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B MpOLLJIOM ThICAYe/IeTUM OCHOBaMM 0Opa3oBaHuA OblM YTeHMe, MUCbMO U apudmMe-
THKA; Terepb 3TO YTEHUE, MUCbMO U KOMNbIome pbl. YMeHUe MpOrpaMMUpOBaTh AB-
TIAeTCA OCHOBOI 06pa3oBaHMA MOOOro CTyAeHTa TEXHUYECKMX crelmanbHocTel. Kpome
CaMUX MpUIOXKEHM, 3TO MepPBbIf 3Tan B MOHUMAHUM NPUPOABI GeCCIOPHOTO BO3aeN-
cTBUA MHPOPMATUKM Ha COBPEMEHHBIN MUp. DTa KHUTa NpeAHa3Ha4YeHa A/ TeX, KTO
XOUeT U3Y4YUTb MPOrpaMMMUPOBaHIE MU HYXKJAETCA B HeM /1A HayYHbIX Lie/eit.

3ajaya KHUIM — MPEAOCTaBUTb CTYJ€HTaM MpPaKTUYeCKMe HAaBbIKM M 3HAHUA OC-
HOBHBIX MHCTPYMEHTA/IbHBIX CPEJICTB, HEOOXOAUMBIX /151 3G EeKTUBHOTO UCMONb30-
BaHUA BBIYMCIUTENIbHOM TexHMKU. Hall nogxon — y6eauTb CTYIEHTOB, YTO CO3[jaHue
MporpaMMm — 3TO BIIOJIHE €CTECTBEHHAs, 3aHMMaTe/IbHasA U TBOpYecKas NpakTuka. [Ina
WUTIOCTPaLMM OCHOBHBIX KOHLEMLMIA M AEMOHCTpaLMM BO3MOXXHOCTEN HaMUCaHUA
NnporpaMM B MPAaKTUYECKUX LieNAX 3/1eChb MpeCTaB/leHbl KIaccuyecKue MpunoXKeHus
B 00/1aCTM NPUK/IaHOM MaTeMaTUKM U Hay4HBIX 3a/ay.

ns Bcex mporpaMM B 3TOi KHUre MCHO/b3yeTCA A3bIK MpOrpaMMMpOBaHMUSA
Python. Xots sa3bik Python ynomunaeTcs B Ha3BaHMM KHUTH, O CYLIECTBY 3Ta KHUTa
0 PyHOAMEHMANbHBIX KOHUENUUAX NPOZPAMMUPOBAHUS, A He O caMOM A3blke Python.
Knura nosponser npuobpectu mpaKkTUyecKue HaBbIKM pellleHUs 3aJay CpeCcTBaMMu,
MPUMEHMMBIMU BO MHOTMX COBPEMEHHbIX BbIYMCIUTENbHBIX CUCTEMAX, @ UCUEPIIbIBA-
1olliee U3/I0XKeHUe MaTepuaa npeaHa3Ha4eHo AJIA TeX, KTO He 06/1ajjaeT ONbITOM Mpo-
rpaMMUpPOBaHUA.

B kHMre UCronb30BaH MeNOUCUUNAUHAPHDBIY TIOAXOA K TPaAMULIMOHHOI NporpaMme
obyyenns CS1, npyu 3TOM NOJYEPKUBAETCA PO/Ib BbIYUCIEHUI B APYTUX AUCLIMIIMHAX:
OT MaTepuanoBefIeHUsA ¥ T€HETUKM 0 aCTPOPU3UKM U CETEBBIX CUCTEM. ITOT MOAXON,
JeMOHCTPUPYET CTY[IEHTaM OCHOBHYIO MJ€l0: MaTeMaTHKa, HayKa, TEXHMKA M KOMIIbIO-
TepHble BbIYMC/IEHUA TECHO MePErIeTalTCA B COBPEMEHHOM MUpe. XOTb 3TOT y4eOHUK
no nporpamme CS1 npeaHasHayeH [/1a BCeX CTY/IEHTOB-1EPBOKYPCHUKOB, UHTEPECY10-
LLIMXCA MAaTEMATUKO, HAYKOM M TEXHMKOM, KHUTa MIPMMEHMMa TaKXKe U I CaMOCTOSA-
TE/IbHOrO M3Y4eHUsI UM KaK AOMOHUTE/bHBIN KYPC MPU UHTErpaLiuu MporpaMMupo-
BaHMA C ApYroit 06/1acTbi0 HAYKM.

Usnoxenme. KHura opraHu3oBaHa MO 4YeTbIpeM YPOBHAM oOyuyeHusa mnpo-
rpaMMUpoBaHuIo: 6a30Bble 371€MeHTbl, QYHKL UM, 0OBEKTHO-OPUEHTUPOBAHHOE
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MporpaMMMpoBaHue 1 anropuTMbl. Ha kaxkjoM ypoBHe, nepeji MepexofoM K clefylo-
eMy, Heob6xoauMas A/ CO3[AaHUA MporpaMm UHGOpMaLUA NpeJOCTaBIAETCA YUTA-
Temo B AoBepuTenbHOM popMe. OCHOBO MPUMEHAEMOTO MOAXOAA ABNAETCA UCIOb-
30BaHMe MPUMEPOB MPOrpaMM, pellaloLMX MHTPUTYOLLMe 3alauMt, U NTPeROCTaB/IeHNe
yHpa>kHeHUil, BApbUPYIOLMXCSA 110 CIOXKHOCTU OT AOCTATOYHO MPOCTBIX O AOBOJBHO
CTIO>KHBIX, TPeOYIOLUMX TBOPYECKUX PeLleHMUiA.

K 6a306bim anemenmam OTHOCATCA NepeMeHHbBIE, ONepaTop MPUCBOEHNUA, BCTPOEH-
Hble TUIIbI JAaHHBIX, YIIpaB/IeHKe NOTOKOM, MacCUBbI, BBOJ-BbIBOJI, Fpaduka U 3BYK.

DyHxyuu u Modyau — 3TO MEPBBIN LIAT CTY/IEHTAa K MOAY/IbHOMY MPOrpaMMUpOBa-
Huo. [Ipeanonaraercs, YTO YMTaTeNb yxKe 3HAKOM C MaTeMaTU4eCKUMMU PYyHKLMAMU
nepep nepexofoM k ¢yHkumam Python u nocnepyowmm paccMoTpeHneM 3HadeHuUs
nporpaMMHbIX QYHKLMIA, BKIIoYas 6ubnmorekn GpyHKLMiA U pekypcun. 3aech noayep-
KuBaeTca QyHAaMeHTabHasA UaesA pasfie/ieHUa NporpaMMbl Ha KOMIIOHEHTBI, JOIMycKa-
10l 1e He3aBUCUMYIO OT/IAJKY, MOAAEPXKKY U MHOrOKPaTHOE UCIIO/Ib30BaHMeE.

O6vexmHo-opueHmuposarHoe nPozpammuposanue — 3TO BBeleHMe B aOCTPaKLMIO
AaHHBIX. 3leCh U3/1aral0TCA KOHLIEMLIMM TUIOB JaHHBIX U UX peajM3alium C UCTIONb30-
BaHMeM MexaHu3Ma knaccoB Python. CtyneHTbl 06y4aloTcsi TOMY, KaK UCnob308amb,
co3dasamv U npoeKmMuposams TUIbI JaHHBIX. MOAYIbHOCTb, MHKANCYNALMA U ApY-
re COBpeMeHHble MapaAurMbl NPOrpaMMUPOBAHUA — 3TO LieHTpa/bHble KOHLEMLUM
Ha JaHHOM 3Tare.

Anzopummbl u cmpykmypol 0aHHbLX OO'bEAMHAIOT COBpPEMEHHbIe MapaAurMbl Npo-
rpaMMMpOBaHMUA C KJIACCMYECKUMM METOJaMM OpraHM3aluu u o6pabOTKM JaHHBIX,
KOTOpble OcTalTcA 3¢ eKTUBHBIMU U JJI1 COBPEMEHHBIX MPUIOXKEHUI. JTan cofep-
)KMT BBeJleHMe B K/IacCMYeCKMe airOpUTMbl COPTUPOBKM M MOMCKA, a Takxke QyHaa-
MEHTaJ/IbHble CTPYKTYpbl AaHHbIX. 3[ieCb MOAYEPKMBAETCA UCMONb30BAHME HAYHYHOTO
MeToja [/ U3yYeHUs XapaKTepUCTUK 3PPEeKTUBHOCTU peanusaLimil.

Mpunoxenus 6 Hayke u mexHuke — rnaBHasA TeMa kHuru. Kaxnas paccMatpusae-
Masi KOHLeNLMs MpOrpaMMUpPOBAHUA MOTUBUPYETCA UCCTIEJOBAHNEM ee BO3JeNCTBUSA
Ha onpefie/leHHble MpuUnoXKeHus. [IpMBOAATCA MpUMepbl U3 MPUKIaJHON MaTeMaTUKM,
dusuky, 6uonorum u camoit uHopmatuku. OHM BKIIOYAIOT MOAENMpPOBaHUe PU3M-
YeCKMX CUCTEeM, YUCTIOBbIE METO/IbI, BU3ya/IM3aLIMIO JAHHbIX, CUHTE3 3ByKa, 06paboTky
n3o6paxxeHnit, puHaHCOBbIE MOfie/M U MHPOpMaLMOHHbIe TexHonoruu. K KoHkpeT-
HbIM MpUMepaM OTHOCUTCS MPUMEHEHME B MepBOIf I/1aBe Lemneit MapkoBa Ji/id paHroB
Be6-CTpaHMLIbl, @ TAKXKE aHA/IN3a M pelleHUs 3alaumu MPOCcauuBaHUA, MOAETMPOBAHUA
N tena u dpeHoMeHa “TecHoro Mupa”. I NpUIOXKEeHU — HEOTbeM/eMast YacTb KHU-
riu. OHM NMpUBNEKAIOT BHUMaHME CTYJEHTOB K MaTepuany, MITIOCTPUPYIOT BaXKHOCTb
KOHLIeMLMIA MPOrpaMMUPOBAHUA U MPEROCTABNAIT yOeauTeIbHOE A0Ka3aTeIbCTBO
Ba>XHOCTM POJIM KOMMbIOTEPHbIX BbIYMCIIEHUI B COBPEMEHHOI HayKe U TeXHMUKe.

[maBHasA 3afjaya KHUTM — HAayYMUTb ONpeJeNeHHbIM TEXHUKAM U MPUBUTDb HaBbIKM,
HeobXxouMble 115 noucka 3¢ pekTUBHBIX pelieHN i TI0ObIX 3a[ja4 MPOrpaMMUPOBaHUAL.
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[ToaTOMy MBI COCPEIOTOYMMCSA Ha NPOrpaMMMUPOBAaHMM YaCTHOCTEI, a He Ha oblieM
MpOrpaMMMPOBaHUM.

Ucnonb3oBanue B yye6HOM mpouecce. KHura npegHasHayeHa [/ CTYAEHTOB
TnepBOro Kypca, Ana o6yuyeHus HOBUYKOB NPOrPaMMMUPOBAHUIO B KOHTEKCTE Hay4YHBIX
NpuIoXeHuit. MaTepuan KHUMM MOAXOAMUT AJIA CTYAEHTOB, 0OOYUaIOLMXCA TPOrpaMMH-
pPOBaHMIO B 3HaKOMOM KOHTeKcTe. CTyeHTbl, 3aKOHYMBLIME KYPC C UCTIONb30BaHMEM
3TOM KHUIYU, OYAYT XOpOIUO MOArOTOBJIEHBI K TPUMEHEHUIO CBOMX HAaBbIKOB B MOC/Ie-
AYIOLLMX Kypcax, eC/iu MOHaAoOUTCA AajbHelllee U3yyeHue MHPOPMATUKM.

CryneHTbl MHQOPMALIMOHHBIX CIeLMaNbHOCTEN TaKXKe MOTYT M3BJleUb MO/b3y U3
NpUMepOB NMPOrpaMMUPOBaHUA B KOHTEKCTe Hay4YHbIX NmpuaoxeHui. [Iporpammuct
HY>KZ1aeTcs B TOM e 6a30BOJ MOATOTOBKE M HaAYYHBIX METOJAX, a TAKXKe B TOM Ke 3Ha-
HMM pOJIM KOMIMBIOTEPHBIX BbIUMCIIEHWIA B HayKe, Kak ¥ 6MOJIOT, MHXeHep U Ppusmk.

JleicTBUTENbHO, MEXAUCLUIIIMHAPHBIA MOAXOJ MO3BONAET MHCTUTYTAM M YHU-
BepcuTeTaM o6ydaTh OYAyLIMX CMeLManucToB B 06/1acTM MHGOPMATUKU U APYrux
Hay4yHO-TeXHMYECKUX CIeLMalbHOCTeN Ha mom e Kypce. 31ech U3JI0KeH MaTepuai
cornacHo yye6Homy minaHy CS1, HO mepeHOC OCHOBHOrO BHMMaHMsA Ha MPUIOXKEHUS
BHOCHUT )XM3Hb B a6CTpaKTHble KOHLIENL[MM U TOOLLPSAET CTYAEHTOB U3y4aTh UX. Mex-
AMCLMIT/IMHAPHBINA MOAXOA Mpef/IaraeT CTyjeHTaM 3aJa4i M0 MHOTMM AMCLMIIIMHAM,
noMorasi UM BbIOpaTbh MpodunMpym LMt npeaMeT 6osiee OCMbICTIEHHO.

Be3oTHOCHTENBHO KOHKPETHOTO MeXaHM3Ma, 3Ta KHUra Hauny4yumM o6pa3om nog-
XOUT A/ YIIOMAHYTOrO paHee y4eOHOro nnaHa. Bo-nepBbix, Takas nosuuus no3Bo-
NsleT MaHUTYIMPOBATh 3HAKOMBIM 1O CpefiHeil IIKO/le MaTeMaTUYeCKUM MaTepuajioM.
Bo-BTOpbIX, CTY/IeHTBI, M3yyaBllMe MPOrpaMMUPOBAHME Ha MPeAbIAYIMX Kypcax, Ha-
ydarcs 3¢ dekTMBHee UCTIONb30BATh KOMIbIOTEPDI IPU Mepexofie K KypcaM 10 CBOUM
creyanbHOCTAM. [1og06HO MMCbMY M YTEHUIO, TPOrpaMMUpOBaHMe 6eCCIOpHO ABIA-
€TCA OCHOBOIO/IaralolMM HaBbIKOM AJIA II060ro yyeHoOro unu mHxeHepa. CTyeHTHlI,
OB/ajieBlLIMe KOHLENLMAMMU U3 3TOM KHUTY, OYAYT HepepbIBHO COBEPILEHCTBOBATh
No/TyyeHHble HaBbIKM B NPAKTUYECKON AeATENbHOCTH, NMONb3YsACh MPeUMYyLIeCTBaMU
MCMIONb30BaHUA KOMIMBIOTEPOB J/IS pelleH!s U Jy4llero MOHMMaHUA 3aJja4, BO3HU-
KalLLMX B BbIOpaHHOM UMM 06/IacTH.

IIpepnocpinkn. Kuura npenHa3HayeHa /s OObIYHBIX CTY/IEeHTOB NEPBOro Kypca
Hay4YHO-Te€XHMYEeCKUX BY30B. TakuM 06pa3oM, 3[iecb He MpeaycMaTpUBaeTCs MpeaBa-
pUTe/bHAsA MOArOTOBKA CBbILE OObIYHOI 06:3aTe/IbHOI A1 APYrux 6a30BbIX HaYYHBIX
M MaTeMaTH4YeCKUX KypCOB.

3Hanue mamemamuku 6axHo. XOT Ha MaTeMaTHMYECKUIl MaTepuas 3/1eCb aKL|eHT
M He leNlaeTcs, B KHUTe YYTeH WIKOJbHBINA KYpPC MaTeMaTHKH, BKIo4as anrebpy, re-
OMETPMIO U TPUTOHOMETPUIO. BOMBIIMHCTBO CTYAEHTOB M3 Hallei Lie/eBOi ayAUTO-
puM M3HAYA/IBHO OTBEYAIOT 3TUM TpeboBaHMAM. Ha caMoM Jene aBTOpbI Nonaraiwr-
Cs Ha 3HAKOMCTBO YMTaTeNs ¢ 6a30BbIM KYPCOM MaTeMaTHKH, YTOObl 03HAKOMUTD UX
C OCHOBHBIMM KOHLIEMLMAMY MPOrpaMMUPOBaHUS.
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Vnmepec k Hayke — Tak)ke HeOOXOAMMBIIf KOMMNOHEHT. CTYeHTbl HayYHBIX U TeX-
HMYECKUX CIeLMaNbHOCTe alpuMopy MONAralT, YTO HayYHbIA MOUCK CrOcobeH mMo-
MO4b OO BACHUTD POUCXOJsLILEE B TPUPOJAE. ITO MHEHME MOAKPEIN/IAeTCA pUMepaMu
MPOCTBIX MPOTrpaMM, FOBOPALIMX KpacHOpe4YMBee BCAKUX CTIOB O MPUPOAHOM MMPpe.
31ech He NOipa3yMeBaeTCsA Ha/Muue CrelMaabHbIX 3HaHUI, KpOMe MPeNOCTaB/IAeMbIX
O6bIYHBIMM YPOKaMM MaTeMaTUKM, GpU3NKM, 6MONOrUM UM XUMUU B CPEfIHE LLIKOJIE.

Onvim npozpammuposanus Heobs3aTeneH, HO U He noBpeaut. O6ydyeHue mporpam-
MUPOBAHMIO AB/IAETCA I7IaBHOI 3aflayeit KHUTH, IO3TOMY Ha/lu4Me MpefBapUTENbHO-
ro ombiTa MpOrpaMMUpOBaHUA He noapasymeBaeTcA. OHaKO co3faHMe MpOrpaMMbl
A/ pelleHUss HOBOW MpoO6/eMbl ABNAETCA CIOXKHOM MHTE/EKTYalbHOM 3aayeit, Mo-
3TOMY CTYJ€HTbI, MUCaBLUME TPOTPaMMbl B CpeJiHel LIKOJIe, MOTYT U3BJIe4b MO/Ib3y U3
MMemLLMXcA 3HaHuit. KHura nogxomut ana o6yyeHus CTyEeHTOB C pa3IM4HOI npea-
BapUTE/IbHOI MOATOTOBKOM, MOCKO/IbKY MPUIOXKEH!S OPUEHTUPOBAHbI M Ha HOBUYKOB,
M Ha 3KCIEepTOB.

TakuM 06pa3oM, MpaKTUYECKM BCe CTYAEHTHI Hay4YHbIX M TEXHUYECKUX CreLuab-
HOCTeif TOTOBbI MPONTU KYPC MO 3TOi KHUTe B COCTaBe Y4e6HOro I/IaHa nepBoro ce-
MecTpa.

3apayu. Uto npenodasamenu cTaplIMX KypcOB Hay4YHBIX M TEXHUYECKUX BY30B MO-
TYT 0XMAATb OT CTY/EHTOB, 3aKOHYMBIUMX KYPC HA OCHOBAaHMM 3TON KHUTU?

Kuura yuntsiaet yue6Hnbiit nnan CSl1, Ho m060i4, KTO Besl BBOJHBIN KYPC MPOrpaM-
MMpPOBaHMA, 3HAET, YTO OXKMJAHUA NpernofaBareeil CTaplUIMX KypcoB 06bIYHO BecbMa
BBICOKM: KaXX/Ibl/i U3 HUX 10/IaraeT, YTO BCE CTY[EHTbl 3HAKOMbI C KOMIIbIOTEPHOM Cpe-
ROV U MOAXOAOM, KOTOPbIt OHM XOTe/mu 6bl Ucrnonb3oBaTh. [Ipodeccop dusmkm Mor
6bl 0>XKMJATh, YTO CTY/IEHTHI 32 BHIXOZHbIE pa3paboOTalOT MOAEMPYIOLLYIO POTrpaMMY;
TeXHUYeCKuit mpodeccop Mor 6bl 0XKMAATb, YTO CTYAEHThbI OYAYT UCMONb30OBATD He-
KWit makeT A pewenns nuddepeHumanbHbix ypaBHeHmit B 1 poBoit popme; a npo-
deccop undopmaTukyu Mor 6bl 0XKMAATH 3HAHUA NMOAPOOHOCTEl ONpeeNeHHOI Cpefbl
nporpaMMupoBaHus. PeabHO /M yAOBNETBOPUTD CTO/b pa3HOOOpa3Hble OXKMAAHUA?
JlomxeH nu 6bITh OTAENbHBIN BBOAHBIN Ky PC /A KaXKA0ro Habopa CTYAeHTOB?

VIHCTUTYTBI M YHUBEPCUTETDI PeLIAIOT 3TH BOMPOCHI C T€X MOP, KaK KOMIbIOTEPbI
MOY4M/IN IIMPOKOE pacrpocTpaHeHue BO BTopoi nonosuHe XX cronerus. Haw or-
BeT Ha HUX Bbl HaiifieTe B 3TOM 06LIEeM BBOAHOM Kypce MO MpOrpaMMMUpOBaHMUIO, MO-
XO0>KeM Ha OObl4Hble BBOJHBIE Ky PChI 10 MaTeMaTHKe, $pusnke, 6MOTOrMM MU XUMUM.
9Ta KHuUra npusBaHa obecne4ynTb 6a3oBYIO0 MOArOTOBKY, HEOOXOAMMYIO BCEM CTY/ieH-
TaM Hay4YHbIX M TeXHUYECKMX CIeliMaZbHOCTE!, a TaKXKe MOMOYb YACHUTD, YTO B UH-
dopmaTuke ecTb MHOTO 607blLe, YeM TOBKO MporpamMMupoBanue. [IpenonaBareny,
obyyaolme CTYJIEHTOB, YYMBIUMXCA 110 3TOI KHUTE, MOTYT OXMAATb, YTO OHU OYRYT
MMeTb 3HAaHUA U OMBIT, HeOOXOAMMbIE /A aflaNTaliMM K HOBbIM BbIYMUCTIUTENbHBIM CU-
cTeMaM, ¥ 3¢ deKTUBHO UCTIONB30BaTh KOMIBIOTEPBI ISl Pa3HbIX LieNeit.
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Yro MOryT 0XmMAATh crmydeHmpl CTapIUIMX KYPCOB, 3aKOHYMBLINE 0OyyeHne Ha oc-
HOBaHUM 3TON KHUTU?

M bl 3aB/I€M, YTO U3YYMTb MPOrPaMMUPOBaHMEe BOBCE He TPYAHO 1 UCIONb30BATh
KOMIIbIOTEpPHble CPeCTBa BecbMa nonesHo. OBnajeBlle MaTepUaaoM 3TOM KHUTH
CTY/ZIEHTbI TOTOBBI pelllaTh BbIYMCIUTE/IbHbIE 3a/1a4M Be3fe, Ile OHU MOTYT BO3HMKHYTb
B TIOCTIeAyOLLelt TTPaKTH4eCKO AeATenbHOCTU. OHM Y3HAIOT, YTO COBpeMeHHbIe Cpefibl
NporpaMMMpOBaHus, Takue Kak A3blk Python, momoraiT pewntsb mobyio BbIYMCIM-
Te/IbHYIO 3aflayy, C KOTOPOit OHU MO/ Obl BCTPETUTBCA MO3XKe, a TaKXKe Npuobpectu
OMBIT 10 U3yYEHMIO, OCBOEHUIO 1 UCMIONIb30BAHUIO APYTUX BBIYUCTUTEIbHBIX CPEACTB.
CryneHTbl, MHTepecyolMecss MHPOPMATUKOM, CMOTYT yOBIETBOPUTb CBOI MHTepeC,
a CTY[eHTbl HaYYHBIX Y TEXHUYECKMUX CIeLManbHOCTeN OYAYT rOTOBbl MHTErPUPOBATD
KOMIIbIOTEpHbIE BHIUMC/IEHUSI B CBOM MCC/IEOBAHUS.

Caitr xuuru. [lonmonHurtenpHas MHPOpMauMs MO 3TOM KHUTe NpuUBefeHa
Ha Beb6-caifTe no ajpecy http://introcs.cs.princeton.edu/python.

JInst 3KOHOMMM MeCTa Mbl Ha3bIBaeM 3TOT CaifT B KHUTe MPOCTO catimom kHuzu. OH
COZlepXKUT MaTepuasn A NMpernojaBaTeseil, CTYAEHTOB 1 BCeX YMTaTeneit KHuru. Xors
MaTepMasn caiiTa KpaTKO OMMUCbIBAeTCA 37eCh, BCe MO/Mb30BaTeMM VIHTepHeTa 3HAIOT,
YTO /yyllle IOCMOTPETb CaMOMY, YeM MPOYUTATb OMMcaHue. 3a HECKOMbKMMM UCKITIO-
YeHUAMM, BeCb MaTepuas oOLIeOCTyMeH.

Ba)kHellliee MpeMMyLIECTBO CaifTa KHUTM B TOM, YTO OH MO3BOJIAET MpenojaBaTe-
JIAM M CTYleHTaM UCIO/Ib30BaTh COOCTBEHHbIE KOMIBIOTEPHI /1A MpernojaBaHus U u3-
ydeHus MaTtepuana. JIo6oi uuTaTeNb, UMEIOLLMIT KOMIbIOTEP U Gpay3ep, MOXeT Ha-
YaTb 06yYeH e MporpaMMMpOBaHMIO, CIeflysA MHCTPYKLMAM Ha caifte kHuru. IIpouecc
He TPYAHee 3arpy3K1 MeIManpourpbiBaTensa U My3biku. [Iogo6Ho mobbiM Beb-caitTaMm,
CaliT KHUTY HeNpepbIBHO pa3BMUBaeTCs. ITO OCHOBHOM pecypc A/sl BCeX BajefblieB
AaHHOM KHUTM. B YacTHOCTH, pasMellueHHble Ha HEM JOTIONHUTE/bHbIE MaTepyasbl
KPUTMYECKM Ba>kHbI J/Is Halllel 3ajjauy MHTerpaumm mHGopMaTuku B o6pasoBaTeb-
HbIi Mpouecc.

Ipenodasamensm cailT KHUTH TpeRocTaBaseT MHGopMaumo 06 obyyenun. B nep-
BYI0 OYepefib 3Ta MHPOPMALIMA COCPeNOTOUMBAETCS HA CTU/IE OOY4eH!s!, KOTOPbIi 3a
npoluesLlee NeCATUIETHE CYLeCTBEHHO pa3BUICA. Mbl NpeAocTaBiaseM fiBe NeKLuH
B Hefle/mo /1A GONbIIONM ayfUTOPUM U JOTIONHAEM UX ABYMSA KJIACCHBIMU 3aHATUAMU
B HefleNio, KOT/ia CTYAeHTbl HeGO/IbIIMMY IPYNNaMy BCTPEYAIOTCs C NpenofiaBaTeiMu
umm accuctedTamu. Ha caifTe KHUrM eCTb TaKk)Ke C/Iaiabl K TeKLIUAM.

Accucmenmam cailT KHUTU NpeAOCTaBlsAeT NOApoOHble HabGOphl 3ajay U Mpo-
rpaMMHbIX NPOEKTOB Ha OCHOBaHMM yMpa>kHeHMit u3 KHuru. Kaxjaas nporpamma
npefHa3HayeHa [/ AeMOHCTPALIMM COOTBETCTBYIOLLEN KOHLIENLIMM B KOHTEKCTe 3aHU-
MaTe/IbHOTO MPU/IOXKEHMUA, JOCTATOYHO C/IOXKHOTO A5 KaXkaoro cryaenrta. Habop 3a-
AaHMii BOTUIOLLAET HALll MOAXOJ K 06y4eHUIo mporpaMMupoBanmio. CaiT KHULM MOJ-
HOCTBIO OTpeJieNiAeT BCe 3alaHuA U NPeAOCTaBAeT MOAPOOHYIO, CTPYKTY pUPOBaHHY IO
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nH$opMaLMIo, MPU3BaHHYIO NIOMOYb CTY/IeHTaM BBIMO/IHUTb UX 3a BbII€/IECHHOE Bpe-
Ms. 3[ecb TaKXe COfIep>KaTCsA OMUCAHMUA MPeIoXKEHHbIX TOAXON0B U YTOYHEHUE TOTO,
YTO MMEHHO C/IeflyeT MpenojaBaTh Ha KIACCHbIX 3aHATUAX.

Cmydenmam caiiT npeoCcTaBsAeT GbICTpbIA JOCTYN K 6O/blUeif YacTU MaTepuana
KHUTY, BK/TI0Yass MUCXOAHBINA KOA U OMOTHUTE/IbHbIE MAaTEpPUAIbl A1 CAMOINOATOTOBKM.
Jlna 60/MbIIMHCTBA YNpa)KHEHUI “KHUTe” MPeJOCTaBIAITCA pelleHus, BKIoYas Mnos-
HbII KOJ MPOrpaMM M MpOBEpOYHble NaHHble. 3[ieCb €CTb MHOTO MHQOpMAaLIUK, CBA-
3aHHOM C 3a[laHMAMM Ha NPOrpaMMMUPOBaHMUE, BKII0Yas peKOMEHIOBaHHbIE MOAXObI,
KOHTpPO/NbHbIE CIUCKY, YACTO 3aJlaBaeMble BOMPOCH! M MPOBEPOYHbIE JaHHbIE.

Jpyeum yumamenam caiT CIIy>KUT pecypcoM AOMOTHUTENbHOM MHPOpMaLIMK, CBA-
3aHHOM ¢ MaTepuanoM KHuUru. Bce copmepxuMoe caiiTa npencTaBinseT co6oi CChbINKM
M Jpyrue ykasaHus Ha noapoOHylo MHQOpMalMI0 MO paccMaTpuBaeMoit Teme. [le-
Ta/bHOM MHPOPMaLIMM JOCTYMHO 6OJblie, YeM CMOXKET MOTHOCTbIO OCBOUTD 060
4eJ/IoBEK, HO Hallla 3aJjaya 3aK/I0YaeTCA B TOM, YTOObI MPeROCTaBUTh JOCTATOYHO JO-
MOJHUTEIbHON MHPOPMALIUM O COLIEP>)KUMOM KHUTU M YAOBIETBOPUTb MOTpeOHOCTH
mo6oro yuraTens.

bnarogapHocT. 3TOT NMpOEKT HaxoauTca B pa3paborke ¢ 1992 roma. Ha mpors-
JKEHUM ITUX JIET C/IMIIKOM MHOTO JIIOfiel Mocnoco6CcTBOBAMM €ro ycrexy, 4Tobbl ymno-
MAHYTb UX Bcex 3fech. Ocobas 6marogapHocth HH Pomkepc (Anne Rogers) 3a To,
YTO MoOMorna HayaTb feno; JeiBy XaHcoHy (Dave Hanson), Ouppio Annenb (Andrew
Appel) u Kpucy Ban Buk (Chris van Wyk) 3a ux tepnenue B 06AcHeHUM abCTpaKLmit
maHHbIX; Jlaitse Boptunrron (Lisa Worthington), koTopas cTana nepBoit cTyaeHTKOI,
npeojonesLueil TPYAHOCTU U3Y4YeHUA 3TOTO MaTepuana Ha nepBoM Kypce. Mbl Tak-
Xe ¢ 6/1aroapHOCTbIO NpU3HaeM ycuauaA /dev/126. Mbl pu3HaTe/IbHbI aclMpaHTaM,
npenojaBaTe/AM U ThICAYaM CTY/IeHTOB [IpMHCTOHCKOTrO yHMBEpCUTETa, 06yyaBILIMXCA
3TOMY MaTepuainy npoiueaiumne 25 yieT.

Po6ept CemkBuk
Kesun Yaitn
Po6ept [Jonnepo
Anpenb 2015
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CornanieHus, NpMHATHIE B KHUTE

3}1er UCMONMb3YKTCA COrlalleHnA, o61uerlpml;rrb1e B KOMl'lbIOTepHOf/'l JIUTEpATYpeE.

HoBble TepMUHbBI B TEKCTE BbIAENAIOTCA Kypcusom. Utobbl 06paTUTh BHUMaHMUE
YUTaTeNA Ha OTAe/IbHbIe PparMeHThbl TEKCTA, TAKXKe MIPUMEHAETCH KypCus.

Texct mporpamM, ¢yHkumit, nepeMeHHbiXx, URL Be6-cTpanuu u gpyroi kon
TMpeACTaB/IEH MOHOWUPUHHbIM LIPUPTOM.

Bce, 4TO npupeTcs BBOAUTD C KIABUATYPbl, BbIAENEHO NONYXUPHBM MOHOWMPUH-
HbiM LIpUdTOM.

3HAKOMECTO B ONMMCAHUAX CMHTAKCMCA BbIJi€/IEHO KYPCUMBOM. JTO YKa3biBaeT
Ha HeoOXOAMMOCTb 3aMEHUTb 3HAKOMeCTO HaKTUYECKUM MMEHEM MepeMEeHHOI,
rnapaMeTpoM UM APYTUM 3/IEMEHTOM, KOTOPbIN NO/KEH HaXOJUTbCA Ha 3TOM
mecTe: BINDSIZE=(mMakcumMansHasa wmpuHa KonoHku)*(HOMEP KOMOHKM).

[TyHKTBI MeHIO ¥ Ha3BaHMsA AMAJIOTOBBIX OKOH MpeACTaB/IeHbI CeAyLMUM obpa-
3om: Menu Option (ITyHKT MeH10).

B nuctuHrax kaxpas cTpoka uMMeeT HOMep. ITO CHe/NaHO MCKIIOYUTENTbHO
AnsA yno6cTBa onucaHusA. B peanbHOM kofie HyMepauus OTCYTCTBYeT. TeKcT He-
KOTOPBIX CTPOK KOJia B IMCTUHTaX MHOTAA ObIBaeT C/IMILKOM J/IMHHBIM U He MO-
MellaeTcsA Ha cTpaHMie KHUMU. TakuM 06pa3oM, OTCYTCTBME HOMepa B Hayaje
CTPOKM CBUAETEIbCTBYET O TOM, YTO CTPOKa AB/NAETCA MPOJOIKEHUEM Mpeabl-
AyLUei U B pealbHOM KOJie MX pa3pblBaTh He Cliefyer.

TekcT HekOTOpbIX a63alieB BbIAe/EH CleLMaNbHbIM WPUPTOM. ITO MpUMedaHU4,
COBETbI U NMpeOCTepeXeHN, KOTOpble MOMOTYT 0OpaTUTb BHMMaHMe Ha Haubonee
Ba>KHble MOMEHTbI B U3/I0XKEHMM MaTepuana u usbexxarb ownbok B pabore.
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OT u3garenbCcTBa

Bbl, yuTaTeNb ITOM KHUTU, M €CTb ITIABHBINA €e KpUTUK. Mbl LleHUM Ballle MHeHMe
¥ XOTUM 3HaTb, 4TO ObITIO CAIENTAHO HAMU MPABU/IbHO, YTO MOXHO ObIIO CAeNaThb NMyyllle
¥ YTO ellle Bbl XOTe/M Obl YBUAIETb M3JaHHBIM HaMU. HaM MHTepecHO ycnbiaTh U nio-
6ble [pyrie 3aMeyaHus, KOTOpble BaM XOTe/IOCh Obl BbICKa3aTb aBTOpaM.

Mbl xaeM BallMX KOMMEHTapueB. Bbl Mo)keTe MpUCIaTh MUCbMO 110 3/1€KTPOHHOM
MOYTe MU MPOCTO MOCETUTb Halll Be6-CaiT, OCTaBMB Ha HeM cBOM 3aMeyaHus. OQHUM
CTI0BOM, /I06bIM YIOOGHBIM [/ Bac CocoboM AaifTe HaM 3HaTb, HPABUTCA JIM BaM 3Ta
KHUTa, a TaK)XXe BbICKa)XMTE CBOE MHEHME O TOM, KaK Ce/laTh Haluy KHUru 6onee noju-
XOAALIMMMU /1A Bac.

[Tocbinas nucbMo uan coobleHme, He 3a6yabTe yKa3aTb Ha3BaHMe KHUTYU U ee aB-
TOPOB, a TaK>Ke Balll 3JIEKTPOHHBIN afpec. Mbl BHUMATeIbHO O3HAKOMMMCS C BalUUM
MHEeHMeM U 0053aTe/IbHO YYTeM ero npu oT6éope 1 MOATOTOBKE K U3JJaHUIO C/IEAYIOLMX
KHMI. Halum anexkTpoHHble afpeca:

E-mail: info@dialektika.com
WWW: http://www.dialektika.com
Haum IMMOYTOBbIC aupeca:

B Poccum: 195027, r. Cankr-Iletepbypr, yn. Maruutoropckas, A. 30, Amuk 116
B YkpauHe: 03150, Kues, a/a 152
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Sanaqa 3TO¥ rNaBbl — y6eaAMTb YUTATesA, YTO CO3[jaHye MPOrpaMMBbl MpOllie Hamu-
CaHMA TaKOI YaCTM TEKCTa, KaK 3TOT ab3al|, unu counHeHus. [Iucatb nposy Tpya-
HO, 3TOMY MPUAETCA YYMTbCA HECKONbKO /1eT. B oTmyme oT 3TOro, 4To6bl COCTABUTD
Nporpammy, CocoOHYI0 pellUTb pa3nyHble 3aJjauM, He pelaeMble B IPOTUBHOM CIy-
yae, JOCTATOYHO 3HATb MLIb HECKOIbKO CTAaHAAPTHBIX 6/10k0B. [laHHaA rnaBa MOCBA-
lLleHa 3TUM CTaHAAPTHBIM 6/10KaM; OHa MO3BOIMT Ha4yaThb MPOrpPaMMMUPOBAThb Ha A3bl-
ke Python 1 M3yunTb MHOXXECTBO MHTEpPEeCHbIX Mporpamm. Bcero yepes Heckonbkux
HeJle/Ib Bbl y>ke OyfieTe B COCTOAHMM CaMOBbIpaXkaTbcs (co3aaBas mporpammbl). Kak
1 CNIOCOGHOCTD MM1CATh MPO3Y, CHOCOOHOCTb MPOrpaMMMPOBAaTh — 3TO HaBbIK, MPUOO-
peTaeMblif CO BpeMeHEM U HEMpepbIBHO COBEPILEHCTBYEMbIIA.

JlaHHas KHMra MO3BOJAET U3YUUTDb A3blK npozpammuposanus Python. Jta 3apaya
HaMHOTO Mnpolie, YeM, HalpuMep, M3yyeHue MHOCTPAHHOTrO A3blKa. J[eiicTBUTENDBHO,
A3bIKM MPOrPaMMMUPOBAHUA HACUMTBIBAKOT /NLIb HECKO/ILKO JECATKOB CI0B M MPaBUIIL.
Bonblas yacTh paccMaTpuBaeMoro 3jiech MaTepuana Moria ObITb Tak)Ke BbIpa>keHa
Ha A3blke Java, C++ UM M060M APYroM COBPEMEHHOM fA3blKe MPOrpaMMMUPOBAHMS.
Mb! Bbi6panu A3bik Python cnenmanbHo, yTo6bI Bb cpa3y MOI/IM HayaThb MUCATDb U 3a-
nyckaTb nporpaMmbl. C 0JHOI CTOPOHbI, Mbl COCPEJOTOYMMCS Ha M3y 4YEeHUM TPOrpam-
MMpOBaHus, a He Ha leTanax A3bika Python. Ho, ¢ apyroit croponsl, ana nporpammu-
pOBaHMA Ba>KHO 3HAaTb, KaKue AeTalyu A3bIKAa YMECTHbI B JAHHO! KOHKPETHOM CHUTY-
aumn. [Tockonbky A3bik Python nonyumnn wmpokoe pacnpocTpaHeHue, ero u3yyeHme
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MO3BO/IUT COCTABNATb MPOrpaMMbl HA MHOTMX KOMIbIOTepax (cO6CTBEHHOM, Hanpu-
mep). KpoMe Toro, usyyenue nporpaMmupoBaHusa Ha A3bike Python o6nerunt camo-
CTOATE/IbHOE M3y4YeHMe APYrMX A3bIKOB, BK/IOYAA TaKuMe HU3KOYPOBHEBblE A3bIKM,
kak C, 1 Takue creuyanu3amMpoBaHHble A3bIKM, Kak Matlab.

0} 1.1. Ileppas nporpamma

STOT pasfen 3ajymMaH Kak BBeJieHMe
B MUp mporpammupoBauus Python, B Hem
u3naralTca (QyHmaMeHTaNbHblE ITanbl,
HeoOXoaMMble [/IA1 MOMy4YeHUs MPOCTOM
TMpOrpaMMBbl U ee BbIMONHeHuA. Cucmema
Python (nanee mpocro Python) npenctas-
nAeT coboit Habop NpuIOXKEHMIt, Mano
YeM OT/IMYAIOLLMXCA OT OO/bIUMHCTBA APYIMX MPUBBIYHBIX MPUIOXKEHUI (TaKuX, KaK Tek-
CTOBOIJ! MpoLieccop, MpOrpaMma 3/71eKTPOHHOM noyThl U Be6-6paysep). [Togo6HO n06bIM
npunoxeHusaMm, Python Heo6xoaumo npaBunbHO yCTaHOBUTDb Ha komnbloTepe. Ha MHorue

Ipozpammbt amozo pasdena...
ITporpamma 1.1.1. Hello, World
(helloworld. py) 21

ITporpammMa 1.1.2. Micnonb3oBaHue
apryMeHTa KOMaHJHOM CTPOKM
(useargument. py) 24

KOMIbIOTEPbI OH yCTAaHOBJIEH U3HAYa/IbHO, HO €r0 MOXXHO JIETKO 3arpy3uTb U YCTaHOBUTb
camocTosTenbHO. [IoHago6BATCA Tak>Ke TeKCTOBbIN peJaKTOp M TePMUHAIbHOE TPU/IOdKe-
Hue. B nepBylo ouepenb crefyeT HAMTU MHCTPYKLMM MO YCTAaHOBKE Cpefibl MPOrpaMMMUpO-
BaHMA Python Ha KOMIIbIOTepe M0 aapecy http://introcs.cs. princeton. edu/python.

Kak y>xe ynmomuHanoch, Mbl Ha3blBaeM 3TOT CaiT catimom kHuzu. OH coaep>kut o6-
IUMPHBIN 06bEM AOTIONHUTENbHOM MHPOPMaLIMM O MaTepuase 3TOI KHUTYM JJIA CIIpaB-
KW ¥ UCTMIONb30BaHUA MpU MPOrpaMMUPOBaHUM.

IIporpammupoBaHue Ha sa3bike Python. [Ina o3HakomneHus ¢ pa3paboTkoit npo-
rpamMM Ha ssbike Python paspgenum npouecc Ha aBa 3tama. [Insa nporpaMMUpoBaHus
Ha sA3bike Python Heo6xoauMo cnenyiouee.

e Co3damp mporpammy, HabpaB M coxpaHuB ee B (aiine, CKaXkeM, MO MMEHU
myprogram. py.

e 3anycmumo (MU 8uinoTHUMY) POTPaMMy, BBefid python myprogram. py B OKHe
TE€PMMUHATbHOTO NPUTOXKEHUS.

Ha nepBom 3Tarmne Bce HAYMHAETCA C MYCTOrO 9KPaHa, a 3aBeplLIaeTca HabOpoM BBefleH-
HBIX CMMBOJIOB, KaK ¥ NPy HalMCAaHUM COOOLLEHNA 3/IEKTPOHHON MOYTbI MM TekcTa, [ns
OMMCAHUA TEKCTA MPOrpaMM MPOrPaMMUCTbI UCTIONb3YIOT TEPMUH K00, @ TEPMUHOM KO-
duposarue (coding) Ha3bIBalOT MpOLIECC CO3[aHMA M pelaKTMpoBaHUA kopa. Ha Bropom
aTare Bbl NepefiaeTe YIpaB/ieHue KOMIbIOTEPOM CBOeN mporpamme (KOTopas BO3BpallaeT
ynpaB/ieHue OTlepaliMOHHOI CUCTeMe 10 3aBeplieHum). MHoOrue cucTeMbl NOAAEPHKMBAIOT
HECKOJIbKO Crioco60B CO3aHMA 1 3aTycKa MporpaMM. Mbl BbIOpau npeficTaB/IeHHbII 31ech
TMOPAIOK NOTOMY, YTO €TO MpPOLLE OMUCATh U MCMONb30BATD /I MAaIEHbKMUX POrPaMM.
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Cosoanue npozpammyl. IIporpamma Python He 60nee yeM nocnesoBaTeNbLHOCTb CUM-
BOJIOB, KaK a63al] TEKCTa MM CTUXOTBOpPEHME, COXpaHEHHOE B (aiiie C UMEHEM M pac-
wMpeHueM . py. JIns UX co3aHNA LOCTATOYHO MPOCTO ONpPeAENTUTb ITY MOC/IeJ0BATE Tb-
HOCTb CUMBOJIOB TaKUM >ke 06pa3oM, KaK U IMpy1 HalMcaHUM COOOLLeHNSA 3IEKTPOHHOM
TMOYTBI UM B TOOOM pYTrOM KOMIIbIOTEPHOM MpPUIOXKeHUN. [I/151 STOr0 MOXKHO UCIIO/Tb-
30BaTb /11060 TEKCTOBbIN PeJlaKTOP UM OIHY U3 6O/lee CNOXKHBIX Cpefi pa3paboTky,
OMMCaHHBIX Ha caifTe KHUTrK. [l paccMaTpuBaeMbIX B 3TOI KHUre MpOrpaMM TakKue
cpefibl pa3paboTku Heo6A3aTeNbHbI, HO OHM MMEIOT MHOTO MOJ/IE3HbIX CPEACTB, M MC-
No/b30BaTb UX BOBCE He TPYAHO. [IpodeccroHanbl IIMPOKO UCMOMb3YIOT UX.

Boinonnenue npozpammot. Kak Tonbko nporpamma 6ysieT cocTaB/IeHa, ee MOXKHO 3a-
MYCTUTb Ha BbIMO/IHEHME. DTO caMas 3aXBaTbIBAIOLAA YacTb, KOr/Ja Balla MporpamMma
6epeT NoJ CBOI KOHTPOJIb KOMIbIOTEP (B Mpefenax TOro, 4To No3BosAeT A3blk Python).
TouHee, KOMMbIOTEP CNEfyeT BallMM MHCTPYKUMAM. A €C/M ellle TOYHee, TO KOMNU-
namop Python nepesoaut nporpammy Python Ha s3bik, 6071ee nogxoaAwuit Ans mc-
TNONTHEHUsA Ha KoMIbloTepe. 3aTeM unmepnpemamop Python nepexoaur k ynpasneHuio
KOMIIbIOTEPOM COT/IACHO 3TUM MHCTPYKLUMAM. TepMuHbI 8vinonHexue (executing) u 3a-
nyck (running) B 3TOM KHUTre NMOAPa3yMeBalOT KOMOMHALMIO KOMIMAALMM U MHTEp-
nperauuu nporpammbl. YTo6bl MCMONb30BaTh KOMIUAATOP M MHTepnperaTtop Python
/1A 3aMycKa MpOrpaMMBbl, JOCTaTOYHO BBECTH B OKHE TEPMIHA/Ia KOMaHAY python, co-
NpoBOX/aeMylo uMeHeM Qaiina, cofepikaliero nporpammy Python.

[TrorraMMA 1.1.1 — 3TOo npumep BrnonHe 3akOHYeHHOI mporpammbl Python. Ee
Ko pacrionaraetcs B Qaitne helloworld. py. EAuHcTBEHHOE HeficTBME MpOrpaMmbl —
BbIBOJ| COO0LeHNA B OKHe TepMuHana. [Iporpamma Python cocrour us onepamopos.
Ka>xziblit onepatop 06bI4HO MOMELLAIOT B OT/E/IbHYI0 CTPOKY.

Hpozpamma 1.1.1. Hello, World (helloworld. py)
import stdio

#t BwBoauT 'Hello, World' Ha cTaHAapTHOE yCTPOWCTBO BhBOAA.
stdio.writeln( 'Hello, World')

9rot koj — mporpamma Python, BeinonHsowas npoctyo 3agavy. TpaguLMOHHO
3TO nepBas NporpaMma HoBMYKa. Hinke nokasaHo, YTO MPOMCXOAUT MpU BbIMOJI-
HeHuM nporpaMmbl. TepMuHaIbHOE NMPUIOXKEHME NPEfOCTAB/AET NPUTrIalleHue
K BBOAY KOMaHJ (B 3TOI KHUre CMMBOJN %) M BBIMO/IHAET BBOAMMbIE KOMaH/bI
(BbIAE/IEHBI MOMY>KMPHBIM 1IpNPTOM). Pe3y/ibTaT BHINOMTHEHNSA ITOrO KOAa — Bbl-
BOJ B OKHe TepMMHaa TeKcTa Hello, World (yeTBepTas CTpOKa KOfa).

% python helloworld.py
Hello, World--
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[ na cozpaHna NPorpamMmb

. F _ Ona koMNunauum n MHTEpnpeTaumnm NPorpaMmel
ncnone3ynte niobor TEKCTOBLIN

Bseaute python helloworld.py

penaxtop ~
Pe.uaKTop |~>hel loworld.py -~|KOMNMASTOP H"“"‘;‘;&T"L"q MHTepnpeTaTop ]-» Hel lIo, world

I'Iporpamma BuiBOa
(TekcToBbi darin)

Paspabomia npozpammbt Python

[lepBas cTpoka ¢aitna helloworld. py COAEP>XXUT OMepaTop import, yKa3blBalOLIMIA
Ha HaMepeHMe MCMO/Mb30BaTh CPeCTBA, ONpeeneHHble B MoOyse stdio, T.e. B ¢aitne
stdio. py. ®aitn stdio. py MbI crieLiMaabHO pa3pa60TanM IJ151 3TOM KHUTU. B HeM onpe-
AeneHbl QYHKLMM YTeHMA BBOAA M 3amucu B BbIBOA. ViMmopTupoBaB Moaynb stdio,
MO>XHO BIOC/IEICTBUM 8bl38amb PYHKUIO, OTIPefieNIEeHHYI0 B 3TOM MOJYIIe.

e Bropas cTpoka — 3To mycTas ctpoka. Python urHopupyer nycrbie cTpoku; npo-
rPaMMUCThI UCTIONb3YIOT UX /11 OTAENEHUA TOrnyeckux 6/10KoB Kofa.

TpeTbs CTpOKa COAEPXXUT KOMMeHMA putl, TpeHa3HAYEHHbIN A1 AOKYMEHTUPOBa-
HUA nporpammsl. B asbike Python kommeHTapuit HaunHaeTcs ¢ cumBona '#' u npogon-
KaeTcA 10 KOHLa cTpoku. Python urHopupyer koMMeHTapum — OHM NpeaHa3HAYEHbI
TOJ/IbKO A/ N1I0A€H, YUTAKOLLMX POrPaMMBbL.

e UYerBepTas cTpOKa — OCHOBA MPOrpaMMbl. ITOT ONeEpPaTOp Bbi3bIBaeT QYHKLMIO
stdio.writeln(), MpefHa3HaYeHHYIO ANA BbIBOJA OJHOM CTPOKM C 3aJlaHHbIM
TekcToM. O6paTuTe BHUMAHME, YTO MPOMCXOAMUT BbI3OB (QYHKLMM M3 JPyroro
MOJYNA: CHaYya/la yKa3aHO UMA MOAY/IsA, 3aTeM TOYKa U uMA QyHKLIMM.

Python 2. JIunrsa ¢ppanka B aToi kHure — Python 3, mockonbky ato 6ynyiiee npo-
rpaMmupoBaHus Ha Asbike Python. Tem He MeHee aBTOpbI clienanyu Bce BO3MOXKHOE,
4yTOOBI KOA B KHuUre paboran u ¢ Python 2, u ¢ Python 3. Hanpumep, B Python 2
nporpamma 1.1.1 morna 6bl UCIONb30BATh MPOCTO CTPOKY print 'Hello, World',
HO 310 Hegonyctumo B Python 3. YUto6bl nony4nTh KOA, OCYLIECTBAOLIMIA BbIBOJ
B mo6oit Bepcun sA3bika Python, Mbl ucnonbayem cob6cTBeHHbIN MOy b stdio. Kax-
Ablil pas, Korjaa 6y/eT CylieCTBEHHOE pa3/inyme MeXAY STUMMU JBYMsA A3bIKaMM, Mbl
obpaTum BHMMaHue nonb3osareneit Python 2 Ha aro.

ITo Tpagmuun, HaumHas ¢ 1970-x rogoB, nepBas MporpaMMa HaYMHAILErO Mpo-
rpamMMuCTa BBIBOAMUT c/loBa 'Hello, World'. Takum o6pa3om, HabepuTe Kof nporpam-
mbl 1.1.1, coxpaHure ero B ¢aitne helloworld. py, a 3aTeM 3anyctute ero. Cenas 3To,
Bbl HayHeTe CBOM MyTb, KAK M MHOXXECTBO APYTMX, M3y4aBIUUX MMPOrpaMMUpPOBaHMeE.
Kpome Toro, ato no3BonmT MpoBepUTb HaluyMe MNPUTOAHOrO A/A MCNONb30BaHMUA
TEKCTOBOTO peJakTOpa M TepMMHanbHOro npunoxenus. Ha nepsulit B3rnag, npo-
LjecC BbIBOJA Yero-TO B OKHO TepMMHA/Ia MOXKET MOKa3aTbCA He OYeHb MHTEPECHBIM;
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HO BIIOC/IEICTBUM Bbl YBUAMTE, YTO OAHONM M3 Hanbosee HeOOXOAMMBIX MPOrpaMmam
G YHKLMIA ABNAETCA CIOCOOHOCTb CKa3aTh, YTO OHYU f1€/IAIOT.

[TockonbKy MoOKa KOf BCeX HalUMX NMporpamMM OyfieT TOYHO TaKMM >Ke, KaK KOA
helloworld. py, KpoMe MHbIX MMeH (aiioB, KOMMEHTapy1eB U MOC/IEAOBATE/TbHOCTEI!
OMnepaToOpOB MOC/Ie HEro, He CTOMT HaYMHATb MPOrpaMMy KaX</blif pa3 ¢ YNCTOro JIMCTA.
Bmecro aroro

e cxomupyitte ¢aitn helloworld. py B ¢ait ¢ HOBBIM UMEHEM, HO He 3a0yabTe Mpo

paciumMpeHme . py;

® 3aMeHuTe KOMMeHTapuit u onepaTtop stdio.writeln() HOBbIMM.

[IporpamMMa XxapaKkTepu3yeTcsi MOC/N€AOBATENbHOCTbIO €€ OMepaTOpOB M UMEHEM.
CornacHo cornaileHuio, kaxxasa nporpamma Python Haxopurcs B ¢aiine ¢ pacumpe-
HUEM . py.

Owubxu. [JoBOMbHO MPOCTO Pa3MbITh pa3Inyme MeX/Y pelak TMpOBaHUEM, KOMITHU-
nAuMeit M MHTepnpeTauueit nporpammbl. Ho o6yyasch mporpaMMupoBaHuio, cresyer
MOMHMTb O HUX, YTOOBI JIyyllle OHATb MPOUCXOXKeHUe OLINMOOK, KOTOpble Heu36eXKHO
BO3HUMKHYT. Hecko/nbko npumepoB olnMb60K MOXHO HaiiTU B pasziene “Bompocsl u oT-
BeTbl” B KOHILe 3TOrO pasjena.

BHMMaTeNnbHOCTb NpM CO3[AHUM M MPOCMOTPE MPOrpaMMbl MO3BONAET YCTPAHUTh
1 u3bexkaTb 60NbLIMHCTBA OLIMOOK, TOYHO TaK e, KaK MpoBepKa MpaBOMMcaHusA Nno-
3BOJIseT U36€XaTb rpaMMaTHYECKMX M CMHTaKCMYeCKMX olMOOK B cOOOLIeHUM 3/TeK-
TPOHHOI No4Thl. HekoTOpble O11MOKY, M3BECTHbIE KaK OWUOKU BpeMeHU KOMNUNAYUY
(compile-time error), o6HapyXuBalOTCA NMpy KOMIUIALMYU MPOrpaMMbl, MOCKOIbKY
OHM NMPENATCTBYIOT TpaHCAALMM nporpaMmbl. Python onoseaer 06 oumnbke Bpeme-
HM KOMIUAALMYM cooblienneM SyntaxError. [ipyrue owmbky, n3BeCTHblE KaK OumubKuU
epemeHu ebinonHeHus (run-time error), He NpoABNAITCA, Noka Python He uHTepmpe-
THpyeT nporpammy. Hanpumep, ecnm B nporpamme helloworld. py 3a6bITh onepaTop
import stdio, TO BO Bpems ee BbinmonHeHus Python nepepact coobuienne NameError.

O6b14HO owubku 6 npozpammax (bug) OTpaBIAT >KM3Hb MPOrPaMMUCTA: cO06-
1weHusA 06 owmbkax MOryT ObITb COMHUTE/IbHBI M/ BBOAUTD B 3a0/1y>K/JeHMe, a HAlTH
MCTOYHMK OLUMOKM MOXKET 6bITb OYeHb TpYAHO. OMH U3 MepBbIX NpUOOpeTaeMbIX Ha-
BBIKOB — 3TO MOMCK OLIMOOK; Bbl HAYYUTECH TaK)e ObITb JOCTATOYHO BHUMATETbHBIM
NPy HaMMCaHUM KO, YTOOBI He JOMycKaTh 60/IbIUMHCTBA OLIMOOK.

BBop u BbiBOA. Kak npaBuno, mporpamme Heo6xoaumMo obecrneyntb BBOJ JaHHbIX,
4yTOOBI OHM MOr/IM 06paboTaTh MX M MOMYYUTb pe3ynbTaT. CaMblit MPOCTOI cnocobd
obecrnieyeHus BBOAIa AaHHBIX WITIOCTpUpYeT nmporpamma 1.1.2 (useargument. py). [Ipu
KaX/IOM 3alycKe MpOrpaMMbl useargument.py eif MepeAalnT apryMeHT KOMaHJHOM
CTPOKM, BBOAMMDI MOC/Ie UMEHM MPOrpaMMbl, 1 OHa BbIBOJUT €ro B COCTaBe cooOlie-
HUA. Pe3ynbTaT BbINOMHEHNA 3TON MPOrpaMMbl 3aBUCUT OT TOTO, YTO BBEAEHO MOCTIe
MMeHM nporpaMmsl. [IporpaMmy MO>KHO 3alyCTUTb C pa3IM4YHbIMU apryMeHTaMyu KO-
MaH[IHOM CTPOKM U MOJNYYUTb pa3nyHble pe3ybTaThl.
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Onepatop import sys B mporpaMme useargument. py yka3biBaeT Ha HEOOXOAUMOCTD
UCTNO/b30BaTh CPeACTBa, ONpefAe/neHHble B Mofye sys. OfHO M3 3TUX CPeACTB, argv,
AB/NAETCA CIIMCKOM apryMeHTOB KOMaH/JHON CTPOKM (BBOAMMBIX B KOMaH/IHOI CTPOKe
nocne “python useargument.py” u pasmenseMbix npobenamu). [loapobHeit aTor Me-
XaHU3M o6cy>xaaeTcs nosxe, B pasaene 2.1. [Toka 3Toro 40CTaTOYHO, YTOOBI MOHATD,
4TO sys.argv[ 1] — 3TO nepBblit apryMeHT KOMaHAHON! CTPOKU, pacro/iaramlmica Bo
BBOJi€ Cpa3y Mocjie UMEHM NPOrpaMMbl; Sys. argv( 2] — BTOpOIt apryMeHT KOMaHHOA
CTPOKM, BBOAMMbII NOC/IE MEPBOro, M T.J. APryMeHT sys.argv[ 1] MOXHO UCIO/b30-
BaTb B Te/le MPOrpaMMbl [i/is TpeiCTaB/IeHNs CTPOKM, BBEJIEHHOI B KOMaHIHOM CTPOKe
NpM 3amycKe TAaKOV MPOTrpaMMbl, KaK useargument. py.

Ipozpamma 1.1.2. Ucnonv3osanue apzymernma komManoHoi cmpoxu (useargument.py)

import sys
import stdio

stdio.write('Hi, ")
stdio.write(sys.argv[1])
stdio.writeln('. How are you?')

OTOT nMpuMep AEMOHCTPUPYET BO3MOXKHOCTb KOHTPOJIA AeiCTBUIf NporpamMm 3a
CyeT BBOJA apryMeHTa B KOMaHJAHOM CTpOKe. TO 03BO/AET U3SMEHUTD MOBEfE-
Hue nporpamm. [IporpamMma nonyyaer apryMeHT KOMaHAHO! CTPOKYM ¥ BbIBOAUT
YCrionb3ylolliee ero cooblieHxe.

% python useargument.py Alice
Hi, Alice. How are you?

% python useargument.py Bob
Hi, Bob. How are you?

% python useargument.py Carol
Hi, Carol. How are you?

Kpome ¢pyHkuum writeln(), nporpamma 1.1.2 ucnonbayet pyHkumio write(). Ira
bYHKLMA TOYHO Takas ke, Kak M QyHKUMA writeln(), HO OHa BBIBOAMT CTPOKY, He
3aBepllas ee CMMBOJIOM HOBOJ CTPOKM.

Kak u npexpe, cama no cebe 3ajaya BbIBOfIa TOrO, YTO ObI/IO BBEJIEHO B NMPOTpaMMy,
BO3MOXXHO, He MOKa)XXeTCsA MHTEPECHOM, HO BIOC/IEACTBUM Bbl MIOJIMETE, YTO CIeYIOLLE
dyHaaMeHTaNbHOM QyHKLMel MpOrpaMMbl ABNAETCA CIOCOOHOCTb pearnpoBaTh Ha BBe-
A€HHYIO MO0/Ib30BaTe/IeM MHPOPMaLIMIO, YTO NMO3BO/AET KOHTPONMPOBATD AEATEIbHOCTD
nporpammbl. [IpefcTaB/eHHON B MporpaMMe useargument . py MpOCTOM MOJIE/IN BIOJHE
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JIOCTaTOYHO, YTOOBI NpeACcTaBUTh cebe 6a30BbIif MeXaHU3M MmporpamMmuposanus Python
1 TIPUMEHATD €ro A/ pelLleHus pa3Ho0Opa3HbIX BbIYUCINTE/bHBIX 3a/aY.
KakMo>xHO3aMeTuTb, TporpaMMa useargument.

py BCETO JIMLLIb BCTAaB/IAET OJHY CTPOKY CUMBOJIOB Alice <—— Bxoaswas cTpoka
(aprymeHT) B ipyryto (monyyas BbIBOAMMOE CO00- L

wenue). Takum o6pasom, mporpammy Python mox-

HO CYMTaTb “YepHbIM ALMKOM’, MPeodpasyroLmM <—-— "YepHi K"

BXOJALLYYIO CTPOKY B BbIXOAALLYIO.
OSTa Mofenb MpMB/IEKaTe/lbHA [OTOMY, YTO /Bb'xonmaﬂ L
OHa He TOJIbKO MPOCTA, HO U IOCTaTOYHO obllas, Hi, Alice. How are you?
4YTOOBI MO3BO/ATL OGBACHUTD NPUHLUMI MOOO!  O6yax nanopama npoepammst Python
BbIYMCIUTENbHOM 3afaun. Hanpumep, cam KoM-
munarop Python — He 6onee yem nporpamma, nonyyamouias OffHy CTPOKY KaK BBOJ
(daitn . py) u cosparowias Apyryl CTpOKYy Kak BbIBOJ| (COOTBETCTBYIOLIaA MporpaMma
Ha 6o/ee HM3KOYPOBHEBOM A3bike). BriocneacTBum Bbl 6yneTe co3faBaTh Mporpam-
Mbl, pelaoliiMe MHOXECTBO MHTEPECHDBIX 3a/lay (XOTA Mbl He IOi/IeM [0 TAKMX CIOX-
HbIX MPOTrpaMM, Kak KOMNuATop). Ha HacToAwMi MOMEHT Mbl MMeEM OrpaHNMYEHMUA
Ha pa3Mepbl M THUIbI BBOJA M BbIBOJA Mporpamm; 6oee COXHbIE MEXaHM3Mbl BBOJA
1 BbIBOJA JaHHBIX MPOrpaMMbl paccMaTpyUBaKTCA B pasfene 1.5. B yacTHocTy, pac-
CMaTpMBaETCA BO3MOXHOCTb pabOThbl CO CTPOKaMM MPOU3BOIbHOM J/IMHBI U APYTUMM
TUMAMM JAaHHBIX, TAKMMM KaK 3BYK M M306parkeHus.
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IToyemy mMbI ucnonb3yem umenHo Python?

V3y4aeMble 37ecb MpOrpaMMbl O4YeHb MIOXO0XM Ha MX aHAJIOTU Ha APYIUX A3bIKaX, MO-
3TOMY Halll BbIGOp A3bIKa He KpaitHe Ba>keH. Mbl ucronb3yem s3bik Python notomy,
4TO OH IUMPOKO pacpOCTpaHEH, JOCTYIEH, OXBaTbIBA€T BeCb HAOOP COBPEMEHHbBIX
abcTpakumit M 06/1ajaeT MHOXKECTBOM CPEICTB aBTOMAaTHYeCKO MPOBepKy oLIMOOK
B nporpamMmax. TakuM o6pa3oM, OH BIOJIHE MOAXOAMUT AN 00y4YeHUs NMporpamMMu-
poBaHuio. f13bik Python nocrosHHO pa3sBuBaeTcs M BbIXOAUT BO MHOTMX BEPCUSAX.

Kakyio Bepcuio sa3bixa Python ucnonbsosatn?

Mb! pexoMeHayeM ucnonb3oBaTh Python 3, HO Mbl cienanu Bce BO3MOXHOE, YTOObI
KO B kHMre pa6oTan u Ha Python 2, 1 Ha Python 3. Becb kop 6b11 npoBepeH Ha A3bl-
ke Python Bepcum 2.7 u 3.4 (nocnepnue Boinycku Python 2 u Python 3 Ha MoMeHT
ny6nukauuu). Mbl ucnonbsyem o6uienpuHAThI TepmuH Python 2 ana onucanus
Python 2.7 u Python 3 gna Python 3.4.

Kak ycranoButb cpeny nporpamMmmuposanus Python?

Ha caiite KHMrM ecTb MO3TanHasA MHCTPYKLMA M0 yCTAaHOBKE Cpejibl MPOrpaMMUpPO-
BaHus Python Ha onepaunonHoit cucreme Mac OS X, Windows unu Linux. Tam e
€CTb MHCTPYKLMA M0 YCTAHOBKE KHIKHBIX MOJly/iel, TAKMX KaK stdio. py.

JomkeH nu s Ha6UpaTh BCe MPOrpaMMbl, IpUBeeHHbIE B KHUTE, YTOObI UCIbI-
TaTh UXx?

51 yBepeH, 4TO Bbl yXXe 3allyCKalM MX M YTO OHM CO3[JAIOT MpPUBEIEHHDI BbIBOJ.
ViMeeT cMbIcn HabpaTb M 3aMyCTUTb porpaMmy helloworld. py. Bel npuo6perere
6o/bllle HaBBIKOB, €C/IM 3aMYCTUTE TaKXe U MPOrpaMMy useargument. py, onpo6o-
BaB pa3/IMyHble BXOJIHblE JaHHbIE, YTOOBI MPOBepUTb COOCTBEHHbIE uaen. UToO6bI
CIKOHOMMTD Ha Habope, Becb KOJ (M MHOrOe pyroe) MO>XHO HaiTH Ha caiiTe KHUTHU.
Tam xe ecTb MHPOpMaLMA MO ycTaHOBKe cpefbl padpaboTku Python Ha kommblo-
Tepe, OTBETbl HAa YNpa>kHEeHUs, Be6-CChUIKM M Apyras MojesHas MIM MHTepecHas
AOMOTHUTE/IbHASA UHPOPpMALIMA.

Korpa s 3amyckaro nporpamMmy helloworld. py, Python Bbigaer coo6uenne
ImportError: No module named stdio.
YTo0 3TO 03HayaeT?

OTO 03HayaeT, YTO KHMXCHDIN MOAY/b stdio HefocTyneH Ana Python.
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Kak caenaTb KHMOKHBII MoRynb stdio AocTymHbiM Ans Python?

Ecnu BbI cnefoBanm noaTanHbIM MHCTPYKLMAM MO YCTAHOBKE CPefibl MPOrpaMMMu-
poBanua Python c caitTa kHMrM, TO MOAYNb Sstdio HO/MKEH yxke ObITb HOCTYMEH
ans Python. Ho MoxHO Tak>ke 3arpysutb ¢aitn stdio.py C caifTa KHUTUM U MOMe-
CTUTbD €ro B TOT >K€ KaTaJIOor, I'le HAXOAUTCA M UCMO/b3YIOLas ero MporpaMMa.

Kakosbl npaBuna Python nnsa cuMBo0B OTCTYNa, TAKMX KaK Tabynauus, npobe-
7Bl M HOBbIE CTPOKM?

Hnsa asvika Python 60/1bIUMHCTBO OTCTYNOB B TEKCTE MPOrpaMMbl 3KBUBAJIEHTHO,
KpOMe JABYX Ba>KHbIX MCKIIIOUEHUIt: crnpokoebix numepanos (string literal) u evipas-
nusanus (indentation). CTpOKOBBIt TMTepan — 3TO MOC/Ie0BaTeIbHOCTb CUMBOJIOB
B OJMHAPHBbIX KaBbIYKaX, TaKasa KakK 'Hello, World'.Ecnu nomMecTUTb HECKOJIBKO
npo6enoB B KaBbIYKM, TO B CTPOKOBOM JIUTepasie Bbl MOJTy4aeTe TO >Ke KOMUYeCTBO
npo6enoB. Bupasnusarue — 3T0 OTCTYN B Hayaje CTpoku. KonnyecTBo npo6enos
B Hayajle CTPOKM UTpaeT Ba>kKHYI0 pojib B CTPYKTypupoBaHuM nporpamm Python,
Kak 6yieT npoieMOHCTpUpoBaHoO B pa3fiene 1.3. [Toka BblpaBHMBATb KOJ| He HYXHO.

3ayeM UCIONb3YIOTCA KOMMEHTapuu?

KoMMeHTapuu noMoraioT Jpyrum nporpaMMMUCTaM MOHATb Balll KO UM BaM IO-
HATb COOCTBEHHBIN KOJ| Yepe3 HeKoTopoe BpeMsA. OrpaHuyeHusa Ha 06beM KHUTH
Tpe6YIOT 3KOHOMHO MCIO/Mb30BaTb KOMMEHTAapUM B MpeJCTaBIEHHbIX 3/1€Ch MPO-
rpamMMax (BMeCTO 3TOrO Mbl MOJTHOCTBIO OMUCbIBAEM KaXKAYI0 MPOrpaMMy B TEKCTe
1 pucyHkax). [IporpaMmbl Ha caifTe KHUIM MPOKOMMEHTUPOBaHbI 6071ee MOAPOGHO.

Mory 13 s IOMeCTUTDb HECKO/ILKO OII€PaTOPOB B OJHY CTPOKY?

Ha, oTpenss onepatopbl TOUYKaMy ¢ 3anAToit. Hanpumep, aTa eiMHCTBEHHAA CTPOKa
Ko/ia co3/1aeT TOT XK€ BbIBOJI, YTO U nMporpamma helloworld. py

import stdio; stdio.writeln('Hello, World')

OIIHaKO MHOrue NporpaMMUCTbI HE pEKOMEHAYIOT UCITO/Ib30BaThb 3TOT CTU/Ib.

Yro 6yner, eciu MponmyCcTUTh KPYIIyI0 CKOOKY M/IM HalMCaTb TAKOE CI0BO, KaK
stdio, write mam writeln, c orM6K0it?

ITO 3aBUCUT OT TOTO, YTO MMEHHO CAI€/IaHO. DTU TaK Ha3bIBaeMble CUHMAKCUYeCKUe
owubku (syntax error) o6bI4HO O6Hapy>xuBaeT Komnunarop. Hanpumep, ecnu Bbl
co3gaguTe nmporpamMmy bad. py, TOYHO TaKYIo Xe, Kak 1 helloworld. py, HO 6e3 nep-
BOJ1 (11€BOJ) Kpyr/10i CKOOKM, TO NONy4uTe Clefyoliee coobuieHne o6 owmnobke:
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% python bad.py
File 'bad.py', line 4
stdio.write'Hello, World")

SyntaxError: invalid syntax

Vcxopsa u3 atoro coob1eHns, MOXXHO BIIOJIHE pe30HHO NP eANOJI0XMUTb, YTO He06XO0-
AMMO J06aBUTB JIEBYI0 KPYI1ylo CKOOKY. KoMnunsaTop He cMOXeT yka3aTb OIUMOKY
TOYHO, 03TOMY coobLieHne 06 ownbke MOXKeT ObITh TPYAHO NOHATb. Hanpumep,
€C/IM MpOMyCTUTb BTOPYIO (MpaBylo) Kpyraylo ckobky BMeCTO nepBoit (11€Boit), Bbl
MoMyyuTe Clepyollee, Kyaa MeHee Mone3Hoe cooblieHne, B KOTOPOM K TOMY XKe
yKa3aHa CTpOKa, CJIefyIoLas nocje owmnboYyHoIt:

% python bad.py
File 'bad.py’', line 5

SyntaxError: unexpected EOF while parsing

YT06b1 6bICTPEN NPUBBIKHY Tb K TAKMM COOOLLEHUAM, MOXKHO NpeJHaMEPEHHO BBO-
AMTb olMOKM B MPOCTYIO MpOrpaMMy M HabmoaaTb pe3ynbTaT. HecMoTps Ha coob6-
eHus 06 owmbKax, CYUTaiTe KOMIUIATOP CBOUM JAPYroM, MOCKO/bKY OH MPOCTO
MbITAETCA NpefyNpeaUTh Bac, YTO C MPOrpaMMON YTO-TO HEMPaBU/IbHO.

IIpn 3amycke mporpaMMmbl useargument.py A NOTy4Yal CTPaHHOE COOGIIEHNe
06 oumm6ke. INoxxanyicra, 06bsACHUTE.

BeposTHeit Bcero, Bbl 3a6blM apryMeHT KOMaHHOM CTPOKM:

% python useargument.py

Hi, Traceback (most recent call last)

File 'useargument.py', line 5, in <module>
stdio.write(sys.argv{1])

IndexError: list index out of range

Nurepnperatop Python »anyercs, yTo Bbl 3amyCTuau nmporpamMmy, HO He BBe-
7N apryMeHT KOMaHJHOM CTPOKM, Kak oxupanocb. bonee nogpobHas mHpopma-
umus 06 MHAEKCax CIMCKa MpuBefieHa B pasfene 1.4. 3amoMHMUTe 3TO cooOLIeHMe
06 owmbKe: Bbl, BEPOATHO, YBUAUTE €ro CHOBA. [laxke ONbITHbIE MPOrPaMMUCTBHI 3a-
6bIBalOT MHOTAA BBOAUTb apryMeHTbl KOMaHHOM! CTPOKM.
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Kakue mogynmn Python n pyHKIMM BOCTYNHBI 115 UCTIOTIb3OBaAHNA?

B mo6oit Bepcun Python ectb MHOro cTangapTHbix Moayneit. Eue 6onbiue goctyn-
HO JIONO/THUTENbHBIX M0Oynell pacuupenus (extension module), koTopble MOXHO
3arpysuTb ¥ YCTaHOBUTD BIIOC/IEACTBMU. Mbl cO3[1anu elue 1 Apyrue MOay i (Takue,
KakK stdio) crenmanbHO IS 3TOM KHUTU U €€ CailTa; Mbl Ha3Ba/IU UX KHUNHbIMU MO-
oynamu (booksite module). Kopoue roBops, Ans ucrnonb3oBaHusA KOCTYNHbI COTHU
mopyneit Python ¢ pasHbiMu GyHKUMAMU. B 3TOI KHMre paccMaTpUBAIOTCSA TO/BKO
caMble OCHOBHbIe MOy U PyHKLIMM.
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1.1.1. Hanuwure nporpamMmy, BbIBOAALLYIO c10Ba Hello, World aecATb pas.
1.1.2. Yro 6ypger, ecnu B nporpamMme helloworld. py NponycTUTD CleayolLLee:
a. import
b. stdio
C.import stdio
1.1.3. Yro 6ypmer, ecnu B nporpamMme helloworld. py gonyctutb opdorpaduyeckyo
owK6KYy (Cka>keM, MPONYCTUTb BTOPOIi CUMBOJI) B C/IEAYIOLLEM:
a. import
b. stdio
c.write
d.writeln
1.1.4. Yto 6ypner, ecnu B nporpamme helloworld. py MpONYCTUTD CleayloLiee:
a. Ilepspiit '
b. Bropoit
c. Oneparop stdio.writeln()
1.1.5. Yto 6yner, ecnu MOMBITATbCA BHIMONHUTB MPOrpaMMy useargument. py C Ka-
XK 01 U3 CNIeAYIOLIMX KOMaHAHbIX CTPOK:
a. python useargument.py python
b. python useargument.py @!&"%
Cc. python useargument.py 1234
d. python useargument Bob
€. useargument.py Bob
f. python useargument.py Alice Bob

1.1.6. [lepenenaiiTe mporpaMMy useargument. py B Iporpammy usethree. py, nomny-
YAl y0 TP UMEHU U BbIBOAALLYIO Li€7I0€ MPENIOXKeHNE C UMEHAMU B NOPAJ-
Ke, o6paTHOM ux BBoAY. Hanpumep, BbI30B python usethree.py Alice Bob
Carol co3pmaet BhIBOA, 'Hi Carol, Bob, and Alice'.
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0} 1.2. BcTpoeHHbie TUIIBI JAHHBIX
a

[Ipn mporpaMMupoBaHMM Ha f3blKe
Ipozpammpr 3mozo pasdena...

Python BbI Bcerma AO/MKHBI 3HaTb THUM
AQHHBIX, UCTIO/Ib3yeMbIX Ballleil pOrpaM-
Moit. [Tporpammbl pasaena 1.1 o6pabatbl-
Ba/M CTPOKM, GONBLIMHCTBO MpPOrpaMM
JaHHOTrO pasfena o6pabaTbiBalOT YMCIIA,
a MHOTMe JIpyrue TUIbI JaHHbIX paccMa-
TpuBalOTCA mo3xe. [IoHMMaHue pasnu-
4Mit MeXAY HUMM HaCTOJIbKO BaXKHO, YTO
Mbl GOpMaIbHO OMpeaensieM UAEI0: mun
Oannvix (data type) — ato Habop 3naue-
HUll U Habop onepayuti, onpeneneHHbIX
JJIA 3TUX 3HAYEH M.

B a3bik Python BcTpoeHO Hecko/lbkO TMMOB AaHHBbIX. B 3TOM paspmene paccMatpu-
BAaIOTCA TaKMe BCTPOEHHbIe TUIbI AaHHBIX Python, kak int (mnsa uenbix umncen), float
(mnA ymcen c naBarolLeit TOYKOM), str (/14 NOC/Ie[OBaTENbHOCTEN CUMBOJIOB) 1 bool
(mns 3HayeHuit true u false). OHM NpeacTaBiIeHbl B TabMLe HUXKE.

IIporpamma 1.2.1. TIpumep KOHKaTeHauum
cTpok (ruler. py) 39

[TporpammMa 1.2.2. Lleno4ucieHHble
onepatopbl (intops. py) 42

IMporpamma 1.2.3. OnepaTopsbl yucen
C M1aBaoLLel Touykoi (floatops. py) 45

[Tporpamma 1.2.4. KBagpatuunas ¢popmyna
(quadratic. py) 46

ITporpamma 1.2.5. BucokocHbli1 rof
(leapyear. py) 50

OcHoBHbIe BCTPO€HHbIE€ TUIIbI JAHHbIX

Tun  Ha6op 3HayeHui O6mue oneparoper  Ilpumep nurepanos
int Llenbie yncna o= % ) % xx 99 12 2147483647
float YUucna c nnaBalollei TOYKOM + o= % ) xx 3.14 2.5 6.022e23
bool  3Hauenus true u false and UM not True False

str INocnenoBaTeNbHOCTU CUMBOJIOB  + '"AB' 'Hello' '2.5'

[Toka cocpemoTouMMCs Ha NpOrpaMMax, MCHOJb3YIOLIMX 3TU yYeTbipe 6Ga30BbIX
BCTPOEHHBIX TUMa AaHHbIX. [1o3>ke Bbl y3HaeTe O JAOMOJHUTENbHBIX TUMAX JAHHBIX,
ROCTYINHBIX /I UCMIONb30BaHMA, a TaK>K€ O TOM, KaK CO3[]aBaTb COOCTBEHHbIE TUIIbI
RaHHbIX. Ha caMoMm piene mporpamMupoBaHue Ha a3bike Python 3ayactylo cocpenoro-
4YMBaeTCA MMEHHO Ha CO3[JaHUM TUIIOB JJaHHBIX, HO 00 3TOM peyb MOVZET B rnase 3.

[Tocne onpepeneHns OCHOBHbIX TEPMUHOB PaCCMOTPUM HECKOJILKO PUMEpPOB Mpo-
rpaMm 1 ¢parMeHTOB KOAa, MITIOCTPUPYIOLMX MCIONb30OBaHME Pa3TMYHbIX TUIIOB
AaHHbIX. ITU PpparMeHTHl KOJa BbINONHAIT He MHOTO peajibHbIX BBIYMC/IEHUIA, HO CKO-
po 6yneT npescTaBieH NORO6GHBIN KOA B 60/ee ANMHHbBIX MporpamMax. [lTonumaHue Tu-
TOB JaHHBIX (3HaUeHMIi U ONepaLMil C HUMM) ABNAETCA HeOOXOAMMBIM 3TAlOM B Haya-
Jie IpOrpaMMMUpOBaHUsA. ITO MOATOTOBUT MOYBY /IS HAYala CAMOCTOATENbHOI paboThI
¢ 601bLIMM KONMYeCTBOM 60JIee CII0XKHBIX POrpaMM B cileayolleM pasaene. Kaxnaas
co3faBaeMas fajiee nporpamMma OyaeT MCMONb30BaThb KOJ, MOAOOHbIN He6OMbIMM
¢dparmeHTaM, peACTaBlIeHHBIM B JaHHOM pa3fere.
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OHPC}IC}ICHM}I. l'Ipe>|<,ue 4yeM OéC)’)KIlaTb TUIIbI JAHHBIX, HeOﬁXOIWIMO BBECTU HEKYIO
TEpPMUHOJIOTUIO. H)'Iﬂ 3TOro Ha4yHEM CO C/IeaYyoLEro (bparmeHTa Kofa:

a = 1234
b =99
c=a+hb

ITOT KOA co3maet Tpu ob6vexma (object), KaXkablil TUMa 1nt, UCTIONb3YS AUMEPATbL
1234 1 99, a TaK>ke BbIpaxkeHue a + b u npusasvieaem (bind) (TexHudeckuit TepMmH, 03-
HadaloLMi CO3[laHMe acCOLMaLliM) nepemeHHble a, b U C K 3TUM 00'beKTaM, UCTIONb3YS
onepamo puvl npuceoenus (assignment statement). B peaynbrarte nonyyaercs, uto nepe-
MeHHas C CBA3aHa C 0OObEKTOM TMIMA int, XpaHAWMM 3HayeHMe 1333. Tenepb paccMo-
TPUM TEPMUHBI, Bblfle/IEHHbIE KYPCUBOM, MTOAPOGHEI.

JTumepan (literal). JIutepan Python — aTo npeacraBneHne 3Ha4eHUsA TUNA JAHHBIX
B Kofie. [Ina npefcTaBneHus 3Ha4eHUA TUIA JAaHHBIX 1nt 3Jech ObUIM UCMONb30OBaHbI
TaKue Noc/eoBaTeIbHOCTHU Undp, Kak 1234 u 99, /1A NpeAcTaBIeHNs 3HaYeHUsA TUMa
float Oblsa 6b1 JO6aB/IeHa JeCATUYHAA TOYKA, KakK B 3. 14159 unm 2. 71828, nd npen-
CTaBJIeHUA ABYX 3HaueHMit TMMa bool MCMoONb3oBanuch Obl MTEpanbl True U False;
a MOC/eA0BaTe/IbHOCTb 3aK/IIOYEHHbIX B KaBblYKM CUMBOJIOB, TakuMX Kak 'Hello,
World', mpefcTaB/isAeT 3HaYeHUe TUMA Str.

Onepamop (operator). Onepatop Python — 3To npepcraBnenue onepauum TMmna
AaHHBIX B Kofie. SI3blk Python ucnonb3ayer 3Haku + 1 * /1 IpeACTaBIEHUSA CIIOKEHUA
¥ YMHOXXEHMA LieJIbIX YMCeNl U YMCeN C MIaBawlleil Toukoit. 14 npeacraBieHus jo-
rMyecKux onepaumit a3bik Python mcnonb3yer knouyeBble coBa and, or U not M T.J.
Jlanee B aToM pa3pene 6yayT noppo6HO onmcaHbl Hanbosee MOMyApHble ONepaLyy
AJIA KQXKI0T0 U3 YeTbipeX 6a30BbIX BCTPOEHHBIX TUITOB.

Noenmuguxkamop (identifier). Vpentudukatop Python — 310 mnpeacrasrne-
HUe MMeHM B Koje. Kaxabiit uaeHTMdUKATOP — 3TO MOC/NEAOBAaTENBHOCTD CUMBO-
n0B, UMp M 3HAKOB MOJYEPKUBAHUA, MEPBBIM U3 KOTOPbIX He MOXeT ObiTh Ludpa.
IlocnemoBaTeNnbHOCTU CUMBOJIOB abc, Ab_, abc123 U a_b ABAAKTCA BIOJIHE JOMyCTH-
MbiMM uaeHTduKaTopammu Python, a Ab+, 1abc u a+b — Hert. VineHTudMKaTOphl pas-
JIMYAIOT PerUCTP CMMBOJIOB, TAKUM 06pa3oM, Ab, ab U AB — 3TO pa3Hble UMeHa. Takue
kntouesvie cnosa (keyword), kak and, import, in, def, while, from u lambda, 3ape3epBu-
POBaHbI U He MOT'YT ObITb MCIIO/Ib30BaHbl Kak MAeHTUMKaTOpbL. [Ipyrue uMeHa, Takue
Kak int, sum, min, max, len, id, file u input, uMeloT B Python cneuuanbHoe 3HayeHue,
NI03TOMY MX TaK>Ke J1y4llie He UCIIOb30BaTh.

Ilepemennas (variable). [lepeMeHHas — 3TO MMA, CBA3aHHOE CO 3HAYEHMEM THUIMA
HaHHbIX. [lepeMeHHble MCMONbB3YWOTCA [/ OTCIEKMBAHUA M3MEHEHMM 3HauyeHMM
1o xoAy BbluucieHni. Hanpumep, B HECKO/IBKUX NpOrpaMMax 3TOM KHUTU NepeMeH-
Haf total ucnonb3yercs [/1d XpaHEHUA pe3ybTaTOB BbIYMCIIEHUA CYMMbI pAJa YUCeL
Jlna uMeH nepeMeHHbIX MPOrPaMMUCTbI OOBIYHO UCTIOMb3YIOT CTUIUCTUYECKOE COTJIa-
weHue. B aToit KHUTe cornalleHne 3aK/I04aeTcs B TOM, YTO MMsA KaXKIO0i NepeMeHHO
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COCTOMUT U3 CTPOYHOI OYKBBI, COMPOBOXKAAEMOM CTPOYHBIMM M NMPONUCHBIMU OYKBa-
My, a Takoke UudpamMu. Mbl UCTIO/Ib3yeM MPOMUCHbIE OYKBbI B MMEHAX M3 HECKOIbKMX
cnos. Tak, HanpuMep, Mbl UCIIO/Ib3yeM CTIelyIOLIMe MMEHA MePeMeHHBIX: i, X, y, total,
isleapYear u outDegrees cCpei MHOTUX OPYTUX.

Koncmanmmas nepemennas (constant variable). 9ToT TepMMH-OKCMMOPOH UCMOJIb-
3yeTcs A/l ONMUCAHUA NepeMeHHOM, acCCOLMMPOBAHHOE 3HaYeHMe TUIA NaHHBIX KOTO-
poit He U3MEHAETCA BO BPeMs BbIOIHEHUA MPOrpaMMbl (MM MEXAY 3alycKaMy 1po-
rpamMMbl). COriacHO MpUHATOMY B 3TOM KHUIe COITIaLlIeHUIO, UMS Ka>K0M KOHCTaHTHOM
TnlepeMeHHOI COCTOUT U3 NPOMUCHOM OYKBBI, COMPOBOXAAEMOM CTPOYHBIMM U MPOTHUC-
HbIMM OyKkBamM, uudpaMu 1 3HaKaMu noguepkuBanuA. Hanpumep, a4 KOHCTaHTHOM
TnepeMeHHOV MOXKHO 6b1710 6b1 UCTIONIb30BaTh MMeHa SPEED_OF _LIGHT m DARK_RED.

Boipascenue (expression). BbipakeHMe — 3TO KOMOMHaLMA NMUTepanoB, Mepe-
MEHHBbIX U OIepaTopoB, 8vivucnsemoe (evaluate) Python pna nmonyuyenus sHaueHms.

bonpuiMHcTBO Bblpa)KeHMf"l BBITZIAOUT TaK >XKe, KaK MaTeMaTu-
Onepaxab!

yeckne (GOpMyIIbl, UCMIONB3ysA OMEPATOPbl AJA ONpeAeNeHUs (1 BbIpaXeHUs)
ornepaLuii TUIa JaHHbIX, BHINOTHAEMbIX C OfTHUM U/ HECKOJIb-
kumu onepandamu (operand). B ocHOBHOM 371eCb UCMIONTb3YIOT- !?5 “(x-3)]
cs napHvle onepamoput (binary operator), o6pabaTbiBatoLiue :fL’WM'
neparop

ABa ONepaHfa, Takue Kak x - 3 uam 5 » x. Kakjplit onepaHz
MOXeT GbITh NI0OBIM BBIpaXeHMeM (BO3MOXHO NPUMEHEHUE  Anamomus evipanenus
KpYrI/bIx cko6ok). Hanpumep, MO>XXHO cOCTaBUTb TaKue Bblpa-

XeHus 4 » (x - 3) umm 5 » x - 6, u Python ux noimet. Boipakenne — 3To AupekTHBa
BBINOTHUTD [1OCTIEAOBATEIbHOCTD OTlepaLiMif; BbIpaXkeHUe — 3TO TAKXKe MpeJiCTaB/IeHne
pe3ybTUPYIOLIErO 3HaYEHUA.

Ipuopumem onepamopos (operator precedence). BoipakeHne — 3T0 1o CyTH 3anmchb
10C/IeI0BaTeNIbHOCTY OTepaLiyif, HO B KAKOM MOpPAJKe AOKHbI ObITh TPUMEHEHbI ONlepa-
TopbI? Y A3bika Python ecTb ecTecTBeHHbIe U YeTKMe NpaBUIa npUOpumema, MOMTHOCTbIO
onpefienAoLLMe ITOT NOPAAOK. ApudMeTryecKue onepaLmm YMHOXKEHUA U ie/IeHUA Bbl-
TIOJIHAKOTCA Mepef CIOXKEHUEM U BbIUMTAHUEM; TaK, BblpaXkeHusa a - b +cua - (b~ ¢)
NpeJCTaB/IAIT TY Xe I0Cef0BaTe/IbHOCTb onepauuit. [Ipyu oanMHakoBoM mpuopurere
apudMeTHUeCKIe ONepaTOpbl UMEIOT /1€60CMOPOHHULL NOPAOOK, @ ITO O3HAYAET, YTO BbI-
paxeHus a - b - c u (a - b) - C NPeACTaBAIT Ty Xe MOC/e[0BaTEIbHOCTb ONepaLiniA.
Oneparop BO3Be[ieHUsA B CTEMEHD ** ABJAETCA UCK/IIOYEHUEM: OH UMEET NMPasocmo poH-
HUll NOPAOOK. ITO 3HAYUT, YTO BBIPAXKEHUA @ ** D »» CU @ »* (D »» C) MPEACTABNAIT TY
e 10C/IeloBaTeNIbHOCTb onepauuit. 114 nepeonpefeneHus mpaBul MOXXHO UCMONTb30-
BaTb Kpyr/ible CKOOKM; Bbl BIIOJIHE MOXKETe HanucaTb a - (b = ¢), €C/iM 3TO UMEHHO TO,
YTO HY>kHO. B GyZy1eM Bbl MoXKeTe BCTpeTUTb Kofi Python, nonHocTbio nonararowmitcs
Ha MpaBuU/Ia NPUOPUTETA, HO B 3TOI KHUTe Mbl M36eraeM Takoro Koja, UCTo/b3ys Kpy-
ryible ckoOku. Ecnm BaM 3TO MHTepecHO, TO Bce MOAPOOHOCTYM MpaBU IPMOPUTETA MOX-
HO HaliiT! Ha caifTe KHUTU.
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Onepamop npuceoenus (assignment statement). Kak Mbl onpeaensem uneHTudmKa-
TOp, KOTOpbIit OyfieT mepeMeHHOM B koae Python? Kak Mbl accouunpyem nepemMeHHy1o
CO 3HayeHMeM Tuna JaHHbIX? B A3bike Python B o6eux Lensax ucnonb3yercs oneparop
npucsoenns. Korga B koge Python muiyT a = 1234, T0 3TO He BbIpa)keHUe MaTeMaTH-
4eCKOro paBeHCTBA, 3TO TpebOBaHMe CIeNYIOLMX Oelicreuil.

o Onpenenmutb UaeHTUDUKATOP a KaK MMA HOBON MepeMeHHOI (ecnu TaKoBO
elie HeT).

L4 ACCOI.[MMPOBaTb [NEpEMEHHYI0 a CO 3Ha4Y€HUEM 1234 1e10YMUCIEHHOr O TUMa.

[IpaBas cTopoHa onepaTopa MpUCBOEHUA MOXKET ObITb MOOBIM Bblpa>keHneM. B Ta-
KMX cnyyasx Python BbiumcnseT BbipaXkeHMe M aCCOLMUPYET NMepeMEeHHYIO C JIEBOV CTO-
POHBI CO 3HauyeHMeM, CO3aHHbIM BblpaxkeHMeM. Hampumep, korga nuwyT c=a+b,
MMEIOT B BUAY TaKOe JeiCTBUE: “aCCOLMMPOBATb MEPEMEHHYIO C C CYMMOU 3HaYeHUM,
CBA3aHHBIX C MepeMeHHbIMM a U b". JleBast CTOpOHa onepaTopa MPUCBOEHUA RO/DKHA
ObITb OAMHOYHOI MepeMeHHOI. TakuM 06pa3oM, onepaTopbl 1234=a1 a+b=b+a He-
monyctumsl B sA3bike Python. Kopoue 2060ps, 3nauerue onepamopa = 6 npozpamme paou-
KAZIbHO OMAIUYAEMCS OM MAK0B020 8 MAMEMAMUYECKOM YPABHEHUU.

Ceobodnas mpaccuposxa (informal trace). b dex-

a b [
a=1234 1238 ) TUBHBIN CMOCO6 OTC/NEXMBAHUA CBA3aHHBIX C Mepe-
b =99 99 MEHHbIMM 3HauYeHUil MojJpasyMeBaeT UCIO/Ib30OBaHue
c=a#*b 1333 tabnuubl (kak Ha pUCYHKe), B KaX[0i1 CTPOKe KOTOPOit

TpefCTaB/IeHbl 3HA4€HUA OC/Ie BbIMOTHEHNSA KaXK 0N
onepauuu. Takas HasbiBaeMas mpaccuposkoti (trace)
TabnMua — npoBepeHHass BpeMeHeM MeTOAMKA MOHMU-
MaHMs MOBeJieHUsA POrpaMMbl. B 3Toit KHUre Mbl MCMIO/b3YeM TPAaCcCUPOBKY MOBCIOAY.

Xots nopo6Hble onMcaHMA — BIIOJIHE JOMYCTUMBIIT ctocob u3ydenus kopa Python
B 3TOM pa3jiefie, BHayaje cinefyet 6onee moapo6bHO paccMOTpeTh TO, kak Python npen-
CTaBJ/IfAeT 3HaYeHUs TUMNA aHHbIX, UCMIO/Ib3Ys OOBbEKTHI, a 3aTeM BEPHYTbCA K ONpeje-
JIeHUAIM B 3TOM KOHTeKCTe. HecMOTps Ha TO 4TO 3TH Onpe/ie/ieHNs CNIOXKHeil MpuBeeH-
HBIX BblIlle, MOHATb 6a30Bblil MeXaHU3M OUYeHb Ba>KHO, MOCKOJIbKY OH MCIOJIb3yeTCs
B Python npakTuuecku Bciofy ¥ roTOBUT Bac k 06'beKTHO-OpUEHTUPOBAHHOMY MpoO-
rpaMMUPOBaHMIO, ONIMCAaHHOMY B I/1aBe 3.

O6wexm (object). Bce 3HaueHus maHHbIX B mporpamme Python mpepcraBnswTca
06beKTaMy 1 OTHOLIEHUAMM MeXAy o6 bekTaMu, OO BEKT — 3TO MpeAcTaBleHNe B Ma-
IUMHHOM MaMATU 3HAYeHUA OMpeJie/IeHHOro TMMa JaHHbIX. KaXkablit 06bekT XxapakTe-
pU3yeTcs ero udeHMuduKamopom, munom u 3HayeHuem.

Noenmuguxamop (identity) ogHo3HayHO uaeHTUPUUMpPYeT 06bekT. Ero MoxHO
CYMTATb afipecoM 00/IacTH B MaMATU KOMIbIOTEPA, IJie XPAHUTCA OOBEKT.

Tun (type) o6beKTa MOMHOCTBIO ONpefieNAeT ero noBefieHne — 3TO Habop 3HaUeHUH,
KOTOpble OH MOXKET MPeACTaB/IATh, ¥ HAGOp onepaLyif, KOTOpble MOTYT ObITH BbIMOTHEHBI
C HUM.

Bawa ne psas cao6oonas
mpaccuposka
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3nayenue (value) o6 bekTa — 3TO 3HaYEHME TUIA JAaHHBIX, KOTOPOE OHO MpeJICTaBIAET.

Kaxcplit 06beKT XpaHUT OHO 3HaueHMe; HanpyuMep, OOBEKT TUMA 1nt MOXeT Xpa-
HUTD 3HauyeHue 1234, umm 99, umm 1333. Pa3nuuHble 06bEKTbI MOTYT XPaHUTD TO Xe 3Ha-
yeHue. Hanpumep, onguH o6bekT THMA Str MoOT 6bl XpaHUTD 3HaueHue 'hello', a Apyroi
00beKT THMa Str Tak>Ke MOT Obl XpaHUTb TO e 3HadeHue 'hello'. K 06bekTy MOXHO
MPUMEHUTD JMobble U3 ONpeJie/IeHHbIX AJIA €ro TUMa onepauuit (M TONbKO 3TUX Omepa-
umit). Hanmpumep, MO>XKHO YMHOXKUTB J1Ba 06'beKTa TUMA 1nt, HO He ABa 06'beKTa THMa str.

O6wvexmnas ccotnka (object reference) — 3To He 60/1ee YeM KOHKpeTHOe MpeACTaB-
neHue uaeHTUPMKaTopa 06bekTa (agpec 061acTM MaMATH, TAe XPAHUTCA OODBEKT).
[Tporpammbr Python mcronb3yloT 06 beKTHbIE CCHIIKM KaK A/A JOCTYNa K 3HaYeHUIO
06beKTa, TaK U 411 MAHUIYTMPOBAHUA CAMUMM OO'bEKTHBIMU CCHITIKAMM.

dopmanvroe onpedenenue ob6vexma. Temepb npuseneM 6onee ¢popmanbHble
onpefeneHus A1 UCMONb3yeMO TePMUHOIOT UM,

J/lumepan — nMpeKTHBa CO3[aTb OOBEKT, UMEIOLLMI ONpeaeeHHOe 3HaYeHHe.

Ilepemennas — uMsa o6bekTHOM ccbinku. Ha cxeme no-

Ka3aHa npussska (binding) mepemMeHHOI K 06beKTy. JICar

/ ¢

/ l {
Bmpaxceﬂue ANPEKTUBA BbIl'IO)'IHMTb“YKa3aHHbIe Vs OB beKTHas OBbekT
onepanuu, Co3aas O6’b€KT, cofepKaliun pe3yJIbTU- repemerHon  Cebiika

oliee 3HaYeHue Bblpa>keHU. .
by p IIpusaska nepemerHou

Onepamop npuceoeHuss — [UpeKTUBA NpUBA3ATD Me- x 06vexmy
PEMEHHYIO C JIeBO1 CTOPOHBI OMepaTopa = k 00beKTy,

MOJTyYeHHOMY B pe3y/bTaTe BbIYMC/IEHUS BbIpa>keHUs C MPaBOif CTOPOHBI (He3a-
BMCUMMO OT 06'beKTa, C KOTOPbIM NepeMeHHas Obl/ia CBsi3aHa paHee, €C/U TaKOBOIA
BOOOLIE UMEJICA).

Tpaccuposxa o6wvexmnozo yposHs (object-level trace). Vinorpa ansa 6onee monHo-
ro MOHUMAHUA OTC/IEXKUBAIOT OOBEKTBl M CCHIIKM. JTO MpeACTaBleHHasA Ha PUCYH-
Ke mpaccuposka 06veKkmHoz0 yposHs. B JaHHOM MpuMepe TpaccMpoBKa 06'beKTHOrO
YPOBHS MIITIOCTPUPYET AeiCTBUE TPEX ONepPaTOpPOB MPUCBOEHUSA.

Onepatop a = 1234 co3faeT 06'beKT TUNA 1nt cO 3HaYeHUeM 1234, a 3aTeM NPUBS-
3bIBaeT K 3TOMY OObEKTY NEPEMEHHYIO a.

OnepaTtop b= 99 co3naeT 06beKT TUNA int cO 3HayeHMeM 99, a 3aTeM NMpUBA3bI-
BaeT K 3TOMY 06'beKTY NepeMEeHHYIO D.

Onepatop c = a + b co3faeT 06beKT TMMA 1nt O 3HaYeHMeM 1333 KaK CyMMy
3Ha4yeHMit OOBEKTOB TUMA int, CBA3AHHBIX C MIEPEMEHHBIMYU a U b, a 3aTeM MpU-
BA3bIBaeT K 3TOMY HOBOMY OO'bEKTY MEPEMEHHYIO C.

[Toutn [NoBCHOAY B 3TOW KHUTe UCIIONIb3YIOTCA 6onee KpaTKue ¥ UHTYUTUBHO IMMOHAT-
HblE CBO6OJ1HblC TpaCCUpPOBKH, O6CY)KII&BUIM€CH TOJIbKO 4YTO, TPaCCUPOBKU 00 bEKTHOTO
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YPOBHSA UCMONb3YIOTCA TO/BKO B TEX CUTYaLMAX, KOT1a OHYU JeiiCTBUTENbHO obecneyn-
BaloT 60Jiee MOHATHOE MpeCTaB/IeHNe OMUCbIBAEMOrO BbIYMCIEHUS.

IIpumep: unkpemenm nepemenHou. [Insa neppoit NpoBepKM 3TUX KOHLEMUMIA pac-
CMOTPMM CNIeAYIOLIMIA KOJ, MPUBA3bIBAIOIMI NIepeMEHHYI0 1 K 00beKTy Tuma int co
3HauyeHMeM 17, a 3aTeM OCYLIEeCTB/IAILMIA er0 MHKPEMEHT (mpupalleHue):
i=17
i=1+ 1

Kak MO>XHO 3aMeTUTb, BTOpOi1 OMEpaToOp He MMeeT
CMbIC/Ia KaK MaTeMaTU4eCKOe paBeHCTBO, HO 3TO BITOJIHE ol
o6bIYHasA onepauusa B NPOrpaMMUPOBaHUU. A MMEHHO: b=99
3T [Ba OnepaTopa — AMPEKTUBA NMpeANpPUHATb Clefy- 1234
olMe nefcTBUA.

V]

o

c=a+b

O

denihe

e Cospgatb 06bEKT THMA int CO 3HaUYeHUEM 17 U NpU-
BA3aTb IEPEMEHHYIO 1 K 3TOMY OOBEKTY.

o

(Y

® BplYMCIUTD pe3ynbTaT BblpakeHMA 1 + 1 M co-

3[aTh HOBbIM OO'bEKT TUMA int cO 3HayeHueM 18. Bawia nepsas mpaccuposka

_ 06veKMHO20 y pOSHA
e (CBA3aTb NEPEMEHHYIO 1 C 3TUM HOBBIM OOBEKTOM.

P€3y}1bTaTbI BbITTO/THEHUA KAaXKAOTr'0 Ore€paTopa MO>KHO IMpOCTIEAUTD MO TPACCUPOBKE.

CeobopaHan Tpaccuposka
|

i=17 17
=i+ 18

TpaccupoBka 06 bEKTHOro YPOBHSA C HOBbLIM 0O BLEKTOM
=17 |3

i=i+1

=
o]

i | 17
Wnxpemenm nepemerHoil

9TOT MpocToit pparMeHT kofa NO3BOJISAET pACCMOTPETb BO BCeX MOAPOOHOCTAX iBA
acrnekTa rporecca co3faHua o6bekTa. Bo-nepsbix, onepaTop NpUCBOEHUA 1 =1 + 1 He
M3MeHsAeT 3HaYeHUsA HUKakoro o6bekta, OH co3faeT HOBbIN 06BEKT (C HEOOXOAMMBIM
3HayeHMeM) M MPUBA3bIBAET EPEMEHHYIO i K 3TOMY HOBOMY 06'bekTy. Bo-BTOpBIX, MO-
CJle BBIMIOIHEHUA OMepaTopa MPUCBOEHUA 1 = 1 + 1 c 06 EKTOM, COAiepKaLL UM 3HaUeHHe
17 (a TaK>Ke c 06'bEKTOM, COfiep>KalliM 3HayeHue 1), HUKaKOii epeMeHHO He CBA3aHO.
OTBeTCTBEHHOCTDb 3a yrpaBlieHMe pecypcamu namatu 6epet Ha ce6sa Python. Korpa
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OH OOHapy>XUBaeT, 4TO nmporpamma 6onblue HecrmocobHa obpalaTbcsa K 06bEKTY, OH
aBTOMAaTHYeCKM OCBOOOXK/IaeT 3aHUMaeMYI0 UM 06/1aCTb MaMATH.

Ipumep: o6men 08yx nepemenHvix. [InA BTOpON MPOBEPKM ITUX KOHLLEMLMI Npea-

MOJ/IOXKUM, 4YTO cneuyloumﬁ Ko obmeHusaem [NI€EpeMEHHDbIE a U b (TO‘{HCC, CBsA3aHHbIC

C HUMM OOBEKTHI):

t
a
b

C yyeToM, YTO mepeMeHHbIe a M b CBA3aHbI C 06'beKTaMM, UMEIOLIMMMU [IBa Pa3HbIX

3HayeHMusd, 1234 1 99 COOTBETCTBEHHO, MPOC/IEAUM 3TAllbl BBIITO/THEHUA KaXKA0Oro orie-
paTopa 1o TpacCUpOBKe.

e t=3 [IpUCBO€EHUE HCPCMCHHOVI t 3Ha-

YyeHUs MepeMeHHOI a. TakuM obpasom,
nepeMeHHas a (ee 06beKTHasA CChIKa)
npucBanBaeTCcsa NepeMeHHoi t. B pe-
3ynbTaTe epeMeHHble a M t 6yayT npu-
BA3aHbI K TOMY e 06'beKTy TUMa int co
3HauyeHueM 1234.

a=b MpUCBOEHME NEPEMEHHOM a 3Ha-
YyeHus nepemeHHoIt b. Takum o6pa3om,
nepeMeHHas b (ee 06beKkTHas CChl/Ka)
npucBauMBaeTCA MepeMeHHoi a. B pe-
3y/bTaTe MepeMeHHble a M b 6yayT npu-
BA3aHbI K TOMY ke 06 beKTY TUMNA int CO
3HauyeHueM 99.

b=1 MpUCBOeHMe MepeMeHHOI b 3Ha-
YyeHUs nepeMeHHO t. TakuM o6pasom,
nepeMeHHas t (ee oO6beKTHas CChl/Ka)
NpUCBaMBaeTcsl NMepeMeHHOM b. B pe-
3y/bTaTe MepeMeHHble t U b 6yayT npu-
BA3aHbI K TOMY )Ke 00'beKTy THMa int co
3HayeHueM 1234,

CsobofHas Tpaccuposka
a

1234 99

o o -~
n

a
b 99
t 1234

Tpaccuposka 06bEKTHOTO YPOBHS
b
e

t=a t
b

a=b s
|- D
a| [+
b=t |
b
ai 1234

Obmen 08y x nepemeHHbIX

Takum 06pa3oM, MpoucxoauT o6MeH CChI/IKaMU: epeMeHHas a Ternepb MpUBA3aHa

K 00'beKTy co 3HaueHMeM 99, a mepeMeHHasA b — K 06beKTY cO 3HaueHueM 1234.

IIpedynpescoenue o coxpawseruu. C 3TOro MOMEHTa Mbl 3a4acTylo GyaeM cokpa-
LLIATh ONMcaHuA onepaumit Python, ucnonb3ayowmx nepeMeHHble, 06beKTbl ¥ 06b-
eKTHble ccbutk. HanpyuMep, Mbl 6yieM YacTMYHO M/IM MOJIHOCTBIO OMycKaTh ¢pa-
3bl B KBaIpaTHbIX CKOOKaX, Kak B mpuMepax Huxke. [Ipu onucanuu onepatopa a =
1234 Mbl MOr/M Obl HamUCaTh Tak.
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o “TIpuBaska [mepemeHHOI] a k [06bekTy TMMa int co 3HaueHueM] 1234.”

e “TlpucBoenne [mepeMenHon] a [ccbinke Ha] [06bekT THMa int co 3HaYeHUeEM]
1234.”

ToyHO Tak >ke Noc/ie BbIMO/IHEHUs oNepaTopa a = 1234 Mbl MOI/IM Obl HAaMMCATh TaK.
o “[IlepemenHas] a npuBsA3aHa K [06beKTy THMa int co 3HaYeHMeM] 1234
o “[[lepemeHHas] a — ccblnka Ha [06beKT THMNA int cO 3HaYeHueM] 1234

e “3HayeHueM [06bekTa TMMA int, MPUBA3AHHOrO K| [MepeMeHHOI1] a AiBNsAeTca 1234

Tak, npu onucaHum onepatopa c =a+b Mbl MOrM 6bl HamucaTh ‘c — 3TO CyMMa
a M b”, BMecTo 60/lee TOYHOI, HO JMHHOI GOPMYIMPOBKM “NepeMeHHas C CBA3aHa
¢ 06beKTOM, 3HaYeHUeM KOTOPOTrO ABNAETCA CyMMa 3HaueHMit 06beKTOB, CBA3aHHBIX
C mepeMeHHbIMM a U b.” Mbl 6yJieM MO BO3MOXHOCTHM KpaTKM, a TOYHbI He 6oriee, yeM
abCcoMOTHO HEOOXOOUMO.

MbI Ha3bIBaeM MepBYIO0 NPUBA3KY NMEPEMEHHOI K 06beKTY B porpaMMe onpedesie-
HUeM M UHUyuanu3ayueti nepeMeHHoMn. Tak, pu onMcaHUM onepaTopa a = 1234 B nep-
BOJf TPacCUpOBKe Mbl MOT/IM Obl CKa3aThb, YTO ITO “OMpeJie/IAeT NepPeMEHHYI0 a U UHU-
LManu3upyeT ee 3HadeHueM 1234.” B aspike Python Henb3s onpenenuTb nepeMeHHylo,
He MHULMATU3UPOBAB €€ OJHOBPEMEHHO.

Mor 65! BO3HMKHYTb BONPOC: pa3nuune Me>XXay 06 EKTOM U CChIIKOM Ha 06beKT —
3TO He MpocTo mnefAaHTU3M? PaKTUYECKM MOHMMAHME pasTUdMuA MexAy oObeKTaMu
M CCbI/IKAMM Ha HUX ABJIAETCA K/IOYOM K OBJIaJIeHMI0 MHOTMMM Ba>KHbIMM CpeACTBaMy
MpOrpaMMMpOBaHus, BKIoYasa PyHkyuu (CM. rnaBy 2), 06 veKmHO-0pUeHMUPOBaHHOe
npozpammuposarue (cM. rnaBy 3) u cmpykmypot 0auHbix (CM. TaBy 4).

Hanee Mbl paccMOTpuM MoApO6HOCTM HaubOIee MONY IAPHBIX TUMTOB AaHHbIX (CTpO-
KM, LieJIble YMC/Ia, YMC/IA C M/IaBAIOLLell TOUKOM M JIOTMYeCcKue 3Ha4eHU), a TaKXKe MpHU-
Mepbl KOZia, M/ITIOCTPUPYIOLLME UX UCTIONb30BaHMe. [I/1s1 MCMOb30BaHMA TUIA AaHHBIX
Heo6XO0AMMO 3HaTb He TO/IbKO HAbOp ero 3HaYyeHuM, HO M KakKue OMepaLyn ¢ HUM MOX-
HO BBIMOJIHATD, @ TaK>Ke KAKOBbI COr/allleHNs A/ ONpeaeeHUs ero TMTepanos.

Crpoxu. CTpoku mpeacTaBiseT TMN JaHHbIX str. OH e ucrnonb3yerca ana o6-
paboTky TekcTa. 3HaueHMe 06beKTa THUMA Str — 3TO MOC/IEJOBATENTbHOCTb CUMBO/I08
(character). [Ins onpeneneHus CTPOKOBOTrO UTepaja caefyeT 3aKIK4YUTb MOC/IeA0Ba-
Te/IbHOCTb CMMBOJIOB B OIMHApHble KaBbIYKY; HaNpuMep, o6beKT 'ab’ Tuna str npea-
CTaB/iAeT fBa cuMBoa — 'a’ M 'b'. CyllecTByeT MHOrO CMMBOJIOB, HO Mbl OOBIYHO
orpaHnyuBaeMca 6ykBaMu, LuppaMu, 3HaKaMM ¥ CMMBOJIAMU OTCTYMa, TAKMMM Kak
TabynAuMA M HOBasA CTpoka. [Ina onpefeneHUs CUMMBOJIOB, KOTOpble B MPOTUMBHOM
cnydae uMenu Obl crelMasbHOe 3HaueHMe, MUCMONb3YeTCA HAK/IOHHAasA 4YepTa BJIEBO.
Hanpumep, ansa onpeneneHns cCMMBOIOB TabynALMM, HOBOI CTPOKM, HAK/IOHHOM Yep-
Thbl B/IEBO M OJIMHaPHOI KaBbIYKM MOXKHO UCITO/Ib30BaThb yNpassAiousue nociedoeameio-
Hocmu (escape sequence) '\t', '\n', "\\' 1 "\’ COOTBETCTBEHHO.
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Tuvn naHHbIX str

3Hauenue ITocnenoBaTeIbHOCTb CUMBOJIOB
TunuyHbie TUTEPANDI ‘Hello, World' 'Python\'s’
Onepauun KoHkareHauus

Onepatopbt +

Vcnonb3ys oneparop +, MOXKHO OCYILECTBUTb KOHKAMeEHAWU0 ABYX CTPOK. TakuM
06pa3oM, oneparop + 10/1y4aeT B KauecTBe ONepaHoB JiBa 06'beKTa TUMa str U co3faeT
HOBBIi CTPOKOBBII 00bEKT, 3HaYeHUeM KOTOPOTrO ABJIAETCA MOC/IeNOBaTeTIbHOCTb CUM-
BOJIOB U3 MEPBOM, a 3aTeM U U3 BTOpoi cTpoku. Hanpumep, BbipaxceHne '123° + '456°
AacT pe3y/nbTaT 123456'. ITOT MpuMep MIIIOCTPUPYET CYLIECTBEHHO MHOE NpUMeHe-
HMUA onepartopa + K ABYM 06beKkTaM TUMa st r (KOHKaTeHalusa CTPOK) U K IByM 06'beKTaM
TMNA int (CymMMa).

13n1uq}uﬂeIuﬂpa>Keruac1wu1031str

Boipakenne 3HayeHue KomMenTapuit

'Hello, ' + 'World' ‘Hello, World’ KoHkaTeHauusa

‘1287 + Tl4is6r 1123456 He cymma

"1234" + '+ ' + '99'  '1234 + 99' IlBe KOHKaTeHaLuu

'123' + 456 Ownbka BpeMEHM BBIMOMHEHUA  BTOpOJI onepaHf He CTpoka

Ipedynpexcoenue o cokpaujeruu. C 3TOro MOMeHTa Ans 0603HaueHUs 06vekma
muna str Mbl UCTIO/Ib3YeM TE€PMUH CMpoKa, eclu nosnHas ¢opma ¢pasbl He AB-
nAeTcs abCOMOTHO HEOOXOAMMOIM. MBI TaK>Ke UCMONb3yeM TEPMUH 'abc’ BMeCTO
06vexm muna str co 3HaveHuem 'abc’.

Ipozpamma 1.2.1. IIpumep xonxamenauuu cmpox (ruler. py)

import stdio

0]

ruleri 1

ruler2 = ruler1 + ' 2 ' + ruler1
ruler3 = ruler2 + ' 3 ' + ruler?
rulerd = ruler3 + ' 4 ' + ruler3
stdio.writeln(ruler1)
stdio.writeln(ruler?)
stdio.writeln(ruler3)
stdio.writeln(rulerd)

python ruler.py
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OTa nporpaMma BbBIBOJMUT JIMHENHbIE OTPE3KUM OTHOCUTE/IbHOM JNMHBI. JHHas
CTpOKa BbIBOfIa — 3TO OTHOCUTENIbHASA [/IMHA METOK Ha JIMHelike C fe/leHUsAMU
no 1/2" groima.
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KoHkaTeHaLus cTpok o6/1ajjaeT JOCTaTOYHbBIMU BO3MOXXHOCTAMM, YTOOBI MO3BO-
JMTb pelllaTb HEKOTOpble HETPUBMA/IbHbIE BbIYMCIUTENbHBIE 3afaun. Tak, Hanpumep,
nporpamma 1.2.1 (ruler.py) BbluMcasseT Tabnuuy 3HaYeHUit NUHeNYaToN YHKLMY,
OMUChIBaOLLei OTHOCUTE/IbHbIE INIMHbI METOK Ha MHelike. O1Ha U3 npuMevaTe/bHbIX

0CO6EHHOCTeN 3TOrO BBIYUCIIEHUS B TOM,

YTO OHO W/IIIOCTPUPYET, KaK MpOCThie KO-
vl I Clo Clo | Clo pPOTKME MpOrpaMMbl MO3BONAT Bblpabo-
1213121412131 21 1315 orpoMHble 06beMbI BbiBOAa. Ecu 10~
MOJIHUTb 3Ty NMPOrpamMMy OYEBUAHBIM CIIO-
coboM, Hamucap MATb, LWECTb, CEMb CTPOK
M T.J., TO MOXKHO 3aMETUTb, YTO Ka>KAbl pa3 B NporpaMMy Ao06aBiseTca TONbKO [Ba
ornepaTopa, a pasMep ee BbIBOJla YBE/IMUMBAETCA BJBOE. A UMEHHO, €C/IM NporpamMma

JTuneiiuamas @ yHkyus ona n =4

BBIBOIUT 1 CTPOK, TO N-HafA CTpOKa coaepxur 2" — 1 uucen. Hanpumep, ecnu, no6as-
TS5 ONlepaTOpbl TAKUM 06pa3oM B porpamMmy, HanucaTb 30 CTPOK, TO OHa MOMbITAETCA
BbIBeCTM 60sbllle 1 MUIIMapAa YMCeL.

Tenepp paccMOTpuM fBa BCIIOMOraTeNbHbIX MeXaHM3Ma Mpeobpa3oBaHMA yucia
B CTPOKY U CTPOKM B YMUCIIO.

I1peobpa3sosarue yucen 8 cmpoku npu 8vi6ode. S3bik Python npegocrasnser BcTpo-
eHHyI0 QyHKUMIO str( ), Mpeobpasylolyio yucna B cTpoku. Hanpumep, Bbi3oB QyHk-
uuM str(123) BepHeT CTPOKY '123', a str(123.45) — cTpoky '123.45". Ecin apry-
MEHT (byHKuma stdio.write() mnustdio.writeln() uMeeT TUM, OTIUYHBIN OT St r, TO
aTH aBe GYHKLMM aBTOMAaTUYECKM BBI3bIBAIOT QYHKUMIO str() And npeobpa3oBaHus
apryMeHTa B cTpoky. Hanpumep, Bce BbI3oBbl pyHKLMI stdio.write(123), stdio.
write(str(123)) u stdio.write( 123 ") BbIBeAYT Ha 3KpaH 123.

Yawue Bcero onepatop KOHKaTeHaLMM CTPOK UCTIONb3YIOT A 06 beiMHEHUA pe3y ib-
TaTOB BbIYMCIIEHUA MPU BBHIBOJE ¢yHKuMﬂMM stdio.write() uam stdio.writeln(),
3a4aCTyI0 COBMECTHO C QpyHKLMeN str( ), Kak B 3TOM pUMepe:

stdio.writeln(str(a) + ' + ' + str(b) + ' = ' + str(a+b))

Ecnu a u b — o6bekThl TMNA int cO 3HaYeHMAMM 1234 U 99 COOTBETCTBEHHO, TO
3TOT OMepaTop BbIBEAET CTPOKY 1234 + 99 = 1333. Mbl paccMaTpuBaeM TUI AAHHbIX St T
MepBbIM TOJBKO MOTOMY, YTO 6yeM MCMONb30BaTh NMOAOOHBI BHIBOJ B MpOrpaMMax,
06pabaTbIBaIOLLMX JaHHbIE APYTUX TUITOB.

Ipeobpa3sosanue cmpok 6 yucna npu ésode. SI3bik Python npegocraBnseT Takxe
BCTpOeHHble GYHKLMM /1A Mpeo6pa3oBaHUA CTPOK (TaKUX, Kak BBOJAMMbBIE apryMeH-
Tbl KOMaHJHO CTPOKM) B YUC/IOBbIe 06beKThI. [l 3TOr0 MCMONB3YIOTCA BCTPOEHHbDIE
byHkumm int() u float(). Hanpumep, kog int('1234") B TeKCTe MpOrpaMMbl 3KBU-
BaJIeHTEH UCMO/Ib30BAHMIO uTepana int 1234. Eciu B kayecTBe NepBOro apryMeHTa
KOMaHJIHO¥M CTPOKM MO/Ib30BaTe/lb BBeN 1234, TO KOA int(sys.argv[1]) co3mact 06b-
eKT TMNa int co 3HayeHMeM 1234. B aToM pa3aene 6yaer npuBeileHO HECKOIBKO MpUMe-
POB NMpUMEHEHUs 3TOro npeobpa3oBaHus.
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[Ipu HanMuuM 3TUX CPeACTB MpeAcTaB/leHHas KaK “YepHblit AWMK  Mporpamma
Python MoxkeT He TO/NbKO MOMYYaThb CTPOKOBbIE apryMEeHTbl ¥ BHIBOJUTb CTPOKOBbBIE

pe3ynbTaThbl, HO M UHTEPIIPETUPOBATD 3TU “"Ye pHbiiA ALLMK”
CTPOKM KaK 4MC/Ia M MCHO/Nb30BaTb ux BxoAsulascrpoka | SR—
IJ11 YUCTIOBBIX BbIUUCIIEHUN. l v |

Llennie uncna. Lenbie (unu HaTypanb- 1234 | i
Hble) YMC/a MpeACTaB/AET TUIl JaHHBIX 1333
int. [Ina onpepeneHusa nuTepana Tumna 99—

int MOXHO MCIONb30BaTb MOC/IENOBa-
TenbHOCTD Uudp ot 0 go 9. Koraa Python
BCTpeYaeT LieJIOYUC/IEHHBIN TMTepas, OH

O6uguii 8ud npozpammot Python
(nepecmompennuiii)

co3faeT 0ObEKT TUMA int, XpaHALWMI YKa3aHHOe 3HayeHMe. O6bekThl THMA int MUc-
NO/Ib3YIOT HE TO/IbKO [TOTOMY, YTO OHM YaCTO BCTPEYAIOTCA B peajibHOM MUPE, HO U M0-
TOMY, YTO OHM €CTECTBEHHbIM 06pa30M BO3HUKAIOT MTPU CO3AaHUM MPOTPAMMBL.

S3bik Python mpenoctaBnseT oneparopsl Ana apudMeTHHEeCKUX ONepauuit ¢ Le-
JIBIMU YUCJIAMM, BKIIIOYAsA + UIA CTIOXKEHMUA, - [IA BbIYUTAHUA, * IJIA YMHOXEHUA,
// BN 1,eIOYUCTIEHHOTO eIeHNUs, % /1 OCTATKa U * * 1711 BO3BEIeHUA B CTeNeHb. ITH
napHble OMepaTopbl MOYHYalOT KaK ONMepaHAbl ABa 06beKTa TUMA int U CO3MAIOT B pe-
3ynbrate 06bekT TMNa int. SI3bik Python npepmocraBnser Takxe yHapHble OonepaTo-
pbl+ ¥ - /1A ONpefe/IeH!s 3HaKa Lieoro uncia. Bece 3T onepatopbl paboTaloT TOYHO
TaK, KaK Bbl YYM/IU B CpeJiHel LIKoIe (TOIbKO ONepaTop LieI0YUCTIEHHOTO Jie/IeHNs JaeT
B pe3y/IbTaTe TOJIbKO LieJIble YMC/Ia): eC/M OObEKTBI a M b MMEIOT TUM int, TO pe3y/bTa-
TOM Bblpa)keHus a // b O6yfieT KONMMyecTBO 3Ha4eHMI NMepeMeHHOI D B 3HAYEHUM Mepe-
MeHHOI1 a 6e3 Ipo6HOIt yacTH (AeneHne 63 0CTaTKa), a pe3y/IbTaTOM BbIpaXkeHUs a % b
KaK pa3 u 6y[ieT OCTaTOK OT fiefieHuA a Ha b. Hanpumep, 17 // 3 maet 5,a 17 % 3 maer 2.
[TonbITKa L€/104YNCTIEHHOTO [ie/IEHUs UM BbIYMCTIEHUSA OCTATKA C HY/IEBbIM [I€/IUTENIEM
NpUBOAMT K owmbke ZeroDivisionError.

Tum maHHbBIX int

3Hayenne Llenbie yuncna

TunnuHbie 1234 99 0 1000000

NUTEpABI

Onepaumn 3nak Cymma Pashuua Ymuoxenue Llenouncnennoe Octatok CreneHb
AeneHue

Omnepatoppl + -  + = * // % k2

[Tporpamma 1.2.2 (intops.py) MITIOCTPUPYeT OCHOBHble OMepaLuu MO MaHUMY-
NMpOBaHMI0 06beKTaMM TUMA int, Takue KaK MCMONb30BaHME BbIPa>KEHUIl C MpuUMe-
HeHMeM apudMeTHIecKux onepaTopoB. 3ech JEMOHCTPUPYETCA TaKXKe UCMO/b30Ba-
HUe BCTPOeHHOI GYHKLMKM int () AsA mpeobpa3oBaHuA BBOJA M3 KOMAaHAHOM! CTPOKM
B 00beKT TMMa int, a TaK>XKe UCMONb30BaHME BCTPOEHHOI QYHKUMM str() AnsA nmpeob-
pa3oBaHMsA 0O'beKTa TUMA int B CTPOKY AJIA BbIBOJA.
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IIpedynpescoenue o coxpausenuu. C 3TOr0 MOMEHTa Mbl UCIIONIb3YeM TEPMUH Ye-
n0e yucno A o6o3HaueHus o6vekma muna int, ecnu nonHas ¢opma ¢pasbl He
AB/AETCA HeOoOXOAMMOI. MBI Tak)Ke UCMONb3yeM TEPMUH 3HAueHue 123 BMECTO
06vexm muna int co 3HaueHuem 123.

Ipozpamma 1.2.2. Llenouucnennvie onepamopui (1ntops. py)

import sys
import stdio

a

int(sys.argv[1])
int(sys.argv[2])

total = a + b

diff
prod
quot
rem =
exp =

n

L O
*

stdio.
stdio
stdio.
stdio.
stdio
stdio.

Jta
u b

- b
b

/b

a%hb

a *+ b

writeln(str(a)
writeln(str(a)
writeln(str(a)
writeln(str(a)
writeln(str(a)
writeln(str(a)

+ o+ + + o+ o+

+ ' + str(b) +

- '+ str(b) +
* '+ str(b) + '
// "+ str(b) + '
% ' + str(b) +

«x '+ str(b) +

"

% python intops.py

1234 5

1234 + 5 = 1239
1234 - 5 = 1229
1234 « 5 = 6170
1234 // 5 = 246
1234 % S5 = 4
1234 *x § =
2861381721051424

'+ str(total))
'+ str(diff))
'+ str(prod))
= ' + str(quot))
"+ str(rem))

"= ' + str(exp))

nporpaMma Mojyyaer LieJIOYUC/IEHHbIE apr'yMEHTbl KOMaHIHOM CTPOKM a
UCMONb3yeT UX A/IA UITIOCTPpALUUU LieIOYUCIEHHBIX OMIEpaTOpPOB U BHIBO-
[a pe3ynbTaToB. ApudMeTuka A/ LenbIX ynucen BctpoeHa B Python. Bonbuuas
4acTb 3TOTO KOJa MOCBsllleHa YTeHUI0 BBOJA M 3aMMCH BbIBOAA; pakTHYecKas
apudMeTHKa HAXOOMUTCA B MPOCTHIX OMepaToOpax B CepeauHe MPOrpaMMbl, pu-
CBaMBalIIMX 3HaYE€HUA NMepeMeHHbIM total, diff, prod, quot, rem u exp.

B saspike Python Tun int umeeT nmpousBonbHO 6OMbLUOIK AMANa30H 3HAYEHMIA, Orpa-
HUYEHHBI TONbKO 00EMOM MaMATH, AOCTYMHBIM B KOMIbIOTepe. bonblumMHCTBO Apyrux
A3BIKOB MMPOrpaMMMpPOBaHUA OrPaHMYMBAIOT AMAMA30H Lielbix 4ucen. Hanpumep, A3bik
MpOrpaMMMpOBaHUA Java OrpaHMYMBAET Lie/ible YIC/Ia AMana3oHoM oT -2°! (-2147483648)
mo 2°'—1 (2147483647). C onHoit cTOpPOHBI, MporpaMMucTbl Python MoryTt He BonHoO-
BaTbCH, YTO LieJIOe YUCIIO OKAXKETCA CIMLIKOM 6O/bLIMM [/ AMana3oHa JOMYyCTUMBbIX;
C ApYroy CTOpOHbI, UM MpPUAETCA N03a60TUTbCA O AedEKTHOI MporpaMMe, 3aMOHA-
LLieif BCIO AOCTYMHYIO MaMATb Ha UX KOMIbIOTEPE OAHUM M/ HECKOJIbKMMM Ype3Bbl-
4aifHO 6O/BIUMMY Lie/IbIMM YUCTTAMMU.
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TunnyHble BbIPaXKeHUA C TUMOM int
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Beipaxxenue 3unauenne KomMmenTapuii

99 99 LlenouncneHHsiit MuTepan
+99 99 3Hak “nawoc’

-99 -99 3Hak “MMHYC”

5+ 3 8 CnoxxeHue

SN 2 Briuntanue

5+« 3 15 YMHOXeHue

5 // 3 1 Bes apo6Hoit yacTu

5% 3 2 OcraTok

5 = k3 125 BosBegenne B cTeneHb

5 // 0 O1wnbka BpeMeH! BbINOTHEHUA Jenenune Ha Hy /b

3«5 -2 13 * UMeeT NPUOPUTET

3 +5 // 2 5 // ¥MeeT MpUOPUTET

8l - 5-42 -4 JleBocTOpOHHMIT NOPAKOK
3 -8 - 2 -4 JNyywnit ctunp

3 - B - 2 0 OnaHo3HayHO

2 xx 2 ++ 3 256 [TpaBocTOpOHHMIT NOPAAOK
2 «+ 1000 107150..376 [TpounsBonbHO 60nbILOE

IIpeoynpescoenue nonvsosamenam Python 2. B asvike Python 3 y oneparopa /
TO e Je/ICTBME, YTO U Yy ONepaTopa fie/leH!s C MaBaolleit TOYKoM, korja oba ero
onepaHaa — Lenble yucna. B asvike Python 2 y onepaTtopa / To e meitcTBuUe, YTO
M y onepaTopa LieJIOYMCIEHHOTO Ae/eHus //, Korga oba ero omnepaHja — Liesble
uucna. Hanpumep, 17 / 2 naet 8.5 B Python 3 u 8 B Python 2. [Ina coBmecTuMocTH
Bepcuit Python Mbl He ucronb3yeM B 3TOI KHUre oneparop / ¢ AByMs OMepaHaMu

THMa int.

Uncna c nnaBaroiei TOYKoi. [[1A npefcTaBieHUs YMucen C M1aBaloLleil TOYKOI,
UCTIONb3YIOLMXCSA B HAYYHBIX M KOMMEPUYECKUX MPUTOXKEHUAX, TPUMEHAETCA TUN JaH-
Hbix float. Uucna c nyiaBaolieil TOYKOM MCMONb3YIOTCA [/ NpeACTaBleHUs Bellle-
CTBEHHBIX YMCEI, HO 3TO HE TO XK€ CAMOE, YTO U BelecTBeHHbIe yncna! Ectb 6eckoHey-
HO MHOTO BellleCTBEHHbIX YMCell, HO Ha [U(POBOM KOMIBIOTEPE MOXHO MpPeACTaBUTD
YUCJIO C MIaBawollleil TOYKOI TObKO C KOHEYHbIM KO/TMYECTBOM 3HAKOB. Yucna ¢ nna-
BaloIL[EeN TOYKOI JEMCTBUTENIBHO OYEHb OIM3KM K BEUIECTBEHHBIM YMC/IaM, Mbl MOXKEM
MCMONb30BaTh UX B MPUIOKEHUAX, HO 3a4aCTyI0 NPUIETCA MUPUTHCA C TeM (aKTOM,
4TO He BCerjia MOyYUTCA OCYLIeCTBUTb aGCOMIOTHO TOUHbIE BBIYMUCIEHUS.
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Tun gaHHbIX float

3HayeHne BewecTBeHHbIE Yncna

Tununynsie 3.14159 6.022e23 2.0 1.4142135623730951

nUTEpaNBI

Onepauun Cymma PasHmua  YMHoxeHue  [leneHue CreneHb
Oneparoppl  + - % / .

[na onpenenenusa nuTepana Yucia C naaBawlleil TOYKON UCMONb3YeTCA MOCIENO0-
BaTe/lIbHOCTb LMPp C AecATUYHOI Toukoit. Hanpumep, nurtepan 3. 14159 npubnusu-
Te/IbHO MpeJCTaB/AET YUC/IO p. B KayecTBe albTepHaTUBbI MOXXHO UCMO/Ib30BATh /M-
Tepan B 3KCIOHeHLManbHOI opMe 6.022e23; OH npeAcTaBaseT unucio 6.022 x 10%.
[Togo6HO Le/bIM YMC/IaM, B POrpaMMax MOXKHO MCMONIb30BaTb 3T COMMAILEHUs AIA
BbIpa)XE€HUA NTUTEPANIOB YMCEJl C I/IaBaloLieil TOUYKON, a TaKXe NMpefOCTaBIATb UX KaK
CTPOKOBbIE apryMeHTbl B KOMaHHOM CTPOKe.

TunuyHeie BoIpakeHUA ¢ TMNIOM float

Bripaxenne 3HauyeHue KommenTapuii

3.14159 3.14159 JTutepan umucna c naaparoLeit TOYKOA
6.02e23 6.02e23 JIutepan uucna ¢ naaBawuieN TOYKON
3.141 + 2.0 5. 141 CnoxxeHune

3.141 - 2.0 1.141 Bbruuranue

3.141 = 2.0 6.282 YMHOXXeHue

3.141 / 2.0 1.5705 Henexue

5.0/ 3.0 1.6666666666666667 17 uVl¢>p TOYHOCTHU

3.141 =+ 2.0 9.865881 Bossenenue B cTeneHb

1.0 / 0.0 Owubka BpPE€MEHMU BbINO/THEHUSA Henenue Ha HY/Ib

2.0 «+ 1000.0 Oimumbka BpeMeHM BblMonHeHusA CuiKoM 60/bitoe

Ana NpeacTaBne€Hns

math.sqrt(2.0)  1.4142135623730951 MaremaTuyeckas QyHKUMA MOAY s
math.sqrt(-1.0) Oimnbka BpeMeHM BbionHeHua KBaapaTHbI KOpeHb OTpULIATEIBHOTO
yucaa

[Tporpamma 1.2.3 (floatops. py) MITIOCTPUPYET OCHOBHbIE OMepaLuy ¢ 06'beKTaMu
tuna float. S3bik Python npenocrasnseT onepaTopsl A1 Yncen ¢ N1aBaolLLeil TOYKOH,
BKJIIOYadA + /1A C/IOXKEHUA, - AJIA BbIYMTaHUA, * O/IA YMHOXEHUA, / O/A NEEHUA U *+
I/ BO3BEJeHMA B CTeNeHb. DT ONepaTOpbl MOYHAIOT KaK ONepaH bl Ba 06'beKTa TMNA
float 1, Kak MpaBUJIO, CO3AAIOT B pe3y/bTaTe 06beKT THNa float. [Iporpamma 1.2.3 un-
MIIOCTPUPYET TaKXe MCMoNb30oBaHue GyHKLMM Float() Ans nmpeobpa3oBaHUsA CTPOKM
B 06bekT TuNa float, a TakXe ucnonb3oBanne GyHKUMM str() Ansa npeobpa3oBaHus
ob6bekTa float B OOBEKT str.

OnHo1 13 nepBbIX P06 IEM YMCer € M/I1aBaoLLelf TOYKOM! ABNAETCA TOYHOCTh: 5.0/2.0
naeT 2.5,a5.0/3.0 — 1.6666666666666667. Kak npaBuo, y yncen c naasawllei 3a-
naroy 15-17 pecaTuyHbIX uMdp TOoYHOCTU. B pasnene 1.5 paccMaTpuBaeTca MeXaHU3M
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Python nnsa koHTpons konuyecTBa UMdp B BbIBOJE, a A0 TeX MOp Mbl OyaeM paboTaTbh
co cTaHAapTHbIM popmaToM BbiBoAa Python. XoTa npu ucnonb3oBanum o6beKTOB TUMA
float MpMAETCA yUMTHIBATb MHOXKECTBO JieTajlell, OHM MO3BOJIAIOT CO3[aBaTh MPOrpaM-
Mbl Python fiy11 Bcex BUIOB BbIYMCTIEHMIA, @ HE UCMO/IBb30BATh KabKynaTop. Hanpumep,
nporpamma 1.2.4 (quadratic.py) A€MOHCTpUpYET NMpUMeHeHue 06bekToB Tumna float
B BbIYMC/IEHUM JIBYX KOPHEl KBa[paTHOrO Y paBHEHUA 10 KBaApaTU4HOI PopMmye.

Ipozpamma 1.2.3. Onepamoput wucen c nnasarouseis mouxoii (floatops. py)

import sys
import stdio

float(sys.argv[1])
float(sys.argv[2])

o o
"

total = a +b

diff =a-b
prod =a *b
quot =a /b

exp = a *+ b

stdio.writeln(str(a) + ' + ' + str(b) + ' = + str(total))
stdio.writeln(str(a) + ' = ' + str(b) + ' = " + str(diff))
stdio.writeln(str(a) + ' = ' + str(b) + ' = ' + str(prod))
stdio.writeln(str(a) + ' / ' + str(b) + ' = "' + str(quot))
stdio.writeln(str(a) + ' == ' + str(b) + ' = ' + str(exp))

dra mporpaMMa nojyyaeT apryMeHTbl KOMaHAHONM CTPOKM a M b Tuna float,
UCTONb3yeT UX /A WINOCTPAaL MU ONepaLMit C YUC/IaMU C I/IaBaKoLL el TOYKOM
1 BbIBOJA pe3ynbTaToB. ApudMeTuKa 4mcen ¢ MuaBawlleil TOYKO BCTpOeHa
B Python. Tlogo6Ho mporpamme 1.2.2, 6onbluasg YacTb 3TOrO KOAa OCYLLECT-
B/ISIE€T YTeHMe BBOJA M 3aMMUCh BbIBOAA; dakTHyeckas apubMeTnka HaXOaUTCA
B MPOCThIX OMNepaTopax, NpUCBaUBAOLMX 3HAaYEHUA NepeMeHHbIM total, diff,
prod, quot u exp.

% python floatops.py 123.456 78.9

123.456 +78.9=202.356
123.456 - 78.9=44.556

123.456 = 78.9=9740.6784

123.456 / 78.9=1.5647148288973383
123.456 =+ 78.9=1.0478827916671325e+165
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Ipozpamma 1.2.4. Keadpamuunas dopmyna (quadratic. py)

import math
import sys
import stdio

float(sys.argv[1])
float(sys.argv[(2])

o o
o

discriminant = bxb - 4.0+C
d = math.sqrt(discriminant)
stdio.writeln((-b + d) / 2.0)
stdio.writeln((-b - d) / 2.0)

OTa nmporpaMMa BbIBOAUT KOPHM ypaBHEHUA X+ bx + ¢, UCMIONb3ys KBaJpaTHy-
Hylo ¢opmyny. Hanpumep, kopHaMu BblpaxkeHua x2-3x+2 6yayr 1 u 2, no-
CKOJIbKY Mbl MOXXEM Pa3/IoXXUTb YpaBHeHMe Kak (x - 1)(x - 2); KOpHAMM Bbipa-
xeHus x*-x-16yayTr ¢ u ¢ - 1, rge ¢ — 3ato koadduumeHT 3010TOrO CeveHM,
a KOpHM BblpakeHMs x> + x + 1 He GyAyT BeleCTBEHHBIMM YMCTTAMM.

% python quadratic.py -3.0 2.0
2.0
1.0

%X python quadratic.py -1.0 -1.0
1.618033988749895
-0.6180339887498949

X python quadratic.py 1.0 1.0
Traceback (most recent call last):
File "quadratic.py”, line 9, in
<module>
d = math.sqrt(discriminant)
ValueError: math domain error

OO6patuTe BHHMaHHe Ha HcMob3oBaHWe GYHKUMH math.sqrt(). CTaHAApTHbIHA
MOAYJIb math OMpeaeseT TPUroHOMETPHUYECKHE, NorapudMHIeckie U apyrie obuire
mateMmaTHueckue ¢yHkuuu. Koraa a3bik Python Bbi3biBaeT ¢yHKUHIO, OH co3aaeT
3HauYeHHe, KoTopoe BblukcaseT GyHkuMA. Moaynb math MOXHO MCMONb30BaTh TaKHM
e obpa3oM, Kak U MOAYJb stdio B MporpamMMe helloworld.py: MOMECTHTb OMEparop
import math B Hauaje MPOrpamMMbl, a 3aTeM BbI3bIBaTb QYHKLHH, HCMONb3YS TaKOM
CHHTaKCHC, KaK math.sart(x). bonee noapobHas nHdopmauus o nexalleM B OCHOBE
3TOro CornallleHHss MexaHW3Me npvBeeHa B paszene 2.1, a 0 Moayne math — B KOHUE
3TOro pasaena.
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Kak pemMoHcTpupyeT oguH M3 clydaeB 3amycka mporpaMmbl 1.2.4, mpoBepku Ha
ouMOKM OHA He OCYLUeCTB/IAET. B 4acTHOCTH, OHa MpefnonaraeT, YTO KOpHU — Be-
LLleCTBeHHble Yic/a. B npoTUBHOM ciyyae oHa BbI30BeT QyHKLMIO math.sqrt() c oT-
pULIaTEeNbHbIM YMCIOM B KayeCTBe apryMeHTa, YTO NMpuBeReT K owmnbke ValueError
BO BpeMs BbIMONHeHUA. Booblue-To, XopoLmit CTU/Ib NpOrpaMMUPOBaHUA MOApPa3y-
MeBaeT MPOBEPKY YC/IOBUI, COCOOHBIX BbI3BaTh Takue OLIMOKM, U coobleHne 0 HUX
nosnb3oBaTeno. Mbl onuileM, Kak 3TO cieflaTh, Cpa3y IOC/e TOro, KaKk pacCMOTPUM
ellje HeCKO/IbKO MeXaHM3MOB A3bika Python.

IIpeoynpesoenue o coxpaujenuu. C 3TOr0 MOMEHTA Mbl UCTONb3yeM TEPMUHBbI
float v uucno ¢ nnasaroweii mouxoii fna o603HaueHus ob6vexkma muna float, ecnu
nonHas ¢popma dpasbl He ABNAETCA HeoOXoAMMON. MBI Takxe MCIONb3yeM Tep-
MUH 3HaueHue 123.456 BMeCTO 00vexm muna float co 3HaveHuem 123 . 456,

Jlornmyeckue 3HayeHns. J/lornyeckue 3HaueHus True (MCTUHA) U False (10XXb) pen-
CTaB/IsleT TMN JAHHBIX bool. Y 3TOro TMMa TO/NBKO Ba BO3MOXXHbIX 3HaueHMs U [Ba
COOTBETCTBYIOLMX /MTepana: True u False. Jlornyeckue omnepauum UCMONb3YIOT OIle-
paHbl cO 3HaYeHMAMM True M False M BO3BPALAIOT pe3y/bTaT TAKXKe C TOrMYeCKUMU
3HayeHuaAMM. Ho 3Ta npocToTa 06MaH4MBa: TOrMYECKMIl TUI AaHHBIX — OCHOBA MHOP-
Matuku. OnpeneneHHble A/ 06'bEKTOB THIA bool orepaTopsl (and, or ¥ not) U3BECTHBI
KaK s0euqeckue onepamoput (logical operator) 1 umeroT o6Len3BeCTHbIE OMpeaeneHus:

e a and b maer True, ecnu oba ornepaHja True, u False, ecm XoTA 6b1 OOMH U3
HUX False.

e a or b paer False, eciu oba onepaHja False, 1 True, eC/I1 XOTA 6b1 OOUH U3
HUX True.

e not a gaer True, €CIU a UMEET 3HayeHue False, u False, €C/iM a UM€EET 3Haue-
Hue True.

Tun maHHBIX bool

3nauenne true uam false
JInrepanni True False
Onepauun " Unu He
OnepaTtopbi and or not

HecMOTpst Ha MHTYMTMBHO NMOHATHBINA XapaKTep 3TUX OMNpefie/IeHU, UMeeT CMBICT
TMO/THOCTBIO ONPeAeUTb KaXK1yl0 BO3MOXKHOCTb KaXK0M onepaLuu B mabnuye ucmum-
Hocmu (truth-table), kak mokasaHo Hu>ke. Y omepaTopa not TO/MbKO OJAMH ONEpaHA:
€ro pe3y/bTaT J/iA KaXKAOro U3 AByX BO3MOXHBIX 3Ha4YeHMI1 ONepaHAa NMpUBENEH BO
BTOpPOM cTOn6Le. Y KaXKOro 13 ornepaTopoB and U or MO ABa ONepaHfa: pe3y/IbTaTbl
ANA KaXKA0M U3 YeTbipeX BO3MOXXHBIX KOMOMHALIMI 3HAUEHWIi ONepaHIOB 3TUX OMepa-
TOpOB NpUBEEHBI B IBYX CTONOLAX CIIpaBa.
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Ta6nuua UCTUHHOCTHU JIOrNYECKMX ONepanuit

a not a A b a and b a orb

False True False False False False

True False False True False True
True False False True
True True True True

Jlns co3naHuA MPOM3BOILHO CIOXKHBIX BbIpa>keHUM, ONpeAeNsIoIMUX TOrMYeCcKyIo
GYHKUMIO, 3TU OnepaTOpbl MOXHO UCIIONb30BaTh C KPYI/IbIMU cKo6KaMu (M cornacHo
npaBunaM npuoputeTta). [Ipuoputer oneparopa not Bbllle, 4eM y onepatopa and, Ipu-
OpUTET KOTOPOTr0, B CBOK OYepe/ib, Bbillle, Y€M Y ONepaTopa or.

3avacTylo Ta ke GpyHKUMA NpeAcTaeT B pasHbIX “061mMybAx”. Hanpumep, Bbipaske-
HUA (aand b) M not (not a or not b) 3KBMBaIeHTHBI. [I/11 JOKa3aTe/IbCTBA 3TOTO MOX-
HO MCTIONb30BaTh Ta6/MLY UCTUHHOCTHM.

Ta6nuua MCTUHHOCTY AOKa3bIBaeT MEHTUYHOCTb BbIpa>keHnit a and b M not
(not a or not b)

a b aand b not a not b not a or not b not (not a or not b)
False False False True True True False

False True False True False True False

True False False False True True False

True True True False False False True

VccnenoBaHue BolpaXkeHMit MOJOOHOro BUAa U3BECTHO Kak bynesa nozuka. Ita 06-
NacThb MaTeMaTUku QyHAaMeHTa/lbHA /I KOMIBIOTEPOB: OHa UTpaeT K/I0YeBYI0 poOb
NPy MPOEKTUPOBAaHUM U pabOTe KOMIBIOTEPHBIX aMMapaTHbIX CPECTB, @ TAKXKe ABJIA-
€TCA OTNPABHOM TOYKOIA A/l TEOPETUYECKUX OCHOB BbIYMCTIEHMUA. B HbIHEIIHEM KOH-
TEKCTe JIOTUYeCKIUe BbIpa>keHUs MHTEPECHDI T€M, YTO OHM O3BOIAIOT KOHTPOIMPOBATh
nosefieHne nporpamm. Kak npasumo, B ycnoBum onpeaenseTcs norudeckoe Bblpake-
HMe, a KOJI IPOrpaMMbl IIPOEKTUPYETCA TAK, YTO €C/IM pe3y/bTaT BbIpa>keHUs UCTUHEH,
TO BBINOJIHAETCA OAMH HabOp ero ornepaTopos, B IPOTUBHOM Cllyyae — Jpyroit Habop
ornepaTopos. (JToit TeMe NOCBsALIEH pa3zaen 1.3.)

IIpeoynpesoenue o coxpauseruu. C 3TOro MOMEHTa Mbl UCTIONIb3yeM TE€PMUH JI0-
euveckuti ans 0603Ha4eHUA 06vexkma muna bool, ecm nonHas ¢opma ¢pasbl He
AB/AETCA HeoOXOAMMON. Mbl TakXe UCMONb3yeM TEPMUH True MIM UCMUHA BMe-
cTo 06vexm muna bool co 3Ha4seHuem True U False UM NIOXKb BMECTO 06vexm
muna bool co 3HaveHuem False.

CpaBHenua. Hekotopble onepaTopbl cmewianHozo muna (mixed-type) momyyaror
orepaH/bl OJIHOrO TUMA, a BO3BPALLIAIOT pe3y/bTaT APYyroro Tuna. BaxkHeitummy onepa-
TOpaMM 3TOrO BUJA ABNAKTCA ONe Pamo pbi CPaBHeHUA ==, | =, <, <=, > U >=, ONpefielieHHbIe
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1 714 Le/bIX YMCesl, ¥ /1 YMCe C I/IaBaloLell TOUKOM, a BO3BpalLaloT OHM IOTMYECKUIA
pesynbTart. [IockonbKy onepaTopbl ONpeaenAnTCs TONbKO A1A TUMIOB aHHBIX, KaXKAblit
13 3TUX OTepaTOPOB CYLIeCTBYeT B HeCKO/NbKMUX Bepcusax. Oba onepaHia AOMKHbI UMETb
COBMECTUMbIf TUIL. Pe3y/bTaT Bceraa noruyeckui.

Pe3ynbTaToM cpaBHEHMA ONepaH0B THIA 1nt ABNAETCA TMN bool

Onepartop 3HayeHne True False
== PaBHo 2 == 2 2 ==

I3 He paBno 3 1=2 2 1= 2
< Menbuue 2 <13 2 <2
<= Mesnblilie U paBHO 2 <= 2 3 = 2
> Bonbuie 13 > 2 2 > 13
>= Bonbiue unu paBHo 3 >= 2 2 >=

TunuyHbie BbIpa>kK€HUs CPAaBHEHUA

HeorpunarenpHblit AMCKpUMHUHAHT? (b*b - 4.0xa*c) >= 0.0
Hayano cronerusa? (year % 100) ==
IIpaBunbHbIf Mecan? (month >= 1) and (month <= 12)

Jlaxke He BHUKas B MOAPOOHOCTH MpeCTaBlIeHUA YUCETI, BIIOJTHE OHATHO, YTO OIle-
paLmy ¢ pasIM4YHbBIMU TUNIAMU IeICTBUTE/IbHO BeCbMa OTIN4arTcAa. Hanpumep, ogHo
Je/I0 CpaBHEHME ABYX Lie/IbIX Yucen (2 <= 2) Ha HEPaBEHCTBO, U COBCEM [Ipyroe — Cpas-
HEeHMe IBYX 4MCesl C IIaBarouien Toykon (2.0 <= 0.002e3). Tem He MeHee 3TH omne-
pauuyu LIMPOKO UCTIONb3YIOTCA MpPYU CO3JaHUM KOJa NMPOBEPKU TaKUX YC/IOBMMA, Kak
(b*b=-4.0+a=c) >= 0.0, 4TO HepeaKo 6bIBaeT HEOOXOAUMO.

[IpuopuTeT ornepaTopoB CpaBHEHUS HUXKe, YEM y apuPMeTUHECKUX ONEepaTOpOB,
HO BbIlIE, YEM Y JIOTMYECKUX ONEPATOPOB, C/IEJOBATENbHO, B TAKOM BbIpa>XEHUH, KaK
(b*b-4.0~a+c) >=0.0, Kpyrible CKOOKM He HY>XHbI, ¥ BIIOJIHE MOXXHO HalMCaThb Bbl-
pakeHue month >= 1 and month <= 12 6€3 KpyrbIX CKOOOK, YTOObI MPOBEPUTH MPUHAJ-
NIeXXHOCTb 3Ha4YeHMUA epeMeHHOM month k Anana3ony ot 1 go 12. (Tem He MeHee nyuylue
UCIIONIb30BaTh CKOOKM.)

CoBMecTHO ¢ 6yneBoit NOrMKOI OnepaLuu CpaBHEHMA MO3BOJIAIT NMporpaMMaM
Python npuuuMath pertenns. IIporpamma 1.2.5 (leapyear.py) AEMOHCTPUPYET Npu-
MeHEeHMe TIOTMYECKUX BbIpa>KeHMit U onepaLuit CpaBHEHUA /1A BbIYUCTIEHUSA, ABIAETCA
1Y 3aJjaHHbIA o BUCOKOCHBIM. B KOHLe 3TOro pasjena MOXKHO HaliTM Apyrue npu-
Mepbl B yrpakHeHusAX. Porb noruyeckux BbipaxkeHuit B 6oee CIOXKHBIX porpamMMax
6yzeT NpofieMOHCTpUpOBaHa B paszene 1.3.

[Iporpamma 1.2.5 uNIIOCTPUPYET TakXke Takoe 0co60e CBOCTBO TOrMYECKUX OIle-
PaTOpOB, KaK 8bi4uUCeHUe N0 COKPAULEHHOU cXeme: OMepaTop and BbIYMUC/IAET BTOPOIA
OINepaHf, MoAvKO ecau TepBblit onepany True; OrnepaTop or BbIYMC/IAET BTOPOI Orle-
paHA, monvko ecnu NepBblit onepaHA False. Hanpumep, B nporpammMe leapyear.py
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Python BeruMcnsier Boipa>keHue (year % 100) ! = 0, TONBKO €C/v rOf Ae/IUTCA Ha 4, U BblI-
paxxeHue (year % 400) != 0, TONbKO ecnu rof genurcs Ha 100.

Ipozpamma 1.2.5. BucoxocHbuii 200 (1eapysar. py)

import sys
import stdio

year = int(sys.argv[(1])

isleapYear = (year % 4 == 0)
islLeapYear = islLeapYear and ((year % 100) !'= 0)
isLeapYear = isleapYear or ((year % 400) == 0)

stdio.writeln(isteapYear)

dTa nmporpaMma npoBepsieT, COOTBETCTBYET /1Y LieJIoe YUCTIO BUCOKOCHOMY rofy
B IPUrOpPMAHCKOM KaneHAape. [off cunTaeTcst BUCOKOCHBIM, €C/TU OH Ie/IUM Ha 4
(2004), ecim oH He meaum Ha 100 (T.e. 3To He 1900) U ecnu oH He genuM Ha 400
(xak 2000).

% python leapyear. py 2016
True
% python leapyear. py 1900
False
% python leapyear.py 2000
True

®ynuxuun n APL. Kak MOXXHO 3aMeTUTb, BO MHOTMX 3alayax NpOrpaMMUpOBaHUA
MCTIONb3YIOTCS He TONIbKO BCTPOEHHbIe OnepaTopbl, HO U dyHkyuu (function), Takxe
BBIMOJIHAKLLME TONe3Hble onmepauuu. PasnuyaroT Tpu Buga GyHKLMIA: 8cmpoeHHble
(ﬁymcuuu (Takue, Kak int(), float() u str()), KOTOpbl€ MO>XHO UCITO/Ib30BaTh B JII0-
6011 nporpaMme Python HenocpeacTBeHHO, cmandapmHuble pyHkyuu (Takue, Kak math.
sqrt()), oHM ompepeneHbl B CTAHAAPTHOM Moayne Python u goctynssl B mo60oit npo-
rpamMMe, MMIIOPTUPOBABLLEN MOAY/b, U PyHKYyuu catima kHueu (Takue, Kak stdio.
write() M stdio.writeln()), OHM onpefie/ieHbl B MOAY/IAX Hallel KHUTU U JOCTYIIHbI
ISl UCTIONIb30BaHMsA 11OCTIe TOrO, KaK MOAY/M CTAaHYT AOCTYMHbI Ans Python u 6ynyt
umnoptupoBaHbl. O6lLee KOMMYECTBO JOCTYMHbIX BCTPOEHHbIX QYHKLIMIA, CTAHAAPT-
HbIX GyHKLMI M QYHKLMIT caliTa KHUTHU OYeHb Be/MKo. [1o Mepe M3yuyeHus nporpaMmu-
pOBaHMA Bbl HAY4YUTECh UCMIO/Ib30BAThb BCe 60/blle 3TUX PYHKLMIA, HO BHaYasle JTyylle
OrpaHMYUTbCA He6OMbLIMM HabOpoM. B maHHOI riaBe yxe UCNONb30BaIUCh PyHKLMUM
IS BLIBOAA Ha 9KpaH, A/ Mpeobpa3oBaHuUs AaHHBIX OQHOrO TUMA B APYro U A/ Bbl-
YUC/IEHUs MaTeMaTHuecKuX QYHKLMIA. B 3TOM paspene paccMaTpuBalOTCS HEKOTOpbIe



1.2. BcmpoerHble munbt aHHbLX 51

6oree nonesHble GpyHKLMK. B crenyrolmx rimaBax paccMaTpuBaeTCs He TOMbKO UCTIONb-
30BaHMe Apyrux GYHKLMIA, HO 1 onpefeneHne COOCTBEHHBIX.

Mns ypo6cTBa MHbopMaLmio 0 GYHKLMAX M UX UCTIONB3OBAHUM MOXKHO 0Obeau-
HUTb B Tabmuubl. MoryT 6bITb 06 beAMHEHBI, HANpUMEp, BCTPOeHHble GYHKLIMM, PYHK-
LMK caifTa KHUTM U3 MOAY/A stdio M cTaHAapTHble PyHKUMM U3 MoAyeit Python math
1 random. Takas Tabnuia u3BecTHa Kak unmepdgetic npuxknaonoix npozpamm (Application
Programming Interface — API). B nepBomM cTon6ue onpeneneHa uudpopmauus, Heob6xo-
AMMas /IS UCTIOIb30BaHMA QYHKLIMY, BKIIOYAs ee UMSA U KOJIMYECTBO apryMeHTOB; BO
BTOPOM CTO/6LIe ONMChIBAETCA €€ Lielb.

Jinst Bb130Ba GYHKLIMM B KOJE CTIeAyeT BBECTH €€ UMA U OTJe/sieMble 3alATHIMU ap-
eymenmb! (argument) B Kpyribix ckobkax. Korma Python BbeinonHser nporpaMmy, Mbl
rOBOpUM, 4TO OH 6ui3bieaem (call) dyHKLMIO ¢ mepelaHHBIMM €if apryMeHTaMM U YTO
byHkumMa so3spawgaem (return) 3HayeHue. TouHee, QYHKLMA BO3BpaLLaeT CChIIKY
Ha cofiep>Kalliuil 3HaueHue 06beKT. Bbi30B GYHKLMM — 3TO BbIpaXkeHUe, IO3ITOMY €ro
MO>HO MCNO/Ib30BaTh TaKMM >Ke 00pa3oM, kak MepeMeHHble M IMTepabl A CO3[a-
HUsA 6onee CNMOXHBIX BblpaxkeHMit. HanpuMep, BronHe MOXHO cO3[aBaTb Takue Bbl-
paxkeHMs, Kak math.sin(x) » math.cos(y) M T.A. JnsA apryMeHTa Tak>ke MOXHO MC-
TMO/b30BaTh BbIpa>keHne — Python BeIYMCIUT ero u nepeaacTt pe3ynbTaT Kak apryMeHT
¢byHkumm. Tak, BNOMHe MOXKHO HamMCaTh TaKoi KOA, Kak math.sqrt(b«b - 4.0+«axc),
1 Python noiimer, 4To Bbl UMeeTe B BUAY.

Y byHkuuu mMoryT 6biTh crmandapmmote 3navenus (default value) nns Heo6s3aTens-
HbIX apryMeHTOB. [IpumepoM sBnsercs PpyHkumsa math.log() — OHa MOTyYyaeT OCHO-
BaHMe /orapudMa Kak HeoOs3aTeNbHBbI BTOpON apryMeHT. Ecu He onpenenuts BTO-
poit apryMeHT, GYHKLMA BBIYMCIIUT HaTYpasIbHbli TorapudM (C OCHOBaHMEM €).

Tunuyxble BbI30BbI GyHKLUN

Bbi3oB ¢pyHK1MN Bosppamjaemoe 3Hauenne Kommenrapwmii
abs(-2.0) 2.0 BcTpoeHHas ¢yHKuma
max(3, 1) 3 BcTpoenHas ¢yHkuma c iByms

apryMeHTaMu
stdio.write( 'Hello') OyHKUMUA caiiTa KHUTU

(c no6ounbiM 3pdekTom)
math. log(1000, math.e) 6.907755278982137 QyHKUMA MOAYy A math
math.1og(1000) 6.907755278982137 Bropoit aprymeHT umeet

CTaH/lapTHOE 3HaYeHue
math.sqrt(-1.0) Owunbka BpeMeHU KBagpatHblit KOpeHb

BBIMO/THEHUSA OTpMLIaTE/IBHOTO YMca

random. random( ) 0.3151503393010261 OyHKIMA MOAYNA random
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API pna HeKoTOpbIX 06enpUHATHIX GpyHKUMit Python

OnucaHue

BcTpoenHsbie GyHKLUM

abs(x) A6COMoTHOE 3HaYEHUE X

max(a, b) MakcumanbHO€e U3 3HaAYEHUI a U b
min(a, b) MuHMMaNbHOE U3 3HAaYEHUM a U b

®dyuxuuu n3 Mopyna stdio ¢ caiiTa KHUIM AIA CTAHZAPTHOTO
yCTPOiCTBa BhIBOA

BbiBOAMT x Ha CTaHAapTHOE YCTPOICTBO BHIBOAA

BbiBOAMT Ha cTaHHApTHOE YCTPOMCTBO BBIBOJIA X, @ 3aTeM
CUMBOJI HOBO# CTPOKM
Ipumeuanue I: npuMeHUM mo60it TUN KaHHBIX (OH 6yAeT

aBTOMaTM4YeCKM Npeobpa3oBaH B THUI str)
Ipumeuarue 2: eCMM HUKAKOM apryMeHT He NepefiaH,

CTaHJapTHBIM 3HaYeHUeM x OyfieT mycTas CTpoka
Cranpaprhbie pyHkumnu mogyns Python math

Cunyc x (B pagmaHax)

Kocunyc x (B pagnaHax)

TaHreHc x (B pagnaHax)

[TonspHsIi yron ToYkM (x, y)

EBKMAOBO paccTosHMe MeXAY UCXOQHOM TOUKOM M (X, y)

Bb13oB pyHkiun

stdio.write(x)
stdio.writeln(x)

math.sin(x)
math.cos(x)
math.tan(x)
math.atan2(y, x)
math. hypot(x, y)

math. radians(x) [IpeobpasoBaHue x U3 rpaflycoB B pajiMaHbl

math.degrees(x) [Ipeobpa3oBaHue x U3 paguaH B rpafgychl

math.exp(x) IkcnoHeHUManbHaA GyHKUMA x(e*)

math.log(x, b) Jlorapudm x no ocHoBauuio b (logyx) (cTaHmapTHOE 3HaUYeHME
apryMeHTa b — e, T.e. HATYpa/bHbIi orapudm)

math.sqrt(x) KBagpaTHBIit KOpeHb x

math.erf(x) DyHKUMA oM60K X

math. gamma(x) [amMMa-dyHKUMA x

IIpumeuanue: MORY/Ib math NpefoOCTaBAET Tak)Xe 0OpaTHbie
$yHKkuMM asin(), acos() U atan(), a TaK)Ke KOHCTAHTHI €
(2,718281828459045) 1 pi (3,141592653589793)
CranpapTtHele GyHkuun Mogyns Python random

CnyyaitHoe yucio Tuna float B uHTepBane [0, 1)

Crny4aifHoe 41C/IO TMMNA int B MHTepBare (x, y), rae x Uy —
Lie/Ible YMCIa

random. random( )
random. randrange(x, Y)

3a TpeMs MCK/IOUEHUAMM Bce 3TO Hyucmole Pynkyuu (pure function); npu nepenaye
TeX K€ apryMEHTOB OHM BCerla BO3BPALLAIOT TO >Ke 3HaueHMe, He CO3/laBas 3aMEeTHOrO
no6ouHozo apgpexma (side effect). DyHkums random. random( ) TaKOBOI He ABNAETCH, MO-
CKOJIbKY TMPM Ka)XX[JOM BbI30B€ OHa NOTEHLMAIbHO BO3BpalLiaeT MHOe 3HadeHune; GYHKL MK
stdio.write() M stdio.writeln() Tak>Xe He AB/IATCA YUCTHIMU, TIOCKOIbKY OHU UMe-
10T M0604HbIN 3¢ deKT — BBIBOJ CTPOK Ha CTaHAAPTHOE YCTPOICTBO BbIBOAA.

Moayns math ompefenseT Tak’>ke KOHCTaHTHbIE NlepeMeHHble math. p1 () u math.e (e),
4TOOBI MX MOXKHO ObITIO MCMONb30BaTh B MpOrpamMMax no umeHam. Hampumep, Bbi3oB
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byHkummu math. sin(math. pi/2) Bo3Bpaiyaet 1.0 (mockonbky GyHKuMA math.sin() nomy-
YaeT apryMeHT B pajMaHax), a BbI3oB QYHKLMM math.log(math.e) Bo3Bpauaer 1.0 (mo-
CKOJIbKY CTaH[JapTHBIM apryMeHTOM Ji/1 OCHOBaHUA QyHKLMM math. 1og( ) ABNAETCA €).

9tn APl TMNMYHBI ANA ceTeBOM JOKyMEHTALMM U ABIAIOTCA CTaHAAPTOM B COBpe-
MEHHOM NporpaMMupoBaHun. B cetn ectb o6umpHas nokymenrauus no API Python,
ucrosnb3yeMas npodeccMoHalIbHbIMU MPOrpaMMUCTAMK, M OHA AOCTYyNHa (ecim MH-
TEpPecHO) Ha caiiTe Halleit KHuru. Bam He o6s3aTenbHO 06palaTbCA K CETEBOM MOKY-
MEeHTaL1M, YTOObI MOHATb KOJ 3TOI KHUTYM MJIY IIUCAThb MOAOOHBIN KOJ, TOCKO/IbKY MbI
AeMOHCTpUpYeM U 06bACHAEM B TEKCTe Bce ucnonbdyemble B API dyHkuuy, a takxke
NpUBOJUM UX ONUCAHUE B IPUTIOXKEHUM.

B rnaBax 2 u 3 onucaHo, kak pa3pabotatb co6cTBeHHble APl M peanusoBatb ux
bYHKLMM A1 UCTIOIb30BAHMA.

IIpeoynpescoenue o coxpawenuu. C 3T0ro MOMEHTa Mbl COKpalllaeM CBOM OMNU-
caHua onepatopoB Python, npumensowmx ¢yHkuum 1 Bboi3oBbl pyHkummn. Ha-
npuMep, Mbl 4acTo OyAeM OMycKaTb 3aK/IKO4YeHHble B CKOOKM (pa3bl B TaKux
OMMCaHMAX BbI30Ba PyHKLMMA, HanpuMep math.sqrt(4.0), Kak cleaylolee: “Bbl-
30B GyHKLMM math.sqrt(4.0) Bo3Bpauaer [ccbinky Ha] [06bekT THMa float co
3HayeHueM] 2.0.” TakuM o6pasom, Mbl Mornu Obl HamucaTb “BbI30B GYHKLMUM
sqrt(16.0) Bo3Bpawaer 4.0” BMecTo 60ojee TOYHOrO, HO 6onee nogpobHOro “no-
cne nepeaaun GyHKLMM math.sqrt() ccblkM Ha 06beKT TUNa float co 3HaUeHMeM
16.0 OHa BepHy/Na CCbUIKY Ha 0ObeKT Tuma float co 3HadeHueM 4. 0. Mbl Takxke
MCTIONIb3yeM TEPMUH 8036 pausaemoe 3HaqeHue (return value) ans onmcaHusa o6bek-
Ta, CChI/IKY Ha KOTOPbI BO3BpallaeT QyHKLMUA.

IIpeo6pasoBanue TMNOB TunuyHble 3ajayu NPOrpaMMUPOBAHUA NOJPa3yMeBaIOT
06paboTKy AaHHBIX HECKOJIbKMX TMIOB. Bcerpa ciefiyeT 3HaTh TMI AaHHBIX, 06pabaThl-
BaeMbIX Ballleil POrpaMMOM, MTOCKO/IbKY TOJIbKO MpY 3HAHMM TUIIA MOXKHO TOYHO 3HATb,
KaKye 3Ha4eHUsA YCTaHAaB/MBATb M KaKue OfepaLi MOXXHO BBIMOMHATD C KaX[bIM 00b-
€KTOM. B 4acTHOCTH, HepeZIkO MPUXOAUTCA NMpeo6pa3oBbIBaTh JaHHbIE U3 OJHOrO TUMA B
apyroi. Ilpeanonoxum, Hanpumep, YTO HEOOXOAMMO BbIYUCIUTD CpefiHee 3HaYeHMe ye-
ThIpeX Lie/IbIX YMcem: 1, 2, 3 u 4. EcTecTBEeHHO, Ha yM MPUXOAUT BbIpakeHue (1+2+3+
+ 4) / 4, HO OHO He Ja€eT >XKeIaeMOro pe3y/nbTaTa BO MHOTMX A3bIKaX IIPOrpaMMUpPOBaHUA
13-3a COIVIalleHMit Tpeo6pa3oBaHMsA TUIIOB. [lefCTBUTENBHO, KaK Y>Ke YTIOMUHA/IOCh, A3bl-
ku Python 3 u Python 2 paiot pasHble pe3y/nbTaTbl Ipy BbIYMCIEHUM 3TOFO BbIpaXKEHMUA.
Takum 06pa3oM, 3TO JOCTOMHbII NpUMep 1A paCCMOTPEHUs JAHHOM TEMBL.

[IpuumHa npobneMbl B ToM akTe, YTO OMepaHAbl — LieJible YMCIa, HO BIIOJIHE
€CTECTBEHHO OXXMAATb pe3ynbTaT TUMa float, MO3TOMY B HEKOTOPbIi MOMEHT MOHa-
moburca npeobpasoBaHue LeN0Oro YUCaa B YMC/IO C MIaBawolleit Toukoit. [nsa aroro
B sA3bike Python cywectByioT aBa cnocob6a.
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A sHoe npeobpasosanue munos (explicit type conversion). ITOT noaxoy noapasyMepaer
npuMmeHeHne QyHKLMY, NOTyYaloLLeit apryMeHT ofHoro Tuna (npeobpasyembiit 06bEKT)
1 Bo3BpallaolLelt 06beKT Apyroro T1ma. [I1s npeo6pa3oBaHus CTPOK B Lie/Ible YUC/IAa MU
YMC/Ia C MIaBaoLLeil TOYKOI (M Ha06OPOT) UMEITCA BCTPOEHHbIe GYHKLIMM, HanpUMep
int(), float() u str(). BesycnoBHo, aTo Haubonee nonynsapHele GyHKLMUY, HO W15 NIpe-
06pa30BaHUA MEX]Y Lie/IbIMYA YMCTTAMM M YUCTIAMU C TI/IaBAIOLLEN TOYKOM MOXKHO TaKXKe
MCTIONb30BaTb JOMO/HUTE/IbHYIO PYHKLMIO round( ), Kak noka3aHo B API nanee. [ina npe-
o6pa3oBaHus TMNa float B LieI0e YMCTIO MOXKHO MCMIONb30BaTh GYHKLMIO 1nt(X), a MOX-
HO int(round(x)). [Ins nmpeo6pa3oBaHus Lenoro 4ucina B ™M float MOXKHO MCIOJb30-
BaTb QyHkuMIo float(x). Takum obpasoM, Bbipaxkenue float(1+2+3+4) / float(4)
maeT pe3ynbTaT 2.5 1 B Python 3, u B Python 2, kak 1 o>xupganoc.

Tunuynsie npeo6pa3oBaHUsA TUIIOB

Bripaxkenne 3HaueHne Tun
SABHOe

str(2.718) '2.718° str

str(2) (2 str

int(2.718) 2 int

int(3.14159) 3 int

Float(3) 3.0 float
int(round(2.718)) 3 int

HesaBHoe

3.0 = 2 6. float
10 / 4.0 245 float

N

math.sqrt(4) float

IIpeoynpesxcoenue nonvsosamensam Python 2. B aspike Python 3 dynkuus
round(x) BO3BpalLaeT Liesioe 4Y1cio, a B Python 2 — uyucno ¢ nnaBawouieit To4KoM.
B 3To¥t KHMre MbI BCeria UCNob3yeM Bblpa)keHune int(round(x)) AnA OKpYrieHUs
YMC/Ia C M/IaBAOLLEif TOYKOI X O 6/IM>KaLIero Leoro Yuca, 4robbl Kox paboran
u B Python 3, u B Python 2.

API nj1st HeKOTOPBIX BCTPOEHHbIX QYHKLIMIT MPeo6pa3oBaHUA TUIIOB

Bei3oB pynkumn  OnucaHue

str(x) [TpeobpasoBaHue 06bekTa X B CTPOKY

int(x) HpeoGpaaoBaHMe CTPOKM X B LI€JIO€ YUCJIO U/IU YUC/IA C M/IaBaloLLen
TOYKOM X B YCEYEHHOE L[€/I0€ YUCIIO

float(x) [Tpeo6pa3oBaHue CTPOKM M/IM LIEJIOTO YUCIA X B YMC/IO C MIABAOLLEN
TOYKOM

round(x) bBvkaiiiee Liesioe K YUCTY X
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Hessnoe npeobpasosanue munos (u3 int 6o float). Llenoe 4nucno MO>XKHO UCMO/b-
30BaTh TaM, rje oXxupaaercs Tvn float, MOCKONbKY npu Heobxommmoctu Python aB-
TOMaTH4ecKu npeobpa3syeT Lie/ible YUCa B YUC/IA C MIaBawlleit Toukoit. Hanpumep,
BbIpa)keHue 10/4.0 facT 2. 5, MOCKOJbKY 4ucyo 4.0 umeeT TMn float, u 0b6a onepaHaa
ROJDKHBI MMETb OfMHAKOBBIIf Ty, Yyncno 10 npeobpasyercs B Tun float, a pe3ynbTa-
TOM Jle/IleHUs ABYX umcen tvna float 6ymer tun float. lpyroi mpumMep: BbI30B math.
sart(4) maer 2.0, MOCKO/NbKY 4 mpeobpasyeTcs B TUN float, Kak U oXxupaet PyHk-
uusa math.sqrt(), KOTOpas 3aTeM M BO3BpalllaeT 3HaueHue Tuna float. 3TO asmo-
mamuueckoe npeobpasosarue (automatic promotion) unmM npusedenue muna 0aHHvLX
(coercion). Python peanusyer aBToMaTH4eckoe npeo6pa3oBaHKe NIOTOMY, YTO 3TO MO-
XeT ObITb cienaHo 6e3 norepu uHpopmauumn. Ho, kak MOXKHO 3aMeTUTD, eCTb po6iie-
mbl. Kak yxe ynommHanocp, Python 3 aBromMaTuuecku npeobpasyeT Kaxjblil Lieso-
4YMCTIEHHDII1 ONepaHj onepaTopa / B TUM float, Ho Python 2 Tak He moctynaeT. Takum
o6pa30M, BblpaXkeHue (1+2+3+4) / 4 naeT B Python 3 3HayeHue 2.5 tumna float,a B
Python 2 — 3Hauenue 2 Tuna int.

KoHuenuusa aBToMaTyeckoro npeo6pa3oBaHus He HYXHa, €C/IM BCErjja UCIO/b30-
BaTb Takue QyHKLUMY, KakK int() u float(), AN ABHOrO NMpeobpa3oBaHUsA TUIIOB; He-
KOTOpble NPOrpaMMUCTbI BOOOLIEe cTapaloTcs u3beraTb aBTOMaTM4eCKOro npeobpaso-
BaHMA Korja 6bl TO HM Ob10. B 3TOi KHMre Mbl MojaraeMcs Ha aBTOMaTU4ecKoe
npeo6pasoBaHue, MOCKOJIbKY TaK KOJ IMONy4aeTcst Kopoye ¥ NoHATHee. Ho npu dene-
HUU Yucesl Onepamopom / Mol 8cez0a NpUHUMAEM MePbl, 4mMobbl no kpatineti mepe 00UH
u3 08yx onepanoos umen mun float. B Haumx npumepax, korga Python Berumcnser
BblpaxkeHMe (1+2+3+4) /4.0, OH BbI3bIBa€T aBTOMAaTHYeCKOe Npeobpa3oBaHue B TUII
float AnA MepBOro onepaHja 1 Jaer 3HauyeHue 2.5 tuna float, Kak u oxupaeTca. Ta
NpaKTUKa rapaHTUPYeT, YTO Hall koA OyzeT mpaBuibHO paborath u B Python 3, u B
Python 2 (1 Bo MHorux apyrux saspikax). HanoMHum, 4To B 3TOi KHMre Mbl He MC-
nofb3yeM onepaTop /, korja o6a onepaHia — Lie/ble YUCHa.

HaumHaowmx nporpaMMucTOB HeO6XOAMMOCTD Mpe-
006pa30BaHMA TUIIOB 3a4YacTYI0 pa3fipa>kaeT, HO OMbIT-
Hble MPOrpaMMMUCThI 3HAKOT, YTO BHMMAaHMUE K TUMAM
JaHHbIX — 3aJIor ycrexa B MpOrpaMMUpPOBaHUM U CIIO-
c06 usbexxatb owMO6OK. B M3BecTHOM MHUMAEHTe 1985
ropa ¢paHLy3ckas pakeTa B3OpBajlach B BO3JyXe U3-3a
npo6nemMbl npeobpa3oBaHus TUMOB. XOTsA olnbKa B Ba-
uleit MporpaMMe MOXXET U He NMPUBECTU K B3pbIBY, BCe
PaBHO UMEET CMBICIT YAIETUTb BpeMs U3y4eHUI0 Npeob-
pasoBaHusA TUNOB. HamucaB HECKONBKO MPOrpaMM, Bbl ~ ®0To:EsA
y6eauTech, 4TO MOHMMaHNe TUITOB JaHHBIX TOMOTraeT He Bspuie paxemui Ariane 5
TONbKO MUCaTb KOMIAKTHBIIA KOJ, HO U JielaTb CBOM Ha-

MepeHus ABHbIMM, u3beras olIMOOK B HIOAHCAX.
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Pesrome. Tun danHbix — 3TO HAG6Op 3HaYEHUI U OMepaLNil, ONpeaeeHHbIX /A ITUX
3HayeHuit. Python npefgocraBnseT BcTpoeHHble TUIBI JaHHBIX D001, str, int u float;
Apyrue TUIbI UCNIONb3YIOTCA B KHUTe fanee. B kome Python onepatops! u Bbipakenus
UCIIONb3YIOTCA KaK B 3HAKOMbIX MaTeMaTHMYeCKMX BblpakeHuAX. Tun bool mpeaHasHa-
YeH A/ pabOThI C TOTMYECKMMM 3HAUEHUAMM; TUN Str — JJIA NOC/IEOBaTeNIbHOCTEM
CMMBOJIOB; @ TUIBI int U float — IJIs YMCeL.

Tun bool (BKIIOYAIOLMIA TOrMYECKME ONepaTophbl and, or U not) AB/NAETCA OCHOBOM
JIOTMKM MIPUHATUA pellleHuit B nporpaMmax Python, korpa on ucnonbsyercs Bmecre
C onepaTopaMy CpaBHEHUA ==, | =, <, <=, > 1 >=, Jlornyeckue BblpaXkeHUs UCTIONb3YIOT-
C B YC/IOBUAX TaKMX YNpaBIAIOLMX BblpakeHuit Python, kak if u while, paccMaTpu-
BaeMbIX B CIeJyIOlIeM pa3ferie.

Yucnosble TUIBI, BCTpOEHHbIE QYHKLINM, @ TaK>Ke PYHKLMY, ONpe/ieleHHble B CTaH-
HapTHBIX Moaynax Python, B Momynax pacuumMpeHus M B HalIMX KHMKHBIX MOAYISAX,
NO3BOJIAIOT UCNONb30BaTh Python kak MOLHBIA MaTeMaTUyeCKuit KaabKynsaTop. Mbl
coctaBnsieM apudpMeTHyecKne BblpaXkeH!s, UCMIONb3ys, BCTPOEHHbIE OMepaTophl +, -,
* /s //s % U +*+, a TAaKXKe BbI3OBbI (bym(umﬁ Python.

XoTs mporpamMMbl B 3TOM pasfiefie ABAAIOTCA 3/IeMEHTapHbIMU IO CPaBHEHUIO C Ta-
KOBBIMM B C/I€AyIOLLEM pa3fie/ie, 3TOT BUJ NpPOrpaMM BecbMa I10/1e3€H B CBOEM pOfe.
Bbl 6ypere perynspHO MCHONb30BaTb TMIbI JaHHBIX M MPOCTble MaTeMaTHUyecKue
byHKUMM B NporpaMMMpOBaHuM Ha A3biKe Python, no3aToMy noTpayeHHble Ha UX MO-
HUMaHMe yCUINUA He MPOMAYT JapOM.

Nnmepaxmusenwiti Python. JleiicTBuTeNbHO, A3bIK Python MoXHO ucnonb30BaTh Kak
KanbKynsaTop. [ 3Toro BBeAUTe B OKHE TEPMMHA/IAa KOMaHAy python (TONbKO CIOBO
python 6e3 nocnepyrouero uMenn daitna). Python naentuduumpyer cebs u BbiBeser
npurnalleHye K BBoAy >>>. Tenepb MOXXHO BBOAMTb omnepaTtopsl, ¥ Python BbimomHuT
ux. JIn6o MOXXHO BBECTH BbIpakeHue, U Python BbIYMCINT U BbIBeJieT pe3ynbTUPYIO-
1ee 3HayeHue. JIn60 MOXKHO BBeCTH help() M MOMYYMTb JOCTYN K OOLUMPHONM MHTe-
pakTUBHOM fokyMeHTauuu Python. HekoTopble M3 npuMepoB 3TOro npuBeeHbl HUXe
(MOMy>XMpHBIM BbIJEIEHO TO, YTO Bbl BBOAMTE). O6pallieHne K JOKYMEeHTaLuu — 3TO
YROOHBIIT cTOcO6 NMPOBepKM HOBbIX KOHCTPYKLIMI U M3YyYeHUS MHTEPEeCYIOLIMX Bac MO-
myneit v GyHKUMIA. B HeKOTOpBIX M3 MYHKTOB pa3fena “Bompocsl u oTBeThI” npeanara-
eTCs clieslaTb UMEHHO 3TO.

% python
>>> 142
3

>>>a=1
>>>b=2
>>>a+b
3
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>>> import math
>>>math.sqrt(2.0)
1.4142135623730951
>>>math.e
2.718281828459045
>>>

% python

>>> import math
>>> help(math)

Helponmodulemath:

NAME
Math

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

FUNCTIONS
acos(...)
acos(x)
Return thearc cosine (in radians) of x.

sqrt(...)
sqrt(x)
Return the square root of x
DATA
e=2.718281828459045
pi=3.141592653589793

57
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Cmpoxu

Cmpoxu e Python 2. SI3bik Python 2 ucnons3yer kogupoBky cumBonos ASCII
BMecTo Unicode. ASCII — ycrapeBiumit craHaapT, noajep>xusawouuit 128 cumpo-
noB', BK/IIOYas aHIMiACKuit andasut, uudpsl 1 3Haku. Python 2 mpepocraBnser
OTAe/IbHBIIA TUM AAHHBIX unicode ANA CTPOK, cocroswmx U3 cumonoB Unicode,
HO MHorue 6ubmmotexku Python 2 He noaaep>kuBaioT ero.

Kaxk Python xpaHuT cTpokM BHyTpeHHe?

CTpokM — 3TO MOC/Ief0BaTEIbBHOCTY CUMBOIIOB B KoaupoBke Unicode — coBpeMeH-
HOM CTaHAapTe A/ cuMBOJIOB TekcTa. Unicode noaaepxuaer 6onee 100 000 cum-
BOJIOB fi/151 6071ee yeM 100 A3BIKOB IUIIOC MaTeMaTU4eCKME U MY 3bIKa/IbHble CUMBOJIBL

Kakoit Tun nannpix Python npencraBnsaer cumBonbI?

B sasbike Python HeT HMKakoro creuuanbHOro THUMA AAaHHBIX AN CUMBOJIOB.
CMMBO — 3TO NPOCTO CTPOKA, COCTOALLAsA U3 OJHOTO CUMBOJIA, HapuMep 'A’.

Mo>xHO M MCTIONIb30BaTh TaKME ONMEPATOPbl CPABHEHUSA, KaK == M <, WIM TaKMe
BCTpOeHHble PYHKIMM, KaK max() M min(), A/ CPABHEHUA CTPOK?

Mla. HeoduumanbHo ana cpaBHenus aByx ctpok Python ucnone3syer nexcuxozpagpu-
ueckuti nopsaodok (lexicographic order), kak y c/i0B B npeiMeTHOM yKa3aTe/le KHUTU
unu B cnosape. Hanpumep, cnosa "'hello’ u 'hello' paBHbl, 'hello' u 'goodbye’
HepaBHBI M 'goodbye' MeHblle, 4eM 'hello'. CM. pasmen “Bompochl M oTBeThl”
B KOHLie pa3fiena 4.2.

Mo>kHO 1M MCNIONB30BaTh [/1A CTPOKOBBIX IMTEPATIOB ABOMHbIe KaBbIYKM BMe-
CTO OAMHAPHBIX?

Ha. Jlutepanbl "hello’ u "hello”, HampuMep, UAEHTUYHBIL. [JBOJIHbIE KaBbIYKM 11O-
7Ie3HbI TIPY OTIpefieIeHUM CTPOK, COilep>KalllMX OJJMHapHble KaBbIUKM, 6€3 npuMeHe-
HMA /1A HUX YNpaBAKLWIMX NocnejoBaTenbHOCTe. Hanpumep, cTpokoBble nuTe-
panbl 'Python\'s' M "Python's" uaeHTUYHbI. ] MHOTOCTPOYHOrO TEKCTAa MOX-
HO TaK>Xe MCINO/b30BaTh TPOJHble KaBbldku. Hanpumep, crepyrowmit kog cosgaer
CTPOKY U3 IByX CTPOK 1 [IPUCBaUBaET €€ NePEMEHHOM s:

s = Python's "triple" guotes are useful to
specify string literals that span multiple lines

IRIRD

' Boo6uie-10 256, — Tpume. peo.



Bonpocvt u omeemut 59

B 3Toi1 KHUrE MbI He UCIIO/Ib3Y€EM ITapHbIE U/IU TpOf;leIe KaBbI4YKMU /11 pa3rpaHu4e-
HUA CTPOKOBbBIX INTEPAJIOB.

Ilenvie uucna
Kaxk Python xpanuT uenble yucia BHyTpeHHe?

CaMoe npocToe npejcTaBieHne HeOOMbLIMX TOJIOKUTENbHBIX Lie/IbIX Yucen B 060-
UYHOTI cuCMeMe CHUCTIEHUA — 3TO NpeCTaBleHNe KaXA0ro Lenoro 4ucna B Gukcu-
pOBaHHOM O6'beMe MaLIMHHOI MaMATH.

Yrto Takoe ABOMYHAA CUCTEMA CUMCTIEHNA?

Bbl, BEepOATHO, yUM/IM 3TO B CpefiHeit LIKOJIe. B IBOMYHOI cCTEMe CUMCTIEHUS LieTIoe
YMCTIO MPEACTABAETCA MOC/NENOBATENbHOCTBIO 6umos. BUT — 3To ogHa ABOMYHAsA
umdpa (0 unu 1) unm ocHoBa npepcraBneHus MHGopMaL MM Ha KoMnbloTepe. B naH-
HOM C/lyyae OMTbI — TMOKa3aTe/nM CTeNeHel 4YuC/Ia 2. A MMEHHO: NOC/TeoBaTeNb-
HOCTb 6MTOB b, b, _, ... b,b b, npencraBnser uenoe yucno (Tun integer)

b2"+b, 2" +..b,22+ b2' + h2°
Hanpumep, nsonynoe uucno 1100011 npencraBaseT Lenoe necATUYHOE YUCIO
99=1:64+1-32+0:16+08+04+1-2+1-1.

Kyna 6onee 3HakoMa decamuyHas cucmema cHucieHus — TO >Ke CaMoe, HO UCTIONb3Y 10T-
cs umpbi o1 0 10 9 M cTenenn uncna 10. [IpeobpasoBaHue YMcen U3 ABOUYHOI CUCTEMBI
B IECATUYHYIO (M1 HAO6OPOT) AB/IAETCA MHTEPECHOM BbIYMC/IUTE/IbHOI 3ajayeit, paccMa-
TpMBaeMoit B crefiyiolieM pasgene. [Ina He6bombumx tenbix yncen Python ucnonbsyer
¢buKcMpOBaHHOE KONMN4eCTBO GMTOB, Kak MpaBMU/IO, MPOAMKTOBAHHOE KOHCTPYKLMEN
ucrnonb3yemoro komnbroTepa (06br4HO 32 umn 64). Hanpumep, Lenoe 4ncio 99 Moxer
6bITb NpeacTaBeHo 32 6uramu 00000000000000000000000001100011.

Kak HacueTt OTpULATE/IbHDbIX yucen?

He6onbLine oTpuLiaTenbHble Y1C/Ia XPaHATCSA B COOTBETCTBUY C COITIaLlIEHUEM 080-
u4H020 koda (two's complement), KOTOpOe HET CMBIC/Ia pACCMATPUBATb NOAPOGHO.
Pa3mep “He60nmbLIMX” YMCeN 3aBUCUT OT KOHKPETHOI KOMIbIOTepHOI cucTeMbl. Ha
32-pa3pAaHbIX MalIMHAX ‘He6ONMbIIMMYU~ OOBIYHO CYMTAIOTCA YMC/IA B AMAMa30He
oT -2147483648 (-2*') mo 2147483647 (23! - 1). Ha 64-6uTOBBIX MallMHAaX K “He-
60/bLIMM” OTHOCAT AMana3oH oT -2% fo 2% - 1, Tak 4To “He6onbLIME” HE TAK YXK
n manbl! Ecin nenoe uncno He apnserca “He6onbumum’, To Python aBTOMaTH4ecku
ucronb3yeTt 6osee CIOXKHOE NMpeACTaB/IeHNe, [UaNa3oH KOTOPOro OorpaHU4MBaeT-
CA TONMbKO 06'beMOM MaMSATH, JOCTYMHOM Ha KoMnbloTepe. O6paTuTe BHUMaHMe,
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4YTO l'[OIIpOéHOCTM 9TUX BHYTpPE€HHUX Hpe}ICTaBHCHMﬁ CKpbIBAKOTCA OT BAlUUX IMPO-
rpaMM, NO3TOMY Bbl MOXKE€TE€ UCIOJ/Ib30BATb UX C pa3/IMYHBIMU TIpENCTABIIEHUAMMU,
He 3a60TACh O CMeHe npeacTaBl€HUA.

K uyemy npuBenet Bbluncnenme Boipaxkenua 1 / 0 B Python?

K owmbke ZeroDivisionError Bo BpeMms BblnonHeHMs. [Ipumeuanue: mpolue
BCEro HaXOAMTb OTBETbl Ha Takue BOMPOCHl B MHTEPaKTUBHOM pexume Python.
Onpobyiire ero!

Kak onmepaTopbl Lie104YMCIIEHHOTO AeIeHNns // M OCTaTKa % paboTalT C OTpULIa-
TebHbIMY ONIepaHAaAMMU?

Onpobyitte u nocmoTtpute! Boipaxcenne -47 // 5 maet -10,a -47%5 — 3. B o61uem,
ornepaTop Lie/I0YUCTIEHHOTO Jie/IeHUA // BO3BpalllaeT Lie/I0OYUC/IEHHOE YaCTHOE; T.€.
4acTHOe OKpyriseTcsa K MuHyc 6eckoHeyHocTy. [loBeaeHMe omepaTtopa ocTaTka %
cnoxHee. B a3bike Python, ecrm a u b — 1ienble unca, TO pe3yIbTaTOM BbIpa>keHUA
a % bOyAeT Lieoe YUC/IO C TEM >Ke 3HAKOM, YTO U Y b. ITO MO pa3yMeBaeT, YTO b
(a// b) +a%b == annamoObIX LebIX Yynucenau b. B HEKOTOPBIX NpYTrUX A3bIKaX
(Takmx, Kak Java) BblpakeHMe a % b JlaeT Liefioe YMCIIO C TAKUM >Ke 3HAKOM, KaK Y a.

Kak ¢ orpuuatensHbiMu omepanaamMu pa6oraeT onmepaTtop BO3BeAEHMSA B CTe-
MeHDb »+?

Onpobyiite u y6eaurech nmuHo. O6paTuTe BHUMaHMe, YTO PMOPUTET ONepaTopa
++ BblllIe, YeM Y YHaPHbBIX ONEpaTOpOB + U - C/IEBa, HO HUXeE, YeM Y YHapHbIX oOrle-
patopoB + 1 - cnpaBa. Hanpumep, BbipakeHue -3 ++ 4 naet -81 (a He 81). Kpome
TOrO, MOXeT MOJMY4YUTbCsA 00BeKT Apyroro Tuna. Hanpumep, pesynbraToM BbipaXxe-
HUA 10 *x -2 6yue’r 3Hayenue 0.01 tuna float, a BoipakeHue (-10) «» (10 «» -2)
mact B Python 3 komMnnekcHoe uucno (a B Python 2 ownbxy BpeMeHM BbINoONHEHUA).

ITouemy BbIpakenue 10 ~ 6 maeT 12, a He 1000000?

Oneparop ~ — 3TO He OnepaTop BO3BEJiEHUA B CTeMNeEHb, KaK Bbl, BO3MOXHO, NOJyMa-
mu. B 3T0M KHUre JaHHbI/ onepaTop He ucnonb3yercs. Ecmu Heo6xommMo nuTepanbHoOe
1000000, TO MO>XHO MCIONMb30BaTh BbipaXkeHue 10 *+ 6, HO IPUMEHEHME BbIpAXKEHMU,
TpebyIolLero BbIYMC/IEHUS, BECbMa PaCTOYUTENNbHO, KOr/la JOCTaTOYHO IUTepara.

ULenvie uucna 6 Python 2. Python 2 npenocTaBniseT A/1s LieNbIX YMCeN ABa OTAEbHbIX
THMa: int (3719 He6ONbLWIMX LebIX uncen) u long (ana 6onbmx). SA3bik Python 2
aBTOMATMYecKy npeobpa3yeT TUI int B TMI long MpU KaXKAoi HEOOXOAMMOCTH.
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Yucna c nnasarouieii mouxoii

HO‘ICMY THI JI/IA BellleCTBEHHbIX YyMce/l Ha3bIBaeTca float?

HecatuyHas Touyka MoxeT “nnaBath” (float) Mexxay uudpamu, cocTaBnAwLIMMYU Be-
LeCTBEHHOE YMC/IO0. Y Lie/IbIX YMCe AeCATUYHAsA TOYKA (HesABHa), HAPOTMB, XeCT-
Ko 3aduKCUpOBaHa Mocje HauMeHblleil 3Havaleit LU pbl.

Kaxk Python xpaHuT yncna c nnaBaoLiei TOYKOi BHyTpeHHe?

Boobuue, Python ucnonb3yer BronHe ecTecTBeHHOe [J/Ii KOMIBIOTEPHBIX CUCTEM
npejcraBieHue. BOnbIIMHCTBO COBPEMEHHBIX KOMIBIOTEPHBIX CUCTEM XPAHUT YUC-
7a ¢ naBawoLeit Toukoy cornacHo crangapty IEEE 754. 9tot cranpapt onpepenser,
YTO YUCJIO C M/IABAMOLLel TOYKOI XPAHUTCA B TPeX 06/1acTAX MaMATHU: 3HAK, MAHTHUCCA
1 3KcroHeHTa. Ecnm BaM MHTepecHbl eTanu, obpatutech k caity kuuru. Ctangapt
IEEE 754 onpegnenseT Takxe crneluanbHble 3Ha4eHUA C MaBaoLiell TOYKOI: MOo-
JKUTENbHBIN HY/b, OTPULIATENbHBIA HY/b, MOOXUTe/NbHAA 6ECKOHEYHOCTb, OTPHU-
uaTenbHasg 6eckoHeyHOCTb U NaN (He umcno). Hanpumep, pesynbraTom BbipaxkeHus
-0.0 / 3.0 gomKHO 6bITb 3HaYeHue -0. 0, BblpaxeHuss 1.0 / 0.0 — Mo/MOXUTe/IbHAA
6eckOHeYHOCTb, a BblpakeHus 0.0 / 0.0 — 3HadyeHue NaN. [l MOMOXUTENbHOM
M OTpULIaTe/IbHOM 6€CKOHEYHOCTEN B HEKOTOPBIX MPOCTBIX BHIYMCIEHUAX MOXKHO UC-
N0/1b30BaTh (JOBOIbHO HeOObIUHbIE) BoIpaXkeHus float('inf') u float('-inf" ), HO
aTy yacTb ctanpaproB IEEE 754 asbik Python He nopnepxuBaet. Hanpumep, B sa3bike
Python Bbipaxkenune -0.0 / 3.0 gaet -0.0, HO BolpaxkeHus 1.0 / 0.0 0.0 / 0.0
NPUBOJAT K olumbKe ZeroD1visionError BO BpeMs BbIMOTHEHUS.

MHe Ka)keTcs, YTO NATHAALATH UMP B YUCIIe C NIABAIOLLEN TOYKON — ITO AO-
CTaTOYHO MHOTrO, JIO/I>KEH /IM 1 BOTHOBATbCA O TOUHOCTH?

[la, MOCKO/IbKY Bbl MPUBBIK/IM K MaTeEMaTUKe HA OCHOBaHMM BelL|eCTBEHHbIX 4ucen ¢ 6ec-
KOHEYHOJ TOYHOCTbIO, TOIIa KaK KOMITbIOTEp BCEra MMeeT A€o ¢ MpUOMKeHUAMM.
Hanpumep, cornacto crannapty IEEE 754, nns uncen ¢ nnaBarolieit TOYKOM Bblpax<e-
Hue (0.1 + 0.1 == 0.2) paet True, HO BbipaxeHue (0.1 + 0.1 + 0.1 == 0.3) gaer
False! B Hay4HbIX BbIYMC/IEHUAX 3Ta po6eMa BIIO/IHe OObIYHA, @ HAYMHAIOLLIMM NPO-
rpaMMMCTaM CTOMT U36eraTb CpaBHEHMA YMCEI C TIaBaOLLel TOYKO Ha PaBEHCTBO.

ITpu BbIBOAE uMcen THNA float TaK pa3ApakaroT Bce 3T MMuuHMe uudpol. MoxHO
m 3acTaBuTh QPyHKUMHU stdio.write() M stdio.writeln() BBIBOAMTH TONBKO
ABe MM TPy Pl NOC/IE AECATUIHON TOYKH?

Ity 3ajayy pelaeT KHMXKHAA QYHKUMA stdio.writef(). OHa mogo6Ha npocToit
¢yHkUMM GopMaTUPOBAaHHOTO BbIBOAA B A3blke C 1 BO MHOTMX ApYrux Asbikax. OHa
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obcy>xmaerca B pasferne 1.5, a 1o TeX MOp NpUAETCA MUPUTBCA C AOMOMTHUTETbHBIMY
umMdpamu (4TO BOBCE He TaK IJIOXO, MOCKONbKY 3TO MOMOraeT MPpUBBIKHYTb K pas-
JIMYHBIM TUIIAM 4UCeN).

Mo>kHO 1M NPUMEHMUTD ONEPATOP LEeTOYMCTIEHHOTO JieNleHus // K ABYM onepaH-
nam tuna float?

Ha, npounsoitfeT LeloYNCIeHHOE fie/leHUe ero onepaHfoB. Takum 06pa30M, B pe-
3y/IbTaTe MOMYYUTCA YaCTHOE 6e3 uucbp rocJe No3uL M AecATUYHOM Touku. B atoit
KHUT € Mbl HE UCITO/Tb3Y€EM OIEpaTOp LieJIOUYUCTIEHHOTO Je/IeHUA IJIA ONepaHAoB TUMA
float.

Yro Bo3BpaTUT GYHKIMA round( ), eCTM apTyMeHT MMeeT APOOHYIO YacTh 0. 52

B Python 3 oHa Bo3Bpauiaer 6nmkaiiliee Leoe YUC/IO; TaKUM OOpa3oM, BbI30B
round(2.5) pact 2, round(3.5) — 4, a round(-2.5) — -2. Ho B Python 2 ¢yHkuus
round( ) OKpyraser oT Hy/s (v Bo3BpaliaeT TMn float), HO3TOMY BbI30B round(2.5)
nmaet 3.0, round(3.5) — 4.0u round(-2.5) — -3.0.

Mory n1u s cpaBHUTDb 3HaueHMe TMNa float co 3HaYeHMeM THNa int?

Be3 npeobpasoBanusa TMnoB — Het, HO Python ocyuiectsnser Heob6xoaumoe npe-
o6pa3oBaHue TMIIOB aBTOMaTH4ecku. HanpuMep, ecin x — 1ienoe 4ncio 3, To BbIpa-
XeHMe (x < 3.1) faeT B pe3y/bTaTe 3HaueHue True, MOocko/bky Python npeo6pa3y-
eT Lesioe yncno 3 B 3HayeHue 3. 0 Tuna float, a 3aTeM CpaBHUT 3HaYeHnA 3.0 u 3. 1.

Ectb mu B Mopyne math a3sbika Python ¢yHkumu nna npyrux TpuroHoMeTpmuye-
cKMX PYHKIMIA, TAKMX KaK aPKCUHYC, TMIIEPOOTMYECKMIT CUHYC M CEKaHC?

Ha, Mmoaynb Python math Bkmo4aeT o6paTHble TPUroHOMeTpUUYeCKMe 1 runep6bom-
yeckue pyHkumnu. Ho GyHkumit 1na cekaHca, KocekaHca M KOTaHreHCa HeT, TOCKO/Ib-
KY /11 UX BBIYMC/IEHUA BIOJIHE MOXHO MCMONb30BaTh GyHKLMM math.sin(), math.
cos() u math.tan(). Bei6op Bkmoyaembix B APl ¢yHkumit — 310 KOMIpOMMCC
MeXJY YA0OCTBOM HaTMuMA KaXkoit GYHKLIMM 1 pasfpaskalollieil HeoOXOAUMOCTBIO
MOMCKa OJHOM M3 HEMHOIMX HYXXHbIX B JJIMHHOM CIUcCKe uMemrowmuxca. Hukakoi
BbIOOp He Y[IOBJIETBOPUT BCEX MO/b30BaTeei, a UX MHOXecTBO. O6paTuTe BHMMa-
HMe Ha TO, YTO AaXke B uMewlmxca APl MHoro us6bsiToynoctu. Hanpumep, BMecTo
BbI30Ba math.tan(x) BIOJIHE MOXHO UCIO/Ib30BaTb math.sin(x) / math.cos(x).

YTto cnyuurca npu o6paiieHuM K NnepeMeHHO, He IPUBA3aHHOM K 00beKTy?

Oumbka NameError BO BpeMs BbIMTOTHEHUA.
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Kak onpenenmuts TN nepeMeHHOMI?

9TO KaBep3Hblif BOMpoC. B OTIMYMe OT mepeMeHHbIX MHOTMX JPYrMX A3bIKOB
nporpaMMupoBaHusa (Takux, Kak Java), y nepemeHHoit Python Her Tuma. B Asbike
Python ecTb 06exm, k KOTOpOMY NpUBsA3aHa NepeMeHHas, a Y 06'beKTa ecTb THIL.
Ty e nepeMeHHYI0 MOXKHO CBA3aTb C 06bEKTaMM IPYTUX TUIIOB, KaK B C/IEAYIOLIEM
¢dparmeHTe Kopa:

X "Hello, World'
x =17
x = True

Ho 3TO, KaK IIpaBU/o, IyioxXasa uaeA.

Kak MoxHO onpenennuTb TUII, MneHTM(l)MKaTOP ¥ 3HauyeHMe o0 beKTa?

Ina atoro Python npepocraBnser BcTpoeHHble dyHkumuu. PyHkuma type() Bo3-
BpawaeT TMn o6bekTa; GyHKUMA 1d() — upgeHTUduKatop ob6bekTa; GyHKUMA
repr() — OJHO3HAYHOE CTPOKOBOE MpeACTaB/IeH1e 0O DEKTA.

>>> import math

>>> a = math.pi

>>> 1id(a)
140424102622928

>>> type(a)

<class 'float'>

>>> repr(a)
'3.141592653589793"

B 06b14HOM NporpaMMUpOBaHMY Bbl peIKO GyeTe UCTIONb30BaTh 3TU QYHKLIMU, HO
Npu OT/IaJIKe OHM MOTYT OKa3aTbCsA MO/NE3HbIMM.

EcTtb 11 pa3anuume MeXxxay onepaTopamu = u ==?

Ha, aTo coBceM pa3nble onepatopsl! [lepBblit OcylecTBIAET MTPUCBOEHME TEPEMEH-
HOJ4, a BTOpOJ1 — ONepaTop CpaBHEHMA, JalOLUMI TOrMYecKuit pe3ybTar. Baua cro-
COGHOCTb OTBETUTb Ha 3TOT BONPOC — XOpOLLasA MpOBepKa TOro, MOHAM U Bbl
MaTepuasn AaHHOro pa3fiena. [IpencraBbTe, 4TO 06BACHAETE 3TO pa3nuyme Apyry.

Byner nu BbipaxkeHMe a < b < ¢ CpaBHMBATh TPM YMC/Ia B MOpAAKe a, b u ¢?

MTa, Python nopaepxuBaeT npousBoIbHOE cuensieHue CpaBHEHMIA, TaKOe Kaka < b < ¢,
paboralollee COrIacHO CTaHAAaPTHbIM MaTeMaTM4eCkuM cornauexuam. Ho Bo MHo-
rMX A3bIKaX NMPOrpaMMMpOBaHusA (TakuX, Kak Java) BblpaxkeHMe a < b < C He-
ROMYCTUMO, TIOCKOJIbKY pe3y/bTaT MepBOif 4YacTH, a < b, MMeeT TIOrMYEeCKUI THUII,
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a CpaBHE€HUE JIOTUHECKOro 3Ha4Y€HUA C YUC/IOM 6eccMbIC/ieHHO. B 3TOi KHMUre Mbl
He€ UCIIO/Ib3y€eM CLE€IVIEHHOE CpaBHEHME; Mbl IIPEAINIOYUTAEM TaKM€ BbIpa>ke€HUs, KakK

(a < b) and (b < c).
HPMCBOMT In Bblpamelmea =b = ¢ = 17 3HaYeHue 17 BCeM TpeM HepeMeHHblM?

Ma. laxxe mpu TOM, 4TO OnepaTopbl NpucBoenns Python — He BbipakeHus, oH noa-
AepXUBaeT NpOU3BOJIbHOE Cyen/ieHue OepaTopoB NPUCBOEHUA. Mbl He UCTIONb3Y-
€M B KHUTe CLierUIeHHble PUCBOEHUA, MOCKO/IbKY GONbIIMHCTBO NMPOrpPaMMUCTOB
Python cumTaloT 3TO N/IOXOM MPAaKTUKOM.

Mo>KHO T MCITONIb30BATh TOrMYECKUE onepaTopbl and, or M not ¢ onepaHaamu,
TUIT KOTOPbIX HE AB/IAETCA JTOrMYecKuM?

Mla, Ho 3TO 06BIYHO MIOXaA uAes. B aTom koHTekcTe Python monaraer, 4To 3Haue-
HuA 0, 0.0 M mycTas CTpoKa ' ' 03HayaloT False, a Mmoboe Jpyroe YMCI0 MU CTPOKa
O3HayaloT True.

Mo>xHo nu ucnonb3oBaTh apudMeTUIECKME ONEPaTOPbI C TOrMYeCKMMMU Ofle-
paHpamMn?

Ha, HO fle1aTh 3TOro TaKXe He CTOUT. Korza Bbl Mcnonb3yeTte 1orudeckue onepaHabl
¢ apudMeTHHeCKMMM OTlepaTOpaMH, OHM Mpeobpa3yIoTcs B Lie/ble yucia: False B 0
u True B 1. Hanpumep, pe3ynbTaToM Bbipakenus (False - True - True) = True
Oyner 3HayeHue -2 TMMA int.

Sl Mory Ha3BaTh MepeMEHHYIO0 max?

Jla, HO MOTOM Bbl He CMOXETe UCMOJIb30BaThb BCTPOEHHYI0 GyHKuUMIO max(). To
e oTHocuTcA K hyHkumam min(), sum(), float(), eval(), open(), id(), type(),
file() M ApyruM BCTPOEHHBIM QYHKLMAM.



Ynpaxnenus 65

In2ls

1.2.2.

1.2.3.

1.2.4.

1.2.5.

1.2.6.

1.2.7.
1.2.8.

Hpe}.’ll‘lOHO)KMM, 4YTO a U b — Lenble YUCIa. Yro AenaeTr cnenymollas nocie-
JOBAaTE€/IbHOCTb OHCpaTOpOB? CocraBbTe TpaCCUpOBKY 06bEKTHOTO YPOBHA
A1 3TOro BbIYUCIIEHUA.

t=a
b=t
a=>b

CocTaBbTe NporpaMMy, UCNONb3YOLLYI0 GyHKUMM math. sin() umath.cos(),
A NpOBEPKM TOrO, YTO Pe3yNbTaTOM BblpakeHus cos’0 +sin’® saBnsercs
3HayeHMe 1.0 anA moboro 6, nepefaHHOroO Kak apryMeHT KOMaHIHOM CTPOKM.
IIpocTo BhiBeiuTE pe3ynbTaT. [IoueMy 3HaueHUA He Bcerja TOYHO paBHbI 1.07?
[Ipeanono>xum, 4To nepeMeHHble a U b UMeKT TUM bool. O6bACHUTE, MOYEMY
pe3ybTaTOM Bblpa>kKeHUA

(not (@ and b) and (a or b)) or ((a and b) or not (a or b))

ABnserca True?

[TpeanonoxuM, 4To a M b — Lesble YUC/Ia. YIIPOCTUTE CNIeAYIOLLee BbIpaXkeHue:
(not (a < b) and not (a > b))

Yro penaer KaXkAblil U3 ONepaToOpoB?

a. stdio.writeln(2 + 3)

b. stdio.writeln(2.2 + 3.3)

C.stdio.writeln('2' + '3")

d. stdio.writeln('2.2" + '3.3")

e.stdio.writeln(str(2) + str(3))

f. stdio.writeln(str(2.2) + str(3.3))

g. stdio.writeln(int('2") + int('3"))

h. stdio.writeln(int('2" + '3"))

i. stdio.writeln(float('2') + float('3"))

j.stdio.writeln(float('2" + "3"))

k. stdio.writeln(int(2.6 + 2.6))

l. stdio.writeln(int(2.6) + int(2.6))

O6bACHUTE KaXK/blil pe3y/IbTarT.

O6bAcHUTE, KaK UCTTONb30BaTh Mporpammy 1.2.4 (quadratic. py) Ansa nomcka
KBaJIpaTHOTO KOpPHA YMCTa.

Yro penaeT BolpaxkeHue stdio.writeln((1.0+2+3+4) /4)?
[Ipennono>xxuM, 4yTo a uMeeT 3HayeHue 3. 14159, HUro aenaeT ka>kAplil U3 cle-
OYIOLIMX ONEepaToOpOB?

a. stdio.writeln(a)

b. stdio.writeln(a + 1.0)
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c.stdio.writeln(8 // int(a))
d.stdio.writeln(8.0 / a)
e.stdio.writeln(int(8.0 / a))
O6bACHUTE KaX/blil pe3y/bTaT.
1.2.9. OnuiunTte pe3ynbTaT UCMONIb30BAaHUA 3aMUCK sqrt BMECTO math.sqrt B Ipo-

rpamme 1.2.4.

1.2.10. KakoB pe3ynbrat Bblpa>keHus (math.sqrt(2) = math.sqrt(2) == 2)? True
nnu False?

1.2.11. CocraBbTe MporpaMmy, MOTy4aoLLyIo Ba MOJIOXUTE/bHbIX LIe/IbIX YMC/Ia B apry-
MeHTax KOMaHJHOM CTPOKM 1 BBIBOAALLYIO True, eC/iv OHU JenaTca 6e3 ocTaTka.

1.2.12. CocTaBbTe mporpaMmy, MONYYAWILYI0 [Ba MOJOXUTEIbHbIX LE/AbIX YUC-
7a B apryMeHTaX KOMaHJHO# CTPOKM U BbIBOAALLYIO False, ecnu mo6oi u3
HuX 6o/bllle MM paBeH CyMMe ABYX APYrMX, M True B NMPOTMBHOM C/ly4ae.
(ITpumeuanue: 3TOT KO, MPOBEPAET, MOTYT /M 3TU TPU YMUC/IA ObITH AIMHAMU
CTOPOH HEKOEro TpeyroabHuKa. )

1.2.13. KakoBo 3HauyeHMe a Mocje BbIMOMHEHUA KaXKI0i U3 CIeAyIOLMX MOC/Iel0Ba-

Te/IbHOCTEMN:

a =1 a = True a =2
a=a+a a = not a a=a+*a
a=a+ta a = not a a=a~=+a
a=a+ta a = not a a=a=+a

1.2.14. CrypeHT-U3MK NOMY4n/ HEOXKUIAAHHBII pe3y/IbTaT NPy UCIOIb30BaHNM KOfia
force = G *» mass1 » mass2 / radius * radius
A7A BblYMCIeHUA 3HaueHua no popmyne F = Gm m,/r’. O6bsAcHUTe MpobreMmy
1 UCIIpaBbTe KOJ,

1.2.15. TIpennonoxmmM, 4To x ¥ y MMeIOT TuM float U MPeACTaBAAIT KOOPAMHATSI (X, y)
TO4kM Ha [lekapToBoit mockocTi. CocTaBbTe Bblpa>keHMe AJ1 BbIYUCTIEHUA pac-
CTOSAAHMA OT 3TON TOYKU JJO UCXOIHOIA.

1.2.16. CocraBbTe NporpaMmy, oJy4alLyo B apryMeHTaX KOMaHHO CTPOKM [iBa Lie-
JIbIX YMCTIA, @ U D, ¥ BbIBOAALLYIO C/Ty4YaiHOE Lie/Ioe YUC/IO B AMara3oHe OT a Jo b.

1.2.17. CocTaBbTe MpOrpamMmy, BbIBOAALLYI0O CYMMY ABYX C/y4YaifHbIX Lie/IbIX 4YMucCesl
oT 1 10 6 (kak npu 6pocaHuy Ky6mka).

1.2.18. CocraBbTe NporpaMmy, MOJAy4aolyl0 B apryMeHTaX KOMaHAHOM! CTPOKM Ile-
peMeHHy10 t Tuna float ¥ BbIBOAALLYIO pe3ybTaT BbIYMCIEHUSA BbIpakeHUs
sin(2t) + sin(3t).

1.2.19. CocTaBbTe MporpamMmMy, Moay4amliyld B apryMeHTaX KOMaHOHOM CTPOKM
TPpU 3Ha4YeHUA Xy, Vo U t TunNa float U BbIBOJALLYIO pe3y/lbTaT BbIYMUC/IEHUA
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1.2.20.

BbIpaxkeHUA X, + vyt - Gt*/ 2. (IlTpumeuanue: G — 310 KOHCTaHTa 9,80665. ITO
3HayeHMe MepeMelleHUsA 0ObEKTa B METpax Mocje t-i CeKyHAbl CBOOOAHOro
NajieHus OT HayasIbHO MO3ULIMM X IPU CKOPOCTH Vv, B METPAX B CEKYHAY).
CocraBbTe nporpaMmy, NOy4awlyi0 B apryMeHTaX KOMaHJHOM! CTPOKM [iBa
LIe/IbIX YMCNIa, m U d, ¥ BBIBOAALLYIO True, eC/iu IeHb d MecsAlla m IPUXOAUTCA
Ha 20 Mapra u 20 u0HA, 1 False B NPOTUBHOM ciyyae. (3HaueHue 1 nepeMeH-
HOM M COOTBETCTBYET AHBapI0, 2 — (eBpaso U T.1.)

IIpakmuueckue ynpaxcnenus

1.2.21.

1.2.22.

1228231

1.2.24.

Henpepvigro nauucnsemvtii cnoxcuoiit npoyerm. CocTaBbTe NMPOrpaMMy, Bbl-
YUC/IAILYIO M BbIBOAALLYI0 CYMMY JieHel, BbIpyyaeMylo B pe3y/bTaTe MH-
BECTULIMM TNPU 3aJaHHONM HeNpepblBHO HAYMC/IAEMON MPOLEHTHONM CTaBKe.
KonunuecTBo neT f, o0cHOBHaA cyMMa BK/1aja P 1 exxerofiHas NpoLeHTHasA CTaB-
Ka 7 TlepefalTCcsa KaKk apryMeHTbl KOMaH/IHOM CTpOKU. PedynbTupyiolee 3Ha-
yeHue BblYMUCNAeTCA No popmyne Pe™.
Temnepamypa 6030yxa c yuemom énuanus eempa. T — TeMnepaTypa B rpapy-
cax PapeHreiTa; v — CKOpOCTb BeTpa B MUJIAX B yac. HalmoHanbHas cnyx6a
norofs! onpepenseT 3GpdekTUBHYIO TeMnepaTypy Bo3ayxa (C y4eToM BuA-
HMA BeTpa) Tak:

w=23574+0.6215T + (0.4275 T - 35.75) v°'¢
CocTaBbTe porpamMmy, MOJy4yamlyl0 B apryMeHTaXx KOMaHJHOM CTPOKM fiBa
3HayeHus, t ¥ v Tuna float, M BHIBOAALLYIO TEMIIEPATypy BO3[yXa C y4ETOM
BIMAHUA BeTpa. [Ipumeuanue: 3Ta GopMyna HefloMycTUMa, ecu t 6onblue 50
B a6COMIOTHOM 3Ha4yeHuM unu ecm v 6onbiue 120 6o Menblue 3 (moppasy-
MeBaeTCsA, YTO BBOAMMbIE 3HaYEHUA HAXONATCA B 3TOM [Mana3oHe).
ITonspuvie koopourampt. CocTaBbTe NMPOrpaMMy, OCYLLECT-
B/IAILIYI0 NpeoOpa3oBaHMe KOOPAMHAT U3 [leKapTOBbIX
B nosiApHble. [IporpaMma Jo/mKHa NO/MyYaTh M3 KOMaHAHOM
CTPOKM 3HauyeHMA KOOpPAMHAT X M y Tuna float, a BbIBO-
AUTb NONAPHBIE KOOPAUHATHI 1 U 0. Vicnonbayiite pyHKLMIO
Python math.atan2(y, x), BbIYUC/IAIOUIYIO 3HaY€HUE apK-
TaHreHca y/x, Haxojslieecs B IMana3oHe OT -7 10 7.

Ionapnvie
K00 pOuHamuvt

Tayccosvl cnyuatinvie yucna. OfuH cnoco6 co3fpaHmaA C1yyaifHOro Yuca B co-
OTBETCTBMM C pacnpeneneHueM [aycca mogpasymeBaeT ucnonb3oBanue ¢op-
My bl Boxca-Mionnepa

w=sin(2 ®© v) (-2 In u)'?,
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1.2.25.

1.2.26.

1.2%27A

1.2.28.

1.2.29.
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rie u U v — BellecTBeHHble yucna ot 0 u 1, co3gaHHble GyHKUMeIr math.
random(). CocTaBbTe MpOrpaMMy, BbIBOAALL Y0 3HaYEHME COTIACHO CTAHAAPT-
HoMy [ayccoBy pacnpeneneHuIo.
I1posepka nopsodka. CoctaBbTe MPOrpaMMy, MOTYYaIoLLyI0 B apryMeHTax Ko-
MaHJHO CTPOKM TPy 3Ha4eHu4, X, y M z Tuna float, a BbIBOAALLYIO True, eC/in
3HaYeHUs Pacro/o>KeHbl B MOPANKe BO3pacTaHUA uau yObiBaHuA (x <y <z
MU X > y > z), u False B IPOTUBHOM Ciyyae.
Henv nedenu. CocTaBbTe MpOrpaMMy, NOMyYaKoL[yI0 AATY ¥ BbIBOAALLYIO IeHb
Hefleny, BblMafaloLmit Ha 3Ty Aaty. IIporpaMma no/mKHa MOMyyYaTh TPU apry-
MeHTa KOMaHIHOM CTpoku: m (MecsL), d (aeHb) u y (ron). 3HaueHue 1 IepeMeH-
HO m COOTBETCTBYET AHBapIo, 2 — ¢eBpamo U T.A. B BbiBoie 0 COOTBETCTBYET
BOCKPECEeHbI0, 1 — NOHeIEeNbHUKY, 2 — BTOPHUKY U T.A. [I1 T pUropmMaHcKoro
KaJleHAapA UCTIONb3YiiTe Clefytolie GopMybl:
Yo=y-(14-m) /12

X=Yy+y,/4-y,/100+y, /400

my=m+12x((14-m)/12)-2

dy=d+x+(31xmy)/12) % 7
Ipumep. Ha kakoi neHb Heflenu Bbinafaet 14 ¢peBpans 2000 roma?

¥, =2000-1=1999
x=1999+1999/4-1999/100 + 1999 /400 =2483
my=2+12x1-2=12
dy=(14+2483+(31x12)/12) % 7=2500 % 7 = 1 (moHeeNbHMK)

Pasnomeprvie cnyyaiinvie wucna. CocTaBbTe NPOrpaMMy, BbIBOAALLYIO AT paB-
HOMepHbIX ClyyaiHbIX yucen Tina float ot 0.0 go 1.0, ux cpegHee, MMHMMAaIbHOE
U MaKCUMMAJIbHOE 3HAaYEHUA. I/Icnonbsyﬁ're BCTpO€EHHbIE beHKuMM min() umax().
Ipoexyus Mepxamopa. Ilpoexuns Mepkatopa — 3To koHdopMHas (coxpa-
HAIOWAA YI/Ibl) MPOEKLMsA, CONOCTABANIAA WUPOTY G U KOATOTY A C mps-
MOYTO/IbHbIMM KOOPAMHATAMMU X U y. ITO LIMPOKO MUCIONb3YeTCA B HaBUra-
LIMOHHBIX CXeMaX M KapTax, 3akaunBaeMbix 13 Be6. [Ipoekuus onpenensercs
ypaBHeHuAMu x=A - Ay u y=1/2 In((1 + sinQ) / (1 - sin@)), rae A, — gonrora
TOYKM B LieHTpe KapTbl. CocTaBbTe NpOrpamMMy, MOTYHaIOLLY0 U3 KOMaHAHOI
CTpOKM 3HayeHus AQ, LUMPOTDI ¥ JOMTOThI TOYKM U BHIBOASALLASA €€ IPOEKLMIO.
IIpeo6pasosarue ysemos. JInsa npeacTaBIeHUA LiBeTa UCTIONb3YETCA HECKOIb-
ko ¢opmatoB. Hanpumep, ans skpano LCD, undpoBbix kaMep u Be6-cTpaHuLL
ucnoneayerca gopmam RGB, onpenensmwowmit ypoBHu kpacHoro (R), seneHoro
(G), n cunero (B) LiBeTOB LieIOYMCIEHHBIM 3HaYeHUEM B auarna3oHe oT 0 o 255.
Jln4 neyaT KHUT U XKypHanoB ucnonbayercsa gopmam CMYK, onpenenawoLmit
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1.2.30.

1.2.31.

1.2.32.

ypoBHu cunero (C), kpacHoro (M), xentoro (Y) u yepHoro (K) uBertos BeLie-
CTBEHHbIM 3HadeHueM B Auana3oHe ot 0.0 go 1.0. CoctaBbTe Nporpammy, npe-
o6bpasyouyto 3HayeHnss RGB B CMYK. [TepenaBaitTe B KOMaHAHOI CTPOKe TpU
Lle/IbIX YMCa, I, g U b, a BbIBOAUTE 3KkBUBaieHTHbIe 3HaYeHnsa CMYK. Ecim Bce
3HayeHusa RGB paBHbl 0, To 1 Bce 3HaueHusa CMY paBubl 0, a 3HayeHune K — 1;
B IPOTUBHOM C/Ty4yae UCTONb3YNTe crenyoLime GopMybl:
w=max (r/ 255, g/ 255, b/ 255)

c=(w-(r/255))/w

m=(w-(g/255))/w

y=(w-(b/255))/w

k=1-w
Bonvwas oxpysmrnocms. CocTaBbTe NPOrpaMMy, NONYYaoLyl0 B KOMaHIHOM
CTpOKe YeTblpe apryMeHTa, x1, y1, x2 u y2 tMna float (wmpoTta u gonrora
B rpajiycax ByX TodekK Ha rnobyce), 1 BbIBOAALLYIO A/IMHY GO/BILOA OKpPYX-
HOCTM MeXAy HUMM. [[n11Ha 60/1bLI0 OKPYXKHOCTHU d (B HABUraLlMOHHBIX MU-
NAX) OnpefenseTcs CefyIolUM ypaBHEHUEM:
d =60 arccos(sin(x,) sin(x,) + cos(x,) cos(x,) cos(y, - y,)).

O6paTtuTe BHMMaHMe, YTO 3TO YpaBHEHUE UCNONb3YeT IPajychl, @ TPUTOHO-
MeTtpuyeckue ¢yHkummu Python — papmansbl [Ins ux npeobpasoBaHus uc-
nonb3yire GyHKUMM math. radians() u math. degrees(). Vicnone3yiite cBoKO
NporpamMMmy Ajs BbIYMCIEHUA JIMHBI 60/bILON OKpY>KHOCTH MexAy [Tapmkem
(48.87° N n -2.33° W) u Can-®panuucko (37.8° N u 122.4° W).
Copmuposxa. CocTaBbTe NpOrpamMMy, MOAYy4aIoLIYI0 B apryMeHTaX KOMaHJ-
HOM CTPOKM TPM Lie/IbIX YMC/Ia M BBIBOAAILYI0 UX B MOpAAKE BO3pacTaHUA.
I/Icnonbsyme BCTpO€EHHbIE (byHKunM min() u max().

Kpuevie Opaxora. CocTaBbTe NpOrpaMMy, BBIBOAALLYIO — F
MHCTPYKLMM 10 PUCOBAHMIO KPUBBIX APaKOHa B I1O- ._I FLF
panxe ot 0 1o 5. VIHCTpyKuumu — 310 CTpOKM F, L 1 R,

rZie CUMBOJ F O3HAa4aeT ‘HapUCOBATb TMHUIO Ha OIHY I:I FLFLFRF
eIMHULY Briepef ; L — “IOBepHYTb HajeBo’; R — “mo-

BEpHYTb HampaBo’. [IA co3faHuA KpUBOWM ApaKoHa
n-ro nopsAaKa cloXxumre 6yMakHyIo 0/10CKY TOMo/aM FLFLFRFLFLFRFRF

n pa3, a 3aTeM pa3BEepHMTE ee TaK, YTOObl BCe YIJbl
6b11 pAMbIMU. []7151 pelieHns aToi 3aaun obpatuTe
BHMMaHMe Ha TO, YTO KpMBas MOPAAKA N — 3TO KpU-
Bas MOpsAfKa 1 - 1, 3aTeM L, 3aTeM KpuBas nopsaka n - 1, paspepHyTas B obpat-
HOM MOpAJIKe, a 10C/Ie MpeCTaBbTe MOJ0OHOe OMMcaHue A1 06paTHONM KPUBOMA.

Kpuevie opaxona 0-, 1-,
2- u 3-20 nopaoxos
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%4 1.3. YcnoBHbIe BHIpaXKEHMA U LMKIBI

B nporpammax, paccMOTpeHHbIX
Ha HACTOALLMI MOMEHT, KaXKbIi U3 omne-
= ’ & IMTporpamma 1.3.1. Open unm pelika
pPaTOpOB BbIMONHAETCA TOJIBKO OJHaX- R 73
Abl, IpUYeM MO NopAAKY. bonblumHCcTBO

IIpozpammuvt amozo pasdena...

ITporpamma 1.3.2. Bawu nepBblit LMKN
nporpaMMm Kyjaa C/I0)KHEE, IOCKOJIbKY (tenhellos. py) 76

MOCACAOBATENLHOCTD ONIEPATOPOB M KO- 1y rpamma 1.3.3. Berumcmrenbhble
IMMECTBO MX BBIMOTHEHMN MOTYT M3-  crepepeit uucna 2 (powersoftwo. py) 77
MeHATbcA. [[nA onmucaHuUs U3MeHeHUs Tporpamma 1.3.4. Baw nepsbiit

MOpAAKa ONepaTOpOB B MPOTPaMMe Mbl proxeHHbIH LUK/

MCNIONIb3YeM TEPMUH KOHMPOAb NOMOKA  (divisorpattern.py) 83
(control flow). B atom paspene mMbl 03-  TIporpamma 1.3.5. FapMoHUUecKHe
HaKOMMMCHA C OollepaTopaMi, Mo3BOAK- yucna (harmonic. py) 86
LIMMU U3MEHATDb MOCneaO0BaTE/IbHOCTDb Hporpamma 1.3.6. Meton HeloToHa
BbIMO/IHEHUA Ha OCHOBAaHMUM JIOTMKM  (sart.py) 87
M 3Ha4Y€HUA MEPEMEHHBbIX MporpaMmbl.  IIporpamma 1.3.7. [Ipeobpa3oBanme
3TO OCHOBHblE KOMIIOHEHTbI POrpaM- B ABOMUHbIA Gopmar (binary. py) 89
MUPOBaHUA. IMporpamma 1.3.8. Mogenb pa3openus
KoHkpeTHO Mbl paccMOTpUM onepaTo- urpoka (gambler. py) o1
pbl A3bika Python, peanusyroume ycnos-  Ilporpamma 1.3.9. PasnoxeHue

Hole svipaxcenus (conditional), rie Hekne ~— HA MHOXMTEM LIE/IbIX HUCEN
[pyrie OMepaTopbl MOTyT 6biTh BhIMOA-  (12CtOTS.PY) 93
HEHbI M/IU He BBITMOJIHEHbI B 3aBUCUMOCTH
OT OMpefieNIeHHbIX yCIoBuMit, U yukavt (loop), rae Hekue Apyrue ornepaTopbl MOryT ObITb
BBINO/IHEHbI MHOTOKPATHO, OMATb )€ B 3aBUCMMOCTM OT OMNpefeNeHHbIX ycnouit. Kak
6yneT MpoAeMOHCTPUPOBAHO B MHOTOYMC/IEHHBIX MpUMepax 3TOrO pasfiefia, YC/IOBHble
BbIP@XKEHMA U LIMKJIbI MO3BO/IAIOT MCMO/Mb30BaTh BCIO MOLUb KOMIBIOTEPA AJIA pelieHus
MPOrpaMMHBIM CIOCOOOM LIMPOKOro pasHooOpasus 3aiay, KOTOpble jaxke He CTOWIO bl
TaTbCA pellaTh 6e3 KOMIbIOTepa.

Onepatop if. B 60/1bIUMHCTBE BbIYMCIEHN /1A Pa3HbIX UCXOAHBIX JaHHbBIX Tpe-
6ytotcs pasHble AencTBuA. OQHUM U3 CIOCOOOB BbIpa)XKEHMA ITUX Pa3/INymii B A3bIKe
Python sBnsercs onepartop if:

if <normyeckoe Bsupaxenne>:
<onepartop>
<onepartop>

Ota ¢opma 3anmcy u3BeCTHa Kak wabnon (template) u ucnonbsyercsa ansa onmca-
HuA popMaTa KOHCTPYKLMI A3bika Python. B yrnosbix ckobkax (<>) mpuBOAAT yxke
omnpefie/leHHYI0 KOHCTPYKLMIO, O3Hayas, YTO B 3TOM MeCTe€ MOXHO MCIO/b30BaTh
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no6oit ee ak3eMnnAp. B JaHHOM ciyyae <noruueckoe BspaxerHue> NpefCTaBNAET Bbl-
pakeHue, BO3Bpalljaiolliee pe3ynbTaT JIOTMYECKOTO THUMA, TaKoe, HalpuMep, Kak ore-
paTop cpaBHeHMs, a <onepaTop> NpeACTaB/AeT BbIMOJHAEMbIi oneparop (3TO MOTyT
ObITb caMble pa3Hble onepaTopbl). BriosHe MOXxHO 6b1N10 6bI cenaTh U popMabHbIe
onpefeneHUs A/ 371€MEHTOB </0rM4ECKOE BHPAXeHne> U <onepaTop>, HO Mbl BO3-
AepXMBaeMcs OT Mepexoja Ha TaKoyl ypoBeHb AeTanu3auuu. CMbicn omepaTopa if
BIOJIHe oueBufeH: Python BbIMONHAET OMepaToOpbl C OTCTYNOM, €C/IM U TOMbKO €C/N
noruyeckoe BblpakeHue UCTMHHO. Habop onepaTopoB ¢ OTCTYNnoM Ha3biBaeTcs 6710-
xom (block). [TepBas cTpoka 6e3 oTcTyna oTMevaeT KoHel 6110ka. bonbumMHcTBO Mpo-
rpammucToB Python ucnonbsywT gns orctyna yersipe npobena.

[Ipeanonoxum, HanpuMep, YTO HEOOXOAMMO BBIYMCIUTb aGCOMOTHOE 3HaYeHue
LIeJIOro Yuca x. ATy 3afiaqy pelaeT clefyoLmit Koa:

if x < 0:
X = =X
(A MMeHHO: ecniM 06'beKT, Ha KOTOPBIN CChIIAETCA Mepe- Noruyeckoe
BblpaX
MeHHas X, COePXXUT OTpULIaTe/IbHOe 3Ha4YeHue, NepeMeHHas & | S
X MPUBSA3BIBAETCA K HOBOMY OO'beKTY C aGCOMIOTHBIM 3Have- if[x > yk
HUEM MPEeXXHEro.) fao temp = x
NOK _

B kauecTBe BTOPOro npumepa pacCMOTPUM CeAYIOUWMA  ongpatopos | zemp
KOI;
if x > y: AHnamomus onepamopa if

temp = X

X =Y

y = temp

OTOT KOJ| pacrnonaraeT 3HaueHus MepeMeHHbIX X U y B NOpAAKe BO3pacTaHus, 06-
MEHMBas UX CChI/IKAaMM Ha OO'BEKTHI B C1yyae HEOOXOAMMOCTM.

BonbLMHCTBO Apyrux cOBpeMeHHbIX A3bIKOB IPOrpaMMUPOBAaHUA UCTIO/Ib3YET He-
KMt MEXaHU3M pasrpaHuyeHus 6710KOB OnepaTopoB (TakKoit, KaK 3aK/Il0YeHue onepa-
TOpOB B purypHble ckobku). B sa3bike Python eaxen pasmep omcmyna kaxdoii cmpo-
Ku, MO3TOMYy Heo6xoAauMo obpaliaTh Ha HUX BHMMaHue. CpaBHUTe, HapUMep, ABa
cnepymolmx ¢parMeHTa Kofja, HEMHOTO OT/IMYAIOLMXCA TONIBKO OTCTYIOM:

if x >= 0: if x >= 0:
stdout.write( 'not ') stdout.write('not ')
stdout . writeln( ' negative') stdout.writeln('negative’)

Kop onepartopa if cneBa uMeet 6710k ¢ OHUM ONEPATOPOM, COMPOBOXK/AAEMbIit ApY-
MM OMepaTopoM; KOJ onepaTopa if crpaBa uMeet 6710k ¢ ByMs onepatopamu. Ecnu
3HayeHMe x Gosblue uaM paBHO 0, TO BBIBOAATCA 06a ¢parMeHTa, not M negative.
Hanporus, ecnu 3Hauenme x meHbuie 0, KOJ C/eBa BbIBOAMT TO/bKO negative, a Koj
crpaBa He BHIBOAUT BOOOLIE HUYEro.
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IupextuBa else. K onepatopy if MOXHO A06aBUTb AMPEKTUBY else, MO3BOJIAI0-
IYI0 BBIMOMHUTb OAMH ornepaTop (Mnm 610K OrnepaTopoB) B OHOM Clyyae, a ApYroit
omneparop (unu 610K onepaTopoB) — B APYroM, B 3aBUCMMOCTM OT UCTMHHOCTYU UIIN
JI0O>)KHOCTY pe3ynbTaTa TOrMYeCKOro BblpaXceHuA, KaK B CefiyiolieM 1aboHe:

if <noruyeckoe swpaxeHue>:
<6nok oneparopos>
else:
<610k 0nNeparopos>

B kayecTBe npumepa HEOOXOAMMOCTY B AMPEKTUBE €lse pacCMOTPUM ClIeAYIOLMIA
KOJI, MPUCBaMBAKOLMII MaKCUMaJIbHOE U3 3HaYEeHUI ABYX MepeMeHHbIX TUMa int nepe-
MeHHOIt maximum. (A/IbTepHaTMBHO TOT XK€ Pe3y/IbTaT MOXKHO MOJYYUTb MPU BbI3OBE
BCTPOEHHOM (yHKLMM max().)
if x > vy:

maximum

else:
maximum =y

1}
x

Korpa 6710k if uam else COAEP>KUT TONBKO OAWH ONEpaTop, ANA KPaTKOCTH €ro
MO>XHO [MOMECTUTD B TOI )K€ CTPOKE, YTO U K/IKOYEBOE C/IOBO 1f uam else, Kak B Tpe-
Tbeit 1 YeTBEPTONM CTPOKAX TaGNuLbl, MPUBEAEHHON HIUXe.

TunuyHble NpUMepPbl UCTIONH30BAHUA ONEPATOPOB if

A6COMOTHOE 3HaYEHUE if x < 0:

X = =X
CopTtupoBka x 1 y if x > y:
temp = x
X =y
y = temp
MakcumanbHoe cpeam if x > y: maximum = x
Xny else: maximum = vy
[Iposepka gonyctumoctu if den == 0: stdio.writeln('Division by zero')
onepaulumu ocTaTka else: stdio.writeln('Remainder = ' + num %

den)
[TpoBepka gonyctuMocTn discriminant = bxb - 4.0xaxc
3HayeHMi KBAIpaTUYHON if discriminant < 0.0:
dopmy el stdio.writeln('No real roots"')
else:
d = math.sqrt(discriminant)
stdio.writeln((-b + d)/2.0)
stdio.writeln((-b - d)/2.0)
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Ipozpamma 1.3.1. Open unu pewxa (flip. py)

import random
import stdio

if random.randrange(0, 2) ==
stdio.writeln('Heads")
else:
stdio.writeln('Tails")

Ota nporpamMMa MoenMpyeT 6pocok MOHeTbI, Majawouieit opnom (Heads) unu
peuikoit (Tails), B 3aBUCMMOCTM OT pe3ynbTaTa BbI30oBa QyHKUMM random.
randrange( ). Pesynbrathl 6yAyT HanmOMMHATb TaKOBble MpU GpOCKax peanbHOM
MOHETbI, HO B JIe/AICTBMTENIBHOCTM 3Ta MOC/IENOBATENbHOCTb PE3yNbTaTOB He a6-
COJIKOTHO CyyaiHa.

% python flip.py
Heads
% python flip.py
Tails
% python flip.py
Tails

Bot gBa apyrux npumepa ucnonb3oBaHMsA KOHCTPYKUmit i f u if-else. 3Tu npume-
pbl TUMTMYHBI /1 TIPOCThIX BBIYMCIEHU, KOTOPbIE Bbl, BEDOATHO, IPUMEHUTE B CBOUX
nporpamMMax. Ycl0BHbIe ONepaTOpbl — OCHOBAa MporpaMmupoBanus. ITockonbky ce-

manmuxa (CMbIC/T) ONEpPAaTOPOB MOAOOHA UX 3HAYEHMIO B OOBIYHOM SA3bIKe, Bbl OBICTPO
K HUM NpUBbIKHETE.

if x > y:
maximum = x
else:
maximum = y

I maximum = x][ maximum = yl

IIpumepbor 610K-cxem ¢ UCNONb308aHUEM 0NEPAMOPOs 1 f

[Tporpamma 1.3.1 (flip. py) NpMBOAUT ApPYroi Npumep UCMONb30BAHUA KOHCTPYK-
uMn if-else, B JaHHOM ClyYae A/A MOAenMpoBaHusA Gpocka MoHeThl. Teno mpo-
rpaMMbl — OfIMH OIeE