ITO OCTUTAaeTCs OJia-
rogapsi Tomy, 4to s3blKk C COMEpPKUT HEOOJIBIIOE YNCIO OMEPATOPOB
1 6OJIBIION HAGOP PAa3TMUHBIX ONOMMOTEK (DYHKITHA.

Pacimpenus si3bIKa MOKHO Pa3OUTh Ha HECKOJBKO TPYIIIL

* mIepBast TPYIIa pa3MeIlaeTcss B CTaHAAPTHON OMOIMOTEKE;

* pacinpeHus, OTHOCSIINECS KO BTOPOI TPYIITIe, TIO/IJIEPKUBAIOTCS
KOHKPETHBIM KOMITAJISITOPOM;

* TPeThs IPyIIa pa3pabaTbIBAETCS CAMUMHU IIPOTPAMMUCTAME 1 CO-
JEPKUTCS B IOTIOJTHUTENbHBIX OnbmmnoTekax dpyukmnmii C.

BoabmmHcTBO PyHKINN, ABJISIONINXCI COCTaBHON YacThIo A3bika C
(dyHKIIMU BBOJIA-BBIBO/IA, MaTeMaTUYeCKUe OTepaliuu, Ormepainu pa-
6OTBI CO CTPOKAMM | T.]I.), CTAaHaPTU3UPOBAHBI IIOAKOMUTETOM AMepH-
KaHCKOTO HallmoHaJbHOTO MHCTUTYTa cTannaptoB (ANSI). B 3aBucu-
MOCTHA OT KOMITMJIITOPA MOTYT CYIIECTBOBATh Pa3iMdus B TIEPeUHEe
NOCTYMHBIX (PYHKITUN U B BBITIOJTHSIEMBIX MU JIEUCTBUSX.

OO6mas cTpykTypa mnporpammbl Ha s3bike C IpejacraBjieHa Ha
puc. 5.1.

NTak, mporpamMma Ha s3bike C COCTOUT M3 OJTHOTO WJIN HECKOJIBKUX
MOJLyJIEH.

Mooyas — 3TO caMOCTOSITEJIbHO KOMIUIUPYeMbIii (daitn (1mocsie
KOMIIUJISAIIAN OH MTPEBPAIAeTcss B 00bEeKTHBIN MOLYJIb ¢ PACIIMPEHUEM
«obj»). B cBo1o ouepenb MOIY/Ib COCTOUT U3 OAHOM WM HECKOJIbKUX

~
Mporpamma Ha C

Mogynb 1
Komangbl npenpoueccopa u
onucaHue rnobanbHbIX AaHHbIX

dyHKums 1 . ob
OnepaTopbl

dyHKumA 2
Onepatopesl > exe

Mogaynb 2
dyHkuma 1
OnepaTopbl

> obj

dyHKuuA 2
| OnepaTopbl

J

J

Puc. 5.1. O6mas cTpykTypa nporpamMmmbl Ha sizbike C
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(bynKIHMii, a TakKe MOXKeT BKJI0YATh KOMaH/IbI TIPerporieccopa u OIu-
caHMsI TJI00ATBHBIX JaHHBIX, KOTOPBIE OYIyT PACCMOTPEHBI TIO3IKeE.

Momynu oiHOI TTporpaMMbl HEPaBHOIIEHHBI: OJINH M3 HUX JIOJKEH
cozepkarh pyHKIMIO main(), a ocTajbHbIe — JII0ObIE APYyTHe (DYHKIIAMN.

Moy oObeANHSIOTCS B €UHBIA MOJYJIb IIPA KOMIIOHOBKE IIPO-
rpaMMbl ( BBITIOJTHSEMBIN MOJIYJIb <€Xe» ).

Qyukyuss — 3TO CaMOCTOSITEJbHBIN (PparMeHT MCXOAHOTO TEKCTa
ITPOTPAMMBI, Mpe/lHa3HAYEeHHBIN /711 KOHKpeTHOU 3asaun. B a3bike C
(OYHKIIMK SIBJISTIOTCSI OCHOBHBIMU CTPOUTENbHBIME OJIOKaMU, U3 KOTO-
pBIX cocTaBisieTcst mporpamMMa. OYHKIMK TTO3BOJISTIOT N30aBUTHCS OT
MOBTOPHOTO IIPOTPAMMUPOBAHUS B CJIy4ae YaCTOTO BBITIOJTHEHUS OJTHUX
u Tex xe peiicTBuil. MyHKIMM cOCTOST U3 orrepaTopoB si3bika C.

Andasut ga3bika mporpamMmmupoBanusg C 0CHOBbIBAaeTCs Ha MHOKECT-
Be cMBOJI0B Tabsnibl KogoB ASCII 1 BK/IOUaer:

* CTPOYHBIE U IPOIKCHBIE OYKBbI IATHHCKOTO aji(haBUTa,;

* 1iudpst ot 0 710 9;

* CUMBOJI TIOJTYEPKUBAHUS < _»;

* HabOp crenuaabHbIX CUMBOJIOB: " {},[[ | +-% /\; :?<>=1&
# N . * .

* IIPOYLiE€ CIMBOJIBI.

CocTaBHbBIE YaCTH IIPOTPAMMBI CTPOSITCS C MCIIOJIb30BaHUEM 0a30-
BBIX 2JIEMEHTOB S3bIKA — JI€KCeM, K KOTOPBIM OTHOCSITCSI KJTIOU€BBIE CJIO-
Ba, UAeHTU(MOUKATOPHI, KOHCTAHTbHI, CUMBOJIBI OTIEPAIIAH W TTyHKTYyaIllH.

JlekceMbl pa3zieistioTcst pasoeiumensimu, K KOTOPbIM OTHOCSITCSI:

* ipobesTbHbIe CUMBOJIBI (TTPOGENT, CHMBOJIBI TaOyJISIIMM, CHMBOJ
HOBOW CTPOKU, KOMMEHTapUH );

* TIOCIEZIOBATENBHOCTH CIIEIUATbHBIX CUMBOJIOB: ... ; {};

* OOJIBIIMHCTBO CIMBOJIOB OTIE€PAIINii, B 3aBUCMOCTH OT KOHTEKCTA.

Kommenmapuu — 370 TeKCTHI, Ipe/lHa3HAYEHHDBIE /111 aHHOTUPOBA-
Hust iporpammbl. CyIecTBYIOT fBa citocoba 0603HaYeHMsT KOMMEHTA-
pus:

* C CUMBOJIOB // 1 J10 KOHIIa CTPOKHU;

* C CUMBOJIOB /* 1 JI0 CUMBOJIOB */.

[Ipennoxenus B8 C HazbiBatoTcst onepamopamu. Otiepatop s3bika C
COCTOUT U3 BbIPAKEHUI U MOXKET CO/IepsKaTh BJIOKEHHBIE OIlepaTophI.

)

9.2. KOHCTaHTbI U NepeMeHHbIe

Koncmanmuot (mutepasisr) B sizbike C MOTYT OBITD CJIEAYIOIIIX TUIIOB:
* [IEJIOYUCTICHHBIE;

* BElIECTBEHHBIE;

* CUMBOJIbHBIE;

* CTPOKOBBIE.
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I{enouucaenmnvie KOHCTAHTBI CIYKAT JIJIsT XPAHEHUS 11eJI0UNCIEHHBIX
3HaueHui. Takue 3HaueHns B sizbike C MOTYT TIPEICTABJISTHCS B J€CsI-
TUYHOW, BOCBMEPUYHOUN W TEeCTHAAIATEPUYHON CUCTEMaX CUMCTIEHUS.
Jlecsimuuivie KOHCTaHTBI — JT0ObIE yncia 6e3 APOOHON YacTH, He HaulHa-
foluecs ¢ HyJs. Bocvmepuunvie 11esible KOHCTaHThI HAUMHAIOTCS € HYJIS.
Illecmnaduamepuunvie KonctanThl HaunHatoTcst ¢ 0x wum ¢ 0X. Hermocpes-
CTBEHHO 32 KOHCTAHTOW MOTYT PacroJiaraTbCs B ITPOU3BOJIBHOM coUeTa-
HUM OJIVH UM JiBa crieluayibHbIX cyddukca: U (nim u), o3Havaronmii
unsigned — 6e33nakosbriii; u L (v 1), osnavarouiuii long. Hanpumep:

e 23 — nmecaTUYHASI KOHCTAHTA,;

* 023 — BochMepHYHasI KOHCTAHTA;

* 0x23 — mecTHaAIIaTepUYHAS KOHCTAHTA;

» 23U — necsitTudHasi KOHCTaHTa Oe3 3HAKa;

* 0x23L — miecTHaIIaTepuyHasg KOHCTaHTa B hopMare JAJMHHOTO
11€JI0TO.

Bewecmsennas KoHCTaHTa UCTIOIB3YETCS /IJIS 33/TaHNS BENECTBEHHBIX
sHaueHuil. Takasg KOHCTAHTa MOKET OBbITh 3aKcaHa B 0OBIYHOI 1eCATIY-
HOW WJIM 9KCIIOHEHIMaIbHOU (HayuHoil) ¢popMme. B mmocaennem ciydae
YHCJIO 3aIIMChIBAETCS B BU/Ie MAHTHUCCHI U TIOPsIiKa. MaHTHcca OTeNs-
eTcsa or nopsinka cumBosioM E (e). HemocpenctBeHHO 3a KOHCTAHTOM
MOTYT pacriojiaraTbCsi ONH U3 ABYX crelranabubix cyddurcos: F (f),
osnavaromuuii float; u L (unu 1), osnavaromniuii long. Harpumep:

* 10.25 — BemntectBennoe unco 10,25;

1025. — BemecTBenHoe yucyao 1025;

1.025E-3 — BemectBennoe yncio 0,001025;

10.25f — BerecTBeHHOE YNCIO B hopMaTe ¢ OANHAPHOI TOUHOCTHIO;
10.25] — BelecTBEHHOE YKCJIO BBICOKOI TOYHOCTH.

Cumesonvras KoHcmanma — 3To MOCJeI0BATETbHOCTD U3 OJTHOTO UJTN
HECKOJIbKHX CUMBOJIOB, 3aKJIOYEHHBIX B OJIMTHAPHbBIE KaBBIUKU (ATIOCT-
podsr). CUMBOJIBHBIE KOHCTAHTHI UMEIOT YMCJIOBbIE 3HAUEHUSI, paBHBIE
kozaM ASCII cooTBeTCTBYIOMMX CUMBOJIOB. JI1000# CHMBOJI IPH 3TOM
MOJKeT OBITh IIPECTaBIEH B HECKOJIBKUX (hopMaTax: 0OBIYHOM, BOCbMe-
PUYHOM U ITECTHAAIATEPUIHOM.

CHUMBOJIbHBIE KOHCTAHTBI MOTYT COJIEPKATD YNPABASIOULUE NOCACO0-
gamenvHocmu JJIsl IpeoOPa3oBaHUs OIPeIeJeHHBIX CUMBOJIOB, HE MMe-
fomux rpadudeckoro anamora. [lepedeHb Takmx KOHCTAHT TPUBEEH
B Tabm. 5.1.

Hampuwmep:

* 'a’ — CUMBOLJI a;

'A" — cuMBOII A;
"\127" — cumBoJ1, umetomuii kox 127 (u);

e '\x7F' — cumBoJ1, uMeronuii ko 7F B mecTHaAIIaTEPUUHOM TIPE/I-
craBjieHun (u);

* '\\' — cUMBOJIBI //.
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Tabruya 5.1

CuMBOJIbHBIE KOHCTaHThI, HE UMEIONHE rPapUIECKOro NMpeACTaBIECHUS

CumMBoJt mi?;?giﬁfggggoe Nma Onucanue
\0 \x00 null | ITycroii cumBos
\a \x07 bel | 3ByKoBOIl curHaI (3BOHOK)
\b \x08 bs | Bosspar Ha mar (3a60ii)
\f \x0C ft | I[lepeBos cTpaHuUIlBI
\n \x0A If | IlepeBox cTpoku
\r \x0D cr | BosBpat kaperku
\t \x09 ht | TopusonTanbHast TabyIsIus
\V \x0B vt | BeprukanbHast TaGyisiiust
\\ \x5C \ | ObparHas kocas yepra (0OpaTHBIIA CJIDII)
\ \x27 ' OnmurapHast KaBbIuKa
\" \x22 " /IBoiiHas KaBbIYKa
\? \x3F ? BompocurenbHblii 3HAK

Cmpoxosas Koncmanma — 3To HOJIb 1 O0Jiee CUMBOJIOB, 3aKII0YeH-
HBIX B JIBOMHBIE KaBBIUKH, UMEET THII MacCuB ciMBOJIOB (char). Bo Bay-
TPEHHEM IIPeJCTaBICHII OHA COJEPKUT B KOHIE J00aBJISIEMbII aBTO-
MaTUdecKu cUMBOJ HOJb '\0', IBASIOMUICS WHIANKATOPOM KOHIIA
KoHcTaHThl. HyneBas (1ycTast cTpoka) 3alucbiBaeTcsl B BUjie ' M Xpa-
HuTCA B Buje ognoro cumBosia '\0'. KoHctaHThl MOTYT OBITH 3alCaHbl
B HECKOJbKMX CTpokax. llocimeqnuii cuMBOJI IEPEHOCUMON CTPOKU —
9T0 \. DTOT CUMBOJI ¥ CIMBOJI HOBOII CTPOKH OTOPACHIBAIOTCSI IIPU BbI-
Bozie MaHHBIX. Coce/HNEe CTPOKOBBIE KOHCTAHTHI, Pa3/ieJIeHHbIE TOJTbKO
pobeiamu, KOHKaTeHUpyIoTes (o0beaunsiorces). Hampumep:

* "Crpoka” — koHcTtanTa «CTpokay;

* "Jactp1""YacTtp2" — KoHcTaHTa «HacTth1YacTn2y;

* "Hactp1\13\x0AYacTp2" — koHcTanTa «Hactp1

YacTb2».

Ilepemennas — 1o IOUMEHOBaHHAsE 00JIACTh MAMSITH, UMEIOIas OIl-
penesieHHoe 3HaYeHne U THIL.

Tun sBnsieTcss OCHOBHOI XapaKTepucTHUKoM nepeMenHol. OH orpe-
7leJigeT, 9YTO M KakK cJeyeT /ieJiaTh CO 3HaUeHUSIMU TlepeMeHHBIX: OIpe-
JieJIeT CTPYKTYPY U PasMephl IEPEMEHHbIX, AUANa30H U CIIOCOObI UH-
TepIipeTaluy UX 3Ha4YeHUH, MHOKECTBO JIONTYCTUMBIX OMe€paIinii.

Tunbl nanubix B C feTcd Ha OCHOBHBIE (CTaH@pTHBIE) U TTPOU3-
BO/IHBIE.
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Cmanoapmmnvie (6a30BbI€) TUIIBI BKIIOUAIOT:
* 11eJI0YNCICHHDIE,
* BEIleCTBEHHbIE;
* CHMBOJIbHBIE.
[ToMuMO cTaHZAPTHBIX TUIIOB B s13bIKe C CyIIECTBYIOT BOBMOKHOCTb
UCIIOJIb30BATh NPOU3E00HbIE TUIIBI JAHHBIX, CO3/aBaeMble 13 DJIEeMEHTOB

OCHOBHBIX. JDTU THUIIbI JaHHDbIX 6y]_[yT paCcCMOTpPEHBI HUJKE.

Jluist 6a30BBIX TUIIOB MCIOJIb3YIOTCS CTaHAAPTHBIE WIEHTU(hUKATO-
PbI TUIIOB, IPUBeeHHbIE B Ta0J. 5.2.

[Tapa moxudukaropos signed (3HakoBoe) u unsigned (6e33HaKO-
BO€) YKa3bIBaeT Ha TO, YTO [epPeMEeHHast MOJKeT TPUHUMATh KaK M0JI0-
JKUTEJIbHOE, TaK W OTpHIlaTeJbHOe 3HaueHue (signed) Wi TOJBKO He
orpurnaresbroe (unsigned). B mepBoMm cirydae cambrii JTIeBbIi OUT TTaMsI-
TH, BbIZIEJIIEMOIT 101 YMCJI0, OTBOIUTCS JIJIsl XPaHEH M 3HaKa YKCJIa, OC-

CrangaprHbie HIEHTH(PUKATOPHI TUIIOB JJAHHBIX

Tabruya 5.2

TuI gaHHbIX Orsosmvas /lnanazon .
- XPaHUMbIX 3HAYEHUIT
Hazsanue Nnentudurarop (B Gaiirax) Min Max
CumBou signed char 1 -128 127
BessnakoBbiii unsigned char 1 0 255
CYIMBOJT
Koportkoe 1iesoe | signed short —32768 32767
Heorpumnarens- | unsigned short 0 65535
HOE KOPOTKO€
1eJioe
ITenoe signed int —2147483648 | 2147483647
Heorpurarens- | unsigned int 0 4294967295
HOE 11eJ10€e
Jnunnoe nenoe | signed long —2147483648 | 2147483647
Heorpumnarens- | unsigned long 0 4294967295
HOE JUTHHHOE
1eJioe
BemectBennoe | float 4 -3.4E+38 3.4E+38
OJIMHAPHOU
TOYHOCTH
Bemectsennoe | double 8 —1.7E+308 1.7E+308
IBOWHON
TOYHOCTH
Bemecrennoe | long double 10 —3.4E+4932 | 3.4E+4932
BBICOKOW
TOYHOCTH
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TaJIbHbIE — JIJIsT 3HAUEHUST YNCJIa; BO BTOPOM — BCE OUTHI OTBOASITCS O]
XpaHeHUe 3HaUeHUs YnCa.

[Tapametpsr Tumos signed int n unsigned int 3aBUCSAT OT KOHKpET-
HOI peasn3aiiuiyd KOMITUJISATOPA 1 11eJIeBOH MaaT(OpMBbL: 7151 32-paspsii-
HOH 11aTOPMbI OHU IKBUBAJIEHTHBI COOTBETCTBYIOIIUM TapaMeTpam
tuma long.

Tun naHHbIX onpesiesiseT repedeHb orepalnii, KOTopble MOTYT BbI-
TIOJTHSATHCS HaJl TEPEMEHHOI, U pasMep MaMsITH, BbIIEIsIeMOii 17151 pabo-
TBI C 9TOU EPEMEHHOM.

Buidenenue namsmu o3Havdaet npeocTaBjieHue oOrpeeieHHOTO yua-
CTKa TTaMSTH TI0J] XpaHeHue repeMeHHON. [Ipu co3manun nepemMeHHOM
BbIJIeJIEHNE TTaMSATH TTPOU3BOIUTCS aBTOMATUYECKH.

Hapsizy ¢ BbiZiesiIeHIeM TaMsSITH CYTIIECTBYET MPOIIECC 0C8000MCOeHUS.
namsmu, T.e. yKazaHue Ha TO, YTO yUacTOK MaMsITU, paHee 3aHUMaeMbIi
HIepeMeHHOM, TETlePh CTAHOBUTCSI CBOOOTHBIM.

Boizesienrie maMsiTH MPOUCXOAUT TIPU OOBSIBIEHUU TEPEMEHHOI.
Obosieaenue nepemenno CONEPKUT TUTT TAHHBIX U UMsI TEPEMEHHOIL:

<TUII IOaHHBIX><VIMSA HepeMeHHOﬁ>

Hamnpuwmep:

int k; //obbsaBiIeHa IIepeMeHHAasl K 11eJI0T0 Tura

float p; // oObsBIeHa IIepeMeHHas P BellecTBEHHOT'O THIIa

B cooTBeTCTBIM ¢ yKa3aHHBIM THITOM IO/ TEPEMEHHYTO OY/IET Bbie-
JIEH y4aCTOK IaMsTU OlIpe/ie;IeHHOTO pa3Mmepa.

[Tpu 06BsABIEHUH TTEPEMEHHO MOKET OBITH BBITTOJIHEHA €€ MHUIIHA-
JIA3alud, T.e. IPUCBOEHNe IepeMeHHOol 3HaueHus. Hampumep, B caeny-
I01[ell CTPOKe 0ObSBJIEHBI II€JIbIe IePEMEHHbIE 1 U , TePEMEHHOI j Tpu-
CBOEHO 3HAYeHUeE J.

int 1, j = 5;

sseix C momyckaer npeobpasosanue (npusedenue) munog u nepe-
UMEHOBAHUE MUNOE OAHHDIX.

Bo3MoKHBI siBHBIE 1 HesIBHBIE (CTaHAAPTHDIE) TPeoOpa3oBaHust TH-
OB.

Aenoe npeobpasosanue munog BHITIOJHSIETCS CIIENINATBHON orepa-
1[ell puBeIeHus TUTIA:

(<Tur>) <BHpaxeHue>; //ucnonb3zyercsas B C m C++

Hanpuwmep:

int a; // OOBsABJIeHA IIeJIOUMCIIEHHAas IIepeMeHHasl a

double b; // OOBsBIIEeHa BelleCTBEHHAas IIepeMeHHasl b
// IOBOMHOM TOYHOCTU

b = 10.5; // TIepeMeHHON b mnpuceoeHo 3Hadenume 10,5.

a (int)b; // mepeMeHHON a IPMCBOEHO 3HAYEHMEe IIepeMeHHOM
// b, mIpuBemeHHON K IIeJIOMy TUITy. B pesyiabTare

// a monyudmuT 3HadeHue 10.
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Hesienvie npeobpasosaius BHITTOTHSIIOTCS KOMITUJISTOPOM aBTOMa-
TUYECKH CJIELYIOIIM 00pPa3oM:

* B BBIPAKEHUSAX OIEPaHIbl IPeoOPasyoTcss K OAUHAKOBOMY THILY
10 TIPUHITAILY <IIPOCTOI — B OoJjiee CJIOKHBIA» (OIMyCKAOMMi 6OJIb-
A IaIa3oH 3HAaYeHU I ):

char - short int - unsigned int - long - unsigned

long - float - double —» long double;

* B OllepaTopax IPHCBalBaHuUsI IIpaBast 4acTh IPeodpasyeTcs K TUITY
JIEBOI 4aCTH.

Ilepeumenosanue muna TpoBOAUTCS 0OBSIBIEHNEM HOBOTO UIEHTH-
(pukaropa TuNA TaHHBIX, CAHOHMMA CYIIIeCTBYIOIIETr0 TUIIA, C 11eJIbI0 UC-
0JIb30BaHust 6oJiee YA0OHOTO WM COKpanieHHoro HazBanus. CuHTaK-
CHUC:

typedef <Tun><umeHTudmxKaTOPR>

37ech TUT — CYIIECTBYIONIUNA THUI JAaHHBIX, UAECHTU(DUKATODP —
UIeHTH(UKATOP-CUHOHUM, HAaIIPUMED:

// Tum t oOBsSBJIEH KaK CHMHOHMM Tura unsignd int
typedef unsigned int t;

// TIpU OOBABICHUM IIEePEeMEHHHX X U Y WCIONL3YeTCs
// IOJIMHHOE Has3BaHMe THUIla

unsigned int x, v;

// TIpU OOBSABIICHUU II€PEMEHHHX P U J

// WUCIIONB3YETCsI KOPOTKOEe HaszBaHMe Tulla

t p, a;

[ToMuMO THIIA TIepeMeHHasi XapaKTePU3yeTcsl BpPeMeHEeM JKU3HU
1 06J1aCThIO BUAUMOCTH.

[Tox epemenem scusnu nepeMeHHOI TIOHMMAETCS BpEMsT OT CO3IaHMUsI
riepeMeHHOM (BbIIeIeHNS TTaMSITH TI0 Hee) 10 ee YHUUTOKeHUs (0CBO-
OOKIEHUS TAMATH ).

B 60JbIIMHCTBE CIy4yaeB TMaMsTh IO TEPEMEHHYIO BBIAEISETCS
B MOMEHT ee OOBbSBJIEHUS. YHUYTOKEHHE K€ MOMKET IPOMCXOAUTH
B pasHble MOMEHTHI BPEMEHU B 3aBHMCHMOCTU OT 00JIACTU BUIAUMOCTH,
OTpeIeITIEMOI MECTOM M CITOCOOOM OOBSIBJICHUST TIEPEMEHHOA,

[Tox obracmwvio sudumocmu mMepeMEHHON MOHUMAETCSI 4acTh IIPO-
rpaMMbl, B KOTOPOI JlaHHAas [lepeMeHHast CyIECTBYET, T1e MOMKHO HOJIy-
4aTh U MeHATH ee 3Hadenue. O01acTh AeHCTBUS IIePEMEHHON 3aBUCHUT
OT MecTa H crtocoba ee 00bsIBIEHUS.

B 3aBucrMOCTH OT MeCT OOBSABICHIS TIePEMEHHBIX, OHU JIeJISTCS:

* Ha 2106a1vHble (BHEIIHNE) — [epeMeHHbIe, 00bABIEHHbIE B Haua-
Jie MOZLYJIst, BHE Bcex ero (pyHKIuil. O61acThio BUANMOCTH TaKUX TIepe-
MEHHBIX SIBJISIETCSI BECh MOJLYJIb, OHM JOCTYITHBI B JIF0OOM (DYyHKIIUK 3TO-
ro MOAyJs. 3ajaHheM CIEelUaJbHOrO Kjacca MaMsTH BUIUMOCTb
nepeMeHHON MOKHO PacIpoOCTPaHUTh U Ha JAPYTHe MOIYJIV;
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* IOKabible — TIepeMeHHbIe, 00bsiBJIEHHbIE B Havase pyHKimn. O0-
JIACTh BUJIMMOCTHU TaKOU TepeMeHHOl orpaHnyeHa (pyHKIei, B KOTO-
poii iepeMeHHast OblTa 0ObsIBJIECHA.

Hanpuwmep:

int 1; //obbsgaBieHa riobalbHas IIepeMeHHasl 1

void main ()

{

int j; // obbsBlIeHa JoKaJibHasl IIepeMeHHasl Jj

}

OObasiienue HepeMeHHOﬁ MOJKET COITPOBOXKAATbCA YKa3aHUEM
KJlaCCa IIaMATH:

<KJIaCC IIaMATU><TUII HepeMeHHOIZ><MMH HepeMeHHOﬁ>

Knacc namamu onpepnensier TOPSIZIOK pa3MeleHUsl TepeMeHHON
B IIAMSITU U 33/I1a€TCS1 € TIOMOIIBIO CIEIUAJIbHBIX CEeIU(PUKATOPOB.

B asbike C cyrmiecTByeT 4eTbipe TaKux crieniudukaTopa:

e auto;

* register;

* static;

* extern.

[Tepementbie, 0ObSIBJIEHHBIE C KJIACCOM TAMSITH AuUt0, Pa3MeIaloTCsI
B JIOKaJbHOU maMsaTu. [Ipu aToM pa3mep BbijiesisieMOl TaMSITH U3BeC-
TeH 3apaHee, ellle Ha aTare KoMIusaiuu nporpammel. 1o 3aBeprienun
qacTu rmporpaMmbl (PYHKIUN), B KOTOPOi ObLia 0ObSIBJIEHA IIEpEMEH-
Hasi, COOTBETCTBYIOIIAsT 00JIaCTh JIOKAJIbHOW TAMSITH OCBOOOKIAETCSI
1 pa3MellleHHas B Hell iepeMeHHast yHuuToKaroTcst. [lepemennbie, 00b-
SIBJIEHHBIE TaKUM 00pa3oM, SIBJISIOTCS JOKaJbHBIMU. Kiacc mamsitu
auto MCIOJB3YETCST M0 YMOJTYAHWIO, TOITOMY MPHU OOBSIBIEHUN TIepe-
MEHHBIX YKa3bIBAETCS PEJKO.

Crenudukatop register TakXe OTHOCUTCI K aBTOMAaTUYECKOMY
Kiaccy mamsti. [lepeMenHble, 0OBSIBIEHHBIE C TaKUM CIEM(PUKATO-
POM, TI0 BO3MOKHOCTH PACTIOJIAraloTcsl He B JIOKAJTbHOU MaMsTH, a B O]1-
HOM W3 JIOCTYIHBIX PETUCTPOB. B aTOM ciyuae Z0CTyN K TepeMeHHO
OCYIIIECTBJISIETCST HAMHOTO ObIcTpee. Eciii B MOMEHT BBITIOJTHEHUST KOJA
JTAHHOUM YacTU TTPOTPAMMbI BCE PETUCTPBI OKA3bIBAIOTCS 3aHATHIMU, T1e-
peMenHast 6yzeT o6pabaThiBaThCsl Kak uMeroriast Kiaace auto. Obacthb
BUIUMOCTU U BPeMsI KU3HU TIePeMEeHHBIX Kjacca register moJHOCTbIO
aHaJIOTUYHBI KJIaccy auto.

Crenndurarop static OTHOCUTCS K BHYTPEHHEMY CTaTUYeCKOMY KJiac-
cy mamsaTu. [lepemerHast, 00bsIBJIEHHAST C TAKAM KJIACCOM TTaMSITH, pac-
nosiaraetcs 1o (pukcupoBanHoMy ajzpecy. [loaroMmy Takag nepemeHnHas
CYIIECTBYET ¢ MOMEHTa ee OOBSIBIEHUST [0 KOHIIA BBITIOJTHEHUS TIPO-
rpaMMbl (HECMOTPST Ha TO, YTO TepeMeHHasi MOKET ObITh OObsIBIEHA
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JoKanbHO). B oTmume ot o6bekTa Kiacca mamMsiTh auto, iepeMeHHast He
OyIeT YHIUUYTOKAThCS TIPU BBIXO/IE M3 (DYHKIINH, T/ie OHa ObLIa 00bsIBJIEHA.

Hanpumep:

void ab ()

{

int a=1; // obbsaBiIeHa liejas JIOKaJibHas IIepeMeHHasl a,
// el TIPMUCBOEHO HadYaJIbHOE 3HadYeHue, paBHoe 1
static int b=1l; // obbdaBIeHa cTaTHUYeCKas IIepeMeHHasl b,
// eV TIPpUCBOEHO HadallbHOEe 3HadYeHUe,
// paBHOEe 1
at+; // BHadYeHUue IIepeMeHHOM a YyBenuduBaeTcs Ha 1
b++; // BHadYeHHue IIepeMeHHOM b yBenuuumBaeTcs Ha 1

}

B navaste Boimosinenus pynkiyu ab() sHauenus mepeMeHHbIx a u b
pasubl 1. B xoze BeinoHeHns GyHKIMN 3HAYEHUS 00EUX ITePEMEHHBIX
yBesmmuuBaioTcsd Ha 1. [To okoHyaHUy BBITIOTHEHUS (DYHKITUY TTepeMeH-
Hast a OyzeT YHUYTOKEHa, a TIPU TIOBTOPHOM BbI30Be (DYHKIINN CO3/1aHa
BHOBbB €O 3HaueHueM 1. 3HaueHue xe mepemeHHoir b Oymer yBemmun-
BaThCd Ha 1 1TpU KaX7I0M BbI30BeE (DYHKITNH, caMa TiepeMeHHast He YHUY-
TOKaeTCd Ha TPOTSKEHUU BCell mporpaMMbl. 3HaueHue 1 npucBanBaet-
cs1 mepeMeHHo# b TosibKo oH pas 1mpu mepBoM BbizoBe dyHKINN ab(),
KoT/la IiepeMeHHas cozzaercs. [Ipu nmocsenyommux Bbi3oBax GyHKINN
IIPUCBOEHME ITepeMeHHO b 3HaueHus 1 urnopupyercs.

Extern aBnsiercs crieniuuKaToOpoM BHEINTHETO CTATUYECKOTO KJacca
namMsATu. IJTOT creluduKaTop Mo3BojgeT (HYHKIUU MCIO0Jb30BATh
BHEIITHIO TTEPEMEHHYIO, TaKe €CJU OHA OIPEIeaaeTCsa M03Ke B 9TOM
wiu apyrom mozayJse. C nomolibio crenudukaTopa extern MOKHO I10-
JIYYUTH JOCTYT K BHEITHEN TePEMEHHO#, 00BSIBIIEHHOM B IPYTOM MOJIY -
qe. Crientmpukatop extern ykadbiBaeT KOMIUJISATOPY Ha TO, 4YTO B JIPY-
rOM MOJIyJie Takasl mepeMeHHas yke onucana. [[oaToMy BeIEIATDh MO/
Hee IaMATh B IAHHOM MOJyJie He CJeyeT, a CJAefyeT HAUTHU 3Ty Tepe-
MEHHYIO B IPYyTUX MOJYyJIIX Ha CTaJIUM KOMIIOHOBKU. Ecyn Takad niepe-
MeHHas HalifieHa He Oy/IeT, TO KOMITOHOBIIUK BBIZACT OITHOKY.

5.3. Onepauum Hap faHHbIMM

Buipasxcenuem na3piBaeTcst IoCIeI0BaTENLHOCTD OMEPAITNA, OTI€PaH-
JI0OB M 3HAKOB IpENWHAHWs, 33/Ia0INX OIpe/ieIeHHOe BBIUMCIIEHUE.
Boruncienue BoIpaskeHUI BBITTOTHAETCS IO ONPeeIeHHbIM TTPaBUIaM
peobpa3oBaHus W IMIPUOPUTETA, KOTOPBIE 3aBUCSAT OT HCITOJIb3YEMbIX
B BBIPAKEHUSIX OINEPAIMil, HAJIWUUS KPYIJIbIX CKOOOK 1 THUITOB JaHHBIX
OTIEPAH/IOB.

Onepandamu Ha3bIBAIOTCS JaHHbIE (TlepeMeHHbIE, KOHCTAHTHI ), HaJl
KOTOPBIMU BBITIOJIHSIOTCS OTIePAIlAH.
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B aseike C umeercst goctaTouyno 60JbIION HaObop omeparmii. Jls
y1o0CTBa PACCMOTPEHMsT BCe OTepaIiii MOKHO KJacCH(UIIMPOBATD,
HaIpuMep, 10 KOJUYECTBY UCIIO0JIb3yeMbIX oriepanioB. [Io atomy rnpu-
3HaKy BCe OTepaIliy JAesTC:

* Ha YHapHBIe (C OHUM OITePaH/IOM );

* OuHapHBIe (C ABYMS OTlepaHIaMu );

* orepaiud ¢ TpeMs ollepaHaMu.

Yuapnoie onepavuu B s3p1ike C MOTYT MCITOJIB30BAaThCS B TIpeduKc-
HOH 1 mocTUKCHON dopmax. OO CHHTAKCIC OMEPAIUii:

<omepauusi><ornepaHn> // mnpedmrcHadg odopma;

<oIepaHO><olepalus> // nocrtomrcHas dopMa.

Bei6op onpezpesieHHON (hOPMBI 3aITMCH 3aBUCUT OT KOHKPETHOM OI1e-
panuu.

K yHapHBIM orepariusiM OTHOCSATCS CJIeIyIonIue:

* ollepaliuyl U3MEeHEeHUsT 3HaKa OTlepaH/Ia;

* omepaist MoOMTOBOTO OTPUIIAHMS,

* orepaitus JOTUYeCKOTO OTPUTIAHUS;

* oliepallus OIpe/ie/IeHUsT pa3Mepa;

* UHKPEMEHT U JIEKPEMEHT;

* orepaiug J0CTYIIa;

* aJIpecHbIe OIepaInm.

Onepauyuu usmenenus snaxa onepanda yHapHbIii mroc (+) ¥ yHapHbII
MHUHYC (-) MOTYT BBITTOJIHATHCST HaJl JIIOOBIMU BBIPAKEHUSIMU aprdme-
TUYECKOTO THUTIA. Y HAPHBIII MUHYC 9KBUBAJEHTEH YMHOKEHHIO 3HaUe-
HUs oniepaH/ia Ha —1. YHapHbI TI0C 9KBUBAJIEHTEH YMHOKEHUIO 3Ha-
yeHus onepanaa Ha +1. Ita onepanus GpakTHIeCKH HUUETO He JlesIaeT,
HO MOJKeT OBITh MCITOJIb30BaHa /ISt SBHOTO YKa3aHMS TOTO, YTO UCIIOJIb-
3yemasd B KayecTBe OllepaH/la KOHCTAaHTa SIBJSETCH TOJOKUTETbHbIM
3HAYEHUEM.

Onepavus nobumosozo ompuuyanus (~) BBITIOJHSIETCS HaJ OlEePaH-
JIOM TIeJIOYKCJICHHOTO THIIA U 3aKJII0YaeTCs B TOOMTOBOM MHBEPTHPOBA-
HUW JIBOUYHOTO KOJla oriepan/ia (Bce eIMHUITBI B 9TOM KOJle 3aMeHSIIOT-
csI HYJIAMU, a HYJTU — eIUHUIIaMu ). Pe3yabTaToM omepanuu sSBIsSeTCs
YICJI0, UMEIOIIIE TAKUM 00pa3oM chOPMUPOBAHHBII JBOMYHBIN KO/,

Onepavuus nozuueckozo ompuyanus (1) BBITIOTHSIETCS HaAJ OIepaH-
1oM apudmernyeckoro tumna. JIroboe 3HaYeHIE OIlepaH/a, OTJIMYHOE OT
HyJd, B a3bike C cuMTaeTcs UICTUHHBIM (UMCJI0BOM 3KBUBAJIEHT 3TOTO
3HaveHus1 — 1), 3HaueHue, paBHOE HYJI0, — JOKHBIM. OTiepaiinsg MeHs-
eT JIOTHYeCKOe 3HaYeHMEe OIlepaH/ia: €CJIu OH OBbLI paBeH HYJIO, TO BO3-
Bpalaercs 3HaueHue 1, ecau onepa ObLT He paBeH HYJIIO, TO BO3Bpa-
naeTcs 3nadenue 0.

Onepavus onpedenenus pasmepa (sizeof) MOKeT BBITTOJHSITHCS HAJ
BBIpasKeHUEM JIFOOOTO THIIA WM HaJl TUIIOM JaHHBIX. B mepBoM ciyuae
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pe3yJabTaTOM BBITIOJHEHUS OINepPaIliy SIBJISETCS pa3Mep 3HAYCHUS BbI-
paskeHust B 6GaiiTaX, BO BTOPOM — pa3Mep YKa3aHHOTO THIIA JaHHBIX
B Oaitrax. Pe3ysbTar omepariuu nmeer TUII Size_t, OTHOCSIIMIICS K 11e-
JIOYrCIeHHOMY 6e33HaKoBOMY ThIly. CHHTAKCHUC OIepPaIiu:

sizeof <BHpaxeHme>;
sizeof (<Twmi>).

Hanpumep:

int 1, 3, k;

j = sizeof(1); // B3HadYeHre J paBHO 4;
k = sizeof(int); // 3uadenue k paBHo 4.

K oneparuam ysearuuenus v ymenvuleHus: 3Hauenust OTHOCSITCS:

* UHKpeMeHT (++);

* IeKpeMeHT (--).

NuakpeMeHT yBemunBaeT 3HaueHue onepanzaa Ha 1, mekpeMeHT —
yMeHbIIaeT 3HaueHue onepania Ha 1.

ITU olleparuy MOTYT UCTIOJb30BATHCS B MpedUKCHON 1 TocThUKC-
Hol (hopmax. B nnpedukcHoil hopMe B BBIUMCIEHUN 3HAUEHUS BbIpasKe-
HUS UCTIOJIb3YeTCs yKe U3MEeHeHHOe 3HaueHue onepaHa (B pe3yJibTa-
Te 3HaueHUe BBIPAKEHWSI COBIIQJIaeT CO 3HAUYEHWEM OTlepaHja),
B TocTUKCHON (hopMe CHavajia MPOU3BOJUTCS BHIYUCIECHNE BhIPAKe-
HUs, a TIOTOM U3MeHeHUe 3HaYeHus orepan/ia (B pe3yJibrare 3HaUeHue
BBIPA/KEHUST OKa3bIBAETCSI HA €IMHUILY OOJIbINE MJIM MEHbBIIE 3HAUEHST
onepanja). Hanmpumep:

int 1i,73;

i=1;

j=++i; // wucnomnb3oBaHa nOpedmrcHas dopMa. 3HaAUYeHMEe 1
// CcHadaja yBenmdyeHo Ha 1 (1i=2), a 1moToMm
// TIPUCBOEHO J
/7 (3=2)

i=1;

j=i++; // wucmononb3oBaHa IIOCTOUKCHas dopMa. 3HadeHHe 1
// cHadana npuceoesno j (j=1), a zarem i

// yBenmmdeHo Ha 1 (1=2)

K agpecHbIM oriepaiiisim OTHOCATCS:

* orepalus moJiydeHus ajapeca onepanza (&);

e orepalfust oopareHus o aapecy (¥).

ITH Ollepalvy BBITIOJTHSIOTCS HaJ JAHHBIMHU, UMEIOTNUMU TUTT yKa-
3areJist, 1 OYAyT paCCMOTPEHBI HIKE.

Bunapmnvie onepayuu BHITIOMHSIOTCS Hax AByMst onepangamu. O6-
AN CUHTAKCUC 3TUX OTIePaIU:

<omepaHn l><omnepalus><ollepaHn 2>

K 6uHapHBIM OnepaIiisiM OTHOCSTCS CIIEAYIOTIHE:
* apudMeTHIeCKHe OTIePaITnl;
* olepaly CpaBHEHUS;
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* TOOUTOBBIE OIEPALINIH;

* JIOTUYECKUe ollepalniy;

* omepalus IpUCBaNBaHUS;

* Ipoune OMHAPHBIE OTIEPALINHL.

Apugmemuueckue onepayuyu BBITIOTHAIOTCS HAZ ONepaHaMHU YWC-
JIOBOTO THUTIA. Pe3ymbTaToM Tak:Ke SIBJsIETCS] 3HaUeHUe YUCJIOBOTO TUTIA.
K paspsny apudmeTndeckux OTHOCATCS OTepaIiiu:

* cioxkenud (+) u Bbruutanug (-). Onepanzibl B 9TUX OlepaIusix,
KPOME YKCJI0BOTO THIIA, MOTYT UMETD M THII YKa3aTeJist, KOTOPBIN Oy1eT
pPaccMOTPEH T03/IHEE;

* ymHoKeHud (*) u nenenust (/);

* MTOJIyYeHUST OCTaTKa OT Jlejienus (ziesienne mo Moayrio %). Ore-
paHZaMu JIJIs 9TON olepaliuu SIBJISIOTCS 1eJI0OYUCIeHHble 3HAYeHUS.
Ecnm n3HavaibHO OTIEpaH/bl He SIBJISIOTCS EJIbIMU YUCTIaMU, TO OHU
OyIyT HPUBELEHBI K IIeJIOMY TUILY. Pe3ysbraT onepanun OyaeT mOJI0KN-
TEJIbHBIM, eCJIi 06a orepaHa HeOTPHUIIATEIbHBI, B IPOTUBHOM CJIydae
3HAK pe3yJibTaTa 3aBUCUT OT KOHKPETHON peasu3aliui KOMIbIoTepa.

Onepayuu cpasHnenuss BBIIOJTHAIOTCS HAJl OlepaH/laMU YMCJIOBOIO
tuma. Pe3yabTaToM oneparuu sSBJsgeTcst OJTHO U3 IBYX IeJTOYNCTEHHbBIX
sHayenuii: 0 coorBercTByeT Jncu (FALSE), 1 cooTBercTBYET ucmune
(TRUE). K onepanusim cpaBHeHUS OTHOCSITCS:

¢ < — MEHBbIIIE,;

* <= — MeHbIlle NN PAaBHO;

e > — QOJIbIIE;

* >= — (OJIbIIIE WU PABHO;

* == — DaBHO;

* |= — He paBHo.

Hamnpumep:

int 1i,73; // OOBABIIEHH II€JIOYMCJIEHHEE IIepeMeHHbe
// 1 um

char resl, res2; // oOBLSABIEHH CHUMBOJILHBEE IIepeMeHHbEe
// resl m res?2

1 =5; // TIepeMeHHON 1 NPMCBOEHO 3HadeHue 5
j = 8; // TIepeMeHHO Jj INIPMCBOEHO 3HadeHue 8
resl = i == J; // TiepemMeHHOU resl TIPUCBOEHO 3HAYEHUE

// pesynbTaTra onepaimuu i == j,
// B pesyiabTaTe BTa IIepeMeHHas IIOJIYYUT
// 3Hadvenme 0 (FALSE)

res2 = 1 < j; // TIepeMeHHOM res2 IIPUCBOEHO 3HadYeHue
// pes3ynbTaTa onepaimm i < Jj,
// B pe3ylnbTaTe 3Ta IIepeMeHHas II0JIyYUT
// 3Hadvenme 1 (TRUE)

ITobumosvle onepauyuu BBHITTOJHSIOTCS HaJ IIEJOYNCIEHHBIMEA OTIe-
pangamu. Pe3ysbraTom Takke SBJIsIeTCs 3HaUYeHue 1esnoro tuma. K mo-
OUTOBBIM OTIEPAIIUSIM OTHOCSITCSL:
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e omepaiuu 1oOuToBOro JieBoro (<<) u nmpasoro (>>) capura. Ote-
panud CIBUTAET IBOMYHBIN KOJI JIEBOTO OTIePaH/1a BJIE€BO WJIM BIIPABO Ha
KOJIMYECTBO Pa3psi/iOB, 3a/laHHOE 3HaUeHNeM I1paBoro onepanaa. Coot-
BETCTBYIOIIlee KOJUYECTBO PA3Ps0B CJa€Ba WMJIMU CIpaBa TEPSIETCH,
a BHOBbB JI00ABJIEHHBIE Pa3psiibl 3ATOTHSIIOTCS Hyistmu. Hanpumep:

unsigned char 1, j, k;

i = 163; // OBOMYHOEe IIpencTaBleHre 163 paBHo 10100011
j = 1 >> 2; // coBur BapaBo maeT 3Hadenme 00101000,

// paBHOe 40
k= 1 << 5; // COBUIT BJIeEBO @naeT 3Hadenme (01100000,

// paBHoe 96

* TIOpa3psiiHble TTOOUTOBBIE ONEpannui: KOHbIOHKINS (&), TU3b-
tonknus (|), uckmovaromasa qusbloHKIuA (1), JIBOMYHBIIA KO pe3yib-
Tara GOPMHUPYETCS ITyTEM BBITIOJTHEHUSI COOTBETCTBYIONUX MTOOUTOBBIX
orrepanuii HaJi [BOMYHBIMEU KOJAMH OIEPaHoB. Pe3ysbraThl MoOUTO-
BBIX Ollepanuii mpuBeaeHsr B Tab. 5.3. Hampumep:

unsigned char i, j, k, m, n;

1=101; // nBoudHoe tnpencTaBiaexHue 101 pasuno 01100101
37=98; // @mBoudHOe InpencraBieHre 98 parBHo 01100010
k=1&7; // TIOBUTOBASA KOHBIOHKIMSA OaeT 3HadeHue

// 01100000, paBumoe 96
m =1 | J; // mobmToBasg OUIBOHKIMSI JaeT 3HaAYeHNEe

// 01100111, pasBmoe 103

n =1 " j; // moburoBas MUCKIOYALIAS IOUIBIOHKIIMS OaeT
// 3uHadveume 00000111, paBuHoe 7
Tabruya 5.3
Pe3y.JIbTaTbI H061/ITOBbIX onepaum‘z’l
a b a&b alb a”b
0 0 0 0 0
0 1 0 1 1
1 0 0 1 1
1 1 1 1 0

Jozuueckue onepavuu 00bETMHIIOT HECKOJIBKO OTIEPAH/IOB, MMEIO-
mux 3Haverne JIOKD (mynesoe snauenune) man MCTUHA (mo6oe
HeHyJieBoe 3Hayenue). HacTo aTu onepanuy UCHoIb3yI0TCs /IS CO3/1a-
HUST CJIOKHBIX YCTIOBHUM, 00BEIMHSIIONINX HECKOJIBKO MPOCTHIX ONepa-
Uit cpaBHeHUsA. K JjornyeckuM orepainusiM OTHOCATCS JIOTUYeCKOoe
1 (&&) u nornueckoe NJIN (||). PesyabraTel JTOrMyeckux orepamuii
npuBeeHb! B Ta01. 5.4. B aToii Tabsuie mos 3HavenremM X mopasymMe-
BaeTcst Ji00oe HeHYJIEBOEe 3HAUEHIIE.

B pesyabrare onepayuu npucsausanus 1eBoMy olepaH/ly IIpUCBau-
BaeTcsd 3HayeHue IPaBOTo OllepaH/ia, B KayecTBe KOTOPOTO MOXKET Bbl-
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Tabruua 5.4

Pe3ysbTaThl IOTHYECKUX ONepanuii

a b a&&b alb
0 0 0 0
0 X 0 1
X 0 0 1
X X 1 1

CTyHaTh BbIpakeHHe JI0O0TO ThIa. THUI IPUCBAMBAEMOTO 3HAYEHUS
1peobpasyercst K TUITY IIEPEMEHHOI, TTOJIyJaomieil 9T 3HaYCHIeE.
CuHTakcuc oneparuu:

<orepaHnl> = <omnepaHn?>

PesynbraToM onepanuu fBjgeTcd 3HAYE€HHWE IIPABOTO OIlEepaH/a.
ITO T03BOJIAET 3alMChIBaTh HECKOJbKO ONEpaTOpOB IPHUCBAMBAHUS
B 1[ETIOYKY:

A, =A, =.=A =A

[Ipu BbITTOJIHEHUM TAKOU OIlepaliiy ONlePpaH/ibl TPYIIIUPYIOTCA CIIpa-
Ba HAJICBO:
A, = (A, = (... = (A, = A4)))

n n-1

1

B pesysibraTe BceM onepaniaMm OyzieT pUCBOEHO 3HaYeHne A,.
B a3pike C MoxkeT NMpUMEHSTHCS cliellnajibHag (opma oreparuu
npucBauBanus. Ee cunTakcuc:

<ornepaHnl><omnepalnmus> = <oIepaHnl>

Omnepaiius BbINIOJIHSAETCS HaJl 3HaUYeHUAMU oniepan/ial u onepanga2,
MoJiydeHHOe 3HaueHue mpucBanBaeTcd onepanay 1. Hanpumep:

* omepalus i = i + 5 3KBUBaJIEHTHA OIepaIuy i+=>5

* ontepaiusd 1 = 1 & j 9KBUBaJIeHTHA omlepaluu 1&= j

K npouum 6unapnvim onepaimsim B si3bike C MOKHO OTHECTH OTTEPAIINN:

* 110CJIE/IOBATEIbHOTO BBITIOJIHEHUS <,». JTa ollepaiusd rpynnupyer
BBIpQKEHUS cJIeBa HallpaBo. Pa3jiesieHHbIe oriepaliieil BbIpasKeHUs BbI-
YUCJSIOTCS MOCJe/I0BaTebHO CJieBa HAllpaBO, B KauecTBe pe3yJibTaTa
COXPAHSIOTCS TUTI U 3HAUYE€HHE CaMOTO TTPaBOro Bbipaxkenusd. Omnepaius
OOBIYHO KCIIOJIB3YETCS [IJIST BBIITOJHEHWS HECKOJbKUX BbIPasKEHMIt
B CUTYAIUSIX, TJI€ [T0 CHHTAKCHUCY MOKET OBITh JIUIIb OJHO;

 npuBenenus tuma «( )». Omepanus obecrieynBaeT MPUBEACHUE
TUIIA 3HAYEHUS BbIPAKEHUSI, IIPE/CTABJISIEMOTO BTOPBIM OIlepaHIOM,
K THUILY, criennduKanms KOTOPOTO 3aJaeTcs MepBbiM omepaHaoMm. Ha-
npumMep:

(float) 1; // mepemenHass 1 NPUBOOUTCSI K TUILY

// BemecCTBEHHOTO dYMCJia OIOMHAPHOW TOYHOCTH
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* ungekcaru «([ |)» ncromp3yercs mpu pabote ¢ MaccuBamu u Oy-
JIET PACCMOTPEHA HITKE;

* BbI30Ba (hyHKIMHU «()». ITa oneparus OyaeT pacCMOTPeHa HIKE;

* oOpaleHnst K ajieMeHTaM 00beKTa CJA0KHOTO TUTIA. DTH OMEePaIIAN
OyIyT PaCCMOTPEHBI HITKE.

B st3pike C nMeeTcst eAMHCTBEHHAsE ontepaiist, paboTaromnas ¢ TpeMsi
orepaHiaMu — 9TO yCJIOBHas oriepaius «?». Ee cunrakcuc:

<omepaHnl> ? <omepaHn’l> : <OollepaHmn3>

[Ipu BeITIOSTHEHNM OIlepalliyl CHaYajIa BBIYUCISIETCS 3HaUYeHUe OTle-
panznal. Ecau 210 3HaueHue sBJsieTCS UCTUHHBIM (OTJIUYHBIM OT (),
TO Pe3yJIbTaTOM OIlepalluu SBJISETCS 3HaUeHHe Ollepan/ia2, eciu JoxK-
HbIM (paBHBIM (), TO omepana3.

Hanpumep, cirenyoriast orepaiust OyAeT BhIUNCIST MOYJIb YKca X:

X>=0 ? X: -X;

Ecsn uncio X HEOTPHUILATEIBHO, TO PE3yJIbTaTOM OIlepaliuu OyaeT
3HavYeHue yncsa X, a iHaue — 3HadeHre 9uciia X ¢ MPOTUBOTIONIOKHBIM
3HAKOM.

[IpropuTeTsl BBITIOJNHEHUS olepanuii B a3bike C IPUBEIEHBI
B Ta0J1. 5.5. ITopsIIoK BBIIOIHEHNS BCEX MIEPEYNCIeHHbIX B Hell omepa-
M — CcJieBa HAIPaBo.

Tabnuua 5.5
IIpuopureTsl BbIIOJTHEHUS ONepanui
[Tpuopurer Omnepariust O6o3HaueHnEe

1 [IpedukcHbIlT UHKpEMEHT ++
[IpedukcHbiil 1eKpeMeHT --
Br13oB dhyHKIIIMM O
Nnpexcarusa []
Yxaszareab CTPyKTYPbI —
Yien cTpyKTypbl

2 Jlormueckoe oTpuIlaHue !
[To6uTOBOE OTPHUIIAHHUE ~
YHapHblil MUHYC -
YHapHBIN TTI0C +
[IpuBenenue Tuma (type)
Oobpaiienre 10 aapecy *
[Tosryuenne agpeca &
Ormpenenenne pasmepa sizeof
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Oxonuanue maba. 5.5

[Tpuopurer Omneparnyst O6o3HaueHme
3 YmHuo)keHne *
[enenne /
OcraTox ot nesenust %
4 Cioxenue +
Borunranme -
5 [TopaspsiiHbIil CABUT BJIEBO <<
[Topaspsublil ciBUT BITPaBO >>
6 Memnniire <
Membiite Wi paBHO <=
bBoubiire >
Boubie unm paBHo >=
7 Pagno ==
He paBno I=
8 [Topaspsimnast KOHBIOHKITHS &
9 [Topaspsanas uckaovaas M3 bIOHKIN a
10 [Topaspsnast U3 bIOHKITNAS |
11 Jlormueckoe 1 &&
12 Jlormueckoe NJIN I
13 YcioBHasg onepanus ?:
14 [IpucBanBanue =
CocraBHoe ci0keH1e +=
CocTaBHOE BbIYUTAHNE -=
CocTtaBHOE YMHOKEHME =
CocraBHoe fieenne /=
CocTtaBHOI OCTAaTOK OT JieJIeHUus %=
CocTaBHOU TTOPa3psSIAHBIN CABUT BIEBO <<=
CocTtaBHO TTOPa3PSIHBIN CIBUT BIIPaBO >>=
CocTaBHag 11o0pa3ps/iHast KOHBIOHKITUS &=
CocraBHag Mopa3ps/iHask UCKJII0YAIONIAs IU3b- A=
IOHKITUS
CocTaBHas 1nopasps/iHasi IU3bIOHKITUS =
15 Omneparnus «3ansrasi» )
[TocTdukcHbINT THKPEMEHT ++
[HocTdukcHbIl 1eKpeMeHT --
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Kpome 06b14HbIX Omeparuii, B coctaB st3bika C BXOIAT TakKe 6a30-
Bbie pyukiuu. Crangapraas 6ubanoreka C onpezpenser Habop QyHK-
i, 061t 1st Beex koMnuasgTopoB ISO/ANSI C. O copepKuT 1mm-
POKMIA [Mara3oH MOAPOrPaMM, IIPOTOTUITBI KOTOPBIX 0ObEINHEHBI TI0
Ha3HAueHUIO B (hailIbl 3ar0JI0BKOB.

5.4. OCHOBHbIE anropUTMUYECKHE CTPYKTYPbI

OOBIYHO OIEPATOPHI ITPOTPAMMBI BBITTOJIHSAIOTCS TOCAEI0BATEIHHO
omH 3a apyruM. OgHaKO YacTo TpeOyeTcs mepeaaTh yipaBieHue ore-
paropy, He cjeayoieMy 1o mopsaaky. s peanusanuu Takou nepeja-
4y UCIIOJIb3YETCS onepamop 6e3ycioenozo nepexoda goto. CHHTAKCUC
oreparopa:

goto <meTra>;

Metka B mporpaMMe 3alliChIBaeTCd B Havase CTPOKU U OT/IeJISIeTCs
OT oTlepaTopoB JiBoeTouneM. Hampumep:

i=5;

goto ml;

3=10; // HumKROrma He BHIIOJIHIETCS

ml: i+=3;

MHorokpaTHoe HCIOJb30BaHUE B IPOTpamMMe OIepaToOpoB goto
IMPUBOAUAT K OOJIBIIMM TPYAHOCTSIM B COIPOBOKIEHUH IIPOTPAMM, I10-
3TOMY, B COOTBETCTBUU C TPUHITUIIAMU CTPYKTYPHOTO ITPOrpaMMUPOBa-
HUS, TPUMEHEeHUe orepaTopa goto cunuTaeTcd HexKelaTeJIbHbIM. TeM He
MeHee B MCKJIIOUUTEJbHBIX ciaydadx (B IporpaMMax cO MHOKECTBEH-
HBIM BJIOJKEHUEM YCJIOBHBIX OIIEPATOPOB) €0 IPUMEHEeHNEe MOKeT 3Ha-
YUTEJIbHO COKPATUTDh pa3Mep KOJla U YJAYUYIIUTh €r0 YUTAeMOCTb.

B cTpyKTypHOM ITpOrpaMMUPOBAHUM BBIJIEJISIOT TPU BU/IA AJITOPUT-
MUYecKuX (YIpaBJSIONINX) CTPYKTYP:

* CTPYKTYypa CJe/J0BaHNUS;

* CTPYKTYypPa BeTBJIEHUS;

* CTPYKTYypa IIOBTOPEHUS.

Cmpyxmypa credoeanust, IpeJCTaBIeHHAss Ha PUC. 5.2, BCTPOEHa
B s13bIK C 1 03HAYaeT PeKUM IOCe0BATETBHOTO BBITIOJTHEHUS OTlepa-
TOPOB IIPOTPaMMBL.

Cmpyxmypa semenenus: (6b160pa) CIYKAT JJisI IPOTPAMMUPOBAHIS
Pa3BETBJISAIONUXCS BBIUYUCIUTEIBHBIX ITPOIECCOB U pean30BaHa B BU-
Jie TpeX CTPYKTYP:

* CTPYKTYypa C eIMHCTBEHHBIM BHIOOPOM (pHC. 5.3) BBITOIHSIET He-
KOTOPOE JICCTBHE, €CJIA YCJIOBUE UCTUHHO, U UTHOPUPYET €T0, eCJIN yC-
JIOBUE JIOKHO;

* CTPYKTYPa C ABOMHBIM BHIOOPOM (pHC. 5.4) BBITIOJIHSIET OTHO JIENCT-
BHE, €CJIN YCJI0BUE UCTUHHO, M BTOPOE JCHCTBUE, €CJIH YCIOBUE JIOKHO;
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Puc. 5.2. Ctpykrypa cienoBaHus Puc. 5.3. Ctpykrypa
C €IMHHCTBEHHBIM BHIOOPOM

* CTPYKTypa C¢ MHOKECTBEHHBIM BBIOOPOM (pHC. 5.5) BBIIOJIHSIET
BBIOOD HEHCTBUS CPEAN MHOKECTBA JCHCTBU.

CTpyKTypa C e[MHCTBEHHBIM BEIOOPOM PEATU3YETCSI C TIOMOTITHIO yC-
J0BHOTO oniepaTtopa if. CHHTaKCUC:

if (<BHpaxeume>) <ollepaTop>

[Ipy BBIIOJIHEHUM YCJIOBHOTO OIlepaTopa CHayajla BBIYKMCJISIETCS
3HaveHue BhIpaKeHusl, crosiiero mocie if. Eciv 3HaueHne BhIpasKeHMs
ncTuHHO (OoTanYHO OT (), TO BBITIOJHSIETCS YKa3aHHBIA OIlepaTop,
B IIPOTUBHOM CJIy4ae YCJOBHBIN OIepaTop UTHOPUPYETCS U yIIpaBJie-
HUe TTepPeaeTcst CJeyIONEMY 3a HUM ortepatopy. Boipakernue 0oicHo
IPUHUMATh I[eJI0€ 3HaUeHne Uan Oyaer mpeodpa3oBaHo K I[eJIOMY 3Ha-
YEHMUIO.

IIpumeuanue: B KOHCTPYKINSX s13biKa C 11O O1TEPATOPOM MOKET TTOHU-

MaThCs 1 OJIOK OIIEPaToOpOB — IOCJEN0BATEIbHOCTD AEHCTBUI, 3aKII0UCH-
Has B purypHbie cKOOKU. CUHTaKCHUC:

{

OOBABIIEHUS ¥ OIIpeneyleHus ITaHHBX
OriepaTopH

}

Takas KOHCTPYKIUA IMO3BOJIAET YKa3aThb BbIIIOJITHEHHNE HECKOJIbKUX OIl€pa-
TOPOB TaM, T/I€ 110 CUHTAKCUCY MOJKET 6I)ITB TOJIBKO OAVH. O6'I)51BJI€HI/I§{ " OI1-
pellesieHrsT TaHHbIX, 3aJlaHHbIe B OJI0Ke, AEHCTBYIOT TOJBKO B 3TOM OJIOKE.
C momoripio 6J10Ka OIepaTopoB B YCJIOBHOM omepartope if MokHO 3a-
7aTh BBITIOJTHEHWE HECKOJBKUX OTEPATOPOB MPU MCTUHHOM 3HAYEHWU
BBIPAKEHMSI.

Mpumep 5.4.1

Bsectu uyncio X u BoIUUCAUTH Y, paBHOE

Y =vX-10.

ITpu X, menbuiem —10, samerntsb yncsao X Ha X2
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#include <stdio.h>
#include <math.h>
int main()

{

}

float X, Y;

scanf ("$f", &X); // BBOm umcna X

if (X < 10)

X = X * X;

Y = sqgrt(X - 10);

// Y mpucBamBaeTcs 3HadYeHMe OGYHKIUM KBaOPaTHOTO KOPHS
// uz X-10

printf ("$f", Y); // BHBOI 3Ha4YeHUs Y

return 0;

Mpumep 5.4.2

Bsectu yncna X u Y v BBIUUCIUTD Z, paBHOE

. X+Y
X-YV-1

[Tpu X, paBaom (Y + 1), uncio X yBenduTh B /1Ba pasza, a Yucjao Y yMeHb-
IIUTH B IBA pasa.

#include <stdio.h>

int main/()

{

}

float X, Y, Z;

scanf ("%f %$f", &X, &Y); //BBOO 4Ymcen X m Y

if (X == (Y + 1)) // mpm X=Y+1 BHIONHSeTCs OJIOK
// oIepaTopoB

X =X * 2; // X yBenuduBaeTCsd B 2 paza
Y =Y / 2; // Y yMeHbmaeTCcs B 2 paz3a
}
Z = (X +Y) / (X -Y - 1); // BHUMCIEHME B3HAYEHUS Z
printf ("$f", Z); // BHBOI umMCIa Z
return 0;

CTpyKTypa ¢ JBOIHBIM BBIOOPOM PEATH3YETCS C MTOMOIIBIO YCIOB-
Horo omneparopa if — else (cm. puc. 5.4). Cunrakcuc:

if (<BHpaxeHne>) <omeparopl>; else<omepaTop 2>;

Puc 5.4. CtpykTypa ¢ I1BOWHBIM BHIOOPOM
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[Ipu BBITIOJSHEHUU 3TOTO OTepaTOpa CHayajia BBIUUCISETCS 3HaUe-
HUe BbIpaskeHus, crosimiero nociue if. Ecin 3HaueHme BbhIpasKeHUsT Mc-
TUHHO (OTJAUYHO OT (), TO BBITIOJIHSAETCS onepaTopl, B MPOTUBHOM CJTy-
Yyae BBITIOJIHSIETCS OTepaTop2.

Mpumep 5.4.3

Bsectu uucna X u Y, uyuciy Z npucBouTh 3HaYeHNE, PaBHOE TIOJIOBUHE HaU-
O0JIbIIIEr0 U3 BBEeIEHHBIX YHCe.

#include <stdio.h>
int main()

{
float X, Y, Z;

scanf ("%$f %$f", &X, &Y); // BBOL umcen X m Y
if (X > Y) // ecnmu X > Y, To X - Haubonbleee
Z = X / 2;
else
Z =Y / 2; // wmHade Y Haubonblee
printf("%f", Z);
return 0;

Mpumep 5.4.4

Beectu uncsia X u Y, ne paBubie apyr apyry. Haubosbiee uncio ymMmeHb-
HIUTD B /[Ba pa3a, a HAUMeHblllee — yBEJUYUTD B /IBa Pa3a.

#include <stdio.h>
int main()
{
float X, Y;
scanf ("$f %$f", &X, &Y); // BBOm uumcen X u Y
if (X>Y) // X — HauboJbllee, BHIIOJIHSETCsSI OJIOK
// oIIepaTopoOB

X =X/ 2;

Y =Y * 2;
}
else // Y - HauboJrblee, BHIIOIHSAETCs OJIOK OIIEpaTOpPOB
{

Y =Y / 2;

X =X * 2;

printf("%f %$f", X, Y);
return 0;

}

Ouepatop if MOKeT ObITh BJIOKEHHBIM. DTO 03HAYAET, YTO JAHHDII
orepaTop MOKeT ObITh BKJIIOYEH B KOHCTpYKIuio if mim else apyroro
YCJOBHOrO omepaTtopa. IIpm 3TOM KOMIIMJIATOP CBSA3BIBAET KasKI0€
KJII04eBOe CI0BO else ¢ Hanbosee 6auskuM if, 11 koroporo Her else.
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Mpumep 5.4.5

Beectu Tpu uncina a, b, ¢, e paBabie ApyT Apyry. Haiit cymmy MakcuMab-
HOTO M1 MUHUMAJBbHOTO U3 9TUX YUCEJ.

#include <stdio.h>
int main()
{
float a, b, ¢, s; // s - cyMMa MakKCUMaJIbHOTO
// ¥V MUH/MaJIbHOTL'O dYMcCJa
scanf ("%$f %f %f", &a, &b, &c); // BBOO MCXOIOHHX YMCEI
if (a>b)
if (a>c) // MakCHUMaJIbHOE 4MCIIO a
if (b>c) // MMHMMAJBHOE YUCJIO C
s = a + c;
else // MUHMMAJIBbHOE dYMCJIO D
s = a + b;
else // MarcuMalbHOEe YMCJIO C, MMHUMAJIbHOEe - Db
s = ¢ + b;
else
if (b>c) // MarCuMalibHOE 4MCIIO D
if (a>c) // MMHMMAJIBHOE YUCJIO C
s = b + c;
else // MMUHMMAJIbHOE 4YMCJIO a
s = b + a;
else // MakKcuMalbHOEe dYMCJIO C, MUHMMAaJIbLHOE - a
s = c + a;
printf ("$£", s);
return 0;

}

[Ipu cocraBiieHnn BeIpaskeHMs B orieparope if MOKHO KCII0Ib30BaTh
gorndeckue omneparuun M u WJIW, nospossomne oO0beIUHUTh He-
CKOJIBKO ITPOCTBIX BbIpaKEHUI B OJIHO cocTaBHOoe. [Iporpamma, peasu-
3ylolasgd MpeAblyIuil TpUMep, ¢ MOMOIIbIO0 3TUX OIlepalluii MOKET
OBITH 3aIMCaHa B CJIEAYIONIEM BHUJIE:

#include <stdio.h>
int main()
{
float a, b, c,s;
scanf gt %f", &a, &b, &c);

("$f %

if ((a > b) && (b > <¢))
s = a t+ c;

if ((a > ¢) && (¢ > b))
s = a + b;

if ((b > a) && (a > c))
s = b + c;

if ((b > ¢) && (¢ > a))
s = b + a;

if ((c > a) && (a > b) )
s = c + Db;

7
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if ((c > b) & (b > a))
s = c + a;

printf("$f", s);

return 0;

}

[Ipu ucnosbzoBanuu jorudeckux omnepamuiit I u NJIN caenyer
UMeTh B BU/Y, UTO BhIpasK€HUE MOKET He BBIYUCIATHCA 10 KoHIa. /leit-
CTBUTEJIBHO:

* ecJIM 3HaUeHHWe JIeBOTO olnepanaa omnepaiuu && paBHo FALSE
(HyJI10), TO 3HAUEHUEe TIPABOTO OTepaH/ia He BBIUUCISETCS, TaK KaK pe-
3yJbTaT BCEH olepanuy OT HETO He 3aBUCHT;

* eCJI 3HAYEHNeE JIEBOTo onepanza onepanui | papno TRUE (ue pas-
HO HYJTIO), TO 3HaUeHHe TIPaBOTO OIlepaH/ia TaKKe He BhIUUCIISETCS.

PaccmoTpum etiie oiiH TIpUMeEP UCTIOTB30BAaHUS BJIOKEHHOTO OTIe-
patopa if.

Mpumep 5.4.6

Beectu koaddunuenTs KBajpaTHOTO ypaBHeHus a, b, ¢. Haiitu xopHu
ypaBHEHUS.

#include <stdio.h>
#include <math.h>
int main()
{
int a, b, c, d;
float x1, x2;

scanf ("%d %d %d4d",&a, &b, &c); // BBOO KODOIPUILIMEHTOB
// ypaBHeHUS
d=b*b-4*a*c; // BHYMUCIEHMVEe IUCKPVMMWHAHTA

if (d<0) // ecnu OoucKpMMMHAHT MeHbme (0, KOpHel HeT
printf ("net korney\n");

else
if(d==0) // ecnu mouckpmMmHaHT paBeH 0, y ypaBHeHUS
// OOVH KOpPEeHb
printf ("1l korn: %d\n", -b/(2*a));
else// B TIPOTUBHOM Ciydae Yy YPaBHEHUS IOBa KOPHS
printf ("2 korna: %f %f\n", (-b+sgrt(d))/(2*a),

(=b-sgrt(d))/(2*a));
}

CTpyKTypa ¢ MHOKECTBEHHBIM BBIOOPOM (CM. PHC. 5.5) peannusyer-
Cs1 ¢ TIOMOIIBIO oTlepaTopa Bbibopa switch-case. CHHTaKCUC:
switch (<BopaxeHme>)

{

case<MeTKal>:
[<OrrepaTops>; ]

case<MeTKaz>:
[<OrrepaTops> ]
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[default:< ormepaToOpH>; ]
}

IIpumeuanue: Haune KBaJpaTHBIX CKOOOK B CHHTAKCHCE YKa3bIBaeT Ha
TO, YTO 3aKJIOYEHHBI B HUX 3JIEMEHT KOHCTPYKI[MU He SIBJIsIeTCsl 00si3a-
TEeJIbHBIM, TIPY HAMMCAHUM KOHKPETHOTO OMepaTopa MOKET OBbITh OIYIIEH.

> —»
> >

A

:

Puc 5.5. CTpyKTypa ¢ MHOK€CTBEHHbBIM BBIOOPOM

Omneparop switch cpaBHMBaeT 3HaYeHME BbIpaKEHMSI, CTOSIIIETO 10-
cite switch, co Bcemu 3HaueHUsIME (METKaMU ), IEPEYNCTIEHHBIMU C T10-
MOIIIbIO KJIIOUEBBIX CJI0B case. Kak TOJIbKO 3HaUeHUe BbIPAXKEHUST COB-
majgaer ¢ KaKoh-1nO0 METKOI, ylpaBJeHUEe IePeaeTcsi oIeparopy,
cJeayolieMy 3a 9TOi MeTKOH. Ecyin 3Hauenne BoIpaskeHus He COBIIa/la-
€T HU C OZTHOM METKOW, TO yIIPaBJIeHUe IIePeaeTCs OnepaTopy ¢ MeTKOM
default (ecsin Takast MeTKa ecTh) WM OIIEpPaTOPY, CAEAYIONIEMY 3a OIIe-
patopom switch (ecoin metka default oTcyrcrByer).

Kaxk BeIpaskeHue, Tak 1 METKU JIOJIKHBI UMETh 3HAYEHUS 11€JI0T0 TH-
na (BKJIIOYast TUII char).

B si3bike C B orniepatope switch-case mocJie BbITTOJHEHMST OTIEPaTOpa
(rpynmbl OrepaTopoB), CJAEAYIONIUX 32 COOTBETCTBYIOINIEH METKOI,
BBITIOJTHEHHE oriepaTtopa switch He mpexparaercs, a MPOAOIKAETCS 110
CaMOro KOHIIQ, BBITIOJIHSASL BCe JIeMCTBUS, YKa3aHHbIe /JIs1 BCeX HUKe-
CTOSIIIUX METOK. JTO IO3BOJISIET 3allMChIBATh HECKOJIBKO IOCJe10Ba-
TeJIbHBIX METOK JIJISI OTHOU U TOU sKe TPYIIIIbI OllepaTopoB. B aToM cirydae
rpyIia OrnepaTopoB OyAeT BBITOJIHITHCS, €CIM 3HAYEHUE BBIPAsKEHUSI
PaBHO XOTsI ObI OMHOI 13 METOK.

Ecsin B iporpamme He TpeOyeTcst BBITIOJIHSITD AeHCTBUS, YKa3aHHbIE
TS TIOCJIEIYIONNX METOK, IIPepBaTh BHINIOJHEHHE oreparopa switch
MOJKHO € TTOMOIIbIo onepatopa break. Omeparop break nmpepniBaet BbI-
noJiHeHue oriepatopa switch u epeaer yrpassienue cieayionemy mo-
cie switch omepatopy.
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Mpumep 5.4.7

BBectu HOMep Mecsiiia ¥ BbIBECTU HOMEP KBapTasa, K KOTOPOMY OTHOCUTCS
BBEJIEHHBINA MeCHII.

#include <stdio.h>
int main()
{
int m;
scanf ("%d", &m);
switch (m)
{
case 1:
case 2:
case 3: // HOMep Mecsdlla paBeH 1, 2 wuim 3
printf ("1 kvartal");
break; // BEBOmDUTCs coobmenme "1 kKBapTan",
//BHIIOJNHEHME OoIpaTopa switch mnpepmBaeTcs
case 4:
case 5:
case 6:
printf ("2 kvartal");
break;
case 7:
case 8:
case 9:
printf ("3 kvartal");
break;
case 10:
case 11:
case 12:
printf ("4 kvartal");
break;
default: // BBemeH HeBepHHNM HOMEp Mecslla,
// BHBOI CcoOObmeHUsT 006 ommbre
printf ("error") ;
break;

}

Cmpyxmypa nosmopenusi CIyKUT [ IPOTPAaMMUPOBAHUS 1IUKJIN-
YeCKUX BBIUMCIUTEIbHBIX ITPOIECCOB U peasn3oBaHa B si3bike C B BUjie
TpeX TUIOB IIUKJINYECKUX CTPYKTYP:

* [UKJI C 3apaHee U3BECTHBIM YrcjioM noBTopenuii (for);

* 1uKJI ¢ ipeaycaoBueM (while);

* 1K ¢ octycioBueM (do while).

B npoiiecce peanmzaiuy 1uKJa ¢ 3apaHee U3BECTHBIM YKUCJIOM I10-
Bropenuii for (puc. 5.6) BBITIOJIHSIIOTCST TPY OTIEPAIUN:

* UHUIIMAIN3AINS cueTyrKa (3a71aeTcsl mepeMeHHast IIMKJa ¢ ee Ha-
YaJbHBbIM 3HAUYEHUEM );
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A 4

Puc. 5.6. CTpyKTypa I[UKJIa ¢ 3apaHee U3BECTHBIM YHCJIOM MOBTOPEHHit

* [IpOBEPKa yCJIOBUS NOBTOPEHUS (3HAUCHUE CUeTYMKA CPAaBHUBAET-
€4 C KOHEYHBIM 3HAYEHUEM );

* [IpupanieHre cueTynka (M3MeHeHNe 3HaYCHUS CYeTYMKA [P KaK-
JIOM TIPOXOKCHUU TeJsa IIUKJIA).

Tes0 nuka MoBTOPSIETCS, ITOKA YCJIOBUE TIOBTOPEHUS IIUKJIA UCTUH-
HO. B KauecTBe Tesa MUKIa MOKET BBICTYTIATh OJIMH OTIePaToOp Uiu OJI0K
OIIepaTOPOB.

Cunrakcuc rukia for:

for ([<Bopaxkenmel>]; [<BopaxeHme2>]; [<BHpaxeHre3>]) orepaTop;

Buipasxcenue1 3amaer MHUNUATU3ANNIO CUETYUKA U BBITIOJHSETCS
OJIMH pa3 B HavaJIe UK/, ITO BBIPAKEHNE MOKET OBITH ITYCTHIM.

Buipaxcenue?2 niposepsieT ycaoBre POIOJIKEHNS TUKIA. Bpraunciie-
HUE 9TOTO BbIPaKEeHUST TTPOU3BOAUTCS B Havasle KaKI0W UTepaIuu |,
ecsin ero 3HaueHue paBHo TRUE, urepaius BoIlioJiHAeTCS, MHAYE 1K
3akanumBaetcs. Ecau a10 Beipaxkenue paBio FALSE B camom navase
I[IKJIa, TEJIO UKJIa He Oy/eT BBIITOJIHEHO HU pasy. BeipakeHne MOKeT
OBITH IyCThIM, TOorza ero 3HadeHne paBHo TRUE. B atom ciydae mux
MosKeT ObITh GecKoHeuHbIM. Hampumep:

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

{

int 1, 3J;
for (i=1 ; ; 1i++)
/%

YCJIOBME BHIIOJIHEHNMSA IIMKJIIa SABJIAEeTCHA IIYCTHEM,
CJIegoBaTeJIbHO, OHO BCeT'Ia BHIIOJIIHAETCHA
*/
j = 1i;
return 0;
}
Buipaxcenue3 mopudunmpyeT cY4eTYUK W BBITOJHSIETCS B KOHIIE
KaK/I0¥ UTepaIuy nNuKia. Boipakenue MOKeT OBITh MTyCThIM.
B s3pike C iepeMeHHas-CYETUYNK MOKET OBITh N3MEHEHA B TeJie IUK-
Jla. ITO MOKET OKa3blBaTh BJUSIHUE HA JVINTEJbHOCTD IUKJIa. Harnpu-
Mep:
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Mpumep 5.4.8

#include <stdio.h>
int main()

{

}

int i, 3J;
for (i = 0; i< 7; i++)
{

/* B KaxOou WTepalumu IIepeMeHHas IUKJla YBelIudrBaeTCs

Ha 2, B KOHIIe KaxIoM uTrepalum — eme Ha 1. TakuMm
obpazoM, LIMKJI BHIIOJIHUTCA 3 paza */

i += 2;

j o= 1i; // ] TipuMeT 3HadeHus 2, 5 um 8
printf("sd ", J);

}

return 0;

B kauectBe swvipancenuss! n svipajcenus3 MOTYT UCIOJIH30BATHCS
CJIOJKHbBIE BBIPAKEHUS, CO3/TAHHbIE C MCTIOJIb30BAHUEM OITEPAIIAN <,>.

C knaBuatypsl BBecTu 7 ynces. KosmuecTBo yuces n BBOAUTCS BHavaJe.
Haiitu 1 BbIBeCTH CyMMY BBE/ICHHBIX YHCEJL.

#include<stdio.h>
int main()

{

int s, 1, X, n;

s = 0; // s — cyMMa BBEIOEHHHX 4YMCeJI, M3HaAYaIbLHO pabBHa 0
scanf ("%d", &n); // BBOO KOJIMYECTBA dYMCEI
for (i = 0; i<n; i++) // 1 — CcUYeTYMK KOJIMYECTBa 4YUCEeI,

// Mensercsa or 0 mo n-1

scanf ("%4d", &x); // BBOI OdYepemHOTO dYMCIia

S+t=x ; // mobaBleHMre BBeIeHHOTO dYMucila K CyMMe
}
printf("sd", s); // BHBOJI HAaKOIIJIEHHOM CYMMH YMCerll
return 0;

Mpumep 5.4.9

C KJIaBUaTypPbl BBECTU 11 YUCEJL. Haiitu n BBIBECTM MaKcHMMaJbHOE U3 BBCAECH-
HBIX YUCeJI.
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#include <stdio.h>
int main()

{

int n, 1, x;
int max;

scanf ("%d", &n); // BBOIO KOIMYECTBa dYUMCEI
scanf ("%d", &x); // BBOI IIepBOTO dYUCIAa
max = X; // TIepBOe YMCIIO IPMHMMAaeTCs 3a MaKCUMyM

for (i=1; i<n; 1i++)

{



scanf ("%d", &x); // BBOO odYepemHOTO dYmuCIa
if (x>max) // ecnm odepemHoe YKnCio 60Jblle MakKCHMyMa,
// MarCUMyM MeHSIeTCH
max = X;
}
printf ("%d", max);
return 0;

Mpumep 5.4.10

/lBa moe3za ABUTAIOTCS B OJIHOM HaIlpaBJIEHUU U3 IYHKTOB, PACCTOSIHUE
MeXKIY KOTOPBIMH S KioMeTpoB. CKOpPOCTH 1epBoro mnoesfaa — v1 Km/4, cKo-
POCTB BTOPOTO TToe31a — v2 KM/4, v2 > v1. Uepes cKOJBKO YacOB BTOPOIi TIO-
€3]] IOTOHUT TIePBbIii?

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

int 1, j, t = 0;

int vl, v2, s;

scanf ("%d %d %d", &s, &vl, &v2);
/* VHUIIManIu3alus CYeTYMKOB BKIIDUYaeT OBE IIepeMeHHHEe,
HadaJibHasl Pas3HOCTL MeXIy 3HaYeHUsSMM KOTOPHX paBHa S.
[Ip¥ KaxIOM BHIIOJIHEHUM CYeTUYVKM YBEIUYMBAKLTCS Ha V1 U V2.
COoOTBETCTBEHHO, IIMKJI BHIIOJHSETCS OO TeX IIop, IIoKa
3Ha4YeHMe IIepBOT0 CUYeT4YMrKa OoIblle 3Ha4YeHMUss BTOpOoro. */
for (1 = 0, j = -s; i>3j; 1 += vl1, j += v2)

c++;

printf ("%d", t);
return 0;

}

[Luka ¢ mpemycaoBueM while (puc. 5.7) BBIIOIHIETCS, TOKA YKa3aH-
HOE B HEM YCJIOBHE SIBJIsIeTCsT MCTUHHBIM. CHHTAKCHC:

while (<ycrmoBue>) <OIIepaTop>;

|4
l

Puc. 5.7. CTpyKTypa 1UKJIa ¢ npeaycIoBUeM

YcnoBue nipoBepsieTcs B Havajsie 1ukaa. Ecau ono paBuo TRUE,
TO BBITIOJTHSAETCS UAYIINIA 32 HUM orrepaTop (610K OIepaTopoB), MOCIe
Yyero ycJioBue IpoBepsieTcs cHoBa. Ecim ycmoBue 1oxHO, nuka while
3akaHuMBaercs. Eciu ycioBue I0KHO B caMOM Havasie, TO UK/ He BbI-
HOJTHUTCS HU OJIHOTO Pasa.
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[Ipu mocTpoeHnn 3TOTO IMUKJA B €T0 TeJ0 HY;KHO BKJIIOYUTH OTlepa-
TOPBI, U3MEHSIOIINE 3HAaYeHUE IPOBEPSIEMOrO YCIOBUs TakK, YTOOBI
B KOHIIE KOHIIOB OHO CTaJIO JIOKHBIM. B MPOTUBHOM cJiiydae BbITOJIHE-
HUe [IMKJIa HUKOT/Ia He 3aBePIIUTCSL.

Mpumep 5.4.11

C xyaBMaTypbl BBOAUTCS Psifl yucest. [IpuaHakoM oKOHYaHUS BBOJA SIBJISI-
eTcsd BBOJI YKcJia, paBHOTO Hy 0. HaliTu u BeiBecTU cpe/iHee apudmeTnieckoe
BBEJIEHHBIX YKCEJI.

#include<stdio.h>
int main()
{
int x,1;
float sr;
sr=0; // cyMMa 4ucen
1=0; // KOJIMYIECTBO dYMCe]l
scanf ("%d", &x); // BBOI O4YepernHOTO dYMCJila
while (x!=0) // moka 4YMCJIO HE PAaBHO HYJI

{

sr+=x; // yBeIMYEHMEe CyMMH 4YMCEeIl
1++; // yBenndeHMre KOoJIudecTBa uucen
scanf ("%d", &x); // BBOI HOBOT'O 4YKCIa
}
if (1!=0) // €ecnuM KOIMYeCTBO ducen He pabBHO 0
printf ("%$f",sr/1); // BHBOI CpemHero
// apudMeTndIecKoro
else
printf ("no numbers"); // BHBOL COODIEHMS
// 06 OTCYTCTBUM 4UUCEII
return 0;

}

Mpumep 5.4.12

C kaBuatypsl BBecTH 1esioe uncyo. Haiitu koandecTBo 1iudp 9TOr0 Yynca.

#include <stdio.h>
int main()

{

int n, m = 0; // m - KoIM4YecTBO LMdp UMCIa,
M3HadanlbHO paBHa 0
scanf ("%d", &n); // BBOO MCXOOHOTO dYMCIIa

while (n > 0) // moka uywucno 6onbme 0

{
m++; // KOIuYecTBO LmMdp B UMCIEe yBeIndmBaeTcs Ha 1
n /= 10; // HOBOe UMCIJIO IIOJIydaeTcCs IIyTeM IeJleHUs

// Terymero uymcia Ha 10

}

printf ("%d", m);

return 0;
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[Luks ¢ moctycmoBueM do while (puc. 5.8) TOBTOPSIET [eiiCTBHE, TTO-
Ka yCJIOBHE OCTAETCSI UCTUHHBIM, IPUYEM IIPU TIEPBON UTEPAIUU YCJIIO-
BUe He TpoBepsieTcs. TakuM 06pasoM, aTOT MK/ 06sI3aTeIbHO BBIITOJI-
HUTCS XOTs1 ObI 0uH pa3. CUHTAKCHUC:

do

<OoIIepaTop>;

while (<ycimoBue>) ;

B orsimuwme ot nukia while, mpoBepka yci0BusT BBIOTHEHNS KA
3/1eCh TIPOM3BOANTCS B KOHIIE, a He B Hadaje Kak1oil urepaiuu. B oc-
TaJIbHOM paboTa IUKJIOB UAEHTUIHA.

Puc. 5.8. CTpyKkTypa 1uKjIa ¢ NOCTyCJIOBHEM

Mpumep 5.4.13

Pemenne 3ajaun 5.4.11 ¢ momomipio onepatopa do while:

#include <stdio.h>
int main()
{
int 1 = 0;
float x, s = 0;
do
{

scanf ("%d", &x);

s t= X;
1++;
}
while (x != 0);

// KONMM4YecTBO 4YMCeJ Ha 1 MeHblle 1, Tak Kak opu BBome 0
KOJNIMYECTBO YMCEeJI B BH BeINYMBAETCS

// KO ecTBO ce ce paBHO e aerc

printf("%f ", s/(1i - 1));

return 0;

}

Bce ONUKJINYECKHNE KOHCTPYKIIMN MOI'YT OBITH BJIOJKCHHBIMU. TeJio
OUKJIa CPeAU IIPOYIUX OIIEPATOPOB MOJKET BKJIIOYATb U OIIEPATOPLI HUKJIA.

Mpumep 5.4.14

C KJIaBUaTyPbl BBECTU 71 LEJIBIX YHUCEJL. Haiitu n BeiBecTH 4YucJ0, UMEIoIIee
MaKCHUMaJIbHOEe KOJIMUECTBO IeJIOYMCJIEHHBIX fAennuTesneil. Ecim takux uncen
HECKOJIbKO, BBIBECTHU IIEPBOE N3 HUX.
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#include <stdio.h>
int main()

{

// N — KOIMYeCcTBO YMCeJl, X — TerKyllee YUCIO,

// Yy — 4YMCIJIO C MAaKCUMAaJIbHHEM KOJMYECTBOM HOeJuTeseln
int n, x, v;

// k — KoIm4yecTBO »ejIuTeNied KaxIoro d4Yucia,

// max — MaKCHUMaJILHOE KOJIMYeCTBO IeJuTeeln

int k, max;

int 1, Jj; // 1 m Jj - CYETYMKU IIMKJIOB
scanf ("%d", &n);

max = 0;

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

// BHEWHMM LIMKJ TepebupaeT BCe uYucia
{
scanf ("%d", &x);
k = 1;
// BHYTPEHHMI IIMKJI CUYMTaAEeT KOJIMUYEeCTBO IOeJuTeen
// Kaxmoro d4ucia
for (J = 1; J <x / 2 + 1; J++)
if (x%3 == 0)
k++;
if (k > max)

max = k;

printf ("%d", v);
return 0;

Mpumep 5.4.15

C ky1aBuaTypbl BBECTH 7 11eJIbIX urces. HaliTu 1 BBIBECTH YMCJIO C MUHUMAJTb-
HOU cyMMoli 1iudp. Ecim Takux uncesr HeCKOJIbKO, BBIBECTH MTOCJe/IHEee U3 HUX.

#include <stdio.h>
int main()

{

int n,x,y,z; // N — KOJIMYeCTBO dYMCeJI, X - Terylee

// YUCIO, y — 4YUCIJIO C MMH/MAJIbHOU

// cymMom 1mdp, z - OydepHas IIepeMeHHas
int s,m; // s - cymMma umdp UmMcua,

// M - MUHMMAJIbHAas CyMMa
int 1i; // 1 - cuYyeTumKk LIMKIIa
m = 10000000; // m3HadYalbHO MMHUMYMY IIPMCBaMBaeTCs

// BaBemoMO HEeBO3MOXHO OOoIblloe 3HadeHue
scanf ("%d", &n);
for (1 = 1; 1 <= n; i++) // BHemHUN LIMKJ IIepebupaeT

// BCce d4ducia
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scanf ("%d", &x);

zZ = X;
s = 0;
while (x != 0) // BHYTPEHHUM IIUKJI BHYUCIISET CYMMY

// 1mdp KaXOOr'o dYMcia

s += x % 10;
x /= 10
}
if (s <= m) {m=1s; v = z; }
}
printf ("%d", vy);
}

B asbike C ©MeIOTCS 0nepaTopsl, HO3BOJISIONINAE YIIPAB/ISAT BBITOJI-
HEHMEM UTepalyii BHYyTpH Tejia ukjia. K HUM OTHOCATCS CJIeLyolie
OTePaTOPHI:

e break 110JIHOCTBIO TIPEPHIBAET BBINIOJHEHKE [[UKJIA 1 [IePeIaeT yii-
paBJieHKe CJeAyoleMy 3a IUKJIOM OIePaTopy; KPOMe TOro, OIepaTop
break ucmosb3yerca B Tese omeparopa switch-case mig pasmesnenust
BBITIOJIHSIEMBIX OJIOKOB, O Y4eM FOBOPUJIOCH BHIIIIE;

* continue 1pepbIBaeT BHIIIOJHEHUE TEKYIIEeN UTePal[uu [UKJIA U T1e-
pejlaeT yrpas/ieHre Ha Hadajlo CJIeAyIoIell uTepaluu.

Mpumep 5.4.16

[MogcunraTh cpeaHuii Oala CTYAeHTOB, CHABIIMX dK3aMmeH. IIpu BBojE
OLIEHKH, MEHbIIIei 2 vin GOJIbIIeii 5, CANTaTh, YTO IIPH HOABEIECHUN UTOTOB K-
3aMeHa JIoMylleHa omnOKa, 1 mpepsBath 00paboTKy. OIeHKH, paBHbIE 2, UTHO-
pUPOBATh.

#include <stdio.h>
int main()

{

int n; // n - KOIMYECTBO CTYIEHTOB,
// ball - Tekymas olLleHKa, S - CyMMa OILIeHOK,
// kK — KOIMYEeCTBO CTYIOEHTOB, CIOABIMUX DK3aMeH
int ball, s=0, k=0;
int i, 3=0; // i - cyeTYMK LMKJa, Jj - IIPU3HAK
// TIpepbBBaHUS IIMKIa
scanf ("%d", &n);
for (1 = 1; 1 <= n; 1++)

{
scanf ("3d", &ball);
// ecnu olleHKa 0Oonblle 5 miaM MeHblle 2, BHIOAaeTCS
// coobmeHne 06 ommbre, ¥ IIUKJII IIpPEepHBaeTCs
if ((ball > 5) |1 (ball < 2))
{

printf ("input error");

183



j = 1;
break;

// OlleHKa, paBHad 2, UTHOPUPYETCHA, IPOUCXOOUT
// TIiepexon K obpaboTke crienyolel OleHKU
if (ball == 2)

continue;

s += ball;

k++;

if (3==0)
// ecnu LMKJI He IIPEepPHBAaJICsI, BHBOIUTCS pPEe3yJIbTaT
printf ("%f", (float)s/k);

return O0;

}

Omnepatop return ocylIlecTBJIsSIET Tepefady yIpaBjieHus U3 BHYT-
peHHell (DyHKIMK BO BHENTHIOI. Bosee moapoObHO paboTa 3TOTO Omepa-
Topa OyzeT pacCMOTpeHa HITKE.

Yactp meiicTBuil Mo 06pabOTKe MaHHBIX B TPOTPaMMeE MOKET OBbITh
BBITTOJIHEHA Ha 3Tare TpeIBapuTeIbHON 06pabOTKK Tiepes cTaaueit
KOMIUJIAIUN. J{JIs1 3TOTO Ciry:KaT AMPEKTUBHI IIperporieccopa (IpeKoM-
MUAJISITOPA).

/lupexmusa npenpoyeccopa — 3To CTPOKA, HAUNHAIOIIASICS C CUMBO-
JIa # ¥ 3aKaHYMBAIOIIAsICSI CUMBOJIOM KOHIIa CTPOKU. OOBIYHO TUPEKTH-
BbI TIPETIPOTIECCOPA BBITTOTHSIOT MOACTAHOBKY, 3aMEHY WJIN yAaJieHue
ydacTKa TeKCTa MPOrpaMMBbl TIEPe] ee KOMITUJISIITUEN.

JupextuBa #include Tpon3BOANT TOACTAHOBKY COAEPKUMOTO yKa-
3aHHOTO (haiijia B TO MECTO MOJIYJid, TJie 3Ta [UPeKTUBa 3amucana. /[u-
PEeKTHBA MOXKET OBITH 3alcaHa B ABYX (hopMax:

* #include <¢aiin.h> — noakroueHne 3ar0JI0BOYHOrO (haiiia; yKa-
3aHHBIN (haily Oepercst n3 KaTajora, B KOTOPOM XPaHSITCSI 3ar0JI0BOY-
Hble (hailibl CTaHAAPTHBIX ONOINOTEK;

* #include "paiin. h" — noaKITOUEHME 3aTOTOBKA; YKa3aHHBIN (haiit
GepeTcst U3 TEKYIIEero Karajaora, a eCJIM OH TaM OTCYTCTBYET, TO U3 KaTa-
JIOTa 3ar0JIOBOYHBIX (hallJIOB CTaHAAPTHBIX OUOJUOTEK.

[Tpu 3amanmu nmenu daiila MOKHO YKa3bIBaTh OTHOCHUTEIbHBIN
1 aOCOTIOTHBIN TTyTh K HEMY.

HupextuBa #define onpenensier makpoc. OHa MO3BOJISIET CBS3aTh
yKa3aHHbIN ueHTUdUKATOP (3aMeniaeMyio 4acTh) C MOCJIe/I0BaTe N b-
HOCTBIO JieKceM (3aMelnaolneil yacTbio). B pe3ysibrate Bce BXOKIEHUS
JTAHHOTO MAEHTU(UKATOPA, BCTPEYAIONTUECS TOCJe ITON JIUPEKTUBBI,
OyIyT 3aMEHEHbI Ha yKasaHHbIe JieKceMbl. JIupekTiBa MOKeT OBITh 3a-
nycaHa B IByX (hopMax: IPOCTOTO MAaKpOca M MaKpoca C apaMeTPaMH.
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CunTakcuc mpocToro Makpoca:

#define <umeHTHUIUKATOP>< IIOCIJIEOOBATEILHOCTL_JIEKCEeM>

Nnentudukatop Makpoca B TEKCTe IPOrPaMMBbl 3aMeHSIeTCs 110CIe-
JI0BaTeJIbHOCTBIO JiekceM. Hanpumep:

#define max_kart 100 //zameHser max_kart mzHa 100

CuHTakcuc Makpoca ¢ mapamMeTpamu:

#define <umenTuUdUKaTOP> (<dopMasibHEE IIapaMeTPH>)
<IIOCJIegOBaATEJIBbHOCTBb_JIeKCeM>

B nmporpamme Takoii MaKpoC BBI3bIBAETCS € ITOMOIIBIO OTIepaTopa:

<nmeHTuduKaATOP> (<PakKTUIeCKMe IIapaMeTpR:>) ;

[Ipu BBI3OBe Makpoca TMPOUCXOAAT ABe 3amMenbl. CHavyajsia UAEHTH-
(pukaTOp MaKpoca B UCXOJTHOM TEKCTe ITPOrpaMMbl 3aMeHsIeTCs TTocJie-
NIOBATEJIbHOCTBIO JIEKCEM, a 3aTeM (popMasIbHbIe TTapaMeTPhI B TeJie Ma-
Kpoca 3aMeHSIOTCS 3HaUeHUsIMH (paKTUUeCKHX MapaMeTpoB orepaTopa
BbI30Ba MakKpoca.

C nmoMo111bIo Takou (popMbl MaKpoca MOKHO 3aITUCBhIBATh ITPOCTEMIIIE
(byHKIMN, KOTOpbIe He OYAYT KOMIIMJIAPOBATHCS OTAEABHO, a OyayT
MIO/ICTABJIEHbI HEITOCPEICTBEHHO B TEKCT IIPOIPAMMbl Ha MECTe UX BbI30Ba.

Hanpumep:

#include <stdio.h>

#define max(x, v) (X >y ? x : V)

int main/()

{
int x, vy;
scanf ("%d", &x);
scanf ("%d", &y);
printf ("%d", max(x, Vy));
return 0;

}

B aToM npuMepe MaKpoc max CpaBHUBAET 3HAUEHUS JIBYX [T€PEMEH-
HBIX X U y W NpUcBanBaeT UAeHTU(HUKATOPY MaKpoca max 3HauyeHUe
HaH6OHbIHeﬁ 13 HUX.

B mupextuse #define 3amernnaiomast 9acTh MOKET OTCYTCTBOBATb.
Hanpumep:

#define VALUEL

Taxkast hopMa 0OBIYHO UCTIOTB3YETCS B CBSI3KE C IPYTUMU TUPEKTH-
BaMU IIPETpoIeccopa.
JlupexTtuBa #undef oT™mensieT ornpenenenre Mmakpoca. Hampumep:

#undef max_kart // pazpeHBaeT CBsA3b Mexny max_kart m 100

Bce Bxoxkmenus uaeHTH(dHUKAaTOpa Max_Kart, Bcrpeyaiommecs mo-
ciie aToit qupextusbl, Ha 100 3amensThes He OyayT. Bojee Toro, mocie
mupektusbl #undef nxentudukarop max_kart ¢ momoinpio HOBOI 1u-
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pextuBbl #define MoxeT OBITH CBsI3aH C IPYTUM 3HAYEHUEM, U BCE €TO
naJabHeIIe BXOKICHUS OYIyT 3aMEeHSIThCsSI HOBBIM 3HAYCHHEM.

Jlupexmueol ycio6Hoi KOMNULAYUY BBHI3BIBAIOT 00PabOTKY yacTeit
IIPOTPAMMBI TIPETPOIECCOPOM B 3aBUCUMOCTH OT ycaoBuil. K atum au-
pextuBaM otHocaTcst #if, #ifdef, #ifndef, #else, #elif, #endif.

Hupextusa #ifdef o6pabaTpiBaeT yacTh MPOrpaMMBbl, €CJIM IEHTH-
(buKaTOp, yKa3aHHBIN B [UPEKTUBE, OIPEIESEH PaHee B MPOrpaMMe
¢ omoribio qupekTuBsl #define. B nporuBHOM cirydae ata yacthb mpo-
rpamMMmel Oyziet yaasena. [leiictBue nupextussr #ifdef pactipocrpansier-
cs1 Ha YacCTh IPOTPaMMBI JI0 ANPEKTHUBHI #else, a Tipu ee OTCyTCTBUH 110
mupextusbl #endif.

OOl CHHTAKCHC TUPEKTUBBI:

#if (<mpenTmdouraTopl>) // ecnmun upeHtudmrkaTopl oOOBABIEH,
{...;} // TO CcoOxpaHseTcs »Ta 4YacTb
// TIpPOTpPaMMH
[#elif (<mmenTuUdMKaTOP2>) // ecnu uneHTuduxraTopl
// He obbsABIJIEH,
// a NOeHTUOUKATOP2 OOBABIICH,

{...;:}] // TO BHIIOJIHIETCS B»Ta 4YacTb
// TIPOTPAaMME
[#else {...;}] // ecnIu HM OOUH U3 UISHTUPMKATOPOB

// He O0OBLsSBJIeH, TO BHIIOIHSIETCS
// @Ta 4YacThb IPOTpPaMME
#endif

Hanpuwmep:
#define INTEGERS

#ifdef INTEGERS // upmeHnTtmdmukaTop INTEGERS oObBsaBIIEH,

int 1, 7J; // TIODTOMYy IIepeMeHHHe 1 u j mMenT Tum int
#else // ecnu Ov upmeHtudmratrop INTEGERS
// He OBy OOBsSBJIIEH,
double i, j; // To mepeMeHHHe 1 M J uMenu OH

// Tun double
#endif

JleiicTBus, BoIoIHsIeMble qupekTuBoii #ifndef, moHoCTHIO IPOTH-
BOTIOJIOKHBI feiicTBusiM aupekTuBe #ifdef. dta nupextnBa coxpanser
HOCJIE YOI KOJI, €CJIN UAECHTU(MUKATOP, CAEAYIOIINIL 32 Hell, He ObLI
0ODBSIBJIEH, U yIAJISIET, eCJii ObL 00bstBIeH. CHHTAKCHC U IPUMEHEHWE
9TON IMPEKTUBBI MMOJTHOCTHIO aHATOTUYHbBI AupekTnBe #ifdef.

5.5. Yka3arenu

Yxaszamenv saBnsgeTcs OTAeTbHBIM TUTIOM JIaHHBIX B A3biKe C. YKa3za-
TeJIb — 3TO IlepeMeHHas, cojiepsKalias ajpec Apyrou nepemMmeHHou. Yro-
ObI TIOJIYYUTH IIPSIMOIL [OCTYII K 00JIaCTH IIAMSITH, T/l XpaHUTCSA UHPOP-
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Marysi, HeoOXOIMMO UMETh HEKOTOPBII THII JaHHBIX, CIIOCOOHBII Xpa-
HUTh ajipeCc MaMsITH W MPOU3BOANUTH TIPSIMbIE OMEPAINU C MaMSTHIO.
ITOT THII JAHHBIX U €CTh YKa3aTeJb — THII, HAPSIMYTO YKa3bIBAIOTIHIA
Ha HEKOTOPYIO 00JIaCTh TAMSITH.

Kaxk u sm06ast ipyrast nepeMeHHast, yKa3aTesb B IPOTpaMMe J0JKEH
6bITh 00bsIBIIEH. /7151 OODBSIBJIEHUST yKa3aTessT MCIOIb3YETCS CUMBOJ
«*». CunTakcuc oObsIBJICHUS YKa3aTeJIst:

[<KJIaCC_IIaMATU><TUII_OAaHHBX> * <UMSI>;

Hanpumep:
int * i ; // 1 - ykKazaTenb Ha THUI int
float * £ // £ - ykazarens Ha Tun float

Pasmep obstacTi TaMsITH, Ha KOTOPYIO CCHLITAETCST yKa3aTelb, 3aBU-
CHUT OT THIIA JaHHBIX, pa3Mep Ke 00JIaCTH MaMsITH, 3aHIMaeMOI CaMUM
yKaszaTesieM, GUKCUPOBaHHBIN (4 Oaiita).

[Tpu oObsBaeHNN yKasaTesieid (Tak e, Kak W APYTUX THUIIOB JaH-
HBIX) MOJKET OBITh yKazaH MoaudukaTop const. Vcnoab3oBaHue KIo-
4YeBOr'o CJIOBa const orpe/iesigeT, YTO yKasaTesab U (MJIN) yKa3dblBaemast
nepeMeHHas He JI0JKHBI U3MEHAThCS.

YTo6bI 3aITPETUTHh U3MEHEHME YKa3bIBAEMON ITepeMEHHO, MO -
KaTop const pa3Melniiaercs 1mepe/ TUIIOM YKa3aTeJIs:

int tabnl, tabn2;

const int *p = &tabnl; // p - ykKazaTenb Ha KOHCTAHTY
// Tumna int
*p = 1000; // IlpucBoeHue obbekTy tabnl, Ha KoTOopHM

// yKaz3bpBaeT yKazaTelnb Ha KOHCTAaHTY P,
// HenoIy CTUMO
p = &tabn2; // llpucBOeHME B3BHAYEHUS yKazaTeJl IOITyCTUMO
qTO6bI 3allpETUTb M3MEHEHUE CaMOTO YKa3aTeJid, MOI[I/I(I)I/IKH.TOP
const CJIeaAyeT Ppa3MECTUTD II0CJIE THUIIA YKa3aTeJid:

int * const p=&tabnl; // VkazaTenb-KOHCTaHTa Ha int

// TlpucBoeHue oOBLeKTy tabnl, Ha KOTOPHM yKa3HBaeT

// yKazaTenb Ha KOHCTAHTY P, OOIIyCTUMO

*p=1000;

// TIpuUCBOEHUE HOBOTO 3HAYEHUsS yKazaTeJlo Ha KOHCTAHTY

// HeOoIly CTUMO

p=&tabn2;

Ykasartenu ¢ MOI[I/I(I)I/IKaTOPOM const Ha3bIBAIOTCA KOHCMAHMHbIMU
yrasameisimu.

Ecan H€O6XOI[I/IMO, I{TO6I)I YKa3bIBa€Masd IE€PEMEHHAA HE N3MEHI-
JIaCh, HY/KHO 3allCaTb const rnepea TUIIOM yKa3aTeJId.

Ha,z[ YKa3aTeJAaAMHU MOKHO BbITIOJITHATD CJICAYIOIINE OIl€pallui:

* [oJiyyeHue ajipeca nepeMeHHon (&);

* orepaius KocBeHHOU azpecarun (*);

* onepaius npucBanBaHus (=);
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* apudmeTndeckue oneparun (+, -, ++, --);

e onepaitug unaexkcanuu (| |);

* onepanuy CpaBHEHUS.

Omneparius nmosiydeHust ajipeca «&» Bo3BpaliaeT aJipec MamMsTH, B KO-
TOPOM XpaHWTCSA 3HaueHue TepeMeHHOU. Orepalsd MOKET BBITIOJ-
HSATHCS Hajl TepeMeHHoi iroboro Tuna. Hampumep:

int 1i;

int* p;

p=&i; // B IIepeMeHHOM p 3aImMcaH agpec ydyacTKa IIaMsaTu,

// B KOTOPOM XPAaHUTCs IIepeMeHHas i

Omneparius moysydeHus ajipeca MosKeT TPUMEHAThCS U K yKa3aTeJsIM.
Hampuwmep:

int * pl;

int **p2;

p2 = &pl;

Onepauus kocsennoil aopecavuu (pasadpecavyuu) «*» BO3BpallaeT
nepeMeHHyI0, Ha KOTOPYIO CChLIaeTcs yKasaTesb. Omepamus MoKeT
BBITIOJTHATHCS TOJBKO HaJl IepeMEeHHBIMU THUTIA «yKa3aTesby. THi nepe-
MEeHHOI, BO3BpalliaeMoii orieparueit «*», ToKaeCcTBeHeH TUITY, Ha KOTO-
PBI YKa3bIBaeT yKa3aTeJb.

B couetanuu c onepauuei npucsausanus onepanus mo3BoJseT 3a-
MICHIBATh 3aJJaHHOE 3HAUYEeHNE B MTaMsTh WA YNTATh 3HAUEHNE, XPaHs-
njeecd B YKa3aHHOM y4acTke mamMatu. Hanpumep:

int 1, J;

int * p;

p = &1; // B IepeMeHHY P 3alMcaH ampec IIepeMeHHOM 1
*p = 1; // 1o ampecy, XpaHUMOMY B IIepeMeHHON P,

// 3ammcano 1

// B pe3yiabTaTe IIepeMeHHOM 1 IIPHMCBOEHO 3HadeHme 1
j = *p; // B IIepeMeHHyI J 3alrcaHO 3HaYeHre SYelKn

// TaMsaTH, aIpec KOTOPOM XPAaHUTCS B IIepeMeHHOU

// p (Tr.e. 1)

ApudmeTtnyeckre omepanuy TMO3BOJLIIOT U3MEHUTHh (yBEJIUYUTH
WJIM YMEHBIIIUTH) aJ[pec ydacTKa MaMATU, XpaHAlUIUiicd B yKa3aTeJe.
[Ipu sTOM cJoelyeT TIOMHUTb, YTO Pa3Hble TUIIbl JAaHHBIX 3aHUMAIOT
B IIaMsITU Pa3Hble 110 pa3Mepy yyacTku. Hanpumep, pagMmep ydacTka 11a-
MSITH, OTBOAKMMOI IO/l XpaHeHHe TiepeMeHHo Tuiia char, paBen 1 6aiity,
a mepeMeHHON Tuma int — 4 Gaiitam. CooTBETCTBEHHO, apupMeTHIec-
Kue olepaluy HaJl yKa3aTessiMU IlepeMellaloT yKa3aTeb Ha 3a/laHHOe
KOJTMYECTBO aJ[pecyeMbIX yuyacTKOB. VI3MeHeHUe 3HaUeHUsT yKa3aTesis
MO’KHO BBIUHCJIUTD CJIELYIONMM 06pa3oM: IIPU M3MEHEHUHN yKa3aTe s
p =p +1, e p — yKazaTeJb Ha HEKOTOPBIU THI; 1 — 11eJI0e YUCIo, hu-
3UYECKUI ajipec, XpaHUMBIN B yKazaresie, I3BMEHUTCS Ha 1*s, T7e s —
pa3Mep THUIla, Ha KOTOPbIN YKa3bIBaeT yKa3aTeJsb p.
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AHaJIorUYHO 71T yKasaTesell paboTaioT onepariy BhIYUTaHUs, WH-
KpeMeHTa u JlekpeMenTa. Hammpumep:

double *p;

pt++; // 3BHadYeHMe yKazaTelsd YBeIU4YMTCs Ha 8 0autT

Onepauus undexcayuu || coBmernaer aeicTBust aprupMeTUIECKUX
olepaluii 1 orepali KOCBEeHHON ajipecalliy U MO3BOJIsIeT YNTATh UJIN
3alMCbIBaTh 3HAYEHUA B STUEUKY ITaMATH, CMEIIIEHHYIO Ha 3aJlaHHOe KO-
JINYECTBO MMO3UITUM.

Hanpuwmep

pl5];
*(p + 5); // BoHpaxeHUsT DKBUBAJIEHTHH

i
i

Onepauuu CpasHenHUusl NJiA yKaSaTe]Ieﬁ BbBITIOJIHAIOTCA aHAJIOTUYHO
ornepanuAaM CpaBHEHUWA AJIAd APYTHUX THUIIOB /IaHHbIX.

Hampuwmep:

#include <stdio.h>

int main()

{
int i=2, j=7, *pl, *p2, *p3;

pl = &i;
P2 = &i;
pP3 = &J;
if (pl == p2)
printf ("YES ") ;
else
printf ("NO \n"); // YES, Tak XKak pl um p2 comepxartT

// aipec OOHOM U TOM Xe IIepeMeHHOU

if (*pl > *p3)
printf ("YES ") ;

else
printf ("NO \n"); // NO, Tak Kak 3Ha4YeHMre, 3alMcCaHHoOe
// TIo ampecy B pl, MeHbIle 3HAYEHUI,
// BanmMcaHHOTO IO aIpecy B p2
return 0;

5.6. 06paboTka maccuBoB

Maccue — 3T0 HenpepbIBHASA 1O PACTIOJOKEHUIO B IMAMATH MTOUMe-
HOBaHHasg COBOKYIIHOCTb JIaHHBIX, COCTOAIas u3 (DUKCUPOBAHHOIO
YyHrcJa 3J1IeMEHTOB OJIMHAKOBOTO TUIIA.

Kak u pyrue repeMeHHble, MACCHB B IIPOrPaMMe J0JIKEH ObITh 00b-
sBeH. CuHTaKcHC 00hSIBIEHUS MACCHBA:

[<KJIaCcC_TIIaMATU> | <TUII_OAaHHHBX><UMS_MacCCUBa> [<pazMep> ]
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r7ie pa3Mep — KOJUYeCTBO 2JIeMEHTOB MaccuBa. KomyecTBo ajieMeH-
TOB yKa3bIBA€TCST B KBA[PATHBIX CKOOKAX.

MaccuB MoKeT UMeTh 1000 KIace maMsTH, KpoMme register.

MaccuBbl pasiuyalorcsi pa3MepHOCTbio. ['0BOPAT 0 ofHOMEpHOM
MaccuBe (psijie JaHHBIX), JByMEpHOM MaccuBe (TabJuile) M Tak Ja-
jgee — N-mepHoMm maccuBe. B si3bike C/C++ npeycMOTPEHO MOHSTHE
TOJIBKO OJTHOMEPHOTO MaccuBa. MHOTOMEPHbIe MAaCCUBBI TIPE/ICTABIIS-
I0TCSI KaK MacCHUB, COCTOSITIINI M3 9JIEMEHTOB THUIIA MACCHB.

// OoOBaABIEeHNe OIOHOMEepPHOTO MaccuBa u3 10 1LenHx uYucen

int all0];

// OOBbaBIEeHNVe IOBYMEPHOI'O MacCCHUBa BelleCTBEeHHBIX

// dYuces, CoCTOoAmero m3 3 CTPOK M 4 cTonbloB

float b[3][4];

Jlist obpamieHnss K KOHKPETHOMY 9JIEMEHTY MacCHBa UCIIOJIb3YeTCs
ornepanus nHaekcanuu <[ |». VIHgekc — aTo MOps/IKOBBI HOMED 2JIeMeH-
Ta B MacCHBE B COOTBETCTBYIOIIEM nu3Mepenunu. VHaekcaius aneMen-
TOB HaunHaeTcs ¢ 0.

Hampumep, npu o6bsiBiennn Maccusa int a[4] sTor maccus Oyer
cocTosITh 13 yeThipex asemenToB: a[0], a[1], a[2], a[3].

[Tpu obpaleHnn K 3J€eMEHTY JBYMEPHOTO MacCHBa 3a/af0TCs JBa
MHJIEKCA: TIEPBBII yKa3bIBa€T HOMEP CTPOKH, a BTOPOIl — HOMEp CTOJIO-
113, Ha TIepeceueHny KOTOPBIX HAXOIUTCS 2JIEMEHT.

Hampuwmep, b[1][3] — 210 asremenT, HaXoAAMUICS Ha IIepecedyeHnn
IIePBOI CTPOKU U TPEThEro CToJdIa AByMepHOro Maccusa b (Homepa
CTPOK ¥ CTOJIOIOB UHaeKcupyioTes ¢ 0).

WHuaexc, yKka3piBaeMblil B Onepaliiy WHAEKCAIUH, MOKET OBIThH Iie-
JIOW KOHCTAHTOM, IIEJIOW TepeMEeHHOM WK JII0OBIM BhIPAKEHUEM I1€J10-
ro TUTIA.

B maMaTy MaccuB XpaHUTCS B BHUJE HEIIPEPBIBHOTO OJIOKA JaHHBIX
PasMepoM (X, X, X, ...-X, ,)-S Oaiit, I/1Ie # — KOJINUeCTBO N3MepeHUit
MacCUBa; X; — X, ; — KOJMYECTBO 2JIeMEHTOB MacCUBa B KaX/0M M3Me-
peHun; S — pa3Mep TUTIA JaHHBIX 271eMeHTOB MaccuBa. Hamprumep, mac-
cuB int x[3][4] Oyzner 3aHuMath B mamstu 3 -4 -4 = 48 OGaiir.

Tak Kak maMsTh JINHEIHA, TO MAaCCUB JIF0OO0N Pa3MEPHOCTH B TIAMSITH
XPAHUTCS KaK OZJHOMEPHBIII MACCUB, COCTOSIINN U3 XX, X, " ... X, ; DJIEMEH-
ToB. HoMmep asieMeHTa B 3TOM MaccuBe MOKHO BBIUMCIUTH 110 (popmyie

N-2 N-1
number = Y, i > x|ty
k=0 j=k+1

r7ie i, — UHEKC sieMeHTa B k-M mamepenun. Hanpumep, B mMaccue
x[2][4][3] aiement x[1][3][2] Oyzer umers HOMEp

1-4-3+3-3+2=23.
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[Ipu 0ObsIBIEHNM MacCHBa MOYKHO OJZHOBPEMEHHO BBIITOJTHUTH €T0
MHUIHAJIN3AINI0 HaOOpOM 3HAYeHWH, 3aK/IIOYEHHBIX B (DUTYpPHbBIE
ckoOkn. KosmmyecTBO MHUIIMATM3UPYIOIINX 3HAUEHIIT He 00s13aTeIbHO
JIOJIKHO COBIQJIaTh C KOJMYECTBOM 3JIeMEHTOB MaccuBa. Eciu 3Have-
HUI MEHbIIEe, TO OCTaBIINECS 3HAUEHNS 2JIEMEHTOB MacCHUBa He OIpejie-
Jierbl. Hanpumep:

// DIeMeHTH MacCHuBa II0CJIedoBaTeNIbHO IIPUMHMMAT

// TIepeducIiieHHbBEe 3RHaYeHUS

int al[5]={5, 10, 6, 7, 8};

// TIepeuYucIIeHHbHEe 3HaYeHUs IPUCBAWBATCS II€PBHM TPEM

// DiIeMeHTaM MacCuBa, IIOCJIenHue IIBa DIJIeMeHTa

// He olpeneieHH

int x[5]1={4, 2, 12}

[Tpr MHUIIMATU3ANH MOKHO 00BSIBJISITH MACCHB O€3 SIBHOTO yKa3a-
HUS ero pa3Mepa. Pasmep mMaccuBa OyeT yCTaHOBJIEH aBTOMAaTHYECKH
10 KOJIMYECTBY MHUIMAIUZUPYIOIINX 3HAYCHU .

[Tpy MHUIMATN3AMYT MHOTOMEPHBIX MAaCCUBOB pa3OueHne 3JieMeH-
TOB II0 Pa3MEPHOCTAM IIPOUCXOAMT B COOTBETCTBHUMU C O6'I)HBJI€HI/I€M
MacCCuBa:

int al31([(51={1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11}

B sTom MaccuBe miepBbie ISTh 3J€MEHTOB OTHOCATCS K HYJIEBOU
CTPOKe MacCuBa, CJeayIollue MATh — K MepPBOM, B MOCJe/IHEH CTpPoKe
onpe/ieJieHO 3HaUeHUe O/THOTO 3JIeMeHTa.

MoKHO 0OBSIBUTD ¥ MHUIIMATU3UPOBATH MACCHB CJIELYIONTIM 00pa-
30M:

int al31([5]={{1,2,3},{4,5,6,7,8},{9,10,11}}

3/1eCch rPYIIITBI 3HAYEHUH, TEPEYNCTEHHDIX B KPYTJIBIX CKOOKAX, MHM-
MUAJTU3UPYIOT KAKAYIO CTPOKY IBYMEPHOTO MaCcCHUBA.

[Ipu 0OBSABICHUN ¥ MHUIIHATU3AIMA MHOTOMEPHBIX MACCHBOB Pa3-
pelraeTcsl He YKa3blBaTh Pa3Mep TOJbKO CaMOro JIEBOTO U3MEPEHUs.

JJIeMEHT MacCHBa B IIPOTPaMMe MOKHO MCIOJIb30BaTh KakK JOOYIO
IIepeMEHHYI0: UX MOKHO BBOJIUTD, IIPUCBAaUBATh UM 3HAYEHUS, BBIIIOJI-
HSTH HaJl HUMU JII0ObIe OTIepaIinu.

Mpumep 5.6.1

BBectu onHoMmepHbIlt MaccuB, coctosiiuit U3 10 snemeHTOB. BhruncauThb
cpemHee apudmMeTnyeckoe MaccuBa. Bee asieMeHTH MaccHBa, MEHbBIITNE CPeTHE-
ro apuMeTUIeCKOro, 3aMeHUTh HyJieM. BbhIBecTu moJiydeHHbII MacCuB U KO-
JINYECTBO 3aMEH.

#include <stdio.h>
#define N 10
int main()

{

// obbaBIeHMe MaccuBa m3 10 BrIeMeHTOB
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int x[N];

// kK — KOIM4YeCcTBO D2JIEMEHTOB, MEHBIUX CPpeOHEeTro
// apudMeTmIecKoIro

int 1, k=0;

float sr=0;

// Sr — cpernHee apudMeTHMUIECKOe DIEeMeHTOB MaccCuBa
for (1 = 0; 1 < N; 1i++)
{

scanf ("%d", &x[1]); // BBOIL ¥ CYyMMMUPOBAaHNE

// odYepermHoTro 3JIeMeHTa
sr += x[1];
}
sr /= N; // BHYUCJIEHME CpenHeTro apudMeTmdIecKoTO
for (i = 0; 1 < N; 1i++)
// CpaBHEeHMe OYepemHOI'O DIIEeMEeHTa CO CPeIHUM
// apudMeTrIeCKMM
if (x[1] < sr)
{
// OOHYJeHVe D2JIEMEeHTOB, MEeHBIIMX CpeIHero
// apndMeTmUIecKOTO

x[i] = 0;
k++; // yBeIudeHMe KOIMYeCcTBa 3aMeH
}
for (1 = 0; 1 < N; i++)
printf("sd ", x[i1]); // BHBOI OOHOBJIEHHOT'O MacCCHUBa
printf("%d %$f", k, sr); // BHBOI KOJMUUECTBa 3aMeH

return 0;

Mpumep 5.6.2
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BBecTtu nBymepusiii MaccuB pazmepoM 3 X 4. [lomeHaTh MecTaMu TIepBbIT
MaKCUMAJIbHBIN U MePBbI MUHUMAJIbHBIN 3jieMeHTbl MaccuBa. [losydeHHbli
MAaCCUB BBIBECTHU.

#include <stdio.h>
int main()

{

int x[311[4];
int max, imx, jmx, min, imn, jmn, y;

for (int 1 = 0; 1 < 3; 1i++)
for (int j = 0; J < 4; j++)
scanf ("%d", &xI[1][J]); // BBOO BJIEMEHTOB MAaCCHBAa
max =x[0][07;
imx = 0;
jmx = 0;

/* 3a MakCUMyM IIPUMHUMAETCS IIE€PBHM 2JIeMeHT MaccCuBa.
3amoMyHaeTCsT HOMEep CTPOKM UM CcToJbila, B KOTOPHX
PacIIoOIOXEeH MaKCUMyM */

min x[0][07;

imn = 0;



Jjmn = 0;
/* 3a MUHUMYM IIPDUMHMMAaEeTCsI IIePBHI 2JIeMeHT MaccCHBa.

3arroMmHaeTCsT HOMEep CTPOKM M CTOoJblla, B KOTOPHX
PacCIIONOXEeH MMHUMYM */

for (int 1 = 0; i < 3; 1i++)
for (int j = 0; J < 4; J++)

// ecnu odepenHOl DIIeMeHT OOoJblle MaKCUMyMa

if (x[1]1[J] > max)

{
// MeHsIeTCsI MakKCUMyM U €T0 PAaCIIOJIOXKeHUEe
max = x[1]1[j]; imx = 1; jmx = J;

}

else

// ecrnu odYepenHOW SJeMeHT MeHbIle MMHMMYMAa

if (x[1]1[J] < min)

{
// MeHsSeTCs MUHMMYM U €r0 PAacIOJIOXeHMe
min = x[1i][j]; imn = 1; jmn = J;

}

y = x[imx] [jmx];

// MaKCUMAJLHHI ¥ MUHMMAJIBHHI 2JIEeMEeHT MEeHSITCS

// MecTaMu

x[imx] [Jmx] = x[imn] [jmn];
x[imn] [jmn] = y;
for (int 1 = 0; i< 3; 1++)

//BHBOI OOHOBJIEHHOT'O MacCCHUBa
{
for (int j = 0; J < 4; j++)
printf("%d ", x[i]1[3]);
printf ("\n");
}

return 0;

M4 maccuBa — 3TO ajipec NaMsTH, HAYWHAsA ¢ KOTOPOTO PacIoio-
’KeH MaCCHB, T.e. aJpec IMepPBOro ajJeMeHTa MaccuBa. ITOT aJipec He MO-
JKeT OBITh M3MEHEH, TI09TOMY B OOJIBITUHCTBE CJIy4aeB MOKHO CUUTATH,
4TO MACCHB SIBJISIETCSI KOHCTAHTHBIM yKasaTesieM Ha 06/1acTh XpaHeHMs
ero JJaHHbIX. Hanpumep:

int x[10]; // X SABIsSETCsI yKazaTeJleM Ha IIEPBHM 2JIeMeHT
// MaccuBa

int j;

int * p;

pP=x; // 2TU nBa olepaTropa

p =&x[0]; // TIpuBenyT K OOMHAKOBOMY pPe3yIbTaTy

j = x[3]; // ©TU IOBa olepaTopa

j = * (pt+t3); // mupumBenyT K OOMHAKOBOMY pPe3yJIbLTaTy
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Mpumep 5.6.3

[lan ofHOMEpHBINT MacCUB, COCTOSIIIIUN U3 TIATUA 2JeMeHTOB. Bce mosoxu-
TeJIbHBIE 2JIEMEHTBl MacCUBa yBEJWYUTHh Ha 3, OCTaJibHble YMEHBIIUTh HA 3.
BoiBecTrt 0OHOBJIEHHBII MACCUB.

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

// OOBABIIsSIEM U VHUIONMAJIN3VIPYyEeEM MaCCUMB U3 IIATHM 2JIEMEHTOB

int x[] = {5, -10, 15, -20, 25};
int i, *p, *pl;
pl = x; // yrazaTenb pl yCcTaHOBJIEH Ha Hadalo
// MaccuBa X
for (p = xX; Pp < pl + 5; p++) // yKazarenb p IOBUKETCS

// TIO MacCuUBY X

if (*p>0) // ecnu 3HaAYeHMe, 3alMCaHHOE IIO
// ykazaremno, 6onbme 0

*p = *p + 5; // OHO yBelMuMBaeTCs Ha b5
else
*p = *p - 5; // uMHade yMeHBbIIaeTCs Ha 5

}

for (p = x; p < pl+5; pt+)
printf ("%d\n", *p);

return O0;

}

Pazmyaror craTHYecKoe ¥ IMHAMUYECKOe BhIJe/IeHIe TaMsITH.

[Tpu cmamuueckom svidenenuu oo6beM HeoOXOIMMOI MaMsTH U3BeC-
TeH Ha sTare KoM, Onepanun BbIAEJIeHUs ¥ 0CBOOOKICHIS
HaMSTH [TPY 9TOM BBIIIOJIHSIOTCS aBTOMATHYECKU: TAMATh BBIIE/ISIETCS
pu 00bSABIEHNN TIepEMEHHON (MaccuBa MepeMeHHBIX) 1 0CBOOOK1a-
eTCs [IPY 3aBepIIeHI BpeMeHH KU3HH [TePEMEHHOI.

Jlunamuueckoe evioeenue MaMATU TPOUCXOAUT BO BpeMst PabOThI
porpaMMbl. B 9TOM ciiyyae omnepariuu BbIIEJE€HUs U OCBOOOKIEHIS
TAMSITH TOJIKHBI OBITH IIPOITUCAHBI B TporpaMme. /[uHaMudecKoe Bbi/e-
JieHre 0OBIYHO UCIIOJIB3YETCSI B TOM CJIy4ae, Koraa oobeM HeoOX0IuMO
maMsITH 3apaHee HensBecTeH. /lOCTYI K TMHAMUYECKY BbIIEIEHHON T1a-
MSITH TIPOU3BOUTCS C TIOMOIIBIO YKa3aTesei.

Jlyist yupaBiieHusT IUHAMWYECKUM BbBIIEJIEHUEM TTaMSITH UCIIOJIb3Y-
10TCsT (DYHKITUHU, TIPOTOTUITBI KOTOPBIX mporucanbl B (aitre alloc.h
u stdlib.h: calloc, malloc, realloc, free.

Oyuxius calloc muHamMuyeckn BoiiesieT GJOK TTaMsITH U WHATIAA-
u3upyet ero HyJisiMu. CHHTaKCHC BbI30Ba (DYHKITUH:

calloc(size_t n, size_t s),

rac n — KOJIMYECTBO 3JIEMEHTOB, IO/ XpPaHEHME KOTOPbBIX BbBIAECIACTCA
I[MaMATh; § — pa3MeEp IIaMATH B OailTax IJIA XpaHEHWA OJHOI'O 3JIEMEHTA.
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OyHKIMSA BO3BpAIaeT yKa3aTeab Ha BBIIEJIEHHDIH OJOK B Caydae
ycrnenHoro Bbiiesienud namati i NULL, eciiu mamMaTh BeiieTuTh He
yaajaock. Hammpumep:

int *p;

p = calloc (5, sizeof(int));

BBLJEJIIETCS IIAMATD PasMepoM 5-4 = 20 6aiiToB, B cilydae YCIIEIIHOTO
BbIJI€JIEHUS B P 3aIlMChIBAETCS a/pec HadaJjla BbIJIeJIEHHOrO OJI0KA.

Oynuknus malloc furaMudyecku BoigeseT 6JI0K MaMsITi 0€3 MHHUIIH-
aJIn3aInu ero cojiep;kuMoro. CUHTaKCUC BbI30Ba (DYHKITUU:

malloc (size_t s)

rje S — pasMep Bbije/sseMoro 6ji0ka B 6aifTax.

Tax ke, kak u pynknus calloc, malloc BosBpamaer ykasatenb Ha
Hayvasio BeieeHHoro 6soka namsaTi wi NULL. Hanpumep:

int *p;

p = malloc(5*sizeof (int));

Oynukius realloc npousBoauT nepepacipesiesienne yxe Bblles€H-
HOI TTaMSITH, yBEJIMUYMBAs WM YMeHbIIas ee pazmep. CUHTaKCUC BbI30-
Ba (DYHKITNU:

realloc (void *bl, size_t s)

rae bl — ykaszatesb Ha GJI0K IIpeBapUTEIbHO BhIIEJIEHHON [uHAMIYe-
CKOI1 TaMsITH; S — HOBBII pasmep Os10ka bl.

Ecan ¢pynkius realloc Boi3Bana /ijist yBendeHust pa3mepa TpejiBa-
PUTEJHHO BBIZIEJIEHHOW TTaMSTH, TO TI0 BO3MOKHOCTH K BBIJIEJIEHHOI T1a-
MSTH H00aBJIsSIeTCsl HEIPEPBIBHOM y4acToK TpebyeMoro pasmepa (Bech
6JIOK ZI0JKEH 3aHUMAaTh HEeIIPEPhIBHBIN y4acTOK maMsaTh). Eciu Takoii
BO3MOKHOCTH HET, TO (DYHKIHsI TPOU3BOAUT BBIJEIEHNE HOBOTO OJI0KA
aMSATH HY;KHOTO pa3Mepa, KOIMPOBaHUe B HETO JAHHBIX CTApoOro 0J10-
Ka 1 0cBOOOKIeHre cTaporo 6j10ka. IIpu ymeHblieHn pasmepa Tpedy-
eMOTl MaMSITH HEHYKHBIN y4acTOK TMaMsITu ocBoOOKmaercst. DyHKIms
realloc BosBpamaer ykasareb Ha HOBbIl BBIJEJIEHHBII OJIOK ITaAMATH
i NULL, ecyi mamsiTh He Oblia BbIe/IeHa WK ee PasMep PaBeH Hy.JIIO.

Oyukimg free ocBo6oK1a€T OJIOK MAMSITH, BBIZEJTEHHbIN (hYHKITISI-
mu calloc, malloc ni realloc. Cunrakcuc BbizoBa (hyHKITHN:

free(void* bl);

rie bl — ykasaresrb Ha 0cBOOOKIaeMbII OJIOK TaMSITH.

Mpumep 5.6.4

BBecTu 1mHAMUYECKUI MacCUB, COCTOSIIUIN U3 7 3aeMeHToB. IloacumnraTh
KOJTMYECTBO 3JIEMEHTOB MAacCHBa, MEHBIITNX CPeIHETO apu(METHUECKOTO.

#include <stdio.h>

#include <stdlib.h>

int main()
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int n;
scanf ("%d", &n); // BBOI KOJMYeCTBa DJIEMEHTOB
int 1, k = 0;
float sr = 0;
// IVHaMMYEeCKOe BHIOEJIeHMEe IIaMsaTU
int *x = (int *) calloc(n, sizeof(int));
1if (x) // €Cnu IIaMsaTh BHIOEJIUIACH YCIIEIHO
{
for (1 = 0; 1 < n; 1i++)
{
scanf ("%d", &xI[1]); // BBOO OUYEpPEmHOTO DIIEMEHTAa
sr += x[1]; // pobaBieHme BJIeMeHTa K CyMMe
}
sr /= n; // BHUUCIIEeHNe cpenHero apudMeTndecKoITo
for (1 = 0; 1 < n; 1++)
if (x[1] < sr)
{
k++; // momcyeT KOJIMYECTBa DJIEMEHTOB, MeHbBIMX
// CcpemHero apudMeTmdIecKoIro

}
printf ("% £ %d", sr, k); // BHBOI pPEe3yJILTATOB
free(x);
}
else
printf ("memory error\n"); // BHBOI coobmeHus o6

// omMbOKe BHIOCJIEHMUS IIaMATHU
return 0;

Mpumep 5.6.5

BBectu pmHaMuyeckuii MacCcuB, COCTOMINUN W3 7 dJeMeHTOB. BctaBuTh
B MACCHUB TI0CJIe TIePBOTO MAaKCUMAJIbHOTO 3JieMeHTa HYJIM, KOJTUYECTBO KOTO-
PBIX PaBHO Pa3HOCTU MAaKCHMaJIbHOTO U MUHUMAJIBbHOTO 9JIEMEHTOB.

#include <stdio.h>

#include <stdlib.h>

int main()

{

int 1, n, m, k, r;

scanf ("%d", &n); // BBOIO KOJIMYECTBa DJIEMEHTOB MacCCMBa
int *x = (int *)malloc (n*sizeof (int));
// IOuHaMM4YeCKOe BHIOeJIeHMEe IIaMATK IS XPaHeHUs MaccuBa
if (x)
{
for (1 = 0; 1i<n; 1++)
scanf ("%d", &xI[1]); // BBOO O4YEpPEmHOTO DJIEMEHTAa
// MaccuBa
m = x[0];
k = 0;
for (1 = 1; i<n; 1++) // HaxXOoXIEeHMEe MaKCUMAJIBLHOTLO

// DBIieMeHTa
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1if (x[1]>m) // M ero MecTa B MaccuBbe

m x[1];
k 1;
}
r = x[0];
for (1 = 1; 1 < n; 1++) // HaxoxoeHue

// MUHMMAJIBHOTO BJIeMeHTa
if (x[1] < 1)
r = x[1];
// TiepeomnpenerieHre BHISJIEHHONW OIS XPaHeHUs
// MaccuBa IIaMaTU
x = (int *) realloc(x, (n+m-r)*sizeof (int));

if (x) // ecnu maMsITh BHIOEJIeHa YCIIeIHO

{
for (1 = 0 ; 1 <n-k; i++)
// BJIeMeHTH MacCHBa, PAacCIOJIOXeHHHE IIoCie
// MaKCHMaJIbHOT'O, CIOBUIATCS BIIPABO

for (1 = k+1; 1 <k+ m-r+1; 1i++)
x[n+tm-r-1i] = x[n-1];
// pobaBiieHue B MaCCUB HyJIel
x[1] = 0;
// BHBOI OOHOBJIEHHOT'O MacCCHUBa
for (1 = 0; 1 < n+tm-r ; 1i++)
printf("sd ", x[1i]);
free(x); // OCBODOXRIEHME IIaMSITH
}
else
printf ("memory error\n");
}
else
printf ("memory error\n");
return 0;

}

JIlnnamuyeckoe BbIieJIeHNE TAMSTH JIJIT MHOTOMEPHBIX MacCHUBOB
BBITTOJTHSIETCST C TIOMOIIBIO BBIIEIEHUST HECKOIBKUX 00J1acTeil TaMsITH.
B niepBoii obacti, KoTopast HEITOCPEACTBEHHO 3aa€TCsI YKa3aTeseM,
XPaHATCS yKasaTeJu Ha yKasaTeJu W 00JacTH HaMsITH C JaHHBIMU
60J1ee HU3KOTO YPOBHSI.

Mpumep 5.6.6

BBectn pauHamMuyeckuil ABYMEPHBI MacCUB, COCTOSIIMNA U3 7 CTPOK
u m crosb1oB. Haiitu cpeanee apudmMeTnueckoe BBEIEHHOIO MaCCUBA.

#include <stdio.h>
#include <stdlib.h>
int main()
{
int n, m, s=0;
int 1, 3J;
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}

int **x; // X — yKazaTesrlb Ha yKa3aTelb
scanf ("%d %d", &n, &m);
// BHIOeJIeHMe IIaMaTU II0oJI XpaHeHMre yKazaTenen
x = (int **)calloc(n, sizeof (int));
for (1 = 0; 1 < n; 1i++)
{
// BHIOEJIEeHME IIaMATU IIOHO XpaHeHMVe KaXIol CTPOKMN
// MaccuBa
x[1] = (int *)calloc(m, sizeof (int));
for (3J = 0; J < m; J++)
{
scanf ("%d", &x[1]1[3]);
s += x[i1[31;
}
}
printf("%f", (float)s/n*m);
free(x);
return O0;

Takoii MeTo/ BblJIeJIEHUSI NAMSATH SBJSETCS OYE€Hb TPYIOEMKUM,

0COOEHHO ¢ YBEJIMYEHUEM PAa3MEPHOCTHU MaCCHBaA. HOBTOMy Ipu AUHa-
MHWYECKOM BbIJAC/JICHUHN ITaMATN ueﬂecoo6pa3H0 MHOTOMEPHbIE MaCCHUBbI
XPaHUTb, KaK O/THOMEPHBIE, IIEPECHNUTbIBAA NX NHAEKCHI.

Mpumep 5.6.7

Jluctunr u3 npumepa 5.6.6 ¢ TpejcTaBIeHNEM IBYMEPHOTO MacCHBa Kak

OZHOMEPHOTO BbITJIAANT TaK:

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

{

int n, m, s=0;

int 1, 3J;
int *x;
scanf ("%d %d", &n, &m);
// BHIOEeJeHue IIaMATU IO XpaHeHMe BCcero MaccCHuBa
x = (int *)calloc(n*m, sizeof(int));
for (1 = 0; 1 < n; 1i++)
{
for (j = 0; J < m; J++)
{
scanf ("%d", &x[i*n+]j]); // HUCIOIbL30OBaHUE
// TIepecuyuTaHHBX
s += x[i*n+7j]; // WHIOEKCOB MacCuBa
}
}
printf ("%f", (float)s/n*m);
free(x);

return 0;
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5.7. ®YHKUNH

QDynxyus — 9TO MOMMEHOBAHHBIN OJIOK ITPOrPaMMbI, COCTOSIIINI 13
mocJieoBaTeIbHOCTH orepaTopoB. DYHKITMS BBI3BIBAETCS HA BBITIOJ-
HeHue APyruMu QYHKIUSIMU Yepe3 Habop mapaMeTpoB.

DyHKIMS COCTOUT U3 3aroJIoBKa U Tejia (TekcTa) GYHKIUW. 3az2010-
80K pynxyuu 3amaet M QYHKIIUU, TUTIBI aDTYMEHTOB U THUII BO3BPa-
[aeMoro 3HayeHus. Teno pynxyuu BKIodaeT 0ObIBIEHNS JTOKATIbHBIX
nepeMeHHBIX, OTIpe/IeJIEHUST TUTIOB, OTIePaTOPHI.

Bbi30By (yHKIMK B IIpOrpaMMme IOJLKHO TPEANIeCTBOBATH JHOO
oObsBaeHne (GyHKIUU (IPOTOTHI (DYHKIMK), JUOO OIpeaeeHue
ynkium (TexkcT GyHKIINN).

IIpomomun ¢ynxyuu — 970 3aro0BOK (pyHKIMK 6e3 Tesna PyHKINH,
3aKaHYMBaloOIuiics pasaenureseM (;). IIporoTun hyHKIMNT 0OBIYHO TI0-
MeTIAiOT B 3aT0JI0BOYHBIN (haiiji, KOTOPBIH MOKII0YAIOT K COOTBETCTBY-
fomeMy (aitiry KoJoB ¢ TIOMOIIBIO JUPEKTUBLI KoMiusiTopa #include.

Cunrakcuc nporoTuna GyHKImnu:

<TUII_BO3PamaeMOTro_3HadYeHUSI><UMS_ QY HKIINUU>
(<TuUII><dopMalbHHY_IIapaMeTpl>

[, <Tun><dopMaIbHHI_IIapaMeTp2>,..] ) ;

Hampuwmep:

// &yHKLNMS poisk mpuHMMaeT 2 3HAYEHUS THUIIA MacCuB char
// u int,

// BO3BpamaeT 3HadyeHue Tura int

int poisk (char tabn([], int nomer);

// TlapaMeTps MOXHO 3alaBaThb 6e3 MMeH IIepeMeHHBIX

int poisk (char*, int);

// OYHKLNMS init He OpuHMMaeT UM He BO3BpalaeT 3HadYeHUn
void init () ;

// OYHKIIMS Sr IIpUMHMMaeT 3HaYeHMe THula int, BoO3BpamaeT
// float

float sr (int n);

[Tporotum GyHKIMU COOOIAET KOMITUISITOPY TUI BO3BPAIAEMBIX
NAHHBIX, KOJIMYECTBO TTapaMeTPOB U UX THII, TOPSIIOK UX CJIeI0BAHUS.
KoMmuisiTop ncrnosb3yer mpoTOTUTT (DYHKITAN /LIS TPOBEPKU MTPABUJIb-
HOCTH BbI30BOB (DYHKITUU.

Onpedenenue Qynkyuu — 3TO 3aTOJOBOK U TEJO (DYHKITH.

Cunraxcuc onpenesnenns QyHKITUU:

<TUII_BO3PamaeMOro_3HAaYeHUSI><VMS_ QYHKII>
(<Tun><dopmManbHHYM_TTapamMeTpl>
[, <Tun><dopMalbHHI_IIapaMeTp2>, ...1);
{
//OOBSABIIEHNE II€PEeMEeHHEX ¥ OIIepPaTOPH
[return <3HadeHUe >; ]
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r/le 3HaueHre — 3TO BO3BpallaeMoe 3HaUeHe YKa3aHHOTO B 3aroJI0BKe
(YHKIMM TUIIA.

Orniepatop return ocyIiecTBIsieT nepeiady ylpaBJaeHus: U3 TeKyIen
(ynkmu B BeisbiBaoIryio. CyiecTByeT Be (hOpMBI oliepaTopa return:

return;

return (BHpaxeHue) ;

[lepBast dpopma obecrieumBaeT MPOCTYIO Tepefavdy yIpaBIeHus U3
TekyInel (yHKIMU B BbI3bIBaIONIYIO. [IpuMeHsieTcst /st BBIXO/A U3
byukIimyu Tumna void.

Bropast ¢popma obecrieunBaeT nepegady yrpaBJieHHs U BO3Bpalile-
HUe 3HaUeHUs] BbIpa’keHUsl B BbI3bIBaolyto dbyHkIimio. [Ipumensiercs
B (DYHKIIUSX THTIA, OTJAUYHOTO OT void. Tur Bo3BpaliaeMoro sHa4eHUsI
JIOJIKEH COBIAJIaTh C TUTIOM (DYHKITUU.

Onepamop 6vi306a PyHKYuUU CIYKUAT ]IS BbI30BA BbI3bIBAEMON
(byHKIMN B Tesie Bbi3biBaorneil pyHkimn. OH MOXKeT ObITh MpeCcTaB-
JIEH JIBYMSI CITOCOOAMU:

* KaK MPOCTON orepaTop O6e3 BO3BpaTa 3HAYEHUIT Yepe3 OrepaTop
return,;

* KaK OollepaH/l B BBIPAKEHUU ITPU BO3BPaTe 3HAUYCHUI yepes orepa-
TOp return.

Bb130B (hyHKIIMM OCYIIIECTBIIsSIETCS IUOO TIPSIMO 110 UMEeHU (DYHKITHH,
00 Yepe3 yKaszatesb Ha (DyHKIINIO.

CuHTakcuc BbI30Ba QYHKIIUU 110 UMEHU:

<uMs OYHKIUM> (<dPaKTHUIeCKUM nIapameTrp_1>[, ..])),

Hanpuwmep:
int main() //Bo3pBaomas OYHKIMS
{
floats;
int kol;
s = sr(kol); // BHZ3OB OQVHKIMUM ST C QakKTUIECKUM

// mapameTrpoM kol

}

Omnepatop BbI30Ba (DYHKIIUM TIEepefiaeT yIIpaBjeHue BbI3bIBAEMOU
dbynkimu, konuu pakTUYECKUX MapaMeTpoB ITPUCBANBAIOTCS (POpMaJTb-
HBIM TapaMeTpaM BbI3bIBaeMoOu (QyHKINU. 3HaUeHUs (HaKTUYecKUX
BXOJIHBIX [TAPaMETPOB Iepe]] BI30BOM (hYHKITUHN JOJIKHBI OBITH OTIpeie-
nenbl. Onepatop return mepenaer yrpasjieHne oOpaTHO B BBI3bIBAO-
myto ¢pyrkimo. Heobxoammo 3aMeTnTh, 4To (hopMasbHble U (haKTude-
CKHe TTapaMeTPbl U30JIMPOBAHBI IPYT OT JIpyra.

[Tepemaua mapamMeTpOB MOKET BBITIOJTHSATHCS IBYMSI CITOCOOAMIL:

* 1epeslaya 3Ha4eHU epeMeHHbIX — BbI3bIBaeMOU (DYHKIUHU T1epe-
JIAI0TCS KOITMU 3HaYEeHUI ITepeMeHHbIX BbI3bIBaIoOlel PYHKIINY;
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* Nepeslaya 3HAYEHUM yKa3aTesieii — BBI3bIBaeMOU (DYHKIUU Tiepe-
NAIOTCS KOIUKM 3HAUeHUN yKa3aTeseil — ajpeca epeMeHHbIX BbI3bIBa-
olei QyHKINUN.

Mpumep 5.7.1

Janbl aBa unciaa. Beisectu Hambosbinee 3 HuX. JIJIsl HaXOKIEHUs Hau-
OOJIBIIIETO YHCJIA UCIIOIH30BaTh (QDYHKITUIO.

1. Ilepeaua mapaMeTpoOB 110 3HAUEHUSIM TI€PEMEHHbBIX:

#include <stdio.h>

// BHBHBaeMas QYHKIUSI, X M Yy — (opMajbHBHE IIapaMeTpH
int max(int x, int vy)

{

return (x >y 2?2 X : V);
}
int main()
{
int a,b,c;
scanf ("%d %d", &a, &b); // BBOI MCXOIHHX IaHHBX
c = max(a, b); // BH30B QYHKIMM, a M b -
// darTuUeckKre IIapaMeTpH
printf("%d", c);
return 0;

}

ITOT €rocob Tepesayn MmapaMeTpoB, Kak MPABUJIO, NCIOIb3YETCS IS He-
GOJIBIINX 110 00hEMY JaHHBIX: JaHHBIX 6A30BBIX TUIIOB.
2. Ilepenaua 3HaueHUIi yKa3aTeJieil:

#include <stdio.h>
// BH3HBaeMas OVHKINVA, X U y — dopMalibHHE
// TlapaMeTpH (UCIIONBL3YIOTCS yKazaTenu Ha HUX)
int max(int *x, int *y)
{
return (*x > *y ? *X : *y);
}
int main()
{
int a,b,c;
scanf ("%d %d", &a, &Db);

// BH30OB OYVHKIIMM, a U b — dakTuUUecKMe IapaMeTpH
// (UcCronb3yeTcs: olepallusd aapecalluy)

c = max(&a, &b);

printf("%d", c);

return 0;

}

ITOT c11ocod 11e1eco0b6pa3HO UCIIOIb30BaTh MPH TEpeade JaHHBIX 00JTb-
OT0 0ObEMA: MACCUBOB, CTPYKTYP.

[lepemaua 3HaUEHWI yKasaTe el UCIIOIb3YeTCs 1 IIPU He0OXO[UMO-
CTU W3MeHeHUs 3HaUYeHUU TepeMeHHBIX BbI3bIBAOIIEe (DYHKIIUU.
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[Tpu nepemave mapaMeTpoB IO 3HAYEHUSIM TTepEMEHHBIX 3HaUeHU (Pak-
TUYECKUX IapaMeTPoB KONMUPYIOTCs B (pOpMasibHbIE TapaMeTPBbl, II03TOMY
IIPY BBIXO/I€ U3 BbI3bIBAEMOU (DYHKIIMM HUKAKUX U3MEHEHUI 3HAaUeHU i
(bakTHUeCKUX TTapaMeTPOB B BbI3bIBaOIlel (DYHKIIMU HE TPOUCXOUT.
[Tpu sToM BbI3bIBacMas (PYHKIIMS MOKET BEPHYTh BbI3bIBAIOIIEH C I10-
MOIIBIO omepatropa return TOJbKO OJHO 3HayeHue. PelmnTb JaHHYIo
pobJIieMy MO3BOJISIET TIepeiada 3HAYeHUI yKasaTeeil.

Mpumep 5.7.2

Bectu nBa uncmna x n y. [loMmenaTh 3HAYEHNS TIEPEMEHHBIX X U Y TaK, YTO-
OBl YKC/Ia PACTIONIATATIICH B TIOPSIIKe Bo3pacTanust. JIist oOMeHa TlepeMeHHbIX
HCHOJIb30BaTh (DYHKIIUIO.

1. Ilepenaya mapamMeTpoB 110 3HAYEHUIO TTePEMEHHbIX:

#include <stdio.h>
void change(float x, float vy)
{
float z;
if (y < xX) // ecnaum BTOpasi IIepeMeHHasl MeHbIe IIepPBO

{

z = X; // TlepeMeHHEe MEeHSWTCHA MeCTaMu
X =Y
Yy Z;

int main()

{

float a,b;
scanf ("%$f %f", &a, &b);
change (a, b); // B BuH3bBawmey (QyHKIUN IIepeMeHHHEe

// MecTaMM He IIOMeHSJIUCH
printf("%$f %$f", a, b);
return 0;

}
2. Ilepenaua 3HaYeHUii yKa3aTeiei:

#include <stdio.h>
// bopManbHBE IIapaMeTph — 3Ha4YeHMs, 3alMcaHHbe
// TIO ampecaM y U X
void change(float *x, float *y)
{
float z;
if (*y < *x)

{

zZ = *X;
*x o= Yy,
Y = z;
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int main/()

{

float a,b;
scanf ("%f %f", &a, &b);
// darTMUecKMe IapaMeTph — ampeca IIepeMeHHHX a UM D

change (&a, &b);
printf("%f %$f", a, b);
return 0;

}

B pesysibrare Bbi3biBaeMasi (hyHKIMS MTepeCTaBUT 3HAUEHUS, 3allMCaHHbIE
B TeX ydYacTKax IMaMsTH, afpeca KOTOPbIX ObLIM TepefaHbl U3 BbI3bIBAIOIEH
pynkiun.

OO0bIYHO OZHM (PYHKIIMKM BBI3BIBAIOT JAPyrue (PYHKIMHM COTJIACHO
HepapxmyecKoil cTpyKType mporpaMmbl. OpHako Jarobast GyHKIHAS MO-
JKET BBI3BATh Ha BBINOJIHEHNE 1 caMy ceOst. Takoil BbI30B (DYyHKI[MK Ha-
3bIBAETCS] PEKYPCUBHBIM.

Pexypcusnas ¢pynxuus — 310 QYHKINS, KOTOPas BbI3bIBAET HA BbI-
HoJIHeHre cama cebsl.

[Tpu kaxx/10M peKypCUBHOM BbI30Be (DYHKIINY /17151 (DOPMATIbHBIX T1a-
PaMeTPOB BBIJIE/ISIETCS HOBAst 00J1aCTh MAMSITH, TaK YTO UX 3HAYEHUS U3
MPEBIYIIAX BbI3OBOB HE TEPSIOTCS, HO B KQK/bII MOMEHT BPEMEHU
JIOCTYITHBI TOJIBKO 3HAYEHUST TEKYIIETO BhI30BA.

Mpumep 5.7.3

C kaBuaTypbl BBECTU MacCuB u3 1 unces. HailTn MakcuMaibHOE U3 HUX.

Haxoxaerne MakKCMMaJbHOTO YHCJIa MOKHO pacCMaTpUBATh KaK PEKyp-
CUBHBIN aJITOPUTM, B KOTOPOM KaKI0€ OuepesHOe YMCJI0 CPAaBHUBAETCS ¢ MaK-
CUMAJIbHBIM U3 TPE/bIYIINX.

#include <stdio.h>

#include <stdlib.h>

// BHBHBaeMas OQYHKIMS HAXOONUT MaKCHMAaJILHOE
// M3 OBYX 4YUCEI

int max(int x, int m)

{

return x > m ? X : In;

int main/()

{

int n;

int 1, m;

scanf ("%d", &n);

int *x = (int *)malloc(n*sizeof (int));
for (1 0; 1 < n; 1++)

scanf ("%d", &x[1i]);
m = x[0]; // 3a MakCHMyM IIPMHMMAETCS HYJIEBOM DIIEeMeHT
// Maccusa
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for (1 = 1; 1 < n; 1i++)
m = max(x[1], m); // OYHKIMS max BH3HBaAETCS
// PEeKYypPCUMBHO
// odYyepernHOM DSIJEeMeHT MacCCHUBa CPABHMBAETCS C TEeKYIUM
// MaKCUMyMOM

printf("%d ", m);
free(x); // ocBoOOOIUTE IIaMSITh
return 0;

}

JlomyckaeTcst 1000€e KOJUIECTBO PEKYPCUBHBIX BHI30BOB (DYHKITH.
X 91CI0 OTPaHUYUBAETCS TOJIBKO Pa3MepoM 00JIACTH MAMSITH, B KOTO-
poil coxpansiercsi MHGpOpMaLMA O KakA0M Bbi3oBe. llpu caunikom
GOJIBITIOM YHMCJI€ PEKYPCUBHBIX BHI3OBOB MOKET TIPOM3OUTH MIEPETIOJTHE-
HUe MMaMsATH.

5.8. ®yHKUUKM BBOAA-BbIBOAA [AHHbIX

B sa3pike C HeT BCTPOEHHBIX CPENICTB BBOJA-BBIBO/IA, © BMECTO HUX
HCII0JIb3YIOTCs O1bInoTekn BBoa-BoeiBoja stdio.h u conio.h.

Paccmorpum HamnboJjiee 9acTo UCIOIb3yeMble (DYHKIUU 9THX O1O-
JINOTEK.

Oyukuus printf ocymecTsisieT (hOPMaTHPOBAHHBIN BBIBO JAHHBIX
Ha 3kpaH. CuHTakcuc QyHKIUU:

int printf (const char* <dopmatr>,

[<apTyMeHT1>, <apTyMeHT2>, ...]);
rne (popmMar — cCUMBOJIbBHAS CTPOKa, 3ajaioinias (popmar redyatu JaH-
HBIX; apTyMeHT 1, apryMeHT2, ... — CIIUCOK MeYaTaeMbIX JTaHHBIX.

B cTpoke hopmara ykaspBaoTcs:

* CIMBOJIBI, HETIOCPE/ICTBEHHO BBIBOJMMbBIE Ha TevyaTh. K ux unciy
OTHOCSITCSI M CTIeIIMaJIbHbIe CUMBOJIBI (HarpuMep, \N — TePEBOJ] CTPO-
K1, \t — TabyIsIIMst);

 cennpukaTopsl GopMaTUpPOBaHUS, 3agaionire ¢opMmaT THedaTu
manubiX. Crierugukatopbl GopMaTUPOBAHUS HAUMHAIOTCS CO 3HAKA %.
KaxkzoMy n1aHHOMY M3 CIIMCKA apryMEHTOB JIOJI’KEH COOTBETCTBOBATH
cBOM crienmuduKkaTop (popMaTHPOBAHUS.

Cunrakcuc cnenuduraTopa GopMaTUPOBAHUS:

% [pnmaru] [mmpuHal [ . TOYHOCTE | TUII

@rarn — 9T0 HeobsI3aTeIbHAS TIOCIE0BATETLHOCTH CUMBOJIOB, SIB-
nstronasicst MmoaudukaropoM popmatos (tabi. 5.6).

[Iupuna — HeoOs3aTEIBHBIN TapaMeT], 330NN MITHIMAIbHYIO
MIMPUHY T0Jid. Ecm 1yimHa BBIBOJUMBIX Ha 9KpaH JaHHBIX MeHbIIEe
9TOTO 3HAYEHUST, OHM JOIOJHSIOTCS TPOOEIaMu WK HYJISIMU 10 3a/1aH-
HOTO 3HAUYeHUs MUPUHBL. Ec/m 1yiMHa faHHbIX GO0JIbIIe 3aJaHHOIO 3Ha-
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Tabruua 5.6

Daarn popmMaTHPOBAHUS

DopmarupoBanue
®rar DopmaTupoBaHue IpU HAIMYUU (rara
IIpU OTCYTCTBUN (pirara
— BripaBuuBanwe 1o JieBoii rpanuiie 1moJisi | BerpaBHuBanue 1o mpa-
3aJ/IaHHOU MTUPUHDI BOI1 TpaHuIle
+ JlobasiisieTcst 3HAK «+» J7Is1 TT0JI0XKUTENb- | [ledaTaercst ToJIbKO 3HAK
HBIX urceJt (/171 3HAKOBBIX (hOPMATOB) «=» JIJIST OTPUTIATETBHBIX
qrces
0 JlobGaBJistroTest HYJIU 10 TOCTIsKeHust M- | Hysn He mo6asJistiorcest
HUMaJIbHOM 3a/laHHON JyTuHbL. B ciyyae
1es1bIX (hOpMaTOB MW HAMIMS (hrara
«-» TAaHHBIN (byiar UTHOPUPYyeTCs
" JloGaBasiercs mpobed mepest medathbio 1o- | [IpoGen He qobaBisiercst
(rtpoGeur) | IOKUTETHHOTO 3HAYEHUST 3HAKOBOTO TH-
na. [Ipn mammanu daara "+" naHabII
dbmar urnopupyercs
# JloGaBsiercs npedukce cucrembl ucurc- | IIpeduke cucremsr cumc-
JIEHUST IJIT BOCBMEPUYHBIX U [IECTHAAIA- | JIEHUS HE T0OABJISIETCS
TEePUYHBIX (POPMATOB

YeHWsl, OHU BBIBOJSATCS MEeJTUKOM. Vcomp3yioTest aBe ¢hOpMbI 3a1aHNS
HIAPUHBIL:

* N — IIUPHWHA TOJS COCTaBJISIET N CUMBOJIOB, JIOMTOJHEHNE 10 3a-
JTAHHON IHUPUHBI IIPOU3BOAUTCS IIPOOETIaAMIL;

* On — mmpuHAa O COCTABJISET N CUMBOJIOB, JIOTIOJTHEHHE /10 3a-
JTAHHOW IMUPUHBI TTPOU3BOAUTCS HYJISIMU.

TouHOCTb — HEOOSI3aTEIBHBIN TapaMeTP, OIIPE/IESIONINI TOTHOCTD
rmeyaTtaeMoro 3Hauenwus. /lelicTBuUs, BBITIOJHIEMbIE 9TUM TTapaMeTpOM,
3aBUCAT OT THUIIA BBIBOAMMBIX JaHHBIX (Ta0I. 5.7).

Tun — »Tt0 cumBoJI, 3ajal01Iuii opMaT BBIBOJA JaHHBIX. THIIbI
npezcTaBieHbl B TabI. 5.8.

Tabruua 5.7

TounocTp pu popMaTHPOBAHHOM BBIBO/IE

TounocThb Brinonnsiembie geicTBusS

c, C Hert geiictBuii

d, i, u,0,x, X Ecim pnuHa uyncsia MeHbIlle TOYHOCTH, TO CJIeBa OHO JOII0J-
HSIETCS HYJISIMHE, eCJIi OOJIbIIle — MeYaTaeTCs MOJHOCTHIO

e E f 3azaeT KOJIUYECTBO 3HAKOB I10CJIE IECATUYHON TOUYKHU, YHUCJIO
OKPYTJISIETCS /10 33/IaHHOTO KOJTMYecTBa 3HAKOB

g G 3ajlaeT KOJIMYECTBO IeyaTaeMblX 3HaYaNUX Pa3psiioB

S, S 3a/laeT KOJIMYECTBO Ie4aTaeMbIX CUMBOJIOB, HAUMHAs ¢ Hada-
Jia CTPOKH, BCE OCTATTbHBIE CUMBOJIBI HE TTeYaTaloTCs
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Tabruya 5.8

Tuns! npu popmMaTHPOBAHHOM BBIBO/IE

e TOYKOU

Tun AprymenHT MopmMmar BbIBO/IA
d, i Ilesoe uncio lecaTuuHoe 11e710€ YNCJI0 CO 3HAKOM
CumBon CHMBOJI ¢ 3a/JaHHBIM KOJIOM
s CTpoka cuMBOJIOB Ctpoka cuMBOJIOB (COOTBETCTBYIONIUI 11apa-
METP YKa3bIBAaeT Ha HAYAJIO CTPOKM)
e Yucao ¢ nmiaasalo- Yuco ¢ nmaBalomeil TOYKOH, dKCITOHEeHI A b-

Hasd 3alliChb

f YucJio ¢ miaBato-
e TOYKOM

YucJio ¢ miaBaolie TOYKou, 1eCaTUIHaS
3aInCh

g Yuco ¢ nmasaro-

®opmar f umu e. Mcnosbayercst Hanbosiee KOM-

e ToUKou MaKTHBIN (opMaT JJIsk JAHHOTO BhIPAKEHUS

u HGHOG YHnCJI0 [[eCHTI/I‘IHOG neJsioe 4nucJjio 6e3 3HaKa
O HG.HOG YHCJIO BOCbMepI/I‘{HOG oeJjioe 4nucjio 6e3 3HaKa
x X HG.HOG YHCJIO HleCTHalIHaTepI/I‘{HOe oeJsioe 4mncJjio 6e3 3HaKa

[To ymosryanuio yncsa ¢ miaBamieil TOYKOM meyaTarTes ¢ TOYHOC-
TBIO /IO IIECTH 3HAKOB I10CJe 1eCATUYHON TOYKHU.
Hanpumep, nocsie BbIIIOJHEHUS TPOTPAMMBI:

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

int 1 = 123;

float x = 123.45;
char ch = 'a‘';
char fkart[] = "kart.dat";

printf ("%5d %-5d %10.3f %3c %10s %10.4s", i, 1, x,
ch, fkart, fkart);
}
Ha revath OyeT BbIBeJeHA CJIeAYIONast CTPOKa:
123123 123.450 a kart.dat kart

OyHKIMs scanf BHIOJHSIET BBOJ 3HaUeHUN KiaBuaTypbl. CHHTaK-
cuc GyHKINU:

int scanf (const char* <dopmar>,

[<apryMeHT1>, <apTyMeHT2>, ..]);

DopMmart — cUMBOJIbHASI CTPOKA, 3ajao1iast GopMaT BBO/A JAHHBIX.
Cuernudukatopsl (popmaTa B OCHOBHOM COBIIQ/IAIOT CO CllelM(UKaTo-
pamu ¢yHKimu printf, 3a MckI0YeHeM TOTO, YTO B scanf oTcyTcTByeT
crienndukarop %g, a AJst BBOJA IeJbIX drces tura short mpumenser-
cs1 cuerudukarop %h.

BBenennble ¢ KjaBuaTypbl 3HaU€HUsS 3aIMMCHIBAIOTCS B apTyMEHTHI,
MIO3TOMY B CIIMCKE apryMeHTOB 3a/Ial0TCs yKa3aTeau Ha MepeMeHHbIe
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(azpeca y4acTKOB TTaMsITH), B KOTOPBIE CJIEIyeT 3alicaTh BBEIEHHDIE
3HAYEHWsI, HAITPUMep:

int 1i;

float x;

scanf ("%d %f", &i, &x);

Oyukuyu sprintf v sscanf paboTaioT aHaaorHuHO (GYHKIUAM printf
u scanf, Ho BBOJI/BBIBO/I OCYTIIECTBJISIETCS HE C KJIABUATYPBHI U HA SKPaH,
a U3 CTPOKH U B CTPOKY cUMBOJIOB. [Topo6Ho atn hyHKImu OyayT pac-
CMOTPEHBI TTO3KE.

TouHo Tax ke, GyHKIUU fprintf n fscanf ncnoab3yoTcs 1 BBO-
11a/BBIBO/IA MTAHHBIX U3 daiiia u B daitr. Iti GyHKknum Takxke 6ymyT
PacCMOTPEHBI TTO3KE.

Kpome dhynKIIMN hopMaTpoBaHHOTO BBOIA,/BBIBO/IA, B si3biKe C 1c-
nosb3yIoTcs (yHKIMU HeOpMAaTUPOBAHHOTO BBOA/BbIBOAA. K HUM
OTHOCSITCSI:

* gets — BBOJI CTPOKM C KJIaBUATYPbl (IIpUMeHeHNe MaHHOU (hyHK-
IIUU He PEKOMEHYETCs, TaK KaK MOKET MPUBOANTD K MEPEMOJTHEHUIO
6ydepa B cTeke);

* getch, getchar — BBOI OMHOTO CMMBOJIA ¢ KiIaBuaTypbl. DyHKIMS
Bo3Bpainaer ASCII ko BBe/IeHHOTO CUMBOJIY;

* puts — BBIBOJl CTPOKH Ha KPaH;

* putch, putchar — BBIBOJ CUMBOJIA Ha 9KPaH;

* fgets — BBOJ cTPOKU U3 (haiia;

* getc, fgetc — BBOJ OJTHOTO CUMBOJIA U3 (aila;

* fputs — BBIBOJ CTPOKHU B (haii,

* putc, f[putc — BBIBOJ CUMBOJIA B (haiisr.

5.9. 06paboTKa cTPOK

B sa3bike C HeT crielnaJbHOTO TUTIA TAHHBIX, TPeIHa3HAYE€HHOTO JJIs
xpaHeHus1 cTpoK. CTPOKOBbBIE TaHHBIE MIPEJCTABISIOTCA B BU/IE MAaCCH-
Ba CUMBOJIOB, OKAaHUMBAIOIIETOCS CUMBOJIOM € KO/IoM 0 (TepMUHUPYIO-
UM HYJIEM).

Hampumep, cioBo Program Oyziet XpaHUTHCS B TTAMSITH B BUJIE:

VPV vrv va lgv vrl vav vml O

[lng XpaHeHMsI CTPOKOBBIX JAaHHBIX MCIOJIb3YIOTCSI CTaTUYecKue
U IMHAMUYeCKre MacCUBBHI.

Jlist paboTer co cTtpokamu B sisbike C ucmosib3yeTcst Habop pyHK-
U, TPOTOTUITBI KOTOPBIX OMUcaHbl B (haiise string.h.

Oymnkius sprintf 3amicsiBaeT (hopMaTupoBaHHbIE JaHHBIE B MACCUB
cumBoJioB. CuHTakcuc QyHKITAN:

int sprintf (char *<6ydep>, const char *<dopmar>
[, <aprymentl>, ... 1);
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DopmaTHpPOBaHHASI CTPOKA BBIBOAUTCS B 00JIACTD MAMSITH, KOTOPAst
3agaercs ykasaresiaeM <Oydep>. [Tapamerpsl, popmar 1 apryMeHTHI CO-
OTBETCTBYIOT aHAJIOTHYHBIM TTapameTpam GyHKIuu printf.

Oyuxiust sscanf ocyiecTBisieT YTeHue JaHHbIX U3 CTPOKH 110 3a-
nanHomy gopmaty. CuHTakcuc OyHKIIUN:

int sscanf (const char *<6ydep>, const char *<dopmar>

[, <aprymeHTl>, ... 1);

Vcxo/iHble TaHHBIE CYMTHIBAIOTCS M3 00JIACTH TTAMSITH, KOTOpast 3a-
naetcst ykasaresieM <Oydep>. [lapamerpst hopMat U apryMeHTHI COOT-
BETCTBYIOT aHAJIOTUYHBIM MapamerpaM ¢yHKImn scanf. ApryMmeHTs,
B KOTOPBIX CUMTHIBAIOTCA JaHHbIE, 3aJal0TCA YKa3aTeIAMU HA COOTBET-
CTBYIOIIMEC II€PEMEHHBIE.

DyHKIMA Stcmp BBITOJHSIET CPaBHEHUWE CTPOK MyTeM TOCJeI0Ba-
TEJIbHOTO CPAaBHEHUS CHMBOJIOB, PACIIOJIOKEHHBIX B CTPOKAX B OJIMHA-
KOBBIX MTo3ulMsAX. CuHTaKCUC QYHKIUHU:

int strcmp(const char *<ctporal>, const char *<cTporal> );

PaBHbIMU cUMTAIOTCS CTPOKH, UMEIOIINE OJMHAKOBYIO JJIUHY U CO-
CTOAIIME U3 OJMHAKOBBIX CUMBOJIOB, PACIIOJOKEHHBIX B OJUHAKOBOM
nopsjke. Menbliiell cuMTaeTcs CTPOKa, y KOTOPOW MeHbIIle KO/ TIepBO-
ro oTJnyaronierocsi cuMBoJa. [Ipu coBnaseHun cuMBOJIOB, HO Pa3HON
JUIMHE, MEHbIIIEN CUMTAETCS Ta CTPOKA, KOTOpasi Kopoye.

DyHKIIMST BO3BpalllaeT 3HAUYEHHE:

* 0, ec/i CTPOKU PaBHBI;

* —1, ecsiv mIepBas CTpOKa MEHbIIEe BTOPOI;

* 1, eciu TiepBast CTPoOKa OOJIbIIE BTOPOIA.

CpaBHeHME CTPOK MPOU3BOAUTCS € yueToM peructpa. /s cpaBHe-
Hust 6e3 yueTa perrucrpa uCHoab3yercs GyHKIIU Stricmp, UMeIoIast Ta-
KO JKe CHHTaKCHUC 1 paboTaiolast aHaJOTHYHO.

DOyHKIMA strcat BHIIOJTHSAET o0beuHeHne ABYX cTpok. CHUHTaKCHC
dbynKIIIN:

char *strcat( char *<crtpokal>, const char *<cTporazl> );

CdopmupoBatHast B pesybraTe padOThl (QYHKIMUA CTPOKA COAEP-
JKUT CTPOKy 1, B KOHEI[ KOTOPOil o6aBieHa cTpoka2. PesyibraT 3amm-
chIBaeTcs B CTPOKY 1.

DyHKIMS Strcpy KOMUPYET OAHY CTPOKY B Apyryo. CuHTakcuc
dbynkimn:

char *strcpy( char *<crtpokal>, const char *<crtporal> );

Crpoka2 konupyercst B 06J1aCTh TaMsTH, 3aJaHHYI0 yKa3aTejaeM Ha
cTpokyl.

DyHKIW strlen BBIYUCTISIET AJIMHY CTPOKU B CUMBOJIAX. TepMUHUPY-
IONIMI HYJIb B UYMCJIO CUMBOJIOB He BKJtoyaeTcst. Cuntakcuc pyHKimnm:

size_t strlen( const char *<cTpoxal> );
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DyHKIMS BO3BPpAIIaeT KOJNIECTBO CUMBOJIOB B cTpoKel.
DyHKIMS Strstr UIeT OHY CTPOKY B Apyroit. CuHTakcuc QyHKIIUH:
char *strstr( constchar *<crpokal>,

constchar *<crTporal> );

ODynKIUA uMeT cTpoky2 B cTpokel m Bo3BpalaeT yka3aTesb Ha ee
mepBoe BXOXK/eHne (STYelKy TTaMsITH C TIEPBBIM CMBOJIOM TIO/ICTPOKH )
nmu NULL B cirydae otcyterBust ctpokn2 B ctpokel. Ecam ctpoka2 sB-
JISIeTCS TyCTOH, TO (PyHKITMS BO3BpalllaeT yKa3aTesb Ha CTPOKy 1.

[lyis moncka B CTPOKE UCTOJIB3YIOTCS Tak:Ke (DYHKIINU, CUHTAKCUC
KOTOPBIX aHAJIOTUYEH StrStr.

* strspn — TIOWMCK TIEPBOTO BXOKIEHUST JTFOO0I TIOACTPOKU CTPOKI2
B cTpokel;

* strcspn — TOUCK B CTpOKel TEpPBOTO CUMBOJIA, CO/IEPIKAIIETOCS
B cTpoke2 (Bo3BpalllaeT MHEKC CUMBOJIA);

* strspnp — TOUCK B cTPoKe1 1epBOro cMMBOJIA, HE CO/lePIKAIIET0Cs
B CTPOKe2;

* strchr — TIouCK B cTpoke 1 mepBoro BXOKIEHMST CUMBOJIA, 3a1aHHO-
TO BTOPBIM apryMeHToM (DyHKINH;

e strpbrk — mouMcK B cTpokel MEpPBOro CHMBOJIA, COAEPIKANTUICS
B cTpoke2 (BO3BpalllaeT yKasaresb Ha SSYEHKY TaMAaTH, XPAHAILYIO 9TOT
CUMBOJI);

* strrchr — ToncK B cTpoKel mocieIHero BXOKAEHNUsST CHMBOJIA, 3a-
JTAHHOTO BTOPBIM apTyMeHTOM (QYHKITHH.

Oyukius strtok pa3déuBaeT CTpPoKy Ha moacTpoku. CHHTAKCHC
pyHKIIMU:

char *strtok( char *<crporal>, const char *<cTpoxral>) ;

B xauecTtBe pasaenuTesiel MoJACTPOK UCITOJIb3YIOTCS CUMBOJIBI, BXO-
nsiue B cTpoky2. Ecom ykazaTtens Ha cTpoky 1 He paBen NULL, To pas-
OueHue MPOU3BOAUTCS ¢ Havaja CTpOKU 1, u yHKI[M BO3BpalllaeT yKa-
3aTelib HA TIePBYIO HaleHHY1o IocTPoKy. Ecam ykazaTesns Ha cTpoky 1
pased NULL, o mporecc pasbueHus mpomo/rkaeTcst, GyHKIIS BO3BPa-
naeT ykasaTesb Ha O4epe/HyI0 BbijesieHHYI0 TToAcTpoKy min NULL,
ecJi OOJIbIIeE ITOACTPOK HET.

MHorne 13 mepedncaeHHbIX QYHKIUN pabOThI CO CTPOKAMU MMEIOT
MOIU(MDUKAINHT, OTIUYAIOIINECS HaTndrueM OyKBBI N B UMEHH (DYHKIIH.
ITU PYHKIMYU UMEIOT IONOJTHUTETbHBIN TTapaMeTp, 3a/1al0II1i KoJInye-
CTBO CIMBOJIOB OT Hadajia CTpOKH. B pesysbrare yHKIMs paboTaeT He
CO BCEH CTPOKOM, a TOJIBKO C €€ TIePBbIMU N CUMBOJIAMMU:

* strncmp — CcpaBHEHUE TIEPBBIX N CUMBOJIOB JIByX CTPOK C y4eTOM
perucTpa;

* Strnicmp — cpaBHEHUE TTEPBBIX N CUMBOJIOB JIBYX CTPOK 0e3 yuera
perucTpa;
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* strncat — oObeHEeHNEe TIEPBBIX N CUMBOJIOB IBYX CTPOK;

* strncpy — KOIMPOBAHUE N IEPBBIX CUMBOJIOB UCXOJHON CTPOKHU
B Pe3yJIbTUPYIONIYIO CTPOKY.

[Tepeuncinm elie HECKOJIBKO TIOJIE3HBIX (DYHKIINN PabOTHI CO CTPO-
KaMU:

* strlwr — cMeHa perucTpa BCeX CHMBOJIOB CTPOKM Ha HUKHUN
(cTpoutbie OYKBBI);

* strupr — CMeHa PerucTpa BCeX CUMBOJIOB CTPOKU Ha BepXHUU (3a-
rJIaBHbIE OYKBBI);

* strset — 3allOJIHEHUE CTPOKU CUMBOJIOM C 3a/laHHBIM KOJIOM (BCe
CHMBOJIBI IAHHON CTPOKHU Oy/IyT 3aMeHEHbI Ha 3aJlaHHbIil CUMBOJ);

* strnset — 3al10JTHEHUE TIEPBBIX 77 CUMBOJIOB CTPOKH CUMBOJIOM C 32-
JAHHBIM KOJ/IOM;

* Strrev — peBepCHpPOBaHUE CTPOKH (3aIIMCh CUMBOJIOB CTPOKH B 00-
PaTHOM TIOPSIIKE).

Mpumep 5.9.1

BBectn IIPEAJIOKEHNE, B KOTOPOM BCE€ CJIOBA Pa3/I€JIEHBI POBHO O/IHUM IIPO-
OeJIOM. IToacunTaTh KOJIUIECTBO CJIOB B IIPEAJTIOKEHN .

KosmmuectBo cjioB B MMpEANIOKEHNN 6yI[eT Ha O/IHO 60JIbIIIE KOJIMYECTBA Impo-
66JIOB, TaK KakK IIocCJje/iHee CJIOBO HpO6€JIOM He 3aKaH4YNBaA€TCAA.

#include <stdio.h>
#include <string.h>
int main()
{
char s1[80], *p; // ODBABIIeHME MacCcCUBa CUMBOJIOB
// M yKazarens
int n, k;
fgets (sl, sizeof(sl), stdin); // BBOI IIPEenJIOXeHNS
n = strlen(sl); // N — KOJINYEeCTBO CUMBOJIOB
// B IIpemjoXeHUN

k 0;
p = sl; // yKazaTelnb yCTaHOBJEeH Ha Hadallo
// TIpennoxeHust
for (p = sl; p < sl+n; pt+)
// vKazareinb IIepeMelaeTcs OT IIepBOr0 OO IIOCJIenHero
// CHMBOJa IIpelloXeHls
if (*p == ' ') k++; // momcdeT KOIMYECTBa IpPOoLETIOB
printf ("%d\n", k+1);
return 0;

Mpumep 5.9.2

Bsectn IIPEAJTIOKEHNE, BBECTU IBA CUMBOJIA. 3aMeHUTb B IIpeAJJIOKEHNN BCE
I1epBble CUMBOJIbI BTOPbIMMU.
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#include <stdio.h>
#include <string.h>
int main/()

{

char s1[80], *p; // sl - mcxomHOe IIpPenJioXeHUe
char sml, sm2; // sml - 3aMeHsIEMHN CHMBOJI,
// S2 — BaMeHS M CUMBOJI

int n, k;
fgets(sl,sizeof(sl),stdin);

scanf ("%c %c", &sml, &sm2);
n = strlen(sl);
k = 0;
for (p = sl; p < sl + n; p++) // TIpoxXom IIO BCEM
// CUMBOJaM
if (*p == sml) // 3BalmMchb 3aMeHseMOTO CUMBOJA
*P = sm2; // BMECTO 3aMellaeMOTr O
printf ("%s", sl);
return 0;

Mpumep 5.9.3

BBectu mpesioskeHie, B KOTOPOM CJI0OBa pas/esieHbl mpobeaMu. BoiBecTn

caMo€ NJIMHHOE CJIOBO.

#include <stdio.h>
#include <string.h>
int main()
{
char s1[80], s2[80]; // sl - wmcxomHoe IpeljoXeHue,
// 82 — UCKOMOE CJIOBO
fgets(sl,sizeof(sl),stdin);
char *pStr = sl, *pWord = NULL;
int maxLength = 0;
while (pWord = strtok(pStr, " "))
// BHIOEJIeHME CJIOB, pa3ejleHHHX IpobeiaMu
{
int length = strlen(pWord) ;
if (length>maxLength) // ecnu OamMHa odYepenHOT O
// crnoBa 6oiblle MaKCUMyMa

strcpy (s2, pWord); // CJIOBO KOIMPYETCH B S2
maxLength = length; // MeHseTcs MakKcuUMallbHas
// OIVHa CJoBa

}

// vyKazaTenb yCTaHaBIMBaeTcs Ha NULL Oias IpOOoIXKeHMUs

// pas3bueHus IpenjoXeHNrs Ha CJoBa
pStr = NULL;

printf ("%$s %d", s2, maxLength); // BHBOO pPe3yILTATOB

return 0;




5.10. Pabora ¢ chaitnamu

bubimoreka a3bika C noaep;KuBaeT OTOKOBBIN BBOJI/BBIBO/I.

ITomox — 310 aOCTpaKTHOE MTOHSATHE, OTHOCSIIEECS K JTI000MY TTepe-
HOCY JTaHHBIX OT ucmounuka (NI nocmasuuxa) K npuemnuxy (Vi no-
mpebumeno) TaHHbIX.

Ha ypoBHe mMOTOKOBOTO BBO/Ia/BbIBOJa OOMEH JaHHBIMK ITPOU3BO-
muTcst mobaitHo. Takoit crrocod oOmeHa B st3bike C UCIIOIB3YeTCsT IPU
pabore ¢ daitmamu. OyHknry 6ubIMOTEKH BBOAA/BhIBoAa si3bika C,
no/iepKuBaone oOMeH AaHHBIMK ¢ (hbaillaMi Ha YPOBHE IIOTOKA,
I03BOJISIIOT 00pabaThIBaTh JaHHbIE PA3INYHBIX Pa3MEPOB U (hOPMATOB.

[Tporotumnsr hyHKINIT BBOAA/BBIBOA coiepskarcst B (aitre stdio.h.

[Tporecc paboTh ¢ (hailaMu BKIOYAET B ceOs TP OCHOBHBIE CTa-

TN

* OTKpBITHE (haiinia;

* CUMTHIBaHME JAaHHBIX U3 (haiijia Nan 3ammch B (aii;

* 3aKpbITHE (aiiia.

Jlst oTkpeITHS (haiiaa ucnoabsyercs GyHKnus fopen. Ee cunrakcuc:

FILE *fopen(const char *<ums_damna>,
const char *<pexmum>) ;

[Tpu 3amanuy peskuMa OTKPBITHS (hailJIOB YKa3bIBAIOTCSI:

* pexxuM uyreHust/3amucu (tabu. 5.9);

* PEKMM TPaHCIAIMU cuMBOJIOB (Tab1. 5.10).

OyukIus fopen Bo3BpalaeT yKasaTeslb Ha CIIEIHAJIbHYIO CTPYKTY-
py FILE, cBsazannyio ¢ oTkpbIThiM noTokoM, uian NULL (B ciayudae He-
YIQYHOTO 3aBEPIIEHUs ONePAIUN OTKPBITHSN ).

[Tocste okonuyaHus paboThI ¢ ailioM OH 00sI3aTEIbHO JA0JKEH ObITh
3akpbIT. OTCYTCTBUE ONEPAINY 3aKPHITHS MOKET IPUBECTU K TOMY, YTO

Tabruya 5.9
Pe:xumbl uTeHus1/3anucu aiiia

Pexum HeiicTBue

T Orkpoitue daitna qis uyrenust. [Ipu orcyrerBuu daiina byHKIUS Bbi-
naet omu6ky (NULL)

W OtkpsiTue daiina qus 3anucu. Ecau daiin cyiecTByer, ero crapoe
coziepKIMoe OYIeT yIaneHo

a Otxkpoitue aiiia s qobasiaenust. JlanHbie 100aBISIOTCS B KOHEI]
cytiecTByfoIiero daiira

r+ OrtxkpoiTue aitya a5 yteHus u 3anucu ((aiis 10JKeH Cy11ecTBo-
BaTh)

w+ OtkpsiTue mycroro daitna s urenns u 3amcu. Ecau daiin cymect-
BYET, TO CTapoe COAePKUMoe OyeT yaaaeHo

at OtkpsiTHe (daiina 1y yTeHus 1 100aBIeHUs B CYIECTBYIONUT (aiin
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Tabauya 5.10

Pesxnmbl TPpaHCJIAIUA CUMBOJIOB

Pexum JleticTBue

IyCTO TexcroBbiit pexkuM. Hekotopsie coueTanust 6aiiTOB TPAHCIUPYIOTCSI
B O/IMH OaliT BMECTO HECKOJIbKUX, 3alIMCaHHbIX B (hailse

t MomundunmpoBaHHbIii TEKCTOBBIN pesknM. /lonomHNTE b HAS TPAHCIS-
I[1s1 HEKOTOPBIX COYETaHUI GAaTOB B OAUH

b Bunapnsiii peskum. Hukakoii Tpancasiium He mpousBouTces. Bee
6aiiThl CYMTHIBAIOTCS TOYHO TaK, KaK 3allicaHbl B (haiiie

HEKOTOpbIE JaHHbIe He OyayT 3amucadbl B (aitr. [ 3akpeiTust nc-
nosib3yercst pyHkius fclose. Ee cunTakcuc:
int fclose( FILE *<ykazaTenb> ) ;

Ee aprymeHTOM sBJdeTcd yKasaTesib Ha UIACHTU(MUKATOP TOTOKA,
noJiydeHHbIi ot pyHkiru fopen.

ODOynkmus Bo3Bpaiaet 3nadenre NULL B ciryuae ycnenrHoro 3aBep-
IIEHNsT OTIEPAIINU 3aKPBITHS UM KO/ BO3HUKIIEH OIMNOKM.

Opranusanust TUIOBOI paboThI ¢ (ailaMu BBITJISIAUT CIEAYIONIM
obpasom:

FILE* f // OTKpETHUE dalina OJjs YTeHUs
// ecnu OVHKLIUS OTKPHTHS darna finput zaBepmmiach
// HeyImadHO
if( (£ = fopen( "finput", "r" )) == NULL )
printf ("ommbra OTKpHTHUSA odamua") ;
else

{
// obpaborTkra danina
// BakpHTHE daliyla BHIIOJHSETCS TOJIBKO B Cllydae ero
// YCIENHOTO OTKPHTNUS
if(fclose(f)) // ecnu BOBHUKIJIA OmMbKa 3akpHTUSa dania
printf( "ommbra zBarpoTus odamnua") ;
}
[Ipu pabore ¢ daiimaMu BBO/BBIBOJ JAHHBIX OCYIIECTBIISIETCS
B MeCTO B (haiise, onmpezessieMoe mo3uiueit Kypcopa. Kypcop — ato ab-
CTPAKTHBIM YKa3aTesb, TOKa3bIBAIONIUN TEKYIIYIO IMO3UIAI0 B OTKPbI-
ToM (haitne. Tekyieil mosuiueil ABJseTcs MOPSIAKOBbIII HOMEP OT Ha-
yajia (aitna cuMBOJIa, ¢ KOTOPOTO HAyHETCS YTeHUe/3alucCh MpU
caenyromieM obpamiennn K daiiay. [Tpu urennn u3 daiiia Kypcop cIBu-
raeTcsi Ha KOJIMYeCTBO TPOYUTAHHBIX CUMBOJIOB BIlepe/l U yKa3blBaeT Ha
CHMBOJI, C KOTOPOTO HAYHETCsS YTeHHe HPH CJeLylomneM o0pameHnn
K (paiiny. To sxe camoe npoucxoauT u nipu 3anucu. [Ipu otrkpbiTum gaii-
Jla Ha yTeHue («T») UJIU 3aluch («W») Kypcop YCTaHaBJIMBAETCS HA Ha-
vasio (paiisa, Ipr OTKpeITHH (haiiyia Ha qobaBIeHne («a») — Ha KOHEI]
daiina. Kypcop MoskeT ObITh YCTaHOBJIEH BPYYHYIO, HO ITPH 3TOM €r0
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TIO3UINST He MOKET OBITh paHbllle Hadasia (ailra u Jajbiie TeKymei
JTAHBI (paiina.

DOyHKIMS fgets unTaeT U3 3aMaHHOTO (hailia Mmocae10BaTETbHOCTD
CHMBOJIOB U 3aIIMChIBAET €€ B YKa3aHHYIO CTPOKY. Unca0 cuMBOJIOB (1)
3a/1aeT MAaKCUMaJIbHOE KOJIMYeCTBO CYMThIBAEMbIX 13 (hailjia CUMBOJIOB.
Yrenne OymeT MPOM3BOAMTHCI IO TeX IOP, MOKa He OyJIeT CYMTaHO
n — 1 cUMBOJIOB UK HE BCTPETUTCS CUMBOJI HOBOU CTPOKU (3TOT CUM-
BOJI TakKe Oy/IeT IlepeHeceH B Pe3yIbTUPYIOILyo cTpoky). Ilpu ycnemn-
HOM 3aBepllleHnn (PYHKIMS BepHET yKa3aTesib Ha BBEIEHHYIO CTPOKY,
B cirydae omubOkn — NULL.

DOyHKIMS fputs 3aNIUChIBAeT YKa3aHHYIO CTPOKY B (haili 1 BO3Bpa-
IaeT HeoTpUIlaTeJbHOEe 3HaUYeHue (uaiie Bcero () TIpu yCIeNTHOM 3a-
sepirennn win EOF npu Hamuaun ommoOKu.

Oyuxiuu fscanf u fprintf BINOIHSAIOT BBOJ/BbIBOJI TAHHBIX B (haii
B hopMaTUpOBaHHOM Bujle. VIX cuHTaKcuc:

int fscanf (FILE* <ykazaTenb>, const char* <dopmaT>,

[* <apryMeHTl>, * <apryMeHT2>, ...]);
int fprintf (FILE* <ykazaTenb>, const char* <dopmars>,
[<apryMeHT1>, <apITyMeHT2>, ...]);

Itu byHKIME paboraloT aHamorndHo (yHKuusM scanf u printf,
ITPY 9TOM BBOJI/BBIBOJI IAHHBIX OCYIIECTBJIsIeTCS B (paiis, njaeHTudunka-
TOP KOTOPOTO 33/1aeTCA yKa3aTeJeM.

Oywukiuu fread v fwrite ocyecTBIsTIOT OJIOYHBIN BBOI,/BBIBOI 1aH-
HbIX. OOMeH JaHHBIMY IIPOU3BOAUTCS GJI0KaMU (DUKCHPOBAHHOM /T~
Hbl. CUHTaKCcUC QyHKIIUII:

size_t fread( void *<6bydep>, size_t <pasmMmep_biora>,

size_t <kommuecTBO_OJIOKOB>, FILE *<yKazaTeub>) ;

size_t fwrite( const void *<bydep>, size_t <pazMmep_650Ka>,

size_t <koamuecTBO_OJIOKOB>, FILE *<yKazaTesnb>) ;

Oyuknus fread yuraer ganHbie u3 (aila U 3aKuChIBaeT UX B 00-
JIACTh JaHHBIX, HA KOTOPYIO yKasbiBaeT Oydep. Uncao mpodnTaHHbIX
6aliT paBHO TPOM3BENECHUIO KOJUYeCTBa OJIOKOB M pasMepa OJIOKa.
Oyukuus fwrite sanuceiBaer us 6ydepa B (ails 3aaHHOE KOJTMYECTBO
6s0k0B 3azanHol MHBL O0e (QYHKINN BO3BPAINAIOT KOJUIECTBO
IIOJTHOCTBIO TIPOYNTAHHBIX /3aITMCAHHBIX OJIOKOB.

DOyHKIMS fseek oCyIecTBIsSIET YCTAHOBKY Kypcopa Ha OTpeie/ieH-
Hoe MecTo B (paiisie. Ee cunTakcuc:

int fseek( FILE *<ykaszaTenb>, long <CMelmeHne>,

int <mozunms>) ;

[Tosuus 37ech yKasbiBaeT, OT KaKOoro MecTa B (paiiie cieayeTr oT-
CYUTBIBATH CMEICHUE:

* SEEK CUR — ot Teky1ieit mo3auiiuu Kypcopa;

* SEEK _END — ot komnmna daiina;

* SEEK_SET — ot nauasna daiina.
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Hanpumep:

// YyCTaHOBUTB KYyPCOP Ha BTOPY IMIO3UIIMID OT Hadajla dania

fseek (£, 2, SEEK_SET);

// YCTaHOBUTL KYpPCOp Ha KOHell daiia

fseek (£, 0, SEEK_END);

// YCTaAHOBUTHB KYpPCOp Ha 1 HO3MIIMI Hazald OT TeKyem

fseek (£, -1, SEEK_CUR);

Oyukiums ftell Bo3Bpalaer TEKyIIyo MO3UIMIO Kypcopa B daiie.
Ee cunrtakcuc:

long ftell( FILE *<ykaszsaTelb>) ;

DyHKIWM feof TO3BOJISET ONPEAETNUTD, JOCTUTHYT JIK KOHeI[ (aiia.
Ee cunrakcuc:
int feof( FILE *<ykazsareib>) ;

[Tpu moctuskeHuu KoHia (aiiya GyHKIMSA BO3BpallaeT HeHYJIeBoe
3HaYEHUeE.

Mpumep 5.10.1

[TpouuTtarh BXO/MHOU (haill M BBIBECTU B BBIXOAHOU haliyi Bce CUMBOJIBI,
MMEIONINI YeTHBI HOMED.

#include <stdio.h>

int main/()

{
// oObsaBIeHrEe 2-X OGalIOBHX IIepeMeHHBX
FILE *f_in, *f_out;

char ch;
int count = 0; // CUYeTYMK DIJIEMEHTOB
f_in = fopen("input.txt", "r"); // OTKpHTHe odalina
// OJIss 4YTeHUs
if (f_in != NULL) // ecnu daisa OTKPBUICS
{
f_out = fopen("output.txt", "w"); // oTKpHTHe dania
// OJIsA 3alncu
while (!feof(f_in))

{
ch = fgetc(f_in);
// B BBEXOOHOM ali BHBOIOATCS CUMBOJIE C YeTHBMU
// HOMepaMmu
if (++count % 2 == 0)
putc(ch, f_out);
}
fclose(f_in) ; // BakpeTHEe (ANIIOB
fclose(f_out);

}

else
printf("file not opened \n");
return 0;
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Mpumep 5.10.2

[TpounTaTh CTPOKH, 3aNIMCaHHbIE BO BXOAHOM (haiije, U 3a1ucaTh UX B BbI-
XOJTHOU (haiir.

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

FILE *f in, *f out;

char buffer[256]; // OauMHa CTPoRKu - 255
f_in = fopen ("proba.txt", "r"); // OTKpPHTMUE BXOIHOTO
// odamna
f_out = fopen ("rez.txt", "w"); // OTKPHTMUE BHXOITHOILO
// damnna
if (f_in != NULL)
{
while (!feof(f_in))
{
fgets (buffer, sizeof (buffer), f_in); // 4yTeumue
// CTPOKM
fputs (buffer, f_out); // BamImch CTPOKU
}
}
else

printf("File not opened");

fclose(f_in); // 3akpweTuUe Gamnos
fclose(f_out);
return 0;

9.11. Tunbl faHHbIX, ONpeaensemMble NoNib30BaTeNem

K tunam JAaHHBIX, OIIPE/IC/TIAEMbIM I10JIb30BaTEJIEM, OTHOCATCA IIEPE-
YUCJIEHWA, CTPYKTYPbI U O6T)€I[I/IH6HI/IH.

HepeuuCﬂeHue — 9TO HpOCTOfI ]_[eJIO‘II/ICJIGHHbIIL/’I THUIT TaHHBIX, ITpe/-
CTaB]IHIO]J_II/Iﬁ coboit YHOPAAOYEHHYIO ITOCJIEJ0BATECIbHOCTD I/II[GHTI/I(bI/I-
KaTOpoOB (Hepe‘lI/ICJIHGMbIX KOHCTaHT), IIPUHUMAEMbIX HepeMeHHOﬁ.
Ka)KI[OMy I/II[eHTI/I(l)I/IKaTOpy Ha3Ha4Ya€TCA 1eJ10€ 3HAYECHUE.

O6basienue InepeyucyjieHmusd IIpon3BoAUTCA CJICAYIOINM O6p&30M3

enum <uMA_TIepeYdYUCIIeHVA>

{

<KOHCTaHTal>,

<KOHCTAaHTal>
}<uMsI_co3maBaeMoV_TIepeMeHHOM> ;

C0311aBaeMa§1 IIepeMEHHaA 6y,[[eT UMETb THUII UMA_INEPEYUCICHUA
N CMOJKET IIDUHUMATD TOJIbKO T€ 3HAYCHM A, KOTOPbIEC YKa3aHbI B CIIMCKE
KOHCTaHT.
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mst iepednciennst MOKeT ObIT OIYIIIEHO, B 3TOM CJIyJae TIOBTOPHOE
HCIIOJIb30BaHKe JaHHOTO TIepedurcIeHrst Oy1eT HeBO3MOKHO. VIMsI Tiepe-
MEHHOI TaKKe MOKET OBITh OITyIIeHO. B 5TOM cirydae B MOMEHT 00bsIB-
JIEHUST TIePEYHCIEHUsT IepEMEHHAst CO3/1aBaThCsT He Oy/IeT, iepeMeHHast
TaKOTO THTIA MOKET OBITH CO3/IaHa MO3/IHEE € TIOMOIIIBIO OIIPEIEIeHNST:

enum <vMA_TIePeYUYMCIIEHMA><VIMA_IIepP eMeHHOI>;

Kaxmoit KoHCTaHTe U3 CIMCKA TPUCBAMBAETCS YHUKAJIbHOE I1€JI0-
yucjenHoe 3nauvenue. Ilo YMOMYaHUIO KaK[Aasd KOHCTAaHTa ITOJYYa€T
3HAUYeHUe MPeAbIIYIel KOHCTAHThI, YBeJndeHHoe Ha 1, Tpu 2ToM Tep-
Bad KOHCTaHTa IO YMOJIYaHWIO IIPUHUMAET 3HAYE€HUE 0. OI[HaKO KOH-
CTaHTaM MOI‘yT IIpUCBanMBaTbCA 3HAYCHUA U B ABHOM BH/€ C IOMOIIIbIO
onepanuu npucBanBanus. Hampumep:

enum selector

{

Vyhod, // VyhOd:O I
sozd, // sozd=1

prosm, // prosm=2
ud, // ud=3
zam // zam=4
} £ // co3maHa IepeMeHHass f Tuma selector

enum dni

{

pn, // pn=0
vt, // vt=1
sr = 5, // sr=5
cht, // cht=6
pt = 12, // pt=12
sb, // sb=13
VS // vs=14
Y // mepeMeHHas Tura dni B MOMEHT OOBLSIBIIEHUS

// TIepeduciieHus He co3OaeTcsd
enum dni d; // obwbaBIeHMe nepeMenHon d Twuma dni
Haz[ HepeMeHHOfI IepedyncjAaeMoro Tuila BOSMOKHDBI OIl€epalirum:
* onepauusi NPUC8AUBanUsl, HaIpuMep
sell = sozd; d = vs;

b onepauult ONMHOULEHUA, HallpuMep
if (sell == sozd) ...;

* J00bIe OITepallyy, BBITOJIHIEMbIE HaJ TUIIOM int.

Hcnonp3zoBanue rnepeyncaeHuil aeT BO3MOKHOCTb TPUMEHATH
BMECTO YMCJIOBBIX 3HAUEHU CMBICJIOBbIE UIEHTU(MPUKATOPBI, B PE3YJib-
TaTe 4ero obJerdaeTcsl MporpaMMUPOBAHKE M MTOBBIIIAETCS YUTa0E -
HOCTb TIPOTPAMMBL.

Cmpyxmypa — 3T0 NIOUMEeHOBaHHAas COBOKYITHOCTb JJAHHBIX, COCTOSI -
nas u3 GUKCUPOBAHHOTO YMCJIa KOMIIOHEHTOB Pa3HbIX TUTIOB. Komtio-
HEHTBI CTPYKTYPbI HA3bIBAIOTCS MOJISIMU.
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CunTtakcuc oObsIBIEHUS] CTPYKTYPBI:

struct <uMMA_CTPYKTYPH>

{
<TUII><DJIeMeHT1>;
<TUII><DIIEMEHT2>;

}<MMSsI_co3maBaeMOoV_IIepeMeHHO> ;
Hamnpumep:

struct tip_rab // obbsaBieHMe Tuia CTPyKTypa tip_rab

{

int tabn; // BIeMeHTH CTPYKTYPEH
char fio[207;
float zarp;
}rabl; // coszpmaeTcs nepeMeHHas rabl Tumna
// struct tip_rab
NJIn:

struct tip_rab rab2, brigada[l0]; // obbsaBIeHue

// TIepeMeHHHX Tulla CTPYKTypa tip_rab

[l noctyna K ajieMeHTaM CTPYKTYPhI UCIIOJIb3YIOTCS OIePaTOPhI:

* NPsAMO20 BHIOOPA TTOJIST CTPYKTYPBI («.»);

* KOCBEH1020 BBIOOPA MOJISI CTPYKTYPBI («->»).

Omepanust «.» 0bOecrednBaeT AOCTYN K 9JE€MEHTY CTPYKTYPBI IO
MMEHU TIePeMEeHHOM, peaJu3ylolield CTPYKTYPY, HaIIpuMep

rabl.tabn=120; // »unemenTy tabn cTpykType tip_rab

// TIpucBOeHO 3HadeHume 120

Oﬂepa]_[I/IH «=>» HCIIOJIB3YETCA AJIA JOCTYIIA K 9JIEMEHTY CTPYKTYPDBI
IIpK 3a/laHHOM YKa3aTeJji€ Ha CTPYKTYPY, HallpuUMeEpP

// obbsaABIEHME yKaszaTels Ha CTPYKTypy tip_rab

struct tip_rab * pl;

// TonydeHme 3HadYeHUs DieMeHTa tabn cTpykType tip_rab

1 = p->iteml;

To ke camoe sieficTBUE MOXKHO BBIIIOJIHUTD C UCIIOJIb30BaHUEM OIle-
palum «.» 1 olepaliii KOCBEHHOU ajipecaniun «*»:

i = (*p).tabn;

()HpeﬂeﬂeHHe aJipecCa 110 CTPYKTYPbI BBIIIOJHACTCA C IIOMOIIBIO
omnepaiuu ajgpecaruu: &prab -> tabn. 31ech oneparnust -> nmeer 6osee
BBICOKHUU IIPUOPUTET, YeM orepanusd &.

Haz[ HEJTbIMU CTPYKTYpPaMU, UMEIOIMMMU ONH U TOT K€ I/II[GHTI/I(I)I/I-
KaTOp THII4, BOBMOJKHA OIl€palivig IpUuCBanBaHUA, HAITDUMED:

rabl = rab2;

Tun «CTpyKTypay sABJISI€TCSI OCHOBHBIM THIIOM JIaHHBIX B 9KOHOMMU-
YeCKUX U YIPaBJeHYeCKUX 3a/lauax.
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Obvedunenue — 3T0 TOUMEHOBAHHAST COBOKYITHOCTD JTAHHBIX, COCTO-
Aamast U3 GUKCUPOBAHHOIO YMCJIA KOMIIOHEHTOB Pa3HbIX TUIIOB, HO aK-
TUBHBIM MOKET OBITH TOJBKO OJIMH KOMIIOHEHT. MHOTHE cHHTaKCcuvec-
Kre U (PyHKIMOHAJbHBIE CBONCTBA OOBEIUHEHWI COBMAMAIOT CO
ctpykrypamu. Hampumep:

union tip_rab // OoDObaBIIeHME TUIIa OobbeIuMHeHMre
{
int tabn; // pazMep 2 6OalrTa
char fio[20]; // pasmep 20 6Ganur
float =zarp; // pasMep 4 6anta
Y
union tip_rab rabl,rab2; // OOBsBIEeHMEe IIepeMeHHBX

// Tuna tip_rab

Pasmep o6beIuHEHNS paBeH pa3Mepy MaKCHMaJIbHOTO KOMIIOHEHTa
oObeHEHNST, B TIPUBEIeHHOM mpuMepe oH paBen 20 Oaiitam. Ilepe-
MenHast rab1 MokeT ogHOBpeMeHHO XpaHuTh B 20 HGaiitax b0 3Have-
Hue int, 160 maccus char, mu6o snauenue float. Oneparusa sizeof
(rab1) Bosspariaer 3nauenue 20, Ho B ToM cirydae, koraa rab1 comep-
KUT 00beKT Trma int, 18 6aiiTOB OCTAIOTCST HEMCITONB30BAaHHBIMU (Ty/1a
TIOMEIIAI0TCST CHMBOJIBI-3aII0THUTEN ), aHAJIOTHYHO, Korja rab1 coxep-
xuT 00bekT Tuna float, nencrnosnbzoBanubiMu ocratorca 16 6aiiTos.

JlocTyT K ToJisiM 0O beTMHEH ST BHITIOTHSIETCST TaK JKe, KaK ¥ K ITOJISIM
cTpyKTypbl. OObearHeHne MOKET OBITh WHUIMATU3UPOBAHO TOJIBKO
OTHVIM 3HAYEHHUEM.

BBectu cBeiennsi o 15 cTyieHTax, BKAOYAOINE KO CTy/IeHTa, HOMED TPYII-
TIbI, KOl AMCIIUTLIHBI ¥ TOJTyYeHHYTO OlleHKy. PaccunraTh cpeauuii bas, mo-
JIYY4EHHBIN CTy/IeHTaMU YKAa3aHHOU TPYIIIILI 0 YKAa3aHHOU TUCITUTIIINHE.

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

{

struct student { // cTpykTypa student BrIOYaeT II0JIS:

int num; // KOO CcTyIeHTa
int grup; // HOMEp TPYIIIH
int exam; // KOI IUCLINIIJIVNHE
int ball; // oOlleHKa

1

int gr, ex;

int kol = 0; // kol - KOIMYeCcTBO CTYIEHTOB
float sr = 0; // sr - cpemnHum 6ail

struct student st[1l5];

int 1;

for (i = 0; i< 15; i++) // BBOO CBeIeHUM O CTyIOeHTax

{
printf ("vvedite nomer") ;
scanf ("%d", &st[i].num);
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printf ("vvedite gruppu") ;
scanf ("%d", &st([i].grup);
printf ("vvedite examen");
scanf ("%d", &st[i1].exam);
)
)

7

printf ("vvedite ocenku"
scanf ("%d", &st[i].ball

7

}

printf ("vvedite kod examena"); // BBOI KOIa IUCLIMIIJIMNHE
scanf ("%d", &ex);
printf("vvedite nomer gruppy"); // BBOL HOMEpa TIDPYyIIIH
scanf ("%d", &gr);
for (1 = 0; 1 < 10; 1i++)
1if ((st[i].grup == gr) && (st[i].exam == ex))
{
sr += st[i].ball; // BHYUCIJIEHME CYMMH 0ajjoB
kol++; // M KoIudecTBa CTYIOEeHTOB
}
if (kol != 0) // ecnam KOIMYECTBO CTYyIeHTOB He paBHO 0
printf("%$f", sr / kol); // BHBOI cpenHero 6ainia
else
printf ("net dannyh"); // BHEHBOI COODmEHMUS

// 00 OTCYTCTBUN IaHHHX
return O0;

5.12. Pacluupenus a3bika C++

B manHOM maparpade paccMaTpuBaiOTCst HEKOTOPbIE Oa30BbIE OTJIH-
yug g3bika C++ ot g3bika C.

B a3pike C++ mosBujach BO3MOKHOCTH HCITOJIb30BAHUS CCBHLTOK.
Cevika — 9T0 TIceBAOHUM (aJbTepHATUBHOE MMs) st oObekTa. Vc-
TI0JIb30BAaHNE CCHIJIOK TPEICTABIISIET COO0I aThbTePHATHRY MCITOJIH30Ba-
HUIO YKa3aTeJen.

CuHTaKCHUC ONMMCAHUS CCHLIKU:

<TUII>&<UMA__CCHRUIJIKM> = <3HaA4YeHMue>;

Hanpumep:

int tabn = 1000;

int &r = tabn;

Temneps r siBJsieTcst riceBIOHUMOM tabn.

[Tpu 0OBSABICHUN CCBHIIKK 00513aTeIbHO JOJKHA OBITh BBITIOJTHEHA
ee MHUITMATU3AIS, TPUYEM HHUIHATU3NPOBAHA CCHLIKA MOKET OBITH
TOJTBKO ofiuH pa3. [locsie mHUIIMATM3AINY 3HAYEHUN CCHIJIKU M3MEHUTD
HEJIb35I, €€ HeJIb3sT CBSI3aTh C JIPYTUM OOBEKTOM.

CchUIKM YacTO MCHOJB3YIOT 7S Tlepefadyn MapaMmeTpoB (PyHKITAM.
[Tepenaya mapaMeTpoB 10 CChIJIKE aHAJOTUUYHA TIepeiade mapamMeTpoB
o ykasareso. OHaKO UCIIOIb30BaHNE CCHIJIOK HOoiee yI00HO, TaK Kak
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CCBIJTKA MTUTIIETCST KaK 0OBIYHASI IepeMeHHast U He TpeOyeT orepariiii aj-
pecanuu (&) u pazagapecaruu (*).

B a3bike C++ MOSBUINCH HOBBIE CPEACTBA IMHAMIYECKOTO PACIIpe-
nenenns namsati. K HuM oTHOcsTCs onepaTopsl new u delete.

OmnepaTop new BbIAESET MaMsATh TpeOyeMoro o0beMa B COOTBETCT-
BUU C ITePeJaHHbIM TUIIOM JaHHBIX ¥ BO3BpaIlaeT yKa3aTe/lb Ha BbIjie-
JIEHHYTO TTaMsITh. B KauecTBe THIA MOKeT BBICTYTATD JIIOOO0I 0Aa30BBII
6o mosb3oBaTeabckuil . Omeparop new MOKHO HCIIOJIb30BaTh
JUIST BBI/IEJIEHUST TTAMSITH 110/l MACCHUBBIL.

Omneparop delete ocBOOOXKIAET BhIIEIEHHYIO TTaMsiTh. CliennaabHast
dopma onepatopa delete[] mis MaccuBOB OOBEKTOB BBIIOJIHSIET He
TOJIBKO OCBOOOJK/eHUE BCeH BBIJEJeHHON maMsaATh (aHaJOTUYHO
delete), Ho 1 yHUYTOXKEHIE KayKIOTO OObEKTa B MACCHBE.

B a3bike C++ nmogBuioch NoHATHE KIacca.

Knacc — 910 COBOKYITHOCTD JAHHBIX PA3JIMYHBIX TUIIOB U (QYHKI[UI
I mX 00paboOTKM ¢ aTpuOyTaMu J0CTyla K HuM. Kiacchl sSIBISIIOTCS
TaIbHENIINM Pa3BUTHEM CTPYKTYP M MO3BOJISIOT HE TOJIBKO XPAaHUTh
JIaHHbIE B CTPYKTYPHUPOBAHHOM BHJI€, HO M PA3MECTUTH BMECTe C HUMU
OYHKIMH, OIEepUPYIONHe ¢ STUMHU JaHHBIMUA. JTO MO3BOJISIET pasrpa-
HUYHTD JOCTYII K JaHHBIM 1 OOJiee TOHSATHO OIUCHIBATD METOIBI Pabo-
TbI ¢ JaHHbIMU. DYHKINK, BKIIOYEHHbIE B COCTAB KJIacca, HAa3bIBAIOTCSI
Memooamu.

JJIeMeHTaMU KJracca CIysKaT SJIeMEHThI-TaHHbIe 1 DJIeMEHTHI-(DYHK-
1.

Inemenmoi-dannvie — TO COBOKYITHOCTb B3aMMOCBSI3aHHBIX JaH-
HBIX PA3JINYHBIX TUIIOB, OObSIBJICHHAS B OIPEIeJIeHNN KIacca.

Inemenmot-pynxyuy — 910 PYHKIMU, 0ObIBIEHHBIE B OIpe/eIe-
HUU KJIacca U 00pabaThIBaIOINE 9JIEMEHThI-JaHHbIE KJIACCa.

JlocTytn K mepeMeHHBIM U MEeTO/[aM KJIacca OMpeesIsieTcst uX odJrac-
Thi0 BUANMOCTH. O6JacTh BUAMMOCTH MPUHAJIEKANNX KJIACCy HaH-
HBIX M METOIOB 33/[a€TCSI C TIOMOIIBIO KJIIOUEBbIX CJIOB:

e private (cOOCTBEHHBIN);

e protected (3aIIUIIEHHBI);

* public (obmmexoCTyIMHBIT).

Cob6cmeennvie (private) MaHHBIE U METOBI JOCTYITHBI TOJIBKO BHYT-
P¥ IAHHOTO KJIacca.

Sawuwennoie (protected) narubie U METOBI IOCTYITHBI BHYTPU JIaH-
HOTO KJIacCa U JIJIST KJIACCOB-TIOTOMKOB.

Obwedocmynuvie (public) nanHbie U METOIBI AOCTYIHBI B JTIOOOM
MecTe TIPOTPAMMBL.

CylImecTByIOT cIieliiaabHble 2JIeMeHThI-(DYHKINKN Kiaacca (KOHCT-
PYKTOPBI ¥ JIECTPYKTOPBI), CIAy/KAI[Ue I CO3AaHMs], KOIMPOBAHUS,
peoOpasoBaHms M YHUUTOKEHNUS OOBEKTOB KJIacca.
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Koncmpyxmop — byHKIMSA, aBTOMAaTUYEeCKW BbI3bIBaeMasi PHU CO-
3MaHny 00beKTa TaHHOTO Kaacca. OOBIYHO KOHCTPYKTOPHI HCIIOIB3YIOT
LTSI MHUIHATTM3AIAN TTEPEMEHHBIX 00bhEKTa, BBITIOTHEHHST KaKUX-JTN00
NepBOHAYAIBHBIX JeHcTBUH U T.1. KOHCTPYKTOp He nMeeT Bo3Bpaliae-
Moro Tura. VMIMs KOHCTPYKTOpa I0JKHO COBIIQ/IaTh C UMEHEM KJacca.
Kiracc MoKeT MMeTh HECKOTbKO KOHCTPYKTOPOB, OTIMUYATONIIXCST HabO-
POM apryMeHTOB.

Jlecmpyxmop — 310 QyHKINS, aBTOMAaTUIEeCKH BbI3bIBaeMast TP YHUY-
ToskeHnn 00bekTa. OOBIYHO JECTPYKTOP MCIONB3YETCS JIJIST BBITTOJTHE-
HUST KaKuX-T100 (GUHATBHBIX IefCTBUIA W YMCTKYU TMaMsATH. B Kiacce
MOJKET OBITh TOJIBKO OMH AeCTPYKTOP. JlecTpyKTOop He MMeeT BO3Bpa-
IIaeMOT0 3HAUEeHUS U JIOJKeH UMeTh UM BUJla ~UMs_KJjacca.

B nannom maparpadge paccmoTpeHa JIUIb OYeHb Majasgd 4acTh OCO-
Gennocteit si3bika C++. [I71s1 ero moapo6HOTO M3yUYeHUsl CIeayeT BOC-
MI0JIb30BATHCS CIEINAJbHON JIUTEPATYPOM.



naBa 6
PA3SPABOTKA NMPOrPAMMHOI0 NPUNOXEHUA
HA A3bIKE C

Tpebyercst paspaboTarb nmporpammtuoe npusoxenne «Dopmuposa-
HUE 3aKa30B Ha MCII0JIb30BaHNE CTPOUTEIbHBIX MEXaHU3MOB>.

[TpuroskeHue HOKHO 06€CIIEYNTh BBIIIOTHEHKE CIELYIONUX JeCT-
BUIA.

1. Co3manne BXOAHBIX (DaitnoB; TpedyeTcst co3maTh (hailIbl:

* Cnpasounux cmpoumebHuLX Mexanu3mos, coaepsxamuii moJis: Kox
MexannaMma, HanmenoBaume, CTOMMOCTD OJJHOTO MaIIHOYaca pabOTHI;

* Jakasuuxu, conepskamuii moss: Kox 3akazunka, HanmenoBanue
opranusaiuu, @opma oriaThl.

2. [losryyenue BbIXOJHOTO (hailia 3akasvl Ha OCHOBE BXO/IHbBIX (aii-
JIOB U JITaHHBIX, BBEJIEHHBIX C KJyaBUaTypbl. C KJIaBUATYyPbl BBOJSTCS
Howmep 3akasa, /lara 3akasa, Koj 3akasunka, Kox mexannsma u Oobem
paboThl B "acax. BeixogHoit daitn 3axasv DOIKEH COAePKaTh IOJIS:
Howmep 3akasa, /laTa 3akaza, Koz 3akazunka, HaumenoBanme opranmnsa-
MU 3akaszunka, Kox mexannsma, HammenoBanue mexannsma, OObeM
paboTHI B Yacax.

3. BeiBog CTonMocTH 3aKa3a 110 BBeJIeHHOMY ¢ KJaaBuatypbl Home-
py 3aKasa.

4. Co3nanrie MEHIO [IJisT BBITIOJTHEHUSI BCeX yYKa3aHHBIX B 3a/laHUU
ITYHKTOB.

Cosnanne TPUIOKEHNUS OCYIIECTBISETCS ¢ TTIOMOIIBIO CJIEYIONIETO
MIPOrPaMMHOTO KO/Ia:

#include <stdio.h>
#include <string.h>
// ODOBABIIAEM CTPYKTYPH
structc_materials
{
int mtr_code;
char mtr_name[20];
int cash;
Y
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struct customer

{

Y

int customer code;
char organization_name[20];
char form_payment [20];

struct order

{

Y

int orders;

char order_date[1l5];

int customer_ code;

char organization_name[20];
int mtr_code;

char mtr _name[20];

int time;

int main()

{

int operation = 0, quantity, pos = 0;

char selection;

int mark_code, summ, ord;

// ObbsaBIsIeM yKazaTeny Ha obaliis

FILE *MN = NULL, *AB = NULL, *IR = NULL;
printf(" -——-——---"——""———
printf (" | Good day, user!

printf (" | Please, select action:
printf (" | 1) Add customer

printf (" | 2) Add order

printf (" | 3) Search by brand
printf (" | 4) Exit from the program
printf(" | (Use the number operation!!
printf(* ---- - - - - - ———— -

// BHIOENSAEM IIaMATh IIOI CTPYKTYDPH
struct customer cus;

struct order od;

struct c¢_materials cm;

) ;

// 3allyCKaeM ILIMKII IIPOBEPKNM BBEeIEHHOI'O 3HAYEeHNMA

4)

while

{
printf ("\nOperation:
scanf ("%d",

(operation

")
&operation) ;

// BamyckKaeM BHOOP OEeMCTBUS IO BBEOEHHOMY 3HAYEHNIO

switch (operation)

{

case 1:

{

printf ("Enter the number of customers:

scanf ("%d",
for (int 1

&quantity) ;

0; 1 < quantity; i++)

")



printf ("\nEnter the customer code: ");

scanf ("%d", &cus.customer_code) ;
printf ("\nEnter the organization name: ");
scanf ("%s", &cus.organization_name) ;
printf ("\nEnter the form of payment: ");
scanf ("%s", &cus.form_payment) ;
IR = fopen("customer.txt", "a");
fprintf (IR, "%d %s %$s\n", cus.customer_code,
cus.organization_name, cus.form_payment) ;

fclose (IR);

}

break;

}
case 2:

{

// BBOOMM HOaHHBE C KJIABMATYPH 019 QOPMUPOBAHUSA

// Bakaza

printf ("\nEnter the quantity of order: ");

scanf ("%d", &quantity);

for (int i = 0; 1 < quantity; i++)

{
printf ("\nEnter the order number: ");
scanf ("%d", &od.orders) ;
printf ("\nEnter the order date: ");
scanf ("%s", &od.order_date) ;
printf ("\nEnter the customer code: ");
scanf ("%d", &od.customer_code) ;
printf ("\nEnter the materials code: ");
scanf ("%d", &od.mtr_code) ;
printf ("\nEnter the time in hours: ");
scanf ("%$d", &od.time) ;

MN = fopen("order.txt", "a");
IR = fopen("customer.txt", "r");
AB = fopen("c_materials.txt", "r");

// LIMKIJ TIOMCKa HYXHOT'O 3HadYeHUs
while (!feof (IR))
{
fscanf (IR, "%d%s%s", &cus.customer_code,
&cus.organization_name, &cus.form_payment) ;
1f (od.customer_code == cus.customer_code)
strcpy (od.organization_name,
cus.organization_name) ;
}
// LIMKI TIOMCKa HYXHOT'O 3Ha4YeHUs
while (!feof (AB))

{
fscanf (AB, "%d %s %d", &cm.mtr_code,
&cm.mtr_name, &cm.cash);
printf ("\n%s", cm.mtr_name) ;
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if (od.mtr_code == cm.mtr_code)
strcpy (od.mtr_name, cm.mtr_name) ;
}
fclose (IR);
fclose (AB) ;
fprintf (MN, "%d %s %d %$s %d %s %d\n",
od.orders, od.order_date, od.customer_code,
od.organization_name, od.mtr_code,
od.mtr_name, od.time); fclose (MN) ;
}
printf ("\nDone!") ;
break;

case 3:

{ // BHBOO CTOUMOCTU II€PeBO30K IIO HOMEepYy 3akKa3z3a
printf ("\nEnter the number of order: ");
scanf ("3%d", &ord);

MN = fopen("order.txt", "r");
AB = fopen("c_materials.txt", "r");
while (!feof (MN))

// TIOUCK 3akasa

fscanf (MN, "%d %s %d %s %d %s %d\n",
od.orders, od.order_date, od.customer_code,
od.organization_name, od.mtr_code,
od.mtr_name, od.time);

if (ord == od.orders)
{
while (!feof (AB))
{// momMcK CTOMMOCTM II€PEBO3KM II0 MallMHe
fscanf (AB, "%d%s%d", &cm.mtr_code,
&cm.mtr_name, &cm.cash);
1f (od.mtr_code == cm.mtr_code)
{

summ = cm.cash*od.time;

}

printf ("\nCost by order number: %d", summ);
fclose (AB) ;

fclose (MN) ;

break;

case 4:
break;



default:
printf ("Use number 1-4!!!!\n\n");
break;

}

if (operation >= 1 && operation < 4)
{
printf ("\nSelect another operation? (yll|In):");
scanf ("%$c", &selection);
scanf ("%$c", &selection);
if (selection == 'n')
operation = 4;

}

printf ("\n Good bye! Have a nice day!");
return 0;

}



naBa 7

WHTEMPALINA A3bIKOB NMPOrPAMMWPOBAHUA

PYTHON U C

3HaHUe g3bIKa INporpaMMupOBaHuA C nosBosseT co31aBaTb HOBbIE

moxysin Python, pacimpsiionine Bo3aMoskHoCTH si3bIKa. JlJ1si co3pammist
TaKOro MOJYJisl BocnoJibayemcst naketoM distutils!, Bxozsiium B cocta
Python.

n B

Paccmorpum mpumep cosmanust moaysst Python (mast Bepcum 3
pitiie) Ha si3bike C B omeparimonnoii cucreme Debian 4.9.2-102% [l

9TOTO B MIEPBYIO OUEPEh IOHATOOUTCSI co3/1aTh (haiin Ha si3bike C (own-
mod.c), copepxaiuii GyHKIMOHAIbHbIE? BO3MOKHOCTH OYAYIIEro MO-
Ty JIST:

doc
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/* ownmod.c */

#include <Python.h> /* Omnpemensier Habop OYHKIUIA,
MakKpOCOB M II€pPEeMeHHHX, KOTOPHE obecledrBanT TOCTYII
K OONBMMHCTBY BO3MOXHOCTEN MHTeplnpeTraTropa Python */

/*

OyHKIIUSA Ha s3bKe C, KOoTOopas OynoeT BH3HBATHLCH

mpu obpameHur K GyHKIIMM echo u3 s3HKa Python.

*/

static PyObject* py_echo( PyObject* self, PyObject*
args )

{

printf ( "BHBOI M3 DSKCIOPTUPOBAHHOTO Koma!\n" );
return Py_None;

/*
MaccuB CTPYKTyp Tumna PyMethodDef, comepxammin muMs
dyurumum "echo"; ampec dyHKIIMU pPy_echo, kKoTopasa Oyner

BRHIBEIBATHCS; ¢nar METH_NOARGS, yKas3HBaolUli Ha OTCYTCTBUE

! Tlompobnee cm.: https://docs.python.org/3.6/library /distutils.html.

2 Coopka B Windows: https://docs.python.org/3.6/extending/windows.html.

3 ITompobHee cm.: https://docs.python.org/3.6 /extending/index.html; https://
s.python.org/3.6/c-api/index.html.



apTryMeHTOB; CTpoKa nokyMeHTaluu - "echo function'.

MaccuB OONXKEH OKAHYMBATLCS HYJIEM.

*/

static PyMethodDefownmod_methods[] =

{
{ "echo", py_echo, METH_NOARGS, "echo function" },
{ NULL, NULL }

Y

/*
OmpenensieM CTPYKTYPY, HEOOXOIMMYIW OJid CO3IOaHUs
MOOYJIBHOTO OOBexKTa.
*/
static struct PyModuleDef ownmodule =
{
PyModuleDef_ HEAD_ INIT,

"ownmod", // uMs MOIYJS
NULL, // OOKyMeHTallus, MOoxeT colepxaTb NULL
-1, // MOOyJNEb XPaHUT COCTOSHME B TJOOanbHOM

// TIepeMeHHO’
ownmod_methods

};

/*
OYHKIMS OJIS UMHULIMAIW3ALINM MOIYJIS .
*/
PyMODINIT_FUNC PyInit_ownmod ()
{
PyObject *m;
/* CozpaHue HOBOI'O MOIOYJIBHOI'O obkLekTa */
m = PyModule_Create (&ownmodule) ;
if (m == NULL)
return NULL;
}

3arem (popmupyem daitn ¢ uMeHeM Setup.py, KOTOPbIii HeOOXOANM
It COOPKY U YCTAaHOBKY MO/IYJIST:

# setup.py
from distutils.core import setup, Extension
modulel = Extension( 'ownmod', sources = ['ownmod.c'] )
setup( name = 'ownmod',
version = '1.1"',
description = 'This is a first package',
ext_modules = [modulel]

)

Jlnst coopku Moy ist' (Co3maHust AMHAMUYECKOH OMOJNOTEKN .SO)
B KOMaH/[HOM cTpoke Linux HeoOX0UMO BBIITOJTHUTH:

python3 setup.py build

! TIompoGhee cm.: https://docs.python.org/3/install /.
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Jlist ycTaHOBKH MOyJist (KOTIMPOBAHUST CO3/IAaHHON OMOJMOTEKN

B paboure KaTajJorn) B KOMaHIHON cTpoKe Linux ¢ mpaBaMu aqMuHuC-
TpaTropa HeOOXOIMMO BBITTOJTHUTD

python3 setup.py install
Temepsb MoskeM 3amycTuTh HHTepIperatop Python, mummopTupoBaTh

CO3IaHHbBIIT MOy 1b ownmod 1 BbI3BaTh (PyHKIHUIO echo:

>>> import ownmod

>>> ownmod.echo ()

BHIBOL M3 DSKCIOPTUPOBAHHOT'O Koma!
>>>

KoHTponbHbie BONPOCHI

1. KakoBa cTpyKTypa mporpamMMbl Ha si3bike C?

2. YTo Takoe MOy Jib?

3. Yto takoe hbyHKIHS?

4. Kakne cMBOJIBI BXOAAT B ayiaBuT si3bika C?

5. Kakue THIIbl KOHCTAHT CYIIECTBYIOT B si3bike C?

6. Urto Takoe nepemeHHas?

7. YTo omnpenesisieT TUI JaHHBIX ?

8. Kakue ctanmapTHble TUIIBI TIEPEMEHHBIX eCTh B s13bike C?

9. Korza npoucxoaut Bbl/ieJIeHNE TTaMSTH IO TTepeMeHHbIe?

10. Kakast onepatiuist HCIOJIb3yeTcs st SBHOTO MPeobpa3oBaHus THIIA JTaH-

HBIX?

11. Yro nonumaeTcs 1o/l BpeMeHeM >KU3HU TlepeMeHHO ?

12. Yto monnMaeTcst Mo 001acThio BUAMMOCTH TIEPEMEHHO ?

13. YTo ompenesnseT Kjaacc mamMsITh?

14. B ueM 0COOEHHOCTH CTATHYECKUX IT€PEMEHHBIX ?

15. B yem otstmunst npeuKCHOM 1 TOCTHUKCHOI (hOPM orepariuii?

16. Kakag ormepanusi ¢ TpeMs ollepaH/ilaMU CyIIecTByeT B si3bike C?

17. Kakue TUIBI aITOPUTMUYECKUX CTPYKTYP MPUMEHSIIOTCS B CTPYKTYP-

HOM TIPOrPAaMMUPOBAHUN ?

18. Kakue omepatopbsl UCTIOMB3YIOTCS ST PEATU3AIUN BETBININXCS aJTO-

PUTMOB?

230

19. Kakue BUIbI ITUKJIOB CYIIECTBYIOT?

20. B yem oT/iuMe 1UKJIOB € TPEyCIOBUEM OT IIUKJIOB C MTOCTYCJIOBUEM ?
21. Jlia yero npeaHasHadeH oneparop break?

22. JIns gero npegHasHavyeH ornepaTop continue?

23. YTo Takoe aupeKkTUBA Mperpoiieccopa’?

24. ]l yero npeaHasHadena gupekrusa #define?

25. Kakue TUpeKTHBBI YCJIOBHON KOMITUJISIIIAN BbI 3HaeTe?

26. YTo Takoe ykazaTesib?

27. Kakue orepaiiuu MpuMeHSIIOTCS JIJIst pabOTBI ¢ yKa3aTeIstMu ?
28. Yo Takoe maccuB?

29. YTo o3Havaet onepainus NHAEKCAIUU JIJIsT MaCcCUBa?

30. B uem ocobeHHOCTH XpaHEeHUsI MHOTOMEPHBIX MACCUBOB?



31. Kak mpousBOIUTCS MHUITUAIU3AIIMS MACCUBOB?

32. Y10 Takoe TMHAMWYECKNIT MACCUB?

33. Kakue hyHKIINYT TPUMEHSTIOTCS /IJIs1 YIIPABJIeHU IMHAMUYECKUM BbIie-
JIEHWeM TaMsTh?

34. KakoBbl 0COOEHHOCTH TTHAMUYECKOTO BBIIETEHUS TIAMSITH JIJIST MHOTO-
MEPHBIX MaCCUBOB?

35. Yto Takoe MpOTOTUT (DYHKITUN?

36. Uto Takoe ompenenenue GyHKITUN?

37. YeMm passnuatorcs ¢popmasibHblie U (hakTUuecKue mapaMmeTpbl PyHKITNN?

38. Kakwe cymiecTByIOT criocoObl epeiadu mapaMeTpoB (hyHKIHI?

39. Urto Takoe pexkypcuBHasg (HyHKIIUS?

40. Kakue ¢pynkimu ¢opmMaTupoBaHHOTO BBOJIa/BbIBO/IA BbI 3HaeTe?

41. Yro Takoe cnerudukarop opmara’?

42. Kakue pyHKImn He)opMaTHPOBAHHOTO BBO/Ia/BbIBO/IA BbI 3HaeTe?

43. KakoBbl 0COOEHHOCTH XPaHEHUsI CTPOKOBBIX TAHHBIX ?

44. YTo Takoe MOTOK BBO/Ia,/BhIBOIA?

45. Kakue ctagnn BKJIOYAET poilecc paboTh ¢ (aitiamu?

46. Yto Takoe Kypcop?

47. Kakue 1moJsib30BaTeibCKUe TUIBL JaHHBIX Bl 3HAETE?

48. UTo Takoe nepeuncieHue?

49. Yto Takoe oObeuHeHne?

50. Yro Takoe cTpyKTypa?

3afjaHua Ang camocToATEeNIbHOro BbINONHEHUS

1. C kiraBuatypsl BBecTu Tpu uyucyaa. Haiitu npousBenenrie HanOOIbIIETO
1 HAaUMEHBIIEeTo Cpe/ild HUX.
2. C kyaBuUaTypbl BBECTHU [[Ba IEJbIX YKUCIA X U Y. BbluncauTh 3HaueHue

J(x, y), pasHoe

2x +y, ecm | x| > |y|,

— 2 _
fx,y) =x% ecmx =y,
X — y B OCTaJIbHBIX CJIy‘{aHX.

3. BBecTtn koopamHaThl (X U i) TpexX Touek Ha MIocKocTu. OnpesesnTb, MO-
TYT JIK 9TU TOUKU SIBJISITHCS BEPIIMHAMU TPEYTOJbHUKA.

4. C xJaBMaTypbl BBECTH HaTypaibHoe uncyio A. Haiitu HambosibInee mpo-
CTOEe YUCJIO, MeHbliee A.

5. BBectu jiBa HATYPaJIbHBIX YKCJIA 72 U 1 — YUCTUTEb ¥ 3HAMEHATEb JIPOOH.
Coxpatuth ApoOb U BBIBECTH YUCIUTETb U 3HAMEHATeb COKPAIleHHON IPOOH.

6. Beectu siBa HaTypasibHBIX unciaa. HaliT ux HauMeHbIiiee obIiee Kpart-
Hoe.

7. BBectn nHatypanbHoe yncsio. [loMeHsATh B 3TOM 4mciie MecTaMyu MaKCH-
MaJIbHYIO U MUHUMAJIbHYIO 1I(py. BiBecT mnosiydeHHOe 4ucJio.

8. C kyaBHaTypbl BBECTH 7 IEJIBIX YKCeJ. BhIBECTH YMCIO ¢ HAOOIBIINM
KOJINYECTBOM I1eJIOYMCIIEHHBIX JlesnTesield. Eciim Takux uyncesr HeCKOJIbKO, BbI-
BECTHU UX KOJINYECTBO.
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9. C kaBuaTypbl BBECTH 7 11eJIbIX YKceJl. BbIBeCTH YMCII0 ¢ MaKCUMaJIbHOM
cymmoit 1udp. Ecm Takux unces HeCKOJIbKO, BBIBECTH X KOJNYECTBO.

10. C kyaBUaTypbl BBOAUTCSA BEJIUYMHA OTHOCUTEIBHOU TOTPeIHocTu &.
C To4HOCTBIO § HATH CyMMY psifia, OOIINI YIeH KOTOPOTO 3a1aH (hOPMYJIOii:

10"

a ﬁ

n

11. Bectu niesioe uncao. HaliTu MakcuMabHYI0 1 MUHUMAJbHYIO 1TUDPY
B 9TOM umcJe. [y moucka mudp ucmnoab3oBath GYHKIMIO, TapaMeTpbl KOTO-
POl IlepelatoTest 10 yKa3aTeJIsIM.

12. Bectu 7 nenbix yucesn. Haittu HanboJipllie 4eTHOE U HAaMMeEHbIIIee He-
YeTHOE YMCJIO CPe/Iv BBEICHHBIX.

13. Beectu unciio 1esoe yncio #. Beraucantsd #" u n! 114 BIMUCIeHNN 1C-
MOJIb30BaTh (DYHKINIO, TApaMEeTPhl KOTOPOU TIepeflaloTCs M0 yKa3aTesIM.

14. BBecTn ogHOMEPHBIM MAaCCHB, COCTOSIIIMI U3 7 3JieMeHTOB. BriBecTn
2JIEMEHT, HauMeHee OTJIMYAIONIUICS OT cpeHero apuMeTuIeCcKoro 3HaYeHUs
MaCCHBa.

15. BBecT 0fHOMEPHBIN MACCUB, COCTOSIIINI 13 7 21eMeHTOB. [ToMeHsAThH
B 3TOM MacCUBe MeCTaMU IePBBIN MOJIOKUTEIbHBIN U TTOCTeHUIN OTpUIlaTE ] b-
HBIN 9JIEMEHTHL.

16. BBecTrt 0IHOMEpHBIN MaCCUB, COCTOAIIMHI U3 72 ajieMeHTOoB. HaliTn Mak-
CUMAJIBHYTO CYMMY TIOZIPSI/T UAYTITUX OMHAKOBBIX 3JIEMEHTOB MAacCHBA.

17. BBecT OIHOMEPHBIN MAaCCUB, COCTOAIINHI U3 12 djieMeHTOoB. Halitn Mak-
CHUMAaJIbHBIN 9JIEMEHT, 3HaUeHe KOTOPOTO MEHBIIIE ero MHEKCa.

18. BBecTr O/ITHOMEPHBINI MACCUB, COCTOSAIINI U3 1 dJieMeHTOB. CxkaTh Mac-
CHUB, Y/IAJINB U3 HETO BCE OTPUIIATEIbHbIE 3JIeMeHThI. [[OTIOJTHUTEIbHbII MACCUB
He MCII0JIb30BaTh.

19. BBecTn 0HOMEpHBIII MacCUB, COCTOSIIMIT W3 7 3J1eMeHTOB. J[06aBUThH
B Hayvajio MaccuBa MUHUMAaJIbHBIN 2JIEMEHT, a B KOHEI] — MaKCUMaJIbHbIA. /lo-
MTOJTHUTETbHBIN MAaCCUB He UCIT0JIb30BaTh.

20. BBecTrt oiHOMEPHBIN MacCHUB, COCTOSIIIIHI U3 71 9JIEMEHTOB, T/le 77 — JeT-
HOe 4ucJio. BetaBuTh B cepeliHy MaccuBa cpefiHee apudMeTuyeckoe 3Have-
Hue. Jlono/IHNTEebHBIN MAaCCUB HE HUCIIOJIb30BaTh.

21. BBectu n1ByMepHBIi MaccuB pazMepoM n Ha m. Haiitu cpennee apudme-
THUYECKOe 3HaueHue. Bee ajileMeHThb MaccrBa, O0JIbIIe cpeJHero apupMeTne-
CKOTO0, 3aMeHUTh Ha 1, octasibabie — Ha (. BoIBecTH mosrydeHHbIN MaccuB.

22. BeecTu 11€J104MCIEHHBIN ABYMEPHBII MaccuB pasMmepoM n Ha m. [lox-
CUMTATh KOJIMYECTBO YETHBIX M HEUETHBIX 9JIEMEHTOB B MaccuBe. Ecii yeTHbIX
6oJIbIIle, HAMNTH MaKCHMaJbHOE 3HAaYeHNEe B MAaCCUBE, B IIPOTUBHOM CJIy4ae —
MUHUMasIbHOe. HalileHHOe 3HaYeHle BEIBECTH.

23. BBecTu IByMepHBIit MACCUB pa3MepoM 7 Ha m. B kaxk1oM ctosibiie Maccu-
Ba HATH MaKCUMaJIbHBIN 3/ieMeHT. Cpein Hali/leHHBIX MAaKCHMAJIbHBIX JIEMEH-
TOB OIPEJIEJIUTDH U BBIBECTU MUHUMAJIbHBIN.

24. BBecTu JIByMepHbBINI MACCUB Pa3MepOM 7 Ha m. Bectu 1esioe quciio &,
TIOMEHSITh B MACCHBE MeCTaMU 9JieMeHThI 1-it u k-1t ctpoku. [TosydeHHbI Mac-
CHB BBIBECTH.
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25. BBecTn MaccuB pa3amMepoM 7 Ha m. B ka0l cTpoke MaccuBa IOMEHSITh
MeCTaMU MaKCHUMaJbHbI U MUHUMAJbHBIA 371eMeHThl. [losyyennblii Mmaccus
BBIBECTH.

26. BBectu MaccuB pa3mepoMm 1 Ha m. B Kaxmoil cTpoke maccuBa HaWTH
MaKCUMAaJIbHBIH 3JIEMEHT ¥ 3aMEHUTH €T0 CPeTHUM apuMeTHIeCKUM 3HAUeHU -
€M TOTO CTOJIOIA, B KOTOPOM HAaXOUTCSI 9TOT SJIEMEHT.

27. BBecTn MaccuB pasMepoM 7 Ha m. B kaxmoM cTosibile MaccuBa 3ame-
HUATh MUHUMAJIBHBIHN 2JIEMEHT CPeTHUM apruMeTHIeCKUM 3HaYeHNEeM JTaHHOTO
cTosioIa.

28. BecTu iByMepHbBII MacCUB pa3MepoM 7 Ha m. B Kax10ii cTpoke Maccu-
Ba HAWiTU TTPOM3BeIEHNE OTPUIATENbHBIX 37IeMEHTOB. [ HaX0K/IeH U TIPOn3-
BeJleHUsT HAIMKMCATh COOTBETCTBYIONMYIO (pyHKIMIo. Haiijiennbie 3Ha4eHns BbI-
BECTH.

29. BBecTr 0JHOMEPHBIN MacCHB, COCTOSINN 13 1 a7eMeHnToB. Hammcatsb
peKypcUBHYIO (DYHKIINIO, BBIYUCJISIONIYIO CYMMY 9JIEMEHTOB 3TOTO MacCHBa.

30. Beectu 11enoe uncso. Halitn MakcUMaIbHYIO 1 MUHUMAJIbHYTO TTUDPY.
Jlng naxoxaenus mudp UCmoab30BaTh (QYHKIIHIO C ITepeadeil mapaMeTpoB 1Mo
yKa3aTeJisiM.

31. BBectu HaTypasibHOe Ynucyio 1. Beraucauts n-n u n!. {1 BeiuncieHus
3HAYEHUI HamMcaTh GYHKITUIO C Tiepeiadeil TapaMeTPoB TI0 YKa3aTeIsIM.

32. BBectrt MaccuB pasMepoM 7 Ha m. B Kax oM cToJ011e MaccuBa MOMEHSITh
MeCTaMU MaKCUMaJIbHBIM 1 MUHUMAJbHBIN 2JieMeHThl. /71 3aMeHbl TlepeMeH-
HBIX HAITMCATh COOTBETCTBYIONIYIO (pyHKIMIO. [loyuenHbIit MaccB BHIBECTH.

33. BBecTn mpesioskenne, B KOTOPOM CJIOBa pasjesieHbl mpoberamu. Beec-
T 0/1Hy OyKBY. BBIBECTH BCe CJI0Ba, B KOTOPHIX OTCYTCTBYET BBeeHHAst OyKBa.

34. BBecTn mpejyioskeHne Ha PYCCKOM SI3bIKE, B KOTOPOM CJIOBA Pa3/ieIeHbI
npobesamu. BeiBecTr ¢/10BO, cozepskaiiiee HanOOJIblliee KOJUIECTBO TIACHBIX
6ykB. Ec/i TaKiX CJIOB HECKOJIBKO, BHIBECTH TIEPBOE U3 HUX.

35. BBecTu mpesioskeHre, B KOTOPOM CJIOBA pasfesieHbl mpobesamu. MH-
BEPTUPOBATH B 3TOI CTPOKE BCE CJIOBA C HEYETHBIMU HOMEPAMU.

36. BeecTu npeisioskeHre, B KOTOPOM CJIOBA pasjiesieHbl mpodeamu. Bera-
BUTH TIOCJIE KaXKOTO CJIOBA YUCJIO, PAaBHOE JIJIMHE CJIOBA.

37. BeecTtu mnpesioskeHne, B KOTOPOM CJIOBa paszesiennl mpobenamu. Iloj-
CUUTATh, CKOJIBKO B 3TOM MPEAJIOKEHUUN CIOB-TTAJIMHAPOMOB, OJJTMHAKOBO YH-
TAIOIMXCS CJIeBa HAITPABO U CITpaBa HAJEBO.

38. Co3naTh TEKCTOBBIN (hails, copep:Kaluil Tpou3BoJibHbIe unciaa. Halitu
Mpou3BeieHNe TIOJOKUTENbHBIX YUCeJ U CyMMY OTpHUIIATeJbbiX. Bbramcien-
Hble 3HAYEHUS 3a1ucaTh B APYTON (aii.

39. Coznath TeKCTOBBIN (hailji, copepsKaInil MPOU3BOJIbHBIE CUMBOJIbHbBIE
3HaueHud. OnpenennTb, CKOJBKO B 9TOM (aiiie i pOBBIX CUMBOJIOB. Pe3yb-
TaT 3aIMCaTh B IPYTOil TEKCTOBBIN (haiir.

40. Co3naTh TEKCTOBBIN (hails, comep:Kaiiuii MpousBoIbHbIE yncaa. Ompe-
NIeJTUTh MaKCUMaJIbHOE 3HAaYeHNE U3 3JIEMEHTOB C YeTHBIMA HOMEPaMu 1 MUHU-
MaJIbHOE — M3 3JIEMEHTOB C HeYeTHbIMU HOMepaMu. [lorydentble 3HaueHns 3a-
M1caTh B IPYTOi TEKCTOBBIN (haii.

41. ChopMupoBaTh MacCUB, COMepPsKAIIUl CBENEHUS O COTPYAHUKAX.
CTpPYKTYPHBII TUTI COEPKUT TOJIS: (paMUIIHST COTPYAHUKA, HAUMEHOBaHUE OT-
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eJ1a, ctax paboThI, JOJKHOCTD, OKJIa/. BeiBecTn MHGOPMAIIUIO O CPEIHEM CTa-
’Ke COTPYAHUKOB oT/iesia (HOMep OT/iesia BBOJUTCS € KJIaBUATYPBI).

42. CchopMupoBaTh MaccuB, COAePsKAIINil CBEAEHUS O IOrojle 3a MECII.
CTpyKTYPHBIH THUTI COAEPKUT TIOJIST: YUCJIO, TEMIIEPATYPa IHEBHAs, TEMIIEPATY-
pa HOYHAasl, KOJIMUeCcTBO 0caikoB. OTpene/uTh JieHb C MAaKCUMAaJIbHOM THEBHOI
TeMIlepaTypoil, C MUHUMaJIbHON HOYHOW TeMIlepaTypoil, cpefiHee KOJIN4eCcTBO
OCAJIKOB 32 MECAII.

43. CchopmupoBaTh MaCCUB, CO/lepKAIINI CBEJIEHUS O clade CTyJAeHTaMu
ceccun. CTPYKTYPHBIN TUIT COJIEPIKUT TIOJISI: HOMEP TPYIIIbI, (haMUIus CTyeH-
Ta, OIIEHKH IO YeThIPpEeM TIpe/MeTaM. BoriBecTn haMuanu Bcex HEyCTeBaONINX
CTY/IEHTOB C YKa3aHMeM HOMepa I'PYIITbI U KOJMYECTBA 33/[0JKEHHOCTEH.

44. ChopmMupoBaTh MAcCUB, CO/IePKAIUl CBEJEHUS O cjladye CTyJeHTaMU
ak3ameHa. CTPYKTYPHBIN TUIT COAEPKUT MO HOMEDP TPYIIIbI, (haMuIns CTy-
JIeHTa, OlleHKa. BhIiBecTn cpeanmii 6al Mo KaskIOH TPyIIe, a TakKe HOMED
IPYIIIbI, B KOTOPOH IOJIYYeHO OOJIbIIE BCETO HEY/IOBJIETBOPUTEIHHBIX OIIEHOK.
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