MunucTtepcTBO 00pa3oBaHus 1 Hayku Poccuiickoii @enepanmn
Spocnasckuii rocygapcreenHslii yausepeuret uM. I1. I'. Jlemunosa
Kadenpa komnploTepHBIX ceTel

Nudpopmaruka
3ananus 1J14 Ja00paTopHbIX padoT

Ilpakmuxym

Spocnasib
Apl'yY
2017



VK 004:378.147.88(076.5)
BBK 3973.2473
n74

Pexomenoosano
Peoaxyuonno-uzoamenbckum cogemom yHusepcumema
6 kawecmee yueonoeo uzdanus. [lnan 2017 2o00a.

Peuensent
kadepa KOMIBIOTEPHBIX CETEH
SpocnaBckoro rocygapcrseHHoro ynusepeurera uM. 11. I'. Jlemunosa

CocTraBuTeNb
M. B. KpacHos

HNudopmartuka : 3aganus 1Jis1 1a00pPaTOPHBIX PadoT :
W74 ppaktukym / coct. M. B. Kpacuos ; fpocn. roc. yH-T
mM. I1. I'. lemunoBa. — Spocnasns : SApl'Y, 2017. — 72 c.

OCHOBHOE HCHOJB30BAHUE BBIYHCIUTENILHON TEXHUKU
CBs13aHO ¢ 00paboTkoit mHbopManuu. B HacTosmieit padore
paccMaTpUBAIOTCST BOTIPOCH OCTPOCHUS TIPOTPAMM Ha SI3bIKE
Python. ITocobue mpemHasHaueHo aiis OakajgaBpOB M Maru-
CTpOB, oOyJaronuxcs 1Mo Kypey «Muadpopmatuka.

VK 004:378.147.88(076.5)
BBK 3973.2473

© sIpT'y, 2017



BBeaenue

[IpakTUKyM CONEPKUT MSATh JaOOpaTOPHBIX paboT, MOCBSIIIEH-
HBIX SI3BIKY TIporpammupoBanusi Python, kaxaast u3 KOTOPBIX BKJIIO-
YaeT IeJIb paboThl, KPaTKHE TEOPETUUYECKHE CBEJICHHSI, HEOOXOINMBbIE
JUTS BBITIOJTHEHUS 3aJIaHUs M MHINBUyaJIbHbBIE 3a/1a4H.

Python — 3T0 MHTEPHIPETUPYEMBIi S3BIK (KO HE KOMIHIUPYETCS
B MAaIlIMHHBIE KOMaH/bI, a UCTIOIHIETCS CIEHUANbHON MmporpaMmmoin
— uHTepnperaTopoM). Ha ceronusAmHuil 1eHb MOIEPKUBACTCS JBE
Bepcuu si3bika Python 2.x u Python 3.x (o6pamume enumanue: Bepcun
SI3bIKa UMEIOT He MOJIHYI0 COBMECTUMOCTD). CTaHJapTHBIA HHTEpIIpe-
TATOP 3aIyCKACTCS W3 KOMAHIHOW CTPOKK KoMaH1o# python.

[MporpamMma Ha si3pike Python MoeT cocTosITh M3 OJHOTO WU
HECKOJBKUX MOayJei. Kaknmprit Momynb mpeacTaBisieT cOOOM Tek-
CTOBBII (aill B KOJUPOBKE, COBMECTUMON € 7-OMTHON KOAMPOBKOU
ASCII. /151 KogupOBOK, UCIIOJIB3YIOMIHUX CTAPIINNA OUT, HEOOXOIUMO
SIBHO YKa3bIBaTh Ha3BaHUe KOAMPOBKHU. Hampumep, ecnu ecth xemna-
HUE MCIOJIH30BaTh KOMMEHTAPUHU Ha PYCCKOM SI3bIKE, TO (ailn B mep-
BOH CTPOKE JIOJDKEH UMETh CIIEIYIOIYIO ClICIU(DUKAIHIO:

# -*- coding: koi8-r -*- wmu # -*- coding: cp1251 -*-

CryjseHTaM clieflyeT 00OpaTUTh BHUMAHUE Ha TO, YTO BCE JAHHBIC
B Python nipeacranens o0bekTamMu. C KakIpIM 00BEKTOM CBSI3bIBA-
€TCsl THII, BHYTPEHHHUE JaHHBIE U aCCOIIMMPOBAHHBIE C HUIMHU HaOOPHI
ornepanuii. iMeHa (nepeMeHHbIe) ABISIOTCS JIUIIb CChUIKAMU Ha 3TH
O0O0BEKTHI U HE HECYT HArpy3KH IO JeKiapanuu Tuma. CBs3bIBaHHE
JAHHBIX C MEPEMEHHOW BBIMOJIHAETCS C IMOMOIIBIO ONepaTopa IMpH-
cBauBaHus. OTMETHM, YTO B KQ4eCTBE IMEPEMEHHBIX HENb3s UCTIOIb-
30BaTh KJIIOYEBbIE CIIOBA:

Tabmmra 1
3apezepsuposannuvie cioea Pythona
and as assert |break |class |continue |def del elif
else except | exec | False finally |for from |global |if
import |in is lambda | None |nonlocal |[not |or pass
raise |return |True |try while |with yield




O0bexTsl B Python o0b1uHO MMeroT aTpuOyThl — mons (Ipyrue
O0O0BEKTHI), XpaHSIINECS «BHYTPW» OAHHOTO OOBEKTa, U METOJbI
(pyHKIMM), KOTOpPBIE ACCOLUUPYIOTCS ¢ 0O BEKTOM, UMEIOLIHE TOCTYII
K BHYTPEHHEMY COCTOSIHHIO 00beKTa (0bj).

CryneHnram cieayeT oOpaTHTh BHUIMaHHE, YTO ISl CTPYKTYPHPO-
BaHUs KOJIa B IPOTpaMMax BayKHBI OTCTYIIbI, TOATOMY BCE OIIEPaTOPBI,
BXOZSIIIME B OJUH OJOK JEWCTBHUM, JOKHBI UMETh OAWH U TOT XK€
OTCTYII.

JlabopaTtopHas pa6ora Ne 1

Tema: ocHoBbI s13b1ka Python.

Hean padoThl:

1) HO3HAKOMHUTBCSI CO BCTPOSHHBIMHM TuUIaMu si3bika Python,
JUISL KQKJI0T0 TUIIA TEePEUUCIIUTh OCHOBHBIC (YHKIIUH;

2) IO3HAKOMUTHCS C OCHOBHBIMH KOHCTPYKIMSAMHU s13bIKa Python.

Kpamkue meopemuveckKue ceedeHus

chpOQHHble munsl 0AHHbIX

° CIICIINAJIbHBIC TUIIbI:
o None — 3T0 crienuaibHas koHcTaHTa B Python. Ona 0003Ha-
gaeT MmycToe 3HadeHue. None uMeeT CBOM COOCTBEHHBIN THII

(NoneType);
e Ypuca:
O  1elnbIe

» 00BIgHOE 11eI0€ int
»  1es0e MPOU3BOJIbHOM TOYHOCTH long
» jorumdeckuii bool

O YHCJO ¢ IuiaBaromieii Toukoi float;

®  [IOCIIEIOBATCIILHOCTH:

) HCU3MCHSICMBIC:
» cTpoka str
» Unicode-cTpoka unicode
» xoprtex tuple



O  U3MEHSEMbIE:
>  CHHUCOK list;
e OoTOOpaKeHUs:
o cnosaps dict;
® MHOXECTBA Set;
®  00BEKTHI, KOTOPHIC MOKHO BBI3BATh:
O  (QyHKIUH (OJIB30BATEIBCKUE U BCTPOCHHBIC)
O  (PYHKIUHU-TEHEPATOPHI
O MeTo/blI (IOJIb30BATEIIbCKUE U BCTPOCHHBIC)
O KJIAcChI (HOBBIE U «KJIACCUYECKHE»);
e (aiusi file;
®  MOAYJH.

VY3Hath THN J1I000r0 00BEKTa MOYKHO C MOMOIIBIO  (YHKLIUHU
type(). Ocoboe BHMUMaHHE cleqyeT OOpaTUTh Ha CICIAYIOIIUE HH-
CTPYKLUU:

help(<object>) — BBIJACT CIPABKY 110 OOBEKTY;
dir(<object>) — TIOKa3bIBACT BCE METOJIBI M CBOMCTBO OOBEKTA,;
<object>. doc__ — mMOKAa3bIBaE€T CTPOKY NOKYMEHTAIIHAH.

Yucao8vle munbl:

o munuwl int, long, float

Tao0mma 2
Onepamopsl u yHKyuU 4UC106020 MUna
Onepamop, |1|2\3| Ilpumep 4 5 Onucanue
DyHKYUA (8 pe3yivmame nonyuum)
abs() + |+ |+|abs(-10) 10 YHCIIO |BBIYUCIISCT a0COIFOTHOE
3HAYCHUE
bin(); +[+| |bin(10); ‘0b1010’; |str BBIJIAET TBOMYHYIO,
hex(); hex(10); ‘Oxa’; HIECTHAIIATEPUIHY IO
oct() oct(10) ‘012’ WM BOCBMEPHYHYIO
CTPOKY
chr() + [+ | |chr(70) F’ str CHMBOJT
divrnod() |+ |+ |+|divmod(10,3) /(3. 1) tuple |meneHue Mo MOIYIIIO




Onepamop, | 1 Ilpumep 4 5 Onucanue
yHryuUs (6 pe3yivmame nonyuum)
float( ) float(5) 5.0 float |umcio ¢ maBaromeii 3a-
ATON
int() + int(10.77) 10 int NpUBEICHUE K THITY int
pow(); ** |+ pow(10,3) 1000 YHCITO- | BBIMOTHSETCS BO3BE/Ie-
BOW  |HHE B CTCIICHBb
round() round(10.77) |11.0 float |okpyrieHwue ¢ miaBaro-
round(10.3) [10.0 e 3amsaToi
/ + 11/3.0 3.6666 YHCJIO- |KJIACCUYECKOE JIEJIEHUE
11/3 3 BOI (oGs13aTenbHO, 9TOOBI
OJIHO U3 YHCEI OBLIO
float)
1 + 11//3.0 3.0 YHCITO- | ICJICHUE C OKPYTIICHUEM
BOU BHU3
% + 11%3.0 2.0 YHCJI0- |0CTATOK noce (1eno-
BOH YUCIIEHHOTO JISICHNUE),
110 MOJLYJTIO
| m™; + 5|6 n5%6; |7u 3; — |int, 6urtosoe win (OR); uc-
~d n& ~5un5& |6 u4 long |kmodaromiee i (XOR);
OGUTOBOE OTPHIAHKE
(not); 6utosoe u (AND)
L n > |+ 5<<1 un 10 m 2 |int, CIBHT Ha N JBOMYHBIX
5>>1 long  |pa3psioB BJIEBO M CABUT
Ha N JIBOWYHBIX Pa3psI0B
BIIPaBO

O6o3nauenwust: 1 - int, 2 - long, 3 - float, 4 - pe3ynbTar, 5 - Tun
pe3yibrata, + - €CTh QYHKI[HS

®  Jl02UYeCcKUll mun
He cnenyet 3a6b1Bath 0 mormueckoM tute (tum bool). DaemenTs
sroro tumna True, False.
PaccMOTpUM HEKOTOPBIE OTIEPAIMH JUTS JIOTHYECKOTO THat

! Ananoruunas Tabnuia paccmatpuBaercsi B padore Swaroop Chitlur
«A Byte of Python». ITycts x = True, y = False.
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Tabnuua 3

Onepamopbt JlocudecKkozo muna

Pesyromam Pesyromam
Onepayus Onepayus

UIU NOACHEHUs. UU NOSCHEHUs
type(x) <type ‘bool’> int(x) 1
X+X 2 X-y 1
not x OTpHLIAHHE xandy JIOTHYIECKOE

pesynsTat False pesynbrat False
xory JIOTHYECKOe yix 0
unu pesynsrar True
Tabnuna 4
Onepamopeul cpagneHus
Pezynomam Pezynomam
Onepayus 4 Onepayus )

UnU NOSICHEHUs UNU NOSICHEHUSA
x>y yCIIOBHE X OOJblIIe X<y YCIIOBHE X MEHBIIIC
X>=y (Oonble UM paBHO) Yy (X <=Y (MeHbIIIe WK PAaBHO) Y
X==y YCIIOBHE PaBEHCTBA x!=y yCIIOBUE HEPaBEHCTBA

ITocnedosamenvHocmu

[TocnenoBaTenbHOCTH — YMOPATOYEHHBIE KOJJIEKIIUH APYTHUX
00BbexTOB. OHU TONJEPKUBAIOT TOPSIOK Pa3MEIIEHUST AIEMEHTOB,
KOTOpBIE COJIEPIKAT, CIeBA HAIMPABO: DJIEMEHTHI COXPAHSIOTCSA U M3-
BIIEKAIOTCS MICXO/IS U3 UX TO3UIMIA B TIOCIEOBATEIHHOCTSIX.

B Python mociemoBaTembHOCTH TTOAPA3ISIIAIOTCS HA HEU3MEHSIC-
MBbIe (CTPOKH, KOPTEXKH tuple) u m3mMeHseMble (CIHCKH list).

Tabmuma 5

Onepamopul u pyHKyuu 013 ROC1E008ameIbHOCHeEll

HICCTByIOHII/Iﬁ HHICKC

Onepayus Pesyromam unu nosacnenus
len (A) BO3BpaIlacT JUTUHY ITOCICA0BATCIBHOCTH A
Ali] BO3BpAILaeT /-i 3IeMeHT nocienoBaTeabHocTH A nim len (A)

+ i-#, ecnu i < 0; wn uckirouenue IndexError, ecnm i HEecy-




Onepayus Peszynomam unu nosicnenus

XinA MPOBEPKA MPUHAJICKHOCTH JIEMEHTA [OCIIeIOBATEIBHOCTH A

A+ B KOHKAaTeHAaIM ITOCJIeN0BaTeIbHOCTEN A 1 B oqHOro Trma

Al i:j:d] |cpe3 u3 mocnenosarensHocTH A 0T i 10 j (¢ marom d). O6pa-
TUTEC BHUMaHHE, YTO JJIEMCHT, YKa3aHHBIA B KAYECTBE KOHCU-
HOTO, HE BKITFOYACTCS B PE3yJIbTAT

min(A4) BO3BpaIlacT HANMEHBIIINH 3JIEMEHT ITOCIICAOBATSIFHOCTH A

A.index(x) | BO3BpalliaeT HauMeHblIee i, Takoe 4to Afi] paBHO X UK UCKITIO-
yernne ValueError, ecii X He HaliIeH B TIOCIIEIOBATEIFHOCTH A

o  Cmpoku

Crpoku B Python ObiBatoT 00bI4HBIC U Unicode. DakTuuecku
CTPOKa — 3TO TOCJIE0BATEIBHOCTh CUMBOJIOB. CTPOKOBBIN JUTEpall
3anuchiBaeTcs B OUHOYHBIX (') MM JBOMHBIX (') KaBBIUKaX.

Tabmuua 6
Onepamopul u (yHKyuu 013 CMPOK
Pymrajus, Peszyremam Pymrcyus, Peszyromam
ampubdym ampubym
str1="Python"  |co3maercs cTpoka type(strl) <type 'str"™>
strl
str2="python"*2 |mosryunm "python"+"!" |momyuum "python!'
'pythonpython'

str_u=u"python"

CO3/1aeTCsl CTPOKa
str u

str2=str2[:3]+
"'+str2[4:]

MTOJTyYUM
'pyt!onpython’

replace('Py','Da)

moryunm 'Dathon'

strl.upper() nonyyuMm 'PYTHON', [strl.lower() |momyuum 'python’,
HO cTpoka strl mno- HO cTpoka strl mo
NPEKHEMY OCTaeTCs -IIPE)KHEMY OCTACTCS
«Pythony «Python»

strl. 3ameHa, B pesynbrate |strl.find('th") |Bo3Bpamaer nnnexc

MIEPBOTO BXOXK/ICHHS
B strl moxacTpoxu 'th'

Str2.
count('python")

BO3BpaIIaeT KoJInde-
CTBO HETIEPEKPhIBA-
FOLITUXCST BXOXKICHUHN
mocTpoku 'python’
B CTpOKeE Str2.

Str2.
startswith('p")

Bo3Bpamiaet True,
€CIIH CTPOKa str2
HAYMHACTCS C yKa-
3aHHOTO TIpeduKCca,
nHade False.




JlocTaTouHO YacTo HEOOXOJMMO BBINOIHHUTH (OPMATUPOBAHHE
CTPOK WJIM MOJCTAaBUTh B CTPOKY HEKOTOPBHIE JAHHbIE. DTO BBITOJHS-
ercsi ¢ moMouipio Metoaa format(). PaccMoTprum HECKOIBKO MPUMEPOB:

Tabmnuua 7
Paboma ¢ memooom format()
Ilpumep Pezynomam Ilpumep Pezynomam
'{} python'. format  |'Language  |print({1} n {0} .format('cu', |6y neT BbIBEEHO
('Language") python' 'java")) java u cH
print({b1} n {b2}'. |pesympratT: |name = (java', 'cu) OyIeT BBIBEACHO
format(b1="cu', print('{1} n {0}
b2='java")) cuujava [format(*name)) CH U java
name = (‘java', 'cu') |pesynbTat: |print('{1:_>5} u {0:r>5}'. |Oyner BbIBeAEHO
print('{0:15} n {1:5}". format('cu', 'java'))
format(*name)) javau cu _java u rrrcu

Muorue o0bekTsl Python MoxHO peoOpa3oBaTh B CTPOKY C IO-
MOIIBIO PYHKIUH SI7().

e Kopmeowcu tuple
OHHU NPUMEHSIIOTCS VISl TPEACTABICHUSI KOHCTAHTHOW MOCIIE0-
BaTEJIBbHOCTH (Pa3HOPOIHBIX) OOBEKTOB.

Tabnuua 8
Onepamopul u hynkyuu muna tuple
Dyuxkyus, Pezynomam Dyuxyus, Pezynomam
ampubym UNU NOSACHEHUSL ampubym UNU NOSACHEHUSL

b1=()

CO3/1A€TCsl IyCTOM KopTex |h=(5,)

co3aaeTcs KOpTex b

al1=(1,2,3,'aaa)
a2=(1.0,2.5)

co3/1aeTcst Koprex al
CO3/1aeTCsl KOPTEkK a2

type(al)

<type 'tuple™

print a1[-1]

3 )

aaa

al,a2=a2,a1

al=(1.0,2.5)
a2=(1,2,3,'aaa")

e Cnucku list
CIUCOK MO3BOJISIET XPAHUTH PA3HOPOIHBIE JaHHBIE, 00PAIATHCS
K KOTOPBIM MOKHO Y€pe3 UMsl CITUCKaZ,

2 Tlycts panbl ciimcku L =[1,2,1,2,3,4,5,6,7] u L1=[3,8]
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Tab6mnuma 9

Onepamopul u (ynxkyuu co30anua CRUCKo8

Dyuxyus, Pezynvmam Dyukyusl, Pezynomam
ampubym | uiu NOsSICHeHUs ampubym WU NOSACHEeHUs.
a=[1,2,3] CO3/1aeTCsI CIUCOK a |C = [X**2 for X in CO3/1aeTCsI CITUCOK
range(4)] c=[0,1,4,9]
b=range(4) |co3maercs crimcok |b=[] CO3/IaHUE ITyCTOTrO
b=[0,1,2,3] CIIMCKA
d=c[Junm  |co3manue komuu  |d=C CO3IaHHE BTOPOM
d=list(c) CIICKa; CCBIJIKM Ha CITHCOK.
ITycte d[0]=5, [ycts d[0]=5, Torma
torga d = [5,1,4,9], d=1[5,1,4,9],
c=1[0,1,4,9]. c=[5,1,4,9].
forxinL:  |urepauus npsmas. for X in reversed(L): |uTepanus oOpaTHas.
print X [Momyunm print X [Momyanm:
1,2,1,2,3,4,5,6,7 7,6,5,4,3,2,1,2,1
for xin set(L): |yHukanpHas ure- OIIepaTop CIOXKe-
print X pamus. [omyanm: |S=L+L1 HUS (1) BBIIOTHSET
1234567 KOHKATCHAIIIO
crnuckoB. [Tonyuum
S=[1,2,1,2,4,5,6,7,3,8]
Tab6muma 10
Onepamopbut u pynkyuu 013 CRUCKo6®
Dyuxyus, P
e3y1bmam unu NosACHeHUs
ampubym
L.append(x) | moOaBisieT >JIEMEHT X B KOHEII IIOCIIeI0BATEIbHOCTH
L.count(x) CUUTAET KOJUYECTBO JIEMEHTOB, PABHBIX X
L.extend(x) J00aBJISIET K KOHILY MOCJISI0BATEIbHOCTH TIOCIIE]I0-
BaTEIHLHOCTH X
L.pop(i) BO3BpAIAET i-if AIEMEHT, YAaJIsis €ro U3 MOCIIe/I0Ba-

TCIBHOCTHU

L.reverse()

Ha 00paTHBIN

MCHJICT NOPAAOK 3JICMEHTOB B ITOCIICAOBATCIIBHOCTH

% TIpeIiosI05KKuM, YTO Y HAC €CTh CIIUCOK L.
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Dynkyusi,

ampubym
L.remove(x) | ymansier anemeHT x u3 crnucke L. Eciam Takoro ame-
MEHTAa HET, BO3HUKAET cO00LIeHre 00 omuoKe?.
L.insert(n, “T")| MeToA MCHOIB3YETCs Ul BCTABKH JIEMEHTA B Cepe-
JIMHY CIUCKA, TJe N — MO3HIUS BCTABKU 3JICMEHTA

Pesyﬂbmam Ulu nosACHeHust

L[i] =x i-# 1eMeHT crircka L 3aMeHsieTcst Ha X
Lli:j:d]=t | cpe3orino; (cmarom d)3amensiercst Ha (CIUCOK)
delLfi:j:d] | ymanenue 1neMeHTOB cpe3a U3 MOCIEA0BATEILHOCTH

Jlst B3aMHOTO peo0pa30BaHus CTPOK M CITUCKOB HCITOJIB3YIOT-
cst metoabl split(), join() u ¢pynkus list()y

split() — MeTon AETUT CTPOKY IO 3aJaHHOMY CHMBOITY-pa3-
JIEITUTEIIO U CO37aéT CIUCOK U3 (ParMEeHTOB CTPOKH.
IIpeamnomoxxum, 9TO cymecTByeT cTpoka S='11 151
dd', Torna, BemostHUB a=S.split(" '), TOTyYIUM CITHCOK
a=["11','151",'dd"]

join() — Meton popMHpYET CTPOKY W3 DIEMEHTOB CITHCKA,
MOCTaBHB MEX/y HUMH 3aJIaHHYIO CTpOKy. [Ipesro-
JIOKUM, YTO CyIIecTByeT crimcok a=['11",'151", 'dd'],
TOT/a, BEIMOMHKUB S="".join(a), MOIy4rUM CTPOKY

s='11 151 dd'
list(s) — @yHKOHA IBITAaCTCS MPeodpa3oBaTh apryMEHT S B

crnrcok. [Tpemonokum, 4to CymecTByeT CTpoKa

s='python!', Toraa, BeimotHUB a=list(S), TOIy9IUM CITH-

cok a=['p\ 'y, 't, 'h, 0, 'n, 'l

CryneHtam He cienyeT 3a0bIBaTh, YTO B KaueCTBE JJIEMEH-

TOB CITMCKA MOTYT OBITh OOBEKTHI JJFOOOTr0 THIIA, HAPUMED CITUCKH:
Ist = [['python',1],['c++',2],['java’,3]]. OOpalieHue K 3JIeMEHTY
CIHCKa POUCXOIUT Yepe3 yKazaHus UHJIEKCA, a K DIIEMEHTY BJIOJKEH-
HOTO CIIMCKa Yepe3 yKa3aHue JIByX HHICKCOB!

Ist0] momyuum ['python’, 1] Ist{1][0] momyuum 'c++'

4 Ecau »JIeMEHTOB X B CIIMCKe L HECKOJIbKO, TO YHAIACTCA HepBLIﬁ
MOMABIINICS PJICMEHT CJICBA.
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pumep. Peanuzyiime ¢ nomowvio cnuckog peuiemo pamocgena

#-* coding: cp1251 -*-
def eratosthenes (n): # cozoaem ¢hynxyuio
primes =[]  # cozdaem nycmotii cnucox
multiples = []
for iin xrange(2, n+ 1):
if i not in multiples:
primes.append(i)
# dobaesnsiem snemenm 6 KOHey Nnocied08amenbHOCHU
multiples.extend(xrange(i * i, n + 1, 1))
#oobasnsiem K KOHYY NOCIE008AMENbHOCTU OPY2YI0 NOCLe006a-
MenbHOCMb
return (primes, multiples) # sozepam xopmeorca
n=100
Rrint(eratosthenes (n)) #setsos dynryuy

ee’ s eeeecssc st 00ss s 00000

e e e e s s s s e e s s s e 0 s s s s e e ss s e 0ss s essss 00t o
I I T I I A R N I I TP

Omob6padiceHus

e Cuosapsv dict

CroBapb (XdII, acCOLUMATHBHBIH MacCUB) — 13TO HM3MEHYHBAs
CTPYKTYpa JaHHBIX JUIS XpaHEHUs Tap KII0Y-3HAUCHHUE, T/Ie 3HAYCHUE
OJTHO3HAYHO onpeernsercs KiarodoM. OToOpaskeHns He ToIpa3yMeBa-
IOT KaKOTro-1100 YHOPSI0YEHHs JICMEHTOB I10 UX IMO3MIUH. B kade-
CTBE KJII0Ya MOXKET BBICTYNATh HEM3MEHUYMBBIH THIT JaHHBIX. JlocTym
K DJIEMEHTaM CJIOBAPS POU3BOMUTCS MO KIIIOUY.

Taomuma 11
Onepamopul u pynkyuu o1a muna dict
Dyukyus, Pezynomam Dyukyus, Pesynomam
ampubym uiu nosicnenue ampubym WU NOSICHEHUSL
a={1:10,2:20,4:'dd"} |co3maercst cioBaps a |print a[4] Oeper 3HaYCHHUE
0 KIIOUYy
u Beiaer dd
a[1]='ddd' npucBauBaercs 3Ha- |del a[4] yIasieTcs mapa
YeHHE 110 KUy a= KITI0Y-3HaYCHHE
{1:'ddd',2:20,4:'dd"} C JIAaHHBIM KJIIO-
qOM
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Dyukyus, Pezynomam Dyukyus, Pesynomam
ampubym UIU nosicHeHue ampubym UL NOSICHEeHUSL
d=dict(zip('ab',[1,2])) |co3naercst cnoBaps |a={} unu cozzaaercs Iry-
{a':1,'b": 2} a=dict() CTOH CITOBaph
d.keys() BO3BpAIIACT BCE d.values() BO3BpAIIACT BCE
KJIFOYH M3 CIIOBapsi 3HAUCHUSI U3 CIIO-
d: Bapsi d: [1, 2]
[, ']
d.items() BO3Bpamaer kop-  |d.update(c) 00BbeIUHSIET BCE
TE)KHBIE TapbI 3aIKCH B CJI0-
(xJTEI0Y, 3HAYCHNUE) Baps d. [TycTs
cioBaps d: [('a', 1), c={'a": 5,'c" 2},
('b', 2)] torma d: {'a": 5,
'¢:2,'p": 2}
onepatop in nouck no muoxke-  |d={}.fromkeys(['a, '0])|co3naer crosaps
CTBy Kitoueit: 'a'in {'a": None, 'b":
d Bo3Bpamaet True None}

Mpumep. loocuumaiime uacmomy nosmopo8 YHUKATbHbIX
€108 6 MEKCmoBoM (haile.

import sys

words = {}

try:

4 e e s e e e s s s e e s s s e 00 s s s 00 s s s s e 0s s s 00 sssse0sss 0000 o

or line in u.readlines():
line = line.strip("\n")
# omopacvleaem HauanbHble U KOHEUHble NPODebl
for word in line.split(" "):
# peoicem Kaxcoyo cmpoKy Ha cl06da, 02PaHuyeHHble nPodeLIamu

words[word] =1
for word in words:
print(word, words[word])

u = open("file_name")

# ceszvigaem ums words ¢ nycmoim cioeapém

# b110K 0Opabomku UCKTIOUEHUU

words[word] += 1
# notmaemcs ysenuuumo words[word] na edunuyy
exceptKeyError: #ecaunenonyuunoce (panvuwewords[word] ne6viio)
#Ucknmouenue KeYError eosnuxaem, ecau knoya ¢ omoopasdiceHuu Hem.
# cozoaem 6 crnosape napy[word:1]
# pacneuamaem word, words[word]

13
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MHoscecmesa

MHoskecTBa — 3TO HCYINOPAAOUYCHHAA KOJUICKIIUSA HCU3MCHS-
CMbIX, YHUKAJIbHBIX 3JICMCHTOB. B oraunune ot KOpTe)KCﬁ, MHOXEC-
CTBa HC NMPCAYCMATPHUBAIOT BO3MOXHOCTb AOCTYyIla K 3JICMCHTAM II0
YHUCJIOBOMY HMHIACKCY. 3aM6TI/IM, YTO 3JEMCHTHBI MHOXXCCTBA HHUKOTI'1a
HC NOBTOPSAIOTCH.

Tabnuua 12
Onepamopul u ynkyuu 011 MHOICECHE
Dyuxkyus, Pezynomam Dynryus, Pezynomam
ampubym WU NOsICHEeHUe ampudym WU NOACHEeHUs.
A={a''c',4,c'}| co3namu MHOKECTBO C=set([]) |co3panu mycroe MHO-
B=sef('abca') |set(['a', 'c', 4]) JKECTBO
CO3/1a]I MHOKECTBO
set(['a', 'c', 'b'])
Xin A BO3BpaIacT 3HaYCHNE C=B-A |mmuo)ecTBO C comep-
True, ecitt MHOXKeCTBO A KUT JIEMEHTBI, KOTO-
COZICPIKHT X pbIE BXOSIT B MHOXKE-
cTBO B 1 He BXOAAT
B MHOeECTBO A:
set(['b'])
C=AB o0beauHeHne MHOXKecTB: |C=A&B | mepeceuenne MHO-
set(['a', 'c', 'b', 4]) xecTB: set(['a’, 'c'])
C=A<=B Bo3Bpamaer True, eciu  |C=AB | cumMeTpH4Has pas-
KaKIBIH DJIEMEHT 13 A HOCTb MHO>KECTB:
MIPUCYTCTBYET B MHOXe- set(['b', 4])
ctBe B
len(A) BO3BpAIlaeT JUIMHY MHO- |type(A) | <type 'set™
xecTBa A
A.remove(x) |ynaleHue >IeMEHTa A.add(x) |meiTaeTcs 0OABUTH
U3 MHOXKECTBa A 110 JJICMCHT X B MHOXKE-
3HAYCHUIO(X) cTBO A
A.update([1,3]) | m0GaBsET HECKOTBKO A.copy() |BO3BpalaeT KOMHIO
SIIEMEHTOB B MHOXECTBO A MHOKECTBa
A.discard(x) |ymanser aneMeHT X, eciu |A.clear() |odHIaeT MHOXKECTBO
OH HaXOJIUTCS B MHOKe-
CTBe.
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IIpumep. Onpedenume, cKoNbKO pa3IUYHBIX CIO8 COOEPIHCUMCA
6 mexcmosom ¢hatine.

D I I A T R R I I I I I I I A A AT P PP A A S S Y

s #-* coding: cpl251 -*-
try:
u = open("myfile")
words = set([])
# cesazvleaem umst words ¢ nyCmvLM MHONCECBOM
for line in u.readlines():  # uumaem u no cmporxam
line = line.strip(" \n")
# ombpacwieaem nauanbuvie U KOHeUuHble NPodenbl
for word in line.split(" "):
# peoicem KaxicOyIo CMpPOKy HA €08, 02PAHUYEeHHble NPODeNIaMU
words.add(word)
# notmaemcst 006a6uMb CILOBO 8 MHOIICECMBO
print(len(words))
# 6bIBOOUM KOTUUECNBO PA3TUUHBIX CLO6 8 MEKCHe
except:
print «Erron,

D I I I I I I I I I I P P AP S A AP AP A PP S
D R I I I I I I A I I I I

oo D R I R I A I I I I AT I

065eKkmbl, KOMopble MONMCHO 8bI38AMb;

o  @yuxyuu. Jyia Toro, 4ToOBl M30€raTh MOBTOPHOTO HAIUCa-
HUS OHOTO U TOTO XK€ KOJa B SI3bIKaX MPOIPaMMHUPOBAHUS, UCTIONb-
3ytorcs pyHkmu. OnpeneneHue QyHKIUH:

: ‘def name_function(arguments): ~ # onpenenerue gpysxkuma

#code # xoa QyHKIMK

return values # KOMaHIA: BEPHYTh pE3yJbTar.

OHa MOXeT OTCYTCTBOBaTh. Toraa

BBIIOIHSAIOTCS BCE KOMaHIBI Tela

(hyHKIIMM W BO3BpAaIlaeTcsl 3Haue-

Nms pyHKIIMU A0KHO OBITh YHUKATBHBIM HICHTU(DHUKATOPOM.
Juis BbI30Ba PYHKIMK HYXXHO TPOCTO yKa3aTh €€ HMsl, 32 KOTOPBIM
JIOJDKHEI CIIEIOBATh €€ MapaMeTphl, 3aKIII0UeHHBIE B KPYTIIBIE CKOOKH.

Korma BHyTpm ¢yHKIMH CO3MAIOTCS HOBBIC TIEpEMEHHEBIE,
OHH WMEIOT JIOKAIBbHYIO O0JNacTh BUAMMOCTH. UTOOBI WMETh BO3-

MOKHOCTb HM3MEHSTh TII00AIbHBIC NEPEMCHHBIC BHYTPHU (I)YHKI_II/II/I,

Seeesessosscccsccsoscscs

.
.
.
.
.
.
.
.
.
.
.
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OTU NEPEMCHHBIC CJIICAYCT ONPCACIIUTL B TCJIC (byHKI_II/II/I C IIOMOIIBIO
HHCTpYKUuH global:

: PaccmoTpum, kak niepenaTh napamMeTpsl B (QyHKIHIO

- defrema(a, b): def rema(a,b=5,c=4): def rema(a=1,b=5,c=4):

q=allb q=allb q=allb

r=a%b r=a%b; r=r+c r=a%b; r=r+c

return r return r return r
: print rema(5,10) print rema(9,c=2) print rema(a=9,c=2,b=7) :
©....pesymeTar S pesymbTat 6 ... pesymerar 4. . :

Moxet noHagoOuThCsI, YTOObI onpeaessiemMas GQyHKUUS Ipu-
HUMaJa J11000e YUCIIo napameTpoB. bynem ucnosiabp30BaTh B Ka4eCTBE
[apaMeTpoB KOPTEX WIIH CIIOBAPb.

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

: IIpumep IIpumep :
- def list_sum(*args): def list_sum (a,**param): :

smm =0 smm =0

for arg in args: for key in param:

smm += arg smm += param[key]

return smm return smm
-list_sum(9,7,2) list_sum(9,module=7,noise=2)
: Korga oObsBisieM nma- @DyHKIMSA MOXET IPUHUMATD :
paMeTp co 3BE3M0YKOH (Ha- [POU3BOJILHOE YHUCJIO Tapame-:
‘mpumMep, *args), BCe HallH TPOB, 3aJJaHHBIX MO Kitouy. Kor-:
EHO3I/ILII/IOHHBI€ rnapamMeTpbl Ja OOBSBISIEM MapaMeTp ¢ L[By—f
E«yHaKOBLIBaIOTCSI», Ha4dyuHasda MA 3Bé3,[[0'lKaMI/I (HaanMep,f
*C OTOH TO3WIMK M JI0 KOHIA *%*param), Bce KIIOUEBBIE apry-:
EB KOpTEXK argS B COOTBCT- MCHTBI, HaAYMHasa C 9TON HOSI/I—E
:CTBHH C MX «IHOPSAJKOBBIM LMY U 10 KOHLA, OyIyT COOpaHs! :
EHOMCpOM» Ipu rnepeaaqc. B CJIOBApb 1o UMCHEM param.

Pesynbtat 18 Pesynbtat 9

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

OTMeTHM, HEKOTOpbIE HHTEPECHBIE MOMEHTHI, CBS3aHHbIC
¢ PYHKIHAMU:
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— oziHa (DYHKUHMS MOKET MPUHUMATh B KAUECTBE apIyMEHTOB Pa3-

HBIE THITBI JaHHBIX. HampuMep, paccMOTPUM CIEAYIOMYIO (PYHKIHIO:
deff(x):
return x * 5

Br13oB GpyHKIMM MOXeT ObITh TakuM f(5) unu takum ([ 1,2,5,4]);

— Python mo3BonsieT mepenaBath pe3ynbTaThl BbI30Ba (YHKIUHA
B Ka4eCTBE apryMEHTOB Apyrux (QyHKIMN 0€3 HCIOJIb30BaHUS JI0-
MOJTHUTEJIBHBIX [IEPEMEHHBIX, Hampumep str(pow(10,2)). Mmena
¢ynkuuii B Python sBIsitoTCSI MepeMeHHBIMH, COACPKALIMMHU a/Ipec
00bekTa TUIa QYHKLHS, HOITOMY 3TOT aJpec MOYKHO IPHUCBOUTH JIPY-
rOH MepeMeHHOH 1 BBI3BAaTh PYHKIHIO C IPYTHM UMEHEM, HalpUMeEDp:
s=pow;str(s(10,2)).

o Qyuxyuu — cenepamopyl. llpn UCIOIB30BAHUN WHCTPYKLINU
yield pyHKIMS MOXKET reHeprpoBaTh MOCIEI0BATENILHOCTD PE3yIbTa-
ToB. [IpH BbI30Be PyHKIMU-TEHEPATOPa CO3AACTCS OOBEKT C METOIOM
next(), KOTOpBIH 3acTaBiseT (PYHKIHIO BBIIOIHATHCS, TOKa HE OyaeT
JOCTUTHYTa Clieayromas MHeTpykuus yield.

PaccmoTpum paboTy GyHKIMHU-TeHEpaTopa:

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

: ITpumep losicHenue niu pesyibTar -
- def coun(t,n,d=5): Bynet BbiBeIeHO
while n < d: 1 2

t=2*t 2 4

yieldt # l'eHepupyeT 3HaueHue (t) 3 8

n+=1 4 16
-c=coun(1,0)
-for iin range(1,5):
DLPtE G0 e

e Kuaccv. Omeparop class TpuUMEHsIETCS U OTpE/ICICHUs
00BEKTOB HOBBLIX THIIOB U JJIsL O6’I)CKTHO-OpI/IeHTI/IpOBaHHOI‘O po-
rpamMmmupoBaHus. [Ipocreiimas MoJienb ONpe/IeieHus! Kilacca BBITIIS-
JUT CJeIyIoIKUM 00pa3oM:

class mms_kmacca:
UHCTpYKIUs |
WHCTPYKIUS N
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ATpuOyTBl Kiacca OBIBAIOT JIBYX BUAOB: aTpUOYTHI JaHHBIX;
aTpuOyThI-MeTOAbl. B Kitacce MeTo] onpeensercs: ¢ IOMOLIbIO Ore-
paropa def. IlepBblii mapameTp KakAOTO METOJa BCETAa CChIIAETCS
Ha caM 00BeKT ( 3ToT mapamerp umeeT ums self). Bee onepauuu, 3a-
TparuBaroUIue aTpuOyThl 00BEKTA, TOJHKHBI SIBHO CCHUIATHCS HA Iiepe-
MeHHYy1o self.

Tun file

OOBEKTHI ITOrO THIIA NMPEJHA3HAYECHBI 17151 paOOThl C BHEIIHUMHU
TaHHBIMU. B rmpocTtom cirydae — 370 (haiin Ha aucke. st paboTsl ¢ daii-
JIOM TIPEXK[IE BCETO HY>KHO CO3/1aTh CIIELHAIbHBII 00BEKT, a IOTOM HC-
I10JIb30BATh METO/IbI 3TOr0 00BEKTA ISl YTEHHS U 3aIIUCH JaHHbIX.

Taobmuma 13

Onepamopul u hynkyuu muna file

Dyuxyus, ampudbym Onucanue

open(path [, mode="r"]) | Bo3Bpawaer daiioBslii 00bekT. [Tapamerp mode
yKa3bIBaeT BapHaHT aoctyma. Ecam mode paBen
f=open("data.txt") T,'tb','W','wb', To ykaszarens crout B Havane (aiina;
eci mode='a', TO yka3areib CTOUT B KOHIIE (aiina

ffileno()

BO3BpaIacT MeTOYNCICHHBIN JecKkpunTop (aiina

f.close() 3aKpBIBACT (aiin

f.closed apryMeHT BbigaeT True, ecin (aiiit 3aKphIT; B TIPO-
THUBHOM citydae — False

f.mode apryMEHT BBIIAET PEKUM JOCTYTIA, C KOTOPBIM OBIT
OTKPHIT (haiin

f.name apryMeHT BbIIaeT uMs (aiina

f.read(n) cunThIBaeM N 6alTOB (haiina, eciau HeT apryMEHTOB,
TOT/a YATACTCS (Al IeTUKOM

f.readling() YrTaeM CTPOKY (haiiia 1eTuKoM

f.readlines()

(YHKIMS BBINOJNHSET YTeHNe (pailyia LeJInKOM T10-
CTPOYHO, B pe3yJibTaTe NpouTeHus (aiiia noryya-
€TCS1 CIIMCOK CTPOK.

f.write(s)

MUIIEM CTPOKY S

f.writelines(L)

MULIEM BCE CTPOKM U3 criucka L

fell)

(byHKIMS BO3BpAIaeT TEKYIIYIO MO3ULHUIO B (aiiie
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Dynryus, ampubym Onucanue

f.seek(offset [,whence]) | dyHKIHMS HCTIONB3YeTCS AT TPOM3BOJIBLHOIO 10O~
cTyma K Qaiiiny. AprymMeHTsI: offset — cMmerenne

B OaiiTax oTHOCHTEeNFHO Whence; whence — mapa-
METp HadaJIbHOTO cMenieHus: () — cMeleHne oT Ha-
gana Qaiina, |- cMemeHne oT TeKyIIeH MO3HIINH,

2 — cMerieHue oT KoHIa (aiina. [To ymomdanuo
whence pasen 0.

Ipumep. /Ipouumams mexcmoguwiti paiin u 3anucams e2o cooep-
arcumoe 6 Opy2oil gatin
f=open(my file','r") # omxpowieaem ailn Ona umenus
lines = f.readlines()
# umenue aiina yerukom nocmpouHo 8 cnucox lines

f.close() # 3axpuvleaem ¢aiin
try:

lines[1] = "Python \n"  # uzmensem 1-10 cmpoxy
except:

lines[0] = "Python \n"
f=open('my file2','w') #omxkpwisaem ¢haiin ons 3anucu

f.writelines(lines) #nuwem 6ce cmpoku uz cnucka lines
f.close() # 3axpuvleaem ¢aiin
except:

e e e e s s cs s s s e e 0s s s s s s s ssssssee0ssssss e o
e e e e s s s s s s e 00 s s s s s s e 0ss s s ssss s s e

__print("Error")

. L I A I I I I I I I R I I I I AT AT ST P

Modyau

[Ipn MonynmpHOM MOAXOJE K MPOTPAMMHUPOBAHHIO OOJbINAS
3a/mada pa3OnBaeTcsa Ha HECKOJBKO Oojiee MENKHX 3aad, KaxmIyko
13 KOTOPHIX (B HMeaje) pemraer OTAeNbHbIM Monaynb. [Iporpamma
Ha s3pIke Python opranm3oBana kak oJWH TJIaBHBIA (haidjl, K KOTO-
pOMY MOTYT MOAKIIOYATHCS JOMOJHUTEIbHBIC (Bailnbl (MOTYIH).
CryaeHTaMm ciemyeT oOpaTUTh BHUMAHHUE, YTO MOJYJIH JKEIaTelb-
HO pacroyiaraTh B TEKyIIeM Karajore (TJe pacIioNIOXKeH TIaBHBIH
(hbaiin) unm B Karajore, YIIOMSHYTOM B NMEPEMEHHOW OKPYIKEHUS
PYTHONPAT. Yro0sl uCnonb30BaTh (PyHKIHIO M3 MOIYJS, €ro
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HaJ0 NOJKIIUNTh. CyIIECTBYET HECKOIBKO CIIOCOOOB IMOIKITHOYEC-
HUS MOJLYJIEH:

(0] NOAKIFOYUTE MOAYJIb HEJIUKOM

(0] INOJKIKYUTH TOJBKO q)yHKI_[I/IIO

import math
print math.sqrt(4)

from math import sqrt

print sqrt(4)

o MOJIKIIOYUTh BCe (DYHKIUM MOJIYJisi (IPUMEHEHUE ITOTO CIIO-
co0a He Bcerja yJa00HO, MOIKITYaeMbIe MOAYIH MOTYT UMETh
(YHKIMH ¢ OJJUHAKOBBIMU HMEHAMH )

from math import*
print sqrt(4)

Ecnu HOTpG6yCTC$I MNOAKIKOYNUTE MOAYJIb IO APYI'UM HMCHEM,
JO0CTAaTO4YHO ,£[O6aBI/ITI: B MHCTPYKIHIO import I[OHOJ'IHI/ITCJ'ILHI:II‘/'I na-

pameTp as:

import math as ma
print ma.sqrt(4)

Hekomopule uHcmpykyuu s13btka Python

Taonuma 14

Hucmpyxkyuu azvixa Python

Hnem-
Tlpumep THoscuenue unu pezyromam
pyKyus
print print 'npumep Ha MantoHe' BBIBOJI Ha KOHCOJIb
raw_input(); | quest = raw_input("input--- ") | YnTaeT MOIBH30BATEIBCKUI BBOA
input() U3 MOTOKA CTAHAaPTHOTO BBOJIA
Y BO3BpAIIlacT CTPOKY Oe3 3aBep-
IIAFOLIET0 CHMBOJIA HOBOH CTPOKH
range() a=range(25) CO3/1aeTCs MOCIIeI0BATEIILHOCTD

(nmamazon) uncen. B kagecTse
apryMeHTOB (YHKIIMsSI IPHHUMA-
eT: HaYallbHOE 3HAUCHHE JIHana-
30Ha (o ymomrganuto ), KOHed-
HOE 3HaueHHue (He BKIII0Uas €ro)
1 mar (o ymoadasuro 1).
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xrange() |a=xrange(2,6) CO3/1aeT IICeBIOCIUCOK — 00b-
eKT, U1l KOTOPOTO MBI MOKEM
MOJYYHUTh 3HAUEHUS "IIIeMEH-
TOB", HO HE MOXEM U3MEHUTh
UX WU MOPSJIOK UX CIICTOBAHUSL.
OyHKIUA Xrange() oueHb Moxoxa
Ha Qyukuuro range(). [peumy-
iecTBa UCIOJIb30BaHus Xrange()
BMecTO range() 3aMeTHBbI JIUIIb
npu paboTe ¢ OrpOMHBIM KOJTHYe-
CTBOM 3JIEMEHTOB.
if /elif/ else | dopmart onepatopa: YCJIOBHBIH orepaTop — BeIOUpaeT
if <<bIpaxenmel>>: OJIHO M3 HECKOJIbKUX JICHCTBUI
<<uabop>> (610KxOB OTIEpaTOPOB).
[elif <<BbIpaskenne2>>: | Berss elif moxer kak coBcem ot-
<<Habop>>] CYTCTBOBATH, TaK M IIPHCYTCTBO-
[else: BaTh HECKOJIBKO Pa3; HAJTMIHE
<<Habop>>| BeTBH €lse Heobs3arensHo. Kitro-
4eBoe ci10Bo €lif stBisteTcst KopoT-
text=['python','java’,'c++] Ko# popmoii st 3amucu else if
if 'python' in text:
print 'python'
while/else | B o6mem Buze mukt while | onepatop nukna. B nukie while
BBITJISITUT CIICTYOIUIM nepBbIid HAOOP BBIMONHSIETCS
obpazom: JIO TeX TMOp, OoKa "BbIpaxkeHue"
while "Bpipakenue: SIBJIICTCS] HCTUHHBIM. B KauecTBe
"Habop" "BbIpaXkeHus" MOYKHO paccMaTpu-
[else: BaTh YCJIOBHUE, CTPOKY, CIIUCOK
"Hadop"] u T. 1. BetBb €lse Oyner BbImo-
HEHa, €eCJIM [UKJI 3aBEePIIUTCS
IIPY HapyILIEHUH yCIOBHsI 0€3 BbI-
a=0;b=1 MOJIHEHUs oriepaTopa break
while b < 5: B TIEpBOM Habope.
print b B pesynbrate momyunm:1 12 3 10
a,b=b,a+b
else: print 10
forlelse B ob6mem Buzge mukn for | omeparop mukiia. MHCTpyKIHS

BBINJISIANUT CIIEAYIOIIAM
obpazom:

for B si3p1ke Python mepebupaer
3JIEMEHTHI TPOU3BOJILHOM
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for "m-nasg" in "moca-Tn'":
"HaﬁOp"
[else:

"Haoop"]

tlist=xrange(2,4)

for x in tlist:
print x

else: print 10

[IOCJIEIOBATENILHOCTH. BeTBb else
OyzeT BBITOITHEHA TIPU 3aBepIIIe-
HUH [10CIIEI0BATENLHOCTH.

B pesyinbTare Ha KOHCOJb OyaeT
BeIBeZIeHO: 2 3 10

try/except/
finally/else

®opmart onepartopa:
try:

"Habop"
except:

"Habop"
[else:

"HaGop"]
[finally:

"Habop>>]

S3b1k Python noanepxusa-
€T MHOTO BCTPOEHHBIX HC-
KIIFOYCHUH, Halpumep:

ValueError OSError
StandardError EOFError
BaseException SystemExit
Keyboardinterrupt ~ Exception
Stoplteration IndexError
OverflowError ImportError
LookupError KeyError
MemoryError |OError
UnicodeError nT.0

o0paboTka uckmodeHnit. Mckmro-
YEeHHUs] BO3HHMKAIOT, KOT/Ia B IPO-
rpaMMe IIPU WCIIOJHEHUH BO3HU-
KaeT HEKOTOpast NCKITIOYUTEIbHAS
cUTyanust (Harmpumep, [eleHHe
Ha HOJb). Korma Bo3HHKaeT wc-
KIIIOUEHHWE, MporpamMma IIpeKpa-
IIAeT BBINOJIHEHUE WHCTPYKIMH
B OJIOKE try M OTBHICKHBAeT OJIOK
except, COOTBETCTBYIOIIUH THITY
nucKmoveHus. B cimydae ycmexa
yIpaBJleHUE TIEepeaaeTcs IMepBOH
WHCTPYKIMN B HalJIeCHHOM OJioKe
except. [locme BemoNHEHUS 0110-
Ka except BBIIIOJTHEHHE MPOrpam-
MBI TIPOIOJDKACTCS C MEpBON WH-
CTPYKIIUH, CIEAYIONIEH 3a OITOKOM
try-except. DTOT TPOTpaMMHBIHA
KOJI B CBOIO O4€peIb TAKXKE MOKET
OBITH 3aKITFOUEH B OJIOK try-except.
Bripaxxenne except MOXeT 00-
pabaTeiBaTh ~ KaK  OAWHOYHOE
WCKIIIOYECHUE, TaK M CHHCOK HC-
kmoyeHnii. Ecimm  uckiroueHue
HE BO3HHKAET, KOJ B OJI0Ke except
HUTHOPHpPYETCS.
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break, while True: MepeX0/Ibl B TEJIE [IUKIIA.
continue s=raw_input('input: ") break — BeIxOIMM M3 BHYTpEHHE-
print s 'O BIIOXKEHHOTO HHUKJIa. BaxkHo
if s == 'BbIXOA": OTMETHTD, YTO €CIIM LKKJIIbI for
break uiu While mpepBath oneparopom
print(‘'output: ', len(s)) break, coorBercTBYyMOIINE UM OJ10-
print('3aBepLuexue’) KU €ISe BBIMOJIHATHCS HE Oy IyT.
continue — HCIIOIb3yeTCs 1JIst
ykasanus Python, uro HeoOxo1u-
MO MPOIMYCTUTh BCE OCTABILHECS
KOMaH/[bI B TEeKyI[EM OJIOKE [IUK-
J1a ¥ IPOIOJDKUTE CO CIIEIYIO-
el HTepanuy HUKIa.
def, def remainder(a, b): co3nanne QyHKIHI
return, g=allb def — npencrasnsieT onpeneneHne
yield r=a%b GbyHKIUH.
returnr
return — BHCTPYKIMS BBIXO/A
Ecnu notpebyetcs BepHYTh | M3 pyHKIMU 1 BO3BpaTa U3 Heé
n3 beHKLlMI/I HEeCKOIbKO 3Ha- | 3HAYCHMA.
‘-IeHMIh, MOXHO LCMOJ1b30BaTb
KopTeXx
def remainder(a, b):
g=allb
r=a%b
return (q,r)
pass def remainder(a, b): pass — 3TO ITyCTOIl orepaTopy.
pass OtMeTnM, 4TO B S3BIKE 3aIIpere-
HBI IIPOLIEYPHI C ITYCTHIM TEJIOM.
global x=50 yKa3bIBaeT Ha 00JIACTH BUMMO-
def pros(): CTH TIEPEMEHHOU. DTO HEOOX 0 1H-
global x MO, YTOOBI IPUCBOUTH HEKOTOPOE
print 'x paBHO', X 3HauYEHUE NIEPEMEHHOM, onpe/e-
x=2 JNEHHOM Ha BBICILIEM YPOBHE IIPO-

print "HOBOE 3HayeHne
X=", X
pros()
print '3HayeHmne x=", X

T'paMMBI.

B pesynbrare nomyunm:
X paBHO 50; HOBOE 3HaueHHE
X = 2; 3HauyeHue x = 2
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import, [Ipenmonoum y Hac eCTh | HCIIONB3YIOTCS ISl pabOThI ¢ MO-
from ¢aiin JTYJISIMU.
module.py co cieayrommm | import mo3BoJISIET MOIYYaTh MO-
CoJlepIKaHUEM JyJb LEITHKOM.
def prin(x):
print x from mo3Bossier nomyvaTs ompe-
JICJICHHBIC IMEHA U3 MOJYJIs
Tenepb Mbl MOXKEM HC-
OJTb30BaTh 3ameruM, uto Python B MOMEHT
import module Havasia paboThI 3arpy’kaeT B Ia-
module.prin('Hello") MSATb MOAyJb  builtins
lambda B o0miem Bujie aHOHUMHBIE| rJS — 3TO CIIUCOK apryMEHTOB,
(bYHKITUH BBITISIAT CIIELY- | pa3/elICHHbIX 3allsIThIMU;
FOIM 00pa3oM: eXpression — BeIpasKeHHUE, UCTIONb-
lambda args : expression |3yoliee 3TH apryMeHTHI.
BuyTpu unctpykuunu lambda
HEJIb3s HCI0JIb30BaTh HECKOIBKO
a=lambda x,y: x**y HHCTPYKIMI WK UCTIOTIb30BATh
r=a(3,2) JPYTUe UHCTPYKIIUH, HE SIBIISIO-
IIMECS BRIPAKECHUAMH, TAKHE KaK
for mm while.
B pesynbrare nomyuum: r =9
zip(s,t) zip('ab','12") M3BJIEKACT BCE HJIEMEHTHI U3
B pe3ynbTaTte nonyynm: [OCIIEIOBATEIbHOCTEH S 1 t
[(a,'1), (b, '2] 1 CO3JIaeT CIIIICOK KOPTEeKeH
[(S[OLLLOD,(S[11,t[1D].
unm

a='ab';b="cd';c="ef';d="12'
zip(a,b,c,d)

B pesynbTare nonyyum:

[(lal’ ’C‘, Ve‘7 Vl‘)’ (’b', ldll lfl’ l2l)]

TTocnenoBaTenIbHOCTH JOJDKHBI
OBITH OJMHAKOBOM JJIMHBI.
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map(f, s, ...) | def f(x): npuMeHseT GyHkuuro f K kax-

return x*x JIOMY BJIEMEHTY I0CJIeI0BaTEb-
a=(1,2); b=(6,7) HOCTH S ¥ BO3BPAILIACT CITHCOK
map(f,a) pe3yIbTaToB.
B PE3YJIBTATE MOy IUM:
[1, 4] Ecmu ¢pynkium map() nepenaercs

HCCKOJIBKO ITIOCJICA0BAaTCIIbHO-
CTei/'I, 9TO OpeAamnojaract, 4YTo KO-

WIn JMYECTBO apryMEHTOB, IPUHUMa-
embIx (yHKuuei f, coBnazmaer ¢

map(lambda x: x*x, a) KOJIMYECTBOM TIOCIIEI0BATEIIHLHO-
CTEMH, TO €CTh KaXKJblil apryMEHT

W (dhyHKIIMK OepeTcs U3 IPYroi Imo-
CJIC/IOBATEIILHOCTH.

map(lambda x,y: x*y, a,b)
B PEe3yJbTaTe MOJIyYUM:
[6, 14]

HHOueudya1bHble 3a0a4u

1. Peasim3oBats anroputm mmdposanus Lle3aps.

2. PeammzoBats anroputm mudpoanus RSA.

3. PeanmmmzoBate anroputM mudpoBaHus Iab-1"amas.

4. Yuciio u3 AECATUYHON CUCTEMBI CUMCIICHHUS, BBEICHHOE T10 3a-
MIPOCy C KJIaBUATYPHI, B CIydae MPaBUIBHON 3aIncH, peo0pa3oBarthb
B JBOWYHYIO CHCTEMY WJIM B BOCBMEPHUYHYIO CHCTEMY M Pe3yJbTar
BBIBECTH Ha DKpaH.

5. IBOMYHOE 4YMCIIO, BBEJAEHHOE II0 3alpocCy C KIABHATYPBHI,
B ciy4ae MpaBWJIBHOW 3ammcH, IpeoOpa3oBaTh B JECITHYHOE YHCIIO
Y pe3yJbTaT BBIBECTH Ha DKpaH.

6. Uucio B BOCBMEPUYHOW CHCTEME CUHUCIIEHHS, BBEJIEHHOE
IO 3aITpOCy C KIJIaBUATYPHI, B Cydae MpaBUIHLHOHN 3a1ncH, Tpeodpazo-
BaTh B IECATUYHOE YHUCIIO.

7. lloncunraiiTe 4acToTy OYKB B TEKCTOBOM (haiire.

8. Peanm3oBaTh aNropuT™M CKaTHS HHPOPMAIUA — aJTOPUTM
Xaddmana.
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JlaGopaTtopHasi pa6orta Ne 2

Tema: nakeT numpy.
Heanb pa6oTbl: ocBoeHNE PabOTHI C OCHOBHBIMH (DYHKIIHUSAMU
raKera numpy.

Kpamkue meopemu4eckKue ceedeHus

OCHOBHBIM 00BEKTOM B NUMPY SIBJISIIOTCS] OTHOMEPHBIE U MHOTO-
MepHBIE MacCHBBI (B NUMpy OHHU Ha3bIBaroTcsa numpy.ndarray). [1a-
KEeT COCTOMT U3 HECKOJIbKMX MojyJiei: random (ciy4aliHbie 4uClia),
linalg (nuneiinas anrebpa) u 1. 1. Criexyer oOpaTUTh BHUMaHKE, YTO
JUTS TIOIKJTIOYEHUS TTaKeTa OOBIYHO UCTIONB3YIOT IMPOrt numpy as np.

o (Coszoanue maccueos
Tabmuma 15

Onepamopul u pynKyuu 013 cO30aHUA MACCUBOE

Komanoa Ilpumep losacuenue unu pezynomam
np.array(<cnucok | a = np.array([1,2.5,3],np. | co3manu maccuB BUIA
KOMMOHEHTOB>, int8)° [1 2 3] npuyem dtype=int8
[run’) a=np.array([[1],['a",'0", CO3/IaJT MaCCHB BUIa

21) [([1][a, D] [2]] uc
dtype=object

np.zeros((pasmep- | a=np.zeros((5)) B pe3yJIbTaTe IMOIy4YUM
HOCTB), [TVn]) array([ 0., 0., 0., 0., 0.])
np.ones((pasmep- |a=np.ones((4)) array([ 1., 1., 1., 1.])

HOCTB), [Tnr]) a=np.ones((3,2),np.int8)  |array([[1, 11, [1, 1], [1, 171,
dtype=int8)

np.identity ((pa3- | a=np.identity ((3),np.int8) | array([[1, 0, 0],

Mep)! [TMH]) [0’ ’ 0]9

[0, 0, 17], dtype=int8)

S Tun(dtype) — 310 THmn gaHHbIX. [[pUBeeM MPUMEPHI THUIIOB JAHHBIX:
nesnbie 0e3 3Haka(uint8, uintl6, uint32, uint64), nensie co 3HaKoM (int8, int16,
int32, int64), neiicteutenbHbie (float32, float64, float96), komruiekcHbIC
(complex64, complex128, complex196), object, bool, str, unicode. Eciu
HE ONPEJIENIEHO SIBHO, TO (DYHKIUSI CaMOCTOSITEIBHO CTAPAETCS ONPE/ICIUTh
[TOIXOASIIMI TUII JAHHBIX JIJIS CO31aBaeMOr0 MacCHBa.

¢ dynkiums type(a) Bo3Bpamiaet <type ‘numpy.ndarray’>
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np.diag(<cnmcok
311EMEHTOB>)

np.diag((1,2,3))

array([[1,0,0],[0,2,0],
[0,0,3]])

np.full( (pasmep-
HOCTb), 3Ha4EeHMe,
[T1n))

a=np.full((3,2),5)

array([[5., 5.1,[5., 5.1,[5., 5.]])

np.arange([start,]
stop,[step,] [Tvn])

c=np.arange(3)

array([0, 1, 2])

c=np.arange(3,7)

array([3, 4, 5, 6])

c=np.arange(3,7,2)

array([3, 5])

BO3BpAI[ACT PABHOMEPHO pac-
IpeieICHHbIC 3HAYeHNs Ha 3a-
JTAHHOM HHTepBaie ( TOYKU
OymyT OpaThesi ¢ IaroM step).

np.linspa-
ce(start,stop,[n,]

[)

c=np.linspace(2.0,3.0,3)

array([ 2., 2.5, 3.1])

c=np.linspace(2.0,3.0,3,0)

array([ 2.,2.33333333,
2.66666667])

c=np.linspace(2.0,3.0,3,
retstep=1)

(array([ 2., 2.5, 3.1),0.5)

BO3BpAILIAET PABHOMEPHO pac-
Hpe/elieHHbIE 3HAYEHHUs Ha 3a-
JAHHOM HWHTEpBaje (BaKHO
HOJYYUTh HYXKHBIA pasmep
MaccuBa)’

np.log-
space(start,stop,n,

()

c= np.logspace(2.0,3.0,3,
base=2)

array([ 4., 5.65685425, 8.1)

BO3BpAIlIAET YHCIIa, PACIIOJO-
JKCHHbIE PaBHOMEPHO Ha JIO-
rapu()MIUIECKON MIKaje

np.tile(maccws,
pa3MepHOCTb)

a = np.array([1,2,3], np.int8)

np.tile(a, (2,3))

array([[1, 2, 3, 1, 2, 3, 1, 2,
3101, 2, 3,1, 2,3, 1, 2, 3]],
dtype=int8)

"Tlepeuncnaum erie HECKOJBKO apryMEHTOB: N — KOJ-BO 3JIEMEHTOB;
endpoint — 370 (piar, KOTOPBIN YKa3bIBACT, BXOAUT ITOCIICIHSISI TOYKA B HHTEPBAIT
WIN HET; retstep — 3T0 (par, KOTOPBI YKa3bIBACT, BHIBOIUTH Il MEXKIY
Toukamu win HeT. [lo ymonmuanuto pasmep=>50, endpoint= True, retstep=False

8 [lepeunciaum eIie HECKOJIBKO apryMEHTOB: N —KOJ-BO JJICMEHTOB;
endpoint — 370 (piar, KOTOPBIN YKa3bIBACT, BXOAUT ITOCIICHSISI TOYKA B HHTEPBAIT
wim Het; base — 310 ocHoBanue Jsorapudma. [lo ymomganuo pasmep=>50,
endpoint= True, base=10.0.
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Co3znaBaTh MaccHBBl MOXKHO U M3 CIy4aiHBIX 3JeMeHTOB. [lnd
9TOr0 HY)KHO BOCIIOJIb30BaThCsl (YHKUMSMH M3 MOXYJSL numpy.
random (NOAKITIOYUTH MOJYJIb MOKHO € TIOMOILBIO IMPOrt numpy.ran-

dom as rand).

Tabmuma 16

Co3zoanue cayqyaiinblX Maccueos

Komanpna [Ipumep

IlosicHenue unum pe3yabTar

np.random.sample() | a=np.random.sample(

)
a=np.random.sample(k)

a=np.random.sample((m,n))

PaccMOTPHUM apryMEHTHI:
- 06€3 apryMeHTOB BO3Bpa-
IIaeT MPOCTO YHCIO B IPO-
MmexyTke [0, 1);

- C OJTHUM LEJIBIM YHCIIOM
— OJJHOMEPHbII MacCUB

u3 k 251eMEHTOB;

- C KOPTE)KEM — MaCCHUB

C pa3Mepamu, yKa3aHHBIMH
B KOpTexe®.

np.random.randint | a= np.random.randint(1,5,7)
(low [, high,size]))

B PE3YIBTATE MMOITyIUM
MAacCCHB W3 LENbIX YHCEIL.
Yucna HaXOISTCA B IUana-
30He [/ow,hight).

size — pa3Mepsl MaccHBa

np.random.shuffle() |z=[1,2,3,4,5]

np.random.shuffle(z)

CITy4JaiiHBIM 00pa3oM mepe-
MEIIHBAET MOCIIEI0BATEIb-
HOCTb

np.random.choice() |z=[1,2,3,4,5]

np.random.choice(z)

B pe3yJbTaTe MoJIyquM
CIIy4allHbI{ JIEMEHT U3 T0-
CJIE10BAaTEIILHOCTH

np.random.rand() | np.random.rand(3,2)

CO3/1aeT MacCHUB JaHHOI
(hOpMBI 1 3arTOTHEHHBIH
CITy4alHBIMH BBIOOPKaMH
U3 PaBHOMEPHOTO pacmpe-
nenenus [0, 1). B pe3yinb-
TaTe BBINOJIHEHUS IPUMeEpa
MOJKEM IMOJIyUUTh:

® Bee uncna OyayT u3 npomeskytka [0, 1)
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array([[ 0.13250592,

0.99177714],

[0.35252655, 0.00167288],

[0.06701446,

0.789967341])
np.random.nor- np.random.normal() ciy4vaitHasi BBIOOpKa U3
mal(loc=0.0, HOPMAJIbHOTO pacrpeese-
scale=1.0, HHA. 3aMETHUM, 4TO [oc —
size=None) cpelHee 3HaueHue, scale —

CTaHJAPTHOE OTKJIOHCHHE.
np.random.uniform | np.random.uniform) PaBHOMepHOE pacmpee-
(low=0.0, high=1.0, nenue. Bo3ppaiaer yucia
size=None) B ananasoue [low, high).

Crenyer oOpatuTh BHUMAHHE, YTO B MACCHBaX NUMPY XPaHHUTCS
JOIIOJITHUTCJIIbHAA I/IH(bOpMaHI/ISI (HepC‘II/ICHI/IM HCKOTOPLIC 3JICMCHTLI
3TOW WH(OpPMAIMK: yKa3aTellb HA JaHHbIC, THII JAaHHBIX, KOPTEXK,
OIMUCHIBAIOIIUN (hOPMY MACCHBA).

o Hexomopuie memoovl u ampubymul, C6s3aHHble C XapaKme-
PUCUKAMU U CIMPYKMYPOU Maccugos'’.

Tabmuna 17

(Dynkuuu, CéA3AHHblEe C XaPAKMEPUCMUKAMU MACCUBO06

Memoo unu ampubym Ipumep Toscnenue unu pesynbmam

reshape() c=a.reshape array([[1, 2],[3, 4],[5, 6]])

nu3MeHeHue HopMbl ((3,2)) npeodpa3oBaii MaccHB a
B JIByMEpHbBI MaccUB!

0 [Mpenmonoxum, 4To Hamu ObUIM CO3JaHbI MAcCCHBBI a=np.array
([1,2,3,4,5,6]), b=np.array([[1,3],[2,5],[4,6]]) u mas3d=np.array([[[1,2,3],
[4,5,61], [[7,8,9],[10,11,12]1D).

1 Cnenyer oOpaTUTh BHUMaHHE Ha TO, YTO C M a CCHUIAIOTCSI Ha OJIMH
MaccuB. B 3ToM J1erko yOequThCsl, €CIIi BBITOJIHUTH CIIEAYIOIIUE ONepaliH:
a[2]=77; print a; print c. Eciu sxe konupoBaHrne HEOOXOAMMO, TO ITO MOXKHO
OpraHuM3oBath cieayromuMm obpasom: c=a.reshape((3,2)).copy(). Tenepn
MacCHUBBI C M @ COBEPIIEHHO HE3aBUCHMBI.
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Memoo unu ampubym

Llpumep

Tosacnenue unu pesynvsmam

ravel()
n3MeHeHue Gpopmel

c=b.ravel()

array([1, 3, 2, 5, 4, 6])

.Shape

HOJTyYUM KOPTEX pas-
MEpOB MacCHBA, €ro
bopmy. [l MaTpuLb!
U3 N CTPOK U M CTOIO-
OB pe3ynbTar Oyaer
(n, m).

a.shape

(6,)

h.shape

(3,2)

.ndim
HalgeM KOJINYECTBO
U3MEPEHUI MacCuBa

b.ndim

.Size
HalgeM KOJIHMYECTBO
3JIEMEHTOB B MAaCCHBE

b.size

.dtype
MOJIy4YUM THII 3JICMCH-
TOB MacCuBa

b.dtype

dtype('int32')

itemsize

HalJeM pa3smep Kax-
JIOr0 3JIEMEHTa MaCCH-
Ba B OaiiTax

b.itemsize

transpose() d=b.transpose() |array([[1, 2, 4],[3, 5, 6]])
Marpuia d- a1O TpaHCIIO-
HUpPOBaHHAs MaTpuna b

transpose(<kopTex mas3d.trans-  |array([[[ 1, 7],[ 4, 10]],

ocen>) pose((2,1,0)) [[2, 8],[5,11]],

YKa3bIBAETCSI KOPTEK
HOMEpPOB OCEH, ONu-

CBhIBAIOLMI UX Iepe-
CTaHOBKY

([3, 91 [6,12]1D)
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o Onepayuu ¢ omoenbHbiMU KOMROHEHmamu'?.

Tabnuua 18

Onepamopul u pynKyuu 013 maccugos

Onepayus Ipumep Hoscnenue unu pezynomam
apudmerrueckas onepanus | c=a*2 array([ 2, 4, 6, 8,10, 12])
DJIEMEHTOB MAaCCHUBOB CO c=at+h array([ 6’ 7’ 8’ 9, 10, 11])
CKajispaMi c=al5 array([0, 0, 0, 0, 1, 1])

c=a%>5 array([1, 2, 3,4, 0, 1])

c=a**2 array([ 1, 4, 9, 16, 25, 36])
apudMeTHUecKas onepanys | c=a*h array([ 5, 12, 21, 32, 45, 60])
JBYX MacCHUBOB OJMHAKOBO- | c=g**p array([ 1, 64, 2187,
ro pazmepa (Kaxkabli 3J1e- 65536, 1953125, 60466176])
MEHT Ha KaxIbif)" c=atb array([ 6, 8, 10, 12, 14, 16])
JIroGas apnpmernueckas c=alb array([0, 0, 0, 0, 0, 0])
OTepaIlis Ha/l MACCHBAMH | o/ array([1,2, 3, 4, 5, 6])
OJIMHAKOBOTO pa3Mepa Mpu-
MEHSIETCSI K COOTBETCTBYIO-
UM DJICMEHTaM.
apudmMeTHueckas oneparys | c=attbt array([[6,7,8,9], [7,8,9,10]]
JABYX MAaCCHBOB pPa3HOTO e array([[ 1, 32, 243, 1024],
pa3mepa (Kammﬂﬁ DJIEMEHT c=at"’bt [ 1, 64, 729, 4096]])
Ha KaskbIi)™ c=atbt array([[ 5, 10, 15, 20],

[6,12,18,24]])
c=at/bt array([[0, 0, 0, 0], [0, 0, 0, 0]])
array([[1, 2, 3, 4],

c=at%bt }E(l[,[z, 3 4]])]

¢ = bt%at array([[0, 1, 2, 1], [0, 0, 0, 2]])
JIOTHYECKUE YCIOBHSA TaKkKe | C=a>3 array([False, False, False, True,
pacmpoCTpaHsIIOTCS Ha OT- True], dtype=bool)
JICIIbHBIE 3JICMEHTBI c=a[a>3] array([4, 5, 6])

2 TIpearnonoxum,

YyTO HaMu ObLIM

CO3JaHbl MAaCCHUBBI a=np.

array([1,2,3,4,5,6]) u b=np.array([5,6,7,8,9,10]).
3 MaccuBbI JIOJOKHBL OBITH OJJMHAKOBOM (POPMBEI.
¥ TIpemnonosxum, uto at=np.array([1,2,3,4]) u bt=np.array([[5],[6]]).
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Crenyer mOMHUTB, YTO NUMPY MPEAOCTABISET MHOTO (DYHKLIWH
111 00paboTKM MaccuBOB. HekoTopeie n3 3TuX (GyHKLUUI aHATOTHYHBI
GyHKUMSAM W3 Moayns math — TOJNBKO apryMeHTamH SIBIISIFOTCS
MaccuBbl. Taxke cielyeT MOMHUTh, YTO B PE3YJIbTATE BHIIIOJIHEHUS
(YHKIIMU MOKET BO3BPAIIATHCS OJMH WM HECKOJIBKO MAaCCUBOB'?.

Tabnuma 19

Onepamopul u pynxyuu 013 maccugos

Onepayusi Ipumep Hosicnenue unu pesyiomam

np.exp() a=np.array([1,2,3,4,5,6]) |array([ 2.71828183,
7.3890561, 20.08553692,

BBIYHCIISIET HKCIIO- np.exp(a) 54.59815003,
HEHTY € JJIs1 KaXKI0ro 148.4131591 ,
9JIeMEHTa 403.42879349])
np.add()
CKJIaJbIBAE€T COOTBET- np.add(ab) array([ 6, 8,10, 12, 14,
CTBYIOIIHE DJIEMEHTHI 16])
MacCHBOB
np.modf() c=np.array B pe3yJIbTaTe TOyYHM JIBa
Bo3Bparaet apoousie |([1.5,2.3,3.0,4.7]) BEKTOPA:

M 1CJIbIC YaCTH Mac-
CHUBa B BHJC OTACIIb-
HBIX MAaCCHBOB.

a,b=np.modf(c)

array([ 0.5, 0.3, 0., 0.7])
u
array([ 1., 2., 3., 4.])

np.fromfunction def f(i,j): f— 910 PyHKUNA-TEHEPA-
(f,sh[,...]) return 2*(i+1)+j TOp, KOTOpasi B KAUECTBE
np.fromfunction(f, (2,2)) | aprymenToB npuHUMAaeT
nnm HHJEKCHI 3JIEMEHTOB;
np.fromfunction(lambda | sh — aTo KopTex pa3mepos
ij: 25(i+1)4, (2,2)) MaccuBa;
B PE3yJIbTATE MOy INM
array([[ 2., 3.]1,[4., 5.1
np.meshgrid() x = np.array([1,5,3]) B pe3yJIbTATE MOIYYUM /1B

y = np.array([-1,1])

MaccuBa:

15 TIpennonoxum,

YyTO HaMu ObLIM

CO3JaHbl MAaCCHUBBI a=np.

array([1.,2,3,4,5,6]), b=np.array([5,6,7,8,9,10]) u mas2d=np.array([[1,2,3],

[4,5,6],[7.8,91)).
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Onepayus

Ilpumep

Tloscuenue unu pesyibmam

CO3/1aeT CTPYKTYpH-
POBaHHBIN MaccHB

C KOOpJIMHATAMH X, Y
Ha CeTKe

X,Y=np.meshgrid(x,y)

maccuB X: array([[1, 5, 3],
[1,5, 31D,

OH TI0JTy4aeTCs U3 MacCHBa
X, KOJIMYECTBO CTPOK
pasusietcs len(y);

maccuB Y: array([[-1, -1,
—11,[1,1,1]]), oH mosryuaet-
sl U3 MaccuBa Y, Koimye-
CTBO CTOJIOIIOB paBHSETCA
len(x).

sum(a, axis=None,
dtype=None)®

CyMMa 3JIEMEHTOB.
ApPryMeHTHI: a - mac-
cue, axis -ochb

np.sum(a)

21.0 — 710 CyMMa dr1eMeH-
TOB MacCHBa

np.sum(a, dtype=int)

21

np.sum(mas2d,axis=0)

array([12, 15, 18]) — cym-
MbI 110 ocu ()

np.sum(mas2d,axis=1)

array([ 6, 15, 24]) — cymMmsI
1o ocH 1

np.sum(mas2d)

45

prod(a, axis=None,
dtype=None)

BO3BpAILaeT IIPOU3BE-
JICHUE JIEMEHTOB.
ApryMeHThI aHaJIO-
THYHBI TEM, KOTOPbIC
HCTIONIB3YIOTCS B ME-
Tome .sum)

np.prod(a)

720.0 — »TO MpoU3BEACHUE
9JIEMEHTOB MaCCHBa

np.prod(a, dtype=int)

720

np.prod(mas2d,axis=0)

array([ 28, 80, 162]) —
npousBenenue mo ocu 0

mean(a, axis=None,
dtype=None)

BBIYHCIISICT CpeiHee
apugmeTHIecKoe

np.mean(a)

3.5

np.mean(a, dtype=int)

3

np.mean(mas2d,axis=1)

array([ 2., 5., 8.]) —3Haue-
HMS BEIYKCIIEHBI 110 ocH |

162 — MCXOMHBIA MACCHB; axis — OCb WIIH KOPTEX OCEH, M0 3aaaHHOU
OCH BBINIOJIHSETCS CyMMHUpOBaHue; dtype — THIT BO3BpaIllaeMoro 4uciia Wiu

MaccuBa.
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Onepayus Ilpumep llosicnenue unu pezyromam
std(a, axis=None, np.std(a) 1.707825127659933
dtype=None, np.std(mas2d,axis=1) |1
ddof=0) np.std(a,ddof=1) 1.8708286933869707
(

BBIYUCIISIET CTaHIAPT-
HOE OTKJIOHEHHE, B
OCHOBHOM apryMEHTBI
aHAJIOTUYHEI .sum(),
ddof — nnst n3MeHeHNN
CTeTeHel cBOOOIBI.

np.std(mas2d,axis=1)

array([ 0.81649658,
0.81649658, 0.81649658])
BBIYHCIISIEM 3HAUYCHHE

o ocu 1

o Unoexcuposanue u evipesanue’’

Tab6muma 20

Onepamopbul u pynkyuu 0na maccueos (WHoekcupoganue)

Aopecayus

Tloscnenue unu pe3yiomam

mas2d[0]

array([1, 2, 3])

mas2d[0,1] unn mas2d[0][1]

2

mas2d[:2]

array([[1, 2, 3],[4, 5, 6]]) BeIpe3aHue MPOU3BO-
UTCS BIOJIBL ocH 0.

mas2d[1:] array([[4, 5, 6], [7, 8, 9]]) BeIpe3aHme TPOU3BO-
JATCS1 BIIOJTB ocH 0.

mas2d[:,:2] array([[1, 21,[4, 5],[7, 8]]) BeIpe3anue mpous-
BOJUTCS BIOJb ocu 118,

mas2d[:,1:] array([[2, 31,[5, 6],[8, 9]]) BeIpe3anne mpous-
BOJIUTCS BJIOJIb OCH 1.

mas3d[1] array([[ 7, 8, 9],[10, 11, 12]]) 6epem 1 ame-
MeHT 110 0

mas3d[1,1] array([10, 11, 12])

mas3d[:;,1] array([[ 4, 5, 6], [10, 11, 12]]) 6epem Bce are-
MEHTHI 110 ocu 0 ¥ IepBbIN 2JIEMEHT 110 ocu |

mas3d[1,1,] array([10, 11, 12])

mas3d[1,1,0:2]

array([10, 11])

Y Tlyctb

mas2d=np.array([[1,2,3],[4,5,6],[7.8,9]]) u

mas3d=np.

array([[[1,2,3], [4,5,6]], [[7.8,9],[10,11,12]]])
18 nBoeTouMe Ge3 yKa3aHHs UMCIIa 03HAYAET, YTO HY’KHO B3SITh BCIO OCh

HCJIINKOM
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o Vnopsodouusanue snemenmos’’

Tabmuma 21

Onepamopul u pyHKyuu 0131 MACCUBO8

(ynopsaoouueanue nemennos)

Onepayus

Ipumep

[loscnenue unu pesyibmani

.max([ocb])

HaxXoIuM MaKCUMaJIbHBIN

mas2d.max() |9
mas2d.max(0)

array([7, 9, 6])

SIICMEHT mas2d.max(1) |array([3, 9, 8]

.sort([<ocb>=-1]) mas2d.sort(0) |array([[1, 2, 3],

COpPTHPOBKA [4, 8, 5],
(7.9, 61D

o Mampuywr®

Tabmuma 22

Onepamopul u lynkyuu ona mampuy

Onepayus

Ipumep

Tosacuenue unu pezyromam

matrix(gaHHble)

CO3/1aHle MaTpH-
IIBI

al = np.matrix(a)
b1 = np.matrix(b)
mas =

np.matrix(mas2d)

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

matrix([[ 5, 6, 7]])

matrix([[1, 2, 3], [4, 9, 6], [7, 8,
51D

apudmernueckas |al*hl.transpose() |matrix([[38]])
oriepanus IByx al*mas matrix([[30, 44, 30]])
MaTpuI|
1 mas.| matrix([[0.05769231,-0.26923077,
0.28846154],
obparHas MaTpu- [-0.42307692, 0.30769231,
na -0.11538462],
[ 0.59615385, -0.11538462,
—-0.019230771))
T mas.T matrix([[1, 4, 7], [2, 9, 8], [3, 6,
TPaHCTIOHUPOBAH- 51D

Hasi MaTpuIa

¥ TIpenmosokuM, 4YTO HaMH OBUI CcO34aH MaccuB mas2d=np.arr

ay([[1,2,3],[4,9,61,[7.8,5]])
2 TIycts a=np.array([1,2,3]), b=np.array([5,6,7]) u mas2d=np.arr

ay([[1,2,3],[4,9,61,[7.8,51])



HHoueudya1bHble 3a0a4u

1. Coznaiite BeKTOp coO 3HauYeHUsIMU OT 5 10 10 U pa3BepHUTE
BEKTOp (TIEPBBIN CTAHOBUTCS TTOCJICTHIM ).

2. Co3paiite maccuB 3X3 co cily4ailHIMU 3HAUCHUSIMU, HAAUTE
MUHUMYM, MaKCUMYM U Cpe/IHee 3HaAUeHHE.

3. Cozpnaiite 1Be MaTpUIlbl 5X3 U 3X2 U IEPEMHOXKbTE UX.

4. Co3paiite maccuB 3x3 co ciaydallHbIMU 3HaYeHUsIMU OT 1 110 6
Y CKaXXHTE, CKOJIBKO 3JIEMEHTOB MAaTPHIIBI MEHBIIIE 3.

5. HameuataiiTe Bce 3HaUeHUs] B MACCHUBE.

6. HalinuTe nuaroHajibHbIE 3J€MEHTHI IPOU3BEACHUS BYX Ma-
TPHIL.

7. Coznaiite maccuB 3x3 W BbIOepUTE KoopawHATy. Hammmmre
(hyHKIMIO, BBIACTSIONIYIO YacTh MaccuBa (DMKCHPOBAHHOTO pa3Mmepa
C IIEHTPOM B JIaHHOW KOOPAHMHATE.

8. Haiimute Hanbosiee 4acTo BCTpeIaeMoOe 3HAYCHUE B MACCHUBE.
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JlaGopaTtopHasi pa6ora N2 3

Tema: maketr Matplotlib.
Leab padoThl: OCBOEHNHE PadOTHI C OCHOBHBIMHU (PYHKIIMSMHU T1a-
kera matplotlib.

Kpamkue meopemu4eckKue ceedeHus

[MakeTr mpegHasHa4yeH AJisi BU3yalM3allld YUCIOBOM HMH(poOpMa-
uun ¢ nomouipto 2D u 3D rpadukoB u amarpamm. [laker coctout
U3 MHOXECTBA MOJYJEH.

o Mooy matplotlib.pyplot (0symepnoie epagpuru)

Yrto6bl nMmopTHpoBaTh MOy 16 Matplotlib.pyplot 06bruHO Hcnoms-
3ytot import matplotlib.pyplot as plt.

OOBEKTOM CaMoTro BBICOKOTO YpOBHs Ipu padote ¢ matplotlib siB-
nsiercs pucyHok (Figure). Ha Hem pacrioyiararoTcst o/iHa WIH HECKOJIb-
KO obnacreil pucoBanusi (Axes) U 3JeMEHTBl O(OPMIICHHST PUCYHKA.
Haznauenune Axes COCTOUT B TOM, YTO HA HETO HAHOCUTCA TpaduKa.

PaccMmoTpumM HekoTOpBIE METOIBI IK3eMILIsIpa Kiacca matplotlib.
figure.Figure.

Tabnuma 23
Onepamopul u pynkyuu 011 mooyna matplotlib.pyplot

Dyuxyus Tosacuenue unu peynomam
plot (x,y,[,--.]) cozmaet rpaduk. [Ipu cozmannu rpaduka Mox-
HO YKa3aTh TUII JINHUY, [IBET JIMHUHU, MapKep TO-
9eK U T. 1. HamoMHIM BO3MOKHBIE apTyMEHTHI:
sc=<IIBET JIMHUK>, BO3MOKHA OJlHa U3 OyKB
rgbymcwk
* |s='<tum auHUI>', BOBMOXKHBI. - -- -,
e l[w=<rtoJInHa THHUI>
» marker='<rum mapkepa>', BO3MOKHBI:
0" v<>s+xDd1234hHp,|
* mec=<IBET IPaHUIIbl MapKepa>
» mfc=<1mBer mMapkepa>
* Mew=<TOJII[MHA TPAHUIIEI MapKepa™>
* ms=<paszMmep MapKepa>
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hist(values], bin=10,...])

CO3JaeT TUCTOrPaMMYy JIsl BXOAALIUX JAHHBIX.
AprymeHrT bin — KOJIMYECTBO OTPE3KOB, yKa-
3bIBAIOLIHX, HA CKOJIBKO JIEJISTCS IaHHbIE

.polar(angle, radius],...])

co3gacT r‘pa(bm( B HOHﬂpHOI‘/'I CHUCTEMC KOOPANHAT

.savefig(file_pathl, dpi])

coxpansieT rpaduk B dain

.show()

0TOOpaKkaeT OKHO ¢ TpaduKOM

Xlim([new_xlim])

BO3BpalIacT WK yCTAaHABIMUBACT MPECACIbHBIC
3HA4YCHH 110 OCHU

.subplot(mnp], ...])

JTaHHasi KOMaHJa BRIIIOJHSIETCS IIepes oopa-
IIeHHEeM K (YHKINSAM HOCTPOCHHS TpahUKOB
JUISL OMHOBPEMEHHOH BBIIaUN HECKOJIBKUX
rpaduKOB B pa3IMYHBIX YaCTAX IpauuecKoro
OKHa. ApryMeHTsI mnp — 3 1udpsI, KOTOphIE
MOKa3bIBAIOT, KaK OyJEeT NPOUCXOIUTh Pa3-
OuBKa rpaduIecKoro OKHa Ha HECKOJIBKO I10-
JIOKOH.

M yKa3bIBaeT, Ha CKOJBKO YacTel pa3ouBaeTcs
OKHO I10 TOPU30HTAIIH,

N YKa3bIBaeT, HA CKOJIbKO YacTeil pa3ouBaercs
OKHO I10 BEpTHUKAIIH,

P — HOMep MOJOKHA, Ky/a OyeT BEIBOAUTHCS
o4epenHol rpaduk

litle(label)

KOMaHJ1a Co3/[aeT O0IIHe 3aroJI0BKH K IpauKy
¥ TIOJrpauKam

text(x,y,Tekct],...])

BBIBOJMT B 00J1acT AXes TEKCT B TOUKE (X,Y)

Jegend([...])

KOMaHIa 0TOOpakaeT JETCHIY B rpadUuecKoit
00JIaCTH aKTMBHOTO OKHAa. HamoMHNM BO3MOXK-
HBIC apTyMEHTEHI:

borderaxespad — BemruuHa 3a30pa MEXIY OCS-
MU U JICTEHI0M;

legend names —Ha3BaHUE JIETEH/IbI;

loc — MecTomonokeHNe BEIBO/IA TAHHBIX JICTCH-
1! (0 — mydmmuii BapuanT,] — BBepXy Crpasa,

2 — BBEpXY CJIeBa, 3 — BHH3Y CIIEBa, 4 — BHU3Y
crpasa, 5 — crpaBa, 6 — mocepeiHe clieBa,

7 — mocepeIMHe CIpaBa, 8 —TI0CcepeINHe BHU3Y,
9 — nocepenuHe BBepXy, 10 — mocepenuxe)
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Xlabel(label), YCTaHABIMBALT MO/IKCH U1 OCH X U OCH Y

ylabel(label)

Jgrid ([...]) BKITIOYAET 0TOOPaKEHUE CETKH 10 3HAYCHUSIM
ocei

.axis([new_axis]) KOMaH/1a yCTaHaBJIMBAET MpeieIbHble KOOPAU-
HATBI TI0 OCSAM: [Xmin, Xmax, ymin, ymax |

figure([...]) co3maeT 3K3eMIuIIp kiaacca matplotlib.figure.

Figure. [Tepeuucnum HeKoTOpBIE aTpUOY-

TBI 3TOTO Kiacca: figsize — KopTex pa3mepa
¢urypsl; dpi —KOITUYECTBO TOYEK HA JIOIM;
facecolor — nBet hona durypsr; edgecolor —
uBeT rpanull purypsr; linewidth — mupuna
JTUHUA QUTYPHI.

OTMETHM, YTO HK3EMIUISIP MOXKET aBTOMATH-
YECKH CO37[aBaThCSI IIPU TIEPBOM BEITIOJTHCHUN
Kakoii- 1nbo rpaduueckoil pyHkuuu

.imshow (z,[,...]) BBIBOJIUT N300paxkeHue (IMKCEIbHBIC KapTHH-
KH).

Kaprunka 3amaércst MaccuBOM z: z[1,j] — 31O
[IBET MUKCEJIs 1,j, MACCHUB M3 3 DJIEMEHTOB
(rgb, uncna ot 0 o 1).

[Tepeuncium HECKOJIBKO apryMEHTOB: cmap
— IIBETOBAs raMMa; NOrm — HOPMUPOBAHUE
JAHHBIX [IPU BBIBOJIC; aspect — COOTHOIICHHE
CTOpOH; interpolation — METO HHTEPIIOIUPO-
BaHUS U300pAKCHHUS

.axes([left, bottom, width, | nicrionb3yeTcsi, eciti BbI XOTHTE PAaCIIOIOKHUTh
height]) ocH (II0OZ0KHA) BPYUYHYI0, HAllpUMep He Ha
MIPSIMOYTOJIBHOM CeTKe, a KaK-HUOYIb EI0UKOMH.
Bce 3HaueHNST apryMEHTOB U3MEHSIOTCS

or 0 go 1.

PaccmoTpuM HECKOIBKO TIPUMEPOB.

X
Hpumep. ITlocmpoum ¢pynkyuu y =cos (10x)u Yy = — na npo-
2
mexncymre X € [-1LI]
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....................................................................

KOJT

pe3yJbTaT BBITIONHEHHS KOJIa CMOTPH Ha pHc. |
#-* coding: cpl251 -*-
simport numpy as np #umnopmupyem Mmooy
:import matplotlib.pyplot as plt #umnopmupyem mooye
:X = np.linspace(-1,1,50 ) :
: #e036pawjaem maccus ¢ pagHoMepHo pacnpeoenentvle SHa4eHUAMU :
: Ha unmepasaie
:C,S =np.cos(10*X), 0.5*X #icozdaem snauenue Qynkyuii na unmep-

sane :
Eplt.ﬁgure(ﬁgsize=(6,6)) # 3a0aodum pasmep gueypol
s plt.title('Matplotlib_1') # saconosox epagpura
splt.xlabel('x')  # yemanasnusaiom noonuce ons ocu x
splt.ylabel('f(x)") # ycmanasnusaiom noonucw ons ocu y
:plt.text(0.25,0.75,' Text') # 6b1600um mexcm
- plt.grid(c="#00001f1s="--",lw=1.5) # omobpasicaem cemxy
:plt.plot(X,C,c="r',Is="-",ms=10,marker='0") #cozoaem epagpux
-plt.plot(X,S,c='g"Is='--") #cozdaem epagdux
spltaxis([-1,1,-2,2])
gplt.show() Homoobpasicaem okHo ¢ epaguxom

...................................................................
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Mpumep. [locmpoum paznuunvie epaguru, Kaxicovli HA c80em
noookte. Paccmampusaromesn gpynuxyuu:

O y = sin(x) na npomescymke X € [-10;10].

O 8 noApHOU cucmeme KOOpoOuHam y = sin(p) u'y = cos(p), eoe
o € [0,27]}

O  2UCMOSPaMMA U3 CAYYANUHBIX 3HAYEHUL

O  YBEMHYIO KAPMUHKY

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

KOJI
: pe3yJIbTaT BBITIOJHEHHS KOJla CMOTPH Ha pPHC. 2
Tk coding: cpl1251 -*-
import numpy as np #umnopmupyem mooyne
‘import matplotlib.pyplot as plt
:x=np.arange(-10,10.01,0.01)# cozoaem maccus
f#subplot 1
- plt.subplot(221) :
1 #Oyoem evi60OUmMb cpazy uemvipe 2pauxa, cozoaem nepeviil 2pa-
. Qux :
-plt.plot(x,np.sin(x)) # cmpoum nepswiii epagux
‘plt.title("plot’) #oeraem 3azonosox ons nepeozo epaguxa
- #subplot 2
‘plt.subplot(222,polar="True")
:#cozoaem 8MOpOlL 2pagpux 8 NOJAPHOU cucmeme KoOOpOUHaAm
:plt.title('polar’)
- phi=np.linspace(0,2*np.pi,100) # cozdaem 0Onomepubiti Maccus
- plt.polar(phi,np.sin(phi)**2) #cozoaem epaghux
- plt.polar(phi,np.cos(phi)**2) #cozdaem epagux
:#subplot 3
:plt.subplot(223)
-plt.title('Histogram')
:a= np.random.uniform(size=100)# cozdaem maccus
- plt.hist(a,bins=20) # cozdaem 20 cmorbyos
‘#subplot 4
i plt.subplot(224)
‘n=256
su=np.linspace(0,1,n) # cozdaem oonomepHbiii Maccus

4



plt.title('image")

:x,y=np.meshgrid(u,u); z=np.zeros((n,n,3))
‘z[:,:,0]=x

z[:,,2]=y

- plt.imshow(z)# cozdaem epaghux
:plt.show()

Puc. 2. Pe3ynbTat BHIIOMHEHUS KOJA

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

o Mooyre mpl_toolkits.mplot3d (mpexmepruie epaghuxu)
Jnst mocTpoeHus: TPEXMEPHBIX rpauKoB OyaeM HMIOPTHPO-
BaTh HECKOJIBKO MAKETOB:
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d.axes3d import Axes3D
import numpy as np
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Tabnuua 24

Onepamopul u ghynkyuu 0na mooyna mpl_toolkits.mplot3d

Dyuxyus

Toscnenue unu peyromam

Axes3D()

CO3/1aeT TPEXMEPHBIE OCH. APTYMEHTOM METO/a
JIOJDKEH OBITH AK3eMIuTIp kiacca Figure.

O6BexT Axes3D MOKHO TakKe CO3aTh C IIOMOIIBIO
metozma add subplot(111, projection = '3d") sx3em-
sapa knacca Figure

plot (x,y,z,[,...])

co3zaet oObIYHY0 KpHBYIO. [IpuMeHsist MeTo 3k-
3eMIsipa Axes3D, momyduM TpexMEepHYIO KPUBYIO.
Aprymentsl ananoruuasl matplotlib.pyplot.plot. TTa-
paMeTpsl X,Y,Z OOBIUHO 3aJIAI0TCs TapaMeTPUIECKU

x=x(),y =y{O)muz=2z(>)

.plot_surface(X,Y,Z,
[...])

CTPOUT MOBEPXHOCTH, r1e X,Y, Z — IByMEpHbIe
MAacCCHBBI, COJIEpKAIIUE X, Y U Z KOOPAUHATHI Y3JI0B
MHOT'OT'paHHOU NOoBepxXHOCTU. IlepeunciiuM HeKoTO-
pbie aprymenTsl: rstride=1 u cstride=1 ycranasiu-
BAIOT IIar, UCIIOJIb3YEeMbIH JIJIsl BLIOOPKH BXOJIHBIX
JTAaHHBIX.

CryneHTaM clieyeT MOMHUTH, YTO KOOPAUHATHI y3-
JIOB MOYKHO 3aJ1aBaTh apaMeTpuueckue: x = x(u,v),
y =»(u,v), z = z(u,v). Eciu MBI XOTUM OCTPOUTH
KOOPJAMHATHI B IBHOM BHIE Z = z(X,)), TO YIOOHO
CO3/1aTh MAaCCHBHI X, Y M BOCIIOJIb30BATHCSI (DYHKIIH-
eit numpy.meshgrid

.plot_wireframe(X,Y,Z,

[--])

CTPOUT KapKaCHYO IMOBEPXHOCTb, rae X,Y, Z

— JIByMEpHBIE MAaCCHUBBI, COJIEPKaIIHE X, Y U Z KO-
OpJIMHATHI Y3JI0B MHOTOTPAHHON TTOBEPXHOCTH. Ap-
TYMEHTBI aHaioruyHbl plot_surface

scatter(x, y, Z[,...])

cTpout rpaduk paccesHus. OyHKIMS pUCyeT MHO-
JKECTBO TOUCK, a0CIIICCHI KOTOPHIX MEPEAIOTCS B
BEKTOPE X, OPANHATHI — B BEKTOPE Y, alllUINKAThl — B
BEKTOpE Z.
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Hpumep. IHocmpoum paznuunvie 3D epaduru, kadxcowiii Ha c8o-
em noooxue. Paccmampusaiomces pynxyuu: obvlunas Kpusas, Kap-
KACHAs NOBEPXHOCMb, 0ObIUHASL NOBEPXHOCTY, SPADUK paCCeUusansl

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

KOJ
pe3yJIbTaT BHIMOJIHEHHUS KOJa CMOTPH Ha pHC. 3
“#-*coding: cp1251 -*-

.import numpy as np #umnopmupyem moodyne
:import matplotlib.pyplot as plt

:from mpl_toolkits.mplot3d.axes3d import Axes3D
‘fig = plt.figure()

#subplot 1 :
:ax = fig.add_subplot(221, projection='3d'") #cozdaem mpexmepuvie:
: ocu
- t=np.linspace(0,4*np.pi, 100) #3a0aem usmenenue napamempa:

:x=np.sin(t); y=np.cos(t);z=t/(4*np.pi); #cozoaem x,y,z
-ax.plot(x,y,z,c="r",Is="-',ms=10,marker='0") #cozoaem epaghux
- #subplot 2

rax =fig.add_subplot(222, projection='3d")
§u=np.arange(—5,5,0.25) # 3a0aem uzmeneHue napamempa
:X,y=np.meshgrid(u,u) #cozdaem x,y

s z=np.sin(np.sqri(x**2+y**2)) #evruucnaem 2
-ax.plot_wireframe(x,y,z,rstride=1,cstride=1,color="green')
#empoum nosepxrnocmo

:#subplot 3

-ax = fig.add_subplot(223, projection='3d")

‘u = np.linspace(0, 2 * np.pi, 100)

-v = np.linspace(0, np.pi, 100)

:x =10 * np.outer(np.cos(u), np.sin(v)) #cozdaem x

fy =10 * np.outer(np.sin(u), np.sin(v)) #cozdaem y

:z =10 * np.outer(np.ones(np.size(u)), np.cos(v)) #cozdaem z
sax.plot_surface(x, y, z, color="b") #cmpoum nosepxmnocmo

s #subplot 4

sax = fig.add_subplot(224, projection="3d")

:x = np.random.rand(500) * 20.0 - 10.0
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g#np.mndom, rand(500) cozoaem maccus uz 500 snemenmos
.y = np.random.rand(len(x)) * 20.0 - 10.0

:z=np.sin(x * 0.3) * np.cos(y * 0.75)

- ax.scatter(x, y, z)

: plt.show()

Puc. 3. Pe3ynbrar BEIIOTHEHUS KOJa

D I R R I I R I I I I I T T T R I A R I Y

D R I R I R I T R I I I I R R A R P P P A A P P

L I T I I I R R I I I Y
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HHOueudyasbHble 3a0a4u

1. IlocunTaiite yacTory OYKB B TEKCTOBOM (paiiyie M MOCTpOiiTe
THCTOTpaMMy.

2. Iloctpoiite rpaduk ¢byHKIIIH y=sin(5x+1)+2

ny = Ha mpoMexxytke X € [-L1,1].
X+ 5
3. [locTpoiiTe Tpaduk B TOINIPHOW CHCTEME KOOPIWHAT
y =2sin (p) uy = 3cos (2¢), tne ¢ < [- % , %] .

4. Tloctpotire 3D kpuByto x=t/5; y=t**2;z=t+5; t € [-7, 7].
5. Tloctpoiite 3D kpuByro x=t**2; y=t**2;7=t/5 t € [-7, 7].

6. IToctpoiite 3D mOBEPXHOCTH 2z = COSVX?+y?, THe

X, ¥ € [-5,5].
7. Hoctpoiite kKapkacHyro 3D MOBepXHOCTb Z = cosVX? + 2, rie

X, ¥y € [-3,3]
7. octpoiite 3D moBepxHocTh z = x>+ y%, r1e X, Y € [LI]
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JlaGopaTopHas pa6oTta N2 4

Tema: maker SymPy.
Lean padoThi: ocBoeHNE PabOTHI C OCHOBHBIMHU (DYHKLIUSIMH T1a-
kera SymPy.

Kpamkue meopemu4eckKue ceedeHus

SymPy npexncrasisieT co60il OTKpBITYI0 OMOJIMOTEKY CHMBOJIb-
HBIX BBIYMCIICHHH Ha s3bike Python. TloxkiroueHne makera OOBIYHO
BBIMOJIHAETCS C MOMOILBIO MHCTPYKIMU: from sympy import *

Tab6mnuua 25
Co30anue cumeonbHbIX NEPEMEHHBIX

DyHKYus Ilpumep Tosacuenue unu pesyromam
symbols() x=symbols('x") CO3/Ia€T CUMBOJIBHYIO TIepe-
var() var('Pyt') MEHHYIO X HJIH TIEPEMEHHYIO

¢ umeHeM Pyt
S(expry,...]) c=S(1+3.5); mpeodpasyeT expr B THII,
print (type(c),c) KOTOPBIil MOYKHO UCTIOB30-

BaTh B BhIpAKEHUSX SymPy.
Jlns 3HaueHus Tak- | B pesyisbrare nomyuum:

e MOXKHO yKkasath | (<class 'sympy.core.numbers.
TOYHOCTb Float™, 4.50000000000000)
b=c.n(3); print (b) 4.50

Function() b=Function('b") OOBSIBIISICT CHMBOJIBHYFO
($yHKUIUIO
prod(BbIpax) c= prod([(x-2*i) for |BBIYKCIAET IPOU3BEACHHUE
iinrange(1,6,2)]); |cBoux aneMeHTOB. B pe3yib-
print c; TaTte noiayyuM (x — 10)*
type (c) (x-6)*(x-2)

<class 'sympy.core.mul.Mul">
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QyHxyus

Ipumep

Toscnenue unu pesyibmam

knacc Rational

¢ = Rational(1,2)
b = Rational(1,4)
print(c+b)

kiacc Rational oTBeuaer
3a paboty ¢ apoosimu. JIro-
Oyro mapy HeJbIX YUCe OH
OIpe/ieNsieT KaK YNCIIUTEb
Y 3HaMeHarenb. [lanee Han
JPOOSIMA MOKHO ITPOU3BO-
JIUTH TUITHYHBIC TEHCTBUS.
B pesynbTaTe BBINOTHEHUS
npuMepa nouyuum: 3/4

.evalf(n=15,[,...])

¢ = Rational(1,2)
b = Rational(1,4);

BO3BpallacT ACCATUIHOC
MMpEACTABJICHUC 00010

n-ykasoieaeT | print (ct+b).evalf() |cumBoIBHOTO OOBEKTA.
TOYHOCTb B pesynbraTe BbINOTHE-
HUS IPUMEPA TOTYUHM:
0.750000000000000
init_printing([...]) | init_printing() [OCJIE 3TOM MHCTPYKIIUH
c,b=symbols('c b') |Oyaem momxydaTh KpaCUBBIC
f=c**2+2*b m3oopakenus Gopmyi. Ilo-
print f CJIe BBIITOJTHCHHSI IIpUMepa
moaydauMm: ¢+ 2 * b

CWMBON *© print (oo+4) JIOCTYTICH CUMBOJI O€CKOHEY-

CTaBUTCSA C No- HOCTH. B pe3synbraTe

MOLL{bIO 00 BBITIOJIHCHUS [TpUMeEpa

IIOJIyYHM:

Matrix() init_printing() C MOMOIIBIO 3TON (PyHKIUH
a,b,c,d=symbols('a |co3nar0TCsi CHMBOJIbHBIC Ma-
bcd) Tpuilbl. Jloctyn K aieMeHTam
M=Matrix MAaTPHULbI MOXKHO BBIIIOJI-
([la,b]l,[c,d]]) HUTh CIICAYIONICH 3aIUChI0

M[0,0]=a

B moayne Sympy umerotcst ocobble KOHCTaHTHI, Takne Kak E u pi,
KOTOpBIE BEAYT ceOs Kak MepeMeHHBIe (TO €CTh BRIpaxeHue 1 + pi
He TIpeoOpa3yercst cpa3dy B umcio), E.evalf() = 2.71828182845905
u pi.evalf() = 3.14159265358979
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Tabnuua 26

Onepamopbut u ynkyuu 01 Mooyas sumpy 01 mampuy>

Memoo, ampubym Ipumep losacuenue unu pezynomam
M.T B=M.T BBITTOJTHSCT TPAHCIIOHUPOBAHHE
MaTpPHLBL.
B=Matrix( [[1,2],[4,3]])
M.det() B=M.det() BBIYUCIISIET ONPEIeIIUTeNb. Pe-
3yJbTaT — 5
M.inv() B= M.inv() BBIYHCISIET OOPATHYIO MaTpHUILy

B=Matrix([-3/5, 4/5], [2/5,
~1/51])

M.eigenvals()

B= M.eigenvals( )

(YHKUHS BBITIOJNHSET BEIYHCIIE-
HHUE COOCTBEHHBIX Uncel. B pe-
3yJIbTaTe MOIYYHM CIOBaph
dict: 3HaYeHNE KPATHOCTD.
Pesymprar {—1:1,5: 1}

M.eigenvects ()

B= M.eigenvects ()

(DyHKIIUSI BBIITOJTHSACT HAXO0XK-
JIeHHE COOCTBEHHBIX BEKTOPOB.
PesynbTaT BEINOTHEHUS IPUMeE-
pa: [(-1, 1, [Matrix( [[-2],[1]D)]),
(5, 1, [Matrix([[1],[1]])])]

° Aﬂee6pau1¢ecm4e BbIPAINCEHUS U BbIHUCTIERUS

Tabmuma 27

Aﬂzeﬁpauuemue 8bIPAINCCHUA U 6BIUUCICHUA

Memoo, Toscuenue
Ipumep
ampudym unu pezyibmam
factor(f[,...]) X,y = symbols('x y") pacKiaapIBacT anredpanieckoe

factor((x**2 - y**2)*x)

BBIPaKCHNE HA MHOXKHTEITH.
[Tocre BBITIOTHEHNS TPHMEPA
MOy InM

X*x-y)*(x+y)

2 TIpe AMOIIOKUM,

([[1.41.[2,311)

4TO €CTh
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Memoo,
ampubym

Ipumep

Tlosicuenue
unu pezynomam

expand(expr [,...])

X,y,Z = symbols('x y Z')
b=(x+y-z)**2

b= expand(b)

print b

packpbIBaeT CKOOKH anredpa-
nyeckoro BolpaxkeHus. Ilocne
BBITTOJIHEHHSI IPUMEpa TI0ITy-
YHUM:

XHFHD + ¥xy — D¥xkz + yRED
— DkyEz 4 ZRH)D

collect(expr,var)

X,Y,Z = symbols('x y z')
collect(x**2 + 2*x*y - 2*x*z
+ y**2 - 2*y*z + Z**Z,X)
unm

collect(x**2 + 2*x*y - 2*x*z
+ y**2 - 2*y*z + Z**Z,y)

GbyHKIMS codbupaet Kod¢-
(UIEHTHI TP OTMHAKOBBIX
CTEMEHSIX ePEMEHHOIT Var.
Pesynbrar

X¥FQAXF (2¥y—2%*7)+y**2—
2¥y*z+z**)

nim

X*HD — DExFZ 4+ yFFD + yF(2¥x
— 2¥7)+z*¥*2

apart(expr [,...])

init_printing()
x=symbols('x")
b=S(1)/((x+1)*(x+2))

(bYHKLHSI BBITIONTHSICT pas-
noxenue apobeit. beio:

1
K+D*Gx+D

apart(b) B pesynbrare nonyunm:
1 1
— +
X+2 x+1
together(expr) b=S(1)/(x+1) (bYHKIUS] IPHBOTUT IPOGH
c=S(1)/(x+2) K 001eMy 3HaMeHarenro. beuio:

together(b-c)

1 u 1
G+ x+D

B pesynbrare noayuum:

1
X+2D*&x+D

simplify(expr)

simplify (( 2*x+ 3)*
(10°-5)/(2*x-1))

(YHKLUS TBITACTCS YIIPOCTHTD
anredpamyeckoe BBIPaKCHHE.
Pesymprar 10*x + 15
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.subs(old, new) | f=c**2+2*b
print (f.subs([(c,2),(b,3)]))

Memoo, Ipumep lloscnenue
ampubym unu pesyibmam
MeToq c,b=symbols('c b") BBITIOJTHSIET 3aMEHY OJTHHX

MEepPEMEHHBIX Ha JpyTue mnepe-
MEHHBIE, YHCJIa UITH BBIpaXKe-

HUSL. APTYMEHT MOJET OBbITh

MOCIIEe10BATENbHOCTBI0, KOTO-
past T0JKHA COZEPKaTh Maphbl
(old,new).

B pesynabrare nosmyunm: 10

o [ paghuyeckue 803MONACHOCIU NAKEMA(MOOYb MOOYIlb SYMPY.

plotting).

I'padpmueckne ¢ynkmmm SymPy uCHONB3yIOT OHOIHOTEKY
matplotlib, mosToMy MHOTHE apryMeHTHI (DYHKITHI COBIIAIAIOT.

Tabnuma 28

Fpaquecxue 603MOMHCHOCMU naKema

Memoo, ampubym

Ilpumep

lloscnenue unu pesyibmamn

plot(f(x),[range,...])

x=symbols('x")

p=plot(x**3, (x,-1,1),

ylim=(-1,1))

PesynbTaT MOXHO Mo-
CMOTpPETb Ha puc. 4

cTpouTtcs rpaduk QyHKIUN
f(x), range — nnamnazoH u3Me-
HeHus aprymenra f(x).

ITo ymomnmuanuio
range=(—10,10). Ilepeuncinm
HEKOTOPBIC apTyMEHTBI:

e line _color="uBet' — 3anaer
L[BET JIMHUH

* ylim=(a,b) npenenbHbIe 3Ha-
YEHHS 110 OCH Y

« title= 'Title' — 3agaer 3arosno-
BOK

* show = False — rpaduk Oyner
CTPOUTHCS, HO HE Oy/IeT OTO-
Opaxatbcs. OTOOpa3uTh rpa-
¢uk MoxHO MetooM show(),
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Memoo, ampubym

Ilpumep

lloscnenue unu pesyiobmam

TO ecTh p.show()

Puc. 4

plot((exprd, range),
(expr2, range)[, ...])

p=p|0t((xl(xl'1 11))1
(X**Z,(X,'l,l)))

nnn

p=plot(x,x**2, (x,-1,1),
ylim=(-1,1),
show=False)

p[0].line_color="red",
p[1].line_color="blue’
p.show()

PesynbTaT MOXHO Mo-
CMOTPETb Ha puc. 5

(YHKISI CTPOUT HECKOJIBKO
rpadMKoB ¢ pa3HBIMH AHaIa-
30HaMHU

Puc. 5.

o [lonesuvie Qpynxyuu

Tab6mnuma 29

Buvtuucaumensnuie pynkyuu nakema

Pewenue ypasnenuii

Eq(exprl, expr2)

init_printing()
x=symbols('x")
Eq(x**2,x+4)

(yHKIMSI UCTIONB3YeTCS
JUIsL CO3/1aHUsl ypaBHe-
Hus. Pesynbrat:
x*=x+4
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solve(equation,
v=None],...])

Pewmm x> —2x +10=4

solve(Eq(x**2-2*x+10,4),x);
nnm
solve(x**2-2*x+6,X)

Pewwum cuctemy
X -3y =20
X +2y -7=20

solve([x-3*y,3*x+2*y-7], X,y)

(yHKIMS peTHa3HaYeHa
JUIsl CHMBOJIBHOTO pe-
HICHUS alredpandecKux
ypaBHEHHUI, T1e
equation MOXeET OBITh
3anucano B popme Eq()
WK OBITh BBIPAXKCHUEM,
KOTOpOE I0JIaraeTcst
PaBHBIM HYIIIO.

V — UMs1 ICKOMOU Tiepe-
MEHHOM

Pesymbrate: 1 — 1 %5
wl—[*N51-1%+5
wl—I*5;

PesynbTart pe-
IICHUS CHCTEMBI:

(2T
TR AT

dsolve(expr,[...])

pelmm y" + 9y =0

x=symbols('x")

y = Function('y")
dsolve(Derivative(y(x),x,x) +
97y(x), y(x))

(yHKIIMS TIBITAETCS pe-
1aTh OOBIKHOBEHHBIE
nuddepeHranbHbIe
ypaBHeHus. Pesynbrar
BBITIOJIHEHHS TIPUMeEpa:
y(x) = C1*sin(3*x) +
C2*cos(3*x)

Buiuucnenue npedenos

limit(f, v, p, dir=="+")

BbIYMUCITUM Npedenbl

. sinx _ 1
lim S lim = w
x—>0 X X—o X
lim —
Xx—-0 x3

limit(sin(x)/x,x,0);
limit(1/x,x,00)
limit(1/(x**3),x,0,"-")

BBIYHCIIAEM IIPEAET
(hyHKIIMA. APTYMEHTBI:
f— pymkIUA, v — uMs
[IEPEMEHHOM, p — TOUKA,
dir ucmons3yercs s
BBIYHCIIEHHS OJJHOCTO-
ponHero npexena. Pe-
3yJIBTAaThl BBITIOTHEHUS
npuMepoB 1 ; 0w —
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Jugppepenyuposanue

dif(fvL,...])

faHo f (x) = sin (x)

ng(xy) = xy’
BbI4MCIMM NPON3BOAHbIE

2
A 7 ag a g
f0); F00; =5
100 100; = oxdy

X,y = symbol('x y")
diff(sin(x),x); diff(sin(x),x,x);
diff(x**2*y**2,x);
diff(x**2*y**2,x,y)

(YHKIHMS BBITONHSIET
CUMBOJIBHOE TU(hepeH-
UPOBaHKHE. APryMEeHTHI:
f— pysknus, v — ums
MEepPEeMEHHOI, 10 KOTO-
POii BBIYUCIISICTCS MPO-
u3BOfHAs. Pe3ynpTarsl
BBITIOJTHEHHS TIPHMEPOB:
cos (X); —sin (X); 2 xy?;

4 xy.

CrietyeT NOMHUTB, 4TO
y CHMBOJIBHBIX BBIpaxe-
Huit ecth Metox diff().
3anucu
diff(x**2*y**2 x X,y) u
g.diff(x,2,y) sxBuBaneHT-
Hbl. HanoMHUM 3amuch
x,y=symbols('x y');
g=Function('g");
gEXHHD Ry EED
g.diff(x,2,y)

Derivative(f,v[,...])

f= X**2*y**2
f1=Derivative(f,x,y)
f1.doit()

HEBBIUUCIISIEMBIH 3KBH-
BasteHT omeparopa diff().
YToOBI BEIYUCIIHUTH BHI-
pakeHune, Co3JaHHOe
9THM OIEPaToOpOM, HYXk-
HO HCIIOIb30BaTh METO]

doit().

Pasznooicenue 6 pso u cymma

psoa

series(expr [,
x=None, x0=0, n=6,.
dir="+1)

pasnoXuM B psa CnegytoLme
(yHKLMM:

sin (X); U cos (X);

sin?(X) + cos*(X);

¥ *sin (X);

B TOYKE HYIb.

series(sin(x));
series(cos(x));

(hYHKIHS UCTIONB3YeTCS
JUTS Pa3IIOKEHHS CUM-
BOJIEHOT'O BBIPQKCHHS
eXpr B CTCTICHHOU PSI.
AHAIOTHYHYTO OTIe-
paImIo JeaeT METO
.series().PaznosxenHme
BEITIOJTHSCTCS B OKPECT-
HOCTH TOYKH X=X0
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series(sin(x)**2+cos(x)**2,n=8);
series(E**y*sin(x),x);

Pasnoxum B psa: In(x+1)

B TOYKE HyIb M 6€3 0CTATOYHOrO
uyneHa

f=In(x+1)

f.series(n = 4).removeO()

0 craraemMbIx (x — x,)".
YT0oObI HE BHIBOJUTH
OCTaTOYHBIN YJIEH
O(...), MOXHO UCIIOJIb-
30BaTh METOJI EXPI.
series(...).removeO().

IIpuBenem pe3yabTaThl
BBITOJIHEHUSI TPUMEPOB:
3 5

RS S N
X 6+120+C(x)
X2 4 o~ .
1—7+ﬂ+0(x),
1 -0
3
X*ey_X*ey
6
5 %,y
x> *e 6
+ X");
120 o)
X3 X2
— - — +X
3 2

summation(f, (i,a,b))

BbIYUCIIAM CYyMMbI
15

© 9
Z (Zifl)l/lz
1 22 _1

summation(2*i-1, (i,1,15))
summation(1/(i**2-1), (i,2,00))

(YHKIHSI BBIYHCIISIET
b

cymmy psama 2. T@.
a

Ecnu naiitu pesynbrar
CYMMHPOBAHHUS B CUM-
BOJILHOM (hopMe He yaa-
eTcs, To OyzieT BO3Bpa-
IIeHa HEBBIYHCISIEMast
(opma 3TOTO ONEparopa
— Sum(). Pe3ynpraTs
BBITIOJTHEHHS IPUMEPOB:
225;3/4
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Hnumeepuposanue

integrate(f,v [,..

N

Bbl4MCNMM CneaytoLLlne nHTe-

rpanbi
o] [cos (X)dx;
1
o [ = dx
X
o [xsin (X)dx
i
2 N
o [ cos(Xdx
2
o [e” Xdx
o] [f6x2y dxdy
o [ ] 6x2y dxdy

integrate(cos(x),x);
integrate(1/x,x);
integrate(x*sin(x),x);
integrate(cos(x),(x,-pi/2,pil2));
integrate(exp(-x),(x,0,00));
integrate(6™x**2 *y , x,y);
integrate(6*x**2*y,(x,0,1), (y,0,1) )

(byHKIUS peTHa3HaYe-
Ha [UIS CHMBOJIBHOTO
HUHTETPUPOBAHUSL, IO/
JICP)KHBACT BBIUKCICHUE
OIpe/IeNICHHBIX U He-
OIpe/IeNICHHBIX HHTe-
rpanoB. AprymenTsr: f
— (yHkums, koropas 0y-
JIET HHTETPUPOBATHCSI, V
— MepeMeHHast HHTErPH-
POBaHUS KK KOPTEK
Buja (v, HIK. TIpeied,
Bepx. mpenen) Pe3yib-
TaThl BBIMOJHEHHUS MTPH-
MEpOB:

0 sin (X);

0 log (X);

0 —x cos (X) + sin (X);
02;

ol;

0 X%?

ol

Ecmu mepBooOpa3Hyto He
yIanoch HAUTH, TO BO3-
Bpalaercs 00beKT
Integral.

Integral(f,v [,..

)

f=6"x*2 "y
f1=Integral(f, (x ,0,1),(y,0,1))
f1.doit()

HEBBIYHCIISIEMBIIT 9K~
BUBAJICHT OIlepaTopa
integrate(). UroObI BbI-
YHCITUTh BBIPAXKCHHE,
CO3JJTaHHOE 3THM Ollepa-
TOPOM, HY)KHO HCIIOJIb-
30Bath MeTox doit().

pprint()

IBITACTCS 0TOOPA3UTh
pe3yJbTaT B XOPOIIO Y-
TaeMOM BHJIE.
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PaccMmoTpum npuMeHeHHE MaKeTa Sympy B UCCIEIOBAHUY MaTe-
MaTHYECKHX MOJIENe®

Hpumep Pocm Kononuu MukpoopeaHusmos.

Jano: 3a Bpems At mpuUpOCT YMCIEHHOCTH KOJIOHUM PAaBEH:
At = R —§; rie R — 4ncio poaAuBIINXCS U S — YUCII0 YMEPIINX 3a Bpe-
Mst At ocobeit. Yncno poauBIIMXCS M yMEPIIUX 0COOeH MOKHO 3a1aTh
bopmynamu:

R(At, X) = R(X)At u S(At, X) = S(X)At.

B auckpernoii popme: Ax = (R(X) - S(X)) At.
PaznenuB nmonyuennoe Ha At, nepelinem k npenery npu At —0.

B pesynbrate moayunm d— = R — X).

By/:[eM CUHuTaTb, 4TO pO)K,Z[aCMOCTB U CMCPTHOCTb HNPOIOPLHO-

dx dx

HaJIbHBI YUCIIEHHOCTH: ot fx nmu ALY [IpennonoxumM,

gro X(0) =5, a r = =1. Haiitu X(t) u mocTpouTh rpauiku penieHui.
PaccMoTpuM CHMBOJIBHOE pellleHre yKa3aHHOTO anugdepeHIm-
ILHOTO YPaBHEHHS:

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

pe3yJbTaT BBIIOJHEHHS KOJIa CMOTPH Ha pHC. 6
-#-* coding: cpl251 -*-
-from sympy import* # nooxmouuru mooynn
:x = Function('x") # cozoanu noeuueckyro ¢hynxyuio
fCl,t,r,p =symbols('Cl,tr,p") # cozdanu rocuueckue nepemenivie
- g = Eq(Derivative(x(t),t), r*x(t)) # cozdanu ypagnenue
-d=dsolve(g, x(t)) # pewiru Jugpepenyuanvroe ypasnenue
- pprint(d) # eb1600um pewenue
‘eq = d.rhs.subs(t,0)
- #3nauenue ynryuu 6 momenm epemenu 1=0
1 # memoo rhs eosopum o mom, umo pabomaem
* # monbKo ¢ npagoii acmuio
seql=d.rhs.subs([(C1,5),(r,1)]) #ycmanasnueaem C1=5r=1
eq2=d.rhs.subs([(C1,5),(r,-1)]) #ycmanasrusaem C1=5r=—1I
:p=plot(eql,eq2,(t,0,1),ylim=(0,10),show=False,legend=True)

22 Mopenu 1oapo6Ho paccMotpersl B KH. I, F0. Pusanuenko «Jlekuuu
10 MATEMATUYECKUM MOJICIISIM B OHOJIOTHANY.
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: #cos0aem epadux
:p[0].line_color="red";
:p[1].line_color="blue'
: p.show()

Pemenne X(t) = C,e"

R I T R R R I R I I I I I I N A P A P )

D R R N I I I R P P R I I I

eeereeeeveeese..., PG 6 PesynbTat BRIONHCHUA KOMA L,
IIpumep Bewecmeso nepexooum 6 pacmeop
JlaHo: myCcTh KOJIMYECTBO BEIECTBA, MEPEXOMASALICTO B pac-
TBOp, NPOMOPIHOHAIFHO HMHTEPBAIY BPEMEHH M PAa3HOCTU MEXKIY
MaKCUMaJIbHO BO3MOXKHOH KOHIIEHTpanue P u KoHIEeHTparuei x
B JIaHHBIII MOMEHT BpPEMEHH, kK — KOA(OUIMEHT MPONOPIHOHATIBHO-
ctu: Ax =k (P —x) At
B ¢dopme nuddepeHnmanbHOro ypaBHEHHS 3TOT 3aKOH MOXKET

dx
OBITH TIPEJICTABJICH B CIIEIYIONIEM BHJIE: o k(P — X). Ipexmo-
t

noxknm, 9to X(0) =0, P =200 k=2
Haiitu X(t) 1 mocTpouTh rpaduK penieHus.
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....................................................................

KOJI
: Pe3yIbTAT BBITIOHEHHS KOJIa CMOTPH Ha puc. 7.
<#-* coding: cpl251 -*-
:from sympy import* # nooxuouaem mooyno
:x = Function('x') # cozdaem no2uueckyro gpynkyuio :
:CLtk,P = symbols('C1,t k,P') # cozoaem noeuueckue nepementvie :
- g = Eq(Derivative(x(t),t), k*(200-x(t))) # cozoaem ypasnenue
:d=dsolve(g, x(t)) # pewaem ougppepenyuanvroe ypasnenue
fpprint(d) # eb1800UM peuieHue
teq = d.rhs.subs(t,0) #suauenue gynxyuu 6 momenm epemenu t=0
:seq=solve(eq,C1) #pewaem ypagunenue, umobvl naiimu C1 :
seql=d.rhs.subs([(C1,seq[0]),(k,2)]) #onpedersem 6 ypasnenuu CI:
: #Huk :
:pprint(eql) # epi600um okonuamenvroe pewenue
:p=plot(eql,(t,0,5)) #cosoaem epapux

Penrenne X(t) = C,e* + 200

...................................................................
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HHOueudyasbHble 3a0a4u
1. Permuth ypaBHEHUS:
a)x*—2x-10=4
0)x*—-2x+8=4
B) X*—2x?+8x =4

2. PemnTh CUCTEMBI:

{2x —4y=0
a)
5Xx+2y—-10=0
3Xx-7y=0
0) {
2X+5y=3
3. Pemnts nuddepeHimanbabie ypaBHEHHUS
a)y"+ 3y =sin X
0)y"'+3y=4¢"

3. Pemmuts 3amauy Komm y*' —y' -2y =—4 ny'(0)=1;y(0)=0
4. BelYMCINTD WHTETPAIIBI

f } 6X°y* dxdy

-10

y sin(6x) dxdy

=
o t—
o—n |y

u [ [ 6x°e” dxdy
00
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JlaGopaTopHas pa6ora Ne 5

Tema: naket SciPy.
Lean padoThi: ocBoeHNE PabOTHI C OCHOBHBIMHU (DYHKLIUSIMH T1a-
kera SciPy.

Kpamkue meopemu4eckKue ceedeHUs

[Taker SciPy siBisercst mporpaMMHBIM OO€CIEYEHHEM C OT-
KPBITBIM HCXOAHBIM KOAOM [UII MaTeMaTHKH, €CTECTBEHHBIX HAyK
u uxeHepuu. OH peann3oBaH Kak KOJUIEKIHs nakeToB. [lepeuncaim
HEKOTOpBIE U3 HUX.

e scipy.integrate — npenocTaBiseT GYHKUUH AT YUCICHHOTO
BBIYUCIICHUS MHTETPAIOB NPU (DYHKIMOHAIBHOM M TaOJUYHOM 3aja-
HUM TOABIHTErpanbHON GyHkuuu. [loakmodenne naketa 0ObIYHO BbI-
MOJIHSIFOTCS C MOMOILBIO MHCTPYKUMU: from scipy.integrate import™.

O DyHKyUU UHMEZPUPOBAHUSL

Tab6muma 30
Dyukyuu 0na uHmMezZpuUPosanus

Memoo, ampubym Ilpumep loacuenue unu peaynomam
quad(f,a,b[,...]) [IPUBEIEM HECKOJIBKO OJTHOKPATHOE YHMCIIEHHOE HH-

Mp1MEpOB: b
terpupoanme [ f(Qdx . Ap-

1 a
Bblacum [ XX rymenThl: f— QyHkims; a,b —
_ V5 - 4X  |HwokHmit 1 BepXHHIl TpeeTBI

Import numpy as np HHTETPUPOBAHHUSL.

f=
lambda x: x/np.sqrt(5-4"X)  |Pesynprar BEIMONHEHMS

y = quad(f-1,1) MePBO# 4aCTH MpHMepa:

- (0.16666666666666669,
8.976303190529687¢—11)
HEPBOE YHCIIO — 3HAYCHHE,
BTOPOE — TOYHOCTD BBIYUC-
JIEHUS
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Memoo, ampubym Ilpumep lloscnenue unu pezyromam
1 MO3KHO HCTIOIB30BATh OI-
Boluncrinm [ (ax + Djdx |1io args, koTopast miepe-
1 JIaeT B MOJBIHTErPaIbHYIO

c napameTpamn a = 1
ub=2

f2=lambda x,a,b: a*x+b
y= quad(f2,-1,1,args = (1,2))
print(y)

(byHKHI/IIO JOIIOJTHUTCIIbBHBIC
napaMeTphl. ITocne BoIoONIHE-
HUs BTOpOfI JacCTu npumepa
MoJIyuum

(4.0, 4.440892098500626¢—
14)

BbIYMCTIUM
+J.oo dx

2 X2 4 x -2
import numpy as np
f=lambda x: 1/(x**2+x-2)
y = quad(f,2,np.inf)

PesynbraT TpeThero npumMepa
(HaITOMHUM, YTO

np.inf ‘310 *):
(0.4620981203732969,
8.305488729933592¢—11)

dblquad(f(x,y),
a,b,gfun,hfunl,...])

BBIYHCITAM
11
| [+ y)ydx
00

f=lambda y,x:x+y
g=lambda x: 0
h=lambda x: 1
print(dblquad(f,0,1,g,h))

BBIYMCIICHUE JBOMHO-
r'0 UHTETpaa, TO eCTh
b hfun

[T fCx y)iye.

a gfun

CriesryetT HOMHUTD, YTO

TIPU CO3/IaHUU (QYHKIINU UMS
BHYTPEHHEU IIEPEMEHHOM
(TO ecTb Y) OIKHO OBITH
NepBbIM; KpoMe Toro, gfun
n hfun sBnstoTCs MeHaMu
(bYHKIMH, OTIpeIeIITIOIIIX
HIDKHUM U BEpXHUN [IPeIebl
HUHTETPUPOBAHMUSL.

Pe3ynbTaT BBIMOIHEHHS IPH-
Mepa:

(1.0, 1.1102230246251565¢—
14)
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Memoo, ampubym Ipumep llosacnenue unu pezyromam
1 X Pe3ynbTaT BEIONHEHUS MTPH-
2 .
Boruenm | | Xy “dydx mepa:
0 x* (0.024999999999999994,

f=lambda y,x:x*y**2
g=lambda x: x**2
h=lambda x: x
print(dblquad(f,0,1,g,h))

2.775557561562891e-16)

nquad(f,rangel,...])

1 x
Bblyucum | [ Xy 2dydx
0x*
f=lambda y,x:x*y**2
g=lambda x: [x**2,X]
h=lambda : [0,1]
print(nquad(f,[g,h]))

BbIYUCITUM
}\/lfxz \/2—?Z—y2
0 0 X4y

z 2dzdydx

f=lambda z,y,x:z**2

g=lambda y,x: [np.
sqri(x**2+y**2),np.sqrt(2-
X**2_y**2)]

h=lambda x: [0,
np.sqrt(1-x**2)]

z=lambda : [0,1]
print(nquad(f,[g,h,z]))

BBIYUCJICHUC n-KpaTHOI‘O HH-
Terpana. Paccmorpum apry-
MEHTHI (YHKIIMU Ha IPUMepe
b hfun

[ [ f(x, yMydx:

a gfun

o f—a10 f(x,);

* range — 3TO CIIMCOK U3 JIBYX
AJIEMEHTOB; TIEPBBIN JICMEHT
CIUCKa — UMS (QYHKITUH,
yCTaHaBJIMBAIOLIEH HUKHUM
1 BEpXHHU TIpe/IeIThl HHTE-
TpUpPOBaHHUA BHYTPCHHETO
WHTETpaia; BTOPOH JIEMEHT
CIUCKAa — UMS (PYHKIUH TS
BHEIITHETO MHTETpaa.
CrnemyeT TOMHUTB, UTO TIPH
co31aHuM (PYHKITHIA TTOPSITOK
apryMEHTOB COOTBETCTBYET
MOPSAKY TIepeIadn MPEeIIOB
WHTETPUPOBAHUS.

PesynbraT BEITONHEHUS TIEp-
BOI yacTu mpuMepa:
(0.024999999999999994,
7.5053547128889¢—16)

Pe3ynbTaT BEIOIHEHUS BTO-
pO¥i yacTH mpumMepa:
(0.38294488148557376,

5.182907169428006e—09)
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O @yHKyus 05 peuterus cucmemvl 00bIKHOGEHHBIX OUpgheper-
YUATIbHBIX YPAGHEHULL Nep802o NopsaoKa

Tabmuma 31

DynKyuu Ona pewtenusn cucmem

00bIKHOBEHHBIX OUghghepenyuanbHbIX ypasHeHuil

Memoo

IIpumep unu nosicnenue

odeint(f(y,t),y0,t[....])

pelIeHre CHCTEMBI OOBIKHOBEHHBIX AU (hepeHIrnaib-
HBIX YpaBHEHUH IMEPBOTo NOPAAKA C HAYAIBHBIMH
YCJIOBHSIMU B OJJHOH TOYKE.

d
il )
dt

1Y, (t) =Yy, =Y,

o
e Qe YD

PaccmoTrpuMm aprymMeHThl (hyHKIUH

f.0), rney = [y,,....y, ], byHkuus nomxHa Bo3Bpa-
mark N 3nementos; Y0 = [y,,....§ ] — MaccuB Hauasb-
HBIX ycnoBuif; £ = [t,...];

full output = False, ciu Bbl He XOTUTE, YTOOBI (HYHK-
IIUs1 BO3BpAIllaia CJIoBaph JOMOJIHUTEIBHBIX apame-
TpPOB.

DyHKIMS BO3BPALLAET MACCUB pazMepa

lent(t)x lent(y0). Ou comep>uT 3HAYEHHUE Y TS KaxkK-
JIoro TpedyemMoro BpeMeHH 1o t, ¢ HadyalbHBIM 3HaYe-
HueM Y0 B epBoii cTpoke. [[pyrumu clioBamu, €Ciiu
cucTeMa U3 IBYX ypaBHEHHH, TO IIEPBbIi CTONOEL]
TpeCcTaBiseT 3HaueHus Gpynkuuu Y, (t), a BTopoit —
3Hauenus Qynkuuy Y,(t) B Toukax sexropa t.

Mpumep. Yucrenno pewum oughghepenyuanvhoe  ypasHemue
Y'(X) = =y ¢ nauanvnoim yciosuem y(0) = 5. Vkazannoe ypasnenue
umeem mounoe peuterue y(X) = 5e~. Ilocmpoum epaguxu onst 06oux

peutenuil
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....................................................................

KOJT
pe3yJIbTaT BBITIOJHEHHS KOJIa CMOTPH Ha pHC. 8
<#-* coding: cpl251 -*-
:import numpy as np
-from scipy import*
:import matplotlib.pyplot as plt
-from scipy.integrate import*
-f=lambda y x: -y
-x=np.linspace(0,1,30) #
1y0=5.0
Ey = odeint(f,y0,x) # pewenue ypasnenus uuciento
sy1=5*np.exp(-x) #mounoe pewenue
.y = np.array(y).ravel() # npeobpazosanue maccusa
- plt.subplot(121)
splt.plot(x,y1,"-or")
:plt.subplot(122)
-plt.plot(x,y,"-sb")
- plt.show()

Puc. 8. Pe3ynbraT BEIOTHEHUS KOJA

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

Hpumep. Yucnenno pewinim oughpepenyuanvroe ypasrenue cucme-
Mbl 0ObIKHOBEHHBIX OUDGhEPEHUUATbHBIX YPABHEHULL NEPBO2O NOPAOKA.:

d
TL =2y - 251y

wy.(0) =y,(0) = [3.0,3.1,3.2,...,3.9]
D2 _ 3yy v 2yy,
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....................................................................

KOJT

pe3yJIbTaT BBITIOJIHEHHS KOJIa CMOTPH Ha pHc. 9

‘#-* coding: cpl251 -*-

-from scipy.integrate import*

:import numpy as np

:import matplotlib.pyplot as plt

“def f(y,t):

. ylLy2=y

. return [2%yl-2.5%y2%yl,-3*y2+2*y1*y2]

- t=np.linspace(0,20,300)

:c=np.arange(3.0,4.0,0.1)

forrinc:

¢ y0=[r,1]
[v1l,y2]=odeint(f,y0,t,full output=False).T
plt.plot(y1,y2,linewidth=2)

:plt.ylabel("y2")

:plt.xlabel("y1")

-plt.grid(True)

: plt.show()

Puc. 9. Pe3ynbTat BHINOIHEHHUS KOJA

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



e scipy.linalg — npenocraBnser GpyHKIMH, C TOMOIIBIO KOTO-
PBIX PELIaroTCsl OCHOBHBIE 3a/1a4 JINHEWHOW aIreOphl.

[NoaxnroueHne makeTa MOKHO BBITTOJHHUTE C TOMOILBIO HH-
CTPYKLUU:

import scipy.linalg as lin.

PaccMOTpUM HECKONTBKO (DyHKIMI MOIYIISIZ,

Tabnuma 32
Onepamopul u ghynxyuu modynsa scipy.linalg

Memoo, ¢pynkyus, punep Tosacuenue
ampudoym unu pe3yibmam
lin.det(A) import numpy as np BBIUUCIICHHE OIIpe-
A = np.mat([[1,3],[2,4]]) JIEIUTENST MAaTPULbL
d = lin.det(A) A. B pesyinbrare Bbl-

MOJIHEHHS TIpUMeEpa
MOJIYIUM —2
lin.inv(A) c=lin.inv(A) BBIYHCIIEHHE 00pat-
HOM Mmarpuisl A. B
pe3yJbTare BBIOJHE-
HUSI IPUMEpa TOITy-
YUM
array([[-2., 1.5],
[1.,-0.51D

lin.solve(A,b) c=lin.solve(A, b.T) pelIeHne CHCTEMBI
Ay=b
lin.block_diag() a=[[1,01,[0,111; c=[[71]; co3maer GJIOK — 1ua-
k=lin.block diag(a,c) TOHAIILHYIO MATPHILY.

B pesyinbrare BbiI-
MOJIHEHUS TIpUMepa
MOJTY9IUM
array([[1, 0, 0],

[0, 1, 0],

[0, 0. 71D

1

23 Jlano matpuna A = (2

3
4) u BekTop b = (5,6).
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lin.dft(n) import numpy as np CO3/1aeTCsl JUCKpETHAs
x=np.array([1,2,3,0,3,2,1,0]) | MmaTpuia npeodpa3o-
m=lin.dft(8) BaHus dypre. Apry-
m.dot(x) MEHT N — 3TO pa3Mep
MaTpuisl. B pesynbTa-
TE BBIMOJIHEHUS MTPHU-
Mepa MoJy4uM
array(] 1.20e+01
+0.00e+00j,
—2.00e+00
—2.00e+00j,
8.88e—16
—4.00e+00j,
—2.00e+00
+2.00e+00j,
4.00e+00
+1.46e-15j,
—2.00e+00
—2.00e+00j,
—2.33e-15
+4.00e+00j,
—2.00e+00
+2.00e+007])

HHOusudyasbHbIE 3a0a4u

1. Pemnte cucteMy OOBIKHOBEHHBIX AU (EpEeHIIMATbHBIX YpaB-
HEHU:

d
Y1 3y1 — Sy1y2
a) ddf my,(0) =y,(0) =[3.0,3.1,3.2,...,3.9]
D2 = 3y, + 2y1y;
dt
d
271 = 4y1 - 2y1y2
6)) dt uy,(0) =y,(0)=[3.0,3.1,3.2,...,3.9]
6%2 = —2yp +5y1y2
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TpaJIbl:
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2. Brruncnaure unre
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