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BBeaenue

[IpakTHKyM CONEPKUT MATh JaOOpaTOPHBIX paboT, MOCBSIIIEH-
HBIX SI3BIKY TIporpammupoBanusi Python, kaxaast u3 KOTOPBIX BKIIIO-
YaeT IeJIb paboThl, KpaTKHe TEOPETUYECKHE CBEJICHHSI, HEOOXOIUMBbIE
JUTS BBITIOJTHEHUS 33JJaHUS M MHINBUYaIbHbBIE 3a/1a4H.

Python — 3T0 MHTEpHIPETUPYEMBIi S3BIK (KO HE KOMIHITUPYETCS
B MAaIllMHHBIE KOMaH/bI, a UCTIOIHIETCS CIEeHUANbHON MporpaMmmoin
— uHTepnperaTopoM). Ha ceronusamHuil 1eHb MOIEPKUBACTCS JBE
Bepcuu si3bika Python 2.x u Python 3.x (o6pamume enumanue: Bepcun
SI3pIKa UMEIOT He MOJIHYI0 COBMECTUMOCTD). CTaHJapTHBIA HHTEpIIpe-
TaTOp 3aIyCKaeTCsl N3 KOMAaHIHON CTPOKU KOMaHON python.

[MporpamMma Ha si3pike Python MoKeT cocTOsTH M3 OJHOTO U
HECKOJBKUX MOAyJei. Kaxkmpit Momynb mpeacTaBiseT cOOOM Tek-
CTOBBIN (ailll B KOJTUPOBKE, COBMECTHMOM C 7-OMTHOH KOJUPOBKON
ASCII. [Ins KogupOBOK, UCIIOJIB3YIOMIHUX CTAPIIUNA OUT, HEOOXOIUMO
SIBHO YKa3bIBaTh Ha3BaHUe KOAMPOBKH. Hampumep, ecnu ecTh xena-
HUE UCTIO0JIH30BaTh KOMMEHTAPUH HA PYCCKOM SI3bIKE, TO (hailsl B rep-
BOW CTPOKE JOJDKEH UMETh CIIETIYIONIYIO CIICIU(DUKAIHIO:

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

CryneHTaMm ciielyeT 0OpaTUTh BHUMaHUE Ha TO, YTO BCE JIaHHBIC
B Python npezacraBnens oobekTamu. C KaKIpIM 00BEKTOM CBSI3bIBA-
eTCsl THII, BHYyTPEHHHE JIaHHBIE U aCCOIIMUPOBAHHBIE ¢ HUMU HAOOPHI
oneparnuii. iMeHa (nepeMeHHbIe) ABISIOTCS JIUIIb CChUTKAMU Ha 3TH
OOBEKTHl M HE HECYT HArpy3Ku IO Jekjapauuu Tumna. CBs3bIBaHHE
JAHHBIX C MEPEeMEHHOW BBIMOJIHAETCS C IMOMOIIBIO OINeparopa MpH-
cBauBaHus. OTMETHM, YTO B Ka4eCTBE IMEPEMEHHBIX HENb3s UCTIOIb-
30BaTh KJIIOYEBbIE CIIOBA:

Tabmuma 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 — moms (Apyrue
O0O0BEKTHI), XpaHSIINECS «BHYTPW» OAHHOTO OOBEKTa, U METOJbI
(pyHKIMM), KOTOPBIE ACCOLUUPYIOTCS ¢ 0O BEKTOM, UMEIOLIHE TOCTYII
K BHYTPEHHEMY COCTOSIHHIO 00beKTa (0bj).

CryneHram cieayeT oOpaTHTh BHUIMaHHE, YTO ISl CTPYKTYPHPO-
BaHUsI KOJia B IPOTrpaMMax BayKHbI OTCTYIIBI, IIO3TOMY BCE ONEpaTOphbI,
BXOZSIIIME B OJUH OJOK JEMCTBUM, MOKHBI UMETH OAMH U TOT XK€
OTCTYII.

JlabopaTtopHas pa6ora Ne 1

Tema: ocHoBblI s13b1ka Python.

Hean padoTbl:

1) HO3HAKOMHUTBCSI CO BCTPOCHHBIMHM THIAaMu si3bika Python,
JUISL KQKJI0T0 TUIIA TEePEUUCIIUTh OCHOBHBIC (YHKIIUH;

2) IO3HAKOMUTBCS C OCHOBHBIMHM KOHCTPYKIMSMU si3blka Python.

Kpamkue meopemuveckKue ceedeHus

chpoeHHble munsl 0AHHbIX

° CIICIIMAJIBHBIC TUIIBI:
o None — 310 cnenuanbHas KoHcTanTa B Python. Ona o603Ha-
gaeT MmycToe 3HadeHue. None uMeeT CBOM COOCTBEHHBIN THII

(NoneType);
e Yucia:
O  1elnbIe

» 00BIUHOE 11eI0€ int
»  1es0e NPOU3BOJIbHONM TOYHOCTH long
» jormdeckuii bool

O YHCJO ¢ IU1aBaromieii Toukoi float;

®  [IOCIIEIOBATCIILHOCTH:

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



O  H3MCHSECMBIE:
»  croucok list;
e OTOOpaKeHUs:
o cnosaps dict;
® MHOJXECTBA 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;
®  MOJIYJIH.

VY3HaTh TUN JIFOOOTO OOBEKTAa MOXKHO C TIOMOINBI0  (DYHKIIHH
type(). Ocoboe BHMMaHUE cieayeT OOpaTUTh Ha CJCIYIOIINE WH-
CTPYKIUH:

help(<object>) — BBIJACT CIPABKY IO OOBEKTY;
dir(<object>) — TIOKa3bIBACT BCE METOJIBI M CBOMCTBO OOBEKTA,;
<object>. doc__ — TMOKa3BIBa€T CTPOKY JOKYMCHTAIIHH.

Yucao8vle munbl:

o munuwl int, long, float

TaoOmma 2
Onepamopbsl u pyHKyuU YUC106020 MUna
Onepamop, |12 |3| Ilpumep 4 5 Onucanue
DyHKYUA (8 pe3yivmame nouyuum)
abs() + |+ |+ |abs(-10) 10 YHCJIO |BBIYKUCIISIET aOCOTIOTHOE
3HAYCHHE
bin( ); + |+ | |bin(10); ‘0b1010’; |str BBIJIA€T JBOMYHYIO,
hex(); hex(10); ‘Oxa’; HIECTHAIIATEPUIHY IO
oct() oct(10) ‘012’ WA BOCBMEPHYHYIO
CTPOKY
chr() + |+ | |chr(70) ‘F str CHMBOJT
divrnod() |+ |+ |+|divmod(10,3) /(3. 1) tuple |meneHue Mo MOIYITIO




Onepamop, Ilpumep 4 5 Onucanue
yHrYUA (8 pe3yivmame nonyuum)
float( ) float(5) 5.0 float  |umcio ¢ maBaromeii 3a-
SATON
int() int(10.77) 10 int NpUBEICHUE K THITY int
pow( ); ** pow(10,3) 1000 YHCITO- | BBIMOTHSETCS BO3BE/Ie-
BOH  |HHC B CTCICHb
round( ) round(10.77) |11.0 float |okpyrieHwue ¢ maBao-
round(10.3) [10.0 e 3ansaToi
/ 11/3.0 3.6666  |4KCII0- |KJIACCHYECKOE AeICHNE
11/3 3 BOI (o0s13aTenbHO, YTOOBI
OJIHO 13 YuceN ObLIO
float)
I 11//3.0 3.0 YHCITO- | ICJICHUE C OKPYTIICHUEM
BOU BHU3
% 11%3.0 2.0 YHCII0- |0CTATOK Nocue (1eno-
BOH  |YHCIICHHOTO JICIICHUE),
110 MOJTYJTIO
| m™; 5|6 n5%; |7u 3; — |int, 6urosoe win (OR); uc-
~dné& ~5 1 5&6 6 ud long |kmouaromee wiu (XOR);
OUTOBOE OTPHIAHKE
(not); 6utoBoe u (AND)
L p >> 5<<1 un 10 u 2 |int, CJIBUT Ha N JIBOMYHBIX
5>>1 long  |pa3psioB BJIEBO M CABUT
HA N JIBOWYHBIX Pa3psiI0B
BIIPaBO

O6o3nauenwust: 1 - int, 2 - long, 3 - float, 4 - pe3ynbTar, 5 - Tun

pe3yinbrata, + - ecTh (yHKITHS

®  Jl02UYeCKUll mun
He crnemyeT 3a0b1BaTh 0 JJOTHYECKOM THUTIE (THIT bool). DIEMEHTBI
sroro tumna True, False.
PaccMoTpuM HEKOTOpBIE OTNIEpaIUK JUTS JTIOTHISCKOTO THIa!

! AnanoruvHas Tabnuia paccMarpusaetcs B pabote 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 OTpHIIAHHE xandy JIOTHYIECKOE H
pesynsTat False pesynbrat False
xory JIOTHYECKOe y/x 0
unu pesynsrar True
Tabnuna 4
Onepamopeul cpagneHus
Pezynomam Pezynomam
Onepayus 4 Onepayus )
UNU NOSICHEHUs UNU NOSICHEHUS
X>y yCIIOBUE X OOJblIIe X<y YCIIOBHE X MEHBIIIE
X>=y (Oosbllle UM PAaBHO) Y X <= (MeHbIIIe WK PaBHO) y
X==y YCIIOBHE PaBEHCTBA x!=y yCIIOBHE HEPaBEHCTBA
ITocnedosamenvHocmu

[TocnenoBaTenbHOCTH — YMOPATOYEHHBIE KOJJIEKIIUH APYTHUX
00BbexTOB. OHM TONIEPKUBAIOT TOPSIOK pa3MeEIIeHUsT JJIEMEHTOB,
KOTOpBIE CO/IEPIKAT, CIIEBA HAIMPABO: DJIEMEHTHI COXPAHSIOTCSA U H3-
BIIEKAIOTCS MICXO/IS U3 UX TTO3UIMIA B TIOCIIEOBATEIHHOCTSIX.

B Python mociemoBaTembHOCTH TTOAPA3ACIIIOTCS HAa HEU3MEHSIC-
MBIe (CTPOKH, KOpTEXH tuple) u m3mMeHseMble (CIucKH list).

Tabnuma 5

Onepamopbul u pyHKyuu 014 nOC1E008ameIbHOCHEll

HICCTByIOHII/Iﬁ HHICKC

Onepayus Pesynomam unu nosicnenusa
len (4) BO3BpallaeT JUIMHY MOCIeI0BaTEIbHOCTH A
Al7) BO3BpAILAET /-i JIEMEHT Mocie0BaTeIbHOCTH A nin len (4)

+ -1, ecnu i < 0; wm uckimovenue IndexError, ecnu i Hecy-




Onepayus Pezynomam unu nosicnenus

xin 4 MIPOBEPKa MPUHAJJIEKHOCTH dJIEMEHTa MOCIeA0BaTEeIbHOCTH A

A+ B KOHKAaTeHAaIM ITOCJIeA0BaTeIbHOCTEN A 1 B 0qHOro THIa

Al i:j:d] | cpe3u3 nmocnenoBaTenbHOCTH A OT i 110 j (¢ marom d). O6pa-
TUTE BHUMAHUE, YTO JIEMEHT, YKa3aHHbIA B KAUYECTBE KOHEU-
HOT'0, HE BKJIFOUAETCS B pe3yJIbTaT

min(A) BO3BpallacT HAMMEHBIINHI 2JEMEHT MOCIEN0BaTEIbHOCTH A

A.index(x) | BO3BpalIaeT HaMMEHbIIIEE i, TAKOE 9TO A[i] paBHO X W HCKITFO-
yenue ValueError, eciu x He HalijieH B [MOCJIe0BATEILHOCTH A

o  Cmpoku

Crpoku B Python ObiBatoT 00bI4HBIC U Unicode. DakTuuecku
CTPOKa — 3TO IOCJIE0BAaTEIbHOCTh CUMBOJIOB. CTPOKOBBIN JHTEpal
3anuchiBaeTcs B OUHOYHBIX (') MM JBOMHBIX (') KaBBIUKaX.

Tabmuua 6
Onepamopul u (yHKyuu 013 CMPOK
Pymajus, Peszyremam Pymrcyus, Peszyromam
ampudym ampubym
str1="Python" |co3maeTcs cTpoka type(str1) <type 'str"™>
strl
str2="python"*2 |mosryunm "python"+"I" |momyunm "python!'
"pythonpython'

str_u=u"python"

CO3/a€eTCs CTPOKa
str u

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

MOJTY4UM
'pyt!lonpython'

str1.upper()

noxyuuMm 'PYTHON',
HO cTpoka strl mo-
TIPEXKHEMY OCTAeTCs
«Pythony

str1.lower()

moygum 'python’,
HO cTpoka strl mo
-TIPEKHEMY OCTACTCA
«Python»

str1.

replace('Py','Da’)

3aMeHa, B Pe3yJIbTare
morygum 'Dathon’

str1.find('th")

BO3BpAIIACT UHJICKC
MEPBOTO BXOXK/ICHHS
B strl moxcTpoxw 'th'

str2.
count('python')

BO3BpAIaeT KOJIHIE-
CTBO HETIEPEKPHIBA-
FOLIUXCS BXOXKIEHUHN
mocTpoku 'python’
B CTpOKE str2.

str2.
startswith('p")

BO3Bpauiaer True,
€CJIH CTPOKa Str2
HAYMHACTCS C yKa-
3aHHOTO TIpedukca,
unadge False.




JlocTaTouHO 9acTo HEOOXOJMMO BBINOIHHUTH (OPMATUPOBAHHE
CTPOK WJIM MOJCTAaBUTh B CTPOKY HEKOTOpPBIE JAHHbBIE. JTO BBINOJHSI-
ercsi ¢ moMouipo Meroaa format(). PaccMoTprum HECKOIBKO MPUMEPOB:

Tabmuua 7
Paboma ¢ memooom format()
Ilpumep Pezynomam Ilpumep Pezynomam
'{} python'. format |'Language  |print('{1} u {0}'.format('cu',|6yneT BBIBEAEHO
('Language') python' 'java')) java u cu
print('{b1} n {b2}'. |pesympTaT: |name = (fjava', '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 BbIBeneHO
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 PYHKIHUH SI7().

e Kopmeocu tuple
OHM TPUMEHSIIOTCS JUTS TIPE/ICTABICHHUS KOHCTAHTHOM MOCTIEI0-
BaTENLHOCTH (PAa3HOPOIAHBIX) 00BEKTOR.

Tabnuua 8
Onepamopul u ghynkyuu muna tuple

Dyuxkyus, Pesynomam Dyuxyus, Pezynomam

ampubym UL NOSACHEHUS. ampubym UIU NOACHEHUS.
b1=() co3jiaeTcs mycToi koprex |b=(5,) co3/1aeTCs KOPTEX b
al1=(1,2,3,'aaa") |co3zmaercs kopTex al . .
a2=(1.0,2.5)  |coszmaercs KopTex a2 type(ar) <type 'tuple™
print a1[-1] ‘aaa’ al,a2=a2,al al=(1.0,2.5)

a2=(1,2,3,'aaa")

e Cnucku list
CIHCOK TIO3BOJIIET XPAHUTh Pa3HOPOIHBIE TaHHBIE, 0OPAIATHCS
K KOTOPBIM MOYKHO Yepe3 UMsI CITHCKaZ,

2 Tlycrte paunsl ciucku L =[1,2,1,2,3,4,5,6,7] u L1=[3,8]
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Tab6mnuma 9

Onepamopul u (ynxkyuu co30anua CRUCKog

Dyuxyus, Pezynomam Dyukyus, Pezynomam
ampubym | uiu NOsSICHeHUs! ampubym WU NOSACHEeHUs.
a=[1,2,3] CO3/1aeTCsI CIHUCOK a |C = [X**2 for x in CO3/1aeTCsI CITUCOK
range(4)] c=[0,1,4,9]
b=range(4) |co3maercs crimcok |b=[] CO3JIaHNE ITyCTOTO
b=[0,1,2,3] CIIMCKA
d=c[]unn |co3manme kommu  |d=C CO3/IaHUE BTOPOH
d=list(c) CIICKa; CCBUIKH Ha CITHCOK.
[ycts d[0]=5, [ycts d[0]=5, Torma
torga d = [5,1,4,9], d=[5,1,4,9],
c=10,1,4,9]. c=[5,1,4,9].
forxinL:  |urepanums npsmas. (for x in reversed(L): uTepaumns oGpaTHas.
print X [MTomyanm 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): |yaukanpHas ure- oreparop ClIoKe-
printx  |pamwms. [Tomyunm: |S = L+L1 HUS (1) BBIIOTHSCT
1234567 KOHKATEHAIIAO
cnuckos. [Tomyunm
S=[1,2,1,2,4,5,6,7,3,8]
Tab6muma 10
Onepamoput u yynKyuu 0151 CRUCKOG®
Dyuxyus, P
e3y1bmam Ui NosCHeHUs
ampuboym
L.append(x) | moOaBisieT >JIEMEHT X B KOHEIl IIOCIIeI0BATEIbHOCTH
L.count(x) CUUTAET KOJUYECTBO IEMEHTOB, PABHBIX X
L.extend(x) | moOaBisieT K KOHILy ITOCIE€AOBATEILHOCTH MIOCIIEN0-
BATEJIbHOCTb X
L.pop(i) BO3BpALLAET i-i AIEMEHT, YIS €ro U3 MOCJIEI0BA-

TCIBHOCTHU

L.reverse()

Ha 00paTHBIN

MCHSICT NOPAJAO0K 3JICMCHTOB B ITOCJICAOBATCIIBHOCTH

3 TIpeAnoIoKiM, 9TO Y HAC eCTh CIUCOK L.
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Dynkyusi,

ampubym
L.remove(x) | ymamser sieMeHT x u3 cnucke L. Eciu takoro sie-
MEHTa HET, BO3HUKAET cOOO0IIeHe 00 omnoke?.
L.insert(n, “T")| MeTox ucmonb3yeTcs Ul BCTABKH JIEMEHTa B cepe-
JIMHY CIIMCKA, TJIe N — MO3HIHS BCTAaBKH JIEMEHTA

Pes'yﬂbmam Ulu nosACHeHust

L[i] =x i-¥1 DJIeMeHT crHcKa L 3aMeHseTcs Ha X
Lli:j:d]=t | cpe3orinoj (cmarom d) 3ameHsieTcsi Ha (CIIUCOK) ¢
delLfi:j:d] | ymaneHue ameMeHTOB cpe3a U3 MOCIEA0BATEILHOCTH

Jlnst B3auMHOTO Ipeo0pa3oBaHus CTPOK U CIIUCKOB HCHOJNbB3YHOT-
cst metogbl split(), join() u Gpyukust list()

split() — Merox AeTUT CTPOKY I10 33JaHHOMY CHMBOJY-pa3-
JIEJTATEITIO U CO3/1a€T CIUCOK M3 ()ParMEHTOB CTPOKH.
IIpeanonoxum, 4to cymecTByeT crpoka s='11 151
dd', Torna, BemostHUB a=s.split("' '), TOTy9IUM CITHCOK
a=['11",'151",'dd"]

join() — Meton popMHpYET CTPOKY W3 DIEMEHTOB CITHCKA,
ITOCTaBHB MEX/Ty HUMH 33JJaHHYIO CTPOKy. [Ipemmo-
JIOKHUM, YTO CylecTByeT crimcok a=['11",'151", 'dd'],
TOT/a, BEIMOIHKB =" ".join(a), MOJIy4ruM CTPOKY

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

crnucok. [Tpesmonokum, 4to CymecTByeT CTpoKa

s='python!', Toraa, BeITOIHUB a=list(s), TOTy9IUM CITH-

cok a=['p', 'y, 't, 'h', 'o', 'n’, '!']

CryneHTam He cieayer 3a0bIBaTh, YTO B KaueCTBE IJIEMCH-

TOB CIIMCKA MOTYT OBITh OOBEKTHI JFOOOTr0 THIIA, HAPUMED CITUCKH:
Ist = [['python',1],['c++',2],['java',3]]. OOpalieHue K 3JIEMEHTY
CIIMCKA IMPOUCXONUT Yepe3 YKa3aHUsI MHICKCA, a K SJICMEHTY BJIOYKCH-
HOTO CITMCKA Yepe3 yKa3zaHUe JIBYX UHJICKCOB:

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

4Ecau »lIeMEHTOB X B CIIMCKe L HCECKOJIBKO, TO YHAIACTCA HepBLIﬁ
MOMABIINICS PJICMEHT CJICBA.
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Mpumep. Peanuzyiime ¢ nomowvio cnuckog pewemo Spamocgena

#-* coding: cp1251 -*-
def eratosthenes (n): # cozoaem ¢hynxyuio
primes =[]  # cozdaem nycmoti cnucox
multiples = []
for iin xrange(2,n + 1):
if 1 not in multiples:
primes.append(i)
# 0obasasiem snemenm 6 KoHey nociedo8amenbHOCmu
multiples.extend(xrange(i * i, n + 1, 1))
#Hoobasnsiem K KOHYY NOCAC008AMENLHOCIU OPYeYI0 NOCIe006d-
MeabHOCb
return (primes, multiples) # sozépam xopmeoica
n=100
print(eratosthenes (n)) #eviz06 dynryuu

B . . ee’ s e e eecss s st s 00t s 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

CroBapp (XdII, acCOLUMATHBHBIH MacCHB) — A3TO HM3MEHUYHBAsS
CTPYKTYpa JaHHBIX JUIs XpaHEHUs Nap KII04Y-3HaAuCHHUE, T1e 3HAYCHUE
OJTHO3HAYHO ompeernsercs KirodoM. OToOpaskeHns He To/Ipa3yMeBa-
IOT KaKOTro-1100 YHOPSI0YEHHs JJICMEHTOB I10 HX IMO3MIuK. B kave-
CTBE KJII0Ya MOXET BBICTYNATh HEM3MEHUYMBBIH THIT JaHHBIX. JlocTym
K DJIEMEHTaM CJIOBAPS POU3BOMUTCS MO KIIIOUY.

Taomuma 11
Onepamopul u ghynkyuu ona muna dict
Dyukyus, Pesynomam Dyukyus, Pesynomam
ampubym WU nosicnenue ampubym WU NOSICHEHUSL
a={1:10,2:20,4:'dd"} |co3maercst cioBaps a|print a[4] Oeper 3HaYCHHUE
0 KIFOUYy
u Beaer dd
a[1]='ddd' nprucBanBaeTcs 3Ha- |del a4] yranseTcs mapa
YeHHE 110 KUy a= KITI0Y-3HAYCHHE
{1:'ddd',2:20,4:'dd'} C JAHHBIM KITFO-
4OM
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Dyukyus, Pezynomam Dyukyus, Pesynomam
ampubym UIU nosicHeHue ampubym UL NOSICHEHUSL
d=dict(zip(‘'ab',[1,2])) |co3maercst cnoBaps  |a={} unu cozaaercs Iy-
{'a": 1,'b": 2} a=dict() CTOH CIIOBAph
d.keys() BO3BpAIIACT BCE d.values() BO3BpAIIlACT BCE
KJIFOYH U3 CIIOBapsi 3HAUCHUSI U3 CJIO-
d: Baps d: [1, 2]
[, b]
d.items() BO3Bpamaer kop-  |d.update(c) 00BbeIHSIET BCE
TE)KHBIE TTapbI 3aMKCH B CJI0-
(xJTI0Y, 3HAYCHNUE) Baps d. [TycTs
cnoBaps 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, 'b])|co3naer crosaps
CTBY KJtodeit: 'a' in {'a": None, 'b":
d Bo3Bpamaet True None}

Mpumep. loocuumaiime uacmomy nosmopod YHUKATbHbIX
€108 6 MEeKCmo8oM (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 NPoOebl
for word in line.split(" "):
# peorcem Kaxcoyo cmpoKy Ha cl06d, 02paHuyeHHble npodeLIamu

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

u = open("file_name")

# ceszvigaem ums words ¢ nycmoim ciogapém

# b110K 0Opabomku UCKIIOUEHUU

words[word] += 1
# notmaemcs ysenuuumo words[word] na edunuyy
exceptKeyError: #eciunenonyuunoce (panvuwewords[word] ne6viio)
#Ucknouenue KeyError sosnuxaem, eciu Kioua 6 0moopajcenuy Hem.
# coz0aem 6 crnosape napy[word:1]
# pacneuamaem word, words[word]

13
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#-*- coding: cpl251 -*-
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MHoscecmesa

MHoskecTBa — 3TO HCYIOPAAOUYCHHAS KOJUICKIUSA HCU3MCHS-
CMbIX, YHUKAJIbHBIX 3JICMCHTOB. B orauuune ot KOpTC)KCﬁ, MHOXC-
CTBa HC NMPCAYCMATPHUBAIOT BO3MOXXHOCTb AOCTYyIlA K 3JICMCHTAM I10
YHUCJIOBOMY HMHIACKCY. 3aM6TI/IM, YTO 3JEMCHTHI MHOXXCCTBA HHUKOTI'1a
HC NOBTOPSAIOTCH.

Tabnuua 12
Onepamopul u ynkyuu 011 MHOICECHE
Dyuxkyus, Pezynomam Dynryus, Pezynomam
ampubym WU NOsICHEeHUe ampudym WU NOSACHEeHUs.
A={a'c',4,c'}| co3namu MHOKECTBO C=set([]) |co3manu mycroe MHO-
B=set('abca') |set(['a', 'c', 4]) KECTBO
€031l MHOYKECTBO
set(['a', 'c', 'b'])
Xin A BO3BpaIaeT 3HaYCHNE C=B-A |mHuox)ectBO C comep-
True, eciti MHOXKECTBO A KUT JIEMEHTBI, KOTO-
COICPIKUT X PpbIE BXOSIT B MHOXKE-
cTBO B 1 He BXxozAAT
B MHOKECTBO A:
set(['b'])
C=AB o0beauHeHne MHOXKecTB: |C=A&B | mepeceuenne MHO-
set(['a', 'c', 'b', 4]) kecTB: set(['a’, 'c'])
C=A<=B Bo3Bpamaer True, ecmu  |C=AB |cuMMeTpu9HAas pa3-
KaK/IBIi 2JIEMEHT U3 A HOCTh MHOYKECTB:
MIPUCYTCTBYET B MHOXe- set(['b', 4])
crBe B
len(A) BO3BpaIlaeT JUIMHY MHO- |type(A) | <type 'set™
xKecTBa A
Aremove(x) |ynaneHue 3neMeHTa Aadd(x) |merTaercs o6aBUTH
W3 MHOXKECTBA A 110 JJIECMCHT X B MHOXKE-
3HAYCHUIO(X) cTBO A
A.update([1,3]) | m06GaBsET HECKOMBKO A.copy() |BO3BpaIaeT KOMUIO
SIIEMEHTOB B MHOYKECTBO A MHOKECTBa
Adiscard(x) |ymanser aneMeHT X, ecnu |A.clear() |oduIaeT MHOXKECTBO
OH HaXOJUTCS B MHOXeE-
CTBe.
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Ipumep. Onpedenrume, cKONbKO pa3IUYHBIX CO8 COOEPIHCUMCS
6 mexcmosom ¢hatlze.

D I I A R I I I I I I I IR I I

s #-* coding: cpl251 -*-
try:
u = open("myfile")
words = set([])
# cesazvleaem umst words ¢ nyCmvLM MHOJNCECBOM
for line in u.readlines():  # uumaem u no cmporkam
line = line.strip(" \n")
# ombpacvieaem nauanbuvie U KOHeuHvie NPodeibl
for word in line.split(" "):
# peoicem KaxicOyIo CMpOKy HA €08, 02PAHULEeHHble NPODeTIaMU
words.add(word)
# notmaemcs 006a6uMb CLOBO 8 MHOIICECMBO
print(len(words))
# 6bIBOOUM KOIUUECNBO PA3TUUHBIX CTIO6 8 MEKCHe
except:
print «Errory

oo I I I I R I I I A A A Y

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

065eKkmbl, KOMopble MONMCHO 8bI38AMb;

o  Qynxyuu. [ns Toro, 4yroObl u30eraTth MOBTOPHOIO HAIMCa-
HUS OJTHOTO U TOTO K€ KOJa B SI3bIKaX MPOTrPaMMHUPOBAHUS, UCIIOIb-
3ytoTes ¢pyHkuuu. Onpeaenenue GyHKIMNU:
 ‘def name_function(arguments): ~ # onpenenenue pynkumn

#code # xon pyHKINU

return values # KOMaHJa: BEpPHYTb pE3yJbTar.

OHa MOXeT OTCYTCTBOBaTh. Toraa

BBIMOJIHSIOTCS. BCE KOMAaHIbBI TeJla

(YHKUMH W BO3BpaLIaeTCsl 3HaUe-

Wms dyHKIMM TOHKHO OBITH YHHUKAJIbHBIM HICHTU(HKATOPOM.
Jist BeI30Ba (DYHKIMH HY)KHO IIPOCTO YKa3aTb €€ HMsl, 32 KOTOPbIM
JOJKHBI CJIEI0BATh €€ MapaMeTphl, 3aKJII0UCHHbBIC B KPYTJIble CKOOKH.

Korna BHyTpum ¢QyHKUHMH CO31AlOTCS HOBBIC IIEPEMEHHBIE,
OHU MMEIOT JIOKAJbHYIO 00JacTh BHUIMMOCTH. UTOOBI MMETH BO3-

MOKHOCTb HM3MEHSTh TII00abHbIC NEPEMCHHBIC BHYTPHU (I)YHKI_II/II/I,

Seeesessosscccsccsoscscs

.
.
.
.
.
.
.
.
.
.
.
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OTU NEPEMCHHBIC CJICAYCT ONPCACIIUTH B TCJIC (byHKL[I/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 g=allb

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

return r return r returnr
: print rema(5,10) print rema(9,c=2) print rema(a=9,c=2,b=7) :
....peaymerar s pesyneTar b ... pesyneTar 4 ... :

Mosxet noHanoouThCs, 4ToObl onpeaesieMast GQyHKUUS MpuU-
HUMaJa J1000e YUCIo napameTpoB. bynem ucnoiabp30BaTh B Ka4eCTBE
apaMeTpoB KOPTEX WM 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 :
pamMeTp co 3BE310YKOH (Ha- NPOU3BOJILHOE YHUCJIO Tapame-:
‘mpumep, *args), Bce Hallu TPOB, 33JJaHHBIX 1O KiItody. Kor-:
 [IO3UIHOHHbIE rnapamMeTphl Ja OOBSBISIEM MapaMeTp ¢ L[By—f
E«yHaKOBLIBaIOTCSI», HadyuHasdA MA 3Bé3,[[0'lKaMI/I (HaanMep,f
*C JTOH TO3UIMK M JI0 KOHIA *%*param), Bce KIIOUEBBIE apry-:
EB KOpTEXK argS B COOTBCT- MCHTBI, HaA4YMHasa C 9TON HOBI/I—E
:CTBHH C MX «HOPSAJKOBBIM LMY U 10 KOHLA, OyIyT COOpaHsl :
EHOMCpOM» npu nepeaavc. B CJIOBApb oA UMCHEM param.

Pesynbtat 18 Pesynbtat 9

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

OTMeTHM, HEKOTOpbIE HMHTEPECHBIE MOMEHTHI, CBS3aHHbIC
¢ PYHKIUAMU:
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— oziHa (DYHKUHMS MOKET MPUHUMATh B KAUECTBE apryMEHTOB Pa3-

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

Br13oB ¢pyHKIMM MOXeT ObITh TakuM f(5) wmu takum ([ 1,2,5,4]);

— Python mo3Bossier nepexaBaTh pe3ynbTaThl BbI30Ba (PyHKIMN
B Ka4eCTBE apryMEHTOB Apyrux (QyHKIMH O€3 HCIOJIB30BaHUS JI0-
MOJTHUTEJIBHBIX [IEPEMEHHBIX, Hampumep str(pow(10,2)). Mmena
¢ynkunii B Python sBisitoTCSI MepeMeHHBIMH, COACPKALIMMU a/Ipec
o0beKTa TuNa GYHKLHS, HOITOMY 3TOT aJpec MOYKHO IPHUCBOUTH JIPY-
rOH MepeMeHHOH 1 BBI3BATh (PYHKIHIO C IPYTHM UMEHEM, HalpUMeEp:
s=pow;str(s(10,2)).

o Qyuxyuu — cenepamopyl. llpn UCIIOIB30BAHUN WHCTPYKLIUU
yield pyHKIMS MOKET reHeprpOBaTh MOCIEA0BATEILHOCTD PE3yIbTa-
ToB. [IpH BbI30Be PyHKIMU-TEHEPATOPa CO3AACTCS OOBEKT C METOIOM
next(), KOTOpBIH 3acTaBiseT (PYHKIHIO BBIOIHATHCS, MOKa HEe OyneT
JNOCTUTHYTa clieayromas MHeTpykuus yield.

PaccmoTpum paboTy GyHKIMHU-TeHEpaTopa:

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

: ITpumep losicHenue niu pesyibrar -
-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)
-foriin range(1,5):
Dpnth L enex)

e Kuaccvl. Omeparop class TpuUMEHsIETCS JUIS OTPE/ICICHUS
00BEKTOB HOBBLIX THIIOB U JJIsL O6TJCKTHO-OpI/IeHTI/IpOBaHHOI‘O po-
rpammupoBanus. [Ipocreiinas MoJienb OnpeieieH s Kilacca BBITIIS-
JUT CJEIyIOINUM 00pa3oM:

class mms_kmacca:
UHCTpYKIUs |
WHCTPYKIHUS N
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ATpuOyTBl Kiacca OBIBAIOT JIByX BUAOB: aTpUOYTHI JaHHBIX;
aTpuOyThI-MeTOAbl. B Kitacce MeTo[ onpenensercs ¢ IOMOLIBIO Ofe-
paropa def. IlepBblii mapameTp KakAOr0 METOJa BCETAa CChIIAETCS
Ha caM 00BeKT ( 3ToT mapamerp umeeT ums self). Bee onepaunu, 3a-
TparuBaroUIue aTpuOyThl 00BEKTA, TOJDKHBI SIBHO CCHUIATHCS HA Iepe-
MeHHy1o self.

Tun file

OOBEKTHI ITOrO THIIA MPEJHA3HAYEHBI 17151 paOOThl C BHEIIHUMH
TaHHBIMU. B mpocToMm cirydae — 370 (haitn Ha aucke. st paboTsl ¢ daii-
JIOM TIPEXK[IE BCETO HY>KHO CO3/1aTh CIIELHAIbHBII 00BEKT, a IIOTOM HC-
I10JIb30BAaTh METO/IbI 3TOr0 00BEKTA ISl YTEHHS U 3aIMCH JaHHbIX.

Taonuma 13

Onepamopul u hynkyuu muna file

Dyuxyus, ampudbym Onucanue

open(path [, mode="r]) | Bo3Bpawaer daiioBblii 00bekT. [Tapamerp mode
yKa3bIBaeT BapHaHT poctyma. Ecan mode paBen
f=open("data.txt") T,'tb','W','wb', To ykaszarens crouT B Havane (aiina;
ecn mode='a', TO yka3areib CTOUT B KOHIIE (haiina

f.fileno()

BO3BpaIIaeT IeTOYUCICHHBIN JecKkpunTop ¢aiina

f.close() 3aKpBIBACT (haiin

f.closed apryMeHT BbigaeT True, ecian ¢aiis 3aKkpbIT; B IPO-
THBHOM city4ae — False

f.mode apTYMEHT BBIIACT PEKUM IOCTYIIA, C KOTOPBIM OBLT
OTKPHIT (aiin

f.name apryMeHT BbIIaeT uMs (aiina

f.read(n) cunTHIBaEM n 0aiToB (haiina, eciay HET apryMEHTOB,
TOTr/Ia YMTaeTCs (DAl [ETHKOM

f.readline() YuTaeM CTPOKY (haiiia eTuKoM

f.readlines()

(GYHKIMS BBIMOIHSCT YTeHNE (paiiyia [eInKoM T10-
CTPOYHO, B pe3yJibTaTe NpouTeHus (aiina noryya-
€TCSl CIIMCOK CTPOK.

f.write(s)

MUIIEM CTPOKY S

f.writelines(L)

MULIEM BCE CTPOKM M3 criucka L

ftell()

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

f.seek(offset [,whence]) | hyHKIHMS HCTIONB3yeTCS AT TPOM3BOJIBHOIO 10~
cTymna K Qaiimy. ApryMeHTsI: offset — cMmerenne

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

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

Ipumep. /Ipouumams mexcmogwitl gpaiin 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 I-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")

I I I I I R I I R R R I I I I I A A A A A

Modyau

[Ipn MoaynmbHOM MOAXOJE K MPOTPAMMHPOBAHHIO OONbINAs
3a/mada pa3OnBaeTcs Ha HECKOJBKO Oojiee MENKHX 3afad, KaxmIyro
13 KOTOPHIX (B HMeaje) pemraer OTAeNbHbIN Momaynb. [Iporpamma
Ha si3pIke Python opranm3oBana kak oJWH TJIaBHBIA (haiiil, K KOTO-
pOMY MOTYT MOJAKIIOYATHCS JOMOJHUTEIbHBIC (Baitnbl (MOIYIH).
CryaeHTaMm cienyeT oOpaTUTh BHUMAHHUE, YTO MOJYJIN JKEIaTelb-
HO pacroyiaraTh B TEKyIleM Karajore (TJe pacIioNOXKeH TIaBHBINA
(hbaiin) unm B Karajore, YIIOMSHYTOM B NEPEMEHHOW OKPYIKEHUS
PYTHONPAT. UYto0sl uCnonb30BaTh (PyHKIHIO W3 MOJIYJS, €ro
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HaJ0 NMOJKIIOUNTh. CyIIECTBYET HECKOIBKO CIIOCOOOB IMOIKIHOYEC-
HUS MOJLYJIEH:

o NOAKIFOYUTE MOAYJIb HEJIUKOM

import math

print math.sqrt(4)
O INOAKIKOYHUTH TOJIBKO q)yHKI_[I/IIO

from math import sqrt

print sqrt(4)

o INOJKIKOYUTh BCEC q)YHKLII/II/I MOAyJid (HpI/IMCHCHI/IC 9TOro CIIo-
coba He BCera y,[l06HO, NOAKIIFOYAEMbIC MOAYJIU MOTYT UMCThb
(byHKLII/II/I C OJMHAKOBbBIMHA I/IMCHaMI/I)

from math import*

print sqrt(4)

Ecnu HOTpG6yCTC$I MNOAKIKOYNUTE MOAYJIb IO APYI'UM HMCHCEM,
J0CTAaTO4YHO I[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
pyKys
print print 'npumep Ha MantoHe' BBIBOJI Ha KOHCOJIb
raw_input(); | quest = raw_input("input--- ") | unTaeT moab30BaTENBCKUI BBOA
input() U3 MOTOKA CTAHAaPTHOTO BBOJIA
Y BO3BpAIllacT CTPOKY Oe3 3aBep-
IIAFOLIET0 CHMBOJIA HOBOH CTPOKH
range() a=range(25) CO3/1aeTCsl MOCIIeI0BATEIILHOCTD

(nmamaszon) uncen. B kagecTse
apryMeHTOB (YHKIIHsSI IPHHAMA-
eT: HaYallbHOE 3HAYCHHE JIHana-
30Ha (o ymomrganuto ), KoHEed-
HOE 3HaueHue (He BKIII0Uas €ro)
1 mar (o ymoadasuro 1).
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xrange() |a=xrange(2,6) CO3/1aeT IICeBIOCIUCOK — 00b-
€KT, JUIsl KOTOPOT'O MBI MOXEM
MOJIyYUTh 3HAYEHUS "IJIeMEH-
TOB", HO HE MOXEM U3MEHUTh
MX WM HOPSJOK UX CJIEJOBaHMS.
®yHKIUA Xrange() oueHb MoXoxkKa
Ha (ynkuuro range(). Ilpenmy-
LIecTBa UCI0JIb30BaHUs Xrange()
BMecTO range() 3aMeTHBI JIUIIb
npu paboTe ¢ OrpPOMHBIM KOJIHYe-
CTBOM 3JIEMEHTOB.
if /elif/ else | dopmart onepatopa: YCJIOBHBIH orepaTop — BEIOUpaeT
if <<spIpakenmel>>: OJTHO U3 HECKOJIBKHX JEHCTBHI
<<uabop>> (610KOB OTIEPaTOPOB).
[elif <<BbIpaskenne2>>: | Berss elif moxer kak coBcem ot-
<<mabop>>] CYTCTBOBATH, TaK M IIPHCYTCTBO-
[else: BaTh HECKOJIBKO Pa3; HaJIu4Ine
<<mabop>>] BETBHU €lse Heobs3aTensHO. Kitto-
geBoe ¢JI0Bo €lif stBisteTcst KopoT-
text=['python’,'java’,'c++] KOif (popMmoii mist 3amucy else if
if 'python' in text:
print 'python'
while/else | B o6mem Buze mukit while | onepatop nukna. B nukie while
BBINISIANT CIEAYIOIINM HepBbIi HAOOP BBITTOJIHSAETCS
obpazom: JIO TeX TOp, oKa "BbIpaxkeHue"
while "BbIpa:kenue": SIBJIIETCS. UCTUHHBIM. B KauecTBe
"Hadop" "BbIpaXkeHusA" MOYKHO paccMaTpu-
[else: BaTh YCJIOBHUE, CTPOKY, CIIUCOK
"Hadop"] u T. 1. BetBb else Oyner BbImo-
HEHa, €eCJIM [UKJI 3aBEePIIUTCS
IIPY HapyLIEHUH yCIOBHsI 0€3 BbI-
a=0;b=1 MOJIHEHUS oriepaTopa break
while b < 5: B TIEpBOM Habope.
print b B pesynbrate nomyuum:1 12 3 10
a,b=b,a+b
else: print 10
for/else B obmem Buze mukn for | omeparop mukiia. MHCTPYKIHS

BBINJISIANUT CIIEAYIOIIAM
obpa3zom:

for B s3piKe Python mepebupaet
3JIEMEHTHI TPOU3BOJILHOM

21




for "m-nasg" in "mocJ-Th'":
"Habop"
[else:

"HaﬁOp"]

tlist=xrange(2,4)

[OCJIeI0BaTENLHOCTH. BeTBb else
OyZeT BBINOTHEHA MIPU 3aBepIIIe-
HUU TIOCJIEI0BATEILHOCTH.

B pesyabrare Ha KOHCOJb OyIeT
BeIBeZeHO: 2 3 10

for x in tlist:
print x
else: print 10
trylexcept/ | ®opmat onepatopa: 00paboTka uckimodeHuit. Mckimo-
finally/else |try: YEeHHUs] BO3HHMKAIOT, KOT/Ia B IIPO-
"Habop" rpaMMe IpH HCIOJHEHWU BO3HU-
except: KaeT HEKOTOpast NCKITIOYUTEIbHAS
"Habop" cUTyarust (Harmpumep, JeleHHe
[else: Ha HONb). Korma BosHmKaeT wc-
"Hadop"] KIIIOYEHHE, IporpamMma Ipekpa-
[finally: IaeT BBIIOJHEHWE WHCTPYKIUH
"Habop>>] B OJIOKe try W OTBICKMBAeT OJIOK

SI3b1k Python noanepxusa-
€T MHOTO BCTPOEHHBIX HC-
KIIFOYCHUH, Halpumep:

ValueError OSError
StandardError EOFError
BaseException SystemExit
KeyboardInterrupt  Exception
Stoplteration IndexError
OverflowError ImportError
LookupError KeyError
MemoryError IOError
UnicodeError nT.0

except, COOTBETCTBYIOIIUH THITY
nucKkmoveHus. B cimydae ycmexa
yIpaBJeHUE TIEepeaaeTcs IMepBOH
WHCTPYKIMN B HalJIeCHHOM OJioKe
except. [locme BemoNHEHUS 0I10-
Ka except BBIIIOJTHEHHE MPOrpam-
MBI TIPOJIOJDKACTCS C MEpBON WH-
CTPYKIIUH, CIIEAYIONIEH 3a OITOKOM
try-except. DTOT TpPOTrpaMMHBIHA
KOJI B CBOIO OU€pe/Ib TAKXKE MOKET
OBITH 3aKITFOUEH B OJIOK try-except.
Bripaxxenne except MOXeT 00-
pabaTeiBaTh ~ Kak  OAWHOYHOE
WCKIIOYECHUE, TaK M CIHCOK HC-
kmoyeHnii. Ecimm  uckiroueHue
HE BO3HHKAET, KOJI B OJI0Ke except
HUTHOPHpPYETCS.
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break, while True: MIEPEXObI B TEJIC IUKIIA.
continue s=raw_input('input: ") break — BbIXOIUM M3 BHYTpEHHE-
print s ro BI0XKEHHOTO IUKJIA. BaxkHO
if s == 'BbIX0A": OTMETHTD, YTO €CJIM LHKIIBI for
break unu While mpepBath oneparopom
print('output: ', len(s)) break, coorBeTcTBYMOIINE UM OJ10-
print('3aBepLuexue’) KU €lSe BBIMOJIHATHCS HE Oy IyT.
continue — ucronb3yeTcst st
ykaszanusi Python, uro Heo6xoau-
MO MPOIMYCTHUTh BCE OCTABILIHECS
KOMAaH/Ibl B TEKyILeM OJIOKe UK~
Ja ¥ IPOIOJDKUTE CO CIIEIYIO-
1Iei UTepanuu KA.
def, def remainder(a, b): co3nanue QyHKIHI
return, g=allb def — npencrasmnsteT onpeneneHne
yield r=a%b GbyHKIUH.
return r
return — HHCTPYKIMS BBIXOA
Ecnm notpebyeTcs BepHyTh | M3 QYHKIMM U BO3BpATa U3 Heé
n3 (*)yHKLlMI/I HECKOIMbKO 3Ha- | 3HAYCHMA.
‘-IeHMIh, MOXHO NCMNOJ1b30BaTb
KOpTeX
def remainder(a, b):
g=allb
r=a%b
return (q,r)
pass def remainder(a, b): pass — 3TO «IyCTOH orepaTopy.
pass OtMeTuM, 4TO B S3bIKE 3aIIpere-
HbI IIPOLIELYPHI C IYCTHIM TEJIOM.
global x=50 YKa3bIBaeT Ha 00J1aCTh BUIUMO-
def pros(): CTH TIEPEMEHHOU. DTO HEOOXO0 1H-
global x MO, YTOOBI TPUCBOUTH HEKOTOPOE
print 'x paBHO', X 3HauYEHHE IEPEMEHHOM, onpe/e-
X=2 JNEHHOM Ha BBICILIEM YPOBHE IIPO-

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

T'paMMBI.

B pesynbrare nomyunm:
X paBHO 50; HOBOE 3Hau€HUE
X = 2; 3HauyeHue x = 2
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import, [Mpenmonoum y Hac eCTh | HCIIONB3YIOTCS ISt pabOThI ¢ MO-
from Gaiin JTYJISIMU.
module.py co cieayrommm | import mo3BoJISIET MOIYYaTh MO-
coziepKaHuEeM JyJb LEITHKOM.
def prin(x):
print x from nosBosnsier momy4aTs onpe-
JICJICHHBIC IMEHA U3 MOJYJIS
Temnepb Mbl MOXKEM HC-
OJIb30BaTh 3ameruM, uto Python B MOMEHT
import module Havasia paboThI 3arpy’kaeT B Ia-
module.prin('Hello') MSATH MOAyJb  builtins
lambda B o01miem Bujie aHOHUMHBIE| args — 3TO CIIUCOK apryMEHTOB,
(YHKIUH BBITISIAT CIIEY- | pa3/elICHHbIX 3allsIThIMU;
OIM 00pa3oM: €Xpression — BeIpayKeHHUE, UCTIONb-
lambda args : expression |3yoliee 3TH apryMeHTHI.
BuyTpu uaCTpyKImu lambda
HEJIb3s HCI0JIb30BaTh HECKOIBKO
a=lambda x,y: x**y HHCTPYKIMI WK UCTIOTB30BATh
r=a(3,2) JpYTUe UHCTPYKIIUH, HE SIBIISIO-
IIMECs BRIPAKECHUIMH, TAKHE KaK
for mm while.
B pesynbrare nomyuum: r =9
zip(s,t) zip('ab','"12") M3BJIEKACT BCE JIEMEHTHI U3

B pe3ynbTate Nomyynm:
[(lal, l1l)’ ('bl, V2|)]

nnn

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

B pesynbTare nony4um:

[(lal, ’C‘, Ve|, V1|)’ (lbl, ldl, lfl’ l2l)]

HOCHCHOBaTeHBHOCTCﬁ sut
" CO3JacT CIIMCOK KOpTG)I(eI}'I

[(S[OL,t[0]),(s[11.t[1])].

TTocnenoBaTeIbHOCTH JOJDKHBI
OBITH OJMHAKOBOM JJIMHBI.
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map(f, s, ...) | def f(x): HpUMEHseT GYHKIHIO f K KaxkK-

return x*x JIOMY BJIEMEHTY MOCIIE0BaTEb-
a=(1,2); b=(6,7) HOCTH § ¥ BO3BPAILIACT CITHCOK
map(f,a) Pe3yIIbTaTOB.
B PE3yJIbTATE MOTYUHM:
[1, 4] Ecmu dpynkumn map() nepenaercst

HCCKOJIBKO ITOCJICA0BAaTCIIBHO-
CTeﬁ, 9TO ONpeAamnojaract, 4YTo KO-

WM JIMYCCTBO apr'yMECHTOB, IPUHUMA-
eMbIX (DYHKIHEH f, COBITagacT ¢

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

U (dhyHKIIMH OepeTcs U3 IPyroi mo-
CJIC/IOBATEIIHOCTH.

map(lambda x,y: x*y, a,b)
B PE3YJIbTATE 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 JIBOWYHYIO CHCTEMY WJIM B BOCBMEPHUYHYIO CHCTEMY M Pe3yJbTar
BBIBECTH Ha DKpaH.

5. IBOMYHOE 4YMCIIO, BBEIEHHOE II0 3alpocy C KIABHATYPBHI,
B clly4yae MpaBWJIBHOW 3amucH, IpeoOpa3oBaTh B JECITHYHOE YHCIIO
1 pe3yJbTaT BBIBECTH Ha DKpaH.

6. Uucio B BOCBMEPUYHOW CHCTEME CUHUCIIEHHS, BBEJIEHHOE
IO 3aITpOCy C KIJIaBUATYPHI, B CIydae MpaBUIHLHON 3alncH, Tpeodpazo-
BaTh B IECATUYHOE YHUCIIO.

7. lloncunraiiTe 4acToTy OYKB B TEKCTOBOM (haiire.

8. Peanm3oBaTh aNropuT™M CKATHS WHPOPMAIUA — aJTOPUTM
Xaddmana.
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JlaGopaTtopHasi pa6orta Ne 2

Tema: nakeT numpy.
Heanb pa6oTbl: ocBOeHNE PabOTHI C OCHOBHBIMH (DYHKIIMAMU
rakera numpy.

Kpamkue meopemu4eckKue ceedeHus

OCHOBHBIM 00BEKTOM B NUMPY SIBJISIIOTCS] OTHOMEPHBIE U MHOTO-
MepHBIE MacCHBBI (B NUMpy OHHU Ha3bIBatoTca numpy.ndarray). Ila-
KEeT COCTOMT M3 HECKOJIBKHUX MoOjyJiei: random (ciy4aliHbie 4uCiia),
linalg (nuneitnas anrebpa) u 1. 1. Criexyer 0OpaTUTh BHUMAaHHE, YTO
JUTS TIOIKJTIOYEHUS TTaKeTa OOBIYHO UCIIONB3YIOT import numpy as np.

o (Coszoanue maccueos
Tabmuma 15

Onepamopul u pynKyuu 014 cO30aHUA MACCUBOE

Komanoa Ilpumep losacuenue unu pezynomam
np.array(<cnucok | a = np.array([1,2.5,3],np. | co3mamu MaccuB BHIA
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 ((pas- | a=np.identity ((3),np.int8) | array([[1, 0, 0],

mep), [run) [0, 1, 0],

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

S Tun(dtype) — 310 THn gaHHbIX. [[pUBeeM NMPUMEPHI THIIOB 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 (DYHKIUS CaMOCTOSITEIBHO CTAPAETCS ONPEICIHTh
[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), 3HauEeHME,
[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])

BO3BpAILAET PABHOMEPHO pac-
TIpeJieIIeHHbIe 3HAYeHNs Ha 3a-
JTAHHOM HHTepBaie ( TOYKU
OymyT Opathesi ¢ HIaroM 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.]),0.5)

BO3BPAIIAET PABHOMEPHO Pac-
TpeieTieHHbIE 3HAYCHHUSI Ha 3a-
JaHHOM HHTEpBaie (BaAKHO
HOJYyYHTh HYKHBIH pazMep
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, PACIIOJIO-
JKCHHbIE PAaBHOMEPHO Ha JIO-
rapupMHIECKON TIKaJIe

np.tile(maccus,
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)

" Tlepeyncaum eie HECKOJBKO apryMEHTOB: N — KOJ-BO 3JIEMEHTOB;
endpoint — 310 ¢1ar, KOTOPbIi yKa3bIBAET, BXOIUT MOCIIETHSS TOYKA B HHTEPBA
WIK HET; retstep — 3T0 (hiar, KOTOPbI YKa3bIBAET, BHIBOJUTH IIAT MEXILY
Toukamu win HeT. [lo ymomuanuto pasmep=>50, endpoint= True, retstep=False

8 Tlepeuncium eIrie HECKOJIbKO ApryMEHTOB: N —KOJ-BO 3JIEMEHTOB;
endpoint — 310 ¢1ar, KOTOPbIi yKa3bIBAET, BXOIUT MOCIIETHSS TOYKA B HHTEPBAJ
wm Her; base — 310 ocHoBanue Jsorapudma. [lo ymomyanuo pasmep=>50,
endpoint= True, base=10.0.
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Co3naBath MacCUBBI MOXHO U M3 CIy4alHBIX AJIEMEHTOB. s
ATOrO0 HYKHO BOCIIOJIB30BaThCS (YHKIUSAMH M3 MOIYJIS numpy.
random (TIOAKITIOYUTE MOJTYJIh MOYKHO € IOMOIIBI0 import numpy.ran-

dom as rand).

Tabnuna 16

Co3zoanue cayyaiinplx Maccueos

Komanpna [Ipumep

IlosicHenue unum pe3yabTar

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

)
a=np.random.sample(k)

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

PaccMOTPUM apTryMEHTHI:
- 06€3 apryMeHTOB BO3Bpa-
IIaeT MPOCTO YHCIO B IPO-
mexytke [0, 1);

- C OJTHUM LEJIBIM YHCIIOM
— OJJHOMEPHbII MacCUB

u3 k 251eMEHTOB;

- C KOPTE)KEM — MaCCUB

C pa3Mepamu, yKa3aHHBIMH
B KOpTExKe’.

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

B PE3YIBTATE MOITyIUM
MAacCCHB W3 [ENbIX YHCEIL.
Yucna HaXoIsTCA B IUana-
30He [/ow,hight).

size — pa3Mephl MacCcHBa

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

np.random.shuffle(z)

CITydaifHBIM 00pa3oM mepe-
MEIIHBAET MOCIIEI0BATEIb-
HOCTb

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

np.random.choice(z)

B pe3yJbTaTe MoJyqyuM
CIIy4alHbI{ JIEMEHT U3 T0-
CJIe10BaTEILHOCTH

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

CO3/1aeT MacCHUB JaHHOI
(hOpMBI 1 3arT0THEHHBIH
CITy4aliHBIMH BBIOOpPKaMH
U3 PaBHOMEPHOTO pacmpe-
nenenus [0, 1). B pe3yinb-
TaTe BBINOJIHEHUS IPUMeEpa
MOJKEM IOJIyUUTh:

? Bee uncna Oyayt u3 npomexytka [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 pacrpe/ese-
scale=1.0, HHA. 3aMETHUM, UTO loc —
size=None) cpelHee 3HaueHue, scale —

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

Crenyer oOpaTuTh BHUMaHKE, YTO B MACCHBaX NUMPY XPaHHUTCS
JOIIOJITHUTCJIIbHAA I/IH(bOpMaHI/ISI (HepC‘II/ICHI/IM HCKOTOPLBIC 3JICMCHTLI
3TOW WH(OpPMAIIMK: yKa3aTellb HA JaHHBIC, THII JAaHHBIX, KOPTEXK,
OIMUCHIBAIOIIUN (POPMY MACCHBA).

o Hexomopuie memoovl u ampubymul, C6s3anHble ¢ XapaKme-
PUCIUKAMU U CIPYKMYPOU MaAccu6os"’.

Tabmuma 17

(Dynkuuu, C8A3AHHblE C XaPAKMEPUCMUKAMU MACCUB06

Memoo unu ampubym Ilpumep Toscnenue unu pesynvbmam

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

n3MeHeHue Gpopmsl ((3,2)) Ipeo0pa3oBaii MaccuB a
B JIBYMEPHBII MacCHB''

10 TIpennonoxum, 49TO HaMH OBUIM CO3JaHBI MAacCCHBBI 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).

' Cienyer oOpaTuTh BHUMaHHE HA TO, YTO C U & CCHUIAIOTCS HA OJMH
MaccuB. B 3ToM J1erko yOequThCsl, €CIi BBITOIHUTH CIIEYIOIINE ONEPaIiH:
a[2]=77; print a; print c. Ecin jxe KonupoBaHne HEOOXOAMMO, TO ITO MOMKHO
OpraHuM3oBath cienyromuMm obpasom: c=a.reshape((3,2)).copy(). Tenepn
MacCHUBBI C M @ COBEPIIEHHO HE3aBUCHMBI.
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Memoo unu ampubym

Ilpumep

Tosacnenue unu pesynvmam

ravel()
n3MeHeHue Gpopmel

c=b.ravel()

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

.shape

IIOJIy4YUM KOPTEX pas-
MEpOB MaccuBa, €ro
hopmy. [yt MaTpUIIBI
U3 n CTPOK U m CTOJIO-
IIOB pe3yNbTaT OyIeT
(n, m).

a.shape

(6,)

b.shape

(3,2)

.ndim
HalgeM KOJINYECTBO
U3MEPEHUI MacCuBa

b.ndim

.Size
HalgeM KOJIMYECTBO
3JIEMEHTOB B MAaCCHBE

b.size

dtype
MMOJIy4YUM THII DJICMCH-
TOB MaCCHUBa

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- sTo TpaHCIIOo-
HUpPOBaHHAs MaTpuna b

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

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

YKa3bIBAETCSI KOPTEK
HOMEpPOB OcCei, onu-

CBhIBAIOLMI UX Iepe-
CTaHOBKY

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

Tabnuma 18

Onepamopul u pynkyuu 013 maccugos

Onepayus Ipumep THosicnenue unu pesyismam
apudmeTHueckas onepanus | c=a*2 array([ 2, 4, 6, 8,10, 12])
DJIEMEHTOB MAaCCHUBOB CO c=at+h array([ 6’ 7’ 8’ 9, 10, 11])
ckasApamu 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])
JIByX MacCHUBOB OJIMHAKOBO- | c=g**h array([ 1, 64, 2187,
TO pazmepa (Kaxkabli aJ1e- 65536, 1953125, 60466176])
MEHT Ha Kax/1bIi)" c=atb array([ 6, 8, 10, 12, 14, 16])
JIroGas apnpmernueckas c=alb array([0, 0, 0, 0, 0, 0])
OTepalliis Ha/l MACCHBAMH | o/ array([1,2, 3,4, 5, 6])
OJIMHAKOBOTO pa3Mepa Mpu-
MEHSIETCSI K COOTBETCTBYIO-
MM DJICMCHTaM.
apudmMeTHueckas oneparys | c=attbt array([[6,7,8,9], [7,8,9,10]]
JIByX MacCHUBOB Pa3HOI0 o array([[ 1, 32, 243,1024],
pa3mepa (Ka)KI[I;Iﬁ DJIEMEHT c=at"’bt [ 1, 64, 729, 4096]])
Ha Kakblit)'* c=attbt array([[ 5, 10, 15, 20],

[6,12,18,24]])

c=at/bt array([[0, 0, 0, 0], [0, 0, 0, 0]])

c=at%bt arra}E(l[’[;” i 3]]‘;]

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

12 TIpearmonoxKum,

YyTO HaMu ObUIU

CO3JaHbl MAaCCHUBBI a=np.

array([1,2,3,4,5,6]) u b=np.array([5,6,7,8,9,10]).
13 MaccuBBI IOJKHBI OBITH OJTMHAKOBOH (DOPMBI.
" TIpenmonoxum, uro 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 Moayss math — TOJNIBKO apryMeHTaMH SIBISIFOTCS
MaccuBbl. Takke cielyeT MOMHUTh, UTO B PE3yJIbTATE BHIIIOJIHEHUS
(YHKIIMU MOKET BO3BPALIATHCS OAMH WM HECKOJIBKO MAaCCUBOB'?.

Tab6numa 19

Onepamopbul u pyHKyuu 0131 MACCUB08

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(a.b) array([ 6, 8,10, 12, 14,
CTBYIOIIHUE DJIEMEHTHI 16])
MAacCHBOB
np.modf() c=np.array B pe3yJIbTaTe MOIyYHM JIBa
Bo3Bparmaet apoousie |([1.5,2.3,3.0,4.7]) BEKTOPA:

M 1OCJIbIC YaCTH Mac-
CHBa 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
(f,shf....)

def f(i,)):

return 2%(i+1)+j
np.fromfunction(f, (2,2))
nnm
np.fromfunction(lambda
Lj: 2%(i+1)4}, (2,.2))

f— 910 dyHKIIMI-TeHEpa-
TOp, KOTOpasi B KauecTBE
apryMEHTOB IPUHUMAET
MHJICKCBI 2JIEMEHTOB;

sh — 3TO KOpTEXK pazmMepoB
MacCHuBa;

B pe3yJbTaTe MOIy4YUuM

array([[ 2., 3.1, [ 4., 5.]]

np.meshgrid()

x = np.array([1,5,3])
y = np.array([-1,1])

B PE3YJIbTATE MOJIYYUM [1BA
MacCCHBa:

15 TIpearmonoxKum,

YyTO HaMu ObUIU

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 TI0JTy4YaeTcsl U3 MacCHBa
X, KOJIMYECTBO CTPOK
pasusietcs len(y);

maccuB Y: array([[-1, -1,
—11,[1,1,1]]), oH mosryuaet-
Csl U3 MaccHBa y, KoJinye-
CTBO CTOJIOIIOB paBHSETCS
len(x).

sum(a, axis=None,
dtype=None)®

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

np.sum(a)

21.0 — 71O CyMMa d11eMEH-
TOB MacCHBa

np.sum(a, dtype=int)

21

np.sum(mas2d,axis=0)

array([12, 15, 18]) — cym-
MBI 110 ocu 0

np.sum(mas2d,axis=1)

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

np.sum(mas2d)

45

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

BO3BPAILAET [IPOU3BE-
JICHUE DIIEMEHTOB.
ApryMeHTBI aHaIIO-
TUYHBI TEM, KOTOPhIE
HCIIONB3YIOTCS B M€~
Toze .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]) —
npou3sBenenue mo ocu 0

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

BBIYHCIISICT CpEIHEe
apupMeTHIecKoe

np.mean(a)

3.5

np.mean(a, dtype=int)

3

np.mean(mas2d,axis=1)

array([ 2., 5., 8.]) —3Haue-
HHUS BBIYUCJICHBI 110 OCHU 1

162 — MCXOMHBIA MACCHB; axis — OCb WIIH KOPTEX OCEH, M0 3aaaHHON
OCH BBINIOJIHSICTCS CyMMHUpOBaHue; dtype — THIT BO3BpaIllaeMoro 4uciia uiu

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 apTyMEHTBI
aHAJIOTUYHEI .sum(),
ddof — nnst n~3MeHeHNN
CTeTeHel cBOOOIHI.

np.std(mas2d,axis=1)

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

o ocu 1

o Unoexcuposanue u vipesanue’’

Tab6muma 20

Onepamopul u hynkyuu 0na maccueos (UHOeKcuposanue)

Aopecayus

Tloscnenue unu pe3yiomam

mas2d[0]

array([1, 2, 3])

mas2d[0,1] nnn mas2d[0][1]

2

mas2d[:2]

array([[1, 2, 3],[4, 5, 6]]) BEIpe3aHue MPOU3BO-
JUTCS BIOJIL ocH 0.

mas2d[1:] array([[4, 5, 6], [7, 8, 9]]) BeIpe3aHme IPOU3BO-
JITCS1 BIIOJTB ocH 0.

mas2d[:,:2] array([[1, 21,[4, 5],[7, 8]]) BeIpe3anue mpous-
BOJIUTCS BIOJB ocH 118,

mas2d[:,1:] array([[2, 31,[5, 6],[8, 9]]) BeIpe3anue mpous-
BOJIMTCSI BJIOJIb OCH 1.

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

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

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

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

mas3d[1,1,0:2]

array([10, 11])

17 Tycth

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 1BOeTOUME Ge3 YKa3aHUs YUCIIa 03HAYAET, UTO HYXKHO B3STh BCIO OCh

HCJIINKOM
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o Vnopsodouusanue snemenmos’’

Tabmuma 21

Onepamopbul u pyHKyuu 0131 MACCUB08

(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

THoscuenue unu pezyromam

matrix(gaHHble)

CO3/1aHNE 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

apudmernueckass | al*b1.transpose() |matrix([[38]])
orepanus IByX al*mas matrix([[30, 44, 30]])
MAaTpUIL
d mas.| matrix([[0.05769231,-0.26923077,
0.28846154],
oOparHast 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

Y TlpenmonoxkumM, YTO Hamu ObUT cO3/JaH MaccuB mas2d=np.arr

ay([[1,2,3],[4,9,61,[7.8,5]])
X TIycte 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 BexkTOp co 3HadYeHUsIMU OT 5 10 10 u pasBepHure
BEKTOp (TIEPBBIN CTAHOBUTCS TTOCJICTHIM ).

2. Co3paiite maccuB 3X3 co cily4ailHbIMU 3HAUEHUSIMU, HaillauTe
MUHUMYM, MaKCUMYM U Cpe/IHee 3HaAUeHHE.

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

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

5. HameuataiiTe Bce 3HaUeHUs] B MACCHUBE.

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

7. Coznaiite maccuB 3x3 W BbIOepUTE KoopawHATy. Hammmmre
(hyHKIMIO, BBIACTISIONIYIO 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 PabOTHI C OCHOBHBIMHU (PYHKIIMSMHU T1a-
keta matplotlib.

Kpamkue meopemu4eckKue ceedeHus

[MakeT mpegHa3Ha4YeH AJisi BU3yalM3allid YUCIOBOM HMH(poOpMa-
uun ¢ nomouipio 2D u 3D rpadukoB u amarpamm. [laker coctout
U3 MHOXECTBA MOJYJEH.

o Mooy matplotlib.pyplot (0symepnuie epagpuru)

Yrto6bl nMmopTHpoBaTh MOy b Matplotlib.pyplot 06b1uHO Hcnob-
sytoT import matplotlib.pyplot as plt.

OOBEKTOM CaMOTo BEICOKOT'O YPOBHS IpH padoTe ¢ matplotlib sB-
nsierest pucyHok (Figure). Ha Hem pacrionaratoTcst 0JjHa MM HECKOJIb-
KO obnacreil pucoBanusi (Axes) U dJeMEHTBl O(OPMIICHHST PUCYHKA.
Haznauenune Axes COCTOHUT B TOM, UTO Ha HErO HAHOCUTCS TpaduKa.

PaccMoTpumM HeKoTOpBIE METOIBI IK3eMILIsIpa kiacca matplotlib.
figure.Figure.

Tabnuia 23
Onepamopul u pynkyuu 011 mooyna matplotlib.pyplot

Dyuxyus Iloacuenue 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 JJMHUK>, BO3MOXHA OJIHa U3 OyKB
rgbymcwk
o Is='<tum auHUK>', BOBMOXKHBI: - -- -,
* [w=<toNmmHa TUHAL>
» marker='<rtumn mapkepa>', BO3MOKHBI:
0" v<>s+xDd1234hHp,|
* mec=<[BET rPaHUlIbl MapKepa™>
» mfc=<1mBer Mmapkepa>
* Mew=<TOJII[MHA TPAHUIIBI MapKepa™>
* ms=<paszMmep MapKepa>
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hist(values], bin=10,...])

CO3JaeT TUCTOrPaMMYy JIsl BXOAALIUX JAHHBIX.
AprymeHrt bin — KOJIMYECTBO OTPE3KOB, yKa-
3bIBAIOLIMX, HA CKOJIBKO JIEJISITCS IaHHbIE

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

co3gacT rpa(bm( B HOHﬂpHOﬁ CHUCTEMEC KOOPAMUHAT

.savefig(file_pathl, dpi])

coxpansieT rpaduk B dain

.show()

0TOOpaXKkaeT OKHO ¢ TpaduKoOM

Xlim([new_xlim])

BO3BpalIacT WK yCTaHABIMUBACT MPECACIbHBIC
3HA4YCHMH 110 OCHU

.subplot(mnp], ...])

JTaHHasi KOMaHJa BRIITOJHSIETCS Iepes oopa-
HIeHHEM 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 pa30uBaeTcs
OKHO I10 TOPU30HTAIIH,

N YKa3bIBaeT, Ha CKOJIBKO YacTeil pa3ouBaercs
OKHO I10 BEpTHUKAIIH,

P — HOMep MOJO0KHA, Ky/a OyeT BEIBOAUTHCS
o4epenHol rpaduk

litle(label)

KOMaHJ1a co3/1aeT O0IIKe 3aroI0BKH K rpauKy
¥ noJrpadukam

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

BBIBOJIUT B 00J1acT AXES TEKCT B TOUKE (X,Y)

Jegend([...])

KOMaHIa 0TOOpakaeT JETeHIY B rpaduuecKoi
00JIaCTH aKTUBHOTO OKHAa. HamoMHNIM BO3MOXK-
HBIC apTyMEHTHI:

borderaxespad — BenmrmuuHa 3a30pa MEXIY OCS-
MU M JICTEHI0M;

legend names —Ha3BaHUE JICTEH/IbI;

loc — MecTomonOKeHHE BEIBO/IA TAHHBIX JICTCH-
1p1 (0 — mydmmmii BapuanT,] — BBepXy Crpasa,

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

7 — mocepeIMHe CIpaBa, 8§ —II0cepeInHe BHU3Y,
9 — nocepenuHe BBepXy, 10 — mocepenuxe)
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Xlabel(label), yCTaHABIIMBACT MTOIIHCH JUISI OCH X U OCH )

.ylabel(label)

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

.axis([new_axis]) KOMaH/1a yCTaHaBJIMBAET MpeiebHble KOOPAU-
HATBI 110 OCSAM: [Xmin, Xmax, ymin, ymax|

figure([...]) co3maeT dK3eMIuIIp kiaacca matplotlib.figure.

Figure. Ilepeuncnum HeKOTOpBIE aTpUOY-

TBI ATOTO Kiacca: figsize — KopTex pa3mepa
¢urypst; dpi —KOIM4IECTBO TOUEK Ha AOUM;
facecolor — Bet hona durypsr; edgecolor —
1BET rpaHull Gpurypsl; linewidth — mmpuna
JTUHUA QUTYPHI.

OTMeTHM, YTO SK3EMIUIIP MOXKET aBTOMATH-
YeCKH CO3/[aBaThCs MIPU ITEPBOM BBITOTHEHUN
Kakoii- 1nbo rpaguueckoil pyHkuuu

.imshow (z,[,...]) BBIBOAUT M300pakeHne (ITUKCEIbHbBIC KapTHH-
KH).

Kaprunka 3amaércst MaccuBOM z: z[1,j] — 310
[IBET MUKCEJIs 1,j, MACCHUB M3 3 DJIEMEHTOB
(rgb, uncma ot 0 mo 1).

[epedncium HECKOIBKO apryMEHTOB: cmap
— IIBETOBAs raMMa; NOrm — HOPMUPOBAHUE
JAHHBIX [IPU BBIBOJIC; aspect — COOTHOILICHHE
CTOpOH; interpolation — METOX HHTEPIIOIUPO-
BaHUsI N300paKeHUS

.axes([left, bottom, width, | icrionb3yeTcsi, ecitit Bbl XOTHTE PAaCIOIIOKHUTh
height]) ocH (IIOOKHA) BPYyUYHY10, HAllpUMep He Ha
NPSMOYTOJIbHOM CeTKe, a KaK-HUOYAb EJT0YKON.
Bce 3HaueHNST apryMEHTOB U3MEHSIOTCSI

or0 o 1.

PaccmoTpuM HECKOIBKO TIPUMEPOB.

X
Hpumep. ITocmpoum ¢ynkyuu y=cos (10x)u y = — na npo-
mexcymre x € [—1,1]. 2
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....................................................................

KOJT

pe3yJbTaT BBITIOJHEHHS KOJIa CMOTPH Ha pHc. |
#-* coding: cpl251 -*-
‘import numpy as np #umnopmupyem Mmooy
:import matplotlib.pyplot as plt #uvnopmupyem mooye
:X = np.linspace(-1,1,50 ) :
: #e036pawjaem maccus ¢ paeHomMepHo pacnpeodenennvle SHa4eHUAMU :
: Ha unmepegaie
:C,S =np.cos(10*X), 0.5*X #cozdaem snauenue Qynkyuii ha unmep-

sane :
Eplt.ﬁgure(ﬁgsize=(6,6)) # 3a0aoum pazmep gpueypol
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 epagpux
spltaxis([-1,1,-2,2])
gplt.show() Homoobpadicaem okHo ¢ epagurxom

Matplotlib_1
T
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Hpumep. [locmpoum paznuunvie epaguru, Kaxncovlid HA c80eMm
noookte. Paccmampusaromesn gpynxyuu:

oy = sin(x) Ha npomedxncymre x € [-10;10].

O 8 NOJAPHOU cucmeme KoopouHam y = sin(p) u'y = cos(p), eoe
@ € [0,2x]

O 2UCMOSPAMMA U3 CLYYAUHbBIX 3HAYEHUL

O YBEMHYIO KAPMUHKY

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

KOJI
: pe3yJIbTaT BBITIOJHEHHS KOJla CMOTPH Ha pPHC. 2
Tk coding: cpl1251 -*-
fimport numpy as np #umnopmupyem mooyis
fimport matplotlib.pyplot as plt
:x=np.arange(-10,10.01,0.01)# cozoaem maccus
f#subplot 1
- plt.subplot(221) :
1 #Oyoem 6vi60OUmMb cpazy uemvipe 2pauxa, cozoaem nepeviil 2pa-
: o 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 2pagux 8 NOJAPHOU cucmeme KoOOpOUHAm
:plt.title('polar’)
- phi=np.linspace(0,2*np.pi,100) # cozdaem oOnomepubiti Maccus
- plt.polar(phi,np.sin(phi)**2) #coz0aem epagux
- plt.polar(phi,np.cos(phi)**2) #cozdaem epagux
:#subplot 3
:plt.subplot(223)
-plt.title("Histogram')
:a= np.random.uniform(size=100)# cozoaem maccus
- plt.hist(a,bins=20) # cozdaem 20 cmorbyos
‘#subplot 4
:plt.subplot(224)
in =256
su=np.linspace(0,1,n) # cosdaem oonomepHbiii Maccus

41



plt.title('image")
-x,y=np.meshgrid(u,u); z=np.zeros((n,n,3))

Ez[:,:,O]=x
.z[52]=y :
- plt.imshow(z)# cozdaem epaghux :
: plt.show() :
D10 plot___
: 05 1
. 0.0F A
: -0.5¢
:-1.0 : :
- -5 i 0 5 10 270°
| 35 Histogram _ :
100
150
200
250
04 06 08 1.0 0 50 100 150 200 250

Puc. 2. Pe3ynpTaT BEINOTHEHHS KOJA

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

o Mooyre mpl_toolkits.mplot3d (mpexmepruvle epaghuxu)
Jnst mocTpoeHus: TPEXMEPHBIX rpaguKoB 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 ghynxyuu 0na mooyaa mpl_toolkits.mplot3d

Dyuxyus

THoscnenue unu peyromam

Axes3D()

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

O6BexT Axes3D MOXHO TakKe CO34aTh C IIOMOIIBIO
metozna add_subplot(111, projection = '3d") sx3em-
sapa knacca Figure

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

co3/1aeT 00bIUHYIO KpUBYIO. [IpuMenss meTox k-
3eMIsipa Axes3D, MomyduM TpexXMepHYIO KPHUBYIO.
AprymenTs! ananoruaasl matplotlib.pyplot.plot. ITa-
paMeTpsl X,y,Z OOBIYHO 331aI0TCS apaMeTPUUIECKH

x=x(),y =y({®)nz=2z0)

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

CTPOUT MOBEPXHOCTH, r1e X,Y, Z — IByMEpHbIe
MAacCCHBBI, COJIEpKAIIUE X, Y U Z KOOPAUHATHI Y3JI0B
MHOT'OTpaHHOU NoBepxXHOCTU. Ilepeunciium HeKOTO-
pbie aprymenTsl: rstride=1 u cstride=1 ycranasiu-
BAIOT IIar, UCIOJIb3YEeMbIH JIJIsl BLIOOPKH BXOJIHBIX
JTaHHBIX.

CryneHTaM clieyeT MOMHUTH, YTO KOOPAUHATHI y3-
JIOB MOYKHO 3aJ1aBaTh apaMeTpuueckue: x = x(u,v),
y =»(u,v), z = z(u,v). Ecin MBI XOTUM OCTPOUTH
KOOPJAMHATHI B SBHOM BHIE z = z(X,)), TO YI0OOHO
CO3/J1aTh MAaCCHBBI X, ¥ U 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-
TYMEHTHI aHanoru4ss! plot_surface

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

cTpout rpaduk paccesHus. OyHKIHS pUCyeT MHO-
JKECTBO TOUEK, a0CIIICCHI KOTOPHIX TEPEAI0OTCs B
BEKTOPE X, OPANHATHI — B BEKTOPE Y, alllUINKAThl — B
BEKTOpE Z.
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Hpumep. Ilocmpoum paznuunvie 3D epaguru, Kadxcowiii Ha c8o-
em noooxue. Paccmampusaiomces pynxyuu: obvlunas Kpusas, Kap-
KACHAS NOBEPXHOCMb, 0ObIUHASL NOBEPXHOCTY, SPADUK paCCeusansl

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

KOJl

pe3ysbTaT BBITIOJHEHHS KO/Ia CMOTPH Ha puc. 3
“#-*coding: cp1251 -*-

:import numpy as np #uunopmupyem Mooy
Eimport matplotlib.pyplot as plt

:from mpl_toolkits.mplot3d.axes3d import Axes3D

:fig = plt.figure()

#subplot 1 :
:ax = fig.add_subplot(221, projection="3d") #cozdaem mpexmepnvie:
: 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.sqr(x**2+y**2)) #evruucnsem z
-ax.plot_wireframe(x,y,z,rstride=1,cstride=1,color="green')

s Hempoum nosepxnocmo

:#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. random,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() :

....................................................................
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HHOueudyasbHble 3a0a4u

1. IlocunTaiite yacTory OYKB B TEKCTOBOM (paiisie M MOCTpoiiTe
THCTOTpaMMy.
2. Iloctpotite rpadux ¢byHKIIIH y=sin(5x+1)+2

My = Ha IIpoMexyTke x e [—1,1].
x+5
3. [locTpoiiTe Tpaduk B TOINIPHOH CHUCTEME KOOPIWHAT
y =2sin (p) 1 y = 3cos (29), e ¢ € [~ % , g] .

4. TToctpoiite 3D kpuByto x=t/5; y=t**2;z=t+5; t € [-m,x].
5. Iloctpoiite 3D KpuByro x=t**2; y=t**2:7=t/5 t €[-m,7].

6. IToctpoiite 3D mOBEPXHOCTH 2z = COSVX2+y?, TIe
x, y € [-5,5].

7. Hoctpoiite kKapkacHyro 3D MOBepXHOCTb Z = cosVx> + V2, rie
x, y € [-3,3].

7. Hoctpoiite 3D nosepxuocts z=x*+y’, te X, y € [—1,1].
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JlaGopaTopHas pa6oTta N2 4

Tema: maket SymPy.
Lesan padoThi: ocBoeHNE pabOThI C OCHOBHBIMHU (DYHKLIUSIMH T1a-
kera SymPy.

Kpamkue meopemu4eckKue ceedeHus

SymPy npexncraBiser co060il OTKPBITYI0 OMOJIIMOTEKY CHMBOJIb-
HBIX BbIUMCIIEHHH Ha si3bike Python. Ilogkmiouenne makera oObIYHO
BBIMOJIHSAETCS C MOMOILBIO0 MHCTPYKIMU: from sympy import *

Tab6nuua 25
Co30anue cumeonbHBIX NEPEMEHHBIX

DyHKYus Ilpumep Tosacuenue unu pesyromam
symbols() x=symbols('x") CO3J1a€T CUMBOJIBHYIO TIepe-
var() var('Pyt') MEHHYIO X HJIH TICPEMEHHYIO

¢ umeHeM Pyt
S(expry,...]) c=S(1+3.5); mpeodpasyeT expr B THII,
print (type(c),c) KOTOPBIil MOYKHO HCIIOJIB30-

BaTh B BhIpAKECHUsAX SymPy.
Jlns 3HaueHus Tak- | B pesysbrare nomyuum:

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

Function( ) b=Function('d") OOBSIBIISIET CUMBOJIBHYIO
(byHKUIMIO
prod(BbIpax) c= prod([(x-2*1) for |BBIUKCIAET IPOU3BEACHUE
iinrange(1,6,2)]); |cBoux aneMeHTOB. B pe3yib-
print c; taTe noiayyum (x — 10)*
type (c) (x=6)*(x~-2)

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

Illpumep

Toscnenue unu pesyibmam

knacc Rational

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

knacc Rational oTBeuaer
3a paboty ¢ apoosimu. JIro-
Oyro mapy IeJbIX YUCEe OH
OTpe/ieTsieT KaK YNCIIUTENb
Y 3HaMeHarenb. [lanee Han
JPOOSIMA MOKHO ITPOU3BO-
JIUTh TUITHYHBIC ICHCTBUS.
B pesynbraTe BBIOTHEHUS
npuMepa nosyuum: 3/4

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

¢ = Rational(1,2)
b = Rational(1,4);

BO3BpaacT ACCATUIHOC
MNPpEACTaBJICHUC I000r0

n-ykasoieaeT | print (ct+b).evalf() |cumBoIBHOTO OOBEKTA.
TOYHOCTb B pesynbrate BbINOIHE-
HUS TPUMEPA TIOTYUUM:
0.750000000000000
init_printing([...]) | init_printing() [1OCJIC 3TOM MHCTPYKIIUH
c,b=symbols('c b') |Oymem moxy4arb KpacuBbIe
f=c**2+2*b m3oopakenus Gopmyi. Ilo-
print CJIe BBIITOJTHCHHSI IIpUMepa
moayauM: ¢ + 2 * b

CKMBOJ1 print (oo+4) JIOCTYTICH CUMBOJI O€CKOHEY-

CTaBUTCSA C No- HOCTH. B pe3synbraTte

MOLL{bIO 00 BBITIOJTHEHHUS TIpUMEPa

TIOJIyYHM:

Matrix() init_printing() C MOMOIIBIO 3TOH (PyHKIUH
a,b,c,d=symbols('a |co3aar0TCsI CHMBOJIbHBIC Ma-
bcd) TpuIilbl. JIOCTYII K BJIeMEHTaM
M=Matrix MAaTPHULBbI MOXKHO BBIIIOJI-
([la,b]l,[c,d]]) HUTh CIIAYIONICH 3aIUChI0

M[0,0]=a

B mMonyne Sympy uMeroTcst 0coOble KOHCTaHTBI, TAKKe Kak E U pi,
KOTOpBIE BEAYT ceOs Kak MepeMeHHBIe (TO €CTh BRIpaxkeHue 1 + pi
He TIpeoOpa3yercst cpa3dy B umcio), E.evalf() = 2.71828182845905
u pi.evalf() = 3.14159265358979
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Tabnuua 26

Onepamopeul u yynKyuu 01 MoOyas sumpy 0 mampuy?!

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

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

M.eigenvals( )

B= M.eigenvals( )

(YHKUUS BBIIONHSET BBIYHCIIE-
HHUE COOCTBEHHBIX uncel. B pe-
3yJIbTaTe IOIYYHM CIOBaph
dict: 3HaYeHNE KPATHOCTD.
Pesymprat {—1:1,5: 1}

M.eigenvects ()

B= M.eigenvects ()

(hyHKIIUSI BBIITOTHSACT HaXO0XK-
JIeHHe COOCTBEHHBIX BEKTOPOB.
PesynbraT BBINONHEHUS IPHMeE-
pa: [(=1, 1, [Matrix( [[22L.[1]])]),
(5, 1, [Matrix([[1],[1]])D]

° Aﬂee6pau1¢ecm4e BbIPAINCEHUS U BbIHUCTIERUS

Tabmuma 27

Aﬂeeﬁpauuecmte BbIPAINCCHUA U 6BIUUCICHUA

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

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

BBIPa)KCHNE HAa MHOXKHTEIIH.
[Tocre BBITIOTHEHNS TPEMEPA
MOy 9NM

X*x—y)*(x+y)

2! Tlpeamonoxum,

([[1.41.[2,311)

4TO C€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 BolpakeHus. [locne
BBITTOJIHEHHSI IPUMEpa TI0ITy-
YHUM:

XHFHD + D¥xky — D¥xkz + yRED
— Qkyz 4 ZRH)

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**2,X)
unm

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

byHKIMS codbupaer Kod¢-
(bUIHEHTHI TIPU OTMHAKOBBIX
CTEMEeHsIX MePEeMEeHHOIT var.
Pesynbrar
XHFHQxH(2Fy-—2*Z)Hy**D—
QkyrzHzHH)

nim

X¥*D — D¥x*z + yFED + yF(2*X
— 2¥7)+z**2

apart(expr [,...])

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

apart(b)

(byHKLHSI BBITIOTHSIET pas-
noxenue apobeit. beio:

1
(x +2)* (x + 1)
B pesynbrare noayuum:
1 1
+
x + 2 x +1

together(expr)

together(b-c)

(bYHKIMS TPUBOAMT IpOOH
K o0ImemMy 3HaMeHaTeo. beio:
1 1
u
x+2) (x+1

B pesynbrare nomyuum:

1
x+2)*x+1

simplify(expr)

simplify (( 2*x+ 3)*
(10°-5)/(2*x-1))

(YHKLUS TBITACTCS YIIPOCTHTD
anredpanmyecKoe BBIPaKEHHE.
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 llosicnenue
ampubym U pe3ybmam
MeToq c,b=symbols('c b'") BBITIOJIHSET 3aMEHY OJTHHX

MEepPEMEHHBIX Ha JpyTue nepe-
MEHHBIE, YHCIIa UIIH BBIpaXKe-

HUSL. APTYMEHT MOJET OBbITh

M0CIIe10BATEIbHOCTBI0, KOTO-
past T0JKHA COZePKaTh Maphbl
(old,new).

B pesynbrare nosyuum: 10

o [ paghuyeckue 803MOACHOCIU NAKEMA(MOOYb MOOYIb SYMPY.

plotting).

I'padpuueckne ¢ynxmmm SymPy uCHONB3yrOT OHOIHOTEKY
matplotlib, mosToMy MHOTHE apryMeHTHI (DYHKITHI COBIIAIAIOT.

Tab6numa 28

Fpat[mqecmte 603MOMHCHOCMU naKema

Memoo, ampubym

Ilpumep

llosacnenue unu pesyibman

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

x=symbols('x)

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

ylim=(-1,1))

PesynbTaT MOXHO Nno-
CMOTpETb Ha puc. 4

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

ITo ymomuanuio
range=(—10,10). Ilepeuncinum
HEKOTOPBIC apTyMCHTBI:

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 0TO-
Opaxkatbcsi. OTOOpa3uTh rpa-
¢uk MoxHO MeTotoM show(),
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Memoo, ampubym Ilpumep losacnenue unu pezyromam
10 ecTh p.show()

P%A
plot((expr1, range), | p=plot((x,(x,-1,1)), (YHKIHSI CTPOUT HECKOJIBKO
(expr2, range)[, ...]) | (x**2,(x,-1,1))) rpadMKoOB ¢ pa3HBIMH JHATIa-

nnm 30HaMU
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 Nno- Puc. 5.
CMOTPETb Ha puc. 5

o [lonesuvie Qpynxyuu

Tab6mnuma 29

Buvtuucnumenvnvie pynkyuu nakema

Pewenue ypasnenuii

Eq(expr1, expr2)

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

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

Pewmm x2 —2x +10=4

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

Pewwum cuctemy
x -3y =0
3x+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()
WM OBITH BBEIPAKEHUEM,
KOTOpOE I0JIaraeTcst
PaBHBIM HYIIIO.

V — UMs1 ICKOMOU Tiepe-
MEHHOM

Pesymbrate: 1 — 1 %5
wl—[*N51-1%+5
ul—I1%*45;

PesynbTart pe-
IICHUS CHCTEMBI:
21 7

x:ﬁ,y:ll.

dsolve(expr,[...])

pelmm y" + 9y =0

x=symbols('x')

y = Function('y")
dsolve(Derivative(y(x),x,x) +
9%y(x). y(x))

(hyHKIHA TIBITACTCS pe-
1aTh OOBIKHOBEHHBIC
nudbepeHraabHbIC
ypaBHeHusl. Pe3ynbrar
BBITTOJTHEHUSI TPAMEPa:
y(x) = C1*sin(3*x) +
C2*cos(3*x)

Buiuucnenue npedenos

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

BbIYMCIIUM Npeaernsbl
sin x

lim : lim — M
x—0 X XxX—>ow X
lim —

x—>—0 x3

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

BBIYHCIIAEM IIPEAET
(hyHKIIMA. APTYMEHTBI:
f — QyskIHA, vV — HMA
[IEPEMEHHOM, p — TOUKA,
dir ucmons3yercs s
BBIYHCIIEHHS OJJHOCTO-
poHHero mnpexena. Pe-
3yJIBTAaThl BBITOTHEHHUS
npuMepoB 1 ; 0 m —
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Jugppepenyuposanue

diff(fvL,...])

AaHo £ (x) = sin (x)
nglxy) =xy?
BbIYMCAIUM NPOM3BOAHbIE

2
A A 85978

ox | 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)

(YHKIHS BBITONHSIET
CUMBOJIBHOE Tu(depeH-
UPOBaHKHE. APryMEeHTHI:
f— dysknus, v — ums
NepeMeHHOH, 10 KOTO-
POii BBIYUCIISCTCS MPO-
u3BOfHAs. Pe3ynbTarsl
BBITIOJTHEHHS TIPUMEPOB:
cos (x); —sin (x); 2 x)?;

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. HanomMHUM 3amuck
x,y=symbols('x y');
g=Function('g");
gEXHHRD Ry EED
g.diff(x,2,y)

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

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

HEBBIUUCIISIEMbIH 9KBH-
BasieHT oneparopa diff().
YToOBI BEIYUCIHUTH BbI-
pakeHue, Co3JJaHHOe
9THM OIEPaToOpOM, HYXK-
HO HCIIOJb30BaTh METO]]

doit().

Pasznooicenue 6 psio u cymma

psoa

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

pasnoXuM B psa cneaytoLme
yHKLMM:

sin (x); 1 cos (x);

sin?(x) + cos?(x);

& *sin (x);

B TOUKE HyJb.

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

(hYHKIHS UCTIONB3YeTCS
JUTS Pa3IIOKEHHSI CUM-
BOJIFHOT'O BBIPQKCHHS
eXpr B CTCTICHHOU Ps/I.
AHaIOTHYHYTO OTIe-
paImio JIemaeT METO
.series().Pasnokenne
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 0CTATOUYHOrO
uyneHa

f=In(x+1)

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

IO craraeMbIx (x —x,)".
YT0oObI HE BBHIBOIAUTH
OCTaTOYHBIN YJIEH
O(...), MOXHO UCIIOJIb-
30BaTh METOJI EXPI.
series(...).removeO().

[IpuBenem pe3yabTaThl
BBITOJIHEHHSI TPUMEPOB:

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

BbIYUCIIAM CYyMMbI
15

©
Z (Zifl)l/lz
] 2% —1

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

x—x—+x—+0(x6);
6 120
2yt 6
1 3 gt ox™) s
1 - O0(*);
35 oY
x#ed - % “e +
6
SR
X~ *e
+ oSy
120
P x?
— -+ x
2
(bYHKIMS BBIYUCIISICT
b
cymmy psina 2 S @0).
a

Ecnu naiitu pesynbrar
CYMMHPOBAHHUS B CUM-
BOJILHOM (hopMe He yaa-
eTcs, To OyzeT BO3Bpa-
IIeHa HEBBIYHCISIEMast
(hopma 3TorO Oneparopa
— Sum(). Pe3ynpraTs

BBIITOJTHCHU A HpPIMepOBZ
225; 3/4
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Hnumeepuposanue

integrate(f,v [,..

N

Bbl4MCNMM cneaytoLlne nHTe-

rpanbl
o [cos (x)dx;
1
le) J.* a’x
X
o [xsin (x)dx
T
2
o [ cos (x)d
_r
2
o0
o | e Xdx
0
o [f6x2y dxdy
o i i 6x’y 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) )

(byHKIMS peTHa3HaYe-
Ha [UIS CHMBOJIBHOTO
HUHTETPUPOBAHUSL, IO/
JICP)KHBACT BBIYKMCIICHUE
OIpe/IeNICHHBIX U He-
OIpe/IeNICHHBIX HHTE-
rpanoB. AprymenTsl: f
— QyHkums, koropas Oy-
JIET HHTETPUPOBATHCSI, V
— MepeMeHHast HHTErPH-
POBaHUS MM KOPTEK
Buja (v, HIK. TIpeied,
Bepx. mpenen) Pe3yib-
TaThl BBIMOJHEHHUS MTPHU-
MEpOB:

o sin (x);

o log (x);

0 —x cos (x) + sin (x);
02;

ol;

o X%

ol

Ecmu mepBooOpa3nyto He
yIanoch HaUTH, TO BO3-
Bpalaercs 00beKT
Integral.

Integral(f,v [,..

)

f=6"x2 "y
f1=Integral(f, (x ,0,1),(y,0,1))
f1.doit()

HEBBIYHCIISIEMBIIT IK-
BUBAJICHT OIlepaTopa
integrate(). YroObI BbI-
YHCITUTh BBIPAXKCHHE,
CO3JJaHHOE 3THM Ollepa-
TOPOM, HY)KHO HCIIOJIb-
30Bath MeTox doit().

pprint()

MBITACTCS 0TOOPA3UTh
pe3yJbTaT B XOPOIIO Y-
TaeMOM BHJIC.
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PaccMmoTpum npuMeHeHHE MaKeTa Sympy B UCCIEAOBAHUY MaTe-
MaTHYECKHX MoJesen®

Hpumep Pocm Kononuu Mukpoop2aHusmos.

JlaHo: 3a Bpems Af NPUPOCT YMCIEHHOCTH KOJIOHUM PAaBEH:
At = R —§; rie R —4ncio poauBIIMXCS U .S — YUCII0 YMEPIINX 3a Bpe-
Mst Af ocobeit. Yueno poJuBIIMXCS M yMEPIIUX 0CO0eH MOKHO 3a1aTh
dbopmynamu:

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

B muckpernoii hopme: Ax = (R(x) — S(x)) At.
PaznenuB monyuennoe Ha At, nepeliaem Kk npenery npu At —0.

dx
B pesynbraTe noayuum el Rx) — S(x).
t
Bynem cuuraTh, 4TO POKAAEMOCTh U CMEPTHOCThH IPOIOPLIUO-
dx dx
HAJIbHBI YUCIIEHHOCTH: m = ox — fx 7 = rx . IIpennonoxum,

yro x(0) = 5, a » = =1. Haiitu x(f) u mocTpOUTh TpaviKu pelIeHnH.
PaccMoTpuM CHMBOJIBHOE pellleHre YKa3aHHOTO angdepeHIm-
ILHOTO YPaBHEHHS:

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

pe3yibTaT BBIIOJHEHHS KOJIa CMOTPH Ha pHC. 6
-#-* coding: cpl251 -*-

-from sympy import* # nooxmouunu modyne

:x = Function('x") # cozoanu noeuueckyro ¢hynxyuio

fCl,t,r,p =symbols('Cl,tr,p") # cozdanu rocuueckue nepemenmvie
- g = Eq(Derivative(x(t),t), r*x(t)) # cozdanu ypasnenue
-d=dsolve(g, x(t)) # pewru ougpepenyuanvroe 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)]) #ycmanaenusaem C1=5,r=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 1oipobHo paccMoTpersl B KH. I, HO. Pusnnuenko «Jlekuuu
10 MATEMATUYECKUM MOJICIISIM B OHOJIOTHANY.
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: #eosoaem epagux
:p[0].line_color="red";
:p[1].line_color="blue'
- p.show()

Pewenne x(1) = C e”

— S*exp(t)
— 5*expl-t)

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

teveverenessenaness. LFC 6 PesympTaT BHNONBCHHAKOME ...,
IIpumep Bewecmso nepexooum 6 pacmeop
JlaHo: myCcTh KOJIMYECTBO BEIECTBA, MEPEXOMASALICTO B pac-
TBOp, MPOINOPLHUOHAILHO MHTEPBAIY BPEMEHH W PA3HOCTH MEXIY
MaKCUMaJIbHO BO3MOKHOW KOHUEHTpauuel P W KOHLEHTpalueu x
B JIAHHBI MOMEHT BpPEeMEHH, k — K03(D(PHUIUEHT NPONOPIHMOHAIBHO-
ctu: Ax =k (P —x) At
B ¢dopme nuddepeHnuanbHoro ypaBHEHHS 3TOT 3aKOH MOXKET

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

noxknm, 910 x(0) =0, P =200 k=2
Haiitu x(f) 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))) # cozdaem ypasnenue
:d=dsolve(g, x(t)) # pewaem ougppepenyuanvroe ypasnenue
fpprint(d) # eb1600UM peweHue
teq = d.rhs.subs(t,0) #suauenue gynxyuu 6 momenm epemenu t=0
:seq=solve(eq,C1) #pewaem ypasnenue, umobvl naiimu C1 :
seql=d.rhs.subs([(C1,seq[0]),(k,2)]) #onpeoersem 6 ypasnenuu CI:
: #Huk :
:pprint(eql) # gei600um okonuamenvroe pewerue
:p=plot(eql,(t,0,5)) #cosoaem epapux

Pemrenue x(f) = C,e* + 200

g 200

100

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

2. PemnTh CUCTEMBI:

2x -4y =0
a){

S5x+2y—10=0

3x-T7y=0
6){

2x +5y=3

3. Pemute nuddepeHnranbHbie ypaBHEHUS:
a)y"+3y=sinx
0))y'+3y=4¢"

3. Pemmth 3amauy Komm y" —y'— 2y =—4 u'(0)=1; (0) =0
4. BBIYMCIUTH MHTETPAITBI

21

[ ] 6x’y* dxdy

-10

u

o —
oS e—o |y

y sin (5x) dxdy

u [ [ 6x°¢" dxdy
00

60



JlaGopaTopHas pa6ora Ne 5

Tema: maker SciPy.
Lesan padoThi: ocBoeHNE pabOThI C OCHOBHBIMHU (DYHKLIUSIMH T1a-
kera SciPy.

Kpamkue meopemu4eckKue ceedeHUs

[Taker SciPy siBisercst mporpaMMHBIM OOECIEUeHHEM C OT-
KPBITBIM HCXOAHBIM KOAOM [UII MaTeMaTHKH, €CTECTBEHHBIX HayK
u uxeHepun. OH peann3oBaH Kak KOJUIEKIHs nakeToB. [lepeuncaim
HEKOTOpBIE U3 HUX.

e scipy.integrate — nmpenocTaBiseT GYHKUUH Al YUCICHHOTO
BBIYUCIICHUS MHTETPAIOB NPU (DYHKIMOHATIBHOM M TaOJUYHOM 3aja-
HUM TOABIHTErpanbHON GyHkuuu. [loakmodenne naketa 0ObIYHO BbI-
MOJIHSIFOTCS C MMOMOILBIO MHCTPYKIMU: from scipy.integrate import™.

o DyHKyuu uHMeSPUPOBANUs

Tab6muma 30
Dyukyuu 0N UHME2PUPOCAHUA

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

NpUMepOB: b
TerpupoBanme [ f'(x)dx . Ap-

a

D xax
BblmMcMM = rymenrst: f— dyskims; a,b —
. Y 5 - 4x  \mmknuii n BEPXHUHU IIpeIebl
import numpy as np WMHTErPUPOBAHHSI.

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

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

- (0.16666666666666669,
8.976303190529687¢—11)
[EPBOE YHCIIO — 3HAYCHHE,
BTOPOE — TOYHOCTD BBIYUC-
JIEHUS
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Memoo, ampubym Ilpumep lloscnenue unu pezyromam
1 MO3KHO HCTIONB30BATh OI-
BBIYMCTIUM I (ax + b)dx |uHIO args, KOTOpas mepe-
-1 JIaeT B MOJIBIHTErPaIbHYIO

¢ napameTpamun a = 1
ub=2

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

(byHKHI/IIO JOIIOJTHUTECIIbHbIC
napaMeTphl. [Tocie BoIONIHE-
HUs BTOpOﬁ JacCTu npumepa
MOJIyuum

(4.0, 4.440892098500626¢—
14)

BbIYMCTIUM
+J.oo dx

2 2 rx-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,...])

BBIYHCIIUM
11

| [ x + ydydx
00

f=lambda y,x:x+y
g=lambda x: 0
h=lambda x: 1

print(dblquad(f,0,1,g,h))

BBIUKCIICHUE IBOMHO-

ro HHTErpaa, T0 eCTh

b hfun

[ | fx, y)dydx.

a gfun

CriesryetT HOMHUTD, YTO

Tpu co3MaHuu QYHKIIUU UMSI
BHYTPCHHEH MepeMeHHON
(TO ecThb y) OJDKHO OBITH
MepBBIM; Kpome Toro, gfun
u hfun sBIgrOTCS UMEHAMU
(GYHKIUH, ONPEACTISIONINX
HWOKHUHN W BEPXHUI TIPEICITBI
UHTETPUPOBAHHUSL.

Pe3ynbTaT BHIMOIHEHHS IPH-
Mepa:

(1.0, 1.1102230246251565¢—
14)
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Memoo, ampubym Ilpumep lloscnenue unu pezyromam
1 x Pe3ynbTaT BEIONHEHUS TTPH-
2 .
Boruenm | | xy “dydx mepa:
0x’ (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
Bbluucum | [xy 2dydx
0 x*
f=lambda y,x:x*y**2
g=lambda x: [x**2,X]
h=lambda : [0,1]
print(nquad(f,[g,h]))

BbIYNCITUM
R
0 0 X'+

z2dzdydx

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]))

BBIYKCIIEHUE N-KPATHOTO UH-
terpana. Paccmorpum apry-
MEHTHI (PYHKIMU Ha IPUMEPE
b hfun

[ [ fx, y)dydx:

a gfun

o f—n10 flx,));

° range — 3TO CIIMCOK U3 IBYX
AJIEMEHTOB; TIEPBBIN JICMEHT
CIUCKa — UMS (QYHKITUH,
yCTaHaBJIMBAIOLIEH HUKHUM
1 BEpXHHU TIpe/ICIThl HHTE-
TpUpPOBaHHUA BHYTPCHHETO
WHTETpaia; BTOPOH JIEMEHT
CITUCKAa — UMS (PYHKIUH TS
BHEIITHETO MHTETpaa.
CrnemyeT HOMHUTB, UTO TIPH
co31aHuM (PYHKITHIA TTOPSIIOK
apryMEHTOB COOTBETCTBYET
MOPSAKY TIepeIadn MPEeIIOB
WHTETPUPOBAHUS.

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

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

5.182907169428006e—09)
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O (yHKYuUs 015 peuterust CUCeMbl 0ObIKHOBEHHBIX QU deper-
YUATIbHBIX YPAGHEHUL Nep8o2o NopsoKa

Tabmuma 31

DynKyuu Ona pewienusn cucmem

00bIKHOBEHHBIX OUghghepenyuanbHbIX ypasHeHuil

Memoo

IIpumep unu nosicnenue

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

pelIeHne CUCTeMBI OOBIKHOBEHHBIX AU dhepeHIrnaib-
HBIX YPaBHEHUH IEPBOT0 NOPAAKA C HAYAIBHBIMH
YCJIOBHSIMH B OJJHOH TOYKE.

dy

=L = fl(yll ---,y,,,f)

dt N ~
uy, () =Y, ) =V,

IR )

Jr AV e oo Vor

PaccmoTrpuMm aprymMeHThl (hyHKIUH

S0, ey = [y,,....y,t], GyHKIMsA J10JIKHA BO3Bpa-
ATk 72 37IEMEHTOB; Y0 = [y,..., | — MacCuB Hayaib-
HBIX YCIOBME; £ = [1,...];

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

DyHKIMA BO3BPALLAET MACCUB pazMepa

lent(£)x lent(y0). OH COICPKUT 3HAUCHUEC V JIJIS KakK-
JIoTo TpebyeMoro BpeMeHH 0 #, ¢ HaualbHbIM 3Haye-
HueM y0 B epBoif cTpoke. JIpyrumMu clioBamMu, €Cliu
cucTeMa U3 BYX ypaBHEHHH, TO IIEPBBIi CTONOEI]
TpeCTaBIsAeT 3HaYeHus pyHKUUHU y (f), a BTOpolt —
3HaueHus QyHKIHUY y,(f) B TOUYKaxX BEKTOpa Z.

Mpumep. Yucrenno pewum oughghepenyuanvhoe  ypasHenue
V'(x) = =y ¢ nauanvnoim yciosuem y(0) = 5. Vkazannoe ypasnenue
umeem mounoe peuerue Y(x) = Se. [locmpoum epaguxu onst o6oux

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) # pewienue 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() :

0.0 02 04 06 08 10 00 02 04 06 08 10

Puc. 8. Pe3ynbraT BEIOTHEHUS KOJA

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

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

d
stl =2y = 2551

1 y,(0)=y,(0)=[3.0,3.1,3.2,...,3.9]
2272 = 3y + 2y ’
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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 (y,1):
. ylLy2=y
. return [2%yl-2.5%y2%y],-3%*y2+2*y]1*y2]
- t=np.linspace(0,20,300)
:c=np.arange(3.0,4.0,0.1)
:for rin c:
yO=[r,r]
[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()

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



e scipy.linalg — mpenocraBnsier GpyHKIMH, C TOMOIIBIO KOTO-
PBIX PELIaloTCsl OCHOBHBIE 3a/1a4 JINHEWHOW aIreOpsl.
[MoaxnroueHne makeTa MOKHO BBIITOJHHUTE C TOMOILBIO HH-

CTPYKLUU:

import scipy.linalg as lin.
PaccmoTpuM HECKOIBKO QyHKIUI MOTyIIs™.

Tabnuma 32

Onepamopul u goynkyuu mooynsa scipy.linalg

Memoo, ¢pynkyus,

Tosicuenue

Ilpumep
ampubym uny pe3yrbmam
lin.det(A) import numpy as np BBIUUCIICHHE OIIpe-
A = np.mat([[1,3],[2,4]]) JIeIUTENST MAaTPULIbL
d = lin.det(A) A. B pesyinbrare Bbl-
MOJIHEHHS TIpUMeEpa
MOJIY9IUM —2
lin.inv(A) c=lin.inv(A) BBIYHCIIEHHE 00pat-
HOW Matpuusl A. B
pe3yJbTare BBIOJIHE-
HUSI IPUMEpa TOITy-
YUM
array([[-2., 1.5],
[1.,-0.51D
lin.solve(A,b) c=lin.solve(A, b.T) peIIeHIe CHCTEMBI

Ay=b

lin.block diag()

a=[[1,01,[0,1]]; c=[[7]];
k=lin.block diag(a,c)

co3aeT OJI0K — Jaua-
TOHAIBHYIO MaTpPHUILY.
B pesyinbrare BbI-
MOJIHEHUS TIpUMepa
MOy IHM
array([[1, 0, 0],

[0, 1, 0],

[0, 0, 71D

1 3
23 Jlano matpuna 4 = [2 4) u BekTop b = (5,6).
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lin.dft(n) import numpy as np COo3/1aeTcs JUCKpeTHAs

x=np.array([1,2,3,0,3,2,1,0]) | MmaTpuia npeobpa3o-
m=lin.dft(8) BaHus Oypwe. Apry-
m.dot(x) MEHT N — 3TO pa3Mep
MaTpuisl. B pesynbTa-
TC BBIMIOJHCHUS TIPH-
Mepa MoJyYuM
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+00j])

HHOusudyasbHbIE 3a0a4u

1. Pemnte cucteMy OOBIKHOBEHHBIX AU (EpEeHIINATBHBIX YpaB-

HEHUU:

a)

6)

dy

de = 3y1 = Sy1»2

J 4 ny,(0)=y,0)=[3.0,3.1,3.2,...,3.9]
DL = 3yy + 217

dt

d

Y1 _ 4y = 2y1»2

ddf ny,(0)=y,0)=3.0,3.1,3.2,...,3.9]
{th = 2yp + 5y1y2
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2. BLIt{chMTe HWHTETPabL:
1

a) f j 6x’e” dydx

—_
—_

0) [ [ cos 2x)e” dydx
00
+0o0
d.
B).[ 2 -
2 X" +x =2

3. Pemute cucremy Ax = b:

1 35 7
aAd =7 2 8 b =18
4 9 4
u
4 3 5 1
0)4 =7 3 4| b=|4
4 10 2 7
)51

15
B) A j b =
3 4
u
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