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[lpeducriosue

Bce nauanocs ¢ Toro, uro serom 2002 rosa s OKOHYATEIBHO pa3odyapoBaics B si3bIke php, Ha
KOTOPOM B TO BpeMsl JI0BOJIbHO MHOro nucai. Crenuanu3upoBaics s Ha BEO-IPOrpaMMUPOBAHUH,
MI03TOMY BbIOOp MHCTPYMEHTA OBbLI B OOILIEM-TO JIOTUYHBIM, HO MPU pa3pabOTKe KPYIHBIX IPOEKTOB
php nokassiBan ce0si 1aJIeKO He ¢ JIydllled CTOPOHBL: CKa3blBAJIOCh OTCYTCTBUE CPEJICTB KACKaIHON
00pabOTKH UCKITIOUEHHH, MHOKECTBEHHOI'O HAC/I€I0BaHMsI ¥ IPOCTPAHCTB UMEH.

Kopoue, php mMeHs He ycTpauBan M MO INPAKTHUECKUM COOOPaKEHUSM, U C TOUYKU 3PEHUS
uaeonoruy. Kak roBOpUTCS, HHUYTO Tak HE OTPaHUYMBAET IOJET MBICIH IMPOTrPAMMHMCTA, Kak
KOMIWJISTOP/MHTEPIIPETATOP.

S Hawan uckaTth anpTepHaTuBY php. Jlo php MHe mpuxoamnoce paboTaTh C S3BIKOM perl,
KOTOpPBbIII MEHsl He yCTpauBaj MO TeM e npuuuHaMm. C++ Toxe He caMblil yOOHBIN SI3BIK IS
pa3paboTKu Web-IpUI0KEHUH, T.K. CTOMMOCTb BJIAJCHHUS TAKUMU TPHIOKEHUSIMH JIOBOJIBHO
Benuka. U BoT st HaTkHyJcs Ha [Tuton (Python, http://python.org).

Wnero ncnons3zoBanus Ilurona noaxsarun JImurpuii bpedanos, MO 3HAKOMBIH, C KOTOPBIM
MBI OYEHb MPOJYKTUBHO NEPENHCHIBAIIUCH, U OOMEHUBAIUCh KHUramMu. OH JIOBOJBHO OBICTPO
ocBows [IMTOH M ymyzapsicsi mUcaTh Ha HEM Jaxe s CBOETo «HalaJoHHHMKa» Psion. OH ke
NpUCIIa MHE TI0 3JIEKTPOHHOM mourte cchlUiky Ha caifT mpoekta «How to think like a computer
scientist. Learning with Python» (http://greenteapress.com/thinkpython/). Kaury s mpounran Ha
OJIHOM JIbIXaHMH, MEHS MOpa3uil crnocol nojaayu matepuana. Hampumep, noHsTHe peKypcuu B 3TOMN
KHUT€ BBOJUTCSI PAaHbIIE CHHTAKCUYECKUX KOHCTPYKIUM, peaau3yroIIUX LHUKIbI, IPUYeM O4YeHb
HOHSATHO U 3JIETAHTHO. B IIKOJIBHBIX k€ MporpaMmax peKypCHUBHBIE alTOPUTMbI OOBIYHO BBIHOCSTCS
B Pa3psil OJMMIIMAJHBIX 3a1a4.

OKOHYATEIBHBIM TOJIYKOM MOCTYKUJIO TO, YTO S Ha4yasl MPEnojaaBaTh KOMIBIOTEPHBIE KyPChI
B ¢onae «MuTemnekT-kiryo» s nereid B Bo3pacTe oT 9 mo 13 meT. DKCIepuMEeHTHI ¢ MacKalieM
ObUTH HEYIOBJIETBOPUTEIBHBIMHU, T.K. IPUXOIUIOCH OTBJICKATHCS Ha TOHKOCTU pean3allii TUTIOB U
pa3iuuHble OTPaHWYEHUS, MPUCYIIHE ITOMY S3bIKY, OTBIEKAsCh OT CYTH IPOrpaMMHUPOBAHUA.
Hcnonb3oBate C++ 4 gake He TbITANCA, T.K. OH enle cioxHee. Ha momours onsate npumien [uton.
Xotenock Obl MOOJIArOAAPUTH HMCIOJHUTENBHOIO aupekropa (onHnma, Pemsx Anzapesi, KOTOpBIH
MPEIOCTABIII MHE MOJTHYIO CBOOO/Y, MTOOIIPSISI MOU IKCIIEPUMEHTHI.

Jiist Toro 4yTOOBI OBITH YBEPEHHBIM, YTO HUYETO HE YIyCTWI, s MOMPOOOBA APYTOM S3bIK —
Ruby (caiiT mpoekTa http://ruby-lang.org/en/), Ho Bckope BepHyics kK Ilurony. Ruby, kak u perl,
n300MITyeT KOHCTPYKLIHUSAMH, KOTOPBIE CITIOCOOHBI YUTATh TOJIBKO «TYPYy», YTO COBCEM HE IMOMOTaeT
HaYMHAKOIIKM OporpaMMmucTam. Jla u B rmiane kojamdecTBa Moysiei [IuToH ero moka mpeBoCXOauT.

YToObl 1eTH MOIJIM 3aHUMAThCS CaMOCTOSITENbHO, 51 peui nepeBectu KHUry «How to think
like a computer scientisty». Ho B mporecce mepeBona y MEHsS IMOCTOSHHO BO3HUKAJIO JKEIIAHHE
JIOTIONIHUTh €€ CBOMMM COOCTBEHHBIMHU WJESIMHU, NIEPECTaBUTh MECTAaMH TJIaBbl, YTOOBI M3JI0KEHUE
MaTepuaia 0b110 60see JoruuHbIM. boree Toro, si 0OOHapYyKMUJI MHOKECTBO CIIOPHBIX MOMEHTOB. B
KOHEYHOM HTOTE 51 B3sUICS 3a CBOI COOCTBEHHYIO KHHUTY, OCHOBaHHYIO Ha «How to think like a
computer scientisty», HO ¢ JOMOJTHEHHUSIMHU U HUCIpaBICHUAMU. MOXHO CKa3zaTh, 4YTO 3TO
PYCCKOSI3bIYHAS PEAAKIMS WIH OTBETBJICHUE OT MPOEKTA.

KHura nomy4yusiace HEMHOIO CIIOXKHEE, YEM IUIAHMPOBAJIOCH: B IIEJIOM OHA COOTBECTBYET
YPOBHIO CTapIIMX KJIaCCOB U HaudalbHBIX KypcoB BY30B, HO M MIIa[IIEKJIIACCHUKN TIPU TOJACPKKE
IPEernoIaBaTess TOKE CMOTyT 6e3 0co00ro Tpyla OCBOUTH MaTe€pual KHUTH.

Jannas kaura pacrpoctpansiercs no aunensun OPL (http://www.opencontent.org/openpub/)
¢ orpannueHueM VI-B. D10 o3HavaeT, yTO TEKCT JaHHOM KHUTM MOJKET HCII0JIb30BaThCs CBOOOIHO
B JIFOOBIX LIETISX, 3a UCKIIIOUEHUEM KOMMEPUYECKHUX.
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PaszymeeTcs, HEeKOMMepUYECKHEe KOIHH JIOJDKHBI PACIIPOCTPAHATHCS BMECTE C JIMIIEH3UeH 1 0e3
W3MEHEHUs aBTOPCTBA KHUTH. B octamsHoM Bam npenocrasnsercs monnas ceoboza. Take it. Use it.

)
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brnazooapHocmu

JlanHasi KHUTA PACTIPOCTPAHSIETCS TaK ke CBOOOHO, KaK U ycTHas peub. [loaToMy oHa Tak ke
CBOOOJIHO pa3BUBAETCs, 0€3 OrpaHWYCHUN KaKUMU-ITHO0 nureH3usmu, kpome OPL. Drta kuwura
IosABUJIaCh BO MHOT'OM 6naronap${ BKJIagy J'IIOI[@fI, MNEPCUUCIICHHBIX B JAHHOM CITMCKE:

* bpeuanoB [Imutpuii
e Illisakos Jmutpui
* Bonomwun EBrenmit
* Otkupau [enuc

* benbueHKo AnekcaHap
* Pynckux Bsauecnas
* Omuuyk Avapei

* Yypanos Muxaun

* Ilymmnun Cepreit
* JlurBuHoBa Enena
e JlunanuH AHTOH

* XKyxkos bopuc

Bonpimoe cnacmbo sHTy3MacTaM JABMKEHUS CBOOOJHOTO IPOTPaMMHOIO 00ECIeYeHUs
(http://opensource.org/), >KUBYLIMM MO BCEMY MUPY, 3a TO, UYTO OHH JIEJIAIOT.

OtnenpHass ~ OnaroJapHOCTh  MPOCKTHOW  KOMaHAE  OTKPBITOrO  O(QHCHOrO  TaKera
OpenOffice.org (http://OpenOffice.org/, http://OpenOffice.ru/) 3a xopomuii NpoayKT, B KOTOPOM U
ObUIa HanMcaHa 3Ta KHUTa.
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BeeldeHue

B wikone yuumenvhuya cnpawiugaem y4eHuKos, Kem
pabomarom ux pooumenu. Pyky manem oesouka:

— Y mena nana ooxkmop.

— Omo xopowasa npogheccus, — 2060pum yuumenpHuya.
— A y mena nana 6ooumenvb, — X6aACmMaemcsa 0OUH U3
Manvuuuiex.

— Kakas unmepecnan npogeccun. A uem meoii nana
3anumaemca? — cnpawmusaem yuumenvnuya Bosouxy,
HA YmMo Mmom HeeO3MymuMo omeeuaem:

— OHn 6 bopoene na nuanuno uzpaem.

Yuumenvnuua 6 woke; ¢ mom sce oenv ona uoem K
Bogouke 0omoit u éo3mywienno zoeopum omuy:

— Kak 6bl mosceme 6 maKkux ycioeusax 60CHUmMbleamy
peodenka?! Bl 0eiicmeumenvno uzpaeme Ha NUAHUHO 8
oopoene?!

Ilana Boeouku cmyuienno:

— Buoume nu, a npocpammucm. Cneyuanusupyrocs Ha
cemsax TCP/IP, nuuy pacnpedeneHnnbie cemegvle
npunoxcenusn onsa onepayuonuvix cucmem UNIX, no
KaK 3mo 00vbACHUMb cemuniemHemy Manvuyany?

[Ipodeccuss mporpamMmmucta (ma u JIr0OOTO APYrOoro KOMIBIOTEPHOTO CHEIHMAJINCTa) CO
CTOPOHBI, ObITh MOXET, BBITJIAUT HECKOJBKO 3arajiouHo. «Uem sty mroau 3aHumarotcsi? Cumsr
LEJNBIMU THAMHU Y KOMITBIOTEpA U PACCKA3bIBAIOT APYT APYTY CTPAHHBIE aHEKJIOThD) — €Ill€ HEJIaBHO
Tak paccyxjaano OonbminHcTBO. HO Ha cerogHsmHuii JeHb MHQPOPMALMOHHBIE TEXHOJOTUU
MIPOHUKIIU MPAKTUYECKH BO BCE CeEphl AATEILHOCTH YEJIOBEKa: OT TaKUX YK€ MPUBBIYHBIX BEIIEH,
KaK MOOWJIbHBIE Tene(OHBl, A0 KOCMHUYECKUX TexHojoruid. KommbroTepbl ympomaioT padoTy ¢
JIOKYMEHTaMH U IOMOTAaI0T ONTUMU3UPOBATh OM3HEC-TIpoliecchl. biarogaps HUYeM He PUMETHBIM
JIOJSIM, TIPOCHKHUBAIOIINM 32 KOMITBIOTEPOM HOYHM HAIMpPOJIET, Mbl MOKEM OOIIAThCA B pealbHOM
BPEMEHH C JIPY3bsIMH U OU3HEC-IAapTHEpaMU, HAXOISAIIMMHUCS B JIOOOH TOYKE MHpa C TIOMOIIBIO
uHTepHeTa. J[3eH-OyiaucTel roBopsT: «PaboThl MacTepa HE BUAHON.

JlaHHas KHHTra CTaBUT LEJNbI0 HAYYUTb HE IPOCTO IUCATh MPOrpaMMbl, HO U AyMaTb Kak
KOMITbIOTepHBIN crnenuanuct. [logoOHbI crmoco® MblIeHus coudeTaeT B cebe  MOJIXOb,
UCTOJNb3yeMble B MaTeMaTWKe, €CTeCTBEHHbIX Haykax M HWHXeHepHoM pene. [lomoOHo
MaTeMaTHKaM, KOMIBIOTEpHBIE CIEHUAINCTBI UCTIONB3YIOT (hOpMalIbHBIC S3bIKU JIJISl 3aIMCH UACH,
QITOPUTMOB M olepauuii Hajx crenupudeckumMu oObekTamu. [lomoOHO WHXEHepaMm, OHH
MPOCKTUPYIOT OOBEKTHI, COOMpasi pa3TUIHbIE KOMIIOHEHTHI B CUCTEMBI, U BHIOMPAIOT PEIICHUS U3
BO3MOXXHBIX  anbTepHaTtuB. [logoOHO ecTecTBOMCHBITATENSIM, OHM H3Y4YalOT IIOBEJICHUE
KOMIIJIEKCHBIX CUCTEM, CTPOSIT TUIIOTE3bI, CTABAT SKCIIEPUMEHTHI.

OtnenpHBIA HanbOosee Ba)XKHBIA HABBIK KOMITBIOTEPHOTO CIICIMAIMCTA — YMEHHUE peIIaTh
3aaud. DTOT HaBBIK MOAPA3yMEBAET CIIOCOOHOCTh MX (HOPMYJIUPOBATH, TBOPUECKH MOAXOIUTH K
MOKMCKY BO3MOXHBIX PEIICHUI M YeTKO M3J1araTh BeIOpaHHBINM BapuaHT. Kak oka3biBaeTcs, mporiecc
o0ydeHus MPOrpaMMUPOBAHMIO SIBIISIETCS MPEKPACHON BO3MOXXHOCTBIO BBIpaOOTaTh BCE OTH
YMEHHS.

Wrak, npuctynuM. [logpoOHoe omucHue mpolrecca yCTaHOBKM MHTeprperaTopa [lutona u
BCEro, YTo BaM MOTpeOyercss A paboThl C KHUIOM, MOXKHO IPOYECTh B CIEAYIOIIEM pa3Jiele.
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PexomenayeTcsi 03HaKOMHUTBCSI ¢ HUM TIPEXK/IE, YEM TMEPEXOAUTh K M3yUECHUIO TIEPBOM TIIaBbI, YTOOBI
y Bac HE BO3HHUKaJO MpoOjeM B Mpolecce OCBOeHMs Mmarepuana KHUrd. Ho He 3a0miBaiiTe, 4TO
IJIABHOE — 3TO JKeJIaHUE YYUTHCS, YMEHUE 33/1aBaTh BOIPOCHI U UCKATh HA HUX OTBETHI.

§0.1. basosbie 3HaHus

Jlns Toro, 4ToObl OCBOMTH MaTepuai JaHHOM KHUTH, OT Bac MOTPeOyrOTCs 0a30Bble HABBIKU
paboThl ¢ KOMIIBIOTEPOM, @ UMEHHO:

* Pabota ¢ daiinamu u nankamu (AUPEKTOPUSIMH);
* 3amycK mporpamm;
* PenakTupoBaHue TEKCTOBBIX (DAiJIOB;

* Ecnm y Bac Ha komnbioTrepe ycraHoBieHa UNIX-cucrema, To OyzeT o4eHb MOJIE3HO YMETh
paboTaTh B KOHCOJIH;

* Pabora B MHTEpHETE — TaM MO>KHO HaliTH MHOTO 10JIE3HOW HH(pOpMaLNH;
* O4eHb NPUTOIUTCS XOTs ObI 6a30BOE 3HAHHME AHTITMHACKOTO SI3BIKA.

Nwmetite BBHay, uto oducHbeie makeTbl (MS Office, OpenOffice.org, StarOffice u um
NoJO0HBIE) B MPOrPaMMHPOBAaHMM BaM He MOMOryT. IIporpamMMbl HaOMpAIOTCS B TMPOCTHIX
TEKCTOBBIX penakropax Tumna MS Notepad (oH ke B10KHOT).

Xopo10, eciau Bbl 3Ha€Te, YTO TAaKOE JBOMYHBIN KOJ MU yMeeTe NepeBOIUTh YKCia U3 OJHOM
CHCTEMBI UCUUCIICHUS B JIPyTyI0, BCEMY 3TOMY OOBIYHO y4aT B IIKOJIBHBIX Kypcax HH(POPMaTHKH.

HeBaxxHo, kakast oneparioHHasi CHCTEMa yCTaHOBJIEHA y Bac Ha KomrbioTepe — [IutoH numeet
peanu3alMM TOJ| Bce camble pacnpocTpaHeHHble Imiargopmer: Windows, UNIX (GNU/Linux,
FreeBSD u ap.) u naxe manas Mac OS X. Bonee Toro, mporpammbl, HamvCaHHbBIE B OJHOM
OTIEPALIMOHHOM cucTeMe, OyIyT YCIEHIHO BBIOMHATHCS B JIIOOOW Jpyrod MNpHU HAIHYUH
yCTaHOBJIEHHOTO HHTeprperaTopa [Tutona!

[luToH BXOAMT B KOMIUICKT TMOCTaBKH OoibIuHCTBA MucTpuOyTnBoB GNU/Linux, HO He
dakTt, yTo 3TO TOCHenHAS Bepcus. [loaToMy CTOMT Bce-Taku 3aryisHyTh Ha cTpaHully [lutona u
03HAKOMUTBCS ¢ HOBOCTSMH. IIuTOH, Kak M OOJBIIMHCTBO MPOEKTOB COOOIECTBA Open source,
pa3BUBaeTCs OYCHb AWHAMUYHO. HacToATenbHO PEKOMEHIYEeM IO0Jb30BAaThCsl WHTEPIPETATOPOM
[lutona Bepcum 2.3.3 WM BBIIE — B OTOM peiau3e ObUIM HCIPABICHBI OIMMUOKH, KOTOPHIC
3aTpyIHSUIA HAITMCaHUE HEAHTJIOSN3bIYHBIX TPOTPAMM.

Tenepp paccmoTpum Oosee MOAPOOHO TMpoliecc YCTaHOBKM HHTepnperatopa [lutona B
pa3IMYHBIX OMEPAIMOHHBIX CHCTEMAaX.

§0.2. e docmamb uHmepripemamop s3bika [TumoH?

Wutepnperarop s3pika [InTOH pacnpocTpaHseTcs CBOOOIHO HAa OCHOBAHWU JHIeH3un Python
Software Foundation (PSF) Licence (http://python.org/psf/license.html), xotopas, B HekoTOpoMm
pone, naxe Oomee pgemokparmuna, dvemMm GNU GPL (GNU General Public License:
http://gnu.org/copyleft/). Odunmansublii caiit nmpoekrta si3pika [IuToH pacmonaraeTcst mo aapecy
http://python.org/. 3nech ke B pasaene «Downloads» MOXHO CkadaTh CBEXKYIO BEPCHIO JUIsl BAIICH
oneparmonHoi cuctemsl. g UNIX-ogo0HbIX cucTeM JUCTPUOYTUB HHTEpIpeTaTopa UMEETCs B
JIBYX BapHaHTax: B UCXOAHBIX KOJax (apXuB .tar.gz), B BUAE rpm-mnakera (.rpm, .src.rpm,
cOOpaHHBIX JJIs BAIlIeTO TUCTPUOYTHBA) WK MakeTa .deb (s quctpuOytrBa Debian Linux). J{ms
OC Windows ckauaiiTe exe-daii, B KOTOPOM yMaKOBaHbl CaM HWHTEPIIPETATOp W Mporpamma
YCTaHOBKH.
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§0.3. YemaHoeka uHmepripemamopa sisbika ['NumoH e UNIX

Bo Bcex UNIX-nomoOHbIX omepannoHHBIX cuctemax (modsie BSD-cuctemsbr, GNU/Linux,
Solaris u np.) mporecc ycTaHOBKU OyneT B LenoM oauHakoBbIM. B nuctpubytnBax GNU/Linux,
MOJJICPKUBAIOIIMX CcUCTeMy ynpasieHus nakeroB RPM, mommmo crangaprHoro s UNIX
npoliecca yCTaHOBKH M3 UCXOJIHBIX TEKCTOB, MOKHO YCTaHOBHTH [IuTOH 1 U3 rpm-naketa. [Ipudem
B RPM-based mucrpubytuBax GNU/Linux (RedHat Linux, Mandrake, SuSE Linux, ASPLinux,
ALTLinux) pekomeHayeTcs ycTaHaBiauBaTh [IMTOH UMEHHO U3 rpm.

Ckauaiite auctpubytuB IIuTOoHa U yCTaHOBUTE €ro COOTBETCTBYIOUIMM 00Opa3oM. [l 3Toro
Bam motpebyrorcst mpaBa cynepronbs3oBarens (root). Eciu y Bac HET maposisi Cynepnoib30BaTels,
TO, OYEBHJIHO, BaM CTOMT MONMPOCHUTH MOMOYL CHUCTEMHOIO aIMUHHUCTPATOpa, OOCIY>KMBAIOILIETO
Bam xommnbrorep.

§0.3.1. YemaHoska/obHoeneHue NTumoHa u3 rpm-rnakema

Ecau BBI BonLu B CUCTEMY B KaUCCTBC HCIIPUBUIICTUPOBAHHOI'O ITOJIB30BATCIIA, TO nepeﬁm/ITe
B PCIKUM CYNICPIIOJIb30BATCIIA:

S su -
Password:

#

3areM nepeinTe B Manky, K KOTOPOH HaxOJUTCS rpm-IakeT U HabepuTe KoMaHAay (C y4eToM
TOT0, KaKyto UIMEHHO Bepcuto [IuToHa Bbl ckavanm):

# rom -1 python-x.x.rpm

§0.3.2. YcmaHoska TumoHa u3 ucxo0Ho20 Kooa
P acnaKyﬁTe HCXOZ[HBIﬁ KO U3 CKaYaHHOI'O apXHrBa:
$ gzip -cd python-x.x.tar.gz | tar xvf -
[lepeiinuTe B mamnky, B KOTOPYIO ObLI pacrakoBaH JUCTPUOYTHUB U BBIIOJHUTE KOMAHIY:
$ ./configure
3arem cieayer 3amycTuTh mpoiecc coopku [Iurona:
S make

ITocne ero 3aBCPILICHUS HE00XO0IUMO HepeﬁTH B PEKHUM CYIICPIOJIb30BaTEIsI U BBINOJIHUTDH
KOMaHAy make install:
S su -
Password:

# make install

BoobOmem-To, 3mech HET HHKakuX OTIMYWMiA oT craHgaptHod miusa UNIX-momoOHBIX
OTICPAIIMOHHBIX CHCTEM YCTAaHOBKM W3 MCXOAHOTO Koaa. B OONBIIMHCTBE CHCTEM COOPKY
MIPOrpaMMHOTO 00ecIIeueHNs PEKOMEHTyeTCs IIPOU3BOIUTD B Manke /usr/local/src/.

10
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§0.4. YcmaHoeka NumoHa e OC Windows

VYcranoBka Ilurona B OC Windows OGonee mpocta, yem B UNIX. JlocTaToyHO cKadaTh
YCTaHOBOYHBINA (haiin (Hampumep, Python-2.3.3.exe), 3allyCTUTh €r0 Ha CBOCH MallWHE H
OTBETHUTH Ha BCE BONPOCHI IPOTPaMMBbl yCTaHOBKH, 3aBEpPILIAsi OTBET HAKaTHEM KHONIKH «Nexty.

CHayana HeoOXOAMMO yKa3zaTh KyJa HHTEpPHpPETaTop MAOKEeH ObITh ycraHoBieH. [lo
YMOJUaHUIO OH CTaBUTCS B Kartajor C:\PythonXX, Tne XX — HOMep Bepcuu. Ha stom miare
JIOCTaTOYHO HAXKaTh KHOMKY «INext».

Jlanee mporpaMma CIPOCHUT, HYXHO JIM COXPAHSATh PE3EPBHBIC KOMUU 3aMEHSAEMbIX (ailsioB.
Ecnu BEI craBute [TuToH Briepseie, TO 0TMeThTe BapuaHT «No, do not make backupsy.

Crnepyronuii mar — BeIOOp yCTaHABIMBACMBIX KOMITOHEHTOB. Jlydile BKIFOYUTH YCTAaHOBKY
BCErO, UTO MpeyiaraeTcs (B TOM YHcie, TOKyMEHTAIu0). [ToTHBIH KOMIUIEKT 3aHIMAeT Ha )KeCTKOM
nucke mopsigka 20 merabanT.

HaKOHGH, HY)KHO 3a4aThb HA3BAHUC prr[HI)I IJIsd TJIABHOI'O MCHIO. MO)KHO HpOCTO HaXXaTb
«Next» [Iporpamma mokaxeT CBOIHYIO WH(OPMAIIMIO O TOM 4YTO U Kyaa Oyjaer ycranosieHo. Eme
pa3 HaxmuTe «Nexty U mokuaanTech OKOHYaHUs yctaHOBKH. Haxmure «Finish» nns Beixoma us
MIPOrpaMMbl YCTaHOBKH.

§0.5. 3anyck npozpamm, HanucaHHbIX Ha NMumoHe

Jlnsg toro, 4TroObl 3amyCcTUTh Hporpammy, HanucaHHyio Ha Ilutone, B UNIX-cuctemax
HeoOX0IuMO BbI3BaTh MHTepnperaTtop IIuToHa M mepenaTh eMy B KauecTBe MapaMeTpa Ha3BaHUE
(¢aiina, B KOTOPOM HaXOJUTCA 3aIlycKaeMasi Iporpamma:

$ python my program.py

Kpome Toro, B onepaunonnsix cucremMax UNIX ecTb BO3MOXKHOCTH B NpPOrpaMMe yKas3aTb,
KaKOH HMHTEpIPEeTaTop HEOOXOIWMO BbI3BATh ISl €€ BhIMOJHEHHs. [lJis 3TOro B HepBOi CTpOKe
IIPOrpaMMbl MOYKHO HAIIUCATh:

#! /usr/bin/env python
3areM HYyXKHO ceaTh (ailyl CoO CKPUIITOM UCIOTHICMbIM:
$ chmod u+x my program.py

ITocae sToro CKpPHUIIT MOXKXHO 6y,[[eT BBIIIOJIHATL, ITPOCTO Ha6paB B KOMaHIHOM CTPOKE €TI0
UM

$ my program.py
WJIH, €CJIH TIEPBBIN BapUAHT HE padOTaeT:
$ ./my program.py

ITocnenoBaTenbHOCTh CHUMBOJIOB # ! MporpaMMHUCThI OOBIYHO YUTAIOT KaK «she—bang!».

B OC Windows nporpaMmsl, HanrcanHble Ha [IuToOHE 3aImycKaroTCsi MPUBBIYHBIM CIIOCOOOM —
HaiiuTe ipu oMoy [IpoBonHuKa (aiin, comepKamiuii IporpaMMy, H ABaXKAbI HICTKHUTE Ha €ro
WKOHKE JICBOM KHOMKOW MbIM. [IMTOH TIpu ycTaHOBKE CBSI3BIBACT paciiupeHue Qaitna .py C
uHTepnpeTaropoM [IuToHa, MOATOMY NHpU ABOMHOM LIETYKE HAa TakoM (ailne OyxaeTr 3amylieH
[TuToH, KOTOPBIN BBHINOJIHUT MPOrpaMMy, 3anucaHHyto B (aiine. Ecau Bamia nporpamMma He nMeet
rpaguueckoro uHTepdeiica, To onepanuonHas cucrema Windows oTkpoeT okHO KoHconu. Ilocie
3aBepIIeHHs] PadOThl MPOrpaMMBbl 3TO OKHO OyJIeT cpa3y e 3aKpbhITO, MOITOMY BBl MOMKETE HE
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yCHeTh YBUAETh pe3ylbTaT ee paboThl. M30exkaTh 3TOro MOXHO, J00aBUB B KOHIIE NMPOTPamMMBbl
CJIEIYIOIILYIO CTPOKY:

raw_input ("Press any key to exit")

DT0 3aCTaBUT UHTEPIPETATOP JOKIATHCS HAKATHUS JTFOO0H KIIABUIIIH, MPEXK]IC YEM 3aBEPIITUTH
IporpamMmmy.

Ecnu ske BBl 3amanu Jpyroe pacuimpeHue, TO METOJ 3alyCKa JBOMHBIM IIETYKOM HE
cpaboraer. B Windows mporpammel Ha [IuToHE Beerna JOJDKHBI UMETh PACIIUPEHHE .py WIH
pyw. BTOpoif BapraHT OoTiMyaeTcs TeM, YTo [IMTOH 3ammycKaeTcs «MOJuay, TO €CTh 0€3 OTKPBITHS
OKHa KOHCOJH. Paciupenne . pyw peKOMEHIyeTCs 1aBaTh IpOrpaMmMaM, MMEIOIUMHE rpadruuecKuii
UHTEpQEiic, KOTOPhIC HE HYKIAIOTCS B OKHE KOHCOJIM BOOOIIIE.

Jpyroii BapuaHT — 3TO OTKPBITH OKHO ceaHca MS-DOS (unu 3amyctuts FAR) v BEINOTHUTH
CJIEIYIOILLYI0 KOMaHY:

C:\Examples> python my program.py

OToil KOMaHJOW MBI 3amyckaeM HHTeprnperaTop IIuToHa M ykaspiBaeM eMy, Mporpammy W3
Kakoro (aiijia OH T0JKEH BBITOJHUTD.

§0.6. OcobeHHOCMU HarnucaHusi PycCKOsI3bIYHbIX rpozgpamm

ITpu pabGore co TEKCTOBBIMU CTpOKamMM MHTeprperaTop IIuToHa mpeoOpa3oBbIBAaeT UX B B
koaupoBky Unicode, KoTopas MO3BOJSET HCHONb30BaTh HE TOJNBKO JIaTUHCKHE OykBbl. K
COYKaJICHHIO, TI0KA HE BCE COBPEMEHHBIE ONEPALIMOHHBIE CUCTEMbI HCTob3yI0T Unicode B kauecTBe
CUCTEMHOHN KOJUPOBKHU.

B nocnennux Bepcusix OC cemeiictBa Windows HCIONB3yIOTCS KOJUPOBKA, U3BECTHAS Kak
windows-1251 wmu cpl251. B UNIX-mogo0HBIX cHUCTEMaX MMEETCs JTOBOJIBLHO THOKas cUCTeMa
JIOKaJIM3alluM, TIO3BOJISIOLIAS MCIIOJIb30BaTh B KAuyeCTBE CHCTEMHON KOJUPOBKM DAa3IMYHbIE
pasnoBuaHocTH Unicode (UTF-8, UTF-16 m npyrue), HO 4Yamie BCEro BCE K€ HCHONB3YETCs
pycckosizbiunasi kogupoBka KOIS-R. Y3nath, kakas kKoaupoBKa HCToib3yeTcs B Barmieit komuu
UNIX-nogo6noit OC MOKHO ¢ MOMOIIBI0 KOMaH[Ibl 1ocale. Hanpumep:

S locale
LANG=IU_RU.KOIS—R
[...]

Taxum 00pa3zoMm, pycCKos3bIUYHbIE Tporpammbl, Harmcanublie B OC Windows OylyT BBIBOAUTH
HeYuTaeMble TmocienoBaTenbHocT cuMBOJOB B UNIX u nHaoGopor. I[losTomy Hamucanue
IporpaMM, KOTOpble OyAyT OJMHAKOBO XOpOILO «pa3roBapuBaTh» Ha PYCCKOM BO BCEX
ONEpaAlMOHHBIX CHCTEMax, — 3TO ILenas Hayka. [loka Mbl He OyJaem KacaTbCsi 3TOrO BOIIPOCA,
mpejrnoaras, 4To Hallk MPOrpaMMbl OYIyT BBIIOJHSATHCS HAa MAalllMHE C TaKOW e CUCTEeMHOMN
KOJMPOBKOMH, UTO U Ha HAIlleM KOMIIbIOTEPE.

EI[I/IHCTB@HHOG, YTO HYXHO 3allOMHHTBL, 3TO croco0 YKa3aHus UHTCPIIPECTATOPY IIUTOHA, B
Kakou KOJIHUPOBKEC HAIlMCaHa ITporpaMma. ,)_IJ'IH OTOT'0 B HA4YaJIC IIpOrpaMM BCTABJIACTCA CTPOKA BHUAA:

# —*- coding: KOI8-R —*-
st UNIX-tomo6HbIX cucteM ¢ Jiokaiabro KOI8-R wmm:

# —*- coding: CP-1251 —*-

12
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st OC cemelictBa Windows. DTo TpeboBaHHE OTHOCUTCSI TOJIBKO K T€M, MpOrpaMMaM, B
TEKCTE KOTOPBIX MOMATAIOTCS PYCCKUE OYKBEI.

§0.7. Cpeda paspabomku

B cranmapTHbI KOMIUIEKT mocTaBku IIMTOHA BXOAMT MHTErpUpOBaHHAS cpena pa3pabOTKU
IDLE, B KOTOpO#i peAakTUpOBaTh MPOrpaMMbl Oy/I€T HAMHOTO y/I00HEe, YeM B IIPOCTOM TEKCTOBOM
penakrope. IDLE nanmcan Ha [TuToHe ¢ mcnosnbp3oBaHueM IIaT(HOPMOHE3aBHCUMON OMOIMOTEKH
Tcl, mosTomMy Jerko 3amyckaercst B JI000H OIeparmoHHOW CHCTeMe, ISl KOTOPOW CyIIeCTBYET
peammzanua Ilutona. IDLE Tak ’ke nMeeT BCTPOEHHYIO CHCTEMY OTIAIKH, ITO3BOJISIOIIYIO
3aIlyCKaTh MPOrpaMMy MOCTPOYHO, YTO OOJerdaeT mnpouecc noucka ommoOok. Ecnu mo kakoi-to
npuurHe IDLE Bac He yctpauBaer, To MOXeTe ompoOoBaTh APyrue Cpeibl pa3paboTKH.

B UNIX-cuctemax ecTb MHOXKECTBO PEIaKTOPOB, UMEIOUIMX CBOMW MPEJIECTH U HEJOCTATKH,
KaK KOHCOJIbHBIE PeIaKkTOphl (Vi, emacs, BCTPOCHHBIM peJakTop mc), Tak U Trpadudeckue (vim,
emacs, kate, penakrop IDLE u np.).

CaMmbIM TIpOCTHIM BBIOOpOM MOKET cTaTh Kate — OH BXOAUT B KOMIUIEKT MOCTaBKU OKOHHOM
cpensl KDE mnocnennux Bepcui. Kate ymeer NOACBEYMBAaTh CHHTAKCUYECKUE KOHCTPYKLIMH
pOTrpaMMbl, MMEET BCTPOCHHBIM AMYyJIATOP KOHCOJIM M CHEIMaJIbHBI MOJYJb, OOJIeryaromun
paboTy ¢ mporpamMmmaMmi, HamuMcaHHbIMHM Ha [IuToHe: Opay3ep Koaa, KOTOPBIA BKIIIOYAETCS 4epes
MeHI0 «Hactpolikay B pasnene «lIpmioxenne — Moaynmy».

Eme omun wHTepecHslii pemaktop: SciTE  (http://scintilla.org/SciTE.html). ITomumo
MOJICBETKA OH yYMEET «CXJIOMBIBATH» OJIOKM TEKCTa, YTO O4YeHb OOJierdaer paboTy mpu padorte ¢
OoNbIIMMHU TpOrpaMMaMH, HO He HMeeT Opaysepa koja (1o KpailHe Mepe B CTaHIApTHOM
KOMIUIEKTe TOCTaBkH), Kpome Toro, SciTE eme HeoOXomumo pycupHUIMpOBaTh, YTO MOMKET
BbI3BAaTh HEKOTOPHIC 3aTPYTHEHHS Y HAUMHAIOLIHX.

s mporpammupoBanus Ha [Tutone B OC Windows Takke CyIIeCTBYeT HECKOIbKO XOPOIITUX
penakTopoB u cpen, kpome IDLE.

Bo-niepBrix, 3T0 PythonWin — ouens xoporas cpena paspadorku Ha I[lutone mms Windows
(ee MOXHO ckavath ¢ caifta http://pywin32.sf.net). PythonWin otnunuaercs orcyrcTBUeM npobiieM ¢
PYCCKMMM CHMBOJIaMH, yIOOHOW cpenoil MporpaMMHMpOBaHUS M MHTErpaleil ¢ omneparroHHON
CUCTEMOI.

MoxHO Takke mopekomeHaoBath pexakrop UniRed (ckauath ero MoOXHO ¢ caiTa
http://www.esperanto.mv.ru/UniRed/RUS/index.html). 3T0 OTIMYHBIA TEKCTOBBIA pPEAAKTOP IS
OC Windows 95/98/NT/2000/XP, «noHnumaromuii» kak cuatakcuc [IMToHa, TaKk U BCE BO3MOKHbBIE
KOJIMPOBKH (B TOM YHCIIE BCE KUPHJUTMYECKHE U BCE KOAUPOBKH cemeiicTBa Unicode).

Hakonen, nns pa3paboTku M 3amycka IporpamMM OY€Hb MPUTOAUTCS (aillloBbIi MEHEIKep
FAR. Tor, kto pa6oran ¢ Norton mmm Volkov Commander, mpekpacHo pa3oepercs u ¢ FAR'om.
BeTpoeHHBIH pemakTop MOHMMaeT 00e pyccKkue KOIMpPOBKH, MpuMeHsiemble B Windows, a cam
MEHeKep Topas3fo yAoOHee /s 3almycka KOHCOIbHBIX MPOrpaMM, 4yeM ctanaapTHoe okHo DOS. B
OC Windows FAR, noxany#, siBisieTcsi HanboJiee MOIX0IsAIIeH CpeIoi JUTsl 3amycKka IporpaMm Ha
ITuromne.

Tenepb Mbl BO BCEOPY>KMU U TOTOBBI MPUCTYIUTh K U3yUEHUIO MPOTPAMMHUPOBAHUS Ha SI3bIKE
[Tuton. [lepexonum k ciemyroliei riaBe, B KOTOPOH paccMaTpUBarOTCsi 0a30BbIe MOHSATHUSI.
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PeBn3na: 160 ba3zoBble NOHATUA

[nasa 1. basosbie noHIMuUs

Jns Havyanma mpuaeTcs pa3oOparbes C HEKOTOPHIMH 0a30BBIMH MOHATHAMU. He cromt mx
3ay4MBaTh — JOCTATOYHO UX IMOHATh XOTS Obl HA MHTYUTHBHOM YypoBHe. [lo3nHee BBl HauHeTe
UCIIOJIb30BaTh WX Ha MPAKTHUKE, U BCE BCTAHET Ha CBOM MecTa. JTO, MOXKalIyH, OHA M3 CaMbIX
YTOMHTEJIBHBIX YaCTEH KHUTH.

§1.1. Aneopumml u npoepamMmsi

[londaTne anropurma SBISETCA OJHUM HX LEHTPAIbHBIX MNOHATHM BCEM KOMIBIOTEPHOMN
JUCIUIUIMHEL. CIIOBO «aJIrOpUTM», B CYIIHOCTH, SIBIISIETCS CHHOHUMOM CIIOB «CHOCO0» WIIH
«peuent». MoXHO TOBOPUTH, B 3TOM CMBICIIe, 00 aJIrTOpUTME HAXOXKACHUS KOpHEW ypaBHEHUS I10
ero kodpdunueHTam, Wik 00 aIroOpUTME pPA3JIOKCHHS HATYpPaJBHOTO 4YHCIa Ha TPOCTHIC
MHOXHTENH. ECiM B OCHOBE alrOpUTMOB JIEKAT MPOCTHIE BBIYUCICHUS, TO TAKUE AJITOPUTMBbI
Ha3bIBAIOT YHMCJIEHHBIMU. BrpoueMm, [OBOJBHO 4YacTO pPacCMaTpUBAIOTCS M HEYUCIICHHBIC
anroput™mbl. Hampumep, B poiM HMCXOIHBIX JaHHBIX M PeE3yJbTATOB MOTYT BBICTYNAaTh
MOCJICIOBATEILHOCTH CHUMBOJIOB: TEKCThI, (hOpMyJIbI M T.J. B ponu omeparuii — HE NPUBBIYHBIC
OTICPAIMH CIIOKEHUS, YMHOKEHUS M TIOJIOOHBIC UM, a OTIEPAIMH CIEIJICHUS CTPOK WJIM OTEepalluy
3aMEHbl OJJHUX CHMBOJIOB Ha JPYTHe MO HEKOTOpoil Tabmiuie coorBeTcTBuil. [Ipumepom moxkeT
CIIy’)KHTh KOAMpPOBaHHE TekcTa a30ykoir Mopse. CylIeCTBYIOT alrOPUTMBI MTOCTPOCHUS CIOXKHBIX
rpaduueckux OOBEKTOB M HMX NpeodpazoBaHus. (s TOro, 4ToOBl HAYYUTHh KOMITBIOTEP YTO-TO
JI€NIaTh, HY’KHO IPEABAPUTEIILHO COCTABUTD AJITOPUTM.

Aneopumm — 3TO OMMCAHHBIA CO BCEMHU IMOJPOOHOCTSIMH CIIOCOO TOJYyYEHHUS PE3yJbTaToB,
YIOBIIETBOPSIIOIIUX [TOCTABJICHHBIM yCJIOBHUSM, IT0 UCXOJAHBIM JTAaHHBIM.

Ilpoepamma — 3TO TOCIIEOBATENBHOCTh MAIIMHHBIX MHCTPYKLUH, ONKUCHIBAIOIAS AJITOPUTM.
Pasymeercs, nns  TOoro, 4roObl HamucaTb IPOrpaMMy, HY)KHO IpHAyMaTh aJlOPUTM.
KoMnbroTepHbie IporpaMMbl 0OBIYHO COCTABIISIOTCS Ha CIIELUATIBHBIX SI3bIKAX MPOrpaMMHUPOBAHUS.

§1.2. A3bIKku npoepammuposaHusi u ypoeHU abcmpakuyuu

CyuiecTByeT HECKOJIBKO MOAXOJ0B K HPOrpaMMHUpPOBaHMIO. VI3HAYalbHO BBIYMCIICHUSA
OMHCHIBAINCH HA YPOBHE MAIIMHHBIX KOMaHJ B JABOWYHOM Koje. JIOTMKYy MOAOOHBIX Mporpamm
61:1.]10 AOBOJIBHO TPYAHO YJIOBUTH M3-3a TOT'O, UTO MPOTPAMMUCTY MPUXOAUTIOCH YACIIATH BHUMAHUC
TaKMM BOIIpOCaM, KakK, HAIIPUMCP, CKOJIBKO SAYCCK IaMATHU HGOGXOI[I/IMO BBIACIIMTL IJId XpaHCHUA
TOTO WM WHOTO 3HaueHWs. J[Isi CIOKEHHsI JIBYX YHUCENl HEOOXOAMMO OBLIO IpeJaBapUTEIBHO
BBIUUCIIUTE aJipeCa AYCCK IMaMATH, B KOTOPBIX XPaHWIIHCH CKIAJAbIBACMBIC 3HAYCHHUA, U TOJIBKO
MOCJE JTOr0 IMPOM3BECTH OINEpPALMIO CIOKEHUA JIBOMYHBIX 4yuceld. Takol mnoaxon K
MporpaMMHUpOBaHHUIO HHOT' 1A HA3BIBAIOT aAPCCHBIM.

[Tpoyects 1 pa3oOparbesi, Kak paboTaeT mporpamma, HalMcaHHas B ABOUYHBIX KOJIax, ObLIO
OUYEHb CJIO)KHO, HE TOBOPS YK€ O TOM, YTOOBI HAMTH M UCHpPaBUTHh B HeW omuoOKy. [ToaTomy s
YIPOIIECHUSI CBOEH pabOThl NMPOTrPAMMHUCTBHI MPUIYMAIH MHeMOKOObl (OT Tped. Mnemonikos «—
mnemon — 3allOMHHUTb) WIW MHEeMOHUKU — OYKBEHHbIE OOO3HAYEHHS MAIIMHHBIX JIBOMYHBIX
KOMaHJI, KOTOpbIE MPOIIe 3alIOMHUTh, YeM MOCIEeI0BATeIbHOCTH HyJIeH U equHull. [ ynpouieHus
paboThI ¢ TUeHKaMU MaMSATH CTAIM UCIOJIb30BATh OHATHE TEPEMEHHOM.

Ilepemennas — B TPOrpaMMHUpPOBaHUM 3TO OyKBEHHOE 00O3HaueHHE O0JacTH HaMsTH, B
KOTOpPOM XpaHUTCS HEKOTOPOE 3HAUEHUE.
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PeBn3na: 160 ba3zoBble NOHATUA

JIJ'ISI NepeBoa MHEMOKOJI0OB B MAIlIMHHBIC MHCTPYKIIUKU U UMEH IMEPEMEHHBIX B aapeca sI4YECK
MNaMATU HUCIIO0JB30BaAJIaCh CIICHAJIbHAA IIporpaMMa — TPaHCIATOP. SI3BIKH MHEMO-KOAOB IOJYUYHIIN
Ha3BaHHUC aCCCM6Hep0B.

Texnomoruu p33pa6OTKI/I IIpOoaO0IKalIi pa3BUBATHCs, CIICHUAIMCTEI NCKAJIXM HOBBIC ITOAXOJAbI U
BCKOPC CTaJIl BBIKPUCTAJIM30BLIBATBCA HACH, KOTOPBIC BIIOCICACTBHU JICTJIIM B OCHOBY TakK
HAa3bIBACMOI'0 CTPYKTYPHOI'O MOAXOJaA. brio 3aMCYCHO, 4YTO BCC BbBIYHCICHHA CBOAATCA
CJICAYIOIUM 3JIEMCHTAPHBIM JIEACTBUSM:

* BBoj 1aHHBIX ¢ KJIaBHATYpBl, U3 (paiiina unm ¢ kakoro-mu0o ycTpoicTBa;
* BpIBOA 1aHHBIX Ha 3KpaH, B (ailsl, Ha IPUHTEP WU APYTO€ yCTPONCTBO;
* BrinonHeHrne HEKOTOPBIX ONepalyii HaJl YUCIaMH, CTPOKAMU WM IPYTUMH 00bEKTaMU;

* Bribop BeTBM BBINOJIHEHHUS MPOTPaMMbl HA OCHOBE MPHUHATOTrO peIIeHus (Hampumep, 1o
pe3ysibTaTaM CpaBHEHHS JBYX 3HaU€HUH);

* [loBTOpEHHE Tpynmbl ONEpalyid Yame BCEro C W3MEHEHHEM OJIHOTO WM HECKOJIbKUX
I1apaMeTpOB.

CKopo BBI YBHJIUTE, YTO ITO JCHCTBUTEIHLHO Tak. IlapaieibHO Havyald MOSBIIATHCS HOBBIC
TPAHCISATOPBI, KOTOPbIE MPeoOPa30BbIBAIM B MAIIUHHBICE KOMAaH/bI MPOTPAMMBbI, HAlMCaHHbIC Ha
SI3bIKAX, OCHOBAHHBIX Ha 3TUX 0a30BbIX ornepanusax. Takue sS3bIKM CTaIM Ha3bIBaTh CTPYKTYPHBIMU
WIA S3bIKAMH BBICOKOTO YpOBHs. IIporpaMMbl Ha BBICOKOYPOBHEBBIX SI3bIKaX OIUCHIBAIOT
BBIYHCIIUTENBHBINA MPoIiecCc Ha OoJiee BEICOKOM YPOBHE a0CTPAKIIUH, T.€. MO3BOJSIOT MIPOTPAMMUCTY
abcTparupoBatbest OT 0COOCHHOCTEH MAIIMHHON peaTn3aluu.

IIpowimrocTpupyeM 3TO IByMs IIPpOCTBIMU IpuMmepamu. llepBas mporpamma, UMUTHPYET
HU3KOYPOBHEBBIH S3bIK, 4 BTOPasi — BBICOKOYPOBHEBBIN:

1.3aHecTu B perucTp edx ampec NepBOTO YMCIa
BaHecTr B peructp-cueTumk 10
3anmecTtn B permucTtp eax 0
Merka lp:
CpaBHUTbL 3HadUeHMEe DPEeTrMcCTpa €ax CO 3HadeHMeM, XPaHAMMMCHA 10 aIpecy
B34ATOMy M3 perucTpa edx
Eciau OHO MeHbIle MM PaBHO, TO IepenTu K MeTke 1 next
3aHeCTM B PETUCTP e€ax 3HadeHUe M3 SYelKM, aIpecC KOTOPOM XPaHUTCS
B edx
MeTrxka 1 next:
[IpuOaBUTh K BHAUEHMUI0 perucTpa edx 4
Ecam B permcrpe-cueTumke He (0, TO yMEHBUIMTH BHAUEHME B PETUCTPE-—
cUueTuMKe Ha 1 M HeperTu K MeTKe lp
3anmcaTbh B NepeMeHHy Max 3HaueHMe U3 perucTpa eax
2.3aHecTM B nepeMeHHy® Max 0
[IoBTOPATH IIOKa IepeMeHHas 1 m3MeHsgeTrcsa oT 1 mo 10 c marom +1:
Ecau i-e umciyo 6GoJsabme Max, TO
33aHEeCTM €r'o B MNepeMeHHYI Max

BEIBECTM 3HAUEHME I[IepeMeHHOM Max.
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PeBn3na: 160 ba3zoBble NOHATUA

O6e mporpaMMbl HaxoJdIT MaKCHUMaJIbHOC H3 JACCATU 3aJaHHBIX HATypaJlbHBIX YHCCII.
Ha3Banus omeparuii M3MEHEHBI Ha PYCCKOS3BIYHBIC aHANOTH (TAaKOW CIOco0 3amucu WHOTIA
HA3bIBAIOT NICEBAOKOIOM), HO CMBICH JIEHCTBUI COXPAHEH, TaK YTO MOHATH UX Pa3IUN4YHe HECIOKHO.

Yarie Bcero mporpaMMbl, HalMCAHHBIE HA S3bIKaX BBICOKOTO YPOBHS pabOTalOT MEJJICHHEE,
T.K. TPAHCJATOPBI CTPOSIT HE CaMbIii ONITUMAJIbHBIN MAaIMHHBIM KOJ 110 TEKCTY nporpamMmsl. Ho 3aTo
S3BIKH BBICOKOTO YPOBHSI O0JIaJal0T MHOTHMH MPEUMYIIECTBAMU: UX JIETYe YUTaTh U MOHHMATb,
KpOME TOr0, OHM HMEKT CBOMCTBO INEPEHOCHMMOCTH. JTO O3HAYAET TO, YTO BBICOKOYPOBHEBBIE
[IPOrpaMMbl MOTYT BBIIOJHATHCS HA PA3JIMYHBIX TUIIAX KOMIIBIOTEPOB WIM II0J YIPABICHUEM
Pa3IMYHBIX OMEpAIMOHHBIX CHCTEM, MPHYEM C MHUHUMAIbHBIMH H3MEHEHHMSMHU WIH BOBce 0e3
TaKOBBIX, B TO BpeMsI KaK HU3KOYPOBHEBBIEC TPOTPAMMbI OOBIYHO MUITYTCS O] OTIPEICICHHBINA TUII
KOMIIBIOTEPOB WJIM ONEPALMOHHYIO CHUCTEMY, M JUIS IIepeHOCa TaKMX IMPOrpaMM Ha JPyryro
1aThopMy MX IPUXOIUTCS MEPEIUCHIBATD.

OO6paruTe BHMMaHHME Ha TO, YTO B IMEPBOM MporpamMme pe3yibTar He BbIBoAHUTCS. Criocob
BBIBOJIa B HU3KOYPOBHEBOM MporpamMme OyAeT pa3HbIM B 3aBUCUMOCTHU OT IIaT(GOPMBI, HA KOTOPOIt
OyZeT BBITIONHATHCS JaHHas mporpamma. bosee Toro, Ha mporeccope Intel 80286 sta mporpamma
paboTaTh TOXKE HE CMOXKET, T.K. PETUCTPHI edx U eax MOSABWINCH TOJIbKO B Intel 80386.

Knaccuueckumu CTpyKTYpHBIMHE si3bikamu sBisiioTest C' u Pascal. OHM MO3BOJISIIOT OIKMCHIBATH
BBIYUCIIUTENBHBIC MTPOIECChl Ha O0Jiee BRICOKOM YPOBHE a0CTpaKIMH, YeM acceMOJIephl, HO, TEM HE
MEHee, UM IIPUCYI P HEAOCTAaTKOB. B 4acTHOCTH, MPOrpaMMHUCTY, NUIIYIIEMY Ha 3THX SA3BIKAX,
BCE K€ MPHUXOIUTCS SBHO YKa3blBaTh THUI TIEPEMEHHBIX, C KOTOPbIMH OyIyT paboTaTh ero
IPOrpaMMBbl, JUIsl TOTO, YTOOBI TPAHCIATOpP 3HaJ, CKOJIBKO MaMSATH BBIAEIATH IMOJ UX XPaHEHHUE.
Kpome Toro, B mnepeMeHHbIX MpEAHA3HAUYEHHBIX JUIS XPAaHEHUS LEJIbIX YHCEI HEBO3MOXKHO
COXPaHUTb, HAIIPHUMEP, CTPOKY.

B mocnennee Bpemsi ctaiv mpHOOpETaTh MOIMYJSIPHOCTh TaK Ha3bIBa€MbIE SI3BIKM OYCHD
BBICOKOTO YpOoBHA. OHM MO3BOJIAIOT a0CTParupoBaThCsl OT TUIOB IMEPEMEHHBIX, YTO OTKPHIBAET
HOBBIE BO3MOXKHOCTH. C HUMHU MBI IO3HAKOMUMCS B Ipoliecce u3ydeHus si3bika Python, xoTopsiit
SBIISIETCS. OJTHUM U3 MIPEJICTABUTENCH ATON TPYMIIbI S3bIKOB MPOTPaMMHUPOBAHUSI.

§1.3. @opmaribHble U ecmecmeeHHbIe S3bIKU

Paszbepemcsi, ueM S3BIKM TPOTPAMMHUPOBAHUS OTIMYAIOTCS OT HAIIETO POJHOTO S3bIKa, Ha
KOTOPOM MBI pasroBapuBaeM ¢ jgercTBa. CyIIecTByeT JBa BHIA S3bIKOB: €CTECTBEHHBIE U
dbopManbHbIE.

K ecrecTBeHHBIM OTHOCSTCS S3BIKM, HA KOTOPBIX pPa3TOBApWBAIOT JIIOAU: PYCCKHM,
AHTJIMUCKUN, (paHIly3ckuii, apabckuii u apyrue. Ckopee BCEro, OHM BO3HUKIHM €CTECTBEHHBIM
MyTeM, KOrja B IPEBHOCTHU JIIOJU MBITAJIUCh JIPYT OPYry 4YTO-TO OOBSCHUTH. Bce OHM 10BOJIBHO
CJIOXHBIE, XOTS MBI YacTO 3TOr0 MPOCTO He 3ameyaeM. JlJis TOro 4TtoObl YOPOCTUTH U3yUeHUE
WHOCTPAHHBIX S3BIKOB, JIIOIU MPHUIyMaly MpaBWia U CIOBapH, B KOTOPBIX CIOBaM OIHOTO SI3bIKA
MPUBOAATCS COOTBETCTBUS W3 JPYrHMX S3bIKOB. (CaMbIMHU CJIOXHBIM €CTECTBEHHBIM SI3bIKOM
CUMTAETCSl CAHCKPUT: TMEPBBIM COOPHUK MpaBWI CaHCKpHUTa (rpammaruka llaHwHu, Ha3bpiBaeMas
«BoceMukamKuey, [V Bek 10 H.3.) comepxkan 6onee 4000 rpammaruyeckux npaBuil. B canckpure 8
najexked, 3 umcia B MMEHAX, HECKOJIBKO COTEH IJIArOJbHBIX M OTIJIArOJBHBIX (DOpPM, MMEIOTCS
cpelncTBa CBOOOJHOTO O0Opa3oOBaHWsT MHOTOYHCIECHHBIX IPOU3BOJHBIX clioB. Kpome Toro, B
CaHCKpUTE MOXXHO HAWTH JO0 HECKOJbKHX JECSATKOB CJIOB, CHMBOJHU3HPYIOIIUX OJWH U TOT K€
00BEKT, HO OTpPAXKAIOUIUX PA3JIUYHBIE CMBICIIOBBIE OTTEHKH, IOSTOMY €ro BBIPa3UTECIbHBIC
BO3MO>KHOCTH Yallle BCEr0 MPEBOCXOAT CpeJHIE TOTPEOHOCTH.

1 Ywuraercsa Kak «CHy».
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PeBn3na: 160 ba3zoBble NOHATUA

O}II/IH N3 CaMbIX IPOCTBIX A3BIKOB, HAa KOTOPBIX MOXHO pas3roBapuBaTb, 3TO I3CHCPAHTO.
OcnepanTo npuayman Bpad-odranemoiior Jlazaps (Jlrogosuk) Mapkosud 3amenrod B XIX Beke.
Vike B ieTcTBe y 3aMeHroda mosiBIUiIach Uaest O TOM, YTO OJMH OOIIUH S3bIK MOMOTa Obl HApOJaM
JydIlie TOHUMATh U OOJIBIIE YBAXKATh IPYT JAPYTa.

VY 3amenroda ObUIM OTIMYHBIE CITIOCOOHOCTHU K SI3bIKaM, U €Ille MIKOJbHUKOM KPOME POIHBIX
PYCCKOTO, TOJBCKOTO W HWAWINIA OH HU3y4WJ HEMeUKu#, (paHily3CKHil, aHTJIMWCKHM, JaThIHb,
JIpEBHETPEUECKUil, APEeBHEEBPEHCKHI — BCErO OKOJIO YETHIPHANIATHU SA3bIKOB. Bekope oH yOeaucs,
4YTO HH JIPEBHME, HU COBPEMEHHBIE S3BIKM HE TOAATCA B KauecTBe obOmiero. Toraa oH 3agymal
CO3/1aTh HOBBIN $I3bIK, KOTOPBIA HE NMPHHAJUIekKAT Obl HU OJHOMY HapoAay, ObUl Obl JIETOK JUIs
U3yUYCHHs, HO B TO K€ BpEMs HE yCTymnayu Obl HAIMOHAJIBHBIM S3bIKAM B THOKOCTH M BBIPA3UTEIIb-
HOoCcTH. U 3TO eMy ymajoch — BCsl TpaMMAaTHKa 3CMEPAHTO (BMecTe ¢ (DOHETHUYECKUMHU MPABUIIAMH)
yMEIAaeTCcsl Ha JBYX MEYaTHBIX CTPAaHHUIAX, BCE CIOBAa MEXJIyHAPOJHBIE, a MO BbIPA3UTEIbHOCTU
ACIEPAHTO HE yCcTymaeT (M B 4YeM-TO JaKe MPEBOCXOIUT) pycckuid. Esperanto estas tre interesa kaj
esprima lingvo.

MO>KHO JIM 3CTIepaHTO Ha3BaTh €CTECTBEHHBIM s3bIKOM? Iloxkanyii, Her. HecmoTpst Ha TO, 4TO
OH HMBET CBOCH JXM3HBbIO M DPA3BUBAETCS €CTECTBEHHBIM IIyTE€M, I'paMMaTHKa 3CIEPaHTO IIO-
npekHeMy xecTko popmanuzoBaHa. [loaToMy oH, ckopee, OTHOCUTCS K (hOpMaIbHBIM SI3bIKAM.

@dopMaIbHBIMM HA3bIBAIOT A3BIKM, NPHUAYMAHHBIE JIIOABMH JUISI PELICHHUs cHelu(pUUecKuX
3ajay. Hampumep, HaGop crneuualbHBIX 3HAKOB M MpPaBUJI 3amucH (OPMYJ, MCIOJIb3yEeMbIX
MaTeMaTHKaMM JUIsl 3amucu (opMysl M J10Ka3aTeNbCTB TEOPEM, SIBJISAETCS (OPMAIBHBIM S3BIKOM.
XUMHUKH TaK JK€ HCHOJB3YIOT CBOM (DOpManbHBIM S3bIK [UIS 3alMCH XUMHYECKOH CTPYKTYpBI
BEIIECTB. SI3bIKH mNporpaMMupoBaHus — (opMajibHble $3bIKH, NpeIHA3HAYEHHbIE [JIs
ONUCAHMSA AJTOPUTMOB.

@opMalbHBIC SA3BIKM XapaKTEpHbl TEM, YTO MMEIOT YETKUE CHUHTAKCUYECKUE IIpaBUIIa.
Hampumep, 3+3=6 SBIAETCA CUHTAKCUYECKH NPABWIBHOW MAaTEMAaTHYECKOW 3alMCBIO, & 3=+6$ —
HeT. H,0 — CHHTaKCHUUY€eCKH MpaBUIIbHAsI XUMUYeckas popMyJia BeleCTBa, a ,Zz — HeT.

Koraa Bbl unTaere mpeiokeHue Ha PyCCKOM SI3bIKE WIIM BbIpaKeHUE Ha (pOpMaIbHOM SI3BIKE,
BbI ONPEJEIISAETE €0 CTPYKTYPY, YACTO HEOCO3HAHHO. DTOT MPOLIECC HA3BIBAECTCA CUHMAKCUUECKUM
AHAU30M WIIA CUHMAKCUYECKUM pa300pom. DKBUBAJIEHTHBIA aHTJIOSN3bIUHBIN TEPMUH — parsing.

Hanpuwmep, xorma Bel untaete (pasy «Mama MbUIa pamy», BBl 10 MpoOesiaM OmnperienseTe
HAYaJo M KOHEI CJIOB M TOJBKO IIOCIIE 3TOTO HAXOIHWTE MoJyIexamiee («Mama») U CKazyemoe
(«mbL1aY). Pa300paB CHHTAKCHUYECKYIO CTPYKTYPY, BBl MOYKETE TTOHATH €€ CMBICT — CEMaHTHKY.

Jlroboii TpaHCcnATOp mTepen TeM, Kak IpeoOpa3oBaTh MPOrpaMMy B TMOHSATHBIA IS
KOMITbIOTEpA BU/I, BBIMOIHAET CUHTAKCUYECKUN aHamu3. [Ipy CHHTaKCHUECKOM aHaJIn3€e TPAHCIATOP
pa3dupaeT CHHTAaKCHUYECKYIO CTPYKTYpY BBIPKEHHMH, M HAXOAUT TaK HAa3bIBAEMbIE CUMBOJIb
(tokens) — cHHTaKCHMYeCKM HEAETUMblEe YacTH. B JaHHOM KOHTEKCTe CHUMBOJAMHU MOTYT OBITH
Ha3BaHUs TEPEMEHHbIX, YMCIA, 3HAKU OIepaluii, KIIOueBble CIIOBAa, 00O3HAYEHUS XUMHYECKHUX
DIIEMEHTOB.

Hcnons3oBanue cumBoiia $ B popmysie 3=+6$ HE UMEET CMBICIA, U ITO SBISETCS OAHOU U3
MIPUYWH, ITI0YeMy OHO HEBEPHO C TOYKH 3PCHHS MaTEeMAaTHKHU. Ta ke mpobiemMa B «XUMHUYSCKON»
dbopmyre ,Zz: B Tabnuie MeHaeneeBa HET AJIeMeHTa C 0003HAYECHUEM 7 7.

Bropoii TuIl cuHTaKCHMYECKUX OMIMOOK CBsI3aH C HENPaBUIIbBHOW CTPYKTYPOH BBIpa)KEHU, T.e.
IIOCJIEI0BATENBHOCTBIO CJIEI0BAHUSI CUMBOJIOB. BbIpaskeHue 3=+6S$ MMEET HEBEPHYIO CTPYKTYpY,
T.K. Cpa3zy IOclie 3HaKa pPAaBEHCTBA HE MOXET CJIe0BaTh 3HAK CIIOKEHUSA. AHAJIOTUYHO, B
MOJIEKYJISIPHBIX (DOpMyJlaX HCHONB3YIOTCS HUXKHHE HWHAEKCH, HO OHM HE MOTyT HATH Iepen
0003HauUEHNEM XHUMUYECKOI0 3JIEMEHTA.
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XOTSI q)OpMaJ'II)HBIe U €CTCCTBCHHLBIC A3BIKM UMCHOT MHOTO 06HI€FO, OHHU UMCIOT pSI}I Ba’XHBIX
OTJINYHH:

1. Oonosnaunocmo
B ecTecTBeHHBIX S3bIKaX MHOXKECTBO HMJHMOM M MeTadop; 4YacTo JIIOIU ONPEACIISIOT
3HaYeHHe (Ppa3 B 3aBUCUMOCTH OT CHTYyaIlMH, B KOTOPOI OHU HCIOJB3YI0oTCA. DopMaibHbIe
S3BIKM  pa3paboTaHbl TaK, YTOOBl MCKIIOYUTH HEOJAHO3HAYHOCTh BBIPAKEHUU. DITO
03HAYAEeT, YTO BBIPAXKEHHE TOJKHO UMETh TOJBKO OJHO 3HAYECHHE BHE 3aBUCHUMOCTU OT
KOHTEKCTA.

2. M36vimounocms
Jns Toro 4toObl M30aBUTHCSA OT HEOJHO3HAYHOCTH W H30€KaTh HEAOIMOHMMAHHH B
€CTECTBEHHBIX $I3BIKaX WCIOIB3yeTCd HW30BITOYHOCTh: OMNPEACICHUS U JIOTIOTHCHHS.
dopManbHBIC SI3BIKH KPATKHE U MAKCUMAJIBLHO BBIPA3UTEILHBIC.

BonsmuncTBO HIOﬂeﬁ, MPUBBIKIINX K €CTCCTBCHHBIM A3LIKAM, 0OBIYHO C TPYAOM IIPHUBBIKAIOT
K (popManbHBIM sI3bIKaM (M porpaMMam B TOM 4uciie). Ho CTOMT MOMHHUTB, YTO MJIOTHOCTH CMBICIIA
B TAKHUX SA3bIKaX 6OJ'IBIHG, MMO3TOMY OHHU MCIAJICHHCC YHTAIOTCA W IMOHUMAKOTCA. B (i)OpMaJ'H)HI)IX
A3BIKAaX OYCHb BaKHa CTPYKTYypa, MMO3TOMY UTCHHE CIIpaBa HAJICBO MJIKM CHHU3Y BBEPX — HEC J'Iy‘-IH_H/II\/'I
cmocod wuX TMOHATH. M, HakoHel, Menoyd BaxHbL. MaseHbkue opdorpadpuueckue u
MYHKTYaIllMOHHBIC OMIMOKK (M OIEYaTKH TOXE), KOTOPHIE B €CTECTBCHHBIX S3bIKAX MOTYT OBITh
NPOUTHOPUPOBAHBI, B (OPMAIBHBIX s3bIKaX OyIyT WMETh OOJNIbIIOE 3HAYCHHWE, BIUIOTH JIO
WU3MEHCHHS CMBICIIa Ha POTUBOIIOJIOKHOE.

B mMaremaTuke ecThb IenbIi pasaceii, MOCBSIIICHHBIN TeOpHUun q)OpMaJ'IBHBIX sI3bIKOB. IMEHHO Ha
MaTeMaTU4YCCKOM allrapare 3TOH TCOpHUU OCHOBAHBI CHHTAKCUYCCKHUEC aHAJIU3aTOPBI TPAHCIIATOPOB.

§1.4. lumeprnipemamopbl U KOMUISMopbl

Cy1miecTByeT ABa THIA TPAHCISATOPOB, MPEOOPA3OBHIBAIOIIMNX HCXOJHBIA KOJ TPOTpaMM B
MAalIMHHbIE KOMAaHIbBL: UHMepnpemamopvl U KOMAUiAmMopsl. VIHTepnperaTop YHTAaeT BBICOKO-
YPOBHEBYIO MpOrpaMMy (WIH UCXOOHbIL KOO) U, HANPAMYIO B3aUMOJEWUCTBYS C ONEpallMOHHON
CUCTEMOH, BBINONHAET ee. [[peoOpa3zoBaHue U BHIIOTHEHHE POTPAMMBbI BBITIOIHSIETCS TOCTPOYHO.

g Pesynbrar
Ucxonuprii OnepanmonHas
WNuTtepnperarop BBITIOJTHEHUSA
KO cHcTEMA
"> nporpammmr

B orianuue oT MHTEPNPETaTOpOB, KOMIHUISTOPHI MOTHOCTHIO MPEeoOpa3OBHIBACT MCXOMHBIN
KOJ TpOorpaMMbl B MAIIUHHBIA KOJ (WJIM TakK HA3bIBAEMBIH 00bekmHblll K00), KOTOPBII
OTIEpAIlMOHHAs CHUCTEMa MOXET BBIOJHUTH CaMOCTOSITENIbHO. OTO TO3BOJSET BBITIONHSATH
CKOMIIWIMPOBAHHBIE TPOTPaMMBbI JTaXKEe HA TE€X KOMIBIOTEPAaX, HAa KOTOPBIX HET KOMITHIISATOPA.
Kpome Toro, Takue mporpamMMmbl BBINOJHSIOTCS OBICTpEe 3a CYET TOr0, YTO KOMITBIOTEPY HE
MIPUXOJIUTCS KaXJIBIM pa3 mepe)T 3aIyCcKoM MTPOrpaMMEbI BEITIOJIHATE e¢ pa30op U mpeoOpa3oBaHUE B
TIOHSTHBIN JIJIS1 ce0s1 BHI.

. *‘ ) OOBEKTHBIH [ Pesynbrar
Ucxonnbiit . OneparmoHHas
Kommusitop (MCnONHSAEMBIIT) BBINOJTHEHU ST
KOJT crcrema
e KOJL "> mporpammer

Brnpouem, coBpeMeHHBbIE HHTEPIPETATOPBl TOXKE CIIOCOOHBI COXPAHATH NPOMENCYMOUHDIL
KOO, Ha BBIIIOJIHEHUE KOTOPOrO 3aTpauMBaeTCsi MEHbIIE BPEMEHHM 3a CUET JKOHOMHUHU Ha
CHHTAKCUYECKOM pa3zbope UCXOAHOro koja. TeM He MeHee, TAaKOW MPOMEKYTOYHBIH KOJ MOHATEH
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TOJIBKO HMHTEPIIPETATOPY, ITOITOMY JUIA 3allyCKa IIPOrpaMMBlI €ro HajJudhe Ha KOMIIBIOTEPE BCE
paBHO HEOOXOIUMO.

Hano ckazatp, 4TO pu COBPEMEHHBIX MOIIIHOCTAX KOMIBIOTEPOB U 00BbeMax MaMsATH pa3HUIlA
B CKOPOCTH BBIMIOJIHEHHUS MPOTPaMM HHTEPIIPETATOPAMU M KOMITWISITOPAMH YK€ MTOYTH HE3aMEeTHa,
HO MPOIECC Pa3pabOTKK ¥ OTJIAJKH MPOrPaMM Ha HHTEPIPETHPYEMBIX A3bIKAX HAMHOTO TPOIIE”.

S3pixk  IIutOoH sBISIETCS HHTCPIIPCTUPYCMbBIM, T.K. HAIIMCAHHBIC Ha HEM IIPOrpaMMbI
BBIIIOJIHACT UHTCPIIPETATOP.

Hna  Windows-eepcuu  Ilumona  cywecmeyem  nobonvimuviii  npoexkm:  pyZlexe,
NO360AI0WULL CO30A8AMb HE3A8UCUMbLE exe-(haliibl U3 CKPUNMOS.

Ilo cymu pylexe He sasnsiemcsi cOOCMEEHHO KOMNUNISAMOPOM — OH Npeodpasosvieaen
CKPUNM 8 NPOMENCYMOUHDIL KOO NpU nomowu camozo Ilumona u nomewjaem 6 UCNOIHAEMbll
Gatin HeobxoouMyI0 Yacms UHMEPRPEMamopa mecme ¢ SMuUmM NPOMENCYMOUHbIM KOOOM U
KOOOM 8CeX UCNONb3VEMbIX 8 NPOSPAMME MOOYIEl.

Taxum obpazom, 6vl nonyuaeme exe-gpain u oo0un uiu Heckoavko dll-¢ghaiinos,
cooepIcawux 8auLy npocpamMmy eémecme co cpeodoli evinonnenus. Tenepvb eam He Hydicen
omoenvbHblll unmepnpemamop Ilumona 0ns 3anycka 3moti npocpammol.

Oonaxo, noryueHHbll UCNOHAeMbIL Gatll Modxcem pabomams MmoabKo n00 ONePAyUOHHOU
cucmemotui Windows. Eciu eawa npocpamma npeOHA3HAYeHa Oisi 8bINOJIHEHUs MOJbKO 6
MOt cucmeme U 6bl He Xomume mpebosams om Noab308amenell HenpemMeHHoU YCMAaHO8KU
ITumona, mo py2exe modicem 0Ka3amvcsi 6eCbMa NOJLE3HbIM UHCIPYMEHMOM.

THonyuums  0ONONHUMENbHYIO  UHGOpMaAYUO U  cKayams pylexe MOJUCHO 30eCh:
http://starship.pyvthon.net/crew/theller/py2exe/. Tam e MON*CHO HAUIMU CCOLIKU HA Opyeue
AHANO2UYHbIE NPOEKMb.

§1.5. lepesas npocpamma

Hacrano Bpems 3amyctuts wuHTeprnperaTtop IIuToHa M HammcaTh NEPBYIO NPOrpaMMy.
CymectByer JnBa crnoco0a HCIOJIb30BaHMS HHTEPIPETATOpA: KOMAHAHBI PEXUM M PEXKUM
BBITIOJIHEHUSI TporpamMMm u3 (QaitnoB. Ecnu B koMaHaHON cTpoke uHTeprnperaTtopa I[luToHa Bbl
Ha0epeTe KOMaHy, TO MHTEPIPETaToOp TYT K€ BBIBEAET PE3yJIbTaT €€ BBIIIOIHEHU:

$ python

Python 2.3+ (#1, Sep 23 2003, 23:07:106)

[GCC 3.3.1 (SuSE Linux)] on linux?2

Type "help", "copyright", "credits" or "license" for more

information.

>>> print "Hello world!"

Hello world!

IlepBass cTpoka mpuMepa— KOMaHIa, KOTOpas 3almyckaer wuHTeprperarop IIutona B

onepanronHoi cucteme UNIX. B onepannonnoit cucreme Windows 1j1s1 BbI30Ba MHTEPIIPETATOPA

noctatouHo B MeHI0 «Ilyck — Ilporpammery BeI3BaTh cpeay paspadotku IDLE. Cnenyromme npe
CTpokH — uHpOpMaIlMs OT HHTEepHperaTopa (HOMEpP BEpCHH, AaBTOPCKHE TMpaBa— TaK OH

2 KomnumupyeMsle S3bIKH [TOKa HE3aMEHHMBI B CHCTEMax pealskHOr0 BpeMEeHH, B KOTOPBIX Jaxke Masneimas 3aiepxKka
MOJKET IOBJICYb 3a CO00H KatacTpody (HampuMep, TaKUe CUCTEMbI UCIIONB3YIOTCS TS YIIPABJICHUS MaHCBPaMHU
KOCMHUUECKHX Kopaliiell U MpOTeKaHHEM CI0XKHBIX (PHM3MYECKUX MPOLECCOB B JA0OPATOPHBIX U MPOM3BOACTBEHHBIX
YCIIOBHSAX).
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npencranisiercs). YerBepras HauyMHAETCAd C MPUIVIAIEHUS MHTEpHperaTopa >>>, KOTOpOe
o0o3Hauaer, 4To OH TOTOB BBITTOJIHATH KOMaH/Ibl. Mps1 HaOpanu KOMaHmy
print "Hello world!", T.e. JaJlM YKa3aHMEC BBIBECTH Ha 3KpaH CTPOKYy "Hello world!", M B
CIIEIYIOIIEN CTPOKE MHTEPIIPETATOP BBIBEN TO, YTO MBI TPOCHIIH.

Mgl Takke MOKEM 3alucaTh Iporpammy B (paiin ¥ MCmonb30BaTh MHTEPIIPETATOP VIS TOTO,
4TOOBl €€ BBIMOJHUTH. Takoil (aiinm Ha3bIBAIOT cyeHapuem WIN ckpunmom (OT aHTI. Script—
cueHapuii). Hampumep, wucmonb3ys TEKCTOBBIH pemakTop, co3gaauMm ¢Gaiin progl.py €O
CJIEIyIOIIHUM COJIEpP/KaHUEM:!

print "Hello world!"

Haspanust  ¢aiinoB, coaepkamux mnporpaMMmbl Ha [luToHe, TPUHATO 3aBepUIATh
MOCIIE0BATEIHPHOCTRIO CUMBOIIOB . py (T€, KTO pabOTalOT B omepanuoHHbIX cuctemax DOS wumm
Windows, Ha30ByT 3T0 pacuupenuem). JIis TOro 4ToObI BBIMOJTHUTH MPOTPAMMY, MBI JOJIKHBI
nepeaaTh HHTEPIPETATOPY B KAYECTBE IMapaMeTpa Ha3BaHUE CKPHIITA!

S python progl.py
Hello world!

B APYTUX MNpOorpaMMHBIX Cpeaax METO/J 3allyCKa IIPOorpaMm MOXKET OTIINYATHBCS, HO NPHUHINIL
BbI30OBAa UHTCPIIPETATOPA OCTAHCTCA TAKUM KC.

Ynpaswcnenue. [lonpobyiime usmenums c6010 nepayio Npocpammy max, umoowl 8 Hell NOABUNUCD
CUHmMaKcuyecKue OWUOKU. CHAYANa OwUOKA, CA3AHHAA C HEePACNO3ZHAHHOU CUHMAKCUYEeCKOU
eounuyel (m.e. HENOHAMHLIM CI0BOM), A 3aMeM — C HENpPABUIbHOU CMPYKMYPOU NPOoSpaMMbl
(MOIHCHO NONPOOOBAMb NOMEHAMb MECMAMU CUHMAKCUYECKUe eOUHUYbL).
Toskcnepumenmupyiime.

§1.6. Ymo makoe omnadka?

[IporpamMmmupoBaHue — JOBOJBHO CIOXHBIA TPOIECC, M BIIOJHE €CTECTBEHHO, KOTJa
IPOTPaMMUCT JOMycKaeT omuoOKy. Tak moBenoch, YTO NPOrpaMMHBIE OLTMOKH HA3bIBAIOT «Oa2amuy
(oT aHri. bug — xyu4ok). B pycckosi3pIMHON NUTEpaType 3TO CIOBO Bbl HE BCTPETUTE, HO B CJICHIE
IPOTPAMMHUCTOB OHO MCIIOJIB3YETCsl JOCTATOUYHO YacTO Hapsly CO CIIOBOM «IIIOK». IIporecc moucka
U yCTpaHEHHs OMIMOOK B aHIJIOSN3BIYHOW JUTEpaType MPUHATO 0003HAYaTh TEPMUHOM debugging,
MBI K€ Oy/IeM Ha3bIBaTh €T0 0Mad0KOU.

CymectByer Tpu THNa OMIMOOK, KOTOphlE MOTYT BO3HHMKHYTh B IPOrpamMMax:
cunmaxcuyeckue owubku (syntax errors), owubKu evinoanenus (runtime errors) u ceManmuyeckue
owubku (semantic errors). UToObl HAXOAUTh U UCHPABIATH UX OBICTPEE, UMEET CMbICI HAYUUThCS
WX Pa3InvaTh.

§1.6.1. CuHmakcu4eckue owubkKu (syntax errors)

JIro00i1 MHTEpHpeTaTop CMOXET BBIIOJHUTH IPOrpaMMy TOJIBKO B TOM Ciyd4ae, €cCid
nporpaMMa CHHTAKCHYeCKM TpaBuibHA. COOTBETCTBEHHO KOMIWIATOP TOXE HE CMOXET
npeoOpa3oBaTh IMporpaMMmy B  MAllMHHBIE HHCTPYKIMH, €CIM IporpamMma  COAEPIKUT
cUHTaKcuyeckue omuOku. Korna TpaHciasaTop HaxoguT omuOKy (T.€. TOXOIUT A0 HWHCTPYKIIMH,
KOTOPYIO HE MOXET MOHATH), OH MPEPBIBAET CBOIO pabOTY M BHIBOJUT COOOIIEHHE 00 OIIMOKE.

Jiss  OONBIIMHCTBA YHMTAIOUIMX CHHTAaKCHMYECKHME OIIMOKM HE TMPEJICTaBIISAIOT O0CO0OH
npobaemsl. Hampumep, 4acTo BCTpedaroTcs CTUXOTBOpPEHHs Oe3 3HaKOB NMpENmUHaHHUs, HO Mbl 0e3
Tpy/a MOKEM UX MPOUYECTh, XOTA 3TO YaCTO MOPOXKIAET HEOAHO3HAYHOCTh MX MHTeprperanun. Ho
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TpaHcasATOphl (M uHTEepnpeTaTop [InToHA HE UCKITIOUYEHHE) OUYEHb MPUIUPUYUBHI K CHHTAKCUYECKIM
omroKaM.

Haxe ecnu B Bamreld mporpamme [IuToH HaligeT XOTs Obl HE3HAYUTEIBHYIO OTICYaTKy, OH TYT
K€ BBIBEIET COOOIIEHHE O TOM, IIe OH Ha Hee HAaTKHYJICS, ¥ 3aBepUIUT padoty. Takyio mporpammy
OH HE CMOXKET BBINOJIHUTH U NOATOMY OTBEpPrHET. B mepBbie Helenu Baleil MpakTUKU pa3pabOTKu
MPOrpaMM BBI, CKOpPEE BCEro, MpOBEAEeTe JOBOJIHLHO MHOTO BPEMEHH, Pa3bICKUBAsi CHHTAKCUYECKUE
ommnOku. Ilo Mepe HakoIUIeHHsS OmbITa BbI OyJEeT OOMYyCKaTh MX BCE pPEXe, a HAXOAUTh — BCE
ObICTpee.

§1.6.2. OwubkKu ebInoniHeHUs (runtime errors)

Bropoii tun ommbok 0OBIYHO BO3HUKAET BO BPEMsI BBINOJIHEHMS IPOrpaMMbl (MX MPUHATO
Ha3bIBaTh UCKIIOYUMENbHbIMU CUMYAyusMU WU, KOPOTKO — UCKIIOYeHUAMU, TI0-aHTIIMHUCKU
exceptions). Takue omMOKN UMEIOT ApyTyto NpuuuHy. Eciiv B mporpamMmme BO3HUKAET MCKIIIOUEHUE,
TO 3TO O3HA4yaeT, 4YTO MO XOAY BBINOJIHEHUS IMPOU30LUIO YTO-TO HENPEABHICHHOE: HANpumep,
nmporpaMMe ObUIO TepeJaHO HEKOPPEKTHOE 3HAaueHHe, WM IMPOorpaMMa IOMbITANach pa3eliuTh
KAKOe-TO 3HAYEHUE Ha HOJIb, YTO HEAOIYCTUMO C TOYKH 3PEHHs JTUCKPETHOM MaTemaTuku. Ecnn
ONEPALMOHHAs CUCTEMa MPUCHUIAET 3aPOC HA HEMEUVICHHOE 3aBEpUICHUE MPOTPAMMBI, TO TAKXKE
BO3HHMKaeT UCKIOYeHue. Ho B MpocThIX mporpamMmax 3TO JOCTAaTOYHO PENIKOE SIBJIEHHUE, IOITOMY,
BO3MOKHO, C HUMH BBl CTOJIKHETECh HE Cpa3y.

§1.6.3. CemaHmu4eckue owubku (semantic errors)

Tpetuii THI OMMOOK — ceMaHTHYecKue OIMOKHU. [lepBbIM MpHU3HAKOM HaIMuus B Ballel
IporpaMMe CEMaHTHYECKOW OIIMOKU SIBJISIETCS TO, YTO OHA BBIMOJHAETCS YCIEHIHO, T.e. 0e3
UCKJIIOUMTENbHBIX CUTYyallui, HO EJIA€T HE TO, YTO Bbl OT HEE 0KUJAETE.

B Takux cioydasx mpobiema 3akiIrodaeTcsi B TOM, YTO CEMaHTHKa HAMCAHHOW MPOrpaMMbl
OTJIMYAETCS OT TOTO, YTO BBl UMENH B BUAY. [lonck Takux ommOOK — 3ajaua HETpUBHAJIbHAS, T.K.
NPUXOIUTCA TMPOCMATPUBATh PE3yIbTaThl pabOTy MPOTrpaMMBI W pa3dMpaTbCs, YTO MpPOrpaMma
JIeJIaeT Ha CaMOM JieJI€.

§1.6.4. Npouecc omnadku

Cmaputii 210K J1yquie HOBbIX 08YX.
Hapoonas npoepammepckas nocoeopka

YMeHnne oTiakKuBaTh IporpaMmel JJid IIporpaMMucCTa ABJISICTCA OYCHBb BAXHBIM HABBIKOM.
Hpouecc OTJIaaAKH Tpe6yeT OOIBIINX HHTCIIJICKTYAaJIbHBIX YCI/IJII/Iﬁ U KOHLCHTpAlMKM BHUMAaHUA, HO
9TO OHO U3 CaMbIX HHTCPECCHBIX 3aHATHH.

OTnaagka O4YeHb HANOMMHAET pPabOTy ecTecTBOMCIBITaTeNsd. M3yudas pe3ynbTaTbl CBOETO
IPEIBIIYIIEr0 SKCIEPUMEHTA, Bbl JEJIA€TE€ HEKOTOPBIE BBIBOIBI, 3aT€M B COOTBETCTBHUM C HUMU
U3MEHSETE [IPOrpaMMy, 3aIlyCKaeTe €€, U CHOBA IIPUCTYNAeTE K aHAJIN3Y IOJYUYEHHBIX Pe3yJIbTaToB.
Ecnu nosyueHHbIN pe3ynbTaT HE COBHAJET C 0XKHMJIAeMbIM, TO BaM MPUIETCS CHOBA pa30oHpaThCs B
NPUYMHAX, KOTOPBIE TMOBJIEKIN 32 COOO0HM 3T HECOOTBETCTBUA. EciM e Balna rumore3a OKa)ercs
NpaBWIBHOM, TO BBl CMOXETE MpeJCKa3aTh pe3yiabTaT MOAM(HUKANMA MporpaMMbl M Ha Miar
NpUOIM3UTHCS K 3aBEPUICHUI0 PaOOTHI HAJ HEHM WM, OBITH MOXKET, 9TO 3aCTaBHUT Bac emie OOJbIIe
YBEpPOBaTh B CBOE 3a01yKICHHUE.

[ToaTomy aJis mpoBepKH pabOTOCTIOCOOHOCTH NMPOTrpaMMbl HE JOCTATOYHO MPOBEPUTH €€ OJJUH
pa3 — HyXHO MpHAyMaTb BCE BO3MOXKHbIE HAOOPBI BXOJHBIX JAaHHBIX, KOTOpPbIE MOTYT Kak-TO
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IOBJIMATH Ha yCTOfI‘IHBOCTB BaIlleil cucTeMbl. Takme Ha6op51 BXOJHBIX JaHHBIX Ha3bIBAIOT
TpaHUYHBIMU 3HAUCHUSAMMU.

Wuoraa npoliecc HamMCaHUsS U OTIAAKU MPOTpaMM paslIesiioT HE TOJBKO BO BPEMEHHU, HO U
MEXJy YyYacTHHUKaAaMU KOMaHIbl pa3paboTuukoB. Ho B mocieaHee Bpemsi Bce OOJBLIYIO
MOMYJISIPHOCTh MPUOOPETAIOT TaK Ha3blBaeéMble THOKHE METOJNOJIOTUH pa3paboTku. B  Hux
KOAMPOBAaHUE HE OTAETSETCS OT OTIAAKH: MPOTPAMMMUCTHI, MHUIIYIINE KOJ, TAaKKE OTBEUaloT M 3a
MOJTOTOBKY TECTOB M BBISBICHHWE KaK MOXXHO OOJBIIEr0 KOJIMYECTBA OIIMOOK yKe B IMpoIliecce
KOAMPOBAHUS. ITO MO3BOJISIET UM B TIOJTHOM Mepe HACTaJAUThCSA CBOEH paboTO.

SAnpo Linux, UCXOIHBIA KOJI KOTOPOTO COACPKHUT MHJUTMOHBI CTPOK, HAYMHAJIACh C MTPOCTOM
nporpamMmsl, ¢ nomoinsio kotopoi Jlunyc Topsambac (Linus Torvalds) m3ydan BO3MOXXKHOCTH
napajieIbHOTO BBITIOJIHEHUs 3a1ad Ha nporeccope Intel 80386. «OnHol M3 paHHHX TPOTrpaMMm
Jluayca Obla mporpamma, KOTOpas IMEpeKNIIoyarach MEXIy JABYMsI IpoIleccaMH: IedyaTaHHeM
nocnenoBarenbHocTell AAAA u BBBB. Ilozxke sta mporpamma mpespatuiack B Linux» (Larry
Greenfield, The Linux Users' Guide Beta Version 1).

Wtak, nmporpaMMHUpOBaHHUE — 3TO MPOLIECC MOCTENIEHHON A0pabOTKU U OTJIAJIKU 0 TeX MOp,
MoKa mporpamMma He OyJeT JeiaTh TO, YTO MBI XOTUM. HauWHaTh CTOMT ¢ TPOCTON MPOTPaMMBbI,
KOTOpasi JeflaeT 4To-TO NPOCTOe, a 3aTeéM MOXKHO NPUCTYNaTh K HapalluBaHUIO ee
(GYHKIIMOHANBHOCTH, JAenas HeOonbline MOAU(DUKAIIMU U OTIaXuBas J100aBIIEHHBIE KYCKH KOJa.
Takum 00pa3zoMm, Ha KaXKIOM LIary y Bac OyzaeT paboTaromias mporpamma, 4ro, B Kakoi-TO Mepe,
MO3BOJIUT BaM CYJUTh TOM, KaKyI0 YacTh paOOThI BBl YK€ CIIEaIH.

B NOoCICAYIOIIUX IJIaBax y Bac 6y,[[eT BO3MOJHOCTH ITOIIPAKTUKOBATLCA B OTJIAAKE IIPOTrpaMM.
Koe-kakue moje3Hble COBETHI 110 OTJIaAKC BBIHCCCHEBI B HpI/IJ'IO)KCHI/Ie A — 00s13aTCILHO TOYMTATE
€Tro Korjga y Bac 6YILCT CBO6OI[HOC BpEMs, KCJIATCIIBHO, OMmmKe K KOHIY U3YUCHU IIECTOM TJIaBbI.
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[naea 2. [lepemeHHbIe, oriepayuu u 8bipaeHusl

M BOT, HakoHel, MBI MPUCTYNMaeM COOCTBEHHO K MporpaMMHUpoOBaHuI0. Mokere cpasy
3amycTuTh HWHTEepnperarop Ilutona. He moBpemut, eciaw BbI TpoBepuUTe pPabOTOCIOCOOHOCTH
IIPUMEPOB Ha CBOEM KOMIIBIOTEPE U MOAKCIEpUMEHTHUpYeTe ¢ HUMH. Eciin Haiinere kakyro-HUOYb
omMOKy WM OTedYaTKy — muimmuTe Ha pythonbook(@it-arts.ru. Bo3mokHO, Baiie UMs MOSBHUTCS B
CIUCKE Pa3pabOTYNKOB KHUTH.

§2.1. BHayeHuss u murbl

Bce mporpammbl paboTaroT co 3HAYCHHSIMH. 3HAYCHHEM MOXKET OBITh YWCIIO WJIM CTpPOKA.
Hampumep, B mepBoii mporpamMme Mbl YK€ TedaTaid Ha OKpaHE CTPOKOBOE 3HAUYCHHE
"Hello world!". AHaJIOTUYHBIM 00pPa30M MBI MOKEM BBIBECTU U YHUCIIO:

>>> print 12
12
"Hello world!"™ W 12 HmpUHAAJIEKAT K Pa3UYHBIM TUIAM: str (OT aHIJ. String — CTpOKa) u

int (0T aHmIL integer — 1enoe uucio)’. MHTEpIpeTaTop OTIMYaeT CTPOKY OT YUCHIa 110 KaBbIUKaM, B
KOTOpBIE OHA 3aKJII0YEHA.

Ecnu ectp nenble yucina, To, M0 Uaee, J0JDKHBI OBITh U ApoOHbIe. [laBaiiTe monmpoOyeM Takyro
KOMaHsy:

>>> print 2,4
2 4
Bot u mepBbIii puMep CeMaHTUYECKOW OMIMOKW: MBI MPEAINOoJaraid, 4YTo WHTEPIPETAToOp
BBIBEJIET JACCATHUYHOE YHCIIO, HO OH BOCHPHHSJ 3aISITYI0 KaK pa3/IelIUTENIb MEXIY BYMS LEIbIMU
YUCJIaMU U BBIBENT WX, pa3fenuB mpodemomM. BoobOmiem, OoH HAc HENMPaBWIBHO TIOHSUI, BEIb

paszenuTeneM ApoOHON | 1esiol yacTeit yucia B [luToHe, Kak ¥ B OOJBITUHCTBE JPYTUX S3BIKOB
IPOrpaMMHMPOBAHUSL, CIYKUT TOUKa®:

>>> print 2.4
2.4
Ecnu Bl HE yBEpeHBI B TOM, K KAKOMY THUITYy IIPUHAUICKUAT 3HAYEHUE, 3TO MOKHO IIPOBEPUTH

TaK:

>>> type ("Hello world!"™)

<type 'str'>

>>> type (12)

<type 'int'>

>>> type (2.4)

<type 'float'>

CrpoxoBblii THN Ha3biBaeTcsi B [luToHE str, IelOUYMCICHHBIH HOCHUT Ha3BaHuEe int, a
NpoOHBINA — float (0T anri. floating-point number — yncia ¢ mIaBaroIieil TOYKOMN).

3 B HekoTopbIX Bepcusax [IuToHA 3TH THITBI HOCSAT HECOKpAaIlleHHBIe Ha3BaHs: String w integer.
4 Takoil HePUBBIYHBIHN I HAC CIIOCO0 pa3ae/ieHHs IeJI0W U JPOOHOM YaCTH SBJSICTCS aMEPUKAHCKAM CTaHIapTOM
3aMUCH JECITUYHBIX IPOOEH.
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Ynpasicnenue. Ilposeoume camocmosimenbHo credyowjuti dKCHEPUMEHM. Npo8epbme Mmunbl
3Hauenuu "12" u "2.4"? Kaxkoeo onu muna u novemy?

§2.2. [lpeobpasosaHue murios

B npenpiaymiem paszaene Mbl HAYYHIIUCh BBIBOJUTH HA IKpaH ILETbIE YHCIA — 3TO JOBOJIBHO
pocTo Aenaercs, He Tak Ju? Ho ans uHTepnperaTopa 3Ta 3ajada BBIMISIIUT HECKOJBKO CIIOJKHEE,
T.K. EMY Iepe]] BBIBOJOM YHCIOBBIX 3HAUCHUI MIPUXOAUTCS MPEOOPa30BbIBATH UX B CTPOKH.

[TporpaMMuCT TOXe MOXKET 3TO AenaTh — [IUTOH uMMeeT Leayl0 KOJUIEKIHMIO BCTPOCHHBIX
GyHKIMM, KOTOpble YMEIOT NHpeoOpazoBbIBaTh 3HAUYEHHS OJHOrO Tuma B Apyroil. Hampuwmep,
byHkIMsA int () mpeoOpa3oBbIBa€T 3HAYEHHE B LEJIOYHCIEHHBIM Turn. Ecnu mpeoOpazoBaHue
MPOU3BECTU HEBO3MOKHO, TO BO3HUKAET UCKIIOYCHHE:

>>> int ("32")
32
>>> int ("Hello")
Traceback (most recent call last):
File "", line 1, in ?
ValueError: invalid literal for int(): Hello
OYHKIUA int () MOXKET IPHUBOJUTD K LIEJIOMY TUITY U APOOHBIC YKCIIa, HO HE 3a0bIBalTe, YTO
npu nmpeoOpa3oBaHUM OHA MPOCTO OTOPACHIBACT IPOOHYIO YACTh:
>>> 1nt (3.99999)
3
>>> int (-2.3)
=2
OyHKIMS float () MPeoOPa3OBHIBALT MEIbIC YUCIIA U CTPOKU B APOOHBIN THIL.
>>> float (32)
32.0
>>> float ("3.14159")
3.14159
U, nakonen, ¢pyHKIMA str () OTBEYAET 3a MpeoOpa3oBaHUE K CTPOKOBOMY TuIily. UMEeHHO ee
MIpEeABAPUTENILHO 3aIyCKAeT KOMAaH/Ia print:
>>> str(32)
1321
>>> str(3.14149)
'3.14149"
MoxeT nmokazaTbcs CTpaHHbIM, 4TO [IUTOH pasznuyaeT 1enoe yuciao 1 ot ApodHoro 1.0: 3TO

OHO M TO XK€ 4YHCJIO0, HO IMPHUHAMJICKAT K PA3JIMYHBIM THUIIAM. I[eno B TOM, 4YTO OT THIIAa 3HAYCHMHA
3aBHCHUT CIIOCO0 €ro XpaHCHUA B ITAMATH.
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§2.3. [lepemeHHbIe

Kak umo0oii gapyroit s3pIk mnporpamMmupoBaHusi [IMTOH TOAAEPKUBACT KOHLEIIUIO
NEPEMEHHBIX, HO ¢ HeOobIuM oTianuueM. Ecnu B s3pikax C++ unm Pascal nepemenHnas — 31o uMs
SAYEHUKU NIaMATH, B KOTOPOM XpaHUTCA 3HA4eHUE, TO B IInTOHE nepeMeHHas — 3TO CChIIKA Ha STYEUKY
naMaTy. Pasnuune, Ha NEpBBIM B3IV, HECYIIECTBEHHOE, HO HA CaMOM JIeJIe 9TO HEMHOI'O IPYyrou
MOJIXOJ K OpraHu3aluy XpaHeHHUs] OObEKTOB B MaMATU. Bripouem, Hac moka 3To HE 0CO00 BOJIHYET.

Jlist Toro, 4TOOBI «3alIOMHUTEY 3HAYCHHE JOCTATOYHO IMPUCBOHMTH €r0 MEPEeMEHHOW. DTO
JIeNlaeTcss ¢ TIOMOIIBIO CHENUAIBHOTO OIepaTopa MPHCBaWBaHUS KOTOPBIM 0003HAYaeTCsl 3HAKOM
paBeHcTBa (=).

>>> message = "Hello world!"
>>> n = 12
>>> pi = 3.14159
B nanHOM npumepe nepeMeHHOUN message MPUCBAUBACTCS (MM CONOCTABIISETCS) 3HAUECHUE
"Hello world!", nepeMeHHoﬁ n IpUCBanNBACTCA 3HAYCHUC 12,a HepeMeHHOﬁ pi —3.141509.

Camblii  mpocToil crmoco0 rpaduueckoro MpeACTaBICHUS TMEPEMEHHBIX: HAMHUCATh WM
MIEPEeMEHHOM, HapUCOBATh CTPEIKY, HA JAPYroM KOHIIE KOTOPOW JOMHCATh MPUCBOSHHOE 3HAUCHUE.
Takue pPHUCYHKHM WHOT/A HA3BIBAIOT OJuazpammamu cocmosnus (state diagram), T.K. OHHU
O0TOOpaXKaroT COCTOSIHHUE, B KOTOPOM HAXOJUTCS TEepeMEeHHasl, T.C. KaKoe 3HAYCHHE ¢i B JaHHBIN
MOMEHT TTPHCBOCHO.

message —> “Hello world!”
n——> 12
pi —> 3.14159

Komanna print paboTaer u ¢ mepeMeHHBIMU:
>>> print message
Hello world!
>>> print n
12
>>> print pi
3.14159

Kaxk BUAUTE, KOMaHJa print BBIBOAWUT HE UMEHA NEPECMCHHBIX, a X 3HAYCHUS. HepeMeHHHe,
TaK K€ KaK U 3HAa4YCHUA, UMCIOT THII. [[aBaﬁTe 9TO IMPOBCPHUM C ITOMOIIBIO (bYHKI_II/II/I type():

>>> type (message)
<type 'str'>

>>> type (n)

<type 'int'>

>>> type (pi)
<type 'float'>

Tun nepeMeHHON COBMANAeT C TUIOM IMPUCBOEHHOTO €W 3HaueHus. PaccMoTpuM emie oIvH
IIpUMep:
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>>> message = "Hello world!"

>>> n = 12

>>> type (message)

<type 'str'>

>>> message = n

>>> print message

12

>>> type (message)

<type 'int'>

OTOT TOpuUMEp HHTEPECEH IO JBYM NpUYMHaAM. Bo-mepBblX, B HEM HCIOJIb30BaHa

BO3MOKHOCTbH MPUCBAaWBaTh 3HAYEHUE OJIHOW MepeMeHHOM Npyrod. KoHCTpykuusa message = n
paboTaeT aHaJOrMYHO T[PHCBAWBAaHUIO TMEPEMEHHON 3HAYEHHUS: TEPEMEHHOH message

IPUCBAaUBaeTCs 3HaUeHUe epeMeHHOM n. IIpu 3TOM 3HaueHue 12 XpaHUTCs B MaMATH TOJIBKO OJUH
pa3 — [IUTOH 10BOJILHO 3KOHOMHO PacXxoayeT MaMsTh.

(13 "’

message - - >

n——> 12

Bo-BTOpBIX, Kak BHAHO W3 IpUMEPA, IIEPEMEHHas message IOCIE INPUCBAUBAaHUA €U
3HAQ4YCHMUS n IIOMEHsUIa CBOM THI. Jlaleko He KaKIbli S3bIK NPOTPAMMHUPOBAHUSA «YMEET» ITO
JIeNIaTh TaK IPOCTO.

§2.4. ImeHa nepeMeHHbIX U Kiltoyesble crioea

Kak 3amerun ®penepuk bpykc (Frederick P. Brooks, Jr)’, camoe 3axBarbiBaioiiee B
npodeccui TpoTrpaMMHUCTa TO, YTO OH paboTaeT C HIeel B YUCTOM BHUJE: OH 3alMChIBACT
abCTpaKkTHBIE U C OMONIbIO (POPMANIbHBIX S3BIKOB, YTOOBI T€ 00JEryanu Tpyd JAPYTUM JIFOJISM.
Jns mpeoOpa3oBaHus aOCTPaKTHOI, HENPOSBIEHHON B MaTepHalbHOM MHpE HJIEU B KOJ
IpOrpaMMbl HEOOXOAUMO BBIIEINUTh CYIIHOCTH U ACUCTBUS, IPUIYMaTb UM Ha3BaHUs, YTOOBI MU
yHpaBIIsATh, MPOCIEAUTh CBSI3U MEXIy HUMM U UX CBoiicTBamu. BbI, HaBepHOe, JOrajaiuck, 4To
MMEHAMHU CYIIHOCTEH, C KOTOPbIMHU PabOTaeT MPOrpaMMUCT, CIIy’KaT nepemMeHHsle. [loaTromy cTouT
BbIOMPATh OCMBICIIEHHBIEC HAa3BaHHsI IEPEMEHHBIX.

MMmeHa nepeMeHHbIX MOTYT OBITh HPOM3BOJBHOW JUIMHBI, HO CTapailTech BBIOMpaTh He
CIIMIIKOM KOPOTKHE M HE CIHUIIKOM JJIMHHbIE HMMEHa — OT JTOr0 3aBUCHT YHUTAa0EIbHOCTh
pOTPaMMBI.

[Ipu cocTtaBieHWH UMEH MepeMeHHBIX B [IUTOHE MOXKHO HCMONB30BaTh JIFOObIE TATHHCKUE
OyKBBI, IU(PHI ¥ 3HAK _ (3HAK MOTYCPKUBAHMS). 3HAK MMOTYEPKUBAHUS MOXKET UCIOIB30BATHCS TS
pa3zeneHus CII0B COCTABIIAIOIIUX UM IIEPEMEHHON: HAIIpUMED, user name WIKA full price. Ho
HA3BaHUS [IEPEMEHHBIX HE MOTYT HAUMHATHCS C HUQPBHIL.

>>> Ilmessage = "Hello world!"

5 ®penepuk bpykc (Frederick P. Brooks, Jr) pykoBoamn 3namenutsiM mpoektom IBM OS/360; ero nepy
npunamiexut npuHiun No Silver Bullet (NSB — «CepeOpsiHHOI 1TyJIM HET», B CMBICIIE YHUBEPCAILHOTO CPECTBA
00pBOBI C MPOEKTaMK- «MOHCTpaMm»). Peus uer o ero kuure «Muguyeckuii 4eI0BeKO-MeCsILl, UM KaK CO3Jat0TCs
MPOTPaMMHBIE CUCTEMBI.
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File "<stdin>", line 1
Ilmessage = "Hello world!"
SyntaxError: invalid syntax
>>> price in $ = 300
File "<stdin>", line 1

300

price in $
SyntaxError: invalid syntax
>>> class = "Computer Science 101"
File "<stdin>", line 1
class = "Computer Science 101"

SyntaxError: invalid syntax

Pazbepem »tu Tpu npumepa. IlepBoe ke Belpa)keHHE UHTEPIPETATOPY HE TTOHPABUIIOCH, U OH
OTMETUJI 3HAKOM ~, TJI¢ UMEHHO y HETO0 BO3HMKJIM NPETEH3UU: OH yKa3al Ha UMs NEpPEMEHHOMN
lmessage. JIeWCTBUTENBHO, UM lmessage SBISETCS HEKOPPEKTHBIM, BEIb OHO HAYMHAETCS C
udpsl. AHAIOTHYHASI CUTyalusl C UMEHEM price in $: OHO COAEPKHT HENOIYCTHUMBIH CHMBOJI
$. Ho uro uHTEeprpeTaTopy He HpaBUTCA B TpeTbeM BblpakeHMH? [[aBaiiTe momnpoOyeM H3MEHUTH
UM IEPEMEHHON class Ha 4TO-HUOY b IOX0XKEe, HAIIPUMEp, class :

>>> class_ = "Computer Science 101"
>>> print class
Computer Science 101
Teneps Bce B mopsaake. B uem xe peno? Ilouemy uMsi class BBI3BAJO OIIMOKY, a UMs
class_—Her? Kakue ectb npeanonoxenus? IlocraBuM emie onuH SKCIIEPUMEHT:
>>> print = "Some message"
File "<stdin>", line 1
print = "Some message"
A

SyntaxError: invalid syntax

3HakoMas cutyanus, He Tak Ju? [IpoaHanusupyeM To, 4TO Mbl OTYyUniIH. B kauecTBe uMeHH
MEPEMEHHON MBI IBITAINCh HMCIONb30BaTh KOMAHIY print W MOJYYWIM aHAJIOTHMYHYH OLIMOKY,
3HAYUT CJIOBO class, CKOpEE BCET0, TOKE SBJIAETCS KOMAaHA0H M KAaKUM-TO CIyKEOHBIM CIIOBOM.

JlelCcTBUTENBHO, CIIOBA class M print SBISIOTCS TaK HA3bIBAEMBIMH KJIH0UEGbIMU CLOBAMU.
Bceero B IIutone Bepcuu 2.3. 3ape3epBUPOBAaHO 29 KIIFOUEBBIX CJIOB:
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and del for is raise
assert elif from lambda return
break else global not try
class except if or while
continue Hexec import pass yield
def finally in print

[Tone3sHo HMMETh 3TOT CIHCOK IMOJX PYKOH, YTOOBI 3aryiiHYyTh B HEro, KOrja BIApPYT
WHTEPIPETATOPY HE ITOHPABUTCS OJHO U3 UMEH IIEPEMEHHBIX.

WmeiiTe Tarxke BBUIY, YTO MHTEPHPETATOP pa3jindyaeT OONbLINE U MaJeHbKUE OYKBBHI, T.C.
message U Message OyAyT pa3HbIMH EPEMEHHBIMH.

Ynpasicnenue. Hanuwume npocpammy, komopas noomeepdcoaem, yYmo UHMepnpemamop
Ilumona pasnuuaem cmpounsvie u 3a21a6Hble OYKBbL 8 UMEHAX NEePEeMEeHHDBIX.

§2.5. BbipaxeHus

B mepBoii TimaBe MBI YK€ CTAJIKMBAJINCh C IOHATHEM BBIPAXEHUS B OOIIEM BHIE U
WCIIOJIb30BaJIM UX B Mporpamme. J[aBaiTe qaguM OonpeAesieHue 3TOro TepMUHA. Buipaswcenue — 310
MOCJIEI0BATEIbHOCTh CUHTAKCUUECKUX €IMHULI, OMUCHIBAIONIAs 3JIEMEHTapHOE JAECHCTBUE HA SI3bIKE
nporpammupoBanus. Hampumep, print "Hello world!"™ H message = n  SBISIOTCA
BBIPAKECHUSIMHU.

Korna BbI Ha6HpaeTe BBIPDAXKCHUC B KOMaHIHOH CTPOKEC, UHTCPHIPCTATOP BBIIIOJIHACT €TO U
BBIBOOUT PE3YyJIbTAaT, CCIN TaKOBOM HMeEeTCs. PC3YJ'ILT8.TOM BBIPAXXCHUA print "Hello world!"
SIBJIIETCS CTpOKA: Hello world!. BI)Ipa)KeHI/Ie MpucCBaMBaHWsA HUYETO HE BBIBOJUT.

CkpunTbl OOBIYHO COJEpPKAT IOCIIEAOBATEIBHOCTh BBIPAXKEHUHM, Pe3yJibTaThl BBIPAKEHUN
BBIBOJATCS 110 MEpe MX BBINOJHEHMs. Hampumep, 3amyCcTUM CKpPHUNT, COACPIKALIUN CIIECLYIOIINE
BBIPAKCHMUS:

print 1
X = 2
print x
OTOT CKPHUIIT BBIBEJIET CIEAYIOIIEE:
1
2

H cHoBa BBIPAXKCHUC NTPHUCBANBAHUA HE IIOPOKAACT HUKAKOTO BBIBOAA.

§2.6. BbironiHeHuUe ebipaxkeHuU

ITo CyTH, BBIPpAKCHHUEC — 3TO IOCICAOBATCIBHOCTDH '\’)HaT-IGHI/II\/'Ij MNEPEMECHHBIX W OIICPaTOPOB.
Ecan BB HanmmmmTe BBIPAXKXCHUC, TO UHTCPIIPETATOP, BEIIIOJITHUB €0, BBIBEACT HA 3KpaH:

>>> 1 + 1
2

3HadeHue caMo I10 cede paccMaTpruBaCTCA KaK BBIPAXKCHHUEC, TaK K€ KaK U ICPEMCHHAs:
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>>> 17

17

>>> x = 2
>>> x

2

Ho BeImosHEHME U BBIBOJ pE3yJibTaTa BBIIIOJIHCHUS BBIPAXKCHUSA HE COBCEM TO KC CaMO€:

>>> message = "Hello world!"
>>> message
"Hello world!"
>>> print message
Hello world!
Korna [IUTOH BBIBOJIUT 3HAYEHUE BBIPAXKEHUSA B KOMAHAHOM PEKHUME, OH UCIIOIb3YET TOT ke
dbopmar, 4TO HCHONB3YyeTCs TMpPH BBOJE AITOro 3HadeHus. Hampumep, mpu BBIBOJAE CTPOK OH

3aKJII0OYaCT UX B KaBBIYKH. KOMaHI[a print TaKXe BBEIBOAUT 3HAYEHUE BBIpAXXCHUA, HO B ClIy4dac CO
CTPOKaMH, OHAa BBIBOAUT COACPIKUMOC CTPOKHU 0e3 KaBbIUEK.

B ckpunrax, BelpaskeHHsI BOOOIIE HUYETO HE BBIBOJAT, €CJIM B HUX HET MHCTPYKLHMH print.
Hampumep, crieqyrommii CKpUIT HE BBIBOJAWT HA OJHOU CTPOKH:

17

3.2

"Hello, World!"
1+ 1

Ynpasicnenue. Vszmenume ckpunm us npedvioyujeco npumepa max, 4moovl OH @bleesl 3HAUCHUS
8cex uemuvlpex 8blpadtCeHul.

B xomangHom pexume wuHtepnperarop IIuTtoHa pe3ynbTaT MOCHEAHErO BBIPAKECHUS
COXpaHsieT B CIIELUAJbHONW NEpeMEHHOW  (3HaK MoauyepKuBaHMs). Bbl Mo)keTe NpocMOTpPETh
pE3yNbTAT BHITOJIHEHUS MTOCIEIHETO BBIPAXKEHUS U UCIIOJIb30BATh €T0 B CBOMX BBIPAXKCHUSX:

>>> 1.25 + 1
2.25

>>> print
2.25

>>> 5 +

7.25

[Toaromy IIuToH [0BOJMBHO YAOOHO HCMONB30BaTh Kak TMPOCTOM KalbKyisTop. B
NOCEOYIOIMX pa3liesiax Mbl pa3depeMcs € TeM, Kakue ONEepaluu CIOCOOEH BBINOJIHATH
unTepperarop [Iurona.
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§2.7. Onepamopsi u orepaHObI

OnepaTopaMH Ha3bIBAIOT CICHUAJIBHBIC CHMBOJIbI (I/IJ'II/I oCJICA0BAaTCIBHOCTHU CI/IMBOJ'IOB),
0603Ha‘IaIOH.[I/I€ HCKOTOPBIC OIICpalluu. HaHpHMep, 3HAKOM + 0003HAYaIOT OICpanurro CIOXKCHUSA, a
3HAaKOM * — YMHOXCHHUC. 3H3‘I€HI/I${, Haa KOTOPBIMH BBIINMOJIHACTCA OICpalusa, HAa3bIBAOT
oncpaHaaMu.

Bcee HWXKCECIICAYIOIINE BIPpAXKCHUA, C TOUKH 3PpCHUA HI/ITOHa, KOPPECKTHBI:

20+32 hour-1 hour*60+minute minute/60 5% (5+9) * (15-7)

3HaueHus OOJBIINHCTBA U3 HUX MOHITh HETPYJIHO. 3HAUEHUSI CUMBOJIOB +, —, * U / B [IutoHe
Takue ke, Kak B MaTemaTuke. CKOOKM HCHOJB3YIOTCA Ui TPYIIHUPOBKU ONEpauui, a IBYMs
3BE3/104KaMu (* *) 0603HavaeTCs onepalysi BO3BEJCHUS B CTECTICHb.

Ecnmu OICpaHaAOM SABJIACTCA MEPEMCHHAsSA, TO MEPC BEIUYUCIICHUCM BBIPAKCHHA ITPOU3BOANUTCA
MMOoACTAaHOBKA Ha €€ MCCTO 3HAUCHU A, HA KOTOPOC YKA3bIBACT 3TAa IICPEMCHHAs.

CrnoxxeHue, BRIUMTAHUE, YMHOKEHHUE U BO3BEJICHUE B CTEIIEHb pa0OTAIOT MPUBBIYHBIM ISl HAC
crmocoOoM, HO JEHCTBHE Olepaldyd JeJeHUsS HECKOJIBKO OTJIMYAeTCA. OTO WIUIIOCTPUPYET
CIEQYIOUIUHN TPUMED:

>>> minute = 59
>>> minute/60
0
3HavyeHHE MEPEMEHHOW minute paBHO 59; pe3ysibTarT JeleHUs 59 Ha 60 JOJDKEH OBbITh

0.98333, a He O. HpH‘lHHOfI 9TOI'0 HCCOOTBCTCTBHUA ABIACTCA TO, 4YTO IIuToH BBINOJIHSET
OCJIIOYHUCIICHHOC OCICHUC.

Korma o6a onepanna — nensie yucia, u [IMTOH cuuTaer, 94To pe3ynabTaT TOXKE JOJKEH OBITH
nensiM. [ToaToMy 11e1ounciieHHoe IeJeHre BCeria 0TOpachiBaeT APOOHYIO YaCTh.

Kak nmosyuuts npoOHbIi pe3yibTar? JloCTaTOYHO NPUHYAMUTENBHO MPeoOpazoBaTh OIUH U3
OTIEPAHJIOB B IPOOHOE YHCIIO:

>>> minute = 59
>>> float (minute) / 60
0.983333333333
Hpyroii BapuaHr:
>>> minute = 59
>>> minute / 60.0

0.983333333333

Ecnim omuH W3 omepaHaoOB MNPHHAMICKHUT THUIY float, TO BTOPOW aBTOMATHYECKH
npeoOpa30BbIBACTCS K 3TOMY THUILY, KaK K 60Jiee CIIOKHOMY.

§2.8. Nopsdok onepayuli

BonpmMHCTBO S3BIKOB MMporpaMMUupOBaHUA ITO3BOJIAKOT I'PYIIIIMPOBATL B OJJHOM BBIPAKCHUU
HCECKOJIBKO onepaunﬁ. 9T0 y,I[O6HO, HaIlpuMep, €CJIN HY>KHO IIOCYUTATh IIPOLUCHTHOC COOTHOIICHUC
ABYX BCJIIMYHNH:
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>>> print 100 * 20 / 80, "&"
25 %

B »TOM mpumMepe paccUuThIBACTCS IIPOLIEHTHOE COOTHOLIEHHE IBYX yuces: 20 u 80. [locne
pe3yibTaTa BBIPQXKEHHS BBIBOAUTCS CHMBOJI % — HHTEPIPETATOpP BBIYMUCIAET apudMeTHuecKoe
BBIPAKEHHUE U BBIBOJUT PE3YJIBTAT, @ 3aTE€M JONMCBIBAET CTPOKY, CTOSLIYIO ITOCIIE 3aIATOM.

Korna B BelpaxkxeHnu 0oJsiee OJHOTO ONEPaTOpa, MOCIEA0BATEIBHOCTD BBIIIOJHEHUS ONepaluit
3aBUCUT OT MOPSAKAa WX CJICIOBAaHMS B BBIPAXKECHHUM, a TAKXKE OT WX Mpuopurera. [IproputeTs
onepatopoB B [IuToHE MOTHOCTHIO COBIAAIOT C IPUOPUTETAMH MATEMATHUYECKUX OTIEpaIUi.

CaMblil BRICOKHI MPUOPUTET Y CKOOOK, KOTOPBIC TIO3BOJISIOT U3MEHSThH MOCIIEI0BATEIIHHOCTh
BBITIOJTHEHMSI oniepanuid. Takum o0pa3oM, ornepamnuy B CKOOKaX BBITIOTHSIOTCS B TIEPBYIO OYEpPE/Ib.
Hampumep, 2* (3-1) paBHO 4, (1+1)** (5-2) — 8. CKOOKH yJOOHO HCIIOJIB30BAaTh U JUISI TOTO,
9TOOBl BBIpOKEHHUS OBLIO JIeT4e 4YWTaTh, AK€ €CIU WX HaJNuie B BBIPAKCHUM HUKaK HE
oTpaxkaercsd Ha pe3yibrare: (100*20) /80.

Crnenyromuii IpUOPUTET y ONIEPALIMK BO3BEICHMS B CTEIEHB, TO3TOMY 2* *1+1 paBHO 3, a HE
4, M BBIPAXXCHUE 3*1**3 MacT pe3yabTaT 3, a HE 27.

YMHOKEHUE U JIeJIeHHe UMEIOT OJUHAKOBBIM MPUOPUTET, OOJee BBICOKUM, YEM Yy Omepanuit
CJIOKEHUS W BBIYMTAHUSA. 2*3-1 paBHO 5, a He 4; 2/3-1 paBHO -1, a He 1 (pe3ynbrar
LIEJTOYMCIICHHOTO JIeJIeHHs 2 /3=0).

OnepaTopbl € OAMHAKOBBIM IPUOPUTETOM BBINOJHAIOTCS CJ€Ba HampaBo. Tak 4YTO B
BbIpaXeHUH 100*20/80 YMHOKEHHE BBIMOIHICTCS TEPBbIM (BBIpAXKEHUE MPHOOpPETaeT BUJ
2000/80); 3aTeM BBINOJNHSETCA [EJIEHUE, Bblialollee B pe3yibraTe 3HaueHue 25. Eciau Obl
oTiepaIiy BBINOJHIUCH CIPaBa HAJIEBO, TO PE3YJIbTAT MOIYyUUIICS Obl IPYTHUM.

Ynparxcnenue. Hsmenume evipasicenue 100*20/80 mak, umobvl NOCIEO08AMENLHOCHIb
8bInoaHeHus onepayuti ovina obpamuoil. Kakoii pe3ynbmam bl NOIYUULU NOCTE €20 GbINOJIHEHUS.
u nouemy?

§2.9. lNpocmedwue onepauuu Had cmpokamu

Boo0O1ie roBopsi, HaJ CTPOKaMH HEJb3sl IPOU3BOANTH T€ K€ OTEPAIMH, YTO U HAaJ YHCIIAMH,
MO3TOMY CJICYIOIIHE MPUMEPHI paboTaTh HE OyAyT:

message-1 "Hello"/123 "Hello"*"world!" "15"+2

Ho omnepatop + paboTaer co cTpokamu, XOTsI 0003HAYaET APYTYIO ONEPALHIO: KOHKAMEHAYUIO
WU cyensienue Cmpox.

>>> strl "Hello"
>>> str2 = " world"
>>> print strl + str2 + "!I"
Hello world!
OOpaTtuTe BHUMaHUE, YTO BTOpas CTPOKa HaunHaeTcs ¢ npobena. [Ipoben Takoi xe cuMBO,
KaK ¥ 1000 Ipyroii.

OrnepaTop * TOXKE€ MOKHO HCIIOIb30BATh MO OTHOLIEHUIO K CTPOKAM, HO NPH YCIOBUH, YTO
OJIHUM U3 ONepaHA0B OyJeT 1enoe 4nuciao. B 3Tom ciyyae onepatop * CUMBOJU3UPYET onepayuro
nosmoperus cmpoku (W umepayuro). Hanpumep, ' Fun' * 3 BBIAACT pe3yabTaT ' FunFunFun'.
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MOXHO TpOCHEAUTh AHAJIOTHUIO MEXKIY ONEepalysMd HaJl YWCIaMH W OIepalusMyd Haj
CTPOKAMMU: TaK XK€, KaK 4 * 3 SKBUBAICHTHO 4+4+4, 'Fun'*3 3KBUBAJEHTHO 'Fun'+'Fun'+'Fun'.
Ho ¢ mpyroi ctopoHbl, KOHKaTEHALMS U IOBTOPEHUE MMEIKOT HECKOJIBKO CYIIECTBEHHBIX OTIMYHMI
OT CJIOKEHUS U YMHOXEHHSL.

Ynpasinenue. Bce onepayuu 6 mamemamuxe Kiaccupuyupylomcs Hno ux CEOUCMEam
(KOMMYmMAamueHoOCmb, accoyuamueHocms u m.n.). Kakumu ceoucmseamu, npucyuumu c1oH#CeHuio
U YMHOMCEHUI0, He 001a0arm KOHKameHayus u nogmopenue?
He nenumecv 3aznanyms 6 mamemamuieckuil CnpagoyHuUK — NOHUMAHUE CBOUCME 00BeKmos,
KOMOopbIMU onepupyeme, 0acm 6am OOabUiUe NPeuMyujecmasa.

§2.10. Komnosuyus

Hanocnenok pazbepemcs emie ¢ 0HOM BaKHOW KOHIenuuen: komno3uuueil. CaMmu Toro He
3amMeyasi, Mbl C HEIO YK€ CTaJIKUBAIIACH.

Bech oxpyxaromuii HaC MUp COCTOMT W3 COCTaBHbIX 4actel. Hampumep, noma coctosT u3
KAPIHUYEH HIU CTPOUTENBHBIX OJIOKOB, KMPIHYH, B CBOIO OYEPEIb COCTOAT W3 MEJIKUX KPYIHUI]
IecKa, a Te — U3 MOJIEKyJl M aToMoB. J{ist TOro, 4ro0bl MOJEIHPOBATH SIBICHUS OKPYXKAIOIIETO
MHUpPa, THCTPYMEHT IOCTPOEHUS MOJeNel JOKEH TaKK€ MMETh BO3MOXKHOCTb cCOOMpaTh MEJIKHE
OOBEKTHl B CHUCTEMBI, KOTOPbIE B CBOIO Ouepelb OyayT OOBeIUHSATHCS B eme Ooyiee CIOXKHBIC
KOMILIEKCHI.

CpenctBoM MoJenupoBaHus (T.€. OINUCAHUS PaA3IUYHBIX OOBEKTOB M CUTyalMH) JUIs
IPOrpaMMUCTa SIBJISIFOTCSL  SI3bIKM  IIPOrpaMMUpOBaHusA. Bo BceX BBICOKOYPOBHEBBIX SI3bIKAX
peanr30BaHa BO3MOXHOCTb COCTABJICHUS CHCTEM U3 00Jiee MPOCTHIX FJIEMEHTOB, MJIM KOMITO3UIIHSL.

HaanMep, MBI 3HA€M, KaK CJIOXWUTb ABAa YHCJIa M KaK BBIBOJWUTH ITOJIYUYCHHOC 3HAYCHUC.
Taxum 06p330M, MBI MOXKET 3TO CACJIaTh B OJHOM BBLIPAXKCHUU:

>>> print 17 + 3
20

Ha camom ACJIE CIIOKCHUEC U BBIBOJ 3HAUYCHUSA IMMPOUCXOJAT HE B TO XKE€ CaMO€ BpEMs: CHadalla
BBIYHCICTCA BBIPAXCHHC, IIOCJIC 4YCrO BBIBOAHUTCA PE3YJIbTAT. Ho BB MOXeTe BBIBOJUTH TAaKUM
06pa30M pe3yiibTar JI000T0 BBIPA’XXCHUS, KAKUM OBI CII0XKHBIM OHO HE OBLIO.

BbipakeHHsI MOTYT CTPOHWTbCS U3 JPYTHMX BBIPQKEHUH HECKOJBKUMHU CHOCOOaMHU.
PaccmoTpum Takoit mpumep:

>>> percentage = 100 * 20 / 80; print percentage
25

Bo-nepBbIX, BbIpaxeHHsI MOTYT OBITh BIOXEHHBIMU JAPYT B Apyra. B yacTHOCTH, BbIpakeHUE
IIPUCBAaNBAHUS MUMEET TaKylO CTPYKTYpy, UYTO CJI€Ba OT 3HAKA IPHUCBAMBAHUS JOJDKHO CTOATH MMS
IIEPEMEHHOM, KOTOPOU MPUCBAWBAETCS PE3yJbTaT BBIYMCIICHHUS BBIPAXKEHUS, CTOSAILETO CIIpaBa OT
ormepatopa IpuCBauBaHusA. B CBOIO ouepenb, BBIPAKEHUE B IIPABOM YaCTH TOXKE CIOXKHOE!
BBIUMCJIICHHE IIPOBOAMTCA B IOPSAKE, ONpPENENsIeMOM IpuopuTeTamu onepauuid. Omnepanus
JIeJICHUS B HAIllEM IIPUMEPE B KAYECTBE MIEPBOT0O ONEPAHIa IPUHUMAET PE3YIbTAT YMHOKEHHS — 3TO
TOXE IPUMEDP BIIOKECHHOCTH BBIPAKCHUM.

BTopoii BapuaHT KOMIIOHOBKM BBIPQ)XEHHI — ClieloBaHHME. B mpumepe 1Ba BBIpaKEHUS
(BbIpaXKEHUE NMPUCBAMBAaHUSA M BBIBOJA 3HAYCHMS MEPEMEHHOHN percentage) pa3zefneHbl TOUKOH C
3anmaToil. JTU BBIPAKEHUS BBINOJHAIOTCA JApYr 3a JpyroM. BooOmie roBops, nrobas mporpamma
NpEeJCTaBIsIeT COOOW IOCIIEOBATEIFHOCTh BBIpaXKeHUH. Ecin BBIpaKEHHS pPACHOJIOXKEHBI Ha
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OTJICNIBHBIX CTPOKaX, TO CTAaBUTh TOUKY C 3aIlATON B KOHIE KaKJIOTO BBIPAXKCHHS HE 00s13aTEIHHO: B
JIAHHOM CJydae pa3JeiuTeNIeM BBIPKEHUU CIIYKUT CHMBOJ 3aBEPIICHUS CTPOKH. DTO IMPaBUIIO
otHocutcs K Ilutony, Ho B C++ m Ilackane BbIpakeHHsI 00s3aTEIBHO JOJDKHBI 3aKaHYMBATHCS
TOYKOM C 3aIsITOM.

B mocnencTtBum BBl YBHIWTE, YTO KOMITO3HUITUS MOXKET MPUMEHSATHCS TSI KOMOWHHUPOBAHUS
TOOBIX CHHTAKCHUUECKHUX €MHHUII U BBIPAXKEHHI, B TOM YKCIIE U BHI30BOB MOANPOTPaMM.

Ynpasxcnenue. Ilonpobyiime evinonnumes 6 KOMaHOHOU cmpoke unmepnpemamopa Ilumona
Kkomanoy: 100 * 20 / 80 = percentage. Kakoii pe3ynomam vl NOIYUUIU U nOYeMy?
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[nasa 3. ®yHKyUU

§3.1. lNodrnpoepammei

Eme Bo BpemeHa aapecHOro mporpaMMHPOBaHHs OBIJIO 3aMEYEHO, YTO HEKOTOpPhIE YacTH
NpOrpaMMbl MOYKHO HCIIOJIB30BaTh OoJiee OJHOTO pas3a, €CIM W3MEHHUTh 3HAa4eHHE KaKOro-TO
napamerpa. Hampumep, B mnporpamMmme MOXXET HECKOJBKO pPa3 BBIUUCIATHCS 3HAUYEHHUE 10
orpeneneHHoW (opMylie, HO KaXIblii pa3 3HAYCHMs, IMOJCTaBiIsseMble B (POpMyIy, MEHSIOTCS.
[TporpaMMuUCTBI cTanu 0000IATh PelICHHsT HEOOIBIINX MOBTOPSIOMIMXCS MM0/133aa4 U 00pamaTbes
K YacTsM MPOrpaMMbl C 3TUMHU PEHICHUSIMH TaM, I7ie 3T0 ObUI0 HyXHO. [Iporpammsl mepectanu
ObITh JIMHEHHBIMH, IOITOMY CTajld HAlOMUHATh IMAYKy MAaKapoH, T.K. COCTOSUIM M3 IIETIOYEeK
WHCTPYKIUH, a MEPEKITIOYCHNE MEXKTy HIMH OCYIIECTBISIIIOCH C TIOMOIIBIO KOMaH/[ YCIIOBHBIX HIIH
0€3yCIIOBHBIX IIEPEXO0/I0B M METOK, OTIPEIEISIONINX HAYaI0 KaXKI0W «MaKapOHHHED.

B kakoii-To Mepe, 3TO 3aMETHO YCIOXHSJIO TMpoLecC OTIAAKM U  pacIIMpeHUs
(YHKIMOHATBHOCTH MPOrPaMM, HO, C IPYTOM CTOPOHBI, OTKPBIBAJIO MEPe]] MPOrPAMMHUCTAMU HOBBIE
BO3MO)XHOCTH: BO-TIEPBBIX, MPOTrpamMMbl CTalM 3aHUMaTh MEHbBILIE MECTA, U B HUX CTaJlO JIeT4ye
OpPUEHTHUPOBATHCS; BO-BTOPBIX, UCIPABIATh OMIMOKK CTAJI0 HAMHOTO IPOIIE, T.K. IPOTPaMMHUCTaM
Ternepb HE HY)KHO OBLJIO MCKaTh BCE IMOBTOPSIONIMECS C HE3HAYUTENIbHBIM HM3MEHEHHMSIMH YacTH
KOJa, 4TOObl MCHPAaBUTh OIIMOKY HAWJAEHHYI0 B OJHOW W3 HUX — JOCTaTOYHO HCHPABUTH ATOT
HE0YET BCErO B OTHOM MECTE.

Unest noemopnozo ucnonvzoéanus kooa O4€Hb BakHa B MPOTpaMMHpPOBaHUM, T.K. 0e3 Hee
MOJJIEPKKA U Pa3BUTHE COBPEMEHHBIX MPOrPAMMHBIX IMPOAYKTOB C Y4YETOM HX CIO0XHOCTH
Mpe/CTaBIsieT coO0M MOuTH Hepaspemmnmyro 3aaady. [lo kpaifHelt Mepe, CTOMMOCTbH BiaJleHUs
nporpaMMamu Oblia Obl 0€3 Hee HAMHOTO BBIIIE, U UX HCIIOJIB30BAHHE CTAJI0 Obl B OOJNBIINHCTBE
CIIy4aeB HEPEHTAOEIbHBIM.

B cTpyKTypHBIX S3bIKaX IPOrpaMMHUPOBAHMS KOHLECILUSA IOBTOPHOI'O MCIIOJIB30BaHUA KOZa
peann30BaHa HECKOJIBKMMHU Pa3IMYHBIMU crioco0amu. OJIMH U3 HUX — HAIMCAHUE NMOONPOSPAMM.
[ToanporpaMMbl MPEICTAaBIAIOT TaKOW e HAabOp MHCTPYKIMHA, Kak M cama Mporpamma, HO OHH
pemaT MeHee CIOXKHBbIE 3a1aud. [loamporpaMmbl MOTYT MOJIyYaTh Ha BXOJI€ HEKOTOpBIH Habop
[IapaMeTPOB U BO3BPAILATh KAKOE-TO 3HAYCHHUE Ha BBIXOJE.

B s3p1Ke Pascal moamporpaMMel OBIBaIOT ABYX THIIOB: npoyedypsl U (hynxyuu. B Tlutone xe,
Tak ke Kak u B C++, moamporpamMmbl peain3oBaHbl B Oojiee OOIIEM BHJE, MOITOMY TaKOTO
paszieNeHusl HeT — B OTHUX S3BIKaX €CTh TOJIbKO (DYHKIIHH.

WNHorna moanporpaMmsbl TPYIIAPYIOTCS B TaK HA3bIBAEMBIE MOO0)1U — CTIEIIMAIbHbIC (aibl, B
KOTOPBIX XPAHHUTCSI OMHCAHUE ATHUX (YHKIHMHA, KOTOPHIE MOXKHO TMOAKIIOYATh U HMCIOJB30BaTh B
1000 YacTH MPOEKTa WK Jaxke B APYrux npoekrax. O ToM Kak co3faBaTh U MOJIKIOYATh MOYJIU
B [Iutone moapoOHO pacckazano B [Ipunoxennu B. Ho moka npuctynuM kK 0CBOEHUIO (QyHKITUH.
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§3.2. Bbi3osbi gbyHKkUUU

C BbBOBaMH (YHKIUKA MBI YK€ CTAIKUBAJIUCh, KOTJAa BBIMONHSIIM OINpEAeNeHHue |
npeoOpa3oBaHre TUTIOB 3HAUCHUN U TIEPEMEHHBIX:

>>> type ("Hello world!")
<type 'str'>

>>> int ("32")

32

OyHKIMA, ONpeAciAIas TUI 3HAYCHWs WM IEPEMEHHOM, Has3blBaeTcsi type ();
npeoOpasyemMoe 3HAYeHHWE WM TepeMeHHas JOJDKHBI CIeloBaTh IOCie Ha3BaHHMA (YHKIHUU B
CKOOKax — ero Ha3bIBalOT apryMeHToM (GyHKIWH. Kak BUIHO M3 mpuMepa, BbI30B QYHKIUHU int ()
OCYILECTBIISIETCS aHAJIOTHYHBIM 00pa3oM.

Takum o0pa3zom, [uid BbI30Ba (YHKLUMH JOCTaTOYHO HabpaThb €€ MM U B CKOOKax
NEePeUUCINTh MapaMeTpbl, a €ciaM IeperaBaTh NapaMeTpbl He TpeOyeTcs, TO B CKOOKax MOXKHO
HUYero He nucath. Hampumep, B QyHKIMM str () TEepBBIA MapamMeTp SBJISETCS HEoOs3aTeIbHbBIM,
T.€. €r0 MOXKHO HE YKa3bIBaTh:

>>> str ()

§3.3. CnpasoyHas cucmema

B IlutoHe ompeneneHo MHOXKECTBO (YHKIUH, MO3BOJIAIONMX peIlaTh Pa3IUYHbIE 3a/auH.
Hekoropsle u3 HUX CTrpyNIMPOBAaHbI [0 HA3HAYEHWIO M BBIHECEHBI B OTHE/IbHBIE MOAylIu. B
CJIEYIOIIEM pa3Jiesie Mbl HAyYHMCSl UMIIOPTUPOBATh MOYJIM U UCIIOJIb30BaTh (YHKLIMHU U3 HUX, HO,
JUIs Havaua, pa3depeMcsi ¢ TeM, KaK ONpeeNsiTh, A Yero rnpeaHazHaueHa Ta Wik uHas (QyHKIHS.
OTOT HaBBIK BaM OYEHb IPUTOJUTCS B JAJIbHEHIIEM, T.K. YaCTO JOBOJIBHO TPYJHO JOIaJaThCsl O
Ha3zHauYeHUH (PYHKIMIA 10 WX HA3BAHUIO.

Jis ynpouenust paboTsl mporpamMmucta B [InToHe npexycMoTpeHa BCTpOEHHAsl NEpEMEHHAs
__doc_ (HauMHaeTCs M 3aKaHYMBACTCS NIapaMU CHUMBOJIOB MOJYEPKUBAHUS), B KOTOPOH OOBIUHO
XpaHUTCS MUHMMAaJbHAas CIpaBOYHasi HHQOpMAIUs:

>>> print str. doc

str (object) -> string
Return a nice string representation of the object.
If the argument is a string, the return value is the same object.

>>>

OyHKIMS str () «IpeACTaBHIACH» U BbIBeNa MH(MOpMANUIO O cebe: Kakue mapaMeTpbl OHa
MIPUHUMAET, KaKOTr0 THIA 3HAY€HHE BO3BpAIllaeT, 1 KOPOTKO «paccKkazajiay, YTO OHA JeNaeT.

Haunnas ¢ Bepcun 2.2, B [IuToHe mosiBMiIach CpaBOYHAs CUCTEMa, PEANN30BaHHAsI B BHUJIE
¢yHkuuu help (). JlanHas GyHKUIUS B KayecTBE MapameTpa MPUHUMAET UM J1I00oro oobekTa (B
TOM YHCJIe, MOIYJISI Wi (DYHKIIMK) ¥ BEIBOJUT CIIPABOYHYIO HH(POPMAIIAIO O HEM.

Ynpasicnenue. Osznaxomemecs co cnpagounoil ungpopmayueti hynxyuu str (). Umetime 86udy,
ymo 6 [lumone eepcuii Hudxice 2.2 pynxyus help () pabomams He 6yOem. Bvixoo uz cnpasounotl
cucmembl ocywecmensiemcs kiaguuei [Q].
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§3.4. Imnopm modyneu u mamemamudyeckue hyHKyUU

[TomMuMoO TpOCTEHIIUX OTepalnuii HaJ YhclIaMH, KOTOpbIe MBI YK€ paccMmaTpuBanu, [IuToH
CrocoOeH BBIYUCIISITH 3HAUYCHUS Oonee CJIOKHBIX MaTeMaTUYECKUX byHKIH:
TPUTOHOMETPHYECKUX, Jorapudmudeckux u ap. s Toro, 4to0bl MOMYYUTH JOCTYN K ITHM
GYHKIUSM HEOOXOIUMO HMMIIOPTHPOBATH WIIM TMOJAKIIOYUATH CIEHNUATBHBIA MOJIYJb, B KOTOPOM
XpaHATCS onpeesieHus dTuX GyHKIui. CaenaTh 3T0 MOXKHO € TIOMOIIBIO TAKOW HHCTPYKIIHHU:

>>> import math
>>>
JlaHHas KomMaHJa MMIOPTUPYET MOAydb math. [IMTOH moAgAEepKMBAET YACTUUHBIN HMMIOPT
Moaynel (moapodbnee 06 »TOM MOKHO TpouecTs B [Ipunokennn B), HO HaM Toka 3TO HE HYXKHO.
HTak, MBI IMIIOPTUPOBATI MOAYJIb C OMMCAHUEM MaTeMaTudeckuxX (yHKIUI U Ternepb Monpodyem

BBI3BaTh U3 HETO OJHY W3 HUX. JlJI1 Hayana onpeaenuM, Kakue GyHKIIMH U KOHCTAHThI OIpeIeICHBI
B MOAYJIE:

>>> dir (math)

[' doc ', ' file ', ' name ', 'acos', 'asin', 'atan',
'atan2', 'ceil',

'cos', 'cosh', 'e', 'exp', 'fabs', 'floor', 'fmod', 'frexp',
'hypot', 'ldexp',

'log', 'loglO', 'modf', 'pi', 'pow', 'sin', 'sinh', 'sqgrt', 'tan',
"tanh']

>>>

B pesynbrare BBIIOIHEHHUS YTOW KOMAHJIbl HHTEPIIPETATOP BBIBEI BCE MMEHA, ONPECIICHHBIC
B JaHHOM MojnyJje. B ux uucne ecte u mepemeHHas  doc . [lig Toro, 4roObl oOpaTUThCS K

NEPEeMEHHON WM (QYHKIUH W3 HMMIIOPTHPOBAHHOTO MOJIYJS HEOOXOIMMO YKa3aTh €ro Hwm,
MOCTaBUTh TOYKY U HAIUCATh HEOOXOMMOE HMSL:

>>> print math. doc

This module is always available. It provides access to the

mathematical functions defined by the C standard.

>>> print math.pi

3.14159265359

>>> decibel = math.logl0(17.0)

IlepBas cTpoka nmpumepa BBIBOJUT OMUCAHUE MOJYJIS; YETBEPTAsd — 3HAYCHHE KOHCTAHTHI T, a

mecTas — BbIUMCIsAET 3HadeHue Jsorapudma 17 mo ocHoBanuio 10. Ilomumo nmecsTHUHOTO

gorapudma B MOIyJie ONpelelieH M HaTypalbHbi Jjorapudm (T.e. C OCHOBaHHUEM
e=2.7182818284590451): math.log (). Eme oaua npumep:

>>> height = math.sin (45)
>>> print height
0.850903524534

Ecin BBl M3y4any TPUTOHOMETPUIO, TO, HABEPHOE, IOMHUTE, YTO CUHYC 45 IrpaaycoB paBeH
KBaJpaTHOMY KOPHIO U3 2 JieeHHOMY Ha 2. JlaBaiiTe MpOBEpUM pe3yJIbTaT BHIYUCICHUS (DYHKLIUU:
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>>> math.sqgrt(2) / 2.0
0.707106781187
Pesynbrarel momyuwnnce passele. Ilouemy? PaspaGortumku nomyctwin omuoOky? Bronne

BEPOSITHO — HUKTO HE 3acTpaxoBaH OT ommOok. Ho, mpexme yem mmcarh oT4eT 00 OImMOKEe U
OTIIPABJIATH €ro pa3paboTurKaMm, JaBaiTe 03HAKOMUMCS CO CIIPaBKOM MO JaHHON (QYHKIUH:

>>> help (math.sin)

Help on built-in function sin:

sin(...)

sin (x)

Return the sine of x (measured in radians) .
(END)
N3 cnpaBku BHAHO, YTO B KAUECTBE NapaMeTpa TPUTOHOMETPUUECKHE q)YHKIII/II/I IIPUHUMAIOT
3Ha4YeHUEe yriia B paauaHax. HaxkumaeM [Q] Juisi BbIXOAA W3 CIPABOYHON CHCTEMBI C YYBCTBOM

rOpJIOCTU: TENeph MBI 3HaeM Kak paboTaeT (QyHKIMSA math.sin (); MpOBeAEeM Mpeodpa3oBaHUE B
paauaHsbl:

>>> degrees = 45

>>> angle = degrees * math.pi / 180.0
>>> height = math.sin(angle)

>>> print height

0.707106781187

TenepL PE3yJIbTaThl COBIIAJIM — BCC BEPHO.

Ynpasicnenue. Bvinonnume 6 komanouou cmpoke unmepnpemamopa Ilumona eepcuu 2.2 unu
sviuLe credyrouue UHCMPYKYUU:
>>> import math

>>> print math. doc

>>> help (math)

O3nakombmecsb ¢ onucanuem MooyJis U 6X00auux 6 Heeo QyHkyul. Bca cnpasxka na sxpane ne
HOMEeCmUmMCcsl, HO 8bl CMOdCeme NPOKPYUUBAMb MEKCM ¢ NOMOWbIO KIasUu-Cmpeok. Buixoo us
CNPABOYHOU CUCTNEMbL OCYUIeCEsemcs Kiaguuiel [Q].

Ecnu eo3nuknem dicenanue, modxceme «NOUSPAMbCAY C IMUMU PYHKYUAMU, HANUCAB HECKOIbKO
NPOCMEHbKUX NPOCPAMMOK C UX UCNONb308aHUeM. 1 0e ux moxicHo npumensams?

§3.5. Komnoauyus

Bo BTOpOIi r1aBe Mbl yke paccMaTpUBalid KOMIIO3UIIUIO TPUMEHUTEIBHO K apU(PMETHIECKUM
ornepauusM M TMPOCThIM BbIpakeHHsIM. Ho kKommosunusi mo3BojsieT KOMOWHUPOBaTh U BBI3OBBI
GbyHKUM: GYHKIMS B KauecTBE MapaMeTpa MOKET MPUHUMATH JH000€ BhIpaKeHHE, BO3BpAIlatoIee
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3Ha4YeHHe, KOTOpoe MoMajaeT B 00JacTh €€ OIpeleieHHs]; ¢ APYrol CTOPOHBI, BHI30B (DYHKIUU
(TouHee, pe3ysbTaT €€ BBINOJIHEHHUS) MOXKET ObITh HCIIONIH30BaH B KAUECTBE ONEpaH/a:

>>> x = math.sin(math.asin (math.sqgrt(2) / 2.0) + math.pi / 2)
>>> print x

0.70710678118654757

>>>

Pazbepem stor mpumep. IlepBast omepamusi, ¢ KOTOpPOH CTaJKHUBAETCS CHUHTAKCUYECKHUI
aHaJIM3aTop MpHU Pa3doOpe 3TOro BBIPAXKEHHUS, ITO NMPUCBAUBAHUE 3HAUECHMS BBIPAKEHUS, CTOSIIETO
CIIpaBa OT 3HaKa =, NEpeMEeHHOW x. Ilepex mprcBanMBaHWEM HHTEPIPETATOP JOJHKEH BBIYUCIUTH
3HAYEHHE DTOT0 BBIPAKEHHUS, T.€. IOCUUTATh CUHYC 3HAUCHHU BBIPAXKEHUA math.asin (math.sqgrt
(2) / 2.0) + math.pi / 2, KOTOpOo€, B CBOK O4YepeIb pPABHO CyMME 3HAYCHHUU
NOJABBIPAKEHUH math.asin(math.sqrt(2) / 2.0) ® math.pi / 2. IlepBoe H3 HHX
BBIUMCIISIETCS aHAJIOTUYHBIM 00pa30oM: CHayajla pacCUMTHIBAETCS 3HAUCHUE BBIPAXKEHUS, CTOSIILIETO B
CKOOKax, a 3areM BbI3bIBaeTCs QYHKIMUS math.asin (), KOTOPOH MOJyYEHHOE BbIPAKEHUE
nepeaaeTcsi B KayecTBe apryMeHta. Bropoe moaBbipaxenue paBHo n/2. IlojgcuuraB cymmy 3THX
JBYX IIOJBBIPAKCHUM, MHTEPIPETATOP IEPENacT IOJIYyYECHHOE 3HAYCHUE B KAa4eCTBE apryMeHTa
(GYHKIMU math.sin (), a pe3yJbTaT IPUCBAUBACT IEPEMEHHOH x.

Hanuwume  npoecpammy, — 6bIYUCTAIOWYI0  3HAYEHUs  KOpPHell  K8AOPAMHO20  YPAGHEHUs.
ax’+bx+c=0, a<>0 no koapouyuenmam >3moco ypaeuenus. Kosppuyuenmor 0ondicHbl
3AHOCUMbCA 8 HAYaAle NPOSPAMMbL 8 NepeMeHHble a, b U c.

Tonpobyiime nepemenuvim a, b u c 3ad0ame 3Havenus 1, 0 u -1 coomeemcmeento. Ilpoepamma
oondicHa  vlgecmu 3HaveHuss 1.0 u -1.0. Ilpoeepvme cosnanu nu eawu pe3yibmamsl C
02HCUOAeMBIMUL.

Drcnepumenmupys ¢ Opyeumu Kosgguyuenmamu, umeime 66Udy, 4mo CyujeCmeyiom ypaeHeHus
He umerowue peuteHull (y MAaKux YpAaGHeHUll OUCKPUMUHAHM MeHble HYJs), NOIMOMY He
nyeaimecsy, eciu 8 gauiell npozpamme 803HUKHem owuoka euda: ValueError: math domain
error. HemMH020 no3aice Mol y3Haem, KaxK 3mozo uzoexicams.

§3.6. Co3daHue pyHKyuUl

Jlo cux mop MBI HCTONIb30BaNM BCTpoeHHBbIe (pyHKImH IluroHa M QyHKIMM W3 MOIyJeH,
KOTOpBIE BXOJAT B KOMIUIEKT €ro noctaBku. Ho MOIIb CTPYKTYPHBIX SI3bIKOB IPOTPaMMHUPOBAHUS
3aKJIFOYAETCS B TOM, YTO MbI MOKEM CO3/1aBaTh CBOU COOCTBEHHBIE (DYHKIIMU, IPUUEM J€JIAETCS ATO
JIOBOJIBHO MPOCTO. B CTPYyKTYpHOM NpOrpaMMHUpOBAaHUU pyHKyYus TPENCTaBiseT co00il HMMeHo-
BaHHYIO IOCJIEOBATEIbHOCTh BBIPAXKEHUH, BBIMOJIHAIOMINX HEoOXonuMyto onepauuto. B TIurone
CYILECTBYET CIIELUANbHBIN onepamop onpedeneHus yHKyuy, IMEIOINN CIeTyIOINUNA CUHTAKCHUC:

def UMA OYHKINVM (CIIMCOK ITAPAMETPOB) :
HOCHEJIOBATEJ'H:;HOCTbiBBIPAX(EHI/IVv[

[lpaBuna BBIOOpa HMMEH (YHKIMI TOJHOCTHIO AHAJIOTMYHBI NpaBWIaM BBHIOOpA HMMEH
NEPEMEHHBIX, ONHMCAaHHBIM B THpeabyaymedl rnaBe. CHUCOK MapamMeTpoB omnpezaenser Habop
3HaYeHUH, KOTOPBIE MOTYT OBITh MepeaHbl (PYHKIMH B KaUeCTBE UCXOHBIX JAHHBIX — apaMeTphl
MEePEUNCIIOTC Yepe3 3amsTyro. IlepBas cTpoka ompeneneHus OOBIYHO HA3BIBACTCS 3d207108KOM
@ynxyuu, 0603HAYCHHBIM KITFOUEBBIM CIIOBOM def (0T aHTII. «definey» — «onpeaenuTsy). 3aroloBOK
¢yukuuu B [Iutone 3aBepiiaercs nBoerouneM. [lociae Hero MoxxeT ciaenoBath J1000€ KOJINYECTBO
BBIPKEHUI, HO OHU JIOJDKHBI OBITh 3aIICaHbl CO CMEIIEHHEM OTHOCHUTENBHO Hauana CTpokH. J{is
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TAaKOTO CMEMICHUS MOYKHO WCIOJB30BAaTh OJWH WM HECKOJHKO MpoOeoB, HO, IOXKAIyl, yaIoOHee
BCETO BMECTO MPOOEIIOB HCIOJIb30BaTh CHUMBOJ TaOymsiuu (KiaBuina [Tab]). Hamumem u
MPOTECTUPYEM HAIly MEpPBYIO (DYHKIHIO; A 3aBEpIICHHs] TOCICIOBATEIBHOCTH BBIPAKCHHUIA,
COCTABIIIIOLINX Meno yHKyuu JIOCTaTOYHO €Ile pa3 HaXKaTh KJIABUIIYy [Enter] (B pemakTope,
MOJICP)KUBAIONIEM aBTOOTCTYIBI, €IIe MPHAETCS HaXaTh [Backspace], 4YTOOBI yOparh
ABTOMATUYECKHU JOOABJICHHBIN OTCTYII):

>>> def printAnything (object) :
print object

>>> printAnything ("Some string")

Some string

>>> number = 15

>>> printAnything (number)

15

B mepBbIX OBYX CTpOKax MmpuMepa MbI ONpeneiin QyHKIUIO PrintAnything (), KOTOpas

neyataeT OOBEKT, MEPEelaHHbId B KauecTBe mapamerpa. MBI MOXKeEM Iepeaarh 3ToW (yHKIHH
CTPOKY WJIM 4YUCJIO, YTO MbI U HOHpO6OBaJ'II/I cacijiath B quBepTOﬁ n CC,Z[BMOﬁ CTpOKax IIpumepa.

HOJIy‘leHHLIe pe3yjibTaTbl COBIAJIMA C OXHUAACMbBIMU, HO JlaBaliTe HeE 6y,Z[CM Ha J3TOM
OCTAaHABJIMBATHCA U MOCTABUM CIIC OAUH SKCIICPUMCHT.

Uro ecnu mepenath B KauecTBe mapamerpa umsa QyHkuuu? Bwi3oBeM PrintAnything(),
yKa3aB B CKOOKax ee e UMS:

>>> printAnything (printAnything)
<function printAnything at 0x80d7554>
>>>
[Tuton BeIBen mHDOpMaNMiO 0 GYHKIMHU: €€ UMsI U aapec B MaMsTH, Te oHa xpaHutcs! B

JJAaHHOM Clly4ae aapec paBeH 0x80d7554, HO y Bac Ha KOMIBIOTEpE ITOT aAPeC MOXKET OBITh
apyrumM. Teneppb njaBaiiTe OTKPOEM TEKCTOBBIM peJaKTOP M HAUIIIEM TAKYH IPOrPAMMY:

def printHello() :
print "Hello!"

def runFunction (function name) :

function name ()

runFunction (printHello)

Coxpanum nporpamMmy B ¢aijie ¢ IMEHEM prog?2.py U 3aIlyCTUM €€ M3 KOMaHHON CTPOKH
(B omeparmonHoil cucteme Windows JOCTaTOYHO JBOMHOTO KJIMKA JIEBOM KHOMKW MBIIIM Ha
IHKTOrpamMMe 3Toro (aiina’):
$ python prog2.py
Hello!

6 He 3a0ynpTe B mocieHeil CTpoKe MporpaMMbl HalkcaTh KOMaHy OXKU/IaHHs HaXKaTHsl KIaBHUIIH, KaK 9TO OIMCAHO B
paszene «3ammyck mporpamm, HanvcaHHbeIX Ha [Iutoney (cM. Beenenue).
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HagepHoe, BbI yxe MOHSIH, 9TO caenan [IutoH, koraa Mpl BeI3BaIM (GYHKIMIO runFunction
() W Tmepemanu el B KadecTBe mapameTpa UM (QYHKIMH printHello(): OH 3aMEHHI
function name Ha 3Ha4Y€HHE IEPEJAHHOTO TAapaMeTpa WM BbHI3BAI TaKHUM 00pa3oM (QYHKIHIO
printHello (). Takoil THOKOCTHIO MOMKET IMOXBAaTaThCSA PEAKHI S3BIK MPOrpaMMHUpOBaHUs. B
s3pikax C++ wmm Pascal 3To nenmaeTcst qajieko He TPUBHUAIBLHBIM CITIOCOOOM.

HmeiiTe Takxke BBHUY, YTO BbI3bIBATH q)YHKHI/IIO A0 €€ ONMpECACIICHUA HEJIb3s — 3TO NPUBEACT K
BO3HHKHOBCHUIO UCKIIFOUCHU .

Ynpascuenue. Ilepedenaiime npocpammy 6vluUCAeHUs. KOPHel KEAOPAMHO20 YPAGHEHUsS 8
¢ynxyuto printRoots (). Ilapamempamu oannou GyHKyuu 0014CHbL OblMb KOIPPUyUeHmbL
K6aopamHnozo mMHo2ounena: a, b u c. Paccuumae kopnu ypasnenus, QyHKyus O0IHCHA 6bl8eCMU
Ux Ha neuamo.

Ynpasrcuenue. Hanuwume ghynkyuro, paccuumsi8aowyio paccmostue mexcoy 08yms mouKamu
Ha naockocmu (koopounamst (x1, y1) u (x2, y2) oanwi).

distance(xl, Vi, Xy, y2)=\/(x2 —x1)2 +(yz —y1)2

§3.7. [Napamempsbl u ap2ymMeHmsl

WTak, Mbl HAyYHJIMCh CO3/1aBaTh COOCTBEHHbIE (DYHKIIUHU U PA3INYATh ONPEICIICHUS U BHI30BbI
¢ynkuuii. Tenepb ompenenrMcs ¢ TEPMUHOJOTHEN: YeM OTJIMYAeTCs mapaMeTp (QyHKIUH OT ee
aprymenTa? Pa3Huia ectb v 60bIIast, HO BbI MOTJIM €€ HE YJIOBUTD.

Ilapamempamu ¢yHkyuu Ha3bIBAIOT CIHHCOK TE€PEMEHHBIX, KOTOPBIM IPHCBAWBAIOTCS
nepeaBaeMble NP BbI30BE 3TOM (YHKIMHU 3HaUCHHs. A caMM IepeiaBaeMble 3HAYCHUS Ha3bIBAIOT
apeymenmamu. B cBoeM Tene (QyHKIUS ONEpUpyeT MmapaMeTpaMu, HO He aprymeHTamu. Pazbepem
IIpUMEp U3 MPEbIIYILEro pas3aena:

>>> def printAnything (object):
print object

>>> printAnything ("Some string")
Some string
>>> number = 15
>>> printAnything (number)
15
3,I[CCB IEpEMCHHAA object ABIACTCA mapaMeTpoM, a CTpoKa " Some string" u MNEPEMCHHAA
number — apryMeHTamMu. TakuM 00pa3om, NMpaBUIIbHO OYJET CKa3aTh «IepeAaTb apryMEeHT» WIH

«HIepcaaTrb 3HAYCHUC B KAaUCCTBC I1apaMETpa», HO HEC «IICpCaAaTb (bYHKI_II/II/I mapameTp». CTapaI;'ITCCB
HC IIYTATb 3TU IMOHATHAL.

§3.8. JlokaribHble nepemMeHHbIe

Bepnemcst k (QyHKIMM IOMCKa KOpHEH KBaJpaTHOrOo ypaBHEHUS PrintRoots (). OnHa
BBITJITUT NPUOIU3UTEIBHO TaK:

def printRoots(a, b, c):
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D =Db**2 - 4 * a * ¢

import math

x1l = (-b + math.sqgrt (D)) / 2 * a

x2 = (-b - math.sqgrt (D)) / 2 * a

print 'x1 =', x1, '\nx2 =', x2

[TocnenoBaTebHOCTh CHUMBOJIOB \n B TOCJIETHEH CTpoke Tena (YHKIHMH JaeT yKa3zaHHe

KOMaHJIe print MeperTH Ha HOBYIO CTPOKY. B Teie GyHKIIMU onpeaesieHo TpU MepeMeHHbIe: D, x 1
U x2. Takue mepeMeHHbIC HA3BIBAIOT JIOKAIbHbIMU, T.K. K HIM MOXXHO OOPaTHTHCS TOJIHKO B CAMOM

tene ¢yuknuu. [locne 3aBeprieHus paboThl PyHKUIHMM OHU CTUPAIOTCS U3 MaMSATH. DTO MOXET
MPOMJUTIOCTPUPOBATH CIIEAYIONIAs Iporpamma:

def printRoots(a, b, c):
D = lo*®2 = 4 * @a * g
import math
x1l = (-b + math.sqgrt (D)) / 2 * a
x2 = (-b - math.sqgrt (D)) / 2 * a

print 'x1 =', x1, '\nx2 =', x2

printRoots (1.0, 0, -1.0)
print D

Ecnu 3amycTuth ee, TO HWHTEpHpETaTop cpa3y Iocie 3aBepuieHuss paboTbl (YHKUIUHU
PrintRoots () BbIBEAET OMIMOKY BHJA!

$ python prog5.py

x1 =1.0

x2 = -1.0

Traceback (most recent call last):

File "prog5.py", line 12, in ?

print D

NameError: name 'D' is not defined

[Touemy Obuto BBIOpaHO Takoe moBeAcHWe? Kak Bbl mymaere? Moaudunupyem Hamry
porpaMMy TakKuM 00pazoMm:

def printRoots(a, b, c):

D = lo*®2 = 4 * @ * g

import math

print "In function D = ", D

x1l = (-b + math.sqgrt (D)) / 2 * a
x2 = (-b - math.sqgrt (D)) / 2 * a
print "x1 =", x1, "\nx2 =", x2
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D = 'test'

print "Before function call D =", D
printRoots (1.0, 0, -1.0)

print "After function call D =", D

3arycTUM MPOrpaMMy U MIPOAHAIU3UPYEM PE3YIIbTaT.

S python prog5.py

Before function call D = test
In function D = 4.0

x1 =1.0

x2 = -1.0

After function call D = test

Wrak, nocne omnpeneneHuss QyHKUMU printRoots () Mbl NPUCBOWIM IEPEMEHHOW D
3Ha4YeHHE "test" W MPOBEPHIIM PE3YJIbTAT: BHIBENACH CTPOKA "test". 3aTeM BBI3BAIU (PYHKIHUIO
printRoots (), B Tele KOTOPOM IIOCJIE INPUCBOCHHSA IIEPEMEHHOW D pPe3ysbTaTa BBIYMCICHUS
(bopMyIbl TUCKPUMHUHAHTA TaK K€ BBIBOJIUTCS 3HaYCHHE NepeMeHHOM D: 4. 0. [Tocne 3aBepuieHus
paboThl (YHKIMHM MBI CHOBAa BBIBOJAUM 3HAYEHHME IMEPEMEHHOW D: Ha 3TOT pa3 NPHCBOCHHOE
3HAYCHHUC CHOBA PABHO CTPOKE "test".

Ha camom nerne, D B OCHOBHOI Iporpamme U D B Tene (PyHKUMU printRoots () — 3TO JBE
pasHble TnepeMeHHble. [IpoBepUTH 3TO MOKHO, HEMHOrO MOJIMGUIMPOBAB HAILIy MPOrPamMMy.
Bocnonb3yemes Qynkmueir id (). OHa Bo3Bpamiaer aapec o0bekTa B maMsaTH. M3MeHeHHas
nporpaMma OyeT BBITJISAETh NPUOIU3UTENBHO TaK:

def printRoots(a, b, c):
D =Db**2 - 4 * a * c

import math

print "In function D = ", D, "\nAdress:", id(D), "\n"
x1 = (-b + math.sgrt(D)) / 2 * a
x2 = (-b - math.sgrt(D)) / 2 * a

print "x1 =", x1, "\nx2 =", x2

D = "test"

print "Before function call D = ", D, "\nAdress:", id(D), "\n"
printRoots (1.0, 0, -1.0)

print "After function call D = ", D, "\nAdress:", 1id(D), "\n"

Pesynbrat paboThl mporpaMMbl OYJET CIEIYIOIINM:

$ python prog5.py
Before function call D = test

Adress: 135287104
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In function D = 4.0
Adress: 135293780

x1 1.0

x2 = -1.0

After function call D = test
Adress: 135287104

Ha Bamem kommeloTepe agpeca MOTyT ObITh JPYTMMH, HO BBIBOJIBI Bbl CMOXETE CHAEaTh
TakHe Jke: ajpeca D B OCHOBHOHM Iporpamme U D B Tejle€ (PYHKIMU printRoots () pa3IudyaroTcs.
Yro u TpeboBaIOCh JOKA3ATh.

Ynpasicnenue. Henaromces nu napamempul ¢hyHkyuu 10KanoHbiMu nepemeHHbIMu?

§3.9. lomok ebIrnonHeHus

Kak yxe ObI10 cKa3aHoO, ¢ OSBICHHEM (PYHKIMA (M MPoLEeAyp) IPOTrpaMMBbl TiepecTanu ObITh
JVUHEWHBIMH, B CBSI3M C OTUM BO3HUKIIO IIOHATHE NOMOKA 6blNOJHEHUs — TOCIEA0BATEIbHOCTH
BBIITOJIHEHHS] MHCTPYKIIMH, COCTABISIOIINX [IPOrpaMMy.

BeinmosniHeHne nporpaMMbl, HanvcaHHOM Ha IIuToHe Bcerma HayumHAeTcs C  MEPBOTO
BBIPAKEHHUSI, a MOCIIEIYIONINE BBIPAKEHUS BBIMIOJHAIOTCS OAWH 3a JPYTUM CBEpxy BHU3. [Ipuuem,
onpeneneHus (QPyHKIMHA HUKAaK HE BJIMSAIOT HA MOTOK BBIMOJHEHUS, T.K. TeJO 000 QyHKUUU HE
BBINOJIHAETCS IO TeX IOp, [T0Ka He Oy1eT BbI3BaHa COOTBETCTBYIOIIAS (DYHKIHS.

Korna unTepnperarop, pa30upas MCXOAHBIM KOZ, AOXOAMT A0 BbI30Ba (YHKIUHU, OH,
BBIUMCIIUB 3HAYEHMs APTyMEHTOB, HAUWHAET BBINOJHATH TEJO BBI3BIBAEMOM (YHKLIMU U TOJBKO
M0CJIE €€ 3aBEepIICHUs MePeXoIuT K paz0opy cleayromeil HHCTPYKIHH.

Bce n0BOIBHO MPOCTO, XOTS IMPOCIECAUTH IOTOK BBIIOJIHEHUSA B CIIOXKHBIX IPOrpaMmax
3a4acTyl0 OKa3bIBaeTCs 3ajaueil HETPUBUANBHOM, T.K. B Teje J0OOH (QYHKIUM MOXKET ObITh
BbI3BaHa Jipyras (yHKIMS, KOTOpast TO)KE MOXKET B CBOEM TeJe CO/IepKaTh BbI3OBbI (PYHKLUI U T.1I.
Tem He MeHee, unTeprperaTop [IuToHa TOMHUT OTKyJa Oblja BbI3BaHA Kakaast (PyHKIUS, U PAHO
WIM TO03/HO, €CJIM II0XOJy BBIIIOJIHEHUS HE BO3HUKHET HMKAKUX MCKIKOYEHUH, OH BEpPHETCA K
MCXOJTHOMY BBI30BY, YTOOBI IEPEUTH K CIIEAYIOMIEH HHCTPYKIIUH.

Urak, IpeACTaBUM, YTO Y HAC UMECTCS TPH (1)yHKIII/II/IZ f1(), £2() | £3(). HpI/Iqu OHU
BBI3BIBAIOT JIPYT Jpyra TaKuM 00pazoMm:

def f1():
print "f1() begins"
print "Hello world!"
print "f1() ends"

def £2():

print "f2 () begins"
£1 ()
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print "f2 () ends"

def £3():
print "f3() begins"
£2 ()
print "f3 () ends"

print "Main program begins"
£3 ()
print "Main program ends"
I[J'IH TOro, YTOOBI MMPOCICAUTL NOCICAOBATCIIbHOCTD BBIIIOJIHCHUA onepaunﬁ, MBI I[06aBI/IJ'II/I

KOMaH/Ibl KOTOpbIe OyIyT CUTHAJIM3UPOBaTh, KOTJIa HAYMHAETCS U 3aKaHUYMBaeTCs Kaxaas QyHKLHUS.
Wrak, 3anryCcTUM IIpOrpaMMy U IIOCMOTPUM, YTO Y HAC IOJIY4YUIIOCH:

$ python progé6.py
Main program begins
£f3() begins

f2 () begins

f1() begins

Hello world!

f1 () ends
£f2 () ends
£f3 () ends

Main program ends

Paszbepem momydenHslit pe3yibTar. Kak yxe ObUI0 cka3aHo, onpezeneHus pyHKIUNA HUKAK He
BIUSIOT Ha BBINIOJHEHUE OCHOBHOM miporpammbl. VckitoueHHWEM SIBISETCS Ciydaid, Koraa
UHTEPIIPETATOP CTAIKUBACTCA C CHHTAKCUYECKOW OLIMOKOW B Teie (YyHKIUHU: JaXKe €CIU eIle He
HACTAJIO BpeMs €€ BBIIIOJIHEHHUSI, OH BBIBEJIET COOOIIeHHE 00 OMMOKe U 3aBEPIIUT PadoTy.

OcHoBHasl MporpaMma, HAYMHAETCS C BBIBOJA COOOIICHHS O CBOEM Hayalle, 3aTeM BBI3bIBACTCS
(I)yHKLU/IsI £3 (), KOTOpas, «HIpeACTaBUBIIHCH)» BbI3bIBACT, (I)yHKI_[I/IIO £2 (). Ta, B cBOIO oyepensb,
MOCTYIAaeT aHAJIOTHYHBIM 00pa3oM, BbI3bIBasg f1 (). f1 () TOXKE BBIBOAUT COOOIIEHHWE O CBOEM
Havaje, 3aTeM TECTOBOE IIPUBETCTBHE MHUPY M COOOIIEHHE O CBoeM 3aBeplieHud. [loTok
BBHITIOJTHCHMSI BO3BpaIaeTcs B Telo (QYyHKIMU f2 () K TOMYy MECTY, OTKyjaa Oblia BhI3BaHA f1 (),
MIOCJIC YETro BBIMOITHACTCS CIASAYIOIIas MHCTPYKIIUS, BBIBOJAIIAS COOOIIEHHE O TOM, UYTO (yHKIIUS
£2 () 3aBepmIaeT cBOIO padoTy. Kak BbI yke J0rajaiuch, MOTOK BBIMIOJHEHUS BO3BpAIAeTCs B TEJIO
byHKIMU £3 (), a MOCJIE €€ 3aBEPIICHUS] — B OCHOBHYIO IIPOTPaMMY.

§3.10. Cmekoebie OuazpamMmbl

Jl1s HarnsAHOCTH MOXKHO pUCOBAaTh TaK Ha3blBaeMble cmekosvle ouazpammbl. Ha3piBaroTcs
OHM TaK HE CIIy4allHO: OHU U300paXXkatoT CMmeK 6b130608.

Cmex — 3TO crelianbHas CTPYKTypa JaHHBIX, HAIIOMUHAIOIIAs CTOMKY TapeJoK, MOTOMY YTO
B3aUMOJICCTBUE CO CTEKOM MPOU3BOAUTCS 10 crienraibHoMy nipaBuity LIFO (ot anri. Last In First
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Out — «mocaeTHUM BOILIEN, IEPBBIM BBILIEN»). Bo3Bpalasch K aHaJOTUU CO CTONKOM TapesioK, Mbl
KJIaJIeM TapesKu OJHy Ha JApYrylo, a OepeM HX, HauMHas cBepXy. HeMHOro moszxe Mbl HayduMcs
MOJICIUPOBaTh CTEK M HEKOTpPbIE APYIHMe CTPYKTYpPbl JAHHBIX, KOTOPbIE YAaCTO MCHOJIb3YIOTCS IS
pelieHs pa3IMYHbIX 3a7ay, a I0Ka, OrPaHUYMBIINCH HHTYMTUBHBIM IIOHMMAaHHMEM CTEKa,
n300pa3uM CTEKOBYIO UarpamMMy Ui IpUMepa U3 IpeAblAyIlero pa3iena.

F1() begins
Hello world! f10 | £10 ends
f2() begins 2() © f2() ends
£3() begins N 3() ~ £3() ends
Main program begins __nuﬁn__ < Main program ends

Ha panHOM nmarpaMMe ©IOTOK BBINOJHEHHMS YKa3aH CTpEJIKaMM, HOIINPOrpaMMbl —
NpSAMOYTOJIbHBIMU OJIOKaMH; CIpaBa M CjIe€Ba OT CTEKOBOM JuarpaMMbl JOMHUCAHBI CTPOKH,
BBIBOAMMBIE MPOrpaMMoi. BHU3Y «CTONKM» HaXOAWUTCS OCHOBHASA Mporpamma (oHa 00O3HavyaeTcs
KaK main ); COOTBETCTBEHHO 3aBEPILUTHLCS OHA HE MOXKET J0 TEX MOp, TOKA HE 3aBEpILATCs BCE
(GYHKLIH, KOTOpPBIE B CTEKE BHI30BOB HAXOAATCS «HaJA Hei». Takum o0pazoM, HCHIOIb30BAHUE CTEKa
JUIL OTCIIEKMBAHMS [TOTOKA BBIIIOJIHEHUS SABJsIETCS HauboJiee eCTECTBEHHBIM M ITPOCTHIM PEILICHUEM.
B mporecce BBINOJIHEHUST NPOrpamMMbl CTEK BBI30BOB MOJKET Pa3pacTaThCsi U OIIyCTOLIATHCS I10
MHOTY pa3s.

Korna B ogHON u3 (pyHKIMI BO3HHMKAeT HCKIIOUEHHE, 4acTO ObIBa€T JOBOJIBHO TPYIHO
MOHSATH, IPU KaKUX YCIOBUSX (WM MPU KaKOM Habope mapaMeTpoB) MpoU30IIen cOOH, T.K. OJHA U
Ta e (QYHKIMSI MOXET BBI3BIBATHCS U3 PA3IMUYHBIX MECT MPOrpamMMbl 1o MHOTy pa3. [loatomy s
oOseryenust npoiecca OTJIagKu MHTeprperatop IIMToHa BBIBOAMT HE TOJIBKO HOMEP CTPOKH, TJe
BO3HUKJIO MCKIIIOUEHHE, HO M BECh CTEK BHI30BOB HAa MOMEHT BO3HHKHOBEHHS HCKIIIOUEHUS.
JlaBaiiTe HEMHOro MOANpPaBUM HaUly [porpammy TakK, 4ToObl B @QyHKuUMH £1() ObUIO
CI€HEPUPOBAHO UCKIIIOUYEHUE JIEJICHHs Ha HOJIb, 3AMEHUB BBIBOJ IPUBETCTBHSI MUPA HA BBIPAKEHUE
a = 1/0:

def f1():
print "f1l () begins"
a=1/0
print "f1() ends"

Ternepp 3amyCcTUM 3Ty IPOrpaMMy:
S python prog6.py
Main program begins
£f3() begins
f2 () begins
f1() begins

Traceback (most recent call last):
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File "prog6.py", line 17, in ?
£3()
File "progb6.py", line 13, in £f3
£2 ()
File "prog6.py", line 8, in f2
£1()
File "prog6.py", line 3, in f1l
a=1/0
ZeroDivisionError: integer division or modulo by zero
[Tocne coobmieHuss O Havane BHIMOJHECHHMS (YHKIHH f1 () HWHTEPHPETATOpP BBIBET TakK
Ha3bIBAEMBIN fraceback (pycCKOS3BIYHbBIE MPOTPAMMHUCTBI OOBIYHO TaK U TOBOPST «TPEHCOIK» MU
npocto «Tpeiicy). Traceback comepkuT He TONBKO Ha3BaHUWS (YHKIMA M3 CTEKa BBI3OBOB, HO U
HOMEpA CTPOK, U3 KOTOPHIX OBbLIT MPOU3BEACH KaXK/Ibli BbI30B. KpoMe HOMEpPOB yKa3bIBaeTCs €lle u

Ha3BaHMe (aiiya ¢ MporpaMMoH, Belb MPOSKT MOXKET COJIEePIKaTh HE OJUH MOJIyJb. Tak 4To HAlTH U
WCIIPABUTH OMIMOKY CTAHOBUTCS rOpa3io MpoIe.

§3.11. OyHKyuu, 8o3gpawarowue pesyrnbmam

Hamocnenok mo3HakoMuMCs € elle OJHOW Ba)XHOW BO3MOXHOCThIO (GyHKIMI. He TpyaHo
NpeJCTaBUTh ce0e CHUTyaluio, KOTJa pe3ysbTaTbl paboThl (YHKIMH MOTYT HMOHAJAOOUTHCS IS
nanpHeimeil pabotel mporpammbl. Ho mocie 3aBepiieHuss paboThl (YHKUUH BCE TEPEMEHHBIE,
KOTOpBle ObUIM MHULMAJIU3UPOBAHBI B €€ TEJ€, YHUUTOXKAIOTCS, T.K. OHU SBIISAIOTCA JIOKAIbHBIMHU.
[TosTOMy mpr HEOOXOMMOCTH BEPHYTh pe3yJIbTaT paboThl GYHKIMHU B OAIPOTPAMMY, U3 KOTOPOU
OHa BBI3BIBAJIACH, JJI €ro JajbHeield o0paboTku MpUMEHseTcs KomaHjaa return. Beirmsaur 3to
NpUOIN3UTENBHO TaK:

>>> def getSum(x,y):
z = X t+y

return z

>>> print getSum(1l, 3)
4
>>>
Kak Buaute, Bo3BpamaemMoe (hyHKIMEH 3HAYCHHWE BOCIPUHUMAETCS HHTEPIPETATOPOM, KaK
pe3yIbTAaT BLIPAXKEHUS, BEI3BIBAIOIIETO JOTY Q)yHKHI/HO.

B Tlutone (yHKIMH CHOCOOHBI BO3BpAIATh HECKOJIBKO 3HAYCHHUM OJHOBpPEeMEHHO . J[ist
puMepa Bo3bMeM (YHKIIMIO BBIUYMCIEHUS KOPHEN KBAAPaTHOTO YPAaBHEHUS:

>>> def PrintRoots(a, b, c):
D =Db**2 - 4 * a * c

import math

7 Kcraru, B [Tackane u C++ BepHyTh U3 QYyHKIHHU cpa3y HECKOJIBKO 3HAUCHHHN C MOMOIIBIO CTAHIAPTHBIX CPEACTB
HEBO3MOXKHO. DTO €IIe 0JHO YI00CTBO, penocTapisiemoe [Turonom.
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xl = (-b + math.sqgrt (D)) / 2 * a
x2 = (-b - math.sqgrt(D)) / 2 * a

return x1, x2

>>> print PrintRoots (1.0, 0, -1.0)
(1.0, -1.0)
Kpome Toro, pe3yibTarhl BRITIOJHEHHS (DYHKIIMH MBI MOYKEM MPHUCBAWBAThH CPa3y HECKOJIbKUM

IEPEMCHHBIM:

>>> x1, x2 = PrintRoots (1.0, 0, -1.0)

>>> print "x1 =", x1, "\nx2 =", x2

x1 =1.0

x2 = -1.0

>>>

Ckopee Bcero, Bbl YK€ JIOTaJalluch, YTO TOYHO TaKUM e 00pa3oM 3HAYEHUS BO3BPAILAIOT U
BCcTpoeHHbIe (pyHKIMU [TuToHA.

47



PeBusunsa: 160 KomnbroTepHaa rpadpumka

[nasa 4. KomrnibromepHasi epauka

/* Mmomynn turtle®/
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[naea 5. [loeuyeckue 8bipakeHus, ycrioeus U peKypcus

§5.1. KommeHmapuu 8 ripoepammax

JI06011 dypak mosrcem Hanucamos npozpammy, KOmopyr
noimem KomMnuaamop. Xopouiue npozpammucmol
RUWLYm BPOZPAMMBL, KOMOPblE CMO2YHL ROHAMb Opy2Ue
npozpammucmol.
Mapmun @aynep (Martin Fowler), « Pegpakmopuney
("Refactoring”)

I1o mepe yBenuueHus pa3sMeEPOB BAIIMX [IPOrpaMM PaHO MIIU ITO3IHO BbI CTOJIKHETECH C OJHOU
po0JIEMOI: MX CTaHET CIOXKHEe YnuTaTh. B nieane nmporpaMMa A0KHA YUTATHCS TaK XKeE JIETKO, KaK
ecnu Obl OHa ObljIa HaMKMCAaHa Ha €CTECTBEHHOM SI3bIKE, HO, C OJIHOM CTOPOHBI, ECTECTBEHHBIE SI3bIKU
BCE K€ HE UMEIOT TaKOoW 4eTKOW (opManbHON (OopMbl omMcaHus OOBEKTOB U IPOIECCOB, a C
Ipyroil — upe3MmepHas (GOpMaIM30BAaHHOCTh 3a4acTyl0 MPHUBOAUT K YCIOKHEHHUIO OIHCAHUS
npocThix Beme. IloaToMy [Uis NOBBIIEHHS TOHATHOCTH KOJA, €ro IOJIE3HO CHa0XaTh
KOMMEHTapUsMH Ha €CTECTBEHHOM $3bIKE, U OOJBILIMHCTBO SI3BIKOB IPOIPAaMMHPOBAHUS, HE
uckiroyas [IuToH, npenocTaBiasioT TaKyro BO3MOXKHOCTb.

KOMMCHTHpOBaHI/Ie KOJa CHHTACTCA IPABHUIIOM «XOpOHICTO0 TOHA», IMO3TOMY HC 3a0bIBaiTE
poO KOMMCHTAapUH — 3TUM Bbl U cebe 00JIerynTe Ku3Hb.

Korga nan mporpammoii paGoTaeT OJIMH HPOrpaMMUCT, TO OTCYTCTBUE KOMMEHTapHEB
KOMIIEHCUPYETCSl XOPOLLIUM 3HAaHUEM KoJ1a (€CJIM, KOHEYHO, 3TOT KO/ ObLI HAllUCAaH B CO3HATEIILHOM
COCTOSIHUHM), HO MpHU paboTe B KOMaHJIE, 3a PEIKUMH HCKIIOUEHUSIMHM, KOMMEHTApHH MPOCTO
HeoOxoauMel. KpoMe Toro, yepe3 Kakoe-TO BpeMsi BBl CAMHU HE CMOXETe pa300paThCsi B CBOEH
IIporpaMMe, €ciii B HEl He OyJIeT HUKAKUX JTOTIOJIHUTEIbHBIX 3aMEeYaHUil.

B IIutoHe KOMMEHTAapuu IOMEYAarTCSd CHUMBOJIOM # — CTPOKHM, HAayMHAIOLIUECS C 3TOTrO
CHUMBOJI4, IIPOCTO UTHOPHUPYIOTCS MHTEPIPETATOPOM M HMKAK HE BIMSIOT Ha €€ TPaHCILILHIO U
BBITIOJTHEHHE:

# IlomcueT MNPOILIEHTHOTO COOTHOWmEHMS IOByX BemuumH: 20 m 80

print 100 * 20 / 80, "&"

KommeHTapuii MOKeT ciaeqoBaTh U MOCJIE UMHCTPYKIUM, T.€. HAUMHATHCS HE C CaMOr0 Haydasa
CTPOKH:
>>> print 100 * 20 / 80, "&" # LeJouncIieHHOE mejieHue
25 %
Kpome TOro, KOMMEHTapusIMH CTOUT CHaOXkaTh W QyHKIHU. st 3TOTO MPEeIyCMOTPEH ele
OJIMH CTIOCOO0 KOMMEHTHUPOBAHMUS:
def printTwice (value) :
"""OnucaHMe OQYHKUMM printTwice ()
IDaHHada QYHKLUMSA [IOJIydaeT 3HAa4YeHMEe UM BEBOOUT €I'0 OBaxXIb, pPa30eJiuB

mwn

IpoOeJIoM.

print value, value
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Kak Buaute, KOMMEHTapuu C omnucaHueM GYHKIUH JOJDKHBI HaXOOUTBCS Cpasy Iocie
3arosioBka ¢QyHKkiuM. OHM 3aKJIIOYAlOTCA C JBOWHBIE KaBBIYKM TPU pa3a U MOTYT 3aHUMaTh
HECKOJBKO cTpokK. bomee toro, B IluTOoHEe mnpenycMoTpeHa BO3MOMKHOCTh BbIBOJA 3THX
KOMMeHTapueB. 11 3TOro JOCTaTOYHO BOCIOJIB30BATHCA BCTPOCHHOM INEPEMEHHOW  doc
(HaumHaeTCs U 3aKaHYMBAETCS NTapaMU CUMBOJIOB IO TUEPKUBAHMS):

>>> print printTwice. doc

Onucanme OoyHkuMM printTwice ()
OanHasa GYHKUMSA [OJIydyaeT 3BHAUeHMe U BHBOIOUT €TI0 IBaXIH, Ppa3IeliuB

npobeJioM.

3TOT Ke KOMMCHTapI/Iﬁ BBIBCACT KOMaAHIA cnpaBquoﬁ cucrtemsl [lutoHa help
(printTwice).

W3yuaiiTe onmucaHusi BCTPOSGHHBIX (DYHKIMI M MPH HAMUCAHUHM CBOMX (YHKIMH cTapalTech
KOMMEHTUPOBaTb HMX B TOM JK€ CTWJIE, 4YTOObI JpYrMM IporpaMMucTaM ObLIO IPOILE
COPHUEHTUPOBATHCSA — K TAKOU CTPYKTYpE YKE BCE IPUBBIKIIN.

He 3a6m3aﬁTe, 9TO IIJIIOXO HOKyMeHTHpOBaHHBﬁi KOA TIIpOorpaMmbl ABJIACTCA IMPU3HAKOM
STOUCTUYHOI'O MMPOrpaMMucCTa.

§5.2. [lbocmeie noauyveckue 8bipaxKeHuUs U fio2udeckut muri
OaHHbIX

B Tperbeli rnaBe Mpl HAYYHIIMCH HCIIOJIB30BaTh (DYHKIIMH, TE€M MOJIYYHJIH MOIIHBIN Ccroco0
yIpaBiIeHHs TOTOKOM BBITIOJTHEHUS: M HAIIM IPOTPAMMBI IepecTanu ObITh TMHEHHBIMU. DYHKINU
BBITIOJTHSIOTCSL 0€3 TPOBEPKU KAKUX-THOO YCIOBHH, KaK TOJBKO TOTOK BBIMTOJHEHHS MPOTPaMMBbI
JIOXOJIUT JI0 BbI30Ba CoOTBeTCTByMomed ¢(yHkuuu. Ho mnpaktuuecku B a1000H mporpamme
BO3HUKAET MOTPEOHOCTH B BBIMOJIHEHUH TOW MJIM MHOM 4acTH KOJAA MPOrpaMMbl B 3aBUCUMOCTH OT
BBEJICHHBIX I10JIb30BATENIEM JaHHBIX, PE3YJIbTaTOB IIPOMEKYTOUHBIX BBIYMCICHUM U T.II.

Bo Bcex s3plkax IpOrpaMMHPOBAaHUS BBICOKOIO (M CBEPXBBICOKOTO) YpPOBHS HMeEeTcs
BO3MOYKHOCTb Pa3BETBJICHUS MPOIPaMMBbl; IIPU 3TOM BBINOJIHAETCS OJHA U3 BETBEH MpOrpaMMsl B
3aBHCUMOCTH OT BBIIIOJIHEHHUS WJIM HEBBIIIOJHEHMs Kakoro-inbo ycnosus. [Ipexae yeM nepexoantsb
K MHCTPYKLUH, OCYLIECTBISIOMEH BbIOOp BETKM NPOTrPaMMBbl, IO KOTOPOH MOMIET MOTOK
BBINOJIHEHUSI, pa30epeMcsi C JIOTHUECKUMH BBIPAXKEHUSIMHU.

Jlocuyeckumu 8vipadiceHusiMu Ha3bIBAIOT BBIPAKEHHUS PE3YJIbTATOM KOTOPBIX SIBISETCS
ucmuna (True) wnu a0y (False). B mpocreiimem ciiydae nmr000€ yTBEpKIEHHUE MOXKET OBITh
WUCTUHHBIM WIH JIOXKHBIM. Hampumep, UCTHHHOCTh YTBEPXKICHUS «HA YIUIE HJIET JIOKIbY 3aBUCUT
OT TOTO, KaKasi Ha yJIMIIE IOTrojia B TaHHbIM MOMeHT. Miu 2+2 paBHO 4 — UCTUHHOE, a 2+2 paBHO 5 —
JIO)KHOE BBIPAKEHUE.

Onepanyu CpaBHEHHS B IPOrPaMMHUPOBAHUK BCTPEYAIOTCS Yallle APYTHX, TOITOMY C HUX MBI
u HauHeM. J[1si mpoBepku paBeHCTBa ABYX 3HaueHHWi B [IuToHE Wcmonb3yeTcs omepaTop == (IBa
3HaKa paBeHCTBa 0e3 mpobesia MeXy HUMH).

>>> x = 2 + 2

>>> x == 4
True
>>> x == 5
False
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Jpyrue onepanuu cpaBHEHHUS:

>>> x =5 # x He paBeH 5

True

>>> x > 5 # x Oojybume 5

False

>>> x < b # x MeHbHmE 5

True

>>> x >= 4 # x Bojybme jubo paBeH 4
True

>>> x <= 4 # x MeHbme MO paBeH 4
True

Pasymeercs, pe3ysibTaT CpaBHEHHS ABYX 3HAYECHHUI Mbl MOKEM 3aIIMCATh B IEPEMEHHYIO:
>>> y = x == 5
>>> print vy
False

Kak Bbl, HaBepHOE, 3aMETWJIM MPUOPUTET OINEpPaALUd CpPAaBHEHUS MEHbILE MPUOPUTETA
apuMeTHYECKUX OTepalnii, HO OOJIbIIE, YEM Y ONIEPALUU TPHCBABAHUSL.
IIpoBeprM THII IEPEMEHHOM, B KOTOPYIO MBI 3allUCAJIA PE3YJIbTAT CPABHEHUSA:
>>> type (y)
<type 'bool'>
Kaxk Buaute, B IIuToHe npeyCMOTpEH ClIEMANIbHBIN JIOTUUECKUI TUIl JAHHBIX, HO MOSBUIICA

OH ToJibkO B 2.2.2 Bepcuu. [lo »toro B IIMTOHE HCTHMHE COOTBETCTBOBAJIO YHUCIO 1, a JIOXKb
KOAHpOBaJIach Kak O; KOMaHJa type (4 != 5) BO3Bpallaja 3Ha4YCHHE <type 'int'>.

Ynpasicnenue. Ilosxcnepumenmupyiime ¢ npeobpazosanuem muna 3Ha4eHull 8 102U4ecKuLl Mmun.
Hecxonvko npeonosicenuti 01 3KCnepuUMeHmos:

>>> bool (2)

>>> bool (-1)

>>> bool (1.0)

>>> bool ("string")

>>> bool (true)

Obvscnume nonyyeHHvle pe3yibmanmbl.

§5.3. Jloauyeckue onepamopsbi

Jlormueckue BBIPAXXCHUA MOTYT OBITh 0OJIEE CIIOXKHBIMU M COCTOSATH M3 HECKOJIbKUX IMPOCTBIX
BLIpaH(eHHfI. I[JBI 06’BCIII/IHCHI/I$I IPOCTBIX BBIpa)KCHI/Iﬁ B 0ojee CIOXKHBIE HCTIOJIB3YIOTCA
Jloeuyeckue onepamopul. and, or ¥ not.

3HaYeHUs MX MOJHOCTHIO COBIAJAOT CO 3HAYEHHWEM AHTJIMMCKHUX CIIOB, KOTOPHIMHU OHH
0003HavaroTCs. Beipaxkenne x and y OyJeT HCTUHHBIM TOJIBKO B TOM CJIy4ae, KOrja x — UICTUHA, U
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y — UCTHHA. Bo Bcex OCTanpHBIX CiydasiX BbIpakeHHe OyAeT JOoXKbio. BolpakeHue x or y Oyner
WCTUHOM, €CJTH XOTs OBl OJIMH U3 OMepaHaoB — UCTHHA. OnepaTop not CUMBOIU3UPYET OTPUIIAHUE:
not x— WCTUHA, €CIM x — JIO)Kb, U HA00OPOT: not x — JOXKb, €CclIM x — ucTuHa. OOpaTuTe
BHHUMaHUE, YTO ONEPATOp not YHAPHBIH, T.€. OH pabOTaeT TOJBKO C OJHUM OTMEPAHIOM.

Ynpasrxcnenue. Yemy oonoxcen paguamocs x 0ns moeo, 4moosl @vlpajdxceHue not not x ObLIO
JOAHCHBIM?

st IpoCTOTHI COCTaBUM TaOJHUITBI CO CIMCKOB BCEX BO3MOXKHBIX KOMOWHAIIMN 3HAYCHHI
OTIEpaH/IOB JIOTUYECKUX BBIPAKEHUN M CaMHX BBIPRKEHUN (Takue TaOMUIbl B MaTeMaTH4YeCKOU
JIOTUKE HA3bIBAIOTCS MabAUYaMU UCTMUHHOCTU):

X V' xandy xory ‘ X ‘ not x
0 0 0 0 0 1

0 1 0 1 1 0

1 0 0 1

1 1 1 1

Ynpaxcnenue. C nomowwro mabauy ucmunnocmu nposepvme ciedyrujue CEoUCmad
JocudecKux onepauud:

x and y 9KB8UBANEHMHO y and x

X Or y3KBUBANEHMHO Vv Or X

X and x and x 9K6UBANEHMHO X

X Or X Or X IJK6UBAJIEHMHO X

not x and not yJK6UBANEHMHO not (X or y)

§5.4. BbironiHeHuUe o ycrioguro U «rycmoma»

Tenepp MBI TOTOBBI K H3YyUEHHUIO oOnepamopa npoeepKu yClo8us, TO3BOJSIOLIETO
OpraHH30BaTh Pa3BETBICHHE MPOTPAMMBI MPHU BBIMTOJIHEHUU TOTO WJIM MHOTO ycioBus. B oOmem
BU/JIE OH BBITJISIAUT TaK:

if JIOTMYECKOE YCJIOBUE :
HOCJ’IE,I[OBATEJ'H:)HOCTb_BbIPA)KEHI/IVV[

[TepBBIM HIIET KJIIOUYEBOE CIOBO if (AHIJI. «ECIW»); 38 HUM — JIOTHUECKOE BBIPAKEHUE; 3aTEM
JBOETOYME, 0003HAYaloIIee KOHEI] 3ar0JIOBKa OMeparopa, a IMmociie Hero — Jrobas mociae10BaTeib-
HOCTb BBIPAXCHUMN WUIIN men0 YCI08HO20 onepamopa, KOTOpoe OyJeT BBINOIHIATHCS B Caydae, €cliu
YCJIOBHME B 3aroJIOBKE onepaTopa HCTUHHO. [IpocToit mpumep:

X = 2
if x > O:

print "x 1is positive"

if x < O:

print "x 1is negative"
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print "Stopping..."
CoxpaHum, 3aIyCTUM 3Ty IPOrpaMMy U pazdoepemM pe3yibTaT €€ BHIITOTHEHUS:

$ python prog7.py
X 1s positive
Stopping.. .

Ha mnepBoil cTpoke Mbl ONpeAewiii MEPEMEHHYIO x, NMPUCBOMB €i 3HAYEHUE 2. 3aTeM C
IIOMOIIbI0 YCIIOBHOI'O OIl€paTopa MPOBEPUIM HAa UCTUHHOCTH BBIPAXKEHHE x > 0 — 3HAYECHUE X
OKa3ajoch OoJiplie HyJsl, MO3TOMYy [IMTOH BBIMONHUI TENO 3TOTO YCIOBHOI'O ONEpaTopa: BbIBEI
CTPOKY x is positive. Jlamee ciemyer eiie OAMH OnepaTop if, MPOBEPSIOMIMI BBHIMOJIHEHUE

yCIIOBUS x < 0, KOTOPOE SBJIETCS JIOKHBIM, U I1I03TOMY TEJIO ITOr0 YCIOBHOTO oneparopa IIuron
MIPOIYCTUJ U BBIIOJIHUI CIEAYIOUIYIO 32 HEMl HHCTPYKIIHIO.

Ckopee Bcero, Bbl YK€ 3HaeTe, I7Ie MOKHO HCIIOJIb30BaTh YCIOBHBIN omnepatop. [lepsoe, uro
MPUXOJUT B TOJOBY: (YHKIMS pacueTra KOpHEW KBaapaTHOro ypaBHeHUs. He Bce kBaapaTHbIe
ypaBHEHUS UMEIOT ACHCTBUTEIbHBIC KOPHH, TO3TOMY €CJIM JUCKPUMHHAHT KBAJAPATHOTO YPaBHEHUS
MEHBIIIE HYJSI, TO IPOU3BOIUTH JalbHEHIIINE BBIYUCICHUS HE HYXHO. Moauduiupyem (yHKIUIO
printRoots () TakK, 4YTOOBl OHa WPAaBWILHO OO0padaThiBala CHTYallMI0 C OTPUIIATEIHHBIM
JTUCKPUMHHAHTOM:

>>> def PrintRoots(a, b, c):
D = lo**2 = 4 * @ % g
if D < 0:
return None, None
import math
xl = (-b + math.sgrt(D)) / 2 * a
x2 = (-b - math.sgrt(D)) / 2 * a
return x1, x2
>>>
>>> print PrintRoots (3, 2, 1)
(None, None)
I/ITaK, YpaBHCHUC 3> + 2x + 1= 0 KOpHCfI HC MMCECT, T.C. €ro NUCKPUMHHAHT OKa3aJiCia
OTpPUUATEIbHBIM, MO3TOMY [IMTOH BBIMOJHWII BETKY MPOrpaMMbl C MHCTPYKIHEW return None,

None. 3]_'[6C]':> MbI BOCITIOJIB30BAJIMCH TEM, YTO BBIIIOJIHCHHUC ITOAIIPOIpaMM 3aBCPIIACTCA Cpa3y IHOCIIC
BBIIIOJTHCHUA UHCTPYKIUU return.

OOpatuTe BHUMaHUE Ha TO, YTO MHCTPYKIMS BO3BpalllaeT He mapy 3HaueHuil (0, 0), T.K. ¢
TOYKHM 3pEHUs MaTEMAaTUKH, 3TO HEBEPHO: KOPHM HEOMNpEeseHbl U (YHKIUS JI0JKHA BEPHYTH
mycToTy. JIJIs 3TUX 1enel ¥ IpelyCMOTpEHA BCTPOCHHAs! KOHCTaHTa None.

Ynpasicnenue. Hanuwume @ynxyuro compare (x, y), cpasHusanowyro x uU y U
8038paWAIOUYIO CIEOVIOUJUE SHAUEHUSL:
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l, ecrux>y,
compare(x, y)=1 0, eciux=y,
=1, ecrux<y

§5.5. BeoO daHHbIX ¢ Knaguamypbl

[Iporpammel, KOTOpbIE MBI TUCAJIA 10 3TOI0, HEMHOTO CKYYHBIE, T.K. OHU Ka)blil pa3 JeIaroT
OJHO U TO K€, HE CIpallliBas y MOJIb30BaTENs, HaJ KAKUMHU JAHHBIMU CJIEAYET MPOU3BECTU T€ WIH
WHBIE IeHCTBYSL.

Ho sro mnompaBumo. B IlutoHe umeroTcsi BCTpoeHHbIE (YHKIUH, KOTOPbIE MO3BOJISIIOT
NOJTy4aTh JaHHbIE ¢ KiIaBuaTypsl. CaMas mpocTas U3 HUX — raw_input (). BeI30B 3T0# (QyHKIIMM
OCTAaHABJIMBAET BBIIOJIHEHUE IPOTpaMMBbl M 3aCTaBIsICT KOMIIBIOTEp JIOXKAATHCS, IIOKA
I10JIb30BaTEIb HE BBEJAET JAHHBIE C KJIABMATypbl. 3aBEpIICHUE BBOJA OCYILECTBIIAECTCS HAXKATUEM
KJIaBUIIK [Enter]®: cpasy mocie HaaTys 5TOW KIaBUIIM, GYyHKIUS raw input () 3aBEpPIIAETCS U
BO3BpalllacT 3HaYCHHUE BBEICHHOE C KJIABUATYPBI:

>>> text = raw_input ()

What are you waiting for?

>>> print text

What are you waiting for?

>>>type (text)

<type 'str'>

[Ipexxne Yem TPEmOCTaBISATH TOJIB30BATEI0 BO3MOXKHOCTH BBOJA JAaHHBIX XOPOIIO ObI

OOBSICHUTH €My, YTO UMEHHO HY)KHO BBECTH, C MOMOINBIO CTPOKHU npuenauterus (NMO-aHTIUHCKHA

prompt). JIns 3TOro 10CTaTOYHO MepeiaTh 3Ty CTPOKY B KauecTBe MmapaMerpa QyHKIMU raw input
():

>>> name = raw_input ("What is your name? ")
What is your name? Arthur, King of the Britons!
>>> print name
Arthur, King of the Britons!
Ecan mam HYXHO, yTOOBI II0JIL30BaTEIb BBEN OeJao€ 4ucCjIo, TO Mbl MOXEM HCIIOJIB30BaTh
GYHKIHIO input ().
>>> prompt = "How old are you?"
>>> age = input (prompt)
How old are you? 17
>>> print age
17
BBenennass monb3oBareneMm crpoka mudp OyIer MpuBeAeHA K TUIY int W IPHCBOEHA

nepeMeHHOi age. Ho ecnu monp3oBarens BBEIET CTPOKY OyKB, TO BO3HHUKHET HCKIIIOUHTEIIbHAS
cuTyauus (UCKJIIOUEHHUE):

8 Wnu [Return] Ha kommeioTepax Apple.
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>>> age = input (prompt)
How old are you?
I'm 17th years old.
SyntaxError: invalid syntax
YyTh mo3xe Mbl HayduMcsi n30eraTh aBapUiiHOE 3aBepILICHHE MPOrpaMMbl U 00padaThIBaTh

UCKJIIOUEHHs, a TOKa MepeiieM K clenyroleMy OueHb 3aXBaThIBAIOLIEMy pas3zeny (He 3a0ynbTe
BBITIOJIHUTD YIIPAKHEHUE).

Ynpaswnenue. Usmenume npocpammy ewviuucienus KopHeli K8AOpaAmHoz20 YpPAaeHeHus mAx,
Ymo0Obl NONBL306AMENL CaM MO2 8600UMb KOG Puyuenmsl a, b u c.

§5.6. AnbmepHamuesHbie semku rpoegpammsi (Chained
conditionals)
VY cnoBHBIM onepatop i f UMeeT pacIMpeHHbIN (hopMat, O3BOJISIOLIUN TPOBEPITH HECKOIBKO

HE3aBUCHMBIX Jpyr OT Jpyra YCIOBMA W BBINOJHATH OJUH M3 OJOKOB, IOCTaBIEHHBIX B
COOTBETCTBHUE C ATUMU YCIOBUSIMU. B 00111eM BHIe onepaTop BBITIISANUT TaK:

if JIOTMYECKOE YCJIOBYE 1:
IOCJIENOBATEJIbHOCTb BHPAXEHMA 1

elif JIOTMYECKOE YCJIOBUE 2:
NNOCJIENOBATEJIBHOCTb BHPAXEHWA 2

elif JIOTMYECKOE YCJIOBUE 3:
OCJIENOBATEJILHOCTb BHPAXEHU 3

else:

HOCHEHOBATEJ’H:HOCTb_BbIPA)KEHMV[_N

PaboraeT 3Ta KOHCTpyKLHU cleayoumm odopazom. CHayalla poBepseTcs MepBOE yCIOBUE U,
€CJIM OHO UCTUHHO, TO BBITMIOJIHACTCA IIE€PBast MOCICA0OBATCIIBHOCTD BEIPAKCHHA. ITocie aTOrO TTOTOK
BBITIOJTHEHUSI TIEPEXOINUT CTPOKE, KOTOpasi CIeIyeT MOCie YCIOBHOTO ornepaTopa (T.e. 3a MOociIeno-
BaTelIbHOCTRIO BhIpakeHuit N). Eciam mepBoe ycnoBue paBHO False, TO HPOBEPSIETCS BTOPOE
ycioBHe (cienyromee mnocie elif), U B CIydae €ro UCTUHHOCTH BBINOJHSIETCS IOCIIEI0BATENb-
HOCTh 2, @ 3aT€M CHOBA IOTOK BBINOJHEHHS NEPEXOAUT K CTPOKE, CIEIYIOIIEH 3a OmepaTropoMm
yCIOBHSL. AHAJIOTUYHO MPOBEPSIIOTCS BCE OCTaJbHBIE YCIOBHA. [0 BETKHM IMpOrpaMMbl else MOTOK
BBITTIOJTHCHUA JOXOJUT TOJIBKO B TOM CJiydac, €CJIM HC BBIITOJIHACTCA HU OAHO U3 YCHOBHﬁ.

KiroueBoe cioBo e11i £ MPOUCXOIUT OT aHTII. «else it - «mHave ecnmy. T.e. ycinoBue, KoTopoe
CIIE/TyeT MOCyIe Hero MPOBEPSIETCS TOIBKO TOT/a, KOT/Ia BCE MPEAbIIYIINE YCIOBHUS JTOXKHBI.

YtoOb! OBLIO MOHATHEE, HAMUIIIEM HEOONBIIYIO IPOrpaMMy, WILTIOCTPUPYIOIIYIO UCTIOTB30Ba-
HUE YCJIOBHOTO OIEpaTopa ¢ albTePHATUBHBIMU BETKAMHU.

choice = raw input ('Input your choice, please (1 or 2): ')
if choice == "1":

functionl ()
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elif choice == "2":
function?2 ()
else:
print "Invalid choice!"
print "Thank you."

CHauana MporpaMma IMPOCUT TOJIb30BATENSI BBECTH €AUHUILY WIH JBOWKY, 3aT€M YCJIOBHBIM
OTIepaTop MPOBEPSIET BBEACHHOE 3HAYCHUE HA PABEHCTBO CO CTPOKOM '1' (ecnu HE MOMHHTE,
¢GyHKUMS raw input () BO3BpallaeT CTPOKOBOE 3HaueHue). Ecinu  yciaoBue HMCTUHHO, TO
BBI3BIBACTCA (1)yHKuI/I$I functionl (), IIOCIE YE€ro mporpaMma BBEIBOOUT CTPOKY "Thank you." H
3aBCPpIIACTCA; B IPOTUBHOM CJIy4aC 3HAYCHUC HepeMeHHOfI choice CpaBHHUBACTCA CO CTpOKOI>’I 2
€CJIM YCJIOBHUE BLINOJIHSETCS, TO BBI3BIBAECTCS @yHKHHﬂ function2 (), 3aT€M BBIBOJUTCSA CTPOKA

"Thank you." U IporpaMma 3aBeplIacTCs; HHa4Ye — MporpaMMa BbIBOJUT COO6IJ.[GHI/IG O TOM, 4YTO
BBCACHHOC 3HAUCHHUEC HCKOPPCKTHO, 3aTCM ((6HaFOI[apHOCTI>>> M 3aBCPIIACTCA.

B  aHTnosI3pIUHOW JUTEpaType TaKWe Pa3BETBICHHBIC YCIOBHBIE OINEPATOPHl  OOBIYHO
Ha3bIBAIOT chained conditionals, T.e. IEIOYKaMH YCJIOBHIA.

Ynpasxcuenue. Hzmenume gpynkyuro compare (x, y) mak, 4mobsl 8 Hell UCNONIL3OBAICHA BCE20
00UH Onepamop YCcio8us.

§5.7. lNycmebie 6roKku

B mporuecce paboTel Haa MPOrpaMMoOil cleayeT cTapaThesl MOCIe KaKJ0T0 U3MEHEHUS UMETh
paboTaronIyro MporpaMmy, HO MPEANOJIOKHM, YTO Bbl 3aIUIAHUPOBAIIU HCIOJb30BAHUE YCIOBHOTO
orepaTopa C HECKOJbKMMHU YCIOBHSIMH, YCIIEB HAaIlMCaTh TOJIbKO OJUH W3 OJIOKOB YCIOBHOIO
onepatopa. [Ipu 3ToM BcTaeT Bompoc, Kak e€e OTJIaIUTh, €ClId MPOrpaMMa HE BBIMIOJIHSAETCS H3-3a
CHUHTaKcu4eckoi omubku. Hanpumep, paccMOTpUM MporpaMmy:

choice = raw input ('Enter your choice, please:')
if choice == "1":
functionl 1 ()

finctionl 2()

elif choice == "2":
elif choice == "3":
elif choice == "4":
else:

print "Invalid choice!"

biioxu miia citydaes, KOrja 3Ha4eHUE NIEPEMEHHON choice paBHO "2", "3" WK "4", elle He
HalucaHbl, MOATOMY IpPOrpaMMa HE BBINOJIHAETCS H3-3a OIMMOKM Expected an indented
block.

N306exarh 3TOr0 MOXKHO C MOMOIIBIO KIIFOUEBOIO CJIOBA pass, KOTOPOE MOXKHO BCTaBUTh Ha
MECTO OTCYTCTBYIOIIETo OJIOKa:

choice = raw input ('Enter your choice, please:')

if choice == "1":
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functionl 1 ()

finctionl 2 ()

elif choice == "2":
pass

elif choice == "3":
pass

elif choice == "4":
pass

else:

print "Invalid choice!"

DTO KIIFOYEBOE CI0BO MOXKET HMCHOJIB30BAThCS M B KAUECTBE Tela (I)yHKI_II/II/IZ
def f1():

pass

Ota (yHKUUS HUYETrOo HE JIeNaeT — MOTOK BBIMOJIHEHUS, «3arJIsIHyB B HEE», Cpa3y MEepexouT K
BBITIOJIHEHHIO CIIETYIOIIEH 3a BEI30BOM 3TOM (DYHKIIMK MHCTPYKIIUH.

§5.8. BrioxxeHHbIe ycrniosHble onepamopsbi (Nested conditionals)

B G110kax ycroBHOIO oneparopa To>Ke MOTYT BCTPEUaThCsl YCIOBHBIE ONIEPATOPhI, BEAb OHU, C
ToukH 3peHus [lurtona, HHYEM He OTIUYAIOTCS OT APYTUX UHCTpyKUui. Hampumep:

if x == y:
print x, "and", y, "are equal"
else:
if x < y:
print x, "is less than", y
else:
print x, "is greater than", y
IlepBbIii JOTMYECKU oOmEpaToOp COACPKUT JIBE BETBU, BTOpas U3 KOTOPBIX TOXKE
pa3BeTBisieTcs. Ho HE CTOUT CIMIIKOM 37I0yNOTPEOSATh BIOKEHHBIMU JIOTHYECKHUMH ONEPaTOPaAMH,

T.K. 3TO MOXCT HNPUBCCTU K YXYAUICHUIO 4UTa0EIbHOCTH ImporpaMMmal. 3}160]: Ha IIOMOIIb HaM
MNpUXOAAT JIOTUYCCKUEC OIICpalluu. PaCCMOTpI/IM MMpUMEp MpOorpaMmabl:

if x < 1:
pass
eiliser:
if x < 10:

print "x is between 1 and 10"
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3T1OoT KOJ pa60TaeT TakK: €CJin x < 1, TO HUYETO HE MMPOUCXOAUT, T.K. IIOTOK BBIITOJTHCHU,
BCTPETUB MHCTPYKIMIO Pass, MEPEUNET K CTPOKE, CIEAYIOLIEH I0CIE YCIOBHOTO OIleparopa; B
MPOTUBHOM CJIy4ae BBIIIOJHHUTCS IIPOBEPKA JIOTMYECKOrO BBIpAXKEHHUSA x < 10, M €CJIM OHO
HUCTUHHO, TO MHTEPIPETATOP BBIBEJET CTPOKY "x is between 1 and 10". MOXHO Hamucartb
CEMAHTUYECKH UAECHTUYHBIN YCIOBHBIM ONEPATOP, HO TOPa3ao Kopoye:

if not x < 1 and x < 10:
print "x is between 1 and 10"
MosHO 11 cAenaTh ero emle npoire? XoTelnoch Obl H30aBUTHCS OT JIOTHYECKOTO OrepaTropa
OTPHULIAHUS B BBIPAXKECHUHU, IPOBEPICMOM OIIEPATOPOM 1 f.

BripaxkeHne not x < 1 UCTHHHO, €CJIM x HE MEHBIIIEC €IUHUIIBI, NN x Oosbiie a1ubo paBHO
CIUHUIBI — x >= 1.

if x > 1 and x < 10:
print "x is between 1 and 10"

B Ttakoii 3anucu HE3HAKOMBIH ¢ KOJAOM IPOrpaMMHUCT paz0epercst ropaszno OblcTpee, HE Tak
mu? Ho He Oyaem Ha 3TOM ocTaHaBiuBaThcs. B MaTemaruke mmeercst O6osee KOPOTKHMH croco0

3allMCHA  YCIIOBHSI TPUHAJICKHOCTH x HEKOTOPOMY OTpPE3KYy YMCIOBOM mpsamon: | <x<10.
Anantapyem ee 1moJ1 orepaTopbl CpaBHEHHS, KOTOPbIE UMEIOTCA B si3bike [1UTOH:

>>> x = 3

>>> if 1 <= x < 10:

print "x is between 1 and 10"

X 1s between 1 and 10
>>>

[Tuton npekpacHo Hac moHsul. Hajmo cka3zarh, 4TO TaKo BO3MOXKHOCTH HET HU B [lackaine, Hu
B C++, HU B IPYyTrUX paclpOCTPAHEHHBIX A3bIKAX.

Yo X, MPUILIO BpEMsI MOMPAKTUKOBATHCS.
Ynpasicnenue. Ynpocmume svipasicenue:
if x < -5
print "x is NOT between -5 and 5"
elisier:
if x < 5:
print "x is between -5 and 5"
eliser:

print "x is NOT between -5 and 5"

Ynpaxcnenue. Oovsacuume nouemy ycnosue 10 < x < () Hukozoa He 6y0em UCMUHHBIM.
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§5.9. Pekypcus

Pazo0paBimuce ¢ JIOTMYECKUMH ONEpalMsMd M YCIOBHBIM OIEpaTopoM, IepeieM K
M3YYEHHUIO OYE€Hb MOIIHON KOHLENIMHU, KOTOpas Ha3blBaeTCs pexkypcuei. Jljid Toro, 4ToObl Jydle
IIOHATBH, I'/I€ OHA IPUMEHAETCS, PACCMOTPUM 3a/1auy, KOTOpas cama IPUBEIET HAC K HEW.

ITomumo IPUBBIYHBIX HaM apI/I(i)MeTI/I‘IeCKI/IX B MAaTc¢MaTHUKEC CCTb W JAPYruc OICpaluu. B

yacTHOCTH, (hakropuan: Hampumep, 3/=1*2 %3 =6°. B obmwem Buge n!/=1 *..*n, rue

neNU{0} ', npuuem 0/=1.

Pactyr 3Hauenus ¢axTopuaza odeHb ObICTpo, Hampumep 5/=120, 7/=5040, a
10/=3628800 . [ToaToMy 1OrH4HO OBLIO ObI MOPYUYUTH BHIUMCIIEHUE (PAKTOPHUATIOB KOMIIBIOTEDY.

[Ipexxae yeM mpucTymaTh K peanu3anuu (QyHKUMU (axTopuaia JaBaidTe MpOoaHATH3UPYyEM
dbopMyity, 0 KOTOpoil oHa BeuUcHAeTcs. [Ipu yclioBUH, 4TO MBI HE 3Ha€M Y€MY PaBHO YHCIIO A
npuMeHuTb Gopmyny n!/=1 *..*n «B 100» He mnoiyuurca. llosTomy naBaii-te ee
MIPOaHAIU3UPYEM:

n!/=1%2%...%n,

(n4+1)/=1%2%..%xn*(n+1)=n!*(n+1), unaye roBops:

n!=(n—1)!+*n

Dt10 yxe uro-1o. Ilo cyTH, 3Has 3Hauenne (n—1)!, MBI MOXKEM BBIYMCIMTE 71/ BCETO 3a OJHY

onepanuio. Ananormdno, (n—1)/=(n—2)/*(n—1). IlonpobyeM peanu3oBaTh 3Ty HICI0 Ha
[TutoHe. MBI yXe TOBOPHJIM O TOM, YTO M3 Teia OJHOW (YHKLUHMH MOXHO BBI3BIBATH APYTYIO
¢yukuuto. [Touemy 661 He TONPOOOBATH BBI3BATH M3 (PYHKIUH 3Ty k€ caMmyro QyHKIHI0? DTO Kak
pa3 To, 4YTO HaM HaJl0, JaBaiTe monpooyem:

>>> def fact(n):

return fact(n-1)*n

>>> fact (3)
File "<stdin>", line 2, in fact
[...]
File "<stdin>", line 2, in fact
RuntimeError: maximum recursion depth exceeded
XM, BbI3BIBaTh (YHKIHIO W3 caMOW ce0s, BUIMMO, MOXXHO, HO HWHTEPIPETATOP BBIBEI
JUIMHHBIN CIUCOK OOpaTHOW TPacCUPOBKM M COOOIIEHHE 00 HCKIIOYEHHH: RuntimeError:
maximum recursion depth exceeded— «J/loCTUTHyTa MakcHUManbHasi TIIyOMHA PEKYPCHI».

Bot u ynomuuanue pekypcun. ChopmysmpyeM ornpejaesieHue — BO3MOXKHO, 3TO HaM ITOMOXET B
MTOMCKE PEIICHUS TTPOOIIEMBI.

Pexypcusnvimu  pynkyusmu aBnsoTcs (QyHKLIHUM, MOJMydaeMble B pe3yJbTaTe KOHEYHOTO
yrciia MPUMEHEHU caMux ceOs AJis LeJIOYMCICHHBIX 3HaYeHUil aprymenra (mapamerpa). Baxno

9 Uwraercs Kak «TpHu (pakTopuan.
10 Ywmcino n mpuHAIICKAT MHOXKECTBY HATYPAIbHBIX YHCEN, 00bEANHCHHOMY C HYJIEM, HHAYE TOBOPS, MOXKET OBITh
paBueiM 0, 1,2, 3 u T.11.
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3aMCTUTh TO, YTO TaAKHC q)YHKI_[I/II/I HpI/IMeHI/IMBI JJMIIb K HIEJIOYHCICHHBIM 3HAQUCHUAM, HO HE K
JIPOOHBIM.

Mpl nepenany LEIOYHUCICHHBIA apryMeHT — 3, HO BO3HHUKIO MCKIIOYEHHE. Buammo, Mbl
UMeeM JIeJI0 C CEMAaHTHUYECKOM OIMOKOW: mporpaMma JenaeT He TO, YTO MbI IMOJpa3yMeBallu.
Jagaiite monpoOyeM MOBTOPUTH BBHIIOJIHEHUE HAIIEH MTPOTPaMMEBI B YME.

Wrak, BbI30B funct (3) JOJKEH BEpPHYTh funct (2) *3, manee funct (2) — 3TO BCE PABHO
4yro funct (1) *2; 3aTeM MJIET BBI30B funct (0), motoM funct (-1). Ho n— nomxHO OBbITH
HATypaJbHBIM 4HcIOM win Hojem! Ilomydaercs, 4ro, AOHAS JO TPaHMYHOTO 3HAYEHUS OOJIACTH
JIOMTyCTUMBIX 3HAYEHWH n, HaIlla TMporpaMMa MPOAOJDKAET BBIMOJIHATH BBI30B (DYHKIHMH funct ()
Kak HU B YeM HHU ObIBAJIO, U JJa)ke HE lyMaeT OCTaHABJIMBAThCA. boiee Toro, mporpamma «He 3HaeT»
yeMy paBeH ()/ — Mbl 3a0bUIH 3TO YKa3aTh, HO BCE MONPABUMO.

>>> def fact(n):

return fact(n-1)*n

>>> fact (3)
6
Paboraer! OcTtanoch TOMBKO NMPOBEPUTH, KaK (PyHKIHMS MOBENET ceOsi MpU HEKOPPEKTHBIX

3HAUCHMSIX TapamMeTpa (OTpUIIATeIbHBIX WX JAPOOHBIX, HANpPUMEp), TaK UYTO HE 3a0yapTe
BBINOJIHUTH YIIPA)KHEHUE.

Ynpasicnenue. Ilposepome, kax ¢ynxyus fact () Oyoem secmu ceds ¢ OMPUYAMETbHLIMU U
Opobubimu  3Hauenusmu napamempa. OOvsichume, Kakue npooOLeMbl GOZHUKIU U NOYEMY.
Moouguyupyiime ¢ynryuro max, umoowl usbexncamo ux'’.

§5.10. Cmekoebie duazpaMMbl PEKYPCUBHbLIX 8bI30808

Paz0Oepemcsi, kakoil IyTh MPOJENIBIBACT IOTOK BBINOJHEHUS B TMPOLIECCE BBIYUCICHUS
dakropuana. 1306pa3um cTEKOBYIO AMarpaMMy JUIs BbI30Ba fact (3).

11 WmeiiTe BBULY, YTO QDYHKIHS MOXKET HE CHPABHUTHCS CO CIMIIKOM OOJBLIMMH 3HAUSHHUSMH (HAIIpHUMeED, TPy n >
1000). DTo CcBsI3aHO C OrpaHUYCHUSIMH, IPUCYIIIMMH BBIYUCIUTENILHOM TEXHHUKE. DTOT Cily4yai Mbl pa3depeM B
MOCIIEYIOMINX pa3aenax.
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N fact(0) N
fact (1-1)*1 return|1]
] fact(1) B
fact (2-1)*2 | | return|[T] *1
N fact(2) -
fact (3-1) *3 return[iiii}é]
N fact(3) -
return|[1*1*2] *3
N __main__ -

—> —

Utak, Ternepb Bce NOKHO OBITh MOHATHO. Jlo 100aBIeHus yCiuoBusl Bo3Bpara 1 mpu x == 0
CTEK BBI30BOB POC OECKOHEUHO, MOATOMY BO3HHKAJIO HcKioueHue. Korpa ske Mbl 100aBWIM 3TO
YCIJIOBHE, BCE BCTAJIO HA CBOM MECTA: CHayaja CTEK PEKYpPCHBHBIX BbI30BOB YBEIMUYMBAETCS, IIOKA HE
JOWJIeT N0 TpaHMYHOrO 3HAYEHUs [apaMeTpa, a 3aTeM HAYMHACT OIYCTOIIAThCS — MOTOK
BBITIOJIHEHHSI HAUMHAET BO3BpAaT OOpaTHO B IJIaBHYIO Mporpammy, coOupasi OTBET IO KycOYKam
(KCTaTu, TEPMUH «PEKypCUS» MPOUCXOJIUT OT IMO3THEIATUHCKOIO «IECUrsio» — «BO3BpAILICHUER).
[Ipu 5TOM pe3yibTaT Ka)kJOro BBI30Ba MepeAaercs B TeIo (YHKIMH, HAaXOSIIeWcs B CTEKe Ha
YpOBEHb HUXKE, I7Ie UCTOJIb3yeTCs B JajbHEHIINX BBIYMCICHUSX. B pe3yibTare 3TOro Tproka Mbl U
MOJIy4yaeM OTBET.

Mo>KHO 1 yIy4IIuTh 3TOT anroputMm? Bbl, HaBepHOE, 00paTHIIM BHUMaHUE, YTO Ha BTOPOM
miare Bo3BpaTa Mbl YMHOXKaeM 1 Ha 1 — OeccMmbicieHHast omeparus. Kpome Toro, Kakiblid
PEKYpPCUBHBIM BbI30B TpeOyeT BBIIEICHHUS HEKOTOPOro KOJIMYECTBA IMaMATH, /@ M CaM BbI3OB
3aHMMAaeT KaKoe-TO BpeMsl.

BapuanT penienusi: ”3MEHUTh yCIOBUE, IPU KOTOPOM OyA€T HAaUMHATHCSA BO3BpAT HA x == 1.

[TpoBepuM €ro ¢ MHOMOIIbIO TPAHUYHBIX 3HAUYEHUI: YTO MPOM30iIeT Mmpu BbI30BE fact (0)?
[Iporpamma 3anukiurcs. [lonpobyem Tax:

def fact(n) :
if type(n) != type(l) or n < O: # IlpoBepKa KOPPEKTHOCTM N

return None

return fact(n-1)*n

Takolf moxxoJ MO3BOJUT U30€KaTh JIMUIIHMNA PEKypCHUBHBIH BBI30B, HO YBEIMYUBAETCS
CJIOKHOCTb IIPOBEPSIEMOIrO YCIOBHS, 4YTO CKa3blBACTE HAa CKOPOCTU BBIIOJIHEHHUS IIPOTrPaMMBI.
KoHe4HOo, Ha COBPEMEHHBIX KOMIIBIOTEpAX pa3HULA HE 3aMETHA, HO 3TO IPOTUBOPEYHE BCTPEUAETCS
JIOBOJIBHO YacTO: MPOTrpaMMHUCTaM MPUXOIUTCS BBIOMPATh MEXTy SKOHOMHUEH MaMATH U CKOPOCTHIO
BbIMoJIHEHUsI. OOBIYHO B TaKOW CUTyaluu MPUOIM3UTEIHHO OL[EHUBAETCS, KaK YacTO BBIOIHIETCS
OJOK KOJa— OT JTOr0 3aBHCUT BIIMSHUE €r0 YCIOKHEHHMS Ha oOmiee BpeMs BBITOJHEHUS
IIPOrpaMMBI.

Ynpascnenue. Kax 6v1 dymaeme, cmoum au 6 ciyuae Qyukyuu fact () npousgooums JUWHIOW0
nposepxy? Obvsachume nouemy.

61



PeBusna: 160 Jlornuyeckue BblpaKeHusl, YCJIOBUA U pPeKypCcUs

§5.11. MakcumarnbeHas arnybuHa peKkypcuu

MsI yxe CTaTKUBAIHCh ¢ OECKOHEYHON PEKYPCHE, KOT/1a peKypcuBHas (QyHKIUS MO TEM WU
WHBIM TMPUYMHAM HE JOCTHTalia YCIIOBHS BO3BpaTa (B aHIJIOS3BIYHOW JHUTEpaType base case —
«0a30BbIii cityyait»). Ho B OONBIIMHCTBE MPOTPAaMMHBIX CpeJ TaKHE MPOrpPaMMbl, KOHEUHO KE,
OECKOHEYHO BBITIONHATHCS HEe OyayT B CHIIy KOHEYHOTO pa3Mmepa mamsiTé kommbiotepa. B ITurone
JUISL TIPEIOTBPAIICHUST HapyIIeHUH paboThl KOMIBIOTEPA, Ha KOTOPOM BBITIOTHIETCS MpOrpamma,
TO’KE€ HMMEETCs CIEMaJIbHOE OTpaHUYEHUE — maximum recursion depth (maxcumanvHasn 2nyouna
peKypcuu).

MakcuMalbHYI0 TIyOWHY PEKypPCHH MOXXHO H3MEHSATh, T.K. HEKOTOPBIE 3aJadydl TPEOYIOT
0O0JbIIET0 MAaKCUMAJIbHOTO pa3Mepa CTeKa BBI3OBOB. [[nsi 3TOoro B MoAayne sys HUMeeTCs IBe
GyHKIMU: sys.getrecursionlimit (), BO3Bpalaromias TEKYIIyI0 MaKCHMaJbHYIO TIIyOUHY
PEeKYypCHUH U sys.setrecursionlimit (), U3MEHAIIOMIAA €€ 3HAUCHHUE.

>>> import sys

>>> sys.getrecursionlimit ()
1000

>>> sys.setrecursionlimit (5)
>>> sys.getrecursionlimit ()
5

>>>

ITo ymonmuanuto, MaKcuMalibHas riyonHa pexypceuu pasHa 1000.

Ynpasicnenue. Hanuwume npocmyro ¢hynxyuro, evizvisarowyro camy cebs, u nodKcnepumenmu-
pyiime ¢ U3BMEHEHUeM MAaKCUMAIbHOU 21younsl pexypcuu. IlIpokommenmupytime ceou
pe3yibmamai.

§5.12. Hucna ®uboHa4v4u

Jleonapno ®ubonayun (Jleonapno IluzaHckuil) — KpynHBIA CPEJHEBEKOBBIM HTAJIbSHCKUI
maremaTrk (1170-1240), aBTop «Kuurun o6 abake» (1202), koTopasi HECKOJIBKO BEKOB OCTaBalIach
OCHOBHBIM COOpHMKOM cBelleHUIl 00 apudmeruke u anredbpe. Ceronnsa ums dubonayum yaie
BCEr0 YIOMHMHAETCS B CBSI3U C YUCJIOBOW IOCJIENOBATEIBHOCTBIO, KOTOPYIO OH OOHAapy KW, U3ydas
3aKOHOMEPHOCTH KMBOM MPUPOJBI.

Psin aTux uncen obpasyercs ciaeayromumu 3HadeHusvu 1, 1, 2, 3, 5, 8, 13, 21, 34, 55 u Tak
Janee — KaKI0€ MOCISAYIOIIee YUCIIO Psiaa MOTYyYaeTCs CIIOKEHUEM ABYX MPEABIIYIINX.

Oco0EHHOCTBIO psaaa 4uceil duboHayyu sABISETCI TO, 4YTO IO MEPE poOCTa HOMEpPaA 4YHuCJia B
MMOCJICAOBATCIbHOCTHU, OTHOHICHUC NPCAMICCTBYIOMICTIO YICHA K IMOCICAYIONICMY HpI/I6J'II/I)KaeTCH K
3HaueHuio — 0.618 (,I[peBHI/IC I'pCKU HA3BIBAJIN 3TO YUCIIO «30JI0TBIM CC‘IGHI/IGM»), a MMoCJICAYoIIETO
K OpeAbIAYHICMY — K 1.618. «3010TbIM» 3TO COOTHOIIICHUE HA3BIBAIOT H3-3a TOT'0, YTO HAa HEM XKC
OCHOBAH NPUHIUIL MYSBIKaHLHOﬁ, LIBETOBOM U FCOMCTpH‘-ICCKOﬁ rapMOHHWH.

[NOTE: IIpo uncia ®uGoHAYYHM MOKHO MHOIO HHTEPECHOI0 HANMCATH, HO 1 OCTABUJI
3TO HA MOTOM.]

JaBaiiTe HamuieM (YHKIUIO, pPACCUNTHIBAIOUIYIO N-i 31eMeHT psaa @ubonayuu. Mrak, Mbl
nMeeM 06o0mennyro dopmyny: f,=f,=1, f,=f .1+ f._»,nEIN. Moxem 1 MBI IPUMEHHUTE
3/1€Ch PEKYpCHIO?
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Kaxmoe uymcno ®ubonayum mpencraBiser coOON CymMMy JBYX TMPEABIAYIIAX YHUCEN
duboHau4YM, KOTOPHIC PACUUTHIBAIOTCS MO TOH ke Qopmyie, Bce yucia OuUOOHAYYH IIENble U
MOJIOKUTEIbHBIE, KPOME TOTO, Mbl UMEEM I'pPaHUYHOE 3Ha4YeHHE. TakK 4TO MPUMEHUTh PEKYPCHIO B
JAHHOM CJTy4ae BITOJIHE MOXKHO.

>>> def fibonacci (n) :
if n == 1 or n == 2:
return 1

return fibonacci (n-1) + fibonacci (n-2)

>>> fibonacci (5)
13
3ameuarensHo. Teneph ocTanoch M00aBUTH MPOBEPKY THUIIA M MOJOKUTEIBHOCTH MapamMeTpa
(GYHKIIMH U TOTOBO.
def fibonacci (n) :
if type(n) != type(l) or n < 0: # IlpoBepkKa KOPPEKTHOCTM n
return None
if n =1 or n == 2:
return 1

return fibonacci (n-1) + fibonacci (n-2)

Ynpasicnenue. Cozoaiime pexypcusnyio ¢hoynxkyuro, 6038pawyarougyro cymmy Z P=1 44
i=1
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[naea 6. L{ukrbi

§6.1. Onepamop uyukna while

B npeapinymieii riaBe Mbl CTOJIKHYJIMCH C HEOOXOANMOCTBIO TIOBTOPEHUSI HEKOTOPBIX OJIOKOB
KOJla B TIpOLIECCE BBHIMTOJHEHUS BBIYMCICHHHA. B HEKOTOPOM CMEBICIE, MBI CIIPaBUJIHMCh C 3TOW
npo0JIeMol, MCIOJIb30BaB PEKYPCUIO, HO €€ HCIOJIb30BaHUE JajJeKO He Bcerja ompasaaHo. Bo-
HEePBBIX, pa3odpaTbes, Kak paboTaeT peKypcuBHas (GyHKLUS HE TaK-TO MPOCTO, @ 3TO O3HAYAET, UTO
pacmpenre (QpyHKIIMOHAIBHOCTH MPOrpaMMbl OyAeT 3aTpyAHEHO, 0COOEHHO eciy Haja Hel Oyner
paboTaTh HE OJMH MPOTPAMMHUCT, a Lejass KoMaHjaa. Bo-BTOPBIX, peKypcUBHBIC (YHKIUH OYECHB
«TPOXKOPIUBBD — JUIS MX BBITIOJIHEHUSI TpeOyeTcsi MHOTO ONEepaTHBHOM MaMsTH, Ja OTpaHUYEHUE
MaKCHMAaJIbHOTO pa3Mepa CTeKa BBI30BOB TOXKE CO31aeT HEKOTOPBIE TPYAHOCTH.

Pasymeercs, He MBI nIepBble Tak MOAYMaJIN. B mepBoil ri1aBe Mbl YK€ TOBOPWIM O TOM, YTO
elle BO BpeMeHa HU3KOYPOBHEBBIX SI3bIKOB IIPOTrPaMMUPOBaHMsI ObliIa 3aMe4Y€Ha HEOOXOAMMOCTh B
noBTopax 0yokoB kozga. [loaToMy Bce BBICOKOYPOBHEBBIE SI3BIKM INPOTPAMMHPOBAHUS UMEIOT
CIECLHUAJIBHBIE OIEPAaTOpbl, IO3BOJIAIOIIAE OpPraHW30BBIBATH LMUKIBI B IporpaMMax. Tlakue
orepaTopbl 0OBIYHO TaK U HA3bIBAIOT: Onepamopamu Yukid.

Kaxxnprii IUKIMYECKUW OrepaTop HUMEET meno Yukiad — HEKHA OJIOK KoJia, KOTOPBIHA
UHTEPIIPETaTop OyIET MOBTOPATH MOKA YCIOBHUE OBTOPEHHUSI IIMKJIA OYIET OCTaBaThCsl HCTUHHBIM.

B s3pike [IuToH onepatop 1UKIa BBITJISIIUT TaK:
while VYCJIOBME IOBTOPEHVA IIMKJIA:
TEJIO [IVKIIA
OueHb NI0X0KE Ha ONEPAaTOpP YCIOBUS — TOJIBKO 3[€Ch UCIOIb3YETCs IPYroe KI0YEBOE CIOBO:

while (aHri. «mmokay). I'me ero MoxHO ucnoib3oBaTh? [lepBoe, 4TO MPUXOIUT B TOJIOBY: OBTOP
BBOJIa TAHHBIX MOJIb30BATENIEM, ITOKa HE OYyJIET MOTyYeHO KOPPEKTHOE 3HAUCHUE:

correct choice = False
while not correct choice:
choice = raw input ("Enter your choice, please (1 or 2):")
if choice == "1" or choice == "2":
correct choice = True
else:
print "Invalid choice! Try again, please."
print "Thank you."

[lepen HauyasoM LHKJIA MBI ONPENEIMIN JIOTUYECKYIO IIEPEMEHHYH correct choice,
[IpHUCBOUB el  3HayeHHe False. 3atrem  omepaTop ~ LHMKJIA  TPOBEPSET  YCIOBUE
not correct choice: oTpunanue False — nuctuHa. [o3TOMy HayMHaeTcs BBIOJIHEHUE Tela
IMUKJIa: BBIBOAUTCS NpUTTIalllICeHUE "Enter your choice, please (1 or 2):" M 0XXHZACTCA
BBOJI moJib3oBarens. [lociie HakaTus KiIaBUIIM [Enter] BBEJIECHHOE 3HAYEHHUE CPABHUBAETCSA CO
CTpOKamMu "1" W "2", W €CIM OHO PABHO OJHOM M3 HHUX, TO IIEPEMEHHOM correct choice
MIPUCBaNBAETCs 3HaUeHUE True. B MPOTHBHOM cily4yae MporpaMma BBIBOJUT COOOIIEeHHe "Tnvalid
choice! Try again, please.".3aTeMm omeparop IHUKJIa CHOBA IPOBEPSET YCIOBHUE U €CIIU OHO
HO-NIPEXHEMY UCTUHHO, TO TEJIO LIHKJIA [IOBTOPSAETCI CHOBA, HHAYE IMMOTOK BBLINNOJIHEHUSA NEPEXOIUT

K CIEIYIOUIEMy OIepaTopy, U MHTEPIPETATOP BBIBOJUT CTPOKY "Thank you.". Kak Buaute, Bce
JIOBOJIBHO IIPOCTO.
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Ynpaxcnenue. Habepume npoepammy 6 aiine u nosxcnepumenmupyiime ¢ Hetl. Honpoodyiime
6600UMb paznuumsie Cmpoxu u yugpwl. Ilpasunvno au pabomaem npocpamma?

§6.2. Cyemyuku

Eme oauH BapHaHT UCIOJNB30BAaHUS OlepaTopa LMKIA — BbIYUCIEHHE (opMyn ¢
U3MEHSIOMIMMCS TTapaMeTpoM. B ofHOM W3 ynpakHEHWH mpenblayIiell riiaBbl ObUIO 3afaHue ¢

MOMOUIbI0 PEKYPCUBHON (DYHKIUH BBIYUCIUTH (HOPMYITY Z i’=1"+..+n" upn 3amausom n. B

i=1
JAHHOM cnyqae N3MCHAOIINMCSA HapaMeTpOM SABIISICTCS i, HpI/I‘-IeM l IIOCJICIOBATCIBHO HpI/IHI/IMaCT
3HAYEHUS B AUana3oHe oT / 10 A.

C noMoripio oneparopa IuKia while penieHue OyJeT BHIMISIACTh TaK:
n = input ("Input n, please:")
sum = 0
i=1

while 1 <= n:

sum = sum t+ i**3 #Toxe camMoe MOXHO 3aIMcCaTb KOopoude: sum +=
SR

i=1+1 #Anasmoryuno: i += 1
print "sum = ", sum

Pazbepemcs, kak padoraer 3ta nporpamma. CHaudajga MOIB30BATENb BBOAWT n — TPAHUYHOE
3HaYeHWe i. 3aTeM MPOU3BOAMUTCA MHHUIMAIW3ALM MEPEMEHHBIX sum (B HEH OyIeT XpaHUThCS
pe3ynbTar, HauajdbHOE 3HaueHue — 0) U cYeTurkKa i (1o yCIOBHIO, HayalbHOE 3HaueHue — 1). [anee
HAYMHAETCS IUKJI, KOTOPBIA BBITIOJNHSAETCSA, MOKa i <= n. B Teme mukia B MEpEeMEHHYIO sum
3aIUCBHIBACTCS CyMMa 3HAUEHUS U3 A3TOM MEPEeMEHHOW, MOJy4YeHHas Ha NpeAbIAyLIeM Miare, u
3Hau€HUE 1, BO3BEJIEHHOE B Ky0; CUETUYMKY 1 MNpucBauBaercs cienymoulee 3HaueHue. llocie
3aBEpIICHUS IUKJIa BEIBOJIUTCS 3HAYEHHE Sum MOCIIE BBIMOJIHEHUS MTOCJIETHETO 1ara.

Crnenyrolee 3HaYCHUE CYETUMKA TOTYYAOT MPUOABICHUEM K €ro TeKyIIeMy 3HAUYCHUIO uiaed
yukia (B JaHHOM ciy4ae mar nukia paBeH 1). Illar muxia nmpu HEOOXOIUMOCTH MOXKET OBITh
OTPUIIATENILHBIM, W Jaxe ApoOHBIM. Kpome Toro, mar mukia MOXKET H3MEHSTHhCS Ha KaKIOn
umepayuu (T.€. IPH KaXKIOM MIOBTOPEHUH Tea IUKIA).

Tenepp naBaiiTe monpodyemM ONTUMU3HPOBAThH HAIIy MporpaMMy. MTak Ha KaXKIoW UTepanu
B TeJje IMKJIa Mbl BBIYHCISEM CJeayrollee 3HaueHue cueTynka. Ho Ha mocinenaHeM Imiare Mbl
BBIUKCJIEM €r0 JIMIIHUI pa3 — ero HOBOE 3HAUYCHUE YK€ MCIONb30BaThcs He OyneT. Koneuno, sta
omepaisi He TpeOyeT KaKUX-TO OCOOBIX pEecypcoB, HO MPHUBBIUKY oOpamiaTh BHUMaHHE Ha
1oI0OHBIE BEIIH CIeIyeT BhIpabaThIBaTh, T.K. BIIOCIEICTBUH BbI, HABEPHSKA, OyJeTe UMETh JEI0 C
Oonee cnoxkHbiMU onepanusiMu. Kak m30exaTh BBIOJHEHHS JMIIHEro BbluucieHusa? Uto eciu
BBIYHCIIATH 3HAUYCHUE 1 10 Bhuucienus popmyssl? J[aBaiite mompoOyem.

n = input ("Input n, please:")
sum = 1 = 0

while 1 <= n:
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sum += 1**3

print "sum = ", sum

OOpaTuTe BHUMaHME, HAa 3aIUCh BUAA sum = i = 0. OHa paboTaeT aHaJOTUYHO MPOCTOMY
MPUCBAMBAHUIO 3HAYCHHS TEPEMEHHOW, HO B JaHHOM cly4ae o0€¢ IMepeMEHHbIE IMOIyYaroT
OJINHAKOBOE HayaJbHOE 3HAYECHHUE.

Hrak, Tenepb HadallbHOE 3HAYCHHUE 1 paBHO 0, HO HA TMIEPBOM IIIare Mbl Cpasy ke MpUuOaBIsieM
K HeMy eauHuIly. B pesynbrare mporpaMma BBIIAET T€ XK€ PE3yJIbTAaThl, YTO U MPEIbIIyIIas €e
Moaudukamus. I3MEeHIIOCH JTM KOJTMYECTBO OTIEpAIIHii?

Her, He U3MEHUIIOCH, HO BBIIVIAUT, MOXKATYH, HEMHOTO M3SIIHEE: TOC/IE 3aBEPLICHUS UK
i = n. DTO MOXET NOMOYb H30€XaTh MYTAaHWIbI, €cau i OyJeT HCIOJIb30BaThCs Jajee B
porpaMmme.

Ynpasicnenue. Hanuwume npocpammy, komopas ¢ nomowplo onepamopa yYukia while
8b18600UmM ce Yemuvle uucia om 0 00 3a0aHHO20 NOJL30BAMEEM .

§6.3. beCKOHeYHbIe UUKIIbI

Uzyuas pexypcuBHbIe (DYHKIIMU, Mbl CTOJKHYJIUCH C MPoOIeMoil OECKOHEUHOTO MOBTOPEHUS
Oomoka koma (OecKOHEYHOW peKypcueil), KOTOpoe BO3HHKAeT, €Cld YCJIOBHE BO3BpaTa He
JOCTHKUMO, HampuMep, H3-3a CEMaHTHYeCKOM omuOku B mporpamMme. LIMKIBI TOXe MOTYT
BBITIOJHATHCS OECKOHEYHO W TOXKE, Yalle BCEro, M3-3a CeMaHTH4eckuX ommoOok. [Ipocteimumii
npumep:

i=20
while 1 < 10:

print 1

OTOT UK OyJEeT BBIMOIHIATHCS OECKOHEUHO, T.K. YCIOBUE 1 < 10 Bcerjga OyJeT UCTHHHBIM,
Be/Ib 3HAUEHHE MEPEMEHHON i He M3MEHSETCs: Takas mporpaMma OyAeT BBIBOAUTH OCCKOHEUHYIO
MIOCJIEIOBATENBHOCTD HyJIeH. B oTimuue oT peKypcHBHBIX (DYHKIIHIA, Y IIMKJIOB HET OrpaHHYCHHS
KOJIMYECTBA IOBTOPEHUHN Teja LUKJIa, MO3TOMY IporpaMma C OECKOHEYHBIM IIMKJIOM OyAer
paboTaTh HENpPEphIBHO, MOKAa Mbl HE MPOM3BEJIEM aBapHIlHBIA OCTAaHOB Ha)kKaTHeM KOMOWHAIIUU
KIaBull [Ctrl+C], HE YHHYTOXXHMM COOTBETCTBYIOIIMH IPOLECC CPEACTBAMHU OIEPALMOHHON
CHUCTEMBI, He OYyIyT HCYEpIaHbl JIOCTYNHBIE PECYpPChl KOMITbIOTEpa (HampUMep, MOXKET OBITh
JOCTUTHYTO MAaKCHMaJbHOE JOIyCTUMOE KOJIMYECTBO OTKPHITHIX (aiijioB), WIM HE BO3HHUKHET
UCKJIIOYEHHE. B Takux cUTyanusix nporpaMMHCThI TOBOPST, UTO MPOTPAMMA 3AYUKAULACD.

Haiitu 3anmknuBaHue B mporpaMme MHOTJA ObIBa€T HE TaK-TO MPOCTO, BEIb B PEATbHBIX
porpaMMax OOBIYHO MCIOJBb3YETCS MHOXKECTBO ILUKJIOB, Ka)IbIH U3 KOTOPHIX MOTEHIUAIBHO
MOKET BBINOJIHATBCA OeckoHeyHO. HekoTropble pekoMeHJaluud 10 TOUCKY 3alUMKIMBaHUN
BbIHECEHBI B [Ipritoxkenue A.

Tem He MeHee, OTCYTCTBHE OTPAaHMUYCHUS HA KOJHMYECTBO MOBTOPOB Telia IUKJIA JaeT HaM
HOBBIE BO3MOXHOCTU. MHOTHE MpOrpaMMbl NPECTAaBIAIOT COOOM LMK, B Teje KOTOPOro
MIPOU3BOJUTCS OTCIE)KHUBAaHHE M 00paboTKa AECWCTBUU MOJb30OBATENEH WM 3alpPOCOB U3 JIPYTHX
MPOrpaMMHBIX M aBTOMAaTU3UPOBAaHHBIX cucTeM. [Ipu 3ToM Takue mporpamMmbl MOTYT paboTaTh 6e3
nepe0oeB OYeHb JTUTETbHbIE CPOKH, MHOTIA To1aMu!
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Ukl — 2TO OYEHh MOIIMHOE CPEACTBO peATU3alMi BalllUX WIACH, HO OHH TpPeOYyrOT
HEKOTOPOW BHUMATEIbHOCTH.

§6.4. AnbmepHamueHasi eemka yukrna while
A3pik IIMTOH MMeEEeT MHOIO MHTEPECHBIX U IOJIE3HBIX OCOOEHHOCTEH, OAHOM M3 KOTOPBIX
ABJIAETCS PACHIMPEHHBIM BAPUAHT ONIEPATOPA LIUKJIA:
while VYCJIOBME IOBTOPEHVA IIMKJIA:
TEJIO [MKIIA
@lges
AJIbTEPHATUBHAA BETKA NVKJIA
[Toka BBINONHAETCS YCIOBHE MOBTOPEHUS Teja LIMKJIa, OnepaTop while paboTaeT Tak ke, KaK
U B OOBIYHOM BapUaHTe, HO KaK TOJIBKO YCJIOBHE IMOBTOPEHHUS INEPECTAET BBIIOIHATHCS, MOTOK

BBITIOJTHCHHUA HAIIPaBJIACTCA IO aHBTepHaTHBHOfI BETKE else — TaK K€, KaK B YCIOBHOM OIICpaTOpEC
if, OHO BBINOJHUTCSA BCETO OOUH pas.

>>> 1 =0
>>> while 1 < 3:
print 1
i+=1
else:

print "end of loop"

1

2

end of loop
>>>

Hano ckasarb, 4To Apyrue s3bIKu TPOrpaMMUPOBAHUS JIETKO 00XOATCs 0€3 abTepHATUBHBIX
BETOK B OIlepaTopax IUKJIa — 3TO MPHUITHAS, HO HeOOsI3aTelIbHASI BO3MOYKHOCTD.

Ynpascuenue. Bvisicnume, xkax nosedem cebs onepamop, eciu yciogue NOSMOPeHus YuKida
6y0em JI0HCHBIM.

§6.5. TabynupoeaHue yHKyuUl

C noMOmIBIO Omeparopa HUKIA while yZOOHO CTPOMTH TAaOJMILI 3HAYECHHH Pa3IUYHBIX
¢yHKIMH. BONBIIMHCTBO Yy4eOHHWKOB MO BBICIIEH MaTeMaTHKE HMEIOT NPHIOKEHHUS C TaKUMH
Ta6JII/IHaMI/I 3HAYCHUI. I[O TOro, KakK TIIOABHUIIMCb KOMIIBIOTCPBLI, MaTEMaTUKaM HPUXOAUIOCH
COCTABIJIATh TAOJHIBI 3HAYEHUH TPUTOHOMETPHYECKHX, JOTapU(PMHUECKUX H JIPYTUX (GYHKIUH
BPYYHYIO — 3TO OYCHb TPYIOEMKHN W YTOMHUTEIBHBIN MPOIecC, YTO, B CBOIO OYEpPe/lb, YBEINIHBACT
BEPOSATHOCTH BO3HUKHOBEHHUS OIIMOKH B pacuerax'?.

12 KoneuHo, Tabauiiam, UMEIOIUMCS B y4eOHUKAX, TOBEPATh MOKHO, T.K. OHU TIEPETIPOBEPSITICH MHOKECTBO Pa3.
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[To cytu Takue TaOIUIBI MPEACTABISAIOT COOOM CMHUCOK 3HAYEHUN (PYHKIMU MPH Pa3IuYHbIX
3Ha4YeHusAX ee napamerpa. IlosTomy, Koraa Hayke CTaJu JOCTYIHBI BBIYMCIUTEIbHBIC MAallUHBI,
HepBOil peakuueil ObUIO KelaHWe ABTOMATU3UPOBATH mabynuposanue @yukyuil (T.e. TPOLECC
NOCTpOeHUs TabauL 3HaYeHUH (GyHKUMN). JIOrMyHO A1 3TUX Lieel UCTIONb30BaTh IIUKIIbIL.

PaccmoTpuM Takyro mporpammy:
import math
x =1.0
while x < 10.0:
print x, "\t", math.log(x)

x += 1.0

Pesynbrar ee paboThl OyIeT BBITTIAAETH TAK:
1.0 0.0
0.69314718056
.09861228867
.38629436112
.60943791243
.79175946923
.94591014906
.07944154168
.19722457734

© O J o U oS W N
O O O O O O O O
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Crtpoxka "\ t" o0o3HauaeT 3xax maodyrayuu. biaronaps HeMy 3HaYCHHUS! BRICTPANBAIOTCS B JIBA
cTonona.

Pazbepem, kak »Ta nporpamma padotaet. [lapamerp x u3mensieTcst ot 1.0 ¢ marom 1. 0, moka
OH MeHbIIe 10.0. B Teme nMkiaa BBIBOAMTCS TEKYIEe 3HAYEHHUE MapameTpa X, 3aTeéM 3HakK
TaOYJISIUK ¥ Pe3yJbTaT BBIYUCICHUS (PYHKINUU math.log (x), T.€. HATYPaJIbHBINA JTOTapu(PM OT x (

log,x=In(x)). TIpu HeoOXOAMMOCTH BBHIMHCIEHHS IOTrapupMa IO OCHOBAHHIO 2 MBI MOJKEM

BOCITOJIB30BATHCA (POPMYIIOit:

lo len_x
& In2

Hama mporpamma OyeT BBITJISICTh TaK:
import math
x =1.0
while x < 10.0:
print x, "\t", math.log(x)/math.log(2)
x += 1.0
Pesynbrar OyaeT TakuM:

1.0 0.0
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-0
.58496250072
.0
.32192809489
.58496250072
.80735492206
-0
3.16992500144

O© 0 J o U b w N
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Kax Bunure, 1, 2, 4 u 8§ aBasiorcs crenensaMu 2. MoaupuuupyeM Hairy nIporpaMmmy, 4ToObl
HaWTH Ipyrue CTeneHu 2:

import math

x = 1.0

while x < 100.0:
print x, "\t", math.log(x)/math.log(2)
x *= 2.0

Takum 0Opa3om, Mbl IOy YHIIH:
1.
2.
4.
8.
16.0
32.0
64.0

o O o O

0
1
2
3
4
5
6

O O O O o o o

bnaromapst cuMBoIy TaOysIsLMU MO3ULMSI BTOPOM KOJIOHKU HE 3aBUCUT OT LIMPUHBI IEPBON —
ATO XOPOLIO BUJHO HA MOCJIEIHUX TPEX 3HAUECHUSX.

CoBpeMECHHBIE MAaTEMaTHKH PEIKO HCIONB3YIOT TAOMWIBI 3HAYECHUH, HO COBPEMEHHBIM
KOMITHIOTEPHBIM CTIEIUAINACTaM (M IPOTPAMMHUCTaM, B YACTHOCTH) MOJIE3HO 3HATH CTETICHU JABOWKH,
T.K. KOMIBIOTEp paboTaeT B JBOMYHOH apHU(PMETHKE, W ITO SBISCTCS NPUYMHON HEKOTOPBIX
0COOEHHOCTEH XpaHEeHHsI 1 00pabOTKH TaHHBIX.

Ynpaxcnenue. Hzmenume npoepammy mak, umobdwl npocpamma evieena éce cmenenu 2 0o 10-i
sxatouumenvro. Ilocmapaiimeco 3anomuums pesysomamol. I[louemy 6 xunobauime we 1000
baum, a 1024?

§6.6. CrieyuaribHble U 3KpaHUpyemble cuMOsibl

B sTtom pasnmene Mbpl HEMHOTO OTBJIEYEMCS OT IIMKJIOB, YTOOBI BHECTH SCHOCTH B BOTMPOC
CIIEIUATILHBIX TEKCTOBBIX MOCIEIOBATEIBHOCTEH, C OJHOW M3 KOTOPBIX MBI YK€ CTOJKHYJIHCH B
npeabiaymeM pazzaene: "\t". Jlero B ToMm, 4TO B KOJOBBIX Tabymiax (Habopax mu¢poBBIX KOIOB,
0003HAYAOIIUX PA3IUYHBIE CHUMBOJIBI, KOTOPHIE KOMITBIOTEp MOKET BBIBOJUTH Ha JKpaH) €CTh
1esas rpynmna Tak Ha3bIBAEMbIX Heneuamaemulx cumeonos. HermeuaraeMble CUMBOJIBI UCTIONIB3YIOTCS
JUISL  YTIPaBJIGHUsT BBOJOM/BBIBOJOM. Cample 4acTO HCIIOJIb3yeMbIe M3 HUX: 3HAK TaOyIISIIHH,
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MIEPEHOC Ha HOBYIO CTPOKY M 3HAaK «BO3BpaTa KapeTKu». T.K. B KOJOBOI TabIuIle HET CUMBOJIOB,
0TOOpakaeMbIX Ha SKpaHe, /Ui UX 0003HAUYEHHUS MIPUIyMallid CHeMabHBIE MTOCIIEJ0BATEIbHOCTH:

NMocnepoBaTenbHOCTb Ha3HauyeHue
\t TaOynsauus
\n I[TepeBo/1 Ha HOBYIO CTPOKY
\r Bosspar «kapeTkn» (Kypcopa) B Hauajio CTPOKH '~

Takum o6pa30M, €CJIn B MporpaMmMe HYKHO BBIBECTU TCKCT M3 HCCKOJIBKUX CTPOK, TO Ha
moMoub NpUXOAAT CIICHUAIILHBIC ITOCIICAOBATCIIBHOCTH:

>>> print "hello\rH\n\tworld"
Hello

world

Pa3bepem, uTO mNPOMCXOOUT TPU BBIBOAE CTPOKM "hello\rH\n\tworld". CHauana
BBIBOJIMTCS CTpOKa "hello" — TOJBKO IOCJIE HEE MHTEPIIPETATOP BCTPEUACT IIEPBYIO CIIEIIHAIbHYIO
MOCJIE0BATENBHOCT: "\ r" — CUMBOJ BO3BpaTa «KapeTKW» Ha Hadyajlo CTPOKHU. 3aTeM BriBoauTcs
CHUMBOJI "H", HO IIPOUCXOJUT 3TO Ha MO3HMLKHU NepBoro cuMaoia! IIpu aTom yxe nmeromuiics Ha
5TOM MO3WIMU CUMBOJI 3aMeHsieTcss HOoBbIM'®. Tlocie 3TOro mocienoBaTenbHOCTH "\n" u "\t"
JIA0T yKa3aHWE MPOU3BECTU MEPEBOJ] Ha HOBYIO CTPOKY M OCTaBHTb OTCTYIl B OJHY TaOYJISLHIO.
Jlanee BBIBOOUTCS OCTaBIIASCA YaCTh CTPOKM "world".

PasymeeTcs, HE CTOMT NPUMEHATH CHEIHAJIbHBIE IOCIEAOBATEIbHOCTU TaM, TJE 3TO HE
00s3aTeNpHO: HapuUMeEp, Mpolle ObUIO MCHPABUTH MEPBBIM CUMBOJ CTPOKM BMECTO J10OaBICHUS
"\rH". MHaye Baiury nporpamMmy OyJI€T CJIOKHEE YUTATh.

13 TepMuH «KapeTka» BO3HHK C MOSIBICHHEM MEXaHHUYECKUX IMUIIYIINX MAlIMHOK, KOTOPbIE OBUTH yCTPOEHHI TakK, 4TO
TIoCIIe TIepexo0/1a Ha HOBYIO CTPOKY HY)KHO OBIJIO BO3BpAIaTh CIEIHAIBHYIO ITOJIBIDKHYIO YacTh MEXaHN3Ma B
MIOJIO’KEHNE, COOTBETCTBYIOIIEE Haualy CTPOKU. DTa MOABIKHAS YaCTh U Ha3bIBANACh «KapeTKoi». B mpouecce
HeyaTn «KapeTka» MepeMeriaiach clpaBa HajleBO BMECTE C JINCTOM OyMaru, «IoJICTaBIIssh MECTO IS CIIEAYIOLIETO
CHUMBOJIA IIOJT PHIYAYKKU C OTTUCKAMU CUMBOJIOB, IPUBOJIUMBIC B B IBUKCHUE KIABUIIAMU MAIIUHKH.

14 Kcrary, onbITHBIE CEKpETaplly, padoTaBIINeE C TUIIYLIIMMU MAlTHHKAMH, TaK HCIPABIISUIN OIIEYAaTKH B JIOKYMEHTAX:
OHHU IepeMEeLIAIN KKAPETKY» B Hy)KHOE MOJIOKEHHUE U TepereyarbiBali CHMBOJI IIOBEPX CTAPOro, KOTOPbIH 00BIYHO
HEMHOTO ITOATUPAJIN CTUPATEIILHOM PE3UHKOM WU 3aKpallUBAIN KOPPEKTOPOM.
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Ynpasicnenue. Hanuwume evipasicenue na sizvike Ilumon, komopoe 6yoem 6v1600umos cmpoKy
maxkoz2o euoa:

I can use
tabs and
new lines

in program output.

Tenepp paccMOTPUM TaKyl CHTYalUIO: TPEIINOJIOKUM, YTO HaM HEOOXOJIMMO BBIBECTH,
HaIpuMep, TaKylo CTpOKY "Main \template/".

>>> print "Main \template/"
Main emplate/
I/IHTepHpeTaTop pacino3Hall Mmocjaea0BaTCIbHOCTD "\t" U BCTAaBHII CHCHHaHBHBIﬁ CHMBOIJI, a
9TO HE TO, YeTO MBI XOTEJIN IOOUTHCS.

B nmono6HBIX cUTyanusx mepej ClenUaqTbHBIM CHUMBOJIOM "\'" CTaBUTCS TaK Ha3bIBAEMBIM
IKpAHUpYOWULL CUMBO: ellle OJTHA Kocas yepTa "\ ".

>>> print "Main \\template/"

Main \template/

Tenepp Bce B MOpsiKe. A Kak BHIBECTH KaBbIYKU?
>>> print "I said: "Hello world""
File "<stdin>", line 1
print "I said: "Hello world""

SyntaxError: invalid syntax

HuTepripeTatop BOCIPUHUMAET BTOPYIO KaBbIUKY, KaK 3aBEpILIEHUE CTPOKOBOTO 3HAUYEHHUS, HO
clenyoliee 3a Hel MPOAODKEHHE CTPOKHM HEKOPPEKTHO € TOYKM 3peHHsl cuHTakcuca llutona.
[TonpoOyem sxpanuposams KaBbIUYKH:

>>> print "I said: \"Hello world\""

I said: "Hello world"

Emie oqun BapuaHT peiieHus npodiieMbl — HCIOJIb30BaHUE OJIMHAPHBIX KABBIYECK:
>>> print 'I said: "Hello world"'

I said: "Hello world"

['maBHOe, 4YTOOBI Kak[gash HEIKPAaHMPOBAHHAS KaBbIUKA MMeEJNa IMapy W TpU 3TOM HE
Hapyllajach CUHTaKCUYecKas CTpyKTypa BblpaxeHHus. Iloatomy, pabortas ¢ kaBblUKamH, OyjabTe
BHHMATEJIbHBI.

Kcratu, B Tekcte mporpamMM TOKE HMCHOJIB3YIOTCS CHEUUAIbHbIE CHUMBOJBL. bojee Toro,
CHMBOJI NIEPEHOCA HAa HOBYIO CTPOKY SIBJISIETCS MPU3HAKOM 3aBEPUICHUS BBIPAKCHUS, WM, MHAYE
rOBOPS, pazaenuTeneM BbipaxkeHuid. HTepecHo, yTo B [IuTOHE €ro Toxke MOKHO SKpaHUPOBATH.
3auem? Hy, HanpuMep, €Ciiv BbIpaXEHHE CIHMIIKOM JJIUHHOE, U Ui y100CTBA YTEHHS MPOTrPaMMBbl
BbI XOTUTE Pa30UTh €ro Ha HECKOJIBLKO CTPOK. BOT nmpumep u3 peanbHON IpOrpaMMbl:
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print "3HaueHMEe MMEPEeMEHHOM N HOJIKHO OBTL LIeJEM HOJIOXKMTENbHEM" \

+ " upciyoMm, \nnonpoByure eme pas."

B koHme mepBoil CTpOKM CTOMUT CHMBOJN "\" (0OpaTuTe BHHMMaHHE: OH HaxXOIUTCA 3a
npejienaMi  CTPOKOBOTO 3HAU€HMsI), KOTOPBI AKpaHUpPYEeT CHUMBOJ IepeHoca CTPOKH. Takum
o0pa3oM pa3aenuTenb BblpakeHUH [IMTOHa WrHOPHPYETCS WHTEPHPETaTOpOM, U BbIpAXKEHUE
071aronoyyHO IPOI0JIKAETCS Ha CIIEAYIOIIEeH CTPOKE.

§6.7. Yucna @uboHay4yu u onepamop uukna while

Mup Tak ycTpoeH, 4yTO BCerja CyIIECTBYET MHOXKECTBO ITyTEH JTOCTHUKEHUS OAHOW M TOM Ke
LIeJIM, BCEra eCThb BBIOOP. B mporpaMmMHupoBaHUM 3TO CBOWCTBO TOXKE HAIIUIO CBOE OTPAKEHHE.
[TpodeccnonanbHBIM IPOrpaAMMUCTAM MOCTOSTHHO NMPUXOJUTCS aHAIM3MPOBATH IIJIFOCHl U MUHYCBHI
pas3IMYHBIX MMOAXO0J0B K PELICHUIO 3a/1a4 M BbIOMpaTh HauboJsee MoAXOAAIINe BapUaHThl B TOH WK
MHON CUTyalluH, CTapasich BbIOpaTh Hanbosee ONTHMAIbHOE COOTHOLIEHHE MPOU3BOAUTEIBHOCTH,
TpedyeMoro oobemMa MaMsTH, a TaKKe IPOCTOTHI UCIIOJIB30BaHUS U TOJIEPKKU IPOTPaMMBI.

B npeapiaymieil rmaBe Mbl Hamucalu INPOrpamMmy, BhIYHCIAIONIYI0 yuciaa PuOoHayun c
MOMOIIIBI0 PEKYPCUBHOM (YHKLMH, HO OHAa MMeJa OTpaHWYEeHHE, CBS3aHHOE C MaKCHUMaJbHOU
rIIyOMHOM peKypcHH. DTO CYLIECTBEHHBIN HEAOCTATOK (XOTs pelieHne, 0eccropHo, KPacuBoe).

Ho teneppb MbI 3HaeM 0 IUKIAX U pa3depeM elle OANH CIIoco0 peleHHs 3a1a4l HaX 0K ACHUS

uncen Oubonauun. Urak, Mmbl uMeeM crenyrontyto dopmyny: f=f,=1, f,=f,.+f, .. n€EN.

B Heil ucnons3yercs Tpu nepemMenHble. O003HAUNUM UX TaK: £n — pe3yJabTHPYIOIEe 3HAYCHUE
¢yHKIMM, fnl U £n2 — NPOMEXKYTOUYHbIE 3HAYEHUS (DYHKIMU HCIOJIb3yeMble B (opMylie. 3HaK
MHUHYCa Mbl HE MOXXEM HCIIOJIb30BaTh B HA3BAaHUAX INEPEMEHHBIX, MOMHHUTE? ONpenenuBIINCh C
0003HauUCHHUSIMU NIEPENIeEM K aHATTU3Y 3aJauu.

Ha nepBbIx ByX miarax 3HaueHue (QyHKIMU paBHO 1. [l pacdera mocieayromux 4ucen u3
psaa ®ubOHAYUM NPUMEHUM olepaTop HMKIA while. Ha kaxxnom mare mukia OyJieM BBIYUCIATH
3HaueHue fn = fnl + fn2, a 3aTeéM U3MEHATHb 3HAYEHUA B IEPEMEHHBIX fnl M fn2,
MOJArOTaBIMBAs UX JUIs CIEIYIOIIEro 1Iara IUKiIa: Ha CIeAyIomeld urepauuu £n2 OyneT paBHATHCS
fnl, a fnl— £n. Pa3symeercs, Ans KOHTpOJIA KOJMYECTBA MTEpalUd LMKIA Mbl OyJaem
HCIIOJIB30BAaTh IIEPEMEHHYIO-CUETUHK i. BOT, 4TO y HaC TOJKHO NOJTy4YHUTHCS:

def fibonacciWithWhileLoop (n) :
"""OYHKUMA BEHUMCIIEHUA umMcesi duboHauuyM C MCIOJIb30BAHMEM
omeparopa uukia while."""
fn = fnl = fn2 = 1
i =3
while i <= n:

fn = fnl + fn2

fn2 = fnl
fnl = fn
i +=1

return fn
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Ynpaxcnenue. [Ipoananuzupyiime npoyecc evinonnenuss oannou @yuxkyuu. Ilpasunvro nu ona
pabomaem? HzmeHnsemcs au pasmep cmeka 6bl308068 npu pabome 0aHHOU yHKyuu?

Ymo npousotioem, eciu ¢ynkyuu fibonacciWithWhileLoop () nepedams 6 Kadecmee
napamempa uucio 2.4? Jlopabomatime npocpammy max, umooOvl 3MOM CAyYAll KOPPEKMHO
obpabamuleaicsi.

Boimoaaunu 3amanue? Eciu jeHb 3aHUMATBCSI 3TUM Cceidac, TO JydIlle OTIOXKHTh KHHUTY U
MOWUTHU TPOTYJISATHCA. B JIeHM M yCTallOCTH HET HUYETO IUIOXOI0 — 3TO BIOJHE €CTECTBEHHO IS
4eJI0BeKa, U TIYIOo 3TO OTpHuiath. Ho «xantyputb» He cTouT. Kak roBOpUTCS, TSKEIO B YUCHHH,
JIETKO B 0010.

Ecau ¢ 3alaHUECM CIIPAaBUIINUCh, UACM JAJIBIIIC.

§6.8. BrioxxeHHbIe oriepamopsbl Yukria u 0symepHbie mabriuubl
Kaxk BEI YK€, HABCPHOC, AoraaaliucChb, l'IOI[06HO JIOTUYCCKUM OII€paTropaM, UKl MOI'YyT OBLITH
BJIOJKCHBI IPYT B ApyTa. HpI/I OTOM HIHUKJIbI MOT'YT UCIIOJIb30BATh PA3JIMYHBIC ICPECMCHHBIC-CUCTYHNKU.

[Ipocreiiniee nNpUMEHEHHE BIIOXKEHHBIX OINEPATOPOB IUKJIA — IOCTPOEHUE JIBYMEPHBIX
TabJIULl, HalpuUMep:

i =1
while 1 <= 10:
j =1

while j <= 10:
print i * j, "\t",
jo+=1
print
i+=1
Pazbepemcs ¢ Tem, kak padoraer 3Ta mporpamma. L{uki, mpoBepstonmii ycinoue i <= 10,
OTBEUYaeT 3a TOBTOPEHHE CTPOK Tabmuibl. B ero Teie BBINONHAETCS BTOPOW MK, KOTOPBIN
BBIBOJIUT MPOU3BENCHUE i W § JECATb pa3 MOAPSI, pasleisis 3HAKaMU TaOYJSIUU TOTy4YCHHbBIE
pesyibratel. [lpu 3TOM 3amsrasi, 3aBeplIarONlas BbIPAXKECHHE, 3alpellacT HHTEPHPETATOPY
MEePEBOAUT KypcOp HAa HOBYIO CTpOKy. Takxke oOpaTuTe BHHMaHHWE Ha KOMaHIy print 0e3

napameTpa, CJICAYIIIYTO IMOCJIIC BHYTPCHHCTO LIUKIIA. Omna MMPOU3BOAUT IIEPCBOJ HAa HOBYIO CTPOKY.
B PE3yJIbTaT BLIITOJHCHUA JaHHOM porpaMmsl MbI ITOJTYYUM CJIICAYHOIITYTO Ta6J'II/II_IyZ

1 2 3 4 5 6 7 8 9 10
2 4 6 8 10 12 14 16 18 20
3 6 9 12 15 18 21 24 27 30
4 8 12 16 20 24 28 32 36 40
5 10 15 20 25 30 35 40 45 50
6 12 18 24 30 36 42 48 54 60
7 14 21 28 35 42 49 56 63 70
8 16 24 32 40 48 56 64 72 80
9 18 27 36 45 54 63 72 81 90
10 20 30 40 50 60 70 80 90 100
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[lepBerii cronbernr u mepBas cTpoka coxepxkar yucia ot 1 go 10. Ha mepeceuenun i-toid
CTPOKH U j-TOTO CTOJIOIIa HAXOJUTCS MPOU3BEAEHUE i U . MBI HOMYUYMIH TaOJIUIy YMHOXKEHHUS.

Ecnu Mb1 106aBUM ellle OMH IMKJI, TO MOJyYUM TPEXMEPHYIO TaOJIUIly NMPOU3BEIEeHUN Tpex
yrcen. BeIBOOUTH Ha 9KpaH ee, mpaBaa, OyAeT HEyA0OHO — «IIOCIOWHO» pa3Be 4To. Takum oOpa3om
BJIOKCHHBIC LUKJIBI TO3BOJSIIOT CTPOUTH TaOJWIBI JIOO0H pa3MEpHOCTH, YTO OYEHb YacTo
NpUMEHSETCS B CIIOKHBIX HayYHBIX pacyeTax. U B TpexMepHoii rpaduke, KCTaTH, TOXE.

§6.9. Knaccugbukauyusi onepamopoes yukra

B pasnuyHbIX SA3BIKAX TPOTPAMMHUPOBAHUS CYIIECTBYET UEThIPE THIA I[HMKIOB. MBI
paccMOTpeNu OJIMH M3 HUX Ha MpUMepe orneparopa while. Takue UMKIBI HA3bIBAIOTCS YUKIAMU C
npedycnosuem. X xapakTepHas depTa 3akKJIIOYaeTcsi B TOM, YTO YCJIOBHE IMOBTOPEHUS LUKJIA
MIPOBEPSIETCSI 10 BHITIOJHEHUS €T0 Tela.

BTOpOfI THUIT TUKJIOB — YUKJIbL C NOCNYCIIOBUECM. Wx ortnnure cocTOUT B TOM, UYTO OHH UMCHOT
YCJI0BHUE BBIXOJAa M3 ILUKJIA, KOTOPOC IMPOBEPACTCA IMOCJIC BBIIIOJTHCHHUA TEJIAa LUKIIA. T.e. B Takux
IMHUKJIax 00s13aTEIbHO BBIINOJIHAETCS XOTSA OBI OJIHa HUTCpalus. Haan/IMep, B s3bIke Pascal IIUKII C
MMOCTYCJIOBHUEM BLITTIAANUT TAK:

do {IlukJI C IIOCTYCJIOBMEM B sA3HKe Pascal}

TEJIO [MKIIA
until YCJIOBME BHXOIA;

B IIuToHe HMKiIa C MOCTYCIOBUEM HET, T.K. OH JIETKO 3aMEHSETCS LIMKIOM C IIPELYCIOBUEM —
JIOCTaTOYHO Ha NEPBOM UTEPALMU CAEIATh UCTUHHBIM YCIOBUE OBTOPEHUS LIUKJIA.

Eme OIWH THUII HOUKIOB — apuquemuuecmte YUKIIbL. Taxkue IIUKJIbI CII€NUAJIbHO
IpelHa3HayeHsl s paboTel €  IepeMeHHbIMH-cueTuukamu. Hampumep, B Pascal'e
apuMETUYECKUN UK BBITIISIUT TaK:

for i:=0 to' 9 do {ApubMe TMUECKUIM LUKJI B sA3bIKke Pascal}
TEJIO [MKIIA;

B C apI/I(I)MeTI/I‘IeCKI/Iﬁ OUKIJII HEMHOI'O CJIOKHEC — B €I'0 3aroJIOBK€ MOKHO OTACJIBHO
YKa3blBaTb HA4YaJIbHOC 3HAYCHUC CUCTUYHUKA (an/Iqu, UX MOXET OBITh HCCKOHBKO), YCJIOBHC
IMOBTOPCHHUA LUKJIIA U OIICpalluv, KOTOPLIC HOJIKHBI BBIIIOJHATBCA B KOHIC Ka)KI[OfI HUTCpanun
(HampuMep, IpUpaLIeHUE CUETUNKA):

for (1 = 9; i <= 9; i += 1) { // ApuOMEeTUUYECKMI LUKJI B A3bKe C

TEJIO_LMKJIA;
}

Apudmernueckoro 1mukia B [Iutone Toxke HET, HO OH UMEET CPEJICTBO, KOTOPOE MPEKPACHO
€ro 3aMEHSIET: YUK nepedopa s1emenmos MHodxcecmaa. Takue HUKIbI 0a3upyOTCs Ha KOHUEIIUU
WUTEPATOPOB, O KOTOPOU MBI €I1I€ MOrOBOPUM HEMHOTO T03ke. Takoi nuki B [[MTOHE BBITIISIAUT Tak:

for i in range (0,10) :
TEJIO IIMKIIA

Hemnoro no3:xe MbI K HEMY CIIC BECPHECMCA U y3HACM HA YTO OH CIIOCOOCH — 110 TUOKOCTH OH
MMPEBOCXOAUT OOBIUHEIC apI/I(I)MCTI/I‘-ICCKI/IC OUKIJIBI.

15 I[JISI 06paTHOFO OTCUYETa MOXKET HCIIOIb30BaThC KIIFOUEBOE CII0BO downto.
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§6.10. Ynpasnswowue cmpykmypbl

Hacrano Bpems ornsinyThest Ha3al. B mepBoil rnaBe peys 11a 0 TOM, YTO BBICOKOYPOBHEBbBIE
MpOrpaMMbl CTPOSITCSI HA HECKOJIbKUX BUIAX KOHCTPYKUMM. JlaBaliTe BCIOMHUM UX M COMOCTaBUM
KOKIYI0 U3 HUX CO 3HAHUSMHU MTPHUOOPETEHHBIMU B MPOWICHHBIX TTIaBaX. ITak, B BEICOKOYPOBHEBBIE
MIPOTpaMMBbI CTPOSITCSI HA OCHOBE CIIEAYIOIIMX THUIIOB ONIEPAIIHil:
* BBoa gaHHBIX (IOKa MBI YMEEM BBOJUTH JAHHBIE TOJBKO C KJIABHATYpPbl C MOMOUIBIO
GyHKLIMH input ¥ raw_input);

* BbIBOA JaHHBIX (JJaHHBIE Mbl BBIBOJWJIM Ha 3KpPaH; BBIBOJ MPOU3BOAUTCS C MOMOIIBIO
KOMaHJIbI print);

* BrinonHeHWe HEKOTOPBIX OMepaluii Haj YHCIaMHu, CTPOKaMU WU JPYTUMH OOBEKTaMU

(CONMBPIIMHCTBO BBIPAXXEHUH, B TOM YHUCIIE, C UCTIONB30BaHUEM (YHKIUH OTHOCATCS Kak pas3
K 3TUM OIlepalusm);

* BpiOop BETBM BBINOJHEHUS MPOrpaMMbl Ha OCHOBE MPUHATOTO pemeHus (yCIOBHBIM
oreparop if);

* [loBTOpeHUe Tpymmbl ONepalyii 4Yaiie BCEro C M3MEHEHHWEM OJIHOTO WJIM HECKOJIbKHUX
rapameTpoB (OnepaTopsl MUKIA while U for).

Kpome TOrO, B TpeTheill riaBe MbI pa3o0panuch ¢ (QPYHKIHUSIMH, MPEAOCTABISIONIMMH HaM

MHOECTBO MPEUMYIIECTB, B TOM YHUCIIE:

* JIro00ii 4acTO MOBTOPSEMOH MOCIIEIOBATEILHOCTH ONEpaIliii Mbl MOYKEM HA3HAYUTH UMS U

110 HEMY BBI3BIBATh €€ Ha BBHIMIOJIHECHHE;

* Hcnonp3oBanue (QpyHKUUH ynpolaeT NOHUMAHUE IIPOrPAMMBbI M IIPOLIECC €€ OTIAAKU: MbI
MOKCM OTJIaJUTh KaXAYHO q)yHKI_II/IIO o OTACIBHOCTHU C IMPCACIbHBIMU 3HAYCHUIAMU
[IapaMeTPoB, a 3aT€M COOpaTh UX B €IUHYIO CUCTEMY, YCTOMUMBYIO K OIINOKaM IpU BBOJE
AAHHBIX MOJB30BATCIICM U APYTHUM HCIIPCABUACHHBIM CUTYALUAM,

* OyHKIMU TMO3BOJIAIOT H30€XaTh AyOIMpOBaHUE KOJAa, IMO3TOMY H3MEHEHHE XOpOIIO
CIIPOEKTHPOBAHHOI MPOrpaMmsl TpeOyeT HE TaK MHOI'O yCHUIIUiA;

* Xopouio mnpoaymMaHHble (YHKIIMM MOTYT HCIHOJB30BaThCS B JIPYTHX IPOEKTaX, 4YTO
MOBBIIIAET HAIly IPOU3BOJUTEIBHOCT U TO3BOJSET B IIOJHOW MEpe HACIaAUTHCA
MIPOLIECCOM PEIIEHUs TEKYILEH 3a1aun;

* 1, HakoHel, C MOMOIIbIO PEKYPCUBHBIX (YHKIIMI MOMXHO 3JETaHTHO peIlaTh JIOBOJBHO
CJIO’KHBIE 331a4M, U TIPOTrpaMMa IpH 3TOM OyEeT 3aHUMATh BCETO HECKOJIBKO CTPOK.

Wrak, nepBas CTyIEHb NpPOHAEHA: TENEPb MbI BIAJCEM BOIPOCAMH, Ha OCHOBE KOTOPBIX
CTPOMUTCS TOJABIISAONIEe OOJBIIUHCTBO HNPUNONCEHUU — TIPOrpamMM, MO3BOJSIOMIMX pelIaTh
MOBCEHEBHBIC 3a/1a4M (MHOTa UX HA3bIBAIOT NPUKIAOHLIMU NpoZpammamu). B ciaeqyronmx riaBax
MBIl IIPOJOJDKMM H3ydaTh HOBBIE BO3MOXKHOCTH [IlMTOHAa M KOHUENIMM NpPOrpaMMHpPOBAHUS, HO
caMoe TPyAHOE YXKe M03aH.
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[nasa 7. Cmpoku

PazobpaBmmcy ¢ OCHOBaMH YIpaBlieHHsT TOTOKOM BBITIOJHEHHUS TMPOrpamM, TepeiineM K
Ooslee TOAPOOHOMY H3YYECHHIO THIIOB JaHHBIX, BeAb UIig Oojee 3((HEKTHBHOTO yIpaBICHUS
JAHHBIMH TIOJIE3HO TOHMMATh, KaK OHM YCTpOEHBL. HauHeM ¢ OHOTO M3 yXKe 3HAKOMBIX HaM IO
MPEJbIIYIINUM TJIaBaM TUIIOB — CTPOK (str).

§7.1. Onepamop uHOeKcuposaHUus

Bo BTOpOI>'I TJIaBC€ MbI YK€ HAYUYUJIMCH BBIIIOJIHATHE HEKOTOPLBIC OINEpAalllMU HaJl CTPOKaMH, HO
JO0 3TOIro0 MOMCHTa MBI pa6OTaJ'II/I CO CTpOKaMHM KakK C €IUHBIM LCJIbIM. W3BecTHBIC HaM oncpanun
HaJl CTpPOKaMH (KOHKaTeHaHI/ISI n I/ITepaI_II/IH) SABJIIAIOTCA, II0 CYTH aHaJloraMu CJIIOKCHHA U
YMHOXCHHA YHUCCII, HO I3TOT Ha6op HCIIOJIOH — H€ XBATacT aHAJIOI'OB onepauﬂﬁ BbIYUTAHUA H
JACICHUA.

Ecau BBI genanu YHOpa>KHCHUS, TO JOJI?KHBI ObLIH 3aMCTUTH, UYTO OIICpallu KOHKAaTCHAIIUN U
HUTCpalnu HE O6J'IaI[aIOT CBOMCTBOM KOMMYTATHUBHOCTH. B cnenctBuu 9TOro, TpyAHO IMPEACTAaBUTD,
KakK IIPpUMCHHUTHL K CTpPOKaM OICpallh BbIYUTAHUA U OCJICHUSA B TOM BHUIAC, B KOTOPOM OHHU
MPUMCHAIOTCS K YHUCJIAM.

Tem HEe MeHee, B IPOrpaMMHUPOBAHUH CYIIECTBYIOT LIEJbIi HAOOp CHEeUMAIbHBIX ONEepauii u
byHKUIMH, MO3BONIAIONIMX paboTaTh C HAOOpaMH CHMBOJIOB, COCTABJISIIOIIUMH CTPOKH —
nOOCMPOKAMU.

[IpocTeitmmii U3 HUX — onepamop uHoekcuposarus. JJaHHBIA OTepaToOp MO3BOJISET MOTYUUTh
710001 OAMHOYHBIN CUMBOJ U3 CTPOKHU. Y HETO JJOBOJIBHO MPOCTON CHHTAKCHUC!

CTPOKA [MHIEKC ]

Hnoexc, yka3piBaeMblil B KBaJpaTHBIX CKOOKaxX, MpEACTaBIs€T COOOM MOPSAIKOBBIM HOMEp
CHUMBOJIA B CTPOKE:

>>> 'Hello!'[1]
\} e \}
XM, 3TO HE TO, YTO MbI OKUJAITN YBUJIETh — HHTEPIIPETATOP MOYEMY-TO BEPHYJI HE MEPBBIi, a

BTOPO CUMBOJI CTPOKU. OOBSICHIETCS 3Ta CEeMaHTHYECKask OITMOKa 0YeHb MPocTo. Jleso B TOM, 4TO
KOMIIBIOTEp HAYMHAET CYUTATh HE C €AMHUILIBI, KaK IPUBBIKIINA MBI C BaMHu, a ¢ HyJs. [IpoBepum:

>>> 'Hello!'[O0]
lHl

PaGoraer! Unem panslue.

§7.2. [inuHa cmpoKu u ompuyamersibHble UHOEKCbI

Jns ynoGHOM paboThl C OMEepaTOpoOM HHAEKCHPOBAHUS XOpOIIO Obl ObUIO 3HATH JJIUHY
cTpoku. Bripouem, BBISICHUTE 3TO OBOJIBHO TIpocTo. CMOTpUTE:

>>> len('Hello world!")
12

>>>

OOparure BHHUMaHHE, YTO MPOOEN TOXe cuuTaercs. Temepsb AaBaiiTe mMompoOyeM BBIBECTH
MIOCJIETHUNA CUMBOJI CTPOKHU:
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>>> a = 'Hello!'

>>> af[len(a) ]

Traceback (most recent call last):
File "<pyshell#16>", line 1, in -toplevel-
allen(a)]
IndexError: string index out of range
>>>
T.x. HyMepauusi CAMBOJIOB B CTPOKAaX HAYMHAETCS C HYJIA, Mbl UCIIOJIb30BAJIM HEAOMYCTUMOE

3HAYEHUE HMHAECKCA — CUMBOJA C TaKUM HMHAEKCOM B ATOM CTPOKE HET, MO3TOMY HHTEPHPETATOP
CreHEpHUpPOBaJ UCKIIIOUEHUE IndexError: string index out of range. McrnpaBum ommoOky

>>> a = 'Hello!'
>>> allen(a)-1]
L\l ! L\l
Hcnonb3oBanue (QyHKIUH len () B ONEparope HHIACKCUPOBAHMS BBITJSIAUT TPOMO3JKO,
nostoMy B [IutoHe nmpexycMoTpeH 6osee KOpOTKUIA BapUaHT 3alMCH:
>>> af[-1]
L\l ! L\l
Eme oanu manenbkuii skcniepumeHT. [lompoOyeM MOJICTaBUTh B KayecTBE MHJIEKCA IPYroe
OTPULIATEIILHOE YUCIIO:
>>> a[-5]
L\l e L\l
Taxum 00pa3oM, Mbl MOKEM HHJIIEKCUPOBATh CTPOKY C 000X €€ KOHIIOB — 3TO OYECHb YAO0OHO.

K cnoBy, Takasi BO3MOXXHOCTb €CTh B OYEHb HEMHOTHX SI3bIKax MPOrpaMMHpOBaHUs. A Temnepb
HEeOOJIbIIIoE YIIPAKHEHHUE JUIsl 3aKpETICHUsI MaTepuaa.

Ynpascuenue. Hanuwume npoepammy, komopas 6ul800um ONUHY 88e0eHHOU NOJb308aAmenem
CMPOKU, a MaKice nepavlil, namuvlil U nocieoHuti cumeon. He 3ab6yovme npedycmompems cayuail,
K020a ONUHA CMPOKU COCMABIAEN MeHbULe NAMU CUMBOIIO8.

§7.3. [epebop u yukn for

HayLII/IBIJ_II/ICL O6paH_IaTLCH C HUHIACKCAMH, TIO3KCICPUMCHTUPYCM C MUKIAMU. HWuorna
BO3HHKACT HOTpCGHOCTB nepe60pa CHUMBOJIOB CTPOKH H BBIIIOJIHCHUC OIICpAIlMU HAI KaXXJIbIM H3
HUX. I[JBI OTOr'0 KaK pa3 U IpUMCHATOTCS LIUKIIBI.

string = "hello"

index = 0

while index < len(string) :
letter = string[index]
print letter

index = index + 1
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Jannas mporpamma mnepedupaeT Bce CUMBOJIBI CTPOKH M BBIBOJAUT KaXKIbIA U3 HUX HA HOBOM
ctpoke. [Ipu 3TOM, Gi1aromapsi CTporoMmy HEpaBEHCTBY B YCIIOBUU index < len (string), MOBTOP
Tela LUKIa 3aBeplIacTCsl Ha CHUMBOJIE C HHACKCOM len(string) - 1, KOTopLH‘/’I SABJIACTCSL
IIOCJIICAHUM B CTPOKE.

Ynpasicnenue. Hanuwume ¢ynxkyuro, komopas nonyuaem 6 xauecmee napamempa cmpoxy u
8b18600UM CUMBOJIbL, ee COCmasawue, 8 00pamHoM NopsoKe.

Brimonaas YHOpa)KHCHUC, BbI, BEPOATHO, 3aMCTUJIM, YTO B HHUKJIAX C MHACKCAMH HETPYIHO
3amyTtathes. [loaromy B IluToHe ecth Gonee ymaoOHBINM crioco0 mepedopa 3JIEMEHTOB CTPOK (M HE
TOJIbKO): UK for. Hamma nporpamMma OyJeT BBITISAECTh TaK:

for letter in string:
print letter
JlaHHBIN IUKII HE 3aBEPIIAETCS JI0 TEX MOp, MOKA KaXIbId 3JIEMEHT CTPOKU string HE OyJeT
MOOYEepPEHO TPUCBOEH IMEPEMEHHON letter, HauWHasg c mepBoro. Takod momaxoj wu30aBiIseT

nporpamMmmucTa OoT H€O6XO£[I/IMOCTI/I AyMaTb HaAd YCJIOBHUEM 3aBCPUICHUA IHUKIIA, YTO MO3BOJIACT EMY
COCpE/IOTOUUTHCS Ha pelraeMoit 3aaaue.

§7.4. Cpesbl cmpok

B s3bikax Cu u Ilackanp MHAEKCH MO3BOJIAIOT NOJIYy4YaTh JOCTYN K OJUHOYHBIM CHUMBOJIAM
CTpokH, HO B IIuTOHE BCe ropasfgo HMHTEpecHee: MOKHO O0OpalaThCsl HE TOJBKO K OJAMHOYHBIM
CHUMBOJIaM, HO ¥ K LIEJIBIM MOACTPOKaM — cpe3am (No-aHIIIMNHCKH, slices). CMOTpUTE:

>>> s = "Peter, Paul, and Mary"
>>> print s[0:5]
Peiter
>>> print s[7:11]
Paul
>>> print s[17:21]
Mary
B o6mem Buje: string[n:m],I7ie n YKa3blBaeT MHACKC Hayaia cpes3a, a m — UHIACKC KOHIIA

cpe3a. Ilpu 3TOM HauaabHBIM M KOHEUHBIM MHAEKCH pa3fessioTcs ABoerouneM. OOpaTuTe Takxke
BHMMAaHHE, YTO CUMBOJI C HHJIEKCOM m B CPe€3 HE BKIIIOYACTCH.

Cy1iecTBYIOT TaKk)Xe COKpallleHHble (GOopMBbI OlepaTopa MocTpoeHus cpe3a. Ecnu He yka3aTh
HAYaJbHBIM WM KOHEYHBIA MHJEKC cpe3a TO OyIeT MOoJpa3yMeBaThCs HA4allo WM KOHEIl CTPOKHU
COOTBETCTBEHHO:

>>> print s[:5]
Peter
>>> print s[17:]

Mary

OTO 3aMETHO YIPOINAET YUTAOETBbHOCTh MPOrPaMMBbl, T.K. OTHAaeT HEOOXOAUMOCTh B KOJIE,
BBIYHUCIIAIOIIEM JUIMHY CTPOKHM, KOTOPBI HE OTHOCUTCA K CYTH pPEAIM3yeMOI0 IIPOrpaMMOMU
aJIropuTMa.
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Ynpaxcnenue. Yemy 6yoem coomsemcemeosamo cpez cmpoxu sf:J?

Eme oxHa uHTEepecHas BO3MOYKHOCTb, KOTOpas MOsBMIach B uHTeprnperatope IIuToHa,
HauvHasg ¢ Bepcuu 2.3. Temepp ayig omepaTtopa MHAECKCHUPOBAHUS MOYKHO YKas3aThb €lle M Liar
BbIOOPA JIEMEHTOB B CPE3:

>>> print s[::2]
Ptr al n ay

Yro y nac momyumioch? Cpe3 COCTOSIIMM M3 AJIEMEHTOB C YETHBIMU HHIEKCaMu (eciu
YUUTBIBATh, YTO HyMEpallus HAYMHAETCS C HyJIs)!

Ynpaxcnenue. Coszoaiime cmpoxy onunou 10-15 cumeonos, u useiekume u3 Hee ciedyroujue
cpesbi:
1. Bce cumgonsl Kpome nocieOHux yemoipex,
2. Cumeonvl ¢ UHOeKcamu KpamHulMu mpem,
3. Bce cumeonvl cmpoku ¢ uemHulMU UHOEKCAMU 34 UCKIIOYEHUEM NepebulX uemvipex u
NOCIeOHUX NAMU.
Ilpuoymavime 2-3 cobcmeennvix npumepa.

§7.5. CpasHeHUe cmpok

OnepaTopH CpaBHCHHUA pa60Ta}0T H CO CTpOKaMHU. KOI"I[a BO3HHKACT H606X0,I[I/IMOCTB
IMPOBCPUTH PABHBI JIM ABC CTPOKH, MOXHO BBIIIOJIHUTDL CJICAYIICC:

if word == "banana":

print "Yes, we have no bananas!"

pyras ornepaliys cpaBHEHHS TOJIE3HA JIJIS YIIOPSAA0YMBAHUS CJIOB B ajI()aBUTHOM TTOPSIKE:
if word < "banana":
print "Your word," + word + ", comes before banana."
elif word > "banana":
print "Your word," + word + ", comes after banana."
else:
print "Yes, we have no bananas!"
Ho cnenyer 3ametruth, uto I[luTroH paboTaeTr cO CTPOYHBIMH W 3arjlaBHBIMU CHMBOJIAMH

HECKOJIbKO HEOOBIYHO Il Hac Jrojel. 3arjnaBHas OykBa cudMTaeTcs OOJbIIeH, YeMm Jirolas
cTpouHas. B pe3ynbTare mosrydaem:

Your word, Zebra, comes before banana.

Jns pemeHust 3Tol mpoOsieMbl MOKHO KOHBEPTHPOBATh CTPOKY K CTaHAAPTHOMY BHIY,
HaIpuMep, BO BCE CTPOUYHbIE CUMBOJIBI JIO BBINOJIHEHUs cpaBHEeHMs. boiiee crnokHas mpobiema -
3aCTaBUTh IPOrPaMMy MOHSTH, B YEM 3aKIHOYAIOTCS OTIMYNS MEX1y 3e0poil 1 GaHaHOM.

§7.6. CmpoKu Herb3s1 U3MeHUMb

Jlis W3MeHeHusT CHMBOJa B CTPOKE JIOTUYHO OBbUIO OBl HCIONB30BATh OMEPATOP
MHJEKcUpoBaHus ([ ]) cieBa OT 3HaKa npucBauBanus. Hampumep:

greeting = "Hello, world!"
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greeting[0] = 'J' # ERROR!
print greeting
Ho BMecto oxmmaemoro BeiBoga Jello, world!, 3TOT KOJ TE€HEPUPYET HCKIIOUCHHE:
TypeError: object doesn't support item assignment.

OT0 03HayaeT, yTo CTPOKU B [IuTOHE HE MOTYT OBITHh U3MEHEHBI YACTUYHO — CTPOKOBBIN THIT
ATy ONEPALMIO HE NpeaycMarpuBaet. Jlyuiiee, 4T0O MOKHO CHENIaTh — 3TO CO3[1aTh HOBYIO CTPOKY,
KOTOpasi SBJISETCSI U3MEHEHHBIM OPUTHHAJIOM:

greeting = "Hello, world!"
newGreeting = 'J' + greeting[l:]
print newGreeting

JlanHOoe pelleHHe COCTOUT B TOM, YTO ObI CHENUTh HOBBIM CHMBOJ CO CPE30M CTPOKH
greeting. DTOT onepaTop He OKa3bIBaeT 3(pQeKkTa Ha HAYAIbHYIO CTPOKY.

Ynpasicnenue. Hanuwume npocpammy, samensaiowyio 5-u (eciu HauuHamv Cc4umamv no-
yenogeyecku, m.e. ¢ €OUHUYbL) CUMBOL CMpoKU Hello, world! HAa 60CKIUYAMENbHbIU 3HAK.

§7.7. ©®yHkyus find

PaccmoTpuM Takyio GyHKIUIO:
def find(str, ch):
index = 0
while index < len(str):
if str[index] == ch:
return index
index = index + 1
return -1
Uro ona penaer? B HekoTopeiM cMbicie (QyHKIHS find () TPOTHBOIOJIOXHA OMEPATOPY
uHAeKCUpoBaHUs []. OTIMYHE COCTOMT B TOM, YTO BMECTO TOTO, YTOOBI M3BJIEKATh M3 CTPOKU

CHUMBOJI 110 €r0 MHJEKCY, OHA BO3BpAIllaeT MHIEKC IEPBOr0 BXOXAECHUS CUMBOJIA B cTpoke. Eciu
CUMBOJI HE HalJIeH, TO (QYHKIIMS BO3BpaIlaeT —1.

OTO NepBbIM MPUMEP HUCIOJIB30BAHUSA MHCTPYKLUMHM return BHYTpU LMkKia. Ecim ycioBue
strlindex] == ch, TO (YHKUUS BO3BpallaeT 3HAYCHHE HEMEIJICHHO, TNpephIBas IHKII
MIPEXKIEBPEMEHHO.

Ecnu cuMBON He MOSBWICA B CTPOKE, TO IpPOrpaMma BBIXOJWUT U3 LHUKIA «B IITATHOM
peXUMeE» U BO3BpaIaeT —1.

Ynpasicnenue. Usmenume ko0 ¢ynkyuu find() max, umobwvl mpebogaics mpemuil
napamemp — UHOEKC 6 CMpOKe, HAYUHAsL C KOMOpo2o OOJJCeH Npou3sooumscs nouck. He
3a0y0bme npo 0OpaboOmKy cumyayuil ¢ HeKOPPEeKMHbIMU U NPeOelbHbIMU 3HAYEHUAMU IMO20
napamempa (Hanpumep, Ko20a VKA3AHHGIU UHOEKC BbIX0OUm 3a OUandazon O0OnyCMuMblX
3HA4eHutl).
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§7.8. Luknbl u cyémyuku

Cne;[y}omaﬂ nporpamMma CUUTaCT KOJNYCCTBO CUMBOJIOB, BCTPCUAIOIIIUXCS B CTPOKE:

fruit = "banana"

0

count

for char in fruit:

if char == 'a':

count = count + 1
print count

[Iporpamma JOE€MOHCTPUPYET MHTEPECHBIA MPHUMEP HCIOIB30BaHUS UUKIOB. llepeMenHas
count MHUIUAIM3UPYETCS CO 3HAYEHMEM 0 M 3aTeM MHKPEMEHTHpPYETCS'® KaKaplil pa3 Korja
CUMBOJ a HaiaeH. Koryna npoucxoauT BbIXO/ U3 LIUKIIA, IEPEMEHHASI count COAEPKUT Pe3yJbTatr —

KOJIMYECTBO CHUMBOJIOB a. llepeMeHHBIE, B KOTOPBIX COXpaHSAETCA KOJIMYECTBO JJIEMEHTOB B
npolecce ux nepedopa, yA0BIETBOPSIOUINX HEKOTOPOMY YCIOBUIO, HA3BIBAIOT CYeMUUKAMU.

Ynpaswnenue. Cozoatime na ocnoge xooa npumepa @ynkyuio countlLetters u 06obwume ee
Max, Ymoovl OHA NPUHUMANA CIPOKY U UCKOMbLIL CUMBO]I 8 Kauecmee napamempos.

Ynpasicnenue. Ilepenuwume smy ¢ynkyuro max, umobdvl emecmo NpPoOCMOmMpa CMpoKu
ucnonvzoeams eepcuto Qyukyuu find ¢ mpems Napamempami, KOMOpylo 6bl HANUCAIU
8bINOIHAS YNPAdICHEHUe U3 Npedbloywe2o napazpaga.

§7.9. Modynb string

Monayns string COAEPKHUT TOJE3HbIe (YHKIMH, 3aMETHO yIIpomarmme paboTy co
ctpokaMu. Kak 00bIYHO, HEOOXOAMMO CHaYaaa UMIIOPTHPOBATH MOYJIb JI0 €0 UCIIOIb30BAHUS:

>>> import string

Monyne string BKIOYaeT (QYHKIMIO find (), KOTOpas JelaeT TO K€ camMoe, 4TO U
(byHKLUMS, HalTMCaHHAs HaAMHM. DTO PACHpPOCTPAHEHHAs CUTyalusi B 0OJACTH MPOTrpaMMHUPOBAHUS:
MMpeKKAC 4eM <<I/I306peTaTB BCJIOCUIIC», MHOT' A CTOUT MOMCKATh I'OTOBBIC PCIICHUA — BCCra €CTh
BEPOATHOCTB, YTO KTO-TO YK€ CTAIIKMBAJICS C MOXO0KEHN 3a7a4eil u pemmi ee aydiie Hac. K Tomy xe
pazbupasich B 4y>KOM KOJIE MOKHO MHOTOMY HAy4YHUThCSI.

Wtak, muist BeI30Ba (PyHKIIMH U3 MOIYJISI, MBI TOJDKHBI yKa3aTh UMl MOIYJISl U UMsI (DyHKIIHH,
WCITOJIb3YS TOUKY B KAYECTBE Pa3ECIUTEIIA:

>>> fruit = "banana"

>>> index = string.find(fruit, "a")
>>> print index

1

Takoil crmoco6 BbI30Ba MOMoOraer wu30exaTb KOHQJIUKTOB (M CEMaHTUYECKUX OIIMOOK,
KOTOPbIE MOTYT CTaTh MX CJEACTBUEM) MEXIAY MMEHaMHM BCTPOCHHBIX WJINM HANHUCaHHBIX HaMH

16 HHerM@HmMpOGamb — YBCJINYMUBATh 3HAUYCHUC 4yero-auoo Ha CANHUILY OekpeMeHmupoeamb — YMCHbIIATh
3HAYCHUC HA CANHUILY.
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byHKIME 1 UMeHaMu (QYHKIUH, UMIIOPTUPOBAHHBIX M3 MonyJsied. Mcrmonb3ys TOUKy B KayecTBe
pa3fesnTens, Mbl MOXKEM YKa3aTh KaKyl0 BEPCHIO £ind () XOTUM HCIIOIb30BAaTh.
B noarBepxkieHre MbICTH 00 «HM300peTEHUM BEJOCUIIENA», CTOUT 3aMETHUTh, UYTO (YHKIHS

string.find () sBaseTcs Oojee OOLIMM peIIeHHWEM, YeM Halll BapuaHT. Bo-IepBBIX, MOXeET
HUCKaTh MOJCTPOKH, HE TOJILKO CUMBOJIbI:

>>> string.find ("banana",

2

na")

Takxe wnMeercs BO3MOXKHOCTb 3a/aTh JOIMOJHUTEIbHBIA apryMeHT, KOTOpbIH Oynaer
OTIpeIeIIATh UHACKC C KOTOPOTO Ha/l0 HAYMHATh:

>>> string.find("banana", "na", 3)
4

WNnu moxer morpeOoBaTbcs mMapa JOMOJIHUTENBHBIX apryMEHTOB, KOTOPBIE OIPECIISIOT
JUana3oH UHEKCOB:

>>> string.find ("bob", "b", 1, 2)
-1

B nmocnexpnem mpumepe, MOMCK OKa3alcs HEYAAyHBIM, MOTOMY YTO CUMBOJ b HE BXOJWT B
JTMAIia30H MHJIEKCOB OT 1 710 2 (He BKIIOYas 2).

Ynpasnenue. Bvigeoume na sxpan cnpaéky no mooyno string U O03HAKOMbMECH CO
CNpasoyHol uHgopmayuel credyrouux QYHKYutL:
1. capitalize()
2. capwords()
3. count()
4. find()
. lower()
replace()
split()
upper()
Toskcnepumenmupyiime ¢ HUMU.

o N AL

§7.10. Knaccucukayus cumeosios

§7.11. Cmpoku unicode
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PeBn3na: 160

Cnucku

[naea 8. Criucku

§8.1. Cos30aHue criuckos

§8.2. [Jocmyn K annemMeHmam criucka
§8.3. [nuHa crnucka

§8.4. NpuHadnexxHocme Criucky
§8.5. Cniucku u yukn for

§8.6. Onepauyuu Had criuckamu
§8.7. Cpesbl criuckos

§8.8. NsmeHeHue criuckos

§8.9. YOaneHue anemeHmMos criucka
§8.10. O6bbekmbl U 3Ha4YeHUs

§8.11. Ccbinku Ha 06bekmabl

§8.12. KonuposaHue criuckos
§8.13. Cnucku-napamempsbi

§8.14. BrioxeHHbIe criucku

§8.15. Mampuupbi

§8.16. Criucku u cmpoku
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PeBusunsa: 160 KopTtexu

[naesa 9. Kopmexu
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PeBusunsa: 160 CnoBapm

[nasa 10. Criogapu
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PeBusnsa: 160 daiinibl 1 06paboTKa NCKITHOUYEHUI

[naea 11. @aunbl u obpabomka uckrir4YeHuUl
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PeBn3na: 160 Knaccbl n 06bekKkTbl

[nasa 12. Knaccbl U 06bekmali
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PeBusna: 160 Knaccbl n pyHKUMN

[nasa 13. Knacckl u oyHKUUU
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PeBun3una: 160 MeToabl

[nasa 14. MemoOsbi

89



PeBu3unsa: 160 Ha6opbl 06beKTOB

[nasa 15. Habopbkl 06eKkMoO8
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PeBn3na: 160 HacnepgoBaHue

[nasa 16. HacnedoesaHue
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PeBn3na: 160 CBA3HbIE CMMUCKMU

[nasa 17. Cesi3HbIe criucKu
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PeBn3na: 160 Crekmn

[nasa 18. Cmeku
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PeBusunsa: 160 Ouepeau v ouepeanmn C npuopuTeTamm

[nasa 19. Ouyepedu u oyepedu ¢ rpuopumemamu
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PeBusna: 160 OdepeBbsa

['nasa 20. [Jepeebsi
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PeBusna: 160 dyHKLMOHaNbHOE NporpaMMmpoBaHue

[naea 21. ®yHKUUOHaIbHOE rpozspaMmMmuposaHue
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PeBn3na: 160 3akntouyeHue. C BbiCOTblI NTUYbEro noJsera

3aknroyeHue. C ebicombl MTMuYbe20 rnosiema

«Tol modceutv noonamuca evlude, /[rconaman, nomomy
umo mot yuuica. Tol OKOHUUL 00HY WIKOTTY, Menepb
Hacmasno epemsa Havyamo Opy2yro»
P. bax, «Yaiixa no umenu /[oiconaman
Jlusunacmony.
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PeBusunsa: 160 CoBeTbl NO OoTNIagKe nporpamMMm

[NpunoxeHue A. Cosemsi no ommnadke rpoapamm
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PeBusunsa: 160 Co3pnaHue M ncnonb3oBaHue Mmoaynein

lpunoxeHue B. Co30aHue u ucrionib3o8aHue mooyreu
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PeBun3una: 160 Co3paHve TMNOB AaHHbIX

lNpunoxeHue C. Co3daHue murog OaHHbIX
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PeBusna: 160 HanucaHue nporpamMm c rpacpmuyeckmm nHtepcpencom

lpunoxeHue D. HanucaHue ripoepaMm ¢ epauvdeckKum
uHmepaghelcom
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PeBusuna: 160 MeToposiorMn KOMaHAHON pa3paboTku

[punoxeHue E. Memodornoauu komaHOHoU
paspabomku
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PeBun3una: 160 MeToanueckme ykasaHusa npenogasartensam

lpunoxeHue F. Memoduyeckue yka3aHusi
nperodasamersisim
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