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[1peauncnosue

OTa KHUI'a HAIKCaHa JIJIsl UHYXKEHEPOB, (PU3UKOB, OHMOJIOTOB U IIPOCTO BCEX-BCEX, KTO
He U3ydYaJsl IPOrpaMMUPOBAHUE IIPEXKIE, HO JJIsT KOTO OHO MOYKET OBITH IOJIE3HO KaK
CPEJICTBO pPENIEeHNs CBOUX HACYIIHBIX 33/1a4, & He sBJISIeTCs caMoTesbio. [ HuX BbI-
60p TPABUILHOTO S3BIKA [T O0yUIeHUsT M pabOTHI OUE€Hb BayKEH: TAKON A3BIK JTOIKEH
OBITH OJIHOBPEMEHHO MPOCT B OCBOGHWM W WCIIOJH30BAHWHU W JIOTUIHO OPTaHU30BAH,
UMeTb MHOI'O BHEIIHUX MOJIyJIell M paclIupeHuil Jijid pelleHud peaJibHbIX 3a/1a4 (To
eCcTb OBITH nonynﬂpHmM)7 1 OBITH XOPOIIIO JIOCTYIIEH — CBOOOJHO PACIPOCTPAHATHCS
BMECTE CO BHEITHUMU MOJIYJISIMU JJIsi BCEX OCHOBHBIX OIEPAIIMOHHBIX CHUCTEM. fI3BIK
Python sydmre Bcex apyrux yaoBiaeTBOpsieT BCeM 3TUM TPEOOBAHUSIM U IIOSTOMY HBIHE
WCTIONB3YeTCsT BO MHOTUX By3axX M IMKOJAX JJIsT OOyIeHWs M OJHOBPEMEHHO OLET pe-
KOP/IBI 110 TIOMYJISSPHOCTU CPEJIN YYEHBIX U UHKEHEPOB.

Kaura mosposiur BaM, HaYaB ¢ HyJs, OBICTPO U KAYECTBEHHO HAYYUTHCs JI€JIAThH
HyzKHbI€ BeIU: IIPOU3BOJUTL BLIYUC/ICHUHA, YATATL, 3aIUCLIBATL U aHAJIU3UPOBATDL
JaHHbIe, CTPOUTH TPaMUKN, W MPU ITOM OCBOUTH OCHOBHBIE TMPUHIIAIILI TPOTPAMMI-
poBanusA: CTPYKTYPBI JAHHBIX, ITUKJDLI, YCJIOBHUS, MOAIPOTPAMMBI, MOWCK OIMMOOK ¥
ornaaky. [lonbupas marepuas, Mbl CO3HATETHHO MPUAECPKUBAINUCH CAMBIX TPOCTHIX
yTeill penieHusd TOU MHON 3a/1a4u, Jla2Ke €CJIM 3TO HECKOJIbKO IIPOTUBOPEYMIIO aKa-
JEMUYECKHA TTPUHATOMY TOPSJIKY U3JI0YKEHUs WU CJIOKUBIIAMCS TpaJunusM. B psi-
Jie CJIydaeB, HAIIPUMED, Ipu padoTe ¢ TEeKCTOBbIME (aiijaMu U MacCHUBAMM, MbI J1a-
ZKe IIPEIIOYJIM UCIOJIb30BAHNUE MUPOKO MONYJIAPHBIX BHEIIHAX MOJIYJIeil BCTPOCHHBIM
cpencTBaM. Beé m3iiokeHne moCTPOEHO TakK, ITOOLI OBITH MOJIE3HBIM U TPUMEHNMBIM
cpasy, BeJlb ycBauBaeTcd TO, YTO UCIOJb3YyeTCd.

Kaura moxker BBICTYIATH KAK B KAYECTBE CAMOYJHUTENIsI, TAK U B KadecTBe yded-
HUKa JJId IIPenojiaBannsd B IIKOJE WINA By3e, 38/JaYHUKa UM IIPOCTO CIIPABOYHUKA.

CeepeHus o6 aBTopax

e CricoeBa Mapuna BsdeciaBoBHa — KanugarT GU3NKO-MaTEMATHICCKAX HAYK,
accucrenT Kaheapsl «PajmoasiekTponnka n TesiekoMMmyHIKamnny CapaToBCKo-
IO TOCYJIapCTBEHHOTO TEXHUYECKOro yHuBepcurera uMenu [arapuna FO.A.

e Cpicoe Unbs BsueciaBoBud — KaHIUJIAT (PU3UKO-MaTeMaTHIECKUX HAYK, J10-
1eHT KadeIphl JUHAMUIECKOI0 MOJIeJINPOBAHNS U OUOMEIUIIMHCKOM WHIKEHEPHUH



6 MNpeaucnosue

CapaToBCKOTO HAIMOHAJIBLHOTO UCCIIEI0OBATEILCKOTO TOCYIaPCTBEHHOTO YHUBED-
cutera nmenn H.I'. Yepnsbirmesckoro.

CeBegeHus o peueH3eHTax

e [Tomomapenko Biagnvup BamoBua — g0KTOp PUBUKO-MATEMATHIECKAX HAYK,
Beymuit Haydnblil corpyaauk Caparockoro ¢dhusmana Macturyra pagmorex-
HuKY u jekrponuku umern B.A. Korejasuukosa PAH.

e Oruesa Mapuna BajentnHoBHa — Kau ujgaT (PU3MKO-MaTEMaTUIECKUX HAYK,
zaBeyomas Kadeapor nHGOpMaTUKA U IporpammupoBanust CapaToBCKOro
HAIMOHAJIBHOTO HUCCJIEIOBATEIBCKOIO TOCYIAPCTBEHHOIO YHUBEPCUTETA WMEHU
H. T'. Yepmubimesckoro.

o Kypsaunit I'eopruit Biaagumuposua — npenogasarens dakyabreta BMK Moc-
koBckoro l'ocynapcrsennoro Yuusepcurera um. M. B. Jlomonocosa, aBTop Kyp-
coB 110 Python jyist BY30B u Bedepneii maremarunyeckoii I1Ikosbl, pazpaboTauk
kommanuu «Bazanbsr CITO».



[naga 1

Beeaenue

1.1 43biku nporpammupoBaHus

IlepBblit POEKT BBIYMCIUTEILHON MAaIIUHBI OBLT pasdpaboran Hapabzom Ba66wm-
gxem B 1833 roay B Benmukobpuranuu. Onmcanue mpoekTa cuaenajia Asrycra Ana
Kunr (euucrBeHHast J04b 3HAMEHUTOrO 1109Ta JIopaa Baiipona), oHa e BBesia Takue
dyHIaMeHTaJIbHBIE TIOHSTHSI, KAK «IUKJI», «pabodast sdeiikay», U IOTOMY CUUTAETCSI
[IEPBBIM B MUPE IIPOIPAMMUCTOM; sI3bIK IIPOrPAMMUPOBaHUsT Ajia Ha3BaH B €€ JeCTh.

Marmmua B3066u2ka HUKOT 18 He ObLIa peajJu30BaHa MOJHOCTHIO, XOTd Ha €€ pea-
Jm3anyio yuuio 17 teicstd (pyHTOB crepauHros u 9 jger Bpemenu. OCHOBHas IpobJieMa,,
C KOTOPOI CTOJIKHYJICS DB300MK, — HU3KUN YPOBEHb 3JIEMEHTHOM Oa3bl: MPOMBIIII-
JIEHHOCTB TOT'O BPEMEHHU He ObLIa IOTOBA IMPOU3BOJIATH JIETAIN HYXKHOI'O KAaIeCTBa U
B Tpebyembie cpoku. Tem me menee, ero nociemoaressb [eopr [yt B 1850-b1x 1m0-
CTPOMJI HECKOJIBKO PabOTAIONINX «PA3HOCTHBIX MAITUH .

[lepBasi peasbHas 3j€eKTpUYeCKasi BBIYUCIUTEIbHAS MAIIHHA ObLIa TOCTPOEHA
HeMenkuM uHkeHepom-uccienosaresem K. Ilyse B 1938 romy, anagoruvnbie pabdo-
Tl Besuch Hezaucumo orT Hero B CIITA JI. IMItuburnem u I'. Aiikenom. Basosbie
[IPUHIIATIBL APDXUTEKTYPbI coBpeMeHHbIX DBM 6bu1u cchopmysupoBanbl JlxkonoMm dhoH
Heitmanom B 1946 roxy B CIIIA, a B 1948 rogy B AHrimu ObLTa TOCTPOEHA MIEPBas
9BM, ocHoBaHHasT Ha ITUX MPUHITUIAX.

B CCCP mnepsasg mammaa B9CM 6buia cpoektuposana B 1951 romy u yxke B
CJIEJIYIONIEM TOJIy HAdaIach €6 MPaKTUYIeCKas SKCIUIyaTalysd. DJIeMeHTHas 0a3a Jjis
nepBbix 9BM 40-50-bIX 10JI0B IIpejicTaB/Isijia OO0 BaKyyMHbIe Jjlamiibl. [lepexos Ha
[TOJTY IIPOBOJIHUKOBY IO 3JIeMeHTHY0 06a3y B 1960-bIX 1TO3BOJIMII CYIIIECTBEHHO IOBBICUTH
ObICTPOJIEIiCTBIE, YMEHBIIUTE pa3Mep u 3uepromnorpedienne IBM. Cremgyrommm s1a-
IIOM CTaJI MEPEXOJl OT OTMEJHHBIX TPAH3UCTOPOB K MHTEIDAJBHBIM JIOTUIECKUM CXe-
MaM.

[TepBbie porpaMMBbl 3aKJIIOYAINCH B YCTAHOBKE KJIIOUEBBIX MTEPEKJIIOYATEe Ha
repejiHeil maHe M BBIYUCIUTEHbHOTO yeTpoiicTBa. OUeBruIHO, TAKUM CIIOCOOOM MOK-
HO OBLIO COCTABUTH TOJBKO HEGOJbINMEe TporpaMMbl. OJIHY M3 MEPBBIX MOMBITOK CO-



8 [naea 1. Beegerune

3/IaTh TOJHOIEHHBIN S3bIK TPOIPAMMUPOBAHIS [TPEIIPUHSI HeMelkuil yaéubrii Ko-
wpaj Llyze, koropeiii B niepuos ¢ 1943 mo 1945 rox paspaboran sizeik Plankalkiil
(Tlnankankioun). B mepesoje Ha pycckuil si3pIK 9TO HA3BAHUE COOTBETCTBYET BbIPa-
JKEHUIO «IJIAHUPYIONIEE UCIUCTICHIE>. DTO ObLJI O9€HD IEPCIEKTUBHBIN A3bIK, (haKTH-
YeCKU SIBJISABIIUICS SI3BIKOM BBICOKOTO YPOBHSI, OJHAKO W3-38 BOGHHBIX JIEHCTBUN OH
He ObLIT JOBEJIEH JI0 TTPAKTUIECKON Peasin3aIium.

HewussectHO, HACKOIBLKO OBI YCKOPMJIOCH PA3BUTHE MPOTPAMMUPOBAHNS, €CJIU ObI
napaborku Llyse cramm gocTymHabl ApyruM yuénbiM B Konie 40-X ro/1oB, HO Ha IIPaK-
THKE C Pa3BUTHEM KOMIIBIOTEPHON TEXHUKM CHadYa a MOJIYUIUJI PACIPOCTPAHEHUE M-
WUHHBLT A30LK. SAIICH IIPOIPAMMBI Ha HEM COCTOSIIA U3 eIMHUIL 1 HyJteil. MamuHHbIi
SI3BIK IPUHSATO CYUTATH S3BIKOM [IPOrPAMMUPOBAHUSL IEPBOrO IIOKOJI€HNs ([IPH TOM
pa3Hble MAIIMHBI PA3HBIX TPOU3BOINTENIEH MCIIOIH30BAIN PA3IUIHBIE KOJbI, 9TO TPe-
60BaJIO 1IEPEINCHIBATH IIPOIPAMMY IIpHU Iiepexojie Ha Apyryio DBM).

ITporpamma «Hello, world!s mius uporeccopa apxurexrypst x86 (OC MS DOS,
BbiBoJ 1ipu oMoy BIOS npepeiBanust int10h) seirisaur cieyromum obpasom (B
HIECTHAIATEPUIHOM [IPEICTABICHIN ):

BB 11 01 B9 0D 00 B4 OE 8A 07 43 CD 10 E2 F9
CD 20 48 65 6C 6C 6F 2C 20 57 6F 72 6C 64 21

Bcekope Ha cmery TakomMy MeTOLy TPOrPAMMHUPOBAHUS IIPUIILIO IPUMEHEHNE A3bI-
KOB BTOPOI'O ITOKOJIEHUSI, TAKYKE OIPAHMIEHHBIX CHEIIM(DUKAIMIMI KOHKPETHBIX Ma~
IIIMH, HO 0OOJIee MIPOCTDIX JIJIsl UCIIOJIH30BAHUST YeJIOBEKOM 3a CUeT UCIIOIB30BAHNS MHE-
MOHUK (CHMBOJIbHBIX 0003HAYEHUI MAITMHHBIX KOMAHJI) U BO3MOKHOCTHU CONOCTABJIC-
HUsI UMEH aJipecaM B MammuHHOW naMmaTu. OHM TPaJUIIMOHHO U3BECTHBI IO, HAWME-
HOBAHUEM sI3bIKOB accembsiepa (mpancaupyemoie A3oiku). DTU A3bIKU OTHOCATCA K
SI3BIKAM HU3KOTO YPOBHSI, TO €CTh OJIM3KUM K ITPOIPAMMUPOBAHUIO HEIOCPEICTBEHHO
B MAITMHHBIX KOJAX.

O/ tHAKO ITPU UCTIOJIB30BAHIH acCeMOIepa CTAaHOBUJICS HEOOXOMMBIM IIPOTIECC Iepe-
BOJIa IIPOI'PAMMbI Ha SI3bIK MAITMHHBIX JBOMYHBIX KOJIOB I1€pPe]] €€ BBIITOJTHEHUEM, JIJIsi
qero ObLIM pa3pabOTaHBl CIEIUAJIbHBIE TPOTPAMMBI, TAKXKEe IOJIYUUBIINE HA3BAHUE
accembiiepoB (Tpanciagaropos). CoxpaHsaauch U IpOOJIEMBL ¢ [EPEHOCUMOCTHIO [PO-
rpammbl ¢ 9BM oxmoit apxuTeKkTyphl Ha IPYTYIO, 1 HEOOXOIUMOCTD JIJIs ITIPOTPAMMU-
CTa TPU PEMIEHNN 3aJIa1 MBICJIUTh TEPMUHAMU «HU3KOTO YPOBHSI»: sddeiika, aJipec,
KOMaH]IA.

Kiraccuveckast mporpaMma Ha OJTHOM U3 JuajeKToB Accembiiepa:

.386 // Tum mpomeccopa

.MODEL SMALL // Momenp HaMATH

.DATA // uHWIMANU3UPOBAHHbE NAHHHE :
msg DB ’Hello, World’, 13, 10, °’$’

.CODE // wucnonHseMui# Ko :

START :
mov ax, @DATA // Barpyska ampeca CerMeHTa B perucTp ds
mov ds, ax
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mov ax, 0900h
lea dx, msg
int21h
mov ax, 4CO0O0h
int 21h

END START

ITockombKy KOMaHIBI acceMbepa BCEro JIUIIbL 0OoJiee yI00HO 0003HAYMEHHDBIE WH-
CTPYKIINK B JIBOMYHBIX KO/IAX, KAK IIPABUJIO, MOXKHO JIOOUTHCS B3ANMHOOHOIHATHOI'O
COOTBETCTBHSI MeXKJIy IIPOrpaMMaMy B MAIIUHHBIX KOJaX M IIPOrPaMMaMi HA acCeM-
6J1epe, CIeI0BATEILHO, OHN OKA3BIBAIOTCS TTOJTHOCTHIO B3ANMHO 3aMeHseMbIME. B aToM
KpOeTcs KaK KJII0UeBOe IMPENMYIIECTBO, TaK U KJIYEBOM HemocTaToK accembsepa. C
OJTHOI CTOPOHBI, TPOTPAMMHUPOBAHNE B JIBOMYIHBIX KOJIAX CTAHOBUTCS HEHYZKHBIM POB-
HO C TOrO MOMEHTa, KaK HAIMCAHA [IPOrPaMMAa-TPAHCIATOD, IPU ITOM COXPAHIETCS
MOJIHBI JIOCTYT KO BeeM BO3MOKHOCTsIM DBM. C apyroii cTOpoHBI, ecjii U3MeHsIT-
Csl MHCTPYKIUMH WJIM PECUCTPBI, IIPOrpaMMa Ha acceMOJiepe OKayKeTcsl Oecrosie3na
TTockombky apxurekTypa 9BM mensieTcst 9acTo, a OTHOBPEMEHHO COCYIIECTBYIOT BbI-
YUCJIUTE/IbHbIE MAITMHBl PA3JIMIHBIX APXUTEKTYD, HMOJIYIAETCsI, UYTO IPOrPAMMBI Ha
acceM0JIepe TIPUXOIUTCs BCE BPEMS [I€PEIUCHIBATE.

YrobbI He mepenuchBaTh KaXK/bI pa3 IIPOrpaMMy, HEOOXOIMMO OBLIO CO3/1aTh
HEKOTOPBII yPOBeHDb abCTPAKITNN: CIPATATD JIETAIH OPraHU3alnd KOHKPETHOI'O KOM-
IbIOTEPA OT IIPOTPAMMUCTA U ITO3BOJINTH €My MBICIUTD KaTeropusaMu 00siee yHUBED-
CaJIbHBIMU, YeM KaTeropum KOHKPETHBIX MHCTPYKIINH KOHKDETHOIH MalnuHbl. Takoil
mar ObLI BIEpBbIe ¢iejan B 1958 romy, Korja IMOSIBUJICH IIEPBBIH S3BIK BBICOKOTO
yposusg — FORTRAN (cokpamenue or FORmula TRANSlation). Xors nporpam-
Mmbl Ha Poprpane paboranu cyimecTBeHHO (B 2—4 pasza) MejJIeHHee, YeM IPOIPAMMbI
Ha acceMbiiepe, 1epexo/] Ha S3bIKU BHICOKOI'O YPOBHS CTAJI OTPDOMHBIM IIIANOM BIIEDES,
[IOCKOJIBKY YHCJIO CIIOCOOHBIX K IIPOTPAMMUPOBAHUIO JIIOJEH PE3KO YBEJTUIUIIOCH: CTa-
JIO HE HYXKHO ITOMHUTB BCE PErMCTPhI U MHCTPYKIMK IIporeccopa. [IporpaMmmupoBars
HadYa/ 1 He TOJBKO IPO(eCcCHOHAIbHBIE TPOIPAMMUCTHI, HO W yIEHBbIE U WHXKEHEPHI.

ITporpamma «IIpuser mup» ma @Poprpane (3Ta nporpamma OygeT KOMIIHINPO-
BAThCS TOJBKO CPABHUTEJIBHO COBPEMEHHBIMHU KOMITUISITOPAMHU, [TOJ/JIePKUABAOIIIMI
crangapr Frotran 90 uiam Gosiee HOBBIE):

Program hello
write (*x,*) ’Hello,_ World!’
end

Koneuano, nmporpamma na ®oprpane TpeboBasia mepeBOJa B JBOUIHBIN KO, KO-
TOPBIA, B OTJINYHE OT acceMbJiepa, HeJb3si ObLIO C/IeJIaTh HMPOCTHIM B3aUMHO OJHO-
3HAYHBIM TpaHcanpoBanueM. s aToro Oblra HalIcaHa Ha acceMOJIepe ClieruaibHast
mporpaMmMa, — KOMIISATOD. [109TOMy Takwme S3bIKM MOJIYUMId HA3BAHUE KOMNUAU-
pyemvix. Korma nsmensiercss apxurektypa IBM, KOMIMIATOP IS KAYXKIOrO A3BIKA
[IPUXOJINTCS TIEPEIIChIBATD, BeJIb OH BCE PABHO HalmcaH Ha accembiiepe. Kommmin-
pyewmble si3biku: Fortran (1958 r.), Algol (1960 r.), C (1970 r.) u ero noromku (C++,
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D, Vala), Pascal (1970 r.) u ero moromxu (Delphi, FreePascal/Lazarus) — ocnosa
COBPEMEHHOTO MPOrPAMMEPOBAHHI.
[Iporpamma «IIpuBer mup» na Pascal:

program hello;
begin

write (’Hello, World?’);
end .

[Iporpamma «IIpuBer mup» na C:

#include <stdio.h>

int main() {
printf (’Hello, World’);
return O0;

}

Co BpeMeHeM TPOM3BOJUTENHLHOCTH KOMIIBIOTEPOB BBIPOC/IA HACTOJIBKO, ITO OKa-
3aJ10Ch BO3MOYKHBIM HE KOMIIUJIMPOBATH KOJ, IPOIPAMM B JIBOMYHBIN, a Cpasy HCIOJ-
HATb €ro CTPOYKa 3a CTPOYKOIO. Takoil crocobd Has3blBaeTCsl WHTEPIPETUPOBAHUEM,
porpaMMa, UHTEPIPETUPYIONas KOJl — HHTEPIPETATOPOM, a TAKUE HA3LIKH — UH-
mepnpemupyemvie. MATLAB (1978 r.), Perl (1987 r.), Python (1992 r.), PHP (1995
r.), Ruby (1995 r.), Javascript (1995 r.) — npuMepbl HOIYJISPHBIX HUHTEPIPETUPYE-
MBIX A3BIKOB. MHTEpIperarop MoxKeT paboTarh B JBYX PEXKMMAaX: HHTEPAKTUBHOM U
BBIIIOJTHEHUS CKPHIITA.

[Tporpamma «IIpuBer mup» na Perl:

#!/usr/bin/perl
print "Hello,_ World\n"

IIporpamma «IIpuser mup» na Python:
print (’Hello, World’)

Ha PHP:

<?=’Hello, World’?>

Ha Ruby:

{puts "Hello,_ World"}

Ha JavaScript:

<script type="application/javascript">
Alert (’Hello, World?);
</script>

WurepupernpyemMbie s3bIKH MPOITIE B OCBOGHUN U MCIIOJIH30BAHUHU, HO UX 00JIACTD
IIPUMEHEHNUs OI'PaHUYeHa, IIOCKOJIbKY IPOI'PaMMBbl Ha HUX HE MOI'YT B3aHUMOJIEeHCTBO-
BaTb C IIPOILIECCOPOM HalIPAMYIO, & IIPOU3BOJUTE/ILHOCTD CYIIECTBEHHO HUZKE, YeM Yy
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KOMIUIPYeMbix. OHU UCIOJIB3YIOTCS TaM, IjIe JIT00 BPEeMsl UCHOJTHEHMs IIPOTPAMMBI
HEKPUTHUIHO, JINOO B CJIydae, KOTJA IIPOrpaMMa ITUAIIETCs Ha OJIUH pa3, MIOCKOJIBKY TO-
IJIa OTHOCUTEILHO OOJIBINOE BPEMsl UCIIOJIHEHUsI KOMIIEHCUPYETCs CYIIECTBEHHO MEHb-
muM BpemeHeM Hanucanus. Tak, Perl mosBusicst kak s#3bIK [jisi 00paOOTKH TEKCTOB,
PHP — mpumep yma<HOTO SI3BIKA JJIsT CO3TAHUs CAWTOB.

[TpomerkyToUuHOE TIOJIOKEHNE MEXKJY KOMIUJIUPYEMBIMA U WHTEPIPETUPYEMBIME
A3BIKAMU 3aHUMAIOT A3bLKU GUPMYAALHHLT MAULLH, CAMBIE PACIIPOCTPAHEHHBIE U3 KO-
Topbix Java (KOMIWIUPYeTcsl B MAIIUHHBINA KOJ BUPTYa/IbHON Mammubl Java Virtual
Machine) u C# (koMumaupyercs B MAIMHHDL KOZ, BUPTYyabHoil Mamuabl Common
Language Runtime — ocuoBbl Jiyis Beex si3bikoB cemeiicrsa .NET).

Jig HUX KOMIUJISATAST TPOUCXOIUT He B JBOMYHBIN KOJ JIAHHOTO KOHKDPETHOTO
IIpOIeccopa, & B JABOMYHBIA KOJ CICIHUAJIBbHON BUPTYaJIbHONW MAaIMHbLI O&Honqa ero
nasbiBaioT Gaiitkom). Takum 0Opa3oM, JOCTUTAIOTCS JBa CYNIECTBEHHBIX ILIIOCA: BO-
MIEPBBIX, MOXKHO HE IEPEKOMITIINPOBATH TPOTrPAMMY IO/ KAXKJIBII HOBBIN IIPOIECCOD,
BO-BTOPBIX, KOMIIMJIATOD, UMes BO3MOXKHOCTDb aHAJIM3UPOBATH BCIO IPOTPAMMY II€JIH-
KOM, BCE-TaKM MOXKET POU3BECTH DPsiJi ONTUMUI3AINI, yBeJIMIUBas TaKUM 0Opa3oM
CKOPOCTD UCIIOJTHEHUS 110 CPABHEHUIO C IMIPOCTHIM MTOINATOBBIM HHTEPIPETHPOBAHUEM.

XoTsl SI3bIKM BUPTYaJIbHBIX MAIIUH OJIMZKe K KOMIIUJIAPYEMbIM, 9eM HHTEPIIPEeTU-
pyeMble SI3bIKU, OHU IMTOsIBUJINCH [TO32KE U UX YCJIOBHO MOXKHO HA3BATH IISTHIM ITOKOJIE-
HHEeM A3LIKOB IPOrpaMMHEpoBannsd.’ HeKoTopble S3BIKH MOTYT U KOMIIIHPOBATHCH,
¥ WHTEPIPETUPOBATHCS, U KOMIMJINPOBAThCA B OaiiTkoj, Hanpumep, OCaml.

IIporpamma «IIpuser mup» na Java:

class HelloWorld {
public static void main (String args []) {
System.out.println("Hello_ World");
}

Tabauna 1.1. TlokoJieHust SI3BIKOB IPOTPAMMUPOBAHIST

I mokostenne MarrnuHHbIe A3BIKN

IT nokoutenue | Tpanciaupyemble s3biku (accembiiepnb)
III mokosnenne | Komnmiaupyemble s3bIKN

IV noxkosenne | Unrepneprupyembie A3bIKT

V nokosieane | f3bIKM BUPTYaAJbHBIX MAITUH

I MHorue aBTOPEI /10 CUX TIOP BBIJEJSIOT TOJTHKO 3 MOKOJIEHHUS A3BIKOB TPOTrPAMMEUDOBAHUS, COB-
Melnast KOMINJINPyeMble, HHTEPIPETUPYEMble I KOMINIUPYEMbIe B OafTKO/ I3BIKH B pPaAMKaX OHOTO
rocaeHero. XoTsl Takas KJIaCCU(MUKAIUA SABISETCA <«KJIACCUIECKOIO», B Hallle BPEMs C HEIO TPyI-
HO COIVIACHTDLCSI, TaK KaK OOJIBIIHMHCTBO IPOIPAMMUCTOB HHKOL/Ia HE UMEJIN JEeJIO0 C IIEPBBIMHU JABYMS
ITOKOJIEHUSIME U, CJIEJOBATENIBHO, [IJIsI HUX OT TAKOW KJIacCH(UKAIMN BOBCE HET TOJIKA.
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C magana 90-x Ha CMeHY OOBIYHBIM SI3bIKAM ITPOTPAMMUPOBAHUS B OOJACTU BbI-
YUCJIEHUI CTAJIN IPUXOIUTD PA3JIMIHbBIE CIEINATN3UPOBAHHBIE MATMEMAMUYECKUE NG~
xemul. B HacTosiiee BpeMsi HAUOOJIBIIEIO MOMMYJISPHOCTHIO mosib3yercst MatLab. Kpo-
M€ HEro 4acTo UCIOJB3YIOTCs TaK¥Ke Jpyrue KoMMepdeckune nakerbi: Mathematica,
MathCad, STATISTICA, a rmakxke cBobomuble anajoru: Scilab u, ocobenno, cra-
Tuctrdeckuit maker R. [lakeTsl cymecTBEHHO YIIPOCTUIN pa3pabOTKy MPUIOXKEHMUIT,
BHECsI JIB& KJIIOUEBBIX YCOBEPIIEHCTBOBAHUSI:

e 0OOJIbINIasl JIOCTYIHAsT BCTPOEHHAs OMOIMOTEKA AJTOPUTMOB, KOTOPas MOXKET
OBITH PACIIMPEHA CPEJICTBAME, KaK CAMOTrO IaKeTa, TaK W C HOJAKIIOUEHUEM MO-
nysteit na Fortran u C;

® BCTPOEHHBIE CPEJCTBA JJIs IOCTPOEHMS IPAMDUKOB, TIO3BOIAIONINE BU3YAJIAIAPO-
BaTh JIAHHBbIC Ha dKpaHe KOMIIbIOTepa B MHTEPAKTUBHOM DEXKUME U COXPaHATb
pPe3yIbTATHI TOCTPOEHUS B (pail/ibl OCHOBHBIX (hOPMATOB.

1.2 [lapagurmbl nporpaMmmMmmnpoBaHus

[Tapaaurma TpOrpaMMUPOBAHUST — 3TO COBOKYITHOCTD WJeil U MOHSTUI, OIpe1eIsi-
IOIIUX CTHJIb HAIIMCAHUS KOMIIBIOTEPHBIX IIPOrPaMM (IIOX0JL K IPOrPAMMUPOBAHUIO).

BaxkHO OorMeTuTh, YTO HapajurmMa MMporpaMMHUPOBAaHUsSI He OIPEeIEesIsieTCs OJHO-
3HAYHO $sI3BIKOM ITPOIPAMMUPOBAHUsI; MPAKTUIECKA BCE COBPEMEHHBIE SI3BIKU ITPO-
rPAMMHUPOBAHUS B TOW WX WHON Mepe JOIMyCKAIOT UCIOJb30BAHNE PA3JINIHBIX ITapa-
aurM (myavmunapaduemanvroe npozpammuposanue). TakKe BaxKHO OTMETUTD, ITO
CYIIECTBYIOIINE TTapaUrMbl 3a9aCTYIO0 [IEPECEKAIOTCs JAPYT C JIPYTOM B JIETAJIAX, 110~
9TOMY MOYKHO BCTPETUTH CUTYAIMH, KOIJ[a PA3HbIE aBTOPBI YIIOTPEOJIAIOT HA3BAHWS U3
Pa3HBIX IIAPAJMUIM, TOBOPSI [IPU 3TOM, IO CYyTH, 0O OJHOM U TOM ke siBjienn. Caura-
€TCsl, YTO BCE TMAPAUTMbI JIEJISITCsI HA JIBe OOJIBIINE YaCTU: UMIIEPATUBHOE U JIeKIapa-
TUBHOE [pOrpaMMupoBanue. Mmnepamuehoe npozpamMmuposanue — 310 MapajurMa
IPOrPAMMUPOBAHUS, KOTOPAasl OMHMCHIBAET MIPOIECC BBHIYUCJIEHUS B BUJI€ MHCTPYKITHIA,
U3MEHSIONIX COCTOSTHIE JaHHBIX. [1o/Ipas3/iesibl MIIepaTuBHOIO TPOrPAMMUPOBAHIS
— CcmpYKmMyproe u 005EKMH0-0pUeHmuposartoe. /Iexiapamusnoe npo2pammuposa-
HU€e — ITO TMapaIUrMa MPOrPAMMUPOBAHUs, B KOTOPOIl BMECTO IMTOIMIATOBOIO aJITOPUT-
Ma pellleHns 3a1a4u (4TO JIeIaeT UMIIEPATUBHOE [IPOrPAMMUPOBAHKE, OLUCHIBAIOIIEE
KaK PeluThb 3aja4y) 3a1aércs cruenuduKanus pelieHns 3a1a9u, T. €. OIUCHIBACTCH,
9TO cODOM TIpeICTaBIsIET TPobIeMa 1 ITO TPpeOyeTcs MOJIYIUTh B KaYeCTBE Pe3y/IbTa-
Ta. Jlek/lapaTuBHbIe IIPOrPAMMbI HE UCIIOJIb3YIOT IIOHATHSI COCTOSIHUSI U, B YaCTHOCTH,
HE COJIepKAT MEPEMEHHBIX U OIIepATOPOB IipucBanBanus. K nexjiaparuBHOI mapaur-
M€ OTHOCUTCS (PYHKUUOHAALHOE TTPOIPAMMUPOBAHUE.

C'mpyxmyproe 1IpOrpaMMUPOBAHNIE — METOJIOJIOTUS Pa3pabOTKN POrPaMMHO-
1o 0becIevueHnst, B OCHOBE KOTOPOIl JIEYKUT MPEICTABIEHUE TPOTPAMMBI B BUJIE HEPAP-
XUIECKON CTPYKTYPBI OJIOKOB. ZI3bIKAMU-TIEPBOIIPOXOIIAME B 9TOH Mapaurme ObLIn
Fortran, Algol u B, nosxe nx npuemuunkamu crajgun Pascal u C. B coorsercrBun c
JIAHHOIM MeTOJI0JI0rHell jio0asi IporpaMMa COCTOUT U3 TPEX OA30BBIX YIPABJISIIONINX
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CTPYKTYD: IOCJIEJI0BATEILHOCTD, BETBJICHHE, ITUKJI; KPOME TOr0, UCIOJIb3YIOTCS MO/
nporpaMMbl. [Ipu 3T0M paspaboTKa IporpamMMbl BEIETCS TOMIATOBO, METOJOM «CBEPXY
BHU3».

CiieoBaHUe MPUHIAIIAM CTPYKTYPHOTO IPOIPAMMUPOBAHUS CEIAJIO TEKCTHI IIPO-
rpaMM, Jake JOBOJIBHO KPYIHBIX, HOpMaJIbHO duTaeMbiMu. Cepbé3HOo 00JIeramioch
[MOHUMAHWE TTPOrPAMM, TOsIBIJIACH BOZMOKHOCTH Pa3pabOTKM IIPOrPAMM B HOPMaJIb-
HOM IIPOMBIIILJIEHHOM PeXKHMMe, KOTJa IIPOrpaMMy MOxKeT 0e3 0COOBIX 3aTpy/IHEHUil
MOHSITH HE TOJIBKO €€ aBTOp, HO W Jpyrue nporpammuctel. Python mcmosmssyer sty
mapajiurMy KakK BCIIOMOTATEIbHYIO.

Ob6sexmno-opuenmuposannoe nporpamvuposanue (OOII) — sro meromosio-
IUsT IPOrPAMMUPOBAHIS, OCHOBAHHAS HA ITPEJICTABICHUN IIPOTPAMMBI B BUJIE COBOKYTI-
HOCTU OObEKTOB, KAYKJIBI M3 KOTOPBIX sIBJISIETCS IK3EMILISIPOM OIPEJIETICHHOTO KJIac-
ca, a KJiacCchl 00pa3yloT Mepapxuio HacjeJoBaHusd. B ocHOBe KoHIENIuUu OOBLEKTHO-
OPUEHTHPOBAHHOTO ITPOrPAMMUPOBAHUS JIEYKUT TOHSATHE O0ObEKTa — HEKO#l CYIIHO-
cTH, KOTOpas 00beauuger B cebe 1oJis (JaHHbIe) U MeTObI (BBIIOIHIEMbIE O0BEKTOM
neficrBus). Hanpumep, oobekr YENOBEK moxker umers 1osist UM, ®AMUIAS u mero-
sl KYIIATD, CIIATh. CoOTBETCTBEHHO, B IIpOrpaMMe MOXKEM UCII0JIb30BaTh OIIEPATOPbI
YEJIOBEK . UM : =’UBan’ u YEJOBEK .KYWATH (rtuma) .

C camoro mHavasia Python npoektupoBasics Kak 00 bEKTHO-OPUEHTUPOBAHHBII ST3bIK
MIPOrPAMMUPOBAHUST: BCE JIAHHBIE MPEJICTABISIOTCA oO0bekTamu Python, mporpamma
ABJIsIETCsT HaOOPOM B3aMMOIEHCTBYIONNX 00HEKTOB, MOCHLIAIONINX JIPYT JPYTY CO00-
MEHUsT, KaXKJIbIil 00beKT nMeeT COOCTBEHHYIO YaCTh MAMATH U MOYKET UMETh B COCTABE
Jpyrue o0beKThl, KaXKIblii 0ObEKT UMeeT THUIl, O0bEKThI OJJHOIO THIIA MOTYT IIPUHU-
MaTh OJIHU ¥ Te ¥Ke COO0IIeHnsl (1 BBIIOJIHSITH OJIHU U T€ YKe JIefiCTBYs ).

DPYHKUUOHAABHOE TTPOIPAMMUPOBAHIE — HAPAIUIMa TPOrPAMMUPOBAHUSI, B KO-
TOPO# MPOIECC BBIYUCJIEHUS] TPAKTYETCsl KAK BBIUNCICHUE 3HAYCHU (DYHKIWIA B Ma-
TeMATHYECKOM HOHUMAHUU [OCJeHuX (B oriaudne oT DYHKIMHA KaK [OAIPOrpaMM B
CTPYKTYpHOM mporpammuposanun). Haubosee ussecranie LISP, Haskell, cemeiicTBo
a361K0B ML.

[IporuBomocrasisiercs mapajiurMe UMIEPATHBHOTO TPOTPAMMUPOBAHIS, KOTOPAs
OIIMCHIBAET IIPOIECC BBIYUCICHUN KAaK IOC/IeJI0BATENbHOE U3MEHEHHEe COCTOgHuii (B
3HAYEHUM, [10J00HOM TaKOBOMY B Teopun aBromaroB). [Ipu neobxomumocru, B dbyHK-
[MHOHAJILHOM TIPOTPAMMHUPOBAHUN BCSI COBOKYITHOCTD IMTOCJIEJOBATEIHLHBIX COCTOSTHUIMA
BBIYHMCJIMTEIHHOTO IPOIECCa MIPEJICTABIISIETCs] IBHBIM 00pa30M, HAIpUMEpD, KaK CIIU-
COK.

OYHKIMOHAJIBLHOE TPOIPAMMHUPOBAHUE IIPEJIIOIATaeT OOXOMUTHCS BBITUCICHIEM
pe3ynbTaToB (DYHKIUI OT UCXOMHBIX JIAHHBIX ¥ PE3YJIbTATOB JIPYTUX (DYHKIWIA, U He
peJjosaraeT SBHOrO XpaHeHUsl COCTOsTHUs porpaMMbl. COOTBETCTBEHHO, He MpeJ-
[OJIAraeT OHO U U3MEHSIEMOCTh TOTO COCTOSIHUS (B OTJIMUAE OT UMIIEPATHBHOIO, TJIE
OJIHOI U3 6a30BBIX KOHIEIIUIl SIBJISIETCS TIePEMeHHasl, XpaHsIas CBOE 3HAYEeHUEe U
[O3BOJISIONIAS MEHATH €r0 1O MEPE BBIIOJHEHNs AJIOPUTMA).

OYHKITMOHAJIHHOE TTPOIPAMMUPOBAHNE ABJISETCA OJHON U3 IMaPaIATM, MOJIEPIKI-
BaeMbIX S3bIKOM TporpammupoBanust Python. OCHOBHBIMEU TIPE/IITIOCHITKAMMI JIJTsT TIOJT-
HOIIEHHOTO (PYHKITMOHAIBLHOTO MporpaMmMupoBanus B Python ssiastorcs: dyukimm
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MapaAnrMel Npo rpaMMAPOEaHUS

VIMNepaT MBHOE NPorpaMMMpCBaHNe JleknapaTHWEHOE MPOrPaMMMPOBaHINE

e ™~ !

CTpyKTypHOE 06t eKTHO-0pUEHT HPOBaHHOE DYHKLMOHANEHOE

A 4

BW3yankHOE NPOrpaMMApOBaHUE

Puc. 1.1. ITapagurmMbl mporpaMMuIpOBAHUTST

BBICIINX TIOPSJIKOB, PA3BUTHIE CPEJICTBA 00PAbOTKY CIIUCKOB, PEKYPCHUsl, BO3MOYKHOCTD
OPraHu3aIy JIEHUBBIX BBITUCICHIH. DJIeMEHTBI (DYHKITMOHAJIHHOTO TPOrPAMMUPOBa-
Hust B Python mMoryT ObIThH 10JIE3HBI JIFOOOMY MPOTPAMMUCTY, TaK KaK ITO3BOJISIOT
FapMOHUYHO COYETATh BHIPA3UTEIBbHYIO MOIIHOCTH ITOrO IMOAXOA C JAPYTUMHU ITOJIXO-
JTAMU.

BusyaavHoe npozpamMmuposaHue — criocod co3Janus TporpaMmmbl s 9BM
yTEM MAHUIYJTUPOBaHUs rpadUIecKIMI 0ObEKTAMI BMECTO HAMCAHUS €€ TEKCTA.
BusyaspHoe IporpaMMEPOBAaHUAE YaCTO MPEJICTABIAIOT KaK CJIELy IO Tan pa3Bu-
TH TEKCTOBBIX sI3BIKOB IIPOrpaMMUpoBanus. HarassHbIM TPUMEPOM MOYKET CJIYKUTh
cpesa paspaborku Delphi, ciaenannas mist sisbika Object Pascal, rjie pemaxktupytror-
cst Tpaduaeckue 00beKTH: (hopMa, KHOIIKI, METKH. B moc/ie/inee BpeMsi BU3yaJIbHOMY
[IPOrPAMMUPOBAHUIO CTAJIH YJIETIATH OOJIbIE BHUMAHUS B CBA3U C PA3BUTHEM MOOWIIb-
ubix cencopubix yerpoiicrs (KITK, mianmersr).

C Python nocrasisiercss 6ubsmoreka tkinter na ocmoe Tcl/Tk syis cosznanus
KPOCCILIAT(OPMEHHBIX MIPOrpaMM ¢ rpadudeckum uHTepdeiicom. CylecTByoT pac-
[IUPEHUSI, TO3BOJISIFOIIIE UCIIO/IB30BaTh BCe OCHOBHBIE OUO/IMOTEKN T'PpadUIeCKUX UH-
tepdeiico: wxPython, ocnoBannoe ma 6ubamorexke wxWidgets, PyGTK mma Gtk,
PyQt u PySide mra Qt u apyrue. Hexkoropsrie n3 HEX TakKe IPEIOCTABIISIOT IITHPO-
KMe BO3MOYKHOCTH TI0 paboTe ¢ 6a3aMu JAHHBIX, TPAMDUKON U ceTaMu, UCIOTB3Y BCE
BO3MOXKHOCTHU OUOIMOTEKN, Ha KOTOPOl OCHOBAHDI.

1.3 Twnusauuns B si3blkax NPOrpaMMuUpoOBaHUsI

Bce mannbple B KOMIIbIOTEPE XPAHATCSA B BUJIE TIOCJIE/IOBATEILHOCTEN HYyJIeH U eJu-
uut moapsif. st yao6cTBa 3TH MOC/Ie0BATEIbHOCTH TPYIIUPYIOT 10 8 TP MOAPSIT
U TAKyIO IPYIILY HA3BIBAIOT GaiiToM (/1Ba 6aiiTa HA3BIBAIOTCI MAITMHHBIM cJI0BOM ). O 1~
HaKO OIePUPOBATDH IIOCJIEOBATEILHOCTAMI OUTOB HAIPSAMYIO [IPU HAIIUCAHUHI OOJIb-
X IPOrpaMM HEYJI00HO, IIO3TOMY BBOJAT JONOJHHUTEIbHBIE JOTOBOPEHOCTU O CIIO-
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cobe MHTEpIpeTAInd OTJ/IeJIbHBIX OAWTOB B MAMSATH. DTHU JOTOBOPEHHOCTH U MOXKHO
Ha3BaTh TUIIAMHU JIAHHBIX. Bce a3bIKM TPOrpaMMUPOBAHUS MOYXKHO Pa3/Ie/UTh Ha:

® HETUIIM3UPOBAaHHBbIC (66CTI/IHOBI)I€),
® TUIIN3HUPOBAaHHbLIC.

Hemunu3upo8aHHbLMU SIBJISIOTCS sI3bIKI acceMbIepa, a TaKKe s3bIK TPOrpaM-
MupoBaHust BeTpanBaembix ycrpoiicts Forth. ITo cyrtu, 6ectunoBbie — 310 Hambosiee
HU3KOYPOBHEBBIE SI3BIKY, MPEIOCTABJISIONIIE MPSIMON JTOCTYI K MAHUILYIHPOBAHUIO
OTIEIbHBIMU OUTAMU IIPSAMO B PErncTpax mporeccopa. Bee KoMmmmpyeMble U HHTep-
peTupyemMble MMUPOKO UCIOJIb3yeMble s3bikH, Takue Kak Pascal, C, Python, PHP u
JApyrue, ABJAIOTCA TUIIN3UPOBaAHHBIMU.

YV oTCyTCTBUS THNHU3AIMH €CTh HEKOTOPBIE IIPEUMYIIECTBA

e [losHBIIT KOHTPOJIH HAJT JIEHCTBUSIMU KOMITbIOTepa. KOMIIMISITOp Wl HHTEPIIpe-
TaTOp HE OYAEeT MelaTh KAKMMU-IN0O0 IMPOBEPKAMHU THUIIOB, 3allpPeIiasi Te TN
uHble JIeHCTBUA.

e [loryaaembrit KoJT OOBITHO MMEET BBICOKYIO 3(DMEKTUBHOCTD, KOTOPAasi, IIPABIA,
3aBHUCUT B TIEPBYIO 0YepPeIb OT KBAJTUMUKAIUN TPOIPAMMUCTA.

e [Ipospaunocts wHCTpyKImit. [Ipn 3nannm s36Ka OOBITHO HET COMHEHUH, UTO U3
cebst TPeJICTaBIISeT TOT WU WHOW KOJI.

He,D;OCTa.TKI/I OTCYTCTBHUA THUITU3AITAN:

e CJI0’KHOCTD HAIMCAHUS POTPAMMBI OBICTPO PACTET ¢ POCTOM HEOOXOIUMOI ab-
crpakiuu 1 ooIHoCTH. Jlaxke onepanum ¢ TaKUMEI, Ka3aJ10Ch Obl, HECJIOXKHBIME
00beKTaMt, KaK CIIUCKHU, CTPOKU UJIU 3AIIACH, y2Ke TPeOYIOT CYIIEeCTBEeHHBIX YCU-

JINU.

e OTrcyTcTBUE IPOBEPOK U KAK CJIEJ/ICTBHE OI'POMHOE YUCJIO TPY/IHOYIOBUMBIX OIIH-
60k Ha 3Tare KoMmmmrAnun. JI10Oble GecCMbBICIEHHBIE AECTBUS, HAIIPUMED BbI-
quTaHUe yKa3aTessd Ha MACCUB U3 CUMBOJIA OyIyT CIUTATHCS COBEPIICHHO HOP-
MaJILHBIMU.

e Bricoxkne TpeboBanms K KBATHMUKAIINNA TPOTPAMMUCTA U (haKTUIECKIM 3HAHU-
siM 00 apxuTeKType 1ejesoit 9BM.

Tunu3uposarHHble A3BIKK JIEJSATCS €Ié Ha HECKOJIBKO IT€PECEKAIOIINXC A KaTero-
puii.

1. Cuavnas/crabas Tunusaius (Tak:ke UHOTJIA MOBOPAT CTpoOras / HeCcTporas).
CusbHast TUNW3AIMS O3HAYAET, YTO sI3bIK HE IMO3BOJIAET CMEITNBATH B BbHIPAZKe-
HUASX PA3JIMYHbIe THUIIBI U HE BBITOJIHSIET aBTOMATHYIECKUE HEsIBHBIE TTPe0dpa30-
BaHUsl, HAIIPUMED, HeJIb3sI BIYECTh U3 CTPOKH MHOXKECTBO. ZI3BbIKM €O c1aboit Tu-
nu3anyeil BBIIOJIHAIOT MHOXKECTBO HESBHBIX IIPe0Opa30BaHUil aBTOMAaTHYECKH,
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Jlayke ecJid MOYKeT IPOU30HTH ITOTEPsI TOYHOCTU WJIM IIPeobpa3oBaHUe HEOHO-
3Ha4YHO. B neficTBUTEIBHOCTH TIOUTH Bee nomy/sipablie si3biku: C, Java, Python,
Pascal u apyrue mmeroT yCJIOBHO CHJIBHYIO THUIIM3AINIO, IO3BOJISIS HEKOTOPBIE
aBTOMaTHIeCKue peodbpazoBanus TuioB. CaMble PACIPOCTPAHEHHBIE IIPUMEPbI:
aBTOMAaTH4YeCKOe IIPUBEJICHUE 1eJIbIX YHUCesI K JeHCTBUTEIbHBIM U JIefiCTBUTE b
HBIX K KOMILJIEKCHBIM, & TaKKe CUMBOJIOB K cTpokaMm. Kpaitauit ciaydait cimaboit
TUMN3AIUN — OTCYTCTBHE TUIIOB BOOOIIIE.

Ipeumyuiecmsa CHIIHLHON TUTTABAIIAN:

[ ] Ha,ZLe)KHOCTb — BMECTO HEIIPpaBUJILHOT'O ITOBEJACHUA BBI ITOJIYIHUTE MCKJIIO-
qeHue nJjimn OIlII/I6Ky KOMITUJIATIH.

e CkopocTh — peodpa3oBaHms TUIIOB MOLYT OBITH JOBOJIBHO 3aTPATHBIMM,
C CWJIBHON TUnmM3arueil HeoOXOIMMO IIUCATh UX SIBHO, UTO 3aCTABJISIET IPO-
rPaMMUCTa KaK MUHUMYM 3HATD, YTO STOT YIACTOK KOJIa MOXKET OBITH M€/I-
JIEHHBIM, UJIU U30eraTh ux.

o [Jormmanue pabOTHI TPOrPAMMBI — OIISIThH K€, BMECTO HEsIBHOT'O IIPUBE/IE-
HHUs TUIIOB IIPOIPAMMHUCT IIHAIIET BCE caM, a, 3HaYUT, IPUMEpPHO ITOHUMAaeT,
YTO CpaBHEHHE CTPOKHU U YNCJIA IIPOUCXOJUT He caMoO cOoOOil M He 110 BOJI-
meOCTBY, a UCIIOIb30BATH JCHCTBUTETLHO3ZHATHYIO IIEPEMEHHYIO B KAUeCTBE
CYETUNKA ITUKJIA OMMACHO M3-3a OMUOOK OKPYTJIEHUSI.

e Ompe/1e/IeHHOCTh — KOTJIA BBI TIHIIETE TTPe00pa30BaHis BPYIHYIO, BbI TOU-
HO 3HAETe, UYTO BbI Ipeobpa3yere n BO UTO. Takke BBI Beerja Oyjere Imo-
HUMAaTh, 9TO TAKWe IIPeodpa30BaHUsl MOI'YT IIPUBECTU K [TOTEPE TOYHOCTH,
3aTpaTaM MAIUHHOTO BPEMEHU UJIU CTATh IPUYUHOIO JIOTUIECKO OITHOKN.

Ipeumywecmesa ciaboit TUIU3AIUNI:
e V1006CTBO UCIOIb30BAHMs CMEIIAHHBIX BbIpaXKeHuil (Hanpumep, KoMOUHU-

POBaHUE IEJIbIX U BEIIECTBEHHDBIX ‘II/ICGJI).

e CKOpPOCTH Pa3zpabOTKM: He HY>KHO TPATUTH BpeMsl Ha HaIHCaHue OOJIBIIIOrO
qUCJIa sIBHBIX ITPE0Opa30BaHUil TUIIOB.

e KparkocTh 3ammcu.

2. Senas/nessras Tunmsanys. ZBHO-TUNU3UPOBAHHBIE S3BIKA OTIXIAIOTCS

TEM, YTO THUII HOBBLIX IIE€PEMEHHBIX /(DYHKIWI/UX apryMEHTOB Hy?KHO [HCATD SIB-
0. COOTBETCTBEHHO, SI3BIKU € HESIBHON TUMM3AIAEH IEPEKJIAJIBIBAIOT ITY 3aJ1a49y
HA KOMIIMJIATOD /UHTEPIIPETATOP, TAKOH CIOCOO HA3BIBACTCS ABTOMATHYCCKUM
BBIBEJIEHIEM THUIIOB. Bee KoMmmuimpyemble si3biku — Hacaeaankn ALGOL 60 —
umeroT gBayio Tunusanuio. 91o C, C+-, D, Java, C#, Pascal, Modula 2, Ada
u apyrue. Hanporus, sisbikn cemeifcrsa ML (Standard ML u Ocaml), Haskell,
[IOYTHU BCe mHTenperupyembie sizbiku: Pyhton, Ruby, Perl, PHP, JavaScript, Lua
UMEIOT HESIBHYIO.

IIpenmymiecTBa A6H0U TUIIN3AIIAN:
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e Mruorue joruvyeckne omuOKY, BeJylue K HEBEPHOMY IIPUBEJIEHUIO THUIIOB,
MOXKHO OTJIOBUTH Ha dTalle KOMIWIUU. JInbo 3Tu ommubKu BOBCEe HE BO3-
HUKAIOT, IIOCKOJIbKY IOIBITKA BBIIIACATH TUI BbIPAXKEHUS IIPUBOJIUT K MbIC-
JIM, 9YTO CaMO BbIparkKeHUe HEBEPHO.

e 3HaHUe TOro, KAKOI'0 THUIIa 3HAYEHUsI MOI'YT XPAHUThCsI B KOHKPETHOI repe-
MEHHOM, CHIMaeT HeOOXOAUMOCTh IIOMHUTD 9TO IPH OTJIAIKE U JaJbHerTIeit
MOIN(UKAITIA TTPOTPAMMBI.

e CyIIecTBEHHO YIIPOIIAETCs] HAIMCAHNME KOMITUISITOPOB, MIOCKOJIBKY KOMIIU-
JIATOP He JIOJIZKEH YMEeTh OIpe/iesIaTh TUII IlepeMenHoit. Kak ciencrsue, ga-
CTO MOZKHO TTPOU3BECTH PSIJT JOTIOTHATETHHBIX ONTUMU3AINN yrKe Ha dTalre
KOMIIUJIATIAN aBTOMATUIECKH.

IIpenmymecTsa HeA6HOU TUITH3AIUN:

e Coxkparmmenne 3ammucnu (cpasante Python u Pascal):
def add(x, y):
function add(x: real; y: integer): real;

e TTosmmopdusm (yHuBepcasbaocTb). OjiHA U Ta Ke (DYHKIUST MOXKeT ObITh
HaITMCAHA JIJIsl IEPEMEHHBIX PA3HBIX THUIIOB, €CJIA UCIIOJIb3yeMble B HEll ore-
panuu ompeJiesiensl i HuX. B a3bIKax ¢ SBHOIO TUMU3aIueil B TaKOU Ch-
TYAIMH IPUXOINTCS TUCATH MHOTO OJMHAKOBBIX (DYHKIIHI, OTINIAIONIAXCS
TOJIBKO THUIIOM apIyMEHTOB M De3yJbTrara (9T0 Ha3blBaeTCsl HEPerpy3Koio
dbyHuKIMN), MO0 IMYIMPOBATH HESIBHYIO THIU3AINIO 33 CYET IMAGIOHOB 1
T€HEPUKOB.

3. Cmamuueckas/dunamuyeckas tunnsanus. CraTndeckas TUIM3AIUS OlIPe-
JIEJISIETCsl T€M, 9TO KOHEUHbIE TUIBI TIEPEMEHHBIX U (DYHKIMHA yCTaHABIUBAIOTCS
Ha Tane Kommuaanuu. 1.e. yzke xkommmaaTop Ha 100% yBepen, Kakoil Twr, e
HAXOUTCs. B IMHAMUYIECKON TUIM3AIUN BCE TUIIBI BBISICHSIIIOTCS Y2Ke BO BpeMs
BBITIOJIHEHUST TIPOrPaMMBbI. [IpUMEpPHI SI3BIKOB €O cTaTU4ecKoro Tunmsarmeit: C,
Java, C#, Ada, C++, D, Pascal. [Ipumepsbl sI3bIKOB ¢ JUHAMHYECKOI THIIH3a~
nweit: Python, JavaScript, Ruby, PHP, Perl, JavaScript, Lisp.

IIpu cmamuveckod Tunm3anuu mapamMeTp MOIIPOrPAMMbI B BO3BPAIAEMOe 3Ha-
JeHne (PYHKIIUU CBS3bIBAETCS C TUIOM B MOMEHT OObSIBJIEHUSI W TUIl HE MO-
JKeT ObITh M3MEHEH 1103Ke ([epeMeHHasl Wiu napaMmerp OydyT HPUHUMATD, a
dyHKIMS — BO3BpaIIATh 3HAYEHHs TOJLKO 3T0ro Tuna). Hekoropsle crarnyecku
TUIIU3UPOBAHHBIE A3BIKU 037Ke IOy YU BO3MOXKHOCTH TAKXKE MCIIOJIH30BATDH
JMHAMAYECKYIO TUITA3AINIO IIPU [TOMOIIHU CIEIAJIbHBIX rojcucreM. Hanpuwmep,
tui Variant B Delphi, Data.Dynamic B Haskell, C# nomuepkusaet mcesro-rui
dynamic.

IIpenmymecTBa cmamuveckotl TUIIM3AIIN:

e Craruveckasi TUIIA3AIMSA JAET CAMBINH IIPOCTON MAIIUHHBIA KOJI.
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e Muorue ommbKU UCKIFOIA0TCS yxKe Ha CTaJun KOMITUJIAIAN.

e Craruveckasi TUIIU3AIUs XOPOIIA JJjIsl HAIIMCAHKS CJIO?KHOI'O, HO OBICTPOrO
KOJIA.

e B wunTerpupoBannoit cpere pa3pabOTKNU OCYIIECTBUMO aBTO/IONOJHEHNE
(cpesa paspaboTKu cama JIOrajplBaeTcsl U JONUCHIBAET YaCTh KOJIA 3a PO~
IPAMMUCTA), OCOOEHHO €CJIM TUIU3AIMs — CTPOras CTATUIeCKas: MHOYKe-
CTBO BaApUAHTOB MOYKHO OTOPOCHTEH KaK He MOAXOIAIINE IO THUITY.

e Yem OoJibllle U CJI0KHEE TTPOEKT, TeM OOJIbIIIee MPENMYIIECTBO JIaeT CTATU-
qecKast TUMA3AIsI, 1 HA0DOPOT.

Henocrarku ecmamuueckoti Tuninsarmm:

e J3BIKM ¢ HEZOCTATOYHO MPOpabOTAHHON MaTeMaTHYecKoi 6a30ii oKa3bl-
BAOTCsI JIOBOJIBHO MHOIOCJIOBHBIMU: KaXKJIBIIl Pa3 HAJIO YKA3BIBATH, KAKOI
Tun Oymer MMeTh IepeMeHHas. B HeKOTOPBIX s3bIKaX €CTh aBTOMAaTHYe-
CKOE BbIBEJIEHHE THUIIa, OJHAKO OHO MOKET IPUBECTH K TPYIHOYJIOBUMBIM
OIIOKAaM.

e Tsrkesio paboTaTh ¢ JAHHBIME M3 BHENIHUX UCTOYHHUKOB (HAIIPUMED, B Pe-
asmonabix CYBJL/ necepnannzanyst TaHHbIX ).

IIpu Junamuveckoti TUIU3AIME epPEeMEHHAsT CBI3bIBACTCS C TUIIOM B MOMEHT
UPUCBAMBAHUS 3HAYECHUsA, a HE B MOMEHT eé o0Ob#aBJeHus (Kak IPABUJIO, OHA
BOOOIIE He OObSBIILACTCI HUTJE JI0 MOMEHTa [IEPBOI0 UCIOJIb30BaHUs). TakuMm
00pa3oM, B pa3/IMIHBIX yYaCTKaX [IPOrPAMMBbI OJIHA ¥ Ta YKe [IePEMEHHAsT MOXKET
[IPUHUMATh 3HAYEHUsI PA3HBIX THUIIOB.

IIpenmymectBa dunamMuveckol TUTMAIIN:

e YIpoIaercsi HAMCAHNE HECJIOXKHBIX ITPOTDAMM.

e Obseruaercss pabora upukiaamaoro nporpammucta ¢ CYBJL, koropsie
MPUHIANAAIBHO BO3BPAIIAIOT HH(MOPMAIAIO B «IUHAMUIECKI TUIU3UPO-
BaHHOM» Bujie. [loaTOMYy JUHAMUYECKHE SI3BIKU [EHHBI, HAIIPUMED, JIJIs
[IPOrpaMMUPOBaHUsT BEO-CIIYKO.

e Unorma Tpebyercss paboTaTh ¢ JAHHBIMU TIEpeMeHHOro Tuma. Hampumep,
MOXKET ITOHAJI00UTHCsI BBIJIATH MACCUB MUJIA OJHO YUCJIO, WA BEPHYTH CIIe-
nuajbHOE 3HAYEHUE THUIA «HUYTO». B S3bIKe CO CTATUYIECKOIO TUIN3AINEit
TaKoe MOBEJCHIE ITPUXOIUTCS IMYIUPOBATH: OJIHO UUCJIO 3aMEHSTh MaCCU-
BOM pasMepoM B 1 3JIeMEHT; TIpHU BO3MOYKHOCTHU IOSIBJIEHUST OCODOTO 3HA-
YeHUsI — BBOJUTH TaK HA3bIBAEMbIE «BAPUAHTHBIE TUIIBI», KAK CJEJIAHO B

OCaml.
Henocrarku dunamureckoti TUTABAIAN:

o Crarmdeckasi THIU3AINS [TO3BOJISIET YK€ IPU KOMITUJISIINA 3aMETUTD IIPO-
CTBIE OMMOKN «II0 HEJOCMOTPY». i munaMudeckoit Tunnsaiun TpedyeT-
Csl KaK MUHUMYM BBITIOJIHUTD JIAHHBI yIaCTOK KOJIA.
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e OcobeHHO KOBapHbI B JIMHAMUYECKOM sI3bIKE IIPOI'PAMMUPOBAaHUsI OlleuaT-
KU: pa3paboTunK MOYKET HECKOJIBKO Pa3 IMPOCMOTPETH HEPADOTAIOIIHI KO/
W HUYEro He YBUJETH, IIOKA HAKOHEI[ He HaiiéT HabOpaHHBIA ¢ OMUOKOI
UIEHTH(DUKATOP.

e He neiictByet b0 JIeficTBYyEeT ¢ OrpaHUYEHUSIMU aBTOJIONIOTHEHUE B CPE/JIE
pa3pabOTKU: TPYIHO WJIK HEBO3MOXKHO IOHSITH, K KAKOMY THUILY OTHOCHTCSI
epeMeHHas, ¥ BRIBECTH HAOOp €€ TMoJiell 1 MEeTOI0B.

e Huskast cKkOpocTb, CBsA3aHHASA C JIUHAMHYCCKON TPOBEPKOH THTIA, U OOJIb-
1€ PaCcX0/Ibl TIAMSTH Ha IIepeMeHHbIe, KOTOPbIE MOI'YT XPAHUTh «4TO YI'OJI-
HO». K ToMy 2Ke OOJIBIMMHCTBO S3BIKOB C JUHAMWYECKONW TUMU3AINEN WH-
TepIpeTupyeMble, a He KOMIUINPYEMBbIE.

e HeBo3MmorkHA IIeperpysKa mporeyp U (pyHKIHII 110 TUITY JTAHHBIX — TOJIBKO
[0 KOJIMYECTBY OlepanoB (pasja, oHa, Kak [paBuio, U He Tpedyercs ).

B peiicrBuTeibHOCTH, TPAKTUYIECKH BCE ST3BIKU, UMEIOIIIE CUIbHY 0 TUI3AIHIO,
JIOIIyCKAIOT HEKOTOPBIe mocaabiaerns. Hampumep, Pascal u D momyckaror cme-
[IMBAHKUE B OJHOM BBIPAYKEHUU IEJIbIX U JEHCTBUTE/ILHBIX Yucesl (HO pe3ysbrar
00s13aH OBITH JIEHCTBUTENBHBIM), CTPOK U CUMBOJIOB (pe3ysbTaT 00si3aH OBITh
CTPOKOIO), TO eCTh JIOIyCKAIOT CBeJIeHne Tuia K 6osiee obmmemy. Anasornano C
XOTsl U OTHOCAT K A3BIKAM CO CJIA0O0IO B IEJIOM TUIH3aIuel (MOKHO CMEIInBATE
B OJIHOM BBIPAYKEHUU JIOTMYECKUE [IEPEMEHHbIe, YUCIIa, YKA3aTeJ U U CTPOKH),
BCE Ke He JINMIEH PsJia TPOBEPOK THUIIOB.

Tabmmma 1.2. Tunuzamus B a3bIKax TPOTPAMMUPOBAHUST

JavaScript Junamugeckast | Crabast Hesgasnas
Ruby Junavmudeckas: | CunbHast | HesiBHas
Python Junamudeckas | Cuibnas | HesBaas
Java, C# Crarudeckast Cunbnas | fBHas
PHP Juramugeckas | Cabast HesBuas
C, C++, Objective-C Crarndeckast Cnabast dBHas
Perl Juramudeckast | Crabast ABnas
Haskell, Ocaml, Standard ML Crarndeckast Cunbnas | Heasnast
Lisp Hunamudeckas | Cuibnas | HesBaas
D Cratnyeckast Cusbnas | fBHast
Fortran 90/95/2003/2008 Craruveckast Cunbnas | fBHas
Pascal, ObjectPascal/Delphi, Ada | Crarudeckast Cunmpnaas | fBHas
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1.4 QOO6nacTtn nporpaMmmMmupoBaHus

Cutetyer MOHUMATD, 9TO B CJIOKUBIIEHCS B HAIINA JIHA TPOIPAMMHON UHJLyCTPUN
pa3/IndHbIe sI3BIKU ITPOrPAMMUPOBAHUS 3aHSIM pa3Hble HUIIA. HekoTopble m3 HUX
JIOCTUTJIN yCIeXa UMEHHO OJiaroaps CHelua/in3alin, sipkue npuMepsl: JavaScript u
PHP. Jlpyrue, kak Python u Java — cymecrBenno 6osiee yHUBEpCATBHBI U TOJIY IUIN
[IpU3HAHUE U PACIPOCTPAHEHHE 38 CIET BOZMOKHOCTH CXOJIHBIME CPEJICTBAMHU DEIIaTh
pasmuble 3aa4qu. Ho HE O/IUH COBPEMEHHBII sA3BbIK, B TOM YHCJIE IMTUPOKO PEKJIAMUADY-
emble C# u C++, He MoxkeT 3PpPEKTUBHO UCIOJIB30BATHCS JIJIsi PEIIEHUsI JIIOOBIX
3a,/1a4.

B macrosiiiee BpeMsi porpaMMUIpOBaHIE IPUMEHSIETCST B CAMBIX PA3JIUIHBIX 00-
JIACTSIX YEeJIOBEYECKOMN JesATeTbHOCTH, TAaKUX KaK:

1. Cucmemmoe npozpammuposarue

Hanucanve onepalmoHHBIX CUCTEM, KOMIIUJISITOPOB, WHTEPIPETATOPOB, BUPTY-
aJbHBIX MaIllnH. B 3T0it obaactu TpeboBaHus K OLICTPOAECHCTBUIO U moTpebiie-
HUIO MAMATH OYEHb BEJUKH, a CO3JAaHUe MEPEHOCHMBIX MPOTPAMM 3aTPY/IHEHO
HEOOXOIMMOCTBIO TECHO W HAIPAMYIO B3aUMOIEHCTBOBATHL ¢ KOHKPETHBIM 000-
pyznoBanueM («xkeje30M» ). OCHOBHBIE sI3bIKU [IPOrPDAMMEUDOBAHUs B TOH 00-
JlacTu: acceMmbjiep, a TakKe KOMIIMJINPYeMble sI3bIKH, KOMIIUJISITOPhI KOTOPBIX
HAIIMCAHBI HA HUX CAMUX METOJOM IIOCTEIICHHON CaMOpPACKpPYTKHu (Beerja mMe-
10T mwiardopmozasucumoe accembiepaoe gapo): C, C+-+, Objective C, Pascal,
Ada.

2. Ilpoepammuposarue 6Cmpausaemvir Yycmpotcme
Co3zranue orepanmoHHbIX CHCTEM U HPHUKJIAIHBIX IIPOTPAMM JIJIsl PA3HBIX «Ma-
JIBIX» BBIYUCIUTENLHBIX MAIMH: CTAHKOB C HPOIPAMMHBIM YIIPABJIEHUEM, Ce-
TEBBIX MapIIPyTU3ATOPOB, MOJIEMOB, aBTOMOOUILHON U aBUAIMOHHON 3JIEKTPO-
nukn. Ilo cytn, sta 06JaCTh IPUMBIKAET K CHCTEMHOMY IPOTPAMMIDPOBAHIIO
U IIOTOMY 3/IECh HCIIOJIB3YIOTCS IIPUMEPHO Te Ke cpejcTBa: accembisep, Forth,
HEKOTOPbIE KOMIUJIUPYEMbIE SA3BIKH.

3. Ilpoepammuposanue sudeorapm

Buneoyckopurenm nmeior BechMa crienuputdecKue amnmapaTHbie 0COOCHHOCTH:
OHH HE MOIyT paboTaTh HAIPSMYIO C YyCTPOHCTBAMU BBOJIa/BBIBOJA, HE MOIYT
CcaMy JUHAMWYIECKU BBIIEJISATH MaMsiTh, YACTO CIIOCOOHBI paboraTh 3(hdEKTUBHO
TOJILKO C JEHCTBUTEILHBIMA YUCIAMU OJUHAPHOI TounocTu (4 Gaiita), acdbdek-
THBHO MOTYT BBIIIOJIHATEH OAMHAKOBbIE MHCTPYKITNH HAJL PA3HBIMU TAHHBIMHI, HO
OYEHDb TEpSIOT B MPOM3BOJIUTEHHOCTH TIPU HEOOXOJMMOCTH TJIOOATBLHON ITPO-
BEPKU YCJIOBHUIl U 9aCTON CHHXPOHU3AINHU TOTOKOB. 1lo3TOMY /151 HUX CO3/1aHbI
crernasimsuposannbie s3bikn: OpenCL u CUDA.

4. IIpoepammuposarue 6biCOKO HAZDYHCEHHBIL CEPEEPOS
Baaua cocrout B yupasieHun 60sbiuM ducsoM (dacto 10 Teicsad u 6osiee B ce-
KYHJLy) 3aIIPOCOB, MOCTYMAONINX KaK JIOKAJILHO C 9TOTO YKe KOMIIBIOTEPA, TaK M,
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IJIABHBIM 00pa3oM, 1o cetu. [lo 3ampocam HEOOXOIMMO TPOU3BOINTH HEKOTOPDHIE
BBIUNCJIEHNS] U/ WJIH TIOMCK B 6a3ax JaHHbIX. Ha [epBoM MecTe B TAaKHUX 3a/1a9ax
CTOUT HAJEXKHOCTH: COON PabOTHI HAJ OIHUM W3 3aIIPOCOB HE JOJI?KEH IPUBO-
JUTH K Kpaxy UCIIOJTHEHUs BCEX OCTAIbHBIX UJIU IOJIHOI OcTaHOBKe cepBepa. Ha
BTOPOM MeCTe — IPOU3BOJAUTEIHLHOCTH, B TOM 9YHCJIE CIIOCOOHOCTD, HE CHIKAS
CYIIECTBEHHO IIPOU3BOJIUTEIHLHOCTH Ha 1 IOTOK, 00pabaThiBaTh OJHOBPEMEHHO
MHOI'O IIOTOKOB C MCIIOJIb30BAHUEM HECKOJIBKUX BBIYUCIUTEIbHBIX siJIEp WA Jia-
JKe HECKOJIbKUX (pusnuecku pasuecéHubix DBM (310 ¢BOHCTBO HA3BIBAETCS MAC-
mrrabupyemoctbio). OcHoBuble a3biku 31ech: Java, C#, Erlang, To ectb s3bI1-
KU, WUCHOJIB3YIONINE BUPTYAJIbHBIE MAIIMHBI U UMEIONINE JIOCTATOYHO BBICOKHE
BoamozkHocTu abcrparuposanus (OOIL), uro mo3BOJIsIET JIOKAJIN30BATH MHOIHE
omubKU BpeMeHu ucrojiHeHus. Pexke ucnojibsyercs C+-+, IOCKOJIbKY, HECMOT-
Psi Ha BBICOKYIO IIPOU3BOIUTEIBHOCTD U IMTUPOKKUE BO3MOYKHOCTH, IIPOIPAMMBI Ha,
C+- gacTo MPUBOIAT K HEKOPPEKTHOIT paboTe ¢ maMsaThio. B mociennee BpemMst
momyasgpubl Scala 1 Go B KadecTBe 3aMeHBI Java, IMOCKOJIBKY Scala mo3Bosister
nucaTh 0oJiee JIAKOHUIHBII U CJIOZKHBIN KOJT 9aCTUYIHO B (DYHKIIMOHAJIHHOM CTHU-
se, a Go mpocT, moIep:KUBaeT 09eHb IPMEKTUBHYIO MOJIEIbh MHOIOIOTOTHBIX
BBIYKCJIEHUN 1 3DMEKTUBHO KOMIIMJIUPYETCsl B MAIIUHHBIA KOJI.

5. Ilpozpammut das pabomuv ¢ bazamu darroix

DTa 06JACTH YACTHYHO MEPEeCeKaeTcst ¢ MPEIbIIYINei, HO 3aTparnBaeT TaKiKe
KJNEHTCKHE IIPOTPAMMBI, TJie TpeOOBaHus K CKOPOCTH M HAJEXKHOCTH PADOTDHI
He Takue xkéctkue. [IporpaMmMbl B 3T0i 00/1aCTH, KaK [IPABUJIO, COYETAlOT B cebe
aBe yactu. Ha olHOM si3bIKe HAIMCaHa BBICOKOYPOBHEBasi 0OEPTKA, C KOTOPOIO
B3anMOJIEHICTBYET MOJIb30BaTes b, g eé Hanucanusi gacto ucrnosb3yiorcs 1C,
C#, Delphi, a Tak:ke MHOrHE WHTEpPIPETHPYEMbIE A3BIKH, B MEPBYIO OY€PEJib
Python u Ruby. Bropast 1acTh oTBedaeT 3a HeOCpeICTBEHHOE B3anMOIeHCTBIE
¢ 6a3010 JIAHHBIX U HAIMCAHA Ha OJJHOM W3 JINAJIEKTOB si3biKa 3ampocoB SQL.

6. Cucmemmnoe aOMUHUCTPUPOBAHUE

3ajada CUCTEMHOIO AJIMUHUCTPATOPA — ABTOMATHU3AIMs OCHOBHBIX PabOT 110
00CITYKUBAHUIO CEPBEPOB. DTO PE3ePBHOE KOMUPOBAHUE JIAHHBIX, YCTAHOBKA, 00-
HOBJIEHUII, & TAKKe HOBBIX IIPOrPaMM U OUOJIMOTEK, BOCCTAHOBJIEHUE TI0C 1€ COOs,
CHHXPOHU3AINs PA3HBIX CEPBEPOB B KJacTepe, 3allyCK Pa3JIMTHBIX 33/ad pas3-
HBIX TI0JIb30BaTE el U MX PACIPEIEIEHUE TI0 OTAECTBHBIM ITPOIIECCOPHBIM sIIPAM.
ITepcoHaibHOMY KOMIIBIOTEDY CUCTEMHBIN aJMIHICTPATOD TOYTH HE HYKEH, BCE
OCHOBHBIE JIEHCTBHS TI0 TIOJJIEPKAHUIO KOMIBLIOTEPA B PADOTOCIIOCOOHOM COCTOSI-
HUU IIPOU3BOJIAT CaM I10Jib30BaTeIb. J0Jiroe BpeMsi OCHOBHBIM SI3BIKOM CHCTEM-
HBIX ajMuHUCTPaTOpoB ObLT shell script, HO B HacTosiIee BpeMst si3bIKHM OOIIEro
[IpUMEHEHUsI, B TIePBYIO ouepesb Python, Takyke crajim akTHBHO TPUMEHSITHCS,
ITOCKOJIBKY TIO3BOJISIOT, BJIaJiesi HA BHICOKOM YPOBHE OJHUM SsI3BIKOM, COBMEIATH
paboTy CHCTEMHOTO aIMIHUCTPATOPA C pabOTOI0, HAITPUMED, BEO-TTPOrPAMMUCTA,
MU IPOTPAMMHUCTa 6a3 TAHHBIX.
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7.

10.

Hanucanue epaduveckur unmeppeticos noavaosamens

B sroit obractu ouenn OoJibIioe pacrpocTpanenue mosrydria napagaurma OOTL
U [apaJiirMa BU3YAJIBHOIO IIPOrpaMMUpOBaHusi. [IUIIyT HA MHOTHX $3bIKAX,
kak komrmmmpyembix: C++, Object Pascal, Vala, Tak u nnrepuperupyembrx:
Python, Tcl, Ruby. Java u C# Takke HHOIIa UCIOJB3YIOTCS B JIAHHON 00JIACTH.

Beb-npoepammuposarue

Harmmcanue mporpamM, paboraionux B Opay3epe, HadnHast OT TPOCTHIX CAWTOB U
3aKaHIMBas CJIOKHBIMU KOMIIBIOTEDHBIME UI'PAME, UMEET OIPEIETEHHY O CIIeIU-
duky. B Hacrosiiee BpeMst 371eCh UCIIOJIB3YIOTCS BCE OCHOBHBIE CKPUIITOBBIE $3bI-
ku: PHP, Python, Ruby (ma miardopme Rails). Haubosblinyto nomyisipHocThb
nmeer JavaScript, OCKOJIbKY €ro BUPTYya/IbHAas MAIIMHA XOPOIIO ONTHMU3UPO-
BaHA MO TPOU3BOJUTEIHLHOCTA U MOTPEOJIEHUIO TIAMSITH BO BCEX MHOIYJISTPHBIX
Opay3epax.

Komnvromeprwie ueput

Ve monroe BpeMsl WHIYCTPUsS KOMITBIOTEPHBIX HUID SABJSIETCS JIOKOMOTHBOM
pasBUTHsI KaK AIIapaTHBIX CPEJCTB: IEHTPAJIBHBIX ITPOIECCOPOB U OCODEHHO
BHUEOKAPT, TAK U KOHIEMINII U S3BIKOB IIporpaMMupoBanus. [lepBonadaabao
UTPBI [MUCAJINCH HA CUCTEMHBIX S3bIKAX U MaJIO OTIMYAJUCH OT MPOYUX IIPO-
rpaMM, HO BIIOCJIEJICTBUU MMEHHO B UI'DOCTPOEHUH HAHOOJIbIIIEe PACIIPOCTPAHE-
HUE TOJYYU/Ia KOHIEHINS O00bEKTHO-OPUEHTUPOBAHHOTO ITPOTPAMMHUPOBAHUSI.
B nacrosiiee BpemMs TOJIBKO caMble KPUTHYHBIE JIJIST TPOU3BOUTEIHHOCTH Ta~
CTH MUY TCA HA BBICOKOIIPOU3BOIUTEIBHBIX 3bIKax Bpoje C-++, Oosbiiast xe
9aCTh MPOTPAMMHOM JIOTHKY W yIPABJISIONNX CKPUITOB, I'PapUIecKnuii HHTEP-
deiic mosp30BaTesNd, U JaxKe MHOrre 6a30Bble YACTH IMUINIYT HA WHTEPIPETHU-
PYEMBIX $I3BIKAX, CAMbBIM IOMYJIAPHBIM U3 KOTOPBIX 3/1eCh siBjsercs Python.
OcHOBHasI TPUYMHA ITOIO0 — HEOOXOJUMOCTb CODJIO/IATH CPOKU: BPEMEHH Ha
pa3paboTKy Wrp HY?KHO MHOT'O, HO CaMasl JIydIllas U HAJIEKHAsT UTPa TOTEPIIAT
duacko Ha PBIHKE, €CJIN OIIO31AeT JaKe Ha 2-3 roja.

Hayunoe npoepammuposarue

Vuémble J10Jir0e BpeMsi ObLIN OJHUMHU U3 OCHOBHBIX moTpeburesneit IBM. s
HUX ObLI CO3/IaH MEPBbLIT KOMIMIUPYEMbIil 36Kk — Fortran, KoTopbrit 1 B Ha-
CTOsIIIEE BPEMsI UCIIOJIb3YeTCsl B CIydae, KOrJa [TPOU3BOIMTETbHOCTD IIPOIPAMM
nMeeT KJovueBoe 3Haderune. OIHAKO BO3MOKHOCTH COBPEMEHHBIX KOMIIBIOTEPOB
OKA3AJIUCH CTOJIb BEJIMKU, 9TO U3OBITOYHBI JJIsI PEIleHus OOJIbITUHCTBA 329
¢ TOYKHU 3PEHHUsl MPOU3BOJIUTEIHLHOCTH U 00bEMa maMsaTu. B pesysibrare Ham-
GoJtbItiee pu3Hanue B rnocseaue 20 JeT MOy InIn sI3bIKH HTHTEPIPETHPYEMOTO
THIIA, TJIYDOKO MHTEIPUPOBAHHBIE CO CPEJCTBAMU Pa3paboTKu, OUOJIMOTEKAMM
aJITOPUTMOB W CPeJCTBaMU MOCTpoeHusi rpadukos. Takme WHTErpUPOBAHHBIE
CUCTEMBI YCJIOBHO HA3BIBAIOT «ITakeTaMu». HanboJsiee M3BECTHBIMU IPUMEPaMU
Takux cucrem spjsgiorcs komMepueckne MATLAB, Mathematica, Stasistica, a
rakxke Gecrutarabie/cBobonubie R, Scilab, GNU Octave. Equncreenublii s3p1k
00I1Iero Ha3HauYeHWsl, B HACTOSAIIEE BPeMsI He TOJIHKO COXPAHUBIIHIIT CBOIO TIPHUBJIE-
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KaTeJbHOCTb, HO U YCIENIHO TECHSIUII MaTeMaTHIecKue IIaKeThl, B TOM YHuCJjIe
n KomMMmepueckne, — 310 Python. IIpousomniino sro Giarogapsi mpocTore U Io-
HATHOCTHU {A3bIKA& C OJIHON CTOPOHBI, U HAJMYMUIO OYE€Hb XOPOIINX U BBICOKOIIPO-
M3BOIUTEIBHBIX OMOJIMOTEK AJITOPUTMOB U CPEJICTB [IJIsl IIOCTPOEHUs TPadhUKOB.
Ectb u npoexTh! co3pganus criennaan3npoBaHHOIO HAYIHOTO S3bIKA, CAMBIM II0-
IYJIAPHBIM U PA3BUTBHIM U3 KOTOPBIX gBjiseTcsd Julia.

1.5 O6nactu npumereHusn Python

Bynyan ynadmno cripoeKTHpOBaHHBIM sI3BIKOM IIpOrpamMMupoBanus, Python mpe-
KPACHO IOJIXOJIUT JIJIsl PENIeHNs €7KETHEBHBIX peabHbIX 3a1ad. OH uMeeT caMblii M-
POKHiA CIEeKTP NPUMEHEHMUI: KaK MHCTPYMEHT yIpaBJIeHUud APYTUMU IPOrPAMMHBIMUA
KOMIIOHEHTAMU ¥ JIJIsI PEAJIM3aI[ii CAMOCTOSITEIbHBIX ITporpaMM. PakTUIecKu, Kpyr
poJieit, KOTopbIe MOXKeT urparh Python kak MHOTOIEIEBOI sI3BIK IIPOrPAMMUPOBAHUSI,
HE BKJIIOYAET TOJIBKO 00JIACTH BCTPOEHHBIX YCTPONCTB M CHCTEMHOT'O IIPOTPAMMUPOBa-
HU¢, T/l O'PAHUYEHUS HA UCIIOJb30BAHIE [TAMATHA U TPeOOBaHUSA K CKOPOCTU HCIIOJI-
HEHUS HACTOJIBKO BEJIMKH, YTO BPEMs U YI00CTBO HAIMCAHUS [IPOIPAMMBbI HE UI'DAIOT
CyIIECTBEHHON POJIU, IPUYEM MOYKHO HAHSITH IIPOrPAMMUCTOB CKOJIb YTOHO BBICOKOI
KBaJTH(PUKAIINAN.

3a cuaér gero Python momyawmn cross mmmpokoe pacrnpocrpanenue? Python nveer
OI'POMHO€E KOJIMYECTBO BBICOKOKAYECTBEHHBIX YK€ TOTOBBIX MO/IyJIE, PACIIPOCTPAHS-
eMbIX OeCIJIaTHO, KOTOPbIe BbI MOXKETE HCIIOJIH30BaTh B JIO0O0I YacTH IPOrPaMMBI.
B Mouysie yxke peasin3oBaHBl MHOIHE HYXKHbIE BaM JeTaJid IIporpaMmbl. Hammcanue
[IPOrPaMMBbI C KCIIOJIb30BAHUEM YK€ TOTOBBIX MOJyJIeil MOXKHO CPaBHUTBH CO CTPOU-
TEJILCTBOM COOPHOT'O KaPKACHOTO JIOMA: OTIEIbHBIE JeTan: (DYHIAMEHT, CTEHBI, KPbI-
&, KOMMYHUKAIIMHA yKe CHEJIaHbl 10 BAC, BAM HYKHO TOJBKO BBIOPATDH MOIXOISAIINE
gerasu u cobparh BMecTe. MOMysIn MOIKIIIOYAIOTCS IPU [TOMOIIU KOMAaH/IbI import,
KOTOpAas IPUCYTCTBYeT B HadaJe KaxKJA0ro IpuMepa.

Bce mmpoko ucroJib3yembie MOJYJIA JI€JISITCSI HA JBE OCHOBHBIE YACTH: MOJLYJIN
CTaHJAPTHON OMOJIMOTEKH, IIOCTaB/IsieMble BMecTe ¢ uHreprnperaropoM Python (stu
MOJIYJIM «BCErJa ¢ BAMU» ), U BHEIIHUE MOJLYJIM, JIJIg KOTOPBIX CYIIECTBYIOT CPEICTBA
YCTAHOBKH.

VYcraHOBKa BHEITHUX MOJYJIEil MOKeT ObITh OCYIEeCTBJIEHA PA3HBIMU IIYTAMU: B
Linux Bce moryJisipHble MOJLYJIA JIOCTYIHBI JIjIsi YCTAHOBKU IITATHBIMU CPEICTBaMU
(manpumep, depes «Ilenrp ycranosku u oGHOBjeHust nporpammvs» B Ubuntu), sist
Window u MacOS X m0cTyIHbI CKOMIMJIMPOBAHHBIE YCTAHOBOYHbIE (hailyibl (Hanpu-
Mep, exe uin msi g Windows). MoxkHO TakzKe HCIOJIb30BATH BOZMOXKHOCTH IIITAT-
HOT'O yCTAHOBIIUKA BHEITHUX MOJYJIEl Pip, BXOJAAIINI B COCTaB CTAHIAPTHBIX MOJIY-
Jieit. C ero moMoInbio MOXKHO yCTAHOBHUTB ITOYTH JIFOOOM, Jazke PeJIKO UCIOJIb3yeMbIil
BHEITHUN MOJLYJ/Ib, JIJIsi KOTOPOTO HET CKOMITMJIMPOBAHHBIX MMAKeTOB mof Linux win
ycranoBmukoB 1og, Windows. Hemocrarkom mocsemaero moaxoma sBASETCA TO, UTO
JJIS yCTAHOBKU MOJIyJIel, HAMCAHHDBIX Ha JIPYTUX d3blkax, Hanpumep, C mm Fortran,
pip TpebyeT HAIUYUSA B CHCTEME KOMIIMIATOPA ITUX A3BIKOB, IPUIEM He abbl KAKOTO,
a COBMECTHMOI'O C T€M, YTO HCIIOJIb30BaJl PA3pabOTINK.
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1.5.1 CwucremHoe agMnHUCTpMpoBaHue

Berpoennsie B Python unarepdeiicnr mocryna K cayzkbam OneparmoHHbIX CHCTEM
(manpumep, nososuna rpadudeckoro unrepdeiica Ubuntu nanucana na Python) ne-
JIAIOT €ro WJIeaJIbHBIM HHCTPYMEHTOM JIJIsI CO3/IaHUs 1IePEHOCUMBIX IIPOI'PAaMM U yTH-
JIUT CUCTEMHOTO aJIMHHUCTPUPOBAHUS (MHOI/[a OHHM HA3BIBAIOTCS MHCTPYMEHTAME KO-
MaHHOI 060s10ukn). IIporpammbl Ha s3bike Python moryt:

e Co3maBarh, yIaJIsiTh, OTBICKIUBATH, CODTHPOBATH, IIepedupars (ailibl 1 KaTajio-
ru B j060it cucreme. Hampumep, B Linux u MacOS pasnmennresbHbBIM 3HAKOM
upu 3anucyu nyTu K daitny ssisgerca «/», a B Windows — «\». I[Iporpamma na
Python 6yner pabotats 1 TaM, Tak KaK yMeeT 3aMeHATH cyatmm. Tak ke B Linux
u MacOS ectb ofun ruasHbli quck, a B Windows ux moxer 6birb MHOTO (C,
D, E). Python aBromaTnuecku moJCTABISIET HAJ STUMU JIOTHIECKUMHU JIUCKAMU
OJnH O0IMit KOpeHb. [Ijist 9TOro MCIoab3yercsi CTaHIAPTHBIN MOIYJ/Ib OS.

TIpumep:

import os # 3arpyxaeM MOIylb
# CosmaémM cnmcok Bcex ¢ailyloB ¥ IIAIOK B TeKymel Iamnke:
filesdirs = os.listdir(".")
# IleyaTaeM MMeHa TOJBKO GaitioB:
for fd in filesdirs:
if os.path.isfile(£fd):
print (fd, ’sTo ¢aiin’)
# IlpoBepsieM, ecTb nu B namnke folderl
if not os.path.exists(’Folderl’):
# Eciu e€ HeT, co3maéM eé
os.mkdir (’Folder1’)

e 3amyckarh Jpyrue mporpamMMbl. Hampumep, aBTOOYNCTKY KOP3WHBI WJIM ABTO-
YCTAHOBKY mporpamMM. J[Jist 9T0ro uchoab3yoTcs CTAHIapTHBIE MOJLYJIH SYS, 0S,
subprocess. [Ipumep, B koropom u3 Python 3amyckaercs momyasipublit 6ecrirar-
HBII pejakTop m3obpaxkenuii Gimp, nmpuiéMm KoMaH/a 3allyCKa BBIOMPAETCs B
3aBUCUMOCTH OT THUIIA OIEPAIMOHHON CUCTEMBI:

import sys
import subprocess
if sys.platform == ’win32’:
subprocess.call([’C:/Program_ Files/GIMP_,2/bin/gimp-2.8.exe’])
elif sys.platform == ’linux’:
subprocess.call([’gimp’])

e [IponsBoanTh MapasIeIbHbIEe BEIYUCICHNAS C UCIOIL30BAHNEM HECKOJIBKUX TTPO-
IIeCCOB U IIOTOKOB, JIJIf 9er0 UCIHOJAb3yeTCs CTaHIapTHBINA MOAyab multiproces-
sing.
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e OcCyIIecTBIATH IPOBEPKY UMEH MOJIH30BATENell U maposieil Ha COOIIO/IEHIEe 110~
JINTUKYU OE30IIaCHOCTH U JIEJIaTh MHOTOE JIPYTOe.

IIpu stom crammgapraas 6ubsmoreka Python mojepkuBaer Bce TUNWYHBIE UH-
CTPYMEHTBI OMEPAIMOHHBIX CHUCTEM: [I€PEMEHHbIE OKPYKeHUs, Pailbl, COKETHI, KaHa-
JIBI, TIPOTIECCHI, MHOTOITOTOYHYIO MOJIEIb BBIMOJHEHWS, TTOUCK 10 MADIOHY € UCIIO/Ib-
30BaHUEM DPErYJISPHBIX BBIPAXKEHUI, apryMeHTbl KOMAHJHON CTPOKH, CTaHIapPTHBIE
uHTepdeichl JIOCTyla K ITOTOKAM JIAHHBIX, 3aIlyCK KOMAaH]I OOOJIOYKH, JIOTIOJHEHUE
uMeH (ailjioB U MHOTOE JIPYTOe.

1.5.2 HanucaHue rpacduyeckux nHtepdeiicos nonb3oBaTtens

IIpocrora Python u BeicOKast cCKOpOCTh Pa3pabOTKH JI€JIAI0T €ro OTIUYHBIM CPEJI-
cTBOM paszpaboTku rpadudeckoro uarepdeiica. B cocras Python Bxomur cranmapt-
HBI MOIYJib tkinter, MO3BOJISIIONIUI TporpaMMaM Ha s3bike Python peanmzoBars
epeHOCUMBbIi rpadudeckuil naTepdEic ¢ BHEITHUM BHJIOM, TPUCYIIMM OMEPAIHOH-
noit cucreme. ['paduyeckne unrepdeiicsl Ha 6a3e Python/tkinter 6e3 m3menenuit
moryT ucnoiibzoBarbest B MS Windows, X Window (B onepannonnsix cucremax UNIX
u Linux) u Mac OS (kax B Kiaccuueckoii sepenn, tak u 8 OS X).

Hanmmem npocrenbKyIo mporpammy Jist co3/anus rpadutaeckoro nurepdeiica ¢
KHOIIKOIl, HA/IINCHIO U T10JieM BBoja (puc. 1.2):

from tkinter import * # mnomkmodeHme Momyns tkinter

root = Tk() # cosmamume TJIaBHOTO OKHAa

btn = Button(root, text = ’Krmomouka’, width=10, height=2,
bg=’white’,fg=’black’, font=’Arial14’) # co3gaHume KHOIKH

lab = Label(root, text=’Bawa dpamumusa:’,

font=’Arial 14’) # co3mauue HAIIUCH
Edit = Entry (root, width=20) # coszamume mous BBOZA
btn.pack() # pasMemeHHe KHONKE Ha dopMe
lab.pack() # pasmMemenue Hammucu Ha Qopme
Edit.pack () # pasmMemerwe mons BBOZA Ha dopMe
root.mainloop () # oTobpakeHHe IIaBHOTO OKHAa

1.5.3 Beb-nporpammupoBaHue

Python TpagununosHO UCTIOIB3yeTCst It HATIMCAHUS CJIOKHBIX caiiToB. CaMbIM 1O~
[YJISIPHBIM CPEICTBOM JJisl 3TOrO CJIyzKUT BeG-(hpeiiMBopK (60sibioii Habop MoLysieit )
Django. C ero moMoIpio HAIUCAHBI HEKOTOPBIE OYCHb U3BECTHBIE CANTBI, BKIIIOYAS
Instagram wu caiit coobmectBa Mozilla. Django mpectaBiasger MHOKECTBO PA3IMTHBIX
dyHKIMIT, BKIIOYasT CPEJICTBA JIJIsi aBTOMATHIECKOTO CO3/aHus 6a3 JaHHBIX.

1.5.4 nMporpammbl gns paboTtbl c 6a3amu AaHHbIX

B aspike Python nmerorcs natepdeiics 10CTya KO BCeM OCHOBHBIM PEJIATTHOHHBIM

Gazam janHbIX: Sybase, Oracle, Informix, ODBC, MySQL, PostgreSQL, SQLite u
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KHonodka

Bawa damunus:

Puc. 1.2. IIpumep mpocreiitmero rpauaecKoro IpUIOXKEHNs, OMMMCAHHOTO BBIIITE.

MHOruM JpyruM. B mupe Python cymecrByer Takzke 1epeHOCHMBIi TTPUKJIAIHO TTPO-
rpaMMHBII nHTEpdElic 6a3 JaHHBIX, IPEIHA3HAYEHHBIN [IJTs TOCTYIIa K 6a3aM JaHHBIX
SQL u3 cuenapues ma s3bike Python, koropsrit yanduimpyer 10CTyn K pas/IimIHbIM
Oa3aM JaHHbIX.

Hampuwmep, nyis 6a3er qanuabix SQLite HeoOX01MMO TOAKIIOINT MOYJIb sqllite3
(import sqlited). Bor meGosbmiag nporpaMmMa, KOTopas CO3JaéT coeunenue ¢ Ha-

30it mamubix, ecim BJI me cymecTByeT, TO oHa OyaeT co3maHa, mHade aitm Oymer
OTKPBIT:

import sqlite3
conn = sqlite3.connect(’data.db’)
cr = conn.cursor ()
cr.execute ("""CREATE TABLE IF NOT EXISTS ’romanus’
(’numerus’ INTEGER PRIMARY KEY AUTOINCREMENT NOT NULL,
’nomen’ TEXT NOT NULL, ’praenomen’ TEXT,
>cognomen’ TEXT) """)
cr.execute ( """INSERT INTO romanus VALUES
(1, ’Claudius’,’Tiberius’,’Nero’) """)
conn.commit ()
conn.close ()

B 6a3y zanocutcs ofHa 3amuCh.



1.6. Nepeas nporpamma. Cpega paspaborku 27

1.5.5 Wrpbl, uCKycCTBEHHbI UHTENNEKT

Python ucnonbsyercst yist pa3paboTKu MHOTHUX TOITYJISPHBIX UTp. EIMé B mepBoii
nojosuae 2000-b1x Python cran ocHoBHBIM cpepcTBOM st HAIIMCAHWS BHYTPEHHE
sioruku gerBéproit urpet cepun Civilization. Ceituac dncsio urp, comepxKaimux B cebe
unTepuperarop Python u ncrnosp3yromux ero fajs peasnsaryy MporpaMMHOIl JJOTUKH,
PEIAKTOPOB CIIEHAPUEB M UCKYCCTBEHHOTO MHTEJJIEKTA, UCIUCSIETC COTHAMM. MHO-
r'Ue MpOCThIe UT'PhI, OPay3epHbIE UT'PBI U UI'PBI JJIsi MOOUJIBHBIX YCTPONCTB UCIIOJIB3Y-
10T MOJLyJIb pygame, [IPeJOCTABJISIONINNA IPOCTOH M YAOOHDII JT0CTyII K Oubjimorekam
tpéxmepnoii rpadukn OpenGL u ynpasienus 3sykom OpenAlL.

1.5.6 [MporpammupoBaHve maTeMaTU4eCKNX N HAYYHbIX BbIYUCNEHWUIA

Python mpesicraBisieT cob6010 yaadHBI KOMITPOMUCC MEXKIY SI3BIKOM OOIEro Ha-
3HavYeHnsT 1 MaTemaTndeckumu makeramu. Cam 1o cebe «aucTeiits Python npurosen
TOJIBKO JIJIsl HECJIOXKHBIX BBIYUCICHUI.

Kirouesasi ocobennocts Python — ero pacmmpsiemoctsb. D70, MOXKAILYI, CAMBIii
pacmupseMblii A3bIK W3 TOJYyYIUBINNX HPOKOE pacrpocrpanenne. Kak ciencrsue
aroro, st Python He TOMBKO HAMCAHBI M ITPUCIOCOOIEHBI MHOTOYHUCICHHDbIE OMO-
smotexkn ajroputmoB Ha C m Fortran, HO m MMeIOTCS BO3MOYKHOCTH HCIOIB30BAHIS
JIDYTHX IIPOIPAMMHBIX CPEJICTB U ITaKeToB, B dacTHOCTH, R u Scilab, a Takke rpa-
donocrponreseit, Hanpumep, Gnuplot u PLPlot.

KirogeBbimu momyssimu 71t ipespartenns Python B maremarndeckuit maker sB-
JIAI0TCs numpy, matplotlib u scipy. Kpome HuX mOMmysisipHOCTBIO MTOIB3YIOTCH Sympy
JUI CUMBOJIBHBIX Bblumcienuil, ffnet ;g nocrpoennd MCKYyCCTBEHHBIX HEHPOHHBIX
cereli, pyopencl/pycuda il BBIUHCJIEHUSI HA BHUJIEOKAPTAX M HEKOTOPHIE JPYyTHE.
BosmokHOCTH numpy 1 Scipy HOKPBIBAIOT IIPAKTUIECKH BCE TOTPEOHOCTH B MaTeMa-
TUYECKUX AJTOPUTMAX.

Opanm n3 BakHe#mux npeumyinects Python ssisercs To, 910 BCe U3BECTHBIE
€ro peasin3aliud, JOIOJHUTEIbHbBIE CIIEINAIbHbIE MOILYJ/IM, B TOM YHCJIe numpy, scipy
u matplotlib, a Takke GOJIBIIUHCTBO CpeJl Pa3pabOTKU PACIPOCTPAHAIOTCS CBOOOI-
HO. DTO O3HAYAET BO3MOXKHOCTH BCEIJIa UMETDH JIIOOMMOE CPEJICTBO Pas3spabOTKU IO
PYKOIO.

1.6 TllepBas nporpamma. Cpega pa3pabotku. MIHTepakTuBHbIN 1
CKpMNTOBLIN pexum. Npumepbl pewieHns 3agaHnii

1.6.1 VYcraHoeka Python

Vcranoeka Python Ha KOMIBIOTED 3aBHCAT OT UCIOJIB3YEMOU ONEPAIMOHHON CHU-
creMbl. CyIecTBYIOT HECKOJIBKO OCHOBHBIX MOAX00B. Hy»KHO OHUMATD, 9TO CJIe/ry-
€T pasandarh 6A30BYIO YCTAHOBKY, BKJIIOYAIOILYIO HHTEPIIPETATOD, CPeLly pa3paboTKu
IDLE, a Takke cTangapTHyIO0 OUOJIHOTEKY, W YCTAHOBKY JOMOJTHATEILHBIX MOJIyJIed,
KOTOPBIX Jijisi Python HammcaHo oueHb MHOTO.
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Tabauna 1.3. Criocobsr yeranoBku Python

BaszoBaa ycranoBka Honmonuurenbubie Mmoayau | OC
YCTAHOBIIUK ¢ OUIUAIBHOIO | BCTPOGHHBI MexaHu3M pip, | Linux,
caifta https://python.org J100bIE Windows,
MacOS X
UCIIOJIB30BaHUE CIENUAIbHBIX | 9aCTUYHO BCTPOEHBI, PACIIN- | 3aBUCUT OT
coopok: WinPython, Pyzo, | penne 3arpymaurensmo cOOpKHU
Anakonda u zp.
YCTAHOBKA INTATHBIMHU cpej- | 3aBucut oT Tuna u Bepcun OC | Linux,
crBamu OC MacOS X

Bcee st ciocobbl nMmeroT cson npeunMyniecTBa 1 HeJJOCTATKN:

e [Ipu ycranoBke c odurmaibioro caiita B Linux m MacOS X Bam mpumércs

CTOJIKHYTBCSI C TE€M, UTO y Bac OyIyT 2 YaCTUIHO IEPECEKAIONINXCs WHTEPIIPe-
taropa Python B cucreme. [desio B Tom, uro st gBe OC 9acTUYHO UCHOIB3YIOT
Python B cBoux nesisix u KAKOH-TO (4aCTO HE CAMBIii CBEXKUiT) HHTEPIPETATOP 110~
CTaBJIgeTCs B KOMILIEKTe. B pe3ysibrare, 3aMeHa €ro CBezKUM HHTEPIIPETATOPOM
¢ odunuaIbHOrO cafita MoxKeT JacTuaHO HapyimTh pabory OC (koHeuHO, 5TO-
0 MOYKHO HE JIOIIYCTUTD I TOMPABUTH, HO JIjisi HOBUYKA TAKOI TIOX0/T MOYXKET
crarb daranbabiM). B Windows wer csoero Python no ymosrganuio, nosromy
yCTaHOBKA 0230BOT0 OYHKITHOHAIA TPOMHIET IITATHO, HO €CTh JApyTas mpobemMa:
MHOI'H€ II0JIE3HbIE MOJLYJIN COEPKAT KO/ Ha JPYTHUX sA3bIKaX: B IIEPBYIO OYEPE/Ib
s1o Fortran u C, a Tak»ke MOTYT 3aBUCETb OT BHEIITHUX OUOJIMOTEK, TAKYKE HAIIU-
CAHHBIX Ha JPYIUX si3bIKaX, HAIpUMep, Oubjmorekn JuHeitHon aaredpnr Lapack
win rpaduaeckoit bubamoreku QT. B Linux ects mrarHas BO3MOXKHOCTH yCTa-
HOBUTBH BCE HY>KHbIE KOMIUJISATOPBI U Oubjunorekn cpejacrBamu camoit OC, B
MeHbIIIell CTelleHn 3Ta ke BO3MOKHOCThH ecTtb B Mac OSX, o Windows 31ech
He IIPEJOCTABJIAET OYTH HUYEro, BCE IPHUIETCA UCKATh U CTABUTb CBOUMU DY-
KaMH.

IIpu wucrosb30BaHUN CHENUATN3UPOBAHHBIX COOPOK BbI IOJIydaeTe TOTOBYIO U
HACTPOEHHYIO CPeJly MPOTPAMMUPOBAHMS CO MHOYXKECTBOM yCTAHOBJIEHHBIX MO-
JIyJeit IOMUMO CTaHaapTHOM Oubsmoreku. Ho ecim BBl 3aX0TUTE YTO-TO CBEPX
TOTO, 9TO TAM €CTh, BAM IIPUJIETCSA CHJIBHO MTOMYYaThCst. JacTh cOOPOK, HAIIPU-
mep WinPython, opuentuposanbr na onpesenénnyo OC.

VYeranoska mrarabivu cpegcersamMu OC (dyepe3 MeneizKep HakeToB, HAIPUMED
Synaptic B Debian/Ubuntu/AltLinux) — sayummuii Bei6op noab3osarens Linux,
TaK KaK BCE yCTAHABJIMBAEMbIE TAKUM 00Pa30M MOJLYJH Oy/IyT padoTaTh IITaTHO
[IOYTH HABEPHSKA, BCe HEOOXOAMMbIE OUOIMOTEKN U KOMIUJISTOPBI OYIyT aBTO-
MAaTUYeCKU YCTAHOBJIEHBI U TPABIJIbHBIX Bepcuil. Peikne HemocTaomume makeTsr,
KaK TPaBUJIO, MOXKHO JTIOCTaBUTE Uepe3 pip. Ho B MacOS X rtakoii criocob crox-
HO PEKOMEHJI0BATD, ITOCKOJIbKY YHCJIO MIATAHO JIOCTYIIHBIX TAKETOB HEBEJIMKO, a
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| & Bython 3.43 Shell [o]E3] = |

File Edit Shell Debug Options Window Help

Python 3.4.3 (v3.4.3:9b73flc3e601, Feb 24 2015, 22:44:40)
[MSC v.1600 64 bit (AMD&4)] on win32

Type "copyright™, "credits" or "license ()" for more inform
ation.

Frx

Ln: 3|Col: 4

Puc. 1.3. InrepakTusHbIil pexkuM cpefibl pazpaborku IDLE.

caMU OHU 9acToO O4eHb JjipeBHUX Bepcuii. B Windows Takoii criocod BoBce HEBO3-
MOZKEH.

CyMMupysi BbIllle CKa3aHHOE, MbI OyJIeM PEKOMEHJI0BATh II0JIhb30BaTessiM Linux
[T0JIB30BATHCS CBOMM IIATAHBIM MEHE/[KEPOM HAKETOB, a moJib3oBareasym Windows —
HCIIO/IB30BaTh craHgapTayo coopky WinPython, Brirogaromyo Momymu st Mare-
MaTHYECKUX U WHXKEHEPHBIX PACYETOB, MOCTPOEHUsI TPAUKOB U MHOTHE JIpyTHe, C
caiita http://winpython.github.io/.

ITomauTe, aTo Python u Moy K HEMy — ¢BOOOIHOE TTPOTPAMMHOE 0DeCIIeIeHNe.
Bb1 MozkeTe BBIOUpATH CIIOCOD YCTAHOBKM U HY?KHBbIE BaM MOJLY/IU HauboJiee YI00HBIM
JIIsl BaC CIIOCOOOM M He JlyMaTh HU O KaKOIl IJIaTe U JINIEH3NOHHBIX OTUYHCIACHUSX.

1.6.2 WHTepakTuBHbIV pexkum 1 nepsasi nporpamma

ITocse 3arpysku u ycranosku Python orkpsisaem IDLE (cpema paspaGorkn Ha
si3pike Python, mocrasisiemast BMecre ¢ gucrpubyTusoM). 3anyckaem IDLE (n3Ha-
YAJIbHO 3AILyCKAeTCsl B MHTEPAKTUBHOM pexkume). [ajiee 1mocieyer npuraiesue K
BBOY (>>>).

Terepb MOKHO HAYMHATH IIUCATH HEPBYIO IIporpaMMy. T paJInIIMOHHO, IEPBOIt IIPO-
rpammoit y Hac Oyzer «Hello, world». Yroos! nanucars «Hello, worlds ma Python,
JIOCTATOYHO BCETO OJITHOH CTPOKMU:

>>> print (’Hello, World’)

OyukIius print BBIBOJIUT JaHHbIE HA SKPaH.

WuTepnpeTaTop BBIIOJHAET KOMAHILI MMOCTPOYHO: MHUIIENb CTPOKY, HAXKIMAEITh
<Enter>, HHTEPIPETATOP BBIMOIHIAET €€, HADJIIOIAEIIb Pe3y/IbTaT. DTO OYEHD YI00HO,
KOTJIa Y€JIOBEK TOJIbKO H3YYaeT IPOrPAMMUPOBAHME WA TECTHPYET KAKYIO-HUOYIb
HEOOJIBIYIO YaCcTh KOja. Beab eciim paboTaTh Ha KOMITMJIUPYEMOM SI3bIKE, TO ITPH-
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PIEEEEESTI

File Edit Shell Debug Options Window Help

Python 3.4.3 (v3.4.3:9b73f1c3e601, Feb 24 2015, 22:44:40)
[M5C v.1600 64 bit (AMD6E4)] on win3Z2

Type "copyright™, "credits"™ or "license ()" for more inform
ation.

»>>> print ('Hellao, World')

Hello, World

>>>

Puc. 1.4. Buison magmucu «Hello, worlds B moTepakTuBHOM pekuMe B cpejie paspa-

oorku IDLE.

JIOCH ObI CHAYAJIA HAIUCATH KOJ[ HA WCXOIHOM SI3bIKE MPOrPAMMUDOBAHUS, 3aTEM
CKOMITMJIMPOBATD, U YK€ TOTOM 3aIlyCTUTh UCIOJHSIEMBbI (Dailyi Ha BBITOJTHEHE.

Kcraru, eciiu uarepuperaropy Python mars komanmy import this (ummoprupo-
Barh «caM 00beKT» B cebs), TO BhIBEJETCHA Tak HazbiBaeMblil «/Izen Pythony, wmo-
CTPUPYIONINN UIE0JIOTHIO U OCOOEHHOCTH JAHHOTO sidbikKa. CumTaercs, UTO TIyOOKOe
[IOHUMAHKE 3TOr0 J3€eHa IIPUXOIUT TEM, KTO CMOXKET OCBOUTH #A3bIK Python B mosmoi
Mepe U IIPUOOPETeT OIBIT IIPAKTUIECKOr0 IPOrPaMMUPOBAHMS.

XoTs MHTEPAKTUBHBINA PeKUM Oy/IeT BaM eIé He pa3 MOJIe3eH DU HAIUCAHUHN 1
OTJIaJIKe MTPOTPAMM ¥ TECTHPOBAHUN BO3MOXKHOCTEH s3bIKA, BCE YK€ OH HE SBJISETCS
OCHOBHBIM. B GOJIBIIMHCTBE CIyYaeB IPOIPAMMUCT COXPaHseT Ko B (aill, n 3amyc-
KaThb yke (aitn. Takoit pexkuM paboThl Ha3bIBaeTCs CKpUIITOBbIi. Pailjibl ¢ KOjgoM Ha
Python obsrano nmeror pacmmpenue py.

Jtst TOrO, ITOOBI CO3/IATH HOBOE OKHO JIJIsl HATTUCAHUHU CKPUIITA, B HHTEPAKTUBHOM
pexkume IDLE BoiGepure File — New File (mum Haskmure <Ctrl> + N). B orkpbiB-
meMcst OKHe TONpoOyiiTe BBECTH CJIEYIOIIH KO

name = input (’Kak Bac 30ByT? ’)
print (’IllpuBeT,’, name)

OyHKIMA input CYNTHIBAET JAHHBIE, BBEJIEHHBIE C KJIABUATYPBI, U 3aIIUCHIBAET UX B
IIepeMeHHYIO name.

ITepsas crpoka neuaraer Boupoc («Kak Bac 30ByT?»), oxKujaer, OKa Bbl Halle-
qaTaeTe 9TO-HUOY/Ih 1 HaxkKMETe <Enter> m coxpaHseT BBEJICHHOE 3HAUEHUE B Iepe-
MEHHOII name.

Bo Bropoit crpoke ucnosibsyercs dyHKIMA print 718 BIBOJA TEKCTA HA SKPAH, B
JaHHOM cJIy4ae g BbiBoga "llpuseT, " M TOro, 9TO XpaHUTCA B IIe€PEMEHHOI name.
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| & Firstpy - Ci/Python/WinPython-64bit-3.4.3.6/python-34.3.amd6a/ti. = = % || [} 4 pthon 243 Shel [=/@] = |

File Edit Format Run Options Window Help File Edit Shell Debug Options Window Help

B 05} -l Python 3.4.3 (v3.4.3:9b73flc3e601, Feb 24 2015, 22:44:40) |
[MSC v.1600 64 bit (AMD64)] on win32
Type "copyright", "credits" or "license()" for more inform
ation.
> RESTART

name = input ( ac =
print ('I

32>

Kax Bac 30syr? Mapusa
Opuzer, Mapuma

>>>

=}

Ln:2|/Col: 23 Ln:7 | Col: 4

Puc. 1.5. CkpunroBblii 1 HHTEPAKTUBHBIN PEXKUM: B HHTEPAKTHBHOM DEXKUME MOXKHO
BHUJIETH PE3YJIbTAThl BBIIOJHEHNUSA CKPUIITA.

Teneps aHazkméM F5 (nam Beibepem B Mero IDLE Run — Run Module) u yGemmmcst,
qro HanucanHoe paboraer. [lepes 3amyckom IDLE npeyioxkut HaMm coxpaHuTh (aii.
CoxpanuM Ty/1a, Ky/ga BaM Oy/ieT y100HO, I10C/Ie 9ero IporpamMma 3aiyCTUTCH.

st «cito2KeHnsi» CTPOK MOYKHO TAK?Ke BOCIIOJIL30BATHCSH OIEPATOPOM +:

print (’lpuBer, ’ + str(name) + ’!7).

1.6.3 3apaHus

Sananue 1 (BBoa/BbiBoA JaHHBIX) 30ectb cOOPAHLL 3a0aMU NO Cymu YyHebHwie,
HO NoaedHble. X 8bimosHeHUe No380AUM, 8AM «HAOUMD PYKY>» U 8blpabomamb
HEOOTOOUMDBLE HABBLIKU. 3A0AHUA HEOOTOOUMO SLINOAHUMD 6 UWHMEPALKMUSHOM
U CRPUNIMOBOM pedtcumax. Bunoanamos caedyem ece u no nopadky.

Hanuwume npozpammy:

1. NocAed068aAMEABHO 3ANPAUUSAIOUWYIO 8AWAL HAMUAUIO, WM, OMUECTNEO U
8uLB00AWY0 UX O00HOU CMPOKOTL 68 MOCALIO8AMEALHOCTIW: HAMUAUL —
UMA —> OMUECTNEO;

2. MOCALIOBAMENBHO 3ANPAWUBATOWYI0 80U PAMUAUIO, UMS, OMULCTNBEO U
8bLI800AUWYI0 UL 0OHOT CMPOKOT 8 NOCALOOBAMENBHOCTIU: UMSA — OMMe-
cmeo — dhamuau;

3. MpeodpasyoWYo NPOCMYo pyceryto Hamuiuo 6 MYHCCKOM POOe 8 IHCeH-
ckull pod (ITempos — IMemposa; [Tymun — ITymuna);

4. MoCAed08AMEABHO 86€0UME WUCAO, MECAU, 200 PodtcoerHun; evleedume 0a-
my ceoez2o pootcderus wepesd mouwku (01.01.2000), caswu (01/01/2000),
npobenw, (01 01 2000), mupe (01-01-2000).
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OcHoBHbIE TUMBI OdaHHbIX

B Python nmeercst MHOKECTBO BCTPOEHHBIX THUTIOB JAHHBIX. Bce THUIIBI JesIsTCs Ha
HPOCTHIE U cocTaBHbIe. IlepeMentbie! TPOCTHIX THIIOB COCTOAT U3 €IMHCTBEHHOTO 3Ha-
YeHMsl, K HUIM OTHOCSTCsT IuCia (BCero 3 THIla: 1eJible, AefiCTBUTEIbHBIE 1 KOMILIEKC-
HBIE) ¥ JIOPMYecKue repeMeHHble. [lepeMeHHble COCTABHBIX THUIIOB COCTOAT U3 Habopa
3HAYEHUI U, B CBOIO OY€PEb, JEJSITCS HA HEU3MEHsieMbIe, I KOTOPBIX HEJIb3s W3-
MEHATHh 3HAYCHUS JIEMEHTOB, T00AB/IATh WA U3BIMATH IJIEMEHTBI, U M3MEHseMbIE,
JIJIsT KOTOPBIX BCE 3TO MOXKHO Jie1aTh. K Hem3MeHsieMbIM THUIIAM OTHOCSTCS CTPOKU U
KOPTEXKH, K U3MEHSIEMbIM — CIIUCKH, CJIOBAPU M MHOYKECTBA.

Yr10o06b!I OYIUTH KOPPEKTHO PAOOTAIONIYIO TIPOTPAMMY, BayKHO IMOHUMATDH, K Ka-
KOMY THITy OTHOCHTCs miepementasi. B Python tun mepemenHnoii He o6bsiBisieTcs, a
ABTOMATUYECKH OIPEJIE/ISIeTCs DU ITPUCBOCHUN €ii 3HAYEHUsI.

2.1 Ywucna. ApudpmeTtunyeckune onepauyum c Yucnamu. Mogynb
math

Yuciia B Python gessitest Ha:
® TieJIbIE,
e JieiicTBuTeNIbHBIE (¢ IJIaBaOIIedl TOUKON pasmepoM B 64 6uta),

e KOMIIJIEKCHBIE (C ILIaBarolieil Toukoi pasmepom B 128 6ur).

LCrporo rosopsi, «IIepeMEeHHBIX> B KJIACCHYECKOM CMbICIe B Python mer, a ecTb umena, cBazan-
HBIE C HEKOTOPBIMH 0obsexmamuy B maMaATH. Ho ucrmosbp3oBanne TepMuHA <«II€pEMEHHAs» YIA0OHO U
NPUHATO B IporpaMMupoBanuu. 11oj mepeMeHHBIME MBI Oy/IeM MOHMUMATHL UMEHHO CAMHU OODBEKTHI.
HasbiBaTh nepeMeHHBIMU UMEHa, HEYJIOOHO, TaK KaK Ha MPOTSAXKEHUU PabOThI IIPOrPAMMBI OJIHO U TO
2K€ UMsI MOYKET OBITH COIIOCTABJIEHO PA3HBIM OOBEKTAM, IOITOMY IOJIYYHJIOCH Obl, UYTO IIEPEMEHHDIE
MMEIOT [IePEMEHHBIN TUIl UM He MMEIOT €ro BOBCE, YTO CO3JAET ILyTAHWILY, TaK KaK THUIbl aKTHBHO
ucrosb3ytorcs B Python. Jls kpaTkocTu, ofHaKO, MbI Oy/IeM HHOTA yIOTPEOIIATEH BLIPAXKEHUT THTIA
«II€EpEMEHHAasi a», MoJ[pa3yMeBasi OObEKT, UMEIONINI B JIAHHBII MOMEHT UMS @, B T€X CJIydasX, KOI1a
9TO HE CO3AET Iy TaHUIbL.
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Python mnomepxkuBaer JUHAMHUYECKYIO TUIIN3AIMIO, TO €CTb THUIl II€PEMEHHOIT
OIIpEJIEJIsIeTCsT TOJIBKO BO BpeMsi ucrosHenus. [lepemennast MOXKeT OBITH Iepeorpe-
JieJIeHa, IIPU 3TOM €€ TUII U3MEHUTCH:

>>> a=2
>>> a

2

>>> a=2.0
>>> a

2.0

>>> a=2+3]
>>> a
(2+33)

Nucrpykiust a = 2 co3maéT YUCIOBOI OOBEKT-TIEPEMEHHYIO C IIeJIOYUCICHHBIM
3HadYeHneM 2 U MpucBamBaeT emy nMda a. Jlamee macrpykims a = 2.0 co37a6T HOBBIH
9UCJIOBOM OOBEKT C JIeHCTBUTENbHBIM 3Ha4UeHneM 2.0 U IPUCBauBaeT y2Ke eMy UM a
A 006beKT co 3HaUYEeHHEM 2 yIAJISeTCs] U3 MaMSITH aBTOMATUYIECKH COOPIIUKOM MYyCO-
pa (anri. garbage collector, crienuasbHbIN IPOIECC, NEPUOANIECKU OCBOOOK IAIOIIUTT
HaMATDh, yJasds OObeKThI, KOTOPbIE y:Ke He OyiyT BOCTPeOOBAHBI MPUIOKEHUAME ),
T. K. ObLJIa TIOTEPsIHA MTOCJIE/HSIS CCBLIKA HA 9TOT O0BEKT. 3aTeM WHCTPYKIns a=2+3j
CO3/1aéT YNCIOBON OODBEKT C KOMIUIEKCHBIM 3HAYEHHEM U BCE C TEM 2Ke UMEHEM, a
O61>€KT C ,Z_IeI‘/JICTBI/ITe.HbeH\l 3HaYCHUEM YyIaJIdeTCd.

B uaTEpaKTHBHOM pEXKUME €CTh BO3MOXKHOCTD OBICTPO BBI3BATH IIPEIBIIYIILYIO KO-
MaHIy coderanueM <Alt> + p. [losromy Jsierko moxkHO mompaBuTh a=2 Ha a=2. 0.

[Ipu omeparusax ¢ 4mucgaMu CyIIeCTBYeT 0ODIlee IpaBUJIO: Pe3yJbTaT OyieT Toro
2Ke THTIa, UTO U OIEPAH/IbI, €CJIN OEPAH/IbI PA3HBIX TUIIOB, TO PE3YJILTAT OyIET pPU-
BesICH K HamnboJiee O0IIEeMY U3 BCeX MMermuxcsi. [1opsilok obIHOCTH eCTeCTBEHHBI:
Lessle — OelficTBUTeNbHEe — KoMIeKcHbe. CIIeyomuil IpuMep WLTIOCTPUPYET 3TO
IPaBUJIO:

>>> a=2
>>> b=2+3]
>>> a+b
(4+33)

Tak ke 10JIe3HO 3AIOMHUTH, UTO JIjIs TPOBEPKU THUITA JIIOOOTO 3HAYEHUS U JIIODOI
[IePEeMEHHON MOYKHO HCIOJIb30BaTh QyHKIMIO type ():

>>> a=5b

>>> b=17.1

>>> c=4+2]j

>>> type(a); type(b); type(c)
<class ’int’>

<class ’float’>

<class ’complex’>
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[IpuBeéanast mporpaMma uMeeT OCOOEHHOCTD: B Y€TBEPTOI CTPOKE 3aIHCAHO Cpa-
3y 3 oniepaTopa. Tak MOXKHO Jie/T1aTh, HO IIPU 3TOM JIJIsI PA3/IeIeHUs OTIEPATOPOB HYKHO
UCHOJIB30BATh «;» (IOCJIe IOCIEHEro OHa He 00st3aTebHa). IIpobesibl B GOJIBIITMHCTBE
CJIy9aeB HEODA3ATEIbHBI.

Mo2KHO SIBHO IIPpe0OpPa30BbIBATH 3HAUEHUE JIIODOOT0 TUIIA C TOMOIIBIO COOTBETCTBY-
romux dyakmit int (), float () wau complex():

>>> a=b

>>> int (a)

5

>>> float (a)
5.0

>>> complex (a)
(5+03)

BakHO HOMHUTB, 9TO KOMILJIEKCHOE YUCJIO HEJIb3s IIPeodpa30BaTh ¢ MOMOIIBIO (DyHK-
nwmit int () u float () K nmesomy mwin geficrBurensaomy. Oyakius int () ordpacbiBaeT
JIPOOHYIO YaCTh YHUCJIA, & He OKPYIJISeT ero:

>>> a=4.3
>>> int (a)

4

>>> =-4.3
>>> int (b)
-4

A renepb Ipo MOJBOHBIE KAMHM U OTJIM4Ke Tperhero Python or Broporo npu pa-
6ore B cCKpUNTOBOM (TekcToBOM) pexkume. Hamuiem B TekcroBoMm pexkume B Python
3.X IPOCTYIO IIPOrPaMMYy, KOTOPas TOJ2KHA CKJIA/IBIBATH JIBA BBEJIEHHDBIX YNCJIA U BbI-
BOJIUTH PE3YJIbTAT HA IKPAH:

a = input (’BBegzuTe mepBoe umcmo: )
b input (’BBegmuTe BTOpOEe wWmCHO: )
print(a + b)

Xom paboThl TPOTPAMMBI:

Beemute mepsoe uwmcmo: 10
Beemute BTOpOE umCiO: 4
104

[Tosryanmu coBcem ne To, uTOo OXKmjam. Python Bepcuit 2.x momiepkuBa aBTo-
MaTHYeCKOoe OIpejieJIeHne THIA [IEPEMEHHOI pu BBoje ¢ KyaBuaTypbl. OHAKO 9TO
9aCTO BBI3BIBAJIO PA3JIMYHBIE OIMMMUOKU WJIN CJIOXKHOCTU. [[09TOMY IIpu MpOEKTHpOBa-
anu Bepcun 3.0 OBLIO PENTeHo OTKA3aThCs OT aBTOMATHIECKOTO OIPEIETeHN THUIIA
7 BCErjia CIUTHIBATH JIAHHDbIE KaK CTPOKY. [loaToMy, ectm MbI XOTUM JIefICTBUTEIHHO
CJIOKUTH JIBa YUCJIA, IPOIPAMMY IIPHUJIETCS II€PenncaTh:
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a = int (input (’BBezuTe mepBoe wmcuo: ’))
b = int (input ( ’BBezuTe BTOpOe umcmo: ’))

print(a + b)

BoiBom mporpaMmbr:

BeemuTe mepsoe umcio: 10
BBemuTe BTOpOe umcmo: 4

14

Python nozep:kuBaer Bce OCHOBHBIE apudMeTHIecKue orneparopsl (cm. Tadir. 2.1).

Tabmuna 2.1. Apudmernyeckue onepamnun ¢ YUCIaMU U BCTPOEH-

HbIe beHKH‘I/II/I C OJITHUM M ABYMA apryMeHTaMn

X+ y Canoxenne — cymma z n y (2 + 3 = 5)

x -y Boruuranue — pazuoctb z u y (5 - 2 = 3)

x *y VMHOXKeHne — npoussesieHne & u y (2 * 3 = 6)

x/y Henernme x va y: 4 / 1.6 = 2.5, 10 / 5 = 2.0, pe3y/JbTaT BCera
Trnna float

x//y Henenue x na y nanesno: 11 // 4 = 2,11.8 // 4 = 2.0, pe3y/abTaT
IEJIBI, TOJIBKO ecjin 00a apryMeHTa IeJIble

xhy Ocrarok or jejenust: 11 % 4 = 3, 11.8 % 4 = 3.8000000000000007
(mpucyTeTByer ommbKa, CBsI3aHHAST ¢ HETOUHOCTBIO TIPEJICTABIIeHUST
JIAHHBIX B KOMIILIOTEPE)

x kk y Bossenenne x B crenens y: (2 *x* 3 = 8)

abs (x) Momynn qucita x

round (x) Oxpyriaenne (round(11.3) = 11)

round(x, n) OKpyTIJIser 9uc/Io X /10 N 3HAKOB ITocIe 3amsToil: round (12. 34567,
3) = 12.346

pow(x, y) IIOJIHBI QHAJIOT 3AIIUCH X ** ¥

divmod(x, y) |BBIJAET ABaA UHMCIA: TACTHOE W OCTATOK, OOPAIIATHCS CIEAYET TaK:
q, r = divmod(x, y)

OTMQTI/IM, Y9TO OoIIepanuy CJIOZKEHNA, BBIYMUTaHUA, YMHOXKEHIA 1 BO3BEICHNUA B CTE-

MeHb BBIJAIOT OTBET THUITA int TOJIBKO ecu 0ba aprMeHTa Iesbie, Tuma float, ecm
OJINH U3 apr'yMEHTOB JEHCTBUTE/IbHBIA, a JAPYyroil — 1esblil mian JefCTBUTE/IbHDBINA, U
Tuna complex, ecju XOTs Obl OJINH apryMeHT KOMILIeKCHbIH. Onepariusi BO3BeI€HUsT
B CTeleHb TAaKXKEe MOXKET BbIAATh KOMILJICKCHBIA pe3yJibTaTl IIPU BO3BEICHUU OTPHUIlA-
TEJIbHBIX 9HCEJI B CTEIeHb KPOME CJIydasi, KOTJa 9Ta CTENeHb Iejasd n Hedérnasd. 1o

€CThb, 3Tn onpaTopbl B Python mogauusiorcs obIeynoTpeduTe/TbHBIM TPABUIAM TIPe-
0Opa3oBaHUs TUTIOB.
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OrepaTop JlejieHns] TPAJUIMOHHO SABJISIETCH «IIPODJIEMHBIMY» : PE3YJIBLTAT €ro pabo-
ThI B pa3HBIX SI3bIKAX MIPOrPAMMUPOBAHUS OIIPEJIE/ISIETCST PA3HBIME MpaBuyiamu. Jljist
Python Bepcun 3.x mesrenme «/» Bcerga aefictBuresnpHoro tuna. B Python sepcun
2.X feeHne MO IuHsIIOCH IPYTOMY TIPABUIY: €Can 06a OTepaHIa Mejble — Pe3yabTaT
Oyaer 1eblil, nHave — AeificTBUTe/bHbIH. [IpuBenéM HEOOIBINYIO IIPOrPAMMY—IIPUMED
JI7IST WJLTIOCTPAITIH PAOOTHI OIIepaTopoB «/», «//» u «%» na Python 3.4.3:

>>> a = b; b = 98

>>> ¢c1 = b/a; c2 = b//a; c3 = bja
>>> cl; c2; c3

19.6

19

3

Tabsara 2.2. Berpoennbie hyHKIME C TIOC/IEI0BATETLHOCTIMA WJTH
[IPOU3BOJIBHBIM YHCJIOM apryMEeHTOB

max(a, b, ...) | MakcumajbHOe dncjio u3 AByX win 6osee: max ([2, 6, 3]) = 6

min(a, b,...) | MurnmaabHoe ducao n3 aAByx mian bosee: min([2, 6, 3]) = 2

max (seq) MakcuMaabHBIR 31eMeHT Hocjenoparenabaoctu: max ([2,6,3]) =6

min(seq) MunumanbHbIil j1eMenT nocjiegosareabHocT: min([2, 6, 3])=2

sum(seq) CyMMa  3JIEMEHTOB TIOCIeI0BATE/IbHOCTHA, HAIPUMEDP, KOPTeXKa
sum((2, 6, 3)) = 11 wiu coucka sum([2, 6, 3]) = 11

sorted(seq) |OrcoprupoBannbiii coucok: sorted([3, 2, 5, 1, 4]) = [1,
2, 3, 4, 5]

To, aro onucanubie (DYHKITUH SIBJISTIOTCA BCTPOCHHBIME, O3HATAET, 9TO OHU JTOCTYTI-
HBI 6€3 BCAKUX JIOMOJHUTEIbHBIX jieficTBrit. OIHAKO BCTPOEHHBIX (DYHKIHI HEMHOTO,
ropaso 6oJibIle (PYHKIINNA HAXOMUTCS B cmandapmmoti bubruomere — HabOpe Mody-
setl, TTOCTABJIIEMBIX BCerjia BMecre ¢ mHTEprperaropom Python. @yaknuwu s pa-
6GOTBI C YUCTAME HAXOIATCS B MOJYJIAX math s MesbIX U JIefHCTBUTEIbHBIX 9UCEeNT
u cmath g KOMILIeKCHBIX. CJesTaHo 3TO MOTOMY, 9TO KOMILJIEKCHBIE YHCJIA HYKHBI
ropasJio pexke TeJbIX U JeficTBUTeIbHBIX, a Python wacto mcrnosb3yercss B kadecTBe
sI3bIKA, CIIEHAPHUEB U B JPYTUX IIPHUJIOXKEHUSIX, IJIe [TaMsITh Hy?KHO 9KOHOMHUTh. CaMble
yrorpebureibHble (DYHKIIMA MOy st math omucanbl B TabJmie 2.3.

3arpyska momyseir B Python ocymectsisiercst ¢ momomibio omneparopa import.
CaMpblit TPOCTOH €I10cOO €ro MUCIOJIb30BaHUS — 3arPy3UTh BCE COMEPIKUMOE MOJLYJIS
100aJIbHO:

from math import *
t = sin(pi/6)
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Tabauna 2.3. Hanbosee ynorpeduresbabie PyHKIINNA U KOHCTAHTHI
Moy id math

trunc (X) Vceuenne 3HaveHnst X J10 11600

sqrt (X) Ksaparubrit koperb n3 X

exp(X) DKCIIOHEHTa IHCIa X

log(X), log2(X), logl0(X) HarypaJibHblil, IBOUYHBIN U JIeCATUIHBI JIorapud-
MBI X

log(X, n) Jlorapudm X 1Mo ocHoBaHUo n

sin(X), cos(X), tan(X) Cumyc, KocuHyC 1 TaHIeHC X, X yKa3bIBACTCS B Pa-
raHax

asin(X), acos(X), atan(X) ApKcuHyC, apKKOCHHYC U apKTAHTEeHC X

atan2(X, Y) apKTaHTEHC OTHOIIEHUST % ¢ y4€TOM KBa/JIpaHTa

degrees (X) Kounseprupyer pajinanbl B rpaychl

radians (X) KouBeprupyer rpajtycsl B painanb

sinh(X), cosh(X), tanh(X) lM'untepbotmyaeckue cuHyc, KOCUHYC U TAHTEHC X

asinh(X), acosh(X), atanh(X) |O6paTHbIil THUIEPOOIUIECCKUII CHUHYC, KOCHHYC U
TaHTeHC X

hypot (X, Y) I'mnorenysa TpeyrosbHUKa ¢ KareramMu X 1 Y

factorial (X) PaxTopuasa gucaa X

gamma (X) lamma-bynknus X

pi Beimaércesa ancio

e Brigaéres auciio e

v = log(e)

print (t, v)

[IepBy10 CTPOUKY MOXKHO IIPOYHUTATH JOCJOBHO: N3 MOJLYJIsl math UMIIOPTHPYeEM BCE
(«*» oznauaer Bcé). Takast 3alKCh IO3BOJISIET B T€JIe IIPOIPAMMBI IIPOCTO 0OpaNAThCs
K yHKIHAM, jJeKamuM B math, 6e3 cioxkHOI 3ammcn: math.sin.

Ho rtaxoit crrocob mofoiiIéT TOIBKO It IEPBBIX JIBYX-TPEX 3aHATHI, HA KOTOPBIX
Oy1eT NCIOIB30BATHCS O/IUH MOtyJib math. [Ipn nogxsmouenun 1ByX, Tpéx n boJsee Mo-
JLyJIeil MOZKeT BOBHUKHYTD TaKasi CUTYyaIlHs, KOTJa B PA3HBIX MOYJIAX JiesKaT (DYHKIUI
C OJIMHAKOBBIMU HA3BaHUAMU (HAIPUMED, Open), HO JeJal0T OHU pasHble JeiicTBusd,
Jla M apryMeHTBhl BBI3bIBAIOTCSI B PA3HOM IIOpsJiKe. B Takoii curyaruu, ja 1 1IpocTo
aKaJeMUYecKH IIPABUJIbHEE, IIHCATH CJIEAYIOMNM 00Pa30M:

import math

t = math.sin(math.pi/6)
v = math.log(math.e)
print(t, v)
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Ecan nazpanue MO/1YJIs CJIUIIIKOM JIJIMHHOE, NJIX OHO BaM HE€ HPpaBUTCHA 110 KAKUM-TO
JAPYTruM IIpumauHaM, TO JJigd HETO MO2KHO CO3/IaTh IICEBJJOHUM C IIOMOIIBIO KJ/IIOYEBOI'O
CJIOBa as:

import matplotlib.pyplot as plt
plt.plot(x)

2.2 Crpoku

Crpoku B Python — ymopsimodennbie moc/ie10BATEIbHOCTH CHMBOJIOB, UCIIOJIb3Ye-
Mble JIJIsI XPAHEHWsT U [IPEJICTABICHUs] TEKCTOBON MHMOPMAIIH, TOITOMY C MOMOIIHIO
CTPOK MOXKHO pabOTaTh CO BCEM, ITO MOXKET OBITH MIPEJICTABIEHO B TEKCTOBOM (hopme.
IIpu sTOM OTIEIBHOTO CUMBOJIBHOTO THUIA B Python Her, cuMBOJI — 9TO CTPOKA JIJINHBI
1. Bostee Toro, CHMBOJIBI KaK 3JIEMEHTBI CTPOKHU TOYKE SIBJISIFOTCSI CTPOKAMU.

Pabora co crpokamu B Python ouens ynobmua. CyrecTByeT HECKOJIBKO BAPUAHTOB
HAIACAHUST CTPOK:

>>> S1 = ’Aliceysaid:"Hi,_ Anne!"’
>>> S2 = "Anne_ answered: ’Hi, Alice’"

Crpoku B anocrpodax 1 B KaBblYKaX (MHOIJA TOBOPAT «OIUHAPHBIX» M «JIBOHHBIX»
KaBBIYKAX) — 9TO OJHO U TO Ke. [IpuunHa HAJWYUs JBYX BAPUAHTOB B TOM, YTOOBI
[IO3BOJIUTH BCTABJIATH B JINTEPAJIBI CTPOK CHUMBOJIBI KABBIYEK HJIH alloCTPOdOB.

CTpoKM MOXKHO NHCAaTh B TPONHBIX KaBblUKax WU arnocTpodax. [raBHoe jocTo-
WHCTBO CTPOK B TPOMHBIX KABBIYKAaX B TOM, YTO UX MOXKHO HUCIIOJIb30BATH JIjIsl 3aIIUCH
MHOTOCTPOYHBIX OJIOKOB TEKCTA!

>>> 8§ = ’’’39T0
LIUHHAS

cTpoka ’ ’’

>>> 8
’9To\nanuHHEaA \ nCcTpora’
>>> print (S)

dTo

LIVHHAS

CTpoOKa

BayTpu Takoit cTpoK#r BO3MOYXKHO IIPUCY TCTBHUE KABBIYEK U arloCTPOGOB, TVIABHOE, UTO-
ObI He OBLIO TPEX KaBbrdek mopsii. CuMBOJI *\n’ 03HAYAET MEPEBOJ] CTPOKU HA OJTHY
BHU3 (KHonKa <Enter>) U pa3jielisieT CTPOKM TEeKCTOBBIX (ailyioB. 3aMeTuM, 9YTO B
Windows npuHSTO UCIOJIB30BaTh 2 pa3/e/IuTeIbHbIX CUMBOJIA MOAps L >\r\n’, a B
Mac OS X — 1osibk0o ’\r’, HO HOYTH BCE COBPEMEHHBIEC DEIAKTOPBI (38 MCKJIIOUE-
nueMm «Bioknoray Windows) 6e3 tpyia cupasisiorcsa ¢ dailjiamMu, 3alucaHHbIMU C
HCITOJTb30BAHUEM «IYZKHUX» PA3/IEIUTEIEl.

Bcee crpoxkn B Python siBasiiorcst 10HUKOIOM, TO €CTh pa3pereHo UCIoIb30BAHNE
JIFOOBIX CUMBOJIOB HAITMOHAJIbHBIX al(paBUTOB, KOTOPBIE BBl CMOXKeTe HabpaTh (1 j1ake
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MHOI'WX, JIJISI KOTOPBIX HET COOTBETCTBYIOINX KJIABHII Ha Kiasuarype). [Ipu arom ne-
nosib3yercst BuyTpenHee npejcrapierne UTF32, To ectb Bce CUMBOJIBI UMEIOT JIJIMHY
4 GaifTa, 9TO SKOHOMUT IIPOIECCOPHOE BPEMsi, & 3aluCh B (hailyl u dreHne u3 daiiia
npoucxongar B kKomupoke UTF8, aro obecrieunBaer COBMECTUMOCTD CO CTAPOIO KOJIU-
poekoio ASCII u ymenbInaeT norpebienne mamMsTa.

3/1eChb yMECTHO YIOMSHYTE O TOM, Kak B Python npu mammcanun Koja mporpamMmb!
sesiaTb KoMMeHTapuu. OHOCTPOYHBIE KOMMEHTAPUH HAYUHAIOTCS CO 3HAKA, PEIeTKU
«#», MHOTOCTPOYHbBIE — HAUNHAIOTCS U 3aKAHIMBAIOTCS TPEMSs JIBOWHBIMUA KABBITKAMUI
FLLLY

Yucaa MOTYT OBITH MPeoOPa30BaHbl B CTPOKM ¢ MOMOIbIo dyaKiun str (). Ha-
npumep, str(123) mact crpoky ’123°. Eciu cTpoka SIBISEeTCS TTOCTIeI0BATETHHOCTHIO
3HAKOB-IIU(]P, TO OHA MOXKET OBITH IIPEOOPA30BAHA B II€JI0€ YUCJIO B IIOMOIIBIO (DYHK-
muu int (): int (?123°) mact B pe3ysibrare 9ucio 123, a B BEMECTBEHHOE C TIOMOIIBIO
dyurmun float(): float(’12.34°) mact B pesyabrare ducio 12.34. Jlnsa mroboro
CHMBOJIA MOYKHO Y3HATH €ro HOMep (KOJ CUMBOJIA) ¢ HoMOoubio dyukinuu ord (), Ha-
npumep, ord(’s?’) mact pesynbrar 115. VI Haobopor, Moy IuTh CHMBOJI IO YUCIOBOMY
KOJIy MOXKHO ¢ ToMoIpio dbyukimn chr (), sampumep chr (100) mgact pesyabrar ’d’.

2.2.1 ba3soBble onepauuun Hag CTpokamu

Cy]l(eCTByIOT HECKOJIbKO PAa3JIUYIHBIX ITOAXOAOB K OIlepalnudaM HaJ CTPOKaMU.

e «Apudmernueckue oneparuuy. [y ¢TPOK MOJOOHO YUCIAM OMPEENIEHBI OTie-
DPATODBI CJIOXKEHUsT + W yMHOXKEHUS *. B pe3yiabTare CJIOKEHHs COIEPKIMOE
JIBYX CTPOK 3aIlUCBIBACTCS MOJIPST B HOBYIO CTPOKY, HAIIPUMED:

>>> S1 = Py’
>>> 82 = ’thon’
>>> 83 = S1 + S2
>>> print (S3)
Python

MoKHO CKIaabIBATh HECKOIBKO CTPOK TIOJIPSIT.

YMHOXKEHUE OINPEIEe/ICHO /I CTPOKH U IEJIOr0 MOJOYKUATEILHOIO YUCIa, B pe-
3yJIbTaTE MOy IaeTCs HOBAs CTPOKA, IOBTOPSIONIA MCXOIHYIO CTOIBKO pa3, Ka-
KOBO ObLIO 3HAUeHHe 4Jucia (BO3bMEM CTPOKY S3 U3 IIPOILIOro IpUMepa):

>>> 83 * 4
’PythonPythonPythonPython’
>>> 2 % S3

’PythonPython’

e Oyukmus len() BBIYUCIAT JJIUHY CTPOKH, PE3YJBTAT UMEET IEeJIOUUCICHHDBII
tun. Hanpumep, len(’Python’) Bwimact 6.
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e Jloctyn 110 undexcy. MoKHO 06paTUTHCsT K JIIO0OMY 37eMeHTy (CHMBOJTY) CTDPO-

KI 1[I0 ero HoMepy, Hymepaiysi HaunHaercss ¢ 0 (IepBblit 9JeMeHT CTPOKH S
nmeer nHomep 0, mocaeaunii — len(S)-1. Paspermaercss ncmob30BaTh OTPHUIA-
TeJIbHbIE MHIEKCHI, B 9TOM CJIydae HyMepalus IPOUCXOAUT ¢ KOHUA, YTO MOKHO
TaK»Ke UHTEPIPETUPOBATh KaK IIPABUJIO: K OTPUIATEIbHBIM HMHIEKCAM BCEIa
J106aBJISIETCST JJIMHA CTPOKHU, HAIIPUMED IIOCJIETHII 3JIEeMEHT CTPOKH Jalle BCErO
0603HATAIOT Kak -1):

>>> S = ’Python’
>>> S[0]

)P)

>>> S[-1]

7n7

ObparieHne K CHMBOJIy C HECYIIECTBYIOIIUM HOMEPOM IIOPOXK/IAET OIMHOKY:
«IndexError: string index out of range».

HpI/I UCIIOJIb30BaHUU NHJ/ICKCOB HeO6XO,ZLI/IMO IIOMHUTB, 9TO CTPOKU B Python oT-
HOCATCA K KaTCrOpuu HEU3MEHACMBIX HOCJIG,ILOB&TGIH)HOCTGﬁI HEeJIb34d IIOMCHATDH
SHaYCeHUE TOI'O UJIX MHOTIO CUMBOJIa, & MOZKHO JIMIIIb CO31aTh HOBYIO CTPOKY.

>>> S = ’V¥pa’
>>> S[1] = ’x?
Traceback (most recent call last):
File "<pyshell#68>", line 1, in <module>

s[1] = ’x°
TypeError: ’str’ object does not support item assignment
>>> 8§ = S[0]+’x’+S[2]
>>> S

’Vxa’

Cpe3nvl TO3BOJISIIOT CKOTMPOBATH UJIU UCIOJIb30BATH B BBIPAYKEHUAX IACTh CTPO-
ku. Onepartop u3BJeYeHUsT Cpe3a U3 CTPOKU BhINIAauT Tak: S[nl:n2]. nl —
9TO MHJIEKC HadaJla Cpe3a, a N2 — ero OKOHYaHUs, IIPUYeM CHMBOJI C HOMEPOM
n2 B cpe3 yxke He BxomuT! Ecm ykaszaH orTpuniaTebHBINA MHJIEKC, 9TO 3HAYUT,
aro J1I000i MHIEKC -n aHajiormdeH 3amnucu len(s)-n. Kemm orcyrcrByer mep-
BBIIl UHJIEKC, TO cpe3 OepéTcs OT HavYaJa 10 BTOPOrO MHJEKCA; IIPU OTCYTCTBUHN
BTOPOI'O MHIEKCA Cpe3 OepeTcsi OT MePBOT0 MHIEKCA [0 KOHIA CTPOKH:

>>> Day = ’morning,_ afternoon, evening’
>>> Day [0:7]

’morning’

>>> Day [9:-9]

afternoon’

>>> Day [-7:]

’evening’
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MozxHO U3BJIEKATH CHUMBOJIBI He HOJIPsiJI, & Yepe3 OIPeIeIEHHOe KoJIndecTBO. B
TaKOM CJIydae OllepaTop WHIEKCHPOBAHUsI BBINVIAAUT Tak: [nl1:n2:1n3]; n3 — 310
Iar, yepe3 KOTOPBIil OCYIIECTBIIAETCsI BEIOOD JIEMEHTOB:

>>> flag = ’Kpacuuit 'oxy6oit Bemsrit’
>>> flagl[::8]
’KIB’

O6paruTe BHUMAHUE, YTO B CPE3€ CTPOKHU S MOI'YT OBITH IPOIYIIEHbI U IIePBbIii,
U BTOPOI MHJIEKCHI OJITHOBPEMEHHO: BMECTO HUX TojicTaBasdioTcess O u len(s) co-
OTBETCTBEHHO.

e OmepaTop in HO3BOJISIET y3HATH, MPUHAJJIEIKUT JIK HOJACTPOKa B cTpoke. Orte-
paTop BO3BpAIllaeT JOTNYeCKoe 3HadYeHne: True, ecjid 3JIEMEeHT B COCTaBe CTPOKHU
BCcTpedaercda u False, eciu Her:

>>> S = ’Python’

>>> SubS = ’th’
>>> SubS in S
True

e OyHKIMKM min ¥ max IPUMEHUMBI TaKxKe W K cTpokam: max(s) ompejesser u
BLIBOAUT (BO3BpAIIAET) CUMBOJI ¢ HAUMEHBIIUM KOJOM — HOMEPOM B KOJIOBOM
tabsuie. Hanmpumep:

>>> 8§ = ’Python’
>>> min(S)
)P’

Bosspaiaer cumBod ¢ HaunbosbmM 3HadenneM (kozgom). Hampumep:

>>> S = ’Python’
>>> max (S)
)y)

2.2.2 MeToabl cTpok

Kpome oneparopos, dyHKIMiT 1 Cpe30B 3HAUUTEIHHOE KOJIMIECTBO OIIEPAIIMIT HAT,
CTPOKAMHU JIOCTYIHO B BuJie Memodos. OCHOBHOE pa3inmdne MeTOJ0B U (hyHKIHT —
CHHTaKCUYECKOe; TaK, OOJIBIIUHCTBO METOOB PaHee ABJISINCH PYHKIUAMU CTAHIAPT-
HOr'o MOAIYJIA string, B KOTOPOM Tellepb OCTAJIMCh IIOYTH TOJIBKO Pa3jIndHble KOH-
craaTbl. ObpaTuTe BHUMAHUE, KaK 3alMChIBAIOTCST METOJIBI 00beKTa: 06bvexT.MeToxn (),
narnpuMep, S.isdigit (). Meroasl — 310 110 cyTH DYHKIUHN, ¥ KOTOPBIX B KadeCTBE
[IEPBOr0 apryMEHTa BBICTYIIAeT caM OOBEKT, MeTO ] KOTOPOro Bbi3Baercs. Hampuwmep,
BBI30B MeTo/a S.isdigit () BblIacT Jorudeckoe 3uadenue: True, €Cau BCe CUMBOJIBI
crpoku S u False nnaue.
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Tabaumna 2.4. Bazosbie oneparun Hal CTPOKAMEI

Omneparnua | Onucanue

S1 + S2 Ob6bemaenue JByX win 60jiee CTPOK B HOBYIO CTPOKY.

S *n VMHOXKEHIE CTPOKHU Ha IIeJI0e IHICJIO I — MHOTOKPATHOE TIOBTOPEHNE
CTPOKHU.

len(S) DyHKIWST, BLITUCIAIONAS JJIHHY CTPOKH S.

S[nl Hocryn o unjekcy (HoMepy) K JIHOOOMY CHMBOJIY CTPOKH.

S[n1:n2:n3] | Cpe3 — HOBas CTPOKA, SIBJISIIOIIASICS YaCThIO MCXOJHON U COJepIKa-
mas CUMBOJIBI ¢ HOMepaMu OT Nl BKJIIOYNUTEHHO JI0 N2 HEBKJIIOYN-
TeJIbHO, €CJIU N3 IPUCYTCTBYeT (MOXKeT He ObITh), TO GepyTcs He BCe
CHUMBOJIBI, & C I1arom n3.

S2 in S1 Jlormdeckuit onepaTop, TPOBEPSIONINA, ABJISIETCS JIM CTPOKA S2 da-
CTBIO CTPOKH S1.

min(S) OYHKIWS, BBIYAC/ISIIOINIAsl CUMBOJI CTPOKHU S ¢ HAMMEHBIITUM KOJIOM.

max (S) ODyHKIWS, BRITACIAIONAs CHMBOJI CTPOKU S ¢ HAKOOJIBIITIM KOJIOM.

BriBaroT MeToIbI, KAK ONMCAHHBIN BBIIIE, HE TPEOYIONIne BOBCE HUKAKNX apryMeH-
TOB, OBIBAIOT C OJIHM apryMeHTOM, Hampumep meton S1.endswith(S2) Tpebyer 1 ap-
T'YMEHT — CTPOKY — U TIPOBEPSIET, 3aKAHIUBAETCs Jin CTPoKa S1 cTpokoio S2. Brisator
MEeTOJIbI C IByMsi apryMenTamu, Hanpumep S1.replace(S2, S3), KOTODbIl 3aMeHSIET
B UCXOJHOU CcTpoKe S1 cosiepzKallyiocd B Hell TIOJICTPOKY S2 HOBOIO MOJCTPOKOIO S3 U
BBIIAET HOBYIO CTPOKY, IPHU 3TOM S1 octaércd Hem3MeHHOIO. BoJsiee mosnyio nudop-
MAaIMIO O CTPOKOBBIX METOJaX MOXKHO IIOJIyYUTb, BBeJld B MHTEPAKTUBHOM PEKUMeE
KoManty help(str).

2.3 YcnoBus n nornyveckue onepauum

2.3.1 Jloruyeckuii (bynesckunii) Tun. OnepaTopbl cpaBHEHUS.
Jlornyeckue onepaTopbl

Jloruueckuii (GysieBCKMil) TUII MOXKET NPUHUMATH OJHO U3 JBYX 3HadeHuii True
(ncruna) nam False (soxkn). B s3bike Python GyseBckuii Tui naHHBIX 0603HATAETCS
Kak bool, jisi IPUBEJIEHNUSI JIPYIUX THUIIOB JAHHBIX K OYJIEBCKOMY CyIIeCTByeT (hyHK-
st bool (), paborarommast Mo CJAEYIOMUM COTJIAITEHUSIM:

® CTPOKH: IIyCTasl CTPOKa — JIOXKb, HEITyCTasd CTPOKa — MCTHUHA.

® uNCJIA: HYJIEBOE YHMCJIO0 — JIOXKb, HEHyJeBoe YUCI0 (B TOM YUC/IE U MEHBIIee
€JIMHAIIBI) — UCTHHA.
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e (dyHKIMN — BCerjia UCTHHA.

st paborer ¢ anredbpoit siorukn B Python xkpome jiormdeckoro Turma JaHHBIX
[IPE/LyCMOTPEHBI OlIEPATOPHI CPABHEHUSI:

e «>» DoJblIle,
e «<» MEHbIIIE,

® «==» paBHO (OAUHOTHOE «=» 3aPE3EPBHPOBAHO 3a OLEPATOPOM IIPUCBANBA-
Hust),

e «! =» He pasHO,
® «>=» DOJIBbITIC WU PABHO,
® «<=» MeHbIIIe UJIU PaBHO.

Bor OPOCTEHbKadA IMpOorpaMMa, BBITUC/IAIONIaA PA3JINIHbIC JIOTUYECKNE BbIPpazKeHNA:

x = 12 - 5
hl = x
h2 =
h3 =
hd =
hb = >
h6é = <
print (hl, h2, h3, h4, h5, h6)
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Eé BoiBon;
False True False True True False

Kax BuM, CpaBHUBATH OCOOEHHO 110 PABEHCTBY /HEPABEHCTBY MOYKHO BCE, UTO yTOJI-
HO, BKJIIOYag TUIB! JaHAbX. OGpaTnTe BHUMAHHE, 9TO ONEPATOD NPUCBANBAHNS NMEET
CaMblil HU3KUH TPUOPHUTET, HOITOMY PACCTAHOBKA CKOOOK BOKDPYT JIOTHIECKHX ONEPa-
TOPOB W OIIEPATOPOB CPABHEHMS He TPeOyeTcsl.

I3 J0rnvecKux MepeMeHHBIX U BBIPAYKEHHIT MOXKHO CTPOUTH (oJtee CJI0KHbIE (Co-
CTaBHBIE) JIOTMIECKUEe BBIPAXKEHUs! ¢ [OMOIIBIO JIOTUIECKHX OLIEPATOPOB: not (0Tpu-
nanue, jgornaeckoe HE), or (smornueckoe NJIN) u and (sornueckoe N):

e x and y — sormueckoe «» (ymuoxkenne). Ilpuanmaer 3navenne True (uctu-
Ha), TOJBKO Korja x = True uy = True. [lpunumaer 3uauenue False (J10xKb),
ecu x0T« OBl OJlHA U3 IMepEeMEHHbIX paBHa False, min obe mepemenubie False.

e x or y — joruueckoe «MJIU» (croxkenue). Ilpuanmaer snadenne True (ucru-
Ha), eCJIN XOTst OBl OJHa U3 llepeMeHHbIX paBHa True, win obe nepemennsle True.
Ipurnmaer 3navenne False (10xkb), eciim x == y == False.
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[ A B |Aand B[AorB

A not A ‘ True True True True
True False True False False True
False True False True False True
False | False False False

Tabauna 2.5. Tabuibl HCTUHHOCTH JIOTHIECKUX (DYHKITHI JIJTsT JIOTUIECKOTO THUIIA.

e not x — soruueckoe «HE» (orpurianue). [Ipunumaer suadenune True (ucruna),
ecin x == False. [Ipunumaer 3nauenue False (n0xb), eciu x == True.

IIpaBuia paboOThI JIOTHYECKUX OIMEPATOPOB MOYKHO TAKXKe 33J1aTh C MMOMOIIBIO TAOJIHI]
ACTUHHOCTH, B KOTOPBIX yKa3bIBAETCS MCTUHHOCTH COCTABHOI'O BBIPAXKEHW:, B 3aBU-
CAMOCTH OT 3HAYEHU MCXOTHBIX IIPOCTBIX BBIPAXKEHUIA.

Cremyer ormeTuTh, 9T0 Jjormdeckue omneparuu B Python ompenenensr mjs 06b-
€KTOB 100 MUN06, HO PE3yIbTATHI TAKUX OMEPAIil [IJIsi OIIepaTOpoB and U or He
BCerja JIerko MOHATHBI (olepaTop not paboTaer JOCTATOYHO IIPOCTO, OH IPUBOJIUT ap-
TYMEHT K JIOTUYeCKOMY 3HAaUeHMIO 110 OIIMCAHHBIM B Hadajle 3TOI'O pas/iesia IPaBUIaM
U BBLIAST BCErJIa TOJIBKO JIOTMYECKoe 3HaueHue). Bor npumep:

>>> [1, 2] and [1] and 13
13
>>> [1, 2] and [1] or 13
[1]

3necwh Bee Tpu obberTa: [1, 2], [1] u 13 OyayT MHTEPIPETHPOBATHCS KAK UCTHHA,
[TOCKOJIbKY CIIUCKW He ITyCThIe, a YUCJI0 He PaBHO HyJ10. Ho B IepBoM citydae B pe3yiib-
TaTe BBIYMCJIEHUs] BbIPAYKEHUS TIOJIyIUTCS YUCJI0, & BO BTOPOM — OJIMH M3 CIIMCKOB.
TTosToMy MBI peKOMEHTyeM IPOTPaMMUCTAM HE UCIOJIb30BAThH JIOTHIECKUE OIEPATOPBI
B BBIPAXKEHUSIX C HEJOTUIECCKUMU O0beKTaMu, MO0 mpeoOpa30BbIBATH STU OOBHEKTHI
K JIOTHIECKOMY THITy HAIPSIMYIO C TTOMOIIBIO0 hyHKIUN bool ():

>>> bool([1, 2]) and bool([1]) or bool(13)
True

>>> bool([1, 2]) and bool([1]) and bool (13)
True

Jloruueckue omeparopsl and u or B Python mcmosib3yrorcst CymecTBeHHO peke,
9eM BO MHOIHUX JIDYTHX MOIYJISPHBIX S3bIKAX IPOrPAMMHUPOBAHUs, HAIpuMep Java,
C/C++ umu Pascal/Delphi, noromy uro B Python moxkuo mesnars siobbie BoiiHoe,
TPOMHBIE U T. /. CPABHEHNs, HAIpUMED, a < X < b sxBuBasienTHo (x > a) and (x <
b).

Pacemorpum nipumep, B KOTOPOM HCIHOIB3YIOTCS JIOTHIECKUE OIEePATOPBI U (hyHK-
LU,
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ITpumep 3agaum 1 Tpoe OJpysell, Goseavwukos asmoeoHok <«DPopmyna—1»,
CNOPUAL O PE3YALMAMAL NPEOCMOAUEL20 IMANA 20HOK.

— Bom ysuduww, [Mlymaxep ne npudem nepsvm, — crasan dotcon. — Iep-
gum 6ydem Xuan.

— Ja nem otce, nobedumenem 6ydem, kax eceeda, [llymaxep, — sockaurmryn
Hux. — A 06 Aneau u 2080pumsb Hewe20, emy He ObiMmb NepebLm.

[Tumep, x xomopomy obpamuacs Huxr, sosmymuaca: — Xuany ne sudamsv
Nepeoen Mmecma, a 60m Aneszu nNUAOMUPYEM CAMYIO MOULHYIO MAUWUWHY.

[To 3asepweruu amana 201K 0KA3ANOCH, MO NPEINOAOHCEHUA d8Yx 0pY3el
no0MBePIUAUCH, A MPEONONOHCEHUSA 00H020 U3 MPEL HesepHbL. Kmo eviuepan
aMan 20HKU?

Pemtenue 3agaum 1 Bsejiem 0003HaYUEHUST J1J1sT IOTUIECKUX BBICKA3BIBAHUI: S — 11O~
6emut [lymaxep; H — mobenur Xuur, A — nobenur Aesn.

Pemnka Huka «Ajie3u muaorupyer caMmyro MOIIHYIO MAIUHY» HE COJAEPIKUT HU-
KAKOTO YTBEPKICHHUS O MECTe, KOTOPOe 3afiMET STOT TOHIIUK, TIO9TOMY B JAJTbHEHIIINX
PACCYK/IEHUSAX HE YINTHIBACTCS.

BadukcnpyeM BBICKA3bIBAHUS KAYKJIOTO U3 JPYy3eii:
e JIxom: vl = not S and H;
e Huk: v2 = S and not A;
e [lurep: v3 = not H.

YUuThBasg TO, YTO MPEIOJIOKEHU JIBYX JIPY3eil MOATBEPUINCD, a IIPEIIIOJIOKEHUS
OJIHOT'O U3 TPEX HEBEPHBI, 3AIUIIEM JIOTHIECKYIO (DYHKIIUIO:

f = vl and v2 and not v3 or vl and not v2 and v3 \
or not vl and v2 and v3

B asire6pe jioruku cyIecTByeT BO3MOXKHOCTD JIOKA3aTeIbCTBA Y TBEPK ICHIUST METOIOM
mepebopa. Y TBEpKIeHre UCTUHHO, eCJIN [IPU MTO/ICTAHOBKE JIIOOBIX 3HAUEHUIT TIepeMeH-
HBIX OHO IIPEBPAIAETCS B BEPHOE TOXKIECTBO. DTOT METOJ, Itepebopa He CJUIIKOM TPY-
JIOEMOK, ITOCKOJIBKY IT€pEMEHHBbIE MOTYT IIPUHUMATH TOJBKO 3Hadenus False u True.

Jlormyeckas dyHKIMsA OT I APIYMEHTOB MOXKET OBbITH 3a/1aHa TabJIuIeil, B KOTOPOii
MepedncaeHbl BCe BO3MOXKHbIE HAOOPHI n3 False m True [UIMHBI 0 W JJIsT KaXKJI0TO
U3 HUX PaCCYUTAHO 3HaYeHUE (l)yHKLLI/II/I HyCTb ATy Ta6m/1uy HaM aBTOMaTHYECKNU
cocTaBUT IporpaMma Ha Python:

for S in (False, True):
for H in (False, True):
for A in (False, True):
vl = not S and H
v2 S and not A
v3 = not H
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f = vl and v2 and not v3 or \
vl and not v2 and v3 or \
not vl and v2 and v3

print (S, H, A, f)

3J1eCch UCTIOIHL30BaH OMEPATOP HKJIA for, ToApobHee N3I0KEHHBIN B CJISIYIONIeH Tra-
Be. Omneparop \ MO3BOJISIET TIEPEHECTH YACTh KOJA HA CJIE/YIONLYI0 CTPOYKY, YHCJIO
HAYAJILHBIX TTPOOETIOB B KOTOPOH HEBAXKHO.

BuiBon mporpaMmbr:

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

W3 Tabmumpl BUAHO, YTO 3aJaHHOE yTBepKeHue ucTuHHO (True B 4UeTBEPTOM
cronbre) Tobko npu S==True, H==False, A==False. 3HaunT OTBeT Ha 3aJa1y: 100e-
qun [lymaxep.

Obparure BHHMaHuUe Ha OoTCcTybl, Python K HuM upe3Bbruaitno ayscTBuTesen. Jle-
JI0 B ToM, 4r0 B Python dakruyecku Her oneparopubix k060K Tuiia begin/end (kax
B Pascal) min «{}» (kak B Cu-1i0106HBIX $I3bIKaX), UX POJIb BBIIOJHAIOT OTCTYIIbI
(posib OTKpBIBaKOMIEiicss CKOOKM B HEKOTOPOM CMBICTIE BBITIOJHSIET «:» ). Ecim moce-
JIyIOIIast CTPOYKA CABUHYTA 110 OTHONICHHUIO K HIPEJIBLIYINEH BIPABO — 3HAUHT, TO, UITO
Ha Hell HAMCAHO, MpeJCcTaB/sgeT co0010 60K (JacTh Koja, KOTOpasd CrPYIIUPOBAHA
U BOCHPUHMMAETCS KAk efuHoe 1ejoe). [IpuHaTo u oueHb peKOMEHJLyeTCsl JeJIaTh 110
4 npobesta Ha KayKJplil ypoBeHb BiaokenHoctu. [lpu pabore B IDLE u Geany pejak-
TOP CaM IIOCTaBHUT HYKHBIIl OTCTYII, €CJIM Bbl HE 3a0y/eTe «:» B KOHIIE IPEeIbLIyeil
CTpPOKH, KyIaBuiia <Backspace> MO3BOJINT BEPHYTHCs HA OJINH YPOBEHD HA3A/I.

dopmaTupoBaHUe — OY€Hb BAXKHBII MOMEHT IIPHU IIporpamMMupoBanuu Ha Python.
Ecim BoI mocTaBuTe x0T OBI OWH JUMTHAI TPOOET B HAYAJIE CTPOKU, ITPOIPAMMA BO-
00111e He 3aIyCTUTCs, BblaB Indentation Error — ommbOKy paccTaHOBKHM OTCTYIIOB,
yKa3aB Ha IIePBYIO CTPOKY, IVIe C TOUYKM 3PEHUsI NHTEePIIPeTaToPa BOSHUKJIA OIIHOKA.

2.3.2 VYcnosHbiii onepatop if

[loBeienne peasbHBIX IPOrPAMM JIOJIZKHO 3aBUCETh OT BXOJIHBIX jJaHHbIX. Hampn-
Mep, B PACCMOTPEHHO paHee 3a/atie 0 MpeodPaszoBaHNN MYKCKOH (hopMbI (haMuInu B
JKEHCKYIO J00aBJIeHne CHMBOJIA «a» BOBCE HE €/IMHCTBEHHBI BADUAHT: €CJIA MYZKCKAasl
dopMa 3aKaHIUBAETCS HA «Oi», «bIil» WIN «Uii», HY?KHO 3TO OKOHUYAHUE OTOPOCUTH
7 700aBUTH COOTBETCTBEHHO «asi» WJIN «ssg». UTOOBI IpOrpamMMa MOTJIA OCYIIECTBUTH
TaKOil BBIOOD, OHA JOJI)KHA YMETb IIPOBEPATL YCJIOBHUS, [JIsI 9€r0 BO BCEX S3BIKAX
[IPOrPAMMUPOBAHUS €CTh YCAOBHLLL ONEPAMOD.
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B Python mpocreiimras (hopMa yCIOBHOIO ONEpPaTOpa MMeeT BUIZ:

if <jgoruyeckoe BHpaXEHUE>:
<ImelfiCTBUHA, BHIIOJHSIEMbE, KOTLZa JIOTUYECKOe
BHpaxXeHUe IpUHUMaeT 3HadeHHe True>

B rakoit (bopme seiicTBuS 1TOC/IE JBOETOYNST BBITOJIHSAOTCS, €CJIH JIOTHIECKOe BbI-
pazkenme UCTUHHO. Kcam »Ke OHO JIO2KHO, MMpOrpaMMa, HUYIEro He JIeJTaeT U MEePEXOIUT
K omeparopy, ciaemaytomemy 3a if. Korma Hy»KHO BBIIOJHUTH pa3/IMdHbIE IEHCTBUS,
€CJIn yCJIOBUE UCTUHHO M €CJIM OHO JIOZKHO, MCIIOJIb3YeTCs CJeyiolas Oojee moTHast

dopma:

if <jgoruyeckoe BHpaXeHUE>:
<ImellcTBUSA, BHIIOJNHAEMHE, KOTZa JOTHYECKOe
BHpaxXeHWe IpUHUMAeT 3HadeHnme True>
else:
<me#iCTBHUSA, BHIIOJHAEMBE, KOTZA JOTHIECKOE
BHpaxXeHWe IIpHHUMaeT 3HadeHme False>

Hakomerr, eciin Hy»KHO IOCIEI0BATEIHHO IPOBEPUTH HECKOJIBKO YCJIOBUI, UCIIOIb-
3yercst (popMa ¢ JOMOTHUTEIBHBIM onepaTopoM elif (coxpamenue ot else if):

if <jgoruyeckoe BHpaXeHUE>:
<ImellcTBUSA, BHIIOJNHAEMHE, €CIK JOTHUIECKOe
BHpaxXeHWe IpUHUMaeT 3HadeHnme True>

elif <BToOpoe IOTrHMYeCKOe BHpaxeHHe>:
<me#CTBHUSA, BHIIOJIHAEMEE, €CJIK BTOpPOE JIOTHIECKOE
BHpaxXeHWe IIpHHUMaeT 3HadeHHme ITrue>

elif <TpeTre IOTMYEeCKOe BHpaxXeHHe>:
<ZmeWCTBUSA, BHIIONHSEMHE, €CIH TPETbE JOTHIECKOe
BHpaxXeHWe IpUHUMaeT 3HadeHme True>

else:
<Ime#lcTBHUSA, BHIOJHSEMHE, €CIM HM OIHO U3
JIOTUYEeCKUX BHpaxXeHWUll He NIpUHMMaeT 3HadeHue True>

J1oTIOTHUTEILHBIX YCJIOBUI U CBA3AHHBIX C HUMU OJIOKOB elif MoKeT ObITh CKOJIb-
KO yT'OJIHO, HO Ba>KHO OTMETUThH, YTO B TAKON CJIOXKHOI KOHCTPYKIINU Oy/I€T BLIIOTHEH
BCerJa TOJbKO OfmH OJI0K Koja. JIpyrumu ciioBamu, Kak TOJIBKO HEKOTOPOE yCJIOBUE
0Ka3aJI0Ch UCTUHHBIM, COOTBETCTBYIONINN OJIOK KOJI@ BBIIOJHSIETCH, W JaJbHeHnne
YCJIOBUS HE IPOBEPAIOTCS.

ObparuTe BHUMaHUE, YTO [IOCJIE JIBOETOYNs] B KOHCTPYKIMsIX Tulia if, else, elif
Beerya uJeT OJIOK, BBIJICJIEHHBIH OTCTYIIOM BIIPABO. BOJIBINNHCTBO PEJAKTOPOB KOJIA,
B ToM uncie u IDLE, gemator aTor orcTyn aBToMaTwdecKn. 10, 9TO BBIIEIEHO OTCTY-
aMH, 1 €CThb Meao OlepaTropa, a TO, 9TO 0 JBOCTOYHSA, HAZBIBACTCA 3020A406K0M.

2Boobiie TOBOpS, BBIPAYKEHIE MOXKET OBITH BOBCE HE JOTHYCCKHM, B TOM CIydae OHO OymeT
MIPUBEIEHO K JIOTUYECKOMY THUILY 10 PaHee NMPUBEIEHHBIM IIPABUIIAM.
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[Ipuseém poctoit npumep. Cirejyrorias mpocTasi TporpaMMa IpOBepsIeT, eI T-
Csl JIU IIepBOE BBEJIEHHOE YUCJIO Ha BTOPOE HallesIo:

a = int (input (’BBezuTe mepBoe umcuo: ’))
b = int (input ( ’BBezuTe BTOpOe umCiIo: ’))
if a % b == 0:

print ("Yes")
else:

print ("No")

2.4 Cnwuckn

JIt0060it sI3BIK ITpOrpaMMUPOBaHUsT 00sI3aH IO/JIEP:KUBATH COCTaBHBIE THUIIBI JIAH-
HBIX, [JIe OJHAa IIepeMeHHas MOXKeT CO/lepzKaTh KaK KOHTeHep HECKOJIbKO — B JIy4IlleM
cJIydae MPOM3BOJIBHO MHOTO — efauHul] nadopmanun. st s1oit eau B Python cyre-
CTBYIOT HECKOJIHLKO THUTIOB JTAHHBIX, CAMBIM 0A30BBIM U3 KOTOPDLIX SBJIAETCA CIHUCOK.

Crnckn B g3bIKe TporpaMMupoBanus Python, kKax n cTpoKu, ABISIIOTCS YIOPSIIO-
YEeHHBIMHU II0CIEA0BaTeIbHOCTIMU 3HadeHunit. OQHAKO, B OTJIMYAE OT CTPOK, CIUCKU
COCTOAT HGIKSCHMBOHOB,aIKBPHSHHquDiO6%eKTOB(3HaquHﬁ,ﬂaHHbDQ,IIS&KHK}
JaroTCsl He B KaBbIUKH, a B KBaJipaTHble CKOOKU [ ]. OOBEKTBI OT/IEISIIOTCsT PYT OT
Jpyra ¢ IIOMOIIbIO 3allgTOM’.

CHHUCKM MOTYT COCTOSITh M3 PA3JIMIHBIX OOBEKTOB: YHCEJ, CTPOK U JaXKe JPYTHUX

CIICKOB. B IocjiefHEM CJIydae, CIIMCKH Ha3bIBalOT BJIO2KCHHBIMU. Bor HEKOTOPbIC ITPpU-
MeEpPbI CIIMCKOB:

[159, 152, 140, 128, 113] #CINCOK IIeJbX YHUCel
[15.9, 15.2, 14.0, 128., 11.3] #CIUCOK BeMeCTBEHHHX dYHCel
[’ama’ , °’Katsa’, ’Kcwoma’] #CIILCOK CTPOK

[’CapaToB’, ’AcTpaxanckas’, 104, 18] #cMemaHHNE CIHCOK
[(1, o, 01, [0, 1, 01, [0, O, 1]1] #cCIOHMCOK CHHUCKOB

Kak n HaJl CTPOKaMM, Ha/l CIIMCKaMU MOZKHO BBIIIOJIHATE OIlepalliil COCIUHEHUA U
IIOBTOpPEHMUA:

>>> [6, ’orTabpnr’, 2015]+[16, ’mexabpsr’, 2015]
[6, ’oxTsabpn’, 2015, 16, ’mekabpn’, 2015]

>>> [2, 3, 4]1x2

[2, 3, 4, 2, 3, 4]

Ilo amaJjioruu ¢ cumBoIaMu (BJIeMeHTaMI/I) CTPOKHU MOZKHO IIOJIy4aTh JOCTYI K 3JI€-
MEHTaM CIIMCKa IIO0 UX UHJAEKCaM, CKJIaJAbIBaTh UX, NU3BJICKAThL CPE3bl, UBMEPATL IJINHY
CIINCKa, y3HaBaTb TUII JaHHDbIX:

>>> listl = [’P’, ’y’, ’th’, ’0’, ’n’, 3.4]
>>> len(listl)
6
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>>> 1list1[0] + 1list1[1]
?Py)

>>> list1[0]

7P,

>>> 1ist1[0:5]

[’P’, )y’, 7th” 707, 7n7:|
>>> 1ist1[5:]

[3.4]

>>> type (listl)

<class ’list’>

Ob6paTuTre BHUMAHNE, 9TO HyMEPAIUsI 3JIEMEHTOB BCETJIa HATHHACTCS C HYJIsT, TTO9TOMY
HYJIeBOI 3JIeMeHT 3TO *P7.

B otymaue ot cTpok, crinckyn — 3T0 U3MeEHsieMble oce0BaTeIbHOCTU. e mpe/i-
CTaBUTh CTPOKY KaK OOBEKT B HMAMSATH, TO KOTJIAa HAJ| HEl BBIMOJIHSIOTCS OIepaIiun
KOHKATEeHAIINN 1 IIOBTOPEHNA, TO 3Ta CTPOKa HE MEHAETCd, & B Pe3yJIbTaTe Ollepalliu
co3/MaéTcs Apyrasi CTPOKa B JAPYTOM MeCTe IMaMsiTh. B CTPOKy Hesb3s J100aBUTH HO-
BBIIl CUMBOJI WJIM YJAJIUTH CYIIECTBYIONIUI, He CO37aB Ipu 3ToM HOBO# cTpoku. Co
CITUCKOM J1esio obctouT muade. Ilpu BoImosiHenun orepariuit HOBbIe CIIUCKUA MOTYT HE
CO3/1aBaThCsl, a OyIeT U3MEHSIThCsl HEIOCPEJICTBEHHO OpUrHHAJ. V3 CIIMCKOB MOXKHO
VIAJISTh 9JEMEHTHI, 100aB/IsiTh HOBbIE. [Ipu 5TOM Citeyer MOMHUTH, MHOTOE 3aBUCHUT
OT TOT'0, KaK BBl PacCHOpPsKaeTeCh I€PEeMEHHBIMUA.

CHUMBOJI B CTPOKE U3MEHHUTH HEJIb3sl, SJIEMEHT CIIMCKA — MOYKHO:

>>> mystr = ’Python’
>>> mylist = [)p:’ ,Y,, ’t?, ’*h’, Y07, >n)]
>>> mystr[1] = ’i?

Traceback (most recent call last):
File "<pyshell#2>", line 1, in <module>

mystr [1] = ’1i?
TypeError: ’str’ object does not support item assignment
>>> mylist[1] = °i°
>>> mylist
[)P7’ )i7’ 5t), 7h)’ 707’ )n7]

B crincke M0OXKHO 3aMEHUTD TEJIBII Cpe3:

>>> mylist[:3] = [’Y’, ’e’, ’s’]
>>> mylist
[’Y’, 767, ’S’, ’h’, ’O’, 7n7]

,ZL.HH CIIMCKa MOZKHO CO3/JaBaTh €I'0 KOIINIO:

>>> 1listl = [’P’,’y’,’t’,’h’,%0?,°n"’]

>>> 1list2 = 1listl.copy() #CospaHume KOImHM CIHCKa

>>> 1list2[1] = 2i?

>>> 1list2, listl

([’P’, ’i’, ’t’, ’h’, 707’ 711’], [7P7, 7y7, ’t’, 7h7, 70,, 7n7])
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Crincok 1ist2 m3aMmeHumscs, a Cuucok 1istl — Her.

JIJIst CIIMCKa MOYKHO CO3/IaTh BTOPYIO CCHLIKY Ha crucokK. Buumanme! Ilpu coszma-
HUU BTOPOI CCBIJIKM JAaHHBIEC He KOIIMPYIOTC, IIPOCTO 3TU JAaHHBIE Tellepb UMEIOT JBa
WMEHH, TT03TOMY m3MeHeHne listl OymeT mpuBOANTEL K U3MEHEHNIO 1ist2:

>>> 1ist2 = 1listl #Co3gaHue BTOpPO# CCHIKK, a HE KOINU

>>> 1ist2[1] = i

>>> 1list2, listl

([’P’,’i’,’t’,’h’,’o’,’n’], [’P’,’i’,’t’,’h’,’o’,’n’])

MNamenunmnmncs 0oba cuucka. Jljst co3manus KOIUK 1IPelyCMOTPEH 0oJiee IIPOCTON CHH-
TaKCHC, HEYKEJIN UCIOJIb30BaHUE CTaH/IAPTHOI'O METO/Ia COPY: JOCTATOYHO B3SATh CPeE3
CIIICKA OT HAaYaJa U /10 KOHMa: 1ist3 = listl[:] skBuBaj€eHTHO TOMY, 9TO MBI Ha-
nucaan 061 1ist3 = 1listl.copy().

Tabsma 2.6. MeroJibl crincka

Meton, Onucanne

L.append (x) JlobaBiienne s1eMeHTa CO 3HAYEHUEM X B KOHEI[ CITHCKa L:
>>> L = [’P), 7y7’ 7t7, 7h7’ ’o), 7n7]
>>> L.append(’3?)
>>> L

[’P’, 7y7’ ’t’, ’h’, 707’ 7n7’ 737]

L.extend(T) Jlobasyienne crincka mwim Koprexka T B KoHer| ciucka L. [Toxoxke Ha
00'beINHEHNE CITUCKOB, HO CO3/IAHNE HOBOIO CITUCKA, HE TIPOUCXOJIUT:

>>> L = [’P’, 7y7’ ’t’, ’h’, 707’ 1n7]

>>> T = [737’ LRI 14

>>> L.extend(T)

>>> L

[7p7’ ’ya’ ’t?, ’h’, ’o0’, ’n’, 237, 7.7, 24

>>> L = [P, Yy, 2t?, *h’, 207, 'n]

>>> L.append(T)

>>> L

[’P?, ’y), )t)’ )h)’ )0), )n), [’3’, 7"’ ’4,]]

L.insert (i,x) | BctaBka smeMenTa co 3HAYEHMEM X Ha MO3UINMIO 1 B crmcke L:

>>> L = [P, 7y’, t2, *h?, ’0’, ’n’]
>>> L.insert (3, ’!?)
>>> L

[)pa, ;y), ’t’, 7!:’ ’h’, ’0’, :n)]
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L.pop(i)

N3Biieuenue sementTa ¢ HOMEPOM i u3 crnucka L7 QJIEMEHT Yy/aJIsd-
eTcd u BbLZLaéTCH B Ka49eCTBE pe3y/ibTaTa:

>>> L =
>>> x
>>> L
L'y,
>>> x
)P)

[,P” )y,’ 7t”
L.pop (0)

7h)’ 701’ 7n,]

Il

’t’, ’h’, ’O’, )n:]

Ecisin ncionszoBars L.pop () 6e3 aprymenTa, TO OyIeT N3BJIEKATH-
csl TIOCJIeJTHUIT dJ1eMeHT.

L.remove (x)

y,l[aﬂeHI/Ie 3JIEMEHTa CO 3HAYEeHUEeM X U3 crnucka L:

>>> L = [’P’, ryr, g, 19, sh?, 207, ’n’]
>>> L.remove(’!?)

>>> L

[7P7’ ’y’, 7t” 7h7’ ,0,, 7n’]

Ecan B crmcke copepKuTcst HECKOJIBKO OJMHAKOBBIX 3JIEMEHTOB,
yaaasgeTcd TOT, KOTOPBIIl MMeeT HauMEHbIINN HOMeD.

L.count (x)

Onpe)leneHHe KOJIn1IeCTBa 9JIEMEHTOB, PaBHbIX X, B CIIMCKE L:

>>> L = [8, 1, 5, -7, 4, 9, -2, 6, 2, 5]
>>> L.count (5)
2

L.index(x)

Ompemenenne MepBoii cIeBa MO3UINH JIEMEHTa CO 3HaYEHHEM X B
crucke L:

>> L = [8, 1, 5, -7, 4, 9, -2, 6, 2, 5]
>>> L.index (5)
2

L.reverse()

IIepeBopaunBanue crnmcka Ha060POT:

>> L = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
>>> L.reverse ()
>>> L

[9) 8’ 7! 6) 5’ 4) 3) 2, 1) O]
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L.sort() CopTHpoBKa CIIUCKa 110 BO3PACTaHUO (B adaBUTHOM TIOPsiJIKe):

>>> L = [10, 5, 2, 8, 1, 12]
>>> L.sort ()

>>> L

(1, 2, 5, 8, 10, 12]

K crmckam npuMeHMMBI HEKOTOPBIE CTaHAaPTHBIE (DYHKIUU, HAIIPUMED, 3HAKO-
Mast HaM len, K KOTODPOIl oOpalmarbcs Hy?KHO CJeaylonmmM obpaszom: len(mylist).
OyHKINS Sum MOJACIUTHIBACT CYMMY JIEMEHTOB CITUCKA, €CJIU BCE OHU YUCJIOBOTO THU-
ma. Oyakiusa range 1mo3BoJisieT cHOPMUPOBATD IMANA30H 3HAYEHUIA IIEJIBIX TUCEJ.
B camom ofrem ciydae range NpuHUMAeT 3 apryMeHTa: HAYAJO JUAIIa30HA, KOHEI
(Bcerga Gepérest He BKiounTesbHO) u mar. O6parure BHMMaHue, uro B Python 3.x
9Ta PYHKIUsS HE BBIIAET CIIMCOK, & IIPOU3BOJUT CIEINAJIbHBIN 00beKT-Iuamna3oH. [1o-
9TOMY, 9TOOBI MOy IUTh CIIMCOK YUCE], Hy?KHO 00s13aTe/IbHO sIBHO ITPe00PA30BATh pe-
3yJbTaT ¢ oMOIbIo dyuknnn 1ist. Ects emé dynknusa sorted (), koropast BO3Bpa-
MMAeT HOBBIN CIIMCOK, OTCOPTUPOBAHHBIN 10 yObIBaHn0. OyHKINN min 1 max HAXOJAT
MaKCHUMaJIbHBI U MHUHUMAJILHBIN 3JIEMEHTHI CIIICKA. BOT He60ﬂbIIIaH nporpamMmMa €
HCITOJIb30BAHUEM ITUX (DYHKIIHIA:

>>> A = list(range(0, 10, 1))
>>> A

[, 1, 2, 3, 4, 5, 6, 7, 8, 9]
>>> sum(A)

45

>>> min (A)

0

>>> max (A)

9

B mamnom npumepe 06bekT A bopMuUpyeTcst ¢ HOMOIIBIO UTEPATOPA range, a IIOTOM
sIBHO IIpeobpasyercst K TuIly list.

K cmmckam, Kak m K cTpoKaMm, IPUMEHHM OIEepaTop in, MO3BOJSIONINAN y3HATD,
MIPUHAJJIEKUT JIM JIEMEHT CIucKy. HamoMuanM, 9To omepaTop BO3BpAIIAET JIOTHIe-
cKoe 3HadeHue: True, ec/iM JIEMEHT B CIIHCKE cOojepKuTcd u False, ecsim ner. Bor
IporpamMMa, UCIOJIb3YIoNasl 3TOT OllepaTop:

>>> mylistl [’P’,’y’,’t’,’h’,’o’,’n’]

>>> mylist2 = [6, 10, 2015]

>>> 2y’ in mylistil

True

>>> 30 in mylist2

False

>>> mylist2.append ([ ’Mporpammuposanue’, 11.30])
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>>> mylist?2

[6, 10, 2015, [’Mporpammuposanue’, 11.3]]
>>> mylist2[-1]

[ ’Mporpamvuposarme’, 11.3]

Bo BTOpOIT crimcok crermuaabao ObLT J00aBIEeH eIé OIUH CIUCOK, ITOOLI MOKa3aTh,
YTO CIIMCKU MOT'YT OBITh BJIOYKEHHBIME. TaKk»Ke B MOC/eIHel IPUBEIEHHON ITPOrpaMMe
ObLjIa MCIIOJIb30BAaHa BO3MOXKHOCTb HHJIEKCUPOBATH CIUCKH C KOHIA: MUHYC HEPBBIi
9JIEMEHT CIIICKA — TO ero mnocjefuuii smement. Takum odpazom, mylist2[-1] — sTo
obpalienue K nocseaeMmy (IIepBOMY € KOHIIA) JIEMEHTY CIHMCKA, SBJISIIOMIEMYCsl TOXKE
CITICKOM.

2.5 KopTtexwnu

Crmcok Tak 2Ke MOXKeT ObITb HEH3MEHSIeMbIM, KaK U CTPOKA, B 9TOM CJIydae OH
HasbiBaeTcsa Koprex (tuple). Koprex ucnosnb3yer Menblie naMaru, 4em ciuucok. [Ipu
3a/laHUK KOPTezKa BMECTO KBaJ[PATHBIX CKOOOK MCIOJIb3YIOTCs KPYTJIble (XOTs MOYKHO
u coBceM 0e3 cKoGOK). KopTexx He J0IycKaeT M3MeHEeHWiH, B HETO HeJb3sl JT00ABATH
HOBBIIl 3JIEMEHT, VJIAJUTb WM 3aMEHUTH CYIIECTBYIOIIHE 3JIeMEeHThI, HO OH MOXKeT
COJIePKATH U3MEHsieMbIe OObEKThI, HAIIPUMED, CITUCKU:

>>> 11 = []

>>> A = (1, 2, 3, 11)

>>> A

(1, 2, 3, [D

>>> A[1] = 4

Traceback (most recent call last):

File "<pyshell#22>", line 1, in <module>

Al1] = 4

TypeError: ’tuple’ object does not support item assignment

>>> A[3].append(3)

>>> print (A, 11)

(1, 2, 3, [31) [3]

Buino, ato npsivast 3aMeHa dJieMeHTa KOPTeKa HeJI0IyCTUMa — BhI3biBaeT TypeError
TaK KakK THUII tuple He MOJJIEPKUBACT U3MEHEHHE 3JIEMEHTOB, HO €CJIM UCIIOIH30BaATh
BTPOEHHBIN MeTO | append y CIHCKA, sIBJISIOIMIEr0Cs JIEMEHTOM KOPTEXKa, ITOT CIIUCOK
MOYKHO U3MEHUTb.

Oyukims tuple () Geper B KadecTBe apryMeHTa CTPOKY WJIN CIIHCOK U [IPEBPAIIAET
€ro B KOpTexk, a GpyHkimsd 1ist () mepeBoanT KOPTEXK B CIUCOK:

>>> B = list (A)

>>> B

(1, 2, 3]

>>> C = tuple(B)
>>> C
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1, 2, 3)

OcHoBHOE pasjimare MexK 1y KOPTEXKAMU U CIIMCKAME COCTOUT B TOM, UTO KOPTEXKU
He MOTr'YT ObITH U3MeHeHbl. Ha mpakTuke 970 03HAYaeT, YTO Y HUX HET METOI0B, KOTO-
pble ObI 03BOJ NN X M3MeHnTh: append (), extend (), insert (), remove (), pop().
Ho MokHO B3TH cpe3 0T KOpTexKa, TaK KaK IIPU 9TOM CO3/IACTCS HOBBIA KOPTEXK.

Kopre:xxu B HEKOTOPBIX CiIydasix ObIcTpee, YeM ciucku. Ho Takue onTUMU3AIn
B KaXXJIOM KOHKDETHOM CJjiydae TpeOyIOT JIONOJHUTEIBHBIX ucciaegoBanuit. Koprexn
JIeJTaloT KoJ, Oe3omacHee B TOM CJIydae, €CJIU y BaC €CTh <«3AIUIEHHbIE OT 3allACH»
JIAHHBIE, KOTOPbIE HE JIOJKHBI U3MEHSTHCs. HEeKOTopble KOPTEXKU MOTYT HCIIOJIb30-
BaTbCsl B KAYECTBE 9JIEMEHTOB MHOXKECTBA U KJIIOYeil cjioBaps (KOHKPETHO, KOPTEXKH,
cojieprKalle Hen3MeHsieMble 3HAYEHUs, HAIIPUMED, CTPOKH, YHUCIa U JPYrue KopTe-
ku). CiroBapu GyJIyT pacCMOTDEHBI B cJrejytorneM pasgese. CIucKy HUKOTIA He MO-
I'yT UCIOJIB30BATHCs B KAYECTBE KJIIOUEl CJI0BAPsi, TIOTOMY UTO CIIMCKU — U3MEHSIEeMbIe
OOBEKTHI.

B Python moxxHO ncmoms30BaTh KOPTEXKY, 9TOOBI TPUCBANBATE 3HATEHIE HECKOTh-
KUM [T€PEMEHHBIM CPasy:

>>> v = (°f?, 5, True)
>>> (x, y, z) = v

>>> x

)f’

>>> y

5

>>> z

True

>>>

DTO He €IMHCTBEHHBIN CIIOCOO KCIIOJIb30BaHusl. [IpemooKuM, 9TO BbI XOTH-
Te MPUCBOUTH UMEHA JHAMa30HY 3HAYEHUil. BBl MOXKeTe MCI0JIb30BaTh BCTPOEHHYIO
byurmmo range () 1yt GBICTPOrO MPUCBOEHUS CPA3y HECKOJIBKUX ITOCJIEI0BATETbHBIX
3HaYCHUI.

>>> (MONDAY, TUESDAY, WEDNESDAY, THURSDAY,
FRIDAY, SATURDAY, SUNDAY) = range (1, 8)
>>> MONDAY

1

>>> SUNDAY

7

>>>

3amMernM, 9TO IPU BBOJE JJIMHHBIX CIUCKOB, KOPTEXKE U CJIOBApeil KaK B MHTEPaK-
TABHOM, TaK I B CKDHIITOBOM PEZKNMe MOZKHO IIepeiTH Ha CJICAYIONIYIO CTPOUKY ITOCIe
JIIO0O0# 3aIATOMN, PA3/IeIAIONIell JIEMEHTBI. DTO MO3BOJISET B OOJILITHHCTBE CJIYYIaeB
n30€2KaTh UCIOJb30BAHNS CUMBOJIA [IEPEHOCA CTPOKH «\».
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2.6 Cnosapwu

OJHAM W3 CJIOKHBIX THIIOB JIAHHBIX HApsly CO CTPOKAMHU M CIUCKAMHU B SI3bI-
Ke TporpammupoBanus Python smasiorcs cinosapu. CroBaph — 39TO H3MeHSIEMBbIit
(KaK CIHCOK) HeyNOpsAJOYeHHbIi (B OmMYMe OT CTPOK U CIHMCKOB) HaOOp map
gm0y : 3Haderue’. CJi0Bapu OKa3bIBAIOTCS OYEHb YJIOOHBIMU OOBEKTAMU JIJIsl XPa-
HeHMsl JJAHHBIX U, 110 CyTH, SBJISIOTCA CBOEOOPa3HOil 3aMeHoit 6aze JaHHbIX.

YrobBI TpejIcTaBIEHNE O CIOBApe CTAI0 Oojiee MOHSITHBIM, MOYKHO TPOBECTH AHA~
JIOTHIO ¢ OOBIMHBIM CJIOBAPEM, HAIPUMED, aHTIO-pyccKuM. Ha Kaxkmoe aHTIMiiCKOe
CJIOBO B TAKOM CJIOBAPE €CTh PYCCKOe CJIOBO IepeBoj: cat — komika, dog — cobaxa,
bird — nTuma u 1.4, Ecan amrio-pycckuii ciioBapb OMHUCHIBATHL ¢ OMOIIHLI0 Python,
TO aHrJIMiicKue cJIoBa OyIyT KJIOYaMM, a PYCCKHEe — UX 3HAYCHUSIMU:

>>> animal = {’cat’:’komka’, ’dog’:’méc’, ’bird’:’mruma’,
‘mouse’ : ’Msmb’ }

>>> animal

{’mouse’: ’mpmp’, ’cat’: ’romka’, ’dog’: ’méc’, ’bird’: ’mruma’l}

>>> type (animal)
<class ’dict’>

Obparure BHUMaHUE HA (DUT'YPHBIE CKOOKY, MMEHHO C UX ITOMOIIBIO OIPEIEISIeTCsT
cioBapb. Takoit Tun manubix B Python mazeiBaercs: dict. Ecau co3marh cioBaps B
unrepuperarope Python (kax u 6pu1o cuenano), To nocie Haxkarug <Enter> MOKHO
HabJIIOIATH, 9TO IIOCJIEIOBATEILHOCTD BBIBOJA IIAD ’Kiod:3HadeHune’ HE COBIAJET C
TeM, KakK ObLI0 BBeseHo. /leto B ToM, 9TO B cjioBape abCOIIOTHO He BayKeH MOPSIOK
rnap, ¥ MHTEPIPETATOP BBIBOJMT WX B CJIYUYaHOM IOpsijike. Toria Kak »Ke MOJIYIUTh
JIOCTYTI K OIPEJIEJIEHHOMY 3JIEMEHTY, €CJIU UHIEKCAIis HeBO3MOXKHA B mnpuHIimie? B
CJIOBApe JIOCTYT K 3HAYEHUSIM OCYIIECTBIISIETCS 0 KJIFOYaM, KOTOPbIE 3aK/II0UAI0TCS
B KBaJIpaTHble CKOOKK (110 AaHAJIOMMU C UHJIEKCAMU CTPOK M CIIUCKOB):

>>> animal={’cat’:’romka’, ’dog’:’méc’,’bird’: ’mruna’, ’mouse’: ’Mums’ }
>>> animal[’cat’]
’gomka ’

CiyioBapu, Kak W CIIUCKU, SIBJISIIOTCS U3MEHSEMbBIM THIIOM JIAHHBIX: MOXKHO H3Me-
HATH, T00ABJATH U YAAJIATH JIEMEHTHI — Iapbl KoY : 3HadeHune ’. V3navaabHo cjio-
Bapb MOXKHO CO3/IaTh IIyCThIM, Hampumep, dic = {} u JMIIb IOTOM 3AIIOJTHUTH €0
SJIEMEHTAM.

JlobaBjieHrie W W3MEHEHHE WMEeT OJIMHAKOBBIN CHHTAKCHC: CIOBaph [kmou] =
3Havenue. Kuliou MoxkKeT ObITh, KAK YK€ CyIIECTBYIOMUM (TOTa IIPOUCXOAUT U3MEHe-
HYe 3HAYEHNUSI ), TAK U HOBBIM (IIPOMCXOAUT J100aBJICHNE SJIEMEHTA CII0Baps ). YajleHue
3JIEMEHTA CJIOBAPSI OCYIIECTBIIAETCs ¢ moMoIbio dyaknun del (dic[key]) wimm mero-
s1a pop (key):

>>> dic = {’cat’:’komra’,’dog’:’méc’,’bird’: ’nTuna’, ’mouse’: ’Mbmb’}
>>> dic[’cat’] = ’kot’
>>> dic

{’mouse’: ’mpmp’, ’cat’: ’kor’, ’dog’: ’méc’, ’bird’: ’nruma’}
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>>> dic[’fox’] = ’muca’

>>> dic

{’fox’: ’amca’, ’mouse’: ’msmp’, ’cat’: ’kor’, ’dog’: ’méc’,
bird?’: ’nTuma’l}

>>> del(dic[’mouse?’])

>>> dic

{’fox’: ’mmca’, ’cat’: ’ror’, ’dog’: ’méc’, ’bird’: ’nruma’}
>>> dic.pop(’fox?)

’nuca’

>>> dic

{’bird’: ’mruma’, ’cat’: ’kor’, ’dog’: ’méc’}

Tun mamubIx Kao9eil u 3HaYMeHn coBapeit He 00s3aTeTbHO JOMKEH ObITH CTPO-
KOBBIM:

>>> DicProg = {1:’Pascal’, 2:’Python’, 3:°C’, 4:’Java’}

CyioBapu — 39TO IUPOKO MCIIOJIb3yeMblil THUIl JIAaHHBIX s3blka Python. Ilnst pa-
OOTBHI ¢ HUMU CYIIECTBYET PsiJl BCTPOCHHBIX MeToI0B U pyHKIwmit. Merom keys () s
CJI0Bapsl BO3BPAIIAET [IOCIEI0BATEILHOCTD BCEX UCIIOIB3YEMbIX KJIIOU€Eil B IIPOU3BOIb-
HOM Topsifike. Jljist onpe/iesieHns HAJIUYansi OIPEIEIEHHOTO KJTI0Ya PAHbIIe ObLT METOT
has_key (), no B Bepcunu 3.0 BMECTO HETrO €CTh 3HAKOMBIN HAM OII€PATOp in:

>>> DicProg.keys ()
dict_keys ([1, 2, 3, 4])
>>> 1 in DicProg

True

>>> ?Pascal’ in DicProg
False

2.7 [Mpumepbl peweHns 3agay

IIpumep 3anauu 2 (Apudmernyeckue onepanmu) Hanuwume mpoepammy
(Heobrodumble 0aHHBLE BB00AMCI € KAABUAMYPDL) AL BHIMUCACHUL 8CEL MPET
CMOPOH NPAMOYZOALHOZO MPEYOALHUKA, ecAU 0aHbL 00WH U3 0OCMPHLL Y2006 U
NAOWA0G.

Pemrenue 3agauum 2 O6o3naumM KaTeThbl IPAMOYTOJIBHOTO TPEYTOJIbHUKA G U b, a
runoreny3y — c. [Lromans TpeyrospauKka 0603HadnM S, OJUH U3 OCTPHIX YIVIOB —
. _ ab
a. Bocrosbzyemcs opmysiofi mionma/u IpAMOYTOTLHOTO TpeyroibHuka S = % u
dopmymnoit Tanrenca tga = %. Orcioa MOXKHO TOJyYUTh BbIPasKeHHe JIJIsl OJJHOTO

25
tg o

bz%ﬂ@zm.

from math import *
S = int (input (’lnomans TperompHuKa = ’))
alpha = int (input (’Octpuit yron (B rpazgycax) = ’))

n3 KaTeTOB: a4 — . Tenepb JIETKO BBIYMCJIUTH OCTABIINICA KaTeT u TUIIOTEHY3Y:
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a = sqrt(2xS/tan(radians (alpha)))
b = 2*S/a

c = (a**2+b**2)x%x(1/2)

print (a, b, c)

BriBosr mporpamMmbr:

llnomans TperoiapHMKA = 8
OcTpuit yrom (B rpamycax) = 45
4.0 4.0 5.656854249492381

IIpumep 3agaum 3 (Crpoku) Cesolcume A0OYO MEPEMEHHYIO €O CMPOKOLL:
«¥Y Jlykomoposa 0yb 3enénniil. .. ». Busedume ece cumsoav, amotli cmpoxku 6
obpammom nopadke.

Pemenne 3agaum 3 Jluctuur nporpaMmbr:

S = V JlykoMopsa Iy6 3en&HHH. ..’
print(S[-1::-11)

BriBon mporpaMmbr:

. . upHENe3 6yn appoMokyll ¥

ITpumep 3agaum 4 (IIpocroe ycimoBue) Omeemumsb HA 60MPOC, UCTMUHHO AU
yerosue: o3+ y3 < 9. BHAMEHUA NEPEMEHHBIT T U Y 6600AMCA € KAALGUAMYPHL.
Pemenne 3agaum 4 Jluctuur nporpaMmbr:

x = float (input (’x,=.’))
y = float (input (’yyu=y’))
print (x**3 + y**x3 <= 9)

BriBos mporpammbr:

x =1
y =3
False

IIpumep 3anauu 5 (CuioxkHOe ycioBue) 3anucambs ycaosue (Cocmasums A0-
2UMECKOE BHIPANCEHUE ), KOTMOPOE ABAAETNCA UWCTMUWHHBLM, K000 MUCA0 X MEMHOE
u menvwe 100.

Pemrenune 3agauum 5 Jluctuur nporpaMmbr:

X = float (input (’x,=_7))
print ((X % 2 == 0) and (X < 100))
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BriBoj mporpamMmbr:

>>>

IIpumep 3anauu 6 (YcaoBubiii oneparop) IIpusedém npumep mHoocecmee-
HO20 8EMBACHUA € UCnoAb3dosaruem elif, 2de pasbepém nepebop eapuaHmMOs.
300010 MAKAA: NOABL30BAMENAL 86800UM KOAUMECTMB0 0eHe’ 8 PYOAAL, 6 Ma2a-
3UHE MOIHCHO Kynumb xaed 3a 20 pyd. w cop 3a 100 py6. Ecau xeamaem wa
mo u 0pyzoe, NOKYNAaeM 8CE, eCAU MOABKO HA CHLP WAL TNOABKO Ha xAed, bepém
WMO-MO 00HO, ECAU HEe TEAMAM HU HA UWMO — YLoouM.

Pemenne 3agaum 6 Jluctunr nporpaMmbr:

a = int (input ("Input_ amount of money: "))
if a >= 120:
print ("Breadgand cheese")
elif a >= 100:
print ("Cheesegonly")
elif a >= 20:
print ("Bread, only")
else:
print ("Nothing.:(")

Kak BujiumM, poBepsiTh BCce YCJIOBUSI B KaXKJOM CJIydae, HAIPUMeEp, JJisi XJjieba, yCiio-
Bue, 4To geHer Menbie 100, HET CMBICTA: €CJU MEPBOE YCJIOBHUE BBLIIOHIAETCS, TO
IIPOBEpPKA MPOYNX HUKOTJIA HE TIPOUCXOJIAT, NHAYUE YIIPABJIEHUE ITePeIaéTCa Ha CJIEJLIy-
omuil elif u Tak Jlasiee, ecan He BBIIOJIHUIIOCh HU OJIHO U3 YCJIOBUI, BBIIIOJIHAIOTCH
ornepaTopsl B OJI0Ke else, ec/in TAaKOBOI IIPUCYTCTBYET.

IIpumep 3agauu 7 (Cuucku) Cosdatime cnucox 6 duanazone (0, 100) ¢ wa-
2om 1. Ceaotcume ez2o ¢ mepemennol. Mssnexume us neeo cpe3d ¢ 20 no 30
ANEMEHIM BRAOUUMENBHO.

Pemntenne 3amaum 7 JluctTunr mporpaMMbr:
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A = 1list ((0, 100, 1))
print (A[20:31])

BriBos mporpammbr:

[20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30]

ITpumep 3agaum 8 (Koprexku) Cosdatime kopmestc 6 duanasone (0, 20) ¢
wazom 1. Ceaoicume e20 ¢ nepementoti. Buigedume amy nepemeriyro na akpan.

Pemenune 3agaum 8 JluctuHr nporpaMmbr:

A = tuple(range (0, 20, 1))
print (4)

BriBos mporpammbr:

o, 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19)

IIpumep 3amaum 9 (Caosapu) Cosdatime caosapb, xomopuitt 6Gydem codep-
2ICAMb 3HAUeHUA napamempos gynruuu y = A cos(wt + f). A samem no xmowy
3aMPoCUME 3HAMEHUA KANHCI020 U3 HUX.

Pemtenue 3agaum 9 Jluctuur nporpaMmb

print (yyu=yuAicos(wt+f)?)
Parameters = {’A’:10, ’w?’:1, ’f’:0}
Key = str (input (’Kakoil mapameTp? ’))
print (Parameters [Key])

BuiBos mporpaMmbr:

y = A cos(wt+f)
Kakoi mapameTp? A
10

2.8 3apaHus

Bagaune 2 Bumoanamb mpu 3000HUA 6 3A6UCUMOCTNA OM HOMEPAL 6 CNUCcKe.
Imobul YyaHamv HOMEPd 8aWUT 3a0aHUL, HeobTo0UMOo peuums 3a0aky: mpe-
oyemes cdeaamsb sadarus No m, Nem + 5, Nem 410, 2de m = (n— 1)%5+ 1, n
— NoPAOKOGHLL HOMEDP CMYJeHMA 6 CNUCKE 2PYNNbl Mo aadasumy.

Ncnonbays apudmernyeckue oneparopst (+, —, *, /, //, %), Hannmure nporpam-
My (Heobxopumas uHGOpPMaNUg 3aPANIUBACTC Y HOJIb30BATEA ¢ KJIABUATYPbI).

1. Cocrasbre apudmernyeckoe BbIpaxKeHUe U BBIYUCIIUTE N-€ YETHOE YUCI0 (1ep-
BBIM CUNTAETCs 2, BTOPBIM 4 1 T.11.).
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10.

11.

12.

13.

14.

15.

CocraBbTe apudMmeTHIecKoe BbIpaykKeHHe U BLIUUCINTE N-e HeYeTHOe HUCIIO0
(nmepsoe — 1, Bropoe — 3 u T.11.).

CKOJIBKO 1€eJIOBEK HAXOJUTCsI MKy i-M U k-M B odepen?

CKOJIbKO HEUETHBIX vmcesl Ha orpeske [a;b], ecsm a u b — qérube? a u b —
meuérapie? a — 9E6THOE, @ — HEIETHOE?!

CKOJIBKO TIOJIHBIX YaCOB, MUHYT U CEKYHJ[ COJIEPKUTCA B * CeKyHmax! Paszyo-
JKUTE MMeroneecs KOJIMYeCTBO CEKYHJ| Ha CYMMY M3 T 4acOB + y MHUHYT + 2
CEeKYHJI.

B mome 9 srarkeit, Ha KarXKJI0M 3TarKe OJTHOTO TOIbe3/1a 1Mo 4 KBapTupbl. B Kakom
O/Ibe3/1e, U Ha KAKOM 3TayKe HAXOJUTCs N-s KBapTupa?

CrapuHHBIME PYCCKUMU JIEHE’KHBIMU eJIMHUANIAMU siBjistiorcs: 1 pyosas = 100
Koreek, 1 rpuBHa = 10 Komeek, 1 anrein = 3 Komeiikwm, 1 mosymka = 0,25
konefiku. Nmeercss A komeek. Pazjiokure nMeroniyocs cymMmy B Koleifikax Ha
cyMMy u3 x pyOseit + y TpuBeH + 2z aJTBIHOB + U MOJIYIIEK.

Crpenka mpubopa Bpalaercs ¢ MOCTOSTHHON CKOPOCTHIO, coBepIas W 000po-
TOB B CeKyHy (HE 00s3aTesbHO CTpeJKa Ipubopa, MOKET ObITh 9TO BOJIUOK B
urpe «9Uro? Tne? Korma?s u T.11.) YroJ I0OBOpOTa CTPEJIKU B HYJIEBOIl MOMEHT
BpeMenu npumeM 3a 0. Kakos Oyjier yros moBopota gepes ¢ CeKyH/I?

Bbr cromTe Ha Kpaio IOporm m OT Bac A0 OJIMKAMIIEro ¢poHApHOTO CTOJI0a X
MeTpoB. Paccrosnne Mexxy crojbaMu y MmeTpos. Ha KakoMm paccrossHum OT Bac
HaxoauTes n-it cronab?

Ta ke curTyanust, 4TO U B IpeabLIyIneil 3agade. /Ijmmaa Bamero mara 2z METPOB.
MumMo CKOJIBKUX CTOJI00B BbI IIPOIJIETE, CIEIAB 1 MAaroB?

Z — BEMIECTBEHHOE YNCJI0. SalNIUTe BHIPAYKEHNE, TIO3BOJISIIONIEE BLIJEIUTH €TI0
JPOOHYIO YaCTbD.

I — BelleCTBEHHOE YUCJIO. Sanumure BbIpazKeHue, KOTOpoe OKPYIJIUT €ero J1o
COTBIX ILO.HeIL/'I (OCTaHeTCﬂ TOJIBKO JIBa 3HaKa IIOCJIe SaHﬂTOﬁ).

Ot 6peBHa JyuHOI L oTmInBarOT Kycku JIHHOM . CKOJIBKO MEJIBIX TOJTHOPA3-
MEPHBIX KYCKOB MAaKCUMAJILHO YAACTCS OTIHINTD !

Bpesno mymmoit L pacimmim B n Mectax. KakoBa cpelHsis JIJIMHA TOJTY IUB-
HIUXCST KYCKOB?

PesunoBoe kosbIto guamerpoM d paspesan B n MecTtax. KakoBa cpeHsist JInHA
[TOJIY TUBIIAXCST KYCKOB?
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Bananme 3 (Ctpokn) 3adarus svinoanatime sce no nopadky. Cesotcume ao-
6yto nepemertyto co cmpokoti: «Mul 06A3GMENBHO HAYUUMCA TPOLPAMMUPO-
samu!y. Uzeaexume us neé caedyrouyue cpesvl:

—_

W= W N

10.

11.
12.
13.
14.
15.

BBIBEUTE TPETHUIl CHIMBOJI 3TOI CTPOKHU;

BbIBE/IUTE NPEJIOCJICIHAN CUMBOJI 3TOI CTPOKH;
BBIBEJIUTE IIepBble IIATH CUMBOJIOB 3TOU CTPOKH;
BBIBEJIUTE BCIO CTPOKY, KPOMe€ IIOCJIeJHUX JIBYyX CUMBOJIOB;

BbIBE/IUTE BCE€ CUMBOJIbI C YETHBIMU NHJIEKCaMM1 (C‘{I/IT&H, 9TO UHJEKCallud Ha'du-
naerca ¢ 0);

BBIBEJIUTE BCE CUMBOJIBI C HEYIETHBIMEA nHIeKCaMu, TO €CThb, Ha4YnHadA C IIePBOTro
CHUMBOJIa CTPOKH,;

BbIBE/IUTE YE€ThIpe CUMBOJIa U3 INEHTPpa CTPOKU]
BbIBE/IUTE€ CUMBOJIBI C NH/IEKCaMU, KPpaTHBIMUA TpeM,
BbIBEJIUTE BCE CUMBOJIbI B O6paTHOl\I IIOPAJIKE]

BBIBEIUTE BCE CHMBOJIBI CTPOKU Yepe3 OJIUH B OOPATHOM IMOPSIIKE, HAUUHAS C
110CJIe THETO;

YJIAJINTE BTOPOE CJIOBO U3 CTPOKH;
3aMEHUTE BTOPOE CJIOBO Ha CTPOKY «HUKOLJIA HE»;
J100aBbTE B KOHEI[ CTPOKU «Ha Python»;
[IOCTABBTE MOCJIEHEE CJIOBO MIEPBLIM B CTPOKE;

BBIBEJIUTE JIJINHY JAHHOI CTPOKM.

3amanne 4 (Jlormueckuit Tun manubix. Jlorudeckue oneparopsl) B xaotc-

doti

2pynne s8vinoAHAMb MO OaHOMy 3000HUI0 6 3A6UCUMOCTNAU OM HoMepa 6

enueke epynnot: (n— 1)%10 4 1, 20e n — Homep 6 cnucke.

BbraucinTh 3HaUEHHE JOTTYECKOTO BbIpazKEeHUA. Suavenns IIepeMeHHbIX T 1 Y
BOUBAIOTCH C KJIaBUaTYPbI.

1.

Ll

2?4+ 22 < 4
% — 2% < 4
.x}OI/Im/Iy27é4;

x> 0muy? #4;
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t

x-y#0wmy > z;
6. z-y#0my > x;
7.mex-y<0wumy > x;
8. wex -y<O0my > ux;
9. x >4 wm y? # 4;

10. 2 >4my? #4.

BorancsmTsb 3HaUeHIE JIOTHYIECKOTO BBIPAYKEHUS TIPH BCEX BO3MOXKHBIX 3HAUEHUSIX
soruaeckux BeananH X, Y u Z (mis o6pasna MOXKHO B3sTh 3aa9ky 1npo [lymaxepa):

1. ve (X wmue Y u Z);
2. Y v (X uneY wim Z);
e (meXuY wm 7);

-

X wmueY u /) umm 7,
He

Y wmuae X u”z

(

He (X mwre Y win Z
(
( wm Z;

)
) u
we X mm Y n Z) mmn X;
)
)

X uune (ne Y wiu Z) win Y

S

e (XwmY nZ) wm ve X;
10. ve (X uY) n (we X win ne 7).

Banucars ycsosue (COCTABUTH JIOTMIECKOE BHIPAYKEHEE ), KOTOPOE ABJIFETCS UCTUH-
HBIM, KOI'Ja:

1. yncno X nmenurcs wHanesno Ha 13 u menbine 100;
2. ancao X 6ombire 10 u merbire 20;

Kaxkoe n3 uncen X m Y Oosbire 25;

-

Kazkjioe n3 gnces X u Y HeYeTHOE;

o

TOJIBKO OJTHO 13 duces X n Y 4YeTHOoe;
x0Tst Ob1 07HO U3 dncesl X U Y MOJIOKUTETHHO;

Kaxkoe u3 uncen X, Y, Z KpaTHO IATH;

® N>

TOJILKO O/iHO u3 uuces X, Y, Z KpaTHO TpeM;
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9. Tosbko oxHO u3 unces X, Y, Z menbire 10;

10. xorst Ob1 os1HO U3 uncen X, Y, Z oTpunaTesbHo.

Baganue 5 (YciaoBHblil oneparop) Bumnoanamvb mpu 3a0aHus 6 3a6UCUMO-
cmu om Homepa 6 cnucke. Heobxrodumo cdeaamsv sadarus N m, No m + 5,
Neom 410, 2de m = (n — 1)%5 + 1, n — Homep cmydenma 6 cnucke 2pynnol 6
aAPABUTMHOM NOPAIKE.

1. Hamumure mporpaMmy, KOTOpas 3alpallliBaeT 3HAYEHUE T, a 3aTEM BBIBOJIUT
3HaueHue Ccyeayomei dyHKnun or © (OHA HA3BIBAETCSI 110 JIATHIHKU <«Signums,
YTO 3HAUAT <«3HAK» ):

1, x>0,
y(x) = 0, z=0,
-1, <0

2. Hamummmre mporpammy, KOTOpas 3allpPAIIHBAET 3HAYEHUE T, & 3aT€M BBIBOIUT
3HaYEHNe cJeyomeil hyHKnum oT :

sin?(z), x>0,
y(a) = 0, z=0,
1+ 2sin(2?), =<0

3. Hamummre mporpammy, KOTOpas 3alpaIlnBaeT 3HAYEHUE T, & 3aT€M BBIBOIUT
3HavYEHne cJeyiomnieil dbyHKnum or :

cos?(z), x>0,
y(x) = 0, z=0,
1 —2sin(2?), <0

4. Banpocure y nosb3oBaTess jaBa ducia. lasee:

® cCJIN IIepBoe 0oJIbIIIe BTOPOI'0, TO BBIMUCJIUTDH UX PDA3HUILY U BbIBECTHU JIaH-
HbIC Ha I1€9aThb;

® eCJiM BTOPOE 9HCJIO OOJIBINIE TIEPBOTO, TO BBIYUC/IATH UX CYMMY U BBIBECTH
Ha [1e9aTh;

e ecyi 0ba Jmucsa PaBHDBI, TO BBIBECTU 3TO 3HAYCHUE Ha I1€9aTb.

5. SaHpOCI/ITe Yy moJib30BaTe Id JIBa IIEJIbIX YUCTIa 1M U 7. Ecan meJsjioe 9YucJjio m
JIeJINTCA HalleJIO Ha 1IeJioe YHCJIO 7, TO BBIBECTU Ha IKPaH YaCTHOE OT JieJIeHUd,
B IIPOTUBHOM CJIy4ae BbIBECTU COO6H.[€HI/I€ «M Ha N HalleJIO HE OCJIUTCA».

6. Hammimmre mporpamMmy Juis pelieHus KBaJIpaTHOrO ypaBHeHHs ax’ 4 bx + ¢ =
0. Buauenns: kodpGUIIUEHTOB a, b, ¢ BBOAATCS € KJIaBHATYDBHI. Bbramcienne
KBa/[PATHOIO KOPHSI MOXKHO OPTraHM30BaTh JIMOO ITyTEM BO3BEJIEHUS B CTEIICHD
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10.

0.5, 1160 ¢ moMoIIbI0 DYHKINH Sqrt U3 MaTeMaTuuecKoro mojyJis. IIposepsiiite
3HAYEHNE JUCKPUMUHAHTA: €CJIM OHO MEHbIe HyJisl, KODHEl HeT, ecjii paBHO
HYJIIO, 3HAYUT, KOPEeHb 1, ecyim OoJibie Hysst — KOpHei gBa. s 937oro MoxxHO
HCIIOJIb30BaTh KOHCTPYKIMIO Bujta if elif else.

HanummuTe mporpaMMy, pelaiolLyio Kyouieckoe ypaBHeHne suia > +pr+q = 0
¢ momortpo dhopmysabl Kapiano. 3uadennst Ko3MD@UIIMEHTOB p U ¢ BBOJISITCS C
kiraBuaTypbl. Haitnure kopuu ypasuenusi. [Tomaure, yro Python moxer pabo-
TaTh ¢ KOMILUIEKCHBIMU YUCJIAME, HO MOJTyJIb math mcnosbzoBaTs 1718 nx Bo3Be-
JIEHUs B CTEIleHb Heslb3sd. By/ibTe BHUMATEIbHBI ¢ KyOndecKuM KOPHEM: KyOude-
CKUIl KOPeHb OT OTPUIATEHLHOIO YNC/Ia [IPEBPAIAETCS B KOMILJIEKCHOE YHUCJIO.

Hanmmmre mporpammy, KOTopasi 3alPaIlliBAET y HOJIb30BATEA €ro Bo3pacT (1ie-
JIOE YHCJIO JIET) U B 3aBUCHMOCTH OT 3HAYCHUS BBEIEHHOIO YUCJIA BBIBOJMT:

e or 0 10 7 — «Bam B merckuit cajis;

e or 7 10 18 — «Bam B mKkoIy»;

e or 18 10 25 — «Bam B mpodeccronaabnoe yaebHoe 3aBeIeHues ;

e or 25 10 60 — «Bam Ha pabory»;

e or 60 10 120 — «Bam npeocraBisieTcst BBIOOD» ;

e wvenbie 0 u 6osbiie 120 — marh pas noaps: «Omubka! D1o mporpamvma

s moeit!».

Hanummre nmporpammy, KOTopasi MOMOYXKeT BaM ONTHMU3UPOBATH Iy TEIIeCTBUE
Ha aBromobmire. [lycTs mporpamMma 3amparimBaeT y MOJb30BATEIS CJIEILYONIe
JIAaHHBIE:

e CKOJIbKO KUJIOMETPOB XOTHUTE IIPOeXaTh Ha aBTOMOOMIe?

e CKOJIBKO JIUTPOB TOILIMBA pacxoayeT aBromodmis Ha 100 Kumomerpos?

o CKOJIbKO JIUTPOB TOILIMBA B BalleMm Oake?!

,Z[anee B 3aBHUCHUMOCTHU OT BBeﬂéHHbIX 3HAYEHU IIporpaMmMa JIOJI2KHaQ BbIJIaTh
BEPAUKT: IIPOEJETE BBI 2KeJIa€MO€ PAaCCTOAHUE WJIA HET,

Tlonp30BaTe b BBOMUT TPH JEHCTBUTEIBHBIX YNCJIA: JJIMHBI CTOPOH TPEYTOJIb-
nuka. [Iporpamma jgo/mKHa COOOIIUTE TOJIH30BATEIIO:

® BJIAETCH JI TPEYyroJbHUK PABHOCTOPOHHUM;

® SIBJISIETCS JIN TPEYTOJIBHUK PABHOOEIPEHHBIM;

® BJIACTCH JII TPEYTOJbHUK PA3HOCTOPOHHUM;

® JBJIACTCH JII TPEYTOJbHUK MPAMOYTOJIbHBIM;

® CyIIECTBYET Ji BOOOINE TAKON TPeyroJabHUK (TAKOrO TPEeyroJbHUKa HE MO-
2KeT OBITDh, €CJIN JITTHA XOTsI OBI OJTHO CTOPOHDBI OOJIBINE WJIH PaBHA CyMMe

JUIAH JIBYX JIDYTHUX).
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11. UsBecren Bec bokcépa-ytodburesss. OH TakKoOB, YTO GOKCEP MOKET OBITH OTHECEH
K OJIHOI U3 TPEX BECOBBIX KATErOPHii:
e jierkuii Bec — 0 60 K
e TIepBBIil omycpeanuit Bec — 1o 64 Kr;

e rioJIyCcpeHUit Bec — J10 69 K
Onpenenurh, B KaKOi KaTeropuu Oy/1eT BBICTYIIATH JaHHBIN OOKCEp.

12. B uemmmonare mo ¢yTboy KOMAH/E 38 BBIUTPBINI JIAETCSI 3 OUKA, 3a IPOUT-
poit — 0, 3a Huubto — 1. VI3BeCTHO KOJIMYECTBO OYKOB, TOJIyYeHHBIX KOMAHIOH
3a urpy. Oupee/iuTh CJIOBECHBIN Pe3y/IbTaT UrPbl (BBIMIPLIIL, [IPOUTPBIIL U
HUYb ).

13. CocraBurh mporpaMmy, KOTOpasi B 3aBUCHMOCTH OT MOPSIIKOBOI'O HOMepa JHs
uegesnu (or 1 10 7) BBIBOAUT Ha 9KpaH ero Haspanue (IIOHEIEIbHUK, BTOPHUK,
..., BOCKDECEHDE).

14. CocraBuTh IporpamMmy, KOTOpas B 3aBUCHMOCTH OT IOPSJIKOBOIO HOMEpa Me-

cama (1, 2, ..., 12) BBIBOAWT Ha 9KpaH ero HaspaHuWe (sHBapb, (eBpaJb, ...,
JIeKabph ).

15. CocraBuTh MporpaMmy, KOTopasi B 3aBUCHMOCTH OT HOPSIJIKOBOI'O HOMEPa MeCsi-
na (1, 2, ..., 12) BEIBOZIUT HA SKpaH BpeMs roja, K KOTOPOMY OTHOCHUTCS 9TOT
MECHII.

Baganne 6 (Cuucku. Koprexxu. Cioapu) 3adanus 8bmoAHAMS 6Ce MO No-
PAOKY.

1. Cnucku
a) Cosnaiite gBa crmcka B auanaszone (0, 100) ¢ marom 10. ITpucsoiite Heko-
TOPBIM IIePEMEHHBIM 3HAYEHUs STUX CIUCKOB.

b) UsBiekure U3 nepBoro CIuCKa BTOPOH JIEMEHT.

¢) VamennTe BO BTOPOM CIHCKE TOCTIEIHUN 00BbeKT Ha qucio «200». Boise-
JINTE CIHCOK Ha YKPAaH.

d) Coenunnre oba cuucka B OIMH, IIPUCBOUB Pe3yJIbTaT HOBOIl Il€pEMEHHO.
BoiBeuTe oty IuBIIAiiCS CIIMCOK HA SKPAH.

e) BosbMmuTe cpe3 u3 COeJMHEHHOrO CIIMCKA TaK, 9TOOBI Ty/a HOIAJUd HEKO-
TOpbIE YacTh 00OUX MEPBBIX CHUCKOB. Cpe3 CBszZKHUTE C 0YepEeHOM HOBOI
nepeMenmoil. BoiBeanTe 3natdenune 3Toi mepeMeHHoM.

f) JobaBbre B CHHCOK-CPE3 JiBa HOBBIX JIEMEHTA U CHOBA BBIBEIUTE €ro.

g) C nomornpio dyukumii min () umax () Haiizure U BbIBEIUTE JIEMEHTHI 00b-
€IMHEHHOTO CIIMCKA ¢ MAKCAMAJILHBIM U MAHUMAJILHBIM 3HAYECHUEM.
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2. Kopmeoicu

a)

Co3zpaiire J1Ba KopTexKa: OJUH U3 duces B puanasone (1, KosmdecTBo yue-
HUKOB B IPYIIIE) ¢ IaroM 1, BTOpoil — u3 daMuimii y4eHUKOB Baleil
rpymmbl. [IycTs OHU COOTBETCTBYIOT JAPYT JIPYTY;

[TocmoTrpuTe, Kakas hamMuinsg y CTyIeHTa ¢ HOMEPOM b.
A Terepb mocMoOTpHUTE, YTO 3AIUCAHO BO BTOPOI KOPTEXK 0] HOMEPOM 5.

O6’]36,ILI/IHI/IT€ JIBa KOPpTe2Ka B OJIUH, IIPUCBOUB pe3yJ/jbTaT HOBOI IIepeMeH-
HOTA. BI)IBQ,HI/ITG HOHy‘{HBmHﬁCH CIIMCOK Ha 9KPaH.

BosbmuTe cpes U3 coeIMHEHHOIO KOpPTeyka TaK, YTOOB! TY/Ia IIOIAIN HEKO-
TOpBIe YacTH 060MX MEPBbIX Koprexkeil. Cpe3 CBsSzKUTE ¢ 09epeHOI HOBOI
repeMeHHO. BrIBeuTe 3HAUEHNE STOH ITE€PEMEHHOMN.

3. Cnosapu

a)

CospaiiTe ciaoBapb, CBS3aB €ro ¢ mepeMeHHOil School, W HAIOJJHUTE €ro
JAHHBIMU, KOTOPbIE ObI OTPAaYXKAJIA KOJIMIECTBO YUAIUXCS B IISITH Pa3HBIX
kjaccax (mampumep, la, 16, 2B u T. 11.); BBIBEIUTE COAEPKUMOE CJIOBAPsI HA
9KPaH.

V3HaiiTe CKOJIBKO J€/I0BEK B KAKOM-HUOYIb Kjiacce. Kitace 3amparimBaercst
y IOJIB30BATENd C KJIABUATYDPBI, €CJIH TAKOI'0 3alpallnBaeMoro KJjacca B
IIKOJIe HET, TO BBIIAaETCs coobrmenne: « Takoro kacca Ha CyIMECTBYET».

B mkoste IIPOU3ONLIJIN U3MEHCHH, BHECUTEC UX B CJIOBapb: B TpéX KJIacCax
U3MEHUJIOCH KOJIUYIECCTBO YYallUXCdA; pe3yJabTaT BbIBECAUTEC Ha dKPaH.

B mkosie mosBMJIOCH J1BAa HOBBIX KJIAcCa, HOBBIH CJIOBapb BBIBEJIUTE Ha
IKpaH.

B mixoste pachopmupoBasn ouH n3 KJIACCOB, BHIBEIUTE COIEPKUMOE HO-
BOI'O CJIOBapsl Ha 9KpaH.
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Lnknbl

ITukabl — 9TO MHCTPYKIINK, BBIMOJHSIONINE OJIHY U TY K€ TOCJIE/IOBATETbHOCTH
JeificTBuil MHOI'OKpPaTHO.

B peasbHOit KU3HU MBI JIOBOJIBHO YACTO CTAJKHBaeMCs C nukJjamu. Hampmwmep,
x07p0a YesIoBeKa — BIIOJIHE IUKJIMYECKOE sBJICHUE: INar JIeBOW, IMar IPaBOil, CHO-
Ba JIEBOH-TIPABOM U T. JI., OKa He OyJeT JIOCTUIHYTA ONPEIeIeHHAs TIeNb (HAIPIMED,
yHuBepcuTeT mim Kade). B KOMIBIOTEPHBIX MPOrpaMMax HApSLy ¢ UHCTPYKIHSIMU
BeTBJIeHU (T.€. BBIOOPOM IIyTH JeHCTBUsI, KOHCTPYKIug if-else) TakKe CyIIecTBYIOT
UMHCTPYKIMU UKJIOB (IOBTOpeHUs JeiicTBus ). Ecau 6bl HHCTPYKIMIL UK He CyIie-
CTBOBaWIO, IIPUIJIOCH BCTABJATL B IIPOIPDAMMY OJUH M TOT K€ KO/ IHOAPAI CTOJIBLKO
pa3, CKOJIbKO HYZKHO BBIIIOJHUTH OJMHAKOBYIO IIOCJIEIOBATEILHOCTD JeCTBUIA.

3.1 Uwukn c ycnosuem (while)

VHEUBEPCATBHBIM OPraHU3aTOPOM IUKJIA B A3bIKe Iporpammuposanus Python (kax
U BO MHOTUX JAPYIUX A3BIKAX) sIBJIAETCH IUKJI ¢ ycjioBueM (Koncrpykuug while). Ciio-
Bo «while» ¢ aHMIMIACKOrO #3bIKA MEPEBOAUTCS KaK <«IOKa» (IIOKa JIOTMYECKOE BbI-
pakeHue BO3BpAIl@eT UCTHHY, BBIIOJHATH OLpejeeHHble oneparyn). KoncrpyKius
while ma a3bike Python MoxeT BBITVISIETH CJIETYIONTAM 06pa30Ml:

a = HaYajJbHOE 3HAYEHUE
while a omepaTop cCpaBHEHHA b:
melicTBUA
U3MEeHeHue a
melicTBudA

Dra cxema CHILHO HEHOIHAS, TaK KaK JOIMIECKOe BhIPDAYKEHIE B 3ar0JI0BKE UK/
MOzKeT ObITh O0JIee CJIOKHBIM, a U3MEHSATHCS MOXKeT IlepeMeHHast (M BeiparkeHue) b.

IB ﬂeﬁcTBHTeHbHOCTH, Takoe TIIpeJcTaBJIEHUE fBJIAE€TCA YaCTHbIM W BMECTO a oIlepaTop
CpaBHEHUA b MOXKET CTOATDH JII0OOE JIOTUIECKOe BbIpakK€HHUE U [[arKe HEeJIOT'WYIEeCKOe BbIparKeHue, KO-
TOPOE MOZKEeT OBITH NHTEPIIPETUPOBAHO KaK JIOTUYIECKOe HyTéM HEeABHbBIX HpeO6p330BaHI/I171 TUIIOB.
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MozkeT BO3HHKHYTBH BOIIPOC: «3adeM u3MeHsTh a min b?». Korja BbiliosHeHMe
IPOrPAMMHOI'O KOJIa JOXOJUT JI0 IUKJa while, BBIMOJIHSIETCS JIOTUYECKOe BbIparKe-
HUEe B 3ar0JIOBKE, U, €CJIU OBbLIO0 MOoJIy4ueHO True, BBIIOJIHSIIOTCS BJIOKEHHBIE BbIPaKe-
uus. [locsie TOTOK BBIOTHEHMST IIPOIPAMMBI CHOBA BO3BPAIIAETCS B 3ar0JIOBOK ITAKJIA
while, u cHOBa upoBepsiercst ycjosue. Buumanue! Eciu ycioBue Hukorma me Oyzer
JIO)KHBIM, TO He Oy/IeT NPUYIUH JJId OCTAHOBKHU IUKJA, U MPOrpaMMa 3alliKJINTCH.
IIpocreiimuit criocob co3maTh TaKyo CUTYAIHIO:

while True:
print (°Y moma 6ruta cobaka, oH e& mobumi. ’)
print (’0Oma cbema Kycok mMsca - OH eé ybui.’)
print (’Bepsl AMKy, 3akKolan ¥ Ha KaMHe HamImucan:’)

Y100l TAKOIO HE MPOM3OIIO B OOBIYHOI MpOrpaMme, HeOOXOIUMO IIPELyCMOT-
PeThb BO3MOYKHOCTH BBIXOJIa M3 ITUKJIA — JIOYKHOCTH BBIDAyKEHUsI B 3aroJIOBKe. TaknMm
0Opa3oM, m3MeHsIsT 3HAYTEHNE TTEPEMEHHON B Tesle TUKJa, MOKHO JTOBECTU JIOTHIECKOe
BbIPazkKeHHe JI0 JIO?KHOCTU. DTy U3MEHSIEMYIO IIePEMEHHYIO, KOTOPas UCIOJIb3YeTCs B
3aroJioBKe InKJa while, OOBIYHO HA3BIBAIOT CIETINKOM. Kak m BCIKOM mepeMeHHOi,
elf MOYKHO JIaBATh ITPOU3BOJILHBIE UMEHA, OJTHAKO OYEHL YaCTO UCIIOJIBL3YIOTCS OYKBbI
inmj.

[Tpumep ucromb3oBanus MuKaa while: BeIBOI mepBbix n gncen Oubonadan. Ps
PuboHATIN — PSIT IUCETT, B KOTOPOM KazKI0€ TOCJIEIYIOIIee IICI0 PABHO CyMMe JIBYyX
npempraytux: 0, 1, 1, 2, 3, 5, 8, 13 n 1. ;1. BeiBegem nepsoie 10 wncerr:

fibl 0

fib2 1

print (fib1l)

print (£ib2)

n = 10

i=2

summa = 0

while i <= n:
summa = fibl + £fib2
print (summa)
fibl = fib2
fib2 = summa
i=1i+1

Kak paboraer sra nporpamma? Bpomsrcs jse nepemennbie (fibl u £ib2), Ko-
TOPBIM [IPUCBANBAIOTCH HaYaJIbHbIE 3HaYeHns. [IpucBanBaioTcsa HadaabHbIe 3HAYEHUS
[IepEMEHHBIM NI U SUmMma, a TakKe CIeTUYNKY 1. BHyTpy 1uKI/Ia mepeMeHHol summa 1mpu-
CBamBaeTCs CyMMa, JIBYX MPEIbIIYIINX UJIEHOB Psijia, U ee YKe 3HAYeHNe BbIBOJUTCS Ha
skpal. Jlasnee uzmensiorca 3uadenus fibl u £ib2 (mepBoMy IpuCcBanBaeTCs BTOpOe,
BTOPOMY — CyMMa), & TAKXKe yBEJMIUBACTCH 3HAUYCHUE CUCTUUKA.

Bajiauka u3 KU3HU. B Gara)KHWK aBTOMOOWJIS TPy3sT OBOIM M (DPYKTHI C Jia-
qu: KapTodesb, KAIyCTy, MOPKOBb, si0ji0Ku, Ipymu u jp. Ob6beMm OarakHuUKa paBeH
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350 1. IIpoayKThl KJIaIyT MOCTAEIOBATENLHO, 00BHEM KaXKJI0T0 T'PY3a U3BECTEH B JINT-
pax. HyxkHo ckazaTh B Kakoil MOMEHT (HA3BaThb HOMEpP Ipy3a) OaraxKHUK IEpPeroJi-
HuTcsi. [IporpaMma BBITJISIIUT CJIEAYIOMIAM 00Pa30M:

s =0

n =20

while s < 350:
x = int (input ())
s = s + x
n=mn+1

print (n)

31ech mepeMeHHas S XPAHUT CYMMAapHBIH 00bEM yKe HAKOIJICHHBIX I'DY30B, B IE€pe-
MEHHYIO X CIUTBIBAETCH 00BEM OYEPEHOIO IPy3a, & N CANTAeT HOMED IPy3a.

B obonx mpumepax OBbLT MPUMEHEH BayKHBIH NPUEM HAKONAECHUA CYMMbL. JIaHHDbIIT
AJITOPUTMUYECKUI TPUEM HCIIOJIB3YETCsI, KOIJia HAJIO IIPOCYMMUPOBATH OOJIBIIOE KO-
JITY9eCTBO uuces. Jjist 9TOro mepeMeHHOil, B KOTOPYIO Oy/IeT 3aliChIBATHCS CyMMa,
B HavaJjle IMPUCBAUBAETCS HYJEBOE 3HAUYCHUE, 3aTEM JIeJIACTCH IUKJI, T/Ie Ha KaXK/IOM
mare K 9TOH IepeMeHnHoil 100aBIsgeTcs 09epeIHOe TUCIIO.

Ouenb BaxkHast, (DyHIAMEHTAIBHAS Ues], NCIOJb30BaHHAS B JIAHHOM MPUEME, CO-
CTOUT B TOM, YTO PE3YJIbTAT BBIIIOJHEHUsI KayKJIOT0 IIara IUKJIa 3aBUCUT OT 3HAYEHUSI
[IePEMEHHOI, BBIYUC/IEHHOTO Ha IIPE/IBLIyeM. TakimM 06pa30M, BMECTO TPUBHAJIBHOTO
MMOBTOPEHUSI OJTHOT'O M TOTO YK€ MBI Ha KayKJOM IIare moJIy9aeM HOBBIM Pe3YJIbTAT.

B npusenennom npumepe odepemHoe Guciio J100ABIISAETCA K 3HAYEHHUIO [T€PEMEH-
HOIi S, TIOJy9IeHHOMY Ha MPEIBIIYINeM mare. A K demMy J00aBJIsieTcsi 09epeTHOe nc-
JIO Ha caMoM 1epBoM? YT0o6bI OBLIO K YeMy J00aBJISITh, [TEPEe] IUKJIOM 00sI3aTe/ IbHO
JIOJIZKHA [IPUCYTCTBOBATH MHUIMAIU3AIM (IIPUCBANBAHIE HAYAILHOTO 3HAYCHNUS ) TIe-
PEMEHHOi1, B KOTOPOIl HAKAIIJINBAECTCA CyMMa. Jalre Bcero Tpedyercsi MpUCBOUTH €l
HavaJbHOe 3Hadenue 0.

IIporpammucTckuit anekj 0T B TeMy. Byparnno mogapuiu Tpu stbsioka. JIBa on
cbest. CroJibKO sI0JI0K ocTtasiock y byparuao? OTBer «OjHO» — HeNpaBUJIbHbBIN. B
JeCTBUTEIbHOCTH, HEM3BECTHO, CKOJIBKO OCTAJIOCh, TAK KAK HE CKA3aHO, CKOJIBKO s10-
JIOK OBLJIO Yy HEro 70 TOTO, KaK eMy Hojapuin Tpu HOBBIX. Mopasb: e 3abbiBaiiTe
06HYJIATH (1 BOOOIIE HWHUIMAIU3UPOBATH) [epeMeHHbIe!

AHAJIOrNTIHO HAKOILIEHUIO CYMMbBI MOXKHO B OT/IEJIBHOI [IEPEMEHHON HAKAILINBATD
npoussejierre. [lepeMeHHOl, B KOTOPOil IPOM3BOIUTCS HAKOILJIEHNE, [TPUCBANMBAETCSI
HadaabHOe 3HadeHue 1. [[jist mpumepa BeraucanM pakTopua HEKOToporo uncia. Pax-
TOPUAJIOM IIEJIOTO JHC/Ia 1 HA3BIBAETCS IMPOU3BEIEHNE BCEX IIEJIBIX IUCEe]T OT 1 70 n.
O6oznauaerca n!, roecrb n! =1-2-3 ... -n.

Brraucnsaomast dpakTopuas IporpaMmMa BBIIVISIAT TaK:

n = int (input ( ’Cronbko ¢parTOpwanoB 6yLeM CyMMHpPOBaTb? ’))
i=2
p=1

while i <= n:
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p:
i =
print (p)

]
+ *
SN

3.2 Uwukn obxopa nocneposatenbHoctu (for)

Hwkr while He eIMHCTBEHHBIH CIIOCOO OPTaHW3AIMHU TOBTOPEHUS TPYIIILI BhIPa-
xennit. Takzke MHIPOKO TPUMEHSAECTCA UK £or, KOTOPBIA MPeICTaBIseT cO0O0M TTMKIT
00X0/1a 38/TAHHOTO MHOYKECTBA JIEMEHTOB (CHMBOJIOB CTPOKH, O0HEKTOB CINCKA MJIN
CJI0Bapsl) M BHINOJHEHHS B CBOEM TeJIe PA3IMYHBIX ONepaIuil Hal HIMHIZ,

Kak mpaBusio, nukiiel for UCIOIB3YIOTCS JIMOO JJIsI TOBTOPEHUST KAKOH-1100 1mo-
CJIEJIOBATE/ILHOCTH JIEHCTBUI 3aJlaHHOE YHUCJIO Pa3, Jubo Jjid M3MEHEHWs 3HATCHUS
MEPEeMEHHON B IIUKJIEe OT HEKOTOPOI'0 HAYAJLHOTO 3HAYEHU O HEKOTOPOI'0 KOHETHO-
ro.

J171s1 TOBTOpEHUS IUKJIA HEKOTOPOE 33/IaHHOE YHCJIO Pa3 1 MOYKHO HCIIOJIb30BaTh

ITUKJI for BMmecTe C beHK].[HefI range:

for i in range(n):
Tenmo numkna

B kavecTBe n MOXKET MCIIOTB30BATHCS YHCIOBas KOHCTAHTA, TEPEMEHHasT MJIA ITPOU3-
BoJIbHOE apudmeTnieckoe Boipazkenue (Hampumep, 2%*10). Ecsin 3nadenue n paBuo
HYJIIO U OTPHUIlATeIbHOE, TO TeJIO IUKJIa He BBIIOJIHUTCH HU pazy.

Eciun 3amaTh muka TakuM 00pas3oMm:

for i in range(a, Db):
Teno nmria

TO UHJIEKCHAs [lepeMeHHas 1 OyJieT IPUHUMATh 3HAYEHNS OT & JI0 b - 1 BKJIFOUUTEIb-
HO, TO €CTb IIePBbIil TapaMerp (DYHKINU range, BHI3BLIBAEMON C JIByMsl IapaMeTpaMHu,
3a/1aeT HadaJIbHOE 3HAYCHNE NHICKCHOM ITepeMeHHOH, a BTOPOil TapaMeTp — 3Ha4deHNne,
KOTOpO€e WHJIEKCHAas IepeMeHHasi IpuHuMaTh ne Oymer. Hanpuwmep, /ajis Toro, 9To0bI
MIPOCYMMHUPOBATh 3HAUYEHHsI YHUCces OT 1 JI0 1, MOYKHO BOCIIOJIB30BATBCS CJIEIYIONIEt
IPOrpaMMOIi:

summa = 0
for i in range (1, n+1):
summa = summa + i

B sTtom mpumepe mepemennasi i mpuHEUMaeT 3HaYeHWS 1, 2, ..., n, U 3HaYEHUE
[IePEMEHHOI Summa MOCJIeI0BATEIFHO YBEJIMINBACTCS HA YKA3AHHBIE 3HAYCHUsI. 3eCh
OIIATH BUJIUM IIPUEM HAKOIJIEHUHA CYMMBI.

2B GOJIBbIIMHCTBE S3bIKOB IIPOrPAMMUPOBAHHS O, IMKJIOM fOr IIPUHSTO IIOHMMATH IIUKJI CO CUET-
qukoB. Takoro nuksia B Python wer, xorst cymiectByromuii for MoxKeT UCHOJIHATH ero (dpyHKiuu. [k
for a3bika Python dakruyecku npesacrasiisier coboro 1uki foreach — st KaxKJ10ro. Takoi IUKJT
CYILIECTBYET BO MHOTHX SI3bIKaX IIPOIPAMMUPOBAHNS, CO3JAHHBIX B IIOCJIEHIE JBa JECATUIIETUS, Ha~
npumep, B D.
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Haxomner, 9To6b1 opraHn30BaTh MUK/, B KOTOPOM HWHJEKCHAsI TepeMeHnHast OyjieT
ymenbmarhes (B Pascal nukit ¢ downto, IUKJI ¢ OTPULATEIBHBIM IPUPAIIEHUEM ), HEO6-
XOJIMMO HCIOJIB30BATh (QYHKIMIO range ¢ TpeMs mapamerpamu. llepBoiil nmapamerp
3aJ1aeT HaJYaJIbHOE 3HAYCHNE NHICKCHOI IIepEeMEeHHOI, BTOPOil TapaMeTp — 3HadYeHne
10 KOTOPOTro OyJleT U3MEeHsThCs UHIEKCHas epeMenHas (He BKovas erol), a rperuit
rapamMerp — BEJIUYINHY U3MEHEHUs MHIEKCHOI nepemenHoi. Hanpumep, cienars 1ukI
10 BCEM HEYEeTHBIM 4nciaam orT 1 710 99 moxkHO npu nomoru ¢yskiun range (1, 100,
2), a cjenarh nukJ mo BceM unciaam ot 100 g0 1 moxkuo npu nomoru range (100,
0, -1).

Bonee dopmanbho, nukia for i in range(a, b, d) npud > 0 3ajaéT 3HaUEHUS
WHJICKCHOM epeMeHHoii 1 = a,1 = a + d,1 = a + 2 * du Tak /g BCeX 3HAUCHUI,
Tt KOTOpBIX 1 < b. Ecim sxe d < 0, TO mepemMeHHast MUKJIa MPUHAMAET BCe 3HATCHUS
i > b.

Ho B sa3mike mporpammvmpoBanmst Python muka for mmeer 3a9acTyio HECKOIb-
Ko mnoe mnpuMmenenne. Hampumep, crnmcoxk B Python ormocuTest K urepupyeMbiM
oObeKTaM. DTO 3HAYHUT, YTO €ro JIEMEHThI MOXKHO ODONTH HUKJIOM for, mpuyém
[epeMeHHasI-CIETINK OyIeT Ha KarXKIOM Iare MPUHAMATHh 3HAYEHHE O0YePEHOrO dJIe-
MEHTa IHKJIa:

mylist = [12, 17.9, True, -8, False]
for j in mylist:
print (j)

[Iporpamma BbIBEIET BCe JIEMEHTHI CIUCKa mylist B cTOIOUK:

12
17.9
True
-8
False

[IpuBeaéHHBII CITOCOO MOXKHO Ha3BaTh 0OXOIOM IO 3HAYEHUIO, TIOCKOJIBKY aBTOMA-
THUYECKU CO3J[aBaeMasl IIepeMeHHast j Ha KaKJOM Iare IPpUHUMAaeT 3HAUEHNEe OUYepe/i-
HOI'O 3JIEMEHTa CIUCKa. EcTh ermé oauH crrocod 00OMTH CIIMCOK — IO WHEKCaM, KOr/a
Takasl Ke IIepeMeHHast OyIeT IIPUHIMATh HOMED OYEPEeTHOrO JIEMEHTA

mylist = [12, 17.9, True, -8, False]
for j in range(0, len(mylist), 1):
print (j)

BoiBox Gymer coBcem mapyroii:

s wWw NN - O



72 Mnasa 3. Uuknbl

Ecsm nammcars:

mylist = [12, 17.9, True, -8, False]
for j in range(0, len(mylist), 1):
print (mylist[j])

TO BBIBOJI, OyZIeT TaKOl Ke, KAK B IIEPBOM IIPUMEpE.

Ha camom nese, Mexanu3m 000OMX MOAXOIOB OJWH M TOT K€, MOTOMY UTO BO BTO-
pom BapuaHTe (DAKTUIECKHN HESBHO CO3/IAETCA HOBAsl MOCJIEI0BATEIbHOCTS range (0,
len(mylist), 1), comeprkaliasi HOMePa BCEX IJIEMEHTOB CIHMCKA mylist — auanason
OT HyJIsI JIO JUIMHBI Mylist ¢ maroM 1, u 9TOT HOBas MOCJIEI0BATEIHLHOCTE OOXOUTCS
110 3HAYEHUIO.

Hamumewm ¢ nomorpio 1mukjia for BeiBo psiga Oubonadyan:

fibl = 0
fib2 = 1
n = 10
summa = O
for i in range(n):
summa = fibl + £fib2

print (summa)
fibl = fib2
fib2 = summa

B pesynbrare Oymer BuIBEIEHO ClIeIyIOIIEe

g w N =

13

34
55
89

C momorpo 1ukja for MOXKHO epedupaTh CTPOKM, €CJAU HE IBITATHCA UX MPU
9TOM HU3MEHHATH:

strl = ’llpuset’
for i in stri:
print (i, end=’.’)

Byner BoiBeseno:

Npusert
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3J1eChb MOXKHO BHJIETH, 9TO ¥ (yHKIME print ecth mapamerp end. [To ymosraanmio
end = ’\n’ — HeOTOOpaKAEMOMY CHUMBOJIY HOBOH CTPOKHU. B TIpesblIyeM mpumepe
mapamMerpy end ObLIT IPUCBOEH CHMBOJI IIPOOET.

ukn for ucmosb3yercs u 1y pabOThI CO CJIOBAPSIMU:

dic = {’cat’:’komka’, ’dog’:’méc’,
bird’:’mrunma’, ’mouse’: ’Mpmb’ )
for i in dic:
dic[i] = dic[i] + ’_ru’

print (dic)
BoiBoa mporpaMmbr:
{’bird’: ’mruma_ru’, ’cat’: ’Komka_ru’, ’mouse’: ’Mpmb_ru’, ’dog’: ‘méc_ru’}

Ha npakTuke 9acto He BaKHO, KaKUM 00pa30M BBI peruTe 3aj1ady. Mckars cpasy
OIITUMAJILHOE PEIleHUe He CJIe/LyeT, JOCTATOYHO HaliTu IPOCTO IpaBUIbHOE (& UX MO-
ket OpITh MHOXKecTBO). Kak nucas Jonansn KuyT B cBoéM dyniameHTanbHOM TPY/IE
«JIcKyccTBO IPOrpaMMUPOBAHUST», <IIPEXKIEBPEMEHHAsS OITUMU3AIUsI — KOPEHb MHO-
TUX 30J1%.

3.3 HekoTopble OCHOBHble anropuTMmyeckme npruembl

3.3.1 [lpuémbl HakonneHnst cymmbl 1 npousseaeHus. Mix kombuHauus

B paspueJie nipo muks while paccMaTpuBasIuCh IIPUMEPBI ¢ HAKOILIEHUEM CYMMbI U
[IPOUBBEJCHUs. DTHU YKe MPUEMBI MOXKHO U HYYKHO IPUMEHATH PU PabOTe C IUKJIOM
for. Tak ke UX MOXKHO KOMOMHUPOBATH. PaccMOTpUM CJIeAyIONuii mpuMep: HeoOX0-
JMMO BBIYUCIUTH 3HaUYeHne Bbipaykenus 1!+ 2! 4+ .-+ + n!

Pemtenine B 7106 cocronT B TOM, ITOOBI B TeJje ITUKJIA, OCYIECTBIISIIONIEN0 CYMMU-
poBaHue, MPOU3BOJIUTDH BbIYHUCIEHIE (hakTOpHasa:

n = int (input (’Cronabko pakTOpHanoB OyZeM CyMMHpPOBATH? ’))
s =0
for i in range(l, n+1):

# BouncineHue ¢arkTopuanza OT T .

p=1
for k in range(1l, i+1):
P =P * k;
# JlobaBleHne BHYUCIEHHOTO pakTopuana K CyMME !
s = s +p
print(s)

K IbI TTO3BOJISIOT TTOBTOPSITH BBIIOJHEHUE JIFOOOT0 HAOOpa omepaTropos. B gact-
HOCTH, MOYKHO MOBTODSITH MHOT'O PA3 BBIMIOJIHEHUE JAPYTOTO IMUKJIA. TaKne IMUKJIbl Ha-
3BIBAIOTCS BA0ICEHHbIMU. B IIPUBEIEHHOM BBIIIIE IPUMEPE OJUH ITUKJ for BIIOKEH B
JApyroil nuksa for.
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Tunnanas ommoOKa, KOTJia B KadeCTBe CUETUNKOB BJIOXKEHHBIX IMUKJIOB (1 u k B
[PUBEIEHHOM [PUMEPE) UCIOJB3yeTCsT OJIHA 1 Ta ¥Ke lepeMeHHast. To ecTb, HeJb3sl B
KazKJIOM M3 IUKJIOB UCIOJIB30BaTh OJIHY ITepeMeHHY0 i. Bama mporpamma 3amycTuT-
csl, HO JeyiaTh OyIeT BOBCE HE TO, U9TO BbI OT Heé kKiére. B mpuBenénnoMm mpumepe,
€CJI JIONMYCTUTD ONIMOKY, 3aMEHUB IIEPEMEHHYIO kK Ha i, BHEIIHUN IUKJI BBIIOJTHUTCS
Bcero 1 pa3 BMecTo 4-X. Bo3aMoxKHa TakKe CUTyalns, KOT/Ia Takas OITHOKa MPUBE/IET K
BalMK/IMBAHUIO: BHEIITHUIT IUKJI OY/IeT BBITOJHATHCSI OECKOHETHO JI0JIN0 — IIPOrpaMMa
3aBUCHET.

3aMeTuM, 9TO IPU BBIUUCICHAN (haKTOpHUaaa Ha KaXKJIOM IIare mojyvaeTcs hak-
TOpHUAJ BCE OOJIBIIETO TEJIOT0 YUCIA. DTU «ITPOMEKYTOUHBIE» PE3YJIBTATHI OJTHOKPAT-
HOIO BBIYHUCJIEeHUS (PAKTOPUAJIA U MOKHO CYMMUPOBATD:

n = int (input ( ’Cronbko pakTOpHaTIOB CyMMHPOBATB? ’))
s =0
p =1
for i in range(l, n+1):
p=px*i
s = s +p
print (s)

CrouT OTMETHUTDH, YTO B OCHOBE PACCMOTPEHHBIX DaHEe aJrOPUTMHUYCCKUX ITPUE-
MOB HAKOILJICHWST CyMMbI W IIPOU3BEJICHUS JIEZKUT (DYHIAMEHTATBLHAS UJIES O TOM, UTO
pe3yJIbTaT BHIYUCJIEHUI Ha KaXK/IOM Iare IUKJIA JIOJIZKEH 3aBUCETH OT PE3yJIbTaTa Bbl-
quc/ieHuil Ha mpeplyiieM mare. O000IEHHBIM MaTEMATUIECKIM BbIPDAXKEHUEM JTOI
UJIEH SIBJISIIOTCS PEKYPPEHMMHBLE COOMMHOULEHUA.

B mamux npuMepax B KadecTBe PEKYPPEHTHBIX COOTHOIIEHUN BBICTYIIAJIN, HAIIPHU-
Mep, hopMyibl p = p * 1 us = s + p. [Ipuuém, nociennee Boipaxkenue (s = s +
P) fABJSETCH CJIOXKHOIO DEKYDPCHell, KOIjla 3HAYCHUE S 3aBUCHT HE TOJBKO OT CBOEIO
IIPOILJIOro 3Ha4YeHNsd, HO U OT 3HAYCHUA p Ha IIPpONIIJIOM HIare.

JLJtst JTydimero MOHUMAHWS PEIIUM 33J1a9y: IIyCTh JIaHO PEKYyPPEHTHOE COOTHOIIIe-
Hue T,41 = 1 — A\z2. B nesuneiinoii AunaMuKe 3T0 COOTHOIICHUE HA3BIBAIOT JIOTUCTH-
geckuM oTobpaxkenneM. OHO, HAIIPUMED, MOXKET HCIIOJIb30BATHCH JJIs TPUOJIMZKEHHO-
IO OIUCAHUS U3MEHEHUST YUCTIEHHOCTU TOIMYJIAINNA HEKOTOPBIX JKUBOTHBIX BO BDEMEHH.
IIycts nagasbroe 3uadenue g = 1. [Tlapamerp A = 0.75. Heobxoaumo Haitn xs.

x =1

for i in range(1l, 6):
x =1 - 0.75*%xx**2

print (x)

Brios mporpaMmbr:
0.35989018693629404

O/ tHOKpaTHOE BBIYUC/IEHUE CJISIYIONUX 3HAYCHU 110 MPEIBLIY UM TOCPEICTBOM
PEKYPPEHTHBIX COOTHOIMICHWI HA3BIBACTCS UMepayued. A Tporece BbIYUCIeHU ¢ o~
MONIBIO PEKYPPEHTHBIX COOTHOIIEHNN — UMePUpPo8aHUEM.
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Samaume 7 [Ipudymatime pexyppeHmHoe cCOOMHOWeEHUE, 3a0arowee CAedYto-
WUE HUCAO0BBLE NOCAEI0B8ATNEABHOCTAU

a) 1,2,3,4,

b) 0,5,10,15,...

¢ 1,1,1,1,...

d) 1,-1,1,-1,...

e) 1,-2,3,-4,5,—6...
f) 2,4,8,16,...

g) 2,4,16,256, . ..

h) 0,1,2,3,0,1,2,3,0,...
)

10,3, 51,70, ...

Baotcno!!! Eciin B Hanucanuoili BaMu (opmysie BaM BCTPEYAETCsl 3HAYOK CYMMBbI
N—1
> ieo i, TO BBI CPa3y JTOIKHBI IIPEJICTABIISATH CeOe MUK fOr ¢ HAKOILIEHHEM CyMMBbI
BHYTPH:

x =0
for i in range(0, N):
X = x + i

N-1
Amajorn4mno, eciam B 33JIaHMH BaM BCTPEYACTCs 3HAYOK Ipoussejenus | [~ ~ ;,
TO BBl CPa3y JOJIKHBI IIPEJICTABIATEH cebe IUKJ for ¢ HaKOILIEHNEM ITPOU3BE/IEHUS
BHYTDU:

x =1
for i in range(0, N):
X = x * i

3.3.2 CuyéTtunk cobbiTuin

Yacro Tpebyercst IOJACINTATH, CKOJIBKO Pa3 BO BPEMs BBIYUCIECHUN HACTYIIAET TO
WM UHOE cOObITHE (BBIMOJIHSIETCS] TO WM WHOe ycioBue). JIiist 9Toro BBOAUTCS BCIIO-
MoraTeJibHas IepeMeHHas, KOTOpOil B HavaJjle IIPUCBAMBAETCs HyJI€BOe 3HAYEHWE, a
ocJie KazkJI0r0 HACTYIJIEHUsT COOBITUSI OHA yYBEJININBACTCS HA €UHUILY.

ITpumep 3agaum 10 (Cuéruuk cobertuii) IToavzosamenv esodum 10 wucen.
Omnpedesume, CROABRO U3 HUL ASAAOMCA 0OHOSPEMEHHO UEMHBLIMUW U MNONO-
HCUWMENBHBLMAL.
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Pemntenne 3amaunm 10 Perrenne MOXKHO 3aUCaTh CIEIYIONINM 00PA30M:

Counter = 0 # 06HynI"eM IepeMeHHyWO-CYETIUK
for i in range (0, 10):
x = int (input (’BBeguTe umcmo: ’))
if (x%2 == 0) and (x > 0):
Counter = Counter + 1

print (Counter)

BeiBos mporpaMmsr:

BBenmuTe wmcmo: 2
BBenuTe wmcmo: 3
BBeguTe umcno: 4
BBenmuTe ymcmo: -2
BBemuTe umcmo: -4
BeemuTre wwmcmno: 3
BBeguTe umcno: 5
BBemguTe umcmo: 7
BeenmuTe wucmno: 6
BBeguTe umcmno: 3
3

3.3.3 [JocpouHoe 3aBepLUueHME LUKNa

OrMernM J1Ba IPOCTBIX orreparopa break u continue, ¢ MOMOIIBIO KOTOPBIX MOXK-
HO YIPaBJISATH XOJIOM BBINOJHEHUs Iukja. Omneparop break mpepbiBaeT BbHIIIOJIHE-
HHE UK, yIIpaBJICHHAC IIepe/IaeTcsd olepaTopaM, CAeLyIONUM 38 OIIepaTOPOM UK
OmnepaTop continue nmpepbIiBaeT BBIMOTHEHUE OUE€PETHOTO ITara IMUKJIa 1 BO3BPAIIAET
yHIpaBJIcHIE B HAQYaJIO NUKJIA, HAUNHAS CJICAYIONINHA IIar.

for n in range (10):
if n%2 == 0:
continue
f n==717:
break
print (n)

[

Jannasg mporpamma OyJeT medaraTb TOJbKO HEUETHBIE YHC/Ia M3-3a CPAdATHIBAHUS
continue. [Iuk npekpaTuT BBITOIHATLCH, KOI/Ia N CTAHET paBHO 7. B nrore BBIBOX
IIPOIPaMMBbI TAKOB:
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3.3.4 Tlownck nepBoro BxoxaeHus

Panee Mbl OCYUTHIBAIN KOJIMYIECTBO MOJIOXKUTEIBHBIX YETHBIX YUCEJT B IIOCTIEI0-
BATEJILHOCTH BBOZA. 3a9aCTyIO HYXKEH He MOJCYET, a TOJbKO MPOBEPKA, IIPOM3OIILIO
JIM 32 BpeMs BBIYUCIEHNN HEeKOoTOopoe cobbiTue. Hampumep, HeoOXOMMMO TPOBEPUTD,
codepocumes AU B HEKOTOPOI IOCJIEI0BATEIHHOCTH XOTsI ObI OJJHO OTPUIIATEIHHOE
qucy1o. st Toro, 9Tobbl yTBEP:KIaTh, YTO OTPUIATE/IbHBIX YHCEJ B MIOCJIEI0BATE b
HOCTHU HET, HeOOXOJIMMO IIPOCMOTPETh €& BCIo. Heym 2Ke Takoe 4ucjio B Heil eCTh, J10-
CTATOYHO JOOPATHCH JI0 HETO, ITOCJIE 9ero MUK MOYKHO 3aKOHINTh. [lomydaercs muk
for ¢ npoBepkoii u oriepaTopoM break BHYyTpH.

seq = (12, 54, 0, -7, 22, -11, 54, 0, -7)
for x 1in seq:
if x < 0:
print (x)
break

B sTom xozme moka HeT MecTa A AEUCTBUI Ha CIIydail, ecjii OTPUIATEIBLHOE HYHCJIO
He HaiimeHno. B camowm mese, u mocse break, u mocjie «eCTECTBEHHOTO» 3aBEPINEHUsT
MUKJIa TPpOrpaMMa IPOJIOIKUAT paboOTy ¢ OaHOI U Toit ke ctpokn. B Python ma sror
CY€T IIpelyCMOTPeHa KOHCTPYKIWs else, oTHOCAIAsACH K yukay. Paboraer oHa Tak,
KaK U OXKUJAeTCsl: TOJIBKO €CJIM ITUKJI 3aBEePIIUJICS «eCTeCTBEHHBIM IIyTEM» — IIOTO-
My YTO IIPOBEPKa yCJIOBHs B while oKasaJsach JIOXKHOI WM IOCIEL0BATE/ILHOCTL B
for szakonumnnack. Ecin ke BbIXOJ U3 MUKJIa TPOU30IIE 110 break, 6/I0K OIepaTopoB
BHYTPHU else He BBIIOJHAETCH. TaK 9TO /I TOro, YTOObI BHIBECTH KaKOe-HUOYIb CO-
obITIeHIe, e/ OTPUIIATEIBHBIX YHCE B IIOCJIE[0OBATEIHHOCTH HET, COOTBETCTBYIONTUIT
print () Ha/O 00ABUTH B TAKYIO KOHCTPYKIIUIO.

seq = (12, 54, 0, 7, 22, 11, 54, 0, 7)
for x in seq:
if x < 0:
print (x)
break
else:
print ("OrpunarensHbx Yucen HeT")

3.3.5 (Q6paboTka ncka4eHNii

Uckimouenus (exceptions) — em@ ogun tun manubix B Python. Yacro B pabore
IPOrPaMMbl BOSHUKAIOT OIIMOKHU, MPENSITCTBYONIHE €€ JIaJbHERIIeMy BbIIIOJTHEHHIO.
Bot npocToit mpumep Taxoit ommoOKn:

>>> 10/0
Traceback (most recent call last):
File "<pyshell#0>", line 1, in <module>
10/0
ZeroDivisionError: division by =zero
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B pannom ciaydae mmreprperaTop coodIu HaM 06 ommoke ZeroDivisionError,
TO €CTh O JIeJIeHUHM Ha HOJIb. TaKkKe BO3MOYKHBI M JIPyTHe UCKJIIOYEHUsI, HAIIPUMED,
HECOBIIAIAIOIINE TUIIBL:

>>> 1 + ’a?
Traceback (most recent call last):

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

1+ ’a’

TypeError: unsupported operand type(s) for +: ’int’ and ’str’

Bo Bcex Takux cirydasix HHTEPIPETaTOP MPephiBaeT paboTy MPOrPaAMMbI, TOCKOIh-
Ky Jub0 He MOXKET MOHSATH OYePEIHYI0 HWHCTPYKIUIO, JIUOO MPEIOJIAraeT, ITO MOy~
9eHHOE B €€ pe3ysbTare 3HaYeHue (IIaHpI/IMep, IIpU JIeJIEeHNU Ha HOJIb WA B34ATHUN
JiorapudmMa, OTPHUIATETHLHOTO qmcna) HEJIOILYCTUMO. DTO CUUTAETCS IIPABUJIBHBIM, 110~
CKOJIBKY YKa3bIBaeT IIPOrpaMMUCTy Ha Hajudue omubku. OIHAKO MHOIJA B IPOrPaM-
Me MOT'YT BO3HHKATH OIIMMOKHU, KOTOPbIE HEBO3MOXKHO OBICTPO IONPAaBUTH, a pPadboTy
[IPOTrPaMMBbl OCTAHABJIMBATD HEJIb3s1. B TAKOM CJIyvae MPUHSITO TOBOPUTH 00 MCKJTIOYe-
anu. Takne UCKIIOUEHNS MOXKHO 00pabammvi6amob, IJIst I€T0 UCIOIb3YeTCsT KOHCTPYK-
nus try-except. [Ipumep npumenenns 310t KOHCTPYKITHH:

a = int (input (’BBezuTe gmemumoe = ’))
b = int (input ( ’BBezure pmemurens = ’))
try:

print (a/b)
except ZeroDivisionError:
print (’[lenexue Ha HOJb’)

Hayio mormmathb, 110 00paboTKa MCKIIOYEHAN — 9TO KpatiHAi MePa, KOTOPast NC-
[OJIb3YeTCsl, JINOO ecjiM WHavYe MOYMHUTH MMPOrpaMMy 0e3 CYIIECTBEHHOTO IePerrchl-
BaHUsi OBICTPO HEJIB3st, JIUOO €CJIU MIPOrpaMMa 3aBUCUT OT CTOPOHHUX MOJLYJIEil, KOTO-
pble He MOIYT OBITH UCIIPABJIEHBI, HO CIIOCOOHBI BBI3BATH OMHUOKY. 3/10yHOTpebIeHIe
KOHCTDPYKIME! try—except OBICTPO HPUBOIUT IIPOIPAMMY B HEPAOOTOCIIOCOOHOE CO-
CTOsIHUE, ITOCKOJIbKY 3Ta KOHCTPYKIHS B JIEHCTBUTEILHOCTU HUYE20 HE UCTIPABAAEN, &
IIPOCTO IIOMOTAET UTHOPUPOBATH MIPO0JIEMy B JIAHHOM MecTe. B GOJIbIIUHCTBE CiIydaen
BMECTO try—except JIOCTATOYHO JTOOABUTH IIPOCTO IIPOBEPKY YCJIOBUSI.

3.4 OrTnapgka nporpammbl

B GompimmHCTBE CilydaeB MHOTHE Jgayke HECJIOXKHBIE MPOTPAMMBbI, OyIAydn HaIu-
caHbI, paboOTAIOT He TaK, KaK MPeroarajl aBTop. Bo3aMoKHO, BBl yKe yOeInIuch B
9TOM IIPU HAITMCAHUN ITPOCTEHBKIX IIPOTPAMM U3 IIPEIbLIYIIeil TiiaBbl. Kaxk Munnmym,
y TIOJIOBUHBI U3 BAC MOSIBJISJINCH CHHTAKCUYIECKIEe OMMUOKN (3a0bLIM TIOCTABUTH CKOOOY-
Ky WJIM KaBbIUKYy). B aTOM pasjesie mocje u3ydeHus TaKUX CPABHUTEILHO CJOXKHBIX
KOHCTDPYKIIWIA, KaK IIUKJIBI, KOJIMIECTBO BAINX OMMOOK Pe3Ko yejamdaurcs. Ho pac-
cTpamBaThCs He cTouT. Hy»KHO Beerja MOMHUTD, 9TO MPOIECC HAITMCAHUST TIPOTPAMMbI
COCTOUT M3 JIBYX 9TAIIOB: KOJUPOBaHue (HallUCaHue Koja IIPOrPaMMbl, 3aHIMAET MeHee
TPeTH BPEeMEHN) U OTJIAJIKU (3aHNMaeT Gojiee IBYX TpeTeil BpeMeHn ).
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| & Loy - EAPython\Yueta\Lpy (34.4) =B8] 52 [}[14 python 244 Shel (=@ = |

File Edit Formst Run SubCode Options Window Help J [ File Edit Shell Debug Options Window Help

= int (input('Bsemure N: ') [eeaw | || Fycton 3.4.4 (v3.2.4:757ec0adl8ag, Deo 20 2018, 20:20:37) [MSC v. -
1600 64 bit (BMD64)] on win32

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

P

[@ SyntaxError

n range (N):
= =3+ iv%2

print (s) 18. invalid syntax

Code Browser Ln:4 Cok:16 GUE OFF (TK) Ln:3 Col:4

P
SBwm o e e

Puc. 3.1. Ilpumep ormubKu, BLIABISIEMO TPEITPOIIECCOPOM.

Bce ommubku MOXKHO YCIOBHO pa3eiuTh Ha CJIELYIONEe TPU KATerOPUM, KOTOPhIE
pa30epém Ha IpuMepe MPOrpaMMbl, CAUTAIOMIEH CYMMY KBaJIPATOB IE/IbIX duces1 oT ()

o N.

3.4.1 Owubkn, BbISIBNSIEMblE NPENPOLLECCOPOM

B unTepnperarop Python BcTpoena creruasbhasi mporpamMma — MIPEIPOIECcCop.
V mperporieccopa HeCKOJIbKO (DYHKIUI, B 9aCTHOCTH, OH HIEPEBOJUT TEKCT IIPOIPaM-
MBI B CIEIMAJIbHBIN OailT-KOJI, MOHATHBIN JIsi nHTEpIperaropa. B mnporecce nepeso-
Ja TeKCTa B OailT-KOJ IIPENPOIECCOD BBIHYXK/IEH AHAJU3UPOBATH CHHTAKCUC BAIIEil
IIPOI'PAMMBI, JJId Yero MCIOJIb3YeTCd CUHMAKCUYECKUl aHAAU3aAMOD, TPOBEPSIONINit
Balll TEKCT C IEJIbIO IIOHATH, ITOXOXK JIM OH Ha TEeKCT nporpammbl Ha Python mo ps-
J1y opMabHBIX TPU3HAKOB. Eciim mperporeccop He MOYXKET MOHATH CMBICT TeX WUJIH
MHBIX CHMBOJIOB B BallleM TEKCTe, OH Yallle BCEro yKasbIBaeT BaM Ha OINIMOKY THIIA
(SyntaxError). Ilpu cuaTakcudeckoil ommbke BOZHUKAET JTHAJIONOBOE OKHO, KOTOPOE
[IpeJI0TBpaIaeT 3allycK uHrepiperaropa (puc. 3.1), Tak Kak HeT CMBICJIA 3aIlyCKaTh
TO, ITO HEIOX02Ke Ha IIPOrpaMMy.

CaMmpblif BaXKHBIN BUJ] CHHTAKCHYECKON OIMMUOKMA € TOYKHU 3PEHHs MPErnporeccopa
— 39T0 omwubKa PaCCTAHOBKHU OTCTYIIOB, IIOCKOJILKY OHA HAPYIIAeT BCIO CTPYKTYDY
nporpaMMbl. EciIi BbI IOIBITAETECH 3AIIyCTUTh HA WUCIOJHEHNE BOT TaKOW KOJ:

N = int (input (’Beemure N: ’))
s =0
for i in range(N):
s = s + 1**2
if s % 2 == 0:
print (s)

TO HUYEro He BBIAJIET: BBI MOJIydnTe coobienrne unexpected indent — HeoKuIaH-
HBI OTCTYII, W TIPOOeJ Tepes KJIIOYEBBIM CJI0BOM for OyIeT MOoJiCBedeH KPaCHDLIM.
VcnpaButh Takyo ommbKy COBCEM HECJIOXKHO: HYKHO IIPOCTO HOPMAJIbHO PACCTaBUTH
OTCTYIIbI B COOTBETCTBUU C JIOTUKOIO IIPOIPAMMBI.

Emé omna momynsiprast ommoOKa Ha IIPUMEPE TOTO Ke KO/a:
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N = int (input (’Beemure N: ’))

s =0

for i in range(N)
s = s + 1%*2

if s % 2 == 0:
print(s)

WNurepuperarop Boigact: expected an indented block: HyKeH OTCTYII JJId TeX
KOMaH/I, KOTOpbIe JiezKaT BHYTPHU IUKJIa for u ycjgoBHOro oneparopa if.

BriBaer, uTo B pesysbrare Ome4aTok BO3ZHUKAIOT HEJIOIYCTUMbBIE C TOYKHU 3PEHUSA
WHTepIpeTaTopa BhipaxKkenus. Harpumep, MOXKHO TOIYCTUTD CJIEIYIONLYIO OITHOKY:

s = s + 2i

C touku 3penus npasui Python BeiparkeHne 2i HUKOIJIa He MOXKET BO3SHUKHYTh:
UMsI TIEPEMEHHOIl He MOXKeT HaYMHATHCS C IU@PHI, a JjIsd UHTelpeTanun 2 U i Kak
Pa3HBIX CYIIHOCTEH MK Ty HUMHU JIOJI?KEH OBITh 3HAK KaKOW-HUOYIb apuMeTUIeCKOil
WJIM JIOPUYECKOIli orepanuu (dame Beero 3abbIBAIOT 3HAK YMHOXKEHUS *, MOCKOJIbKY B
MaTeMaTHIECKUX BBIPAYKEHUSIX OH OOBIYHO OIIYCKAETCs ).

Yyrh ciioxkHEee pa3zodparhbes € JPYTUM IMOABUIOM CAHTAKCUYECKUX OIMMOOK, BbI-
3BaHHBIX HEBEPHOIO PACCTAHOBKOIO CKOOOK:

N = int (input (’Beegure N: ’)

s =0

for i in range(N):
s = s + 1%%2

print(s)

Taxoit mpumep BBI30BET OMMUOKY invalid syntax, IPUUIEM YKAXKET Ha CUMBOJI S B
Hadaje BTOPOH CTPOKM, 9TO MOXKeT cOuTh Bac ¢ TOJKy. Ha camom gmese mpobiiema
B HECOOTBETCTBUHU YNCJIA OTKPBIBAIONINXCH M 3aKPBIBAIOIINXCA CKOOOK B IIPEIbIILYy-
meit crpoke. uTepperaTop B MOMCKAX BTOPOH 3aKPBIBAIOIIEHCS CKOOKHU JIOMIET 10
CTPOKH, CJIeJLyIOINeil 3a TOIO, TJie COBepIeHa OIMMOKa, 1, TOHSIB, 9TO UCKATH JIAJIbIIe
GeceMbIC/IeHHO (Ha HOBOI CTPOKE 110 IIPABUJIAM €6 Y2Ke He MOXKET ObITh ), BBIIAJ OIub-
Ky. Ilpn HeBepHOM dmCIe CKOOOK MHTEPIIPETATOP BCEr/A BBIIAET OMINOKY B HAYAJIE
CJIeAYIOIEeH CTPOKU.

3.4.2 Owwubku, BbIABNSIEMbIE NUHTEPNPETaTOPOM

Eciin BBl YCIIENIHO CHPABHJIACH C CHHTAKCHCOM, JIPYIHe OMMOKM 3a BaC MOMKET
BBISIBUTH MHTEPIPETATODP BO BPEMsi MCIIOJHEHHUs IpOrpaMMbl. HTepIpeTarop naxke
HAIIAIIET, 9TO 9TO 3a OIIMOKA M B KaKOW OHa CTPOUKe Koja (puc. 3.2).

OumbKuy, BBISBIISIEMbIe HHTEPIPETATOPOM, TaKKe HA3BIBAIOTCS 0OWUOKAMU GpeMe-
nu ucnoanenus. Camble pacIpPOCTPAHEHHDIE M3 HUX — OWUOKU NPOCMPAHCNGE UMEN.
1o Takue ommbKH, KOrjfa uMst (byHKIINH, METO/IA NI BBEJIEHHON BAMHE K€ II€PEMEH-
HOI Hanucano HepepHo. KpoMe HUX 4acTO BO3HUKAIOT OMIMOKH HEBEPHON THIIM3AIII U
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|& 1py - EAPython\Yuz6alLpy (34.4) [=[@] = )2 python 244 Shﬂ_lg‘ég

[ File Edit Fommat Run SubCode Options Window Help File Edit Shell Debug Options Window Help

4

1|/N = int(input ('Beemuze N: ')) - Type "copyright", "credits" or "license()" for more information.

= =5+ i%"2

Lw s new

3>
in rnage (N): ======================= RESTART: E:\Python\¥Vu&ba\l.py

Bseaure N: 5
Traceback (most recent call lasc):
File "E:\Python\¥u&Ba\l.py", line 3, in <module>

for i in rnage(N):
- NameError: name 'rnage' is not defined
22>

»
Code Browser Ln:3 Col:18 GUE OFF (TK) Ln:10 Cok4

Puc. 3.2. Ilpumep ommbKu, BBISIBJISIEMO HHTEPIPETATOPOM BO BPEMsI UCIIOJTHEHUSI.

OIMIMOKY, CBA3AHHBIE C HEJIOIYCTUMbBIME OIIEPAIMSAME C IAMATHIO KOMIIbIoTepa. Jlasee
OCHOBHBIE OIUOKN pa30obpaHbl HoJjiee MOAPOOHO:

1. NameError — ommbka B uMeHu. BoT mpumMep HEPaBUIbHO HAIIMCAHHOTO MMEHH

CTaHAAPTHON (DYHKIMHN range:

N = int (input (’Beemute N: ’))

2]
Il
o

for i in rmnage(N):
s = s + 1*x*2

HpI/I ITOIIBITKE BBIIIOJIHUTH 9TOT KO/ IHHOJIYINUTCA CJIEAYIOIee:

Traceback (most recent call last):
File "/home/paelius/test_error.py", line 3, in <module>
for i in rnage(N):
NameError: name ’rnage’ is not defined

Kak BujumM, uaTEpPIPETATOP, 011 10 CTPOYKU C ONIMOKON, YKA3aJ HaM, YTO
uMsi rnage eMy Henm3ecTHO (NameError: name ’rnage’ is not defined). Haifitu
U UCIPABUTH TAKWE OMUOKM OOBITHO JOBOJIBHO IIPOCTO, B TOM YUC/IE, Hyraromgapst
TOMY, 9TO Bce BcrpoeHHble yHkimu (range, len, sorted, sum, int u apyrue)
Bouessiiores useroM (B IDLE aro duonerossiit). [losromy Bbl MozKeTe KOHTPO-
JINPOBATh ce0s y2Ke Ha dTalle HAIIMCAHWS KOJa: €CJIM range He IIOJCBETUJIOCH,
3HAYUT, Bbl HAIIMCAJIA YTO-TO HEBEPHO. AHAJOTUIHO JAPYTUM — JKEJITBIM — IIBe-
TOM BBIIEIAIOTCA BCTPOCHHBIE OIlePaTOPhI U UX JacTu: in, for, while, if, else,
from, import, as, with, break, continue, a TakzKe BCTPOCHHBIC 3HAYCHUA: True,
False u None.

AttributeError — omubounblii arpubyT. NameError — He e MHCTBEHHAS JIEK-
cuueckast omubka. [lepenumiem 3aady Tak, 9YTO CHavaJa MOJIOXKHUM BCE KBaJl-
paThl YKCe/I B CIMCOK, a 3aTeM BOCIIOJIb3YeMCs CTaHIAPTHON (hyHKIHEi sum:

1 =[]

for i in range(N):
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1.apend (i**2)
print (sum(1))

B aT0i1 mporpamMme ecTh o/1HA TPY/IHO YIOBHMas OIMMOKA: B MeTO/e append mpo-
nyineHa ojHa Oyksa p. B pesysbraTe Mbl Oy IuM:

AttributeError:
Traceback (most recent call last):
File "/home/paelius/test_error.py", line 4, in <module>
1.apend (i**2)
AttributeError: ’list’ object has no attribute ’apend’

WMarepuperarop yka3biBaeT HaM, 9TO OOBEKT JAHHOIO TUIA HE MMEEeT aTpudyTa
(meTozna niau noJst) apend. ITocKOIbKY MeTOBI JjaKe CTAHIAPTHBIX 00BHEKTOB
TaKUX, KaK CINCOK, HUKAK HE II0JICBEYMBAIOTCH, OOHAPYKUTH 3Ty OINMUOKY 3a-
panee cjoxno. Ilaoc B ToM, 9TO HCIpaBIeHne MOJ00HON OMUOKN HE COCTABUT
Tpyaa. EcTh, oqHAKO, OIUH CIIOCOO CHU3UTH BEPOSTHOCTH WX IOSIBJIEHUSI: JIJIst
JJIMHHBIX METO/IOB, UMs KOTOPBIX BbI IJIOXO IIOMHUTE, JIYUIIIE [10JIb30BATHCS aB-
TOJIOIIOJTHEHUEM.

. TypeError — omubka Tunos. Bceryia ciie/lyer MOMHUTH, 9TO B TPeTheil Bepcun

Python dyuknms input () BosBpariaeT cTpoKOBYIO IepeMeHHyIo. Ecim momnpo-
0oBaTh HAIIMCATL YTO-TO II0J00HOE:

a = input ()
b = input ()
print (a/b)

TO TOJIyIUM OITHOKY:

Traceback (most recent call last):
File "E:/Python/1.py", line 3, in <module>
print(a/b)
TypeError: unsupported operand type(s) for /: ’str’ and ’str’

JL1s1 BBISIBJIEHUST TIO/J00HBIX OIMUOOK II0JI€3HO BBIBOJAUTH HA SKPAH THII IIEPEMEH-
Hoit komarmo10 print (type(a)).

. ValueError — ommbKa 3HAYEHUs, SIBJISAIOIIASICS €IE OJHUM BHUJIOM OIIHOOK,

CBSI3aHHBIX ¢ TuUamMu JaHHbIX. OHA BO3HUKAET, HAIPUMED, IPU IOMNBITKE W3-
BJIEYb KOPEHb M3 OTPHUIATEHLHOrO uncia. [Ipuaém nnrepecHo, uro ommbka Oy-
JIeT BBIJAHA TOJIBKO IIPU MCIIOJIB30Bannn DYHKIMK Sqrt n3 MOy math, a mpu
BO3BE/IEHUU B CTEIIEHb CTAHIAPTHBIM 00PA30M C IIOMOIIBIO OLIEPATOPA ** HUICJIO
OyJeT IPOCTO KOHBEPTUPOBAHO B KOMILIIEKCHOE:
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>>> (-3)*%x(1/2)

(1.0605752387249068e-16+1.73205080756887723)

>>> import math

>>> math.sqrt (-3)

Traceback (most recent call last):

File "<pyshell#2>", line 1, in <module>

math.sqrt (-3)

ValueError: math domain error

5. IndexError — ommubka umjgekca. [logpisgercda npu oOpaleHnn K HeCyIecTBY-
IOII[EMY JIEMEHTY CTPOKHU WJINA CIIACKA!

>>> L = list(range (10))

>>> L,
(o, 1, 2, 3, 4, 5, 6, 7, 8, 9]
>>> L[10]

Traceback (most recent call last):
File "<pyshell#5>", line 1, in <module>
L[10]
IndexError: 1list index out of range

6. OverflowError — omubOKa repernoyiHenus. Bo3HukaeT, KOT/ia B pe3yIbTaTe Bbl-
YUCJICHUHN TOJIYIaeTCsl CJUIIKOM OOJIBITIOE JEHCTBUTEILHOE YUCTIO!

p=1.5

for i in range(2, 100):
p = p*xi

print (p)

B pesynbrare 6ymer BhIaHa OmmoOKa:

Traceback (most recent call last):
File "E:/Python/1.py", line 3, in <module>
p = p*x*i
OverflowError: (34, ’Resultytoolarge’)

3.4.3 Ouwwubku, BbIABNSIEMble pa3paboTHnkom

Ux emé MOYKHO HA3BATH JIOTHIECKUMU. DTO TaKue OIMMUOKHU, KOTJIa Ballla Iporpam-
Ma paboTaer, HO BBIIAET YTO-TO HE TO. DTO HAUOOJIEE CIIOXKHBII TUI OMUOOK, TIOTOMY
ITO WX HY’KHO HE TOJIBKO YCTPAHATH, HO U BBIABJIATH CAMOCTOSITEIBHO, & JIJIs 9TOTO
HEOOXO/INMO JTyMaTh.

Bepuémcst k marreit mporpaMme pacdéra CyMMbI KBaJPATOB IOCJIEIOBATEIbHBIX
HEJIBIX TUCeJI:
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[ & Lpy - EAPython\Yug6ailpy (3.4.4)

(Grmsiesa D e

[[File_Edit Format Run SubCode Options Window Help

File Edit Shell Debug Options Window Help

1|N = int (input ('Bsemwze N: ')) =
2ls=0
3/ for 1 in range(N):
5 =3+ 1%2
print (s)

Python 3.4.4 (v3.4.4:737efcadf5aé, Dec 20 2015, 20:20:57) [MSC v.
1600 64 bit (AMDE4)] on win32
Type "copyright”, "credits" or
>>>

"license()" for more information.

RESTART: E:\Python\Ve&6a\l.py

Beemure N: §

Code Browser Ln:5 Cok:8 GUE OFF (TK)

Puc. 3.3. [Ipumep joruteckoii ormmbKM, KOTOpasi MOKET OBITH BBIABJIEHA TOJIHKO Pas3-

PabOTIUKOM.
N = int (input (’Beegure N: 7))
s =0
for i in range(N):
s = s + 1%*2
print (s)

B okne nnrepnperaTropa BbI yBUINUTE:

BBenurte N: 5
20

Kasanock 661, BCé HEIIOX0: MporpaMMa paboTaeT U BBLIAET YTO-TO pasdymuoe. Ho
He CIIeIINTe PajoBaThes, Beab Ha camoM jeie 02 + 12 + 22 + 32 + 42 = 30, a Bosce He
20, kaK BblJaja Hamma nporpamma (puc. 3.3). B 4ém ke npobiema?

11 BBISIBJIEHUST JIOTHYIECKUX OIMMUOOK TPUMEHSIETCSI TAKOW MPUéM, Kak TeCTUPO-
BaHue. Bol yzke Heoco3HaHHO mpuberajm K HeMy paHee. TecTupoBaHHe — 9TO COCTaB-
JIEHUEe BXOJIHBIX JAHHBIX JIJIsT IPOTPAMMBI, JIJisi KOTOPBIX BbI MOXKETE CAMU COCTABUTH
BbIxO/HbIe. COBOKYIHOCTH HAOOPA BXOAHBIX JIAHHBIX U COOTBETCTBYIOMIUX UM BBIXOI-
HBIX JIAHHBIX HA3BIBAETCS «TECTOM». B HAIleM ciiydae BeCh TECT — 5TO JBA JYHCJIA:
BxO/y 5 coorBercTByeT BbIXOJ 30. JIjIs CIOXKHBIX TPOrpaMM TeCThI Oy/IyT CJIOKHEe U
6oJIbllle, U UX TOHAJIOOUTCS HE OJIUH, & MHOIO, YTOOBI OXBaTUTh KaK MOXKHO OOJIBIIE
Pa3HBIX BAPUAHTOB IIOBEJIEHUsT ITPOIPAMMBI

Korma dakr Hamu4ans ommbKU yCTaHOBJIEH, HY2KHO HATH KOHKPETHOE MECTO, TJIe
OHa BOBHUKJIA W ycTpaHuth €. [ljist aroro mcnonbayercs ornaaka. OTiagka — 910
[IOIIATN0OBOE MCIIOJTHEHIE ITPOIPAMMBI € BBIBOJIOM [TPOMEKYTOUHBIX PE3YJILTATOB, KOTO-
pOe€ MO3BOJISIET ONPEJIEJINTh, B IIPOMEXKYTKE MEXK/Iy KAKUMU OIT€PATOPAME ITPOU3O0IILIA
JIOTMYeCKasi OIMOKa. B KOMIIMJINpYyeMbIX S3bIKax MMPOrPAMMUPOBAHUS TAKUX, HAITPU-
Mep, kKak Pascal u C, jy1si oT/IajiKu IpuMeEHsSIeTCs CIIEIUAJIN3UPOBAHHAST ITPOIDAMMA-
OTJIaT9MK. B mHTEnpeTupyeMbIX si3bIKax, B YacTHOCTA B Python, B aTOM HeT GoJbIOi
HEOOXOIMMOCTH, TIOCKOJIBKY ITPOIPAMMa M TaK BBIIOJIHIETCSI [OMMAr0BO, U BBl MOYKETe
BBIBECTH JIIOOBIE JTAHHDBIE B JIIOOOW MOMEHT C IOMOIIBIO CTAHIaPTHOW DYHKINN print.
IIpu ommagke BaxkHO cyMeTh cHOPMYIUPOBATH THIIOTE3Y: «9TO HYZKHO IIPOBEPUTHY !
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Wwnoraa sTo ymaéres me ¢ mepBoro pasa. [lompobyem paccMoTpeTh 3TO Ha HAIEM ITPHU-
Mepe. Mrak, meppasi TuUnoresa: CY6TUYMK 1 IMPUHUMAET He Te 3HAYeHUsl, HOIpobyeMm
BBIBOJIUTH €0 3HAYEHUS B IUKJIE:

N = int (input ( ’BBemuTe N: ’))
s =0
for i in range(N):
print (i)
s = s + 1%*2
print (s)
[Tosmyamm:

BBenuTe N: 5

> W N = O

Kax Bumnm, co cuérankom Bcé B mopsake. Torma mpoBepuM, BCE JIU B TOPSIIKE C
OYepEeIHBIM IJIEMEHTOM CYyMMBI:

N = int (input (’Beemure N: 7))
s =0
for i in range(N):
s = s + 1ix2
print (i*2)
print(s)

oy amm:

0w O N O

Mpr nostyumin mocseioBaTebHocTh 0, 2, 4, 6, 8, B TO BpeMs KakK JIOJ?KHBI OBLIN
nonyantsb 0, 1, 4, 9, 16, 3na4uT, HaIIE TPENTOJIOKEHNE TTOTBEP/IMIOCH: 0YePETHOM
3JIEMEHT CYMMBI BBIUHCJISIETCAd HEBEPHO. 1eCTHO ToBOD:, yzKe Ha dTale HATUCAHWS
OTJIAOTHOTO BBIBOA MOYKHO OBIITO 3aMETUTD, ITO 1*2 9TO HE COBCEM TO, UTO HYyKHO,
Be/lb BMECTO BO3BEJIEHUS B CTEIIEHb Mbl HAIIMCAJIM yMHOXKeHUe (3a0bLIH OfHY 3BE3014-

KY).
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B 6osiee cioKHBIX IporpamMmax, OJIHAKO, BaM YaCTO IPUJIETCH IIPOBEPATH IIO
HECKOJIBKY THIIOTE3 U BBIBOJIUTH 3HATUTEIHHOE YHUCIIO OTIIAJ0THON nH(MOPMAITUHT, ITO-
OBl 0OHAPYZKNUTH TOYHYIO IpUYnHy omuOKu. [loMHITE: OTIa/ KA — 9TO MOIIHBIA U 3-
dekTuBHBIN cI0c00 OOPHOBI € JIOTMIECKUMEI OIMMTUOKAME, HO pab0oTaeT OH TOJIBKO TOIIA,
KOTJIa BBI CHOCOOHBI BHATHO CHOPMYJIMPOBATH THIIOTE3Y, T.€. OHPEIEIUTh, ITO IPO-
BepATh. Ecin HaYaTh BBIBOIUTH BCE IIOMIPS/I, BbI OBICTPO IIOTEPSETECH B OTJIAIOTHOI
nHGOPMAIIHE U HIYEro HE CMOXKEeTe HANWTH.

Hexkoroprie Hanbosee pacupocTpaHéHHbIE OMUOKHA ObLIN TPOKIACCU(DUITIPOBAHBI
HAMW B BHJIe CXeMbl, IPUBEIEHHOI Ha puc. 3.4. CxeMa He MpeTeH/yeT Ha TOJTHOTY, HO
OyIeT 1oJie3Ha I HAYMHAIONIMX BO MHOIUX THIIMYHBIX CJIydasdX.

3.5 3apgaHua Ha umknbl

ITpumep 3agaum 11 Pewum nonyaspryro 3a0aty No HATOHCOEHUN 6Cex NPO-
CcMBLE ucen 00 HEKOMOPO20 UeN020 “ucaa n. Kaaccuuweckull anzopumm pe-
werus amoti 3adaru Hocum HasdsaHue «Pewemo dpamochernas. Tas naxoote-
JeHUA 8CET MPOCTNLLIL “UCen He Doabuwe 3a0AHH020 WUCAQ T, caedys Memooy
Dpamocdera, HYMHCHO 8HBINOAHUML CALIYIOULUE ULARU:

1. Buinucams nodpad ece ueavte wucaa om dsyx 0o n (2, 3, 4, ..., n).
2. IMyemos mepemertas p UHAUAABHO PAGHA 08YM — MEePBOMY MPOCTNOMY
wucay.

3. 3aueprHymb 6 cnucke wucaa om 2p 00 m, cUUMAs waamu no p (amo
Eydym wueaa kpamuwve p: 2p, 3p, 4p, ... ).

4. Hatimu nepsoe He3auéprHymoe Wucao 68 cnucke, DoabuLee, Hem P, W Npu-
CE0UMDB 3HAMEHUIO NEPEMEHHOT P 21MO UUCNO.

5. IToemopsamov wazu 3 w 4, noka 603MOHCHO.

6. Tenepvb 6ce HE3AUEPKHYMDBLE MUCAL 6 CNUCKE — MO 6CE NPOCTNBLE UUCA
om 2 do n.

Pemenune 3agaunm 11 Ha npakrtuke ajropuTM MOYXKHO YJIYyUIIUTh CJIEIYIOMNAM 00-
pasom. Ha mrare N3 umciia MOMKHO 3a4epKHBAThH, HAYMHAS CPA3y C YHCJIA P2, TOTOMY
9TO BCE COCTABHBIE YNCJIA MEHBIIE HEroO y2Ke Oy/IyT 3adepKHYThI K 9TOMY Bpemenu. 1,
COOTBETCTBEHHO, OCTAHAB/IMBATE AJITOPUTM MOYKHO, KOIJIa, p° CTAHET GOJIbIIE, UeM 7.

from math import sqrt
n

int (input ("BeBOL mpoCTHX umcem Ho ... "))

a list(range(n)) # co3maéM CIMCOK W3 N 3JIEMEHTOB
# BTOpHM BJIeMEHTOM SBISETCH eIUHUNA, KOTOPYL He
# CUNTaT IPOCTHM dYHCIOM. 3abuBaeM €€ HylIeM:

altl =0
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"Mos nporpamMmma

He paboTaeT!"

KTo BeInBMN 0LIKMbKY?

h 4

MNpenpoueccop

SyntaxError

- HEMPaBUNLHO PaccTaENEHE
oTcTynel

- HEBERHD RECCTEENEHB!
cKoBKkM

- Henaprsie KaBbIIKA

- 336611 AB0ETOUME NEpER
COCTaBHLIM DMepaTopoM

(if. for. while. def)

- 3866171 3HEK YMHOKEHIS B
BbIPaMeEHMMTUNG "2X"

B Kope ecTk
YCNOBHBIH onepaTop i

B KOfle eCTh LMKA
while nau for?

B xome HeT
HWK2KWX BETBAEHWA?

CpasHuBaEMbIE UMCha
pazHEIX TUNOE:

- BoaMOMHO, CRAEHMBEETCA
intwstr: if 3 ==

LIMKn, UCnonb3ys range-
cyriLume, ynyckaeT
nocnegHee IHaUEHME:

- rBNgE MCoNb3yET BTOPOI
BPryMEHT UCKIUATENBHD

Mpi NGNEITKE CUATETE
3ase oMo HenycTol dhain
BEIAEETCA TONBKG NyCTaR
cTpoka:

- cogepmmmoe chaiing ye
CuMTaNOCk. M KYPEOP
HaXoAUTCR 8 KoHue dhaiinia

CocTaHoe ycnosmne
HEBEPHO 38MACEHG:
’ - BO3MCMHO, NOPRACK

Mpy NoNBITKE 38MMCaTS &
haitn HeckoNbKO CTPOK.

N NPMOPUTETCR B YCACEHN | pp| senuceisacTen Tomsko
> ABYCMBIEIEHHBIA - nocnesuaa-
WHTepnpeTaTop Hy%Ho [0BaEUTE cKoBOK - th@AN OTKPBIEGETCA BHYTPM

— unkna

NameError Mocne sanycka nporpamma

- GLIMBKE B HAIEEHUN NEPEMEHHODH. HAKOr A3 HE MpekpaLaeT
[ meTona. diyniumn | paboraTe

- 336L1M MMIOPTURDBATE MORYIE ~ yCnoBMe B LUKNE BCErAd

- He onpefenunu nepemeHHylo MPEBAE W HE MEHRETCA

AttributeError

Mocne 3asepwenys paboTsl
nporpanma ¢ while seinasT
4To-TO He To:
- BOIMOMHD, LKA HY pady
| e suincnnaeTcs, uTobe
NPOBEPHTS HYXHO BHYTPU
LUKNE BbIBECTN KaKyio-
HHBYAE NEPEMEHHyIo ¢
noMOLLE chyHKLMM Prifit

- MeToa NCronkayeTc 47 obbeKTa
[ > Heseproro Tuna

- Ha3BBHME METORA HAMMEAHD
HesepHD

TypeError

- Wcnonbzye MBIl CNEPATOR He Nog-
BN i s s s e

- ChYHKLWR WNM METOR BEIIBEHEI €
HEBEPHBIMKOTMUECTEOM BPryMEHTOE

Mporpamma BHE0ANT Bce
NPOMENYTOUHBIE PEIYNLTATE.
P & wymen Tonmko nocneaHl:
~yBpaTh print u3 wikna

ValueError

- 3HBUEHUE BPTYMEHTE HEACMYCTAMO
| ans naron dyrkumm (Hanpumep.
B3R/ KOPEHE M3 OTPULATENEHOMO
uncna)

IndexError

| - ob6paLueHme k HecyLeCTEYIOLLE MY
3MeMeNTY CTMCKa, MacCHE, CTPOKM

OverflowError
9l - & peaynLTaTE NONYHEETCA CAMWKOM
BoMbLUOE REACTEMTENEHOE YACHO

ZeroDivisionError
g NOJENMAN HE HoNb

Puc. 3.4. BoaMoxKHbIE NCTOTHUKN OMMMOOK W AJTOPUTM UX HAXOXKICHUSI.
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# llepebop BCex 3JIEMEHTOB N0 3aLAaHHOTO YUCHA:

for p in range(2, int(sqrt(n))+1):
if alp] !'= 0: # ecnu oH He paBeH Hyiw, TO
j = p ** 2 # yIOBOUTH: TEKyWUN SJIEMEHT NPOCTOE UHUCIO
while j < n:
aljl] = 0 # 3amenurs Ha O
j = j + p # mepeifiTu B mo3unuio Ha m 6oJble
# BHBOZ IPOCTHX YWCeJ Ha SKpaH:
b = []
for i in a:
if alil !'= O:
b.append(alil)
print (b)

BuiBos mporpaMmbr:

BEIBOJT IIPOCTHX YHCEN O umcna ... 70
[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67]

Baganve 8 (3asaHusl HA LMKJI C YCJIOBUEM) Buinoanams mpu 3a0aHUA 6 30~
8UCUMOCTIUL O HOMEPA 68 cnucke 2pynnbvt 8 aadasummom nopsdke. Heobxrodu-
Mo cdenamsd 3adarus Nem, Nem+5, Nem+10, m=(n-1)%5+1, 20e n. — nomep 6 cnucke

2pYynnbL.

1. Hamwmmure mporpamMmy, KOTopas Oy/1eT CyMMUPOBATH BBOJIUMBIE C KJIABUATY PbI
9UCJIa 10 TeX 0P, IOKA OHU HMOJIOKUTETbHBDI.

2. Hamummre nporpammy, KoTopast OyjieT CyMMUPOBATH BBOJIMMbBIE C KJIABUATYPbI
quCIa JI0 TeX IOpP, IMOKA OHU OTPUIATE/IbHBI.

3. Hanummre nporpammy, KoTopas 0y1eT CyMMUPOBATH BBOJMMBIE C KJIABUATYPbI
YUCJIA JI0 TeX IIO0p, IIOKa OHU He PaBHBI HYJIIO.

4. Hamummure nporpamMmy, KoTopasi OyJIeT CyMMHPOBATH BBOIUMBIE C KJIABAATYPBI
quciIa 10 TeX IOpP, IMOKA OHU IETHBIE.

5. Hano umcisio n. Hanegarats Te HaTypaJibHbIE YUCa, KBAJIPAT KOTOPHIX HE IIPe-
BBIIIAET 7.

6. Hamo amcsio n. Haittu nepBoe HATYpaIbHOE YUCIIO, KBAIPAT KOTOPOTrO OOJIBIIIE 7.

7. Hano uuciio n. Cpemau uncen 1, 1+ %, 1+ % + %, ... HaliuTe TIepBOe, HOsIbIIEe
qucia n.

8. Hano uucio a (1 < a < 1.5). Cpenn aucen 1+ %, 1+ %, 1+ %, ... (3amerum,

YTO KazKJ[0€ CJIeJLyIOlNee YHCIIO0 B [OCJIA0BATELHOCTY MEHbIIE IIPEIbLILYIIero)
Hafigure 1epsoe, MeHblee a.
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9.

10.

11.

12.

13.

14.

15.

Hanummnre mporpaMmy, KOTopast 3alpalinBaeT ¥ MOJb30BATENId UUCIa, JI0 TEeX
0P, TOKa KazKi0e CJeAYIOIee YUCJI0 DOJIbIIe MPeIblIyIero. B KoHIe mporpam-
Ma, COODIITAET, CKOJILKO YMCesl OBLIO BBEIEHO.

Hamummure mporpamMmy, KoTopasi 3ampallliBaeT y IOJb30BATEIS YUCIA 0 TEX
TIOp, TIOKA KazKI0€ CJAeIYIONee TUCI0 MeHbITe TPeabIyero. B Konre mporpam-
Ma COODITAET, CKOJIBKO UHNCeT OBIIO BBEIEHO.

Hamnummure mporpamvmy, KoTopasi 3ampallinBaeT y HOJb30BATES UNCIA 0 TEX
0P, TOKa KazKJI0e CJIEJYIOIlee YnCIIOo Iiejioe. B KOHIle mporpamMma coobIaer,
CKOJTBKO YHCEeJT OBLTIO BBEJICHO.

Harmummnre mporpaMmy, KOTopast 3alpalmnBaeT y MOJb30BATENIA UUCIa, JI0 TEeX
op, TOKa KaxKJoe ciefytoriee dncio Merbine 10. B koHIie mporpamma coodrma-
€T, CKOJIBKO 9nCesT OBIJIO BBEIEHO.

Jlano HaTypaJbHOE YUCJIO0, B KOTOPOM BCe udphl pasiandabl. OmpesesnTs mo-
DPAIKOBBIN HOMED €0 MaKCUMAaJIbHOM IUdPbI, canTasd HOMePa: OT KOHIA JHCIIa;
OT HavaJja YUCJIa.

Jlano HATYypaJbHOE YHCJIO, B KOTOPOM BCe IMUMPHI pasandabl. OupeseanTs mo-
PSIZIKOBBINT HOMEDP ero MUHUMAJIbHOI I phl, CIuTasi HOMepa: OT KOHIA JHCIIa,;
OT HadaJja YUCIa.

Jlano marypaJsibHOe uncyo. OnpeesnTh, CKOJIBKO Pa3 B HEM BCTPEYAETCST MaK-
cuMasbiag nudpa (Hanpumep, mig uuciaa 132233 orser pasen 3, [ duC/Ia
46336 — nByMm, s aucia 12345 — oxHomy).

Sagauue 9 (3amaHusi HA UKJII CO CYETINMKOM) Buimoansmes mpu sdadanus 6
306UCUMOCTNU O HOMEPA 6 CNUCKE 2pynnut 6 aadasumHom nopsoke. Heob-
rodumo coenamd dadarus Nem, Nem+5, Nem+10, m=(n-1)%5+1, 20e n — Homep 6
CNUCKE 2PYnnbl.

Hamummre mporpamMmy, BEIYUCISTIOILYIO CyMMY BCEX Y6THBIX UUCE] B JUAIIA30HE
or 1 70 90 BKJIHOYUTEILHO.

Hammmure mporpamMMy, BEIMUCIAIONIYIO CYMMY BCeX UETHBIX YHCENI B JHAIA30HE
OT @ JI0 b BKIIIOYUTEJILHO (BBOJSATCS C KJIABHATYDHI).

Hamummre mporpamMy, BBITHCISIONTYIO CYMMY BCEX HEUETHBIX THCET B AT~
3oH€e OT 1 110 90 BKIIOUUTEIHLHO.

Hamurmmure nporpamMmy, BEIYHCIAIONTYI0 CYMMY BCEX HEUETHBIX YHCEJ B JlHAlla-
30HE OT @ 710 b BKIIIOUATENHHO (BBOJATCS C KJIABUATYDHI).
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10.
11.

12.

13.

HamneuaraiiTe Tabiuiyy yMHOXKEHHS Ha D, YKEJIATEJIHHO IIeYaTaTh B BHUJIE:

1x5=5
2x5=10
9x5=45

Bwmecro 3Haka yMHOMXKEHUS X MOYXKHO UCIOJIB30BATH CTPOYHYIO JIATUHCKYTIO OYK-
BY «X».

Haneuaraiite Tabmuiyy ymMHOXKEHHSA Ha 9, KeJIaTesIbHO IIeYaTaTh B BHUJE:

1x9=9
2x9=18
9x9=281

Bwmecro 3Haka yMHOM«KEHUS X MOYXKHO UCIOJIB30BATH CTPOYHYIO JIATUHCKYTIO OYK-
BY «X».

Hamnegaraiite Tabamily yMHOMKEHHS Ha II€JI0€ IHCJIO 71, 7 BBOJUTCA C KJIaBUATY-
pol (2 < n < 9), xKeIaTeIbHO IIeYaTaTh B BUJIE:

1xn
2Xn

IxXn=...

Bwmecto 3maka yMHOXKEHHS X MOXKHO HCIIOIH30BATH CTPOIHYIO JTATUHCKYIO OYK-
By «x». Buumanue! He Hy»KHO negaraTh CUMBOJI N, BMECTO 3TOI'0 HYKHO IIeda-
TaTh BBEJIEHHOE 3HAYEHIE.

Haneuarars Tabmauiy croumoctu 50, 100, 150, ..., 1000 r cbipa (crommocTs 1 K
CBIpa BBOJUTCA C KJIABUATYPDI).

Haneuarars tabiauiy croumocru 100, 200, 300, ..., 2000 r kouder (cTouMocThb
1 kr KoHbET BBOAUTCS C KJIABUATYDBI).

Haiitu cymmy Bcex 1iessix guces ot 10 g0 100;

Haiitu cymmy Beex 1esbix qucest ot ¢ jo 100 BKIIOUNTENHHO (3HAUEHNE a4 BBO-
JIATCS C KJIABUATYDBI).

Haiitu cymmy Beex menbix aucest or 10 g0 b Briounresnbno (3uadenue b BBO-
JIUTCSL C KJIABUATYDBI).

Haiiti cymmy Bcex HesibIX duces O a 70 b BKJIIOYUTENbHO (3HadYeHus a u b
BBOJISITCS C KJIABHATYPBI).
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14. Haiitu npousseienue Beex 1esbix guces oT 10 g0 100 Brirounrenbao. Obparure
BHEUMaHMe, 9T0 Python mMoxker paborars ¢ 1eJIbIMU IHCIAMU HEOI'DAHUIEHHOTO
pasmepal

15. Haiitu npousseienue Beex HEJbIX YUCEJ OT @ JI0 b BKIIOYUTENHHO (3HAUYEHUS G
u b BBOZATCS ¢ KIIABHATYDBI).

Baganue 10 (3aganusi HA KOMOUHAIUIO [UKJIOB CO CUYETUYMKOM U YCJIIOBUEM )
Bouimoarams 00ro 3adarue ¢ nomepom (n-1)%8+1 6 3asucumocmu om HOMEPQ
N 6 CNUCKE 2pYNnNul 8 aANABUTMHOM NOPAJKE.

1. 3a crosom cuaar n rocrel (BBOAUTCS ¢ KJIABHATYDHI), IepeJl KOTOPBIMU CTO-
ut nupor. [lupor u ero 9acTu MOXKHO JI€JIUTh TOJBKO monojam. Oupesesure,
CKOJIBKO pa3 HYKHO JIeJIUTh TUPOT Ha emié O6ojiee MeJIKue IacTu, ITOObI:

® KaKJIOMYy U3 IOCTeil J1ocTasicd XOTs Obl 1 KyCOK;
® KaK MIUHUMYM IIOJIOBUHE TOCTEN JTOCTAJIOCH TIO 2 KYCKa;

® KayKkJIOMY I'OCTIO JIOCTAJIOCH 110 1 KyCKY | IIPpU 9TOM eIié XoTst 0bl 10 KycKoB
0CTaJIOCh B 3allace.

2. Yuenuk 4-ro kinacca Bacusuit BpeMst 0T BpeMeHN HAYNHAET IPOTYINBATD IIIKOJLY.
Ilepsbiit pa3s oH nporysuBaer 2 JiHs B KOHIIE IIEPBOIO MECSIA, Yepe3 MeCsil —
3 nHs, emé depe3 Mecsr — 4 JHA U Tak Jajiee. 3a KayKJbIil JeHb [POTYJIOB
Bacumio craBgaT mo 2 IBOWKH, ILTIOC €IE MO 3 JBOMKU OH TOJyYaeT B MeCSIT
na 3anaTugx. Ckojabko pa3 Bacuinii MOKeT HpOrymBarh MKOJIY (CKOJLKO pa3
YITH B «3aryJl» ) ¥ CKOJIBKO JIHEil IPOryJisieT, YT00bl He ObITh OTYMCICHHBIM, €CJIU
oTuncjenue rpo3ut emy 3a 70 gpoek? IIpogoskuresbHOCTD yuebHOro rojga — 9
MeCSIIIEB, BBIHTH U3 «3arysia» J0CPOIHO (He IIPOTYJIsiB IOJOKEHHOE TUCIIO JHEH )
Bacuiuit He B cocTOsSTHUY, KAHUKYJIAMU TTPEHEOpedb.

3. B merckom cajguke n geTeil urpaior B ciemayontyto urpy. llepes aumu ropa u3 m
KyOWKOB, IIEPBLIIl pEOEHOK BHIHUMAET U3 Ky4dn | KyOUK, KayK/IbIi [IOCJIe Ty IO
pebEHOK — B JiBa pa3a OOJIbIIe IIPEIbIIYINero u Tak 1o Kpyry. Ecin qucio kyou-
KOB, KOTOPbI€ HY2KHO BBIHYTb, IIPEBBINIAET 25, U3 HETO BBIYUTAECTCH 25 U OTCYET
UJIET OT YMEHDBINEHHOI'O YUCa, HAPIMED, BMECTO 32 KyOMKOB Oy/1eT BBIHYTO 7,
zarem 14 u T. 1. [IpourpasmimM canraercs TOT, KTO HE CMOT BBITAIIUTE HY2KHOE
YHICI0 KyOUKOB (B Kyde OCTAJIOCh HeJocTarodHo). Oupejesure HpourpaBmiero.

4. TlocnenoBarenbrocTh PUOOHATIN ONPEJICNIACTCA PEKYPPEHTHBIM COOTHOIITEHU-
eM Tpi1 = Tp + Tp_1, T 9 = 1 u 21 = 1. Haiitu nepBoe 1ucsio B mocsemoBa-
reapHOoCcTH PuboHATIM, KOTOpoe HosbIme 1000.

5. Hust n-ro wiena B nocsenoBaresbuocTn PubOHATIN CYIIECTBYET siBHAS POPMY-

Jra: 41 11
R N RN 1-56

V5 2 2
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ITockosbKy ormeparuu ¢ BEIeCTBEHHBIMU YUCIAMU IIPOUCXOAT ¢ KOHEIHOH TOY-
HOCTBIO, TO C POCTOM T, PE3YJIBTAT BBIMUCJCHUs 110 3TOW (hopmysie Oyaer Bce
6OJIbIIIE OTJINIATHCS OT HacTosiero dncia Pudbonaaun. Halimure n, HaunHast ¢
KOTOPOT0, OTJIMYNE OT UCTUHHOTO 3Hadenus mnpebicut 0.001.

6. CozmaiiTe mporpaMmy, UIpaloOIIyIO € IIOJb30BaTeIeM B OpJsgHKY. IIporpamma
JIOJZKHA CIPAIIUBATh y II0JIb30BATE/Isl: OPEJI WM pelika. Kcim mosb3oBaTesb
BBozuT 0, TO BBIOMpAET opJa, 1 — peliky, J000e JIpyroe YucJjIo — KOHeIl UI'DbI.
IIporpamMma mos7KHA BECTH YUET BBIUTPBIIIEN U IPOUTPHIIIEH U ITOCIe KayKI0Tr0o
payHIa cooOIIaTh II0JIb30BATENIO O cocTodHuM ero cdéra. Ilycrs BHawase Ha
cuery 3 pyOJIsi U cTaBKa B KakJoM KoHe 1 pyouin. Eciu ener y nosib3oBaresist
He 0CTa/l0Ch — UIPa MPeKpaImaeTcs. >

7. I'paxxnannna 1 mapra oTKpbLI cueT B banke, BiokuB 1000 py6. Yepes Kaxkaprii
MECAI pasMep BKJIaJa yBeamansaercs Ha 2% ot umeromeiics cymmbl. Onpene-
JINTD:

® 33 KaKOIl MeCcHdl] BEJIMINHA €KEMECTIHOI'O YBEJINYEHUs BKJIaJla IPEBBICUT
30 py6ureit;
® Yepe3 CKOJIBKO MeCAIEeB pasmep BKJaa mnpessicut 1200 pyb.

8. HauaB TpeHUpOBKM, JBRKHUK B MEPBLI jeHb mpobexkast 10 k. Kaxmpiit cire-
JLyIOIuii JIeHb OH yBeamdausas npober ma 10% or mpobera mpeblIyiero JIHs.
Onpenennrb:

® B KaKOil JieHb OH TPobekuT OoJtbIie 20 KM;

® B KaKOil JeHb CyMMapHbIil mpober 3a Bce auu npesbicuT 100 KM.

3 BeImas1 opé/I MIIH pelKa, IporpaMMa, OIpeIesIseT ¢ IToMOIbio dbyHKmy randint (a, b) u3 cran-
JapTHOro MOoaysisl random, KOTOpasl BO3BpAIAeT CJIydaiiHoe IesIoe 9ucao n, a < n < b.
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DyHKuUm

4.1 ®dOyHKUMM B NPOrpaMMunpoBaHUN

OyHKIMN B TPOrPAMMUPOBAHUE MOXKHO TPEJICTABATH KAK M30JMPOBAHHBIA OJIOK
KOJIa, OOpaleHne K KOTOPOMY B IIPOIECCE BBIIOJHEHUS IIPOIPAMMBI MOXKET ObITH MHO-
OKPaTHBIM. 3aveM Hy KHbI Takue 6JIOKM MHCTPYKImii? B nepsyio odepesb, 9To6b! CO-
KpaTuThb 00beM MCXOJIHOIO KOJIa: PAIMOHAJBLHO BBLIHECTH YACTO MOBTOPSIONINECS Bbl-
PasKeHusI B OTJICIBHBIN OJIOK M 3aTeM 10 Mepe HaJJOOHOCTH 0GpaIiaThCsa K HEMY.

Jljis1 Toro, 4ToOBI B MOJHOI Mepe 0CO3HATH HeOOXOIUMOCTh UCIOIL30BaHUsT (PYHK-
Ui, TPUBEJIEM CJIOKHBIN, HO UPE3BLIMANHO TIOJIE3HBIA MPUMED BBIYUCJICHHS KOPHS
HEJIMHEHHOr0 YPABHEHUIO ¢ MMOMOIIBIO METOA JIEJIEHIS OTPE3Ka MOMOJIaM.

ITycres Ha unTepBase [a;b] nmeercst popHo 1 KopeHb ypaprerus f(x) = 0. 3uavnr,
f(a) u f(b) umeror pazubie 3uaku. Vcnosnbsyem sror daxr. Haiiném f(c), e ¢ = “7“’.
Ecan f(c) Toro ke 3naka, uro u f(a), 3Ha4nT KOPEHb PACIIOJIOKEH MEXK Ly ¢ U b, uHade
— MEXJy a H C.

ITycThb Tenmepsh HAYAIO HOBOTO HHTepBAa (OyIb TO ¢ WA ¢ B 3aBUCUMOCTH OT TOTO,
IrJle HaXOJUTCsI KOPEHb) 0003HaTaeTest a1 (ITO O3HATAET MOCJIe TEPBOH nTeparun), a
KOHEII, COOTBETCTBEHHO, by. McxoHble HAYAI0 U KOHEI|, TakKe OyjeM 0603HaYaTh (g
n by mis obmuoctr. B pesynbpraTe HaM yIacThCsS CHU3UTH HEONPEEICHHOCTH TOTO,
IJle HAXOJUTCA KOPEHb, B JIBa pasa.

Taxoii IPOIECC MOKHO MOBTOPATH CKOJILKO YIOIHO pa3 (Ipu pacuére Ha KOMIILIO-
Tepe CTOJILKO, CKOJILKO MO3BOJIAET TOUHOCTH IpejcTaBienus Jqanubpix dBM), mocie-
JIOBATEJIBHO 3ay7Kasi MHTEPBAJI, B KOTOPOM HAXOIUTCst KOpeHb. OBGBIMHO MPOTece 3a-
KAHIMBAIOT 10 JOCTUZKEHUU Ha N-Of UTEPAINE HHTEPBAIOM |Gy, ; by,| BETMIUHBI MeHee
HEKOTOPOTO 3apaHee 3aJIAHHOTO €.

MrTak, HaUIeM porpaMMy JUIs BLIYUCJIEHUS KOPHA HEJUHEHHOro ypaBHEHUs

f(z) =22 — 4

from math import *
a = -10
b = 10
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f(=)

f(b)
fo)

fa)

Puc. 4.1. WunocTparus K MeTOy JeIeHUs OTPEe3Ka, MOIMOJIaM.

while (b-a) > 10**(-10):
c = (a+b)/2
f_a = a*xx2-4
f_ b**x2-4
f_ c*k*x2-4
if f_axf_c > O:
a = c
else:
b = c¢
print ((a+b)/2)

a
b
C

Ecyiz MbI 3aX0THM BBIYUCIUTH KOPEHb APYTOil HEJUHENHOW (DYHKINN, HAIIPUMED,
f(xz) = 2% + 42 + 4, To IpUNETCA TepeeTBIBATD BBIPAYKEHNs Cpa3y B TPEX CTPOU-
Kax. KazkeTcst JOruIHBIM BBIJIEJINTH HAIIE HEJUHENHHOE YPABHEHNE B OTAEIbHBIN OJI0K
porpaMMbl. Ilepemnuiiem nporpaMmy ¢ moMoIb0 OyHKIAN:

from math import *

def funkcija(x):
f = x**%x2+4xx+4
return f

a = -10
b = 10
while (b-a) > 10%*(-10):
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= (a+b)/2
funkcija(a)
funkcija(b)
_ funkcija(c)
if f_axf_c > O:
a = c¢
else:
b =c
print ((a+b)/2)

c
f_a
f_b
f_c

[IporpaMMHBIi KO/ HOIIIPOrPAMMBI OIIUCHIBAETCS €IMHOXKIBbI [IEPE] TEJIOM OCHOBHOI
IPOrPaMMBbI, 3aT€M U3 OCHOBHOI IMPOIPAMMbI MOXKHO UM IIOJIb30BATHCS MHOTOKPATHO.
O6pairieHue K 9TOMY IIPOrPAMMHOMY KOJIy M3 TeJia OCHOBHOI ITPOrPaMMBbl OCYIIIECTB-
JIZETCsl 1O €r0 UMEeHU (MMEHU HOAIPOrPAMMBI).

Wucrpykmusa def — 9T0 KoMamaa si3biKa MporpamvupoBannsa Python, mozBosis-
omas co3nasarh QyHKImo; funkcija — 910 uMst dyHKIUE, KOTOpoe (Tak ¥Ke Kak
U UMEHA IIE€PEMEHHBIX) MOXKET OBITh HOYTH JIOOBIM, HO JKEJIATEJIHLHO OCMBICICHHBIM.
Tlocne B ckoOKax mepedncssroTcs mapamerpbl GyHKIuu. Eciam mx HeT, TO CKOOKH
ocraforcs mycreiMu. Jlajee maer aBoerodnme, 00O3HATAIONIEE OKOHUYAHWE 3ar0JIOBKA
dbyukuu (aHAJIOrMYHO ¢ yCa0BUAME U IMKJaMu). [locse 3arosioBka ¢ HOBOI CTPOKU
W ¢ OTCTYIIOM CJIeJIYIOT BbIparKeHus Tesa PpyHKIuu. B Komie Tenra GyHKINT 00bIYT-
HO IPUCYTCTBYET UHCTPYKIUs return, mocje KOTOPOoil MIET 3HaYeHUEe UJIU BbIparKe-
HUe, SBJISIOIIeecs Pe3yaIbTaToM paboThl (byHKIMN. VIMEeHHO OHO OyJieT MOJCTaBIeHO
B IJIaBHOI (BbI3bIBaroIIeil) nporpamme Ha Mecro GyHKImU. [IpUHATO TOBOPUTH, YTO
byHKINS «BO3BpAIAET 3HAYEHUE», B JIAHHOM CJIydae — PE3yJIbTaT BBIYUCJIEHUS BbI-
pakenns x2 + 42 + 4 B KOHKPETHOI TOUKe x. B APYIuX S3bIKaX HPOrPaMMEPOBAHIS
Takasi MHCTPYKITHS HAa3bIBAETCS Takyke PYHKIMEN, a NHCTPYKIIUsI, KOTOpasi HUYIero
HE BO3BpAIAET, & TOJbKO IPOU3BOJUT KaKWe-TO JefiCTBUs, HA3BIBAETCS IIPOIIELy-
poii', mampumep:

def procedura(x):
f = x**2+4%x+4
print (f)

Te ke camble MHCTPYKIINKA MOYKHO TIEPENuCcaTh B BUAe PyHKIUN Bisection, KOTO-
poii IlepejaloTcs JJaHHble U3 OCHOBHOIT IIPOI'paMMBbl, U KOTOpas BO3BPAIlaeTCs KOPEeHb
ypaBHEHUs € 33/IaHHOIf TOYHOCTHIO:

from math import *
def function(x):
f = x*xx2-4

'Ha camom gese HMKAKOTrO pasieienus Ha (GyHKIMH U Ipoueaypbl B Python mer. ITpocro Te
GYHKINH, B KOTOPBIX BO3BpAIlla€MOe 3HAUEHHE HE yKa3aHO, BO3BPAINAIOT CIEIHAJLHOE 3HATEHUE
None. BoJtee Toro, naxke ecin OyHKIHUS KaKOW-TO pe3ysIbTaT BO3BPAIAET, Bbl MOYKETE €r0 IPOUTHO-
PUPOBATDH M MCIOJIB30BATh €€ KaK IPOoIeaypy (B 9TOM Cilydae OHA, KOHETHO, JOJIZKHA JEJaTh ITO-TO
[IOJIE3HOE KPOME BBIUMCJICHUsI BO3BPAIIAEMOrO 3HAUEHMUS ).
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return f
def Bisection(a, b, e):
while (b-a) > e:
c = (a+b)/2

f_a = function(a)
f_b = function(b)
f_c = function(c)
if f_a*xf_c > O:
a = c
else:
b = c
return ((a+b)/2)
A = -10
B = 10

E = 10%*(-15)
print (Bisection(A, B, E))

BeiBos mporpaMmbr:
-2.0000000000000004

B Python pesymbraTom GyHKINNT MOXKET OBITH TOJIBLKO OIHO 3HatMeHnne. Kcan meob-
XOJIMMO B KavdeCTBE PE3Y/IbTATa BBIIATH 3HAUEHHS CPa3y HECKOJbKUX IIEDEMEHHBIX,
UCIIOJIB3YIOT KOpTexK. [IpojieMOHCTpUpPyYeM 9T0, JOMOJHUB [IPOrPAMMY BBIUUCIEHUEM
KOJIMYECTBA IIATOB, 38 KOTOPBIE JOCTUTAETCSI 3HAYEHUsI KOPHSI C 33 IaHHON TOYHOCTHIO:

from math import *
def function(x):
f = x**%x2-4
return f
def Bisection(a, b, e):

n =20
while (b-a) > e:
n =mn+ 1
c = (a+b)/2
f_a = function(a)
f_b = function(b)
f_c = function(c)
if f_axf_c > O:
a = c¢
else:
b =c¢
return ((a+b)/2, n)
A = -10
B = 10

E = 10**x(-15)
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print (Bisection(A, B, E))

B kauecrBe pesysbraTa BBIIACTCS KOPTEXK U3 JIBYX YUCEN: 3HAYCHUS KOPHSA U KOJIU-
9ecTBa I1aros, 38 KOTOPOe ObLI HAWIEH 9TOT KOPEHb:

(-2.0000000000000004, 55)

Bripazkenust Tejia (pyHKIIUN BBITIOJIHSIFOTCSI JIUIIB TOTJA, KOT/Ia OHA BBI3SBIBAETCS B
OCHOBHOII BeTKe IpOrpaMMbl. TaK, HAIIPUMED, ecjiu (DYHKIUsT TPUCYTCTBYET B UCXOJI-
HOM KOJIe, HO HUT/I€ He BBI3BIBAETCS, TO COJIEPIKAIIIECS B HEHl MHCTPYKIUMHU He OyIyT
BBIIIOJIHEHB! HUA Pa3y.

4.2 TlapameTpbl n aprymeHTbl pyHKLWIA

Yacto dyHKIMA UCTONIB3YETCs st 00pabOTKH JAHHBIX, MOy IeHHBIX U3 BHEITHEi
JUUIsl Hee cpeJibl (M3 OCHOBHOM BeTKH IporpaMmbl ). JJaHHbIE HIepeiatoTcst QyHKIMN IpU
€€ BbI30BE B CKOOKax M Ha3bIBaioTcd aprymentamu. OgHako IToObl DYHKIMS MOIJIA
«B3sTb» TepeJlaBaeMble eil JJaHHbIe, HeOOXOIMMO MPU €& CO3JIaHUU OIMCATH MapaMeT-
pbl (B cKOOKax 1ocsie umeHn (byHKIMK), [IPeCTaBIIsonue coboii nepeMeHHble.

IIpumep:

def summa(a,b):

c =a+b

return c
numl = int (input (’BBenure mepBoe umcno: ’))
num2 = int (input (’BBemuTe BTOpOe WmCIO: ’))

summa (numl, num?2)

3sech numl u num?2 cyTh apeymenmo, GYHKIUE, & U b CyTh napamemps, ¢OyHKITIN.

B kadecrBe apryMeHTOB MOTYT BBICTYIATh KaK YHCJIOBbIE MJN CTPOKOBBIE KOH-
CTaHTBI Bpoje 12.3, -9 un ’Hello’, TaK U IepeMeHHbIC NJIN BbIpazkKeHusl, HAIIpUMep,
a+2%i.

4.2.1 QO06s3aTensHble N HeobA3aTeNbHbIE apryMeHTbI

Aprymentsl hyHKINN MOTYT OBITH 00s13aTEIbHBIMA WM HEOOsi3aTeTbHbIME. JITst
BCEX HEOOA3aTEIHHBIX apI'yMEHTOB HEOOXO[INMO yKa3aTh 3HAUEHHUE 10 YMOJIIAHHIO.

Paccmorpum hyHKIMIO, BO3BOJSAIILYIO OMH CBOW IIapaMeTp B CTeIeHb, 3a/aHHyI0
JIPYTHM:

def Degree(x, a):
f = x*xa
return £

Ecou Mbl monpoGyeM BbI3BATH 9Ty (DYHKIUIO € OJIHUM apryMEHTOM BMECTO JIBYX, I10-
JIYIUM OIINOKY':
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»> Degree(3)
Traceback (most recent call last):
File "<pyshell#4>", line 1, in <module>
Degree(3)
TypeError: Degree() missing 1 required positional argument: ’a’

Wurepuperarop HEIOBOJIEH TEM, 9TO HAapaMETPy C UMEHEM a He COIIOCTABUJIA HU OJ-
HOTO 3Ha4YeHUsd. Ecam Mbl XOTHM, YTOOBI [0 YMOJSYAHUIO (DYHKIUS BO3BOJMJIA X B
KBaJIPaT, MOXKHO MEPEOTIPEJIETIUTD €€ CJIeIYIONUM 00pa30M:

def Degree(x, a=2):
f = x*xa
return f

TOI‘,ZL& HaIll BBISOB C OJHHUM apryMCEHTOM CTaHET KOPPEKTHDBIM:

>>> Degree (3)
9

[Ipu sTOM MBI HE TepsieM BO3MOXKHOCTH HUCIOJIB30BaTh pyHKINIO Degree /it BO3-
BeJIeHUS B IIPOU3BOJILHYIO CTEIIeHb:

>>> Degree (3, 4)
81

B npunnumne, Bce mapamerpbl MYHKIIUA MOTYT UMETh 3HAUEHHE 10 YMOJYIAHUIO,
XOTSI 9aCcTO TO JIUMIEHO cMbIcyaa. [lapaMerpsl, 3HaYeHNE IO YMOTIAHUIO JJIsT KOTO-
PBIX HE 33J[aHO, HA3BIBAIOTCS 00434MeAbHLMU. BayKHO MOMHUTD, 9TO 00sA3aTEIbHBII
mapaMeTp He MOXKET CTOATH II0cje IlapaMeTpa, UMEIONero 3HadeHne 0 YMOJTIaHUIo.
[TonbiTKa HaUCATH PYHKIINIO, HE YIOBJIETBOPSIIOILYIO 3TOMY TPEOOBAHUIO, IPUBEIET
K CHHTAKCUIECKON OIHOKe:

>>> def Degree(x=2, a):
f = x*xa
return f
SyntaxError: non-default argument follows default argument

4.2.2 llmeHoBaHHble aprymMeHTbl

BriBaer, uro y dyHKIMH MHOTO mian odenb MHOrO mapameTpoB. Vim Bbl 3a0buin
[OPSIIOK, B KOTOPOM OHM PACIOJIOXKEHBI, HO TIOMHHUTE UX CMBICA. TOrja MOXKHO 00-
PATUTBCS K (DYHKIINHU, UCIOJIb3ysl UMEHa ITapaMeTpoB Kak Kiodn. [lycrs y Hac ectb
cJie Ty torast (yHKITHS:

def Clothing (Dress, ColorDress, Shoes, ColorShoes):
S = ’Ceromua a Hagery ’ + ColorDress + 7’ \
+ Dress + ’_u >+ ColorShoes + ’,’ + Shoes
return S
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Teneps BbI30BeM Hally QYHKITHIO, C apIyMEHTAMH He 110 HOPSIKY:

print (Clothing (ColorDress=’kpacHoe’, Dress=’mnarse’,
ColorShoes=’uépune’, Shoes=’Tydmu’))

Byner BoiBeneno:
Ceromus s HaZleHy KpacHOe IIaTbe ¥ UépHHe Tydnu

Kax BujinuMm, pe3ysrbTaT MOJIyIusICs BEePHBIH, XOTS apryMeHTBI IIePEYUCIEHBI HE B TOM
MOPSIJIKE, 9TO MPU ONpeleseHn (DYHKIUU. JTO IMPOUCXOIUT MOTOMY, UTO MBI sIBHO
yKa3aJju, KaKue I1apaMeTpbl COOTBETCTBYIOT KaKUM apr'yMeHTaM.

CiiejlyeT OTMETUTB, YTO 4YacTO IpOorpaMMucTbl Ha Python myrator mapamerpbr
CO 3HAYEHWEM 110 YMOJYAHUIO W BBI30B (PYHKIIUUA C MMEHOBAHHBIMU APTYMEHTAMHU.
DTO TPOUCXOAUT OTTOTO, ITO CHHTAKCUICCKHM OHU ILIOXO pas3iaumdauMbl. OHAKO BaxK-
HO 3HATh, YTO HAJMUYNE 3HAYEHUHA [0 yMOJIYAHUIO He OOS3BbIBAET BaC MCIIOIH30BATH
UM IapaMeTpa IIpu obpariennn K Hemy. TakzKe U OTCyTCTBUE 3HAYEHUs 110 YMOJIIa-
HUIO HE O3HAYAET, UTO K IMapaMeTpy Hesb3s obpalnarbcs mo uMenu. Hampumep, s
onmcannoii Boie dyukimu Degree Bce CIIe/IyIONNE BLI3OBBI OY/YT KOPPEKTHBIMH U
MIPUBEYT K OJIMHAKOBOMY DE3yJIbTaTy:

>>> Degree (3)

9

>>> Degree (3, 2)

9

>>> Degree (3, a=2)

9

>>> Degree(x=3, a=2)
9

>>> Degree (a=2, x=3)
9

Yero menn3sa erarh, TaK 9TO CTABUTH 00sI3aTEIbHBIE apTyMEHTHI TTOCTe HeoOsI3a~
TeJIbHBIX, €CJIU UMeHa I1apaMeTPOB He YKa3aHbI:

>>> Degree(a=2, 3)
SyntaxError: non-keyword arg after keyword arg

4.2.3 Tlpoun3BonbHOE KONMYECTBO aprymMmeHTOB

Wuorna BO3HUKAET CUTYAIUs, KOTJIa BbI 3apaHee He 3HAECTE, KAKOE KOJTUIECCTBO ap-
TYyMEHTOB OyJeT HeoOX0IUMMO PUHSTH GyHKIUU. J[JIsi TAKOTO CiIydasi €CTh CIeruaib-
HbBIl CHHTAKCHC: BCE IIApAMETPbl 0603HAYAIOTCS OMHUM uMeHeM (00BIYHO UCIOIb3YeTCs
UMs args) U [epej HUM CTaBUTCA 3BE3104Ka *. Hanpumep:

def unknown (*xargs):
for argument in args:
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print (argument)
unknown (’Yro ’, ’mpomcxomuTr’, ’77°)
unknown ( ’He zmawn! ’)

BuiBos mporpaMmbr:

Yro

IIPOUCXOOUT
?

He 3mamw!

[Ipu sTOM THI 3HAYEHUs args — KOPTEXK, COJEPIKAIIMIl BCe IePeIaHHbIe apI'yMEeHThI
110 TIOPSIJIKY.

4.3 JlokanbHble u rnobanbHble NepeMeHHble

Ecmm zammucars 8 IDLE npuBenénmyio Huke GpyHKITUIO, T 3aTEM TOMPOOOBATDH BbI-
BECTH 3HAYEHUS] [IEPEMEHHBIX, TO OOHAPYZKUTCSI, 9TO HEKOTOPBIE N3 HUX [T0YEeMY-TO He
CYIIECTBYIOT:

>>> def mathem(a, b):

a = a/2
b = b+10
print (a+b)
>>> numl = 100
>>> num2 = 12
>>> mathem(numl, num2)
72.0
>>> numl
>>>100
>>> num?2
12
>>> a

Traceback (most recent call last):

File "<pyshell#10>", line 1, in <module>
a

NameError: name ’a’ is not defined

>>> b

Traceback (most recent call last):

File "<pyshell#11>", line 1, in <module>
b

NameError: name ’b’ is not defined

>>>

[Tepemennnie numl u num?2 He M3MEHUIM CBOUX [T€PBOHAYAIBHBIX 3HAUeHU. leso B
TOM, 4TO B (PYHKIIUIO [T€PEIAIOTCA Kolnu 3uadenunii. [[perxine 3nadenns n3 OCHOBHOIT
BETKH IIPOIPaMMBbl OCTAJIUCH CBA3AHHDI C UX II€PEMEHHDBIMU.
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A BoT mepeMeHHBIX a U b, OKa3blBaeTCs, HeT U B noMuHe (omubka name b’ is
not defined mepeBoJUTCsI KaK "mepemerzas b He ompezesexa"). DTU EPEMEHHbBIE CY-
MIECTBYIOT JIMIIIb B MOMEHT BBIIIOJTHEHUsI (DYHKIIMA U HA3BIBAKOTCS A0KAALHOLMU. B
IPOTUBOBEC UM, IIepeMeHHbIe numl 1 num2 BUJAHBI HE TOJIBKO BO BHEIIHEI BeTKe, HO U
BHYTPH (DYHKIIAN:

>>> def mathem2():
print (numl+num2)

>>> mathem2 ()

112

>>>

[Tepemennble, ompe/ieIéHHBIE B OCHOBHOW BETKE ITPOIPAMMBI, SBJISIOTCS 2400045~
nomu. Mtax, B8 Python nse 6a30BbIx 00/1aCTH BUIUMOCTH TTEPEMEHHBIX:

1. rnobasbHbIE TIEDEMEHHDIE,
2. JIOKaJIbHbIE TIepEMEHHBIE.

ITepementbie, 00bsiBJIeHHBIE BHYTPHU Tejia (DYHKIIUU, UMEIOT JIOKAJIBHYIO 00J1acTh
BUIUMOCTH, T€, 9TO OObsIBJIEHbI BHE KaKOH-1100 (DyHKIUU, UMEOT IJI00aIbHYI0 00-
JIACTh BUJUMOCTHA. DTO O3HAYAET, YTO JTOCTYII K JIOKAJbHBIM MEPEMEHHBIM WUMEIOT
TOJILKO Te (DYHKIMM, B KOTOPLIX OHU OBLIN OOBSABJIEHBI, B TO BPeMs KaK JOCTYII K
J100aJIbHBIM [TEPEMEHHBIM MOXKHO TIOJIyYUTh 110 BCEl IIpOrpaMMe B JII000i DyHKITHH.

Hampumep:

Place = ’Conmeunas cucteMa’ # [nobanbHad IepeMeHHasd
def global_Position():
print (Place)

def local_Position():
Place = ’3emna’ # JlokanbHad IepeMeHHas
print (Place)

S = input ()

if S == ’cucremMa’:
global_Position ()

else:
local_Position ()

BriBosi mporpaMMbl 1Ipu JIBYX ITOCJI€IOBATEIbHBIX 3aIIYCKaX:

cucreMa

ConHeyHass cucTeMa

>>>

=========== RESTART: /home/paelius/Python/1l.py ===========
ITaHeTa

3eMnd
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BakHO MOMHUTD, YTO /It TOIO YTOOBI MOJIYYUTH JOCTYI K IVI00aIbHOI ITepeMeH-
HOIl Ha YTeHUe, JOCTATOYHO JIMIIb yKa3aThb €€ uMmsi. OHAKO ec/iu mepej HaMU CTOUT
3a/1a9a U3MEHUTH TJIOOAJIBHYIO TIEPEMEHHY0 BHYTPHU (PYHKIIUU, HEOOXOIUMO HCIIOJIb-
30BaTh KJII0UeBOe cI0BO global. Hampumep:

Number = 10

def change ():
global Number
Number = 20

print (Number)

change ()

print (Number)

Brioa mporpaMmbr:

10
20

Ecim 3a0b1Th Hanucars cTpodky global Number, TO HHTEPIPETATOD BBIJIACT CJIEIY-
omee:

10
10

4.4 [MporpammupoBaHue cBepxy BHU3

Bpsizg sin cromsio ObI yieasiTh MHONO BHUMAHUS (DYHKITHSIM, €CJIi Obl 33 HUMU He
CKPBIBAJINCh BayKHBIE W OCHOBOIIOJATAONINE uien. B reficTBurenbHOCTH, (DyHKIUN
OKa3bIBAIOT PEIIAIoliee BINSHIE Ha CTU/Ib U KadeCcTBO paboThl mporpammucTta. Oynk-
s — 9TO He TOJBKO CIOCOD COKPAIEHUs TEKCTa, HO 4TO 0ojiee BayKHO, CPEICTBO
Ppa3JIozKeHus IIPOrpaMMbl Ha JIOTUYECKU CBsI3aHHBIE, 3aMKHYTble KOMIIOHEHTHI, OIIpe-
JeJISoNne €€ CTPYKTYPY.

ITpeacrasbre cebe mporpammy, cojepzkaityio, zanpumep, 1000 crpok koma (1o
emé ovYeHb MaJleHbKas nporpamma). O603pers Takoe KOJMYeCTBO CTPOK U IOHATD,
9TO JIeJIaeT IPOrpaMma, ObLIO Obl IPAKTUIECKH HEBO3MOXKHO 0e3 (hyHKITHIi.

Bouibime mporpamMMbl CTPOSITCA METOIOM TIOCIEI0BATEIbHBIX yTodHennit. Ha mep-
BOM JTalle BHUMaHUe 00paIeHo Ha IJ100aIbHbIe IIPOOJIEMBI, U B IIEPBOM SCKI3HOM IIPO-
€KTe YIIYCKAIOTCs U3 BULy MHOTHE jieTaim. [1o Mepe mpojIBIKEeHHS ITPOIIECca, CO3/IaHUST
[IpOrpaMMBbl TJI00AIbHBIE 3a/[a4i Pa30MBAIOTCS HA HEKOTOPOE HUCIIO 1oj3aaad. Te, B
CBOIO 0Yepejib, Ha Dojiee MeJIKUe MOI3a a9y U T.10., TOKa PEIlaTh KaXKIYI0 HOI3a1ady
He CTaHeT JTOCTATOYHO IMPOCTO. Takasi TEKOMIIO3UIUS U OJITHOBPEMEHHAs JIeTaTN3AINSs
[IPOTPAMMBI HA3BIBAETCH HUCTOOAUUM MEMOJOM TPOIrPAMMUPOBAHUS WU NPO2PAM-
MUPOBAHUEM CEEPTY SHUS.

Komnnenmus GyHmmii mo3BoJIsieT BLIIEIUTh OTACTBHYIO TMOA33aaTy KAK OTIe/Ib-
HyI0 nojuporpammy. Torjga Ha KaKJOM dTale MOXKHO HPHIyMaTh uMeHa (QyHKIHi
JJIST TI0/13aJ1ad, BIIMCHIBATh B Pa3/lesl ONUCAHMI MX 3ar0JI0BKH M, emlé He 100aBiids K
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HUM TeJI0 (DYHKIINH, y2Ke UCIOIB30BATh X BBI3OBBI JIJIsl CO3JAHUS KapKaca IIporpam-
MBI TaK, OyJITO OHU y2Ke HAIIUCAHBI.

Hampumep, Ha 9uc/ieHHBIX METOAAX CTYAEHTHI PEIIAIOT 33J1a9y CPABHEHUs JIBYX
METOJIOB TIONCKA KOPHS YPABHEHUS: Y2K€ PACIIICAHHOIO BBINIE METOA JIEJIEHUS OTPE3-
Ka momosaMm u Merona Hpiorona. Heobxoanmo mOHATH, KaKO# U3 METOIOB ObICTpee
CXOJIUTCST K KOPHIO C 33JIAHHON TOYHOCTBIO.

Konrenmust mporpaMMUpOBaHUsT «CBEPXY BHHU3» IIPEJIyCMATPUBAET, 9TO BHAYAJE
CTYIEHTHI HAIWIIYT «CKEJeT» ITPOIPAMMBI, & yKe IIOTOM HAYHYyT pa3sOMparThbCs, Kak
Kakas QyHKIUs (DYHKIMOHUPYET B OTAEIbHOCTH:

def Function(X) #Hawe HemuHeliHOe ypaBHeHUE
def Newton(a, b, E) #MeTon HpoToHA
def Bisection(a, b, E) #MeToq, IeleHUs OTpe3Ka IOIOJAM

A =7
B =7
E=27

Bisection(A, B, E) #Busos byHKIIUM MeToZa IOelleHWsA OTpe3Ka IIomojaM#
Newton (A, B, E) #Buzos ¢yuKIME MeToma HeioToHa#

Kakne wmenno wHCTpYKImm OyayT BBIIOIHATHCS (QyHKIuSMH Bisection u
Newton 11oKa He CKa3aHO, HO YK€ M3BECTHO, YTO OHU IIPUHUMAIOT Ha BXOJ[ M UTO JIOJIZK-
HbI BO3BpalllaTh. 9TO C.J'Ie)lyIOHLI/Iﬁ 9Tall HallMCaHUA ITPOI'PaMMbI. HOTONI HaM U3BECTHO,
9TO Hallle HeJIMHEHHOe ypaBHEHHE, KOPEeHb KOTOPOTO HEOOXOINMO HANTH, YKeJIaTe Ib-
HO 0DOPMUTH B BHUJE OT/Ae/bHONU (yHKIMU. Tak mnossisiercs GpyHKust Function,
KOTOpas OyIeT BBI3BIBATHLCA BHYTpH PYHKINI Bisection u Newton.

Korna kapkac cozzman, ocTaérest TOJILKO HAMMCATh Testa pyHkimii. [IpenmytnecTBo
TaKOI'0 TIOJX0/Ia B TOM, YTO, CO3/IaBasl TeJIO KayKI0i n3 MYHKINIT, MOXKHO He JIyMaTh 00
OCTaJIbHBIX (DYHKIUSIX, COCPEIOTOYNBINNCH Ha OJHOI moazajade. Kpome Toro, Korma
KazKjiast U3 QYHKIUI IMeeT TOHSITHBIN CMBIC/T, TOPA3JI0 Jierde, B3IJIsIHYB Ha IPOrPaM-
My, HOHSITD, YTO OHA JeJaeT. DTO B CBOIO OYepPe/b HO3BOJUT: (&) JOIYCKATD MEHbIIE
Jorndeckux omubok u (6) OpraHu30BaTh COBMECTHYIO PAOOTY HECKOJILKUX IIPOIPaM-
MHCTOB HaJT OOJIBITION MTPOrpaMMOit.

BazkHOi1 ujeeil ipu TaKOM I10JIX0/1€ CTAHOBUTCS MCIIOJIb30BAaHME JIOKAJIbHBIX I1€pe-
MEHHBIX. B 1/100a/IbHYI0 TIepEeMEeHHYI0 MOXKHO OBLIO OBl 3alicaTh pe3yJibTar padoThl
dyHKIIMA, OTHAKO 3TO OyJIET CTHUIUCTUIECKON omuOKoil. Bech oOMen muabopMmarmeit
dbyHKIMS T0/KHA BECTU NCKJIIOUNTEHHO 9epe3 mapaMeTpbl. Takoil moIxo;1 Mo3B0JIs-
eT cesaTh peleHne Kax0i 10/3a/1a91 MaKCUMAaIbHO HE3ABUCHMBIM OT OCTAJbHBIX
[10/133/J1a4, YIPOIIAET U YIOPSI0YNBAET CTPYKTYPY HIPOIPAMMBL.

4.5 PekypcuBHbIi BbI30B (hyHKL UM

Pekypcust B IpOrpaMMHPOBAHAN — 3TO BBI30B (DYHKIMU M3 HEE JKe CaMOil Hero-
CPeJICTBEHHO ([IpocTasi PpeKypcust) Wiu depe3 Jpyrue pyHKIuu (CJO0XkKHAsS MU KOC-
BeHHasi PeKypcust), HanpuMep, dbyHKus A BbisbiBaer dbyHKIuo B, a dyHKIms B —
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dyukimo A. KosmmaecTBo BiI0YKEHHBIX BBI30BOB (DYHKITMN HJIH ITPOIELY Dbl HA3BIBACTCS
ryOnHOI pekypcuu. PekypcuBHas porpaMma MO3BOJISIET OMKMCATH HOBTOPSIIOIIEEC s
WK JIa2Ke TOTEHINAIbHO OECKOHETHOEe BBIYUC/IEHNE, TPUIEM 6e3 SBHBIX MOBTOPEHUI
qacTeil MporpaMMbl U UCIIOJIb30BAHUS ITUKJIOB.

[Ipunnun paboThl peKypCUBHON (DYHKINN yI00HEee BCEro OObICHATH Ha ITPUMe-
pe marpémek (puc. 4.2). Ilycth ecTb HAGOP HEpaCKpAIIEHHBIX MaTpéneK. HyKHo
y3HATh, B KAKUe I[BeTa IOKPACUTh CaMyo OOJIbIIYI0 MATPENKy. IIpu sToM packparie-
Ha TOJIBKO caMmasi MaJjieHbKasl MaTPEITKa, KOTOpasi He pacKpbiBaeTcs. HeobxoamumMo 1mo-
CJIEJIOBATE/IFHO PACKPBIBATH MATPEIIKHU, TOKA HE JIOHAEM 110 TO, KOTOPYIO PACKPBITH
He TI0JIy9aeTCs — 9TO pacKpalneHHas MaTpémka. /lasee MOXKHO pacKpaInBaTh KaxK-
JIYIO CJIEJTYTOTY IO MATPEIIKY 110 BO3PACTAHUIO, JIEPKA [Tepe I CODOI0 MPEILIIYIIYI0 KaK
[IpUMep ¥ 3aTeM BKJIAJBIBATH BCE MEHBIIINE, PACKPAIIIEHHbIE paHee, BO BHOBb PaCKpa-
MIEHHY 0.

Or MaTpéreKk MOXKHO HepeiiTH K KJIACCHIeCKOMY IIPUMEPY PEKYPCHH, KOTOPBIM
MOXKET MTOC/IYKUTH (DYHKITUS BBIUUCJICHUs (DAKTOpHUAIA TUCIIA:

def fact (num):

if num == O0:
return 1
else:
return num * fact(num - 1)
n = int (input (’Beemure uwucmo ’))

print (fact (n))

CTpyKTypHO peKypcuBHasi (PYHKIIUsI HAa BEPXHEM YPOBHE BCErJla IIPeJICTaBJIsIET
coboit KoMaH1y BeTBjIeHHsl (BBIOOD OJHON U3 ABYX WK 0OJiee aJlbTePHATUB B 3aBUCH-
MOCTH OT ycJjioBus (yCJI0BHIA), KOTOPOE B JAHHOM CJIy4Yae yMECTHO HA3BATh «yCJIOBUEM
[IpeKpAaIeHnsi PeKypPCHi», UMeIOoIIeil /iBe min 6ojiee ajbTepHATUBHbIE BETBH, U3 KO-
TOPBIX XOTs ObI OHA SBJISETCS PEKYPCUBHON M XOT ObI OJIHA — MEPMUHAALHOU.

B BbImenpuBeIEHHBIX TPUMEPAX C MATPEIMIKAME U C BBIYUC/IEHHEM (haKTOpHAaJIa
YCJIOBHUS «€CJIM MaTPEIIKa He PacKpbiBaeTcd» M if num==0 gBiAIOTCA KOMaH/IaMHU
BETBJIEHU:, BeTBb return 1 (mm camasl MajleHbKas PACKDAIICHHAsI MATDEIIKA) sB-
JIETCsl TePMUHAJIbHOI, a BeTBb return num*fact (num-1) (mocreneHHOe pacKparin-
BaHUE U 3aKPBIBAHNE MATPEIIEK) — PeKYPCUSHOTL.

PexypcuBnast BeTBb BBITIOJIHAETCs, KOT/Ia yCJIOBUE MPEKPAICHUST PEKYPCUN JIO¥K-
HO, U COJIEPYKUT XOTsI ObI OMH PEKYPCUBHBII BBI30B — IIPSIMOil WJIN OTIOCPEIOBAHHBII
BBI30B (byHKIMe camoii cebs. TepMuHabHAsi BETBb BBIMOJIHAETCS, KOI/A yCJIOBUE
IIPeKpallleHus PeKyPCUU UCTUHHO; OHa BO3BpalllaeT HEKOTOPOEe 3HaYeHUe, He BBIIOJI-
Heisl PEKYyPCUBHOIO BbI30Ba. [IpaBuibno Hanmcannas pekypcuBHas DYHKIS J0JZKHA
rapaHTUPOBATDL, UYTO U€PE3 KOHETHOE UUCJIO PEKYPCUBHBIX BHI30OBOB OY/IET JIOCTUTHYTO
BBIIIOJIHEHUE YCJIOBUSI IIPEKPAIleHUsI PEKYyPCHUH, B Pe3yJIbTaTe Yero IelovyKa II0cjIe0-
BaTeJIbHBIX PEKYPCUBHBIX BBI30BOB IIPEPBETCS M BBIIIOJIHUTCS BO3BPAT.

[Tomumo dyHKIINI, BBIIOJHSIONIX OJUH PEKYPCUBHBII BBHI30B B KaXKIOU PEKyp-
CUBHO# BETBU, OBIBAIOT CIyYaN «IapasiIeIbHON PEeKypCuns», KOraa Ha OIHON peKyp-
CHUBHOIl BeTBU JeJlaeTcs JBa UJIu OoJiee PEKYyPCUBHBIX BbI3oBa. llapasienbHas pe-
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Puc. 4.2. Harnsaoe npeicrasiienne npuHnmna paboThl PEKYPCUBHON Dy HKITHIH.
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KypCUsl THIIMYIHA [PH 00pabOTKE CIOKHBIX CTPYKTYDP JAHHBIX, TAKHX KaK JEPEBb.
TIpocreitimit npuMep napaJiiebHO-peKypCuBHON DYHKIMI — BeIYnCcIeHne psijga Pu-
GoHAYYH, IJIe JJIS TIOJLY YeHHsI 3HAYEHUSI N-T0 WIeHa HeOOXOAMMO BBIUUCAUTD (1 — 1)-it
u (n — 2)-it:

def fib(n):
if n<3:
return 1
return fib(n-1) + fib(n-2)

n = int (input (’BBezure uncmo: ’))
print (fib (10))

Peanmzanusa pekypcUBHBIX BBI30BOB (DYHKINI B IPAKTUYIECKN IPUMEHAEMBIX A3bI-
KaX 1 CPeiax IPOrpaMMUPOBAHMEs, KAK [IPABUIIO, OIMPAETCS] Ha MEXAHN3M CTEKa BbI-
30BOB — aJIpec BO3BPATa U JIOKAJIbHbIE IIepeMeHHbIe (DYHKIINI 3aIIUChIBAIOTCS B CTEK,
GJrarozaps 4eMy KasKJbIH CJIEYIOMINN PEKyPCHUBHBIN BBI30B 9TOH (DYHKINHU II0JIb3Y-
€Tcsl CBOMM HaOOPOM JIOKAJIbHBIX IIEPEMEHHBIX U 33 CUET ITOro paboTaeT KOPPEKTHO.
O60pOTHOIT CTOPOHOII STOrO JTOBOIBHO IPOCTOO MO CTPYKTYPE MEXaHU3Ma SIBJIACTCH
TO, YTO Ha KasKJbIl PEKYyPCHBHBIN BBI30B TpeOyeTcs HEKOTOPOe KOJIHYECTBO OIepa-
TUBHO} HAMATH KOMIIBIOTEPA, U IIPH IPE3MEPHO OOIbIINOI IiIyOrHe PEKYPCUH MOXKeT
HACTYIUTD IIEPEIIOJIHEHNE CTEKA BBI30BOB.

Bompoc 0 KeaTe/IbHOCTU UCIIOJIL30BAHNS PEKYPCUBHBIX (DYHKITU B IIPOrPaMMU-
POBaHUU HEOJHO3HAYEH: C OJHONU CTOPOHBI, PeKypcuBHasg GOpMa MOKET OBITH CTPYK-
TYpHO IIpOIIEe U HAIVIAAHee, B OCOOCHHOCTH, KOTZa CaM peasu3yeMblil ajJrOpHTM, IO
cytn, pekypcuseH. Kpome TOro, B HEKOTODBIX JIEKJIAPATHBHBIX MM IHCTO (DYHKIIN-
OHAJIBHBIX s3blKaX (Takux, Kak [Iposor minm Haskell) npocro mer cuurakcumyeckux
CPEJICTB JJIsl OPTaHU3AINN [UKJIOB, H PEKyPCUsS B HUX — €IUHCTBEHHBIH J[OCTYIIHBIH
MEXaHU3M OpPraHHU3AIUH MOBTOPAOmMuxcd Borunciaenuil. C Apyroif cropoHsl, OOBIYHO
PEKOMEH/IyeTCst M30eraTh peKypPCUBHBIX IIPOrPAMM, KOTOPBIE IIPHBOJIAT (NI B HEKOTO-
PBIX YCJIOBHSAX MOTYT IPHBOJUTE) K CJIUIIKOM OOJIBINIOI riry6ute pekypeun. Tak, mu-
POKO PacCIIPOCTPAaHEHHBIN B yueOHOI JIUTepaType IPUMEDP PEKYPCHBHOIO BBIMUCJIEHUST
daxroprasa gBIAETCS, CKOpee, IPUMEPOM TOr0, KaK He HaJI0 IPUMEHATH PEKYPCHIO,
TaK KakK IPHBOAUT K JOCTATOYHO OOJIBIION IVIyOUHE DEKYPCHH U MMEET OYEBHUJIHYIO
peaIH3aIiio B BUJIE OOBIYHOIO IIUKJINYECKOIO aJIOPUTMA.

4.6 [lpumepbl peweHnsa 3agaHunin

IIpumep 3amaum 12 Hanuwume GUHKELUIO, 8HIMUCAAIOUWYIO 3HAMEHUA IKCNO-
HEHMBL NO peryppernmuot, hopmyne e =1+ x + “;—? + g—? 4+ = ZZO:O %L Pe-
aAu3ytme KOHMPOAb TMOWHOCTNAU 8HIMUCALHUT ¢ NOMOULBLIO OOTLONHUMENLHO20
NAPAMEMPA € CO FHAMEHUEM TO YMOMAMAHUIO (CAedYem 0CMaAHOBUWMb 8bIHUCHAe-
HUWA, K020a ouepedroe mpubiusicerue 6Gyoem OomAUMAMbLEA 0M NPedbldYULe20
Meree, vem na 10710),

Peanusytime 6b308 GHyHruuL PA3AULHBLMU CNOCOBAML:
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e ¢ 00HUM MO3UWUOHHBLM NAPAMEMPOM (Npu amom Gydem ucnoab3oeaHo
SHAMEHUE N0 YMOALAHUINO ) ;

e ¢ 06YMs NOSULUOHHBLMU NAPAMEMPAMU (3Hauerue mornocmu 6ydem ne-
pedano Kak 6mopotl apymenm);

° nepeaae 3HAMCHUE KAK UWMEHOBAHHDHLL napamemnp.

Pemnenune zagaun 12

def EXPONENTA(x, eps=10%x*(-10)):
ex = 1 # 6ynymu#t pesymnepTaT
dx = x # mnpupameHue

i = 2 # HOMep IpUpaleHus
while abs(dx)>eps:
ex = ex + dx
dx = dx * x / i
i=1i+1

return ex
#0cHOBHasA IporpamMmMa
A = float (input (’BBemuTe morasaTenb SKCIOHEHTH: ’))
print (EXPONENTA (A))
print (EXPONENTA (A, 10**x(-4)))
print (EXPONENTA(x = A)

IIpumep 3agauu 13 Clenatime us Gyrruuw npouedypy (6MECTNO MO20, WMO-
6Bl BEPHYMDb PE3YABMAT ¢ NOMOULLIO ONEePAMOpa return, avieedume e20 8HYM-
PU GYUHKUUU ¢ NOMOULLIO HyHKuuW print).

Pemnenue zagaun 13

def EXPONENTA(x, eps=10*x*x(-10)):
ex = 1 # 6ymymuil pe3ynbTaT
dx = x # mnpupamexue
i = 2 # HOMep IpUpaleHus
while abs(dx)>eps:
ex = ex + dx
dx = dx * x / i
i=1i+1
print (ex)
#0cHOBHas IporpaMMa
A = float (input (’BBemuTe morasaTenb SKCIOHEHTH: ’))
EXPONENTA (A)
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4.7 3apaHus Ha cyHKUUK

Baganue 11 Bumoanamov 00no 3adanue 6 3a6UcUMOCTU 0M HOMEPA 8 CNUC-
ke: (n-1)%10+1, 20e n — Homep 8 cnucke. Hanuwume GHyHKUUIO, 8bLUUCAAINO-
WYI0 3HAUEHUA 00HOT U3 CALOYIOWLUL CNEUUAABHBLE HYHKUUT NO PeRYPPeHIm-
noll hopmyae. Peaausyltime kxornmpoas mowHocmu 8btuucaeHUl ¢ NOMOUBLIO 0-
NOAHUMENABHOZ0 NAPAMEMPE £ CO ZHAUEHUEM MO Yymoaaruro (caedyem ocma-
HOBUMDB BLULUCACHUS, KO20A ovepedHoe npudiudcerue Hydem omautamses om
NPeduldyuLe20 MeHee, Hem Ha 10_10). Peanusytime 6b308 Hynruuu, pasdaurttol-
MU, cnocobamu:

e ¢ 0OHUM MNO3ULUOHHLIM NAPAMempom (npu amom 6ydem ucnoabaosaHo
SHAMEHUE NO YMOMMAHUIO) ;

e ¢ 08YMsl NOSULUOHHBLMU NAPaMempamu (3raverue mownocmu 6ydem ne-
PEOaHO Kak 6mMopotl apymenm);

o nepea(w 3HAUEHUL KAK UMEHOBAHHDBLT napamemnp.

Coenatime u3 dyrruuu npouedypy (8mecmo moz2o, Wmodv, 8EPHYMbL Pea3yib-
Mam ¢ NOMOWBIO onepamopa return, eueedume €20 sHYMpPu PHYHKUUU ¢ No-
Mowbro pyrkuuu print).

1. Kocunyc cos(z) =1 — é—? + % — = (=) (2n) DopMyIa XOPOIIO pa-
Goraer Jyis —2m < & < 27, IOCKOJIBbKY [OJIydYeHa pasjiokenueM B psg Teitiopa
Bo3jie HOJIsL. JIJIsd IPOYMX 3HAYEHUl T CJIelyeT BOCIIOJIB30BATHC CBOHCTBAMU
NepUOAMIHOCTH KocuHyca: cos(z) = cos(2 + 27n), rme n ecThb J060e TesI0e
qncyo, Torja cos(x) = cos(x%(2*math.pi)). s IPOBEPKHU HCIIOIB30BATH
dyukiuo math. cos (x).

2. Cunyc sin(x) =z — é—? + ””5—7 +eee=30 (=) (§z+1)' Dopmysia XOpOIIo pa-
Goraer g —2m < x < 27, IOCKOJILKY MOJIydYeHa pasJjoxkenueM B psj Teitiopa
BO3J1e HOJIs. JIJIst IPOYMX 3HAYEHUIT X CJIeyeT BOCIO/Ib30BATHCs CBOMCTBAME IIe-
PHOJMIHOCTH KocuHyca: sin(z) = sin(2 + 27n), rjie n ectsb Jr060e 1es10e IUCIIO,
Torma sin(x) = sin(x%(2*math.pi)). I mpoOBEepKHM MCIIOMB30BATH (DYHKITHIO

math.sin(x).

3. Tunepbosmyveckuit kocunyc ch(z) =1+ “2"—? + :f“ cee=30 —0 {any1 - A1t mpo-

BEPKHU UCIOIH30BaTh (pyHKIMIO math.cosh(x).

4. Tunepbosmyaecknit KOCUHYC 110 (hOpMYyJIie JJisT KCIIOHEHTBI, OCTABJIAS TOJIHLKO
cJlaraeMble ¢ 9ETHBIMU 71, [ 71t MpOBEPKU UCIOJIB30BaTh (byHKINO math . cosh (x).

2n+1

5. Tunepbosmyeckuii cunyc sh(z) = z + ”g—? + “g—j +o=3 A TESyIE s mpo-
BEPKHU UCIO/Ib30BaTh (PyHKIMIO math.sinh (x).
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6. ['untepbostmaeckuit cunyc 1mo hopMmyJsie Jjist SKCIIOHEHTDI, OCTABJsAS TOJIBKO CJIa-
raeMble ¢ He9€THbIMU 1. J[JIs pOBEPKHU MCIIOIb30BaTh (DyHKINIO math. sinh (x).

7. Harypasbubiii jorapudm (dopmysa padoraer npu 0 < x < 2):

ln(x)Z(SU—l)—(x;U +(x_31) _(55—41 Z nlx_l)n

Yrobel HafiTu sorapudm st & > 2, HEOOXOAMMO IIPEJICTABUTH €r0 B BUJIE
In(z) = In(y - 2P) = pIn(2) + In(y), re y < 2, a p HaATYpasbHOE YUCT0. TTOOBI
HANTH P 1 Y, Hy?KHO B IIUKJIE JIGJIATD Z HA 2 JI0 TEX HOP, HOKA PE3YJIbTAT GOJIbIIe
2. Korja ouepesHoil pe3ysibTar JeIeHus] CTAaHeT MEHbBINE 2, STOT pe3y/abraTr H
€CTb Y, & YUCJIO JEJICHUM, 33 KOTOPOe OH JOCTUTHYT — 9T0 p. s npoBepku
MCIOJIB30BaTh QyHKIMO math.log(x).

8. Tamma-byukuus I'(z) no dopmyse Ditsepa:
15 )I
SIEE:

Dopmyna cripasemmba s ¢ ¢ {0, —1, —2, ... }. Jlast mpoBepKI MOYKHO HCIIOJTb-
30BaTh math.gamma (x). Takske, mockosbky I'(x + 1) = 2! juis HATYpaIbHBIX T,
TO JIjIsl TPOBEPKU MOYKHO UCIIOJIb30BaTh (yHKIMO0 math.factorial (x).

9. Oyukius OMUOOK, TAKIKE M3BECTHAsI KAK HWHTErPAJI OIMUOOK, HHTErpaJjl BEPOsiT-
woctu, win GyHKnus Jlamnmaca:

n
—2?
erf(x e Vdt =
[ S
JL71st IpoBepKH MCHOIB30BaTh (hyHKIUIO scipy.special.erf (x).

10. HomosuuTresibHast (DYHKIUS OMMIOOK:
2 oo
e (2n)!
erfc(z) =1 — erf(x / — ) (=)'
f xﬁ nZ:O n!(2z)2n
JL71st TpOBEPKH MCHOIB30BaTh (DyHKIUIO scipy.special.erf (x).

Bagauue 12 (Taupr) Bunoansmo 6 kastcdom pasdene mo 00HOMY 3a0QHUIO
6 316UCUMOCTNU, OM HOMEPA 6 cnucke 2pynnol: (n-1)%5+1, 20e N — HoOMeEp 6
CNUCKE.

1. dsa cnucka WMEH: Mepablll — MAABUUKOE, 6MOPOT — 0e80UEK;

2. 00UH CNUCOK WMEH U “UCAO MANADBHLYUKOEB, 6CE UMEHA MANABYUKOES CMOAM 6
HAYANE CNUCKA;
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3. 00UH CNUCOK UMEH U MUCNO aeeowen, 6CE UMEHA 0LBOUEK CTNOAM 6 HAMANE
CNUCKA;

4. CN0680PH, 8 KOMOPOM 8 KAUECMBE KAOUAL UCNONB3IYLMECH UM, A4 68 KaMe-
CMBE 3HAMEHUA CUMBON «M» OAA MAABHLUKOS U CUMBON «HC» 0N 6680“{61{;

5. CN0680PH, 8 KOMOPOM 6 KAecmMmase rAOUeT 8HLCMYNA0M CUMBONDL «M>»> W
«OtC», A 8 KaMecmse coomseememsyrouwux wM 3HAUEHUT — CNUCKU MANAL-
YUKOS U 0€60UEK COOMBELMCMEEHHO.

[Tposepvome pabomy GHyuHrUUU HA PAZHBLL MPUMEPAL:
® %0200 MAABUYUKOS U 0e80UeK NOPOSHY,
® %0200 MAABUUKOS Boavwe, wem desouek, U Haobopom,
e xo020a ecmb posHo 1 maabiur uau posno 1 desouka,
® %0200 AUDO MANBUUKOS, AUDO0 JesoUekr Hem 808Ce.

Mooduduuupytime Gyrruuro mak, wmobvl, 0HA NPUHUMANAL 6MOPOT HeobA3a-
MEABHBLITL NAPAMEMP — CNUCOK YAHCEe COCTNABNALHHDBLL NAP, YUACTNHUKOE KOMO-
PO 0N COCTNABACHUSL NAP UCNOABI0SAMDb HEAb3A. B kauecmae 3naverus no
YMOAMAHUIO OAA 9MO20 APLYMEeHMA Ucnoab3dytime nycemot ecnucok. IIpogepvme
pabomy dyrruuu, odbpamusuwucs ® Heti:

® KAK U paHee (C 00HUM (lpeyMeHmOM), 8 9MOoM cayHae pe3ynrbmam dondicen,
cosnacmb ¢ paree NOAYUEHHDBLM;

e nepedas 8Ce APYMEHNBL NOZUWUOHHO 6e3 UMEN;

e nepedas NocAeOHUT aAPYMeHM (CNUCOK YoHce COCTNABALHHDBLL NAP) MO UMe-
HU;

® nepedas 8Ce APZYMEHIMBL MO UWMEHU 8 MPOUSBONLHOM NOPAIKE.

Baganue 13 (Cozmanme crimckoB) Hanuwume GUHKUUI0, NPUHUMAOULYO 0M
1 do 3 napamempos — ueavlr wucen (kax cmandapmHas HyHKWUA range).
Eduncmeennuili 06asamenvroili apeymenm — nocaedree wucao. Eeau nodarwvl
2 apyMeHma, Mo NePssvill UHMEPNPeMuUpyemest Kak HauaibHoe YUCA0, 6Mopol,
— Kak KoHewnoe (He sxrarowumenvro). Ecau nodans 3 apeymenma, mo mpe-
mull apeymernm uHmepnpemupyemes xkak wae. Gyrruus 00AHcHA 8bl0a8amb
00UH U3 CACOYIOUWUT CNUCKOS:

1. ®eadpamos wucen;
2. xybos wucen;

3. KeAOPAMHBLL KOPHET “ucen;
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4. noeapudmos wucen;

5. wucea nocaedosamenvrocmu, Duborarul, ¢ HOMEPAMU, 6 YKASAHHBLL TPe-
deaax.

Sanycratime sawy OUHKWUIO CO 8CEMU BO3MONCHBLMU SAPUAHIMAMU MO WUCAY
napamempos: om 1 do 3.

I[Toderaska: mpodaemy MEPEMEHHO020 “UCAL NAPAMEMPOS, U3  KOTMOPLLT
HEODAZAMENDHOIM ABAAELMCA 6 TOM UWUCAE MEPEBLTL, MOINICHO PewumMb 2-msa
cnocobamu. Bo-nepsvir, mMootcHO conocmasumb 8CeM NAPAMETMPAM HEWUCNO-
8ble ZHAMEHUA MO YMOAMAHUIO, 00bIUHO 04 91020 UCTOALIYIOM CNEUULALHOE
3navernue None. Tozda ucnoavays ycaosHuvil, ONEPAMOP MONMCHO onpedesums,
CKOABKO MAPAMEMPOs peanvbro dadanse (He pasnv, None). B sasucumocmu om
2MO20 cAedYEM UWHMEPNPEMUPOSATML 3HAMEHUE NEPE020 APLYMEHIMA KAK: KOHEU,
NOCALI08AMEABHOCTNU, eCAl 3600 MOAbKO 1 napamemp; Kax HAUAA0, eCAU 3a-
danwt 2 uauw 3. Bo-emopuix, MootcHo Mpodeaamb Mo e, UCNOAB3YA CUHMARCUC
PyHrUUL ¢ NPOUBBOABHBLIM HUCAOM NAPAMEMPOS; 8 MAKOM CAYUae 300a8AMb
ZHAMEHUA NO YMOAMAHUIO HE HYIACHO, ¢ MOAEZHO UCNOALI0SAMB CMAHIAPTMHYIO
Pyrruuro len, Komopas 6bLIACT KOAUUECTNEO PEAABHO UCTLOALIYEMBLL NaAPL-
MEMPOS.

3ananue 14 (MHTepHer-marasuH) Pewume 3adany 06 uHmepHem-mopaoene.
Hecronvko moxkynameneit 8 meveruu, 2000 0eAdAl MOKYNKU 6 UHMEPHem-
maeasure. IIpu kaotcdoli nokynke HURKCUPOBAAUCH UM NOKYnameas (cmpoxa)
U nompauernas cymma (deticmeumenvroe wueao). Hanuwwume dynruuwo, pac-
CUHUMBLBAIOUWYIO 04 KaHCD020 NOKYNAMEA: U 8bL0A0UWYI0 6 6ude CA08aPs NO
6ceMm norynameram (6uda UMA:3HAMEHUE) 00UH U3 CAeOYWLUL NAPAMEMPOSs:

1. wucno nokynok;

2. CPedHIno CYMMY NOKYTIKU;

3. MOKCUMAAGHYIO CYMMY NOKYTVKU;

Lo MUHUMAABHYIO CYMMY NOKYNKU,;

5. 00WY0 CYMMY 8CET NOKYNOK.
Ha 8x00 gynxuuu nepedaémes:

e Aub0 2 cnucka, 6 NEPEOM U3 KOMOPLLL UMeHA nokynamenet, (Mo2ym no-
8MOPAMBEA), 80 BMOPOM — CYMMDBL TOKYNOK;

e Aubo 1 cnucok, cocmoswutt u3 nap euda (uMa, cymma);

e Aubo CN060PH, 8 KOMOPOM 68 Kavecmese rArouel UCNONADBIYIOMCEA UMEeHA, Q
6 KaMecmee 3HaAUeHUWl — CNUCKU C CYyMMamu.
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Maccuebl. Mogyne numpy

Cam 110 cebe «amcrhiity Python mpuromen TobKo J1j1si HECIOXKHBIX BBIYHUCJ/ICHUI.
Kimouesast ocobernnocts Python — ero pacimmpsieMoctsb. 910, oKy, caMblil pac-
MIUPSEMbIil 3bIK U3 TIOJIYIUBIINX MIHPOKOE pacipocTpanenue. Kak ciiecTBIe 9TOro
ans Python me TobKO HaNMCAaHBI W MTPUCIOCOOIEHBI MHOTOUNC/IEHHBIE OUOJIMOTEKN
ajiroputMoB Ha C um Fortran, HO u mMeOTCs BO3MOXKHOCTU HUCIOJIB30BAHUSI JIPYTUX
MIPOTPAMMHBIX CPEJCTB M MAaTEeMAaTHIECKUX ITaKeTOB, B uacTHOCcTH, R u Scilab, a Tax-
ke rpadonocrpoureneit, nanpumep, Gnuplot u PLPlot.

KunoueBbimu Mojtysisimu it ripespaiiiennst Python B Mmaremarndeckuil maker siB-
JII0TCA numpy 1 matplotlib.

numpy — 3T0 Mojysb (B JeiicrBuTesabHOCTH, HAGOP MOysedt) si3bika Python, mno-
GaBJIAOIIAS TTOIEPKKY OOJIBITNX MHOTOMEPHBIX MACCUBOB M MATPHUII, BMECTe ¢ DOJIb-
M HaGOPOM BBICOKOYPOBHEBBIX (M 0Y€Hb OBICTPBIX) MaTeMaTU4eCKuX (OyHKIHI J1Jis
orepanuii ¢ STUMA MaCCUBaMU.

matplotlib — momyan (B geiicrBuresibHOCTH, HAGODP MOMYJIeil) Ha A3bIKE IIPO-
rpamMupoBanug Python s Busyanuzanuu ganubix asymepuoit (2D) rpaduxoit (3D
rpaduka TakKe nojepKuBaercs). [losydaemble n306pazkeHus MOIYT OBITH UCIIOJIb-
30BaHbl B KAYECTBE MJLIIOCTPAINI B ITyOJIUKAIIIX.

Kpome numpy n matplotlib momysIspHOCTDHIO MOIB3YIOTCH SCipY /IS CHEIHATIN3U-
POBAHHBIX MATEMATUIECKUX BBIYUCICHHI (IIOUCK MUHUMYMa U KOPHEil QyHKIMI MHO-
I'UX TIEPEMEHHBIX, allPOKCUMAINS CIITAHAME, BeBJIeT-TIPEOOPA30BAHNsI ), SYmPY /s
CUMBOJILHBIX BBIYUC/ICHUN (AHAJIUTUYIECKOE B3ATUE UHTETPAJIOB, YIIPOIICHUE MaTeMa~
TUYECKUX BbIpaxkeHuii), ffnet sl MOCTPOEHMsI UCKYCCTBEHHBIX HEHPOHHBIX CeTeii,
pyopencl/pycuda i BBIYMCJIEHHs HA BUJEOKAPTAX M HEKOTODbIE Jpyrue. Bo3mMok-
HOCTH NUMPY M SCipy HOKPBIBAIOT IPAKTHYECKH BCE IIOTPEOHOCTH B MaTeMaTHIeCKUX
aJIrOpuTMax.
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Nma maccuea NHpoekc anemeHTa
axis=1
3[2] < ;A[14]
3810 1 2L "7
9 7 4 3 4
318 1]0 |1 [y
A 5 4 6 0 1 9
0 1 2 3 4 5 25 31 2 0

3HaveHue 3/1eMeHTa MaccuBa
NHpekc anemeHTa A[3,0]

(a) (b)

Puc. 5.1. OnsomepHsiit — (a) n gBymepHbIil — (b) MacCHUBBL

5.1 Co3spgaHue u nHaeKcaunus MaccuBoB

Maccus — yTopsiIoueHHbI Habop 3HAYEHU OJHOIO THUIIA, PACIOJOKEHHBIX B I1a-
MSATH HEIOCPEJICTBEHHO JAPYT 3a JApyroM. IIpw 3ToM HOCTYIl K OT/EJbHBIM 3JIEMEH-
TaM MaCCHBa OCYINECTBIAETCS C TMOMOIIBIO WHJEKCAIMH, TO €CTh Uepe3 CChLIKY Ha
MACCUB € yKazaHueMm HoMepa (HHIEKCa) Hy2KHOIO JIEMEHTa. DTO BO3MOXKHO HOTOMY,
YTO BCE 3HAYEHUSI MMEIOT OJMH W TOT K€ THIl, 3aHUMas OJIHO U TO K€ KOJUIECTBO
GafiT maMsiTi; TaKUM 00Pa30M, 3Hasl CCBHLIKY M HOMED JIEMEHTA, MOXKHO BBIUUC/IUTD,
r7ie OH PACIIOJIOKEH B MaMATH. KOIMIeCTBO UCIIOIb3YeMbIX HHIEKCOB MACCUBa MOYKET
OBITH PA3IMYHBLIM: MACCHBBI C OJHAM WHJIEKCOM HA3BbIBAIOT OJIHOMEPHDBIMHE, C JBYMS —
JABYMEPHBIMU, U T. 1. OnHOMEPHDI MacCuB («KOJIOHKa», «CTOJIOEI» ) IPUMEPHO COOT-
BETCTBYeT BeKTOpy B Maremaruke (Ha puc. 5.1(a) a[4] == 56, T.e. 4eTBEpTLIii 16~
MEHT MaccuBa a paBeH 56); aBymepHblii — marpure (Ha puc. 5.1(b) MoxKHO tHCcaTh
A[11[6] == 22, moxHO A[1, 6] == 22). Hamle Bcero NpUMeHsIFOTCSI MACCUBBI C O/
HUM WJIA JIByMsl UHJEKCAMU; PEKe — C TPeMs; elé OoJiblee KOJMIeCTBO UHIEKCOB
BCTpeYaeTCsd KpailHe PeJKo.

Kak mpaBmiio, B IpOrpaMMUPOBAHAN MACCUBBI JICJISITCS HA CMAMUYECKUe U Qu-
namuveckue. Cmamuveckuli Maccué — MACCHB, Pa3Mep KOTOPOTrO OIPEJIesIAeTCs Ha
MOMEHT KOMIIJIATINY TPOTPAMMBbI. B g3bIKax ¢ JMHAMHYECKON THOU3AIUeil Takux,
kak Python, onn e npumensitores. Junamuveckuti Maccu6 — MACCUB, PA3Mep KOTO-
poro 3a/1aéTcst BO BpeMs pabOThI IPpOrpaMMbl. 10 €CTh PHU 3aILyCKe ITPOrPAMMBI 9TOT
MaCCUB He 3aHMMAeT HUCKOJILKO MaMsTH KOMIIbIOTEpa (MOXKET ObITb, 3a UCKJIIOYe-
HUEM TIaMsITH, HeOOXOIUMOI JIJIsi XpPAHEeHUsT CChLIKN). JIMHAMITIecKne MacCHBbl MOTYT
[IO/IJIEP?KUBATH U HE IO/IJIEPXKNBATH N3MEHEHNE Pa3Mepa B IIPOIecce UCIIOJTHEHUS IIPO-
rpammbl. Maccuser B Python He moiiepkuBaroT siBHOE U3MEHEHNE pa3Mepa: y HUX, B
OTJIMYNe OT CIUCKOB, HET MeTO0B append n extend, MO3BOJIAIONIUX J100ABIISATE 1€~
MEHTBI, 1 METOJ/IOB POP U remove, MO3BOJISIONINX UX YAAIATh. Ecin Hy?KHO N3MEHUTD
pa3Mep MacCuBa, 3TO MOYKHO CJeJIaTh IIyTEM IIepelIPUCBAaNBaHNUs NMEHH IIePEMEHHOI],
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obo3HavaOIIeil MAaCCHB, HOBOI'O 3HAYEHUs, COOTBETCTBYIOIIEr0 HOBOI 0OJIACTH HaMs-
TH, GOJIbINIE WJIK MEHBIIE TTPEYKHEH PA3HBIMU CIIOCODAMU.

Bazosnrit oneparop cosanust MmaccuBa HasbiBaeTcs array. C ero moMoInbo MOXKHO
CO3/IaTh HOBBIN MAaCCHUB C HYJISI WJIU IPEBPATUTH B MACCUB YK€ CYIIECTBYIONINN CITUCOK.
Bot npumep:

from numpy import *

A = array([0.1, 0.4, 3, -11.2, 9])
print (A)

print (type (A))

B mepBoii cTpoke m3 MOJysiss numpy MMIOPTHPYIOTCA BCe (DYHKIUA U KOHCTAHTHI.
BriBor iporpaMMbl €€ Ly FOTIHii:

[0.1 0.4 3. -11.2 9.1]
<type ’numpy.ndarray’>

Oyukrus array () TpancdOpMHUDPYET BJIOXKEHHBIE [TOCJIEI0BATEILHOCTH B MHOTO-
MEpHBbIE MACCUBBI. THII 9JIEMEHTOB MACCHBA 3aBUCUT OT TUIA SJIEMEHTOB HCXOIHO
[IOCJIEIOBATEIHHOCTH:

B = array([[1, 2, 3], [4, 5, 6]])
print (B)

Beiso:

[[1 2 3]
[4 5 611

Tun s/1eMeHTOB MaCCHBA MOXKHO OIPEJIEUTD B MOMEHT CO3/IAHUS C IOMOIIHIO NMe-
HOBaHHOrO aprymenta dtype. Mojysib numpy mnpeiocTaBiisieT BbIOOD U3 CJIEIYIONINX
BCTPOEHHBIX THUIIOB: bool (sormueckoe 3HaveHne), character (cumBour), int8, int16,
int32, int64 (3HaKOBLIE TE/IbIe Yncaa pa3sMepos B 8, 16, 32 u 64 6ura cooTBETCTBEH-
HO), uint8, uint16, uint32, uint64 (Ge33HAKOBBIE EJIbIe Yucia pa3Mepos B 8, 16, 32
n 64 6ura coorBeTCTBEHHO), float32 n float64 (JeicTBATENBHbIE YUCIA OJNHADHON
u JBOIHOIN TOuHOCTH), complex64 u complex128 (KOMILIEKCHbIE YUCJIA OJMHAPHON 1
JIBOMTHOI TO‘IHOCTI/I), a TakKe BO3MOYKHOCTD OIIPEICIUTh COOCTBEHHBIE TUTTHI JAHHBIX,
B TOM YHUCJIE U COCTABHBIE.

C = array ([[1, 2, 3], [4, 5, 6]], dtype = float)
print (C)

Berso:

[[1. 2. 3.]
6.]

[ 4. 5. ]

MoKHO €O371aTh MacCUB U3 JIUalla30Ha:
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from numpy import *
L = range (5)

A = array(L)

print (A)

Brio:
[01234]

Orcrona BUJIHO, YTO B IIEPBOM CJIyYIae MACCUB COCTOUT U3 JAEHCTBUTE/IbHBIX THCE/T,
TaK KaK IIPU OIPE/IEJIEHUN JaCTh €r0 3HAYCHU 3a/[aHa B BUJIE JIECATUIHBIX Apobeii. B
numpy ecTh HECKOJBKO JIEHCTBUTETbHO3HATHBIX THUIIOB, OA30BBIN THUII COOTBETCTBYET
geficrBuTenbubiM anciaM Python m nazmiBaercs £loat64. Bropoit maccuB cocrout
U3 MEJIBIX 9HUCes, TOTOMY UTO CO3/IaH U3 JUANA30HA range, B KOTOPBINH BXOMAT TOJIb-
KO meJible gncia. Ha 64-OuTHBIX OIEepaIMOHHBIX CHCTEMAX 3JIEMEHTBI TAKOTO CIIUCKa
OyIyT aBTOMATHYIECKHU MPUBEICHBI K I[EJOMY THIy int64, Ha 32-OMTHBIX — K THUILY
int32.

B numpy ects dyHKIMA arange, O3BOJILIONIASA CPA3Y CO3/IaTh MACCHUB-/IUAIIA30H,
MpUIEM MOXKHO MCIIOJIb30BATh APOOHBI mar. BoT mporpamMmma, pacCInThIBAIONIAST 3HA-
YEeHHUs CHHYCA HA OJHOM IIepHo/ie ¢ marom 7 /6:

from numpy import *

al = arange (0, 2*pi, pi/6)

s1 = sin(al)

for j in range(len(al)):
print(all[jl, s1[jl)

A BOT €é BBIBOI:

.0 0.0

.523598775598 0.5
.0471975512 0.866025403784
.57079632679 1.0
.09439510239 0.866025403784
.61799387799 0.5
.14159265359 1.22464679915e-16
.66519142919 -0.5
.18879020479 -0.866025403784
.71238898038 -1.0
.23598775598 -0.866025403784
. 75958653158 -0.5

OO PP WwwWwNNER = OO

Kpowme arange ectb enié dynkims linspace, TOXKe CO3/IaI0IAasi MACCHUB-/IHAIIA30H.
Eé nepsble nBa aprymenTa Te ke, ITO M y arange: Hadasja0 M KOHEI JUAIIA30HA, &
TPETHuil apryMeHT — KOJIMIECTBO JIEMEHTOB B narnal3one. K coKaaeHuio, Mo yMoIda-
HUTO 3TH DYHKIMH 110 PA3HOMY 00padaThIBAIOT BTOPOIl apryMeHT: arange OepéT ero
HEBKJIIOUUTENHHO, linspace — BKJIIOYUTEIHLHO. DTO MOXKHO IOIPABUTH C HOMOIIBIO
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A[O, 3:]
4 -6 7 4 2

-1 -2 -3 -7 0

Al:, 0]
0O1-8 3 -51-9

81-9 6 2 7
A[2:, 2:5]

‘ N O (@) ~ ‘

Puc. 5.2. Ilpumepnb! cpe30B MacCCUBOB: YEPHBIM — CPE3bI, B PE3y/IbTaTe KOTOPLIX U3

JIBYMEPHOT'O MacCHBa MOJTy Tal0TCsT OTHOMEDHBIE (U3 CTOJIONA U CTPOKK UCXOHOTO Mac-

CHBa COOTBETCTBEHHO); TEMHOCEPBIM — CPE3, B PE3YJIbTaTe KOTOPOro MOy IaeTCs JIBY-
MEPHBIIl MACCUB MEHBIIIErO Pa3Mepa.

ONITMOHHOTO, YeTBEPTOTO apryMeHTa linspace, ecin ycTaHOBHTBH ero B False. Bor
IIpUMED 3a0aHUA OJIUHAKOBBIX MACCHBOB C IIOMOIIBIO arange u linspace:

>>> a = numpy.arange(0, 2, 0.25)

>>> print (a)

[ 0. 0.25 0.5 0.75 1. 1.25 1.5 1.75]
>>> b = numpy.linspace(0, 2, 8, False)

>>> print(a)

[ o. 0.25 0.5 0.75 1. 1.25 1.5 1.75]

MaccuBbI TOCTPOEHBI Ha 6a3€ CIIUCKOB M COXPAHIIOT HEKOTOPBIE UX IYePThI. B TacT-
HOCTH, MACCUBBI MOYKHO OOXOJ/INTH IIMKJIOM JIIOOBIM U3 M3JI0’KEHHBIX BBIIIE CIIOCODOB, &
dyHKIMs len BO3BpaIaeT JJINHY MacCHBa. BayKHBIM CBOWCTBOM MaCCHUBOB sIBJISIETCSI
TO, YTO HaJ HUMHU MOXKHO IIPOU3BOJIUTE OIEPAINi KAK HaJl| [IPOCTBIMU YUCJIAMU, IIPU
9TOM OIlepallus, B HAIIeM CJIydae BBIYUCJICHIE CUHYCa, OYIeT TPOU3BEIeHA C KaXKIbIM
9JIEMEHTOM MACCHUBA.

Motysib numpy ybsmpyeT u paciupsier (pyHKITHOHA MO Ty st math, OH comepKuT
BCE OCHOBHBIE TPUTOHOMETPUIECKHUE, JIoTapudMUIecKre u mpodne (DyHKINH, a TaKKe
KOHCTaHTBI, II09TOMY IIpU paboTe ¢ numpy Ha100HOCTH B math OOBIMHO He BO3HUKAET.

OxHa u3 BayKHeHIMX 0cOGEHHOCTENl MaCCHBOB — BO3MOXKHOCTD JIEJIATH CPE3bI (CM.
puc. 5.2). Cpes npencraisier coG0K0 MACCUB U3 YACTU JIEMEHTOB HCXOJHOIO MACCHBA,
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B3ATBIX 110 HEKOTOPOMY IIPOCTOMY IIPABIIJLY, HAIIDUMeD, KazK/Iblil BTOPOil MJIN IIepBbIe
JecaTh. Bor HebosbITas mporpaMMa, MLTIOCTPUPYIONIAsl CO3/IaHNe CPE30B MACCUBOB:

from numpy import *

al = arange(0, 4, 0.5)
print (al)

a2 = al[0:4]

print (a2)

a3 = al[0:1len(al):2]
print (a3)

Maccup a2 cocTouT m3 MEpBBIX UETHIPEX (OT HYJIEBOTO BKJIOYHTENBHO JI0 HeT-
BEPTOr0 HEBKJIIOUNTENHHO) JEMEHTOB MacchBa al, Maccup a3 — U3 BCEX YETHBIX
as1eMeHTOB al (3JIEMEHTBI OT HYJIEBOrO JI0 Hocjaeanero ¢ marom 2). g obo3nadenus
WHJIEKCAIINH UCIIOJIB3YIOTCs JBOETOYN, CHAYaIa CTABUTCA HOMED HA9aJIbHOIO WHJIEK-
ca, II0TOM KOHEYHOI'O, [IOTOM IIAar, BCE OHU — IIeJIble YUC/a (TOUHO B TOM Ke HOPsIKe,
KaK ¥ B QYHKIUAX range u arange). Ecam mar u crosinee Iepesi HUM JBOETOYHE
OIIyCTUTB, IMAr OYJIET aBTOMATUICCKU €IUHUIHBIM. BOT BBIBOJI IIPOrDAMMObI:

0.5 1. 1.5 2. 2.5 3. 3.5]
0.5 1. 1.5]
1. 2. 3.]

(W W |
o O O

Hy:xHO OoT™METHTB, UTO MACCUB-CPE3 JEJIUT C UCXOIHBIM MACCHBOM IAMATH. DTO
3HAYNT, 9TO KOINPOBAHKUE 3JIEMEHTOB B HOBBLIA MACCUB HE IIPOUCXOJUT, BMECTO 3TOIO
[IPOCTO JIEJIAETCs CJIOYKHAsA CChLIKA. 1103TOMY M3MEHEHHe 3JIEMEHTOB MCXO/IHOI'O MAaC-
CUBa TPUBOJIUT K M3MEHEHUIO 3JIEMEHTOB MacchBa-cpe3a u HaoOopoT. UTobbl cKOmu-
POBATDH JIEMEHTBI, HY?KHO BOCIIOJIB30BaThCs (DyHKIMEH copy. 3/1eCh y BHUMATEIbHBIX
quTaTeseil T02KeH BOZHUKHYTH 3ddekT déja vu, moToMy 9TO HEYTO MOJ0OHOe yiKe
OBITIO B pasjesie TMpo CIMCKH.

from numpy import *

al = arange(0, 0.6, 0.1)
a2 all[:1len(al)/2]
print(al, a2)

al[0] = 10

al[-1] = a1[-1] + 3
print(al, a2)

a2[1] = 0

print(al, a2)

BriBos mporpamMmbr:

[0. 0.1 0.2 0.3 0.4 0.5] [ 0. 0.1 0.2]
[10. 0.1 0.2 0.3 0.4 3.5] [10. 0.1 0.2]
[10. 0. 0.2 0.3 0.4 3.5] [10. 0. 0.2]
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B npuBeaéumnom npuMepe MbI TOMEHSIIA HYJI€BOH U TIOC/Ie THUI 9JIeMEeHThI MaccuBa al,
B pe3yJIbTaTe B MacCUBe a2 HYJIEBOU JIEMEHT TOKe M3MEHWJICH, 3aTeM Mbl TTOMEHSIIN
MIEPBLIil 9JIEMEHT a2, U MEePBLIi 371eMeHT al TakxKe n3Menuics. Tenepb TOT xKe IpuMep,
HO C UCIOJIb30BaHneM (DYHKIUA COPY:

from numpy import *

al arange (0, 0.6, 0.1)
a2 copy(all[:1len(al)/21)
print(al, a2)

a1 [0] = 10

al[-1] = a1[-1] + 3

print (al, a2)

a2[1] = 0

print(al, a2)

Tenepb B BBIBO/I€ BH/THO, YTO U3MEHEHUE O/JIHOI'O U3 MaCCUBOB HE IIPUBO/IUT K HU3ME-
HEHUIO JPYyTroro:

[0. 0.1 0.2 0.3 0.4 0.5] [0. 0.1 0.2]
0.1 0.2 0.3 0.4 3.5] [0. 0.1 0.2]
[10. 0.1 0.2 0.3 0.4 3.5] [0. 0. 0.2]

B npuseéunbix npuMepax ObLIO UCIOJIB30BAHO EIE OJHO CBONCTBO MHIIEKCAIIUN:
€CJIn HOMEpP HAaYaJIbHOTO 9JIEMEHTA OITYCTUTH, TO AaBTOMATHIECKHU OJICTABJISIETCS HOJIb,
€CJI OIyCTUTh HOMEP KOHEYHOTO — JIJIMHA MACCUBA.

Oyukius array () He eqwHCTBEHHAS (DYHKINS I CO3MaHnsa MaccuBoB. OOBITHO
3JIEMEHTHI MaCcCHBa BHAYaJ/l€ HEM3BECTHBI, 8 MACCUB, B KOTOPOM OHHU Oy/yT XPAHUTb-
cst, y2Kke HyxKeH. [[oaroMy umeercs: HeCKOJIbKO (DYHKIHIA JIJIsT TOro, YTOObI CO3/aBaTh
MACCHUBBI C KAKUM-TO UCXOJHBIM COIEPXKUMBIM (10 yMOJYAHUIO THUII SJIEMEHTOB CO3/1a-
BaeMoro mMaccuba — float64): ones CO3JaéT MACCUB U3 €JUHUIL, ZE€TOS — MACCUB U3
HyJIeli, empty — MacCCHUB, 3HAYEHUS IJIEMEHTOB KOTOPOTO MOTYT ObITh KAKUMU YTOJI-
Ho (Bepércs To, UTO JiexKaso B sUeiikax HaMATH JIO TOrO, KAK B HUX ObLI PasMeIléH
maccuB). Bee aru QyHKIMU OPUHUMAIOT €MHCTBEHHbI IapaMerp — JJIMHY BHOBb
€03/1aBaeMoro Maccuba. Bor npumep ux padoThI:

from numpy import *
al = ones(5)

a2 = zeros(3)

a3 = empty (4)

print (al)

print (a2)

print (a3)

Beiso:

[1. 1. 1. 1. 1.]
[0. 0. 0.]
[4.39718425e-322 0.00000000e+000 0.00000000e+000 2.84236875e-316]
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Busno, uro B a3 nomeniensl 4 IpPOU3BOJIBHBIX YHCJIa. B HaleM ciaydae OHU IOJIy Y-
JINCh PABHBIMU WJIM OJIM3KMME K HYJIFO, HO PACCYNTHIBATH Ha 9TO B ODIIEM CJIydae He
IIPUXOJIUTCS.

MozKkHO BPYYHYIO 33/IaTh TUII JAHHBIX:

a3 = empty(5, dtype=int)
print (a3)

Brio:
[500 0 0 o0 0]

B mamrOM mpuMepe Kak pa3 XOPOIIO BUJHO, UTO HYJIEBOH JIEMEHT MACCHBA JIAJIEKO
HE paBeH HYJIIO.

Eciin maccus commmkom 6G0JIBINON, 9TOOBI €0 I1€YaTarb, NUmMPY ABTOMATHYECKU
CKPBIBAET IEHTPAIBHYIO JaCTh MACCUBA W BBLIBOJIUT TOJIHKO €TI0 yTOIKH:

A = arange (0, 3000, 1)

print (A)
Brios;:
[ 0 1 2 ..., 2997 2998 2999]

Ecin BaMm JieficTBUTEILHO HY?KHO YBHJETH BECh MAaCCUB, HCIOJIb3yiTe (OyHKIHMIO
numpy .set_printoptions:

A = arange (0, 3000, 1)
set_printoptions (threshold=nan)
print (A)

U BooOGIIIE, ¢ TOMOIIBIO 3TON (PYHKITMU MOYKHO HACTPOUTDH IeYaTh MAaCCUBOB <ITOJI Ce-
Os1». OyHKIMs numpy . set_printoptions HpUHEMAET HECKOJILKO apryMeHTOB? OIU-
caHMe KOTOPBIX [P HEOOXOAMMOCTH MOXKHO C JIEPKOCTBIO HANTH B ODUITHAIBHON 10~
KYMEHTaIlUN K NUMpy B MHTEpHETeE.

HeiicrBuTenbHble uncsa u3 numpy Tuna float64 o0/a/ai0T IPAKTUYECKHT BCEMHU
TEeMU Ke CBOMCTBAMU, UTO W BCTpOeHHBbIe umcyia Python, Ho MoryT mpuHUMATH Tpu
JIOTIOJIHUTEJIbHBIX CIIENUAJIbHBIX 3HaYeHud: inf, -inf nim nan, 4T0 MOXKHO IIepeBEeCTH
KaK 6ECKOHETHOCTD, MUHYC OECKOHETHOCTD U HEONIPEIeIEHHOCTD. Ken mogemnTh aeii-
CTBUTeJIbHOE 4ncJIo Tulla numpy.float64 na 0, nosyuurca inf -inf B 3aBHCHMOCTH
OT €ero 3HakKa, a BMeCTO OMIUOKM OyJeT BBIJIAHO TOJIBKO IIPEyIPeXK/IeHne, KOTOPOoe
IMO3BOJINT MTPOJIONIZKUTEL BhraucjaeHus. [Iporpammar

a = np.array([2., 0., 5.1)
for el in a:
print (1./el)

BBIJIACT:
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0.5

/usr/bin/ipython3:2: RuntimeWarning: divide by zero encountered in
double_scalars

inf

0.2

5.2 ApudmeTtnyeckue onepaunm n pyHKuMM C MaccuBamu

Python — 00beKTHO-OpMEHTHPOBAHHDIN SI3BIK MPOrpaMMHUpOBaHmUs. KaxKaas 1e-
pemernnas Python — 06bexT, XoTst 1acTo 3TO coBceM He3ameTHO. [loaTomy mmHOTHE
nepementble Python mmeror BeTpoeHHBIE METO/IBI — TpHCyIIHe UM (GYHKIHH — U
cBoiicTBa. Tak, MacCUBBI IMEIOT PsiJi OY€Hb ITPOCTHIX, HO IIOJIE3HBIX METOJIOB, CUJIBHO
YIPOIIAIOIINX YKU3Hb [IPUA HAIMCAHUN CJIOXKHBIX mporpaMm. CoOCTBEHHO, HMEHHO T10-
9TOMY B CJIOZKHBIX IIPOrPaAMMAax yI0OHEee HCII0Ib30BATh MMEHHO MACCUBBI, & HE CIIUCKH.
Cawmpble 9acTo ucmob3yemble 3anecensl B Tadbsmiry b.1. Ilycrs y mac ects MmaccuB Bua
a=numpy.array([0.1, 0.25, -1.75, 0.4, -0.9]):

Tabmmma 5.1. HekoTopbie MeTOIBI MACCUBOB

Metoz, Ormucanue
a.sum() CymMMa 3JIEeMEHTOB MaCcCUBa:

len(a)

> ai=01+025-175+04-09=-19

i=0
a.mean() | CpejHee 3/IeMEHTOB MacCUBa:

len(a)
1
i =(0140.25—-1754+0.4—-0.9)/5=-0.38
len Z @ * * )/
a.min() RIHHHMEMLHBHISHGMBHT'MaCCHBaI4*175
a.min() MakcumasbHbII 3/1eMeHT Maccupa: 0.4
a.var() Hucnepcns 3,1eMEeHTOB MacCUBa:
len(a)
1
2 — 2 2
= — i—a)=((0.1+0.38 0.25 4+ 0.38)=(—1.78

% = Ton(a) ;m @) = ((0.1+0.38)* + (025 + 0.38)(~1.78 +

0.38)% + (0.4 4 0.38)% + (—0.9 + 0.38)%) /5 = 0.6766
a.std() CpennekBaapaTUIHOe OTKIOHEHNE 9JIEMEHTOB MaCCHBa OT CPEIHEro:

0, = 0.822556988907

Bor mebosbIas mporpamma, MOKa3bIBAKOIIAs, KAK 3T (DYHKINH pabOTAIOT:

from numpy import *

a = array([0.1, 0.25, -1.75, 0.4, -0.91)
print (a.sum())

print (a.mean())

print(a.min())
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print (a.max())
print (a.var ())
print(a.std())

BoiBos mporpaMmbr:

-1.9

-0.38

-1.75

0.4

0.6766
0.822556988907

Obparure BHUMaHUE Ha KPYTJIble CKOOKHU TOC/I€ UMEHU KaXKJ0i (DYHKIMKU — OHU
YKa3bIBAIOT, YTO BBI3BIBACTCS U MCIIOJTHSIETCSA COOTBETCTBYIOMast pyHKIus. Keim ckob-
K1 3a0bITh, HUKAKUX BBIYUCJIEHUN He OyJ/IeT IIPOU3BEIEHO, & BMECTO UX PE3YJIbTa-
TOB Oy/IyT HalledaTaHbl CTPOKU JOKYMEHTAINHA COOTBETCTBYIONMUX pyHKnnii. To ecthb
a.min() — 9TO pe3y/IbTAT BBIYUCICHUS, MUHUMAJILHBIH 9JIEMEHT MacCHBa &, HO a.min
— 9TO caM METO/I BbIYUCIEHU:

print (a.min)
Briso:

<built-in method min of numpy.ndarray object at 0x00000000036B7710>

ITockombky Python s3b1K ovenns rimyboko OOBEKTHBIN, caMu IO cebe MEeTO/IbI, KaK
U WX [IAPAMeTPhl U PE3YIbTATHI, TOXKE SIBJSIOTC 00bekTaMu. THIl pe3yibraTa BCTPO-
eHHbIX (DYHKIWII OIpeJiesisieTCsl UX IIPUPOJIOI0: Min, max M Sum BCerja TOro »Ke THIIa,
9TO U JIeMEeHThl MaCcCHBa, a BOT var, mean u std Bcerja JeiiCTBUTEIbHOZHAYHBIE,
ITOCKOJIBKY JIJIsl UX BBIYUC/IEHUs BBIMOJHAIOTCS JleJieHne u — Jjisd std — u3BjiedeHue
KBa/[PATHOTO KOPHSI.

Bubsmoreka numpy yuacsegoBasa or Fortran psii ocobennocreil paboTsl ¢ Mac-
cuBamu, we npucymnmux C, Pascal, Java, C# u mpounmm pacnpocTpaHEHHBIM S3BIKAM
00ITIero Ha3HAYEHWS: MACCUBBI NUMPY MOXKHO CKJIAJBIBATH, KAK IIPOCTHIE YHCJIA, [TPU-
6aBJIATh K HUM YHUCJIO, YMHOXKATH U JIEJUTH JPYT Ha Jpyra U Ha ducio. [lpu stom
BCe OIlEPAIMK [TPOUCXO/AT IO3JIEMEHTHO. BOT NpuMep MporpaMMbl CJIOXKEHUsT JBYX
MAaCCHBOB M yMHOYKEHUSI MaCCHBa HA IUCJIO:

from numpy import *

a = array([0.1, 0.25, -1.75, 0.4, -0.91)
b = array([0.9, 1.75, -0.15, 0.4, 0.4])
c =a+b

print (c)

d = a + 1.5

print (d)

[Iporpamma BbIBEIET:
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[1. 2. -1.9 0.8 -0.5]
[1.6 1.75 -0.25 1.9 0.6 1]

TaKI/Ie OIIepaHHH Ha3bIBAIOTCA HNHOI'/Ia «BeKTOprIMI/I» B TOM CMbICﬂe, q9TO O/1U-
HaKOBbIE JeICTBUsI IIPOU3BOISATCS Cpa3y ¢ OoJbIMM HaOOpoM maHHBbIX. CKJIaIBIBATH
MOXKHO TOJILKO MaCCHBBI OJMHAKOBOMN AIMHBLL. AHAJIOIMYHO MOXKHO II€PEMHOKATEH MAC-
CcHUBBI. UMCIO MOYKHO TTPUOABIIATE K JIIOOOMY MACCUBY WM YMHOXKATH MACCUB Ha TNC-
JIO, B pe3y/IbTaTe IOJIydaeTcst MacCUB TOrO Ke pasMepa, UTO U MCXOIHbINA, & KasKIbIi
€T'0 JIEMEHT eCTh PE3YJIBTAT CJIOYKEHNs! (MM YMHOYKEHNUST) COOTBETCTBYIOIIETO SIeMeH-
Ta, UCXOJHOTO MaCCUBa U 4ucJia. Takoil CHHTAKCHC Olepaliiii IIO3BOJISIET CyIIeCTBEHHO
YIPOCTHUTD 3AIUCH CJOKHBIX ITPOrPAMM, M30eKaB MHOXKECTBA ITUKJIOB, KOTOPBIE IIPU-
nuiock 60b1 mucarh Ha C wian Pascal.

B BeKTOpPHBIX oOllepamusX MOXKHO HCIIOJIb30BATh KakK IeJIble MacCHBBI, TaK U HX
Cpe3bI:

from numpy import *
a = array([0.1, 0.25, -1.75, 0.4, -0.9])
0.4

b = array([0.9, 1.75, -0.15, 0.4, 0.41)
c = al:3] + b[1:4]

print (c)

d = a[2:4]*a[0:2]

print (d4)

Bot BBIBOJ TpOrpamMMBbI:

[1.85 0.1 -1.35]
[-0.175 0.1 1]

O6paruTe BHUMaHUE eI pas3: pU MePEeMHOKEHI MACCUBOB JAefICTBUS TPOM3BOISITCS
[I03JIEMEHTHO, B PE3Y/IbTATE U€ro IOJIyIaeTCs HOBBIII MACCUB TOH K€ IJIMHBI, & BOBCE
HE UX BEKTOPHOE MPOU3BEJIEHHE, KaK ITO MPUHATO B HEKOTOPHIX MATEMATHIECKUX
makerax. Bot mpumep:

>>> import numpy
>>> numpy.array([-1.75, 0.4]) * numpy.array([0.1, 0.25])
array([-0.175, 0.1 1)

B TO BpeMsI KaK B PE3yJIbTATe CKAJSIPHOTO ITPOU3BEJICHUST JTOJIZKHO OBITIO MOy IUThCS:
-1.75%0.1 + 0.4%0.25 = -0.075.

Kpome apudmernyeckux orepariuii Ha [ MACCHBAMEI MOXKHO TaKyKe BEKTOPHO BbI-
[IOJIHSITH BCE 3aJI02KEHHbIE B numpy (OYHKIUH, HAIPUMED, B3sATh CHHYC WJIN JIorapudm
or MaccuBa (ecju Hanucarb npocto log(X), TO HOJLydInTCs HATYPAIbHbILA JIorapudM,
uHaYe Hy»KHO HAIMCATH OCHOBaHUE JiorapudMa BTOPbIM apryMenToM log(X, 10)).
Bor npumep Takoit mporpaMMb:

from numpy import *
t = arange(0, pi, pi/6)
x = sin(t)
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y = log(t)
print (t)
print (x)
print (y)

Briso:

[0. 0.52359878 1.04719755 1.57079633 2.0943951 2.61799388]
[0. 0.5 0.8660254 1. 0.8660254 0.5]

[-inf -0.64702958

0.0461176 0.45158271 0.73926478 0.96240833]

3ech Mbl IpoTabyIupoBasy (BEIYUCIUIIN 3HaUeHNsT (DYHKIUI IIPU U3MEHEHUN ap-
IYMEHTa B HEKOTODBLIX Ipejesiax) jpe dyuknuu: sin(t) u In(t) ma mosyunTepBase
[0; 7) ¢ marom 7/6. Kak BUauM, MOXKHO IIPOJIEJIBIBATH HAJL MACCUBAMU CKOJIb YTOJIHO
CJIOXKHBIE BEKTOPHBIE orepaiuu. Tak Kak HATypaJbHbIA JjorapudM HyJIsl paBEH MUHYC
GECKOHEYHOCTH, TO MOJIYUUJICS COOTBETCTBYIONIUI oTBeT: -inf.

MaccuBbl numpy MOXKHO OOXOJMTH IMKJIOM, KAK CIUCKU. UTOOBI CJlejiaTh Halle
TabysimpoBanue 6ojiee yI0OHBIM U MPUBBIYHBIM JIJIsi YTE€HUS, MOIUMPUIIIPYEM IIPEIbI-
JAYILYIO IpOrpamMMmy, 9TOObI OHA BBIJaBaja Pe3yJabTaT CBOeil pabOThl B TPHU CTOJIOIA.
JL71st 3TOr0 3aMEHUM TIOCJIEIHIOI0 CTPOKY, TJI€ CTOSIT OTIEPATOPHI print, Ha JBe HOBBIE:

for i in range(len(t)):
print (t[i], x[i], y[il)

BriBosr mporpaMmsr:

.0 0.0 -inf

.523598775598 0.5 -0.647029583379
.0471975512 0.866025403784 0.0461175971813
.57079632679 1.0 0.451582705289
.09439510239 0.866025403784 0.739264777741
.61799387799 0.5 0.962408329055

NN~ = OO

[Tosrygyennbie CTOMOIBI YUCEN BBIMVIAIAT MOHATHO, HO HE OYEHBb MPE3E€HTA0ECIHHO,
IIOCKOJIBKY KazK/jasd 3allUCh BBIIVIAJIAT I10-CBOEMY — BCE€ OHM HMEIOT pa3Hoe YHUCJIO
3HAKOB II0CJIe TOYKH. JIJIsT TOJIydeHns CTPOMHBIX KOJOHOK MOXKHO BOCIIOJIH30BATHCS
BCTPOEHHBIM MeTO/IOM (POPMATUPOBAHNUS, [IOMEHSB IIOCJIETHIO CTPOKY IIPUBEIEHHOMN
MIPOrpaMMBbl Ha CJICLYIONLYIO:

print ("{:12.8fF}\t{:12.8fF\t{:12.8f}" . format (t[i],
x[il, y[il))

3mech cuMBOJT *\t’ O3Ha4YaeT TaOyJISIIUIO, BIEPEIN HUIAET CTPOKA (DOPMATUPOBAHMUS,
rme :12.8f o3HAYAET, 9TO HA ITO MECTO OYAET IMOACTABICHO ICHCTBUTEIHLHOE THNC-
jo (Ha 9TO0 yka3eiBaeT f) ¢ 12 3HakaMy, W3 HHUX IOCIE JecATHdHoi Toukn 8. Tpu
[IO/ICTABJIAEMBIX YUCJIa B34Thl B CKOOKU. BBIBOJ IIpOrpaMMbl:
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0.00000000 0.00000000 -inf
0.52359878 0.50000000 -0.64702958
1.04719755 0.86602540 0.04611760
1.57079633 1.00000000 0.45158271
2.09439510 0.86602540 0.73926478
2.61799388 0.50000000 0.96240833
B Python ects crienmanbabie omepaTopsl +=, —-=, KOTOPBIE YBEIUINBAIOT U YMEHb-

MIAIOT OJHO YUCJIO HA JIPYToe, a TaKKe OMEPATOPDLI *= U /=, KOTOPbIEe YMHOYXKAIOT U
JeJIAT OJIHO YMUCJI0 Ha JIpyToe, HallpuMep:

>>> a = 10
>>> a += 4
>>> print (a)

14

>>> a -= 8
>>> print (a)
6

Ilo cyTu »Tu MHCTPYKIMKM aHAJOTUYHBI HHCTPYKIUSIM TUIIA & = a + bmwima = a -
b, rme b — uncs0, Ha KOTOPOe HYKHO YBEJIMYUTDh W YMEHbIHUTH a. [IpenmvymrecTtsBo
HCIOJIB30BAHUS OTIEPATOPOB +=, = KPOMe KPATKOCTH 3AIUCH COCTOUT B TOM, UTO IIPU
WX HUCIOJIL30BAHNN HOBBIA OOBEKT HE CO3MAETCsI, & TOJBKO MOIUMUINPYETCS MCXOT-
HBI, B TO BpeMsl KaK 3alliCh & = a + b WM a = a - b NPUBOJIUT K YHUITOKEHUIO
CTaporo 00bEeKTa ¢ UMEHEM a (€ro JIOJIKEH OyJIeT yJIAIUTh U3 IaMsaTH COOPIIUK MyCO-
pa) U CO3JIAHUIO HOBOIO € TE€M K€ uMeHeM. [109ToMy UCIO/Ib30BAHIEe ONEPATOPOB +=,
-= panboJiee aKTyaJbHO IPU PA0OTE CO CIOKHBIMU THIIAMU BPOJE€ MACCHBOB NUMPY,
TaK Kak Ha WX CO3JIaHME W pa3MelleHue B MaMsTH, a TakyKe yIAJeHue TPATUTCS TO-
pa3zjo 6ouibItie pecypcos. BoT mpumep:

>>> x = numpy.array([O0., 2., 0.5, -1.7, 3.])
>>> x

array([ 0. , 2. , 0.5, -1.7, 3. 1)

>>> x += 1

>>> print (x)

[ 1. 3. 1.5 -0.7 4. ]
>>> x -= 2.5
>>> print(x)
[-1.5 0.5 -1. -3.2 1.5]

>>> x += numpy.linspace (0, 4, 5)
>>> print (x)
[-1.5 1.5 1. -0.2 5.5]

Kak Buimm, npubaBisTh U BBIYATATH U3 MACCHBOB TAKUM 0OPa30M MOXKHO KaK JHCIIA,
TaK U JIpyrue MacCuBbl (HY?KHO, 4TOOBI COBIAJ Pa3Mep).

Ucnonp3oBanue onepaTopoB +=, -= B PsJie CJIydIaeB [I03BOJISIET M30€2KATh HEKOTO-
PBIX CJIO?KHO YJIOBUMBIX OIIHOOK C MMEHAMU II€PEMEHHBIX M, MHOTJA, C UX TUIIAMHU.
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CKazkeM, HY’KHO YBEJUIUTH II€PEMEHHYIO CO CJIOKHBIM HMEHEM, a 3aTeM HCIIO0JIb30-
BaTh €€ B JIAJBHEHIIX BBIYNCIEHNAX. BOT mpuMep, Korjja nepeMeHHas CO CJIOKHBIM
HazBaHUueM komputilo_de_nombro_de_eventoj HCIOJBb3yeTCd B KadeCTBE CUETUUKA
cobbITuil (Hy?KHO IIOCYMTATH YHUCJIO HOJIOKUTEIbHBIX JIEMEHTOB MACCUBA X, OLUCAH-
HOI'O paHee):

>>> komputilo_de_nombro_de_eventoj = 0
>>> for ela in x:
if ela > O0:
komputilo_de_npmbroj_de_eventoj = \

komputilo_de_nombro_de_eventoj + 1
>>> print(komputilo_de_nombro_de_eventoj)
0

IIporpamma orpaborana 0e3 coobreHuit 06 ommudKax, HO Pe3yabTaT ITOJTy NI~
cst mesepHblii: 0 BMecro 3. Bcé jies10 B TOM, YTO MBI OMIHUOJIUCH B UMEHH II€pe-
MEHHOH B CTPOKE BHYTPH YCJOBHOI'O OIEparopa. B pesyibrare Ha KaXKIOM Ia-
re IUKJA, KOI/A YCJOBHE OKA3aJ0Ch HCTUHHO, CO3/aBajach HOBas IE€PEeMEHHAs
komputilo_de_npmbroj_de_eventoj, KOTOPOI KaxKJIbIii pa3 IPUCBANBAJIOCH OJHO
1 TO Ke 3HaueHne 1 (MOCKOJIbKY MCXO/HAsI IlepeMeHHas-CUéTank Oblia pasHa 0, a K
Heii npubasysanoch 1), Hy:KHas Ke nepeMennast komputilo_de_nombro_de_eventoj
HE M3MEHSIIACh. DTa OIMIMOKa ObLIa ObI HEBO3MOXKHA TIPH MCIIOJIB30BAHUN OllEpaTopa

>>> komputilo_de_nombro_de_eventoj = 0
>>> for ela in x:
if ela > O:
komputilo_de_npmbroj_de_eventoj += 1

Traceback (most recent call last):
File "<pyshell#92>", line 3, in <module>
komputilo_de_npmbroj_de_eventoj += 1
NameError: name ’komputilo_de_npmbroj_de_eventoj’ is not
defined

B pesymbrare mbr mosmyunian coobrnenne 06 ommbke NameError, cpasy JIOKaJn30BaB
BO3HUKIIIYIO MTpobsemy. Takme ommOKN MOTYyT OBITH OUY€HB KOBAPHBI B CIYYae, €CJIH
IIOJTy9Y€eHHOE Ha JTaHHOM 3dTalle 3HaYeHUEe UCIIOJIb3YyeTCd B ﬂaﬂbHeﬁIIII/IX BBIYNCJ/ICHUAX.

5.3 [BymepHble maccusbl, popMa MacCUBOB

Hukakue ciro:kHBIE BBIYUCICHUS HE MOTYT OOOUTHCH O€3 JBYMEPHBIX MAaCCHUBOB,
9acTO Ha3bIBAEMbIX Marpuramu. Moysib numpy M03BOISET ONEPUPOBATH C MACCHBA-
MU TIPOU3BOJIBLHON PA3ZMEPHOCTH: OJHOMEPHBIMHU, JBYMEPHBIMHU, TPEXMEPHBIMU U T. JI.
Yrob6bl paboTaTh ¢ MaCCUBAMH ITPOM3BOJLHON Pa3MEPHOCTH, YIOOHO IMOJIb30BATHCS
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nonsitreM dbopmbl (shape). Popma — COBOKYIHOCTB JJIMH MACCUBA 0 KaXKJIOMY W3-
Mepennto. O6braHO (hopMa 3a1a8TCsI B BHUJIE KOPTEXKA U3 HECKOJIBKUX THCEJI: JIBYX JIJIsT
JBYMEPHOT0, TPEX J1JIst TPEXMEPHOro u T. 11. Popma — CBOWCTBO MACCHBa 1 0003HAYAET-
cst shape. @opmy MaccuBa MOXKHO 331aTh IIPU €0 CO3IaHNN. Kcm MaccuB cO3aéTCst
[IpU [IOMOIIX KAKOH-HUOYIh BCTPOEHHO# (hyHKIMN numpy, ero opmMa Onpee/saercs
sroit dyukimeit. /s oqHOMEPHBIX MAcCUBOB (pOpMa — ITO TMPOCTO €ro JIIUHA.

from numpy import *
x = zeros((2, 3))

y = eye(3)

print (x)

print (y)

print (x.shape)
print (len(x))

print (y.shape)

Bor BbIBOJ IpOrpaMmbt:

[[0. 0. 0.]
[ 0. 0. 0.]1]
[[1. 0. o0.]
[o0. 1. 0.]
[ 0. 0. 1.1]
(2, 3

2

(3, 3)

B npuBenéuroM mipuMmepe MbI CO3/IaIU MATPUILY pasMepa 2 X 3 u3 HyJIeil ¢ IOMOIIHIO
dyukuun zeros (B KauecTBe apryMeHTa NepejaéM KopTex u3 asyx uncie (2, 3));
AHAJIOTUYHO MOJKHO CO3JaTh MaTPHUILy ITPOU3BOJIBLHOTO pasMepa. PyHKIUS eye IpHU-
HUMAET €JIMHCTBEHHBII CKAJIAPHBIN apryMeHT, HOCKOJIbKY OHa CO3JAET €IUHUTHYIO
KBaJ[PATHYI0 MAaTPUILy 3aJaHHOIO pasMepa. Buuno, yro jumna maccusa (len) — 3ro
€ro reppas pasMepHOCTH (B pAHHUX BEPCUSIX NUmMpPY JJIMHA COOTBETCTBOBAJIA ODIIEMY
YHCIIY SJEMEHTOB, T. €. IPOU3BEJIEHUI0 PA3MEePHOCTE ).

Takke K JIByMEpPHBIM MACCUBAM ITPUMEHUMBI OTICPAIIMU Sum, mean, max u T. 1. [lo
YMOJTIAHUIO, TH OIEPAIIAU TPUMEHSIIOTCsI K MACCUBY, KAK €CJid Obl OH ObLI JIMHEHHBIM
CIUCKOM BCEX YHCeJ, He3aBUCUMO OT ero (opmbl. OHAKO, yKa3aB mapaMeTp axis,
MOZKHO IIPUMEHUTD Ollepallfio I YKa3aHHOI OCH MaccuBa:

from numpy import *

a = array ([[1, 2, 3], [4, 5, 611)
print(a.sum())

print (a.sum(axis=0))

print (a.sum(axis=1))

print (a.min())
print(a.min(axis=0))

print (a.min(axis=1))
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BriBoji mporpaMmsr:

21

[5 7 9]
[ 6 15]
1

[1 2 3]
[1 4]

Buamno, aro axis=0 paboTaeT ¢ KayKIbIM CTOJIOIOM OT/IE/IHHO, 8 axis=1 — ¢ KaxK 1010
CTPOKOIO OT/JIEJIBHO.
WrepupoBanne MHOIOMEPHBIX MACCHBOB HAYMHAETCSI C HYJIEBOW OCH:

from numpy import *
a = array ([[1, 2, 31, [4, 5, 611)
for element in a:

print (element)

Brio:

[1 2 3]
[4 5 6]

OpHako ecyin HYy»KHO mepedpaTh MOYJIEMEHTHO BECh MACCUB, KAK €CJid Obl OH ObLI
OJIHOMEDHBIM, JIJIsT 9TOT0 MOYKHO HCIIOJIb30BaTh aTpubyT flat:

for element in a.flat:
print (element)

Brios;:

o O WN

HeckoiibKO MaccuBOB MOTYT ObITH OObeMHEHBI BMECTe BIOJIb Pa3HBIX OCeil ¢ Io-
Moo GyHKImil hstack u vstack: hstack() o0beauHsIET MACCUBBI IO HAYATHHOMY
unjexcy, vstack() — mo mocsemgaemMy:

from numpy import *

a = array ([[1, 2, 31, [4, 5, 611)
b = array([[5, 6, 7], [8, 9, 1011)
print (vstack((a, b)))

print (hstack ((a, b)))

Briso:
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Boof Do | Doz
(S} L7 | 29
Qo0 Q0 Coof Co.1 fCos
E al‘O al‘l Cl.O Cl 1 Cl.Z C
0f 221 Coof Con fCo2
—
a3 0 || a3‘l C. 3,1 CS}

Puc. 5.3. Cxema marpuaroro ymHoxkenus: C = A x B.

[[1 2 3]
[4 5 6]
[5 6 7]
[ 8 9 10]]
[[1 2 3 5 6 7]
[4 5 6 8 9 10]1]

Ucnonpzyst hsplit() BB MOxkeTe pa30UTh MACCUB BJOJIb TOPU30HTAJIBHONW OCH,
yKazaB JuOO0 YHCJIO BO3BPAIAEMBIX MACCHUBOB OJIMHAKOBOW (DOPMBI, JIHOO HOMEpa
CTOJIOIOB, TOCJIE KOTOPBIX MACCHB pa3pe3aeTcst «HOXKHuMaMuy. Ho Jydrme Jjis 9Toro
HCIOJIB30BaTh cpe3bl. Hampumep, BbIBeIEM TEPBBIil CTOIOEI MACCUBA a:

print (al:, 11)

Brisos:
[2 5]

Mozyb numpy HIpeIoCTaBIISeT MHOXKECTBO PA3INIHBIX (DYHKINiT J11 paboThl ¢
MHOTOMEPHBIMA MACCUBAMU, OJIHA U3 CAMBIX NOIYIAPHbIX — QyHkuus dot. g mar-
PHIL U OJTHOMEPHBIX MaCCUBOB-BEKTOPOB 3Ta (DYHKIINSA COOTBETCTBYET (DYHKITUU MaT-
PUYHOIO YMHOXKEHHsI, CM. pucC. 5.3 (CKaJsipHOe IPOU3BeIeHNe JJIs JIBYX OJJHOMEPHBIX
MAaCCHBOB):

from numpy import *

a = array ([[1, 0], [0, 111D
b = array([[4, 1], [2, 2]11)
print (dot(a, b))

x = array([-4, 1, 3, 21)

y = array([-1, 8, 1, -21)
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print (dot (x, y))
z = array([5, -21)
print (dot (z, b))
print (dot (b, z))

BriBoj1 mporpaMMBbl IOKA3bIBAET, YTO OJJHOMEDPHBIN MACCUB HMHTEPIPETUPYETCHA KaK
BEKTOP-CTOJIGEI] I BEKTOP-CTPOKA B 3aBUCHUMOCTH OT KOHTEKCTa (06 9TOM He Hy?KHO

3a00TUTHCSL JIOMOTHUTEJIBHO ):

[[4 1]
[2 2]]

11
(16 1]
(18 6]

B Bepcusx Python, naunmnas ¢ 3.5 u HoBee 1719 0003HAYECHUS MATPUIHOTO YMHOKEHUS

BMecTO GyHKINNA dot MOXKHO HCIIOJb30BATH CUMBOJ @:

>>> from numpy import *

>>> a = array([[1, 2, 3],

>>> a Q@ a

array ([[ 30, 36, 42],
[ 66, 81, 96],
[102, 126, 150]1)

CyIecTByIoT JiBe OY€Hb MPOCTHIE B WCIOJIB30BAHUN U YPE3BBIYANHO ITOJIE3HBIE
GyHKIMM B numpy, KOTOPBIE JIEMKO IO3BOJISIIOT MEPEHTH OT 3aJad UUCTO YIEOHBIX
K 3aJIavdaM IIPAKTHIeCKH BayKHbIM. J[eJ10 B TOM, 9TO Ha HpaKTUKE BCE JIAHHBIE XPa-
HaTCs B hailyrax, dare Bcero TekcToBbix. DyuKimst loadtxt MO3BOJISET 3arpy3uTh
JaHHbIE U3 TEKCTOBOTO dailjia B AByMEPHBIH WM OXHOMEDHBIN, €CJN B HMCXOIHOM
daiine maHHbBIe TIpEICTaBICHBI B 1 cTo0eI MK CTPOKY, MaccuB. OyHKIUSI savetxt B
CBOIO OY€epe/Ib II03BOJISET 3alIUCATh MaCCUB B TEKCTOBLIN daitn. [Ipumep paboTs! sTux

byHKIMI TPUBEJIEH HUXKE:

from numpy import *

a = eye(3)

b = arange(0, 10, 1)
savetxt (’eye3.txt’, a)
savetxt (’Mas.txt’, b)

a2 = loadtxt(’eye3.txt?’)
print (a2)

b2 = loadtxt(’Mas.txt’)
print (b2)

ITo BBIBOY mIpOrpamMMBbl BHIHO, 9TO YTEHHE B IEPEMEHHYIO a2 IPOU3OIILIO yCIIe-

HO:
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m rm e
O O =
[SN

0.
0.
1.

—

. ]
[o. 1. 2. 3. 4. 5. 6. 7. 8. 9.]

Hammaue daitios ’eye3.txt’ u ’Mas.txt’ Ha JUCKE U €TI0 COJIEPIKIMOE BB MOXKETE
[IPOBEPUTH C ITOMOIIBIO BaIIero (hailjloBoro MeHeKepa.

5.4 [lpumepsbl peweHns 3agay

IIpumep 3amaum 14 Cosdatime u gvigedume Ha IKPAH KEAIPATUHYIO MATMPULY
pazmepa n X n, 20€ HG 2AA8HOT OUAZOHAAU CTNOATM HYAW, INAEMEHMDBL Sble
Heé — edUHUUDL, HUMCE — MUHYC OUWHUULL. 3ATMeM COTPAHUME NOAYHUSWUTCA
maccus 8 mekemosuil, datin.

Penienne zanaun 14

from numpy import *
n=int (input (’Pasmep mMaTpums: ’))
x = zeros((n, n))
for i in range(n):
x[i, :i] = -1
x[i, i+1:] =1
print (x)
savetxt (’Mas.txt?’, x)

Brisos mporpaMmbr:

PasmMep mMaTpumm: 3
(fo. 1. 1.]
[-1. 0. 1.1
(-1. -1. 0.]1]

3amMeTuM, 9TO 3/1€Ch MbI BOCIOJb30BAJIUCH CPE3aMMU, MOIYTHO COKPATUB 1 IUKJ U
yOpaB yCJIOBHBII OmIepaTop.

IIpumep 3amaun 15 C nomowbro Gynruuu loadtxt saepysume us dating, co-
30011020 68 Mpedvldywem 3a0aHuL, 0aAHHbe 8 Mmaccus y. Yoedumecob, wmo Ho-
guLll maccus noaywuacs dsymeprovim. Coszdatime 00HomepHbLl, MACCUB-0UANAZOH
u npubasbme e20 ¥ sawett mampuue. [Toecmompume, wmo noaywunocs. Onpe-
deaume MAKCUMAABHBLT U MUHUMAALHBLIT daeMmermby maccusa. TTocuumatime
CYMMY 3AEMEHIMOB NO KAHCIOT CMPOKE MACCUBH. Januwume 6 060 0MOeNBHBLL
mexemosuir Patinc 84w, MACCUS-MAMPULY U MACCUS-SERMOP.

Penienne zamaun 15
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from numpy import *
y = loadtxt(’Mas.txt’)
print (y.shape)

a = arange(0, n, 1)
y =y *ta
print (y)

print (y.min ())

print (y.max ())

print (y.sum(axis=1))
savetxt (’Matrix.txt’, y)
savetxt (’Vector.txt’, a)

BriBos mporpammbr:

(3, 3)

[[ 0. 2. 3.]
[-1. 1. 3.]
[-1. 0. 2.11
-1.0

3.0

[ 5. 3. 1.]

IIpumep 3agauu 16 IIpomabyarupytime (8vrrucaume snavwerus Gyrkuud npu
UBMEHEHUU AP2YMEHTEA 8 HEKOMOPHLL NPE0enar ¢ 3A0AUHHBLM Wa20M) HYHKUUWO
Ha ompeske [—m; 7).

Penienune zanaun 16

from numpy import *
t = arange(-pi, pi, pi/6)
x = sin(t)
for i in range(len(t)):
print ("{:12.8f}\t{:12.8f}" . format (t[i], x[il))

BreiBos mporpammbr:

-3.14159265 -0.00000000
-2.61799388 -0.50000000
-2.09439510 -0.86602540
-1.57079633 -1.00000000
-1.04719755 -0.86602540
-0.52359878 -0.50000000
-0.00000000 -0.00000000
0.52359878  0.50000000
1.04719755  0.86602540
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1.57079633  1.00000000
2.09439510 0.86602540
2.61799388  0.50000000

5.5

3apaHua Ha maccuBbl, MOAY/b NUMPY

B zajganmax 15 u 17 cieyeT BLITOTHUATDH TPU MYHKTA B 3aBUCUMOCTH OT HOMEpPA B
cricke rpynnsl B asndasutnoM nopsiake. Heobxonumo cuemars 3aganus Nem, Nem 45,
Nem + 10, m = (n — 1)%5 + 1, rae n — HOMED B CITHCKE TPYIIIILL.

Bamaume 15 Cosdatime u gvisedume Ha aKPaH maccussv. [Toaywuswuecs mam-
PUUBL COTPAHUME 6 MeKRCmMosble Hatiavt.

10.

11.

12.

13.

. m3 HyJieit onHoMepHble fAyuHbl 10 1 55, MaTpuity pasmepamu 3 X 4, TpEXMEPHBIH

MaccuB HOpMbI 2 X 4 X 5;

. U3 eIUHUIL oTHOMePHBIe MinHbI 10 1 55, Marpuily pasmepamu 3 X 4, TpEXMEPHBIH

MaccuB opmbl 2 X 4 X 5;

. U3 JIEBATOK OJIHOMepHBIe JynHb 10 1 55, MaTpuily pasmepamu 3 X4, TpéXMepHBIit

MaccuB Hopmbl 2 X 4 X 5;

. omHOMepHBIe Jnunbl 10 u 55, maTpuily pa3zMepamu 3 X 4, TPEXMEPHbI MacCUB

dopmbr 2 X 4 X 5, Bce cocrositiue e koM u3 3uadenunii 0.25;

. maccuB-juana3zon or —10 go 10 ¢ marom 0.1;

. MACCHB-JIMAIIA30H OT —e 0 e ¢ maroM e/50;

MaccuB-uana3on or —157 no 157 ¢ marom pi/12;

. €IMHIYIHYIO MaTPHUILy pa3Mepa b X b;

. IMaroHAJIGHYIO MATPUILy pa3Mepa b X H, Bce 3HAUEHUs Ha TVIABHOU JTUArOHAIN

KOTOPO#t paBHEI (.5

MAaTPHUILy padMepa d X 5, TJie Ha IVIABHON JUArOHAJIN CTOAT €IMHUITHI, a IIPOINe
3JIEMEHTBHI PaBHBI 2;

MaTpuIly pasmepa b X 5, rjie B IepBOM CTOJIONE CTOAT €IMHUIIBI, BO BTOPOM —
JBOWKH, B TPETbeM — TPOUKU U T. JI.

MAaTPHUILy pa3Mepa b X 5, IJie B HEPBOH CTPOKE CTOST €JUHUIBI, BO BTOPOM —
JBOWKH, B TPETbeM — TPOUKU U T. JI.

MAaTpPHUILy pa3Mepa o X 9, IJie Ha IVIABHON JIMAroHAJA CTOAT HYJIH, 3JI€MEHTHI
BBIIIIE He€ — €UHUIIBI, HUYKe — MUHYC €JINHUIIBI;
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14.

15.

BEPXHIOIO TPEYTOJIbHYIO MATPHUILY O X O, IVIe BCe 3JIEMEHTHI BBIIIE IIABHOM gua-

TOHaJIA PaBHbI —2, a Ha Hell — eJIMHUIIBI;

HIZKHIOIO TPEYTOJIBHYIO MATPHILy O X O, IJle BCe JIEMEHTHI HUXKe IJIaBHOM aua-

FOHAJIA PABHBI 2, & HA Hell — €JIMHUIIBI.

Brumanue: 3adanus 10-15 mpebyrom ymeHus MAHUNYAUPOBAMS € OMOEALHLMU
CMOAOYAMU UL CMPOKAMU D8YMEPHO20 Maccusa!

Saganme 16 3azpysume us @ating, co30aHH020 8 Npedbldywem 3a0aHUL, OaH-
Hole 8 Mmaccus. Ybedumecs, wmo Hosbil maccus noayruaca 0symeprsiil. Co-
3datime 00HOMEPHBLTL MACCUB-0UANA30H U NPubasbMe €20 K sawel, Mampuue.
[Tocmompume, wmo noayuuaocs. Onpedesume MAKCUMAALHBUTL U MUHUMAND-
ol aaemernmat maccusa. Ilocuumatime cymmy aaemernmos no kastcdott cmpo-
Ke Maccusa. 3anuuwume 8 080 0MOEABHBLLL TMeKCTOosblr MAatiad AU MACCUS-
MAMPULY U MACCUB-BERMOP.

Bagauue 17 [Tpomabdyaupyiime (gbruucaume sraterus GUHKLUT Npu usmere-

HUW

10.

11.
12.
13.
14.

15.

® N o ok W e

APLYMEHMA 8 HEKOMOPHLL NPedeadr ¢ 3a0AHHDIM Wa20M) PYHRUU:

22 ma orpeske x € [—2;2] ¢ marom 0.01, ¢ mmarom 0.1, ¢ marom 0.25;

3

2;2
2° ma orpeske x € [—2;2] ¢ marom 0.01, ¢ marom 0.1, ¢ marom 0.25;
2:2

2% Ha oTpeske x € [—2;2] ¢ marom 0.01, ¢ marom 0.1, ¢ marom 0.25;

]
]
]
cos(2nt) na orpeske t € [—10;10] ¢ marom 1 u ¢ marom 0.25;
+ cos(2mt) ma orpeske ¢ € [1;10] ¢ marom 1 u ¢ marom 0.25;

et cos(27t) na orpeske t € [—10;10] ¢ marom 1 u ¢ marom 0.25;

4sin(nt + 7/8) — 1 na orpeske t € [—10;10] ¢ marom 1 u ¢ marom 0.25;

2cos(t — 2) +sin(2 * t — 4) Ha orpeske t € [—20m; 107] ¢ marom 7 u ¢ mAarom

w/12;

In(z 4+ 1) Ha orpeske z € [0;e — 1] ¢ marom 0.01 u ¢ marom 0.001;

log,(|z|) Ha orpeske x € [—4;4] 3a nckmodennem touku & = 0 ¢ marom 0.1 u ¢

marom 0.25;
2% na orpeske x € [—2;2] ¢ marom 0.01, ¢ marom 0.1, ¢ marom 0.25;
e” Ha orpeske x € [—2;2] ¢ marom 0.01, ¢ marom 0.1, ¢ marom 0.25;

277 Ha orpeske = € [—2;2] ¢ marom 0.01, ¢ marom 0.1, ¢ marom 0.25;

¢/x ma orpeske x € [1;125] ¢ marom 1 m ¢ marom 5, HO Tak, ITOOH 3HATEHUS |

7 5 IMPHUCYTCTBOBAJIN CPEIN apryMEHTOB;

/x ma orpeske x € [1;32] ¢ marom 1 u ¢ marom 0.25.
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[padpukn. Mogyns matplotlib

[Tocrpoenne rpaduKoB — OJMH U3 IVIABHBIX ITAIIOB 00pabOTKM maHHBIX. Bee co-
BPEMEHHbBIE KOMIIBIOTEPHBIE TPOIPAMMBI, IPEIOCTABJISIONINE (DYHKIINIO TOCTPOEHUS
rpaduKOB, YCJIOBHO MOXKHO DPa3/eJIUTh HA JIBE KATETOPUU: MPOTPAMMBI C BH3yaslb-
HbIM HHTEP@ENRCOM, TJie TOCTPOEHNE U PEJAKTHPOBaHne rpaduKa OCYIIECTBIAETCS
CpeJICTBAMU PA3HOI'0 POjia MEHIO, I10JIeil BBOJIA, JINCT-DOKCOB, YeK-OOKCOB M JPYTUX
BUJIZKETOB, M IIPOI'PAMMBI, TJI€ JIJIsl TOCTPOeHUsI I'paduka HEOOXOINMO HCATH KOMaH-
JIbI, OObeIUHsSIeMble B TaK HA3bIBA€Mbl CKPUITHI. K IEpBOil KaTeropuu OTHOCATCS,
nanpumep, Origin, MS Excel, OpenOffice/LibreOffice Calc, Statistica, Grapher, ko
BTOpOit — gnuplot, MmHOrMe MaTemarndeckue makersl, Hapumep, MATLAB u SciLab
u paziananbie 6ubmorexn Bpojge PGPlot u PLPlot, nmeromue moiepKKy B0 MHOIUX
sI3bIKAX [TPOIPAMMUPOBAHUSI.

OcCHOBHOE TIPENMYIIIECTBO CKPUIITOBOIO CIIOCO0A MMOCTPOEHUS TpaduKa B TOM, UITO
BBI MOYKET€ BCTPOUTH €ro 06e3 mpobJsieM B BAIly TPOrPAMMY, TPOU3BOISAILYIO BBIUHIC-
sennsi. Kpome TOro, CKpUIThl 1O3BOJIAIOT JIETKO HIEPECTPANBATEH I'DAMUKI C HOBBIMU
J@HHBIMU, aBTOMAaTU3UPOBATH IIOCTPOCHUE l"pa.(bI/IKOB7 Jar0T II0YTHN HeOFpaHI/I‘{eHHbIﬁ
KOHTPOJIb HaJT TOYHOCTHIO [TO3UIUOHUPOBAHMS M PA3MEPOM JIeTaJIeH.

Moysib matplotlib — cnerumanu3upoBannas oubanoreka /s s3pika Python. Xo-
Ts1 OCHOBHOE €€ IIPENMYIIIECTBO B IIPOCTOTE U OBICTPOTE MCIIOJIb30BAHNSA, OHA [T03BOJIS-
er JiesaTh rpadukn oYeHb BbICOKOro Turorpadckoro kadecrsa. Mojyss matplotlib
ba3upyercst HA BO3MOXKHOCTSIX NUMPY, YCTAHOBKA KOTOPOTo 00s3aTesbHa it (PyHK-
nuoHuposanusg matplotlib.

6.1 TlpocTble rpadumkn

HernocpeicrBenno 3a nocrpoenue rpadukoB orBedaeT 0HOIMoTeKa pyplot MOJyIIst
matplotlib. OcHoBHasi KOMaH/a I MOCTPOEHUsI rpaUKOB — KOMaHja plot. ¥
KOMAaH/IbI plot CyIecTByeT MHOKECTBO BAPUAHTOB CHHTAKCHUCA, B IIPOCTEHIIIEM CITyIae
oHA TPeOyeT eINHCTBEHHBII apI'yMeHT — MAaCCUB, HO HOJONWIET U CIINCOK, KOPTEXK UJIN
JlaXKe manasoH. Bor mpuMep noctpoeHust npocrefinero rpaduka (em. puc. 6.1(a)):
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from matplotlib.pyplot import =*

x = [3, 4, 6, 12.5, 13.4, 8.9, 7.1]
plot (x)

show ()

Komanma show() maércs 6e3 apryMeHTOB W HYXKHA JIJIsI TOTO, UTOOBI BBIBECTH HA
9KpaH cojiepkumMoe rpadutaeckoro oOydepa, Ky/ia 3aHOCATC PE3YJIbTAThI BAIUX JI€ii-
creuii. B npuenéHHOM mIpuMepe moJiydusicss rpaduK B BHJE JIOMAHOM, IJie 10 OCH
abCITUCC OTJIO?KEHBI HOMEPA 3JIEMEHTOB CIIACKA X, & [0 OCH OPIAUHAT — CAMHU ITH dJIe-
MeHTBI. UTOOBI U3MEHUTH THUIl JIMHUW UJIN 3aMEHUTDL €€ Ha MapKepbl, MOXKHO yKa3aTh
JIOMIOJTHUTEIFHBIN apryMeHT B KOMaHie plot — cTpoky dhopmaruposanus. Hamnpumep,
CTPOKa M3 OJIHOTO CUMBOJIA Jiehuca ’ -’ COOTBETCTBYET MOBEJEHUIO IO YMOTIAHUIO —
CILIOITHO JTUHUA, ’ -’ — TPEPBIBUCTO JuHNUA, ’ : > — myHKTHPY. [Ipr 3TOM MapKepsb:
KPY?KOUYKHU, KBAJPATHI, POMOBI Oy/IyT PaCIOJIAraThCsd TOJBKO B T€X MECTaX, I'Ie eCTh
JTAHHBIE.

Puc. 6.1. ITpocreiimmit rpaduk CIUIONHBIMEA JUHEAME — (&) U IYHKTUPOM U KPYK-
Kamu onHOBpeMeHHO — (b).

MapKepbl U JUHAA MOKHO KOMOMHMPOBATH. VI3MEHIM IIPEJIIOC/IeIHION CTPOUKY
IpebIIYIIeH IPOrPaMMbl CJIEYIONM 00pa3oM (pesyibrar Ha puc. 6.1(b)):

plot(x, ’:07)
show ()

B pesynbraTe, TOT Ke rpaduK OyIET BLINISIIETH HEMHOTO WHAUE: Ha MECTe PACIo-
JIOXKEHUsI JIAHHBIX TOSIBSITCSI YKUPHbIE CUHUE KPYKKH, COeIMHEHHBIE TOHKOIO ITyHKTUD-
HOIO jiHue. UTo0bI M3MEHUTH I[BET rpaduka, J0CTATOYHO yKa3aTh JOMOJTHUTETbHBII
MUMEHOBAHHBIN ITapaMeTp color:

plot(x, ’:0’, color=’grey’)
show ()
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Tabauna 6.1. Berpoennbie Tumnbt jununii (linestyle) u MapkepoB

(markers).
Crpoka dbopmaTupoBaHms Omnmcanme
’-? CILJIONITHAS JIMHUST
’-2 IpepbIBUCTadA JIMHUAA
-0 HITPUX-IIYHKTUD
72 NyHKTUPHAaA JTUHAL
’? MapKep TO4YKa
7,0 MapKep IIUKCeJIb
‘o’ MapKep KPYyzKo4ekK
v? MapKep TPeyroJIbHUK YIVIOM BHU3
" MapKep TPeyroJIbHUK YTJIOM BBEPX
<2 MapKep TPEeyroJIbHUK YIJIOM BJIEBO
>? MapKep TPeyroJbHUK YIJIOM BIIPaBO
’s? MapKep KBaJpaT
’d’ MapKep BBITSHYTHI POMO
’D? MapKep KBaJpaT, MOBEPHYTHIN Ha 45°
’p’ MapKep IIATHYTOJIbHAK
’h’ MapKep LIeCTUYI'OJIbHUK
Ix? MapKep 3BE3I0TKA
I+ MapKep ILJII0C
’x? MapKep KPeCTHUK, KaK 3HAK YMHOXKCHUA X
7|’ MapKep BEepTUKAJIbHBIM OTPE30K
0 MapKep TOPU30HTAJIBHBINA OTPE30K

B rnamnom ciydae OBLJIO HCIIOIB30BAHO CIIENUAJIHHOE HMEHOBAHHOE 3HAYEHHE
’grey’, cooTBercTByIolee cepomy 1Bery. CyimecTByioT 3nadenus *red’, ’black’,
’blue’, ’yellow’, green’, magenta’, cyan’ u HeKOTOpHIe apyrue. Ecin xkeirae-
MBI IIBET HEe BCTPEYaeTCd CpeJu MMEHOBAHHDLIX 3HAYCHUI, MOXKHO BOCIIOJIL30BATLCI
KOJMPOBKOIO B ctuiie RGB — 3aiarh 3HaYeHnsi KOMIIOHEHTOB KPACHOTO, 3€JIEHOTO 1
CHHETO B JIONSIX OT MaKCHMAaJJIbHO BO3MOYKHOI'O: 1 COOTBETCTBYET MaKCHUMAJIBLHO BO3-
MOKHO¥M MHTEHCHBHOCTH KarKJI0TO IiBeTa, ) — ero HyseBoit naTencusHocTu. Bee Tpu
WHTEHCUBHOCTH CTaBSITCS B KOPTEXK. BOT Kak MOJIyIUTh TEMHO-(PUOJIETOBBIH IBET:

plot(x, color=(0.5, 0, 0.5))

show ()

7:07,

Ecisiz BBI XOTHTE TOJIYYNUTH OTTEHOK CEPOI'0, BMECTO TPEX UNCEs JIOCTATOYHO yKa-
3aTh TOJIBKO OJIHO, IIOCTABJIEHHOE B KABBIYKU:

plot(x, color=20.5?)

show ()

7:0)’
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JlaCcT CpeJHe-cephlil 1BeT.

PaccymoTpennbrit BbItite TpuMep MPOCT, HO HEIOCTATOTHO TTOJIOH: TaCTO OKA3bIBAET-
Cs1 HeOOXO0/IMMO OTJIOKUTD 10 OCH abCITNCC He HOMepa TOYEK, a KaKNe-TO OCO3ZHAHHBIE
3HAYCHUs. DTO MOXKHO CJIeJaTh, rnepegaB hyHknnu plot asa cruncka. Paccmorpum
STOT CJIydail Ha IpUMepe IMOCTPOECHUs CUHYCOUIbI:

from matplotlib.pyplot import plot, show

from math import pi, sin

t = [1

x = []

for i in range (400):
t.append (i*0.01)
x.append (sin (2*pi*xt[i]))

plot(t, x, color=’grey’)

show ()

Komamma plot Bcerja mpITaeTcs pacCMaTPUBATH IIEPBbIE aPTYMEHTHI KAK MACCHBbI
CO 3HAYEHUSMHU JIO0 TeX II0P, MTOKA He BCTPETUT MMEHOBAHHBIN apryMEHT UJIU CTPOKY.
B npuesgéHHOM TIprMepe (CM. I[BETHYIO BKJIaJKy puc. 1(a)) B KauecTBe apryMeHTOB
BBICTYIIAJIN 2 CIIUCKA, [IePBbIil MHTEPIPETUPYETCs KAK a0CIIUCCHl TOYEK, BTOPOil — KakK
UX OpAuHATHL. MOXKHO TOCTPOUTH HECKOJBKO KPUBBIX HA OJHOM IIOJI€ OJTHOI0 KOMAH-
JI0I0, HAIIPUMED, CUHYC ¥ KOCHHYC Pa30M (JJIg 9TOr0 HY?KHO yKa3blBATb abCIUCChI U
OPJIMHATHI [IOIIEPEMEHHO):

from matplotlib.pyplot import =
from math import *

t = []
x = []
y = []

for i in range (400):
t.append (i*0.01)
x.append (sin (2*xpixt[i]))
y.append (cos (2xpi*t[i]))

plot(t, x, t, y)

show ()

Ha nonygennsix rpadukax (cm. nsernyio Briaaiaky puc. 1(b)) cumycouma mosy-
GUTCS CUHETO I[BeTa, & KOCUHYCOUa — 3eJIEHOTO; 3TO moToMy, uTo matplotlib camo-
CTOSITEJILHO YePEJIyeT IBETA, €CJIM HECKOJbKO KPUBBIX OTOOPAXKAIOTCs Ha, OJIHOM I'Da-
duxe. [locseqaue aBe CTPOUKH B IpOrpaMMe MOXKHO ObLIO ObI TIOMEHSTH CJIELY FOIIM
obpazom 0e3 M3MeHEHUs Pe3yJIbTaTa:

plot (t, x)
plot (t, y)
show ()
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Kpowme pocmoTpa rpadukoB Ha 9KpaHe COBpeMeHHbIe rpadorocTpouTe/in 00sI3a-
HBI [TOJIJIEP’KUBATDH BBIBOJL n300parkenust B daiisi. B matplotlib 970 gesraercs oveHb
[IPOCTO C HOMOINBIO KOMaH/ bl savefig, eJMHCTBEHHBIM 00s3aTE/ILHBIM apryMEHTOM
KOTOpPO#1 siBsieTcs nMs daitia. VI3MeHnM moC/IeIHIO CTPOKY IIPEIBLIYIEeil IporpaM-
MBI TaK, 9TOOBI OHA He TOJIPKO BBIBOJAMJIA I'DadUK HA IKPAH, HO U COXPAHSIIA €r0 B
dait1 ’sincos.png’:

plot(t, x)

plot(t, y)
savefig(’sincos.png’)
show ()

[Ipu HEOOXOMMMOCTH, BBIBO, HA SKPAH MOXKHO yOPaTh, BBIBOJ B (aila OT ITOro He
nocTpasiaeT. BaykHO TOJIBKO MOMHUTD, 9TO (PyHKINS show He TOJIHKO BBHIBOIUT M300-
pazkeHue Ha KpaH, HO U BBICBOOOXKTaeT Oydep Tak, 9To OH ocTaérced myct. [loaTomy
repecTaHoBKa MecTaMu GyHKIMIT savefig un show He ckakeTcs Ha BBIBOJIEC HA 9KPaAH,
HO B ailyt Oyier 3ammcaHo mycToe MOJ0THO.

Moysis matplotlib momiep:KuBaeT HECKOIBKO IOIYJISAPHBIX (DOPMATOB, B YaCT-
HOCTH png Jjisi pacTpoBoit rpaduku, eps n pdf — i1t BeKTOpHO. MOXKHO COXpaHUTD
rpaduK HECKOJIBKO pa3, B TOM 4ucje B (ailjibl pa3HbiX (GOPMATOB:

plot (t, x)

plot (t, y)
savefig(’sincos.png’)
savefig(’sincos.pdf’)
show ()

6.2 3aronoBok, nognucu, ceTtka, fnereHga

Ecsn rpaduk crpourcs mpocto mjst cebsi, U €ro He IIAHUPYETCS BCTABIATD, Ha-
IIpUMeEp, B Hay4HYIO CTaTblO WX JIUILJIOM, IIPEJCTaBJEHHBIX BbIIIEe BO3MOXKHOCTE
matplotlib MoxKeT mokazarbcsd JOCTaTOYHBIM. Ho 4TOOBI IIOKA3aTh €ro JPyIruM JIro-
JISIM, JIa 1 CAMOMY He 3a0BbITh, YTO HAPUCOBAHO U UTO IO KAKOW OCH OTJIOXKEHO, TI0JIE3HO
YMeTb CTaBUTDH nojucu. IIpocreiime moammc: 3arooBOK U MOJINCH K OCSIM CTaBSIT-
ca kKoMapgaMu title, xlabel m ylabel, nmpuHIMAIOMIMA €IMHCTBEHHBIA apryMeHT
— CTPOKY:

from numpy import *

from matplotlib.pyplot import =x*
t = arange (0, 4, 0.01)

x sin (2*pix*t)

y cos (2*%pix*t)

plot(t, x, t, y)
title(’Voltage over  time’)
xlabel (’time,s’)
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ylabel (’voltage , V’)
show ()

3aMeTuM, 9T0 Ha MPAKTHUKE BCE XKe yao0Hee paboTaTh He CO CIUCKAMU, & C MACCHBAMU,
9TO MBI IIPOJIEMOHCTPHUPOBAJIH 3/1€Ch, 3AMEHHB SBHBIH ITIKJI OIIEPAIIAsMU ¢ MAaCCUBAMU
13 MOJLYJIsI NUmMpPY.

Komanmer plot, title, xlabel u jp. GOPMUPYIOT U300paKEHHE, TOITOMY OHU
JIOJIZKHBI IIPEJIIIIECTBOBATH KOMAHIaM BbIBOJa Tulla savefig nin show; HOpsIOK ApyT
OTHOCHUTEIHHO JIPyTa — IPOU3BOJIbHBIN.

YacTo 1eobxoanMo, ITOObI B TOJINACIX HA OCSAX WJIN JIETEHIE COJIEPIKAIUCH BePX-
HUE WA HUYKHUE WHJIEKChI, I'Peveckue OYKBbI, pa3/IMYHble 3HAYKYN U IIPOYNE MaTeMa-
THYecKkre cuMBOJIbL. J[Jist 9T0ro matplotlib mmeer pexkKuUM COBMECTUMOCTHU C KOMAH-
gamu ATEX. YToObI HCIIOIB30BATEH €ro, HYKHO ITOCTABUTDH IEPE]i CTPOKOIO CHUMBOJI
’r’, mockosibKy u B Python, u B XTEXcumBosr ’\’ #aBjsercs crenuajbHBIM U BBO-
gut KoMmaHasl. CTpoKa, HAYMHAIOMIAACS ¢ *Tr’, HA3BIBAETCSA CHIPOIO. B Takoii cTpoke
BCE CHUMBOJIbI UHTEIPETUPYIOTCS KaK OHU €CTh, B TOM umcye ’\t’> u ’\n’ me OyayT
03HAYATH TAOYJISAIMIO ¥ KOHEIl CTPOKH, & IPOCTO OY/IyT IapaMu CHMBOJIOB. BHyTpn
CBIPOIT CTPOKU HYZKHO ITOCTABUTH CUMBOJI ’$’, ¢ KOTOPOrO HAYMHAETCH U KOTOPBIM
zakarguBaercs dopmyna KTEX. Bayrpn mapst u3 ’$’ MOXKHO HCIOIB30BATH MHOTHE
crienuasibHble 0003HadeHs: *_° Jyid HIpKHero unjekca (cM. puc. 6.2(b)), 277 — mia
BepxHero. Eciin B MHIEKC BXO/IUT HECKOJIHKO CUMBOJIOB, CJIEIYET 3aK/IIOYUTh UX B (u-
rypHble CKOOKH, ciryKarue B INTEX crenuaabHbIMU CUMBOJIAME HapsijLy ¢ °\?; TpuIém
camu purypnbie CKOOKH He 0ToOpazkaloTcs. Kpome Toro, MOXKHO HCIOIB30BATh MOUTH
Bce cTanmapTHble KoMaunabl WTEX, nanpumep, ’$\dot{x}$’ mapucyer ’x’ ¢ TOUKOIO
Hagepxy (OyJer BbINVIAIeTh & — Tak 0603HAYAI0T IPOU3BOAHYIO), a *$\to$’ Hapucyer
KPaCUBYIO CTPEJIKY cJjieBa Haupaso (—, cM. puc. 6.2(a)):

xlabel (r’$t$, c’, fontsize=18)
ylabel (r’$E_{cm}$, B, $i_{c}$, mxA’, fontsize=18)

Eciin Ha rpadukre HECKOJBKO KPUBBIX, BOSHUKAET KeJIAHHEe KAK-TO IOJIICATH
ux. Takasi moAUCh, TOMENEHHAS HAa TpadUK, KaK MPABIIO HA3BIBACTCH <«JIETE€HJIOMN.
Yrobw! cienaTh jerenay cpeicrBamu matplotlib HYKHO, BO-IIEPBBIX, YKA3aTh IIPHU
[IOCTPOEHNN KaXKI0i KPUBOW TPeOyeMyIo IOINCH C IIOMOINLIO MapaMerpa € KJIIO-
YeBBIM CJIOBOM label, BO-BTOPBIX, BBI3BATH CIEIUAJIbHYIO dyHKINIO legend, pucy-
forLyto Jieresry. Jljist Toro, 9Tobbl MOXKHO OBLIO MCIIOJIB30BATH B IOJIKUCIX HEJIa-
TUHCKHE OYKBBI, HYKHO YCTAHOBUTH IMpUdT, UX nojjepxkuBatomnmii. [1lo ymomaa-
nuio matplotlib ucnosb3yer mpudrbl 6e3 3acedek (B Tunorpaduu rtakue mpud-
THl HPHUHATO 0003HAYATH [O-(MpaHIy3cKH «Sans Serifs), CIUCOK KOTOPBIX cojlep-
KUTCA B mlepeMennoit rcParams[’font.sans-serif’], rue rcParams — c/ioBaph, a
>font.sans-serif’ — kiiou. Ecam B Bameit cucreme HyKHBIE MPUMTH HE yCTa-
HOBJIEHBI, JINOO HE UMEIOT HeOOXOIUMBIX CUMBOJIOB, BMECTO OYKB TOJIyIATCST «KPSIKO-
3s10pBI» WJIM TPOCTO KBAJIPATUKU. B TaKOM CiIydae HyKHO IePEOIPeIe/INTh IIePEeMEH-
Hyto rcParams[’font.sans-serif’], 3ammcaB Tyma CIHUCOK IMIPHETOB, B KOTOPBHIX
HY2KHBIe cUMBOJIbI nMetoTcsd. Hampumep, B Windows MOXKHO HMCIHOJIB30BATH MIPUMT
’Arial’, KaK 3TO IIOKa3aHO HUZKE.
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Voltage over time Voltage over time

0.5 0.5

voltage, V

E
=
0.0 { 0.0
o
5
53]

0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0 0.0 05 10 15 20 25 3.0 35 40

Puc. 6.2. I'pacduku ¢ moanucsavMu 1 Ha3BaHUEM.

from numpy import *

from matplotlib.pyplot import =x*
from matplotlib import rcParams
rcParams [’font.sans-serif’]=[’Arial’]
t = arange(-1, 1, 0.01)

X = t*x%*2

y = t**3

zZ = t*x*x4

plot(t, x, label=r’$x~2%$’)
plot(t, y, ’>--’, label=r’$x~3$’)
plot(t, z, ?:’, label=r’$x"4%’)
legend ()

title (’Cremennse OIHOYJIEHH ’ )

show ()

[TosryauBimasicst mporpaMMa CTPOUT JIET€H/TY, HO ITOKa Ka4eCcTBO €€ HAC He yCTpau-
BAeT: BO-IIEPBBIX, OHA HAJIE3AeT Ha IPAOUKI, BO-BTOPBIX, IOJIIICH BBITJISIIST HE OYeHb
kpacuBo — cM. puc. 6.3(a). ITo6bl HCHPABUTDH [EPBbIHA HEJOCTATOK, HYZKHO HCIIOJIb30-
Barh napamerp dyHkiun legend ¢ HazBaHmeM loC, OTBEYAIONINI 33 PACIOJIOXKEHUE.
[Tapamerp loc MOXKeT IPUHUMATH YUCJIOBbIE 3HAUYeHUs ¢ HyJsd 110 10, jgubo cooTset-
CTBYIOIIIIC UM CTPOKOBbIC 3HAYCHUdA THUIla ’upper right’ — BepxXHUi IpaBbIil yroJ,
nin ’lower center’ — nocpe/uie BHI3Y. 3HadeHue () COOTBETCTBYET CTPOKE ’best’
— Python cam meiTaercs BRIOpaTh TaKOE IMOJIOKEHUE JIETEHIBI, 9TOOBI OHA HE 3aCJI0-
usia rpaduk (em. puc. 6.3(b)). Emg oqun gacro Berpevaromuiicst sjeMenT rpadukos
— cerka. CeTKa MCIIOJIb3yeTC sl JIJIst TOTO, 9TODObI JIyUIlle BUIETh OTHOCHTEIHLHOE PACIIO-
JIO2KEHUE JTaJIeKO Pa3HeCEHHBIX 3Ha4YeHuil. [ moydennst CeTKH HYKHO BCETO JIUIIb
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CTeneHHble 0JHOUNEHbI CTeneHHble 0AHOUNEHb!

Puc. 6.3. IIpumep ucnosb3oBaHus JiereHpl: (a) — PaCIOJOKeHNe M0 yMOJTIAHWIO,
(b) — onTUMaJILHOE PACIIOIOKEHUE C JIONOJHUTEIHbHO HAJIOKEHHOIO CETKOIO.

106aBuTh (Kak 00braHO, j10 savefig u show) B nporpammy dbysaknuo grid. B urore
JIO0ABUM B HAIILY TIPOrPAMMY eIIé JiBe CTPOIKH:

legend (loc=’best’)
grid (True)

YV dbysknum grid equHCTBEHHBIN Jornyeckuii aprymenT. Eciin ero 3Ha4yenue mnpasjia
— ceTKa OyJeT, ecjIu JIOXKb — HeT.

6.3 Heckonbko rpacpukoB Ha O4HOM MOJIOTHE

Moytysib matplotlib 103BOJISIET TOCTPOUTH HECKOJBKO I'PAUKOB HA OJHOM IIO-
gotHe. [jst 9TOrO CymecTByeT KoMaHja subplot, ompejessioniasi, B KaKOH HacTH
[IOJIOTHA PACIIOJIOZKEH BBIBOJIUMBIN B HACTOSAIIMI MOMEHT IpaduK, U OCYIIECTBIIAIO-
mas ero Macurrabuposanue (10 YMOJYaHUIO, ecJii subplot HU pa3y He UCIOJIb30BaH,
BBIBOJ[ OCYIIECTBJIsIeTCs HA BCE 110s10THO). KoMmamnia subplot uMmeer Tpu 00si3aresib-
HBIX apr'yMeHTa — IIesIbIX 4ucia. llepBoe o3HadaeT, Ha CKOIBKO 4acTeil Oyer pas3je-
JICHO TI0JIOTHO II0 BEPTUKAJIU, BTOPOE — 110 MOPU30HTAMM ([OJIydaeTcsd cBoeobpa3Has
CeTKa), TPeTbe — HOMEP JIEMEHTa B ITOH CeTKe, HyMepalus UIET CHAYAJIA 110 TOPHU-
30HTAJIN CJIEBA HAIIPABO, IOTOM II0 BEPTUKAJN CBEPXY BHHU3. UTOOBI JIydIlle HOHATH
paboty subplot, co3aauM IPOrpaMMy, PUCYIONLYI0 IpadUKH PA3INYHBIX OJHOUJIE-
HOB Ha Pa3HbIX I'paduKax.

from numpy import x*
from matplotlib.pyplot import =

t
X

arange (0, 2,
sqrt (t)

0.01)
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y =t

z = sqrt (t**3)
u = t*x*2

v = sqrt (t**5)
W = t**3

subplot (3, 2, 1)

plot(t, x, label=’x*x(1/2)°)
title(r’$\sqrt{x}$’)

ylim ([0, 51)

subplot (3, 2, 2)

plot(t, y, label=’x’, color=’red’)
title(r’$x$°)

ylim ([0, 5])

subplot (3, 2, 3)

plot(t, z, label=’x*x*(3/2)°)
title(r’$\sqrt{x~3}$’)

ylim ([0, 5])

subplot (3, 2, 4)

plot(t, u, ’:’, label=’x*%*2’)
title(r’$x-2%$7)

ylim ([0, 5])

subplot (3, 2, 5)

plot(t, v, label=’x*x*x(5/2)°)
title(r’$\sqrt{x~5}r$°)

ylim ([0, 51)

subplot (3, 2, 6)
plot(t, w, label=r’$x~3%$’)
title(r’$x~3$’)

legend (loc=0)
grid(True)
tight_layout ()
show ()

W3 npuseénnoro npumepa BUIHO cieytoriee. Bo-mepBbix, Bce KOMaH/IbI IIOCTPO-
eHUd Takue, Kak plot, xlabel, title m Jp., BKIOYasd pucoBaHue ceTKW grid u Jie-
refibl legend, OTHOCATCH TOJIBKO K TeKyIieMy rpaduky. Bo-BToOpbIX, /s KaxKI0r0o
rpaduKa CTUJIb U I[BET JIMHUI BBICTABJIAETCS HE3ABUCUMO (CM. I[BETHYIO BKJIAJKY
puC. 2), MO3TOMY, U3MEHUB I[BET BTOPOrO U CTHJIb JUHUN YeTBEPTOrO, MbI MOJLY TN
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[[BET U CTHJIb JIMHUN TI0 YMOJIYaHWs JIIS BCEX OCTAJIbHBIX, WJIYIIUX KaK JIO, TaK U
nociie. C momonipio Koman el y1im([0, 5]) y Bcex rpadmkoB KpoMe IIOCIIEHEro,
3a/1a/11 (PUKCHPOBAHHBIE IIPeJIesibl 110 ocu opianuat. Pynxnus tight_layout () obec-
EYUBAET PACIOJIOXKeHe rpaUKOB HA OJTHOM TIOJIOTHE 0e3 3a/ie3aHus JAPYT Ha JIPyTa
ABTOMATHIECKH.

MoxkHO cmenarh Tak, IYTOOBI TpadUKM Ha IMOJOTHE 3aHUMAJN Pa3HbIA pasMep,
HAIpUMeEp, CBepXy JniBa, cHu3dy — ojuH. Jlejgo B ToMm, uTo (dyHKIHUs subplot mpo-
CTO OIpEJIEeIIAeT TOJI0KEHNe TpaduKa Ha IOJOTHE, OHA HE 33/1aéT HUKAKON peabHoil
ceTku. [loaToMy MOryT OJHOBPEMEHHO BCTPEYAThCs IpadUKU, JJid KOTOPBIX CETKA
3aJIaHa [0-PA3HOMY.

[IpuBeném npumep u3 pagunoduszuku. Ha Beixomax MukpodoHa, mepearorniei te-
JIeKaMepbl U PA3JIUIHBIX JATIYNKOB CO3/AI0TCS HU3KOYACTOTHBIE CUTHAJBI ¢ MAJION
aMrunTy o, TaknM curHaaM CBOMCTBEHHO OOJIBINIOE 3aTyXaHUE B MPOCTPAHCTBE W,
CJIeJIOBATENILHO, OHU HEe MOIYT IepeiaBaTh MHQOpMAaIMo 10 KaHajaMm cBsa3u. Jljs
3 PEeKTUBHON TIepeladn CUTHAJIOB B IPOM3BOJILHON Cpejie HeOOXOIUMO TEePEeHECTH
CIEKTD JAHHBIX CUTHAJIOB U3 HU3KOYACTOTHOW 06JIACTH B 00JIACTH BBICOKUX YACTOT.
Taxoit TIporiecc Ha3bLIBACTCS MOLYJISIIHE.

Moynsnust — Tporece U3MeHEeHUsI OJHOTO WJIN HECKOJIbKUX MapaMeTPOB BBICO-
KOYACTOTHOI'O HECYIIEro KoJiebanus 10 3aKOHY HU3KOIACTOTHOIO WH(MOPMAIIHOHHOTO
curHajia (coobienus ). ByjieM MCIob30BaTh aMITUTYIHYIO MOJLYJISIIIUIO — BHJI, MO-
JLYJISAIAN, TIPU KOTOPOIH M3MEHSIeMBIM [IapaMeTPOM HECYIIEro CUTHAJA SIBJISETCS ero
amiiuTyaa. [lepegasaemas undopMalys 3a/I0KeHa B yIPABJIAIOEM (MOJLYJIUPYIO-
miem) cursasie (B mamHoM npumepe x = cos(27t)), a poib nepenocunka uHOpMa-
I[N BBINOJIHSET BBICOKOYACTOTHOE Kosebamne (y = cos(20 - 27t)), HasbIBacMOe HeCy-
M. Mojtysstiiust, TakuM 00pa3oM, TIPeJICTaB/IseT COOOM MPOIECC «IMOCATKIY UHMOP-
MAIMOHHOTO KOJIe0aHUs Ha 3aBEIOMO U3BECTHYIO Hecylryo. Popmysa aMIIATYIHO-
MOJIYJIUPOBAHHOIO KOJIe0aHUs BBINIAAUT cjedyionmmM obpasom: z = (1 + M - x) -y,
rae M — ruryOmHa MOIYJISIIUN.

Bor npumep reneparuu u 0TOOparKEHUS TAKOTO MOJYJIUPOBAHHOINO CHUTHAJA HA
KOMITbIOTEDE:

from numpy import *

from matplotlib.pyplot import *
rcParams [’font.sans-serif’]=[’Arial’]
t = arange (0, 10, 0.001)

x = cos (2*pix*t)

y = cos (20*%2xpix*t)

z = (1+0.7*x)x*y

subplot (2, 2, 1)

plot(t[:2000], x[:2000], color=’black’)
title (’Momynupyomuii curzan’)

xlabel (’Time, s’)

ylabel (’Voltage , V)

subplot (2, 2, 2)
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plot(t[:2000], y[:2000], color=’black’)
title (’Hecymuit curzan’)
xlabel (’Time, s’)

ylabel (’Voltage , V)
subplot (2, 1, 2)

plot(t, z, color=’black?’)
title (’AM-curman’)

xlabel (’Time, s’)

ylabel (’Voltage , V’)
tight_layout ()

show ()

31ech BUIHO QmL puc. 6AJ,qT0 MBI KakK Obl «oOMamHbIBaeM» matplotlib: st
rpaduKOB y U Z MBI TOBOPHUM, UTO OyJ/ieM pa3MeIaTh rpaduku 1mo cxeme 2 X 2, a Jjis
rpacduka r — 1o cxeme 2 X 1. B pesyabrare Tperuii rpaduk 3aHIMAET BCIO HUXKHIOK
[TOJIOBUHY, KaK Oy/ITO OH BTOPOIi U3 JBYX, & I€PBble — KAXKJIBIil 110 YeTBEPTHU B BEPXHEIl
IIOJIOBUHE, KaK IIePBBIl U BTOPOIl M3 YeTHIPEX.

Yacto ObiBaeT Tak, 9TO TPeOyeTcs MOCTPOUTH HE HECKOJIHKO I'PAMDUKOB B OTHOM
OKHe, a HECKOJIbKO OKOH € IpaduKaMu; TaKast BO3MOKHOCTD B matplotlib mpeycMoT-
pena. Hampumep, BaM HY>KHO TOCTPOUTD HECKOJBLKO PA3HBIX PUCYHKOB U COXPAHUTH
KaXKJIBII B OT/IEbHBIN daiir. [ 9TOro Hy2KHO BOCIIOIB30BaThcd hyHKINeH figure.
Brrzos figure monoben BpI30BY subplot B TOM CMBICJIE, 9TO PHCOBAHUE HAYMHAETCS
3aHOBO, & BCE paHee HAPHCOBaHHbIE OOBEKTHI: caMu IpadUKH, MIOJNUCHA K HUM, CET-
Ka, JIETEHJa ¥ IIPOY. OCTAIOTCA Ha MPEIbLIyIIeM Moj0THe (i 1mosoTHax ). Pasnuma
B TOM, 9TO subplot pasmelnaer HOBbI rpaduK B Ipejeax BCE TOro ¥Ke MOJIOTHA, a
figure npocro cozmaér noBoe. Bor 4To Oy/1eT, ec/iu epernncaTs MPe bl Iy i IpIMep
¢ nomompio figure:

from numpy import *

from matplotlib.pyplot import =
t = arange (0, 1, 0.001)

x = sin(10*pix*t)

y =t

z = sqrt (t**3)
figure (1)
plot(t, y)
figure (2)
plot(t, =z)
figure (3)
plot(t, x)
show ()

B wucnonpzoBannom npumepe y dyHkimn figure TOJBKO OIMH apryMeHT — HOMED
co3naBaemoro mosiorna. Homep 3ToT mosiesen TeM, 9TO B JIIOOOHf MOMEHT BbI MOXKETE
BEPHYTHCA K YK€ HadaToOMy rpaduKy U 9TO-TO TaM JOPUCOBATH; JJIA STOIO IIPOCTO
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nuc. 6.4. MMep HECKOJILKIX IPAMUKOB PA3INYIHOTO pasMepa Ha OJHOM MIOJIOTHE.
Puc. 6.4. 11 e SCKO a 0 3 oro pasmepa OJTHO OJIOTHE

He00X0IMMO CMEHUTh «(DUTYPY» Ha TY, T/Ie BbI y2Ke pucoBaJii. Tak »Ke MOJIOTHY MOKHO
33/1aTh HY’KHBIE Pa3Mepbl. DTO JeJIaeTcsl ¢ IOMOIIBI0 UMEHHOTO apryMenTa figsize
dyukmun figure. DTOT apryMenT 3a/aéTCs B BIEe KOPTEXKa U3 JIBYX YNCes — IMUPUHA
7 BBICOTa MOJIOTHA. BoT mpuMmep:

import numpy as np

import matplotlib.pyplot as plt
t = np.arange(-1.0, 1.0, 0.001)
X = np.sin(2xnp.pix*t)

y = np.cos(bxnp.pix*t)
plt.figure(l, figsize = (8,3))
plt.plot(t, x)

plt.figure (2)

plt.plot(t, y)
plt.ylabel(’cos(t)?’)
plt.figure (1)

plt.ylabel (’sin(t)’)
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Puc. 6.5. IIpumep BbI30Ba HECKOIBKUX 110J10TeH (figure).

plt.grid(True)
plt.show ()

3J1ech MBI CHAYAJa HAPUCOBAJIN MEPBYIO CHHYCOWJY B MEPBOM OKHE, TIOTOM BTOPYIO
BO BTOPOM, a 3aT€M BEPHYJINCH K [IEPBOMY OKHY U JOJEJIAJIN [IO/IINCHA K OCSM U CETKY
(puc. 6.5).

Cozanne Kazk10ro HOBOIO MTOJIOTHA TIOTPEDJISieT OIepaTUBHY O maMsiTh. [loaTomy,
€CJIN HeT HeOOXOIUMOCTH HAOJIIOMATH HECKOJIBKO IIOJIOTEH OIHOBPEMEHHO, 3(hheKTUB-
Hee ONWH Pa3 CO3/aBaTh HOJOTHO (dyHKImeil figure, a MOTOM Ha KayKIOM IIare,
HaIpUMeED, IUKJIA [IePEPUCOBLIBATH HA HEM HOBBIN PUCYHOK, IIPE/IBAPUTEHLHO CTHPAs
npeapy i dyuxmnueit c1f ().

6.4 T[uncrorpammbl, AnarpaMmmbli-CTONOLbI

Kpome 00brHBIX TPAGUKOB, OTPAXKAIONINX 3aBUCUMOCTD OJIHOI BEJIMIUHBI OT JIPY-
roit, OpIBAET HYKHO IMOCTPOUTH IPaAdUKHU JPYroro THUIA, YAIIE BCETO STO TUCTOIPAM-
MbL. ['mCTOrpamMMBbI CTPOAT, YTOOBI CJIEINTH 33 PACIIPEIe/IeHIeM HEKOTOPOIl BEJTNINHEI.
Ecsin BemunHA TUCKPETHA — KaXKJIOMY 3HAUEHUIO COMOCTABJISIIOT €r0 9aCcTOTY (MnCI0
BBINAJIEHUIT B JIAHHOM Pean3alny) Win BEPOSITHOCTD B IIPOIEHTAX I JIOJISIX €/[MHN-
npl. Eciin BemanHa M3MEHSeTCs HEIPEPBIBHO, €€ 3HAYCHUS JeJAT Ha JTUAITa30HbI —
OWHBI, TO/ICINTHIBAST IUCJIO MOMAMAHUI B KAXK Bl JTHATA30H.

Jlist npuMepa nocTpouM rUCTOrPAMMbL PABHOMEPHO Ha oTpeske [0; 6] 1 HopMasbHO
c napaMmerpamu i = 0, 0 = 3 pacupe/Ie/IEHHBIX CIyIallHbIX BEJIMYINH, CT€HEPUPOBAB 110
10000 3uavenuit B KaxKJI0M caydae. Bocmosb3yeMmces: cTaHIapTHBIM MO IysieM random.
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Puc. 6.6. IIpumep mocTpoeHnst rucTorpaMM: (&) — MCIIOJAb30BAHBI 3HAUEHHsI TapaMeT-

POB 10 YMOJIYAHWIO, B pe3yjbrare Ha oboux rpadukax zabdsromaem mo 10 6uHOB, a

[0 BEPTHUKAJN OTJIOXKEHO YHCJIO TONaJaHuil B KaxKablil n3 Hux; (b) — uncio GuHOB

BBICTaBJIEHO BPY4HYIO U paBHO 100, 110 BepTUKAJIM OTIOKEHLI 3HAUEHUS IIJIOTHOCTH
BEPOSITHOCTH.

from random import uniform, normalvariate
from matplotlib.pyplot import =
v =[]
for i in range (10000):

v.append (uniform (0, 6))
subplot (1, 2, 1)
hist (v)
w =[]
for i in range (10000):

w.append (normalvariate (0, 3))
subplot (1, 2, 2)
hist (w)
show ()

IIpencrasiennas mporpamMMa JIEJUT BECh JMANA30H OT MUHUMAJIBHOTO J0 MAaKCHU-
MaJIbHOTO 3HadeHust Ha 10 OMHOB M PUCYET YaCTOTHI — YHCJIO MONAJAHUI B KaK /bl
6un (cM. puc. 6.6(a)). Jaa 10000 suadennit 10 6HHOB — MaIOBATO, TOITOMY HCIIOJIb-
3yeM HeoOsI3aTeTbHBIN mapaMeTp bins, TPpUHUMAIONIAN TIeI0e 9UC/I0, paBHOE YKeTae-
MOMY KOJIMYECTBY 6I/IHOB. A BMECTO 9aCTOT HYZ?KHO IIOJIYIUTD IIJIOTHOCTH BEPOATHOCTHU
(1. e. oM B 107 rPadOUKOM JIONKHA PABHATHCS €JUHHUIE), JIJIS 9ero MCIOIb3yeM
enié ouH HeobA3aTEbHDII TapaMerp normed, MIPUHUMAIOIIHI JOITYECKOe 3HATECHUE
M3mennm mporpaMmy, yKa3as JOMOTHUTEIbHBIE TAPDAMETPHI:

from random import uniform, normalvariate
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from matplotlib.pyplot import =x*
v = []
for i in range (10000):
v.append (uniform (0,
subplot (1, 2, 1)
hist(v, bins=100,
w =[]
for i in range (10000):
w.append (normalvariate (0,
subplot (1, 2, 2)
hist(w, bins=100,
show ()

6))

normed=True)

3))

normed=True)

Tenepn Bugum (cm. puc. 6.6(b)), 4ro 10 BepTUKAIU OTJIOKEHO YKe 3HAHHUE ILIOTHO-
CTH BEPOSITHOCTH, IpU4IéM rpaduk craj 6ojee n3pe3anHbIM, IIOCKOJIbKY YBEJININIOCh
YUCJIO OMHOB, & YNCJI0 3HAYEHHII B KaXK/I0M OUHE YMEHbBIIHIOCH.

WHora mosie3HbiME OBIBAIOT JIMarpaMMbl-cTOIONBI. Ha Takux auarpamMmax ropu-
30HTAJILHBIA WM BEePTUKAJILHDLIA NPAMOYIOJILHUK IIOKA3LIBACT CBOEH JJIMHON BKJIAJ,
BHOCUMBINl KaXK/IBIM YIACTHUKOM. [JIaBHAs €ro 3ajada COCTOUT B CPABHEHUU STUX
KOJIMIECTBEHHBIX OKA3aTesed.

s Bu3yanmusarum ncrnoab3yercsd GpyHKIud bar (), TpUHUMAIOINIA JIBE TTOCTIe/I0-
BATEJILHOCTH KOOPJUHAT: T, ONPEICSIONINX JIEBBIH Kpail cTOIONA, U Y, OIPEIesIio-
mux BeicoTy. [TupuHa mpsiMOyTOJIBHUKOB 110 ymMordanuto pasaa 0.8. Ho sror u apyrue
mapaMerpbl MOXKHO MEHATH 33 CUET HeoOs3aTeIbHBIX NIMEHOBAHHBIX IIAPAMETPOB

from numpy import *

from random import *

from matplotlib.pyplot import *
datal (]

data2 (]

data3 (]

for i in range (10):

datal.append(normalvariate(5, 0.5))
data2.append(normalvariate(5, 0.5))
data3.append(normalvariate(5, 0.5))

locs = arange(l, len(datal)+1)

width = 0.2

bar (locs, datal, width=width, color = ’blue?)

bar (locs+width, data2, width=width, color = ’red’)

bar (locs+2*width, data3, width=width, color = ’green’)

xticks (locs + widthx*1.5, locs)

show ()

B mammom mpuMepe width 3ajaeT MmUpHHY TPIMOYTOJLHIKA, COLor 3aaeT I[BEeT
npAMOYToJibHUKA. OTITHOHHO MOXKHO JIONNACATH XerY, yerr, KOTOPbIE TO3BOJISIIOT yCTa-
HaBJINBaTH error bars. /lajee remepupyem 1ocje0BaTeIbHOCTH TPEX BUIOB JAHHBIX



6.5. KpyroBsble 1 KOHTYypHble AnarpamMmmbi 149

(data) muis maTn Touek. 3ajaeM MEPEMEHHYIO, KOTopasi Oy/IeT ONpPEeIesiTh TOJIIIHY
crosioros. Ilepseiit apryment bar () umeer Takoit BUJ JIJIst TOTO, 9TOOBI TPU CTOJIOIA
CTOSIIIM BMECTE, BIPUTHIK JPYT K JApyry. Takzke 3/1ech npumensiercs Hokyc ¢ HyHKIHI-
eit xticks, MO3BOIAIONIEN M3MEHATDH 3aCEIKU HA OCH aOCIUCC, U MbI CMEIAaeMCsl TaK,
4TOObI aAPIYyMEHT, HOPOJUBIIMN TPH CBOUX CTOJIONA, CTOsI mocepeante — puc. 3(a).
YacTo UCIob3yIoT U TOPU30HTAJIBHOE paciosiozkerrne. OHO ONMUCHIBACTCS TPAKTHYIE-
CKM TakzKe, HO BMecTO dyukmuu bar () wucnosb3dyercsa barh(). Bosee Toro, takoro
poZla 1uarpaMM U BO3MOXKHOCTEI CYIIECTBYET BEJIMKOEC MHOXKECTBO, I BbI CAMU MOZKe-
T€ O3HAKOMUTLCA C HUMHU 110 JOKyMeHTanuu matplotlib.

6.5 KpyroBble n KOHTypHble AnarpaMmbl

HocTaToaHo pacipocTpaHEHHBIM CIIOCOOOM IpadUIECKOro N300paKeHNsl CTPYKTY-
PBI CTATUCTUYIECKUX COBOKYITHOCTEH SIBJISIETCS CEKTOPHAsl JuarpaMMa, TaK Kak WJIest
[IEJIOTO OYEHb HAIVISIHO BBIPAYKAETCS KPYTOM, KOTODBIH IIPEICTABIISIET BCIO COBOKYII-
HOCTh. OTHOCUTE/IHHAS BEJMINHA KAXKJIOT0 3HAYEHUS N300ParXKAeTCs B BUJIE CEKTOPA
KpyTa, IJI0IA /b KOTOPOI'O COOTBETCTBYET BKJIALY 9TOI'0 3HAYEHUS B CYMMY 3HAYEHUII.
DT1oT BUJI rpapUKOB YI00HO UCIOJIb30BATh, KOIJIa HY?KHO [TOKa3aTh J0JII0 KaxKJI0i Be-
JimauHbl B 001eM 00béme. CeKTopbl MOI'YT M300parkaTbCsi Kak B OOIIEM Kpyre, Tak U
OTJEIFHO, PACIIOJIOKEHHBIMI HA HEOOJIBIIOM YIAJEHUH JIPYT OT JApyTa.

Kpyrosas amarpamma coxpaHser HAIVIAIHOCTb TOJBKO B TOM ClIydae, €CJu KO-
JITYECTBO YaCTell COBOKYIHOCTH nuarpaMMbl Hebosbinoe. Ecian gacreil auarpammbl
CJINIIIKOM MHOTO, €€ npuMeHeHne Hed(PHEKTUBHO 110 IPUINHE HECYIIeCTBEHHOI'O Pa3-
JIMYWsT WJIM MAJIOrO pa3Mepa CpaBHUBAEMbIX CTPYKTYpP. HemocTtaTrok KpyroBbIX Jua-
rpamMm — MaJias nH(MOPMAIMOHHAS EMKOCTh, HEBO3MOXKHOCTH OTPAa3UTh 00JIee IMupo-
Kuii 00bEM 10JIe3HOM NH(MOPMAIIIH.

Hapucyem Kpyrosyio juarpammy cpejcrsamu matplotlib’a — puc. 3(b):

from matplotlib.pyplot import x*

data = [18, 15, 11, 9, 8, 6]

labels = [’Java’, °C?, ’C++’, ’PHP’, ’Python’, ’Ruby’]

explode = [0, O, O, 0, 0.2, 0]

axes (aspect=1)

pie(data, labels=labels, explode=explode,
autopct=’%1.1£f%%’, shadow=True)

show ()

Hannag uporpamMa 3anaér Habop gaHubix (data), mobasiser Ha PUCYHOK OCH
¢ coorHomenueM cropon 1:1 (axes), crpour rpaduk B Buie KPyroBOil juarpaMMbl
(pie). Ilepsrim aprymenToMm GbyHKIUS pie NPUHEMAET IOCJEI0BATEIBHOCTD JIaH-
HBIX, 3aTeM code 3aJa€T MMEHA, 110 OJHOMY Ha KaxKJbIil 3jeMeHT data, jaJee 3a-
naérca explode — Macka, IO KOTOPOIT «BbIpe3aeTcs KyCOK Iuporar, autopct 3ajaéT
T HGOPMATUPOBAHNS INCIEHHBIX 3HavdeHuil, shadow mobasisier Tenb. Kak 06braHo,
IBET YEePeIyeTcs caM CODO0IO0, MOPS/IOK 10 YMOJYaHUO it matplotlib sro ’blue?,
’green’, ’red’, ’cyan’, magenta’, yellow’, ’black’.
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Emgé onmnuM crienuain3upoBaHHbIM BUJOM I'PAMDUKOB SIBISAIOTCT KOWmypHvie dua-
epammol. 1Ipore Bcero MmoHSATH, YTO 9TO TAKOE, €CJIA BCIOMHHUTH (DU3MIECKYIO Kap-
Ty MUPBI: TaM BBICOTBI U TJIyOMHBI OODO3HAYEHBI I[BETOM OT TEMHO-KOPHUYIHEBOT'O JI0
TEMHO-CHHET0, & 3HAYEHUS PA3/IeJICHbl Ha JUATA30HbI, BHYTPH KOTOPBIX BCE 3HAUCHUST
KpacATcst euHbIM 1BeToM. KOoHTypHas jmarpamMmma — Criocod MpejcTaBiIeHus] TPEX-
MEPHOH TOBEPXHOCTH KaK OBbI «CBEPXY».

YT006BI IOCTPOUTH KOHTYPHYIO JHarpaMMy C IOMOINbIO matplotlib, Hy»kHO 3a-
JIaTh TPH JBYMEPHBIX MACCHBa OJIMHAKOBOI (DOPMBI: MACCHB 3HAYEHUN KOOPIMHATHI
T JIJTsl KaXKJ0r0 y3Jjia CEeTKHU, MACCUB KOOD/JUHATHI § U MACCUB 3HAYeHMIT (DYHKIUHA OT
nux z = f(x,y). Eciiu dysakuug f nam ussectHa, Hy?KHO OLUPEIEIUTD [IPEIEJIbl U3Me-
HEHUS T W Y U 33JIaTh Al UX U3MEHEHUsI [0 KayKJIO! U3 0ceil, T. e. ceTKy. DTO MOXKHO
CJIeJIaTh € TIOMOIBIO (byHKINE arange. Jlasee n3 0JJHOMEPHBIX MAaCCHBOB, 33 IAIONIIX
CETKY, Hy?KHO IIOJIyYUTh JIByMEPHbIE, COJIepPKAIle KOOPIUHATHI T U Y B KayKJIOM y3JIe
CETKH; 9TO MOXKHO CJIeJIaTh KOMaH/0l0 meshgrid, Kak MOKa3aHO B IIpUMEpE Jajiee.
Cama KOHTypHasi JHarpamMma CTPOUTCS C MOMOIMBI0 KOMaHIbI contour, KOTOPOil B
KadecTBe MapaMeTpOB MepeIaloTcsd BCe TPU MacCuBa: &, Y U z:

from numpy import *

from matplotlib.pyplot import =x*
from matplotlib.mlab import *

x = arange(-3, 3, 0.01)

y arange (-2, 2, 0.01)

X, Y = meshgrid(x, y)

Z = X**2-4*xY**x2+Y**x4

contour (X, Y, Z)

show ()

ITpejicraBiieHHast IPOrpaMMa CTPOUT KOHTYPHYO jmarpamMmy dyHKIuu (cM. 1ser-
HYIO BKJIaJKy puc. 4(a)) ¢ momoupio junuii ypoueit. MoxKHO BCE 3a/UTh [BETOM,
KaK Ha QU3MIecKoit kapre mupa. [y 9Toro HeOOXOIMMO HCIOIH30BATH (DYHKITHIO
contourf (cMm. npernyio BrIaAKy puc. 4(b)).

Koneuno, Ha npakTuke 3Ha4eHUs MACCUBOB &, Y U 2 OyJIyT, CKOpee BCero, N3Bect-
HBL 1 IpuberaTh K TAKUM YXUIIPEHUSM He Hpuiércsa. TeM He MeHee, [IpeJIOzKEHHbII
npuMep — XOpOIIash WLTIOCTPAIUS TOT0, KaK MOCTPOUTDH rpaduk (byHKIUK JABYX IIe-
PEMEHHDBIX, He npuderasi K H30MEeTPUIECKON [TPOEKITHN.

6.6 TpéxmepHble rpaduku

B matplotlib Kpome JABYMEPHBIX CYIIECTBYET BO3MOXKHOCTB ITOCTPOEHUSI TPEX-
MepHbIX rpaduroB. s 3ro ncnonbdyercs momyiab mplot3d. s Toro, 4ToOBI
HApUCOBAThL TPEXMepHbIl rpaduk, B IEPBYIO OUYepeb HAJ0 CO3/aTh TPEXMepHbIE
ocn. Omm 3amaioTcsd Kak OObEeKT Kiacca mpl_toolkits.mplot3d.Axes3D, KOH-
CTPYKTOP KOTOPOI'O OXKHjlaeT KaK MHHUMYM OJIMH IlapaMeTp — 3IK3eMIUIAD KJlacca
matplotlib.figure.Figure. ¥ koncTrpykropa Kiacca Axes3D ecTb emé u apyrue
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1.0 0.0

Puc. 6.7. 3D-ocu.

HeoOA3aTebHBIE TAPAMETPBI, HO TIOKA MBI X HCIOJIB30BAThH He Oymem. [laBaiite Ha-
pucyem mycreie ocu (puc. 6.7):

from matplotlib.pyplot import =*

from mpl_toolkits.mplot3d import Axes3D
fig = figure ()

Axes3D(fig)

show ()

[MosryueHHbBIE OCH BBI MOXKETE BPAIATH MBIIIKOH B MHTEPAKTUBHOM DEYKUME.

A remeps mHapumcyem UTO-HHOYb TPEXMEDPHOE B TOJYUIEHHBIX 0Csix. MoxkHO puco-
BaTh OJIMH KapKac (wireframe, cM. IBETHYIO BKJIAJKy pHUC. 5(a)), & MOXKHO — MOBEPX-
HocTh (surface, cM. nBerHyIO BRIajaky puc. 5(b)):

from matplotlib.pyplot import =x*

import numpy as np

from mpl_toolkits.mplot3d import Axes3D
fig = figure()

ax = Axes3D(fig)

= np.linspace(0, 2 * np.pi, 100)

= np.linspace (0, np.pi, 100)

10 * np.outer(np.cos(u), np.sin(v))
= 10 * np.outer(np.sin(u), np.sin(v))
= 10 * np.outer(np.ones(np.size(u)), np.cos(v))
ax.plot_surface(x, y, z, color=’grey’)
savefig(’3D.png’)

show ()

N< X < ¢
I
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Oyukius linspace Kak u (QyHKIUA arange CO3/1aéT MacCUB 3HAYEHUI, KaxKJ0€e
cJIe/IyIolee U3 KOTOPBIX OOJIbINe MPEIbIIYINEro Ha OJHY U Ty ke Bequduny. Hamom-
HHUM, 9YTO arange (start, stop, step) HpPUHUMAET TPU OCHOBHBIX apryMeHTa: HAYa-
JIO, KOHerll, mmiar; linspace(start, stop, num, endpoint=True) TakKe IPUHIMA-
er Tpu 00A3aTeJbHBIX apryMeHTa: HAYAJIO0, KOHEIl U YHCJIO 3HAYEHUN, PACIIOIOXKEeH-
HBIX MEXKJy HUMH, a KPOMEe TOro y He€ eCTh eIlé HeoOs3aTebHbIIl YeTBEPTHIi apry-
MeHT endpoint, KOTODBIIl IPUHUMAaET Jiorndeckue 3HadeHus. Eciam endpoint=True
(3T0 3HAYEHUE MO YMOJYAHUIO), TO KOHEYHOE 3HAUEHUE Stop OyJer BKJIOYEHO B re-
HEPUPYEMbIl UATA30H U PACCTOSTHUE MEXKJIy COCEIHUMU 3HAYCHUAMU OYyIeT DPaBHO
(stop-start)/(num-1), unade oHo He OYJET BKJIIOYEHO W PACCTOSHUE MEXKIy HUMA
6yzner pasBuo (stop-start)/num.

6.7 VY4éTt owmnbok

B peasibHOCTH 9KCIIEPUMEHT Jlazke [P MAKCUMAJBHON TOYHOCTH M3MEPEHU BCe-
IJla BHOCUT CBOIO IIOI'PEITHOCTh. Hampumep, npu CHATUU BOJIBT-aMIIEPHON XapakTe-
puctuku (BAX) numoma B TpEX 9KCIEPUMEHTAX TIOJIYyHYaIOTCs HEMHOIO DA3HbIE 3HAUE-
Hust Toka. C MOMOIIBI0 errorbar MOXKHO IIOCTPOUTDH CPEJIHEE 3HAYCHUE U OTJIOXKUTH
pas6poc (puc. 6.8). st Toro, 9To6bl yUecTb 3T0 U yKa3aTh BO3MOXKHBI pazbpoc Bo-
KPYI' 3HAYEHUsI, CYUTAEMOI0 MCTHUHHBIM, BBOJAT INIAHKU Horpentsocreii ( dyHkuus
errorbar), KOTOpbIe Ha KPUBOH JIJIsl TIOJYIeHHBIX TOUYEK ITOKA3BIBAIOT CBOEOOPA3HBIIL
JIOBEPUTEJIHBII UHTEPBAJL:

from numpy import *

from matplotlib.pyplot import =x*
rcParams [’font.sans-serif’]=[’Arial’]
x = arange (0, 2.2, 0.2)

yi1 = [0, 10, 24, 39, 55, 73, 87, 130, 140, 150, 200]
y2 = [0, 11, 25, 41, 58, 66, 94, 135, 140, 160, 170]
y3 = [0, 10, 24, 40, 57, 70, 90, 130, 145, 160, 180]

y = column_stack ([yl, y2, y31)

errorbar (x, mean(y, axis=1), yerr=[std(y, axis=1),
std(y, axis=1)], marker=’.’, color=’black?’)

title ( ’BosbT-aMuepHas XapaKTEpPUCTHUKA )

xlabel (’Hampsaxenue, B’) ;

ylabel (’Tok, MrA’)

show ()

B npumepe ¢ nomompio dyHKnn arange() ObLI CO3/IaH JUANIa30H U3MEHEHUS
nanpsizkerust or 0 B o 2 B ¢ marom 0.2 B. lanee pe3ynbraTbl TpEX cepuii u3me-
peHuit 6bLIN IPEJICTABIEHBI B BHjie TPEX ciucKoB: y1, y2, y3. C momormpio GyHKIUN
column_stack u3 HECKOJIBKIX OJITHOMEPHBIX MACCUBOB MJIM CITMCKOB OJIMHAKOBOW JIJTH-
HBI MOXKHO CJIeJIaTh JBYMepHBIit MaccuB. /lasiee BoI3bIBaeTca dyHKINs errorbar. B
KadecTBe MEePBOr0 apryMeHTa IepeIaéM JIMaia30H U3MeHeHnsT HalpsiKeHus. B kade-
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BosibT-aMnepHas xapakTepucTuka

150 1

Tok, MKA
=
1)
3
.

50 4

0.0 0.5 1.0 15 2.0
HanpsixeHnve, B

Puc. 6.8. BAX nauoja, ycpeaHéHHas 110 TPEM SKCIEPUMEHTAM C OTJIOYKEHHBIMU ILJIaH-
KaMU TOTPENTHOCTEHH.

CTBE BTOPOro — cpejHee (mean) 1o TpEéM U3MEPEHHsIM 3HAYECHHE TOKA. B KadecTse
Tperbero (yerr) — pasbpoc 3HadeHuil Toka (std).

PaccMoTrpennble B JaHHOM IpUMepe IJIAHKH OTPEITHOCTEH CHMMETPIYHBI OTHOCH-
TEeJIbHO CPEJIHETO 3HAYCHUA, HO CYIIECTBYET BO3MOXKHOCTDH PUCOBATh U HECUMMETPUY-
Hble OTKJIOHeHU:A. VX MOXKHO 3a/aTh B TOH Ke (DYHKIUH C TOMOIIBIO CIIHCKA U3 JIBYX
Pa3HBIX II0CJICI0BATEJILHOCTEH: IIePBO JIJ1d OTPULIATEIbHBIX OTKJIOHEHUI, BTOPO —
JJIel TIOJIO?KATEJIbHDIX.

6.8 Tlpumepbl nocTpoeHus rpacpukos

IIpumep 3amauu 17 (Baryxaomas cunycouaa, sapuant 1) ITocmpotime 2pa-
dur samyzamowett cunycoudvt e T sin(27x) na ompesxe [0; 10], ucnoavays wae
no abcuucce, pasrorly 0.1.

Permnenue zagaunm 17

from numpy import *

from matplotlib.pyplot import =x*
x = arange (0, 10, 0.1)

f = exp(-x)*sin (2xpix*x)

plot(x, f)

show ()
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Puc. 6.9. Mmocrpanus x 3agadam 17 — (a) u 18 — (b).

ITpumep 3amaun 18 (Baryxarmomas cuHycouaa, BapuanT 2) as nocmpoer-
1020 8 NPedudywem 3a0aHUL 2PaPURE USMEHUME: USEM, AUHUL, TUN AUWHUU U
MAPKEPOB, Wde 6bOOPKU OUHHDBLL, 86€0UME CeMKY U COTPAHUME MNOAYWeHHDBLT,
epadur 6 Patin.

Pemnenne zagaun 18

from numpy import *

from matplotlib.pyplot import =
x = arange (0, 10, 0.01)

f = exp(-x)*sin(2%pixx)

plot(x, £, ’-0’, color=’black?’)
grid (True)

savefig (’plot.png’)

show ()

IIpumep 3anauu 19 (CemeiicTBo 3aryxamomux cunycousn) [Tocmpotime ce-
ametiemso yrruud, e~ sin(27z + ¢p) na 00HOM 2PaPUKE PASAUMHBLMU UBETNAMU
npuw ¢g =0, ¢g = 7/6 uw ¢g = 7/3. Coeantime das epadura ne2erdy.

Penienune zanaunm 19
from numpy import *

from matplotlib.pyplot import =
x = arange (0, 10, 0.01)
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f1 = exp(-x)*sin(2*%pix*x)

f2 exp (-x)*sin (2%pi*x+pi/6)

£3 exp (-x)*sin (2*%pi*x+pi/3)

plot(x, f1, label=r’$\sin(2\pi x)$’)

plot(x, f2, label=r’$\sin(2\piyxy+,\pin/6)$°’)
plot(x, £3, label=r’$\sin(2\piyxy+,\pin/3)$°’)
legend (loc=’best’)

grid (True)

show ()

ITpumep 3agauu 20 (CemeiicTBO rpapuKoOB ¢ 3aTyXaOIINMU CUHYCOUIAMMN )
I[Tepecmpotime epaduru mar, 1Wmobvl KaHcowa KPUBAA PACTLOAAAAACH HA 00HOM
2pahure ¢ NoMowwIo Komardu, subplot, neeendy ybepume, a €€ mexcem nepe-
Mmecmume 8 Hazgarue coomsememseyrowezo 2padura. I'paduru pacnonoorcume
HA NOAOTIHE 8 00WH conbeu,.

Penienne 3amaunm 20

from numpy import *

from matplotlib.pyplot import =*

x = arange (0, 10, 0.01)

f1 = exp(-x)*sin(2*pi*x)

f2 exp (-x)*sin (2*pi*x+pi/6)

£3 exp(-x)*sin (2*pi*xx+pi/3)
subplot (3, 1, 1)

plot(x, f1)
title(r’$\sin(2\piyx)$’)

grid (True)

subplot (3, 1, 2)

plot(x, £2)

title(r’$\sin (2\piyux,+u\piy/6)$?)
grid(True)

subplot (3, 1, 3)

plot(x, £3)

title (r’$\sin (2\piuxy+u\pin/3)$?)
grid(True)

tight_layout ()

show ()

IIpumep 3amaun 21 ITocmpolime 3AKPAWEHHYIO KOHMYPHYO  OUAPAMMY U
mpéxmeproilt epadur oast yrruuu deyx nepemernnvx (6.1), onpedenérnoti
6 mpamoyzoavrol, obaacmu (z € [—3;3], y € [—3;3]):
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sin(2mw)
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Puc. 6.10. Mutrocrpanus x 3agadam 19 — (a) u 20 — (b).

2wy
o2y

Pemenne 3agaum 21 from numpy import x*
from matplotlib.pyplot import =x*
from matplotlib.mlab import x*

from mpl_toolkits.mplot3d import Axes3D
x = arange(-3, 3, 0.01)

y = arange(-3, 3, 0.01)

X, Y = meshgrid(x, y)

Z = 2%xXxY/(X*%2+Y*%2)

contourf (X, Y, Z)

savefig (’plot.png’)

fig = figure()

ax = Axes3D(fig)

ax.plot_surface(X, Y, Z)

savefig (’3D.png’)

show ()

6.9 3apgaHunsa Ha nocTpoeHue rpacukos

g kaxkoro m3 3aJaHUil TaHHOTO pasjiesia CIeAyeT BLITOJHATL 1 BapuaHT C
HoMepoM (n — 1)%m + 1, rje n — HOMep B CIIMCKE TPYIIIBI, a M — YACIO 38 IaHNui.

Baganue 18 [Tocmpotme epaduru caedyrowur HUHKUUT, UCNOAL3YA Wa2 Gbl-

60opru 0aHHLLIE MO abcuucce us 3adarus 17:
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10.
11.
12.
13.
14.
15.

© »® N o o W

. 2% na orpeske z € [—2;2];

23 Ha orpeske x € [—2;2[;

x* na orpeske = € [—2;2];

cos(2mt) Ha orpeske t € [—10;10];

1 cos(2mt) ma orpeske ¢ € [1;10];

et cos(27t) ma orpeske t € [—10; 10];

4sin(wt + 7/8) — 1 na orpeske t € [—10;10];

2cos(t — 2) +sin(2 x t — 4) na orpeske t € [—207; 107];
In(x + 1) ma orpeske = € [0;e — 1];

log,(|x|) Ha orpeske x € [—4;4] 3a uckarouennem Toukn = 0;
27 Ha orpeske € [—2;2][;

e* Ha orpeske v € [—2;2];

27" ma orpeske T € [—2;2][;

¢z na orpeske = € [1;125];

J/x Ha orpeske x € [1;32].

Bamauume 19 Jlas nocmpoerto2o 6 pamkaxr dadaHus 18 2padura usmerume:

e ugem AUHU;

¢ MUN AUHUWU W MAPKEPOS;

e wae 8bOOPKU OWHHDBLY.

Hanee sgedume cemry. Coxparume noayuernviil 2padur 6 datin, onpodbytime
coxpansamsd Hatin 6 paznvie Gopmamax: png, pdf, jpg, eps.

Samaume 20 ITocmpotime cemeticemseo GUHKUUT HA 00HOM 2paduKre PasAutHbL-
MU UBEMAMU:

1.
2.

CTEeIeHHBIE MHOTOYJIEHBI C TIEJIBIMUA cTeneHsivMu oT 1 10 6 Ha otpeske [—1;1];

cuHycoupl Yy = sin(wt) ¢ gacroramun w = 27, w = 37, ..., W = 87 HA OTPE3Ke
te[-1;1];
cunycou bl y = sin(27t + ¢o) ¢ HavambabIMEu Qazamu ¢y = 0, o9 = 7/6, ...,

¢o = b7 /6 Ha orpeske t € [—1;1];
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4. smorapudmudeckue dyukimn logs (), In(x) u log,o(x) na orpeske x € [1;10];

5. runepbosmueckue Gynkuuu sh(z), ch(z) u th(z) va orpeske x € [—10; 10], s
UX BBIYUC/ICHUS BOCIOJIB3YyHTECh UX BLIPAXKEHUEM U€DPE3 HKCIIOHEHTY.

Bamauue 21 Jlas nocmpoernozo 6 3adanuu 20 2padura cdeaatime cemry w ae-
2endy. Ilepecmpotime 2paduru makr, 1mobduvL Kaotcdas KPUsas pacnoideaAdcb Ha
00HOM 2paure ¢ NOMOUBLIO Komandbl subplot, aeeendy yobepume, a eé mexem
nepemecmume 8 HadgaHue coomsememseyrowezo 2padura. I'paduru pacnono-
DHCUME HA TONOTIHE

e 8 00HU cmoabeu;

e 6 Jdsa CMMOAOUQ;

6 3 cmoabua;
® 8 00HY CMPOKY.

[Tepecmpotime epadPuru us 3adaHus kaxcoull 8 csoém okHe. Cdeaatime mak,
wmMobvL aMU 2paduri. A8MOMATMUMECKU, COTPAHAAUCH KaHcObLl 68 ce80l (Patin.

Baganue 22 [Tocmpotime ¥py208Yyto duapammy, KOMOpas nokasueaia v, 00-
au om 00we20 Hucaa cmydernmos awetl 2pynnbl, COABWUL CECCUID HA:

1. 00Hu naAMEpKru,

2. NAMEPKU U MemeeprU,

3. ¢ mpolkamu, Ho 6e3 sadosdtcHocmedt,

L. € 3A00AHCHOCTAMU, CYMEBWUT 6 UMOo2e Nepecoumsy,

5. HecoasWUT U OMUUCAEHHHLET (€CAU MAKUE UWMEIOMCER).

Bananue 23 [Tocmpotime 3aKPAWEHHYIO KOHMYPHYIO OUARLPAMMY U TPELMED-
Holl 2padhuk 0 caedyrowur GyHKUUl, 08YL MEePEMEHHLLL, ONPEIeAEHHBLIT 6
npamoyonvrol, obacemu z € [—3;3], y € [—3;3]:

Loz=a2 44
2. z=a%—1y?
3. z =243,
b z=a3 =3,
5. z=x22—y?> +u,
6. z=a%—y* +y,
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1. z=a+y% + =,
8. z=a?+y% +y,
9. z =sin(ay),

10. z = cos(zy),
11. z = tg(zy),

12. z = 2y,

13. z = x — sin(xy),
14. z = x + cos(zy),
15. 2z = /22 + 2.

[Tocmpoennwie epaduru corparume 6 @atiabe ¢ pacuuperuem png.
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bubnvoTtekn, BCTpoeHHble B nUMpPy

Wcropruyueckn numpy mmeeT B CBOEM cocTaBe 3 OMOJIMOTEKN YUCIEHHBIX METO-
J10B: linalg jrs 3aj1a4 JuHERHON anreOpsl, £t /s BoimosneHus 6oicTporo Pypbe-
npeobpa3oBanns U random Jjisi T€HEPAINN CJIyYailHbIX YUCEJ. XOTs OCHOBHBIM MO-
JIyJIeM JIJTsi HAy9IHBIX W WHYKEHEPHDBIX BBIUHUCJIEHUN CTaJl SCipy, IIOCTPOEHHBIN Ha Oa3e
numpy, HOJJIEPXKKA ITUX TPEX OMOIMOTEK COXpaHdAeTCd U3 COODpaKeHWil 0OpaTHOM
COBMECTHMOCTH CO CTapbiMu mporpamMmamu. OcBoeHne BO3MOYKHOCTEH 3TUX OHOIHO-
TEK T03BOJISET IMUCATH MHOTO IOJIE3HBIX MPUKJIAIHBIX ITPOTPAMM.

7.1 DnemeHTbl NNHeHOW anredpsl

Bubsimoreka linalg aéT BO3MOXKHOCTb BBIMUCJIATH OIPEIEIUTEN MATPHIL, Pe-
aTh CUCTEMBI JIMHEMHBIX YpPaBHEHUN M 3a/ady HaUMEHbIINX KBa/IPaTOB, IIPOU3BO-
autb QR u SVD pazioxkennsi. Bor npumep mpocToii mporpaMMbl, perarorieil CucreMmy
JINHEHHBIX YPABHEHUI C MOMOIIBIO (DYHKINUA Solve U BBIYUC/IAONIEN OIPEIe/InTe /b
MaTpHUIbl ¢ moMonbio dynknun det m3 linalg:

from numpy import *

A = array([[2, 3], [-1, 5]1)
b = array([-7, -161)

x = linalg.solve(A, D)

print (x)

D = linalg.det (A)

print (D)

PeSyJIbTaTBI eé pa6OTbI JICTKO IIPOBEPUTH BPYYHYIO U MOJYYIUTH UCKOMbIC DEIICHU:

(1. -3.]
13.0

Cunraxcuc dyukimit solve u det mpocToit u O‘IGBI/I,II;AHBII;'I I TeX, KTO IIPUBbIYEH
K 3alliCU CUCTEM ypaBHeHUi B MaTpu4Hoii popme Buja Ax = b. @yHkuus solve Tpe-
Gyer 2 napamerpa: Marpuily Koaddunuentos A u BEKTOp CBOOOIHBIX YIEHOB (IIpaBast
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9acTh cucTeMbl ypasHeHuit) b. Pesysbrar BeimosHerns GyHKIUMA — BEKTOP NCKOMBIX
3HaveHnit X. Pyukimst det Tpedyer OIUH apaMeTp — MaTPHUILY, OIIPeIe/InTe b KOTO-
poii cirenyer OTbICKATD.

Kpome ompenenurests mjist MaTpuil MOYKHO BBIYUC/IUTD COOCTBEHHBIC 3HAYCHUS U
cobcrBeHHbIE BeKTOPBI MaTpuilpl (linalg.eig(a)), a Takzke HOPMY BEKTODPA UJIU OIle-
paropa (linalg.norm(x[, ord, axis])). Vike peasn30BaHbBI BCE OCHOBHBIE METOJIBI
pa3JIoXKeHUsT MATPHUIL:

e inalg.cholesky(a) — pasioxenue Xojenkoro; linalg.qr(al, mode]) — QR
pasnoxkenne; linalg.svd(al, full_matrices, compute_uv]) — CHHTYJISID-
Hoe passiozkenmne; linalg.lstsq(a, b) — MeTO/ HANMEHBIINX KBAJIPATOB.

Ucrosib3yst BOSMOXKHOCTH BCTPOEHHON B MOJyJsib numpy Oubsuorekn linalg, mo-
npobyeM PeluTh MOIYISIPHYO 3a/ady allpOKCUMAIMA CTOK-3aTBOPHOIl XapaKTepu-
CTHKU II0JIEBOIO TPAH3UCTOPA MOJUHOMUAILHON (napaboioii) u KyCoOYHO-JIUHERHON
dyuknumeit. B mamroM ciydae, 07 anmpoKCcuMaIiyeil 0yaeM IOHUMATh 3aMeHy n3Me-
pPeHHbIX [ap 3HavYeHnil (HanpsikeHre, TOK) HEKOTOPOIO yHKIMEN ToK (HanpsaxeHue) .

ITpemooKum, 9To y HAC €CTh Pe3yJIbTAThl U3MEPEHUsT TOKA CTOKA i, (CIHCOK )
[IpY U3MEHEHUW Hanpskenusi Ha 3aTBope Usy (Maccus x). JlaHHAasi BOJIbT-aMIIepHAST
xapakrepucruka (BAX) nokazana na puc. 7.1. IIporpamma mig eé orobpazkenus Oy-
JeT UMETh CJIeIYIONNil BUI:

from numpy import *

from matplotlib.pyplot import x*
from matplotlib import rcParams
rcParams [’font.sans-serif’] = ’Liberation Sans’
x = arange(0, -4.5, -0.5)

y = [50, 35, 22, 11, 4, 0, 0, 0, O]
plot(x, y, ’0’, color=’grey’)

title (’CTox-3aTBOpHAs XapaKTEPUCTHKA ’ )
xlabel (r’$U_{31}, B$’, fontsize=18)
ylabel (r’$i_{c}, mxA$’, fontsize=18)
xlim (-5, 0.5)

ylim(-10, 60)

show ()

Kycouno-yimueiinas arnmnpokcumaiius 3amensier BAX TpaH3ucropa JAByMsi OTpe3-
KaMu:
P { oo + a1Uzy 1pu Usy > Ugre
.=

0 upu Usy < Ugre (7.1)

Ncnonb3ysi MeTos HanMeHbIINX KBajapaToB (lstsq) u QYHKIMIO MATPHUIHOIO
yMHOXKeHusI (dot), Ipou3BeIEM AlIPOKCUMAIINIO ITUX JBYX yuacTKoB BAX npsiMbiMu
muHusivu (puc. 7.2(a)). Pasmenum Bee mamepennst Ha jsa orpeska ot 0 B g0 —1.5 B
(b =0,e=4) mor =25 B 10 —4 B (b = 5; ¢ = 9). BoiBesiem 3HaYCHHS KO-
b OUINEHTOB AMIIPOKCUMAIINH, JIJIA 9€ro JOOABUM CJIEAYIOMNiT KO IePe BBIBOIOM
n3o0parkeHus Ha dKpaH (ynkei show():
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CTOK-3aTBOPHas XapakTepUCTVKa

-10
-5 -4 -3 -2 -1 0

Puc. 7.1. Crok-3aTBOpHas Xapakrepucrrka mnoJjesoro rpausucropa (BAX) — pesyib-
TaThl SKCIEPUMEHTA.

b=0; e=4; r=e-b

a=ones ((r, 2))

a [:, 1] = x[1:r+1]
result=1linalg.lstsq(a, yl[b:el)
yal=dot (a, result [0])

plot (x[b:el, yal, color=’black?’)
print (result [0])

b=5; e=9; r=e-b

a=ones ((r, 2))

a [:, 1] = x[1:r+1]
result=1linalg.1lstsq(a, yl[b:el)
yal=dot (a, result[0])

plot (x[b:el, yal, color=’black’)
print (result[0])

PezymbraTo:
[ 62. 26.]
[o0. o0.]

Dynknua 1stsq BO3BPAIAET KOPTEXK, HYJIEBOI JIEeMEHT KOTOPOro — Kodddunuen-
TBI MOJIE/IH, TIEPBBII 9JIEMEHT — CyMMa KBaJIPATOB OMIMOOK AIPOKCHMAIAN (PA3HHIL
MEZKJly PEaJbHBIMI U AIPOKCHMUPOBAHHBIME 3HAYMEHHUIMHE). Tenepb, MCIOIb3ys Te
Ke (DYHKIME 13 MOJLyJIsl NUmMpY, HPOM3BEIEM AIIPOKCUMAIMIO MOJIMHOMOM BTOPOTO
nopsika (7.2) pyst yaacrka ot 0 B 1o —3 B (b=0; e=7) (puc. 7.2(b)).

tc = ag + o Usp + OZQU:%H (7.2)

st mosyuenus napabosmyaeckoii anupoxkcumanmu (e, puc. 7.2(b)) myKHO 3ame-
HUTH KOJI U3 IPEIbLLYIIEro JIUCTUHTA, HA CJIE/Ly IOTIHii:
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0 CToK-3aTBOpHAsA XapakTepucTvka CToK-3aTBOpHAs xapakTepucTika

50 ° 50

40 40

30

Gy MKA

20

10 10

-10 -10
-5 -4 -3 -2 -1 0 -5 -4 -3 -2 -1 0

PI/IC. 72 Pa3JH/I‘{HBIe IIOJAXO/AbI K alllIPOKCUMaIIN BOHBT—al\lHepHOﬁ XapaKTEpUCTUKN
[0JIEBOrO Tpau3ucropa: (a) — Kycouno-jauneitnas, (b) — napabosuueckasi.

b=0; e=7; r=e-b

a=ones ((r, 3))

a [:, 1] x[1:r+1]

a [:, 2] = x[1:r+1]%%x2
result=1linalg.1lstsq(a, yl[b:el)
yal=dot (a, result[0])
plot(x[b:e], yal, color=’black’)
print (result [0])

Pezynbrat:

[ 69.71428571 41.38095238 6.0952381 ]

7.2 bBbicTpoe npeobpa3osaHne Pypbe

Bubmnoreka £ft mo3BossieT OGBICTPO U JIETKO JEJATH BCE BO3MOXKHBIE BAPUAHTHI
peobpazosanus Pypwe Ha | MaccuBamu. Muorne peasnusarun rpeobpazosanust Dy-
pbe JI0 CHX TIOp IOJIEPIKUBAIOT TOJBKO Maccubbl aymHo0 B 2V 3mavenuit, rme N —
1eJI0e 9nCJI0, HHAYe MACCUB JINOO 00pe3aeTcs 70 OJmKaifieil CTeneHn qBOWKM, JIHOO
ymHsgeTcs HyjaaMu win nepuogndeckn. Oynxnun 6ubaunorekn £t moaaepRuBaoT
JIJIMHBI MACCHBOB, SIBJISIONINECH CTEIeHAME 2, 3, 5 1 7 WK IPOU3BOJILHBIMHU UX IIPO-
nsBepeHusMnu. Cambie BocTpebOBaHHbBIE MeToibl Ombamorekn fft — rttf m irfft
MMO3BOJISIIOT ITpou3BecTH mpsiMoe Pypre-ipeobpasoBanue HaJL JefiCTBUTEIbHO3SHATHbBI-
MU gaHHBIME 1 0OpaTHOe Dypbe-Tipeobpa3oBaHue HaJl KOMILIEKCHBIMU JTAHHBIMU, J1JTsT
KOTOPBIX TIOJIOBUHA 3HAYEHUI ABJISETCs KOMILIEKCHO-CONPS?KEHHBIMU, IIPUIEM COTIPS-
JKEHHbIE 3HAYEHNS He BKITIOUAIOTCS B 00pabaThbiBaeMblit MaccuB. Jlasiee mpuseém mpu-
Mep pacuéra Oypbe-rpeodpa3oBanus CUHYCOU B
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from numpy import *

t = arange(O0, 1, 0.1)
X sin (2*pix*t)

fx = fft.rfft(x)
print (£fx)

Kak u mosioxkeno nHopmasibuoit cunycongse, Pypbe-o6pa3 KOTOPOH paccauTaH Ha Iie-
JIOM YHCJIe TEPUOJOB, HAIlla MMeeT TOJBKO OJIHY CYIIECTBEHHO OTJIUYHYIO OT HYJIsl
KOMIIOHEHTY:

[ -3.33066907e-16 +0.00000000e+00j -1.72084569e-15
-5.00000000e+00j 7.35173425e-16 +4.55540506e-16]
-6.24151122e-16 -1.76490554e-15j 1.83186799%e-15
+4.44089210e-16j -1.11022302e-16 +0.00000000e+00j]

Bee ocrasbHbIe 3HaMenns mopaaxa 107 uam emé MeHbIIe ciemyer Mpu3HaTh HyIsaMI
€ TOYHOCTHIO BBIYUCJICHUIA.

Yacro Tpebyercst MOCTPOUTH CIIEKTP MOITHOCTH WU AMIUIATYIHBIA CIIEKTD CHI-
nasia. C TOMOIIBIO numpy 3Ta 3a/a4a JIErKo perraercs. 1Ipore Bcero mocTpouTs Tak
HA3bIBAEMYIO Nepuodozpammy — HEYCPETHEHHYIO OICHKY CIIEKTPa 110 OJIHON peasin3a-
nuun. [lj1st moyaennst IepuoorpaMMbl MOIITHOCTH JIOCTATOYHO B3ATh KBAIPAT MOILYJIsT
®ypre-obpaza. YToOBI MOITHOCTH COOTBETCTBOBAJIA KOI(DDUIMEHTAM DU FAPMOHU-
Kax B UCXOJIHOM CHUTHAJIE, HY?KHO y9IeCTh HOPMHUPOBKY. [1esto B ToM, 9T0 GOJIBITHHCTBO
oubmoreunbIx pyuxiuit Pypbe-1peodbpa3zoBaHus TPOU3BOAAT HEOOXOTUMOE JIJIsT aJl-
ropuT™Ma CyMMHUPOBAHHE, HO HE HOPMHUPYIOT PE3yJIbTaT, HMOCKOJIbKY B psijie CIyda-
eB (Hanpumep, Ipu peajusanuu npeodpazosanus [mwinbepra, 1 buIbTpanum, s
pacuéra bYHKIUHA KOMEPEHTHOCTH) 9TO U3JIUIIHE, 8 BLIYUCIUTEIbHBIE PECYDPChl KO-
HoMsaTcs. [losToMy HOPMUPOBKY HEOOXOMMO TPOU3BECTH BPYUHYTO. s peanusarym
Oypbe-peobpazoBaHis B nUmMpy HeoOXonMash HOPMUPOBKA — IIOJOBUHA JIJINHBI UC-
XOJHOrO psifa. ljist Hava a MOYKHO ITOCTPOUTH AMILIUTY/IHBINA CIEKTP MOHOTapPMOHU-
Jyeckoro curraa (puc. 7.3(a)):

from numpy import *

from matplotlib.pyplot import =*

rcParams [’font.sans-serif’]=[’Liberation Sans’]
dt = 0.1

t = arange (0, 100, dt)

x = 2.5xsin (2*pix*t)

fx fft.rfft(x) / (len(x)/2) # HopMUpOBKA HAa IIOJIOBUHY IJIWHH psAa
fn 1/(2*%dt) # wacrora HalikBuCTa

freq = linspace (0, fn, len(fx)) # mMaccuB WwacToT
plot(freq, abs(fx), color=’black’)

title (’AMmuTyzmHbE CrexTp’)

xlabel (’YacTora, Im’);

ylabel ( ’Hampsixenue, B’)

ylim ([0, 3])
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AMNNNTYAHBIA cnekTp Cnektp

Hanpsxenve, B
o
>

MouwHocTs curHana, B
IS

1 2 3 4 5 0 1 2 3 4 5
Uacrora, My Uacrora, iy

(a) (b)

Puc. 7.3. AMIUIHTY/IHBIH CHEKTP MOHOTAPMOHUYECKOTO CUTHAJA — (&) M CIIEKTP MOIII-
HocTH GurapMoHuIecKoro curnasia — (b).

savefig (’FFT.png’)
show ()

3nech gacrora HafikBucra — MakcHMaIbHO paspernMast 9acToTa B CIEKTPe, PaBHas
[IOJIOBUHE YACTOTHI BBIOOPKH. UTOOLI TIOCTPOUTDH CHEKTP, HY?KHO PACCIYUTATH MACCUB
9aCTOT, JIJIsI KOTOPBIX ¢ HOMOIIBI0 ITpeobpasoBanns Pypbe MOy dIeHbl 3HAYCHUS aM-
IUTUTY/J], TADMOHHK. DTO HECJIOZKHO CJIEJIATh C TOMOIIBIO (DYHKINN linspace u3 numpy,
€CJIM y9ecTh, 9TO MUHUMAaJbHas dacToTa paBHa (0, MakcuMajbHas — dactora Haiik-
BHCTA, & YHCJIO YACTOT PABHO UHCJIY AMILIATY/I.

Ecmm yymoxknTs Pyphe 06pas3 CHHYCOIIB Ha, €%, a 3aTeM caeraTh oOpaTHoe mpe-
obpazoBanue, MOJYIUTCS CUTHAJ, CABUHYTHINH 10 (ha3e OTHOCUTEHHO UCXOHOIO Ha
. Haime Bcero okasplBaeTCsl HY:KHO CABHHYTH curHaJ Ha /2 wiun —m/2. Ilo mpa-
sty Ditepa e~ "/? = cos(—n/2) + isin(—7/2) = —i, T0 ecTb MbI cABHHYIH basy
CHUHYCOU/IBI HA U MOJIYyIHJIA BMECTO CHHYCA MUHYC KOCHHYC:

fy = fx*x-1j

y = fft.irfft (fy)
print (y)

Brio:

[-1. -0.80901699 -0.30901699 0.30901699
0.80901699 1. 0.80901699 0.30901699 -0.30901699 -0.80901699]

OauHOKas CHHYCOUA €AMHUYHON aMIUITY/(bl — He OYeHb WHTEPECHBIl HpuMep.
Paccanraem u nocrpoum rpaduk GUrapMOHUIECKOTO CUTHAJA, COCTOAIIETO U3 JIBYX
cuHyconst pasHbix ammumTys (puc. 7.3(b)):

from numpy import *
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t = arange (0, 2, 0.1)

X 2%sin (2*pi*t) + 3*cos(pix*t)

Px = abs(fft.rfft(x)/(0.5%xlen(t))) **2
print (Px)

Tlonygaem koadbdunment 9 mpu 2 djaeHe, ITO COOTBETCTBYET KBaJIPATY AMILIATYIbI
KocuHyca, n 4 mpu TPeTbeM — KBaJIPAT aMIUIUTY/Ibl CHHYCA, OCTAJbHBIE KO3bdum-
€HTbl — HYJIU:

[1.97215226e-33  9.00000000e+00  4.00000000e+00  7.29696337e-31
2.30741815e-31 1.28189897e-31 1.04524070e-31  3.82597539e-31
3.86541844e-31 1.28189897e-31 1.97215226e-33]

CTpOI/II\J CIIEKTP MOIITHOCTH, YBEJIUYIUB JJINHY Ds/Ia:

from numpy import *

from matplotlib.pyplot import =x*
rcParams[’font.sans-serif’]=[’Liberation_Sans’]
dt = 0.1

t = arange (0, 100, dt)

x = 2%sin(2*pix*t) + 3*cos(pix*t)

Px = abs(fft.rfft(x)/(0.5%1len(t)))**2

fn = 1/(2*xdt)

plot(linspace (0, fn, len(Px)), Px, color=’black’)
title (’CunerTp MomEOCTH’)

xlabel (’YacToTa, Inm’);

ylabel (r’MomrocTs curxama, B$~2$°)

ylim ([0, 101)

show ()

7.3 TleHepauunsa cnyyaiiHbix 4Yucen

Kpowme cranapraoro mojysst random ectb 6ubmoTeka random u3 MOyl nUmMpPY,
KOTOpasl MO3BOJISIET TeHEPUPOBATH IICEBJIOC/IY YailHbIe UNC/IA C CAMBIMEI PA3IUIHBIMI
pacupeneenusiMu. CaMbIMU PACIIPOCTPAHEHHBIMU SIBJISIIOTCST PABHOMEPHOE, KOTOPO-
My cooTBeTcTByeT (yHKIUs uniform, u HOpMaabHoe — dyHKIus normal. Obe sTu
BYHKIMT UMEIOT OJIMHAKOBBIN CHHTAKCUC: CHAYAJa WJIYyT MapaMeTphbl pacipe/e/IeHus,
[IOTOM — YHCJIO 3HAYEHUI, KOTOPOe HY>KHO CreHeprupoBaTh. ECiu 310 9ucio He yka-
3aTh, HOJYIUTCs HE MACCHUB, & OJIHO CJIydaifHoe anciio. J1jisi paBHOMEPHOIO pacipe/ie-
JIeHWsI Ha OTpe3Ke [a; b] mapaMerpamu siBJISIFOTCS BEJIMYUHBL @ U b, JJIsi HOPMAJIBLHOIO
CO CPeIHHM [t U JHUCIepcueil 02 — BeJTMTHHEI L U 0.

from numpy import x*

x = random.uniform(-2, 1, 10)
print (x)

y = random.normal(5, 0.5, 10)
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print (y)
BoiBom mporpaMmbr:

[-0.41038517 0.33622363 -0.24998561 0.58409914 0.96982331
-1.11356063 -0.43092171 -0.92418957 -0.49456604 -0.61474565]
[ 4.89630265 3.68213872 4.97692322 4.4682948 5.19711419
4.87308781 5.51078962 5.68588492 4.65777752 5.66324449]

Kpowme reneparn HEIPepPbIBHO PACIPE/IEIEHHBIX drces bubimoTeka random moJ-
JIEP’KUBAET TaKzKe MHOYKECTBO JUCKPETHBIX pacupe/fesenuii. Camoe mpocToe — paBHO-
MEpPHOEe JIMCKPETHOE, KOI'/Ia BEPOSITHOCTH BCEX COOBITHII PABHBI, 3a/Ia€TCs C TIOMOIIBIO
dyuKnnn randint:

from numpy import *

x = random.randint (-10, 10, 10)
print (x)

y = random.permutation (x)

print (y)

Cunrakcuc randint OJIHOCTBIO MOBTOPsieT TakoBoil y uniform. B mpusenén-
HOM [IPHUMEpE HUCIOJb30BaHA €IE OJHA BeChbMa I0JIe3HAas Ha IMPAKTUKE (QYHKIIHs
permutation. OHa cjIydaifHO TacyeT 3JeMEHThI MACCHBA, HO HE MEHSIET OPUTMHAJIb-
HBbI MacCUB, KaK 9TO BHJAHO U3 CpaBHEHUS IIEPBOU M BTOPON CTPOK BBIBOJA IIpUBE-
JIEHHON ITPOTrPaMMBbI, & BMECTO 3TOT'O CO3/Ia€T HOBBIA:

[-9 -1 -7 2 8-8-4 5-9 5]
[-9-9 2-4 5-7-1 5 8-8]

B zaksmouenune pasjesia XoTeaoch Obl CKa3aTh, 9TO numpy obJajgaeT ropasio 60-
Jiee MOIIHBIMUA ¥ THOKUMU BO3MOXKHOCTSIME, Y€M ITO MOYKHO MPOWLIIOCTPUPOBATH B
paMKax IPUBEIEHHOIO KPATKOTO O3HAKOMUTEIHLHOrO Kypca. Ho kpacora numpy u ero

y,ILO6CTBO CTaHOBATCA OYE€BUIHBIMU TOJIBKO II0 Me€pe€ MCIIOJIb30BaHUA.

7.4 [lpumepbl peweHnsa 3agaHni

ITpumep 3amaum 22 (Onpenenurens marpunsl) Hatidume onpedesuments ma-
mpuupt. Mampuuy 8o3bmume us mekemosozo Hatiag, co30aHH020 NPU SHINLOA-
neruw sadarus Nels.

Penienne zanaunm 22

from numpy import *
M = loadtxt (’Matrix.txt’)
print (linalg.det (M))
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ITpumep 3amaun 23 (Cucrema guHeWHBIX ypaBHeHHUi) Pewume cuememy au-
HEWHDBLL YpasHerull, mampuuy voadhuuuernmos u cmoade, ce0600HbLLL UACHOS
npouumatime us mekcmosux Patinog, cozdarnvir 8 sadaruu Ne15. Sanuwume
8 HO08bLT Meremosbith Patin NOAYULEHHDLE KOPHU.

Penienune zanaunm 23

from numpy import *

M = loadtxt(’Matrix.txt?’)
V = loadtxt(’Vector.txt’)
print(linalg.solve(M, V))

ITpumep 3amaun 24 (Anmpokcumarnus napa6osor) Ceenepupytime napabo-
My = 22 — 2 — 6 na ompeaxe [—6;6]. IIpubaebme % Hell Geavlit wym ¢ na-
pamempamu (0;2). Annpoxcumupytime e noauwromom emopoti ecmenenu. Oue-
nume owubry annporcumauuu. [Tocmpotme epadur (puc. 7(a)).

Penienune zanaun 24

from numpy import *
from matplotlib.pyplot import =x*

x = arange(-6, 6, 0.1) # nuamasox

y = x**2 - x - 6 # mnapaboma

r = random.normal (0, 2, len(x)) # 6emsii myMm
z =y +r

a = omnes((len(x), 3))

al:, 1] = x

al:, 2] = x*xx2

result = linalg.lstsq(a, z)

za = dot(a, result[0]) # ammporcuMupyomas KpuBas
plot(x, z, ’0’, color=’red’)

plot(x, za, color=’blue’)

print(result [1]/len(x)) # ommbra anmpoKCUMAIUA
show ()

3Hauenne ommoOKU AIIMIPOKCUMAIIUU JTOJIZKHO OBLITH IIopdiKa KBaJipaTa CTaHIapT-
HOr'0O OTKJIOHCHUA IITyMa.

IIpumep 3agauu 25 (ITorpemrnocru annpokcumarmu) Ceenepupytime 3 psi-
00 Y, KAk MO ONUCAHO 6 NPedbldyuwem 3a0aHUWL, NYCMb PA0bl OMAUMAIOMCS
pearusauuamu wyma. JIas xkaotcdozo © marum obpazom 6ydem docmynto no 3
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snarerus y. ITo amum snateruam paccuumatime 0as kaoicdo20 T cpedhee 3Ha-
venue § U cpedHersadpamunHoe omraoHerue om cpednezo o,. C ucnoavsosa-
HUEM TLOAYUEHHBLE PAdos u nocmpotime 2paduk nozpewrocmedl pe3yibmamos
(errorbar) (puc. 7(b)).

Pemnenue zagaun 25

from numpy import *
from matplotlib.pyplot import x*
x = arange(-6, 6, 0.1)

y = xX**2-x-6

r = random.normal (0, 2, len(x))
yil =y +r

r = random.normal (0, 2, len(x))
y2 =y +r

r = random.normal (0, 2, len(x))
y3 =y +r

y = column_stack([yl, y2, y3])
errorbar (x, mean(y, axis=1), yerr=[std(y, axis=1),
std(y, axis=1)], marker=’.’, color = ’green’,
ecolor=’blue’)
savefig (’plot.png’)
show ()

ITpumep 3amaun 26 (T'enepanmst maccuBoB ciydailHbix yucesn) Ceenepupytime
CAYHATHDLE 8EKMOPDLL U3 1 0LTULCMBUMENABHBLL 3HAULEHUT € PASHOMEPHBLM U HOP-
MANABHOLM PACTPEIENCHUEM, A TNAKICE U3 7 ULABLL WUCEN.

Pemnenue zagaun 26

n = int (input ( ’BBemuTe KoIMYeCcTBO 3HadYeHUi: ’))

a = input (’BBezuTe Ouana3oH PaBHOMEPHOTO pacmpezeneHus: ’).split ()

x = random.uniform(float(al[0]), float(al[1]l), n)

print (x)

b = input (’BBemuTe mapaMeTpH HOPMAaJLHOTO pacupemerneHusa: ’).split ()

y = random.normal (float(b[0]), float(b[1])**0.5, n)

print (y)

¢ = input (’BBezuTe awamasoH OiA SUCKPETHOTO paclpeferneHusa: ’).split ()
z = random.randint (int (c[0]), int(c[1]), n)

print (z)

Bo3MOXKHBIIT BBIBOJL IPOrPaMMBI (IIPU KazKI0M 3aIyCKe OyLyT PasiIndHble CITydaiiHble
qncsa):
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BBenmuTe KoNMYeCTBO 3HadYeHW#: 8

BBemuTe nuamasoH paBHOMEPHOTO pacmpezenenusa: 1 10
[ 4.59727241 5.25897018 7.05872105 6.53497311
2.79842143 6.9183058 5.47890825 8.6876828 ]
BBemuTe mapaMeTph HOPMaJIbHOTI'O paclpemeleHus: 3 9

[ 9.2115671 2.97903395 2.91634906 3.67303643
0.29596935 6.45306148 3.50505498 3.44637582]
BBemuTe OuamnasoH AUCKpPETHOTO pacunpegenenus: -10 10
[7 2-2-2 6 -8 3 1]

Yr100bI BBOIUTH Cpa3y HECKOJBKO 3HAYEHUI C KJIaBUATYPHI, B JAHHOM IIpUMepe ObLI
HCIIOJIB30BAH MeTOoJ split, pasjensdionuii cTpoKy Ha ToJCTpoku. Ilpm BbITOTHE-
HAU 33J[@Hdsi MOXKHO IIPOCTO KAXKJIbIil HEOOXOIMMBIH IapaMeTp CYUTHIBATH HOBBIM
input Q).

IIpumep 3anauu 27 (Curyuaiinbie nepecranoBku) Ceenepupylime maccus-e-
cenry oaunwvt n. Cayuatino nepemewatime e2o. Ha akpan svieedume usHaaib-
RO W Mepemeartibll,. MaccusbL.

Peinenue zagaun 27

from numpy import *

n = int (input (’Pasmep mMaccuBa: ’))
x = arange(n, 0, -1)

print (x)

y = random.permutation (x)

print (y)

Bo3MOXKHBIH BBIBOJL IPOrpaMMBbl (TPeThsi CTPOKa Oy/IeT MEHSIThCS OT 3allyCKa K 3a-
yCKY):

Pasmep mMaccmsa: 10
[10 9 8 7 6 5 4 3 2 1]
[7 5 6 1 2 810 4 3 9]

IIpumep 3amaum 28 (Ilepuomorpamma cuayca) Paccuumatime uw nocmpotime
nepuodoepammy 0ai Gyrkuuu sin(z) na ompeske x € [m; 7.

Pemenne 3amaum 28 Pesynbrar MOXKHO yBuzeTh Ha puc. 8(a). I'pybocts rpaduka
00yCJIOBJIEHA MaJIbIM OOBEMOM JIAHHBIX.

from numpy import x*

from matplotlib.pyplot import =
t = arange(-pi, pi, pi/12)

x = sin(2*pix*t)
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Px = abs(fft.rfft(x)/(0.5xlen(t)))**2
fn 1/(2%pi/12)

freq = linspace(0, fn, len(Px))
grid(True); plot(freq, Px, color=’red’)
show ()

IIpumep 3agauu 29 (Cuoxkubriii mrym) Ceenepupyiime cayuatinolt. npouece,
npedemagastowuit. cob010 CYymMMYy PABHOMEPHO PACIPEIEAEHHBLL HA OMpe3ke
[—10;10] Ay atiHLLE BEAUMUH U HOPMAABHO PACNPEIEAEHHDBLL CAYHATHBLLIL Se-
aumun ¢ napamempamu (0;1), daunoro 6 10000 anaveruti. IToempotime 2ucmo-
2PAMMY €20 PACNPEOeNeHU.

Pewenne 3amaun 29 BosMoxKHbiil pesysbrar MOKHO yBugeTh Ha puc. 8(b). Or 3a-
ycKa K 3allyCKy KapTHHKa Oy/eT HECKOJbKO BAPbUPOBATD.

from numpy import *
from matplotlib.pyplot import =*

n = 10000

x = random.uniform(-10, 10, n)
y = random.normal(0, 1, n)

z =x +y

hist(z, bins=100, normed=True, color=’green’)
show ()

7.5 3apaHusA HAa UCNONb30BaHME BCTPOEHHbIX OMONMOTEK numpy

Jlis 3amanuii, comepKamux 6oJbioe d4ucjio Bapuantos (0T 4 u GoJsee) creyer
BoinoHuTh 1 Bapuant ¢ omepom (n — 1)%m + 1, rje n — HOMEp B CIUCKE I'PYIIIILI,
a m — YHCJIO0 3aJaHHIA.

Samaume 24 Hatidume onpedeaumens mampuupt. Mampuwy e6o3bmume u3
mexemosoe2o MHating, co30aHH020 paHee, AUOO0 Y NPenodasamen.

3ananue 25 Pewume cucmemy auretinoie ypasreruti. Mampuuy woadhuuu-
eHMO8 U cMoadel, c8060OHBLL MALHO8 NPOUUMATIME U3 MEKCMOosblr Hallnos
€c030aHHBLT paree. 3anuwume 6 HO8bll MekeMOo8bLlh PATLA MOAYUEHHBLE KOPHU.

Saganme 26 Ceenepupytime HabOp 3HAUEHUT 3a0AHHOT OUHKWUL € WYMOM.
Annpoxcumupytime e2o noauromom emopott cmeneru. Ouernume owudbry an-
npokcumayuw. [Toempotime epadur. Pyrnruuu:

1. mapabona y = 22 —x — 6 Ha orpeske [—4; 4] ¢ GeBIM IIIyMOM, PACTIPEIETEHHBIM
[0 HOpMAJIbHOMY 3akoHy ¢ napamerpamu (0;1);
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. mapabousa y = 22 — x — 6 Ha orpeske [—4; 4] ¢ GeJBIM IIyMOM, PACIIPeIeTEHHBIM

[0 PAaBHOMEPHOMY 3aKOHYy Ha orpeske [—10;10];

. mapabousa y = 22 —x — 6 Ha orpeske [—4; 4] ¢ GeJBIM ITyMOM, PACIIPeIeTEHHBIM

1o 3akony x? (random.chisquare) ¢ mapamerpamu (6;n), ryie 6 — KoJaMIecTBO
cremeneil cBOGOMBI MIyMa, a n — JUIMHA PAJA Y;

napabosa y = 52 —4x+1 ma orpeske [—6; 6] ¢ GesTbIM MIyMOM, pacpe e/ IEHHBIM
[0 HOpMAaJIbHOMY 3akoHy ¢ mapamerpamu (0;3);

napabosa y = 52 —4x+1 na orpeske [—6; 6] ¢ GestbIM IyMOM, pacpeIe/IEHHbIM
[0 PABHOMEPHOMY 3aKOHYy Ha orpeske [—1;1];

napabosa y = 5z2 —4x+1 na orpeske [—6; 6] ¢ GestbIM MIyMOM, pacipeieIEHHbIM
1o 3akony x? (random.chisquare) ¢ napamerpamu (6;n), rje 6 — KOJIUUECTBO
cTereHeit cBo6ObI IIyMa, a n — JUIHHA DAl Y,

nmapabosa y = x2 + 5 na orpeske [—10;10] ¢ 6esbIM ITyMOM, pacIpe/IeTéHHbIM
10 HOpMaJIbHOMY 3akony ¢ mapamerpamu (0;1);

. mapabosa y = 2 + 5 na orpeske [—10;10] ¢ 6esbIM TITyMOM, pacIpeIeéHHbIM

1[I0 PABHOMEPHOMY 3aKOHY Ha orpeske [—10;10].

Baganue 27 Ceenepupylime 5 psados y, KAK 9MO ONUCAHO 8 NPpedbldyuwem 3a0a-
HUW, NYCMB PAOHL OMAUMAOMEA PEAAUSAUUAMU WYMa. Tas kaotcdozo £ marum
obpasom 6ydem docmynHo no 5 snaverutt y. Ilo amum sHaverusMm paccuumati-
me OAf Kaotcdo2o T coomeememeyouwee emy cpedHee 3HAUeHUe 3§ U cpedHe-
KEAOPAMUMUHOE OMKAOHEHUE 0OM cPedHez0 gy. C Ucnoab308aHUem NOAYHEHHDLE
pados F(x) u oy(x) nocmpotime 2padur CPeOHUL € NAGHKAMUL NOZPewHocmed.
(errorbar).

Bamaume 28 Ceenepupytime cayuativovle sexmopo, us 10, 30 uw 200 3Hnaverui:

1.
2.
3.

€ PABHOMEPHBLM pacnpedeneruem na ompeake [—0.5;0.5];
€ HOPMAALHOLM pacnpedeseruem ¢ napamempamu =1, o = 0.5;

us ueavir wucen 6 duanasowne [0; 10].

Bamauume 29 Ceenepupytime U CAYUATHO Mepemewatime:

1.
2.

Maccus-0uana3on, nokpusatrowul noayunmepsan [0;10) ¢ wazom 0.5;
Maccu8-0uana3or ua ueave wucen om 0 do 19;
Mmaccus us 10 wucen, nepevie 5 U3 KOmMmopsvlet HYAU, 8MOpble 5 — eduHWUDL;

maccus 0aurse 10, 8 KOMOpPoM USHAMAABHO 6 HAMAAE U 8 KOHUE ObLAO0 NO
2 mpotiku. A cepedune — MAMEPKU;
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5. Mmaccus u3d 4 Hyaet, 4 edunuuy, u 4 080ex;
6. maccus u3 15 nyaett u 1 eduruupl;

7. maccus-nupamudy daunst 11 us ueavie wucen, 20e cpedHee WucAo — CaMoe
6oavwoe, cmosawue padom ¢ HUM Ha 1 menvuwe, caedyrouwue no ovepeo
om cepedurdv, ewé Ha 1 MeHvwe U m. d., 3HAUEHUE CPeOHE20 “UCAN 30-
datime camu;

8. maccus, noAyHueHHsvlll 8 pesyabmame MadysuposaHUs CuHycoudbL.

Buisedume Ha aKpaH CHAMAAL HEUSMEHEHHDLLTL MACCUS, TOMOM — NEePeMEULLH-
HOU.

3amaume 30 Paccruumatime u nocmpotime nepuodo2pammy — OUEHKY CNekmpa,
MOWMHOCMAUL:

1. cuenana y(x), noaywennozo no gopmyae 4sin(rx + 7/8) — 1 na ompeske
[—10;10] ¢ wazom 0.05;

2. cuenana y(z), noayuennozo no dopmyae 2 cos(z — 2) + sin(2x — 4), na om-
peaxe [—20m; 107] ¢ waeom m/20;

3. HOPMAABHOZ20 WYMEA, NAPLMEMPHL 8LLOEPUME CAMU;

4. PABHOMEPHO20 WYMA, NAPAMEMPHL 8LLOEPUME CAMU.

Bamaume 31 Ceenepupytime cayuatiiuil, npouece daunoro 6 10000 snaveruil w
NOCMPOTME 2UCTMOPAMMY €20 pacnpedeserHus 0As CAeOYUWUT PAd0s:

1. paBuomepmsbiit mym ¢ napamerpamu (0,1);
paBHOMEpHbIiT myM ¢ napamerpamu (—4, 10);

paBHOMepHBIH 1ryM ¢ mapamerpamu (0.5,0.6);

= W N

PABHOMEpHBI 1IyM ¢ napamerpamu (—a,a), TAe ¢ — Caydaiinoe paBHOMEPHO
pacupeesiénnoe ancyo u3 auanazona [0; 1];

5. PABHOMEDHBIH IIyM ¢ mapamerpamu (—a,2a), T1e ¢ — CJIydaiiHoe pABHOMEPHO
pacupeaesénaoe uncsio u3 auanasona [1; 10];

HOpMaJIbHBIH (TayccoB) mym co crangapTHbiMu napaverpami: (0, 1);
HOPMaJIbHBII IryM ¢ mapamerpamu (—2,0.25);

HOPMaJIbHBII IryM ¢ mapamerpamu (1,2.5);

© ® N e

HOPMAJILHBII MIyM C HYJIEBBIM CPEJIHHM U CPeIHeKBaJPATHIHBIM OTKJIOHCHHIEM
0, TJie 0 — YHUCII0, PABHOMEDHO pacipe/eséntoe B quanasone [0;1];
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10.

11.

12.

13.

14.

15.

HOPMAJIbHBIN TIIyM C IapaMeTpaMu [, 0, TJIe (4 €CTh HOPMAaJIbHO PaCIpe/IeIEH-
HOe IHCJI0 €O craHgapTHeiMEU napaMerpamu (0,1), a ¢ — Uncia0, paBHOMEPHO
pacupejesiéHHoe B puanasore [1,10];

IIPOIECC, MPEICTABISIONINN COO0I0 CyMMY JBYX HE3aBUCHMBIX BEJIMIUH, PACIIPE-
JIeJIEHHBIX PABHOMEPHO Ha unrepsaJe [—1;1];

MIPOIECC, TIPECTABIIAIONIHUI COB0I0 CyMMy 3 HE3aBUCUMBIX BEJTMUNH, PABHOMEPHO
pacipeeJeHHbIX Ha unrepsase [—1; 1];

IIPOTIECC, IPEJICTABISIONIII COD0I0 CyMMY JIBYX HOPMAJIBHO PACIIPEIEIEHHBIX
CJIyYJaiHbIX BeJIMYNH C €IMHUYHOIO JUCIIepCueil, IepBoe U3 KOTOPbIX UMeeT Cpe/l-
Hee —e, a BTOPOE UMeeT CpeJIHeE €;

[POIIECC, IPEJICTABIISIONIIN oGO0 cyMMy GoutbIioro uucsa (Hanpumep, 30) pas-
HOMEPHO pacupeeaéHHbIx Ha orpeske [—0.1;0.1] ciayvaiinbix Bendn;

[POIIECC, IIPEJICTABIISTIONIIN COBOI0 CyMMy G0JIbIIOro Yncia (Hanpumep, 30) HOp-
MAaJIBHO PACHPEIETEHHBIX CYyIaHbIX BeaudnH ¢ napamerpamu i = 0, o = 0.1.
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Puc. 2. [Ipumep mocTpoenust HECKOJIBKUX IPAMDUKOB HA OJTHOM IIOJIOTHE.



(b)

Ruby

Python

Puc. 3. IIpumep cronbuosoii (a) n kpyroeoii (b) amarpamm.
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Puc. 4. TIpumep nocTpoeHns KOHTYPHBIX JuarpamM: (&) — UCIoJib30Banbl juaud, (b)

— HCIIOJIb30BaHa 3aJIUBKa.
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(a) (b)

Puc. 5. 3D-kapxkac (a) u 3D-nosepxuocts (b).

Puc. 6. Nnmoctpanus k 3agade 21.



Puc. 7. Wumocrpanun k 3agadam 24 — (a) u 25 — (b). Ha puc. (a) npencrasiena 3a-
BUCHMOCTD y; = 77 — 2; — 6 +&; (cepble Toukm), r/1e & — HOPMAJIBLHO PACTIPE/IeTEHHBIE
cayvaitapie gncsia (yM) ¢ HyJEBBIM CPEHUM U CPEIHEKBAJIPATHIHBIM OTKJIOHEHY-
eM 2, u eé annpokcuMupyiomas GyHKIms (YEpHas KpuBas), PACCINTAHHAA METOJIOM
nanMenbux kpajparos. Ha puc. (b) — saBucumocts (yi())y_; o3 ¢ Pasbpocom
omubOK, MOCTPOEHHAS 10 3 dKCIepuMenTaMm (k — HOMEp 9KCIEPHMEHTA), MCXOIHA
3aBUCHMOCTD CTeHepHpOBaHa 110 dbopMye y; = 2 — x; — 6+ &;, TpuaénM 171 KazK10ro
9KCIIEPUMEHTA PEATH3AIHs IIyMa & CBOSL.
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Puc. 8. CeKTp MONIHOCTH CHHYCOMJIBI, MOCTPOEHHBINA M0 1 MEepHOJy NpH Imare Bbl-
G6opku /12 — (a) u ruCTOrpaMMa CJIOXKHOTO (CyMMBI PABHOMEPHOI'O U HOPMAJILHOTO)
pacnpesnenenust — (b).





