daiinn .pth 3unTytoTbCa B andaBiTHOMY MOPSAKY, PETICTP NiTep
PO3pPI3HAETLCS ab0 He PO3PI3HAETLCA 3aU1EXHO Bij NOKabHOT (aiino-
BOI CUCTeMW. 3a3HAYMMO, L0 TWUMOBA IHCTaNALIA HE MOBUHHA MaTu
.pth-thaiinis, a AKLLO BOHM BCE X €, TO iX Mae 6yTW AKOMOra MeHLLE.
MpoTe iHOAi BUHMKAE HEOBXIAHICTb TX MaTy.

3.2. YBegeHHsA/BNBegEHHS AaHUNX

[aHi B1BOAATLCA AK pAfKW. Python Hagae MOXIUBICTb nepeTBo-
PIOBATM 3HaYeHHA OYAb-AKOro TNy B PAAOK 38 OMOMOro (DYHKL, i
str() Ta repr(). ®yHkuis str() N0 MOXNMBOCTI NOBEPTAE MOAAHHS,
HalibinblL NpuaaTHe Ans BMBEAEHHSs, a (yHKuis repr() — Bupas,
AKUA N0 MOXNMBOCTI MOBWHEH CTBOPKOBATU Lieil 06'eKT, AKLIO Lie
nofaHHs nepegaty yHkuii eval().

[JoBri vuini yncna 3anucytoTbca MoBoto Python i3 cydikcom ‘L'
a6o 'I'. dyHkuis str() oro He BUBOAWTD, a repr() — BUBOANTD.

>>> repr(1000000I)
'1000000L"

>>> str(10000000I)
10000000

>>>

Mo)KHa 0fepXXaTV NofaHHA Y BUrNAL] pAaKa i 415 iHLWWX TUNIB JaHnX:

>>> x=[3/2.45, -2.79999, 'abcd']; p=("C’,'Pascal’,'"Python")
>>> str(x); str(p)

""[1.2244897959183672, -2.7999900000000002, ‘abcd']""
"(*C', 'Pascal’, '‘Python")"

3.2.1. dopmaToBaHe BUBeAEHHA

dopmaTyBaTh BUBEAEHHS LOMOMaraioTb yoynoBaHi MeToamn ps-

[KiB. BOHM He BMBOLATb HIYOro — NPOCTO MOBEPTAKOTb HOBUIA psi-

[OK. rjust(n) BUPIBHIOE PAAOK MPABOPYY Y MOJi BKa3aHOI LLMPUHN

n, LOMOBHIOKOYM Iioro nisopydy npobinamu. Metoam ljust(n) Ta
70



center(n) BUPIBHIOKOTb PAAOK MO /IIBOMY Kpato MoNns i No LWUPKWHI
nons, BignosigHo.

>>> s='ABCDEF'

>>> for i in range(1, 6):

... print str(i).rjust(2), str(i*i).rjust(3),

... print str(i*i*i).rjust(4),s[0:i].center(2+i),s.lower(), s[i:6].ljust(6)

1 1 1 A abcdef BCDEF
2 4 8 AB abcdef CDEF
3 9 27 ABC abcdef DEF
4 16 64 ABCD abcdef EF
5 25 125 ABCDE abcdef F

3BepHiTb yBary Ha BUKOPUCTaHHA onepawiii 3pisy B paaky s. 3a-
3BMYail onucaHi BuULLEe MeTOAM MOXHA 3aCTOCOBYBATK [0 paaka 6es-
nocepefHbo 6€e3 yyacTi hyHKLiT str().

B iHLWOMY cnocobi hopmaTyBaHHS BUKOPUCTOBYETLCS ornepatop %o.
"'pAA0K hopmaTy' % (CrMCoK BMpasiB)

Pafok ¢opmarty 3anucyeTtoca B cTuni gyHkuii printf() mosu C,
onepartop MoBepTae pAAOK i3 pe3ynbTaTom (hopmaTyBaHHS.

>>> for i in range(1,11):
... print '%2d %3d %4d %10.7f" % (i, i*i, i*i*i, i*math.pi)

1 1 3.1415927

4 8 6.2831853

9 27 9.4247780

6 6412.5663706

5 125 15.7079633

6 216 18.8495559

9 343 21.9911486

8 64 512 25.1327412

9 81 729 28.2743339
10 100 1000 31.4159265

BinbLuicTb creungikaTopis hopMaty npawuioroTb TOYHO Tak camo,
AK i B C. OfiHaK, AKL0 TUMX aprymeHTIiB He BiAnoBigaoTb opmary,
iHTepnpeTaTop Mo MOXIMBOCTI 3BOAWTH iX A0 HEOOXiAHOrO TUMYy.

1
2
3
4
5
6
7

1
2
3
4
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3.2.2. 3unTyBaHHS Ta 3anuc arinis

Y6ypoBaHa (yHKuis open() noBepTae 06'ekT-aiin (file) Ta 3BnYait-
HO BMKOPUCTOBYETLCA i3 ABOMaA apryMeHTamu: ‘open(filename, mode)'.

>>> f=open("C:\Tmp\\Scriptl.py’, 'r+b")

>>> print f, id(f)

<open file "C:\Tmp\Scriptl.py’, mode 'r+b" at 0x01351CB0>
20257968

MepLunii apryMeHT — pagok, Wo MIiCTUTb iM'a dalina, Apyrui ap-
TYMEeHT — PAAOK, WO MICTUTb KislbKa CMMBOIB, L0 OMUCYHOTb pe-
XXM BUKOPUCTaHHSA thaiina.

Pexxum Moxke 6yTH 'r', AKLLO (aiin BigKPWUBAETLCS NNLLIE ANS UK-
TaHHA, 'W' — TiflbK1 AN 3anucy (AKWwo aiin icHye, TO ioro 6yae
nepesanuncaHo) Ta ‘a' — A1 LONUCYBaHHA B KiHeLb (haiina. Y pexumi
'r+' (haiin BiAKPMBAETLCA BiApasy ANA YMTaHHSA Ta 3anucy. ApryMeHT
mode He € 060B'A3KOBUM: AKLLO AOr0 ONYCTUTK, TO BUKOPUCTOBYBA-
TUMETBLCA PEXUM "I,

Y Windows (a gekonm i1 y Macintosh) daiinn 3a 3aMoBYyBaHHAM
BiIKPMBAIOTbCA B TEKCTOBOMY pexumi. [ns BigKpuBaHHA (haiina y
ABINKOBOMY peXuMi HEOOXiAHO A0 psaKa pexxumy mode gogatu 'b'.
BapTo nam'AtaTy, WO ABIMKOBI AaHi, TakKi SiK 306paxkeHHs Yy ¢op-
maTi JPEG i HaBiTb TekcT B UNICODE, npu umTaHHi 3 (aitna abo
3anucy y gaiin, SKuiA BiAKPUTO Y TEKCTOBOMY PeXxumi, 6yayTb 3in-
coBaHi! Haininwwii crnoci6 y6e3neuntu cebe — 3aBXau BigKp1BaTm
(haitnin y ABINKOBOMY PEXUMI, HaBiTb Ha TUX nnaTgopmax, e Agii-
KOBUIA PEXXMM BUKOPUCTOBYETLCA 32 3aMOBYYBaHHSIM.

3.2.3. MeToau o6'eKTiB-hannis

f.read(size) 3unTye Ta noBepTae size 6alTiB i3 (haitna. AKLWO ap-
FYMEHT BifCYTHIlA, TO 3UMTYETLCS BECb (haiin.

>>> f=open(‘C:\Tmp\\Scriptl.py’, 'r+b’)
>>> f.read(127)

"import sys\r\nprint '‘Good Python"\r\n\r\nfor x in
xrange(1,200,10):\r\nprint x,\r\n\r\nsys.exitO\r\n"*
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LWnax go taitna y Windows mictuts ‘\', TOMy Yy BiAnoBigHOMY
psAKy BiH 3anucyeTbes Agidi \\'. CMBOMN KepyBaHHS BUBOASATHCA Y
BUrNAAi nocnigoBHocTi "\cumBon'. MMicns BUKOHaHHA onepaviii no-
Ka)KYMK MOTOYHOrO MOMOXEHHS 3MILLYETLCS Y (haiini, TOMy noro no-
TPi6HO BCTAHOBUTY B MOTPiIGHY MO3ULLIO Nepesl BUKOHAHHSAM HacTy-
nHoT Ail. Lle MmoxxHa 3pobutn npamo abo Henpsmo. Hanpuknag, npu
BIAKPUTTI (haiina 418 YATaHHA abo 41 3anucy MOKaX4mK yCTaHOB-
NIOETHCA HA NOYATOK (hainna. Baxknneo nicns BUKOHaHHA pob0oTyH 3a-
KpuBaTu thaiin. Ons uboro BukopucToByoTb metof f.close().

f.readline() 3unTye 3 (haitna 0AnH PALOK.

f.readlines() 3unMTye Becb BMICT (haiifia no psAKy Ta nosepTae
CMMCOK PALKIB.

f.write(s) 3anucye BMICT pagka s 'y taiin.

f.tell() noBepTae NOTOYHE MONOXKEHHSA NOKaXYMKA Y (haiini B baii-
Tax, BiflpaxoBaHe Bif noyaTKy haina.

[ns 3MiHW NOTOYHOrO MOJSIOXKEHHSA Tpeba BUKOPWUCTOBYBATM
'f.seek(offset, from_what)'. HoBe nofoXxxeHHs 064YMCNIOETHCA f0-
AaBaHHAM offset go Toukm Bigniky. Touka Bifniky BMOMpaETbCA
3a/1eXHO Bif 3HauyeHHsA aprymeHTy from_what: 0 Bignosigae nova-
TKy (haiina (BUKOPUCTOBYETHCA 3a 3aMOBYYBAHHSM, AKLO METOZ
BUK/NKAETLCA 3 OAHUM aprymeHToM), 1 — MOTOYHOMY MOJSIOXKEHH!IO
i 2 — KiHUtO thaiina.

>>> f=open(‘C:\Tmp\\Scriptl.py’, 'r+b")

>>> f.readlines()

['import sys\r\n', ""print 'Good Python"\r\n"*, \r\n‘, *for x in
xrange(1,200,10):\r\n", "print x,\r\n*, "sys.exit()\r\n']

>>> f.write("#Comment to file Scriptl.py")

>>> f.tell()

116L

>>> f.close()

>>> f=open("C:\Tmp\Scriptl.py’, 'r")

>>> f.tell()

oL

>>> f.read()

"import sys\nprint ‘Good Python"\n\nfor x in xrange(1,200,10):\n
print x,\nsys.exit()\n#Comment to file Scriptl.py”

>>> f.close()
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3BepHITb yBary Ha pi3HULI0 Yy BUKOHaHHI MeTogis f.readlines()
Ta f.read(). A ocb Takuin BUrnsg Mae aiin Scriptl.py y TeKCTOBOMY
pefakTopi:

import sys
print ‘Good Python’

for x in xrange(1,200,10):
print x,

sys.exit()

#Comment to file Scriptl.py

3.2.4. Mopaynb pickle

Mogynb pickle f103BoNSE 0gepXKaTh NOAAHHA Maike Oy/fb-AKOro
o6'ekta (HaBiTb [eski qopmu Komdy) Yy BuUrnsai Habopy 6ainTis
(pAfKa), 04HAKOBOro A9 BCiX NNaT(opM.

FAKWOo BN MaeTe 06'eKT X Ta (haiinoBumin 06'ekT f, Bigkputuii ans
3anucy, To € HaMNPOCTILLWiA Crnoci6 36eperTv 06'eKT:
pickle.dump(x, f)

TaK caM0 NnpoCTo MOXHa BifHOBUTK 06'eKT (f — dhalinoBuin 06'eKT,
BIAKPUTUIA ANS YNTAHHS):

x = pickle.load(f)

3.3. NoMunku
Ta BUHATKOBI cuTyauit

YpaxoBytouu CKMIaAHICTb MPorpamyBaHHs, MOMUIKW, Ha XXasb,
HeMUHyui. TTOMWNKV B CUHTaKCWUCI Nporpamy BUABNSE IHTeprpeTa-
TOp Ta [OMoMarae ix BUMPaBMTK, TOOGTO BUKOHYE B MEBHOMY PO3Y-
MiHHI PYHKUii HaBYanbHOT nporpamu. Mporpama 3 TakKMMu Momus-
KaMmu NMpocTO He BUKOHYETLCH.

MoMWNKK, WO BUHUKAKOTb Nif Yac BUKOHAHHA MporpaMu, BUKIN-
KaloTb Yy Haininwomy pasi nepepuBaHHs BUKOHAaHHSA Nporpamu, a B
HairipLiomy — nepesasaHTaxxeHHs EOM i3 BTpaToto He 36epexeHnx
AaHvX. [eski NOMWIKM BUKINKAKOTHCA HENpPaBWUbHUMU LisMU KO-

74



pucTyBaYa i Taki fii Tpeba nepeadaunT, NEPexon/toYn BUHATKOBI
cuUTYyaLii, po3ni3Hatoun it 06po6sAoUM IX y nporpami. Takuii mexa-
Hi3M 06pO6KM BUHATKOBUX CUTYALLii € B YCIX Cy4aCHUX MPOrpaMHmX
cucTemax, BKIKoYaroun, 3snyaiiHo, i Python.

3.3.1. CUHTAaKCUYHI MOMWUIKN

Peakuisi Python Ha MOMUAKK B IHCTPYKLIAX [03BOSSE NIETKO 3pP0-
3yMITW NpPUYMHY 1 MicLe TX BUHWKHeHHs. Lle npocTo yepes Te, WO
iHTeprnpeTaTop Bigpasy pearye Ha nepLly NoMWUsKY, fiKa 3ycTpifiach,
i nokasye, e i K BoHa BUHMKna (Traceback).

>>> if 3>2 print math.sin(3)

Traceback ( File "'<interactive input>"", line 1
if 3>2 print math.sin(3)
VAN

SyntaxError: invalid syntax
MponyweHo cumBon ':', Micue MOMWUAKU NPOKOMEHTOBaHO ‘line
1' Ta NO3HAYeHO CTPINKoLo "',
>>> jf 3>2:
print math.sin(3)

Traceback (most recent call last):

File ""<interactive input>", line 1, in ?
NameError: name ‘'math’ is not defined
>>> jf 3>2:
... print math.sin(3)
Traceback (IndentationError: expected an indented block (line 2)
>>> #lNopyweHo npasuna BigCTYNIB Npu 3anuci 6510Ky

>>> if 3>2:
import math
print math.sin(3)

0.14112000806

>>> jf 3>2:
import math
print math.sin(x)
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Traceback (most recent call last):
File "'<interactive input>"", line 3, in?
NameError: name 'x' is not defined

ByiLe nokasaHo pi3Hi BapiaHTV BUABNEHHSA HEBILOMUX iMEH.

3.3.2. BUHATKOBI cuTyauil

BuHATKOBI cuTyauii € pisHoro Tmny. KoxHuiA Tun BUBOAUTLCA B
nosifomneHHi. Hanpuknag: ZeroDivisionError, NameError Ta
TypeError. IMeHa CTaHLapTHUX BUHATKOBUX CUTYyauili € BOyn0Ba-
HUMKW igeHTudikaTopamn. Y [oaaTKy nepepaxoBaHO BCi BOYAOBaHi
BMHATKOBI CUTYaUiT Ta TXHE MPU3HAYEHHS.

3.3.3. O6pobKa BUHATKOBUX CUTYyaLLil

Mporpammn MOXyTb pearysati Ha NneBHi BUHATKOBI CUTYyaLiT 3a Ao-
MOMOTr OO IHCTPYKLIT try: 6/710K1 except iM'A_BMHATKOBOI_CUTYyau,il:
610K 2.

Hasefiemo npuknag, B AKOMYy KOPUCTYBauyy BWAaBaTUMETLCA 3a-
NPOLLUEHHS "yBECTU Uine 4mcio”. AKWO BUKOHAHHS NepepuBaEThCs
(3BnyaitHo  Ctrl-C), TO TreHepyeTbCs BUMHSATKOBA  CUTYallist
KeyboardInterrupt.

>>> while 1:
try:
X = int(raw_input("'YBegiTb uine uncno: '))
break
except ValueError:
print ""HenpaBunbHe umcno. CnpobyiiTe 3HOBY..."

IHCTpYKUis try npautoe B TakuiA cnocio.

A CnouaTKy BMKOHYETLCA TifKa try (iHCTPYKLIT, L0 MiCTATLCS
MiX KNHOYOBMMU CnoBamu try Ta except).

A FKLO He BUHWKAE BUHATKOBOT CUTYaUi, risika except nponyc-
KaeTbCA Ta BUKOHaHHS iHCTPYKUIT try 3aBepLUyeThbCS.
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A AKLWO nif YaC BUKOHAHHA TiNKK try reHepyeTbcs BUHATKOBA
CUTyaUisl, TO BUKOHaHHA TifIKM NpUNUHAETLEA. Jani, AKWOo Knac Bu-
HATKOBOI CUTYyauii BignoBifae BKazaHOMY MICMs K/IKOHYOBOro CfoBa
except Knacy, BUKOHYETbCS TifiKa except i BUKOHaHHS iHCTPYKLIT try
3aBepLUYETLCS.

A SAKWo BUHATKOBA CUTYaLis He BifMOBIJac BKa3aHOMY mMicns
KNHOYOBOrO C/10Ba except Knacy, TO BOHO MepesacTbCs 30BHILLHbOMY
610Ky try a6o, AKWo 06pO6HMK He 3HageHO, BUHATKOBA CUTYaLlis
BBXKAETbCS HE Nepexon/ieHo, BUKOHAHHS Nporpamu nepepuBacTb-
CA Ta BUBOAUTLCA MOBILOM/IEHHS NMPO MOMUIIKY.

3.3.4. Nl'eHepyBaHHA
BUHSATKOBUX CUTYyaLlLil

IHCTPYKLUif raise [03BONSIE MPOrpamicToBi NMPYMYCOBO reHepysa-
TV BUHATKOBI cuTYyauii. Hanpuknag:

>>> raise NameError(*HiThere")
Traceback (innermost last):

File ""<stdin>"", line 1
NameError: HiThere

FAK apryMeHT raise BUKOPUCTOBYETLCA 3MiHHA LbOro Knacy. Knac
yKasye Ha TN BUHSATKOBOI CUTYaLlil; aprymMeHT, KWl nepeaaeTbes
KOHCTPYKTOpY, 3a3BMyali onucye noapoouui BUHUKHEHHS BUHATKO-
BOI cUTyauii.

Mo)XHa BMKOPWCTOBYBATM CBOI B/IaCHI BUHATKOBI CUTYaLlii, CTBO-
protoun HoBI Knacu. Hanpuknag,

>>> class MyError(Exception): pass

>>> try:
raise MyError(2*2)

... except MyError, e: # 06po6Ka BUHATKOBOI cUTyaulii
print 'BuHATKoBa cuTyauisd MyError,e =", e

BuHaTkoBa cutyauia MyError, e = 4
>>> raise MyError(l) # 6e3 06po6KM BUHATKOBOI cUTyaLlii
Traceback (innermost last):
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File ""<stdin>"", line 1
__main__.MyError: 1

LLle oavH BapiaHT 3anucy IHCTPYKUii try — i3 BU3HAYeHHAM
"cTpaxyBanbHOi" rinku finally, W0 BUKOHYBaTUMETLCS 3a 6y Ab-KUX
o6cTaBuH. Hanpuknag,

>>> try:
... raise KeyboardInterrupt()
... finally:

print 'TepepmBaHHA!" ...
MepepuBaHHA!
Traceback (innermost last):
File ""<stdin>"", line 2
KeyboardInterrupt

linka finally BUKOHYETbCA HE3aNeXHO Bif TOrO, Y/ BUHUK/IA BU-
HATKOBA CUTYyaLlisl MifJ Yac BUKOHAHHA 6/10KY try v Hi, HaBiTb AKLLO
BUXif BifOyBaeTbCs MO IHCTPYKUIT break a6o return. IHCTpyKuis try
MOXe MaTu abo oaHy, abo Kifbka rifokK except, abo OfHy rifky
finally, ane He o6ugBa BUAW riNOK OAHOYACHO.

3.3.5. Hanaropykysau
Koay moBoto Python
y 6i6nioTeduHomMy moayni pdb

Moaynb pdb peanisye iHTEPaKTUBHMWIA Hanarog)ysay Mporpam,
HanucaHux MoBow Python. BiH [03BONsSE BCTaHOBMIOBATU TOUKM
nepepvBaHHs, BUKOPUCTOBYBATU MOKPOKOBE BMKOHAHHS KOAy, A0C-
NifKyBaTU Kajpu CTeKy, BUBOAUTW BUXILHWIA KO Ta BUKOHYBATM
IHCTPYKLIiT MoBM Python y KOHTEKCTI 6yab-KOro Kagpy cTeky. Llei
MOZY/Nb TaKOoX [03BOJISIE NMpoaHasisysaTu nporpaMm abo iHTepakTu-
BHi IHCTPYKLUii, BAKOHAHHS KX 3aBEPLUNIOCS BUHUKHEHHSIM BUHS-
TKOBOI CUTyauil.
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KOHTpO/IbHI 3anuTaHHS

1. MoACHITb MOHATTA "MoAyNb" i "NakeT"? AKNIA MiX HAMM 3B'A30K?

2. Has3BiTb BapiaHTV BUKOPUCTaHHA IHCTPYKLiT import?

3. Yomy He BapTO BMKOPUCTOBYBATM iHCTPYKLItO from <mofy/b> import *?

4. FIKUM YMHOM 3[IACHIOETBCS NOLLYK MOAY/IB iHTEpNpPeTaTopom?

5. fIK MOXXHa 3p06uTn MOLY NI BUAMMUMU [N15 iHTeprpeTaTopa?

6. AKUM YMHOM MOXXHA OTPUMATK MNepenik iMeH, SKi BU3HAYeHO B MeB-
HOMY Mofayni?

7. OnunwiTb MOXnunBocTi Python i3 hopmaToBaHOro BUBEAEHHS.

8. Unm dyHKuis str() BigpisHaeTbes Big dyHKUIT repr()?

9. OnuwWiTb HasBHI B Python dyHKUiT poboTK 3 harinamn i metoam aii-
NOBUX 0B'EKTIB.

10. LLLo Take BMHATKOBI CUTYyaLil i IKUM YMHOM 34i/iCHIOETLCA TX 06pO-
6ka y Python?

11. Ana yoro BukopuctoByeTbea rinka finally B iHCTpyKUii try? Um
MOXXHa T NoeaHyBaTH 3 rinkamu except?

12. Aki gBa KNacu BUHATKOBMX CUTYaUiil HasBHI B Python? Skuii i3 HUX
PEKOMeHAYETbCA BUKOPUCTOBYBATM Y NporpaMax?

KoHTpO1bHI 3aBaaHHA

1. Hanuwitb dyHKLit0, fKa, BUKOPUCTOBYHOUN (HOPMATOBAHe BUBELEH-
Hsl, APYKYE Tab/MMLIO CUHYCIB, KOCWMHYCIB Ta €KCMOHEHT HEMapHMX YMCEn
[/151 BKa3aHOr 0 fianasoHy Ymcer.

2. [laHO CNOBHUK BUTNALY:

{"IBaHioOK" : 32, 'TeTpyK' : 40, 'Cupgopuyk': 10}

Peanisyitte hopmaToBaHe BMBEAEHHS BMICTY C/IOBHMKA (K/HOUOBE none
Ta flaHi) Ak Tabnuui. BMpiBHIOBaHHS iMEH BMKOHaTE No NiBOMY Kpato, Yn-
C/IOBOr0 MoNs — Mo npasomy.

3. PeanisyiiTe 3a 4OMOMOrOH0 KTy (hopMaToBaHe BUBEAEHHS ABOX PAAKIB:

'ABCDEFGHIJ’
'0123456789"
y TakoMy BUTAsA:

ABCDEFGHIJ
ABCDEFGHI9
0123456789
A123456789

ABCDEFGHIJ
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Mpuknag 1
#
# Mporpama, WO 34nTye thaiin Ta BUBOAUTbL Oro Ha eKpaH 3 A04aHO
# 06pOOKOI0 BUHSATKOBUX CUTYyaLiid
#

import sys
try:
file = open("'marfy.txt","'r'")
except IOError:
print ""He MoxHa BigkpnTu hann"'
sys.exit()

text = file.readlines()
file.close()

for line in text:
print line,
print

4. 3MiHITb NonepeaHto nporpamy (Npuknag 1) Tak, Wob psaKku BUBOAU-
NCA Y 3BOPOTHOMY MOPSIAKY.

4.1. MonepegHbO NepesipTe po3mip haiina. AKLWOo po3mip thaiiia MeHLNiA
[eSKOr0 3HaYeHHs, BMBEAITb MOro BMICT Ha ekpaH. HKLIO0 po3mip daiina 6i-
NbLUNIA AESKOr0 3HaYEHHS, BUBEAITb MOr0 BMICT Y AEAKWIA IHLLNIA daiin.

[aiite KopucTyBayeBi MOXMBICTb NepenucyBaTh BUXiAHWMIA (aiin abo
JonncyBaTtu faHi y ioro KiHeup. Mepegbavalite iMeHa (haiiniB 3a 3amMOBYY-
BaHHAM Ta MOXJ/IMBICTb iX MepefaBaHHs 3 KOMaHAHOro psafKa sk napamert-
piB cKpunTa (sys.argv).

4.2. 3MiHITb Mporpamy Tak, Wo6 Ha NoYaTKy KOXHOro psfika BUBOAWBCS
oro Homep.

Mpuknag 2
daiin >kypHany Beb-cepeepa
""'O6pobKa thaina >XypHasay my.log 3i 3MiHHOI KifibKicTiO nonis™""
import string
logfile = open(**'my.log™, "'rt'")
while 1:
record = string.split(logfile.readline())
if not record:
break
t, user, address, inbytes, outbytes = (record + 5*[None])[:5]
# Oani MM MOXKeMO onepyBaTX OTPUMaHMMM 3MiIHHUMMW, ane
# 3MiHHI, KOTPUM He BUCTa4u/10 3Ha4YeHb, 6yayTh fopiBHIOBaTM None
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print t, user, address, inbytes, outbytes
logfile.close()

5. BuKoHaliTe 3aBAaHHs 3 06p06KN HEBENIMKOIO TEKCTOBOTO (haitna.

5.1. MopaxyiiTe, CKiNbKM B TEKCTI Pi3HMX NiTep Ta BUBEAITb IXHIil crun-
COK Ta Ki/IbKiCTb Ha eKpaH.

5.2. CknafiTb CNIOBHUK TEKCTOBOFO (haiifia Ta 06YMCAiTb YacTOTy NOsiBK
CNiB Y TEKCTI.

5.3. Bu3HauiTb Ki/fIbKiCTb onepaTopis Uuukny B Python-nporpami.

Mpuknag 3
Paiin i3 umcnamu

f = open("'file.dat", "wt") # BigkpnBaemo thaiin, f 6yge

# BUKOPMCTOBYBATUCA /15 PO6OTU

# 3 HAM
for x in xrange(100): # ona x Big 0 go 99:
fwrite("'%i %i %i\n" % (X, X**2, x**3)) # BMBeAeHHS y (haiin f 3HaueHsb X,

# IXHIX KBagparTiB i Ky6iB

f.close() # 3akpuBaemo tain f

6 CtBOpiTb TEKCTOBWIA ®AI F i3 LiAMMK uicnaMm B OAHOMY 3
(hopmaris (int a6o long) Ta peanisyiite oro 06pobKy AK yKasaHO B MyHK-
Tax

Kinbkictb uncen N<=50. BuxigHi faHi BKaXiTb CamOCTIHO 3 Ornsgy Ha
thopmaT enemeHTIB thaiina F. Y nporpami matoTb nepefbadaTvcs npoLleaypu
BBEIEHHSA/BUBELEHHS eNeMeHTIB (paiina F i ioro o6pobku. Tun pesynbTtarty
BM3HaualiTe 3 KOHTEKCTY 3aBfaHHA. Pe3ynbTaT AONWLWITh Y KiHeLb daiina.

7. 3HaigiTb MakcMMaibHUIA 3a mogynem enemeHT aina F={F[i]} Ta
i0ro nopsgKoBKin Homep.

8. 3HalifliTb KiNbKICTb AOLATHWX, BIA'EMHUX Ta HYNbOBUX ENEMEHTIB Y
thaiini F.

9. 3HaingiTb Ta BUganiTh i3 haiina F yci uncna, ski opisHoTL N.

BcTaeTe uncno N Ha micue Ky daiini F.

10. daHo thaiin giicHnx yuncen. 3HaigiTe CyMy BCiX Ymcen.

11. NaHo aiin umcen. 3HaingiTe HainbinbLLe Ymcno.

12. 13 dhaiina F gilicHnx uncen cpopmyiite HOBWiA (haiin G, WO MICTUTb
nepLi n yncen aiina.

13. faHo haiin HaTypasibHWX Uncen. 3HalAiTh KiNbKICTb NapHUX Yuncen.

14. OaHo aBa taitnm umcen F i G. Mepenucatu, 36epiruy nopsok,
KOMMOHeHTU (aiina F y daiin G, a koMnoHeHTU aiina G — y taiin F. Bu-
KOPWCTOBYITE AONOMI>KHWIA halin.
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15. laHo dhaiin uinmx umcen F. 3anuwiTe y haiin G BCi napHi uncna, ay
thaiin H — yci HenapHi.

16. laHO cMMBO/bHWIA thaiin A. 3anuLliTe y (aiin B koMnoHeHTU daiina
A 'y 3BOPOTHOMY NOPAJKY.

17. OaHo thaiinm ymcen F i G. 3anuwitb y ¢aiin H cnoyaTtky KOMMNOHEH-
T paiina F, a noTim halina G, 36epirum ix nopsigok.

18. JaHo chaiin, Wwo MIiCTUTb KBagpaTHy maTpuuto A. TpaHCMOHyBaTy
maTpumuto A i 3anucaTw Ti B TOW camuii daiin.

19. [aHo thaiin, Wo MICTUTb fedky maTpuuto. CTBOPITL HOBWIA dhaiin,
LU0 MICTUTb MaKCUMa/IbHi eNeMeHTW PALKIB L€l maTpumu.

20. JaHo cumBOnbHI (aiinn A i B . BusHaunTth, um 36iratoTbCa KOMMO-
HeHTW (halina A 3 KOMMNOHeHTaMu haitna B . BuBecT HOMep nepLLoi KOM-
MOHEHTW, WO He MaE BifnoBiAHMKaA B iHLLOMY (halini.

21. daHo cumBonbHI thainmn A i B . Y daiin C 3anuwiTb yci 36iXHi KOM-
MoOHEeHTU haiinis A i B.

22. [aHo thaiin, Lo MicTWTb BIZOMOCTI NPO CTYAEHTIB rpynu (MpisBuLLg, iM's,
PiK HapoKeHHst). CTBOPITb (haiin, Lo MICTUTb TiNbKM MPi3BMLLA CTYAEHTIB.

23. faHo dhaiin, Wwo MicTUTb HOoMepu TenedoHIB (Mpi3BuLLE, iHiLianm,
Homep TeneoHy). 3HalAiTb N0 MPi3BMLLY Ta iHiLiaam HOMEP TENEqOHY.

24. [laHO TeKCTOBWIA (halin, Lo MICTUTb Nporpamy MoBoto lMackanb. Me-
PeBIpUTY L0 Nporpamy Ha BifMOBIAHICTb KifbKOCTI KPYrAnxX AYXOK, LU0
BIZIKPMBAIOTH i 3aKPUBAIOTb.

25. [JaHo dhaiin, WO MiCTUTb BiAOMOCTI MPO KHUMK (Npi3BuLLIE aBTOpa,
Ha3Ba KHWUIK, piK BuAaHHS). CTBOPITb HOBWIA (haiif, WO MICTUTL 3BefeHi
BiOMOCTi MPO KHWUIM NEBHOr0 aBTopa.

26. [laHo haiin, Lo MiCTUTb MacuB AaHWX. Y HOBWIA (halin 3anuLliTh aa-
Hi, HOMepw AKKX 3 5-ro no 10-i.

27. [aHo thaiin, Wo mictutb gesky matpuuto. CTBOpITL HOBWIA (haiin,
LLLO0 MICTUTb ABa MiHIMasbHi Ta ABa MaKCMMarbHi eleMeHTH.

28. [aHo thaiin, Wwo MIiCTUTb gesaky matpuuto. CTBOPITb HOBUIA (haiin,
L0 MICTUTb TPAHCMOHOBaHY MaTpULLO.

29. 3HaligiTb MOPOXHI pAaKKM y (haiini marfy.txt.

30. 3HaingiTb pagku, SKi He MICTATb NPOBINbLHI cMBOAM (OKPIM CUMBO-
Ny HOBOTO PALKA).

31. 3HaigiTb pAAKK, SKi MICTATb He GislbLUe HXK 0A4WH NPOGINbHWIA CUM-
B0/ (CUMBOJ1 HOBOTO Psifika He BPaxoByBaTH).

32. 3Haligitb yci pagku 3 marfy.txt, ki He micTaTb ". ". 3HainaiThb yci
PAAKM, SIKI MICTATb CMI0BO "SIKLLO" BENMMKUMU Ta MaIMMK fliTepamu.

33. Jopaiite B KiHeub haiina marfy.txt uncna Ta iHWe, o6 MoXHa 6yno
NpoTecTyBaTW HaBefeHi 3aBLaHHS:

33.1. MocnigosHicTs i3 HenapHoi i napHoi [ (eg. 12 or 74).

33.2. byksa, He 6yKBa, 4MCIO.

33.3. CnoBo, LLI0 NOYMHAETLCA 3 BEIMKOT NiTepu.
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33.4. Cnogo "yes" y byab-Kili KOMOiHaLii 3 BEMKUX Ta Maix fliTep.

33.5. OamnH abo 6GinbLue pa3 c1oBo "Hi".

33.6. [Oata B Takomy (hopmaTi: 0fHa-ABi Ludpw, Kpanka; ofgHa-asi und-
pw, Kpanka; Agi umgpu.

33.7. CmBON MyHKTYaU,T.

34. HanuwiTb CKpuNT, WO 3an1Tye B KOPUCTyBaya iM'si, agpecy, Homep
TeneoHy. MepeBipTe NPaBUNLHICTb YBEAEHHS KOXHOro aTpmbyTy. Hanpu-
Knag, HoMep TenedoHy He NMOBUHEH MICTUTKM NIiTEPU | Ma€E NEBHY AOBXUHY,
afgpeca Mae neBHWiA popmart Towo. HeobxigHO npocuTW KopucTyBada no-
BTOPHO BBECTW faHi, AKLO Ball CKPWUNT BUSIBUB HEBIAMOBIAHICTb LIA6MO-
Ham, Npu LbOMY NOBIJOMMBLUM KOPUCTYBAYEBi, y YOMY noasrana noMunka.

35. Lo i AK HeobxiaHO nepeBipsaTy, WO6 rapaHTyBaTH, LLLO KOPUCTYBaYi
3amnoBHIOKOTb (POPMM PO3YMHMM CMOCcO60M? [epeKoHaiTecs, Wo gopma
MOXe 06pobnATU BCi BapiaHTW BBefeHHs. Hanpuknag, KopucTyBadi Mo-
XYTb MaTW KinbKa iMeH, iHiLianis, Kisibka npi3suLy, (AKi MOXYTb nucatucs
yepes gedpic abo i1 6es gedica).

Mpuknag 4
Hesenuka 6a3a faHux
basa faHnx 36epiraeTbCs B NaM'aTi AK KOPTEX:

(

(‘PIB', 'AGE'"..),
{'binsiBCbKUIA': (7)),
'IBaHuyK’: (18,),
"MuxanbumwinH':(21,)
h

)

36. Ans 3anpoekToBaHoOi 6a3u AaHWX HamUWIiTh (YHKUItO iHiLianisauil
(CTBOpEHHS NMOPOXHLOT 6a3w).

37. HanuwiTb (yHKLUiO, LU0 A0Aa€E 3anuc A0 6a3u abo BUAANSE oro.

38. Hanuwits npoueaypy, WO NOBEPTaE CMMCOK i3 KMHOUOBUMY ENIEMEHTaMM.

39. 3a gonomoroto Moayns pickle peanisyiiTe 36epexxeHHs Ta BifHOB-
NeHHA 6a3u y thaiini Ha uUcky.

40. [lopaiiTe hyHKLit0 NepeBipKN HassBHOCTI MPi3BULLA Y CMIUCKY KITHOYIB.

41. Peanizyiite (hyHKLit0 (POPMATOBAHOIO BMBEAEHHS AaHMX i3 6a3n Ha
eKpaH Ta y (hain. CTBOpITb TaKOX (PyHKLIit0, WO NOBepTaE (hopmaToBaHWi
PALOK 3i 3BITOM 3a 3anMTyBaHUM rosem (iM's KIKOYOBOro Nons He NoeepTa-
TN B LbOMY PSIAKY).

42, CTBOPITb (hyHKLiIO, WO BMKOHYE iH(OPMaLiiHUIA 3annT 3a K/YeM
(o6uncneHHs abo 06pobKa iH(opMaLlii B Nonsx 6asm).

83



43. CopTyBaHHS. HanumwiTb gekifnbka (DyHKUil, L0 MOPIBHIOKOTL NONA
6a3m 3a pisHUMU NapameTpamu. PeanisyiiTe 36epiraHHs iHpopmauii B 6asi y
BigcopTOBaHOMY BUNAgi. BpaxyiiTe, WO CNOBHUK 6e3nocepefHL0 COpTYyBa-
TV HE MOXKHa.

44, CtBopeHHA nakeTa. OOMiHAATeC 3 TOBApWLLEM FOTOBUMMW MOAYNS-
MW i1 06'¢AHaiiTe TX B OAMH MaKeT (CMibHO HaMWLWITh CKPUNT __init__.py
Ta (OYHKL,it0, L0 reHepye ChifibHWiA 3anunT). Lie MOX/IMBO, TOMY LLIO AOCTYN
[0 [aHWX 30iACHIOETLCA Yepes KHYOoBe None.

45. Hanuwitb CKpuNT, AKWiA, 064NCIO0UN apuMETUYHIIA BMpa3, 06-
po6nse BUHATKOBY cUTYyaLito ZeroDivisSionError — fineHHa Ha Hynb.

46. Hanuwitb CKpUNT, Lo 06p0o6nsB 61 CUTYyaLito BUKIMKY PYHKLIT 3
HeicHytouMm imeHeM (NameError).

47. HanuwiTb CKpMAT, Lo 06p06/1sie cUTyaLito BUXOZY IHAEKCY 3a MeXi
NoCcnifOBHOCTI (CNCKY, MacuBY, KOPTEXY, PALKA).
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Po3pain 4

Knacuv n BU3Ha4eHHsA
KOHCTPYKLiA MOBU

4.1. OCHOBHI BigOMOCTI NMpo Knacu

Knac — ue cneuiasibHWii 06'eKTHMIA TMn MoBW Python. 3MiHHiI
LbOro TNy Ha3nBatoThb eK3eMnaspammn Knacy abo NpocTo 06'eKTamu.
IHWI TMNN JaHuX TeX € 06'eKTHUMU, ale K/laC MOXXHa BU3HAuYUTU
camocTiliHo. Knacu B Python peani3ytoTb Yyci OCHOBHI KoHUenuii
OOI: iHkancynAauito, cnagKysaHHs, MoniMopgism.

4.1.1. O6nacTi BUANMOCTI Ta NMpoCTOpU iMeH

Mpy BUKOPUCTaHHI KNaciB BaXXMBY POfb Bigirpae 06nacts BUANU-
MOCTI 3MiHHOI. B/ MOXeTe 3BepTatuca A0 3MiHHOI TiflbKU B MeXax
610Ky, ge 11 6yno B13Ha4eHO (ynepLue BUKOPUCTAHO). AKLLO 3MiHHY
BM3HAYEHO B MeXKax (hyHKLIiT, TO no3a yHKLIEH A0 HET HEMAE AOCTY-
ny. AKWO PYHKLiO BU3HAYEHO B OCHOBHOMY KOZi, TO BOHA CTa€ r/10-
banbHO ANA faHol nporpamu (aitna-mogyns). Ane SKWO 3MiHHY
abo (hyHKLit0 BM3HAYeHO BCepeauHi Mofyns, TO 3BepTaTucs A0 Hel
6e3snocepeHLO 330BHi 33 IMEHEM HEMOXX/IMBO (AuB. Migpo3s. 3.1).

[ns 3BepTaHHA [0 3MIHHOI, SIKy BW3HAuYeHO B MeXax MOopLy-
ng, Mo3a MOAyNeM HaiyacTille BWKOPUCTOBYIOTb CUHTAKCUC
iM'A_moaynA.iM*'a_3miHHOI. LLLo6 3BepHYTWCA A0 3MIHHOT BCepeau-
Hi JaHoi mporpaMu, MOXHa CKopucTatucs Mofynem rofioBHOT Npo-
rpamMu __main__. ¥Yci 3MiHHi Ta MeToAM, fKi BU3HAYEHO B Pi3HUX
MOZYNAX, CTBOPIOKOTLCA Ta BUAIAKOTLCA B NEBHOMY Mopsaaky. Ha-
NpUKNag, Koin BM iMNOpTYETe MOAY/b, TO CTBOPKOKOTLCA BCi 06'€K-
TW, SKi Oro/IoLWYTLCA B HOMY. Y6OYA0BaHi (hyHKLIT iHTepnpeTaTo-
pa TakoX MICTATbCA B 0co6nmBomy moayni _ builtin__. O6'ekTu
LIbOr0 MOAY/NA CTBOPKOKOTLCA MPY 3aMyCKy Ta He 3HULLYHTLCA HIKO-
. To6To, Yac iCHyBaHHS TakMX 06'€KTIB NOLUMPHOETLCS Ha BECb Yac
po6oTK Nporpamu.

85



AKLLO BM OronoLyeTe 3MiHHY Y (QYHKUiT, UMKAI, IHCTPYKLUIT BU-
6opy, TO BOHa [0CTYMHa TifIbKM B MeXax 610Ky, B iKOMY 1i 6yno
Oro/IoWeHO. AKWO BM XOYeTe OronocuTU rnobanbHy 3MiHHY, TO
ckopucTaiTecs knto4osum cnosom global. 3miHHI 36epiratoTbes B
nam'aTi KOMM'roTepa, a iM'A 3MiHHOT — Lie (hakTUYHO NOCUNaHHA Ha
yapyHKy nam'ati. TOMy, KOAM BW MPUCBOKOETE OAHIA 3MiHHIA 3Ha-
YeHHS iHLWWOI, TO BOHM HacrnpaBAi BKa3ytOTb Ha OLMH i TOW camuii
06'eKT. KOnn 3MiHIOETLCA 0AHA 3MiHHa, TO 3MIHIOETLCA 1 iHLWWA, TOMY
Tpeba 3aBXan 6yT 06epeXXHUM NPU BUKOHAHHI Takux onepauii.

4.1.2. Onnc Knacy

Y Python HafgaeTbCs MigTPUMKa napagurMm 06'eKTHO-OPIEHTO-
BAHOro NporpaMyBaHHsA Yepe3 MexaHi3m Knacis. Knacu MoXyTb Mic-
TUTU B CO6I Pi3HOMaHITHI efleMeHTU: 3MiHHI, KOHCTaHTK, (yHKLIT I
iHLWI Knacu. TUNoBKMiA onuc Knacy B Python mae Takmi BUrnag;:

class im'a_knacy:
efnleMeHT_knacy_1

eNneMeHT_Knacy n

OrosioLeHHs K1acy CX0Xe Ha BUKOPWUCTaHHS K/IH04OBOr0 C/oBa
def onga dyHKUIT. MOKKM Kac He OrofoLeHo, MOro BUKOPUCTOBYBATM
He MOXKHa. Knac MoXHa orosiowysati B Mexkax (hyHKUiT abo CTpyK-
Typw if, ane Bce-TakM GakaHO OnUCyBaTW Knac nosa CTPyKTypamu
KepyBaHHS, a e NirLe onucatu BCi Knacu Ha camoMy MnoyaTtky npo-
rpamu, OCKiNbKW Lie nosnerwye i YntaHHa. Knac nicns oronoLleHHs
CTBOPOE B NporpaMi HOBY 0651aCTb BMAMMOCTI, TOMY BCe, LU0 OMnK-
CaHO BCEPeAUHI Knacy, BK/KOYaETbCSA B 06/1aCTb BUAMMOCTI Knacy i €
HeAOCTYNMHMM i330BHi. 3a3BMyali Knac CKNafacTbCs B OCHOBHOMY 3
eNeMeHTIB-()YHKLiA (METOAIB), BOHN BM3HAYalOTLCS BCEPEAUHI Kna-
cy cnosom def. MeToau Knacy MatoTb [esiKi 0C06/MBOCTI LLOAO Cnu-
CKY apryMeHTiB (Ui BiAOMOCTI po3rnsgatumyTscs gani).

[o o6'ekTiB Knacis y Python moxHa 3BepTatucs Boma crocoba-
MW NOCUNaHHAM Ha eneMeHT (iM's_Knacy.im's_enemeHTa); uvepes
MPUCBOEHHS 3MiHHI 3HAYEHHS, LLIO NOBEPTAETLCS KOHCTPYKTOPOM,
KNI BUKNMKAETLCA 3a AONOMOrot (hyHKLiOHaNbHOMO 3anucy (3MiH-
Ha = iMm'a_knacy()), Hanpuknag:
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class MyClass:
"MpocTnii knac"
i =12345
def f(self):
return 'TpumsiT, cBiTe!"

x = MyClass()

Take OrofoLLeHHs MPUCBOKOE 3MIHHIN X 06'eKT Knacy MyClass,
Micns HbOro [0 BCiX €NeMEHTIB LibOro Knacy MOXKHa 3BepTaTucs Ye-
pe3 Lo 3MiHHY. [Npryomy 061acTb BUAMMOCTI faHoro ob'ekTa 36ira-
€TbCA 3 06M1aCTIO BUAMMOCTI 3MIiHHOI X. Cnif 3BepHYyTW yBary Ha
ocobnusuii napameTp self, Wwo nepegaeTbes knacy. Lieid napameTtp €
060B'A3KOBMM [/1 METOLIB TOMY, IO MICTUTb NMOCWNAHHA Ha KJac,
AKOMY HaNeXWTb Lieii METOZ, | TaKMM YMHOM [03BO/ISIE 3 HbOTO 3BEp-
TaTUCA 0 iHLMX YNeHiB Knacy.

3a 3amMOBYYyBaHHsM CTBOPHOETHCSA NOPOXKHIl 06'EKT, ane YacTo Ta-
KUA anropuTm MOBeAiHKN BUSBNSETLCSA HEMPaBUbHUM Ta He3pyu-
HUM. Togi gonomorti moxe metod _ init_ () knacy. MogibHO hyH-
Kuii __init__ () moayns, BOHa BUKNNKAETLCA MPWU CTBOPEHHI 06'eKTa
Knacy " BUKOHYE iHiLjianizauito nonis (3MiHHMX) Knacy Lboro 06'ek-
Ta. MpuKnag BUKOPUCTaHHA PYHKLT:

__init__():
def __init__(self):
self.data = []

®yHKuia __init_ () MOXe HabyBaTu CKi/IbKW 3aBrOAHO Mapamert-
piB. TOAI NpU CTBOPEHHI eK3emniapa Knacy HeobxifHO BKasatu BCi
napameTpu KpiMm, 3BUYaiiHo, self:

>>> class Complex:
def __init__(self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>>y = Complex(3.0, -4.5)
>>> .1, Y.i
(3.0,-4.5)
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4.1.3. locTyn A0 eNeMeHTIB K/aciB
yepes NocunaHHA

3BepTaTnca Yepe3 NocuiaHHA MOXHa A0 6y b-AKUX YNeHiB Kiacy
nicns Toro, K 06'eKT Knacy 6yB CTBOpPeHWiA. MOXHa 3MiHIOBaTK Mo-
NSt KNacy, MOXHa 4ynTaTu 3 Nonie AaHi, o Tam 36epiratotbcst. OgHak
3anuc nons no3sa Mexamu Knacy € noraHuM CTIem NporpamMyBaHHs,
TOMY L0 MOPYLUYE MPUHLMN NPUXOBYBaHHA iH(opMaLii (iHKarncy-
NALiK), TOAi SIK YnTaTh Nons abCcontoTHO 6e3neyHo.

X.counter =1

while X.counter < 10:
X.counter = X.counter * 2
print X.counter

del X.counter

MoXHa TakoX uuTaTM MeTOAM Kfacy Ta MpUCBOHOBATKM X 3MiH-
HWUM y nporpami, o6 noTiM BUKNUKATK. MPUCBOIOKOYM 3MiHHIIA Mo-
CWUNaHHA Ha METOZ KNacy, K Hanpuknag:

xf = x.f
while 1:
print xf()

CMOCTepPiraeMo Take: CTBOPHOETLCHA 3MiHHA, AIKA BKa3ye Ha 00/1acTb
nam'aTi, ge posTalloBaHa MepLua BMKOHYBaHa IHCTPYKLUiA (yHKLUIT.
Ane ue micuge B Mam'ATi IeXXUTb YCepeauHi knacy, To6To npu BUK/U-
Ky Takoi (DyHKUii BifbyBaTMeTbCAd Te came, L0 W Mpu BUKIUKY
MyClass.f().

4.1.4. CnagKyBaHHSA

Knac moxe BkntoyaTu B cebe BCi eneMeHTN 6aTbKiBCbKOro Kacy
(abo knacis) Ta BUKOPUCTOBYBATM TX SIK CBOT B/IACHI.

OAVHO4YHe crnagKyBaHHSA. FAKWO B yCNaaKoBaHOMY Knaci nepe-
BM3HAYalOTbCA AesiKi METOAM 6aTbKIBCbKOrO Knacy, TO BUK/IMKATHCA
OyayTb MeTOAN, SIKi NepeBU3HaYeHi B LIbOMY Knaci, a He 6aTbKiBCbKi.

CuHTaKcmC onucy Knacy, Lo YCnaaKoBYeE Bif OAHOr0 Knacy:

class im'a_ycnagkoBaHoro_knacy(im'a_6aTbKiBCbKOro_KJacy):
efnleMeHT_Knacy 1
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efleMeHT_Knacy_n

Mpwn UuboMy 6aTbKIBCbKUIA Knac MoXe nepebyBaTu B iHLWIlM 06/1a-
CTi BUAMMOCTI, HanpuKnag, B iHWOMY Mogyni. Togi iM'a 6aTbKiBCb-
KOro Kfacy BifJOKPEMIOETLCA Bifj iIMEHI MOAY NS KPanKoo:

class im'a_ycnagkoBaHoro_Knacy(im's_mogyns.im'a_6aTbKiB-
CbKOro_KJacy): efieMeHT_knacy 1

eNleMeHT_KJ/iacy _n

Mpu 3BepTaHHI A0 €NeMeHTIB Ta MeTofiB 6aTbKiBCbKOro Knacy
BMKOPWCTOBYETLCS CUHTAKCUC:

iM'A_6aTbKiBCbKOro_knacy.im'a_nons abo im'a_6aTbKiBCb-
KOro_KJsacy.iMm'sa_meTtogy(aprymeHTn).

MHOXVHHe cnafKyBaHHA. YacTo BUHMKAE HeOOXiAHICTb 3Bep-
TaTUCA [0 eNeMeHTIB 6araTboX Knacis ofpasy, Tofi MOXHa CKOpuC-
TaTUCA MEeXaHi3MOM MHOXMWHHOIO CnafKyBaHHA. I3 nornsgy npo-
rpaMmu, >XOAHOI PIi3HMUI MDK OAWUHOYHMM Ta  MHOXWUHHUM
CrafikyBaHHAM HeMae. TO6TO OAMHOYHE CNafKyBaHHS — Lie OKpeMUi
BMNaJ0K MHOXMWHHOIO CnafkyBaHHs. LLL06 3BepHYTUCA O eNleMeH-
TiB 6a30BMX (6ATbKIBCbKMX) K/aCiB, BUKOPUCTOBYETLCA CUHTAKCUC,
NoAibHWIA [0 OAMHOYHOrO CnafKyBaHHS. CUMHTAKCWUC OrO/OLLEHHSA
Knacy, Lo YCnajiKoBYE Bif 6aratbox 6aTbKiBCbKNX:

class
iM'a_ycnagkoBaHoro_knacy(im'sa_6aTbKiBCbKOro_Knacyl,

iM'A_6aTbKiBCbKOro_KJacy?2,
iM'A_6aTbKiBCbKOro_knacyN):

enemMeHT_knacy_1

eneMeHT_Knacy n

Mpy LbOMy 6aTbKIBCHKI Kacy MOXyTb rnepebysatu B pisHUX 06-
nactax BugumocTi. Togi HeobXifgHO BKasaTW 06MacTb BUAMMOCTI
KOXHOro Knacy (aws. n. 4.1.1).
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4.1.5. 3akpuTi (UaCTKOBO) aTpmnbyTHn

Y Python noku Wwo HagaeTbCs Ay)Ke 06MexXeHa NiATPMMKa 3aKpu-
TuX (private) eneMeHTiB Knacy, T06TO eleMeHTIB, AOCTYMNHUX NuLle
uieHaM LbOro K/iacy.

AKLLO BU OrofiolyeTe 0y Ab-AKWiA eNleMeHT, MOYMHAKOUK 0o iM's
3 NOABIMHOrO NiAKPeCNeHHs, TO BiH aBTOMAaTUYHO CTae 3aKpUTUM,
cnpoba 3BepHYTMCA A0 HbOrO No3a KacoM BUK/IMYE CUHTAKCUYHY
MOMWIIKY, TOAI SiK 3BepTaHHs yepes self npaytoBatume:

>>> class Test2:

__foo=0
def set_foo(self, n):
ifn>1:
self. _foo=n

print self._ foo

>>> x = Test2()

>>> x.set_foo(5)

5

>>>x._ foo

Traceback (most recent call last):

File "<interactive input>", line 1, in ?
AttributeError: Test2 instance has no attribute ' foo

Kpim Ub0Oro 3akputoto € TakoX 3miHHa __ dict _, wo € B Oyfb-
SAKOMY MOAyni.

4.1.6. lNpuknag BUKOPUCTaHHA Kacy

YUacTo noTpibHO MaTu [esiKy CTPYKTYpY, WO MIiCTUTb Y COobi nons
Pi3HMX TMNiB, NpPMYOMY AoAaBaTW MoNs NOTPIGHO AMHAMIYHO, nif
yac BMKOHaHHS nporpamu. Togi MOXXHa BUKOPUCTOBYBATU KnacK, Ki
He MICTATb XXOLHUX e/IeMeHTIB, a NOTiM JOBINbLHO fofaBaTh Oy ab-AKi
nosis fO eK3emniapa Knacy:

class Employee:
pass

john = Employee() # CTBOpeHHSI NOPOXKHbLOT CTPYKTYpPU
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# CTBOPIOEMO 11 3aMOBHIOEMO MONS CTPYKTYpU
john.name = "IBaH IBaHOBNY'

john.dept = 'MporpamicT’

john.salary = 100000

4.2. CUHTaKcuUC Ta ceMaHTUKa
KOHCTPYKLii MOBU

4.2.1. Bupasun, atomm
1 onepaTopu (onepauii)

MoHATTA BMpaly, WOro enemeHTiB (aTomiB) Ta orepaTopis
(onepauiii) € crilbHUMK ANa Pi3HMX MOB NporpaMmyBaHHs. MpoTe ic-
Hye Habip xapakTepHux came ans Python onepauiii (tabnuui 4.1-4.3).

Ta6bnuua 4.1
OnepaTopu ANs BCiX TUMIB MNOCNiA0BHOCTeN (CMMCKK, KOPTEXi, PAAKM)
Onepatop Onwuc
len(s) MoBepTaE JOBXMUHY S

min(s),max(s)

HaiiMeHLUWiA i HakbiNbLIWIA eNeMeHTU S BiANOBIAHO

IcTnHa (1), AKLO S MICTUTb Y COBI eNeMEHT, PiBHWUI X,

xins : ;
iHaKLwe — xnbHicTb(0)
xnotins XWBHICTb, SIKLLO S BKHOYAE X, iHaKLIe — iCTUHA
s+t 3nuTrasTat
- - N KOMiiA s, WO 311Ti pa3om (Hanpuknag, ™' * 5 —ue
s*¥n,Nn~ s ke edKT
pALOK )
s[i] i-/i eneMeHT s, Ae i paxyeTbesi 3 0
YacTuHa enemMeHTiB S, NoYMHatouM 3 i [0 j —1 BK/OY-
s[i:j] Ho. A6O i, abo j, a0 061aBa NapaMeTpn MOXHa oryc-
T1TK (i 33 3aMOBYYBaHHAM A0pPIBHIOE 0, | — OBXUHI S)
Tabnuusna 4.2
Onepatopu ansa cnuckis (list)
Onepartop Onuc
s[li] =x i-1 eNIEMEHT S 3aMiHIOETbCA Ha X
oizj] =t YacTuHa enemeHTIB S Bif i [0 j —1 3aMiHIoeTbes Ha t (t

MOXXE BYTM TaKOX CMINCKOM)
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3aKiHUeHHs Taon. 4.2

Onepatop Onwuc
del g[i:j] Bupansie yactuHy s (Tak camo aK i s[izj] =[]
s.append(x) Jlofiae eneMeHT X B KiHeLb S
s.count(x) MoBepTace KiNbKICTb eNEMEHTIB S, PIBHUX X
s.index(x) MoBepTae HaMMeHLUWIA i, TakWiA, Lo s[i]==

YacTuHa s, MoYMHaruH 3 i-ro efieMeHTa, 3COBYeTbCA
npaBopyy, i s[i] NpUcBoETLCA X

Te came, wo i del s[s.index(x)] — Buganse nepLunii
€/IEMEHT S, PiBHUIA X

s.insert(i,x)

s.remove(x)

s.reverse() 3anuvcye psAoK y 3B0pOTHOMY MOPSAKY
s.sort() CopTye cnNrcoK 3a 3pocTaHHsAM
Ta6bnuyna 4.3
OnepaTopu ans cnoBHUKIB (dictionary)

Onepatop Onwuc
len(a) KinbKicTb e/1eMeHTIB a
E EnemeHT i3 kntoyem k
a[k] =x [MpUCBOIOE ENEMEHTY 3 K/OYEM K 3HAYEHHS X
del a[K] Bupansie a[k] 3i cnoBHUKa
a.items() Cnucok KopTexis nap (KN, 3Ha4eHHs)
a.keys() Cnuncok KntuiB a
a.values() CnncoK 3Ha4eHb a
a.has_key(k) MoBepTace 1, AKLIO a Mae KoM K, iHakLue nosepTae 0

Mpuknag 1

Limkn nepernsgy eneMeHTiB CIOBHUKA (i3 MOAYNs 0S)

BapiaHT 1

>>> import 0s
>>> for k, v in os.environ.items(): # BUKOPUCTOBYHOTLCA ABa NapaMeTpy LIKIY:

... print "%s=%s" % (k, v) # NS KAYa Ta 3HaYeHHs
USERPROFILE=C:\Documents and Settings\mpilgrim
OS=Windows_NT
COMPUTERNAME=MPILGRIM
USERNAME=mpilgrim

BapiaHT 2
>>> print "\n"".join([""%s=%s"" % (k, v) for k, v in os.environ.items()])
USERPROFILE=C:\Documents and Settings\mpilgrim
OS=Windows_NT
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COMPUTERNAME=MPILGRIM
USERNAME=mpilgrim

4.2.2. MNMpocTi iIHCTPYKUIT

MpocTi IHCTPYKLiT He MICTATb iHWMX IHCTPYKUiA. [0 npocTmx
IHCTPYKLiA MOXHa BifIHECTW BMpasW, IHCTPYKLIHO MPUCBOHOBAHHS,
MOPOXHIO IHCTPYKLLiKO, KOMaHAM iMNOPTY MOAYNIB.

Bupasn — ue iHCTpyKuii. Hanpuknag;

>>> 2**2: "abc'+'bedef’
4
‘abcbcedef!

IHCTPYKLif MPUCBOIOBAHHA Ma€ BUrNAA;: 3MiHHa = BMPa3.

Y MOBI TaK0OXX BVUKOPUCTOBYETLCA MOPOXHSA IHCTPYKLif: pass.

Y Python Hemae komMaHAM nepexofy, ane € 6arato crnewjiasibHUX
IHCTPYKUiiA, WO aKTUYHO 3aMiHAIOTD 1T B PI3HUX CUTYaLisX:

A break — nepeprBae BUKOHaHHS BKNAAEHOro LMKy,

A continue — BUKOHYE nepexif Ha HacTyMHy iTepaLlito BKNajeHo-
ro LuKny;

A return [Bupa3s] — nepepuBae BUKOHaHHA (YHKLT, NOBepTaoum
3HaYeHHs BMpasy;

A global cnvcok_iMeH — yKasye Ha Te, L0 iMeHa B MOTOYHOMY
6noui NocMNatTbCs Ha rNo6anbHi 3MiHHI.

4.2.3. IHWi enemMeHTN MOBMU
Ta BOyaoBaHi PYHKLLIT

Y 1abn. 4.4 HaBeieHO A0AATKOBI €N1EMEHTM Ta (YHKLIT MOBMW.

Ta6bnuuna 4.4
IHWIi enemeHTV MOBU Ta BOYZ0BaHI DYHKLT

DyHKLIS Oonuc
= [NpucBotoBaHHA
BWBOAMTb 3HaUeHHs <C1>, <C2> Y CTaHAapTHUIA
MOTiK BMBEAEHHA. CTaBWTb NPOGiN MiXK apryme-
HTamK. FKLLO KOMM B KiHLi Nepeniky aprymeHTiB
HeMag, TO NepeXoanTb Ha HOBUIA PAAOK

print [< c1 >[,<c2>*[]]
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MpofoB>KeHHs Tabs. 4.4

PYHKLIA

Oonuc

Abs(x)

MoBepTae abCOMOTHE 3HAYEHHS X

apply(f, <aprymeHTn>)

Buknukae gyHkuito (abo meton)
f i3 <aprymeHTamm>

MoBepTae 1-CUMBOMLHNI PALOK

Chr() 3 ASCII-KogioM i
cmp(x, y) MoBepTae B!,u,‘ew-!e, Hy/b a0 JoaaTHe 3HaueH-
’ Hsl, SKLLLO, BIAINOBIHO, X <, ==, 200 > HiX Y

MosepTae KopTex (a/b, a%b), ae a/b — ue a

divmod(a, b) div b (uina yactTuHa pesynbTaTy AiNeHHs),
a%Dh — ue a mod b (ocTava)
MoBepTae 06'eKT, BU3HAUEHWIA Y S SIK PALOK

eval(s) (string). s MOXe MiCTUTK BYb-AKY CTPYKTY-
Py MOBW. S TaKOX MOXe BYyTV KOA0BUM 06'€K-
TOM, Hanpuknag: X = 1; incr_x= eval(*'x+1'")

float (x) MoBepTae AilicHe 3Ha4YEHHS, L0 PiBHE YKCAY X

Hex(x) MoBepTae pALOK, Lo MiCTUTDL LWiCTHALLUATKO-
BE MOJaHHsA ymcna X

input(<psgok>) EEMHB:;qu:szzHAOK>’ 3UMTyE i1 NOBepTaE 3Ha-

4apTHOr0 NOTOKY BBEAEHHS

Int(x) MoBepTaE Liine 3Ha4eHHs Yncna X

Len(s) Oﬂgesifgae LOBXUHY (KiNbKICTb eN1eMeHTIB)

long(x) MoBepTae 3HA4YEHHSA AOBIOro LifIoro ymena x

max(s), min (s)

MoBepTaloTh HalBINbLLNIA Ta HAMIMEHLLWIA 3
€1EMEHTIB MOCAIAOBHOCTI S (TOBTO S — PSLOK,
CMMCOK ab0 KopTex)

Oct(x)

MoBepTac PSAOK, LU0 MICTUTb MOAAHHS YKCia X

open(<im's hanna>,
<pexXnM>="r")

MoBepTae hainoBuin 06'EKT, BIAKPUTUIA ANs Y-
TaHHsl. <pe>KuUM=> = 'w' — BigKpUTTA 414 3anmcy

MosepTtae ASCII-kog cumsony

ord(c)

(psafKmM 3aBAOBXKM 1 cumBOn) €
pow(X, y) [MoBepTae 3HAYEHHA X Y CTENeHi y

[NoBepTae CNUCOK LinnMx yn iNbLLMX
range(<nouaToK>, 0BepTaE CNUCOK LN cen, 6in abo

<KiHeLpb>, <KpOK>)

PIBHMX <NOYATOK> Ta MEHLUMX HiX <KiHeLb>,
3reHepoBaHuX i3 yKa3aHUM <KpOKOM>

raw_input([<TekcT>])

BuBOANTb <TeKCT> Y CTaHAapTHUIA NOTIK
BMBEAEHHSA Ta 3UMTYE PSAAOK (string) 3i cTaH-
[ApPTHOr0 NOTOKY BBEAEHHS

94



3akiH4eHHa Tabsn. 4.4
PyHKLIA Onuc
MoBepTae fiicHe UMcno X, OKpyrieHe 4o N-ro
po3psay nicns Komu
str(<ob'eKT>) MoBepTae psafKoBe NOAaHHA <06'ekTa>
MosepTae TuN 06'ekTa. Hanpuknag:
if type(x) ==type(*’): print 'ue psgok’
AHaN0rivyHMiA range, ase nnwwe iMiTye cnu-
COK, He CTBOPIOIOUY /0ro. BUKOPUCTOBYETb-
ca B umkni for

round (x, n=0)

type(<06'eKT>)

Xrange(<no4aTok>,
<KiHeupb>, <KpoK>)

4.2.4. CknagHi iHcTpykuii: if, while, for, try

IHCTpyKUiA if:

if <ymoBal>: <iHCTpyKLisil>
[elif <ymoBa2>: <iHCTpyKuUiA2>]*
[else:<iHCTPYKLin3>]

Big iHCTPYKUIiA, L0 MICTATLCA Y KBafpaTHUX GY>KKaX, MOXHa Bi-
amosuTUcA. CUMBON ""*** nicns Jy»XOK 03HaJae, WO BKIajeHa B Ay-
XKW 4aCTMHa MOXKe NMOBTOPHOBATUCA. AKLLO <ymoBal> iCTUHHa, TO
BUKOHYBaTUMETbCA <iHCTPYKUisl>, a rinku elif Ta else npoirHo-
PYHOTbCA. AKLLO X <yMOBa2> iCTUHHA, TO BUKOHYETLCA <iHCTPYK-
Lisi2>, arinka else irHopyetbcs. AKLLO XKOAHA 3 YMOB He € ICTUH-
HOI0, TO BUKOHYETbLCS <iHCTPYKLiA3>.

Lnkn while
while <ymoBa>:
<iHCTpYyKLUisal>
[else: <iHCTpyKUin2>]

<iHCTPYKLisi1> BMKOHYBaTUMETbLCA BECL YaC AOTW, MOKN <yMO-
Ba> ICTWHHA. Y pa3i HOPMa/IbHOr0 3aBEepLLEHHS LUKAY, TOOTO, AKLLO
He 6yno BUKoOpUCTaHO break, To 6yae BUKOHAHO <iHCTPYKLit02>.

Linkn for
for <amiHHa> in <cnucok>:
<iHCTpyKUisal>
[else: <iHCTpyKuiA2>]
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<3MiHHa> npobirae BCi efleMeHTN <CMUCKY> i 41 KOXHOro no-
TOYHOTO 3Ha4YeHHS <3MIHHOI> BUKOHYETLCA <IHCTPYKLUIA1>. Y pasi
HOPMa/IbHOT O 3aBepLLEHHS LMKy, TOOTO, AKLLO He 6y/10 BUKOpUCTa-
Ho break, 6yfe BUKOHaHO <iHCTPYKL,it02>.

O6pob6Ka BUHATKOBUX CUTYaLlii BAKOHYETbCA Tak:
try :

<iHCTpyKL,ial>

[except [<BUHATKOBA_cuTyaLia> [,<3aMiHHa>]]:
<IHCTPYKLiN2>]

[else: <iHCTPYKLis3>]

BUKOHYeTbCA  <IHCTPYKUiSA1>, AKWO Mpu LUbOMY BUHUK/A
<BWHATKOBA_CUTYyaLif>, TO BUKOHYETbCA <IHCTPYKLiA2>. AKLLO
<BWHATKOBA_CUTYyaLlifa> Mae 3Ha4yeHHA, TO BOHO MPWUCBOHETHCA
<3MIHHI1>. Y pa3si yCniWHOro 3aBepLUeHHN <iHCTPYKLiT1> BUKOHY-
ETbCA <IHCTPYKLiA3>.

try :

<iHCTpyKLial>

finally :

<IHCTPYKLin2>

BUKOHYETbCA <IHCTPYKUIAL1>. AKWO He BUHWKIO BUHATKOBUX
CUTYaLLil, TO BUKOHYETLCA <IHCTPYKLiA2>. B iHWOMY BUNaAKy BK-
KOHYETbCA <IHCTPYKLiA2> i HeraiHO reHepyeTbCs BUHATKOBA CUTY-
auisl. IHaKwe Kaxyuu, <iHCTPYKLiA2> BUKOHYBATVMETbLCA 3aBXAM,

He3a/1eXXHO Bif, TOro, YM BUHWKMA BUHATKOBA CUTYaList Nif vac BU-
KOHaHHA <IHCTPYKLii1>.

raise <BUHATKOBA_CUTYyaLifa> [<3HauYeHHS>]

IHiLitOE <BMHATKOBY_CUTYyaL,ito> i3 NapamMeTpPOM <3HaAUEHHS>.
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4.3. Bu3HadeHHs (hyHKLi i KnaciB
4.3.1. BusHaueHHs pyHKLIT

def <im'a_gpyHKUiT>([<CcnncoK_napameTpiB>]):<Tino_MyHKLuii>

TyT <TiNo_(PyHKLUii™> — NOC/NILOBHICTb OMEpaTopiB, BUPIBHAHNX
no TekCcTy npaBopy4y Big cnosa '‘def'. <cnmcok _napameTpiB>
Y Hai3arasibHiLLOMY BUINAAi MOXHa NoJaTu Tak:
[<id>[<id>]*][<id>=<v>[ <id>=<v>]*][*<id>][,**<id>]

TyT <id> — igeHTM(ikaTop 3MIHHOI; <v> — fiesike 3HayeHHs. Ma-
pameTpu <id>, 3a AKUMK Mage OyTU "'="", OTPUMYIOTb 3HAUYEHHS <V>
3a 3amMoBYYBaHHAM ([,...]* — [LO3BONAE NMPOJOBXUTM CMUCOK eNeMeH-
TiB Y [AYyXKax). AKLWO CMUCOK 3aKIHYYETbCA PAAKOM “'*<id>",
To id npuceotoeTbCA KopTeX (tuple) 3 ycix wo sanuwmnucs (3ai-
BUX) MNO3WLIAHUX aprymeHTiB, nepefaHuX GyHKUiT. AKWO cnu-
COK_MapameTpiB 3aKiHYYeTbCA PALKOM "' **<id>", T0 hopmasibHOMY
napameTpy id NPUCBOETLCS CMOBHUK 3 YCiX He 3HaliieHnX y cruc-
Ky napaMeTpiB iMEHOBaHUX aprymeHTiB (pasoM 3 iXHiMW 3HayeH-
HAMW), NepeaaHnx PyHKLUIT.

Mpuknag 2
3 ycima pi3HOBMgamMuM napameTpis
def hairy(a, (b, ¢), d=4, *rest, **keywords):
print "\na:", a, ", b:", b, ", ¢c:", c, ", d:", d
print "'rest:", rest
print ""keywords:", keywords
print "1 hairy():", hairy(, (2, 3), 40, 5, 6, x=-3, y=-2, z=-1)
print "2 hairy():"", hairy(1, (2, 3), z=-1)

Pe3ynbTaTu BUKOHaHHS:
1 hairy():
a:l,b:2,c:3,d:40
rest: (5, 6)

keywords: {'y': -2, 'x": -3, 'z": -1}
None

2 hairy():
a:l,b:2,c:3,d:4
rest: ()

keywords: {'z': -1}
None
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4.3.2. OrosoLleHHsA KiaciB

class <im'a_knacy> [(<6aTbKiBCbKMIA_Knacl>[,
<6aTbKiBCbKWUI_Knac2>]*)]:
<Tino_knacy>

TyT <Tifno_Knacy> MOXe MICTUTU MPUCBOKOBAaHHSA 3MiHHUM
(i 3MiHHI cTatoTb aTpubyTamm, TO6TO NONAMM Knacy) Ta BU3HAYeH-
HA (YHKLiN (L0 € MeTodamu).

Mepwmm aprymeHTOM MeTOAY 3aBXAW € eK3eMnasp Knacy, Ans
SKOTO BUKNMKAETLCA Lieli MeTOA. 3a Yrofoto, Leli apryMeHT HasuBa-
eTbes "'self'". CneuianbHuin meTog _ init_ () — KOHCTPYKTOp — BU-
K/IMKAETbCA aBTOMATWUYHO MNPW CTBOPEHHI €K3eMNisipa Knacy.

Mpuknag 3
class cMyClass:
def __init__ (self, val): # KOHCTPYKTOP
self.value = val # none Knacy
def printVal(self): # MeTOf Knacy

print ' value = ', self.value
# KiHeub orosoweHHst cMyClass
obj = cMyClass(3.14)
obj.printVal()
obj.value ="' string now "'
obj.printVal()
PesynbTaTu:
value = 3.14
value = string now

4.3.3. NpocTopw imMeH

MpocTip iMeH — cnoci6 npue'a3atk imeHa (iaeHTudikaTtopn) a0
MeBHUX 06'eKTIB, BOHW BKa3ytoTb 06/1aCTb, fe 36epiracToca 3MiHHa
(ranpvknag, B AKOMY MOAyni). 3a (YHKLUiIOHaNbHICTIO MpocTopu
iMeH eKBiBaJIEHTHI C/IOBHMKAM Ta peanisyroTbCs K CIOBHUKW. Y MO-
Bi Python 3aBXau HasBHI TPy NPOCTOPW iIMEH: NOKaNbHWIA, r1o6anb-
HWIA Ta NpocTip ybyfoBaHMX iMeH. MoLWYyK NOKa/IbHUX IMEH 3aBXau
BUKOHYETLCA CMOYATKY B /IOK&SIbHOMY NPOCTOPI iMeH, rNoba/ibHUX —
croyatky B rnobanbHOMy, a MOTiM Yy NPOCTOpi BOYJOBaHMX iMeH.
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€ iM'a noKasbHMM abo rnobasbHUM BU3HAYAETLCA MNif Yac KOMMins-
Lii: 3a BigcyTHOCTI iHCTpYKUii global. Im's, 1o aoaaeTbea ae-Hebyab
y 6noui Koy, € NoKaibHM Y BCbOMY 6/10Ui; YCi iHLWI iMeHa BBaxa-
HOTbCA rnodansHUMK. IHCTPYKLis global fo3BoNse 3MycuUTH iHTEpN-
peTaTop BBaXXaTW BKa3aHi iMeHa rnobasbHuMu.

IMeHa MOXKHa foaaBaTi (Ti/IbKW B JIOK&/IbHWIA NPOCTIp iMeH) Ta-
KrMK cnocobamu:

A nepegaBaHHAM (DOPMaILHUX apryMeHTIB (YHKLT;

A BUKOpPUCTaHHAM IHCTPYKLIT import;

A BM3HaueHHAM Knacy abo (yHKLii (40AaE B NOKabHWIA NPOCTIp
iMeH im'a knacy abo gyHKuUiT);

A BUKOpUCTaHHAM OMepPaTopa NPU3HAYEHHS;

A ykasyrouu iM'a B Apyriii MO3uLT NIC/ist KNKOYOBOTO C/I0Ba exXcept.

AKWO rnobasibHe iM'A He 3HaRgeHO B rnob6asbHOMY MPOCTOPI
iMEeH, M0ro Nowyk BUKOHYETLCA B NMPOCTOPI BOYAOBaHMX iMeH, LU0,
Hacnpasgi, € NpocTopoM iMeH mogyns _ builtin__. Lleii mogynb
(ab0 CNOBHMK BM3HAYEHUX Y HbOMY iMeH) AOCTYMHWIA Nig rnobanb-
HUM iMeHeM __ builtins__. fAKwo X iM'a He 3HailgeHO B nNpocTopi
BOYJ0BaHMX IMeH, reHepyeTbCs BUHATKOBaA cuTyaLis NameError.

YoyposaHi (yHkuii globals() Ta locals() noBepTatoTb CMOBHUK,
L0 MICTUTb rN106a/IbHWI Ta NIOKaIbHWIA NPOCTOPY IMEH BifNOBIAHO.

4.3.4. Tunun Ta Knacu B Python

Y Python 2.6 € aBa Buan Knacis — ""ctapi” class, noBefiHKa fKuX
3anMwInIack He3MiHHOLO, i "HOBI", BNACTMBOCTI SKMX MW 3apa3 po3r-
naHemo. "HoBi" Knacu — Le Ti, KOpeHeM iepapXii AKMX CNYXWTb Cre-
LianbHWiA TN object. "CTapi" Knacu — Ti, SKi He 6a3yoTbes (MPSMO
ab0 HenpsMOo) Ha LibOMY TuWNI.

HacnigysaHHsa KnaciB Bif yoyfoBaHUX TUMIB. Y KOpPeHi iepap-
Xil BCiX ybygoBaHux Tunie Python, TMNiB po3LIMPeHHs Ta "HoBUX"
Knacis fleXXuTb Tvn object:

>>> type(2)._ _bases  # aTtpunbyT 3 imeHem 6a30BOro Knacy

(<type 'object'>))

>>> type("""").__bases__

(<type 'object'>))
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Takum YMHOM, Temnep MOXHa CrafgKyBaTu Knacu Bif yoynoBaHUX
TUMIB Ta TUMIB PO3LLUMPEHHS (Hagani BCi TUNW, AKi “HanucaHo Ha C"
— 9K yby[oBaHi B iHTepnpeTaTop, TakK i TUNN PO3LUNPEHHS, Ha3nBa-
TMeMo BOYAO0BaHUMU TNamu). Mpu LboMy 6yab-AKWiA Knac, npsMo
abo HenpsMo ycnaakoBaHWIA Bif OyAb-SKOro BOYAOBaHOro TuNy —
"HoBwMIA" Knac.

Mpuknag 4
# O6'EKT CNNCKY 3 KOHTPOJIEM TUMY €/1EMEHTIB,
# ycrnagkoBaHuia Big Tuny list
#Y "knacmuHomy'' Python gns uporo fgosenocs 6 BUKOPUCTOBYBATU
# KNac-06ropTKy, TaKy SK, Hanpuknag, UserList
from types import ClassType
class StrictlyTypedList(list):
""""CrnCoK, WO KOHTPONIOE TUM CBOIX eNIEMEHTIB
def __init__(self, value_type):
if not isinstance(value_type, (type, ClassType)):
raise TypeError, ‘HenpaBu/IbHUI TN NapameTpa
KOHCTpyKTOpa \
StrictlyTypedList: %s' % type(value_type)
self.value_type = value_type
list._init__ (self) # BUKNMK KOHCTPYKTOpPa 6a30BOro Kacy
def insert(self, index, object):
list.insert(self, index, self.__checktype(object))
def append(self, object):
list.append(self, self.__checktype(object))
def __iadd__(self, other_list):
# 3BepHITb yBary, Wo qyHKuisg __iadd_ npuiAimae cnmcok
# 00'eKTIB 4719 foAaBaHHS, TOMY MU MOBMHHI NMEPeBIpUTY BCi NOro
eneMeHTH
list._iadd__(self, map(self.__checktype, other _list))
extend = __iadd__
def _ checktype(self, object):
if not isinstance(object, self.value_type):
raise TypeError, '%s’ % type(object)
return object

KoHcTpykTop Knacy StrictlyTypedList npuilMae Tvn enemeHTa
CMNCKyY. 3BEPHITb YBary Ha Te, L0 NepeBaHTaXeHi MeToAM ycnaaKoBa-
HOrO Kfacy BUK/MKatOTb MeToan 6a3oBoro (yoyaoBaHOro) Tuny, cepeq,
Akmx € __iadd__ (cneuianbHWin MeTof, WO peanidye onepatop +=). Lie
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[EeMOHCTpPYe Take: y Python 2.6 y6yaosaHi Tunu oTpyMany iMeHoBaHi
criewianbHi MeToau, AKi paHille Morny 6yTu TifIbKW B Kiacax.
MoavBuMOCA Ha po6OTY HALLIOro Knacy:

>>> type(StrictlyTypedList)

<type 'type’>

Tvnom ""HoBUX' KnaciB € 'type’, Ha BiAMiHYy Big ‘‘cTapux’,
AN AKKuX — ‘class’.

>>> |st = StrictlyTypedList(str)

>>> |st.append(‘Hello")

>>> Ist += (*,", ‘world!")

>>> print Ist

['Hello', *,", ‘world!']

>>> |st.append(1000)

Traceback (most recent call last):

File "<stdin>", line 1, in ?

File "'f:/TEMP/python-960_ic", line 17, in append

File "'f:/TEMP/python-960_ic", line 28, in __checktype

TypeError: <type 'int'>

YcnagkoBaHi Bif yoyfoBaHMX TUMIB KNacu MOXYTb 3aCTOCOBYBa-
TUCA MaliXe CKpi3b, e BUKOPUCTOBYHOTLCA IXHI 6a30Bi TMMK, Hanpu-
Knag, SiK napameTpun BOyA0BaHWX (YHKLNA.

KOHTpO/IbHI 3anuntaHHsA

1. OxapakTepu3yiiTe npasuna, 3a KUMKW BU3HaYalOTbCA 06MacTi BUAU-
MOCTi imeH y Python.

2. SKi KoHuenuii OO nigTpumye 06'ekTHa Mogens Python?

3. Aki 06mexxeHHs € B mogeni OOI, peanizosaHili y Python?

4. OnNuWiTb MexaHi3MuK cnagKyBaHHA, peani3oBaHi B MoBi Python.

5. HasgiTb Ta onNuLWiTL ONepaTopy, WO 3aCTOCOBYHOTLCS [10 BCiX 06'EKTIB
Moc/iI0BHOCTENA.

6. OKpemo nepepaxyiiTe Ta ONWLWITb OMNEpPaTopu, WO 3aCTOCOBYHOTLCS
Ti/fIbKW [10 CNWCKIB, KOPTEXIB Ta C/IOBHYUKIB.

7. MepepaxyiTe Ta onNuLWiTb yOygoBaHi yHKUIT MoK Python.

8. AKi IHCTPYKUIT Ansa opraHisauii LUMKNiB HasBHI B Python?

9. Y sikomy pasi BUKOHYETbCS Tifka else ana uukny while?

10. MosicHITb NepeBary BUKOPUCTaHHS MeXaHi3My MPOCTOpIB iMEH.
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KOHTpO/bHI 3aBAaHHS

1. Ans doyHkuii NameNumPrint, wo npuiimae uine ymcno (0, 1 abo 2),
HanuMLWIiTb Ta BUKOPMCTaliTE B Hill BUHATKOBY CUTYaLlilo, fika reHepyeTbCs,
AKLLO PYHKLUIT NepejaHo HenpaBW/bHI apryMeHTK:

def NameNumPrint(num):
if num ==0:
print "Hynp'
elif num == 1:
print 'OguH’
elif num == 2:
print ‘ga’

3pasoK TecTy:
>>> NameNumPrint(3)
Traceback (most recent call last):
File ""<stdin>"", line 26, in ?
File ""<stdin>", line 24, in _test
File "<stdin>", line 15, in NameNumPrint
__main__.NameNumeError: HenpaBubHUI aprymeHT

HenpaBW/IbHWIA apryMeHT — Lie MOBIJOMIEHHS MOBUHHA BUBOAUTY BUHSAT-
KOBa CUTYaLLif, fiKa reHepyeTbCa MoAuikoBaHo (yHKLieto NameNumPrint.

2. HanuwiTtb TecT, Wwo obpobnse BUHATKOBY CUTYyauito Mpy 3BepTaHHi
[0 (yHKLUIT 3 monepesHbOro NyHKTY.

3. BusHaue MOX/MBI BUHATKOBI cuTyauil nmpyu poboTi 3 63300 AaHuXx,
AKi € cneyniyHi 4ns neBHOI 6a3u gaHuXx.

Hanpuviknag: reHepavis BUHATKOBOT cuTyauii npu cnpo6i 3anucatu B 6a-
3y HEKOpPeKTHe iM's abo aaTy (OCKifbKW iIHTePNpeTaTop He 3Hae, WO Lie no-
MWNKa, y 6a3y 6ye BHECEHO HenpaBu/bHI AaHi).

4. TpoaHanisyiiTe TeKCT NporpamMn nonepegHLOro NpUKIady. 3Haingito
onvicy GyHKLi eval, map, issubclass. MogueiTbca AepeBo iepapxii knacis
BUHATKOBMX CUTYaLiil y cepeaosumiyi Python Ta nopisHaiiTe 3 BUBEAEHHSAM
nporpamy 3 NpuKIagy.

5. HanuwiTte PB (perynapHi Bupasu), WO 3HaxXoAATb Tern html y nes-
Homy haiini Ta ApyKyrTb iX (MOTPIGHO aHani3yBaTy MepLUi CnoBa pPAaaKis
BUXiJHOr0O TEKCTY Be6G-CTOPIHKK; Tern html nounHaroTLCa CMBOIOM '<™).

CTBOpITb Ta BUKOPUCTaTe Knacu BUHSTKOBUX CUTYyaUiid, Wwo 06pobns-
I0Tb BUHATKOBI CMTyaLil, MOB'A3aHi 3 BIgKpUTTAM (haiinis, BigCYTHICTO Te-
riB Ta HasABHICTHO NMOPOXKHIX TEriB.

6. HanuwiTs PB, wo 3Haxoaatb Tern dtml y neBHomy dhaiini, Ta Hagpy-
KyliTe iX (aHanisyiTe nepLui cnoBa psAKiB BUXIAHOro TekcTy (haiina dtml;
Terun dtml nounHaroTbes cumBonamu “<dtml-"). CTBOpiTb Ta BUKOpPUCTaliTe
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K/lacu BUHATKOBUX CUTYyaLiid, NOB'A3aHi 3 BIAKPUTTAM (haiinis, BiACYTHICTO
TeriB Ta HafABHICTIO MOPOXHIX TeriB.

7. HanuwiTb PB, o 3HaxoadTs Tern html Ta Tern dtml y ¢aiini dtml ta
HafpykyiTe iX (Terv). YcnagkyiiTe HOBWIA Knac Bif BUHSTKOBUX CUTYaLlii,
BM3HAYEHMX Y NOMepesHiX NyHKTax.

8. onnLuiTb NonepesHii CKPMAT Tak, W06 BiH BUBOAMB TUM 3HalAAEHOT O Tery.

Hanpwuknag: html, body, title, a, br, dtml-var.

9. 3MiHiTb Nporpamy i3 BNpasu 4 Tak, Wo6 BOHA BUAANANA BCIO PO3MIT-
Ky html Ta dtml i3 chaiina.

10. MpoTecTyiiTe ckpMAT 3 onMcom knacy Student.

11. [opainte HacTynHi atpubyT go knacy Student (phone number,
email address, degree ToLLO).

12. Cknagitb CNVCOK CTyfeHTIB. [103B0MbTEe KOPUCTYBaueBi [ojasaTtu
CTYZAEHTIB Y CNMCOK. 3anuTyiiTe iM'S CTyAeHTa i1 BUBOAbTE Oro/ii faHi.

13. T10 KOXXHOMY HaBYa/IbHOMY KYPCY BKaXiTb HABaHTAKEHHS Y rofu-
Hax. CTBopiTb mMeToA creditHours, WO 064YNCIOE 3ara/ibHe HaBaHTXKEHHS
CTyZeHTa B cemecTpi. [M0BiAOMTE NPO NepeBULLEHHS HABAHTAKEHHS, AKLLO
BOHO 6inbLue Big limitHours.

14. CtBopiTb Kniac Employee, o mictuth iHpopMaLito: hame, age (BiK),
position (nocaga), pay (3apobiTHa nnaTa). Peanisyinte Ta NpoTecTyiTe
KOPWUCHI METOAu Knacy.

15. Po3giniTe NnonepeaHto Brpasy Ha Koj ronoBHOT NporpaMu i Moay /b,
A€ BU3Ha4aeTbCs Knac Student.py, Ta iMnopTyiTe Mogynb Yy haiin ronosBHol
nporpamu.

16. Ha ocHOBI onepauiil 3i CIMCKOM HanuLWiTh Kacw, LU0 peanisytoTb CTek
Ta yepry, pesynbTaTi 0hopMiTb SIK MOAY/b. HanMLLIiTh AOKYMEHTaLil0 A0 Kna-
CiB, LU0 peasi3oBaHi B Mogyni, i 4o camoro Mogyns. MpoTecTyiite MOAy/b.

17. HanarogxysadeM Python nOKpoKOBO BMKOHaliTe TECTOBWUIA CKpUNT
i3 3aBaHHA 2. 3HaW4ITb Ta NPOLEMOHCTPYIiTe BUK/IafaYeBi iMeHa Ta PAaKm
AOKYMeHTaUiT BallmX (OyHKLiA Ha naHeni imeH.

18. BUKOPUCTOBYHOUM CUHTAKCUYHY KOHCTPYKLitO:

if _name_ =="_ main__": test()

BK/THOYiTb BUKWK TECTY B TifI0O MOAYNA Y BUrNAAi (OyHKUT _test().

19. BukopuctaHHsa Python ans ctBopeHHsi html-cTopiHOK. OCHOBHe 3a-
BLAHHA NonArae B TOMY, W06 3reHepyBaTu TpW Pi3Hi KHWXKOBI iH4EKCK
(Moxke 6yTn Gyab-fika iHLIA TemMa Anis cucTemaTtusauii: 3ByKo/Bigeosanuc,
Katanoru, cknagu ToLo), YNopsAKoBaHi 3a aBTopaMu, 3a 3arofoBkaMu Ta
YXaHpamu, y3aTumu i3 BXigHOTO haiina. Lleit TekcToBuiA (haiin onmcye KHUIm
B Takomy chopmari:

title: Zero Three Bravo
author: Gosnell, Mariana
subject: General Aviation
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url: 3zb.htm
# Lle komeHTap. MopoxXHi pAAKM irHOPYHOTLCA | T. 4. AN iHLWKX KHAT

KOXHWIA psaoK MOYMHAETLCA KOUoBMM “‘cnoBom:" (Hanpuknag, “title:"
a6o "author:™) Ta CynpoBOMKYETLCS Or0 3HAUEHHAM, LLIO BUBOAUTUMETLCA Ha
KiHLeBil html-cTopiHui. ONMC KOXHOT KHUMM NOBMHEH MicTUTK " title:" psgokK.
Y KOXHOMy onuvci KHUrv mae 6yTv npuHaliMHi oguH Ter “author:", " subject:"
— TeMa, ane He 060B'A3K0BO "url:" — agpeca peLeHsii Ha KHUTY, SKLLO Taka €.

20. Busnaute y mogyni book.py knac Book. Ek3eMnnspu Uboro Knacy
ABMAOTH COBOI0 KHUT.

Onwuc kHuru B Knaci Book Bk/itoyae nong, aKi iHiLianiytoTbcs B MeTof|
__init__(self, t="", a="", s="", u=""):

title=t

last_ name =[] # Mpi3BuLLe

first name =[] # Im's

set_author(a) # BcTaHOBMAOWOTLCA MeTOAOM set_author(a)
subject =s

url=u

MeTtoam knacy: set_title(self, new_title) BMKopncTOBYHOTLCS, LLOO BCTa-
HOBNIOBATW 3HAYeHHA nons title; aHanoriyHi meToAM Ans BCTaHOB/IEHHS
3HaueHb iHLWKMX noniB — set_author, set_subject, set_url.

21. MpotecTyiiTe Knac Book.

22. BusHaute y mopayni books_lists.py knac Book_List.

Metoau knacy: make_from_file(self, file), ge file — thaiin aTpnbyTis
KHUT, AKuii onmcaHo y nigposa. 5.1. MeTog cTBOPLOE none contents ciucky
3anoBHEHNX i3 (haiina 06'ekTiB Book;

sort_by title, sort_by author, sort_by subject — meToan BnopsiaKyBaH-
Hsl CMUCKY KHWT contents 3a BKa3aHUM y Ha3Bi MeTOAY MOJEM.

23. MpotecTyiiTe Knac Book_List.

24, MNpoTecTyiiTe MoAyNb. TeKCT 3reHepoBaHoro html-taiina:

<html>

<head>

<title>Lle 3aronosok</title>

</head>

<body bgcolor=lightblue>

<h1 align=center><i>Lle 3aro/sI0BoK 3Bepxy CTOPiHKN</i></h1>
TekcT cTopiHkn</body>

</html>

25. MpoTecTyitTe MOAY/b, BUKAMKAKOUM 3 TECTOBOI Mporpamy MeToam
BiANOBigHMX KnaciB. OUeBMAHO Taka nporpama NoOBMHHA OfepPXKyBaTu Cnui-
COK KHWT i3 haiina, COpTyBaTu CMMCOK 3a BKa3aHUM aTpubyTOM i reHepyBa-
TV BifNoBigHY html-CTOpiHKY.
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Tunu 3BUYaHMX Ta AOBIUX LiNMX NigTPUMYHOTL A0AATKOBI one-
pauii, iKi MaroTb CEHC TifIbKM AN NaHLOXKIB 6iTiB. Big'eMHi uncna
NnojalTbCs B [OAATKOBOMY KOZi, O OTPUMYETHCS 3 MPSMOro Koy
iHBEPTYBaHHAM YCiX po3pafiB Ta foAaBaHHAM OAMHULI (405 JOBrUX
Linux BiABOAWUTLCA AOCMTb BENMKa KiNbKicTb 6iTiB, TakK, L0 He Bif-
OyBa€eTbCA NepenoBHEHHS MNif Yac BUKOHAHHA onepauir).

MpiopuTeTn 6iHapHKX NOGITOBMX ONepaLiii HXKYI, HDX Y Y1CNOBMX
onepaLiii, Ta BMLLi, HiXX Yy MOPIBHSIHb; YHapHa onepauis "~" mMae Toii
camuii NpiopuTET, LLO W iHLWLI YHapHI uncnosi onepauii ("+" 1a "-").

BiToBi onepauii, ynopsaAkoBaHi 3a 3pOCTaHHAM MpPiopuUTETY, Ha-
BefleHO B Tabn. 5.4.

Ta6bnuuna 5.4
BiToBi onepavii
Onepauis PesynbTat MpumiTKa
x|y Mo6iTose or (ABO) MK X i y
XNy Mo6iTose BMKNOYHe ABO
X&Yy Mo6iToe and (1) MiX X iy
X<<n X, 3CYB NiBOPYY Ha n GiTiB 1,2
X>>n X, 3CYB NpaBopyH Ha n 6iTiB 1,3
~X IHBepcis BCix 6iTiB X

MpumiTkK. 1. 3cyB Ha Bif'eMHe 41O GITiB He [03BONAETLCA Ta BUK/INKAE NO-
munky ValueError. 2. 3cyB niBopyd Ha n 6iTiB €KBiBa/IEHTHWA MHOXEHHHO Ha
pow(2, n) 6e3 nepeBipKM Ha NepenoBHeHHS. 3. 3cyB NpaBopy4 Ha n GiTiB ekBiBane-
HTHWIA 4iNeHHI0 Ha pow(2, n) 6e3 NepeBipKy Ha MePEernoBHEHHS.

5.1.4. HeamiHOBaHi NocnigoBHOCTI:
pPSOKU, KOpTexi

€ Tpu TMNK NOCNIJOBHOCTEN: PAAKK, CINCKMN, KOPTEXI.

NiTepanu pagkis 3anucyoTb B 04UMHapPHUX abo NoABiMHMX nan-
Kax: 'Xyzzy', ""frobozz". KopTexi CTBOpIOKOTL ornepaLieto "Koma"
3 KpyrnMmu gy>xkamm abo 6e3 HuX, ane MNOPOXHIA KOPTEX MOBUHEH
MaTu Kpyriai Oy>XKW, Hanpuknag, a, b, ¢ abo (). OgHoenemMeHTHUIA
KOPTeX MOBMHEH MaTu 3aBepLuasibHy KoMy, Hanpuknag, (d,).
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Tunu nocnifoBHOCTeN NIATPUMYIOTb pag onepauiit. Onepauii
"in™ Ta ""'not in"*" MatoTb TOI cammin NPIOPUTET, L0 1 onepaLiii nopis-
HAHHA. Onepauii "'+ Ta """ MaloTb Takuil caMuii NPIOPUTET, LLO i1
BIAMOBIAHI YMCnoBi onepauii.

Tabn. 5.5 micTuTb onepauii NocNiA0BHOCTEN, YNOpsAKOBaHi 3a 3poc-
TaHHAM NpiopuTeTy (Onepavii B OfHINA rpyni MaroTb O4HAKOBUIA Npiopu-
TeT). Y Tabnuui s Tat € NocnigoBHOCTAMM OAHOIO TUNYy; N, i Ta j — Lifi.

Ta6bnuusa 5.5
Onepauii Hag NocniJOBHOCTAMMU,
YyNopsAKOoBaHi 3a NpiopuTeToM
Onepauis PesynbTaT MpumiTka
xins 1, AKLLO €NEMEHT i3 S AOPIBHIOE X, iHaKLLe O
xnotins 0, AKLLO e/1eMeHT i3 S AOPIBHIOE X, iHaKLue 1
s+t KoHkaTeHauis (3'egHaHHA) S i t
s*¥n,n*s N KOHKaTeHOBaHMX KonNili s
s[i] i-ii enemeHT i3 s, moymHatoum 3 0
s[i:j] 3pi3 i3 s Bigigoj 2,3
len(s) JoBxuHa s
min(s) HaliMeHLLWiA enemeHT i3 s
max(s) HainbinbLunii eNemeHT i3 s

MpumiTkK. 1. 3HaueHHs n, MeHLLe Bif 0, 06po6nseThest sK 0 (LLO A€ MOPOXKHIO
MOCNIJOBHICTb TAKOro CaMoro Turny K Yy ). 2. AKWo i abo j Big'eMHe, ToO iHAEKC Bif-
paxoBYETLCA Bif KiHUA psAfKa, TOBTO iHAEKCK 3aMiHAOTLCA Ha len(s) + i abo len(s) + j.
Ane nam'aTatumemo, wo "-0" — e Bce X Takm 0. 3. 3pi3 S Bif i [0 j BU3HAYAETLCS K
NOCNIJOBHICTb ENeMEHTIB 3 iHAeKcamu K, Takumu, Wwo i <=k < j. Ao i a6o j 6inbLue
HiXX len(s), To 6epeTbes len(s). FAKLIO iHAeKCY i Hemae, To BUKopucToByeTbCA 0. Y
BUNALKY, KON j BUMYLLIEHO, BUKOPUCTOBYETLCA len(s). AKLLo i GinbLue abo [OpPiBHIOE
J, TO 3pi3 6yfie MOPOXKHIM.

PafnkoBi 06'eKTV MalOTb OAHY YHiKanbHy BOYLOBaHy oOnepawito:
onepatop % (Moaynb) i3 paaKom. J1iBUiA apryMeHT iHTepnpeTyeTbCS
K PALOK hopMaTyBaHHS 3 (JOPMaTOM, CXOXMM Ha TOM, L0 BUKOPW-
cToBye (hyHKLis sprintf() moBu C, i SKMi1 3aCTOCOBYETLCS 0 NPaBO-
ro aprymeHTy (CMMCOK aprymeHTiB Ans hopmaTtyBaHHs) Ta NoBepTae
PSAOK, OTPMMaHWUIA y pe3ynbTaTi i€l onepayii hopmaTtyBaHHS.
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MpaBuin aprymeHT NOBUMHEH OYTU KOPTEXEM 3 OLHUM efleMeH-
TOM 1151 KOXHOrO aprymeHTy, Heo6XigHoOro psgky gopmartysaH-
HA; AKWO PALOK BUMAarae OLHOr0 aprymeHTy, TO MpaBuil apry-
MEHT MOXe TaKoX OyTW E€ANHMM HEKOPTEXHWM 06'€EKTOM.
[103B0/1EHO BMKOPUCTOBYBATW TakKi CMMBOMWN (hopMaTyBaHHA: %o,
c, s, i,d,u, 0, % X, e E, f g, G. LUMpUHY Ta TOUHICTb MOXHa
BKa3yBaTW K *, Lie 03Hayae, WO LinuiA aprymeHT BU3Havae ailic-
Hy LWWPpUHY abo TOYHICTb. [l03BONEHO HACTYMHi CUMBOMU-
npanopui: —, +, npo6in, # Ta 0. Cneundikatopu po3mipy h, | abo
L moxHa BKasyBatu, ane ix 6yfe npoirHopoBaHo. MepeTBOPEHHS
%s npuiimae 6yab-aKnin 06'eKT Python Ta KOHBepTYe 1i0Oro B ps-
[0K, BUKopucToBytoun str(). ANSI-mogudpikatopmn %p 1a %n He
nigTpumytoTbea. OCKifbKK psagkn Python matoTb SBHY [OBXUHY,
nepeTBOPeHHs %S He BBaXae, W0 HynboBuit cumeon ("\0') € KiH-
Lem psgka, sK Le pobutbes B MoBi C.

I3 MipKyBaHb Ge3MeKun 3Ha4eHHs crieyugikaTtopa TOYHOCTI 41 Ym-
Cen i3 PyxXoMOK Kparnkow 06MexXyeTbcs 50 3HaKaMu; nepeTBOpPEH-
HA %f ang uncen, Wo 3a mogynem 6inbLi Big 1€50, 3aMiHAETLCS ne-
PETBOPEHHSAM Y0g. YCi iHLLI MOMMWIKM iHILiFOKOTb BUHATKOBI CUTYaLil.

AKLLO NpaBuiA apryMeHT — Lie CNI0BHUK (260 6yab-AKNIA BUT NS4
Bif0OpaXKeHb), TO popmaTn B PALKY MatOTb MICTUTK K/HOYi LibOro
CNOBHMKa B [yXKax, AKi NOMILLalTLCA Bigpasy nicns CUMBOSY
"04", Ta KOXHMWIA (hopmMaT hopmaTtye BiANoOBiAHWIA enemMeHT Bifo-
OpaxKeHHs.

MprKnagom Moxke 6yTn TaKWiA:

>>> count = 2

>>> |anguage = 'Python’

>>> print'%(language)s mae %(count)03d Tunu narok." % vars()
Python mae 002 TMnNn nanok.

Yb6yposaHa PyHKLifA vars() noBepTae CNOBHUK 3i 3MiHHVMK B NO-
TOYHI 06MacTi BUANMOCTI.

Y upoMmy pasi hopmaT He MOXe MICTUTK crneupmdikaTopiB * (OcKi-
NbKM BOHM NOTPe6YHOTh, 106 CNMCOK NapaMeTpiB 6yB NOCNiA0BHWIA).

JopaTkoBi psafgkoBi onepauyii BU3Ha4YeHO B CTaHAAPTHOMY MOy i
string Ta B y6yoBaHOMY MOy re.
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5.1.5. 3miHIOBaHi NocnigoBHOCTI: CNNCKN

Cnnckn CTBOPHOKOTLCA 3a [LOMOMOrOH KBajpaTHUX AYXKOK, ene-
MEHTW BiJOKPEM/TIOKOTLCA OfUH Bif OAHOr0 KOMOHO: [a, b, c]. MNopox-
Hill CNWCOK [] HE MICTUTb €N1EMEHTIB.

PankoBi 06'eKTI NiATPUMYIOTb A0AATKOBI onepaLlil, SiKi 403BONSAH0Tb
BHYTPILWHIO MogudikaLito 06'ekTa. Lli onepauii Tak camo nigTpumyBa-
TUMYTbCA I IHLIMMKU TUMaMKU 3MIHKOBaHKX MOCNIA0BHOCTEN, AKi B Maii-
OYTHLOMY MOX/MBO 3'AB/IATLCSA B MOBI. PSAKM Ta KOPTEXi — TUNW He-
3MiHIKOBaHMX MOC/NIJOBHOCTEN, TaKi 06'€KTM He MOXYTb MOAMMDIKYBa-
TUCA NIiCNA CTBOPEHHS. Ans TUNiB 3MiHIOBaHMX NOCNILOBHOCTENR,
e X — [OBINIbHWI 06'EKT, BU3HAYeHO Taki onepauii (Tabn. 5.6).

Ta6nuusa 5.6
Onepauii Hag 3MiHIOBaHUMU NOCNILOBHOCTAMM

Onepauis PesynbTatr MpumiTka
s[i] =x i-ll eNeMeHT S 3aMiHSETLCA Ha X
sflizj] =t 3pi3 s Bif i JO j 3aMiHAETLCA Ha t
del s[i:j] Te came, wo s[i:j]1 =11
s.append(x) Te came, Wwo s[len(s):len(s)] = [X]
s.extend(x) Te came, wo s[len(s):len(s)] = x 1
s.count(x) MoBepTae KinbKiCTb TakKX i, WO S[i] == X
s.index(x) MoBepTae HaliMeHLLE i, Take, Lo S[i] ==x 2
s.insert(i, x) Te came, wo s[i:i] = [x] ifi>=0
s.pop([i]) Te came, wo x = g[i]; del s[i]; return x 3
s.remove(x) Te came, wo del s[s.index(x)] 2
s.reverse() 3anucye eNieMeHTH S y 3BOPOTHOMY NMOPSAKY 4
s.sort([cmpfunc]) | CopTye enemeHTU S 4,5

MpuMiTKK. 1. FeHepye BUHATKOBY CUTYaLLito, IKLLO X He psifKoBuiA 06'ekT. Me-
Tog extend() € ekCnepMMeHTalbHUM Ta He NigTPUMYETLCA 3MiHIOBaHUMMU TUNaMu
NOCNiIOBHOCTEN, OKPiM cruckiB. 2. FeHepye BuHATKOBY cuTyauito ValueError,
AKLIO X He 3HalfeHo B S. 3. MeTof pop() € eKCNepUMEHTa/IbHUM Ta He NiATPUMY-
€TbCS IHLWVMYM 3MiHIOBaHUMK TUMaMK NOCNIAOBHOCTEN, OKpiM cruckiB. Heo6oB'as-
KOBWIA apryMeHT i 3a 3aMOBYYBaHHAM [OPiBHIOE —1, TOBTO BUAANAETLCA Ta NOBepTa-
€TbCA OCTaHHili enemeHT. 4. MeTtogn sort() Ta reverse() MoAMDIKyHOTb
6e3mnocepesiHbO CNMCOK 3apajy eKOHOMIT Nam'sTi Npy copTyBaHHI abo peBepcyBaHHi
BE/IMKMX CMUCKiB. BOHW He nMoBepTatoTh BifCOPTOBaHMIA ab0 PEBEPCOBAHUIA CINCOK.
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5. MeTog sort() npuiimae He060B'A3KOBMIA apryMeHT, LU0 BU3HAaYae yHKLit0 NopiB-
HAHHA [BOX apryMeHTIB (ENeMeHTIB CNKCKyY), Aka Mae noseptatn -1, 0 abo 1, 3ane-
KHO Bif} TOTO, Y/ BBXKAETLCA MEPLUNIA €/1IEMEHT MEHLUMM, PiBHUM a60 GifbLLMM HiXK
APYrWii aprymeHT. 3a3HaumMmo, L0 Lie 3HAYHO CrOBI/IbHIOE MPOLEC COPTYBaHHS;
Hanpuknag, Wwob BifCopTyBaTh CMUCOK Y 3BOPOTHOMY MOPAAKY, 3HAYHO LLBUALLE Lie
MOXKHa 3po6uTH, BMKOpUCTOBYBYLOUM BUKAMKKU sort() Ta reverse(), Hixk sort() i3
(hYHKLiEH0 MOPIBHAHHSA, WO 06epTae NOPSALOK eNEMEHTIB.

5.1.6. CnoBHUKM (BiA0Opa>KeHHS)

O6'eKT Bigobpa>keHHs (mapping) BigbuBae 3Ha4eHHS! OHOrO TU-
ny (Tuny KAu4a) Ha A0BiNbHI 06'€KTU. BigobpaKeHHs — 3MiHKOBaHI
06'ekT. Y MOBI Python icHye nuwie oauH cTaHAapTHWIA Tvn Bigo-
6pakeHb — cnoBHuK (dictionary). Kntodi CNoBHMKa — Maike A0BifbHI
3HaYeHHS. EANHUMY TUNAMN 3HaY€eHb, HEMPUNHATHUMU SK KKOY, €
3HAYEHHS, WO MICTATb CMUCKM abo CNOBHWMKW, abo iHLI 3MiHHOBaHi
TUNW, AKi NOPIBHIOKOTLCA 33 IXHIMW 3HAUYEHHAMU, a He Yepe3 TOTOX-
HiCTb 06'eKTiB. UMCNOBI TUNW, BUKOPUCTaHI ANs KoYiB, NignsaraoTb
3BMYaliHMM NpaBmiaM MOPIBHAHHA YMCen: SKWO ABa Yucna BU3HaA-
4aroTbCA AK piBHI (Hanpuknag, 1 Ta 1.0), To IX MOXXHa BUKOPUCTOBY-
BaTW A4/151 iHAEKcaLii O4HOrO i TOro camoro efleMeHTa C/I0BHUKA.

CNOBHMKM CTBOPIOKOTH 3anmncoM CrMCKY PO34iEHNX KOMOK nap
K/HOY: 3HAYEeHHA Y QirypHux gyxkax, Hanpuknag: {'jack': 4098,
'sjoerd': 4127} a6o {4098: ‘jack’, 4127: 'sjoerd'}.

[ns BigobpaxxeHb BM3HAYeHO Taki onepauii, ae a Ta b — Bigo6pa-
XEHHS, K — KoY, a v Ta X — J0BiNbHI 06'ekTH (Tabn. 5.7).

Tabnuuysa 5.7
Onepauii Hag Bigo6paXkeHHSIMU
Onepauis PesynbTar MpumiTka
len(a) KinbKicTb enemMeHTIB B @
a[k] EnemeHT a 3 Ktouem k 1
a[k] =x a[k] npucBotoeTbea X
del a[K] Buganse a[k] 3 a 1
a.clear() Bupaanse BCi eNleMeHTH 3 a
a.copy() "MoBepxHeBa" Konis a
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3aKiH4yeHHs1 Tabn. 5.7

Onepauis PesynbTar MpumiTka
ahas_key(k) | 1, akwwo a mae kou K, iHakwwe 0
a.items() Konis cnncky (Kitou, 3HaueHHs) i3 a 2
akeys() Konis cnucky knouiB i3 a 2
a.update(b) for k, vin b.items(): a[k] = v 3
a.values() Konis cnncky 3HayeHb i3 a 2
a.get(k[, x]) a[K], akwo a.has_key(k), iHakLwe x 4

MpuMiTKKY. 1. FeHepye BUHATKOBY cuTyauito KeyError, aKiwo k Hemae B Cnos-
HUKY. 2. Kntodi Ta 3HayeHHs nepepaxoBYOTbCA Y BWMALKOBOMY MOPAAKY. FKLO
keys() Ta values() BUKIMKaHO 6e3 NPOMDKHOI MOAMMIKaLLT CNOBHMKA, TO fBa CNUCKK
MOBHICTIO BiANOBIAATUMYTb OAMH OAHOMY. Lle n03BOMSAE CTBOPIOBATU Mapy (3HaYeH-
HA, KMoY), BrKkopucToytoun map(): "'pairs = map(None, a.values(), a.keys())". 3.
b noBmHeH GyTn TOro camoro Tumy, WO i a. 4. Hikonm He reHepye BUHATKOBOT CUTya-
LiT, KW K Hemae y CNoBHYWKY, 3aMiCTb LibOro noBepTae X (X € He060B'A3KOBUM); SIK-
LLI0 10r0 He BKasaHO Ta K Hemae y CNoBHWKY, BepTaeTbes None.

5.2. BuknukyBaHi 06'ekTu,
iHWI TN BOygoBaHNX 00'EKTIB

PosrnsHemo B6YyzoBaHi B iHTepnpeTaTop CKnagHi TMnu 06'eKTiB.
CknagHi 00'eKTM MOXYTb MICTUTW iHLWI 06'€KTW. BiNbLWICTb i3 HUX
nigTpMmye Hebarato onepaiii NOPIBHSAHO 3 PO3rNAHYTUMU paHille
TMNaMK JaHuX. [Jo TakuX 06'eKTiB HaneXaTb: BUK/IMKYBaHi 06'€KTH,
00'eKTU-(YHKLiT, BOYA0BaHI MeToAM i hyHKLIT Ta iH.

5.2.1. BUKnuKyBaHi 06'eKTU

BuknukyBaHi TUNU 06'€KTIB, MalTb oOnepauito BUKINKY
iM'a_o6'ekTa (cnmcok_napameTpis). YbyaosaHa dyHKuis callable()
nosepTae 1, AKLLO 06'€KT MOXHA BUK/TMKATW.

>>> from math import *
>>> callable(pi); callable(sin); callable(__doc_ )
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0
1
0

FAKLLO 06'€KT He MOYKHa BUK/IMKATK, TO pe3ynbTaTom 6yae 0.

5.2.2. dyHKUIT

O6'eKTU-(YHKLIT CTBOPIOKOTb LUMASXOM BU3HAYEHHSI (OYHKLLIN.
€avHa onepayis, Wo iCHye Ans (YHKUiA, — Ue TXHIA BUKAWK:
(byHK(CNMCOK_aprymeHTiB). IcHye paBa pi3HOBMAM 06'eKTIiB-
(yHKLiA: ybyaoBaHi yHKUIT Ta (DYHKLIT, BU3HAYEHI KOpUCTYBa-
yem. ObuaBa NiLTPUMYIOTb OAHY W Ty camy onepauito (BUKIMK
(yHKLIT), ane peanizoBaHi BOHW MO-pPi3HOMY, OTXe, € Pi3HUMK TU-
namy 06'ekTiB. Peanisauis gogae asa ocobnmBuxX atpubyTu, npus-
HaueHi Tinbkn ana untaHHs: f.func_code — KogoBuMiA 06'€EKT (DYHK-
uit, i f.func_globals — cnoBHWK, L0 BMKOPWUCTOBYETHCA AK
rnobanbHWin NpocTip iMeH (yHKLiT (nogi6Ho module._dict_, ge
module — Mmoay b, B AKOMY BU3Ha4eHO yHKUitO f).

5.2.3. MeTtogn

MeToan — ue PYHKLUIT, AKi BUKINKAKOTLCA 3 BUKOPUCTAHHAM CUH-
Takcucy 3anucy atpubyTiB ("KpankoBuin" 3anuc). ICHye aBa pisHo-
BUAM MeTogiB: yoynoBaHi (Taki gk append() o1 CNKUCKiB) Ta MeTOAM
eK3emMnNsApiB Knacie. YoyaoBaHi METOAM OMMCaHi 3 TUMU TUNamm, SKi
X NigTpuMytoThb. [10 METOLIB eK3eMNNAPIB KNaciB LOAAETHCA [Ba 0C06-
NBI aTpUBYTW, NPU3HAYeHi TifbKu ana uiTaHHA: m.im_self — 06'exT,
KM onepye metof, i m.im_func — diyHKUIs, WO peanidye mMeToa.
Buknuk m(argl, arg, ..., argn) noBHICTIO eKBIB/IEHTHUI BUKIVKY
m.im_func(m.im_self, argl, arg2, ..., argn).

5.2.4. YéypoBaHi QyHKLUIiT Ta MmeToAN

Y6ypoBaHi (hyHKLUiT Ta MeToA4M peanizoBaHo B MoBi Python 06'ek-
Tamy ofHoro Tuny — builtin_function_or_method. KinbKicTb Ta

115



TUMN apryMeHTiB BM3HAYaeTbCA peanisauieto. OO6'ekTU, L0 peanisy-
H0Tb YOYAO0BaHi YHKLIT Ta METOAM, € HE3MIHHUMUW A HE MICTATb Mo-
CuNaHb Ha 3MiHIOBaHi 06'eKTH.

06'ektn builtin_function_or_method matoTb Taki aTpnbyTI:

A doc__ — pagok gokymeHTauii (None, AKLLO PAAOK AOKYMEH-
Talii He BU3Ha4eHO);

A __name__ —im'a dyHKUii/MeTOAY:;

A __self  — nocunaHHs Ha O6'eKT, [0 SKOrO 3aCTOCOBYETHCH
meTof, abo None ans B6yaoBaHUX DYHKLIIN.

5.2.5. KogoBi 06'eKTU

KozoBi 06'€KTU BUKOPUCTOBYHOTHLCA peanisallieto, o6 36epiratu
"NceBLOCKOMMINIbOBAHWIA" BUKOHYBaHW Ko Python, Takuii sk Tino
(yHKLUIT. BOHM Bifpi3HAOTLCS Bif 06'€KTIB-(OYHKLiA TUM, LLO He Mi-
CTATb NOCUNAHHA Ha CBOE rN06aNbHE OTOYEHHS BUKOHaHHSA. KozoBi
06'eKTN BepTatoTbCA BOYAOBaHOK (yHKUieto compile(), X MOXHa
"BUTArHYTW" 3 06'eKTiB-hYHKLIi Yepes ixHil aTpnbyT func_code.

KopaoBwii 06'eKT MOXHa BUKOHATU, NepeaasLUn Moro (3amicTb psj-
Ka BUXiZIHOr0 KOfly) B orepaTop exec abo BoyaoBaHy dyHKLito eval().

5.2.6. Knacu Ta TxXHi eK3emMnisapu

[na BUKINKY 06'eKTa-Knacy CTBOPIOETLCA Ta BEPTAETHCA HOBWN
eK3emnniap Uboro Knacy. Mpu UbOMY BUK/IMKAETbCS CrieLianbHUiM
MeTof Knacy _ init__ (AKWO BiH BU3HAYeHWIA) 3 aprymeHTamu, 3
AKUMUN BUK/IMKAETLCA 06'EKT-Knac. HKLLO MeTof _ init__ He BU3Ha-
yeHo, 06'eKT-KNac Mae BUKNMKATUCA 6e3 apryMeHTIB.

AKWwo ana knacy susHauntn metog  call (), To iloro eksemn-
Nnapyu NiIATPUMYBaTUMYTb BUKIUK. OTXe, BUKIWK eK3emmnaspa
(x(crvcok_napameTpiB)) NepeTBOpUTLCA Ha BUKIMK MeTogy _ call_ ()
i3 TMMK cammmm aprymeHTamu (X.__call__ (cnvcok_napameTpiB)).
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5.2.7. Mogyni

€4MHOI0 0C06/IMBOKO Onepavieto 41 Moayns € AocTyn Lo aTpu-
oyta: m.name, e m — e MOAy/b, & name fae A0CTyn A0 iMeHi, BU-
3HAYeHOro B CMMBOJIbHIN Tabamui Mogyns m. MogynbHUM aTpuby-
TaM MOXHa MNPUCBOIOBATK 3HaYeHHs. (CTPOro Kaxyuu, onepartop
import He € onepauieto MoLynbHOro 06'ekTa; import foo He BUMa-
rae, o6 icHyBaB MOAyNbHWIA 06'€KT i3 Ha3Boto foo, ckopille BUMa-
raeTbCes, W06 Aech (30BHI) 6yno BU3HAUYEHO MOAYNb i3 Ha3Bo f00.)

KoxHuii mogynb mae ocobnmeumii uneH _ dict_ . Lle cnoBHuK,
WO MICTUTb CMMBONLHY Tabnuuto moaynd. Mopgudikauis Takoro
C/TIOBHUKA AiACHO 3MIHWUTb CUMBOJIbHY TabNMULIO MOAYNS, afe npsime
NpUCBOKOBaHHA aTpnbyTy  dict  HemoXxnmBe (TO6TO, MOXHa Ha-
nucatm m.__dict_['a'] = 1, wo o3Hayaso 6 BU3HAYeHHA m.a, piB-
Horo 1, ane He moxxHa Hanmcat m.__dict__ = {}).

YbypoBaHi B iHTepnpetatop MOAYNi BUBOAATLCA Y TaKWui
cnoci6: <module 'sys" (built-in)>. ¥ pasi, aKwWo ix 6yno 3aBaH-
TaXeHO 3 (haiina, BOHM APYKykTbCA AK <module 'os' from
'/usr/local/lib/pythonl.5/0s.pyc'>.

5.2.8. Knacu

OG6'eKT-KNnac CTBOPKETHCA 3a AOMOMOrOK BU3HAYEHHS Knacy.
MpocTip iMeH Knacy peanizoBaHO Y BUMNAAI CNOBHUKA, AOCTYMHOrO
yepes cneyianbHWn aTpubyT __ dict . MocmnaHHsA Ha aTpubyT Kna-
Cy MepeTBOPATLCA Ha MOLUYK BiANOBIAHOrO iMeHi y CMOBHUKY, Ha-
npuknag, C.x nepeteopuTbea Ha C._ dict  ['x']. AKuio aTpnbyT He
3HaNAeHo, MOLLYK 3[iACHIOETLCA B 6a30BUX KacaX. IMoLyK BUKO-
HYIOTb CMOYaTKy Ha rIMbuHy, NOTiM 3/1iBa NPaBopyy — Yy NOpaaKy
3anucy 6aTbKiBCbKUX KaciB. AKW0 atpubyT no3Hayae 06'eKT
function, To 06'eKT NepeTBOPUTLCA Ha He NPUB'A3AHWIA [0 eK3eMmn-
nspa 06'ekT-meTof. ATpnbYT im_class Lboro 06'eKTa-MeTofy BKasye
Ha Knac, B AKOMY 3HailIeHO BianoBiaHWIA oMy 06'eKT-hyHKLitO (BiH
MOXe YTV 0HWUM i3 6a30BUX KNaciB).

MpyCBOEHHS aTpMOyTy Knacy BHOCWMTb 3MiHW Y CNOBHWK LbOrO
Kfacy, afie HiKonM He 3MIiHIOE CMOBHUKWM 6a30BMX KnaciB. O6'eKT-
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Kfac MOXHa BUKINKATK, W06 ofepXkaTu ekseMnnap Knacy. Hasege-
MO aTpubyTK, K Mat0Tb 06'EKTU-KNacK:

A __name__ —im'a knacy;

A _module__ - iM'a MOay/isi, B IKOMY K/ac BUSHAUEHO;

A dict__ - cnoBHUK aTpubyTiB Knacy. MoxHa 3MiHtoBaTy iio-
ro BMICT, TUM CaMUM [0faBaTW Ta BUAANATU aTpubyTu Knacy i 3mi-
HIOBaTW TXHi 3HayeHHs. MoykHa HaBiTb nmpuceoiTM _ dict  HoBe
3HAYeHHS, asie Lie MoXKe CNPOBOKYBATN JOCUTb AUBHI MOMUKN;

A bases__ — KopTex 6a30BMX Kacis y MopsaKy iXHLOro mpo-
XOMPKEHHA Y CNUCKY 6a30BMX KnaciB. MoXKHa 3MiHWUTWU 3HAYeHHA
LbOro atpnbyTa, OAHaK HaBpsA Y1 3HaAeTbCA LOCMTb Baroma npu-
YnHa Ans NoAIGHNX MaHINyNALLA;

A doc__ — pagok gokymeHTauii knacy (a6o None, sIKLIO BiH
He BMU3HaYeHwn).

5.2.9. CneuyianbHi MmeTOoan Knacie y Python

CneuianbHi METOAM KnaciB — Lie AyXXe BaXMBuMiA 3aci6 Python,
WO pobUTb NOro He3PIBHAHHMM 3a FHYYKICTHO Ta MPOCTOTOH BMKO-
PUCTaHHSA. Y BCiX Knacax KopucTyBada MOXHa CTBOPHOBATM BfacCHI
peanisauii Unux mMeTofiB, SKi OyayTb aBTOMAaTUYHO BUKAUKATMCA iH-
TepnpetatopoM Python y neBHUX CTaH4APTHUX CUTYaLLisX.

Mpuknag 1
O06'eKT, L0 OMiKYETbCSA CBOTM NOAAHHAM

class a:
def __repr__(x):
return "a()"'
def _str (x):
return "'a"
b=a()
print b, 'b', str(b), repr(b), ""%s" % b

#aa()aa()a
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5.2.10. BukopucTtaHHs
cneuyjiaibHMX MeToAiB

BinbLWicTb cneyianbHNUX METO/IB KNaciB BUMararoTb nepeaaBaHHs
M MeBHVX apryMeHTiB i B NMEeBHOMY MOPAAKY, a Y BiAnoBifb BOHM
MoBepTaroTb 3HAYEHHSA MEBHOMO TUNY.

Hanpuknag, metogn: __add__ (self, other), _ sub__(self, other),
__mul__(self, other), _ div__(self, other), __mod__(self, other),
__divmod__(self, other), _ pow__ (self, other [, modulo]),
__Ishift__(self, other), __ rshift_ (self, other), __and__ (self,
other), _ xor__ (self, other), _ or__ (self, other) BuMKIMKalOTbLCA
(Bna nisoro onepaHfa) Npy BWMKOHaHHI GiHapHWUX onepauii +,—,
*.1,%, ybygosaHoi tyHKUii divmod(), onepauii ** Ta BOygoBaHOI
(yHKuiT pow(), onepauiii <<, >>, &, ™ Ta | BignoBigHo.

Hanpuknag, ans 1oro, Wwo6 o64ncnnTin BMpas x+y, fie X € ekse-
MMNAPOM  Knacy, wWwo wmae Metof _ add_, BMK/IMKAETbCA
X.__add_ (y). 3ayBaXMMO Take: KOAM Mae MigTpumyBaTuca BU-
KnnK ybygosaHoi yHKUiT pow() i3 TpbOMa aprymeHTamu, To me-
To4 _ pow__ () NOBMHEH BYTW BU3HAYEHWMIA i3 TPETIM HEOOOB'A3KO-
BUM apryMeHTOM.

AHanorivHi crneyianbHi MeToay 3 npedikcom r**:  radd_ (self,
other), __rsub__(self, other), __rmul__(self, other) Ta iHWi BUKK-
KatoTbCs (4N NpaBoro onepaHga) npu peanizauii nepepaxoBaHUX
BULLEe BiHapHMX onepauiil, KW NpaBuil onepaHf He Mae BiANOBIA-
Horo meToay (6e3 niTepu 'r*). Hanpuknag, ans o64nCneHHs Bupasy
X=Y, e Y € eK3eMNIAPOM Knacy, L0 Mae MeTO4 _ rsub__, BUK/MKa-
eTbCAYy. rsub_ (x).

5.2.11. EK3eMnnsipu Knacis

O06'eKT-eK3eMMNAp Kacy MOBEPTaETbCA NPW BUKIMKY 06'eKTa-
Knacy. pocTip iMeH 06'eKTa-eK3eMnnspa peanizoBaHo y BUrNAAI
C/IOBHVKA, B AKOMY MOLUYK aTpubyTiB BUKOHYETLCA B MepLUy Yepry.
AKWo aTpmbyT He 3HalifleHo, TO MOLUYK TPWBAaE cepef aTpubyTis
Knacy. Mpu upomy atpmbyT Kacy, L0 € METOLOM, CTaE NPUB'A3aHNM
[0 LbOro eksemnnspa Kniacy. 3a BifCyTHOCTI atpmbyTta Knacy 3
TakMM iIMEHEM BUK/MKAETbCA crneuianbHUii meToh _ getattr ().
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Akwo meTo _ getattr_ () He BU3HAYEHO, TO reHepPYETLCH BUHAT-
KoBa cuTyauis AttributeError.

CTBOpeHHsA aTpubyTa i MOro BuAaneHHA BHOCATb 3MiHU B
C/MIOBHMK eK3eMmnaspa Knacy, ane HiKoMM He 3MIHIOKTb C/IOBHUK
Knacy. FAKWwo BU3HauyeHO cneuianbHi mMetogm _ setattr_ () Ta
__delattr__(), To BUKIMKAKOTLCA Ui METOAN 3aMiCTb BHECEHHS 3MiH
Y C/IOBHUK eK3eMnspa 6e3nocepeHs0.

O06'eKTU-eK3EMNNAPYU MaKOTb TaKi aTpubyTK:

A dict__ — cnoBHWK aTpubyTiB ek3emnnspa Kiacy. MoxHa
3MiHIOBaTK 1A0r0 BMICT, TM CaM1M [0AaBaT Ta BUAANATU aTpubyTn
eK3eMnspa Ta 3MiHBaTK TXHE 3HaYeHHs. MOXKHa HaBiTb MPUCBOTTU
__dict__ HOBe 3HayeHHSs, OAHaK Le HepifKOo CNpPOBOKOBYE AOCUTb
AVBHI NOMMWKKU (4acTo Nporpamy MoBoK Python po3paxoByrOTb Ha
MOX/UBICTb fofaTu aTpubyT L0 eK3emnspa Knacy, NpUcBOOBaHHS
X __dict__ HOBOro 3Ha4YeHHS MOXe NPU3BECTU [0 3arafjKoBUX 3HUK-
HeHb TaKuX aTpuoyTiB);

A class__ — 06'eKT-KNac, eK3eMNIAPOM SKOro 06'eKT €.

5.2.12. ®aiinosi 06'eKTIN.
dainoBi meTogn

daiinoBi 06'eKTU peanioBaHO 3 BMKOpPUCTaHHAM naketa stdio
MoBM C, TX MOXHa CTBOPIOBATK 3a A0NOMOror BOYyA0BaHOI (hyHKLT
open(), onucaHoi gani B Nigpo3s. 5.3. BoOHW NOBEPTaOTLCH TaKOX
AEAKUMUN IHLIUMU DYHKLISIMWX Ta METOAaMM.

Konwu thaiinosa onepaLisi 3aBepLUyeTbCA HEBAAYEHD Yepe3 NomusI-
Ky BBefeHHA/BMBEEHHS, BUHWKae BUHATKOBa cutyauis 1OError.
Hanpwknag, Konm onepawito He BU3HAYEHO 3 AKOICh NPUYMHU, NOLi-
OHO [0 3anwucy y (haiin, BiLKPUTUIA AN YNTaHHS.

daiinn matoTb Taki MeToaun:
close(), flush(), isatty(), fileno(), read([size]), readline([size]),
readlines([sizehint]), seek(offset[, whence]), tell(), trun-
cate([size]), write(str), writelines(list).

Lo dainoBmx 06'eKTiB HaneXxaTb Taki aTpubyTu:

closed, mode, name, softspace.
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5.2.13. IHWIi o06'eKTN

MopoxxHili 06'ekT None. Takunil 06'€KT NOBEPTAETLCA (DYHKLIIE,
1|0 SIBHO He MOBepTaEe 3Ha4YeHHs. BiH He NiATPUMYE HisK1X 0co6nn-
BUX Onepauiii. ICHye piBHO OJJUH HYNbOBUIA 06'EKT, IKWIA HA3UBAETb-
cs None (ue — ybynosaHe im'd). Busogutbcs sk None.

O6'ekty TNy Type. O6'eKTU-TUNWN MPEACTaBNAOTL Pi3HI TUNK
06'ekTiB. JOCTyn A0 TUMNY 06'€KTa MOXXHa OTpMMaTK Yepe3 BOYA0Ba-
Hy QyHKUito type(). Lleli Tn He Mae SKMX-Hebyab 0CO6GNMBUX OMe-
pauiin. CTaH4apTHUIA MoAyNb types BM3Hayae iMeHa A/18 BCIX CTaH-
JapTHUX yBy[oBaHUX TUMIB.

Tunu BUBOAATLCA Y BUrNi, Nogi6HOMY [0 <type 'int'>.

5.2.14. CneuyianbHi aTpmnbyTin

Peanisauisa gofae Kifbka cnewiasbHUX aTpubyTiB TibKU ANa yu-
TaHHA 40 AeAKUX 00'EKTHUX TUMIB, Y AKUX BOHU BRXX/BI:

A dict__ — CNOBHWK, L0 BUKOPWUCTOBYETLCA AN 36€piraHHs
aTpubyTis (LOCTYNHMX ANA NPUCBOIOBaHHSA) 00'EKTa;

A methods__ — cnncok MeTofis 6araTbox y6yoBaHNX 06'eK-
THUX TUNiB, Hanpuknag, []._ _methods__ pae ['append’, 'count’,
‘index’, "insert’, 'pop’, ‘remove’, ‘reverse’, ‘sort'];

A _members__ — nogi6Huit fo __methods__, ane nosepTae
CMWCOK aTpuobyTIB faHNX;

A class__ —knac, AKOMY HaneXxuTb eK3eMsp Kacy;

A bases__ — KopTex 6aTbKiBCbKMX K/aciB KNacoBoro 06'eKTa.

5.3. YéypoBaHi pyHKU,iIT
Ta BOyAoBaHi Klnacu BUHATKOBUX CUTYaLLil

5.3.1. YoyaoBaHi yHKLIT

IcHye 6araTo BOya0BaHMX B iHTeprpeTaTop Python i 3aBXxan goc-
TYNHUX PYHKLIRA. [esKi 3 HUX yxxe po3rnsganmcs. [Jo OCHOBHUX -
HKLi HaleXaTb nepepaxoBaHi HKYe 3a abeTKOH.
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__import__(name[, globals[, locals[, fromlist]]]), abs(x), ap-
ply(function, args[,keywords]), buffer(object], offset[, size]]), call-
able(object), chr(i), cmp(X, y), coerce(x, y), compile(string, filename,
kind), complex(real[, imag]), delattr(object,name), input([prompt]),
int(x), isinstance(object, class), issubclass(classl, class2),len(s),
list(sequence), locals(), long(x), map(function, list, ...), max(s[, args...]),
min(s[, args...]), oct(x), open(filename[, mode[, bufsize]]), ord(c)
pow(x, y[, z]), range([start,] stop[, step]), raw_input([prompt]),
repr(object), round(x[, n]), setattr(object, name, value), slice([start,]
stop|, step]), str(object), tuple(sequence),type(object), vars(Jobject]),
xrange([start,] stop], step]).

5.3.2. Y6yaoBaHi Knacu BUHATKOBUX CUTYyaL,il

BUHATKOBI cuTyauii MOXYTb 6yTU KnacoBMMM abo psaKOBUMM
06'ekTaMmn. Xo4 y TpaguLiinHO BUHATKOBMX CUTYaLiX nepeBaxanu
psiaKoBi 06'ekTn, y Python 1.5 yci cTaHAapTHI BUHATKOBI cuTyauii
6yno nepepo6neHO Ha KNacoBi 06'€KTU | KOPUCTyBaYaM PEKOMEHY-
€TbCA 3p06UTKN Te came. MepBUHHUIA KOL A1 LUX BUHATKOBUX CUTY-
aLii nexumTb Yy Moayni exceptions ctaHAapTHOT 6iGNIOTEKK; Lieid MO-
Ay/b HeMae noTpeby SABHO iIMNOPTYBATK.

[ns KnacoBMX BUHATKOBMX CUTYaUil, B onepartopi try 3 psakom
except, O BUKOPUCTOBYE KOHKPETHUIA KNac, Lei MyHKT TakoX 06-
po6nsTUMe 6yAb-AKi yCnafKoBaHi Bif LbOro Knacy Kinacu BUHATKO-
BUX CUTYaLil (afie He Kacu BUHATKOBUX CUTYaLild, Bij AKMX BiH yc-
NafkoBye). [lBa Kfiacu BUHATKOBMX CUTYyaUiil, AKi He MOB'A3aHi
CnafKyBaHHAM, HiKONW He OYOyTb eKBiBaJIEHTHUMMW, HaBiTb AKLLO
BOHMW MatOTb OiHAKOBI iMeHa.

Y6y[0BaHi BUHATKOBI CUTYaL,iT, IKi NepepaxoBaHO HKYE, MOXYTb
reHepyBatucs iHTepnperaTopoM abo BOYAOBaHUMMK (YHKUisMKU. 3a
BVMHATKOM TOrO, KON Lie SBHO BKa3aHO, BOHW MaroTb “acouilioBaHe
3HaueHHA", WO NOKasye AeTallbHY NPUYUHY NOMUNKK. Lie Moxe ByTu
PALOK ab0 KOpTeX, LU0 MICTUTL Ki/lbka efeMeHTIiB iHdopmauii (Ha-
NpVKnag, Kog noMWIKW Ta PAfoK, LU0 MOSICHIOE KoA). AcouiiioBaHe
3HaueHHA nepefacTbCcA AK ApPYruin apryMeHT onepatopy raise. [ns
PSLKOBMX BUHSATKOBMX CUTYaLlii acoujiioBaHe 3Ha4YeHHsI came 36epi-
raTMmeTbCs Y 3MiHHIN, yKasaHill aK Apyruid aprymeHT except (3a ioro
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HasABHOCTI). [NA KNacoBMX BUHATKOBUX CUTYyaUili LA 3MiHHA OAepXKye
eK3eMNNAp BUHATKOBOI CUTyauil. FAKLWO Kiac BUHATKOBOI CuTyauii
ycrafKoBye Bifj CTaHAapTHOro 6a3o0Boro Knacy Exception, To acoui-
/ioBaHe 3HAYEHHS NepedaeTbCs AK aTpubyT args ek3emnaspa BUHAT-
KOBOI CUTYaLlil, a TaKOX, MOX/MBO, | Yepes iHLWI aTpubyTu.

Kog Kopuctysaya mMoxe reHepyBaTu BOYAOBaHi BUHATKOBI CUTY-
auii. Lle BMKOPUCTOBYETLCA ANS1 NEPEBIPKM 0OPO6HMKA BUHATKOBOI
cuTyaui’ abo Ans MOBIAOMEHHS MPO MOMUIIKY Y CXOXIiW cuTyauii,
B AKIll IHTeprnpeTaTop reHepyBaTUMe Taky CaMy BUHATKOBY CUTya-
Lit0; ofHaK Tpeba 6yTV YBaXXHUM TOMY, LLLO MOXHa 3reHepyBaTyh He-
BiZNOBIAHY BUHATKOBY CUTYaLlit0.

HaBefjemMo Kfiacu BUHATKOBMX CUTYaLiil, SKi BUKOPUCTOBYHOTHCS
nuwe K 6aTbKIBCbKI Knacu ANs iHWMX BUHATKOBMX CUTYaLLilA:

Exception — 6a30BuUii Knac BUHATKOBMX CUTYyauiil. Yci BOyfo-
BaHi BUHATKOBI CMTYyaLii cnagKyloTb Bif, HbOr0. YCiM BU3HAUYEHUM
KopucTyBayaM BUHATKOBMX CUTYaLlili TaKOX BapTo YCNajKoByBaTu
BiJ HbOTO, ane ue (Wwe) He kaTeropuyHa sumora. dyHkuia str() npu
3aCTOCYBaHHI [0 ek3eMnnapa uboro knacy (abo go 6inbLIOCTI Kna-
CiB, L0 CNafKytOTb Bif HbOro) NnoBepTac pPsLKOBe 3HAYEHHS apry-
MEHTY ab0 aprymeHTiB, X04a MOXe MOBEPHYTU N NOPOXXHIN pAfoK,
AKLLO KOHCTPYKTOPY He Oyno nepefaHo aprymMeHTiB. Y pasi BUKO-
pucTaHHA K NOCNiJ0BHOCTI, Ha4ae AOCTYN [0 apryMeHTIB, SKi ne-
pefaHo KOHCTPYKTOpY (3pYyYHO ANs 3BOPOTHOI CYMICHOCTI 3i CTa-
pUM KOLZOM). APrymMeHTW, MofaHi fK KOPTeX, TakoX [AOCTYMHI
yepes aTpubyT args ekemnnsapa.

MpOAOBXEHHSA CNNCKY 6a30BUX KNACiB A/15 BUHATKOBUX CUTYaLild:

StandardError,
ArithmeticError,
LookupError,
EnvironmentError.

Po3rnsHemMo BUHATKOBI CUTYaLiT, LLIO peasibHO reHepyroThCA:

AssertionError, AttributeError, AssertionError, AttributeError,
EOFError, FloatingPointError, IOError, ImportError, IndexError,
KeyError, Keyboardinterrupt, MemoryError, NameError,
NotImplementedError, OSError, OverflowError, RuntimeError,
SyntaxError, SystemError, SystemExit, TypeError, ValueError,
ZeroDivisionErro.
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5.4. bi6nioTe4uHi moayni

Mogayni HagaroTb LUMPOKMWIA Aiana3oH NoCnyr, NOB'A3aHMX 3 iHTep-
npeTtatopoM Python Ta iioro B3aemogi€eto 3i CBOIM 0TOYeHHsAM. [10Big-
KoBa cucTtemMa Python MicTUTb fOKnagHy iHhopmauito npo 6i6nioTeky
CTaHAapTHMX MoAyniB. [leski MoAy/i BXe 3aCTOCOBYBA/INCA Ha Mpak-
TUYHMX 3aHATTAX. PO3rNsgHEMO [esiKi 4acTO BXMBaHI MoAyi.

5.4.1. Cny>x60BUii Mogysnb Sys —
XapaKTepHi ansa cuctemMu napameTpu Ta PyHKUIT

Mogaynb sys 3abe3neyye LOCTYN A0 CUCTEMHO-3a/IEKHMX NapameT-
piB Ta iyHKUiNA. Llei moaynb Hagae AoCTyn A0 AESKUX 3MiHHUMX, L0
BUMKOPWUCTOBYHOTLCA ab0 MigTPUMYHOTLCA IHTEPMPETATOPOM, i A0 dy-
HKUi, SKi iHTEHCMBHO B3aEMOAiIOTb 3 iHTeprnpeTaTopoM. BiH 3aB-
XA poctynHuiA. Cknag Mogyns:
argv, builtin_module_names, copyright, exc_info(), exec prefix,
exit(n), exitfunc, getrefcount(object), maxint, modules, path,
platform, psl, ps2, setcheckinterval(interval), setprofile(profilefunc),
settrace(tracefunc), stdin, stdout, stderr, tracebacklimit, version.

5.4.2. MaTemaTun4yHui anapat

Mogyni, onucaHi B LbOMY MYHKTI, HafalTb Pi3HUIA cepsic, JoC-
TYMNHWIA y BCiX Bepcisx Python:

math — matematuyHi QyHkuiT (sin() ToLL0);

cmath — matemaTuyHi QyHKUIT 415 KOMINEKCHWUX YNCEN;

random — reHepaTop MceBAOBMNaAKOBMX YMCEN i3 PI3HUMU PO3-
noginamu;

array — eeKTMBHI MacuBM OLHOPIAHUX YNC/IOBUX 3HAYEHD;

fileinput — perl-nogi6Ha iTepayis pALKiB i3 AeKiNbKOX BXiQHWX
MOTOKIB i3 MOX/IMBICTIO "36epeXKeHHs Ha MicLi™;

calendar — hyHKUIT, IKi eMynOOTbL CTaHAapTHY Unix-nporpamy cal;

cmd — y6yf0BaHW pAgKOBO-OPIEHTOBAHWIA KOMaHAHWIA iHTepn-
peTatop. BukopucToByeTbCa Mogynem pdb;
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bisect — 3MicT cnucky B COPTOBAHOMY NOPALKY.

Llen mogynb Hafae MigTPUMKY YTPUMAHHIO CMIUCKY B COPTOBa-
HOMY MOPSIAKY, HE COPTYKUM MOro Nicns KOXHOI BCTaBku. [ns
CMUCKIB i3 BE/IMKOKO KiNbKICTHO eNleMeHTIB Ta [OPOrot ornepauicto
MOPIBHAHHA Le MOoXe 6yTu Ninwmm BUOOPOM MOPIBHAHO 3 GifbLu
3arabHYMKN MeToAamMu.

MeToan bisect(list, item[, lo[, hi]]) Bu3HavaloTb Micue enemeH-
Ta, WO BCTaBNAETLCA, item y crnucky list, He nopyLlyroun NopsLoK
copTyBaHHs. MapameTpu lo Ta hi MOXHa BMKOPWUCTOBYBaTK 414 TO-
ro, wWob ykasat MigMHOXWHY CMUCKY, B SIKYy BMKOHYBaTUMETbCS
BCTaBKa. Pe3ynbTaT, WO MOBEPTAETHCA, NPUAATHUIA ANS BUKOPUC-
TaHHA SK nepLumin napametp ana list.insert().

insert(list, item[, lo[, hi]]) BctaButn item y list 3i 36epedxxeHHAM Mno-
psaky. Lle eksiBaneHTHO list.insert(bisect.bisect(list, item, lo, hi), item).

Mpuknag 2
PyHKUis bisect() B 0OCHOBHOMY KOpUCHa [/ KaTeropusawii YncnoBmx
JaHux. Lleit npuknag BukopuctoBye bisect() Ans nMowyky OLiHKW pe3y/ib-
Taty icnuTy (Y BUrNA4i nitepu), ChOpMOBaHOr0 Ha OCHOBI BMGOPY YmMCo-
BMX fdiana3oHiB: 85 Ta Buwe — ouiHka ‘A’, 75...84 —'B' Towo.

>>> grades = ""FEDCBA"
>>> breakpoints = [30, 44, 66, 75, 85]
>>> from bisect import bisect
>>> def grade(total):
return grades[bisect(breakpoints, total)]

>>> grade(66)

c

>>> map(grade, [33, 99, 77, 44, 12, 88])
[IEI, IAI’ 'BI’ IDI, lFll IAI]

5.4.3. 36epeXkeHHA
Ta KornitoBaHHSA 006'eKTIB

Mogynb copy — orepawii NOBEpPXHEBOro Ta rNMbOKOro Koniwo-
BaHHA. Lleli moaynb Hagae 3aranbHi (MOBepxXHEeBa Ta rnvMboka) one-
pauii KonitoBaHHS.
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Po3rnsHemo iHTepelic Takoro Moayns:

import copy
X = copy.copy(y)# BUKOHYEMO NOBEPXHEBY KOMitO Yy
X = copy.deepcopy(y)# BUKOHYEMO FIMO60KY KOMito Yy

[na NOMWNOK, WO MOXYTb BUHWKHYTW B MOAY/I, reHepyeTbes
copy.error.

Pi3HMUSA MK NOBEPXHEBUM Ta rMMOGOKMM KOMitOBaHHAM iCTOTHa
nnule Ans cknageHux 06'eKTiB (TakuX, WO MICTATb iHLLII 06'€KTH,
i moZibHUX A0 cnucKiB abo ek3eMNApiB Knacis):

A nosepxHesa Konisi CTBOPIOE HOBMIA CKNafieHnit 06'eKT, a NoTim
(Npv MOX/IMBOCTI) BCTaB/ISE B HHOTO MOCUIAHHA HA 06'EKTH, LLO MiC-
TATbLCA B OpUriHani;

A rin6oka Konisi CTBOPIOE HOBWIA CKMafieHnii 06'€KT, a MoTiM pe-
KYPCUBHO BCTaBNSE B HHOI0 KONl 06'€KTIB, LLIO MICTATLCS B OpUriHani.

Mogy/b KomMitoBaHHS He BUKOPUCTOBYE MOZY/b PEECTPALLT COpY_reg.

[nsa BM3HAUYeHHs BNacHOI peanisauil KonitoBaHHA AN Kna-
CYy MOXHa BMKOpucTaTu cneyianbHi metoan _ copy_ () Ta
__deepcopy__ (). MepLunii BUKINKaETbCA 415 peanisallii onepadii no-
BEPXHEBOr0 KOMitOBaHHS; fOLATKOBI aprymMeHTW He nepegatoTses. Apy-
MIA BUKIMKAETbCA [N peanisauii onepawii rAM6oKoro KonitoBaHHS,
oMy nepefacTbCa OAUH apryMeHT, CIOBHUK Memo. FAKLLIO peanisauis
__deepcopy__ () mae noTpeby y CTBOPEHHI rMMOOKOI Koril KOMMOHEH-
Ta, TO BiH NOBMHEH BUKNNKATU (PyHKLitO deepcopy() i3 KOMMNOHeH-
TOM (SIK MepLIniA aprymeHT) Ta CI0BHUKOM Memo (K Apyruid).

5.4.4. NepeTBOpPEHHSA 06'EKTIB
Ha nocnifoBHy hopmy

1. Mogynb pickle — nepetBopeHHs 06'ekTiB Python Ha nocni-
[0BHY (hopmy.

Mogynb pickle peanisye 6a30BuiA, ane NOTY>KHUIA anropuTm
AN "KoHcepByBaHHA (pickling)" — nmepeTBOpeHHs Ha MOCNIAOBHY
topmy (serializing), BnbyaosyBaHHsi (marshalling) a6o BMpiBHIO-
BaHH# (flattening) — malixxe foBinbHMX 06'ekTiB Python. BiH nonsrae
y MepeTBOPEHHI 06'eKTiB Ha MOTiK 6GanTiB (i 06epHeHa onepawisa —
""po3koHcepByBaHHs (unpickling)™).

126



2. Mogynb cPickle — anbTepHaTvBHA peanisauis pickle.

Mogaynb cPickle Hagae nogibHMIA iHTepdeic Ta igeHTUYHY (yH-
KUiOHaMbHICTb, WO i mogynb pickle, ane Moxe BMABUTUCA 3HAYHO
(maixe y 1000 pasiB WBUALLIMM, OCKiNIbKK BiH peanizoBaHuil Ha C).
LLle ogHa BaxnvBa BigMIHHICTb BapTa yBaru nondrae B TOMY, L0
Pickler() Ta Unpickler() € dyHkuismn, a He Knacamu i He MOXYTb
Hacnigysatucs.

dopmaT KOHCEPBOBAHMX [AaHWX iAEHTUYHWIA OTPUMaHMM i3 BUKOPUC-
TaHHAM moayna pickle, Tak wo, pickle Ta cPickle € B3aeMo3amiHHUMW.

3. Moaynb copy_reg — peecTpauis pyHKUi niaTpumkuy pickle.

Mogynb copy_reg Hagae nigTpumky ana moaynis pickle ta cPickle.

Mogaynb copy AMOBIPHO TeXX BUKOPUCTOBYBaTMME MoAy b pickle
y MailbyTHboMy. BiH Hafae KOHirypauiliHy iHopMmaLito womio
KOHCTPYKTOpIB 06'eKTIB, L0 He € KnacaMu. TaKi KOHCTPYKTOpY MO-
XYTb BYTU PabpruuHMMK DYHKLISMK abo eK3eMnispaMmn Knacie.

4. shelve — 36epexeHHs 06'ekTiB Python.

"Shelf (nonnuka)" — ctanuii, CNOBHUKOBONOLIOHW 06'eKT. Big-
MiHHICTb Bif 6a3 gaHux "dbm™ nonsrae B TOMy, WO 3HAYEHHS
(He kntouil) y shelf MmoxyTb 6YTW NO CyTi AOBINbHUMK 06'€eKTamMK
Python, ki moxe o6pobnatn moaynb pickle. Ciogn Hanexutb 6i-
NbLICTb EK3eMNAAPIB KNaciB, PEKYPCUBHI TUMW [aHWUX Ta 00'EKTH,
L0 MicTATb 6araTo Nigo6'ekTiB. Kntoui — 3BUYaiiHi pagku.

Mpuknag BuKkopucTaHHs iHTepgelicy (key — psagok, data — gosi-
NbHUIA 00'EKT):

import shelve
d = shelve.open(filename) # BigkpvBaemo thaiin, filename - 6e3
cyikca
d[key] = data # 36epiraemo faHi 3 kovem key (3aTupae
cTapi gaHi,
# LLI0 BMKOPUCTOBYHOTb HASABHUIA K/THOY)
data = d[key] # 3BepTaemocs [0 faHUX i3 KoYeM key (BUHU-
Kae cuTyauis KeyError, AKLLO
# TaKWn KNKOY He iCHYE)
del d[key] # Bmpansemo gaHi, 36epexeHi 3 Knovem key
# (BHUKae KeyError, AKLL0 TaKuWii KNOY He iICHYE)
flag = d.has_key(key) # icTuHa, AKLO K/IHOY Key iCHye
list = d.keys() # CIMCOK yCiX HasiBHMX K/HOUIB (MoBiNbHO!)
d.close()  # 3aKpmBaemo thaiin.
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5. marshal — nepeTBopeHHst 06'ekTiB Python Ha nocnigosHy o-
pmy (i3 pi3HUMU 0BOMEXKEHHSAMM).

Lleii moZy/ib MIiCTUTb PYHKLIT, AKI MOXYTb UATaTK Ta 3anuncyBaTm
BennunHM Python y 6iHapHOMy copmari. Takuit hopmaT cneundiy-
HUIA ans Python, ane He 3aneXKuTb Bif apXiTEKTYpY MalLMHK (Hanpu-
Knag, BM MOXeTe 3anucaTti BefimuuHy Python y daiin Ha komn'toTepi,
nepeHecTu haiin Ha Sun Ta npoumTatn Tam). [detani gopmaTy Ha-
BMWCHO He [OKYMEHTOBAHO; BOHW MOXYTb 3MiHIOBAaTUCA Bif Bepcii
Ao Bepcii Python (xoua Le Bi6yBaeTbCA PiaKo).

KOHTpO/IbHI 3annTaHHs

1. Ak Python BU3Hayae noriyHe 3Ha4eHHa 4na 06'ekTa?

2. MepepaxyiTe OCHOBHI NOrivHI onepauii.

3. Akunin nopsgok obumcneHHs Bupasis y onepatopi and?

4. Yy MoXKHa MopiBHIOBATU 06'€KTU JOBINIbHUX TWUNIB?

5. MepepaxyiiTe YnCNOBI TUMK, SKi MiCTUTb Python, i onuwiTe 06nacTb
BUKOPUCTaHHS KOXHOTO 3 HUX.

6. HasegiTb Ta onuLWiTb apMAPMETHYHI onepawii.

7. [lns Yoro mMoXkHa BUKOPUCTOBYBaTY BITOBI onepav,ii?

8. MepepaxyinTe He3MiHIOBaHI MOCNIAOBHOCTI, 5iKi € B MOBI Python.

9. AKi 06'eKTV MOXXHa BUKOPUCTOBYBATY AK K/HOYi [0 C/TIOBHUKA?

10. MNepepaxyiiTe 1 ONMLWITL onepawii Hag 3MiHIOBaHWMMW NOCAiA0BHOC-
TAMU. SAKi BUHSTKOBI CUTYaLLiT MOXYTb BUHWKATU NPU IX BUKOPUCTaHHI?

11. OnNuwWiTb BUKNNKYBaHi 06'ekT moswu Python.

12. MoACHITL NepeBarn BUKOPUCTaHHA CrewiaslbHUX MeTOfiB Knacis
y moBi Python.

13. [aiite ornsag 6i6nioteqHnx mogynis mosu Pyhton.

14. ins 4oro MoXKe BUKOPUCTOBYBATUCH NepeBeieHHs 06'eKTiB Y Nnochi-
[OBHY hopmy (cepianisauis)?

KOHTpO/IbHI 3aBAaHHA

1. CnpoekTyliTe Knac "0fHO3B'A3HMI cnncoK". lMepeabayTe KOPEKTHe
BUAANIEHHS faHKUX 06'€KTIB Micna 3aKiHYeHHs PoboTW 3 HUMKM (MpounTaiiTe
YBaXKHO Te, LLIO HanmcaHo npo metog _ del ).

2. PeanisyiiTe knacu "cTek" Ta "yepra" Ha OCHOBI KnaciB i3 3aBAaHHs 1.

3. Peanisyiite knac "KinbLeBuiA cnncok™ (peanidyiTe onepauii iHidiani-
3aLlil, 3aN0BHEHHS!, BUJANIEHHA, 3IMTTA ABOX CNUCKIB B OAWH TOLLO).
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4. Po6oTa 3 ABiliKOBMM JepeBoM (puc. 5.1). PeanisyiiTe f4BiiikoBe fepeBo
K Knac.

class Tree:

def __init__(self, cargo, left=None, right=None):
self.cargo = cargo
self.left = left
self.right = right

def _str_ (self):
return str(self.cargo)

traa

caga —= 1

laft right
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i b ' LY
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Puc. 5.1. figiikose Aepeso [KENEETBONIOKOSNNCDERSHATEY

MprayMaiiTe CaMOCTIHO 3MICTOBHMWIA MPWKaL BUKOPUCTaHHSA LbOro
JepeBa (Hanpvknag, AepeBo COPTyBaHHA, Po3bip apniMeTUYHMX BUpasis,
06'eKTHa 6a3a IaHuX).

5. OnNuLWIiTb Y Moayni Ta NPOTECTYWTe Knac MHOXWHM Set. BUKOHYOUM
onepaLii Hag CBOIMM eK3emnaspaMu, Knac NOBMHEH BUKOPUCTOBYBATM Cre-
LianbHi MeToaN. 3a CBOEHD NPUPOAOHD MHOXUHW € CKOpiLle 6avmkyi 4o cno-
BHUKIB, HIXX 0 CNUCKIB. TaK camo, K i CIOBHUKMU, L0 3a6e3neyyoTb YHi-
KaNbHICTb CBOIX KMHOYIiB, MHOXWHW rapaHTYOTb YHIKafbHICTb eN1eMeHTIB,
Lo HanexaTb 40 HUX. Kpim Toro, Cnucky BCTaHOB/IOOTL NEBHUIA MOPSLOK
MPOXOMKEHHS €NEMEHTIB, L0 ANS MHOXWH 30BCIM He060B'A3KOBO. Takum
4ymHOM, ybypaoBaHuii Tvn dictionary MOXe cnyutu [obpoto 6as3oto anis
peanizaLii MHOXWH.

6. OnMwWIiTb Y MOAy/i Ta NPOTeCTyWTe Knac Rev, WO peanisye 380pOTHY
Nocnif0BHICTb 6e3 Ay6NtOBaHHS.

129



class Rev:

def __init__(self, seq):
self.forw = seq
self.back = self

PeBepc BifdyBaeTbCA AK 417 3MIHIOBAHUX, TaK i ANS HE3MiHIOBaHWUX Mo-
CNigoBHOCTER. TwuM 3MiHHOT NErko nepeBipUTU BiANOBIAHOK (YHKLUIE

type(seq) == type([l).

Mpuknagn TecTiB

WH = Rev("Hello World!")
print WH.forw, WH.back
nnn = Rev(range(1, 10))
print nnn.forw

print nnn

Pe3ynbTaTn BUBEAEHHSA:
Hello World! !'dlroW olleH
[1,2,3,4,5/6,7,8,9]
[9,8,7,6,5,4,3,2,1]
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Po3ain 6

[MpacivHu IHTepdenc
KopucTyBa4ya

6.1. Ornag rpadivyHnx 6i6nioTek

Byaysatu rpagiuHuin iHTepgelic kopuctyBaya Graphical User
Interface (GUI) gna nporpam mosoto Python mMoXkHa 3a J0Momororo
BiAMOBIAHMX 6i6MI0TEK KOMMOHEHTIB rpadiyHoro iHTepgeicy
ab0, BUKOPUCTOBYHOUM KanbKy 3 aHI NiACbKOI, 6i61i0TEK BigKETIB.

HaBeaeHWin cnncok 6i6ioTeK Janeko He MOBHWIA, ane BigouBae
PO3MAITTA MOX/IMBMX PilLIEHb:

Tkinter — 6araTonnaToOpMHMIA NakeT, Mae A06pi 3acobu Kepy-
BaHHA pO3TallyBaHHAM KOMMOHEHTIB. IHTepdeiic Mae OfHaKOBWiA
BUrNAL Ha pisHux nnatgopmax (Unix, Windows, Macintosh). Bxo-
AWTb Yy CTaHAapTHY noctasky Python. HK JOKyMeHTaLit0 MOXKHa BU-
KopucToByBaTh Moci6HMK "An Introduction to Tkinter" ("Bctyn o
Tkinter"), HanmcaHui ®peapikom Nynpom. Cait:
http://www.pythonware.com/library/tkinter/introduction/.

wxPython — nobygosaHuii Ha 6GaratonnathopmHiin 6GibnioTeui
wxWidgets (paHiwe Hasmsanaca wxWindows). Ha KoXHiv nnatdqop-
Mi Ma€ CTaHZapTHWUIA N1 Hel BUMNSA, aKTUBHO BLOCKOHAJIHOETHCS,
peanizoBaHo MiagTpUMKy GL. ICHye Ans BCiX OCHOBHMX NIaT(OPM.
MoxnmBo, nocsge Micue Tkinter y maiibyTHix Bepcisix Python.
Cair: http://www.wxpython.org/.

PyGTK — Habip BisyanbHMUX KOMMOHeHTIB ana GTK+ Ta Gnome.
Tinbkn gns nnatopmn GTK.

PyQT/PyKDE — pobpi naketu gns Tux, XTO BUKoOpucToBye Qt
(mig UNIX a6o Windows) a6o KDE.

Pythonwin — nobyzaoBaHWin HaBkono MFC, NocTaBNseTbCA pasoMm
3 000M0HKOK B nakeTi win32all; BUKOPWUCTOBYETLCA TifIbKM AN
Windows.

pyFLTK — aHanor Xforms, nigtpumka OpenGL. € ana nnatdopm
Windows Ta Unix. Caiit: http://pyfltk.sourceforge.net/.
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AWT, JFC, Swing — nocTtaBnsieTbca pasom 3 Jython, a gnsa Jython goc-
TYNHi 3ac06m, SKi BUKOpUCTOBYE Java. MigTprmye nnatgopmy Java.

anygui — HesaneXxHuin Big nnatpopmMu nakeT And nobypao-
BM rpadiyHoro iHTepdelicy ans nporpam Moot Python. Cair:
http://anygui.sourceforge.net/.

PythonCard — KOHCTpyKTOp rpadgiyHoro iHTepdeicy, nogioHuii
3a igeonorieto 3 HyperCard/MetaCard. Po3pobneHuin Ha 6asi
wxPython. Caiit: http://pythoncard.sourceforge.net/.

CnuncoK akTyanbHUX NocunaHb Ha pisHi rpadiyHi 6i6nioTeku, siKi
[OCTYMHi 3 Python, MOXKHa 3HaliTV 3a afpecoto:

http://phaseit.net/claird/comp.lang.python/python_GUI.html

bibnioTekn MOXyTb 6yTM GaratopiBHeBMMM. Hanpuknag,
PythonCard sukopuctoBye wxPython, w0, cKaximo, Ha nnaTgopmi
Linux 6asyetbcd Ha  6aratonnatdopmuin  GUI-6i6nioTewi
wxWindows, L0, Y CBOI uepry, 6asyeTbcst Ha GTK+ abo Ha Motif,
aTi, y CBOK Yepry, BUKOPUCTOBYIOTb Ans BMBeAeHHA X Window.
3aszHaummo, Wwo ana Motif y Python € cBoi npuB'a3Ku.

Y uboMy MocibHMKY Byae po3rfisHyTO nakeT Tkinter, Lo no cyTi
€ obropTkoto ana Tcl/Tk — Bigomoro rpagivyHoro nakera Aas MoBu
cueHapiie Tcl. Takox HaBoguTMMeTbCs NakeT PyQt. Ha npuknagi
LMX MakKeTiB /IErKO BUBYMTM OCHOBHI NPUHLUMNY No6ynosu rpadiy-
HOro iHTepdeicy KopucTyBaya.

Mpo rpadgiyHnin  iHTepdelic. Maitke BCi  CyuvacHi  rpadiyHi
iHTepdeiicK 3arasibHOro NpusHadYeHHs 6yayroTbes 3a mogennto WIMP
— Window, Icon, Menu, Pointer (BiKHO, iKOHKa, MEHIO, MOKaXKUMK).
YcepeayHi BIKOH pUCYHOTbCA €fleMeHTU rpadivyHoro iHTepdeiicy,
AKi AN CTUCNOCTI HasuBaTUMEMO BigpkeTamu (widget — WwTyka). Me-
HIO MOXYTb PO3TaLLIOBYBATUCS B Pi3HMX YaCTUHAX BIKHA, asie TXHS Mno-
BeiHKa LOCUTb OLHOTMMHA: BOHU BUKOPUCTOBYIOTLCS 1 BUGOPY Aii
3 BMU3Ha4eHoro Habopy. Kopuctysau rpadgivHoro iHTepdelicy "nosc-
HIOE" KOMM'IOTEPHIl nporpami HeobXiAHI Ail 3a AOMOMOroK MOKaX-
YMKa. 3BMYANHO MOKAXKUYNKOM CAY>KUTb KYPCOP MULLII a60 AXONCTUKA,
OfHaK € Vi iHWI "BKa3iBHI" NpMUCTPOI. 3a AOMOMOrOK IKOHOK rpadiy-
HWiA iHTepdeiic 3000yBaE He3aNEXHICTb Bif MOBW iy AEAKUX BMMNaf-
Kax N03BO/ISIE LLIBU/LLIE OPIEHTYBATUCA B iHTEPEVACI.

OCHOBHUM 3aBfaHHAM TpaiuyHOro iHTepgeiicy € CrpoLLeHHS
KOMYHiKaLii MK KopucTyBayeM Ta Komn'toTepom. [po ue BapTto
3aBXAM nam'aTaT Npu NPOeKTYBaHHI iHTepdeicy. BukopucTaHHs
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HasBHMX Yy nporpamicta (abo Am3aiiHepa) 3acobiB Npy CTBOPEHHI
rpaciyHoro iHTepdelicy NoTpi6HO 3BeCTU 4O MiHIMYMY, 06Mpatoun
Ham3pyyHiWwi Ang KopucTyBaya Bif)KeTU B KOXXHOMY KOHKPETHOMY
BNagKy. KpiM TOro, KOpuUCHO [OAepXXYyBaTWUCA MPUHLMMY “Hai-
MEHLLOro noamey": i3 hopMu iHTEpdeiicy Mae ByTK 3p03yMinoto 1io-
ro nosegiHka. MoraHo nNpogyMaHuii iHTepPdenc Ncye BpaXKeHHs Ko-
pucTyBava Bif Mporpamu, HaBiTb AKLO 3a pacafom iHTepdeiicy
XOBA€ETbCS ePEKTUBHUIA aNrOpPUTM.

IHTepdeiic NOBMHEH BYTY 3pyYHUIA ANa TUNOBMX Aili KOPUCTYBa-
ya. [ns G6araTbox nporpam Taki 4iT BUAiNeHi B OKpeMmi cepii ekpaHis,
AKi HasmBatoTbCA "MaricTpammn” (wizards). OaHak SKLO 3aCTOCyBaH-
HSA — CKOpiLLe KOHCTPYKTOP, 3a A0MOMOrOK KO0 KOPUCTYBaY MOXe
OyayBaTV NOTPIOHI MOMY pilLEHHS, TUMOBOIO i€t € came NobyaoBa
piLLeHHsA. Bu3HaunT TUNOBI AiT He 3aBXXAW Nerko, TOMy KOMMpPOMi-
COM MOXe 6yTu ribpug, y KoMy € "mMaiicTpu™ Ta 4o6pi MOXAMBOCTI
ANs BnacHWX nobypaos. MNpoTe, rpadivyHmin iHTepdeiic He € Hanedek-
TUBHILLMM iHTepdelicom y BCiX Bunagkax. [ns 6araTbox npeamet-
HMX 06/1acTeil pilleHHa NPOCTille nojaTh AK Habip Aeknapauiin ge-
AKO (POPMasIbHOK MOBOIO 260 a/IrOpPMTM MOBOHO CLiEHapIiB.

6.2. OcHoBU Tk

OcHoBHa puca 6yab-aKoi nporpamu 3 rpagivyHnM iHTepdeincom —
IHTepaKTUBHICTb. [lporpama He NPOCTO LWOCb BUKOHYE (Y MakeT-
HOMY PeXXMMmi) Bif No4aTKy CBOro 3anycKy A0 KiHus: ii gl 3anexarb
Bif, BTpyYaHHA KopucTyBaya. PakTU4HO, rpaiyHe 3acTOCyBaHHS
BMKOHYE HECKIHYEHHWIA LUMKN 06po6KK nogdild. Mporpama, Lo peani-
3ye rpadhivyHuii iHTepdeiic, NogiriHo-opieHTOBaHa. BoHa yekae Ha
3MiHKM Bif iHTepdeicy nogdii, ski n 06pobnse 3rigHo 3i CBOIM BHYT-
PiLLHIM cTaHOM. Lli noAii BUHVKaOTb B efieMeHTax rpafiyHoro iHTe-
ptheiicy (BimxeTax) Ta 06pOGNAOTLCA NPUKPINAEHUMU A0 UMX Bi-
[PKeTiB 06pobHMKamMK. CaMmi Bif)KeTn MatoTb YMCNEHHI BNaCTUBOCTI
(Konip, po3mip, po3TalllyBaHHS), BULLMKOBYHOTLCA B iEpapxito Hane-
YKHOCTI (OAMH BiKET MOXe OYTU Xa3saTHOM iHLIOr0), a TaKoX MatoThb
MeTOAM AN JOCTYNy [0 CBOro CTaHy.

3a posTallyBaHHs BifKeTiB (Y MeXax iHWuX BifKeTiB) BiAnosi-
[al0Tb TaK 3BaHi MeHe[Kepwn po3TallyBaHHSA. BifikeT ycTaHOB/O-
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€TbCA Ha MicLe 3a npasBuiamy MeHepkepa po3sTallyBaHHsA. Lii npa-
BU/1a MOXKYTb BM3HA4YaTW He TifIbKM KOOpAMHATW BifXeTa, a i oro
po3Mipu. Y TK € Tpy TUNu MeHeKepiB po3TallyBaHHSA: NPOCTUiA Na-
KyBasibHUK (pack), ciTka (grid) Ta foBinbHe po3TallyBaHHs (place).

Ane Ub0oro ana poboTn rpagiyHol NporpaMyM HegocTaTHbLO. 3a-
3HaYMMO, WO AesKi BiKETW y rpadiyHiii nporpami MaroTb 6yTH ne-
BHUM YMHOM B32EMO3ANIEXHUMU. Hanpuknag, CMyXkKa MpoKpy4y-
BaHHA MOXe 3a/1eXaTy Bifj TEKCTOBOIO BifKeTa: Mpy BUKOPUCTaHHI
CMY)KKN TEKCT Y BifpKeTi NOBUHEH PyXaTucs, i HaBmaku, Npu nepe-
MiLLEHHI MO TEKCTY CMY)XXKa Mae nokasyBaTu NMOTOYHE MOSIOXKEHHS.
[na 38'A3Ky MK BifpkeTamu B Tk BUKOPUCTOBYHOTLCA 3MiHHI, Yepes
AKi BI[DKETV 11 NepefatoTb OAMH OLHOMY MapameTpu.

6.2.1. Knacw Big>xeTiB

[ns nobygosm rpadgivHoro iHTepdeiicy B 6i6nioTeui Tk Bigiopa-
HO TaKi Knacu BifpkeTiB (3a abeTKo):

button (kHOMkKa) — 3BMYaliHa KHOMKA ANA BUKIWKY LAEAKUX LI
(BMKOHaHHS NEBHOT KOMaHAW);

canvas (Ma/ItoHOK) — OCHOBa [/151 BUBELEHHS rpadivyHnX NPUMITUBIB;

checkbutton (mpanopeub) — KHOMKa, WO MNEPEMUKAETHCA MiX
[BOMa CTaHaMu NpPU HaTUCKaHHI Ha Hel;

entry (none BBeAEHHS) — rOPU3OHTA/ILHE NOJIE, Y AKE MOXKHA BBe-
CTW PALOK TEKCTY;

frame (pamka) — BipKeT, WO MIiCTUTb Y COGI iHLWI Bi3yanbHi KOM-
MOHEHTMW;

label (Hanuc) — BigKET MOXKe MoKasyBaTW TEKCT abo rpadivHe
306paXKeHHs;

listbox (cnncok) — NpsIMOKYTHa paMKa 3i CrIUCKOM, i3 SIKOro Ko-
pUCTYBaY MOXe BUAINNTM OAMH abo KinbKa eNeMeHTIB;

menu (MeHI0) — efleMeHT, 3a [0MOMOroK SKOr0 MOXHa CTBOPHO-
BaTW BUCXigHe (popup) Ta HM3XigHe (pulldown) MeHto;

menubutton (KHOMKa-MeHH0) — KHOMKa 3 BUCXiAHUM MEHIO;

message (NOBIAOM/EHHA) — aHa/I0TiYHe Hanwucy, ane L03BOSISE 3a-
ropTati [OBri pAgKM M MIHATU PO3MIp Ha BUMOTY MeHe[pkepa pos-
TallyBaHHS,

radiobutton (cenekTopHa KHOMKa) — KHOMKa 18 MpescTaBieHHs
OAHOT 0 3 a/IbTEPHATUBHUX 3HayeHb. TaKi KHOMKW 3a3BUYainl AitoTb y
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rpyni. Mpun HaTUCKaHHI Ha OAHY 3 HUX KHOMKa rpynu, obpaHa paHi-
e, "BifiCKaKye";

scale (WKana) — cnyXuTb, W06 yKazyBaTu YMC/IOBE 3HAYEHHS ne-
PEMILLEHHAM MOB3YHKa B NMEBHOMY [iana3oHi;

scrollbar (cmMyra NpokpyyyBaHHS) — CMyra NpPOKpyYyBaHHSI BUKO-
PUCTOBYETLCA ANS BiA0OPaXKEHHS BEMYMHN NMPOKPYYYBaHHS B IHLIMX
BigpkeTax. Moxe OyTu K BEPTUKA/IbHOK, TaK | FOPU3OHTANIbHOLO;

text (hopmaToBaHWIn TEKCT) — Ll NPSIMOKYTHWIA BifpKeT A03BO-
Nse pefaryBatin i opmaTyBaTV TEKCT i3 BUKOPUCTAHHSAM Pi3HMX
CTWNIB, BKNKOYATK B TEKCT PUCYHKM i HaBiTb BiKHa,;

toplevel (BiKHO BEPXHLOr0 piBHA) — BiJOOGPAXKAETLCS AK OKpeme
BIKHO Ta MICTUTb iHLLI BigKeTN.

Yci Ui Knacu He MatOTb CTOCYHKY [10 CNafKyBaHHS — BOHW PiBHO-
npaBHi. Y 6inbLLIOCTI BMNafKiB LEin Habip € AOCTaTHIM, 1106 Noby-
AyBaTW iHTepdelic KopucTyBaua.

6.2.2. Mogpii

Y cuctemi cyyacHoro rpaivyHoro iHtepteincy € MOXMBICTb Bif-
CMiIKOBYBATW Pi3HI MOZiT, MOB'A3aHI 3 K/aBiaTyporo Ta MULLELD, AKi
BifibyBaloTLCA Ha "TepuTopii™ Toro abo iHworo BigpkeTa. Y Tk nogii
OMUCYOTbCA TEKCTOBUM PAAKOM — LLABMIOHOM MOAIT, O CKIALa€ETh-
s 3 TPbOX e1eMeHTIB (MogudikaTopis, TMny nogii (Tabn. 6.1) Ta ge-
Tanizayii nogiv).

Ta6bnuusa 6.1
Twvinn nogain
Twun nogii 3micT nogit
Activate AKTUBI3aLis BiKHa
ButtonPress HaTucKaHHs KHOMKW MULLi
ButtonRelease 3Bi/IbHEHHSA KHOMKM MULLI
Deactivate [JeakTuBizauis BikHa
Destroy 3aKpuTTA BikHa
Enter BXomKeHHs1 Kypcopy B MeXi BifpkeTa
Focusin OfepxxaHHsA (hoKyca BiKHOM

135



3aKiHYeHHA Tabn. 6.1

Twn nogii 3micT nogii
FocusOut BT1para (hokyca BikHOM
KeyPress HaTuckaHHs KnaBili Ha KnasiaTypi
KeyRelease BignyckaHHs Knagilli Ha KnasiaTypi
Leave Buxig Kypcopy 3a Mexi BifpkeTa
Motion Pyx MULLI B MeXax BifkeTa
MouseWheel MpoKpy4yBaHHS KOAMILLATA MULLI
Reparent 3miHa 6aTbka BikHa
Visibility 3MiHa BMAMMOCTI BikHa

Mpyknagy onucie Nogiin pagkamy Ta feski Ha3Bu Kna.ilu:

"<ButtonPress-3>" ab0o npocTto "<3>" — HaTUCKaHHA MpaBolo
KHOMNKOI MuLWi (TOBTO, TPETbOHD, AKLLO paxyBaTh Ha TPUKHOMOYHIl
MULLI 371iBa NPaBopyy);

"<Shift-Double-Button-1>" — noggiliHe HaTUCKaHHS (N1IBOKO KHO-
MKOK MULLI) i3 HATUCHYTOM Knagileto Shift. Ak mogudikaTtopn Bu-
KOPUCTOBYHOTb Taki (CNCOK HEMOBHUIA):

Control, Shift, Lock,
Buttonl1-Button5 a6o B1-B5,
Meta, Alt, Double, Triple.

TyT CMMBO/T NO3Ha4ae Mofit0 — HAaTUCKaHHA Knaeilli. Hanpuknag,

"k" — Te came, Wwo i "<KeyPress-k>". [Ins HeanhaBiTHO-LM(PPOBUX
KNaBiLl € crieyianbHi Ha3BK:

Cancel, BackSpace, Tab, Return, Shift_L, Control L,
Alt_L ,Pause, Caps_Lock, Escape, Prior, Next, End, Home, Left,
Up, Right, Down, Print, Insert, Delete, F1, F2, F3, F4, F5, F6, F7,
F8, F9, F10, F11, F12, Num_Lock, Scroll_Lock, space, less

TyT <space> nosHa4yae npobin, a <less> — 3HaK MeHwe. <Left>,
<Right>, <Up>, <Down> - cTpinkn. <Prior>, <Next> - ue
PageUp Ta PageDown. IHWI KHOMKK 6ifbLU-MeHLW BiAMOBiAalOTL
Hanmcam Ha CTaHAapTHIl KnasiaTypi.
MpumiTka. Shift_L, Ha BigmiHy Big Shift, He MOXHa BMKOPWCTOBYBATU SK
mMoaudikaTop.
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Y KOHKPEeTHOMY CepefoBuLLi KOMOGiHaLiT, L0 03Ha4alThb LLIOCh
0c06/1Be B CUCTEMI, MOXYTb He MOTpanuUTK A0 rpadivyHoOro 3acTo-
cyBaHHs. Hanpuknag, sigomuia scim Ctrl-Alt-Del.

HacTtynHa nporpama f03B0NSE ApYyKyBaTK iH(OPMALLito Npo Hanpa-
B/IeHi [0 BifpKeTa Mogji, 30kpema — Keysym, a TakoX aHani3ysatu, fK
Pi3Hi KNaBiLWi MOXKHa NpeACcTaBUTY B LUIAGNOHI Nogil (NicTUHT 6.1).

NictnHr 6.1 MNpuknag "Moaii™
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 1

from Tkinter import *

tk = Tk() # ronoBHe BiKHO 3aCTOCYBaHHS

txt = Text(tk) # TeKCTOBUI BiJKET, L0 HANEeXUTb BikHY tk
txt.pack()  # po3sTalloByeTbCS MeHempKepom pack

# hyHKLUiS 06p0o6KK nogii
def event_info(event):
txt.delete("*1.0"", END) # BUaansieTbCA 3 no4aTKy A0 KiHUS TEKCTY
for k in dir(event): # uMkn 3a atpnbyTamun nogaii
if K[0] !=""_":  # GepyTbCAa TiNbKN HeCny>x60Bi aTpnbdyTn
# roTyeTbCs OnNuc aTpmnbyTa nogii
ev = "%15s: %s\n"" % (k, repr(getattr(event, k)))
txt.insert(END, ev) # 0oaaeTbCs B KiHeLb TEKCTY

# NpUB'A3YETLCA [0 BiMKETY txt QyHKUis event_info gns o0bpo6-
KW nogii,

# LW0 BiANOBIgalTb WabnoHy <KeyPress>
txt.bind(*'<KeyPress>"", event_info)

tk.mainloop() # ronoBHWI LMK 06p06KK NOAiN

Mpy HaTUCKaHHI Knasiwwi ESc y BikHI 6a41nMo NpubnM3HO Take:

char: "\x1b'

delta: 9

height: 0

keycode: 9

keysym: 'Escape’
keysym_num: 65307
num: 9

send_event: False
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serial: 159

state: 0

time: -1072960858

type: '2°

widget: <Tkinter.Text instance at 0x401e268c>
width: 0

x: 83

X_root: 448

y: 44

y_root: 306

BapTo NosACHUTK feaki 3 UMX aTpuoyTiB:

A char — cumBon, WO BigNOBifae HATUCHYTIN Knasiwwi (Ans ae-
AKNUX Nogin);

A height, width — BucoTa Ta WnpwnHa;

A focus — un 6yB y MOMEHT Nogii PoKycC Yy BikHa;

A keycode — Kof, cMMBONY (CKaH-KOf KnaBiaTypu);

A keysym — cumBOniUHe iM' KNaBiLui;

A serial — cepiliHnii Homep nogii (36iNbLLYETLCA B Mipy BUHUK-
HEHHS nofin);

A time — yac BUHMKHEHHS NoAii (YBech Yac 36iNbLIYETLCA);

A widget — BifpkeT, B IKOMY BUHMKNA NOAis;

A X,y — KOOpAMHATM NOKaXXuMKa Y BifpKeTi nif yac nogir;

A X_root, y_root — KoopAyHaTX NOKaX4MKa Ha eKpaHi nNif yac nogii.

30BciM Heo6O0B'I3KOBO, LLLO6 NoAii 06po6asB TOW CaMuiA BifpKeT,
WO X NepBUHHO NpWitHAB. Hanpuknag, MoXHa nepeHanpasisTh BCi
nogii BcepeauHi NigNOPAAKOBaHUX BIMKETIB Ha [aHWA BiKeT 3a
ponomoroto Metogy grab_set() (grab_release() 3BinbHAE BifKeT Bif
LbOro 060B'A3KY). ¥ TK ICHYIOTb I iHLI MOX/IMBOCTI KepyBaHHS Mo-
AigMK, i3 AKMMW MOXKHA 03HaOMMTUCh Y BiAMOBIAHI LOKyMeHTauil.

6.2.3. CTBOpEHHS
Ta KOHQIrypyBaHHS BigXkeTa

CTBOPEHHS BipKeTa Bifj6yBacTbCs 3a JONOMOIOH BUK/NKY KOHC-
TPYKTOpa BifAMOBIAHOrO Knacy. BMKAMK KOHCTPYKTOpa Mae TaKuii
CMHTaKCuC:

Widget([master[, option=value, ...]])
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TyT Widget — knac BigpkeTa, master — BifkeT-xasdiH, option Ta
value — KoHdhirypauinHa onuis Ta i 3Ha4eHHs (Taknx nap Moxe 6y-
TV [EKiNbKa).

KOoXHWiA BigKeT Mae BNacTMBOCTI, SIKi MOXHa BCTaHOB/OBATM
(KoHdpirypysatu) 3a gonomoroto metogis config() (a6o configure())
Ta YUMTaTK, BUKOPUCTOBYIOUMN METOAM, MNOAIOHI O MeToAiB po60oTH 3i
C/TIOBHUKaMMU.

HaBeaemMo MOXMBUIA CUHTAKCUC A1 po60TK i3 BNAaCTUBOCTAMU:

widget.config(option=value, ...)
widget["'option"'] = value
value = widget["'option™']
widget.keys()

Y pasi, Konu iM's BNacTMBOCTI 36iracTbCA 3 K/KOYOBMM C/OBOM
MoBM Python, NpuiAHATO BMKOPMCTOBYBATU MICNS iMEHI OAMHOYHE
nigkpecneHHs. Tak, BnacTuBiCTb class MoTpibHO BKasyBaTh £K
class_,atoakto_.

3MiHIOBaTN KOHMIrypauito BigKeta MOXHa B Oyab-KUIA MOMEHT.
LA 3miHa 3'9BUTbCS Ha eKpaHi Micns NMOBEPHEHHS B LKA 06pO6KK
nogii abo 3a sBHMM BUKIMKOM update_idletasks().

Y HacTynHomy npuknagi (nicTuHr 6.2) nokasaHo BiKHO 3 [BOMa
Bif)KETaMn — NOJIeEM YBeJEHHA Ta Hanucom. 3a AOMOMOror 3MiHHOT
Hanuc NpPAMOo MOB'A3aHWI i3 MoNeM YBeAeHHS. Y LUbOMY NpuUKiagi
HaBMWMCHO BMKOPWCTaHO AyXXe 6arato BNacTMBOCTEN, LLob6 npogemo-
HCTPYBaTV MOX/IMBOCTI 3 KOHQirypadlii.

NictuHr 6.2. Mpuknag "[ga Bigxetn"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 2

from Tkinter import *

tk = Tk()

tv = StringVar()

Label(tk,
textvariable=tv,
relief=""groove",
borderwidth=3,
font=(""Courier", 20, ""bold"),
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justify=LEFT,
width=50,
padx=10,
pady=20,
takefocus=False,
)-pack()
Entry(tk,
textvariable=tv,
takefocus=True,
)-pack()
tv.set(*'123")
tk.mainloop()

BimpkeTn KOHQirypytoTbCs NpsaMo Npu CTBOPEHHI. binbLu Toro, Bi-
[DKETUN He 3B'A3YHOTbCA 3 IMEHAMMU, TX Ti/IbK PO3TaLLOBYOTb YCepeayHi
BifpKeTa-BikHa. Y LUbOMY MpUKIadi BUKOPUCTAHO B/ACTUBOCTI
textvariable (TekcToBa 3MiHHa), relief (penbed), borderwidth (wmpw-
Ha rpaHuui), justify (BupiBHIOBaHHS), width (wupvHa, y 3HaKomic-
uax), padx Ta pady (NPoMidXKOK y MiKCensx mMi>k BMICTOM Ta rpaHmus-
Mu  BigpkeTa), takefocus (MOXNMBICTb NPUIAHATU  (DOKYC Mpu
HaTUCKaHHI Knasiwi Tab), font (wpudT, oauH 3i cnocobis 1oro Bu-
3HaueHHs). Lli BnacTMBOCTI JOCUTL TUMNOBI An1st GaraTbOX BifXKETIB, X0u
iHOAI OAMHULI BMMIPIOBaHHA MOXYTb BIPI3HATMCA, Hanpuknag, 4is
BifKeTa Canvas LumprHa 3afa€eTbCs B MIKCeNsX, a He B 3HAKOMICLAX.

Y HacTyrnHomy npuknagi (nictuHr 6.3) NpogeMOHCTPOBAHO MOX-
JIMBOCTI 3 BU3HAYEHHA KOMbOPIB (DOHY, NepesHbOro nnaHy (Tekcty),
BUAINEHHS BimxeTa (NiACBiYyBaHHA MeXi) B aKTUBHOMY CTaHi Ta 3a
BiZICYTHOCTIi (hokyca.

Nictunr 6.3. Mpuknag "MMigcsivyBaHHA"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 3

from Tkinter import *

tk = Tk()

tv = StringVar()

Entry(tk,
textvariable=tv,
takefocus=True,
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borderwidth=10,

)-pack()
mycolorl = "#%02X%02X%02X"" % (200, 200, 20)
Entry(tk,

textvariable=tv,

takefocus=True,

borderwidth=10,

foreground=mycolor1, # fg, TekCT BifKeTa
background="#0000FF",  # bg, dhoH BimkeTa
highlightcolor="green’, # nigesivyBaHHA Npy POKyCi

highlightbackground="red", # nigcsiyyBaHHA 6e3 (hokyca
)-pack()

tv.set(*'123")

tk.mainloop()

3a bakaHHA MOXKHa BKa3aTu CTULOBI ONLIT 419 BCIX BifYKETIB ofpa-
3y: 3a gonomoroto Metoay tk_setPalette(). Kpim BUKOPUCTaHUX BULLE
B/IaCTMBOCTEN, Y LbOMY METOfi 3acTocoBytOTh selectForeground Ta
selectBackground (nepefHii nnaH Ta ¢oH BuUAineHHs), selectColor
(konip B 06paHOMy cTaHi, Hanpuknag, Yy Checkbutton),
insertBackground (konip TOUKM BCTaBKW) Ta AeAKi iHLU.

|_|pI/IMiTKa. O,u,ep>KaT|/| 3Ha4YeHHA 3 NnonA BBEAEHHA MOXKHa in3a [0NOMOror me-
Topy get(). Hanpuknag, sKwo Ha3saTh 06'eKT Knacy Entry imeHem e, ogepxatu
3Ha4YeHHs MOXHa Tak: e.get(). MpaBaa, Leil MeTog He Mae Ti€l THYUKOCTI, AKY Mae

meTos get() ekseMnnspiB Knacy Ans opMaToBaHOro TekcTy Text. B ocTaHHbOMY
BUNAAKY MOXHA CKOPUCTATUCS TiNlbKN BCiM 3HAUEHHSM Pa3oM.

6.2.4. BipkeT hbopmMmaTOBaHOro TEKCTY

[ns nemoHcTpauii poboTn 3 HeTpUBIabHUM BII)KETOM PO3rNs-
Hemo BigkeT ScrolledText 3 ogHoiiMeHHOro mogyns Python. Llei
BiPKET aHa/IorivyHmii pamui 3 hopmaToBaHUM TEKCTOM Ta BepTuKa-
NbHOKO CMYTO0 MPOKPYYYBaHHS (NiCTUHT 6.4).

NicTuHr 6.4. Mpuknag "TeKCT i3 NPOKPYTKO"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 4
from Tkinter import *
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from ScrolledText import ScrolledText

tk = Tk() # BIKHO BEpXHbOr0 PiBHA
txt = ScrolledText(tk)  # Big>KeT TEKCTY 3 NPOKPYTKOHO
txt.pack() # BiPKET pO3MILLYy€ETbCA

for x in range(l, 1024):  # BiMKET HANOBHIOETLCA TEKCTOBUM
3MIiCTOM
txt.insert(END, str(2L**x)+""\n"")

tk.mainloop()

3apa3 BapTo AOKNagHiLle po3rnsaHyTW MeTOAM Ta BNacTUBOCTI Bi-
[KeTa 3 PopmMaToBaHNM TEKCTOM.

[ns Hasirauii B TekcTi B Tk nepef6ayeHo cneuiasibHi iHAEKCH.
IHaeken Tuny 1.0 Ta END yxke 3ycTpivanuca — Lie noyaTtok TeKCTY
(nepwmnii psagoK, HYNbOBWIA CMMBOM) Ta Moro KiHeub (y Tk psgkm
HYMepytoTbCa 3 OAMHULI, a CUMBOAW psgKa — 3 Hyns). Hasepemo
MOBHILUWI CNNCOK iHAEKCIB:

L.C — 1yT L — HOMep pagka, a C — HOMep CUMBOSY B PAAKY;

INSERT - To4ka BCTaBKWU;

CURRENT - c1umBo#, Halibnmkunii 1o Kypcopy MULLI;

END - noswuuis Bigpa3y 3a 0CTaHHIM CUMBO/OM Y TEKCTI;

M.first, M.last — iHAeKCcK noyaTKy Ta KiHUA no3HadeHoT Terom M
DINFHKN TEKCTY;

SEL_FIRST, SEL_LAST - iHgeKkcy novaTky Ta KiHUs BuAine-
HOrO TEeKCTY;

M — KopucTyBay MOXKe BM3Ha4aTy CBOI iMEHOBaHi MO3WLii B TEKCTI
(aHanoriuHo go END, INSERT a6o CURRENT). Mpu pegarysaHHi
TEKCTY MapKepu 3CyBaTUMYTbCS 3a BKa3aHUMM 15 HUX NpaBuiamu;

@X,y — CMBOJ1 TEKCTY, HaNBAVKUMIA 0 TOUKW 3 KOOPAMHATAMMU X, Y.

HactynHuii npuknag (nicTuHr 6.5) nokasye, sk 36aratnuti op-
MaTOBaHWi TEKCT rinepTeKCTOBUMMN MOXK/TMBOCTSIMU.

NictuHr 6.5. Mpuknag "dopmaToBaHnii TEKCT"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 5

from Tkinter import *
import urllib
tk = Tk()
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txt = Text(tk, width=64) # none 3 TeKCTOM

txt.grid(row=0, column=0, rowspan=2)

addr=Text(tk, background=""White", width=64, height=1) #
nose agpecu

addr.grid(row=0, column=1)

page=Text(tk, background=""White", width=64) # none 3
html-kogom

page.grid(row=1, column=1)

def fetch_url(event):
click_point = "@%bs,%s"" % (event.x, event.y)
trs = txt.tag_ranges("'href'") # cnmncok obnacTein TeKCTy, Bijg-
MiveHnX AK href
url=""
# BU3HAYaAETbCA, Ha SAKY AINIAHKY MPUIALLOBCA KK MULLi,
Ta bepeTbcs
# BignosigHwWi iomy URL
for i in range(0, len(trs), 2):
if txt.compare(trs[i], "'<="", click_point) and \
txt.compare(click_point, "'<="", trs[i+1]):
url = txt.get(trs[i], trs[i+1])
html_doc = urllib.urlopen(url).read()
addr.delete(*'1.0", END)
addr.insert("1.0", url) # URL po3miLlyeTbCA B rone agpecu
page.delete(*'1.0"", END)
page.insert(*'1.0", html_doc) # Bigo6paxaeTbca html-goKymMeHT

textfrags = ['Python main site: "', ""http://www.python.org",
"\nJython site: "', ""http://www.jython.org",
"\nThat is all!""]
for frag in textfrags:
if frag.startswith(**http:*"):
txt.insert(END, frag, "href') # URL po3millyeTbCs B TEKCT
i3 MiTKOtO href
else:
txt.insert(END, frag)  # hparmMeHT PO3MILLYETLCA B TEKCT

# NocunaHHA NO3HaYatTLCA NiAKPEC/IEHHAM Ta CUHIM KOIbOpOM
txt.tag_config("*href'", foreground=""Blue", underline=1)
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# NpY HAaTUCKYBaHHI MULLI Ha TeKCTI, WO BiaMiveHiA sK href',
# HeobxigHo Buknunkatm fetch_url()
txt.tag_bind("'href", "'<1>", fetch_url)

tk.mainloop() # 3anyCcKaeTbCA LMK NOLii

[na HagaHH: fesKUM AinsiHKam TEKCTY 0CO6/MBMX BacTUBOCTEN
HeoOXifHO TX No3HauUNTK TeroM. Y Hawomy Bunagky URL nosHava-
eTbca Terom href. MisHiwe metogom tag_config() 3agatoTbecs Bac-
TUBOCTI BIfOBPaXXEHHS TEKCTY, MO3HAYEHOro Takum Terom. MeTo-
aom tag_bind() 3B'a3yeTbcs geska nodis (KNiK MuLLi) i3 BUKIUKOM
ykazaHoT yHkuiT (fetch_url()).

Y camiin gyHkuii fetch_url() notpibHO cnoyaTky BU3HAUMTK, Ha
AKYy caMe AiNAHKY TeKCTy npunas KNk Muwi. 18 Lup0oro MeTofom
tag_ranges() oTpuMytOTb YCi iHTepBasn, AKi nosHaveHo sK href. Ona
BU3Ha4eHHs1 KOHKpeTHOro URL nopiBHiOWOTL (MeTogom compare())
TOYKN HATUCKaHHS MULLIEIO 3 KOXXHUM IHTEpBa/IOM. Tak 3Haxof4AaTb iH-
TepBa/l, Ha KU NPUNaIO0 HATUCKaHHS, Ta MeToAoM get() OTpUMYIOTb
TEKCTOBE 3HAYeHHS 3HainfeHoro iHTepeany. BusHaumslum URL, y none
3anucyroTh agpecy i oTpumytoTb html-kog, wo signosigae URL.

Lleii npmknag nokasye OCHOBHI NPUHLMNM po60TH 3 (hopMaToBaHUM
TEKCTOM. 3aCTOCOBaHVMW METOAaMM apCeHast Bi[KETa He BUYepryeTb-
ca. Mpo iHWi MeToaw | BNaCTMBOCTI MOXXHA A0BIAATUCA 3 JOKYMEHTaLLT.

6.2.5. MeHepKepwn po3TallyBaHHA

HactynHuiA npuknag (nicTuHr 6.6) LOCTATHbO HAOYHWUMA, LL06
3pO3yMITV MPUHLUMNN POBOTUM MeHemkKepiB po3TalllyBaHHS, SKi €
y TK. Y TpbOX pamKax MOXHa 3acTocyBaTu pi3Hi MeHemkepu: pack,
grid Ta place.

NictnHr 6.6. MNpuknag "MeHempkepn po3TallyBaHHA"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 6
from Tkinter import *
tk = Tk()
# CTBOPIOEMO TPY pamMKin
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frames = {}

b={}

forfnin1i, 2, 3:
f = Frame(tk, width=100, height=200, bg=""White"")
f.pack(side=LEFT, fill=BOTH)
frames[fn] = f
forbnin1, 2, 3, 4: # CTBOPHOEMO KHOMKM [/151 KOXKHOT 3 paMOK
b[fn, bn] = Button(frames[fn], text=""%s.%s"" % (fn, bn))

# lNepLua pamka:

# CnoyaTky ABi KHOMKW MNPUKPIN/IEMO [0 N1iBOr0 Kparo
b[1, 1].pack(side=LEFT, fill=BOTH, expand=1)

b[1, 2].pack(side=LEFT, fill=BOTH, expand=1)

# LLle ABi — 40 HUXKHbLOIO

b[1, 3].pack(side=BOTTOM, fill=Y)

b[1, 4].pack(side=BOTTOM, fill=BOTH)

# Opyra pamka:

# [1Bi KHOMKW 3BepXYy

b[2, 1].grid(row=0, column=0, sticky=NW+SE)

b[2, 2].grid(row=0, column=1, sticky=NW+SE)

# i 0ofHa Ha [iBi KOJIOHKU 3HUN3Y

b[2, 3].grid(row=1, column=0, columnspan=2, sticky=NW+SE)

# TpeTa pamKa:

# KHOMKK 3aBBULLKN Ta 3aBLUMPLUKN 6113bKo 40 % po3mipis
pamku, gKip y NiBOMY BepXHbOMY KYTi.

# KoopavHaTu fikops cknagatoTb 1/10 Big WWPUHKU i BUCOTU
pamMKu

b[3, 1].place(relx=0.1, rely=0.1, relwidth=0.4, relheight=0.4,
anchor=NW)

# KHOoMKa CTporo no LeHTpy. AKIp Y LEHTPI KHOMKK

b[3, 2].place(relx=0.5, rely=0.5, relwidth=0.4, relheight=0.4,
anchor=CENTER)

# AKip y ueHTpi KHOMKW. KoopamHaTtu akopsa ckiagarTb 9/10
Bif, LLMPVHW 1 BUCOTU PaMKu

b[3, 3].place(relx=0.9, rely=0.9, relwidth=0.4, relheight=0.4,
anchor=CENTER)

tk.mainloop()
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MeHemkep pack NpocTo 3anoBHIOE BHYTPILLHIMA NpocCTip Ha niac-
TaBi Nepesary TOro UM iHLIOro Kparo, HeoOXiAHOCTI 3anOBHUTU BECb
NpocTip. Y AesKnX BUMNagKax oMy A0BOAMNTLCA 3MiHIOBATM PO3MIpK
NignopsAKoBaHUX BiMKeTIB. Lieli MeHe[Kep BapTO BUKOPUCTOBYBa-
TV NALLe 415 LOCUTb NPOCTUX CXEM PO3TallyBaHHA BiKeTiB.

MeHemxkep grid nomiwiae BiAXXeTn y KNITKK CITKM (Le LyXe CXo-
e Ha cnoci6 BepcTaHHs Tabnuub B html). KoXHOMY po3TalloByBa-
HOMY Bi/PKeTY Aal0Tb KOOPAWHATY B OfHIl i3 YapyHOK CiTKM (row —
PSAoK, column — CTOBMELb), a TaKOX, AKLWO NOTPI6HO, CTiNIbKK Ha-
CTYMHUX YapyHOK (Y pagKax Hvx4e abo y CTOBMLUAX NpaBopyy), CKi-
NbKN BiH MOXe 3aiiHATK (BNacTMBOCTI rowspan abo columnspan).
Lle HalrHy4KiLLKiA 3 yCiX MeHeKepiB.

MeHemkep place [03B0/ISiE PO3TALLOBYBATU BiKETU 3 LOBI/IbHM-
MV KOOpAMHaTaMu Ta 3 [OBISIbHUMU PO3Mipamy MifnopsAKOBaHUX
BifpKeTiB. Po3Mipn Ta KOOpAMHATM MOXHa BKasyBaTW Y BifCcOTKaX
Bif, pO3Mipy BifyKeTa-xassiHa.

Be3nocepeiHb0 BCepeAMHi O4HOTO BifXKeTa He MOXKHa BUKOPUCTO-
ByBaTW Oifiblle OLHOr0 MeHeMKepa Po3TallyBaHHS: MeHeLKepn Mo-
XYTb HaKMacTu cynepeysinei 06MeXeHHS Ha BKMaAeHi BifpKeTu, L0
npu3Beae [0 YHEMOX/IMBNEHHS pPO3TallyBaHHSA BHYTPILLHIX BiKeTIB.

6.2.6. 306paxkeHHA y Tkinter

3acobamu Tkinter MOXXHa BUBOAWUTU He TifIbKM TEKCT, NPUMITUBHI
(hopmu (3a pgonomoroto Bifketa Canvas), ane 1 pacTposi 306pa-
XEHHA. JTICTUHT 6.7 [EMOHCTPYE BVBELEHHA IKOHKM 3 pacTpOBUM
300paXXeHHAM (415 Lb0oro npuknagy noTpibHo nonepegHbLO BCTaHO-

BUTK nakeT Python Imaging Library, PIL).

NictuHr 6.7. Mpuknag "PacTpoBi 300paxkeHHs"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 7
import Tkinter, Image, ImageTk
FILENAME = "lena.jpg™ # thaiin i3 rpaiuyH1M 306padKeHHSM
tk = Tkinter.Tk()
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¢ = Tkinter.Canvas(tk, width=128, height=128)
src_img = Image.open(FILENAME)

img = ImageTk.Photolmage(src_img)
c.create_image(0, 0, image=img, anchor=""nw"")
c.pack()

Tkinter.Label(tk, text=FILENAME).pack()

tk.mainloop()

TyT BUKOPUCTaHO BiMKeT-pucyHok (Canvas). 3a 4oNoMorowo gy-
HKLi i3 nakeTiB Image Ta ImageTk 3 PIL oTpuMyeTbca 06'eKT-
300paXKeHHs, WO MigXoauTb AN BKIOYEHHA B pUCYHOK Tkinter.
BnactuBicTe anchor 3agae KyT, WO NPUB'A3YETLCA A0 KOOPAMHAT
(0,0) y puCYHKY. Y UbOMY MpuKnagi Le NiBHIYHO-3aXigHWA KyT
(NW — North-West). IHWi moxnueocTi: n (niBHi4), w (3axig), s (nis-
JeHb), e (cxif), ne, sw, se Ta ¢ (LeHTp).

Y HacTynHomy npuknagi (nicTyHr 6.8) nokasaHo rpagivHi npu-
MIiTMBM, AKi MOYKHa BUKOPUCTOBYBATU Ha PUCYHKY (HaBefeHi KOMeH-
Tapi NOSICHIOKOTb BNacTUBOCTI rpaivHmX 06'€KTIB ycepeanHi Bifxe-
Ta-pUCYHKa).

Nictvnr 6.8. Mpuknag "IMpadiyHi npumitnen™
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 8

from Tkinter import *

tk = Tk()
# PucyHok 300x300 nikcenei, oH - 6innia
¢ = Canvas(tk, width=300, height=300, bg=""white'")

c.create_arc((5, 5, 50, 50), style=PIESLICE) # CekTop

(""wmatok nupora')

c.create_arc((55, 5, 100, 50), style=ARC) # fyra

c.create_arc((105, 5, 150, 50), style=CHORD, # CermeHT
start=0, extent=150, fill=""blue'") # Big 0 go 150 rpaaycis

# JlamaHa 3i CTPINIKOK Ha KiHLi

c.create_line([(5, 55), (55, 55), (30, 95)], arrow=LAST)

# KpuBa (3rnagpkeHa namaHa)

c.create_line([(105, 55), (155, 55), (130, 95)], smooth=1)
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# baraToKyTHWK 3e/1eHOro Kosbopy

c.create_polygon([(205, 55), (255, 55), (230, 95)], fill=""green"")

# OBan

c.create_oval((5, 105, 50, 120),)

# TPAMOKYTHUK YepBOHOI0 KO/IbOPY 3 BE/IMKOK CiPOK0 rpaHu-

Leto

c.create_rectangle((105, 105, 150, 130), fill=""red",

outline=""grey"’, width=""5")

# TekcT

c.create_text((5, 205), text="" Hello"", anchor=""nw"")

# Lis Touka Bi3yanibHO Mo3Ha4vae KyT MpuB'A3KU

c.create_oval((5, 205, 6, 206), outline=""red")

# TeKCT i3 334aHVM BUPIBHIOBAHHAM

c.create_text((105, 205), text=""Hello,\nmy friend!"’,
justify=LEFT, anchor=""c"")

c.create_oval((105, 205, 106, 206), outline=""red"")

# LLLe ognH BapiaHT

c.create_text((205, 205), text=""Hello,\nmy friend!"",
justify=CENTER, anchor=""se"")

c.create_oval((205, 205, 206, 206), outline=""red")

c.pack()
tk.mainloop()

3a3HauMmo, L0 METOAM Create_* CTBOPHOKOTL 06'€KTU, BNACTMBO-
CTi IKMX MOXHa 3MiHIOBaTU Aani: NepemicTUTK B iHLWe Micle, nepe-
(hapbyBaTn, BUAANUTU, 3MIHUTU MNOPALOK i T. 4. Y HACTYMHOMY npu-
Knagi (nictTMHr 6.9) MOXXHa HaMatoBaTU KPYXXOK, L0 MiHSE KOfip
K/TIKOM MULLI.

Nictunr 6.9. Mpuknag "Kpyxok"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 9

from Tkinter import *
from random import choice

colors = ™"Red Orange Yellow Green LightBlue Blue
Violet™.split()
R=10
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tk = Tk()

¢ = Canvas(tk, bg="White", width=""4i"", height=300, relief=
SUNKEN)

c.pack(expand=1, fill=BOTH)

def change_ball(event):

c.coords(CURRENT, (event.x-R, eventy-R, eventx+R,
event.y+R))

c.itemconfigure(CURRENT, fill=choice(colors))

oval = c.create_oval((100-R, 100-R, 100+R, 100+R), fill=""Black"")
c.tag_bind(oval, "'<1>", change_ball)
tk.mainloop()

TyT HaMa/lbOBaHO KPYXXOK pafiycom R, i3 HUM noB'sizaHa (yHK-
uisa change_ball(), sKka BUKOHYETbCA HATUCKAHHAM KHOMKW MULLi. Y
3a3HaueHill (hyHKLiT BKa3ytOTbCS HOBI KOOPAMHATM KpyXXKa (ioro
LIEHTP PO3TalLOBaHWA y MiCLi HATUCKaHHA MWLLI), & NOTIM 3MiHIO-
€TbCA  KOMip BUMALKOBMM YMHOM 33 [JOMOMOrOH  MeToay
itemconfigure(). Ter CURRENT y Tkinter BukopuctaHuii, 1106
yKa3zaTu 06'eKT, IKWI NPUIAHAB NOAito.

6.2.7. NpacpivuHe 3acTocyBaHHA Ha Tkinter

Tenep BapTO PO3rNsHYTN HEBE/IMKE 3aCTOCYBaHHS, HanucaHe 3 BU-
KopucTaHHaM TKinter. Y UbOMYy 3acTOCYBaHHI Oyfle 3aBaHTaKEeHO
thaiin i3 rpagivyHNM 306paXKeHHAM. 3aCTOCYBaHHSI MaTMMe Halinpoc-
Tilwe meHto File i3 nyHkTamn Open Ta EXit, a Takox BigkeT Canvas,
Ha IKOMY i 1eMOHCTPYBaTUMYTbCA 306paXKeHHs (NicTUHT 6.10). 3Ho-
By 6yae noTpibHuMii nakeT PIL.

NictuHr 6.10. Mpuknag "MpocTe 3acTocyBaHHA"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 10

from Tkinter import *
import Image, ImageTk, tkFileDialog
global img, imgobj
def show():
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global img, imgobj

# 3anuT Ha im's halina

filename = tkFileDialog.askopenfilename()

if filename = (): # Akwo imM'a daiina 3agaHo KOpUCTyBayeM
# pucyeTbCs 306paXkeHHs 3 (haina
src_img = Image.open(filename)
img = ImageTk.Photolmage(src_img)
# KOH(irypyeTbCa 306paXKeHHA Ha PUCYHKY
c.itemconfigure(imgobj, image=img, anchor=""nw"")

tk = Tk()

main_menu = Menu(tk)  # d)opMyETbLCA MEHIO
tk.config{(menu=main_menu) # MeHI0 J0JaEeTbCA A0 BiKHa
file_menu = Menu(main_menu) # CTBOPHOETLCS MigMEHIO
main_menu.add_cascade(label=""File", menu=file_menu)

# 3anoBHIOETLCA MeHto File
file_menu.add_command(label=""Open’’, command=show)
file_menu.add_separator() # po3a4i/IbHUK ON1A BifOKPEM/IEHHSA
NYHKTIB MEHI0

file_menu.add_command(label=""Exit", command=tk.destroy)

¢ = Canvas(tk, width=300, height=300, bg=""white'")
# roTyemo 06'eKT-300paXKeHHS Ha PUCYHKY

imgobj = c.create_image(0, 0)

c.pack()

tk.mainloop()

3a3HauMMo, Lo TYT A0BENOCS 3aCTOCYBATW [Bi FN106aNbHI 3MiHHI.
Lle He gy>xe pobpe. ICHye iHWWIA Nigxig, KOAW 3aCTOCyBaHHS CTBO-
PHOETLCSA HA OCHOBI BiKHa BEPXHLOrO PIBHA. TakMM YMHOM, came 3a-
CTOCYBaHHA CTae 0C06/MBMM BifKeToM. [lepepobrieHy nporpamy
HaBeAeHO B NICTUHrY 6.11.

NlicTuHr 6.11. MepepobneHnin Npuknaz
"lMpocTe 3acToCyBaHHA"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# Tkinter npuknag 11

from Tkinter import *
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import Image, ImageTk, tkFileDialog

class App(TK):
def __init__(self):
Tk.__init__(self)

main_menu = Menu(self)

self.config(menu=main_menu)

file_menu = Menu(main_menu)

main_menu.add_cascade(label=""File"', menu=file_menu)

file_menu.add_command(label=""Open"’,
command=self.show_img)

file_menu.add_separator()

file_menu.add_command(label="Exit",
command=self.destroy)

self.c = Canvas(self, width=300, height=300, bg=""white"")
self.imgobj = self.c.create_image(0, 0)
self.c.pack()

def show_img(self):
filename = tkFileDialog.askopenfilename()
if filename 1= ():
src_img = Image.open(filename)
self.img = ImageTk.Photolmage(src_img)
self.c.itemconfigure(self.imgobj, image=self.img,
anchor=""nw"

app = App()
app.mainloop()

B 006'eKTi HasiBHa iH(hopmaLisi, Wo A0 Lboro 6yna rnobanbHoto, 3
yciMa 06MeXXeHHsAMM, L0 3 LbOro BUMAMBaloTb. MoxHa gani Bugi-
TN B OKPEMWIA METOZ, Ha/llalTyBaHHS MEHIO (SIKLLO 3aCTOCYBaHHS
Oyfe AMHaMIYHO 3MiHIOBATV MEHIO, TO O6'€KTU-MEHIO TEX MOXHA
36epiratv B 3aCTOCYBaHHi).

MpumiTKa. Ha geskux cuctemMax HOBi Bepcii Python noraHo npauoroTh i3 Ha-
LiOH/IbHUMMW KOZYBaHHAMM, 30KpeMa, i3 KogyBaHHAMMW Ans Kvpunui. Lie nos'asa-
HO 3 nepexofom Ha Unicode Tcl/Tk. Mpo6nem MOXKHa YHUKHYTU, SKLLO BUKOPUCTO-
BYyBaTW KoAyBaHHA UTF-8 y pafkax, AKi MOBUHHI BUBOAWUTUCA Y BifKeTax.
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6.3. OCHOBHI npvHUMNKM po6oTun 3 PyQt4
6.3.1. BigomocTi npo PyQt

Qt — uUe NOTYXHWIA IHCTPYMEHTapiii ans CTBOPEHHS KpoC-
nnatopMHUX rpadivyHmx 3actocysaHb (ans OC: *BSD, Mac OS X,
Linux, Windows, Symbian S60, Windows Mobile, QNX Toui0). bi-
6nioTeky HanucaHo moBok C++ KomnaHieto Trolltech, siky HeaBHO
Kynuna komnaHis Nokia (http://gt.nokia.com). Bi6niioTeka HaCTi/IbKK
nony nspHa, WO CTBOPEHO BEMYE3HY KiflbKICTb MPUB'A30K A0 HET Ans
moB: Python, Ruby, PHP, Perl, C#, Java. Po3po6koto PyQt 3aiima-
€TbCA KOMMNaHia Riverbank.

bibnioteka PyQt4 peanizoBaHa y Burnagi Python-mogynis Ta
BK/HOYAE MOy i:

A QtCore — MicTUTb NiATPUMKY NoAil (CUrHANWM/CNOTK), HOHIKO-
Ay, perynspHux Bupasie, 6araTonoTo4HOCTI TOLO;

A QtGui — micTuTb y cobi knacu GUI-BimkeTiB: Tabnui, cnuc-
KW, MiTKM TOLWO;

A QtHelp — Moaynb ans CTBOPEHHS [0BIAKW B 3aCTOCYBaHHi;

A QtNetwork — Mogynb i3 Knacamu 18 po6oTy 3 Mepexeto IH-
TepHeT (nigTpumMka npoTtokonis: HTTP, HTTPS, FTP);

A QtOpenGL - niagTpumka 3D-rpadiku;

QtScript — nigTprmMka B nporpami ActionScript-nogibHoi MoBu;
QtSql — nigTpumka CKBA;

QtSvg — nigTpumka SVG-rpaiku;

QtTest — NpoBeAeHHS OHIT-TECTIB;

QtWebKit — MicTuTb BifpkeT-6pay3ep Ha 0CHOBI ABkKa WebKit;

A QtXml - nigrpumka ¢opmaty XML (poboTa 3a LOMOMOror
SAX- a6o DOM-iHTepdelicy);

A QtXmlPatterns — nigTpumka XQuery Ta XPath;

A Phonon - nigTpumka mynbTrmegia;

A QtAssistant — iHTepdelic o QtAssistant gns iHTerpauii 3i
CBOTM 3aCTOCYBaHHSAM,;

A QtDesigner — CTBOpeHHs po3LumpeHs 415 QtDesigner;

A QAxContainer (Tinbkn Windows) — moaynb ans po6otun 3
ActiveX- Ta COM-06'eKkTamu.
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6.3.2. NMpunknagn nporpam Ha PyQt4

Mepw HiX nepeiiTM Jo Teopii, CNOYaTKY PO3rNfHEMO [eKiNbKa
npuKnagis nporpam (icTuHrn 6.12-6.16).

NictuHr 6.12. Mpuknag, "3BMyaiiHe BikHO"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 1
import sys
from PyQt4 import QtGui

app = QtGui.QApplication(sys.argv)
widget = QtGui.QWidget()
widget.resize(250, 150)
widget.setWindowTitle(‘Mpwvknag PyQt')
widget.show()

sys.exit(app.exec_())

Y pagkax 4-5 BKNOYAETLCA MOAY b SYS, W06 MaTy MOXK/IMBICTb
BUKOPUCTOBYBATU apryMeHT! KOMaHAHOro pagkKa, i mogyns QtGui —
Ans pobotn 3 BipkeTamu. KOXXHe 3aCTOCyBaHHS, HanucaHe Ha
PyQt4, mae cTBoptoBath 06'ekT QApplication. Y 8-my pagKy cTBO-
PHOETLCA 06'EKT 3aCTOCYBaHHS 1 Y KOHCTPYKTOPI MOMY MepeaaroThes
aprymMeHTV KoMaHAHOro psgka. Lii aprymeHTu cneuugiyHi nvwe ans
3acToCyBaHb, HanncaHnx Ha PyQt4. Knac QApplication micTuTbCs B
moayni QtGui. Y 9-my pafgKy CTBOPHOETLCA 3BUYAMHUIA NOPOXKHIM
BipkeT. QWidget - wue ocHoBHuit GUI-knac B PyQt4.
Uepes Te, LLIO CTBOPHOETLCA BimkeT 6e3 napameTpiB (6e3 6aTbka), TO
BiH He € HallafikoM, a Lie 3HauuTb, L0 BiH CTaHe He3aleXHUM BiK-
HOM. Y 10-my psfKy BCTaHOB/IOETLCA PO3MIpP BigkeTa (BikHA)
250% 150, ge 250 — wnpnHa, a 150 — BucoTa.

Jani B 11-My psaKy BKasyeTbCA 3arofioBOK Ans BikHa. Y 12-my
PAAKY KOMaHga poouTb BigkeT BUuaMMuM. OCTaHHIl pagoK € BUKIN-
KOM ronoBHoro uukny nporpamu (MainLoop), To6TO 3 Lb0ro psgka
nporpama noyHe o6pobnATV Mogii (CUrHan 3akpuTTS BikHa, KK
muLero i T. A4.). Micnsa 3aBepLUeHHs UMKNY QYHKLiS exec_ NoBepHe
YMC/IOBUI KOJ, 3aBepLUEHHA Y (PyHKLit0 exit. Hanpvknag, sKuwio 3a-
CTOCYBaHHA 3aBepLUMIOCA HOPMasibHO, TO KOf, AopiBHIOBaTUMe O,
iHaKLwe (hyHKLis NoBepHe Kog MOMUMKW.
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NictuHr 6.13. Npurknag "BikHO 3 IKOHKOIO
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 2

import sys
from PyQt4 import QtGui, QtCore

class Withlcon(QtGui.QWidget):
def _init__ (self, parent=None):
QtGui.QWidget. _init__(self, parent)

self.setGeometry(10, 300, 250, 150)
self.setWindowTitle(self.trUtf8(*3acTocyBaHHSA 3 iIKOHKOID"))
self.setWindowlcon(QtGui.Qlcon(*1_2.png"))

app = QtGui.QApplication(sys.argv)
with_icon = Withlcon()
with_icon.show()
sys.exit(app.exec_())

Y 6-My pagky iMnopTyeTbest Moaynb QtCore ans Toro, Wo6 MOXHa
6yno BUKOPUCTOBYBATU (hyHKLUitO trUtF8. [ns BUKAMKyY dyHKUIT trUtf8
noTpiGHO, L6 KodyBaHHS BUXigHOrO (haiina 6yno B UTF-8. 3a gono-
MOFOH0 L€l (DyHKLiT MOXKHA npaLoBaT MOBamu, LLO MOC/TyrOBYHOTLCS
Knpunmueto (i He Tinbku), To6TO, AKLLO He BUKOpUCTOBYBaTK trUtf8, To
KUPUINYHWIA TEKCT BUBOAUTUMETBLCA Y BUTNISAA] KaptOUOK.

Y 8-My psaaky cTBOprOeTbCA Knac Withlmage, ycnagkoBaHwii Big
QWidget; y paakax 9-10 iHiuianisyetbcs 06'ekT QWidget.

Y 12-my psafKY BCTAHOBNHOKOTLCA MO3ULLIA Ta PO3Mip BifkeTa (BiK-
Ha B UbOMY BMNagky), fe 10x300 — ue no3uuis BifKeTa Ha ekpaHi, a
250%150 — WwmpuHa i BUCOTa BigMOBIAHO. Y 13-My psiiKy BKa3yeTbCs
3aro/ioBOK BiKHa YKPaiHCbKOK MOBOK Yepe3 (hyHKuito trUtf8. Y 14-
MY PALKY BCTAHOBMHOETLCA iIKOHKA ANA BikHA. Y KOHCTpYKTOpi Qlcon
noTpi6HO nepefath WNAX A0 pucyHKa (iKoHKK). Micnsa uboro cTeope-
HW1 06'eKT 3 TMMOM Qlcon nepefaeTbea Y yHKUit0 setWindowlcon.

JlicTuHr 6.14. Mpuknag,
"BiKHO i3 CrMBatoyoko NifgKaskor"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 3
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import sys
from PyQt4 import QtGui, QtCore

class WithTooltip(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget.__init__(self, parent)

self.setGeometry(300, 300, 250, 150)
self.setwWindowTitle(self.trUtf8('Migkaska'))

self.setTool Tip(self.trUtf8('Lie <b>QWidget</b>."))
QtGui.QToolTip.setFont(QtGui.QFont(*Verdana', 11))

app = QtGui.QApplication(sys.argv)
tooltip = WithTooltip()
tooltip.show()

sys.exit(app.exec_())

Y uboMy npuknagi fogaHo yHkuito setToolTip, Wo BCcTaHOB-
NIOE AN14 BipKeTa TEKCT CM/IMBAKOYOI MigKasku. Y PyQt4 mMoxkHa BU-
KopucToByBatu html-tern gns opmartyBaHHS TEKCTY.

Y 16-My psaKy BCTaHOBNIOETLCA LUPUT BUBEAEHHS Ta 1A0ro po3Mip.

Nictunr 6.15. Mpuknag, "BikHO 3 KHOMKOK BUX0AY"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 4
import sys
from PyQt4 import QtGui, QtCore
class WithQuitButton(QtGui.QWidget):
def _init_ (self, parent=None):
QtGui.QWidget.__init__ (self, parent)
self.setGeometry(300, 300, 200, 100)
self.setWindowTitle(self.trUtf8('BikHO 3 KHOMKOO'"))

quit = QtGui.QPushButton(self.trUtf8('Buxia!"), self)
quit.setGeometry(10, 10, 60, 35)

self.connect(quit, QtCore.SIGNAL (‘clicked()"),
QtGui.gApp, QtCore.SLOT("quit()"))
app = QtGui.QApplication(sys.argv)
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gb = WithQuitButton()
gb.show()
sys.exit(app.exec_())

Y ubOMy NpuKNagi LOAAHO KHOMKY BUXOAY 3 NPporpamu.

Y 15-Mmy psgKy CTBOPHOETbCH KHOMKA, Ae Meplunii napameTp y
KOHCTPYKTOpI — Lie TEeKCT KHOMKK, a APYruin — 06'eKT-6aTbK0. AKLLO
He BKa3yBaTW B KOHCTPYKTOpi 06'€KT-6aTbKO, TO KHOMKa matumve
BfacHe BikHO. [ani B 16-My pafKy BCTaHOB/IKOKOTLCA KOOPAMHATU
KHOMKM Ha opMi (BigKeTi ab0 eKpaHi, AKLLO KHOMKa — OKpeMuii 06'-
€KT), Ae 10x 10 — no3umuis, a 60x 35 — po3mip.

Y PyQt4 Bci nofii (HaTUCKaHHS KHOMKW, YBeEeHHS TEKCTY TOLLO)
peanizoBaHO Yepe3 KOHLUEMUit0 curHanie Ta cnotiB. To6To, AKLWO
NOTPIGHO 06POBMTN HATUCHEHHA KHOMKW MMLWI, TO CNif 3'€qHaTy
CUrHan "HaTUCHEHHS KHONKK" i3 Heo6XiaHMM cnoToM. CnoToM MOXe
OyTV 3BMYaiiHa abo BOyfOBaHa (hyHKLiA (Hanpuknag, QyHKuis Bu-
xogy 'quit). 3'egHaHHA  BIfOyBa€TbCA  uepe3  (DYHKLiIO
QtCore.QODbject.connect, a po3'efHaHHSA yepes
QtCore.QODbject.disconnect. ¥ KoHcTpykTOpi connect() a6o
disconnect() noTpibHO nepepatn iM'A o6'ekTa Ta cUrHan 06'eKTa,
AKUiA Tpeba 06pobuTK, a TakoxX 3-i Ta 4-i1 napameTpm — iM'a 06'ekTa
Ta ioro cnot. IMeHeM 06'eKTa TaKoX MOXe OyTu i cam Knac self, a

cnot — dyHKuieto Knacy self._func.
BiflOYBaETbCA 3'€HAHHA CUTHaly HaTUCKaHHS

KHOIKW Ta CNoTa Buxoay i3 3aCTOCyBaHHA.

NicTuHr 6.16. Mpuknag "BikHO 3 NOBiOMNEHHSAM"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 5

import sys
from PyQt4 import QtGui

class MessageBox(QtGui.QWidget):
def __init__ (self, parent=None):
QtGui.QWidget.__init__(self, parent)
self.setGeometry(300, 300, 250, 150)
self.setWindowTitle(self.trUtf8('MoBigomneHHA"))
def closeEvent(self, event):
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reply = QtGui.QMessageBox.question(self, self.trUtf8
(‘MoBigomneHHs"),
self.trUtf8("'Bu BneBHeHi, LLIO Xo4eTe BUIATN?"),
QtGui.QMessageBox.Yes, QtGui.QMessageBox.No)

if reply == QtGui.QMessageBox.Yes:
event.accept()

else:
event.ignore()

app = QtGui.QApplication(sys.argv)
gb = MessageBox()

gb.show()

sys.exit(app.exec_())

Mpu 3akpuTTi QWidget reHepyeTbea nogdis closeEvent Tomy, Lo
cTBOpeHmnin knac MessageBox € ycnagkoBaHuM Big QtGui.Qwidget.
Y HbOMy MoANDIKYeTbCA (yHKLiA closeEvent, 15-4 psaok.

KomaHan B 16-18 psagkax BigoopaxatoTb MOBigOMEHHS. 3a
[0NOMOrOK0 KOHCTPYKTOPIB NepesfarTbCs 3aro/loBOK NOBiJOMIIEH-
HA, TEKCT NOBIJOMMEHHA Ta ABi KHonku ("Tak", "Hi"). AK Tinbkn B
MoBiJOMNEHHI OyAe HaTUCHYTO OAHY 3 KHOMOK, (YHKLis
QtGui.QMessageBox.question noBepHe 3HaYeHHS LIET KHONKK Y
3MiHHY reply.

MoTim y 20-23 psigkax nepeBipseTbes, Ky 3 KHOMOK 6yno HaTu-
CHYTO. AKWO uUe KHonka "Tak", TO MOCWMAETbCA CUrHan Aaani
(event.accept) i nporpama 3aBepLUyeTbCH, AKLWO "Hi" — curHan Big-
KUAAETLCA | Nporpama npawroe gani.

6.3.3. MeHto i NaHenb
iHCTpyMeHTIB y PyQt4

"onoBHe BiKHO. 3a gonomorot Knacy QMainWindow MokHa
CTBOPUTW OCHOBHE (rOMOBHE) BIKHO 3aCTOCYBaHHA. Y LlbOMY OCHOB-
HOMY BiKHI MOXHa CTBOPUTU PSAOK CTaHy, NaHesb iIHCTPYMEHTIB Ta
naHeNb MeHHO.

PAfok cTaHy. Takuii BIfKeT NOTPi6HWI ANs Bif0OPaXXeHHs [0-
[aTKOBOI iH(popMaLii, L0 pO3TALLOBYETLCS B HYXKHII YaCTUHI BiKHa.

Kog nporpamu "Pagok ctaHy" HaBefieHO B NiCTUHTY 6.17.
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Nictunr 6.17. Mpuknag, "Pagok craHy”
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npnknag 6

import sys
from PyQt4 import QtGui

class MainWindow(QtGui.QMainWindow):
def __init__(self):
QtGui.QMainWindow.__init__(self)

self.resize(250, 150)

self.setwWindowTitle(self.trUtf8('Psagok cTaHy"))

button, label = QtGui.QPushButton(self.trUtf8("*"KHonka'")),
QtGui.QLabel(self.trUtf8("'TekcT™))

self.statusBar().addWidget(button)

self.statusBar().addWidget(label)

button.show()

label.show()

self.statusBar().showMessage(self.trUtf8('TekcT"))

app = QtGui.QApplication(sys.argv)
main = MainWindow()

main.show()

sys.exit(app.exec_())

dyHKuia statusBar() y psagky 15 knacy QMainWindow nosep-
Tae NocunaHHa Ha 06'ekT QStatusBar (psAoK CTaHy) TiflbKu B pasi,
AKLLO el BifpKeT iCHye Ha (hopMi, iHakLle (yHKLiS noBepHe 3Ha-
yeHHsa None.

QStatusBar mae cnot showMessage, L0 BUBOAWUTL MOBILOM-
NEHHA Ha PAAKY CTaHy, SKLLO Ha HbOMY HEMAE CTOPOHHIX BIKETIB.

Y pafoK CTaHy MOXXHa NOMICTUTU ByAb-SKWIA BiIPKET, ANs LbOro
NoTpi6HO BUKOpUCTaTK (PyHKLito addWidget.

Hanpuknag, noTpi6HO A0AaTV KHOMKY Ta MiTKY 3 TEKCTOM:

Bﬁtton, label = QtGui.QPushButton(self.trUtf8(*'KHonka)),
QtGui.QLabel(self.trUtf8(""TekcT™))
self.statusBar().addWidget(button)
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self.statusBar().addWidget(label)
button.show()
label.show()

MaHenb MeHt0. MaHenb MEHO — Ue TOoNoBHWIA BimKeT (nic-
TUHT 6.18), Ha AKMIA YacTO 3BEPTalOTb yBary KOpucTyBadi, TOMY LLO
TYT MICTUTbCA GiNbLLICTb 3rPyMNoOBaHNX KOMaH,

NictuHr 6.18. Mpuknag, "MaHens MeH0™
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npunknag 7

import sys
from PyQt4 import QtGui, QtCore

class MainWindow(QtGui.QMainWindow):
def __init__(self):
QtGui.QMainWindow.__init__(self)

self.resize(250, 150)
self.setwWindowTitle(self.trUtf8('MaHenb mMeHI0"))

exit = QtGui.QAction(QtGui.Qlcon(‘exit.png"), self.trUtf8
('Bmxig'), self)

exit.setShortcut(*Ctrl+Q")

exit.setStatusTip(self.trUtf8('Buxig i3 3acTocyBaHHS"))

self.connect(exit, QtCore.SIGNAL('triggered()"), QtCore.
SLOT(‘close()"))

self.statusBar()

menubar = self.menuBar()
file = menubar.addMenu(self.trUtf8('®daiin"))
file.addAction(exit)

app = QtGui.QApplication(sys.argv)
main = MainWindow()

main.show()

sys.exit(app.exec_())

MeHt0, KOHTEKCTHE MEHIO Ta NaHesb IHCTPYMeHTIB y PyQt4 Bu-
KOpUCTOBYIOTb 06'ekT QAction 3amicTb 3BMYaiHUX KHOMOK.
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Y 15-My psigKy KOHCTPYKTOpPY nepefacTbcs 06'ekT Qlcon Aang
CTBOPEHHS iIKOHKM (AIKLLIO iIKOHKa He MOoTpibHa, TO cnif nepegaTu B
KOHCTPYKTOP NOPOXHIii 06'ekT QtGui.Qlcon(**"")), gpyruin napa-
MeTp — Lie 3aro/ioBOK, a TpeTili napameTp — 06'eKT-6aTbko (Y Ha-
LLIOMY BUMAAKY — Le BiKHO). Y 16-my psaaky o6'ekty QAction npu-
3HavaeTbCcA rapsya knaeiwa Ctri+Q.

setStatusTip() B 17-My pagKy 3a4ae NnosigomIeHHs, ske byae Bi-
fo6paxatuncs B pagKy ctaHy npy HaBefeHHI Kypcopy.

Micns uboro curHan triggered() 3'€AHYETLCA 3i CNOTOM 3aKpUTTA
BikHa close() y 18-My psiaky. CurHan triggered() Biacunaetbca npm
BMGOpi 06'ekta QAction. Y 22-24 psifikax CTBOPIOETHCA MEHIO i3
3arofnioBkom "®aiin" i gogaetbcs 06'ekT QAction (To6TO fis) — Ana
3aKpUTTH BiKHA.

MaHenb IHCTPYMEHTIB. MaHenb iHCTPYMEHTIB (NiCTMHr 6.19) ao-
3BO/ISIE LUBMALLIE 3BEPTATUCS A0 (hYHKLIiV NPOrpaMmn NOPIBHSHO 3 MEHHO.

Nictunr 6.19. Mpuknag, "MaHens iHCTPYMeHTIB"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npnknag 8

import sys
from PyQt4 import QtGui, QtCore

class MainWindow(QtGui.QMainWindow):
def __init__(self):
QtGui.QMainWindow.__init__(self)

self.resize(250, 150)
self.setWindowTitle(self.trUtf8('MaHesnb iHCTPYMeHTIB"))

self.exit = QtGui.QAction(QtGui.Qlcon(‘exit.png”), self.trUtf8
(‘Bmxig'), self)

self.exit.setShortcut('Ctrl+Q")

self.connect(self.exit, QtCore.SIGNAL ('triggered()"),
QtCore.SLOT(("close()")

self.toolbar = self.addToolBar('Exit")
self.toolbar.addAction(self.exit)

app = QtGui.QApplication(sys.argv)
main = MainWindow()
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main.show()
sys.exit(app.exec_())

Y 15-17 psapgkax CTBOPHOETLCA KHomMKa (ais QAction) ana 3a-
KpMTTA BikHa. 3a gonomoroto gyHkuii addToolBar('Exit") cteopto-
€TbCA NaHeNb IHCTPYMEHTIB i3 3aro0BKOM (10ro MoykHa nobauntiu,
AKLWO "BigipBaTi" NaHenb Bif BikHa) "EXxit'. Jani naHesb po3Millly-
€TbCA B OCHOBHOMY BiKHIi Mporpamu.

Y 20-my psAOKY [LOLAETbCA KHOMKA 3aKpUTTA 4yepe3 (DYHKLiH0
toolbar.addAction(self.exit).

LleHTpanbHWin BigKeT. HaocTaHOK po3rfsHeMO (DYHKLiO BCTa-
HOBJ/IEHHS1 LeHTpansHoro BigpkeTta setCentralWidget() y Kknaci
QMainWindow. LieHTpanbHWIA BigXKeT 3aliMae BeCb BiNlbHUIA Npoc-
Tip Ha opmi (NiCTUHT 6.20).

NictuHr 6.20. Mpuknag "LieHTpanbHWiA BipKeT"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 9

import sys
from PyQt4 import QtGui, QtCore

class MainWindow(QtGui.QMainWindow):
def __init__(self):
QtGui.QMainWindow. _init__(self)

self.resize(350, 250)
self.setWindowTitle(self.trUtf8('I"0/1oBHe BiKHO'))

textEdit = QtGui.QTextEdit()
self.setCentralWidget(textEdit)

exit = QtGui.QAction(QtGui.Qlcon(‘exit.gif"), self.trUtf8
(‘Bmxig’), self)

exit.setShortcut(*Ctrl+Q")

exit.setStatusTip(self.trUtf8(*Buxig, i3 3acTocyBaHHA"))

self.connect(exit, QtCore.SIGNAL('triggered()"), QtCore.
SLOT(‘close()"))

self.statusBar()

menubar = self.menuBar()
file = menubar.addMenu(self.trUtf8(*®aiin"))
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file.addAction(exit)
toolbar = self.add ToolBar("Exit")
toolbar.addAction(exit)

app = QtGui.QApplication(sys.argv)
main = MainWindow()

main.show()

sys.exit(app.exec_())

Y 15-Mmy psaKy CTBOPIOETLCS TEKCTOBWIA BiMKET Ta B 16-My psj-
Ky Lei BipKeT Np13Ha4aeThCs LeHTpasIbHUM.

6.3.4. CurHasim Ta cnoTtum B PyQt4

Mogpii (events). 3a JONOMOrow cuUrHanie Ta cnoTie y 6i6nioTewi
PyQt4 BigbyBaeTbCA B3aeMOAia MiXK 06'ekTamu. O6'eKTaMU MOXKYTb
BUCTYNATK, HaNpWKNag, BiKeTH.

lMicng 3anycky ronoBHOro LMKy app.exec_() nporpama novnmHae
06po6nsTM nogii. Hanpuknag, konn 0Oyge HaTUCHYTO KHOMKY
(QPushButton), To Bigbyaetbcs nogia (curHan) clicked(). Mogii
OyBalOTb CUCTEMHMMM ab0 € pe3ynbTaToM fiil KopucTyBaya (Hanpu-
Knaf, HaTUCKaHHSA KHOMKMW).

[ns 06pobkm nogii (curHany) o6'ekta (Hanpuknag, QPushButton)
HeoObXiAHO 1T 38'A3aTK 3 MOTPIGHMM COTOM: 6i6/IOTEUHOI (hYHKLIEHD
abo (PyHKL €0 KOpUCTYBaYa.

Y nicTuHry 6.21 HaBefeHo Kog nporpamu "CurHanu i cnotu'.

NictuHr 6.21. MNpuknag "CurHanu i cnotu”
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 10
import sys
from PyQt4 import QtGui, QtCore
class SigSlot(QtGui.QWidget):
def _init_ (self, parent=None):
QtGui.QWidget.__init__(self, parent)
self.setWindowTitle(self. trUtf8("Curnanwn i cnotn'))
lcd = QtGui.QLCDNumber(self)
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slider = QtGui.QSlider(QtCore.Qt.Horizontal, self)
vbox = QtGui.QVBoxLayout()
vbox.addWidget(lcd)

vbox.addWidget(slider)

self.setLayout(vbox)

self.connect(slider,  QtCore.SIGNAL (‘valueChanged(int)"),
Icd, QtCore.SLOT("display(int)"))

self.resize(250, 150)

app = QtGui.QApplication(sys.argv)
sigslot = SigSlot()

sigslot.show()

sys.exit(app.exec_())

Y npuknagi BUKOPUCTOBYETbCA ABa BifpkeTn: LCD-iHauKaTop Ta
noB3yHoK. Moe3yHok (QSlider) mae nogito valueChanged(int), wo
BifOYBAETLCA MPY 3MiHi MOMOXEHHA NOB3yHKa. CUrHaI TakoX Hece
B CO0i 3HaYyeHHA NOTOYHOT Mo3uLil noe3yHka: valueChanged(int),
Ae int — Uine 3Ha4YeHHA AN cnoTta.

MeTog connect mMae yoTUpW NapameTpu: connect (g4Kepeno, cur-
Ha/1, NpuiMay, cnoT), Ae MKepeno — Le 06'eKT, WO reHepye Mogito;
CUrHau1 — nogisi 06'eKTa-mpKepena; Npuinmad — 06'ekT, KU npuiima-
TUME CUMHaN; CNOT — (IyHKLIsA abo iM'a dyHKuii B QtCore.SLOT, wwo
06p0o6nATMME curHan. s 3'efHaHHA CUrHany 3i CNOTOM KifbKiCTb Ta
TUM IXHIX apryMeHTIB MatoTb 6yTW O0AHaKOBI! Xoua PakTUYHO CurHan
MOXe MaTu KifibKiCTb aprymeHTiB GifbLLy, HiXX ¢NoT. Mpy UboMy, Konu
curHan 6yae BignpaBneHo CNoTy, 3aliBi aprymMeHTH irHOPYBaTUMYThCS.

Yy 21-my pALKY 3'eHYETHCA curHan NMoB3YyHKa
(valueChanged(int)) 3i cnotom (display(int)) LCD-iHgnkaTOpa.
Cnor display(int) iHanKaTopa CNyXuTb NS BUBEAEHHS YMCIIOBOTO
3HayeHHs. oro MoXHa BUKOPWUCTOBYBATU SIK 3BMYaliHy (DYHKLItO:
Icd.display(200) BuBoguTh Ha iHaMKaTop ymcso 200.

MepeBn3HaYveHHA Nogii. Y PyQt4 moxkHa nepeBm3HavaTh nogii
(nicTuHr 6.22).

Y 16-My psgKy nepesusHadaeTbes nogis keyPressEvent(QKeyEvent).
Tenep nNpv HaTUCKaHHI Kasiwi ESC BIKHO MporpamMu 3aKpuBaETbCS.

NicTuHr 6.22. Mpuknag "lMepeBru3HaYeHHs nogin"
#!/usr/bin/python
# -*- coding: utf-8 -*-
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# PyQt npuknag 11

import sys
from PyQt4 import QtGui, QtCore

class Escape(QtGui.QWidget):
def __init__ (self, parent=None):
QtGui.QWidget.__init__(self, parent)

self.setWindowTitle(self.trUtf8(*MepeBn3HayeHHA nogiit'))

self.resize(250, 150)

self.connect(self, QtCore.SIGNAL(‘closeEmitApp()’), QtCore.
SLOT((*close()"))

def keyPressEvent(self, event):
if event.key() == QtCore.Qt.Key_ Escape:
self.close()

app = QtGui.QApplication(sys.argv)
sigslot = Escape()

sigslot.show()

sys.exit(app.exec_())

BignpaBneHHs curHanis (reHepauis noginn). O6'eKTH, WO Yyc-
nagkoBaHi Big QtCore.Qobject, MOXyTb BiANpaBnATA curHanu. Ha-
npuKnag, noTpibHO CTBOPMTW Mporpamy, B SKil 3a KMiKOM MULLi B
06nacTi BikHa 6yae BignpaeneHo curHan ourSignal(), Ta 3'eaHaTu
Liel curHan 3i CNOTOM 3aKpUTTS BiKHa.

Y nicTuHry 6.23 HaBeaeHo Kog nporpamu "IeHepalis nogin".

NictuHr 6.23. Mpuknag, "TeHepauis nogiin"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npunknag 12

import sys
from PyQt4 import QtGui, QtCore
class Emit(QtGui.QWidget):
def __init__ (self, parent=None):
QtGui.QWidget. __init__(self, parent)

self.setWindowTitle(self.trUtf8(*'BnacHuii curHan'))
self.resize(250, 150)
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self.connect(self, QtCore.SIGNAL(‘ourSignal()), QtCore.
SLOT(*close()"))

def mousePressEvent(self, event):
self.emit(QtCore.SIGNAL(‘ourSignal()"))

app = QtGui.QApplication(sys.argv)
gb = Emit()

gb.show()

sys.exit(app.exec_())

Y 14-my pagky curHan ourSignal() 3'egHyeTbCa 3i CNOTOM 3a-
KpWTTA BiKHA Nporpamu.

Y 16-My pagky nepeBu3Ha4aeTbcad nogia mousePressEvent
(QMouseEvent). Tenep 3a knikomM MuLWi B ByAb-AKilA 061acTi BikHa
Oypae BignpaBneHuii (3reHepoBaHuiA) curHan ourSignal().

AKWO NOTPIGHO nepefaTn CUrHan i3 3a3fanerifb BU3HAYEHUM
3HaYeHHAM, TO Lie MOXHa 3p0buTH Tak:

#.Ha OCHOBI Npuknagy 3.1
self.emit(QtCore.SIGNAL ('valueChanged(int)'), 767) # pe
""767""— Le 3HaUeHHSs, sike Oy/e nepeaaHo pasoMm i3 CUrHa/IoM

CTBOpEHHS CBOIX CMOTiB. Hexal NoTpibHO CTBOpMTK 3acTocy-
BaHHA 3i CBOIM C/I0TOM (NiCTUHT 6.24).

NictuHr 6.24. NMpuknag "Ceili cnot y PyQt"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 13

import sys, random
from PyQt4 import QtGui, QtCore
class withSlot(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget. _init__(self, parent)
self.setWindowTitle(self.trUtf8(*CBiin cnoT y PyQt'"))
self.resize(300, 50)

self.button=QtGui.QPushButton('Get!", self)
self.button.show()
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vbox = QtGui.QVBoxLayout()
vbox.addWidget(self.button)

self.setLayout(vbox)

self.connect(self.button, QtCore.SIGNAL (‘clicked()"), self.getlt)

def getlt(self):
self.button.setText(str(random.randint(1, 10)))

app = QtGui.QApplication(sys.argv)
gb = withSlot()

gb.show()

sys.exit(app.exec_())

Y 20-my pAgKY CUrHan HaTUCKaHHSA KHOMKW 3'€4HYETLCA 3 HawnM
cnoTtom getlt(), Lo BUNagKOBMM YAHOM 3MIHIOE TEKCT Ha KHOMLI.

6.3.5. Po3milleHHA BigKeTiB y PyQt4

BaxnMBOKO  4aCTMHOKD Yy  CTBOpPeHHi  Oyfb-akoro  GUI-
3aCTOCYBaHHA € PO3MILLEHHA BigKeTiB. Y PyQt4 BigkeTn MOXKHa
po3millyBaTh [BOMa crocobamu: abCoMTHOr0 MO3ULiOHYBaHHS
(nicTnHr 6.25) abo 3a AONOMOrO0 CXeM po3TallyBaHHs (layout).

ABCONTHE No3MLioHYBaHHS. Mpu BUKOPUCTaHHI abCONHOTHOrO
Mo3unLioHYBaHHS HEOOXiLHO BKa3yBaTV PO3MIpKM Ta MO3WLIH0 KOXHO-
ro BipKeTa BPYUHY, & TaKOX BPaxoByBaTu TaKe:

A po3mipn Ta no3uuis BifKETIB He 3MIHIOKTHCS, SKLLO PO3MIp
BiKHa 3MIHIOETbLCS:;

A nporpama Moxe MaTu pPisHUIA BUTNIAA Ha iHWKX NnaTdopMmax;

A 3MiHa WPWTIB Y Nporpami MoXKe NO3HAUYMTMCS Ha T An3aliHi;

A npw 3miHi gu3aitHy nporpami [OBEAETbCS 3HOBY BCTAHOB/HO-
BaTW PO3MipK Ta NO3MLit0 BiKETIB.

NictuHr 6.25. Mpuknag
"ABCOMOTHE NO3MLIOHYBaHHA"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npnknag 14

import sys
from PyQt4 import QtGui
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class Absolute(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget.__init__ (self, parent)

self.setWindowTitle("*nix")

label = QtGui.QLabel('Gentoo’, self)
label.move(15, 10)

label = QtGui.QLabel(*Ubuntu’, self)
label.move(35, 40)

label = QtGui.QLabel('Debian’, self)
label.move(55, 65)

self.resize(250, 100)

app = QtGui.QApplication(sys.argv)
gb = Absolute()

gb.show()

sys.exit(app.exec_())

Y ubOMy NpuWKNazi BUKOPUCTOBYETLCSA MeTOA move(X, Y) Ans Bu-
3HaYeHHs No3uuiT BipKeTa, fe X — e apryMeHT, L0 BU3Havae Bifc-
Tyn NiBOpyY, a 'y — BiACTynN 3ropu.

BepTuKa/ibHI Ta TOPU30OHT&/IbHI CXeMW po3TallyBaHHA. Y
PyQt4 icHylOTb Knacu [nf aBTOMATUYHOIO PO3MILLEHHS BiKeTiB,
TOOTO 3a 3MiHY pO3Mipy Ta MOo3uLil BiAMOBIJatOTh CXEMU PO3Tally-
BaHHA, a He nporpamict. Po3rnsHeMo CXemMu po3TallyBaHHS
QHBoxLayout Ta QVBoxLayout (nicTuHr 6.26). BoHM BULIMKOBY-
OTb BiPKETU FOPWU3OHTA/IbHO Ta BEPTUKAIbHO. [15 CTBOPEHHS Biflb-
HOro MiCL MK BiJpKeTaMn BUKOPUCTOBYHOTb PO3TAryBaHHS (stretch).

Hanpuknag, notpibHO CTBOPUTK nporpaMy, L0 Mae Y BikHI ABi
KHOMKM B HWXHbOMY NpaBoMy KyTKY. [ns LibOro BUKOPUCTOBYHOTb
BEPTMKa/IbHY Ta FrOPU30HTa/IbHY CXEMW PO3TalLyBaHHS.

NictuHr 6.26. Mpuknag, "Cxemu po3TaLlyBaHHsA"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 15
import sys
from PyQt4 import QtGui
class BoxLayout(QtGui.QWidget):
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def __init__(self, parent=None):
QtGui.QWidget. _init__(self, parent)

self.setWindowTitle(self.trUtf8('BukopuctaHHs
CXeM po3LUTaLlyBaHb'))

ok = QtGui.QPushButton(self.trUtf8(*" Lobpe'))
cancel = QtGui.QPushButton(self.trUtf8(*'BigmiHa'™))

hbox = QtGui.QHBoxLayout()
hbox.addStretch(1)
hbox.addWidget(ok)
hbox.addWidget(cancel)

vbox = QtGui.QVBoxLayout()
vbox.addStretch(1)
vbox.addLayout(hbox)

self.setLayout(vbox)
self.resize(300, 150)

app = QtGui.QApplication(sys.argv)
gb = BoxLayout()

gb.show()

sys.exit(app.exec_())

Y 17-my pagKy CTBOPHOETLCH FOPU3OHTa/IbHA CXeMa pOo3TallyBaH-
HA, gani y 18-my psfaKy — BiflbHUIA NpocTip, a B 19-20 pagkax goaa-
tOTbCS KHOMKW. Tenep nepes KHormkaMmu 6y/e NOPOXHSA 061aCTb.

Y 22-24 papKax CTBOPHOETLCA BEPTMKaA/IbHA CXeMa pOo3TallyBaH-
HA Ta LOLAETLCA BiflbHa 06/1aCTb Nepes, ropu3oHTa/IbHOK CXEMOIO.

Y 26-my psAAKy BCTaHOBJIOETLCS BEPTUKa/IbHA CXeMa K FO/I0BHA
CXema po3TaLlyBaHHS BiKHa.

PO3MiLLIEHHS enleMeHTIB Y BUINALI Tabnuui. TabnnyHa cxema
posTawyBaHHa QGridLayout (nicTuHr 6.27)— Halibinblu yHiBepca-
NbHa. BoHa fifMTb NPOCTIp Ha PASKK Ta CTOBML.

NictuHr 6.27. MNpuknag
"TabnnyHa cxema posTallyBaHHs-1"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npnknag 16
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import sys
from PyQt4 import QtGui

class GridLayout(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget. _init__(self, parent)

self.setWindowTitle(self.trUtf8(* TabnmnuHa cxema posTaLlyBaHb"))

names = [self.trUtf8(*OunweHHn"), self.trUtf8('‘Buganntu’),
", self.trUtf8('3akputn’), '7', '8', '9", '/*,
I4l, I5l, l6l, l*l, Ill, l2l, l3l, I_I,

IO'! ".1 l:l! '+']
grid = QtGui.QGridLayout()
i=0

pos = [(0, 0), (0, 1), (0, 2), (0, 3),
(1,0), (1, 1),(1,2),(1,3),
(2,0).(2,1),(2,2),(2,3),
(3,0).(3,1),(3 2),(3,3),
(4,0, (4, 1), (4 2), (4 3)]

for i in names:
button = QtGui.QPushButton(i)
if j==2:
grid.addWidget(QtGui.QLabel('"), 0, 2)
else: grid.addWidget(button, pos[j][0], pos[j]1[1])
=i+l
self.setLayout(grid)

app = QtGui.QApplication(sys.argv)
gb = GridLayout()

gb.show()

sys.exit(app.exec_())

Y Up0My NPUKNALI CTBOPHOETLCA TabmMusa 3 KHOMOK. [N BUKOHaH-
HA OAHOro MpoGify 3amiCTb KHOMKWM A0[AETbCA MOPOXKHIA 06'€KT
QLabel. ¥ 18-My psaKy CTBOPHOETLCSA TabMUHA CXeMa PO3TaLLyBaHHS.

Y 29-31 pagkax [ofatTbca BigpKeTun B TabnMuUto 3a JONOMOror0
metogy addWidget (BigxeT, HOMep psigka, HOMep CTOBMLS).
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BifpkeTv MOXyYTb 3aiiMaTy Kifbka pagkis abo cToBnyiB y Tabiu-

Ui, SK y NnpuKnagi 3 TabNnMYHUM BiJpKETOM Y NIICTUHTY 6.28.

NictuHr 6.28. Mpuknag

"TabnnuyHa cxema po3rallyBaHHA-2"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 17

import sys
from PyQt4 import QtGui

class GridLayout2(QtGui.QWidget):
def __init__ (self, parent=None):
QtGui.QWidget. __init__(self, parent)
self.setWindowTitle(self.trUtf8('TabnnuHa  cxema
TallyBaHHS"))

title = QtGui.QLabel(self.trUtf8(*Hassa"))
author = QtGui.QLabel(self.trUtf8('ABTop"))
review = QtGui.QLabel(self.trutf8("Ornag"))

titleEdit = QtGui.QLineEdit()
authorEdit = QtGui.QLineEdit()
reviewEdit = QtGui.QTextEdit()
grid = QtGui.QGridLayout()
grid.setSpacing(10)
grid.addWidget(title, 1, 0)
grid.addWidget(titleEdit, 1, 1)

grid.addWidget(author, 2, 0)
grid.addWidget(authorEdit, 2, 1)

grid.addWidget(review, 3, 0)
grid.addWidget(reviewEdit, 3, 1, 5, 1)

self.setLayout(grid)
self.resize(350, 300)

app = QtGui.QApplication(sys.argv)
gb = GridLayout2()
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gb.show()
sys.exit(app.exec_())

Y 22-23 psigKax CTBOPKETLCA Tab/MyHa CXemMa Ta BCTAHOB/HO-
€TbCA BiACTYN y 10 nikceniB MiX BigpKeTamu.

Mpun popaBaHHI BigkeTa B Tabnuuto (KpiM aprymMeHTiB "Homep
cToBNUA" Ta "HOMep pAdKa") MOXKHa BKasaTW KifbKiCTb 3alHATUX
CTOBMUIB Ta pAAKIB. TakuM YMHOM, Yy 32-My PAAKY BKa3yeTbCA, LLO
TEKCTOBWIA BifpKeT 3aiiMaTiMe N'ATb PSAAKIB Ta OAWH CTOBMELb.

6.3.6. Aiasiorosi BikHa B PyQt4

[ianorosi BikHa € HEBif'€MHOI YaCTUHOI GifbLUIOCTI CyYacHUX
GUI-3acTocyBaHb i BUKOPUCTOBYHOTLCA A5 BBELEHHS AaHUX, 3MiHU
JaHuX, 36epexkeHHs abo BiAKpUTTA ainis Towo. Aianorosi BikHa
OyBatOTb ABOX TUMIB: CTaHAAPTHI 1 KOPUCTYBaIbHULBKI.

[Lianorose BIKHO 1151 BBeAeHHs fdaHux. Knac QlnputDialog
3abe3rnevye NPOCTUIA Ta 3pyYHUIA fianor Ans BBEAEHHS OAHOr0 3Ha-
YeHHS. YBefleHe 3Ha4YeHHs MOXe ByTV PALKOM, YMCIOM abo 3HaYeH-
HSAM 3i CTUCKY.

Y nicTuHry 6.29 HaBefieHO kof nporpamu “[ianorose BikKHO Ans
BBeLEHHA faHnX".

NictuHr 6.29. Mpuknag,
"[lianorose BiKHO A/19 BBEAEHHSA AaHNX"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npnknag 18
import sys
from PyQt4 import QtGui, QtCore

class InputDialog(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget. __init__(self, parent)
self.setGeometry(300, 300, 350, 80)
self.setWindowTitle(self.trUtf8(' Qianor seogy’))
self.button = QtGui.QPushButton(self.trUtf8(’ Oianor"), self)
self.button.setFocusPolicy(QtCore.Qt.NoFocus)
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self.button.move(20, 20)

self.connect(self.button, QtCore.SIGNAL('clicked()"), self.
showDialog)

self.setFocus()

self.label = QtGui.QLineEdit(self)
self.label.move(130, 22)

def showDialog(self):
text, ok = QtGui.QlInputDialog.getText(self, 'Input Dialog',
self.trUtf8("YBepiTb cBOE iM\'s1:"))

if ok:
self.label.setText(unicode(text))

app = QtGui.QApplication(sys.argv)
icon = InputDialog()
icon.show()

app.exec_()

Y npuknagi CTBOPHOETLCSH KHOMKA i TekcToBe none. Mpu Hatwuc-
KaHHI KHOMKY 3'ABNAETLCA Aianor 415 BBeJeHHS Oy ab-AKOro 3HayeH-
HAl, IKE BUBOAMTMMETLCA B TEKCTOBE NOJIeE.

Y 26-My pAAKY BUKNMKAeTbCA Aianor. MNepmii napameTp yHK-
Uil — ue Ha3Ba BikHa, a HAaCTYMHUIA NapameTp — NOBILOM/IEHHS B Jia-
NOroBOMY BiKHI. ®YHKLUisA getText noBepTae BBeAEHWUI TEKCT Ta /o-
riyHe 3HayeHHs. FAKLWO B fianosi 6yno HaTUCHYTO KHomky OK, To
NOTiyHe 3HaYeHHs AopiBHIOE True, B iHWOMY pasi — False.

[Lianorose BikHO ana Bubopy konbopy. Knac QColorDialog
[03BONSE BMBpaTU Konip i3 manitpu. Y nictuHry 6.30 HaBedeHo
npuknag nporpamu " Aianor Bnbopy Konbopy™.

Nicturr 6.30. Npuknag, " Aianor Bu6opy Konbopy™
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 19
import sys
from PyQt4 import QtGui, QtCore

class ColorDialog(QtGui.QWidget):
def __init__ (self, parent=None):
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QtGui.QWidget. __init__(self, parent)
color = QtGui.QColor(0, 0, 0)

self.setGeometry(300, 300, 250, 180)
self.setWindowTitle(self.trUtf8(" Aianor ansa snbopy Konbopy"))

self.button = QtGui.QPushButton(self.trUtf8('Lianor"), self)
self.button.setFocusPolicy(QtCore.Qt.NoFocus)
self.button.move(20, 20)

self.connect(self.button, QtCore.SIGNAL('clicked()), self.
showDialog)
self.setFocus()

self.widget = QtGui.QWidget(self)

self.widget.setStyleSheet(** QWidget { background-color: %os }"*
% color.name())

self.widget.setGeometry(130, 22, 100, 100)

def showDialog(self):
col = QtGui.QColorDialog.getColor()

if col.isvalid():
self.widget.setStyleSheet(""QWidget { background-color: %s }"
% col.name())

app = QtGui.QApplication(sys.argv)
cd = ColorDialog()
cd.show()

app.exec_()

Y ubOMy NpUKNagi Npy HaTUCKaHHI KHOMKK 3'ABNATUMETLCS Aia-
NOroBe BIKHO AnA BUGOPY Konbopy. llicns 3akpuTTa [iasioroBoro
BikHa 06'ekT QWidget 6yae 3anMTo 06paHUM KOSTbOPOM.

Y 31-My psaKY BUKIMKAETLCA Aianorose BikHO.

[Oani B 33-35 pagKax 3Ha4eHHs KONbOpY MepPeBIpAETLCA Ha KOpe-
KTHICTb Ta BCTAHOB/MIOETLCA AK (POH 06'ekTa QWidget.

MMig yac npusHayeHHs CTUNKO BigpkeTam y PyQt4 BUKOPUCTOBY-
eTbcA CSS (KackagHi Tabnuui ctunis).

[Lianorose BikHO Ans Bubopy wpudty. Knac QFontDialog
CNY>XUTb NS BUOOPY LWPUPTY. Y nicTUHry 6.31 HaBeAeHO Kof npo-
rpamu "[lianor Bu6opy wpnugTty".
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Nictunr 6.31. Mpuknag, "Aianor Buéopy wpngty”
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 20
import sys
from PyQt4 import QtGui, QtCore
class FontDialog(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget.__init__(self, parent)

hbox = QtGui.QHBoxLayout()

self.setGeometry(300, 300, 250, 110)
self.setWindowTitle(self.trUtf8(" Qianor sBnbopy wpngTy"))

button = QtGui.QPushButton(self.trUtf8(* Aianor’), self)
button.setFocusPolicy(QtCore.Qt.NoFocus)
button.move(20, 20)

hbox.addWidget(button)

self.connect(button,  QtCore.SIGNAL (‘clicked()"),  self.
showDialog)

self.label = QtGui.QLabel(self.trUtf8("TecT BU6GpaHOro
wpndgty"), self)

self.label.move(130, 20)

hbox.addWidget(self.label, 1)

self.setLayout(hbox)

def showDialog(self):
font, ok = QtGui.QFontDialog.getFont()
if ok:
self.label.setFont(font)
app = QtGui.QApplication(sys.argv)
cd = FontDialog()
cd.show()

app.exec_()

Y npuknagi BUKOPUCTAHO FOPU3OHTA/IbHY CXeMy pO3TallyBaHHS, Y
AKYy MOMILLAETLCA KHOMKa Ta TeKcToBa MiTKa. Mpu BrGopi WpnugTy
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TEKCTOBaA MiTKa MOXe BUIATY 3a MeXi BikHa. LLLo6 Lboro He Bigoynocs,
BMKOPWCTAHO ropM30HTa/IbHY CXEMY, sika aBTOMATUYHO BUPIBHIOE PO-
3Mipy BiKHa Nig, po3Mipn TEKCTOBOT MITKWU. Y 32-My pPsIKY BUK/MKa-
ETbCA fianor ansa suéopy WpndTy. PYHKLIS NOBEPTaE CTUb LUPUPTY
Ta NOriyHe 3Ha4yeHHs (Un 6yno HaTUCHYTO KHOMKY OK).

AKWo KHonky Ok 6yno HaTUCHYTO, TO NMPOrpaMa BCTaHOB/IHOE ANs
TEKCTOBOI MITK/ 06paHuiA LLPUGT 3a A0MOMOrOH (PYHKLIT setFont.

[Lianorose BikKHO Ansi BMbopy aiinie abo KatasnoriB. Knac
QFileDialog no3sonse KopmcTyBadam BMOpaTK (hainin abo Katanoru
(nicTuHr 6.32).

NictuHr 6.32. MNpuknag "Aianor Bu6opy haiinis"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npunknag 21

import sys
from PyQt4 import QtGui, QtCore

class OpenFile(QtGui.QMainWindow):
def _init_ (self, parent=None):
QtGui.QMainWindow. _init__(self, parent)

self.setGeometry(300, 300, 350, 300)
self.setWindowTitle(self.trUtf8(" Lianor snbopy gainnis'))
self.textEdit = QtGui.QTextEdit()
self.setCentralWidget(self.textEdit)

self.statusBar()

self.setFocus()

exit = QtGui.QAction(QtGui.Qlcon(‘open.png'), self.trUtf8
(‘Bigkputn'), self)

exit.setShortcut('Ctrl+QO")

exit.setStatusTip(self.trUtf8("BigkpuTn HoBWMIA (hainn'))

self.connect(exit, QtCore.SIGNAL('triggered()"), self.
showDialog)

menubar = self.menuBar()
file = menubar.addMenu(self.trUtf8('daiin"))
file.addAction(exit)
def showDialog(self):
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filename = QtGui.QFileDialog.getOpenFileName(self,
self.trUtf8('BigkpuTTa cpaiina'), ‘/home’)
self.setWindowTitle(self.trUtf8(*'MpornsigaHHs thaiina')
+filename)
file=open(filename)
data = file.read()
self.textEdit.setText(data)

app = QtGui.QApplication(sys.argv)
cd = OpenFile()

cd.show()

app.exec_()

Mpuknag MiCTUTb PAAOK MEHH, CTaTyCHUI PALOK Ta TEKCTOBUI
BI[DKET, Y SKUIA BUBOANTUMETLCA TEKCT 3 0bpaHoro garina. Y 30-my
pAaKy BUKNMKaeTbea PyHKUia QFileDialog.getOpenFileName, sika
Bifo6paXkae fdianorose BikHO. MepLunii napameTp PyHKLIT — Lie Ha3Ba
BiKHa fianory, a Apyruii napameTp — pobounii Katanor.

Oani B 33-35 psgkax BigKpumBaeTbCs 06paHuiA haiin Ta BUBO-
ANTbCS AOr0 BMICT Y TEKCTOBUIA BifKET.

6.3.7. BigpxkeTun B PyQt4

BimkeTn € ocHOBHMMKM Grokamu npu nobyaosi GUI-3acTocyBaHb.
Bibnioteka PyQt4 Mae LUMPOKUIA CMeKTP PI3HUX Bi[KETIB: KHOMKW,
npanopui, NoB3yHKM, KOMBIHOBaHI CINUCKKM, TabnumLji ToLWO.

Mpanopeub (QCheckBox). Bimpker QCheckBox 3a 3aMoBYyBaH-
HAM Ma€ [Ba CTaHW: BUMKHEHWUI Ta YBIMKHEHWIA. Ane € | TPeTii CTaH —
"4aCcTKOBO YBIMKHeHW". LLLo6 gogatv cTaH "4acTKOBO YBIMKHEHUIA"
BMKOPUCTOBYETLCA (DyHKLisA setTristate, sKiiA nepefacTbCs NOriYHMNM
aprymeHT, WO BUMWKAE/BMUKAE Leld cTaH. [py 3MiHi cTaHy npano-
peup (nictuHr 6.33) nocunae curHan stateChanged(int).

NictuHr 6.33. Mpuknag "Mpanopeub”
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npunknag 22
import sys
from PyQt4 import QtGui, QtCore
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class CheckBox(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget.__init__ (self, parent)

self.setGeometry(300, 300, 250, 150)
self.setWindowTitle(self.trUtf8('MpanopeLb’))

self.cb = QtGui.QCheckBox(self.trUtf8('MokaszaTtn 3aro-
noskwn'), self)

self.cb.setFocusPolicy(QtCore.Qt.NoFocus)

self.cb.move(10, 10)

self.cb.toggle();

self.cb.setTristate(True)

self.connect(self.cb, QtCore.SIGNAL ('stateChanged(int)"),
self.changeTitle)

def changeTitle(self, value):
if value==QtCore.Qt.Checked:
self.setWindowTitle(self.trUtf8('Mpanopeuk"))
elif value==QtCore.Qt.PartiallyChecked:
self.setWindowTitle(self.trUtf8(*HacTkoBo"))
else:
self.setWindowTitle("")

app = QtGui.QApplication(sys.argv)
icon = CheckBox()
icon.show()

app.exec_()
Y 16-My psAaKYy BUMUKAETbCS (DOKYC AN npanopus. Y 18-19 pa-

AKax YCTaHOB/IOETLCS CTaH Npanopus "yBIMKHEHWMIA" Ta AOAAETHLCA
"4aCTKOBO YBIMKHEHWIA" CTaH.

Y yHKuUii changeTitle nepeBipAeTbCA CTaH Npanopus Ta 3a1ex-
HO B/} A0r0 CTaHy 3MiHIOETBCA 3aro/10BOK BiKHa.

CraHu npanopus:

A Qt.Unchecked — BUMKHEHWIA;

A Qt.PartiallyChecked — 4acTKOBO YBiMKHEHWIA;

A Qt.Checked — yBiMKHEHUIA.

KHonka-nepemmkaud (QPushButton). CTBoprMO KHOMKY (nepe-
MMKad), L0 BCTAHOB/KOBATMMe KOAip Bigpketa. KHonka-nepemmkau

(nicTuHr 6.34) mae fBa CTaHW: "HaTUCHYyTa™ i "HeHaTMUCHyTa".
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NictuHr 6.34. NMpuknag "KHomnka-nepemmkay"

#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 23

import sys
from PyQt4 import QtGui, QtCore

class ToggleButton(QtGui.QWidget):

def __init__ (self, parent=None):
QtGui.QWidget. _init__(self, parent)

self.color = QtGui.QColor(0, 0, 0)

self.setGeometry(300, 300, 280, 170)
self.setWindowTitle(self.trUtf8('KHonka-nepemnkay'))

self.red = QtGui.QPushButton(self.trUtf8("YepsoHnii"), self)
self.red.setCheckable(True)

self.red.move(10, 10)

self.connect(self.red, QtCore.SIGNAL (‘clicked()", self.setRed)

self.green = QtGui.QPushButton(self.trUtf8('3enennir"), self)
self.green.setCheckable(True)

self.green.move(10, 60)

self.connect(self.green, QtCore.SIGNAL('clicked()"), self.

setGreen)

self.blue = QtGui.QPushButton(self.trUtf8('CuHiii*), self)
self.blue.setCheckable(True)

self.blue.move(10, 110)

self.connect(self.blue, QtCore.SIGNAL(‘clicked()"), self.setBlue)

self.square = QtGui.QWidget(self)
self.square.setGeometry(150, 20, 100, 100)
self.square.setStyleSheet(**QWidget { background-color: %s }"

% self.color.name())

QtGui.QApplication.setStyle(QtGui.QStyleFactory.create

(‘cleanlooks"))

def setRed(self):
if self.red.isChecked():
self.color.setRed(255)
else: self.color.setRed(0)
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self.square.setStyleSheet(*"QWidget { background-color: %s
}'" % self.color.name())

def setGreen(self):
if self.green.isChecked():
self.color.setGreen(255)
else: self.color.setGreen(0)

self.square.setStyleSheet(*"QWidget { background-color: %s }"
% self.color.name())

def setBlue(self):
if self.blue.isChecked():
self.color.setBlue(255)
else: self.color.setBlue(0)

self.square.setStyleSheet("*QWidget { background-color: %s }"
% self.color.name())

app = QtGui.QApplication(sys.argv)
tb = ToggleButton()
th.show()

app.exec_()

3a 0MoOMOror KHOMOK-NepeMuKayis 3MiLLYHOTbCH KONbOPU: Yvep-
BOHWI, 3eN1eHUiA, CUHIN. OTpUMaHWIn KOMIp YCTaHOB/HOETLCA AK KO-
nip ¢oHy BipkeTa QWidget.

Y 12-my pagKy CTBOPHOETLCS 3MiHHA color ans 36epiraHHsa Ko-
Nbopy. KOHCTpYKTOpY MNepefatoTbCA TPU aprymeHTW, AKi BU3Haya-
HOTb YEPBOHWIA, 3€/IEHWI | CUHI KONbOPMW.

Y 18, 23 Ta 28 psgKax NMWAaEMO KHOMKY B CTaHi "HaTUCHyTa".
[Jani 3'eHYIOTLCA CTBOPEHI KHOMKW 3i C/I0TaMK, B AKUX BCTAHOB/HO-
BaTUMETbLCS KONIp.

Y 32-my psiiKy CTBOPHOETLCA BifpKeT, Ana AKoro 6yae BCTaHOB-
ntoBatucs Konip oHy. s NpUCBOEHHS KOMbopy 3MiHHIN self.color
BUKOPUCTOBYHOTbCA (PYHKLiT setRed(int) — uepBoHuUiA, setGreen(int)
— 3eneHuid, setBlue(int) — cuHii.

dyHkuig isChecked fo3B0onfE AoBigaTUCS, YN HATUCHYTO KHOM-
Ky. Konip (oHy BCTaHOBNIOETLCSA 3a fOMOMOroto CSS-CTuNiB.

Mos3yHoK (QSlider) Ta Hanuc (QLabel). MoB3yHOK ayXe 3py-
YHWI NpU LWBMAKOMY BMOOPI 3HAYeHHs, TOO6TO, KON He NOTPi6HO
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BBOAUTY 3HAaYeHHS BPYy4HY. A Hanuc BUKOPUCTOBYETLCA NS BUBe-
JEeHHS TeKCTy abo 306pakeHHs. Y NiCTUHIY 6.35 HaBefeHO Kof npo-
rpamu "ImiTaLis peryntoBaHHs 3BYKy".

NictuHr 6.35. Mpuknag
"ImiTauia perynoBaHHs 3ByKy"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npunknag 24

import sys
from PyQt4 import QtGui, QtCore

class SliderLabel(QtGui.QWidget):
def __init__ (self, parent=None):
QtGui.QWidget. _init__(self, parent)

self.setGeometry(300, 300, 200, 100)
self.setWindowTitle(self.trUtf8('PeryntoBaHHA 3ByKy"))

self.slider = QtGui.QSlider(QtCore.Qt.Horizontal, self)
self.slider.setFocusPolicy(QtCore.Qt.NoFocus)
self.slider.setGeometry(30, 40, 100, 30)
self.connect(self.slider,

QtCore.SIGNAL ('valueChanged(int)*), self.changeValue)

self.label = QtGui.QLabel(self)
self.label.setPixmap(QtGui.QPixmap('./muted.png’))
self.label.setGeometry(160, 40, 80, 30)

def changeValue(self, value):

if value == 0:
self.label.setPixmap(QtGui.QPixmap(‘./muted.png"))

elif value > 0 and value <= 30:
self.label.setPixmap(QtGui.QPixmap('./low.png’))

elif value > 30 and value < 80:
self.label.setPixmap(QtGui.QPixmap('./medium.png"))

else:
self.label.setPixmap(QtGui.QPixmap('./high.png"))

app = QtGui.QApplication(sys.argv)
icon = SliderLabel()
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icon.show()
app.exec_()

Y npuknagi imiTyeTbca peryntoBaHHA 3BYKy. [pu 3MiHi nono-
YKEHHS NOB3YHKa MiHAETLCA iIKOHKA B HaMuCi.

Y 15-My psgKy CTBOPHOETHCA FOPU30HTa/IbHWUIA MOB3YHOK. [ani
3'eiHYETLCA CMrHaN 3MiHK NoB3YyHKa 3i cnotoM changeValue.

3a gonomororo (yHKLiT setPixmap y 21-my pAAKy BCTaHOB/IO-
ETbCS NMOYATKOBE 300paXKeHHs (BUMKHEHWIA 3BYK) Hamucy.

Y yHkuii changeValue nepeBipsAeTbCA Mo3nLis NMOB3yHKa Ta 3a-
NIEXHO Bif, LLbOro BCTAHOB/OETLCS BiAMNOBiAHA IKOHKA Hanucy.

[ns BU3HAYEHHSA NO3MLIT BUKOPUCTOBYETLCA 3HAYEHHS 3 CUTHANY
valueChanged(int). Xo4a MoXxHa 3acToCOBYyBaT/ MeTOZ value:

... pos = self.slider.value()

IHgnkaTop BMKoHaHHSA (QProgressBar). BigkeT BUKOPUCTOBY-
€TbCA AN Bi3dyanisauii BUKOHaHHA [JOBroi onepauii. IHAMKaTop BK-
KOHaHHS (NiCTUHT 6.36) MOXKe OYTW ropu3oHTa/IbHUM Ta BEPTUKASIb-
HUM. BifpkeTy MOXHa BKa3aTu MiHIMa/lbHe Ta MaKCUMabHe
3Ha4YeHHSs (3a 3aMOBUYBaHHAM BiPKET Mae 3HaueHHs Big 0 a0 99).

NictuHr 6.36. Mpuknag "IHANMKATOP BUKOHAHHA"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npunknag 25

import sys
from PyQt4 import QtGui, QtCore

class ProgressBar(QtGui.QWidget):
def __init__ (self, parent=None):
QtGui.QWidget. __init__(self, parent)
self.setGeometry(300, 300, 250, 150)
self.setWindowTitle(self.trUtf8('IHaguKaTOp BUKOHAHHSA'))

self.vbox=QtGui.QVBoxLayout(self)

self.pbar = QtGui.QProgressBar()
self.vbox.addWidget(self.pbar)

self.button = QtGui.QPushButton(self.trUtf8('CrapT"))
self.button.setFocusPolicy(QtCore.Qt.NoFocus)
self.vbox.addWidget(self.button)

181



self.connect(self.button, QtCore.SIGNAL (‘clicked()"), self.onStart)
self.timer = QtCore.QBasicTimer()
self.step = 0;

def timerEvent(self, event):
if self.step >= 100:
self.timer.stop()
return
self.step +=1
self.pbar.setValue(self.step)

def onStart(self):
if self.timer.isActive():
self.timer.stop()
self.button.setText(self.trUtf8('CtapT"))
else:
self.timer.start(100, self)
self.button.setText(self.trUtf8('Cton"))

app = QtGui.QApplication(sys.argv)
icon = ProgressBar()
icon.show()

app.exec_()

Y ubOMy NpUKIaLi BUKOPUCTOBYETLCA ABa BILKeTW — Ue iH4uKa-
TOP BMKOHAHHSA Ta KHOMKa. KHOMKa 3anyckae abo 3ynuHse pyx iH-
AvkKaTopa.

Y 15-My psiiKy CTBOPHOETLCS BiKeT "iHankaTop". dani y 20-my ps-
[KY 3'€JHYETLCA CUMHAN HATUCKAHHA KHOMKM 3i CNI0TOM onStart. Y Lbo-
My MpVKnagdi BUKOPUCTOBYETLCA TaiMep A48 3MiHM "iHAMKaTOopa BUKO-
HaHHS". 3a fgonomorol knacy QBasicTimer CTBOPHOETLCS 06'EKT
"Talimep" y 6aTbKIBCbKOMY BifKETi. BiH iHiLiani3yeTbea y 22-My paaky.

& nepesanucyeTbes nogis timerEvent, wwWo BUKAN-
KaeTbCs, KoM TaiMep cnpauboBye. Tenep y BUNagKy, AKWO TakiMep
Oyfe cnpauboByBaTK, 36iMbLIYBATUMETLCA 3HAUYEHHS iHAMKATOpa 3a
aoriomoroo yHkuii setValue(int). A Konu 3HayeHHs iHAMKaTOpa
popisHioBatumMe 100, TalimMep BUMMKATUMETLCA PYHKLUiELO stop. Py-
HKUis onStart cny>XuTb 415 YBIMKHEHHS! 60 BUMMKaHHS 3arOBHEH-
HA iHaMKaTopa. Y 33-My pagKy NepeBipseTbCS, UM Mpautoe Tanmep.
AKLLO TaK, TO BUMUKAETLCA TaliMep Ta Ha KHOMLi POPMYETLCA TEKCT
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"CTapT", AKLWO Hi, TO 3anyCcKaeTbCA Talmep QyHKLieto start Ta ¢op-
MyeTbCA TekcT "Crton".

Y (hyHKUito cTapTy Tailmepa start(int, QObject) noTpi6HO nepe-
[aTn Yac y MificeKyHAax, Yepes siKuii crnpauboByBaTMMe Talimep Ta
006'eKT, Y ikoMy Byfe 3anyLieHo Tainmep.

KaneHgap (QCalendarWidget). 3a 4onomMororo Lpsoro BifpkeTa
MOXHa Nerko W iHTYITMBHO BMOGpaTW NOTPIGHY Aaty. Y NiCTUH-
ry 6.37 HaBefieHo Ko nporpamu "KaneHgap".

NictuHr 6.37. Mpuknag "KaneHaap"
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 26

import sys
from PyQt4 import QtGui, QtCore

class Calendar(QtGui.QWidget):
def __init__(self, parent=None):
QtGui.QWidget. _init__(self, parent)

self.setGeometry(300, 300, 250, 130)

self.setWindowTitle(self.trUtf8('Kanengap"))

self.vbox = QtGui.QVBoxLayout(self)

self.cal = QtGui.QCalendarWidget()

self.cal.setGridVisible(True)

self.cal.move(20, 20)

self.connect(self.cal, QtCore.SIGNAL (‘selectionChanged()"),
self.showDate)

self.vbox.addWidget(self.cal)

self.label = QtGui.QLabel()

date = self.cal.selectedDate()
self.label.setText(str(date.toPyDate()))
self.label.move(130, 260)
self.vbox.addWidget(self.label)

def showDate(self):
date = self.cal.selectedDate()
self.label.setText(str(date.toPyDate()))

app = QtGui.QApplication(sys.argv)
icon = Calendar()
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icon.show()
app.exec_()

Y npuKnagi BUKOPUCTOBYHOTLCA BiMpKeTN "KaneHgap" Ta "Hanumc".
Mpw BMGOPI AaTK B KaneHaapi BOHa Bifo6paXXaTUMETbLCA B HaMMCI.

Y 18-My pAgKy 3'€QHYeETbCA  curHas  Bubopy  fatu
selectionChanged 3i cnotom showDate.

LLLo6 goBigaTuca, Ky AaTy BMOpaHO B KaneHaapi, NOTPiGHO BU-
KopucToByBaTh (yHKLito selectedDate, L0 noBepTae 3HaUYEHHS BU-
6paHoTl gatn. Tun gatn 6yge QDate.

[na nepeBefleHHs 3HaYeHHs aatu 3 Tuny QDate y Tvn, i3 SKUM
npawtoe Python, BukopuncToByeTbest PyHKLis toPyDate.

KOHTpO/IbHI 3anuTtaHHs

1. MNepepaxyiiTe OCHOBHI NaKeTW Ans CTBOPEHHS rpadiiyHoro iHTepdeit-
CY KOpUCTYBaya, LU0 3aCTOCOBYIOTLCA 3 Python.

2. Yomy nakeTw rpagiyHoro iHTepgeiicy Python — ue B OCHOBHOMY 06-
ropTKM 4na 6i6NioTekK, Lo HanucaHi iHWKUMKY MoBaMy NPorpamyBaHHA?

3. MepepaxyiiTe OCHOBHI BifpkeTW NakeTa Tkinter.

4. OnuwiTb 0c06/IMBOCTI 06PO6KKM Mogil y nakeTi Tkinter.

5. MoACHITb KOHLENLito CNOTIB i CUIHa/IB, KA BUKOPUCTOBYETLCA B Gi-
6nioTeui PyQt4.

6. MepepaxyiTe OCHOBHI BigkeTn 6ibnioTekn Qt.

7. K 6yae BigobpaxkaTucs BifKET, AN SKOro Npy CTBOPEHHI He BKa3a-
HO 6aTbKa?

8. MepepaxyiiTe CxeMy po3TaLLyBaHHS, L0 BUKOPUCTOBYHOTCS B NaKETI
PyQt4, Ta NoACHITb 0CO6NMBOCTI IXHLOTO 3aCTOCYBaHHS.

9. Ek3emMniaip AKOro Knacy mae 060B'A3K0BO 6yTW B nporpami, Lo Bu-
KopucToBye 6ibnioTeky PyQt4?

KOHTpoO/ibHE 3aBAaHHS

CTBOpITb rpaiyHmMii iHTepdeiic NS TEKCTOBOro pefakTopa. 3a OCHOBY
MOXKHa B3ATU iHTepdhelicy pegakTopis NotePad abo WordPad.

184



Po3pain 7

Ob6pobKa TeKCTY

Mig 06po6bKOK TEKCTIB MAaEMO Ha yBasi aHani3, NepeTBOPEHHS,
MOLUYK, CTBOPEHHS TEKCTOBOT iH(hopmaLii. MepeBaxHO poboTa 3 Te-
KCTamMW He po3rnsagaTMmeTbCs HaaTo AOKNagHO Ta rAmnboko. Kpim
TOro, TYT HemMa BiJOMOCTEN LoA0 0O6PO6KN TEKCTIB 3a A0NOMOrOH
TEKCTOBMX NPOLLECOPIB Ta pefaKTopis, Xoua AesKi 3 HUX (Hanpuknag,
Cooledit) garoTb MOXX/IMBICTb NMCATK MakpoKoMaHAM Ha Python.

3asHaummo, Wwo ana Python cTBopeHO i mogyni ans pobotum 3
NPUPOAHUMM MOBaMK, a TaKOX A1 NIHFBICTUYHUX AOCNIKEHb. [l0-
OpyM  HaBYanbHMM NpUKNagoM Moxe cnyxutu nltk (Natural
Language Toolkit).

PekomeHAYEMO AN BMKOPUCTaHHA MpoeKT PyParsing (caiT:
http://pyparsing.sourceforge.net), 3a LONOMOroK SKOro MoXkHa opra-
Hi3yBaTN 06POOKY TEKCTY 3riflHO 3 BU3HAYEHOK rPaMaTuKoL.

7.1. OcHOBHI onepauii

Python gye 6aratuin Ha onepauii 3 psagKoBMMK 06'eKTaMu. Pag-
K MOXHa BM3HA4MTK Y NporpamMi 3a JONOMOrol psALKOBUX NiTe-
panis. JliTepann 3anncyoTbCA 3 BUKOPUCTAHHAM arnocTpodis ', na-
noK " abo UMx camux CUMBONIB, Y3ATUX TpUYi. YcepeanHi niTepanis
3BOPOTHA KOCa pUCKa Mae creLiaibHe 3HaueHHs. BoHa CnyXutb 44
BBEJEHHA crnewiasibH1X CUMBO/IB Ta A4/ BU3HAYEHHS CUMBONIB Ye-
pe3 Koau. FAKLWO nepes psagKoBUM NliTepasioM NOCTaB/IEHO I, 3BOPOT-
Ha KoCa pucKa He Mae CnewiailbHOro 3HaveHHs (r Bif aHrNiNCbKOro
CnoBa raw, psAoK BKasyeTbs "sK €"). Unicode-niTepann BKasyrTbCs
i3 npeikcom u. HaBegemo Kinbka npuknagis:

sl =""psagok 1"

s2 =r'\1\2'

s3=""""apple\ntree'""""# \n - cMBO/1 NepeBeieHHA psaKa
s4="""apple
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tree'"""'# psfoOK Yy MOTPOEHMX NankKax MOXe MaTu BCepeauHi
repeBefeHHs PALKIB

s5 = "\x73\65’

ul = u"Unicode literal™

u2 = u'\u0410\u0434\u0440\u0435\u0441"

MpumiTKa. 3BOPOTHA KOCa pUCKa He NOBUHHA BYTW OCTaHHIM CMMBOMOM Y fli-
Tepani, T06TO, ''str\"" BMKAMYE CMHTAKCM4YHY MOMUNKY. BKasdyBaHHS KOAYBaHHs
[,03BONsie BUKopucToByBaTy B Unicode-niTepanax HaBefeHWiA Ha MOYaTKy NporpaMu
TN KOALYBaHHA. FAKLO TUN KOAYBAaHHA He BKa3aHO, MOXHa KOPUCTYBATUCH TiflbKM
KofaMu CUMBOSIB, BU3HAYEHUMM Yepe3 3BOPOTHY KOCY PUCKY.

7.1.1. BungineHHa nigpagkis

HalinepLue po3rnsHemMo BMAINEHHS NiAPAAKIB 3a 40NOMOroH 3pi-
3iB. Bupas s[i:j] nogi6Ho [0 3pi3y, L0 BUKOPUCTOBYETLCA AN CMNC-
KiB, BUpi3ae CUMBO/IN 3 PsAKa S, MOUMHAKOUM 3 i M0 j—1 BK/IHOYHO:

>>> s ="Berlin: 18.4 C at 4 pm’

>>> 5[8:] # 3 iHAEKCy 8 [0 KiHUA psAaKa

184 C at4 pm'

>>> §[8:12] # cumBoNn 3 iHgekcammn 8, 9, 101 11
'18.4'

7.1.2. Nowyk nigpaakise

Buknuk s.find(sl) y pasi BUsiBNeHHs B paAKy s nigpsiaka sl nose-
pTae iHAEKC, i3 AKOro MOYMHAETLCA MiAPAAOK. Y BUNALKY, AKLWO Nif-
PALOK He 3HaNAeHO, NOBePTaETbCA 3HAYEHHS —1:

>>> s.find("Berlin®) # e nounHaeTbes "Berlin'?

0

>>> s.find("pm”)

20

>>> s.find("Oslo") # He 3Haiiae

-1

IHoAI NOTPIGHO NUMLLIE NEepPeBIPUTI HasABHICTb TaKoro Migpsaka B
PAAKY, 4N LbOro, [K i paHille, BUKOPUCTOBYETLCA OMnepartop in:
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>>> 'Berlin’ in s
True
>>>"'0Oslo" in's
False
TUNoBWUIA NPUKNaL, BUKOPUCTaHHS TaKoT KOHCTPYKLT:
>>>if 'C'ins:
print 'C found'

... else:
print ‘'no C’

C found

€ We Apa iHLwi, crnieundiyHi 4ns pagkis, metoau: startswith (nounHa-
€TbCA 3) Ta endswith (3aKiHUyeTLCA), NOBELIHKA AKX 3p03yMina 3 Ha3Bu:

>>> g startswith(*Berlin®)
True

>>> s.endswith(‘am")
False

7.1.3. 3amilleHHs

Buknuk s.replace(sl, s2) 3amiHge B psgKy S nigpsgok sl Ha
S2 CKpI3b, [ie 3yCTpiHeTbCA NigpsaoK sl

>>>s.replace(* ', '_")
'‘Berlin:_18.4 C_at_ 4 pm'
>>> s.replace('Berlin’, ‘Bonn")
‘Bonn: 18.4 C at 4 pm’

BapiaHT nonepefHbLOro Npuknagy, y SKoMy NoefHYETbCA KislbKa
onepaLwii, intcTpye 3aMiHy Ha3BKM MiCTa Nepes ABOKPArKOH:

>>> s.replace(s[:s.find(':")], 'Bonn")
'‘Bonn: 18.4 C at4 pm'
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7.1.4. Po36UTTA pAaKiB

Buknuk s.split() po3bmsae pagok s Ha CnoBa, po3gineHi npobina-
MK, TabynauismMm Ta CUMBOIaMM HOBOTO pAjKa:

>>> s.split()

['Berlin:’, '18.4", 'C", "at’, '4", 'pm’]

P0o36uTTA pafKa Ha cnoBa, po3fineHi CMMBOIOM abo TEKCTOM t,
3[INCHIOETLCA NepefaBaHHAM LbOro TEKCTY SIK aprymeHTy s.split(t):

>>> s.split(*:")
['Berlin’, * 18.4 C at 4 pm’]

3a gonomoroto s.splitlines() TeKCT MOXHa po36UTK Ha PAAKK, WO
Ay>Ke 3py4YHO, KoM Byno 3aBaHTAXKEHO BeCb BMICT (halina y BUrnsgi
OAHOTO psiAKa i MOTPIGHO PO3KNACTM Or0 Y CMCOK PALKIB:

>>>t = "1st line\n2nd line\n3rd line'
>>> print t

Ist line

2nd line

3rd line

>>> t.splitlines()

[‘1st line', *2nd line', '3rd line']

7.1.5. BepxHil Ta HV>KHIW pericTpm

MepeBecTn BCi CUMBOMN B HWDKHIN pericTp aossonsie s.lower(),
y BEpXHiit perictp — s.upper().

>>> s.lower()

‘berlin: 18.4 c at 4 pm'

>>> s.upper()

‘BERLIN: 18.4 C AT 4 PM'

7.1.6. PAOKW — e KOHCTaHTU

Xoua 6araTo MeTofiB pALKIB Ta iHAEKCaLisa CX0Xi Ha po6oTy 3i
CNMCKaMK, PSAKN He MOXHa 3MiHIOBaTWU. TO6TO, BCi BULLE Nepepa-
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XOBaHi aKTMBHI MeTOAM Aal0Tb HOBUIA PSMOK, HE 3MIHIOKUM TOW, i3
AKUM BOHW npautotoTb. ToMy 6yab-aKi Ail, WO HamaratoTbes 3MiHK-
T psAOK ab0 CMMBOMM B HbOMY, 3a3Ha0Tb (iacKo:

>>>s[18] =5

TypeError: 'str’ object does not support item assignment

AKLLO XX crpaBAi Heo6XigHO 3aMiHUTK, HaNpuKniad, cumeon S[18], To
[0BEfETLCA CTBOPUTI HOBMIA PSAOK, NPYMIPOM 3a JONOMOTOHO 3pi3iB:

>>>g[:18] + '5" + 5[19:]
‘Berlin: 18.4 C at 5 pm'

7.1.7. MNepeBipKa Ha undppn

[Nna BU3HAYEHHSA HasfABHOCTI B PAAKY TifIbKM CMMBONIB Ludp, ic-
Hye npocTuin MeToq isdigit:

>>> '214" isdigit()
True

>>> "' 214 ".isdigit()
False

>>> '2.14" isdigit()
False

7.1.8. MNepeBipKa Ha NpobiNbHI CMMBOAU

MoXKHa TaKoXX MepeBipuTM UM MICTATLCS B PAAKY Npobinu, cuMm-
BOMM Tabynauii Ta NOPOXHI pAaky (Bce Le /i HasMBaeTbCA NPobinb-
HVYMW CMMBONaMK) 3a LOMOMOrOH0 isspace:

>>> " " isspace()# Npobinu
True
>>> "\n".isspace() # CMMBO/1 HOBOI0 psAKa
True
>>> "\t'.isspace() # Tabynsauis
True
>>> " jsspace() # NOPOXHIN psagoK
False
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MeTog isspace 3pydHuWil Ana BUSBNEHHS Yy (aiini NOpoXHixX pag-
KiB. AflbTepHaTVBHUIA CNOCI6 — BUKOPUCTATK METOZ Strip, Lo Bigpi-
3a€ 3aiiBi Npo6iNbHI CUMBONY MO KPasx pajka:

>>> line="\n"

>>> line.strip() == "'# 4M 3aNULIMBCA TiNIbKN NOPOXKHIN PSA0K
True

>>> s = "text with leading/trailing space \n'

>>> s.strip()

"text with leading/trailing space’

>>> s.|strip()# left strip

"text with leading/trailing space \n"

>>> s.rstrip()# right strip

"text with leading/trailing space'

7.1.9. O6'eaHaHHA paaKiB

MpoTunexHuii metoay split MeToA join 06'eAHYE pAAKK 3i cnmnc-
Ky B OAVH PSAOK. BMKOpUCTaHHA MeTody 3po3ymine 3 npuknagy i
6e3 NoACHeHb:

>>> strings = ['Newton’, 'Secant’, 'Bisection’]
>>>t =", "join(strings)

>>> t

"Newton, Secant, Bisection"

Xoua metogn split Ta join NpsAMO NPOTUNEXHI, pa3oM BOHM MO-
XYTb NpauoBaTy fyxke 3narofpkeHo. Hanpuknag, notpibHo Bupisa-
TV 3 pAAKa nepLui 4ga co.a:

>>> line = 'This is a line of words separated by space’
>>> words = line.split()

>>> |ine2 =" ".join(words[2:])

>>> |ine2

'a line of words separated by space’
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7.1.10. OCHOBHI onepauii 3 pagkamm

Y Tabn. 7.1 HaBeAeHO AesKi HalbiNbLL YXKMBaHi MeToAN 06'EKTIB-
psAAKiB Ta Unicode-06'eKTiB.

Ta6bnuuya 7.1
MeToau 06'eKTiB-pALKIB
MeTtopg Onwuc
center(w) LleHTpye pagoK y Mone 3aBLOBXKN W
count(sub) lMoBepTae KinbKiCTb BXOMKEHb psfKa sub y psnok

MoBepTae pALOK Y KOAYyBaHHi enc. MNapameTp
errors MoXke HabyBaTu 3Ha4eHHs "strict"

(3a 3amoBYyBaHHAM), "ignore”, "replace"
a6o "xmlcharrefreplace”

endswith(suffix) Un 3aKiHYyeTbCA pAAoK Ha suffix?

3amiHse cmBoM TabynaLii Ha Npobinu.
3a 3amoBYyBaHHAM tabsize=8

MoBepTae HaiMeHLLWIA iHAEKC, i3 IKOFO NoYn-
HaETbCA BXOMKEHHSA MigpajKa sub y psgok.
MapameTpy start Ta end 06MEXYHOTb NOLLYK
BIKHOM start:end, ane NoBepTaETLCA iHAEKCE, L0
BifNoBifae BUXigHOMY pALKY. AKLO NiAPSA0K
He 3HalifleHo, noBepTaeTbes —1

AHanoriyHo find(), ane reHepye BUHATKOBY
cutyauito ValueError y pasi HeBgaui

MosepTae True, AKLLO PALOK MICTUTb TisIbKU
alnum() niTepu Ta LKUGpK, i Ma€ HEHYNbOBY [LOBXWHY.
IHakwwe — False

MosepTae True, AKLLO PAJOK MICTUTb TiNbKK
6YKBU Ta Mae HEHY/bOBY [OBXUHY

MoBepTae True, AKLLO PSAACK MICTUTb TiNlbKK
isdecimal() [lecATKOBI 3HaKM (TinbKu ansa pagkis Unicode)
Ta Mag HeHYNbOBY [OBXUHY

MosepTae True, AKLLO MICTUTb TiNbKU LnQpu
Ta Ma€ HeHYbOBY JOBXUHY

MosepTae True, SKWLO BCi BYKBY Mani
(i ix 6inbLLe oaHiel), iHakwe — False

encode([enc], errors]])

expandtabs([tabsize])

find(sub [,start [,end]])

index(subl, start[, end]])

Isalpha()

isdigit()

islower()
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3aKiH4yeHHs Tabn. 7.1

MeTof

Onwuc

isnumeric()

MoBepTae True, FKLLO B PAAKY /IULLIE YUC/OBI
3HakK (Tinbkn ans Unicode)

isspace()

MosepTae True, SKLLO PAAOK CKNAfAETbCA Tiflb-
KW i3 cuMBONiB Npobiny. YsBara! [ns nopox-
HbOI0 psgKa noBepTaeTbes False

join(seq)

3'eHaHHA PALKIB i3 NOCNIAOBHOCTI Seq vepes
PO3AINbHMK, YKa3aHW pALKOM

lower()

PobuTb yci liTepn B pAAKY MavMu

Istrip()

Bupganse cumsonu npobiny nisopyu

replace(old, new[, n])

MoBepTae Konito pagka, y akomy nigpsaku old
3aMiHeHO Ha new. FKLL0 BKa3aHO napameTp n,
TO 3aMiHATLCA TiIbKX NEPLUi N BXOLKEHb

rstrip()

Bupansie cumBonn npo6iny npasopyy

split([sep[, n]])

MoBepTae CNMCOK NigPAAKiB, L0 OTPUMYHOTLCA
po36MTTAM psfiKa a po3finbHUKOM sep. Mapa-
METP N BU3HAYaE MaKCUMaJTbHY KifIbKiCTb pO3-
ouTTiB (NiBOPYY)

startswith(prefix)

Uun nounHaeTbCA PAJOK i3 nigpsaaka prefix?

strip()

Bupganse npo6inbHi CMMBOMM Ha NOYaTKy i
Yy KiHUi pagka

translate(table)

BvKOHYE NepeTBOPEHHS 3a AOMNOMOro Tabnu-
Lji nepekoayBaHHs table, L0 MICTUTb CNIOBHUK
Lns nepeknagy Kopis y koam (a6o B None, w06
BUganuTy cumson). Ans Unicode-psakis

translate(table[, dc])

Te came, 419 3BMYaNHUX PAAKIB. 3aMiCTb CMOB-
HWUKa — PAAOK NepekosyBaHHA Ha 256 CMMBO-
NiB, SIKMI MOXKHa cchopMyBaTH 3a AONOMOr 0L
(hyHKuiT string.maketrans(). Heo608'sa3koBuiA
napameTp dc 3a4ae psaaokK i3 CUMBOMAMMU, SiKi
NoTpi6HO BUAANUTK

upper()

Po6uTb yci NiTepn B psAKY BENMKAMU

Y HacTynHomy npwvknagi BUKopucToByroTbCs MeToam split() Ta
join() ons po3duTTA pAAKa y CNMcok (Mo po3aifibHMKax) Ta NMOBTOPHe
06'eAHaHHA CMUCKY PALKIB Y PALOK:

192



>>> s = ""This is an example.
>>> |st = s.split("" ')

>>> print Ist

['This’, 'is", "an’, ‘example.’]
>>> 52 = "\n" join(lIst)

>>> print s2

This

is

an

example.

LLLO6 nepeBipnTK UM 3aKiHUYETLCA PALOK MEBHUM CMOJYYEHHAM
niTep, MoXKHa Bukopuctatn metog endswith():

>>> filenames = [""file.txt", ""image.jpg"", "'str.txt™]
>>> for fn in filenames:
if fn.lower().endswith(*.txt"):
print fn

file.txt
str.txt

LLiykaTv B pagky MmoxHa 3a metogom find(). HactynHa nporpama
BMBOAMTb YCi (OYHKLIIT, BU3Ha4eHi B Modyni onepatopom def:

import string
text = open(string.__file_ [:-1]).read()
start=0
while 1:
found = text.find("*def **, start)
if found ==-1:
break
print text[found:found + 60].split(*'(*")[0]
start = found + 1

BaxxnvemMM Ans nepeTBOPEHHsI TEKCTOBOI iHopMalii € MeToq
replace():
>>> g = "'Lle TeKCT , Yy AKOMY € HeNnpaBW/IbHO NOCTaB/1eHI KOMU'"
>>> b = a.replace("" ,", ","")
>>>print b
Lle TeKcT, y AKOMY € HenpaBW/IbHO MOCTaB/IeHI KOMMW.
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7.1.11. PekomeHpaLiT 3 e)eKTUBHOCTI

Mpy poboTi 3 fyXe JOBrMMU pagkamy abo BENMKOK KifbKICTHO
PALKIB BUKOPUCTaHI onepauii MOXYTb MO-pPi3HOMY BMNAMBaTU Ha
LUBMAKOLIHO Nporpamu.

Hanpwknag, He pekoMeHAYeTbCA 6araTopa3oBo BUKOPUCTOBYBATH
orepawito KOHKaTeHauii Ans CKIerBaHHSA BEMKOT KiflbKOCTI PAfKiB
B OAMH. JlinLle HaKOMUYUTK PAAKK B CNIUCKY, & MOTIM 33 JONOMOro0
join() o6'egHaTV B O4VH PALOK:

>>>a=
>>> for i in xrange(1000):
a +=str(i) # Hee(heKTMBHO!

S>> a="""join([str(i) for i in xrange(1000)]) # etheKTUBHiLLE

3BMYaliHO, AKWO PAAOK NOTIM 06pO6NAETHCA, MOXHA 3aCTOCO-
BYBaTW iTepatopu, AKi 403BO/IATb 3BECTU BUKOPUCTAHHA NaM'ATi 4o
MiHiMyMy.

7.1.12. MNMpuknagn po3B'A3yBaHHA
peanbHMX 3aga4

Mpuknag 1

UuTaHHs nap yucen

Hexai1 € thaiin, Lo CKNafaeTbes 3 nap AiMCHMX Yumcen, 3anncaHnx y dop-
maTi (a, b). Lie nogaHHs 4acTO BUKOPWUCTOBYETLCS, LLIO6 yKasyBaTh Ha no-
LLUMHI TOYKW, BEKTOPW, KOMMNEKCHI uncna. Hexali daiin read_pairsl.dat mic-
TUTb Taki Napu:

(1.3,0) (-1,2)(3,-1.5)

(0.1) (1,0) (1,2)

(0,-0.01) (10.5,-1) (2.5,-2.5)

MoTpi6bHO 3unTaTV Ui Napy Y1Cen y BKNaAeHWi CMCOK, WO CKNagaeTb-
CA 3 NOLAHWX AK KOPTEeXi nap AiNCHUX yncen. 1S BUKOHaHHA Takoro 3a-
BaHHSA HeOOXiAHO PALOK 3a PALKOM NPOoYMTaT (haiia, KOXKHWUA psagok pos-
61TK Ha cnosa no NpobisibHNX cumBosiax. Aani B cnosax Tpeba nosdyTucs
JY>KOK, PO36UTK CNOBO NO CMMBOJTY KOMOKO Ta KOHBEpPTYBaTW C0Ba B YWC-
na. HaBegemo peanizallito LbOro anropntmy MoBoto Python:

lines = open(‘read_pairsl.dat’, 'r').readlines()
pairs =[] # cnucok ana nap uucen (nl, n2)

194



for line in lines:
words = line.split()
for word in words:
word = word[1:-1] # Bigpi3aemo Ly>KKun
nl, n2 = word.split(*,")
nl = float(nl); n2 = float(n2)
pair = (nl, n2)
pairs.append(pair) # foaaTv KOPTeX Y CrNCOK
infile.close()
import pprint
pprint.pprint(pairs)

Micns 3anycKy nporpaMy Maemo CrmvcoK:

[(1.3, 0.0),
(-1.0, 2.0),
(3.0, -1.5),
(0.0, 1.0),
(1.0, 0.0),
(1.0, 1.0),
(0.0,-0.01),
(10.5, -1.0),
(2.5,-2.5)]

Ane Le 3aBaHHsA TaK BUPILIYETbCA Y BUNAAKY, AKLWO MK Ay>XKamn He-
Mae npobinie. AKWO X npobinu €, To split, pozbusaroum psagok no npooi-
nax, posi6'e i Hawi napy Ha '(a’ Ta 'b)". LLLo noTpi6HO ToAi 3pobuTn?

MoxHa croyaTKy BUAAIMTU B KOXHOMY PAAKY Npobinu, a noTiMm 3sep-
HYTW yBary, WO Halli napy po3aifieHo CnonyyYeHHAMN LYy>XOK )(, KpiM SKUX
Y PAAKY 3a/MLWIA0TLCA TiNbKU MepLua i 0CTaHHA AY>KKW, AKi MOXHa Nerko
obpisatn. OTxe, fpyra Bepcis Nporpamy MaTvme Takuin BUrNAag;:

infile = open('read_pairs2.dat’, 'r') # Bxe thainn i3 npobinamu
lines = infile.readlines()

pairs =[]
for line in lines:
line = line.strip() # Bugansaemo npobisibHI CUMBOMN Ha KiHLSAX
pAaKiB
line = line.replace(’ ', ') # Bugansemo Bci Npo6inw
words = line.split(")(")  # po36mBaemo no )(
# 00pi3aeMo MepLUy Ta OCTaHHIO AY>XKM Ha KiHLAX:
words[0] =words[0][1:] #(-1,3 -> -1,3
words[-1] = words[-1][:-1] #8.5,9) -> 8.5,9
for word in words:
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nl, n2 = word.split(*,")

nl =float(nl); n2 = float(n2)
pair = (nl, n2)
pairs.append(pair)

infile.close()
import pprint
pprint.pprint(pairs)

TpeTii MOXXNMBUIA BapiaHT — 3annc y BUrASAAI Map 4mncen, po3gineHnx
KOMamm:

(1,3.0),(-1,2), (3, -1.5)
(0, 1),(1,0),(1, 1)

3BepHITb yBary Ha Te, L0 Take NOfJaHHs TeKCTY (haiina BXe [OCTaTHLO
6/113bKe [0 3anucy CNUCKY KOPTEXIB. 3a/MLLAETbCA NMLLe JOAATU KBaLpaT-
Hi LY)XXKV Ta KOMY B KiHLi KOXXHOIO psfKa:

[(1,3.0),(-1,2), (3, -1.5),
(0, 1),(1,0),(1, 1)]

A KOAv 3anu1c YMMoch CX0XWiA Ha kog Python, BapTo nogymatu npo va-
piBHY (yHKUitO eval, Ty camy, L0 Npuiimae psaKoBuiA aprymMeHT Ta BMKO-
Hye Kog. Lleii 3anmc maTnme Takuil BUTIsA;

infile = open(‘read_pairs3.dat’, 'r")
listtext = "[*
for line in infile:
# popatn psaaokK, 6e3 nepexogy Ha Hoswii (line[:-1]), natoc Koma:
listtext += line[:-1] +*, *
infile.close()
listtext = listtext + "
pairs = eval(listtext)
infile.close()
import pprint
pprint.pprint(pairs)

$K BMAHO 3i CTUCNOCTI Ta NPOCTOTU KOAy, Lie B3arani fJOCUTbL HenoraHa
ilesa — BMKOPWUCTOBYBATW (HOPMAaTyBaHHS, Haibnmkye A0 CUHTaKCUCy
Python, wo fo3BoNsie 06po6NATM Taki AaHi 3a gornomoroto eval abo exec
npsamMo "Ha NbLoTy".

Mpuknag 2
34MTyBaHHA KOOpPANHAT
Hexaii € thaiin, y ikomy 3anmcaHo KoopauHaTV y TPUBMMIPHOMY MpoC-
TOopi, (hopmaT TaKuii:
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x=-1.345y=0.1112z=9.1928
x=-1.231y=-0.1251z= 1001.2
x=0.100y= 1.4344E+6 z=-1.0100
x=0.200y= 0.0012z=-1.3423E+4
x= 1.5E+5 y=-0.7666z= 1027

MoTPi6bHO 3uMTaTK Lji KOOPAMHATY Y BKNaAEHWA CNCOK MOTPINHMX Kop-
TEXIB, A€ KOXHWIA KOpPTeX BiAnoBifae 3a CBOK koopauHaty. Micna uboro
MepeTBOPUTU TaKMA CMMCOK Y MacuB, MpMAaTHWUIA Ans obumcneHs y NumPy.

3asHaumMmo, WO topmaTyBaHHS haiina MICTUTb TakKy 0COGMMBICTb, fK
Npob6in nicna 3Haka PiBHOCTI y pasi fogaTHMX uucen. Ans Big'eEMHUX Yncen
oro Hemae i Lie Haknafae Ha KopucTyeaya neBHi 060B'A3kn. Hukye posr-
NSHYTO Ha LbOMY MpUKNadi 7.2 pisHi Nigxoau A0 PO3B'i3aHHS OAHOrO i
TOro CaMoro 3aBflaHHs.

Po3s'asaHHA 1. BupisaHHA nigpagkis
dopmatyBaHHs (halina AOCTaTHLO OAHOMAHITHE: KOXHWUIA CTOBMELb BU-
JINAETHCA TUM, O MICTUTb X=, y=, z=. [1pyn LbOMY CTOBIMLi BUPIBHAHO MO
NiBOMY Kpato, 3HauYuTb TEKCT, WO M Bi4NOBIAAE, Y KOXKHOMY PSAKY MOYM-
HaEeTbCH 3 TUX CaMUX iIHAEKCIB:

X_start=2
y _start=16
z start=31

[Jani nigpsgkuy, Wo CTOCyTbCA CamMuX UYKNCeN, MOXKHA 0JepXaTtn 3a fo-
NMOMOro0 PAAKOBUX 3pi3iB:

X = line[x_start+2:y_start]
y = line[y_start+2:z_start]
z = line[z_start+2:]

A pani noTpiGHO NiLLIe KOHBEPTYBATW PSAKM B YMCna, AOAATH Y CMINCOK
Ta NepeTBOPUTY AOT0 Ha MACUB:

infile = open('xyz.dat’, 'r")
coor =[] # cnucok KopTexis (X,y,z)
for line in infile:
X_start=2
y_start =16
z start=31
X = line[x_start+2:y_start]
y = line[y_start+2:z_start]
z = line[z_start+2:]
print ‘debug: x=""%s", y=""%s"", z=""%s"" % (X,y,z)
coor.append((float(x), float(y), float(z)))
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infile.close()

from numpy import *
coor = array(coor)
print coor.shape, coor

Po3B'a3aHHA 2. MoLwyK 3amicTb NigpaxyHKy
Mpobnema MoOMepeaHLOro MpUKNagy B MOro KOHKpeTWUi. BapTo 3MiHWTK
MO3uLLit0 TEKCTY MPO KOOPAUHATY, SK Mporpava nepectaHe npawtoBaTy 30BCiM,
abo, LLO LLe ripLue, HenpaBWALHO BUpI3aTUMe Ymncna. Kpim Toro, y3arani nigpa-
XOBYBaTMW IHAEKC CUMBOJIIB — BaXKKa Cripasa A nporpamicTis, TOMy Kpalle iX
MPOCTO 3HaTK. 3BiACK, NONINLIEHUI KOA Y LIbOMY MiCLi CTaHe TaKnM:

x_start = line.find("x=")
y_start = line.find('y=")
z_start = line.find('z=")

Po3B'si3aHHA 3. Po36MT T4 Nigpsakis
Po36UTTS pAAKIB — Le NMOTYXXHWIA IHCTPYMEHT, KMIA MOXHa BUKOpUCTa-
TV | B HaBefjeHOMY BUMagKy. Po36mBKa psaKiB 3a CMBOJIOM PIBHOCTI JacTb
Yy NepLUoMy pSAKY CoBa:

['x", *-1.345y'," 0.1112 7', 9.1928']

[Jani, NoTpi6HO BiAKWMHYTW MepLUe C/I0BO, Y HACTYMHUX — BISKUHYTU
KpaiiHili cumeon — niTepy. OCTaHHE C/OBO 3a/IMLLAETLCS TakuM, SK €. | B
Takwuin crnocié HeobXigHO 06POOMTY BCi pAAKK. FAK pe3ynbTaT — AyXe Kopo-
TKUIA 3p03YMINNIA KOA;

infile = open(‘xyz.dat’, 'r")
coor =[]
for line in infile:
words = line.split(*=")
x = float(words[1][:-1])
y = float(words[2][:-1])
z = float(words[3])
coor.append((X, Y, 2))
infile.close()

from numpy import *
coor = array(coor)
print coor.shape, coor
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7.2. KogyBaHHsA Python-nporpamm

[ns Toro, wo6 Unicode-nitepann B Python-nporpami cnpuiiva-
NNCS IHTepPrpeTaTopoM NpaBWIbHO, HEOOXIAHO BKa3aTu KOAYBaHHS
Ha MmoyaTky nporpamu, 3anucasLun B nepLuoMy abo Apyromy psaky
npunbaunsHo Take (4na Unix/Linux):

# -*- coding: koi8-r -*-

a6o (nig Windows):

# -*- coding: cp1251 -*-
MoxyTb 6yTH I iHLLI BapiaHTW:
# -*- coding: latin-1 -*-

# -*- coding: utf-8 -*-

# -*- coding: mac-cyrillic -*-
# -*- coding: is08859-5 -*-

MoBHMIA NepeniK KoflyBaHb (Ta iXHiX NCeBAOHIMIB):

>>> jmport encodings.aliases

>>> print encodings.aliases.aliases

{"iso_ir_6": "ascii’, ‘'maccyrillic': ‘'mac_cyrillic’,

'iso_celtic': 'iso8859 14", 'ebcdic_cp_wt": 'cp037",

'ibm500': 'cp500°, ...

FAKLLO KOAYBaHHS He BKa3aHO, TO BBAXKAETHCS, LLLO BUKOPUCTOBY-

€TbCA Us-ascii. Mpu ubomy iHTepnpetatop Python BuaasaTumMe no-
nepepKeHHs Nnpw 3anycky Moayns:

sys:1: DeprecationWarning: Non-ASCII character "xf0' in
file example.py

on line 2, but no encoding declared;

see http://www.python.org/peps/pep-0263.html for details

7.3. Moagyni pns po6oTun 3 psagKkamm
7.3.1. Moaynb string

Mepw, HX Yy PAAKIB 3'ABUAMCA METOAM, 4/ onepawiin Hag pajg-
KaMy BUKOPUCTOBYBaBCS MOAy/Nb string. HaBegeHwii npuknag pe-
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MOHCTPYE, K 3aMiCTb (DYHKLUii 3i String 3acTtocoByBaTu MeTof (40
peui, Apyruii cnocib € eeKTUBHILLNUM):

>>> jmport string

>>> s = "'one,two,three™

>>> print string.split(s, *',"")

[‘one’, 'two', 'three']

>>> print s.split(*’,")

['one', "'two’, 'three']

Y Bepcii Python 3.0 ¢hyHKLUIT, Ki 4OCTYMHI Yepe3 MeToau, GinbLue
He Ay6nHOBaTUMYThLCS B MOAYNI string.

Y Python 2.4 3'aBunacs anbTepHaTMBa BUKOPUCTaHHIO onepauii
(hopmatyBaHHs: Knac Template, Hanpuknag;

>>> jmport string

>>> tpl = string. Template(*'$a + $b = ${c}"")
>>>9 =2

>>>ph=3

>>>c=a+b

>>> print tpl.substitute(vars())

2+3=5

>>> del ¢# BUansieTbca iM'a ¢

>>> print tpl.safe_substitute(vars())

2+3=%c
>>> print tpl.substitute(vars(), c=a+b)
2+3=5

>>> print tpl.substitute(vars())

Traceback (most recent call last):

File "/home/rnd/tmp/Python-2.4b2/Lib/string.py", line 172,
in substitute

return self.pattern.sub(convert, self.template)

File "/home/rnd/tmp/Python-2.4b2/Lib/string.py", line 162,
in convert

val = mapping[named]

KeyError: 'c'

OO6'ekT-WIabnoH Mae [Ba OCHOBHI MeTofu: substitute() Ta
safe_substitute(). 3HayeHHs1 gna NigCTaHOBKW B LWabioH 6epyTb 3i
CNoBHUKa (vars() MiCTUTb CNOBHUK 3i 3HAYEHHAMMW 3MiHHMX) ab0 3
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iMEHOBaHUX (PaKTUUYHMX MNapameTpiB. AKLIO0 € HEeOAHO3HAYHICTb Y
BM3HAYEHHI KMH0Ya, TO MOXKHA BUKOPUCTOBYBATU IrypHi Ay>XXKKW npu
HarnmcaHHi K/oya B LIab/oHi.

7.3.2. Mogynb StringlO

Y [eskux Bunagkax 6akaHo npawtoBaTi 3 pSAKOM SK i3 dalinom.
Mogaynb StringlO Hagae came Taky MOX/MBICTb.

Bigkputta "dhaiina" BMKOHYETbCA BUKAMKOM StringlO(). Mpw
BUK/NKY 6€3 aprymeHTy CTBOPHOETLCA HOBMIA "thaiin”, AKLL0 BKazaTu
PAAOK AK aprymeHT — "thaiin” BiAKPUBAETLCA 41 YUNTAHHS:

import StringlO

my_string = ""1234567890""

f1 = StringlO.StringlO()

f2 = StringlO.StringlO(my_string)

Hani 3 daitnamm f1 1a f2 MoXHa npautoBaT AK 3i 3BUYaAHUMM
(hainnoBNMM 06'eKTaMW.

[ns ogepXkaHHA BMICTY Takoro hana y Burnafi psaka 3actoco-
BYeTbCA MeTof getvalue():

fl.getvalue()

MpoTunexxHuin BapiaHT (MofaHHA (aiina Ha AUCKY SK psKka) Mo-
XKHa peanizyBati Ha nnatgopmax Unix Ta Windows i3 BUKOpUCTaH-
HAM mMogynsa mmap. TyT ueli MoAynb po3rnsagatucs He oyge.

7.3.3. Mogynb difflib

[na npuban3HOro NOPiBHAHHA ABOX PALAKIB Y CTaHAApTHIN 6i6ni-
oTeui nepeabaveHo mogynb difflib.

dyHkuia difflib.get_close_matches() gossonse suainuT n 6nn-
3bKMX PAAKIB [0 BKa3aHOro pagka:

get_close_matches(word, possibilities, n=3, cutoff=0.6)

TyT word - psgoK, [0 SKOro LWYKaTbCs 6NM3bKI  paaKu,
possibilities — cnMCoK MOXNMBUX BapiaHTiB, N — HeobXigHa Kifb-
KiCTb Hanbmxumx psagkis, cutoff — koedivieHT (i3 gianasony [0, 1])
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HeoOXifHOro piBHA 36iry psakKiB. PAaaku, aKi Npu NopiBHsHHI 3 word
[al0Tb MEHLLE 3HaYeHHS, ITHOPYHThCA.

HacTtynHuin npuknag nokasye qyHkuito difflib.get_close_matches()
y 4t

>>> jmport unicodedata

>>> names = [unicodedata.name(unicode(chr(i))) for i in
range(40, 127)]

>>> print difflib.get _close_matches("LEFT BRACKET",
names)

['LEFT CURLY BRACKET', 'LEFT SQUARE BRACKET']

Y cnncky names — Ha3eu Unicode-cnumsonis 3 ASCII-Kogamu
Big 40 fo 127.

7.4. PerynapHi Bupasun

PO3rnsiHYTMX CTaHAAPTHUX MOX/IMBOCTEN ANs POBOTU 3 TEKCTOM
4acTo He BMCTayYae Ana po3B'A3yBaHHA NeBHUX 3agady. Hanpuknag, y
metogax find() Ta replace() ykasyeTbca BCbOro OfMH PAfOK. Y pea-
NIbHUX 3aBfaHHAX Taka OAHO3HAYHICTb 3yCTPIYaETbCA AOCUTb PIKO,
yacTiwe MOTPIOGHO 3HaWTK abo 3amMiHUTU PALKK, WO BiANOBILAOTH
[EeAKOMY LLIabNoHy.

PerynsipHi Bupasu (regular expressions) onucytoTb 6e3id pag-
KiB, BUKOPUCTOBYHOUN CreLiaibHy MOBY, AIKY 3apa3 PO3r/ISHEMO [Je-
TanbHiWe. PAfoK, y KoMy 30epiraetbCcs perynspHuin Bpas, Hasnea-
TUMEMO LLIa6/IOHOM.

[na pobotn 3 perynapHvMmM Bupasamun y Python BUKOpPUCTOBY-
€TbCA MOLY/b re. Y HacTyrnmHOMY MpUKNagi perynspHvin Bupas go-
romarae BUAINUTK 3 TEKCTY BCi uncna:

>>> import re

>>> pattern = r*'[0-9]+"

>>> number_re = re.compile(pattern)

>>> number_re.findall(*'122 234 65435")

['122', '234", '65435]

Y upoMy npuKnagi WwabnoH pattern onucye 6e3niy psaakie, SKi
CKMafatoTbCs 3 OfHOro abo 6inblwe cumBoniB 3 Habopy "0
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"1"...., "9". dyHKUisa re.compile() komMNintoe WabnoH y creliaibHuiA
Regex-06'eKT, WO Mae Kifnbka meTogis, y Tomy uncni metog findall()
AN5 OTPUMAHHA CMUCKY BCIX BXOKEHb PAAKIB, WO 38[0BOSbHAIOTH
LLIa6/oH, Y BKasaHWii psaoK.

Te came MOXHa 3p06uUTK I Tak:

>>> import re

>>> re.findall(r''[0-9]+", ""122 234 65435")

['122', '234", '65435]

MonepefHA KoMNinAuia wabnoHa € 6axaHilow npu oro yac-
TOMY 3aCTOCYBaHHi, 0CO6MMBO B LMK,

MpumiTKa. AN BU3HAUYEHHS LWabnoHa BUKOPUCTAHO HeomnpalboBaHWUIA psifoK.
Y HaBefileHOMY MpWKNagi BiH He MOTPiGeH, ane 3arasoM ninLue 3anucysaT pALKOBI

niTepany came Tak, W06 BUKIKOUNTI BMAUB CheLiafbHMX MOCNiL0BHOCTEN, 3anucy-
BaHMX Yepes 3BOPOTHY KOCY PUCKY.

7.4.1. CuHTAaKcuc
perynsipHoro smpasy

CuHTaKcMC perynspHux BupasiB y Python maibke Takuin, fK y
Perl, grep Ta gesakux iHWWX iHCTpyMeHTaxX. YacTuHa cumeonis (B
OCHOBHOMY OYKBM Ta UuM(pKU) No3Ha4vatoTb caMmi cebe. Psaok 3apo-
BO/IbHSAE (BiAMOBILAE) WAGMOHY, AKLO BiH BXOAWUTb Y MHOXWHY
PSAAKIB, AKi Ll WabioH onucye.

TyT TakoX 3a3Ha4yMMO, WO Pi3Hi onepawi’ BUKOPUCTOBYHOTb LLIa6-
JTIOH No-pi3Homy. Tak, search() WyKae nepLle BXOAXEHHS pAaKa, Lo
3a[10B0/IbHAE Wab/oH, y BKasaHOMY psAaky, a match() Bumarae, 106
PAAOK 3370BO/BbHAB LIAGIOH i3 CamMOro rnovartky.

CumMBONK, AKi MatOTb Crelia/ibHe 3HaAYeHHS B 3anuCi PerynsapHuX
BUpasiB, HaBeeHO B Tabn. 7.2.

Ta6bnuua 7.2
CuMBOMM cneLiasibHOro NPU3HaYeHHs B 3anunci perynsipHmMx Bupasis

CumBon 3HaueHHs B perynspHomy Bupasi
Byap-saknin cumson

At Moyatok pagka

"$" KiHeub psgka
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3aKiHYeHHs Tabn. 7.2

CnwmBon 3HayeHHs B perynsipHomy Bupasi

el MoBTOpeHHS (hparmeHTa Hy/b abo BifbLue pa3 (kafioHWiA BapiaHT)
4 MoBTOpPeHHs (hparmeHTa 0AH abo GinbLue pa3 (kagibHWiA BapiaHT)
"o MoBTOpEHHS (hparmeHTa Hy/b 260 OAWH pa3

"{m,n}" [MoBTOpeHHs NonepeaHbLOro parMeHTa Big m o N pas BKIIO-
4HO (KagibHui BapiaHT)

"[..]" Byab-skuit cumBon 3 Habopy B Ayxkax. MoykHa BU3HauaTu fia-
MasoHM CUMBONIB i3 KogaMu, WO FAyTh Nigpsa, Hanpuknaa: a—z

"IN |Byab-aKuil cMBON He 3 HAOOPY B Ay>KKax

i\ 3BOpPOTHA KOCa pMUCKa CKacoBYE CrneLia/ibHe 3Ha4YeHHs HacTyn-
HOrO 3a Heto CUMBONY

dparmeHT npaBopy4 abo yparMeHT NiBopyY

B MoBTOpPEHHS hparmeHTa Hy/b abo GinbLue pa3 (HeXaaibHWI
BapiaHT)

R MoBTOpeHHS (hparmeHTa 0AMH abo GinbLue pa3 (HexagibHui
BapiaHT)

"{m,n}?" |lMoBTOpeHHS NonepeaHbLOro parMeHTa Big m o N pas BK/O-
YHO (HexxadibHUIA BapiaHT)

Akwo A Ta B — perynapHi Bupasu, To 1XHA KOHKaTeHauiss AB €
HOBUM PerynspHuM BYPa3oM, NPUYOMY KOHKaTeHalis pagkis a 1a b
3a[0BOMIbHATME AB, AKWO a 3340BONbHAE A i b 3a0BoNbHAE B.
MoykHa BBaXKaTW, L0 KOHKaTeHaLis — OCHOBHMIA Ccnocib cknafjaHHs
perynspHux Bmpasis.

Jy>XKn, onucaHi HWXKYe, BUKOPUCTOBYHOTLCA [/1A BU3HAYEHHSA
MPIOpUTETIB Ta BUAINEHHA TPy ((hparMeHTiB TeKCTY, AKi NMoTiM MO-
YKHa OTpUMaTK 3a HOMEPOM 3i C/IOBHUKA, i Ha AKi MOXHa HaBiTb noc-
natucs B TOMy caMOMy perynsipHomy Bupasi).

ANTOpUTM, LLIO 3iCTaBNSAE PALKN 3 PETYNAPHAM BMPA3OM, Nepe.i-
psi€ Bi4NOBIAHICTL TOro abo iHLWOro parMeHTa psALKa perynsgpHomy
BMpa3y. Hanpviknag, psgok "a" Bi4noBifae perynspHoMy Bupasy
"[a=zZ]", psapok "fruit" Bignosigae "fruitlvegetable”, a oT psAgoK
"apple" He BignoBigae WabnoHy "pineapple".

Y 1abn. 7.3 3amiCTb persyp MOXHa 3anmcaTu perynspHuii Bupas,
3aMicCTb iM' — igeHTUiIKaTop, a npanopLi 6yae PO3rnsHYTO HXKYE.

204



Ta6bnuuya 7.3

Ly>KKW NSt BU3HAUEHHS MPIOPUTETIB Ta BUAINEHHS Fpyn

lMo3HayeHHs onuc
"(persup)” B_MOerlvlmoe perynsapHuin Bupas y Ay>kax Ta Bu-
finse rpyny
“(2:persup)"” Bu1oKpeMSIIOE perynspHuii Bupas y ay>kkax 6e3 su-

LineHHs rpynu

"(?=persup)"

Mornsapg Bnepea; psaaoK Mae BignoBigaTy BKasaHoOMy
perynsipHoMy Bupasy, asie NofasbLue 3iCTaBNeHHs 3
LUabMOHOM NMOYHETLCA 3 TOr0 Camoro Micus

"(?persup)”

Te came, ane i3 3arepeyeHHaM BiANOBIAHOCTI

"(?<=persup)"

Mornsag Has3ag: psAoK nepes, NOTOYHO NO3KLiErD
Mae BignoBigaTy persup. MapameTp persmp NOBUHEH
6yTK (hikCOBaHOI fOBXMHM (TOGTO, 6e3 "+" Ta "*")

"(?<!persup)"

Te came, ase i3 3arepeyeHHAM BiZANOBIAHOCTI

"(?P<im's>persup)"

Buginse imeHoBaHy rpyny 3 iMeHeM im's

To4HO BiAMOBIAAE BMAINEHIN paHille iMEHOBaHIA

"(?P=im'a)" o s
rpyni 3 iMeHeMm im's
"(?#persup)" KomeHTap (irHopyetbces)
AKLLO rpyna 3 HOMepPoM abo iMeHeM iM'st BUsiBua-
"(?(im's)pBl|pB2)" |cs BU3HAYEHOO, pe3ynbTaToM by/e 3iCTaB/ieHHs i3
pBl, iHaKwwe — i3 pB2. YacTHM |pB2 MOXeE He ByTu
Bwu3Havae npanopeLb 4/ BCbOro Lboro perynsp-
"(?npanop)™ Horo Bupasy. MpanopLi HeobXifHO BU3HAYATH Ha

noyaTky LwabnoHa

Y Tabn. 7.4 onucaHo cneuiasibHi NOCMIAOBHOCTI, WO BUKOPUCTO-
BYIOTb 3BOPOTHY KOCY PUCKY.

Ta6bnuuna 7.4

CneuianbHi NocnigoBHOCTI,

LL{0 BMKOPMCTOBYIOTb 3BOPOTHY KOCY PUCKY

MocnifgoBHICTb

onuc

VERET-

["pyna 3 BU3HaYeHUM HoMepoM. ["pynn HyMepyroTbCA,
noynHaroum 3 1
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3aKiHYeHHs Tabn. 7.4

MocnigoBHICTb Onwuc

AT MpomixXXOK nepeg No4aTKoM YCbOro psigka
(maiixe aHanoriyHo ")

mze MpomiXoK nepeg KiHLEM YCbOro psgka
(mavixe aHanoriyHo "$")

TYRE MpOMIXOK Mi>K CUMBONaMU Nepes, CI0BOM
abo nicns HbOro

g™ HaBnaku, He BiANOBiAaE MPOMIXKKY MiXX CMMBOIaMU
Ha rpaHuLi cnosa

"\d"* Lingpa. AHanoriyHo "[0-9]"

Rt Byab-siKunin Npo6inbHNIA CMMBO. AHANOTIYHO
"IM\n\rAV]™

g Byab-AKWiA cMBON KPIM NPO6iNbHUX. AHANOTIYHO
"[Mn\rfv]”

o\ byab-sika Lmgpa abo 6ykea
(3anexuTsb Big npanopus LOCALE)

W Byab-SiKnin cMMBOA, L0 He € Lndpoto abo 6YKBOHO
(3anexuTsb Big npanopus LOCALE)

Mpanopui, Lo BUKOPUCTOBYHOTLCS 3 PErYNSPHUMI BUpa3aMu:

A (?1)", re.l, re.IGNORECASE — 3icTaBneHHs NpoBOANTLCA
6e3 ypaxyBaHHS pericTpa Oyks;

A "(?L)", re.L, re. LOCALE — BN/MBac Ha BU3HAYeHHs GYKBU Y
", WL MR, M\B™ 3anexkHo Big, noTouHoro cepegosuLua (locale);

A "(?m)", re.M, ree MULTILINE — sKwo Leii npanopeup yKa-
3aHo, "N Ta "'$"" BigNOBIalOTb NoYaTKy Ta KiHL0 OyAb-IKOro psfKa;

A "(2s)", re.S, re. DOTALL — sKui0 BKasaHo, T0 "."" Bignosigae
TaKoX i CUMBOJTY KiHUA pagka ""\n®";

A "(2x)", re.X, re. VERBOSE — sKIL|0 BKa3aHo, TO NPOGisibHi cu-
MBO/IM, SIKi HE eKPaHOBAHO B LLIAGNOHI 3BOPOTHOK KOCOK PUCKOHD, He
€ YaCTMHOO LWabIoHa, a BCe, L0 po3TalloBaHo Nicisa cumeony “'#', —
KomeHTapi. [103Bonsie 3anuncyBaTu perynspHuin BUpa3 y Kifbka psakis
A0S NONINWEeHHSA Moro YiTabenbHOCTI Ta 3anmcy KOMeHTapiB;

A *(?u)", re.U, re. UNICODE - y wwa6/0oHi i1 y psiaKy BUKOpWC-
ToByeTbCs Unicode.
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7.4.2. MeToamn wabnoHa-o6'ekTa

Y pesy/nbTati  YCNiWHOT KOMNINAUii  wWwabnoHa QyHKLUie
re.compile() CTBOPHOETbCA  LWIAGMOH-00'EKT  (BIH  HA3MBAETHCA
SRE_Pattern), L0 Mae KinbKa MeTOZAIB, AesdKi 3 HUX Byae po3r/isHy-
T0. Mogpobui i iHpopMaL,is NPo AOAATKOBI apryMeHTN MICTUTLCS B
AOKyMeHTaUii 3 Python:

A match(s)
3iCTaBNsiE PAAOK S i3 LWAGMOHOM, NMOBEPTalouM B pasi BAAOro 3icTas-
NeHHs 06'EKT i3 pe3ynbTaToM MopiBHAHHA (06'ekT SRE_Match). Y pasi
HeBaadi nosepTae None. 3icTaBNeHHA NOYMHAETLCS Bif, MOYATKY PAAKa;

A search(s)
aHanoriyHni BUKNMKY match(s), ane wykae nigxigHuii nigpagok
B YCbOMY PAJKY S;

A split(s[, maxsplit=0])
po361Bae PSAOK Ha MiAPSAKN, PO3aineHi nigpsakamum, SKi BUSHaA4YeHO
WwabnoHoM. AKWO B LWAGM0HI BUAINEHO rpynu, BOHW NOTPaniAaThb y
BUXIAHWIA CMMCOK, NepeMeXoBYHOUNCH i3 MiApsaKamy MK po3Aisb-
HMKaMn. $Kulo BkasaHo maxsplit, 6yage 3po6neHo He 6inblue
maxsplit po3ouTTis;

A findall(s)

LUyKae BCi NigPALKY S, WO He NepeKpunBatoThes, SKi 3a0BO/IbHAOTH
Lab0oH;

A finditer(s)
noBepTae 3a O6'eKTaMu iTepatop i3 pes3ynbratamu MOPIBHAHHA ANs
BCiX MiapaaKiB, LLIO He NePeKpPUBatOTLCS, AKi 3a10BO/bHANTH LLIAG/IOH;

A sub(repl, s)
3aMiHsie B paaKy S yci (abo TinbKu count, SIKLLO AOr0 BKa3aHO) BXO-
[KEHHA NigpAAKIB, O He MepekpuBatoTbCA, K 3a8[0BOJbHAIOTL
WabnoH, Ha pALoK, yKasaHWi napameTpom repl. Ak repl moxe Bu-
CTynaTu psaokK abo yHKLia. MoBepTae pAAoK i3 BUKOHaHMMK 3aMi-
Hamu. Y nepLuomy Bunagky psgok repl nigcTaBnseTbCcad He NPOCTO
TakK, a IHTepPMpeTyeThbCA i3 3aMiHOK BXOMKEHb ""\HOMep'' Ha rpyny 3
Bi4NOBIAHUM HOMEPOM, TaKOX BXOMKeHb '\g<iM'a>" Ha rpyny 3
HOMepoM abo iMeHeM iM'sl. Y pasi, konu repl — dyHKLis, T nepeaa-
ETbCA 00'EKT i3 pPe3yNbTaTOM KOXKHOro YCMILLIHOro 3iCTaBfEHHS, a 3
HET MOoBePTaETLCA PAAOK A1 3aMiHU;
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A subn(repl, s)
3aMiHse B pagKy s yci (abo Tifbku count, AKLWLO MOro BKasaHo) BXO-
[PKEHHA MigpsaakiB, WO He MnepekpyBaroTbCs, AKi 3a40BOJbHAIOTH
WwabnoH, Ha psAoK, YKasaHui napametpom repl. Ak repl moxe Bu-
CTynaTu psgok abo (yHKuia. MosepTae pAAoK i3 BUKOHaHUMW 3aMi-
Hamu. Y nepLioMy Bunagky pagok repl nigctaBnseTbcs He NPOCTO
Tak, a IHTepPMpeTyeThbCA i3 3aMiHOK BXOMKEHb ""\HOMepP'' Ha rpyny 3
BIAMNOBIAHUM HOMEPOM, TaKOXX BXOKeHb "'\g<iM's>'" Ha rpyny 3
HOMepoM abo iMeHeM iM'A. Y pasi, konu repl — QyHKuis, 1 nepega-
€TbCA 00'EKT i3 Pe3y/nbTaTOM KOXHOMO YCMILLUHOro 3iCTaB/fieHHs, a 3
Hel NoBEPTaETbCA PAAOK AN 3aMiHU;

A subn(repl, s)
aHanorivyHuii sub(), ane noBepTae KOpPTeX i3 psaka 3 BUKOHAHUMU
3aMiHamMy Ta Ki/IbKiCTHO 3aMiH.

Y HacTynHOMy NpuKnadi psgoK po3omBaeTbCA Ha NiApAAKM 3a
BKa3aHUM LIA6/OHOM:

>>> import re

>>> delim_re = re.compile(r'[:,;]'")

>>> text = ""This,is;example"

>>> print delim_re.split(text)

['This', "is", "example']

A Tenep MOXHa [0BIAaTUCSA, YAM came PO3BUTO PALKN:

>>> delim_re = re.compile(r([:,;])")
>>> print delim_re.split(text)
['This", ', "is', *;", "example’]

7.4.3. MNpuknagn wabnoHiB

YMiHHSA BUKOPUCTOBYBATU PerynspHi BUpasm Moxe iCTOTHO npu-
CKOpPUTM MN06YAOBY anropuTMiB Ans 06pobkKu aaHux. Harlininuwe
3HANOMMTUCS i3 WabNOHaMN Ha KOHKPETHUX MpUKIajax:

A r\b\w+\b"

BiZNOBIJAa€E CMOBY 3 OYKB Ta 3HaKIB NiLKPEC/EHHS;

A r[+-]2\d+"

BiAnoBigae Linomy ymcny. Moxnuso, 3i 3HaKoOM;
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A ro\([+-]2\d+\)"
03HAy4ae 4nUCno, WO CTOITb Y AY>KKaX. [YyXKN BUKOPUCTOBYHOTHCH
B perynspHuX Brpasax, TOMy BOHM eKpaHytoTbes \";

A r'[a-cA-CJ{2}"
BiAMoBigae pagKy 3 ABox nitep "a', "b'™ a6o ''¢''. Hanpwuknag,
"Ac", "CC", "bc'

A r'*aa|bb|cc|AA|BB|CC
PSLOK i3 ABOX OAHAKOBUX OYKB;

A r*([a-cA-C])\1"
PAAOK i3 BOX 0fHaKOBMX OYKB, afe WabfioH BU3HAYEHO 3 BUKOPUC-
TaHHAM rpyn;

A r'*aalbb™.
Bignosigae ""aa™ a6o "'bb";

A ra(alb)b™
BignoBigae ""aab' abo "abb";

A rA(2:\d{8Y\d{4}):\s*(*)$"
BiAMOBifae pAAKY, WO NMOYMHAETLCA HAbOPOM i3 BOCbMU abo YOTU-
PbOX LMpp Ta ABOKpanKW. Yce, WO Mae nicna ABOKpanku Ta nicns
HaCTYMHUX 3a Hero NPo6iNis, BUAINAETLCA B rpyny 3 HOMepoM 1, To-
Ai SK Habip uudp y rpyny He BUAINEHWIA;

A r'*(\Ww+)=*\b\1\b""
CnoBa NiBOpyY Ta NpPaBopyd Bif 3HaKa PIBHOCTI HasBHi. OnepaHf
"\1"" Bignosigae rpyni 3 HOMepom 1, BUAINEHIN fyXXKamu;

A r'*(?P<var>\w+)=*\b(?P=var)\b"
Te came, asie Ternep BUKOPUCTOBYETLCA iIMEHOBaHa rpyna var;

A r\bregular(?=\s+expression)"".
Bignosigae cnosy "regular’ TinbkKn To4i, AKLLO0 38 HAM Micnsa NpooGi-
nis rge "'expression';

A r*(?<=regular )expression"'
BiZNOBIfae CNoBy "‘expression™, nepeg kMM CToiTb “‘regular’” Ta
OAVH Mpooin.

3a3HauMmo, WO NpuKagyM 3 NornsagoM Hasaf MOXYTb 3HauyHO
BM/IMBATU Ha NPOAYKTMBHICTb, TOMY X HE BapTO BUKOPUCTOBYBATU
6e3 ocobnmBoi NoTpedn.
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7.4.4. HanarogykyBaHHA
perynsapHux supasis

HacTynHuiA HeBeNVKWiA cLeHapiii [L03BONSE HanaromxyeaTu pe-
rynapHUiA BUpa3s, 3a YMOBY, WO € NPUKNAL PALKA, SKUIA WabnoH no-
BWHEH 3a[0BOJIbHATW. Y34TO (hparmeHT nory iptables, oro Heo6-
XifHO po3ibpaTtv A9 OTpMMaHHA nonis. Liikasi pagku, B AKUX nicns
kernel: ctoiTb PAY:, a B UMx psakKax noTpibHO oTpumaTtn AaTty,
3HaveHHs DST, LEN 1a DPT (nictvHr 7.1).

Nictuhr 7.1. Mpuknag
i3 HA/IarofpKyBaHHAM PerynspHux B1pasis
#!/usr/bin/python
# -*- coding: utf-8 -*-
# PyQt npuknag 7.1
import re

def debug_regex(regex, example):
""""HanarompkeHHa PB. [lMepes HanaroMjkeHHAM Kpalle 3a-
OpaTu 3aMBi gyKKm "
last_good = """
for i in range(1,len(regex)):
try:
if re.compile(regex]:i]).match(example):
last_good = regex|:i]
except:
continue
return last_good

example = """""Nov 27 15:57:59 lap kernel: PAY: IN=eth0 OUT=

MAC=00:50:da:d9:df:a2:00:00:00:1c:b0:c9:db:08:00
SRC=192.168.1.200 DSR=192.168.1.1

LEN=1500 TOS=0x00 PREC=0x00 TTL=64 1D=31324 DF
PROTO=TCP SPT=8080 DPT=1039

WINDOW=17520 RES=0x00 ACK PSH URGP=0""""

log_re = r'""""[A-Za-z]{3P\s+\d+\sH\d\d\d\d:\d\d} \S+ kernel: PAY: .+
DST=(?P<dst>\S+).* LEN=(?P<len>\d+).* DPT=(?P<dpt>\d+) ""**"'

print debug_regex(log_re,example)
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®yHKuUia debug_regex() npobye 3icTaBnATA NpUKnag i3 nopuis-
MK, WO 36iNbLUYIOTLCA, PErYNAPHOro BMPasy i NOBepPTaE OCTaHHE
BAasie 3iCTaB/EHHS:

[A-Za-Z}{3}\s+\d-\s+\d\d

Bigpasy BUAHO, L0 He MoCTaB/eHo cumeon ",

7.5. PoboTa 3 Unicode

[o nosiBn Unicode cvmMBOnM B KOMM'IOTEPi KOLYBa/MCA OLHUM
GainTom (a TO 1 nnwe 7 Gitammn). OAMH 6aiNT OXOM/KOE AianasoH Ko-
ais Bifg 0 o 255 BKMOYHO, a Le 3HauuTb, WO 6ifblie ABOX andgasi-
TiB, UM(P, 3HAKIB NYHKTYaLiT Ta JeaKoro Habopy crieuiasibHUX cUM-
BOMIB B OAHOMY 0aiTi He BMICTUTbCA. KOXHMWIA BMPOGHMK
BMKOPUCTOBYBaB CBOE KOLYBaHHS [/1f TOro camoro angasiTy. Ha-
npuknag, gotenep LOXKUAN Linux N'aTb KOAYyBaHb NiTep KUpuamui, i
KOXKHUIA KOpPWUCTyBad He pa3 6aumB y CBOEMY OGpaysepi abo enekT-
POHHOMY NINCTi NPUKNa HEBIAMOBIAHOCTI KOAYBaHb.

CraHgapt Unicode — eauHe KofdyBaHHSA A/11 CUMBOSIB YCiX MOB
CBITY. loro BBEAEHHS MPUHECNIO BENMKE MOMErLLeHH: Ta [esKy He-
3pY4HICTb ogHoYacHo. Mepesara Unicode nonsrae B ToMy, L0 B 0f-
Homy Unicode-psigKy MICTATbCA CMMBOM 30BCIM Pi3HMX MOB. MiHyc
— Y TOMY, L0 KOPUCTYBaYi 3BUK/M 3aCTOCOBYBaTW 0LHO6ANTOBI KOLY-
BaHH$, Oi/IbLLICTb 3aCTOCYBaHb OpPIEHTOBAHA Ha HKX, y 6araTbox cuc-
Temax niagTpumka Unicode 3AiACHIOETLCS NMLLE YaCTKOBO, TOMY LLO
BYMarae CepinosHoi poboTu 3 po3pobku wpudTis. LLlonpasaa, cumeo-
/1M OIHOTO KOAyBaHHSI MOXHa nepekofdysaTu B Unicode i Hazag,

TyT Xe 3a3HauMMO, WO ain, SK i paHiwe, NPUAHATO BBaXKaTM
NOCNIJOBHICTIO 6aiTiB, TOMy Ana 36epiraHHs TekcTy Yy aini B
Unicode noTpi6bHO BMKOPUCTOBYBATWU OfIHE 3 TPaHCMOPTHUX Koay-
BaHb Unicode (utf-7, utf-8, utf-16,...). Y fesaknx Takmx KoLyBaHHAX
Ma€ 3HaYeHHS NPUAHATUIA Ha Ui nnatdopmi nopsaok Gavtie (big-
endian — cTapLui po3psaam B KiHuUi (a6o little-endian — monoguwi y Ki-
HUi)). JoBigaTncs Npo NopsAoK GaiTiB MOXHa, NpoYUTaBLUN aTpu-
OyT i3 Moayns sys. Ha nnatdopmi Intel ue mae Takuia BUrnsg:

>>> sys.byteorder
"little’
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[N YHUKHEHHS HEeOAHO3HAYHOCTI MOXKHa Ha camoMy Mo4YaTKy
Unicode-gokymMeHTa posmictutin BOM (byte-order mark — miTka no-
psagKy 6aiTiB) — Unicode-cumBon i3 kogom Oxfeff. Ana nnatchopmu
Intel pagok 6ainTie gns BOM 6yge Takum:

>>> codecs.BOM_LE
"xff\xfe'

[nsa nepekofyBaHHA psaka B Unicode HeobxifHO 3HATU, B AKOMY
KOZlyBaHHI 3aKO[0BaHO BWXiAHWIA TekcT. [Mpunyctumo, WO ue
cpl251. Toai nepeTBopuTM TekcT B Unicode MOXHa B Takmii cnoci6:

>>>s = "Pgagok B cpl251"

>>> s.decode("'cpl251™)

u'\u0421\u0442\u0440\u043e\u043a\u0430 \u0432 cp1251*

Te came 3a 4ONOMOroko BOYyAoBaHOT PYHKLiT unicode():

>>> unicode(s, 'cpl251")

u'\u0421\u0442\u0440\u043e\u043a\u0430 \u0432 cp1251

OfHiEl0 3 KOPUCHMX (DYHKUIA LbOro Moaynsa € (QyHKuis
codecs.open(), WO L03BONSE BIAKPUTY (aiin B iHLLOMY KOAYBaHHI:

codecs.open(filename, mode[, encl, errors|, buffer]]])

TyT: filename — im'a haiina, mode — pexxum BiAKpUTTS haiina, enc —
KOZlyBaHHS, €rrors — peXum pearyBaHHS Ha MOMWIKWA KOAYBaHHS
(‘strict’ — reHepyBaTV BUHATKOBY CUTYaLito, ‘replace’ — 3aMiHATY Bi-
ACYTHI cuMBOANWM, ‘ignore' — irHopyBaTy noMusku), buffer — pexxumm
oyhepusauii (0 — 6e3 6ydepmsanii, 1 — nopsaKoBo, N — GaiT 6ydepa).

KOHTpO/IbHI 3annTtaHHsA

1. MepepaxyiiTe i oNULWITb OCHOBHI OnepaLii 3 pAgkaMu, HasBHI B MOBI
Python.

2. SIKUM YMHOM MOXKHA 3MIHIOBATU PAAKM, AKLLO BOHW € HE3MIHIOBAHUM
TUMOM [aHunXx?

3. K yKa3aTn KOLyBaHHS, L0 BUKOPWUCTOBYETLCH AN TeKCTy Python-
nporpammn?

4. AKMM YMHOM i3 PSAKOM MOXKHA NpaLoBaTh K i3 hainiom?

5. LLLo Take perynspHi Bupasun?

6. MepepaxyiiTe OCHOBHI CYMBOAW 3ara/lHOr0 MPU3HAYeHHS, WO BUKO-
PUCTOBYIOTLCA B PETYNAPHMX BMpasax, Ta OXapakTepusyiiTe ix.
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7. ONULWITb OCHOBHI MeTOAM 06'eKTa-LLabnoHa.
8. FAKMM YMHOM MOXKHa MepeKoayBaTh AesKkunin haiin i3 KogyBaHHAM Koi-
8u y (haiin i3 KogyBaHHAM cp8667?

KOHTpO/bHI 3aBAaHHS

1. OBumcniTh S — cymMy MOPALKOBUX HOMEPIB BCIX NiTEP, L0 BXOAATb
[0 cnosa SUM.

2. HagpykyiiTe TeKCT, YTBOPEHWIA NliTepaMy 3 NOPSLKOBUMM HOMepamm
65, 71 1a 69.

3. NliTepHiii 3MiHHI next NpucBoTe UMdpy, AKa iige 3a ugpoto, Wwo €
3HauYeHHsIM PsiIKOBOI 3MiHHOT dig, BBaXatouy Npy LbOMYy, Lo 3a '9' e '0'.

4. JorivHiii 3MiHHI b npucBoiiTe 3HaueHHs True, AKLO MK NiTepamm
'a’ Ta 'z' Hemae IHLUIMX CMMBONIB, OKPIM Manmnx NaTUHCLKKUX NiTep, B iH-
LLIOMY BMMNaAKy — 3Ha4YeHHs False.

5. Hagpykyite B 04MH pAZOK YCi nitepn Mk 'A’ Ta 'Z' BKNHOYHO.

6. HagpyKyiiTe Tabnuuto Takoro BUrAsAay:

1 100...00
020...00

000...09
2 999...99
088...88

000...01
3 0123456789
1234567890

9012345678

[Jani B uboMy Nigpo3ain nig "TekcToM" po3yMitoTb MNOCAIAOBHICTb NiTep
(MOXIMBO, MOPOXKHIO) Y BXigHOMY halini input, 3a AKo iife Kpanka (y cam
TEKCT Kparnka He BXOAWTb).

7. Hagpykyiite True, SIKWO Y TeKCTi NfiTepa a 3ycTpivaeTbCs yacTillle,
HiX niTepa b, iHakwe — False.

8. FAKLI0 B TEKCT BXOAUTL KOXKHA 3 fiTep cnosa key, Tofi HagpyKyBaTu
yes, B iHLIOMY BMNafKy— no.

9. MepeBipTe, YN NPaBUILHO B TEKCTI PO3CTaBNEHO KPYIAi AYXKK (TO6-
TO UM y3romkeHi BoHn). Bignosigb — TAK un HI.

10. BusHauTe, 4m € TEKCT NPaBUIbHUM 3anncom Liaoro ymcna (Moxim-
BO, 3i 3HAKOM).
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11. Bigomo, LU0 B TEKCT BXOAMTL NliTepa @, NPUYOMY He Ha OCTaHHLOMY Mic-
ui. MoTpi6bHO HagpyKyBaTV NiTepy TEKCTY, fKa e 3a NepLUMM BXOMKEHHAM a.

12. HagpyKyiiTe faHWil HENOPOXKHIlA TEKCT:

A BUAANMBLUM 3 HHOTO BCi LWDPK | NOABOTBLLM 3HAKM "+" i "-"";

A BUAANMBLLIM 3 HLOTO BCi 3HAKM "+", 6e3M0CEPEaHBO 38 AKUMM I Lmdpa;

A BumanMBLIM 3 HBOTO BCi NiTepy b, 6esnocepeaHLO nepes AKUMK e
nitepa c;

A 3aMiHMBLUK B HLOMY BCi Napu ph Ha nitepy f.

13. HagpyKyiiTe TekcT, BUAaMBLUM 3 HbOrO 3aliBi MPOMyCcKW, TO6TO 3
[EKiNbKOX NPONYyCKiB, L0 MAyTb Nigpsaa, 3aaUwWTe MLLe O4MH.

14. [laHnii TeKCT PO3APYKYNMTe No psaKax, po3yMitoum nig psagkoM abo
60 niTep, LLO NAYTH OfHA 3a OJHOIO, AKLLO Ccepes, HUX HeMae KoMK, abo yac-
TUHY TEKCTY 10 KOMM BK/THOUHO.

15. [laHO HEeMnopoXKHI0 MOCAIJOBHICTb HEMOPOXHIX CMIB 3 NAaTUHCbKMX
niTep; cycigHi cnosa BigfiNAlTLCA 0fHe Bif OAHOr0 KOMOK, 32 OCTaHHIM
C/I0OBOM — Kparika. Bu3HauTe KifbKiCTb CNiB, AKi:

A nounHalOTLCA 3 NiTepy a;

3aKiHYYHOTbCA Ha NiTepy W;

MOYMHAKTLCSA | 3aKiHUYYIOTLCA OAHIEHD i TIEK CaMOHO NITEPOID;
MICTATb X04 61 ogHy niTepy d;

MICTSITb PIBHO TpW NiTepwm e.

16. 3HaYeHHsSMK PAAKOBMX 3MiHHKX €2, ¢l i c0 € undpw. MpuceoliTe Li-
NI 3MiHHIA K 4ncno, WO CKNagaeTbea 3 uux undp (Hanpuknag, AKLWo
c2="8,¢c1="0"ic0="5, 1o k=2805).

17. Mpucsoiite NiTepHUM 3MiHHMM €2, ¢l i cO BignNoBiIAHO NiBY, cepea-
HIO | NpaBy LU(py TPU3HAYHOTO YKCa.

18. BUKOPUCTOBYIOUM  fINLLIE  PSAKOBE BBEAEHHS, TOBTO npoueaypy
c=raw_input(), fe ¢ — psaKoBa 3MiHHa, YBEiTb HEMOPOXXHIO MOCNIAOBHICTb
LmMdp, Nepes KO MOXe ATY 3HaK "+" abo "-" i 3a AKOIo Iige NPoGibHMIA CUM-
BO/, a Jasli, OTPMMABLLM BiAMNOBIAHE Liifie YACIO, MPWCBOITE AOT0 Uil 3MiHHIA.

19. BUKOPUCTOBYIOUM fiMLLE PALKOBE BUBELEHHS, TOOGTO npoueaypy
print ¢, Ae C — PSAKOBWIA MapameTp, BMBEAITb HA APYK 3HAYEHHS Linoi
3MiHHOT (3HaK "+" He ApyKyBaTH).

20. [aHo HaTypasibHe 4ncno n. HagpykyiiTe B TPIMKOBIA CUCTEMI YnC-
NeHHs uini uncna Big 0 go n.

21. [1aHO HernopoXXHIO MOCAIAOBHICTb AOAATHMX LiIMX YMCen, 3anncaHux y
CIMKOBIli CMCTEMI YMCNIEHHS; MIDK CYCIAHIMM YnCnaMmn — NPOBISIbHWIA CUMBON,
3a OCTaHHIM — Kparnka. Hagpykyiite B A€CATKOBII CUCTEMI HainbiNbLLE 3 HUX.

22. [laHo fofaTHe Ljine 4ncno, 3anucaHe y BiCIMKOBIM CUCTEMI YMCIEHHS
(3a uncnom — npobin). HagpykyiiTe Le YMcno B MATIPKOBIMA CUCTEMI YMCNEHHS.

24. BUKOPUCTOBYHOUM /MILLIE PSAKOBE BBEAEHHS, BBEAiTb AiiCHE YMCNO
(3a HMM — npoGiNbHMIA cMMBON), 3amuMcaHe 3a nNpasunamyi MoBu Python, i
MPWCBOIATE MOro AiCHIA 3MIHHINA X.
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26. € yini yucna k i n Big 1 go 80. Hagpykyiite no 4epsi (HoMepu nosm-
uivi — Big 1 go 80):

A cumBon * y k-it nosuuii;

A cumson * y k-t nosuuii i nitepy | B n-i nosuuii (Npu k = n apykysa-
T NnLLE 3iPOUKY).

27. Hagpykyiite rpadik qyHKLii y=x*-1 Ha Bifpisky [-1,2] i3 KpoKoMm
0,1. Bicb OX HanpasTe No BepTMKani BHM3, a Bicb OY — N0 ropu3oHTai
NpaBopyy. Y KOXHOMY PAAKY ApyKyiTe "wmaTtodok™ oci OX (Hanpuknag,
niTepy 1) i 3ipoyky — y no3uuii, WO BiNOBiAaE YeproBOMy 3HaUYEHHIO yHK-
uii; Bicb OY He gpykyiTe. Mpuknag TOro, KW BUrASA MOXe MaTu rpagik:

*

|
|
|
*
|
I *

28. Hagpykyiite B Toukax 1, 2, ..., k, ge k — wyine uucno Big 2 go 70;
rpadik yHKUiT Einepa @(n), Lo 064MCAIOE KinbKiCcTb Winnx uncen Big 1 oo
n —1; B3aEMHO MPOCTUX i3 YNCNIOM N.

29. Y paHuii HENOPOXKHINA TEKCT BXOAATb NMLLe Ludpw i nitepn. BusHa-
yTe, Y¥ Mae BiH TaKi BacT1BOCTI:

A TeKCT € [1eCATKOBMM 3annUCOM YMC/Ia, KPaTHOrO 9;

TEKCT € 3an1CcoM MapHOro Y1cna B CiMKOBIlA CUCTEMI;
TEKCT € JeCATKOBMM 3anncoM Yuchna, KpaTHoro 6;
TEKCT € leCATKOBMM 3anuncoM Yuchna, KpaTHoro 4;
TEKCT € LWiCTHAALATKOBMM 3aMMCcoM Yucna, KpaTHoro 5;

A TEeKCT MOYMHAETLCA 3 AedKoi undpw (anie He 0), 3a AKOH YT e
NiTepw, 1 IXHS KiNbKICTb AOPIBHIOE YNC/IOBOMY 3HAYEHHIO L€l Lmdpw;

A TekcT 36iracTbCsl 3 MOYaTKOBMM Biapiskom psgy 0123456789 (Ha-
npuknag: 0, 01, 012);

A TekcT 36iraeTbca 3 KiHUEBMM Biapiskom psagy 0123456789 (Hanpu-
Knag: 9, 89, 789);

A TekcT 36iracThcA 3 AKMMCH BigpiskoMm pagy 0123456789 (Hanpu-
Knag: 2, 678);

A TekcT cknafaeTbeca NnLe 3 LUMdp, NPUYOMY X YMC/IOBI 3HAYEHHS
YTBOPIOOTb apuUgMETUYHY NPOrpecito (Hanpuknag: 2468, 741, 3);

A TekcT MicTUTL (OKPIM NiTep) NLLE OAHY LMGPY, MPUHOMY i uncioBe
3Ha4YeHHSs [OPIBHIOE AOBXMHI TEKCTY;

A cyma unCnoBMX 3HaUEHb LMD, L0 BXOAATL Y TEKCT, 0PIBHIOE [0B-
XVHI TEKCTy.
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30. I3 gaHoro psagka s oTprMaiiTe PALOK t, BAKOPUCTOBYHOUM TaKi Al 3 S:
A BUAANEHHS NOYATKOBOIO CUMBONA;

BUJaNEHHS MOYaTKOBOr0 1 OCTaHHLOTO CUMBOJIIB;

BUAAEHHS [pYroro CMMBO/IA;

nepecTaHOBKa NepLUMX TPbOX CUMBOJIIB Y KiHELb PAAKa;

3aMiHa Apyroro cMMBosia Ha CMMBON 'a’;

BUAANEHHAM CUMBO/A 3 HOMePOM K;

A posgineHHs pAfKa Ha ABi PiBHI YaCTUHK i NepecTaHoBKa X MicuaMU
(AKLWO JOBXMHA psfKa — NapHa);

A posgineHHs psgKa Ha i PiBHI YaCTUHM i CepefHiit cMBON, nepec-
TaHOBKa YaCTUH MicuaMK, NpY LbOMY CepeaHii CUMBOA 3a/IMLLIAETLCA Ha
MicLi (SIKLLLO AOBXMHA psiaKa — HEeNapHE Y1cno).

31. 3amiHiTb y flaHOMY pALKY BCi niTepy ‘a’ Ha niTepy "A'.

32. Buganits i3 pagka BCi NiTepy 3 NapHUMU HOMepamu.

33. [laHo pspoK. BusHauTe, KX NiTep Y HboMy GinbLue: ‘a’ abo 'o’.

34. faHo pagok. MNigpaxyiTe KifbKicTb CMIB Y HbOMY, C/I0Ba PO34i/EHO
OAHUM NPo6inom.

35. lMepeBipTe, UM € CNOBO NaniHAPOMOM (TOBTO YM MOXKHa ioro npo-
ynTaTW 3 KiHUA TaK camo, fIK i CnoyaTtky, Hanpuknag, "Kok").

36. [laHo aHrnificbke CMOBO, L0 MOYMHAETLCA 3 MPUrOOCHOT NiTepu.
MepeBipTe, UM YEPryrTbCS B LibOMY CMOBI FOMNOCHI Ta NPUTONOCHI NiTepu.

37. [daHo psoK. BuaaniTb i3 HbOro BCi NiTepy, L0 NMOBTOPHOOTLCS (3aMi-
HiTb NOCNIJOBHICTb OAHAKOBYWX NITEP, WO AAYTb MiAPAL, Ha OfHY TaKy niTepy).

38. [laHo cnoBo, B AKOMY PiBHO [Bi O4HAKOBI NiTepn. 3HaiAaiTh Ui niTepu.

39. [laHo pagoK. 3HaiAiTh AOBXMHY HalbiNbLIOro cnosa B HbOMY, CNo-
Ba PO34iNMAt0TLCA OAHUM MPOGioM.

40. laHo pAfoK. 3HalaiTh JOBXKUHY Hali6iNbLLOT NOCNIA0BHOCTI 3 niTep 'e".

41. OaHo aBa pagku. MepesipTe, un € Nepwunii psaoK Nigpsakom gpyro-
ro pagka.

42. MepeBipTe, 4n € BBEAEHWIA pALOK ManiHAPOMOM (NPobifbHI CMMBO-
/TN He BPaxoByliTe).

43. NaHo psgok Burnsgy ''12-23+343+322" (apudMeTMyHWin BMpa3s,
LLL0 CKNAAAETLCSA 3 LUMEp i 3HaKIB + Ta —, NPUYOMY fiBa 3HAKM He MOXYTb iTU
nigpsa, i Bupas 3aBepLulyeTbes Umdporo). O6UMCAiTbh 3HaYeHHS apudMeTu-
YHOrO BMpa3y.

44. C — cnucok. HagpykyiiTe:

A yci cnosa 3i cnucky C, siki He € cnosom  hello;

A Te cnoso 3i cnucky C, sike nekcukorpadiuHo (3a abeTKOK) nepeaye
BCiM IHLLUMM CI0BaM LibOro CNMCKY (BBaXcaliTe, LU0 BCi CI0Ba Pi3Hi);

A TekcT, cknafieHWii 3 OCTaHHIX iTep ycix cnis cnucky C;

A yci cnosa 3i cnucky C, LU0 MicTATb piBHO ABI niTepu d.
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45, Y BxigHomy thaiini input gaHo Big 1 o 6 nitep, 3a AKMMKM inae Kpan-
Ka. YBeAiTb Li NiTepu i 3anuwiTe iX Ha NMOYaTOK pALKa S, LONOBHUBLUN Ki-
HeLb LbOro psgka npobinamu.

46. [aHo [Ba pi3Hi CM0Ba, Y KOXHOMY 3 AKMX MIiCTUTbCA Big 1 fo 8 ma-
NINX NAaTUHCLKMX NiTep i 3a KOXKHUM 3 IKUX — Npobin. HagpykyiiTte Ui cnosa
3a abeTkolo (BBaXaliTe, LU0 Npobin nepeaye byab-AKiii nitepi).

47. Tun: color=(red, blue, green, yellow, black, white). Y BxigHomy
(haiini BU3HAYeHO NOCNIAOBHICTb ManMX NATUHCLKUX fiTep, 3a AKOK ge
npo6in. FAKWO Le NpaBUAbHWIA 3aMMC 3Ha4YeHHs Tuny color, To NpucBoliTe
0ro 3MiHHiIl X, B iHLIOMY pas3i NoBigoMTe NPO NOMUIIKY.

48. [NaHo TekcT i3 60 niTep. HagpykyiiTe nuwe Mani yKpaiHCbKi fliTepy,
LU0 BXOASATb A0 LbOro TEKCTY.

49. [laHO TeKCT i3 MannX YKpaiHCbKUX JliTep, 3a AKUM ige Kpanka. Ha-
OPYKyWATe Liei TEKCT BENMKMMU YKPATHCbKUMM NliTepamm.

50. [laHO HENOPOXHIi TEKCT i3 BEIMKMX YKPAIHCLKMX fiTep, 3a AKUM ige
Kpanka. BusHauTe, 4n BNopsaKoBaHo L niTepu 3a abeTKolo.

51. HagpykyiiTe 3a abeTKOM BCi pi3Hi Mani yKpaiHCbKi niTepy, L0 BXO-
JATb [0 LibOro TEKCTY.

52. Bigomo, L0 Ha noyaTKy psaka S € He Binblie, HiXX 40 NaTUHCbKNX
niTep, 3a SKUMKU AyTb Npobinn. HagpykyiiTe uein psagok, 3asganerigb ne-
PETBOPVMBLLIM OO0 TaKUM YNHOM:

A yci BxompkeHHs abc 3aMiHiTb Ha def;

A BuAaniTh nepiue BXOIKEHHS W, AKLLO Take € ("gipKy", o yTBopuna-
cA, 3aMoBHITb NOJaNbLUMMM liTepaMu, a B KiHeLlb fofaiiTe npo6in);

A Bumanits yci BxomKkeHHs th;

A 3aMiHiTb Ha ks nepLue BXOMKEHHS X, SKLLO TakKe €;

A nicns KoxHOI niTepu q AofaiiTe nitepy u;

A 3amiHiTb yci BxomKeHHs ph Ha f, a BCi BXOpKeHHs ed Ha ing.

53. JaHo nocnifoBHiCTb, WO MicTUTb Big 1 Ao 30 cniB, KOXHe 3 SKMX
CKNafaeTbes 3 1 0 5 Manux NaTUHCLKUX NiTep; MiX CyCifHIMU cnoBamu —
KOMa, 38 OCTaHHiM C/I0BOM — Kpanka. Hagpykysaru:

A Lto camy NOCAifOBHICTb CAiB, ane y 3B0POTHOMY NOPSAKY;

A Ti cnosa, nepes SKMMW B MOCNIJOBHOCTI CTOATH /IMLUE CNOBa, LLO
MayTb 3a abeTKOH paHille, a NOTIM Ti, nepef AKMMK CTOSATb C/0Ba, LUO
MoyTh 3a abETKOH Mi3HiLLE;

A U0 camy MoCcnifgoBHICTb CAiB, MOMNEPeAHLO BUAAIMBLLN 3 HEl MOBTO-
PHi BXOMKEHHS CliB;

A yci cnosa, siKi 3ycTpialoThCA B NOCNILOBHOCTI OAWH Pas;

A yci pi3Hi cnoBa, BKa3aBLUM [/ KOXKHOIO 3 HUX KiNbKICTb 11010 BXo-
[PKeHb Y NOCNiLOBHICTb;

A yci cnosa 3a a6eTKolo.

54. [laHO NOCNifOBHICTb, WO MiCTUTbL Big 2 A0 50 cniB, y KOXHOMY 3
AKMX Big 1 A0 8 pAAKOBMX NATUHCLKUX AiTEp; MK CYCigHIMM cnoBamy — He
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MEHLLIE, HiXXK OAMH Mpo6in, 3a OCTaHHIM C/IOBOM — Kpanka. HagpykyiTte Ti
cfioBa MocnifoBHOCTI, AKi BifPI3HATLCA Bif, OCTAHHLOrO C/l0Ba Ta 330B0-
NbHAKOTb TaKy YMOBY:

A cnoBo cUMETpUUHE;

A nepuua niTepa cnoBa BXOANT Y HBOTO LLE pas;

A niTepu cnosa BNOpAAKOBaHO 3a a6ETKOIO;

A cnoBo 36iraeTbCs 3 NOYATKOBUM BiAPI3KOM NTAaTUHCLKOTO antasiTy

(a, ab, abc i 1. g.); BpaxyiiTe, WO B AianasoHi 'a'...'z" MoxyTb 6yTu niTepu,

LU0 HE € NAaTUHCbKUMU;

A cnoso 36iracThbcs 3 KiHLEBUM BifJpi3KOM ATUHCLKOrO andasity (z,

Yz, XyziT. 4.);

Ay cnosi Hemae niTep, L0 NOBTOPHOIOTHLCS;

A KoxHa NniTepa BXOAUTb Y C/I0BO HE MEHLLE JBOX Pa3iB;

Ay cnosi ronocHi nitepu (a, € i, 0, U) YEPrytTHCS 3 NPUrOIOCHUMM.
55. [laHO NOCMIfOBHICTB, L0 MICTUTb Bif, 2 A0 30 CNiB, Y KOXHOMY 3 IKWX Bif

2 10 10 naTUHCLKKX NiTep; MidK CYCIAHIMU CI0BaMM — He MeHLLEe 0fHOro npooi-

Ny, 3a OCTaHHIM C/I0BOM — Kpanka. Hagpykyiite BCi CNnoBa, Aki He piBHI OCTaH-

HbOMY C/10BY, 3a34a/1Erifib NEPETBOPUBLLIY KOXKHE 3 HUX 33 TaKUM MPaBU/IoM:

A nepeHecTy nepiuy NiTepy Ha KiHeLlb CoBa;

MEepPeHeCTM OCTaHHIO NITepy Ha NoYaToK CoBa;

BUANNTY 3i CNI0Ba NeEpLLY NiTepy;

BUAANNTW 3i C/I0BA OCTAHHIO NiTepy;

BUAANNUTY 3i CNI0BA BCi MNOAA/bLUIT BXOLXKEHHS MEPLLIOT NiTepu;

BUAANNTY 3i CNI0BA BCi MonepeaHi BXOMXKEHHS OCTaHHbLOT NiTepy;

3a/TULLNTI Y C/IOBI NNILLIE NMEPLLIT BXOZYKEHHS KOXKHOT NiTepw;

SKLLO OBXKMHA C/I0BA € HeMapHe YC/o, TO BUAAMTL 0r0 CEpeaHIO iTepy.
56. AaHo uine uucno Big 1 fo 1999 HagpyKyBaTV PUMCLKUMU Ludpamu.
57. [JaHO TeKCT i3 BE/IMKUX NATUHCLKKX NiTep, 3a AKUM ife npobin. Bu-

3HAYTE, UM € Liel TEKCT NPaBWU/IbHUM 3anMcoM PUMCHKUMU Ldpamu Linoro

ymcna Big 1 fo 999, i, AKLLO €, HAAPYKYTE Lie YNCo apabCbKummn umdpamm

(Y BecATKOBIA CUCTEMI YNCNEHHS).

58. [laHo ABi NiTepy — naTnHCbKa NiTepa (Big a go h) i undgpa (8ig 1 go

8), Hanpuknag a2 abo g5. Po3rnsagaroum ix SK KOOpAMHATA NONs WaxiBHU-

Ui, Ha SIKOMY CTOITb (hep3b, HamMastoliTe LWaxiBHNLO, NO3HAYMBLLN XPECTM-

Kamu BCi nons, ki "6'e" Lel thep3b, | HyNAMM peLUTy nonis.

59. Po3B'SXKiTb NonepeaHe 3aBAaHHA /15 LLIAXOBOI0 KOHS.
60. Bigomo, Lo acTponoru Ainsatb pik Ha 12 nepiofiB i KOXXHOMY 3 HUX

CTaBATb Y BifNOBIAHICTb OAMH 3i 3HaKiB 30/iaKy:

> > I > > B

20.01 - 18.02 — Bogoniii 23.07 - 22.08 — JleB
19.02 — 20.03 — Pnbm 23.08 - 22.09 - [flisa
21.03 - 19.04 — OBeH 23.09 — 22.10 — Tepesun
20.04 — 20.05 - Teneub 23.10 — 22.11 — CKkopnioH
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21.05 - 21.06 — bnnsHoKN 23.11-21.12 — Ctpineup

22.06 — 22.07 — Pak 22.12 —19.01 — Ko3sepor

HanmwiTb nporpamy, sika BBOAWUTb faTy AESKOro AHA POKY Ta ApYKye
Ha3BY BiAMNoOBIAHOIo 3Haka 304iaKy.

61. JaHo TekcT i3 60 nitep. HagpykyiiTe Leil TEKCT, MiAKpecnowun
(cTaBnsiuM MiHycK y BigNOBIgHNX MO3ULLISX HACTYMHOrO psiaKa) BenuKi Ta
Mani yKpalHCbKi fiTepn, L0 BXOAATb A0 HbOTO.

62. [laHo NocnifoBHICTb, WO MicTUTbL Big 1 Ao 90 cnis, y KOXHOMY 3
AknX Big 1 fo 10 Manux yKpaiHCbKUX NiTep; MiX CYCiHIMK cnoBamu — He
MeHLLe OAHOro npobiny, 3a ocTaHHIM C/IOBOM — Kpanka. HagpykyiTte ui
C/oBa 3a abeTKoH0.

63. HagpykyiiTe Tab/MLI0 MHOXEHHS B LLIICTHAAUATKOBIV CUCTEMI YMCIEHHS.

64. HanuwiTb NPOCTWIA TEKCTOBWI peaaKTop, SKUiA Mae Taknid yHKLioHa:

A rpatiunuii iHTepdelic (6yno po3po6/eHo B nonepeaHLOMY po3aini);
NigTPYMKa OCHOBHUX KOZyBaHb, unicode;
36epeXkeHHs/3aBaHTaXKeHHs (aliniB y pPi3HUX KOAYBaHHSIX;
TEKCTOBUIA MOLLIYK;
3aMiHa TeKCTy.

> > I >
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Po3ain 8

3acobu Bigobpa>keHHA gaHNX

8.1. MATPLOTLIB

[na Bizyanisauii npy BUKOPUCTaHHI SCiPy 4acTo BUKOPUCTOBYHOTb
6i6nioteky Matplotlib, o € aHanorom 3aco6iB BMBEAEHHS rpadiku
MATLAB. lNepesarn Matplotlib nonsratoTb y ToMy, LLO BOHA BUKO-
puctoBye Python, a Lie 03Hauae, L0 MOXHA 3aCTOCOBYBATU KOXHY 3i
CTaHAapTHMX abo iHWMX JOCTYNHMX 6i6i0TeK; BOHA MOLUMPIOETLCA
3a BifIbHOKO NiLEH3IED, L0 € BXXMBMM /15 BUEHUX Ta CTYAEHTIB, AKi
MalOTb 3BMYAHO HEBENMKWIA OHOMKET [ANs CBOIX AOCHIMKeHb. Tak
camMo K i Python, ockinbkv BiH Ha Ui 6i6nioTeli OCHOBaHWA,
Matplotlib nopTyeTbca Ha 6arato onepauiintHux cuctem. Mig KOXHOK
Bi3yasisaL|ieto HaBOAUTLCA 1T KOf, | BApTO 3BEPHYTU yBary Ha HeBe-
NNKWIA PO3MIP LIbOro KoAy MOPIBHSHO 3 KOAaMM iHLLNX MOB.

8.1.1. Habip To4oK

OfHieto 3 Haibinbwmx nepesar Matplotlib € Ta weuakicTs, 3
SKOH MOXHa nobyaysaTtu rpadiik Ta HaBecTW NepLUniA NpuKnag,

Mpuknag 1
>>> import matplotlib.pyplot as plt
>>> plt.plot([1, 3, 2, 4])
[<matplotlib.lines.Line2D object at 0x01A00430>]
>>> plt.show()

Micng BUKOHAaHHA OCTAaHHLOIO PsAKa, BUK/IMKAETHCA BIKHO
Matplotlib, ycepeguHi skoro BMAHO rpadik, NokasaHuin Ha pwuc. 8.1,
AKUA MOXHa 36eperTv y 3py4yHoMy opmaTi 3a LOMOMOroH Kpait-
HbOT MPaBOl iIKOHKW Ha HWXKHIl NaHeni, Hanpuknag, y 3suyaiHomy
rpachiuHomy gopmati PNG.

Y nepuwiii iHCTPYKLiT YN0 iMNOPTOBaHO OCHOBHWIA MOAy/b Oi-
onioTekn ana nobyaosu rpadikis Mig imeHem plt, came Tak Haivac-
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Tiwe ckopouyeTbes posre iMm's matplotlib.pyplot. He BapTo BUKO-
pUCTOBYBATWU IMNOPTYBaHHS BCiX (OYHKLIi yepe3 *, OCKiNbKKM, No-
nepLue — Le AOBro, No-A4pyre — CUbHO 3acMiyye NPOCTip iMeH. To-
My ninwe 3acTOCOBYBaTU KOPOTKMiA npediikc. Micns iMnopTyBaHHSA
MOAY/NIA MOXKHa KOpPUCTYBaTUCA MOro (yHKLUigsMKU. TyT 3aCTOCOBY-
eTbCs PyHKUin plot(), ska BnacHe I 6yaye rpadik, a noTiM yHKLis
show() /ioro nokasye.

AprymeHT ana qyHkuii plot() — ue nocnigoBHICTb y-3HaueHb. IH-
LA (Moro 6yno BMMYLLEHO), LLO CTOITb Nepes Yy — Lie NOCiLOBHICTb
X-3HayeHb. OCKifIbKM MOro Hemae, /18 YOTUPLOX 3a3HaYeHNX Y reHe-
PYETLCA CMNCOK i3 YoTMPLOX X: [0, 1, 2, 3]. 3BiAcy i Takuii rpadik.

. =
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Puc. 8.1. Mpadik, oTpumaHwii y npuknagi 1
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8.1.2. dyHKLiA

Mpuknag 2
MpuvpoLHO BUKOPUCTOBYBATU [1Bi KOOPAMHATY Pa30oM Ta 3aMiCTb CMMCKIB
— MacuBu. Hexali noTpibHO nobygyeatn rpadik CKnagHOT (yHK-

Ui y(t) = t2 exp(—tz) . [porpamy HaBefjeHO HUXKYE:

from numpy import *
import matplotlib.pyplot as plt
def f(t):

return t**2*exp(-t**2)

t = linspace(0, 3, 51) # 51 Touka Mk 01i 3
y =f(t)

plt.plot(t, y)
plt.show()

g B
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Pwc. 8.2. Mpadik, Lo intocTpye npuknag 2

AK BUAHO, KOA TaKWiA Xe 3p03yMinunii i NPOCTUiA, AK i OTpUMaHui
3a oro gonomoroto rpaik (ave. puc. 8.2). AKLO (YHKLiA GinbLue
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Hifle He BUKOPUCTOBYETLCS, TO MOXHA OZIEPXKaTK LLie KOMMaKTHILLIWiA
Kof, yKasaBLuw i Bifipasy nicns BU3HaYeHHsi MacuBy t:

from numpy import *
import matplotlib.pyplot as plt

t = linspace(0, 3, 51)
y = t**2%exp(-t**2)

plt.plot(t, y)
plt.show()

8.1.3. lNpwukpacu

Mpuknag 3
Kpim TOro, wo6 npocto nobyaysatu Kpuey, 6yno 6 gobpe ii Ha3BaTK, no-
3HAYUTK OCi, BUBECTU flereHay (Ue 0cobnmBO 3Haf0bUTLCA, KOMM MOTPIBHO
6yne 6ygysaTu fekinbka rpadikis. MoXHa TakoX 3MIHWTW BUI/ISL Camoi
KpWBOT, BifIPi30K, Ha AKOMY BMBOAWTLCA rpadik. | Bce ue 3 Matplotlib, 38u-
yaiiHo, MOX/MBO (puc. 8.3):

& Figure 1 E@Iﬂ—hj

My first normal plot

e t"2*exp(—t"2)|

0.4}

0.3} 3 N
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EEEEEED

Pwc. 8.3. Mpadik, Lo intocTpye npuknag 3
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from numpy import *

import matplotlib.pyplot as plt

t = linspace(0, 3, 51)

y = t**2*exp(-t**2)

plt.plot(t, y, 'g--', label="t"2*exp(-t"2)")

plt.axis([0, 3, -0.05, 0.5])# Bu3HaueHHs [xmin, xmax, ymin, ymax]
plt.xlabel("t")}# no3HaueHHs oci abcuuc

plt.ylabel("y")# nosHaueHHs oci opanHaT

plt.title("My first normal plot")# Ha3Ba rpadika
plt.legend() # BcTaBKa nereHan (TekcTy B label)

plt.show()

Kpim 3a3HayeHnX HOBOBBEAEHb, NO3HAYEHNX Y KOMEHTapsX, B ap-
rymeHTax qyHkuii plot() € gBa HoBMX. OCTaHHili BU3Ha4ae TEKCT fie-
reHau rpaika. Paakosuii aprymMeHT g-- BignoBsiganbHWIA 3a 3MiHy BU-
rnsay Kpueoi. MopiBHAHO 3 NonepeaHiM NpUKIaaoMm, rpadik nosene-
HiB (green) Ta BUMa/IbOBYETLCA LUTPUXOBOIO NiHIED. 3a 3aMOBYYBaH-
HSAM Lieli aprymeHT b-, Lo i1 03Ha4vae cuHo (blue) cyuinbHy niHito.

8.1.4. KinbkKa KpuBUX

Mpuknag 4
YacTo 3ycTpivaloTbCs 3aBfaHHSA, B SKUX Mao BidyasisyBaTu fKyCb (y-
HKLit0, NOTPI6HO LLEe MOPIBHATK i 3 iHLLIOK (PYHKLiE0 abo HaBiTb AeKisb-

KoMa. Hexain Tpeba nopiBHATU BXe 3HaiioMy tyHKLi0 Y(t) =t? exp(—tz)
i3 1eSIKOK0 CXOXKOK (hyHKU i€, Hanpuknag, Y(t) = t4 exp(—t"’) . BusBnseTb-
cA, WO AN5 LbOro AOCTaTHLO A0AaTy We ofHy iHCTpyKuito plot():

from numpy import *
import matplotlib.pyplot as plt

t = linspace(0, 3, 51)
yl = t**2*exp(-t**2)
y2 = t**4*exp(-t**2)

plt.plot(t, y1, label="t"2*exp(-t"2)")
plt.plot(t, y2, label="t"4*exp(-t"2)")

# neKopaTVBHA YacTMHA
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plt.xlabel('t")

plt.ylabel('y")
plt.title("Plotting two curves in the same plot")
plt.legend()

plt.show()

AK BUAHO 3 OTpMMaHoro rpadika (puc. 8.4), Matplotlib i 6e3 Ha-
LUMX BKa3iBOK pPO3yMie, LLO KpPMBi Tpeba nos3Hayatn pisHUMU KOJbo-
pamu. OfHaK, AKLLO NOTPIGHO KepyBaTy LM MPOLIECOM (HanpuvKiag,
npu YOpHO-6INOMY APYL, PO3YMHille BWKOPUCTOBYBATM Pi3HWI
CTWNb NiHIRA), TO Taka MOXMBICTb €. Kpim Toro, 6yBae MOTpiGHO
nokasyBaTh He 3rnafpKeHy KpuBy, a cami TOUKM 3 L€l KpuBoi. Ons
LIbOr0 BUKOPUCTOBYETLCH CMHTAKCUC MapKepiB, Y 3aralbHOMY — Ta-
KuiA camuiA, WO i Ans NiHii. Mokaxemo Le Lie Ha OAHOMY NpUKnagi.

r?.s Figure 1 =] ) ) |
Plotting two curves in the same plot

— t"2%exp(-t™2)
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Pwuc. 8.4. Mpadgik, wWwo inocTpye npuknapg 4
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Mpuknag 5
from numpy import *
import matplotlib.pyplot as plt

t = np.linspace(0, 3, 51)
yl = t**2*exp(-t**2)
y2 = t**4*exp(-t**2)
y3 = t**6*exp(-t**2)

plt.plot(t, y1, 'g™'.# MapKepw i3 3eN1eHUX TPUKYTHUKIB
t, y2, 'b--', # CMHS WITpMXoBa

t, y3, 'ro-") # yepBOHi Kpyrni Mapkepu,

# 3'eHaHIi CyLUiNbHOLO NiHiE

plt.xlabel('t")

plt.ylabel('y")

plt.title("Plotting with markers")
plt.legend(['t"2*exp(-t"2)",
"t™*exp(-t1°2)",

"tN6*exp(-t"°2)'],# cnncoK nereHan
loc="upper left")# no3uuisa nereHgu

plt.show()
r'?é Figure 1 [‘:' El ér
Plotting with markers
1.4 : . . .
4 a4 t"2%exp(-t™2)
12f| - -t 4xexp(-t™2)
+—e t™6*exp(-t™2)
1.0}
0.8
=
0.6
0.4}
0.2}
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095 1
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Puc. 8.5. PesynbTar po6oTu 3 npuknagy 5
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AK BUAHO 3 puc. 8.5, 6y/10 3MiHEHO MO3WLit0 NereHau, iHakile 6 Bo-
Ha 3aKpuBasa rpaik i3 Kpyrnmmmmy 4epBoHMMU Mapkepamu. 3a 3amO0B-
YyBaHHAM flereHa po3TaLLOBYETLCA Y NPaBOMY BEPXHLOMY KYTKY, ane
MOXHa Ti 1 NepeHecTn 3a paxyHoK aprymeHTy loc. Libomy aprymeHTy

MOXHa MPUCBOOBATM i UMCNOBE 3HAYEHHS, ane 3BMYAHO nerile
CNpUIMaETLCS PAAOK. Y Tabn. 8.1 HaBeleHO MOXK/IMBI BapiaHTH.

Ta6nuuyna 8.1
BapiaHTun napametpa loc

Micue String Code
Haiininwwii BapiaHT best 0
Yropi npaBopyu upper right 1
Yropi nisopyu upper left 2
YHU3y nisopyu lower left 3
YHU3y npasopyy lower right 4
Mpasopyy right 5
MocepeanHi niBopyy center left 6
MocepeanHi npaBopyY center right 7
MocepeanHi BHU3Y lower center 8
MocepeauHi Bropi upper center 9
MocepeaynHi center 10

8.1.5. Mapkepu

HacTynHuii npyknag nokasye, SiK MOXKHa MOEAHYyBaTW Bifpasy
TP rpadikn B OfHIW IHCTPYKLUii. KpiM TOro, BUAHO, L0 MOXHa He
NnuLLie BUKOpUCTOBYBaTW Mapkepm (y1) abo niHii (y2), ane i noegHy-
BaTu ix pasom (y3). HaltuacTille B HayKOBUX AOCAIIKEHHSX Ta Xyp-
Hanax NpuBoAATb rpadiky, WO BigpiHAKTLCA OAUH Bij OAHOIO Ca-
Me 3a Mapkepamu, Tomy 1 y Matplotlib gns iXHbOro No3HayYeHHs €
6araTo cnocob6is:

. — TOUKOBWIA MapKep;

, — TOUKW, PO3MIPOM §IK NiKCenb;

0 — Kona;

V — TPUKYTHUKM "HOCOM" JOHW3Y;

N — TPUKYTHUKK "HOCOM" floropu;
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> — TPUKYTHUKK "HOCOM" NpaBopyy;
< — TPUKYTHUKKM "HOCOM" NiBOPYY;

S — KBagpaTw;
p — NeHTaroHu;
* — 3ipouKu;

h — LWeCTUKYTHUKN;
H — noBepHeHi LWeCTUKYTHUNKN;

+ — NOCK;
X — XPECTUKW;
D — pombu;

d — By3bKi pombw;
| — BepTUKaNbHi 3apy6Ku.

8.1.6. AJopaTkoBi aprymeHTU plot()

OTXe, B OHOMY apryMeHTi, MOXKHa BU3Ha4MTW Bigpasy Tpu na-
pameTpu: NepLUMM BKasyeMO KONip, ApYrum — CTUAb NiHii, TPeTiM —
TN Mapkepa. OAHaK Takuin 3annc MoXe Y NIF0AUHK, L0 He3Halioma 3
HVM, BUK/IMKaTK nogme. Kpim Toro, BiH He [03BO/ISE PO3LINATA Na-
pameTpu NiHIT Ta MapKepa, TOMY ICHYE BapiaHT i3 BUKOPUCTaHHAM
iMeHOBaHMX napaMeTpiB — BCe Lie [103BONsE 3pobutn dyHkuisa plot()
(Tabn. 8.2).

Ta6bnuusa 8.2
[JopaTtkoBi napameTpu
AprymeHTn 3mMiHIOBaHWIA NapameTp
color a6o ¢ Konip niHii
I CTunb NiHiT, BAKOPUCTOBYIOTLCA MO3HAYEHHS,
inestyle :
noKasaHi BuLLe
linewidth ToBWWMHY NiHIT (gilicHe 4ncno)
marker Bua mapkepa
markeredgecolor Konip kpato (edge) mapkepa
markeredgewidth TOBLLUMHY Kparo MapKepa
markerfacecolor Konip camoro mapkepa
markersize Po3mip mapkepa
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OTxe, 6a4MMO, L0 BXE MOXHa 3MiHIOBAaTK BCe Y BiKHI rpadika
Ta HanucK 3a noro mexxamu. CamocTinHo Matplotlib nig6upae nuwe
oci. KepyBaTn ocsiMm MOXHa 3a gonomoroto yHkuiin xticks() Ta
yticks(), 0 fKMX NepefaroTbCA OAMH abo [Ba CNNCKN 3HAYEHD:

x=1[5,3,7,2,4,1]

plt.xticks(range(len(x)), ['a’, 'b", ’c’, 'd", 'e', 'f'])
plt.yticks(range(l, 8, 2))

Kpim Toro, 6yno 6 6axaHo BMIiTW HaHOCUTW CiTKy. [ns LbOro

TEX € MPOCTa KOMaHza:
plt.grid(True)

8.1.7. 36epe>xkeHHA harina

FK CKa3aHo, MOXKHa 36epirati (ainin, BUKOPUCTOBYHOUM NaHesb
Mif, PUCYHKOM, afie TaKoXX MOXHa 1 [OCUTb Nerko 3anporpamyBsatut
aBTOMaTUYHe 36epexXeHHs pe3ynbTaTiB y (aiini:

from numpy import *
import matplotlib.pyplot as plt

t = linspace(0, 3, 51)
y = t**2*exp(-t**2)

plt.plot(t, y)
plt.savefig("name_of _plot.png’, dpi=200

daiin 36epiracTbCs B TOMY CaMOMYy KaTasiosi 3 iMeHeM Ta po3Liu-
PEHHSAM, YKa3aHUM Y NepLLIoMy aprymeHTi. [pyruii HeoboB's3K0BWA
apryMeHT f103BONSE "Ha NbOTY" MIHATW PO3AiNbHY 3A4aTHICTb KapTu-
HKM, LU0 36epiraeTbcs y thaiin.

ByBae Tak, LIO AMBUTMCA Ha 300padKEHHS Y BXE HanalluTOBaHil
nporpami He NOTPi6HO, a Tpeba Tx came 36epiraTi Ha MainbyTHE, LLLO6
nepernsHyTH i NOPIBHATM iX BCi pa3oM. ToAi He NOTPiIGHO 3anycka-
TW BIKHO nepernsagy pesynbtartis. [ng ubOro, [0 MOMEPeAHIX iH-
CTPYKL,i HeobXiAHO AofaTu Le AeKinbKa:

import matplotlib
matplotlib.use("Agg")
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8.1.8. NaHenb KepyBaHHA

FAKLLO XK HEOOXiAHO He NnuLle 36eperTn pUCYHOK, ane i nonepes-
HbO NPOrNIAHYTW OTPUMaHI pe3y/ibTaTh, TO MOXHa BUKOPUCTATK Na-
Heflb KepyBaHHSA, L0 po3TalloBaHa nif oTpuMaHum rpadikom. Ma-
He/lb CKMafaeTbCs i3 CEMU KHOMOK (puc. 8.6), AKi OMUCAHO HWXKYe
(awe. 3niBa Hanpago):

A neplua KHOMKa, Ha AKili 306paXkeHo ByUHOK, NOBEPTAE Ore-
patopa 3 6yfib-AKOro MOMeHTY Mepernsgy L0 TOro BUrnagy, 3 sKoro
MOYMHABCA Nepernsas 300paxkeHHs;

A apyra Ta TpeTs KHOMKM 3i CTPifIKaM [J03BONSAOTL OMepaTopy
repemiwarnca M BUrnsgamu, To6To Ha BigMiHy Bif NepLuoT KHOrM-
KW, LLIO NOBepTae Nporpamy BUKIHOYHO A0 NePLUOro BUMNAAY, WO He
3a/1eXUTb Bifl KOPUCTYBAYa, Jat0Tb NOMY MOX/IMBICTb NOPIBHIOBATH,
Hanpuknag, pi3Hi MacLwTabu HabIMKEHHS [0 AKOICh TOUKMU;

A yetBepTa KHOrMKa (i3 6N1aKUTHUM XPECTOM) Ma€ /iBa MOX/IUBI
PEXUMU:

— PeXuM pan — HaTUCHYBLUW L0 KHOMKY, a NOTiM HaTuc-
HYBLUW B MeXax rpadika nisy KHOMKY MuLLI, KOPUCTYBaYy MO-
e nepemiLyBati rpadik y Mexxax BikHa;

— PeXvM z0Oom — HaTUCHYBLUW NPaBy KHOMKY MULLI, KO-
puCcTyBay MOXe 3MiHIOBaTV MacLuTab Mo ropusoHTani abo Be-
PTVKani, pyxatouunch Yy BigMoBiAHI NNOLMHI NpaBopyY abo
niBopyu, yropy a6o BHu3;

A n'aTa KHOMKa [03BOMIAE HABNMXKATV a60 BUAANATU 06paHy 06-
nacTb, Bi4NoBigHO BUAINAOUN 1T NiBOO ab0 NPaBOK KHOMKOH MULLI;

A 10CTa KHOMKA BUKNMKAE MEHIO HaNallTyBaHb BiKHa;

A ocTaHHs, CbOMa KHOMKa [103BO/ISIE 36EPErTU PUCYHOK Y 3pyu-
HOMY ¢hopmari.

20I0|+| &\ |

Puc. 8.6. NaHenb Matplotlib

TakoX BIKHO Mae paf rapaumx Kiasill, L0 3aMiHAOTb KHOMKK
naHeni, a Aeski 3 HafaBaHWX HUMKW (OYHKLIA Ha naHeni He LOCTYMHi
(Tabn. 8.3).
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Tabnuuya 8.3

[Jeaki rapadi Knasilli naHeni iHCTPyMeHTIB

Mapsiya knaBiwa

AKi PyHKLUIT BUKOHYE

h

home, nepLua KHomnka

cabo — Jpyra KHornka
v abo - TPETS KHOMKa
p pan, yeTBepTa KHOMKa
0 n'aTa KHomMka

YTPUMYHOUU X

pan Ta zoom Ti/IbK/ N0 FOPU3CHTAI

yTpUMyrun 'y

pan Ta zoom Ti/fIbK/ NO BEPTMKaI

yTpumytoun Ctrl

KHOMKa 151 36epeXKeHHs NPonopLil

9

[0AaBaHHs CITK/

norapugmiyHa LWKana

8.1.9. licTorpamu

lictorpama — cnoci6 rpaiyHoro NofaHHA TabNMYHUX LaHWX, Y

AKOMY KifIbKiCHI CNiBBIAHOLIEHHS [eAKOro MokasHukKa MakoTb BU-
rNaA NPSAMOKYTHUKIB, MO SKMX NPOMOPLiiHI BHECKY (pwc. 8.7).
[ns imocTpauii Lboro BU3HaYeHHs i MOXIMBOCTI OTPUMATH TicTor-
pamy po3rfisiHeMO TakKy nporpamMy:

import matplotlib.pyplot as plt

import numpy as np

y = np.random.randn(1000)

plt.hist(y, 25)
plt.show()

He Tpeba anByBaTuUCS, AKLLO OTPMMaHWUIA rpadik Bigpi3HATUMETbLCS

Bifl MoYaTKoBOro. Piy y Tim, WO B iHCTPYKUiT np.random.randn(1000)
CTBOPKETLCA MacuB i3 BMNAAKOBMX TOYOK BIiAMOBIAHO A0 raycco-
BOro po3noainy.

AK BUAHO, Ha BigMiHY Bif paHille BUKOPUCTOBYBAHOT (DyHKLIT

plot() gnsa kpuemx, 3actocoByeTbcs hist() (histogram). Meplumm
aprymMeHTOM BOHa NpuiiMae MacuB Yucen, APYrM Heo60B'A3KOBUM
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aprymMeHTOM € KifibKiCTb CMYT, Ha AKi 6yae po3buTo macue. 3a 3amo-
BUYBaHHSM Lie YMC/O LOPIBHIOE AECATU, O4HaK Y npuknagi — 25.

(7% Figure 1 [EIEE)

120

100

ﬁ\‘o‘o‘.}.‘ -~ ‘@‘E ‘ x=-0602151 y=110.221

Puc. 8.7. Tictorpama

8.1.10. O6niK Noxmnbok

Y NpakTUYHIi HayLi eKCNepUMEHT HaBiTb 38 MaKCUManbHOT TOu-
HOCTI BUMiptOBaHb 3aBX/AM BHOCUTb MOXWM6KWU. [na Toro, wob Bpa-
XyBaTh Le /i yKasaTu MOX/MBWIA PO3KMA HaBKOMO 3HAYEHHS, SiKe
BBaXKAETbCS ICTUHHMM, YBOAATb €rror bars, ki Ha KpuBili ans oTpu-
MaHWX TOYOK MOKa3yHTb CBOEPILHWIA JOBIpUNIA IHTEPBAs (puc. 8.8):

import matplotlib.pyplot as plt
import numpy as np

X = np.arange(0, 4, 0.2)

y = np.exp(-x)
el = 0.1 * np.abs(np.random.randn(len(y)))

plt.errorbar(x, y, yerr=el, fmt=".-")
plt.show()
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Puc. 8.8. Mpacik 3 error bars

OTxe, 3a 4ONOMOror yHKUii arange() CTBOPEHO MacuB TOYOK
x Big 0 fo 4 i3 kpokom 0,2. Jani oTpumanu Macus TOYOK Y, Bigno-
Bifla/IbHMX 3a 3HAYeHHA (yHKUiT exp(-x). Li gii Hiuum He Bigpis-
HAKOTLCA Bif TUX, LLO BWKOHYBa/MCA paHille, Konu 6ynyBanucs
rpagikym Kpmemx. HactynHa KomaHga BHOCUTb BUNAAKOBI MOMMN-
KWN: BU3HAYaETbCA PO3MIpP MacuBy Y, YCTaHOB/IKOETLCA AJ19 HbOrO
BIZNOBIAHUIA MacuB PO3MOAINEHNX 3a rayCCOBMM PO3MOLINIOM Ha-
BKOSIO HYNs BUNAAKOBUX umcen, gyHKuia abs() 6epe Bif HUX MO-
Aynb Tak, Wob yci uncna 6ynm foLaTHUMK, a TaKOX AOMHOXYETbCA
Ha 0,1 TakMM YMHOM, LLO6 Li MOMUAKM He 6ynn 3aHAATO BENNMKUMM
ANna OTpUMyBaHOro rpadika.

[ani BUgHo, LWo ofepkaHa NOCNiA0BHICTb YKa3yeTbes Y DYHKLT
errorbar() y Burnagi aprymeHTy yerr 1a nocflifoBHO HakKnafaeTbCs
Ha OTpMMaHui rpadik y(x), BUTNIAL AKOTO BU3HAYaETLCA NapamMmeTpom
fmt. AKWO NOMWUNKKN € He TiNIbKN NS y-3Ha4eHb, ane i 4ns X, 70 BU-
KOPWUCTOBYETHLCA EKBIBANEHTHUIA aprymeHT xerr. BianosigHi "3apy6-
K™ MaTUMYTb BUTNA XPECTIB.
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MepenaHunin aprymeHT fmt moXke matu 3HadeHHs None, Toai Ha
eKpaH BUBOAATLCA TifbkU error bars, 6e3 rpagika. PyHKUif
errorbar() TakoXX Mae iHWI imMeHOBaHi napameTpu: ecolor Ta
elinewidth BM3Ha4alOTb BifMNOBIAHO KONIp Ta TOBLUMHY MiHIil, WO
nokKasye iHTepBas, capsize BM3HAYaE LIMPUHY OOMEXYBaIbHUX
"Kpuweyok" (y nikcensx).

Po3rnsiHyTnin 067K NOMWNOK € CUMETPUYHUM BifIHOCHO iCTWH-
HOT TOYKW, ase MOX/UBI N HECUMETPUUHI BigXuneHHs. IX MoXHa
BKa3aTu B Tiil camiil (DyHKLT 32 4ONOMOro CrnCKy 3 ABOX Nocii-
AOBHOCTEN: nepLuoi — AN Bif'€MHUX BiAXWNeHb, Apyroi — Ansa go-
AaTHUX. Po6nTbCA Lie B Takii hopmi:

plt.errorbar(x, y, yerr=[el,e2], fmt=".-")

8.1.11. Aiarpamu-ctoBnuyi

Ha piarpamax-CToBnusX TFOPU3OHTabHUI ab0 BepPTUKa/IbHUIA
MPAMOKYTHUK MOKa3ye CBOEK [OBXWHOI BHECOK KOXHOIO y4acHW-
Ka. [0NnoBHe 3aBaHHs AiarpaMun-CTOBMNLA NOMArae B NOPIBHAHHI LUX
KifIbKICHUX MOKa3HUKIB.

[Ana Bizyanizauii BUKopucToByeTbCA (DyHKLUis bar(), Wwo npuiimae
ABi MNOCNIAOBHOCTI KOOPAMHAT: X, SiKa BU3HAYa€ NiBWIA Kpaii CTOBMLS,
7y, Wo BM3Ha4ae BMCOTY. LLIMprHa NpsSMOKYTHUKIB 3a 3aMOBYYBaH-
HAM gopiBHIoe 0,8. Ane Leid Ta iHWKIA NapaMeTpu MOXHa MiHATK
yepes iMeHOBaHi napameTpu.

PosrnsHemo giarpamy 3i CTOBNUAMU (puc. 8.9), fika Mae Taki na-
pameTpu:

A width — BU3Haua€e WMPKHY NPSMOKYTHIKA;

A color — BM3Haua€e Konip NPsIMOKYTHMKA;

A xerr, yerr — [03BONSAKOTb YCTaHOB/KOBATM error bars.

Mpuknag 6
import matplotlib.pyplot as plt
import numpy as np

datal=10*np.random.rand(5)
data2=10*np.random.rand(5)
data3=10*np.random.rand(5)

234



locs = np.arange(1, len(datal)+1)
width =0.27

plt.bar(locs, datal, width=width)
plt.bar(locs+width, data2, width=width, color="red")
plt.bar(locs+2*width, data3, width=width, color="green’)

plt.xticks(locs + width*1.5, locs)
plt.show()

74 Figure 1 =REnl X
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Pwuc. 8.9. [iarpama 3i cToBNusiMn

Y ubOMy MpUKnagi reHepyroTbCa NOCNiA0BHOCTI TPbOX BUAIB Aa-
HVX (data) 41s N'aTM TOYOK. YKa3yeTbCs 3MiHHA, KOTpa BU3HayaTu-
Me TOBLUMHY CTOBMLiB. MepLumnii aprymeHT bar() mae Takuii BUrnsg
AN TOro, Wo6 TP CTOBMLi CTOSN PasoM, YNpUTY OAMH 40 OfLHO-
ro. TakoX TyT BUKOPUCTOBYETLCA (PYHKLiS, BifoMa 3 MonepeHLoro
po3ainy — xticks, W0 A03BONSE 3MiHIOBATM 3apy6KM Ha oci abecuuc.

YacTo 3aCTOCOBYIOTh | FOPU30HTa/IbHE PO3TallyBaHHS, SIKe Oru-
CYETbCA NPaKTUYHO TakK camo, ane 3amicTb (yHKLUii bar() Bukopuc-
TOBYHOTb barh(). € BefMKa KifbKiCTb TaKOro poAy Aiarpam Ta MoX-
nuBocTei. O3HaNOMUTUCH i3 HAMW MOXKHA 3a AOMOMOrOK AOKYMEH-
Tauii 3 Matplotlib.
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8.1.12. Kpyrosi giarpamm

Kpyrosi fiarpamun (puc. 8.10) BUKOPUCTOBYHOTb, KON BaXK/MBO
MOPIBHATN BHECOK KOXHOI0 y4yacHUKa Yy cnifibHy crnpasy. OCKiNbKu
Lie CXOXe Ha po3pi3yBaHHA NMpora, To i iarpamy TakoX Ha3vBatoTb
pie charts (pie — nupir (aHrn.)), a gyHkuito — pie(). Meplumm apry-
MEHTOM BOHa NPUIMae X-NoCcNiA0BHICTb i3 BHECKIB.

F B

74 Figure 1 =RECE X
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Puc. 8.10. KpyroBa piarpama

Mpy CTBOPEHHI KPyroBsoi giarpaMn MOXHa BUKOpUCTaTh 6arato
Pi3HOMaHITHUX iMeHoBaHMX NapameTpiB:explode — KO 3a4aHo,
TO S1BNSIE CO60H0 NOCNIAOBHICTb TOr0 CaMoro po3mipy, Lo 1 X;

e colors — BKasye BUKOPUCTOBYBaHi KObOpK, SSKUMK po3dap6o-
BYIOTbCA LUMATKK "nnpora';

o labels — Bka3sye iMeHa, N0 OAHOMY Ha KOXXHWI €NIEMEHT X;

o labeldistance — Bu3Ha4ae pafjianbHy BifcTaHb, Ha AKil Ui ime-
Ha BMBOAATBLCS,;

e autopct — BKasye TvN (hopMaTyBaHHSA YAC/OBUX 3HAYEHD;

e pctdistance — BM3Hayae BifCcTaHb Bif LEHTpa, Ha SKi po3mi-
LLAETLCA YnCNo;

e shadow — f04a€ TiHb.
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Mpuknag 7
import matplotlib.pyplot as plt

plt.figure(figsize=(7,5))

x =[18, 15, 11, 9, 8, 6]

labels = ['Java’, 'C’, 'C++', '"PHP", '(Visual) Basic', 'Python']

explode =[0, 0,0, 0, 0, 0.2]

plt.pie(x, labels = labels, explode = explode, autopct = '%1.1f%%’,
shadow=True);

plt.show()

3asBuyai, Kosip YepryeTbes i cam no cobi, NOpPALOK 3a 3aMOBYY-
BaHHAM ans Matplotlib — ue blue, green, red, cyan, magenta, yellow.
Kpim onucaHoro BuLle, y Npuknagi BUKOPUCTAHO TaKOoX iHCTPYKLit0
figure(figsize=(7,5)), Wo, SK HeCKNagHo 3p03yMiTH, BU3HAYAE PO3MI-
pv HaLLIOro eninca.

8.1.13. I'pahik po3citoBaHHS

Ipahik po3citoBaHHA [03BO/SIE 306paxyBaT OAHOYACHO ABi
MHOXWHW [aHuX, iKi He YTBOPKOKOTbL KpUBY, a caMe — [ABOMipHY
MHOXMHY TOYOK. KOoXHa Touka Mae ABi KoopaunHaTw. padik pos-
CitOBaHHA (puc. 8.11) 4acTO BUKOPUCTOBYETLCA A5 BU3HAYEHHS
3B'A3KY MiX ABOMa BeIMYMHAMM Ta A03BOJISIE 3HAWTW GiflbLL TOUHI
MeXIi BUMIpHOBaHb.

[na cTBopeHHs Takux rpadikis y moayni matplotlib.pyplot € cBos
(hyHKuisa scatter(). SK Big HET 1 O4iKy€eTbCA, BOHA NpWiiMae ABi nocni-
[OBHOCTI Ta 306paXkye X Ha NIOLLMHI Y BUTNAAl MapKepiB (3a 3aMoBYY-
BaHHSIM, BOHW KpPYTAi Ta CuHi). OfHaK, 3BMYaitHO, iX MOXKHa 3MiHIOBaTU
3a JONOMOr oK iIMEHOBaHWX NapameTpiB Tiei camol (hyHKLT:

A s BM3HAYaE PO3Mip MapKepiB i MOXe OYTU SIK OHUM YMC/IOM
AN15 BCIX, TaK i MICTUTW MacuB 3HaYeHb;

A ¢ B3Hauae Konip Mapkepie (Konip Moxe 6yTh 0AHUM A/1s1 BCiX
ab0 BKa3yBaTNCb MHOXVHOIO);

A marker BusHavdae Tvn mapkepa (NigTpUMyeTbCs GiNbLLICTb TH-
niB, po3rnsHyTUX y n. 8.1.5).
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Puc. 8.11. Npadhik po3citoBaHHSA

Mpuknag 8
import matplotlib.pyplot as plt
import numpy as np

X = np.random.randn(1000)
y = np.random.randn(1000)

size = 50*np.random.randn(1000)
colors = np.random.rand(1000)

plt.scatter(x, y, s=size, c=colors)
plt.show()

8.1.14. lNonapHi KoopanHaTn

KpiM Halibifbll 4acTO BMKOPWUCTOBYBAHOI AEKApTOBOI CUCTEMU
KOOpAMHaT, JOCMTb LUMPOKO 3aCTOCOBYHOTb MOMSAPHY CUCTEMY KO-
OpAMHAT, fKa € LOCUTb 3PYYHOK MPW BUKOHAHHI Pi3HUX pagiasib-
HMX 3aBAaHb. KOOpAMHATK TOYOK Yy Hiii BKa3ytOTb 3a 4ONOMOrOH
pafiyc-BeKTopa p, L0 BUXOAWTbL i3 NOYaTKy KOOpAMHAT, Ta KyTa 6.
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KyT MOXHa BKa3yBaTu B pagiaHax a6o rpamycax (Matplotlib Buko-
PUCTOBYE rpagycu).

[na nobyaosn rpagikiB y NONSpHUX KOOpAMHATax BUKOPUCTO-
BYIOTb (hyHKLUit0 polar(). B aprymeHTax nepwvmMu nayTb KyTK, Mo-
TiM pagiycu. Y HacTynHOMY MpuKIagi BUKOPUCTaHO TON caMuii Ma-
CUB AN KYTIB Ta pagiyc-BeKTOpiB. Pe3ynbTaT poboTn 3 npuknagy 9
306paXkeHO Ha puc. 8.12.

74 Figure 1
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Puc. 8.12. Tpu rpaciku B NoNsApHUX KOOpANHAaTax

Mpuknag 9
import matplotlib.pyplot as plt
import numpy as np

theta = np.arange(0., 2., 1./180.)*np.pi# 360 TO4OK

plt.polar(3*theta, theta/5) # cnipanb
plt.polar(theta, np.cos(4*theta)) # piBHAHHS TposHAN
plt.polar(theta, [1.4]*len(theta))# Kono

plt.show()
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8.1.15. TeKcT, NpUMITKN

Kpim TeKcTy B Ha3Bax, mignucax A0 OCel, NereHpi, MoxkHa 6es-
nocepeiHbO BCTaBAATU Oro B rpadik 3a JONOMOrow NpocToil (iyHK-
Lii text(x, y, text), fe x i y koopanHaTh, a text — pagok. Lia dyHkuis
BCTaB/IE TEKCT Y MO3uLil0 BIANOBIAHO A0 BKa3aHMX KOOPAMHAT.
MoxnunBa BCTaBKa i1 y KoopamHatax rpadika, B sikux 3a (0, 0) 6e-
PYTb HWXKHIl niBuiA KyT, a 3a (1, 1) — npaBuii BepXHiid. Lle pobnatb
3a gonomoroto gyHkuii figtext(x, y, text).

TeKCTOBI (hyHKL,iT BCTaBNAOTH 3a3BMYali TEKCT y rpadik, ane vac-
TO BMHMKae noTpeba came BKasaTW, BUAINNTW AKWUIACL EKCTPEMYM,
He3BUYaliHy TOYKy. Lle nerko 3po6uTy 3a 4OMOMOrow MPUMITOK —
(yHKUiT annotate(*annotation’, xy=(x1, y1), xytext=(x2, y2)). Tyt
3amicTb annotation NULIETLCA TEKCT NPUMITKK, 3amicTb (X1, y1) Ko-
OpAMHATY MOTPIGHOT TOYKK, 3aMiCTb (X2, Y2) — KOOPAMHATK Micug,
KyZ HeobXilHO BCTaBUTU TEKCT.

8.2. OcHoBM 3D nporpamyBaHHSA VPython

VPython — Le moBa nporpamyBaHHs Python natoc 3D-rpadiyHuin
moAynb 3 imeHeM "Visual"”, po3pobneHuin Aesigom LLepepom nig yac
HaBYaHHS B YHiBepcuTeTi Carnegie Mellon.

Visual 103BONsSIE CTBOPIOBATM TPUBMMIPHI 06'€EKTU, NepemiLlaTmcs
HaBKO/0 HUX Y TPUBUMIpPHIl CLEHI, 06epTatoun Ta MacLUTabyoun ix
i3 BUKOPUCTAHHAM MULLI. Y UbOMY MiApO3Aini onucaHo Aesiki /oro
Bi3yasbHi MOX/IMBOCTI.

8.2.1. Vpython y cepepoBuLi IDLE

IHTEpaKTVBHe CcepefoBuLLE PO3POOKK, WO BUKOPUCTOBYETHCS,
HasuBaeTbea "IDLE".

BikHO nepernagy. Mpu BukopuctaHHi VPython BiKHO Ha eKpaHi
AuCnes Nokasye 06'eKTW y TPUBMMIPHOMY BUTNALI.

Mouvatok koopamHaT (0,0,0) po3TalLIOBYETLCA B LIEHTPI BikHa Ha eK-
paHi gucnnes. Bicb +X cnpsaMoBaHa npaBopyd, BiCb +y CnpsAMOBaHa
Bropy, i Bicb +z cnpsMoBaHa Bif, ekpaHa Jo onepaTopa (puc. 8.13).
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X, Y Ta Z BUMIPIOKOTLCA B OY/fb-AKMX 00- ¥
paHMX OAMHUUSAX; CLEeHa aBTOMAaTUYHO
MacLuTabyeTbecs BiANOBigHO.
BikHO BuBefeHHsi. BuBefeHHsi 6yab-
AKMX OnepaTopiB print, AKi BUKOHYHOTbCA
y nporpami, BiA6yBaeTbCA y BiKHI BuBe- (0,0,0) ¥
[EHHA, L0 € TeKCTOBMM BIKHOM i3 npo-
Kpy4yBaHHAM. Lle BIKHO MOXHa BUKOpU-

CTOBYBaTU AN151 APYKY 3HayeHb 3MiHHMX, ¥z

CMUCKIB, NOBIJOM/EHb TOLLO. Puc. 8.13. Hasga?
BikHO Kogy. FAKLLO BBECTM HACTYMHY

npocty nporpamy Yy BikHi kogy IDLE Ta BWKOHaTW 1i, TO

OTPUMAEMO Pe3ynbTaT, HaBefIeHWiA Ha puc. 8.14.

from visual import *
redbox=box(pos=vector(4,2,3), size=(8.,4.,6.),color=color.red)
greenball=sphere(pos=vector(4,7,3), radius=2, color=color.green)

Ccpepy
LileHTpOoBaHO
BT.(4,7,3)

Mporpama B nepLuomy pagaky imnopTtye moayns visual. Visual —
iM's 3D-rpaiuHOro mMogyns, SIKMin BUKOPUCTOBYETLCS MOBOH NPO-
rpamyBsaHHs Python.
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8.2.2. Bisya/ibHi 06'eKTU

O6'eKkTK, iIMeHa W aTpubyTn. padiyHi 06'ekTN, AKi CTBOPIO-
toTbca (TUNy cdep, KOPobOoK i KpMBMX), MPOAOBXKYIOTb ICHYBaTU B
aitoyili nporpami. Mpadiyunnini 3D-moaynb Visual Bigobpaxatume ix
CKpi3b, A€ BOHW MiCTATLCA.

Y Tabn. 8.4 HaBeIeHO CNMCOK OCHOBHMX 06'€KTIB MOAYNS.

Ta6bnuun 8.4
CnKncoK ocHOBHMX 06'eKTiB Moayns Visual
06'eKT Hassa
cylinder Linningp
arrow Crpinka
cone KoHyc
pyramid Mipamiga
sphere Coepa
ring Kinbue
box Kopobka
ellipsoid Enincoig
curve KpuBsa
helix Cnipanb
convex Cnu1coK TOYOK AJ151 pOS
label MiTkKa
frame O6'eHaHHA AeKinbKoX 06'eKTiB B 0AWH
faces O6'eKT HM3bKOIO PiBHA 47151 ceLiafibHNX Liei

[N KoXHOro o6'ekta noTpibHo BKazysaTyu iM's (Tuny redbox abo
greenball y npuknagi o pwc. 8.14), AKWO HEOOXigHO Oyfe 3BepHy-
TUCb [0 HWX Mi3Hile y nporpami. Yci 06'eKTy MatoTb aTpnbyTu: pe-
KBi3nTN nogi6Hi greenball.pos (nosuuia cdepn), greenball.color
ToWwo. SAKWO 3MIHIOETbCA aTpMbyT 06'ekTa (noswuuis, Konip), To
Visual aBToMaT1yHO Bigo6pasnTb 06'€KT Yy HOBI NO3uLii ab6o 3 Ho-
BUM KOJIbOPOM.

Yci BuLLg3a3HaueHi aTpMbyTN MOXKHa BKa3lyBaTh B "KOHCTPYKTO-
pi". Hanpuknag, greenball=sphere(pos=vector(4,7,3), radius=2,
color=color.green). A60 ni3HiLue:

greenball.radius = 2.2

3aBAAKM KOHCTPYKTOPY € MOX/MBICTb CTBOPHOBATU HOBI aTpunoby-
TW. Hanpuknag, MOXHa CTBOPUTK cepy 3 iMeHeM moon (A0 CTaH-
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AAPTHUX aTpMOyTiB padiyca Ta No3uLLii MOXXHa AoaaTh aTpubyT Tuny
macy (moon.mass) abo imnybcy (moon.momentum)).

BekTopu. He Bci 06'ektn y Visual — suanmi. Hanpuknag, Visual
[03BOMIIE  CTBOPHOBATM  TPUBWUMIPHI  BEKTOPHI  BE/IMUMHKU  Ta
BWKOHYBATN BEKTOPHI onepavyii HaZ HAMMU.

FAKLLO CTBOPHOETHCA BEKTOPHUIA OO'EKT 3 IMEHEM @, TO MOXHa
3BEPHYTMUCA 40 MOro KOMMOHEHTIB a.X, a.y Ta a.z. LLLo6 cknactn asa
BeKTOpY a Ta b, He NOTPIOGHO CKNaAaT KOMMOHEHTU OfAMH 3a iHLIWM
— Visual BUKOHa€e BEKTOpHE A04aBaHHS caMm:

a = vector(1.,2.,3.)
b = vector(4.,5.,6.)
c=atb

FAKLLO BMBECTU C, TO BUSBUTLCA, LU0 Lie — BEKTOP i3 KOMMOHEHTa-
mn (5., 7., 9.).

CkansipHe MHOXeHHS. d = 3.*a# d — BeKTOp i3 KOMMOHEeHTaMu
(3.,6,.9.).

[JoBxxvHa BekTopa. d = mag(c) # d — ckansap.
z = mag(c)**2#. Lle He KBafpaT BEKTOpa, a NmLLIe KBagpaT 1Moro
LOBXUHM.

BekTopHi fo6yTKN. f = cross(a,b) # BeKTOpHWUI JOOYTOK.

g = dot(a,b) # ckanapHuiA 4O6YTOK.

h = norm(a) # HopmoBaHWIA BEKTOP (MOAYb).

ATpnbyTn 06'eKkTiB Visual MoXyTb 6yTW BeKTOpaMu (Hanpuknag,
LUBUAKICTIO b0 iMMYNbCOM).

KOHTpO/1bHI 3anunTtaHHs

1. flke nNpu3HayeHHs NakeTiB Bidyanisavii gaHux?

2. SAKi MOXXIMBOCTI 3 HACTPOWKW BMrIsay rpadikiB Hagae nakeT Matplotlib?

3. MepepaxyiiTe BUAM MapKepiB, SKi MOXHa BUKOPWUCTOBYBATU 15 BU-
BefleHHs rpagikiB y nakeTi Matplotlib.

4. Aki Bnam rpadikis MoxxHa byayBartu 3a gonomoroto naketa Matplotlib?

5. MepepaxyiiTe OCHOBHI 06'€KTU, SIKi MOXHa BMBOAWTY 3a AOMOMOIO
naketa Vpython.

243



KOHTpO/bHI 3aBAaHHS

1. MobyayiTe rpadikn NPOCTUX MaTeEMAaTUYHUX DYHKLIRA.

2. MobypayiiTe ricTorpamm Ta KPyrosi giarpamv 3a gaHuMu CBOET akage-
MiYHOI rpynu.

2.1. YacTku giByaTt Ta XNonuis;

2.2. YacTka HapomKeHWX B OUH piK;

2.3. YacTka KnaH Ta MeLLKaHLiB 3 iHLIKX MICT.

3. MNobyayiite rpagikn NPOCTUX MaTeMaTUYHUX PYHKUIA Y MONAPHMX
KOOpAMHaTax.

4. MobyayiiTe rpadikM CKNaAHNX MaTeMaTUYHMX KpuBMX (Kapgioigw,
eniumknoign, eniTpoxoign, KoHxoign Hikomesa).

5. CTBOpITb Nporpamy, sika obepTtae Kyo.

6. CTBOpITb Nporpamy, B sKiii Ky/bKa CTpuUbaE y BeNMKIli Kopoobui.

7. CTBOpITb Nporpamy, B fKili Ky/nbka CTpubae no napaboni Ha ropuso-
HTa/IbHii NOBEPXHI.

8. CTBOpIiTb Mporpamy, B siKiil Kynbka cTpubae no napaéoni Ha cepuy-
Hiil NOBEPXHI.

9. CTBOpITH Nporpamy, B fiKiii Kynbka cTpubae no napaboni abo pyxa-
€TbCSA NO iHLWIN TPaEKTOPIT 3aN1eXHO Bij MOYaTKOBOI LUBMAKOCTI Ta CUM
TSOKIHHS Ha CPEPUYHI NOBEPXHI MNaHeTw.
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Po3ain 9

3acobu po3bopy opmaTiB
PO3MITKN AOKYMEHTIB

9.1. Ulo Take Beb6-CTOpiHKA?

Y Python € mogynb urllib, Wwo gae MoXxnMBICTb unTatn AaHi 3
Be6-CTOPIHOK TaK camo J/Ierko, fIK 3aBaHTaXYKTbCA AaHi 3 (haiina.
Mepes TUM, SK NOYaTW BUBYEHHA MOX/MBOCTEW LbOro MOAYNS, Ha-
BeeMO fiesiKi BiJOMOCTI BflacHe Npo Li caMi CTOPiHKN — rOfI0BHE, L0
noTpibHO 3HaTW.

Beb6-cTOpiHKK NepernsaatoTb 3a 40NOMOrow bpaysepiB Takux, K
Internet Explorer, Safari, Firefox, Opera, Google Chrome i T. g.
Bnbip 6paysepa 3a1exunTb Big nepesar Ta NoiHHOPMOBaHOCTI KOpU-
cTyBaya. bygp-Aka BiABigyBaHa Be6-CTOpiHKa Mae CBOK afpecy,
LL,OCb NPUMIPOM Take:

http://www.some.where.net/some/file.htm

Taka agpeca HasuneaeTbca URL. Yci rpagiuHi 06'ekTn, WO € Ha
CTOpPiHLi, OpraHi3ytoTbCs Ha Hili 3a AOMOMOrOK) MOBW PO3MITKU
html. Ycto uto po3miTKy 3anucaHo y taiini, SKUiA Npu 3BepTaHHI 3a
afpecoro 06pobnseTbes | BifLOOPaxyeTbCA Gpaysepom. Mosy html
Nerko po3ni3HaTth 3a XapaKTepHUMMW pucaMu 3anucy KoMaHg, SKi
3anncytoTh Yy BUMNSAAI TEriB, WO 06MEXYHTb TEKCT i3 IBOX CTOPIH:

<tag>TeKCT ycepeaunHi</tag>

MepLnin Ter — BiAKPUBAKOUWIA; APYTUiA, TOYHO TakKWil camuii, ane
3i CnewemM nepef HUM — 3aKpuBarouuiA. Tern BU3Ha4yarOTb Aii Hafj
TEKCTOM: 36i/bLUYOTb Or0 po3Mip, BKas3ytoTb KOMip, Haxu/, BCTas-
NAKOTb AOro B Tabnnuto, pobnaTh 3 HbOrO rinepnocunaHHA TOLLO.

Kon 6yab-AKOi CTOPIHKM MOXHa NepernsHyTW, HaXaBLUW Ha Mo-
POXXHBLOMY MiCLi MpaBOl0 KHOMKOK MWLLI Ta BMOpaBLUM MYHKT
"BuXigHWIA KO CTOPIHKK". BCTaBnstouM Tern OAuH B iHLIWIA Ta cno-
Nyyatoum X MK CO60H0, MOXKHA MOBHICTHO CKOHCTPYHOBATW CTOPIHKY.
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9.1.1. 4K BUKOPUCTOBYBAaTU
BEO-CTOPIHKM Yy Mporpamax

Hasiwo 3Hatv npo html i npo Te, AK KOMMOHYHTLCA CTOPIHKN?
Bignosigb 6yge Taka. Yepes Te, WO IHTEPHET MICTUTb BE/IMYE3HY
KifbKiCTb iHopMaLiT, WO MOCTIAHO MOHOB/MIOETLCS, | SKY MOXHa
BMKOPUCTOBYBAaTM Yy CBOIX Mporpamax. K YyXe 3'ACOBaHo,
BilOOpPaXKEHHA Ha ekpaHi — Ue nuwe npogykT html, To6TO, Ta
iH(opmauis, wo mictutees B html-haiini i aBnse cobol0 TeKcT.
Onepadujii Wwofo poboTH 3 TEKCTOM PO3IIAHYTO PaHiLue.

Matoun URL y Burnagi psagka, € Asa LWAsxXu OTPUMATU TEKCT
html-chaiina:

3aBaHTaXUTK html-haiin Ta 36epert 1oro, AaBLUK iM'S, HaNPUK-
nag, webpage.html;

import urllib

url = "http://www.simula.no/research/scientific/cbc’
urllib.urlretrieve(url, filename="webpage.html")
BigKpuTK html-thaitn sk 3BUYaHWIA (halinoBuiA 06'eKT:
infile = urllib.urlopen(url)

9.1.2. UnTaHHA NPOCTOro
TeKCToBOro dgaiina

Kog html-haiinis 3a CBOIM BMrNS4OM 4acTO CXOXMIA Ha TeKCT
BE/IMKOI MporpaMu, B AKil Ta iHopMawis, Ky NOTPi6HO BUTAMTK,
3MillaHa 3 po3MiTKo. Yepes ue [o6yBaHHA iH(opmauii came 3
html-thaiina MoXe BWABUTUCA [OCUTb HEMPOCTUM  3aBLAHHAM.
Po3B'szaHHs Ljiel npobnemun 6yge posrnaHyto B n. 9.1.3. OfHak,
YMCNOBI  3HAYeHHS  BMMIpPIOBaHb MOXYTb  IHOAI  BMSIBUTWUCS
AOCTYMHILUIMMK: WYyKaHi AaHi Ha/yacTilwe MIiCTATbLCS B MPOCTMX txt-
(harinax, sKi MOXKHa Takox, 3Hatoun URL, 3aBaHTaXMNTW.

Hanpuknag, Ha caiiTi 3a nocunaHHsam http://mww.engr.udayton.edu/
weather/citylistWorld.htm moxHa gns 6aratb0X MIiCT CBITY 3HaNTK
txt-thaiinn 3 iHopMaLlieto Npo TemnepaTtypy, NoYMHaO4umM 3 1 CiuHa
1995 poKy No CbOrOAHILLHIA AeHb. 3HaX0ANUMO cepefl YKPaiHCbKUX
mict  Kuie - http://www.engr.udayton.edu/faculty/jkissock/
gsod/URKIEV.txt, 3BMualiHO, MOXHa BWOGpaTn i Oyab-AKe iHLe
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micTo (gws. http://www.engr.udayton.edu/weather/citywbanwmo.txt).
BignosigHo 4o URL MOXHa 3aBaHTaXXUTW NOTPiI6HWIA thaiin:

import urllib
url = "http://mww.engr.udayton.edu/faculty/jkissock/gsod/URKIEV.txt'
urllib.urlretrieve(url, filename="Kyiv.txt")

AKLLO MepernsHyTU Lein (aiin y TeKCTOBOMY pedakTopi abo B
TOMy camomy Opay3epi, TO BWMAHO, WO (halin MICTUTb 4YOTUPK
CTOBNL,i: NepwmniAi No3Havyae HOMeP Micaus, Apyruii — yncno, TpeTil
— piK, YeTBEPTMIN — TemnepaTypy B rpagycax PapeHreiTa.

AK MOXHA BUKOpUCTATK Ui gaHi y nporpami? IMo-nepLue, noTpibHO
BU3HAUNTUCS 3i CTPYKTYPOIO 36epiraHHa gaHux. Ons uboro nigiige
BKMageHUiAi CnoBHWK y Burnagi temp[year][month][date]. Mpouec
KOHBEpPTYBaHHA (haiina B 6asy faHux (B[) nonsrae B NOCAifOBHOMY
YnTaHHI pAAKIB, TXHIA PO30MBLI Ha CNOBa, BMKOPWUCTaHHI MepLumx
TPbOX CNiB AK K/HOYiB Ta OCTAHHLOI0 K 3HAYEHHS.

Mpuknag 1
import urllib
url = "http://www.engr.udayton.edu/faculty/jkissock/gsod/URKIEV .txt'
urllib.urlretrieve(url, filename="Kyiv.txt")

infile = open(‘Kyiv.txt", 'r")
temps = {}
for line in infile:
month, date, year, temperature = line.split()
month = int(month)
date = int(date)
year = int(year)
temperature = float(temperature)
if not year in temps:
temps[year] = {}
if not month in temps[year]:
temps[year][month] = {}
temps[year][month][date] = temperature
infile.close()

# BNGEPEMO AEHb, LLIOG NepeBipUTY, LLIO PO60TY BUKOHAHO NPaBUbHO:
year = 2003; month = 3; date = 31

T = temps[year][month][date]

print '%d/%d/%d: %.1f' % (date, month, year, T)
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FAK BMAHO, NO CYTi aniroput™ poboTun 3 iHPOpMaLEd HiYMM He
BifIPi3HSAETHLCA Bif POOOTU 3 NPOCTUMU thaitnamu.

[Jani, nepeBipMBLUK, L0 3HAYEHHSA TemnepaTypu A18 BKa3aHUX
AHIB 306iratoTbCs, HECKNaAHUMK AiSMU MOXHa 3MYCUTK Nporpamy
nepepaxoByBaTh 3HaYeHHsA TemnepaTtyp Ans wkanm Lenbcia i, Ha-
npuknag, 6yaysatu rpadik gnsa o6paHoOro 4acoBoro iHTepsany. Ha-
npuKnag, notpibHo AisHatucs, unm Mopo3HuM y Kuesi 6yB CiveHb
2010 poky Ta fIK 3MiHIOBas1aca Temneparypa npoTAroM micaus.

Mpuknag 2
import urllib
url = "http://www.engr.udayton.edu/faculty/jkissock/gsod/URKIEV .txt'
urllib.urlretrieve(url, filename="Kyiv.txt")

infile = open(‘Kyiv.txt', 'r")
temps = {}
for line in infile:
month, date, year, temperature = line.split()
month = int(month)
date = int(date)
year = int(year)
ftemp = float(temperature)
ctemp = (ftemp - 32)/1.8
if not year in temps:
temps[year] = {}
if not month in temps[year]:
temps[year][month] = {}
temps[year][month][date] = ctemp
infile.close()

date = xrange(1, len(temps[2010][1])+1)
temp = [temps[2010][1][i] for i in date]

import matplotlib.pyplot as plt
plt.plot(date, temp)
plt.show()
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9.1.3. OTpumMaHHA gaHux i3 html

MporHo3 norogn Ha Yahoo! pasom i3 gaHumu npo norogy
MIiCTMTb 6e31iu rpadikiB Ta OronoLleHs. Hexail noTpibHO LLIBMAKO
Ai3HaTMCA NPo NOrody Ta Temnepatypy B AKOMYCb MICTi. YCA Tek-
CTOBa Ta rpagiyHa iHgopmalis nNpo norogy B MICTi po3TalloBaHa y
hainni, wo acouitoetbest 3 URL. Tomy nepuue, Lo NOTPIGHO 3p06uTH
— OTpUMaTK Lein thaiin:

Import urllib
w = "http:/iweather.yahoo.com/russia/st.-peterburg/st.-petersburg-2123260/
urllib.urlretrieve(url=w, filename="weather.html")

FAKLWO nepernsHyT! BUXIGHWIA KO CTOPIHKKU, TO MOXHa rnobaym-
TK 6e3ni4 HenoTpi6HOT iH(opmaulii, npuyomy 1i Habarato 6GinbLue
HIXX KOPUCHOI. YCe e noTpibHOo And nobyfoBM CTOPIHKKW, YCTaHOB-
NIEHHA WPUTIB, BUBEAEHHSA TEKCTY, 3BEPTaHHA [0 CKPUMTIB TOLLO.
[ani noTpi6bHO 3HaliTK TekcT "Current conditions™ (MOTOYHWMIA CTaH).
MMicns uboro BMGMPAEMO HaCTYMHY YacTuHy TekcTy html (npupogHo,
LU0 Y Bac BOHa LUBM/ALLE 33 BCE BipPI3HATUMETHCA 3HAYEHHAMM):

<div id=""yw-forecast'" class=""night"'>
<em>Current conditions as of 9:00 PM MSK</em>
<div id=""yw-cond">Light Snow</div>

<dI>

<dt>Feels Like:</dt><dd>21 &deg;F</dd>

<dt>Barometer:</dt><dd style=""position:relative;'*>29.91 in
and rising rapidly</dd>

<dt>Humidity:</dt><dd>83 %</dd>

<dt>Visibility:</dt><dd>3.73 mi</dd>

<dt>Dewpoint:</dt><dd>18 &#176;F</dd>
<dt>Wind:</dt><dd>NW 11 mph</dd>
<dt>Sunrise:</dt><dd>7:47 AM</dd>
<dt>Sunset:</dt><dd>6:35 PM</dd>

</dI>
<div class=""forecast-temp"*>
<div id=""yw-temp''>21&#176;</div>
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Cnif, 3BepHYTU yBary Ha ABi YaCTVHU LibOro TeKCTY:
A nicns pagka, wo mictute “"Current conditions™, ige psagokK i3
[aHVIMU PO CbOTOLHILLHIO NOroay:

<em>Current conditions as of 9:00 PM MSK</em>
<div id=""yw-cond">Light Snow</div>

A nicna pagka 3 "forecast-temp” PO3MILLEHO PAAOK, LLO BKa3ye
CbOrOAHILLUHIO TEMMEPATYPY:

<div class=""forecast-temp"*>
<div id=""yw-temp"'>21&#176;</div>

LLlo6 3HainTK NoTpi6Hy iH(opmaLito, HeobXif4HO BUKOHATM NOC-
NiJoBHO Taki Aii: NpounTaTyt NOPSAKOBO (haiii; 3HaTK 3a K/OYOBM-
My cnosamu Current conditions Ta forecast-temp psigKu, B SIKUX BOHM
PO3MILLYIOTbCS; Y HEOOXiAHUX JaHUX, PO3TalLOBaHMX B HACTYMHUX
3a HUMK padKax, 3a AornoMOoror psaakoBol yHKUiT strip() BuaannTn
HEnoTPIOHI NPONYCKM MO Kpasx PALKIB; CKOPWUCTaBLUMCH 3pisamu,
oTpUMaTK NOTPIOHWI NILPALOK, BUAANAYM 3 HbOrO Tern div i Bce
3aiiBe. PeanizaLlito ONMcaHoro anropuTMy HaBefeHO HUKYE:

lines = infile.readlines()
for i in range(len(lines)):
line = lines[i] # kKopoTka thopma
if "Current conditions’ in line:
without_space = lines[i+1].strip()
weather = without_space[18:-6]
if 'forecast-temp’ in line:
without_space = lines[i+1].strip()
ftemp = float(without_space[18:-12])
temperature = (ftemp - 32)/1.8
break # Bce, W0 NOTPiI6HO 3HaAEHO, iAEMO 3 LMKIY

3a3HauMmo, LLIO PAAKOBI 3pi3n TYT Ay>KE CEPMO3HO A0MOMararTh,
OCKi/IbK/ He NOTPIOGHO fymaTyh Npo LOBXUHY psAfKa. Asie X BOHa MO-
K& MIHATUCS: pi3Ha noroga NpYpPOAHO 3amnmncyeTbCst PisHUMM CI0BaMK,
a 3HaYeHHs TemnepaTypy MOXe O6yTW SIK OAHO3HAYHWM, TaK i [BO-
3HAYHUM. 3pi3n X BUAANAOTL came 3aliBy iH(popMaLito, sika € YacTu-
HOKO KOfly, LLIO MOXe 3MIHUTUCA TiNbKW 3 BOMi PO3PO6HMKIB CailTa.

Tenep OTPUMAHWUIA LMK MOXKHA 3aLlUMTU B TiNO OYHKLIT i BUKO-
pucToByBaTu i gani:
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def get_data(url):
urllib.urlretrieve(url=url, filename="tmp_weather.html")

infile = open(‘tmp_weather.html")
lines = infile.readlines()
#[...] TYT Haw uukn

infile.close()
return weather, temperature

Tenep, ofuH pa3 nonpautoBaslUM 3 BUXIAHUM KOZOM Beb-
CTOPIHKM, MOXHa BWKOPUCTOBYBaTM MO0  Ana  OyAb-AKUX
aHanoriyHMx  CTOPIHOK  AaHOro caiTa, TOGTO, Hanpwuknag,
Ai3HasaTvca norogy B 6yfb-AK1X MiCTax 04HOYaCHO, He NepexoAayum
crneyiasibHO Ha TXHi CTOPIHKKM, WO Yy BUNafgKy LWOAEHHOT NoTpebu
3aiiMe HabaraTo 6inbLue Yacy, HixX 3anyCcK HaBeAeHOT Nporpamu.

Hanpuknag, € Take 3aBAaHHA — XTOCb »mBe B KWIBCbKili 061acTi
nobnmsy bydi i He 3Hae WO BMOPaATW: NMOCULITM CbOTOAHI BAOMA,
noixatu rynatv 3 gpyssamu B Kuis abo noixatu Ha Pocb 6ins bory-
cnasa. [ns uiei MIOAMHW BXe € nporpama, fKy JIerko CTBOPUTH,
MOZM(IKyBaBLUN NOMNepefHI0 TakKM YMHOM, LWo6 36epirat nocu-
NaHHA FK C/TIOBHUK.

Mpuknag 3

import urllib

cities ={
'Bucha':
"https:/iweather.yahoo.com/ukraine/kyiv-city-municipality/bucha-917673/",
"Kyiv':
"https://weather.yahoo.com/ukraine/kyiv-city-municipality/kyiv-924938/",
'Boguslav':
'https://weather.yahoo.com/ukraine/kyiv-oblast/boguslav-917183/",
}

def get_data(url):
urllib.urlretrieve(url=url, filename="tmp_weather.html")

infile = open(‘tmp_weather.html")
lines = infile.readlines()
for i in range(len(lines)):
line = lines[i] # kopoTka hopma
if '"Current conditions' in line:
without_space = lines[i+1].strip()
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weather = without_space[18:-6]

if "forecast-temp" in line:
without_space = lines[i+1].strip()
ftemp = float(without_space[18:-12])
temperature = round((ftemp - 32)/1.8)
break # Bce, W0 NOTPiIGHO, 3HaNAEHO

infile.close()

print "'In %s it's %s and %od degrees."" %o (city, weather.lower(), temperature)

for city in cities: get_data(cities[city])

SayBa>KeHHs. O6pobka html-thaiina NopsAKOBO He € e(hEKTUBHILLIOKD HiX
iHLLI migxoaw, ane [03BONSIE BUKOPUCTOBYBATY BXe BiOMI Aii Haz psaKamu.

9.2. dopmaTt CSV

dainn y dopmati CSV (comma-separated values — 3HauyeHHs,
po34ineHi KoMamu) — YHiBepca/lbHU/A 3aci6 Ans NepeHeceHHs
TabNMYHOI iHGopmauii MiX 3acToCyBaHHAMMW (€NEKTPOHHUMK Tab-
muavun, CKBA, agpecHMMM KHuramm Ttouo). Ha anb, gopmat
(hainna He Mae CTPOro BM3HAYEHOrO CTaHAAPTY, TOMY MiX thainamu,
O CTBOPEHI PI3HMMMW MporpamamMu, iCHYHTb [esKi TOHKI pO3X0A-
XEeHHS. Paiin Mae NpMBIN3HO Takuii BUrnag, (hain pr.csv):

name,number,text
a,1,something here
b,2,""one, two, three"
¢,3,"'no commas here"

[ns po6oTtu i3 CSV-thaitnamm € ABi OCHOBHI (OyHKLIT:

1) reader(csvfile[, dialect="excel'[, fmtparam]])

MoBepTae 06'eKT-uMTaY, WO € ITEPATOPOM MO BCiX pAAKax ykasa-
Horo (aiina. Ak csvfile moxe BUCTynaTu OyAb-SIKMIA OG'EKT, LU0
NiATPMMYE NPOTOKON iTepaTopa Ta MoBepTae PALOK NPW 3BepTaHHi
po noro metogy next(). Heobos'siskoBuin aprymeHT dialect, 3a 3a-
MOBYYBaHHsM piBHUIA 'excel’, yKa3ye Ha HEOOXiAHICTb BUKOPUCTaHHA
TOro abo iHWoro Habopy BnacTMBOCTel. [oBifaTucA MPO HasBHI
BapiaHTM MOXHa 3a gonomoroto csv.list_dialects(). AprymeHT mMoxe
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OyTV OfHMM i3 PAAKIB, LLIO NOBEPTAKOTLCA BKA3aHOK (PYHKLiE0, abo
ek3emnnapom nigknacy knacy csv.Dialect. Heo60B'si3koBuWin apry-
MeHT fmtparam cnyxuTb 415 nepenpusHaveHHs OKPpeMnx BnacTuBO-
CTeii NOpiBHAHO 3 HABOPOM, AKUIA BU3HAYaETLCA NapameTpoM dialect.
Yci ofiepXXyBaHi faHi € pagkamu.

2) writer(csvfile[, dialect="excel'[, fmtparam]])

MoBepTae 06'eKT-3amMcyBay ANS 3anmcy AaHuX KopucTyBaua 3
BUKOPUCTaHHSAM PO3fifibHMKA Y BKasaHWiA (haiinoBumin 06'ekT. Mapa-
meTpu dialect Ta fmtparam maroTb TOI camuii 3MICT, WO I HaBeaeHi
BULLE. YCi faHi, KpiM psaaKiB, 06po6nsatoTbes yHKLie str() nepes
3anvcom y ain.

Y npuknagi 4 untaetbcd CSV-(haitn Ta 3anmcyeTbesa iHWKWRA, fe
yncna Apyroro CToBnuys 36i/bLYTHCA Ha OAVHULLIO.

Mpuknag 4
import csv
input_file = open(*'pr.csv", "'rb™)
rdr = csv.reader(input_file)
output_file = open("'prl.csv", "'wb")
wrtr = csv.writer(output_file)
for recin rdr:
try:
rec[1] = int(rec[1]) + 1
except:
pass
wrtr.writerow(rec)
input_file.close()
output_file.close()
Y pe3ynbTaTi BUitge aiin prl.csv i3 TakMum BMICTOM:
name,number ,text
a,2,something here
b,3,"one, two, three"
c,4,no commas here

Mogynb TakoX BM3Ha4ae ABa Kiacu A1 3pYYHILLOro YMTaHHS
Ta 3anMcy 3HauyeHb i3 BUKOPUCTAHHAM CMOBHMKA. BUKAMKM
KOHCTPYKTOpIB TaKi:

class  DictReader(csvfile, fieldnames[, restkey=None],
restval=None[, dialect="excel']]]])
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CTBOpIOE 06'€KT-4MTaY, NOAIOHMIA A0 TOrO, WO PO3rNisAaBcs Bu-
Le, ale Takuid, Lo NOMILLae 34MTYBaHI 3HaYeHHA Y CNOBHUK. MNapa-
meTpwm csvfile Ta dialect Ti cami, Wo ¥ paHiwe. MapamveTp fieldnames
BM3HAYae iMeHa NosiB 3a [A0MNOMOrok crnucky. MapameTtp restkey
BCTAHOB/IHOE 3HAYEHHS K/THOYa 419 PO3MILLEHHSA CNUCKY 3HAYeHb, A5
AKUX He BUCTa4uuMno imeH noni.. MapameTp restval BUKOPUCTOBYIOTb
AK 3HaYeHHA B TOMY pasi, AKLLO0 B 3aMuCi He BMUCTa4ae 3Ha4eHb Ans
BCiX noniB. Akwo napameTp fieldnames He BkasaHo, TO iMeHa MoniB
OyayTb npoumTaHi 3 nmepworo 3anucy CSV-thaitna. MNMoumHaroum 3
Python 2.4, napametp fieldnames He060B'A3K0OBUIA. FAKLLO IAOr0O
HeMae, TO K/oYi 6epyTb i3 nepworo psaka CSV-gaiina.

class DictWriter(csvfile, fieldnames|, restval="""],
extrasaction="raise’[, dialect="excel']]])

CTBOptOE 06'eKT-3ammMcyBad, Lo 3anucye B CSV-thaitn psgku, oT-
pumytouM daHi 3i cnoBHWKa. MapameTpu aHanoriyHi DictReader, ane
fieldnames 060B'A3KOBWIA TOMY, L0 BiH BM3HA4Ya€E MOPSAOK MPOXOA-
YKEHHs nonie. MapameTp extrasaction BKasye Ha Te, siKy Ait0 NOTPi6HO
BMKOHATW Y pasi, KON HeOOXiAHOro 3HAYEeHHS Hema Yy CMIOBHUKY: 'raise’
— reHepyBaTu BUHATKOBY cuTyauito ValueError, ‘ignore’ — irHopysatu.

BignosigHuii npuknag HaBefleHO HWKYe. Y (haiini pr.csv imMeHa
MoNiB yKa3aHo B MepLUOMy pALKY (haiina, TOMy MOXHa He BKasyBaTu
fieldnames.

Mpuknag 5
import csv
input_file = open(**pr.csv", "'rb")
rdr = csv.DictReader(input_file,
fieldnames=['name’, 'number", "text'])
output_file = open("'prl.csv", "'wb")
wrtr = csv.DictWriter(output_file,
fieldnames=['name’, 'number", "text'])
for recin rdr:
try:
rec['number*] = int(rec['number']) + 1
except:
pass
wrtr.writerow(rec)
input_file.close()
output_file.close()

254



Mogynb Mae TakoX IHLI Knacu Ta PyHKUIT, AKi MOXKHa BUBYMTH
no JOKyMeHTauil. Ha npuknagi uboro Mogyns MoxHa nobaunTu 3a-
rafbHUiA Nigxig go po6oTtun 3 dhainom y aesakomy gopmarti. Bapto
3BEPHYTU yBary Ha Take:

A mogyni gna po6oTn 3 opmaTamm JaHWUX 3BUYANHO MICTATb
(hyHKLUIT a60 KOHCTPYKTOPK KnaciB, 30Kpema Reader Ta Writer;

A Ui (yHKLIT Ta KOHCTPYKTOPK MOBEPTalOTh 06'€KTU-iTepaTopm
ANS YMTaHHA JaHuX i3 aiina i 06'ekTy 3i cnelianbHUMK MeTofamm
Ans 3anucy y ain;

A ns pisHUX NOTPe6 3a3BMyail NOTPIGHO MATK Ki/lbKa BapiaHTIB
KNaciB, L0 YMTaloTb Ta NULWYTb 06'eKTU. HOBI Knacu MoXHa ycnag-
KOBYBaTM Bij 6a30BMX KnaciB abo CTBOPHOBATU KNacu-06ropTkn ans
(DYHKLIA, WO HajalTbCA MOAYNEM PO3LUMPEHHS (HanucaHuM Ha
moBi C). ¥ HaBefeHoMy npuknagi DictReader ta DictWriter € 06-
roptkamv ana yHkuin reader() Ta writer(), a TakoX 06'eKTiB, AKi
BOHM MOPOLKYHOTb.

9.3. NakeT email

Mogayni naketa email 4ONOMOXYTb po3ibpaTti, 3MIHUTK Ta 3reHe-
pyBaTuh nosigomneHHs y opmati RFC 2822, HaituacTiwe RFC 2822
BYKOPWCTOBYETLCA B  MOBILOMJIEHHAX €NEeKTPOHHOI MowTn B
IHTepHeTI.

MakeT Mae KinbKa MOAY/iB, NPU3HAYEHHSA AKUX HaBeLEHO HUXYe:

Message — MOAy/b BU3Hauae Knac Message — OCHOBHWiA Knac 15
NnoAaHHsA NoBiAOMNEHHS B NakeTi email.

Parser — mofynb 41 po36opy NoAaHoro AK TEKCT MOBIJOMJIEHHS,
L0 OTPUMYE 06'€KTHY CTPYKTYPY MOBiJOMJIEHHS.

Header - wMogynb pgns  pobotm 3 MoAsMu, B AKKX
BUKopucToByeTbes He ASCII-KogyBaHHS.

Generator — MOpoaKye TeKCT nosigomneHHs RFC 2822 Ha
nigcTasi 06'eKTHOT MOENi.

Utils — pi3HOMaHITHI iIHCTPYMEHTW, AKi BUPILLIYIOTb HEBE/INKI 3aB-
[laHHA, NOB'A3aHi 3 MNOBIJOM/IEHHAMM.

Y nakeTi € il iHWi mogyni, fKi TYT He po3rNafaTUMyThCS.
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9.3.1. Po306ip NoBiAOM/EHHS.
Knac Message

Knac Message — LeHTpanbHUiA y BCboMy nakeTi email. BiH
BM3HAYaE MeTOAM 4715 po60TH 3 NOBILOMIEHHSAM, WO CKNAAAETLCA i3
3aronioBka (header) Ta Tina (payload). INone 3aronoBka mae Ha3By Ta
BMICT (3Ha4eHHs), po3AiNneHi ABOKPanKoK (ABOKpanka He BXOAUTb Hi
B Ha3BY, Hi y 3HayeHHs). Ha3Bu nonis HeYyTNUBI A0 pericTpa nitep
npy NOLLYKY 3HAa4YeHHS, X04a 36epiratoTbCs 3 ypaxyBaHHAM pericTpa.
Y Knaci TakoX BM3Ha4YeHO MeTOAM Ans AOCTYny [0 [esKMX 4YacTo
BMKOPUCTOBYBaHUX  B/IACTUBOCTEN  MOBIJOMIEHHS  (KOLYBaHHs
MOBIJOM/IEHHS, TUN BMICTY TOLLO).

3a3HauMmo, Lo NOBILOMIEHHA MOXe MaTh OAHY abo Kinbka yac-
TWH, Yy TOMY uWCNi BKMafeHWX ogHa B OAHy. Hanpwknag,
MOBIJOM/IEHHA MNP0 MOMW/KY [OCTaBKM NMCTa MOXe MICTUTU
BUXIZHWI IUCT AK BKNAJEHHS.

Mpuknag  BWMKOPUCTAHHS  HaMbIfbll  Y)XMBaHWX  METOAIB
eKk3emnnsApiB Knacy Message i3 NOSCHEHHAMM:

>>> import email
>>> input_file = open('prl.eml™)
>>> msg = email.message_from_file(input_file)

TyT BUKOPUCTOBYETLCA (hyHKLiA email.message_from_file(), 06
npounTaT! NOBIAOM/EHHS 3 (haitna prl.eml. [oBigOMAEHHS MOXHa
oflepXXaT  TakoX i3 psagka 33 AONoMOrow  (iyHKUIi
email.message_from_string(). A Tenep BapTo 3po6MTU  AesiKi
ornepayii Hag UMM MOBIJOMNEHHSAM (He 3BepTaTV yBaruM Ha AMBHI
iMeHa — noBifoMneHHs 6yno B3ATO 3 nanku CMAM). OocTtyn Ao
MosiB 3a IMEHEM 3iAICHIOETLCA TaK:

>>> print msg['from"]

""felton olive" <zinakinch@thecanadianteacher.com>

>>> msg.get_all('received")

['from mail.onego.ru\n\tby localhost with POP3 (fetchmail-6.2.5
polling mail.onego.ru account spam)\n\tfor spam@Iocalhost
(single-drop); Wed, 01 Sep 2004 15:46:33 +0400 (MSD)',

‘from thecanadianteacher.com ([222.65.104.100])\n\tby mail.onego.ru
(8.12.11/8.12.11) with SMTP id i817UtUN026093;\n\tWed, 1 Sep 2004
11:30:58 +0400']
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3BepHITb yBary, WO B €NeKTPOHHOMY JINCTI MOXe OyTW Kifbka
nonie 3 imeHeM received (y LbOMY NpuKNagi ix 4ga).

[Jesaki BaxMBi faHi MOXHa OTpUMAaTN B rOTOBOMY BUMNAAI, Ha-
npuKnag, TUM BMICTY, KOLYBaHHS:

>>>msg.get_content_type()

"text/plain’

>>> print msg.get_main_type(), msg.get_subtype()
text plain

>>> print msg.get_charset()

None

>>> print msg.get_params()

[(‘text/plain’, '), (‘charset’, 'us-ascii')]

>>> msg.is_multipart()

False

abo Cn1COoK Monis:

>>> print msg.keys()

['Received’, 'Received’, '"Message-1D", 'Date’, '"From’, "User-Agent’,
'MIME-Version', 'To’, 'Subject’, ‘Content-Type’,
'Content-Transfer-Encoding', 'Spam’, "X-Spam']

Uepes Te, WO MOBIJOM/IEHHA CKMAAaeTbCA 3 OAHIET YaCTUHMK,
MOXHa OTPMMaTK 0ro TiNo Y BUTNAAI pajkKa:

>>> print msg.get_payload()
sorgeloosheidhullw ifesh nozama decompresssequenceframes

Believe it or not, | have tried several sites to b*_""uy presription
medication. | should say that currently you are still be the best
amony

3apa3 po3rngHeMo IHWWIA NpUKNag, Yy SKOMY MOBILOMNEHHS
CKNafaeTbCad 3 [EKiNbKOX 4acTuH. Lle MOBiAOM/IEHHS CTBOPEHO
BipycoM. BOHO CK1afjaeThea 3 BOX YaCTuH: html -TeKCTy Ta BKageHo-
ro tpaina 3 poswmpeHHsam cpl. [na goctyny [0 YaCTUH NOBILOMEHHS
BUKOpUCTOBYETLCA MeToA walk(), Lo 06XoanTb YCi Moro YacTuHu. 3a
OfHVM 3aX0[0M BapTo 3i6paTv TUnM BMICTY (Y CNWCKY parts), nons
Content-Type (y ct_fields) Ta imeHa dpaiinis (y filenames).
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Mpuknag 6
import email
parts =]
ct_fields=1]
filenames =[]
f = open("'virus.eml")
msg = email.message_from_file(f)
for submsg in msg.walk():
parts.append(submsg.get_content_type())
ct_fields.append(submsg.get('Content-Type', "))
filenames.append(submsg.get_filename())
if submsg.get_filename():
print " JoexuHa thanna:", len(submsg.get_payload())
f.close()
print parts
print ct_fields
print filenames
Maemo Takwuii pesynbTar:
[JoBxuHa thaiina: 31173
['multipart/mixed’, "'text/html", ‘application/octet-stream']
['multipart/mixed;\nboundary=""-i-i-i-ihidejpxkblmvuwfplzue'",
'text/html; charset=""us-ascii'"",
‘application/octet-stream; name=""price.cpl’’]
[None, None, "price.cpl’]

3i cnucky parts MoXkHa no6aymTu, WO came NOBIAOMIEHHA Mae
TMn multipart/mixed, Togi SK ABi Oro YaCTUHW BiAMOBIAHO TUMNN —
text/ntml Ta application/octet-stream. Tiflbkn 3 OCTaHHBLOK YacTu-
HOM 3B'3aHe iM'a (havina (price.cpl). Paitn uMTaETbCA METOAOM
get_payload() i 064MCNIOETLCS AOTO AOBXKUHA.

Y BunagKy, Kon noBifOM/IEHHS € KOHTEAHePOM ANs iHLWMX Yac-
TWH, get payload() Buaae CNUCOK O6'eKTiB-NOBIAOMIEHb (TOGTO
ek3emnnapis kKnacy Message).

9.3.2. dopmyBaHHSA MNMoBiAOMNIEHHS

YacTo BWMHWMKae CUTyaLis, KOAM MOTPIGHO ChopMyBaTU MOBIAOM-
NEHHs 3i BKNaZeHUM (hailnom. Y HacTynHoMy npuknagi Oyayetbes
NOBIJOMNIEHHS 3 TEKCTOM i BKIafEHHAM. $K Kfac [/1 CTBOPEHHS
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MOBIZIOM/IEHHS MOXXHa BMKOPWCTOBYBATW He SMwle Message 3 MOAyns
email.Message, ane 1 MIMEMultipart 3 email. MIMEMultipart (ans
MoBiAOMNEHb i3 AeKinbkox YacTuH), MIMEImage (ans noBigoMneHHs
i3 rpagiyHnum  306pakeHHamM), MIMEAudio (gns  ayaiodaiinis),
MIMEText (ans TeKCTOBMX MOBIAOMEHD).

Mpuknag 7
# 3aBaHTaXKyHOTbCA HeOOXigHI Mofy i N (yHKLUIT 3 MOayniB
from email.Header import make_header as mkh
from email. MIMEMultipart import MIMEMultipart
from email. MIMEText import MIMEText
from email. MIMEBase import MIMEBase
from email.Encoders import encode_base64

# CTBOPIOETLCA r0/I0BHE NOBIJOMIIEHHA 11 YKa3yOTbCA fesKi nons

msg = MIMEMultipart()

msg["*Subject™] =mkh([("'MpwuBiT", ""koi8-r"")])

msg[*'From*’] = mkh([(""Opyr"", "'koi8-r""), ("'<friend@mail.ru>"", **us-ascii'")])
msg[*"To"] = mkh([("'Opyr2", "*kai8-r"), ("'<friend2@yandex.ru>", **us-ascii'*)])

# Mons, AKi He Byfe BUAHO, SKLLIO NOLITOBa NporpamMa nigrpumye MIME
msg.preamble = ""Multipart message"
msg.epilogue = """

# TekcToBa YacTUHa NOBiAOM/IEHHSA

text = u"""""Y nucT BKNageHo ain 3 apxisom." """ .encode(*'koi8-r'")
to_attach = MIMEText(text, _charset=""koi8-r"")
msg.attach(to_attach)

# Bknagetbca aiin

fp = open(**archive_file.zip™, "'rb"")

to_attach = MIMEBase(""application™, ""octet-stream'")
to_attach.set_payload(fp.read())

encode_base64(to_attach)
to_attach.add_header(**Content-Disposition™, ""attachment",
filename=""archive_file.zip"")

fp.close()

msg.attach(to_attach)

print msg.as_string()
Y ubomMy NpuKnagi BUAHO Bigpasy KinbkKa Mofynis naketa email.

®yHkuis make_header() 3 email.Header fo3Bonse 3akogyBaTu BMIiCT
ANs 3aroNoBKa:
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>>> from email.Header import make_header

>>> print make_header([(""Opyr", "koi8-r"),
(""<friend@mail.ru>", ""us-ascii')])

=?koi8-r?b?5NLVxw==?= <friend@mail.ru>

>>> print make_header([(u"Opyr™, "), ("<friend@mail.ru>",
""us-ascii'")])

=?utf-8?b?w6 TDksOVw4c=?= <friend@mail.ru>

dyHkuis email.Encoders.encode_base64() BnamBae Ha nepeaaHe i
MOBIJOM/NEHHS Ta KOAYeE TiNo 3a JOMOMOrow base64. IHWi BapiaHTW:
encode_quopri() — Kogysatu quoted printable, encode_7or8bit() — 3a-
NMWIATK cim abo Bicim 6iTiB. LLi dhyHKLIT AoaatoTb HeoOXiagHi nons.

AprymMeHTV KOHCTPYKTOpIB Knacis 3 MIME-mogynis naketa email:

class MIMEBase(_maintype, _subtype, **_params)

basoBuii Knac Ans BCiX MOBiAOMMEHb, L0 BMKOPUCTOBYHOTH
MIME (nigknacie Message). Tun BMICTY BKa3yeTbCA 4epes
_maintype Ta _subtype.

class MIMENonMultipart()

Migknac gna MIMEBase, y SkoMy 3a60pOHEHO BUKOPUCTOBYBATYU
meTof, attach(), Yepe3 LIO BiH rapaHTOBAHO CK/AJAETLCA 3 OAHIEN
YaCTUHW.

class MIMEMultipart([_subtype[, boundary[, _subparts[, _params]]]])

Migknac gna MIMEBase, wo € 6asosum gns  MIME-
MOBIOM/IEHb, L0 CKIAAAKTLCA 3 AeKiSIbKOX YaCTUH. [0N0BHUI TUM
multipart, nigT1N BKasyeTbCA 3a 4ONOMOroto _subtype.

class MIMEAudio(_audiodata[, _subtype[, _encoder[, **_params]]])

Migknac MIMENonMultipart BUKOPUCTOBYETLCA A/19 CTBOPEHHS
MIME-noBifgomneHb, WO MiCTATb ayfioaaHi. FonosHuiA TMN — audio,
MiATUN BKa3yeTbCcA 3a AOMOMOrow _subtype. [aHi BM3HayaroTbCA
napametpom _audiodata.

class MIMEImage(_imagedata[, subtype[, encoder[, ** params]]])

Migknac MIMENonMultipart BUKOPUCTOBYETbCA AN CTBOPEHHS
MIME-noBifomseHb i3 rpadiyHnM 306paKeHHAM. T0M0BHWIA TUN —
image, NigT1N BKa3yeTbCA 3a JonomMorow _subtype. [daHi BM3Haua-
HOTbCA NMapameTpoM _imagedata.
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class MIMEMessage(_msg[, _subtype])

Migknac MIMENonMultipart ans knacy MIMENonMultipart Bu-
KOPWUCTOBYETHCA AN cTBOPeHHS MIME-06'eKTiB i3 rON0BHUM TUMOM
message. MapameTp _msg 3aCTOCOBYETLCA K TifI0 NOBIJOM/IEHHS i
Mae 6yTu ek3emnnsipoM kKnacy Message abo oro Hawlagka. Migrun
yKa3yeTbCA 3a I0NOMOror _subtype, 3a 3amoBYyBaHHsAM 'rfc822'.

class MIMEText(_text[, subtype[, charset]])

Migknac MIMENonMultipart BUKOPUCTOBYETbCSA AN CTBOPEHHS
MIME-noBifomMneHb TeKCTOBOrO Tuny. F0N0BHMIA TN — text, nigTvn
yKa3yeTbCa 3a A0OMOMoror _subtype. [JaHi BU3HayatOTbCA napamer-
pomM _text. 3a fonomoroto _charset MoXKHa BKa3aTu KOAyBaHHA (3a
3aMOBYYBaHHSAM 'us-ascii').

9.3.3. P0o36ip nonsa 3aronoBka

Y npuknagi 7 none Subject opmyBanocs 3a [JONOMOror0
email.Header.make_header(). Po036ip nons [A0NOMOXe MpPOBECTU
iHwa QyHkuia: email.Header.decode header(). La  dyHKuis
MoOBEPTaE CMMUCOK KOPTEXIB, Y KOXHOMY 3 HMX BKa3aHO (hparMeHT
TEKCTY MONA Ta KOAyBaHHS, Y SIKOMY Lieil TEKCT Byno 3aKofoBaHo.
HacTynHuiA nprknag 4ONOMOXe 3p03yMiTK Mpo Lo AAETHCS.

Mpuknag 8
subj = """"'=?koi8-r?Q?=FC=D4=CF_=D0=D2=C9=CD=C5=D2_=CF=
DE=C5=CE=D8 =C4=CC=C9?=
=?k0i8-r?Q?=CE=CE=CF=C7=CF_=28164 bytes=29 =D0=CF=CC=
D1 =D3 =D4?=
=?k0i8-r?Q?=C5=CD=CF=CA_=D3=CF=CF=C2=DD=C5=CE=C9=
D1=2E_=EF=CE=CF ?=
=?k0i8-r?Q?=D2=C1=DA=C2=C9=CC=CF=D3=D8_=CE=C1_=CB=
D5=D3=CB=C9_=D7?=
=?k0i8-r?Q?_=D3=CF=CF=C2=DD=C5=CE=C9=C9=2C_=CE=CF_=
CC=C5=C7=CB=CF?=
=?k0i8-r?Q?_=D3=CF=C2=C9=D2=C1=C5=D4=D3=D1 =D7_=D4=
C5=CB=D3=D4 ?=
=?ko0i8-r?Q?=D3_=D0=CF=CD=CF=DD=D8=C0_email=2EHeader=
2Edecode=5Fheader?=
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=?k0i8-r?Q?=28=297=""""

import email.Header

for text, enc in email.Header.decode_header(subj):
print enc, text

Y pe3ynbTarti 6yae BuBeeHO:

koi8-r Lle npuknag pyxe posroro (164 bytes) nonsd 3 Temor
NOBIJOMNEHHS.

BoHO po36uiocs Ha "LIMaTKKU™ y NOBiJOM/IEHHI, /e Nerko 36MpaeThes B
TekcT 3a fonomoroto email.Header.decode_header()

3a3Haunmo, WO KoAyBaHHS MOXHa He BKa3yBaTu:

>>> email.Header.decode_header(*'simple text"")

[(‘'simple text', None)]

>>> email.Header.decode_header(*'npmuknag')
[("\xdO\xd2\xc9\xcd\xc5\xd2’, None)]

>>> email.Header.decode_header(*'=?KOI8-R?Q?=D0=D2=CF_?=Linux"")
[("\xdO\xd2\xcf *, 'koi8-r"), (‘Linux", None)]

[("\xd0\xd2\xcf *, 'koi8-r"), (‘Linux", None)]

FAKWO B NeplioMy BUMALKY MOXHA BU3HAUYUTU KOLYBaHHS SK
us-ascii, To B iHLLIOMY pa3i Npo KOAYBaHHA fOBefeTbLCA 3L0rajyBa-
TUCA: OCb YOMY B €/IEKTPOHHMX NINCTaX He MOXXHa NPOCTO TaK BU-
KOPMCTOBYBATN BOCbMUOITHI KOZYBaHHSA — € MMOBIPHICTb, LLO TX He
3MOXYTb NpOYUTATU.

Y TpeTbOMYy MNpUKNagi KUpuanMdHi  NiTepu 3aKoAoBaHO, a
NAaTUHCBbKI — Hi, ToMy B pe3ynbTati email.Header.decode_header()
MaEMO CMMCOK i3 ABOX Map.

Y 3arafibHOMY BMNajKy nojaty nose rnosifOMIEHHS MOXHa /n-
we B Unicode. CTBOpeHHA (YHKUIT AN Takoro nNepeTBOPEHHS
MPOMOHYETLCA K Brpasa.

9.4. MoBa XML

Y pamKax OfHOro po3fifly [OCUTb CKMIALHO MOSACHWTH, LLO Take
XML i 5K 3 HAM npautoBaTU. Y NpUKnagax BUKOPUCTOBYETLCS NaKeT
xml, Wo BXOANTb Y CTaH4apTHY NOCTaBKY.

XML (Extensible Markup Language, po3wmproBaHa MOBa
PO3MITKM) A03BOMISIE HanaroAXyBaTh B3aeMO/i0 MiXX Mmporpamamu
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Pi3HMX  BMPOOHMKIB, 36epiraTh Ta 06po6GAATM  CKNIaAHO-
CTPYKTYpOBaHi AaHi.

Mosa XML (K i html) € nigmHoxuHoro SGML, ane 1i 3acTocy-
BaHHS He 06MexKeHi cuctemoro www. Y XML MoXHa CTBOpHOBaTK
BNaCHi Habopw TeriB AN KOHKPETHOI npeaMeTHOT obnacTi. Y XML
MOXKHa 36epiratn i 06pobnsTM 6asn AaHWX Ta 3HaHb, NMPOTOKO/N
B3aEMOZIT Mi>K 06'eKTaMK, ONm1cy pecypcis i 6arato Yoro iHWoro.

HoBaukaM He 3aBX[M 3p0O3YyMifi0, HaBiLlO NOTPIGHO BMKOPUCTO-
ByBaTM TaKWil [OCTaTHbO 6GaraTocniBHWI (opMaT, KON MOXKHa
CTBOPWTW CBIlA, KOMMaKTHUIA (hopmaT ans 36epiraHHa TUX cammx Aa-
HuX. MepeBara XML nonsirac B TOMY, WO pa3oMm i3 JaHMMW BOHa
36epirae N KOHTEKCTHY iH(hOpMaLito: Tery Ta IXHi aTpubyTy MaroTb
iMeHa. TakoX J0CMTb BaXMBO Te, o XML CbOrofHi — eaAnHWIA 3a-
FaIbHONPUIAHATAIA  CTaHZapT, [AN1S  AKOr0  CTBOPEHO  YMMao
iHCTPYMEHTaNbHMX 3ac0o0iB.

roBopsium npo XML, Tpeba maTu Ha yBasi, 1o XML-[0oKyMeHTK
bysaloTb popmansHo-npasunbHuMK (well-formed) Ta 06rpyHTOBa-
Hummn (valid). O6rpyHToBaHNi XML-0OKYMEHT — Le (hopMaibHO-
npaBunbHUA XML-LOKYMEHT, L0 Mae BU3HAUYEHHS TUMNY [AOKYMeHTa
DTD (Document Type Definition). Bu3HayeHHs TWnNy [OKYMeHTa
ﬁ rpamaTuKy, Ky MOBUHEH 3afj0BOMIbHATU TEKCT [IOKY-
MeHTa Ha XML. [na npocToTn BUKAagy TYT He PO3rnfafaTUMETLCA
DTD, 06mexunmMocs thopMaibHO-MPaBUIbHUMUN JOKYMEHTAMMU.

[na nogaHHa 6yKB Ta iHWMX cumBONiB XML BWKOPUCTOBYE
Unicode, WO 3MeHLWYE MPo6aeMn 3 NOJAHHAM CUMBOMIB Pi3HUX
angasiTiB. OfHak Ul 006CTaBMHY BapTO Mam'ATaty i He 3acTo-
copyBatu B XML BOCbMUOGITHe KOAyBaHHS (NpuUHaliMHI, 06e3
SIBHOT BKa3iBKM).

HacTynHuii npuknag, foctatHbo npoctoro XML-AoKyMeHTa jae
YABMEHHS NPo Lel dopmaT (thaiin expression.xml).

<?xml version="1.0" encoding=""is0-8859-1"'?>
<expression>

<operation type=""+"">

<operand>2</operand>

<operand>

<operation type=""*"">

<operand>3</operand>
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<operand>4</operand>
</operation>
</operand>
</operation>
</expression>

XML-L0KYMEHT 3aBXAn Mae CTPYKTYpPY AepeBa, Y KOPeHi AKO-
ro caMm JOKyMeHT. 10ro 4acTuHmM, onncyBaHi BKNageHUMM napamu
Teris, yTBOPIOIOTL BY31M. TakuMm YMHOM, pebpa Aepesa No3Hava-
I0Tb "6e3nocepefHe BKNageHHa". ATpnbyTn Tery BBaXKatOTb /W-
CTKaMu, K i Halirnublle BKNafeHi 4aCTWMHM, L0 He MaKwTb Y
CBOEMY CKnagi IiHWWX YacTuH. BbaumMmo, WO [OKYMEHT Mae

[epeBonoAibHY CTPYKTYpY.

MpumiTKa. 3a3HaumMmo, Lo Ha BigMiHy Big html, y XML oanHOuHi (HenapHi)
Terun 3anucytoThb i3 KOCOK puckor: <BR/>, a aTpnbyTh — y nankax. ¥ XML y Ha-
3Bax TeriB Ta aTpMOYTiB Mae 3HAUYEHHS PericTp niTep.

9.4.1. ®dopmyBaHHA XML-OOKyMeHTa

KoHuenTyanbHO € fABa wWasxu 06pobkn XML-AoKymeHTa:
nocnigoBHa 06pobka Ta po6oTa 3 06'EKTHOK MOAEN/HO OKYMEHTA.

Y nepLuomy BUNagKy 3BUYaliHO BUKOPUCTOBYETLCA SAX (Simple
API for XML, npocTuii nporpamHuii inTepdeiic gns XML). Po6oTa
SAX nondrae B uuTaHHi [pkepen pgaHux (input source) XML-
aHanizatopamy (XML-reader) Ta reHepauii nocnigoBHOCTI Mogiv
(events), fAKi 06pobnsATLCA 06'ekTammn-06pobHUKamu (handlers).
SAX Hagae nocnigosHuin goctyn Ao XML-a0KyMeHTa.

B iHWwomy pasi aHanizatop XML 6ygye DOM (Document Object
Model, o6'ekTHa Mofefb [OKyMeHTa), MponoHywoun ana XML-
JNOKYMEHTa KOHKPETHY 00'€KTHY MOAENb. Y paMKax Liiei Moaeni By3-
nm DOM-gepeBa  AOCTYMHI  An9  [OBINBHOTO AoCTyny, a [AJis
nepexoAis MiXK By3namu nepefgo6ayeHo psag MeTogiB.

MoxHa BMKOPWCTOBYBaTM 06MABa Ui MigXoan Ans (hopMyBaHHS
HasefeHoro sue XML-f0KymeHTa.

3a gponomoroto SAX JOKYMEHT ChOPMYETLCA K Y NpuKnagi 9.
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Mpuknag 9
import sys
from xml.sax.saxutils import XMLGenerator
g = XMLGenerator(sys.stdout)
g.startDocument()
g.startElement(**expression™, {})
g.startElement(*'operation™, {"'type': "'+"})
g.startElement(*'operand™, {})
g.characters(''2")
g.endElement(*'operand")
g.startElement(*'operand", {})
g.startElement("'operation™, {"'type'": ""*''})
g.startElement(**'operand™, {})
g.characters(*'3")
g-endElement(**operand™)
g.startElement(**operand™, {})
g.characters("'4™)
g.endElement(*'operand"")
g.endElement(*'operation"")
g.endElement(*'operand"")
g.endElement(*'operation")
g.endElement(*'expression')
g.endDocument()

Mobyaosa fgepeBa 06'€KTHOT MOAENi AOKYMEHTa MOXE MmaTu BU-
rnag gk y npuknagi 10.

Mpuknag 10
from xml.dom import minidom
dom = minidom.Document()
el = dom.createElement(**expression'")
dom.appendChild(el)
pl = dom.createElement(**operation')
pl.setAttribute('type’, '+
x1 = dom.createElement(*'operand')
x1.appendChild(dom.createTextNode(*'2"))
pl.appendChild(x1)
el.appendChild(pl)
p2 = dom.createElement(**operation’)
p2.setAttribute(‘type’, '*")
x2 = dom.createElement(*'operand’)
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x2.appendChild(dom.create TextNode(*'3""))
p2.appendChild(x2)

x3 = dom.createElement(**operand"")
x3.appendChild(dom.createTextNode(*'4'))
p2.appendChild(x3)

x4 = dom.createElement(**operand")
x4.appendChild(p2)

pl.appendChild(x4)

print dom.toprettyxml()

Jlerko noMiTUTK, WO NpY BUKOPUCTaHHI SAX KOMaHAM Ha reHe-
pauito Terie Ta iHWWX YacTUH BUAAKOTLCA NOCNIA0BHO, a OCb MOBYy-
[0BY OAHIET i1 Tiel camoi DOM MOXHa BUKOHYBATW Pi3HUMKU NOCAi-
[OBHOCTAMW KOMaHJ, LWOAO (hopMyBaHHS By3/a Ta Moro 3'€AHaHHS 3
iHLIMMW BY3/1aMU.

3BMYainHoO, HaBefeHi MPUKNaaM HOCATb [AOCUTb TEOPETUYHMIA Xa-
pakTep, TOMy LU0 Ha npakTuui 6yaysatn XML-LOKYMEHTU B TaKuii
Crnoci6 SK NpaBusIo He JOBOANTLCA.

9.4.2. AHani3z XML-gokymMeHTa

[ns pobotn 3 rotoBuM XML-AOKYMEHTOM MOTPIGHO CKopucTa-
™mca XML-aHanisatopamu. AHanis XML-A40KyMeHTa 3i CTBOPEHHAM
o6'ekta Knacy Document BigbyBaeTbcs BCbOr0 B OAHOMY PsAKY, 3a
AaonomMororo GyHKuii parse(). TYT 3a3Ha4MMO, LLLO KpiM CTaHAApTHO-
ro naketa xml wMoxHa BCTaHOBUTM nakeT PyXML a6o
anbTepHaTVBHI KOMepLiliHi nakeTn. OfHaK po3po6HUKM HaMararTb-
cA JOTpuMyBaTuCA eauHOro API, L0 NPOAMKTOBaHWI CTaH4apTOM
DOM Level 2.

Mpuknag 11
import xml.dom.minidom
dom = xml.dom.minidom.parse(*'expression.xml"")

dom.normalize()

def output_tree(node, level=0):
if node.nodeType == node. TEXT_NODE:
if node.nodeValue.strip():
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print . ""*level, node.nodeValue.strip()
else: # ELEMENT_NODE a6o DOCUMENT_NODE
atts = node.attributes or {}
att_string ="', "".join(
[ %s=%s " % (k, v) for Kk, v in atts.items()])

print ', ""*level, node.nodeName, att_string
for child in node.childNodes:

output_tree(child, level+1)

output_tree(dom)

Y ubOMy npuKnagi [epeBo BWMBOAMTLCS 3a [AOMNOMOroH  (hyHKUiT
output_tree(), WO nNpuiimMae Ha BXOAi BY30/1 Ta BUK/IMKAETbLCS PEKYPCUBHO
ANS BCiX YKNaAeHNX BY3/iB.

Y pe3ynbTaTi BUXOAUTb NPUG/N3HO Take:

#document
. expression
. operation type=+
. operand
o2
. operand
. operation type=*
..... operand

..... operand

TyT Xe 3acTOCOBYETLCSA MeToA normalize() Ansa Toro, LWo6 yci Te-
KCTOBi (PparmMeHTV 6ynn 31UTi BOEAMHO (iHaKLie MOXe 3'ABUTUCS
Mocrifib KiflbKa BY3/1iB i3 TEKCTOM).

MoXHa NOMITUTHK, WO HaBITb Y HEBENMKOMY MPUKNafi BUKOPUC-
TOBYBa/MCA aTpubyTn By3niB: node.nodeType BKasye Tun BY3na,
node.nodeValue 3acTOCOBYETbCA AN AOCTYNy 4O AaHuX,
node.nodeName fae imM'ds By3na (BignoBifjae Hasei Tery),
node.attributes Hagae goctyn fo atpubyTis By3na, node.childNodes
BMKOPUCTOBYETLCA NS AOCTYNY [0 A0YipHIX BY3niB. LIMX BNacTneo-
CTell 10CTaTHbO, LLLI06 PEKYPCUBHO 06ITK AepeBo.

Yci By3nu € eksemnispamu nigknacie knacy Node i 6yBatoTb
pi3HUX Tunis (Tabn. 9.1).
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Y DOM [0KYMEHT € AepeBOM, Y By3/1ax IKOro MiCTATbCA 06'€KTM
AEKINbKOX MOXNMBUX TUMIB. By3nM MOXyTb Matu aTpubytun abo
AaHi. Joctyn ao By3niB 34icHiOOTL vepe3 atpmbyTtu: childNodes
(BouipHi By3nm), firstChild (nepwwin gouipHin By3on), lastChild
(ocTaHHii pouyipHili By3on), parentNode (6aTbko), nextSibling (Ha-
CTYnHWiA 6par), previousSibling (nonepeaHii 6pat).

Tabnuuysa 9.1
Twvnu By3nis
Hassa onuc MeToz 4191 CTBOPEHHS
ELEMENT_NODE EnemeHT BreateElemenffitagname)
ATTRIBUTE_NODE ATpU6YT BreateAttributBname)
TEXT_NODE Texcroui g teTextNodBldata)
BY30/1
CDATA_SECTION_NODE Pozgin CDATA -
ENTITY_REFERENCE NODE | 10C//iaHHs -
- - Ha CyTHICTb
ENTITY_NODE CyTHiCTb -
IHCTpyKLif createProcessinglInstruction
PROCESSING_INSTRUCTION_NODE 3 06pPOBKMA -, data)
COMMENT_NODE KomeHTap creatB@omment(comment)
DOCUMENT_NODE JloKyMeHT -
DOCUMENT_TYPE_NODE Tvn gOKymMeHTa -
DOCUMENT _FRAGMENT NODE | ParveT -
- - [OKyMeHTa
NOTATION_NODE HoTauis -

Buwe Bxe viwnoca npo metog appendChild(). o HLOro mMoxHa
fofaTn  metoau: insertBeforlnewChiId, refChild) — BcTaBuTH
newChild go refChild; removeChild(oldChild) — Buganutu gouipHiii
By3o0n, replaceChild(newChild, oldChild) — 3amiHuTK oldChild Ha
newChild. € we metog cloneNode(deep), WO KNoHye BYy30/ (pa3om
i3 loYipHiMK By3n1aMu, SIKLLO BKasaHo deep=1).

Byson tuny ELEMENT_NODE, kpiM nepepaxoBaHUX MeTOAiB
"npocTo"” By3na, Mae 6arato iHWNX MeToLiB. OCb OCHOBHI 3 HUX:
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tagName — im'a TUNy enemeHTa;

getEIementsByTagNamltagname) — Of1ePXXYE efleMeHTH 3 yKa-
3aH1M iMeHeM taghame cepef YCiX HalaKiB LbOro efeMeHTa;

getAttribute(attname) — ofep)Kye 3HaueHHs aTpubyTa 3 iMEHEM
attname;

getAttributeNode(attrname) — noBepTae aTpubyT 3 iMeHeM
attrname sk 06'eKT-By30/;

removeAttribute(attname) — Buganse aTpubyT 3 iMeHeM attname;

removeAttributeNode(oldAttr) — Buganse atpubyT oldAttr
(yKasaHWiA SiK 06'eKT-BY30/);

setAttribute(attname, value) — ycTaHOB/KOE 3HaYEHHS aTpubyTa
attname piBHUM 3Ha4YeHHIO pagka value;

setAttributeNode(newAttr) — fogae HoBuiA By30n-aTpubyT [0
enemeHTa. Ctapuii aTpubyT 3aMiHIOETLCS, SKLLO Ma€E Take came iM's.

3a3Haunmo, Lo aTpnby TV B pamKax efieMeHTa NOBTOPHOBATMCA He
MOBMHHI. IXHI NOPAKOK TakoX He BaxMBWiA 3  nornsgy
iHhopMmaLiiHol mogeni XML.

FK BNpaBYy MPOMOHYETLCA CKIACTU (PYHKLIHO, L0 064nCoBaTh-
Me 3HayYeHHs BMpasy, B1U3HayeHoro B XML.

9.4.3. NpocTopn imeH

LLie oaHieto wikaBoto ocobnmsicTio XML, Mpo AKy He MOXHa
He 3ragatu, € npocTopu iMeH. BOHWM [03BONAKOTHL CKNajatu
XML-[OKYMeHTU 3 (hparMeHTIB pi3HMX CXeM. Hanpuknag, y Ta-
Kuii cnoci6 y XML-A0KYMEHT MOXHa BKIOUUTK parmeHT html,
yKasaBlwy B YCiX eneMeHTax html HanexHictb Jo 0co61uBoro
npocTopy iMeH.

HacTtynHuii npuknag XML-Kogy NoKasye CMHTaKCUC MPOCTOpIB
imeH (chaiin foaf.rdf):

<?xml version=""1.0"" encoding=""UTF-8"?>

<rdf:RDF
xmlns:dc=""http://http://purl.org/dc/elements/1.1/"
xmins:rdfs=""http://www.w3.0rg/2000/01/rdf-schema#""
xmins:foaf=""http://xmIns.com/foaf/0.1/""
xmins:rdf=""http://www.w3.0rg/1999/02/22-rdf-syntax-ns#""

269



>
<rdf:Description rdf:nodelD=""_:jCBxPziO1"">
<foaf:nick>donna</foaf:nick>
<foaf:name>Donna Fales</foaf:name>
<rdf:type rdf:resource=""http://xmlns.com/foaf/0.1/Person"'/>
</rdf:Description>
</rdf:RDF>

MpumiTKa. Mpuknag 3ano3vyeHWidA 3 Maketa Cwm, CTBOPEHOrO KOMaHAoH
po3po6HUKIB Ha Yoni 3 Timom BepHepc-/1i, TBopuemM TexHonorii www. [o peui,
CWMm TeX HanucaHuii Ha Python. MakeT cwm cnyXmTb 06POBHMKOM AaHUX 3arasib-
HOro NPU3HaYeHHs 418 CeMaHTUYHOT MepeXXi — HOBOT ifel, Lo npocyBaeTbest TiMOM
BepHepc-/li. KopoTko cyTb igei monsrae B ToMy, W06 3po6UTM cydacHuii "Be6"
6arato KOpuCHiLWMM, hopManisyBaBLUM 3HaHHS Yy BUTNAAI po3nogineHor 6asn XML-
[OKYMEHTIB, 3a aHalorietd 3 TUM, IK WWW SBNSE COO0KH po3nogineHy 6asy
[OKYMEHTIB. BifMiHHICTb rno6anbHOi CEMaHTUYHOI Mepexi Bif wWww y TOMy, L0
BOHa [aCTb MallMHaM MOXMBICTb 06pPO6NATU 3HAHHSA, POBISYN NOTIYHI BUCHOBKM
Ha NifcTaBi 3aKnNafieHoi B JOKYMeHTax iH(hopmaLlii.

Ha3Bu npocTopiB iMeH [oJalTbCA SAK npedikcu A0 Hass
enemeHTiB. Lli Ha3BM — He mpocto iMeHa. BoHu BignosifaroTb
ifeHTUdikaTopaM, SiKi HeobxigHO Bkasyeatu sK URI (Universal
Resource Locator, yHiBepcanbHUIA MOKaX4YMK pecypey). Y npuknagi
3. 9.4.3 3ragaHo n'aTb npoctopis iMeH (xmlins, dc, rdfs, foaf Ta rdf),
3 SIKUX JINLLE NepLInii He BUMArae OrooLLleHHs, TOMY Lo € BOyAo-
BaHWUM. |3 HUX peasibHO BUKOPUCTAHO Tiflbku Tpu: xmins, foaf i rdf.

MpocTopy iMeH [03BONAIOTL BUAINATU 3 XML-AOKyMeHTa yac-
TUHW, SKi HanexaTb [0 PI3HUX CXeM, WO BaX/IMBO AN TUX
IHCTPYMEHTIB, KOTpi iHTepnpeTytoTb XML.

Y naketi xml € meToAn, WO PO3yMilOTb MeXaHi3M MPoCTopiB
iMeH. 3BMYaliHO Taki MeToAW ¥ aTpubyTu MatoTb Y CBOEMY iMeHi
6ykeu NS.

Opepxatn URI, wo Bignosigae npocTopy iMeH faHOro enemeHTa,
MO>XHa 3a [J0roMoroto atpmbyTa namespaceURI.

Y npuknagi 11 apykyetoca URI enemeHTiB.

Mpuknag 11
import xml.dom.minidom
dom = xml.dom.minidom.parse(**‘ex.xml"*)

def output_ns(node):
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if node.nodeType == node. ELEMENT_NODE:
print node.nodeName, node.namespaceURI
for child in node.childNodes:
output_ns(child)

output_ns(dom)
Mpuknag susege:

rdf:RDF http://ww.w3.0rg/1999/02/22-rdf-syntax-ns#
rdf:Description http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
foaf:nick http://xmlns.com/foaf/0.1/

foaf:name http://xmins.com/foaf/0.1/

rdf:type http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

3a3HauMmo, L0 BKa3yBaTV MPOCTIP iMEH MOXHa [/19 IMEH He n-
LLie eNleMeHTIB, ane i aTpubyTis.

JoknagHille aosigatucs nNpo poboTy 3 NpocTopaMu iMmeH B xml-
naketax ans Python moxHa 3 JoKyMeHTaL,il.

KOHTpO/ibHI 3anuTaHHS

1. AkMM u4MHOM MOXHa OTpuMyBaTM faHi 3 html-cTopiHOK?
dopmanisyinTe HeobXiAHI AN LbOro KPOKK.

2. SKi ocobnmBocTi opmaty CSV? Y yomy MnonsraTh Oro nepesa-
rv i Baam?

3. OnNUWiTb NPU3HAYEHHA Ta (PYHKUIT nakeTa email.

4. KopoTKO OMWLWLITh MPU3HAYEHHS MOAYNIB, 3 SKMX CKIaAaeTbCcA Ma-
KeT email.

5. OxapaKTepu3yiiTe nepesarm ii HefONiKMN BUKOPUCTaHHS MOBM XML

6. Aki icHyTb nigxoan go aHanisy XML-LoKymeHTiB? Ha3BiTb iXHi
nepesarv Ta Bagu.

KOHTpO/bHi 3aBAaHHS

1. NobygyiTe rpadikn NPOCTUX MaTEMATUYHMX QYHKL,IMA.
2. Ctopitb B[, BuMKOpMCTOBYKOUM CSV-(haiinim 3rigHo 31 CBOIM
BapiaHTOM (Tabn. 9.2).
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Tabnuyna 9.2
BapiaHTu 3aBaaHb

No
n/n

BapiaHT 3aBfaHHs

CnpoekTyBaTtu B[l ans pobiTHNKa CKIagy roToBOI MPOAYKUIT

CnpoekTyBaTy B/l Ans KOHTPO/HO BUKOHAHHS HaBaHTaXKEHHS
BMKNafadiB BULLIB

CnpoekTyBatu B/} Ans KOHTPONH CECIlAHOT YCNILUHOCTI CTYAEHTIB BULLIB

CnpoekTyBatu B[l ans 06/1iKy KOHTUHIEHTY CTYZEHTIB BULLIB

CnpoekTyBatu B/} Ans opraHisauii AUMNJI0MHOro NPOEKTYBaHHA Y BULLIAX

CnpoekTyBatu B/} ans opraHisauii KypcoBOro NpOeKTyBaHHSA

Cnpoektysatut B[l Ansg npothkomy BULLIB

CnpoekTyBaTtu B[l ana HapaxyBaHHSA CTUMEHAIT y BULIAX

CnpoekTyBatu B/l ans 6i6niotekun BULLIB

CnpoekTtyBat B[l ana KepyBaHHSi po60TOK0 KOMM'HOTEPHUX ayAUTOpIN
HaBYa/IbHOr0 3aKnagy

CnpoekTyBaTn B/, ans kepyBaHHs po60TOO Knacy BiflbHOro JOCTYyny

CnipoektyBatu B[l ans HapaxyBaHHS 3apoBiTHOT N1aTy BUKNagaqiB

CnpoekTyBaTtu B/l BUeHOT paam i3 3axX1cTy gucepTauii

CnpoekTyBatu B/l Bigginy acnipaHTypu

CnpoekTyBaTty B[l Ans KOHTPO/IIO YCMILLHOCTI LWKO/IAPIB

CnpoekTysatu B[] auTa4oro cagka

CnipoekTtyBatu b/l CNOPTUBHOI LLKOMN

CnpoekTyBatu B/} LEHTPY ANTAYOT TBOPUOCTI

CnpoekTyBatu B[l napTHepis cOPTBEPHOT (hipmu

CnpoekTyBaTtyi B/l kKOMepLiiHOro HaBYaIbHOTO LIEHTPY

CnpoekTyBaTth B/l Ans po3paxyHKy 3apo6iTHOI nnaTu

CnpoekTyBatu B[] ans 06niky foMaLlHIX QiHaHCIB

CnpoekTyBaTtu B[l ans fomallHboT 6i6nioTekn

CnpoekTyBatu B[l ans palioHHOT 6i6nioTekn

CnpoekTyBatu B/l Ans fOMAaLLHbLOI Bife0TeKM

CnpoekTyBatu B/} and NyHKTY Npokary BifeoqinbmiB

Cnipoektysatu B[] KiHoTeatpy

CnpoekTyBatu b/l fpamaTtnyHoro Teatpy

CnpoekTyBatu B[l ans f[OMaLLHLOT ayAi0TeKM

CnipoektyBatu b/l TpeHepa CropTUBHOT KOMaHAN

CnipoekTyBatu b/}, areHTCTBa 3 OpeHAM KBapTup

CnpoekTyBaTtu B/l pienTepcbKoro areHTcTea

CnpoektyBatn B[ fna o6niky nocnyr, WO HagalTbCs HOPUAUYHOKD
KOHCY/MbTaLiHO (hipMoto

CnpoekTyBaTu B/l Ansg aBToCepBicHOI (ipMu
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3aKiH4eHHs1 Tabn. 9.2

No
n/n

BapiaHT 3aBfaHHA

CnpoekTyBatu B/l ans aBTo3anpaBHOi CTaHLiT

CnpoekTyBaTy B/, LeHTPY 3 NpofaXy aBToMobinis

CnipoekTtyBatu b/ napky TakcomoTopa

CnpoektyBatn B, ana nigcuctemmn "Kagpu' (BapiaHTvi: Ans BULLY, LUKOM,
NPOMVC0BOTO MiANPUEMCTBA, TOPrOBENLHOT PipMK, COPTBEPHOT (hipMK TOLLIO).

CnpoekTyBatu B/ cny>6u 3HainiomMcTB

CnipoekTtyBatu B/l TypMCTUYHOIO areHTCTBa

CnipoekTtyBatu B/l TypucTMYHOrO ornepaTopa

CnpoekTyBaTtut Bl TyprCTUUHOrO Kiy6y

CnpoekTyBaTyi B[l paiioHHOI NONIKAIHIKN.
Migcucrema "Po6oTa 3 naLieHtamu”

CnpoekTyBaTyu b/, paiioHHOT NOAIKAIHIKY.
Migcnctema "O6AIK NifbroBux Nikis"

CnpoekTyBat B/l palioHHOT nonikniHiku. Migeuctema "lMnaHyBaHHA Ta
06/iK po60TU MeMYHOr0 nepcoHany”

CnpoekTyBaTy B/l paiioHHOI NONIKAIHIKN.
Migcuctema "O6/iK NauieHTiB"

CnpoekTyBaTu B[] Nonorosoro 6yAnHKY

CnpoekTyBatu B/, nikapHi. Migcuctema "Po6oTa 3 navieHtamu”

CnpoektyBaty B[ nikapHi. Migcucrema "flikapcbke 3abe3neyeHHs"

CnpoekTyBatu B/ anteku

CnpoekTyBatu B/ rotento. Migcmctema "Po6oTa 3 KnieHTamm'"

CnpoekTyBatu B/} fa4yHoro koornepaTmsy

CnpoekTyBaTtu B[] BuaasHuUTBa. Migcuctema "PoboTa 3 agTopamu'™

CnipoekTyBatv BJ1 BuaasHuLTBa. Migcuctema "Cnyxba MapkeTUHry"

CnpoekTyBaTu B/l 061iKy po3paxyHKiB i3 KfieHTamMmu B 6aHKy

CnpoekTyBaTu B/ 6yaiBensHOT hipmu

CnpoekTyBati B/ MicbKoi TenedoHHOT Mepexi.
Migcnctema "O6AiK po3paxyHKiB i3 KnieHTammn"

CnpoekTyBaTtu BJ] ToprosenbHOT opraHisauii

CnipoekTtyBatu B[], aeponopty

CnpoektyBatu b, JAI

CnpoekTyBatu B[, (hoTOLEHTPY

CnpoekTyBaTtyt B, ripcbKONVKHOT 6a3u

CnpoekTyBatu B/l atenibe BEpXHLOro ofary

CnipoektyBatu B[] Tenearesnbe

CnpoekTyBatu B/} NyHKTY 3 pEMOHTY efieKTpoanapatypu

CnpoekTyBaTtut B[l ans NyHKTY NpoKaTy aBToMo6iniB

273



3. [na cnpoekToBaHo! 6a3v JaHWX HanWwWiTe (YHKUiKO iHiLianisauil
(CTBOPEHHSA NMOPOXHLOT 6a3w).

4. HannwiTb (hyHKUIT fOAABaHHA Ta BUAAIEHHS 3anucy B 6asi.

5. HanuwiTe npoLeaypy, L0 NOBEPTAE CMINCOK i3 KHOUOBUMU elleMEHTaMM.

6. 3a [ONOMOrOH0 MOLYNA CSV peanisyiTe 36epeXkeHHs/BiAHOBNEHHS ba-
31y haiin/is daina.

7. OchopMiTb OTPUMaHWIA Habip (yHKLIA 9K moaynb. Hanuwitb TecT
AN LLbOro Mogyns. PeKOMeHAYETbCA BUKOPUCTOBYBATY TaKuil Npuitom:

def _test()

if _name_ =="_main_": test()

Lle po3sonuTtb Hafani 36epiratv TecT 415 UbOro MoAyns y TeKCTi camo-
ro mogyns.

8. PeanisyiiTe iHhopmayiiHMiA 3anmT 3a Knovem (064ncrieHHs abo 06-
po6Ka iHthopmauii B nonsx 6asu).

9. BKOMIT Yy KO YXKe HanmcaHuMX (yHKLIA 0B6pOOKYy BUHATKOBUX
cuTyauii: cnpoba BigKpuTK B, SKOT He iCHyE, TOLLO.

10. CTBOPITb HEBE/IMYKOIO 3a ONOMOrOH0 MakeTa.
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Pozain 10

CTBOpPEeHHA Beb-3aCTOCYBaHb.
Mepe>keBi NMPoOTOKONN

Mig Be6-3acTocyBaHHAM (NPUKAAAHOK iIHTEPHET-NPOrpPamoto)
PO3yMitOTb NpOrpamMy, OCHOBHUIA iHTepdeiic KopucTyBaya AKoi npa-
LtOe B cTaHAapTHOMY Be6-6pay3epi nig kepysaHHsM html Ta XML-
AOKYMEHTIB. [ NoNinweHHs SKOCTi iHTepdeiicy KopucTyBaya Yac-
TO BUKOPUCTOBYIOTb JavaScript, OA4HaK Le [elo 3HWXYE YHiBepca-
NbHICTb iHTepgelicy. 3a3HaunMo, Lo iHTepdelic MoXKHa nobyayeaTu
Ha Java- abo Flash-annetax, ogHak, Taki nporpamu cknagHo Haseatu
Be6-nporpamamu, ToMy Lo Java abo Flash MOXyTb BUKOPUCTOBYBa-
TW BIaCHI NPOTOKONW [N CMiNIKYBaHHA i3 CEPBEPOM, a He CTaHJapT-
HWIA gns www npoTokon HTTP.

Mpu cTBOPEHHI Be6-nNporpaM HaMarakoTbCs BiJJOKpEMUTU hopMy
(30BHILLHIM BUINA4, CTWMb), 3MICT Ta NOriky 06pobkun gaHux. Cy-
yacHi TexHonorii nobyaoBM Be6-CaiTiB Aal0Tb MOXMBICTb MIAIATY
[0cUTb 6IM3bKO [0 Lboro ifeany. MpoTe, HaBiTb HE BUKOPUCTOBYHO-
4 GaraTopiBHEBI Nporpamu, MOXKHa LOTPUMYBATUCA CTUAIO, WO [O-
3BO/IE 3MIHIOBATM KOXHWIA i3 LMX acrekTiB, He 3adinatoum (abo
Maike He 3adinatouu) ABa iHLLUi.

10.1. CGl-cueHapit

KnacuyHuiA Wwnax CTBOPEHHS MporpaMm Ans WWW — HanucaHHs
CGl-cueHapiis (iHoai KaxyTb — ckpunTiB). CGl (Common Gateway
Interface, 3aranbHuiA WKO30BUIA IHTEPEIAC) — Lie CTaHAapT, Lo per-
NamMeHTYeE B3aEMOAiI0 cepBepa i3 30BHILLUHIMKU nporpaMamn. Y Buna-
AKY 3 WWW Beb-CepBep MOXe HanpaBWTKX 3anuT Ha reHepawito CTo-
PIHKM BM3HAYeHOMY cueHapito. Llei cueHapili, OTpMmaBLUM Ha BXif
AaHi Bia BeO-cepBepa (TOW, Y CBOKO Yepry, Mir oTpumatm X Bif Ko-
puCTyBaya), reHepye roToBuii 06'eKT (306paXkeHHs, ayAiofaHi, Tab-
NINLKO CTUNIB TOLLD).
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Mpy BUKNMKY CLiEHapit0 BeG-cepBep nepedae oMy iHhopMaLlito
yepe3 CTaHAAPTHWIA MOTIK YBEAEHHS, 3MiHHI OTOYEHHs i, And
ISINDEX, u4epe3 aprymeHTU KOMaHAHOro psigka (BOHW AOCTYMHi
yepes sys.argv).

[lBa OCHOBHI MeTOAM nepefiaBaHHsA faHUX i3 3arNOBHEHOT y Gpay-
3epi hopmu Beb-cepeepa (i CGl-cueHapito) — GET 1a POST. 3anex-
HO Bif, MeTOAYy AaHi NnepeaaroTbCs No-pizHOMY. Y nepLuoMy BUNagky
BOHM KOAyHOTbCA Ta Mictatees npsamo B URL, Hanpuknag:
http://host/cgi-bin/a.cgi?a=1&b=3. CueHapili 0OTPUMYE X Y 3MiHHIi
oToueHHs 3 iMeHem QUERY_STRING. ¥ Bunagky metogy POST
BOHM MepejatoTbCs Ha CTaHAaPTHUM NOTIK YBELEHHS.

[N KOPeKTHOI poboTK cueHapii po3MiLLyoTh Yy NpU3HaYeHoOMy
ANs UbOro KaTanosi Ha Beb-cepsepi (3BMYaliHO BiH Ha3MBaETbCS Cyi-
bin) abo, AKWO Le [03BONEHO KOHGirypaiieto cepsepa, y 0Oyadb-
SAKOMY MicLji cepefi AOKyMeHTiB html. CueHapii NOBUHEH maTuK aT-
pnbyT BUKOHYBaHOCTI (Y hainnosii cuctemi). Y cuctemi Unix inoro
MO>XHa BCTaHOBUTM 3a 40NOMOror kKoMaHay chmod a+x.

HacTynHWiA HaNPOCTILLUWIA CLEHapii BUBOAUTL 3HAYEHHS 3i C/OB-
HMKa 0S.environ Ta 403BONSE N06aYMTK, LLLO XK OyN0 oMy nepefaHo:

#!/usr/bin/python

import os
print ""*"*Content-Type: text/plain

%0s"""""" 9% 0s.environ

3a /ioro JONOMOror MoXHa NobaynTy BCTaHOB/IEHI BEO-CepBepoM
3MiHHI oTouYeHHs. CGl-cueHapiid, Wo Buaae Beb-cepeepy haiin, mae
3aro/oBOK, Y AKOMY MICTATLCA M0/ 3 MeTaiH(opmMaLieto (T BMICTY,
4ac OCTaHHbLOIO BiJHOBNEHHS LOKYMEHTa, KOA4YBaHHS TOLLO).

OCHOBHI 3MiHHI OTOYEHHS:

QUERY_STRING - psagok 3anuTy.

REMOTE_ADDR - IP-agpeca KnieHTa.

REMOTE_USER - iM'si KnieHTa (FKLLO BiH 6YB ieHTU(iKOBaHWIA).

SCRIPT_NAME - im'a cueHapito.

SCRIPT_FILENAME - im's thaiina 3i cLeHapiem.

SERVER_NAME - im'a cepsepa.

HTTP_USER_AGENT - Ha3Ba 6pay3epa KnieHTa.

REQUEST_URI - pagok 3anuty (URI).

HTTP_ACCEPT_LANGUAGE - 6axaHa M0OBa [JOKyMeHTa.
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OcCb L0 MOXe MICTUTH CIOBHUK 0S.environ y CGl-cueHapii:

{

'DOCUMENT_ROOT": 'fvariwww/html',

'SERVER_ADDR": '127.0.0.1",

'SERVER_PORT": "80",

'‘GATEWAY_INTERFACE': 'CGI/1.1",
'HTTP_ACCEPT_LANGUAGE': 'en-us, en;g=0.50’,
'REMOTE_ADDR': '127.0.0.1",

'SERVER_NAME': 'rnd.onego.ru’,

'"HTTP_CONNECTION': ‘close’,

'HTTP_USER_AGENT": 'Mozilla/5.0 (X11; U; Linux i586; en-US;
rv:1.0.1) Gecko/20021003",

'HTTP_ACCEPT_CHARSET': "1SO-8859-1, utf-8;q=0.66, *;q=0.66",
'HTTP_ACCEPT":
"text/xml,application/xml,application/xhtml+xml,
text/html;q=0.9,text/plain;q=0.8,video/x-
mng,image/png,image/jpeg,

image/qif;q=0.2,text/css,*/*;q=0.1",

'REQUEST _URI': '/cgi-bin/test.py?a=1",

'PATH": '/sbin:/usr/sbin:/bin:/usr/bin:/usr/X11R6/bin",
'"QUERY_STRING': 'a=1&b=2",

'SCRIPT_FILENAME': */var/www/cgi-bin/test.py",
'HTTP_KEEP_ALIVE': '300",

'HTTP_HOST": 'localhost’,

'REQUEST_METHOD': 'GET",

'SERVER_SIGNATURE': 'Apache/1.3.23 Server at rnd.onego.ru
Port 80',

'SCRIPT_NAME': ‘/cgi-bin/test.py’,

'SERVER_ADMIN': "'root@localhost’,
'SERVER_SOFTWARE": 'Apache/1.3.23 (Unix)(Red-Hat/Linux)
mod_python/2.7.8 Python/1.5.2 PHP/4.1.2",
'SERVER_PROTOCOL": "HTTP/1.0",

'REMOTE_PORT": '39251"

}
HacTtynHuii CGl-cueHapili Buaae 4YopHuiA kBagpaTt (Y HbOMY BU-
KOPUCTOBYETLCA MoAy b Image Ans 06po6KuM 306paXKeHb):

#!/usr/bin/python
import sys
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print """"""Content-Type: image/jpeg

import Image

i = Image.new(""RGB", (10,10))
i.im.draw_rectangle((0,0,10,10), 1)
i.save(sys.stdout, "'jpeg')

10.1.1. Moaynb cgi

Y Python € nigtpumka CGIl y surnsagi mogynsa cgi. HactynHuii

NpYKNaL LEMOHCTPYE festKi 3 A0ro MOX/IMBOCTEN:

#!/usr/bin/python
# -*- coding: cpl1251 -*-
import cgi, 0s

# aHaui3 3annTy
f = cgi.FieldStorage()
if f.has_key("'a"):

a="f["a"].value

else:
a - lloll

# 06pobKa 3annTy

b = str(int(a)+1)

mytext = open(os.environ["'SCRIPT_FILENAME"]).read()
mytext_html = cgi.escape(mytext)

# (hopmyBaHHSA Bignoeigi
print """""'Content-Type: text/html

<html><head><title>Po3B's30k  3agayi: %(b)s

%(a)s +

1</title></head>

<body>

%(b)s

<table width=""80%%""><tr><td>

<form action=""me.cgi"* method="GET"">

<input type=""text" name="4a"" value=""0"" size=""6"">
<input type=""submit' name=""b"" value="06pobutn"'>
<[form></td></tr></table>
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<p|"e>

% (mytext_html)s

</pre>

</body></htmI>""""" % vars()

Y ubomy npuKnagi Ao 3agaHoro y ¢opmi yucna gogaetbes 1.
Kpim TOro, BUBOAWUTLCS BUXIAHWIA KOA CaMOro cueHapito. Mpuyomy
A8 eKpaHyBaHHA CUMBOMIB >, <, & BUKOPUCTAHO (YHKLIiIO
cgi.escape(). Ans dopmyBaHHS Be6-CTOPIHKM 3aCTOCOBAHO Onepa-
Uito (opmaTyBaHHA. AK CMOBHUK A9 MNiLCTAHOBOK BUKOPUCTAHO
CNoBHWK vars() i3 ycima foKalbHUMW 3MIHHUMW. 3HaKW BifCOTKa
[0BeNocs MoABOITH, W06 BOHM He iHTepnpeTyBa/CA KOMaHAOH
(hopmaTyBaHHA. 3BepHEMO yBary Ha Te, K OTPUMYETHCA 3HAYEHHS
Bif KopucTyBaya. O6'ekT FieldStorage — "MaiiXe™ CNOBHWK, 3a BUHS-
TKOM TOrO, WO A1 OfepXXaHHS 3BMYaliHOr0 3Ha4eHHs NOTPiOHO fo-
AAaTKOBO MoAMBUTUCA aTpmbyT value. 3a3HauvMMo, WO Y CLEeHapii
MOXYTb MepejaBaTucs He NnLle TeKCTOBI 3HaYeHHS, ane W aiinum, a
TaKOXX MHOXWHHI 3HAYEHHS 3 TUM CaMUM IMEHEM.

Mpn 06po6ui BXiAHMX 3Ha4eHb CGI-cLeHapiiB NOTPIOHO YBaXHO
Ta CKPYNy/NbO3HO NePeBipATU JONYCTUMI 3HaYeHHS. JlinLe BBaXKaTtu,
O KNIEHT MOXe MepeaaTn Ha BXif yce, WO 3aBrofgHo. 13 uboro nu-
Wwe Tpeba BMOpaTV Ta NepeBipUTU TiNbKW Ty iHOPMALitO, Ha AKY
OYiKYE CLieHapii.

Hanpuknag, He chi
Iy Wwnax fo tain

nMiaACTaBAATU OTPUMaHI Big KopucTyBaya aa-

TakoX He BapTO BCTaB/IATW OTPUMaHI faHi NpaMo Y opmo-
BaHi CTOPIHKW, AKLLO Lii CTOPIHKM 6aunMTVIMe He TifbKN KITIEHT, WO
3amoBnB URL (Hanpuknag, Taka CMTyallis € 3BMYaiiHOK Ans Be6-
yaTiB, DOPYMIiB, rOCTbOBUX KHWUT), i HaBiTb Y TOMY pasi, SKLIO ean-
HWIA ynTay Uiel iHdopmauii — agMmiHicTpaTop caiita. Toi, XTO Au-
BUTLCS CTOPIHKM 3 HernepeBipeHUM html-kogom, Lo HagilwoB nps-
MO Bif KOpUCTYyBaua, pu3nMKye 06pobuTn y CBOEMY Gpay3epi LKif-
NVIBUIA KOZ, L0 BUKOPUCTOBYE "AipKn™ Y Or0 3aXUCTI.

HasiTb skwo CGl-cLeHapili BUKOPUCTOBYETLCA BUK/IHOUHO iHLLMMU
CLeHapisMn yepe3 3anuT Ha URL, NoTpiGHO MmepeBipsaTM BXiAHI 3Ha-
YEHHS HaCTIfIbKN XX PETeNlbHO — TakK, Haye AaHi BBOAWB KOPUCTYBau
(Hepo6PO3MUIMBELLL MOXE MOAATM Ha Be6-cepBep Oy b-AKi 3HAUEHHS).
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Y BULLEHaBEAEHOMY NPUKaai NepeBipKy Ha AoMyCTUMICTb 3p06-
NEHO NpW BUKAUKY PYHKLIT int(): aKwo 6yno 6 nepesaHo Heunciose
3HaYeHHSs, cUeHapii 61 aBapiliHO 3aBepLUMBCA, a KOpUCTyBad noba-
ymB Internal Server Error.

Micns aHanisy BXiAHNX JaHWX MOXKHa MeperTi [0 (asmn IXHbOT 06-
PO6KM. Y Uili YacTuHi CGI-cueHapito 064MCIOTLCS 3MIHHI Ans no-
[a/1bLLOr0 BMBEAEHHA. TYT HEOOXIAHO BpaxoByBaTh He Ti/lbKW 3HaUeH-
HS NepefaHnX 3MiHHUX, ase 1 (akT TXHbOT HasBHOCTI abo BiACYTHOCTI,
TOMY LLO Lie TeXX MOXKe BM/IMBATW Ha NOTiKY BUKOHAHHS CLIEHapIto.

I, HapewrTi, (pa3a BMBeAEHHS rOTOBOro 06'ekta (Tekcty, html-
JOKYMEHTa, 306paXXeHHs, My/bTuMefia-06'ekTa ToLo). HainpocTi-
LLe 3a3ganerigb Nigrotysatu WabnoH cTopiHKK (abo i BeIMKUX Yac-
TWH), @ NOTIM NPOCTO Or0 3aMOBHUTU KOHTEHTOM.

Y HaBefileHUX MpUKIagax iMeHa 3'ABNSINCA B PAAKY 3anuTy fnwie
OAVH pa3. [eski hopmn NOPoMKYIOTh KiflbKa 3HaYeHb AN OAHOro iMe-
Hi. OTprMaTy BCi 3HaUYeHHA MOXKHa 3a flonomoroto metoay getlist():

Ist = form.getlist(*'fld"")

Cnucok Ist 6yae MICTUTW CTiNbKW 3HaYeHb, CKiflbKW NOAIB 3 iMe-
Hem fld oTprmaHO 3 Be6-hopmu (BiH MOXKe BYTU i MOPOXKHIM, AKLLO
YKOAHE Nose 3 yKazaHMM iMeHeM He 6yN0 3an0oBHEHO).

Y [eskux Bunagkax HeobxigHO nepeaatu Ha cepsep aiinm (3po-
6uTtK upload). HacTynHuiA Npuknag Ta KOMeHTap 0 HbOro A0noMo-
XYTb po3ibpaTncs 3 UM 3aBLaHHAM:

#!/usr/bin/env python
import cgi

form = cgi.FieldStorage()
file_contents = """
if form.has_key(**filename"):
fileitem = form["*filename""]
if fileitem.file:
file_contents = <P>BMmicT nepegaHoro gainna:
<PRE>%s</PRE>""" % fileitem.file.read()

print Content-Type: text/html

<htmI><HEAD><TITLE>3aBaHTaxeHHs thanna</TITLE></HEAD>
<BODY><H1>3aBaHTaxeHHA (harina</H1>
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<P><FORM ENCTYPE="multipart/form-data"*
ACTION=""getfile.cgi'"" METHOD="POST"">
<br>®daiin: <INPUT TYPE="file"" NAME=""filename'">

<br><INPUT TYPE="submit" NAME=""button"
VALUE="Tlepegatu tain"">

</[FORM>

%0s

</BODY></html>""""" % file_contents

Ha nouatky BapTo po3rnsHyTn Be6-(hopmy, SKY HaBeAeHO Y KiHLi
CLeHapito — came BOHa Oyfe BMBOAUTMCA KOPUCTYBauvy Npu 3Bep-
HeHHi po CGl-cueHapito. ®opma mae none Tuny file, wo y Be6-
Opay3epi NojacTbCs K Nose BBeAeHHSA i KHomka "Browse". Hatuc-
Katoum Ha KHOMKy "Browse", kopuctysay Bnbupae haiin, gOCTYMHWIA
B OC Ha Iioro komn'totepi. Micns ub0oro BiH MOXe HaTUCHYTW KHONM-
Ky "lMepesaTu haiin" ans nepefaBaHHA (alina Ha cepBep.

Ona HanarogpkeHHsa CGIl-cueHapito MOXKHa BWKOPUCTOBYBATU
moaynb cgitb. Mpy BUHUKHEHHI MOMMWAKM Lel MOAyNb BWMAACTb
html-cTopiHKy, e BKaXe Miclie BUHUKHEHHS| BUHATKOBOI CUTYyaLii.
Ha noyatky HanarofpkyBaHOro CLeHapito NOTPiGHO BK/OYUTU Ha-
CTYNHI PAKK:

import cgitb

cgitb.enable(1)

AB0, AKLO He NoTPIBHO NoKasyBaTW NOMWU/IKK Yy Gpay3epi:
import cgitb

cgitb.enable(0, logdir=""/tmp"")

TinbKuW cnif nam'atatu, WO BapTO BUAANUTY Li PALKKU, KON CLe-
Hapiin 6yae HanarogkeHo, TOMY LLO BiH BUAAE YaCTUHW KOLY CLieHa-
pito. LIuM MOXyTb CKOpUCTATUCA 3MOBMWCHWKW, ANS TOrO, 06
3HaliTu Bpa3nmneocTi y CGl-cueHapii abo nigrnsaHyTM naponi (SKWwo
Taki € y cueHapit).

10.1.2. Wo nicnsa CGI?

Ha »anb, 6yfyBaHHA iHTEPaKTMBHOrO caiita Ha ocHoBi CGIl mae
CBOI OOMEXEHHS, TOMI0BHUM YMHOM, MOB'A3aHI 3 MPOAYKTUBHICTIO.
AKe AN KOXHOro 3anuty NOTPIGHO BUKMKATK K MiHIMYM OAWH
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CLeHapiii (a 3HauMTb — 3anycTuTK iHTepnpeTaTop Python), i3 HbOrO,
MOX/IMBO, 3p06UTU 3'eAHaHHS 3 6a30l0 faHux i T. 4. Yac 3anycky
iHTepnpeTaTtopa Python gocutb HeBeNMKWUIA, NPOTE, Ha 3aBaHTaXe-
HOMY CepBepi BiH MOXe Br/IMBATW Ha 3aBaHTaXXEHHS NpoLecopa.

BaxkaHo, W06 iHTepnpeTaTop yXe nepebyBaB B onepaTuBHIi Na-
M'ATI, | By JOCTYNHI 3'€HaHHA 3 62300 AaHUX.

Taki TexXHOMorii iCHylOTb Ta 3a3BMYaii ONMParTLCAa Ha MoLyi,
1110 BOYOBYHOTLCS Y BEO-CepBep.

[ns npuckopeHHs po6otn CGl BUKOPWUCTOBYIOTb Pi3HI CXEMM,
Hanpuknag, FastCGl a6o PCGI (Persistent CGI). ¥ ubomy posgini
MPOMOHYETLCA 40 PO3rNsLy CrneliasibHWUin Mogynb Ans Beb6-cepBepa
Apache, wo HasuneaeTbcst mod_python.

Hexain mogynb yCTaHOBNEHO Ha BeG-cepBepi BiAMOBIAHO A0 iH-
CTPYKLi i3 A0r0 JOKYMeHTaLi.

Mogayns mod_python [03BONSIE CLEHapito-06po6HNKY BTpyYa-
Tuca B npouec 06pobkn HTTP-3anuTy cepBepoM Apache Ha Oyfpb-
AKOMY eTani, 19 YOro cueHapiii MOBUHEH MaTy MEBHWUM YMHOM Ha-
3BaHI (PYHKLT.

CnoyaTky MoTPi6HO BMAINUTA KaTasor, Y SAKOMY npaltoBaTmMe
CLieHapili-06pobHMK. Hexail ue katanor /var/www/html/mywebdir.
[ns Toro, wob Be6-cepBep 3HaB, WO B LIbOMY KaTasiosi HeobXigHO
3actocoByBaTM mod_python, BapTo fopatv y aiin KOHirypauii
Apache Taki psgKu:

<Directory "/var/iwww/html/mywebdir''>

AddHandler python-program .py

PythonHandler mprocess

</Directory>

Micns uboro HeobXigHO 3anycTUTK 3HOBY Beb-cepBep i, AKLLO BCe
npoiiLwno 6e3 NOMWIOK, MOXHa NPUCTYNaTk 40 HanucaHHA 06pob-
HMKa mprocess.py. Lieli cueHapili pearyBatume Ha 6yab-aKkuil 3anuT
Burnsgy http://localhost/*.py.

HacTynHuii cueHapiin mprocess.py BuBefe y 6pay3epi CTOPIHKY 3i
cnosamu Hello, world!:

from mod_python import apache

def handler(req):
reg.content_type = ""text/htmi"
req.send_http_header()
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req.write("""""'<htmI><HEAD><TITLE>Hello,
world!</TITLE></HEAD>

<BODY>Hello, world!</BODY></htmI>""""")

return apache.OK

BiaMiHHOCTI cueHapito-06pobHuKa Bif CGl-cueHapito:

1. CueHapiii-06po6HUK He 3anyCKaeTbCA npu KoxHomy HTTP-
3anuTi: BiH y>e MICTUTbCA Yy NaM'sATi, i 3 HbOro BUK/IMKAKOTLCA HEO6-
XifHI QyHKLiT-06p06HMKM (Y HaBedeHOMY MpUKNafi Taka PyHKLi
Bcboro ogHa — handler()). KoxHuin npouec-Hallafgok Be6-cepsepa
MOXXe MaTy CBOIO KONito cLeHapito i iHTepnpeTtaTopa Python.

2. 9k Hacnigok n. 1 pisHi HTTP-3anuTn chisibHO BUKOPWCTOBY-
t0Tb rNo6a/IbHI 3MiHHI. Hanpuknag, y Takuin cnocié MoxHa iHiuiani-
3yBaTu 3'€4HaHHA 3 633010 [aHMX Ta BUKOPWUCTOBYBATM iOr0 B YCiX
3anuTax (xoua B JeAKUX BUMagkax OyAyTb MOTPiGHI 6/10KyBaHHS,
L0 BUK/IHOYAOTb OAHOYACHE BUKOPUCTAaHHA 3'€4HAHHS Pi3HUMM MO-
TOKamy (HUTKamK) KepyBaHHS).

3. O6pO6HMK BKMHOYAETLCA B POOBOTY MpU 3BEpTaHHi 10 Oyab-
AKoro "taiina" 3 poswnpeHHsM .py, Todi K CGl-cueHapiii 3Buyaii-
HO 3anyCKaeTbCs NPU 3BEPHEHHI 38 KOHKPETHUM iIMEHEM.

4. Y cueHapii-06po6HMKY He MOXKHa pO3paxoByBaTW Ha Te, LU0
BiH N06a4nTb MOAYNI, pO3TallOBaHi B TOMY caMOMy KaTanosi. Mox-
NVMBO, [0BeAEeTLCA Ao4aTy AesKi KaTanoru B sys.path.

5. MoTo4yHMiA pobounii kaTanor (MOro MoXHa OoTpMmaTu 3a Ao-
noMoror (hyHKuUii o0s.getcwd()) TakoX He MICTUTLCA B O4HOMY Ka-
Tas103i 3 06POGHMKOM.

6. #! — pAfOK y NepLlIoOMy PSAAKY CLEHapito He BU3HAYae BEpCito
iHTepnpeTtaTtopa Python. Mpautoe Bepcis, Ana AKkoi 6yn0 cKoMNinbo-
BaHO mod_python.

7. Yci HeobXiaHi napameTpy nepeaaroTbCs B 06POOHUK Y BUINS-
A Request-06'ekTa. 3HaYyeHHs, WO MOBEPTAIOTLCA, TaKOX Mepeja-
HOTbCS Yepes Lei 06'eKT.

8. Beb-cepBep 3ayBaXye, LU0 CLEeHapiin-06po6HUK 3MIHMBCS, ane
He MOMITUTb 3MiH B IMMOPTOBaHMX Y HbOro Moaynsx. KomaHpga
touch mprocess.py OHOBUTb AaTy 3MiHK (haiina cLeHapito.

9. BigobpaxxeHHs 0s.environ B 06pPOGHUKY MOXe OyTu 06pisa-
HVUM. Kpim TOro, BMK/IMKYBaHi 3i CLeHapito-06po6HMKa iHLWi npo-
rpamu oro He HacnifgyTb, SK Le BifbyBaeTbCsA Npu po6oTi 3 CGl-
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CueHapisMn.  3MiHHI  MOXHA  OTpUMATM  IHWWM  LUISAXOM:
reg.add_common_vars(); params = reg.subprocess_env.

10. Yepes Te, WO CLeEHaPii-00pOOHMK He € "0AHOPa30BUM", K
CGI-cueHapil, yepe3 NOMUIKX NPOrpaMyBaHHs (K camoro CLeHa-
pito, TaK i iHWNX KOMMOHEHTIB) MOXYTb BUHWKATW BUTOKN Mam'aTi
(Mporpama He 3BiflbHAE MaM'ATb, WO CTasa HenoTpibHow). BapTo
BCTAHOBUTW 3Ha4yeHHsA napameTpa MaxRequestsPerChild (makcuma-
NbHa KiNbKIiCTb 3anuTiB, WO O06pPO6ASETLCA OAHMM MPOLIECOM-
HallaikoMm) BifbLue Hyns.

IHLIMIA MOXIMBMIA 06POBHUK — CLEHapI igeHTUdiKaLii:
def authenhandler(req):

password = req.get_basic_auth_pw()
user = reqg.connection.user

if user == ""userl" and password == "'secret’":
return apache.OK
else:

return apache. HTTP_UNAUTHORIZED

Llto hyHKLitO0 BapTO A04aTV B MOAY/b MProcess.py, Akuid 6yno
po3rnfHyTO paHiwe. Kpim Toro, noTpibHO AOMOBHUTW KOHQirypa-
Lito, npu3HauMBWM  O0BPOOHMK AN 3anuTiB  ideHTUiKauii
(PythonAuthenHandler), a TakoX 3Bu4aiiHi ana Apache AMPEKTUBM
AuthType, AuthName, require, L0 B1U3Ha4arOTb CNOCI6 aBTOpM3aLlii:

<Directory "'/var/www/html/mywebdir*>
AddHandler python-program .py
PythonHandler mprocess
PythonAuthenHandler mprocess
AuthType Basic

AuthName "My page"*

require valid-user

</Directory>

3p0o3yMmino, Le — ycbOoro nvule NpuUKnag. Y peanbHoCTi igeHTUdi-
KaLisi MOXe 6yTu BflalIToBaHa HabaraTto CKnagHiLue.

IHWI MOXNMBI 06PO6HUKN (i3 AOKYMeHTauiT 4o mod_python mMox-
Ha YTOUHWUTK, B IKI MOMEHTN 06POBKM 3aNUTY BOHN BUK/IMKAKOTLCS):

A PythonPostReadRequestHandler — 06po6ka OTpUMaHOro 3a-
nWTY Bigpasy Nicns oro 0TpUMaHHS.
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A PythonTransHandler — fo3sonse 3miHuTM URI 3anut (y Tomy
yncni iM'a BipTyanbHOro cepeepa).

A PythonHeaderParserHandler —06po6ka nosis 3anury.

A PythonAccessHandler — 06po6ka 06MexeHb 4ocTyny (Hanpu-
Knag, 3a IP-agpecoto).

A PythonAuthenHandler — igeHTudiKaLlis KOpUCTYBaya.

A PythonTypeHandler — BU3HauYeHHs! i1/abo HACTPOKOBaHHS TUMY
[OKYMEHTa, MOBY TOLLLO.

A PythonFixupHandler — 3miHa nonis 6e3nocepefHb0 nepef Bu-
K/TMKOM 0BPOBHVKIB BMICTY.

A PythonHandler — 0CHOBHWI 0GPOBHIK 3aNuTY.

A PythonlInitHandler,  PythonPostReadRequestHandler — a6o
PythonHeaderParserHandler 3ane)kHo Bifi PO3MILLEHHA Y KOHQIry-
pauii Be6-cepBepa.

A PythonLogHandler — kepysaHHs 3anncom y [iORatail

A PythonCleanupHandler — 06p06HVK, L0 BUKIMKAETLCS GE3Mno-
CepeAHbO nepes, 3HULLEHHAM Request-06'eKTa.

[Jeski 3 umx 06p0o6HMKIB MPaLotTh TifIbKKU r106abHO, TOMY L0
Npu BUKMKY HaBiTb KaTasor TXHbOI NporpaMm Moxke OyTW HeBifo-
MUl (Takunia, Hanpuknag, PythonPostReadRequestHandler).

3a gonomoroto mod_python mMoXxHa nucatu Be6-caintn 3 AuHa-
MiYHMM KOHTEHTOM Ta KOHTPONIOBATU AesKi acnekTtun po6otn Beb-
cepsepa Apache uepes Python-cueHapii.

10.2. binbLw cknagHi 3acobun
ONs1 CTBOPEHHSA Nporpam

[nsa cTBOpeHHs Be6-nporpamM 3aCcTOCOBYHOTH | CKMaAHILLI 3aco6u,
HiXK Be6-cepBep i3 po3TalloBaHVMMN Ha HbOMY CTaTUYHMMW AOKyMe-
HTamu Ta CGI-cueHapisimu. 3aneXHOo Bij NpusHaYeHHs Taki nporpa-
MHI CUCTEMM Ha31BaKOTb CepBepaMu Be6-nporpam, cructemamu Kepy-
BaHHA BMicTom CMS (Content Management System), cucTemamm
Be6-ny6nikawil Ta 3acobaMm Ans CTBOPEHHS Be6-nopTtanis. Mpuyomy
CMS-cuctema MoXKe BUKOHYBATUCb SIK Be6-nporpama, a 3acobu s
CTBOPEHHA nNOpTafliB MOXYTb 0asyBaTmcid Ha CcuCTemMax Beb-
nyo6nikauii, gna skux CMS-cuctema € nigcuctemoro. Tomy, BUGU-
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parouu cucteMy 418 KOHKPETHUX NOTPed, BapTO YTOUHMTHU, AKi (DyH-
KL BOHa Ma€ BUKOHYBaTMW.

Mosa Python, xou4a ¥/ noctynaetbcsi PHP 3a KinbKicTiO CTBOpe-
HMX Ha Hiil BEG-CUCTEM, MaE AeKiflbKa A0CUTbL NOMYNSPHUX 3acTOCY-
BaHb. FCKpaBMM MpUKNagoM 3acoby Ans CTBOPEHHSI cepBepa Beb-

nporpam € Zope (BUMOBASETbCA "3om™). [ws. http:/zope.org B
RSN <1707 /57 06 o
TiB). Zope Mae BOyJOBaHWIn Be6G-CcepBep, asie MOXe npautoBaty i 3
iHWWMK Beb6-cepBepamun (Hanpuknag, 3 Apache). Ha ocHoBi Zope
MOXHa CTBOpIOBaTM Beb6-noptann (Hanpuknag, 3a LOrMOMOro
Plone/Zope), ane MoXxHa po3pobnsT i BnacHi Beb-3acTOCYBaHHS.
Mpu usoMy Zope [03BONSE PO3AINUTA (DOpMY, BMICT Ta NOriKy Tak,
1110 BMICTOM MOXYTb 3aiiMatucsa oaHi noan (MeHemkepn 3 KOHTEH-
TY), hopmoto — iHLWi (Be6-Am3aiiHepK), a NOriKow — TPeTi (Nporpami-
CTW). Y BUMAAKY i3 Zope NOriky MOXHa BU3HAYMTK 3a [4OMOMOroH
moBu Python (abo, sk BapiaHT, Perl). ®opmMy MOXHa CTBOptOBaTH Y
rpachivHmx abo cnewianizoBaHNX Be6-pefaKkTopax, a poboTa 3 KOHTe-
HTOM OpraHi3yeTbcs Yepes Be6-hopmm camoro Zope.

Zope Ta 10ro 06'eKTHa Mojesib. Y pamKax Lboro nigpo3sginy He
MOXHa [eTa/IbHO PO3rNISHYTW TakuiA iHCTPYMEHT K Zope, TOMY Nn-
LLe 3a3Ha4YMMO, WO BiH AOCUTL LjiKaBWi He TifIbKM SK CepefoBuLLE
po3po6KK Be6-nporpam, ane i i3 nornsgy BUKOPUCTaHMX Migxofis.
Hanpuknag, YHikanbHa 06'€KTHO-OpieHTOBaHa Mofenb  Zope
[,03BO/IAIE JOCUTb FHYYKO OMNWCYBaTW HEOOXiAHE 3aCTOCYBaHHS.

Zope MIiCTUTb Y CObi Taki MOXMBOCTI.

A Beb6-cepBep. Zope MOXe MpaLtoBaTi 3 Be6-cepepamy Yepes
CGI abo BUKOpWUCTOBYBATK CBIil yby0BaHWii Be6-cepBep (ZServer).

A CepenoBuLLe po3po6HMKA BUKOHAHO SIK BE6G-3aCTOCYBaHHSI.
Zope [03BONSE CTBOPLOBATY Be6-3aCTOCYBaHHA Yepes Beb-iHTepdeic.

A MigTpumKa cueHapiiB. Zope NiATPMMYE Kinbka MOB CLIEHapi-
iB: Python, Perl Ta BnacHuii DTML (Document Template Markup
Language, MoBa po3MiTKK LWaboHa AOKYMEHTA).

A Basa gaHuX 06'eKTiB. Zope BMKOPWUCTOBYE Y CBOIA Po6OTI
cTani 06'eKTW, 36epexkeHi y creuianbHii 6asi gaHmx (ZODB). € go-
CUTb NPOCTUI iHTepdeic ANns KepyBaHHA Lt 6a300 AaHuX.

A IHTerpauis 3 pensiyinHUMK 6a3amm fJaHnx. Zope MoXxe 36e-
piraTy cBOi 00'eKTWM I iHWI faHi B pensuiiHnx CKBJ: Oracle,
PostgreSQL, MySQL, Sybase ToLuo.
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Y pagi iHWKX nofibHMx cucteM Zope Ha nepLunii Nornag 34acTb-
CH AMBHUM Ta CKNafHWM, OfHAaK ANS1 BCiX, XTO 3 HUM "Ha TWU", BiH
BiZLKPVIBA€E BE/IMKI MOX/IMBOCTI.

Po3po6HMKM Zope BUXoAUIN 3 06'EKTHOT MOAeni, ika NeXnTb B
OCHOBI WWW i B fIKii1 3aBaHTaXXKeHHs1 JOoKyMeHTa no URI MoxHa no-
PIBHATM 3 BiANpaBfieHHsAM MOBiJOMEHHS 06'ekTy. O6'ekTU Zope
po3knafeHi no Tekax (folders), Ao AKMX NPUB'A3aHO NOMITUKN [0C-
Tyny ANs KOpUCTyBadiB, WO MatoTb NEBHI poni. AK 06'eKTN MOXYTb
BUCTYNATU: AOKYMEHTU, 300paXKeHHs, MynbTUMeAia-thainnm, agante-
pu fo 6a3 faHuX ToLO.

JOKyMeHTN Zope MOXHa nucat moBoto DTML — fONOBHEHHi
html i3 cuMHTakcMCOM [ANs BK/OYEHHS 3HayeHb nofioHo Ao SSi
(Server-Side Include). Hanpuknaa, ansi BCTaBKM 3MiHHOI 3 Ha3BOH
[AOKYMEHTa MOXKHa BUKOPUCTOBYBATH:

<I- #var document_title ->

3a3HaunMo, o 06'eKTN Zope MOXYTb MaTu CBOI aTpubyTw, a Ta-
KOXX MeToAM, 30KpeMa, HarmcaHi MoBor Python. 3MiHHI XX MOXYTb
3'ABMATMCA AK i3 33flaHWX KOPWUCTYBa4eM 3HauyeHb, TaK i 3 IHWMX
[pKepen gaHux (Hanpuknag, i3 6asu gaHux 3a 4oNOMOrow BUKOHaH-
HA BUBIpKM yHKuieto SELECT).

3apa3 Ang onucy [OKYMeHTa ZOpe BCE YacTille 3aCTOCOBYETHCA
ZPT (Zope Page Templates, wabnoHn CTOPIHOK Zope), SKi y CBOO
yepry BukopucToBytoTb TAL (Template Attribute Language, moBa
WabnoHHMX aTpubyTis). BoHa [03BONSE 3aMiHATM, MOBTOPOBATU abo
MpornycKaTy enemMeHT! JOKYMeHTa, Ony1cyBaHoro LLabnoHoM [OKyMe-
HTa. "Onepatopamun” Mo TAL € XML-atpnbyTu i3 npocTopy imeH
TAL. INpocTip iMeH CbOrofHi ONMCYeTLCA TaKUM IAEHTURIKATOPOM:

xmins:tal=""http://xml.zope.org/namespaces/tal'*

Onepatop TAL mae im'a Ta 3HaueHHs (L0 BMPaXKaeTbCA iMeHeM
Ta 3HaYeHHAM aTpubyTa). YcepeAuHi 3HAYeHHs 3a3BUYali 3anucy-
eTbca TAL-BMpa3, CMHTAKCUC SIKOTO OMUCYETLCA iHLIOK MOBOK —
TALES (Template Attribute Language Expression Syntax, CUHTaK-
cuc Bupasis TAL).

Takum 4ymHoM, ZPT HamnoBHHOE BMICTOM LLABMIOHN, iIHTEpNpeTyHo-
un aTpmbyTn TAL. Hanpuknag, wo6 Zope niactaBMB HasBy AOKY-
meHTa (Ter TITLE), WwabnoH MoXe MiCTUTU HACTYNHWIA KOA:
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<title tal:content=""heref/title’">Doc Title</title>

Mpryomy HaBeaeHWIA KoL CXOXMiA Ha html i Be6-am3aiiHep Moxe
Ha Oy[b-AKOMY eTari pob0TV Haf MPOEKTOM pefarysaty LWab/ioH B
html-pegakTopi (3a ymM0BWU, L0 TOI 36epirae He3Hainomi aTpubyTH 3
npoctopy imeH tal). ¥ ubomy npuknagi here/title € Bupasom TALES.
Tekct Doc Title cnyuTb OpieHTMPOM An1si Be6-An3aiHepa i 3aMiHs-
€TbCS 3HAYEHHAM Bmpasy hereftitle, T06T0, 6paTUMETHCH BNACTMBICTb
title JokymeHTa Zope.

MpumiTKa. Y Zope 06'eKTM MatoTb BNacTMBOCTI. Habip BnacTuBocTeli 3ase-

XWTb Bifl TNy 006'eKTa, ane oro MoXKHa po3LLUMPUTY B iHAMBIAYaIlbHOMY MOPSAKY.
BnacTusicTb id HasiBHa 3aBXAW, BNAaCTUBICTb title 3a3BMyaiil TeXK BKa3yeTbCS.

FAK CKNaAHILWNIA NpUKNag po3risHEMO OpraHisauito NoBTOpy Bce-
pefuHi WwabnoHa (419 BUNpobyBaHHA LbOro Npuknagy B Zope not-
pi6HO fofaTu 06'eKT Page Template):

<ul>
<li tal:define=""s modules/string"*
tal:repeat=""el python:s.digits"">
<a href="DUMMY""
tal:attributes=""href string:/digit/$el""
tal:content=""el"">SELECTION</a>
</li>
</ul>

Lleli wabnoH nopoauTb Takuii pe3ynbTar:

<ul>
<li><a href=""/digit/0"">0</a></li>
<li><a href="/digit/1"">1</a></li>
<li><a href="/digit/2"">2</a></li>
<li><a href="/digit/3"">3</a></li>
<li><a href="/digit/4"">4</a></li>
<li><a href="/digit/5"">5</a></li>
<li><a href=""/digit/6"">6</a></li>
<li><a href="/digit/7"">7</a></li>
<li><a href=""/digit/8"">8</a></li>
<li><a href="/digit/9">9</a></li>

</ul>
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TyT NOTPIGHO 3BEpPHYTU YBary Ha fjBa OCHOBHI MOMEHTMW:

1) y wabnoHi MoXxxHa BUKOpMCTOBYBaTU BUpasu Python (y LbomMy
npuknagi 3MmiHHa S BM3HadeHa SK MoAynb Python) Ta 3MmiHHY-
NYNNBHUK LUMKAY el, Wwo NpoxoanTs iTepauii no pagky string.digits.

2) 3a gonomoroto TAL MOXKHa BM3Ha4aTW He TifIbK1 BMICT efne-
MeHTa, ane il aTpubyTa Tery (y JaHOMY NpUKagi BUKOPUCTOBYBaBCA
aTpuoyT href).

[JeTtani MoXHa goBigaTuncs 3 AOKyMeHTauil. 3a3Ha4yMmo, Lo iTe-
pauis mMoxe BifbyBaTuUCA 3 BUKOPUCTaHHSIM HalpisHOMaHITHILLIWX
[pKepen AaHux: BMICTY MOTOYHOI nanku, BU6ipKu 3 6a3u faHux abo,
K Y HaBeIeHOMY nNpuKnaai, 3 06'ekta Python.

Byab-AKuiA NporpamicT 3Hae, Lo NporpaMyBaHHsA TUM eqeKTuB-
Hille, YiM finwe BAanocs "po3cTaBUTU OY>KKW™, BUBIBLUN "3arasib-
HUIN MHOXHUK 3a Ay>KKK". |HaKLe Kaxyuu, fo6pi nporpamicti no-
BUHHI 6yTW focutb "nefavi”, o6 3HaNTM ONTUMa/bHY LEKOMMO3N-
Lit0 po3B'A3yBaHOr0 3asfaHHA. [pW MpPOeKTyBaHHI AWHAaMiYHOro
Be6-caiiTa Zope [03B0/ISIE POMICTUTI "MHOXHUKK" Ta "Ay>KKU" Tak,
Wo6 AOCArTY MaKCHMaIbHOro NOBTOPHOIO BUKOPWUCTaHHS Kody (AK
PO3MITKW, TaK i CLeHapiiB). [lonomarae B LbOMY YHiKasbHUIA Migxig
[0 No6YA0BM B3aEMUH MiDK 06'eKTaMU: 3ano3nyeHHs (acquisition).

Hexain feskuii 06'eKT (JOKYMEHT, 300paXeHHs, CLieHapii, nig'ea-
HaHHA 00 6a3n JaHuX TOLWo) MiCTUTLCA B Tewi Example. Tenep o06'e-
KTV L€l TeKU JOCTYMHI NO iMeHi 3 BYyAb-AKUX TEK HUKYMX PIBHIB.
HaBiTb MOMITUKN 6e3MNeKn 3ano3uuyoTbCA rnnbLle BKNajeHMmn Te-
KaMu Bif TUX, WO GAMXYI [0 KOpeHs. 3ano3nyeHHs € QyXKe BaXIN-
BOO KOHLENUiet Zope, 6e3 po3ymiHHS AKOI Zope CKnafHo rpamoT-
HO 3aCTOCOBYBATK, i HaBNakw, i PO3yMiHHS [O3BO/ISE 3a0LLaXKYyBa-
TW CUAX 11 Yac, NOBTOPHO BUKOPUCTOBYHOUM 06'EKTI B PO3POO6LL.

Halilikasilue, L0 3ano3nM4nTi 06'EKTU MOXKHA TaKoXX i3 napane-
NbHUX Tek. Hexal, Hanpuknag, nopydy i3 Tekolo Example nexutb
Teka Zigzag, Y SKiil neXxuTb NOTPiGHWIA 06'eKT (OO0 HallMeHyBaH-
HA note). Mpu ubomy B Teui Example nporpamicTa LikaBUTb 06'€KT
index_html, BcepeiMHi SIKOro BUKNNKAETLCA Note. 3BUYANHMIA LUNSX
Jilo) 06'ekTa index_html bynyeTbca no URI
http://zopeserver/Example/. A ocb 5IKLLO NOTPIGHO BUKOPUCTOBYBA-
T note i3 Zigzag (i B nanui Example ioro Hemae), To URI maTtume
Burnag http://zopeserver/Zigzag/Example/. Takum 4YnHOM, yKasaH-
HS LWIAXY B ZOpe Bifpi3HAETbCA Bif TPaAULIRHOMO LWIAXY, CKaXe-
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MO, B Unix: y wnaxy MoxyTb 6yTu “3ursarv™ uyepes napanefibHi
nanku, Lo AatoTb MOX/MBICTb 3aN03NUYNTK 06'€KTU 3 LUMX Tek. Ta-
KUM YMHOM, MOXHa 3p06UTU KOHKPETHY CTOPIHKY, KOMOIHYHOUM
OAMH ab0 KiflbKa He3aneXXHNX acnekTiB.

10.3. Pob6oTa i3 coketamun

3acTocoByBaHa B IP-Mepexxax apXiTeKTypa KIieHT-cepBep BUMKO-
puctoBye IP-nakeTn Ans KOMYHiKauii MK KNiEHTOM Ta CepBepoM.
KnieHT BignpaBnse 3anuT cepBepy, Ha KW TOW Bignosigac. Y Bu-
nagky i3 TCP/IP mMiX KNieHTOM Ta CepBepoOM BCTaHOB/IHOETLCA 3'€f-
HaHHA (3BUYaiHO i3 ABOCTOPOHHIM NepeAaBaHHAM [aHuX), a 'y Buna-
AKy 3 UDP/IP — KnieHT Ta cepBep 06MIHIOKOTLCS NakeTamm (geiTar-
pamamu) 3 HerapaHToOBaHOH [OCTaBKOH.

KoXHWiA MepexkeBunin iHTepdeiic IP-Mepexi Mae YHiKanbHy B Ll
mepexi agpecy (IP-agpecy). CrnpoLieHO MOXKHa BBAXATU, LLO KOX-
HWIA KomM'toTep y Mepexi IHTepHeT mae BnacHy IP-agpecy. Mpu
LIbOMY B pamKax OfHOr0 MEpPEXEBOro iHTepdelicy Moxe 6yTH KinbKa
MepexXeBUX NopTiB. [/19 BCTAHOB/IEHHS MEPEXEBOr0 3'€HaHHA Npo-
rpama K/ieHTa NOBWHHA BUOpATK BiflbHUIA MOPT Ta BCTAaHOBUTYU 3'eq-
HaHH$ i3 cepBepHOLO Nporpamoto, Wo cnyxae (listen) nopT i3 BU3Ha-
YyeHVM HOMEpPOM Ha BifAaneHoMy MepeXxXeBoMy iHTepdelici. Mapa IP-
afipeca Ta NOPT XapaKTepuaytoTb COKeT (FHi3fo) — novatkoBy (Ta
KiHLIEBY) TOUYKY MepPeXeBOT KOMYHiKauii. s CTBOPEHHS 3'€AHaHHA
TCP/IP HeobxifHO ABa COKETW: OAMH Ha NOKa/lbHili MalUuWHi, a iH-
LM — Ha BigdaneHin. TakMM YMHOM, KOXHE MepexxeBe 3'€HaHHS
Mmae IP-agpecy Ta NOPT Ha NOKa/lbHilA MalLUWHI, a Takox IP-agpecy Ta
NopT Ha BiadaneHiin MaLlmHi.

Mogaynb socket 3a6e3nedye MOXNMBICTb NpaLiOBaTh i3 COKETaMM
B Python. CokeTn BMKOPUCTOBYHOTb TPAHCMOPTHWIA PiBEHb 3rigHO 3
cemupiBHeBoto mogennto OSI (Open Systems Interconnection, B3ae-
MOZIA BiAKPUTUX CUCTEM), TOOTO HaNeXaTb [0 HUXKYOIO PiBHSA, HiX
OiNbLIICTb ONUCYBaHUX Y LbOMY Ni4PO34ini NPOTOKONIB.

Hasepgemo pisHi mogeni OSI.

Di3nyHMIA — NOTIK 6iTiB, NepegaHNX No (i3nyHIN NiHii. BusHa-
yae napameTpu i3NYHOT NiHii.
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KaHanbHuii (Ethernet, PPP, ATM Towl0) Kogye Ta feKoaye AaHi
y BUrNs4i NOTOKy 6iTiB, CAPaBstOYNCH i3 MOMUIKaMK, L0 BUHUKA-
OTb Ha Pi3NYHOMY PiBHI B MeXaxX Pi3nYHO EANHOT MepeXxi.

Mepexesnii (IP) mapLupyTu3ye iHhopmaLliiiHi nakeTu Bif By3na
[0 BYy3/1a.

TpaHcnopTHuii (TCP, UDP ToLL0) 3a6e3ne4vye npo3ope nepeja-
BaHHA AaHUX MiX ABOMa TOYKamu 3'eJHaHHS.

CeaHCOBUIA Kepye CeaHCOM 3'e€flHaHHs MiX By3famu mepexi. o-
YMHaE, KOOPAMHYE Ta 3aBepLUYE 3'€AHAHHS.

MopgaHHA 3a6e3nevye He3aneXHiCTb JaHWUX Bif (POPMMU TXHLOrO
MOJAaHHA LUNAXOM MNepeTBOPeHHA (opmatiB. Ha LbOMY PiBHI MOXe
BUKOHYBaTM1CA npo3ope (i3 Nornsay BMLLOMO PiBHS) LWMGPYBaHHS Ta
AeLundpyBaHHs faHUX.

Mporpam (HTTP, FTP, SMTP, NNTP, POP3, IMAP TowWO) nijg-
TPUMYE KOHKPETHI MepexXxeBi 3aCTOCyBaHHSA. [TPOTOKON 3a1eXNTb Bif,
TUMY CepBicy.

KOXHWUIA COKET HaneXuTb [0 OAHOMO 3 KOMYHIKaUiAHUX AOMEHIB.
Mogaynb socket nigtpumye gomeHn UNIX Ta Internet. KoxkeH foMeH
CTOCYETbCS CBOEI POAMHM MPOTOKONIB Ta afpecauii. Lieli nigposgin
nopyLLyBaTUMe Ti/IbKW MUTaHHA JOMeHy Internet, a came NMpPOTOKONU
TCP/IP 1a UDP/IP, TOMy fn5 BKa3aHHS KOMYHiKaLiAiHOro [OMeHy
Npwn CTBOPEHHI COKeTa BKa3yBaTUMETbCA KOHCTaHTa socket. AF_INET.

FAK npuknag po3rnsHemMo HalnpocTiwy KieHT-CepBepHyY napy.
Cepsep npuitmatume psaoK Ta BignosigaTnme KnieHTy. Mepexe-
BWIN NpUCTpiil iHoAI HasuBatoTb XocToM (host), TOMYy Lel TepMiH
Oyfde BXuUBaTUCA CTOCOBHO KOMM'tOTEPA, Ha SKOMY Mpautoe Mepe-
)KeBa nporpama.

CepBepHa YacT1Ha nporpamu:

import socket, string

def do_something(x):
Ist = map(None, x);
Ist.reverse();
return string.join(Ist, ***")

HOST =" # localhost

PORT = 33333

srv = socket.socket(socket. AF_INET, socket. SOCK_STREAM)
srv.bind((HOST, PORT))
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while 1:

print ""Cnyxato nopt 33333"

srv.listen(1)

sock, addr = srv.accept()

while 1:
pal = sock.recv(1024)
if not pal:

break

print ""OTpnmaHo Bif %s:%0s:"" % addr, pal
lap = do_something(pal)
print "'BignpasneHo %s:%os:"" % addr, lap
sock.send(lap)
sock.close()

KnieHTCbka YacTMHa nporpamu:
import socket

HOST = """ # BigganeHwnii komn'totep (localhost)

PORT = 33333# nopT Ha Bigga/ieHoOMy KOMIM't0Tepi

sock = socket.socket(socket. AF_INET, socket. SOCK_STREAM)
sock.connect((HOST, PORT))

sock.send("' TTATIHAPOM™)

result = sock.recv(1024)

sock.close()

print "OTpumaHo:", result

MpuMiTKa. Y npuknagi BUKOPUCTAHO KUPWUANYHI NliTepu: HeOOXiAHO BKasyBaTu
KOLyBaHHS.

Hacamnepeg, notpi6Ho 3anyctutu cepsep. CepBep BiLKpYBae
COKET Ha /OKa/bHiA MawwuHi Ha nopTy 33333 Ta 3a agpecoto
127.0.0.1. Micnga yboro BiH cnyxae (listen()) nopt. Konu Ha nopty
3'ABNATLCA AaHi, NpuitmaeTbea (accept()) BXigHe 3'eAHaHHs. MeToq,
accept() noeepTac napy — Socket-06'ekT Ta afpecy BiffaneHoro
KOMN't0Tepa, WO BCTAHOBIMOE 3'€qHaHHsA (Napa — IP-afpeca, NopT Ha
BifAaneHiin MawwmHi). Micns uboro MoXKHa 3acTOCOBYBaTWM METOAU
recv() Ta send() 4na cnifkyBaHHA i3 KNIEHTOM. Y recv() yKasyeTbca
KiNbKICTb GaliTiB y Yeprosiii nopuii. Bif KnieHTa MOXxe NpuiATy i
MeHLUa KiNbKiCTb JaHUX.

Kog nporpamu-knieHTa focuTb o4veBugHuiA. Metog connect()
YCTaHOB/IOE 3'€4HaHHSA 3 BigLasieHUM XOCTOM (Y HaBefeHOMY MpuK-
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Naai BiH po3TallOBaHWI Ha Til camili MawwHi). [aHi nepefaroTbes
meTogom send() Ta NpuiiMaroTbCst METOAOM recv() — aHanorivyHo To-
MYy, AK Lie Bii0yBaEeTbCS Ha cepaepi.

Mogaynb socket mMae Kiflbka AONOMiXKHMX PYHKLUiA. 30KpeMa, dy-
HKUiT 418 poboTH i3 CUCTEMOKO JOMeHHMX iMeH (DNS):

>>> import socket

>>> socket.gethostbyname(*'www.onego.ru®)
("‘www.onego.ru’, [], ['195.161.136.4"])

>>> socket.gethostbyaddr(*195.161.136.4")
("‘www.onego.ru’, [], ['195.161.136.4"])

>>> socket.gethostname()

'rnd.onego.ru’

Y HoBmx Bepcisix Python 3'aBunacs gyHkuis socket.getservbyname(),
fiKa [03BONSE MEepPeTBOPIOBATA HallMeHyBaHHs IHTEpPHeT-CepBICiB Y
3araibHOMPUIAHATI HOMepY NOPTIB:
>>> for srv in 'http’, 'ftp’, 'imap’, ‘pop3’, 'smtp":

... print socket.getservbyname(srv, 'tcp"), srv

80 http
21 ftp
143 imap
110 pop3
25 smtp

Mofaynb TakoX MICTUTb BENMKY KifbKIiCTb KOHCTaHT, SIKi Koay-
HOTb NMPOTOKONN, TUMNWN COKETIB, KOMYHiKaLiiHi JOMEeHW Towo. IHLwi
(yHKUIT Mmoayns socket MoXHa 3a NOTPe6U BUBYMTY 3a AONOMOrOH)
[OKYMeHTaUil.

10.3.1. Moaynb smtplib

MoBiAOMNEHHSA €NeKTPOHHOT MOLWTN B IHTEPHETI MepeaaroThbes
Bifl KNieHTa [0 cepBepa Ta MiXK cepBepamy B OCHOBHOMY 3a MPOTO-
konom SMTP (Simple Mail Transfer Protocol, npoctuii npoTokon
nepefasaHHs nowtn). Mpotokonm SMTP Ta ESMTP (po3wupeHuit
BapiaHT SMTP) onucaHo B RFC 821 ta RFC 1869. [na po6oTn 3
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SMTP y cTaHfapTHiin 6i6nioTeui moaynis € mogynb smtplib. Ans
TOro, wo6 noyat SMTP-3'eqHaHHA i3 CEpBEPOM E/IEKTPOHHOT Mo-
LWTW, HeoOXigHO Ha MNo4YaTKy CTBOPUTU O6G'eKT ANA KepyBaHHS
SMTP-cecieto 3a JONOMOTroK KOHCTPYKTOpa Knacy SMTP:

smtplib.SMTP([host[, port]])

MapameTpn host Ta port Bu3HayaloTb agpecy Ta nopt SMTP-
cepeepa, Yepe3 KWl BiANpaBNATUMETbLCA NOWTA. 3a 3aMOBYYBaH-
HAM, port = 25. AKuwo host 3a4aH0, KOHCTPYKTOP CaM YCTaHOBUTb
3'e[lHaHHA, iHaKLLIe JOBeeTbCA OKPEMO BUKIMKATU MeTog connect().
Ekzemnnapn knacy SMTP matoTb MeToAM Ans BCiX PO3MNOBCHOIKE-
HUX KoMaHg SMTP-npoTokony, ane Ans BignpaBneHHs NOWTN A0C-
TaTHbO BUK/MKY KOHCTPYKTOpa Ta Metoais sendmail() Ta quit():

# -*- coding: cp1251 -*-

from smtplib import SMTP

fromaddr = "'student@mail.ru" # Big koro
toaddr = "'lecturer@gmail.com# Komy

message = """"""From: Student <%(fromaddr)s>
To: Lecturer <%(toaddr)s>

Subject: From Python course student
MIME-Version: 1.0

Content-Type: text/plain; charset=Windows-1251
Content-Transfer-Encoding: 8bit

[o6puii feHb! A BMBYat0 Kypc 3 MoBM Python i
BiZANpaBNsA0 NNCT AOro aBTOPOBI.

connect = SMTP('mail.onego.ru")
connect.set_debuglevel(1)

connect.sendmail(fromaddr, toaddr, message % vars())
connect.quit()

3asHaummo, Wwo toaddr y nosigomneHHi (y noni To) Ta npu Bign-
paB/fieHHI MOXYTb He 36iratmuca Tomy, LWwo napaMeTpy (0AepXysay Ta
BifANpaBHMK) Yy xoai SMTP-cecii nepefatoTbcs komaHgamu SMTP-
npoTokony. Mpun 3anycKy 3a3Ha4yeHOro Bulle NPUKNagy Ha ekpaHi
3'ABUTLCA HanaromkyBabHa iHopMalis (amke piBeHb Hanaro-
[DKEHHS BKa3aHWi piBHUM 1):
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send: 'ehlo rnd.onego.ru\r\n’

reply:  '250-mail.onego.ru  Hello  as3-042.dialup.onego.ru
[195.161.147.4], pleased to meet you\r\n'

send: 'mail FROM:<student@mail.ru> size=270\r\n"

reply: '250 2.1.0 <student@mail.ru>... Sender ok\r\n'

send: 'rcpt TO:<rnd@onego.ru>\r\n’

reply: 250 2.1.5 <rnd@onego.ru>... Recipient ok\r\n'

send: ‘data\r\n’

reply: '354 Enter mail, end with "'."* on a line by itself\r\n*

send: 'From: Student <student@mail.ru>\r\n. . ."

reply: '250 2.0.0 iBPFgQ7g028433 Message accepted for delivery\rin'
send: 'quit\r\n’

reply: '221 2.0.0 mail.onego.ru closing connection\r\n*

I3 Li€T (AeLL0 CKOPOYEHOT) HalarogKyBasibHOT iHhopmaL i’ MOXXHa
nobaunTn, WO KNieHT Hagcunae (send) komaHan SMTP-cepsepy
(EHLO, MAIL FROM, RCPT TO, DATA, QUIT), a Toi BUKOHYE KO-
MaHAu Ta Bignosigae (reply), noBepTaloumn KOA-BiAMNoBiab.

MMig yac ogHiei SMTP-cecii MOXKHa HagicnaTuh Bigpasy Kinbka nu-
CTiB NoCMi/ib, AKLWO He BUKNNKATK quit().

KomaHanm SMTP mMoXHa nofasaTti il OKpeMo: 41 LbOro B 06'eK-
Ta-3'egHaHHs € metoam (helo(), ehlo(), expn(), help(), mail(), rcpt(),
vrfy(), send(), noop(), data()), o BiANOBILaOTb OAHOVMEHHUM KO-
mMaHgam SMTP-npoTokosny.

MoxkHa nepefaTu i fOBiNbHY KoMaHay SMTP-cepBepy 3a Aono-
moroto Metogy docmd(). Y HacTynHOMY NpuUKNagdi NokasaHo Haii-
NPOCTILLMIA CUeHapiil, KU MOXYTb 3aCTOCOBYBATU KOPUCTYBaui,
L0 Yac Bij yacy NpuiiMatoTb MOLUTY Ha CBIil cepBep 3a MPOTOKO/IOM
SMTP Bif NOLITOBOro cepBepa, Ha SKOMY 36epiracTbcsa yepra no.i-
[OM/IeHb ANA AEAKOTr0 LJOMEHY:

from smtplib import SMTP

connect = SMTP("'mx.abcde.ru’)
connect.set_debuglevel(1)
connect.docmd(*'ETRN rnd.abcde.ru’)
connect.quit()

Llein npocTuin cueHapiin NponoHye cepeepy mx.abcde.ru cnpobysa-
TV 3B'A3aTMCA 3 OCHOBHMM MOLUTOBUM CEpBEPOM AoMeHy rnd.abcde.ru
Ta nepecnaTy BCKO NOLUTY, L0 HAKOMUYMMaca Ans Hooro.
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Mpu poboTi 3 knacom smtplib.SMTP MOXyTb reHepyBaTUCA Pi3Hi
BUHATKOBI cUTyauil. MNpyU3HaAYeHHA 0eaKnX i3 HAX HaBeLeHO HIKYe:

A smtplib.SMTPEXxception — 6a30BWii Knac 151 BCiX BUHATKOBUX
cuTyauin moayns;

A smtplib.SMTPServerDisconnected — cepsep HeouikyBaHO me-
pepBaB 3B'A30K (260 3B'A30K i3 cepBepoM He 6Y/10 BCTAHOB/IEHO);

A smtplib.SMTPResponseException — 6a30Buii Knac s BCixX
BUHATKOBUX CUTYaUii, SKi MatoTb Kog Bignosigi SMTP-cepsepa;

A smtplib.SMTPSenderRefused — BignpaBHWKa BiKUHYTO;

A smtplib.SMTPRecipientsRefused — cepsep BigKMHYB YCiX
OTpMMYBaYiB;

A smitplib.SMTPDataError — cepBsep BiAnoBiB HEBIOMUM KOIOM
Ha MoBiAOMMNEHHS;

A smtplib.SMTPConnectError — NoMunKa BCTAHOB/EHHS 3'€fl-
HaHH$;

A smtplib.SMTPHeloError — cepsep He BifjnoBiB NMpaBUIbHO Ha
KomaHay HELO a6o BifK1HYB ii.

10.3.2 .Moaynb poplib

LLle oauH npotokon — POP3 (Post Office Protocol, nowTosuii
NPOTOKON) CAY>XWUTb ANA NPUIAOMY MOLUTW 3 NOLITOBOI CKPUHBKM Ha
cepBepi (NMpoToKon BM3HayeHo y RFC 1725).

[ns po6oTK 3 NOLITOBMM CEPBEPOM MOTPIOGHO BCTAHOBUTY 3 HUM
3'eiHaHHA i, NOAIGHO [0 PO3rNAHYTOro BULLE NPUKIagy, 3a LOMOoMO-
roro SMTP-KomaHA OTpMMaTh HeobxiaHi noBigoMaeHHs. O6'eKT-
3'egHaHHA POP3 MO)XKHa BCTAHOBUTW 3a LOMOMOIOK KOHCTPYKTOpa
Knacy POP3 i3 mogyns poplib:

poplib.POP3(host[, port])

Ae host — agpeca POP3-cepBepa, port — nopt Ha cepsepi (3a 3aM0B-
yyBaHHAM 110), pop_obj — 06'eKT Ana KepyBaHHS ceaHCOM Po60TH 3
POP3-cepsepom.

HacTynHuiA npuknag AeMOHCTPYE OCHOBHI MeToau Aans po6oTtu 3
POP3-3'egHaHHAM:

import poplib, email
# O6niKoBI AaHi KopucTyBaua:
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SERVER = "pop.server.com"
USERNAME = "user™
USERPASSWORD = "'secretword"

p = poplib.POP3(SERVER)
print p.getwelcome()
# eTan igeHTUdiKaLii
print p.user(USERNAME)
print p.pass_(USERPASSWORD)
# eTan TpaH3aKuii
response, Ist, octets = p.list()
print response
for msgnum, msgsize in [i.split() for i in Ist]:
print  "TMosigomneHHA  %(msgnum)s Mae  AO0BXMUHY
%(msgsize)s" % vars()
print "UIDL =", p.uidl(int(msgnum)).split()[2]
if int(msgsize) > 32000:
(resp, lines, octets) = p.top(msgnum, 0)
else:
(resp, lines, octets) = p.retr(msgnum)
msgtxt = ""\n"".join(lines)+""\n\n"*
msg = email.message_from_string(msgtxt)
print "* Big: % (from)s\n* Komy: 9%(to)s\n* Tema:
% (subject)s\n** % msg
# msg MICTUTb 3aro/IoBKW NMoBiJoM/IEHHA abo BCe MoBiJOM-
JNIEHHSA (KW BOHO HEBE/INKE)

# eTan BiAHOB/EHHSA
print p.quit()

MpumiTka. Onsa Toro, Wwob npuknag CrpawtoBas KOPEKTHO, HEOOXiAHO BHECTU
peasibHi 06/1IKOBI faHi KOpMCTyBaya Ha cepBepi.

Mpu BUKOHaHHI CLEHapii B1BeAE Ha eKpaH NPMG/IN3HO TaKe:

+OK POP3 pop.server.com server ready
+OK User name accepted, password please
+0OK Mailbox open, 68 messages

+0OK Mailbox scan listing follows
MosigomneHHs 1 mae JoBXUHY 4202

UIDL = 4152a47e00000004
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* Big: online@kaspersky.com
* Komy: user@server.com
* Tema: KL Online Activation

+0OK Sayonara

LLi 7 iHwi meToam ek3emnnspis Knacy POP3 onucaHo B Tabn. 10.1.

Ta6nuya 10.1

MeToam ek3emnsnpis knacy POP3

KomaHga
MeTtopg POP3 Onuc

getwelcome() Otpumye pALoK s i3 BiTaHHAM POP3-cepeepa

user(name) |USER name Hapgcunae komaHgy USER, BKkasytoun im'a
KopuctyBaya name. [loBepTae psgok i3
BifNoBiaLI0 cepsepa

pass_(pwd) |PASS pwd Hajcunae naponb KopucTyBaya B KOMaHay
PASS. Micna uiei komaHau i A0 BUKOHaHHS
koMaHan QUIT nowToBa CKpuHbKa 610-
KY€eTbCsl

apop(user, APOP user secret |BukoHye ifeHTUiKaLito Ha cepsepi 3a APOP

secret)

rpop(user) RPOP user 3pjicHIoe igeHTMiKaLjto 3a MeTogom RPOP

stat() STAT MoBepTae KopTeXx 3 iHopmaLieto npo
MOLUTOBY CKPWHBKY. Y HbOMY M — Kiflb-
KICTb MoBifOMNEHb, | — po3mip NOLITOBOT
CKPUHbKM B BGaliTax

list(fnum])  |LIST [num] MoBepTae CNMCOK NOBiJOMNEHb Y (hopmari
(resp, ['num octets’, ...]), AKLIO He BKa3aHoO
num, i "+OK num octets", SKLLO BKa3aHo.
Cnicok Ist cknagaeTbeca 3 pagkis y ¢op-
marti “num octets”

retr(num) RETR num 3aBaHTaXye 3 cepBepa MOBIAOMIEHHS 3
HOMEPOM NUM Ta MoBepTae KopTeXx i3 Bif-
noeigato cepeepa (resp, Ist, octets)

dele(num) DELE num Bupganse noBigomMneHHs 3 HOMEPOM hum
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3akiHyeHHs Tab6n. 10.1

MeTop Kg'\é')a;?f'a Onuc
rset() RSET CxkacoBye Nno3HauKy BUaneHHs NoBiZoMneHb
noop() NOOP He BUKOHYE (hyHKLii (MiZTPUMYE 3'€AHAHHST)
quit() QUIT Big'eaHye Big cepsepa. Cepeep BUKOHYE BCi

HeobXigHi 3MiHK (BMAansie MNOBiAOMIEHHS)
Ta 3HIMae 610KyBaHHS MOLLTOBOT CKPUHBKM

top(num, lines) | TOP num lines |KomaHga aHanoriyHa o RETR, ane 3aBaH-
TaXye TifbKU 3aronoBoK Ta lines psAakis
Tina noBigOMNeHHs. [loBepTae KoOpTeX
(resp, Ist, octets)

uidl([num]) |UIDL [num] BukoHye ckopoueHHs Bif "unique-id listing"
(cnncok yHiKabHUX i1eHTU(IKaTOPIB NOBI-
[omreHb). Popmar pesynbraty: (resp, Ist,
octets), SIKLLO UM He BKa3aHo, i "+OK num
uniqid”, Akwo BkasaHo. Crnmcok Ist cknaga-
€TbCA 3 pALKIB BUrNagy "+OK num unigid"

Y Uil Tabnuui num o3Havae HOMep NOBIAOMNEHHS (BiH He 3Mi-
HIOETLCA NPOTArOM YCI€l cecil); resp — BiANOBiAb cepeepa, NoBepTa-
ETbCA ANs OYAb-AKOI KOMaHAW, NoYnHaeTbes 3 "+OK " ana ycniw-
HWX onepavi (Npy HeBAaYi reHepyeTbCA BUHATKOBA CUTYaLisl BUHS-
TKOBI cuTyauii poplib.proto_error). MapameTp octets B13HaYae Kifb-
KiCTb 6alTiB Yy NPUIAHATMX AaHuX, unigid — igeHTugikaTop NoBigoM-
NEHHS, TeHepyeTLCA CePBEPOM.

Po6ota 3 POP3-cepBepom CKMafaeTbecs 3 TPbOX (pas: igeHTudika-
Lii, TpaH3aKuiin Ta BigHOBMeHHs. Ha eTani igeHTUdiKauii Bigpasy
nicna cteopeHHs POP3-06'ekTa [03BOMEHO TiflbK KOMaHan USER,
PASS (iHogi APOP ta RPOP). IMicng igeHTUdiKaLii cepsep oTpUMye
iH(hopmaLito MPo KOpUCTYBaya i HacTynae eTan TpaH3akuiin. TyT fo-
CTYMHI IHWI KomMaHaW. ETan BiAHOBNEHHS BUK/IMKAETLCA KOMaHAOH
QUIT, nicns skoi POP3-cepBep 06HOB/SIE MOLLTOBY CKPUHBKY KOpK-
CTyBaya BINOBIAHO [0 MOAAHMX KOMaHA, a caMe — BUAaNsE Nno3Ha-
YeHi AN BUAANEHHS MOBiAOMNEHHS.
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10.4 Mogayni ana KnieHTa www

CraHpapTHi 3acobu moBM Python [03BONAKOTL OTPUMYBATU 3
nporpaMu JocTyn A0 06'eKTiB WWW AK Yy MPOCTUX BUNafKax, Tak i 3a
CK/afiHMX 06CTaBMH, 30Kpema npu Heo6XiAHOCTI MepefaBaTv faHi
(hopmu, igeHTUMIKaLiT, LOCTYNY Yepe3 MNPOKCi TOLLO.

3a3HauMMo, Lo Npu po6oTi 3 WWW BUKOPMCTOBYETLCA 3€6i/b-
woro npotokon HTTP, ogHak www 0XOntoe He Tifbku HTTP, ane
i 6arato iHWwKx cxem (FTP, gopher, HTTPS ToLL0). BukopucTtosy-
BaHa CXeMa 3a3BMyall BKa3yeTbca Ha camomy novatky URL.

10.4.1. PYHKLIT ANA 3aBaHTa>KeHHA
MepeXXeBUX 00'EKTIB

MpocTuii BUNaaoK oTpMMaHHs Be6-06'ekTa 3a Bigommm URL Ha-
BefleHO B TaKOMY NpUKIagi:

import urllib
doc = urllib.urlopen("*http://python.onego.ru'").read()
print doc[:40]

®yHkuis urllib.urlopen() ctBoptoe thaiinonogibHWin 06'eKT, AKUiA
MOXHa uuTatm MetogoM read(). IHWIi MeToAM UbOro o6'ekTa:
readline(), readlines(), fileno(), close() npaLoOThb K i Y 3BUYAAHOIO
(haitna, a Takox € metop info(), Lo NoBepTae message-06'eKT, BiAno-
BiHWIA OTPUMaAHUM i3 cepBepa AaHUM. Lleli 06'eKT MOXKHa BMKOPUC-
TOBYBATU 4715 OflepPXKaHHSA 404aTKOBOT iH(popMaLlii:

>>> import urllib

>>> f = urllib.urlopen(*"http://python.onego.ru™)
>>> print f.info()

Date: Sat, 25 Dec 2004 19:46:11 GMT

Server: Apache/1.3.29 (Unix) PHP/4.3.10
Content-Type: text/html; charset=windows-1251
Content-Length: 4291

>>> print f.info()['Content-Type']

text/html; charset=windows-1251

3a gonomoroto yHkuiT urllib.urlopen() moxHa pobutn i cknaa-
HiWi peui, Hanpuknag, nepefasat Be6-cepsepy AaHi hopmu. AK
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BiZIOMO, [laHi 3aroBHeHOI Be6-hopMmn MOXKYTb 6YTW NepedaHi Ha Be6-
cepsep i3 BUKopucTaHHaM Metoay GET a6o metogy POST. Metof
GET noB'a3aHuii i3 KOLYBaHHAM YCiX nepefaHux rnapameTpiB nicns
3Haka "?" B URL, a npu metoagi POST paHi nepefatoTbCs B Tifni
HTTP-3anuTy. O6naBa BapiaHTV NepefaBaHHsA HaBeLeHO HUKYE:

import urllib
data = {"'search: ""Python""}
enc_data = urllib.urlencode(data)

# metog GET

f = urllib.urlopen(*'http://searchengine.com/search' + "?" +
enc_data)

print f.read()

# metog POST

f = urllib.urlopen(**http://searchengine.com/search’, enc_data)

print f.read()

Y peskmx BMnafkax fAaHi MaloTb MOBTOPHOBaHI iMeHa. Y LbOMy
pasi sk napameTp urllib.urlencode() moxkHa BMKOpUCTOBYBaTK 3a-
MiCTb C/IOBHMKA NOC/IA0BHICTb Nap iM'A-3HaYeHHS:

>>> import urllib

>>> data = [("'n", "'1"), ("'n", "3"), ("'n", "4"), ("button™,
"MpuBiT"),]

>>> enc_data = urllib.urlencode(data)

>>> print enc_data

n=1&n=3&n=4&button=%F0%D2%C9%D7%C5%D4

Mogynb urllib fo3BONSiE 3aBaHTaXyBaTK Be6-06'EKTM Yepes npo-
KCi-cepBep. FAKLWO HIYOro He BKa3yBaTW, BUKOPUCTOBYBATUMETHLCH
NpoKci-cepsep, Lo 0yB 3afaHWin NPUAHATAM Yy KOHKpeTHi OC cro-
cobom. B Unix npokci-cepeepn 3afat0TbCA Y 3MIHHUX OTOYEHHS
http_proxy, ftp_proxy Towo, y Windows npokci-cepsepu 3anmcaHo B
peecTpi, a B Mac OS X ix 6epyTb i3 KoHirypauii Internet. Ykaszatu
MPOKCi-cepBep MOXHa | AK IMeHOBaHWiA napaMeTp proxies Ao
urllib.urlopen():

# BMKOPUCTOBYBATW BKasaHuWi NPOKCi

proxies = {"http': "http://www.proxy.com:3128'}

f = urllib.urlopen(some_url, proxies=proxies)

# He BUKOPUCTOBYBATW MPOKCI
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f = urllib.urlopen(some_url, proxies={})

# BMKOPUCTOBYBATW NPOKCi 38 3aMOBYYBaHHAM
f = urllib.urlopen(some_url, proxies=None)
f=urllib.urlopen(some_url)

®yHKuis urlretrieve() fo3sonse 3anucaTty BkasaHuii URL mepe-
XeBuiA 06'eKT y (haiin. BoHa Mae Taki napameTpu:

urllib.urlretrieve(url[, filenamel[, reporthook], data]]]).

Tyt url — URL mepexeBoro 06'ekTa; filename — im'a nokanbHOro
(havina ana posmiwieHHs 06'ekTa; reporthook — yHKUis, Wo 6yae
BUK/IMKATUCA ANA NOBILOM/IEHHA NPO CTaH 3aBaHTaXeHHs; data —
faHi gna metogy POST (SKWO BiH BMKOPUCTOBYETLCS). DYHKLiA
noseptae koptex (filepath, headers), ge filepath — im'a okanbHOroO
(haitna, y sKWMiA 3aBaHTaXXeHO 00'eKT; headers — pesynbTaT MeToay
info() onsa o6'ekTa, AKniA 6yno nosepHyTo urlopen().

[nq 3abe3neyeHHs iHTepakTUBHOCTI (yHKUisA urllib.urlretrieve()
BUK/IMKAE Yac Bif yacy QyHKLUit0, yKasaHy B reporthook. Lliin diyHK-
Uil nepefaloTbCA TPU aprymMeHTU: KiflbKiCTb NPUIAHATUX 6N0KIB, po-
3Mip 610Ky Ta 3araibHWin Po3Mip NPUIAHATOrO 06'eKTa B H6aiTax (K-
L0 BiH HEBIAOMWIA, Lieil NapaMeTp AOpiBHIOE —1).

Y HacTynHOMy Mpukfiagi nporpama npuiiMae Benvkuid gaiin i,
Wo6 KOpWUCTyBay He Hy[AbryBas, MuLIe BiJCOTOK Bif BUKOHAHOro
3aBaHTaXEeHHS Ta nepeAbayyBaHuin Yac, L0 3a1MLLNBCS:

FILE = "Fedora-12-x86_64-disc5.iso’

URL = '
http://download.fedora.redhat.com/pub/fedora/linux/releases/12/
Fedora/x86_64/iso/' + FILE

def download(url, file):
import urllib, time
start_t = time.time()

def progress(bl, blsize, size):
dldsize = min(bl*blsize, size)

if size I=-1:
p = float(dldsize) / size
try:

elapsed = time.time() - start_t
est_t =elapsed/ p - elapsed
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except:
est t=0
print ""%6.2f %% %06.0f s %6.0f s %6i / %-6i bytes" % (
p*100, elapsed, est_t, dldsize, size)
else:
print "'%6i / %-6i bytes" % (dldsize, size)

urllib.urlretrieve(URL, FILE, progress)
download(URL, FILE)

Lis nporpama BuBefe NpUGAN3HO Taki faHi: BiCOTOK Bif NOBHO-
ro 06CAry 3aBaHTaXXEHHS, YaC 3aBaHTaXXEHHS, L0 MPOMLLOB; Nepea-
GayyBaHWiA Yac, WO 3aIULIMBCS; Ki/IbKICTb 3aBaHTaXXeHUX OaliTiB,
NMOBHa KiNbKiCTb 6alATIB:

0.00%1 s0 s0 / 6952309 bytes

0.12%5 s 3941 s 8192 / 6952309 bytes
0.24%7 s 3132 516384 / 6952309 bytes
0.35% 10 s 2864 524576 / 6952309 bytes
0.47% 12 s 2631 s32768 / 6952309 bytes
0.59% 15 s 2570 s40960 / 6952309 bytes
0.71% 18 s 2526 s49152 / 6952309 bytes
0.82% 20 s 2441 s57344 / 6952309 bytes

10.4.2. dyHKUIT gna aHanisy URL

BignosigHo go gokymeHta RFC 2396 URL noBuHeH 6yayBaTucs
3a TakUM LIabnoHOM:

scheme://netloc/path;parameters?query#fragment
ae

scheme — agpecHa cxema (Hanpuknag: http, ftp, gopher);

netloc — MmicLe3HaxoMKeHHs B Mepexi;

path — wnax go pecypey;

params — napameTpu;

query — pAfoK 3anuTy;

fragment — ifeHTUdikaTop hparmeHTa.

OfHa 3 PyHKLi y)Xe BUKOpUCTOBYBaaca ans hopmyBaHHs URL
—urllib.urlencode(). Kpim Hel, y mogyni urllib € i1 iHWwi yHKUiT:

quote(s, safe="/")
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®yHKuifa ekpaHye cumBonm B URL, o6 iX MoxHa 6yno Hagcu-
natu Be6-cepsepy. BoHa npusHaveHa ANs eKpaHyBaHHA LUAAXY [0
pecypcy, ToMmy 3anuwae '/ Ak €. Hanpuknag:

>>> urllib.quote("'rnd@onego.ru')
'rnd%40onego.ru’

>>> urllib.quote("a=b +¢')
'a%020%3D%20b%20%2B%20c’
>>> urllib.quote(*'0/1/1™)

'0/1/1"

>>> urllib.quote(*'0/1/1", safe="""")
'0%2F1%2F1"

quote_plus(s, safe="")

DyHKUia ekpaHye peaki cumsonu B URL (y psagky 3anuTy), wob
X MOXKHa 6yno HafacunaTu Be6-cepsepy. Lia dyHKLis aHanorivyHa
guote(), ane 3aMiHsie NPOBINN Ha MOCK.

unquote(s)
MepeTBOpeHHS, 0bepHeHe 4o quote_plus(). Hanpuknag:

>>> urllib.unquote('a%20%3D%20b%620%2B%20c")
‘a=b+c
unquote_plus(s)

MepeTBOpeHHS, 0bepHeHe 4o quote_plus(). Hanpuknag:

>>> urllib.unquote_plus(‘a+=+b+%2B+c")
‘a=b+c

Ona aHanisy URL MOXHa BMKOPWCTOBYBATW (PYHKLIT 3 MOAY/S
urlparse:

urlparse(url, scheme=", allow_fragments=1)

Po36vpae URL Ha 6 KOMNOHeHTIB (36epiraroumn ekpaHyBaHHs Cu-
mBoniB): scheme://netloc/path;params?query#frag

urlsplit(url, scheme="", allow_fragments=1)

Po3bupae URL Ha 6 KOMMOHEHTIB (36epiratoumn ekpaHyBaHHA cu-
mBoniB): scheme://netloc/path?query#frag

urlunparse((scheme, netloc, url, params, query, fragment))
36upae URL i3 6 KOMMNOHEHTIB.
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urlunsplit((scheme, netloc, url, query, fragment))
36upae URL i3 5 KOMnoHeHTiB. Hanprknaz:

>>> from urlparse import urlsplit, urlunsplit

>>> URL = "http://google.com/search?q=Python"
>>> print urlsplit(URL)

("http’, "google.com’, ‘/search’, ‘g=Python", ")

>>> print urlunsplit(

... ("http', 'google.com’, */search’, 'q=Python’, '"))
http://google.com/search?g=Python

LLle ogHa ¢yHKLiA TOro camoro mogyns urlparse fo3sonse Ko-
PeKTHO 3'efHaTtu ABi YacTHn URL — 6a30BY Ta BiHOCHY:

>>> import urlparse
>>> urlparse.urljoin(*http://python.onego.ru’, 'itertools.html")
‘http://python.onego.ru/itertools.html*

10.4.3. Mo>xxnuBocTi urllib2

dyHKuioHanbHocTi mogynis urllib Ta urlparse BucTavae ansa 6i-
NbLIOCTI 3aBAaHb, AKI PO3B'A3yIOTb CuUeHapii Ha Python fak Be6-
KnieHTW. MpoTe iHoAi NOTPIOHO Ginblue. Y LbOMY pasi MOXKHa BMKO-
pucToBYBaTU MOAY/b ANs po6oTu 3 npotokonom HTTP — httplib — i
CTBOPUTK BnacHMin knac ans HTTP-3anuTiB. OfHaK LifKOM iMOBIp-
HO, L0 NOTPI6GHA yHKLIOHANLHICTb YXKe € B moayni urllib2,

OfHa 3 KOPUCHUX MOX/IMBOCTENR LMX MOLYNiB — AOCTYN A0 Be6-
06'eKTiB, L0 BMMaratTb aBTopusaii. H/x4e po3rngHemMo npuknag,
L0 He TiNbKM 3a6e3neunTb AOCTYN 3 aBTOpU3aLi€eto, aje il NpogemMo-
HCTPYe OCHOBHY igeto moaynsa urllib2 — BukopuctaHHA 06p06HUKIB
(handlers), KOXeH 3 AKNX BUKOHYE BY3bKe CrieuudivuHe 3aBaaHHs.

HacTynHuii npuknag nokasye, K CTBOPUTK BMaCHWI BifKpyBaY
URL 3a gonomoroto mogyns urllib2 (uein npuknag B3aT0 3 AOKyMe-
HTauii 3 Python):

import urllib2

# MigrotoBKa igeHTU(IKaLIMHNX JaHUX
authinfo = urllib2. HTTPBasicAuthHandler()
authinfo.add_password('My page’, 'localhost’, "userl', 'secret’)
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# [ocTyn yepes NPOKCi
proxy_support = urllib2.ProxyHandler({"http'
‘http://localhost:8080'})

# CTBOpEHHSA HOBOrO0 BigKpMBaya 3 yKasaHUMM 06po6HNKaMm
opener = urllib2.build_opener(proxy_support,

authinfo,

urllib2.CacheFTPHandler)

# YCTaHOB/IEHHA NONA 3 HA3BOK KJliEHTa

opener.addheaders = [("User-agent’, ‘Mozilla/5.0")]

# Y CTaHOB/IEHHA HOBOI 0 BiiKpMBaya 3a 3aMOBYYBaHHAM
urllib2.install_opener(opener)

# BukKopucTaHHs BigKpmBada
f = urllib2.urlopen(*http://localhost/mywebdir/")
print f.read()[:100]

Y ubOMy npuknagi 34iACHIOETLCA JOCTYN A0 CTOPIHKK, SKOH
onikyeTbcs mod_python (auB. nonepeaHili nigpo3sain). Mepluwia ap-
rymeHT metogy add_password() Bu3Havae ob6nactb fii (realm) igeH-
TUdikauinHux gaHux (BiH ykasyeTbcs aupekTuoto AuthName "My
page" y KoH®irypauii Be6-cepsepa). IHLWI napameTpu AOCUTb 3p03Y-
Mini: iM'a XocTa, [0 AKOro MoTpibHO OTpMMartK JOCTyr, iM'S Kopuc-
TyBaya Ta /oro naposib. 3po3yMino, Lo Ans KOPeKTHOT poboTu npu-
Knagy noTtpibHo, o6 Ha noKansHOMY Be6-cepBepi 6yB Katanor, Lo
BUMarae ayTeHTUiKaLii/aBTopu3adlii.

Y ubOMy MNpUKNagdi SBHO BUKOPWUCTAHO BCbOrO TPU OOPOOHWKM:
HTTPBasicAuthHandler, ProxyHandler Ta CacheFTPHandler. ¥ mo-
ayni urllib2 ix 6inblwe gecatn, NPo NPU3HAYEHHS KOXHOIO MOXHa
[oBifgatncs 3 AOKyMeHTauii 4O BMKOPUCTOBYBaHOI Bepcii Python. € i
creuianbHWA Knac Ana KepyBaHHS Bigkpueadamun: OpenerDirector.
Cawme inoro eksemnnsap cteopuna dyHkuis urllib2.build_opener().

Mogaynb urllib2 mae i cneuianbHWil Knac ans peanisauii 3anuTy
Ha BigkpuTTs URL. HasuBaeTbca Ueii knac urllib2.Request. Moro
eK3eMnAsap MICTUTb CTaH 3anuTy. HacTynHWid npuknag nokasye, sk
oTpUMaTK AOCTYN A0 KaTasory 3 aBTOpW3aLlieto, BUKOPUCTOBYHOUM
[l0faBaHHsA 3aronoska B HTTP-3anuT:

import urllib2, base64
req = urllib2.Request(*http://localhost/mywebdir*)
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b64 = base64.encodestring(‘userl:secret").strip()
req.add_header('Authorization’, '‘Basic %s" % b64)
req.add_header(*User-agent', "Mozilla/5.0")

f = urllib2.urlopen(req)

print f.read()[:100]

FAK BUAHO 3 LbOro NpUMKnagy, HiYoro 3arafkoBoro B aBTopm3aaLii
Hemae: BeO-KNiEHT BHOCUTL (3aKodoBaHi base64) ineHTUikauiliHi
AaHi B none Authorization HTTP-3anuTy.

MpumiTKa. HaBeaeHi ABa npuknagy maike ekBiBaleHTHI, TilbkKU B ApPYromy
npvKnagi Npokci-cepsep He NPU3HAYAETLCS ABHO.

10.5. XML-RPC-cepBep

[loTernep BMCOKOPIBHEBI MPOTOKOMM PO3rnsfanvca 3 nornagy
KnieHTa. He MeHLI npocTo cTBOproBaTK Ha Python i TXHi cepBepHi
yacTvHW. [ns inocTpauii Toro, fK po3pobuTh nporpaMmy Ha
Python, ska peanisye cepsep, o6paHo npotokon XML-RPC. He-
3Ba)XKar0uM Ha CBOK Ha3BY, KiHLEBOMY KOPWUCTyBayy He 060B'A3KO-
BO 3Hatn XML (Mpo L0 MOBY PO3MITKM rOBOPWUIOCS B MOMEPeSHixX
po3ainax), ToMy Lo Ti BUKOPUCTaHHSA MPUXOBaHO Bif HbOro. CKo-
poueHHs RPC (Remote Procedure Call, BuknuK BifaaneHoi npote-
Aypv) MOACHIOE CyTb cnpasu: 3a fgornomororo XML-RPC moxHa
BUK/IMKATW Mpouesypy Ha BigganeHomy XxocTi. Mpuyomy 3a forno-
moroto XML-RPC mo)kHa abcTparyBaTucsl Bifj KOHKPETHOI MOBU
nporpaMyBaHHs 3a pPaxXyHOK BWKOPUCTAHHS 3arajibHONPUAHATUX
TMNIB JaHuX (PALKW, Yucna, NOTiYHI 3HaYeHHA Towo). Y MOBI
Python BMKNUK BigaaneHoi yHKLIT 32 CUHTAKCUCOM HiYMM He Big-
PI3HAETLCA Bif BUKNNKY 3BUYANHOT (YHKLLIT:

import xmlrpclib

# BcTaHOBUTK 3'€qHaHHA
req = xmlrpclib.ServerProxy(*'http://localhost:8000"")
try:

# Buknnkatv BigfaneHy yHKL 0

print req.add(1, 3)

307



except xmlrpclib.Error, v:
print "ERROR",

A ocb sk Burnagae XML-RPC-cepsep (4715 Toro, o6 nepesipu-
TW po6OTY HaBeAeHOro BULLE NPUKNagy, HeobXigHO crioyaTky 3any-
CTUTW CepBep):

from SimpleXMLRPCServer import SimpleXMLRPCServer
srv = SimpleXMLRPCServer((*'localhost™, 8000))# 3anyctutu
cepBep

srv.register_function(pow)# 3apeecTpyBatun QyHKLiO
srv.register_function(lambda x,y: x+y, "add")# | we ogHy
srv.serve_forever()# O6cnyrosysaTtu 3anmtu

3a pgonomoroto XML-RPC (a ueii npotokon gocuTh “nerkuin
MOPIBHAHO 3 IHLLIMMM NPOTOKOMaMK TaKoro Npu3HadveHHs) nporpamm
MOXYTb CMiNIKyBaTWUCA OAHA 3 OLHOK Ha 3PO3yMifiil TM MOBI BUKIN-
Ky (DYHKLI i3 napameTpaMu OCHOBHWMX 3ara/ibHONPUAHATUX TUMIB
Ta TaKMX caMmx 3HayeHb, LLIO MoBepTatoTLeA. MNepesaroto B Python €
3PYYHUIA CUHTAKCUC BUK/IMKY BifAaneHNX PYHKLINA.

3posymino, ue nuiie npuknag. Mpy peasbHOMY BUKOPUCTaHHI He-
obxigHo nogbatn, wob XML-RPC-cepsep BignoBsigas BuMoram
6e3nekn. Kpim TOro, cepeep Kpatie pobutn 6araTonoToKoBUM, LLOO
BiH Mir 06po6nATK Kiflbka NOTOKIB 0fHOYacHO. [/15 6araTonoToKOBO-
cti (i1 06broBopuMO B OKpeMOMYy po3fini) He MOTPi6HO 6arato
4yoro nepepo6nATW: [LOCUTb BM3HAYUTWM CBIM  Kfac, CKaxkiMmo,
ThreadingXMLRPCServer, y sikomy 3amicTb SocketServer. TCPServer
BUKopmcToByBaTth SocketServer.ThreadingTCPServer.

KOHTpO/1bHI 3anunTtaHHs

1. CTBOpiTb (hopMy ANs BBEAEHHA [aHMX Ta 0O6PO6HMK Ana nepepadi
MoBiJOM/IEHHA 3a JOMOMOro NPoToKony SMTP.

2. CTBOpITL (hOpMYy 4719 BUBEAEHHS LaHUX Ta 0O6POBHWK ANd OTpUMY-
BaHHS MOBIJOM/IEHHS 3a ONOMOroH0 nNpoTokony POP3.

3. CTBOpITb NPOCTMiA Be6-6pay3ep 3a AONMOMOrOH PO3IASHYTUX QYHKLIA.

4. CTBOpITbL hopMy AN15 BBELEHHS [aHUX Ta 06PO6HMK ANs HanUCcaHHS
noBiJOMAeHb y 6n0r.

5. [laiiTe BU3HAYEHHS MOHATTIO "Be6-3aCTOCYBaHHS".

6. Axknm yHom CGI-cueHapiii | cepBepy 0OMIHIOKOTLCA AaHUMU?
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7. Ha wo Tpeba 3sepTatun yBary npu pospobui CGl-cueHapiis ans Toro,
W06 MaKCUMaIbHO Y6e3neumnTu CUcTemy.

8. AKi icHytOTb 3ac0o6M nigBuULLEHHA NPOAyKTMBHOCTI CGl-cueHapiis,
HanucaHnx mMoBoto Python.

9. OnNuLWITb CepefoBuLLIE ZOpe Ta 0ro 06'eKTHY MOAENb

10. AKUM YMHOM MOXXHA BUKOPUCTOBYBATW COKETW Y MOBI Python?

11. AKi nepesarn i Bagy BUKOPUCTAHHA HWU3bKOPIBHEBUX MEPEXKEBUX
iHTepdeiiciB y nporpamax?

12. OnuwiTe NprHaYveHHa mogyns smtplib.

13. OnuwiTb NpuHaYeHHa moayns poplib.

14. OnuWiTb MpU3HAYeHHs /i BUKOPUCTaHHA MeTogis mogynis urllib,
urlparse Ta urllib2.

15. Wo take XML-RPC?
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PO3I/1 11

PoboTa 3 6azamum gaHNX

11.1. OCHOBHIi BU3HaUeHHA

PensuiiHa 6a3a gaHuX — Le Habip Tabnuup i3 gaHUMK.

Tabnuua — ue NPAMOKYTHa MaTpuUs, WO CKIAAAETbCA 3 PALKIB
Ta cToBnuiB. Tabnuus BM3Hayae BigHoLLEHHS (relation).

Pagok — 3anuc, Wo cKagaeTbes 3 MosiB-CTOBMLIB. Y KOXHOMY
noni MoXe MICTUTUCA AesKe 3Ha4deHHA abo cneliasibHe 3HaYeHHS
NULL (nopoXHbo). Y Tabnuui moxe 6yTn fOBiNbHA KiflbKiCTb pag-
KiB. 415 penauiiiHoi Mofeni NOpsAAOK po3TallyBaHHA PAAKIB He BaX-
NIBUA | AOT0 He BU3HAYEHO.

KoXHWi1 cToBneupb y Tabnuli Mae BacHe iM's i Tun.

11.2. Lo Take DB-API 2.07?

BvHeceHa B 3arofioBoK abpesiaTypa noefHye Asa MoHATTA: DB
(Database, 6a3a gaHux) Ta APl (Application Program Interface, iH-
Tepdeinc npuKnagHoi nporpamu).

Takum ynHom, DB-API Bu3Hauae iHTepdelic npuknagHoi npo-
rpaMu 3 6a3oto gaHux. Llei iHTepdelic, Lo onmMcaHnin HUKYe, NoBu-
HeH peasii3oByBaTW BCi MOAYNI PO3LUMPEHHS, AKI CNyXaTb A1 3B'A3-
Ky Python-nporpam i3 6a3amu gaHux. €auHuin API (y gaHWin MOMEHT
oro gpyra Bepcis) [03BONsiE abCTparyBaTucs Bif TUNY BUKOPUCTO-
BYBaHOiI 6a3n gaHuX, Npu HeobXiJHOCTI AOCUTb NErKO MIHATU OfHY
CKB/, Ha iHLYy, BUBYMBLLM BCbOT0O OAMH Habip (yHKLil Ta METOAIB.

YKasaHuii iHTepgelic DB-API 2.0 onucaHo B PEP 249 (caiit
http://www.python.org/dev/peps/pep-0249/), i HaBefeHWIn HWK4e
OMNMC OCHOBaHWUIA came Ha HbOMY.
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11.2.1. Onnc DB-API 2.0

DB-API 2.0 pernameHTye iHTepdeicn MOLYNA PO3LIMPEHHS NS
po6oTK 3 6a30H0 AaHUX, a TAKOX MeToAM 06'eKTa-3'eHaHHSA 3 6a3010,
06'eKTa-Kypcopa NOTOMHOro 06po6/1H0BaHONO 3anucy, pisHUX 06'ek-
TiB 418 TUNIB AaHUX Ta IXHIX KOHCTPYKTOpiB. Kpim TOro, mMicTuThb
pekoMeHauiT 419 po3pOOHUKIB i3 peanisauii mogynis. Ha cborogHi
Python nigTpumye yepes moayni po3WMpPeHHs 6araTtbox BifoMux 6a3
AaHux  (YTOYHUTM MOXKHa Ha  BeO-CTOpIHLiI 3a  afpecoro
http://www.python.org/topics/database/). [ani po3rnsHyTo Malixe
BCi acnekT DB-API 3a BUHATKOM peKkoMeHAaLiin Ans po3po6HMKIB
HOBMX MOAYNIB.

11.2.2. IHTepderic moayns

3asHaunmo, siki came [filla6o dyHkuii JilllHanasatv abo BUKOHY-
BaTW MOAY b, W06 3a40B0NLHATK BUMOrn DB-API 2.0.

JocTyn fo 6a3n gaHuX 3iNCHIOETLCSA 3a AOMOMOroH 06'eKTa-
3'eflHaHHA (connection object). DB-API-cymiCHWI MOLYy/b NOBUHEH
HafaBaTh (hYHKLitO-KOHCTPYKTOP connect() Ans Knacy 06'eKTiB-
3'eiHaHb. KOHCTPYKTOP NOBMHEH MaTW TaKi iMeHOBaHi NapaMeTpu:

A dsn — Ha3Ba [pKepena AaHnX K PALOK;

user — iM'a KOpUCTyBaua;

password — naporsb;

host — agpeca xocTa, Ha sikomy npautoe CKB/;
database — im's 6a3u gaHux.

MeToam 06'eKTa-3'e4HaHHA PO3rNAAATUMYTbCA TPOXM Ni3HiLLe.

Mogynb BU3HaYae KOHCTaHTK, L0 MICTATb AOr0 OCHOBHI Xapak-
TEPUCTUKN:

A apilevel — sepcia DB-API ("1.0" a6o "2.0");

A threadsafety — Ljina KOHCTaHTa, LLO OMMCYE MOX/IMBOCTI MOfY-
NS 3 BUKOPUCTaHHSA NOTOKIB KepyBaHHS:

A 0 - mMoaynb He NiATPUMYE NOTOKK;

A 1 — NOTOKM MOXYTb CMiflbHO BUKOPUCTOBYBATY MOAY/b, ae
He 3'eHaHH3;

A 2 — MOTOKM MOXYTb CMiflbHO BUKOPUCTOBYBATM MOAY/b Ta
3'elHaHHS;
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A 3 — NOTOKM MOXKYTb CMifIbHO BUKOPUCTOBYBATY MOZY/b, 3'€HAH-
HA 1 Kypcopw (Mig cninbHUM BUKOPUCTaHHSM MAETLCS NPO MOX/IUBICTb
BMKOPUCTaHHSA 3raflaHnx pecypcis 6e3 3acTocyBaHHA ceMadopis);

A paramstyle — TN BMKOPUCTOBYBaHMX MO3HAYOK NPV MifcTa-
HOBLi NapameTpiB. MOX/MBI TaKi 3HaUYEHHS LLIET KOHCTaHTU:

A “format " — (opmaTyBaHHs B cTUni MoBK ANSI C (Hanpuknag,
"%s", "%i");

A "pyformat" — BUKOPUCTAHHA IMEHOBAHWX CreLMdiKaTopiB (o-
pmaTy B ctuni Python ("%(item)s");

A “"gmark" — BUKOPWUCTaHHA 3HaKiB "?" A4S MO3HAYeHHs MiCLib
MigCTaHOBKM NapamMeTpis;

A "numeric" —BuKopuCTaHHA HOMepiB no3uuin (":1");

A "named" — BMKOpPWUCTAHHA iMEH napameTpiB, WO MiacTasns-
toTbes, (:name™).

Mogaynb NOBMHEH BM3HAYaTW Psif TUMOBUX BUHATKOBUX CUTYaLLiiA:
Warning (nonepemxeHHs), Error (nomunka), InterfaceError (nomun-
Ka iHTepdelicy), DatabaseError (momuika, L0 CTOCYETbCS 6a3n Aa-
HMX). Kpim TOro, Moay/ib Ma€ B3Ha4YaTV TakoX NifKacu 0CTaHHLOro
Ta BUWHATKOBI cuTyauii: DataError (nmomunka o06pobku [aHuX),
OperationalError (nomunka B poboTi abo 36iii 3'egHaHHS 3 6a30t0 fa-
HKX), IntegrityError (nomunka winicHocTi 6asn gaHux), InternalError
(BHyTpiWHA nomunka 6asu gauux), ProgrammingError (nporpaMHa
NOMWIKA, Hanpuknag, mnomunaka B CuHTakcuci  SQL-3anuTy),
NotSupportedError (BigCyTHICTb MiATPUMKM 3aNUTaHOT BNaCcTUBOCTI).

11.2.3. O6'eKT-3'€AHAHHSA

O06'eKT-3'€4HaHHS, L0 OTPUMYETLCA B Pe3y/bTaTi YCMiHOIo BY-
KNnKy hyHKLiT connect(),

A close() — 3aKprBage 3'¢IHaHHS 3 6a30t0 AAHVIX;

A commit() — 3aBepLUYyE TPaH3aKLiHO;

A rollback() — BigmiHse nouaTy TpaH3aKuito (BifHOBMOE BUXiA-
HWi1 cTaH). 3akpuTTA 3'elHaHHA NPWU He3aBepLUEHi TpaH3aKLiT aBTo-
MaTWUYHO 1T BigMIHSE.

A cursor() — noBepTae 06'eKT-Kypcop, L0 BUKOPWUCTOBYE AaHe
3'eflHaHHA. AKuWo 6a3a AaHUX He MIATPUMYE Kypcopu, MOLY b 3'€l-
HaHH$ MOBUHEH TX iMiTyBaTW.
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Mig TpaH3akLieto po3yMitoTb Fpyny 3 OAHIEl abo AeKinbKoX one-
pauii, aKi 3MiHIOOTL 6a3y AaHUX. TpaH3akLis BignoBifgae NOrivyHoO
HenoAinbHiN onepauii Hag 6a30t0 JaHMX, & YaCTKOBE BMKOHAHHS
TpaH3aKUii Npu3BoanTL 40 NopyLleHHs LinicHocTi BA. Hanpuknag,
npu nepesefeHHI rpoLlei 3 OAHOMO PaxyHKY Ha iHLWKWIA onepauii 3i
3MEHLLEHHSA NepLUoro paxyHKy Ta 36i/bLUeHHs ApYroro € TpaH3ak-
uieto. Metogm commit() Ta rollback() nmosHayatoTb NMOYATOK Ta Ki-
Helb TpaH3akLUii B AsBHOMY BUrnsgi. Mpuyomy He BCi 6a3n gaHUX
NigTPUMYIOTb MeXaHi3M TpaH3aKLii.

3a3zHauMmo, L0 3aN1eXKHO Bif peanizauii mogyns DB-API 2.0 Heob-
XiAHO 306epirat MOCWMAHHA Ha O06'€KT-3'€AHaHHA A4S MPOAOBXKEHHS
pO6OTY KypCOpIB LIbOro 3'€AHaHHSA. 30KPeMa, Lie 03Hauae, Lo He MOXHa
Bifjpa3y OTpMMaTK 06'eKT-Kypcop, He NPUB'A3YOUM 06'€KT-3'€JHaHHS 10
[esKoro imMeHi. He mMoxkHa 3aimwaty 06'eKT-3'€HaHHA B NOKaUIbHIi
3MiHHiIi1, MoBepTaloumM 3 PYHKLIT abo MeTOAY 06'€KT-Kypcop.

11.2.4. O6'eKT-Kypcop

Kypcop (Big aHrn. cursor — CURrrent Set Of Records, noTo4HwiA
Habip 3anunciB) CNY>XWUTb 415 PO6OTU 3 pe3ysibTaToM 3anuTy. Pesy/b-
TaTOM 3anuTy 3BUYaNHO € 0fHA ab0 KiNbKa NPAMOKYTHMUX Tabnuup 3i
CTOBMUAMU-MONAMU Ta psAgKamu-3anucamu. MNpuknagHa nporpama
MOXe UMTaTh i 06p06NATM OTpUMaHi Tabiumui Ta 3anucu B Tabnuui
No OAHINA, TOMY B Kypcopi 36epiraetbcs iHopmalis npo NOToUHY
Tabnunuo Ta 3anuc. KOHKpeTHWIA Kypcop Y Oyab-aKWil MOMEHT Yacy
NOB'A3aHUIA 3 BUKOHAHHAM 0fiHiel SQL-IHCTpYKUi.

ATpnbY TN 06'€KTa-Kypcopa Texk Bn3HayeHo DB-API:

A arraysize — aTpubyT, SKUIi AOPIBHIOE KibKOCTI 3anWuciB, WO
nosepTatoTbcst MeTogom fetchmany(). 3a 3aMoBUYBaHHAM PiBHWIA 1;

A callproc(procname[, params]) — BUKIUKae 36epexxeHy npoLie-
Oypy prochame 3 napameTpamy i3 3MiHIOBaHOI MOCNiAOBHOCTI
params. 36epexxeHa npouesypa MOXe 3MIHUTW 3HaYeHHA AesKnX
napameTpiB MOCNILOBHOCTI. MeTo4 MOXe MNOBEpHYTU pe3ynbTar,
AOCTYN [10 SIKOro 3iCHIOETLCA Yepes fetch-meToaw;

A close() — 3aKpuBae 06'€KT-Kypcop;

A description — L4 4OCTYNHWIA TiNbKW 411 YNTaHHS aTprByT € noc-
NiAOBHICTIO i3 CEMMENEMEHTHMX NOCNIA0BHOCTEN. KoYKHa 3 LIMX MOocnifo-
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BHOCTEW MICTUTb iHpopMaLito, L0 OMKUCYe OAMH CTOBMELL pPesy/bTary:
(name, type_code, display_size, internal_size, precision, scale, null_ok)

Mepwi aBa enemeHTn (im'a Ta TMN) 06OB'A3KOBI, a iHWI (PO3Mip
npy BWBEAEHHI, BHYTPILLHIA PO3Mip, TOYHICTb, MacliTad, MOXIn-
BICTb BKa3yBaTW NMOPOXHE 3HAYEHHSA) MOXYTb MaTu 3HayeHHs None.
Lieii aTpnbyT Moxce 6yTv piBHUM None ans onepavii, Lo He nosep-
Tal0Tb 3HAYEHHS.

A execute(operation[, parameters]) — BUKOHye 3anuT Ao 6asu
JaHux abo komaHgy CKB/l. MapameTpm (parameters) MoxxHa nogaTtu
y NpuitHATOMY And 6a3n gaHuX 3anuci BiAMOBIAHO A0 aTpmbyTa
paramstyle, sKuii onmcaHo BuLLe.

A executemany(operation, seq_of parameters) — BUKOHY€E Cepito
3anuTiB abo KOMaHf, MiACTaBMsaouM NapameTpy y BKasaHWi Lab-
noH. MapameTp seq_of _parameters BU3Ha4yae NocnifoBHICTL HabopiB
napameTpis.

A fetchall() — noBepTae Bci (a60 BCi, L0 3aIULLIMANCSA) 3aMUCK
pesy/bTarty 3anvry.

A fetchmany([size]) — noBepTae HaCTYMHi Kifbka 3anuciB i3 pe-
3yNbTaTiB 3anuTy y BUrNsAAI NOCNIA0BHOCTI NocnigoBHocTeit. Mopo-
YKHS MOCNII0BHICTb O3HaYa€e BIACYTHICTb AaHWMX. HeobOB'SA3KOBWUIA
napameTp Size BKa3ye KifbKiCTb 3anucis, WO NoBepTatoTbCs (3anu-
CiB, LLIO NOBEPTAKOTLCA HacnpaBAi, MOXe 6yTK MeHLLUe). 3a 3amMOBYY-
BaHHSM Size JOpPiBHIOE aTpMOYTY arraysize 06'eKTa-Kypcopa.

A fetchone() — noBepTae HacTynHWiA 3anuc (y BUTNsAi Nocnifos-
HOCTI) i3 pe3ynbTaTy 3anuTy abo None 3a BifICYyTHOCTI JaHuX.

A nextset() — NepeBOAUTb KypCcOp Ha MOYaTOK HAacTYMHOro Habopy
AaHVX, OTPUMAHOr0 B pe3ynbTari 3anuTy (NMpy LpOMYy YacTuHa 3anucis
y norepesHLoOMY Habopi MOXe 3a/IMLIMTUCA HEMPOUUTAHOKD). HKLLO
HabopiB binbLUe Hemae, To noeepTae None. He BCi 6a3n faHux nigrpu-
MYIOTb MOBEPHEHHS [eKiNIbKOX HAabopiB pe3y nbTarTiB 3a 0Of4HY OorepaLito.

A rowcount — KiflbKiCTb 3aniciB, OTPYMaHMX abo 3MiHEHMX Y pe-
3yNbTaTi BAKOHaHHSA OCTaHHBOIO 3anuTy. Y pasi, AKLLO He 6y/0 execute-
3anuTiB ab0 HEMOX/IMBO BKa3aTu KiNIbKICTb 3aruCiB, JOPIBHIOE —1.

A setinputsizes(sizes) — BU3Ha4ae 06acTi Nam'aTi 41 napameT-
piB, L0 BUKOPUCTOBYIOTLCS B OMnepaLisx. ApPrymMeHT sizes BU3HaYae
NOCNIAOBHICTb, [l KOXHWUIA eneMeHT BiAnoBifae 0fHOMY BXifHOMY
napametpy. EnemeHT moxe 6yTv 06'€KTOM-TUMNOM BiZNOBIAHOIO Na-
pameTpa abo LifIMM YMCNOoM, L0 BU3HAYaE JOBXUHY pafka. BiH Ta-
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KOX MOXe MaTu 3HayeHHs None, SKLL0 Npo po3mip BXigHOro napa-
MeTpa HiYoro He MOXKHa CkasaTu 3a3fanerifib abo BiH nepegbdayacTb-
cA AyXe BeNMKUM. MeTog HeoOXiAHO BUKIMKATW [0 MOYaTKy Bu-
KWKy execute-MeTogiB.

A setoutputsize(size[, column]) — ycTaHoBntOE po3mip Gydepa ans
BUXiHOro napameTpa 3i CTOBMLUS 3 HOMepom column. AKwo column
He BKa3aHO, MeTOZ BCTaHOB/KOE PO3MIP AN BCIX BENMKUX BUXIAHUX
napameTpiB. MoXKe BUKOPUCTOBYBATUCS, HaNpuKiag, 418 OTpUMaHHS
BENMKMX [BiliKoBUX 06'ekTiB BLOB (Binary Large Object).

11.2.5. O6'eKTU-TUNN

DB-API 2.0 nepegbayae Ha3BM N1 06'eKTiB-TUNIB, L0 BUKOPUC-
TOBYHOTbCA AN15 ONKCy NnoniB 6asn gaHux (tabn. 11.1).

Ta6bnuuysa 11.1
Ha3Bu 06'eKTiB-TUNIB

O6'ekT Twn
STRING Pagok i cumBon
BINARY [BiKoBUiA 06'eKT
NUMBER Yucno
DATETIME Jara Ta yac
ROWID |aeHTUhikaTOp 3anmcy
None NULL-3HayeHHs (BIACYTHE 3HAYEHHS)

I3 KOXXHUM TUNOM faHux (Y peasbHOCTI — LUe Knacu) 3B's3aHuin
KOHCTpyKTOp. CymicHuii 3 DB-API mooynb Mae BM3Ha4yaTU Taki
KOHCTPYKTOpMU:

A Date(pik, Micsillb, ieHb) — faTa;

A Time(roguHa, XBUMHA, CEKYHAA) — Yac;

A Timestamp(pik, Micsip, AeHb, TOAWHA, XBUNMHA, CEKYHAA) —
faTa-yac;

A DateFromTicks(secs) — fata y BUrnsai KinbKoCTi CEKYH[ Secs
Bif, moyatky enoxu (1 ciuHa 1970 poky);

A TimeFromTicks(secs) — Yac y BUrNAAi KiNlbKOCTi CEKYH[ Secs
Bif, moyatky enoxu (1 ciuHa 1970 poky);
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A TimestampFromTicks(secs) — fgata-4ac y BMrNsifi KinbKocTi
CeKyHp secs Bif noyatky ernoxu (1 ciuHg 1970 poky);
A Binary(string) — Benvkuii ABiliKOBWIA 0G'EKT i3 psiKa string.

11.3. Po6oTa 3 6a30t0 gaHunx
i3 Python-nporpamwm

[ani B po3gini Ha KOHKPeTHUX npuknagax Oyfde nokasaHo, fK
npaytoBatyi 3 6a30t0 faHux i3 nporpamy MoBoto Python. 3asHaunmo,
WO TYT He CTaBUTbCA 3a METY OCArHYTU NPeMyApoCTi MOBY 3anuTiB
(ue Tema okpemoro Kypcy). 13 mpoctux nNpukiagis BUAHO, LLO Mpu
nporpamysaHHi Ha Python gocTyn g0 6a3u AaHUX He CKNafdHiLWi 3a
[OCTYN [0 IHWMX [pKepen faHuX ((haiinis, MepexxeBuX 06'eKTIB).
Came Tomy, Ans AeMoHcTpaLii o6paHo CKB/J, SQLite, Lo npaLtoe 5K
nig Unix, Tak i nig Windows. Kpim ycTtaHoBNeHHs BnacHe SQLite
(caT  http://sqlite.org) Ta mogyns  3'egHaHHs 3 Python
(http://pysqlite.org), ocTaHHe HeOOXiAHO Ans cTapmx Bepciit Python,
y Bepcii 2.6 ua CKB/, iige sk yoyanoBaHuiA MOay/b, SKOrocb Aoaat-
KOBOr0 HanalTyBaHHA BUKOHYBATW He MOTPi6HO, TOMy Lo SQLite
36epirac gaHi 6asn B okpemomy aiini. Tomy Bigpasy 6patucs 3a
CTBOPEHHS Tab/nLb, 3aHECEHHS IO HUX [aHMX Ta BUKOHaHHS 3anuTiB
He MoXxHa. ObpaHa CKB/, (y cuny CBOET "NerkocTi') mae ofiHy icTo-
THY 0COOMMBICTb — 3a OHUM HeBenMKUM BUHATKOM, CKBJ SQLite
He 3BepTae yBaru Ha TUNu JaHux (BoHa 36epirae BCi faHi y BUrnagi
psaKiB), TOMY MOAyNb po3wwnpeHHs sqlite3 ans Python BUKOHYE fo-
AaTKoBy poboTy 3 nepeTBopeHHs TuniB. Kpim Toro, CKB/J, SQLite
NigTPUMYE AOCUTb BENKY MiAMHOXMHY BMacTMBOCTEN CTaHAApTy
SQL92, 3amLwaroumcb nNpy LbOMY HEBE/IMKOKO Ta LUBMAKOHO, LU0 Ba-
XNNBO, Hanpuknag, Ans Beb6-3acTocyBaHb. [OCMTb CKasaTu, LUO
SQLite nigTpUMye HaBiTb TpaH3aKLiT.

LLle pa3 BapTO HarnocuTy, Lo BMOGIp HaBYabHOT 6a3n AaHuX He
BMN/IMBAE Ha CUMHTAKCUC BUKOPWUCTAHUX 3acobiB, TOMY L0 MOAY/b
sqlite3, o BuKopucToByBaTUMeTLCA, NiaTpUMye DB-API 2.0, a ue
03Hayae, Wo nepexig Ha 6yab-sKy iHWY CKB/M, BUKNUKAE MiHiMa-
NbHI 3MiHW Y BUKAUKY QYHKUIT connect() i, MoXxnunBo, Byae foui-
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NbHIWUM BUKOPUCTAHHS BAaNIWNX TUMIB faHWUX, NiIATPUMYBaHMX
uinsosoto CKBA.

CxemaTtnyHo poboTa 3 6a30t0 JaHNX MOXKe BArSAATA NPUGIN3HO Tak:

A nig'eaHaHHs oo 6asn gaHux (BUKAKK connect() 3 OTPUMaHHSAM
00'eKTa-3'efHaHHS);

A CTBOpEHHS! 0[]HOr0 a60 [AEKiNbKOX KypcopiB (BUKIMK METOAY
06'eKTa-3'elHaHHA cursor() 3 OTPUMaHHAM 06'eKTa-Kypcopa);

A BMKOHaHHS KOMaHAM abo 3anuTy (BUKIMK MeToay execute()
ab0o 1oro BapiaHTiB);

A oTpuMaHHs pesynbTaTiB 3anuTy (BUKAMK MeTogy fetchone()
abo oro BapiaHTiB);

A 3aBeplLUeHHS TpaH3aKLii abo Ti BigKouyBaHHS (BUKIMK MeTOAY
06'ekTa-3'efHaHHA commit() abo rollback());

A Konu BCi HEOGXifAHI TpaH3aKL|ii BUKOHAHO, MifKMHOYEHHS 3a-
KPVBAETLCH BUKIMKOM MeToay close() 06'ekTa-3'eAHaHHS.

11.3. 3HaomcTBO i3 CKB/,

Hexali nporpamMHe 3a6e3ne4eHHsi BCTaHOB/IEHO MPaBU/bHO i MO-
KHa npautoBatn 3 Mogynem sqlite3. BapTo noguBuTuCs, sSiKe 3Ha-
YEHHS! MaTUMYTb KOHCTaHTK:

>>> import sqlite3

>>> sqlite3.apilevel

2.0

>>> sqlite3.paramstyle
"‘pyformat’

>>> sqlite3.threadsafety
1

3Bigcu Bunnumeae, Wwo sqlite3 nigrpumye DB-API 2.0, nigcTaHoB-
Ka napameTpiB BUKOHYETbCA Yy CTUI pagka (hopmaTyBaHHS MOBM
Python, a 3'eAHaHHA He MOXXHa CMiIbHO BUKOPWUCTOBYBATM 3 PI3HUX
NOTOKiB KepyBaHHs (6e3 6/10KyBaHb).
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11.3.2. CTBOpEHHSA 6a3m gaHnx

[nsa cTBOpeHHs 6a3n gaHMX NOTPIGHO BCTaHOBWUTK, SIKi TabnuLLi
(Ta iHWi 06'eKTWN, HaNpUKnag iHAEKCW) Y Hild 36epiraTuMyThes, a Ta-
KOX BU3HAUUTV CTPYKTYypuW Tabnuup (iMeHa i Tunu nonis).

Hexali Tpeba cTBOpUTM 6a3y AaHuX, y Akili 6yge 36epiratucs Te-
nenporpama. Y il 6a3i MiCTUTUMETLCS TabnLA 3 TaKMMU NONSAMMU:

A tvdate;
tvweekday;
tvchannel;
tvtimel;
tvtime2;
prname;

A prgenre.

TyT tvdate — pgata, tvchannel — kaHan, tvtimel Ta tvtime2 — vac
noyaTky Ta KiHUA nepegadi, prname — Ha3Ba, prgenre — XaHp. 3Bu-
YaiHo, y Uil Tabnuui € PyHKLUioOHaNbHa 3anexHicTb (tvweekday 06-
YMCNIOETLCA HA OCHOBI tvdate Ta tvtimel), ane 3 NPaKTUYHUX MIpKY-
BaHb B[] 10 HOpManbHMX hopM 3BoAMTUCA He Byae. Kpim Toro, 6yae
CTBOPEHO Tab/MLI0 3 Ha3BaMU AHIB TWMXHA (YCTaHOB/HOE Bif4NOBIf-
HICTb Mi>K HOMEPOM [HS Ta AHEM TUXKHS):

A weekday;

A wdname.

HacTynHuii cueHapili cTBopuTb Tabnuuto B 6asi faHux (y Bunag-
Ky i3 SQLite niknyBaTucs NPO CTBOPEHHS 6a3n AaHMX He NOTPiGHO:
(halin BUHMKHe aBTOMaTUYHO. ANs iHWKX 6a3 AaHNX HeobXigHo ne-
pes uuMm CcTBOpUTU 6a3y AaHux, Hanpuknag, SQL-iHCTpykuieto
CREATE DATABASE):

import sqglite3 as db

I B B B

¢ = db.connect(database=""tvprogram"")
cu = c.cursor()

try:
cu.execute(
CREATE TABLE tv (
tvdate DATE,
tvweekday INTEGER,
tvchannel VARCHAR(30),
tvtimel TIME,
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tvtime2 TIME,
prname VARCHAR(150),
prgenre VARCHAR(40)

il
[LLRIT]

except db.DatabaseError, x:
print "IMomunka: ', x
c.commit()

try:
cu.execute(
CREATE TABLE wd (
weekday INTEGER,
wdname VARCHAR(11)

);

except db.DatabaseError, x:
print "Momunka: ", x

c.commit()

c.close()

TyT NPOCTO BUMKOHYHOTLCA SQL-iHCTPYKLUiT Ta 06po6nseTbCs No-
MWKa 6a3n JaHuX, AKLLO Taka TpanuTbesa (Hanpuknag, npv crnpooi
CTBOPUTK TabMULIIO 3 iIMEH, LLO BXe iCHYtTb). [ns Toro, uob Ta6-
NN CTBOPHOBA/IUCA HE3a/1eXXHO, BUKOPMCTOBYHOTb commit().

BuganstoTb Tabnuui 3 6a3n gaHWX y Takuid cnocio:

import sqlite3 as db

¢ = db.connect(database=""tvprogram"’)
cu = c.cursor()
try:

cu.execute(""""'DROP TABLE tv;"""")
except db.DatabaseError, x:

print "IMomunka: ', x
c.commit()
try:

cu.execute("""""'DROP TABLE wd;"*""")
except db.DatabaseError, x:

print "IMomunka: ', x
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c.commit()
c.close()

11.3.3. HanoBHeHHA 6a3n gaHnX

Tenep MOXHa HanoBHUTU TabWLLi 3HAUEHHSIMU. BapTo noyatu 3
PO3LUM(POBKY YNCNOBUX 3HAYEHD [/151 IHIB TUXKHS:

weekdays = [""Hegina", ""MoHeginok", "BiBTopokK', ""Cepeaa'’,

"Yetsep", "M'atHnya™, "Cybota’, "Hegina']

import sqlite3 as db

¢ = db.connect(database=""tvprogram")

cu = c.cursor()

cu.execute("""""DELETE FROM wd;""""")
cu.executemany (""" INSERT INTO wd VALUES (%s, %0s);"""",
enumerate(weekdays))

c.commit()

c.close()

Haragaemo, o B6ygoBaHa (hyHKLUia enumerate() CTBOpLOE Cnu-
COK Map HOMep-3Ha4YeHHs, HanpuKnag;

>>> print [i for i in enumerate(['a’, 'b", 'c'])]

[0, "a), (1. 'D), (2, "¢)]

I3 HaBefleHoro NpUKNagdy 3po3yMino, Wo meTof executemany() ob'e-
KTa-Kypcopa BUKOPUCTOBYE APYruid napameTp — NocnifoBHICTb — 1A
MacOBOr0 BBEAEHHS JaHUX 3a A0NoMoror SQL-iHCTpyKuiT INSERT.

MpunycTrMO, WO Tenenporpamy BM3Ha4yeHo Yy haiini tv.csv y go-
pmati CSV (BiH yXKe p3rnsgascs):

10.02.2003 9.00|1+1|HOBUHWM|HOBMHM|9.15

10.02.2003 9.15|1+1|"HDKHA OTPYTA"|cepian|10.15

10.02.2003 10.15|1+1|" Macku-LLoy"|rymopucTuyHa nporpamal10.45

10.02.2003 10.45|1+1|"NMoamHa Ta 3akoH"||11.30

10.02.2003 11.30|1+1|"HOBI MPUrOAV CUHABALA"|cepian|12.00

HacTtynHa nporpama po3bupae CSV-thaitn Ta 3anucye fpaHi B
Tabnuuo tv:
import calendar, csv
import sqglite3 as db
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from sqlite3 import Time, Date ## Tinbku gna
db.Date, db.Time = Date, Time  ## sqlite

¢ = db.connect(database=""tvprogram"")
cu = c.cursor()

input_file = open("'tv.csv", "'rb™)
rdr = csv.DictReader(input_file,
fieldnames=['begt’, ‘channel’, ‘prname’, ‘prgenre’, ‘endt’])
for rec in rdr:
bd, bt = rec['begt'].split()
bdd, bdm, bdy = map(int, bd.split("."))
bth, btm = map(int, bt.split("."))
eth, etm = map(int, rec['endt'].split("."))
rec['wd'] = calendar.weekday(bdy, bdm, bdd)
rec['begd’] = db.Date(bdy, bdm, bdd)
rec['begt'] = db.Time(bth, btm, 0)
rec['endt’] = db.Time(eth, etm, 0)

cu.execute(""""INSERT INTO tv
(tvdate, tvweekday, tvchannel, tvtimel, tvtime2, prname,
prgenre)

VALUES (
% (begd)s, %o(wd)s, %(channel)s, %o(begt)s, %o(endt)s,
% (prname)s, %o(prgenre)s);"""""", rec)
input_file.close()
c.commit()

BinbLIiCTb NepeTBOPeHb MOB'A3aHO 3 OTPUMAHHAM [aT Ta rogvH
(BoBoauTLCA PO36MBATY PALKM HA YACTMHW BIi4NOBIAHO 4O hopmaty
Aatn Ta yacy). [leHb TVXXHA OTPUMYETLCA 3a LOMOMOror (yHKLIT 3
moayns calendar.

MpumiTka. Yepes HeBenuky nomunky B naketi sqlite3 koHcTpykTOpU Date,
Time TOWWO He noTpannsAlTb i3 Mogyna sqlite3.main npu imnopTi 3 sqlite3, Tomy
[0Benocs fofatu Aga psagku, cneundivHi ans sqlite3, B yHiBepcansHuii "mogynb"
3 iMmeHem db.

Y HaBefleHOMY npwKnagi NPOAEMOHCTPOBAHO BUKOPUCTAHHS
C/TIOBHUKA [J15 BCTABKM 3HAYeHb Yy Tabnuuto 6asn gaHnx. 3asHauymmo,
L0 MigCTaHOBKa BUKOHYETLCA BCEpeduHi BUKNNKY execute() Bigno-
BIAHO [0 TWNIB nepefaHux 3HayeHb. SQL-iHCTpyKUis INSERT 6yna
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6 HEKOpeKTHOK npu cnpobi BMKOHATW NiACTAHOBKY CaMOCTIMHO,
Hanpuknag, onepayieto popmaryBaHHs %.

11.3.4. Bubipkun 3 6a3u gaHux

Ba3u gaHMX CTBOPKOKOTL A1 3PYYHOCTI 36epiraHHs Ta BUKOpPWC-
TaHHA BE/IMKUX 06CAriB faHuX. HacTynHuiA npuknag L03BOSISE Me-
peBipuTU, UM NPaBUILHO BBEAEHO B TaBMNLIO AHI TUXKHS:

import sqglite3 as db

¢ = db.connect(database=""tvprogram")
cu = c.cursor()
cu.execute("'SELECT weekday, wdname FROM wd ORDER
BY weekday;")
for i, n in cu.fetchall():
printi, n

AKLL0 BCe 3p06/1eHO NpaBW/bHO, TO BUIAAE:
0 Hegina

1 IMoHeginok

2 BiBTOpOK

3 Cepega

4 YeTBep

5 M'atHnuga

6 Cy6oTa

7 Hepina

HecknagHo Bu6patu Tenenporpamy:
import sqlite3 as db

¢ = db.connect(database=""tvprogram'")

cu = c.cursor()

cu.execute(*"""""

SELECT tvdate, tvtimel, wd.wdname, tvchannel, prname,
prgenre

FROM tv, wd

WHERE wd.weekday = tvweekday

ORDER BY tvdate, tvtimel;""""")

for rec in cu.fetchall():
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dt = rec[0] + rec[1]

weekday = rec[2]

channel = rec[3]

name = rec[4]

genre = rec[5]

print ""%s, %02i. %02i. %04i %s %02i:%02i %s (%s)"" % (
weekday, dt.day, dt.month, dt.year, channel,
dt.hour, dt.minute, name, genre)

Y ubomMy NpuKnagi K TUN AN 4aTh Ta Yacy BMKOPUCTOBYETHLCA
Tmn i3 mx.DateTime. Came TOMYy CTasio MOX/IMBUM OTPUMATK PiK,
MicALb, fieHb, FOAMHY Ta XBWIWHY, 3BepTaloumch 4o atpubyta. Mpu-
yomy datetime-06'ekT cTaHZapTHOro mopayns datetime mae Ti cami
aTpubyTn. Y 3arasibHOMy BUMagKy Ans faTh Ta Yacy MOXHa BUKO-
pucTaTy iHWKA TUN. ToMy, AKLLO OTpUMYBaHI 3 6a3u gaTu 06pobns-
TUMYTbCA GiNbLL FAMGOKO, X BapTO MEPEBOAUTUN Y BHYTPILUHE MO-
[aHHS Bifpa3y nicns oTpUMaHHs 3a 3anMToM. TUM camMuMm, TN AaTu
3 mogyns DB-API He BNivBaTMMe Ha iHLWI YaCTUHW NPOrpamu.

11.4. IHwi CKB/, i Python

Mogaynb sqlite3 gae 4yaoBi MOXAMBOCTI AN NOOYA0BU HEBENN-
KX Ta WBNAKNX 6a3 fAaHuX, 0gHaK, And NOBHOTY BMKAady NPOMOHY-
€TbCA OrNsA Moaynis poswmpeHHs Python ans iHwnx CKBA.

Buwe ckpisb iMnopTyBascs Moay/b sqlite3 3i 3MiHOKO /0ro iMeHi
Ha db. Lle 6yno 3po6seHO He BMNAAKOBO. 3ayBaXkKMMO, L0 TakKi Mo-
ayni, ski nigTpumytote DB-API 2.0, € i anga iHwmx CKB/A, i HaBiTb
He oAvH. BignosigHo fo iHdopmauii Ha cainTi www.python.org DB-
API 2.0-cymicHi moayni ans Python matoTb Taki CKB/[, a6o npoto-
Konu goctyny o bA4:

A zxJDBC - goctyn no JDBC;

A MySQL — ans CKbA, MySQL;

A mxODBC - poctyn no ODBC, npopgaeTbes thipmoto eGenix
(http://wvww.egenix.com);

A DCOracle2, cx_Oracle — gns CKB/, Oracle;

A PyGresQL, psycopg, pyPgSQL — ans CKB/A, PostgreSQL;

A Sybase — ans Sybase;
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A sapdbapi — gns CKBJ, SAP;

A KinterbasDB - ans CKBJ, Firebird (ue Hawagok Interbase);

A PyADO - apantep Ao Microsoft ActiveX Data Objects (Tifbku
nig Windows).

MpumiTka. Ons CKBA, PostgreSQL noTpi6Ho B3aT He PyGreSQL, a psycopg,
TOMY L0 B MepLIOMY € HEBEMMKI MPO6aemMy 3 TUNOM A1 AaTy Ta Yacy Mpu BCTaBsLi

napameTpiB y MeTogi execute(). Kpim Toro, came psycopg onTVMi30BaHWiA Ans LLBW-
[KocTi Ta 6aratonoTokoBocTi (psycopg.threadsafety=2).

TakuMm Y/HOM, Yy NpUKNajax, Lo BUMKOPUCTOBYHOTLCA B LibOMY
po3gini, 3amicTb sqlite3 MoxxHa 6paTtu, Hanpuknag, psycopg: pesysb-
TaT Mae 6yTV TakMM CaMmMM, SIKLLO, 3BMYaliHO, BIAMOBIAHUIA MOAY b
Oyno BCTAHOB/IEHO.

OpHak 3aranom npu nepexofi 3 ogHiei CKBJ, Ha iHLWY MOXYTb
BUHMKATX NpobneMu, HaBiTb, He3BaXKatOUM Ha MiATPUMKY TiEl camoi
Bepcii DB-API. Hanpvknag, y MOAYNiB MOXYTb Pi3HUTUCH
paramstyle. Y LUbOMy pasi 40BefeTbCA el nepepoduTy napameTpu
Ans BUKNMKY execute(). MoxyTb 3'IBASTUCA 1 iHLWI NPUYMHKU, TOMY
nepexif Ha iHWy CKB/ Tpeba peTenbHO TecTyBaTu.

Matu iHTepdeiic DB-API MOXyTb He Tinbku 6asn gaHux. Ha-
npuknag, pospobHukn npoekty fssdb nparHyte nobygysatu DB-
API 2.0 iHTepdeiic ans (ainnosoi cuctemu.

He3Baxkaloum Ha JOCUTL rapHi TeOPeTUYHI OCHOBM Ta CTabifbHi
peanisauii, pensuiiHa Mofenb — He eanHa 3 YCMilUHO BUKOPUCTOBY-
BaHMX CbOrogHi. AK npuknag, y>xe posrnsganaca mosa XML Ta iH-
Tepdelicn ana poboTtn 3 HAM y Python. [epeBonogibHa Moaenb Aa-
HUX XML ana 6araTboX 3aBfaHb € MPUPOAHILLOLD, i 3apa3 npoBa-
OATbCA  [OCNIIKEHHS, pe3ynbTaTh AKUX [03BONATH MpautoBatu 3
XML Tak camo nerko i crabinbHo, K 3 pensauiinumm CKB/. Mosa
nporpamyBaHHs Python € 0gHMM i3 NONIFOHIB LMX AOCNIIKEHb.

Bupilwyroun KOHKpeTHe 3aBAaHHA, PO3POOHUK MPOrpaMHoro 3a-
Oe3neyeHHA Mae BMOGpaTU 3aco6u, HalbiNbL NpUAaTHI 4NS PO3B's-
3aHHS NOCcTaB/eHOol 3agadi. barato XT0 NigX04AMTb O LbOro B16opy
3 MEBHOK YNepespKeHICTIo, 0bmparoyn HeonTUManbHy (419 LbOro
3aBflaHHs abo nig3aBAaHHsA) MOAENb JaHWUX. Y pe3ynbTaTi fdaHi, SKi
no CBOI Npupoai nerwe nogaTy 3a AONOMOIOK iHLLOT Moaeni, fo-
BOAWTbCS 36epiraTv i 0b6pobnsaTn B 06paHiii mopeni, HalivacTille
MVMOXiTb MOZE/IHOHYMN NPUPOAHILLI CTPYKTYPU A4Ns LOCTYny Ta 36e-
piraHHa paHux. Tak, XML moxHa 36epiratn B pensuiinii bA, a
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TabnnuHi gaHi — y XML, ofiHaK Le HenpupogHo. Yepes e cknaj-
HICTb | CXWNbHICTL 40 NOMUIOK NPOrpPaMHOro NpoayKTy 3p0CTatoTh,
HaBIiTb, AKLL0 BUKOPUCTAHO iIHCTPYMEHTW BUCOKOT SKOCTI.

KOHTpO/IbHI 3anuTaHHA

1. [laiiTe BU3HAUEHHS NOHSATTAM "'pensuiiiHa 6asa gaHmx", "Tabnmusa”, "psgok'.

2. [laiiTe KOPOTKY XapaKTepucTuky mogynto DB-API 2.0.

3. Y Yomy nongrae ronosHa rnepesara BUKopucTaHHa mogynsa DB-API 2.0?

4. [aiiTe BU3HAYeHHS NOHATTAM "TpaH3akuis" i "Kypcop".

5. MepepaxyiTte cTaHgapTHI 4na mogyns DB-API 2.0 Tunu gaHnx. Yn
3aBX/MN € CEHC KOPUCTYBATUCH NINLLIE HUMU?

6. MepepaxyiiTe 1 ONULWITL METOAW, IO A03BONAKOTL MpautoBaTy 3 B/
(BnbpaTn faHi, OHOBMTY AaHi TOLLO).

7. Aki CKBA, nigtpumye Python?

KOHTpO/bHI 3aBaaHHs

1. CtBopiTb BJ, 3rifHo 3i cBOIM BapiaHTOM (Tabs. 11.2).

Ta6bnuya 11.2
BapiaHTu 3aBgaHb

No .
n/n BapiaHT 3aBfaHHsA
1 CnpoekTysaTtv B[l ns pobiTHWKA CKNady rotoBoi NPoAyKLiT
2 CnpoekTyBaTu B[l 4151 KOHTPONKO BUKOHAHHS HaBaHTaXXeHHs BUKNaAaYiB
BULLIB
3 CnpoekTyBaTtv B/l Ans KOHTPO/IKO CECIHOT YCMILLUHOCTI CTYAEHTIB BULLIB
4 CnpoekTyBatv B[l Ansi 06/1iKy KOHTUHTEHTY CTYZEHTIB BULUIB
5 CnpoekTysatu B/l fing opraHisawii AUNJI0MHOro NPOEKTYBaHHA Y BULLIAX
6 CnpoekTyBaTtv B[l Ans opraHisayii KypcoBOro npoeKTyBaHHs
7 CnpoekTyBatv B/l ans npokomy BULLIB
8 CnpoekTyBaTtv B/l Ans HapaxyBaHHA CTUNEHAIT Y BULLIAX
9 CnpoekTyBatv B[l ans 6i6nioTeky BULWIB
10 CnpoektyBat B/} Ana KepyBaHHS POGOTOK) KOMM'HOTEPHUX ayAMTOpiii
HaBYa/IbHOro 3aKagy
11 | CnpoektyBatv Bl Ans KepyBaHHS po60TOH K/acy BifibHOro A0CTyny
12 | CnpoektyBatv BJl Ans HapaxyBaHHS 3apo6iTHOI NaaTW BUKNaAaYis
13 | CnpoekTyBatV B[] BYeHOI pau i3 3aXMCTy AncepTauiit
14 | Cnpoektysatv B[l Bifainy acnipaHTypu
15 | CnpoektyBatvt B/l AN KOHTPO/MH YCNILLHOCTI LUKOMsPIB
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MNpofoB>KeHHa Tabn. 11.2

Ne .

i BapiaHT 3aBgaHHA

16 | Cnpoekrtysatv B[] outayoro cagka

17 | Cnpoekrtysatv b/l CNOPTUBHOI LLKONW

18 | CnpoektyBatvt B[] LEHTPY AMTAYOI TBOPYOCTI

19 | Cnpoektysatu b/l napTHepiB copTBEpHOI hipmu

20 | CnpoekTtyBati b/l KOMEpLiHOro HaB4aIbHOTO LEHTPY

21 | CnpoekTtyBatu B/l 4515 po3paxyHKy 3ap06iTHOI niaTu

22 | CnpoekTtyBatui B/l o515 061iKy fOMaLLHIX (iHaHCIB

23 CnpoekTyBatv B/l ans foMaLIHbLOT 6i6nioTekn

24 | CnpoekTtyBatu b/l ans paioHHOi 6ibnioTeku

25 CnpoekTysatu b/l Ans fOMALIHbLOI BifEOTEKM

26 | CnpoekTysati B[l Ana NnyHKTY NpoKaTy Bifeodinbmis

27 | Cnpoektysatu B[l KiHOTeaTpy

28 | Cnpoekrtysatu B[ npamaTuyHoro Teatpy

29 CnpoekTyBatu B[] Ans fOMALLUHbLOI ayAioTeKu

30 | Cnpoekrtysatu B[ TpeHepa CnOpTUBHOI KOMaHAM

31 | CnpoekrtyBatu B[] areHTCTBa 3 OPeHAM KBapTUP

32 | CnpoekTyBatu B/l pieniTepCcbKOro areHTcTea

33 CnpoektyBatv B}, ans 06niky nocnyr, WO HafatoTbCA HOPUANYHOKD
KOHCY/MbTaLiHO (hipMoto

34 | CnpoekTyBatu B[] aBTOCEPBICHOI ipMK

35 | Cnpoektysatu B/l aBT03anpaBHOI cTaHLil

36 | CnpoektyBatu B[l LeHTpY 3 Npofaxy aBTomMobinis

37 | CnpoekTysatu Bl napky TakcomoTopa

38 CnipoektyBati B, no nigcuctemi “"Kagpu™ (BapiaHTu: NS BULUIB, LUK,
NPOMUCNOBUX NiANPUEMCTB, TOProBe/lbHUX (ipM, COPTBEPHUX (PipM TOLLO)

39 | CnpoekTtyBatun B/l cny6u 3HaioMCTB

40 | CnpoektyBatu B/l TYpUCTMYHOIO areHTCcTBa

41 | CnpoekryBatu B/l TypucTMYHOro oneparopa

42 CnpoekTyBat B[] TYpUCTUYHOIO KNy6y

43 | CnpoekTtysatv B[] paitoHHoI nonikniHiku. Nigcyctema "PoboTa 3 navjieHTamu’

44 Cnpo:_eK_TyBaTM B paitioHHOi nonikniHikk. Migcuctema "O6AiK Nifbro-
BUX NiKiB"

45 CnpoekTyBaTtu B/l paitioHHOT nonikniHikv. Migcuctema "MnaHyBaHHA 7
06/iK po60T1 MeIM4HOr0 nepcoHany"

46 | CnipoekTtyBatu B/l paiioHHoi monikniHiku. Nigcuctema "O6AiK NaLlieHTiB"

47 CnpoekTyBatu B[] NonoroBoro 6yanHKy

48 | CnpoektyBatu B[ nikapHi. Nigcucrtema "Po6oTa 3 nauieHTammn"

49 | CnpoektysaTu B nikapHi. Migcncrema "Jlikapcbke 3a6e3neveHHs"

50 | Cnpoektysatu B[] anteku

51 | CnpoektyBatu B[ rotento. MNMigcmucrema "Po6oTa 3 KnieHTamm'"

52 | Cnpoekrysati B/l ga4Horo KoonepaTtusy
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3aKiH4eHHs Tabn. 11.2

Ne
n/n
53 | CnpoekrtyBati b/l BugasHuuTBa. Migcucrema "Po6oTa 3 agTopamn’

54 | Cnpoekrtysatn b/l BuasHuuTea. Migcucrema "Cnyxkba MapkeTuHry"

55 | CnpoekTyBatu B[l 067Ky po3paxyHKiB i3 KnieHTamu y 6aHKy

56 | CnpoekTysati B[l 6yfiBenbHOI Qipmu

57 CnpoeKTyB_aTm B/ MiCbKOi TenetoHHOT mepexi. Migcuctema "O6.iK
pO3paxyHKiB 3 KnieHTamu"

58 | CnpoekTtysati b/l ToprosenibHOI opraHisauii

59 | CnpoekrtyBatui B[] aeponopty

60 | Cnpoekrtysatn b4 ang AAI

61 | CnpoektyBati B[l dhoTOLEHTPY

62 | CnpoektyBati BJ] ripcbKonvmkHOI 6a3m

63 | Cnpoektysatui B[l aTefibe BEpXHLOro oAsry

64 | Cnpoekrtysatu B[ Teneatense

65 | CnpoekrtyBati B[ NyHKTY 3 pEMOHTY efieKTpoanapatypu.

66 | Cnpoektysati BJ] NyHKTY NpokaTy aBTomMo6inis

BapiaHT 3aBgaHHs

2. Ana cnpoekToBaHO! 6a3n [aHWX HanuwiTe (PYHKUiKO iHiuianizayii
(CTBOpPEHHSA NMOPOXHLOT 6a3w).

3. HanumwiTb yHKLiT fofaBaHHS Ta BUAANEHHS 3anucy B 6asi.

4. HannwiTb npoueaypy, LU0 NMOBEPTAE CMMCOK i3 KOHOBUMY E/IEMEHTaMM.

5. 3a gonomoroto moayns sqlite3 peanidyinte 36epeXkeHHs/BiAHOBNEHHS
6a3n y aiin/ia taina.

6. OchopMiTb OTPUMaHWIA Habip (yHKLIA 9K moaynb. Hanuwitb TecT
AN UbOro Mogyns. PeKOMeHAYETLCA BUKOPUCTOBYBATY TaKuil Npuitom:

def test()

if _name_ =="_main__"": test()

Lle po3sonuTb Hafani 36epiraT TeCT 41 LbOro MOAYNs B TEKCTi camo-
ro Mogyns.

7. Peanisyinte iHhopMaLiiHWiA 3anmT 3a Kntodem (o64ncnieHHs abo 06-
po6Ka iHthopmauii B nonsx 6asu).

8. CopTyBaHHs. HanuwwiTb AeKinbKa yHKLiA NOPiBHSHHA NoniB 6a3un 3a
pisHMMYK NapameTpamu. PeanidyiTe 36epiraHHs iHpopMauii B 6a3i y Bifco-
PTOBAHOMY BUT/IAL.

9. CTBOpeHHs nakeTa. O6MiHsAlTeCA 3 TOBapULLEM FOTOBUMU MOAY/SMM
Ta 06'efHaiiTe X B OAMH NakeT (CMiSLHO HAaMMLWITL CKpUNT __init__.py Ta
(hyHKLiIO, L0 reHepye cninbHWMiA 3anuT). Lle MoxauBo, ake [oOcTyn Ao
JaHWX B YCiX MOAYNAX OPraHisyeTbCa Yepes K/IHoYoBe nosne.

10. BKIOUITb Y KOA Y2Ke HammcaHUX (hyHKLLi 06po6KY BUHATKOBYX CUTYaLLiiA.
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PO34I/1 12

BaraTonoTrtokKoBi 004YMNCNeHHSA

12.1. MNpo NOTOKN KepyBaHHSA

Y cy4acHiii onepauiiHiii cuCTeMi, sika HaBiTb He BUKOHYE HIYOro
0c06/IMBOr0, MOXYTb OAHOYAaCHO MpautoBaTh Kiflbka MpoLEeciB
(processes). Hanpuknag, npu 3anycky nporpamm 3anyckacTbCs HOBUA
npouec. PyHKUIT 4na KepyBaHHA NpoLecaMn MOXKHa 3HalTU y CTaH-
AapTHOMY Mogyni 0s MoBM Python. TyT e IAeTbCs NPo NOTOKM.

MoTokun KepyBaHHA (threads) yTBOPIOKOTLCA Ta MPALOOTL Y pam-
Kax OfHOro npouecy. B ogHOMOTOKOBI NpuKnaaHiin nporpami (npo-
rpami, WO He BUKOPUCTOBYE 0aTKOBMX NOTOKIB) € TiflbKN OAMH MOTIK
KepyBaHHS. KaXyuu crpoLyeHo, npy 3amycky nporpaMu Leid noTik
MOCNIJOBHO BMKOHYE OMepaTopu, Lo 3yCTpivatoTbCa B Mporpami, py-
Xarumnch No OfHIN 3 anbTepHATMBHUX TiNOK oriepaTopa BU6OpY; Mnpo-
XOAMTb Yepes Tifo LMKy NOTPiBHY KifbKiCTb pasis, NoTpannse 4o Mi-
cus 06pOOKY BUHATKOBOI CUTYaUIT Npu i reHepyBaHHI. Y 6yab-aKuli
MOMEHT yacy iHTepripeTatop Python 3Hae, iKy KOMaHy BUKOHATU Ha-
CTYMHOt0. Ticns BUKOHaHHA KOMaHAW CTae BifIOMO, sKili KOMaHgi ne-
pefaTn KepyBaHHS. Lleli MaHUOXOK He nepepuBaEeTbCs NPOTAroM BU-
KOHaHHS Nporpamu i yprBaeTbCs NnLLE Nics 11 3aBepLUEHHS.

Tenep MOXKHa ysIBUTW cOO6i, WO B [AeAKii TouLi nporpamu naH-
LIHOXKOK PO3/[BOKETHLCA | KOXHWUIA NOTIK ife CBOIM LNSXOM. [oTim
KOXHWIA i3 MOTOKIB, L0 YTBOPUAMCA, MOXEe Hafani Lie Kinbka pasis
po3aBotoBaTmCA. Mpu LbOMY OAMH i3 NOTOKIB 3aBXAN 3a/IMLLAETHCA
FOMI0BHMM | Oro 3aBepLUEHHS 03Ha4ae 3aBepLUeHHS BCIET Nporpamu.
Y KOXHWIA MOMEHT 4acy IHTepnpeTaTop 3Hae, Ky KOMaHLy SKuii
MOTIK MOBMHEH BMKOHATU Ta Hafa€ KBaHTU 4Yacy KOXXHOMY MOTOKY.
Take, 3faBanoca 6, He3HauyHe yCKafHEeHHS MeXaHi3My BUKOHaHHSA
nporpamun HacnpasAi BUMarae sKicCHUX 3MiH y nporpami — agpke fis-
NbHICTb NOTOKIB MOBMHHa OYTW 3narofeHa. He MoxkHa gonyckaru,
W06 MOTOKM OfHOYACHO 3MIHIOBaSIM OAMH | TO camuii 06'eKT. Pe-
3ynbTaT Takoi 3MiHW, LWBMALLE 3a BCe, NOPYLUWTb LiNICHICTb 06'eKTa.

OfHMM i3 KnacuyHMX 3aco6iB Y3ro[pKEHHA NOTOKIB € 06'€KTH, L0
HasuBaloTb cemadgopamu. Cemagopu He LONYCKalOTb BUKOHAHHA
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[esKOl AiNAHKM Kogy AeKifbKoma noTokamy ofHouvacHo. Havinpoc-
Tiwnin cemaop — 3amOk (lock) a6o mutex (Bif4 aHrnincbKol
mutually exclusive, B3aEMOBMKNOYHWIA). ONna TOro, Wo6 NOTiK Mir
MPOAOBXUTW BUKOHAHHA KOLY, BiH MOBMHEH CMoYaTKy 3axonuTu
3aMoK. Ilicna 3axonsieHHs 3aMKa NoTiK BUKOHYE BU3HAYEHY AiNAHKY
KOZY, a MOTIM 3Bi/IbHSE 3aMOK, W06 iHLIWIA NOTIK Mir MOro oTpumaTtm
Ta NPONTW Aani A0 BUKOHaHHSA AiNAHKM Nporpamu, Wo obepiraetbes
3aMKOM. IMOTiK, 3iTKHYBLUWCH i3 3aMKOM, 3aliHATUM iHLLMM NOTOKOM,
3a3BMYall YeKae Ha oro 3Bi/IbHEHHS.

MigTprMKa 6araTonoToOKOBOCTI B MOBi Python gocTynHa yepes Bu-
KOpUCTaHHs pagdy mogynis. Y cTaHgapTHomy moayni threading su-
3Ha4YeHO NOTPIGHI A/19 po3pobkm GaratonoTokosoi (multithreading)
nporpamu Kfacu: Kisibka BuAiB cemagopis (knacu 3amkis Lock, RLock
Ta Knac Semaphore) Ta iHWI MexaHi3My B3aEMOAII MK MOTOKaMu
(knacu Event Ta Condition), knac Timer gns 3anycky gyHKUIT nicns
3aKiHYeHHs feskoro vacy. Mogynb Queue peanisye yepry, Ko Mo-
XYTb KOPUCTYBaTUCA BiApa3y KinbKa MNOTOKIB. [ CTBOPEHHS W (HU-
3bKOPIBHEBOI0) KepyBaHHs NMOTOKaMu B cTaHAapTHOMY moayni thread
BM3Ha4eHo Knac Thread.

Mpuknag 1
Y HaBegeHOMY NPUKIagi CTBOPHOHOTLCS [Ba AOAATKOBI MOTOKW, SIKi BU-
BOAATb Ha CTaHJapTHE BUBEAEHHS KOXHUIA CBOE:

import threading

def proc(n):

print "'Tpouec™, n

pl = threading.Thread(target=proc, name="t1", args=[""1""])
p2 = threading.Thread(target=proc, name="t2", args=[""2""])
pl.start()

p2.start()

CnoyaTKy CTBOPIOKOTLCA [Ba 06'eKTM Knacy Thread, sKi MOTiM i
3anycKatoTbCa 3 Pi3HUMK aprymeHTaMu. Y LbOMY BUMAaAKY B NOTO-
Kax Mpautoe Ta cama diyHKLis proc(), SKili nepeaaeTbecsa OuH apry-
MEHT, yKa3aHWiA y iIMeHOBaHOMY napameTpi args KOHCTPYKTopa Kna-
cy Thread. HeBaxxko 3goragatucs, Wwo mMeTop start() 3anyckae HoBUiA
NOTiK. Taknum YMHOM, Y NpUKAagi Npautoe TP NOTOKW: OCHOBHWIA Ta
[Ba [OAATKOBI (3 iMeHamm "t1" Ta "t2").

329



12.1.1. dyHKUiIT moaynsa threading

Y mogayni threading, WO TyT BUKOPUCTOBYETLCH, € (YHKLUIT, WO
[103BO/IIKOTb OTPUMATM IH(OPMaLLit0 NPO MNOTOKMK:

A activeCount() — noBepTaE KiNbKiCTb aKTUBHUX Y LiEi MOMEHT eK-
3emnnsApiB Knacy Thread. ®akTnuHo, Ue len(threading.enumerate());

A currentThread() — noBepTae NOTOKOBWIA 06'EKT-MOTIK, KOTPWIA Bi-
ANOBiAae NOTOKY KepyBaHHS, LU0 BUK/IKAB L0 (hyHKUi0. FAKLWO NOTIiK
He CTBOpHOBaBCA Yepe3 mofyb threading, To 6yae NOBEPHYTO 06'€KT-
NOTiK 3 06MEXEHOH0 (yHKLiOHasbHICTIO (dummy thread object);

A enumerate() — noBepTa€ CNMUCOK aKTUBHMX MOTOKIB. MOTOKM,
WO 3aBepLUMNCS, Ta MOTOKM, AKi Lie He 3amyLleHo, Y CMUCOK He
BK/IH0YAKOTHCA.

12.1.2. Knac Thread

Ekzemnnapu knacy threading.Thread sBnstoTb CO60H MOTOKM
Python-nporpamun. BusHauntu fii, ski 6yayTb BUKOHYBaTUCA B MO-
TOLi, MOXHa [IBOMa crnocobamu: nepegaT KOHCTPYKTOPY K/acy Bu-
KOHYBaHW 06'€KT Ta apryMeHTW A0 HbOr0 abo LLASAXOM HacnigyBaH-
HA OTpMMaTK HOBWIA Knac i3 nepesmsHaveHUM meTogom run(). Mep-
LKA cnoci6 6yno posrnsHyTo y npuknagi 2. KOHCTPYKTOp Knacy
threading.Thread mae Taki aprymeHTK:

Thread(group, target, name, args, kwargs).

TyT group — rpyrna noToKiB (MOKW LU0 He BMKOPWUCTOBYETLCA, MaE
popisHioBaT None); target — 06'eKT, W0 6ye BUKNMKaHWUIA Y METOAI
run(); name — im'a NOTOKY; args Ta kwargs — NocnigoBHICTb i CNOB-
HMK MO3WLiHMX Ta iMeHoBaHWX NapameTpis (Bi4NOBIAHO) ANa BU-
K/IMKY BKa3aHOro B napamMeTpi target 06'ekTa. Y npuknagi 3 Bukopu-
CTaHO Nuwe NO3ULiHI NapaMeTpu, ane Te X caMe MoXKHa 6yno Bu-
KOHaTK, 3aCTOCOBYHOUM IMEHOBaHI napameTpu.

Mpuknag 2
import threading

def proc(n):
print "Mpouec', n

pl = threading. Thread(target=proc, name="t1", kwargs={"'n"": "'1"'})
p2 = threading.Thread(target=proc, name="1t2", kwargs={"'n"": "'2"})
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pl.start()
p2.start()

Takoro camoro pesy/ibTaTy MOXHa JOCATTW, YCNaAKyBaBLUWN Bif
knacy threading.Thread i BM3HauMBLIM BNACHWIn KOHCTPYKTOP Ta
meTtog run().

Mpuknag 3
import threading
class T(threading. Thread):
def __init__ (self, n):
threading.Thread. _init__ (self, name=""t" + n)
selfn=n
def run(self):
print "'Mpouec™, self.n
pL=T("1")
p2=T("2")
pl.start()
p2.start()

HalinepLue, 1o Heo6XigHO 3p06UTN B KOHCTPYKTOPI, — Lie BUK/N-
KaTy KOHCTPYKTOpP 6a30BOr0 Kfacy. AK i paHille, Ans 3anycky noTo-
Ky MOTPibHO BUKOHATW MeToj start() 06'eKTa-MmoToKY, WO Npuseae
A0 LiSIKOM BM3HauyeHux fiin y metogi run().

ICHYBaHHAM MOTOKIB MOYKHA KepyBaTu, BUKIMKAOUM TaKi METOAW:

A start() — 3anyckae norik;

A run() — BU3Hauae Aii, SKi NOBMHHI BUKOHYBATICA B NOTOLL;

A join([timeout]) — MOTIK, WO BUKNUKAE Lieii METOA, NPUMNUHS-
€TbCA, OYIKYHOUM 3aBEPLUEHHS NMOTOKY, METOA AKOro BUK/MKaHO. Ma-
pamMeTp timeout (YMCNO 3 PyXOMOIO Kparnkor) J03BOMAE BKa3aTh vac
ou4iKyBaHHS (y CeKkyHaax), micns 3akiHY4eHHs SKOro NPUNMUHEHWUIA No-
TiK NPOAOBXYE CBOK POOOTY He3a/1eXHO Bifl 3aBEPLUEHHS MOTOKY,
MeTO/, join IKOro 6yno BUKAMKaHO. Buknnkatu join() geskoro noto-
Ky MOXHa 6arato pasiB. 0TIk He MOXe BUK/IMKaTK MeToZ join() 4ns
camoro cebe. TakOX He MOXHa OYiKyBaTW 3aBEPLUEHHS LLie He 3any-
weHoro notoky. Cnoso "join" y nepeknagi 3 aHrNiNCbKOI O3HaYae
"npueaHaTK", T06TO, METOA, LLLO BUKAMKaB join(), 6axae, o6 noTik
nicns 3aBepLUEeHHs NPUELHABCS 40 NMOTOKY, L0 BUKNMKAB METOA.

A getName() — noBepTae imM's NOTOKY. [N FOMOBHOrO NOTOKY —
ue "MainThread";

331



A setName(name) — npu3Hayae NOTOKY iM'st name;

A isAlive() — noBepTae iCTUHY, SIKLLO NOTiK npautoe (MeTog run()
y>Ke BUK/IMKAHO, a/le BiH LUe He 3aBepLUnBCS);

A isDaemon() — noBepTae iCTUHY, SKLIO MOTIK Mae O3HaKy fe-
MoHa. Mporpama Ha Python 3aBepluyeTbCs Micns 3aBepLUEHHS BCiX
MOTOKIB, L0 He € leMOHaMK. ["0/10BHUIA NOTIK He € AEMOHOM;

A setDaemon(daemonic) — ycTaHOBNOE 03HaKy daemonic (To6-
TO, MOTIK € AeMOHOM). MoyaTKoBe 3HAYeHHs LIiET 03HaKN GepeThbes
Bif, MOTOKa, L0 3anycTuB Uel NoTiK. O3HaKy MOXHa 3MiHOBaTU
TiNIbKW 4N5 MOTOKIB, AKi e He 3anyLeHo.

Y wmogyni Thread goci He peani3oBaHO MOX/IMBOCTi, BMaCcTMBI
noTokam y MoBi Java (BU3HaYeHHs rpyn MoToKiB, NMPUMUHEHHSA Ta
nepepuBaHHs MOTOKIB i330BHI, NPIOPUTETM Ta iH.), OfHAaK BOHMW,
LUBMALLE 3a BCe, OYAyTb CTBOPEHI B HANOAMKUYOMY MalibyTHbOMY.

12.1.3. Taiimep

Knac threading.Timer sBnse co60t0 fito, AKY HEOOXiHO BUKOHa-
TW 4Yepe3 BM3HayeHW/ udac. Lleld knac € nigknacom Knacy
threading.Thread, Tomy 3anyckaeTbCA TakoX meTofgom start(). Ha-
CTYNHWI NPOCTWIA NPUKNAZ NMOSACHIOE CKasaHe.

Mpuknag 4
def hello():
print ""Hello, world!"*

t = Timer(30.0, hello)
t.start()

12.1.4. 3amMKun

HaiinpocTilumii 3aMOK MOXXHa peani3yBaT Ha OCHOBI knacy Lock
moayns threading. 3amoK mMae fjBa CTaHW: BiH MOXe ByTu abo Bifim-
KHEHWI, a60 3aMKHEHWIA. FAKLLO BiH 3aMKHEHWIA, TO HUM BONOfiE fe-
AKWIA NOTiK. O6'eKT Knacy Lock mae Taki metoam:

A acquire([blocking=True]) — poGuTb 3aNUT Ha 3aMUKaHHS 3aMKa.
Akwo napameTp blocking He BM3HaYeHO abo € ICTUHOD, TO MOTIK Oyae
OYiKyBaTM 3Bi/lbHEHHS 3aMKa. FIKLIO napaMeTp He 6Yy/10 BKasaHO, METOZ

332



He MoBepHe 3HaueHHs. Ak blocking BkasaHO Ta /i0ro 3HaueHHs 6yno
"icTMHA", TO MeToA, nosepHe True (Micns YCMiLLUHONO OBOMIOAIHHA 3aM-
KOM). FAKLLO 6/10KyBaHHA He MOTpPibHe (TO6TO, BkasaHo blocking=False),
TO METOZ, MOBepHe True, AKLLIO 3aMOK He By/10 3aMKHEHO Ta HUM YCriLLHO
OBO/10AiB faHuWii NOTiK. IHaKLwe 6yae nosepHyTO False;

A release() — 3annT Ha BiAMUKaHHS 3aMKa;

A locked() — noBepTae MOTOYHWI CTaH 3amKa (True — 3aMKHe-
HWiA, False — BigiMKHeHUIA). 3ayBaXKMO, LLIO HaBiTb, AKLLO CTaH 3aM-
Ka LLIOHO MepeBipeHo, Lie He 03HaYae, L0 BiH 36epexe Lieli CTaH 10
HacTynHOT KOMaHaMW.

€ e oavH BapiaHT 3aMmKa — threading.RLock, sikuii Bigpi3HsAETb-
ca Bif threading.Lock TuM, L0 AesKuiA NOTIK MOXe 3anuTyBaTy 1oro
3aMMKaHHA 6araTo pasis. BiiMMKaHHA Takoro 3amka mae Bifbysatu-
CA CTI/IbKM X pasiB, CKifIbKM 6yN0 3amMmmKaHb. Lie Moxe 6yTu Kopuc-
HO, HanpuKnag, ycepeayHi peKypcuBHUX QYHKLIN.

Konu notpibHi 3aMKn? 3amMKu [03BONAIOTL 0OMEXyBaTW BXif Y
AesKy 061acTb Nporpamu O4HUM NMOTOKOM. 3aMKK MOXYTb 3Ha06u-
™™MCA AN 3a6e3mneyeHHs LiNICHOCTI CTPYKTypu faHuX. Hanpuknag,
AKLLO 415 KOPEeKTHOI poboTn nporpaMun noTpibHe AofaBaHHS NeBHO-
ro eneMeHTa Bifpa3sy B KinbKa CMMCKiB abo CMOBHMKIB, Taki onepauii
B 6araTONOTOKOBI nporpami BapTo 0hopMUTM 3aMKaMu. HaBkono
aToMapHUX onepauiin Hag ybyaosaHUMK Tunamu (onepawii, ski He
BUK/NKAKOTb BMKOHaHHA AKOroCb iHLWOro Kogy Ha Python) 3amku
CTaBUTU He 060B'A3Kk0BO. Hanpuknag, metod append() B6ygoBaHOro
CMWCKY € aTOMapHOHO onepauieto. Y pasi CyMHIBIB, 3BMYaliHO, Kpalle
rnepecTpaxyBaTucsa Ta NoCTaBUTK 3aMKK, OfHAK, BapTO MiHIMI3yBaTy
3ara/lbHUiA Yac Al 3aMKa, TOMY L0 3aMOK 3YMNUHSAE iHLLI NOTOKK, AKi
HamaraloTbCa NOTpanUTM [0 TiEl camoi  06nacTi  nporpamu.
BigcyTHICTb 3aMKa Yy KPUTWYHI YaCTVHI Nporpamu, L0 NpaLtoe Hag,
CNiNbHUMK ANs A4BOX abo BifbLue NOTOKIB pecypcamun, MoXKe npusse-
CTW [0 BUMAAKOBUX, NOMWNOK, SKi BAXKKO BUSBUTW.

B3aemHe 6n0kyBaHHs (deadlock). 3aMKkm 3aCTOCOBYHOTb ANs Kepy-
BaHHS [OCTYNOM [0 pecypcy, SKWA He MOXHa BMKOPUCTOBYBATU
CMiNbHO. Y nporpami Takux pecypciB Moxe 6yTu Kinbka. Mpu po6oTi
i3 3aMKaMy BaX/IMBO J06pe NpofLymaTy, Yu He npu3Befe BUKOHAHHS
nporpaMn A0 BUHMKHEHHSI B3aEMHOro 6nokyBaHHs (deadlock) uepes
Te, WO ABOM NOTOKaM 6yayTb NOTPIOHI OAHINA 1 Ti cami pecypcu, ane
061zBa He 3MOXYTb X OTPUMATHK, TOMY LLLO BOHW BXXE OZepXasn 3aMm-
Kn. Taky CcuTyaLito NpoiNtoCTPOBaHO Ha NpuKnagi 5.
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Mpuknag 5
import threading, time

resource = {"A": threading.Lock(), 'B': threading.Lock()}

def proc(n, rs):

forrinrs:
print "'Mpouec %s 3annTye pecypc %s" % (n, r)
resource[r].acquire()
print ""Mpouec %s ogepxae pecypc %s" % (n, r)
time.sleep(1)

print "Tpouec %S BUKOHYETLCA' %0 N

forrinrs:
resource[r].release()

print "'Mpouec %s 3aKiHYMB BUKOHaHHA" % n

pl = threading.Thread(target=proc, name="t1", args=[""1"", ""AB"])
p2 = threading.Thread(target=proc, name="t2", args=[""2"", "BA"])
pl.start()
p2.start()
pl.join()
p2.join()

Y uboMy npviKnagi Asa noTtoku (t1 Ta t2) 3anuTyloTb 3aMKK [0
TUX cammnx pecypcis (A Ta B), ane B pisHoMy nopsaaky. Yepes ue 6a-
YMMO, L0 Hi B TOTO, Hi B iHLLIOIO He BUCTa4yaE Pecypcis A1 Nojasb-
Loi poboTK, | BOHM 06MaBa 6e3HaAiNnHO 3aBUCAOTh, OYiKyHUM 3Bi-
NbHEHHA MOTPIGHOro pecypcy. 3aBAsAKM oneparopaM print MoXHa
criocTepiraT NOCAiAOBHICTb MO/iA:

IMpouec 1 3annTye pecypc A

Mpougec 1 oTpumas pecypc A

IMpouec 2 3annTye pecypc B

lMpouec 2 oTpnmas pecypc B

IMpouec 1 3annTye pecypc B

Mpouec 2 3annTye pecypc A

ICHYIOTb METOAMKM, LLO L03BONAKTb YHUKHYTU NOLIGHNX B3aEM-
HMX G10KyBaHb, OfHAaK iXHI PO3rnag He BXOAMTb Y PaMKu LbOro
po3giny. na YHUKHEHHS UyX 6/10KyBaHb MOXHa NOpaanTy BUKOPK-
CTOBYBaTW Taki NpUioMu:

A nobypaysaTn noriky nporpamu Tak, W06 HiKoAu He 3anuTyBa-
TW 3aMKW [0 [4BOX pecypciB ogpasy. MoXnnBo, [0BefeTbCA BU3HA-
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YMTK [eAKUA CKNafeHuid pecypc. 30Kpema, 40 LaHOro npuknagy
MOXXHa 0yno 6 BM3Ha4UMUTU 3aMOK "AB" ansi OTPMMaHHS eKCKH3NB-
HOro AocTyny o pecypcis A Ta B.

A cTporo BnopsakyBaTy BCi pecypcu (Hanpuknag, 3a BaxknuBeic-
THO) Ta 3aBXAW 3anuUTyBaTW 1X Y NEBHOMY NOPAAKY (CKaXeMOo, Nouu-
HaloumM 3 BX/IMBILLMX pecypcis). Mpun LboMy nepes TUM, AK 3anuTty-
BaTW [eAKWIn pecypc, MOTIK NOBWHEH BiAMOBUTUCS Bij 3ab/10K0Ba-
HVX HAM MEHLL BEXX/IMBMX PECYPCIB.

12.1.5.Cemadchopu

Cemathopn (ix iHOAI Ha3uBalTb cemadopamy [elikcTpu
(Dijkstra) 3a iMeHeM TXHbOr0 BUHAXi[HWNKA) € 3aranbHillMM MeXaHi-
3MOM CMHXpPOHi3aLii NOTOKIiB, HiXX 3aMKu. CeMagopy MOXYTb Myc-
TUTW B KPUTWYHY 06n1acTb nporpamu Bifpasy Kifbka notokis. Ce-
Madop Mae NiYMMbHUK 3aMuTIB, SKWIA 3MEHLLYETHCS 3 KOXXHUM BU-
KAMKom MeTogy acquire() Ta 36inbLIYETbCS NPU KOXHOMY BUKINKY
release(). JTiuMNbHUK HE MOXe CTaTV MeHLUe HiXX O, TOMy B TakoMy
CTaHi MOTOKam [0BOAMTLCA YeKaTW, AK i y BUMAAKY i3 3aMkamu, fo-
TW, NOKWN 3HAYEHHS NiYNIbHMKA He 30ibLUNTLCS.

KoHcTpykTop Knacy threading.Semaphore npuiiMmae sk (Heo60-
B'A3KOBWIN) aprymMeHT MO4YaTKOBWIA CTaH NiynbHMKA (3a 3aMoBYy-
BaHHSAM BiH JOpPiBHIOE 1, 10 BiAnNoBifae 3aMKy Knacy Lock). Metoam
acquire() Ta release() AitoTb aHaNOriyHO OMMCAHWM BULLE OAHOI-
MEHHVM MeTOZaMm 3aMKiB.

Cemachop MOXe 3aCTOCOBYBATUCH [J11 KEPYBaHHS AOCTYMNOM [0
0bmexeHoro pecypcy. Hanpuknag, i3 ioro gonomorord MoXHa Ke-
pyBaTV NynoM 3'€4HaHb i3 6a30t0 faHuX. Take BUKOPUCTaHHA ceMa-
(hopa (Y3470 3 JOKYMeHTaUii o Python) HaBefieHO Y NpuKnagi 6.

Mpuknag 6
from threading import BoundedSemaphore
maxconnections = 5

# MigroTtoBka cemacopa
pool_sema = BoundedSemaphore(value=maxconnections)

# YcepeanHi NOTOKY:
pool_sema.acquire()
conn = connectdb()
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# ... BAKOPUCTAHHA 3'€JHAHHA ...
conn.close()
pool_sema.release()

TakuM YMHOM, BUKOPWUCTOBYETLCS HE Oinblle N'ATu 3'€AHaHb i3
6a3ot0 JaHunX. Yy npuknagi BUKOPUCTaHO Knac
threading.BoundedSemaphore. Ek3eMnnsipy Up0Oro Knacy BigpisHs-
HOTbCA Bif ek3emnnapis knacy threading.Semaphore Tnm, WO He fa-
H0Tb BUKMKATU (PYHKLitO release() Gifiblue pasiB, HiXK KiNbKiCTb BU-
KNWKiB yHKUIT acquire().

12.1.6. Mogai’

LLLe ogHMM cnocobom KoMyHiKaLii Mi>k 06'eKTamun € nofil. Ek3emn-
napw Knacy threading.Event BUkop1cTOBYOTb AN nepegadi iHpopma-
LT Npo AesKy NOAiH0 Bif O4HOr0 NMOTOKY OAHOMY a60 [eKi/IbKOM iHLLUM
notokam. O6'ekTU-Nofil MatoTb BHYTPILLHIMA NpanopeLb, KW Moxe
OyTV BCTaHOBNEHO ab0 CKVHYTO. [Mpn CTBOPEHHI MparopeLib MoAji CKu-
HYTO. FKLLO npanopeLp YCTaHOBNEHO, TO MOTIK, L0 BUK/INMKAB METOZ
wait() ana ouikyBaHHS nofii, NPOCTO NPOAOBXYE CBOH po6oTy. Himkue
HaBeZleHO MeToau ek3emMnnspis Knacy threading.Event:

A set() — ycTaHOB/OE BHYTPIiLLHi/ NpanopeLb, L0 CUrHanisye
MPO HacTaHHSA MOAii. YCi MOTOKK, L0 YeKakTb Ha L0 MOAit0, BUXO-
[ATb 3i CTaHy OYiKyBaHHS;

A clear() — ckuaae npanopelpb. Yci nogii, SKi BUKNINKAOTb Me-
ToA wait() upboro o6'ekTa-nogii, nepebyBaTUMyTb y CTaHi OYiKyBaH-
HS OTW, LOKM NpanopeLb CKMHYTO, abo Mic/s 3aBepLUEeHHs BKa3aHO-
ro TaiM-ayTy;

A isSet() — noBepTae cTaH NpanopLs;

A wait([timeout]) — nepeBoANTbL NOTIK Y CTaH OYiKYBaHHS, SKLLO
npanopeLb CKUHYTO, i Bifpasy noBepTae KepyBaHHS, SKLLO nparo-
peLb YCTaHOB/IEHO. APryMeHT timeout BU3Hauae TailM-ayT y CeKyH-
fax, nicns 3akiHYeHHs AKOro OYiKyBaHHA NMPUMUHAETLCA, HaBiTb K-
LLLO MOoAia He HacTana.
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12.1.7. YmMoBU

Binbl CKNagHUM MexaHi3MOM KOMYHIKaLiT Mi>K NOTOKaMu € Me-
XaHi3M yMOB. YMOBM £BNAOTb COOOK  €K3eMMNisipu  Kriacy
threading.Condition i, noAi6HO 40 LOWHO PO3rNsAHYTUX MOAii, cno-
BilLLatOTb MOTOKM NPO 3MiHY Aeskoro cTaHy. KOHCTpyKTop Knacy
threading.Condition npuiiMae Heo60B'A3KOBUI NapaMeTp, L0 Bu-
3Havae 3aMoK Knacy threading.Lock a6o threading.RLock. 3a 3amoB-
YyBaHHAM  CTBOPIOETbCA  HOBWUIA  €K3eMMNAP  3aMKa  Kfacy
threading.RLock. MeTtoau 06'ekTa-ymMoBK:

A acquire(...) — 3anuTye 3amMOK. PaKTUYHO BUKIMKAETLCA OA-
HOWMEHHWIA METOZ, HAJIEXKHOI0 06'EKTY-YMOBI 06'eKTa-3aMKa;

A release() — 3HiMaE 3aMOK;

A wait([timeout]) — nepeBoAMTL NOTIK Y PEXUM OUiKyBaHHS. Lieit
METO/, MOXHa BUKIMKATW NWLLE B TOMY pasi, AKLLO NOTiK, Lo /oro
BUK/MKAE, OTPUMaB 3aMOK. MeTog 3HiMae 3aMOK Ta 6/10Kye NOTiK [0
MosiBM Oro/ioLleHb, TO6TO BUKINKIB MeToAis notify() i notifyAll() in-
UMK NOTOKammK. Heo60B'A3KOBIIA aprymMeHT timeout BU3Havae Talim-
ayT O4iKyBaHHS B cekyHaax. pu BUXxofi 3i CTaHy OYiKyBaHHS MOTIK
3HOBY 3aMnm1Tye 3aMOK | NMOBepPTaETbCA 3 MeToay wait();

A notify() — BUBOANTb i3 PEXMMY OYiKyBaHHS OAWH i3 MOTOKIB,
AKI OYiKYyIOTb Ha faHi ymMoBW. MeTo4 MOXHAa BUKINKATW, TiNIbKK
0BO/OAIBLUM 3aMKOM, acoLiioBaHUM 3 YMOBO. [OKyMeHTaLis no-
nepexae, O B MakbyTHIX peanisauisgx Mogyns 3 METO ONTUMI3a-
Lii uer metop 6yae nepepmBaTy OYiKyBaHHA Bigpasy AEKibKOX Mo-
TokiB. Cam no cobi metog notify() He Bege 40 NPOAOBXKEHHS BUKO-
HaHHSA MOTOKIB, L0 OYiKyBaiin, TOMY L0 LbOMY MEPELLIKOKAE 3a-
MHATWIA 3aMOK. MOTOKM OTPUMYIOTb KepyBaHHS Ti/IbKW NiCNsA 3HATTA
3aMKa NOTOKOM, L0 BUKNMKaB MeTog notify();

A notifyAll() — uein meTog aHanoriuHuii meToay notify(), ane nepe-
PUBaE OYiKyBaHHA BCiX MOTOKIB, L0 YeKarTb Ha BUKOHAHHS YMOBY.

Y npuknagi 7 yMOBM BUKOPUCTOBYHOTb A/11 OTO/IOLIEHHS NMOTOKIB
Mpo NpubyTTA HOBOT NMOpLiT AaHMX (OpPraHi3yeTbCs 3B'A30K BUPOOHUK
— CMo>KmBad, producer — consumer).

Mpuknag 7
# -*- coding: cpl251 -*-
import threading

cv = threading.Condition()
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class Item:
""" Knac-KoHTeliHep [/151 eNleMEHTIB, SIKi ByayTb CNOXKMBATUCS Y NoTokax' ™ ™"
def __init_ (self):
self._items =[]
def is_available(self):
return len(self._items) > 0
def get(self):
return self._items.pop()
def make(self, i):
self._items.append(i)

item = Item()

def consume():
""""""CROXXMBaHHS YeProBoro efiemMeHTa (3 O4iKyBaHHSAM 010 MosiBn)
cv.acquire()
while not item.is_available():
cv.wait()
it = item.get()
cv.release()
return it

def consumer():
while True:
print consume()
def produce(i):
"""""'3aHeCeHHs1 HOBOIO e/1eMeHTa B KOHTEMHEP Ta OMOBILLEHHSI MOTOKIB
cv.acquire()
item.make(i)

cv.notify()

cv.release()

pl = threading. Thread(target=consumer, name=""t1"")
pl.setDaemon(True)

p2 = threading.Thread(target=consumer, name=""t2"")
p2.setDaemon(True)

pl.start()

p2.start()

produce("ITEML1™)

produce("ITEM2™)

produce("ITEM3™)

produce("ITEM4™)

pl.join()

p2.join()
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Y ubOMy NpUKIaZi YMOBa CV CBIfUWTb HasABHICTb HeOMnpalboBa-
HMX eNemMeHTIB Y KOHTeliHepi item. dyHKuis produce() "Bnpobnse”
enemeHTK, a consume(), WO MNpautoe BCepenHi MOTOKIB, "CMOXK-
Ba€". 3a3HauMmo, L0 B HaBeLEeHOMY BWUINIAAI MporpaMa Hikonu He
3aKiHYNTLCS, TOMY L0 Ma€ HECKIHYeHHWI LMK y MOTOKax, a B ro-
NOBHOMY MOTOLi — OYiKyBaHHS 3aBepLUeHHs LmX MoTokis. LLle ogHa
0C0o6/MBICTb — O3HAaKa [JeMOHa, YCTaHOB/IeHa 3a [OMOMOro MeToay
setDaemon() 06'eKTa-NOTOKY A0 Oro CTapTy.

12.1.8. Yepra

Mpovec, NokasaHuii y nNpuknagi 7, AeMOHCTPYe NPUIAOM, TifHWUNA
OKpeMoro Moayns. Takuil Mofynb y CTaHAapTHil 6ibnioTeli mMoBu
Python € i Ha3nBaeTbCA Queue.

Kpim BuHsATKOBUX cuTyauin — Queue.Full (Yepra nepenosBHeHa)
Ta Queue.Empty (4epra nopoxxHs) — MoLy b BU3Hayae Knac Queue,
LLLO 3aBiJyeE BflaCHe Yeproto.

HaBegemo peanizauito npuknagy 7, ane BXe 3 BUKOPUCTaHHAM
Knacy Queue.Queue.

Mpuknag 8
# -*- coding: cpl251 -*-
import threading, Queue

item = Queue.Queue()

def consume():

""" CnoXkKnBaHHA YeproBoro efleMeHTa (3 04iKyBaHHSIM M0ro NosiBu)
return item.get()

def consumer():
while True:
print consume()

def produce(i):
"""""'3aHeCeHHs1 HOBOIO e1eMeHTa B KOHTEMHEP Ta OMOBILLEHHSI MOTOKIB
item.put(i)

pl = threading. Thread(target=consumer, name=""t1"")
pl.setDaemon(True)

p2 = threading.Thread(target=consumer, name=""t2"")
p2.setDaemon(True)

pl.start()
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p2.start()

produce(ITEM1™)

produce("ITEM2™)

produce("ITEM3™)

produce("ITEM4™)

pl.join()

p2.join()

3a3HaumMo, WO BCi 6/10KyBaHHSA CX0BaHO B peanisauii yepru, To-

MY B KOZi BOHW SIBHO He MPUCYTHI.

12.1.9. Moaynb Thread

MopiBHAHO 3 Mogynem threading, Mmofynb thread Hafae HU3bKO-
piBHEBMIA 4OCTYN A0 NOTOKIB. Barato qyHKuUii Mmogynsa threading,
WO po3rnagasca A0 LbOro, peanizoBaHi Ha 6a3i mogyns thread.
MpoTe BapTO 3p0OUTU AesiKi 3ayBaXXEHHS LOAO BUKOPUCTaHHSA Mo-
TOKiB y3arani. lJokymeHTauis o MoBu Python nonepegkae npo oco-
GN1MBOCTI 3aCTOCYBaHHA MOTOKIB:

A BuUMKHeHHst KeyboardInterrupt (nepepuBaHHs Bif KnaBiaTypw)
MOXEe OTPUMYBATUCA KOXHUM i3 NOTOKIB, AKLWO B iHCTanALii Python
Hemae moayns signal (ansa 06po6ku curHanie);

A He Bci BOYoBaHi PyHKL,iT, 6/10KOBaHi 04iKyBaHHAM YBEAEHHS,
[03BONAKOTL HLIMM MOTOKaM npautoBaTh. 3a3HauMMo, L0 OCHOBHI
(yHkuiT TMNYy time.sleep(), select.select(), metog read() dhaiinoBux
06'eKTiB He 6/IOKYIOTb iHLI NOTOKM;

A He MoxHa nepepBaTV MeTog acquire(), TOMy WO BUHATKOBa
cutyauia Keyboardinterrupt reHepyeTbCs TifIbKW MiCNA MOBEPHEHHS
3 4bOro Metoay;

A He 6axaHo, W06 roM0BHMIA NOTIK 3aBepLUYBaBCSA paHille Bif
iHLIMX NOTOKIB, TOMY WO He 6yAyTb BUKOHaHIi HEOOXiAHI AeCTpyK-
TOpw 14 HaBiTb YacTuHa finally B onepatopax try-finally. Lle nos's3a-
HO 3 TWM, L0 MaiKe BCi onepauiiiHi CUCTeMU 3aBepLLYOTb Nporpa-
MY, B SKili 3aBEPLUMBCS rO/IOBHUIA NOTIK.
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KOHTpOsibHI 3anuTaHHS

1. [laitTe BU3HaUYeHHS MOHATTAM “npouec” i "noTik".
2. MepepaxyinTe 3ac06M CMHXPOHI3aL|iT NOTOKIB, HasBHI B Python.
3. Akummn gBoMa cnocobamm MOXKHa nepegaTyt NEBHUMA KOZ ANA BUKO-

HaHHA Y OKpeMoMy MoToLi?
4. Ynm cemadop Bifpi3HAETLCA Bif 3aMKa?
5. kMM unHOM Tpeba nmcatv mporpamu, Wo6 YHWUKHYTWU B3aEMHUX

610KyBaHb NOTOKIB?
6. AKMM YMHOM NOTOKM MOXYTb OOMIHIOBATUCA JaHUMU?

KoHTponbHe 3aBaaHHSA

Po3po6iTb nporpamy, L0 NEPEMHOXAE ABI MaTpULi i3 BUKOPUCTaHHSM
Ki/IbKOX MOTOKIB.
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YactnHa 2

dncnosl METOAV NIGECIGIENIRON

Po3pain 1

BcTtyn

1.1. ABTOMaTMn3aLisa po3B'a3yBaHHSA
3a4a4 NpoeKTyBaHHA

Y po6oTi iHXeHepa, L0 NPOEKTYE HOBUIA TEXHOMOTIYHWIA NpoLec
4mn BUPIB, OpraHiYHO NOELHYHOTLCS HayKa Ta MUCTELTBO. PO3PO6HMK
He NPOCTO BMBYAE [JOCATHEHHA HAyKW i MUCTeLTBa, a NparHe BUKO-
PUCTOBYBATU X A1 NPaKTUYHMX NoTpe6. Mpouec iHXeHepHOT TBOP-
4OCTi MOYMHAETHLCH 3a3BMYail 3 YCBIJOMIEHHS NOTPeObM B HOBOMY
BMPOGI UM TEXHONOrIYHOMY MpoLeci. 3ajaya iHXeHepa — 3HaNTU
NPUAHATHE PiLLeHHs Ta NojaTu oro B TakoMy BUrNagi, LWo6 1oro
MO>XHa 6Yy/10 3anNpoBagUTW Ha BUPOOHULLTBI.

MpoeKTyBaHHA NOYMHAETLCA 3 PETEIbHOrO BUBYEHHS MOX/MBUX
pileHb. byayetbea isnyHa mogens abo NpocTuiAi NPOTOTUN Po3-
po6/itoBaHOro 06'ekTa. MoTim 36MpaeTbCs iH(hopMaLlis, WO J03BONAE
nobyaysaty Mofesnb po3pob/1toBaHOro BUPOBY UM npouecy Ans oui-
HIOBaHHA Ta NepeBipKN NPaBWUIbLHOCTI MPUAHATOrO pilleHHs. Heob-
XiHICTb UbOro etany 06YyMOB/IEHA EKOHOMIYHUMU MipKYBaHHSMMU,
TOMY L0 NpaKTU4YHa NepeBipKa PiLLeHHA MaiXKe 3aBXan 06X0AnUTbCA
Ay>xe foporo, 3abupae 6arato yacy, BMarae 3aHaATo BEIMKUX Ma-
Tepia/slbHUX Ta eHepreTUYHUX BUTpaT. A5 Lporo, SK npaBuio, pos-
po6NAETLCA MaTemaTuyHa MOfeNb ab0 BUMKOPUCTOBYETbCA MOEA-
HaHHA  MPOCTOro  NPOTOTUNY  Ta  MaTeMaTUyHOT  MOZeni.
MobyayBaBLIN MOAENb, BMBYAOTh i BAACTMBOCTI, MparHydn 3'acy-
BaTW, SKOK MIpOH PO3p06/IHOBaHNIA BUPIO BiANOBIJaEe CBOEMY MpPU3-
HaueHH0. Mpun LUbOMY A4/15 3HalEHHS 3a0BINIbHOMO pilleHHs byay-
I0Tb 06uMCNIOBa/IbLHY MOfeNb MPOeKToBaHOro o6'ekTa. Mobynosa
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Takol mMofeni Ta BMBYEHHS i BNacCTMBOCTEW MOXe MOBTOPHOBATUCH
[0TW, LOKN He 3'ABUTLCA BMEBHEHICTb, WO 3HalAEHO Haiinwe Mo-
XK/IMBE PILLEHHS.

Y npoueci NpoeKTyBaHHA [OBOAUTLCA BMKOHYBATW HaipisHOMa-
HITHILI 06YMCNEHHS, XapaKTep i 06CAr SKMX MOXYTb 3MiHHOBATUCH.
HaBefemo 06nacTi 064mcneHb, 415 BUKOHAHHS AKUX BUKOPUCTOBY-
FOTb KOMM'KOTEPHI Nporpamu Ta CUCTEMW aBToMaTU3aL, it

1) 06uMCIeHHS BEMMKOro 06CAry Yepes ixHili ImepauiiiHuii xapakTep;

2) TPOMi3fKi 06UMCNEHHS, fKi BUMaratoTb 3a6e3neyeHHs HeobXia-
HOI TOYHOCTI;

3) Bisyanizauis rpaivyHoro nofaHHs LaHuXx.

XapakTtep poboTn iHXeHepa BM3Hayae GaraTtopasoBiCTb, MOBTO-
PHOBaHICTb PO3B'A3yBaHNX HUM MaTeMaTUYHWX 3afay, Cepef SAKUX —
PO3B'A3yBaHHA anrebpaiyHuX Ta TPaHCLEHAEHTHUX PiBHSAHb, anpok-
cvMalia i iHTeprnonayia QyHKLiA, po3B'a3yBaHHS 3afay Ha BacHi
3HAYEHHsl, PO3B'A3YyBaHHA 3BUYANHMX AudepeHLiaIbHUX PIBHSHb,
PO3B'A3yBaHHA 3a4a4 ONTUMI3aLii TOLLO.

Y ubOMY NiAPYYHWKY 3 YMCNOBUX METOAIB PO3rNIsSHEMO Taki 3a-
fadi, a TaKoXX BM3HAYMMO OCHOBHI MOHATTA Ta TePMiHW, MOB'A3aHI 3
MeTofamu TXHbOro po3B'AsyBaHHA. Lli meTogn A0BOAATb [0 064mMC-
NOBA/IbHUX a/ITOPUTMIB PO3B'A3YBAHHSA IHXXEHEPHUX 3afay, WO Mo-
XyTb BYTK peanizoBaHi pisHUMU MOBaMK NporpamyBaHHA (Y LbOMY
Nigpy4yHMKY BMKOpPMCTAHO MOBY Python) Ha pi3HMX 064MCAOBa/b-
HUX MPUCTPOSX, MPUYOMY Haro/oWYETLCA Ha BUOOPI ONTUMaIbHOrO
MEeTOAY PO3B'A3yBaHHA 3aaui.

1.2. O6umncnoBasibHI MeToAMU
n anropnTmMmin

MobynoBa MaTeMaTU4HOT Mofeni 06'eKTa [03BOSISIE NOCTaBUTK
3afady 1oro BMBYEHHS K (HOpPMasbHO-TEOPETUYHyY. [licns uboro
HacTae ApYruii eTan AOCNIMKEHHS — MOLUYK METOAY PO3B'Si3yBaHHS
ChopmybOBaHOT MaTeMaTMYHOI 3afdadi. 3ayBaXXMMO, LLLO B NpUKIag-
HMX pobOTax KOpMCTyBaya, AK MPaBWNoO, LiKaBMsSTb KifbKiCHI 3Ha-
YeHHs BenuyuH, TO6TO BiAMOBIAL HEOOXiAHO AoBecTM "Ao0 uucna".
Mpwv LbOMY BCi po3paxyHKW MPOBOAATH i3 YMCIaMK, 3anncaHMmn SK
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CKIHYeHHI [LecATKOBI Apobu, i TOMY pe3y/ibTaT 064NC/IEHb 3aBXAN
NPVHLMNOBO HOCATb Ha6M>KeHW XxapakTep. BaxnuBo Tinbku fo-
MOrTKCA, WO NOXMOKM yKNaaanucs B paMku HeoOXiHOT TOUHOCTI.

1.2.1. ToHATTA anropnTmy
Ta rpad-cxemMm aropuTmy

Y 6inbLIOCTi MaTeMaTUUYHMX 33a4y BIANOBIAb AAETLCA Y BUTNALI
thopmynn. ®opmMyna, 3 OrfiSLy Ha BCTAHOB/IEHI MaTeMaTWUyHI MpaBu-
na, BU3HaYaE NOCNiA0BHICTb MaTEMAaTUYHNX OnepaLii, Ky NoTPiGHO
BMKOHATN [/19 0OUWCMEHHS LUYKaHOT BennyunHW. Hanpuknag, ¢op-
Myna KOpPEeHIB KBaJpaTHOro PIBHAHHSA [LO3BOSE 3HAWTK X 3a 3Ha-
YEHHAMW KoeqiLieHTiB LUbOro piBHAHHSA, opMyna MepoHa BMpaxae
NAOLLY TPUKYTHMKA Yepe3 JOBXWHM MOro CTOPIH TOLLO.

OpfHak icHye 6arato Bifommx 3afad, 4na AKUX BiANOBIAb MOXHA
NErKo 3HamTK, Xoua il He MOXHa 3anmcaTu y Burnagi opmynu. Ha-
NpuKnag, y WKOAi NPy BUBYEHHI LiNX Yymcen Ta apuMeTUUHUX ore-
pauii Hag HUMK, 3amicTb "(hopMyNn" OBUMCNEHHA CYMU [AeKiNbKOX
ymncen po3rnAfatoTb NPasuIo 0BYMCIEHb 3a AOMOMOIOH NMOPO3PALHO-
ro [04aBaHHA B CTOBMYMK. Lie npaBm/io LiNKOM po3B'A3ye NocTaBieHy
3a7)auy: BOHO BM3HAYa€e MOCMIAOBHICTb MaTeMaTUYHMX onepauil, Ky
MOTPIGHO BUKOHATK, W06 06UMNCINTY LLYKAHY BETNYKHY.

Uuncnosuin MeToZ po3B'A3yBaHHA 3afadi — Lie B3HauYeHa nocnifos-
HiCTb onepawiin B 06uMcntoBanbHiA Mogeni 3agadi, TO6To 06uMCntoBa-
NbHWIA anropyuTM, MOBOKD SIKOTO BPELUTI-PELLT € Yyncna i apuMeTnYHi
Aii. Taka NPUMITMBHICTb MOBM [O3BONSE PeaslizyBaTh YNC/IOBI METOAU
Ha 06YMC/IOBA/IBHUX MallvHaX, Lo pobwTb Ui METOAM MOTY)XXHUM
YHiBepCaibHUM THCTPYMEHTOM AochimpkeHHs. OaHak 3agadi hopmy-
NIOKOTHCSA, SIK NPaBWIO, 3BMYAAHOKD MaTEMATUYHOK MOBOKO (PiBHSHb,
(hyHKUIR, gudepeHLiaibHUX onepaTopis Towo). ToMy MOTPIGHO po3-
POGUTY YMCNIOBMIA METOA, LLIO A0MYCKAE 3aMiHy, anpOKCUMaLLito 3aaaui
iHLIO0, 6/IM3bKOIO [10 MOYATKOBOT 3aa4i Ta cpopMy/bOBaHOK B Tep-
MiHax 06'eKTiB i onepauiii npeameTHOT o6nacTi (y HainpocTilomy
BUNAaZKY, YMCeN Ta apuhMeTUHHUX onepaLii).

Takum YMHOM, anropyTMisalis po3B'A3yBaHHA 3ajay NpUMyckKae
nepexip Bif MaTeMaTMYHOI 10 064MCAOBabHOT MoAeni 3a4adi Ta no-
OyZ0BM MOCNIJOBHOCTI Onepawiii anropuTMmy 1 TakKoro po3B'sa3yBaH-
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HA. ANTOPUTMW PO3B'A3YBaHHA 3aa4y MOBWHHI peasli3oByBaTUCA MO-
BaMW MporpamMyBaHHs Ta BMKOHYBAaTUCA Ha KOMM'HOTEpax aBTOMaTu-
30BaHOI cuctemn. 19 Hesane>KHoro (Big MOBW MporpaMyBaHHA Ta
apXiTeKTYpU KOMM'KOTEPHOI CUCTEMI) NOAAHHS anropuTMiB pPO3B'A3y-
BaHHA 3314 y LibOMYy MiJpy4YHUKY KOPUCTYBATUMEMOCH [EeAKOK abCT-
PaKTHOK MOZENH0 06uMCoBaYa I YHiikoBaHKX 3ac06iB onucy an-
rOpUTMIB Y BUrNA4] rpad)-CXeM asiropuTMiB.

BBaxkaTumemo, Wwo abcTpakTHMIA 064KCcaoBaY i3 NaM'aTTHO 3 A0-
Bi/lbHMM [OCTYMNOM CKNaAAEThCA 3 TaKMX KOMMOHEHTIB:

1) npouecop 3 YHiBepcaslbHUM HabopoM KomaHg (onepatopm
NPUCBOKIBAHHSA, YMOBHWIA Ta UMKNIYHWUIA onepaTopun) i HEOOXiaHWUM
HabopoM (yHKLIiN;

2) onepatMBHa nam'aTb i3 AOBiNbHUM goctynom (RAM), wo
CK/1AZaeThCA 31 CKIHYEHHOT MHOXWHW PEricTpiB, ANa agpecauii AKuX
BUKOPWUCTOBYHOTbCS 3MiHHI 064MCNIOBaNbHOT MOAENi;

3) HeckiHYeHHa B 06maBa 6G0OKM CTpiuka BBEAEHHS-BUBEEHHS
(noBroTepMiHoBa Nam'aTb), 3 AKOI 6epyTbCs BXiAHI JaHi nporpam Ta
KyAn NOMILLAKTbCS pe3y/ibTaT 06UNCIEHD.

padh-cxema anropuTMy € OpieHTOBaHUM rpadoM, WO CKaja-
€TbCA 3 BEPLUMH-OMNepaTopiB Ta BEPLUMH-PO3Mi3HaBaYiB, a TaKOX
CTPINOK 3B'A3KiB, WO X MOEAHYHOTb. BepLunHu-onepatopun 3Milic-
HIOKOTb MEPETBOPEHHSA (06UMCNEHHS), BEpPLUMHU-PO3Mi3HaBaYvi — Ke-
PYKOTb MPOLECOM BMKOHAHHS nporpamu. path-CXemMn BUKOPUCTO-
BYIOTb TaKi rpaiyHi KOHCTPYKLiT NporpamyBaHHs:

@ BxifiHa BepLUMHA; €1HA TOYKaA BXO-

Ay LN1S aropuTMy

l BepLunHa-nepeTBoproBay; NPsIMOKY-
X:i=X+1 THUK, LLIO MiCTUTb YcepeanHi obumc-
l NIOBa/IbHI Oneparopu
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BepLunHa-po3ni3HaBay; peanisye
YMOBHI Ta LIMKNIYHi onepaTopu

BuxifHa BepLUMHa; 03HaYaE 3aBep-
LUEHHS! 06UNCNEHb aNTOPUTMY

1.2.2. OcobnMBOCTiI YNCNOBUX METOLIB

OTxe, 415 pO3B'A3aHHA MaTeMaTUYHOI 3afadi BaX/IMBO BKasaTu
cucTeMy Mpasui, fiKa 3adae CTPOro BM3HayeHy MOCNiAOBHICTbL One-
pauiii, Wo NpuBoaATb A0 LUYKaHOT BignoBidi. Taky cuctemy npasun
Ha3nBatoTb anropuTMOM. OHATTA aNiropuTMy B MOro 3arajibHOMY
BUMNSIAI HANEXWTb 40 OCHOBHMX MOHSATL MaTEMaTUKMN.

ANropuTMK  PO3B'A3yBaHHA 6GaraTbOX MaTemMaTuyHWX 3afad, Ans
SIKMX He BAAETbCS ofepXxaTu BiAnoBiab y BUrAsAi hopMynun, OCHOBaHiI
Ha Takiii npoueaypi: 6yAyeTbCa HECKIHYEHHMIA NPOLIEC, LLIO 36iraeThCs
[0 LYKaHOro po3B'A3Ky. BiH nepepmnBaeTbcsa Ha NeBHOMY KpoLii (OCKi-
NbKWN 0BUNCNIEHHS HE MOXHA MPOLOBXYBATU HECKIHYEHHO), | OTpUMa-
Ha B TaKWii Cnoci6 BennMuMHa NPUIMMaETbCS 3a HABMVXKEHWIA PO3B'A30K
PO3rNAHYTOT 3adadi. 36KHICTL MpoLecy rapaHTye, Wo Ans 6yab-aKoi
3a/aH01 TOYHOCTI € > 0 3HalAEeTLCA TakniA HOMEP KPOKY ., MPU AKO-
My NMOXMOKa y BU3Ha4eHHI pO3B'A3KY 3adadi He NepeBULLMTL € . Bupas
"HabNMKeHNA PO3B'A30K" HEe O3Hayae "“PO3B'S30K ApYroro copry".
AKWO MM MaeMO BIAMOBIAb ANA PO3B'A3KY MEBHOI 3adadvi y BUrnagi
(hopMynK i HaM NOTPIGHO OBUUCANTY MO Hild 3HAYEHHS, TO, Yepes Mno-
AaHHS Yyncen nNpy 06UNCNEHHAX CKIHYEHHUMU AECATKOBUMU apobamu,
MOXKHAa OfiepXKaTh TiflbKM HabMVKEHWIA pe3y/bTaT i3 NeBHOK OGaxa-
HOK TOYHICTHO. [po6ema 3acToCyBaHHS anropuMTMIB, L0 BUKOPUCTO-
BYHOTb HECKIHUYEHHWIA 36IXKHUIA NPOLIEC, He B HAONVKEHOMY XapaKTepi
BIANOBIAI, @ Y BENMKOMY 06CA3i HeobXigHWX 06umcneHb. OTke, Taki

346



aNropuTMKN 3aBefleHO Ha3MBaTU 06UUCNIOBAILHUMY a/IropUTMamMu, a
OCHOBaHi Ha HUX METOAM PO3B'A3yBaHHS MaTeMaTUYHMX 3aday — Yuc-
noBUMM MeTogamu. LLInpoke 3acToCcyBaHHS 06UMC/IHOBA/IBHUX aro-
PUTMIB CTa/10 MOX/IMBUM TiflbKK 3aBAsKM EOM. [0 IXHbOT NOsIBA YK-
CNMOBi METOAM BWKOPWUCTOBYBA/IMCS PIiAKO 1 Nne B MOPIBHAHO
NPOCTUX BUMaAKax 4vepe3 Haf3BMYaiiHy TPYAOMICTKICTb OGYMCNEHb,
LU0 BUKOHYBA/INCA BPYUHY.

MOHAT TS YACNIOBOrO0 MeTOLY PO3B'A3yBaHHA 3afadi K NpaBuIo
O3Ha4ae 3amiHy MO4YaTKOBOI 3afadi iHLIOK, GAM3bKOK A0 Hel Ta
chopMy/IbOBaHOK B TepMiHaX YMCen i 06YMCOBA/IbHUX onepauiil.
He3BaXkatoumn Ha BCHO Pi3HOMaHITHICTb CNOCOBIB TaKol 3aMiHK, AesKi
3arafibHi BNacTMBOCTI NpUTaMaHHi M yciM. 3BepHEMOCS [0 Hainpo-
CTiLLOro Npuknaay.

Hexali NOTPiGHO 3HATN PO3B'A30K PIBHAHHS

x> —a=0,a>0, (1.1)

TO6TO A06YTM KBaApaTHWIA KOPiHb i3 3adaHoro ymcna a. MoxHa,
3BUUaliHO, HanucaTM X =+/a, ane CUMBON \/_ Ham He [OMOMOXEe,
60 He Aae cnocoby 064MCNEHHSA BENIMUNHN X.

Po3B'sbkemMo 3afiavy B Takuii crnoci6. 3agamo sike-Hebyab novar-
KOBe HabMMKEHHA X, (Hanpuknag, X, =1) Ta 6yaemo nocnifjoBHO 3a
[0MOMOroro hopmynu

1 a
Xn =—Xq 1+ —) (1.2
2 n-1
06YMCNIOBATY 3HAYEHHSA X, X,,... [1epepBeMo Liei NpoLiec Ha fesKo-
My n=N i OTpyMaHe B pe3y/nbTaTi 3HaYEHHA X Oro/ioCUMO Habnn-
JKEHIM PO3B'A3KOM 33/aui (1.1), TO6TO MOKNaeMo /a = X, .

MpaBOMIpHICTb Takoro MpUMyLLEHHS 3a/1eXWTb, 04YeBUAHO, Bif,
BMMOT, IKi BUCYBAlOTbCA [0 TOYHOCTI PO3B'A3YBaHHS, Bifj BEIMUNHYU
a Ta Big napametpa N . 3Baxaroun Ha 6yab-AKi BUMOrM, NOTPiGHO
[OBECTY, WO Ana byap-akoro a >0 BignosigHUM Bu6opom N MOX-
Ha [JOCArTM TOro, WO 064YMCNeHe 3Ha4YeHHs X Oyae K 3aBrofHo

61M3bKe 10 TOYHOTO 3HaueHHs ~/a .

Josefiemo, L0 Hall aNropuTMm (1.2) 3a0B0JILHAE L0 ymMOBY. [10-
Knagemo
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X
— =1+g,. 2.3)

N

Moginmmo piBHICTb (1.2) Ha Ja. MMifcTaBmBLLM B HET (1.3), O4EPXKUMO

1 1
l+e,=—(0+¢ +—),
n 2( n-1 1+8n71)

3BiJKN MaeMo

1,1 gﬁ—l
l1+e,, 2g,4+1

1
€n :E(gnfl -1+ (1.4

Ockinbkn 1+¢j = >0, TO 3 OCTaHHbLOI PiBHOCTi BUN/N-

X, 1
=
BaE€, LU0 BCi &, MOYMHAKOYM 3 MEPLLOTO, AOAATHI. BMKOpUCTOBYOUM
Lie, OAIEPXKYEMO 3 (1.4)

2,4+l 2¢,4 2

1 62, 1€, 1
- <— = Sn_l.

OTxe,
1
€n <58n_1. (15)

To6To €, cnafae 3 pocTOM N LWBWALLE, HXX reoMeTpuyHa npo-

L 1
rpecis 3i 3HaMEHHUKOM 5 OTKe, Xy —>~/a npuN — oo, Teep-

[PKEHHS [OBELEHO.

Ha puc. 1.1 npointocTpoBaHo iTepauiiHmii npouec (1.2). TyT 30-
bpaxeHo fBa rpadiku: nisoi y,(x) Ta npasoi Y,(X) 4acTuH (1.2).
OcKinbKun, 04eBUAHO, WO Y, (\/5): Y (\/5), TO Ui rpadiku nepeTtn-

HalOTbCA B TouLi X =+/a . MpoBeaeHHs iTepaLiii 3a hopMyo (1.2)
eKBIBa/IEHTHO PyXy MO 306paXeHili Ha PUCYHKY NnamaHiii niHii, 3atu-
CHYTIN MK Y, (X) Ta y,(x). Lle we pa3 nepekoHye Hac y 36iXKHOCTI

iTepaLii go va mpu N — .
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Mpy gocnimkeHHi 36iXKHOCTI 6YN0 NPUAHATO AesKy igeanisalito
aropuTMy, MU MOBYKM NMPUMYCTUK, LLLO MOX/IMBO peasnizyBaTy TOYHI
06umncneHHa 3a ¢opMynolo (1.2). MpoTe Hi NOAMHA, Hi MalIMHA He
MOXyTb OMepyBaTh 3 AOBI/IbHUMU AiACHMMK YnicnamMn. O6UMCEHHS
3aBX[V BeLyTbCA 3 0OMEXEHOK KifbKICTHO JECATKOBMX 3HaKIB, i TOY-
HICTb pe3y/ibTaTy He MOXE MepeBuLLYBaTM TOYHICTb PO3PaxyHKIB.
BaXXMBO BCTaHOBUTW, Y SIKOMY BifIHOLLEHHI LI TOYHOCTI nepebysa-
t0Tb, | Y He BYAYyTb MOXMOKM, L0 AOMYCKAKOTLCA MPU OKPYT/EHHI,
HaKonMuyBaTuChb, N036aBNAUN pe3ynbTaT 6yb-AKOI LLiHHOCTI.

Y A
Yn =X

1 a
/ yn=5(x+;)

v

\/g Xn Xn-1 X
Puc. 1.1. MNpadiyHa iHTepnpeTauisa 36i>KHOCTI

MepeBipMMO (hOpManbHO BMMB 3a3HAYeHOro (akTopa. Posb
OKPYT/NieHb 3BOAMUTLCA 10 TOTO, WO (hakKTUYHO 3aMiCTb hopMynn (1.2)
KopucTyemocs hopmynoto

o =5 02+ —)0+30) @9
n-1
fe MHOXHUK 1+0, e(eKTVBHO BPaxOBYe MOMW/KY, LU0 BBOAUTHLCS
OKPYT/IEHHAMU Ha LbOMY N-MYy KPOLi po3paxyHKy, a x;] - (haKTn4yHO
Ofiep>KyBaHa Moc/ifoBHICTb. BennunHa 0,, <<1 XapakTepusye TOUHICTb
0641CNEHBb, 3aMIHIOHOYN x; Ha \/5(1+ €,) » OTPUMAEMO 3aMmiCTb (1.6).
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%\/5(1+gn)=%(\/5(1+an1)+ )1+0,)

__a
Ja(l+e, )

2
2 + 28[]*1 + 8n71 (1

21+€pq)
_ 24284+ 2, (14+8,.)-1= 0, (2+2e, 4 +82 1) €24 _
n

e
4 2(1+€,4) 2(1+¢,4)
1 8§—1

=0, +————@1+0,).
: 2sn_1+1( )

l+¢, = +0,),

3BifjCM BUAHO, IO 3 POCTOM N &, CMajae [0 BENNUYNHN MOPSAAKY
0,,, TOOTO TOUHICTb pPe3y/bTaTy BiAMoOBifaE TOYHOCTI 06UNC/IEHD.

He3BaXkatoum Ha CBOKO e/leMeHTapHICTb, PO3rNAHYTUIA NPUKNag, -
NIKOM [IEMOHCTPYE 3ara/ibHi NPUHLMNK A1 BCIX YNCIOBUX METOLIB:

A 3apaua (1.1) 3aMiHAETHCA IHLLOIO 3a[a4et0 — 06UNCNIOBAILHUM
anroputmom (1.2);

A 3apava (1.2) MicTuTb napameTp N, AKOro Hemae y noyaTKoBiii
3afauvi;

A BMBOPOM LILOTO NapameTpa MOXXHa JOMOTTUCS BY/1b-AKOi 6/n-
3bKOCTI PO3B'A3KY APYroi 3ag4a4i 40 PO3B'A3KY MepLLOT;

A HapewITi, HETOUHA peanisalliss aropuTMy, BUKIMKaHA OKPYT-
NEHHAMW, He 3MIHIOE ICTOTHO MOro BNacTUBOCTEN.

KOHTpO/IbHI 3annTaHHsA

1. HasBiTb TMNn mMogeneil.

2. LLlo Take abCTpakTHWA 064ncOBaY?

3. [aiiTe BU3HAYEHHS rpad-Cxemm anroputmy.

4. AKi OCHOBHI eNeMeHTU rpad-cxemu anropuTmy?
5. Y yomy CyTb YUMCNOBUX METOAIB?

6. LLLo Take 36IKHICTb?

7. HasBiTb 0CO6GNMBOCTI YNCNOBMX METOAIB.
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Po3gin 2

Habnu>xeHi uncna
N OUIHIOBaHHSA MOXNO0OK 064YMCeHb

2.1. HabnmxkeHi vncna.
Knacudikauis noxmbok

Y npoueci 064nCeHb YacTo AOBOAUTLCA NpaLoBaTy 3 Habnvxe-
HUMK Yncnamu. xepenaMmm HETOYHOCTEN MpuW LbOMY € TakKi:

A maTemaTnyHMil onuc 3afadi, 30KpemMa, HeTOUYHO 3adaHi nova-
TKOBi faHi Takoro onucy;

A 3acToCOBaHMIi 06UNCIIOBANLHII METO/, HE € TOYHUM i Ja€ Ha-
ONVKEHWIA pe3ynbTarT;

A npu BBeAEHHI, 0BUMCNIEHHAX Ta BUBEAEHHI JaHMX 34iNCHIO-
FOTbCA OKPYINIEHHS YnCeN.

BianosigHo, BUHWKAE i TPW BUAM NMOXMOOK:

A HeycyBHa NoxnbKa, LU0 3'ABMSETLCA Yepes NPUPOY HETOUHOCTI
camol MaTemaTu4Hoi Mogeni;

A noxubka 06UMCIIOBANLHOTO METOLY:;

A mawwmHHa noxméka.

Hexail A — TOYHe 3HaYeHHs AeAKOi BENNYMHW, Hadani Ha3uBa-
TUMEMO MOro TOYHMM uncnom A. HabnmkeHnM 3HauyeHHSM Benu-
YynHM A, ab0 HABNMKEHUM YMCNOM, HA3MBAETHLCS YMCMO a, LLO 3a-
MIHSiE TOYHE 3HauyeHHs BenMunmHu A. FAkwo a<A, To a
Ha3MBAETbCS HAOAMIKEHHAM A 3 HeloCcTauelo, SKWO X a> A, — T0O
3 HagavwKom. Hanpuknag, 3HaueHHsa 3,14 € HabvKeHUM 3HaueH-
HAM yucna m 3 HejocTadeto, a 3,15 — i3 HagmMWKoM. [ns Xapak-
TEPUCTUKM CTYNEHA TOYHOCTI LbOro HabAMKeHHS KOpUCTYHTbCA
NMOHATTAM MOXMOKM abo MOMUSIKN.

MoXMbKOK Aa HabnMXKeHOro Yncna a HasvBaETbCA PIHULA Ta-
KOro Burnagy:

Aa=A-a, (2.2)

Je A — BignoBifHe TOYHe Yn1cho.
351



ABCONMOTHOI NOXMOKOK A HAGAMXKEHOro YyMcna a Ha3UBAETHLCA
abCconTHa BEIMUYMHA MOXMOKM LIbOro Yncna:

A=|A-a|. (2.2)

Uepes Te, IO TOYHe uncio A 3a3BMYail He BiJOMe, TO KOPUCTY-
FOTbCA MOHATTAM TPaHWYHOI abCOMOTHOT MOXMOKK. 'paHNYHOKO ab-
CO/MIOTHOIO MOXMOKOI A, Hab/IMXKEHOro Y1cia a HasuBaETbCA YnC-

N0, He MeHLLe Bif abCOMOTHOI NOXMOKK LibOro Yncna, To6To

Ay =A. 2.3)
13 (2.3) Maemo
A, >|A-a|, (2.9)
oTXe,
a-A;<A<a+A,. (2.5)

TobT0 a—A, € HabnwkKeHHAM uucna A 3 HefjocTayelo, a
a+A, — HabnXKeHHAM uncna A 3 Hagauwkom. Popmyny (2.5) Ko-
POTKO 3anuUCytoTb Y BUMNAAI A=a=LA,.

Ha npakTuui nig TOYHICTHO BMMIpHOBaHb 3BMYaiHO PO3YMItOThb
rpaHuYHy abCcoNTHY MOXMOKY. Hanpuknag, SKWO BigcTaHb MiXK
JBOMa NyHKTaMu S =900 M OTpMMaHO 3 TOUHICTIO 40 0,5 M, TO TOu-
He 3HaYeHHS BEIMYMHU S NIEXNTb Y MeXax 899,5<S <900,5m.

YBefleHHs abCONMHOTHOT UM FPaHNYHOI abCoNOTHOT NOXNBKKN 3BU-
YaiiHO HeAoCTaTHLO ANA XapaKTEPUCTUKM CTYMeHs TOYHOCTI Habnn-
YKEHUX Ymncen. BaIMBUM NOKA3HUKOM TOYHOCTI HAONMKEHUX Yuncen
€ TXHA BigHOCHa NOXMobKa.

BigHOCHOI MOXMOKOK & HabAMMXEHOro Yncna a Ha3nBaeTLCA Bi-
[HOLLEHHS abCONOTHOT NOXMOBKM A LbOro Yncna Ao Mogynsa Bigno-
BigHOro TouHoro yncna A (A=0), T06T0

A

5=
A

(2.6)

"paHNYHOKO BiHOCHOK MOXMOKOK HABMKEHOrO YnCna a HasuBa-
€TbCA YNCIIO §, , AKE HE MEHLLIE 3a BiJHOCHY MOXVOKY LIbOro uncra, To6To
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5, >30. .7
13 (2.7) Maemo
A<|AG,. (2.8)

OTXe, MOXHa BBaXaTw, WO AN YMCna a rpaHMyHa abconoTHa
noxuoka

A, =|Al5, . 2.9)
AKWo npuitHaTn A~ a, To hopmyna (2.9) Habyje BUrnsgy
A, =|al3,. (2.10)
OTXXe, TOYHE YKUCNo A NEXNUTb Y Mexax
a(l-8,)<A<a(l+3,). (2.12)

dopmyna (2.10) [03BONSE BMU3HAYATM FPaHUYHY abCONOTHY Mo-
XMOKyY 3a 331aHOI0 TPaHNYHOKO BIIHOCHOK MOXMOKOHO | HaBMaKMW.

2.2. 3Hauvyuwia undpa.
Yucno BipHUX 3HaKIB

Byab-sKe UMCNO a MOXKHa NoAaTWu y BUIMsAI CKiHYeHHOT abo He-
CKIHYEHHOT CyMW A0AaHKIB:

a=+a,10" +a, 10"+ +a, ., 10"+ ), (212

fe a; — umdpm uncna a (g =0,1,2,...,9) ; m — AesKe Life uicno, Lo
Ha3MBAETLCA CTapLUMM [ECATKOBMM PO3PALOM 4yucna a; N — Kifb-
KiCTb 3HauyLwmx uugp. Hanpuknag, umcno 476,93 MoXKHa nofatm aK

476,93=4-10> +7-10' +6-10° +9-107" +3-1072.

Mpun peasbHUX 0BYMCMIEHHSAX YCAKE YMCNO, WO Mae BUrNAL He-
CKIHYeHHOT CyMM [0faHKIB, 3aMIHIOETLCA CYMOIO CKIHUYEHHOM0 Ymcna
A0AaHKiB, TO6TO 3aMiCTb CYMM (2.12) 3aMUCYOTb CYMY Y BUTNAAi

b=+(b,10™ +b,, ,10™" + . +b, ., 10" 4+ ) b #0. (2.13)
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3Hauywmmn yudpamn HabaMdKeHOro uucna b HasvBatoTb YCi
LmMdpK (AECATKOBI 3HaKW) b, , MOUMHaKOUM 3 MEPLLIOT HEHYNbOBOT Ji-
BOpyY b, #0.

3HauyLly umMgpy HasuMBaroTb BiPHOM, AKLLO abCoMoTHa NOXMOKa
ymncna He NepeBuLLYye ¥4 oavHMLI po3psady, Lo BiANOBILaE Ui Ludpi.

Hanpuknag,

0,009801=9-10" +8-10* +0-107 +1-107°,
TYT 3HauyLWi umgpn — 9801;

980010=9-10° +8-10* +0-10* +1-10+0-10°,
3HauyLLi undpn — 980010.

AKWo B upoMy uncni 0,073040 ocTaHHA UMdpa He € 3HaYYLLOHO,
TO Take uncno mMae 6yTum 3anucaHe y surnagi 0,07304.

I3 BUrNagy unicen Npu 3BMYainHOMY TIXHbOMY 3anuCi BaXKKO Cyan-
TW NPO TOYHY KifNbKIiCTb 3HAUYLLMX LUMDP LUX YmnCen, OAHaK L€l He-
BM3HAYEHOCTI MOXHA YHUKHYTU B Takuid cnoci6. Hanpuknag, sKLio

umncno Mae TpY 3HauyLLi umdpn, TO MOro 3anucyroTb y BY-
rnagi 8 , AKLLO X BOHO Ma€e YOoTMpM 3HauyLLi Lmdpu, T y BU-
rnani

Mepwi N 3HaYyLWWX UWUGP HABbAMXEHOro Yuc/ia Ha3nBalThb Bip-
HUMW, SKLLLO abCOMOTHA NOXMOKA LIbOro Yymcna He GifbLue NoN0BUHM
OAVHULLI Po3psay, L0 BUPKAETLCSA N -0 3HAYYLLOKO LM(pPOLO.

Hanpuknag, ans TouHoro uicna A=14,298 uncno a=14,300 €
Ha6IVXKEHUM YMCNOM i3 HOTMPMA BIPHUMU 3HaKamu, TOMY LLO

A=|A-a =0,002<%-0,01=0,005 :

Y 3arasibHOMY BUMazKy As%-lom‘““, Ae m — nopsigoK cTap-

LLOT LMdpU; N — KiNbKICTb BIPHUX 3HAYYLLMX Lndp. 3BiACK, 3B'A30K
KifIbKOCTi BipPHWUX 3HaKiB HaGMAMXEHOro ymcna 3 BiJHOCHOK MOXM6-
KOO L|bOr0 YM1C/Ia BUPAXKAETLCA (HOPMY/IO0

A 10m™h o
d=r<———<—10"", (2.14)
Al 2Jan 10" [an|
Je & — BifiHOCHa NOXMOKa Hab/IMKEHOr0 YUncna a; N — KiNbKiCTb BIpHUX
[ECATKOBMX 3HaKiB uncna a; a,, — nepLua 3HavyLLia Lupa umcna a .
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AK rpaHWUYHy BiJHOCHY NMOXMOKY MOXKHa 6paTh BENNYNHY

8, = 0,5L101—n . (2.15)
a

m

Mpuknag 2.1
3HainTn rpaHWyHy BiHOCHY MOXMOKY, AKLO TOYHe Yncno 14,298 3ami-
HAETLCA HabmmkeHum 14,300. Y ubomy pasi a, =1, n=4. I3 thopmynu

(2.15) maemo 5, = 5-107* i HaBMmakm, 3HaKOuM rpaHWYHy BiJHOCHY NOXMO-
KY, MOXHa BM3Ha4aTu KifbKICTb BIPHUX [ECATKOBMX 3HAKIB.

Mpuknag 2.2
3HalTn KifbKiCTb BIPHUX JECATKOBMX 3HaKIB uncna~/s npwv BiAHOCHIA
noxmbéui 6=10,001.
OuesugHo, WO a,=2. JMani  0,25-107"<0,001. 3siacu
1-n<-3+1g4, n>4.

2.3. lNpaBwuna oKpyrfieHHsA ymcen

OKpyrneHHAM yncna a (TOYHOTO YM HabIMXKEHOr0) Ha3UBAETLCS
3amiHa oro uncnoM b i3 MEHLLOK KiNbKIiCTIO 3HaYyLwmX ungp. Lis
3aMiHa BUKOHYETbCSA TaKMM YMHOM, 06 NOXMOKa OKPYrieHHs a—b
Byna MiHIMa/IbHOO.

[Nna OKpyrneHHsa yncna 4o n-i 3HadyLwot umdpn BigkmaaroTb YCi
oro umgpu npasopyy, NoumHatoum 3 (n+1)-i, abo, SKLWO HeobXia-
HO 30eperTu po3psaun, 3amMiHATb X HYNAMU. 3a3HaveHe BifKMAaHHS
LMp 34iACHIOETLCA 38 TAKUMUW MPaBuIamMu OKPYTIEHHS:

1) akwo (n+1) -wa undgpa Ginbwa 5, 7o Ao N-T Ludpn JoAaETLCA
OAVHULS;

2) AKWo (n+1) -wa uMgpa MeHwwa 5, To BCi Lugpu, Lo 3a/IULLN-
nues, 36epiratoTbes 6€3 3MiHK;

3) aKwo (n+1)-wa undgpa JOPIBHIOE 5 i cepel uudp, Wo BiAKM-
[at0TbCA, € HEHYNBOBI, TO 40 N-T LUDPY JOAETHCH OOUHULSA;
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4) Akwo (n-+1) -wa undpa JOopiBHIOE 5, a BCi iHWI UmgpK, WO Bi-
AKMOAI0TLCA, LOPIBHIOTHL HYMO, TO N-Ha 36epiraetbca 6e3 3MiHu,
AKLL0 BOHa NapHa, i 40 N -1 AOAAETHCA OAMHULSA, AKLLLO BOHA HenapHa.

Mpuknag 2.3
OkpyrnnTu uncno 7,18342950 [0 BOCbMMU, CEMU Ta LLIECTU 3HAYYLLIMX Ldp.
BignosigHi okpyrneHi uicna e: 7,1834295 (3a npasuniom 2), 7,183430
(3a npasunom 4), 7,18343 (3a npasusiom 2).

2.4. O6UuncneHHA NOXNOKN PYHKLIT
BiZ, N aprymMeHTIB

Hexaln 3afiaHO fesky (yHKUi0 Y = f (X, Xy,...,X,) , Biff N apryme-
HTIB | Hexali 3HaYeHHS KOXXHOI0 3 apryMeHTIB Xi BUHAYEHO 3 LesKMM
Moxmokamu |Axi , 1=1,2,...,n . T10TPi6GHO 3HANTN NOXNOKY (YHKLI.

o6 poss'asatm Ul 3afady, NPUMNYCTUMO, LWO  (YHKLis
y=f(X,X%,....X,) € [AnepeHLiinoBHOIO Yy pesakin obnacti D.
3HaiigeMo abCcontTHY MOXNBKY |Ay| (hYHKUIT npy 3agaHnx abconto-

THUX MOXUOKax

|AY] = | (% + AXp, Xy + AXg oty X + AX) = T (X, X500, X,)|- (2.16)

Mpunyckaioum, Wo BemMunHn |AX|, i=1,2,..,n, docuTe Mmani,

3anmLIeMo HaBIMKeHi piBHOCTI |Ay| ~ |dy| :

|Ay| ~ Z |Ax0| (2.17)
i= 1
Omxe, rpaH1yHa abcostoTHa Noxnbka Ay (yHKUIT y Taka:
A .
|Ay| = .21: dx (2.18)

Ae Ax, — rpaHuyHa abcositoTHa NoxmbKa aprymeHTy X, .
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OuiHKy ana BiHOCHOT NOXMOKM (DYHKLIT OTPUMYEMO AiNIEHHSAM
060X YaCTUH HePIBHOCTI (2.16) Ha |y| :

5y LI g - > L
=y dx;

i=1
I3 (hopmynn (2.19) OAEP>KYEMO BMpa3 ANS FPaHUYHOI BiAHOCHOI
MOXNOKN PYHKLIT Y :

In y|-|AX,). (2.19)

dx

n

>

_1n y | AXo| (2.20)

Po3rnsaHemo okpeMi NpuKnaguM Ha 064YMCNEHHS NMOXMOOK Pi3HUX
(PYHKUIOHa/IbHUX CMiBBIAHOLWEHb. [pUNycTUMO, WO B KOXHOMY
NpUKnagi 3a4aHo NeBHi BUAW NOXMOOK apryMeHTiIB.

1. Hexalh y =X; + X, +...+ X, . 32 popMy/i0t0 (2.18) rpaHNYHa ab-

CO/MtOTHA NOXMOKA CyMy N JofaHKiB
AY = AX; + AXy +...+ AX, .

BigHoCHa MOXMOKa CyMM HeBIA'€MHUX [0[aHKIB He MepeBuLLye
HanBiNbLIOT 3 BIAHOCHMX NOXMOOK LMX A0AAHKIB.

2. Hexail y =X, —X,. Tofi rpaH/4Ha abconoTHa Moxuoka pis-
HUL ABOX umncen Ay = Ax; + AX, .

3. Hexaih y =X X,...X, , npuuomy x; (i=1,2,...,n) — gogarHi. Bi-
ANOBIAHO A0 (hOPMYNW (2.20) MPOBELEMO MNEPEeTBOPEHHA 3 METOH

OfepXKaHHA Bupasy A9 TPaHWYHOI BiJHOCHOI MOXMOKM [00YTKY
N CNiBMHOXHMWKIB:

n
lny:ZInXo,

i=l

8y = 08X + 08X, +...+ X, .

. X .
4. Hexaii y =—L. 3a (hopMy/I0t0 (2.20) rpaH1YHa BiHOCHA NOXUO6-
Xy

Ka 4YaCTKn
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M, M

X Xy

) = 0X; + OX,.

y

5. Hexaii y=x".Togi Iny=nlnx i 8, =n3,.
)

6. Hexait y ="Y/x .Togi lnyzln—x i 5, =—X.
n n

KOHTpO/IbHI 3annTaHHs

1. TMepepaxyiiTe BUAW MOXMUOOK.

2. Ha3BiTb NPUYNHN BUHNKHEHHS MOXUOOK.

3. Uu moxe noxmbka 6yTun Big'€MHUM Ynciom?

4. Lo Take HeycyBHa Noxmoka?

5. Y 4yoMy CyTb MALLUMHHOT NOXWNOKN?

6. PO3KpuiiTe NOHATTA abCOMOTHOT MOXUGKN.

7. Lo Take BigHOCHa NOXMOKa. fIK BOHa BUMIpPHOETHLCA?
8. [aiiTe B3HAUEHHSA NMOHATTA "3HauyLLi Luudpu".

9. MepepaxyiiTe NpaBunna OKPYFIEHHS YnCen.

10. 5K 064MCNTM NOXMOKY Big N apryMeHTIB?

KOHTpO/bHI 3aBAaHHS

1. OKpYrAnTL CYMHIBHI LMy Ymcen, 3annLLIMBLUN BipHI 3HaYYLL Ldpu.
2. 3HaliTW rpaHnYHi abCcoMOTHI Ta BIZHOCHI MOXUOKWU pe3ynbTaTy BKa-
3aHUX OnepaLiiil Bif BOX apryMeHTiB Yy = y(a,,a,) abo TPbOX aprymeHTis

y:y(apaz’a3)~
a'Z
;l.
2) a =11,44%+0,01; a,=2,036+0,015; y=a,—-a,; y=a -a,.
3) a, =7%0,001; a, =cos25°£0,001; y=a,-a,; y=a-a,.
a2
;1.
5) a,=2,56+0,005; a,=1,2+£0,05; y=a,—-a,; y=4a,-4a,.
6) a =3,85%0,01; a, =2,043+0,0004 ; a, =962,6+0,1;
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1) a =0,235+0,002; a, =2,751+0,025; y=a,+a,; y =

4) a,=2,8%0,3; a,=25,8%£0,05; y=a,+a,; y=



a -4,

7 y=
3
8) a =7,27%0,01; a, =5,205+0,002 ; a, =87,32+0,03;
a
9) y=—"21—.
a, +a,

3. KyT, BUMipaHWii TeogoniTom, BusBmBes piBHUM 22°20'30"+30". Aka
BifIHOCHa NOXMOKa BUMipHOBaHHS?

4. BM3HauMTU YnCno BipHMX 3HaKIB Ta JaTV BiANOBIgHWIA 3anmMc Habnw-
YKEHOI BENIMYMHU NPUCKOPEHHS CUMAN TAXIHHA g =9,806 npu BigHOCHIi
noxméui 0,5 %.

5. Bigomo, wo rpaHuyHa BigHOCHa Moxmbka uucna 19 pisHa 0,1 %.
CKiNbKY BIpHUX 3HaKiB MICTUTLCA B LibOMY YMCAi?

6. CKiflbK/ BIPHUX 3HaKIiB MIiCTUTb unmcno A =3,7563, AKLO0 BigHOCHA
noxunébka pisHa 1 %?

7. Mnowa Keagpata pisHa 25,16 cM* (i3 TouHicTio 40 0,01 cm?). I3 Koo
BiZIHOCHOI NMOXMGBKOO Ta 3i CKiNbKOMa BIpPHUMMW 3HAKaMy MOXXHa BU3HAUU-
T CTOPOHY KBagpaTa?

8. 3i CKiflbKoMa BipHMMM 3HaKamMM MOXXHa BU3HAYMTU pagiyc Kpyra, AKLLO
BifIOMO, LL|O #10ro NyoLLa A0pPiBHIOE 124,35 cM” (i3 TOuHICTIO 0 0,01 cv?)?

9. 3HaiNTK rpaHNYHy BIZHOCHY NOXMOKY MPW 06YMCNEHHI MOBHOI MoBe-
PXHi 3pi3aHOro KOoHyca, SKWO pagiycy Moro ocHoB R =23,64+0,01 (cm),
r=17,31+0,01 (cm), TBipHa 1 =10,21+0,01 (cm); uicno = =3,14 .

10. Yucno g =9,8066 € HABNMKEHUM 3HAYEHHAM MPUCKOPEHHS CUNU

TAXKIHHA (414 WUpoTK 45°) i3 N'ATbMa BIPHUMU 3HaKamu. 3HaliTu /oro Bia-
HOCHY NOXMOKY.

11. O6uMCcAnUTM NNOLLY NPAMOKYTHWKA, CTOPOHM AKOro 92,73+0,01 (M)
194,5 + 0,01 (M). BusHaunTy BigHOCHY MOXMOKY pesy/bTaTy i KibKiCTb
BipHMX 3HaKiB.
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Po3ain 3

EnemeHTUN BEKTOPHOI
I MaTpUYHOT anrebpun

3.1. BekTopun

Bektopy i3 po3rngay n-BUMIPHUX MPOCTOPIB € HamnpasNeHUMu
Biipi3KaMu (AKi MaloTb JOBXMHY, HAMPAMOK Ta MOJIOXEHHS) Y TaKnX
npoctopax. BoHW po3rnsgaloTbCs AK BEKTOPWU-CTOBMLI, AKLIO He
CKa3aHo iHLue:

Yn

Onepalisi TpaHCNoHYBaHHS, ska MiHsIE CTOBMLi Ha PAAKM | HaBMaKK,
Mo3HaYaeTbCs BEPXHIM iHAeKcoM T . BekTopu 3a3Buyaii BUpaXarTb
yepe3 6asunc; 4151 LbOro BUBMPAETLCA CTaHAaPTHA CYKYMHICTb BEKTOPIB
by, b,,...,b, , & BCI IHLLI BEKTOPWM BUpaXatoTb Yepes Liel 6asuc:

Y= Y1y + Yob, +.+ yby

KoegiuieHTV y; B LbOMY BMPa3i Ha3MBalOTb KOMMOHEHTaMW BEK-
Topa Yy, a cam BMpa3 3anmncyeTbCsl B KOMMAKTHI popmMi

Y=V, Yo Vo) -

BasnCHI BEKTOPU BM3HAYatOTb CUCTEMY KOOPAMHAT, i KOMMOHEHTU
Y; € KoopAuHaTamMy TOYKWM KiHLA BEKTOpa B LA CUCTEMI KOOPAMHAT.
CraHgapTHI apuiMeTUYHI onepauil (414 BEKTOPIB X, Y,Z icKaispa a ):
A popasaHHs:

X+Y=Y+X=(0+ Y1 X+ Yore Xg + Yy
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X=y=—=(y=Xx), (X+y)+z=x+(y+2);
A MHOXeHHs Ha cKanap:

ax = (ax;,axy,...,ax,) .

CyKYMHICTb BEKTOPIB X;, Xy,..., Xy, — MHINHO He3ane>kHa, AKL0
XOAHa X NiHiiHa KOMOGiHaLLis He AOPIBHIOE HYNHO, 338 BUHATKOM HYy-
NbOBOT KOMOGiHaLil.

MpocTip Ha3WBAaETbCA HATATHYTWM Ha CYKYMHICTb BEKTOPIB
X1, X9,y Xy » AKLLLO KOXKEH BEKTOP NPOCTOPY MOXe 6yTW BUPaXKEHWi
yepes NiHiliHY KOMOIHaLit0 LMX BEKTOPIB. PO3MIPHICTIO BEKTOPHOIO
MPOCTOPY € MiHIMa/lbHa Ki/IbKIiCTb LUX BEKTOPIB, MOTPIOHUX, LL06
OTpUMaTK NPOCTIP; KOXXeH 6a3nuc N -BUMIpHOTO MPOCTOPY MOBUHEH
matn y cBoemy cknagi N BekTopiB. N -BMMIpPHI BEKTOPHI MpocTopu
CKOpPOYeHO 4acTo HasmsatoTbcs N -rnpocTopamu, i N -BeKTopu € Be-
ktopamu B N -npoctopi. CkansipHuii, abo BHYTPILLUHIN, [OOYTOK
[IBOX BEKTOPIB X 1 Y Mae BUrNag

m
m
X"y =xy=>%Y;,
i-1
e X;,Y; — KOMMOHEHTU BEKTOPIB X Ta Y. [lBa BEKTOPW Ha3MBaKOTh-

€S OPTOroOHaNLHUMI (MepreHANKynspHUMM), aKiwo X™y =0 . Po3mip
BEKTOpa MOXHa BUMIPATM HOpMOHO || Tak, Lo

Y BUNaAKy TPbOX BMMIpIB — Lie 3BMYaiiHa eBKiJ0Ba AOBXMHA.
MofgiiHI BepTMKa/bHI PUCKN NO3HAYat0Tb 3HAK HOPMKU. YacTo 3py-
YHO BMKOPUCTOBYBATW ABi iHLWi HOPMU:

. =
m

= 2l
=

KyT o MiX [IBOMa BEKTOPamMu BU3HAYAETbCA CMiBBiAHOLLIEHHSAM
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T
X
cos o :—y

LAY

dopmar 3anncy BEKTOPIB Mae y3roipKyBaTuca 3 popmarom 3anm-
Cy MaTtpuub, TOMY BEKTOPW 3a3BM4ail 3anmucytoTbCA fK BEKTOPU-
cTOBNUi. Lle ycKnagHoe BUKNag TEKCTY, TOMY BEKTOPY 3anunCyrOTbCS
rOPU30HTaNIbHO 3i 3HAKOM TPaHCMOHYBaHHA T, AKLLO BUKOPUCTOBY-
BaTu (popmart CTOBMNLSA He 060B'A3KOBO.

3.2. MaTpuui

AOGCTpaKTHI 06'€KTU, AKI NPUBOLAATL L0 MaTpuULb, € NiHIKHUMU
BiJOOPaKEHHSAMWN, NEPETBOPEHHSAMMN, a0 PYHKLIAMW, BU3HAYEHNMM
Haz BekTopamu. OCKiNIbKW /19 BEKTOPIB YBEAEHO KOOPAMHATK, TO L
NiHIMHI QYHKUIT MOXHa nogaTv AK ABOBUMIPHY Tabnuuto uucen,
TOOTO SIK fiesiky MaTpuLto A= (a;) .

AKWO Y € NiHiliHa (yHKLiA Bif X, TO KOXHA KOMMOHEHTA Y,
BEKTOpPa Y € NiHiHa (YHKLif KOMMOHEHTU X; BekTOpa X. Takum

YMHOM, A/19 KOXXHOro K maemo
yk = a.klxl + a.k2X2 +...+ aknxn.

KoegiuieHTn 36mpatoTbea B MaTpuLto A, AKa i € NiHIHOW (yH-
Kuieto (BiJoOpaXKeHHs, MepeTBOpeHHs abo CniBBILHOLLEHHSA) MK
BeKTOpaMun X i Y. JliHifiHa (hyHKLiS NO3HAYaeTbC AX.

il Hag MaTpUUSAMM BU3HAYaKOTLCS NpaBUIaMu, WO BUKOHYHOTbLCS
ONA NiHIAHWX BifoOpaxeHb. Tak, A+ B € NogaHHAM CymMu ABOX JiHil-
HUX (PYHKUIRA, SKi NpeACcTaB/eHO Y CBOKO Yepry MatpuusamMm A Ta B.
Maemo A+B=C, fie ¢ =a; +bj;. JoOyToK AB — Lie Hacnifjok 3a-
CTOCYBaHHA BiflobpaKeHHs B Ta nofanbLuoro 3acTocyBaHHs Bigobpa-
KeHHst A. MMokaxemo, Wwo AB=C, fe ¢ =Zaikbkj (*). Ana yporo

k

nosHaunmo y = Bx Ta z = Ay . OTxe, He06XiJHO BU3HAUMTN MATPULO
Taky, Wo z = Cx . BMpasnmo Lie CMiBBigHOLLIEHHS MOBOK KOMMOHEHT:
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n n
ykzzbijj1 Zizzaikyk'
j=1 k=1

Takum YmHOM

n n n
Zi = Zaik (Zbk] Xj) = zaik (bklxl + bk2X2 +...+ bann).
k=1l j=1 k=1

Meperpynyemo Tenep ui n? OJHOUNEHIB, PO3KPUBLLM AYXKW Ta
3i6paBLUM KOEILIEHTN NPU KOXKHOMY X, Xo,...,X,, OKpemMo. Y pe-
3ynbTaTi 0TPUMaEMO

A1 (b X + DXy + . B X, ) + 859 (021X + Do Xy + o4+ Dy X )+
ot i (0 X DX+ 4+ DX, ) =

=X (@j1byg + @jobay + ..+ 8By ) + Xo (AaPro + Bjobgg + ...+ 8jp0y ) + ..
oot X, (@40, + 0l + .+ 850,) =

n n
= > (> auby)x;-
j=1 k=1

Tomy cjj BM3HAYAETLCA BKasaHOO BULLE (hopMy/oro (*). EnemeHT,
LLO CTOITb Ha MepeTuHi i -ro pagka Ta j-ro crosnugd matpuui C |, € cKa-
NAPHUIA AOBYTOK | -ro psiaka MaTpuui A Ta | -ro cToBMUA MaTpuLi B .

BipHi Taki apugmeTnyHi npasuna:

A A+B=B+A;

A AB = BA (3a BUHATKOM cnewiasibHUX BUNaaKiB).

@YHKUIT fofaBaHHA Ta MHOXEHHA MaTpuub mMoBok Python ma-
HOTb BUMNSA SK Y NiCTUHrY 3.1,

NictuHr 3.1. MHOXeHHS
Ta AofaBaHHs MaTpuLb MoBOK Python
>>> import numpy as np
>>> a=np.reshape(np.matrix(range(100)),(10,-1))
>>> a
matrix([[ 0,1,2,3,4,5,6,7,8,9],
[10,11, 12, 13, 14, 15, 16, 17, 18, 19],
[20, 21, 22, 23, 24, 25, 26, 27, 28, 29],
[30, 31, 32, 33, 34, 35, 36, 37, 38, 39],
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[40, 41, 42, 43, 44, 45, 46, 47, 48, 49],

[50, 51, 52, 53, 54, 55, 56, 57, 58, 59],

[60, 61, 62, 63, 64, 65, 66, 67, 68, 69],

[70,71,72,73,74,75,76, 77,78, 79],

[80, 81, 82, 83, 84, 85, 86, 87, 88, 89],

[90, 91, 92, 93, 94, 95, 96, 97, 98, 99]])

>>> b=np.reshape(np.matrix(range(20,120)),(10,-1))

>>> D

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

[ 30,31,32,33,34,35,36,37,38,39],

[ 40,41,42,43,44,45,46,47,48,49],

[ 50,51,52,53,54,55,56,57,58,59],

[ 60,61,62,63,64,65,66,67,68,69],

[ 70,71,72,73,74,75,76,77,78,79],

[ 80,81,82,83,84,85,86,87,88,89],

[ 90,91,92,93,94,95,96,97,98,99],

[100, 101, 102, 103, 104, 105, 106, 107, 108, 109],

[110, 111, 112, 113, 114, 115, 116, 117, 118, 119]])

>>> print a*b

[[ 3750379538403885393039754020406541104155]

[10250 10395 10540 10685 10830 10975 11120 11265 11410 11555]
[16750 16995 17240 17485 17730 17975 18220 18465 18710 18955]
[23250 23595 23940 24285 24630 24975 25320 25665 26010 26355]
[29750 30195 30640 31085 31530 31975 32420 32865 33310 33755]
[36250 36795 37340 37885 38430 38975 39520 40065 40610 41155]
[42750 43395 44040 44685 45330 45975 46620 47265 47910 48555]
[49250 49995 50740 51485 52230 52975 53720 54465 55210 55955]
[55750 56595 57440 58285 59130 59975 60820 61665 62510 63355]
[62250 63195 64140 65085 66030 66975 67920 68865 69810 70755]]
>>> print a+b

[[ 20222426283032343638]

[ 40424446485052545658]

[ 60626466687072747678]

[ 80828486889092949698]

[100 102 104 106 108 110 112 114 116 118]

[120 122 124 126 128 130 132 134 136 138]

[140 142 144 146 148 150 152 154 156 158]

[160 162 164 166 168 170 172 174 176 178]

364



[180 182 184 186 188 190 192 194 196 198]
[200 202 204 206 208 210 212 214 216 218]]
>>> print b/a

[[021117654333]

[ 3222222222]

[2111111111]

[1111111111]

[1111111111]

[1111111111]

[1111111111]

[1111111111]

[1111111111]

[1111111111]]

TpaHcrioHoBaHa MaTpuus AT ofepxKyeTbcs Biff3epKaneHHsM
MaTpuui A Lwofo 1 AiaroHani (enemeHTiB a;;), TO6TO &; =aj;.

OavHuyHa E matpuusa mae oAmHWL Ha fiaroHani, a iHwWi 11 enemeH-
TN JOPIBHIOOTb HYNHO.

OTpUMaHHS TpaHCMOHOBaHOI MaTpuui 3a gonomoroto Python Ha-
BEZIEHO B NiCTUHrY 3.2.

NicTvHr 3.2. TpaHCNOHYBaHHA MaTpPULLb
MoBoto Python
>>> g
matrix([[ 0,1,2,3,4,5,6,7,8,9],
[10, 11, 12, 13, 14, 15, 16, 17, 18, 19],
[20, 21, 22, 23, 24, 25, 26, 27, 28, 29],
[30, 31, 32, 33, 34, 35, 36, 37, 38, 39],
[40, 41, 42, 43, 44, 45, 46, 47, 48, 49],
[50, 51, 52, 53, 54, 55, 56, 57, 58, 59],
[60, 61, 62, 63, 64, 65, 66, 67, 68, 69],
[70,71,72,73,74,75,76, 77,78, 79],
[80, 81, 82, 83, 84, 85, 86, 87, 88, 89],
[90, 91, 92, 93, 94, 95, 96, 97, 98, 99]])
>>> D
matrix([[ 20,21,22,23,24,25,26,27,28,29],
[ 30,31,32,33,34,35,36,37,38,39],
[ 40,41,42,43,44,45,46,47,48,49],
[ 50,51,52,53,54,55,56,57,58,59],
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[ 60,61,62,63,64,65,66,67,68,69],

[ 70,71,72,73,74,75,76,77,78,79],

[ 80,81,82,83,84,85,86,87,88,89],

[ 90,91,92,93,94,95,96,97,98,99],

[100, 101, 102, 103, 104, 105, 106, 107, 108, 109],
[110, 111, 112,113, 114, 115, 116, 117, 118, 119]])
>>> np.transpose(a)

matrix([[ 0, 10, 20, 30, 40, 50, 60, 70, 80, 90],
[1,11,21,31,41,51, 61, 71, 81, 91],
[2,12,22,32,42,52,62,72,82,92],

[ 3,13, 23, 33, 43, 53, 63, 73, 83, 93],

[ 4,14, 24,34, 44,54, 64, 74, 84, 94],

[ 5, 15, 25, 35, 45, 55, 65, 75, 85, 95],

[ 6, 16, 26, 36, 46, 56, 66, 76, 86, 96],
[7,17,27,37,47,57, 67,77, 87, 97],

[ 8,18, 28, 38, 48, 58, 68, 78, 88, 98],

[9, 19, 29, 39, 49, 59, 69, 79, 89, 99]])

>>> np.transpose(b)

matrix([[ 20,30,40,50,60,70,80,90, 100, 110],
[21,31,41,51,61,71,81,91, 101, 111],
[22,32,42,52,62,72,82,92, 102, 112],

[ 23,33,43,53,63,73,83,93, 103, 113],

[ 24,34,44,54,64,74,84,94, 104, 114],

[ 25,35,45,55,65,75,85,95, 105, 115],

[ 26,36,46,56,66,76,86,96, 106, 116],
[27,37,47,57,67,77,87,97, 107, 117],

[ 28,38,48,58,68,78,88,98, 108, 118],

[ 29,39,49,59,69,79,89,99, 109, 119]])

>>>

OfunHMYHa MaTprus 060B'A3KOBO KBaApaTHa, TO6TO Mae OAHAaKo-
BY KifIbKiCTb pAfKiB i ctoBnuiB. OueBngHo, wo EA= AE = A. Obe-
pHeHa maTpuua A-1 € Taka MaTpuus, 41 SKOT BUKOHYETLCA PiBHICTb

AA=E. He BcAka MaTpuus Mae 06epHeHy. Crpasgi, 406yToK
AB MOXe A0piBHIOBATU HY/O, HaBIiTh SKLLIO A abo B He 6ynu Hy-

NbOBMMI MaTpuUAMK. Hanpuknag;

LG A6 o)
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AKWo MaTpuLs A Mae 06epHeHY, TO NPO HEl FOBOPSiTh, L0 BOHa
HEBUPOA>KEeHA. HacTyMHi BUC/IOB/HOBAHHSA EKBIBA/IEHTHI:

A matpuus A HeBMpOMKEHa;

A o6epHeHa maTpuus A icHye;

A cToBnLi MaTpULi A NiHIAHO He3aNeXHi;

A pagku MaTpuLi A NiHIIHO HE3aIEXHI;

A piBHicTb Ax=0 o3Hauae, 1o x=0.

OLMHMYHY Ta HYNbOBY MaTpuLi MOXKHa OTPMMATK 3a LONOMOr OO
moBwu Python (nictuHr 3.3).

NictuHr 3.3. CTBOPEHHSA HY/IbOBUX

Ta OAMHUYHUX MaTpULb MOBOKO Python
>>> c=np.zeros((10,10))
>>>C

array([[ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.],
[0.,0.0.,0.,0.,0.,0.0.,0.0.],
[0.0.,0.,0.0.,0.0.,0.,0.,0.1],
[0.,0.0.,0.,0.,0.,0.,0.,0.,0.],
[0.0.,0.,0.0.,0.0.,0.0.,0.1],
[0.0.0.,0.,0.,0.,0.,0.,0.,0.],
[0.,0.0.,0.,0.,0.,0.0.,0.0],
[0.0.,0.,0.0.,0.0.,0.0.,0.1],
[0.0.0.,0.,0.,0.,0.,0.,0.,0.],
[0.0.,0.,0.0.,0.,0.,0.,0.0.1])

>>> d=np.fromfunction(lambda x,y: (x==y)*1,(100,100),)
>>>d

array([[1, 0,0, ..., 0,0, 0],
[0,1,0,..0,0,0],
0,0, 0]

[0,0,1, ..,0,
[0,0,0, ..., 1,0, 0],
[0,0,0, ..., 0,1,0],
[0,0,0, ... 0,0, 1]])

P03B'A3yBaHHA NiHIAHNX PIBHAHb NONArae y 3HaXO4KEHHI Takoro
BEKTOpa X 3a AaHOot matpuuero A i JaHUM BEKTOpPOM b, Ana AKoro
BUKOHYETLCA PiBHICTL Ax=Dh.

AKIWO maTpuusa HeBMpomkeHa (Le CBiAYMTb Mpo Te, Wo A —
KBajpaTHa), TO Lie 3aBAaHHS 3aBXAW Mae €LUHWIA PO3B'A30K ANA
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Oyab-gKkoro b. Akwo A mae Ginblue pagkKiB, HixX cToBMLiB (TOGTO
iCHye 6inblue PiBHAHb, HX 3MIHHWX), TO 3a3BUYaii Taka 3ajaya He
Mae po3B'a3Ky. AKLO0 A Mae 6inblie CTOBMLIB, HX psAAKiB, TO 3a-
3BMYai iCHYe HeCKiHYeHHO 6araTo po3B'A3KiB. HaligaBHiwmm i cTa-
HOAPTHUM METOAOM PO3B'A3yBaHHA L€l 334a4i € METO[, BUK/HOYEH-
HA [aycca (He posrnggatumeMo npaswno Kpamepa yepes ioro
BKpai H13bKY e(heKTUBHICTD).

Cuctema piBHAHb HA3MBAETLCA OAHOPIAHOK, AKLLO MpaBa YacTu-
Ha [OpPiBHIOE HYMO, Hanpuknag, Ax=0.

Martpuua U opToroHasbHa, AKLWO Ti CTOBMLi Uy,U,,...,U, OPTO-
FOHa/IbHI, IK BEKTOPY, | TXHA AOBXMHA LOPIBHIOE 1. IHaKLLIE KaXyuMu,
uluj =0, AKwo i j i ufu;=1.

Cuctemmn Ux=Db 3 OpTOroHa/lbHUMM MaTpULAMU NIErKO PO3B'S-
3y10Tbes, OcKinbkn U TU — oguHnyuHa matpuus (psgku UT e cTos-

nuammu matpuui U ). Akwo Ux=b, To UTUx=x=UTb i x o6unc-
NIOETbCA 6e3nocepeiHb0. TakMM YMHOM, SKILO BIiAOMWUIA METOA
NepeTBOPEHHS MaTpuui A Ha OPTOrOHa/bHY MaTpULo, TO Liei me-
TOA MOXHA 3aCTOCYBaTu [/19 PO3B'A3yBaHHA cuctemm Ax=Dh.

MaTpuueto nepecTaHOBOK Ha3MBa€ETLCA Taka MaTpuLs, y Kol BCi
enemeHTn abo 0, abo 1, a B KOXXKHOMY PAAKY i B KOXKHOMY CTOBMLi €
Tinbky ogHa 1. Hanpuknaa:

010

= O O O

1
0
0

o O O

0
1
0

MHOXXeHHs MaTpuLi NiBopyY abo NpaBopyy Ha MaTpuLo nepecTa-
HOBOK Ma€ pe3y/ibTaToM MepecTaHoBKY PsAKiB abo CTOBMLB MOYaTKo-
BOI mMatpuui. Lig BnacTvBicTb i fana im Ha3By. Matpuui nepecTaHOBOK
3aCTOCOBYHOTLCA Y (hopMy/ax, W06 3a4aBaTy MepecTaHOBKM PAAKIB i
CTOBILiB, i PiAKO BUKOPVCTOBYHOTLCA B 0OUMCIIEHHSX AK TaKVIX.

BrnacHi 3Ha4eHHa maTpuui A — Ue Taki uicna A, Ans SKMx BUKO-
HYETbCA PIBHICTb AX=AX [AJ11 [eAKOro HeHy/bOBOro BEKTOPA X;
BEKTOP X TakOX Ha3MBaeTbCA BNaCHUM BEKTOPOM Matpuui A.
EdekT niHiliHOro Bif06paXXeHHs BNIACHOr0 BEKTOpa nonsrae B 6es-
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nocepeAHbOMY MHOXEHHI LbOro BEKTOpPa Ha KOHCTaHTy A, WO €
B/TACHUM 3HauYeHHsAM. KBagpaTHa maTpuus nopsaky n mae n Brac-
HMX 3HaYeHb i 3a3BUYal, afie He 3aBXAW, N BacHWUX BekTopis. Cne-
KTpanbHuii pagiyc p(A) matpuui A — ue Halbinble 3a abcontoT-
HOK BE/IMYMHOIO BNacHe 3HaydeHHA A. CnekTpanibHWiA pagiyc rpae
(hyHAaMeHTanbHY Po/b Y AOCAIMKEHHI 36DKHOCTI iTepaliiiHux npo-
LieciB, MOB'A3aHMNX i3 MATPUUHUMK 0BUNCNEHHAMN.

ICHYIOTb pi3Hi CNOCO6Y BUMIpPIOBaHHS BE/IMYMHK, a60 HOPMM, Ma-
Tpuui. M1 BUKOPUCTOBYBATMMEMO /MLLIE OAHY HOPMY, a came:

| Al=maxAx].

Hopma — Le HainbifbLia JOBXUHA BEKTOPA, L0 HANEXWUTb OAUHU-
YHil chepi, AKy BiH Mae Nicng 3acToCyBaHHS NiHINHOIO MepeTBo-
PEeHHs, BU3HAUYeHOro matpuuelo A. Taka Hopma BU3HAYaeTbCA B Te-
PMiHaX BEKTOPHOI HOPMW, i, OTXe, Pi3Hi BEKTOPHI HOPMY [at0Tb
pi3Hi HOpMK Ang maTpuui A. Hopma MOXKe BUpaXaTuUCb SBHO Yyepes
TPV paHillie BBEAEHI BEKTOPHI HOPMU:

=L

- e, = o

1

1A, = ax||Ax||2 (HalGinbLLe BnacHe 3HauyeHHs AT A2),

=L

A, = rog . = a3
1-HopMa i oo -HOpMa LUMPOKO 3aCTOCOBYHOTLCS, OCKiNIbKM BOHW
MPOCTO 0GUNC/IOKOTBESA. Jlerko nokasaty, Wwo p(A) < |A|| ans Gyab-
SKOT HOpMK, TOMY 1-HOpMa i oo -HOpMa 3a6e3MevyoTb NPOCTY OLLiH-
Ky CMeKTPanbHOro pagiyca MaTpuui.
[nsa 6yab-aKoi HOpMKU MaTpuLi A BipHi Taki BNacTUBOCTI:
1) |A|>0, npuuomy |A|=0, konm A — HynboBa MaTPULIS;

u‘

2) a|A|=|al-| Al me a — piticHe umicno;
3) |A+B|<|Al|+|B| — HepiBHicTb TPUKYTHIKa;
4) |A-B|<|Al|-|B|| - HepiBHicTb Kowwi — ByHsiKoBCbKOTO.
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MixXK HOpMOIO MaTpuLLi Ta Ti BNACHUMW 3HAYEHHSIMU iICHYE NEBHWIA
3B'A30K, KU BUPXKAETHCSA TaKOK TEOPEMOIO.

Teopema 3.1. Moaynb KOXHOro BMaCHOro 3HayYeHHst matpuui A
He MepeBULLLYE 1T HOPMW.

Hexali A — BnacHe 3HauyeHHs MaTpuui A. Togi Ans 6yab-sKoro
Xx#0 MaemMo Ax=2Ax. Bigomo, L0 0HAKOBI BEKTOPWN MatOTb PiBHI

Hopmu: ||Ax|=|[Ax|. 3a BnacTusicTio HOpMM OTpUMyEMO BMpa3
[2x =2 x] < | A - [ X[ 3siacn [2]<A].

LlikaBiCTb 0 MaTpuLb BUHMKAE Yepe3 iXHili 3B'A30K i3 NiHiAHUMK
(PYHKLIAMY JEKINbKOX 3MIHHUX (TaKi (yHKLii € MPUPOAHMM CrocoboMm
OnMcy NPOCTUX MaTeMaTUYHMX MoAeneli 06'eKTIB, 3a/1IEXXHMX Bif AeKi-
NbKOX 3MiHHKX). JTiHiVHI (hyHKUIT 3 6araTbma 3MiHHUMUK "iCHYHOTb" SIK
abCTpaKTHI (PYHKUIT Tak camo, SIK | BEKTOPX “iCHYIOTb" fK abCTpaKTHi
06'ekTW. [Ins BEKTOPIB BU3HAYEHO MOHATTS, AKUMW MOXHA MaHiny/to-
BaTW i MPOBOAUTN OGUUCIEHHA 3a [OMOMOIOH BBELEHHA CUCTEM KOOp-
AVHaT; Te came BifOyBaeTbcA i AN (yHKLUi i3 6araTbMa 3MiHHUMW.
AKLLO BUPasUTN X Ta Yy B MO3HAYEHHAX AEAKOI CUCTEMW KOOPAMHAT,

TO Mae iCHyBaTV (hopmyna A1s 06UMCEHHs KoopAnHaT (Yq, Yo,..., yn)T

yepe3 KoOpAMHaTK X = (xl,xz,...,xn)T. Lia dopmyna BKNtOYae ABOBK-
MipHy Tab/mLto uncen, ckaximo A= (a;) , | Mae BUIsg,

y = AX.

TakvM Y/HOM, MaTpULA € KOHKPETHUM NOLAHHAM NiHIAHOT (yH-
Kuil 3 6araTtbMa 3MiHHUMMW, OTPUMaHUM YBELEHHAM CUCTEMWU KOOp-
AVHaT AnA BeKTOpiB. Pi3Hi BapiaHTM BMOOPY CUCTEM KOOPAMHAT Aa-
t0Tb Pi3HI MAaTPUYHI NOAAHHS 418 OAHIET 1 TiET camol (hyHKLUT.

Akwo B=CIAC, To A i B Ha31BalOTbCA NOAIGHAMN MaTpU-
uAMK; Ua (opMyna rnokasye eqekt 3miHu cuctem KoopguHat (abo
iHLIOro BM6opy 6asncHMX BeKTOPiB). ToOMy BCi BNaCTUBOCTI MaTpuu
A, AKi € BNaCTUBOCTAMU NiHIAHOT PYHKLIT F , LLO NeXUTb B iT OCHO-
Bi, He 3MIHIOKOTbLCA MiCNA 3acTOCYBaHHA NOAIGHOrO MepeTBOPEHHS
B=C™IAC . L|i BNacTUBOCTi CTOCYIOTbCS i BNAaCHUX 3HaueHb, i BMa-
CHUWX BEKTOPIB.

AK NpuKnag KOPUCHOCTI BMAaCHMX 3HaYeHb Ta BNACHUX BEKTOPIB
PO3rnsSHEMO, LU0 BifbyAeTbCA, KoM SK 6a3nCHI BUOpaHO BfIaCHI BEK-
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Topn (NPUMNYCTUMO, LLLO X BUCTa4YMTb ANA LbOro). Y LUboMy pasi ma-
TPUYHE NMOAAHHA NiHINHOT PYHKLIT — NPOCTO AiaroHasibHa MaTpuuA.
KoMMoHeHTN BekTOpa AX € KOMIMOHEHTaMu BEKTOopa X, NMOMHOXe-
HMMMW Ha BigNOBIAHI BNACHI 3Ha4YeHHs. TOMY aHani3 MaTpuupb Ta Ma-
TPUYHE YMCEHHSA ICTOTHO CMPOLLYIOTLCA, SKLLIO OTPUMATW BacHi
BEKTOpY MaTpuli A i BUKOPUCTOBYBATY iX SK 6a3n1CHI BEKTOPMW.

3.2.1. O64yncneHHsa BU3Ha4YHunKa

3afaya 064MCNEHHA BU3HAYHMKA MaTpuLi 3yCTPIivaeTbCA AOCUTH
pigKo, TOMY PO3rfisHeMo Ti KOPOTKO. Harafgaemo, Lo BU3HAYHUKOM
(meTepMiHaHTOM) MaTpuLi A Ha3MBalOTb BENINMUYNHY

k
D= Z(_l) 8511 82,2 """ 8gnyn s (3.1)

Aie o; 3aMiHIOIOTb [JOBIfIbHOKO MEPecTaHOBKOK ymncen 1,2,...,n.

OcKifnbKK KinbKiCTb MepecTaHoBOK i3 N uyucen AopiBHIOE n!, To
KifIbKiCTb A0AaHKIB Y (3.1) piBHA n!. 3HaK KOXHOro JofaHKa BU3Ha-
yaeTbCs Kk -umcnom "6esnafy” B NOCNILOBHOCTI &,da,,...,a,. "bes3-
nap" — Ue Take MONOXEHHS IHAEKCIB, KOMW CTapLUWiA CTOITb paHille
mosoaLworo. Hanpuknag, y fobyTKY ayja;,833 NepLUi iHAeKCH yTBo-
PHOKOTb MOCAIAOBHICTL 2, 1, 3 i uncno "2" po3TalloBaHO paHille Bif
"1". Yucno "6e3napy"” TyT LOPIBHIOE OAUHWLI | BeCb JOOYTOK Yy BU-
3Ha4YHMKY 3-ro nopsaky 6epyTb 3i 3HakKoM "MiHycC". Y A06yTKy
ag 81,853 MepLUi IHAEKCH YTBOPIOKOTL MOCAIA0BHICTL 3, 1, 2. Ocki-
NbKW ymcno "3" posTallosaHo paHiwe Big 1" i 2", T0 umcno "6e3-
nagy" gopiBHioe "2" i fOBYTOK NiCyMOBYETbLCS 3i 3HaKOM "ntoc”.

[na o6uncneHHs BM3HaYHMKa MOPAAKY N 3a (POPMYNoH (3.1)
Tpeba gopatv n! gogaHkis, TO6TO BUKOHaTK (n!-1) onepauiin goaa-
BaHHA. [N1A 06YMCNIEHHA KOXHOTO JofaHKa Tpeba BUKoHatn (n—1)
onepauii MHOXeHHS. To6TO 3aranbHa KinbKiCTb onepauiii gns o6-
YMC/IeHHSA BM3HAYHMKA 3a (DOPMY/IOH0 (3.1)

N=nt(n-1)+n-1=n-n-1xn-nl

3i 3pocTaHHAM MOpAAKY N MaTpuui KifbKiCTb MNOTPiIBHUX onepa-
Uil 30iMbLIYeTbCA AyXe WBKuaAKo. Hanpuknag, npu n=3 KifbKiCTb
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onepaLliit N =17, npu n=10 N =3,6-10', npu

n=20 N=5-10'. EOM i3 cepeaHbOl0 LIBUAKOAIEI 1 MIH Onepa-
Ll 3a cekyHay o6uncnmTb 3a hopmynoto (3.1) Bu3HauHMK 10-ro no-
psiaky 3a 36 ¢, a 20-ro nopsgaky — 3a 5x 108 fi6 [1]. 3po3ymino, wo
3a HeoOXiZHOCTI 06UNCINTI BU3HAYHMK, KOPUCTYBATUCA (POPMY/IOHD
(3.1) HeZOLLiNIbHO, TOMY 3aCTOCOBYIOTb iHLLI METOAN.

Harafaemo aesiki BUSHaUYeHHs.

MiHopoM enemMeHTa a;; HasnBatoTb BU3HAYHWMK (N —1) -ro nopsg-

Ky, YTBOPEHWIA i3 fAaHOMO BM3HAYHMKA BUK/TKOUYEHHSM i -F0 psigka Ta
j-ro croBnus:

3.1’1... a.lyj_l al’j+1... aln

a1 Qg @igjrrr Fan
ij =
81 Qg1 G jr &an

8ng 8njq A jie 8nn

AnrebpaiyHnM [OMOBHEHHAM A eNleMeHTa a;; HasuBaloThb /oro
MiHOp, Y3ATUl 3i 3HaKOM

Ay =DMy,

Harafaemo Tako)X OCHOBHi BNaCcTWUBOCTI BU3HAYHMKA, AKi BUKO-
PUCTOBYOTb MPY MOro 064MCNEHHI.
1. BM3HauHVK He 3MIHWUTBLCA, SIKLLO 3aMiHWUTK MOro PsAKK CTOBMLSAMM:

[Al=[A1,

ae A’ — TpaHCMoHOBaHa MaTpuus. Ha OCHOBI L€l BNacTUBOCTI BCi
HaCTYMHi TBEPMKEHHS, AKi BIAHOCATbCA A0 psAKIB, cripaBed/vBi i
A1 CTOBNUIB MaTpuui A.

2. B3Ha4yHWMK JOpiBHIOE HY/IO, AKLWIO [Ba MOro psAKM piBHI abo
NponopLiiHi, a60 SKLIO OAMH i3 PAAKIB € NiHiHA KOMOIHALISN SKNX-
Hebyab iHWKX PALKIB.
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3. MHOXHWUK, CNiNbHWIA 4NA BCIX e1eMEHTIB SKOro-Hebyab psaKa,
MOXHa BUHECTM 3a 3HaK BU3HAYHVKa.

4. AKWO BU3HAYHWKK, SKi BIAPI3HAKOTLCA TiNbKU eneMeHTamu
i -ro psAfgKa, CKNacTu, TO OAEPXKUMO BU3HAYHWK, |- PAJOK AKOro
[IOPIBHIOE CyMi BiAMNOBiAHNX eNEMEHTIB i -X PAAKiIB A0AAHKIB:

c
aj1---jn

D

C
byy.. by,
D

C
aj1 + .8, + by, |-
D

J’_

5. BM3Ha4YHUK He 3MIHWUTbLCA, SKLLO0 A0 SKOro-Hebyab psfgKa Aofa-
TN €NEMEHTY IHLLIOFO psaaKa abo NiHiNHY KOMOIHaL it IHLINX PAAKIB.
6. BM3HaYHUK MOXXHa PO3KNaCcTM 3a eNeMeHTamMu | -ro psgKa:

|Al =2y Ay + 8o A + ..+ 8in A,
fie Ay — anre6paiyHe JOMOBHEHHS.

7. Cyma Jo6yTKiB YCiX eNeMeHTIB i -ro pagka Ha anrebpaiyHi fo-
MOBHEHHA APYroro psaKa LOPiBHIOE HYIO:

n
ZaUAkJZO an |¢k
j=1

8. MNpun nepecTaHoBLi ABOX PAAKiB BU3HAYHMKA NOr0 3HAK 3MiHHO-
€TbCA HA MPOTUNEXHWIA.

9. 13 Teopemu (3.1) MOXHa 3pO6UTU BUCHOBOK, LLLO BU3HAYHWK fi-
aroHasbHOT ab0 TPMKYTHOI MaTpuLi AOPIBHIOE AOGYTKY AiarOHaslb-
HUX eneMeHTIB. TOMy Ha MpakTuui A8 06YUCNIEHHS BU3HAYHMKA
MaTpuLi CnoYaTKy BUKOPUCTOBYIOTb MeTof laycca abo noro moau-
(hikauito, a NOTIM OBYMC/IIOIOTL BM3HAYHUK OLEPXaHOT TPUKYTHOI
abo giaroHanbHOT matpuui. Mpyn LUbOMY 3HAK He 3MIHKETLCS, SKLLO
KifIbKiCTb MepecTaHOBOK PsAKIB NpW BMOOPI FOMIOBHOrO efleMeHTa
napHa, i 3MIHIETLCS Ha NPOTUMEXHUIA, AKLLO KiNbKICTb TakMX nepe-
CTaHOBOK HenapHa.

LLLo6 o6uncnnTn aeTepMiHaHT MaTpuLi MoBoto Python, noTpi6HO
BUKOHATW Aji, HaBefeHi B NiCTUHTY 3.4.

NictuHr 3.4. BusHaveHHs feTepMiHaHTa MaTpuLi
moBoto Python

>>> c=np.zeros((10,10))

>>> ¢
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array([[ 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.],
[o.,0.,0.,0.0.,0.0.,0.0.,0.1],
[o.0.,0.,0.0.0.,0.,0.0.0.1],
[0.0.,0.,0.0.,0.0.,0.0.,0.1],
[0.0.,0.,0.0.,0.0.,0.,0.,0.1],
[0.0.,0.,0.0.,0.0.,0.0.,0.1],
[0.0.,0.,0.0.,0.0.,0.0.,0.1],
[0.0.,0.,0.0.,0.0.,0.,0.,0.1],
[0.0.,0.,0.0.,0.0.,0.0.,0.1],
[o.0.,0.,0.0.,0.,0.,0.0.0.1])

>>> d=np.fromfunction(lambda x,y: (x==y)*1,(100,100),)
>>>d

array([[1, 0,0, ..., 0, 0, 0],
[0,1,0,..0,0,0],
[0,0,1,..,0,0,0],

[0, 0,0,..10,0],
[0,0,0,..,0,1,0],
[0,0,0,..,0,0,1]])

3.2.2. O6epHeHHA MaTpuULb

O6uMCNEHHs eNleMeHTIB 06epHEHOT MaTpuMLi Ha3nMBaeTbCs 0bep-
HEHHAM MaTPULL.

3YNUHUMOCA Ha [eAKUX TOYHUX 0BYMCIOBANIbHUX METoAax obe-
PHEHHA MaTpuub. CnoyaTkKy PO3r/IAHEMO NMUTAHHA MPO 06epHEeHHA
MaTpuLb CreLiasbHOro BUrNAAY — TPUKYTHUX MaTpULlb.

BusHauenHs 3.1. KBagpaTHa maTtpuus HasvMBaeTbCA BEPXHbLOKO
(HWKHBOIO) TPMKYTHOHO, AKLLO €/IeMEHTU, WO CTOATb BULLE (HUXKYe)
Bif, rO/IOBHOT fjiaroHani, AOPIBHIOKOTL HY/M0. Tak, MaTpuLsa

&y 9 A
A= 0 ay .. ay,
0 0 aAmn

fie a; =0 Npu i> j, € BEPXHLOKO TPMKYTHOKO MaTPULIEH.
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AHasoriyHo, matpuus

q; 0 .. 0
A, = Ay ay .. 0
An1 Am2 Amn

fie & =0 npy j>i, € HWKHBLOIO TPUKYTHOK MaTPULIEID.

Y aucumniiHi NiHiAHOT anrebpn OBOANTLCA TakKe:

1) cyma i JO6YTOK ABOX BEPXHIX (HWKHIX) TPUKYTHUX MaTpULb
OAHOrO /A TOro Camoro NopsiaKy € TakKoX BepXHA (HUXKHA) TPUKYTHA
MaTpuLA TOro caMoro NopsaKy;

2) obepHeHa MaTpuUs HEBMPOMXKEHOT BEPXHLOI (HWMXHBLOT) Tpu-
KYTHOT MaTpULLi € TaKOX BEPXHS (HUXXHS) TPUKYTHa MaTpuULS.

Axwo U =[aij] — BEPXHA TPUKYTHa MaTpuus, TO 418 064mceH-

HA  eneMeHTiB i 06GepHeHOT MaTpuui U’lz[uij] nocnigoBHoO

(Y300BX psAAKiB 3BepXy BHW3 i 3/1iBa NMpaBopyy) MOXHa CKOpUCTaTU-
€A OCUTb NPOCTUMU OPMYIaMu:

1) ;=0 npni>j;

1 .
2) u; =; npn i=j; (3.2
1
18 o
3) u; :—;kzluikarj npui<j.
i k=

AHaNOriYHO /19 HWXHBOT MaTpuyi L = [a ] il 06epHeHa maTpu-

ij
us Lt =[1; | BusHauaeTbea Tak:
1) I;=0npni<j;

2) I =i npui=j; (3.3)
qji
13 o
3) IU Z——Z|kjaik I'Ipl/l 1> J .
&j k=1
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MopAafoK 06epHEHHS BEPXHIX (HWXHIX) TPUKYTHUX MaTpuLb Mons-
rac B NocnifoOBHOMY BU3HauYeHHi 3a opmynamu (3.2) abo (3.3) efne-
MEHTIB 06epPHEHNX MaTpULb CroYaTKy B3A0BX 1-ro psaka, notim 2-
ro i Tak 4o n-ro pspgka.

3arasibHa KifIbKiCTb il MHOXEHHS Ta fiNeHHs, NOTPibHUX ans obe-
PHEHHS TPUKYTHUX MaTpULLb, BU3HAYAETLCA 3 BUpasy

n® +3n%+2n
—

3.2.3. MaTpu4HIi piBHAHHS

Y cuctemi NiHiHKMX anrebpaivyHuX piBHAHb
Ax=B (3.9

maTpuus A HaiyacTile Bigobpaxae moaenb (isnyHoro o6'ekTa (no-
OyZ0BY MOCTa, CXeMY e/IleKTPUYHOrO NaHLora), a BeKTop B — 30BHi-
LUHI BIAHOCHO MOAeni 06'eKTU (HaBaHTXXEHHSA Ha MICT, JpKepena efne-
KTPUYHOro curHany). Tomy Aans ikcoBaHoi mogeni (Matpuui A)
MOXE BUHWUKHYTW HEOOXiAHICTb PO3rNsHYTW Pi3Hi 30BHILLUHI BNIUBY,
TOOTO PO3B'A3aTU AeKisIbKa CUCTEM PiBHSHb 3 OAHAKOBOK MaTPULIEHD i
Pi3HVMW NPaBUMM YaCTUHAMW:

O6'efHaHHA LUMX CUCTEM | HA3MBAKOTb MATPUYHUM PIBHAHHAM:
Ax=B. (3.6)

TyT A —KBafpaTHa nxn MaTpuus; X — MaTpuus nxm, ska ckna-
[aETLCA 3 BEKTOPIB HEBIJOMUX Xy, Xp,..., Xy, ; B — marpuug nxm,
AKa CKMalacTbCA 3 BEKTOPIB MpaBmx YaCTuH By, B,,..., By, :

Dy (2
ay Ay . a4y ) [0 X x™
Q1 8yp e Ay | [xP X L™
8 8z - &) (xB x@ o xm
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o L@ (m)
b® b .. b

1 2
_|p b o )

b b® . ™

Y LpOMy 3anuci MaTPUYHOrO PiBHAHHA (3.6) BEPXHIl iHAEKC O3Ha-
yae HoMep OfHi€l i3 cucTeMm (3.5), AKi MOXYTb BUHMKATW MOCNILOBHO
0f1Ha 3a OAHOO MU PO3B'A3yBaHHI BiflbLL CKNAAHOT 3adadi. Un MoXKHa
B LibOMY pasi CKOPOTUTY KiNbKICTb NOTPIOHMX onepavii Ans iX po3s'a-

3yBaHHA MOPIBHAHO 3 §n3m, BMKOPUCTOBYHOYN HE3SMIHHICTb IXHbLOI

maTpuui? OYeBMAHO, PO3KNABLUM OAMH pa3 MaTpuylo A Ha J0OYTOK
4n®-3n? —n
6
onepawii, MOXXHa NOTIM N8 KOXXHOI 3 M CUCTEM BUKOHYBATW TiflbKi
NpAMUIA | 3BOPOTHMIA Xoan LU -anroputmy (Lei anroputm posrisHy-
TO B N. 6.2.5). Mpamuia xig notpebye n(n—1) onepauiil, 380pOTHUI —

ABOX TPUKYTHUX MaTpuub i BUTPATMBLLM MNPU LibOMY

n, BCbOrO 2n—n onepayjii. BUKOPUCTOBYOUN TakWii Migxigd, pos-

, 4n®—3n% —n 2 .
B'YKEMO CUCTEMMU (3.5) 3a TJF m(2n© —n) onepawiu, o

2 L .
CTaHOBMUTb 6/M3bKO §n3 +2mn. OpepkaHa KinbKicTb onepaviii npu-

. . . 2
6113HO B M pasiB MeHLLA, HiXX NOTPiGHO (§n3m) MPU He3aNeXXHOMY

PO3B'A3yBaHHi L€l cepii cucTem.

Cuctemm (3.5) MOXYTb BYTV TakoXX OLHOYACHO BifOMI. Y LbOMY
pasi iX MOXHa 06'ejHaTV B O4HY MaTPUYHY CUCTEMY (3.7) i PO3B'A3Y-
BaTW He /inLle 3a gornomoroto LU -anroputmy, ane it Metogom lMayc-
ca. B iHwomy pasi npu BigHIMaHHI pAaKiB MaTpuui A BigHIMaOTbCS
i Ti cami pagkv matpuyi B . TvM caMuMM OAHOYACHO PO3B'A3YHOTHCS
m cuctem. I3 nmornsgy KinbkocTi onepauii Metog [aycca i
LU -airopuTm eKkBiBa/IeHTHi.
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KOHTpO/IbHI 3anuTaHHS

LLlo Take BekTOp?

Y YoMy cyTb onepaLii TpaHCMNOHYBaHHA?

fka CyKyMnHICTb BEKTOPIB Ha3MBAETLCA NiHIHO HE3ANEXHOH?
AKuiA NPOCTIp BBAXKAETLCA HATATHYTUM Ha CYKYMHICTb BEKTOPIB?
FAKi BEKTOPU € OPTOrOHa/IbHUMN?

[alitTe BU3HaYeHHS MOHATTA MaTpuL.

MepepaxyiTe BNaCTUBOCTI OANHUYHOT MaTPULI.

FKa MaTpuLA € BUPOKEHOHD?

LLLo Take OpTOroHa/IbHICTb MaTpuLLi?

10. Po3skpwuiiTe MOHATTS MaTpUL,i NEPeCTaHOBOK.

11. Lo Take BnacHi 3Ha4eHHs MaTpumLi?

12. LLlo Take cneKTpanbHWiA pagiyc maTpuLi?

13. Aki Hopmy Mae maTpuLa?

14. fki BNacTMBOCTi MatOTb HOPMU MaTpuULi?

15. FK 064NCNINTM BUSHAYHMK MaTpULi?

16. MepepaxyiiTe OCHOBHI BNaCcTVMBOCTI BU3HAYHMKA MATPULL.

17. [daiiTe BU3HAYEHHS MiHOpa MaTpULi.

18. [ainTe BU3HAYEHHS airebpaivuHoro A0NOBHEHHS.

19. LLlo Take TpMKyTHa MaTpuusa? SAKi BOHM OyBaloTh?

20. PO3KpUiATe MOHATTA MaTPUYHOIO PiBHAHHS.

CoOoNoaA~WNE

KOHTpO/IbHI 3aBaaHHA
1. O6uncnuTy |||, ||X||, Ta ||x]|, Ans koxHoro 3 BekTopiB:
1) (1,2,3,4)7,
2) (0,-1,0,-2,0,)7,
3) (0,1,-2,3-4)",
4) (4.1,-3.2,8.6,-1.5,-2.5)" .
2. O6UMCINTKM KYT oL MiX Napamyi BEKTOPIB:
1) 111) ", (-11-117,
2) (1,0,2,0)7, (0,1,-1,2)",
3) 1L2,-13)T, (2,4,-2,6)T,

4) (1.1,2.3,-4.7,2.0)", (3.2,1.2,-2.3,-4.7)" .
3. 3HaliTn eBKNigoBy HopMmy BekTopa (2,—1,4) Ta cKanapHWin fo6yTOK

BekTopiB (2,-3,4,1)" Ta (4,-3,2).
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4. BU3HAUMTW, UM HaNeXWTb BeKTop (6,1,—6,2)" npocTopy, HaTArHy-

ToMy Ha BekTopu (1,1, —1,1)T, (—1,0,1,1)T Ta (1,-1,-1, O)T. Aka posmip-
HICTb NPOCTOPY, HATATHYTOrO Ha Lji TPV BeKTOpU?

5.4n yTBOpIOOTL BekTopn b =(1,0,0,-1)", b, = (1,—1,0,0)T,
by =(0,-1 O)T, by = (1,0,0,—1)T 6a3nc 418 BEKTOPHUX MPOCTOpPIB PO3-
MipHoCTi 4?

6. fJosect, wo Tpu BekTopn by =(1,2,3, 4)T, b, = (2,1,0,4)T,

by =(0,1,1, 4)T NiHIAHO He3aneXHi. Un yTBOPIOOTb BOHW 6a3nc TpUBUMIp-
HOro npocropy?

7. Mpunyctumo, WO X, X,,..,X, € NiHIiHO  He3anexHi, a
Xyy Xy yeeey Xy Xippy JNIHIAHO 3a01€XKHI. MOKa3aTH, WO X, ., € NiHINHOK KOMOI-
HaLlielo X, X,,..., X, .

8. Hexain x, =(1,2,1), x, =(1,2,3),%, =(3,6,5) . MNMokasaTw, Lo Ui BeK-

TOPW NIHIAHO 3aNeXHI, ale Ha HUX MOXe 6YTW HaTArHYTUiA ABOBUMIPHUIA
NPOoCTip. 3HaNTK 6asnc LpOro NPOCTopy.
9. Mokasatu, Wo ans 6yab-aK1X ABOX BEKTOPIB X Ta Y i Byab-aKoi 3

TPbOX HOpPM (1,2 260 oo ) BUKOHYETLCS HEPIBHICTb
=yl < x=1-

Lis HepiBHICTb BUKOHYETLCA A5 BCiX BEKTOPHUX HOPM.
10. Mokaszatk, WO AN ABOX HEHY/NbOBUX BEKTOPIB X 1 Yy piB-

m+1

HicTb|x+ Y|, = x|, +] Y|, BuKOHyeTbCA TOpI i Tinbky Togi, KoM y =ax,
[le & — HeBif'eMHa KOHCTaHTa.
11. Moka3aTu, WO 479 [BOX N -BEKTOPIB X i Y BUKOHYETHCA HepiB-

HicTb |+ y|| < ||+ y| ans Gyae-aKoi 3 Tppox Hopm (1, 2 i ).

BkasiBka: A1 HOpM 1 i co OBECTU HEPIBHICTb A5 ABOBUMIPHUX BEKTO-
piB i NOTiM 3acTOCYBaTW IHAYKLUIIO.

1 2
12. MNokasartu, Lo MaTpumus Az(2 4] HeBUPOLKEHA.

13. 3HaTN HEHY/bOBMIA PO3B'A30K CUCTEMU:

X, —2X, + X3 =0,
X, + X, —2%, =0.
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14. Hexai

1 2 3 1 1 2
A=10 -1 2|, B=-11 -1},
2 0 2 1 0 2

1 01
C=|0 1 2|,
2 01

1) obuncnmt AB Ta BA inokasatu, wo AB = BA,
2) 3Haintn (A+B)+C 1a A+(B+C),

3) nokasatu, Wwo (AB)C = A(BC),
4) nokasartu, wo (AB)" =BTAT.

31 0
15. Mokasatu, wo matpuua A supogxkeHa: A=|2 -1 -1|.
3 3 1

16. Ona matpuui A i3 3aBfaHHsA 4 o6uncnmtu PA T1a AP, e P — ma-
TpULA NepecTaHOBOK:

010
P={1 0 0f.
0 01

17. 3HaliTn maTpuLto nepecTaHoBOK P, fka ans 6yab-aKoi KeagpaTHOT
maTpuui A 4-ro nopsgky nepectasnsie ii Apyruil Ta yeTBepTUIA CTOBML,.
3HaiiT P, , sika nepecras/ife NepLUnii Ta TPeTild pAagky matpuui A .

18. MepeBipnTV CUCTEMU PIBHSAHb Ha CMIMLHICTL (TOGTO MOKa3aTh iCHY-
BaHHS MPVHaMHI OfHOr0 CNiflbHOro PO3B'A3KY):

X+y+2z+w=5, X+y+z+w=0,
1) {2x+3y—z-2w =2, 2) {x+3y+2z+4w=0,
4x+5y+3z2=T, 2X+z-w=0.

11
19. lMNMokasatn, Wo MaTpuua A:[O 2)— HEBMPOMKEHA, 0OYMCAMBLUN

06epHeHy A0 Hel MaTpuLto.
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20. 3HainTn KiNMbKIiCTb Onepawiii Ao4aBaHHS Ta MHOXEHHS, HEOOXigHMX
0N MHOXEHHS! (Nx N )-MaTpuui Ha N -BEKTOP Ta MEPeMHOXEHHA [BOX
(nxn)-marpuup.

1 0 2 -1

21. O6umcmtin Al A, Ans matpuui A= 6 4 3 0
o 4 0 -4 2

1 5 1 6

22. MobyaysaTu HEHYNbOBY 3x3-MaTpuLt0 A Ta HEHY/bOBWIA BEKTOP
X Taki, wo Ax=0.

23. Hexali A=E —2xx", ie X — BeKTop-cToBnewp. Mokasatu, wo A —
OpTOroHasibHa mMatpuua i A, =1.

24. Ans HeBMPOMKeHOT MaTpuui A nokasaty, wo x A"Ax=0 Togi
i TiNbKK TOAi, KON X x=0.
v 2
25. Hexaii X — BekTop-psdok. Mokasati, wo xx' =xx=|x|". Yomy

[I0piBHIOE X' X ?
26. Hexaii ons 6ynb-aKoro BeKtopa X (yHKUil0 F BM3HAYeHO OgHUM
i3 TakMX Crocoobis:

1) F()=(%,%)";

2) F(x)=(4+%.0%)"

3) F(x):(xz,O,xl—xz,x3,O)T.

MokasaTy, WO KOXHWIA i3 X cnocobiB BU3HaYae F K NiHIAHY (yHK-
Lit0. 3HAWTK ANS KOXKHOT 3 NHIRHUX QYHKLIA MaTpurLto, Lo Ti nogae.

27. Hexal BEKTOp X Mae KOMMOHEHTU (X, X,)" Y 3BWualiHill eBKNifoBilt

CUCTEMI KOOPAMHAT Ha nnowwHi (To6To, 6asncHMMK BekTopammn € (1, 0)T Ta

(0,1)T ). SAKi KOMMOHEHTM Mae BekTop X Yy 6asuci (L), (1, —1)T? [Jatu reo-
METPUYHY IHTeprpeTaLito CriBBiAHOLLEHHS MK LM CUCTEMaMK KOOPAMHAT.
28. MokasaTy, wo |AB| <||A|:|B| anst matpuuHoi HopmK, BU3HaUeHOT B

LibOMy Po3zini. [10BeCT) NPaBUbHICTB Liiei hopmynn ans Hopmn | Al ||A], -

29. Moka3ati Ana (nxn)-matpui A, Wwo max|aij|s||A||£ n~max|aij|.
ij ]
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Po3gin 4

YucnoBe po3B'A3yBaHHA
anrebpaiyHux Ta TpaHcUueHOeHTHNX
PIBHAHb

4.1. Anre6paiyHi
Ta TpaHCUeHOEHTHI PiIBHAHHSA

IHXXeHepy 4acTo JOBOAMTLCA PO3B'A3yBaTW afirebpaiuHi Ta TpaH-
CLEHAEHTHI PIBHSAHHSA, L0 MOXe BYyT1 caMOCTiiHUM 3aBfaHHSAM abo
CK/1afloBOI0 YaCTUHOK CKNafHiWmMX 3aBfaHb. B 060X BuUnagkax
MpaKTUYHa LiHHICTb YMC/I0BOr0 MeToAy 3Ha4yHOK MipoH BM3HaYa-
ETbCA LWBMAKICTIO Ta e(heKTUBHICTIO OTPUMAHHSA PO3B'A3KY.

Bubip BiAMNOBIgHOrO anroputTMy A8 PO3B'sI3yBaHHSA PiBHSHb 3a-
NeXWTb Bif XapakTepy 3aBfaHHA. 3aBfaHHSA, LIO 3BOAATLCA [0 pO3-
B'A3yBaHHA anrebpaiyHuX Ta TPaHCUEHAEHTHUX PiBHAHb, MOXHa
KnacugikyBaTy 3a KiNbKICTIO PIBHSAHb, NepeAbadvyBaHOMY XapaKTepy
i KiNbKICTIO PO3B'A3KIB (puc. 4.1).

Anre6paiyHi Ta TPaHCLEHAEHTHI PiBHSHHSA

—

| OpHe piBHAHHSA | | CucTema piBHsAHb |
NiHiitHe i ™
(OIVH PO3B*30K) Heniviiite ﬂIHII/IH.a ) HEI'IIHIVIH‘a )
(0AMH pO3B'A30K) (aeKinbKa po3B'si3KiB)
AnrebpaiyHe TpaHcLeHaeHTHe
N po3B'sA3KiB HeBU3HaYeHa KinbKiCTb p0O3B'A3KIB
p p

Puc. 4.1. Cxema knacuikauii piBHsHb
382



PiBHAIHHSA Ha3MBAaTMMEMO MiHiiHUM, anrebpaiyHnuM abo TpaHcue-
HAEHTHUM 3a/1eXKHO BIf TOTrO, Y/ MaE BOHO OAMH PO3B'A30K, N PO3-
B'I3KiB 260 HEBM3HAYeHY KifbKiCTb PO3B'A3KiB. CUCTEMY PiBHSAHb
Ha31BaTMMEMO MNiHIAHOK ab0 HeNiHIMHOK 3aNeXHO Bif MaTemaTnu-
HOI NPUPOAMN PIBHSHb, LLLO BXOAATb A0 Hel. PO3B'A3yBaHHA NiHINHOIO
PIBHAHHA 3 O4HUM HEBiJOMWM BUKOHYETLCS AOCUTH MPOCTO i TYT He
po3rnapaeTbea. MeTa Lboro po3giny — BUKNag pisHUX METOAIB po3-
B'A3yBaHHS PiBHSHb, L0 HaNeXaTb 40 peLT TUMIB.

4.2. KopeHi
HeNiHINHOIo PiBHAHHS

3a3Buyail HeNiHiHi PIBHAHHA NOAINAOTL Ha TPaHCLUEHAEHTHI Ta
anrebpaiyHi. Xo4a BOHM 4aCTO PO3B'A3YHOTbCA OAHMMU 1 TUMK Ca-
MUMW METOAaMW, PO3rNSAHEMO METOAM X PO3B'A3yBaHHA OKPEMO,
OCKiNIbKN PO3B'A3yBaHHA anrebpaiuHux piBHAHbL Mae 0co6/MBI Bfac-
TUBOCTI. Llei niapo3ain npucesyeHo TPaHCLEHAEHTHUM PiBHSHHAM;
anrebpaiyHi piBHAHHA PO3rNAAAOTLCSH HUXKYE.

HeniHiliHi piBHAHHS, WO MIiCTATb TPUrOHOMETPUYHI DYHKLIT a6o
iHWi crewianbHi yHKUiT, Hanpuknag Ig(x) a6o e*, HasuBaoTb
TpaHCLEeHAEH THUMM.

P03B'A3yI0Tb PIBHAHHA Y ABa eTanu: 1) 3HaxOLKeHHsA Habnvxe-
HMX 3Ha4yeHb KOpeHiB (BiJOKPEM/IEHHS KOPEHIB) i 2) YTOYHEHHS Ha-
ONIMXKEHUX 3HAYEeHb KOPEHIB.

3arasibHMX MeTOfiB BifJOKPEM/IEHHSI KOPEHIB He iCHye. MeToau
YTOYHEHHS HaONMXEeHMX 3HaYeHb KOPEeHiB Mpy po3B'A3yBaHHI Heni-
HIiHMX PiBHAAHb TaKOro TUMy € NpsAMi i iTepauiiHi. Mepwi go3Bo-
NAKTb 3HANTW pilleHHs 6e3nocepefHbO 3a AO0MNOMOro gopmyn
i 3aBXaM 3abe3mnedyroTb OTPUMAHHSA TOYHOTO PO3B'A3KY. BigoMum
NPUKIaLoM NPAMUX METOAIB € hopMyna A1 BU3HAYEHHS KOPEHIB
KBaApaTHOro PiBHAHHA. B iTepauiiiH1X meTodax 3a4aeTbCs npoLe-
Aypa po3B'A3yBaHHsA y BUrNa4i 6aratopa3oBoro 3acTocyBaHHS Me.-
Horo anroputmy. OTpUMaHWUIA PO3B'A30K 3aBXAN € Hab/IMKEHNM,
X04a MOXe OYTW CKiflbKM 3aBrogHoO 6/M3bKUM [0 TOYHOro. ITepa-
UiliHI mMeToAM Halbinbw 3pyyHi Ana peanisayii Ha Komn'toTepi i
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TOMY AeTa/ibHO PO3rnagatoTbCa B LbOMY Migpo3aini. Y KOXHOMY 3
LMX METOAIB BBXKAETLCA, L0 3afaya Nonsdrae y BiflWyKaHHI fiic-
HUX KopeHiB (HyniB) piBHAHHA f(X)=0. Xo4ya nofibHi pPiBHSAHHS
TaKOX MOXYTb MaTW KOMMMEKCHI KOPEHi, Cnocobu X BifLLyKaHHS
3a3BMYail po3rnafatoTbea TibKU A1 anrebpaiyHNX PiBHSAHD.

4.2.1. MeTogp,
NOSIOBUHHOIO AiNIeHHA

Bok-cxemy anroputMy MeToLy MOOBUHHOIO AiNleHHs 306paxe-
HO Ha puc. 4.2.

ANropuTM CKNMafaeTbeca 3 Takmx onepauiin. Cnoyatky obumcto-
HOTbCA 3HAYEHHS (DYHKLIIM Y TOUKaX, pO3TallOBaHMX Yepe3 PiBHI iH-
TepBaaM Ha oci X. Lle pobutbcs AoTW, NOKM He Byae 3HalifeHo aBa
nocnifioBHi 3HayeHHsa QyHKuit f(x,) 1@ f(X,,4), WO MalTb npo-
TUNEXHI 3HaKW (Haragaemo, AKWO (yHKLiA HenepepBHa, TO 3MiHa
3HaKa BKa3ye Ha iCHyBaHHS KOpPeHs).

MoTim 3a (hOPMY/IO0 OBUUCITHOETHCA CepPefHE 3HAYeHHA X B iH-

TepBasi 3HayeHb [xn,xn+1] Ta BIfLWYKYETHCA 3HAYEHHA QPYHKLIT
f(X.). Akwo 3Hak f(x.) 36iraeTbcs 3i 3Hakom f(x,), TO Hagani
3amicTb f(x,) BukopucToByeTbes f(Xc). Akuwo x f(X.) mae 3Hak,
npoTunexHuii 3Haky f(x,), T06TO ii 3HaK 36iracTbCa 3i 3HaKOM
f(X,41), TO Ha f(X;) 3aMiHIOETLCA Lie 3HAYeHHA (YHKLIT. Y pe-
3ynbTati iHTEpBas, ¥ AKOMY MIiCTUTLCA 3HAYEHHS KOPEHS, 3BYXXY-
eTbca. AKwWwo f(x;) [OCTaTHLO 6AK3bKe [0 HYNA, NPOLEC 3aKiHyy-
€TbCSA, B IHLWOMY BUMaAKy BiH MPOAOBXYeETbCS. Ha puc. 4.3 Ud
npouenypa nokasaHa rpagiyHo. Xoua MeTog Nos0BMHHOIO AifleHHSA
He Mae BUCOKOT 064YMCNtOBa/IbHOT e(DEeKTUBHOCTI, 3i 30iNbLUEHHSM
KiNbKOCTI iTepauiii BiH 3abe3neyye 0TpMMaHHs Bce 6ifibll TOYHOIO
HabIMKEHOr0 3HaUYeHHS KopeHs. IMicna Toro, SiK ynepLue 3HaingeHo
iHTepBan, y SKOMY MIiCTUTbCA KOPiHb, Oro wnpuHa nicns N ite-
pauiii 3MeHWyeTbeA Y 2N pasiB. Peanisauito HaBeieHOro anropu-
TMY MOBOI Python nogaHo B nictuHry 4.1.
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O6umcneHHs yHKLIT
yepes piBHi iHTepBaIn
3HaYeHb X 10 3MiHW 3HaKa
npu nepexogi Big f(Xy)
A0 f(Xni1)

A 4

—» | Ob6uncneHHs X,
Ta f(X)

Uu ofHaKoBI

Tak X=X
¥ fo)=fx)

3HaKw f(X;)
i f(Xn)?

Xn1=Xc
f(xne2)= (o)

A

Un gocTaTHbO
MaJia Be/IMUYnHa
f(xo)?

Puc. 4.2. Bnok-cxema asiropuTMy MeToAy MosIOBUHHOIO AiNeHHS
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Je)

f)
e

Puc. 4.3. 'paghiuHa iHTepnpeTaLis anroputMy mMeToay
NMONOBUHHOIO AiNeHHSA

NictuHr 4.1. Peanisauis anroputmy
MeTOAY MONOBUHHOIO AineHHs MoBok Python
def dihotomy(a,b,eps):
counter=0;
while (b-a>eps):
c=(a+h)/2.0;
if (f(b)*f(c)<0):
a=c;
else:
b=c;
print  "%d %.4f %.4f %4f %.4f %4f Q0.4
%(counter,a,b,f(a),f(b),c,f(c))
counter+=1

®yHKuis dihotomy Mae Tpy aprymeHTu: a,b — iHTepBas MoLyKy
PO3B'A3KY, eps — 3afaHa TOYHICTb MOLUYKY.
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4.2.2. MeTop xopn,

B OCHOBI LUbOro MeTOAY NEXWUTb NiHiHA IHTEPNOALS No ABOX
3HaAUYEeHHAX (YHKUIT, WO MatoTb NPOTUNEXHi 3Hakwu. lMpu Big-
LUYKaHHI KOpeHs Lieii MeTof, 4acTo 3abesnedye WanaLy 36iKHICTb,
HDDK nonepegHiii. MeToj BMKOHYETbCA TakuMM 4YMHOM. Crioyatky
OLlepXXytoTb 3HaYeHHA (PYHKLIT B TOUKAxX, po3TalloBaHMX Ha OCi X
yepes piBHi iHTepBanu. Lle pobuTbea fOTK, NOKKU He Byae 3HangeHo
napy nocnifoBHUX 3HayeHb QyHKUiT f(x,) Ta f(X,.), WO MalTb
NPOTUNEXHI 3Hakn. Ha pwuc. 4.4 Mpouec po3B'A3yBaHHA MOKa-
3aHOo rpadiyHo. Mpsma, NpoBeaeHa Yepes Li ABI TOUKKU, NepeTUHae
BICb X MPW 3HAYEHHI

X =%, — (X)X @.2)
f(Xpep) — F(X)

$00 //
400

300

7

2 ] M
2 25 3'35'//|45W' 8 ' 850 9

-100

-200

Puc. 4.4. MeTop xopA
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TTouaTok

Bniip
tiEcoBaHOL
TOQEH

fla)=f"(a) = 0

BuBeneHH: (TOUK
b (icyerse)s

fy
n=0
c=a
calre
a:=c
c-=a-{fla) *(b-al)/(fib) fla))

P45 B AOK-CX AT ODUTMYIMETORYIXOPA i o - ypows, ve pesicn ,awivyon

388



Lle 3HaYeHHA BMKOPWUCTOBYETLCA A1 OOUMCNEHHSA 3HAYEHHS (y-
HKUiT f(X), siKe NOPIBHIOETLCA 3i 3HAUEHHAMU (hYHKLil f(x,) Ta
f(X,,1) 1 Hagani BUKOPUCTOBYETLCA 3aMiCTb TOTO 3 HYUX, 3 AKUM BO-

HO 36iraeTbCs 3a 3HaKOM. AKLO 3HadveHHs f(X') e HemocTaTHbO

6/M3bKUM [JO HYNA, TO BCA MpoLeAypa NOBTOPHOETLCS AOTH, MOKN He
Oyfe LOCArHYTO HeobXigHOro CTyneHs 36DKHOCTI. Bnok-cxemy an-
ropuTMY METOLY XOPZ NOKa3aHo Ha puc. 4.5.

OnTtumizoBaHy nig MoBy Python peanisauito anroputmy metomy
XOp[ HaBefEeHO B NICTUHTY 4.2,

NicTuHr 4.2. Peanisauis anroputmy
MeTOAY Xopg4 MoBot0 Python

def horda(a,b,eps):
x=lambda a,b: a—f(a)*(b-a)/(f(b)-f(a))

counter=0;
if f(a)*f(x(a,b))<=0:
b=x(a,b)
else:
a=x(a,b)
while (math.fabs(f(x(a,b)))>eps):
if f(a)*f(x(a,b))<=0:
b=x(a,b)
else:
a=x(a,b)
print "%d %.4f %.4f %.4f %.4f %.4f %.4f" %(counter,a,
b,f(a),f(b),x(a,b),f(x(a,b)))
counter+=1
@dyHKUiA horda mae Tpu aprymeHTn: a,b — iHTepBan nowyky
PO3B'A3KY, eps — 3aflaHa TOUHICTb MOLLYKY.

4.2.3. MeToa HeroTOHa

MeToA nocnigoBHUX HabMMKeHb, po3pob/IeHNIA HEIOTOHOM, LUK-
POKO BWMKOPUCTOBYETHCA MpPU MOOYAOBI iTepauiiHuX anroputMis.
Voro nonynspHicTb 3yMOB/ieHa TUM, LLIO Ha BigMiHY Bifj ABOX none-
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pefHixX MeToAiB ANA BU3HAUYEHHS iHTepBay, B AKOMY PO3TaLLOBYETb-
€Sl KOPiHb, He NOTPI6HO 3HAXOAUTW 3HAYEHHS (OYHKLIT 3 NPOTUNEX-
HVMW 3HaKamu. 3amiCTb iIHTepProALT Mo ABOX 3HAUYEHHAX (PYHKLIT B
meTofi HbloTOHa 3[iACHIOETLCA eKCTpanonsuis 3a AONOMOroK [o-
TUYHOT A0 KPMBOI Y faHili Touui. Ha puc. 4.6 HaBeleHO 6I10K-CXeMy
/ITOPUTMY LibOr0 MeTOZY, B OCHOBI IKOTO JIEXXWUTb PO3BUHEHHSA (DY H-
Kuii f(x) y pag Teinopa:

f(x, +h) = f(x,)+hf '(xn)+gf”(xn)+... @.2)

Bubip npuaatHoro
MOYaTKOBOMO 3HAYEHHS X

\ 4

O6YMCNEHHSI
Xn+1 TQ f(Xn+1)

Un
[0CTaTHLO Masa
BenumnHa f(xc)?

Xn = Xp+1

Puc. 4.6. Bnok-cxema anroputmy
meToay HbloToHa
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v A

X / Xn+1 Xn ?

B Metog HolotoHa 1 - MPAMUM

UneHu, Wo MicTaTb h, Npu Apyriil Ta BULLMX CTENEHAX NOXigHMX
BifKMAAIOTLCA; BUKOPUCTOBYETLCA CMIBBIAHOLLIEHHA X, +h=Xq,q.

MepenbavaeTbes, WO nepexig Bif X, [0 X, HabnvKae 3Ha4eHHs
(yHKLIT [0 HYNs Tak, Wo npu geskomy n f(x,+h)=0. Togi

1)
)

3HaueHHA X,,; BiANOBifae TouLi, B AKi [OTUYHA 0O KPUBOI B
Touui X, mepetuHae Bicb X. OcCKifbku KpuBa f(X) BiAPISHAETLCA
Bif, NpAMOI, Te 3HayYeHHA PyHKUiT f(X,,;) LWBKALWe 3a BCe He byae
TOYHO [OpiBHIOBATVU Hy/N0. TOMy BCSA MpoLedypa MOBTOPHETLCS,
MPUYOMY 3aMiCTb X, BUKOPUCTOBYETLCA X, . [POLIEC NPUNUHAETb-
CA nicna [OCATHEHHA A0CTaTHbO Masoro 3HadeHHa f(X,.,). Ha

puc. 4.7 NPOLIEC PO3B'A3YBaHHA PIBHAHHA MeTOAOM HbiOTOHa moka-
3aHO rpaivyHo. FACHO, WO LWBMAKICTb 36IXKHOCTI BE/IMKOK Mipoto
3a/1eXXMTb Bifj BAQIOr0 BUOOPY MOYATKOBOI TOUKM. FKLLO B NPOLECI
iTepauiii TaHreHC KyTa Haxmny foTUYHOI f(X) NepeTBOPHOETLCA Ha

HY/lb, TO 3aCTOCYBaHHSI METOAlY YCKNaAHIOETLCA. MOXKHA TaKoX Mo-
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KaszaTu, Lo B pasi HECKIHYEHHOro Benmkoro f”(x) mMeTof TakoX He
Oyae AocTaTHbO epeKTMBHUM. OCKifIbKM YMOBa KPaTHOCTI KOPEHS
mae surnag f(x)=f'(x)=0, To B uboMy pasi meTog HbroTOHA He
3a6e3neunTb 36iKHOCTI. BapiaHT peanisauii anroputMy MOBOIO
Python HaBeaeHO B NiCTUHTY 4.3.

NicTuHr 4.3. Peanisadis anroputmy

meTofy HbroTOHa MoBOKO Python
def newton(a,b,eps):

counter=0;

X=a

t=f(x)/df(x)

while ((math.fabs(t))>eps):
t=f(x)/df(x)
X- =t
print ""%d %.4f %.4f "' %(counter,X,t)
counter+=1

@DyHKUiIA newton mMae Tpu aprymeHTW: a,b — iHTepBan NoLyKy
PO3B'A3KY, eps — 3aflaHa TOYHICTb MOLLIYKY.

4.2.4. MeTopq, NpocTOol iTepauii

LLlo6 3acTocyBaty Leit meTofd, piBHAHHA f(X)=0 nogaeTbea y
Burnagi x = g(x) . BignosigHa iTepauiitHa hopMyna Mae BUrNag,

Xn41=9(Xy) (4.4)

Bok-cxemy anropuTMy MeToLy NokKasaHo Ha puc. 4.8, peasisalito
anroputmy mMosoto Python —y nicTuHry 4.4. TpoctoTa MeToay npo-
CcTOil iTepayii npvBabntoe, NpoTe He cnig 3abysatn, WO i Lel MeTo
Ma€ Baau, OCKINbKWN BiH He 3aBXAn 3abe3nedye 30iKHICTb. Tomy ans
Oyb-AKOI Nporpamu, B SiKili BUKOPUCTOBYETLCS LieA anroputM, He-
00XigHO Nepefb6ayaT KOHTPO/b 30IXKHOCTI Ta MPUMUHATK po3paxy-
HOK, AKLLIO 36DKHICTb He 3a6e3neyyeTbes.
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Bubip npugatHoro
MOYaTKOBOr0 3HAYEHHST X,

A 4

O6umncneHHs
Xp+1 = Q(Xn) | f(xml)

A 4

Yun pocTaTHbO
Masia BefinymHa
f(xc)?

Xn = Xn+1

Hi

Puc. 4.8. Bnok-cxemMa anroputmy MeToay npocTtol itepaii

NicTnHr 4.4. Peanisauis anroputmy
MeToLy NpocTol iTepauii
def simple_iter(a,b,eps):

counter=0;

x=(a+b)/2

Z=X

x=f(x)

while ((math.fabs(x-z))>=eps):
z=X
x=f(x)
print ""%d %.4f ** %(counter,x)
counter+=1

393



@OyHKuUig simple_iter mae Tpu aprymeHTu: a,b — iHTepBan no-
LUYKY piLLeHHs, eps — 3afaHa TOUYHICTb MOLLYKY.

dyHKkuis f(x) — ue nogaHHs piBHAHHA Yy BUrnagi x = f(x), Ha-
npuKnag, ans PiBHAHHSA e +3x-4=0 tyHkuia f(x) mae Burnsag,
In(4 —3x)

2
AK  npuknag npuragaemo  padille po3rfsgHyTe  PiBHSAHHSA

x?—a=0. Voro KOpeHAMU € dncna X =++/a. LLlo6 nogatun pis-
HAHHS Y BUrNAAi X =g(X), SIKe MOXe OyTW HEeOAHO3Ha4YHWUM, CAif

. a a .
3anpornoHyBaTy, HaNPUKNag, PiBHAHHA X=— ab0 X =2X—— i3 Ta-
X X

KUMKW CaMMMK KOpPEHsIMWU. HeBaXKKO MepeKoHaTUCS, L0 XOoA4Ha ¢op-
My/a He roauTbCs Ans iTepauiid. Mepwa gae He30iXKHY NOCAif0B-

: a a : :
HIiCTb X = Xy =Xg, X3 = a [ipyra nopopKye NoCAifIoBHICTb
0 0

. . . 1 a
Xy, L0 NpAMYE [0 HEeCKiHYeHHOCTI. [1poTe piBHAHHA x=5(x——)
X

i3 TaKUMM CaMUMM KOpeHsMW, SiK OY/0 NOKas3aHO BHULLE, YXKe Aae
36DKHY NOCNILOBHICTb. TaKMM YMHOM, Aaneko He Byab-aKuid 3anuc
PIBHAHHA Y BUTNALI (4.4) NPUBOANTbL 0 METW. 3'ACYEMO, AKI BNacTu-
BOCTi g(x) BNAMBatOTb Ha 36DKHICTb Npouecy. OCKiNbKM 36DKHICTb

03Hayae, Wwo X, —X —0 npy n— oo, TO NOTPI6GHO, W06 BENMUMHA
|xn - X| cnagana 3i 3pocTaHHAM n. Hexain gns 6yab-aKoro n cnpa-
Be/1MBa HepiBHICTb

%, — X|<c|x,1 = X], c<1. (4.5)

Togi o4eBUAHO |xn - X| crajae fK reoMeTpuyHa Nporpecis 3i 3Ha-

MEHHMKOM C i Mae MicLie 36DKHiCTb X, — X . [1iACTaBMMO B NiBYy Yac-
TVHY (4.5) 3aMiCTb X, i X BIgMoOBIgHO g(X,_4) i g(X) . OTprmaemo

|9(X,-1) — 9(X)| < c|x,1 — X], c<1. (4.6)

OcCKinbKu KopiHb X HeBifOMWIA, TO OCTaHHKO yMOBY 6Ge3nocepe-
[HbO MepPeBIpUTM He MOXHA | JOBOAUTLCA feLwo niacunnTy ii. Buue
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NPUNYLLEHO, L0 KOPiHb NI0Kai30BaHO BCEpPeUHI MEBHOrO iHTEPBa-
ny. FAKwo ansg 6yab-g9Koi napu To4oK X', X" i3 UbOro iHTepsany Bu-
KOHYETbCA YMOBa

|90¢) — g(x)| <clx x|, ¢<1, @)

TO TUM OifiblUe BUKOHYETLCA | (4.6). BifobpaxeHHs x=g(X), LWo

3a[J0BOJIbHAE (4.7), Ha3MBalOTb CTUCKAKUMUM Bifo6pa>KeHHAM (OCKi-
NbKM BOHO CTUCKaE Bigpiskn x"—x"). Ak 6aummo, ymoBa (4.7) € foC-
TaTHLOK YMOBOI 30IKHOCTI iTepaLiiHOro npouecy (4.4). AKicTb To-
ro abo iHworo Bumbopy g(x), 0YeBMAHO, CNif OLiHIOBATM 3a

LWBMAKICTIO 36DKHOCTI. Kpawum y LibOMY CeHCi NPMPOAHO BBaXKaTK
TOIA, ANA AKOro KOeiLieHT ¢ Oyae HalMeHLNM.

Mpuknag 4.1
MeToA0M XOpA BU3HAUNTU KOPiHb PiBHAHHSA

f(x)=x*+x-12=0. (4.8)

[na 3HaxXOMKEHHS HaBMMKEHOTO KOPEeHs PiBHAHHA (4.8) cnif Hamao-
BaTW ecKi3n rpadikis QyHKUii y=x* Ta y=12-x. MpUBAN3HO MOXHa
BM3HAYMUTU, LIO LUyKaHWIA KOpiHb, TOGTO abcumca TOYKM NepeTuHy rpadi-
KiB, NeXXuTb y iHTepBani (2,3). Cnpasgai

f(2=2+2-12=-2, f(3)=3’+3-12=+18.

ToMy MOXHa NPUAHATM X, =2 i X,,, =3.
3acTocoBytoun hopmyy (4.1), OTPUMAEEMO HabMVIKEHE 3HAUEHHS KOPEHS:
a1~ Xn _2__2(3_2) _
f(xn+1)_ f(Xn) 18+2

X =x - f(x,) X

n

2,1.

3ayBakumo, o f(x)=9,261+2,1-12=-0,639 (T06TO KOpiHb fe-

XWUTb NpaBopy4). TOMY NS YTOUHEHHs 3HaueHHst X hopmyny (4.1) cnia
[ani 3actocysatu [o Bigpiska [2,1; 3].

Mpuknag 4.2
MeTogom HbtoTOHa BU3HAUYUTY KOPiHb TOr0 Camoro PiBHAHHA (4.1), L0
NeXuTb B iHTepBani (2,3).
TyT cnig AOTpMMYBaTUCS NpaBua: AKWO Apyra noxigHa qyHkuii f"(x)

36epirae cTanwii 3Hak B iHTepsani (a,b), TO AOTUYHY CAif NPOBOAUTY B
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TiiA KiHUeBin Touui gyrn AB, Anst IKOT 3HaK (OYHKLIT 36ira€ThCs 3i 3HAKOM
11 A4pyroi noxigHor.
Tyt f"(x)=6x>0 npu 2<x<3, npuuomy f(3)=+18. Tomy y ¢ho-
pmyni - gna  metody HbtotoHa (4.3) npuiimaemo X, =3. OCKi/bKY
f'(x)=3x*+11i f'(3) =28, T0 Maemo
X —x ) g 18 ;o
f'(x,) 28
[ns KoHTponto 3a3Haummo, wo f(2,36) =13,14+2,36-12=+3,35.
OTxe, [N HacTynHoi iTepauii cnig Bubupatn Bigpisok (2,36;3)
i 3HOBY 3 Ti€H0 CAMOI0 TOUKOI X, =3 415 LOTUYHOI.
Mpuknag 4.3
Po3B'A3aTu piBHAHHSA
f(x)=e*+3x-4=0 (4.9)
i3 TOUHiCTIO £ =107

[ns nokanisauii KOpeHiB 3acTocyeMo rpadgiyHuii cnocib. 3seaeMo no-
4aTKOBE PIBHSAHHA [0 TAKOr0 eKBIBa/IEHTHOIO BUMNISAY:

e” =4-3x.
Mo6yaysaswm rpadikn  dyHkuiii  f,(x) =e* 71a  f,(x)=4-3x

(puc. 4.9), BU3HAYAEMO, LLO PO3B'A3yBaHE PIBHAHHA MAe€ TifIbKW OAWH KO-
PiHb, AKUIA MicTUTLCA B iHTepBani 0,4 < x <0,6.

1 YTOUHIMO 3HAYEHHS KO-
PEHSI 3 HEOOXiAHOK TOUHiC-

°] TH0, KOPUCTYIOUNCh METOAA-

51 MW, YKa3aHVIMI BULLIE.

>~ MepLumm 3aCTOCYEMO

METOL NONOBUHHOIO [jiNeH-
HA. $IK NOYaTKOBWIA BifPI30K

1 Bubepemo [0.4,0.6]. Pe-
1- 3ynbTaTu NOAAIbLUMX 06YM-
— . . . . ' cneHb BINOBIAHO [0 Hase-
0 0.2 0.4 0.6 08 1

[EHOro paHille anroputMmy
Puc. 4.9. Mpagikun yHKLil 3aHecemo B Tabn. 4.1.
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Tabnuusna 4.1
Pe3ynbTaTun 064MCNeHb METOLOM MOMOBUHHONO AiNIEHHS

k K
k a® h®) f (a(k)) f (b(k)) a® +p® f (a( ) +p® ]
2 2

0,400 | 0,600 | — 0,2183

0 0 0,5745 -0,1904

0,400 | 0,500 | - 0,0107

0 0 0,5745 -0,0906
0 | 0,450 | 0,500 |- 1,1201 | 0,5000 -0,0402
11]0 0 0,1904 | 0,2183 | 0,4500 -0,0148
210450 |0475 | - 0,2183 | 0,4750 -0,0020
310 0 0,1904 | 0,0107 | 0,4625
4 10,462 | 0475 | - 0,0107 | 0,4688
515 0 0,0906 | 0,0107 | 0,4719
6 | 0,468 | 0,475 | - 0,0107 | 0,4734
718 0 0,0402 | 0,0107 | [0,4742]

0,471 | 0,475 | -

9 0 0,0148

0,473 | 0,475 | -

4 0 0,0020

X ~ 0,474,

[Jani 3actocyemo meTof HbloToHa. [N KOPEKTHOrO BUKOPUC-
TaHHA LbOro MeTofy HeoOXiAHO BM3HAUMTK MOBEAIHKY MepLuoi Ta
Jpyroi noxigHoi yHKUiT f(X) Ha iHTepBasi YTOUHEHHS KOpeHs Ta

MpaBubHO BUGPaTV MouaTtkose HabmwkeHHs X .
[ns dyHKUii f(x)=e?* +3x—4=0 maemo f'(x)=2e2*+3 Ta

f"(x) = 462X — nopaTHI B yCiit 06NACTi BUSHAYEHHS (YHKLLT. SIK no-
yaTKOBe HabVMKEHHS MOXKHa BMOpaTW MpaBy rpaHULO iHTepBany
x© =06, QNS SIKOT BUKOHYETbLCS HEPIBHICTb

f(0,6)f"(0,6) > 0.
MofasbLui 064MCNEHHA MPOBOAATL 3a (hopmyoto (3.3), Ae
f(x®) =2 L3y _g | frx®) =202 43,
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ITepauii 3aBepLUytOTb NPV BUKOHAaHHI YMOBU ‘x(k*l) - x(k)‘ <eg.

Pe3ynbTatn 064MCneHb 3aHOCATL A0 Tabn. 4.2.

Ta6bnuua 4.2
PesynbTaTtun obumncneHb MeToLoM HbloTOHa
k x () fxX®y | @y | —fx @y fr(x @)
0 |0,6000 1,1201 9,6402 -0,1162
1 0,4838 0,0831 8,2633 -0,0101
2 |04738 0,0005 8,1585 -0,0001
3 [0,4737]

x®*) ~0,474.

[Jani BMKOPMCTaEMO MeTO[ NPOCTOi iTepauii. PiBHAHHA (4.9)
MO>XHa 3anucatu y BUrnagi

42X
X = 4.10
3 (4.10)
abo
- =20 e

I3 4BOX LMX BapiaHTIB NPUAHATHWIA BapiaHT (4.11), TOMY L0, Y35-
BIUM 32 OCHOBHWI  iHTepean  (0.4,0.55) Ta  noknasww

500 = In(42— 3x)

1. g(x) €[0.4,0.55] V¥ x [0.4,0.55].

: 3
2. g (X)Z—m.

, MaTMMeMo

3Biacw, Ha iHTepsani (0.4,0.55) ‘g'(x)‘ <0,64=q.

$IK noyaTKOBe Hab/VKEHHS MOKNageMo X, = (0,4+0,55)/2=0,475.
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O6uYMCNOEMO MOCNIJOBHI HAOMVMKEHHA X, 3 OLHWUM 3anacHuMm

3HaKoM 3a (hopmy/ioto (4.4), ae g(X, )=w .
3rifHO 3 (4.7) JOCATHEHHSA HEOOXiAHOT TOYHOCTI KOHTPOJHOETLCSA
q
YMOBOIO m X1 — Xn |S€.

PesynbTaTin 064ncneHb HaBeaeHo B Tabn. 4.3.

Ta6bnuusa 4.3

Pe3ynbTaTy 064MCNEHb METOAOM NPOCTOI iTepavii

n Xn 9(xn)

0 0,4750 0,4729

1 0,4729 0,4741

2 0,4741 0,4734

3 0,4734 0,4738

4 [0,4738]

x*) ~ 0,474,
4.3. Teopema

Nnpo CTUCKarUi Bigoopa>KeHHS

[ns [oBefileHHs 3araibHOro pesynbTaTy Mpo 30DKHICTb MeTogy
NPOCTOI iTepauii BBeAEMO [eKiflbKa A0AaTKOBUX BU3HAYEHD.
BusHaueHHs 4.1. CyKynHicTb enemeHTiB {x}= X YyTBOpIOE fiiic-

HUI NiHIAHWIA NPOCTIp, AKWO AN Oyab-SKUX eneMeHTIB X € X yBe-
AEHO MOHATTA CyMW 3 BNACTUBOCTAMMU:
X+ Xp =Xo + X5
X +0=X;
X, +(=%)=0
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i 4OOYTKY Ha 6yfb-AKe AiACHEe YMCNo a 3 BNaCTUBOCTSAMU:
a(X; + Xp) = ax; +axy;
(8 +ay)X=aX+aX;
3 (ayXx) = (ga,)x.

BusHaueHHs 4.2. [LinCHUI NiHIAHWIA NPOCTip Ha3VMBaETbCA MeTpU-
YHWUM, AKLLO B HbOMY BBEJEHO MEBHUM YMHOM MOHATTA BIACTaHI MK
0ro efemeHTamMm — MeTpuKa.

BusHaueHHs 4.3. CKansipHy HeBiZ'eMHY BEMUMHY p(X,Y) Ha3MBarOTb

METPMKOIO MpocTopy X , AKLLO ANg OyAb-AKuX X, Y € X, BUKOHYHOTbLCH
p(X,y)=p(y,X) ans x#y;
p(x,x)=0;
p(X,Y) <p(x,2)+p(z,y);x<Z<Yy.

BusHaueHHs1 4.4. [iACHWIA NiHIAHWIA NPOCTip Ha3VBAETLCA HOPMOBA-
HUM, SIKLLIO KOXKHOMY €IEMEHTY X € X MOCTaB/IeHO Y BiAnoBiAHICTb Bi-

['EMHe 4o |X| , Lo HasIBaETLCA HOPMOIO i 38/10BOTbHSIE TaKi YMOBMA:
x>0,
x| =afflx].
P+ yl< I+l

Y niHiitHOMY HOPMOBaHOMY MPOCTOPI METPUKY BBOAATb AK HOp-
MY Pi3HMLI MiXK eneMeHTaMm:

p(x,y) =[x-y].

Hali6inbLu yXXKnBaHUMM € TaKi BUAN HOPM:
L!-Hopma — cepeiHe 3HaueHHs Ha iHTepBani [0,T] Mae BUrNsAg

100l =[] (00

L2-Hop|v|a — e(beKTUBHe 3HaYeHHs NoXnoKM Ha [0,T] 3anuLueTbes SK

I 00l =3[y 12000y
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M - HopMma — MaXxopaHTa 18 BCiX 3Ha4YeHb abCOMHOTHOT NOXNOKM
Mae BUINag,

[0l =max| ()

MocnifoBHICTb {xn} €M1EMEHTIB MPOCTOpPY X Ha3MBaeTbCA 30iX-
HOIO 10 efleMeHTa Xy € X , AIKWO 3 [, —X,[|—>0 Bunmsae ichy-
BaHHSA Takoro X, € X , wo x, = 0.

HopmoBaHuii NpocTip X Ha3nBaeTbCS MOBHUM, SIKLLO KOXHa Mo-
CNiJOBHICTb {xn} 36iraeTbCs 40 eneMeHTa Lboro npoctopy. MosHwMi

HOPMOBAHWIA MPOCTIp Le HAa3MBatOTb GaHAX0BUM.

MeTog npocTol iTepauii nonsrae B TOMy, WO CUCTEMa PiBHSHb
f(x) =0 3BoanTbCA A0 BUrNSay X = g(X), iTepauii NnpoBoasaTbLCA 3a
dopmynoto X"t = g(x").

I3 6inbl 3aranbHUX NO3ULIA LE MeTOA4 MOXHA MoAaTy Takum
YMHOM. Hexaii H — nNOBHMIA METPUYHWMIA NpOCTip, a onepaTop
y=g(x) Bigobpaxae H y cebe. Po3rnagactbcs iTepayiiHuii npo-
nec x"™ =g(x") Ana po3s'A3yBaHHA PIBHAHHA X = g(X) . AKLLO Npy
JesakoMy g <1 BifobpaxeHHs Yy = g(X) 3a40BO/IbHAE YMOBY

P(9(x) 9(X2)) <q-p(X1, X2) (4.12)
Mpu BCIX X, X, , TO Take Bifl0OPaKeHHs Ha3BatOTb CTUCKAIOUMM.
Teopema 4.1. AKLIO BifoOpaXeHHA Y = g(X) € CTMUCKaKOUUM, TO piB-
q"p(x.,x°)
1-q
[oBefieHHs. |3 BU3HAYEHHS CTUCKAOUOrO Bif06paXKeHHS (4.12) MaEMO
P X" =p(g(x"), g ) < gp(x", X" )

n+1

HAHHA X = g(X) Mae eauHnii pos'azok X i p(X,x") <

i Tomy p(x" xM)<q"p(x}x%). Mpu 1>n MaemMo naHLOXOK

HepiBHOCTEN
p(x', x") < p(x' X" ) + ..+ p(x"E xM) <
<q'p(xt, x0) +... 4+ q"p (¢, x%) <
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0 n Xl, XO
<q"p(x",x%)Y.q' - ap(.x) (4.13)
i=0 1-q

3rigHo 3 kpuTepiem Kolwui npo dyHAameHTaslbHy MoCNifOBHICTb,
nocnifoBHicTb {X,} Mae rpaHuuto X . Mepexoasun [0 rpaHuLi B
(4.13) npu | — o0, OTPUMYEMO

n 1,0
p(xyxn)gwl
1-q

3 iHLWOro 60Ky, BUKOHYETHCA NAHLIKOXOK CMiBBIAHOLLEHb
P(X,g(X) < p(X, X" +p(x"*, g (X)) = p(X, ") +p(g (x"), g(X)) <
qn+1p(xl,X0)

<p(X, X"+ gp(x", X) < 2 (4.14)

Mepexogsun y (4.14) go rpaHuyi, maemo p(X,g(X))=0, omxe,
X =9g(X). KON piBHAHHA Mano Aga po3s'askMm X; Ta X,, TO
p(X1, X2) =p(9(X1), 9(X3)) <ap(Xy, X3) <p(Xy, X5), npuxoam-
MO [10 CynepeyHocTi. Teopemy J0BeAEHO.

KOHTpO/1bHI 3anuntaHHsA

1. 3HaiATV pO3B'A3KM TPAHCLIEHAEHTHMX PiBHSHb:
1) 0,25X —sin X =0;
2) sinX -1/ X =0;
3) InZ-sinZ=0.
2. 3HaiTn Xo4ya 6 0AWH i3 AIACHUX KOPEHIB anrebpaiuHnX PiBHSHb:
1) X" +7x° +3x* +4x+1=0;
2) 7x* +5x° +2x* +4x+1=0;
3) x* +5x> +5x* —=5x+6=0;
4) x*+x*+2x* —=x-2=0.
Y yomy BiMIHHICTb anrebpaiyHoro i TpaHCLEHAEHTHOrO PiBHAHL?

Uu mMae MeTOZ NMOIOBUHHOTO AiNeHHS rapaHToBaHy 36KHICTL?
FAKMM YMHOM BUOUPAETLCA NOYATKOBE HABNVXKEHHS B MeToLi HbloToHa?
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6. 19 AKvX (hyHKLi He PEKOMEHAYETLCS 3aCTOCOBYBaTV MeTog, HbtoToHa?

7. Yun MOxe iHTepBan y MeTOAi XOpL PO3MiLLlyBaTUCA 3 OAHIET CTOPOHU
Bifl KOpeHs?

8. Y YoMy CyTb MeTOLY MOSIOBUHHOIO fAiNleHHA?

9. Po3kpuiiTe anropytm MeToAy NpPOoCTOi iTepauil.

10. Lo Take cTUCKatoue BigoOpaXKeHHA?

11.Po3KpuiATe NOHATTA AIACHOIO NiHIMHOIO NPOCTOpPY.

12. Aknin NpoCTip Ha3MBAETLCH METPUUHUM?

13.4Kuid NpoCTip Ha31BaETLCA HOPMOBAHUM?

14. FIkuniA HOpMOBaHW NPOCTIP Ha3MBAETLCA MOBHUM?
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Po3pain 5

AnpoKcmauist PyHKLLIN

5.1. OCHOBHI NOHATTHA
5.1.1. NocTaHoBKa 3agaui

3afjava anpokcumaLii (HabnvkeHHs) (PYHKLIA He TifbKU 4acTo
BUHMKAE B IHXEHEPHI NpakTuLi, ane 3yCcTPIYaeTbea i AK 4ONOMiKHA
npu po3B'aA3yBaHHI GifbLL CKNaAHMX 3afay, Hanpuknag audepeHLia-
NbHUX PIBHSAHb.

Hexail BenMunHM X Ta Y 3B'A3aHi 3anexHicTio y = f(x). OgHak

yacTo Burnag yHkuii f(x) HeBigoMUIA, a € nuLLe Tabnuus ii 3Ha4eHb

y BUINISILI CYKYMHOCTI TOYOK, OepyaHa, Hanpukiag, ekcrepymMeHTa-
NBHUM LUNAXOM. HaM ke MOXKyTb 3HaL0OUTUCA 3HAUYEHHA Y B IHLLUX
TOYKax X, BIMIHHWX Bif BY3NiB X;. 3amiCTb TOro, W06 NpoBoanTH
HaZTO [OPOrvin eKCNepUMEHT NS PO3LUMPEHHS TabnwLi, BUKOPUCTO-
BYHOTb BiAHOCHO HecKnagHi popmynn anpokecumMaLlii PYHKLUIT AN Ha-
O/IMXKEHOT O 3HAXOMKEHHS Ti 3HAUEHb Y MPOMDKHMX TOUKaX.

3ycTpivaeTbea i iHWa cuTyauis, Konu sanexHicts y = f(x) Bi-
[oMa, ane Ayxe CknagHa (MIiCTUTb BaXKKO 06YMC/IOBaHI BMpasw,
CKNafHi iHTerpanu Ta iH.) i 06UMCNEHHS KOXHOMO 3HA4YeHHS BYMAarae
BE/IMKYMX 3yCW/b. Y LIbOMY pasi TaK0oX CKNafatoTb TabnL0 3HaUEHb,
a Ans 064UNCNeHHs YHKLIT Y MPOMIKHUX TOUYKaX 3aCTOCOBYHOTh Me-
TO/, anpoKcumallii.

OTxe, He0bXiHO BUKOPMCTATU TabNMLIO 3HaYeHb YHKLIT Ha Bi-
Api3Ky [a,b] ana Npuban3HOro 064MNCNEHHs i 3HaYeHb Yy Byb-AKii
TOuLi UbOro Bigpiska. N4 Liel MeTU BUKOPUCTOBYOTb 3afady anpo-
Keumaii (HabnvkeHHs) yHKUIT f(X) : Lo yHKLi0 Tpeba 3aMiHN-
TN HAOMVKEHHAM (anpOKCMMYBATW) LeAKOH (PYHKUIED ¢(X) Tak,
Wwob6 BigxuneHHs o(x) Big f(x) 6ynnm HaimeHWUMU. DPYHKLiO
¢@(X) Ha3MBarTb anpPoOKCUMYKOUOH. AKLLO OfEePXKaHO L0 PYHKLItO,
€ MOXNUBICTb A/ OYAb-AKOr0 3HaYeHHs X 064YMCIMTW BifnoBigHe
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3Ha4YeHHs Yy, NPMOAN3HO Take, WO AopiBHE f(X). AK dyHKUiO
¢©(X) 6epyTb y3aranbHeHWA NONIHOM:

O(X) = W (X) + 3y (X) +... 4 8y (X),

fe y;(X) — cucrtema fesdkux YHKUIA (TPUroHOMETPUYHKX, CTene-
HeBMX TOLLO). YacTile yHKUito y = f(X) anpoKcMmyoTb 3BUYai-
HUM NONIHOMOM
noo.
e(X)=ay +aX+...+a,x" =Y ax, (5.1)
i=0

TO6TO 3a PYHKLIT W;(X) 6epyTb CTeneHesi QyHKLiT:

‘*VO(X) = 15 Wl(x) =X, \V2(X) = X2: cees \Vn(X) = Xn .
3po3ymino, Wo KoeilieHT! a; noniHoma (5.1) niabuparoTb Tak,
Wwo6 w(x) mano BigpisHaABCA Big f(X), TOOTO BigXWIEHHS MOMTIHOMA

BiJ, (DYHKLUiT 6yN10 HaliMeHLWNM.

3a/1exXHOo Bif TOTO, WO PO3YMItOTb Nif UUM BiAXUNEHHAM, pO3pi3-
HAOTb Taki 3afadi anpokcuMmaLlii: iHTepronsauia, cepefHbOKBa4pa-
TUYHE HAbNMKEHHS, PIBHOMIPHE HABGMMXKEHHS.

5.1.2. IHTepnonauis,
cepegHbOKBagpaTU4vHe
Ta piBHOMipHe HabNM>XeHHsA

IHTepnonauis € o4HUM 3 OCHOBHMX BUAIB anpokcumauii. BoHa
nonsrae B No6yaoBi noniHoMa y(X), AKUiA Habupae y 3afaHnX Tou-

Kax X, TUX CamuX 3HauyeHb Y;, o i hyHKUia f(x), To6TO
(p(XI): yl’ |:0, 1,, n’ XO :a’ Xn :b

Mpu LIbOMY BBaXKaeTbCA, LLO Cepef 3Ha4eHb X; HEMaE OfHaKOBUX,
TOGTO X; # X MpU i j. TOUKM X; HasWBatOTb BY3namu iHTepross-
Ui, nofiHOM @(X) — IHTepNoNALIRHUM NONIHOMOM.
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Takum YMHOM, OCOBMMBICTIO IHTEPMONALIT € Te, L0 anpoKCUMYy-
FOUMA NOMIHOM @(X) NPOXOAWTb Yepe3 Tab/NYHI TOYKM, a B IHLLMX

Toukax Bigpi3ka [a,b] Bimobpaxae dyHKUit0 y = f(X) i3 geskoro
TOYHICTHO (pwc. 5.1).

FAKWO OAWH | TO camuil NONIHOM (AOro CTeniHb LOPIBHIOE N)
iHTepnontoe f(X) Ha BCbOMY Bifpi3Ky [a,b], TO roBopsTb NPO r10-

6abHy iHTepnonaLito.

y

A

y=f(x)

y=0(x)

Xy

Xo Xi X Xn

Puc. 5.1. IHTepnonsuia dyHKuii

AKLIO AN OKpPeMUX YacTWH Bifpiska [a,b] 6yaytoTb pisHi noni-
HOMM, TO Takuii NiAxif HasnBalTb KYCKOBO (/10Ka/ibHOO, 6araTtoi-
HTepBa/IbHOKD) iHTepPNoNALIEt.

FK NpaBwno, iIHTEPNONALINHNA NOMIHOM @(X) BMKOPUCTOBYHOTb
AN anpokcumaui’ YHKLIT B TOUKax, AKi Hanexarb Bigpisky [a,b].
Ane iHKOM Moro 3acTOCOBYHOTb A/11 0BUMUCNEHHS 3HAYeHb (DYHKLIT
no3sa Uum Biapi3kom, TOGTO NpM X< a abo X >b . Take HaABAMXKEHHS
Ha3uBaloTb ekcTpanonsayieto. OgHaK HAM CNif KOpUCTyBaTUCS 06e-
PEXHO, TOMY L0 No6/M3y KiHLUiB Bigpiska [a,b] iHTepnonsayinHmia
NoniHOM Mae KO/IMBHWIA XapaKTep 3i 3pOCTaltouo aMniTyaoto, a
no3a Bifipi3KOM LLUBUAKO 3pOCTaE.

O060B'AI3K0BE NPOXOMPKEHHS IHTEPMONALIAHOrO noniHOMa uYepes
Tab/IMYHI TOYKN 3yMOB/IIOE AesiKi Bagyn Lboro nigxogy. OCKifbKu cTe-
NiHb IHTEpPNONALIAHOrO MoniHOMa MOB'A3aHWiA i3 KiNbKIiCTHO BY3niB
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(Mpy n+1 By3ni CTeniHb AOPIBHIOE N), TO 3a BE/IMKOI KiNbKOCTi BY3-
NiB CTeniHb noniHoma 6yfe BUCOKMM. Lle 36inbLuye yac 06UMCneHHs
3Ha4eHb LbOro MosiiHoMa Ta MOMWAKK OKPYrneHHs. Kpim Toro, Tab-
NNYHI AaHi MOXYTb OYTW ofepXKaHi BUMIPHOBAHHAM Ta MiCTUTK B CO6I
NOMUAKK. [HTepnonAuiiH1iA NOMIHOM TOYHO MOBTOPHOBATMME Lji MO-
MUNKW. TOMY iHKOMM BUMaratoTh, 106 rpadik anpoKCUMyHUOi qyH-
KLiT NpOX0AMB He Yepe3 TabMnYHI TOUKW, a NOPsA i3 HAMN.

Takvid nigxif BMKOPWUCTOBYHKOTb MpWU CepeaHbOKBaApaTUYHOMY
HabNVXKeHHI, KON MIpOKO BIAXWNEHHA MOMiHOMAa ¢(X) Bif PYHKUiT

f(X) € 3HaueHHs

s =i[<p(xi)—yi T, 5:2)

TO6TO CyMa KBaapaTiB pi3HULb 3Ha4YeHb MosliHOMa Ta OYHKLT y By3-
NOBUX TOYKax (puc. 5.2). CTeniHb m anpoKCMMYYOro noniHoMa
o(X) 6epyTb, K NpaBWI0, HEBUCOKMM (M =1,2,3), a KoeqilieHTn
LIbOro NofiHOMa NPMMaroTb TakMMMU, W06 Mipa BIAXUNEHHA S Byna
MiHIMa/IbHOI. Y LibOMY NOMISIrae MeTof, HaiMeHLLUNX KBafpaTiB.

d y=1(%)

y =0(x)

Yi

X
Xo X X Xn

Puc. 5.2. CepeaHboKBagpaTuuHe HabnmxeHHs (1-i BapiaHT)

MoniHoM @(X), ofepXaHUi Npu cepefHbOKBaAPaTUYHOMY Ha-
ONVKEHHI, MOXKe B AESKMX By3/1aX 3HAUYHO BiAPI3HATUCS Bif (hyHKLUIT
f(X), AK HanpvKnag, y By3ni X, Ha puc. 5.3.
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X
Puc. 5.3. CepegHboKBagpaTU4He HabnvdkeHHSA (2-i BapiaHT)

ToMmy iHKONW CTaBNATb GiNbLL XXOPCTKY BUMOTY: NOAIHOM Ma€ Bi-
AXUNATUCA Big yHKUIT f(X) He Ginblle, HiX Ha € >0, TO6TO

[f()—o(x)|<e, a<x<h. (5.3)

Y ubomy nonsrae 3agava PiBHOMIpHOro HabnvkeHHs. Tofi roeo-
PATb, WO NOMIHOM @(X) PIBHOMIPHO anpokcumye gyHKuito f(x) Ha
Bigpi3ky [a,b]. Ipadik (yHKUiT (puc. 5.4) Y TaKOMy pasi NeXnTb
y "Tpy6i" 3aBLUMPLLKK 2€& Bi4HOCHO NoniHOMa ¢(X) .

y y=f(X)

Xy

Pwuc. 5.4. PiBHOMipHe HabnmXeHHA
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MoXnMBiCTb NO6YA0BK TaKoro noniHoma ans 6yab-saKoi Benmym-
HW € BUNAMBaE 3 Teopemmn BeiepwTpacca [3]. Haragaemo, Lo ab-
COMOTHMUM BigXMNEHHAM A noniHoMa ¢@(X) Bif QYHKUiT f(x) Ha

BiZPi3Ky [a,b] Ha3MBalOTb MakCUMa/bHY Pi3HULLKO TX 3HAYEeHb:

A =max| f (X)—(p(X)|,
as<x<h.

Teopema 5.1. Akwo ¢yHKUis f(X) HenepepBHa Ha BiApi3Ky
[a,b], TO gnsa 6yab-Akoro e>0 IiCHye NONIHOM @(X) CTeneHs
m=m(e), abCONOTHe BIAXWNEHHA AKOro Bif (yHKUiT f(X) Ha Big-
pi3Ky [a,b] meHLe 3a €.

3 iHWoOro 60Ky ICHYe MNOHATTA HaWNINWOro HabAMKeHHS
(yHKUiT f(X) nomiHOMOM ¢(X) Npu ikcoBaHOMy CTeneHi. TyT ce-
pef NOMiHOMIB CTeMeHs M HeoOXigHO 3HANTWM TaKuWil, Npu KoMy
abCoNOTHE BigXWNeHHs Byae HalMeHLW WM. Takuii NofiHOM Ha3vBa-
HOTb MOAIHOMOM HaliNinworo PiBHOMIPHOro HabnXKeHHs. [po oro
iCHYBaHHS CBifuWTb Taka Teopema [3].

Teopema 5.2. nga 6yab-aKoi GyHKUiT f(X), HenepepBHOT Ha Bif-
pi3Ky [a,b], Ta 6yfAb-AKOro HaTypasibHOr0O m iCHye MoniHOM @(X)

CTEMEHA He BULLIE 32 M, abCOMKOTHE BIAXUIEHHS SIKOTO Bif (hyHKLUIT
f (X) MiHiManbHe, NPMYOMY Takuii NONIHOM EANHWIA.

5.2. NobanbHa iHTepnonauis

5.2.1. NiHilHa
Ta KBagpaTu4Ha iHTeprnonsawis

Xouya Ha npakTuui NiHiAHI Ta KBagpaTU4Hi (yHKLIT BUKOPUCTO-
BYIOTb K IHTEPMONAUiAHI nuLle Npu 6araToiHTepPBanbHil iHTEpno-
NALT, PO3rNsSHEMO CNOYaTKY Li NPOCTi BUNaAKM.

Hexain Tabnmua 3HadeHb yHKUiT y = f(X), aHaniTMYHWIA BMpas3
AKOI BB&XAEMO HEBIJOMWM, CKMafaeTbCAa /MLe 3 [BOX TOYOK
(X0.Yo) Ta (x,y;). MoTpi6HO ofepxaTn thopMyny HabaMKEHOro
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064nCNIeHHs 1T 3HaYeHb 19 BYAb-AKOr0 X # X; (i =O,1), TOOTO He-
06XxigHO nobyayBaTW IHTEPNONAUIAHWIA MONIHOM Yy =@(X) TakKui,
wo o(x)~ f(x).

[nsa po3s'asaHHA Liel 3agadvi Tpeba NpoBecTU MpsMy yepes ABi
TOYKM (puc. 5.5) Ta CKNacTy 11 PIBHAHHS.

y

A

>y

Puc. 5.5. NidiViHa iHTepnonsayin

K BiflOMO, TaKe PiBHAHHA 32 YMOBW, LU0 Y, # Y,, Mae BUrNAL,

Y=Y _ X=%
Yi=Yo X%

abo
Y—Yo Y—Yo
= - + X . 5.4
y [YO Xoxl_on (Xl—XJ (5.9
Mo3HaumBLLK
Y—Yo Y=Y
—X , =——, 5.5
) =Yo 0X1—Xo | X —%, (5.5)
OLlepPXKYEMO
y =3y +ax=0(x), (5.6)

TOGTO PiBHAHHS 3BEJ}EHO 10 CTAHAAPTHOIO BUTNISIAY 3arnmcy nosiHOMIB.
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Y pasi, aKWo Y, =Y;, NpsaMa 6yae ropu3oHTasbHO i i1 BiANOBI-
[la€ PIBHAHHA Y =Y, , TOOTO iHTEPNONALiIAHNIA NONIHOM Ma€e Hy/NbOo-
BWI CTemniHb. 3a3HaunMOo, L0 Yepe3 [Bi TOUKM MOXHa NPOBECTU CKi-
NbKM 3aBrofHo NosliHOMIB ApYroro, TPeTboro i 6iNbLUMX CTENeHiB.

TakuM YMHOM, [/19 ABOX BY3NIB X,,X; (N=1) MOXHa nobypaysa-
TN ELUHWIA IHTEPNONALIAHWIA NONIHOM @(X) CTENeHs He BULLe nep-

LLOr0O Ta HECKIHYEHHY MHOXWHY MO/MIHOMIB 6iflblL BUCOKUX CTene-
HiB. Lle came piBHAHHA MONIHOMA MEPLUOro CTEMeHs MOXHa
ofepxatu iHakue. LLlykaTumemo (YHKUiO BUrNaLy Yy =a,+aX,

rpadik AKOi NPOXOAMTL uepes TOUKN (X,,Y,) Ta (X,Y;). 13 umx
YMOB iHTEPNONALIT O4EPXXMMO CUCTEMY ABOX NiHINHMX PiBHSAHL Bif-
HOCHO HeBIJOMUX &, 3, :

a8 + aX =Yo,

G + ax =Yy

b RLa )

BigHimemo Bif Apyroro piBHAHHA NepLue Ta 3HakAeMO HeBiAOMi

abo

X —aXp = Y1~ Yo,

Yi = Yo Y1— Yo
q=—"",8,=Yg— X =Yg~ Xg——,
1 0 Yo —a1% = Yo = %o X — %
SKi 36iratoTbes 3 (5.5) Ta (5.6).
Peanizauito LLbOro afiropuTMy HaBefeHO B NiCTUHTY 5.1.
NictvHr 5.1. Peanizauis anroputmy
NiHIAHOT iHTeprnonayii
# -*- coding: cp1251 -*-
import numpy as np
def linear_interp(X,Y,Xp,n=100):
if (Xp<X][0]) or (Xp>X[n-1]):
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if Xp<X[0]:
print ""EKcTpanonsuis Hasag'"
i=1
if Xp>X[n-1]:
print ""EKcTpanonsuis snepes
i=n-1
else:
for j in xrange(1,n):
if (X[j-1]<=Xp) and (Xp<=XI[j]):
i=j
j=n
A=(Y[i]-Y[I-1])/(X[i]-X[i-1])
B=(Y[i-1]-A*X[i-1])
Yp=A*Xp+B
return AB,Yp
X=np.array([10.,20.,30.,40.,50.,60.])
Y=np.array([0.17365,0.34202,0.5,0.64279,0.76604,0.86603])
Xp=23.
A,B,Yp=linear_interp(X,Y,Xp,n=3)
print "A=" A, "B="B, "Yp=",Yp

AKLLO Tabnmua 3HaveHb PYHKUIT y = f(X) CKnafaeTbCst 3 TPbOX
TOUOK: (X9, Y0)s (X, Y1), (X2.Y,), MAEMO MOXMBICTb CKOpUCTa-

TMCS OCTaHHIM nigaxoaom. LLUykaTumemo iHTepnonauiinHuic noni-
HOM Yy BUTNIAAI

O(X) = ay +a,X +a,x>. (.7)

Buxogsaum 3 yMOBU NPOXOXKEHHS napabonu (5.7) Yepes Tpu To-
UKW, OEPXKMMO CUCTEMY TPbOX PiBHAHb i3 TpbOMa HeBiZOMUMY

89,a1,8 ¢
2 _
8y + Xy T X" = Yo,
2
2
Bt Xy T X" =Y,
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abo
1 X, x2
0 70 |[ 3 Yo
2
L x x|la|=W
1 x x3\&) \¥,

MMicna Ti po3B'sA3yBaHHA NOMIiIHOM (5.7) 6yaAe BU3HAYEHO | HUM MO-
XHa ckopuctatucs A1 obumcneHHs QyHKuil  y = f(X) = o(X)

Yy MPOMIXKHMX TOUKaX (puc. 5.6).

yA y=1f(x)

<y

Puc. 5.6. KBagpartuyHa iHTepnonsayis

Uepe3 TpU TOUKM MOXHa NPOBECTW NuLle oAHy napabony Ta He-
CKIHYEHHY MHOXWHY rpagikiB rMosiiHOMIB 6i/lbLl BUCOKUX CTemMeHiB.
AKWO TPU TOYKM PO3MILLEHO Ha MpAMIA, ToAi €AMHWIA NONIHOM,
AKUIA NPOXOAWTb Yepe3 HUX, MaTMe MNepLUniA cTeniHb. FAKLWO, Kpim
TOro, Us NpsiMa ropu3oHTa/IbHa, TO Liei NOMIHOM Mae HyNbOBUI CTe-
MiHb. TakKUM YMHOM, 32 TPbOMa TOYKaMy MOXKHa MobyayBaTn eam-
HWIA NONMIHOM CTENeHs He BHULLE APYroro Ta HECKIHYEHHY MHOXUHY
NoNiHOMIB TPETLOr0, YETBEPTOrO i BifIbLLNX CTEMNEHIB.
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5.2.2. IHTepnonsayiiiHa
dhopmyna JlarpaH>ka

Y n.5.2.1 po3rngHyTO NPOCTi BUNaLKW, KoM Tabnumus 3HayveHb
GyHKUIT ¥y = f(X) CKnagaeTbca TiNbKW 3 ABOX ab0 TPbOX TOYOK, 3a

AKUMU MU ByayBan iHTepnonAuiiHuin noniHom f(X) ~ @(x) nep-
LLOro abo gpyroro cTeneHs. Hexai Tenep TabnLO 3HaYeHb PYHKUIT
y="f(x) Ha Bigpi3ky [a,b] 3agaHo B (n+1)-A TOUUI
Xo =8, X[, X 5.e0s Xp_1» Xy =D. BUKOHAEMO rnobasibHy iHTEpnonsLito,
TOOTO AN BCbOro Bigpiska [a,b] nobyayemo equHWIA iHTepnonsLiii-
HWIA NONIHOM, SIKWIA LUYKaTUMEMO Y BUTNAAI

d(X)=ay +aX+..+a,x". (5.8)

OfHaK 4/ MOXHa po3B'A3aTh Lo 3agady? Yum icHye Takuid nosi-
HOM? BignoBifp Ha Lie 3annTaHHA Mpo iCHYBaHHSA Ta EAUHICTb iHTEp-
NoNALIAHOro noniHoma fae Taka Teopema [2].

Teopema 5.3. AKLWO BY3 Xy, X, Xy,..., X, Pi3Hi, TOL4I ana 6yab-
AKUX Yo, V1> Yaseees Yy ICHYE EAUHUIA MONIHOM @(X) CTEMNEHs He BULLE
N Takui, WO

o(X%)=Y;, 1=0,1,2,....,n. (5.9)

[ns NobyfoBK TaKOro nosfiHomMa ¢@(X) AOCTaTHbO MiAXOAY, SKWiA

Ha3nBatOTb METOAOM HEBU3HAYEHNX KOEMILIEHTIB.
I3 ymMOBM (5.9) PiBHOCTI 3HaueHb NofiHOMa @(X) Y By3fnax X; Bif-

MOBIAHWM TabMMYHWUM 3HAYEHHAM Y; MOXHA OfepXaTu cucTemy
(n+1) piBHAHbL BIJHOCHO (N+1) HeBIfOMOI ay,...,a,:
Ay + Xy + .t AX) = Yo
 +aX to.tax =y, (5.10)
Ay + Xy +et A =Yy

aHasIoriyHy nNpocTum cuctemam i3 n. 5.2.1. Martpuuto Liei cuctemu
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I x, K X
n
A= o KXy (5.11)
K
1 x, K x;

HasnBaloTb MaTpuuelo BaHfepmoHga. Y nitepartypi nokasaHo, Lo ii
BM3HAYHVK He [OPIBHIOE HYNMIO, AKLLO Cepef BY3/iB X; HeMae TakuX,

Lo 30iratoTbest (X; # X Mpu i # j ). Tomy cuctema (5.10) Mae €ANHNIA

PO3B'A30K, AKUIA MICTUTb KOB(ILIEHTN &; IHTEPMONALIMHOIO NoMiHOMa.
Takuii Nigxig HKOMM KOPUCHWUIA ANS TEOPETUHYHUX LOCANIIKEHD,
ane /19 NPaKTUYHOrO BUKOPUCTaHHS BiH Masfio NpUAATHWUIA YHaCNiLOK
CBOET TPYAOMICTKOCTI Ta NOraHoi 3yMOB/IEHOCTi CUCTEMW NPU N> 5.,
€0MHWIA IHTEPNONALIAHMIA NOMIHOM, NPO AKWIA iLWoCA B Teope-
Mi 5.3, MOXHa nobyayBsaTtu KifibkoMa cnocobamu. Po3risHeMo nne
OAHY (hopMy 3anucy Loro nosniHoma — popmyny JlarpaHxa.
Mogamo crioyatky feski JOMOMKHI nosiHoMu | (X), AKi Hasm-
BatOTb NONiIHOMaMu JlarpaH>ka i AiKi MatoTb TaKi B/laCTUBOCTI:
1 npn i=j,
li(xj) = . (5.12)
0 npn 1=#].

To6To noniHom 1;(x) i3 HOMEPOM i AOPIBHIOE OAWHUL TiNbKN Yy
BY3/li 3 TaKM CaMUM HOMEPOM X;, @ B IHLUUX By3nax BiH [AOPiBHIOE
HY/MO (puc. 5.7). 419 [eaKoi HepiBHOMIpHOT CiTkn %, (i=0,1,...,n)
KOXHWIA i3 (N +1)-ro noniHomis |;(X) MOXHa nogaTn y BUrnsi

li (%) = € (X=X )(X = X))o (X = X (X = Xy ) o(X = X)) (5.13)
MepeBipsatoUM, MOXKHa BMEBHMTUCS, L0 TaKWiA NONIHOM cripaBai
AOPIBHIOE HY/O B YCIX BY3/1aX, OKpPiM By3na x;. [ifg6epemo Tenep
KoeiLlieHT ¢; Tak, o6 Yy Bys3ni Xj noniHom 1;(x) popiBHiOBaB
OAVHUL 3rigHO 3 (5.12). MiacTaBUMO X =X; B (5.13):

1=606 = X0 )% = %) (6 =X )0 = X)X = Xp),
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3Haingemo

1
T =008 = X) 06 =% )04 — )05 —Hg)
y A
| '2

\ !
XNS X X \ A X X
Puc. 5.7. MoniHom JlarpaH>xa
MepeBipsatouM, MOXKHa BMEBHMTUCS, LLIO TaKWA NOMIHOM cripaBAi
AOPIBHIOE HY/O B YCIX By3/1aX, OKpiM By3na x;. [ifg6epemo Tenep
KoeiLlieHT ¢; Tak, o6 y By3ni Xj noniHom |;(x) popiBHiOBaB
OAVHWLI 3rigHo 3 (5.12). MigcTaBumMo X =X; B (5.13):
1= (% = Xp)O% = X)X = X)X = X)) (X5 = Xp),
3Haingemo
1
i = .
(% = %) = X ). = X )G = Xip)- (X5 = Xy )

MiactaBMmo oaepxxaHuin Bupas y (5.13):

(X = %) (X = X1 ). (X = X J(X = X )---(X = X5 ) .
(X =X )% =X = X)X = Xiyp)-- (X5 = %)

li (x) =

(5.14)
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Mepeingemo o NobyaosK 3a AONOMOrOK MOAIHOMIB N-ro CTerne-
HA L (X) iHTEpnonALUiAHOro nosiHOMa, SKWA 3a[0BO/IbHAE YMO-
BK (5.9). PO3rnsiHemo nosniHom

O(X) = Yolo ) + Y1y (X) + .o+ Yol (X) = Z yili (x) =
i=0
_ Zn: Vi (X = X)X = X))o (X = Xi_ (X = X 1) (X = X))
-0 I (6 = Xo) (% = X)X = Xi_ )G = Xig1)--(X = Xg)

=L,(X). (5.15)

Un 6ype BiH 14 [0BINIbHOMO By3fa X, [OPiBHIOBATW Y, ? 3Hai-
AeMO 3HaYeHH$! LibOro rnoniHoMa npu X = X, :

0% ) = Yolo (%) + Vil (X)) + oo 4+ Vi (%) + oo+ Y b (X))

Y uiin cymi BigNoBiaHO A0 (5.12) yCi A0AaHKW A0PIBHIOKOTbL HYNHO,
KpiM OZIHOrO, AKWI fOPiBHIOE Y, 1, (X ) =Y, . OTXe, ofep>xaHuin no-
NIHOM (5.15) NPOXOAWTb Yepe3 Tab/NYHI TOUKK, TOOTO € iHTEeprons-
LiiHMM. OCKIiNbKM KOXHa CKNafosa B (5.15) € MNOIIHOMOM Nn-ro cTe-
MeHs, TO 1 ycs CyMa € MONIHOMOM N -ro CTerneHs.

dopmyny (5.15) Ha3MBalOTb IHTepnonALiiHow topmynot Jlar-
paH>ka. BoHa BM3Hayae €AMHWIA IHTEPNONALIAHWIA NOAIHOM N-ro
cteneHa L,(x).

Y BUNafKy ABOX BY3NiB X,,% (n=1) U dhopMyna Mae BUTNs4

— X X=X
l+ 1

X
o(X) =L (X) =Y,
0~ X X = Xp

i 30iracTbcsl 3 OPMYOH0 NiHIHOT IHTepNONALIT, oaepXaHo B M. 5.2.1.

Y BuUMafgKy TpbOX BY3/IB Xy,X;,X, (N=2) topmyna JlarpaH>a
Mae BUrNag,

(X=X)(X=X;) +
(Xo =X )(Xg = X3)
(X=X)(X=X;) N (X=X)(X=X;)
2 .
(X1 = Xo)(X = X3) (X3 = X)Xy = X;)
IMicng 3BefjeHHA NOAIOHNX YNIeHiB OAEePXXUMO PIBHAHHA napabosiu
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y=ay+aX+ax’, (5.17)
AiKa MPOXOAUTB Yepes TPU BY3NM.
Mpuknag 5.1

3a 4oMoMOoroo iHTeprnonsAyiiHoi hopMynun JlarpaHxa 064nciMmo npwu
X = 2 3HauyeHHs PYHKUIT y = f(X), Ky 3a4aH0 TabnuLeto i3 TPbOX TOUOK:

X [ 0|1
y | 2101

Po3B'shkeMO L0 3agady ABOMa crnocobamu. Y nepLuomMy pasi nigcrasu-
MO B (5.16) TabAMYHI 3HAYEHHS X,, Yy, X Y)> Xy, Yo, @ TAKOXK 3HAUEHHS

X=2:

L) = 2(2—1)(2—3) +0(2—0)(2—3) +1(2—0)(2—1) _
0-1)(0-3) (1-0)0-3) (3-0)3-1
_z2ie=h, 20 1
3 3-2 3
Y ppyromy pasi nigctaBumo B (5.16) TiflbKy TabnyHe 3Ha4YeHHS i1 ofe-
PXXMMO IHTEPNONALIAHMIA NONIHOM APYroro cTeneHs y Burnsgi (5.17):

L,(x) = L (X=D(X=3) | (X=0)(x=3) | (X=0)(x=1) _

(0-10-3) (1-0)(0-3) (@B-03-D
2 1 5. 17
—g(x—l)(x—3)+gx(x—l)—gx 6 X+ 2.

Micns uboro NiACTaBMMO 3HaUYeHHsT X =2 B OTPUMaHMiA BUpas:

5., 17 1
L(2)=22——2+2=——,
(D=2 -~ 3

LL0 36iraeTbCs 3i 3HaYEHHAM, OAepXKaHUM MepLIMM CNOCO60M.

Ha pumc. 5.8 nokasaHo rpadik QyHKUii y=L,(X) Ana uiei 3agayi.
MpVYPOLHO BUHMKAE 3anUTaHHA NPO TOYHICTb 3aMiHWU  (DYHKLUIT
y = f(X) noniHomom L, (x) . BigmiTumo, L0 y TOMY pa3i, Konu gy-
HKUiga f(X) € NONiIHOMOM N -ro cTeneHs, ofepyXXaHWin 3a ONOMOroH
(hopmynn (5.15) iHTepnonAliiHMiA noniHoM L, (X) 3a BifCYTHOCTI
NMOMW/IOK OKPYrNeHHs 36iraeTbea 3 f(X) Ha BCili YACNOBIi OCi.
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y=Ly(x)

! ! »
T »

I SN 3 X

Puc. 5.8. IHTepnonsuia 3a TpboMa To4KamMu

Y BuUNagky AoBinbHOT QYHKLUIT f(X) 36ir 6yae Tifbkn y By3nax
IHTEepnonALii, a B NPOMDKHMX Toukax pisHuua Mk f(Xx) Ta L,(x)
He [OPiBHIOBATUME HY/IO:

Ry () = F(X) — Ly ().

Llto BeNMUMHY Ha3MBalOThb 3UIMLLIKOBUM YNIEHOM iHTEepnonsyiiHoi
(hopmynn. HactynHa Teopema fia€ OLiHKY R, (X) yepes cTapLui noxi-
AHI yHKUiT f(x) [2].

Teopema 5.4 (nomunka noaiHOMHOI iHTepnonauii). Hexa qyHk-
uia f(x) mae (n+1) HenepepBHY MOXiAHY Ha AeSAKOMY iHTepBai,
LLO MICTWUTb BiAPI3OK [a,b], Ta Hexal a = Xy, X;,..., X, — Pi3Hi BY3/N.

Togi, aKwo L,(x) — iHTepnonauiiH1in noniHom JlarpaHxa cre-
MEHS He BULLE N, L0 3aA0Bo/IbHSE CMiBBIAHOLIEHHS

Ln(x| ) = f(xl )’ I = 0915"'3 n:
TOAI 4ns 6yAb AKOro X i3 Bigpiska [a,b]

(X= X)X = X)-es(X = Xp)

D] f ("D (2), (5.18)

Ry (¥)= ) -Ly() =

Je z — [esika TouKa Bigpiska [a,b].
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Mo3Haunmo M =max‘f(n+1)(z)‘.
Togi
a<z<b,
| (X =% )(X = X))o (X = X)) M. (5.19)
(n+1)!

Ry00)]<

AKLLO BY3/IM X; PO3MILLEHO PIBHOMIPHO 3 KPOKOM h, TO Lt OLLiH-

Ka Mae Burnsg |R, (x)|<Mh"™".

P0O3rnsiHEMO Ha NPUKNafi BAKOPUCTAHHS OLLiHKM NOXNBKM (5.19).

Mpuknag 5.2
3 AKOKD TOUHICTIO MOXHa 06uMcAMTY /117 3a IONOMOroH iHTeprons-
LifiHOT (hopmynn JlarpaHa ans yHKUii y :
a,(AX, +B)+Db,x, +¢,x =d,,
X,(a,A +b,)+c,x, +a,B, =d,,
_d,-ox-aB ¢ d,—a,B,

? a,A +b, a,A +b2' > a,A+b,

=AX +B,,

BMOpaBLLUK BY3/M iHTepnonauii x, =100, x, =121, x, =144 ?
Ha BigMmiHy Bif nonepefHLOro Npukiagy Ham sigoma yHkuis f(x) = Jx.
ToMy N5 BUKOPUCTaHHS OLHKK (5.19) 3Haiigemo noxigHi Liet yHKuT

[ 12 3 3 3
n=2): "=—Xx 2, ”:__Xza "=x2 = .
(=2 =3 Y= R Tl
Biallykaemo MakcuMasbHe 3HaueHHs y” Ha Bigpisky [100,144]. Lle
cragHa (yHKLs, TOMY BOHa J0CATaE MaKCUMyMy npu X =100

3 3
— (2+1) _ m _ _ 2105
M = max [F00(2) = max [§7(2)]= s = 2107

3rigHo 3 ouiHkoto (5.19) 0AepPXKMMO

117-100)(117-121)(117 - 144)| 3,

07’ 5.20
3 2 (5.20)

IR, (0| < |(
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Ha npakTuui ogHak CKnagHO CKOPUCTATMUCA OLiHKOH (5.19), OCKi-
NbKM 4acTo camy (PYHKLit0 He 3afaHo, a Bijoma nule Tabnuus 3Ha-
YeHb, WO He fae MOX/MBOCTI 3HaliT M . Ane us OLiHKa YacTo KO-
pUCHa A1 PO3YMiHHA BHYTPIWHLOT MPUPOAX MNOMWNOK, L0
BUHMKaOTb. MW [0 Hel NMoBepHEMOCb, KOIM PO3rNsgaTuMeMo Kyc-
KOBY iHTepnonauito.

Cknagemo nporpamy MoBot Python ans HabnvkeHHs GyHKUIT
iHTepnonAuiiHow opmynoto JlarpaHxa (NiCTUHT 5.2). TyT MOX/K-
Bi f1Ba Nigxoaw.

MepLnin — Le NigcTaHOBKa, AK i B NpuKnagi 5.1, y opmyny (5.15)
3HaYeHHS apryMeHTy Ta TabnMyHMX 3HayYeHb OfHOYacHO. BiH npoc-
TUA 3 NOrNAgy MnporpamyBaHHs, ane TyT He (POPMYETLCA MOJIHOM
¢@(X) Yy KaHOHIYHOMY BUTNAAI (5.8) | TOMY Ki/IbKICTb apUIMETUYHNX

onepavuiin ana obumncneHHs L, (x) Benuka. Y HasefieHOMy fani dpa-

FMEHTI nporpamu (NiCTUHr 5.2) macuBn X Ta Y MICTATb Tabnuuto
3HauveHb (yHKUiT, (N +1) — goexuHa Tabnumui, XR — macvs pobo-

4MX TOYOK, 415 AKMX Tpeba 064YMCANTIN 3HaYeHHA nonliHoMa. MoyaT-
KOBi fiaHi HakonunuyoTbes B Macuei YR .

JlicTUHr 5.2. dparmeHT nporpamu
ANns iHTeprnonsaui’ MeTogoMm JlarpaHxa

for K in range(1,MR+1):
Z=XR[K]
F=0
for | in range(1,N+2):
P=1;P1=1;
for Jin range(1,N+2):
if 1 not j:
P=P*(Z - X[J])
P1=P1*(X[&]-X[J])
F=F+Y[l]*P/P1
YR[K]=F

Migpaxyemo KifbKiCTb apuPMETUUHUX Onepaliii, MOTPIGHMX ANs
obuncneHHa L,(x) 3a copmynoto (5.15) Ha nigctasi Tabnmui, fka

cKnagaetbea 3 (N+1) ToYOK. [Ans 064UMCNEHHS YMCeTbHUKA KOXHOTO
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Apoby MOTPi6HO N onepauiin BigHiMaHHA Ta (n—1) onepauiii MHO-
YKEHHS, TO6TO BCbOro (2n-—1) onepauiin. Came cTifbKK onepawii

Heo6XiAHO ANA 06YMCNEeHHS 3HAMEHHMKa. [na nigpaxyHKy OAHOro
Apoby HeobXigHO BMKOHATM 2(2n—1)+2=4n onepauiit. OcKinbKu

y (hopmyni JlarpaHxa € (n-+1) Takux Apo6iB, TO Ans iX 06UNCNEHHS

Ta HaKOMMUEHHS CyMU MOTPIGHO 4n(n+1)+n=4n” +5n onepaujiii.

AKWOo Lo Tabnuuto 6yae BUKOPUCTAHO AeKiNbKa pasiB ans pis-
HUX MPOMDKHMX (POB0UMX) TOUOK, € paLif CrovaTKy ofepXartun of-
HOPa30BO MOJIHOM Y KaHOHIYHOMY BUINsAI, a Nicns Toro CKopucTa-
TUCA HUM [N1A OBGYMCNEHHA 3HavyeHb MNosfiHoMa ¢(X) Yy poboumx

TOYKax, WO noTpebye HabaraTo MeHLle apUPMETUUYHMX onepauiii.
Mepes TUM, K MEPeRTH 4O LOro Apyroro cnocoby BUKOPUCTaHHS
noniHoma JlarpaH»xa ans anpokcumauii yHKLiA, po3rnsiHeMO CXemy
"opHepa A/15 064MCeHHSs MONIHOMIB.

5.2.3. O64ncneHHs 3Ha4dyeHb MNosliHOMIB
HeobXigHiCTb 064YMCNEHHS 3HAYEHb MOIHOMIB

P(X)=ag +aX+a,x* +...+ax" (5.21)

BMHWKAE He TiNbKK NpU anpokcumauii MyHKUiT, ane i B iHWKXX 3ada-
yax. Hexai koedinieHTM @ noniHoma P(X) 36epiratoTbCs B nam'aTi
EOM y surnagi macuey A:

i 1 2 3 n+1
A= a, Y a, a,

MocnifgoBHICTL PO3MILLIEHHS B HbOMY KOEeiLLIEHTIB MOXe OyTK
i MPOTUNEXHOLO, WO 3a/1eXNTb Bifl BAKOPUCTAHOI 0 aNropuTMy.

He cknagHuM, ane mManoeeKTUBHUM PO3B'A3aHHAM LIIET 3afadi €
TaKuli anropuTMm:

P=A[1]

for i in range(1,N+1):
P=P+A[l+1]*X**8
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noo
Lo peanisye opmyny P =a, +Zaix' . TyT npun o6uncneHi X He
i=1

BPaxoBYIOTb Y)Ke 3HaiiZeHy BennunHy X<

, WO 36iNbLUYe 3aranbHy

L . n(n-1)
KiNbKICTb apuiMeTUYHKX orepaLii 4o 2n +T .

Llein HefoniK NiKBIAYETLCA B anroputMi

P=A[1]

SX=X

for I in range(1,N+1):
P=P+A[l+1]*SX
SX=SX*X

Y ubOMy pasi cnif BUKOHATV nne 3n apuMETUYHIUX onepaLii.

OfHaK Haibifbll EKOHOMHMM CMOCOO0M OOUMCNEHHS 3HAYeHb
noniHoMa € cxema "opHepa, fka fa€ MOX/IUBICTb OTPUMATU Pe3y/ib-
TaT 3a 2n onepauiii. BoHa 3acHOBaHa Ha TOMy, IO MONIHOM (5.21)
MOXHa NnogaTv y BUrNsgi

P(X) =ay + X(a + X(a, +...+ X(a,_, + X(a,_;))-..)). (5.22)
Hanpuknag, npu n=3
ay + X(a, + X(a, + Xa)) = 8, + X(a + X(a, + Xa, + x*a3)) =
=8 +a X+ x> +a;x° = P(X).

MoykHa nokasaTi, LLIO He iCHYye Cnocoby 06YMCNEHHS anrebpaiuHo-
ro nosliHoMa N-ro CTeneHs i3 3aCTOCYBaHHSAM MeHLLUE, HiXX 2N apudg-
METUYHMX onepaLiii. Tomy gani BUKOPMCTOBYBaTMMEMO Taki omnepaTo-
pu AN 064MCIeHHS 3HaYeHb MONIHOMA 3a CXeMOt0 "opHepa:

P=A[N+1]
for L in range(1,N+1):
P=A[N+1-l+X*P
(5.23)
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5.2.4. NobypoBa noniHomMa
3a popmysioro JlarpaH>ka

AKLWO nepefbavaeTbcs 6aratopa3oBe BUKOPUCTaHHA Tabnuui ans
064NCNeHHA 3HaYeHb (DYHKLUIT, TO HefOoLiIbHO KopucTyBaTucs 6e3-
nocepefHb0 (hopMynoko JlarpaH»ka, AK uUe 3po6neHo y nporpami
(5.20). MoXxHa 0HOPa3oBO NOGYAYBaTH 3a TabULED 3a JONOMOrOH0
(hopmynu JlarpaH>ka rnosiiHOM y KaHOHIYHOMY BUTIAAi (5.21), TOOTO
3HalNTN KoeilieHTN @;, a NOTIM NOro BUKOPUCTOBYBATU A5 KOX-
HOrO 3HaYeHHA X.

OcKinbKn Npu NOcnifoBHOMY MHOXEHHI [ABOY/IEHIB Y YNCENbHU-
Ky (hopmynu (5.15) MOPOLKYHOTLCA MOMAIHOMWU APYroro, TPeTboro i
OI/NIbLIMX CTEMEHIB, KOXEH 3 AKUX Mae OyTU MOMHOXEHVUM Ha [BOY-
NeH, PO3rNsHeMO TaKy AOMNOMiDKHY 3ajady: CKiafemo nporpamy
MHOXEHHS noniHoma cTerneHs |

I .
P(X)=) ax'
i=1
Ha 1BOYNeH (X —C).
Hexali KoediLiieHTn noniHoma P(X) 36epiratoTbCs B MacuBi A:

i 1 2 3 I+1

KoediuieHT noniHoma (X—c)P(X), TOBTO pesynbTar, HaKoMu-
yyBaT/MeMO B MacuBi B :

i 1 2 3 I+1 [+2
B=| b | b | b | .. by by

OcKifbKu
I _
(a0+a1 +.o.+ X )(x—c)_
=x(a0+a1+...+a,x')—c(a0+a1+...+a|x')= ;
—agX+aXy +..+ax " —c(a0+a1 +o a|x')
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TO CTa€ OYEBMAHUM, LLO 4119 Oflep>KaHHS macvBy B HeobXigHO nepe-
nmcaTy B HbOro Macvs A 3i 3CyBOM Ha OfHY MO3WLit0 NpaBopyY, Mic-
/1A 4Oro [0 enemMeHTIB MacuBy B pojaTtvt eneMeHTU macuBy A, MoM-
HOXeHi Ha (—C) . Lli aBa eTanu cxeMaTMy4HO 306paXKeHO Ha puc. 5.9.

1 1 1 1
FESEIRNNEENNE (a=T [ T T 1.7

[B=Jo[S[*[ . [¥[*] .. [B=["]"]
a 6

*(C)

!r| 1r|

Puc. 5.9. Cxema anroputmy: a—etan 1; 6— etan 2

@parmeHT nporpamu, Lo peanisye Wi Ail, Mae BUrnag

for K in range(1,L+1):
B[K+1]=A[K]

B[1]=0

for Kin range(1,L+1):
B[K]=B[K]-C*A[K]

Y Hawiii OCHOBHIV 3agadi Us npoLueaypa BUKOHYBaTUMETLCS ba-
raTopasoBo, MPUYOMY MiCNSA KOXKHOrO MHOXEHHS Ha [BOYSIEH pe-
3ynbTaT 3HOBY Oyae BHOCMTUCS B MacuB A. OfepXKaHWil Ans KOX-
HOro gpoby cdopmynu JlarpaH»xa nofiiHOM CTENeHs n Yy BUMNAgi
MacuBy iMoro KoegiuieHTIB fo4aBaTVMEMO [0 aHa/oriyHUX Moni-
HOMIB, OflepXXaHMX AN5 IHWKUX Ap06iB, Ta HAKOMMYYBaTUMEMO KOe-
(iLieHTN pe3ynbTytoyoro noniHoma L,(x) y macusi POL. Y wui-
Nomy nporpaMa CKnafatumeTbCs 3 [BOX (PYHKLIA:  yHKUIT
Polynom (topmyBaHHA L,(X) Y KaHOHIYHOMY BWUTNAAI), MYHKLT
WPOL (obuuncneHHs L,(x) AN KOXHOI 3 po604YMX TOYOK, fKi
36epiratotbest B MacuBi XR). Hexall noyaTtkoBa Tabnuus 3HayeHb
HeBiOMOT YHKLIT cKnafaeTbcd 3 M TOYOK. 3anunLieMo nporpamy
MoBoto Python (nicTuHr 5.3).
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JNlicTuHr 5.3. Peanisauis anroputmy
# -*- coding: cpl1251 -*-
import numpy as np
def LAGR2(X,Y,M,XR,YR,MR):
meBXIAHI JAHL: X, Y - Tabnmus 3HauveHb QyHKUIT
M - goBXXnHa Tabnuui
XR - MacvB po6o4nx TOHOK
MR - KiNbKiCTb po604Mx TOHOK
BMXIAHI AAHI: YR - macuB 3HaueHb nosiiHoma JlarpaHxa B
poboumnx Toukax'

def Polynom(X,Y,M,POL):

""""nignporpama (opmyBaHHS iHTePMONALIAHOINO NoniHoMa
POL=np.array(np.zeros(M+1))
A=np.array(np.zeros(M+1))

B=np.array(np.zeros(M+1))

for i in xrange(1,M+1):
P=1
for j in xrange(1,M+1):
if j==i: continue
P=P*(X[i]-X[i])
P=Y[i]/P
All]=1
L=1
for j in xrange(1,M+1):
if j==i: continue
C=X[]
for k in xrange(1,L+1):
B[k+1]=A[K]
B[1]=0
for k in xrange(1,L+1):
B[k]=B[k]-C*A[K]
for k in xrange(1,L+2):
A[K]=BI[K]
L+=1
for j in xrange(1,M+1):
POL[j]=POL[j]+A[I*P;
return POL
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def WPOL (POL,M,XR,YR,MR):
""'nignporpama 06YUCMEHHA 3HaYeHb MOsliHOMa B PO6GOUNX
Toukax XR[K]""*
for k in xrange(1,MR+1):
P=POL[M]
Z=XR[K]
for i in xrange(1,M):
P=POL[M-i]+Z*P
YR[K]=P
return YR

POL=np.array(np.zeros(M+1))
POL=Polynom(X,Y,M,POL)
YR=WPOL(POL,M,XR,YR,MR)
return YR

lMepesipka anroputMy Ha AaHuXx i3 npuknagy 5.1 gana Ti cami pe-
3yNbTaTh. AK BUAHO 3 OCTaHHLOIO PAAKa, 3HaYeHHS (YHKLIT B po6o-
4iil Touui X =2 popieHoe —0,33....

>>>X=np.array([0.,0.,1.,3.])

>>>Y=np.array([0.,2.,0.,1.])

>>>M=3

>>>XR=np.array([0.,1.,2.,3.])

>>>MR=3

>>>YR=np.array(np.zeros(M+1))

>>>L AGR2(X,Y,M,XR,YR,MR)

>>>>>> YR

array([0.00000000e+00, 2.22044605e-16,-3.33333333¢-01,
1.00000000e+001])

e oauH BapiaHT peanisauii meTogy JlarpaHxa HasefeHO
B IICTMHIY 5.4. MacmBn X Ta Y penpeseHTyoTb PYHKLIO, AKa 3a-
faHa TabnuyHo. MapameTp argx 3aae TOUKY, B AKil MOTPIOGHO 3Hai-
TN 3HAYEHHS (OYHKLIT.

NlicTuHr 5.4. Peanizauis metogy JlarpaH»xa
import numpy as np
def lagrange_pol(X,Y,M,argx):
s=0
for i in xrange(M):
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c=1
for j in xrange(M):
ifil=j:
c*=(argx-X[1)/(X[i1-X[1)
s+=c*Y[i]
returns
lMepeBipka aropuTMy Ha TMX caMuX AaHUX Aana Ti caMi pesy/ib-
TaTu. K BUAHO 3 OCTAHHLOIO PSAAKA, 3HAYEHHS (YHKLIT B pobouili
Touui Xx=2 popiBHioe —0,33...

>>>X=np.array([0.,1.,3.])
>>>Y=np.array([2.,0.,1.])

>>>argx=2

>>>M=3
>>>result=lagrange_pol(X,Y,M,argx)
>>>result

-0.33333333333333331

5.2.5. CKiHYeHHI pi3HuLui
Pi3HNX NMopsAaKiB

Mun npunyckaTuMeMo 3apas, Lo MovaTkoBa Tabsmua 3Ha4YeHb
(yHKLUIT mMae piBHOBIgfaNeHi By3nn, TO6TO X, —X =AXx;=h=
=const (i=0,1,2,...,n—1). KoHcTaHTa h Ha31BaETLCA KPOKOM Tab/ LY.

Mpy po3B'A3yBaHHI NOCTaBMEHUX 3afa4y IHTEPNoNAUii Benunke
3HAYeHHS MaloTb TaK 3BaHi CKiHYeHHI pi3HULi JaHoT PyHKUiT f(X).

CKiHYeHHVMM Pi3HULAMI 1-r0 NOpPSAKY Ha3MBaKOTb BEUYMHMU:
AYo =Y; = Yo = (X +h) = (X)),
Ay, =y, =y, = f (X +2h)— f (X, +h),
AYn_1 =Yn = Yy = F (X +nh) = f(Xy + (n=1)h).

AKLWIO KiNbKIiCTb BY3/iB iHTEpnonsALil AOPIBHIOE N+1, TO MaEMO
N CKIHYEHHUX Pi3HULb 1-r0 NOPSAAKY. 3 OrNsAy Ha HUX CKNadarTb
N —1 CKIHYEHHY PI3HMLIO 2-r0 NOPAAKY:
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A%y, = Ay - Ay,
A? Y| = Ay, — Ay,

A? Yn-2 =AYn_ —AYp_,.

Y3arasii CKiH4eHHa pi3HMUA Nopsaaky Kk <n BuU3HAYaeTbCcA uyepes
pisHuui nonepegHsoro mopaaky: Ay, =A* Ty —AK Ty, Takux,
04eBUAHO, € (N+1—Kk) . HaiiBMLWI1 NOPAA0K MOXMBOT Pi3HULI € N.

CumBON A MOXKHa pO3rnfgaTv fK oneparop, L0 CTaBUTb Y Bif-
noBigHicTb QyHKUIT y = f(X) dyHKUito Ay = f(x+h)— f(x). Jler-
KO nepeBipuTM NPOCTi BNACTMBOCTI NiHIAHOCTI CKIHYEHHWX Pi3HULLb,

TO6TO onepatopa A :
1. Akwo C =const, 70 AC =0.

3. A[Cf(x)]=CAf(x).

CKiHYeHHI pi3HMLi [403BONAOTL MaTh iH(pOpMaLito MPo BaX/MBY
AN iHTepnonauii "ctyniHb rnagkocTi" uiel gyHkuii f(x). Mpn
LibOMY BeSIMKY POJb BifirpatoTb HaCTyMNHI Teopemu.

Teopema 5.4. Akwo y = f(x) — NoNiHOM cTeneHs n 3i cTapLunm

uneHoM a,x", To Ans 6yAb-9Koro k <n ckiHueHHa pisHULA Aky €
noniHoM Big X cTeneHa n-—K 3i CTaplwMm  Y/IeHOM:

n(n—1)(n—2)..(n—k+1Da,h*x"*, ge h — KpOK Ta6NNL.
Cnpaggi, Hexaii y = f(x) =a,x" +a,x" by A, X+a,.
Togi 3rigHo i3 BNacTMBOCTAMMK onepatopa A MaemMo
Ay =, A(X") +a A" ) +...+a, AX.

3Haiigemo A(x"). Maemo

AX")=(x+h)"

nn-1 _
=x" +nhx"! + (—)h2 =2 4 +nh"!x+h"—x",
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+...+nh"x+h".

OTxe, fopiBHioe nhx" ™ + n(n—‘_l)hzx”‘2

I3 UMX BMPa3iB OTPYMAEMO MOJIHOM, CTapLUMA YfleH SKOro Mae Bu-
rnag aonhx”‘l. Takvm yiHoM, (1—a) — pi3HWLA NoniHOMa CTeneHs n
31 CTapLUVIM YN1eHOM &, € NONIHOMOM CTereHs N —1 3i CTapLUMM Y/IeHOM

aOnhx”". MpoaoBXytouM Taki 06YMCNEHHS MOCAIA0OBHO A1 Pi3HWLb

Oyfb-AKOro NopsaKy, MOXHa NePEKOHATICA B NPaBU/IbHOCTI TEOPEMM.
Hacnigok 5.1. Ana noniHoma y = f(X) cTeneHs n CKiHYeHHa pi-

3HWUS N-TO MOPSAKY € CTana BenumHa, pisHa A"y =n!a,h", a Bci
Pi3HMLI BALLOTO NOPSAKY, HIXK N, TOTOXHO PiBHI HYNO.

LlikaBoto 3 nornsgy 3B'A3Ky AMCKPETHOrO i 6e3rnepepBHOro aHai-
3iB € 31eXHICTb MK CKIHYEHHVMW Pi3HULAMM | NOXIHUMW (DYHK-
Lii. OcKinbKkm
Ay Ay

=lim—, 10 f'(X)~—.
hl—%h () h

£(x) = lim f(x+h)—f(x)
h—0 h
A"y
Jlerko nokasatu Takox, Lo i B3arani f (™ (x) ~ X0ua noxu-

6Ka hopmynn ay>xe LIBMAKO pocTe 3i 36i/bLUEHHSM N .

5.2.6. NMoHATTA Npo nogineHi pisHML

Hexai1 By3nu iHTepnonauii X,,X;,..., X, He 060B'A3KOBO PiBHOBIA-
JaneHi. Y UbOMy pasi aHanorivyHy CKiH4eHHWM PIi3HMUAM Posb rpa-
t0Tb TaK 3BaHi NoAineHi pisHuLi, a6o "niginommn" QyHKLUiT.

MogineHMMK pisHMUAMKM 1-ro NOPALKY Ha3MBaKOTb BEIMUMHM, LLO
Mat0Tb CMUC/T CePefHiX LLIBUAKOCTEN 3MiHN (DYHKLUI:

Y1— Yo Yo=Y
[XO’Xl]:—’[Xl’XZ]Z—’5
1~ %o Xy =X
B3arani
[xi,xiﬂ]zu'

Xier =X
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MoaineHMmn pisHULAMM 2-ro NOPSAKY Ha3MBaKOTb BENNUYMHM

[X, % 1%, X ] [X5, %1 —[X0> %] .
[X09X15X2]=M; [X, %y, %3] = 2253 0 IT. 4.
Xy — X X3 =X

BoHW, 04eBMAHO, NOB'A3aHi 3i 3MIHOK CepefHbOT LWBMAKOCTI 3Mi-
HW (YHKLIT Npy nepexogi Bif nonepesHLoro iHTepsany (Xi_;,X;) A0
HaCTYMHOIO (X, Xj,;) -

MogineHi pisHnLi Kk -ro nopsaky BU3HAYar0Th Yepes NOAiSIeHi PisHUL
(k —1) -ro nopsgky 3a LONOMOIOK PEKYPEHTHOIO CriBBiHOLLEHHS!

X)X 13 X k]:[Xi+1r--’xi+k]_[Xis~--sxi+k—1]
P2 Al g .
Xivk = Xi

BnactuBoCTi NiHINHOCTI 3a7MLWIAa0TLCA CNpaBeAIMBUMM | 4SS NO-
AiNEHNX Pi3HULb OYAb-SKUX NOPALKIB.

Hagani KopucHo matv Bupas f/ia 3HaueHHs PyHKuit f(x,) y go-
Bi/IbHOMY BY3Ni IHTEpPNoOAAUiT X, uepe3 3HaveHHA yHKUiT f(X;) B
MoYaTKOBOMY BY3/li X, | MOYATKOBI 3HAYEHHA MOAINEHUX Pi3HULb
[X0:% 5[ X5 %15 %2 ][ X05 X2, X3 ], Ll 3HAUEHHS BMBOAATLCA 32 MeTO-
AOM iHAYKUIT | MaloTb BUTNSAA,

F(x )= T(X)+ (X —Xo) - [X0, X T+ (X = Xo) - (X = %) - [Xg» Xp5 X ]+
et (X = X0) - (X =X )=+ (X = Xy [ X5 X5 Xic ] -

AKWOo Tabnmusa 3HauyeHb PYHKLIT Mae CTamin Kpok h, To 3a me-

TOAOM iHAYKUIT Nerko BCTaHOBMTW 3B'A30K MidXK MOLINEHUMU i CKiH-
YEHHUMU PIHULAMW OGHOMO i TOro camoro nopsaky K :

AkYo
kth*

[Xg>Xg»+N, X, +2h, ..., Xy, +kh] =

[N nofineHnx pisHULb BUKOHYHOTLCS TEOPEMM, aHaNOrivHi Teo-
pemMam NpPo CKiHYeHHi pi3HMUi i BigNoBiAHMM HacfigKam i3 HuX.
ChopMyntOEMO HaBaXK/MBILLIE TBEPAXKEHHS.

Teopema 5.5. Akwo f(X) — NoNiHOM CTeNeHs N, TO NOAINEHI Pi3HN-
Li M-ro NopsaKy € KOHCTaHTaMu, He 3a/IeXXHUMM Bif] BY3NIB Xy, X;,..., X,
i PIBHAMY KOE(iLjieHTy MpW CTaplioMy CTeneHi X, L0 Yy MOMiHOMI
f (X) . Yci nogineHi pisHMLi 6iNbLLIOTO, HDX M, MOPAAKY PiBHI 0.
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Lis Teopema NeXXnTb B OCHOBI MPaKTUYHOro npasuna, Wo L03B0-
Nsie BUGMPATU CTeNiHb IHTEPNONALIAHOIo NoniHoMa B pasi HepiBHO-
BifAaneHnx By3NiB Tak, LI06 BiH 36iraBcs 3 MOPsSAKOM MPaKTUYHO
CTanMx NoAiNeHNX Pi3HULb PYHKLIT.

[Na 0CMUCNEHHA 3B'A3KY AMCKPETHOro i 6e3nepepBHOro aHanisis
TpeGa MaTV Ha yBasi Take. B iHTepBani (X, X, ) iCHye Touka & Ta-

)
Ka, LLIo [xo,xl,...,xk]:% . Tomy
(k)
lim [xo,xl,...,xk]:ﬁ.
X=X k!
X9 —>Xg
X —>Xo

3BiAcK BUNAMBAE, WO ANA HAGNMKEHNX OLiHKOBaHb MOXHA BMKO-
PVCTOBYBATW CMiBBiAHOLLIEHHS: f(k)(x) = K[ Xgs X 5eeer X ] -

5.2.7. InTepnonayiiiHa
tdopmyna HetoTOHa

ICTOTHOIO BaZoK0 MONiHOMIB JlarpaHxa, fK 6yno 3a3HayeHo, € Te,
LL,0 BOHM YaCTO 3HAYHO YCK/IAAHIOKOTL NPaKTUYHI 06YMCNEHHS. [HLe
NofaHHsA, OCHOBaHe Ha BUKOPWUCTaHHI MOA4INEHMX Pi3HUUb, [AaE MOX-
NIBICTb MOCNILOBHO YTOYHIOBATM Pe3y/bTaTy iHTepnonAauii i vacto
He BMMarae nonepegHbLOro 3HaHHA CTeNeHs nosiHoma.

Teopema 5.6. IHTepnonsAyiiHuiA NofiHOM Pk(x) MO>XHa 3anuca-
TN Y BUTNAAI, AKUIA Ha3MBa€ETbCA OPMY/o0 HboTOHa:

P (X) = Yo +[X0- X 1(X— X)) +[X%o, Xi» X ](X — Xg) (X — x)+...
et [ XXy e Xie ] (X X0 ) (X — % )+ (X — Xy).

[osefeHHs. Mo-nepLue, ACHO, LLLO BKa3aHWiA NONIHOM Mae CTeniHb
He BUWMIA k . Mo-gpyre, BiH HabyBae 3HauYeHb PYHKLIT y By3nax iH-
Tepnonauii. Cnpasgi, P(xo) =Y, OCKI/IbKN NPU X =X, BCi YNeHu
nosliHOMa, NoYMHaKuX 3 APYroro, NepeTBOPOTLCA Ha Hyfb. Mpu
X=X, I3 TaKMX caMmx NPUYMH Ha NifCcTasi BUpasy
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F ()= T(%) + (X —X%0) - [Xo» X 14 (X = Xo) - (X = %) - [Xo5 X5 X0 1+ .
e (X = X0) - (X = X1) - (X = X)X > X5ves X ]
oTpUMaeMo B (X, ) =Yy +[Xo, X |(X—%y), W0 36iraeTbca 3 ;.
AHaNorivyHi  MipKyBaHHS MEPeKOHYHTb, WO i Ana OyAb-AKoro

i = 2,3,...,“; Pk (Xi ) = f(Xi) = yi .

dopmynn NarpaHXa i HoHOTOHa AaloTh nvwe pisHi hopmm 3anm-
Cy OZHOrO i TOro camoro iHTepnonAyinHoro noniHoma. Mpote op-
Myna HblOTOHa 3pyyHa TuM, WO NpyY [LOAaBaHHI [0 BY3/iB
Xp> Xi»- - -» X HOBOFO By3/1a Xi+1 yCi paHillie 3HalieHi YneHn 3a1u-
LIatTbCs 6e3 3MiHM i Y NOMIHOM inLLEe LOAAETLCA OAVH AOAATKOBUIA
UneH BUTNAAY XXy, Xyop J(X— %o )(X— X )~(x— X, ). Lle po-
3B0JISiE, NOCMIAOBHO [OAAt0UN MOOAMHLI fOAATKOBI BY3/M, MOCTYMNO-
BO HApOLLYyBaTW TOYHICTb pe3y/ibTaTy iHTepnonauii.

OcKifnbKy TabnnyHi pisHNL LWBWAKO 3MEHLLIYIOTLCS 3i 30i/bLLIEH-
HAM MOPAAKY, TO HaWbAKYI A0 UIET TOYKM X BY3M iHTeprionsuii
[afyTb OCHOBHWIN BHECOK Y LUYKaHy BENYMHY, a iHLWI faBaTUMYTb
NLLIe HeBENWKI MOMpaBKKW. Y LbOMY pasi Nertie YHUKHYTU NOMUMIOK
i BCTAHOBMWTW, Ha AKIVi pi3HWLI CNif 3aKiHYUTU 06UMCIEHHS.

Uepe3 TOTOXHICTb NoniHOMIB JlarpaHxa i HbtoToHa 3anmLKoBui
uneH R (X) y HUX OfHaKOBUIA. I3 Mornady 38'A3Ky Mk aHanisamu

ONCKPETHUM i 6e3nepepBHUM LiKaBO Bif3Ha4YMTV aHasorito NofaHHA
dyHkuii f(x)=R (x)+ Re(X), Ae npaBa yacTMHa BU3HAYAETHCA
(hopmynamu JlarpaH>ca i HetoTOHa, i3 BijoMoto (hopmysioto Telinopa.
[0BYTOK Pi3HULL (X — Xy )(X —X;) (X — X, ) € y3ara/JlbHeHHAM cTene-
HA 6iHOMa, a NoAiNeHi Pi3HUL BUCTYNaKOTb AK y3ara/ibHeHi MNoxigHi.
AKLWO BY3/N Xy, X, - .., X CTATYIOTbCA B OfHY TOYKY, Hanpuknag
Xo » TO Yepes HasABHICTb rpaHuLi

. f (O
lim [xo,xl,...,xk]zi
X% k!
Xo—>Xg
X —>Xo

thopmyna HbHOTOHa MepeTBOPHOETLCS Ha opmyny Teinopa. Takum
YMHOM, (popMmysly HbrOTOHA MOXHA PO3rNAfaTV AK y3aralibHeHHS
(hopmynn Teinopa Ha BUNALOK AUCKPETHOrO aHani3y.
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Peanizauito metogy iHTepnonauii 3a gopmynoto HbtoToHa y BU-
rnafi okpemoro moayna Python HaBefieHO B NICTUHTY 5.5.

NictuHr 5.5. Peanizauia metody iHTepnionaii
3a popmynoto HboToHa
# -*- coding: cpl1251 -*-
## module newtonPoly
"' p = evalPoly(a,xData,x).
BusHavae 3HaveHHA opMynn HblOTOHa p B Touui X. BekTop
KoeqiLieHTiB
'a’ MOXXHa po3paxyBaTu 3a JonoMororo yHKUiT ‘coeffts'.

a = coeffts(xData,yData).
BusHauae koeinlieHTV noniHoma HeloTOHa.
def evalPoly(a,xData,x):
n =len(xData) - 1 # CTeniHb NoniHoma
p =a[n]
for k in range(1,n+1):
p = a[n-k] + (x -xData[n-k])*p
return p
def coeffts(xData,yData):
m = len(xData) # KinbKicTb TOHOK JaHNX
a = yData.copy()
for k in range(1,m):
alk:m] = (a[k:m] - a[k-1])/(xData[k:m] - xData[k-1])
return a

BukopncTaeMo CTBOPEHMIA MOy b (NICTUHT 5.5) Ha NpUKnagi.
Mpuknag 5.3

dyHkuito f(x)= 4’8005% 3ajaHo TabMYHO:

X 0,15 2,30 3,15 4,85 6,25 7,95
Y | 479867 | 449013 | 4,2243 | 3,47313 | 2,66674 | 1,51909

3HaiiT  MeTogoM  HblOTOHAa  3HauyeHHS  (oyHKUIT B TOYKax
x=0;0,5; 1,0; ...; 8,0 i NOPiBHATWA pe3y/nbTaT¥ 3 TOYHUMU [aHUMWU
yi = f(¥). Mporpamy (HanucaHy 3 BUKOPUCTaHHAM paHillle po3pob/IeHOro
MOJyns), AKa PO3B'A3Y€ NOCTaB/eHY 3afady, HaBeIeHO B NICTUHTY 5.6.
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NictuHr 5.6. BukopucTaHHa MeTofy HbetoToHa
# -*- coding: cp1251 -*-

from numpy import array,arange
from math import pi,cos
from newtonPoly import *

xData = array([0.15,2.3,3.15,4.85,6.25,7.95])
yData = array([4.79867,4.49013,4.2243,3.47313,2.66674,1.51909])
a = coeffts(xData,yData)
print " x yinterp yExact"
print ** "
for x in arange(0.0,8.1,0.5):
y = evalPoly(a,xData,x)
yExact = 4.8*cos(pi*x/20.0)
print ""%3.1f %9.5f %69.5f"'% (x,y,yExact)
raw_input(*"\nHaTucHyTn enter gnsa Buxogy"")

HaBeziemo pe3ynibTaT po6oTy NporpaMu.
>>>

xylnterp yExact

0.0 4.80003 4.80000
0.54.78518 4.78520
1.0 4.74088 4.74090
1.54.66736 4.66738
2.0 4.56507 4.56507
2.54.43462 4.43462
3.04.27683 4.27683
3.54.09267 4.09267
4.0 3.88327 3.88328
4.5 3.64994 3.64995
5.0 3.39411 3.39411
553.117353.11735
6.0 2.82137 2.82137
6.52.50799 2.50799
7.02.17915 2.17915
7.51.83687 1.83688
8.0 1.48329 1.48328

HaTtucHyTtu Enter gnsa suxogy

FK 6a4unMo, pesynbTaTi Maike He BifPI3HAIOTLCA Bif TOUHUX.
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5.2.8. IHTepnonayuis
ONa piBHOBigAaneHNX By3/iB

Po3srnsHemo BaXKNMBWIA OKpemuit BMNALOK, Ko/
Xi,; — X =h=const, i=0,1,...,k—1. FAKWO BBECTU HOBY 3MiHHY
X=Xy +1,, TO Npn ByAb-aKoMy h By3nu iHTepnionauii 3asxau Ha-
OyBatoTb CTaHAapTHMX 3Ha4eHb BiAMNOBiAHO Jilo]
t,=0,t, =11, =2,..., t, =k. 3MiHHa t Mae CeHC KifbKOCTi KPoKiB h
Bif X, 40 X. Lle go3sonse yHiikysatu BiAnoBsigHi popmynu iHTep-
nonauii. Tak, KoegiuieHTn JlarpaH>ka BAAETLCA NOJATU Y BUTNIAAI

L= (-t

SKWIA He 3aneXunTb Hi Big f (x) Hi Big h. Lle no3Bonsie pa3s i Hasas-
XN CKNacTn Tabnumui KoedivieHTis JlarpaHxa L;(t). Popmyna s
iHTepnonALii noniHomamu JlarpaHXa HabyBae BUrnsLy

k
Rt =D yiLi).

=1
dopmyna HbOTOHA TaKOX CMPOLLYETHCA [0 TaKol:

_ Ay Ay,
P.(X) =Y, +W(X_ x0)+2!?(x— Xo)(X = X)) +...

k

A
" k!hyf (X=X )X = X)(X = %y_y)
Mpuknan 5.4
Hexail € Tabnuus 3Ha4eHb PYHKUIT y =sin X:
X, rpag Yi
10 0,17365
20 0,34202
30 0,50000
40 0,64279
50 0,76604
60 0,86603
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MoTpi6HO 3HalTM y Npy X =23° METOAOM NOAINEeHNX Pi3HULb. 3a no-
YaTKOBMMM LAHUMW CKNaAemMo Tabnmnuto pPisHNLb:

X.rag Y, Ay, Ay, Ay Ay Ay,
10 0,17365
0,16837
20 0,34202 0,01039
0,15798 0,00480
30 0,50000 0,01519 0,00045
0,14279 0,00435 0,00018
40 0,64279 0,01954 0,00063
0,12325 0,00372
50 0,76604 0,02326
0,09999
60 0,86603

3a X, MOXHa NPUIAHATK Byab-AKe 3HAYeHHA X : Hanpuknag x=20°.
Heo6xigHi pi3HMLi cTOATb Ha AiaroHani, Wwo iae Big X, BHW3. KifbKicTb

BMKOPUCTOBYBaHMX Pi3HULb BULLMX NOPAAKIB MOXe OyTu Oyab-AKoto, ane
YMM BOHa BiflbLUa, TUM BULLLA TOYHICTb.

OfHe 3 JOCTOIHCTB LibOro MeTofy Mnossirae B TOMY, WO BiH [03BOJISE
YTOYHIOBATU Pe3y/bTaT, BUKOPUCTOBYIOUM [OLATKOBI Pi3HWLi, Npuyomy
HeMae HeoOXigHOCTI NOYMHATL 0BUYMCNEHHS cnoYaTKy. ToMy B pasi, SKLLO
HEBIZIOMO, CKifIbKW YNeHIiB CNif Y3ATW, TX KiNbKICTb MOXHa 30i/bLUyBaTy
[OTU, NMOKW TXHIM BHECKOM He MOXKHa Oyfe 3HexXTyBaTW. Y LbOMY pasi
h =10°. BukopucToBytoum TifibKv NepLuy pisHULO, 3HalLeMO

OI708 5 0,38041.

y(23)=y +%(23 —X,) =0,34202 +
YBIBLUX J0AATKOBO APYTY Pi3HULLKO,0TPUMAEMO

AZ
y(23) = 0,38941+T{°(23 —%,)(23—%)=0,39100 .

HapeluTi, 3a J0NOMOrot0 TPeTbOi Pi3HML 3HanaeMO

A3
y(23) = 0,39100+6T{0(23 —%,)(23= %,)(23—X,) = 0,39074.

Lle 3HaueHHs y fyxe 6nm3bke [0 TabNMYHOrO (TOYHOM0) 3HAYEHHS, iB-
Horo 0,39073 .
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5.3. baraToiHTepBa/ibHa iHTepnonayis

5.3.1. BnacTtumBoCTi
daraToiHTepBa/IbHOT iIHTepnonauil

FAK ykasyBanocs B M. 5.2.2, cTeniHb iHTEPNoALINHOIo NnoniHoMa,
nobyaoBaHoro 3a opmynoto JlarpaHxa, 3aneXxuTb Bif KiNbKOCTI

TabMYHUX TOYOK, a came: AKLLO Tabnnus cknaaaeTbes 3 (n+1) To-

YOK, TO CTeniHb IHTepnoNALiiHOro NoniHoMa AOPIBHIOE n. 3BiAcK
BUTIKAE, LLO NPWU BENNKIA KiNbKOCTI TOYOK MOTPIGHO BUKOPUCTOBY-
BaTW MOJIIHOM BMCOKOrO CTEMeHs, Lo npu3Beae A0 30ibLUeHHS Ki-
NbKOCTI HEOBXIAHUX apUPMETUYHMX OMnepaLlii, 3pOCTaHHA NMOXUOKM
OKPYT/IEHHA Ta Yacy obuucneHb. 13 LuMn TpyAHOLLAMM CTUKAKOTHCS
nig yac iHTepnonsALi’ Ha BENMKKX Bifpi3KaxX: Npu BEIMKMX BigCcTaHAX
MK BY3/1aMU1 TOYHICTb Jy)XXe Masa, a B pasi 3MeHLIeHHs LuX BiAcTa-
Hein 36i/bLUYETLCA KifbKICTb BY3/iB | Bi4NOBIAHO CTeNiHb MNONIHOMA.

Y Takux BMMagKax AOUifbHO iHTEPronoBaTh PYHKLUIT 3a Aono-
MOFOK)  KYCKOBMX MONIHOMIB  HEBMCOKOrO cTeneHs. Hexai
a=7) <Y <..<Yp <¥ms =D — AeAKe po36uTTA Biapiska [a,b] Ha
NigIHTEPBANN, KOXHUN 3 AKUX MICTUTb Y COBi AeKifbka BY3NM0BUX
TOUOK (puc. 5.10). YCi TOUKM PO3BUTTS HEXall 36iraloTbCa 3 ASKUMU
By3namy  Tabnuui.  lMobyayemMo  Ha  KOXHOMY  Bigpi3ky
I =[vk-Yks1] (k=0,1,..., m) 3a BY3NOBUMM TOUKaMW, SKi B HEOMY

MICTATbCA, IHTEPNONALIAHWIA NONIHOM g (x) OCKiNbKM Ha KOXHO-

My NifiHTepBai KifbKiCTb BY3/1iB HEBE/IMKA, TO CTEMiHb MOJliHOMA
Oyfe HEBUCOKMM.

Yo=Xpg=a Y1 = X3 Yr=x5=5b

X1 X3 Xy
Puc. 5.10. Po36uTTs Bigpi3Ka npu KycKoBiii iHTepnonawit

DyHKU10 g(x), AKa € 06'¢AHaHHAM LUX NONiHOMIB, Ha3uBalOTb
KYCKOBO-MOJIIHOMia/IbHOK i came i BUKOPWUCTOBYKOTb Ans 06uunc-
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NEHHA HabNMXKeHNX 3HaveHb (PYHKLIT f(x) Y MPOMDKHUX TOYKaX.

Takuin Nigxif Ha3MBalTb KYCKOBOK (/IOK&/IbHOK, 6aratoiHTepBasib-
HOI0) iHTepnonAUiet0. 3araibHUiN anropuT™ y LUbOMY BUMNAAKY MOX-
Ha nogaTu B TaKOMy BUTNSAI.

1. BusHaunTy, AKomy nifiHTepsany [y .V, | HanexuTb poboua
TOUKa X.

2.3a BY3/0BMMW TOYKamu, Ki Hanexarb A0 LUbOro iHTepBany
(BK/OYAKOUM TOUKU CTMKYBaHHA MigiHTepBanie), 3a [0OMNOMOro
AKOI-HebY b iHTepnonAuiiHol thopmynu o0buncanTn
y=0c(x)= f(x).

BaraToiHTepBanbHa iIHTEPNONALis Mae TaKi BNacTUBOCTI.

1. CTeniHb iHTEPNONALIAHOIO NOMIHOMA He 3aNeXMWTb Bif, KiflbKO-
CcTi By3niB. Cnpasgi, 3i 3pOCTaHHAM KifIbKOCTi BY3/1iB MOXHa 36i/1b-
LUMTK KiMIbKICTb M TOYOK PO3BUTTA v, , TOBTO Ki/bKICTb MigiHTEP-
Ba/liB, i3 TUM, WO6 KiNbKIiCTb BY3/MI0BUX TOYOK Xx Ha KOXHOMY
nigiHTepsani He 36ibLUyBanach.

2.Mpu HesmiHHOMY Bigpisky [a,b] momunka iHTepnonauii 3i
3pOCTaHHAM KiNbKOCTi BY3/iB NPAMYE O HYNS, WO 3YMOB/IEHO 3Me-
HLUEHHAM BIZCTaHi MiXX TOUYKaMu.

3. Yac 064ymcneHb HEBENMKNIA YHACNILOK HU3bKOMO CTENeHs no-

niHoma. 3a3HaunMo, Lo xo4a (yHKUiA g, (X) € HenepepBHOIO, Yy
TOYKax 7y, CTUKYBaHHA NifiHTEpBaiB, AK MpaBu/io, Mae PO3puB

yXXe nepLua ii noxigHa. Lie npointoctpoBaHo npuknagom y n. 5.3.3.
Lleit Hefonik 6araToiHTepBasibHOT iIHTEPNONALIT 3HUKAE NPU BUKO-
PUCTaHHI cnnariHis.

HainpocTilumm BUAOM KYCKOBOI iHTEPNONALIT € KyCKOBO-NiHiHa
iHTepronALis.

5.3.2. KycKoBo-niHiiHa iHTeprnonayis

Hexaii 3agaHo Tabnmuio {X;,y;} 3HaueHb HeBiJOMOI yHKLUIT
y="f(x), ge i=0,1,..,n. 3eaHaBlum cyciaHi Touku {x;,y;} nps-
MONIHIMHUMK BiZpi3Kamu, OfeP>KyEMO laMaHy NiHito (puc. 5.11), fKa i1
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anpokcumye (yHkuito y=f(x). TakuM UMHOM, NpU KyCKOBO-
NiHINHIV IHTEPNONALT TOYKN PO3BUTTA v, 36iratoTbCs 3 By3namm X;.
PYHKUIT g, (X) ANA KOXHOTO 3 n BigPIsKiB {X;,y;} € noniHomamu
MepLloro CTeneHss i MOXYTb OyTW ofepXXaHi 3 PIBHAHHA nNpsMOT
(AVB. M. 5.2.1), siKa NPOXOAUTH Yepe3 TOUKN (X, Yy ) Ta (Xicirs Yis1 )

Yirr — Yk .
O =8 +aX, a=""—""5 8 =Y —Xa.  (5:24)
X1 — Xy
y
A
%
a=x, X X, X3=Db

Pwuc. 5.11. KycKoBo-niHiliHa iHTepnonsauin

Mpn BUKOPUCTaHHI KYCKOBO-NIHINHOI iHTEpnonAuii, K i B 3ara-
NbHOMY BMNafKy, HEOO6XiAHO BU3HAUMTK CMOYATKY, SKOMY Bifpi3Ky
[Xi» X4 ] HanexuTb poboya Touka X, a noTim 3a (hopmynamm (5.24)

o6uncntn y =g, (x) = f(x).

Mpy nporpamyBaHHi LbOro anroputmy Crij ypaxysatu BUMNaLokK,
KO X MICTUTLCA 3a MeXamu Tab/IMYHKX 3HayeHb, TOBTO X < X,
abo X > X, . 3a71eXKHO Bifi NOCTaHOBKY 3afjadi BULLOrO PiBHA TyT MO-

Xe nepefbavatucs:
A BWBEAEHHS [iarHOCTMYHOrO TMOBIAOMMEHHS MPO HEKOPEKTHE
3HAYEHHS X ;
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A NpofoBXeHHs NamaHoi nosa Bigpiskom [a,b] ropusoHTab-
HUMW MPAMUMU. Y =Y, Ta Y =Y, ;

A NpogoBXKeHHA MEepLLOro i 0CTaHHLOrO BifPI3KiB naMaHol Npu
X<a abo x>b.

Hasegemo npuknag nporpamu, ae nepeabavyeHo TPeTii BapiaHT,
TOGTO MpY X <a 3Ha4YeHHs Yy 0BUUCNIOKTL 3a TiE caMoto hopmy-

noto, wo i gna x: A B, X D x6D X E Tx x ], anpu x>b

3a Tieto camoto opmynoto, wo i anst x: Fe = Hx ™D 4V [x, 1, %]
Y Uil nporpami (NiCTUHE 5.7) NOYaTKOBUMW AaHWUMW €:
A Tabnuua 3HaueHb PYHKLIT Y BUrNagi macueis X Ta 'y ;
A po6oua Touka XR.
Pe3ynbTatoM 064MCeHb € 3MiHHa YR — Hab/imkKeHe 3Ha4YeHHs
(hyHKUiT B pobouili TouL,.

NicTHr 5.7. ®parmeHT peanisayii anroputmy

for i in xrange(2,N+1):
if ((XR and X[i-1]) and (XR < X[i] ):
ALl=( Y[i]-Y[i-1])/(X[1]-X[i-1])
AO0=YTi-1]-X[i-1]*Al
if (XR<X[1]) :
A1=(Y[2]-Y[1])/(X[2]-X[1])
AO0=Y[1]-X[1]*Al
if (XR>X[N]):
Al=( Y[N]-Y[N -1])/(X[N] - X[N -1])
AO0=Y[N-1]-X[N-1]*Al
YR=A0+Al1*XR;

5.3.3. KyckoBo-HeniHiliHa iHTepnonsayisa

$1k 3a3HaueHo B M. 5.3.1, yBecb BiApi3oK [a,b], Ha Akomy 3ajaHo

TabnMuUto 3HauveHb PYHKUIT y = f(x), MOXHa PO30UTW HAa YaCTWHHI

BiZPi3KW, KOXHUIA 3 AKUX Ma€e HEBENNKY KifIbKICTb TOHOK X;. Ha KOX-
441



HOMY YaCTMHHOMY BifIPi3Ky MOXXHa nobyaysaTu CBIW iHTEPNONALULIN-
HWiA NONIHOM gy (X) HEBMCOKOTO CTEMeHs 3 BUKOPUCTAaHHAM LX Mo-

NiHOMIB NS BifLUYKaHHA HABMMXEHNX 3HAYeHb YHKLIT Y = f(x) y

NPOMDKHUX TOYKaXx, L0 He 36iraloThbCs B 3aralbHOMY BMMagkKy 3 Tab-
NINYHUMK TOYKaMK X; . Y M. 5.3.2 KOXeH YaCTUHHWIA BigPi30K MICTUTb

TifIbKW [BI TOUKW i TYT 419 anpoKc/MaLlii BUKOPUCTOBYBaINChL MOJIi-
HOMW NEPLLOro CTENeHs, SKMM BiAnoBiaatoTb NPAMONIHINHI BiAPi3KN.

AJle 4acTo TpanfeTbCs, WO NOTPIGHO 36iNbWUNTM TOYHICTbL ar-
pokcumauii. Lie 3a6e3neyytoTb BUKOPUCTAHHAM MONIHOMIB Xo4ya 6
APYroro cteneHs, TO6TO 3amicTb Bifpi3KiB NpsMUX 3'€4HYHOTb Tab-
NNYHI TOYKM Bigpi3KaMu Napabon. AKLO0 KOXKEH YaCTUHHWIA BiAPi30K
Ma€ TiNbKW ABi TOYKW, TO AJ1 OAHO3HAYHOI0 BU3HAYeHHs napabonu,
fKa MPOXOAUTb Yepe3 HUX, HeobXiZHO HaKMacTu, OKPIM [BOX YMOB
IHTepnosniALii, Le ofHY — AOMOMIXKHY. XapakTep Li€i yMOBY Ta 0CO-
6/IMBOCTI 0fepXKaHOT KyCKOBO-HENIHIHOT (hyHKUIT po3rnsgaTumyTb-
A B M. 5.3.4. FAKLLO X HIAKNX LOAATKOBUX YMOB He HaknagaTu, ToAi
ANns iHTepnonauii yHKLIT KyCKOBUM NOMIHOMOM [pYroro CTeneHs B
KOXKEH 4YaCTMHHWIA BiApI3oK cnig 06'egHyBaTU TPW CYCigHI TOUKM
(oBi KpaiHi Ta 0gHY BHYTPILLHIO). AHANOTIYHI AiT BUKOHYHOTb Npwu
no6yzoBi iHTEPNONALINHOI KYCKOBO-HENIHIAHOT yHKLIT 6ifbLl BY-
COKOr0 CTeneHs: y YaCTUHHWIA BifpI30K BK/OYAKOTb YOTUPKU TOUKM
NPy BUKOPUCTaHHI NOIiHOMa TPETbOro CTeneHs i T. 4.

[ns intocTpauii Takoro nigxoay po3rnsaHemo npuknag,.

Mpuknag 5.5
Hesigomy dyHkuito y = f (x) 3agaHo Ha Bigpisky [0,1] Tabnuueto i3
CeMM TOYOK:

X 0 1/6 1/3 1/2 2/3 5/6 1
y 1 3 2 1 0 2 1

Heob6xigHO nobyayBaTh KyCKOBO-HeNiHilHY (hyHKLit0 APYroro CTeneHs,
o iHTeprnontoe yHKuilo y = f ().

[ns po3B'sA3yBaHHA 3afadi 3rpynyeMo Tab/IMYHi TOYKN B YaCTUHHI Bif-
Pi3KN MO TPWU TOYKM B KOXXHOMY. Ha KOXXHOMY 3 LIMX YaCTUHHUX BiApi3KiB

[0, l] [l E] [2 1] 3a topmynoto Jlarparxa nobyayemo iHTepnons-
373373

UiAHWIA NONIHOM ApYroro cTeneHs.
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[nsa nepLuoro sigpiska |, :

(X=X)X=X) | (X=X)K=%)

(Xo - Xl)(XO - Xz) 1 (Xl _Xo)(X1 _Xz)
(X—XO)(X—XI)

(Xz - Xo)(xz - Xl).

gl(X) = Lz(x) =Y

Y,

Ha gpyromy sigpisky |, =[ ,%] CKOPWCTAEMOCS LiED CaMOoto (hyHKLi-

1

3

€10, ane K BeNUNHY X, X,, X, Tenep BUKOPUCTOBYBATMMEMO YeproBi To-
. 1 1 1

uyku TabAML X, =3 N= =Y =Ly, =1y,=0:

gz(x) = Lz(x) =2

OfepX1MMo NoMiHOM NepLUOro, a He Apyroro creneHs. Lle nos'ssaHo 3
TWM, L0 Ha BigpisKy |, Tpy TOUKM nexaTtb Ha OfHiv Npamiini. Ha TpeTbomy

- 2 .
YaCTUHHOMY BifpIsKy |, = [E’l] AK BY3/M iHTEPRoNsLiT BUKOPUCTOBYBATY-

. 2 5
MYTbCS TaKl TPU TOYKK: X, =3 X =5’ X =1, y,=1, y,=2, y,=1.
BukoHaBLLK aHasorivHi Aii Ana sigpiska |, , 04epXMMo B pe3ynbTarti KycKo-
BO-napaboniuHy (yHKuito (puc. 5.12):

—54%* +21x+1, 0<x<%;

g(X) =4-6x+4, l<x<§;

—54x* +93x—38, §<x<l.
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Puc. 5.12. KyckoBo-napa6oniyHa iHTepnonsauis

BrHVKae NpupofHe 3anuTaHHA MPO TOYHICTb anpoKcUMaLii (yHKLiT
f(x) opepxaHolo thyHKuielo g(X). K BiOMO (AuB. N. 5.2.2), NOMUNKY

anpokcumauii noniHoMoM JlarpaH»xa npv piBHOBIALANIEHUX BY3/ax BU3Ha-
4atoTh i3 CMiBBIAHOLLEHHA

R:|f(x)—|-n(x)|2 M-h ., ge M = max

Xy <Z<X

().~
Y ubomy BUnagky n=2, h= % , Tomy

>

M
R=[f(X)—g(x)< Mh3=6—3

ae M :max|f"’(z)|.—
0<z<I1

OfHaK Uf OuiHKa He [03BONAE OfLepXKaTu KOHKPETHE 3HAYeHHS, Lo 06-
MeXye R, OCKiNbkv BennyMHa M HeBigoma. Ane 3a 1T JONOMOror MOXHa
OTpMMaTV BIifMNOBIAb Ha 3anNuUTaHHA, K BMNINBAE HA MOMW/IKY PO3MIP KPOKY.

FAKLLO 3MEHLLUMO KPOK Y/BiYi, TO6TO po3i6'eMo Bigpi3ok [0,1] He Ha Tpw, a
Ha WicTb NigiHTepBaiB, TO NOMWIIKA anpoKcuMaLii 3MiHUTLCS:
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3 3
R’S(Ej M =h M =B.
2 8 8

TakMm YMHOM, NPU 3MEHLUEHHI KPOKY BABIYI NOMWAKa Npu napaboniy-
Hiil iHTepnonAuii 3MeHWKUTLECS Y 8 pasiB.
I3 puc. 5.12 BMHO, IO B TOUKAaX CTUKYBaHHs NONIHOMIB g, (x) (hYHK-

uis g(x) He € andepeHLIioBHOK. Y pagi BUMagKiB Le Moxe OyTn cyTTe-

BUM | TOi BUKOPUCTOBYIOTb CrieLia/ibHy (hopMy KYCKOBOI anpokcumauii —
CMNainHw, SiKi po3rnsaaTbCs aani.

5.3.4. MapaboniyHi cnnamHmn

CnnaiHoM Ha3vBaltOTb 3afaHy KyCKOBO (DYHKLLiO, sIKa pa3oM i3
[eKiNlbKoMa NoXigHVMW HernepepBHa Ha BCbOMY Bifpi3Ky [a,b] ,aHa

KOXXHOMY YaCTUHHOMY BiApi3Ky [xj,xm] OKpEMO € AesKUM anre6-

paiyH1M MosIIHOMOM.

MakcumMasbHUWiA 3a BCiMa YaCTUHHUMU Bifipi3Kamuy CTerniHb Moi-
HOMIB Ha3VBalOTb CTEMEHeM ChnaiiHa, a Pi3HWLI0 MK CTerneHem
cnnaliHa i NOpAAKOM BMLLOI HenepepBHOI Ha [a,b] noxigHoi — fe-
(heKTOM cnnaiiHa. 3Ha4YeHHs NepLLOi NOXigHOT criaiHa y By3ni Tab-
NV Ha3MBatoOTh MIOr0 HaxuioM y LbOMy By3/i. Ha3sa Takoro pogy
KPMBUX NOXOAMTb Bif aHrnicbkoro cnosa spline — rHyuyka niHilika,
LLI0 BUKOPWCTOBYETLCA KPecnsipaMun 4ns NpoBefeHHs NiHii. AKLO Ha
NAOWMHI BIAMITUTW TabANYHI TOUYKW | PO3MICTUTU THYUKY NiHIAKY
pebpoM A0 NAOWMHM TaK, W06 BoHa 6yna 3adikcoBaHa B LMUX TOY-
Kax, TO NliHiKa Habepe opmMK, WO MiHIMI3Ye Ti NOTeHUiaNbHY eHep-
riro. OfepaHa KpuvBa MaTEMAaTUYHO € MPUPOAHUM  KYOIUHUM
CNNMaHOM, SIKWMI po3rnsagaeTbes B M. 5.3.5. lMobyayemo npocTi
CNNaHn — APYroro cTeneHs 3 AetekToM, L0 JOPIBHIOE OAUHNLLI.

Y n. 5.3.3 npu KycKoBO-NapaboniyHil iHTepnonsayii My po3dmsaim
BifIPi30K [a,b] , Ha IKOMY 3a/1aH0 TabnnLiKO {Xi ) yi} , Ha YaCTUHHI Bif-
Pi3KN MO TPW BY3/N B KOXXHOMY. Lli Tpn By31M 04HO3HAYHO BU3HAYa-
toTb Napabony. Habip Takmx napabon i € iHTepnonauiiHo (yHKLi-
eto. OCKiNbKM npaBuii BY30N 4eproBol Tpiliku 36iraBcs 3 NiBUM
BY3/10M HaCTYMHOT TPiliKu BY3/iB, TO BHACMiOK BUMOIU iHTepnonauji
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Habip napabon y LifloMy BUSBMUBCA HEMepepBHOK (DYHKLUie. OfHaK,
K BUAHO 3 puc. 5.12, Napabonv He NepexoAnTb NIaBHO OfHA B OAHY, a
YTBOPIOKOTb Y TOUYKaX CTUKYBaHHA 3/10M, TOOTO KYCKOBa (hyHKL|if He €
AVNGEPEHLIIMOBHOIO B LMX TOUKaX (PYHKLiEr. Ha KOXXHOMY YaCTUHHO-
MY Bigpi3Ky Tpu YMOBU iHTepnonsuii (gk (%)= Yi) MOBHICTIO BUYep-
MyOTb MOX/MBOCTI HakMafaHHA 0OMeXeHb Ha napabony, OCKifibKu
BOHa XapaKTepu3yeTbCA CBOIMU TPbOMa KoediLlieHTaMu. Tomy, AKLO
noTpibHO NobyayBaTh AutepeHLiioBHY BCIOAM KYCKOBY (DYHKLHO —
cnnaviH, To cnif 3MIHUTK NigXig [0 KYCKOBOI iHTepnonsuii. Po3rns-
HEMO Ha NPUKaLi, K MOXHa Lie 3pobuTy.

Hexalt HeBigomy yHKuito Y = f (X) 3ajaH0 B YOTMPbOX TOUKaX
Xi> Xy, X3,X4 CBOIMU 3HAYEHHAMU Y;,Y,,Y3,Ys (puc.5.13). AK yvac-

TUHHI Bigpiskn BuGepemo |; =[x, %], i=1,2,3.

y

A

Xy

Pwuc. 5.13. Mapa6oniyHwii cnnaiiH

Ha KOXXHOMY YaCTMHHOMY BifIpi3Ky MaeMO NnLLIE Ba BY3NW i 415 BU-
3HaYeHHs TPbOX KOewhiLLiEHTIB Napabonn MOXHa CKMacTu TiNbKW ABa piB-
HAHHSA. TOMY 3'ABNSETLCA MOX/IMBICTb CHOPMY/IOBATM [OAATKOBY, Tpe-
THO BUMOTY 10 NMapabonv — NnasHICTb nepexogy i B Yeprosy napabony.
Ha koxxHoMy Bifipi3Ky |; BignoBigHy napabosy LLyKaTUMEMO Y BUrNALi

0;i(X)=a;, x> +a,x+a,, 1=12,3. (5.25)
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Y UbOMY BUMAAKY CMMaiiH SK CYKyMHICTb TPbOX Napabon BU3Ha-

YaeTbCs [eB'ATbMa KoedilieHTamn a;, TOMy HeobXifHO cKnacTu
[eB'ATb PiBHAHL. MepLi WiCTb OAEPXKYEMO 3 YMOB MPOXO[AXKEHHSA

KOXHOT Napabonu yepes TabMUHI TOUKN:
9, (%) =Y, 91(%)=Y>,
9:,(X)=Y>, 92(X3) =3, (5.26)
93(X3) = Y3, 93(X4) =VYs-
LLLo6 KyckoBa hyHKLis Byna andepeHLiioBaHa B TOYKaX CTUKYBaH-
HS YaCTUHHWX BifiPi3KiB, MatOTb BUKOHYBATUCA TaKOX Taki ABi YMOBY:
[ [
91 (%) =92 (%,),
[ [
92 (X3) = g3(X3).
Bicim piBHSAHb (5.26) Ta (5.27) BM3Ha4alOTb MHOXWHY CMaliHiB,
AKi NPOX0AATb Yepe3 TabMMYHI TOUKM Ta AndepeHLiioBaHi B TOUKax
CTUKyBaHHA. [1ns KOHKpeTU3aLii cniaiiHa BBOAATL LUE OAHY, AoAaT-

KOBY YMOBY. HaiiuacTille BKa3ytTb Haxu/ cnaiHa B sAKOMy-Heby b
BY3/1i, HANpUKag,

(5.27)

g1 (x)=d, (5.28)

fe d — Bigoma BenmuMHa. PO3B's3aBLUM OfepXKaHy CUCTEMY 3 fIeB'S-

TV NiHIHWX anre6paiuHnX piBHAHb i3 AeB'ATbMa HEBIfOMUMM aj;,

OAEPXKYEMO CNaiiH
g(x)=g;(x) npu xel;.

Y 3arasibHOMY BUMaAKY, KoM (yHKLUis y = f(x) 3anaHa Tabnm-
Liet0 B N TOYKax, cnnaiH byayroTb aHanoriyHo. MHOXUHY BY3/iB po-
36mBaemo Ha (N —1) yactTumnmii Bigpisok | =X, %], i=1...n—1.
OCKiNbKW KiNbKiCTb Napabon Takox A0piBHIoE (N —1), TO AN BU3Ha-
yeHHs 3(n—1) HeBigomMmMx HeobxigHo cknacT cuctemy 3 3(n—1)
PiBHSHb. 3anuMcaBLUN 418 KOXHOI napabonun ABi YMOBW iHTepnonaLii,
OfEepPKYEMO 2(n—1) PIBHSAHb:

9i()=Yis 91Xz =Yy, I=L..n-1. (5.29)
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I3 n By3niB X BHYTPILIHIMK, TOBTO TOYKaMW CTUKAHHSA, €
(n—2) Bysnu. 3anncaBLN ANS KOXKHOTO 3 HUX YMOBY AvdepeHLii-
MOBaHOCTI cnnaiHa, 0AepXMMO LLe (n—2) PiBHSHb:

9l (%) =91, I=1,...n=2. (5.30)

Y pesynbTati Maemo 2(n—1)+(n—2)=3n—-4 pisHaHb i3 3n—3
HeBiZOMUMMW. JJONOBHMBLLM TX LLE OAHUM PIBHAHHAM (5.28), OTpUMa-
eMO WykaHy CJTAP, sika BU3Ha4ae CriaiH.

BekTop HeBiJOMUX LIiET CUCTEMM CKIAAAETLCA 3 KOe(iLieHTIB KBa-
APaTHUX TPUYNEHIB, L0 YTBOPKOKOTL Ch/aiiH. 3BaXatoun Ha Te, Lo
TPW MepLIMX eNeMeHTM LbOr0 BeKTopa € KoeqilieHTamu nepLioro
TPUYsIeHa, HaCTYMHI TpW — ApYyroro i T. 4., TO AnA AOKIagHOro 3anmcy
PiBHAHbL 3pYYHO BUKOPUCTATK cTeneHeBy dopmy. Mepuui 2(n —1) pi-

BHSIHb (5.29), LU0 3a6€3MeYytoTb BUMOTM iHTEePNONsLLIT, MatoTb BUFNSA

A%+ X +ayg =Y
a12x22+a”x2+a10 =Y,
89y X,” +8y,X + 8y =Y,
azzxz2 +a1X3 + 8y =Ys,

2 _
A 2% tan i Xng tan0 = Yoo

2
A% Fan 1 Xp ta o =Y.

3BaXaioun Ha Te, Wo g;' (X)=2a;,X +&, , PIBHSHHS (5.30) 3anu-

CYOTb TaK:
285 X4y + 8 = 28,12 X141 + 841
abo
285Xy + @ — 284,15 %41 — 8411 =0.

TOMy HacTynHi PiBHAHHA (DOPMYHOUOI CUCTEMW, LLO Bifobpaxa-

HOTb BUMOT M ANEPEHLI0BAHOCTI CNNaiHa, MatoTb BUTNAA:
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28.12X2 + all - 2a22X2 - aZl = 0,

2322X3 +a2] —2323X3 +a3l :0,
2
2an—z,zxn—l +ta, )~ 2an—l,zxn—l —apn ) = 0,
28.12X1+a11 =d

BifbLL 3pYYHOIO AN1S NPOrpaMyBaHHs € MaTpuyHa opma C/T1AP:

- _
Xl Xl 1 _alz 7 —y -
5 1
X5 Xy 1 a, Y5
2
X2 X 1 8 Y3
ay
2 a
Xn—l Xn—l 1 20 — yn—l (5.31)
X2 ox, 1 Yn
K 0
2%, 1 0-2x%,-1
2% 1 0-=2x3 -1 0
12
A1,
2%, 10 —2%,_, 1| "
anpo | Ld
_2X11 __ T -

He3anoBHeHi no3uuii mMaTpuui AOPiBHIOTL HyNH. Haeegemo
nporpamy MoBoto Python ans nobyaoBu Ta BUKOPUCTaHHS napabo-
NiYHOTO cnnaliHa.

Mpuknang 5.6
[JaHo Tabnuuto 3HaveHb PYHKUIT y = f (x) y 10 Toukax. Cknactu npo-
rpamy noby4oBv NapabosnivyHoOro cnnaliHa Ta 064MCEHHs 3a Moro AonoMo-

roto HabKeHMX 3HaUYeHb (YHKLIT B YOTUPLOX MPOMIDKHUX TOYKAX.
Po3g'asaHHsa. Lilo nporpamy AOUiNbHO peani3oByBatu y BUINALI TPbOX

(hyHKUIA.
dyHkuis FORM ofepkye Ha BX04i Tabnmuto 3HaveHb (YHKUIT

y= f(x) y Burnagi macueie X Ta Y i hopmye cuctemy piBHsHb (5.31).
PesynbTat i po60TM — MaTpuus A Ta BEKTOP NpaBoi YaCTUHU L€l cucTe-
449



Mu. ®yHKUis GAUSS, ofepxaswm Ha BXig Macvusu A i B, po3s'asye
CNAP Ta (hopmye BeKTOp KOeiLieHTIB cnnaiiHa y BUrnsgi macuey AS .

dyHKuis PRES obuuncnioe g (zi) Ta APYKYE pe3ynbTaTul. 3Baxaroun Ha Te,

WO A1 06YMCNIEHHS 3HAYeHb CMaliHa 3pyYHille KOpMUCTYBaTWCS [BOBUMI-
PHUM, & He OJHOBUMiPHUM MAac1BOM, Ha NMOYaTKY LbOro Moayns macus AS
NepeTBOPHETLCA HA MacuB SP TaKol CTPYKTypu (puc. 5.14):

a, a, 8, | KoediuieHTn 1-i napabonm

spe a, a,, a,, | KoediuieHTn 2-1 napabon

ay, a, 8y | KoethiuieHTn 9-i napabonm

Puc. 5.14. CTpyKTypa MmacuBy

Peanisauito nporpaMu nofaHo B NiCTUHTY 5.8.

NictuHr 5.8. Peanizauis hparmeHTa nporpamu
MoBoto Python
def FORM(X,Y,A,B):

np.zeros((N,N))

k,m=0,0

for i in xrange(9):
R=X[i]
A[k,m]=R**2
Alk,m+1]=R
Alk,m+2]=1
B[K]=Y[i+1]
k+=1
R=X[i+1]
A[k,m]=R**2
Alk,m+1]=R
Alk,m+2]=1
B[K]=YTi+1]
k+=1
m+=3

m=0

for i in xrange(8):
R=X[i+1]
Alk,m]=2*R
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Alk,m+1]=1
Alk,m+3]=-2*R
Alk,m+4]=-1
B[k]=0
k+=1
m+=3
A[k,0]=2*X[0]
Alk,1]=1
B[k]=0
return A,B

def GAUSS(A,B,AS,N=27):
for k in xrange(N-1):
for i in xrange(k+1,N):
R=A[i,kKl/A[kK]
for j in xrange(k,N):
AllLjI=ALLI-AK TR
B[i]-=B[K]*R
AS[2]=B[2]/A[2,2]
for i in xrange(N-2,-1,-1):
s=0
for j in xrange(i+1,N):
s+=A[i,j1*X[i]
AS[i]=(BIi]-s)/Ali,i]
return AS
def PRES(AS,Z,X):
SP=np.reshape(AS,(9,3));print SP
for i in xrange(3):
R=Z][i]
for j in xrange(9):
if (R>=X[j]) and (R<=X[j+1]):
G=SP[j,0]*R**2+SP[j,1]*R+SP[j,2]
print ""apr.=%.3f -- %0.3f"" %(R,G)

5.3.5. Ky6i4Hi cnnamHn

Mpw anpokcumaLii po3B'a3KiB AndiepeHLialbHUX PIBHAHb, 8 TaKOX

B iHWMX BMNagkKax MOTPiI6HO, L6 anpoKcuMmytoda (yHKUis 6yna

npuHaiMHI ABidi 6e3nepepBHO AuepeHLiioBHa. [OCArTM LpOro 3a
451



[OMOMOrot0 KBafpaTUYHOro CrfaiHa, nojaHoro B M. 5.3.4, y 3ara/ib-
HOMY BUNaZKy HEMOX/MBO. TOMY PO3INIIHEMO KYCKOBO-KY6i4HWiA
noniHoM S (X) — KyGiuHWiA cnnaiiH, sk Mae Taki BNaCTUBOCTi:

A nBiui 6e3nepepBHO AnMEPEHLLII0BHMUIA;

A Ha KOXKHOMY YaCTUHHOMY Bifpi3Ky € Ky6i4HUM MOiIHOMOM.

IcHye fekinbKa cnocobis NobyoBn Ky6iYHUX crnnainHie. Po3rns-
HEMO CMo4YaTKy CMoci6, KOAM Ha KOXHOMY YaCTMHHOMY Biapi3Ky

li =[%. %] cnnaitn sanucytoTs y BUrNAgi
S(X) = S;(X) = a;;X> +a;,X> +a;, X+ &y, xel. (5.32)

Hexaii Maemo Tabnmuto 3HadeHb QyHKUiT y = f(X) B n Toukax
Xj, 1=1,2,...,n. BOHN pO361BAOTH BiAPI30K [a,b] (% =a, x,=b)
Ha (n—1) YacTuHHKX BiApi3kK |;,i=1,...,n—1. Ha KOXXHOMY 3 HUX
MaemMo noGypyBaTu CBili KyGiunmii noniHom S;(x), i=1,..,n—1.
OcCKiflbKN MONIHOM  S; (x) BM3HAYAETLCA YOTUPMA KOoediljieHTa-
M a; (j=3,2,1,0), To B Uinomy HeobxiaHo 3HaiiTn 4(n—1) um-
cen &;. [\nA ofepXaHHs BiAMOBIAHOI CUCTEMN PiBHSHb, AKa BU3Ha-
Yae ajj , CHOPMY/IHOEMO YMOBH, AKIM MOBIUHHI 3310BONLHATU S; (X) .

OcKinbKn ByayBaTUMEMO iHTEPMONALIAHWIA CrNaiiH, TO KOXEH Mo-
NiHOM S; (X) Mae NPOXOANTY Yepe3 TabaNUHI TOUKM CBOTO YaCTUHHOIO

Bigpiska |; . LLi ymoBu iHTepronsuii aatoTb nepiui 2(n—1) piBHAHb:
Si (Xi ) = yi 5 Si (Xi+1) == yi+1’ | = 1,2,...,n —1. (533)

Bumora audepeHLilioBaHOCTI cnnaiHa B TOUYKaxX CMOMYYeH-
H YaCTMHHUX BIAPI3KIB (TakKMX TOYOK N—2) MOPOMKYE Lie

2(n—2) piBHAHHS:
S (%) =St (%a)s S (%) =Sfh (%), 1 =12,n =2, (5.34)

Ycboro ogepxann (4n—6) piBHAHb 3aMicTb (4n—4). [Igi ymo-

BW, SKi 3aMWINANCL (IX HA3MBaKOTb KPanoBUMK), MOXEMO BUOpaTU
No-pi3HOMY.
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3a BumoOry, o6 KpmBM3HA Ch/lailHa Ha KiHUAX Bigpiska fopis-
Ht0Basa Hy/to, TO6TO

s (x)=0, S}, (x,)=0, (5.35)

OA€EPXKaHW cnnaiiH Ha3nMBaloTb MPUPOAHUM KyOiYHMM CniaiiHOM.
Po3B'sizaBlun ogepxxaHy CJ/1AP (5.33)—(5.35), MOXKHa 3HaliTV Koe-
(ilieHTn cnnaliHa. OfgHaK MaTpuus L€l CUCTEMW MaE BEIMKY PO3-
MIpHICTb, X0M i € PO3PiAPKEHOIO.
PosrnsHemo iHWWIA cnoci6 nobyaoBu Ky6i4HOro cnnaliHa, B
KoMy Tpeba po3s'asaTit C/IAP posmipHocTi nuwe (n—2) BigHOCHO

APYryX NOXigHWX crnnaiiHa y BHYTPILLHIX By3/1ax Tabnuui.
Ky6iuHi noniHOMK, LLI0 YTBOPIOKOTh Cr/TaiiH, LYKAaTUMEMO Y BUFNSAI

8,00 +B, (x =X+ G (x= %)+ d (x— )",
XXX ]s i=12,00n-1. (5.36)

MoxigHi cnnaiiHa:
S{(x)=hy +2¢; (x—x) +3d; (x= %), S'(x)=2¢; +6d; (x—x,).
[na 3HaxoMKeHHA KoediuieHTiB a;,b;,c;,d; 3anuliemo, fK i B
ronepeAHLOMY BUMAAKY, YMOBU IHTEPMOALIT Ta AU(epeHLitoBaHHA:
Si(X%i) =VYi, Si(X)+1=Yi, i=12,...,n-1,
SiI (Xi1)= Si|+1(xi+1), SiII (Xi1)= Sillr1(xi+1)ai =L..,n-2.

[ONOBHMBLUN OfAepXKaHi PIBHAHHSA ABOMa KpavioBMMW yMOBamMu
BUrNAAY (5.35), 3HOBY OAEPXMMO CUCTEMY 3 (4N —4) piBHAHL. AKLO
BUK/OUNTYW [esiKi HEBIAOMI, Ti MOXHA NErko CnpocTUTU. 3anuiLiemo
cucTeMy [oKnaaHille, No3HaumBLLKM hy = X, — X;:

a =V, i=1..n-1, (5.37)
a +bh +ch?+dh’=vy. i=1..n-1, (5.38)
b +2c;h +3d;h? =b. i=1,..,n-2, (5.39)
¢ +6d;h =2c;,, i=1..,n-2, (5.40)

¢ =0, (5.41)
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2Cn_1 + 6d n-1 hn—l = O (5.42)
3HainfiemMo i3 (5.40) Ta (5.42) BeMUNHN d; :

26, —2¢ Gy =G —Cny

d; = = ,i=1..,n=-2,d,, = (5.43)
6h; h; -1
nigctasumo d; Ta a; B (5.38):
yi+bh +eh?+ 909 RS —y o1 n-2;
3h;
Ch
Yn-1 t bn—lhn—l + Cn—lhn—l2 +n—1hn—13 =Yt
3hn—1
I3 UyX [BOX CNiBBifHOLLEHb BUPA3UMO by :
o= Yt =Y G =g Gy oo (5.44)
h, 3
y yn 1 2
b, = —=Cn4Ny;-
n-1— hn_l 3 n-1""n-1

HapeLuri, y (5.39) NiACTaBAAEMO OfepxKaHi B1pas3n gnia b, ta d;:

Yie1 — Vi _ Cisi +2¢;

Lh +2c,h +3 Cii ~ 'h2
3h,

hi i

iy — Y C; 2Ci

_ y|+2h Yiel |+2'; i+1 h,,i=L..,n=3,

i+1
— 2 -
Yn-1~Yn2 _ Cn1 +2Ch 2 hm2 + 2Cn72hn72 +3 Ch1 ~Cno h2n72 —

hn2 3 3hy

Yn—Yna 2
:nh—nl_gcn—lhn—r

n—-1
Opepxanu cuctemy (n—2) PpiBHAHb BIAHOCHO BENWNYUH
(i=1,:..,n—1). Ockifbkn 3 (5.41) C; =0, TO KifIbKICTb HEBIJOMMX

36iraeTbCs 3 KiNbKIiCTO PiBHAHb. TMicns HecknagHUX MNepeTBOPEHb
cucTema Habupae BUrnagy
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2(hy +hy) h, C, Y1
h, 2(hy+hy) by C Y2

- . (5.45)
hho  2(hy_2 +hn_p) || Cay Yn-2
Yieo = Yia  Yin 7Y
ae Yi = 3{ - .
I hi+1 hi

TakvM YvHOM, Ang NobyaoBu cnnaliHa y BUrnagi (5.36) HeobXxia-
HO BMKOHATU Taki Aail.
1. Po3B'A3aBLIN cUCTEMY (5.45), 3HAWTU BENUYMHU C,,...,Co; -

Y3atm ¢, =0.
2. 3a thopmynamu (5.43) obumcantut d,,...,d,_; .
3. 3a hopmynamu (5.44) obuncnntu by,...,b, ;.
4.¥Y3atm g, =y, i=1,..,n—1.

BigmiTumo, o 3a koedpiLiieHTamu cnnaiHa, NobyAoBaHoro B Ta-
KOMY BUTMILI, NErKO OLiHWTY MOro NoxigHi y By3nax Tabnuui:

S04
N

Po3rnsHemMo Lie oavH nigxia Ao hopMyBaHHS iHTePNONAUiAHNX Ky-
OIYHUX CNNaiiHiB, BIANOBIAHO [0 AKOrO Ha KOXHOMY YaCTMHHOMY Bij-
Pi3Ky [%, X1 (i=1,....,n—1) KyGiuHuii noniHom GyaytoTb y BUTNAZI

b =S (%), ¢ = Lon—1.

(X = X7 [2(x=%) + ]

Si(x)= h3 i
x—%)*[2(%,, —x)+h
+( /| ;3 =% ]Yi+1+
NG G N () S D W EPPS
h2 i h2 i+1

TYT X, Y; — KOOPAMHATM TabNNUHUX TOUOK (i=1,...,n); m; — Haxu-
N1 cnnaiia y By3nax Ta6nuui (S' (x;)=m;; h — BiacTaHb MiX By3-
namu X; ), AKi B LibOMY Migxofi 6epyTb piBHOBIAAQIEHAMN.
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MepeBipkOO MOXHa MEPeKOHATMCA, WO CnfaH y (opmi (5.46)
cnpagai € iHTepnonsuidHAM, T06T0 S (% )=Yi, Sj(Xis1)= Yis1»

aioro noxigHi y By3nax [OpPiBHIOWOTb Haxunam: S'i (xi)z m;,
[
S i+1 (Xi+1 ) =M.
3Biacy BUMNAMBAE, WO NpWU 3adaHiin Tabnuui {xi,yi} Ta Haxunax

Habip Ky6i4YHMX NONiHOMIB BUrNsAaY (5.46) € HeMepepBHOK Ta Aunde-
PEHLINOBHOID KYCKOBOK (DYHKL|i€Et0, TOBTO CniaiiHOM TPETbOro CTe-
MeHs 3 Ae(IeKTOM He 6inbLUe HiXK [Ba.

ICHYIOTb Taki Cnoco6u 3afaHHA HaXWNiB.
1. Buxogsaum i3 3agaHol Tabnuui, 064MCNOTL Haxunm 3a ¢op-
My/laM/ YMCNOBOT0 AUDEPEHLIIFOBAHHSA 2-T0 NMOPSAAKY:

m=d Vi oo noy
2h
m, = 4y, —¥3 =3y ,m = 3Yn = Yn-23 =4Yni ‘
2h 2h

OpeprkaHi 3Ha4YeHHs NiacTaBnaoTb Y hopmyny (5.46).

2. AKWo BIifOMiI 3HAYeHHs MOXiAHOI IHTepPrnoNbOBaHOT PYHKLUIT
yByanax y' — = f'(x), 10 6epyms m =y, i=1..n.

[Ba HaBefieHi cnocobu 3afaHHA HaxuiB Ha3nBalOThb /IOKaNbHU-
MU, 60 Ha KOXXHOMY YaCTMHHOMY BiApi3Ky crinaiiH 6yayeTbCs OKpe-
Mo. Mpn UbOMY HeMepepBHICTb APYroi MOXiAHOT He rapaHTyeTbCs
i AeheKT Takoro crnaiiHa 3BUYaiHO AOPIBHIOE ABOM.

3. ®opmyeTbest C/IAP BigHOCHO HaxwniB. Ti piBHAHHA O4EPXYIOTb 3
YMOB HeMNepepBHOCTI ApYroi MOXiAHOT Y BHYTPILLHIX By3/ax Tabnuui:

s (x)=s".(x), 1=2,...n-1.
Y pesynbTati ofgepXunmo CJTAP po3MipHOCTI n—2 BIifHOCHO n
HeBIAOMMUX HaxXWNiB m :

m|71+4m|+m|+1=M,i—2 n—l (547)

h 9y

[lo cuctemmn cnig fogatv Wwe fgi YMOBU, SKi MatOTb Has3By Kpaio-
BMX, TOMY LUO 3 1X [JOMOMOrO0 3a3B1Yaid 334at0Tb 3HA4YeHHA m; i m,

HaxmniB Ha KIHLSAX Bifpi3Ka [a,b] . Toaj cuctema HabyBae BUrNsaYy
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4 1 m2 'Yz—ml
1 41 m, T

=... , [e Yi
1 4 1|m_, Yn-2

_ 3(Yis = VYit)
=

L 1 4 | Moy | [ Yn — My

KpaitoBi yMOBM MOXHa 3aaTi Takumm cnocobamu:
Dskwo sigomi yi=f'(x) i y',=f"(x,), 10 6epyts
[ [
m=Yi M =Yn;
2) 3HauyeHHs noxigHux f '(x) Ha KiHUAX Bigpi3Ka anpoKCUMyemo
3a popMynamm YMUCIOBOTO ANepeHLitoBaHHA 3-ro NopaaKy:

1
m :6_h(_1 ly; +18y, =9y, +2y,),
1
My, :a(_l 1y, +18y, =1, =9Y,» +2yn—3);
3) MOXYTb BYTHW BifoMi 3Ha'~IeHHFI JPYroi NoxXigHOT Ha KiHUAX Bi-

opiska [a,b]: y" = "), y", = F1(x,).Y ubomy Bunagky si
cnissigHowens S" (x)=y", i " (x,)=y", omepxumo Taki
KpaioBi yMOBU:
_&4_3 2= ho
4)

> 2T
OfHy 3 peanisauii anropUTMy iHTepnonAaLii 3a 40NOMOro Ky6iuy-
HOro cnnaiiHa (y BUrNs4i OKpeMOro Mogyns) HaBefeHo B NICTUHIY 5.9.

TicTvHr 5.9. Peanizauia anroputmy iHTepnonauii
3a ONOMOrot0 Ky6iuHOro cnnaiia mosoto Python
## module cubicSpline
""" k = curvatures(xData,yData).
MoBepTae 3HaYeHHSA HAXW/IB CnianHa B TOYKaX.
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y = evalSpline(xData,yData,k,x).
BrpaxoBye 3HauYeHHs criniaiHa B ToYLi X.

from numpy import zeros,ones,float64,array
from LUdecomp3 import *

def curvatures(xData,yData):
n = len(xData) - 1
¢ = zeros((n),dtype=float64)
d = ones((n+1),dtype=float64)
e = zeros((n),dtype=float64)
k = zeros((n+1),dtype=float64)
c[0:n-1] = xData[0:n-1] - xData[1:n]
d[1:n] = 2.0*(xData[0:n-1] - xData[2:n+1])
e[1:n] = xData[1:n] - xData[2:n+1]
k[1:n] =6.0*(yData[0:n-1] - yData[1:n]) \
/(xData[0:n-1] - xData[1:n]) \
-6.0*(yData[1:n] - yData[2:n+1]) \
/(xData[1:n] - xData[2:n+1])
LUdecomp3(c,d,e)
LUsolve3(c,d,e k)
return k

def evalSpline(xData,yData,k,x):
def findSegment(xData,x):

iLeft=0

iRight = len(xData)- 1

while 1:
if (iRight-iLeft) <= 1: return iLeft
i =(iLeft + iRight)/2
if x < xData[i]: iRight =i
else: iLeft =i

i = findSegment(xData,x)

h = xDatali] - xData[i+1]

y = ((x - xData[i+1])**3/h - (x - xData[i+1])*h)*k[i]/6.0 \
- ((x - xData[i])**3/h - (x - xData[i])*h)*Kk[i+1]/6.0 \

+ (yData[i]*(x - xData[i+1]) \
- yData[i+1]*(x - xData[i]))/h
returny
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Lis peanisauis BukopuctoBye LU-meTog po3s'a3aHHs CJTAP, sKuii
onucaHo fdani B posd. 6. Y Uil peanizauii NPUMIAHATO, IO 3HAYEHHS
HaxuniB AN KpalioBUX YMOB AOPIBHIOKOTb  Hynt. DyHKLUis
curvatures BU3HaYaEe HaxuM cnnaliHa B ToUukax. Ha Bxig uiei QyHKUiT
nofatoTe TabnmuHi 3HaueHHs xData, yData. ®yHkuis evalSpline
BM3HAYaE CMaiH y 3agaHii Touui X. Ha Bxig Uiel yHKUiT nogatoT:
TabnnyHi 3HaveHHa xData, yData, a TakoX BU3HAYeHi MonepeaHLOH0
(hyHKUiet0  koedhiuieHTM Haxuny B Toukax k. [porpamy
BYKOPWCTaHHS CTBOPEHOI0 MOZYNSA HaBefeHO Y NICTUHTY 5.10.

NictnHr 5.10. Mpuknag BUKOPUCTaHHSA
CTBOPEHOr0 MOAY A
#!/usr/bin/python
from numpy import array,float64
from cubicSpline import *

xData = array([1,2,3,4,5],dtype=float64)
yData = array([0,1,0,1,0],dtype=float64)
k = curvatures(xData,yData)
while 1:
try: x = eval(raw_input(*"\nx ==> "))
except SyntaxError: break
print "'y =" evalSpline(xData,yData,k,x)
raw_input(**OK")

Po3rnsaHemo fekinbka NpuKnagis 3HaXomKeHHs 3HaueHb (yHKLIT
METOZOM IHTepnoALii 3a 40NOMOro Ky6i4HOro cniarHa.

Mpuknag 5.7
BrikopucTaTy HaTypanbHWn KyOiYHWIA CNnaiiH 418 BU3HAYEHHS QYHKLIT
B TOULi X =1,5. ®yHKLiIO 3a4aHO TabnMLEO:

X 1 2 3 4 5
y 0 1 0 1 0

YpaxoBytouu, L0 Apyra NoxigHa HaTypasibHOro cnnaiiHa JopiBHIoE 0 B
MepLiin Ta ocTaHHil ToYkax, 3Haxogumo m, =m, =0. [pyri noxigHi B
IHLLIMX TOYKax MOXHa oTpumatu 3 (5.47). MNigcrtasnaioum i=1,2,3,... B piB-
HSIHHS, MAaEMO CUCTEMY NIHIAHMX PIBHSAHb
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0+4m +m, =6[0—2(1)+0]=—
m, +4m, +m, = 6[1—2(0)+1] =12,
m, +4m, +0 = 6[0—2(1)+ 0] = —

' ; . _._ 30 36
P03B'A3KOM CMCTEMW PIBHAHb € M =m, =——:;m, =—. TouKa

7
Xx=1,5 nexuTb MK Toukamn 1 Ta 2. BignoBigHe 3Ha4eHHA iHTeprons-
LiiHOro MmoniHoOMa MOXKHa oTpumatn 3 (5.46), nigctasmslum i =0. Micns
MifiCTAHOBKN X; — Xj,; =—h =—1 gicTaemo

So(x):—%[(x—xl)3 —(x—xl)]+%[(x—xO>3 —(x=%)]-
—[Yo(X=X%) = Y1 (X=Xp)].
Tomy

y(1,5)=5,(1,5) = 0+1(——)[(15 1) —(1,5-1)]-
—[0- 1(1,5 - 1)] =0,7679.

Mpuknag 5.8
IHoZi NOTPiIGHO 3MiHWUTK 0AHY abo 06MABI KpaiioBi YMOBM ANs cnnaiiHa.

BuKopuMCTaTh KpaiioBy yMOBY y BUMISAl S, =0 3aMicTb S('; =0 Ta 3HalTU
3HaYeHHs (hYHKUIT B TouULi X = 2,6 . DYHKLiO 33aH0 Tabnuuero:

X 0 1 2 3

y 1 1 05| 0

[lns BUKOpUCTaHHA HOBOI KpavioBOi YMOBW NOTPIGHO AELlO 3MIHMTK piB-
HAHHSA (5.47). NigcTasuswm i = 0 B (5.46) Ta 3AMdepeHL|itoBaBLIN, OTPUMAEMO

5,00 - 6{ e —x)} 6{ @y —(xo—xn}

1
Yo =¥

+ .
Xo =%

YpaxoByrouu Te, L0 S(')(xo) =0, Maemo
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My m Yo— Vi
—(Xg = X)) +— Xy —X)+———=0,
3(o 1) 6(o 1) Yo =X
abo
2m0+m1:—6Ly12.
(X — %)

13 337aHOT YMOBM BUAHO, WO Y, = Y; = 1. TOAI OCTaHHE PiBHAHHS Nepe-

TBOPHOETLCA Ha

IHWi piBHAHHA 3 (5.47) 3a/MWal0Tbes 6e3 3MiH. YpaxoByrouu, LIO
m; =0, MaEMo

My +4m, +m, = 6[1-2(1)+0,5]=-3 (b),
m, +4m, = 6[1-2(0,5)+0]=0 (c).

3Harigemo poss'asok C/1AP (a), (b), (c):
m, = 0,4615; m, =-0,9231; m, =0,2308.
Tenep oAepXXMMO 3HaUYEHHS IHTepNONsALINHOIO NoniHOMa, 3acTOCyBaB-
ww (5.46). Migctasnsoun i =2 T1a X; — X,; =—h=—-1, maemo
m m
500 =2 [ (x=2)° = (x-10) | =2 ~(x=3)° = (x| -

= Y2 (X=X3)+ Y3(X—X%p),

0,2308
y(29 6) = SZ (25 6) = 6

[—(—o, 4) 4 (-0, 4)} —0-0,5(-0,4)+
+0=0,1871.
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5.4. CepeaHbOKBaApaTUUYHE HAGMXKEHHSA

5.4.1. MeTopa HalimeHLUMX KBagpaTiB.
HopmasibHiI piBHAHHA

Haragaemo, wo npu iHTepnonauii TabnnyHo 3agaHoi (QyH-
kuii f(x) nonivomom p(x) noTpi6Ho, wo6 f(x) Ta p(x) 36ira-
nunecs B TabnMUHKX ToYKax (By3nax iHtepnonauii). MNprnyomy, AKLo
(hYHKLUis 3afaHa B (n+1)—|‘/’| TOUL Xy, X;,e.er Xy, TO ICHYE ELUHNIA

NMONIHOM CTEMeHs He BMLLIE N TakKWin, WO p(xi)zf(xj) ans

i=0,1,..,n.

Ane B fiesK/X BUNagKax BUKOHATY L0 YMOBY BaXKKO, & IHKO/IN Lie
HaBiTb 3aiiBe. Hanpuknaz, 3a BefMKOT KifIbKOCTi BY3/iB OAEPXMUMO
NoNiHOM BUCOKOrO CTENeHs, WO 36iblnTb NOXMOKM 06UMCNEHD.
Kpim Toro, TabnnyHi gaHi MOXyTb 6yTV OTPUMaHI BUMIPKOBaHHSAM i
MIiCTUTN NOXMOKM, a IHTEePNONALIAHNIA NONIHOM MOXE MOBTOPUTH Ui
noxmbkun. Tomy iHoAi Kpalie, Lwo6 rpagik noniHoma He 36irascs, a
npoxoams No6sn3y TabnnyHMx TodoK. CTeniHb Takoro nofiHoma

6epyTb HeBuUCOKMM (1...4) i MeHWMM 3a n. Hexait dyHkuito f ()
3a/laHO B M TOYKAX X, ...Xp, :

f (Xl) =Y f (Xm) =Ym-
Y meTogi HaimeHwnx keagpatis (MHK) BigLwyKytoTb Takuid no-
niHoM p(X)=ay +aX+...+a,X", W06 15 HbOTO BENMUMHA

m
9=2(P(x)- )’
i=1
Oyna MiHIManbHOK cepef YciX nofiHOMIB cTeneHs n. To6To Tpeba
3HalTU Taki KoeilieHTn ay,a,,...,a,, Wob cyma KBaapaTiB BifXxu-
neHb (P(x)—y;) 6yna HaimeHLo. Lle MOXHa 3pobuTn feKinb-

KOMa crnocobamu, Hanpuknag, 3a [JONOMOroH HOpPManbHUX piB-
HAAHb,  OPTOrOHaNbHUX  MOJMIIHOMIB,  MeTOf4iB  ONTUMI3aLil.
Po3rnsHemo nepLunii i3 HUX.
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BenmunHa g € (OyHKLUIE N+1 aprymeHTy a, :
9(8gses@y) = D (g + 3%+t A X" = i) (5.48)

MoTpi6HO 3HAWTK TOUKY Ti MiHIMYMY, HEO6XiHOK YMOBO Y0-
ro € PiBHICTb HY/IH0 YaCTUHHUX NoxiaHux og/da; (j=0,1,..,n) y
LV TOuLi.

Po3rnsHemo criovaTtky npocTuii BUNaaokK, konm n=0, To6To an-
POKCUMYHOUMiA NONIHOM € KOHCTaHTOW: p(X)=a, . Hanpuknas, ma-

Cy [IesIKOro npeaMeTa BUMIpHOBany Ha M Pi3HMX BaXeNsX i oepxa-
NIV 3HAYEHHS Y,..., Yy, - LLlo BBaXaTW Macoto npegmeTa? ®yHKLis ¢

CTae PyHKLiE0 OLHOI0 aprymMeHTy a,:
9(ag) =2 (3 ~¥)* -

I3 Kypcy MmaTemMaTMKM BIiAOMO, IO Taka (yHKLis [ocsrae
MiHiMyMy B Touli a*,, sikwo g'(a*;)=0Ta g"(a*;)>0. 3anu-
LIEMO MepLy YMOBY [OK/afHille ([0AaBaHHS MPOBOAATL Y MeXax
Big 1 go m):

m
9'(8) =2,2(ag — ¥i) =2(Q a9 — 2 ¥i) =2(mag - X ¥;) = 0.
i=1
3BifcK BUNIMBaE, Wo g”(a,) >0, 10610 MHK fae cepefHe apu-
(hmMeTnyHe. 3a3Haunmo, Lo B 6yab-aKii Touui g”"(a,)=2m>0.

Hexain Tenep n—1. Togi anpoKCMMYOUYWA MONIHOM Mae BUTNAL
p(X)=a,+a;x. HeobxXigHUMK ymMOBamMn  MiHIMyMy  (OYHKLiT

m
g(aya) = Z(aO +a% — Y )% € PIBHICTb HY/IIO YaCTUHHNX MOXiAHNX:
=

a—g=22(ao +ax - ) =2 ay+ ) ax - Y=

day
=2[ma0 +(2%)a —Zyi]zo,
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g =208y +ax — Y% =200 8% + 2 ax’ =D % Y;) =
|
=2[(in)ao+(ZX12)31—ZXiYi}:0

Opfepxxann cuctemy ABOX NiHIMHMX PiBHSAHL i3 ABOMa HEBiAOMU-
MU 3, Ta a;:

{mao +(QX)a =Y Vi
Q. x)ay +(in2)ai = %Y

abo B MaTpuyHii hopmi:

e ) HE)

3a (hopmynoto Kpamepa oep>XUMo po3B'a30K:

DN TN IDI LRI EON T
DN XD ¥ ¥ T

Y pasi A0BIfIbHOTO N aHaiorivyHO MPUPIBHAEMO A0 HyNs

o9
0a;
(j=0,...,n) 7 ogepxumo CJIAP nopsaky n+1 BigHOCHO (n+1)-i

HEeBIJOMOT &y, ..., 8, :

;g =2>" (g +aX +..taX — ;) =0,
3
a—g=2Z(a0+a1x1+...+anxi”—yi)x1:0,
o

o

=2 (g 2%+t A YK =0,
an

Lli piBHSHHSA Ha3NBalOTb HOPMabHUMU. 3arMLIEMO L0 CUCTEMY

NiHIRHUX anredpaiyHnX PiBHSHb, FPYMYHOUN YeHN, WO MICTSTb a; :
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ma, + (3% )3 +(Zx2i)a2 +...
+(ani)an =2 Vi

(X x)a +(szi)ai +(Zx3i)a2 +...
+(ani)an =D %V

(5.49)

(Zx )a0 +(2Xn+1 )a +(z X"+ )a2+...
+(szni )an =2 X",

abo B MaTpUYHili hopmi:

m DX ZX.z R N 2V
Xxo 2R XX XX a2 o

n
DIEETDI DI L S (YRR O Il

[loBefieHo, WO UA c1UCTeMa Mae EAUHWIA PO3B'A30K, OTXe, 3ajadya
anpokcumMaLlii 3a MeToaoM HaliMeHLUMX KBafpaTiB TakoX Mae eau-
HUIA PO3B'A30K.

Po3rnsHemo 6inbly 3araibHYy NOCTaHOBKY 3afadvi cepefHbOKBaf-
PaTUYHOI0 HABMMKEHHS DYHKLIINA.

3a3HauvMo, L0 anpokcuMyoya yHKLis He 060B'A3K0BO Ma€e Oy-
Tv anrebpaiyHm noniHoMoM. Hexalt ¢y, @y, ..., @, — 3afaHi (yH-
KUiT OfHIET 3MIHHOT, a W, ... ,W,, — 3afaHi foAaTHi uncna (Barn abo
BaroBi koedilieHT). Tofi 3arasbHa NOCTaHOBKA 3a/adi anpoKCMMa-
LT 32 METOLOM HalMeHLUNX KBagpaTiB NoAsrae y 3HaXomKeHHi un-
cen ay,a,...,a, , AKi MiHIMI3y0Tb QYHKLit0:

9(ay,....,ay) =

Wi [ agho (%) + @y (X )+ oot 3gdy (%) = Vi ]2. (5.51)

Ms

Il
—_
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AKWo W, = ... = Wy, = 1, ad;(x)=x", 10 opepxumo nocrarosky
(5.48). OKpiM CTeneHeBOT IHOAj BUKOPUCTOBYHOTb Taki 6a3nCHI (DYHKLT:
. - oiX
¢j(X)=sin jux, ¢;(x)=e"",
pe j=0,1,...,n; o — 3aflaHi uncna.

Barn w; BUKOPWCTOBYIOTb, W06 HafaTh GinbLly a60 MeHLLY posib
By3fnam CITKW. Hanpuknag, AKWO 3HaYeHHs Yi,...Y,, BUMIpAHI
OiNbLL TOYHO, TO MOXKHA B3ATU W, =... = W, =5, a iHLWi Baru B3aTu
MEHWUMU: Wyp =... = W, =1.

[nsa QyHKUiT (5.51), AK i paHille, MOXHa NobyayBaTn HOpMasbHi
PiBHSAHHA. YaCTWUHHI NoXifAHi Wiel (yHKLIT MaloTb BUTNAL,

afﬁ?g =2 Wiy ) [890o () + @y (%) + ...+ andn () = Vi
j i=1

Moknagemo X TakuMu, Lo AOPIBHIOKTL HY/HO, | 06'€4HAEMO KO-
edinieHTn npun a; . Opepxunmo CJIAP:

D Wi ()b (4) D oWy ()b () e D Wi (% )b (%))
D Wi (%) (%)

ZWi%(Xi)d)n(Xi) ZWi<|>1(Xi)¢n(Xi) Zwi(l)n(xi)(l)n(xi)
ay) [ 2 Wibo(X)Y;
NERE 2 Wi (%)Y, . (5.52)

a, ) \ D Widn (%)Y
3a [eAKUX YMOB, LLO HaKNafarTbCAa Ha BY3NW X; Ta PYHKLUIT
@;j(x), BOHa Ma€ eAnHIIA PO3B'A30K. Ane MpM N >3 cucTemm (5.50)

Ta (5.52) NOraHo 3yMOBJIEHI, TOMY X BMKOPWCTOBYHOTb /uLLIE MPU
ManmnxX 3HaveHHsAX Nn. Mpu GiNbLIKMX 3HAYEHHSX N TOW CamMuiA NONi-
HOM CepefHbOKBAAPaTUUHOT anpoKcUMaLil MOXHa oflepXKaTu 3a [o-
MOMOr 0K OPTOrOHAIbLHUX MOIHOMIB.
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5.4.2. 3acTocyBaHHA
OpPTOroHa/lbHUX NOJIIHOMIB
y MeToAi HaliMeHLLUMX KBagpaTiB

Hexait q,, q;,...,0, — NoNiHOMKX cTenexis 0,1,...,n BiANOBIAHO,

iX HasMBalOTb B3AEMHO OPTOrOHATLHUMW Ha MHOXWHI TOYOK
Xys-er Xy » AKLLO

i() i(%)=0 npu k, j=0,1,..n i k#j.

AKWO y cucTemi (5.52) 6asuCHUMM GyHKLisMK ByayTb 0 (X)

(¢x =0y ), TO LA cUCTEMA NEPETBOPUTLCS Ha CUCTEMY 3 fjiaroHab-
HOM MaTPULELO i MaTVIMe BUMNSA

> [a 0] a =Y e ()yi. k=0.1,...n
i1 i1

I3 TaKOT CUCTEMM NIErKO 3HaXOAATbL HEBIJOMI &, :

m
z Ok (%)Y
ak - . (553)

a0

-1

._.

To6TO 0AepPXKYHOTb NOTPIGHMIA aNPOKCUMYOUNIA MONTIHOM

n
q(x) =Y ay Gy (X). (5.54)
Lleli noniHOM € iHWKWM MOAAHHAM TOrO CamMoro NoaiHOMa, SKWiA
OTPUMYETLCA 3a [OMOMOroK HOPMaSTbHUX PiBHAHL, 60 3afaya anpok-
cumauii MHK Mae enHuii po3B'sa30K And KOXKHOro n. Ane sk nobyay-
BaTW OPTOrOH&/IbHI MONIHOMW, WO [al0Tb TPUBI/IbHY AiarOHa/IbHY
CJTIAP BifiHOCHO a; ? PO3rnsHeMOo 0AuH i3 crocobis. Moknagemo

Qo(X)=1,q(X)=X—0a.
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KoHCTaHTy o 3Hailgemo, BUXOAAYM 3 YMOBM OPTOrOHa/IbHOCTI
o | 0; HAa MHOXMWHI TOYOK X, :

= (%) -G (%) =D (% —0ay) =Y % —ma.
il

1 m
OpePXMMO 0 =— > X;.
mi5
Hexali Tenep
0> (X) = Xy (X) — 012Gy (X) =Py
KoHCTaHTN o, Ta B, 3HailieMo 3 yMOB OPTOrOHabHOCTI 0, A0
MoNiHOMIB q, Ta 0 :

o (X)), (X) = Z[Xi%(xi)—az%(xi)—ﬁl] =

i=1

a; (X0, (X) = Z[Xiql(xi)_aqu(xi)_BI]QI(xi): 0.

i=1
m
OcKiflbkn ¢, Ta ¢; OPTOrOH&/bHI, TO qul(xi)zo, i Ui pis-

i=1
HSIHHS CMPOLLLYHOTbCS 10 BUTNSAAY

inql(xi)_mBI =0,

i=1
m m 2
zxi [%(Xi)]2 _azz[Q1(Xi)] =0.
i=1 i=1
BusHaummo o, Ta f; Tak:
1
—HZXiQi(Xi),

_ D% (o (% )]2 .
Z[%(Xi )]2
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AHanoriyHo  6yaytoTb  iHWI  noniHomMW. Hexain noniHoMM
do»C»--»0;j BXE 3HalfeHo. Moknagemo

Q1 (X) = X0 (X) =0t (X) =B (X), (5.55)
fie KOHCTaHTU o j,; Ta B Tpeda BU3HAYNTW, BUXOAAUM 3 YMOB Op-
TOrOHaIbHOCTI @;,; AO NMONIHOMIB q; Ta j_;. SKLIO Ui ABi yMOBU
BVMKOHYBATUMYTbCS, TO j,; Oy/Ae OPTOroHanbHMiIA 0 BCiX nonepes-

Hix noniHomiB gy (x), k < j—1. Cnpasgai,

2951 ()0 (%) :Z[Xiqj(xi)_aﬂlqj(Xi)_quj—l(Xi)j‘qk(Xi):
i=1
= > %05 ()0 () = a1 205060 (%) =B 01 (%) (%)-

OcKinbKy MONIHOMU ,...,q; OPTOrOHasbHI 3a NPUMYLIEHHSM,
TO [Ba OCTaHHi [JojaHKW piBHi Hyno. MoniHoM Xy (X) Mae
cteniHb (k+1) i, oTxe, MoXe nogasaTucs AK NiHiliHa KOMGiHaLlis
MONIHOMIB (y,....0, . Ane k+1<j—1, ToMy nepwmnii [oAaHOK
TEX [OPIBHIOE HyNM0. OTXe, qj+1(x) OPTOroHanbHa A0 BCiX Noni-
HOMIB 0,...,q; .

j
3Haiifemo o, Ta B :

2951 (%)a; (%) =0,
qu+l(xi)qj_1(xi)=0.
MigcTaBumo ctofy 3 (5.55) BUpa3 41 qj,; 1 OAEPXNMO

Sx[a;00 ]

i=1
[a,00]

1

O“j+1 = (5.56)
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%05 (6) a5 (%)
B;= i=l — ) (5.57)

Z[qj—l (X )T

i=l

I3 BMKNageHOro BWNAMBAE anropuTM CepefHbOKBapaTUYHOrO
HabNMXXeHHA YHKLi 3a LONOMOroK OpTOroHaNbHNX NOMIHOMIB.

m
ZYi
1. Moknactn q_(x)=0, go(X)=1, j:O,aO:%.
2. 06uncnnTn a;,; 3a (hopmyoto (5.56).
3. Obuncnmtn B; 3a dopmynoto (5.57) npu j >0 abo noknactu
BO = 0 .
4. 06umcnmTn  koediuieHTn noniHoma g, (x) 3a dopmy-
noto (5.55).

2.5 ()Y

5. 06uncuTn aj,; =
m

m

—_

Qj1 (%) ’
[0

1

I
6. Moknactn j=j+1.4AKwo j<n+1,T0 nepeitun go n. 2.
7. MobyaysaTn NONIHOM

P, (X) =890y (X) + ... + @0y (X) = Co + ¢ X +...+ C X"

MepeBarun UbOro MigXo4y NoONArakTb Y TOMY, WO TYT He noTpib6-
HO po3B'asyBatu CJIAP 3araibHOro Burnsagy. TakoX Maemo MOXn-
BiCTb GyayBaTu MONIHOM CTeniHb 3a cTeneHem. Hanpuknag, AKWwo
3a3fanerifb He 3HAEMO, MONIHOM AIKOTrO CTeneHs Hac 3a8[0BOJIbHAUTD.
MoykHa noyaTy 3 MepLioro cTeneHs, noTiMm nobyaysaTy MNOMIHOM
APYroro cTeneHs i T. 4. AOTWU, MOKW HE OLEPXUMO NOTPIGHUIA noni-
HOM i3 HEBE/IMKUM ( .

Peanisayito anroputmy anpokcumauii 3a JONOMOror OpToroHa-
NbHUX MOJTIHOMIB (Y BUrNA4I MOLYNS) HaBeEeHO B NICTUHIY 5.11.
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JlicTuHr 5.11. Peanisauis anroputmy
anpokKcumaL,it 0pToroHa/ibLHUMK NoniHOMamu
# -*- coding: cp1251 -*-
## module polyFit
"' ¢ = polyFit(xData,yData,m).
MNoBepTae KoeqiLieHTX NoniHoma
p(x) = c[0] + c[1]x + c[2]x"2 +...+ c[m]Xx"*m
Lo nigxoaaTb Nig 3agaHi gaHi B ceHci MHK.

sigma = stdDev(c,xData,yData).
Po3paxoBye cTaHfapTHe BigXnneHHSA MiX p(X)
i jaHUMn.

from numpy import zeros,float64
from math import sgrt
from gaussPivot import *

def polyFit(xData,yData,m):
a = zeros((m+1,m+1),dtype=float64)
b = zeros((m+1),dtype=float64)
s = zeros((2*m+1),dtype=float64)
for i in range(len(xData)):
temp = yData[i]
for j in range(m+1):
b[j] = b[j] + temp
temp = temp*xData[i]
temp=1.0
for j in range(2*m+1):
s[j] = s[j] + temp
temp = temp*xData[i]
for i in range(m+1):
for j in range(m+1):
afi,j] = s[i+j]
return gaussPivot(a,b)
def stdDev(c,xData,yData):

def evalPoly(c,x):
m =len(c) - 1
p = c[m]
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for j in range(m):
p = p*x + c[m-j-1]
return p

n = len(xData) - 1
m =len(c) - 1
sigma =0.0
for i in range(n+1):
p = evalPoly(c,xDatali])
sigma = sigma + (yData[i] - p)**2
sigma = sgrt(sigma/(n - m))
return sigma

Mogaynb CKnagaeTbcs 3 ABOX (yHKUiin: polyFit Ta stdDev.
Mepwa npusHadeHa Ans NowyKy KoegilieHTIB OPTOroHanbHOro
noniHoma Ta mMae Ha BXxofi Taki napameTpu: xData, yData — BxigHa
(hyHKLUiSA, AKa 33faHa TabMYyHO; M — CTeNiHb LUYKaHOro nosjiHoma.
Opyra (yHKUiS BW3Ha4Yae CTaHAapTHE BiAXWNEHHA OTPMMAaHOro
noniHoma BifA 3agaHoi QyHKuii. Ons po3s'asyBaHHa CJIAP, sky
NOTPIGHO 3HalTK NpWM NOWYKY nofiHOMa, Yy dyHKuiT polyFit
BUKOpUCTaHO MeTof laycca 3 o6epTaHHsAM (gaussPivot). Metogm
poss'azysaHHs C/1AP po3rnagatoTbes - y po3ga. 6.

Mpyknag BWKOPUCTAHHS CTBOPEHOIO MOAYNS HaBeAeHO B
NIiCTUHrY 5.12.

NictuHr 5.12. Mpuknag, BUKOPUCTaHHA
CTBOPEHOr0 MOAYNA
#!/usr/bin/python
from numarray import array
from polyFit import *

xData = array([-0.04,0.93,1.95,2.90,3.83,5.0, \

5.98,7.05,8.21,9.08,10.09])
yData = array([-8.66,-6.44,-4.36,-3.27,-0.88,0.87, \
3.31,4.63,6.19,7.4,8.85])
while 1:
try:

m = eval(raw_input(*\nDegree of polynomial ==> "))
coeff = polyFit(xData,yData,m)
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print "*Coefficients are:\n"" ,coeff
print *'Std. deviation =" stdDev(coeff,xData,yData)
except SyntaxError: break
raw_input(*'Finished. Press return to exit™)

KOHTpO/IbHI 3anuntaHHsA

. Y YoMy cyTb 3aadi anpokcumauii?

. LLlo Take iHTepnonAvis?

. LLlo Take iHTeprnonawiiiHWiA NoniHOM?

. PO3kpuTY cyTb rno6asibHOT iHTepnonsLii.

. NiHiHa iHTepnonauis.

. MeTop, HeBU3HaUYeHUX KOe(iLliEHTIB.

. MeTog iHTepnonauii JlarpaHxa.

. MeTog iHTeprnonsayii HetoToHa.

. MeTop KyCKOBO-MiHINHOT iIHTepnonsLii.

10. MeToA, KyCKOBO-HENiHIMHOT iHTepnonsuii.

11. Lo Take cnnaiiH? CTeniHb cnnaiiHa, AedekT cniaiHa.
12. MeTog, iHTeprnonaAlii napaboniyHuMu cnnaiHamu.
13. MeTog, iHTepnonsuii KybiyHMMK cniaiHamu.

14. MeTof, HaliMeHLUUX KBaJpaTiB.

15. FAKi PiBHAHHA Ha3UBAOTLCA HOPMATbHUMU?

16. MeTog, OpTOrOHa/IbHNX NOIHOMIB.

02N N LN

Nl

473



Po3ain 6

PO3B'A3YBAHHA CUCTEM
NIHINMHWNX PIBHAHDb

6.1. 3aranbHi NMNONOXKEHHSA

BrKoHaHHsA 6aratboX MPUKIALHUX, EKOHOMIYHUX Ta IHWKWX iH-
YKEHEepPHO-TEXHIYHMX 3aBfaHb 6e3nocepeHbO MOB'A3aHO 3 06UUC/IO-
Ba/IbHUMW METOAaMWN MiHINHOT anrebpu. BaXkNMBICTb OCBOEHHS LMX
METOZAIB BU3HAYAETLCA M TUM, LLO came [0 HWX 3BOAMUTLCA Garato
3aBfjaHb YMC/I0BOrO aHanisy. Y LbOMy POo34ini posrnisgatTbea nu-
TaHHSA NP0 YNCOBE PO3B'A3YBaHHSA CUCTEM NiHINHMX PiBHSAHb anre6-
pu, NPO 06epHEHHS MaTpuULb | 3HaXOMXKEHHSA BMaCHWX 3HA4YeHb Ta
B/TACHMX BEKTOPIB MaTpuLp.

Yuncnosi MeTOAM PO3B'A3yBaHHSA CUCTEM NiHIRHUX PiBHSAHL | 06e-
PHEHHA MaTpuuUpb AiNATb Ha Tpy rpynu: 1) TOuHi (NpsMi) MeToau;
2) iTepauiiHi (NOCNiaoBHMX HabAMXKeHb); 3) KOMOiIHOBaHi. TOuHiI
METOAMN XapaKTepusytTbCA MOX/IUBICTIO OTPUMaHHSA LiNCHWUX 3Ha-
YeHb HEBIAOMMX BenuuMH. Mpu UbOMY, 3BMYAlAHO, NMPUMYCKAETHCA,
L0 BCi 06UYMCNEHHS 3AINCHIOTLCA Haf AINCHUMK 3HAYEHHSIMW Be-
NNYKH. ITepauiiiHi MeTogn (NOCNiAOBHUX HaOMMXKEHb) XapakTepu-
3YKOTbCSA TUM, LLLO i3 CAMOr0 MoYaTKy 3a4at0TbCA HABNMXEHUMU 3Ha-
YEHHAMMW HEBIIOMUX, 3a SAKMMW OTPUMYIOTb HOBI  Hab/IMKeEHI
3HAYEeHHS i Lie MPOLOBXYETLCA LOTU, MOKN He OfepXKaTb Hab/IMKeHi
3HaYeHHS HEeBIZOMMX i3 3aJaHOK0 TOYHICTIO. KOM6GiHOBaHI MeToau €
NoeAHaHHAM MepLUMX ABOX METOAIB.

Cuctemy NiHINHWX PIBHAHb

Ay X + 8y Xy +.ct Ay X, =D
21 2272 2nn 2> (61)

Ay X + 8o Xy + ot A X, =0y

MO>XHa NoJaTh y BUTNNAi OLHOr0 MAaTPUYHOTO PiBHSAHHS
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Ax=b, 6.2
ne

— MaTpuua CUCTEMU;

An Qn2 - Apn

X= — MaTpuLs-CTOBMELb HEBIOMMX.

3a ymMOBU, WO M=n i BU3HAYHWK MaTpuLi A He [LOPIiBHIOE HY-
N0, PO3B'A30K CUCTEMMU (6.2) EAUHUIA | MaE BUTNAL

x=A"p, (6.3)

ne Al - MaTpuus, o6epHeHa 40 KBaapaTHOT MaTpuui A.

3a BM3HaueHHAM MaTpuLs A~! € 06epHEeHOI 0 KBafpaTHOI MaT-
puui A, AKLLO BUKOHYETLCA PIBHICTb

AA = ATA=E, (6.4)
0 .. 0
01 ..0

fe | = — OAMHWYHA MaTpuLA TOro Camoro rnopsaky,
0 0 1

o i matpuusa A.
7K BiOMO 3 Kypcy anrebpu, po3B'a30K cucTtemu (6.2) BU3HaYa-
€TbCA 3a opmynamu Kpamepa
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« _ det A

- , 6.5
' detA (6.5)

Ae det A — BU3HAYHUK MATpULi A , OTPUMAHOI LLINSXOM 3aMiHW i-r0o
CTOBMUA MaTpuLi A CTOBMLUEM BifIbHAX YNEHIB.

dopmyna Kpamepa Mae A0CUTb NPOCTUIA BUrAsA, npote npu ii
BUKOPWUCTaHHI HEeOoOXiHO BWMKOHYBATU BE/IMKWIA 06CAT 06YMCNEHb

(nopagky n!(n2 +1)+n), WO pobutb i NPaKTUYHO HenpuaaTHO

npwv po3B'A3yBaHHI NPaKTUYHMX 3agay (Npy N =30 Takuii 06ear cTae
HeAoCTYNMHUM Ans cyyacHux EOM). Kpim Toro, HasiTb npu Mannx n
Ha pe3y/bTaT 3HayHO BI/IMBAKOTb MOXUOKN OKPYTIEHHS.

CwucTema (6.1) Ha3MBAETLCA CYMICHOIO, AKLLIO BOHA Mae PO3B'A30K.
CucTeMa Ha3VBaETLCA BU3HAYEHOIO Y BUMaAKY EAMHOI0 PO3B'A3KY.

6.2. MNpami meToamn
6.2.1. MeTop Naycca

Haii6inblw AaBHIM i BiJOMWMM NPSMWM METOAOM PO3B'A3yBaHHS
CUCTEM MIHIAHWX PIBHAHb € METOA BUK/HOUEHHSI HEBIAOMUX, AKWIA
MoB'A3yloTb 3 iM'AM [Maycca. 3acToCyBaHHA LbOro MeToLy OCHOBaHe
Ha TakKiil Teopemi.

Teopema 6.1. AKWoO A — KBagpaTHa MaTpuusa nopsaky n, 1o ic-
HYIOTb HWKHA mMaTpuud L i BepxHa matpuus U TOro camoro rno-
psaky Taki, wo PA=LU, ge P — gedka mMaTpuus nepectaHoOBOK
nopsigKy n.

AKWo MaTpuua A Mae BiAMIHHI Bif HYNs ronoBHi (fiaroHanbHi)
MiHOpY

TO matpuus P moxe Bubupatucs ofuHWYHOW, To6To A=LU .
Mpuuomy Ue po3KnagaHHs byae eaMHUM, SKLLO Hanepen 3adikcyBa-
TW fiaroHasibHi e1leMeHTUN OfHIET 3 TPUKYTHUX MaTpULLb.

Ines anroputmy Maycca npy po3B's3yBaHHI CUCTEMU (6.2) NONATaE
B TOMY, LU0 faHa CMCTeMa 3BOAUTLCA [0 €KBIBa/IEHTHOT CUCTEMU 3
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BEPXHbOK TPUKYTHOK MaTpuuero (NpaMuin Xig). 13 nepeTBopeHol
TakMM YMHOM CUCTEMW HEBiJOMi 3HAXOAATb MOCMAIAOBHUMM MifcTa-
HOBKamMu, NoYMHaKoun 3 OCTaHHbLOr0 PiBHAHHS MEPeTBOPEHOT CUCTe-
MU (3BOPOTHWM Xif).

TaKUM YMHOM, SKLLO NP PO3B'A3yBaHHI PiBHAHHA AX =LUx=Db
no3HaunTU

Ux=y, (6.6)
TO PO3B'A30K OAEPXKYETHLCA 3
Ly =h. 6.7)
MepeTBOpPEHHS (6.6) HasMBAETLCA NPAMUMM X040M MeToAy [Maycca,
a MepeTBOPEHHS (6.7) — 3BOPOTHUM.
Ha nigcTasi Uiel TeopemMn MaTpuuto A, roN0BHUIA AiarOHa/IbHUIA

MIHOP SIKOI BIAMIHHWIA Bif HYNs, MOXKHa Nogatn y BUMNsAI A0OYTKY
ABOX TPUKYTHUX MaTpULLb:

a; @, .. ;, 0 .. 0 U Uy .o Uy
a.21 a.22 eee a.2n _ Izl |22 cee 0 X 0 u22 cee u2n (6 8)
ay Ay - A [ O S 0 0 .. Uy

MpAMUiA Xif PO3B'A3yBaHHA MOXKHA 34iACHIOBATU TaKMM YMHOM.
Beaxatouu, Lo KoeiLieHT a;; # 0 (Le He 06MeXxye 3arasibHUX Mip-

KyBaHb, OCKIi/IbK/ [OCUTb MPOCTO 3MIHUTU HyMepaLito PiBHAHb), Ai-
NIMMO NepLUe 3 PiBHAHbL CUCTEMU (6.2) Ha KOe(iLLiEHT a;, . Bupaxato-

Y HeBiflOME X; Yepe3 iHWI HEBIJOMI NepLoro pPiBHAHHA Ta
NiLCTaBNAKOYM Lie 3HaYeHHS B (N —1) PIBHAHHSA, L0 3a/ULWWANCS, i

T. 4., NPUXOAUMO [0 NEPETBOPEHOT CUCTEMU NIHIAHNX PIBHSAHb.
Mopsanok o6uncneHb eneMeHTIB MaTpulb L i U , a TakoXX BEKTOPIB
y i X, 3 ypaxyBaHHAM 3a/1eXKHOCTI MDK HUMW, 33[1a€TbCA Y BUTNAL]

Ull =1, uli =a1i /all; Ili = all, i =1,...,n;
i-1
=
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i—1
Uik Z(aik *Zlijuj'k)/lii; k :i+1,...,n;
j=1
i—1
yi =0 =2 Ly /s
j=1

n
Xn = Yns Xnoi = Ynai — z Un_l’jxj;I:Z,...,n—l.
j=n—i+l

Po3rnisiHeMo SiK NpuKiag NpocTy cucTemy

0,000100%, + X, =1,

IKa Ma€ TOUHUIA PO3B'A30K X, =1,00010, X, =0,99990.

FAKWOo 3agaya pO3B'A3YETLCA, HANPUKIAaL, i3 BUKOPUCTAHHAM
TPbOX [ECATKOBMX LM(pP, TO Le 03HaYae, WO 3a/IMLLIAKTLCS TiNIbKK
TpY CTapLli 3Ha4yLi AecATKOBI Lndpu 6yab-9Koro pesynbTaty apu-
(hmMeTMUHMX onepauiit. MpunycTUmo, Lo pe3ynbTaT OKPYI/IOETHCS.
3rifHoO 3 BMKIOYEHHSM [aycca MOMHOXMMO NepLue PiBHAHHS Ha
(=10 000) i pogamo go apyroro. Maemo

0,000100%, + X, =1;
~10000 X, =—10000

i PO3B'A30K
X; = 0,000; x, =1,000.

OTxe, Mae Micue obuncnoBaibHa KaTacTpoda. | cnpasa TyT 30-
BCiM He B 6/IM3bKOCTI MaTpuLi cucTeMn A0 BUPOSKeHoi. Cripasai,
CNpPo6YEMO MepecTaBUTU PIBHSAHHA (BUMKOHAaBLUM BWGIpP NpoOBiAHOMO
eneMeHTa). bauMmo, WO BUK/OYEeHHA [aycca [Jae PO3B'A30K (npu
TMX  caMUX  MNPUMYLLEHHAX MNP0 TOYHICTb  06BYMCliEHb)
X; =1.00, x, =1.00. Mpnyomy Liei PO3B'A30K 0BUMCNIEHNI i3 TiEO

TOYHICTIO, IKY MOXXHa OTpUMaTV ANs TPbOX AECATKOBUX 3HAKIB.
Ha nigcrasi uboro npuknagy LOXOAMMO BMCHOBKY — HefocTar-
HbO YHWKATW TifIbKM HYMbOBUX MPOBIAHWUX €NeMEHTIB, HeobXigHO
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TaKOX YHUKaTN BMOOPY Ma/IvX NPOBIAHMX e/leMEeHTIB NpU 3BeAeHHiI
MaTpuLb [0 TPUKYTHOIO BUTNAAY.

TakvM 4MHOM, NPUXOAMMO [0 MOAM(iKoBaHOro metopdy [layc-
ca — XKopgaHo, fKuii MOXKe BUKOPUCTOBYBATU [ABi CTaHAapTHI CTpa-
Terii BMOGOpY NpoBiAHMX enemeHTIB. lMepLua nonsrae B YacTKOBOMY
BMOOPI MPOBIZHOr0 eneMeHTa: Ha k-my KpoLi npsmMoro xogy fiK npo-
BiHWIA GepeTbCA HalibiNbLLMIA (32 abCOMOTHOK BENNUYUHOK) ene-
MEHT y He3Be/eHili YacTuHi k-ro cToBnus, T06TO

|akk|=max|a|k , 1=k, k+1, ...,n.

[pyra cTpateris nonsrae B NOBHOMY BW6OpPI MPOBIAHOIO e/leMeH-
Ta: Ha k-My Kpoui npsMoro xogy 3a NpoBigHWIA GepeTbcs Hainbinb-
LUKIA (32 aBCOMHOTHOK BENIMYMHOKD) €NIEMEHT Y He3BeAEHIN YaCTUHI
matpuui, To6To

|| = max fay|, i =k, k+1, .., n; j =k k+1,..,n.

Xoua cTparterisi NOBHOro BU6OPY HafiiHilla, YacTille 3aCTOCOBY-
€TbCA BCe-TakKW nepLua cTpaTeris, 0CO6/MBO AN PO3B'A3yBaHHSA Be-
JMKMX CUCTEM, OCKIfIbKN 0BYMCNIOBaIbHI BUTPATU MPY LbOMY 3HaY-
HO MeHLWi. [leTanbHille Leri MeToA 6yae po3rnsiHyTO NisHille.

Peanizauito metogy Maycca y surnagi mogyns mosoto Python Ha-
BeLEeHO B NIICTUHTY 6.1.

NictuHr 6.1. Mogayns i3 peanisauito anroputmy Maycca
# -*- coding: cpl251 -*-
## module gaussElimin
"' X = gaussElimin(a,b).
Bupiwye [a]{b} = {x} meTog0oM [aycca.
from numarray import dot
def gaussElimin(a,b):
n = len(b)
# da3a BUK/NIOYEHHS
for k in range(0,n-1):
for i in range(k+1,n):
if a[i,k] '=0.0:
lam = a [i,k]/a[k,Kk]
a[i,k+1:n] = a[i,k+1:n] - lam*a[k,k+1:n]
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b[i] = b[i] - lam*b[K]
# 3BOPOTHUIA Xif
for k in range(n-1,-1,-1):
b[K] = (b[K] - dot(a[k,k+1:n],b[k+1:n]))/a[k,K]
return b

Ha Bxifg dhyHKUii gaussElimin Nogat0Tbca Matpuus A Ta BEKTOp-
cToBnewb B.

6.2.2. Uncno 3ymMmoBNeHOCTI
mMmeTopay [Maycca

Uncno 3ymMoB/IEHOCTI TaKoX rpae (hyHAaMeHTa/IbHYy Po/b B aHali-
3i MOMWNOK OKPYrNeHb, 3AIACHIOBAHMX Yy NPOLIECI rayccoBOro BU-
KNroYeHHs. Mpunyctumo, Wwo Bei enemeHT A i b TouHO noparoTb-
CA YMCNaMmn 3 PyXOMOK TOUKOHK, | Hexalh X* — BEKTOp PO3B'A3KY,
AKWUIA CKNaJeHOo 3 YmMcen i3 PyXOMOK TOYKOH. MprnycTUMO TakoX,
LLL0 TOYHA BUPOMKEHICTb MaTpMLUi, SKLLO Le Mae micle, He 6yna Bu-
AB/IEHA | WO He OYNI0 Hi MAaWWHHWUX HY/IB, Hi MepernoBHOBaHb. ToAi
BUKOHYIOTbCS HEPIBHOCTI

p-Ax]
A

<p-27'i MS p-cond(A)27".

*
X X

TyT 2 — OCHOBa CUCTEMW [/ MOLAHHS YWCEN i3 PYXOMOIO TOYKOIO;
t — KifbKiCTb po3psgiB Apo6oBOT YaCTUHM i3 MOMOALIMM PO3PSL0M
27! mae 3HaueHHs "MalLMHHOrO encunoH". BennunHa p HWX4e BU-
3HAYaETLCA TOYHILLE, afie 3BMYaliHe Ti 3HaYEHHS He MepeBuLLYE 2.

lMepLia HepiBHICTb CBIAYUTL MPO TakKe: AK Mpasusio, MOXHa Po3-
paxoByBaTW Ha Te, WO BiAHOCHWUIA BIAXNN MaTUMe BENNUYUHY, NOPiB-
HAHHY 3 NMOXMOKOI OKPYI/IEHHS, He3a/1eXHO Bif TOro, Ha CKilbKu
MoraHo 3ymoB/ieHa MaTpuLis.

[pyra HepiBHiCTb BMMarae, wob A 6yna HeBUpogKeHa, 60 B
Hel BXOAMTb TOYHWI PO3B'A30K X. Lis HepiBHICTL BUNAMBaE 6e3no-

Cepe/iHbO 3 NepLLOT i BU3HauyeHHa cond(A); Ti CeHC — BiJHOCHa No-
Xnbka byge Mana, SKLLo Mane Ynco cond(A), asie BOHa Moxe 0y-
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TN [y>Ke BenKa, AKLWO0 MaTpuLs mMaike BUPOLKEHA. Y TpaHUYHO-
My BMMAZLKYy, KOM A BUPOLKEHa, afe Le He Oyno BUABNEHO B
npoueci obuncneHb, neplla HepiBHICTb BCe-Taku 36epirae cuny,
TOAI AIK Apyra He MaE CeHcy.

LLLo6 TOuYHiLle BM3HAYUTK BENIMYMHY p, HEOOXiAHO BMKOPUCTO-

BYBaTW MOHATTA MaTPWUYHOT HOPMMW i BCTAHOBUTWU AesAKi LOMOMIDKHI
HepiBHOCTI:

[~

[

|l = max = max |
fie a; —CTOBMLj MaTpuLi A.

OCHOBHWIA pe3ynbTaT Y AOCAIMKEHHI MOMWUMIOK OKPYT/eHb B ra-
YCCOBOMY BWK/IKOUEHHI MONArae B TOMy, L0 0BYMC/IEHWIA PO3B'A30K
X* TOYHO 3a[J0BO/IbHSAE CUCTEMY

(A+E)X" =b,

e E — matpuus, eneMeHTu AKoi MaloTb BeIMUUHY MOpAAKY MoMU-
NOK OKPYT/eHb B efieMeHTax Matpuui A. 3BiACUM MOXHa HeranHo
BMBECTM HEPIBHOCTI, WO BM3HAYatOTb BigXMN i MOXMOKY B 064MChe-

HOMY PO3B'3Ky. Bigxun 3HaxoanTbes K b — AX = Ex". OTxe,
Ib— A" [l EX”[[<[[ E | x"II.

Y BU3HaueHHI Bigxuny Gepe yyacTb A06YTOK AX* Tak, Lo Aope-

YHO po3rnagaTyt BiAHOCHWIA BigXun, KA NOPIBHIOE HOPMY BEKTOpa
. i E _

b—AX" i3 Hopmamy A Ta X *. OCKIifIbKU H: p-2 t, TO 3 HaBepe-

b— AX"
[Al-

HOT BULLLE HEPIBHOCTI BiApasy BUNUBAE, WO

Sp-2_t.

*
X

AKWO A HeBUPOKEHa, TO 3a [JOMOMOroH 06epHEeHOI MaTpuLi
NOXMGKY MOXHA 3anucaTn y BUNSAI X — X = A’l(b— Ax*) i Topi

* * *
[ X =x"[|=[| Ex x|l

<| A HEH
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HainpocTile nopiBHIOBAaTU HOPMY MOXMOKM i3 HOPMOK 064KC-
NEHOro po3B'A3Ky. TakKMM YMHOM, BifHOCHA NOXMOKa 3aA0BOSbHSE

*
X=X

HepisHicTb X

<o A a2

X

BUABASETLCS, LLO ‘A’luzl/m, Togi cond(A)= ||A|| HA’IH i,

TakKnuM YAHOM

[x-x

<p-cond(A)- 2t

X

6.2.3. MeTopg lNaycca
3 BMOGOPOM ro/IOBHOIo enemMmeHTa

Y BMKNageHoMy BuLle MeTodi Maycca My npunyckanu, Wwo fgia-
FOHaNbHi eNeMeHTN &y, , Ha AKi NPOBOAUTLCA AiNEHHA Npu 06ymc-

NeHHI MHOXHWKIB R =&y /ay , He AOPIBHIOTL Hy/0. [pKn npak-
TUYHOMY PO3B'A3YBaHHI CUCTEM YacTo ay =0, WO NPU3BOAUTL [0

MporpamHoOro nepepvBaHHa. TOMy B nporpamax Takuii BUMagoK
Mae nepegbavarucs.

Hexaii M1 BukoHann (k —1) kpok anroputmy [aycca Ta 3Be-

NN cuctemy [0 BUrNagy, B AKOMY MigdiaroHalbHi  enemMeHTH
nepLumnx (k—l)-ro CTOBNLIB AOPIBHIOWTL HYyNHO (puc. 6.1, 6), Ta

k.

a) 6) B)

K

7

%

Puc. 6.1. 3MiHa HeHyNLOBOT CTPYKTYPU MaTpuL,i 3a npoueaypw Maycca:
a- BuXigHa MaTpuus; 6— HyNbOBi CTOBNL,i; B— OcTaTOYHa MaTpULsA
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Togi cepef HVXKYe PO3TALLOBAHMX e/leMeHTIB K-ro cToBnus € Xo-
ya 6 0AVH, WO He [OPIBHIOE HYNHO, iHaKWe maTpuus A 6yna 6 Bu-
po/pkeHa. Hexali BiH MicTUTbCS B psfKy 3 HOmepoM h. MNepecTasu-
BLWM Micuamn K -Te Ta h-Te PiBHAHHA CUCTEMMW, LLO He 3MIHIOE i
PO3B'I3KY, NOMICTUMO Ha fiaroHanb HEHY/IbOBUIA €NIEMEHT i 3MOXKe-
MO MPOAOBXMUTK Npoueaypy aycca. 3asHaunmo, Lo B k-my Ta h-my
psagkax matpuui A niBopyd Bif k-ro cToBnus postawloBaHi Hyfi,
TOMY MepecTaHOBKa UMX PAAKIB HE 3MIHIOE CTPYKTYPY MaTpuLi, 30-
OpaxeHoT Ha puc. 6.1, 6. Came 3 i€l NPUYMHK NOLYK HEHY/ILOBOIO
efleMeHTa NPOBOAUMO TifIbKM HUXKYe Bif AiaroHani, OCKiflbK1 B Npo-
TUNEXHOMY BUMNaAKYy MIiCis NnepecTaHOBKM MiCUAMM O4HOrO 3 nep-
LUMX PIBHAHb | PIBHAHHSA 3 HOMEPOM K B HY/bOBI 0611aCTi 3'ABUNNCH
61 HeHyNbOBI eNeMeHTK, a B pesy/bTaTi MaTpuLs CUCTEMU He Haby-
na 6 BEPXHLOT TPUKYTHOI hopmu.

BuABNAETLCA, L0 NepecTaHOBKa PiBHAHb OaxaHa, AKLO HaBiTb
AiaroHa/IbHUIA eneMeHT He [OpiBHIOE Hyn. MeTog Maycca € Tou-
HUM, AKLWO 064YncnioBaTy 6e3 OKpPYrieHHs 3 HEOOMEXEHO KiflbKiC-
THO po3psagis. EOM mae obMexeHy KiflbKiCTb pO3pAAiB i MOXNOKK
OKPYT/IeHHA € Malbxe 3aBXan. AHasi3 NOXMOKM 064YmncieHb 3a Gop-
MY/OI MPAMOro XoA4y MOKasye, Lo NoXmMbKa TUM MeHLUa, YAM MeH-
WNA MHOXHVUK R=a, /ay . L6 3p06butm MHOXHWK sKOMOra
MeHLLIMM, Tpeba w6 akk 6yno skHaibinbwmm. Cepea eneMeHTIB
aj (i>k) Tpeba LiyKaTV He MPOCTO TaKWid, L0 He [OPIBHIOE HYNIO,
a MaKCMMa/lbHWUiA 3a Moaynem (/A0ro Ha3vMBarTb FO/IOBHMM), i Nepec-

TaHOBKOK PiBHAHb MOMICTUTW MOro Ha fiaroHanb. IHaKwe Kaxyuw,
Nnpu MepecTaHOBL PiBHAHb HEOOXiAHO AocCArTM  TOro, Lo6
|a| = |ay |- Togi MHOXHMK [R| < 1.

OnucaHnin cnoci6 po3ss'azyBaHHA CJ/IAP Ha3uBalTb MeTOAOM
Maycca 3 BUGOPOM rOMIOBHOMO eleMeHTa 3a CTOBMLUeM, abo 3 4acTKo-
BUM YNOpsAAKYBaHHAM.

A/ITOPUTM LIbOTO METOAY CKNaAaETbCA 3 TAKMX KPOKIB:

1) yctaHoBUTK k =1;

2) cepef, nigaiaroHasIbHUX eleMeHTiB K-ro CToBNusA Ta &y, 3Hau-

TV MaKCUMaNbHWUI 338 MOAY/IEM €NEMEHT &y, = max |aik| (i>k).

Akuwo k = h, nepectaButu k-in Ta h-it pagkn matpuui A Ta BeKTopa
npaBsol YaCTUHN B ;
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3)3a [0OMOMOrow MiHiMHMX KOMGiHauin psagka Kk Ta psgkis
K+1, kK+2,...,n BUKAKOYATK NigaiaroHanbHi enemeHTn k-ro ctoBn-
UA 8181050+ 8nk 5

4) yctaHoBUTM K =K +1. Akwo k <n—1, nepeitvt 4o n. 2. AKLLO
k =n, nepeiitn go n. 5;

5) AKWOo a,, =0, ToO MaTpuLA BUPOKEHA | PO3B'A3YBaHHA Mpu-
MUHAETLCA; AKLLO &, # 0, TO BUKOHYETLCA 3BOPOTHUIA Xif.

FK e BnamBae BUGIP FONOBHOIO €1eMeHTa Ha TOYHICTb pesy/b-
TaTiB? poiNtCTpyEMO Ue Ha NpPUKNadi CUCTEMU ABOX PIiBHSAHbL i3
ABOMa HeBigoMUMK [2]:

)

i3 TOYHMM PO3B'A3KOM X, =—0,499975, X, =0,999995 (HaBeAeHO
nepLli WiCTb 3HauywWwmx uudp) abo, NpmbansHo, x, =-0,5, X, =1.
MpoaHanisyemo, sk 6yfe po3B'sa3yBaTucs L 3afada Ha aesikin EOM i3
yoTUpMa AECATKOBMMU po3psiaamu, To6To Ha EOM, umncna sikoi 36epi-

ratrotbcs y hopmi 0.nnnn 107 , e N —undpu MaHTUCK, P — nopsgok.
Mpoueaypy Maycca NoYMHaloTh 3 064MCNIEHHSA R :
a; -10" 0,1-10

OKpyrneHHs Mpy UbOMY He BUHMKAE. BigHiMaroum Bif Apyroro
PIBHAHHA MepLue, MOMHOXeHe Ha R, MepPeTBOPUMO Ha HY/b eleMEHT
a1, & HOBE 3HaYeHHS ay, A0piBHIOBATUME

all) =1-(-0,2-10%)-1=0,1-10" = (=0,2-10°)(0,1-10") =
=0,1-10" +0,2-10° = 0,200001-10°.

OcCKiflbK1 f1it0 BUKOHYIOTb Ha 4oTUpMpo3pagHini EOM, To uncno
OKPYFN0I0Th | GepyTb TakuM, Wo AopisHioe 0,2-10°. Mpu o6umc-
JIEHHI HOBOr 0 3HAYeHHSs b2 NOXMOOK He BUHUKAE:

b, =0—(-0,2-10°)(0,1-10") = 0,2-10°.
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Y pe3ynbTaTi cucTema (6.9) 3B0ANTLCS A0 BUTNISAAY

-107 1 x) [ 1
0 0,2:10°) (% 0,2-10°

Mpwn 3HaxomKeHHI X; Ta X, 3 L€l CUCTEMU TaKOX He BMHUKAE
MOXNBOK OKPYTEHHSA:
. b" 0,2-10° y
27200 " 090.10°
ay,,” 0,2-10

1 1
=O,l 100 -0,1-10 _0

X
1 ~0,1-107*

Opep>kaHuii po3B'A30K (0;1) 3HAYHO BIifPI3HAETHLCA Bif TOUHOrO
(—0,5;1). MpUUYnHOIO € NOXMOKA OKPYTNEeHHS, AOMNYyLLeHa Npu 064u-

cnioBaHHi a,,". Sk 3vorna noxubka B 6-My [ECATKOBOMY 3HaKY

NPU3BECTU A0 KaTaCcTPOMiYHO HenpaBW/IbLHOIO PO3B'A3KY? CKopuc-
TAaEMOCS MPUHLMMOM 3BOPOTHOFO aHanidy MOXMOOK, SKWIA nonsrae
He y 3'ACyBaHHI TOrO, fIKa AONyLleHa noxmoka, a B MOLyKy 3ajadi,
sIKa B AiiCHOCTi p0o3B's3yBanach.

BigkuHyTa npu obuncnioBaHHi a,, BennumHa 0,00000110 €
3HaYeHHAM a,, MOYaTKOBOI MaTpuLi. TOMY OfepXaHuii Hamu po3-
B'A30K 6yB 6V Tak1UM camum, AKLLO 6 a,, AOPIBHIOBa/IO HY/0. TO6GTO
B A4iICHOCTI 3HaliieHO TOYHUIA PO3B'A30K CUCTEMU

2 1x1_1
107 1)\x) \0)

AHanizyloun NpoLec 06UMCNEHHS ay, ", 0X0AMMO BUCHOBKY,

LLI0 MPUYMHA Y 3HAYHII BENMUMHI MHOXHMKa R, sIKUiA He [03BONNB
a,, BK/IIOUMTUCA B 3arafbHy Cymy. MHOXHUK R ofepxanu Benu-

KM, OCKINIbKMN fliarOHaNbHUN eNeMeHT a;; Masuii NOPIBHAHO 3 a,; .
Lle fo3Bonsie crnofiBaTuCb Ha Te, L0, 3aCTOCyBaBLUM NpoLiesypy
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BMOOPY rO/IOBHOrO efieMeHTa 3a CTOBMLUEM, MU OAePXMUMO 6GifbLu
TOYHWIA PO3B'A30K.

IMomiHAEMO B cUCTEMI (6.9) PIBHAHHA MicUAMMW. Y pe3ynbTaTi Ma-
KCMMasibHe 3 YMCEeN MEepLIOro CTOBMLUS ONUHUTLCA Ha AiaroHani

2 L)% (1
~10° 1)\x) (0
BukoHaemo aii anroputmy [Faycca, 3a3HaduMBLUW, WO NOXMOKa

OKPYTNIEHHS AONYLLEHa, SIK i paHilLe, nLLe Npy 064MCAEHHI 8y, ) :

-4
R— 0,1-10

ERT R

al) =0,1-10' - (~0,5-107)(0,1:10')=0,1000005 10" ~ 0.1-10" =1;

b =0,1-10' - (~0,5-107)-0=0,1-10";

b 0,1-10'

al)  0,1-10
1 0,1-10'
a, 0,2-10

Ofep>xaHuii po3B'a30K Maike 30iraeTbCs 3 TOYHUM. PO3rnsHy Ui
meTof laycca 3i CTpaTerietd 4YacTKOBOrO YMOPsSAKyBaHHS [AOCUTb
HafiNHWIA | LUIMPOKO 3aCTOCOBYETLCA Ha NMpPaKTuULi. Ane B AKX BU-
nafikax BiH [a€ He3afoBiNbHUIA pe3ynbTaT. Hanpuknag, NOMHOXWB-

LUK MepLUe piBHAHHA B (6.9) Ha -10°, Of1EP>KMMO CUCTEMY

10 -10°)( X} (-10°
21 X, 0 )
fKa MOBMHHA MaTW Takuii camuii po3B'aA30K, 5K i (6.9).
Po3B'sxkemo i MeTogom [Maycca 3 BUGOPOM rO/IOBHOIO eneMeHTa

3a CTOBMUEM. Y NepLioMy CTOBMLi MaKCUMaIbHWIA eNleMeHT Mic-
TUTBCA Ha AiaroHasni, TOMY PiBHSHHS He NepecTaBnsAOTh.
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R:%:O,z; all) =1-(=10%)-0,2=1+0,2-10° = 0,2-10°;

b{" =0—-(~10%)-0,2=0,2-10°;
b"  0,2-10°
TS TON
a,, 0,2-10

1 1 6 6
Xy =—@Mm —a;, - X, )=—(-10" = (=10")-1)=0.
| all(b1 12 %) 10( ( )-1)

OTXe, BMKOPMCTOBYHOUM 4YacCTKOBE BMOPSLKYBaHHS, MW 3HOBY
OfepXKann HenpasUIbHWIA Po3B'A30K. Mpouesypa BU6OPY ro10BHOMO
efleMeHTa 3a CTOBMLUEM [Ja€ HeroraHui pes3ynbTaT, SKLO MaTpuus
CUCTEMW 3PiBHOBaXKEHa, TOGTO MaKCUMa/IbHI €/1EMEHTU B KOXHOMY
CTOBNL,i | B KOXXHOMY psaKy MatoTb 6113bKi nopsaku. MpoTe gocutb
NPOCTOI NpoLeAypy Takoro MaclitabysaHHs Hemae [2].

Buxoaom i3 wiei cutyauii € NoBHe BNOPAAKYBaHHS, TOGTO BMOIp
rO/I0BHOMO e/leMeHTa Mo BCbOMY Mont0. [na peanisauii 3anporoHo-
BaHOr0 aIrOpUTMy CMOYaTKy CTBOPMMO LOMOMIXKHUIA MOAY b, KU
MaTume ABi hyHKLUIT: swapRows — A1 nepeMilLleHHs psaKiB maTpu-
ui Ta swapCols — gna nepemiwleHHa cToBnuis. Peanisauito LbOro
[OMNOMIXHOro MOZyNs HaBeleHo B ICTUHTY 6.2.

JlicTnHr 6.2. Peanisauis 4ONOMIXHOINo Moayns
# -*- coding: cpl251 -*-
## module swap
" swapRows(v,i,j).
MiHsie MmicusaMY pALKM | Ta j BeKTOpa abo matpuui [v].
swapCols(v,i,j).
MiHsie micusmu cToBNLi | Ta j maTpuui [v].
def swapRows(v,i,j):
if len(v.getshape()) == 1: v[i],v[j]l = V[j],VIi]

else:

temp = v[i].copy()
v[i] = v[j]

v[j] = temp

def swapCols(v,i,j):
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temp = v[:,j].copy()
Vg1 = VL]
v[:,i] = temp

Y nicTUHry 6.3 HaBefleHO peanisaLito 3arnponoHOBaHOro anropu-
TMY Y BUrAagi Mogyns MoBok Python i3 BUKOPUCTaHHAM (PYHKLIi
AOMOMIDXXHOIO MOLYNS.

JTicTvHr 6.3. Peanizauis MOAyns anroputMmy
# -*- coding: cpl251 -*-
## module gaussPivot
""" X = gaussPivot(a,b,tol=1.0e-9).
Bupiwye [a]{x} = {b} meTogom Maycca
3 YaCTKOBMM YNOPSAAKYBaHHSAM

from numpy import *
import swap
import error

def gaussPivot(a,b,tol=1.0e-12):
n = len(b)

s = zeros((n),dtype=float64)
for i in range(n):

s[i] = max(abs(a]i,:]))

for k in range(0,n-1):

# MepecTaHOBKA PALKIB, SKLLO NOTPibHa

p = int(argmax(abs(a[k:n,k])/s[k:n])) + k

if abs(a[p,k]) < tol: error.err(*‘MaTpuus cuHrynsapHa')
ifpl=k:

swap.swapRows(b,k,p)

swap.swapRows(s,k,p)

swap.swapRows(a,k,p)

# da3a BUK/NIOYEHHSA
for i in range(k+1,n):
if a[i,k] = 0.0:
lam = a]i,k]/a[k,k]
afi,k+1:n] = a[i,k+1:n] - lam*a[k,k+1:n]
b[i] = b[i] - lam*b[k]
if abs(a[n-1,n-1]) < tol: error.err(*"Martpuus cuHrynsapHa')
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# 3BOPOTHUIA Xif
for k in range(n-1,-1,-1):
b[K] = (b[K] - dot(a[k,k+1:n],b[k+1:n]))/a[k,K]
return b
CTBOpEHMIA MOAYNb CKNaAAEThCA 3 OAHIET (YHKLIT, KA i peanisye
anroputMm. Ha BXxig ¢yHKUiT gaussPivot nogatoTbes matpuus A Ta
BEKTOpP-CTOBMELb B.

6.2.4. MeTopg Naycca 3 Bu6opom
ro/IoOBHOrO efieMeHTa Mo BCbLOMY MOS0

Y n. 6.2.3 M1 NOKasa/n, L0 YaCTKOBE YNOpsaKYBaHHS He 3a6e3-
MeYnno NPUAHATHUX Pe3ynbTaTiB Ans CUCTEMY

6 6
IR
2 1 Xy 0

eKBiBa/IEHTHOT cucTeMi (6.9) i3 po3s'askom (— 0,5;1).

MepeBipMMO, LU0 Aa€ Ham MOBHE YNopsAAKYBaHHS. [1s LbOro Liy-
KaEMO TO/IOBHUIA €lEMEHT MO BCbOMY MO0 MaTpuli. OYeBUAHO,

MaKC/MaJlbHUM 3a MOAYNEM € eEMEHT a;, = ~10°. PosmicTumo iio-

ro Ha giaroHani. s Uboro nepectaBMmMo MicLsMKU CTOBMLI MaTpuL,i.
OCKIifNlbKM KOXEH CTOBMELb BiAMOBIAAE KOHKPETHOMY Xj, TO Tpeba
nepecTaBUTK i KOMNOHEHTY BekTopa X. OfepXXMMO cucTemy

6 6
R R
2 1 X 0

PosB'sykemo 11 meTofom lMaycca:

1

o =-107%; al) =2-10-(-10°)=2+10" =~ 2;

R=

b =0—(-107%) = 1. (6.12)

1
X —Q—_—l——o 5;
a2 77
22
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1 1 6 -10% +5
X, =— (0, —a, X, ) =——(-10° =10+ (=0,5)) =——— =~
2 " 1 12 "2 _106 106

1.

Ofep>XaHO pO3B'A30K, Maibke TaKWil, L0 36ira€TbCsi 3 TOUYHUM.
MpoTe CTINKICTb LpOro anroputmy [0 MOXWMOOK OKPYINEeHHs Mpus-
BOAMTb [0 YCKMafHeHHA rnporpaMu Ta 36inbLUeHHs Yacy 064nC/eH-
HeA. Taknin anropuT™ BiAPi3HAETLCA Bif NONepeAHbLOro TUM, Lo Ha k-
MY Kpouji (rmepes nepeTBOPeHHAM Ha Hy/b eNeMeHTIB k-ro cToBnus)
FONIOBHMI eNemMeHT BifLUIYKYETbCA Ha MpaBiii HWKHIN cybmaTpuui
maTpuui A, Ky Ha puc. 6.2 NOKasaHo NOABIHUM LUTPUXYBaHHAM.

n

A= O6nacts
TOTITYKY

Puc. 6.2. O6nacTb NOLYKY Fo/1I0BHOrO €/1IeMeHTa
B aJ/1IrOPUTMi NOBHOI0 YNopsAKyBaHHA

Lla cybmaTpmus BKAKOYAE eNeMeHTM aj, AN AKUX 1, j > K. Kpim
TOr0, BU3HAUMBLLIN FONIOBHWIA ENIEMEHT &y, , HEOOXIAHO NepecTaBuTH
MicUSIMWN He TifIbKM pagku maTpuui A 3 Homepammn K i h Ta komno-
HeHTU by Ta by, BeKTOpa NpaBOi YaCTWUHW, ane i CTOBMLi MaTpuLi A
3 HoMepamMun Kk Ta p, a TaKoX ypaxyBaTu Lt NepecTaHOBKY Y Bek-
TOPi HeBigoMux X .

AnroputMm metogy laycca 3 BMOGOPOM rONOBHOrO efieMeHTa no
BCbOMY MNOJIKO HaBEAEHO HIKYE.

1. YcraHoBuTM  k=1; ccopMmyBaTh MacuMB  MepecTaHOBOK
MP(i)=i, i=1..,n°

2. Cepef eemeHTIB &;; (i, j= k) 3HaT MaKCUMarTbHIA 32 MOAYIEM
i, j>Kk.

ay, =max‘a—-

ij |
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3. 9dkwo h=k, noMmiHaTM Mmicuamy pagku k Ta h marpuui
7 enemeHTV 3 HOMepamu k i h BekTopa B.
4. Akwo k= p, NOMIHATU Micuamu cToBnui k Ta p MaTpuui

A, a TaKoX €/leMeHTM 3 HoMepamn K i p MacuBy MepecTaHOBOK

cToBnuis MP .

5. BUKniounTtn nigaiaroHanbHi efemeHTn k-ro ctoenusa matpui
A 3a I0NOMOrOH0 NiHINHOT KOMGIHALT psSAKIB.

6. YctaHoBUTM k=K +1. Akwo k <n-—1, nepeitn go n. 2.

7. BUKOHATW 3BOPOTHWIA Xifl Ta Oflep>KaT BEKTOP HeBigoMuX Z .

8. 3a gonomororo MacuBy nepectaHoBoK MP cthopmyBaTu 3a Be-
KTOpoM Z macuB X .

9. OBYMCINTI BEKTOP BIAXUNIB I Ta HaAPYKYBATN BEKTOPU I i X .

Hasiwo notpibeH macvs MP ? Po3rnsHemo Lie Ha npuknagi pos-
B'A3yBaHHA C/1AP i3 yoTUpMa HeBiJOMUMU, TOUYHWIA PO3B'A30K AKOI

X1:7, X2:5, X3:_9, X4:_2.

Hexali y npoueci BUKOHaHHS npoueaypy Maycca 3 BUOOPOM ro-
NOBHOTO €e/leMeHTa Mo BCbOMY MOJI0 MU Ti/IbKW OAWH pa3 nepectas-
NSAEMO CTOBNUi MaTpuui A, Hanpuknag, 2-i Ta 4-i. Tofi, BUKOHaB-
LIV 3BOPOTHWI Xif, OAEPXMUMO AesKUiA BEKTOP:

i 1 2 3 4
Z= | 7 2|9 5

B SIKOMY MOPIBHAHO 3 BEKTOPOM HEBiAOMMX X MepecTaBneHo 2-i
i 4-n enemeHTN. TO6TO, OAEPXKMMO HeMpaBW/bHY BiAnoBigb. Came
A1 3anaM'aToByBaHHS MPOBeLEHNX MepecTaHOBOK CTOBMLIB MaTpu-
Ui i notpibeH macne MP . Y ubOMYy BMMNafKy HaLIOl CUCTEMM 3 YO-
TUPLOX PIBHAHb BiH CMOYATKY Ma€ BUTNIAL

i 1 2 13| 4
MP= 1 2 13| 4

OpHOYacHO 3 MepecTaHOBKOK 2-ro Ta 4-ro CTOBMLIB MepecTas-
NATLCA 2-11 Ta 4-i eneMeHTU LbOro MacuBy:

i 12|34
MP= | 1|4 |3 ]2




BennunHa MP (i) o3Havae AilicHUiA HOMep Yy BEKTOPI HeBifOMMX

X uucna Z (i), oaepaHoro nicns 3BOPOTHOrO xofy. BukopucTo-

BYIOUM iH(hOpMaLLit0 MPO NEepecTaHOBKW, WO MICTATbCA B MacuBi
MP , nepes ApyKyBaHHSIM KiHLIEBOrO pe3y/bTaTy MOTPiGHa 3BOPOT-
Ha NepecTaHOBKa 0/lepXXaHOro MacuBy Z 3a I0NOMOrOH OnepaTopiB

f&)lr i in range(N):
X[MP[i]]=z[1] (6.13)

Y BUNAAKY HaLlOi CUCTEMU BUKOHYIOTb Taki Aii:
X(MP(1)) = X(1) « z(1) =7,
X(MP(2)) = X (4) « Z(2) = -2,
X(MP(3)) =X(3)«Z(3) = -9,

X(MP(4)) =X(2)«Z(#)=5

Ta, OCKI/IbKM e/lEMEHTV MacuBy X [PYKYHOTbCS B MOPSAAKY 3pOCTaH-
HA HOMEpIB e/IEMEHTIB, OTPUMAEMO NPaBUIbHY BIAMOBIAb.

TakvM Y/MHOM, Y MPOLIECi 3BOPOTHOIO XOAY CroyaTKy Bu3Haya-
I0Tb Macue Z , NOTiM oneparopamMu (6.13) 3HaxXo4ATb Macus X .

3azHauMmo, WO Yac poboTN NporpaMm MOXKHa CyTTEBO CKOPOTU-
TW, AKLWO He pPoOWUTK HacnpaBAi NepecTaHOBKY PAAKIB Ta CTOBMLiB
MaTpuLi, a 3anam'aToByBaTy Lii MepecTaHOBKM 3a JOMOMOro Macu-
By MP i e ogHOro aHanoriyHoro mMacuy Ans psaKiB. Xoua Takuii
nigxig we 6inblue yCKnagHoBaTMe nporpamy.

6.2.5. LU-anropnTtm

Po3rnaHyTi Buwe peanisauii mMetogy laycca (BUMK/IHOYEHHS 3a
CTOBMUAMM Ta psaKaMmn) He BUYEPMYHTb YCIX MOX/IMBUX BapiaHTiB.
ICHye paf iHWKWX anropuTMmiB, WO 6a3ytoTbecs Ha Til camili ifei Bu-
K/IHOUEHHS! HEBIAOMMX LUNSXOM NiHiHOT KOMGiHaUiT piBHSHb. Cloan
BifHOCATb, Hanpuknag, Metoan LU-nepeTBopeHHs, XKopaaHo, onTu-
Ma/IbHOTO BUKJ/TIKOUYEHHS, MPOTrOHKM, AKi MOXHa po3rnfgaTv fiK Mo-
Andikauii metoay Maycca.
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Micna knacuyHoro metofdy [aycca 3 peanisalieto 3a CTOBMNUAMMN
3HayHe MicLe B 064MCntoBasIbHIl NpakTuLi oTpumas LU-anropuTm.

Hexali M1 BMiemMO nepeTBoptoBaTV MaTpuuo A yf 4o6YTOK 4BOX
TPUKYTHUX MaTpuLb: H/XHBLOT TPUKYTHOI L, Ha diaroHani aKoi pos-
TawosaHi oguHuLi (1; =1), i BEpXHLOT TPUKyTHOI U, TO6TO

A=LU . (6.14)
Topi noyaTKoBy cmucteMmy Ax = B 3anucytoTb y BUTNagi
LUx=B. (6.15)
Ao no3HaunTh BekTop Ux uepes y(UX=Yy), OCTaHHs cucTe-
Ma Habepe BUTALY
Ly=B. (6.16)

OckinbKy i MaTpuUs € HWKHBbOK TPUKYTHOH, TO PO3B'A3YIOTb
Taky CJIAP npocTto (NiCTUHT 6.4).

JlicTuHr 6.4. dparmeHT nporpamu
po3s'asysaHHA CJ1AP

X[0]=B[0}/A[0][0]
for i in range(1,N+1):
s=0
for j in range(l):
s+.=A[i][]:]*X[j]- .
X[i]=(B[i]-s)/A[][i]

Konn mu BXe 3HalLLAM BHACAiJOK PO3B'A3yBaHHS LET CUCTEMM
BEKTOP Y, TENep MOXKEMO PO3B'A3aTN CUCTEMY

Ux=y (6.17)

i3 BEPXHLOIO TPUKYTHOK MaTpuueto U (icTUHT 6.5) Ta oTpumaTu
LLYKaHWi BeKTOp X .

JlicTUHr 6.5. dparmeHT nporpamu
po3B'azyBaHHA CJTIAP
X[N-1]=B[N-1]J/A[N-1][N-1]
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for i in range(N-1,-1,-1):
s=0
for j in range(1+1,N+1):
st=A[GI*X0]
X[i]=(Bli]-s)/AL][]

Takum ynHom, LU-anropntm 3anmcyoTh Tak.

1.Po3knacTi matpuuto A Ha A06YTOK BEPXHLOI Ta HMXHBLOT MaT-
puup L Ta U (LU-thakTopm3zauis).

2.Po3B'A3aT cUCTEMY (6.16) i3 HWKHBOIO TPUKYTHOK MaTPULEO
(Npsmui xig).

3.Po3B'a3aTu cucTemy (6.17) i3 BEPXHLOK TPUKYTHOK MaTpULLEO
(3BOPOTHUIA Xif).

MepeBarn Takoro nigxody OCOGAMBO OYEBWAHI, KO HeobXiAHO
po3B'a3aTi fekisibka C/IAP 3 OfHi€to i Tieo camolo matpuueo A 1
pi3HUMK BekTOopamMn B. Y ubomy pasi A= LU po3knafaetses e
OAVH pa3 i Ans KOXHOI CUCTEMW NOTPIGHO BUKOHATM TiNbKW NPAMUIA i
3BOPOTHMIA XoaW. KinbKicTb HEOOXIAHMX apnthMETUYHMX onepaLiiin 4ns
BCbOro LU-anroputMy € Takor camolo, K i gns metogy laycca, ane
Ginblua iXHA YacTMHa Npunagae Ha nepumii etan — LU-thakTopusauito,
i TOMy OAHOPa30Be BUKOPWCTAHHSA LibOro eTany Mif Yac po3B's3yBaHHs
cepii cMcTeM [JO3BONSE CYTTEBO 3MEHLLMTM BUTPATK Yacy EOM.

Ak came BUKoHaTV LU-thakTopmr3alito? BMABNSETLCS, LLO MaTpu-
ua U 36iraetbCs 3 BEPXHbOK TPMKYTHOK MAaTPULIEID, KY OTPUMYE-
MO 3BMYaliHUM MeTofoM [aycca, a KoediilieHTM R UbOro metogy
YTBOPIOKOTL Matpuuto L. | Tomy ans posknagy matpumui A LOCTaTHbO
3anam'atat Ui KoegilieHTN 1, OCKibKN €NeMEHTUN HWKHbLOI MiBOI
4yacTUHM MaTpuui A CTatoTb HYNMbOBUMU i HE BUKOPWUCTOBYHOTLCH,
came CHOM MOXKHa BNUCYBaTU Li KoeiLieHTK.

TakvM unHOM, 4519 nposefeHHs LU-thakTopm3auii He 060B'A3K0-
BO BUKOPWCTOBYBATW [0[aTKOBI MacuBu, a matpuui L Ta U 36epira-
TW Ha noni martpuui A, nNpuyomy fiaroHanbHi OAVHWMLI mMaTpuui L
y3arani He 36epiratoTbCs.

Hasefemo sk npuknag LU-thakTopur3auito Takol MaTpuui:

2 75
A=14 4 3|
6 8 9
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BukopucToByBaTUMeMO npoueaypy [aycca 3 peanisauieto 3a
CTOBMUAMY Ta 6e3 BUOOPY rOIOBHOTO e/1eMeHTa.

CnoyatKy po3rngHeMo nigdiaroHasibHi eneMeHTV NepLuoro CToBI-
ud. ing enemeHTa a,; 3HaXOAMMO MHOXHUK R :

3.11 2

OCKINbKN enemeHT a,; 6inblie He MOTPibeH, TO Ha #oro micue
MOXHa 3anmncat OTPUMaHWUIn MHOXHWK. [oYnHaoumn 3 HaCTyMHOro

3a fiaroHasbHUM efleMeHTOM MepLUOro psiAka, MOMHOXMMO #0ro
enemMeHTn Ha R Ta BifHIMeEMO Big APYroro psaka, sk i y 3BUYaiHoO-
My anropuTmi Maycca:
al) =ay, —a,, -R=4-7-2=-10
22 =G —dp )
) _ — —
Lli obugea umcna, K i 3aBXAW, BHOCATb Ha MiCLE €NeMeHTIB
857, ay3 . TENEP 06UNC/IOIOTE MHOXHVIK /19 eleMeHTa ay;

i BHOCATb MOr0 3aMiCTb e/leMeHTa aj; .

MepLunin psAoK, MOYMHAKOUM 3 APYTOro efieMeHTa, MHOXMMO Ha Liei
MHOXXHWK i BiAHIMaEMO Bif] TPETLOI0 PSAKA, 3aMiCTb SIKOFO i BHOCATHCS

all) =ay, —a, - R=8-7-3=-13,

Y 3aranbHOMY BUNafKy BCi Lji NMEPETBOPEHHSA BMKOHYHOTLCA [OJ1A
APYroro Ta BCiX HACTYMHWX CTOBMLUIB MaTpuLi, KPiM OCTaHHbLOrO.
[ns Hawoi matpuui, Ska Tenep Habyna BArnsay

a 3 93 2 7 5

L, a) al)|=|2 -10 -7,
1 1 _ _

I, agz) a§3) 3 13 -6
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3HaliAEMO MHOKHVK /15 eneMeHTa aj)

al) -13 13
=TT T T ke

“al) -10 10
IMOMHOXMMO efleMeHTU OpYroro psgka, Lo po3TalloBaHi nicns
AiaroHanbHoro, Ha R i BigHIMEMO Bifl TPeTbOro paaka:
Al _ M) 13_31
=ay —ay) -R=—6-(-7)—==—.
33 23 7 10 10
Y pesynbTaTi Ha NoMi NO4aTKOBOro Macusy A 36epiratoTbCs Te-
nep enemeHTN matpuub L Ta U:

(2)
a3

U U U 2.7 5
Ly Uy Uyx|=|2 -10 7
Lyl Uy 3 1331
10 10
MepeBipUMO, YM HaBefeHa PiBHICTb BUKOHYETLCA. na LbOro no-
MHOXMMO fIBi OTPUMaHi MaTpuui:
a =l Uy +1,Uy +13U5,=1-2+0-0+0-0=2,
ap =l U, +1Upy + 13Uz =1-7 + 0-(-10) + 0-0=7,
a3 =l U3+ 15U +13Us3=1-5+0-(=7)+0=5,
ay =l U+ Uy + 13U;=2-2 + 1.0 + 0-0=4,
ay, = Uy + 1pUsy + 13Uz =2-7 +1-(=10) + 0-0 = 4,
a3 =l Uj3 +1poUss +153Us3 =2:5+1-(=7)+0=3,
ay =l U + 155U, +153U5,=324+0+1-0=06,

13 31

CnpaBgi, MM OTpUManM e€neMeHTU Mo4YaTKoOBOI MaTpuui. Anro-
pnTm LU-thakTopmsaLii MoXKHa chopmynoBaTtu Tak:
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1) yctaHoBUTK K =1;

2) yCTaHoBUTU 1=K +1;

3) 3HalTK R =ay / ay Ta 3aHeCTU /oro 3amicTb efleMeHTa &, ;
4) yctaHoBUTU j=Kk+1;

6) j=]j+1.49KWwo j<n,noBepHeHHS 4O N. 5;

7) i=i+1. AKwWwo i <n, NoBepHeHHs o n. 3;

8) k=k+1. Akwo k <n, nosepHeHHs £o M. 2.

MoxnuBa iHWa, Hanpuknag, nopsakosa peanisauif LU-gakTo-
pusauii. Ak i gna knacuuHoro metody aycca, TyT HeoOXifHO BMO-
paTu rOfIOBHWUI eNemMeHT Y Tili abo iHWii hopmi. Peanisauito anro-
pUTMY Y BUTAAI MOAY/S MOBOK Python HaBefleHO B NICTUHTY 6.6.

JIiCTUHT 6.6. dparMeHT nNporpamu
po3e'asyeaHHA CJIAP
# -*- coding: cp1251 -*-
## module LUdecomp
" a = LUdecomp(a).
LU dakTtopumsauia: [L][U] = [a]. MaTpuusa, AKa noBepTaeTbCcA
[a] = [L\V]
MICTUTb [U] Y BEpXHbOMY TPUKYTHUKY i HefiaroHasibHi e/leMeH-
™
3 [L] Y HIXKHBOMY TPUKYTHUKY.

x = LUsolve(a,b).
Bupiwye [L][U]{x} = b, ge [a] = [L\U] maTpunus 3 LUdecomp.

from numarray import dot

def LUdecomp(a):
n = len(a)
for k in range(0,n-1):
for i in range(k+1,n):
if a[i,k] = 0.0:
lam = a [i,k]/a[k,K]
afi,k+1:n] = a[i,k+1:n] - lam*a[k,k+1:n]
a[i,k] =lam
return a
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def LUsolve(a,b):
n = len(a)
for k in range(1,n):
b[K] = b[K] - dot(a[k,0:k],b[0:K])
for k in range(n-1,-1,-1):
b[k] = (b[K] - dot(a[k,k+1:n],b[k+1:n]))/a[k k]
return b

Mogaynb cKknafaeTbes 3 ABOX PyHKUiv: LUdecomp — yHKLUi, fika
BUKOHYe LU-thaktopusauito, Ta LUsolve — (yHKUiT, WO po3B'A3ye
CNAP. Ha Bxif nepLuoi (yHKLiT NOAAETLCA NNLLE OAMH MapaMeTp —
matpuusa A. Ha Bxif apyroi — matpuus A Ta BeKTOp-CTOBMeLp B.

6.2.6. MeTop >KoppgaHo

MponoHoBaHa Moaudikauis meTogy [aycca 3BOAWMTb MaTpULLO
CUCTEMMW He [0 TPUKYTHOI, a 40 AiaroHanbHOT opmm (puc. 6.3).

%

%,

Puc. 6.3. 3miHa HeHyNbOBOT CTPYKTYpH
mMaTtpuui MeTogoM XKopaaHo

Mpu UuboMy Mepes BUKOHAHHAM K-ro Kpoky (06po6Koto K-ro cTo-
BMLA MaTpumui) nepLui (k —1) CTOBMUi MaTpuLi € HYbOBNMU, OKPIM
[liaroHalbHUX eneMeHTIB. Y npoueci k-ro KpokKy nepeTBOpOOTLCA
Ha HyNb He TiNbKW nigdiaroHanbHi eneMeHTU k-ro crosnus, ane i
iOro eneMeHTW, po3TalloBaHi Haj AiaroHaniio. BUKOHYOTL BCe Lie
TMK cammmuy cnocobamu, Lo i y meTogi Maycca — BigHIMaHHAM k-
ro psagka Big iHWKWX pagkie. O6uncntoBanbHa cxeMa metogy XKopaa-
HO AN po3e'asyBaHHA C/TAP Taka:

1) yctaHoBUTK Kk =1;

2) ycTaHoBUTK i =1;

3) aKkuwo i =k, nepexig go n. §;
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4) 3HanTn R =ay, / ay ;

5) ycraHoBUTU j=K;

6) 3HaliTN & = — & - R,bj =b; —b -R;

7) j=j+1.9KWwo j<n,noBepHEHHs Ao n. 6;
8) i=i+1.4KWo i <n, NOBEPHEHHS A0 N. 3;
9) k=k+1.4kwo k <n, noBepHeHHS f0 Nn. 2;

10) 3HaNTN BEKTOP HEBIJOMUX X; = bj /&, i=12,...n.

FAK i nonepefHi MeToAW, Ha NpakTULi MeTog XKopaaHo NoTpibHO BU-
KOpPW1CTOBYBATW 3 BUOOPOM rO/IOBHOIO e/leMeHTa. KinbKicTb HeobXigHMX
064MCNOBa/bHIIX OMepaLlii y oMy MeTogi Ginblue, HX y MeToaj Mayc-

ca i CTaHOBUTb 6/M3bKO N°. Uepes Lie MeTos XKOpAaHO BUKOPWCTOBY-
t0Tb, B OCHOBHOMY, /ILLIE [/1s OGEPHEHHS MATPULL Ta Y 3afauax NiHiii-
HOFO MpOrpamMyBaHHs. Y NICTUHrYy 6.7 HaBeAeHO peanisauito MeTomy
YKopaaHo K hyHKLT, Ika 03B0NSIE 3HANTW 06epHEHY MATPULLO.

NicTuHr 6.7. Peanisauis metogy »KopgaHo
# -*- coding: cpl251 -*-
## Module gaussJordan
""" a_inverse = gaussJordan(a).
IHBepTye maTpuuto 'a' meTogom >KopgaHo.
def gaussJordan(a):
n = len(a)
for i in range(n):
temp = a[i,i]
afi,i]=1.0
a[i,o:n] = a[i,0:n]/temp
for k in range(n):

if k!=i:

temp = a[k,i]

alk,i]=0.0

alk,0:n] = a[k,0:n] - a[i,0:n]*temp
return a

Mogy/b cKnafaeTbea 3 OfHiel (hyHKUIT gaussJordan, fika BUKO-
Hy€e MOLLYK 06epHEHOT MaTpuLi MeToaom >XopaaHo. PyHKUIT nepe-
[AETbCA TiNIbKU OAUH NapameTp — MaTpuus A.
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6.2.7. MeTog oNnTMMa/IbHOIr0 BUK/IHOYEHHSA

Ak i MeTog YKopaaHo, Leit MeTog, 3B0AWTb MaTPULI0 CUCTEMU [0
AiaroHasbHOi hopMK, ane MOCNIAOBHICTb BUK/HOUYEHHS HEBIfOMUX
TYT iHWa. loro oco6nmBICTIO € Te, L0 B ONepaTuBHIl Nam'aTi MOX-
Ha 36epirati nue YacTUHY MaTpuLi, TO6TO BBOAUTM Ti NOCTYMNOBO
i3 30BHILLHbOT Nam'aTi. MeTof, BUKOPUCTOBYBABCA Ha pPaHHIX eTanax
PO3BUTKY 06YMCOBa/IbHOT TEXHIKM, a 3apa3 BTPaTUB CBOK aKTya-
NbHicTb. OB6pPO6KY MaTpPULL LM METOAOM MOKa3aHOo Ha puc. 6.4.

Puc. 6.4. 3MiHa HEHYNbLOBOI CTPYKTYPWU MaTpULLi
METOAOM ONTUMa/IbHOIr0 BUKJ/TIOHEHHS

6.2.8. MeTOo/, NPOroOHKM

Ha npakTtuLi 4acTo BUHUKAE HEOOXIigHICTb po3B'asyBaHHA CJ/IAP
i3 TpUAiaroHanbHOK MaTPULErD. 3anuLLemMo Taky CUCTEMY Y BUTNIAL

a = f'(x). (6.18)
A Xp2 t bnflxnfl Xy = dnfla
an X +byx, =d;;

[0 po3B'A3yBaHHA TakMX CUCTEM MOXE MPWBOAUTU, HaNPUKnag,
MEeTO/] CKiIHYEHHMX Pi3HMLb NMPY PO3B'A3yBaHHI KpainoBux 3adad ass
AngepeHLiasibHUX PiBHSAHb.

Cuctemy BUrNsAAY (6.18) MOXKHa po3B'A3aTV 3BMYAAHUM METOAOM
"aycca, BpaxoBYytOUmM CTPYKTYpY 1T MaTpumui. Y npoLeci npsMoro xo-
oy ans k =1,...,(n—1) BUKOHYIOTbCA TaKi fjil:
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A 1 1
O (B, ¥) = F(x), R= b:l » b =B — R, di)y =diyy —diR,
wo Bumarae 3(n—1) apudmeTMyHUX onepauiii. Mpu 3BOPOTHOMY
X0[i 064MC/IIOIOTL BEKTOP HEBILOMUX X 3a (hopMynamu:

a®

I
X=—0> % :(di( ) _Cixi—l)'

= br(,l)’ i=n-1,..1,

1
bi(l) ’

wo sumarae 3(n—1)+1 apuchmeTnyHi onepauii. Ycboro 4ns poss's-
3yBaHHA MeTogom Maycca Takoi CJTAP HeobXigHo (8n—7) apudme-
TUYHKX OMepaLiii Ha BiAMIHY Bif 2/3n° onepauii, NOTPiIGHUX ANs
pO3B'A3yBaHHSA LOBiNbHOT CUCTEMU LM METOLOM.

Y npakTuui 064nCneHb YacTO BMKOPWUCTOBYHOTH A1 PO3B'A3Y-
BaHHA CJ1AP Burnsaay (6.18) He metog "aycca, a noro mogudikaito,
SKY HasvBalOTb METOAOM NPOroHKM [1]. 3a KiNbKiCTHO HEoOXigHMX
onepauiii el MeTof eKBiBasieHTHUIA meToay Maycca. MeTog nporo-
HKV BUKOHYIOTb Y [1Ba eTanu, SiKi aHasiorivyHi NnpsiMoMy Ta 3BOPOTHO-
My xofam meTtoay [aycca.

Ha nepluomy etani (npsiMa NporoHKa) enemeHt x;(i=1,...,n—1)
BEKTOpa HEBIfJOMMX BUPaXatoTb Yepe3 X;,; 3a [OMOMOrow NporoH-
HUX KoediLieHTiB A, B; :

X = Ax. +B,i=12..n-1. (6.19)

MeTa nepLuoro etany — 064MCNeHHs LUX KoedilieHTiB. I3 nep-
LUOrO PIBHAHHA cucTeMm (6.19) 3Haaemo X, :

by by
TOOTO
c d
A =1 B, S
by by

MigcTaBMMO i CNiBBIAHOLLEHHS B ApYTe PiBHAHHS i BUPa3UMO X,
Hepes Xy :
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a(AXy +B)+byXy + 6% =,

d, —c,x; —a,B c d,—a,B
Xy = 2 23 271 _ 2 X3 + 2 21=A2X3+B2.
aA +b, aA +b, a,A +b,
AHaNOr4YHO MOXHA OTPUMATK THLLI KoeqiLieHTw:
Ci d—aB._ .
A Z—e—l, Bi :—Ie—lll, ei =aiA_1 +bi, |=2,3,...,n—1.
i i

OcTaHHe 3 LmMX CniBBiAHOLWEHb OfePXXYHOTh i3 NepefoCTaHHLOro
PiBHAHHA. CnpaBai,

an—l(An—zxn—l - Bn—z) + bn—lxn—l +ChiXn = dn—la
Xn-1 (an—l Ah—z + bn—l) +Ch1Xn T an Bn—2 = dn—l >

c d,;,—a, B

_ n-1 n-1 n-1-n-2 __

n-1—" b Xyt b - An—lxn + Bn—1~
a1 Ay +Dn a1 Ay +Bh

Mpogosxytoum Lel npouec, nigctasumo X B, B OCTaHHe
PIBHAHHSA:

an(%—lxn + Bn—l)"‘bnxn = dn’ Xn(an'%—l +bn) = dn _aan—l-

OpepxxaHuiA BUPa3 fa€ MOX/MBICTb 3HANTU X,. Mpy LbOMY novu-
Ha€ETbCA APYrWii eTan — 3BOPOTHA NPOroHKa:

X

_ dn _aan—l ]
a, Ay +by

IHWi eneMeHTW BeKTOpa HEBIAOMUX OBUUCMIOIOTLCA B MPOLECI
3BOPOTHOT NMPOrOHKK 32 (POPMY/IOH (6.19). TaKUM YMHOM, anropuTm

METOAY MPOroHKM Ans po3e'a3yBaHHA CJIAP i3 TpuaiaroHasbHOK
maTpuLero HabyBae BUrNALY.

1. PeanizyBatu npaMy MporoHKy:
6) ana i=2, 3,....,n—1 3HalTK

n

C; d-aB _
ei:aiAi_1+bi, A:—e%, iZITM-
! i
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2. PeanisyBaTu 3BOPOTHY MPOroOHKY:
dn — & Bn—l .

b

bn +a, An—l

6) ona i=n-1..,1 3HaiiTn x; = A X, + B;.

KoegiuieHtT A,B; npu nporpavHiii peanisauii MeTogy MoXHa
3anam'aToByBaTW Ha MiCLii enemeHTiB by, ¢; maTpuui A.

3a3Ha4yMMo, L0 afIrOpUTM BK/KOYAE onepawito diNeHHs, TOMY He-
00XigHO HaKMacTy A04aTKOBI YMOBM Ha eNeMeHTH MaTpuLi cuctemm
(6.18), W06 BMK/IOUNTK AINEHHA Ha HyNb i 3a6e3neunTun CTilKIiCTb
MeTOAY LIOLO NOMWNOK OKPYTieHHs. Lii yMOBM monsratiotb y TOMY,
WO MaTpuus noBMHHa OYyTW fJiarOHalbHO AOMiHYKOYO, TOOTO
|bi] >|a;| +|c; |, Mpryomy xoua 6 fns 0AHOTO 3HAUEHHS | Mae BUKOHY-
BaTMCA CTpoOra HepiBHICTb [1]. LIS ymoBa CTilAKOCTi METOAY NPOroH-
KV € JOCTATHbOIO, a/le He € HeoOXiAHO, TOOTO B GaraTbOX BMUNajKax
Liei MeToq, CTINKMIA HaBITb NPU NOPYLLEHHI YMOBW, KON fiaroHaslb-
HUX eNleMeHTIB Ginblie. 3a3HauMMo, WO B OiNbLUIOCTI NPaAKTUYHUX
BUMNAAKIB Li YMOBU BUKOHYIOTLCSA, | METOA MPOrOHKN (NICTUHT 6.8)
MOXHa peasiizyBaTu 6e3 BU6OpY rosioBHOMO efleMeHTa.

a) 3HaWTW X, =

NicTuHr 6.8. Peanizavis MeTogy NMpPoOroHKu
# -*- coding: cpl1251 -*-
def progonka(a,b):

N=len(b)

b[0]/=a[0][0]

a[0][1]/=-a[0][0]

for i in xrange(1,N):
znam=-a[i][i]-a[i][i-1]*a[i-1][i]
a[i][i+1])/=znam
bli]=(a[i][i-1]*b[i-1]-b[i])/znam
b[N-1]=(a[N-1][N-2]*b[N-2]-b[N-1])/(-a[N-1][N-1]- \
a[N-1][N-2]*a[N-2][N-1])
#3BOPOTHWIA Xif

for i in xrange(N-1,-1,-1):
b[i]+=b[i+1]*a[i][i+1]

Mopgynb cKnagaeTbes 3 OAHIET PYHKLIT progonka, sika BUpiLLYe
CNAP meTogom nporoHkn. Ha Bxig (yHKLiT nogatoTbes fABa napa-
MeTpu: MaTpuua A Ta BEKTOpP-CTOBMeLb B.

503



6.2.9. NoraHo 3ymMoB/eHi cuctemMm

PaHilLe BCTaHOB/MEHO, WO e(heKTUBHICTb PO3B'A3yBaHHA 3afadi, a
came, TOYHICTb OTPMMAHOr0 pe3ynbTaTy i KifbKiCTb HEOoOXiAHUX
onepauii, CyTTEBO 3a/IeXMUTb Biff MeTOAy pO3B'A3yBaHHA. Hanpu-
Knaf, BMOIp ronoBHOrO enemeHTa 3abesnedvye Gifbll BUCOKY TOY-
HICTb Npw (hiKCOBaHil JOBXMHI po3psaHOil ciTkm EOM. Uu BnnmBa-
HOTb Ha TOUHICTb Pe3ynbTaTy npu PiKCoBaHOMY MeTOfi BNacTUBOCTI
camMoi cuCTeMu PiBHAHL? OYeBWAHO, 3i 3POCTaHHAM PO3Mipy CUCTe-
MM 3pocTae M KiNbKiCTb HeO6XiAHMX onepayiid. Mpy LbOMY NOMUIIKK
OKPYT/IeHHA CTaloTb 6iflbl CyTTEBUMU. Anle i ANs CUCTEM OHAKOBO-
ro po3mipy OTprMyBaTUMEMO Pi3Hi MOXMOKK.

ICHytOTb Tak 3BaHi moraHo 3ymosneHi CJ/1AP, po3B'A3yBatu fiKi
BXKO OyAb-AKMM METOAOM, a B 6ifbLUOCTI BUMaAKiB HEMAE CEHCy
LIYKaTW PO3B'A30K [2].

Cuctemy NiHINHMX pPIBHAHL HAa3MBalOTb MOraHO 3YMOBJ/IEHOH),
AKLLO He3HauHi 3MiHW efleMeHTIB MaTpumui KoeilieHTiB abo npaBumx
4aCTMH NPU3BOAATL 40 HAATO 3HAYHUX 3MiH Y PO3B'A3KY.

Hanpuknag, po3rnsHemMo CUCTeMY TiflbKM ABOX PiBHSAHb:

{0,832-xl +0,448-%, =1,

(6.20)
0,784 %, +0,421-x, =0,

TOYHMM PO3B'A3KOM AKOT 3 TOUYHICTIO 10 TPbOX 3HAKIB €

Po3sB'spkemo Ti meTogom Maycca 3 BUOOPOM FOMIOBHOMO €/1eMeHTa
no BCbOMY Nosto. Lleit meToa, K M1 BCTaHOBWUAM B . 6.2.4, € JOCTa-
THbO HagiiHUM. MpunycTMMO, WO 3a4a4y 064YMCOKTL 3a LOMNOMO-
roto rinoteTuyHoi EOM i3 TpbOMa JecATKOBUMMW PO3psAaamMm.

OcKinbKM a;; € MaKCUMa/ibHUM 3a MOZY/IEM Cepef, eNeMeHTIB Ma-
TPULI, TO HISKMX NepecTaHOBOK PAAKIB i CTOBMLIB He NPOBOAMMO, a
3pa3y BMKOHYEMO npouenypy aycca:

n_ 8 _ 0,784
a, 0,832
all) = a,, —a,R =0,421-0,448-0,942 ~ 0,421 0,422016 ~
~0,421-0,422 =—0,001;
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b =b, ~bR=0-1-0,942 = —0,942.
Y pe3ynbTaTi 0TpUMany CUCTEMY 3 TPUKYTHOK MaTpULED

0,832- X, +0,448-x, =1,
0,001- X, =—0,942,

3 AIKOT 3HalileMO BEKTOP HeBIZOMMUX

X, =—-506, X, =942 B, . (6.21)

MopiBHIOKOUYM AOTO 3 TOYHMM PO3B'A3KOM (—439; 817) , MOMIiTUMO,

LU0 BiAMIHHICTb CTAHOBUTL 6/IM3bKO 15 %. HKa XX TOMY NpuynHa?

BrKopuCTaEMO MpuHUMN 3BOPOTHOrO aHaniy MoMwuioK, To6To
3'ACYEMO, fKa CUCTEMa Ma€e TOUYHUIA PO3B'A30K (6.21). FK 3a3HAYEHO Y
[2], Hacnpasgai My pO3B'A3a/Iv CUCTEMY

{0,832 X +0,447974...- X, =1,
k-1

(6.22)
0,783744...- X, +0,420992...- X, =0,

KoedhiLlieHTU AKOT BiAPI3HAIOTLCA Bif, KOe(iLlliEHTIB CUCTEMU (6.20) He
GinbLue, HXK Ha 0,03 %. Taka 30BCIM He3HayHa BiMIHHICTb LUX CK-
CTeM MPU3BOAMTb [0 TOro, LU0 TOYHI PO3B'A3KW BifApPi3HAKOTLCA Ha
15 %, TO6TO MOMWNKN MOYATKOBMX AaHUX 36inbLumnmcs B 500 pasis.
MpyyvHa nonsdrae B TOMy, WO MaTpuLsA KOeiLieHTIB cucTemu
(6.20) Maiixe BUpOAKeHa, TOOTO NpsMi NiHIT, WO BM3HAYaloTLCA piB-
HAHHAMU L€l cucTeMu, Maibke napanensHi (puc. 6.5). BuaHauHUK
L€l MaTpuLi HABNMXKAETLCS A0 HY NS, 1T PAAKM Maike NPOMopLiliHi.
Po3rnsiHemMo cucTemy piBHAHb, OTPMMaHY i3 CUCTEMM (6.20):

< (kD {0,832 X +0,447974...- %, =1,

(6.23)
0,784 %, +(0,421+¢)- X, =0,

Tl apyre piBHAHHA BM3HA4Yae CiM'l0 NPAMUX, AKa 3aNeXWTb Bif
napameTpa €.

Mpn =0 us cuctema 36iracTbCs i3 CUCTEMOIO (6.20). AKLLO €
36iMbLLYETLCA Bif Hyns fo 0,012, npama II Ha puc. 6.5 noBepTaeThea
NPOTU FOAUHHMKOBOI CTPINIKM [0 TaKOTO MOMIOXKEHHS, B SKOMY BOHa
napanensHa npsamiii I. MNpu LboMy cucTema (6.23) He MaTMme pPo3B's-
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3Ky, BU3HAYHWK JOPiBHIOBaTMME HYNHO. Y npoueci 06epTaHHA Touka
NepeTnHy ABOX MPAMUX BiAAANATUMETHCA B HECKIHYEHHICTb. 3a Ta-
KOro 3MEHLLUEHHA napameTpa € [0 3Ha4YeHHs, NpU AKOMY cucTema
BUPOKYETLCS, HaBiTb HEBEMKI 3MiHW KOe(iLiEHTIB CUCTEMU MPU3-
BOAATb A0 BCe OiNbLLMX 3MiH Y PO3B'A3KY.

x’)

\II \ | Xy

Puc. 6.5. MpsAmi, Wo BU3HAYaOTLCA
noraHo 3yMoB/1IeHOt0 cuctemoio (6.20)

OueBnAHO, i3 Nornsaay CTIAKOCTI PO3B'A3KY cucTeMa [ABOX piB-
HAHb Oyfe "igeasbHO 3YMOB/IEHOK", AKLO BWU3HAYeHi Hew MpsAMi
B3aEMHO MepneHAVKYNSAPHI.

Bigomo, L0 KoM cucTeMa BUPOMpKEHa, Ti BU3HAYHWK [OPIBHIOE HYSHO.
Ane umn BUN/IMBAE 3 1Or0 Ma/Ioro 3Ha4eHHs roraHa 3yMOB/EHICTb CUCTe-
MKn? Y 3ara/ilsHOMY BUMaAKY BifnoBifb Ha Lie 3anMTaHHSA HeratviBHa.

Hanpuknag, 3Ha4eHHs HaCTYMHUX 4BOX BU3HAYHWKIB CYTTEBO Bi-
API3HAOTLCA:

107 0 o 10 0
0 1070 1o 10
ane BignoBigHI CUCTEMM PiBHAHb
10719 x, =0, [10".x =0,
1070 %, =0; (10" %, =0
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BM3HAYalOTb OAHI 1 Ti cami NpsAMi — KOOpPAUHATHI OCi, 1 Ui cuctemu
€ "igeanbHo 3ymoBneHi". TlpoTe, AKWO MaTpUUA CUCTEMM MacluTa-
6oBaHa, K Lie BKa3aHO [asii, BU3HAYHUK MOXe CNyryBaTh Mipoto 3y-
MOBJIEHOCTi CUCTEMMU.

OueBMAHO, AN CUCTEMM [BOX PiBHSHb

a21X1 + a22X2 = O
A06pot0 Mipolo "napanenbHOCTI" ABOX BiANOBIAHWUX MPAMMX MOXe

OyTV KyT MK HUMK abo nnowa pombéa (3 OUHUUYHOIO CTOPOHOID),
no6ya0BaHOro Ha UMX NpsMux (puc. 6.6).

57 _
e I ap X tappx,=0

apX1tayx,=0

By)

JA:)

X1
Puc. 6.6. OuiHKa 3yMOB/IEHOCTi CUCTEMM ABOX PiBHSAHb

Mo3HaumMmo BUCOTY pomba Yepe3 h. Togi ioro naowla TakoX Ao-
pisHoBaTUME h. OcKinbkn h=sin® (6 — KyT MiX npsMumu), To
nnowa uboro pomba 3mMiHIOBaTUMETLCA Bif HYNA (418 NPAMUX, WO
36iratoTbCs), 40 OAUHMLI (KON NPsAMI NePreHANKYNAPHI). FAK 3Hal-
T h, AKWO BiAOMI KOediLieHTn &; ?

BiactaHb h Big Touku (B,y) mo npsamoi 1l 3Haligemo 3a fONoMo-
roK HOPMaNbHOrO PIBHAHHS LIET NpsMOT

—8yP+ayy [L2 | .2
2
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3a/MLLIMOoCa BUPasUTW BEMUMHK B Ta y uepes &;. 3 04eBMA-
HWX CMiBBigHOLLEHb
B> +v* =1,
ap+a,y=0

npu a;; >0 MOXHa 3HalNTK
) 3y [2 .2
B=—"=,y=—", oy =4 +a,.
o o
MigcraBmBLUM OTpUMaHI BUpasu Ana B T1a y B (6.24), OTPUMAEMO

thopmyny ana obuncneHHs h:

a a
12 12
—dy +ay

a4 1291

~ |ay 185, — a5y _ |det A
- - )

2] (2910%) a0y

AKY MOXXHa BUKOPWCTOBYBATW [N1A OLiHIOBaHHSA 3YMOB/IEHOCTI CuUC-
Temu. AHaslorivHa hopmyna € i 4ns CUCTEMM N PIBHSAHb:

|det A|

alaz ..-(xn

, (6.25)

2, .2 2
3aneXHiCTb (6.25) MOXKHa 3anmncaTh iHakLLe:

8 ap n
o, oy o
Vl =det .es 5 V =|V1 N
an  @np @nn
an an an

TO6TO AN OUiHIOBAHHS 3YMOB/IEHOCTI CUCTEMU MOXHA 3HaTW BU-
3HaYHWK i MaTpuLi, MPOHOPMOBaHWIA 3a JONOMOro ;. AK i BeNn-

ynHa h, V €[0,1].
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IMOMWUNKN OKPYINEHHS, L0 BUHWKAOTb Npu po3B'sa3yBaHHi C/IAP
Ha EOM, BigirpatoTb Taky camy posib, K i 3MiHa KOeiLieHTIB nova-
TKOBOI CUCTEMU. FAK MU MepeKoHaMca Ha MNpuKnagi cuctem (6.20)
Ta (6.22) He3Ha4Hi 3MiHW B KOeqpiLlieHTax noraHo 3yMOB/EHOT CUCTe-
MU MpU3BOLATL A0 CYTTEBMX 3MiH Yy pO3B'A3Ky. [lpunyctumo,
L0 HaM Heob6XifHO pPO3B'A3aTN CUCTEMY (6.22), TOUHWIA PO3B'A30K
AKOT (—506; 942). Ane ana ofepxXaHHs 1T KoedilieHTIB MU NOBUHHI
Oynn BUMIpATM NapaMeTpu AesaKoro isuyHOro nNpouecy npunagom,
AKUIA 3abe3neyvye TpW NpaBuibHI LMdpK ymcna. TOMy 3aMiCTb CUC-
Temu (6.22) M1 novanu 6 po3s'a3yBaTn CUCTEMY (6.20) i HaBiTb, AKLLO
6 poss'azanm i abCOMOTHO TOYHO, TO ofepXann 6 BIAMNOBIAb
(—439;817) . To6TO 451 MOraHO 3yMOB/IEHNX CUCTEM HEOBXiAHO He

nuwe BMITW 3HAXOAUTM TOYHWMIA PO3B'A30K, ane Tpeba il AOCTaTHbO
TOYHO BUMIpIOBaTK KOE(ILIEHTN CUCTEMM.

KnacuyHuM nNpuKnagom noraHo 3ymoBMeHOT MaTpuui € MaTpuus
Finsbepra:

Lo L
2 n
TR R
2 3 n+1
1 1 1
- — ... 2n-1
n 2

3i 36iMbLUEHHAM N BOHa CTae BCe 6iflbll NOraHO 3yMOBEHOHO.
Hanpuknag, Skwo npu n=38 3aHeceMo B nam'aTb EOM Taky mar-
PULIKO Y BUMNALI BOCbMU3HAYHUX AECATKOBMX Ymcen i 06epHeMO i
TOYHO, TO OTpPMMaHa 06epHeHa MaTpuLs BiAPI3HATUMETLCA Bif, TOu-
HOI 06epHeHOT 0 Hg MaTpuLi BXXe B MepLUIOMY 3HaKy.

[nsa nmoraHo 3yMOBJ/IEHNX CUCTEM XapakTepHa OMaH/IMBICTb BeK-
TOpa BigxuniB: r=Ax—B.

AKLLO MW OfiepXKain pe3y/bTar, WO 36iracTbCa 3 TOUHUM, TO BEK-
TOP BIiAXWNiB LOPIBHIOBATMME HY/HO. MOXHa NpUNyCTUTH, LLO KON
MU OTpUMan Jobpe HabnMXXeHHA [0 TOYHOrO PO3B'A3KY, TO BEKTOP
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BiAXmniB 6yae mManmm. | HaBNaKu, SIKLLO BEKTOP BigXUNIiB Manuid, To
MU ofepXKann fo6pe HabnKeHHs. Anie 415 NoraHo 3yMOB/IEHUX CH-
CTeM Lie He Tak. Hanpvknag, po3rnsHeMo cuctemy

0,780x; +0,563x, =0,217,

0,913x, +0,659x, = 0,254

i3 TOuHMM po3s'aAskom (1, —1).
AK6N MU ofiepXKann pesynbTaT, KWl MOMITHO Bifpi3HSAETLCS Bif
0,341

TOYHOI0, X=
(—0,087

: 10°°
, TO Bigxun 6yB 61 Takum: r = o |

. . 0,999 " .
[HWNIA HaBNVKEHUIA PO3B'A30K X = Loot )’ IO Maiixe 36ira-
. —0,0013
€TbCA 3 TOUHUM, [1a€ BiAXUN I = )
0,0015

Take 3HayeHHs ripLue Bif nonepegHbLOro, Xoua BEKTOP PO3B'A3KY
6nvKYe [0 TOYHOr0. TakUM YMHOM, PO3MIp BigXWTY AJ1F MOraHo 3y-
MOBJ/IEHMX CUCTEM MOXE "36MBaTK 3 MaHTENINKY".

lMoraHy 3yMOB/IEHICTb MaTpULi MOXHA BUSBUTU He TifIbKK 3a [0Mo-
MOro0 (POpMynn (6.25), asle /i BUKOPUCTOBYHOUM MOHATTS HOPMU BEK-
Topa Ta MaTpuui. Haragaemo feski Buav HOpM BeKTopa X i MaTpuui A:

; (6.26)

2

n 3 7 [, = max|x

X/~ =
X z .

n
P = X
1=

n
All; =max X2 ‘a" ;
” ”1 J i1 1

n
A||Oo =max Y ‘aij ‘ (6.27)
ji=1

3'ACyemMO cnoyaTky, AK B/IMBAOTb Ha BEKTOP PO3B'A3KY 3MiHM
npaBoi YacTUHU cucTeMn. Hexah X* — TOUHWIA PO3B'A30K CMCTEMU
Ax=B,a x*+Dx — po3s'a3ok cuctemn Ax =B+ DB, T06TO BUKO-
HYHOTbCA PIBHOCTI

Ax* =B,
A(X*+AXx) =B+ AB.
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MigcTaBMBLUM NEPLUMIA BUPA3 Y APYTWiA, OAEPXXNMO
A-AXx=AB
abo
Ax=A""-AB,

Jax] < | & - Jagy. o2

3Bifcy BUMNNBAE, LLLO KOMK HA‘IH Be/IMKe, TO HEBE/NKI 3MiHW Be-

KTopa B MOXYTb MPU3BECTM [0 3HAYHMX 3MiH Y PO3B'A3KY. Mepeii-
[IEMO /10 BiHOCHUX BEIMUMH. |3 (6.28) BUAHO, LLIO

B <[|A-[x*]- (6.30)
MepeMHOXNMO HepiBHOCTI (6.29) i (6.30):
|ax|-[B] < |7 - a8]- Al |x*|
Ta MoANMMO OTPUMAHMIA pesynbTaT Ha |x*| - [B| -
I8y oo J2BI
< (6.31)
ot < g

3Bigcy BUMAMBAE, WO BifHOCHA 3MiHA X*, 3yMOB/iEHa 3MiHOHO
BEKTOpa MpaBoi 4acTMHU B, obmexkeHa BiHOCHOK 3MiHHOK B,

MOMHOXEHOK Ha ||A||HA*1H OCTaHHI0 BENYMHY Ha3UBaOTh YUC-

NOM 3yMOBNIEHOC T MaTpuLli A i nosHauaioTb cond(A):
cond (A ||A|| HA ‘

3asHaunmo, o cond(A)>1. Matpuuj, B fikux cond(A) Benvke,

Ha31BaroTb NOraHo 3yMOB/IEHUMM.
Po3rnaHemo Tenep, K 3MIHIOETLCS BEKTOP PO3B'A3KY B pasi 3MiHV Ma-

TpULi A. Hexall x *+8Xx — poss'asok cuctemu (A+38A)x =B, To6T0
(A+38A)-(x*+8x)=B.
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BukopucTasLLK (6.28), OTPUMAEMO
Ax*+a-0A-X*+dA-0x =B,
A-OX+0A-X*+A-0x=0,
A- X = —0A(X * +0X),
Sx = —A"1- SA(X * +8X),

o) < | Ao +x] = - A~ |- oA - *+x] m -
= cond(A) -% x> +8x].
Moginnmo Lie cniBBigHOLLIEHHA Ha [|x *+dx] :
I < cond(A) M (6.32)

[ * +8x|

Al

B opgepxaHiii ouUiHLUi 3MiHM BeKTOpa pPO3B'SA3KY 3HOBY, fK i
B (6.31), 6epe y4acTb cond(A). HepiBHOCTI (6.31), (6.32) HEO6XiAHO
iHTepnpeTyBaTV Tak: AKWO cond(A) Mase (He HabaraTo NepesuLLye
O[VHWLIO), TO HE3HaYHi 3MiHM B CJ/TIAP BeayTh 10 HE3HAYHUX 3MiH Y
po3B'A3Ky. AKLWO X cond(A) Bennke, TO He 06OB'A3KOBO He3HAUHI
3MiHW CUCTEMM MPU3BEAYTb 0 BE/IMKNX 3MiH Y PO3B'A3KY.

MigcymMoByHOUM, 3a3HaUMMO, L0 AeaKi MoraHo 3yMOBJIEHI cuCTe-

MW He NOTPIGHO HaBiTb HamaraTuca po3B'aA3aTtu, a cnig abo nepegio-
PMynHOBaTK 3adavy, abo TOUHILLE BUMIPATN HEOOXiAHI AaHi.

6.3. ITepauiHi meToau

[10 CHOBHUX NepeBar iTepawiiiHUX MeTOAIB HaseXxaTb Taki.

1. AKWwo npouec iTepauii 36iraeTbCs LWBUAKO, TOOTO KiNbKiCTb
HabNKeHb MeHLUa, HiXK MOPALOK CUCTEMW, TO OTPUMAEMO BUrpaLLl
Y Yaci po3B'A3yBaHHs CUCTEMM.
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2. MeTopg iTepaliil € Tak1M, LLIO CAMOKOPUTYETbCA, TOOTO OKpe-
Ma MoMW/IKa 06YMCNEHHS He BMJIMBAE Ha OCTATOYHWIA pe3ynbTar
pO3B'A3yBaHHS.

3. Mpouec iTepauili Nerko nporpamyerbcs Ha EOM.

4. flesiki meToaM iTepalii CTatoTb 0OCOGAMBO BUTIAHUMM NPU PO3-
B'I3yBaHHI CUCTEM, B SIKMX 3Ha4yHa KiNbKiCTb KOeqilieHTiB, po3Ta-
LLIOBaHMX NiApaL, LOPIBHIOE HY/MHO (PO3PigKeHi MaTpuui).

Takum 4MHOM, iTepauiiHi MeToaM 0C06MMBO eMEKTMBHI Ans
CJ1AP Bwucokoi po3mipHocTi i C/IAP i3 po3pig>KeHo MaTpuLer.
[ns noraHo 3ymMOBMEHMX CUCTEM PiBHSAHb iTepauiliHi MeToan aatoTb
TakWin caMuii HenpaBUIbHUIA pe3ynbTarT, K i Npami meToau [2].

B iTepauiiHMX MeToax YeproBe HabMIMKEHHS X 10 BEKTOpA PO3B'A3KY

(k-1 HoMep iTepaLyii) 3anexuTb Big A, B, xK D, x&2) k=1

[ns ekoHomii nam'ati EOM 3BuyailtHO 6epyTb r=1 TaK, WO
X = Fk(A,B,x("*l)), I Taki METOAW Ha3nBatOTb OLHOKPOKOBMMU Ha
BifMiHY Bifi 6araTOKPOKOBWX, B AKMX I >1. AKWO F, He 3a1exuTsb
Bif K , iTepaLito Ha3uBalOTb CTaLioHapHO. Y BuNagKy, konn F, —
niniiina dyHkuis Big x*7V, iTepauito HasuBatoTb MiHiiiHol. Jani
PO3rNSHEMO HAMMNPOCTiLWi MiHiMHI iTepayinHi MeTogn. HainbinbLu
3arasibHOK NiHINHOK YHKLIE €

Fe = HX*™ 4 va,

e H — pedka matpuud; V. — BeKTop.

MpupogHo, wo H iV 6epyTb He AOBINILHUMMK, a 3B'A3aHUMU 3
MaTpuuero A i BEKTOPOM B no4yaTkoBoi cucTemMu. Takum YMHOM,
3arasnbHa hopma NiHiHOro iTepauiiHOro NpoLecy mMae BUrNsAA,

X0 = Hx&D v, k=1,.2,...,. (6.33)

YMOBM 36DKHOCTI METOIB, WO POo3rnagatoTbCsi, BU3HAYaKOTbCSA
Teopemamm 6.2 1 6.3.
Teopema 6.2. BekTopHa MOCNIA0BHICTb X, BM3HAYeHa iTepauiii-

HUM MeTogoM (6.33), e x*) — 3azaHuii noyaTkoBuii BekTOp, 36ira-
€TbCA [0 BEKTOpa PO3B'A3KY X, AKLWO MaTpuus H HeBupoxeHa
i 3310BO/IbHAE HEPIBHICTb

|H|<1. (6.34)

513



Ll Teopema BM3HayaE AOCTATHIO YMOBY 36iXXHOCTI. HeobXiaHi 1
[OCTaTHi YMOBU CHOpMY/IbOBaHO B TeopeMi (6.3), IKa € OCHOBHUM
TEOPETUYHUM Pe3yNbTaToM A/l METOLIB (6.33).

Teopema 6.3. [na 36DKHOCTI iTepauiiiHOro npotecy (6.33) npu
Oyab-9KOMY MO4YaTKOBOMY HabAMXEHHI HeobXigHO 1 A0CTaTHLO,
o6 yci BnacHi 3HayeHHs matpuui H 6ynu 3a MoayneM MeHLMM
3a ojnHULI0, TO6TO A; <1.

IHaKLWe Kaxyuun, CNeKTpanbHWUiA pagiyc r(H) matpuui H mae
6y TV MeHLIMM 33 oAnHULO: (H )<1.

LLIBnAKiCTb 36KHOCTI iTepauiiHOro npotecy (6.33) B13HA4ar0Tb
TakWM CMiBBILHOLLEHHAM ( X * — TOYHUIA PO3B'A30K):

b

Hx * —x(k)“ <|H|: Hx *_x(kD)

TO6TO, YUM MeHLLUa HopMa MaTpuui H , TM WwBmALwe My Habamxa-
EMOCA [10 TOYHOTO PO3B'A3KY X *.

MiactaBoto AN BUKOPUCTAHHS HX*_X(k)H AK KPUTEPItD 3aKiH-

YeHHs iTepaLiiHOro NPOLIECY € TaKe CMiBBiHOLLIEHHS:

HX * —X(k)” < ||H || “‘X(k) 3 X(k—l)“'
1-[H]

Y KOHKpeTHUX iTepauiiiHuX MeTofax 3acTOCOBYHOTb MaTpuuo H
i BEeKTOp V, KOMW 3BOAATb EKBiBaJIEHTHI MEepeTBOPEHHS CUCTEMU
Ax=B po Burnagy x=Hx+V . Npn 4bOMy TOYHWIA PO3B'A30K X *
€ HEPYXOMOIO TOUYKOHKO NiHINHOTrO NepeTBOpeHHs Tx = Hx +V.

6.3.1. MeToA NOCNiAOBHUX Ha6IMXKEHb

Posrnasemo C/1AP i3 TpbOMa HEBIAOMUMN:
a X HapX, +a;sx; =h,

A3 X + 3% +a53%; =b;
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abo B MaTpUYHili hopmi:

&1 @y A3 (X% by

) Ap Ay X |=|b |

a3 A A3) \ X b
Ax =B.

JliBy 4aCTMHY KOXHOrO PiBHSIHHS MepeHecemMo NpaBopyd i [04amo
10 060X HaCTWH NEPLLOro PIBHAHHA X; , PYTOr0 — X, , TPETHOMO — X5 .

O/ep>KMO eKBiBa/IEHTHY CUCTEMY
X =X — (X +a%; +a33%3) + by,
Xy =Xy — (891 X| + 8p Xy + y3%3) + by, (6.36)
X3 = X3 — (831X +a3,%; +833%3) + 3.
Y TepMiHax MaTpULp Li NePETBOPEHHS MatOTb BUT/IAA
X=X—AX+B,

x=(E—-A)x+B.
3anucasLum cuctemy (6.36) y surnagi
X I-a, -a, -a3 X by
Xp |=| —ay  1-ay —dgy || X |+|0y |,
X3 a3 —ay  l-agg) (X b

MOXXeMO nobyayBaTu Ans Hel iTepauiliHnia npouec [5]:

) (k=D
X I-a, -a, -a;||*N by
= —ay 1-ay  —ay || R"T [+ by 6.37)
x, ) -8y —ay  l-agp ) | KD (b
a6o
x® =(E-A)x D 4B (6.38)

Takuii 3an1c MeTofy BUKOPUCTOBYHOTb TiNIbKW NSt TEOPETUUYHUX
uinen, a npu GakTMYHUX 06UUCNEHHAX 3aCTOCOBYHOTb NOKOMMOHEH-
THi hopmynun.
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Mpu nigroToBsui 3agadvi Jo po3e'sA3ky Ha EOM He Tpeba BpyuHYy
MepeTBOPOBATY CUCTEMU [N OfepXKaHHSA hopmMu (6.37), 60 BOHM Oy-
[yTb NepefbdayeHi NOKOMMOHEHTHO (hOPMY/IO METOAY, AKa ANs i-i
KOMIMOHEHTMN BEKTOPa PO3B'A3KY Ma€E B 3arajibHOMY BUNaAKy BUTNIAL

(k)_x(k D _ Z a X'J‘ 1+bi (6.39)
j=1

abo

n
(k) =(1- a“)x(k D_ > a--xl-< -1 +b., (6.40)
j=f.j=i

[ie N — nopsagoK CUCTEMMN.
Mo3HaumBlM B (6.38) H =E— A, V =B, ogepxumo 6inbLu 3ara-

NbHY (hopmyny (6.33).
3araslbHa pgocTaTHA yMoBa 30DKHOCTI iTepauiiiHMX MeToais

IH]| <1 mns aworo Bunaaky mae surnsg ||E — A <1. 3saxatoun Ha

BU3HAYEHHS HOPM (6.27), LiLEMO BUCHOBKY, L0 A5 30XKHOCTI Me-
ToAy MOCNIA0BHUX HabnMXeHb MpY PO3B'A3yBaHHI CUCTEMU N-TO Mo-
PSAAKY AOCTATHBO, W06 BUKOHYBaaca 0fHa 3 yMOB:

>l

,\

maxZ‘hu‘ max{l a.. ‘
] 1= ] ll;tj

max Z ‘hj‘ max{ l1-a

ij=1

”‘ J—l j#i
a6o, rpy6o Kaxyum, AOCTaTHbO, W06 mMaTpuus A 6yna 6/1M3bKOKO
[0 O4VMHWYHOI. [lo Takoro Burnagy Ti cfif 3BecTu BPYUHY eKBiBa-
NEHTHUMMW MEPETBOPEHHSMU CUCTEMW Mepef YBeAEHHAM Mo4vaTKo-
BMX faHux B EOM.

[na reoMeTpryHOI intocTpauii MeTody MOCNifA0BHUX HabMKEHb
PO3r/ISHEMO CUCTEMY, SIKa CKNAAAETLCA TifIbKN 3 OAHOMO PiBHAHHS

0,4x = 1.
LLLo6 ofepxatu po3B'A30K X = 2,5 TaKMM METOLO0M, NepeTBOprMO
Lie PIBHAHHSA:
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0=-0,4x+1,
X=X—-0,4X+1,
Xx=0,6X+1.

OueBMAHO, PO3B'A3KOM LibOr0 PiBHAHHSA, €KBIBA/IEHTHOrO Movar-
KOBOMY, € abcumca TOUKM MNepPeTMHY [BOX MpAMMX y=X Ta
y=0,6x+1 (puc. 6.7, a).

BisbMeMo fesike nouaTkoe Ha6mkeHHs x© i1 o6umcaumo
XD =0,6x9 +1. Lium M1 (akTUUHO 3HaiAAEMO OpANHATY TOUKM A,
AKa NeXUTb Ha NpsMiin y =0,6x+1. MNMpoBeeMo 3 TOUKM A npsimy,
napasenibHy oci X, 40 NepeTUHY 3 NPAMOKD Yy = X y Touui B. Lla To-
yka Mae Ty camy OpAuHaTy, WO i Touka A, a abcumca TOUKM B un-
cenbHO fopiBHioe i opauHati, To6T0 0,6x¥ +1. OTxe, abeumca
Touku B pgopisHioe xV. ina obuncnenns x® Ha apyriit itepauii
Tpeba NOBTOPUTY Ti cami AiT, TOGTO 3 TOYKM X Ha OCi X YCTaHOBUTU
nepneHAnKynsp Ao /oro nepetuHy 3 npamoro Y =0,6X+1 y Touui
C, Yepe3 Hei NPOBECTW FOPU3OHTANbHY NPAMY 40 NEPETUHY 3 Mps-
MOK Yy =X Y Touui D, ska mae abeumucy X, iT. A.

y=1,4x-1

2,5 K« \.fo X / / 25 \"0' X

n
S

Puc. 6.7. 'eoMeTpuyHa iHTepnpeTaLlis
MeToAy Nocnif0BHMX HAbNVXKeHb

Mobyayemo iTepauiiHunii npouec

x0 =0,6x* D 11, k=1,2,...
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AK maTpuua H TyT BUCTYNae KyTOBUIA KOEILIEHT, KW LOpiB-
HIOe 0,6. MNpouec Ha puc. 6.7, a 36iraeTbCA, OCKINbKN BUKOHYETHCA

ymoga |[H|[<1. Ha puc. 6.7, 6 306pa)eH0 PO3GIKHUI iTepaulifiHuii
npovec, NobyfoBaHWI AN TOro camoro piBHAHHA 0,4x =1. Cnpasgi,
0=0,4x—1,
X=X+0,4x-1,
x=14x-1,
X0 =1,4x*D

Tyt ||H||:1,4>1 i HEe BWKOHYETbCA AOCTaTHS yMoOBa 36iXHOCTI.

KpiM TOro, 3Ha4yeHHs r(H) TeX GinbLue 3a 0AUHULIO | npouec no-

BWHEH po3biratucs. Takum ynHoM, ans ogHiei C/IAP Ax =B iTtepa-
LiliHW1IA Npouec Moxe 36iratmca Ym posbiraTmcs 3anexHo Bif cnoco-
Oy 3BefeHHA Ti go Burnagy XxX=Hx+V, T06TO 3anexHo Bifg
BYKOPWCTAHOI0 METOAY.

Mpuknag 6.1
Po3B'A3aT METOA0M MOCNIfOBHMX HabnmkeHb CJTAP:
L1x, —=0,2x, +0,3x, =1,
0,1x, +0,9x, +0,2x, =3, (6.41)
0,2x, = 0,1x, +1,2%;, =2

abo B MaTpuyHoOMy BUTNAAI:
L1 -0,2 0,3)(x 1
0,1 09 02/|x [=]|3]
0,2 -0,1 L2)x 2

BignosigHo Ao i€l cucTemu iTepauiiiHmia npouec (6.38) MoXHa 3anmca-
TV Y BUrNagi

x® -0,1 0,2 -0,3) (x*?" 1
x l=] 0,1 0,1 —0,2 || x¥ " |+]3]. (6.42)
x{ -0,2 0,1 -0,2)(x{ "] (2
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Mo3Haunmo

-0,1 0,2 -0,3
H=|-01 0,1 —-0,2]
-0,2 0,1 -0,2

IepeBiprMO, UM BUKOHYETLCS YMOBA 36XKHOCTI (6.34) N5 HALLIOT MaTPULi
n
"H ”1 = ”E - A"l = m?xi gl‘hij ‘ =0,7<1.

OTxe, npouec (6.38) 6yae 36DKHUM. AK NOYATKOBE HABGMMKEHHS Bi3b-
MEMO HYNbOBUIA BEKTOP i 3HaliAeMO 3 (6.42) nepLue HabIMXKeHHS

xP) (=01 02 -0,3)(0) (1) (1
X" [=] -0,1 0,1 -0,2|-{0[+|3]|=|3]
x ) (-0,2 01 -02)(0) \2) (2

BrKoHaeMoO LLe 0fHY iTepaLito

Xl(Z) -0, 0,2 -0,3 1 1 0,9
X7 |=| =01 01 -02]3 ]+ 3|=|28|
X2 -0,2 0,1 -0,2)(2 2 1,7

MpoLiec MOXHa NPOAOBXYBATH AOTU, LOKM [Ba MOCMIA0BHI HaGMVKEH-
HS1 He CTaHyTb 0CTaTHbO 6/M3bKUMUN. OfiepKaHa NOC/if0BHICTL BEKTOPIB

0 1 0,9 0,96
O0[—>(3|—>2,8]|—>]285|—>..
0 2 1,7 1,76

36iraTUMeTbCA A0 TOYHOMO PO3B'A3KY CUCTEMU. Pe3y/nbTaTh HaBefeHo dasi B
Tabn. 6.1. Mpu nporpamyBaHHI MeTody He MOTpi6HO 36epiraTi B nam'aTi

EOM vyci Bektopy x*), AKi 0flep)KyeMOo, [JOCTATHBO [ABOX OCTAHHIX [/19 OLi-
HIOBaHHHS Pi3HNLI MK HAMW. Y 3ara/ibHOMY BMMNafKy iTepauiiHuii npouec

3aKIHUYETHCS, AKLLO Hx“” —x““”” <&, TOBTO /NS BCiX eNemMeHTIB BEeKTopiB

BMKOHYETbCA YMOBa @; < &, fie
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|xi“‘) - xfk’”| npm |xi("’| <1,—
g =

|x§k) - xfk’”| (6.43)
|x“"| npu |ka>| >1.—
i 1 :
TyT i — HOMep enemeHTa BekTopa; k — Homep iTepauii; & — gonyctuma

noxmoka (Hanpuknag, € =0,001).

Lis ymoBa nepeBipsaeTbCA B KiHLI KOXHOI iTepauil i, AKLW0 BOHa He
BUKOHYETLCA X04a 6 111 O4HOro eneMeHTa BEKTOpa X, MpoLec npo-
[OBXYETLCA.

6.3.2. MeTopa npocTol iTepauii

Llein meToa, AKMiA TakoX Ha3uBarOTb METOAOM KOOI, Bifpi3Hs-
€TbCA Bif NOMepeAHbLOro Crnocobom 3BefeHHs cuctemn Ax=B fo
Burnagy x=Hx+V . lMpointocTpyemMo Moro Ha npuknagi cuctemu
TPbOX PiBHSHb:

QX +a,X, +a;X = bl:
Ay X FApX, 83X = bza
Ay X +a,X, +a,% =h,.

Mpunyctmo, WO AiaroHasibHI KOeMiLieHTn &a; BiAMIHHI Bif HY-
na (iHakwe MOXKHa MepecTaBuTU PIiBHAHHSA). Bupasnmo 3 nepLuoro
PIBHAHHA X, I3 APYrOro X,, i3 TPeTbOro X, :

1
X :_(bl —a,X% _a13X3)s

a

X, =—(b2 — X - 8.23X3),
a,

X3 :_(b3 —a3X —a32x2),
a;
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33

a noTiM Nobyayemo iTepaviliHnin npouec

1
(k) _ (k-1) (k-1)
X __(bl —apXy Ak )’
&

1
(k=1) _ (k-1) (k-1) 14
X - a (bz — X — X ): (6.44)
22

1
(k-1) _ (k-1) (k-1)
X = (b3_a'3lxl —apX )s
8,

AKWIA | Ha3VBaKOTb METOAOM MPOCTOT iTepaii.
3anuiuemo (6.44) y BUrnsgi

x® = Hx* ™ v,

(6.45)
0o % _% b
al 1 al 1 al 1
ae H= _& 0 _% Y/ b_2
a22 a22 a22
TR b
a, a a

[
@

HeBaXkKo nepekoHatucs, Lo
H=E-D'A V=D"B,

Ae D — fiaroHasnibHa MaTpuLs eNemMeHTIB a,, .

OTxe, npouec (6.45) MOXKHA 3anucaTy Yepes MaTpuLto A i BeKTop
B noyatkoBoi cuctemm Ax=B:

x® =(E-D'Ax*" +D'B. (6.46)
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I3 3arasibHOi yMOBM ||H||<1 — 30DKHOCTI NiHIAHKX iTepayiiHnX

METOZIB, BUM/MBAE, WO MeToZ MpocToil iTepauii 36iracTbcs, AKLO
BMKOHYETbCA X04a 6 0fHa 3 1BOX YMOB:

n
‘aii‘>_ Yyl i=L2e.n
J=1L]=#I
: (6.47)
a..> > la.|, j=12,..,n.
Uizl Y

IHaKLLe KaxXyuun, Ans 36iXKHOCTI MeToAy NpocTol iTepauii NoTpi6-
HO, Wo6 matpuus CJIAP 6yna AiaroHanbHO AOMiHYHOUOH, TOGTO,
o6 mModynb fdiaroHanbHOro eneMeHTa B KOXXKHOMY psiaKy 6yB Gifb-
KA 38 CyMy MOAYNIB PELUTU eNeMeHTIB Lboro psgka abo o6
Y KOXKHOMY CTOBMLi MOAY/b AiaroHasbHOro efiemeHTa 6yB GifbLUnii
3a CyMy MOAYNIB PelTn eNemeHTiB Lboro CToBnus. Taki yMOBU €
AOCTaTHIMK, ane He HeobXiAHMMMK, TOBTO ANa AESKUX CUCTEM iTepa-
LT 36iratoTbea i NpW NopyLUEeHHi YMOB (6.47).

OuUiHIOBaHHA KiNIbKOCTI NOTPIOHNX iTepauiin 4Na ofepXKaHHS Po3-
B'A3KY 3 TOUHICTIO € BU3HAa4al0Tb POPMY/IOH0

In pe
_ pg+u
In(1-p)’
ne
n a.. b.
P = max 2 l, g = max Xi(-o), U=max—|.
ij=1j=i|%i i Y i %

[ns BUKOHaHHA OAHIET iTepaLii NoTPiGHO BUKOHATU B LibOMY Me-
TOAI N onepauiit gineHHs, (n® —n) onepawiii MHOXeHHS, N onepa-
Ui pjofaBaHHA (N — NOPALOK CUCTEMM).

HaBegemo 064YMCnOBabHY CXeMy MeTofy NpocToi iTepauii. Jo
noyaTKy iTepauiiHoro npouecy 3aJaeMo TOYHICTb i MOYAaTKOBE Ha-
6nvkeHHs X' . ToTiM BUKOHYEMO TaKi fii:
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1. O6UMCNIHOEMO YeproBe HaGIMKEHHS 10 BEKTOPa PO3B'A3KY

n
Xi(k):L bi_ 3 aijx(jk_l) , i=12,...,n.
aii j=1]j=#i

2. MepeBipsieMo YMOBY 3aKiHUEHHS MPOLIECY

b
| f(x)dx=£1 f(xi)hi + Rnp , 9 <s, i=12,..,n,
a 1=
‘x{k’ —xi“"”‘ npu ‘xi“‘)‘gl,—
ae 0= _
‘Xi(k)‘);:iik 1)‘ npu ‘Xi(k)‘>1'_

FKIL0 YMOBa BUKOHYETLCA NS BCIX i, TO X*) BBaXKaTMMEMO po-
3B'A3KOM, B iHLLIOMY pasi BUKOHYEMO Yeprosy iTepauito 3 . 1.
Mpuknag 6.2. Po3B'A3aTi METOAOM NPOCTOT iTepauii 3 TOUHICTIO
p0 €=0,01 cucTemMy TpbOX PiBHAHb
12X, —=3X, + X, =9,
X, + 5%, =%, =8, (6.48)
X, — X, +3X, =8.
7K Nerko nepekoHaTucs, BUKOHABLLW MePEBiPKY, TOYHVM PO3B'A3-
KOM L€l cuctemn € x, =1, X, =2, X, =3. NepeBipuMo, 41 BUKOHY-
t0TbCS LOCTATHI YMOBM 36KHOCTI MeToAy NpoCTOl iTepaLii:
[12]> =3[+,
51> 1]+[-1]
31> 1+ [=1-

YMOB/ BUKOHYHOTLCS, TOMY BUKOPWCTOBYHOUM (opmyIy (6.44),
O/IEPXXMMO pe3ynbTaTu, HaBefeHi B N. 6.3.3. Y NiCTUHry 6.9 HaBefe-
HO OHY 3 MOX/IMBUX peasizaiin MeTo4y NpocToi iTepauii.

523



JTicTvHr 6.9. Peanizauis MeToAy NpocToi iTepauit
# -*- coding: cpl1251 -*-
from numpy import *
from math import sqrt
from random import *
A=matrix([[12.,-3.,1.],[1.,5.,-1.],[1.,-1.,3.]])
b=matrix([[9.],[8.].[8.1])
n=len(b)

print ""MeTog AKo6i"

def diagonal_prevalence(A,n):
for i in range(n):
s=0.0
for j in range(n):
s+=abs(A[i,j])
if 2*A[i,i]<=s:
return False
return True

if diagonal_prevalence(A,n):

print " [iaroHasibHa nepeBara BUKOHYETbLCA"'
else:

print "' [iaroHasibHa nepeBara He BUKOHYETbCA""

x=zeros(n)
print "'BeKTop N04aTKOBOr0 HabIMXKEHHA""
print x

def next_vector(x):
y=zeros(n)
for i in range(n):
s=0
for j in range(n):
if jl=i:
s+=A[i,jV/A[LI*x[]
y[i]=-s+b[i]/A[i,i]
returny
for i in range(5):
X=next_vector(x)
print x
print "'BekTop HeB's30K:",dot(A,x)-b
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Lla peanisauis BUKOPUCTOBYE METOAMKY 3 YAaCTKOBUM YMOPSAAKY-
BaHHAM ((hyHKUia diagonal_prevalence). Ha gaHux 3 npuknagy 6.2
LA NporpamMa BUAae Take:

>>>
MeTog AKoGi

[iaroHasibHa nepeBara BUKOHYETbCS

BeKTOp NO4YaTKOBOr0 HabIMXKEHHS

[0.0.0.]

[ 1.000802472.000382723.0013786 ]

BekTop Bigxunis: [[ 0.00986008 -0.99866255 -0.99544444]
[ 1.009860080.001337450.00455556]

[ 1.009860080.001337450.00455556]]
>>>

AK 6a4MO, OTPUMAHO Ti Cami pe3ynbTaTu.

6.3.3. MeTopg 3engens

3a crnocobom 3BefleHHs cuctemn Ax =B o surnagy x=Hx+V
Lein MeTod aHanorivyHWin MeTogy MOCNiJOBHUX HabVKeHb, OfHAK
Ti/lbKW WO 064MCIeHa KOMMOHEHTA xi(k) BEKTOpa HeBifoMUX ofpa3y

BUKOPUCTOBYETLCA A/ 06UMCNEHHSA HACTYMHOT KOMMOHEHT xm(k).
IHaKLWe Kaxky4u, ana nigpaxyHKy xm(k) 3aCTOCOBYHOTLCA HOBI 3Ha-
uenHs ", x,® %% i crapi sHauenns x,, ¢, x, &P,
MpointocTpyemMo MeToA, Ha NPUKNaai CUCTEMUN TPbOX PIBHSAHb
ay X +815X) + 853X =Dy,
Ay X + Ay Xy +Ay3X3 =Dy, (6.49)
831X + 832X, +83%; =D,
AK i B MeTOfi NOCNif0BHMX HAbNMKEHb, 0AaMO A0 060X YacTUH
i-ro PIBHAHHA X; 1 OflePXXMMO CUCTEMY
X =X — (@ X +apX +a3X) +hy,
Xy =Xy = (891 X| + 89y Xy +893%3) + Dy, (6.50)
X3 = X3 —(83;X +83,X; +a33%3) +bs.
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- - . . _ (0)
3ajamMo fAeski mouaTkoBi 3HaueHHs Hesigomux: X = x(?,
Xy =%, X; = x,¥). MigcTaBMMO i 3HaueHHA B MpaBy YacTUHy

nepLuoro 3 PiBHAHL (6.50) Ta OLEPXKMMO HOBE (repLue) HabIMKeH-
HA N4 X

D _ (0 0 0 0
xD = x© — (@, % +a,x{” + ;%) + by.

BI/IKOpI/ICTaGMO Tenep ue 3Ha4YeHHA X, i CTapi 3Ha4YeHHA

%, %Y. 3a gonomoroto Apyroro piBHAHHS (6.50) 0AEPXKIMO HOBE
HaBNVKEHHA ANA X, :

X = x§ — (@ xV + 2y X + a3y +b,.

HapelwuTi, Ha ocHoi Hoeux 3HaueHs X", x,'") i cTaporo 3ma-

yeHHs X,'*) i3 TPeTbOro PiBHAHHA (6.50) 3HAXOANUMO HOBE (MepLLe)
HaBMVOKEHHS [NA X, :

1 0 1 0 0
=X — (g xP + 2 x$? +ag3x{?) + by,

Ha uboMy 3aKiHuUyeTbCA Meplua itepauis. HacTynHi itepauii Bu-
KOHYIOTb aHa/IoriyHo. HabnmkeHHs 3 HOMepoM Kk MOXHa 3anucatu
y BUrNsiAi

k k-1 k-1 k-1 k-1
X =X —(a XV +ax{ T +ax ) + b,
k k-1 k k-1 k-1
X§) = x§ TV — (@, + 2, + XV + b,
k) _ (k-1 k) k k=1)
X =X — (g, () + 2, x5 + ag;x{ ) + by

ITepayiiHniAi  nNpouec NPOLOBXKYETbCA [AOTW, [OKM 3HAYEHHS
x", %%, %, He cTaHyTb 6AM3bKMUMN (i3 33aHOK MOXNGKOIO) A0
sHavenb x 7, X, x D

Y cucTeMi 3 N pPiBHAHL 06YMNCIEHHS BUKOHYHOTb 3a (hOPMY/I0H0

i-1 n
xi(k) = xi(k_l) -(2 & xﬁk_l) +2 8 xﬁk_l)) +b. (6.51)
j=1 j=1
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YMoBU 36DKHOCTI MeToay 3eiifens Taki cami, fK i Ans metogy
NoCAiJOBHNX HabAMXeHb, i B GiNbLUIOCTI BUMNafKiB BiH 36iracTbcs
LWBKMALIEe MeTOAY MOCNILOBHUX HabNWKeHb. Y Tabn. 6.1. HaBeAeHO
pe3ynbTaTu pO3B'A3aHHA CUCTEMW (6.41) METOAaMu MOC/iA0BHUX
HabnmxeHb i 3erigens.

Ta6nuusa 6.1
MNopiBHAHHA ABOX iTEpPaLiiHNX METOLIB
K MeTog nocnigoBHUX HabNMXKEHb MeTop 3eigens
X ) X3 X X X3

1 1,0000 3,0000 2,0000 1,0000 2,9000 2,0900
2 0,9000 2,8000 1,700 0,8530 2,7867 1,6900
3 0,960 2,860 1,760 0,9650 2,8442 1,7534
4 0,9460 2,8370 1,7410 0,9463 2,8391 1,7440
5 0,9505 2,8409 1,7463 0,9500 2,8401 1,7452
6 0,9492 2,8398 1,7447 6,9495 2,8400 1,7451
7 0,9496 2,8401 1,7462 0,9495 2,8400 1,7451
8 0,9495 2,8400 1,7451

9 0,9495 2,8400 1,7451

3anuwemo topmyny iTepauiiiHoro npouecy 3eigens y marpuu-
HoMmy Burnagi. Cuctemy (6.50) MOXHa NogaTu Tak:

X=Hx+V,
l-a, -ap —a3 by
-3 Ay l-ag b

MatpuLto H NpeAcTaByMO SIK CyMy ABOX TPUKYTHUX MaTpuLlb

H=M+N,
0 0 0 l-a, -3, —a3
M=l-a, 0 O N=| 0 l-a,, —ay
—a3; —a3 O 0 0 1-as;
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Togi 3anvwemo iTepauiiHniA Npouec y MaTpUYHOMY BUT IS4
X = Mx® 4 Nx*KD v
a6o x© = (E-M)TNx®D 4 (E-M) T +V.
Ha ogHy iTepauito meTogy 3eligens noTpibHO N onepauiii gineH-
Hs, N’ onepawjiii MHOXeHHs, n® onepaLiili 40AaBaHHs.

6.3.4. MeTo HekpacoBa

Llein meTon, sSiKuiA iHOAI TakoX Has3uMBalOTb MeToAoM [aycca —
3eligens, abo metogom JlibMaHa, aHanorivyHMiA MeTofy NpPocTol iTe-
pauii 3a crnocobom 3BefeHHA cuctemm Ax=B o Burnsgy
X =Hx+V i aHanoriuHunii meToay 3eiigens 3a cnoco6om 06iKy Bxe
06YNCNEHNX KOMIMOHEHT.

Cuctemy TpbOX PiBHAHL (6.49), BUPA3VBLUY 3 i-r0 PiBHAHHSA HeBi-
AloMe X;, l0BEZIEMO [j0 BUTNIAAY

1
X =—(b —a;X; —a3X3),
1

1
Xy =——(by — a8y % —ayX;), (6.52)
)

1
X3 =——(0; —a3)X —a3X,).
a33
Lieii MeTon nonarae B TOMy, 1O, BUSHAUMBLLN [SKe NOuYaTKOBE
Ha6mkertst X%, %@, %) i BUKOpUCTOBYIOUM LLOIHO 0BUMCTEH]

KOMMOHEHTW BEKTOpa X (ANs 3HAXOMXKEHHS YeproBUX KOMMOHEHT),
06YMCNIEHHS BUKOHYIOTb 3a TakMuK (hopMy/amMu:

k 1 k-1 k-1
X{ ):a_(bl_alzxg V-,
1

K _ 1 k k-1
22

1
833
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Y 3ara/ibHOMY BMNafKy CUCTEMU N PiBHAHb i-Ta KOMMOHeHTa Be-
KTOpa po3B'A3Ky Ha k-Ii iTepawii 064MCOETLCA AK

1 i-1 T _
Xi(k) :_{bl — 2 a.ij ng) — z a.ij ng I)J (654)
&ji j=1 j=i+l
Cuctemy (6.52) y MaTpuyHili hopmi MOXKHa 3anmcaTi Tak:
X=Hx+V,
he
H = —DY(L+R), vV = DB, A=L+D+R,
0o 0 O 0 a, a3 a, 0 0
a; a3 0 0 0 O 0 0 agy

OTxe, y MaTpuYHiii dopmi iTepauiitHnii metog Hekpacosa (6.54)
Ma€e BUINA4

x© = pLx® —pRx*D 4 DB (6.55)

a6o
x© =—D+L)"'Re* Y+ (D+L)'B.

KinbKicTb apuiyMeTUUHMX ornepaLiil Ans BUKOHaHHS OAHIET iTe-
pauii MmeTogy HekpacoBa Taka cama, SiK i B METOAI NpocToi iTepaLii.
36iraloTbca B UMX MeTodax i A0CTaTHI YMOBUM 36IXKHOCTI (fAiaroHanb-
He AOMiHyBaHHS matpuui A). HatvacTiwe meTtos Hekpacosa 36ira-
ETbCSA LUBMALLE, HDX MeTof NpOCTOi iTepauii. FAK intocTpauisa B
Tabn. 6.2 HaBefeHO pe3y/bTaTh PO3B'A3aHHSA CUCTEMM (6.48) MeTOa-
MV npocTol iTepauii i Hekpacosa.

Ta6bnuusa 6.2
MNopiBHAHHA ABOX iTEPaLiiHNX METOLIB
MeTog npocTol iHTepau,il MeTtog Hekpacosa
K X ) X3 Xi ) X3
0 0 0 0 0 0 0
1 0,75 1,60 2,66 0,75 1,45 2,89
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3aKiHYeHHA Tabn. 6.2

K MeTog npocTol iHTepau,il MeTog Hekpacosa

X X X3 X ) X3
2 0,93 1,85 2,95 0,89 2,00 3,03
3 0,97 2,00 2,93 1,00 2,00 3,00
4 1,00 2,00 3,00 1,00 2,00 3,00
5 1,00 2,00 3,00

Peanizauito metogy aycca — 3eiigens y BUrNsgLi OKPeMoro Mo-
[yNsi HaBefleHO B NICTUHTY 6.10.

JNicTuHr 6.10. Peanisauis metogy
aycca — 3eligens
# -*- coding: cp1251 -*-
## module gaussSeidel
"' x,numlter,omega = gaussSeidel(iterEgs,x,tol = 1.0e-9)
PiweHHa meTogom 3eigens [Al{x} = {b}.
MaTpuus [A] NnoBMHHa 6yTK po3pimkeHa.
KopuctyBay mae nepegatu
thyHKUito iterEgs(x,0mega), Lo noBepTae nokpatleHe {x},
3a HagaHum {X} (‘omega’ hakTOp penakcadir).
from numarray import dot
from math import sgrt

def gaussSeidel(iterEqgs,x,tol = 1.0e-9):

omega=1.0
k=10
p=1

for i in range(1,501):
xOld = x.copy()
X = iterEqs(x,o0mega)
dx = sgrt(dot(x-xOld,x-xOld))
if dx < tol: return x,i,omega
# MigpaxyBaHHs (hakTopa penakcadii nicns k +p itepau,ii
if i == k: dx1 =dx
ifi==k +p:
dx2 = dx
omega = 2.0/(1.0 + sgrt(1.0 - (dx2/dx1)**(1.0/p)))
print "MeTog 3eingens He 3inwoscs’
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Po3rnisiHeMo NpUKnag 3acTOCyBaHHS HaBeleHOro Moay .

Mpuknag 6.3
Hexai1 noTpiGHO po3B'A3aTi CUCTEMY PiBHSIHb MeTodoM 3eligens. MoTpio-
HO HammcaTy Mporpamy, fika npayroBaTume 3 6yb-IKOH KibKICTHO PIBHSHD N.

(2 -1 0 0 0 0 o 1] x][o
-1 2 -1 0 .. 0 0 0 0| x| [0
0 -1 2 -1 0 0 0 0| x| |0
0 0 0 0 -1 2 -1 0|x,| |0
00 0 0 .. 0 -1 2 —1|x,| |0
| 0 0 0 0 -1 2 x| |1

Po3B'a3atu cuctemy And n=20. MoXHa NokKasaTu, L0 TOUYHUIA PO3B'S-
o n i
30K CUCTEMM TaKuin: X, = _Z+E'

Po3B'sizaHHs. 3rigHo 3 (6.55) 3anuLuemo

_ W(X2 _Xn)

+(1-w)X,
5 (I=w)x

X

W(X 1 + X .

X; :MJF(I—W)xi, i=23,..,n—1
2

1-
X, =W(X1—+X"*1)+(1_W)Xn'
2
Lli dhopmynu BM3HAYAKOTLCA Y PYHKLUIT iterEgs. MNMporpaMy HaBefeHO B
NnicTuHry 6.11.

NictuHr 6.11. Mporpama 3acTocyBaHHS MOAYNA
# -*- coding: cp1251 -*-
from numpy import zeros,float64
from gaussSeidel import *

def iterEqgs(x,omega):
n = len(x)
X[0] =omega*(x[1] - X[n-1])/2.0 + (1.0 - omega)*x[0]
for i in range(1,n-1):
X[i] = omega*(x[i-1] + x[i+1])/2.0 + (1.0 - omega)*x[i]
X[n-1] = omega*(1.0 - x[0] + x[n-2])/2.0 \
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+ (1.0 - omega)*x[n-1]
return x

n = eval(raw_input(*'Ki/bKiCTb piBHAHb ==>""))
X = zeros((n),dtype=float64)

x,numlter,omega = gaussSeidel(iterEgs,x)

print "\nKinbKicTb iTepauiii ="",numlter

print "\ndakTop penakcaLii ="', omega

print "\nPiweHHA Take:\n"" X
raw_input(*"\nHaTucHiTb enter gnsa Buxogy'")

HaBefieMo pe3ynbTaT BUKOHaHHS Nporpamu:
>>>
KinbKicTb piBHAHL ==> 20
KinbKicTb iTepauyin = 259
dakTop penakcauii = 1.70545231071

PiLLeHHs TaKe:
[ -4.50000000e+00-4.00000000e+00-3.50000000e+00-3.00000000e+00
-2.50000000e+00-2.00000000e+00-1.50000000e+00-9.99999997e-01
-4,99999998e-01 2.14047151e-09 5.00000002e-01 1.00000000e+00
1.50000000e+00 2.00000000e+00 2.50000000e+00 3.00000000e+00
3.50000000e+00 4.00000000e+00 4.50000000e+00 5.00000000e+00]

HaTucHiTL enter fnsa BrUxogy

KOHTpO/IbHI 3anunTtaHHs

1. Yum Bigpi3HAIOTLCA NpsMi METOAY Bif iTepauiiiHnX?

2. 10 AKOro BUMNALY 3BOAUTLCA MaTpULA KOeiLieHTIB NpsMoOro xomy
meTogy [Maycca.

3. Konn He MoXKHa 3acTocyBatu MeTof ["aycca?

4. SIKWiA enemeHT € NPOBIAHWUM Y CTOBML MaTPULL?

5.Y yomy nepeBara MeTogy laycca 3 BUOOPOM FO/IOBHOIO €fieMeHTa
y CTOBNLi?

6. [lo AKoro BUrnagy 3B04UTLCA MaTpuLA B MeTogi Maycca — XKopaaHo?

7. Yn noTpibeH 3BOpPOTHUIA Xif y MeTogi Hekpacosa?

8. flka ymoBa 3aBepLUeHHS iTepalii B iTepaLiiiH1X MmeTogax?

9. M'onoBHi nepeBary mMetogy aycca — 3eilfens NOpiBHSHO 3 METOAOM
NPOCTMX iTepauiii.

10. FK NepeBipUTN ICTUHHICTb YN XMBHICTb 3HANAEHNX KOPEHiB?
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Po3pain 7

Po3B'A3yBaHHA CUCTEM
HeNiHIMHNX PIBHAHb

Hexali noTpi6HO po3B'A3aTN CUCTEMY PiBHSHb

fl(Xl’XZ”Xn) =0,

fo (4, %100 %) =0, (7.3)

pe f,, fy,..., f, —3afani, y3arani Kaxyuu, HeniHiviHi (cepeg HUX Mo-
XyTb OYyTW 1 NiHINHI) QYHKUIT (i3 4IACHAMKU 3HAYeHHAMK) N Ailic-
HUX 3MiHHMX. [M03HAYMBLLN

Xy f1(X) fL(%, X0, %) 0
_ Xy )= f5(X) _ fo (Xg) X9 seey X)) . 0 |
X, (%)) f (4, X1 ) 0

CUCTEMY (7.1) MOXHa 3anucat oaHNM piBHFIHHFIM
F(X)=0 (7.2)

BiZIHOCHO BEKTOPHOI PYHKLIT F BEKTOPHOro aprymeHTy X. Takum
YMHOM, MOYaTKOBE 3aBAaHHA MOXHa po3rnagatv Ak 3agady npo
HYNi HeniHiiHOro BigoOpaXKeHHs. Y Ll NOCTaHOBLi BOHA € Nps-
MVM Yy3ara/lbHeHHAM OCHOBHOIO 3aBAaHHA MoOyLOBY METOLIB 3Ha-
XOMKEHHS HYNiB OJHOBUMIPHUX HENiHINHNX BigoOpaxeHb. PaKTK-
YHO LUe Te came 3aBAaHHsd, /fMwe B rpocTopax 6ifbLOi
po3MipHOCTi. TOMY MOXHa fK 3aHOBO OyfyBaTn MeToAM 1T po3B'a-
3yBaHHS Ha OCHOBI PO3p06NeHMX BULLE NIAXOAIB, TaK i 34iCcHIOBa-
TV (hopmasibHe MepeHeceHHs BUBEAEHWUX AJ1F CKalsapHOro BUMNagky
pO3paxyHKoBMX opmMyn. Y 6yAb-aKOMY pasi cfiig nogymatu rpo
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NPaBOMIpPHICTb TUX ab0 IHLWMX onepawii Hag BEKTOPHUMU 3MiHHU-
MW Ta BEKTOPHUMW (YHKLIAMK, a TaKOXX MPO 36DKHICTb OTPUMYBa-
HWX Y Takuii cnocib iTepayiiHux nNpoLecis.

Uacto Teopemy 36DKHOCTI ANs UMX MPOUECIB € TpUBianbHUMM
y3ara/ibHeHHAMM BiAMOBIAHUX Pe3y/bTaTiB, OTPUMaHUX /19 METOLIB
PO3B'A3yBaHHA CKaNApPHUX PiBHAHb. [poTe He BCi pe3ynbTaTu Ta He
BCi METOAN MOXKHa NepeHecTn 3 BUMaZKy n=1 Ha BMMAZoK n>2.
Hanpuknag, TyT y)Xe He npautoBaTuMyTb METOAN AUXOTOMIT, OCKi-
NbKN 6e311i4 BEKTOPIB He BropsakoBaHO. BoaHouac nepexifg Big,
n=1 [0 n>2 BHOCWUTb A0 3afa4i 3HAXOMKEHHS HYiB HENiHIAHOrO
BiOOPaXKEHHS CBOK cneumdiky, 06MiK KO NpMBOAUTL A0 MOSIBM
HOBMX METOZIB i JO Pi3HMX MOAMDIKaLiA TUX, L0 BXe €. 30KpeMa,
Be/MKa BapiaTVMBHICTb METOAIB PO3B'A3yBaHHA HENiHIMHUX CUCTEM
MnoB'si3aHa 3 Pi3HOMaHITHICTIO CNOCO6IB, AKMMW MOXHa PO3B'A3yBaTy
NiHIAHI 3a0a4i anrebpy, L0 BUHNKaKOTb NPY MNOKPOKOBIl niHeapwn3a-

LT AaHOi HeNiHiliHOT BeKTOP-(yHKLiT F(X).

7.1. MeTog HbrOTOHa,
noro peanisauii Ta Mmogudikayii

7.1.1. MeTog HbtOTOHa

Hexait (A,) — fedka MOCNifOBHICTb HEBUPOMKEHUX LIACHUX
nxn-mMaTpuub. ToAi, 04eBMAHO, NMOCNILOBHICTb 3aBAaHb

x=x—-AF(x), k=012,..,
Mae Ti cami pO3B'A3KM, L0 1 MOYATKOBe PIBHAHHA (7.2), | ANA Habnw-

YKEHOTO 3HAXOMKEHHS LX PO3B'A3KIB MOXHA (DOPMasIbHO 3anmcatu
iTepauiiHuin npouec

x&D = x® A F(x®y) Kk = 012,.., (7.3)

WO Mae BUrNA4 MeTody npocTux iTepauiin (aue. pani n.7.2.2

topmyna (7.17)) npu  O(X) =D, (x) =x-AF(x). Y Bunagky

A, = A — e crpasfi MeToZ NPOCTOI iTepallii 3 NiHINHOK 36DKHiC-
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TIO NOCMIAOBHOCTI (X = X;_1). AKWO X A, Pi3Hi nNpun pisHKUX Kk, TO
(hopmyna (7.3) BU3Ha4aE BeMKY CiM'lO iTepauiiHUX MeTogiB i3 mart-
PUYHMMK NapameTpamu. PO3rngHeMo AesKi 3 METOZAIB L€ CiM™.

Hexain A, = [F'(x(k))]_l,

ne
of, of, of,
0 Xy X,
of, of, #7/
F'()=J(x)=| /™% Xy OX, (7.4)
o, o of,
00Xy X, 0X,

€ MaTpuLieto SKo6i BekTop-(yHKUii F(x). MiacTasmBm A B (7.3),
OTPUMAEMO ABHY hopMy/y MeTody HbloToHa

wx(k+) _ () —[F -(X(k))]*1 F(x(k)) , (7.5)

y3araflbHeHOro Ha 6araToBUMIpHWUIA BUNafOK CKaIPHOTO MeTomy
HbtoToHa (auB. hopmynn (4.2, 4.3)). ®opmyny (7.5), WO BUMAarae
06epHeHHs! MaTpu1Lb Ha KOXHIR iTepalii, MOXHa nepenuncaTi B Hes-
BHOMY BUrNafi

F(xX®)x®*D - (x®) = —F (x1). (7.6)

BvikopucTtaHHs (7.6) nepefbavae npu kKoxxHomy k =0,1,2,... pos-
B'A3yBaHHA NiHINHOI anrebpaiuHoi cucTemm

F'(x®p®)) = —F(x®) 7.7

BiHOCHO BEKTOPHOT MOMPaBKK, a NOTiM 36i/bLUeHHSA L€l NONpaBKu
[0 NOTOYHOr0 HABNVKEHHS 415 OTPUMaHHS

U = xk 4 pto), (7.8)

[10 po3B'A3yBaHHA TaKMX NiHIMHWX CUCTEM 3a/ly4atoTb HapisHOMa-
HITHILLI MeTOAY — AK NPAMI, TaK i ITepaLliiHi, 3a1eXKHO Bif, PO3MiIpHOCTI
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N Po3B'si3yBaHol 3adaui Ta creupmdiki matpuup Ako6i J (xK) . Hanpu-
Knafl, MOYKHa BpaxoBYBaTH X CUMETPUYHICTb, PO3PIAKEHICTb TOLLO.

MopiBHIOKOUM (7.6) i3 (hOpManbHUM PO3BUHEHHSIM F(x) B pAf
Teiinopa

F(x) = F(x®) + F'(x®)(x - x&)y +%F "(x® ) (x = x®N2 4.
6aunmo, LLI0 NOCMIJOBHICTL (X, ) Y MeTofi HbloTOHa OAePXXYEMO B pe-
3ynbTari 3aMmiHM npu KokHoMmy k =0,1,2,... HeNiHIHOro PiBHAHHSA
F (x)=0 a0, Lo Te came (Mpu JOCTATHiNA rMaaKocTi F (X)), PIBHAHHS

F(x) = F(x®)+ F(xX®y(x—x®) + % Frx ) x—x 24+ =0
NiHIAHUM PiBHAHHAM
F(x) = F(x®)+ Fx®)x-x®) =0,

TOGTO 3 NOKPOKOBO NliHeapM3aLierd. YHACNIA0K LbOro, MOXHa po3-
paxoByBaTW, WO NPV AOCTaTHIl rNagKocTi F(x) i gocutb fobpomy

NMoYaTKOBOMY Hab/IMKEHHI x© 36ixHicTb NopoKyBaHOi METOLOM
HbtoTOHa NOCNifoBHOCTI X, A0 PO3B'A3KY X* OyAe KBagpaTUYHOK

i B 6aratoB/MipHOMY BuMafKy. € psg TeopeM, WO BCTaHOB/IOHOTb
Lie NPy NeBHUX NPUNYLLEHHSX, 30KpeMa, AWB. Aani Teopemy 7.1.

HoBWM, MOPIBHAHO 3i CKaNAPHUM BMNALKOM, UMHHWUKOM, LWO
YCKNaZHIOE 3aCTOCYBaHHA MeToAy HbloTOHa 4N pO3B'A3yBaHHA N-
BUMIPHUX CUCTEM, € HEOOXIAHICTb PO3B'A3YyBaHHA N-BUMIPHUX fi-
HIiHUX 3aBAaHb Ha KOXHIN iTepauii (06epHeHHS maTpulb B (7.5)
abo po3ss'a3yBaHHA CJTAP B (7.6)), 06UNCNtOBa/IbHI BUTPATW Ha SiKi
3pOCTalOTh 3i 30iNbLUIEHHSAM N, y3arani KaxXy4u, HernponopuiiiHo
LIBMAKO. 3MEHLUEHHS TaKMX BUTPAT — OAMH i3 HanpsMKiB Moandi-
Kauii MmeTogy HbloTOHa.
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7.1.2. MogndikoBaHni meTod HbtoTOHa

Akwo matpuuo Fko6i F'(x) obumcnutn it o6epHyTM nue

OAVH pa3 — Yy MOYaTKOBIl TouLi, TO Big MeTody HbtoTOHa (7.5) npu-
ngemo 10 moamndgikoBaHoOro metoay HbetloToHa

(D) _ () —[F -(X(o))}‘1 Fx®)y. (7.9)

Lleii meTof, BMMarae 3HayHO MEHLUMX 06YMCNIOBa/IbHUX BUTpAT
Ha OAWH iTepawiHWA KPOK, ane iTepaLii Npu LbOMy MOXe 6yTu no-
TPi6GHO 3HAYHO GifbLUe ANA AOCATHEHHSA 38[aH0T TOYHOCTI NMOPIBHAHO
3 OCHOBHUM MeTOAOM HbIOTOHa (7.5), OCKiNbKW, AK OKpeMuid Buna-

1
0K MeTofy MoCnifoBHNX iTepauiii (MIII), Azz[F'(x(o))} , BiH

Ma€ NuLLe WBUAKICTb 36IXHOCTI reOMETPUYHOT NMPOrpecit.
KomnpomicHWiA BapiaHT — Lie 064MCNeHHS 1 06epHEHHS MaTpULLb
AK06i He Ha KOXXHOMY iTepaLiiiHOMY KpOLli, a Yepe3 AeKifbKa KpoKiB
(iHKONW Taki MeTOAW Ha3VBaKOTb PEKYPCUBHUMN).
Hanpuknag, npocte yepryBaHHS OCHOBHOTO (7.5) i MOoAM(iKoBa-
HOro (7.9) MeTo4iB HblOTOHa NPUBOAMTL A0 iTepauiiiHOT hopmyn

-1
(KD _ 3 () —[F '(X(k))] F(x(k)) , (7.10)

1
ne A :=[F '(x(k))} , k=0,1,2,... 3a x®) TyT GepyTb pesynbTaT Nno-

CNiJOBHOIO0 BUKOPWCTaHHS OAHOr0 KPOKY OCHOBHOTO, & NOTiM OfHOro
KPOKY MOAU(DIKOBAHOIO MeToZy, TO6TO ABOCTYNIHYACTOro Npouecy:

(k) _ (k) (k)
2 =xV = A F(x\),
AF () (7.11)
x(KD) _ (k) _ AkF(z(k)).

[loBe/IeHO, 1LI0 Takui MPOLIEC 3a MEBHIX YMOB NOPOAKYE MOCHi-
[0BHICTb, L0 Ky6iuHO 36iraeTbes (X)),
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7.1.3. MeTog HblOTOHa
3 MocC/igoOBHOK anpoKcMMaLliero MmaTpuub

3aBfaHHA 3roptaHHa Matpuub AKo6I Ha KOXXHOMY K-My Kpoui
meTofy HbloTOHa (7.5) MOXHa CrpobyBaTn BUPILWYBaTh HE TOYHO,
a npu6ausHo. And uporo 3acToCOBYHOTb, Hanpuknag, itepauiiHui
npotec LLynbla, 06MexXyouncs MiHIMyMOM — fiuLLe O4HUM KPOKOM
npouecy 2-ro nopsaaky, B AKOMYy 3a NMo4yaTKoBY MaTpuLto 6epeTbcs
MaTpuus, oTpuMMaHa B pe3ynbTaTi nonepeaHboro (k—1)-ro Kpoky.
Takum YMHOM NPUXOAMMO [0 MeTody HbloTOHa 3 MOC/iA0BHOKO an-
pOKCUMaLi€t0 06epHEHVX MaTPULb:

{x(ku) —x® _ A F(x®),

(7.12)

1 k
v =E=FOXE )AL AG = Ac+ Ay,
ge k=012,.., a x©@ i A _ novarkosuii BEKTOp i matpuus

-1
(|:z F '(x(o))] ). Llevi meTog (Hasmsatmemo ioro kopotie AAMH —

anpokcuMmauiiHuii aHanor Metoay HbHOTOHA) Mae NpPOCTY CXemy
064MCIEHb — NOYEProBe BUKOHAHHSA BEKTOPHUX Y MepLUOMY PSAKY i
MaTpPUYHMX Y APYroMy psgKy /oro 3anucy (7.12) onepadii. LLIBnakicTb
oro 36iKHOCTI Maibke Taka cama BMCOKa, SK i B MeTofi HblOTOHa.
Mocnigosrictb (X)) Moxe KBagpaTU4HO 3GiraTicst 0 PO3B'SZKY X *

PiBHAHHA F (x) =0 (Npw LbOMy MaTPUYHa MOCNIJOBHICTL ( A, ) TaKOX

. , -1 . .o
KBagpaTn4yHO 36iracTbCs A0 A*:=[F (x*)] , TO6TO B iTepauiiitHomy
MpoLeci (7.12), L0 HOPMaNbHO PO3BMBAETLCSH, NOBMHHA CriocTepiraTmcs
[0CUTb LUBIAKA 36DKHICTB (|| ||) A0 Hyns).

3acTocyBaHHA Tiel caMoi MOCNifA0BHOT anpokcuMaLlii 06epHeHNX
MaTpulb [0 MPOCTOro PeKypcMBHOIO MeTody HbloToHa (7.10) a6o,
Wo Te came, 40 ABOCTYMIHYAaCTOro Mpouecy (7.11) BM3HaYae 1oro
anpoKcUMaLlinHWiA aHanor

{Z(k) =x® — A F®), x4V =200 A F(z0), (7.13)
v =E-FOE AL Ag = A+ Ay,
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AKWI AK 1 (7.10) MOXKHa BifiHECTM [0 MeTofiB 3-ro nopsaaky. Jokas
Ky6iUHOT 30I>KHOCTI LIbOro METOAY BUMArae BXe XOPCTKIilLMX 06-

MeXeHb Ha BnacTmeoCTi F(X) i 6/1M3bKiCTb x(%) o x, A, no
[F (x]™, Hix y nonepeaHbOMY MeTOi. 3a3HauMMo, LLO A0 MO-
NINWeHHA 36DKHOCTI TYT MOXe MPUBECTU MIABULLEHHA MOPALKY

anpokcumadii 06epHeHVX MaTpuLb, Hanpuknag, 3a paxyHoK foja-
BaHHA LLIe OAHOr0 foAaHKa y (popmyi Ans 06UMCNeHHA A ;.

A=At AP+ AP (7.14)
PosrnsaHemo npuknag.

Mpuknag 7.1
Po3B'A3aTi cucTeMy HENHIRHMX PiBHSHb

sin(x+y)—1,6x=0,
X +y’ =1

-4

sin(x+ y) —1,6x,
X +y?-1

MoyaTKoBe HABMMXKEHHS

BekTop-hyHKLUis
F(Z)= {
MaTtpuus Ako6i BeKTOp-thyHKLIT:

F'(2)=3(Z) = {COS(XJF y)-1,6 cos(x+ y)}l

2X 2y

O6unCNEMO KopiHb 3a hopMynoto Metofy HbtoToHa (Tabn. 7.1) i3 To-
yHicTio &£ =0,001:

S(k+1) _ (k) _[F,(Z(k))}l*F(z(k))_
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PesynbTatn 064ncneHb

Ta6bnuyua 7.1

-1

20 | Fz) Fzk)y [p(z(k))} Zk+1) | 2|
0 -0,841 ~1,06 054 |-0944 —0255 | -0,794 | 079
-1 0 0 -2 0 05 |-1 4>¢
0704 | 0,295 -1,821 -0,221 | -0,608 0,067 |-0657 | 0,24
_’1 0,63 -1588 -2 0482 -0553 | -0,794 |7>¢
0,657 | 0,058 -148 012 |-0633 -0,048 | -0617 | 0,04
- 0,062 -1314 -1588 | 0524 -059 |-0788 |O0>¢
0,794
0,617 | 0,000059 | -1,441 0159 | -0,639 -0,064 |-0616 | 000
- 7 -1,234 -1588 | 0497 -058 | -0,788 1=¢
0,788 | 0,011
0616 | 0000522 | -1434 0166 |-0639 -0067 |-0616 | .
- 0,0004 -1,232 -1,576 05 -0582 |-0,788
0,788

Bignosiab: Z = -0.616

ANOBIAL: £ = -0,788 |
Brok-cxeMy  anroputMy  pO3B'i3yBaHHSi  CUCTEM  HEMiHIAHMX

PiBHSHb METOA0M HbIOTOHA HaBefeHo Ha puc. 7.1.

Peanizauis 3anpornoHOBaHOro ajiropuTMy MPOMOHYETLCA AK Ca-

MOCTIliHa Brnpaga.
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Momarox

Bregenna
MAKCHMATBHOIO MHCAA
iTepanif m

I

BeeJeHHA NOUATEOEOTO
YHCTA HAOTIASHE 10
KOpeHIB Xy, ¥y

““““““““““““““““ [ Pospaxynox npupoctis J

i EG‘PEH.'LB

e e e e e e e e e e e [ Vrounennn wpeais}

af af;
Ax = (f(xg yo) = a_i(xu'ya) —{(fulxg yo) = a_{, (g Yo))/det

a8 a
Ay = (fi(%e ¥a) = 5_{: (% ¥a) = (falxa.30) = ﬂ_{t (Xo ¥o))/det

l

X, = x, + Ax Hi

Ys = Yo + Ay

XosVye 1t
(lax| < &) o
and
(layl< &)

filoge ¥o) fa(X. 7))

Hi

Metoa He 30irca sam
iTepami

Puc. 7.1. Brok-cxema anroputvy EHRICHCIOMICEtEIpsniiI
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7.1.4. PizHnueBunii metoq HetoToHa

Ha 6a3i meToay HbtoTOHa (7.5) MOXHa nobyayBaTv 61M3bKUiA [0
HbOrO 3a MOBEAIHKOK iTepauiliHWiA NpoLeC, WO He BUMarae o64mc-
NEeHHS NoXigHMX. 3po6uMo Le, 3aMiHMBLLM YaCTWMHHI NOXifHi B mMaT-

puLi Ako6i J (X) pisHNLEBAMM BifHOLIEHHAMM, TOGTO NiCTaBNBLLN
-1
y (hopmyny (7.3) 3aMicTb A, MaTpuLO [J(x(k), h("))] . [e

n
fi(xl,...,xj + hj,...,xn)— fi(xl,...,xj,...,xn)

h.
) i j=1

J(x,h):=

(7.15)

Mpv BOasoMy 3afaHHi  MOCNILOBHOCTI  MaiMX  BEKTOPIB
h® = (h®),...,hNT (cTanoto abo Takoro, Lio 36iraeTbest A0 Hyns)

OTPUMAHUIA TakMM LUMAXOM pi3HULEBUIA (260 OUCKPETHUI) METOS,
HbloTOHa Ma€e HagfiHiliHy, aX 40 KBaApaTUYHOT, WBUAKICTb 36iXKHO-
CTi 1 y3aranbHOE METOA Ha 6araToBMMIpHWIA BUNAAoK. MNpwn 3agaHHi
BEKTOPHOro napametpa h — KpoKy AUCKpeTu3aLii — cnif BpaxoByBa-
TW TOYHICTb MALUMHHUX O06YMCEHb, TOUYHICTb 0BYMCNEHHA 3HAYEHb
(OYHKLUIM, cepeaHi 3HaUYEHHS OTPUMYBAHUX HAONKEHD.

7.2. IHWi MmeTOoAN PO3B'A3yBaHHA
CUCTEeM HeNiHIMHUX PiBHAHb

7.2.1. MeToA NPOCTUX CiHHUX

Mo)kHa MoB'A3aTh 3afaHHA MOCNi40BHOCTI (h(k)) 3 SIKOKO-Heby b
BEKTOPHOK MOCNIA0BHICTIO, WO 36iracTbCA A0 HyNs, Hanpuknag, i3

nocnigosHicTio Bigxunie (F(x*))) a6o nonpasok (p®)). Tak, BBa-
Karoum hj(k) = xgk‘l) —xgk), ge j=1...n, k=12, npuxogMmo Ao
MPOCTOrO METOZY CiYHMX — Y3ara/lbHeHHs CKaPHOrO METOZY CiUHMX:

-1
X(k+1):X(k)_[B(X(k), x(k‘”)] F(x®)y, (7.14)
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ae
B(x(k) , x(k‘l)) =

k k- k k n
:( £ O X x§) = £ 9 x$, x§0)

(k-1) _ (k) '
X) X i,j=1

k=123,..

Lieit MeToZ, € ABOKPOKOBIM i BUMarae 3aJaHHs BOX MOYaTKOBMX
touok x©@ i x® . Mpu n=1 36ixHicTb MeToay (7.14) Mae NOPSAOK

1++/5

2
BUMIPHOMY BUMAAKY.

[lo MeTofy Ci4HMX Tak camo, AK i 4O MeTody HbloTOHa, MOXHa
3aCTOCYBaTU NMOKPOKOBY arnpoKcuMmalito 06epHeHX MaTpuLb Ha oc-
HoBi meTogy LUynbua. Po3paxyHKOBI (opmynu wiei mogmdikauii
Nerko BUMMcaTtW, 3amiHUBLUKM B CyKynHocTi ¢opmyn AAMH (7.12)

matpuo F'(x%D) Ha matpuuio B(x* Y, x®)) i3 (7.14).

. MoxkHa po3paxoByBaT¥ Ha TaKy camy LUBWAKICTb i B 6araTo-

7.2.2. MeTopf NpocTuX iTepawin

Hexali cuctemy (7.1) 3BeIEHO 10 BUFNsAY

X = 0104, X1 Xy) =0,
Xa =02 (X, Xp,00 %) =0,

(7.15)
Xy =0n (X, %04, X,) =0,
ab0 iHaKLle, y KOMMaKTHOMY 3aruci
X =®(X), (7.16)

O (X)) 01X Xz, %)

ae @(Y): ¢2(7) _ ¢2(X1,X2,...,Xn) .

¢n(7) ¢n(X1'X2’-"'Xn)
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[na uiel 3agadi Npo Hepyxomy TOUKY HEeNliHIMHOTO Bigo0paXkeHHs
3anunwemMo hopMasibHO-PEKYPEHTHY PIBHICTb

xD = p(x®), (7.17)

fKa BU3Ha4Yae MeTog npocTux iTepauiin (M) abo meTog nocnigo-
BHUX HABNM>KeHb) 414 3aBAaHHA (7.15).

AKLI0 noyaTy nobyaoBy NOCAiAOBHOCTI (x(k)) i3 IESIKOr0 BEKTO-
T
pa x© =(x1(°),x§°),...,xr(]°)) i NPOAOBXNTY 33 HOPMY/OHO (7.17), TO

3a MEeBHUX YMOB LA MOCNIAOBHICTb 3i LUBUAKICTIO reOMETPUYHOI
Mporpecii HabMMKaTUMETbCA 4O BEKTOpa X* — HEPYXOMOi TOUKM

Bifo6pakeHHs P(X). A came, BUKOHYBAaTUMETLCA Taka Teopema.

Teopema 7.1. Hexait dyHkuis @®(X) i 3aMKHeHa MHOXWHa
M c D(®) c R, Taki, Lo

1) d(x)eM VxeM;

2) Ig <1 o(x) - (R <a*|x—%| vx, XeM.

Togi ¢(x) mMae B M €eauHy HepyxoMmy TOYKY X*; MocCnifoB-
nicte (x®), wo BusHauaeTbcs MM (7.17), Npu GyAb-SIKOMY
x© M 36iraeTbcst 4O X* | BUKOHYIOTbCS OLiHKM

- x9 c -x I 0] vken

Teopema 7.2. Hexali thyHKuif ®(X) AvdepeHLiioBHa B 3aMKHY-
Titi kyni S(x®,r) < D(®), npuuomy 3q € (0,1) : sup|@'(x)[<q.

Togi, skwo ueHtp x© i pagiyc r kyni S Taki, Lwo
Hx(o) —cD(x(O))Hs r(l—q), TO CripaBef/MBuiA BUCHOBOK Teopemu 7.1
i3 M=s.

AKwo Bumarat 6e3nepepBHy AUDEpPeHLii0BHICTb q)(X), TO

npocTille nepenTun Big Teopemu 7.1 fo TeopeMn 7.2, 3aCTOCyBaBLUM
TaKe TBePKEHHS.
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Nema 4.1. Hexail thyHKuis @ : R, — R, 6e3nepepsHa i andeper-
LiiioBHa Ha MHOXKUHI M < D(®) i Hexail |[®'(X)|<L ¥xeM . To-
ni @ (x) 3a40B0MbHSE HA MHOXKUHI M ymoBy JTinwwiug:

[©(0) - ()| < L|x- 5.

3anuc MMl (7.17) y po3ropHyTOMY BUrNsg4i, TOGTO CYKYMHICTb
PEKYPEHTHOI PiBHOCTI

XD =y (x, %89 ... x{9),

k k) x ‘
D = 404 X9, ), 19

X =, 04, %89, x{9)

Haragye MMl gns C/1AP, aKkuii yKNafaeTbCa B L0 CXEMY, SKLLO
BCi YHKUIT — NiHilHI. YpaxoBytoun, WO B NiHIAHOMY BUMaAKy, SK
npaBsuno, NopiBHAHO 3 M1 eeKTUBHILLIMIA MeToA 3eigens, TyT Tex
MOXE BUSIBUTUCS KOPWUCHOK Moaudikauis. A came, 3amiCTb (7.17)
MOXHa peasizyBaTi Takuil MeTOZ iTepauiit:

X = g, () 6§ x () %00y,

- XpZ1 Xp

K+1 k+1) (K k) xk
xg +1) :¢2(x1( * ),Xg ),---,Xé_)lixrg ), (7.19)

Xr(]k+1) :¢n(xl(k+1)’ngu),__,xr(]li)l’Xr(]k)).

3a3HaumMMo, WO AK i AnA NiHIAHUX CUCTEM, OKPEMI PIBHSHHS
B MeTOfi (7.19) HepiBHOMpPaBHi, TOGTO NepecTaBAHHA PiBHSHbL CUC-
TeMU (7.15) MOXe 3MIHUTU B AKMXOCb MeXax KifbKiCTb iTepauiii
i B3arani cutyauito 3i 36DKHICTIO MOCNigoBHOCTI iTepayii. LLLo6 3a-
CTOCyBaTW METOA NPOCTMX iTepauiin abo noro moamdgikadito 3einge-
N5 (7.19) [0 NOYATKOBOI CUCTEMM (7.1), MOTPIOHO, AK i B CKaNIAPHOMY
BMMAZKY, CNoYaTKy TUM abo iHWK1M Cnocobom 3BecTw Ti O BUrNAgY
(7.15). Lie MOXKHa 3po6uTK, HanpyKnag, NOMHOXMBLLN (7.2) Ha AesKY
HeocobnmBy (nxn)-maTpuuto A i gogaBluy A0 060X YaCTUH piB-

HAHHA AF (X)=0 BekTop HeBifomMux X . OTpuMaHa cucTemMa
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X=X—AF(x) (7.20)

eKBiBa/leHTHa AaHili i Mae BUrNsg 3agadi Npo HePYyXoMy TOUKY (7.16).
Mpo6nema Tenep nossrae nvile B Nig6opi MaTpMyHOro napametpa A
TaKoro, npu KoMy BekTop-tyHKUis D(X):=x— AF(X) mana 6 noT-
PiGHI BNacTUBOCTI.

Peanizauito 3anporoHOBaHOro asroputMmy Yy BUrNagi Mogyns
Python HaBefeHoO B NicTuHry 7.1.

NictuHr 7.1. Peaniszauis anroputmy
# -*- coding: cpl251 -*-
from math import log,fabs
import numpy as np
from copy import deepcopy

def System(N,X):

if N==1:
return -0.1*X[1]**2-0.2*X[2]**2+0.3
elif N==2:

return -0.1*X[1]**2+0.1*X[1]*X[2]+0.7
def MPI(n,m,X,eps=1e-3):
k=0
while True:
d=0; b=deepcopy(X); A=deepcopy(b)
A[1]=System(1,X)
X[1]=A[1]
A[2]=System(2,X)
X[2]=A[2]
A=deepcopy(b)
for i in xrange(1,n+1):
d1=fabs(X[i]-A[i])
if d<di:
d=d1
k+=1
if (d<=eps):
print "'Solution is ", X,"\nnumber of iteration=""k
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break

A=deepcopy(X)

if k>m:

print "'Mpouec po3biraeTbca!™
exit(0)

Mopaynb cknafaeTbeca 3 ABOX PyHKUii: System Ta MPI. Mepwa
(YHKLUiS 3afae cUCTEMY HENiHIHMX PiBHsHb, Apyra — peanisaLito
MeTOAY NpPOCTOI iTepauil.

Mporpamy BUKOPUCTaHHSA PO3P06/IEHON0 MOLYNA HaBeLeHOo B Jlic-
TUHTY 7.2. AK NpUKnag BUKOPUCTaHO CUCTEMY

{ f, (%, %,) = 0,1%% + % +0,2x% —0,3=0,

f,(%, %) = 0,12 + X, — 0,1, %, —0,7 =0
i3 nouatkoBum HabnukenHam X\ =0,25, x{¥ =0,75.

NicTvHr 7.2. BukopuctaHHA Moayns
# -*- coding: cp1251 -*-

import numpy as np

from lter import *
X=np.array([0.,0.25,0.75])

n=2; m=10

MPI(n,m,X)

Pe3ynbTaT BUKOHaHHS NPOrpamMu:

>>>
Solution is[ 0.0.195324850.71005434]
number of iteration= 3

7.2.3. MeTopg bpayHa

Ha BigmiHy Bif MOKPOKOBOI nNiHeapusauii BEKTOPHOI (yH-
Kuil F(x), wo npueena fo metody HeloToHa (auB. hopmyny (7.5)),
BpayHoM y 1966 p. 3anpornoHOBaHO Ha KOXXHOMY iTepauiiiHoMy Kpo-
Li no4yeproBo niHeapmsyBaTWU KOMMOHEHTM BeKTOp-QyHKLUiT F(X),
TOOTO /liHeapn3yBaTu B CUCTEMI (7.1) cnoyaTky (yHKuUito f;, noTim
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f, i T. 4. A NoTiM NOCNiJOBHO PO3B'A3yBaTW OTPUMYBaHI TaKUM Ym-

HOM PiBHAHHS. AGW He 3aTiHIOBaTW L0 iet0 FPOMI3AKAMMN BUKNaA-
[EHHAMY | 3a/iBUMKN IHAEKCaMU, PO3rNSHEMO BUBEAEHHS PO3paxyH-
KOBWX (hopMmyn mMeToay bpayHa y ABOBUMIpHOMY BUNajKy.

Hexai noTpibHO 3HalTK PO3B'A30K CUCTEMM

{f(x,y)=0,
g(x,y)=0

i HeXail BXXe OTPUMAHO HaBMVKEHHS Xy, Yy -

3amiH1MO nepLue PIBHAHHA CUCTEMMU (7.20) NiHIAHUM, OTPUMAHUM
3 thopmynu Teiinopa ana dyHKUiT 3 ABOMA 3MiIHHUMM:

(7.20)

FOGY) & F (e Vi) + Fie O Vi) (= %) + £y (4, %0 )(Y = Yi) =0.

3BifcK BMpa3nmMo X (MO3HAUMMO Liei pe3ynbTaT vepes X):

X =% Ty + )=y | @2

f)é(xkiyk)

Mpn y =y, 3HaX0AWMO 3HaueHHs X, 3MiHHOT X:
x~k — %, — fl(kayk) ,
fu (%, i)

SKE BBAKATVMEMO fIULLE MPOMDKHUM HabAMXEHHsAM (TOOTO He
Xi11), OCKIJIbKN BOHO HE BPaxXOBYE [ipyre PiBHAHHA CUCTEMU (7.20).

Migctasmewmn B g(X,Yy) 3amicTb X 3MiHHY X=X(y), npuiigemo
no Aeskoi yHKuUii G(y):=g(y) nwe oaHiel 3miHHOT y. Lle fo-
3BONAE NiHeapu3yBaTn Apyre PiBHAHHA cucTemu (7.20) opmMysnoro
Telinopa ans QyHKLiT OAHIET 3MiHHOI:

9% ¥) = G(¥i) +G (Y)Y~ ¥) =0, (7.22)

Mpun 3HaXOMKEHHI MOXigHOT G'(y) noTpibHO BpaxyBaTu, LWO
G(y)=9((y), y) € cknagHolo dhyHKLii€lo OAHiET 3MiHHOT Y , TOGTO
NOTPIGHO 3acTocyBaTh POPMY/Y NOBHOI MOXiAHOI.

548



[nepeHuitoroun nNo y piBHICTb (7.21), OTPUMYEMO BMPa3
f;/ (X¢» Vi)
fi (X i)

niACTaHOBKa AKOro B MOMepeaHIo PIBHICTb MPU X =X, Y =Y, Aae

St
Xy =

(Vi)
G (¥i) =—0x (. yk)*y— +0y (X, Yio)-
fx (% Yk)
Mpw Bigomux 3HaveHHAX G(Yy) = 9(%,Yy) 1 G'(Yx) MOXHa po-
3B'A3aTU NiHiliHe PIBHAHHSA (7.22) BIAHOCHO Y (3anuLUemMo OTpUMaHi
3HAYeHHs AK

_4&, M, = max‘f(“)(x ‘z max |—23 | _
(b-a)M, xe[0;1] xe0:1]|(1+ x)5
G(yk)
Yer1 =Yk — =, =
k+1 k G(yk)

9(Re» Vi) F (i, Yi) .
£ (i Vi) 9" R vid) = Fy (e Vi) 95 (K, i)

=Yk —

3aMiHIo0uM B (7.21) 3MiHHY Y 3HAAEHUM 3HAYEHHAM Y, ., , NpU-
XOZMMO [0 BMpasy

- 1 '
X1 = R(Yia1) = X _W[ f (X Vi) + fy (i Yid (Vi — yk)]-
x\ ko Yk

Takum 4MHOM, peanisallia metofy bpayHa po3B'i3yBaHHS 4BOBU-
MIPHUX HENiHIHUX CUCTeM BUINAdY (7.20) 3BOAMTLCA 40 Takoi noc-
NifOBHOCTI AiN.

Mpwn BMBPaHMX NOYATKOBMX 3HAUEHHAX Xg, Y, MofanbLue Habiu-
YKeHH$ 3a MeTooM bpayHa 3Haxogatb npu k =0,1,2,... i3 CyKynHo-
CTi chopmyn:

% =y — f (0 Vi)
o f)é(xkryk),
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_ 9 (R, Vi) F (i, Yi)
f (i Yi) 9" (R, Vi) = Fy (4 Vi) 95 (K, i)

_ P06 i) — G Fy (e )
f;(Xka)
Xer =X~ Py Yk = Y — Pk

PO3paxyHOK 3a SKMMW Mae€ BMKOHYBATWUCb Yy Tiill MOCNiJOBHOCTI,
B AKii1 BOHW 3anucaHi.

O6umncneHHs B MeToAi bpayHa 3aKiHUYyOTb, KON BUKOHAETLCS He-
pigHicTb max{|py_4|.|d 4} <& (i3 pesynbTaTom Y ) = (X Vi) ).
Mig Yac obuncneHb Cnif, KOHTPONKOBATU BE/IMUMHY 3HAMEHHUKIB pO3-
paxyHKOBUX popmMy/1. 3a3HauMMmo, WO (yHKLiT f 1 g B LbOMY METOgj
HepiBHOMPaBHI | 3MiHa X pOnei MOXe 3MIHWTW CUTYaLIitO 3i 36DKHICTHO.

YKasyloumn Ha HasBHICTb KBafpaTU4HOI 36IKHOCTI MeToay bpay-
Ha, 3a3HayaloTb, L0 PO3PaxoBYBaTV Ha MOro BeNNKY e(leKTUBHICTb
MOPIBHAHO 3 METOAOM HbIOTOHA B CEHCi 06UMCIOBAIbLHUX BUTpaT
MOXHa NnLLe B pasi, KONM YaCTUHHI NOXiAHI, Wo QirypyoTb Yy HbO-
MY, 3aMiHIOKTbCA PI3HULEBNMU BiJHOLLEHHAMMU.

HanucaHHs peanisauii metogy BpayHa (7.23) NMpPOMNOHYETLCA AK
camocTiliHa Brnpasa.

Ok (7.23)

Px

7.2.4. MeTop ciuyHux bpoiigeHa

LLLo6 Habnm3nTmca Ao po3yMiHHS ifiei, SKi nexkaTb B OCHOBI Mpo-
MOHOBAHOrO MeTOoAy, MOBEPHEMOCA CMoYaTKy A0 O4HOBUMIPHOMO

BUMAAKY.
Y npoueci nobyaosm meTofiB HbtOTOHa i CIYHMX NPU PO3B'A3aHHI
HENIHIAHOIO CKaIAPHOr0 PiBHAHHS

f(x,y)=0 (7.24)
GyHkuis f (x) B OKOJ/li MOTOYHOI TOYKU X, 3aMiHIOETLCA
NiHiHOW (hyHKUi€et0 (athiHHOKO MOAENNHo)
O (&, X) = (X ) +a (X=X ). (7.25)
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MpypiBHIOBaHHS [0 HYNs CNiBBILHOLEHHS (7.25), TOOTO PO3B'S-
3aHHSA NiHIAHOTO PIBHAHHA

f(x)+a (x—x)=0,
NopoAKYe iTepauiliHy opmyny
Xia =X =3 (%) (7.26)

AN 064YMCNIEHHA HaBMXKeHb [0 KOPEHS PIBHSHHSA (7.24).

Ao 3akagaTu, Wob adiHHa mogenb ¢ (a,,X), AKa 3aMiHIOe
dhyHkuito f(x) nobnmsy Toukn X, Mana B Wi Touui ofHaKoBy
3 HEelo NoxifgHy, cnif AudepeHLitoBaHHAM (7.25) OTPUMATU 3HAYEHHSA
KoediLjieHTa

ak = f'(Xk),

MigCTaHOBKa AKOro B (7.26) NPMBOAWTL [0 BIAOMOrO MeTO4y
HbloToHa. AKWO > ypaxyeaTw, WO pa3oM i3 PiBHICTIO
oy (&, X) = f(x,) NoBUHeH maTun micue 306ir dyHkuii f(X) i B none-
PefHii 1o X, Touli X, _;, TO 3 piBHOCTI

O (@ Xi-1) = F(X1)
abo BiANOBIAHO A0 (7.25)
f () +a (1 = %) = F(x),s (7.27)
OTPUMYEMO KOeiLlieHT
R (G ES {E%)
k — ]
X1~ Xk

LLLO NepeTBOPIOE (7.26) Ha BigOMY (hopmyy CiUHMX.
PiBHICTb (7.27), Nepenucany y BUrnagi

a (X = %) = F (i) = F (%),

Ha3WBalOTb CMIBBIAHOLLEHHAM CiuHMX Y R,. BOHa nerko ysaraibHio-

ETbCS Ha N-BMMIPHWIA BUNAIOK i NEXNTb B OCHOBI BUBEAEHHS METOAY
BpoligeHa. OnuLLemo Le BUBELEHHS.
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Y n-BMMIpHOMY BEKTOPHOMY MpocTopi R, CMiBBIAHOLLEHHA Ciy-
HUX MOJAETLCS PIBHICTIO

B (xX*V —x®) = F(x* ) - F(x1)), (7.28)

ne x* x® _ ginomi n-sumipHi Bektopn; F:R, — R, — faHe He-
NiHiViHe BigobpaxeHHs; B, — feska maTpuus NiHIMHOMO nepeTBo-
peHHA B R, . I3 Mo3Ha4YeHHAMM

s®) = x®O) _xED -y Oy _F(xEYy  (7.29)
CMiBBIJHOLLEHHS CIYHUX B R, 3anuncyeTbCcs KOpoTLLe

B, s®) =y, (7.30)

AHaNoriyHo 04HOBMMIPHOMY BUMAAKY, a came, popmyni (7.26),
LIYKATUMEMO Hab/IMKEHHS [0 PO3B'A3aHHA BEKTOPHOIO PiBHSH-
HA (7.2) 3a (hopmMy o0

x(k+1) _ (k) _ Bk_lF(X(k)). (7.31)

Baxatouu, o6 L5 hopmyna y3ara/ibHioBana MeTOoA Ci4HMX, 0be-
PHEHY NXn-maTpuuio B, B Hiii NOTPi6HO nigiGpaTtn Tak, o6 BoHa
3a[10BO/IbHANA CMiBBIAHOLIEHHA CiYHMX (7.28). Ane Le CcniBBigHO-
LLIEHHS HE BM3HA4Yae OfHO3HAYHO MaTpuLo B, : AuBnAuMCh Ha pis-
HICTb (7.30), 1ErKO 3p0O3yMiTu, WO Npu n >1 icHye 6e3niy Matpumup,
SIKi MepeTBOPIOKOTH 3aAaHuii n-BuMipHuii Bektop S™) Ha iHwWwMA 3a-
navnii Bektop y*) (3Bigcy — po3ymiHHS TOTO, 1O MOXYTb BUHIKA-
TW Pi3Hi y3arasibHeHHS 04HOBUMIPHOIO METOAY CIYHUX).

Mpu popmyBaHHi MaTpuLi B, MipKyBaTUMEMO TaKUM YNHOM.

Mepexopaun Bif HasBHOI B TOuLi x(kD ahiHHOT Mogeni
QyHKUIT F(X)

D4 = F(x®&Dy+ By (X— XDy (7.32)

[0 TaKoi caMoi MOZeni B TOYLL
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@, = F(x®¥)+B, (x—x®), (7.33)

MV He MAeMO MpO MaTPULIO NiHIAHOrO NepeTBOpeHHs B, OoAHMX

BiZJOMOCTEl, OKpIM CMiBBiAHOLLEHHS CIYHUX (7.28). TOMY BUXOAMMO
3 TOro, WO Npu LUbOMY Nepexogi 3MiHVW B MoAeni MatoTb 6yTu MiHi-
MasnbHUMK. LLi 3MiHWM XapakTepusye pisHuus &, —®, ;. BigHivemo
Bifj PIBHOCTI (7.33) BU3HAYa/1bHY PiBHICTL @ _; (7.32) i MEPETBOPUMO
pe3ynbTar, 3a/1yyatoun CniBBigHOLLIEHHS CIYHUX (7.28):

O, - D, ;= Fx®)—F(x*D)+ B, (x=x®)-B, ;(x—x®) =
=B, (x® = x&D) B x® 1+ B_ x*D 4 (B, —B_,)x=
= (B, —B_p)(x—x*).
Mpepctasumo Bektop (X —x* D) y Burnagi niniiiHoi KomGiHawji

thikcoaHoro Bektopa S, Bu3HaueHOro B (7.29), i AEAKOrO BeKTOpA
t, OPTOroHaNLHOIO A0 HBOTO:

x—xU P =as® +t,  aeR, teR,:(ts")=0.

MigcTaHoBkoto Lporo noganHs Bektopa (x—x* ) B pisHuLio
@, —Dy_; OTPUMYEMO IHLUWIA TT BUTNAL,
O, - Dy 5 =a(B, — B, ;)s™ +(B, - B )t (7.34)

AHanizytoun Bupas (7.34), NOMivaeMo, WO NepLinin [OAaHOK B
HbOMY He MOXKe OYTWU 3MiHEHWIA, OCKIfIbKK

(B, —B,_)s® =B, s®) —B,_,s0) =y _g_ (),

TO6GTO Ug pi3HNLA € (hiKCOBaHWIA BeKTOp npu ikcoBaHoMy k. Tomy
MiHIMa/IbHIN 3MiHI adiHHOT mMogeni ®,_; BiANOBigaTMME BUNAfOK,
KON ApYyruii AOLAHOK Y (7.34) Oyae Hy/b-BEKTOPOM Npu Byab-aKnX
BEKTOpax t, OpTOroHa/IbLHUX BEKTOpPam s® | To6T0 By cnig 3Haxo-
AWTY 3 YMOBM

(B, —B,_)t=0,vt:(t,s®))=0. (7.35)
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BesnocepeHbO0 MEPEBIPKOKD MepeKOHYEMOCs, L0 YMOBa (7.35)
6yfe BMKOHaHa, IKWO MaTPWU4Hy monpaBky B, —B,_; y3aTu y Bu-

rnagi O4HOPAHroBOT NXN-mMaTpuLi

y® g0 ()T

B —Bya= RONG

TakMM YMHOM, MPUXOAMMO [0 TaK 3BaHOI (POPMY/In rnepepaxyHKy
BpoiigeHa (1965 p.):

(y") - B_ys®)(s™)T

B =Bt (st s ’

(7.36)

fKa [J03BO/ISiE NPOCTUMU 0BYNCNIEHHAMM NEPENTH Bif CTapoi MaTpuLi
B,_; 40 HOBOT B, TaKol, npu Kiil BUKOHYBas0CA 6 CMiBBiAHOLLEHHS
CIYHMX (7.30) Y HOBIil TOULi i NPX UbOMY 3MiHM B aiHHIA Mogeni
(7.32) 6ynu 6 MiHIMa/TbLHUMMU.

CykynHictb ¢opmyn (7.31), (7.36) pa3oMm i3 TMO3HAYEHHS-
MK (7.29) Ha3MBalOTb MeTOLOM CiuHuxX BpoiigeHa abo NpPocTo MeTo-
A0M BpoigeHa po3B'a3aHHs CUCTEM HEMIHIRHUX YNCNOBUX PiBHSHb.

Y MeTofax CiYHWMX 3BMYaHUM € 3aflaHHSA [BOX NMOYaTKOBUX BEK-

Topi (x© i x®), npote gnst MeTody BpoiigeHa XapakTepHuii iH-
UM NoyYaToK iTepauinHoro npouecy. TyT NOTPiGHO 3agaTn OAMH
nouatkosuii sektop X%, nouatkosy matpuuo B, i gani B unkni 3a

3MiHHOt k=0,1,2,... NOCNiZOBHO BUKOHYBATW TaKi onepawii.
1. PosB'a3aty NiHilHY cuctemy

B s« = —F(x®)) (7.37)

BiaHoCHo BekTopa ™).
2. 3naiitn Bektopu XD j ykeD).

(D) () gkiD) (ki) _ gy kil)y px(6)) (7,38

3. BUKOHATVW MepeBipKy Ha 3ynUHKY (HanpuKiag, 3a AONOMOroto
nepeBipKM Ha MaIM3HY BENNYMH Hs(k”)‘ [ Hy“‘”’ ‘ i AKLLO NOTPiGHa
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TOYHICTb HE [OCArHyTa, 06YMCINTK HOBY MaTpuuto B, 3a dopmy-
N0 nepepaxyHKy (4uB. hopmyny (7.36)):
y(kH _ Bks(k+1) (kDT

B =B+ (0T 0D

(7.39)

3a maTpuuto By, AKoi noTpebye piBHICTL (7.37) ANA 3amycky iTe-
pauiliHoro npouecy bpoligeHa, HailvacTilwe 6epyTb MaTpuL0 FKOOI
F ‘(x(o)) abo sKy-Hebyb i anpokcumMaLito. Mpu LbOMYy OTPUMYBaHi
Aani nepepaxyHkom (7.39) matpuui B;, B, ... He 3aBXAM MOXHa
BBaXATN OM3bKMMK A0 BIiANOBIAHMX MaTpulb AKO6I F'(x(l)),

F ‘(x(z)) ;. (LLIO MOXKE IHKONN BYTU KOPUCHUM NPU BUPOIKEHHI Ma-
Tpuub). Anle BOAHOYAC, BUAHO, L0 32 MEBHWX BMMOr [0 MaTpuup
Ako6i F'(x®) marpuui F'(x®) matoTh "BRacTUBICTb 06MEXEHOT0
noriplieHHs". Lle o3Hauae Take: AKLO i Bifj0yBa€TbCS 30i/bLUEHHS
HBk -F ‘(x(k))H 3i 30i/bLIEHHAM HOMepa iTepauii k, To JOCKTb MoBi-
NbHe. 3a [JOMOMOro L€l BNacTUBOCTI JOBOAATH TBEPYKEHHS NPO
niniiiny 36ixHicTs (x*)) go x* npu goctarhiii 6amsbkocti X po
X i By oo F '(X(O)), a B TUX MPUNYLLEHHSAX, NPU SKUX MOXHa [0Be-

CTW KBagpaTU4Hy 36iKHICTb MeToAy HbloTOHa (7.5), — NpO HagAiHil-
Hy 30i>KHICTb NOCNIAOBHOCT i HAbAM>KeHb 3a MeT00M bpoiiaeHa.
AK | y BMNagKax 3acTOCYBaHHS iHLIMX METOAIB pPO3B'A3yBaHHA
HENIHIMHMX CMCTEM, NepeBipKa MOXMBOCTI 3[IACHEHHS OYAb-KNX
YMOB 30DKHOCTI iTepayiiHoro npouecy bpoiigeHa OCUTb BaXKKa.
dopmyni nepepaxyHKy (7.39) B iTepaliiiHOMy npoueci Hafamo
6iflbLL NPOCTOro BUINAAY.
OckinbKK, 3 ornaay Ha (7.37) Ta (7.38)

y(k+l) _ BkS(k+1) — F(X(k+1)) _ F(X(k)) + F(X(k)) — F(X(k+1)) ,

(st DYT kD) _ (5(ksD) (ks “S(km 2 Hx(k+1) _ X(k)Hz’
2

2_

TO 3 hopMynn (7.39) OTPUMYEMO (POPMa/IbHO EKBIBANEHTHY [0 Hel
(hopMyny nepepaxyHKy
555



E (X(k+1))(X(k+1) _ X(k) )T

Hx(k+1) B X(k)”2
2

Bk+l = Bk + (740)

FKY MOXHa BWKOPWUCTOBYBATW 3aMiCTb (7.39) pa3om i3 popmMysnoro
(7.31) a6o 3 (7.37), (7.38), 6e3 o6uncnenHs sektopa Yy . Take me-
PETBOPEHHS iTepaLiiHoro npouecy bpoligeHa TPOXMU CKOPOYye 06-
cAr obuncneHb (Ha 0gHe MaTPUYHO-BEKTOPHE MHOXEHHS Ha KOXHIl
iTepayii). Ane He NOTPi6HO 3abyBaTK, L0 NpU 3amiHi hopmynn (7.39)
(hopMynolo (7.40) MOXE 3MIHUTMCA CUTyauis 3 06YMCNHOBA/IbHOKO
CTIAKICTIO MeToAy; Ha LacTd, LUe TpannseTbes TYT yKpah pigko, a
came, Y BUMNagKax, Konu ansa 3400yTTa po3B'sa3Ky 3 NMOTPiOGHOK TOu-
HiCTIO HeobXigHO GaraTo iTepauiii 3a meTogom bpoligeHa, TO6TO,
KON 14 3aCTOCOBYBAaTW MOro He BapTo.

Peanizauis L4bOro MeToAy TakoX MPOMOHYETHCA K CaMOCTiliHa
BMpasa.

7.3. 1po po3B'A3yBaHHA
HeNiHIMHNX CUCTEM
MeTo4amMun CrycKy

3aranibHWiA HefoNiK YCiX PO3rNISHYTUX BHLLE METOAIB PO3B'A3yBaH-
HSl CUCTEM HENIHINHMX PIBHSAHb — LIE CYTO NIOKaNbHWIA XapakTep 36iX-
HOCTI, LL{0 YCKNA[HIOE BUKOPWUCTaHHS LIMX CUCTEM Y BUMagKax, Komm €
npo6neMn 3 BMOGOPOM [06PUX MOYATKOBUX HAGMMXKeHb. [OMNOMOrTu
TYT MOXYTb YMCMOBI METOAM ONTUMI3aLil — Nigpo3ainn o6uncnosa-
NbHOT MaTeMaTVKK, SKi 3a3BMYali BUAINAIOTLCA B CAMOCTIVHY AucLmn-
NiHy. N5 UbOro NoTpiGHO NOCTaBMTYW 3aBAaHHS 3HAXOMKEHHS PO3B'A-
3KiB [aHOl HeNiHiNHOI cucTemMu K OMNTUMI3aliiHe abo, iHaKLue,
eKcTpeManbHe 3aBAaHHsA. s reoMeTpuyHOl iHTepnpeTtauii MipKy-
BaHb, LLIO MPOBOAATLCA HWXKYe, | X pe3ybTaTiB 06MEXMMOCS po3r/is-
[OM CUCTEMU 3 |BOX PiBHAHb i3 BOMA HEBILOMUMM (7.41).

13 pyHKUiit f i g cuctemn (JIBHL) YTBOPIOEMO HOBY (DYHKL|iO

d(x,y) = F2(x, y) +g2(x,y). (7.42)
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OcKinbKM Us (hYHKLS HEBiA'€EMHaA, TO 3HANAETLCA TOUKa X*,y*
Taka, Lo

CD(Xv y) 2 (D(X*v y*) 2 OV(X, y) € RZ )

TO6TO (x*, y*)=argmin®(x, y). OTxe, KO TM a60 iHLIMM CroCco-
60M BAAETLCS OTPUMATM TOUKY X*, Y™, LIO MiHIMI3ye diyHKLUiO D(X,Y),
i AKWO Npy UbOMY BUABUTLCA, WO Mind(X,y)=®(x*,y*)=0, 10
X*,y* — LLYKaHWUIA po3B'A30K CUCTEMU (7.20), OCKIiNbKM

f(x*,y*) =0,
g(x*,y*)=0.

MocnifioBHICTb TOYOK (X, ,Yx) — HabnMXeHb A0 TOYKM X*,y*
MiHIMyMy D(X,Y) — 3a3BUYali OTPUMYIOTb 3 PEKYPEHTHOI (hopmynn

(Xk+lj:[xkj+ak[pkj, k:O,l,Z,..., (742)
Yis1 Yk Gk

he (pk,qk)T — BEKTOp, L0 BM3HAYae HanMpAMOK MiHimisaLii, a, —
CKa/iipHa Be/IMYMHA, WO XapakTepusye Po3Mip KPOKY MiHimisauii
(KPOKOBMI1 MHOXHUK). YpaxoBYHOUM FeOMETPUYHMIA CEHC (puc. 7.2)
3aBfaHHs MiHiMizauiT yHKUIT ABOX 3MiHHMX D(X,y) — "CMYyCK Ha
AHO" NOBepXHi z =d(X,Y), iTepauiiiHnii MeTog, (7.42) MOXHA Ha3Ba-
T MeTOfOM CMyCKy, fKWO BekTop (p.Gc)" MU KO-
HoMy Kk € Hanpsamkom cnycky (To6To icHye o >0 Take, WO
DX +apy, Y +0ogy) <P(X,Yy) | AKWO MHOXHUK &, nifbupa-
€TbCA Tak, 1106 BMKOHYBa/acs ymMoBa penakcauit
D (X411, Yis1) < DP(X, Vi), L0 03HAYAE Nepexif Ha KOXHil iTepauii B
TOYKY 3 MEHLUMM 3HAYEHHAM (YHKLT, L0 MIHIMI3yeTbCS.

OTxe, Npu NO6YAOBI YACNOBOrO METOAY BUTNSAY (7.42) MiHiMi-
3auii yHKUiT ®(x,y) cnig BigNoBICTM Ha [Ba FONOBHI MUTaHHA: AK
BUOGMPATM HanNpPAMOK CNYCKY &, | fK PerynoBaTh [OBXWHY KPOKY
y BUOpaHOMY HanpsAMKy 3a [0MOMOrow CKa/IspHOro napameTtpa —
KPOKOBOTO MHOXHMKa &, . HaBegemo HaiibisbL NpocTi MipKyBaHHS
3 LUbOro npueoLy.

O(x*,y*) =0 {
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Mpw BUGOPI HaNPsSIMKY CNycKy NPUPOAHMM € BMOIP Takoro Hanpsi-
MKY, B SKOMY (OYHKLIif, O MIiHIMI3yeTbCS, crnafjae Halwsuawe. Ak
BiJOMO 3 MaTEMaTMYHOrO aHani3y (yHKUIA AeKiNbKOX 3MIHHWX, Ha-
MPSAMOK Haib6iNbLIOro 3pocTaHHA (YHKUIT B AaHiil Touui nokasye i
rpagieHT y Uil Toyui. ToMy NpuiiMeMo 3a HanpsIMOK CMYCKY BEKTOP

Pe | = © )
(qkj._ —grad (X, Yy ) __[q)‘y(xkvyk)].

OTprMaeMo aHTUrpagieHT (yHKUiT ®(X,y). Takum 4YmHOM, i3
CiM'i METOAIB (7.42) BUAINAEMO FPagieHTHNIA METOA

D', (X,
Mot | _[ M) g lx( 208 (7.43)
Yk+1 Y @'y (X, Yi)
ONTUMa/IbHUI KPOK Y HanpsIMKY aHTUIpaflieHTa — Lie TaKuii KpoK,
NPy SIKOMY 3HAYeHHS Y, — HaliMeHLe cepef YCiX iHLWMX 3HaueHb

d(X,y) Y UbOMY (hikcoBaHOMY HanpsMKy, TOGTO, KOMM Touka
(Xs1: Yks1) € TOUKOKO YMOBHOTO MiHiMymMy. OToKe, MOXHa po3paxo-

BYyBaTM Ha HaibinbLL WBUAKY 36DKHICTL METOAY (7.43), SKLLO BUOpa-
TV B HbOMY Takuii KPOKOBWIA MHOXHUK, SKUIA HA3MBaETbCA BUYEPN-
HUM CrycKoM. Llein B1Gip KpoKy pas3oM i3 (hopMynoto (7.43) BU3HaYaE
MEeTOf, HalLLBMALIOrO CyCKY.

CeoMeTpUYHY iHTEpnpeTaLito BKazaHOro metody Aobpe BUAHO 3
PUCYHKIB 7.2 i 7.3. XapaKTepHi AeB'AHOCTOrpagycHi 3namMmu TpaekTo-
pii HaMLWBMALIOro CNYCKY, L0 MOSCHIOETLCS BMYEPMHICTIO CNYCKY
Ta BNaCTMBICTIO rpagieHTa (a 3HaunTb, 1 aHTUrpagieHTa) — nepneH-
AVKYNSPHICTb 4OTUYHIN 4O NiHIT piBHA Y Bi4NOBIAHIA TOUL,.

HaliTnogilLo € cuTyauis, Kon 3HanTh (aHaniTUYHUMKU MeTo-
fiamn) To4YHe OnTMasbHe 3HaYeHHA a, He BAaeTbcsa. OTXKe, [0BO-
ANTLCS BUKOPUCTOBYBATM SKi-HEOYAb YMCMOBI METOAM OAHOBUMIp-
HOI MiHiMi3aLlii i 3HaxoAnTn a, nLe NPpUbAN3Ho.

HesBaxkaloumn Ha Te, L0 3aBAAHHA 3HAXOMKEHHS MIHIMyMY (DYHK-
Lii opHiel 3MiHHOT ¢y (o) = DX — oDy (X, Vi), Yk — 0@ (X, Vi)
Habarato npocTille, HiXX BUKOHYBaHe 3aBfaHHS, BUKOPUCTAHHS TUX
abo  iHWKX  YMCNOBUX  METOAIB  3HAXOMKEHHA  3HayeHb
oy =argmin ¢y (Oc) i3 TiEl0 ab0 iHLWIOK TOYHICTIO BMMarae ob4umc-
NEHHS AeKiNbKOX 3HauYeHb IYHKLIT, O MiHIMI3yeTbCA.
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(x* y*)

(k%)
‘/md quk-:i'k)

(Xrs1.0%41)

Puc. 7.2. MNpocTtopoBa iHTepnpeTayis

MeToAy HalLuBMAaLIoro cnyckKy anst yHKuii (7.41)

1,Vk+1)

Pwuc. 7.3. TpaeKTopisi HAWULLBMALLIOIO CMYCKY
Ana yHKUiT (7.41)

559

v

v



OCKinbKM Le NoTpibHO pobyTHN Ha KOXXHOMY iTepawiiiHOMy Kpoui, TO
npy Be/MKIi KiNbKOCTi KPOKIB peanisalis MeToLy HaiLIBMALLOrO
CMYCKY B UYUCTOMY BWUIISiAi € JOCUTbL BUCOKOBUTPATHOM. ICHYHOTb
ePEKTUBHI CXEMU HaGAMKEHOrO O0OYMCNEHHS KBasioNTUMasIbHUX
3y , B AKX YypaxoBYETbCA crieundika QyHKLiN, WO MiHIMi3yoTbCA
(Ha 3pa3oK cym KBafpartis (PYHKLii).

YacTo ycnilHOW € Taka cTpateris rpagieHTHOro MeTtogy, npu
AKIVi KPOKOBUI MHOXHWK 8, B (7.43) 6epyTb abo Bifpasy A0OCUTb

Ma/IMM CTaumM, abo nepefbavatoTb MOro 3MEHLUEHHS, HanpuKiag,
[iNeHHAM HaBnin Ans BUKOHAHHA YMOBMW penakcauii Ha Yeprosomy
Kpoui. Xo4a KOXeH OKpeMuiA KPOK rpajieHTHOro MeTofy npu Lpo-
My, y3arani Kaxyuu, fanekuii Biff ONTUMabHOTO, Takuil npouec 3a
KiNbKICTIO 06YMCneHb (YHKLUIT MOXE BUSBUTUCA e(eKTMBHILINM,
HIXX METOZ, HaMLLIBWZLLIOTO CMYCKY.

[onoBHa nepesara rpafieHTHUX METOAIB PO3B'A3YBaHHA Heni-
HIMHMX cucTeM — rnob6anbHa 30DKHICTb. HeBaXKKO [0BECTU, L0
npouec rpafieHTHOro Cnycky npveefe A0 AKOi-HebyAb TOUKU Mi-
HIMYyMY (OYHKLiT 3 Oyfb-AKOi MOYaTKOBOT TOUKW. 3a MEBHMUX YMOB
3HaiieHa Touka MiHiMyMy 6yfe LyKaHWM PO3B'S3KOM MO4YaTKOBOI
HeniHiiHOT cucTemu.

"onoBHa Bafa — nosifbHa 36iXHICTb. [loBeAeHO, WO 36DKHICTb
Taknx MeTOAIB — NuLle NiHiHa, NPUYoMY, AKLLO AnA 6araTbox Me-
TOAIB, TakMX K MeTof HbtoTOHa, XapakTepHe NMPUCKOPEHHSN 30iX-
HOCTI Npu HabAVXKeHHI L0 PO3B'A3KY, TO TYT Mae MicLe LuBuUALLIe
3BOPOTHE. TOMY € CeHC Y NobyAoBi riGpUAHNX anropuTMmiB, AKi Mno-
YMHasM 6 NOLWYK LUYKAHOT TOYKM, — BUPILLEHHA [aHOT HeNiHiAHOI
CUCTEMMW — rpafliEeHTHUM METOOM, WO rnobanbHO 36iraeTbes, a no-
TiM YTOYHIOBa/IM 6 SKMMOCH LUBUAKO36IKHUM METOAO0M, Harpu-
Knag, metogoM HbtoToHa (3p03ymino, SKWo Ui (yHKLUiT MatoTb Mo-
TPiGHI BNacTMBOCTI).

Po3pobneHo pag MeToLiB PO3B'A3yBaHHA eKCTpeMa/lbHUX 3ajad,
AKi NOEAHYIOTb Y CO6I HN3bKY BUMOINMBICTL A0 BUGOPY MOYaTKOBOI
TOYKM N BUCOKY LUBUAKICTb 30DKHOCTI. [0 TakMX METOAIB, WO Ha3u-
BalOTb KBA3iHbIOTOHIBCbKMMW, MOXHA BIifHECTW, HaMpWKnag, MeTos
3MiHHOI MeTpukn ([eBigoHa — ®neTyepa — Mayena), CUMETPUYHWIA
i NO3UTUBHO BU3HAYEHWIA, METOAM CIYHUX.
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3a HasABHOCTI HepiBHUX PYHKLiM Yy BUKOHYBAHOMY 3aBfaHHi CAij
BIAMOBUTMCA BifI BUKOPWUCTaHHS MNOXiAHMX abo iX anpoKcumalliii
i BOATUCA A0 TaK 3BaHMX METOAIB MPSMOro nowyky (LUKNiYHOro
NOKOOpAUHATHOrO crycky, Xyka i [kueca, Po3eHOpoKa Ta iH.).

KOHTpO/IbHI 3anuntaHHsA

1. Aki € moamndikauii metogy HetoToHa?

2. Y YoMy CyTb pPi3HULEBOro MeToAy HbloToHa?
3. Y yomy nonsrae MeTof NPocTUX CiYHUX?

4. Ha3BiTb METOAW CMYCKY.
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Po3ain 8

Uucnose iHTerpyBaHHsA (pyHKUIN

Bigomo, wo ans nepeBaxHOI 6iNbLIOCTI (YHKLiA He BLAETHCH
064MCNNTN NEPBICHI PYHKLT, YHACNILOK YOro [OBOAUTLCA BAABATU-
€S 10 MeTO/iB HABMMXEHOTO | YACNOBOrO IHTErpyBaHHS (YHKLIIN.

Mpu yncnoBoMy iHTErpyBaHHI MO 3adaHil NigiHTerpanbHin GyH-
KUii OyyETbCA CITKOBA (PYHKLiS:

Xi Xo X1 Xn

Yi Yo Y1 - Yn

fKa NOoTiM 3a A0NOMOror (POPMY/ NIOKaNbHOT IHTEPNoNsALii 3 KOHT-
PO/IbOBAHOK MOXMOKOK 3aMIHIOETLCSA IHTEPMONALIAHMM MONIHO-
MOM. IHTerpan Bif Hei fobpe 06YMCNIOETLCA | MOPIBHAHO NErko
OLLIHIOETHCS NOXNOKa.

Hexaii Ha Biapisky xe[a,b] 3agaHo HenepepBHy yHKLiO
y=f(x), i NOTPi6HO Ha UBLOMY BiApPi3Ky O0BUNCAUTL BU3HAYEHWI
iHTerpan

b
I =] f(qdx. (8.1)
a

3aMiHMMO flaHy (PYHKLit0 Ha CiTKOBY. 3aMiCTb TOYHOIO 3HAYEHHS
iHTerpana | WwykaTMemMo Moro HabivmkeHe 3Ha4eHHS 3a 40OMOMOrO

n J—
cymmn |~ 1y => Ahi, e h=x—X_,i=1n, Xy=a,X, =b, B AKiil
i=0

HeOo6Xi4HO BU3HAUMTM KoeiLlieHT A; | NOXMOKY opmynu.
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8.1. MeTopa NPSIMOKYTHUKIB

Hali6inbw npoctoto (i HETOYHOM) € hopMyna MPAMOKYTHUKIB.
BoHa mMoxe 6yTW OTpuMaHa Ha OCHOBI BWM3HayeHHS iHTerpana, Ak
rpaHuLLi NocnifoBHOCTI iHTErpaslbHNX CYM:

b n
j f)dx~ D f(E)AX, & e[X. Xi4], A% =%, %1~ (82
a i-1

AKWO B LbOMY BM3HAYEHHI 3HATY 3HAK rpaHuLi i Noknactu
AX =h, i=1n, To 3'ABUTbCA NoxnbKa R,, (3a & MOXHa NpuiHs-

TV NiBuIA a0 Npasumin KiHewp Bifpiska Ax; ), TO6TO

b n
[ £09dx =" f(%_1)h + Ry
a i=1

b n
a6o [ F00dx =D f () + Ry - 83)
a i=1

OpfepxxaHi hopmynu (8.3) Ha3MBarOTLCA, BiANOBIAHO, hopMynamm
NiBWX i MPaBUX NMPAMOKY THUKIB YAC/I0BOIO iHTErPYBaHHS.
PosrnaHemo noxmbky R; (opmynu niBux NPAMOKYTHUKIB Ha Of-

HOMY KpOLi [X;, X;_1| 4NCNOBOrO iHTerpyBaHHs.

[na upboro NpunycTUMo, WO nepsicHa (yHKUiA F(x) o1a nigiHte-
rpanbHoi yHKUiT f(X), ska icHye (ocKinbku f (X) — HenepepeHa Ha
Bipisky X e[a,b]), € HenepepsHo AndepeHuiiioBara. Topi, po3su-
Batoun F(x) B okoni By3na X;_; y pag Tewnopa Ao Apyroi noxigHot
BKJ/IHOUHO | BUKOPUCTOBYHOUM PiBHICTL F'(X) = f (X) = y(X), Maemo

R = II f(x)dx—yi_sh=[F (%) = F(%_1) - ¥ish] =

Xi—1

h2
= {F (%)h-F '(@)?} —Yiah=

h? h?
= l:_yi—lh + y'(i)?} —VYiah= y'(i)?: Ee(Xi1, %) (8.4)
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Ha scbomy Biapisky [a,b] wo noxuéky HeobxiaHo nigcymysatyn
n pasie (b — a = nh), oTpumaemo

(b— a)h

Rep = RiN=y'(8) 2%, £ (ab). (®5)

OcKiflbK/ MicLENONOXEHHA TOYKM O B iHTepBani (a,b) He Bifo-

Me, TO 3riHO 3 BMPa3oM ANs NOXMOKM (8.5) MOXHa BUMMCATU BEPX-
HIO OLiHKY abCcoNKOTHOT MOXMOKM MeTody MPAMOKYTHUKIB i nNpu 3a-
AaHili TOYHOCTI & METOAY BUMMCATW HEPIBHICTb

(b— a)h

|Rop| €=M, <, M, = max £ (8.6)

SKY MOXXHa BUKOPWUCTOBYBATU [15 BEPXHbLOI OLLiIHKM KPOKY h uncno-
BOrO iHTErpyBaHHA METOAOM NPAMOKYTHUKIB:
2¢

I3 BMpa3y A/ MOXMOKM BWM/AMBAE, WO Ha KOXHOMY BiApi3Ky
[%,%_1] hopmyna npAMOKYTHWMKIB Mae MOXMGKY, MPONOpLjiiiHy h?,

a Ha BCbOMY Bifjpisky [a,b] — nponopuiiiHy Kpoky uMcnoBoro iHTe-

rpyBaHHa h. TOMy KaXyTb, L0 MeTOZ NPAMOKY THUKIB € METOA0M
1-ro nopsaKy TOYHOCTI (FONOBHWIA YneH MOXMOKU MPONOPLiAHMIA
KPOKY B MepLIOMY CTEneHi).

ANropuTM™ (puc. 8.1) 3aNPOMOHOBAHOr0 MeTOAY CKNafaeTbCcs 3 Ta-
KMX OCHOBHWX KPOKIB.

1. Becb Bifpi3ok [a, b] AinMTbCA Ha n PiBHWX YacTWH i3 KPOKOM
h=(b-a)/n.

2. 3HaxoAUTLCS 3HAYeHHSs Y; NifgiHTerpanbHoi QyHKuii f(X) vy
KOXHI yacTuHi, T06T0 y; = f(x),i=0,n.

3. Y KOXHIili yacTuHI nigiHTerpanbHa PYHKLiS anpoKCUMYETbCS

iHTEPNoNAUIAHUM MoNfiHOMOM cTeneHss n=0, TO6TO NPSMOLO, LLO
napanenbHa oci OX. Y pesynbTaTi BCA NifiHTerpanbHa (yHKLUiS Ha

AinsHUi [a,b] anpokcuMyeTbes namaHoko NiHieto.

4. ina KOXHOT YaCTUHW BM3HAYaeTLCA MOLLa S NPAMOKYTHUKa.
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5. CymytoTbea BCi nowi. HabnmkeHe 3HayeHHs iHTerpana | go-
PiBHIOE CyMi NAoLY, MPAMOKYTHUKIB.
B anroputmi BBeleHO TaKi Mo3HaYeHHs (puc. 8.1):
A a, b—KiHui iHTepBany;
€ — 3afjaHa TOYHICTb;
¢=0 - meTof NiBnUX NPAMOKYTHUKIB;
c=1- MeTop NpaBMX NPSIMOKYTHVKIB;
S; — 3HaYeHH$ iHTerpasa Ha nonepeaHLOMY KpoLi;
S — 3HayYeHHs iHTerpana Ha MOTOYHOMY KpoLi.

IToyaTok

F=FUN(x)

Puc. 8.1. Bnok-cxema anroputMmy MeTofly NPsIMOKYTHUKIB

Peanizayito 3anponoHOBaHOro a/iropuTMy MofdaHo B liCTUHTY 8.1.

Nictunr 8.1. Peanizauig anroputmy
MeToLy NPAMOKYTHUKIB

from math import sin,pi,fabs

from numpy import zeros
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def f(x):
return (1/x)*sin(pi*x/2)
def prjam(a,b,n=10,epsilon=1e-4,c=0):
h=(b-a)/n
xb=a+c*h
s=zeros((n)); prints
print ""N-->X-->F-->s-->s1""
for i in range(n+1):
x=xb+i*h
s[i]=s[i-1]+f(x)*h
print ""%d-->%0.9f-->%0.9f-->%0.9f-->%.9f"" %(i,x,f(x),s[i],s[i-1])
if (fabs(s[i-1]-s[i])<epsilon):
break
returnn,s

a=1.;b=2.;n=100;
N,S=prjam(a,b,n=1000)

8.2. MeTop Tpanewin

b
Po3rnsHemo iHTerpan Izjf(x)dx Ha Bifpisky Xe&[X;_3,%] i

a
Ha LbOMY BiJpi3Ky 064MCMOBATUMEMO MOr0 NPUG/N3HO, 3aMiHIO-
4n NigiHTerpaibHy (YHKUI0 iHTepnonauiinHuM noniHomom Jlarpa-
HXa nepLuoro creneHs. OTprMaemo
X X
[ f(9dx= [ L(dx+R;, (8.8)
Xi-1 X1
Ae R; —noxumbka, fKa nifgiarae BU3Ha4eHHIO (Ha puc. 8.3 — 3aLWTPUXO-
BaHa 06/1acTb); Ly — iHTepnonAuiinHuiA noniHom JlarpaHxa nepLuoro
CTereHs, NPOBeAeHNI Yepes Ba BY3/1 iHTepnonaLii X _q i X -
X=X X=X
L(X)=Yiq —+ Vi :

Xiq—X X — X
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Hexalt x; —x_; =h=const , ge i=1,n.

X — X; :(x—xi_l)—(xi —Xi1)
h h
=t-1, dx=hdt i noniHom JlarpaHXa Habyae BUrnaay
LX) =L (X +ht)=—y,1(t-D+y;t. Mpn X=X BepxHsa rpaHnLs
t=1,Npn X—X;_; HWKHA rpaHmua t=0.
X

Tenep iHTErpan f L, (x)dx Big noniHoMa L;(Xx) MOXHa nogatu

X — X:
MosHaummo —— -1

=t, TOpdi

Xi-1
y BUrNSA|
Xi X

1
[ f0dx~ [ LeJdx=h[[-yi4(t-1)+ytldt=
Xi1 X 0

8.9)
t? 2] n
= hI:_yi—l(?_t) +Yi ?L =5 i+ %)

Lleli BMpa3 Ha3mnBatoTb POPMYNOK TpaneLii YNCNOBOrO IHTErpy-
BaHHA (puc. 8.2) Ha BifpisKy X [X_;,X].

Va
R S
L(x) L,(x)
J (=<0 S @=0
0 X, h ST h S %

Puc. 8.2. Metog Tpanewiii
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[ins BCboro Bigpiska [a,b] HeobxiaHO fopaTy Lelt BUpa3 n pasis.

If(x)dx~—(f(x0)+ f(x, )+22f(x ) =

=1
. (8.10)

=—(yo+yn+22y.

i=1
OTpvMaHuWin BMpa3 (8.10) Ha3MBatOTb (POPMY/OK Tpanewid Ync-
NOBOrO iHTerpyBaHHs Ans BCbOro BiapisKa [a,b] .
Y pasi 3MiHHOro KpoKy MeToz TpaneLili BAKOPUCTOBYHOTb Y BUFNAA|

jf(x)dx th h=X—%,. (811

Moxnbky R; opmynu Tpaneuii Ha Bigpi3ky [X_j,X;] MOXHa
OTpUMaTK, IHTErpyroYn NOXMOKY NiHIAHOT anpoKcMmaLlii:

he .,
Z—Ey €), mece(Xg.%). (8.12)

o X+ Xy -
N8 1boro NoO3HauMMo X; == IK CEepefiMHHY TOUKY Biapi-

3Ka [X;_1, %] i po3BuHemo f(x) no cTeneHsx (x—X;) 3a (OpPMy/ol0
Teinopa, npunyckarum, WO BOHa Mae N'ATb HerepepBHUX MOXid-
HUX. OTpUMaemMo

dx h -1
— +Y,+2
£1+X [yo Y Zly.J

=0'—22[1,0+o,5+ 2(0,83+0,71+0,63+0,56) | = 0,696.

IHTerpytoun f(x) Ha BigpisKy [X;_4,%;], Maemo

Tt o= [ R R+ -5 () +

X X
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+1(x—7i)3f'"(x)+ (x %) &) (%)+)dx =

1
=hf(% +—h3f’"x +——h° +...
(%) (%) 1920
IHTerpasn NapHMX CTeneHiB NepeTBOPHOIOTLCA Ha HY/b.
Lle o3Hauvae, o Konu hj mane, To NOXMOKa iHTerpyBaHHs Ha Bif-
H H 1 3 L &va
Pi3Ky 3a hopMyno NPSAMOKY THUKIB Mae NOPsA0K zh (%) .

LLLO6 ouiHMTW NOPALOK MOXMOKM Ans opMynun Tpanewii, 3HOBY
BUKOPWUCTAEMO PO3BMHEHHS 3a chopmynoto Telinopa. MigcraBnstoumn
B HbOT0 3HAYEHHA X =Xj Ta X=Xj+1, OAEPXKNMO

F(X,0) = f(fi)%hif'(m)%hﬁf”(m

+%hi3f”’(7i)+ﬁhi4f(4)(7i)+...
3Bigcn maemo
fO6) + F(X11)
2
OG6'eaHYHOUM Lie 3 PO3KNAAOM IHTErpana, OfepXKyeEMo

ol 1 _
- f(xi)+§hi2f (xi)+@hi4f(4)(xi)+...

X1
f(x)+ f(x 1 o 1 _
[ f(x)dx:hiw—ﬁh% (xi)—@hi5f(4)(xi)+... (8.13)

X
Takum YMHOM, Npu Manux hj noxmbka iHTEerpyBaHHA Ha BiApi3Ky
3a (hopmynol Tpaneyii Mae NopsagoK —éh%"(ii). MopiBHIOKOUK

Lie 3 OLiHKOI MOXMBKN A1 hopMy/v NPSMOKYTHUKIB, 3ayBaXK1MO,
WO AK He AMBHO, ane opmMyna MPAMOKYTHUKIB NPUOIM3HO BABIUi
TOYHiLWa 3a (hopMyny TpaneLii.

Ha BcbOMy Bigpi3Ky NOXMOKY HeobXigHO 36iMbLWNTK B N pasiB:

he h)h? b ]
Rip z—nl—zy (é)=—%y (&)=- lzahzy (&),
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& <(a,b). (8.14)

Buvipa3 4151 OLiHKM NOXMOKM 3a3BMYali 3arnCyETbCA TaKUM YUHOM:
b—a
\RTp\ < max | f"(x)| == h?. (8.15)
xe[a,b] 12
3BifKK, 334aK0UM TOYHICTb YMCMOBOrO iHTErpYBaHHS, MOXHA 3a-
nucaTy HacTyMnHY HepiBHICTb, BMKOPUCTOBYBaHY NS BU3HAYEHHS
KPOKY h 4MCcnoBoro iHTerpyBaHHs:

(b_a) M2 xe[a,b]

f"(x)|. (8.16)

Yuncnose iHTErpyBaHHs 3a METOA0OM TpaneLiil y pasi 3a4aHoi Tou-
HOCTI € MOXXHa NPOBECTM Tak:

1) 3a (hopmynolo (8.16) BU3HAYAETHCA KPOK YUC/IOBOrO iHTErpy-
BaHHS h;

2) 3a JONOMOrOH0 LibOro KPOKY CKNafaeTbCs CiTKOBa (DYHKLiA 415
nigiHTerpanbHoi qyHKUIT f(x);

3) 06UNCNIOETLCA HAONMXKEHE 3HAYEHHS iHTerpana 3a opmy-

b n-1 N
nor I f (x)dx zg(yo + Y, + 22 yi), KPOK h B fAKilA rapaHTye 3aja-
a i=1
HY TOYHICTb €.
Bnok-cxemy anroputMy MeToAy Tpanewiin HaBe4eHO Ha puc. 8.3.
OpHy 3 MOX/IMBUX peanisauiii MeToay Tpanewiin y Burnsgi mogy-
N MoBOKO Python HaBefleHO B NliCTUHTY 8.2.

NicTuHr 8.2. Peanizauis meToay TpaneLil

# -*- coding: cpl1251 -*-
## module trapezoid

""" Inew = trapezoid(f,a,b,lold,k).

PekypcuBHa hopmyna Tpanewii:

lold = IHTerpan f(X) Big X = a 4o b, AKUi1 BU3Ha4YaeTbCA
MeToAoM Tpanewin 3 2\ (k-1) ginsaHKamu.

Inew = Toii camuin iHTerpas, ane ginsaHoK 2°k.
def trapezoid(f,a,b,lold,k):

if k == 1:Inew = (f(a) + f(b))*(b - a)/2.0

else:
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n = 2**(k -2 ) # KinbKicTb HOBNX TOYOK
h = (b - a)/n # Kpok MiX TouKammn
x =a + h/2.0 # KoopAanHaTy NepLuoi TOUKK
sum =0.0
for i in range(n):
sum = sum + f(x)
X=X+h
Inew = (lold + h*sum)/2.0
return Inew

[ToyaTok

Puc. 8.3. Bnok-cxema a/iroputMy MeTogy Tparnewiii

Po3rnsHeMo 3acTocyBaHHS po3po6/ieHOro MoAy/Ns /1 BUKOHaH-
HA 3aBAaHHS (Npuknag 8.1).
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Mpuknag 8.1
- K - -
BusHaunTth iHTerpan IO \/;cos xdx i3 TOUHICTIO A0 6-r0 3HaKa. BusHa-

YUTK, CKINIbKM NOTPIGHO JiNAHOK pPo36UTTA ANA JOCATHEHHS Takoi TOYHOCTI.
Y nicTvHry 8.3 HaBefleHO KOZ Nporpamu, sika po3B's3ye NocTaB/eHy 3aBgady.

NictuHr 8.3. Mpuknag 3actocyBaHHA MOAY NS
# -*- coding: cp1251 -*-
from math import sqrt,cos,pi
from trapezoid import *

def f(x): return sqrt(x)*cos(x)

lold=0.0
for k in range(1,21):

Inew = trapezoid(f,0.0,pi,lold,k)

if (k > 1) and (abs(Inew - lold)) < 1.0e-6: break

lold = Inew

print "IHTerpan =", Inew

print "nAinaHok =",2**(k-1)

raw_input(*"\nHaTucHyTn enter fna BUXoA4Y 3 nporpamun’’)

Pesy/bTaT po6oTH NPorpamm npesCcTaB/ieHo HUXKYE:
>>>

IHTerpan = -0.894831664853
nAinsHok = 32768

HaTucHyTM enter Ans BMXogy 3 NporpamMm

Ak 6aummo, nNoTpibHo 32768 po36UTTIB, W6 AOCArHYTM NOCTaBNEHOI
TOYHOCTI.

8.3. MeTog CumncoHa

Posi6'emo Bigpisok [a,b] Ha m nap Bigpiskis b —a =nh=2mh
X| . . . T,
L i yepes KOXHi TPU By3NN NPOBEAEMO IHTEPNONALHWIA NOMIHOM
X2

NarpaHxa (puc. 8.4).
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=Y

0 X h x, h Xy

Pwuc. 8.4. Metog CumnicoHa

Xis1 Xis1

j f (x)dx = j L, (x)dx + R, (8.17)
ne
(X =) (X = Xi,1) v (X=X )(X = Xi,1)
(G2 =X)6 1 =%i1) 06 = %1)(% = Xiy)
(X —Xi_1)(X—X;)
(Xis1 =X 2) (X1 = %)

L(X)=VYig

+VYin

X=X o
BuKoHaeMO 3aMiHy T“lzt, dx =hdt i Togi maemo

X=X _ (X=X 9) = (6 —Xiq) _
h h
X = Xii1 _ (X - Xi—l) - (Xi+1 — Xi—l) =t—-2. (8.18)
h h

JonaHku B L, (X) HabyayTb Burnagy

t-1;

Vi (X_ Xi)(x_ Xi+1) _ (t —1)(t _ 2)%,

h-2h
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(X Xi 1)(X X|+1)

AT = (t-2)y;
X=X )(X=%) t
Yi+1( I2f11)-(h I)ZE(t_l)yHl'
Moy X=X_1:t=0 X=X,:t=2,
Togi
Xig1 2 y y t
[ Lz(x)dx=hj['——l(t—n(t—z)—yit(t—2)+i(t—1)}dt=
X, 0 2 2
h
=§(yi—1 +4Y; + Vi),
3Bif KM
Xis1 Xis1 h
[ foodx~ | L2(x)dx:§(yi_1+4yi+yi+1). (8.19)
Xi—1 Xi—1

Ha BcboMy Bifipi3Ky B1pa3 HeOOXiAHO CKNacTM m pasiB, OCKi/IbKK
€ m nap Bigpi3KiB 3aBAOBXKN h. OTpumaemo hopmyny CumncoHa
41CNOBOTO iHTeI'pyBaHHFI'

m-1

j f(X)dX~—(yo +Yn +4Z Vaa 423 V). (8.20)
i=1 i=1

Moxunbka hopmynu CUMMCOHa Ha NOABIHOMY KpoLi MponopLiii-
Ha YeTBepTIN NOXIAHIV PYHKLIT | M'ATOMY CTEMEHIO KPOKY:

Xis1

= [ f()dx— —(y. A+ Vi) =

Xi—1

ho
=55 19©, Eelian). (821)
Lle BunnmBae 3 Toro, wo gopmyna CumncoHa S(f) € kombiHaLieto
opmyn  npamokyTHukis  R(f) i Tpaneuii T(f), a cawe:
S(f):%R(f)+%T(f), y pesynbTati AKOi KyOiYHi Y/ieHW CKOopo-

YyroTbCA, a HaVICTapUJMM 3a/IMLLIAETHCA Y/eH N'ATOrO CTEMEHS.
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[ins BCbOrO BiApiska [a,b] Lo NOXMGKY HEOBXiAHO MOMHOXMUTY
Ha m nap BiJpi3KiB:

L LINLICE

_ nh h @) (b—a)h @)

=T (P =-T 19,
g e(a,b),

T06TO Yy hopmyni CummcoHa Ha BCbOMY BigpisKy [a,b] noxmbka

nponopuiiHa 4eTBEPTOMY CTEMNEHID KPOKY i, 0T>Ke, MeTog Cumn-
COHa € MeTOAOM 4-r0 NOPSAKY TOYHOCTI (FONOBHMIA YNEH MOXMOKM
NPONOPLiiHNIA Ye TBEPTOMY CTENEHO KPOKY h).

OCKiNbKM MOMIOXKEHHA TOUKM & Ha BigpisKy [a,b] He BifOMe, TO
AO0LINIbHO BUKOPWCTOBYBATW BEPXHHO OL,iHKY NOXMOKMN:

4
b=ah _ @)
Rel=™gp Mer M Tg)é‘f 0,

3BiAAKV NPV 3a/1aHiiA TOUHOCTI [|Afl, MOHa oTpumaTH

180¢
<4l———— M, = max f @ (x 8.22
(b-a)M, 4 xe[a,b ‘ ()‘ 8:22)

BIoK-CxeMy anroputMy MeTody CUMMMCOHa HaBefieHo Ha puc. 8.5.
PO3rNSHEMO LLe OfIVH NPUKNaf,

Mpunknag 8.2
MeTofom Tpanewiin i3 TOuHiCTI0 &=107 i CUMMNCOHA 3 TOUHICTHO
g, =107 06UMCNNTY BU3HAYEHNIA iHTerpan (06UMC/IOBAHUIA TOUHO)

& —=In[t+x| [, =In2=0,69315.

Po3B'a3aHHA
1. MeTog Tpaneuiii. Buxogaum i3 3afaHoi TouHocTi & =107, o6unc-
JIMMO KPOK YMCNOBOrO iHTerpyBaHHA 3a popmysioto (8.16)
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12¢

he —25 M, = £7(x) = -
Gayw, MmOl =
< %=\/§0,1=0,2449.

HeobXigHO BMOpaTM TakWil KPOK, SKWIA 3a[0BOSIbHSAE HEPIBHICTb
h <0,2449 i aknin Ha Bigpi3Ky iHTerpauii x e [0;1] YKNafaeTbCa Line yme-
no pasi.. Mpuiimaemo h=0,2 .

Aina niginTerpansHoi dyHkuii f (x) = (1+ x)’1 i3 HE3AIEKHOI0 3MiHHOIO
X;, L0 3MIHIOETLCA BiANOBIAHO A0 PiBHOCTI X, = X, +ih=0+1i-0,2, i =0,5,
CKMafiaeMO CITKOBY (PYHKLLIFO 3 TOUHICTIO JO APYroro 3Haka Mmicns KoMu:

i 0 1 2 3 4 5
Xi 0 0,2 0,4 0,6 0,8 1,0
Vi 1,0 0,83 0,71 0,63 0,56 0,5

[Jani BUKOpMCTOBYETLCA (hopMyna Tpanewiii (8.10) 41 YMCNOBOrO iHTe-
rpyBsaHHs npy n =5.

Ldx h n-l
— ~— 2 L=
T 2[yo+yn+ Zly]

0

:0’_22[1,0+o,5+ 2(0,83+0,71+0,63+0,56) ] = 0,696.

MOpIBHIOOUM Lie 3HAYEHHS 3 TOYHMM, 6a4MMO, LLO abCONOTHA NOXMOKa
He nepeBuLLYE 3a1aHOT TOYHOCTI & :

|0,69315-0,696| < 0,01.

TaknuM UYMHOM, 3a HabMMXKEHe 3HAYEeHHA BU3HAYEHOro iHTerpana MeTto-
[OM Tpanewiit i3 To4HicTo & = 0,01 6epeTbca 3HAYEHHS

1
ﬁz 0,696.
1+Xx

0
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TTouaTok

n=2n

Puc. 8.5. Bnok-cxema anroputmy metogy CumncoHa

2. MeTog CnmncoHa. Buxogsauu i3 3afaHoi TOYHOCTI 06UMCNIOETLCS KPOK
YMCMIOBOTO IHTErpyBaHHA Ans MeTogy CMMNCoHa 3a (hopMy/oH (8.22):

180¢ B @l
< aym, Ml 0] mex
180-107*
h<4—— =10"4/7,5=0,165.
\(1-0)-24
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HeobxigHo BMOpaTVM Takuii KPOK, W06 BiH 3af40BOMbHAB HEPIBHICTH
h<0,165 i W06 Ha Biapi3Ky iHTerpysaHHa [0;1] BiH yknaaasca napHe un-
cno pasis. Mpuitmaemo h =0,1. I3 UMM KPOKOM ANA NiJIHTErpanbHOT (yHK-
uii f(x)=(1+ x)ﬁ1 (hOpMYETLCS CITKOBA (hYHKL|isi 3 HE3ANIEXHOIO 3MiHHOO
X, L0 3MIHIETbCA 3rigHo i3 3aKOHOM

I
X, =% +ih=0+i-0,1,i=0,10,n=10, m=5, npu4omy 3Ha4yeHHs CiTKO-
BOT (DYHKL,iT 064YMNCIHOKOTLCA 3 TOYHICTIO JO YETBEPTOrO 3HaKa Mic/1si KOMU:

i 0 1 2 3 4
Xi 0 0,1 0,2 0,3 0,4
Vi 1,0 0,9091 0,8333 0,7692 | 0,7143
5 6 7 8 9 10
0,5 0,6 0,7 0,8 09 1,0
0,6667 0,625 0,5882 0,5556 0,5263 | 05

[Jani BukopucToByeTbes hopmyna CumncoHa (8.20) Ans YMCI0BOrO iH-
TerpysaHHs (n=10, m=5).

lﬁ—ﬂ Yo+, +4Zm:y +2§y =
! 1+ X 3 0 n = 2i-1 = 2i

0,1
:?.[1,0+0,5+4(y1+y3+y5+y7+y9)+

01 0,9091+ 0, 7692 +0, 6667 +
PN Y Ye ) = LS T e 05063

+2(0,8323+0,7143+0,625+0, 5556)} =

:%(1,5+4~3,4595+2~2,7281):

= % 20,7942 =0,69314.

MOPIBHSHHSA LbOro 3HAYEHHS 3 TOYHUM 3HAYEHHSIM iHTerpana nokasye,
LLlo abCOMHOTHA NOXMOKa He NepesuLLlye 3a[aH0T TOYHOCTI &, :

|0,69315-0,69314| < 0,0001.
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TakMM YMHOM, 33 HabnKeHe 3HaYeHHSA BU3HAYEHOro iHTerpana MeTo-
£ioM CUMMCOHa 3 TOYHICTIO & = 0,0001 GepyTb Take:
©dx

——~0,6931.

o 1+X

KOHTpO/IbHI 3anuntaHHsA

1. Ha3BiTb METOAM YNCNOBOrO iHTErPyBaHHA?
2. Y 4yomy CcyTb METOAY MPAMOKYTHUKIB?
3. 3a JOMOMOro SKOro afiropuTMy iHTEPNoNALi BUBOAUTLCH OCHOBHA

(hopmyna metogy CumncoHa?
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Po3nain 9

Po3B'A3yBaHHS 3BUNYaNHNX
andgepeHyiaibHUX PiIBHAHb

[ndhepeHuianbHUMK Ha3MBatOTh PIBHSHHS, LLIO MICTATb OfHY a60
AeKinbka NoXigHMX. IHXeHepoBi Ay>XKe YacTo LOBOAUTLCSA CTUKATUCS
3 HAMK MpK Po3po6Li HOBMX BMPOGIB abo TEXHOMOMIYHMX MPOLECIB,
OCKiNlbKW 6arato 3akoHiB (i3vKy (POPMYSIOETLCA caMe Y BUrNagi
AnbepeHLiaibHUX PiBHAHL. Mo cyTi OyAb-fKe 3aBAaHHSA MPOEKTY-
BaHHS, MOB'I3aHe 3 PO3PaxyHKOM MOTOKIB eHeprii abo pyxy Tin,
BPELUTI-peLuT 3BOAWUTLCA A0 PO3B'A3YBaHHA AWdepeHuiabHUX piB-
HAHb. Ha Xa/b, nnile ayxxe Hebarato 3 HUX BAAETLCA BUKOHATU Ge3
[0MOMOrn 064NCNIOBA/IbHUX MaluWH. TOMY YMC/OBI METOAM PO3B'S-
3yBaHHS AuepeHLUiabHUX PIBHAHb FPal0Tb TaKy BaX/MBY POSib B
iIH)XEHEePHMX po3paxyHKax.

3aeXXHOo Bif, KibKOCTi He3a1eXHUX 3MIHHUX | TUMY MOXigHMX, LU0
[0 HUX BXOAATb, AnepeHLianbHi PIBHAHHA AiNATb Ha ABi ICTOTHO pis-
Hi KaTeropii: 3B14aiiHi, Ki MIiCTATb OAHY He3aNeXHy 3MiHHY i noXigHi
MO HilA, Ta PIBHAHHA B YaCTUHHUX NOXIAHMX, L0 MatoTb feKinbKa Hesa-
NEXHUX 3MIHHUX | NOXIAHUX NO HWX. Y UbOMY pO3Aini po3rnsHyTo
METOAWM PO3B'A3yBaHHS 3BMYaliHMX AUepeHLialbHUX PIBHSAHb.

9.1. 3apgayva Kouui
Ta KpalioBa 3agada

[ns po3B'sA3yBaHHA 3BUYAAHOIO AMQEPEHLia/IbHOrO PiBHAHHS He-
06XifHO MaTV 3HAYEHHSA 3a1eXHOI 3MIHHOI i (a60) I NOXiAHUX npw
JEAKNX 3HAYEHHAX He3aneXHO! 3MIHHOI. FAKLWO Ui A0AaTKOBI YMOBM
334al0Tb MpY OAHOMY 3HAYeHHi He3aeXHOT 3MiHHOT, TO Taka 3afaya
Ha3MBaETbCA 3afayeto 3 NoYaTKoBMMM yMoBaMu, abo 3azayeto Kodui.
AKLLO XX YMOBW 3a4at0Tb NPU ABOX a60 BiflbLUe 3HAYEHHSIX He3anex-
HOI 3MiHHOI, TO 3afja4a Ha3uBaeTbCS KPaioBow. Y 3adadi Kowwi goga-
TKOBi YMOBW Ha3nBatOTb MOYaTKOBMMW, a B KpalioBili 3afadi — rpaHu-
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yHMMmK. YacTo B 3agadi Kowi B poni He3aneXHoi 3MIHHOT BUCTYNae
yac. Mpuknagom € 3afada Npo BiNbHI KONMBaHHA Tina, NiggilleHoro
Ha MPY>XMHI. Pyx Takoro Tina onucyeTbest andepeHLiaibHUM PiBHSIH-
HSIM, B IKOMY HE3a/1eXXHOH 3MIHHOHO € Yac t. FKLL0 A0AaTKOBI YMOBY
3aflaH0 ¥ BUrNAAi 3HauYeHb NepemilleHHs i weuakocTi npu t=0, To
MaeMo 3agady Kowi. [Ans TiET camoi MexaHiYHOT CUCTEMM MOXXHA
cchopMy/oBaTK i KpaiioBy 3afiady. Y LibOMY BUMNaAKY OLHIEO 3 YMOB €
3alaHHA NepeMiLLeHHS Nicns 3aKiHYEHHS AesKOro MPOMiXKKY uacy. Y
KpalioBUX 3afladax fIK He3afieXHa 3MiHHa 4acTO BUCTYMNae [OBXMHa.
BigomMvm MpukiafomM Takoro pogy € AudepeHuiasibHe PiBHAHHS, L0
onucye fedopmaLiito NPYXXHOro CTPWXKHA. Y LbOMY pasi rpaHuyHi
YMOBM 3a3BM4ail 3afal0Tb Ha 000X KiHUAX CTPWKHA. Xoya 06uaBi
BKasaHi 3afadi po3rfsHyTo B OAHOMY PO3fifi, Npu iX po3B'a3yBaHHi
3aCTOCOBYHOTb ICTOTHO Pi3HI METOAM i1 0BUMCOBaNbHI anropuTMMm.
Buknag, noyHemo i3 3agadi Kouwi.

3agava Kowi. 3agayy Kowi MoxHa copmynioBaTyt Tak: Hexai
3a/laHo AndepeHLianbHe PiBHAHHA 3 MOYaTKOBOK YMOBO

y'=f(xy),
Y(X) = Yo-

Tpeba 3HaNTM hyHKLiO Y(X), WO 3a40BO/MbHAE K yKasaHe piB-
HAHHS, Tak i NoYaTKoBY YMOBY. 3a3BMuaii UMCNOBUI PO3B'A30K L€
3afadi OTPMMYHTb, OOYWC/IIOKYM CMOYaTKY 3HAYEeHHS MOXIiAHOT,
anoTiMm, 3agalun Manuid NpUpicT X i nepexoasyv [0 HOBOI TOY-
KN X =Xg +h. T10N0XeHHA HOBOI TOYKM BU3HAYAETLCA HAXWU/IOM

KpUBOT, 064YMCNEHUM 32 LOMOMOrow AndepeHLialbHOro PiBHSAHHS.
TakMM YMHOM, rpadik YMCNOBOro pilleHHS € NOCNILOBHICTIO KOPOT-
KX NPAMONIHIAHNX Bifpi3KiB, AKMMMK anpoOKCUMYETLCS [iicHa Kpu-
Ba y="f(x). Cam uMCnoBWin MeTo/ BU3Ha4ae NOpPAdOK fili Npu nepe-
X0Ai Bif JaHOT TOYKM KPMBOT IO HACTYMHOI.

OcCKinbKy 4ncnoBe po3B'A3yBaHHA 3afadi Kowi W1poKo 3acToco-
BYIOTb Y Pi3HMX 061aCTAX HAYKM i TEXHIKW, TO BOHO NPOTArom 6ara-
TbOX POKiB 6Y/N10 06'€KTOM MUILHOI yBaru i Mae BeNMKY KiNbKicTb
pO3p06eHMX 4N HBOTO METOAIB. 3yMUHUMOCS TYT Ha 4BOX rpynax
METOZiB po3B'A3yBaHHA 3agadi Kouui.

1. OHOKPOKOBI METOAN — Taki, B AKUX /1 3HAXOLKEHHS HacTyn-
HOI TOYKM Ha KpmBil y = f(X) NoTpi6Ha iHhopMaLis nuLLe Npo oAuH no-
nepesHiin Kpok. OLHOKPOKOBMMM € MeToau Eiinepa i PyHre — KyTTa.
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2. MeToan NporHosy i Kopekuii (6araTOKpoKoBi) — Taki, B SIKMX
ANs BiALYKaHHS HAcTYMHOI TOYKM KpuBOi Yy =Tf(x) noTpibHa iHdop-
MaLif npo 6ifbll HidXX OfHY 3 nonepegHix To4yok. LLLo6 oTpumatm
A0CTaTHbO TOYHE YMCNOBE 3HAYEHHS, YacTO BAAOTLCA A0 iTepauil.
[l0 Taknx MeTofiB HaneXxaTb, 30KpeMa, MeToan Afamca.

[Ins 3HaXO[KEHHS UNCNIOBOTO PO3B'A3KY Ha BifpisKy [a, b], ge
Xo =@, YBEAEMO Ha Biapisky pisHuuesy citky Q&) ={x =x; +hk},
k=01,...,N, h=|b-a|/N.

TOYKM X, Ha3MBaOTb BY3/1aMM1 PI3HULIEBOT CITKW, BIACTaHI MiX BY3-
namyi — KPOKOM pi3HMLEBOI CiTKu (h), @ CyKyMHICTb 3HauYeHb, 3a[aHnX Yy
Byaniax ciTku, BusHauae ciTkosy dyHkuio Y ={y, k=0,1...,N}.

HabnvxeHuii po3B's3oK 3agadi Kowwi (9.1) WyKaTMMEMO Y Yncno-
BOMY BUINAfi CITKOBOT (DYHKLIT y(h) . Ana ouiHoBaHHSA MOXUOKK

Hab/IMXKEHOro YNCNOBOro PO3B'A3KY PO3rNAAaTUMEMO Liei PO3B'A30K
AK enemeHT (N+1)-BUMIpPHOro NiHIAHOTO BEKTOPHOrO MPOCTOPY 3
MeBHOK  HOPMOO, a MNOXMOKY — AK  HOpPMY  BiAXuny

5™ = y™ _1y]™  ne [y]™ — Tounmit poss'izok sagaui (9.1) y Bys-

Nlax po3paxyHKoBOT CiTKU. TakM YNHOM g, = Hy(h) —[y](h) H .

9.2. O4HOKpPOKOBiI MeTOo4U

Ycim 04HOKPOKOBMM MeTOAaM BNacTuBI NEBHI 3arasibHi puci.

1. Wlo6 oTpumaTy iHopmMaLito B HOBIl TouLi, Tpeba mMaTh faHi
NULLIE B OfHI nonepeaHiii Toui..

2.B OCHOBI BCiX OJHOKPOKOBMX METOZLIB JIEXUTb PO3BUHEHHS
(yHKLUIT B psg Teinopa, B AKOMY 36epiratoTbCs UneHu, Lo MicTaTb h
y cTeneHi fo k BK/OYHO. Lline yncio k Ha3MBaeTbCA NOPALKOM Me-
Toay. Noxmbka Ha KpoLi Mae nopagok k+1.

3. YCi 0AHOKPOKOBI METOAM He BUMararoTb AiliCHOro 064MCNeHHS
NOXiAHWNX, OBUMCNIOETLCA NULLE caMa (YHKLiS, NPoTe MOXe ByTu
NOTPI6HE Ti 3HaYEHHS B AEKiNbKOX MPOMIXKHMX Toukax. Lle cnpuun-
HsIE, 3BUYAHO, A0AATKOBI BUTPATK Yacy i 3yCUnb.
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4. BnactuBicTb 1 3a€XHO0 Bif iH(hopMauii f1we nonepeaHsLOro
KPOKY [03BONSE NErKO MiHATW 3HAYeHHS KPOKyY h, Lo pobuTbes aB-
TOMAaTUYHO Yy Nporpamax 064MCNOBaIbHUX METOLIB.

9.2.1. MeTogp Elinepa

Lle npocTuii MeToA po3B'A3yBaHHA 3afadi Kowwi, Lo J03BONSE iH-
TerpyBatu audepeHLianbHi piBHAHHA 1-ro nopsaaky. Moro TouHicTb
HeBefnMKa, TOMY Ha MpaKTULi HAM KOPUCTYKOTbCA MOPIBHSHO PifKo.
MpoTe Leii MeTOA Aae 3MOry fierile 3po3yMiTU aifOpUTM iHLLKX,
eheKTUBHILLMX METOZIB.

MeTog Eiinepa oCHOBaHMI Ha PO3BWMHEHHI Yy B psg Teinopa B
OKOMi TOYKU Xo:

1
y(Xo +h) =y(xg) +hy'(%) +§h2y”(x0) +... 9.2)

Akwo h mane, TO YneHW, WO MicTaTb h y apyromy abo BULLUX
CTENeHsX, € MAIMMUN BULLMX NOPSAAKIB | HUMM MOXHA HEXTyBaTu.
Toai y(Xo +h)=y(xg)+hy'(Xy). BennumHy y'(x,) 3Haxogumo 3
AndepeHLiaNibHOro PIBHAHHA, NIACTAaBMBLUM B HbOrO MO4YaTKOBY
YMOBY. YpaxoBytouu, WO Ay =Yy; — Yy, | 3aMiHIOIOYM NOXiAHY Ha
npaBy YaCTWHY AV(epeHLialbHOr0 PIBHAHHA, OTPUMYEMO CriBBiA-
HOLLEHHA Yy =Y, + hf (Xg, Yp) . BBaXKatoun tenep Touky (X;,y;) no-
4aTKOBOK | NOBTOPHOKOYUM BCi MonepeaHi MipKyBaHHS, MOXHa 3Haii-
TWU HACTYMNHE HabNAMKEHe 3HAYEHHS 3aneXHO! 3MIHHOI B TOMLL
(X,,Y5) . Lieit npouec MoXHa NpofoBXKUTA, BUKOPUCTOBYHOUU CNiB-
BiHOLLEHHS (WO i € po3paxyHKOBOK (hopMynoto meToay Einepa):

Yni1 =Yn t hf (Xn ) yn) 93

i BMKOHYIOUM CKiNbKM 3aBrogHo 6arato KpokiB. ['papiyHO MeToq,
Eiinepa nokasaHo Ha puc. 9.1.
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9.2.2. NMoxmbka meToay Elrinepa

B iTepaTMBHMX YMCNOBMX METOAAX € [Ba BUAM MOXMOOK:

1) nokanbHa nomMwunKa — Le cyma noxmbok, LWwo BHOCATLCSA 40 06-
YMCNIOBA/ILHOT O MPOLIECY Ha KOXXHOMY KPOLLi 064MCNEHb;

2) rnobanbHa NoMUnKa — PIi3HULA MK OBUMCNEHUM | TOYHUM
3HAYEHHAMY BENIMYMHM HA KOXXHOMY eTani peaisayii Yy1cnoBoro as-
ropuTMy, WO BU3Ha4Yae CymMapHy noxmnbky, ska Hakonuymiacs 3 mo-
MEHTY MoYaTKy 064MC/EHD.

NokanbHa noxmbka metody Eiinepa BrU3Ha4YaeTbcs 3a HOPMY/IOH
V'E) 2
2

sE = , [e &e[xk_l,xk], i Mae nopsiaoK h2, OCKifIbKU UfeHu,

WO MICTATb h y Apyromy i BUWMX CTeneHsax, BigkmpatoTeea. [ns
oflep>XXaHHs rnobanbHOI NOXMbKM Tpeba NoKanbHy MOXMOKY MiAcy-

MyBaTU Ha BCbOMY Bifpisky [a,b] n pasis (b-a=nh). OTpumaemo
e =Y €) 2 _¥'E)

2 2
PALOK TOYHOCTI BiJHOCHO BE/IMYMHM KPOKY h.

(b—a)h. Omxe, meTon Elinepa mae 1-in no-

A .
y Tounuit

PO3B’A30K

> IToxuOKa

Haxun=f{xg,yo) ‘<

Yo

X

X1

A J

A
A 4

Puc. 9.1. Metop, Eiinepa
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Bnok-cxemy anroputmy audepeHLitoBaHHS 3a MeTodom Einepa
MPefCTaB/ieHo Ha puc. 9.2.

BEECTH X

Vo t.N

BHEECTH

1
Busectn
1':.1‘3

Yo=Yo T AF b/

I
X T T

BHBECTH
T

Puc. 9.2. Bnok-cxema anroputmy audepeHuitoBaHHsA
meTogom Eiinepa

Y nictuHry 9.1 nogaHo peanisauito anroputMy metogom Eiinepa
moBoto Python.

NictuHr 9.1. Peanisauis anroputmy
AnepeHLitoBaHHS 3a MeTogoM Einepa
import numpy as np
from math import tan

def F(X,Y):
return (Y+X)**2

def Euler(x,x1,y,n=100):
h=(x1-x)/n
for i in xrange(1,n+1):
F1=F(x,y)
y+=F1*h
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x+=h

print  ""x%d=%.8f-->y%d=%.8f-->y _exact=%.8f"  %(i,x,1,y,
(tan(x)-x))

x=0.

x1=0.5

n=10

y=0

print ""Euler method""

Euler(x,x1,y,n)

LA peanisayis po3s'asye 3agady 3 npuknagy 9.1. FonoBHUM ene-
MEHTOM nporpamun € PyHkKuia Euler, ska mae 4 napameTpu: X,x1 —
iHTepBan MOLUYKY, Y — MoYaTKOBa YMOBa, N — Ki/IbKiCTb TOYOK pO3-
paxyHky. Pe3ynbTaT po60Ty NporpaMu HaBeeHO HIKYe.

>>>

Euler method
x1=0.05000000-->y1=0.00000000-->y_exact=0.00004171
x2=0.10000000-->y2=0.00012500-->y_exact=0.00033467
x3=0.15000000-->y3=0.00062625-->y exact=0.00113522
x4=0.20000000-->y4=0.00176066-->y_exact=0.00271004
x5=0.25000000-->y5=0.00379603-->y_exact=0.00534192
x6=0.30000000-->y6=0.00701665-->y_exact=0.00933625
X7=0.35000000-->y7=0.01172962-->y_exact=0.01502849
x8=0.40000000-->y8=0.01827203-->y_exact=0.02279322
x9=0.45000000-->y9=0.02701961-->y_exact=0.03305507
x10=0.50000000-->y10=0.03839699-->y exact=0.04630249

Sk BMAHO 3 pesynbTatis, MeTof Elinepa Aye HETOUHWIA, TOMY
6axxaHo 1i0ro He BUKOPUCTOBYBATH.

9.2.3. MogudikoBaHUi MeTO[,
Evinepa - Kouwui

Xoua TaHreHC KyTa Haxuiy A0TUYHOI A0 AiCHOT KpMBOi B Movar-
KOBIi TOMLLi BiAOMWIA i piBHWIA Y'(Xo), BIH 3MIHIOETLCS BiAMNOBIAHO A0
3MiHW He3aneXHoT X. TOMY B TouUi Xg+h Haxun QOTUYHOT BXe He Ta-
KWUiA, IKUM BiH OYB y Touli X,. OTXe, Npy 36epeXXeHHi MoYaTKOBOro
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Haxuny AOTMYHOK Ha BCbOMY iHTepBasli h g0 pesynbTaTie 064nCeHb
BHOCUTbCS NMEBHa MOXMOKa. TouHICTb MeTody Einepa MoXHa iCTOTHO
NiABULLATK, MONIMLUMBLLX anpoKcUMaLito NoxigHoi. Lie MoXkHa 3pobu-
TW, HaNPUKNaz, BUKOPUCTOBYHOUN CepefHE 3HaYeHHs MOXiAHOT Ha Mmo-
yaTKy i KiHUi iHTepBany. Y moandikoBaHoMy MeToai Eiinepa cnoyatky
064MCNIOETLCA 3HAUYEHHS PYHKLIT B HACTYMHIl TouLi meTogom Eiinepa
y*n+1 =Y, +hf(X,,y,). Lie 3Ha4eHHA BUKOPUCTOBYETLCA MOTIM /11

06GYMCNEHHS HAOMMXKEHOrO 3HAYeHHs1 MOXiAHOT B KiHUi iHTepBany
f(Xn+1, Y*n4i). OOUMCIMBLLN CEPEHE MIXK LIMM 3HAYEHHAM NOXIAHOT i 1T
3HaYEHHSAM Ha NOYaTKy IHTepBasy, 3HANAEMO TOYHILLIE 3HAYEHHS V.1

1 *
Ynir =Yn t Eh[f (Xn’ yn) + f (Xn+11 y n+1)]- 9.9

Llein npuiiom intocTpye puc. 9.3. MprHLMN, HA SKOMY OCHOBaHO
moamndgikoBaHmin MeTog Eiitnepa, MoXHa MNOSCHUTA I iHaKLLe.

'y
Vv 5
Toummt

POSE AI0K

Vg1

VrouneHna

v, Gy |
ix'n i x‘."l-l—il N
. h/2 . h2 | ox

Puc. 9.3. MoaudikosaHuii MeTop Eiinepa
[ns uboro noBepHemMocs [0 PO3BUHEHHS PYHKLUIT B pag Teinopa:
D x® <, 05

30a€TbCA OYEBWMAHMM, O, 36epirwm yneH 3 h? i BigKUHyBLUM
UNEeHN BULLMX MOPSAKIB, MOXHA NiABMLLMTI TOYHICTb. poTe, o6
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36eperTu uneH 3 h? Tpeba 3HaTV Apyry noxigHy y"(Xo). Ii MoxHa an-
POKCMMYBATUN CKIHYEHHOIO Pi3HULIEID:

Ay Y% +h)-y'(x)
AX h '

MigcTaBmBLUKM Leii BUpa3 y opmyny Teinopa (9.5) 3 BigKUHYTK-
MU Y/ieHaMK, BULLMMM 3a 2-11 NOpsAoK, 3Hangemo

y'(%) = (9.6)

1 ’ !
y(Xo +h)=y(X) +§h[y (X0 +h)+y' (%], ©.7)
1|0 MPaKTUYHO 36iraeTbCs 3 paHille OTPMMaHMM BMPa3oMm. Mo3Haun-

BN X =Xo+h, Mmaemo y(x)=y(Xp) +%h[y’(x1) +Y'(X)] 1,y 3a-

rafbHOMY BUMaaKy

Y(aet) = Y(%0) +%h[y'(xm) Ly )] ©:8)

OCKiflbKM HacTynHe 3HayeHHA ((yHKUIT i MOXiAHOT) BXOAWTb
[0 NiBOT i NpaBoi YaCTUH PIBHOCTI, TO Taky (POpMy/y Has3uBakTb
HesBHOR. AKWO yHKUis f(X, y) NiHiliHa N0 Yy, TO TOAI HESIBHE piB-
HAHHS MOXXHa PO3B'A3aTN BiHOCHO Yn.1. [poTe y BinbLIOCTI BMNa-
OKIB Take pO3B'A3aHHA HEMOX/MBE i TOA4I BUKOPWUCTOBYHOTb iHLLUI
CXemW, 30Kpema iTepauiiHi, Ans 3HaxXomKeHHs NOXiAHMX Y BifbLu,
HI>X OfIHII TOYLL.

Llein meTof, € METOAOM 2-r0 MOPALKY TOYHOCTI, OCKi/IbKM B HbOMY
BUKOPUCTOBYETLCA UneH pady Teinopa, Wo MicTUTb h. Momunka Ha
KOXHOMY KPOL|i NP1 BUKOPUCTaHHI LIbOro MeTogy, Mae nopsgaok h’.
3a NigBULLEHHA TOYHOCTI LOBOAUTLCA PO3MiayyBaTuUcH LOAATKOBU-
MW BUTpaTaMn MAaLLUMHHOIO 4acy, HeooXifHWMW [OJ19 06YUCNIEHHS
Y*n+1. BULLA TOYHICTL MOXKe OYTW JOCATHYTA, SKLLO KOPUCTYBaY ro-
TOBWIA 3rasaTu AOAATKOBUIA MalUMHHUIA Yac Ha Kpallly anpoKcuMmallito
NOXiAHOT LUNAXOM 36epeXXeHHs OIfbLIOro Yncna YneHis pagy Tewd-
nopa. Lis cama ifies neXkntb B OCHOBI MeTOZiB PyHre — KyTTa.

Bnok-cxemy MoaudikoBaHoro anroputmy Einepa npeactaBneHo
Ha pwuc. 9.4.
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IToyarok

BeectH X)),
h.n

Bugeectn
P.T ".1
Bueectn
XC, "'0

Kinenns

Y=Yoth*Flxo.)o)
Yo =do ThIFxYo) TF(xg+hy))2

Bugectn
XoYo

Puc. 9.4. Bnok-cxema anroputmy audepeHuitoBaHHA
3a MoaudikoBaHUM MeTofioM Eiinepa

Peanisauito 3anpornoHoBaHOro anropuTMy HaBefeHo B NICTUHTY 9.2.

NictuHr 9.2. Peanizauis anroputMy AugepeHLitoBaHHS
3a moandikoBaHUM MeTo0M Elinepa
import numpy as np
from math import tan
def F(X,Y):
return (Y+X)**2
def Euler_mod(x,x1,y,n=100):
h=(x1-x)/n
yl=y
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for i in xrange(1,n+1):
F1=F(x,y)

x+=h

y+=y*F1*h
y=y1l+h*(F1+F(x,y))/2
print  "x%d=%.8f-->y%d=%.8f-->y_exact=%.8f""  %(i,x,i,y,
(tan(x)-x))

yl=y

x=0.

x1=0.5

n=10

y=0

Euler(x,x1,y,n)

[JaHa peanizauia po3s'asye 3agady 3 npuknagy 9.1. FonoBHUM
eneMeHTOM nporpamu € PyHKLia Euler_mod, ska mae 4 napameTpu:
X,X1 — iHTepBas1 MOLLYKY, Y — MOYaTKoBa YMOBa, N — KifIbKiCTb TOYOK
po3paxyHKy. Pe3ynbTaT poboTn Nporpamy HaBeeHo HUXKYe.

>>>
x1=0.05000000-->y1=0.00006250-->y_exact=0.00004171
x2=0.10000000-->y2=0.00037547-->y_exact=0.00033467
x3=0.15000000-->y3=0.00119267-->y_exact=0.00113522
x4=0.20000000-->y4=0.00277613-->y_exact=0.00271004
x5=0.25000000-->y5=0.00540155-->y exact=0.00534192
x6=0.30000000-->y6=0.00936432-->y_exact=0.00933625
x7=0.35000000-->y7=0.01498635-->y_exact=0.01502849
x8=0.40000000-->y8=0.02262414-->y exact=0.02279322
x9=0.45000000-->y9=0.03267853-->y_exact=0.03305507
x10=0.50000000-->y10=0.04560680-->y_exact=0.04630249

FK BMAHO 3 pe3ynbTaTiB, MOAUDIKOBaHWA MeTo Einepa focuTb
TOUHWIA | Ma€e y)ke NPOCTY peanisalito.
Po3rnsaHemo fekifnbKa npuKnagis.

Mpuknag 9.1
fBHuM meTogom Einepa 3 kpokom h=0,1 oTprmaTV YACNOBWIA PO3B'S-
30K AudepeHLiaibHOro PiBHAHHA y'= (Y +X)® 3 MOYaTKOBMMM YMOBamm
y(0)=0 B iHTepBani [0, 0.5]. Yncnosuit po3B'A30K NOPIBHATU 3 TOYHUM

pO3B'A3KOM Yy = tg(X) — X .
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Po3B'A3aHHA. Buxogaum 3 noyatkoBol Toukn x, =0, y, =0, po3paxy-
EMO  3HAYeHHs Y, y  By3ni X, =0,1 3a  (hopmynoto
Y, =Y, +hf(X,,Y,) =0+0,1(0+0)*> =0. AHaIOrYyHO OTPUMAEMO PO3B'S-
30K Y HacTyrnHomy By3ni x, =0,2;

y, =y, +hf(x,y,) =0+0,2(0+0,1)° = 0,001

y, =, +hf(x,y,) =0+0,1(0+0,1)*> =0,001.

MPOAOBXMMO 0BUMC/IEHHS i, BBIBLUM MO3HayeHHA Ay, = hf(X,,Y,) i
& = |yTqu-(Xk)— yk|, 0€ Yiou-(X,) — TOUHWIA PO3B'A30K Y BY3/I0BUX TOYKAX,
OTpUMaHi pesynbTaTy 3aHecemo B Tabn. 9.1.

Ta6bnuysa 9.1
OTpumaHi pe3ynbtatu

X y

Ay,

yTCV“IH

&

0,000000000

0,000000000

0,000000000

0,000000000

0,0000

0,100000000

0,000000000

0,001000000

0,000334672

0,3347E-03

0,200000000

0,001000000

0,004040100

0,002710036

0,1710E-02

0,300000000

0,005040100

0,009304946

0,009336250

0,4296E-02

0,400000000

0,014345046

0,017168182

0,022793219

0,8448E-02

all M W] N | O X

0,500000000

0,031513228

0,046302490

0,1479E-01

Po3B'A3KOM 3afadi € TabnunuHa QyHKuia (tabn. 9.2), TyT 3anMweHo 5
3HAYYLLMX LGP Y KOXHOMY Ymnchi.

Tabnuusa 9.2
TabnmyHa yHKLUisA
K 0 1 2 3 4 5
X¢ | 0,00000 | 0,10000 | 0,200000 | 0,3000000 | 0,400000 | 0,500000
yk | 0,00000 | 0,00000 | 0,001000 | 0,0050401 | 0,014345 | 0,031513
Mpuknag 9.2

Po3B's3aTi nonepeHto 3aaady 3 npuknagy 9.1 metogom Einepa — Kolui.
Buxogaumn 3 noyatkoBol Toukn X, =0, y, =0, pospaxyemo 3HayeHHA

y, Yy BYy3ni x, =0,1 3a opmynamm:

yk+1 =Yt hf (Xk ) yk)!
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h(f (%, Vi) + F (Xeas Vien))
> )

Yier = Y
Xy =X, +h
Maemo
¥, =Y, +hf(x,,Y,) =0+0,1(0+0)* =0,
f(x.¥)= (0+0,1)* =0,01,
Y1=Y +0,5h(f(X0, y0)+ f(xll yl)) =
=0+0,5*0,1*(0+0,01) = 0,0005.

AHanoriyHo OTPMMAEMO pO3B'A30K Yy  pewTi By3nie. [pogos-
XyHoum 06YMCNEHHS i BBO/SYM MO3HaYeHHS

Ay, =0,50(F (%, V) + F(Xen Yin)) AV =0,50(F (%, yi) + F (X Bicin))
OTPUMYBaHI pe3ynbTaT 3aHecemo B Tabn. 9.3.

Ta6nuysa 9.3
OTpuvMaHi pesynibTaTn
k| Xk Yk Vi Ay Yroun- €k
0,0 | 0,000000000 0,000500000 | 0,000000000 | 0,000000000

0,1 | 0,000500000 0,00000 0,002535327 | 0,000334672 | 0,1653E-03
0,2 | 0,003035327 | 1,510025E-003 | 0,006778459 | 0,002710036 | 0,3253E-03
0,3 |0,009813786 | 7,157661E-003 | 0,013594561 | 0,009336250 | 0,4775E-03
0,4 | 0,023408346 | 1,941224E-002 | 0,023615954 | 0,022793219 | 0,6151E-03
0,5 | 0,047024301 | 4,133581E-002 0,046302490 | 0,7218E-03

gl |l W[N] 2| O

Posg'askom 3afadi € TabnmuHa QyHKuis (Tabn. 9.4), TyT 3a7uMweHo 5
3HAYYLUMX UMGP Y KOXKHOMY YKCHi.

Ta6bnuyna 9.4
TabnunuHa yHKUis
K 0 1 2 3 4 5
Xk | 0,00000 | 0,100000 | 0,2000000 | 0,3000000 | 0,4000000 | 0,500000

Yk | 0,00000 | 0,000500 | 0,0030353 | 0,0098138 | 0,0234083 | 0,047024
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9.2.4. MeTtoagn PyHre — KyTTa

LLLo6 oTpumaTn y pagi Teinopa YneH n-ro nopsaky, Heob6XigHo
AKMMOCb YMHOM 06umcnoBat (N —y) NOXIAHY 3a1eXHOT 3MiHHOT.
Mpu BMKOpUCTaHHI MoaudikoBaHoro metoay Elinepa ans otpumaH-
HS ApYroi NOXiAHOI Y CKIHYeHHO-PI3HWLEBIN (OpMi [OCTATHBO OYN0
3HATU HAXWUW KPUBOT Ha KiHUSAX AaHoro iHTepsany. LLLo6 o6uncnntu
TPETHO NOXifAHY Y CKiHYEHHO-PI3HULEBOMY BUTNALI, HEOOXiAHO MaTK
3HaYeHHs ApYroi NoxigHol LoHaiMeHLe Yy ABOX ToYKax. Ans uboro
Tpeba [0AaTKOBO BU3HAYMTU HaxW/ KPUBOI B [esKil NPOMIXKHINA To-
yui iHTepBany h, TO6TO MiX X, Ta X, +1. OUEBMAHO, YUM BULLMIA MO-
pAAoK 06uMcoBaHOT NOXiAHOT, TUM BiNnbLUe 40AATKOBMX 06UNCNEHb
Oyfe NoTpi6bHO BCepeauHi iHTepBany.

MeTog PyHre — KyTTa fjae Habip opmyn ans po3paxyHKy Koop-
ANHAT BHYTPILLHIX TOYOK, NOTPIGHUX Ans peanisauii uiel igei. Ocki-
NbKN iCHYE feKinbKa cnocobiB po3TallyBaHHA BHYTPILLHIX TOYOK
i BUOOPY BIAHOCHOI Bary AN 3HalnAeHUX NoxigHuX, To meTof PyH-
re — Kytra no cyti 06'efiHye CiM's METOZiIB PO3B'A3yBaHHA ANDEPEH-
LiianbHMX piBHAHbL 1-ro NopsiaKy.

He cTaHeMO [eTanbHO BUBOAWTY MOBHI (DOPMY/K, & PO3rNSAHEMO
HaTOMICTb NPOCTiLWiA MeToA 2-ro nopaaky. Lleli metoq BUKopucTo-
BYE /iLLE [Ba 06UMCNIEHHS PYHKLT 32 KPOK.

Mepiue 3 HUX — k; =hf (X, y), noTim pobuTbCs APOBOBMIA KPOK Ha

OCHOBI k;. YBefileMo ABa NOKW HeBU3HaUeHUX KoedhillieHTn a Ta b. Mok-
nagemo  k, = hf (x+ah, y + bk;) i 6yfemMo 06uMCnIoBaTN HaCcTyMHe
3HaueHHs (yHKUITY BUrnaai KombiHauii y(X +h) = y(x) + ck; + ¢k, .
LLLo6 BM3HAUMTK KoedillieHTW, PO3BMHEMO OflepXXaHWiA B1pas3 Ye-
pe3 (opmyny Teiinopa BifHOCHO TOUKM X, , po3rnagaroun k; sx dy-
HKUito BOX 3MiHHNX: k, = hf (X, y)+h(bk, f, +ahf,), ge f, i fy € ya-
CTUHHUMU noxigHumu f(x, y). MigcTaBnAouM Le 3HauYeHHs Y BMpa3s
aa yY(X,th)=Yea i nosHayarum  y(Xy) =Yn, MaemMo
Y(X, +h) = y(%,) +h(cy +¢5) (X, V) +Cobh* £, +cyah? £, - Mopie-
HIOKOUY Tenep ofepXXaHnii B1Upas i3 PO3BUHEHHSM TOYHOIO PO3B'A3KY
’ 1 "
Y06 ) = y0xq) +hy () + S0y 0%,) =

(9.9)
2

=ﬂm+m=ﬂmwmummm+%«wumwn+u)
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i MOPIBHIOKOUM KOEILLIEHTN NPYU O4HAKOBUX CTerneHsx h, npuxoau-
MO [0 CUCTEMW PiBHAHb BIHOCHO KOE®iLiEHTIB:

C +Cp =1,
1
cb==,
2702
c a—l
2 2'

BubpaBwn oauMH i3 UMX KOediLieHTIB, Hanpuknag a, 3a
napameTp, MPUXOAUMO [0 OfHOMapaMeTpuUyHOi CiMT MEeToZLiB
PyHre — KyTTa:

ki =hf (x,y);
k, =hf (x+ah,y+ak;); (9.10)

1 1
Yni1=Yn t (1—£)k1 +£k2-

[Ba oueBnaHi Bn6opn ans a — ue 1/2 i 1. BoHn BM3Ha4al0Th Me-
TOAW, TICHO NOB'A3aHi 3 (hOpMyiamMn KBaLpaTypw BiZNOBIAHO NPAMO-
KYTHUKIB i Tpaneuiin. JocnifKeHHA nepLuvx YNeHis, BIAKUHYTUX Y
BULLE 3raflaHuX PO3BUHEHHSAX, MOKa3ye, WO Hi Npyu Skomy B1bopi a
He BAAETbCA BUK/IKOUUTM Ui YneHn ans BCixX QyHKLiR f(X, y) i Takum
YMHOM, METO/, Ma€e 2-i NOPALOK TOYHOCTI NpK Byab-AKOMY a.

Po3rnaHyTuin Metof PyHre — KyTTa € y3araJlbHeHHAM MeTO/iB
Eiinepa 2-ro nopsgky To4HocTi. [15 ofep>kaHHS GiflblL TOYHUX Me-
TOAIB BAAIOTLCA A0 OiflbLL CKNaAHUX CXEM, WO YTPUMYHOTb Y PO3BU-
HeHHI Telinopa NOXifHi CTapLUMX NOPSAAKIB.

Peanizauito mMetogy PyHre — KyTTa 2-ro nopsigky Ha npuknagi
piBHSAHHA Beccenst B iHTepBani [0,5;1] i3 napametpom P=0 i 3a no-
yaTkoBux ymoB Y1(0)=0,9384698 Ta y,(0) =-0,2422685 HaBeAeHO B
nictuHry 9.3.

NictuHr 9.3. Peanizauis
meTofy PyHre — KyTTa 2-ro nopagky
import numpy as np
def RP(X,Y,F):
FI1]=Y[2]
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F[2]=((P/X)**2-1)*Y[1]-(Y[2)/X)
return Y,F

def Runge2(X,h,Y,F,n):
H2=h/2

RP(X,Y,F)

for i in xrange(1,n+1):
Y=Y il +(H2*F[])
RP(X+H2,y1,F)

for i in xrange(1,n+1):
Y[i]+=h*F[i]

return Y,F

P=0.
X=0.5
X9=0.99
h=0.1
yl=np.zeros((4))
Y=np.array([0.,0.9384698,-0.2422685,0.])
F=np.array([0.,0.,0.,0.])
while (X<X9) and (h>0.0):
Runge2(X,h,Y,F,2)
X+=h
print "' X=%.8f-->Y[1]=%.8f-->Y[2]=%.8f" %(X,Y[1],Y[2])

Pe3ynbTaT BUKOHaHHS NPOrpamu:

>>>

X=0.60000000-->Y[1]=0.91197329-->Y[2]=-0.28672866
X=0.70000000-->Y[1]=0.88112996-->Y[2]=-0.32904107
X=0.80000000-->Y[1]=0.84617050-->Y[2]=-0.36889624
X=0.90000000-->Y[1]=0.80735562-->Y[2]=-0.40600425
X=1,00000000-->Y[1]=0.76497400-->Y[2]=-0.44009756

Haii6inblw nowmpeHum i3 meTtogis PyHre — KyTTta € meTog, npw
AKOMY OfiepPXXYIOTb BCi YfieHW, BKAoyaroum hy. Lle meTtog 4-ro no-
PALKY TOYHOCTI, 11 SKOr0 NOMW/KA Ha Kpoui Mae nopsagok hs. Po-
3paxyHKV Mpy BUKOPUCTAHHI LbOro KacMyHoOro MeTofZy MpoBoO-
[ATb 3a POpPMY/IoH

Ki +2K;, +2K3 + K,
6 1

Ynir=Yn t
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e
Ky =hf Xy, yn),

K, =hf (X, +£h, Yn +ﬁ),
2 2 (9.12)

1 1

Peanizauito metogy PyHre — KyTTa 4-ro nopsigky HaBefeHO B
nicTuHry 9.4.

NicTtuHr 9.4. Peanisauis
MeTofy PyHre — KyTTta 4-ro nopaaky

# -*- coding: cp1251 -*-

import numpy as np

from math import exp,fabs

def RP44(X,Y):

return 2*(X**2+Y)

def RealFunc(X):

return 1.5%exp(2*X)-(X*X)-X-0.5

def Runge44(X,h,Y,n):

print ""MeTog PyHre-KyTtTa 4-ro nopsigky"'
for i in xrange(0,n):

X[i+1]=X[i]+h

F1=RP44(X[i],YTi])
F2=RP44(X[i]+h/2.,Y[i]+h/2.*F1)
F3=RP44(X[i]+h/2.,Y[i]+h/2.*F2)
F4=RP44(X[i+1],Y[i]+h*F3)
Y[i+1]=Y[i]+(F1+2*F2+2*F3+F4)*h/6.
er=fabs(RealFunc(X[i+1])-Y[i+1])

if er>maxi:

max=er

print "X[%d]=%.8f-->Y[%d]=%0.8f-->Real Y=%.8f-->Error=
=006.8f" %0o(i+1,X[i+1],i+1,Y[i+1],RealFunc(X[i+1]),er)
maxi=0

n=10

h=1./n
X=np.array([0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.])
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Y=np.array([1.,0.,-0.,0.,0.,0.,0.,0.,0.,0.,0.])
Runge44(X,h,Y,n)

Ansa uiel peanisauii (nictuHr 9.4) y34to AaHi 3 Npuknagy 9.3.
Pe3ynbTaT pob0TV nporpamy HaBeAeHO Hwk4ye. OCHOBHE HaBaH-
TaXeHHA B MporpamMi BUKOHYe (hyHKUiS Runged4, Ha BXif AKOI no-
[aloTb Taki napameTtpu: X — poboya Toyka, h — KpoK, Y — BeKTop
MoYaTKOBMX YMOB, SIKWIA NiCNS BUKOHAHHA YTpUMYyBaTMMe pPo3paxo-
BaHi AaHi, N — KiNbKicTb TOUOK. PYyHKLiIA RP44 06uncnoe noxigHy B
Heob6XiaHIN Touui, GyHKLis RealFunc po3paxoBye fAifiCHe 3Ha4YeHHA
(hYHKUIT B TOYLi X.
>>>
MeTopg PyHre-KyTTa 4-ro nopsagky
X[1]=0.10000000-->Y[1]=1.22210167-->Real Y=1.22210414--
>Error=0.00000247
X[2]=0.20000000-->Y[2]=1.49773064-->Real Y=1.49773705--
>Error=0.00000640
X[3]=0.30000000-->Y[3]=1.84316587-->Real Y=1.84317820--
>Error=0.00001233
X[4]=0.40000000-->Y[4]=2.27829046-->Real Y=2.27831139--
>Error=0.00002093
X[5]=0.50000000-->Y[5]=2.82738964-->Real Y=2.82742274--
>Error=0.00003310
X[6]=0.60000000-->Y[6]=3.52012537-->Real Y=3.52017538--
>Error=0.00005001
X[7]=0.70000000-->Y[7]=4.39272680-->Real Y=4.39279995--
>Error=0.00007315
X[8]=0.80000000-->Y[8]=5.48944418-->Real Y=5.48954864--
>Error=0.00010446
X[9]=0.90000000-->Y[9]=6.86432478-->Real Y=6.86447120--
>Error=0.00014641
X[10]=1.00000000-->Y[10]=8.58338196-->Real Y =8.58358415--
>Error=0.00020219

AK 6a4rMo, pe3ynbTaTi NOBHICTHO BiANOBIAat0Th AiicHOCTi (Tabn. 9.5),
a meTog, PyHre — KyTTa 4-ro nopsgky mae HesHauHy noxmoky.

MeTog Eiinepa i ioro mogudikauisa no cyTi € metogamu PyHre —
KyTTa 1-ro i 2-ro nopsgaky BignoBigHo. MOPIiBHAHO 3 HUMK METOA,
PyHre — KyTTa mMae BaXnMBYy nepesary, OCKi/lbKu 3a6e3neyvye BULLY
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TOYHICTb, fiKa BUNPaBAOBYE A04ATKOBe 30i/bLUEHHA 06CsAry obunc-
NeHb. Buwa TouHicTb MeTogy PyHre — Kytta yacTto [03Bonsie 36i-
NbLWIWTX KPOK iHTEerpayii h. Jonyctuma noxmnbka Ha Kpoui BU3Hayae
oro makcvmMasnbHe 3HayeHHs. LLL06 3a6e3neuntn BUCOKY edeKTUB-
HiCTb 064MCNIOBaANILHOIO MpoLecy, BennMunHy h cnig BnbupaTtn came
3 MipKyBaHb MakCvMasibHOT JONYCTUMOI NMOMW/KMA Ha Kpoui. Takuia
BMOIP 4YacCTO 3AiCHIOETLCS aBTOMATUYHO | BKNHOYAETLCA SK CKNafo-
Ba YacTuHa B a/IrOPUTM, NobyaoBaHW 3a MeTOL0M PyHre — KyTTa.

BigHOCHY TOYHICTb OAHOKPOKOBMX METO/IB NPOAEMOHCTPYEMO
Ha npuKnagi.

Mpuknag 9.3
Hexaii NoTpiGHO PO3B'A3aTH PiBHSAHHSA

Y _ 2x° +2y
dx
3a noyaTkoBoi ymoBu y(0)= 1, 0<x<1 i h=0,1. Lle — niHiliHe PIBHAHHS
1-ro nopsagky, L0 Mae TOUYHWUIA PO3B'A30K
y =15 -x*-x-0,5,

AKUIA JONOMOXE NOPIBHATYU BiJHOCHY TOYHICTb, WO 3a6e3nedyeTbes PisHU-
MW MeTogamu. Pe3ynbTaTi po3paxyHKy HaBegeHo B Tabn. 9.5, 3 sikoi gobpe
BUAHO nepeBary Metogy PyHre — KyTTa nopiBHSHO 3i 3BUYaliHUM | MoAau-
(hikoBaHUM meTogamu Einepa.

Ta6nuysa 9.5
IMOpiBHSAHHA TOYHOCTI MeTOAIB
x MeTop MogudikoBaHwi MeTog To4HwiA
n Einnepa meTog Elinepa PyHre — KytTa p03B'A30K
0,0 1,0000 1,0000 1,0000 1,0000
0,1 1,2000 1,2210 1,2221 1,2221
0,2 1,4420 1,4923 1,4977 1,4977
0,3 1,7384 1,8284 1,8432 1,8432
0,4 2,1041 2,2466 2,2783 2,2783
0,5 2,5569 2,7680 2,8274 2,8274
0,6 3,1183 3,4176 3,5201 3,5202
0,7 3,8139 4,2257 4,3927 4,3928
0,8 4,6747 5,2288 5.4894 5,4895
0,9 5,7376 6,4704 6,8643 6,8645
1,0 7,0472 8,0032 8,5834 8,5836
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9.2.5. MeTopg PyHre — KytTta - MepcoHa

MepcoH 3anponoHyBaB Mopudikauito metogy PyHre — KytTta
4-10 NopAaKyY, AKa [L03BO/AE OLIHIOBATY MOXUOKY Ha KOXHOMY KPOLLi
Ta NpUiiMaTK piLleHHs Npo 3MiHy Kpoky. Cxemy MepcoHa 3a fono-
MO0 €KBIBaJIEHTHUX MEPeTBOPEHb 3BeAEeMO [0 BuAy, LU0 € 3pyy-
HUM A1 MPOrpamyBaHHS:

y(% +h) = Yo +%O(h5), (9.12)

ne
h
k =hs (X0, Vo), g =§?
ky =hg f (X +hg, Yo +kp);
ki +k
2

Ky =k +4hs (%o +2, Yo +0,375(k; +K3);
ks =hs £ (Xo +1, Yo +1,5(ks —k3)).

Cxema MepcoHa BMMarae 064McnoBaTh Ha KOXXHOMY KpoLi npa-
BY YaCTMHY 3BMYaHOrO AudepeHLialbHOro PiBHAHHA B M'ATU TOY-
Kax, afie 3a paxyHOK TiflbK1M OAHOro [0AaTKOBOro KoediuieHTa ki
MOPIBHAHO 3 K/1AaCUYHOI CXeMOKO PyHre — KyTTa Ha KOXXHOMY KpOLi
MOXXHa BU3HAUMTM NOXMOKY pO3B'A3Ky R 3a opmMysnoro

[ns aBTOMaTYHOro BMOGOPY KPOKY iHTErpyBaHHs PeKOMEHAYeThCS
KpuTepil (9.14). FKLLO abCOMOTHE 3HAYEHHs BE/IMYMHM R, oBuncneHe 3a
(hopmynoto (9.13), CTaHe GiSibLUMM AOMYCTUMOT 334aHOT NMOXUOKM €,

IR|>e, (9.14)

);

TO KPOK h 3MeHLYeTbCS BABIYI i 06UMNCNEHHS 3a CXEMOtO (9.12) no-
BTOPHOKOTLCA 3 TOUKY (Xo, Yo). [PV BUKOHAHHI YMOBU

32|R|<e (9.15)

KPOK h MOXHa noagoiTu.
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Peanizauito metofy PyHre — Kytta — MepcoHa y BUrnsgi Mmogyns
HaBeAeHO B NiCTUHrY 9.5.

NictuHr 9.5. Peanisauis

MeTofy PyHre — Kytta — MepcoHa
import numpy as np
from math import fabs

def sign(X,Y):

if Y>=0:

return fabs(X)
else:

return -fabs(X)

def RP(P,X,Y,F):
F[1]=YI[2]
F[2]=((P/X)**2-1.)*Y[1]-Y[2)/X
return F
def RKM(P,X,h,Y,n,epsilon=1e-3):
FO=np.zeros((4)); F=np.zeros((4))
k1=np.zeros((4)); k3=np.zeros((4))
RP(P,X,Y,F0)
Z=Y[::]; R=0.
while True:
H3=h/3; H4=4*H3
for i in xrange(1,n+1):
k1[i]=H3*FO[i]
Y[i]=Z[i]+k1[i]
RP(P,X+H3,Y,F)
for i in xrange(1,n+1):
Y[i]=Z[i]+(K1[i]+H3*F[i])/2
RP(P,X+H3,Y,F)
for i in xrange(1,n+1):
k3[il=h*F[i]
Y[i]=Z[i]+0.375*(k1[i]+k3[i])
RP(P,X+h/2,Y,F)
for i in xrange(1,n+1):
K1[i]+=H4*F[i]
Y[i]=Z[i]+1.5*(k1[i]-k3[i])
RP(P,X+h,Y,F)
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for i in xrange(1,n+1):
a=H3*Fi]
Y[i]=Z[i]+(k1][i]+a)/2
a=2*k1[i]-3.*k3[i]-a
if Y[i]'=0.:
al=Y[i]
if fabs(a)>R:
R=fabs(a)
h/=2
if R>epsilon:
break

h*=2; X+=h

if 32*R<epsilon:

h*=2

return X,Y,h

HanucaHHs nporpaMu [ 3aCTOCYBaHHS  3anporoHOBAHOIo
MOZAY/st NPOMOHYETHLCA SIK CaMOCTiliHa Bnpasa.

9.3. baraToKpOKOBiI MeToAMU

Y MeTofax, Wo po3rnsganncs Loci, 3HaYEHHS Yy, 064McioBano-
Cs1 33 J0NOMOroK (hYHKLIT, Ka 3aNeXUTb NNLLE Bif Xn, Yn | AOBXUHU
KPOKY h,. MabyTb, NOriYHO NPUMYCTUTK, LLIO MOXHa 6Yyni0 6 oTpMMa-
TN 6iNblUY TOYHICTb, BUKOPUCTOBYHOUM iH(hOpPMALLit0 B nonepeaHix
TOYKax, a CaMe: Yn, Yn-1, Yn-2, ol f(XmYn)v f(Xn—la yn—l)v f(Xn—Za yn—2)i---
baraTOKpOKOBi MeToAW, OCHOBaHi Ha Uil ifel, BenbMu eqeKTUBHI.
AKLLO NOTPiBHA BMCOKA TOYHICTb, TO BOHW 3a3BMYaii eKOHOMIYHILLi,
HDK OAHOKPOKOBI METOAM, i 4aCcTO MOXHAa TPUBia/lbHO OTpUMaTK
OLiHKY MOXM6KK. 3anporpamoBaHi BignoBigHUM YMHOM, 6araToKpo-
KOBI METOAM MOXYTb e(heKTMBHO BMAaBaTU 3HAYEHHS 4YMCNOBOrO
PO3B'I3KY B [OBI/IbHUX TOYKax, He 3MIHIOKYM 3HaYeHHA h. Tops-
[OK MeTofy MOXKe BMOGMpaTUCA aBTOMATUYHO i AUHAMIYHO 3MiHHO-
BaTUCS, TUM CaMUM OZEPXYHOTb METOAM, L0 NPaUoTb ANS AyXe
LUMPOKOro Kona 3ajay.

NiHiiHI 6araToKPOKOBI METOAN MOXHA PO3rNAA4ATU SK CneLiabHi
BUMaJKKN POpMynn:
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k k
Y1 = Zai Ynoinn t hzbi f (Xn—i+1v yn—i+1) ,
i=1 i=0

[e ax un by BiAMIHHI Big HyNs.

MeTop, Ha3VBa€eTbCA NiHIAHUM, TOMY L0 KoXXHe f() BXoaWTb y ho-
pMyny NiHiiHO; Npy LboMy cama f Moxe 6yTu, a Moxe i He 6yTu Ni-
HIliHOHO (PYHKLLIEIO CBOIX apryMeHTIB.

Micna Toro, K MeTog, "cTapTyBaB", KOXXeH KPOK BUMarae obuuc-
NEHHS Yq4q 13 BIJOMUX 3HAYEHB: Vi, Y1, Y2, --- 1 T(Xn,Yn)s T(Xn-1,Yn-1),
f(Xn-2,Yn-2),... AKWO by=0, TO MeTO HA3MBAETLCS SBHUM i 0BUNCNEH-
HA MPOBOANTLCA OYEBMAHUM YMHOM. FKLLO X bo#0, TO MeTop Hasn-
BA€ETbCSA HESBHUM, TOMY LLO A1 3HAXOMKEHHS Yniq NOTPIOHE 3HAYEH-
HA  f(Xn+1,Yne1). TPYAHOLLI NPU BMKOPWUCTaHHI HESBHUX METOLIB
KOMMEHCYHTbCA IXHIMU IHLUMMUN AKOCTAMMU.

baraTtokpokoBi MeTOAM PI3HOro MOPSAAKY TOYHOCTI MOXHa KOHC-
TpytoBaTM cnocoboM KeagpaTypu (TOGTO 3 BUKOPUCTaHHAM eKBiBa-
NEHTHOT O IHTErpasbHOro PiBHAHHSA).

P03B'A30K AUEPeHLia/IbHOro PiBHAHHA 3a0BOJIbHSAE IHTErpasib-
He CriBBIAHOLLEHHS:

X1

Vi =Y+ | F0O6y00)dx. (9.16)

Xk

AKLLO po3B'A30K 3a4a4i Kowwi oTpumaHo y By3nax ax Ao k-ro, 1o
MOXHa anpoKcUMyBaTun NigiHTerpasbHy QYHKLi0, HaNpUKnag: iHTe-
pnonAyiiHUM NONIHOMOM SIKOro-Hebyapb cTeneHs. O6YMCAMBLUN iH-
Terpan Bif No6y/40BaHOro MOMiHOMA Ha BifPI3KY [Xy,X,1] OTPUMa-

EMO Ty uM iHWY dopmyny Agamca. 30Kpema, AKLWO BUKOPWUC-
TOBYBAaTW MONIHOM HY/IbOBOIO CTeneHs (TO6TO 3aMiHUTKM NifiHTerpa-
NbHY QYHKLiHO TI 3HAYEHHSIM Ha NiBOMY KiHLi Bigpi3ka B TouLi Xy), TO
OTPMMaEMO fBHUIA MeTof Einepa. AKWO BUKOHATK Te came, ane ni-
AiHTerpasibHy (YHKLIIO anpoKCUMYBaTU 3HAYEHHSIM Ha MnpaBoOMY
KiHLi B TOULi X¢+1, TO OTPMMAEMO HesiBHWIA MeTog Elinepa.

Mpn BUKOPUCTaHHI iHTEpNoONsALiNHOro noniHomMa TPeTbLOro cre-
MeHs, Mo6yA0BaHOro 3a 3HAYeHHAMM NiLIHTErpaibHOI (PYHKLIT B
OCTaHHIX 4YOTMPbOX BY3/1aX, OTPUMaEMO MeTOo4 Afamca 2-ro nopag-
Ky TOYHOCTI:
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h
Y1 = Yk +z(55 fi =59f 1 +37f -9 3),  (9.17)

ae fy e 3Ha4YeHHAM NigiHTerpaibHOT PYHKLITY BY3NI X.

9.3.1. PisHMueBMiA BUInaq,
mMmeToay Agamca

Llein cnoci6 oaepxaHHs hopmynm Agamca rpyHTYETbCA Ha Ha-
O1IM>KEeHHI NOXiAHOT 3a 40MOMOr o0 IHTEPNONALINHOI hopmynun Heto-
TOHa, e BUKOPUCTAHO CKiHYeHHI pi3HuUi. Hexail noTpibHO 3iHTer-
pyBaTh PiBHAHHA Y' = f(X,y), Y(Xo) = Yo. Pi3HULEBWIA BUrNAL MeTOLY
Afamca ans HabnmKeHOro pose's3aHHs LET 3afadi Takuin. 3agamo
[eSKUA KPOK 3MiHW aprymeHTy h i 3HalileMo AKUM-Hebyab YMHOM,
BUXOAAYM 3 MOYATKOBUX [aHWX Y(Xo)=Yo, HACTYMHI TpU 3HAYEHHS

LUYKaHOT PYHKLIT Y (X):
Y1 =Y04) = Y(X+h), Y2 = y(Xo +2h), y3 = y(X; +3h)  (9.18)

(Ui TPU 3HAYEHHA MOXKHA ofiepXKaTu ByAb-AKUM METOLOM, L0 3a6e3-
neyye NOTPi6HY TOYHICTb, HaNpuKnag, 3a AOMOMOro PO3BUHEHHSA
PO3B'A3KY Y CTeneHeBuWin pag, MeTogom PyHre — KyTTa i T. 4., ane He
MeTof0M Elinepa, 38aKatoum Ha A0ro HeloCTaTHIO TOUHICTD).

3a [OMOMOrOK YUCeN Xg, X1, X2, X3 Ta Yo, Y1, Y2, Y3 0OUUC/IOKOTH
BE/INYNHW:

do = hyg = hf (Xo, Vo), & = hf (¥, V1),
d, =hf (X3, Y2), a3 = hf (%3, ¥3).

Jani cknagaoTb TabnMUI0 CKIHYEHHUX PIi3HULb BENNYMH Y i Q
(Tabn. 9.6):

(9.19)

Ta6bnuusa 9.6
Tabnuusa CKiHYEHHNX Pi3HULb

X y By q Aq Aq A%
Xo Yo Jo

Ayo Ado ,
X1 Y1 qu Ao .

Ay, Ag; , A'qo
X Y2 02 ATqy
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3aKiHYeHHA Tabn. 9.6
X y Ay g Aq N’q Nq
Ay, Ag,
X3 Y3 Js

Konu BigomMe 3Ha4eHHs! B HMXXHLOMY KOCOMY PSAAKY, TO 3HAYEHHS
Yi+1 OZIEPXKYIOTb 3a (POPMY/IOHD

1 5 3
Yiza = Yi + 0 +§ACIi +EAZQi—2 +§A3Qi—3 .

Mpuknag 9.4
BuikopucToBytoun MeTog Afamca, 3HaiiTh 3HaveHHs Y(0,4) i3 TOYHICTHO 10
0,01 ans avdepeHLiianbHOro PiBHAHHS Y' = X*+y?. MouaTkosa ymosa — y(0)=—1.
Po3B'si3aHHA. 3HalijeMo MepLli YOTMPX YNIEHW PO3BMHEHHSI PO3B'SI3KY
LIbOro PiBHAHHA B psi4 Teidnopa B 0Koni ToUkM X = 0:

’ l " l "
Y =y(©)+y(O)x+-y (0)x® sy (0)x% +...
3rigHo 3 ymosoto y(0)= -1, noxigHi B Touui 0 3HaxoAMMO, NOCNiL0BHO
AnepeHLioUn Le PiBHAHHS:
a<z<b,
0= %) (6= %) (3= %,)]
(n+1)! '
y"'=2x+2yy;y"(0)=0+2(-1) =-2;
y" =242y +2yy" y"(0) = 2+ 2(-1)* + 2(-1)(-2) = 8.

Taknm YnHOM,

Yy =x2+y5y'(0)=0%+(-1)° =1

"R, (9] <

y(x) = -1+ x—x* +gx3 +...

O6umcnoemMo y(x) y Toukax x;=0,1, X,=0,2, X3=0,3 3 04HWUM 3anacHuUm (Tpe-
TiM) 3Hakom y;=-0,909, y,= —0,829, y;=-0,754. Cknagemo Tabnumuto (tabn. 9.7).
Togi

1 5 ., 3.,

Ay, =0, +=AQ, +—A°Q, +=Aq, =

y3 q3 2 q2 12 ql 8 qo

=0,065 +£(—O, 007) +i
2 12
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3Bigen y, =y, + Ay, =-0,754+0,068 = -0, 69.

Tabnuuna 9.7
O6uuncneHi faHi
X y By q Aq % 2%

0 -1 0,1

0,091 -0,017
0,1 —0,909 0,083 0,06

0,080 -0,011 -0,002
0,2 -0,829 0,072 0,04

0,075 -0,007
0,3 —0,754 0,065
04

9.3.2. MeTog Apgamca — bewudopTca

MeTog Agamca, AK i BCi 6araToKpoKoBi MeTOAM, He MOXe CcTap-
TyBaTW "caMocCTitHO". TO6TO A/19 TOro, Lo 6 BUKOPUCTOBYBATM Me-
TOA Afamca, HeObXiZIHO MaTy PO3B'A30K Y MepLuMX YOTUPLOX BY3-
nax. Y BY3Ni Xo PO3B'A30K BiOMWIA i3 MOYAaTKOBMX YMOB, & B IHLUNX
TPbOX By3/1ax PO3B'A30K MOXHa OTpMMaTK 3a LOMOMOrOK BifnoBia-
HOro OAHOKPOKOBOrO MeTOAy, Hanpuknag, Metogy PyHre — KytTa
4ETBEPTOr0 MOPALKY.

3a3BMyaii Ha KOXHOMY KpOLi pO3B'a3yBaHHS pPa3oM BUMKOPUCTO-
BYIOTb [1Ba 6araTOKpPOKOBI MeToAW. ABHWUIA MeTO[, Ha3BaHWUIA npeau-
KTOPOM, CYMNpPOBOMXKYETbCA OAHUM a60 GifbLUOK KiNbKICTHO 3aCTO-
CyBaHb HESBHOrO MeTojy, Ha3BaHOro KOpeKTOpoM, — 3BifCW Ha3Ba
"MeTOoAM NpeauKTOop-KopekTop'.

MeTtoaun Tuny nNpeanKTOpP-KOPEKTOP A03BONAKTL MiABULLMTY TO-
YHIiCTb 06uMCNeHb MeTody Adamca 3a paxyHOK MOABINHOrO o6uumc-
NEHHA 3HaueHHA YHKUIT f(X,y) Mpn BU3HAYEHHI Y., Ha KOXHO-
MY HOBOMY KPOLIi.

Ha eTani npeankTopa 3rigHO 3 MeToZOM Afamca 3a 3HaYeHHAMU
Y BY3NaX Xy_o, Xk_1, Xk s Xk1 PO3PAXOBYETLCA "MonepesHe™ 3HaUEHHA

p03B'ﬂ3Ky Yy By3ﬂi X41 -
- h
Yesr = Yx T 5(55 fk -59 fk71 +37 fk72 -9 fk73)‘ (9.20)
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3a [OMoMOroK LbOro 3HayeHHs PO3PaxoBYETLCA “noriepefHe”
3HaueHHs yHKUiT T 1 = f (X1, Vi) Y HOBIA TOUL.

Ha eTani kopekTopa 3rigHo 3 MeTofoM Agamca 4-ro nopsgky no
3HAYEHHAX Y BY3MaX X, _o, X, _1, Xgs Xc4q PO3PAXOBYETLCA "OCTATOY-

He" 3HAYEHHA PILLEHHA Y BY3/i Xy 1 :
h
Yir1 = Yk +£(9 fq +19f =5f, 4 + f, ). (9.21)

Cxema NpeguKTop-KOPEKTOP A5 06UMCNEHHS Y. TaKa.

1. BukopucTaTy npeaukTop ansa obumcnedHs y %) — nouarkoso-

ro HabNMXXeHHA A0 Yn.q. oknacTu i=0.

2. OBUMCUTY (PYHKLiO, NOK/NABLLIN fn(jr)l = f (Xhu1s yr(fjl :

3. O6uncnnTy Kpatie Ha6mkenHs y(), 3a thopmyno KopekTo-

pa, BBaxkaroun f. ., = £

n+l -
(i+1)

4. AKWo |y, — y,(L)l > 33[]aHOro A0NycKy, T0 36iNbWnTK | Ha 1

Ta nepeiiTin 0 KPOKy 2; B iHLLIOMY BUNaaKy NoKnacTn y,,; = y&ib.

Peanisauito anroputmy mMetogy Ajgamca — beludgoprca HaBefeHO
B licTuHry 9.6. [ng uiei peanizauii B3aTo faHi 3 npuknagy 9.3.

JNicTtuHr 9.6. Peaniszauisa anroputmy Agamca — beludopTca
# -*- coding: cp1251 -*-
import numpy as np
from math import exp,fabs

def RP44(X,Y):
return 2*(X**2+Y)

def RealFunc(X):
return 1.5*exp(2*X)-(X*X)-X-0.5

def Runge44(X,h,Y,n):
print "*MeTog PyHre-KyTtTa 4-ro nopsigky"*
for i in xrange(0,n):
X[i+1]=X[i]+h
F1=RP44(X[i],YTi])
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F2=RP44(X[i]+h/2.,Y[i]+h/2.*F1)
F3=RP44(X[i]+h/2.,Y[i]+h/2.*F2)

F4=RP44(X[i+1],Y[i]+h*F3)
Y[i+1]=Y[i]+(F1+2*F2+2*F3+F4)*h/6.
er=fabs(RealFunc(X[i+1])-Y[i+1])

if er>maxi:

max=er

print ""X[%d]=%.8f-->Y[%d]=%.8f-->Real Y =%.8f--
>Error=%.8f" %(i+1,X[i+1],i+1,Y[i+1],RealFunc(X[i+1]),er)

def Adams_Bashforts(X,h,Y,n):

print ""MeTog Agamca—beludopTta'

for i in xrange(3,n):
Y[i+1]=Y[i]+(h/24.)*(55*RP44(X[i],Y[i])-59*RP44(X[i-1], Y[i-1])+\
37*RP44(X[i-2],Y[i-2])-9*RP44(X[i-3],Y[i-3]))
er=fabs(RealFunc(X[i+1])-Y[i+1])

if er>maxi:

max=er

print "X[%d]=%.8f-->Y[%d]=%.8f-->Real Y =%.8f--
>Error=%.8f" %(i+1,X[i+1],i+1,Y[i+1],RealFunc(X[i+1]),er)
maxi=0

n=10

h=1./n

X=np.array([0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.])
Y=np.array([1.,0.,-0.,0.,0.,0.,0.,0.,0.,0.,0.])
Runge44(X,h,Y,n)
Adams_Bashfort(X,h,Y,n)

Pesynbtatn po60oTM nporpamMn HaBefeHO Yy ficTuHry 9.7.
OCHOBHe  HaBaHTaXeHHA Yy  MporpamMi  BUKOHYE  (DYHKLUf
Adams_Bashforts, Ha BXxif AKOT NogalTbCA faHi, po3paxoBaHi Ha
nepLIOMy Kpoui 6araTOKpoOKOBOro airopuTMy 3a LOMOMOrow (yHK-
Uit Runged4. O6uagi ¢yHKUIT MatoTb OAHAKOBI BXigHI NMapameTpu:
X — poboya TouKa; h — KpoK; Y — BEKTOp MO4aTKOBMX YMOB, AKWUI
MicNA BUKOHAHHA YTpUMyBaTMMe po3paxoBaHi AaHi; N — KifbKiCTb
TOYOK. PyHKLia RP44 pospaxoBye NoxifHy B NOTPi6GHil Touui, dy-
HKUis RealFunc po3paxoBye fiicHe 3Ha4YeHHs PYHKUIT B TouLi X.
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NicTuHr 9.7. PesynbTatyt po60TH NporpaMu
>>>
MeTog PyHre—KyTTa 4-ro nopsagky
X[1]=0.10000000-->Y[1]=1.22210167-->Real Y=1.22210414--
>Error=0.00000247
X[2]=0.20000000-->Y[2]=1.49773064-->Real Y=1.49773705--
>Error=0.00000640
X[3]=0.30000000-->Y[3]=1.84316587-->Real Y=1.84317820--
>Error=0.00001233
X[4]=0.40000000-->Y[4]=2.27829046-->Real Y=2.27831139--
>Error=0.00002093
X[5]=0.50000000-->Y[5]=2.82738964-->Real Y=2.82742274--
>Error=0.00003310
X[6]=0.60000000-->Y[6]=3.52012537-->Real Y=3.52017538--
>Error=0.00005001
X[7]=0.70000000-->Y[7]=4.39272680-->Real Y=4.39279995--
>Error=0.00007315
X[8]=0.80000000-->Y[8]=5.48944418-->Real Y=5.48954864--
>Error=0.00010446
X[9]=0.90000000-->Y[9]=6.86432478-->Real Y=6.86447120--
>Error=0.00014641
X[10]=1.00000000-->Y[10]=8.58338196-->Real Y=8.58358415--
>Error=0.00020219
MeTtog Agamca — Beludopta
X[4]=0.40000000-->Y[4]=2.27804735-->Real Y=2.27831139--
>Error=0.00026405
X[5]=0.50000000-->Y[5]=2.82673848-->Real Y=2.82742274--
>Error=0.00068426
X[6]=0.60000000-->Y[6]=3.51893335-->Real Y=3.52017538--
>Error=0.00124203
X[7]=0.70000000-->Y[7]=4.39079188-->Real Y=4.39279995--
>Error=0.00200807
X[8]=0.80000000-->Y[8]=5.48648674-->Real Y=5.48954864--
>Error=0.00306190
X[9]=0.90000000-->Y[9]=6.85998622-->Real Y=6.86447120--
>Error=0.00448498
X[10]=1.00000000-->Y[10]=8.57719808-->Real Y=8.58358415--
>Error=0.00638607
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AubepeHLianbHOro  PiBHAHHA

Mpuknag 9.5
MeTogom Agamca i3 Kpokom h=0.1 oTpumMaty 4MCnoBuin PO3B'A30K

y'=(y+x)?i3 Mo4aTKOBUMM yMOBaMM

y(0) =0 Ha iHTepBani [0, 1.0]. YuncnoBuit po3B'a30K MNOPIBHATU 3 TOUHUM

po3B'A3KOM Yy = tg(X)—X .

Po3B'A3aHHA. Lle 3aBgaHHA Ha NepLuiii MONOBWHI iHTepBasy 36iraeThbes i3
3aBfaHHsAM npuknagy 9.1. ToMy AnA 3HaXOMKEHHS PO3B'A3KY B NepLumx
By3Nax BMKOPWCTOBYBATUMEMO Pe3yNbTaTh PO3B'Si3aHHA Tiel 3agadi MeTo-
oM PyHre — KyTTa 4-ro nopagky (ta6n. 9.8).

Ta6nuysa 9.8

PesynbTaTty po3paxyHKiB npuknagy
K Xk Y f(Xk,Yk) Yroun &
0 |00 0,0000000 0,00000000 0,000000 0,0000000
101 0,000334589 0,010067030 |0,00033467 0,8301E-07
2 0,2 0,002709878 0,041091295 |0,002710036 0,1573E-06
3103 0,009336039 0,095688785 |0,009336250 0,2103E-06
4 |04 0,022715110 0,178688064 |0,022793219 0,781090E-04
5 105 0,046098359 0,298223418 |0,046302490 0,204131E-03
6 (0,6 0,083724841 0,467479658 |0,084136808 0,411968E-03
7 10,7 0,141501753 0,708125200 |0,142288380 0,786628E-03
8 (08 0,228133669 1,057058842 |0,229638557 0,150489E-02
9 (09 0,357181945 1,580506443 |0,360158218 0,297627E-02
10 1,0 0,551159854 2,406096892 |0,557407725 0,624787E-02

9.3.3. MeTog MinHa

Y ubOMy MeTOfi Ha eTani NPorHo3y BUKOPWUCTOBYHOTL (hOpMyy

MinHa

4 1 1 1
Vit = Yia + 3NV =Yg+ 2V 0) + o(h°), (9.22)

ne O(h°) =%h5y(5) — Noxu6Kka hopMyM NPOrHO3Y, a Ha eTani Ko-

pekuii — hopmyna CumncoHa
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4 L} 1 T
Yiia = yi—1+§h(y i tayity i71)+0(h5), (9.23)

TyT O(h®) = —% h°y® | — noxn6ka thopmynn KopekLiji.

YKa3aHi Noxmbky B 060X (hopmyniax Hacnpasgi B iTepayiiiHoMy
NpoLieci He BUKOPUCTOBYHOTLCS, a MOTPIOHI NnLle ANns OLiHHBaHHS
NOXMBKM MeTody. 3HAYeHHs MOXiAHMX Yy hopMynax NpUAMaKTb
PIBHUMY 3HAYEHHIO MPaBOT YaCTUHW AUMEPeHLia/IbHOrO PiBHAHHS.

MeTog MinHa BigHOCATb [0 MeTOZiB 4-ro NopagKy TOYHOCTI Ye-
pe3 Te, WO B HbOMY BiIKMAOTHCS Y/IEHN, L0 MatoThb h y m'ATOMY Ta
BULLMX CTeneHsaX. Moye BUHWKHYTU NUTaHHA: HaBiLL0 NOTPibHa KO-
PeKLisi, AKLO0 NPOrHO3 Y)Xe Mae 4-i NopsafoK TOYHOCTI?

Bignosigb Ha Le NUTaHHA Aa€e OuiHKa BifHOCHOI BEIMUMHK Yne-
HiB, L0 BM3HAYaOTb MOXMOKY. Y LbOMY BUNafKy MOXunbKa 3pi3aHHs
npv KopekLuii y 28 pa3 MeHLUa i TOMy NpeLCcTaB/se BeNMKUIA iHTepec.

3azHauMmo, Lo (opMyM KOpeKLii Habarato TOYHiLWi, HiXK dop-
MY/IN MPOTHO3Y, | TOMY X BUKOPUCTaHHS BUNpaBAaHe, Xou i MoB'a-
3aHe 3 04aTKOBMMM TPYLHOLLAMU.

Hwxue HaBeaeHo 6/10K-CXeMy AaHOro Metogy (puc. 9.5). Lia cama
6nok-cxema crnipasegnvea i ais metogy Xemmira (n. 9.3.4) — not-
PiGHO nuLLIE 3aMiHMTY hOPMYM NPOTHO3Y Ta KOPEKLIil.

Peanisayis 3anponoHOBaHOro asropuTMy MPOMNOHYETLCA AK Cca-
MOCTIiiHa BrpaBa.

9.3.4. MeTog XeMMiHra

Lle cTifikuin meTog 4-ro nopsfKy TOYHOCTI, B OCHOBI SIKOTO fle-
Xarb Taki (hopMy/in NPOrHo3y:

4 1 1 1
Yo = Ynos +§h(2y nT Yot 2y n—z) +O(h5) ) (9.24)

ne O(h°) =%h5y(5) — NoXn6Ka (hopMyNn MPOrHO3Y, a Ha eTani Ko-

pekuii — hopmyna
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1 1 1 1
Yni =§[9yn - 2yn—2 +3h(y n+1t 2y n—Y n—l)]+o(h5) , (9.25)

TyT O(h®) = _4—10 h°y® | — noxubka hopmynmn Kopekii.

Ocob6nuBICTIO METOAY XeMMIHra € Te, L0 BiH [J03BO/SE OLiHIOBA-
TW NMOXMOKMW, LLIO BHOCATLCA HA CTafifAxX NPOrHO3y i KOpekLii Ta k-
BifOBYBaTU iX. 3aBAAKN NPOCTOTI Ta CTIAKOCTI Lel MeTOZ € O4HUM 3
Hal6iNbLL NOLIMPEHMX METO/IB NPOrHO3Y Ta KOPEKLIil.

Bnok-cxemy meTofy HaBefeHO Ha puc. 9.5. MOTPiGHO NnLwe 3ami-
HWUTW B Hili POPMYNM NPOrHO3Y Ta KOPeKLiT.

9.3.5. MeTog llNipa
OfHuM i3 meTofiB PyHre — KyTTa OTpYMaEMo po3B'A30K Y1, Yz, Y3
3apadi Kowi
y'=f(x¥), y(%) = Yo (9.26)

Y TOUKAX X1, X2, X3. B OKOMI By3NiB Xo,. . ., X4 LLYKaHUIA PO3B'A30K Y(X) Habnn-
YKEHO 3aMiHUMO IHTEPNONALIRHIM NONIHOMOM HbOTOHA 4-r0 CTeneHs:

Y(X) = Yo + Yor (X = Xg) + Yor2 (X =X )(X = %) +
+Yo123 (X = Xp)(X =X )(X = X ) +
+Yo1234 (X = X0 ) (X = X ) (X = %2 ) (X = X3), 9.27)

A€ Yor,-.-,Yo1234 — NOAINEHI Pi3HMLi 3 1-ro A0 4-ro Nopsaaky.
JiBy YaCTUHY PIBHSHHSA (9.26) HabONMKEHO 3HaANAEMO AntepeH-
L[itoBaHHAM MO X noniHoma (9.27):

Y'(X) = Yo1 + Yor2 (X — Xg + X=X) +

+ Yo123 [(X_ X)(X = %) + (X = %o )(X = Xp) + (X = % ) (X — Xz)] +

+ Yorzaa [ (X= %) (X = X ) (X = Xp) + (X = X ) (X = % )(X = X3) +  (9.28)
+ (X = %p) (X = X2 )(X = X3) + (X = X )(X = Xp ) (X — Xa)]-

MoaineHi pisHULi Ans piBHOBIAAaNEHNX BY3/iB BUpaXatoTb Yepes
BY3/10Bi 3HAUYEHHS anpPOKCUMYHOUOT DYHKLIIT:
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Yor =(¥1—Yo) /N,
Yorz = (Y2 = 2¥1 + Yo) / (2h%),
Yotzs = (Y3 +3Y2 +3y1 — Yo) / (61°),
Yoi2aa = (Y4 —4Y3+6Yy, —4y; + Yo) / (24h),
Ae h=X;—%.
Mpuiimatoun y BUpasi Ans NoXigHOT (9.28) 3HAYEHHS aprymeHTy
X = X4 | BPAXOBYHOUMN 3HAUEHHSA MOAINEHNX Pi3HULb (9.29), OTPMMAEMO

(9.29)

Y'(X4) =(Byg —16y; + 36y, —48y; +25y;)/ (12n).  (9.30)
3 iHWOro 60Ky, PiBHAHHSA (9.26) NPY X = X, HabyBae BUrNAaY

y'(Xg) = F(Xq,¥a) - (9.31)

MpypiBHAEMO NpaBi YacCTMHW CMiBBiAHOWEHL (9.30) Ta (9.31) i
3HaigeMo

Y4 =[3(4hf (X4, Y4) — Yo) +16Yy; —36Y, +48y;]/25. (9.32)

dopmyna (9.32) ABNsE COO0K HesaBHY cxeMy [[ipa 4-ro nopsagky
Ana po3B'asyBaHHA 3agadvi Kolwli. 3MiHIOUM KifbKICTb BY3NiB X,
MOXXHa aHanoriyHMM Crnocobom oTpumaTy topmynu [Fipa K HMXK-
ymx, TaK i BULLMX NOPAAKIB.

HesBHi anroputmm lMipa Haile(heKTUBHILLI A1 PO3B'A3YBaHHSA TaK
3BaHWUX YXOPCTKUX PiBHSHb, 0COGMBICTHO SIKMX € MOBIiNbHA 3MiHa TXHIX
PO3B'A3KIB 3@ HasABHOCTI LUBWAKO 3aTyxaroumx 36ypeHb. XKOpCTKMMU
PIBHAHHAMW MOZLENIOOTLCA NepexifHi NPoLecH B HeNiHIMHUX enekT-
POHHMX CXeMax i 3aCTOCYBaHHS HeBHUX METOLIB MPUCKOPIOE iHTer-
pyBaHHA Ha feKifbKa NopAAKiB NOPIBHAHO 3 ABHUMW METOAaMMU.

LLLo6 ogepxkaTh 3HaYEHHS Y4 3 PIBHAHHSA (9.32) MOXHA 3aCTOCYBa-
T MeTOA NpocTuX iTepauiin. OaHak ans peanisauii nepesar HesBHO-
ro MeTofy CTOCOBHO BMOOPY KPOKY MPW IHTErpyBaHHI >KOPCTKUX Pi-
BHAHb PEKOMEHAYETbCA BWMKOPUCTOBYBaTW MeTof HbtoToHa. s
Oy[ib-AKOro 3 BUOpaHMUX MeTOLiB MOTPIGHO 3HAaTW No4vaTKoBe HabAn-
YKEHHS1 [0 LYKaHOT BEeNMUnHKN y,. MpuiiMaroun y Bupasi ans noxia-
HOT (9.28) 3HaYEHHSA apryMeHTy X=Xz, OTPUMAEMO

y'(Xg) =(=Yo +6y; —18y, +10y3 +3y,) / (12h).  (9.33)
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Bugectu
Xo. Yo

Fipy=F(Xo, ¥o)

kyi=h-F( X1, Yie1)
k:=h-F(X1+h2 Yi+ko'2)
k= h-F(Xa+h2, Ya+ki2)
k= hF(Xa+h2 Yia+k)

Xi= Xia+h;
Yi= Yia+(k+2h+2k+k3) 6,
Wi =F(X:, ¥3)

Bugectn
Xi, Yi

1 — KiNBKICTE iHTEpBATE;
i — KPOK; £ — TOMHICTS;

F - i ¢ysxuil, #xa
BH3HaYaE npasy wactuny P
Maaie ¥1— gna 30epiranHs
3Ha4eHs npasoi vactunu JP

Iumoduvo 11, ¥, ¥3,2a
metomom Pymre-Kyvrra
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Yia:= Yiat2h Q¥ Yiese 22);

Xi=Xi+h
B =¥
N
|
A:=B;

Vier=F(Xer
B :=Yo+h*( B:=F1m+4 N+ F11)/3

koo

Y= B
a-{—l

[=7




MpvpiBHIOKOYM NpaBi YaCTVHU BUXIAHOTO PIBHAHHA (9.26) Mpwu
X = X3 Ta BUpasy (9.33), OLeP>KMMO CXeMy NPOrHO3y, 3a AKOK MOXHa
3HaTN NOYaTKOBE HABGMVXEHHA ANS PO3B'A3KY PIBHAHHS (9.32):

Vi =40 1, y3) + 2108

S _2y,+6y,. (9.34)
Peanizauito metogy lMipa y surnagi mogynsa Python HaBeaeHO y
nictuHry 9.8.

NictuHr 9.8. Peanisauia metoay Nipa
import numpy as np
from math import fabs
def RP(P,X,Y,F):
F[1]=Y[2]
F[2]=((P/X)**2-1.)*Y[1]-Y[2])/X
return F

def Gir(P,X,h,Y,n):
F=np.zeros((4)); Y1=np.zeros((4))
D=np.zeros((3,9))
H4=4*h
for k in xrange(3):
for i in xrange(1,n+1):
D[k,i]=Y[i]
RK4(N,X;h,Y)
X+=h
print **X=%.8f-->Y[1]=%.8f-->Y[2]=%.8f" %(X,Y[1],Y[2])
while True:
RP(P,X,Y,F)
for i in xrange(1,n+1):
Y1[i]=Y[i]
Y[i]=(D[0,i]-10.*Y[i])/3.-2*D[1,i]+6.*D[2,i]+H4*F[i]
X+=h
RP(P,X,Y,F)
for i in xrange(1,n+1):
Y[i]=(48.*Y1[i]-36.*D[2,i]+16*D[1,i]-\
3.*(DI0,i]-H4*F[i]))/25.
D[0,i]=D[1,i]
D[1,i]=DJ2,i]
615



D[2,i]=Y1[i]
print "X=%.8f-->Y[1]=9%.8f->Y[2]=%.8f" %(X,Y[1],Y[2])

if (X>=X9) == (h>0.):
break

return X,Y,h

Hanucatu nporpamy 3acTOCyBaHHSI 3anporoHOBAaHOro MOAY/S
peanisauii metogy ipa (nicTuHr. 9.8) NPONOHYETHLCS K CaMOCTIl-
Ha Bnpasa.

KOHTPO/IbHI 3anuUTaHHsA

1. Bif, 4oro 3a1eXmTb TOUHICTb OTPUMYBAHOTO pe3ynibTaTy?

2. Lo Take fKiCTb "camocTapTyBaHHsA"?

3. Y YoMy BigMIHHICTb OfHOKPOKOBWX METOAIB Bif 6araTOKPOKOBUX?

4. Hackifbkn TOYHiWMin mogudikoBaHuin meTof Einepa nopiBHAHO 3i
3BMYANRHUM?

5. AKUM YMHOM BMU3HAYAETLCA NOPAJO0K TOUHOCTI MeToay?

6. MeTtog PyHre — KyTTa 2-ro nopsgky.

7. MeTop PyHre — KyTTa 4-ro nopsigky.

8. Metog PyHre — KytTa — MepcoHa.

9. AKkuiA roNoBHWIA HefoNiK 6araTOKPOKOBMX METOAIB?

10. Big 4oro 3aneXxuTb TOYHICTb 6araToKPOKOBMX METOLiB?

11. MepepaxyBaTy NepeBary MeTOAIB MPOrHO3Y Ta KOpeKLii.

12. Metog Azamca.

13. MeTtog lipa.

14. MeTtof XemMiHra.

15. Y mMoXKHa BUKOPMCTOBYBATU OLHOKPOKOBI Ta 6araTOKpOKOBi METO-
OV ANs pO3B'A3yBaHHA CUCTEM 3BUYANHUX AudepeHLia/IbHUX PIBHAHL?

16. CKiflbKM NOYaTKOBMX YMOB Mae 6YTW 3aJaHO [N PO3B'A3YBaHHS
KpaioBoi 3agadi?

17. Pi3HULEBMIA MeTO/, PO3B'A3aHHS KpalioBOi 3afaui.

18. MeTop cTpins6m.
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Jdoaoatok A

KJTACU _
BUHATKOBUX CUTYAUIN

Huue HaBefleHO HeobXxiaHY Ans NPoteciinHOro NporpaMyBaHHs
MoBolO Python aoBigkoBy iH()opMaLito NPo BM3HAYeHi BMHATKOBI
cuTyauii.

Kog, kopucTyBaua MOXe reHepysaTty BOY[OBaHi BUHATKOBI CUTYya-
uii. Lito BNacTuBIiCTb MOXHa BUKOPUCTOBYBATU A5 NepeBipkn 06pob-
KV BUHATKOBOI CUTYyaUii abo, L1406 NoBiZOMUT NPO NOMWIIKY B "npoc-
TO CXOXIl" cUTyauii, B AIKili iHTEpNpeTaTop reHepyBaTUMe Taky camy
BUHSATKOBY CUTYaLlit0; OfIHaK 6yfbTe YBaXKHI — HEMAE HiYoro, Lo Mo-
e 3aXMCTUTMN KOL KOPUCTYBaua Bif, reHepyBaHHS MOMUKW.

HacTynHi BUHATKOBI CUTYyauil BUKOPUCTOBYHOTLCA TiflbKM SIK Oa-
30Bi Knacu gns iHLWKX.

Exception

€ 6a30BMM KNacoM [ BUHATKOBUX CUTYaUiid. YCi BOYLOBaHi BUHS-
TKOBI CMTyaLil yCnagKoBYOTb Bifj HBOr0. YCiM BU3HAYEHUM KOpUC-
TYBauyeM BUHATKOBMM CUTYaLiiM TakOX BapTO YCMaLKOBYBaTW Bif
HbOro, ane ue (We) He KaTeropuyHa Bumora. ®yHkuis str() npu 3a-
CTOCYBaHHI [10 eK3eMnnspa Lboro Knacy (abo Ao 6inbwocTi ycnaj-
KOBaHMX K/aciB) noBepTae psAKoBe 3HAYEHHS apryMeHTy abo apry-
MEHTIB, X04Ya MOXe [MOBEPHYTU I TMOPOXHIA PAAoK, AKLWO
KOHCTPYKTOPY He 6yn0 nepefaHo apryMeHTU. Ipn BUKOPUCTaHHI AK
NnocnifoBHOCTI Hajae JOCTYN [0 aprymeHTiB, AKi nepefaHO KOHC-
TPYKTOPY (3pYYHO A1t 3BOPOTHOI CYMICHOCTI 3i CTapuM Kofdom). Ap-
FYMEHTU K KOPTEX TakoX LOCTYMHI B aTpubyTi args ek3emnnspa.

StandardError

€ 6a3’0BMM KnacoM [Ans BCiX YyOyA0BaHUX BUHATKOBUX CUTyauii,
Kpim SystemEXxit. StandardError y cBOK 4epry ycrnagkoBye Bif
KopeHeBoro knacy Exception.
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ArithmeticError

AB/1Sie 0600 6a30BUI KNac 418 TUX YBYL0BaHWUX BUHATKOBUX CUTY-
auin, AKi BWHUKAKOTb MNpU  PI3HUX apUPMETUYHUX MOMUIIKAX:
OverflowError, ZeroDivisionError, FloatingPointError.

LookupError

€ 6a30BMM KNacoMm [ BUHATKOBUX CUTYaLlil, IKi BUHWKaIOTb, KON
K/1t0Y abo iHAEKC Mpu 3aCTOCyBaHHI A0 BifobpakeHHs abo nocnigo-
BHOCTI BMSIBNAETLCA HEKOPEKTHUM: IndexError, KeyError.

EnvironmentError

€ 6a30BMM K/1aCOM N5 BUHATKOBMX CUTYaL|ild, Ki MOXYTb BUHUKHY T
3a mexkamun Python-cuctemu: 10Error, OSError. Konm BUHATKOBA
CUTyaLis LbOro TUNy CTBOPHETLCA MOABIMHMM KOPTEXEM, MepLUnii
eNeMeHT JOCTYNHUIA SiK aTpubyT errno eksemnnspa (nepegbaqaeTses,
L0 Le HOMep NOMWIKK), a APYTWil eNeMeHT Yepe3 aTpubyT strerror
(3a3Buyaii, Ue NOBILOMIEHHA MPO MOMWJIKY, acouiiioBaHe 3 KOAOM
nomunkm). Cam KOPTEX AOCTYMHUIA Yepes aTpubyT args.

Konu  noOpomKyeTbCA  eK3eMMNAsp  BMHATKOBOI  CUTyauil
EnvironmentError i3 NOTpiiHUM KOpTeXeM, MepLui 4Ba eneMeHTy
AOCTYNHI, SIK YKa3aHO BuWLUe, a TPeTiii — yepe3 aTpmbyT filename.
OpHaK, Ans 3BOPOTHOT CYMICHOCTI, aTpubyT args MICTUTb TiflbKK
MOABINHMIA KOPTEX NepLUMX ABOX apryMeHTIiB KOHCTPYKTOpa.

AKLLO L0 BUHATKOBY CMTYaLlit0 CTBOPEHO He 3 TPbOMa apryMeH-
Tamn, To aTpubyT filename popisHioe None. ATpubyTn errno Ta
strerror TakoX piBHi None y BUNagKy, KON eK3eMMNisp CTBOPEHO
He 3 ABOMa abo TpbOMa aprymeHTamu. Y LbOMy pasi args MiCTUTb
[OC/NIBHO apryMeHTV KOHCTPYKTOPa K KOPTEX.

HaBefeMo BUHSTKOBI CUTYaUil, IKi peanbHO MOXYTb BUHUKATK i
€ 06'eKTamu.

AssertionError
BMHWKAE, KON OrnepaTop assert 3a3Hae HeBfaui.
AttributeError

3'ABNAETLCA, KOMW NOCUNaHHA ab0 NMPUCBOKOBAHHA aTpUbY Ty 3a3Hae
HeBfaui. (FKWO 06'€KT 30BCIM He MILTPUMYE MOCUMAHHA Ha aTpu-
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OyT abo MpUCBOOBaHHA aTpMOYTY, MAEMO BUHATKOBY CUTYaLito
TypeError.)

EOFError

BUHMKaE, KOMM ofHa 3 YbygoeaHuX (QyHKUin input() ab6o
raw_input() 3ycTtpiyae KiHeup haitna (EOF), He NpounTaBLUM XKOA-
HuX gaHux. (Ane metoaum read() i readline() daiinoBmnx 06'ekTiB Mo-
BEPTatOTb NOPOXKHIl PSAOK, KONM BOHW 3ycTpivatoTb EOF.)

FloatingPointError

3'ABMIAETLCA, KONW Onepauis Haj YuciamMu 3 pyXOMOK Kparikor 3a-
3Hae HeBfaui. Lia BUHATKOBaA CUTYaLif 3aBXAM BU3HAYEHa, a/ie MOXe
BUHMKATU NnLLe Tofi, Konu Python ckoH(irypoBaHo 3 onuieto

-with-fpectl a6o i3 cumsonom WANT_SIGFPE_HANDLER,
BU3HayeHuUM y haiini config.h.

IOError

BMHMKAE, KON onepaLis BBeAeHHS/BUBEAEHHS (3a AOMOMOrOH one-
paTtopa print, y6yaosaHoi yHKuii open() abo MeToay (hainnoBoro
06'ekTa) 3a3Hae HeBAadi 4epes NPUUMHY, MOB'A3aHY 3 YBeAEeH-
HAM/BUBEAEHHAM, HanpuKnag, "tain He 3HaigeHo™ abo "ancK nepe-
nosHeHuin". Lleid knac nmopomkeHwid Big EnvironmentError. Ou-
BiTbCA 0OroBOPEHHS, HaBefeHe BULLE, LLO6 ofepxaTu [0LATKOBY
iHhopMaLLito NPo aTpMbY TN eK3EMNSPA BUHATKOBOI CUTYaLlil.

ImportError

3'ABMIAETLCA, KON OMepaTop import 3a3Hae HeBfayi B MOLIYKY BU-
3HaYeHHs mogyns abo, konm from ... import 3a3Hae HeBgadi B no-
LUYKY iMMOPTOBAHOTO iIMEHI.

IndexError

BUHWKaE, KONW iHAEKC MOCNiLOBHOCTI BUSBNAETLCA 3a MeXaMu fia-
nasoHy. (IHAeKCK 3pi3iB MOBYKM 06pi3at0ThCs Tak, Wo6 NoTpanuTy B
AONYCTUMY 061aCTb; AKWO IHAEKC He € 3BMYaHUM UMM, MaeMo
BUHATKOBY cuTyaLito TypeError.)
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KeyError

3'ABMAETLCA, KON K04 Bifo6paKeHHs (CNOBHMKA) He 3HaiAeHo B
Habopi HasBHNX KITHOYIB.

Keyboardinterrupt

BMHWKAE, KON KOPUCTYBay HaTWCKae KnaBili nepepvBaHHsA (3BU-
yaiiHo, Ctrl-C a6o DEL). Mpu BMKOHaHHI NepeBipKa nepeprBaHHs
30IACHIOETLCA PerynapHo. HaTuCKaHHA nepepvBatouMx Kasill Yy
TOl vac, Konu B6yaoBaHi GyHKUiT input() abo raw_input() o4iky-
t0Tb YBEEHHS, TaKOX FeHepYE L0 BUHATKOBY CUTYaLito.

MemoryError

BUHWKaE, KON OnepaLis BuYepnye nam'sTb, ase CUTYaLi0 MOXHa
BCE Ll BpATYBaTK (Hanpuknag, BuaanvMBLUM 3 NaM'sTi KiflbKa 00'eK-
TiB). AcoLiiioBaHe 3HaYeHHs — Lie PAAOK, WO MOKa3ye, sika (BHYTpi-
LLIHA) onepavis BMYepnasa nam'arb.

3a3HaunMo, WO Yepes apXiTeKTypy KepyBaHHA Nam'aTTio, Lo fie-
XXuTb B ocHOBI ((pyHKUiT malloc() moBu C), iHTepnpeTaTtop He 3aB-
XN MOXE MOBHICTHO BiAHOBUTUCA B TaKili cuTyauii; npoTe , BiH re-
Hepye BUHATKOBI cUTyaUii A1 Toro, wob MoXKHa 6yno HaapyKyBsaTtm
CTaH CTeKy B pasi, KO/n npuynHa 6yna y BUKOHYBaHii nporpami.

NameError

BMHWKaE, KON He 3HaiaeHo rnobanbHe abo fokanbHe im'a. Lie cTo-
CYETbCA TiNIbKN HEBM3HAYEHUX iMeH. AcOLiioBaHe 3HAYEHHS € iMe-
HeM, sike He By/0 BUSIB/IEHO.

NotimplementedError

€ BMHATKOBOIO CUTYyaLlicto, AiKa ycnagkosye Big RuntimeError. Ti
MOBWHHI reHepyBaTy abCTPaKTHI MeTOAN BU3HAYEHWUX KOPUCTYBaYeM
6a30BUX K/1aciB, KON BOHW BUMaratoTb NepeBU3HAUEHHS LMX MeTo-
[iB B YCNagKoBaHMX Kacax.

OSError

€ K1acoM, ikl ycnagkosye Bifg EnvironmentError Ta Bukopuc-
TOBYETbCS B OCHOBHOMY SIK BUHATKOBA CUTYyalisi 0S.error mMogy-
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na os (aus. Buwe EnvironmentError cTOCOBHO MOX/IMBUX acoLli-
I0BaHUX 3HaYeHb).

OverflowError

BUHWKAE, KOMN pe3ynbTaT apumMeTUYHOI onepawii 3aHagTo Benu-
KuiA. He BUHUKae ans JoBrux winmx (npy 06pobui skux y pasi npo-
6nemn pagle reHepyeaTumeTbcsi MemoryError). Yepes BigcyT-
HIiCTb CTaHAApPTU30BaHOT 06POOKM BUHATKOBMX CUTYaL|ii Ans ymncen
i3 pyxoMot0 Kparkot B MoBi C, 6ifbLUICTb onepaLii i3 TakuMmm ync-
naMmn He nepeBipAOTLCA. [N9 3BUYAHUX UinMX yci onepawii, sKi
MOXYTb BUKIMKATX MEPENOBHEHHS, NEpPeBipAtOTbCA, 3a BUHATKOM
no6iTOBOro 3CyBY NiBOPYM, AN SKOr0 3HUKHEHHS NiBOro 6iTa 3a3Bu-
yain irHopyeThbCs.

RuntimeError

3'ABMIAETLCA, KONMM BUHUKAE MOMWUIKA, L0 He MOTPanse B XXOAHY 3
IHLUMX KaTeropiin. AcoLiiioBaHNM 3HAYEHHAM € PALOK, AKWUA TOYHO
BKasye, Y Yomy piy. (Lig BUHATKOBA CUTYyaLid € PenikToM ronepea-
HbOI BepcCiT iHTepnpeTaTopa Ta BUKOPUCTOBYETLCA He HAZTO YacTo.)

SyntaxError

BVHVKAE, KOMN IHTEPMPETaTop 3yCTPiYae CUHTAKCUYHY MOMWMKY. Lle
MOXe TpanuTuCs B Oorepatopi import, exec, y BUKIUKY BOYL0BaHOT
(yHkuiT eval() abo input(), a TaKOX NP 34ATYBaHHI CKpUMTa 3i CTaH-
[apTHOTO MOTOKY BBEAEHHS(a TaKOX B IHTEPAKTUBHOMY PEXMMI).

Konu BMKOPWCTOBYIOTLCS KNacoBi BUHATKOBI CUTYaLil, eKk3emr-
napv uux Knacie maroTb aTpubyTtu filename, lineno, offset Ta text
AN8 3pYYHOr0 LOCTYNy [0 AeTaneid; Ans psALKOBUX BUHATKOBUX CU-
Tyauiinl acouilioBaHe 3HaYeHHs 3a3BUYali € KOPTEXeM Y BUINAL
(message, (filename, lineno, offset, text)). Ans KNacoBUX BUHATKO-
BUX CUTYaLiin str() NoBepTae TiNIbKM NOBIAOMEHHS.

SystemError

BUHWKaE, KOMN iHTEPNpeTaTtop BUABNSAE 30BHILUIHIO MOMWIKY, ane
CUTYyaLia He BUrNsAa€e 30BCiM 6e3HafiiiHOK. ACOLiioBaHe 3HAYEHHS
BKas3ye, L0 Bif6ynocs (Y HU3bKOPIBHEBMX TepMiHax).
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SystemEXxit

€ BWHATKOBOIO CUTYaLi€o, fIKa IHILIETLCA (PYHKLiE Sys.exit().
AKLLO TI He 06pobuTw, iHTepnpeTaTop Python 3aBepLuye po6oTy; Npu
LLbOMY He BMBOAWUTLCA CTaH CTeKy. Y pasi, KONM acouiiioBaHe 3Ha-
YEeHHS € 3BMYaNHUM LiIMM, BOHO BM3Ha4ae CUCTEMHWIA CTaTyC BUXO-
Ay (Sknin nepepaeTbes y QyHKLito exit() mon C); SKLIO BOHO Aopi-
BHIOE None, cTatyc Buxogy 6yze Hy/IbOBUM; SKLLO BOHO Ma€ iHLUNIA
™MN (Hanpuknag, psgok), 3HadeHHs 06'€KTa OPYKYETbCA Ta CTaTyc
BUXOAY BCTaHOB/MOETLCA PIBHUM OAMHNLI. KON BUKOPUCTOBYHOTHCS
KNacoBi BUHATKOBI CMTyaLlil, X eK3emnnsp mae atpubyT code, y
AKOMY MICTUTbCS GaKaHWIA CTaTyCc BMXOfy abo MOBiAOMAEHHS Mpo
nomMusky (3a 3aMOBYYBaHHAM J0piBHIOE None). TakoX LA BUHATKO-
Ba CuUTyauis YycnagkoBye npamo Big Exception, a He Bij
StandardError, OCKiflbkKM HacnpaBgi Le He nomMuika. Bukimk
Sys.exit() TpaHCNETLCA Y BUHATKOBY CUTYaLito 4ns Toro, wob mo-
XHa Oyfo BUKOHATW 3aBepLuasibHi onepatopy 06pPO6KM (MYHKT
finally oneparopa try), nicng 4oro Hanarog)kysay MOXe BMKOHYBa-
TV CKpUNT 6e3 Hebe3nekn BTPATUTU KepyBaHHSA. FAKLWO abCcoMoTHO
Heo6XiAHO BWIATU HeraHO, TO MOXHa CKOpUCTaTUCA (YHKL i€
0s._exit() (Hanpwuknag, nicnga fork() y fo4ipHbOMY NpoLEC).

TypeError

BUHWKaE, Konu BOYAOBaHa ornepauis abo (hyHKLis 3aCTOCOBYETLCA A0
06'eKTa HEBIAMOBIAHOIO TUMY. ACOLiI0BaHUM 3HAYEHHAM € PSAOK,
LLLO NOSACHIOE AeTani NPo HECYMICHICTb TUMIB.

ValueError

3'ABNSETLCS, KON BOYAOBaHa onepaLlis abo PyHKLUiA oaepXye apry-
MEHT KOPEKTHOro TWNYy, afe HeBiANOBIAHOIO 3HaYeHHs, i cUTyaLito
He MOXKHa onucaTh [OK/MaAHILIOK BUHATKOBOK CUTYaLi€to, Takok
Ak IndexError.

ZeroDivisionError

BUHMKAE, KONM APYTUid apryMeHT onepauii 4ifeHHs abo B3ATTA oCTa-
4i JOPIBHIOE HY/HO. ACOLiIiOBaHE 3HAYEHHS — PSALOK, LLLO OMUCYE TUM
orepaHAiB Ta onepadii.
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Jdonatok b

CreulAIbHI METOAOU

b.1. CneyianbHi meToaM KnaciB y Python

MeTa LbOro gogaTka nonsrae B ToMy, o6 HagaTvi MOBHWIA Criun-
COK YCiX cneujianbHMX METOAIB KnaciB, BifCOPTOBaHWi 3a andasi-
TOM, i3 KOPOTKMM OMUCOM KOXHOFO MeTofy. AHaNoriyHuiA Crnmncok
MOXHa  3HalTK Ha  cepBepi Python 3a  ajpecowo
http://www.python.org/doc/current/ref/index.html.

3BepHITb yBary Ha Te, L0 B TWX BMUMaLKaX, KON BKa3yeTbCH, LLO
MeTO/[, MoBepTae pesynbTaT, HeobXiAHO CTBOPWUTM HOBWIA O6'EKT,
KoMy Oyfe mnpuceotoBaTMUCA pe3ynbTaTr. Hanpuknag, y Bupasi
X=X+Yy 06'€KTW X Ta Yy € BXiAHUMW, & B pe3y/bTaTi iXHbOro AofaBaH-
HS MOBEPTAETLCA HOBUIN 06'EKT, L0 3HOBY NPUCBOKOETHLCS 3MiHHIM X.

__abs__ (self)

Yucnosuint meToa. MNosepTae abcontoTHe 3HaveHHsi 06'ekTa self
(6e3 3HaKa).

__add__(self,other)

Yucnosuin meTog abo Metog nocnigosHocTi. [ogae self go other
abo BMKOHYE KOHKaTeHauito nocnigosHocTel self Ta other, noeepTae
pesy/bTar.

__and__(self, other)

Uncnosuin metod. lMoeepTae pesynbTaT nobitosoro | (onepauis
&) self 3 other Ta noBepTae pesynbTar.

__call__(self[,args])

MeTog Knacy Kopuctysaya. AKLL0 BUKOHAHHSA NepejaHoro Knacy
AK (DYHKUIT Ma€ CeHc, TO BUKOPUCTOBYE MOro sk mMeTos. Cnncok ap-
FYMEHTIB args He 000B'A3KOBUIA.

__cmp__(self,other)

MeToA Knacy KopucTyBaya Ta AaHWUX IHWMX TUMiB. BUKNMKaETb-
€A Npw BCixX onepaviax nopisHAHHA. MoeepTtae 1, akwo self < other;
0 — Akwo self gopisHtoe other; Ta 1 — akwo self > other.

__coerce__(self,other)
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Yuncnosuin MeTog. BuknukaeTtbcs wopasy, konm self Ta other no-
TPiGHO 3BECTM [0 OLHOrO TUMY AaHWX ANS BUKOHaHHA SAKUX-HEOyapb
maTeMaTMyHUX onepaLiii. 3a3suyaii, Tmn other 3BOAUTLCA A0 EK3EM-
nnapa knacy self, xo4a MOX/IMBO i 3BOPOTHe MepeTBOpPeHHS. MoBep-
Tae Habip (self, other).

__complex__(self)

Yuncnosumin MeTod. AKLLO Ball Kiac MOXHa NepeTBOPUTU Ha KOM-
NAEeKCHe Yncno, To 6ye NOBEPHYTO Lieli KOMMEKCHWUIA eKBIBa/IEHT.

__del__(seif)

MeTog Knacy KopucTyBada. BUKIMKaeTbCA Npu BUAaneHHi 04HO-
ro 3 eK3eMnaspiB LpOro Knacy. Mpu peanisauii NOTPi6GHO BpaxyBaTu
6araTo 0co6/MBOCTEN Ta HIOAHCIB.

__delattr__(self, name)

MeTog gocTtyny. Buknmkaetbcs iHCTpyKuieto del object.name.

__delitem__(self,key)

MeToa 06pobKM NOCNiAOBHOCTEN. BUKAMKAETLCS IHCTPYKLIED
del object[key].

__delslice__(self,i,j)

MeToa 06po6KM NOCNIJOBHOCTEN. BMKAMKAETLCA THCTPYKLiED
del object[i: j].

__div__( self, other)

Yucnosuin metog. dinuts self Ha other Ta noBepTae pe3ynbTar.

__divmod__ (self,other)

Yucnosuin metog. AinnTb 3a mogynem self Ha other Ta nosepTae
Habip i3 pe3ynbTaTy Ta ocTaui.

__ float__(self)

Yucnosumin MeTog. FKLLO YMCNI0 MOXKHA MEPETBOPUTM Ha 3HAYEH-
HS 3 PYXOMOIO Kparikoto, TO MOBepTae 1oro.

__getattr__(self,name)

MeTog goctyny. BUKIMKAETbCA TifIbKM TOAI, SKLLO 3BEpTaHHA [0
aTpubyTa object, attribute 3a3Hano Heegadyi. MoBepTae 3HayYeHHs aT-
pnbyTa abo reHepye BUHATKOBY cuTYyaLito AttributeError.

__getitem__ (self,key)

MeToa 06pobKM MOCNIAOBHOCTEN. BMKAMKAETLCA IHCTPYKLIEKD
object[key]. AK Knroui 3a3BMYail BUKOPUCTOBYHOTL LiNi uncna. Big'e-
MHE iHAEKCYBaHHS MOX/MBO NNLLIE TOAI, KOAW Kac MiATPMMYE oro.

__getslice__(self,i,j)
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MeToa 06po6KM NOCNIJOBHOCTEN. BUKAMKAETLCA THCTPYKLiED
object[i:j]. Obuaea iHgeken, i Ta j, € Linumu ymcnamun. Moxnmee
BWKOHaHHA MeTOoAY 3 BiJ'€MHVM iHAEKCYBaHHSAM.

__hash___ (se.Zf)

MeTog Knacy KopucTysada. [loBepTae 32-po3psagHe 3HAUeHHs,
SIKe MOXHa BMKOPUCTOBYBATU AK hash-iHaekc. BUKNMKaeTbCa Yy pasi
BMKOPUCTaHHS 00'€KTa Knacy KOpMCTyBaya fK K/toua ClI0BHMKA 3a
AonomMororo B6yaoBaHoi yHKLiT hash().

[na amiHoBaHKX (mutable) knacie MeTog,__hash_ He BUKIMKAETHCS.

__hex__(self)

Uncnosuin metog. MosepTae psAoK, LLLO SBMSE COOOH LLiCTHAALS-
TKOBWI €KBIBA/IEHT MepefaHoro fK napameTp Knacy.

__init__(seif], args])

MeTopg Knacy KopucTyBaya. BUKIMKaeTbCA Npy peanisawii Knacy.
Habip aprymeHTiB args He 000B'A3KOBWIA.

__int__(self)

Yucnosmin MeTod. AKLLO Knac MOXKHa 3BeCTV 4O LiNOro yucna,
noBepTaE MOro YNCIOBUI EKBIBA/IEHT.

__invert__(self)

Uuncnosuii MmeTog,. MoBepTae pe3ynbTaT No6GITOBOrO iHBEPTYBaHHS
(omepauis ~).

__len__(self)

MeTog 06po6kM nocnifoBHOCTeN. BuKnKaeTbecs BOY[0BAHOK
(yHkuieto len(). MoBepTae LOBXUHY Knacy.

__long__(self)

Uuncnosuii MeTog,. AKLLO KNac MOXXHa NepeTBOPUTY Ha LOBre Lie
3HaYeHHsl, MOBEPTAE MOro YMCI0BUIN EKBIBA/IEHT.

__Ishift__( self, other)

Uncnosuin meTod. MoBepTae pesynbTar 3cyBy NiBopyy (onepawis
") Ha KiNbKiCTb 6IT, yKasaHMX napameTpom other, abo Ha KinbKicTb
OAVMHULb K/1acy KOpUCTyBaya, AKLLO Lie Mae CeHC.

__mod __(self, other)

Uncnosuin metoa. Ainnts self Ha other Ta nosBepTae ocTauy.

__mul__ (self, other)

Uncnosuin metod. MHOXUTb self Ha other Ta noBepTae pe3ynbTar.

__neg__(self)

Yucnosuin metod. MHOXUTb Knac Ha —1 Ta noBepTae pesy/ib-
TaT. MeTog, Knacy kopucTtyBaya. [oseptae 0 a6o 1 3aeXxHo Bif
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iICTUHHOCTI NepeBipKN. BUKIMKAETLCA IHCTPYKLUiEKD if, YMOBHMMU
BMpasaMm TOLLO.

__oct__(self)

Uncnosuin metod. NoBepTae pAafgok, WO MIiCTUTb BiciMKOBE MO-
[aHHS Knacy KopucTyBaya.

__or__(self, other)

Uucnosuii MeToA. Buknnkaetbes onepavieto nobitosoro ABO (|)
Ta NoBepTae pesy/bTar.

__pos__(self)

Uucnosuii MeTof. BUKOHYE orepawito MHOXEHHS K/acy Kopuc-
TyBaua Ha 1 — onepaLiis TOTOXHOCTI.

__pow__( self, other[ ,modulo] )

Uncnosuin metod. MNigHocnTs self ao cteneHs other. Akuio nepe-
AaHo aprymeHT modulo, BuKoHye onepadito (self**other)/modulo.

__radd__(self, other)

Uncnosuin metoad. Aogae self go other Ta noBepTae pesynbTar.
BuknnkaeTbes, Hanpuknag, Bupasom 1 + class, ane He class + 1.

__rand__ (self, other)

Yuncnosuint metog. MosepTae pe3ynbTaT nobitosoro | (onepauis
&) self 3 other, ane nuiwe ToOAI, KON NiBUIA ONEpaHs, He € YIEHOM
Knacy self.

__rdiv__(self,other)

Uncnosuin metod. Ainutb self Ha other Ta noBepTae pesynbTar,
ane TiNbKW TOAI, AKLLO NiBUIA onepaHs He € uneHom knacy self.

__rdivmod__ (self, other)

Yucnosuin metog. OinnTb self Ha other Ta noBepTae Habip i3 pe-
3ynbTaTy Ta OCTayi, afie BUKIMKAETLCA TiNbKW TOAI, AKLLO NiBWiA
ornepaHA He € YneHoMm Knacy self.

__repr__(self)

MeTog Knacy KopuctyBada. BUkinkaeTbcs BOYyA0BaHOK (DYHKLi-
eto repr() Ta nif yac NepeTBOPEHHSA 3HaUYEHHSA Ha PALOK (CMMBOamMu
3BOPOTHOrO Harosiocy). 3a 3rofok nepefdavaeTbcs NOBEPHEHHS Ta-
KOro pAafKa, WO MOXHa 3rogom BUKOPUCTATW AN BiAHOBNEHHSA eK-
3emnspa Knacy.

__rlshift__( self, other)

Yucnosuii meToa. MoBepTae pesynbTar 3cyBy NiBopyd (onepawis ™)
Ha KifbKicTb 6IT, yKa3aHMX MapameTpom other, abo Ha KifbKiCTb
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OAVMHULb Kacy KopucTyBaua, fKLIO Le Mae ceHc. Onepavis BUK/IKN-
Ka€ETbCS TiNIbKW TOAi, KOMW NiBWiA onepaHf He € YneHoM Knacy self.

__rmod__ (self, other)

Uncnosuin metog. AinuTtk self Ha other Ta noBepTae 3a1MLLOK, ane
TiNbKY TOAI, KOMM NiBWIA onepaHf He € YneHoM Knacy self.

__rmul__ (self,other)

Uuncnosuii meTog. MHOXMTL self Ha other Ta noBepTae pesynbTar,
asle TiNbKW TOAI, KON NiBUIA OnepaHs He € YneHoMm knacy self.

__ror__(self,other)

Uucnosuii MeToA. Buknnkaetbes onepavieto nobitosoro ABO (|)
Ta MoBepTae pe3ynbTar, afie TiNbKW TOi, KON NiBUIA onepaHA He €
uneHom Knacy self.

__rpow__ (self, other)

Yucnosuin metogd. MigHocuTs self go ctenens other. He icHye r-
ekBiBasleHTa Ana ornepauii pow(self,other[,modulo]). Buknukaetbcs
TiNbKW Y BUNAAKYy, SKLLO NMiBMIA onepaHg He € YneHom Knacy self.

__rrshift__(self, other)

Uncnosuii metoa,. MoBepTae pe3ynbTaT 3CyBY NpaBopyy (onepadis
>>) Ha KiNbKICTb OIT, yKa3aHux napameTpom other, a6o Ha KifbKiCTb
OAMHULb KNacy KOpUCTyBaya, AKLLO Lie Mae ceHe. Onepavis BUK/IMKa-
ETbCA NWLLE TOAi, KOMW NiBWIA onepaHf He € YneHom Knacy self.

__rshift__(self, other)

Uncnosuin metog. MosepTae pesynbTaT 3CyBY npaBopyd (onepa-
Lif ") Ha KinbKicTb 6IT, 3agaHMX napameTpom other, abo Ha KifibKiCTb
OAMHULb K/1acy KOpUCTyBaya, KLU0 Lie Mae CeHC.

__rsub__ (self, other)

Uucnosuii MeTog,. BigHimae other Big self Ta nosepTae pesynbTar,
ane TiNbKW Tofi, Konu niBuiA onepaHp He € uneHom Knacy self.

__rxor__(self,other)

Uncnosuin Metod. BukoHye onepaLito No6GIiTOBOrO BUK/KOUYHOIO
ABO (onepauis ~) Ta noBepTae pesynbTaT, ane TiflbkW TOA4i, KON
NiBWIA onepaHf He € YneHoM Knacy self.

__setattr__(self,name,value)

MeTog foctyny. BUkMKaeTbCs iHCTPYKLiED object,attribute =
value. Ipun LUbOMY NPUCBOEHE 3HAYEHHS [AOLAETHLCA Y CMIOBHUK eK3e-
Mnnspa o6'ekta i 3B'A3YETbCA 3 BiAMNOBIAHMM  aTpubyTOM:
self.__diet_ [name] = value.
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__setitem__ (self, key, value)

MeTog 06pO6KM NOCNIA0BHOCTEN. BUKANKAETLCSA THCTPYKLUIEHD
object[key] = value. Ak knto4 key 3a3Buyali BUKOPUCTOBYIOTb Ljife
yumcno.

__setslice_ (self,i,j,s equence)

MeTtog 06po6KM MOCNIJOBHOCTEN. BUKINKAETLCA IHCTPYKLiED
object[i:j] = sequence. IHAeKcK i Ta j — 3aBXaW Lini uicna.

__str__(self)

MeTog Knacy Kopuctysada. BUKinkaeTbcs BOYyL0BaHOK (DYHKLi-
eto str() Ta IHCTpyKUieto print (a TakoX onepauismy * y Bupasax
(hopmatyBaHHs). Lleil MeTo4 NOBMHEH NOBePTaTU PAAOK, ane 40 Libo-
ro psgka B Python Hemae Takux BUMOT, K O psAKa, L0 noBepTa-
€TbCA METOLOM__repr__.

__sub__(self, other)

Yuncnosuii MmeTog. BigHimae other Big self Ta nosepTae pesynbTar.

__Xor__(self, other)

Uuncnosuii meTod. BrkoHye nob6itose BukntouHe ABO (onepauis )
Ta NnoBepTae pesy/bTar.

B.2. MeToau gaiinoBmnx 06'eKTIiB

close()

3akpuBae thavin. 3aKpuUTWiA (haitn He MOXXHa YnTaTy abo 3anuncysaTy.

flush()

Ckunpae BMICT BHYTpiLIHLOrO 6yepa, nogioHo fflush() B stdio.

isatty()

MoBepTae 1, AKWO haiin nos'asaHuin 3 tty(-nogibHMM) NpucTpo-
€M, B iHLIOMY pa3i — 0.

fileno()

MosepTae "geckpmntop daina” (Line 4ncno), Wo BUKOPUCTOBY-
€TbCA 414 3anUTy Onepawiii BBeAEeHHA/BMBELEHHS B onepaLliliHii cu-
cTeMi. loro MoxkHa 3aCTOCOBYBATU ANSl iHLUMX HU3bKOPIBHEBUX iH-
TepdeliciB, WO  NOCNYroByKTbCA  Aeckpuntopamu  ainis,
Hanpuknaa, moaynto fentl a6o os.read() ToLwuo.

read([size])

UunTae He GinbLue Size 6aiiT i3 ¢aiina (abo MeHLUe, SKLLO 34MTaHO
EOF 0o ofepXaHHs size 6aiT). SAKLLO apryMeHT Size Bif'eMHMI abo
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oro BUNYLLEHO, TO YATAKOTLCA BCi [aHi, MOKN He Byae AOCArHYTO
EOF. baitT noBepTatoTbCs K psAKOBUIA 00'€KT. AKLLO Bigpasy 3y-
cTpiscad EOF, To noBepTaeTbCA NMOPOXKHIl psgokK. (15 BU3HAYEHMX
(havinis, NoAibHMX 40 tty, Mae CEeHC NPOAOBXWTI YMTaHHS HaBiTb Ni-
cns 3untyBaHHs EOF.) 3BepHiTb yBary Ha Te, WO Liel MeTo[ MOXe
BUKknnkatn C-gpyHkuito fread() 6arato pasis, Hamararo4mcb OTpUMa-
TV AKOMOra 61Xy [0 Size KiNbKiCTb GaiT.

readline([size])

UunTae oanH pAagoK i3 (haiina. 3asepluanbHUA CUMBOM HOBOMO ps-
[Ka 3/IMLLAETLCA B HbOMY (a/1e Moro Moxke /i He B6yTn — Kou haiin
3aKiHUYY€ETbCS He3aBEPLLEHUM PAAKOM). AKLLO0 apryMeHT Size BKa3aHO
i BIH 4OAATHWIA, TO BiH BM3HaYae MakCUMa/lbHY KiNbKiCTb 6aiT, L0
ynTatoTbCA (BKNKOYAKOUM 3aBepLUaNIbHUIA CMMBO HOBOIO paaka), ane
MOXKe OyTV MOBEPHYTO HEMOBHUIA PAAOK. AKLWO Bigpasy 3ycTpiBcs
EOF, To noBepTaETLCS MOPOXKHIN pPsAoK.

3ayBa>KeHHs: Ha BigmiHy Big fgets() y stdio, pagok, Lo nosep-
TAETbCS, MOXKe MICTUTU HyNbOBI cMMBOKM ("\0'), SKLIO BOHW 3yCTpi-
4atoTbCA B flaHNX, LLLO BBOAATLCA.

readlines([sizehint])

Untae o EOF, BukopuctoBytoun readline() Ta noBepTae CNMCOK,
110 MICTWUTb NPOYMTaHI B Takuii cnocib psaaku. AKLO BKa3aHO He060-
B'I3KOBMIA aprymeHT sizehint, To 3amiCTb UnTaHHS 10 EOF untaroTbes
Lini pagkn, gki piBHi npubnusHo sizehint GaiT (MOXNIMBO, Micns
OKPYT/IeHHA B BiK 36iNbLUEHHS PO3Mipy BHYTPILIHLOro Oytepa).

seek(offset[, whence])

YCTaHOBNIOE NOTOYHY MO3uLit0 Yy aiini, nogioHo po fseek() B
stdio. AprymeHT whence Heo60B'A3K0BWI, i 3a 3aMOBYYBaHHAM [0-
piBHIOE 0 (a6CONIOTHE NO3ULLIOHYBaHHSA Y (haiini); iHLI 3HaueHHs — 1
(3cyB W0A0 MOTOYHOT Mo3uLiT) Ta 2 (3CcyB WO0A0 KiHUA thaiina). He
MOBEPTAE XOLHOIO 3HAUEHHS.

tell()

MoBepTae NOTOYHY No3uLito y aiini, nogibHo ftell() B stdio.

truncate([size])

Oo6pi3ae harin. FAKWO BKazaHO HEOOOB'A3KOBUIA aprymeHT, aiin
06pi3aeTbcA 40 (MakcMMyMy) LbOro po3mipy. 3a 3aMOBYYBaHHAM
size [OpiBHIOE MOTOYHIM Mo3uuii. JoCTynHicTb Liel dyHKUiT 3ane-
XWTb Bif Bepcii onepayinHoi cuctemy (Hanpuknag, He BCi Bepcil
Unix nigTpmMmytoTh L0 onepawito).
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write(str)

3anucye psaok y ainn. He noeepTae XOAHOTO 3Ha4eHHs. 3a-
yBa>KEHHS: Yepe3 6ydepunsaLlito psfaoK MoXKe Hacnpasgi He nomila-
TUcA B (haiin, Aoku He 6yae BnkoHaHo meTog flush() a6o close().

writelines(list)

3anucye cnucok psagkiB y aiin. He nosepTae KOAHOMO 3HaYeH-
Ha. (IM's meToay AaHo 3a aHanorieto 3 readlines(), ane writelines() He
BCTaBNSE PO3AiNbHNKIB PSAKIB.)

B.3. ATpubyTK haiinoBmnx o06'eKTIB

closed

JloriyHe 3Ha4YeHHs, WO NoKasye MNOTOYHWI CTaH (aitnoBoro 06'e-
KTa (3akpuTuiA abo BIAKpUTWiA). Lle aTpmOyT TiNbKN ANA YUTaHHS;
A0ro 3Ha4YeHHA 3MIHIETLCA MeToLOoM close().

mode

Pexxum BBeAeHHS/BUBEEHHA Ana (haina. AKLWo aitn CTBOPEHO
BOya0BaHO (pyHKLUieto open(), TO Lieit aTpnbyT AOpiBHIOBATMME Na-
pameTpy mode. ATpUBYT nuLLe AN YNTaHHS.

name

AKLLO (haiinoBmil 06'¢KT YN0 CTBOPEHO 3a AonomMoroto open(), To
Liel aTpubyT AOPIBHIOE iMeHI (haitna. B iHWOMY pa3i — ue Aeskuii
PSAOK, WO MOKa3dye BUXiAHWIA TeKCT (hailnoBoro 06'ekTa y BUrMsi
"<..>" ATPUBYT TifTbKN 419 YNTAHHS.

softspace

JloriyHe 3Ha4eHHs, L0 MOKasye, Yn NOTPiBbHO APYyKYyBaTV! CUMBOS
npo6iny nepef BMBEAEHHSIM IHLLOIO 3HAYEHHSI NMPU BUKOPUCTaHHI
onepatopa print. Knacu, Wo HamaratoTbcs iMiTyBaTh (halinoBi 06'ek-
TV, TEX MOBWHHI MaTK aTpubyT softspace (LOCTYMHWIA A1 NPUCBO-
tOBaHHS), AKUIA Tpeba iHiLianizyBaTn HyneM. 15 Knacis, peanisosa-
HMX Ha Python, ue pobuTbCcA aBTOMaTUYHO, a TUMam, HanucaHum
moBoto C, 3Hafo6UTLCA HaZaTV AOCTYNHWIA 415 NPUCBOKOBAHHSA aT-
pnbyT softspace.
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B.4. YéypoBaHi yHKLUIT

IcHye 6arato BOygoBaHUX B iHTepnpeTatop Python Ta 3aBxau
AOCTYNHUX PYHKLINA. [lesiKi 3 HUX y>Ke po3rnsaganmcs.

OCHOBHI (PYHKLiT HaBeIEHO HIXKYe 3a abeTKOH.

__import__(name[, globals[, locals[, fromlist]]])

La dyHKUiA BUKNIMKAETbCSA onepaTtopom import. BoHa siK npasu-
N0 ICHYE, TOMY MOXHa 3aMiHUTK T Ha THLLY (DYHKL0, L0 MaE CyMi-
CHWUIA iHTepdelic, ana Toro, o6 3MiHUTW CeMaHTWMKY onepaTopa
import. MpuKIaLoM TOro, HasiLLO | AK Lie 3p06UTH, MOXKYTb CTY>KUTK
moayni ihooks Ta rexec ctaHgapTHOI 6i6nioTekn, a TakoX yoyaoBa-
HWIA MOLy/b iMp, L0 BU3HAYAE AEKisIbKa KOPUCHMX Onepauii ans
nobyfoBK BaLLOi BNacHOT yHKLIT __import_ ().

abs(x)

FAKLO apryMeHT € KOMM/IEKCHUM YMC/IOM, TO NOBEPTAETLCS MOro
abCconoTHa BENINYNHA.

apply(function, args[, keywords])

AprymeHT function mae 6yTv NpugaTHUM /19 BUK/IVKY 06'€KTOM
(BM3HAYEHUM KOpUCTYBayeM abo BOYAOBAHOH (hYHKLIEH, METOA0M
ab0o KnacoBMM 06'€KTOM), a aprymMeHT args noBWHEH OYTW MOCNiL0B-
HICTIO (SKLWIO Lie He KOpTeX, TO MOCNIJOBHICTb CMoYaTKy MnepeTso-
PHOETHLCA Ha KOPTEX).

buffer(object[, offset|, size]])

AprymeHT object noBrHeH 6yTV 06'€KTOM, SIKWIA MIATPUMYE iHTe-
peiic OythepHOro BUKINKY (Takuid SK pALKW, Macusu i Bytepn).
Bbyne cTBOpeHO HOBUIA Gy(hepHWUiA 06'EKT, LLIO MOCUNAETLCA Ha apry-
MeHT object. bBytepHuii 06'eKT 6yae 3pi3om i3 novaTky object (a6o 3
yKa3aHoro 3milleHHs offset). 3pi3 nowmputbes A0 KiHus object (abo
MaTVMe JOBXMWHY, YKa3aHy apryMeHTOM Size).

callable(object)

OnwucaHo paHitue.

chr(i)

ApPrymMeHT NoBMHeH 6yTu B AianasoHi [0...255] BKNHOYHO.

cmp(x, y)

MopiBHIOE ABa 06'€KTM X Ta Yy, a TaKOX NOBEPTaE Ljine, BiANOBi-
HO [0 pe3y/ibTaTy. 3HayeHHs, WO MOBEPTAETLCH, Bif'€EMHe, AKLLO
X <'Yy; AOPIBHIOE HYNEBI, AKLLO X==Y; [OAATHE, AKLLO X > Y.
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coerce(x, Y)

MoBepTae KOpTEX, LLO Mae ABa aprymeHTU, NepeTBOpeHi 40 0A-
HaKOBOro TWNY i3 BUKOPUCTAHHAM TUX CaMUX NPaswn, AKi BUKOPUC-
TOBYIOTbCA apPUPMETUUYHUMM OMNepaLismMu.

compile(string, filename, kind)

Komnintoe string y Kogoswuii 06'eKT. KogoBWi1 06'eKT MOXKe BUKO-
HyBaTWCS OnepaTopom exec abo 06pobnaTncs BUKIMKom eval().

AprymeHT filename noBuHeH ykasyBaTu halif, 3 AKOro 3UMTaHo
Kog,; nepejanTe, Hanpuknag, '<string>', AKWO KOA He 4MTaBcs 3
(haitna. AprymeHT kind Bu3Hauyae BMA CKOMMNiNIbOBAHOTO KOAy: Mo-
BUMHEH OyTK 'exec', AKLLO Sstring MICTUTb NOCANIAOBHICTb onepaTo-
piB; 'eval’, AKWIO MiCTMTb MPOCTi BMpasmn; abo 'single’, AKLIO Mic-
TUTb OAWMH iHTEpPaKTUBHWUIA onepatop (Y UbOMY pasi pesynbTar
po60Ty BMpasy, Wo Buaae nicns 06pobku Lwo-Hebyab, okpim None,
Oy[e HafpyKOBaHO).

complex(real[, imag])

CTBOpIOE KOMM/EKCHE YnC/Oo 3i 3HaYeHHaM real + imag*j um ne-
PETBOPHOE PAAOK ab0 YMCNO HA KOMMIEKCHE YKCHO.

delattr(object, name)

Poawnu setattr(). AprymeHTV — 06'eKT Ta pALOK. PAAOK MOBUHEH
Oyt iMeHem ofHOro 3 atpubyTiB 06'ekTa. PYHKLIA BULANSAE BKasa-
HWIA aTpMOyT, AKLL0 06'EKT Lie J03BOSISE.

dir([object])

Be3 aprymeHTiB noBepTae CMMCOK iMEH MOTOYHOI CUMBO/LHOI
Tabnuui. 3 apryMeHTOM HamaraeTbCcs MOBEPHYTU CrIUCOK aTpubyTiB
06'eKTa-aprymeHTa.

divmod(a, b)

Bepe aBa UMCNOBUX apryMeHTU Ta NoBepTae napu Yncen, sKi pis-
Hi Linomy i ocTadi Big AineHHs.

eval(expression[, globals[, locals]])

ApPrymMeHTu — psiaoK Ta ABa HE0OOB'A3KOBMX CMNOBHUKW. Pe3ynb-
TaT — 3Ha4YEeHHA BUKOHAHOI O BM1pasy.

execfile(file[, globals[, locals]])

Lla dyHKUis nogibHa 40 onepaTopa exec, ane 3amiCTb psiaKa pos-
6vpae haiin. BoHa Biapi3HAETLCA Bifg onepaTtopa import TUM, WO He
BUKOPUCTOBYE aAMiHICTPyBaHHA MOAYNIB, a umTae haiin 6esnocepe-
[HbO | He CTBOPKOE HOBWI MOAYNb. APrymeHTn — iM'a (baiina i gga
He0ob0B'A3KOBI CMIOBHUKW.
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3HayeHHs, Lo nosepTaeTbes — None.

filter(function, list)

Ckriafjae CnuCOK i3 TWUX efleMeHTiB aprymeHTy list, gna akux
function noeepTae icTuHy. AKWo list — pagok abo KopTex, pesynbTar
TaKOX Mae el TvN; B iHWOMY pasi, — Le cnucok. Akuwo function e
None, To NpUIAMaETLCA (PYHKLIS TOTOXHOCTI, TOGTO BCi €/1eMEHTM ap-
rymeHTy list, Lo € XMOHICTIO (Hy/b aB0 NOPOXKHLO), BUAANAKOTHCS.

float(x)

MepeTBOPIOE PAAOK ab0 YMCNO HA YMCNO i3 PYyXOMOKO KPankoto.

getattr(object, name[, default])

MoBepTae 3Ha4eHHs BKasaHOro atpmbyTta 06'ekta object. name
MOBMHEH OYTW PSAKOM. AKLLO Lei psaoK € IMEHEM OfHOro 3 aTpu-
OyTiB 06'eKTa, TO pe3ynbTaTom Oyze came Lie 3HaYeHHS.

globals()

MoBepTae CMOBHUK, WO AB/ISE COOOK NOTOYHY rNo6a/IbHY Tabsu-
Lit0 CMMBONIB.

hasattr(object, name)

AprymeHTV — 06'eKT Ta pAAoK. Pe3ynbTar AOPiBHIOE 1, AKWO ps-
[OK € iIMEHeM 0fiHOr 0 3 aTpunbyTiB 06'eKTa, i 0, AKLLO Hi.

hash(object)

MoBepTae XeLl-3HauyeHHs 06'ekTa (SIKLLO €). Xell-3HaueHHs € Li-
MM YncnioM. BOHM BUKOPUCTOBYHOTLCA AN LWBWAKOIO MOPIBHAHHS
K/OYiB CMIOBHUKA Y MPOLECI MOLYKY B C/IOBHWUKY. UnMCNoBi Benn4m-
HW, NOPIBHSAHHA AKUX Aal0Tb ICTUHY, MalOTb T€ Came Xell-3Ha4YeHHs
(HaBiTb SKLLO BOHN MatOTb Pi3Hi TUNKM, Hanpuknag, 1 ta 1.0).

hex(x)

MepeTBOPIOE Ljifie YACMO0 Ha LWICTHAALUATKOBUI PSAOK.

id(object)

MoBepTae "ocobuctuii kog" ob'ekta. Lie Line uncno.

input([prompt])

EkBiBaneHTHO eval(raw_input(prompt)).

int(x)

MepeTBOpPHOE PAAOK a60 YMCNO Ha 3BUYAHE Line.

isinstance(object, class)

MoBepTae iCTUHY, SKWO aprymeHT object € ek3emnnspom apry-
MeHTYy class, abo inoro nigknacy (6e3nocepefHbOro abo HeMPAMOro).

issubclass(classl, class2)
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MosepTae iCTUHY, AKwWo classl € nigknacom (6e3nocepefHbo abo
Henpamo) class2.

len(s)

MoeepTae A0BXMHY (KiNbKIiCTb €neMeHTIB) 06'eKTa. ApPrymeHT
MOXe OYyTW MOCNIAOBHICTIO (PAAKOM, KOPTEXeM abo CrMCKOM) 4m
BifOGPaKEHHAM (CNOBHUKOM).

list(sequence)

lMoBepTae CNUCOK, eNeMEHTU SKOro Taki cami i B TOMy caMOMy
MOpsAKY, WO N eneMeHTU apryMeHTy sequence (MOCNILOBHICTD).
AKLLO sequence caM € CMMUCKOM, TO CTBOPHKETLCA Ta MOBEPTAETHCSH
oro konisi, noai6Ho go sequence[:]. Hanpuknag, list(*abc') nosep-
Tae ['a’, ‘b, 'c'], a list((1, 2, 3)) noseprace [1, 2, 3].

locals()

MoBepTae CMOBHUK — NOTOYHY Tab/INLIKO CUMBONIB.

long(x)

MepeTBOPIOE PALOK abo YMC/0 Ha JOBre Life.

map(function, list, ...)

3acTocoBye (hyHKUito function g0 KOXHOro enemeHTa cnucky list
Ta NoBepTae CnucoK. AprymeHTtamu list MOXyTb 6yTV NOCNILOBHOCTI
OyAb-AKOro Tuny.

max(s[, args...])

3 EAMHUM apryMeHTOM S MOBepTae HalbifbLUNIA eneMeHT Henyc-
TOI NOCMIAOBHOCTI (PALKA, KOPTEXY ab0 CMUCKY). AKLLO apryMeHTIB
A€EKiNbKa, TO NOBEPTAETbCS HANBINBbLUNIA i3 HUX.

min(s[, args...])

3 €AMHMM apryMeHTOM S, NOBEPTae HaMEHLUWNIA eNeMeHT Hemnyc-
TOI NOCMIAOBHOCTI (PALKA, KOPTEXY ab0 CMUCKY). AKLLO apryMeHTIB
[€EKiNbKa, TO BEPTAETbCA HAMMEHLUNIA i3 HUX.

oct(x)

MepeTBOPIOE LiiNie YNCO0 Ha BiCIMKOBUIA PSAOK.

open(filename[, mode[, bufsize]])

OnwucaHo paHiLue.

ord(c)

Moseptae ASCII-3HaueHHa psAgka 3 OQHOro cumBsosy. Hanpu-
Knag, ord(‘a") noseptae wine 97. Lle o6epHeHa go chr() onepaduis.

pow(x, y[, Z]) | |

MoBepTae X y CTeneHi y; AKWO Z BKa3aHO, MOBEPTAE OCTayy Bif
[iNIEHHA X Y CTerneHi y Ha z (Lo 06YMCIOETLCS ePEKTUBHILLE, HIXK
pow(x, y) % z).
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range([start,] stop[, step])

CTBOPIOE CNNCOK, SKWIA MICTUTb apU(METMYHY NPOrpecito.

raw_input([prompt])

OnucaHo paHilue.

repr(object)

MoBepTae PALOK, L0 MICTUTL NpUAaTHe AN BUBELEHHS NOAAHHS
o6'ekTa. Lle Take came 3HaueHHs, K Te, L0 NOBEPTAETLCA MepeTBo-
PeHHAM ~ (3BOPOTHI Narnku, Haronoc).

round(x[, n])

MoBepTae 3HaYEHHS X i3 PyXOMOK Kparkor, OKpyr/ieHe Ao N po-
3pAgiB nicnsg AecATKOBOT Kpanku. FAKWO N OnyLleHo, 3a 3amMOBYYy-
BaHHAM 6epeTbCs Hy/b. Pe3y/bTaT — UMC/0 i3 PyXOMOKO KPankoto.

setattr(object, name, value)

Lle napun ansa getattr(). ApryMeHTu € 06'€KTOM, PSAKOM Ta [OBiflb-
HUM 3HaYeHHsAM. PA0K MOXe Ha3MBaTW HasiBHWIA abo HOBUIA aTpubyT.
DYHKLiA MPUCBOIOE 3HAYEHHS aTPUOYTY, SKLLO0 00'EKT J03BO/SE LE.

slice([start,] stop], step])

MoBepTae 06'eKT 3pi3y (slice object), BM3HauYeHMIA iHAEKCAMM,
yKa3aH1MK 3a ONOMOroro range(start , stop, step).

str(object)

OnucaHo paHilue.

tuple(sequence)

MoBepTae KOPTeX, eNeMeHTU AKOro Taki cami i B TOMy caMoMy
nopaaKy, LLO i eneMeHTV NOCNIJOBHOCTI sequence.

type(object)

MoBepTae TN 06'eKTa object.

vars([object])

Be3 aprymeHTiB, NOBEPTaE C/MOBHYUK, O MICTUTb MOTOYHY JIOKa/b-
Hy Tabnmuo cMMBONIB. 13 MOLy/eM, KNacom abo eK3eMMIsapoM Knacy
(260 unm-Hebyap Lue, Wo mae aTpubyT _dict_ ) AK aprymeHT, nosep-
Ta€ CNOBHUK, LLIO MICTUTb Tab/MLIKO CUMBOIIB (KONit0) 06'eKTa.

xrange([start,] stop[, step])

OnwucaHo paHitue.
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B.5. CucteMHi napameTpu
Ta QYHKLIT cny>kK60BOro Moaynsa sys

argv

CnncoK aprymeHTiB KOMaHAHOro psfka, nepefaHuWxX CKpUnTy
Python. argv[0] gae im's camoro ckpunta (3a71eXHo Bif onepawiii-
HOT cucTemn — Le abo MOBHWIA WNAX, abo BigHOCHMIA). AKLO iM'A
CKpunTa He Oyno nepegaHo iHTepnpeTatopy Python, To argv mae
HY/IbOBY LOBXMHY.

builtin_module_names

KopTex psagkis, WO Aae iMeHa BCiX MOAY/IB, AKi CKOMMiNboBaHO
B iHTenpeTarop Python.

Copyright

PAfOK, WO MICTUTb AaHi CTOCOBHO aBTOPCHKUX Mpas LWOAO iHTe-
pnpetaTtopa Python.

exc_info()

[JaHa (hyHKUiA NoBepTae KOPTEX i3 TPHOX 3HAUeHb, L0 Hajae iH(o-
pMalLLito NPO BUHATKOBY CMTYaLlit0, sika 06PO6IHOETLCA B LiE/i MOMEHT.

exec_prefix

PAOOK, L0 Aae MaLLMHO3/IeXHUI NpediKe KaTanory, B AKOMY iH-
CTa/IbOBaHO MnaTgopmMo3anexHi (arinm Python; 3a 3amMoBYyBaHHAM,
ue "/usr/local’. Take po3TallyBaHHS MOXHa BCTaHOBUTK Nif yac 36u-
paHHs Python, 3a gonomoroto aprymeHTy — exec_prefix ans ckpunra
configure. 3okpema, yci thainnn KoHgirypauii (Hanpuknag, 3aronoB-
Huin daiin "config.h") iHcTanolOTbC B KaTanor exec_prefix +
‘Mlib/pythonversion/config’, a Mogyni posginoeaHoi  6i6nioTekn
BCTaHOBNHOKOTLCA B exec_prefix +'/lib/pythonversion/lib-dynload’, ge
version gopiBHtoe version[:3].

exit(n)

Buxig i3 Python i3 uncnoBmm ctaTycom Buxoay n.

exitfunc

[laHe 3HayeHHs Hacrpasfi He BU3HAYeHO B MOy, ane MOoXxe
BCTaHOB/IHOBATUCb KOpUCTyBayeM (260 Nporpamoro) 4Jis BU3HauYeHHs
3aBepLUabHUX Ail Npu Buxodi 3 nporpamu. Akulo exitfunc Bm3Ha-
YeHo, TO Lie MoBMHHA ByTU (PyHKL i 6e3 napameTpiB.

getrefcount(object)

MoBepTae KinbKiCTb NocunaHb 06'ekTa object.
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maxint

Haibinblie gogaTHe uine yvicno, NigTpMMyBaHe 3BUYaHUM Li-
nvM Tunom Python.

modules

Lle cnoBHWK, WO Bigobpaxae imeHa moaynis (TYyT — iMeHa, ykasa-
Hi B MOaynax) y MOAYAi, SKi Oynn BXe 3aBaHTaXKEHI.

path

CnncoK pALKiB, L0 BU3HAYAE LUMAXM MOLWWYKY MoAyniB. IHiuiani-
3yeTbCs 3MiHHOK 0ToYeHHst $PYTHONPATH, a6o 3a 3aM0OBYyBaH-
HAM, LLLO 3a/1eXKNTb Bif iIHCTa/IbOBAHOT BEPCIl.

platform

Takunii pagoK MIicTUTL ifeHTUdikaTop NAaTopmMu, HanpuKiag,
'sunos5' abo ‘linuxl'. Lie MOXHa BUKOpUCTaTK Y BUNALKY, KON Tpe-
6a gogaTtv nnatgopmo-crneundivHi KOMNOHeHTU o path.

psl ps2

Pafku, WO BM3HaYalOTb NEPBUHHE Ta BTOPMHHE 3arpoLUeHHs iH-
Teprnpetatopa. BoHM BW3HAueHi TiflbKU TOAI, AKLLO iHTeprpeTarop
nepebyBae B IHTEPAKTUBHOMY PEXMMI.

setcheckinterval(interval)

YcTaHOB/MOE "iHTepBan nepesipkn™ iHTepnpeTaropa. Lia wina se-
NNYMHA BU3HAYaE, HACKINMbKM 4acTo iHTeprnpeTaTop MNepesipse, um
BifOYBalOTLCA NOAIT, Taki AK NepeMUKaHHA MOTOKIB Ta MPUXif cur-
HasiB. 3a 3aMOBYYBaHHAM A0piBHIOE 10, L0 03HAYaE BUKOHaHHS re-
peBipKyM vepe3 KOXHi 10 BipTyanbHUX iHCTPYKLiiA Python.

setprofile(profilefunc)

YCTaHOBMIOE CUCTEMHY MNpodainnoBy (yHKLiO, fiKa LO3BONUTb
peanizyeaTu Ha Python npodaiinep BuxigHoro kogy Python.

settrace(tracefunc)

YCTaHOB/MOE CUCTEMHY Tpacyrouy (hyHKLUitO, AKa [03BONNTL Bam
peanizysatu Ha Python Hanaromkysay BuxigHoro kogy Python.

stdin stdout stderr

dainosi 06'eKTK, L0 BIAMOBIAAOTH CTAHAAPTHUM NOTOKaM iHTe-
pnpetaTopa N5 BBELEHHS, BUBELEHHS Ta NOMWOK. stdin BUKoOpUC-
TOBYETbCA [ BCbOIO BBEAEHHS IHTEprpeTaTopa, 3a BUHATKOM
CKpUNTIB, ane BKAOYaoum BUKAMKKU input() Ta raw_input(). stdout
BMKOPWCTOBYETLCA AN BMBEAEHHS print Ta onepaTtopiB BMpasis, a
TakoX, A/15 Buaadi 3anpotueHs input() Ta raw_input().
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BnacHi 3anpoLueHHs iHTepnpeTaTopa Ta (Maike BCi) 1iOro nosi-
[IOM/IEHHSA NPO MOMWKK HanpaensAlTbes Y stderr. stdout Ta stderr
He 3060B'A3aHi OyTW hailnoBumK o6'ekTamu, nigiige 6yab-aKuUiA
06'eKT abu BiH mMaB MeTof write(), AKWA NpuiiMae psaKoBUin apry-
MeHT. (3MiHa umMx 06'eKTiB He BMN/MBAE Ha CTaHAAPTHI NOTOKW BBe-
[EeHHSA/BMBEEHHA MPOLECiB, BUKOHYBaHWX 0s.popen(), 0s.system()
abo ciM'eto PyHKLIV exec*() i3 moayns 0S.)

tracebacklimit

FAKLLO LA 3MiHHA € Ljine Ynicno, TO BOHA BU3HAYaE MakCUMaslbHY
KiNbKICTb PIBHIB CTEKY, LU0 APYKYHOTLCA NMPU BUHWKHEHHI HEOOPO6-
NEHOT BMHATKOBOI cUTyauil. 3a 3amoByyBaHHsAM — 1000. Konu 3MiH-
Hy BCTaHOB/eHO Ha 0 ab0 Ha MeHLLe Y1Ccno, TO iH(opMaLlis Npo cTaH
CTEKY He BUBOAMTBLCSA, a APYKYETHLCA IMLLE TUM Ta 3HAYEHHA BUHAT-
KOBOI CUTYaLil.

version

PafoK, Lo MicTMTb HOMep Bepcii iHTepripeTaTopa Python.
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