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Beeaenue

ABTOpBI JJABHO XOTEJIN HAINCATH KHUTY, TIOCBAIIEHHYIO WHXKEHEPHBIM U HAYy THBIM
pacdeTaM C ITOMOIIBI0 CBODOIHO PaCIPOCTpaHsIieMbIX IIporpamMM. Mbl OCTaHOBUJIN CBOI
BBIOOD Ha CBODOHO PACIIPOCTPAHSIEMOI CHCTEME KOMIThIOTEpHOI MaTemaTuku Scilab.
Scilab npennasnaden 1y BBINOJHEHNs] WHXKEHEPHBIX W HAYYIHBIX BbramcieHuil. [1o
CBOUM 603MO2CHOCIAM TIaKeT Scilab comocTaBuM ¢ M3BECTHBIM MATEMATUIECKUM TIa-
kerom Mathcad, a o cBoemy muTepdeiicy nmoxox Ha naker MATLAB. Oxnako mpu
sToM makeT Scilab — cBoboIHO pacnpocTpansieMasi IporpaMMa, a 3HAYUT OeCIIaTHAST
JJIsT KOHEYHOTO mojib3oBaresid. CymecTByoT Bepcun Scilab jjist pa3andHbIX omepa-
muonnbix cucrem: st OC Linux, OC cemeiicrea Windows (B Tom uuncie u gjs MS
Windows Vista) u gaxe mis MacOS. Ha MmomenT Hanucanus KHUIHM nocjeHedi Oblia
Bepcus maketa 4.1.1. imenno Ha 6a3e ee u ObL1a Hanncana Kaura. [locieHI00 Bepcuio
[MaKeTa BCerja MOYKHO CKadaTh Ha OUIMAIBLHOM cafiTe MIporpaMMbl www . scilab.orgl
K coxanenuro oueHb MAJIO PYyCCKOSI3BIMHOI JINTEpaTyphl, ocBseHHoi Scilab. Boob-
e OTCYTCTBYIOT KHUTH HA PYCCKOM sI3BIKE JIJIs MOJIb30BATE/ e, HATHHAIONIINX OCBa-
BaTh nakeT. Hanncannas aBropaMu KHUTA TPU3BAHA 3aII0JTHATH TOT pobest. ABTOPBI
PEKOMEHJIYIOT JIBa PYCCKOSI3BIUBIX caiiTa, MOCBAIEHHbIe makeTy Scilab:

e caiiTel aBTOPOB KHUTH http://scilab.land.ru, http://teacher.dn-ua.com,

Ha KOTOPBIX MOYKHO HafiTH GOJIBIIMHCTBO MATE€PUAJIOB KHATY B popMaTax odt !
u pdf.
e caiir M. . IlaBnoBoit http://www.csa.ru/ zebra/my_scilab/index.html, c
KOTOPOTO, COOCTBEHHO, ¥ HAYAJI0Ch 3HAKOMCTBO aBTOPOB KHHUI'U C ITAKETOM.
MHOro CChUIOK Ha JIUTEPATYPY Ha PA3HBIX sI3bIKAX MOYKHO HANUTH HA CTPaHU-
ne odummanabHoro cafita Scilab http://www.scilab.org/publications/index_
publications.php?page=books.html.

BxosHOit s13bIK cucTeMbl Scilab 1103BoJIsSIeT HE TOJIBKO KCIIOJIB30BaTh BCTPOEHHBIE

KOMaH/Ibl, HO U pa3pabaTbiBaTh COOCTBEHHBIE BU3YAJIbHBIE [TPUJIOXKEHUS.

L®aiter ¢ pacmupenneM odt — TEKCTOBBIE JOKYMEHTHI B cramapTHoM dopmare Open
Document, uX MOXXHO PEJAKTUPOBATH C IIOMOLILI0 MHOIMX IPOTPAMM, HIMpE BCEro JIs 3TOTO HC-
nonb3yercst opucusit maker OpenOffice.org (http://ru.openoffice.org).


www.scilab.org
http://scilab.land.ru
http://teacher.dn-ua.com
http://www.csa.ru/~zebra/my_scilab/index.html
http://www.scilab.org/publications/index_publications.php?page=books.html
http://www.scilab.org/publications/index_publications.php?page=books.html
http://ru.openoffice.org

8 Beeaetne

B kHure Ha IpakTHYECKUX [IpUMEpPaX PACCMOTPEHBI OCHOBHBIE IIPUHITUIIBI PAOOTHI
B Scilab. Kaura cocrour u3 TpuHaamaT rjiaB U MPUIOXKEHUS.

Ilepsas enasa aBaseTcs cBOeoOpa3HbIM BBesenneM B Scilab. B neit onucans ocHOB-
Hble BO3MO2KHOCTEH IMaKeTa, CUCTEMHbIE TPEDOBAHIS K KOMIIBIOTEPY U OIEPAIIMOHHON
cucreMe, yJeJeHO BHUMaHue ocobeHHocTsiM ycraHoBku Scilab 4.1.1 ma ITK. Kpome
TOrO, IJIaBa 3HAKOMUT YUTATEJISI CO CPEON IIAKeTa U ero IJIaBHBIM MEHIO.

Bmopas 2nasa mocBsIeHa ocHOBaM paboThl B cpene Scilab. Ommcama pabora ¢
IepeMEeHHBIMU, OCHOBHBIE OIEPAINYN U (PYHKIUH.

B mpemweti 2aage onmcana paboTa ¢ MaccuBaMu U MaTpuiiamu B Scilab, paccmar-
puBaroTcst Bo3aMoykHOCTH Scilab mpu pernernn 3a7a9 JIMHEHHOM aJreOphl.

B wemeépmoti 2nase pedb uaeT o rpadpuueckux Bo3mMoxkHocTax Scilab. IToapo6uo
ONMCAHBI BO3MOYXKHOCTHY TIAKETa JIJIsl IOCTPOEHUsI IBYMEPHBIX I'Pa(pUKOB B JIEKAPTOBOM
¥ TIOJISPHON CHCTEeMAaX KOOD/IMHAT, a TaKxKe IpadUKOB, 3aJaHHBIX apaMETPUIECKH.
PaccymoTpennsr BodaMOXKHOCTH (POPMATHPOBAHUS JTBYMEPHBIX IPAPUKOB.

BosmozknocTr makera 151 pabOThI ¢ TPEXMEPHBIME I'PadUKAMUI OIMUCAHDBI 68 NAMOU
2na8e.

IHlecmas 2a66a 3HAKOMUT YUATATENISI C PA3JIMIHBIME CIIOCODAMU PEIeHUs] HeJIH-
HeflHBIX ypaBHenuil u cucreM B Scilab.

B cedomotli enase BHUMAHTE YIEJIEHO BBIYUCIUTEIbHBIM METOJAM WHTETPUPOBa-
Hus n audepeHImpoBaHusi, & B 60CbMOli 2A06€ OMUCAHO PeIleHre OOBIKHOBEHHBIX
muddepeHnualIbHbIX YPABHEHHTIL.

Jlesamas 24a6a IOCBSIIEHA BO3MOYKHOCTSIM [IPOrPaMMUPOBaHus B cucreMe Scilab.
[TopobHO onMcaHb! Bee OmepaTopbl BCTPOEHHOTO B Scilab si3bIKa MporpaMMupoBaHUs.
[naBa comep:xut GOJIBITOE KOJMIECTBO TPUMEPOB IIPOIPAMM.

ecamas 24060 TO3HAKOMHUT YUTATENS C BU3YAJbHBIM IIPOrpamMMUpOBaHueM. B
Hell U3/I02KEeHbI HeOOXOINMbIE CBEJICHHS 00 00beKTaxX U CIrocobax paboThl ¢ HIMU.

B odunnaduyamoti enase onucaHbl 3a7a49u 06pabOTKU Pe3yJIbTaTOB KCIEPUMEHTA.

B dsenaduyamoti enase peunb uger o qudpepeHnnaIbHbIX YPABHEHUSIX B YACTHBIX
IIPOU3BO/IHBIX, OIMCAH METOJ] CETOK YHMCJIEHHOTO perreHust TuddepeHnuaabHbIX yPaB-
HEHUUl B YACTHBIX ITPOM3BOJHBIX U IIPEJICTABJIEHA ero peajm3arius B Scilab.

B mpunadyamoti 2aa6e BHUMAHUIO IUTATEJIS TPEJICTABICHBI 33/1a91 OIMTUMUBAIIIT
dbyHKIM OHON M MHOTHMX II€pEMEHHBIX 0€3 OrpaHMYeHHil, a Tak Ke 33a/a49u JINHEM-
HOT'O IIPOIPAMMUPOBAHMUSI.

B npunoxkenun npuBeieHbl 3aaHUs IS CAMOCTOSITEIHHOTO PEIIeHMUS.

Mpsr Hajzieemcst, 9TO KHUTY MOXKHO OYyZIeT MCIIOIb30BATE IPHU U3yYeHUH KypPCOB HH-
dopMaTHKU, BEIYUCIUTEIBHON MATEMATUKH U .

K xuure npuraraercs CD muck.

Apropsr 6naromapsaT kKomnaauio ALT Linux u jimuno Kupuyura MaciuscKoro 3a
BO3MOXKHOCTh M3/aTh KHUTY, IOCBSIIEHHYO makery Scilab.

E. P. Astekcees, O. B. Hecnokosa, E. A. Pyxuenko
Honenk, ceatssopn, 2007



[nasa 1

[TakeT Scilab. Hauyano paboTesi

Scilab — 310 cucTeMa KOMIBIOTEPHON MaTeMaTUKN, KOTOpas IIpeIHA3HAYEHA JIJIs
BBITIOJIHEHNA WHKEHEPHBIX U HAYYHBIX BBIYMCJICHUN, TAKUX KaK:

e pelleHUe HeJIMHEHHBIX YPABHEHUI U CUCTEM;
® peleHne 3aa4 JTMHEHHON aareOphr;

® DpellleHNe 33/1a9 ONITUMU3AINY;

o uddepeHImpoBaHe U HHTEIPUPOBAHIUE;

e 06paboTKa SKCIEPUMEHTAJIbHBIX JAHHBIX (MHTEPHOJIAIMs U AlIPOKCUMAIWS,
METOJ[ HAUMEHBIINX KBAPATOB);

e perrerne OOBIKHOBEHHBIX M EPEHITNATbHBIX YPABHEHUN U CHCTEM.

Kpome Toro, Scilab mnpemocrasiisier mupoKre BO3MOXKHOCTH 110 CO3JIAHUIO M pe-
JAKTUPOBAHUIO PA3JIMYHBIX BHUJIOB I'PDAUKOB U IOBEPXHOCTEIA.

Hecmorpsa na To, uTo cucrema Scilab comepKuT 1ocTaToOMHOE KOJIMYECTBO BCTPO-
€HHBIX KOMAH]I, OI€PATOPOB U (DYHKINIA, OTJININTEIbHAST €€ YepTa — 3TO THOKOCTh.
[Tosmp3oBaTEIH MOXKET CO37ATh JI0OYI0 HOBYIO KOMAHJIY WIN (DYHKIWIO, 8 3aT€M WC-
[I0JIb30BAThH €€ HapaBHE CO BCTPOEHHBIMHU. K TOMYy »Ke, cuCTeMa HMeeT JIOCTATOYHO
MOIIHBIN COOCTBEHHBIN SI3bIK ITPOIPAMMUPOBAHUSI BBICOKOI'O YPOBHsI, 9TO FOBOPHUT O
BO3MOXKHOCTH PeIIeHUsI HOBBIX 3a/1a4.



10 Inaea 1. MNaker Scilab. Hauano pabotsbl

1.1 VYctanoska Scilab na MK

CB00OIHO PaACIPOCTPAHSIEMYIO BEPCHUIO [TaKeTa BMeCTe C IIOJIHOM JOKYyMEeHTAIei
Ha aHIVIMICKOM f3bIKe MOXKHO IIOJIY4YATH Ha caiiTe IIporpaMMbl www.scilab.org.

CymectBytor Bepcuu Scilab st onmeparmonnsix cucrem Windows u Linux. Onnm
UMEIOT HEKOTOPBIE OTJINYUSA B HA3BAHUAX IIYHKTOB IJIABHOT'O MEHIO, HO KOMaHJbI I1a-
KeTa B 00erX BEPCUSX MICHTHUIHDI.

1.1.1 VYcraHoska Scilab nog ynpasnennem Windows

Paccmorpum 0cobeHHOCTH yCTAHOBKH MAaKeTa JJIsl OIEPAIlMOHHON cucrembl Win-
dows. [lns Toro, urobbr ycranoBuTh Scilab-4.1.1 wma IIK, meobxomumo obparuth-
cd K OJIHOMMEHHOMY BBIMTOJTHIEMOMY (Dailyly, mocjie Iero HadHeT CBOIO pabory Ma-
crep ycraHoBgu. B unepsom okue Macrepa ycraHOBKH HYKHO BbIOpATh s3bIK (aH-
rmiickuil wiwn dpaniysckuii) u Haxkarb KHOUKY OK U1 IPOJOJIZKEeH s YCTAHOBKH.
Ciesyromee OKHO sIBJIsieTCss MHQPOPMAIMOHHBIM. lloJjib30BaTesb 1oJiydaer coobie-
HIE O TOM, YTO Ha €ro KOMIIbIOTep Oymer ycraHoBjeH maker Scilab sepcum 4.1.1 u
PEKOMEHIAINIO 3aKPBITh JPYyTUe MPUJIOXKEHUsT Tepes ycTaHoBKoil. st mepexoia K
TperbeMmy OKHY Macrtepa ycranmoBku ucnonb3yior KHOIKY Next. B stom okme cie-
JLyeT IPUHATH YCJIOBUs JIMIEH3HMOHHOro corammenust (I accept the agreement) u na-
xkarh kJasuiry Next st npoposikenusi. Ha ciemyromemM sralie 1oJb30BaTe 0 0y-
JIeT NPEeJJIOZKEHO BBIOPATh IIyTh JJjIsl yCTAHOBKU Iakera. [lo yMosdaHuio 310 mamka
C:\Program Files\scilab-4.1.1. JIpyroii myTb MOYKHO YCTAHOBUTH IIPH ITOMOIIN
kuonku Browse. ... Kpome Toro, B 3T70M OKHE BBIBOAUTCS HH(MOPMAIHSA O KOJTUIECTBE
MeCTa Ha BBIOpAHHOM IUCKe, TPEOYEeMOTro JisT YCTAHOBKM CTAHIAPTHOTO HabOpa KOM-
noHeHToB cucreMbl. Haxkatne knonku Next nmpuBejieT K IIOSIBJIEHHUIO JUAJIOIOBOIO OK-
HA, IIPEJICTABJIEHHOIO Ha, PUC. 31eCh T0IH30BATEINIO OYJIET IIPE/ITIOKEHO BbIOpATh
OJIVH U3 YEeThIPeX TUIIOB YCTAHOBKM:

e ycranoska 1o ymosdauuio (Installation Default);
e nosinas ycranoska (Full installation);
e komiakTHas ycranoBka (Compact installation);

e ycraHOBKa BeIOpaHHBIX KoMIoHeHTOB (Custom installation).

Hasee 6y1eT npuBeJieH CIUCOK KOMIIOHEHTOB, COOTBETCTBYIONINX BHIOPAHHOMY TH-
my ycranoBku. [lepexon K ciemytomeMy okny MacTepa yCTaHOBKH OCYIIIECTBIISIETCS C
nomotbio Kuonku Next.

Crieytoriiee OKHO MacTepa yCTAHOBKHU COOOIAET MOJIH30BATENI0 O TOM, UTO IT0-
cie ycraHoBku B MeHIo Ilyck Oyner co3faH sApJIBIK, [IPEIHA3HAYEHHDBIN [IJIs 3aIlyCKa
Scilab. Ilo ymomganuto emy Oyzier npucBoeHo ums scilab-4.1.1. smenuTs mapamer-
pbl sipsibika B MeHIo 1lyck MoxkHO tipu momormu KHorku Browse. . .. Haxkarune kHOIKHI
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Setup

Select Components ﬁ

which components should be installed? Sl

Select the components you want to install; clear the components vou do nat want o
install. Click Mext when you are ready to continue.

Source of macros 4.4 MB
Example files 1EME
Source of XML 8.0ME
Current gelection requires at least 1219 MB of disk space.

< Back ” Mest » ] [ Cancel ]

Puc. 1.1. OxHO BBIOOpa KOMIIOHEHTOB JIjIsi yCTaHOBKU Scilab

Next mpuBeieT K MOsIBJIEHAIO CJIEIYIOMIEr0 OKHA, B KOTOpOM Macrep ycTaHOBKH TIpe]I-
JIOXKWT CIUCOK JIONOJTHATEIHHBIX 338J[at, JIOCTYITHBIX IIOC/Ie ycTaHOBKU. g mepexoist
K CJIeIyIONeMy Iary Tak:ke Heobxomnmo BeiOpaTh Next.

Ilepen nagasom ycranoBku Macrep BblaeT KpaTKhil OTYET O HapaMeTpax ycTa-
HoBKH. Bri6op knonku Install npusener k magasy mpornecca ycranosku. IIporece ycra-
HOBKU Scilab 3akirouaercst B KonupoBanuu (ailjioB CUCTEMBI Ha YKeCTKHii JucK. KoH-
TPOJIUPOBATH €r0 TOJIB30BATEIb MOYXKET C IIOMOIIBIO TAK HA3BIBAEMOIO JIMHEITHOTO WH-
IUKATOPA. 3aBEPINAETCS MPOIECC YCTAHOBKH IOsiBJIEHNEM HH(MOPMAIIMOHHOTO OKHA.
Haxxatne xmonku Next mpuBeseT K mocaegHeMy IMary, Ije y HOJIb30BaTEIs OymeT
BO3MOXKHOCTb YCTAaHOBUTD eIMHCTBEHHYIO omnio Launch scilab. Eciu aToT mapamerp
akTuBeH, To Scilab zamycrurcst cpady mocsie Haxkartus KHonku Finish, nnade 3armyck
MOXKHO npousBectu u3 riasaoro mento (ITyck — Ilporpammbr — scilab-4.1.1) wiu ¢
HOMOIIBIO APJIbIKA Ha pabodeM croge (puc. .

Puc. 1.2. dpawik s 3amycka Scilab
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1.1.2 VYcraHoeka Scilab nog ynpaesnenuem Linux

Scilab BxomuT B cocras Takux jguctpubyTusoB, Kak ALT Linux 4.0 w Mandrivia
2007. Ilaker ecth B pemno3utopusx Debian m Ubuntu. lns ycramoBkum B JIpy-
rue JucTpuOyTHBBI Linux HEOOXOJMMO 3arpy3nuTh TeKyllyio Bepcuio Scilab ¢ caii-
ta http://www.scilab.org, passepuyThb daill B Kakoil subo Karajor (Hampumep
/usr/1%b) u, Boling B Karasor Scilab ¢ npuBmierusiMu Cyneprosb3oBaTeist root, Bbi-
moHUTh KoMauay make. Ilocie atoro komanmoit /usr/l1ib/Scilab 4/bin/scilab
MOYKHO 3aIlyCKaTh MPOTPAMMY Ha BBIIIOJTHEHUE.

1.2 Cpega Scilab

[ocste 3amycka Scilab Ha 3KpanHe MOSBUTHCS 0CHOGHOE 0KHO npusodicerus. OKHO
COJIEPIKUT MEHI0, NAHEAD UHCTPYMEHMO8 U pabouyro obaacmsb. IlpusHakoMm TOro, 9T0
cUCTeMa roTOBa K BBITIOJHEHUIO KOMAH/bI, SIBJSIETCS HAJUYME 3HAKA MPUTJIAIICHUS
-->, [IOCJIe KOTOPOro PACHOJIOXKEH aKTUBHBIN (Muraomuii) kypcop. Pabouyio obiactb
€O 3HAKOM IPUTJIAIIEHUS OOBIYHO HA3BIBAIOT KOMAHIHOU cmpokol. Beod xomand B
Scilab ocymecTsisiercst ¢ KiaBuarypbl. Haxkatue kiasuru Enter 3acrasisier cucremy
BBINIOJIHUTH KOMAaH/Iy U BbIBECTH pe3ysbrar (puc. [1.3).

= scilab-4.1.1 (0)
File Edit Preferences Control Editor Applications 7

| ISP PN

scilab-4.1.1

Copyright (c) 1989-2007
Consortium Scilab (IMRIA, EMPCY

Startup execution: .
Toading initial environment

--»542%(7-10/2)
ans =

Puc. 1.3. Brinosinenue 3j1eMeHTapHOM KOMaHILI B Scilab

IToHsiTHO, YTO BCe BBINOJIHSIEMbIE KOMAHJIbI HE MOI'YT OJHOBPEMEHHO HAXOJUTh-
csl B TIOJIE 3pEHUsI MoJIb30BaTe Isi. [103TOMy, TPOCMOTPETh Ty HH(MOPMAIMIO, KOTOPast
MMOKWHYJIA BUJIMMYIO 9aCTh OKHA, MOYKHO, €CJIH BOCIIOJIH30BATHCs CTAHIAPTHBIMUI CPEJI-
CTBaAMU IIPOCMOTPA, HAIIPUMED [TOJIOCAMY ITPOKPYTKHU WA KJIABUIIIAMHA II€PEMEITEHUS
kypcopa Page Up, Page Down.

Knasumu «Crpesika BBepx» u «CTpesika BHU3» TaKKe YIIPABJISIIOT KyPCOPOM, OJI-
Hako B Scilab oHu mMmeror apyroe HazHadyeHue. JTH KJIABUIIK [TO3BOJISIOT BEPHYTH B
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KOMAH/IHYIO CTPOKY PaHee BBeJIEHHbIE KOMaH/IbI UJIH JPYTYIO0 BXOIHYO WH(MOPMAIIHIO,
TaK KakK BCs 9Ta WHQPOPMAIAsl COXPAHSETCS B CIEIUAJBHON 00sacTu maMsaTu. Tak,
€C/I B IIyCTOH aKTUBHOM KOMAHIHOW CTPOKE HAXKATH KJIABUIIY |, TO MOSIBUTCS TIO-
CITeTHAST BBOJMMAasI KOMAaH/Ia, TMOBTOPHOE HAYKATHE BBI3OBET IPE/NOCTETHIOI0 W TaK
nasiee. KitaBuiiia | BBIBOIUT KOMAaH/IBI B 00pATHOM MOpsiake. TakuM oOpa3oM, MOKHO
CKa3aTh, YTO Bes nHGoOpMalns B pabodeil 00/1acTi HAXOIAUTCSI WA B 30HE NPOCMOMPA
WIA B 30H€ PEIAKMUPOSIHUSA.

Baxxmo 3HaTH, YTO B 30He NMpocmompa HETb3sT HHYETO WCIPABUATH WJIN BBECTH.
Emuncreennas momyctuMas omneparins, KpoMe IIpOCMOTpa, 9TO BblgeseHne nHdopMma-
WU C TTOMOIIBIO MBITIN ¥ KOTIMPOBaHue ee B Oydep oOMeHa, HaIIpUMep, I JaTbHeH-
IIIer0 IIOMEIEHNs] B KOMAaHHYIO CTPOKY.

3ona pedaxmuposanus — 910 (HaKTUIECKH KOMAaHJIHAsI CTpOKa. B Heiil neiicTBy-
FOT 3JIEMEHTAPHBIE IPUEMbI PEIAKTUPOBAHUS: — — IEPEMeIleHne Kypcopa BIPaBO Ha
OJIMH CUMBOJT; «— — ITEPEMeEINeHIe KyPCcopa BJIEBO Ha OJWH CUMBOJI; Home — mepeMertie-
HUE Kypcopa B Ha4yaJIo CTPOKH; End — IepeMenieHne Kypcopa B KOHell CTpoKu; Del —
yJIaJIeHue CUMBOJIA TIOCTIEe Kypcopa; Backspace — yajenne CUMBOJIA, [T€pejt KYPCOPOM.

Kpowme toro, cymecrBytor ocobeHHOCTH 66000 Komand. Eciin KomaH1a 3aKaHINBa-
€TCsl TOUKOI C 3aIATON «;», TO PE3YJIbTAT ee JIefiCTBHs He OTOOPaXKaeTCst B KOMAH THOMN
cTpoke. B mpoTuBHOM CiIydae, IpH OTCYTCTBUN 3HAKA <«;», PE3YJIbTAT ACHCTBUS KO-
MAaHJIbl CPa3y ke BBIBOAUTC B Pabodyto 061acTb (JIMCTHHD .

JInctunr 1.1. Mcnonb3oBanue «TOYKH ¢ 3aldaToil» B Scilab

-->2.7%3+3.14/2

ans =
9.67
-->2.7%3+3.14/2;
>

Texyruit JOKyMeHT, OTpaXKatoluii paboTy moJib3oBaTess ¢ cucremoit Scilab, co-
Jiep2Karuit CTPOKH BBOJIA, BHIBOJIA U COODIEHMsT 00 OMMMUOKAX, IPUHSITO HA3BIBATDL CEC-
cueti. 3HaYeHUsI BCeX IePEMEHHBIX, BBIUKMCJIEHHbIE B TeUEeHNE TeKYIIeil ceccuu, coxpar
HSIOTCsI B CIIEIUAJIBLHO 3ape3ePBUPOBAHHON 00JIACTH ITaMSTH, HA3BIBAEMON padoInM
MIPOCTPAHCTBOM cHCTeMbl. [Ipn kejlanmm omnpejiesieHns BCEX MEPEMEHHBIX U (DYHK-
[uit, BXOJAIMX B TEKYIIYI0 CECCHI0 MOYKHO COXPaHWTH B BHje daiiia, caMmy Ceccuro
COXPAHUTH HEJIB3S.

1.3 OcHoBHble KOMaHAbl rnasBHoro mexto Scilab

I'nasmnoe meno CHCTEMBI COIEPXKUT KOMAHJIBI, IPeIHA3HAYMEHHbIE JIsi PabOThI ¢
daitiamu, HACTPOMKY CPEJIbI, PEIAKTUPOBAHNS KOMAH TEKYIIEH CECCUU U TOJTY I€HUS
cupaBounoit nadopmanun. Kpome TOro, ¢ mMOMOIIBIO TVIABHOTO MEHIO MOXKHO CO31a-
BaTh, PEJAKTHUPOBATH, BBIIOJIHATH OTJIAJKY U 3aIyCKATh HA BBLIIOJHEHUE TaK HA3bI-
BaeMble (dailibl-ciieHapun Scilab, a Takke paboTATh C IpadUIeCKUMU TPUIOKEHIM
IMaKeTa.
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1.3.1 Pabora c daiinamu

IIyukr menro File npennasuaden mis paborst ¢ daitamu. PaccmorpnMm HazHade-
HUe IPe/ICTABICHHBIX B HEM KOMAaH/I :

New Scilab— orkpbiBaer HOBOe OKHO Scilab, dakTuyecku maker saryckaercs
[IOBTOPHO;

Exec. .. —3amyck Ha BBIIOJIHEHNE CO3/[aHHOI paHee Scilab-nporpammbr (daitsst
¢ pacIIMpeHneM sce Wih Sci );

Open — oTKpBIBaeT OKHO JIJIsI 3arPy3KN CO3JIAHHOIO panee (haiiyia, pUCyHKa UiIn
MO/IEJIN;

Load — oTKpbIBaeT OKHO JJIst 3arpy3Ku (HaitjoB, HHGOPMAIAA B KOTOPHIX XPa-
HUTCsI B BUJIe MAIIMHHBIX KOJIOB; [P UX OTKPBITHH B IIAMsITh KOMIBIOTEPA 3a-
IPY?KalOTCsl OlIpeJieIeHHbIe PaHee IepeMeHHble U (DYHKIINNT;

Save — coxpaHeHue BCex OIIPEJIe/IEHHbIX B JIAHHON CECCUU [IEPEMEHHBIX U (PYHK-
nuit B Bujie Qaiiia ¢ paciiupeHneM sav Wi bin;

Change Directory — cMeHa TEKYIIETro KaTajora, BEIBOIUT OKHO HACTPOWKHU IIy-
Teit aittoBoil cucTeMbr;

Get Change Directory — BBIBOAUT B KOMAHJIHYIO CTPOKY HUMs TEKYIIEro KaTa-
JIora;

Print Setup. .. — BBIBOIUT OKHO HACTPOUKHU IMapaMeTpPOB HEeYaTH;
Print — negars Tekymeit ceccun;

Exit — BuIxon u3 cucreMbl Scilab.

1.3.2 PepakTtupoBaHue KoMaHg TekyLlei ceccumn

IIyaxr menro Edit comepKuT cjeayromme KOMaH b

Select All — BbluesieHne BCceX KOMaHI TEKYIIel ceccun;
Copy — KonupoBaHUe BBIIEJIEHHOr0 00beKkTa B Oydep;
Paste — BcTaBka 06bekTa u3 0ydepa;

Empty Clipboard — ouancrka 6ydepa obmeHa,;

History — rpynma KOMaH 1, TpeIHA3HAIEHHBIX [IJIs1 PEIAKTUPOBAHIS KOMAHHOM
CTPOKH.

"Humxe omucannl onepanuu ¢ daittamu oz ympasiaesnem OC Windows, 8 OC Linux mis BbI-
MOJIHEHUsI orepanuii ¢ daitamu HeoOXoAUMO BbITIOIHUTL KoMaHy File — File Operations.
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1.3.3 HacTpoiika cpeabl

Komanapl HacTpoiiku cpeabl IakeTa IpeacTaBieHbl B MeHIo Preferences:

e Language — nipejyiaraer BbIOpaTh U3 CIUCKA s3bIK MHTepdeiica (aHriuiickuii,
dbpanyscknit);

e Colors —nosBouisier ycranosutTs 1set mpudra (Text), user douna (Background)
i npera, NpuHATHIE 10 ymosdanuio (Default System Colors);

e Toolbar (F3) — BBIBOAWUT WM yJaJisieT AHEIb MHCTPYMEHTOB;
e Files Association — npejjaraer yCTaHOBUTDH THUIIBI HOIIEPKUBAEMBIX (DAMJIOB;

e Choose Font — Bbinosinsier HacTpoiiku mpudtra (rapHuTypa, HaYepTaHue, pas-
Mep);

e Clear History — ouumiaer pabodee IIPOCTPAHCTBO;
e Clear Command Window (F2) — ouniaer pabodee OKHO;

e Consol (F12) — akTuBU3UPyeT KOHCOJLHOE IIPUJIOKEHUE.

1.3.4 CnpaBo4Hasa cucrtema

Komamja rraBHOro MeHio 7 OTKPBIBAET JOCTYII K CIpaBo4dHOi cucreme Scilab. B
CIIPABOYHOI crucTeMe WHMOPMAIMIO MOXKHO HCKATh, BOCIIOJIB30BABIINCH COJEPIKAHU-
€M, B CIIHCKe, YIIOPSJIOYEHHOM 110 aJI(PaBUTY, 110 KJIFOYEBOMY CJIOBY WU (bpase.

C nmomormbio KoMaH bl Scilab Demos MOYXKHO OCyIeCTBUTH IIPOCMOTP JEMOHCTPa~
[IMOHHBIX TPUMEDOB.

1.3.5 PepaktupoBaHue u otnagka cpaiinos-cueHapues

Dafin-cuenapuli — ITO criucok KoMan Scilab, coxpanennsiit Ha jaucke. st mojaro-
TOBKH, PEJIAKTUPOBAHUS ¥ OTJIAJIKH (pailjioB-ClIEHAPUEB CJIY?KUT CIIENUAJIBHBIN pedak-
mop SciPad, KOTOpBIil MOXKHO BBI3BaTh, BHIIIOJHUB KOMaHJy IJiaBHOTO MeHio Editor.
B pesysibrare paboThl 3T0I KOMaHIbI Oy1eT co3MaH HOBbIM (daii-ciierapuii. [1o ymoi-
YaHUIO OH uMeeT uMd Untitledl. sce.

OkHo pemakTopa (hallyIoB-ClIeHAPUEB BBITJISIIUT CTAHJAPTHO, T.€. UMEET 3aroJio-
BOK, MEHIO, [TaHeJI WHCTPYMEHTOB, CTPOKY COCTOSTHUS.

BBoj, TekcTa B OKHO pejakTopa daiiia-ciieHapus OCYIIEeCTBIISETCs 0 IIPABUIIAM,
MPUHATHIM st Komau Scilab. Puc. COJIEPXKUT IIPUMEDP BBOJA KOMAH]I JJIsl pere-
HHS KBaJpaTHOro ypasHenns 3x2 + 5x 4+ 4 = 0. HeTpymHo 3aMeTHTB, UTO TOUKA C
3aIATON «;» CTABUTCS IOCJIE TeX KOMAHJ, KOTOPbIE He TPEOYIOT BHIBOIA 3HATEHUI.

s coxpanenus BBeIeHHOM NHMOPMAIIUN HEOOXOIMMO BBITIOJTHUTH KOMaHTy File —
Save u3 MeH pejakTopa. Eciaum mHMOpMaIus COXpaHSeTCsi BIIEPBbIE, TO IOSBUTCSI
okHo Save file As.... Bsom umenu B mosie File Name u mesdok 1o KHOIKe Save
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sl PN

--> x1 = =
- 0.8333333 + 0.79930534

x1l =

- 0.8333333 + 0.79930531
-->

£ SciPad - Untitled3.sce =3
File Edit Search Execute Debug Scheme Options  Windows Help

b E-d%arc;
x1l=(-b+sqreid))/(2%a)
x1l=(-b+sqreid))/(2%a)

| Line: 6 Column: 22 ||Louicalline:6 ]

v

|

>

Puc. 1.4. Bemosaenune daitna-crienapust Scilab

MpUBEIET K COXPaHEHUIO0 WHGOPMAIMH, HAXOJSIIecss B OKHe pemakropa. Paiiibl-
CIIEHAPHUN COXPAHSIIOT C pacHmpeHueM .sce. Omxpvisaem paHee CO3TaHHBIN (aii
KoMaH1a rraBHoro mento File — Open.

Buinoarums onepatopsl daiiia-criieHapusi MOKHO HECKOJIBKUMU CIIOCODAMU:

e u3 MeHIO pejakTopa SciPad BeizBarh Komany Execute — Load into Scilab;

e 13 maBHOrO MeHIO Scilab BbIZBaTh KOMaH;y FExec m ykaszars ums (aiiyia-
CIIeHAPUS.

Bce st jfeficTBust IpuBelyT K HMOSBICHUIO B pabodeil 00IacTH Pe3yJIbTATOB BBIUNC-
Jiennii koman, daiiia-crienapus (puc. .

Ormerum, aro pegakTop SciPad nmeer BO3BMOXKHOCTB pabOTHI ¢ MHOYKECTBOM OKOH
(nyukT menio Windows), obJsialaeT NIPUHATHIME J[JI TEKCTOBBIX PEJIAKTOPOB IPUEMa-
MU penakTuposanus (myHKT MeHto Edit) u mouncka (nyHkT Mento Search). Kpowme to-
ro, MOYKHO BBINOJIHUTB HACTPOIKY cpejibl pegakropa SciPad (mynkT mento Options),
BBI3BAaTh cupaBounyio uH(opmanuio (myHkT menio Help) u ocymecrBuTh oTaagKy
nporpamMmbl, HabpaHHOI B pejakTope (myHkT Menio Debug).

Beriity u3 pekuma peakTUPOBAHUST MOYKHO, IIPOCTO 3aKPbIB OKHO SciPad wim
BhIToNTHUB KoMmanty File — Exit.



[nasa 2

OcHoBbl paboThl B Scilab

2.1 TekcToBble KOMMeHTapumn

Texcmosoiti kommernmaput B Scilab — 310 cTpoKa, HAYMHAIOMIASICS ¢ CHMBOJIOB / /.
Wcrionp30BaTh TEKCTOBbIE KOMMEHTAPUH MOYKHO KaK B pabodeil 001aCTH, TaK U B TEK-
cre daitna-crienapus. CTpoka 1OCIe CUMBOJIOB // He BOCIPUHUMAETCS KAK KOMAaH/A,
¥ HaYKaTWe KJIABUIK Enter NMPUBOIUT K AKTUBUBAINK CJIEIYIONENH KOMAaHIHOW CTPO-
KU

JIuctunr 2.1. [Ipumep ucronb30BaHUsT KOMMEHTAPUS

-->//6+8
>

2.2 DnemeHTapHble MaTeEMaTUYECKME Bblpa>keHUs

1t BBITIOJIHEHMST TIPOCTERIINX apudmemuseckur onepayud B Scilab npumensror
CJIeTyIOIIME ONEePaTOPhl: + CJIOYKEHUe, - BhIUUTAHWE, * YMHOXKeHHUe, / JeJIeHue CJIeBa
HAIIPABO, \ JIeJIEHUE CIIPaBa HAJIEBO, -~ BO3BEJICHNE B CTEIIEHb.

Borucaums 3navenue apuPmemuieckozo 8vbipaicenus MOXKHO, €CJIM BBECTU €ro
B KOMAHJIHYIO CTPOKY W HaXKaThb KJaBuiny Enter. B paboueit obiactu mosBuTCsS pe-
3yJIbTAT:

Jluctunur 2.2. [lpumep apudmMeTnIecKOro BbIPAXKEHUsI
--> 2.35%(1.8-0.25)+1.34"2/3.12

ans =
4.2180
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Ecsu BbraucsisieMoe BBIPaKeHUe CAUUKOM OAUHHOE, TO TIEPEJT HAYKATHEeM KJIABUIITH
Enter cnemyer Habparh Tpu mim 0ojiee TOUEK. DTO OyIeT O3HAYATH MPOIOJIZKEHUE
KOMAH/ITHOU CTPOKU:

JIuctunr 2.3. Beipaxkenue, pacrosio;KeHHOE Ha HECKOJIBKUX CTPOKAX

--> 1+2+3+4+5+6. ...
T+8+9+10+. . ..
+11+12+13+14+15
ans =

120

Ecim cumBoJI Touku ¢ 3amdaroii «;» YKa3aH B KOHIIE BbIpazK€HUs, TO PE3yJIbTaT
BBIYUCJICHUN He BBIBOJUTCA, & aKTUBUSUPYETCHA CJICYION[ad KOMaH/IHad CTPOKa:

Jluctuur 2.4. Ucnons3oBanue «;»

--> 1+2;
--> 1+2

2.3 Mepementblie B Scilab

B paboueit obstactu Scilab MOYKHO OTIPEJIEIATH NepemenHvie, & 3aTeM UCIOIb30BaTh
UX B BbIpakeHnusix. JIi006asi nepeMeHHas 10 UCHOJIL30BAHUS B (GOPMYJIaX U BHIPA2KEHU-
X JIOJDKHA ObITH omnpeseriera. st onpedeaenus nepementoti HeoOX0MMO HAOPATDH
M3l [IEPEMEHHOMN, CUMBOJI «=» U 3HAYEHUE IIePeMEHHO. 3/1eCh 3HAK PABEHCTBA — JTO
ONEPAMOP NPUCBAUBAHUA, TEACTBIE KOTOPOI'0 HE OTJINYAETCS OT AHAJIOTUYHBIX Ollepa-
TOPOB S3BIKOB IpOrpaMMupoBanusi. T.e., ecau B 00IIeM BHJE OIIEPATOD IPUCBANBAHUS
3aIUCATh Kak

UMS_TIEpEeMEHHO! = 3HaYeHHEe_BHpaXeHHUd

TO B NEepeMeHHy, HMs KOTODOW YyKa3aHO CJieBa, Oy/leT 3alucaHo 3HadeHue
BHIPAXEHUs, YKA3AHHOTO CIIPABA.

Wms mepemMenHOI He TOKHO COBIIAJATEH C UMEHAMEI BCTPOEHHBIX MIPOTEAy D, PyHK-
Uit ¥ BCTPOEHHBIX MEPEMEHHBIX CUCTEMBI U MOXKET cojepKaTh 10 24 cumsosioB. Cu-
cTeMa pasandaeT 60JbInre u MaJible OYKBBI B UMeHax nepemenubix. T.e. ABC, abc, Abc,
aBc —9T0 nuMeHa pa3HbIX IIEPEeMEHHbBIX. BbIpazkeHue B IIpaBoil 4acTu oleparopa Ipu-
CBaMBaHUS MOYXKET OBITh YUCJIOM, apU(PMETHIECCKIM BBIPAXKEHUEM, CTPOKOIl CHMBOJIOB
WIN CUMBOJIBHBIM BbIpaXkeHueM. Fcim pedb uiaer 0 CHMBOJIBHOM WJIHM CTPOKOBOI T1e-
PeMEHHOi, TO BhIparKeHHe B MPaBOil 4aCcTH OllepaTopa MPUCBAMBAHUS CJejiyeT OpaThb
B OJIMHAPHBIE KABBIUKU.

Ecyiz cuMBOJI «;» B KOHIIE BBIDaXKEHUsI OTCYTCTBYET, TO B KQUECTBE PE3YJILTATA, BbI-
BOIUTCSI UMsl TIePEMEHHOiT 1 ee 3HaveHne. Hajmune cuMBoJIa «;» epeiaeT yrpaBieHue
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CJIEJIYOIIEell KOMaHHOW CTPOKE. DTO IO3BOJISET HCIIOJb30BATH MMEHA [TEPEMEHHBIX
JIUTSl 3allUCH ITPOMEXKYTOYHBIX PE3YJIbTaTOB B ITaMATh KOMIIbIOTEPA!

Jluctunr 2.5. IlpumMeps! onpejiesieHnst nepeMeHHbIX

-->//llpucBavBaHue 3HAYEHUH NIEpPEMEHHHM a U b
--> a=2.3

a =

2.3000

--> b=-34.7

b =

-34.7000

-->//llpucBanBaHue 3HAYEHUN NIEePEMEHHHM X H ¥,
-->//BHYNCIIeHVE 3HAYEHWS [IE€PEMEHHOH 2z

--> x=1;y=2; z=(x+y)-a/b

z =

3.0663

-->//Coobuerne 06 ommbre - IEepeMeHHAas C He OIpeeleHa
--> c+3/2

7?77 Undefined function or variable ’c’.

-->//0upezeneHne CUMBOJIBHON NEepeMeHHOM
__> C=’a7
c =
a

-->//0npeneneHne CTPOKOBOH IepeMeHHON
--> h=’mamMa Mma pamy’
h =mama MbTa pamy

1t o9ncTKY 3HAYEHUsT IEPEMEHHON MOXKHO MTPUMEHUTH KOMAHLY
clear uMs_IepeMeHHOH;

KOTOpad OTMeHdeT Oollpe/ie/IieHud BCeX ITePEMEHHbBIX ,ZLaHHOfI ceccuu. ,Haﬂee IIpruBeIeHbI
IIpUMeEPbI IPDUMEHEHU A 3TON KOMaH/IbI:

JIuctunar 2.6. IIpumep ucronb3oBanus KOMaHILI clear

-->//0npeneneHre IEpPEeMEHHHX X X y

--> x=3; y=-1;

-->//0TMeHa oLpeleleHUs IEPEMEHHOH X
--> clear x

-->//llepeMeHHas X He OIpeneleHa

-—>x

7?7 Undefined function or variable ’x’.
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-->//llepeMeHHasl y OIpeZeseHa
Y y
y =
-1

-->//0npepeneHne IepeMeHHHX a H b
-->a=1;b=2;
-->//0TMeHa oOLpeZeleHUs IEPEMEHHHX a ¥ b
-->clear;
-->//TlepeMernble @ U b He OIpeLeleHH
-->a

!-—error 4
undefined variable : a
-->b

!-—error 4
undefined variable : b

2.4 CuncremHble nepemerHblie Scilab

Ecim komanza He comepKuT 3HAKA TPUCBAMBAHUSA, TO 110 YMOTIAHUIO BHIYHUCJIEH-
HOE 3HavYeHUe MPUCBAMBAETCH CIEIUAIBHON cucmemnol nepemennol ans. IIpumdem
[IOJIy9€HHOE 3HAYEHNEe MOYKHO HCIIOJIb30BATH B IIOCJIEIYIONINX BBIUNCIECHUSX, HO BazkK-
HO TIOMHUTB, YTO 3HAYEHUE ans M3MEHSeTCs II0CJe KaXKJ0r0 BbI30Ba KOMAaHJIbI 0e3
oTIepaToOpa MPUCBANBAHUS:

JIuctunar 2.7. Ilpumep paboThI ¢ IEPEMEHHON ans

--> 25.7-3.14
ans =
22.5600
--> //B3HadeHWe CHCTEMHON NepeMeHHO# paBHO 22.5600
--> 2*ans
ans =
45.1200
--> //3HadeHnEe CHCTEMHOH IepeMeHHOH yBeINYeHO BIBOE
--> x=ans~0.3
x =
3.1355
--> ans
ans = 45.1200
--> //Tocne HCIONBb30BAaHUA B BHPAXEHUW 3HAUEHUE
--> //cucTeMHON NepeMeHHOH He W3MeHWIOCh u paBHO 45.1200

PesynbraT nocniepmeit oneparun 6e3 3HaKa MPUCBANBAHNS XPAHUTCS B TIEPEMEHHOIT
ans. JIpyrue cucmemnovie nepemermvie B Scilab HaunHarOTCS ¢ CUMBOJIA, %
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%i — mEnMas equanma (/—1);

%pi —umcio m = 3.141592653589793;

he —uncyo e = 2.7182818;

%inf — MAITMHHBIA CUMBOJI GeCKOHETHOCTH (00);

%NaN — neonpeznenennsiii pesyasrar (0/0,00/00 u T. 11.);
heps — yCJIOBHBII HOJIb }eps=2.220E-16.

Bee IIepevIucjI€eHHbICe IEPEMEHHBbIEC MO2KHO HUCIIOJIb30BaTh B MaT€MaTUIE€CKUX BbIpa-
2KeHUAX:

JIucrunr 2.8. Vcnonb3oBanne BCTPOEHHBIX IMepEeMEHHbIX

-->a=5.4;b=0.1;
-->F=cos (%pi/3)+(a-b) *%e"2
F = 39.661997

JaJiee Ti0Ka3aH MpUMep HEBEPHOIO OOPAIEHUs] K CUCTEMHOM ITePEeMEHHON:
Jluctunr 2.9. HenpaBuibHoe obpaliieHne K mepeMeHHon %pi

-->sin(pi/2)
!--error 4
undefined variable : pi

2.5 BBopj BewecTBeHHOro 4Yucna un npeacrassieHve pe3ybTaToB
BblYNCNEHUN

Yuc/oBble Pe3yJIbTaThl MOI'YT OBbITh IIPEJCTABJICHBI C IUIaBaIomeil (Hampumep,
-3.2E-6, -6.42E+2) wiu ¢ duxkcupoBannoil (Hanpumep, 4.12, 6.05, -17.5489) Tou-
Koit. Uucna B dopmaTe C MmIaBalomeil TOIKON MPEeICTaBIeHb B 9KCIOHEHITNATHHOMN
dopme mE+p, rjie m — MaHTHUCCA (uenoe nim ApoOHOe UUCIO C JIeCITUTHON Tquoﬁ)7
p — nopsiyiok (1iestoe aucaio). Jyist Toro, 9To6bl epeBecTr YUCII0 B SKCIOHEHIMATBHON
dopme K 0OBITHOMY TTPEJICTABICHIIO C (PUKCUPOBAHHOM TOYKOI, HEOOXOAMMO MaHTHC-
CYy YMHOXKHUTh Ha JIECATh B CTEINEHU MOPSIIOK.

Hampumep,

~6.42E+2 = —6.42 - 10% = —642 3.2E-6 = 3.2-107% = 0.0000032

IIpu BBOJIE BEIIECTBEHHBIX HHCEN [ OT/AeeHUs JPOOHON YAaCTU MCIIOIb3YeTCs
Touka. [Ipumepsl BBOA 1 BBIBO/IA BEIIECTBEHHBIX YUCEJI:
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JIuctunar 2.10. [Ipumepsl onpeeeHusT BEMECTBEHHBIX YUCET

-->0.123

ans = 0.123
-->-6.42e+2

ans = - 642.
-->3.2e-6

ans = 0.0000032

Paccvorpum mpuMep BBIBOIA 3HAYEHHUS] CHCTEMHON MEPEMEHHOW T M HEKOTOPOit
IIEPEMEHHON ¢, OIIPE/ICJICHHON 10JIb30BaTeIIeM:

JIucturar 2.11. BeIBoj BeleCTBEHHBIX YUCE)T

-->)pi
%pi =

3.1415927
-->q=0123.4567890123456
q =

123.45679

Herpynmo 3amerurs, aro Scilab B KadecTBe pe3ysbrara BBIBOJAUT TOJBKO BOCEMb
3HaYAIMX MUdp. 10 popMaT BBIBOJA BEIIECTBEHHOIO YHUCJA 110 yMOJ4YaHuto. st
TOro, YTOOBI KOHTPOJIMPOBATH KOJIMYECTBO BBIBOJUMBIX Ha [1€YaTh PA3PsiJIOB, [IPUMe-
HSIOT KOMaHIy printf ¢ 3aJaHHBIM (DOPMATOM, KOTOPBI COOTBETCTBYET IIPAaBUJIAM,
MPUHATBIM TSI 9TOM KOMaHbI B sizbike C:

JIuctuar 2.12. BIBo BENIECTBEHHBIX UNUCETT C UCIOIb30BAHNEM (DYHKITAN
printf

-->printf ("%1.12f",%pi)
3.141592653590
-->printf ("%1.15f",%pi)
3.141592653589793
-—>printf("%1.2f",q)
123.46

-->printf ("%1.10f",q)
123.4567890123

-->//Tlo yMon4aHu®w 6 3HAKOB IIOCJIE 3aNATOR
-->printf ("%f",q)
123.456789
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2.6 ®ynkuyun B Scilab
Bcee ¢ynxyuu, ncnomssyemblie B Scilab, MoxKHO pasmennTh Ha JiBa Kacca:
® GCMPOEHHDIE;
e onpedenerHvie NOALIOSAMENEM.

B obmmem Bujie obpauwerue x gynryuu B Scilab umeer Bu:

“MsA_nepeMeHHOM = uMs_¢yHkuuu (nepeMennasl [,mepemennas2, ...])

[Jle ¥Ms_IIepeMeHHOY — IepeMeHHast, B KOTOPYIO Oy/yT 3alMCaHbl Pe3yaIbTaThl pabo-
ThI (PYHKIUK; 3TOT IIapaMeTp MOKET OTCYTCTBOBATH, TOTJA 3HAYEHUE, BHIYUC-
JieHHOe (pyHKIHE, Oy/1eT MIPUCBOEHO CUCTEMHOI IIePeMEHHON ans;

“MsI_QYHKIME — UMs BCTPOEHHON WJIM paHee CO3IAHHON IMOJIb30BaTeIeM (OYyHKIINN;

mepeMeHHasl, IepeMeHHas2, ... — CIHUCOK apryMeHTOB (PYHKIIUU.

2.6.1 DnemeHTapHble MaTemaTu4yeckme hyHKLUN

[Taker Scilab crabykeH TOCTATOYHBIM KOJUIECTBOM BCEBO3MOXKHBIX BCTPOEHHBIX
byHKIMIT, 3HAKOMCTBO € KOTOPBIMH OY/IE€T TPOUCXOJWUTH B CJEYIONUX pasjeiax.
3J1ech TIPUBEIEM TOJIHKO 3JIEMEHTapHble MaTeMaTudeckue (DbYHKIUH, UCIIOIb3yeMble

qae Beero (tabur. 2.1)).

Tabauna 2.1. DremenTapable MaTeMaTHIeCKne (QyHKITUN

DyHKIUS \ Onucanme pyHKIUI

Tpuzoromempuueckue

sin(x) CUHYC YUCTIA T

cos(x) KOCUHYC YIUCTIA T

tan(x) TAHTEHC YUCJIA T

cotg(x) KOTaHTEeHC IHCJIA T

asin(x) ApKCHUHYC YIUCTIA T

acos(x) ApPKKOCUHYC YUCTIA T

atan(x) apKTAHTeHC YHUC/Ia &
IKCNOHEHUUANDHDLE

exp(x) DKCIIOHEHTA IUCJIA T

log(x) Harypasbhbiit jorapudm ducia
Apyeaue

sqrt (x) KOPEHb KBIPATHBIN U3 YHUCTa &
abs (x) MOJTYJIb YUCTIA T

logl0(x) JECATAYHBIN jorapudmM OT IUCIa T
log2(x) JiorapudM M0 OCHOBAHUIO JIBA OT YUCJIA T
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Y
IIpumep BBIYMCITIEHNST 3HAYEHUST BBIDAXKEHUS 2 = .

Jluctuur 2.13. Borancienne MaTeMaTHIeCKOTO BBIPAYKEHUST

-->x=1.2;y=0.3;
-->z=sqrt (abs(sin(x/y)))*exp(x~y)
z =

2.5015073

2.6.2 dPyHkuuu, onpegeneHHble NoJsib30BaTesieEM

B mepBoit ryraBe MBI yke ymoMuUHAIN O PaUAAT-CUEHAPUAT T JAXKE CO3TABAJN
HeOOJIBIIIYI0 TPOrpaMMy, KOTOpPasi pelraja KOHKDETHOe KBaJparHoe ypasHenme. Ho
B 3Ty IPOrpaMMy HEBO3MOXKHO OBLIO II€pe/IaTh BXOJHbBIE IIAPAMETPHI, T.€. ITO OBLI
OOBITHBIN CITHUCOK KOMAaH]I, BOCIIPUHUMAEMBbIH CUCTEMOM KaK eJIUHBII orepaTop.

DynKyua, KaK IPaBUIO, NPEJTHA3HAYEHA I HEOJTHOKPATHOIO HCIIOJIb30BAHU,
OHa MMEET BXOJHBbIE IMapaMeTPhl U He BBITOJIHSIETCs 063 UX MPeIBAPUTEIFHOIO 3313~
Hus. PaccMOTpHUM HECKOIBKO CIOCO00B cozdanus @ynkuyud B Scilab.

Ilepswiti cnocob — 310 mpumMenenne onepaTopa deff, KOTOPHIi B 0OIIEM BUJIE MOXK-
HO 3aIlNCaTh TaK:

deff (’ [umal, ... ,umaN] = uma_oyuxuuu(mepemensas_1, ... ,nepeMerras_M)’,
’umsil=BHpaxenuel; ... ;uMsaN=BopaxerueN’)
rae uMsl, ... ,uMaN — CIIMCOK BBIXOJHBIX IAapaMeTpPOB, TO €CTh INEePEMEHHbBIX, KOTO-

PBIM OyZeT MPUCBOEH KOHEYHBIN PE3YJIbTAT BBHIYUCJIECHUIT,
nMA_GYHKIUE — UM C KOTOPBIM 3Ta (DYHKIHS Oy/IeT BbI3BIBATHCS,

nepeMeHHaﬂ_l PR ,nepemeHHaa_M — BXOIHBIE ITapaMeETPHI.

Jamee mpuBemeH caMblii IpocTOil crocob mprumeHeHusi omneparopa deff. 3mech
MMOKA3aHO, KaK CO3JaTh WM MPUMEHUTH (MOYHKIUIO JJIsi BBIYUCJCHUS BBIPAYKEHUST

X Y
<> ’ . 61 (3Ha‘{eHI/Ie 9TOI'O BbIPpazKEHU:A YyKe 6])1.]'[0 BBIYHNCJIEHO B JIMCTUH-

JIuctuur 2.14. Ilpumep onpenesennst GyHKIUN IOJIH30BATENS C IIOMOIIBIO
oneparopa deff

-->deff (’z=funl(x,y)’, ’z=sqrt(abs(sin(x/y)))*exp(x~y)’);
-->x=1.2;y=0.3;z=funl(x,y)
z = 2.5015073
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PaCCMOTpI/Il\l IIpuMep CO3JaHudA U TPUMEHCHU A (byHKL[I/II/I, BBI‘{I/IC.HSIIOH_[eﬁ IIJI0IIaIb
TPEyroJIbHUKA CO CTOPOHAMU a, b u ¢ o dhopmyse [epona

at+b+c

S=vp-(p—a) (p-0)-(p—c), ep=—7

JIuctunr 2.15. @yHKMA, BBIYACISIONA IJIO0MA/b TPEYTOJIbHUKA 110 (HOop-
Mmyste I'epona

-->deff (’S=G(a,b,c)’, ’p=(atb+c) /2;S=sqrt ((p-a) *(p-b) *(p-c))’);
-->G(2,3,3)
ans = 1.4142136

B craenyromem JumcTrHTE IPUBENEH IPUMED CO3JAHUS U I[PUMEHEHus QyHK-
U, C TIOMONIbIO KOTOPOW MOXKHO HaWTH KOPHHM KBaJPaTHOTO YPaBHEHHUS BH/IA
—-b+vD
—_—a:

az? + bz + ¢ = 0 mo dopmynam D = b? — dac; x1 2 = >

Jluctunur 2.16. Ilpumep yHKIME pelerns KBaJIpaTHOIO ypPaBHEHMSs

-->deff (’ [x1,x2]=korni(a,b,c)’,’d=b"2-4*ax*c;
x1=(-b+sqrt(d))/2/a;x2=(-b-sqrt(d))/2/a’);
-->[x1,x2]=korni(-2,-3,5)

x2 = 1.
x1 = -2.5
Bmopoti cnocob co3manns QYHKIINNA 9TO TPUMEHEHNEe KOHCTPYKITUN BUIA:
function[umal, ... ,umaN]=umsa_¢yakuuu (nepemerHas_1, ... ,nmepeMeHHas_M)
Teno GyHKIUM
endfunction
rae uMsl, . . . ,uMaN — CIHUCOK BBIXOIHBIX TAPAMETPOB, TO €CTh IEPEMEHHBIX, KOTOPBIM
OyZeT MPUCBOEH KOHEYHBIN Pe3yJIbTaT BBIYUC/ICHUI; UMI_(QYHKIUY — UMs ¢ KOTOPBIM
sra GYHKIMA OYAeT BbI3bIBATHCH, IepeMerHas_1, ... ,nepeMeHHas_M — BXOIHbBIE A~
paMeTpBhl.

Bce nmena mepemeHHBIX BHYTpH (DYHKIIUU, & TAKXKe MMEHa M3 CIIUCKa BXOJHBIX U
BBIXO/IHBIX IAPAMETPOB BOCIPUHUMAIOTCS CUCTEMOIN KaK A0KAAbHDIE, T.€. CIUTAIOTCS
OTPEIeJIEHHBIMA TOJIBKO BHYTPH (DYHKIIAN.

Boobe rosopst, dyuknuu B Scilab urpator posis moamnporpamm. [loaromy mesteco-
06pa3HO HAOWPATH WX TEKCTHI B PEIAKTOPE U COXPAHSATH B BUJE OTIAETbLHBIX (DaitIoB.
[Tpuaem nms daiiia J0JKHO 00513aTEILHO COBIIAJIAThH ¢ MeHeM (byHKIiuu. Pacmupe-
e daitnaM-QyHKIUIM 0OBITHO IPUCBAUBAIOT SC% UJIU SCe.

Obpawerue ¥ GyrKUUL OCYIIECTBIISIETCS TaK ¥Ke, KaK U K JI000i Apyroil BCTpoeH-
HOI (DYHKIMHM CUCTEMBI, T.€. U3 KOMaHIHOW cTpoku. OaHAKO (DYHKINN, XPAHSIITHECS
B OTHEJIbHBIX (ailyiax, JOJKHBI ObITH TPEABAPUTEIBHO 3arPYy’KEHbl B CHCTEMY, Ha-
[pUMep, TIPU [TOMOINK orepaTopa exec (uMs_daiina) WM KOMAHJON IVIABHOIO MEHIO
File — Exec. .., 9T0, B 00IIlEM, OJTHO U TO K€.
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B kagecTBe mpuMepa paccMOTPUM CJIEIYIONIYIO 33/1ady.

Bamaqa 2.1.
Pemuts Kybuueckoe ypaBHEHHE.

Ky6u1aeckoe ypaBuenme
ax® +bx® +cx +d=0 (2.1)

IIocJjie JeJjienusd Ha a IPpUHUMaeT KaHOHUYECKU BUJI:

e s +t=0, (2.2)
rie
b c
r=—, s=—, t=—.
a a a

B ypasuenun (2.2)) cienaem 3ameny

.
rT=9y— —
Y73
U IIOJIyYUM CJICAYIONIee IPUBEICHHOE YPABHEHNIE:
v +py+q=0, (2.3)
rie
(3s — 7’2) s
2Ty —9ol_ 5y,
p 3 =577 73

Tucito JeficTBUTENbHBIX KOPHEi IpuBeieHHoro ypasaenns (2.3) saBucur ot 3naka

’ + (g)s (Ta6.J'I..

= (5)
JUCKPpUMHWHaHTa D= (= B

3

Tabmuma 2.2. KomndecTBo KOpHEit KyOMIECKOT0 ypaBHEHUS

KoJuaungecTBo KoJuangecTBo
JluckpuMuHaHT | JeHCTBUTEJIbHBIX KOPHEIH | KOMILIEKCHbIX KOPHEeLT
D>0 1 2
D<O0 3 -

Kopuu npusesennoro ypasuenus MOryT ObITh paccuanTansl mo dpopmyiam Kapma-
HO:

yy = o, vy = —(u;— U)+(U;U)i\/§7 s = —(u2+ v)_(u;v)i\/g' (2.4)
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31ech
u:g’%% (D), wv={-L-\/D).

HaJtiee mipesicTaBiieH TEKCT (DYHKINE, Pean3yOIuii OUCAHHBINA BBIIIE CIIOCOD pe-
[IEeHUs] KyOMYIeCKOrO yPABHEHUST:

Jluctunr 2.17. Pemenne Kybnu4ueckoro ypaBHeHUs

//daiin cub.sce

function [x1,x2,x3]=cub(a,b,c,d)
r=b/a;

s=c/a;

t=d/a;

p=(3*s-r~2)/3;
qQ=2%r"3/27-r*s/3+t;
D=(p/3)~3+(q/2)"2;
u=(-q/2+sqrt (D))~ (1/3);
v=(-q/2-sqrt (D))~ (1/3);

yl=u+v;
y2=-(u+v) /2+(u-v) /2*%i*sqrt (3);
y3=-(u+v) /2-(u-v) /2*%i*sqrt (3);
x1=y1-r/3;

x2=y2-r/3;

x3=y3-r/3;

endfunction

//BH30B QYHKIMM ¥ BHBOJ, Pe3yJIbTATOB €e paboThH:
-->exec(’./cub.sce’)
// TlpuMep Bh30OBa GyHKIuE u3 Oaitna gnsa 0C Windows:
//-->exec(’C:\Scilab\scilab-4.1.1\cub.sce?);
-->disp(’exec done’);
Warning :redefining function: cub
exec done
-->[x1,x2,x3]=cub(3,-20,-3,4)
x3 =
0.3880206
x2 =
- 0.5064407
x1 =
6.7850868
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Maccuebl n maTpuusl B Scilab. Pewenne
3aa4 AuHeliHol anrebpbl

Js1st paboThI ¢ MHOXKECTBOM JIAHHBIX YI00OHO MCIIOJIb30BaTh MaccuBbl. Hampuwmep,
MOXKHO CO3/IaTh MACCHUB JJIs XPAHEHUs] YUCJIOBBIX UJIM CUMBOJIBHBIX JAHHBIX. B 9TOM
cJIydae BMECTO CO3/IAHUS IIePEMEHHO JJIs XPaHEeHHs KaXKIOr0 JTAHHOIO JOCTATOYHO
CO3/1aTh OJINH MACCHUB, IJie KasKJIOMY 3JIEMEHTY OyJIeT IPUCBOEH MOPSIIKOBbBI HOMEp.

Takum 06pazoM, Maccu6 — MHOYKECTBEHHBIN THUIT JTAHHBIX, COCTOSIINNA U3 (HPUKCHU-
pOBaHHOTO Ymucjia 3j1eMeHToB. Kak m j11060it [Ipyroi mepeMeHHON, MacCuBy JTOJI2KHO
OBITH IIPUCBOEHO MMsI.

[Tepemennyto, peACTABIISIIONTYIO CODOI MTPOCTO CIMCOK JAHHBIX, HA3BIBAIOT 00HO-
MEPHBIM MACCUBOM, NI 8eKMOopom. [yt mocTyna K TaHHBIM, XPAHSIIIMCS B OIIpeie-
JIEHHOM 3JIEMEHTE MACCHBa, HEOOXOINMO YKA3ATh UMA MACCUBE U NOPAIKOGDIT HOMED
TOTO IJIEMEHTA, HA3bIBAEMBIl UHJIeKCOM.

Ecim Bo3HMKaeT HEOOXOMMMOCTH XpaHEHWs JAHHBIX B Buje Tadauil, B (opmare
CTPOK U CTOJIOLOB, TO HEOOXOAUMO HUCIOJIb30BATH 08YMEPHHE MACCUGbL (MATPUIIBL).
s mocTyna K JTaHHBIM, XPAHANUMCS B TAKOM MAaCCHBE, HEOOXOIUMO yKa3aTh UMsi
MaCCHBa M JBa UHIEKCA: IEPBBIil JI0J2KEH COOTBETCTBOBATH HOMEPY CTPOKH, 8 BTOPOil
— HOMEpY CTOJIONA, B KOTOPBIX XPAHUTCsI HEOOXOIUMBIN IJIEMEHT.

Suagenne nuotcHel epanuyb, undexcayuy B Scilab paBro enunume. umekcesr MmoryT
OBITH TOJIBKO IEJIBIMU TIOJIOKATETHHBIMU IHCIAMA.
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3.1 Bsog v popmMmupoBaHne maccmsos n maTpul
Bagarb ogHOMEpHBIA MaccuB B Scilab MOXKHO ciremyionmm o6pa3oM:
name=Xn:dX:Xk

rJle name — UM TIE€PEMEHHON, B KOTOPYIO Oy/eT 3amucan cpOpMUPOBAHHBIN MaCCUB
Xn — 3Ha4eHue IepBOro JICMEHTa MacCuBa, Xk — 3HaYCHUE IIOCJIEIHEro 3JIeMEHTa Mac-
cuBa, dX — mar, ¢ IOMOIIBI0 KOTOPOro (DOPMUPYETCH KaXKIbII CJAEIYIOMNA SJIEMEHT
MacCCHBa, T.€. 3HAYEHWEe BTOPOTO 3jIeMeHTa cocTaBUT Xn+dX, Tperbero Xn+ dX+dX m
Tak JaJjiee 10 XK.

Ecsin napamerp dX B KOHCTPYKIMH OTCYTCTBYET, 3TO O3HAYAET, YTO I10 YMOTIAHUIO
OH IpUHUMAaeT 3HaueHue, paBHOE eUHUIIE, T.€. KayKIbIH CJIeIyIONINil 3JJeMeHT MacCuBa
PaBeH 3HAYEHUIO IIPEAbIAYINEro IJIIOC OLUH:

name=Xn:Xk

IIepemennyio, 3aaHHYI0 KAK MACCHB, MOXKHO HCIOJIH30BATh B apu(METUIECKIX
BBIPDAXKEHUAX U B KA4eCcTBe apryMeHTa MareMarndeckux yHKIwmil. Pesysnsrarom pa-
OOTBI TAKMX OTIEPATOPOB ABJISIIOTCS MACCUBBI:

Jluctuar 3.1. Ilpumepsr paboThl ¢ MaccuBaMu

--> Xn=-3.5;dX=1.5;Xk=4.5;

--> X=Xn:dX:Xk

X =

-3.5000 -2.0000 -0.5000 1.0000 2.5000 4.0000

--> Y=sin(X/2)

Y =

-0.9840 -0.8415 -0.2474 0.4794 0.9490 0.9093
--> A=0:5

A =

012345

--> 0:5

ans =

0 1 2345

--> ans/2+%pi

ans =

3.1416 3.6416 4.1416 4.6416 5.1416 5.6416

Eie ogua criocob 3aaHust BEKTOPOB U MaTpuIl B Scilab —9T0 ux nossemermmoili
6600.

Tak, st onpedeserus 6eKmMOPa-cMPoKy CJIeLyeT BBECTU WUMsl MACCHBa, & 3aTeM
mocjie 3HaKa MPUCBAWBAHUs, B KBaJPATHBIX CKOOKAxX depe3 Mpobes WId 3amlsTylo,
MIEPEIUCTUTD IJTEMEHTHI MACCUBA

name=[x1 x2 ... xn] I name=[x1, x2, ..., xn]
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IIpumep BBO/IA BEKTOPA-CTPOKU:

Jluctunur 3.2. OnupeenieHne BEKTOpa-CTPOKU

-->V=[1 2 3 4 5]

vV =

12345
-->Ww=[1.1,2.3,-0.1,5.88]
W=

1.1000 2.3000 -0.1000 5.8800

DJIEMEHTBI 8€KMOPA-CMOAOUG 6600AMCA IePE3 TOUKY C 3AIIATOMN:
name=[x1; x2; ...; xnl]
IIpumep BBOMIa BEeKTOpa-CTOJIONIA:

Jluctunur 3.3. Onpenenenne BeKTOpa-CTOIOIA

--> X=[1;2;3]

Ob6paruTbcst K 3JIEMEHTY BEKTOPa MOXKHO, YKa3aB HMsi MaCCUBA U IOPSIKOBBIi
HOMED JIEMEHTA B KPYIVIBIX CKOOKaX:

name (uEIEXKC)

Hampumep:
Jluctuur 3.4. Ilpumep obpalneHus K 3JeMEHTY MacCHBa

--> Ww=[1.1,2.3,-0.1,5.88];
--> W(1)+2%W(3)
ans = 0.9000

Bs00 saemenmos mampuys, TaKzKe OCYIIECTBIISIETCS. B KBaIPATHBIX CKOOKaX, IIPU
TOM 3JIEMEHTBI CTPOKHU OTIEJISIOTCS JAPYT OT ApyTa MPodeIoM WIH 3aIIATOH, & CTPOKHU
pa3meNnsaoTcs MeXK Iy co0oil TOYKOI ¢ 3aIlsiTOll:

name=[x11, x12, ..., xln; x21, x22, ..., xX2n; ...;
xml, xm2, ..., xmn;]

Ob6paTuThCs K 3JIEMEHTY MATPHUITHI MOXKHO, YKA3aB IIOC/I€ MMEHU MATPUIIBI, B KPYT-
JIBIX CKODOKaX 4epes3 3alsTyi0, HOMEP CTPOKHU U HOMED CTOJIONA HA ME€PECeIeHnn KOTO-
PBIX 3JIEMEHT PaCIIOJIOKEH:

name (mEmexcl, uHIZEKC2)
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Hamnee mpuBejieH puMep 3aIaHUSA MATPUILI U OOpaIlleHne K ee 3JIEMEHTaM:
Jluctuur 3.5. [lpumep obpaliieHust K 31eMeHTaM MaTPHUIIbI

--> A=[1 2 3;4 5 6;7 8 9]

A =
1 2 3
4 5 6
7 8 9

-=> A(1,2)"A(2,2)/A(3,3)
ans = 3.5556

KpOMe TOro, MaTpunbl 1 BEKTOPbI MO2KHO (1301f)1\II/IpOBaTb7 COCTaBJIAA UX U3 paHee
33IaHHBIX MAaTPHI[ 1 BEKTOPOB:

JInctuar 3.6. IIpuMep KOHKaTEHAIIMN MATPUIL

--> v1=[1 2 3]; v2=[4 5 6]; v3=[7 8 9];

--> //TopusoHTanpHasd KOHKATEHAIWS BEKTOPOB-CTPOK:
--> V=[vl v2 v3]

V=1234567829

-->//BepTuKanbHas KOHKATeHAIWs BEKTOPOB-CTPOK,
-->//pe3ynbTaT MaTpuIa:

--> V=[v1; v2; v3]

S h <
oo

3

6

7 89

——>//rOpH30HTaHBHaﬂ KOHKATeHaludAd MaTpHIL:
--> M=[V V V]

N bR
o O Nl
© O W
~N -
o O N
© O W
~N b e
o O N
O o W

-->//BepTukanbHas KOHKATEHAIWs MATPHUI:
--> M=[V;V]

NN -
Q 01T N o Nl
O OO W OV o W
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Baxuyto poJib ipu paboTe ¢ MaTpUIIAMU UT'PAET 3HAK JBOETOUUST «:». Y Ka3bIBas
€ro BMECTO MHJIEKCA IIPY ODPAIeHn: K MACCUBY, MOXKHO IMTOJIy9aTh JOCTYII K TPYIIIAM
ero sjemenToB. Hampumep:

JIuctunr 3.7. [IpuMepbl UCIIOIB30BAHNS OTIEPAIIH «:»

-->//NycTh 3amjaHa MaTpuua A

--> A=[67 6 5; 7 10 8 7;6 8 10 9;5 7 9 10]
--> //BugenuTs u3 MaTpuipl A BTOpoi cromber
-=> A(:,2)

ans =

--> //BHEenuTh U3 MATPUIE A TPEThHH CTPOKY
--> A(3,:)

ans = 6 8 10 9

--> //BugenuTs u3 MaTpuipl A momMarpuuy M
--> M=A(3:4,2:3)

M =

8 10

79

--> //Vpanuts u3 MaTpums A BTOpOi# cTomber
--> AC:,2)=[]

A =

58 10

779

6 10 9

59 10

--> //YpanuTh u3 MATpHUUIH A TPETBO CTPOKY
--> A(3,:)=[]

A =

58 10

779

59 10

--> //llpepcTaBuTh MaTpuly M B BuOe BekTopa-cToxbna
--> v=M(:)

v =

8

7

10

9

-=> //BI:I,D;e.TII/ITI: U3 BEKTOpa V 3JIEeMEHTH CO BTOPOTO IIO ‘{e'I‘Bep'I‘BII‘;I
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--> b=v(2:4)

b =

7

10

9

--> //YpamuTe w3 MaccuBa b BTOpO# 3IeMeHT
--> b(2)=[1;

3.2 [eiicTBMA Hag maTpuuamu

st paboThl ¢ MaTpHUIlAMUA U BeKTOpaMu B Scilab mpeycMoTpeHBI ciemyromime
OTIepaIUu:
+ — CJIOXKEHHE;
- — BerumTanne’;
’  — TPAHCIOHHPOBAHHE?;
* — MATPUYHOE YMHOXKEHHE;
* — YMHOYKEHHUE Ha JYHUCJIO;
— BO3BEJEHHE B CTEHEHL?;
\ — zeBoe nesenue’;
- 6.
/ — npasoe nmenenne’;

.* — IIO3JIEMEHTHOE YMHOXKE€HIE MaTPHUIL;

— IIO3JIEMEHTHOE BO3BEJCHUEC B CTECIICHDb;

~

— IIO3JIEMEHTHOE JIeBO€ IeJICHNE,

. / — IIO3JIEMEHTHOE IIpaBO€ ICJICHHE.

LOmnepanyuu c/0yKeHnsT 1 BEIMUTAHUS ONPe/IeJIeHBI /IS MATPHIT OJTHON PA3MEPHOCTH HJTH BEKTOPOB
OJIHOT'O THUIIA, T.€. CyMMHUPOBATDH (BBIYUTATH) MOYKHO JIMOO BEKTOPBI-CTOJIONBI, JTUOO BEKTOPBI-CTPOKHI
OJJMHAKOBON JIJIMHBIL.

2Eciu B HEKOTOPO# MaTpPHIE 3aMEHHTh CTPOKH COOTBETCTBYIOIAMHU CTOJOIAMH, TO TOJTYTHTCST
TPaHCHOHUPOBAaHHAS MATPULA.

3Oneparus yMHOMXKEHNs BEKTOPA Ha BEKTOD ONPE/Ie/IeHa TOJIBKO J/Isi BEKTOPOB OIMHAKOBOTO Pas-
Mepa, IpUYeM OJUH M3 HUX JIOJIZKEH OBITH BEKTOPOM-CTOJIOIOM, & BTOPO#l BEKTOPOM-CTPOKOi. Mat-
PUYHOE yMHOXKEHHE BBINOJIHAETCS 110 IPABUJLYy «CTPOKA Ha CTOJIOEI» U JIOMYCTHMO, €CJIU KOJMYECTBO
CTPOK BO BTOPOI MaTpHIE COBIIQJAET C KOJMIECTBOM CTOIONOB B nepsoil. Kpome Toro, nepemecrn-
TeJIbHBIN 3aKOH Ha IPOU3BEJEHHE MATPHI| HE PACIPOCTPAHSAETCS.

4BosBecTH MaTpHUIly B N-I0 CTENeHb 3HAYUT yMHOKHTL ee caMmy Ha cebsa n pas. Ilpu sTom me-
JIOYHMCJIEHHBIN MOKA3aTeb CTENEHH MOXKET ObITh KaK IOJIO’KHTEIbHBIM, TaK U OTPHIATEJbHBIM. B
[IEPBOM CJIy4ae BBIIOJIHIETCS AJTOPHTM YMHOXKEHHsI MATPHILI Ha cebsl yKa3aHHOE HUHCJIO pa3, BO
BTOPOM yMHOXKaeTcsl Ha cebsl MaTpuna, 06pammas K 0aHHoTU.

5(A\B) = (A~!B), onepanust MOXKeT GBITH TPUMEHIMA, /TSI PENIEHUS] MATPUUHOTO yPABHEHUST
Buga A - X = B, riue X — Heu3BeCTHBIN BEKTOP.

5(B/A) = (B- A™1), ucnonbsyior s perneHusi MaTpUYHbIX ypasaenuii suna X - A = B.
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IIpumep peiicTBUil HAJT MATPUIIAMU:

JIuctunar 3.8. IIpuMepbl MATPUUIHBIX OIEPAIIHIL

-->A=[1 2 0;-1 3 1;4 -2 5];
-->B=[-101;21 1;3 -1 -1];
-->//Bearaucauts (AT+B)2 - 2A(0.5BT-A)
-->(A’>+B) ~2-2%Ax(1/2xB>-A)

ans =
10. 8. 24.
11. 20. 35.
63. - 30. 68.
--> //Peunth MaTpuuHble ypaBHeHus AeX=B u XeA=B.
-->A=[3 2;4 3];

-->B=[-1 7;3 5];
-->//Pemenre MaTpuU4HOTO ypaBHeHus AX=B:

-->X=A\B
X =
- 9. 11.
13. - 13.
-->//llpoBepka
-->AxX-B
ans =
0. 0.
0. 0.
-->//PemeHre MaTpUYHOTO ypaBHeHuWs XA=B:
-->X=B/A
X =
- 31. 23.
- 11. 9.

Kpome Toro, ecimm Kk HEKOTOPOMY 3aIAHHOMY BEKTODPY HJIM MATPHUIE MPUMEHUTH
MaTeMaTHIECKYI0 (PYHKIINIO, TO PE3YJIHTATOM OYyJeT HOBBII BEKTOD HJIM MAaTPHUIA TOI
2K€ Pa3MEPHOCTH, HO IJIEMEHTHI OyJ/IyT IIPEOoOpPa30BaHbI B COOTBETCTBUU C 33 IAHHOMN

dyHKIHEl:
JIuctunar 3.9. Ilpumep npumenenns GyHKIINNA K MACCUBY

--> x=[0.1 -2.2 3.14 0 -1];

--> sin(x)

ans =

0.0998 -0.8085 0.0016 0 -0.8415
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3.3 CneuyunanbHbie maTpuyiHblie hyHKUUN

st paboThl ¢ MaTpuUIlaMu 1 BeKTOopaMu B Scilab cytmecTByioT crienuasbabie hyHK-

nuu. PaccMorpuM Hanbosiee 9acTo HCIOJIb3yeMble U3 HUX.
QDyHKIIHH OlIpeeIEHUsT MATPHIL:

e matrix(A [,n,m]) —mpeobpazyer MaTpuily A B MaTpHILy JPYTOro pa3Mepa;

JIuctuur 3.10. Vcnonb3oBanne pyHKINA matrix

-->D=[1 2;3 4;5 6];
-->matrix(D,2,3)

ans =
1. 5. 4.

3. 2. 6.
-->matrix(D,3,2)
ans =

1. 2.

3. 4.

5. 6.
-->matrix(D,1,6)
ans =

1. 3. 5. 2. 4. 6.
-->matrix(D,6,1)
ans =

NN O W

e ones(m,n) — co3/aeT MATPUILY €JIUHUI] U3 M CTPOK U N cTosbros!;

JIuctunar 3.11. Ucnonb3oBanune GyHKINN ones

-->ones(1,3) //®opMupyeTcs BEKTOpP-CTpPOKa
ans =
1. 1. 1.

-->ones(2,2) //%opMupyeTcs KBaZpaTHas MAaTpPHUIA

ans =
1. 1.
1. 1.
-->m=3; n=2;

1 PesyapraTom paborsr dyskmuu ones (nl,n2...,nn) GygeT MHOTOMEpHAs MATPHIA €IUHMALL,
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-->X=ones(m,n) //®opMupyeTCs MaTpuIla Pa3MEPHOCTH WM Ha N

X =

1. 1.

1. 1.

1. 1.

-->M=[1 2 3;4 5 6]

M =

1. 2. 3.

4. 5. 6.

-->//%opMupyeTcs mMaTpuna Y, COCTOAmWas W3 €INUHWIL,
-->//Toli Xe pa3sMEepHOCTH, UTO H MaTpuma M
-->Y=ones (M)

Y =

1.1, 1

1.1, 1

e zeros(m,n) — CO3TAET HYAEBYIO MAMPUYY' U3 m CTPOK U N CTOJIOIOB?;

Jluctuur 3.12. Vcnonb3oBanne GpyHKIUNA ZETX0S

-->zeros(3,2)

ans =
0. 0.
0. 0.
0. 0.

-->M=[1 2 3 4 5];
-->Z=zeros (M)

7 =

0. 0. 0. 0. O.

e eye(m,n) — dopMupyeT eduHuMHYIO MAMPULYS T3 M CTPOK U N CTOJIOIOB;

Jluctunr 3.13. IIpumeps! ncnosb3oBanus OYHKINN eye

-->eye(3,3)

ans =

O O =
O = O
= O O

-->eye(5,1)
ans =

1B myseBoit MaTpuIe BCe SJEMEHTLI PABHbI HYJTIO.

2PesynbraroM paboTel dbyHKIMH zeros(nl,n2. . .,nn) GygeT MHOrOMEpPHAS MATPHIIA Hy/Ieil.

3B eAMHMYHO} MaTpPHIE SJEMEHTHI [JIABHON JHArOHAJM PABHLI EIUHUIE, & BCE OCTAJIbHBIE —
HYJIIO.
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O O O O -

-->m=3; n=4;
-->E=eye (m,n)

-->M=[0 1;2 3];

-->//®opMupyeTcd eAuHWYHaA MaTpuua E

-->//Tolt Xe pa3sMepHOCTH, 4YTO ¥ MaTpuma M

-->E=eye (M)

E =

1. 0.

0. 1.

-->//®yHKI¥ MOXHO WCIONb30BaTh 6e3 mapaMeTpoB eye().
-->//B 3ToM ciy4ae 3aJaeTCd MaTPUIA C HEOIpeIelIeHHEIMU
-->//pa3MepaMu, KOTOpheEe OYOyT OIpeLeiieHH IIOCHIe CYMMUPOBAHUS
-->//c ppyroii, ompezeneHHOH paHee, MaTpHIEH.

-->M=[1 2;3 4;5 6]; E=eye();

-->A=E+M

e rand(nl,n2,...nn[,f1]) — dopMupyer MHOTOMEPHYIO MATPHUILY CAYUGUHDIT
yuces. HeobsizaTeIbHBIN mapaMeTp p —39TO CHMBOJIbHAsI NepeMeHHas, C II0-
MOIIIbI0O KOTOPO# MOYKHO 3aJiaTh THUIl PACIPEE/ICHUsT CJIyJYaiiHOl BeIndn-
ubl (Puniform’ — paBHOMepHOe, ’normal’ — rayccoBckoe); rand(m,n) — dop-
MHUpPyeT MaTpHIly M Ha n caydaiubix uucest; rand (M) — dopmMupyer MaTpuily
CJlyYalHBIX YHCeJI, pa3Mep KOTOPOil COBIIaJaer ¢ pasMepoM MaTpuibl M; pe-
gysabrar ¢pyHkiun rand () — cirydaiiHoe CKaJIIpHOE YnCJIo;
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Jluctunur 3.14. Ilpumeps! ucnosib3oBanus GyHKnun rand

-->rand(2,2)//MaTpuna 2 Ha 2 CIydYaiHHX YHCE]
ans =

0.2113249 0.0002211

0.7560439 0.3303271

--> R=rand(2,2,2)//MHOrOMEpHE} MAaCCHUB CIydYailHHX YHCEl

R(:,:,1) =

0.9355 0.4103

0.9169 0.8936

R(:,:,2) =

0.0579 0.8132

0.3529 0.0099

-->rand () //Cnyuaiizoe €ucio

ans =
0.6653811

e sparse([il j1;i2 j2;...;in jnl,[n1,n2,...,nn]) — dopmupyer paspe-

JKeHHy10 MaTpuity'. I co3/aHns MATPUIIBI TAKOTO THTIA HEOOXOIUMO YKa3aTh

HHJEKCHI ee HEeHyJIeBbIX djeMeHToB — [i1 j1,i2 j2,...,in jn], u ux 3Hade-

Hug — [n1,n2,...,nn]. MEOekcsl onHOrO 3jIeMEHTa OTAEISIOTCS IPYT OT APYTa

Jmbo 1mpobesioM, OO 3AIATON, a Mapbl WHIEKCOB — COOTBETCTBEHHO TOYKO
C 3alaTol, 3HAYEHWs] 3JIEMEHTOB pa3JIeJIIOTCs 3alsaThiMUA. 1IpU  MOIBITKE
[IPOCMOTPETHh MATPHUILY MOJOOHOIO THUIA MOJH30BATEII0 OYJIET IPEJIOCTABICHO
coo0ITIeHne O ee Pa3MEpPHOCTH, & TaK»Ke 3HAUEHUs] HEHYJIEBBIX JIEMEHTOB U UX
MECTOIIOJIOXKEHUE B MATPHUIIE;

e full (M) — BBIBOJ pa3peKEHHOIN MATPUIIBI M B BUJie TaOJIHUIIL;

Jluctuar 3.15. Ucnonp3oBanne dynkiuii sparse n full

-->A=sparse([1 3;3 2;3 5],[4,5,6])

A =
( 3, 5) sparse matrix
( 1, 3) 4.

( 3, 2) 5.

( 3, 5) 6.
-->full(A)

ans =
0. 0. 4. 0. O.
0. 0. 0. 0. O.
0. 5. 0. 0. 6.

L Paspeskennas MaTpHIA — MATPHUIA, GOTBITHHCTBO 3JIEMEHTOB KOTOPO# HyJIH.
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e hypermat (D[,V]) — co3manne MHOrOMEPHOI MATPUIILI ¢ PA3MEPHOCTHIO, 33/1aH-
HOI BeKTOpOM D U 3HAYEHUSIMU DJIEMEHTOB, XPAHANMXCA B BeKTope V (HCHosib-
3oBaHue napamerpa V HeoOA3aTeIbHO);

JIuctunr 3.16. Vcnosnp3zosanne dynkiun hypermat

-->//llpuMep co3maHus MaTpuisl M,

-->//cocTosame#l u3 Tpex MATpPHI, pPa3MEepHOCTH LBa Ha LBa,
-->//Kaxmpil 3JeMeHT MAaTpHLL - YIeH I0CIEeL0BaTelIbHOCTH
-->//mennx uucen ot 0 mo 11.

-->M=hypermat ([2 2 3],0:11)

M =
(:,:,1)
0. 2.
1. 3.
(:,:,2)
4. 6.
5. 7.
(:,:,3)
8. 10.
9. 11.

e diag(V[,k]) — Bo3BpamaeT KBaJIpaTHyI0 MATPHILY C djieMeHTaMu V Ha [VIABHON
unn Ha k-it amaromamm'; dysxmus diag(A[,k]), rme A — paHee ompemeeHHAS
MaTpUIla, B KAYECTBE PE3YJIbTATa BBIIACT BEKTOP-CTOJIOEIl, COMEPKAIIMIL dJre-
MEHTBI IVIAaBHOHN niu k-oif quaroHaJm MaTpulbl A;

JIuctunur 3.17. Mcnons3oBanue dyukiun diag

-->V=[1,2,3];
--> diag(V)//OuaronanbHas MaTpuna, V Ha CIaBHOM OuaroHAIU
ans =1 00
0 20
0 03
-->//lwaroHanpHas MaTpPHIA,
-->//V Ha mnepBoil nuaronanu (BhWE TJIABHON)

--> diag(V,1)
ans =0 100
0 020
0 003
0 000

-->//luaroHanbHas MaTpUIA,
-->//V Ha mepBo#l muwaroxHamu (HUXe TJABHOM)

1B ,ZLI/IaFOHaJII)HOI‘/'I MaTpuIile BCe 3JIEMEHTHhI HYJIN, KPOMe 3JIEMEHTOB TJIaBHOM JAuaroHaJin.
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--> diag(V,-1)
ans =0 000
1 000
0 200
0 030
--> A=[-120 ;21 -1 ;21 3]
A =
-12 0
21 -1
21 3
--> diag(A) //TnaBHas muaroHamb MaTpUIE A
ans =
-1
1
e cat(n, A, B, [C, ...]) —obbemunser MaTpuilbl A u B mau Bce BXOJISIIIIHE
MATPHIBL, IIPA N=1 [0 CTPOKaM, IIpU n=2 o cToJabnaM; To ke 9ro [A; Bl mam
(A, Bl;

Jluctuur 3.18. Mcnonb3oBanue dyukiun cat

--> A=[1 2;3 4]; B=[5 6 ;7 8];

--> cat(2,A,B)//06benunerne MaTpuI
ans =

1256

34738

--> cat(1,A,B) //0O6benuHeHue MaTpHUL

e tril(A[,k]) — dopMupyer m3 MaTPHIBI A HAMKHIOIO TPEYTOJbHYIO MATPHILy',
Ha4uMHag C IVIABHOU WUJIM C k-i JIMaroHaJiu;

Jlucrunr 3.19. UcnonszoBanne dynxnun tril

--> A=[1 2 3;4 5 6;7 8 9]

IS
[ ST

3
6

1Manuua Ha3bIBAETCS HUYKHEN T]‘I)eyI‘OJII>HOI\/‘I7 €CJIN BCE 3JIEMEHTHI, PaCIIOJIO?KE€HHbIE€ BBIIIIE I'JlIaB-

HOIl JuaroHaJjiu, paBHBI HYJIIO.
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789

-->//HuxHAs TpeyroibHAs MaTpHUIA, HAYMHASA C TJIABHOH AWAaroOHAJH
-=> tril(4)

ans =

~N e
0 o1 o
© o o

--> tril(A,0)//Toxe uTo um tril(A)

o O

©

--> tril(A,1)//Huxusas TpeyronbHas MaTpHIa,

--> //HauwHas C nepBo# muaroHanu (BhHWE IJIABHON)
ans =

120

456

7809

--> tril(A,-2) )//Huxusas TpeyroabHas MaTpHIA,
--> //HauwHas co BTOpoO# muwaroHanu (HUXe TCIaBHOI)

~N O O
o O O
O O O

o triu(A[,k]) — dbopMHpYeT U3 MATPHUILI A BEPXHIOI TPEYTOJIbLHYIO MaTpuily!,
HaynHad C IVIaBHOM uiu ¢ k- [uaronaJiu;

JIuctuur 3.20. Vcnonp3oBanne dyukimu triu

--> A=[1 2 3;4 5 6;7 8 9];

--> triu(A)//BepxHsasa TpeyroibHas MaTpHUIA

ans =

123

056

009

--> triu(A,2) )//BepxHsas TpeyroJbHas MaTpHILA,
--> //HauwHas co BTOpO# mumaroHanu (Bbe TCIIABHOIM)
ans

O O O
o O O
O O W I

I MaTpura Ha3bIBaeTCs BEpXHE#l TPEYTOILHON, €CITH BCe SJTEMEHTDI, PACTIOJIOXKEHHbIE HIKE IJIaB-
HOI JuaroHajiv, paBHBI HYJIIO.
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--> triu(A,-1) )//BepxHsas TpeyronbHas MaTpHIA,
--> //HauwHasg Cc nepBo#l muaroHamu (HWXe TJIABHON)
ans

3
6
9

O =
o O N

e sort(X) — BBINOJIHAET YyHOPSI0UNBAHNE MaccuBa X; ecian X — MaTpHUIia, COpTU-
POBKa BBIIIOJIHSIETCS IO CTOJIOIAM;

Jluctuur 3.21. Vcnonb3oBanne pyHKIINNT SOrt

-->b=[2 0 1]; sort(b) //CopTupoBKa mO yO6HBaHUD

ans =

2. 1. 0.
-->-sort(-b) //CopTupoBKa IO BO3pPaCTAHUD
ans =

0. 1. 2

-->A=[1 2 0;-1 3 1;4 -2 5];
-->sort(A) //CopTupoBKa MaTpPHUIB

ans =
5. 0.
4. 1. - 1.
3. 1. - 2.

@yHKHI/H/I BbIYUCJ/ICHUA Pa3JINIYHbIX YUCJ/IOBBIX XapaKTepHUCTUK MaTpPHIL:

e size(V[,f1]) —ompenensier pasmep MaccuBa V; eciau V — JIBYMEpPHBIH Mac-
cuB, TO size(V,1) mimu size(V,’r’) OonpeaesioT YUCIO CTPOK MaTpPHILI V, a
size(V,2) wnu size(V,’c’) — 4MCIO CTOJIOIOB;

Jluctuur 3.22. Mcnonp3oBanue pyHKInn size

-->M=[1 2;3 4;5 6;7 8];
-->[n,m]=size (M)

-->size(M,1)
ans =

4.
-->size(M,2)
ans =

2.
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e length(X) — onpe/iessieT KOJUIECTBO JIEMEHTOB MaccuBa, X; ecn X — BEKTOP,
€ro JInHy; ecju X — MaTPHUIla, BEITUC/IAET O0Iee IUCI0 ee JIEMEHTOB;

Jluctuur 3.23. Ucnonb3oBanne dpyuknuu length

-->V=[-1 03 -2 1 -1 1];//BexTop-cTpora
--> length(V)//IOnuea BexkTOpa
ans =

7
-->[1 2 3;4 5 6];//MaTpuna
-->length(ans)//Komu4ecTBO 3JIE€MEHTOB MAaTPHI
ans =

6.

e sum(X[,f1]) — Beraucasier cymmy 3JIEMEHTOB MaccuBa X, UMeeT HeoOA3aATeIb-
woiit mapamerp 1. Ecim mapamerp £1 orcyrerByer, To dyukius sum(X) BO3-
BpalllaeT CKaJIIpHOE 3HAYCHIE, PABHOE CyMMe JIEMEHTOB MaccuBa. Ecan £1="r’
wiu £1=1, 9T0 TO K€ camoe, TO (PYHKITHS BEPHET CTPOKY, PABHYIO O3/ IEMEHTHOIT
cyMMe cToJibnoB Marpuibl X. Ecau £1=2c¢c’ mwim £1=2, T0o pe3yabraToM paboThI
dyHKIME OyIeT BEKTOP-CTOJIOEI, KaXKIbIi 9JIeMEHT KOTOPOTO PABEH CYMMe 3Jie-
MEHTOB CTPOK MaTpuiibl X. JacTHblil ciydail mpuMeHeHnst QYHKIUNA SUl — 3TO
BEIYHC/ICHNE CKAAAPHO20 NPOUSELIeHUA 6eKMOPO6T ;

Jluctunur 3.24. IIpumeps! ucnosb3oBanus GYHKINA Sum

-->M=[1 2 3;4 5 6;7 8 9];
-->Y=sum(M) //CymMMa >J€MEHTOB MAaTPHL

Y = 45.

-->S1=sum(M,1) //CyMMa 3JeMEHTOB MATpHUIHl IO CTOIOIAM
S1 =

12 15 18

-->S2=sum(M,2) // CymMMa >IeMEHTOB MaTpHI}l IO CTPOKAM
S2 =

6

15

24

-->V=[-103-21-11];

--> sum(V) //CyMmMa 371eMeHTOB BeKTOpa

ans = 1

-->//YacTHbi#l ciydaii. BrumcieHue CKAJSpHOTO NPOU3BEAEHUS
--> a=[1 2 3];b=[2 0 1];

--> sum(a.*b)

ans = 5

L CranspHOe mpousBeneHne BoAuCIseTcs mo dopmyne @ - b = arby + agby + -+ + anbn.
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e prod(X[,f1]) — BblunciHsier npousgedenue SJIEMEHTOB MaccuBa X, paboTaer
aHAJOTNIHO (DYHKIMK SUm;

JIuctunr 3.25. Mcnons3oBanne dpynkun prod

-->prod (M)

ans = 362880.
-->pl=prod (M, 1)
pl =

28 80 162
-->p2=prod (M, 2)
p2 =

6

120

504
-->Vv=[1,2,3];
--> prod(V) //llpousBeneHue >JIeMEHTOB BEKTOpa
ans = 6

e max (M[,f1]) — Beramciasier Hauborvwut ssemenm B MaccuBe M, nmeer HEOOs-
3arespublit mapamerp £1. Eciau napamerp £1 orcyrcrByert, TO dDyHKIHsS max (M)
BO3BpAIaeT MaKCHUMAJIbHBIN 3JeMeHT MaccuBa M; eciam fl=’r’, 10 DYyHKIUI
BEPHET CTPOKY MaKCHMAaJbHBIX 3JIEMEHTOB CTOJIOIOB MaTpuIsl M; ecan f1=’c?,
TO pe3yaAbTATOM paboThl (PYHKIUU OYIeT BEKTOP-CTOJIOEI, KAXK bl 9JIeMEHT KO-
TOPOT'0 PaBEH MAKCUMAJIHLHOMY JIEMEHTY COOTBETCTBYIONIUX CTPOK MAaTPUITHI M.
Oyurnus [x, nom]=max(M[,f1]) BepHeT 3HaUEHNE MAKCUMAJIHHOTO 3JIEMEHTa,
X ¥ €ro HOMep B MaCCHBe Nom;

JIuctunar 3.26. Ncnonb3oBanne hyHKINN max

-->M=[56 0 3;2 7 1;0 4 9];
-->max (M)
ans =
9.
-->max(M,’r’)
ans =
5. 7. 9.
-->max(M,’c’)
ans =
5.
7.
9.
-->[x,nom] =max (M)
nom =
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3. 3.
X =
9.

e min(M[,f1]) — BuIUHCIAIET HAUMEHDWULT IAemenm B MaccuBe M, paboTaeT aHa-
JIOTUYIHO (DYHKIMH max;

Jluctuur 3.27. Vcnonp3oBanne GpyHKIMN min

-->A=[5 10 32 7 1 25 4 0];
-->[x,nom]=min(A)
nom =
7.
x =
25.

e mean(M[,f1]) — Beruncisier cpednee 3navernue MaccuBa M; ecim M IBYMepHBIit
maccuB, To mean (M, 1) uan mean (M, >r’) OIpemesiOT Cpe/iHee 3HATEHUE CTPOK
marpunbl M, a mean (M, 2) uau mean (M, ’c’) — cpejHee 3HAYMEHNUE CTOJIOIOB;

Jluctuur 3.28. Vcnonb3oBanne GpyHKINN mean

-->mean (M)
ans =
3.4444444
-->mean(M, 1)
ans =
2.3333333 3.6666667 4.3333333
-->mean(M,2)
ans =
2.6666667
3.3333333
4.3333333

e median(M[,f1]) — Berumciger Mmeduany' MaccuBa M, pabOTaeT AHAJOHMYHO
dyHKIIMM mean;

JIuctunar 3.29. Ucnonb3oBanne dbyHkimn median

-->M=[56 0 3;2 7 1;0 4 9];
-->median (M)

ans = 3.
-->median(M,1)

ans =

13nauenne, KOTOPOE AEIUT MACCHB Ha JBE YaCTH.



46 lnasa 3. Maccnebl n matpuubl B Scilab. Pewenune 3agay auneiiHoin anrebpei

2. 4. 3.
-->median(M,2)
ans =

3.

2.

4.

e det (M) — BbIUHCIISIET Onpedesumens KBaJIPATHON MaTpHIlbl M;

JIuctunar 3.30. Ucnonb3oBanne dynkimn det

-->M=[1 0 2;3 2 1;0 3 1];
-->det (M)

ans = 17.

-->Z=[1 2 2;0 1 3;2 4 4];
-->det (Z)

ans = 0.

e rank(M[,tol]) — BeIunCIEHNE parza mampuyss M' ¢ ToIHOCTBHIO tol.

Jluctuur 3.31. Vcnonb3oBanne dyukimn rank

-->M=[102;3 2 1;0 3 1];
-->rank (M)
ans = 3.
-->7Z=[1 2 2;0 1 3;2 4 4];
-->rank(Z)
ans = 2.

e norm(M[,f1]) — BbIUKC/IEHHE HOPMB, KBAJIPATHOW MAaTPUIBI M; TUI HOPMBI
OmpesieisieTcss HeoOsi3aTe/IbHOM CTPOKOBOI mepemeHHON fl, MO yMOJTIAHUIO
£1=2. Oyuknuu norm(M) u norm(M,2) SKBUBAJIEHTHBI U BBIYUCISIIOT BTOPYIO
HopMmy Marpunsl M?2. Ilepsas mHopma® ompemensiercss dyHKImeir norm(M,1).
Oyuxmun norm(M, >inf’) u norm(M, ’fro’) BBIYUC/ILAIOT COOTBETCTBEHHO Oec-
KOHeuHYI0? U eBKImIoBy HOPMBI®. Eciu V— BEKTOp, TO Pe3y/IbTATOM PabOTEI
dyukmyum norm(V,1) 6ymer cymma Momaysieit Bcex saemeHToB BekTopa V. C mo-
Mormpio dyskiun norm(V,2) MOMKHO BBIMHCIITH MOIY/Ib BeKTopa VO, 3naduenue
norm(V,’inf’) paBHO MOIY/II0 MAKCHMAJIHHOTO 3JIEMEHTA BEKTOPA IO MOJIYJIIO;

L Panz mampuiys, — MaKCHMAIbHOE YHCIIO JIMHEAHO HE3aBHCHMbIX CTDPOK.

2 Bmopas HOpMa MaMPUyb. — ee HanbOJIbIIee CHHIY/ISPHOE 3HAYCHHE.

3 [Tepeas HOpMa MAMPUYL, — HAMGOIBINAST CyMMa, IO CTOJIBIAM.

4Beckomeunass HOpMa — HAUGOIbINAS CyMMa 1O CTPOKAM.

5EBk/n0Ba HOpMa — KOPEHb U3 CyMMBbI KBaPATOB BCEX 3JIEMEHTOB MATDHI[BL.
SMonysb BexkTOpa — KOpEHb KBaAPATHBIH N3 CyMMbI KBaIPATOB €0 3JIEMEHTOB.
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Jlucrunr 3.32. Ucnonp3oBanue HyHKIINN norm

-->M=[1 0 2;3 2 1;0 3 1];
-->norm(M, 1)
ans = 5.
-->norm(M, 2)
ans =
4.5806705
-->norm(M, >inf’)
ans = 6.
-->norm(M, >fro?)
ans = 5.3851648
-->X=[56 -3 4 -1 2];
-->norm(X,1)
ans = 15.
-->sum(abs(X))//To xe, uto m norm(X,1)
ans = 15.
-->norm(X,2)
ans = 7.4161985
-->sqrt(sum(X~2)) //To xe, uto u norm(X,2)
ans = 7.4161985
-->norm(X,’inf?’)
ans =
5.
-->max(abs(X))//To xe, uwro um norm(X,’inf?’)
ans =
5.

1

e cond (M) — BBIYHUCIISIET YUCAO 00YCAOBAEHHOCTIU MATPUIIBI M IT0 BTOPOiI HOpME;

JIucrunr 3.33. UcnonbpzoBanne dynknun cond

-->A=[67 6 5;7 10 8 7;6 8 10 9;5 7 9 10];
-->cond(A)
ans =

2984.0927

1Ypcito 06yCIOBICHHOCTH PABHO TPOM3BEICHIIO HOPMBI HCXOHON MATPHIILI HA HOPMY OGPATHOI.
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(,DyHKI_U/H/I, peain3yroninue 9YuC/JACHHbIC aJI'OPUTMbI DEIICHHU: 3a/1aqd JIMHEHHOH aJI-

rebpbI:

® spec (M) — BBIYHCJIET cobcmeeHtble 3HaeHUA T cobcmeertble 867€m0pbtl KBaJ-

paTHOI MaTpuIbl M.

JIuctunr 3.34. cnonp3oBanue pyHKIUN spec

-->M=[3 -2;-4 1]

M =

3. - 2.

- 4. 1.

-->spec(M) //CobcTBeHHEE dYMCIa MATPUIE!
ans =

- 1.
5.

//X - cobcTBeHHbE BEKTOPH,

-->COOTBETCTBYyWIUEe COOCTBEHHHM 3HAYEHMAM U3 MaTpHIE Y.

-->[X,Y]=spec(M)

<
I

1. o !
! 0 5.1
X =
! 0.4472136 - 0.7071068 !
! 0.8944272 0.7071068 !

e inv(A) — BerMmcageT mampuyy, obpamnyo® K A3;

JIuctuar 3.35. Ucnonb3oBanne GyHKIUNA inv

-->//llpuMep BHYUCIEHUS OOPATHON MATPHIE.
-->A=[1235;0132;4211;230 1];

-->inv(A)

ans =

! 0.0285714 - 0.1428571 0.3428571 - 0.2 !
! - 0.1428571 0.2142857 - 0.2142857 0.5 !
' - 0.2 0.5 0.1 - 0.1
! 0.3714286 - 0.3571429 - 0.0428571 - 0.1 !

LJTro6oit HeHy/IeBOIl BEKTOp X, NPUHAJIEKAIIUI HEKOTOPOMY BEKTOPHOMY IIPOCTPAHCTBY, /IS
KoToporo Ax = Lx, rme L — HEKOTOpPOE YHUCJIO, HA3bIBAETCsI COOCTBEHHBIM BEKTOPOM MATPUIILI A

L — COOTBETCTBYIOIIUM €My COOCTBEHHBIM 3HAYEHUEM MaTPUIlbl A.

206paTHoif MaTpuUIel IO OTHOLIEHHIO K JAHHON Ha3BIBAETCH MATPHUIA TOTO Ke THIIA, KOTOPAs
Oy/ydn yMHOXKEHHOH KaK CJIeBa, TaK W CIIPaBa Ha JAHHYIO MATPUILYy, B Pe3yJIbTaTe JacT €IUHUIHYIO
Marpuiy. T.e. npu ymMHOXKeHnu A Ha inv(A) ciieBa JOJI’KHA IOJIYYUTHCH €JUHUYHAS MaTPHIA.

3Beraucnenne ocnoBano Ha Metoze LU-pasnoxenmus.
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-->//llpu yMHOXeHWH OOpaTHON MaTpPHIE HA HCXOAHYD,
-->//nonyunnach MaTpuna, OIuU3Kas K €IUHUIHON.
-->inv(A)*A

ans =

1. - 1.110D-16 0. O.

0. 1. - 5.551D-17 5.551D-17

0. 0. 1. 1.388D-17

0. 0. 6.939D-17 1.

-->//Tlpu momeITKe O6pPATUTH BHPOXLEHHYD MATPHULY
-->//(oupenenurend paBeH wiu OGIU30K K HYJIO)
-->//nonb30BaTenk NONYYUT coobmeHume o6 ommbKe.
-->B=[1 2 3;1 4 5;1 6 7];

-->inv(B)

!-—error 19

Problem is singular

e pinv(A[,tol]) — Berumcisger ncecdoobpammyio mampuyy' nas MaTpuIsl A ©
TOYHOCTHIO t0l (HeoOsA3aTeBHBIN TapaMeTp);

Jluctunr 3.36. Mcnonp3oBanue pyHKImn pinv

-->pinv(A)

ans =

0.0285714 - 0.1428571 0.3428571 - 0.2
- 0.1428571  0.2142857 - 0.2142857 0.5
- 0.2 0.5 0.1-0.1

0.3714286 - 0.3571429 - 0.0428571 - 0.1

e linsolve(A,b) — pemaer cucremy JIMHEHHBIX aJreOpamdecKux ypaBHEHUI BU-

naA-r—b=0.

Jluctuur 3.37. Ilpumep ucnosb3oBanust HyHKIMU 1linsolve

-->//Pemenve cuCTeMH JIWHEHHHX ypaBHEHU
-->//{x1+2x2-7=0; x1+x2-6=0}.

-->//CBobonHee KO>hIUIMEHTH BBOLATCHA KaK BEKTOP-CTON6er
-->//u Cc yd4eTOM 3HAKOB.

-->A=[1 2;1 11;b=[-7;-6];

-->x=linsolve(A,b)

x =

5.

1.

YEcnu qia marpunst pinv(A[,tol])=X Beimoansercsa ycaosue A*X+xA=A, X*A*xX=X, a MaTpuIbl X*A
u A*X 3pMHUTOBBI, TO BBIYHCJsieMasi MaTpuiia X ncesdoobpamuas K A. Beraucienne 6asupyercst Ha
MeTOJIe CHHTYJISPHOIO Pa3JIOyKEeHNsI, M BCE CUHTYJISIPHbIE 3HAYEHUS MATPUILI, MEeHbINe tol, mpupas-
HUBAIOTCS HYJIIO.
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-->//Pe3ynbTaToM omepamuu A*x+b ABIsSeTCH BEKTOpP, LOCTATOYHO
-->//6auskruil K Hymo, 3TO 3HAYUT, YTO CHCTEMA pelleHa BEPHO.
-->A*xx+b
ans =
1.0D-14 *
- 0.6217249
0.0888178
-->//Pemenne cucteMn {x1+x2-1=0; x1+x2-3=0}
-->A=[1 1;1 1]; b=[-1;-3];
-->//CucTeMa He WMeeT peleHH:
-->linsolve(A,b)
WARNING:Conflicting linear constraints!
ans =
(]
-->//Pemenne cucTeMs {3x1-x2-1=0; 6x1-2x2-2=0}.
-->//B cnydae, KOTrZa CHCTeMa uMeeT DeCKOHedYHOe
-->//vHOXecTBO pemenuit, SCILAB BHIACT OZHO W3 HUX.
-->A=[3 -1;6 -2];
-->b=[-1;-2];
-->x=linsolve(A,b)
x =
0.3
- 0.1
-->//llpoBepka HeBepHA
-->A*xx+b
ans =
1.0D-15 x*
- 0.1110223
- 0.2220446

e rref (A) —ocyImecTBIsIeT MPUBEIEHNE MATPUILI A K TPEyroJabHol dopMe, Uc-
IOJIb3YsT METOJI UCKJIIoUeHust [aycca,;

Jluctuur 3.38. Ilpumep ucrnonb3oBanust pyHKIMn rref

--> A=[3 -2 1 5;6 -427;9 -6 3 12]

A =
3-215

6 -427

9 -6 3 12
--> rref(A)
ans =

1.0000 -0.6667 0.3333 0
0 00 1.0000
0 000
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e 1u(M) — BBINOJIHSIET TPEYTOJBLHOE PA3JIOXKEHUE MATPUIIHI Ml;

JIuctunar 3.39. Ucnonb3oBanue dbyHKINNT lu

-->A=[2 -1 5;3 2 -5;1 1 -2]

A =

2. - 1. 5.

3. 2. - 5.
1. 1. - 2.
-->[L,U]=1u(d)
U =

3. 2. - 5.
0. - 2.3333333 8.3333333 !
0. 0. 0.8571429 !

L =
0.6666667 1. O.

1. 0. 0.

0.3333333 - 0.1428571 1.
-->LU=Lx*U

LU =

2. - 1. 5.

3. 2. - 5.

1.1, - 2.

o gr (M) — BBIIOJHSIET pA3JIOXKEHHE MATPHILI M2 Ha OPTOrOHAJILHYIO M BEPXHIOIO
TPEYTOJIbHYIO MAaTPHIIbI;

JIuctunr 3.40. Ucnonp3oBanne HyHKIUN qr

-->[Q,R]=qr(4)

R =
- 3.7416574 - 1.3363062 1.8708287
0. - 2.0528726 7.0632734
0. 0. 0.7811335
Q =

- 0.5345225 0.8350668 0.1301889
- 0.8017837 0.4523279 - 0.3905667
0.2672612 - 0.3131501 0.9113224

-->Q*R
ans =

IM=C-L-U, rge L u U— cOOTBEeTCTBEHHO HIKHSAHA U BEPXHHAS TPEYTOJIbHBIE MATPHIIBI, BCE
YeTbIpe MaTPUIBI KBaAPATHBIE U OHOIO MOPsiAKa. Takue BbIYuceHus: Ha3biBatoT L U-pasyiokeHnM.

2M = Q- R, rze Q — oproronajbHas MaTpuna, a R — BepxHss TpeyrojbHas MaTpUia. DToT
nporecc HasbBaoT QR-pasnoxkennm.
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2. -1 5.
3. 2 - 5.
1. 1 - 2.

o svd (M) — BBIIOJHSET CUMH2YAAPHOE PA3A0IICENHUE  PASMEPOM 1 X M; PE3YIHLTATOM
paboThl DYHKIINA MOXKET OBITH JIMOO CHHTYJISIPHOE PA3JIOKEHMe, JTHOO BEKTOD,
COJIEPIKAIIHI CHHTYJISIPHBIE 3HAYEHUS] MATPUIIBI;

Jluctuur 3.41. Vcnonb3oBanne pyukiun svd

-->[U,8,V]=svd(4)

V =

- 0.1725618 0.9641403 - 0.2016333

- 0.3059444 0.1421160 0.9413825
0.9362801 0.2241352 0.2704496

g =

7.8003308 0. 0.

0. 3.6207331 0.

0. 0. 0.2124427
U -

0.5951314 0.8028320 0.0357682
- 0.7449652 0.5678344 - 0.3501300
- 0.3014060 0.1817273 0.9360180
-->U*S*V?
ans =
2. - 1.
3. 2. -
1. 1. -
-->s=svd (A)
s =
7.8003308
3.6207331
0.2124427

N OOl

e kernel (M[,tol[,£f1]1]) — oupenenenue adpa mampuywn? M, mapamerpsl tol u
f1l gapisorcs HeoOs3aTebHLIMU. [1epBhIil 3a18€T TOYHOCTD BLIYUCICHHU, BTO-
POii — UCIOB3YEMbIii TIPU BLIYUCICHUN aJITOPUTM U IPUHUMAET 3HaYeHus > qr’
niau ’svd’.

IM=U-S-VT, rne U u V — 0oprorosHajbHble MATPHIBI PA3MEPOM M X M U 1 X T COOTBET-
CTBEHHO, & S — JuaroHajibHas MaTpPUIla, Ha JUArOHAJIM KOTOPOM PaCIIOJIOXKEHbI CUHTYJISIPHBIE YUCIIa

maTpuibl M
251 1po MaTPHUIEI — 9TO MHOXKECTBO BeKTOpOB X. IIONCK siipa MaTpHIBI CBOJUTCS K PEIIEHUIO
OZHOPOJIHOU cucTeMbl JuHelHbIX ypaBHennii AX = 0. Eciau npu BezoBe dynkumn X=kernel(A)

MaTpuna X OKasKeTCsl HeIlyCcToi, To meificrsurensno AX = 0.
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Jlucrunr 3.42. Ucnonws3oBanne dhynknun kernel

->A=[4 1 -3 -1;2 31 -5;1 -2 -2 3]
A =

4. 1. - 3. -
2. 3. 1.

1. - 2. - 2.
-->X=kernel (A)

X =

0.3464102
0.5773503
0.4618802
0.5773503

w O =

3.4 CumBonbHble MaTpuubl N onepaunun Hag HUMU

B Scilab moxkHO 3a7aBaTh CUMBOJIBHBIE MATPHIIBI, TO €CTh MATPHUIIBI, JJIEMEHTHI
KOTOPBIX MMEIOT CTPOKOBBIH Tuil. Ilpm 3TOM HEOOXOIMMO MOMHUTH, YTO CTPOKOBBIE
3JIEMEHTHI JIOJKHBI ObITh 3aKJ/II0YEHBI B JIBOMHbIE MJIA OJMHAPHBIE KABBIUKH.

JImctuar 3.43. PopmMupoBaHEe CUMBOJIBHBIX MATPHIT,

-->M=[’a’ ’b’;’C’ ’d’]
M =
a b
c d
-->P=[’1’ *2° ;232 14
P =

1 2
3 4
CuUMBOJIbHBIE MATPUIIBI MOXKHO CKJIAJBIBATE (PE3YJIbTAT CJIOKEHUS — KOHKATEHA-
(15l COOTBETCTBYIONIUX CTPOK) U TPAHCIIOHUPOBATD:

JIuctunr 3.44. Onepanun HaJl CAMBOJIbHBIMYA MaTPUIIAMU

-->M+P
ans =
al b2
c3 d4
—_>M?
ans =

a ¢
b d
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Kpome Toro, omeparum CIOXKEHUSI W YMHOXKEHUSI MOYKHO ITPOBOJIUTH HAJ| OT-
JIeJIBHBIMU 3JIEMEHTaMU CUMBOJIbHBIX MATpPHI] Ipu nomomu ¢yuknuit addf (a,b) u
mulf(a,b):

Jluctuur 3.45. Ucnonb3oBanne dpyuknnit addf n mulf

-->addf (M(1,1),P(2,2))
ans =

at+4

-->mulf (M(1,2),P(2,1))
ans =

b*3

3.5 PeweHune cuctem nuHeiiHbix anredbpamyeckmx ypasHeHui
Cucrema m ypaBHEHUil C 7 HEM3BECTHBIMU BUJIA:

a1 x1 + a2 + - + a1p Ty = b1,
a2121 + a2 + - -+ + 2Ty, = ba,

am1%1 + AmaZ2 + - + AppTn = bm

HA3BIBACTCS CUCTNEMOT AuHeUnbT anzebpauneckux ypasuernud (CJIAY), npuaem x; —
HEen3BeCTHBIE, 4;; — KO3MMUIIEHTH TPH HeN3BECTHBIX, b; — CBOOOTHBIE KO3d duImeH-
o1 (i =1...m, 7 =1...n). Cucrema u3 m JUHEHHBIX YPABHEHUN C N HEM3BECTHBIMU
MOKeT OBITh ONMucaHa MpU HoMonu marpuil: A - ¢ = b, rae r — BeKTOp HEU3BECT-
HblX, A — Marpuna K0d(hOUIMEHTOB IPU HEM3BECTHBIX WJIM MATPHIA CUCTEMbI, b—
BEKTOD CBOOOJIHBIX UJIEHOB CHCTEMBI UJIU BEKTOP MpaBbiX YacTeil. COBOKYITHOCTH BCEX
pemienuii cucreMbl (X1, Ta, ..., T,) HA3LIBAETCA MHOMKECTBOM PENICHHH M MIPOCTO
DEWEHUEM CUCTILEMDL.

Banada 3.1.
Pemmurs CJIAY npu momonu npasmia Kpamepa:

21’1+1’2—55L’3+l’4:8,
1'1—31‘2—6.’)34:9,

2x9 —x3 + 2x4 = —5,

T, +4r9 — Txz + 624 = 0.

Ipasuro Kpamepa 3aximodaercd B ciaenyoomeM. Eciau onpenennrens A = det A
MATPHIIBI CHCTEMbBI U3 1 YPABHEHUI ¢ N HEU3BECTHBIMUA A - & = b OTJIMY€eH OT HyJIsd, TO
CUCTeMa UMeeT €JIMHCTBEHHOE DEIIEHUE X1, L2, . .., Ly, ONPEIeNsieMoe Mo (DOPMyJIamM
Kpawmepa: z; = A;/A, rne A; — oupejiesinTenb MATPHILBI, TOJYIEHHON U3 MATPUIBI
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cucrembl A 3amenoif i-ro crosbia cTosornoM cBobOmHBIX wieHoB b. Tekcr daiira-
crieHapusi ¢ perierreM 3ajadu o (opmysiam Kpamepa:

JIucrunr  3.46. Tekcr aiina-cuenapusi pemenust CJIAY  meromom
Kpamepa

//MaTpuna Ko3QOUIMEHTOB :

A=[2 1 -51;1 -3 0 -6;0 2 -1 2;1 4 -7 6];
b=[8;9;-5;0]; //BerkTop CBOGOIHHX KO3bPUIMEHTOB
A1=A;A1(:,1)=b; //llepBasg BcmoMoraTejbHas MATPHUIA
A2=A;A2(:,2)=b; //Bropas BcmoMoraTejbHas MaTpHUIA
A3=A;A3(:,3)=b; //TpeTpa BcmoMoraTejbHas MaTpHUIA
A4=A;A4(:,4)=b; //YeTBepTas BCHOMOTaTeJNbHAS MaTPHUIA
D=det (A); //TnaBHbil onpemelwTeNb

//OnpenenuTeny BCIOMOTATEIbHHX MATPHIL:

d(1)=det (A1) ; d(2)=det(A2); d(3)=det(A3); d(4)=det(A4d);
x=d/D //BekTop HeW3BECTHHX

P=A*x-b //IlpoBepka

PesynbraTer paboTs! daiiia-crienapus:

Jluctuar 3.47. Bosos  aitna-cuenapus pemenuss CJIAY  meromom

Kpamepa
-->exec(’C:\scilab-4.1.1\kramer.sce’) ;disp(’exec done’);
x =
3.
- 4.
- 1.
1.
P = 1.0D-14 x
0.1776357
0.
- 0.0888178
0.1554312

exec done

Bamaqa 3.2.
Pemurs CJIAY n3 zagaun METOZIOM OOpPaTHOM MaTpHUIIBL.

Memod obpammoti mampuybt: Tl CHCTEMBI U3 N JUHEHHBIX YPABHEHUN C 1 HEU3-
BeCTHBIME A - = b, IPU YCJOBUU, UTO ONPEIEJNTE]b MATPUILI A He paBeH HYJIIO,
eIMHCTBEHHOe pellleHne MOYKHO HpeICTaBuTh B Buje v = A~1 - b.

Tekcr daityia-clieHapusi U pe3yJibTaThl €10 pabOTHI:

Jlucrunr 3.48. Pemenne CJIAY ¢ ncnonb3oBanueMm GyHKIu inv
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//MaTpuna ¥ BeKTOp CBOGOIHHX KO3hQUINEHTOB CHCTEMS:
A=[2 1 -51;1 -3 0 -6;0 2 -1 2;1 4 -7 6];b=[8;9;-5;0];
x=inv(A) *b //Pemenue cucTeM:

//Pe3ynpTaTh paboTh Qailna-CleHapHs:

> x =

3.

- 1.

1.

Banaqa 3.3.
Pemnrs cucremy suHeRHBIX ypaBHeHUN MeTonoMm [aycca:

2%17%24’5%3:0,
3%14—2%2—5.%3:17
T, +To —2w3=4.

Pemrenne cucreMbl JINHEHHBIX ypaBHEHHI IPU MOMOIH Memoda [ aycca OCHOBBI-
BaeTCs Ha TOM, YTO OT 3aJ[aHHOW CHCTEMbI IEePEeXOsT K 3KBUBAJIEHTHON CHCTEMe,
KOTOpasl PEIIaeTCs MPOIIle, YeM MCXOIHAsT CUCTEMA.

Mertox T'aycca cocrout n3 aByx 3TamoB. IlepBhIil 9Tam — 3To TMpsMOil X0, B pe-
3yJIbTaTeé KOTOPOI'O PACIIMPEHHA MATPUIA CHCTEMBI IIyT€M 3JIEMEHTAPHBIX IIPe0d-
paszoBaHuil (IepecTaHOBKA yDaBHEHUIl CHCTEMbI, YMHOYKEHUE yDABHEHUIl Ha UHCIIO,
OTJIMYHOE OT HyJIsl, U CJOXKEHHE ypaBHEHUil) IPUBOJUTCS K CTyleHIaToMy Buiy. Ha
BTOPOM 3Tare (0OpaTHBIA X0/1) CTYIIEHYATYI0 MATPHILY [IPEOOPA3OBBIBAIOT TaK, YTOOBI
B IIEPBBIX 1 CTOJIONAX MOJIYyJUIaCh eauHnIHas MaTpuna. [locmeaunit, n + 1 cronber
9TOIl MATPUIIBI COAEPXKUAT PEITIeHNe CUCTEMBI JINHEHHBIX ypasHenuit. /lasee nmpusemen
TeKCT (aityia-clieHapus 1 Pe3yJIbTaThl er0 PabOTHI:

JIucrunr 3.49. Ucnonwszosanne dyukiun rref jys permenus CJIAY

//MaTpuna u BeKTOp CBOOOIHHX KOSDPUINEHTOB CUCTEMS:
A=[2 -1 1;3 2 -5;1 3 -2]; b=[0;1;4];
//llpuBenieHne pacUUpPEHHON MATPUIE K TPEYLOIbHOMY BULY :
C=rref ([A b]l);
//0Oupenenenue pasMEepHOCTH PACUUPEHHON MATpPHUIR :
[n,m]=size(C); //m- HOMep mocmemHero crombua MaTpuip C
//BhineneHue ImoclenHero cTonbma u3 MaTpuipl C:
x=C(:,m) //xX - pelleHWe CHCTEM:H
//Pe3yabTaTh paboTh IPOrpPaMMbL:
1 X =

0.4642857

1.6785714

0.75



[naea 4

[TocTpoeHune aBYMepHbLIX TPadPUKoB

B 5T0i1 ritaBe unTaTe b MOXKET IO3HAKOMUTbHCSI ¢ IpadudecKuM ammnaparom Scilab
JIJIS TIOCTPOEHUS IByMEPHBIX rpadukoB. [IByMepHbIMEU OyieM canTaTh Takue rpadu-
KM, B KOTOPBIX MOJIO?KEHHE KaXKJI0M TOYKH 33/1aeTCs ABYMs BeJIUUIUMHAMU.

4.1 ®yHkuus plot

Paccmorpenue rpadbukos HauneMm ¢ npocreiimmx dbyukimii Buga y = f(x), mia
[IOCTPOeHUsI KOTOpbIX B Scilab cymecrByer dyukims plot. B npeapiaymux Bepcusx
Scilab (o Tperbio Bepcuio Scilab BrinounTenbro) dyHKIms plot npeaHa3HAYEHA JJIs
nocrpoenus rpaduka onnoit Gyukuun y = f(z). Obpainenne K Hell UMeeT BUJL:

plot(x,y, [xcap,ycap,caption])

3iech x — MaccuB abCIMCC; ¥ — MaCcCUB OpJMHAT; Xcap, ycap, caption — mojmucu
oceit X, Y u rpacduka cOOTBETCTBEHHO.

Banada 4.1.
IMocrponTs rpaduk dbyuxnun y = sin(cos(x)) ¢ nomompio GyHknuu plot.

ITycrb ¢ uamenstercst Ha uHTEepBase [—2; 27| ¢ marom 0,1. Chopmupyem maccus
X. Borancnsist 3nadenue dbyHkuun y = sin(cos(x)) mas KaxK/0ro 3HAUCHUsT MacCUBa
X, cozmanuM MaccuB Y. 3areM Bocmosib3yeMcst byHKImel plot (x,y) i mocTpoe-
HUS KPUBOI U BBIBEJEM C €€ 2Ke IIOMOIMIbIO IIOIIINCUA KOOPAMHATHBIX oceil *X?, ’Y’, a
TakKe UMs rpaduka ’plot function y=sin(cos(x))’ (cM. JmcTHHD puc. .
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Jlucrunr 4.1. Tlocrpoenue rpaduka dbyHknun y = sin(cos(z)) ¢ momonipo

dyarnun plot

x=-2%Ypi:0.1:2%%pi;
y=sin(cos(x))’;
plot(x,y,’X’,’Y’,’plot function y=sin(cos(x))’);

Y plot function y=sin({cos(x})

0.9-7
0.7
0.5
0.3+

01=

-0.17

-0.34

-0.5—

Puc. 4.1. T'paduk byuknun y = sin(cos(z))

B mpocreitiem ciaydae obpamenne K ¢yukimn nmeer Bui plot(y), B KadecTse
MaCCUBa X BBICTYIIAET MACCHB HOMEDOB TOUYeK MaccuBa y. Ha smcrunre u Ha

puc. pecTaB/ieH npuMep mocrpoenus rpaduka dynkuuu y = f(4).

Jlucrunr 4.2. Tlocrpoenune rpaduka dbynkimuun suga y = f(i), rme j —

HOMED TOYKU B MacCCHUBE y

y=[123-245-169 11 0 -2 5];

plot(y)

B

Taxoit cuaTakcuc pyHKINA plot MO3BOIAET CTPOUTH T'PapUKNA HECKOJIBKIX (PYHK-

TIHit.

Sanaua 4.2.

Iocrpours rpadbuku dyukuuit y = sin(cos(x)), z
t = e°°5(%) B OIHEX KOOPIMHATHBIX OCSIX.

cos(sin(z)), v = @)
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Puc. 4.2. T'padux byskuun y = f(4)

HomycTum, 4T0 & UPUHAJIEXKAT UHTEPBaLy [—27; 27| u usMensiercd ¢ marom 0,1.
Cozmaaum maccuB X . TToCKOIBKY © SIBJISIETCsSI apryMEHTOM JIJIsl BCEX YeThIpex (hyHK-
Ui, ero B oOpameHnu K QyHKIMN plot MOXKHO He YKa3bIBaTh. TakikKe He00A3aTEIbHO
dopMuUpOBaThH I KaXK10# (PYHKIIUU CBON MaccuB 3HadeHwii. /loctarouno ykasarh
B KBaJPATHBIX CKOOKaX Yepe3 TOUKY C 3AIlATON WX MaTeMAaTHIEeCKUE BBIPAXKEHUs, U
9TH MACCUBBI ABTOMATHYIECKHU OYIYT CO3AaHBI KAK ITPOMEXKYTOIHBIN ITAIl TOCTPOCHUST
KPUBBLIX (DYHKIMI (CM. JIMCTHHT u puc .

JIuctunar 4.3. Iloctpoenune rpadukoB HECKOILKUX (DYHKINN B OJHUX KO-
OP/IMHATHBIX OCSX C MOMOIIBIO KOMaH bl plot B Scilab 3

X=—2*%pi . O .1 2*%P1’
plot([sin(cos(x));cos(sin(x));exp(sin(x));exp(cos(x))]);

Kax suano u3 puc. [L.3] dynkuus plot B Scilab 3 ne no3BossieT 10CTPOUTH LIOIHO-
neHHble rpadukn HecKoIbKUX dyuknuit. [Toaromy B Scilab 4 ona ObLIa 3HAYNTETHLHO
Mo UIIUPOBaHa, 1 €€ BO3MOXKHOCTHU Telepb 3HAYNTEeIbHO pacimupensl. [Ipocreiimiee
xe obparenre K GyHKInn plot B 9e€TBEPTOil BEPCUU IPUIJIOXKEHHST OCTAJIOCH ITPEK-
HuM plot(x,y).
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3.0

2.5

.
."’ Y
2.0 A

'
0.5 A

0.0

140

Puc. 4.3. IIpumep nocrpoenust rpadukoB HeCKOIbKUX GyHKIMA B Scilab 3

4.2 TlMocTpoeHune HeckoNbKUx rpaddnKoB B OAHOW cUCTemMe
KoopAaunHaTt

[Ipu npocreitiem obparennn K GyHKIH plot (x,y) co3maercs OKHO ¢ UMEHEM
Scilab Graphic (0), B koropom Gyer nocrpoen rpaduk dyuknun y(x) HA 3aJaHHOM

unTepBasie. KEcau ke moBropHo 00paTtuThest K QyHKIUN plot, OymaeT CO37aHO HOBOE
rpadudeckoe OKHO, U B HEM OyIeT TTOCTPOEH HOBBIH rpaduk.
JIJ1st IOCTpOEHMST HECKOJIbKUX I'PadUKOB B OJIHOI CHCTeMe KOODJIMHAT MOXKHO 00-
paruThes K pyHKIMU plot ciemyommuM o0pa3oM:
plot(x1l,y1,x2,y2,...xn,yn)

rie x1, y1 —MaccuBbI aDCIUCC U OPJIMHAT EPBOro Tpaduka;

X2, y2 — MaccuBbI abCIUCC ¥ OPJMHAT BTOPOTO rpaduka;

XN, yn — MaccuUBbI abCIUCC U OP/MHAT N-0r0 rpaduka.
Sanaua 4.3.

ITocTpouTh B OJHMX KOOPAMHATHBLIX ocaX rpacduxu dynkumit y = sin(g), 2
cos(z) u v = exp(cos(z)).

lnaga 4. lNocTpoeHune aByMepHbIX rpacukos
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Oupejieninm uHTEpBaT M3MeHeHust = — [-6,28;6,28], mar —0,02. Teneps chopmu-
pyeMm MaccuBbI 3HadeHnit pyHkuit Y, Z, V.

Jstst mocTpoeHus 3aJaHHBIX KPUBBIX B OJHUX KOODIMHATHBIX OCIX HEOOXOINMO B
Ka4vecTBe apryMeHTOB (yHKINX plot MOmapHO, Yepe3 3amlsdTyi0, YKa3aTh UM Mac-
CHBa IIEPBOI'0 apryMeHTa M MMs MAaCCHBA I€PBOil (PYHKINU, UMsI MACCHBa BTOPOI'O
apryMeHTa W WMsl MacChBa BTOpPOil pyHKIuU u T. 1. B Hamem ciaydae obpalleHne K

dyukuuu plot Gymer umers Bux plot(x,y,x,z,x,v) (Jucrudr u puc. [4.4)).

Jluctunur 4.4. Ilocrpoenne rpadukoB HECKOIBKUX (PYHKIUN B OJHUX KO-
OP/IMHATHBIX OCSX C TOMOIIBI0 KOMAaH/bI plot B Scilab 4

x=-6.28:0.02:6.28;y=sin(x/2) ;
z=cos (x) ;v=exp(cos(x));
plot(x,y,x,z,x,v);

3.0
2.5

2.0

0.5

0.0

Puc. 4.4. Tlocrpoenne rpadukoB HECKOIBKAX (DYHKIUI ¢ TOMOIBI0 QyHKIUN plot

[TocTpouTs HECKOIBKO IPAMUKOB B OIHOM OKHE MOYKHO M C IIOMOIIBIO KOPOTKOM
samucu dyukiun plot(x,y), Ho mepern obpamenuneM K dyHkusaM plot(x2,y2),
plot(x3,y3), ..., plot(xn,yn) BbI3BaTH KOMaHY mtlb_hold(’on’), ona 3ab0-
KHUPYET PEeXKUM CO3/[aHUsI HOBOTO OKHA.

Banaqa 4.4.
IlocTponTh B OJHUX KOOPJMHATHBIX ocAX Tpadukn ynkmui y = sin(3), z =

cos(z) m v = exp(®(*)) | ycromp3ys Komanmy mtlb_hold(’on?).
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Kak u B ipebiyieit 3a1a4de, IIpexK ie BCero oIpeiesisieM HHTEPBAJI U Iar n3MeHe-
nug x [-6,28;6,28], 0,02 u dpopmupyem maccusbl 3uadenuii dyukuuit Y, Z, V. Oxnako
MIPUMEHATH OyZieM KpaTkyio ¢dhopMmy obpartenus K GyHKmun plot — plot(x,y), Ko-
TOpast TMOOYIEPETHO CO3TACT TEPBBI, BTOPOIt U TpeTuit rpaduk.

st Toro, YTOOBI KaXK bl pa3 IPH BBIIOJHEHNN (QyHKIUU plot He CO3/1aBAJIOCH
HOBOE I'padrUecKoe OKHO, Iepej] Hell OyeM BBIIOJIHATh KoMaH Iy mtlb_hold(’on’)

(ucruar u puc. [L.5)).

Jluctunr 4.5. [locTrpoenne rpadukoB HECKOIBKUX (PYHKIUN B OJHUX KO-
OPANHATHBIX OCSIX C IMTOMOIILI0 KOMAHILI mtlb_hold(’on’)

x=-6.28:0.02:6.28;

y=sin(x/2); z=cos(x); v=exp(cos(x));
plot(x,y);

mtlb_hold(’ on’);

plot(x,z);

mtlb_hold(’ on’);

mtlb_hold(’ on’);

plot(x,v);
30
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Puc. 4.5. Ilpumep ucnosb3oBanus KoOMaHIbI mtlb_hold(’on’)

O6parure BHUMAHUE, YTO IPU IOCTPOEHUU IPadUKOB [IEPBLIM CIIOCOOOM (CM. 3a-
gaay [4.3) Scilab aBToMaTHYecKu M3MeHsIET TBeTa KPUBBIX, N300ParKaeMbIX B OJHOM
cucreMe KOOPIUHAT.
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4.3 TlocTpoeHue HeCKoNbKUX rpachmkoB B 0g4HOM rpachuieckom
OKHe

B Scilab 4 M0XXHO BBIBOAUTH HECKOJBKO I'DAUKOB B OJHOM OKHE, HE COBMEIIAs
UX B OJIHUX KOOPJIMHATHBIX ocsix. Hampumep, eciin rpadutaeckoe OKHO JOKHO COEP-
KaTh 4 caMOCTOSATEIbHBIX I'paduKka, Bce OKHO pa3buBaercs Ha 4 objacTu, a 3aTeM B
KaXKJIy10 U3 HUX BBIBOAUTCH I'paduK ByHKIWN.

st bopMupoBanus objactu B rpaduaeckoM OKHE CIyKUT KOMaH1a plotframe:

plotframe(rect, tics [,grid, title, x-leg, y-leg, x, y, w, h])

rae rect —BekTOp [xmin, ymin, xmax, ymax], KOTODPBIil OlIpeeisieT TPAHUIBI U3~
MEHEHUsl T U Y-KOOPJAWHAT 00JIACTH;

tics —Bekrop [nx, mx, ny, myl, KOTODBIA OIpe/esieT KOJINIeCTBO JMHUN CETKU
no ocut X (mx) u'Y (my), BEJIMIMHBI DX U Ny JOJKHBI OIPE/IEISATD TUCIIO TIO/MH-
TepBaJIoB 1O ocsiM X u Y

grid —Jiormyeckas IepeMenHasi, KOTopas omnpeieiser Hagum4aune (%t) smbo orcyT-
crBue KoopauHaTHoi cerku (%f). DToT napamMerp cieilyeT yKasblBaTh s 06e-
ux oceit, narpumep, [ht,%t];

bound — jormyeckasi mepeMeHHasi, KOTOpas IpU 3HAYEHUN true MO3BOJIIET UTHOPHU-
poBarh mapaMeTpnl tics(2) u tics(4).

title — 3aroJIOBOK, KOTOPBIN Oy/IeT BRIBOAUTCS HaJ rpaduaeckoil 06/1acTbio;
x-leg, y-leg — moamnucu oceii rpacduxka X un Y

X, ¥ — KOOPJMHATHI BEPXHErO JIEBOTO YIVIa OOJACTH B TpadUYecKoM OKHE, W — IIH-
pUHA, h — BBICOTa OKHA. 3HAYEHUA X, ¥, W, h M3MEpSAIOTCSI B OTHOCHTEIHHDBIX
eJIMHATIAX ¥ JiexkaT B quanasode [0, 1].

[Tocne onpemenenus: 00aCTH B Hee MOXKHO BBIBECTU I'PadUK (DYHKIIH C ITOMOIIHIO
KOMaHIbl plot.

Sanaqa 4.5.
ITocrpouts rpadukn dyuxmumit y = sin(2x), z = cos(3x), u = cos(sin(2z)), v =
sin(cos(3x)) B ogHOM rpaduueckoM OKHe, KaXK/plil B CBOEfl cucTeMe KOOP/IMHAT.

Homycrum, aro = uamensiercst Ha uHTepBase [—10 : 10] ¢ marom 0,01. Cdopmu-
pyeMm maccuBbl 3Hadenuit gyukmuit Y, Z, U, V.

Ucnonp3ys mapamerp rect Kak CAMOCTOATEIHHYIO KOMAHJLY, 3a/aeM I1abiIoH pas-
Mepa KOOPAMHATHBIX OCell Kazk10it obmacTu moctpoenns Kkpusoii. Teneps och X Oymer
OrpaHMYeHa MUHUMAJBHBIM U MAKCUMAJbLHBIM 3HAYEHNEM & (3aBUCUT OT KOHKPETHOMN
dbyukmn), a ocb Y jyist Beex obiacreli orpaHuYnBaeTcs 3HadeHusiMu y -1 u 1.
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Komanoit tics ykasbiBaeMm, YTO Ha BCEX BBIBOJIUMBIX I'paduKax, BO Bcex 00Ja-
CTsIX Ha OCHU abCIUCC, JOKHO OBbITh 11 OCHOBHBIX U 10 2 TPOMEXKYTOUYHBIX JIEJICHUS,
Ha OCH OPJWHAT — H OCHOBHBIX M O 10 TPOMEXKYTOUHBIX JIeJI€HUN.

Js co3manmss objacTeil BHYTpHM TIpadWIecKOro OKHA, UCIOIb3yeM (DYHKITHIO
plotframe co BceMu mapamMeTrpaMu: IIPOPHUCOBBIBAHMEM CETKN KOMOHMHAIIMEN 3Hade-
uuit (%t) u (%), BeIBOJOM mOIHCH rpaduka U KOOPAWHATHBIX OCel, a TakxkKe pas-
METKOHN KaKJ0il u3 obJyiacTeil — MacCuB, B KOTOPOM IIE€PBBIE JIBa, TUCJIA — KOOD/IMHATHI
BEPXHET0 JIEBOTO yIUIa, a IOCJIeIHIE 1B — INIUPUHA U BHICOTA ODJIACTH.

Jns  dopmupoBaHust HOBOTO TrpaduKa IOCTe KayKIO0r0 BbI30Ba (DYHKIAN
plotframe BoinosHseM dyHkImio plot(x,y) (smcruHr U puc. .

JIucrunr 4.6. [locrpoenne rpaduKoB HECKOJBKAX (DYHKIHIT B OJTHOM I'Da-
duueckoM OKHe, HO KayKJOro B CBOUX KOODJMHATHBIX OCHAX C IHOMOIIBIO
KOMaH bl plotframe

x=[-10:0.01:10];

y=sin(2*x); z=cos(3*x); u=cos(sin(2*x)); v=sin(cos(3*x));

rect=[min(x),-1,max(x),1];

tics=[2,11,10,5];

plotframe(rect,tics, [%t,%t], ["Function y=sin(2x)",...
n"x","y"7, [0,0,0.5,0.5]1);

plot(x,y);

plotframe(rect,tics, [%f,%f], ["Function y=cos(3x)",...
"x","y"], [0.5,0,0.5,0.5]);

plot(x,z);

plotframe(rect,tics, [%f,%f], ["Function y=cos(sin(2x))",...
x","y"], [0,0.5,0.5,0.5]);

plot(x,u);

plotframe(rect,tics, [ht,%t], ["Function y=sin(cos(3x))",...
nx","y"], [0.5,0.5,0.5,0.5]);

plot(x,v);

Erme oaanM criocobom n3obparkeHust HECKOMbKUX TPadUKOB B OJTHOM OKHE sIBJISIET-
cs ucnosb3oBanne GyHKmun subplot. OHa Takke paszjesser rpaduaeckoe OKHO Ha
HECKOJIBKO OTJIeJIbHBIX 00JIacTeil, OJJHAKO, 10 MHEHUIO aBTOPOB, MMeeT 0oJjiee IPoCTOi
cunrakcuc. Obpalienne K Heil UMeeT BUI:

subplot (m,n,p) nau subplot (mnp)

Broimonenne GyHKIMM TPpUBOINAT K TOMY, UTO rpadUIeCKOe OKHO Pa30UBaETCs HA
M OKOH II0 BEPTUKAJIA U 7. OKOH I10 NOPU30HTAJIN, TEKYIIMM OKHOM CTAHOBHUTCSI OKHO
C HOMEPOM pP.



SRR TR
}..._...;J; \ /\ \“I I/ ’\ \’ﬂ“\‘ ‘“ \j ".
g 1AL

| J | ‘
1. .
10 -8 - A -2 0 [ -1u g —F - -E U é 4 k] g 10

Fur Aiar y=3ir{#x Frnstion: y=cos3n)

i

=

=
0

1 Surlion ,-_k-‘:_- s{siriz » Fuowzian -,_xs WS
SV ‘ﬂ | P\
R |
BT
A

Puc. 4.6. I'pacdukn yersipex dpyHKImit B 0qHOM rpadUIecKOM OKHE

Bamaqa 4.6.

IMocrpours rpaduku dbyukuuii y = sin(z), z = cos(x), u = cos(sin(x)), v =
sin(cos(x)), w = exp(sin(x)) u r = exp(cos(x)) B omHoM rpadudecKoM OKHE,
KasKJIbIil B CBOEH CHCTeMe KOODJMHAT, NCIIOJb3ysl KOMaHy subplot.

IMycrs = uzmensiercs wa uarepsajie [—10 : 10] ¢ marom 0,01. Cdbopmupyem mac-
cuBbl 3Hadennit byukumit Y, Z, U, V, W, R.

C nomormipio dyHKIME subplot pasbuBaem rpadudeckoe OKHO Ha 3aJIAHHOE KO-
JgmdaecTBo obsracreit. OupemesuMcest, 9T0 B KayKJIOM CTOJIOIE 110 BEPTUKAJU JIOJIZKHO
OBITH 3, & [0 TOPU30HTAJIN 2 0OJIACTH JJIsi BBIBOJA IPAUKOB.

Tperbe yncsio B 3anmcu yHKIUH subplot yKasplBaeT, B KOTOPYIO u3 o0JacTei
(cyer BeseTC 110 NOPSIJIKY — CJIeBa HAIIPABO M CBEPXY BHU3) BBIBOAUTCH Ipaduk, dhop-

mupyemblit byakmmei plot (x,y) (mucerunr u puc. [4.7)).

Jluctunr 4.7. Ilocrpoenne rpaduKOB HECKOIBKUX (DYHKIINA B OTHOM I'Da-
dbuYIecKoM OKHe, HO KaXKIOr0 B CBOMX KOODJMHATHBIX OCAX C IIOMOIIHIO
KOMaH/Ibl subplot

x=[-10:0.01:10];

y=sin(x); z=cos(x);
u=cos(sin(x)); v=sin(cos(x));
w=exp(sin(x)); r=exp(cos(x));
subplot(3,2,1);
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plot(x,y);
subplot(3,2,2);
plot(x,z);
subplot(3,2,3);
plot(x,u);
subplot(3,2,4);
plot(x,v);
subplot(3,2,5);
plot(x,w);
subplot(3,2,6);
plot(x,r);
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Puc. 4.7. 'pacdukn mectn GpyHKINN B 0JHOM rpadUIeCKOM OKHE

4.4 ®dyHkuusa plot2d

Cnenytomeit byHKIMEH, KOTOpasi MOXKET OBbITh HCIOJb30BAHA JIJIsI TOCTPOCHMUST

IBYMEPHBIX I'DadUKOB, sBIsgeTca (yHkius plot2d. B obmem Bume obpaleHme K
dYHKIMT UMEET BUIL:

plot2d([logflag] ,x,y’, [keyl=valuel,key2=value2,...,keyn=valuen]

riae logflag — cTpoOKa U3 ABYX CUMBOJIOB, KaXK bl M3 KOTOPBIX OIPEesIFeT TUII OCei
(HA*HOpMaHBHaH(mb,14*HOPapH¢mHPK£KaH(mbLIK)yMOﬂanHEA*«nn»;
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X — MacCHuB abCIUCC;

Yy — MACCHUB OPJIMHAT WU MATPUIIA, KAXKJIBIH CTOJIOEI] KOTOPBIX COIEPXKUT MACCUB OP-
JWHAT OYePeIHOro rpaduka — B CIydae, ecyim HeOOXOAMMO ITIOCTPOUTD rpadukn
HECKOJIbKNX pyHKIUi y1, y2, ..., yn,KOrJa BCE OHU 3aBUCAT OT OJHOHN U TO
Ke nepeMeHHoi x. [Ipu 5TOM KOJIMYeCcTBO 3JIEMEHTOB B MACCUBE T U Y JIOJIK-
HO OBITH OJMHAKOBBIM. KC/IM T M y — MaTPHUIIBI OJHOIO pa3Mepa, TO KarXKIbIi
cToJIberr MATPHUIIBI Y OTOOPAXKAETCsI OTHOCUTEIBHO COOTBETCTBYIOIIEr0 CTOJIONA
MaTPUIIBI T;

keyi=valuei — m10CJIe/IOBATEILHOCTD 3HAYEHUI CBOICTB rpaduka
keyl=valuel, key2=value2, ..., keyn=valuen,
OIIPeJIEJISTIONIUX er0 BHEITHUH Bui. Bo3aMOXKHbBIE 3HAUEHUST CBOMCTB rpaduka Oy-
JyT MOAPOOHO OIUCAHBI HIXKE.

Cureyer OTMETUTD, 9TO BOBCE He 00s3aTEJILHO HCIOIB30BATH HOTHYIO (GOpMY 3a-
nucu pyHKImu plot2d co BceMu ee apameTpamu. B rpocreiiniem cirydae K Heil MOXK-
HO 00paTUTHCH KPATKO, KaK 1 K (DYHKIHH plot.

Samaqa 4.7.
IMocrpours rpaduk dbysxuuu y = sin(z).

Hormycrum, 9T0 & M3MeHsiercsi Ha nHTepBase [—2m; 27] ¢ marom 0,1. Cdopmupyem
maccuB X . CozgaBars MaccuB Y HeoOsI3aTe/IbHO, CJIEIyeT JIUIb B KAYeCTBE apTIyMeHTa,
dyuknun plot2d ykazarb MaTeMarndeckoe BbiparkeHune QyHKIHUU (CM. JIMCTHHT

u puc. [I3).

JIuctunr 4.8. IIpumep mpocreiiinero ucronb3oBanns QyHKINH plot2d ays
[MOCTPOEHUsI TpadpuKa

x=[-2%Ypi:0.1:2+%pil;
plot2d(sin(x));

Ucnonpzys dyakmuio plot2d, MOXKHO TaK2Ke IIOCTPOUTH HECKOJIBKO I'padUKOB B
OJIHMX KOOPJIMHATHBIX OCSIX.

Bamaqa 4.8.
IMocrpours rpaduku Gyukuumit y = sin(x), y1 = sin(2z), yo = sin(3z) B oguux
KOOPJIMHATHBIX OCSX.

Cdopmupyem maccus X, IPUHSB, 4TO X U3MeHseTCst Ha uaTepBade [0; 27 ¢ marom
0,1. 151 mocTpoeHnst KpUBBIX B OJHUX KOOPIHHATHDBIX OCSIX BOCIIOIb3yeMcsl (pyHKIei
plot2d(x,y). Omnako B KadecTBe MaccuBa Y B KBaJIPATHBIX CKOOKAX IIOOYEPEJIHO
YKaykeM MaTeMaTUYeCKue BhIPDarXKeHUsl 33 aHHbIX (DYHKIINN, pa3esss uX IpodeaMu

(CM. JIMCTUHT u puc. .
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Puc. 4.8. T'paduk bynkuuu y = sin(x)

JIuctuur 4.9. IlocTtpoenne rpadukoB HECKOIBKUX (PYHKIUN B OJHUX KO-
OPJVHATHBIX OCAX C IIOMOIIbI0 KOMaH bl plot2d

x=[0:0.1:2*%pil’;
plot2d(x, [sin(x) sin(2*x) sin(3*x)]);

4.5 Odopmnerne rpacpukos npu nomowm cpyHkumn plot

VCTaHOBUTH KeJIaeMbIil BUI U IBET rpaduKa MOYXKHO, UCIOJIB3Ys HOJHYIO (hopMy
obpamenust K GyHKnun plot:

plot(x1l, yi1, s1, x2, y2, s2, ..., xn, yn, sn)
rae x1, x2, ..., Xn — MacCHUBBI abCIuce rpaduKoB;
yl, y2, ..., yn — MaCCHBBI OpJHHAT I'PADHUKOB;
sl, s2, ..., sn — CTPOKAa, COCTOLAIIAsd U3 TPEX CUMBOJIOB, KOTOPBIEC OIIPEJICTIAIOT CO-

OTBETCTBEHHO 1[BET JINHUM, TUII MapKepa U TUll JuHuu rpacdukos (M. Tabi.
4.3]), B cTpOoKe MOIyT MCIIOJIB30BATHCS OJIUH, J[BA WX TPU CUMBOJIA OJTHOBPEMEH-
HO B JII0DO# 2Kej1aeMoil KOMOMHAITUH.
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Puc. 4.9. I'pacduku dyukuuit y = sin(x), y = sin(2z), y = sin(3x)

Tabsmia 4.1. CuMBOJIbI, ONIPEIEIIAIONINE BET JIMHIUU I'PadpuKa

CumsoJ | Onucanne

2KeJIThIA
PO30BBIit
roJryooit
KPaCHBII
3€JICHDbII
CUHUI
OebIit
YepHLINA

w s om R o B<
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Tabuma 4.2. CuMBOJIBI, OIPEIEIAIONIIE TUII MapKepa

CumBout

Onucanue

< @ wn ¥ + X O

TV A

TOYKA,
KPY2KOK

KPECTUK

3HAK <ILJIIOCY

3BE3JI09YKA

KBaJIpaT

pomb

TPEYTroJIbHUK BEPIIUHON BHU3
TPEYTOJIbHUK BEPIIMUHON BBEPX
TPEYTOJHLHUK BEPIIMHON BJIEBO
TPEYTOJHLHUK BEPIIMHOM BIIPABO
[ISITUKOHEYHAs] 3BEe3/1a

Tabauna 4.3. CuMBOJIBI, ONPEIEISIONIE THII JIXHAN IPaduKa

CumMBoJI

Ormnucanue

- CITIONTHAS (TT0 YMOJIIAHMIO)
IITPUX, YePeIyIONUicA ¢ AByMsA TOYKaMU
-. MITPUX, YepeayIOIUNicd ¢ OJHONH TOYKAMU
- HITPUXOBas

z

B kagecrse npumepa nocrpoum rpaduku GyHKImii y = sin( 5

), z=cos(zx) uv =

e(¢os(®)) B onHIX KOODIMHATHBIX OCHX W HE3ABUCHMO OIIPEIETINM BHEITHIH BUJ KAJK-
noro rpaduxa. ITycrs rpadux dynkmun y = sin(§) Gymer mTpuxosbiM, z = cos(z) —

YEpHOrO 1IBETA, C MAPKEPOM B BHIE 3Be3104KH, v = exp®5(*)) — mrpuxoBbiM, Kpac-
HOI'O IIBETa, C MApPKEPOM B BHJIE TOYKH (CM. JIMCTUHI u puc. [4.10]).

Jluctunr 4.10. V3menenune Tuma, IBeTa JIMHAN T'padUKa, BBIBOJ, TOYEK
(MapkepoB) Ha JuHuUK rpaduka ¢ HOMOIILIO (GyHKIuu plot

x=-6.28:0.2:6.28;
y=sin(x/2);
z=cos(x);
v=exp(cos(x));
plot(x,y,’--?);
mtlb_hold(’on’);
plot(x,z,’k*’);
mtlb_hold(’on’);
plot(x,v,’r.--7);
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Puc. 4.10. Yupasienue cpoiictBamu juHUEN rpaduka Ipu rnomomu pyHKImn plot

Yro6bl rpaduK MpoIle «IUTAJCS», YA0OHO BBIBOIUTH CETKY — JIOTOJHUTE/bHBIE
ocu g mokazaTeast X u mokaszarens Y. B Scilab aTo MoxkHO cumenaTh ¢ MOMOIIBIO
romaHabl xgrid(color), rue color ompezesnser id IBeTa JIMHWEM CETKH. FKcim octa-
BUTH CKOOKM IYyCTBIMU, ITO YMOJTIAHAIO OyIeT MPOPHUCOBAHA CETKA IePHOTO IIBETA.

IlocTpoum B OlHMX KOOPJAUHATHDLIX OCAX CUHYCOHUY C JIMHUEH KpacHOTO IBETa U
KOCUHYCOU/Iy C JINHUEN CUHETO IIBeTa Ha 38JJAaHHOM UHTEPBAJIe, & 3aTEM BbIBEIEM CETKY

(CM. JIMCTUHT u puc. .

JIuctuur 4.11. Beion ceTku rpaduka ¢ moMOIbio KOMaHIbl Xgrid

x=-10:0.01:10;
y=sin(cos(x));
z=cos(sin(x));
plot(x,y,’r’,x,z,’b’);
xgrid();
3aroJioBok rpaduka, mocTpoeHHOTO QyHKIMENH plot, MOKHO BBIBECTU KOMAaHJIOM
xtitle:

xtitle(title, xstr, ystr)
r7e title — Ha3BaHme rpaduka;
xstr — HazBanue ocu X

ystr — Ha3BaHue ocu Y.
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Puc. 4.11. Komanna xgrid

Bocnonp3yeMest IpeJbULyIAM TIPEMEPOM U 700aBUM K TIpaduKy 3arojoBoK
Grafic y=f(x) W HDOANMCH K KOODJWHATHBIM ocsiM X m Y (cM. jmcTuHD u

puc. [4.12)).

Jluctuur 4.12. BeiBog 3arosioBka rpaduka W MOIIUCEH KOOPIMHATHBIX
ocell ¢ TOMOIIBI0 KOMaH/IbI Xtitle

=-10:0.01:10;

y=sin(cos(x));

z=cos(sin(x));
plot(x,y,’r’,x,z,’b’);

xgrid();

xtitle(’Grafic y=f(x)’,’X?,’Y?);

B ciayuasx, korga B OfHONW KOOPAMHATHON TIJIOCKOCTH M300PaXKaioTcss rpaduKn
HECKOJIbKUX (PYHKIUH, KaK B HAIlleM IIPUMepPe, BO3HUKAET HEOOXOJIUMOCTDb B «JIEr€H-
ze». Ee MOKHO BBIBECTH C ITOMOIIBIO KOMaH bl legend:

legend(legl, leg2, ..., legn, [pos], [boxed])

rae legl — umsa nepsoro rpaduka, leg2 — ums Broporo rpaduka, legn — UM n-r0
rpaduka;
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Grafiz y=fx)

Puc. 4.12. Komanma xtitle

POS — MECTODACIIOJIOKEHUE JIEreH Ibl: 1 — B BepXHEM IPABOM Yy (II0 YMOJIYAHUIO),
2 — B BEpXHEM JIEBOM YIVIy, 3 — B HUXKHEM JIEBOM YTUIy, 4 — B HIKHEM ITPABOM
yIuLy, 5 — OIpeesisieTcsl MOJIb30BaTeIeM [I0C/ie n300pakeHus: rpaduka,;

boxed — sioruveckas lepeMeHHasi, KOTOpasi OIpeeJisieT, IIPOPUCOBBIBATH (3HAYEHHE
[0 yMOJIYAHUIO — %t) wiu Her (3Hadenue %f) pamMKy BOKPYT JIETEHJIBL.

BeiseseMm Ha rpaduKke IPEALIAYINEro MpUMepa JIEMEH/y B JeBOM HHUXKHEM YIJLY,
OTMEHUB IIOCTPOEHNE PAMOYKH BOKDPYT JIETeH bl (CM. JIMCTUHT u puc. 4.13).

Jluctunr 4.13. BeiBog sierenipl rpaduka U OnpeseseHre ee CBOUCTB C I0-
MOIIBI0 KOMaH/ bl legend

x=-10:0.01:10;

y=sin(cos(x)); z=cos(sin(x));
plot(x,y,’r’,x,z,’b?);

xgrid();

xtitle(’Grafic y=£f(x)’,’X’,’Y’);
legend(’sin(cos(x))’,’cos(sin(x))’,3,%f);
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Grafic y=f{x)

Puc. 4.13. Komanna legend

4.6 Odopmnerne rpacpukos npu nomowm dpyHkumn plot2d

B naparpade .4 ynomunanocs, uro nonxas ¢opma obpaimenust K pyHKIun
plot2d maer BO3MOXKHOCTD IOJIB30BATE/O CAMOCTOSTEIBHO OIPEIe/IATh BHEITHUN BU]T
rpaduka —3a 9TO B Hell oTBevYaeT mapamerp keyn=valuen.

Hamomamm, aro nosmnas dopma obpamenns K dyHknun plot2d umeer BUI:

plot2d([logflag] ,x,y’, [keyl=valuel,key2=value2,...,keyn=valuen]
BosMoxKHBI citeytonue 3Ha4YeHns napaMeTpa keyn=valuen:

e style — ompeje/sieT MacCUB YHCJIOBBIX 3HadeHUi 1BeToB rpaduka. Koanmde-
CTBO 9JIEMEHTOB MaCCHBa COBITAAET C KOJUIECTBOM M300parKaeMbIX TPa(pUKOB.
MozkHo BocCI0/1b30BaThCs (PYyHKIME color, KoTopas 110 Ha3Banuio (color ("ums
nseta")) mwin Koy rgb (color(r,g,b)) usera dbopmupyer HyXKHbIi id (k00)
I[BETA.

TTonHbIi EepevYeHs BCeX JOCTYIHBIX TPU (pOpMaTUPOBAHUN OTTEHKOB ¢ ux RGB-
id MO2KHO HaflTH B CTaThe BCTPOEHHOM ciipaBovHOil cucremsl Scilab « Color _ lists.
O IHAKO CJIeyeT y4ecThb, 9YTo B craThe mneper id-mpera omyrieHsbl «0.».

B kawecTBe mpmMepa MOCTPOMM B OJHUX KOOPAWHATHBIX OCIX T'padukn HyHK-
it y = sin(z) u y = cos(z), Wig CUHyCOUIBI C IIOMOIIBIO apamerpa style
OIIPEJIENIAM UMsl I[BETa — KPacHbIit («red»), a /sl KOCUHYCOUIBI — id 3€JE€HOr0

ugera (0,176,0) (cm. smeruar [4.14]).
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Tlosyuyennbie rpaduKu MpeICTABIEHBI HA PUC.

JIuctunr 4.14. VisMmenenne 1seTa JIMHAN IpaduKa ¢ ITOMOIIBIO IMapa-
Merpa style dynkiuu plot2d

x=[-2+pi:0.1:2x%pil;
y=[sin(x);cos(x)];
plot2d(x,y’,style=[color("red"),color(0,176,0)]);

0.8
0.67

0.4

Puc. 4.14. Tlapamerp style dyukimn plot2d

e rect —3nHadenuve mnapamerpa keyn=valuen ¢dyukiun plot2d —3TO BEKTOp
[xmin, ymin, xmax, ymax], ompemesdioniuil pa3Mep OKHa BOKPYT I'Daduka.

3mech xmin, ymin — MOJIOKEHUE BEPXHEH JIEBOI BEPINUHBI;
xXmax — IMIUPUHA OKHA;

ymaxX — BBICOTa OKHA.

IIpumennm napameTp rect K NpeablIyIIeMy IPUMeDY, YCTAHOBUB JJIs HETO CJIe-

Jytomue 3Hadenns [-8,-2,8,2| (em. smcTuar u puc. [4.15)). Besencrsue toro,
a0 ock Y mpommiack or [-1:1] no [-2:2], a oce X ocramach 6e3 n3MeHeHUi,
BU3YaJIbHO KazKeTcs, Oyro rpaduk czKamcs o ocu Y.
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JIuctunr 4.15. OnpenesieHre pa3MepoB OKHa BOKPYT rpaduka ¢ Io-
MoIIbIo TapaMerpa rect dyunknun plot2d

x=[-2%%pi:0.1:2%%pi];
y=[sin(x);cos(x)];

plot2d(x,y’,style=[color("red"),color(0,176,0)],
rect=[-8,-2,8,2]);

20

0.5

0.0

-1.5

Puc. 4.15. ITapamerp rect dyukimu plot2d

e axesflag —3nHadenue napamerpa keyn=valuen yHKIMHI plot2d — ompeiesi-
eT Hajm4he paMKu BOKpyr rpaduka. Heobxomumo BeLIeINTH cireayomnie Oa-
3UCHBIE 3HAYEHUS ITOrO IapaMeTpa:

0 — HET pamMmKu;
1 — uzobparkeHue paMKu, OCb Y cjaeBa (110 YMOJTIAHUIO);
3 — u3obparkeHne paMKH, OCh ¥ CIIPaBa;

5 — uzobpazkenue oceil, npoxosmux depe3 rouky (0,0).

3amaga 4.9.

IMocrpours rpaduku dyukuuit y = sin(z) u y; = cos(x), ucnounsys 4
GasucHbIE 3HAUEHUS TapaMeTpa axesflag, B OHOM rpadpuIecKOM OKHE [IPH
oMot GyHKIun subplot.
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Hamomuum, uro dyaknust subplot 103B0JIsieT BBIBOJIUTH HECKOJIBKO IpadUKOB
B OJIHOM rpadUvIecKOM OKHe, HE COBMEINas WX B OJHON CHCTEME KOODIUHAT

(cMm. maparpad .

Pazmernm rpaduteckoe okHo Ha 4 obsactu. [leiictBue mapamerpa axesflag=0
Oyser BBIBEJIEHO B BEPXHIOIO JieByIo, axesflag=1—B BEpXHIOIO IPaBYIO,
axesflag=3 — B HUXKHIOIO JIeBYIO, & axesflag=5 — B HIIKHIOIO IPaBYIO (CM. Jiu-

CTHHD u puc. [4.16)).

JIuctuur 4.16. BeiBox pamku BOKpyT rpaduka u onpesesenne pa3me-
Ppa KOODJIMHATHBIX Oceil ¢ moMoIpio mapaMmerpa axesflag dpyHkun
plot2d

x=[-2*Ypi:0.1:2xYpil;

y=[sin(x); cos(x)];

subplot(2,2,1)

plot2d(x,y’,style=[color("red"), color("blue")], axesflag=0);
subplot(2,2,2)

plot2d(x,y’,style=[color("red"), color("blue")], axesflag=1);
subplot(2,2,3)

plot2d(x,y’,style=[color("red"), color("blue")], axesflag=3);
subplot(2,2,4)

plot2d(x,y’,style=[color("red"), color("blue")], axesflag=5);

0.8
0.6
04
0z
0.0
-0.2
-0
0.8
0.8
1.

10
0.8
0.6
0.4
0.2
0.0
0.2
0.4
0.6
0.8

-1.0
8

Puc. 4.16. ITapamerp axesflag dyukiun plot2d
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[ ] ILHH TOoro, 4TOOLI OIIpeICJINTh YIUCJIO OCHOBHBIX U IIPOME2KYTOYIHBIX ,HeJIeHI/Iﬁ

KOOpAMHATHBIX oceit, B Scilab cymecrByer mapamerp nax. Eciam mapamerp
axesflag=1 (110 yMOJIYAHUIO), STO MACCUB M3 YeTblpex 3HadeHuii: [nx, Nx,

ny, Ny].

3nech Nx (Ny) — 9mcsio OCHOBHBIX jlesieHuit ¢ noammcesiMu 1o ocbio X (V);

nx (ny) — 9KMCJIO IPOMEKYTOUHBIX JIEJICHUN.

Samaga 4.10.
IMocrpours rpaduku dyukuuii y = sin(x) u y; = cos(z). Mogudunuposars
MacITab KOOPAUHATHBIX oceit rpaduka.

Cdopmvupyem macens X, IPUHSB, UTO & U3MEHSIETCA B TuanasoHe [-8:8] ¢ marom
0,1, 3aTemM coBMecTHO cOpMHUPYEM MaCCUBBI 3HAYEHUN 3aaHHBIX (PYHKIUN C
IOMOIIIBIO cieytorieit 3ammcu: y=[sin(x); cos(x)].

C nomomrpio dyukiuu plot2d nocrpoum Kpusble GyHKuuil y = sin(z) u y; =
cos(z), ycranoBuB 3HaveHuWe mapaMerpa nax=[4,9,3,6]. Takum ob6pasoMm, 0ch
X Gyzner pasburta 9 OCHOBHBIMHU JIEJICHUSIME (3aCEUKAME), KaXK/[0e OCHOBHOE —
4 TPOMEKyTOUHBIMH, a OChb Y — COOTBETCTBEHHO 6 m 3 (CM. JHMCTHHD u

puc. {L17).

Puc. 4.17. ITapamerp nax dyukimmn plot2d
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Jluctuur 4.17. Hanecenne Ha KOOpIUHATHBIE OCH IPpadUKa OCHOBHBIX
¥ MIPOMEXKYTOYHBIX JIEJIeHWIl C ITOMOIIBI0 MmapaMerpa nax (byHKIAN
plot2d
x=[-8:0.1:8];
y=[sin(x); cos(x)];
plot2d(x,y’,style=[color("red"),color("blue")],axesflag=1,...
nax=[4,9,3,6]);

e leg —3mHavenue nmapamerpa keyn=valuen dbyuknun plot2d — cTpoka, ompese-
JIAIONIAs JIETeH B 71 KaXKJI0ro rpaduka:

"legl@leg2@leg3@...Q@legn"

rie legl — jerena mepBoro rpaduka,

, legn — jerenma n-ro rpaduxa.

B kauecTBe mpmMepa HCIOIbB3yeM MpeablIyILyio 3ajady. [loctpoum rpadurm
dyuxunit y = sin(z) u y; = cos(z) ¢ nepecedennem oceit X u'Y B Touke (0,0) —
3HaveHne napamerpa axesflag=5, BbIBEJEM JIETCHJIY C IIOJIIUCIMU JIJIsI 00enx

KPUBBIX (CM. JIHCTHHT u puc. [4.18)).

N A e
\'. ,n'f \ J’ -\ ."l’ \ Ilr"’
\/ \ pa \ /
oo [0 ) /
.'II '|| '|| [ 06 / '|| I. I.'l
[\ [ [ {
," .III .III lll'l 0.4 | I'I, \ Iu'l
|III III| II'. |Il 227 IIII ll'. lll' |III
II' 'II | { | 'II I'| {

r T T I l'.' | Iﬂ 0.0+ T = |'l' f : .
-8B -5 |II -4 I | 2 |4 5 a
\ 1 I| | || 1 1

III II|I Ill _O?j IlI II|I I|II I|Il
II|I ll': Iu'l —O|II-1— I||I I',I I.'I |'I
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sinfx=)
cos(x)

Puc. 4.18. ITapamerp leg dyukiun plot2d
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JIuctunr 4.18. BeiBos jeresapl rpaduKa ¢ IOMOIIBIO TapamMeTpa leg
dyuruum plot2d

x=[-2%%pi:0.1:2%%pi];

y=[sin(x); cos(x)];

plot2d(x,y’,axesflag=5, leg="sin(x)@cos(x)");
4.7 MocTtpoeHune ToueyHbIx rpadpnkos

OyHKIHIO plot2d MOXKHO UCIIOJIH30BATH JJIS TOCTPOEHUS TOYeYHBIX rpadukos. B
9TOM cJiydae obpalenne K hyHKIIUA UMeeT BU/I:

plot2d(x,y,d)

rje d — OTPUIATESILHOE YUCIIO, OUpEesomnee T Mapkepa (cM. tabur. [4.4)).

Tabsmmra 4.4. Yucna, onpeaesioniue TUIT MapKepa,

Yuciio Omnucanne
-0 TOYKa
-1 ILITIOC
-2 KPEeCTHUK
-3 ILTIOC, BIIMCAHHBIA B OKPYKHOCTH
-4 3aKpalleHHbIH poMO
-5 HE3aKPAIIEeHHBIT POMO
-6 TPEYTOJIbHUK BEPIINHON BBEPX
-7 TPEYrOJIbHUK BEPIIMHON BHU3
-8 ILJIFOC, BITUCAHHBIN B POMO
-9 KPY?KOK
-10 3BE3I0TKA
-11 KBaJipaT
-12 TPEyroJIbHUK BEPIITUHON BIPABO
-13 TPEeYT'oJIbHUK BEPIINHOU BJIEBO
-14 MNSITHKOHEYHAsT 3BE3]Ia

Sanada 4.11.
IMocrpouts ToYeunblii rpaduk dbyHkun y = sin(x) ¢ THIOM MapKepa <ILIOC,
BIUCAHHBIN B POMO>.

OnpeniesiuB uana3oH u3MeHeHust T, chopMupyeM MaccuBbl 3Hadenuit X u Y.
IIpu mocrpoennn KpuBoil ¢ momombio GyHKInu plot2d ykakem apryMmeHt -8,
OIIPEJIENISIIONIA TUII MapKepa <IUIOC, BIMCAHHBIA B POMOG» (CM. JIHCTHHT u

puc. .
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Puc. 4.19. Toueunnrit rpaduk Gynkuun y = sin(z)

Jlucrunr 4.19. ITocrpoenune Toyeunbix rpadukos B Scilab

x=[-2%)pi:0.25:2%%pi];
y=sin(x);
plot2d(x,y,-8);

4.8 TlocTtpoeHue rpacdmkoB B BUAe CTyneH4aTon JINHUN

st u3obpaxkenusi rpaduka B Buje cTyleHdYaroi juHuu B Scilab cymecrsyer
dyukmusa plot2d2(x,y). OHa ITOJHOCTHIO COBIAJIAET O CUHTAKCHCY € (DyHKIHEN
plot2d. I'maBHOe oriimuume cocroutr B TOM, 9TO0 X u Y MOryT ObITh HE3aBUCHUMBIMU
JPYT OT ApyTra QYHKIUAMHI, BaXKHO JIUIIH, 9TOOBI MaccuBbl X 1 Y ObLIM pa30uUTHI HA
OJINHAKOBOE KOJMYIECTBO MHTEPBAJIOB.

Banaqa 4.12.

Nwmertorcest getanabHble HAOIIOACHNS 33 POCTOM HApPOJOHACEJICHUSI Ha ILTAHETE 33
mepuos ¢ 1947 no 2006 rom, muta. wen. [locrpours rpaduk, oTpaxKarommii J1u-
HAMUKY TIpoliecca Ha OCHOBAaHWHU JaHHBIX 1947, 1958, 1970, 1980, 1999 u 2006

T'OJIOB.

ITosnemenTHo BBesieM MaccuBbl X U Y u Bocrosib3yeMcs dyHKIMeH plot2d2(x,y)

(cM. smeruHP u puc. 4.20]).
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Puc. 4.20. Ilpumep mocTpoeHusi CTyIeHYATOro rpaduKa IIpU HMOMOIN OYHKIIH
plot2d2

JIucrunr 4.20. [Tocrpoenne rpadukoB B Buje cTyleHdaToit suanu B Scilab

x=[1947 1958 1970 1980 1999 2006];
y=[2.003 3.1 3.6 4.7 5.2 5.4];
plot2d2(x,y);

4.9 TlocTpoeHue rpacdunkoB B NMOJIAPHON CUCTEeMe KoopAauHaT

[TonsipHas cucrema KOOPJUHAT COCTOUT U3 3a/IaHHOM (hUKCHpoBaHHOH Toukn O —
TIOJTIOCA, KOHIIEHTPUIECKUX OKPYKHOCTEH € IEHTPOM B MOJIIOCE U JIy4Uell, BBIXOIAIINX
u3 Touku O, ogua n3 KOTopbix OX — mojsgpHas oCh.

Pacmonoxkenne 110601t Touku M B TOMAPHBIX KOOPAMHATAX MOXKHO 33JIaTh IOJI0-
JKUTEIBHBIM 9uciaoM p = OM (HOJIsIpHBLA pajuyc), U YUCJIOM @, PDABHBIM BeJIMIHHE
yroia XOM (nonstpubIit yroa).

B Scilab gy dbopmupoBanus rpaduka B MOJSPHONE CHCTEME KOODAWHAT HEOOXO-
MO CcOOPMHUPOBATH MACCUBBI 3HAYEHUI MOJSIPHOTO yTJIa U TOJSIPHOTO PAJIyCa, a
3aTeM 00paTuThecs K (pyHKInn polarplot:

polarplot(fi,ro, [keyl=valuel,key2=value?2,...,keyn=valuen]),
rae £i — IoJIApHBINA yrou;

TO — IOJISIPHBIN Pa/JINyC;
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keyn=valuen — [OCJIEJOBATEILHOCTD 3HAYEHUI CBONHCTE rpaduka (mogpobHee cM. ma-

parpad [4.4).

Bamaua 4.13.
IMocrpouTs nossipabie rpadukn byuxiuit p = 3cos(by) u p; = 3cos(3p).

OrpeiesiuB AUaIa30H U IIar U3MEHEHHs IOJISIPHOIO yTriia, (hOPMUPYEM MACCUBBI
fi, ro.

[Toouepemro crpouM 3ajaHHBIE KPUBBIE C MOMOIIBIO (GyHKIMU polarplot, mpu
9TOM Jyist JTuHUN rpaduka DYHKIUA ro YCTAHOBUM KPACHBIM IBET, a 1y QyHKIUN

rol — cunnit (cM. JII/ICTI/IHI‘m, puc. 4.21)).

JIuctunar 4.21. [Ipumep mocTpoennst rpadukoB PYHKIUN B MOJAIPHON CH-
creMe KOODJIUHAT

£i=0:0.01:2*Ypi;
ro=3*cos (5*fi) ;rol=3*cos(3*fi);
polarplot(fi,ro,style=color("red"));
polarplot(fi,rol,style=color("blue"));

270

Puc. 4.21. Ionspusie rpacduxu dyukuuii p = 3 cos(5p), p1 = 3cos(3¢)
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4.10 TocTtpoenue rpacdukoB pyHKUNIA, 3a0aHHbIX
B napameTtpuyeckoii oopme

Baganne dynkuun y(z) ¢ momonipio pasercts x = f(t) u y = ¢(t) Ha3BIBAIOT
[apaMEeTPHYECKIM, a BCIIOMOTaTeIbHYIO BEJIMUUHY § — IapaMeTPOM.

Jist moctpoenus: rpaduka HYHKINNA, 33JaHHON MapaMeTPUIeCKH, HeOOXOIMMO
OIIPEJIENINTH MACCUB t, onpeneauTh Maccusbl © = f(t), y = ¢(t) m mocrpours rpa-
dbux dysximn y(x), ucnoassys dyskmun plot (x,y) subo plot2d(x,y).

Bamaqa 4.14.
ITocTpouts rpaduk crpodous.

Hamomaum, uro crpodousa mnpejcrasisier coboii aaredpanveckyo KpUBYHO Tpe-
TBErO MOPSIJKA, KOTOpasi B ODIIEM BUJE 3aa€TCs YPABHEHUEM:

w*(a+2) = y*(a — ) (4.1)

IIpesncraBum 5TO ypaBHEHHE ¢ IOMOIIBIO TapaMeTpa t:

x@ =0

GESY
P Gl ) 42
)= (t2 +1)

3amaauM MacCUBbI ¢, © U Y U TOCTPOUM rpaduk ¢ moMorbo ¢hyskun plot (x,y)
(em. JII/ICTI/IHFm puc. [4.22)).

t=-5:0.01:5;
x=(t."2-1)./(t.~2+1);
y=t.*x(t.~2-1)./(t."2+1);
plot(x,y);

Jluctunur 4.22. Ioctpoenne crpodonpt ¢ momomnibio GyHKIMI plot

Banaqa 4.15.
ITocTpouTh rpaduk MOJyKyOUIECKONH mapadboJIb.

[Tonykybuteckas napabosia — 3To ajredpandeckasi KpUBas BTOPOI'O MOPSIKA, KO-
TOpas B OOIEM BHJE MOXKET OBITh OMUCAHA CJEIYIONINM YPABHEHUEM:

y" = A+ Bx+Cx®+...+ Na" (4.3)

IIpuBemem 31O ypaBHEHHE K ITapaMeTpUIECKOil popme:

x(t) = 0.5¢2
{ y(t) = 0.3t3 (4.4)
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Puc. 4.22. I'padux crpodonsr

Kak u B mpumepe co crpodonioii, t-mapaMerp ompeiesisieM KaK MacCHB, & & U Y KaK
3aBUCHUMBIE OT HErO BeInduHbl. OJIHAKO Teeph JJIs IIOCTPOeH s Ipaduka 00paTuMest

K dynkuun plot2d(x,y) (em. smcrunr [£.23] puc. [1.23).

Jluctuur 4.23. Iloctpoenne momyKyobmdeckoit mapaboJIbl ¢ TOMOIIBI0 PYHK-
nun plot2d

t=-3:0.01:3;
x=0.5%t."2;
y=0.3*t."3;
plot2d(x,y);

4.11 Pexum cdopmaTtupoBaHus rpadpuka

B Scilab Brenrauit Bu rpaduka MOKHO U3MEHSTD, UCIOJIb3Ys BO3MOXKHOCTH I'Da~
duaeckoro okma, B KOTOpOM OH oTobpaxkaercs. I[lepexom K pexxumy (popMaTHPOBAHIS
ocytecTBasgeTcs Komauaoi Edit — Figure properties MeHI0 TpaduIecKoro OKHA.

BosmoxkuaocTu dopMaTHpoBaHUs Mbl PACCMOTPHM Ha IIPUMEpE MOCTPOEHUSI T'pa-
dbuxor dbyuxmit y; = sin(2z) u yo = sin(3x) va unrepsae [0; 27| ¢ marom 0,1. Cdop-
MUDYeM MaCCHUB X U BOCHOJIb3yeMcst dbyHKImeil plot2d (eM. jucTunr puc. .
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Puc. 4.23. I'padux morykybdbudeckoit mapabosibt

Puc. 4.24. Tpadukn dysxmmit y; = sin(2z) u yo = sin(3x)
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Juctunr 4.24. Tlocrpoenme rpadukos dyskmmit y; = sin(2z) wu
Yo = sin(3z) ¢ nomompio dbyskiuu plot2d

x=[0:0.1:2x%pi]l ’;

plot2d(x, [sin(2*x) sin(3*x)]1);

Komannoit mento rpadudeckoro okua Edit — Figure properties BbI3bIBa€M OKHO
dbopmarnposarus mosyvennoro rpabuka Figure Editor (cm. puc. [4.25)).

[ ] igureEditor
— Graphic Editor

— Ohjects Browser—— —Ohject Properties

=)

=]

Style I Mode I Colormap I

Wisibility: W on
Figure name: |Sci|ab Graphic (%d)
Figure id: 0
X position: |16
% position: {125
Wosize: 610
Y osize: 461

X oaxis size: 600
Y oaxis size:  |400
-2

[T

Eack. color:

E] Gluit

Puc. 4.25. Okno dhopmaruposanus rpaduka Figure Editor

JleBast yacts okHa — Object Browser —sT0 10Jjie IPOCMOTPa OO'BEKTOB, JOCTYII-
HbIX JIsi bopmaTuposanus. Ienrdok no oobekry Figure(1) (I'pacduieckoe okHO) ne-
JIaeT €ro aKTUBHBIM, a B mpaBoil obsactu okua — Object Properties — mosiBjistioTcst
CBOMCTBA AKTUBHOIO 00'bEKTA, KOTOPbIE MOT'YT OBITh U3MEHEHBI.

[TepBonavanpao B mosie Object Browser Bcerjia oTODparKaroTcsi JBa OOBEKTA:
Figure (I'pacguieckoe okHO) u ero pouepHnit obbekT Axes (Ocu). 3HATOK <«IUTIOCH
BO3JIe 00BEKTa yKA3bIBAET HA TO, UTO OH COJAEPKUT OO0BEKTHI H0JIee HI3KOTO MTOPSIIKA.



88 lnaga 4. lNocTpoeHune aByMepHbIX rpacukos

— Graphic Editor
— Ohjects Browser—— —Ohject Properties
=T Figure(1] r I I L I
T Axes(T) Style | Data | Clipping
Compound(1] Visibility: W on
& [ILERN _
& - P Line mode: @ an Closed: _J
Fill mode: 4 Interp. mode: _|
Folyline style: |interpolated ﬂ
Line: [solid [ =l
Arrow size: |1
2
P |
Eackground: -2
1
Interp. vector: ||]
kdark made:  _J
Mark style: |dot |
Mark size: [tabulated | [0 |
=
MR R
kark hackground: -2
1
B qui |

Puc. 4.26. Uepapxusi o6bekToB B mosie Object Browser

Ecimn mekHyTh 110 3HAUKY <ILTIOC» y o0bekTa Axes (Ocu ), mogBuTes 06HEKT —
Compound(1) (I'pymma) rakxke co 3HaUKOM «1L1I0C». O6bexT Compound(1) comepur
HOCTPOEHHBIE B OJJHUX KOOP/JMHATHBIX 0CsX rpadukn GyHkumii y; = sin(2x) u yo =
sin(3z) — coorsercrenno Polyline(2) u Polyline(1) (cum. puc. [4.26)).

4.11.1 ®dopmaTuposaHue obvekta Figure (I'pacunyeckoe okHo)

Hamomaum, aro obbekT Figure —3to rpadudeckoe OKHO U COOCTBEHHO I'paduK,
oTobpakaemblit B HeM. [[j1st n3MeneHns CBOMCTB rpadUIecKOro OKHA HEOOXOIMMO BbI-
nenuth Figure(1) B mone Object Browser okua dbopmaTupoBaHmusi.

Ha puc. nzobpazkeHa 3akJajaka Style okna dopmaruposanus Figure Editor
st oobekra Figure(1). 31ech MOXKHO M3MEHUTH 3HAUEHUS CJIEJLYIOIINX CBOWCTB:

Visibility (oro6pakeHune rpacuka) — nepekiovaTesib, TPUHAMAIONMN 3HATe-
Hus «ony u «offs. Ilo ymosrgannio ycTaHOBIIEHO COCTOSTHAE «ONy — Ipad UK BbI-
BOJUTCSI Ha 9KPaH.
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Figure name (ums rpacguka) — 310 10C1e]0BaTeIbHOCTh CAMBOJIOB, KOTOPBIE Bbl-
BOJIATCA B CTPOKE 3aroJioBKa rpadpuiaeckoro okua. 1o ymomaannio rpadpuaecko-
My okHy npucBauBaercd ums Scilab Graphic (%d), rue %d — 510 nOpsiAKOBBIH
nomep rpaduka (Figure id). s nepsoro rpadudeckoro okna Figure id pasen
0, gyt Broporo — 1, jyist Tperbero — 2 u T. 1. OHAKO BBl MOXKeTe BBECTH JIF000€
keqraemoe uMst. Hanpumep, 3amenuts Scilab Graphic (%d) na Grafic y=f(x) n
HaKaTh KJasuIly Enter. 3arososok okaa Gyzer msMenen (cu. puc. [4.27)).

Graficy=1(); =0 e

|-
C s |
File| Zoom| Unfoom| 3D Rot,| Edit

1.0

0.8
0.6
0.4+
0.2
0.0
0.2+
0.4
-0+
0.8+

10—
0

Puc. 4.27. Namenenne 3aroioBka rpadpuaeckoro okHa B OKHe (hopMaTUpOBAHUS

X position, Y position —3Tu 10Jisi OIPeeIsoT M0JI0YKeHne IpadUIecKoro OKHa,
HA MOHUTOPE B IUKCEJISIX 110 TOPU3OHTAJNA U BEPTUKAJIU COOTBETCTBEHHO. Touka
¢ koopaunaramu [0;0] — BepxHumit JieBblil yros sxpana.

X size, Y size —5T0 COOTBETCTBEHHO IMUPHUHA U BHICOTA IPADUIECKOTO OKHA B ITHK-
CeJIsx.

X axis size, Y axis size —3Tu 3HaueHUs OMpPeAeIOT pa3dmep oceit X u Y.
Back. color (uBer ¢poHa) — KaxKIOMy MOJIOXKEHUIO TIOJ3yHKA COOTBETCTBYET CBOM

Homep 1era (RGB-id). Toctynaer 35 orTeHKoB (0T -2 — Gestblii 10 32 — XKeaTo-
POPSTIHiA).
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Puc. 4.28. Nzmenenune pona rpacduka B okHe popmaruposanus Figure Editor

YcranoBuM 1on3yHOK B mosiokenme 15, Iler doma cramer 3eseHBIM

(cm. puc. [4.28)).

[IBeroBas majmTpa MO2KeT OBITH U3MEHEHA TOJIb30BaTeeM Ha 3akitajake Colormap
(em. puc. [4.29).

YcranasimBas 3Hadenus st KpacHoro (RED), serenoro (GREEN) u cunero
(BLUE) 1useroB, MOKHO M3MEHSITb KaXK/blii OTTEHOK HE3aBUCHMO, HE BLI3BIBAA U3-
MeHeHM Jpyrux 1peToB B najurpe. Hampumep, Bektop [0 0 0] 3amaer uepHbIii 1BeT,
[0.230 0.230 0.250] — nasypustit, [0.85 0.107 0.47] — MaIUHOBBLIL.

B crpoke Colormap (Nx3 double array) moxno 3anars RGB-id myis Beeit najauTps.

[Mosuprit IEpevYeHb BCEX JOCTYIHBIX TPpU (DOPMATHUPOBAHUU OTTEHKOB ¢ nx RGB-
id mMoxkHO HaiiTH B cTaThe BCTpOeHHOI crpaBouHoil cucrembl Scilab «Color lists.
OpHAKO clelyer y4ecThb, UTo B craThe nepes, id-npera omyrieHsl «0.».

Ha saknagke Mode B obmactu Object Properties misi obbekta Figure
(cM. puc. MOYKHO YCTAHOBUTB CJIEIYIONINE CBOMCTBA!

Auto resize — cBOIICTBO, KOTOpOE IO3BOJISIeT M3MeHSATh pasmep rpaduka. Korma
9TOT PeKUM BKJIOYEH (IOJIOKEHME IIE€PEKI0YaTels <Oy — II0 YMOJIUAHUIO),
MBI MOXKEM WM3MEHSTh pa3Mep TpadUIecKoro OKHa, MMEPEeTaCKUBas €ro TPaHu-
1Bl C TTOMOIIBIO MBIIIH, W IIPU STOM aBTOMATHYIECKHU OYIET U3MEHATHCS pa3Mep
rpacduka, 0To6pazkaeMoro B OKHe. B BBIKJIIOUEHHOM TOJIOXKEHNU Irpaduk Oysier
COXpaHAThL cBou pas3Mepbl (cum. puc. [4.31)).
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— Graphic Editor
— Objects Browser———— —Ohject Properties
D}\Wﬂ | sute | mode | colomep ]
RED GREEN BLUE k|
1o [o o B
z o [o i B
3o ] o O
4 o ] I O
51 [o o ||
B 1 o ] n
7o ] o ]
8 ] I L]
s [o [o EZEEE |
10 fo [a [ogaoreser HH 1/
Scilab Command Interface for colarmap
Colarmap (<3 double array) = [
= cuit |

Puc. 4.29. Nzamenenne maauTphl IBeTOB Ha 3akjaaake Colormap okna (popMaTupoBa-
uus Figure Editor

EiguretEditor

— Graphic Editor

— Objects Browser—————— —Object Properties

e

=

Style I Kode I Colormap l
Auta resize: | on
Pixmap: 1
Pixel drawing mode:  [copy
Ratation style: [unary

[4]le]

Guit

Puc. 4.30. Baknanka Mode okna dopmaruposanus Figure Editor
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Puc. 4.31. UcnonwszoBanne pexxuma Auto resize

Pixmap — pexkuM pacTpoBOro u300pazkeHusi. B BBLIKJIIOYEHHOM MHOJIOKEHHU (110

YMOJIYAHUIO) U300pakeHne (hopMUPYETCs HEeIOCPeICTBEHHO Ha dKpane. llpu
BKJIIOMEHHOM DeKUME (MOJIOYKEHNE TEPEKITIOTATENsT «ONy ) rpaduK CO3IaeTcst
KaK pacTpoBoe M300parkeHne M HapaBJisieTcsi B rpadudeckoe OKHO KOMAaHI0H
show_pixmap (). Ciejtyer oTMETUTD, 9TO pexkuM Pixmap ncronab3yercs 1mpu co-
3/IAaHNY aHUMUAPOBAHHBIX I'DAMUKOB JJIsi CIVIAXKUBAHUS [TEPEXOJIOB MEXKy KaJl-
pammu.

Pixel drawing mode — cBO#iCTBO, KOTOpOE OIpeJesseT Crocod (OopMUPOBaHUs

n300pakeHus Ha dkpane. [[o yMOJ9aHUIO yCTAHOBJIEH PEXKUM «COpY». B aTOM
cJIydae TOYHO BBIMOJIHsIETCST TpebyeMasi orepalius mocrpoenust rpaduka. Og-
HAKO YaCcTO HeOOXOJMMO HAHECTH M300pakeHrme Ha y»Ke CYIIeCTBYIoIee, Mpu
9TOM I[BET BHOBb IMIOCTPOEHHOTO TpaduKa JOJKEH UeTKO BBLIEIAThCs. Jliist 9T0-
ro cyuiecTByeT Habop pexuMoB: «clears, «ands, «andReverses, «andInvertedy,
«1100P», «XOIy, «OIy, «1OI'», «equivsy, «invert», «orReverse», «copylnverteds,
«orlnverted», «nand», «set».

Pesynbrar ucnosib3oBanust 3HadeHusi «inverts pexuma Pixel drawing mode
npegcrasiieH Ha puc. [£32]
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Puc. 4.32. Pexxum «invert» coitctBa Pixel drawing mode ua Bkjajke Mode

Rotation style —3T0 CBOWCTBO TPUMEHUMO JIUIIbL K TpeXMepHBbIM Tpadukam. Pe-
JKUM TI0 YMOJTYAHUIO «UNarys» IpeIHA3HAYeH JIJIs BPAIEHUs BbIJIEJIEHHBIX IDa-
(bUKOB, IIpU BKJIIOUEHHOM pexkuMe «multiples BpaliatTcst Bce TpeXMepHbIe I'pa-
bukn.

4.11.2 ®dopmaTtuposaHue obbvekta Axes (Ocu rpacuka)

st uamenenust cBoiicts obbekra Axes (Ocu rpaduka) HeoOOXOIUMO BBLIEIUTH €0
B nnosie Object Browser okaa ¢dpopmarupoBanusi. B obiacru Object Properties gocryi-
HbIE J[JIsT MOJIU(UKAIIMI CBOACTBa OyyT CIPYIIINPOBAHBI HA HECKOJIBKUX 3aKJIaIKAX.
Sakmagku X, Y u Z WIAEHTUYHBI, ¢ TOU JIUIIL PAa3HUIEH, UYTO IMO3BOJISIOT YCTAHAB-
JIMBATDH KeJTAeMbIiI BHENTHUU BHUJ COOTBETCTBEHHO it oceit X, Y u Z. Ilosromy MBI
PACCMOTPHM JIUIIb 3aKA3IKy X (CM. pHUC. .

Ha sakmagke X Bce cBoiicTBa pasmesensl Ha jse obnactu: Label Options (Csoii-
crBa momnuceri oceif) u Axis Options (Coiicra oceii). B obnacru Label Options
MOXKHO YCTAHOBUTH:
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[ ] AXESTEdItor
— Graphic Editor

— Ohjects Browser—— —Ohject Properties

— ><| v] z] Titlel Stylel Aspectl viewpointl
— Label Options

Label: |
Wisibility: W on Fill mode: 4
Auto position: @ on Fosition: lm
Auto rotation: @ on
Fontangle: 4 0° «, 90° «, 1800 « 270° [
-1 -2
Fore/Back colors: I_ I—_I_l

,
|
Font style: [Helvetica |
—Axis Options
Location:  [battom |
-1
L1

Data bounds: |0 |62

Scale: @ Lin. - Log. Ticks... |

Rewverse: _|

Font size:

Grid color:

B qui | _/
[

Puc. 4.33. Baknagka X okHa popmMarupoBaHus CBONCTB 00beKkTa Axes

Label — cobcTBeHHO TOAIINCH OCH — JII00asi TOCIE0BATEHHOCTh CUMBOJIOB;

Visibility — BunuMocTb — IepeKJIIovaTe b, TPUHUMAIOIINY 3HAYEHUsT «0ny U «Off».
Tlo ymosuanuio ocu rpaduka BLIBOAATCA HA IKPaH (IIOJOKEHHE «On» ).

Fill mode — pexkuM 3aJIMBKK — MEPEKJIIOYATEb, TPUHUMAIONINN 3HAYEHUST «ON» U
«offy (mo ymosganui). st TOro, 9To6hI ONpPEAeInTh BT (POHA BOKPYT IO/
[ACK OCHU, HEOOXOMMO YCTAHOBUTH COCTOSTHUAE «ON».

Auto position — aBToMaTHIECKOE ONPEIeIeHNE TTOJTOXKEHNS TTOAINUCH OCH TPadUKa.
Ilo yMo9aHUIO YCTAHOBJIEHO 3HAUEHWE «ON» — IIOJIICH BBIBOJAUTCS BHU3Y, 110
nenTpy ocu. OHAKO TOJIOKEHNE TOAIMCH MOKHO OIIPEJIETUTD U CAMOCTOSATEI b-
HO, Jy1st 3Toro B rosie Position 3a/aorcest KOOpAMHATHL B BUjie BeKTopa [z, y]. [Ipn
9TOM TepeKJIIoYaTesib Auto position aBTOMATHIECKN TIPUMET 3HaUYeHue «Off».

Auto Rotation — pexxuM aBTOMaTHYIECKOTO BpaleHus: nojmucu ocu. Ilo ymomaa-
HUIO 9TOT PEXKHUM OTKJIIOUeH (COCTOsiHUe Iiepekirodaresis «off» ).
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Font angle — yrosn nmosopota mofanucu ocu. MOXKHO yCTAHOBUTH OJIHO U3 IIpeJjIarae-
wmbix 3aageruit: 0, 90, 180 u 270 rpasycos, a TakzKe JIFOOOI TPOU3BOJIBHBIN YTOJI
[OBOPOTA HAINUCU B OocaeaHeM noje (cM. puc. [4.33)).

Fore/Back colors —user cuMB0oJIOB U 1BeT (DOHA IOJIIUCH OCH COOTBETCTBEHHO —
YCTAHABJIUBAIOTCSI [IPU TIOMOIIM IOJI3YHKA, KaXKJIOMY IIOJIOYKEHUIO KOTOPOrO OT-
BedaeT orpejie/ieHHbIil 11BeT. Beero mocrymnuo 35 nseros. [logpobuee cMm. mapa-
rpad 4.6.

Font size — pa3mep CHUMBOJIOB IOJIINCH OCH, BO3MOXKHBI 3HadeHus or 0 mo 6. Ilo
YMOJIIAHUIO JijTsl pudTa ycTaHoBjIeH pa3mep 1.

Font style — cTuinb HadepTaHUs! CUMBOJIOB IIOAIICH Ocu. 110 yMOIYaHUIO yCTaHOBIIEH
crunb Helvetica (py6ienstit).

B obiactn Axis Options MOXKHO M3MEHUTD:

Location — pacnoJjioxkenune ocu rpadura. Jips ocu X BO3MOXKHBI CJIeIyOIIKe 3HA-
YeHUs ITOTO CBOMcTBa: bottom — cuusy, top — cBepxy, middle — nocepeuae; a
nyst ocu Y left — cnema, right — cupasa, middle — mocepenune.

Grid color — nBet UM ceTKM rpadrKa, yCTAHABINBAEMBIH C TIOMOIIHIO TTOJI3YHKA.
B nmontoxkennn -1 uHunM ceTku rpaduKa OTCYTCTBYIOT, B OJI0KeHNU () BHIBO/ISIT-
Csl YepHble JINHUK, KPOMe TOI'0 JIOCTYIIHbI ere 32 1mBera. st Toro, 4robsr 0T00-
paXkajuch JUHUU CeTKU i oceit X um Y, HEOOXOAMMO yCTAHOBHUTBH CBOMICTBO
Grid color n na 3akmagake X, ¥ Ha 3aKJIaaKe Y.

Data bounds — orpanutenne JaHHbIX. /15 KaXK 10l 0 MOYKHO YMEHBIUTD JTHAIa-
30H MCXOIHBIX JIAHHBIX, I10 KOTOPBIM (OpMUpyeTcsi rpaduK, CliejiaB ero doJjee
JIeTaJIbHBIM.

Scale — macirab ocu rpaduka. CyniecTByer aBa aBTOMATHYECKUX pexkuMa: lin (-
Heitublit) u log (srorapudmudeckuit). Haxkarue na kuonky Ticks (3acedkn) npu-
BOJUT K IIOSIBJIEHUIO OKHa Mojudukamnuu jejenust ocu Edit Axes Ticks. Drto
OKHO IIpejcTaBiieHo Ha puc. [£:34]

C ero moMoIIpI0 MOXKHO YCTAHOBUTH CJIEJYIOIIE CBOMCTBA 3aCeYeK KOOPIUHAT-
HBIX Oceii:

Visibility — orobparkenne — repek/iroIaTe b, TPUHUMAIOIINY 3HAYEHUS <ON»
u «off». Ilo ymomuanuio 3acedkn Ha ocu rpaduKa BBIBOIATCS HA IKPAH
(mostokenue «ons ).

Auto ticks — pexxuM aBTOMATUYECKOTO JEJIEHUS OCH, [0 YMOJTIAHUIO TaK¥Ke
BKJIIOYEH (3Ha4YeHue Hepekyrodaress «ony ). OIHAKO CyIecTBYeT BO3ZMOXK-
HOCTHb CAMOCTOSITEJILHO OIPEEJUTDh IIar, ¢ KOTOPbIM OyJeT pasdbura ocCh,
€ro Hy»KHO BBecTH B moJie Steb by u naxats Enter. Ilpu sToM mepexiiio-
qareb Auto ticks aBTOMATHYIECKYN TPUMET 3HaUeHue «Offy.
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Wisibility: W on
Auto ticks: I an
Step by:
Subticks: [ 2

Locations Labels

m o~ m oo B oW
I
>

Insert | Delete |

Apply | Quit |

v

[

Puc. 4.34. Oxno Edit Axes Ticks

Sub ticks — npomexxyToUHble 3aceUKU. B 9TOM 110JIe HYy?KHO BBECTH UHCJIO 3a-

CEeYCK, KOTOpPhbIC 6y,£[yT BBIBOAUTHCA ME2KJy OCHOBHBIMU JICJICHUSIMU OCH.
Cne,qyeT OTMETUTH, 9TO TPOMEXKYTOTHBIC 3aCCYKN HE NOANNCHIBAIOTCA.

B okue Edit Axes Ticks dbopmupyercs Tabiuiia OCHOBHBIX 3acedek (6e3 3a-
ceuek Sub ticks). Ilepserit cronber Locations 3aaeT MoJOKEHNE 3aCETKH,
a Bropoii Labels — nommnuck 3acedxu.

st ynobcTBa pelak THpOBaHUs TabJIUIBI OKHO CHabKeHO KHoKaMu |nsert,
Delete, Apply, Quit. Kuonka Insert mo3BoJjisier BCTaBUTH B OKHO TOTOBYIO
Tabiiuity 3acedex (ubo ee bparment) nocpeacrsom 6ydepa obmena. Beras-
Ka MPOM3BOJINTCS HAYMHAA C NMO3UIMU aKTUBHOW siueiiku. Kuonka Delete
[IO3BOJISIET YAAJSATH HE TOJIBKO aKTUBHYIO ST9eiKy, HO M BCIO CTPOKY, KOTO-
poii ona npuHaexut. Kunonka Apply nmoarsep:xkaaer nsmenenus, a Quit
CJIY>KUT s BbIxoJa u3 okua Edit Axes Ticks.
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[ ] AXESTEdItor
— Graphic Editor

— Ohjects Browser—— —Ohject Properties

Al | IS I v I 7z I Title I Style I Aspect I Wiewpoint I
— Label Options

Label: |
Wisibility: W on Fill mode: 4
Auto position: @ on Fosition: lm
Auto rotation: @ on
Fontangle: 4 0° «, 90° «, 1800 « 270° [
-1 -2
Fore/Back colors: I_ I—_I_l

;
|

Font style: [Helvetica |

Font size:

B qui | _/
[

Puc. 4.35. Bakmazgka Title okaa dopmaruposanus Axes Editor

[Mocnenuss ommus Ha 3akaanke X — 9T0 mepeksodarens Reverse. Eciau ycramo-
BHUTD €r0 B IOJIOKEHUE «ON», TpadUK 3ePKAJIbHO 0TOOPA3UTCA OTHOCATEIHHO Ooch Y .
Ecam ke BKIIOYNTH 3TOT pekuM Ha 3aKJIaJKe Y, rpaduk OyaeT 3epKaabHO OTParKeH
OTHOCHUTEJIHLHO ocr X .

Sakimanka Title okna dpopmaruposanus oceit Axes Editor npennasHadeHa s
W3MEHEHUsl CBOICTB Ha3BaHus rpaduka. OHa comepKUT JIUIb OfHy obsactb — Label
Options, unentuanyio obsactu Label Options 3aknanok X, Y u Z (cm. puc. 4.35)).

[IpowutiocTpupyeM BO3MOXKHOCTH MU3MEHEHUsSI CBONCTB KOODJIMHATHBIX OCeil rpa-
duka ¢ momorpio 3akaa10K X, Y, Title okaa dpopmarupoBanus oceit Axes Editor.

ITocTponM B OHMX KOOPAMHATHBIX OcsiX rpadukn dbyHkuumii y; = sin(2z) u ya =
sin(3z) ma unrepsaie [0; 27| ¢ marom 0,1.

Brisenem nomnucu gyt ocu X «os abscissy» u jyid ocu Y «os ordinats, ycra-
HOBUM [ijisi mozmuceit ctmwib mpudta Helvetica Bold n pasmep 3. nsa obemx oceit
noszyrok Grid Color ycranoBuM B 1ojioykenue 1.

Onpenenum jyist ocu X pasmernenne middle, a Ha 3ak/aajKe Y BKJIIOUYUM PEKUAM
Reverse. Brisesiem 3arosioBok rpaduka «Grafic y=f (x)», onpejenus cTuiib mpudTa
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Puc. 4.36. Popmaruposanue oceit rpaduka cpeicrsamu 3akiaaok X, Y, Title

Helvetica Bold, pa3mep cuMmB0oJIOB 4. BK/IIOUNB peKuM 3aIUBKH, YCTAHOBUM €€ ITBET —
JKEJITHIN ([OJIOYKEHNE TOJI3YHKA 7).
B wurore chopmupyercs: rpadpudeckoe OKHO, IIPEICTABIEHHOE HA PIUC.
Bakmazka Style okna dpopmaruposanus oceii rpaduka Axes Editor (cm. puc. |4.37)
MPEIOCTABIISIET BO3MOXKHOCTD U3MEHSATD CJIeLyIOIIAe CBORCTBA JIMHUU OCH U TIOJITHACEH
3acedeK:

Visibility — orobpazkenue — epekodare)ib, IPUHAMAIONMA 3HAUYeHus «on» (10
ymourdanuio) u «off>. B nosoxenun «off» rpaduk Boobiie He BBIBOAUTCS B OKHO.

Font style — ctuib HavepTaHusi CHMBOJIOB Tojnuceil 3aceuek Ha ocu. Ilo ymomrda-
HUIO ycTaHOBJIeH ctuwib Helvetica.

Font color —noa3yHOK, KaxKJ[0€ MOJIOKEHIE KOTOPOT'O OIPEIEJIsieT I[BET CUMBOJIOB
noanuceit 3acedek. [lo yMoT9aHuIo yCTAHOBJIEH B TTOJIOZKEHUN -1 — YEPHBII TIBET.

Font size — pa3Mep CUMBOJIOB IIOJIINCEl 3aceYeK Ha OCH, BO3MOXKHBI 3HadYeHus: or ()
10 6. ITo ymosraanuio s mpudra ycTaHOBJIEH pa3mep 1.
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= AXEs Editor
— Graphic Editor
— Ohjects Browser—— —Ohject Properties
= ><| vl zl Titlel Stylel Aspectl Viewpointl
Wisibility: W on
Font style: [Helvetica |
By
Font size: !
i
-1
e O
Eack. color: -2
Hidden calor: 4
g
1
Thickness:
1
Line style: [solid |
£ qui | /
=]

Puc. 4.37. Baknanka Style okaa popmarupoBanust oceii Axes Editor

Fore. color — mon3yHoOK, KaKJ0€ MOJIOXKEHNE KOTOPOTO OINPEIE/IsSeT IIBET COOCTBEH-
HO KOOpJuHATHOI ocu. 110 yMOTYaHUIO YCTAHOBJIEH B ITOJIOXKEHUH -1 — YepHbIi
IIBET.

Back. color — moi3yHOK, KaXKJ0€e IMOJIOKEHIEe KOTOPOro OMpeJessieT IIBET 3aJIUBKU
dona rpaduka. [lo ymosrganuio ycTaHOBIEH B OJIOKEHUN -2 — OEJIbIil I[BET.

Thickness — ToJmuHa JIUHIN KOOPAWHATHON OCH, OIpeesseMas MOJI3YHKOM C I0-
goxkenusamu oT 1 g0 30. Ilo ymosmyanuio Jjis TOIMUHBI JIMHUHE YCTAHOBJIEHO
3HadeHue 1.

Line style — cruiib HavdepTanus JuHUA. BO3MOXKHO 6 pexknMOB: solid — cruroniHast
JINHUSI, OCTAJILHBIE PEXKUMbI — BapHAIUK IIYHKTHPOB.

B kauectBe mpumepa ordopmaTupyeM rpaduru GYHKIUN TPEIbIAYINEro mTpuMe-
pa cpejcTBaMu 3akjaaku Style. YcTaHOBUM CTHIIb MIPUMTA MOJIUCH 3aC€IEK HA OCIX
Helvetica Bold, pa3mep mpudra — 2, ycrHOBEM rosry6oit niper ¢oHa rpaduka (moso-
»Kenue nos3ynka Back. color 12) u roymuny JuHUE KOOpAMHATHBIX Oceii 2.
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karatic y=1(Xx)

os ordinat

Puc. 4.38. @opmaruposanue oceil rpaduka CpeJICTBAME 3aKIaIKu Style

Ha skpan Gy/er BbIBeJEHO rpadudecKoe OKHO, IIPEJICTaBIEHHOE Ha DHC.
Baksazka Aspect okna dopmaruposanust Axes Editor (cm. puc. [4.39)) nossoasier
U3MEHATH CJIeAyIoIue CBOoicTBa:

Auto clear — eciin mepekJIIOUATE b YCTAHOBJIEH B IOJIO2KEHUE «ON», rpaduaeckoe
OKHO OyJIeT aBTOMATHIECKH OUUIIATHCS KaXK bl pa3 mepe/] IOCTPOEHUEM HOBO-
ro rpaduka. Eciu xe 5T0T pexkuM oTKIII0UeH (110 yModanuio), rpadbukn 6yyT
HAKJIQIBIBATHCS B OJHUX KOOPAMHATHBIX OCAX B COOTBETCTBHUU C PEXKUMOM Auto
scale.

Auto scale — pexkuM 0OHOBJIEHUS TPAHNI] KOOPANHATHBIX oceii rpaduka. B cocros-
HUM [I€PEKJIoYaTelis «ony (110 YMOJYAHUIO) HOBBIA IpacdUuK U3MEHUT IPAHULBI
MIPEIBIIYIIEro rpaduka, ITOOBI ChOPMUPOBATHCS Ha BCEM 3aJaHHOM WHTEPBAJIE,
HO B TOM »Ke MacITabe, 9To u npeabaynmii rpaduk. [Ipn oTKII09eHHOM peXu-
Me Auto scale HOBBIN TpaduK OyIeT MOCTPOEH B MPEeIax OCel MPebIILyIero
rpaduka 1, BO3MOXKHO, OYJeT OTPayKaTh JIMINb 9aCTh 33 IaHHOIO WHTEPBAJIA.
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[ ] AXESTEdItor
— Graphic Editor

— Ohjects Browser—— —Ohject Properties

Y % I v I 7 I Title I Style I Aspect I Viewpoint I

Auto clear.  _J lsoview: |
Auto scale: W on Tight limits:  _J
Boxed: | on Cube scaling:  _J
Clip state: [clipgrf |
Clip box : upper-left point coordinates
A8
Clip box : width and height
we [
H:
kargins: Axes hounds:
Le: [0125 Left: [0
Right: [0125 up: o
Top: [0d25 width: [1
Bottom: [0125  Height [1
B qui | /

[

Puc. 4.39. Baknaaka Aspect okna dpopmarupoBanus oceit Axes Editor

Bocnonbayemest mpe by IMuMu TPUMEPaMU | TPOMJIIIOCTPUPYEM JIEHCTBIAE PEXKI-
ma Auto scale. Ilocrpoum rpaduku dbyukiuii y = sin(z) u y; = cos(x) Ha uHTEpBaJIE
(—2m; 27), a 3arem rpabuk dynkImMu Yy, = sin(3z) wa uarepsane (0;27). O6parure
BHUMAaHMeE, UTO HHTEPBAJ TPeThero rpadpuka ropas o yxe. [IocKoIbKy 10 yMOTIaHIO
pexum Auto scale BKo4eH, ocu OyIyT U3MEHEHBI TaK, 9To 0ba rpaduka cdopMupy-
IOTCsl HOJIHOCTBIO Ha 3a/IaHHBIX MHTEPBAJIAX (CM. JIMCTUHLD puc. [£.40).

JIuctunar 4.25. [IpuMep uCIONB30BaHUS PEKUMA ABTOMATHYIECKOTO MacC-
mITabupOBaHUs KOOPJIUHATHBIX oceit Auto scale

x=[-2+%pi:0.1:2%pil;
y=[sin(x); cos(x)];
plot2d(x,y’);
x=[0:0.1:2%%pi];
plot2d(sin(3*x));
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0.0

-0.29

—0.47

—0.67

-0.87

-1.0

Puc. 4.40. TTocrpoenue rpadpuKoB ¢ BKIIOYEHHBIM pexkuMoM Auto scale

0.8

0.6

0.4

0.2

0.0

Puc. 4.41. ITocTpoenue rpaduKoB ¢ OTKJIFOYEHHBIM peskuMoM Auto scale
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Teneps mocrpouM IepBble ABa rpaduka, OTKIIOUMM pexxuM Auto scale, a 3a-
rem nocrpoum tperuit rpadux. Ou Gyuer ¢HOPMUPOBAH JMIIb YACTUIHO (CM. Jid-

CTUHT puc. .

JIuctunr 4.26. Ilocrpoenune rpadukoB HECKOJBKIX DYHKIINI B OHOM I'Da-
¢dudecKkoM OKHe IIPU BBIKJIIOYEHHOM pexkuMme Auto scale

x=[-2+%pi:0.1:2%pil;
y=[sin(x); cos(x)];
plot2d(x,y’);

//oTrioyaeM pexumM Auto scale
x=[0:0.1:2%%pi];
plot2d(sin(3*x));

[epexmouarens Boxedna 3akiajke Aspect okna dopmarupoBanusi Axes Editor

Olpe/IeTIsIeT, OrPAHIINBATE IPAMHK IPAMOYTOIBHOM PAMKOI ([OJIOZKEHUE «On»
[I0 YMOJIYAHHIO) UJIA BBIBOAUTH TOJILKO KOODJIMHATHBIE ocH (1osioxkenue «offs ).

Isoview —»3T0 CBOICTBO HCIIOJIB3YEeTCdA [Jjid TOTO, 9TOOBI yYCTaHOBUTH O,ZLI/IH&KOBI)II?I

macmTabd Jiyist Beex oceii rpaduka. [lo yMmosrgaHuio ycTaHOBIEHO COCTOSTHUE ITe-
pekitiogaTess «off».

Tight limits — eciu 3TOT peXXuM BKJIIOYUEH, OCU I'paduKa U3MEHAIOTCS TaKUM oOpa-

30M, IYTOOBI TOYHO COOTBETCTBOBATH 3HAUEHHIO cBOMicTBa Data bounds 3akira ok
X, Y u Z. Ilpu zuadenun «off> (110 ymMoa4anuio) ocu MOryT YBEJIMYUTH UCXOI-
HBIIl MHTEPBAJ, YTOOBI OBLIO MPOINE BLIOpATH MAcHITad OCH W HAHECTU Ha HeEe
3aCEUKU.

Cube scaling —»ra omnnusi TpuMeHIMAa JIUIIbL K TpeXMepHbIM Tpaduram. [Ipu co-

Clip

Clip

CTOSTHUH TIEPEKJII0YATENsI «ONy HCXO/HbIE JaHHbIE OTPAHNYIUBAIOTCS TaK, ITOOBI
TOBEPXHOCTDH TIOMECTIJIACH B KyD pazMepoM 1. DTo mo3BoJIsieT HarIsAHee n300-
pasuth 3D-rpaduk B Tex cirydasx, KOrjaa Macmrad KOOPAUHATHBIX OCEH CJIATI-
KOM Pa3HUTCSI OT OFHOI ocu K npyroit. [To ymMosrdanuio ycTaHOBIEHO COCTOSTHIE
repekJirouaTesst «offs.

state — pexuM KajpupoBanus (00pe3kn) rpaduka. BosMokHO 01HO U3 ciey-
TOTIIITX COCTOSHUI TIePeKITIovaTeNs: «off » 03HaTaeT, ITo co3maBaeMoe m300parke-
HUe He KaJpupyercs; «clipgrf» (110 yMOJI9aHUIO) — OT CO3JaBAEMOr0 U306parKke-
HUsT 0Ope3aeTcss 06JIaCTh, HAXOJISIIAACA BHE TPAHUIL OCel; «on» — OT CO37[aBae-
MOro u300pazkeHusi 00pe3aeTcs 00JIACTh, HAXOANIAAC BHE IPAHUILL, 33 IaHHBIX
cBoiictBoMm Clip box.

box — npsmoyTosibHas 06/1aCTh, KOTOpast OyIeT 0ToOparKaThCs Moce 00pe3Kn
n3obpazkenns. Buadame B mosax X um Y 3a7ai0TCs KOOPAWHATHI BEpXHE Jie-
BOI TOYKU IIPAMOYI'OJIbHUKA (upper—left point coordinates), 3aTeM IUpUuHa U
Boicota — oyt W u H.
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Margins — 370 CBOACTBO yCTaAHABJIUBACT PACCTOSHUE OT MPAHUIIBI IPADUIECKOrO OK-
na s10 obsiacru rpaduka: Left (nesbiit kpaii), Right (upassiit), Top (Bepxmuii),
Bottom (mmkHuwuit). 3HadeHne JOKHO HaxoquTbes B mHTepBase [0 : 1]. Ilo
YMOJTIaHUIO KarKJOMY IIOJII0 IIPUCBOeHO 3HadeHne (.125.

Axes bounds — 3T0 CBONCTBO 3a/1a€T 4acTh rpaduka, KOropas OyJIeT BIBOIUTHCA B
KOOP/IMHATHBIX ocsaX. Left m Up ompeiesstioT moJsiozkKeHne BepXHUil JIEBBIN yTroJI,
Width u Height — mupuHy u BeicOTy (bparmenTa rpaduka. SJHaAYEHUE JOJIZKHO
HaxoquTbess B uHTepBasie [0 : 1]. Ilo ymomuaHuio oroOpazkaeMblil dbparMeHT
sajaercsa Marpureit [0 0 1 1].

Sakmanka View Point okHa ¢dopmaTupoBannus oceil rpaduka Axes Editor
(cMm. puc. MO3BOJISIET YCTAHOBUTD JIUIIL OJIHO CBOMCTBO — yTOJI, MOJ KOTOPBIM
HabmomaTesnb BuauT rpaduk. 11o yMOTIaHIIO yCTAHOBJICHBI 3HAYCHNSA yIJIOB IOBOPO-
ta nabmonarens (Rotation angles) 0 u 270.

[ ] AXESTEdItor
— Graphic Editor

— Ohjects Browser—— —Ohject Properties

=)

— | x I Y I z I Title I Style I Aspect I Viewpoint I
View: # 2d ~ 3d
Rotation angles: |0 |270

B qui | _/
[

Puc. 4.42. 3akmanka View Point okna dopmaruposanus Axes Editor



4.11. Pexum cpopmaTupoBarusi rpacuka 105

4.11.3 dopmatuposaHue obvekta Polyline (Jlunus rpacuka)

st mepexona K (hopMaTUPOBAHUIO JUHAN I'PadUKa HEOOXOINMO BHIOPATH 0OHEKT
Polyline B moste mpocmorpa 0obekToB Object Browser okua Polyline Editor. loctyn-
HbIE JIJIS U3MeHeHus cBoiicTBa B obyactu Object Properties crpynmupoBaHbl Ha TPEX
zakiasikax: Style, Data, Clipping.

akmajka Style okna dopmaruposanus Polyline Editor (cm. puc. TTO3BOJISIET
YCTAHOBUTDH 3HAYEHUS CJICAYIONINX CBONCTB:

— Graphic Editor

— Objects Browser

- —Ohject Properties

Style I Data I
Wisibility:
Line mode:

Clipping I
W on
W on Closed: _|

Fill mode: 4 Interp. mode: _|
Folyline style: |interpolated ﬂ
Line: [solid [ =l

Arrow size: |1

Gt 000 |

Eackground:

Interp. vector: ||]

kdark made:  _J

Mark style: |dot |
Mark size: [tabulated | [0 |

-1
O
-2

[T

kark hackground:

B qui |

Puc. 4.43. Bakmaaka Style okna dopmaruposanusi Polyline Editor

Visibility — orobpazkenue — epekoyarelib, IPUHAMAIONMA 3HAUYeHUs «on» (10
ymosrganuio) u <«offy. B nosoxenuu «offs jmuus rpaduka ne orobpazkaercs
B OKHE.

Fill mode — peXuM 3aJUBKH — II€PEKJIIOYATENb, TPUHAMAIONINI 3HATYEHUST «ON» U
«off> (mo ymosraanmio). s Toro, 9Tobsl onpenenuTs mBeT GoHa 06IaCTH, KO-

TOPYIO OI'PaHUYINBACT KpUBad, IEPEK/JIIOIaTe/Ib H€O6XO,ILI/IMO YCTaHOBUTH B CO-
CTOAHUE «ON».
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Closed — ecjin BKJIIOUNTH 3TO CBOWCTBO, JINHUSI TPa(UKa CTAHET 3aMKHYTOI.

Polyline style — cruinp orobpakenust rpadura. Bo3MOXKHBI Cjeyoolue 3Hade-
Hus: interpolated — crutontHas NIaBHAs JIMHUS, Staircase — cTyneHJaTas Jid-
uus; barplot — mosocaarsie obistactu; arrowed — JIMHUS, COCTOSINAS U3 IOCJIE-
JIOBATEJILHOCTH CTPEJIOK, Pa3Mep CTPEJIKA MOXKHO YCTaHOBUTH B moJyie Arrow
size; filled — 3akparieHHble 001acTH; bar — mojiocyarbie 00JIaCTU, OIPAHUYEH-
HBIE CIUIOIIHOM IaBHON JmHMed (M. puc. [4.44)).

0.84 i

gy

B

o] ||I | ! I I |

| \ | \ J'I \ |

ta

o 10 20 30 40 50

Puc. 4.44. Tpaduk dbyskuuu y = sin(3z). Cruib orobpazkenus JuHuu rpaduka —
bar

Line — ctunu nadepranus jqunnu rpaduka. Jocrymasr 6 crumeit: solid — crtomHas,
OCTaJIbHbIE — BAPUAIIMY TIYHKTUPHON JIMHUU. 376Ch YK€ M3 CIUCKA MOYKHO BbI-
6paTh 2KeslaeMyIo TOMMUHY Kpusoit: ot 1 10 30.

Foreground n Background — cBoiicTBa, yCTaHABINBAIOIINE COOTBETCTBEHHO I[BET
JuHUU TpaduKa U 3aJUBKYy OOJACTH, KOTOpasi OIPAHMYUBAECTCS KPHUBOMH, HMPHU
3TOM IepekJodaresb Fill mode momkeH ObITh YCTAHOBJIEH B HOJIOYKEHUAE <ON.

Ha puc. upencrasien rpabuk dynknun y = sin(3z) co 3uHaveHneM

Foreground 1, Background 6, BkaoueHHBIM mepeksiodaresem Fill mode u pe-
xumom Closed.

Interp color vector — BeKTOD, OIIPEAESIONTNI 3aIUBKY KarKI0TO CerMeHTa rpadu-
Ka.

Mark mode — pexxum, TO3BOJISIIONHUI CTPOUTH ToUeuHble TpaduKy (TI0J0XKeHNe TIe-
pekJouaresist «ony ). I1o yMOJI9aHUIO 3T0 CBOWCTBO OTKJIIOUEHO.
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Puc. 4.45. UcnonwszoBanne cpoiicts Foreground, Background u pexxuma Closed

Mark style —cruiib Mapkepa — BO3MOXKHBI  CJIeIyfomue 3HadeHusi: dot — TOYUKa;
plus —3HaK <«IUIIOC»; Cross — KPecTuk; star — ILIOC, BIMCAHHBIA B OKPYXK-
voctb; filled diamond — 3akpamenusiit pom0; diamond — pom6; triangle up —
TPEyTroJIbHUK BEPIIUHON BBepX; triangle down — TpeyroJbHUK BEPINUHON BHU3;
diamond plus — mtioc, BIMCAHHBIN B pOMO; circle — Kpy»Kok; asterisk — 3Be3/104-
Ka; square — KBaJipat; triangle right — TpeyrojpbHUK BepIINHOI BIPaBo; triangle
left — TpeyroJibHUK BepIINHOM BJIEBO; pentagram — IATUKOHEYHAs 3BE3/1a.

Mark size — pa3smep mapkepa — yCTaHAB/IMBAEMbIe 3HAUEHUS MOTYT U3MEHSIThCS OT
0 1o 30pt.

Mark foreground — noyi3yHOK, KaXKI0€ ITOJI0XKEHNE KOTOPOTO OIPEIe/IseT IIBET 3a-
JIMBKUA MapKepa.

Ha puc. npejcrapied Todednblii rpaduxk dyakuuu y = sin(3z) ¢ runom
Mapkepa filled diamond, pa3mep Mmapkepa 1, 3HadeHue 1BeTa 3a/MBKu Mapkepa Mark
foreground 5.

Baknanka Data okna dopmarupoBanus Polyline Editor mo3BoJisieT yTOYHUTE 00-
JIACTh JAHHBIX, [0 KOTOPBIM cTpouTcs rpaduka. B mone Data field nepBorHagaibHO
YKa3bIBAETCH TEKYIIUil JIUana30H, B HAIEM ciydae 3T0 2 maccuBa tuma Double, B
KazKJIoM 13 Hux 63 sHauenust — [63x2 double array| (cm. puc. [£.47). Oanako B 9TOM
CIUCKe MOXKHO BbIOpaTh cTpoky Edit data m orpejakTupoBaTh TAOIHUILY HCXOIHBIX
JIAHHBIX.
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Puc. 4.46. ®opmaruposanue ToueuHoro rpabuka dyHkmun y = sin(3z)

e ] Polyline Editor ===
— Graphic Editor
— Ohjects Browser — Ohject Properies
" Figure(1 _—
é J\‘nges(ﬂ)) —i Style I Data l Clipping I
Compound(1) Data field: [[63=2 double arra: v
I 4Polyline(1) |[ 4 =~

/ auit |

Puc. 4.47. Baknagxka Data okua dopmaruposanusi Polyline Editor
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— Graphic Editor
— Ohjects Browser—— —Ohject Properties
51 {'ﬁgﬁﬂ) — || stye I Data I Clipping I
Compoundt(1] Clip state: [clipgrt |
Lgrolyline(t) Clip box : upper-left point coordinates
w
A8
Clip box : width and height
W
H:
B qui |

Puc. 4.48. Bakmajka Clipping okna dhopmarupoBanust Polyline Editor

Bakmazka Clipping (O6peska) okua dopmaruposanust Polyline Editor nossosser
YCTAHOBUTDH MPAHUIIBI IPAMOYT0JIbHOI obsactu — Clip box (Kaap), koropast ocraner-
cs1 BUZIMMOI Tocsie o0pesKn n300pazkeHust (CM. puc. .

Hanomamm, yto B mosigx X m Y cienyer yka3aTh T,y KOODIUHATHI BEPXHETO Jie-
BOIO yriia Kajpa, a B nojsax W, H — ero mupuny u Boicory. Pexxum Clip state Takxke
MOXKEeT NMPUHUMATH OJHO U3 3HAaUeHWil: «off » — 03Ha"aeT, 4To co3maBaemas rpaduka
He Kajpupyercs; «clipgrf» (1o ymosrganuio) — ot coznasaemoii rpaduku obpesaercs
00J1aCTh, HAXOIAIIASACST BHE TPAHUIL OCEil; «on» — OT Cco37daBaeMoil rpadukn obpesa-
ercs 00JIaCTh, HAXO/ISINANCS BHE IPAHUI, 331aHHbIX cBolicTBOM Clip box.
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[TocTpoeHne TpexmepHbix rpacukos B Scilab

B nacrosimieit rizase Oy 1yT pacCMOTPEHBI OCHOBHBIE BO3MOKHOCTH Scilab 1o cozma-
HHUIO TPEXMEPHBIX IpadUKOB — 00BEMHBIX U MPOCTPAHCTBEHHBIX. [Ipm 3TOM K Tpex-
MEPHBIM OTHECEM BCe IPadUKN, TOTOKEHNEe KaXKI0NH TOUKH KOTOPBIX 38/IA€TCs TPEMs
BEJTMINHAMI.

B nesiom niporiece mocrpoerus rpaduka dyHKImN Buga Z(x, y) MOKHO PA3IeInTh
Ha TPHU JTaIa:

1. Cosmanue B obstacTu mocTpoeHns rpaduka IPAMOyroabHOi cetku. s sToro
opMupyIOTCS NIpAMBIE JIMHUY, IIapaJliejbHble KOODAUHATHBIM OCAM Z; H Yj,
re

. In — Xo .
r;, =x0+th, h=— i=0,1,...,n,

Yj =% +jh, h==——
2. Boruncoienne suadennit GyHKImu z;; = f(2;,y;) BO BCEX y3/IaX CETKH.

3. Obparnenue K (GpyHKIUU TTOCTPOEHNST TPEXMEPHBIX I'PAMDUKOB.

5.1 ®yHkuun plot3d un plot3dl

B Scilab noBepxHOCTH MOXKHO MOCTPOUTH C TOMOINBI (YHKIWA plot3d wim
plot3dl. Ux ormyimame coCcTOMUT B TOM, 4TO plot3d CTPOHUT MOBEPXHOCTb W 3aJIUBa-
eT ee OZHMM IIBeTOM, a plot3dl — MOBEPXHOCTH, KaxKaasd ddeiiKa KOTOPO mMeeT
[[BET, 3aBUCAIINI OT 3HaYeHUs (DYHKIMH B KayK/IOM COOTBETCTBYIOIIEM V3JI€ CETKH

(cm. pue. [5.11)).

Obparnenne K GyHKIUSIM CJIELYIOIIee:
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plot3d(x,y,z, [theta,alpha,leg,flag,ebox] [keyn=valuen]),
plot3di(x,y,z, [theta,alpha,leg,flag,ebox] [keyn=valuen]),

3/1eCh X — BEKTOP-CTOJIOEI] 3HAYEHN abCInCe;
Yy — BEKTOP-CTOJIOEI] 3HAYUEHHI OPIIMHAT;
Z — MaTpUIla 3HAYEHUN DyHKITIN;

theta, alpha — aeficTBUTEIbHBIE YUCJIA, KOTOPBIE OIPEIEIIHAIOT B rpaycax cdepu-
JecKue KOODJIMHATHI yIyia 3penus Ha rpaduk. [lonpocTty rosops, 3To yroJi, mof
KOTOPBIM HAOJII0/IaTe/ b BUIUT 0TOOPaYKAEMYIO TIOBEPXHOCTD;

leg — MOAIINCH KOOPJMHATHBIX OCeil I'paduKa — CUMBOJIBI, OTJesieMble 3HaKoM Q. Ha-
npumep, ’XQYQZ’.

flag — maccuB, COCTOAIIHNI U3 TPEX [EJIOYHNCIEHHBIX TapaMeTpos: [mode, type,box].

31ech

mode — yCTAHABJIUBAET I[BET IIOBEPXHOCTH (CM. TAOJL. . ITo ymomyanmio pasexn
2 — mBeT 3aJIUBKU CHHUI, IPAMOYTOIbHAS CETKA BBIBOIUTCA.

Tabauna 5.1. 3navenus mapamerpa mode

3HadyeHue Ormucanue
>0 [TOBEPXHOCTb HMMeeT IBeT «modes, BBIBOIUTCS IMPSIMOYTOJIbHAST
CceTKa
0 BBIBOJIUTCSI IIPAMOYTIOJIbHAs CETKA, 3aMBKa OTCyTCTBYeT (6esiblii
uBer)
<0 [TOBEPXHOCTb MMeeT I[BeT «mode», OTCYTCTBYET IMPSIMOYTOJIbHAS
ceTKa,

type — HO3BOJISIET yIPABIATH MacmTaboM rpaduka (cum. tabu. [5.2)), no ymon-
YaHUIO UMeeT 3HadYeHue 2;
Tabmauma 5.2. 3HadeHus mapamerpa type
3uauenue Onucaunue

0 [IPUMEHSIETCS CIIOCO0 MACIITAOMPOBAHNUS, KAK Y PAHee CO3/IaHHOTO
rpaduka

1 rpaHuIpl rpaduka yKa3blBAIOTCA BPYIHYIO C TIOMOIIBIO ITapaMeT-
pa ebox

2 rpaHuIbl TpadUKa OMPENe/IAI0T UCXOIHbIE TAHHBIE
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Tabauna 5.3. 3HaueHus mapamerpa box

3HaveHune Onucanue
Om1l HET paMKu
2 TOJIBKO OCH, HAXOJSIIHECS 38 [TOBEPXHOCTHIO
3 BBIBOJUTCSI PAMKa, ¥ ITOJIIKICU OCEei
4 BBIBOJUTCSI PAMKa, OCH M UX IIOIIICH

box —ompejiesisieT  HaJIUYME pPaMKH  BOKPYD OTOOpaxkKaeMoro rpaduka
(cM. Tabur. . ITo ymomuanuio pasen 4.

ebox — ompeie/isieT TPaHUIbl 00JIACTH, B KOTOPYIO OyJ/IeT BBIBOJUTHCSA MOBEPXHOCTD,
Kak BeKTOp [xmin, xmax, ymin, ymax, zmin, zmax].DTOT mapamerp MOXKET
HCIIOJIb30BaThCd TOJIBKO IIPU 3HaUeHUNU IapaMeTpa type=1.

keyn=valuen — I10CJIeJI0OBATEILHOCTD 3HAYECHUN CBOMCTB rpaduka
keyl=valuel, key2=value2, ..., keyn=valuen,
TAKUX KaK TOJIIUHA JIMHUHU, €€ IBET, IIBET 3aJUBKN (POoHa TPadUIeCcKOro OKHA,
HaJM4Yre Mapkepa u Ap. (cM. maparpad .

Takum obpazom, pyukuuu plot3d (plot3dl) B KadecTBe HAPAMETPOB HEOOXOMMO
nepearh MPsIMOYTOJIbHYIO CEeTKY U MATPHILY 3HAYEHUN B y3J1aX CETKHU.

Banada 5.1.
IMocrpouts rpadux dbyuxmuu Z = sin(t) - cos(t).

CozmauM MaccuB 3HaYeHU aprymenTta t. Borawcianm 3uHadenuss QyHKIUA U 3a-
MIATIIEM WX B MACCUB Z.

Ob6parure BHUMaHUe, 9TO Ipu obpaieHnu K GyHKIuu plot3d B KadecTBe Ia-
pameTrpoB X ® Y, 3aJal0MUX MPIMOYTOJBHYIO CETKY, IBaKJbl YKa3aH MapameTp t,
[IOCKOJIbKY 00e (DYHKIUM — U Sin, U COS — 3aBUCAT OT OJHOI 1epeMeHHoii — ¢ (cM. Ju-

CTUHT puc. .

Jlucruar 5.1. ITocrpoenue rpaduka dynkipn Z = sin(t) - cos(t) ¢ momo-
mpo dyuknun plot3d

t=[0:0.3:2x%pil’;
Z=sin(t)*cos(t?);
plot3d(t,t,Z);

Temrepr HemMHOTO yeaoKHEUM 3a7a49y. [locTponM moBepxXHOCTD, ypaBHEHTE KOTOPOI
3a/1aeTcd IBYMs HE3aBUCUMbBIMU II€PEMEHHBIMU.

Banada 5.2.
ITocrpouts rpadux dyrkmuu Z = 5y — 2.
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=

Puc. 5.1. T'paduk byukuun Z = sin(t) - cos(t)

IIpex e Bcero 3aa M MaccuBbl X U Y.

Barem cdopmupyem marpuity 3HadeHuit byHKuun Z (5, y;), NCIOIb3Ys OMEPATOP
nukia for. 3ech ¢ — mapameTp IUKJIA, KOTOPBI Oymer mepedbuparh Bce 3HAYEHUsI
maccuBa X, a j — mapaMerp IUKJIA, KOTOPBIA OyIeT COMOCTaBJISITh KaXKIOMY 3Hade-
HUIO MaccuBa X IO OYepean BCe 3HATEHHUS MAacCUBa Y .

Takum obpasom, cHavaga OyIyT BBIYUCIEHDI BCE 3HAYEHUS (DYHKIUN Z TIPU Me-
HsaomeMest Y (OT TIePBOTO JI0 TOCJIETHETO 3HAYEHWs] B MACCUBE) U II€PBOM 3HAYEeHUN
MaccuBa X . 3areM — IIpU BTOPOM 3HAYEHUM MaccuBa X W T. .

Hanomuum, 37ech length — onpezenger koaudectBo siemenToB maccuBa X (V)

(em. rasy [2).

Haxkower, fyist mocTpoenus moBepxHOCTH o6paTuMest K dbyHkmu plot3dl (cm. su-

CTHUHT puc. .

Jluctuar 5.2,  @opmarupoBaHWEe MATPUILI  3HAYEHWT  QYHKIUH
7 = 5y? — x? Komammoil length m TocTpoenme ee TpacduKa C TIOMO-
mpio dyuknnn plot3d

x=[-2:0.1:2];
y=[-3:0.1:3];

for i=1:length(x)

for j=1:length(y)
z(1,j)=bxy(j)~2-x(i)"2;
end

end

-2:
-3:
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plot3di(x’,y’,z,-125,51);
colorbar(-3,3)

Kak BugHO M3 mpumepa, nucrosib3oBaHue Jiniib GyHkimn plot3d juis rpadude-
CKOT'0 M300parkKeHusl ToKa3aresell, 3aBUCAINX OT JIByX HE3aBUCHUMBIX MEPEMEHHBIX,
JOCTATOYHO CJI0KHO. B Scilab cymiecrByer HECKOJIBKO KOMaHJ, MPU3BAHHBIX OOJIET-
YUTH IIPOIEYPY CO3IaHUA IPAMOYTOJIBHON ceTK! — 3T0 genfac3d u eval3dp.

IIpocreiimmeit n3 HEUX O cUHTAKCUCY siByisieTcst DyHKIms genfac3d:

[xx,yy,zz]=genfac3d(x,y,z)

31ech xx, yy, zz — pe3yibTUpyolas Marpuna pasmepoM (4,n — 1 x m — 1), tue
xx(:,1), yy(:,1) u zz(:,1) — KOOPAMHATBI KaXKJIOf U3 SUEEK HPIMOYTOJIb-
HOI CETKH;

X — BEKTOD Z-KOODIMHAT pa3Mepa m;
y — BEKTOD Y-KOOD/IMHAT pa3Mepa n;

z — MaTpHIa pa3Mepa (m,n) 3HadeHmt GyHKIIN Z (25, ;).

Bagada 5.3.
IMocrpouts rpaduk dbyukuun Z = sin(t) - cos(t).

Omupenennm MaccuB napamMerpa t ¥ BBIYUCJIUM 3HadYeHus dbyHKuuu Z = sin(t) -
cos(t). IIpsaMOyTOJIbHYIO CEeTKY CO3JaJUM IIPH HOMONM KOMaH bl genfac3d (cMm. Jiu-

CTHUHT .

JIucrunr 5.3. Cosnmanuwe UpsSMOYTOJIbHOM ceTKM rpaduka KOMAHJIOM
genfac3d u nocrpoenue ee rpaduka ¢ nmomornpio Gyuknun plot3d

t=[0:0.3:2x%pil ’;
z=sin(t)*cos(t’);
[xx,yy,zz]=genfac3d(t,t,z);
plot3d(xx,yy,zz);

Mo popmupoBanus rpaduka obparumes K dynkiuu plot3d (cm. puc. .

Henocrarkom xomanisl genfac3d sBisieTcss TO, YTO OHA BCe-TaKU HE YIIPOIAET
paboty ¢ dynknueir plot3d, ecium MOBEPXHOCTH 3ajaeTcs (PYHKIMEH OT ABYX Iepe-
MeHHBIX. B TakoM cirydae HEOOXOIMMO HMCIIOIB30BAaTh KOMaH 1y eval3dp:

[Xf,Yf,Zf]=eval3dp(fun,pl,p2)

Xf,Yf,Zf —— pesyabrupyomas Marpuna pasmepoM (4,n—1xm — 1), rne xx(:,1),
yy(:,1) m zz(:,1) — KOODAMHATHI KaXKJOW U3 d49eeK IPIMOYTOJIbHOM CETKU;

fun — byHKIWMA, OompeiesIeHHasT TOJIH30BATEIEM, KOTOPas 33/aeT TPEXMEPHBIH rpa-

bux;
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pl — BekTOp pasmepa m;

P2 — BEKTOp pa3Mepa 1.

IIponnmrocTpupyem nelicTBue KoMaH bl eval3dp cieayomuM IPUMEPOM.

Banada 5.4.
Iocrpouts rpadvk, 3aJaHHBIA CIEAYIOMAMI yPABHEHUsIMU: & = pi - sin(py) -

cos(p2), ¥ = p1 - cos(p1) - cos(pz2), z = p1 - sin(pa).

IIpexxkie Bcero, onpejieiuM MacCUBBI 3HAYEHUH IIapaMeTpoB p1 u po. lajee cosma-
JuM QYHKIIIO SCp, KOTOPast 3a/aeT rpaduK.
Hamomaum, aro dpyuknuu B Scilab cozgatorcst mpu momomu KoMas el deff:

deff([s1,s2,...]=newfunction(el,e2,...)’

rjae s1 ,SQ, ... — CIIMCOK BBIXOJHBIX ITapaMeTpOB, T.€. IIEPEMCHHbLIX, KOTOPbIM 6y,[[eT
IIPUCBOECH KOHEYHBII pesyabraT BbI‘II/IC.HGHI/IfH

newfunction — uMs co3maBaeMoil (YHKIIUU, OHO OYIET UCIOJIb30BATHCS JJIs €€ Bbl-
30Ba;

el,e2,... — BXOJHBIC ITApAMETPBHI.

Obparure BHEUMaHWEe, 9TO KOMaHma deff 3ammcaHa B TPU CTPOKUA TOJIBKO JIJIs
yaobcrBa 9renus gucruara (cM. JucTudr [5.4)).

Jluctuuar 5.4. Co3zmanme TPsSIMOYTOJBHON ceTKH rpaduka KOMaHIION
eval3dp u nocrpoenue ee rpaduka ¢ momorpio Gyuknnn plot3d

pl=linspace(0,2x%pi,10);

p2=linspace(0,2x%pi, 10);

deff (" [x,y,z]=scp(pl,p2)", ["x=pl.*sin(pl).*cos(p2)";
"y=pl.*cos(pl) .*cos(p2)";

"z=pl.*sin(p2)"1);

[Xf,Yf,Zf]=eval3dp(scp,pl,p2);

plot3d (Xf,Yf,Zf);

Teneps chopmMupyem IpAMOYTOJbHYIO CETh IIPU MIOMOINK KOMaH bl eval3dp u mo-
crpouM rpaduk, obparusmuch K dbyukiuu plot3dd (cMm. puc. .

B Scilab Takke cymecTByIOT HECKOJIBKO JAPYTUX (DYHKIUN JJIsl [IOCTPOEHUST TI0-
BepxHocreii. Oun nmeror 6osee mpocroii cuaTakcuce Matlab, ognako, 1o MHEHHMIO aB-
TOPOB, He BCerja MOI'yT 3aMeHUTh (DyHKIMIO plot3d.
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5.2 ®yHkuuun meshgrid, surf n mesh

st popMupoBaHusl IPSIMOYTOJILHOI ceTku Biepsble B Scilab 4.0 mosiBuiack
dyukiysa meshgrid. Obpamenne K Heil UMeeT BHL:

[X, Y [Z]] = meshgrid(x, y [z])

anech (x, y [2z]) —maccusst 2 (3) ucxoqusix napamerpos X, Y (Z), yka3siBaeMble

qepe3 3alsATyIo;

[X, Y [Z]] —wmarpunsl B ciaydae 2 ¥ MACCUBBI B CJIy4uae 3 BXOJHBIX BEJIMYUNH.

Ilocrie dopMupoBanusi CETKM BBIBECTU B Hee TpadrK MOXKHO C MTOMOIIHIO (PyHK-
mun surf gmbo mesh. Tak ke, kak u B ciayvae ¢ dyHkiuamu plot3d u plot3di,
surf CTPOUT MMOBEPXHOCTD, 3aJIUBAsI KAXKJIYIO STYEHKY IBETOM, KOTOPBII 3aBUCUT OT
KOHKPETHOIrO 3HavueHus (DYHKIMM B y3JjI€ CeTKHU, a mesh 3a/iMBaeT ee OJHUM IIBETOM.

Taxum o6pazom, mesh sABIETCs MOTHBIM aHAJOTOM MYHKIUH surf co 3HadenunemM
napameTpoB Color mode=uHAeKC 6ejyioro nBeTa B TeKyllell najurpe uBeToB u Color
flag=0.

Obpairnenue K GyHKIUIM TMEET BUJI:

surf ([X,Y],Z, [color,keyn=valuen] )
mesh([X,Y],Z, [color,])

31echk X,Y — MacCCHUBBI, 3aJal0le IPAMOYTOJIbHYIO CETKY;
Z — MaTpuIia 3HaYMeHn DYHKININ;

color — MaTpHUIA JEeHCTBUTEILHBIX YHCE/, YCTAHABIUBAIONIUX IIBET JJTsI KAXKJI0TO y3-
Jia cerw;

keyn=valuen — [10CJIe/IOBATEILHOCTD 3HAYEHMI CBOMCTB rpaduka
keyl=valuel, key2=value2, ..., keyn=valuen,
olpeJIesIgomuX ero BHemnuit Bu (eM. naparpad [4.6)).

Koneuno, B ToMm ciiyuae, eciu IpsIMOYTOJIbHAsSI CETKA ObLIa IOCTPOEHa KOMAaH/ IO
meshgrid, HeobxoauMocTH ykKa3blBaTh napamerpsl X,Y Her. B camom mpocreiiniem
caydae K yHKnun surf MOXKHO oOparuThes Tak — surf (z).

Bamada 5.5.

IocTpouts rpadux dyskmmu Z = by? — 2

C IIOMOIIIbIO KOMaH/IbI mesh.

C momornpio KoMaH 6l meshgrid co3mamM TpsiMOYTOILHYIO CeTKY. 37ech —2 @ 2
OIIPEJIeJIsiET TIOJIO2KEHNUE TIPSIMBIX, [TapaJUIebHbIX ocu X, a —3 : 3 —ocu Y.

Tlocsie opMupoBanusi CETKM BBIYUCIUM 3HAUEHUsT (DYHKIIUKU Z BO BCEX y3JaX U
obparumes K pyHKnuu mesh jyig nmocrpoenus rpaduka (CM. JIUCTHHT puc. |5.2)).



5.2. ®yHkunu meshgrid, surf n mesh 117

Jluctuur 5.5. Cosmanume UpsIMOYTOJIBHON ceTKU rpaduka KOMaHJION
meshgrid u nocrpoenue ee rpaduka ¢ HOMOIIBIO (DYHKINN mesh

[x yl=meshgrid(-2:2,-3:3);
z=b*xy. 2-x.72;
mesh(x,y,z);

|

shef

oW oW
oS o
x"’/’/’

Z
Vadadodododododad

Puc. 5.2. I'padux dbyuxumm Z = 5y2 — 22, mOCTpOeHHEI! KOMaH10if mesh

Kak Bunno us pucynka [5.2] cerka, mocrpoennast ¢ marom 1, CJIMIIKOM pejiKasi, a
BBIYUC/IEHHBIX 3HAUEHUIT (PYHKIUU B y3J1aX HEJIOCTATOYHO JIJIst M300PAXKEHUsI [LJIABHO-
ro rpaduka. [ToaToMy 3a9acTyro JIydIle CAaMOCTOATETFHO YKA3bIBATD IMar hOpMUPO-
BaHUS NPAMOYTOJIBHOI CETKH IIPU BBI30BE KOMaHIbI meshgrid.

Bamada 5.6.
IocTpouts rpaduk GyEKmn Z = 5y? — 22 ¢ IOMOIIBI0 KOMAH I surf,

Co3ma M ¢ TOMOIBIO KOMaH Il meshgrid npsaMoyToIbHYIO CETKY, YKa3bIBas IIar,
qepe3 KOTOPBIA OyyT MOCTPOEHBI MapasiIebHble KOOPAMHATHBIM ocsM Jjuauu — 0,1
st obenx oceil. B atom cityuae ceTka Oyaer mroTHee, a rpaduk 0oJiee IIABHBIM, Y€M
B IPEJIBLIYIIEM IIPUMEDE.

IaJjiee BbIYUCIIsIEM 3HAYEHUsT (DYHKIUU Z W BbI3bIBaeM surf Jijisi IIOCTPOEHUSI I10-

BEPXHOCTH (CM. JICTUHL puc. [5.14)).
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Jluctuar 5.6. Cosmanme UpsIMOYTOJIBHON ceTKHM rpaduka KOMAaHJION
meshgrid u nocrpoenue ee rpaduka ¢ TOMOIBIO GyHKIUU surf

[x yl=meshgrid(-2:0.1:2,-3:0.1:3);
z=b*xy. 2-x.72;
surf (x,y,z)

Ha mepBoiit B3ryistq MO2KET TOKA3aThCsl, 9TO i DYHKIAA £ = 5y2 — 2 plot3dil
u surf HOCTPOWJIM PA3HbIE HOBEPXHOCTH (CM. DHUC. U puc. . O tHaKo 3TO
He Tak. Pazmuame 00ycI0BIEHO UCITOIB30BAHNEM IO YMOTIAHNIO PyHKIMEH surf pe-
JKuMa Macmrabuposanusi Cube scaling (cm. puc. . Ecau ero orkmounts, surf
BBIBEJIET M300parkeHue, UJACHTHIHOE IIOCTPOEHHOMY C IIOMOINbIO (GyHKImHA plot3d

(cm. puc. [5.15)).

— Graphic Editor
— Objects Browser——— —Ohject Properties
E‘E—@Fﬁ 1| x| v] 2] Tite | sie | aspect | viewpoint |
acad(1) Auta clear _J Isoview: |
Auto scale: W on Tight limits:  _J
Boxed: @ on Cube scaling: W on
Clip state: |off |
Clip box : upper-left point coordinates
w
A8
Clip box : width and height
we [
H:
kargins: Axes hounds:
Le: [0125 Left: [0
Right: [0125 up: o
Top: [0z width: [1
Eottom:  |0.125 Height: |1
E] Gluit /
[

Puc. 5.3. Pesxxum Cube scaling oxua dopmarupoBanus Axes Editor

B Scilab moxkHO iocTpouTh rpadukn AByX MOBEPXHOCTEH B OJHON cHCTEME KOOp-
JUHAT, JJIs 9TOr0, KaK U JIJIsd IByMEPHBIX IPAMUKOB, CJIE/LyeT UCIOJIb30BATH KOMAHLY
mtlb_hold(’on’), KorOpas OJOKMPYET CO3/JaHUE HOBOIO I'padUIecKOro OKHa IpPU
BBIIIOJIHEHNN KOMaHJ surf niau mesh.
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Bamada 5.7.
ITocTpouts rpaduk byHKIIH

{ 2(z,y) = (32% + 4°) — 1,
21(x,y) = — (322 +4y°) — 1.

CdopmMupyem MIOTHYIO IPIMOYTOIBHYIO CETKY C MOMOIIbIO KOMAaH/ bl meshgrid.

Iycrs 2(z,y) = (322 +4y?)—1u 21(z,y) = — (322 +4y?) — 1. Boraucium 3HaueHns
yHKIMIT BO BceX y3J1aX CETKU.

[MosepxnocTh Z = +(322 +4y?) — 1 HOCTPOUM ¢ TOMOTILIO KOMAHIb surf, Kazkias
ee sgdeiika Oy/IeT 3aJuTa I[BETOM, 3aBHUCAINMM OT 3HAaYeHUs] DYHKIUMH B y3Jie CETKH.
Hanee Bbr3oBeM KoMauay mtlb_hold(’on’), KoTOpas 3ab/JIOKAPYET CO3AHNE HOBOTO
rpaduIecKoro OKHa, U C IOMOIIBI0 KOMaHJbI mesh mocrpomm moBepxHOCTh Z1 =
—(32%+4y?) — 1 B otHEX KOOPAMHATHBIX ocsiX ¢ Z = + (322 +4y?) — 1, pu sToM GyeT
BBIBEJICHA [IPIMOYIOJIbHASI CETKA, & AYeHKN 3aIUThl GeJIbM BETOM (CM. JIMCTHHT

puc. [f.16).

Jluctuur 5.7. Ilocrpoenne rpaduKoOB HECKOMBKUX (DYHKIINNA B OTHOM I'Da-
duTeckoM OKHE ¢ TIOMOIIBI0 KOMaHabl mtlb_hold(’on?)

[x y]l=meshgrid(-2:0.2:2,-2:0.2:2);
z=3*%x. " 2+4x*xy."2-1;
z1=-3%x.72-4xy."2-1;

surf (x,y,2);

mtlb_hold(’on’);

mesh(x,y,z1);

5.3 ®yHkuun plot3d2 n plot3d3

Oynknun plot3d2 u plot3d3 gBisioTcs aHajgoramMu QyHKIUE plot3d, mosToMy
MMEIOT TaKOI K€ CUHTAKCHC:

plot3d2(x,y,z, [theta,alpha,leg,flag,ebox] [keyn=valuen]),
plot3d3(x,y,z, [theta,alpha,leg,flag,ebox] [keyn=valuen])

Ot GYHKIUHE TpeIHA3HAYEHBI JIJIsI TOCTPOEHUsI TIOBEPXHOCTH, KOTOPasi 3a/1aeTCst
nabopoM rpaneii. T. e. ecan dynkIus plot3d 0 BXOJHBIM JaHHBIM CMOXKET ITOCTPO-
WUTH JIWIIb OTJIEJIBHO CTOSINNE APYT OT JApyra IUIOCKHUe TpaHu, To plot3d2 (plot3d3)
IPOUHTEPIPETAPYET B3aUMHOE PACIIOJIO’KEHNE 3TUX I'PaHell B BAJE IIEJIbHOI'O I'eOMeT-
PHUYECKOI'o TeJa.

Ommmune dyuknmit plot3d2 u plot3d3 cxoHO ¢ paziaudueM JeicTBus hyHKIn
plot3d u plot3dl, a TakxKe surf m mesh. Plot3d2 cTpouT IOBEPXHOCTL, IIPU 3TOM
BBIBOJUT CETKY U 3aJIUBaeT BCe SYefKM OJHUM M3 IIBETOB, II0 YMOJYAHUIO — CUHUM.



120 lnaga 5. lMNocTpoeHue TpexmepHbix rpacukos B Scilab

Plot3d TakKe BBIBOJMUT CETKY, OJHAKO OCTABJISET BCe Adeliku 0e3 3aauBKu (T. €.
Gestbivm)

Sagada 5.8.

ITocTpouts cdhepy
x(u,v) = cos(u) cos(v) ,
y(u,v) = cos(u) sin(v) ,
z(u,v) = sin(u)

pu oMoty dhysKnun plot3d2.

ITpu nocTpoerny rpachuKOB MOBEPXHOCTEH, 3aTAHHBIX TTapaMeTpuIeckn — T (u, v),
y(u,v) u z(u, v) — HEeobxoauMo cchopMupoBaTh MaTpuibl X, Y u Z 0JUHAKOBOIO pas-
Mepa. JIjist 3TOro MacCUBBI U U ¥ JIOJIZKHBI UMETh OJMHAKOBLINH pasMmep. Ilocse 3Toro
cJleJlyeT BBIJEINTH JIBa OCHOBHBLIX BHJA IPEJCTABJICHUA T, Y U 2z B Cllydae IapaMmer-
PUYECKOTO 3a/IaHAsl TOBEPXHOCTEIH:

1. Ecom z, y u z moxuHo upezcrasurs B Buge f(u) - g(v), To coorBeTCTBYIOIIUE
uMm mMarpurbl X, Y u Z ciaeayer popMupOBaTh B BUIAE MATPUIHOTO YMHOMKEHUST

f(u) ma g(v).

2. Ecan x, y u z MoxkHO npejcraBuT B Buje f(u) mam g(v), To B 9TOM cirydae
marpunpsl X, Y u Z crexyer 3amuceBarh B Buje f(u) - ones(size(v)) wim g(v) -
ones(size(u)) cOOTBETCTBEHHO.

OrMmernM Tak»Ke, 4YTO 3/leCh linspace — QyHKIMs, BO3BpAIAIOMAs Mac-
CHB C JIMHEHHBIM TIpUpAINEHNEM 3HAYeHWI B 3aJaHHOM nuana3one. Hampumep,
u=linspace(-%pi/2,%pi/2,40) 3HAUUT, YTO HAPAMETD U JIMHEHHO U3MEHSIETCS B JTHa-
nazone [—27; 27|, Ynemo 40 ycTaHABIMBAET, UYTO MACCHUB JIOJKEH COEPKATH POBHO
40 3navennii, o ymosrdanuo ux 100 (cm. smernsr [5.8)).

JIuctuur 5.8. Iloctpoenne cdeps! ¢ momombio dyakun plot3d2

= linspace(-%pi/2,%pi/2,40);
= linspace(0,2%%pi,20);
cos(u) ’*cos(v);

= cos(u) ’*sin(v);

= sin(u) >*ones(v);
plot3d2(X,Y,Z);

N < Mg 8
I

ITocTpoennasa dbyuxkiueit plot3d2 cdepa npecrasiieHa HA PUC.
Teneps ocMOTpUM, Kak 3Ty Ke 33Ja9y BbITOJTHUT (byHKIus plot3d.
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Puc. 5.4. T'paduk cdepsl, nocrpoennsiit pynkimeit plot3d2

Bamaqga 5.9.
ITocTpouts cdhepy

z(u,v) = cos(u) cos(v)
y(u,v) = cos(u) sin(v) ,
z(u,v) = sin(u)

¢ oMoIpbio GyHKIMH plot3d.

OnpeneuM mapaMeTpbl ¢ ¥ U, BBIYUCIUM 3HaYeHUs (GYyHKIUNA T, Y, z, KAK U B
npeapiaymem npumepe (em. suerunr [5.9). Ograko myst moctpoerus: rpaduka o6pa-
tumMest K GyrKIimn plot3d. Iomyuanm crenyromee nzobpaxkenne (cm. puc. [5.17)).

JIuctuur 5.9. Iloctpoenne cdeprr ¢ momompio dyHKIwE plot3d

= linspace(-%pi/2,%pi/2,40);
= linspace(0,2%%pi,20);
= cos(u)’*cos(v);
= cos(u) ’*sin(v);

= sin(u) ’*ones(v);
plot3d(X,Y,Z);

N < Mg e

[Ipomwutioctpupyem neiictBue dyukimu plot3d3 Ha 9TOM Ke IPUMEpE.
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Bagaqa 5.10.
ITocTpours chepy

x(u,v) = cos(u) cos(v),
y(u,v) = cos(u) sin(v) ,
z(u,v) = sin(u)

pu nomornu dbyHKnun plot3d3.

OupeiesnM Traia30Hbl H3MEHEHHs TAPAMETPOB U U U, KAK U MIPEJIBLYIIUX IIPHMe-
pax, JIUIIb YMEHBIITNB KOJIMIeCTBO 3HaYeHni st maccuBa u ¢ 40 mo 20 — tak rpaduk
Oy/ieT BBIVISIUTH MEHee [IePerpyKeHHBIM.

Beruncinm 3HaveHnst byHKIui ©, ¥, 2 1 11 n306paskeHns: rpaduka o6paTumMcst
K dyskun plot3d3 (cm. jmcruar [5.10). O6parnTe BHUMaHUE, YTO 3aJIMBKA SI€EK

oJy9ennoii cdepnt orcyrersyer (cM. puc. [5.5)).
JIuctuur 5.10. Iloctpoenne cdepsnr ¢ momorpio Gyukun plot3d3

= linspace(-%pi/2,%pi/2,20);
= linspace(0,2%%pi,20);
cos(u) ’*cos(v) ;
= cos(u)’*sin(v);

= sin(u) ’*ones(v);
plot3d3(X,Y,Z);

N < X< £
I

Puc. 5.5. I'pacduk cdepsi, mocrpoennsiii dyukimeir plot3d3
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5.4 ®yHkuunm param3d n param3dl

Jlng mocTpoeHmsi TapaMeTpUdecKoit KpuBoit B Scilab cymecTByer Komama
param3d:

param3d(x,y,z, [theta,alpha,leg,flag,ebox]).

[IponnmocTpupyem Bo3aMoKHOCTH (DyHKINN param3d CJIeIyomUMUA IPUMEDPAMH.

Banaqa 5.11.
ITocTpouts rpaduk JIMHUK, 38 IaHHON IapaMeTPUICCKN:

y = sin(t),
11 = cos(t) ,
t

Y2 = 7

IIpexx e BCero, onpeesnM AUAIIA30H U Al U3MEHEHUs apamMeTpa t.

Sarem obpaTumcs K pyHKIUM param3d, epe/iaB eif MaTeMaTUIeCKIe BbIPAKeHUsT
bYHKIMI ¥, Y1 U Yo, & TAK¥KE YIVIbI B IPAJIycax, MOJ KOTOPBhIMEU HabJIIOIaTe b Oy1er
BugeTh dhopMupyemblit rpadbuk —45 u 35 (cM. gucTuHr puc. .

JIuctunar 5.11. IlocTtpoenune jimHUM, 33 IaHHON TApaAMETPUIECKU, C TTOMO-
mp0 GyHKIUK param3d

t=[0:0.1:10*%pil;
param3d(sin(t),cos(t),t/7,45,35);

Bamada 5.12.

IMocTpouTh JIMHKIO, 3aJAHHYI0 HAPAMETPUICCKHU:
x=t-sin(t);
y=1-cos(t);

b
~(50-7) "

OrnpesiesinB MaccuB 3HaYeHU TapaMerpa t, BeraucanM 3Hadenns: X, Y u Z Koop-
JIUHAT KPUBOI.
s mocrpoenust rpaduka UCIOIb3yeM KOMaHIy param3d, yCTAHOBUB yTJIbI 060-

3penns Habmonaress 45 u 60 rpaaycos. (M. IUCTHHT puc. [5.7).
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45 _
40
35 ]
30
25
20
15

cd o d e dady

Puc. 5.6. I'pacduk napamerpudeckoil tuHNM, TOCTPOEHHBIN dDyHKIHeH param3d

JIuctunr 5.12. Iloctpoenue juHUHN, 38 ]aHHON MapaMeTpPUIECKU, C TTOMO-
b0 GyHKIUA param3d

t=-50*%pi:0.1:50*}pi;
x=t.*sin(t);
y=t.*cos(t);
z=t.*abs (t)/(50%%pi);
param3d(x,y,z,45,60);

JlJ1st BBIBOJIA HECKOJIBKUX [MapaMeTPUYECKH 3aJ[@HHBIX KPUBBIX B OJHUX KOODJIH-
HaTax B Scilab ucnonesyercst pyuknust param3dl. OHa nMeeT HECKOJBKO OTJIMYHBIN
CUHTAKCHUC:

param3dl(x,y,list(z,colors), [theta,alpha,leg,flag,ebox])

3mech BIEpBbIEe MOSBISETCS HEOOXOINMOCTH HUCIIOJH30BAHUST KOHCTPYKIUN
list(z,colors), KOTOpas IMO3BOJISIET HE TOJIHKO 33IaBATh Z-KOOPIUHATY JJIsT KaXK-
JIOf U3 KPUBBIX, HO M YCTAHABJIUBATDH JIJIs HUX KeJjlaeMblil mpeT. PaccMoTpuMm 310 Ha
puMepe.
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Puc. 5.7. I'pacduk napamerpuyeckoil IuHNM, TOCTPOEHHBIN dDyHKINEH param3d

Sanaga 5.13.

IMocrpours rpadukn auHMi, 38JAHHBIX HAPAMETPHIECKH:
x =sin(t); x = cos(t);
y = sin(2t) ; u y = cos(2t) ;
z=1t/10. z =sin(t).

Saa MM MacCuB 3HAYEHUI TapamMerpa t.

Iist mocTpoennsi rpadUKOB JIMHUI B OJIHOIM CHCTEME KOODAWMHAT OOpaTUMCS K
dyukmun param3dl. B kadecTBe mapaMerpoB B MEPBBIX KBAIPATHBIX CKOOKAX IT€-
pemaaum et X m Y KOOpAMHATHI MEpBOil KPHUBOIt, a BO BTOPBIX — BTOpOii. IIpm mo-
MOIIN CBOMCTBa list ompesernseM Z-KOOPAWHATHI U I TIePBOHl KPUBOHM YCTAHOBUM
TeMHO-cuHMI 1Ber JmHuE (9), a gusa Bropol — KpacHbiil (5). Yucaa 35 u 45— yr-
JIBI 0603peHus Habaogaress. [Tlapamerp >X@YQZ’ oTBevaeT 3a BBIBOJ IOIMKCEH Oceit

rpaduka (M. JTUCTHHD puc. |5.18)).

JImctunar 5.13. IlocTpoenne HECKOJIBKAX MapaMeTPUIECKN 33 IaHHBIX JIH-
HO C TOMOIIBIO KOMAHIbI 1ist dyukiun param3d

t=[0:0.1:5%%pil’;
param3dl([sin(t),sin(2*t)], [cos(t) ,cos(2%t)], ...
list([t/10,sin(t)],[9,5]),35,45,"XQYQZ") ;
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Tabsmra 5.4. S3Havenns mapameTpa mode

3HaueHue Onucanue
0 VI30/tMHIN HAHOCATCS HA MOBEPXHOCTH Z (T, Y)
1 V30NN HAHOCATCA Ha MOBEPXHOCTD U IIAH, KOTOPBIN 3a1aeTCs
VPaBHEHUEM Z = Zjcy
2 WzonuHny HaHOCATCS Ha, JBYyMepHbIi rpaduk

5.5 ®yHkuunsa contour

B Scilab, kpome mocTpoenusi 06 beMHBIX IPAMUKOB, TAKXKE PEATN30BAHA BO3ZMOXK-
HOCTDb CO3/IaHUs TPOCTPAHCTBEHHBIX Mojeseil 0obekToB. Ha mpakTruke 9acTo BO3HU-
KaeT HeoOXOIMMOCTH IIOCTPOEHUsI KapT B M3OJIMHUSAX 3HAYEHUi IoKasaress, rae X,
Y -KoOpauHATHI 38J[af0T MOJIOXKEHNE KOHKPETHON M3yd4aeMoil TOYKHM Ha IIJIOCKOCTH, a
Z-koopauHaTa — 3a(dUKCAPOBAHHYIO BEJIMYMHY IOKa3arejs B 3Toil Touke. Toukm c
O/IMHAKOBBIMU 3HAYEHUSIMU TIOKA3ATE Il COEIUHSIIOT TAK HA3bIBAEMbIE M30JINHUN — JIU-
HUW OJJMHAKOBBIX YPOBHEN 3HAYCHUIT NCCIIeAyeMO BeJININHBI.

st moctpoenns nzoaunamit B Scilab cymecrByer dyukims contour. Obparienne
K Hell UMeeT BUJI:

contour(x,y,z,nz [theta, alpha,leg,flag,ebox ,zlev])

3/ech X, ¥ — MaCCUBBI JIEHCTBUTEBHBIX UNCEIT;

Z — MaTpHIA JefCTBUTEIBHBIX YUCe] — 3HaYeHns (DYHKIMH, ONUCHIBAIOIIEH OBEPX-
HOCTb Z (T, Y);

nz — napaMeTp, KOTOPBIil YyCTaHABIUBAECT KOJIUYIECTBO m3ojuunit. Ecim nz — nemoe
9HCJIO, TO B JIMAIIa30HE MEXKJIy MUHUMAJIbHBIM U MaKCUMaJIbHbIM 3HAYEHUSIMU
dbyukuuu Z(x,y) 9epe3 paBHbIe MHTEPBAIbI OyLyT IPOBEJICHLI NZ U30JUHHUIA.
Ecin ke 3a71aTh nz Kak MaccwB, TO M30JUHUU OYyT HMPOBOIUTHCS U€pe3 BCe
YKa3aHHble B MacCUBE 3HA4YCHU;

theta, alpha — jeficTBUTEIbHBIE YHCJIA, KOTOPBIE OIPENENHAIOT B rpajycax cde-
putiecKne KOOP/MHATHI yruia 00o3peHns Habsrogaress. [lonpocty roBopsi, 310
YTOJI, TIOJT KOTOPBIM HAOJIIOJATE/h BUIUT OTOOPAKAEMYIO TIOBEPXHOCTH;

leg — IOMIINCH KOOPJMHATHBIX OCeil I'paduKa — CUMBOJIBI, OT/esieMble 3HaKoM Q. Ha-
npumep, ’XQYQZ’.

flag — MaccuB, COCTOSAIINI U3 TPEX IEJIOYNCIEHHBIX TapaMerpos: [mode, type,box].
31ecn

mode — yCTaHABINBAET CIIOCOO U  MECTO HAHECeHWs JIMHUH  yPOBHHA

(em. Tabu. 5.4).
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type — HO3BOJISIET yNpaBiaTh MacmTabom rpaduka (em. Tabi. [5.2), no ymos-
YaHUIO UMEET 3HAYCHUE 2;

box — ompeziesiieT HaJAYAE PAMKH ~BOKPYD OTODpakaeMoro rpaduka

(em. Taba. |5.3). ITo ymomuanuio pasen 4;

ebox — olpeJie/isieT IPaHuIbl 00JIaCTH, B KOTOPYIO OYAET BBIBOAUTHCH IIOBEPXHOCTD,
Kak BeKTOp [xmin,xmax,ymin,ymax,zmin,zmax]. DTOT mapamerp MOMKET HUC-
[I0JI30BATHCS TOJBKO TP 3HAYEHUH ITapaMerpa type=1;

zlev — MaTeMaTUIeCKOe BbIpazKeHHe, KOTOpoe 3a1aeT I1JIaH (FOpI/ISOHTaJH)HyIO IIPOEK-
IO 3aﬂaHHOI'7I HOBerHOCTI/I) JJIl TIOCTPOEHU A uzonunauii. Ilo YMOJ/JI9aHUIO COB-

maaaeT C ypaBHEHUEM, ONUCBIBAIONIUM IIJIOCKOCTB, — B 9TOM CJ/Iydae MO2KeT He
YKa3bIBaTbHCA.

Cuestyer oTMeTuTh, 4T0 (QYHKIMU contour ypaBHeHHe oBepxHocTu Z (X, y) y106-
Hee IepejlaBaTh B KadecTBe IapaMerpa Kak (DyHKIIUIO, OlpPEeIeeHHY0 I10JIb30BaTe-
JIEM.

Hamomaum, aro dyuknuu B Scilab cozgatorcst mpu momomu kKoMas bl deff:

deff(’[s1,s2,...]=newfunction(el,e2,...)

rae s1,s2,... — CIHCOK BBIXOJIHBIX MAPAMETPOB, T.€. IE€PEMEHHBIX, KOTOPBIM OyIeT
OPUCBOECH KOHEYHBIN Pe3yJIbTaT BBIYUCJICHUI;

newfunction —umMsa cozzmaBaemMoit (pyHKIMH, OHO OyIeT MUCIOTB30BATHLCA JIJIsI €€ Bbi-
30B3,;

el,e2,... — BXOogHbIE IIApAMETPHI.

Bropoii criocob cosmanust GyHKIUN - 9TO PUMeHe KOHCTPYKIIUA BUJIA:
function <lhs_arguments>=<function_name><rhs_arguments>

<Tejo_¢yHKINML>
endfunction

rae lhs_arguments — CIMCOK BBIXOAHBIX IIaPaMeETPOB;
function_name — nMs co3zaBaeMoil (OyHKIINMT;

rhs_arguments — BXO/IHble TapaMeTPHI.

Banaqa 5.14.
[TocTpouTH JIMHAM YPOBHA TIoBepxHOCTH Z = - sin(z)? - cos(y).
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Beesem mapaMeTp ¢ U ompejiesiuM MacCuB ero 3Hadenuil. [Ipu moMomum KOMaH bl
function cozmamum dynkumio my_surface ¢ BXOAHBIME JAHHBIMY L', Y U BHIXOAHBIMU —
z. B Tene GyHKIMA BRIMUCIUM 3HAYEHAS] MATEMATHIECKOTO BBIPAYKEHNUSI, 38IaI0MEr0
OBEPXHOCTD.

st mocrpoenus nzosuHuii obpaTuMest K BYHKIHKA contour (CM. JIMCTHHT

puc. [5.19).

Jluctunr 5.14. octpoenne nsoymnnit mosepxuoctu Z = x -sin(z)? - cos(y)
¢ momMomipio (byHKIMU contour

t=linspace(-%pi, %pi,30);
function z=my_surface(x,y)
z=x*sin(x) ~2xcos(y)
endfunction

contour (t,t,my_surface,10);

DTOT mpUMEp MTOKA3BIBAET, YTO BBIMOJHEHNE (DYHKIIMN contour MpuBOJUT K GOp-
MHUPOBaHUIO JITHUN OJUHAKOBBIX 3HAUYCHUI IT0Ka3aTe/Id U IPOeIMPOBAHUIO UX Ha FOPU-
30HTAJIBHYIO TIOCKOCTh. OUeBUIHO, UTO TAKOe IMPEJICTABIEHNE JTAHHBIX MaJOMHMOP-
MaTuBHO. ['opa3no HarsigHeill n3obpakeHne W30JUHUN TOBEPXHOCTH U COOCTBEHHO
TIOBEPXHOCTU B OJHOM I'PaOUIECKOM OKHE.

Bamada 5.15.
IMocrpouts noBEepXHOCTL Z = sin(x) - cos(y) M BBIBECTH U30JMHWU B OJHOM IDa-
dugecKkoM OKHe.

IIpexne Bcero, BBesieM napamerp t u cOpMUPyEM MaCCHB €0 3HAYEHUI.

Coznaum dyaknuio Surf, obparuBiuch K KomaHe deff.

C 1OMOIIBI0 KOMAH I TeCt YyCTAaHOBUM I'PAHUIIBI 00JIACTU TOCTPOEHUsI IpadrKa B
rpaduIeCcKOM OKHE JIJIsi TOTO, 9TOOBI CTAJIO0 BO3MOXKHBIM COBMECTUTH U TIOBEPXHOCT,
¥ CIIPOEIMPOBAHHBIE HA TOPU30HTAIBHYIO IJIOCKOCTb M30JIMHUN TTOBEPXHOCTH.

Hanomuum, uro npu nocrpoenun rpaduka dynkimn Buga Z(x,y) IpU IOMOIIA
dyuknun plot3d HEOOXOIMMO HCIIOJIB30BATH OlepaTop Iwmkia For, dopmuposarhb
MaTpHIly 3HadeHuN GyHKIMT 2,5 = f(z;,y;). Y1066l 136€KATH 9TOT0, BOCIONB3YEMCsI
KoMaH/10i1 feval.

Hasee ¢ nomorpio Gyrknun plot3d crpoum rpaduk moBepxuoctu Z = sin(x) -
cos(y), ycranapiauBasi yriibl 0630pa HAOIIOHATE s, HOAIICH JIJIs KOODIMHATHBIX OCEil.
Oupenensiem u maccus flag [2,1,4]: 2—uper rpaduka — cunnii, 1 — rparummsr obaa-
cTu mocTpoeHusi rpadrKa ONpeNeIsaoTcs BPYIHYO (Jajee yKa3aH mapamerp rect,
3a/IaHHBIN BBIIIE), 4 — BBIBOJIATCS BCE OCH M PaMKa BOKPYT rpaduka.

Sarem dopmupyeMm u30JUHUNA, OOPATUBINUCH, K (DYHKIUKA contour, TakKe yCcra-
HABJIUBaEM YIJIbI 0030pa HADIIOIATEsI, TIOAINCH KOOPINHATHBIX OCEH, TUCT0 (DOPMU-
pyembix nsosmanit 10 u 3Havenns maccusa flag [1,1,4]: 1 — pexxum BbIBOgA M30/H-
HUIl Ha OT/IEJILHO TOCTPOEHHBIN ILTAH, KOTOPBII 33a/[a€TCs TeM YK€ yPaBHEHHEM, 9TO
u nosepxHocTh (Z = sin(z) - cos(y)), 1 — rparumpsl obsactu nocrpoenusi rpaduru
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OLIPEJIEIISIIOTCST BPYUHYO (Jlasiee yKasaH mapaMerp rect, 3ajaHHbI Bbliie), 4 — BbI-
BOJSTCS BCE OCH U paMKa BOKPYr rpadmuka. Jucjao —5 ycraHaB/IMBaeT MOJIOXKEHUE
TOPU30HTAJIBHON IIJIOCKOCTU C M30JIMHUSIMHA — D eIUHUI HUXKe IpaduKa TOBEPXHOCTH.

C nomomipio KoMaH bl Xtitle BbIBeJEM HOAIKCH J1ist rpaduka (CM. JIUCTUHD

pic. [5.20).

Jluctunr 5.15. Tlocrpoenne mosepxuocTn Z = sin(z) - cos(y) (byHkuus
plot3d) u BeiBOJ ee u3oMHMii (byHKIMA contour) B 0HOM IrpadbuIecKoM
OKHEe KOMaHIOIt rect

t=Y%pi*(-10:10)/10;

deff (°’ [z]=Surf (x,y)’,’z=sin(x) *cos(y)’);
rect=[-%pi,%pi,-%pi,%pi,-5,1];

z=feval(t,t,Surf);
plot3d(t,t,z,35,45,°XQY0Z’, [2,1,4] ,rect);
contour(t,t,z,10,35,45,’X0YeZ’,[1,1,4] ,rect, -5);
xtitle(’plot3d and contour’);

OjHako W Takoe M300paykKeHWe MOBEPXHOCTH W ee U30JUHUI He BCerja ObIBaeT
ymnooubiM. [TompobyeM coBMecTnTh Tpaduk MOBEPXHOCTH U €€ JTUHUHU YPOBHSI.

Bamada 5.16.
CoBmecTuTh rpaduk MOBepXHOCTH Z = sin(z) - cos(y) ¢ ee M30IMHUSAMH.

Kak u B npenbiaymiem mpumepe, 3a1aJiM MacCHB 3HAYeHUU mapamerpa t, co-
31a M GyHKIMIO Surf, orpaHuduM obJIaCTh JJIsd BhIBOjA I'paduka BHYyTpH rpadu-
YECKOT0 OKHA C HOMOIIBIO KOMAaH/bI rect, a Tak»Ke BBIYUCINM 3HAYeHUs (PYHKIIHA
Z = sin(z) - cos(y), BeIIONHEB KoMaH1y feval.

IIpu mocTpoennn MOBEPXHOCTH OCTABUM BCE IIapaMeTPhl 0€3 M3MEHEHHUil, KpoMe
yriioB 0630pa Habmonarens (ycranoBuMm 75 u 45) a Takxke IBera 3ajuBKE Ipaduka
(ycraHoBUM 3HaUYeHUe napamerpa mode B MaccuBe flag paBHBIM —19 — KOpUYHEBbIH
IBer).

[Ipu obpamennn K GyHKIMN contour i COBMENIEHUS TOBEPXHOCTU U €€ M30JIU-
HUIl yJaJuM 3HadeHre IapaMeTpa location —5 W ycTaHOBHM i pexkmMa mode B
MaccuBe flag 3uadenne () — U30JIMHUM HAHOCATCS HEIIOCPEICTBEHHO HA IIOBEPXHOCTH
Z = sin(z) - cos(y).

C nomompio KoMaH bl xtitle Tak»Ke BBIBOJMM IOIIUCH st Tpaduka (CM. Jiu-

CTUHT puc. .

Jluctuur 5.16. Ilpumep cpBmerienns: rpadurka TOBEpXHOCTH C €€ U30JIU-
HUSIMEI

t=%pi*(-10:10)/10; deff (’ [z]=Surf (x,y)’,’z=sin(x)*cos(y)’);
rect= [-%pi,%Pi 5 '%Pi ,%Pi »-1, 1] 5
z=feval(t,t,Surf);
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plot3d(t,t,z,35,45,’XQ@Y0Z’,[-19,1,4] ,rect);
contour(t,t,z+0.1,10,35,45,°X@YeZ’,[0,1,4] ,rect); ...
xtitle(’plot3d and contour’);

5.6 ®yHkuus contourf

B Scilab cymecrByer dyHKkIust contourf, KoTopas He IPOCTO N300PaAKAET TOBEPX-
HOCTb HA TOPU30HTAJIHHON IJIOCKOCTH B BHJE MU30JUHUN, HO U 3aJUBAET WHTEPBAJIBI
MeKJIy HUMU [[BETOM, B 3aBUCHMOCTH OT KOHKPETHOTO YPOBHSI 3HAUEHUI IOKA3aTEJIs.

Obparenne K GyHKIUT UMEET BUJT:

contourf (x,y,z,nz,[style,strf,leg,rect,nax])

31ech X, y — MACCHUBBI JEHCTBUTETLHBIX UUCET;

Z — MaTpHIa JefCTBUTENBHBIX YUCES] — 3HAYCHUs] (DYHKIUH, ONUCHIBAIOIIEH MOBEpX-
HocTb Z (2, y);

nz — napaMeTrp, KOTODbBIil yCTaHAB/IMBAET KoJudecTBO nulosmuauit. Ecin nz — mesoe
YHCJI0, TO B JIMAIIA30HE MEXK/y MUHUMAJBbHBIM U MAaKCUMAJIbHBIM 3HAYEHUSIMU
dyukuun Z(x,y) depe3 paBHbIe MHTEPBAJIbI OyILyT IMPOBEICHLI NZ U30JUHHUIA.
Ecnm ke 3amaTh nz kak MaccuB, TO M30JUHANA OYIYT MPOBOIUTHCHA Yepe3 BCE
YKa3aHHbIE B 9TOM MacCCHUBE 3HAYCHUS;

style —MaccuB TOro »Ke pasMepa, 4TO U Nz — yCTaHABJIUBAET IBET JJIs KarKJO0ro
UHTEepBaJia YPOBHEH 3HAYCHUN;

strf — cTpoKa, cocTosimas U3 Tpex unces — «csa». 3xeck ¢ (Captions) ycranasim-
BaeT PeXuM oTobpazkeHus: mogmuceil rpaduka (cM. tabir. [5.5); s (Scaling) —
pexkuM Maciirabuposanust (M. Tabur. [5.6]); a (Axes) — onpezesnsger mooxenue

oceil rpaduka (cm. TabJI. .

leg — sterenya rpaduka, MOJIUCH KayKJIONH U3 KPUBBIX — CUMBOJIBI, OTJEJIsIEMbIe 3HA~
koM Q. ITo ymomrganmio — « ».

rect —BekTOp [xmin, ymin, xmax, ymax], KOTOpBIIl OIpejeJisieT IPAHUIIBI U3Me-
HEHUsI T U y KOOPAWHAT rpadpmIecKoil 00JIaCTH OKHA;

Tabmnuna 5.5. 3uavenue napamerpa ¢ (Captions) crpoku strf

3HaueHue Onucanue
0 HeT IOMIINCEei
1 0TOOPAaXKAIOTCs IOJIIINCH, 3aJ[aHHbIE IaPAMETPOB leg
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Tabmuna 5.6. 3nauenue napamerpa s (Scaling) crpoku strf

3HaueHune Onucanue

0 MAacCIITabUPOBAHNE IO YMOJTIAHUIO

1 YCTaHABJAUBACTCH ITIapaMeTpOM rect

2 MacmTabd 3aBUCUT OT MUHUMAJIBHOTO U MaKCHMAJIBHOIO 3HAYEHUST
BXOJIHBIX JIAHHBIX

3 BBIBOJIATCS U30METPUYIECKUE OCU, UCXO/d U3 3HAUEHUN IapaMeTpa
rect

4 BBIBOJAATCA U30METPUYECKHE OCHU, UCXOAd U3 BXOAHBIX JAHHBIX

5 pacummpenue oceil Jjid HaWIydlIero BUJA, UCXOJd U3 3HAYCHUN
napaMerpa rect

6 pacuupenue oceil 11 HauIy dIrero Bu1a, UCX04d U3 BXOAHBIX JaH-
HbBIX

Tabsuna 5.7. 3uavenue napamerpa a (Axes) crpoku strf

3HaueHue Onucanue

0 HET oceit

BBIBOJISITCSI OCH, OCh Y CJIEBA,

BBIBOJIUTCS paMKa BOKPYT Ipaduka 6e3 jaeaeHuit

BBIBOJSATCS OCH, OCh Y CIIPaBa

OCH TIEHTPUPYIOTCSI B TpapudecKoil 0061aCTu OKHA

OCH BBIBOJIATCS TaKUM 00pa30M, YTOOBI OHU IIEPECEKAINCH B TOYKE

(0;0).

QU = W N =

nax — 9TO MACCHUB U3 deTbIpex 3Hadenuil [nx, Nx, ny, Nyl, oupenessromuil ducio
OCHOBHBIX U IPOMEXKYTOYHBIX JIeJIeHUI KOODAUHATHBIX ocell rpaduka. 3xech Nx
(Ny) — uncio ocHOBHBIX JiejieHuit ¢ nognucsmu nof ockio X (Y); nx (ny) —
“IHCJIO IPOMEZKYTOUIHBIX JIeJIeHNUI.

Bamaqa 5.17.
ITocrpouts n306parkenue nopepxHocTu Z = sin(x) - cos(y) ¢ noMoIpo byHKIUI
contourf.

Bremem mapamerp t u co3ma M MACCUB €0 3HAYEHUM, OMPENE/INM IIPU TOMOIIN
romauabl deff yuxmmio surf.

st marssiaocTH puBeieM rpaduk mosepxHocT Z = sin(x) - cos(y), mocTpoeH-
HbIil dyHKnmeir plot3dl, u ee m300parkeHNe Ha NOPU3OHTAJIBHON IIOCKOCTH, chOp-
MupoBaHHOe (yHKIMel contourf, B ogHOoM rpadudeckom okHe. C 3T0il 1e/bi0 00-
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paTuMcs K KoMaHe subplot, KOTOpoil pa3obbeM rpadudeckoe OKHO Ha JiBe 0bacTu
JIJIS BBIBOJIA I'PaUKOB.

Ucnonnsys feval, Borauciaum 3uadenus dbyskmuun Z = sin(z) - cos(y) u mocTpoum
ee rpaduk npu nomomu plot3dl, ykazas yriel 0603penns nabsomarens — 80 u 15,
a Tak»Ke, BbI3BAB KOMaHIy xtitle, BbIBeeM MOANUCh rpaduka — «plot3dl».

Teneps chopMuUpyeM MTPOEKIMIO TOBEPXHOCTH HA TOPU30HTAJIBHYIO [LIOCKOCTD TI0-
cpeacTtBoM ¢yHKuu contourf. B kauecTBe mapamerpos mepenaem eit X, Y u Z-
KOOpAuHATHI, ncao uzonunuii (10), 10 : 20 — maccus, onpeeisonuil BT KaxKI0ro
UHTEpBaJa MeXKJly U30JUHUIMY, a TAKXKe 3HadeHus cTpoku strf="121" (1 — pexum
0TOOpaKeHus MOJNCel; 2 — BHIOOP MacIiTada 3aBUCAT OT MUHUMAJBHOTO U MAKCH-
MaJIbHOT'O 3HAYEHUsI BXO/IHBIX JIAHHBIX; 1 — pexkuM 0ToOparKeHusi KOOPAUHATHBIX OCeil,
0ch Y HAXOIUTCS CIIEBA).

Ob6paruTe BHUMAaHUE, B 9TOU 3ajade MbI BIIEPBbIE CO3MAJIHU IIKAIy IBeTa. e mc-
oJIb30BaHme 9acTo obsierdaer yrenue rpaduka. s ee BeiBoga B Scilab cymectsyer
KoMaHJa colorbar (n, m), 3/eCh N — MUHMMAJbHOE 3HAYEHUE JMAIIA30HA,M — MaK-
CUMAJIbHOE 3HAYEHMUE.

Brisesiem u 151 3T0r0 rpaduka moanucu oceit u rpaduka B 1ejoM — «contourfy —

IIPU [OMOIIM KOMaH bl xtitle (CM. JIMCTHHT puc. [5.22)).

Jlucrunr 5.17. Ilocrpoenne mosepxuocTn Z = sin(z) - cos(y) (dbyHkuus
plot3d) u ee uzobpazkeHusl Ha MOPUBOHTAJILHOI OBepXHOCTH (DYHKIIUS
contourf) B 0HOM IrpadUIeCKOM OKHE

t=-%pi:0.2:%pi;

deff (°’ [z]=Surf (x,y)’,’z=sin(x)*cos(y)’);
subplot (121);

z=feval (t,t,Surf);

plot3di(t,t,z,80,15);

xtitle(’plot3dl’);

subplot (122) ;

contourf (t,t,z,10,10:20,strf="121");
colorbar(-%pi,%pi);
xtitle(’contourf’,’X’,’Y?);

5.7 ®yHkumua hist3d

st mocTpoeHusi TpexMepHBIX ructorpamMm B Scilab wmcmosb3yercss byHKIMsS
hist3d:

hist3d(f, [theta,alpha,leg,flag,ebox])
Baecs £ — marpuna (m : n), 3agaomas rucrorpammy f (i, 5) = F(z(2), y(j))-

ITapamerpsr theta, alpha,leg,flag,ebox ynpaBJsgoT TEMHU Ke CBOMCTBaAMU, YTO
u 'y dynknun plot3d.



5.8. Mpumepbl NOCTPOEHUsI HEKOTOPLIX TPexMepHbIx rpacukos B Scilab 133

Bagada 5.18.
[TocTpouTh TPEXMEPHYIO THCTOIPAMMY.

st bopMupoBaHust MATPUIBI BXOJIHBIX JAHHBIX BOCIIOJIb3yeMCs KOMaH, 101 rand.
Hamomamm, aTobbr co3mars marpuily pasmepoMm (m,n), HeOOXOAMMO HCIIOJIB30BATh
koHCTpyKuuio rand (m,n) (cm. swmcrunr [5.18)).

Jluctunr 5.18. IlocTpoeHme TpexMeEpHON TI'HMCTOIDAMMBI IIPU  IIOMOIIH
dyukiun hist3d

hist3d(9.7*rand(10,10),20,35);

[Tonyyennasi rucrorpamMmma m306parkeHa Ha puc. [5.8

Puc. 5.8. TpexmepHasi rucrorpamma, mocrpoenHast pyskimeit hist3d

5.8 Tlpumepbl NOCTPOEHUS HEKOTOPbIX TPEXMepHbIX rpacnkos B

Scilab

B srom maparpade Mbl pacCMOTPUM TIPUEMBI TIOCTPOEHUST HEKOTOPBIX HECTAHIAPT-
HBIX TpeXMepHBIX rpadukoB cpejacrBamu Scilab.
[Ipex e Bcero, HaydInMcst BbIpe3aTh U3 IPadUKOB «HEHYKHBIE» YACTH.

Sanaga 5.19.
IMTocrpouts noepxuocts Z = sin(t) - cos(t), Bopesars u3 rpaduka obsactu, rjie
|Z] > 0.5.
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Cdopmupyem MaccuB 3HaUeHUH TapamMeTpa t, BBIYUCIUM 3HAYEHUST (DYHKIUN £ =
sin(t) - cos(t) u 3anuimem ux B Maccus Z.

B maccuB Z; nipm momorn KoMmauas! find 3amuineM WHIEKCHI TeX 9JIEMEHTOB Mac-
cuBa 7, ube MojajbHOe 3HadeHne Oobire 0,5.

IaJtee MbI 6yj1eM nCII0/Ib30BaTh (byHKIHIO %binf. OHa npeaHasHavYeHa, JIJIs Olpe ie-
JieHUsT OECKOHEYHBIX 9JIEMEHTOB MaCCHBa, IT03TOMY 3aluch z(z1)=%inf*z1 npusejer
K TOMY, 9TO %inf*z1 oObSBUT Te 3JeMEHThI MACCUBA Z, YbU UHJIEKCHI COIEPIKATCS B
MaccuBe 71, 0ECKOHEIHBIM BEJININHAMH.

IIpu dpopmupoBanun MPIMOYTOJHHON CETKM I TMOCTPOEHUSI Tpaduka B y3Iax
CETKHU, CMEXKHBIX C OECKOHEYHBIMU JIEMEHTaMU MACCHUBa 7, BCe 3HAYEHUS, pa3yMe-
ercs, OyJIyT paBHBI OeCKOHEYHOCTH, U QyHKIMS plot3dl 3ajJbeT COOTBETCTBYIOIIVE
stuefiku OesbIM I[BeTOM. TakuM 0Opa30oM, HaM YIACTCs CO3JaTh 3(M@MEKT BbIpe3aHUst
IeIbIx obsiacreii mosepxHocTH Z = sin(t) - cos(t) (cM. JHCTHHD puc. [5.23).

JIuctuar 5.19. Ilpumep «BbIpe3aHust» U3 MOBEPXHOCTHU 3aJaHHOM obJracTn

t=linspace(-%pi, %pi,40);
z=sin(t) >*cos(t);
z1=find (abs(z)>0.5);
z(z1)=%inf*z1;
plot3di(t,t,z);

ObpartuTe BHUMaHWE, YTO HA OCh Z ABTOMATHYECKH OYIyT HAHECEHBI MOJIIHCH
OTMETOK, BBIIE U HUXKE KOTOPBIX 3HAYEHUs SJIEMEHTOB MacCUBa Z ObLIN 00bsIBJIEHBI
6eckoneunbivMu — 0.5 1 —0.5.

Teneps mocraBuM mepe; coOOR APYryIO 3a/1a9y: IOCTPOUTH T€OMETPUIECKOE TEJIO,
[10JI0€ BHYTPU.

Samada 5.20.
ITocTpoenwue mosioit cdepsi.

IIpexne Bcero, mpu momomu Komanasl deff cosmagum yHKIMIO sph, KOTOpasd
3amaer cdepy TpeMms mapamerpudeckumu ypapaenusmu X, Y, Z. Obparure BHUMA-
HEeE, 9TO QYHKIWMs Sph 3alncaHa epBbIMI TPeMsl CTPOKaMK — Jils yao6cTBa (CM. JIu-

cruur |5.20):

deff (’ [x,y,z]=sph(alp,tet)’, [’x=r*cos(alp) .*cos(tet)+...
orig(1)*ones(tet)’;

’y=r*cos(alp) . *sin(tet)+orig(2) *ones(tet) ;
’z=r*sin(alp)+orig(3)*ones(tet)’]);

Hastee 3aaeM 3HAYEHNS [TapaMeTPa I, BEKTOPA-CTPOKH Orig, MacCHBOB X U ¥.
YKe U3BECTHBIM HAM CIIOCOOOM, TIpH TOMOIHN (BYHKINU %4inf, oO6bsBiaseM 6ecKo-
HEYHBIMU BeJIMYHHAME 3JIeMeHThl MaccuBa & ¢ uHjaekcamu (5 : 8) u (30 : 35).
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Takum 06pa3oM MBI JJOOBEMCSI TOIO, 9TO B IpapUUIEcKOe OKHO OyIeT BbIBEIIEHA
cdepa, uMeromas ABe «ILUIANKU», CBEPXY U CHU3Y (CM. DHUC. . Ilox wumm 351e-
MEHTBI, 00bsIBJIEHHBIE DECKOHEIHBIMU, 00PA3yIOT IBA <OKOIIKA», Yepe3 KOTOPHIE MbI
CMOKEM YBUETH IOJIOCTb BHYTPH CQEPHI.

Camy ke cdepy HOCTPOUM IIpU MIOMOIIY KOMaH/ bl eval3dp u dyukiuu plot3di,
JIsl JIydInero ob63opa Bcex Jierasieil rpaduka yKarXKeM yIVIbl II0BOPOTa HABJIIONATE s

35 m 15.

JIuctuar 5.20. [Toctpoenne cdephl ¢ MOMTOCTHIO BHYTPU U «CPE3AHHBIMU>
[IOJIFOCaMU

deff (’ [x,y,z]=sph(alp,tet)’, [’x=r*cos(alp) .*xcos(tet)+orig(1l)*. ..
ones(tet)’;
>y=r*cos(alp) . *sin(tet)+orig(2)*ones(tet)’;
’z=r*sin(alp)+orig(3)*ones(tet)’]);
r=1;orig=[0 0 0];
x=linspace(-%pi/2,%pi/2,40);
y=linspace(0,%pi*2,20);
x(5:8)=Y%inf*ones(5:8);
x(30:35)=Yinf*ones(30:35) ;
[x1,y1,z1]=eval3dp(sph,x,y);
plot3di(x1,y1,z1,35,15);

Panee MbI y2Ke M03HAKOMHIINCH ¢ BO3MOXKHOCTsAMU dyHKIN plot3d2. Teneps pac-
CMOTPUM €ITle HECKOJBKO ITPUMEPOB €€ TTPUMEHEHUSI.

Bamaqga 5.21.
ITocTpoenne pakymikoobpasHoro rpaduka.

Taxkoit rpaduK MOXKHO 3387aTh CJIEIYIONIEH CUCTEeMO ypaBHEHHI:

o= cos(u) w14 cos )
y =5 -sin(v);
(v)

2 = (sin(u) - u) - (1 + cos 2) .

BamamM MacCUBBI 3HAYEHMI IMApaMeTpoB U, v. BbraucanMm 3HadeHuss QyHKIWI
z, y, z (em. smcrunr [5.21). O6parupumcs K dyukuun plot3d2, nosydum rpadux,
npecTaBieHHbll Ha puc. [5.25]

Jluctuur 5.21. IlocTpoenne paxykoobpasHoro rpaduka

u = linspace(0,2%}%pi,40);
linspace(0,2%%pi,20);

<
1]
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x= (cos(u) .*u)’*(1+cos(v)/2);
y= (u/2)’*sin(v) ;

z= (sin(u).*u)’*(1+cos(v)/2);
plot3d2(x,y,z);

Samada 5.22.
IToctpoenne nentsr Mebuyca npu momormu (yukinun plot3d2.

Jlernra Mebuyca — mpocreiiiiasi OJJHOCTOPOHHSIsI TOBEPXHOCTh ¢ Kpaewm. llomacTsb
W3 OJIHOW TOYKHU ITOI MOBEPXHOCTH B JIIOOYIO IPYTYI0O MOXKHO, HE IIepeceKasi Kpasi.

B obmem mapamerpuueckom Bue jienTa Mebuyca MOXKeT ObITh IPeICTABIECH CH-
CTEMOH ypaBHEHUIl:

x(u,v) = (1 + % - COoS (%)) - cos(u) ,
y(u,v) = <1 + 2. cos (E)) -sin(u),
2 2
(u,v) = 2 sin (E)
z(u, 5 5)
Baech u npunamnexxkur uarepsaiay [0;27], a v — [—1;1]. DT dbopmynbl 3ana0T

neaTy Mebuyca mupuHbl 1, Yeil TeHTpaIbHBII KPYyT IMEeT pajanyc 1, JeKUT B ILJI0C-
koctu zy ¢ nearpom B (0,0,0). napamerp u npoberaer BIOJb JIEHTHI, B TO BpeMs Kak
v 3aJ1aeT PACCTOsTHUE OT Kpas.

Ha siuctunre 5.22 npejijiozkeH OJuH U3 CIIOCOOOB IMOCTPOEHUsi JieHThl Mebuyca, a
ee rpaduK IpeacTaBIeH Ha puc. 5.25.

Jluctuur 5.22. Iloctpoenue JienThl Mebuyca mpu momomu QyHKIUH
plot3d2

t=linspace(-1,1,20)7;
x=linspace (0, %pi,40);
factor=2+t*cos(x);
X=factorxdiag(cos(2*x)) ;
Y=factorxdiag(sin(2*x));
Z=t*sin(x) ;
plot3d2(X,Y,Z);

Banada 5.23.
ITocTpoenune Topa ¢ y3Koit 1 MIMPOKOI CTOPOHOIT IIpu nomoru GyHKImu plot3d2.

Top — moBepxHOCTL BpalneHus B ¢opMe OyOanKa, MojydaeMasl BpaIleHHEM
OKPY2KHOCTU BOKPYT OCH, JIEXKAIEH B IJIOCKOCTH OKPY?KHOCTH U He IEPECEeKAOIIei
ee. YpaBHEHUE TOpa MOXKET OBbITh 3aJ[aHO IIapAMETPUIECKU B BUJIE:
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z(u,v) = (R4 r - cos(u) - cos(v)),
y(u,v) = (R4 r - cos(u) - sin(v)),
z(u,v) = r-sin(u) ,

3xech u, v npuHaexar narepsany [0;27], a TakKe R — paccrosiHEe OT IEHTpa
OKPY2KHOCTH JI0 OCH BPAIIEHUS, I' — PAINYC OKPYKHOCTH.

Ha nucrunre 5.23 npuseien crrocod mOCTPOEHUS TOPA € Y3KOM U ITUPOKOi CTOPO-
Hoil nmonobno senre Mebuyca, rpaduk Topa nzdpaken na puc. 5.26.

JIuctunr 5.23. IlocTpoenne Topa ¢ y3KOR U IIMPOKOII CTOPOHOI IpH IIO-
Mot dyHkIuu plot3d2

x=linspace(0,2*%pi,40);
y=linspace(0,2*%pi,20)’;
fact=1.5+cos(y)*(cos(x)/2+0.6);
X=factx*diag(cos(x));
Y=fact*diag(sin(x));
Z=sin(y)*(cos(x)/2+0.6);
plot3d2(X,Y,Z,);

Puc. 5.9. Top ¢ y3Ko0it u mMuUPOKOil CTOPOHOIT
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Samada 5.24.
ITocTpoenne medpopmupoBaHHOTO TOpa Ipy oMo GyHKIuH plot3d2.

Jluctunur 5.24 neMoOHCTpPUPYET OJMH U3 BO3MOXKHBIX CIOCODOB ITOCTPOEHUsT BOTHY-
TOro Topa upu nomommu gyHkimu plot3d2, rpaduk Topa mnpejcraBieH Ha puc. 5.27.

JIuctuur 5.24. Ilocrpoenune nedopMupoBaHus TOPA IPHU TOMOITH DY HKITIH
plot3d2

x=linspace(0,2%%pi,40);
y=linspace(0,2x%pi,20)’;
factor=1.5+cos(y);

X=factor*cos(x);

Y=factor*sin(x) ;

Z=sin(y)*ones(x)+ ones(y)*cos(2*x);
plot3d2(X,Y,Z);

Puc. 5.10. dedopmupoBannsiiti TOp
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plot3d plotadi
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Puc. 5.12. I'pacdux dyukmun Z = 5y — 22
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Puc. 5.13. I'paduk dbyHKIMMI, TOCTPOEHHBII IPK TOMOIIN KOMAaHIbI eval3dp
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Puc. 5.14. I'pacdux dbynkmuu Z = 5y? — 22, mocrpoennwiit Komanioii surf
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Puc. 5.15. Tpadux bynxumn Z = 532 — 2 upn orkmodennom pexkume Cube scaling
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Puc. 5.16. I'pabux byukimuu 2(z,y) = +(32? + 4y?) — 1
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Puc. 5.18. I'paduku napamerpuieckux KpUBBIX, IOCTPOEHHBbIE (DyHKIMENH param3dl
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Puc. 5.20. I'padpuk nosepxuoctn Z = sin(x) - cos(y) U e N30/IMHAN B OAHOM OKHE
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plot3d and contour
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Puc. 5.22. Tpaduk byukuuu Z = sin(x) - cos(y), nocrpoennsiit dbynknueit plot3dl u
contourf.
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Puc. 5.23. Ilpumep «BbIpe3anus» obJacTeil U3 TPEXMEPHOro IpaduKa

Puc. 5.24. I'padux mosoit chepsr



lnaga 5. lMNocTpoeHue TpexmepHbix rpacukos B Scilab

146

z

/A
+m e § T ¢

-3

Puc. 5.25. Pakymkoobpasubriii rpacduk, nocrpoernsiit dbyHknueir plot3d2
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Puc. 5.26. Jlenta Mebuyca



[nasa 6

Henwnxelinble YPaBHEHNA N CNCTEMbI B

SCILAB

Ecin mHenuueiiHoe ypaBHEHME TOCTATOYHO CJIOKHOE, TO OTBICKAHUE ero KOPHel —
MpOTIeCC HEeTPUBHMAJBHBIN. PaccMoTpuM, KakuMmu cpefctBamu obsagaer Scilab s
pelienud 3Toi 3aJa4u.

6.1 Anrebpanyeckue ypaBHeHuUsA

JIro6oe ypasuerne P(x) = 0, tiae P(x) —3T0 MHOrOUJIeH, OTIIMIHBIHA OT HYJIEBOTO,
HA3bIBACTCS AA2E0PAUMECKUM YPABHEHUEM I NoAuHoMOoM. Beskoe ajrebpamaeckoe
YPpaBHEHNE OTHOCUTEIHLHO T MOYKHO 3aIlUCATDh B BUJE AL +a1 e +ap_1T+a, =
0, e ag # 0,n > 1 1 a; — Ko3hDUIUEHTHI ATeOPANIECKOT0 Y PABHEHUsI —i CTEIeHN.
Hanpuwmep, juHeiliHoe ypaBHEHHE 5TO ajrebpandeckoe ypaBHEHHE IEePBOW CTENeHH,
KBaIpaTHOE — BTOPOil, Kybudaeckoe — TpeTheil u Tak jaJee.

Pemenue asrebpandeckoro ypapaenus B Scilab cocrout uz jByx stamnos. Heobxo-
JuMO 3a7aTh nojuHoM P(z) ¢ nomompio dyukimu poly, a 3aTeM HaliTu ero KOpHH,
npuMeHUB (PYHKITUIO TOOtS.

Uraxk, onpedeaenue noaurnomos B Scilab ocymectsisier byHKIHS

pOly(a, llX ["fl"]),

IIe a— 9TO YUCI0 WM MATPHUIA THUCEeNI, X — CUMBOJIbHAs mepeMenHasi, £1 — meobsi3a-
TeJIbHas CUMBOJIbHAS IIepeMeHHast, OlPeIeIsionas crocod 3aganns moauaoma. Cum-
BOJIbHagA IlepeMeHHad fl MOxKeT IPMHUMAThL TOJBKO /JIBa 3HAYEHUdA — «rootsy» uan
«coeff» (COOTBeTCTBeHHO «Tr» WA <<c>>). Ecmu £1=c, To 6ymer cchopMupoBaH mMosn-
HOM ¢ KO3 PUImeHTaMu, XpaHAIINMUCA B napaMerpe a. Ecin ke fl=r, To 3HaYCHMST



148 lnaBa 6. Henuneiinble ypaBHernus un cuctemsl 8 SCILAB

mapaMeTrpa a BOCHPUHUMAIOTCS (DYHKIMEH KaK KOPHHU, JIJIsi KOTOPBIX HEOOXOIMMO pac-
cunTaTh KOo3(p UIMEHTH COOTBETCTBYoMEero nojmuaoma. [lo ymorganuto fl=r.

Cremyromuit mpuMep OTparkaeT CO3JaHNe TIOJUHOMA P, UMEIOIIEro B KAYeCTBE KOP-
He TPOIKY, n nosmaoma f ¢ koaddunmenTom 3.

JIuctunr 6.1. [lonrmaombl IepBoOit cTemenu

-->p=poly(3,’x’,’r’);
——>f=poly(3,’x’,’c’);
__>p
p =

-3 +x

Jlajtee IpUBEIEHBI IPUMEPBI CO3/IaHUs 00JIee CTIOKHBIX ITOJIMHOMOB.
JIuctunr 6.2. Vcnosnb3oBanne dyHKIME poly

-->//NonuuaoM ¢ kopeamu 1, 0 m 2
-->poly([1 0 2],°x’)
ans =
2 3
2x - 3x + X
-->//NomnusaoM ¢ rosbdpunmenTamu 1, 0 m 2
-->poly([1 0 2],’x?,%c?)
ans =
2
1+ 2%

Paccmorpum npumMepst cumgoabhbir onepayuti ¢ TOJTAHOMAMUA:
JIuctunr 6.3. [Ipumepbl CUMBOJILHBIX ONEPAITUil C MIOJTMHOMAaMU

-->pl=poly([-1 2],’x’,’c?)
pl =
-1+ 2x
-->p2=poly([3 -7 2],’x’,’c?)
p2 =
2
3 - T7x + 2x
-->pl+p2 //Cnoxenue
ans =
2
2 - bx + 2x
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-->pl-p2 //BuuuTanue

ans =
2
4 + 9x - 2x
-->pl*p2 //YMHOXeHUe
ans =

2 3
- 3+ 13x - 16x + 4x
-->p1/p2 //Denenue
ans =

-3 +x
-->p1~2 //Bo3BemeHue B CTENEHb
ans =
2
1 - 4x + 4x
-->p2~(-1) //Bo3BefeHne B OTPUIATENbHYH CTEIEHb

OyuKIms
roots(p)

peHA3HAYEHA [T PeUeHUA aA2e0pauvecko2o ypashenus. 3Jech p — 9TO MMOJIMHOM,
cO3/IaHHBI (QYHKIMEH poly M IpeJCTaBISIOMNi coOOil JIEBYI0 4YacTh YypaBHEHUS
P(z) =0.

Pemntum HeckoJIbKO anrebpandeckux ypaBHEHUA.

Bamada 6.1.
Haiitu xopuu mosmuoma 2zt — 823 + 822 — 1 = 0.

s pernienust 9Toi 33,1891 HEOOXOMMO 3aaTh ToJauHOM p. CresiaeM 9To mpu 1mo-
Moru GyHKIUA poly, MpeBapuTebHO OnpeieanB BeKTop Kodddunuentos V. O6-
paTuTe BHUMaHKE, YTO B YPABHEHUH OTCYTCTBYET I€pEMEHHasi T B IEPBOI CTEIEHH,
9TO O3HAYAET, YTO COOTBETCTBYIONHI KO3 DUIIMEHT paBeH HYJIO:
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JIuctunr 6.4. ®opMupoBaHUe MOJIUHOMA,

-->V=[-1 0 8 -8 2];
—->p=poly(V,’x’,’c’)
p =
2 3 4
1+ 8x - 8x + 2x

Teneps HalileM KOPHU OJAHOMA!
Jluctunr 6.5. Vcnosib3oBanue pyHKIMKM roots

-->X=roots(p)

>
]

.4588039 !
.3065630 !
.5411961 !
.306563 !

|
N = O O

1

I'paduaeckoe permenne 3agaxmn
YTO KOPHU HalJIeHbl BEPHO.

, IOKa3aHHOe Ha PHC. [I03BOJISIET YOEIUTHCH,

Puc. 6.1. I'paduueckoe pemenne 3amaqn [6.1]

Sagada 6.2.
Haiitu xopuu noymuoma x° + 0.422 + 0.6z — 1 = 0.

Perterne sToit 3a/1a9m aHAJIOTUYHO PEIEHUIO TTPEIBIYIIEH, PA3HUIA 3aKIII0IAeTCS
B cIt0co0e BBI30BA HEOOXOIUMBIX JIJIsT 9TOr0 (DYHKITHN:

ITpaduueckum penrenuem ypasuenus f(x) = 0 sBsieTcs TOUKa nepecedenus JuHuH f(x) ¢ 0CBHIO
abcrucc.
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JIuctunr 6.6. Pemrenune 3agaqu 6.2

-->roots(poly([-1 0.6 0.4 1],’x’,’c’))
ans =

! 0.7153636 !

! - 0.5576818 + 1.0425361i !

! - 0.5576818 - 1.0425361i !

Herpy/so 3aMernTh, 9TO HOJIMHOM MMeeT OJIMH JIeicTBUTe b LI (puc. [6.2) n asa
KOMILJIEKCHBIX KODHSI.

Puc. 6.2. I'pacduyeckoe pertenne 3a1a4u 6.2

Banada 6.3.
Haiitu pemenue ypasuenus y(z) = 0, ecin y(z) = 2% — 1822 + 6.

Pernenne s1oit 33124 nIpecTaBIeHo B JucTHHTE [6.7] 1 OTINYACTCS OT IPEbLILy-
X JIUIIb CIIOCOOOM OTpejiesieHns moJuHoMAa. ['padudeckoe pelreHue mpeacTaBIeHo

Ha puc. 6.9}
JIucrunr 6.7. Pemenne 3ana4n 6.3

-->x=poly(0,’x’);
-->y=x"4-18%x"2+.6;
-->roots(y)
ans =

! 0.1827438
! - 0.1827438
! - 4.2387032
! 4.2387032
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04

o0

Puc. 6.3. I'paduueckoe pemenye 3a1a4u

6.2 TpaHcueHaeHTHble ypaBHEeHUsI

Ypasuenue f(x) =0, B KOTOPOM HEU3BECTHOE BXOJUT B apIyMEHT TPAHCIECHIEHT-
HBbIX (DYHKIM, HA3BIBAETCS MPAHCUEHOEHMHBLM YpasHeruem. K TpaHCIeHIeHTHBIM
YPABHEHUSIM [IPHHAJJIEXKAT OKa3aTeIbHbIe, JorapudMIIecKiHe U TPUTOHOMETpUUIe-
ckue. B obieM ciaydae aHasmTHUecKoe pernenne ypasHeHusi f(x) = 0 MOXKHO HaiiTn
TOJILKO JIJTs Y3KOro KJiacca (pyHKumit. Hare Bcero mpuxoIuTes: PeniaTh 3T0 ypaBHEHUe
YUCACHHBMU MEMOOGMU.

YucsieHHOE pellieHre HeJIMHEHHOT0 YpaBHEHUsI TPOBOJISAT B JBa dTara. B Hadase
OTHEIISIIOT KOPHU YPABHEHUA, T.€. HAXOIAT JOCTATOYHO TECHBbIE IIPOMEXKYTKHU, B KOTO-
PBIX COJIEPXKUTCS TOJIBKO OJIMH KOPEHb. DTHU IHPOMEKYTKN HA3BIBAIOT UHMEPEAAAMU
UBOAAUUU KOPHA, OUPEIEIUTh UX MOYXKHO, n300pasus rpaduk dyakuuu f(x) uium Jro-
661M IpyTEM MeTomoM!. Ha BTOpoM aTale IpOBOAAT yTOUHEHHe OTAeJeHHBIX KOpHel,
WJIU, WHAYEe TOBOPsi, HAXO/ST KOPHU C 3aJ@aHHON TOYHOCTHIO.

st perneHust TPAHCIIEHIEHTHBIX ypaBHeHnii B Scilab mpumensior dyHKImMIO

fsolve(x0,f)
rie x0 — HavaabHOe npubmkenue, £ — pyHKIUs, onrchIBaIONast JIEBYIO 9aCTh yPaB-

Henus y(x) = 0.
Paccvorpum mpumMenenue 3Toit GYHKINNA Ha IPUMEpPaX.

Banada 6.4.

Haiitu pemenne ypasuerns </ (z — 1)2 — Va2 = 0.

IMeto/pl OmpeeneHns HHTEPBAJIA U30JISAIMH KOPHs OCHOBAHBI HA CJIEYIOIIEM CBONCTBE: eC/Iu
HenpepbiBHag dyuknun f(z) Ha uaTepBaJe [a,b] momensa 3uak, T.e. f(a) - f(b) < 0, To ona umeer
HA 9TOM HHTEPBAJIE XOTs OBl OAWH KODEHb.
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OmnpejieluM MHTEpPBAJ U30JIAIMA KOPHsS 3aJaHHOIO ypaBHeHHUs. Bocmosbayemcs
rpaduIecKIM METOIOM OT/IeJIeHns KOpHeiil. Ecim Bhipazkenne, crosiee B IpaBoil ya-
CTH ypaBHEHUs, [IPEJCTABUTL B Buje pasunoctu aByx dyskuuii f(x) — g(z) = 0, To
abcrucca To9YKU nepecedenus guauil f(x) u g(x) — KopeHb JaHHOrO ypaBHeHus. B Ha-
wem cayaae f(z) = {/(z —1)2, g(x) = V/22. Ha puc. BI/I,Z[HO, YTO KOPEHDb JTAHHOTO
ypaBHeHus JiekuT B unrepsase [0; 1].

Puc. 6.4. I'pacduaeckoe perenne 3amaan 6.4
Bribepem HOL B KadecTBe HAYAJIHLHOTO MPUOJIMKEHUS, 331 IUM (PYHKITUIO, OIU-
CBHIBAOIIYIO YPABHEHUE U PEIIUM €ro:

JIuctunr 6.8. Pemenne 3agaqu 6.4

-->deff (O [yl=f1(x)’, y1=((x-1)"2)"(1/3) ,y2=(x"2) " (1/3) ,y=y1-y2?)
-->fsolve(0,f1)
ans = 0.5

Banada 6.5.
Haiitn kopuu ypasuenus f(z) = e*/5 — 2(z — 1)%.

Ha puc. BUJIHO, 9TO Tpaduk dyHKImN f(2) TPUKIBI IIepeceKaeT och abCImce,
T.e. ypPABHEHNE UMEeT TPU KOPHSI.

[TocnenoBarenbro BbI3bIBasg GyHKINIO fso0lve ¢ PA3JNIHBIMA HAYAJIHHBIMA IPU-
OIMZKEHUSIMU, TIOJIYyYUM BCE PelleHus 38/ [aHHOrO YPABHEHUSI:

JIuctunr 6.9. Pemenne 3amgaan 6.5

-->deff (’ [y]l=£f(x)’, ’y=exp(x)/5-2*%(x-1)"27)
-->x(1)=fsolve(0,f) ;x(2)=fsolve(2,f) ;x(3)=fsolve(5,f);
-->x%
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Puc. 6.5. I'padudeckoe perenue 3agaqu 6.5

x = 0.5778406 !

!
! 1.7638701 !
! 5.1476865 !

KpOl\/Ie TOI'0, HaYaJIbHbIC HpI/I6J'II/I7K€HI/IH MOZKHO 3a/IaThb B BUJI€ BEKTOpPa, U TOr/1a
(l)yHKLLI/IIO MOZKHO BbI3BaTb OJUH Pa3:

Jluctunr 6.10. Pemenne 3a7aqam 6.5 (agbTepHATUBHBIN C110CO0)

-->fsolve([0;2;5],f)

ans = ! 0.5778406 !
! 1.7638701 !
! 5.1476865 !
Bagada 6.6.

BeruncinTs KopHH ypasHenust sin(z) — 0.4z = 0 B auanasone [—57; 57).

Pemenne 3aza1n upeacrasneno s smcrnnre [6.11]
JIuctuar 6.11. Pemenne 3amaan 6.6

-->deff (’ [yl=fff(x)’,’y=-0.4+sin(x)’)

-->V=[-5+%pi:%pi:6*}pil; X=fsolve(V,fff);

-->X //MHOXeCTBO pemeHHuH

X = 1-16.11948 -12.154854 -9.8362948 -5.8716685 -3.5531095
0.4115168 2.7300758 6.6947022 9.0132611 12.977887 15.296446!

Banada 6.7.

Haiitu pemenne ypasuenns y(z) = 0, ecm y(x) = 2° — 23 + 1.
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HerpymHo 3aMeTuTh, UTO 33/ JaHHOE ypPABHEHUE — MOJIMHOM TSTON CTEIeHH, KOTO-
Dbl UMeeT OJMH JIeHCTBUTEILHDI KOPeHb (puc. B WHTepBaJje oT —2 j0 —1.

Puc. 6.6. I'pacduueckoe pemenne 3anaqu [6.7]

Pentum a1y 3amaay npu nmomomu ¢yHkimu fsolve:
JIuctunr 6.12. Pemenne 3amaun 6.7

-->deff (’ [f]=y(x)’,’f=x"5-x"3+1’)
-->X=fsolve(-2,y)
X = 1.2365057

Temepsr mpuMennM (QYHKITAIO roots:
JIuctunr 6.13. Pemenne 3aaun 6.7 ¢ nucnonb3oBanneM (hyHKINN roots

-->roots(poly([1 0 O -1 0 1],’x’,%c?’))
ans =

! 0.9590477 + 0.42836601 !

! 0.9590477 0.42836601 !

! - 0.3407949 + 0.7854231i !

! - 0.3407949 0.78542311 !

! - 1.2365057 !

Kak BugumM, 3a/jaHH0e ypaBHEHHE, KDOME JIefiCTBUTEIHHOr0 KOpHs (mctunr (6.12)),
uveer u MEAMBIe (smerudr (6.13). TlosToMy myIsi OTBICKAHUS BCEX KOPHEH IOJMHOMA
JIydIlle UCIIOJIb30BATh (DYHKIMIO roots.
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6.3 Cwncrembl ypaBHeHnid

Eciu 3a1anp1 m ypaBHEHUIT ¢ 1 HEM3BECTHBIMU U TPEOYETCsT HANTH 1TOCJIe/[0BATE b
HOCTb M3 7 9UCeJI, KOTOPbIE€ OJHOBPEMEHHO YIOBJIETBOPSIOT KaXKJIOMy U3 M ypaBHe-
HUIT, TO TOBOPST O cucmeme ypasrenud. JLns permenusi cucrem ypapHenuit B Scilab
TakKe IpuMeHsiorT GyHkimo fsolve (x0,f).

Banada 6.8.
Permuth cucremy ypasuenuit: {22 +y? =1; 23 — 1 =0}.

I'paduueckoe pemtenne cucrems! (puc. 6.7]) mokasbiBaer, 9To OHA UMeEET JBE MAPBI
KOpHeIL.

Puc. 6.7. I'pacduaeckoe pernenne cucreMbl ypaBHEHUI

Oxpy»KHOCTb U runepbosa nepecekarrcs B Toukax [0.8;0.6] u [—0.8; —0.6]. Dtu
3Ha4YeHUs! IPUOIU3NTENbHBL. Jjis TOro 4YTOObLI YTOYHHUTbL UX HPUMEHUM (DYHKIUIO
fsolve, IpPeIBAPUTEIBHO ONPEIEINB CACTEMY € HOMOIIbLIO (Gaill—(yHKIHUN:

JIuctunr 6.14. Pemenue 3a1a4n 6.8

function [yl=fun(x)

y(1)=x(1)"2+x(2)"~2-1;

y(2)=x(1)"3-x(2);

endfunction

-->exec(’C:\fun.sce’); disp(’exec done’); exec done
-->fsolve([0.5 0.5],fun)

ans = 0.8260314 0.5636242

-->fsolve([-0.5 -0.5],fun)

ans = - 0.8260314 - 0.5636242
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Bagada 6.9.
B nmanmoit 3amade nceaeryercst cucTeMa U3 Tpex HEJIMHEHHBIX YPABHEHUN ¢ TpeMs
HEU3BECTHBIMU:

JIuctunr 6.15. Pemenue 3a1a4m 6.9

function [y]l=fun(x)

y(1)=x(1)"~2+x(2) ~2+x(3)~2-1
y(2)=2*xx (1) ~2+x(2) ~2-4*x(3)

y(3)=3*x(1)"2-4*x(2)+x(3) "2

endfunction

-->exec(’D:\scilab 3\fun’);disp(’exec done’); exec done
-->fsolve([0.5 0.5 0.5],fun)//pemerne cucTeMsl

ans = ! 0.7851969 0.4966114 0.3699228 !



[nasa 7

HYucneHHoe nHTerpupoBaHue u
andpepeHLMpoBaHmne

B dyukiusx narerpupoBanns u nuddepennupoBanns B Scilab peanuzoBanbr pas-
JINYHBIE JUCJIEHHBIE AJITOPATMBI.

7.1 WuTterpupoBaHue no mertoay Tpaneuunii

B Scilab wucaennoe unmezpuposanue no memody mpaneyutl peaau3oBaHO C IO~
Morpio GyHKIH inttrap([x,]y). 9Ta GYyHKIHA BRUUCISET IONAIbL (DUTYPBI IO/
rpacdukomM dbyHKIun y(), KOTOpast onucana HaGOpPoM Touek (, y). [lapamerp x siBJsi-
ercs HeobsizaTeabHbIM. [t dyHKIME inttrap (y) 2/1eMeHThI BEKTOpA & TPUHIMAIOT
3HAYEHUsI HOMEPOB JIEMEHTOB BEKTODA Y.

Bagada 7.1.
13

BoraucimTsh onpeieleHHbIi MHTErpaJt / V2xr — 1dzx.
5

13
2z —1)3

DTOT MHTErpaJI JIEIKO CBOJAUTCH K TaOJIHIHOMY / V2r —ldr = 3
5

3TOMY BBIMHCJIHTE ero 1o dpopmyrte HooTona—Jleitbrunal me coctaput Tpyma:

I Brrancienne ompemeseHHoro naTerpana mo gopmyae Heorona-Jleitbruma:

b
/ﬂm=F@—Fm»
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JIuctunr 7.1. Tounoe pemenue 3aaxu 7.1

-->a=5;b=13;
-->I=1/3%(2*b-1)"~(3/2)-1/3*(2*a-1)~(3/2)
I = 32.666667

Tenepb puMeHUM JIJIsI OTBICKAHUS 33/ IAHHOTO OIPEIEJIEHHOTO WHTErpajia Memod
mpaneyuti'. PaccMOTPEM HECKOILKO BAPUAHTOB PEIeHNs JAHHOM 3a1a4u. B nepsoM
cIydae WHTEPBAJ MHTEIPUPOBAHUS JEJIUTCSA HA OTPE3KH C IAaroM OJINH, BO BTOPOM
0.5 u B Tperbem 0.1. He TpynHO 3aMeruTh, 9T0 deM OOJIBbINE TOYEK Pa3bUEHUsi, TEeM
TOYHee 3HaUeHNe NCKOMOT'O0 MHTErpaJIa:

Jluctuur 7.2. Ilpubsiuxkennoe pertenne 3amadu 7.1 ¢ UCHOJIB30BAHUEM
dyHKIMK inttrap

-->x=a:b;y=sqrt (2*x-1);
-->inttrap(x,y)
ans =
32.655571
-->h=0.5; x=a:h:b; y=sqrt(2*x-1);
-->inttrap(x,y)
ans =
32.66389
-->h=0.1; x=a:h:b; y=sqrt(2*x-1);
-->inttrap(x,y)
ans =
32.666556

Hanee B nucrunre [7.3| IpUBeieH IpUMep UCHOJIb30BaHUs (DyHKIMK inttrap ¢ ox-
HUM aprymeraToM. Kak BuanM, B IEPBOM CJIydae 3HAUCHNE WHTETPAJIA, BEITUCIEHHOTO
[P IOMOIIIY TON (DYHKIIUU, HETOYHO U COBIIAIAET CO 3HAYEHUEM, IOy IeHHBIM (DYHK-
muedt inttrap(x,y) Ha maTepBase [5;13] ¢ marom 1. T.e. MBI HaIK CyMMY ILIOIIA~
Jieil BOCbMH IIPSIMOJIMHENHBIX Tpallenuii ¢ ocHoBaHueM h = 1 u G0KOBBIME CTOPOHAMU,
3aJaAHHBIMU BEKTOPOM ¥y. BO BTOpPOM cjydae, IpH MOIBITKE YBEJUINTH TOYHOCTH WH-
TerpupoOBaHNs, 3HAYEHNE WHTErpaJja CyIeCTBEHHO yBeandnBaercs. Jleio B ToM, 9TO,
YMEHDINNB IIar pa3duenns HHTepBaaa nHTerpupoBanusd 10 0.1, MbI yBEIUININ KOJIH-
9eCTBO JIEMEHTOB BEKTOPOB X M ¥, U npuMeHenune (yHkiun inttrap(y) npusener
K BBIYUCJIEHUIO CYMMBI ILJIONIAJIeli BOCBMUJIECATH TPAIleNuii ¢ ocHoBaHueM h = 1 u
OGOKOBBIMH CTOPOHAMH, 38 JAaHHBIMEI BEKTOPOM Y. TakuM 06pa3oM, B IEPBOM U BTOPOM
puMepax BBIYHUCIISIOTCS TIJIOMAINA COBEPITEHHO PA3HBIX (DUTYP.

1 J1/1s1 BLIMHIC/IEHIS HHTErPaJIa METOIOM TPAelyil yIaCTOK HHTEIPHPOBAHI Pa3bHBAIOT Ha OIIpe-
JeJIEeHHOe KOJIMYECTBO PABHBIX OTPE3KOB, KarKIAYIO U3 ITOJYyYEeHHBIX KPUBOJIUHENHBIX TpaIlenuil 3ame-
HSIIOT IPSIMOJIMHEMHOM M BBIYMCJIAIOT NPUOJIMKEHHOE 3HAYeHUe MHTerpaja KakK CyMMYy ILIOmajei
STUX TPaIernuil.
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JIuctunr 7.3. Vcnosnb3oBanne GyHKIME inttrap ¢ OQHUM apryMeHTOM

-->x=a:b;y=sqrt (2*x-1);
-->inttrap(y)

ans = 32.655571
-->h=0.1;x=a:h:b;y=sqrt (2*x-1);
-->inttrap(y)

ans = 326.66556

7.2 WHTerpmnpoBaHue no kBagpaTtype

MeTo/pl Tpanenuii ABJISIIOTCS 9aCTHBIMU CIYYIasiMU K8adpamypHur opmya Hovro-
mona—Komeca, KOTOpble, BOOOIIE TOBOPSI, UMEIOT BHU]

b

Jvar=0-03 ta (7.1)
=0

a

riae H; —3T0 HEKOTOpbIe KOHCTAHThI, Ha3biBaeMble TocTossHHbIMU HbioTrona—KoTeca.

Ecmu pnsa HIPUHSTE N = 1, TO MOJIyYUM Memod mpaneyuti, a Ipu n = 2 —
memod Cumncora. DT METOJ/bI HA3BIBAIOT KBaJIPATYPHBIMA METOJAMH HU3IINX I10-
psiakoB. st n > 2 nomxy4aaior xeadpamypruvie popmysv, Horomona—Komeca evicuux
nopadkos. BeraucanrebHbIN aaropuT™M KBaIpATyPHBIX (DOPMYJT peaan3oBaH B Scilab

dyHKIHIETH:
integrate(fun, x, a, b, [,erl [,er2]])

rae fun — dyuknus, 3a1a0mast IoIbLIHTErPAJILHOE BhIpayKeHne B CHMBOJILHOM BHU/IE;
X — IlepeMeHHas] MHTEeIPUPOBAaHUS, TaK 2Ke 3aJIaeTcsd B BUJIE CUMBOJIA; &, b — mpejie-
JIbI THTETPUPOBAHUS, JICHCTBUTEIbHBIE YUCIa; erl 1 er2 — napaMeTpbl, OTPAXKAIOIIHIE
abCOIIOTHYIO U OTHOCUTEJIHHYIO TOYHOCTD BBIYUC/ICHUH (JeficTBUTE/IbHbIE YUCIA).

Samaga 7.2.
BoIMucIuTL THTEIPAT U3 38,141 @

Pemenne nokazano B sucrunre [7.41
Jlucrunr 7.4. Vconp3oBanue dyHKIuy integrate

-->integrate(’ (2*x-1)-0.5’,’x’,5,13)
ans = 32.666667
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7.3 WHTterpupoBaHue BHewHel pyHKUUM
HawubGoJtee yauBepcasibHOM KOMaH10# mHTErpupoBanus B Scilab sBasercs:
[I,err]=intg(a, b, name [,erl [,er2]])

rJie name — UMsl (DYHKIIUK, 33/[AI0NIEN IOABIHTErPAJIBLHOE BhIpakeHue (3/1ech OyHKIs
MOZKeT OBITh 3a/1aHa B BUJie HAO0OPa IMCKPETHBIX TOUeK (Kak TabJInIa) UK ¢ HOMOIIBIO
BHemHel GYHKIMN); a u b — Opeesibl MHTErpupoBanusd; erl u er2 — abcoOTHAS U
OTHOCHUTEJIbHAsI TOYHOCTh BbIYUC/ICHUI (Heobg3aTe/IbHbIEe TapAMETPhI).

Banada 7.3.
BeraucmuTs HHTETpAT U3 381491

Pemenne nokaszaso B jmcruaTre [7.0l
JIuctunr 7.5. Vcnosnb3oBanne GyHKIME intg

-->deff (’y=G(x)’,’y=sqrt(2*x-1)’); intg(5,13,G)
ans = 32.666667

Sanada 7.4.
2

L SV
NEETTO

nc/IeHHOE PEIleHre MHTErPasa NOKA3aHO B JINCTHHIE

1
Berauciimrs UHTEerpaJa /
0

JIuctunr 7.6. Pemenne 3agaau 7.4

-->function y=£f(t),y=t~2/sqrt(3+sin(t)),endfunction;
-->[I,er]=intg(0,1,f)
er = 1.933D-15
I =
0.1741192

7.4 TpubnuxenHoe auddepeHynpoBaHne, OCHOBaHHOE Ha
nutepnonsunoHHon cdopmyne HoroToHa

Nnest ancsensoro nudbepeHIimpoBatust 3aKIH09aeTCsi B TOM, 9To (DyHKIWMIO y(2),

3aJIaHHYI0 B PABHOOTCTOAIMX To4Kax x; (¢ = 0,1,...,n) orpe3ka [a,b] ¢ momo-
mpbio 3Havennit y; = f(x;), TpUOIMKEHHO 3aMEHSIOT WHTEPIIOJIATMOHHBIM ITOJIMHOMOM
HproToHA, TIOCTPOEHHOM JJIST CUCTEMBI Y3JI0B T(, L1, - -, Tk (k < M), 1 BBMUACIAIOT

npoussogube y' = f'(z), vy’ = f(x) nu . 1.

A’y Alyy  Alyy APy
(Ayo_ ST TR ] _>

(7.2)

S

Y (x0) =
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Ha npakruke npubsmkentoe quddepeHmpoBaine IPUMEHSIOT B OCHOBHOM JIJIst
byHKIMI, 38/]AHHBIX B BUJE TAOJIMIIBL.

B Scilab  gwucimennoe — mudpdepennmpoBanme — peasn30BaHO  KOMAHIOM
dy=diff(y[,nl), roe y —suadenus byukiuu y(r) B BUJIE BEKTOPA BEIIECTBEH-
HBIX YHCeJ, n— mopsaaok auddepentupoBanus. Pesyabrar paboThl HYHKIUNT —
BEKTOD BEIIECTBEHHBIX 4Yucesa dy, MPeJICTABIISIONUI o000l pasHOCTH TOpsJKa n
MHTEPHOJIAIMOHHOro nosimuoma Hprotona Ay, Asy, ..., Agy. Pacemorpum pabory
QPYHKIINN Ha TIPUMeEpE.

Banada 7.5.
Haiitu ¢/ (50) dyukipn y = lg(z), 3asaaH0il B Bujie TabmIbL.

Pemenne ganuO# 38491 ¢ KOMMEHTAPUSIMEA TPEJCTABICHO B JTUCTHHTE
JIuctunr 7.7. cnonb3oBanne dyukimn diff

-->h=5;%x=50:5:65;

-->y=log10(x)

y = 1.69897 1.7403627 1.7781513 1.8129134
-->dy=diff (y)

dy = 0.0413927 0.0377886 0.0347621
-->dy2=diff(y,2)

dy2 = - 0.0036041 - 0.0030265
-->dy3=diff (y,3)
dy3 = 0.0005777

-->//llpubnuxernsoe 3HaveHue y’(50) mo dopmyme (7.2)
-->Y=(dy (1) -dy2(1) /2+dy3(1)/3) /h

Y = 0.0086775

-->//3uagenne y’(50) mna 1lg’(x)=1/1n(10)/x
-->1/1og(10) /x(1)

ans = 0.0086859

-->//llpubnuxeHHoe 3HaveHue y’(x), x=50,55,60 (7.2)
-->Y=(dy-dy2(1:$-1)/2+dy3(1:$-2)/3)/h

Y = 0.0086389 0.0079181 0.0073128
-->//3unavenne y’(x), x=50,55,60, mma lg’(x)=1/1n(10)/x
-->(1/1og(10)) ./x(1:$-1)

ans = 0.0086859 0.0078963 0.0072382
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7.5 Bbluucnenve npoussogHoit pyHKUUM B TOUKe.
Mpnbnun>xkeHHoe BblYUCAEHUE HaCTHbIX NPON3BOAHbIX

Bonee yaupepcanmbmoit KoMmammoit qudGepeHnmpoBaHns ABISETCS KOMAaHIa,
g=numdiff (fun,x)

31tech fun — uMst pyHKIUHU, 3aJaM01ell Bbipaxkenue jis auddepenimpobanus. OyHK-
s Jo/KHA ObITh 3a1aHa B Buje y=fun(x [, pl, p2,..., pnl), rie x — nepeMen-
Hasl, 10 KOTOPOoit Oymer nmpoBonuTcs auddepennupoBanue. Ecin mapamerpsr pl, p2,

.., PQ IPUCYTCTBYIOT B Onucanuu (DYHKIUH, TO OHU OJ2KHBI OBITH 00sI3ATEIHHO
OIpeiesIeHbl IIPU BbI30Be, HanpuMep, Tak: g=numdiff (list(fun,pl,p2,...pn),x).

d
Pesynbrar pabornl dbyHKIuun — MaTpulla g;; = -
J
PaccmoTpuM HECKOTIBKO IPUMEDOB.

Bamada 7.6.
Borauciuts f/(1), ecm f(x) = (2 + 2)3 + bz.

JlucTuur COJIEP>KUT PelleHne TaHHOM 3a1a9H.
JIucrunr 7.8. Pemenne 3a1a4u 7.6

-->function f=my(x), f=(x+2)~3+5*x, endfunction;
-->numdiff (my, 1)

ans = 32.

-->x=1;3*%(x+2) ~2+5

ans = 32.
Banaqda 7.7.

Boruucsurs f(x) B Toukax 0, 1, 2, 3 mis f(z) = (x + 2)3 + 5z.

Permrenne:
JIuctunr 7.9. Pemenne 3agaau 7.7

-->v=0:3;
-->numdiff (my,v)
ans =

17. 0. 0. 0.

0. 32. 0. 0.

0. 0. 52.999999 0.

0. 0. 0. 80.000002
-->function fl=myl(x), £1=3*(x+2)~2+5, endfunction;
-->my1(v)

ans = 17. 32. 53. 80.
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Bagada 7.8.

Bajiana byHKIMS MHOTUX HEePeMeHHBIX y(T1, T2, T3) = T105° + o323, BeraucauTs
d d d

—y, —y, Y 5 rouxe (1, 2, 3).

d.’El dCCQ dl’g

Permenne 3aaqu npejcrasieno B guctuare [7.10
JIncrunr 7.10. Pemenue 3a1aun 7.8

-->function [Y]=f(X), Y=X(1)*X(2)"X(3)+X(1)~2*X(3),endfunction
-->X=[1 2 3]1;

-->numdiff (f,X)

ans = 14. 12. 6.5451775

-->function [Y]=f1(X),
Y(1)=X(2)"X(3)+2*X(1)*X(3),
Y(2)=X(1)*X(3)*X(2)~(X(3)-1),
Y (3)=x(1)*X(2) ~X(3) *Llog(X(2))+X(1)~2,
endfunction
->f1(X)
ans =

14.

12.

6.5451774
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PelueHune obbIKHOBEHHbIX
AVpdepeHLnanbHbIX YPaBHEHNT

JTudpdepernyuarvonom ypasHenuem n-ro TopsIKa Ha3bIBAeTCs COOTHOIIEHNE BIIA
/ 1 n
H(t,z, 2 z", ..., )):O (8.1)

Peweruem dugdgepenyuanvhozo ypasrenus apisiercd Gyuxiws x(t), koropas 06-
palraer ypaBHeHUe B TOXKJECTBO.

Cucmemoti Judpdepenyuarsvholt yYypasHeHut N-TO MOPsIKAa HA3BIBAETCA CHCTEMA
BUJIA:

) = filt,z1,22,...,Tn)
xh = fo(t, 1,22, ..., 2p) (8.2)
zl, = fu(t, 1,22, ..., 25)

Pewenue cucmemv, — BEKTOp, KOTOPBI obpalnaer ypabHerusi cucreMmbl (8.2) B
TOXKJIECTBA!

x(t) = : (8.3)

()

Huddepenrnuaabable ypaBHEHNsT U CHCTEMbI IMEIOT OECKOHETHOE MHOXKECTBO Pe-
[MEeHNH, KOTOPBIE OTJIIMIAIOTCS JAPYT OT IpyTa KOHCTaHTaMmu. JIj1st 0/THO3HAYHOTO OIpe-
JIeJICHUsT DeIeHus TpedyeTcst 3a1aTh JIOMOTHUTEIBHBIE HAUGALHOE WIA 2DAHUYHDLE
ycaosus. KommaecTBo TaKuX yCJIOBUI JOJIZKHO COBIAIATH C MOPSIKOM JuddepeHtiu-
aJIbHOT'O YPABHEHUS WJIK CUCTEMBI. B 3aBHCHMOCTH OT BUA JOITOJTHUTEIBHBIX YCAOBUIT



166 InaBsa 8. Pewenne obbikHOBEHHbIX gudbdepeHLmanbHbIX YPaBHEH U

B JaudepeHnraabHbIX YPABHEHUAX Pa3indator: 3adawy Kowu — Bce JOMOJHUTE b
HbIE YCJIOBUS 33JaHbI B OJHON (dYalle HAYaIbHOI) TOYKE MHTEPBAJIA; Kpaesylo 3ada-
Yy — JOTIOJTHUTEJIbHBIE YCIOBUS YKA3aHBI HA TPAHUIAX HHTEPBAJA.

Boubitoe kommaecTBo ypaBHeHUH MOXKeT ObITH perteHo To9H0. OIHAKO eCTh ypaB-
HEHUsl, & OCODEHHO CUCTEMBI yPaBHEHUil, JJId KOTOPBIX TOYHOE DPeIleHHe 3aIlcaTh
HeJib3si. Takue ypaBHEHHSI M CHCTEMbI PENIAOT [PU [TOMOIIU YUCJIEHHBIX METOIOB.
YucsieHHBIE METOIBI TAK2Ke IPUMEHSIIOT B TOM CJIydae, eCJIu JJjisd YPaABHEHWl ¢ u3-
BECTHBIM AHAJUTUIECKUM PeleHneM TpedyeTcsi HallTh IrC/IOBOe 3HAYEHNE TIPU OIIPe-
JIeJIEHHBIX MCXOIHBIX JAHHDBIX.

st pertenust uddepeHImaibHbIX ypaBHeHuil u cucreM B Scilab mperycmorpena
byHKITST

[y,w,iw]l=ode([type]l,y0,t0,t [,rtol [,atoll]l,f [,jacl [,w,iwl)

IJIsE KOTOPO 00s13aTe/IbHBIMU BXOJIHBIMU IIAPAMETPAME SBJIAIOTCs: yO — BEKTOD Ha-
4JaJIbHBIX YCJIOBHIT; t0 — Hada/lbHad TOYKa WHTepBaJla NHTerPUPOBaHUs; t — KOOPIU-
HATHI y3JI0B CETKU, B KOTOPBIX ITPOUCXOJIUT IOUCK pelenust; £ — BHelrHsIsa QyHKIH,
OIpeIesIAoNIasl IPaByIo YacTh YPaBHEHNS U CUCTEMbl YPaBHEHUIT ; Yy — BEKTOpP

pemenwmii (8.3]).

Takum o0pazom, g TOrO 9TOOBI PEITUTh OOBIKHOBEHHOE InddepeHITnalb-

HOE ypaBHEHHE BHIA diz = f(t,y), y(to) = Yo, HEOOXOAUMO BBLIZBATH (DYHKIIUIO

y=ode(y0,t0,t,f).
Paccmorpum HeobsizaTebHBIE MapaMeTpbl MyHKINUHA ode:

type — mapamerp, ¢ IIOMOIIBI0O KOTOPOI'O MOYKHO BBIOpATH METOJ PEIeHUs] WJIA THUIl
pernaeMoiil 3a/1a9n, yKa3aB OJIHYy U3 CTPOK: adams — MPUMEHSIOT [IPU PEeIeHUn
b depeHInaIbHbIX YPABHEHUN WA CHCTEM METOJOM ITPOrHO3a-KOPPEKITUU
Apamca; stiff — yKasbIBAIOT IIPU PEIIEHUN YKECTKUX 3a/1a9; TK — UCIIOIb3YIOT
npu perrennn AudepeHnuaIbHbIX YPABHEHUI MM CUCTEM MeTOI0M Pymre —
Kyrra yerBeproro nopsiika; rkf — yKasblBalOT [pU BBIOOPE ISITUITAITHOIO Me-
Tosa Pynre — KyTTta yerBeproro nopsiaka; £ix — ot ke Metoq Pyure — KyTTa,
HO ¢ (PUKCUPOBAHHBIM IIATOM;

rtol, atol — oTHOCHUTE IbHAS U aOCOTFOTHAS IOIPEITHOCTY BBIYUCIEHU, BEKTOD, Pa3-
MEPHOCTb KOTOPOTO COBHAJAET C Pa3MEPHOCTBIO BEKTOPa y, IO YMOJIYAHUIO
rtol=0.00001, atol=0.0000001, npn mcrosb30BaHnN ImapamerpoB rkf m fix
- rtol=0.001, atol=0.0001;

jac — Marpwuila, IpPeCTABISIONIas co00il IKOOMAH MPAaBOil YACTH YKECTKOI CHCTEMBI
muddepeHnnaaIbHbIX yPaBHEHNH, 38/1aI0T MATPUILY B BUIE BHEITHEN DyHKIIAN
Buia J=jak(t,y);

W, iW — BEKTOPBI, IpeJHA3HAYEHHbIE [JIs COXPAaHEHHs HH(MOPMAIMK O IapaMeTpax
MHTETPUPOBAHUsI, KOTOPbIE IPUMEHSIIOT JIJIT TOTO, YTOOBI MIOCIETYIONTNE BBHIYUMC-
JIEHUS BBINIOJIHSJIUCH C TEMU K€ IapaMeTpaMu.
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Paccmorpum ucrosib3oBanne (yHKIMYM HA [IPUMEPE CJIELYIONNX 3a/1a4.

Bamaqa 8.1.
Pemnrs sazady Komm % + z = sin(zt), z(0) = 1.5.
dz )
[epenuinem ypaBHEeHHE CJIELYIOIUM 00pa30M: P + sin(at), 2(0) = 1.5.

I'paduk, Mogempyomumii Iporece, OMMCAHHbI 33/ JAHHBIM Y PABHEHIEM, IPE/ICTAB-
sen Ha puc. 8]

" \
0.0 T T T T T T T
1} 5 10 15 20 25 aon 35

Puc. 8.1. Pemenune nuddepenmanbHOro ypaBuenus u3 3aa4u 8.1

Hamee mpescTraBuM €ro B BHUJE BHEIIHEH QYHKIUU W MTPUMEHUM (QYHKIIAIO
y=ode(x0,t0,t,f), B KadecTBe mapamMeTpoB KOTOPOii Oy/IeM HCIOJb30BATD:

f — CChUIKA HA IIPEJIBAPUTENIBHO COo37anuy0 dbyHKumno f(t,x);
t — KoopauHaThl CeTKU,
x0, t0 — HauanbHoe yeaosue z(0) = 1.5;

y — pe3yJbTaT paboThl QYHKIUN.
JIuctunr 8.1. Pemenne 3amaan 8.1

-->function yd=f(t,x),yd=-x+sin(t*x),endfunction;
-->x0=1.5;t0=0;t=0:1:35;

-->y=o0de(x0,t0,t,f);

-->plot (t,y)
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Bagada 8.2.

Permuts 3amaay Komm
x’ = cos(xy),
y = sin(z + ty),
z(0) =0, y(0)=0.

Ha uHTepBase [0; 10].

Hastee npuBejiena (yHKIUSI, ONMUCHIBAIONIAS 33JIAHHYIO CHCTEMY OOBIKHOBEHHBIX
nuddepeHnnaIbHBIX YPaBHEHUN, 1 KOMaH bl Scilab, HeobxXouMBbIe JjIsI ee IHCIEHHO-

ro u rpadudeckoro pemtenus (puc. (8.2)).

JIuctunr 8.2. Pemenne 3amaun 8.2

//®yHRIMs, OmUCHBaLmAA CACTEMy IupbepeHIUANbHLHX ypaBHEHUH
function dy=syst(t,y)

dy=zeros(2,1);

dy(1)=cos (y(1)*y(2));

dy(2)=sin(y(1)+y(2)*t);

endfunction

//Pemenue cucTeMs mubdepeHIVANbHEHX ypaBHEHUH
x0=[0;0];t0=0;t=0:*0.1%:10;y=0de(x0,t0,t,syst);
//®opMupoBaHue TIpaduueCKOro peleHUs

plot(t,y)

Puc. 8.2. Pemenne 3amgaan 8.2
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Bamada 8.3.
Haiitu pemenne 3amaan Komm ajist cireryromeii »KeCTKON CUCTEMBI:

119.46  185.38  126.88 121.03 1
dX ~10.395 —10.136 —3.636 8.577 1
at | —53.302 —85.932 —63.182 54.211 X; X0 =4

1

—115.58 —181.75 —112.8 —199

Pemenue cucrempr:
JIuctunr 8.3. Pemenne 3amgaan 8.3

-->B=[119.46 185.38 126.88 121.03;-10.395 -10.136 -3.636 8.577;
-->-53.302 -85.932 -63.182 -54.211;-115.58 -181.75 -112.8 -199];
-->function dx=systl(t,x), dx=B*x,endfunction

-->function J=Jac(t,y),J=B,endfunction

-->x0=[1;1;1;1]; t0=0; t=0:0.01:5;
-->y=ode("stiff",x0,t0,t,systl,Jac);

-->plot(t,y); xgridQ);

I'paduieckoe permenne mokasaso Ha puc. [8.3]

o
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e
SRR e
-
— ]
>
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E?—C:._, —

e
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~ _"\"‘_ -
=
s
<

Puc. 8.3. I'pacduaeckoe permenne 3amaan 8.3
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Bagada 8.4.
Pemurs Henuuelinyto KecTKyIo cucremy muddepeHnuajibHbIX ypaBHEHUI:

d

ﬂ = —Tx1 + Txo

ddt -1

% = 15721 — 1.15m023 - X(0) = 0
1

d

% — 0962, 29 — 8.3613

Ha puc. [IOKA3aHO peIlleHne CHCTeMbl Ha nHTepsage [0;2].

S B Y
JRTIT S 4

YT NN 1S SRS SN SO S AU O SN S-S S

Puc. 8.4. I'paduyeckoe permenne 3amaun 8.4

Komanger Scilab, Heobxomumble j1J1s pellIeHns 3aa4u:
JIuctunr 8.4. Pemenne 3agaun 8.4

function dx=syst2(t,x) //®yHkuums 3amavmas cuctemy O0IY
dx=zeros(3,1);

dx(1)=-T*x(1)+7*x(2) ;

dx (2)=157*x(1)+x(2) -1.15%x (1) *x(3) ;
dx(3)=0.96*x(1)*x(2)-8.36%x(3) ;

endfunction

-->>//Pemenne 0IY

-->x0=[-1;0;1]; t0=0; t=0:0.01:2;y=ode("stiff",x0,t0,t,syst2);
-->plot(t,y); xgrid();
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Bamada 8.5.

Pemuts ciiejyromiyto KpaeByo 3ajady Ha naTepBaJe [0.25;2]:
Az dx ;
il et __ sin(t) _ / _
pre +4dt +13=¢€ , 2(0.25) = —1, x'(0.25) = 1.

dzx
[Ipeobpasyem ypaBHEHUE B CHCTEMY, CIIEJIaB 3aMEHY Y = I
dy ; dx
= 4y —13 sin(t) = = 0.25) =1
o Y x + e, prial 8 y(0.25) =1,

CocraBuM (DyHKITUIO BBIYUCIEHNUS CUCTEMBI U PEIUM €ee:
JIucrunr 8.5. Pemenne 3ana4n 8.5

function F=FF(t,x)
F=[-4*x(1)-13*x(2)+exp(t) ;x(1)];

endfunction

-->//PemeHne cucTeMs IupbepeHIMANbHHX ypaBHEHUH
-->X0=[1;-1];t0=0.25;t=0.25:0.05:2;
-->y=ode("stiff",X0,t0,t,FF);

-->//BuBog rpajura pemeHu:

-->plot(t,y); xgrid(;

I'paduk perenust npruseieH Ha puc. 8.5

Puc. 8.5. Pemenue 3amaan 8.5

2(0.25) = —1.
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[Tporpammuposanune B Scilab

B Scilab BcTpoer MOIIHBIN I3bIK TPOrPAMMUPOBAHIUS C MIOIEPKKON 00beKTOB. B
9TOi TyiaBe OyJIeT OMUCAHBI BO3MOXKHOCTH CTPYKTYPHOI'O MPOTPAMMUPOBAHUS, CJIEJTY-
foIast rJ1aBa OyJeT MOCBAIIEHA BU3yaJbHOMY IIPOIPAMMUPOBAHUIO B cpeje Scilab.

Kaxk yxke ormeuasoch panHee, pabora B Scilab MOXKeT 0CyIIECTBIISITHCS HE TOJb-
KO B pezKume KOlVIaH)lHOI‘/JI CTPOKH, HO U B TaK Ha3bIBa€MOM IIPOI'PaAMMHOM DeXXKHMe.
Hamomunm, 970 JyIsi co3/@aHns nporpaMMbl (nporpammy B Scilab mHOra HasbiBatoT
ClieHapueM ) HeoOXOIUMO:

1. Bomssars kKomanny Editor u3z mento (cuM. puc. [9.1)).
2. B okwue pemakTopa Scipad HabpaTh TEKCT MPOTPAMMBL.

3. CoxpaHuUTh TEKCT MPOrpaMMBbI C TIOMOIIBI0 KoMaH bl File — Save B Buje daitia
C paclIapeHneM sce, Hanpumep, file.sce.

4. Tlocne »TOTO TIpOrpaMMy MOXKHO OyIeT BbI3BaTh, HAOPaB B KOMAHIHOW CTPO-
Ke exec, Hanpumep, exec("file.sce"). /Ipyrue crnocoObl BHI30BA — BOCIIOIb-
30BaThCcsa KoMaHaoi MeHio File — Exec. . . wan, Haxolsch B OKHe Scipad, BBIIOJI-
HuTh KoMaHy Execute — Load into Scilab (Ctri+L).

IIporpaMmMHBIi pesKUM TOCTATOYHO yI00€H, TaK KAK OH ITO3BOJISIET COXPAHUTH Pas3-
paboOTaHHbBIN BEIYUCIATEILHBIA aJTOPUTM B BIIe aiijia U MOBTOPSITH €ro IIPHU APYTUX
HMCXOIHBIX JTAHHBIX B IPYIrUX ceccusx. Kpome obparennii K GYHKINIM U OIEPATOPOB
[IPUCBAMBAHUsI, B MPOTPAMMHBIX (hailjlaX MOTYT HCIIOIb30BATHCA OMEPATOPHI A3BIKA
nporpammuposanusi Scilab (s13b1k mporpammuposanust Scilab 6yaem HasbBaTH SCi-
SI3BIKOM ).
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Hle Edit Search Ezecute Debug Scheme Options Windows

= SciPad - pr_9_1.sce HE E

Help

p={3*s3-r~2) /3;
g=2*ro3 /0T -r*s /04t
O=(p/3) 3+ (g /) "2,

us= (-q/2+sqrt (D))~ (173} ;
w={(-gq/2-sqre (D)) (1530

wl=u+v;

wl=— (utw) F2+ (u-v) Sl¥itsqri(d);
wa=- (utw) f2-(u-v) fl¥itsqre(3);
xl=yl-r/3

®2=yB-r /3

#3=y3-r/3

—

[y

4
=

F}\I

| Line: 20 comn: 1 | Logical line: 20

Puc. 9.1. Oxno Scipad ¢ mporpammoii perennsi KyOn4eckoro ypaBHEHUsT

9.1 OcHoBHble onepaTopbl SCi-A3bIKa

Wzydenne sci-si3bika HatHeM ¢ DYHKIUI BBOIA-BBIBOIA.

9.1.1 ®yHkuun BBOAa-BbLIBOAA B Scilab

Jlns oprarmsanuu mpocreiiiero BBoja B Scilab MOXKHO BOCTIONB30BATHCsT (DyHK-

IUAMU
x=input (’title’);
A

x=x_dialog(’title’, ’stroka’);

Oyukius input BBIBOAUT B KOMaHIHOU cTpoke Scilab momckasky title m ket
IIOKa I10JIb30BaTe b BBeJleT 3HaUYeHne, KOTOPOe B KadecTBe pe3ysbTaTa BO3BpaIlaeTcs
B niepeMeHHyIo X. Oyukimsa x_dialog BHIBOAUT Ha SKPAH AUAJIOTOBOE OKHO C UMEHEM
title, mocie 9ero moJsib3oBaresb MoxkeT menkuyTh OK, u Torma stroka BepHercs B
KauecTBe pe3y/IbTaTa B IEPEMEHHYIO X, JJMO0 BBECTU HOBOE 3HaYeHUe BMecTO stroka,
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KOTOPOE U BEpPHETC B KadeCcTBe pe3yJibTaTa B liepeMeHHyIo x. Ha pucynke @ nupej-
CTaBJIEHO JINAJIOI0BOE OKHO, KOTOpoe hopMupyeTrcs cTpokoit x=x_dialog(’Input X’,
) 5 3 ) .

- Xscilab HEER
Input x
<
M Eancell

Puc. 9.2. Okno BBOOA

OyukIws input 1peodPa30BHIBAET BBEIEHHOE 3HAYEHNE K UNCJIOBOMY THILY JIaH-
HBIX, & pyHKINd x_dialog Bo3BpalaeT CTPOKOBOe 3Hadenue. IlosTomy npu ncnosb3o-
Baunn GyHKImK x_dialog /i BBOJA YUCJIOBBIX 3HAYEHUI BOZBPAIIAEMYIO €10 CTPOKY
ceyer mpeobpa3soBaTh B YHC/IO C IMOMOIIBI0 (QYHKINN evstr. MOoXKHO IpesjioKuTh
caeayoony GopMy ucroab3oBanust GyHknun x_dialog ajist BBOIA YHUCJIOBBIX 3HA-
YEeHU:

x=evstr(x_dialog(’title’,’stroka’));

17151 BBIBOJZIa B TEKCTOBOM DeXKMMe MOYKHO HCIIOJIb30BaTh (PyHKIMIO disp ciejy-
IOIIEH CTPYKTYPBI:

disp(b)

BQ‘BCB b —umga HepeMeHHOfI WJIN 3aKJIFOYEHHBIN B KaBBIYKU TEKCT.

9.1.2 OnepaTop npuceaneaHus
OHepaTop IpucBanBaHud UMeeT CJACAYIONLYIO CTPYKTYDY
a=b

37eChb a— UMd IIepeMeHHON NN 3JIeMEHTa MAacCCHBa, b — 3HAUYEHHE WJIM BBIpAarKeHUE.
B pesysnbrare BhIOHEHNS OmEpaTOpa MPUCBAWBAHUS MEPEMEHHON a IMIPUCBANBAETCS
3Ha4YeHUe BbIpazkeHud b.

9.1.3 VYcnoBHbiii onepatop

O/IHUM U3 OCHOBHBIX OIIEPATOPOB, PEAJU3YIOMIUX BETBJIEHNE B OOJIBIIMHCTBE SA3bI-
KOB IIPOI'PaMMUPOBaHUSI, IBJISIETCsT YCJIOBHBIN oneparop if. CymecTByer oObIYHAsT 1
paciupentast (popMbl oneparopa if B Scilab. O6brunbiii if umeer Bu
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if ycnosue
omepaTopsl
else
ommepaTopr2
end

3/1ech ycioBHe — JIOTUYECKOe BbIpakeHue, omepaTopsil, omepaTop2 — OlepaTopbl
a3bika Scilab mim Berpoennbie dynknumn. Omneparop if paboTaeT HO ClemyONEM
AJITOPUTMY: €CJIM yCJOBHE UCTUHHO, TO BBIIOJHAIOTCS OLEpaTopsl, ecju JIOXKHO —

oIIepaTopsHI2.

B Scilab jy1s1 mOCTpOEHUS JIOTUYECKUX BLIPAYKEHUN MOTYT UCIIOJIb30BATHCHA YCIIOB-
HbIe onepaTopsl: &, and (orudeckoe u), |, or (ylormueckoe wiam), ~, not (Joruveckoe
OTpHIlaHNE) ¥ OllepaTOphbl OTHOIIeHHs: < (MeHbIe), > (Gosblne), == (paBHO), ~=, <>

(ne paBHO), <= (MeHbIIIE WU PABHO), >= (6oJIbIle WU PABHO).

BagacTyio IpU peleHnn IPaKTHIECKHUX 381849 HEJOCTATOYHO BbIOOPA BBIITOJTHEHUS
MJIV HEBBITIOJTHEHUST OJTHOTO YCJIOBUA. B 9TOM cilydae MOYXKHO, KOHEYHO, 110 BETKe else
HaInCcaTh HOBBIA omepaTop if, HO JIydille BOCIIOJIB30BATHCS PACIIMPEHHON (hopMoit
oneparopa if.

if ycmomuel

omepaTopsl

elseif ycmoBue2

omepaTop2 elseif ycnosme 3
omepaTop3

elseif ycrnosme n
oIepaTopsn

else

OIIepaTOPH

end

B sTom ciyvae oneparop if paboraer Tak: ecsu yciaoBuel MCTHHHO, TO BBIIOJ-
HAIOTCS OIepaTopl, nHade IIPOBEPAETCA yCI0BHE2, €CJIM OHO NCTUHHO, TO BBIIIOIHA-
IOTCS OIlepaTOPH2, WHaUe MpoBepseTcd ycuoBre3 U T. A. Ecam Hu olHO U3 yCJIOBHit
1o BeTKaM else u elseif He BBINOJIHAECTCH, TO BBIIOJHAIOTCA OIEPATOPHI II0 BETKE
else.

Bamada 9.1.
B kadecTBe nmpumepa IporpaMMUPOBAHUST PA3BETBJISIIOIIETIOCS IIPOIECCa PACCMOT-
pUM pelrenne 6UKBaIpaTHOro ypasHeHus ar? + bz +c = 0.

J71s1 perteHnst GUKBAIPATHOTO yPABHEHHs HEOOXOIIMO 3aMEHON y = &2 IPUBECTH

€ro K KBaJ[paTHOMY W PEIUTH 3TO ypaBHeHne. Ilocae 3Toro i HaxXoxKIeHnsT KOpHei
OMKBaIPATHOTO YpaBHEHUsT HEOOXOAMMO Oy/IeT M3BJ€Ub KOPHU U3 HANIEHHBIX 3HAYTE-
HUit y. BXOJHBIMU TaHHBIMU 3TOU 38Ja9U SABJISTFOTCS KOY(DDUIMEHTH OMKBAIPATHOIO
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ypaBHeHUS @, b, c. BBIXOIHBIMU JIAHHBIMU SIBJISFOTCS KOPHU YPABHEHUS T1, T2, T3, L4
TN COOOINIEHNE O TOM, UTO J€ACTBUTEILHBIX KOPHE HET.
AJIrOpUTM COCTOUT U3 CJIEAYIOIINX 3TAIOB:

1.
2.

Bson koaddunmrentos ypasuenus a, b u c;
Berauncnenne guckpumuHaHTa ypaBHEHUS d;

Ecin d < 0, opesessitorcst Yy U Y2, B IPOTUBHOM CJIy9ae BHIBOJUTCS COOOITICHIE
«Kopmueit mers.

Ecim y1 < 0 m y2 < 0, TO BoIBOA, coobirennst «Kopmeit HeTs.

Ecim y1 > 0 u yo > 0, TO BBIYACTAIOTCH Y€THIpE KOPHH 10 dopMmyiaMm +./y1,
+./Y2 U BBIBOIATCS 3HAYEHUsST KOPHEN.

Ecin ycioBust 4) u 5) He BBIIOJIHSIOTCs, TO HEOOXOAUMO IIPOBEPUTH 3HAK U1 .

Ecou y; HeorpuiiatesibHo, TO BEIYUCISIIOTCS JIBa KOPHS 110 hopmyiie +., /i1, nHa-
Je 00a KOPHSI BBIYUCIAIOTCS 110 dpopMmyse +./ys.

ITporpamma pemneHnst GUKBAJIPATHOrO YPABHEHHUS Ha SCi-sI3bIKe MPUBEJICHA HA JIH-
crunre [0.1] ee BbI30B U pesy/braTsl — Ha juctuHre 0.2

Jluctunur 9.1. IIporpamma perernst OMKBaIPATHOIO YPABHEHUS

//BBox, 3HaveHui#l KO>PPUINEHTOB 6UKBALPATHOTO YPaBHEHUS .
a=input(’a=’);

b=input (’b=7);

c=input(’c=’);

//BHYnCnsieM OUCKPUMUHAHT .

d=b*b-4x*ax*c;

//Ecnu OWCKpUMMHAHT OTpUILATeleH,

if d<O

//TO BHBOZ COObGmEHUS,

disp(’Real roots are not present’);

else

//7WHade BHYHUCIEHUE KOPHEH COOTBETCTBYWILETO
//KBaZpaTHOTO ypaBHEHUS .
x1=(-b+sqrt(d))/2/a;

x2=(-b-sqrt(d))/2/a;

//Ecan oba KOpHS OTpHUIATENIbHSH,

if (x1<0)&(x2<0)

//BHBOL coobmeHus 06 OTCYTCTBUU LEHCTBUTEIBHHX KODHEH.
disp(’Real roots are not present’);
//uHave, eciu o6a KOpDHS IIONOXUTENbHH,
elseif (x1>=0)&(x2>=0)
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//BHYUCIEHNE YeTHpeX KOpHeH.
disp(’Four real roots’);
yl=sqrt(x1);

y2=-y1i;
y3=sqrt(x2);
y4=-y2;

disp(y1,y2,y3,y4);

//VHade, ecmum oba ycmoBus (x1<0)&(x2<0) m (x1>=0)&(x2>=0)
//He BHIIOJHSWTCH,

else

//TO BHBOI cOObUeHuT

disp(’Two real roots’);

//TlpoBepra 3Hara x1.

if x1>=0

//Ecnu x1 mOmOXUTEeNeH, TO BHYUCIEHWE OBYX KOPHEN OMKBaApPaTHOIO
//ypaBHeHUs W3BIeUeHUEM KOpPHA U3 X1,

yl=sqrt(x1);

y2=-y1;

disp(y1);

disp(y2);

//vHade (ocTancs ONWH BApHAHT - X2 IOJIOXUTEIEH),
//BHYHCIEHNE IOBYX

//KopHe#l 6MKBaZpaTHOTO ypaBHEHU: W3BIEYEHHEM KODHA U3 X2.
else

yl=sqrt(x2); y2=-yi;

disp(yl); disp(y2);

end

end end

Jluctunr 9.2. Permenne 6uKBaIpaTHOrO ypPaBHEHUS

-->exec("G:/Lecture Scilab EG/2/11.sci");
=—->-6

b=-->9

c=-->-1

Four real roots

0.3476307

1.1743734

0.3476307

0.3476307

Haiitu Bce KopHU OMKBAIPATHOTO ypaBHEHUs MOXKHO U 0e3 omepartopa if, Boc-
[I0JIb30BABIINCH TEM, UTO B Scilab ompejesieHbl onepaluu Hal KOMILJIEKCHBIMY YHCJIa-

Mu (CM. JIMCTHUHT .
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Jluctunr 9.3. Perenne 6uKBapaTHOrO ypaBHEHUS

a=input(’a=’);
b=input (’b=7);
c=input(’c=’);
d=b*b-4x*ax*c;
x1=(-b+sqrt(d))/2/a;
x2=(-b-sqrt(d))/2/a;
yl=sqrt(x1);

y2=-y1;
y3=sqrt(x2);
y4=-y3;

disp(y1,y2,y3,y4);

PesynbraT paboThl TpOorpaMMbl, IPEJICTABICHHON Ha JIUCTHUHTE ITPeICTaBJICHBI

nike (eM. sucrunr [9.4)).

JIuctunar 9.4. KommekcHbie KOpHU OMKBAIPATHOTO yPABHEHUST

-->a=3
-->b=8
-->c=-1
-1.66922131
1.66922131
-0.3458800
0.3458800

9.1.4 OnepaTop anbTepHaATUBHOrO BbIOOpaA

Eie ogamm criocobom opranmsanun pa3sBeTBIICHUI SBJISIETCS OIEPATOD AJIbTePHA-
TUBHOTO BBIOOpA select cieayionieit CTpyKTyphI:

select mapameTp
case 3Hauenuel then omepatopsl
case 3HadeHHe2 then omnepaTops?2

else omepaTops
end

Oneparop select paboraer cjeayrouM O0pPa3oM: ec/ii 3HAYeHWe IapaMeTpa
PaBHO 3HadYeHmmiol, TO BBIIOJHAIOTCS OIepaTopsl, MHaYe, eCcJU IapaMeTp paBeH
3HAYEHUNHn2, TO BBLIMOJHAIOTCHA ONEpaToph2. B mpoTuBHOM ciydae, eCiIu 3HAYEHHE
mapaMeTpa COBIIQJIAeT CO 3HAYEeHWeM3, TO BBIIOJIHAIOTCH omepaTops3 u T. 1. Eciun
3HAYEHHNE I1apaMeTpa He COBHaJaeT HU € OJHUM W3 3HAYEHUIl B IpyIlIax case, TO
BBITIOJTHSIFOTCSI OII€PATOPH, KOTOPBIE UIyT IIOCJIE CJIy?KeOHOTO cJioBa else
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Koneuno, r060ii ajaropuTM MOXKHO 3allpOrPaMMUPOBATh 0€3 WCIIOJIb30BAHUS
select, UCHoOJIb3ys TOJIHKO if, HO MCIIOJIB30BaHUE OIEPATOPA AJBTEPHATUBHOIO BBI-
bopa select mesaer mporpammy 00Jiee KOMIAKTHOMN.

Pacecmorpum ucniosb3oBanme oneparopa select Ha IpUMepe PEIeHusl CJIe Iy oIei
3aJ1a490.

Samadga 9.2.
BroiBecTu Ha nedarh Ha3BaHUE JIHS HEIE/HM, COOTBETCTBYIONIEE 32 aHHOMY YUCILY

D, npu ycmoBun, 9To B Mecsne 31 eHb u 1-e Iuc/io — moHe e IbHUK.

Jist perenust 3aa4u BOCIOAB3YeMCsl YCJIOBUEM, YTO 1-€ UhCII0 — HOHE/EIbHIK.
Eciu B pesysbraTe OCTATOK OT JeJIeHHsI 3aJ]aHHOTO uucia D Ha ceMb OyJeT paBeH
€JIMHUIIE, TO ITO [OHEEJIbHIK, JIBOIIKe — BTOPHUK, TPOHKe — cpejia U Tak jajee. Bbl-
YHCJIATH OCTATOK OT JICJICHHUs] YHCJIa T Ha k MOXKHO 1o dopmyie ¢ — int(z/k) * x.
CiieJoBaTEIBHO, P HOCTPOCHUH aJITOPUTMa HEOOXO/MMO HCIIOJIb30BATh CEMb yCJIOB-
HBIX OIIEPATOPOB.

Pemenne 3ana4m craner 3HAYUTEBHO IPOIIE, €CIN IIPU HAIKUCAHUE LPOrPAMMBL
BOCIIOJIB30BAThCsI OIEpaTOpoM BapuaHTa (cM. mctuar [9.5)). Beisos mporpammbr npest-
cTaBJjIeH Ha JIMCTUHIE [9.0)

JIucrunr 9.5. Pemenne 3ana4n 9.2

D=input (’Enter a number from 1 to 31’);

//BbuucieHue oCTAaTKa OT HOesleHus# D Ha 7, CpaBHEHHE ero C YUCIaMu

//oT O mo 6.

select D-int(D/7)*7

case 1 then disp(’Monday’);

case 2 then disp(’Tuesday’);

case 3 then disp(’Wednesday’);

case 4 then disp(’Thursday’);
5
6

case 5 then disp(’Friday’);
case 6 then disp(’Saturday’);
else

disp(’Sunday’);

end

JIuctunur 9.6. BoizoB dyukimn /s pemrenus 3aja4qu 9.2

-->exec(’G:\Lecture Scilab EG\2\12.sci’);disp(’exec done’);
Enter a number from 1 to 31-->19
Friday

Paccmorpum oneparopsr nukiia B Scilab. B sci-si3bike ecTh jiBa BHjia [UKJIA: Ole-
parop nukJa ¢ npegyciaosueMm while u oneparop for.
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9.1.5 OnepaTop while

Omneparop 1ukIIa while mMeer BUJ

while ycmoBue
OIIepaTOpPH
end

31ech ycnoBue — JIOTUYIECKOE BBIPAYKEHHE; OIEePaTOPH OY/IyT BBIIOJHSITHCS KNI~
CKH, IIOKa JIOTUYECKOE yCJIOBHE NCTUHHO.

Omneparop nukia while obJiajiaer 3HATUTEHLHON THOKOCTBHIO, HO HE CJIUIIKOM Y10~
OeH /151 OPraHU3aINH «CTPOIUX» IIUKJIOB, KOTOPBIE JOJI2KHBI OBITH BBIIIOJHEHDI 33/[aH-
HOe uncyio pa3. Omeparop 1ukia for UCIOIb3yeTCsl UMEHHO B 3THX CJIydJasX.

9.1.6 OnepaTop for

Omneparop 1ukIIa for nMeer BUJ

for x=xn:hx:xk
oIIepaTOopH
end

31ech x — UMsI CKAJISIDHOM TIepeMeHHO# — mapaMeTpa [UKJIa, X0 — HadajbHOe 3HaJde-
HUE ITapaMerpa UKJIa, XK — KOHETHOe 3HAYEHUE MapaMeTpa IUKJIA, hx — IIar mukJa.
Ecin miar muksta pased 1, To hx MOXKHO OIyCTHTh, U B 9TOM CJydae onepartop for
Oy/1eT TaKuM.

for x=xn:xk
oIIepaTOopH
end

Boimosinenne nukia HAYMHAETCST ¢ TPUCBOEHUS APAMETPY CTAPTOBOIO 3HAYEHUS
(z = zn). Barem ciepyeT IpPOBEpKa, HE MPEBOCXOAUT JIM HAPAMETP KOHEUHOE 3Ha-
uyenne (x > zk). Ecim > xk, T0 muki cuuraeTcs 3aBEepINEHHBIM, U YIDaBJIECHUE
[epeIaeTCsl CIIEYIONMEMY 3a TeJIOM IUKJa oreparopy. Ecin ke x < xk, TO BBIIOJIHS-
I0TCs OIIEPATOPHI B IKJIe (Tesio 1uKia). Jasee mapaMerp IUKia yBeJININBAET CBOE
suauenue Ha hx (x = x + hx). Ilocse 4ero cHOBa IPOU3BOIUTCS IIPOBEPKA 3HAUECHUST
nmapamMerpa MUK/, U AJITOPUTM MOBTOPSETCS.

9.2 (OO6paboTka maccusos u matpuy B Scilab

Paccemorpum Bo3mokHOCTH Sci-si3bika st 00paboTku MaccuBoB u marpuir. Oco-
GEHHOCTHIO IPOrPAMMUPOBAHUS 33189 00pabOTKU MACCUBOB (OIHOMEDHBIX, JABYMED-
HBIX) Ha SCI-sI3bIKe sBJISETCS BO3MOXKHOCTH KaK II03JIeMEHTHOII 00paboTKU MaCcCUBOB
(kax B TI060M SI3BIKE IIPOIPAMMUPOBaHUs), TAK M HMCIOab30BaHne (yHKmil Scilab
J1s1 pabOThl MACCUBAME U MATPHUIIAMIU.
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PaCCMOTpI/Il\l OCHOBHBIE€ aJITOPUTMBbI O3JIEMEHTHO 06pa6OTKI/I MaCCUBOB U MaTPHUIL
U UX peain3alruio Ha SCi-sI3BIKE.

9.2.1 BsBop-BblBOg, MacCMBOB U MaTpuly,

BBoJ, MaccuBOB U MATPHIL CJle/lyeT OPraHM30BBIBATL MO3JeMeHTHO. Ha JucTuH-
rax [9.7) u [0.8] npuBeseHbl IPOrpaMMBbl BBOJA JIEMEHTOB MACCHBOB U MATPHUIL HA SCi-
A3BIKE.

JIuctunr 9.7. BBoa 371eMeHTOB MaccuBa

N=input (’N=7);
disp(’Vvod massiva x7’);
for i=1:N

x(i)=input (°X=7);

end

disp(x);

JIucturar 9.8. BBoj s/1eMeHTOB MaTPUITHI

N=input (°’N=’);
M=input (’M=’);
disp(’Vvod matrici’);
for i=1:N

for j=1:M
a(i,j)=input(’’);

end

end

disp(a);

BoiBox MmaccuBa (MaTpHIbl) MOKHO OPraHU30BATH AHAJIOTMYHBIM 00Pa30M B IIUKJIe

UM BOCIIOJIB30BATHCS OMIepaTopoM disp Jist BRIBOJA MAcCUBa (MATPUIIHI) IeJTIKOM .

9.2.2 BbluncneHne cymmbl 1 Npov3BeAeHUsi 31IEMEHTOB MacCuBa
(maTpuubi)

PaccmoTpum asiroputmM HaXOXKJIEHUSI CYyMMBI, KOTOPBIN 3aK/II0YAETCS B CIIETYIO-
miem: BHadasie cymma pasaa 0 (s = 0), 3areM K $ 106aBJIs€M [EPBbIi 9JIeMEHT MACCUBA
U PE3YJIbTAT 3aIMCHIBAEM OIATh B IEPEMEHHYIO S, Jajiee K MEPEeMEeHHON s 100aBiIsieM
BTOPOIl 9JIEMEHT MACCHBA U PE3Y/IHTAT 3AIUCHIBAEM B S U JlaJIee AHAJIOTUYIHO J100aBJIs-
€M K S OCTaJbHbIE 3JIEMEHTHI MaccuBa. [Ipu HAXO0XKIEHUN CYMMBI 9JIEMEHTOB MATPHUITHI
IOCJIeIOBATEIbHO CYMMHUPYEM 3JIEMEHTHI BCEX CTPOK.

HamoMuHaeM YHTATENIO, UTO €CJIU TOCTe HMEeHHM MAcCHBa (MATDHIILI) He MOCTABUTL TOYKY C
3anAToii, To Maccus (Marpuna) GymeT BbIBeleHa B OKHe Scilab.
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AJtropuT™M HaXOXKJEHUS [IPOM3BEIEHNs CJIeIYOMUA: Ha IEPBOM JTalle HadajIbHOe
3HaveHue npoussejenus pasuo 1 (p = 1). 3areM p 1OCIEI0BATEIHLHO YMHOXKACTCS HA
OdYepEeTHOM SJIEMEHT, U PEe3y/IbTaT 3alnChbiBaeTcd B p U T. 1. Ha juctuarax [9.9H9.12
[IPE/ICTABJIEHBI SJIEMEHTHI IIPOIPAMM, PEATU3YIONINe STU AJTOPUTMBL.

Jluctuur 9.9. Ilporpamma BhIYHCIEHNsT CYMMBI 9JIEMEHTOB MaCCUBA

//3anuceBaeM B IepeMeHHyb s uucio 0.
s=0;

//llepebupaeM BCe 3JIE€MEHTH MaCCHUBAa
for i=1:length(x)

//HaroINIeHne CYMMH

s=s+x(i);

end

JIuctuar 9.10. IIporpamma BbIMHUCTEHUS TPOU3BEICHIS 9JIEMEHTOB MaCCH-
Ba

p=1;

for i=1:length(x)
p=p*x(i);

end

JIuctuur 9.11. IIporpamMma BBIYUCIEHUS CyMMBI 9JIEMEHTOB MaTPHUIIBI

s=0;

//BraucnsieM Komu4ecTBO CTpokK N m crombmoB M MaTpuip A.
[N,M]=size(A);

for i=1:N

for j=1:M

s=s+a(i,j);

end

end

disp(s);

JIuctunar 9.12. IIporpaMma BBIYUCTICHUST TPOU3BEJICHUST SJIEMEHTOB MAaT-
PHIIBI

//HavanpHoe 3HadueHwe mpousBezmenue (p) paBuHO 1.

p=1;

//Bh4ncnseM Konu4eCcTBO CTpoK N m cronbmo M mMaTpuis A.
[N,M]=size(A);

//TlepebupaeM BCe CTPOKU MATPHIH.

for i=1:N

//TlepebupaeM BCe CTOIOIE MaTPHIE.
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for j=1:M

//YMHOXaeM 3HaYeHWe p Ha TEKYyWUH 3JIE€MEHT MaTpPHUIH.
p=p*a(i,j);

end

end

9.2.3 TMouck makcMManbHOro (MUHUMANbLHOrO) 3/1IEMEHTa MaccuBa
(maTpuubi)

AsropuT™m perreHust 3a/1a97 TOWCKA, MAKCHUMyMa M €r0 HOMEDA B MACCHBE CJie-
mytoruit. [IycTs B mepemenmnoit ¢ nmeneM Max XpaHUTCS 3HAYEHHE MAKCUMAJBHOTO
3JIEMEHTA MacCHBa, & B IIepeMeHHo# ¢ nMeHeM Nmax — ero nomep. IIpeamomoxkum, aTo
TEPBBII 3JIeMEHT MaCCUBa ABJAETCA MAaKCHUMaJbHBIM U 3aIUIIEM €ro B IIEPeMEeHHYIO
Max, a B Nmax — ero nomep (1). 3arem Bce /ieMeHTbI, HAUMHAS CO BTOPOrO, CPDABHUBA~
€M B ITUKJIe C MAKCUMAJIbHBIM. FCIU TEKyIIHii 9JIeMEHT MACCUBa OKA3bIBAETCs OOJIbIITE
MaKCHMaJIbHOI'O, TO 3allUChIBAEM €ro B IlepeMeHHyIo Max, a B nepeMeHHyIo Nmax — Te-
KyIee 3Hadenne uuaekca i. Ha mmctunre |9.13| npencraBieH dhparMeHT mporpaMMb
MOMCKa MaKCUMyMa.

JIuctuur 9.13. Peanmzarus aaropurma moncka MaKCUMyMa

//3anucriBaeM B Max 3HadYeHHWe IIepBOTO dJIeMeHTa MacCHBA.
Max=a(1);

//3anuceBaeM B Nmax HOMEp MaKCHMAlbHOTO 3JIEMEHTa
//MaccuBa, ceiivac 3TO 4uCIO 1.

Nmax=1;

//llepebupaeM BCe 3JIeMEHTH MacCHBa, HAdWHAs CO BTOPOTO.
for i=2:N

//Ecmm TeKyWui 3JeMeHT MaccuBa boisbme Max,

if x(i)>Max

//TO Teryuwuil 3IeMeHT MacCuBa OODbSBISLEM MAKCHUMANBHEM,
Max=x(1i);

//a ero HoMep paBeH 1.

Nmax=i;

end;

end;

AJiropuT™M IMOMCKa MUHUMAJIBHOTO 3JIEMEHTa B MACCUBE OYIeT OTJIMYaThCsl OT IIPU-
BEJICHHOTO BBIINE JIUIIb TeM, YTO B ollepaTope if 3HaK MOMeHseTCd ¢ «>» Ha «<».

Ha HHCTHHN3EZI§ IIpeACTaBJIeHa IIpOrpaMMa IIOMCKa MHAHUMAJBHOTO 3JIEMEHTa
MAaTPHUIIBI U €r0 WHIEKCOB: Nmin — HOMep CTpPOKH, Lmin — HOMEp CTOJIOIA MUHIMAJTb-
HOT'O 3JIeMEeHTa.

O6parnTe BHUIMAHWE, YTO [IPY TIOUCKE MUHUMAJIBHOTO (MAKCHUMAJBHOIO) SJIeMEeHTa
MaTPHIIBI IUKJIBL [0 1 U j HaunHaoTcd ¢ 1. Ecim nanmcars ¢ aByx, TO 1pu o6paboTKe
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3JIeMEHTOB OyJeT IpOIlyIleHa MepBas CTPOKa WJIM MEePBBI CTOJIOeN, IPU CPaBHEHUH
a; 4 ¢ min.

Jluctuur 9.14. IIporpamMma moncka MAHAMAJIBHOTO 3JIEMEHTa MATPHUIIHI U
€ro MHJIEKCOB

//3amucuBaeM B Min a(1,1), B Nmin u Lmin ywmcmo 1.
Min=a(1,1); Nmin=1; Lmin=1;

for i=1:N

for j=1:M

//Ecnu Tekyumuii >JeMeHT MaTpuipl MeHbme Min,

if a(i,j)<Min

//To Terymmil >meMeHT MaccuBa OObABIAEM MUHUMAIBLHEM,

Min=a(i,j);

//a ero WHEEKCH paBHH 1 # j.
Nmin=i;

Lmin=j;

end;

end;

end;

9.2.4 CopTtupoBka 3/1eMeHTOB MaccuBea

CopTupoBKa MIpeJicTaB/IsieT coboii MPOIEeCcC YIIOPSIOYNBAHUST SJIEMEHTOB MaCCUBA
B IOpsiJIKe BO3pacTaHus Wjin yObiBanus wx 3HadeHuit. Hampumep, maccuB X us n
3JIeMEeHTOB Oy/eT OTCOPTHPOBAH' B IOpAIKE BO3PACTAHHS 3HAMEHHI €ro 3JeMEHTOB,
eciin

X[ < X[2] < - < X[n),

U B TIOPsIJIKE YOBIBAHUS, €CJTH
X[1]>X[2] > > X[n].

Paccmorpum mambosiee M3BECTHBIN AJTOPUTM COPTUPOBKU METOJIOM IIy3BIPHKA.
CpaBHUM TEPBBI 9JIEMEHT MACCHBA CO BTOPBIM, €CJIN MEPBBIi OKAXKeTCsT DOJIBIIE BTO-
pOro, TO IOMeHsieM UX MecTaMu. Te yKe JIefiCTBHS BBIIIOJHUAM JIJIsi BTOPOT'O U TPETHETO,
TPETbEro U YeTBEePTOro, .. ., -ro u (i 4+ 1)-ro, ..., (n — 1)-ro u n-ro ssementos. B pe-
3yJIbTATE ITUX JEHCTBUN CaMBIil GOJIBIION SJIEMEHT CTAHET Ha MOCJeHee (Nn-e) MeCTo.
Tenepb HOBTOPUM JAHHBIA AJrOPUTM CHaYAsa, HO HOCJejnuii (n-it) sjeMeHT pac-
cMaTpuBaTh He Oy/ieM, TaK KaK OH yzKe 3aHsjI cBoe MecTo. Ilocse mpoBeenns qannoi
ollepaIy caMblii GOJIBIION 9JIEMEHT OCTABIIEroCs MaccuBa craHer Ha (n— 1)-e mecro,
JaJiee cjieslyeT IOBTOPUTH aJIOPUTM JI0 TeX IOp, IT0Ka He YIOPSI0YUM MAacCCUB.

13&‘{3CTyIO aJITOPUTM COPTHUPOBKHU Ha3bIBAIOT aJI'OPUTMOM YIIOPAOOYUBaAHUA SJIEMEHTOB MaCCH-
Ba.
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AropuT™M COPTUPOBKHU 10 YOBIBAHUIO OYJIET OTANYATHCS OT IPUBEJIEHHOIO 3aMe-
HOIl 3HaKa «>» Ha «<». Ha jmcrtunre [IpeJICTABIEH (DPArMEHT IPOrpaMMbl Ha
SCi-s13bIKe, PeAU3YIONIHIil AJITOPUTM COPTUPOBKHU TI0 BO3PACTAHUIO.

JIuctuur 9.15. IIporpamma ynopsaounBaHus 10 BO3PACTAHUIO
x=[-3 57 49 -8 11 -5 32 -11];
for i=1:length(x)-1
for j=1:length(x)-i
//CpaBHUBaeM ABa COCEINHWX 3JIEMEHTA, XU €CJIU IpeIbAyLui MeHbIe
//nocnenywomero,
if x(j)>x(G+1D)
//TO MeHSeM WX MeCTaMu.
b=x(j);
x(§)=x(+1);
x(j+1)=b;
end;
end;
end;
//BHBOZ, JIOPSALOYEHHOTO MAaCCHBA.
disp(x);

9.2.5 VYpaneHue anemeHTa U3 mMaccmsa

Heo6xoauMo yiagmmTh n3 MACCUBA X, COCTOSIIErO U3 1 JIEMEHTOB, M- 110 HOMEpY
aement. [ljig 3TOro socratouHo samucath (m + 1)-if 9JeMeHT Ha MeCTO 3JIeMeHTa
¢ HomMepoM m, (m + 2)-it —Ha mecto (m + 1)-ro, ..., n-it—Ha mecto (n — 1)-ro,
[OCJIe 9€ro yAaJINTh HOCJIeaHui n-it suement. Ha jauctunre npuBeeH (pparMenT
MIPOrPAMMBI, PEATU3YONIHIA OIMMCAHHBIN AJITOPUTM.

Jlucrunr 9.16. IIporpamMa yuajeHus m-ro 3JeMeHTa u3 Maccusa (n)

x=[3215468T7];

disp(x);

n=length(x) ;

//BBoz HOMepa yLandeMorO SIJIeMEHTA.

m=input (’m=’) ;

//COoBUT BCex 3JIEMEHTOB, Ha4YWMHAd C M-TO Ha OOWH BJIEBO.
for i=m:n-1

x(1)=x(i+1);

end;

//Voanenue n-ro sIeMeHTa U3 MacCHBa.
x(:,n)=[];

//YveHbmeHve n Ha 1.

n=n-1;

//BHBOL mpeobpaspBaHHOTO MaCCHUBA.
disp(x);
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9.3 Pabota c daninamu B Scilab

Pacemorpum dyuknun Scilab ais padorsr ¢ dairamu .

1

9.3.1 ®yHkuua oTkpbITUsA daiina mopen

Kak u B 11060M JIpyroM S3bIKe MPOrpaMMUPOBAHIS, paboTa ¢ (hailjioM HATMHAETCS
¢ ero otkpbITust. Jlst oTkpeiTHs dailia B sci-s3bIKe peHa3HadeHa MYyHKIHS mopen,
KOTOpasl UMeeT BUJI:

[fd,err]=mopen(file,mode)

file —cTpoKa, B KOTOPO# XpaHuTcs nms daitia,

mode — pexxuM paboThI ¢ aitom:

’r’ — TeKCTOBBIH (hailjl OTKPHIBAETCSI B PEXKUME UTEHUs,
’rb’ — ABOWMYHBIN pail/l OTKPHIBAETCS B PEKUME UTECHHUSI,

YW’ — OTKPBIBAETCS ITYCTON TEKCTOBLIN (haiiyi, KOTOPBIH IpeaHa3HatMeH TOJIHKO
JUTS 3alACU MHMOPMAIINNT;

’wb’ — OTKPBIBAETCS IIYCTON ABOUYHBIN (aiiyi, KOTOPBIA MpegHas3HadeH TOJTHKO
JUTS 3alIACU MHMOPMAIINNT;

’a’ — OTKPBIBAETCS TEKCTOBBIN (haill, KOTOPBIA OyIeT UCIOIb30BATHCS ISl J10-
OaBjeHNs JAHHBIX B KOHeIl daitia; eciu daitaa Her, OH OyIeT CO3IaH;

’ab’ — OTKPBIBAETCS JIBOUIHBIN (Daiisi, KOTOPBIi Oy/IeT UCIOIb30BATHCS JIJIS 10~
OaBjeHNs JAHHBIX B KOHeI daitra; eciu daitaa Her, OH OyIeT CO3IaH;

’r+’ — OTKPBIBAETCS TEKCTOBBIM (aill, KOTOPHI OyIeT UCIOJb30BATHCS B Pe-
JKUMe YTeHUsd U 3alllCH;

’rb+’ — OTKPBIBAETCH JBOMYHBIN (hailsl, KOTOPBI OyJIeT UCIOJb30BATHCS B Pe-
JKUMe YTeHUs U 3allCH;

’w+? — co3MaBaeMbIil IyCTON TEKCTOBBINA hailyi mpegHa3HAYEH I ITEHUS U
3anncy HHMOPMAITIH;

’wb+’ — co3maBaeMblii IIyCTOW JBOMYHBIN (baili mpenHa3sHAYEH Il YTEHAS U
3amncy THQOPMAITIH;

’a+’ — OTKPBIBAEMBIN TEKCTOBBIN (bailjl OyIeT MCIOIb30BAThC JJIsi J0DaBe-
HUs TaHHBIX B KOHEI (pailyia U YTeHUs JAHHBIX; ecyu (aiiaa Het, OH Oymer
co3/1aH;

’ab+’ — OTKPBIBAEMBIIl JBOMIHBIN (haiti OymeT UCIOIb30BATHCS s J00aBe-
HUs TAaHHBIX B KOHEI (pailyia U 9TeHus JAHHbIX; ecu (aiiaa Het, oH Oymer
CO3/1aH.

L ABTOpBI O6pAIIAIOT BHUMAHME YUTATENIEH, 9To (DYHKIMH paboThl ¢ dalsaMu B SCi-A3bIKe aHa-

JIOTUYIHBI COOTBETCTBYIOMUM PYHKIUAM B s3bike C.
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OyukIus mopen BO3BpaIiaeT neHTU(GUKATOP OTKPBHITOro (haitia £d n Ko omubdbKu
err. Unenrudukarop daitna — umsa (Koj), 110 KOTOPOMY OIMCAHHBIE HUXKe (DYHKIUN
OyayT obpamarbcst K peajbHOMY daitiry Ha Jaucke. B mepeMeHHOI err BO3BpaIaeTcst
snadenve 0 B cIydae yJAaqHOro OTKpbITH: (haiiyia. Eciau err # 0, To 9T0 3HAYNT, ITO
daiil OTKPBITH HE YIATOCH.

9.3.2 ®dyHkuus 3anucu B TekcToBbli daiina mfprintf

OyHKIWS 3a1I1UCA B TeKCTOBBIH daiiyi mfprintf umeer By
mfprintf(f, sl, s2)

3aecn £ — naentudukarop daitia (3nadenue unaeaTudUKATOPA BO3BpamaeTcs OyHK-
1ueil mopen), s1 — Crpoka BBIBOJIA, S2 — CIIUCOK BBIBOJAMMBIX [EDEMEHHDBIX.

B cTpoke BbIBOIA BMECTO BBIBOJIMMBIX IIEDEMEHHBIX yKA3BIBAETCS CTPOKA IIPeod-
Pa30BaHus CJIeIYIONIero BUIa:

% [bnar] [muzpuwa] [ . TounocTs] [MomubukaTop] Tum!

3HavYeHNs IapaMeTPOB CTPOKH ITpeoOpa3oBaHusl TpUBeIeHbl B Tabimuie [9.1
B cTpoke BBIBOIA MOTYT HCIOJIB30BATHCS HEKOTOPBIE CHETNAIBHBIE CUMBOJIBL, TPHU-

BeJIeHHbIE B TabJl.

9.3.3 ®dDyHKUMS YTeHUs AaHHbIX U3 TekcToBoro cpaina mfscanf

IIpu cunTeiBanuN JaHHBIX U3 daitia MOXKHO BOCIOIb30BaThCA (GyHKImel mfscanft
CJIEJLYIOIIEro BUA!

A=mfscanf (f, sl)

3nech £ —unentudukarop daira, KOTopblii Bo3Bpaiaercs GyHKIueil mopen, s1 —
cTpoka hopMaTOB BUIA

% [mupuual [. TouHOCTH] THO

Oyukiusa mfscanf paboraer ciemyomuM obpazomM: u3 dailaa ¢ BIeHTHOUKATOPOM
f CUNTBHIBAIOTCS B MEpPEeMEHHYIO A 3HaYeHUsi B cooTBeTcTBHUU ¢ (hopmaroMm sl. Ilpm
YTeHUH YUCJIOBBIX 3HAYEHUI U3 TEKCTOBOIO baiiyia ciaeayeT IOMHUTD, YTO JIBA UHCJIA
CYUTAIOTCH Pa3/IeJIEHHBIMHI, €CJIU MEXKJy HUMH €CTb XOTs ObI OJIUH IIPOOEeJI, CHMBOJI
TaOyJISAIIANA U CUMBOJI [IEPEX0/Ia HA HOBYIO CTPOKY.

IIpu cumTbIBaHWN JAHHBIX U3 TEKCTOBOTO (ailjia M0Jb30BATEIb MOYXKET CJIEIUTh,
JIOCTUTHYT Jii KoHerr aiiia, ¢ nomompio dyakiun meof (£) (f —umentudukarop
daiia), KoTopas BO3BPAIIAET EIUHUILY, €CIIA JOCTUIHYT KOoHell (daiija, 1 HOJIb B IIPO-
THUBHOM CJIy4ae.

HTapameTpsr B KBaJpaTHBIX CKOOKAX SBJISIIOTCA HEOGA3ATEBHBIME B MOTYT OTCYTCTBOBATb.
P P AP Y Y
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Tabauna 9.1. 3uadenne mapaMeTpoB CTPOKHU IPe0OPA30OBAHUS

ITapameTrp \ Hasznauyenue
®jar
- BripaBuuBanue uwncia Bieso. llpaBas cropona nomosHsieTCst
npobesamu. Ilo ymorganuio BhIpaBHUBAHME BIIPABO.

+ Tlepes gmcioM BBIBOAUTCS 3HAK «+» WM «-»
IIpobGen Tlepes MOTOKUTENBHBIM IUCIOM BBIBOJUTCA TPOOET, Tepes OT-
pUIATETBHBIM — «-»
# BuiBomuTest kom cucteMbl caucaenust: ) — rmepe; BOCbMEPUIHbBIM,
0x (0X) — mepes MeCTHAIATEPUTHBIM TUCIOM.
IMTupuna
n IMMupuna moss BeIBoga. Ecan n mo3umuit HeI0CTATOTHO, TO MOJIEe

BbIBO/Ia pacHIupsAeTCA 10 MUHUMAJIBHO H€O6XO,JI/IMOFO. Hesamo-
HEHHbIE ITO3UNIUN 3aIlOJTHAIOTCA HpO6eJIaMI/I.

On To ke, 9TO 1 n, HO HE3AIIOJHEHHbIE TIO3UIUN 3AIIOJHIIOTCH HYy-
JISIMU.
TouHOCTH
HUYero TOYHOCTD 110 YMOJTIAHUIO
n Jtst TumioB e, E, £ BHIBOAUTH 1 3HAKOB IOCJE JECATUIHON TOUKI
Twun
c IIpu BBOMIE CUMBOMBHBIN TUI char, IPU BLHIBOJE OJWH OAMNT.
d, i HecaTuaHoe co 3HAKOM
i HecaTranoe co 3HAKOM
o Bocemepudnoe int unsigned
Hecsaruanoe 6e3 3HaKa,
x, X IITectragnarepumaroe int unsigned, IpHU X UCHOJB3YIOTCS CHM-

Bosiel a-f, mpum X — A-F.

Suagenne co 3akoM Buaa [-]dddd.dddd

3uagenne co 3nakoM Buma [-]d.dddde[+]-]ddd

Suaugenne co 3akoM Buaa [-]1d.ddddE[+]|-]ddd

3HaveHne co 3HAKOM THIIA, € WU f B 3aBUCUMOCTH OT 3HAYCHUS

Q|||+

7 TOYHOCTH
G 3HaveHne co 3HAKOM THIa E wian F B 3aBUCUMOCTH OT 3HAYECHUSI
7 TOYHOCTH

s CTpoka CUMBOJIOB

Mogudukarop (Tuna)

h Hnsd, i, o, u, x, X KOPOTKOE IIeJIoe

1 Hnmsad, i, o, u, x, X AIUHHOE IIEJI0€
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Tabnumna 9.2. Hekoropsle crieruajbHbIe CUMBOJIBI

CumBout Hazuauenue
\b Casur Tekyieil IO3UIUN BJIEBO
\n Ilepesos, cTpoku
\r IlepeBos B HaWAIO CTPOKHU, HE TIEPEXOS HA HOBYIO CTPOKY
\t TlopuzonTasibHast TabysImst
\? CuMBOJI OIMHAPHON KABBIUKH
\” CuMBOJI IBOMHON KABLIYKN
\7? CumBost «?»

9.3.4 ®dyHkuua 3akpbiTus caiina mclose

ITocne BbIMONIHEHUST Beex omeparuil ¢ (haityioM OH JIOJIPKEH OBITH 3aKPBIT C ITOMO-
b0 GyHKIUM mclose CIeAyIOneil CTPYKTYPhI:

mclose(f)

3necy f —umentudukaTop 3akpbiBaeMoro daiyia. C  mOMOMBIO  DYHKIHH
mclose(’all’) MOXKHO 3aKPBITh CPa3y BCE OTKPBIThIE (halljibl, KPOME CTAHIAPTHBIX
CHUCTEMHBIX (hailIoB.

[Ipumep cosnmanust TekcroBoro daiiia npusenen Ha Jjuctunre [9.17)

Jluctunr 9.17. Cosmanue TekcToBOrO haiiia

//B TercToBoM ¢ailnme abc.txt xpaHaTcs pasMeps MaTpuisl N um M
//m cama maTtpuma A(N,M)

//N - KOIHYeCTBO CTPOK MAaTpPHIH.

N=3;

//M- KonWYecTBO CTOJOIOB MATPHIIB.

M=4;

A=[2 46 7; 6 32 1; 11 12 34 10];

//0TKpsBaeM mycToil Qailnm abc.txt B pexuMe 3aluCH.
f=mopen(’abc.txt’,’w’);

//3anuceBaemM B daitm abc.txt N u M, pasgeseHHbHEe CHMBOIOM
//Tabynsuuu.

mfprintf (£, ’%d\t%d\n’ ,N,M);

for i=1:N

for j=1:M

//3anuceBaeM B daitnm abc.txt ovepenHo#l smeMeHT MaTpuusl A.
mfprintf (£, %g\t’,A(i,j));

end

//Tlo OKOHYAHWM 3amuCH OYEepefHOM CTPOKW 3amuchHBaeM B (ain
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//cuMBON <<KOHEIl CTPOKZ>>.
mfprintf(f,’\n’);

end

mclose(f);

Cosnannblit TekcToBBbI (aill MOXKHO yBHAeTh Ha puc. [9.3]

abc.txt (~) - gedit

@ain [paeka Bug Mowck Cepeuc OokymeHTel CrpaBka

o ® . & | & .

Cozgate OTKpPeITE CoxXpaHuTe MevaTe...

[El abeitxt 3¢

3 4

2 4 5 7
3 2 1

11 1z 34 10

ctpl cTnbl BCT

Puc. 9.3. Co3nannbiit TeKCTOBBIH (aiia

HporpaMMa qTeHud JaHHBIX U3 3TOI'O0 TEKCTOBOI'O (bal‘/’ma OpuBeJcHa Ha JIUCTUH-
re [9.18

JIucturar 9.18. Urenne u3 TeKcTOBOrO Qaiiia

f=mopen(’abc.txt’,’r’);
N=mfscanf (f,’%d’);
M=mfscanf (f,’%d’);

for i=1:N

for j=1:M
A(i,j)=mfscanf(f,’%g’);
end

end

mclose(f);

Pesynbrarsl paboThl daiina-crienapus, IpecTaBieHHoro Ha guctutre [0.17) Mox-
HO yBuIerTh Ha jucrure [9.19]
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Jluctunar 9.19. Pesynbrar paborsl (aiiia-ciieHapust

_h 2 W=
I

o N

' 11. 12. 34. 10. !

9.4 pumep nporpammsl B Scilab

B kagecTBe mpuMepa mporpaMMbl Ha SCi-si3bIKE PACCMOTPHUM CJIEAYIONLYIO 3a/1ady.

Bamaqa 9.3.

[TonoxkuTe/IbHBIE YKCIa U3 MaccuBa Y Iepenucarh B MaccuB X | yIaJUTh U3 Mac-
cuBa X 3JIeMEHTBI, MEHBIINE CPEIHEro aprudMETHIECKOrO U PACIIOIOKEHHBIE 110-
cJle MUHUMAJILHOTO 3JIeMEeHTa.

ITporpamma pentenus 3axadu npencrasiena Ha Jjucrunre [9.20] Mcnonssosanue
nepeMeHHON minl B mporpamme oOycCJIOBJIEHO TeM, uTo B Scilab ecTh Bcrpoennast
dyuknus min. Vcmonmp3oBaHue mepeMeHHON ¢ MMEHEM min He MO3BOJIUT HUCIIOJIB30-
BATh BCTPOEHHYIO (DYHKIIMAIO min.

JIuctunr 9.20. Pemenne 3amaun

//BBOL KOoIMYecTBa 3JIEMEHTOB B MacCuBE .

N=input (’N=’);

disp(’Vvod massiva Y?);

//lukn misi BBOZA 3JIEMEHTOB B MAacCHBE V.

for i=1:N

y(i)=input (’Y=’);

end

disp(y);

//TlepeMeHHast k COZEPXUT KONUIECTBO INOJOXUTEIBLHEX 3JIEMEHTOB B
//MaccuBe y, um Kak CIeICTBUE, KOIWYECTBO 3JIEMEHTOB B MacCHUBE X.
//TNlepBoravansrEo k=0.

k=0;

//TlepebupaeM BCe 3JIEMEHTH B MAcCCHUBE §.

for i=1:N

//Eciu TeRymui 3JeMEeHT IOJOXUTENEH, TO

if y(i)>0

//3HaveHne mepeMeHHOM k yBenwuuBaeM Ha 1,

k=k+1;
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//a >IeMeHT MaccuBa y IEpENUCHBaEM B X.

x(kK)=y(1);

end;

end;

//BHBOI MaccuBa X.

disp(x);

//B mepeMeHHON s 6yIeM XpaHUTb CyMMy 3JIEMEHTOB MacCHBa X, B
//nepeMerHO# minl - MuHWManbHOe 3HAaYeHWe B MaccuBe X, B Nmin
//- HOMep MUHWMANbHOTO 3JIEMEHTa B MAcCCHBE X.

s=x(1);

minl=x(1);

Nmin=1;

//U¥Kn mms HOMCKAa MUHEMyMa M CYMMH CPefu SJIEMEHTOB MacCuBa X.
for i=2:k

//HaramnuBaHue CyMMS.

s=s+x(i);

//Tlouck MUHHMyMa.

if x(i)<mini

minl=x(i);

Nmin=i;

end;

end;

//HaunHas c MUHUMAIBHOTO, IepebupaeM BCe SIJIEMEHTH MacCUBa, U
//ecnu

i=Nmin;

while i<=k

//Teryumii 3JeMeHT MeHblle CpPefHEero apupMeTHIEeCKOro,

if x(i)<s/k

//To ynmamseM Tekymuil smeMeHT. 06paTWTe BHUMaHUWE, IpU yIOAJICHUN
//TIpONCXONUT COBUT SIEMEHTOB Ha 1 BIeBO, M IIO3TOMy He HAZO
//yBemuuuBaTh i Ha 1 M NEpPeXOZUTH K CIELyOIEMy 3SIJIEMEHTy IOCie
//ynaneHus.

for j=i:k-1

x(§)=x(+1);

end;

//VMeHblIeHVEe KOJMYeCTBaA 3JIEMEHTOB B MaccuBe Ha 1.

x(k)=[];

k=k-1;

else

//Ecnu ynaneHwe He NPOUCXONUIO, TO IEPEXOAWM K CIeLynuLeMy
//37eMeHTy Maccusa.

i=i+1;

end;

end;

disp(x);
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9.5 ®ynkuyun B Scilab

B Scilab mecnoxkuo odbopmisars cobcrBennble dhynknuun. CTpyKTypa QyHKINU B
Scilab ciemyrormast:

function [y1,y2,...,yn]=ff(x1,x2,...,xm)
oIIepaTOopPH
endfunction
3mech x1, X2, ..., Xm— CIIMCOK BXOJHBIX HapaMeTrpoB (yHKIuu; yi, y2, ..., yn—

CIIUCOK BBIXOJIHBIX HapaMeTpoB yHKIwY, £ — ums QyHKIIN.

Eciin BoI3bIBaeMast GyHKIMS HAXOIUTCS HE B TEKyIeM daiijie, TO mepeji ee BbI30-
BOM CJIEJIyeT 3arpy3uTh (hailyr, B KOTOPOM HAXOAUTCs (DYHKIINS C IIOMOIIBIO (DyHKITUN
exec CJIeAYIONEeill CTPYKTYPHI.

exec(’file’,-1).

3nech file —ums daiuta Ha JECKE, B KOTOPOM HAXOMTCS BBI3bIBaeMasi (DYHKITHS.
Paccmorpum npumep ¢ ncnosib3oBanueM QyHKIHI 1 daiiios.

Bamada 9.4.

B marpuiie A(N, N) mafitu cymMMy 37€MEHTOB, PACIOJIOKEHHBIX HA JUATOHAJIAX
MAaTPHUIIBI, BEIYUCIUTH KOJUIECTBO JIEMEHTOB, PABHBIX MAKCHMAJIHHOMY JIEMEH-
Ty marpurpl. Yucio N u marpuria A XpaHsaTCs B TEKCTOBOM aitie primer. tzt

(ent. puc. [0.4).

Jluist HAXOXKJIeHUsI CyMMBI (summa), MakcuMyMa (maximum) u KoJIM9ecTBa MaKCH-
MyMoB (kolichestvo) odopmum (DyHKIHUIO, 3ar0JI0BOK ee OyJeT UMETh BUJL:

function [summa, maximum, kolichestvo]l=matrica_A(N,N)
TekcT GyHKIMYM TPUBEJICH HA JTUCTHHTE
JIuctunr 9.21. Teker dyukimn matrica_A

function [summa, maximum, kolichestvo]l=matrica_A(A,N)
summa=0 ;

for i=1:N

//CyMMupyeM >JIeMeHTH, PacIOJiOXeHHHe Ha riaBHOM A(i,i) m
//mo6ounoir A(i,N+1-i) zmaromanax

summa=summa+A (i,i)+A(i,N+1-i);

end

//Ecnu KOIMYeCTBO CTPOK B MaTpHUIle HEYETHOE, TO €CThb IJIEMEeHT,
//KOTOpHI paCIONOXEeH ONHOBPEMEHHO Ha TIJIABHON ¥ IO60YHOR
//pnaroHansax, M €ro IpOCYMMHMPOBANN IBaXOb: X KaK 3JIEMEHT Ha
//TnaBHON, W Kak 3JIeMEeHT NOOOUYHON AuWaroHalM, IOITOMY ero Hazo
//BHYECTB W3 CYMMS.
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Mnaga 9. lNporpammuposatue B Scilab

Daifn Opaeka Bwa Mowck Cepeuc LoKymMeHTHl Cnpaska

b @ . O @ =& -

CozfaTe OTKpEITE CoxpaHnTe MeYaTe...

[ primertxt @

5
113 15 67 2
10 2 4 7 67
14568
12 -4 67 9 11
-7 B 67 43 -3

Ctpl,CcTnb 1l BCT

Puc. 9.4. Tekcroseiit daitn primer. txt

if (N-int(N/2)*2)==
summa=summa-A (int (N/2) *2+1,int (N/2) *2+1) ;

end

//9nemenTt A(1,1) 06bABIAEM MAKCHUMAILHbHM, KOJUYECTBO MaKCHMyMOB
//paBHO 1.

maximum=A(1,1) ;kolichestvo=1;

for i=1:N

for j=1:N

//Ecnu TeKyWUA 3JIEeMEHT A(i,j) 6onblle MakKCHMAJlIbHOTO, TO €ro U
//0bbsaABNsIEM MAaKCHMANbHEM, KOJIWYECTBO MAKCHMyMOB paBHO 1.
if A(i,j)>maximum

maximum=A(i,j);

kolichestvo=1;

//Ecan Terymuil >JeMeHT paBeH MaKCHMAJIbHOMY, TO KOJKYECTBO
//MakcuMyMOB yBenM4YMBaeM Ha 1.

elseif A(i,j)==maximum

kolichestvo=kolichestvo+1;

end

end

end

endfunction
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Tekcr dyHKIUU, TpeIHA3HAYEHHON IjIs YTE€HUsl MATPHUILI U3 (ailja U BbBI30BaA
dyHKIMY matrica_A, IpuUBeeH Ha JIMCTUHTE @ pe3yIbTaThl — Ha JINCTUHTE @

Jluctunr 9.22. Brizos dynkiun matrica_A

f=mopen (’G:\primer.txt’,’r’);
N=mfscanf (f,’%d’);

for i=1:N

for j=1:N

B(i,j)=mfscanf (f,’%g’);

end

end

mclose(f);
[s,m,k]=matrica_A(B,N);

JIuctunar 9.23. Pe3ynbTaThl pabOThI TPOrPpaMMbI

-->exec("matrica_2.sci");
-->s

s =

21.

B »r0it wacTu 6bLIM PACCMOTPEHBI OCHOBHBIE BO3MOXKHOCTH ITPOIPAMMUPOBAHUS B
Scilab. B ciremytormeit ritaBe 6yayT pacCMOTPEHBI BOSMOXKHOCTH IIOCTPOCHUS BU3YAJIb-
HBIX [IPOrPAMM.



[nasa 10

Cozpmatne rpadpuiecknx NpuaoxKeHuii B cpeje

Scilab

Scilab mosBossieT co3maBaTh He TOIBKO OOLIYHBIE TTPOTPAMMBI JIJIsT ABTOMATH3AIIII
pacyueToB, HO M BU3yaJIbHbIE IPUJIOYKEHNUsI, KOTOPBIE DYy T 3amycKaThcs B cpefie Scilab.
OcuoBHBIM 06beKTOM B cpegie Scilab siBistercs rpadudeckoe OKHO.

10.1 Pabota c rpacpn4eckMm OKHOM
Jnst cosmanust mycToro rpaduYecKoro OKHa CIyKuT QyHKImsS figure.
F=figure();

B pesynbraTe BBIMOMHEHUST 3TOM KOMAaHIbI OYIET CO37aHO rpadudecKoe OKHO ¢
umeneM objfigurel. Ilo ymoyanuto nepBoe OKHO moJsiy4daer ums objfigurel, Bropoe —
objfigure2 m T. 1. YKazaresb Ha rpaduUecKoe OKHO' 3aIlICHIBACTCS B IEpEMEHHYIO
F. Pazmep u moJiozkeHne OKHaA Ha dKpaHe KOMIBIOTEPa MOXKHO 33JaBaTh C IIOMOIIBIO
mapamerpa

’position’, [x y dx dy],

rjie X, y — IOJIOZKEHUE BEPXHEro JIEBOTO yIyla OKHA (110 MOPU3OHTAIM U BEPTUKAJIM
COOTBETCTBEHHO) OTHOCUTEJIHHO BEDPXHErO JIEBOIO YIJIA IKPAHA;

dx — pa3Mep OKHa 110 TOPU30HTA/ M ([IMPUHA OKHA) B ITUKCEJISIX;

dy — pa3Mep OKHA 110 BEPTUKAJIM (BBICOTA OKHA) B IIUKCEJIAX.

oz yxasaTeneMm Mbl GyZeM MOHAMATDH HEPEMEHHYIO, B KOTOPOH XPAHUTCA aJpec OKHA MU JPY-
TOro o6bLEeKTa.
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HapaMeTpH OKHa MOXKHO 3a/laBaTb OJHUM U3 JIBYX CII0CODOB.

1. HemocpeacTBeHHO MpH CO3AaHIHI IPpadpUIeCKOro OKHA 33 IaI0TCSA €r0 TapaMeTPhI.
B srom cayuae obpamenne ¥k dynknun figure nmeer By,

F=figure(’CsoiictBol’, ’3mavenuel’, ’CBoiicTB0O2’,
’3mavenue?’, ..., ’CsolicTBon’, ’3zHavenuen’)

3/1ech ’CBoiicTBOl’ — Ha3BaHUE IIEPBOTO Napamerpa, 3HadeHuwel — ero 3Hade-
Hme, ’CsoficTB02’ — Ha3BaHHEe BTOPOrO IIApaMeTpa, 3Hauenme2' — 3HadeHnme
BTOpPOI'0O lapamerpa u T. JI.

Hanpumep, ¢ momomnibo KOMaHIbI
F=figure(’position’, [10 100 300 200]);
OysIeT CO37JaHO OKHO, IIPEJICTAaBJIEHHOE HA PUC.

- objfigurel HEER

Puc. 10.1. IlepBoe rpaduteckoe OKHO

2. Tocne cozmanust rpaduIecKOro OKHA C MTOMOIIBIO (DYHKITUN
set (f, ’CsoiicTBO’, > 3Havenue’)

YCTaHABJIMBaETCA 3HAYEHNE IapaMeTPOB; 3/1ech f — yKazaTesb Ha rpaduydeckoe
OKHO, ’CBoO#icTBO’ — UMd IlapaMeTpa, ’3HadeHue’ — ero 3HaYeHHeE.

Cuietyrormue 1Be CTPOKH 33JIaI0T MECTOPACIIOJIOKEHNE U pasMep okHa (puc. [10.2)).

f=figure();
set (f, ’position’, [20,40,600,450])

ISHaquHei 6y,ueT HCIIOJIb30BaThCA B KaBbIYKaX, €CJIM 3HaAYECHUEM ITapaMeTpa ABJIAeTCdA CTPOKa,
€CJIM 2Ke 3HAQYEeHUEM IlapaMeTpa fABJIAETCA YUCJIO, TO KaBbIYKHU HCIIOJIb30BaTh HE HAIO.
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= objfigure HEER

Puc. 10.2. I'padudeckoe OKHO OIIPeJIEIEHHOIO Pa3MepPa U MeCTOPACIIOIOXKEHU

Jlns m3MeHeHHs 3aroJioBKa OKHA HCIOJb3yeTcd mapamerp ’figure_name’,

’name’, ONpeEIAIONMI 3aroJa0BoK OKHa (’name’ ). Ha snctunre PUBEJIEH TIPH-
Mep cozpanusi okHa ¢ umeeM FIRST WINDOWS (cu. puc. [10.3)).

JIuctunar 10.1. Cosmanue okua ¢ umeneMm FIRST WINDOW

f=figure(Q);
set(f,’position’, [20,40,600,450]);
set(f, ’figure_name’,’FIRST WINDOW’);

DTO Ke OKHO MOXKHO ITOJIyYUTH C ITOMOIIBIO OJIHOM CTPOKHU
f=figure(’position’, [20,40,600,450],’figure_name’,’FIRST WINDOW’) ;
I'paduaeckoe OKHO MOYKHO 3aKPBITH C ITOMOIIBIO PYHKITAN
close(f),

31ech £ — ykazaresb Ha OKHO.
ViaiseTcss OKHO ¢ TIOMOIIBIO PYHKITUN

delete(f),

rae £ — ykasarenab Ha OKHO.
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- FIRST WINDOW HEER

Puc. 10.3. Okno ¢ zaronoskom FIRST WINDOW

10.2 [OuHamunyeckoe co3gaHue nHTepdeiicHbIX 3/1eMeHTOB.
OnuncaHune ocHOBHbIX byHKLNT

B Scilab ucnosib3yercs quHaMudecKuii criocod co3aHus UHTep@EiCHBIX KOMIIO-
venToB. OH 3aKJ/OYaeTCss B TOM, YTO Ha CTAJMH BBIMOJHEHMS [TPOrPAMMBI MOLYT
co3laBaTbCd (M YIAJaThCs) T€ WIM WHbIE 3JIEMEHTBI YIPaBJeHUs (KHOIKH, METKH,
axkku u T. 1) U UX CBOHCTBAM IIPUCBAUBAIOTCS COOTBETCTBYIONINE 3HAYCHMUS.

s cosmanus 00010 MHTEPGEHCHOr0 KOMIIOHEHTa C 3aaHHBIMU CBOMCTBAMK
WCTIOIb3YyeTCss (PyHKIMS uicontrol, BO3BpaIAOIas yKa3aTeab Ha (POPMHUPYEMbIi
KOMIIOHEHT:

C=uicontrol(F, ’Style’, ’tun_kommnoHeHTa’, ’CBoiicTBO_1’,
3uavenue_1, ’CBoiictBo_2’, 3HaveHune_2,...,
’CpolicTBo_k’ ,3Havenne_Kk) ;

3yech C — yKazaresb Ha CO3/IaBA€MbIil KOMIIOHEHT;

F — yka3areib Ha OOBLEKT, BHYTPH KOTOPOIO OYJET CO3JaBATHLCA KOMIIOHEHT (Jarie
BCEro 9TUM KOMIIOHEHTOM OyeT OKHO); IepBblil apryMent dbyHKIMU uicontrol
He SIBJIIETCS OOS3aTEIBHBIM, U €CJIA OH OTCYTCTBYET, TO POAUTENeM (BJIAIeIh-
[eM) CO3/IaBAEMOTO KOMIIOHEHTA SIBJISIETCS TEKYIIHH rpadudeckuii 00beKT — Te-
Kylnee rpaduueckoe OKHO;
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’Style’ — cuykebHas cTpoka Style, yKa3blBaeT Ha CTUJIb CO3/IaBAEMOI0 KOMIIOHEH-
Ta, (CUMBOJIbHOE M3 );

’THII_KOMIIOHEHTa’ — OIIpeJlesideT, K KaKOMY KJIaCCy IPUHAJJIC’KAT CO3JaBaeMBbIil
KOMITOHEHT, 9TO MOKeT ObITh PushButton, Radiobutton, Edit, StaticText,
Slider, Panel, Button Group, Listbox miam apyrue KOMIIOHEHTBI, 9TO CBOW-
CcTBO OyJIeT YKa3bIBATHCS I KAXKJIOTO M3 KOMIIOHEHTOB;

’CBoiicTBo_k’, 3HaYeHMEe_K — OIIPEEISIOT CBOMCTBA U 3HAYEHUS OT/AEJIbHBIX KOMIIO-
HEHTOB, OHH OYIyT OIMCAHBI HI2KE KOHKPETHO JJIsi KaXKI0r0 KOMITOHEHTA.

VY cyiectBytomero nHTepdeiicHoro 00beKTa MO2KHO U3MEHUTH T€ WJIN WHbIE CBO-
CTBa C TOMOIIbI0 DYHKINA set:

set(C,’CsotictBo_1’,3Havuenue_1, ’CmoiicTBo_2’, 3Haderume_2, ...,
’CeolicTBo_k’, 3HaueHme_k)

31eck C — yKasare/b Ha JIMHAMUYECKUIT KOMIIOHEHT, [TapaMeTpbl KOTOPOI'o OYIyT Me-
HATBCA. C MOXKET OBITH U BEKTOPOM JUHAMHYECKUAX IJIEMEHTOB, B 9TOM CJIydae
dyHKIUs set OyaeT 3a1aBaTh 3HAUEHUS CBOMCTB i BceX 00bekToB C(1);

’CBo#icTBo_k’, 3HaueHme_k — m3MeHsdgeMble TapaMeTPhl U X 3HAYUEHU.

ITosyunTs 3HaveHME MapaMerpa KOMIIOHEHTOB MOYKHO C ITOMOINBI0 DYHKINHN get
caeayoueil CTpYKTypPBbL:

get (C,’CaoiicTBO’)

3neck C — yKasare)ib HA JUHAMUYECKU HHTePQEHCHBI KOMIIOHEHT, 3HAYEHUE [1apa-
MeTpa KOTOPOI'o HEOOXOIMMO y3HATh;

’CBOUCTBO’> — UMs IapaMeTpa, 3HadeHne KOTOPOTro HYKHO y3HaThb.

QyHKIMS BO3BPAIIACT 3HAUECHUE ITapaMeTpa.
Iasiee MbI IOroBOpuM 00 OCODEHHOCTSX CO3AHUSI PA3IUIHBIX KOMIIOHEHTOB.

10.2.1 KomaHagHas KHOMKa

Komanmmass xmonka tuna PushButton co3maercss ¢ MTOMOIIBIO  (PYHKITAN
uicontrol, B KOTOpOil mapamerpy ’Style’ HEOOXOAMMO IIPUCBOUTH 3HAYEHUE
>pushbutton’. Ilo ymosrqanuio ona He cHabykKaeTCsd HUKAKOI HAJIINCHIO, UMEET Ce-
PBIIl IIBET M pacloJiaraeTcsd B JIEBOM HIXKHeM yrioy durypsl, Haanucs Ha KHOIKe
MOXKHO YCTAHOBUTH C IIOMOIIBIO CBOIicTBa String (cM. jucTuHr u puc. 10.4).
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JIncrurr 10.2. Co3manne oKHa ¢ KHOIKOI

//Co3maeM OKHO

d=figure();

//Co3maeM KHOIKY, yCTaHaBiIWBas CBOMCTBO Style.
dbt=uicontrol(d,’Style’, ’pushbutton’);
//U3Mengem Hammuch YES Ha KHOIKe

set (dbt,’String’,’YES’);

m objfigurel M = E

YES

Puc. 10.4. Knonka YES B okne

Moaudurnupyem nporpaMMy CO3/[@HUS KHOIIKH, 33/1aB JOIIOJTHUTEILHO 3HAYEHUS
HEKOTOPBIX CBOWUCTB:

® MECTOPAaCIIOJIO?KEHNE 1 3ar'0JIOBOK OKHAa;
® Ha/IIIUCh Ha KHOIIKE;
® MECTOPAaCIIOJIO?KEHNE KHOIIKH.

TekcT nporpaMMbl IIPUBEIEH Ha, JTUCTUHTE a Ha pHC. MOXKHO yBHJIETH OKHO,
KOTOpOE IIOIYYIHIOCh B Pe3ybTaTe paboThl 9TOH IPOrPaMMbL.

Jluctunr 10.3. Onupenenenne CBONCTB KHOTKH

//Co3maeM OKHO.

f=figure();

//OmnpenenseM MeCTODPACIONOXEHNE OKHA.

set(f, ’position’, [0,0,250,100])

//OnpenenseM nuMs (3arojl0OBOK) OKHA.
set(f,’figure_name’,’0KHO C KHOIKOi1’) ;

//Co3pmaemM kHomky (style - pushbutton), Hagmuch Ha KHOIKE -
//KHomKa, HO3ULXsS KHONIKY OIpeLeiseTCs IapaMeTpoM position.
Button=uicontrol(’style’,’pushbutton’,’string’,’Knomnka’, ...
’position’, [60,50,100,201);
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m Okxuo c knonkoin | =] B3

Kronxa

Puc. 10.5. OkHO ¢ KHOIKOIi

Tereps TIpu MeJTMKe Ha, KHOIIKE BOKPYT €€ HAJIIICH TOSIBISICTCS MTyHKTUPHDBIN IIPsi-
MOYTOJIbHUK, CBUJETEIbCTBYIOIINIT O TOM, 9TO KHOIIKa «HaxomauTcs B (okyces. [Tlen-
90K 3a IIPeJIe/IaMU TIOBEPXHOCTH KHOIIKY BBIBEJET ee n3 (PoKyca, 1 MyHKTUPHAS PAMKA
pona/ier. 1 yraBHbIM Ha3HAYEHNEeM KOMAH/IHOM KHOIIKHU SBJISI€TCS BBI30B (DYHKIIIH, Pe-
arupyromeil Ha Ie/90K 110 KHOIIKE.

IMlenrvyok mo kHOmKe reHepupyeT cobbiTre CallBack, KOTOpPOe YKA3bIBAETCS KakK
mapamerp dyHKimn uicontrol. 3Hauenuem napamerpa CallBack siBjisieTcsi CTPOKa,
¢ uMeHeM (DYHKIUH, BBI3BIBAEMOI IIpH IeTIKe 0 KHONKe. B aTtoM ciaydae dyHKIns
uicontrol CTaHOBUTCHA TaKOM

Button=uicontrol(’style’, ’pushbutton’, ’string’, ’Button’,
’CallBack’, ’Function’);

3rech Function — nMs BbI3bIBaeMOil Ipy HacTynseHnu codbitus CallBack dyHKImM.

B kagectBe mpumepa paccMOTPUM OKHO € KHOIKOM, IIPU IEJTIKE [0 KOTOPOil 1o-
sABJIsIeTCs OKHO ¢ rpadukom dyukuuu y = sin(z) (cM. jaucTunr . ITocse 3amyc-
Ka 9TOif IPOrpaMMbl HOSIBUTCSI OKHO, IIpefcTaBIeHHoe Ha puc. [L0.6] npu mesrdke 1o
KHONIKe Button BbI3bIBaeTCs 00pabOTUNK COOBITHS — DYHKINSA gr_sin, B pe3ysIbTaTe
MOSIBJISIETCS] OKHO, N300PaKeHHOe Ha PUC.

JIuctuur 10.4. Ilpumep xkaOnKHN ¢ 06paboramkom cobbitus CallBack

f=figure(;

set(f, ’position’, [0,0,250,100])

set(f,’figure_name’,’Grafik’);

//Co3faeM KHOIKY, KOTOpas IOpU WeJlYKe 10 Hel MbmMKON BH3HBaeT

//PyHRIMO gr_sin.

Button=uicontrol(’style’,’pushbutton’,’string’,’Button’,...
’position’, [50,50,100,20],’CallBack’, ’gr_sin’);

function y=gr_sin()

x=-5:0.2:5;

y=sin(x);

plot(x,y);

xgridQ;

endfunction
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Puc. 10.6. OkHO niporpamMmbl

- Scilab Graphic (0) M= R

| | |
Filel Zooml UnZooml 30 Rot‘l Editl

o\ /
[N

\ )
22] \ \
ad] \ / \

2] N

Puc. 10.7. T'padux byakunm y = sin(z)

10.2.2 Mertka

CnemyronmuM HamboJiee YacTo HCIOJIb3YEMBbIM KOMIIOHEHTOM SIBJISIETCSI METKA —
TEKCTOBOE I10JI€ JIIst 0TOOParKeHns CMMBOJIBLHON nndopmaruu. st onpeiesnenns MeT-
KU 3HadeHus mapamerpa ’Style’ B dyHkiuu uicontrol MOKHO UMETh 3HAYEHUE
*text’. Komuonenr npegnasnaden Jjisi BbIBOJA CUMBOJILHON CTPOKU (MJIM HECKOJIb-
KUX CTPOK ). BBIBOAMMBIil Ha METKY TEKCT — 3HaYeHHe HapaMerpa ’String’ — Moxer
OBITH U3MEHEH TOJBKO U3 IIPOrPAMMEBI.

PaceMoTpuM TIpuMep co3/1aHWsI TEKCTOBOTO TIOJIsE (METKH) € MOMONIBI0 (hyHKIMN

uicontrol (cMm. smcTUHD u puc. |10.8]):
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JIuctunar 10.5. Co3nanne MeTKu

f=figure();

uicontrol(’Style’,’text’,’Position’, [10,130,150,20],’String’, ...
‘Metka?);

m objfigurel M = E

hetka

Puc. 10.8. Okno ¢ MeTKoO

OpmHUM U3 OCHOBHBIX CBOICTB METKHU SIBJISIETCS T'OPU3OHTAJBLHOE BBIDABHUBAHUE
TEeKCTa, KOTOPOe OIpejieisieTcs ¢BoiicTBoM HorizontalAlignment. 9To CBOMCTBO MO-
2KeT IIPUHAMATD OJIHO U3 CJIEIYIOMUX 3HAUYeHUH:

left — BbIpaBHUBaHUE TEKCTa 110 JIEBOMY KpPalo;

center — BLIDABHUBAHME TEKCTA 10 NEHTPY (3HAYECHUE 110 YMOJIIAHUIO);

right — BBIpaBHUBaHUE IO IPABOMY Kpalo.

B kadectBe mpuMepa paccCMOTPUM OKHO, cojepKairree 4 TEeKCTOBBIX IOJIsI C PA3HbI-
MU 3HaYeHUAMH cBoitcTBa HorizontalAlignment. TekcT mporpaMMbl IpeCTaBICH B
smcruare [I0.6] a oxHO ¢ YeThIpbMs MeTKaMmu — Ha puc. [L10.9}

JIuctuar 10.6. Co3smanne HECKOJIBKUX METOK

hFig=figure();

set (hFig, ’Position’, [60,50,300,200]);
hStil=uicontrol(’Style’,’text’,’Position’, [30,30,150,20],...
’String’, ’Metka 17);

set (hSt1, ’BackgroundColor’,[1 1 1]);

set (hSt1, HorizontalAlignment’,’left’);
hSt2=uicontrol(’Style’, ’text’, ’Position’, [30,60,150,20],...
’HorizontalAlignment’, ’center’, ’BackgroundColor’, [1 1 1],...
’String’, ’Metka 27);
hSt3=uicontrol(’Style’, ’text’, ’Position’, [30,90,150,20],...
’HorizontalAlignment’,’right’,’BackgroundColor’,[1 1 1],...
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’String’, ’Metka 3°);
hSt4=uicontrol(’Style’,’text’,’Position’, [30,120,150,20],...
’BackgroundColor’,[1 1 1],’String’,’Metka 47);

- objfigurel HEER

hetka 4
Metka 3
Metka 2

hetka 1

Puc. 10.9. OKHO ¢ HECKOIBKIMUI METKAMI

10.2.3 KomnoHeHTsl lMepekntoyatens n Mnakok

Paccmorpuwm erre gBa KOMIIOHEHTa — HEPEKIIOYATENb U (DIIA2KOK, KOTOPBIE II03BO-
JISTEOT TIEPEKJII0UATBCS MEXKJIY COCTOSTHUSIMUA UJIU BBIKJIIOYATH OJIHO U3 CBOUCTB.

Y draxkka coiictBo ’Style’ npuHuMaer 3uadeHue ’checkbox’, y nepekJsioda-
TeJist CBOHCTBO ’Style’ JIOJKHO OBITH yCTaHOBJIEHO B ’radiobutton’.

MupukaropoM ajibTepHATHBHBIX KOMOUHAIUI siBjistercst nepekirouaress (Radio-
button), KoTopEIit Tak¥)ke cozmaercs ¢ momomnpo GyHKIMH uicontrol. Ilpumep co-
3IaHUsA HepeK/ovaress npeacrasier Ha jucrusre [[0.7 u puc. [I0.10]

JIuctunar 10.7. Cosmanue nepekrodaTeast

hFig=figure();
R=uicontrol(’Style’,’radiobutton’,’String’, ’name’,’value’,1,...,
’Position’, [25,150,70,30]);

ITpu coznaHun mepeKIovYaTess JOJIKHO OBITH 33JaH0 €ro COCTOsiHUE (IapaMerp
’value’), IepEKJIIOYATENb MOXKET OBITh aKTHBEH (3HadeHwe ’value’ paBHO 1) Win
Her (3Havenue ’value’ pasro 0). 3a1aTh 3HaYEHHE CBOHCTBA *value’ MOXKHO TAKXKe
u ¢ omornsio pyuknnn set. Hanpumep:

set (Rb, >value’,0)

[TosyunTs 3HaveHne cBoiicTBa 'value’ MOXKHO C MOMOIIbIO DYHKINN get.

Ilepekmoaaresb MOXKeT pearmpoBaTh Ha cobbiTue ’CallBack’, um BBI3BIBATL HA
BBITIOJTHEHUE OTPEJIeIEHHYI0 (DYHKINIO. B 3TOM ciyvae co3/1aTh KHOMKY MOXKHO C TIO-
MOIIIBIO BBI30Ba CJieylolieil pyHKnun uicontrol:
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[ it (el iEn] )

W name

Puc. 10.10. OkHO ¢ nepekJiiovgaresiemMm

rl=uicontrol(’Style’,’radiobutton’,’String’,’sin(x)’, ’value’,
0,’CallBack’,’F1’);

3nech F1 — ums dyHKIMA, KOTOPasi OYJIET BBI3BIBATHCSA IIPH IEYKE IO IePEKJIIoIaTe-
smo. OHako, korja Bel Oysere nucath GyHKIMIO — 06paboTduk cobbitust *CallBack’
[EPEKJIIOYIATEIsI, TO CJIe/yeT HOMHUTD, YTO IIPH IETIKE 110 HePEKIIOIATEI0 aBTOMAa-
TUYECKH [IPOMCXO/UT CMEHa, €0 COCTOSTHUSI.

[IpomtrocTpupyem puMeHeHne MepeKIIYaTe el Ha IpUMepe TPOrPaMMBbl, B KO-
TOPO# € MTOMOIIBIO MTEPEKTIOIATENST MOXKHO BBIOPATh (DYHKITHIO, FPAdUK KOTOPOil Oy-
JIET BOCIIPOU3BOINTHCS B OTAETHHOM IpadrIecKOM OKHE TPH IMIeTIKe Mo KHomke Plot

(cM. mcTHHT u puc. 10.11)).

Jluctuar 10.8. [Ipumep paboThI ¢ TepeKIIOIaTEISIMA

//Co3nmaeM rpapudeckoe OKHO.

hFig=figure(’Position’, [50,50,200,200]);

//Co3nanue mepeximodaTeseit
hRbl=uicontrol(’Style’,’radiobutton’,’String’,’sin(x)’,...
’value’,1, ’Position’,[25,100,60,20]);
hRb2=uicontrol(’Style’,’radiobutton’,’String’,’cos(x)’,...
’value’,1, ’Position’, [25,140,60,20]);

//Coznaem KHONKY ¢ uMeHeM Plot, xoTopasa ¢ moMompk obpaboTymka
//Radio cTpouT rpadwr OYHKINM B COOTBETCTBHU C IIOJIOXEHHEM

/ /nepexn4aTenei.
Button=uicontrol(’style’,’pushbutton’,’string’,’Plot’,...
’position’, [20,50,80,20],’CallBack’,’Radio’);

//Co3paeM kHomky c uMeHeM Close, KoTopas C IOMOmBI 06paboTumka
//Final 3axphBaeT OKHO.
Buttonl=uicontrol(’style’,’pushbutton’,’string’,’Close’, ...
’position’, [20,25,80,20],°CallBack’, ’Final’);

//®dyuknua Radio, pearmpyiomas Ha WeJ90K IO KHOIKE

function Radio()
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newaxes;

x=-2%}pi:0.1:2%Ypi;

if get(hRbl,’value’)==1 //Eciam axTuBHa NnepBas KHOIKA,
y=sin(x);

plot(x,y,’-r’); //TO HOCTpOeHHE CHHYCOUIE

xgrid(Q;

end;

if get(hRb2,’value’)==1 //Ecam axTuBHa BTOpas KHOIKA,
y=cos(x);

plot(x,y,’-b’); //To moCTpoeHME KOCHHYCOUZL

xgrid(); //HameceHue ceTku Ha rpaduk

end;

endfunction

//®yHRIuA, oTBedammas 3a KHONKy Close K 3axphHBanmas OKHO.
function Final()

close(hFig);

endfunction

W cos(x)
W sin(x)

Plot
Close

Puc. 10.11. OxHo npusoxkeHust

Ha puc. [IpeJICTaBJIeHO OKHO npuioxkenusi. [Ipu miesruke mo kuonke Plot 6y-
JIeT CO3JIaHO JUAJIOIOBOE OKHO, B KOTOPOM OyIyT M300pakeHbl rpaduKu BHIOPAHHBIX
C HOMOIIBIO Hepekyrodareseil Gynkuuit (cM. puc. . Eciu vu onma u3 dyHk-
nuit He BBIOpaHa, TO TpH Ieadke 1mo KHomke Plot nudero me mpoucxoant. Kmomka
Close 3akpbIBaeT Ipuyioykenne. MI3MeHeHne COCTOSTHAST TIePEKTIovaTes el IPONCKXO/IAT
aBTOMATUYECKH IIPU IIEJTYKE [10 HUM.

KommonenT «(diakoKy HCHOJNIB3YeTCs JJisi WHAUKAINN HeaJbTePHATUBHBIX KOM-
ounamuit. I'ermepanusa cobbiTus ’CallBack’ M aBTOMaTHIECKOE BBIACTCHNE KHOIIKHI
MIPOUCXOJSAT MPHU IEeTIKe HA KBAIPATHUKE WM COIPOBOXKIAIONIEH ero Haanucu. Ecan
Gb1a2KOK BKJIIOYEH, TO 3HatMeHne cBoiicTBa 'value’ pasuo 1. Illeqdok o dpraxKy aB-
TOMaTUYECKU M3MEHsIeT COCTOsSIHME Ha IIPOTUBOIIOJIOXKHOe. Vcmnosb3oBanue (JiraxkKka
AHAJIOTUYHO TTEPEKJIIOUATEITIO.
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Puc. 10.12. IlocTpoennsle B OT/ieJIbHOM OKHe I'DaduKy dyHKINNT

10.2.4 KoMNOHEHT OKHO peaaKkTUpOBaHUS

NurepdelicHbIil 271eMEHT OKHO PeJakTHpOBaHust (y TOr0 KOMIOHEHTa CBOMCTBO
’Style’ AO/KHO IpUHUMATL 3HadeHue ’edit ’) MOZKET MCHOJIb30BAThCA JIJId BBOJIA
¥ BBIBOJIA, CHUMBOJIbHOI mH(pOpMaruu. TekcT, HabupaeMblii B OKHE PEIaKTHPOBAHUSI,
MOXKHO KOPpPeKTHpoBaTh. IIpn pabore ¢ KOMIIOHEHTOM MOYKHO HCIIOJIb30BATDH OIEPa-
muu ¢ 6ydepom obmena. IIporerypa BBoTa, 3aBepIiaeMas HaxkaTueM Kiasuiu Enter,
reHepupyer cobbiTie CallBack.

Ctpoka BBOJIa OIIPEIesIeTCs TapaMeTpoM ’String’, KOTOPBIH OIpe/IesIsieT Haxo-
ISAIMANRCS B KOMIOHEHTe TeKCT. [ljisi HopMabHOro (byHKIMOHUPOBAHUS KOMIIOHEHTA
9TOT ITapaMerp HeOOXOANMO 00sA3aTeIbHO 33aBaTh IIPU ONPEIeIeHN KOMIIOHEHTA C
OMOITBI0 PYHKINN uicontrol. MI3aMennTs 3HatdeHre 3TOr0 CBOMCTBA MOYKHO C TIOMO-
b0 PYHKIINY Set, a CIUTATh ero 3HaUeHHe — C IMOMOIIbI0 PYHKINU get.

BBoauMblit TeKCT MOXKET OBITH IIPUKAT K JIEBOMY MJIM TPABOMY Kpalo OKHA BBO/IA,
€CJIM 33/1aTh COOTBETCTBYOIEe 3HavYeHre cBolicTBa HorizontalAlignment (1o aHasIo-
run ¢ komnonenToM «Merkay ). Eciin BBomuMblit TekeT npejcrasisier coboil 4ucaoBoe
3Ha4YeHne, KOTOPOe JOJIKHO OBITh UCIIOJIB30BAHO B paboTe MPOrpaMMbl, TO COAEPIKU-
MOe CBOHCTBa ’String’ nepeBoanTCs B YUCIOBOI popMaT ¢ HOMOIIBHIO pyHKINU eval
(MOKHO GBLIO BOCTIOJIB30BaThCsI U (DyHKIMeEH evstr) (Oymer paccMOTpeHO jajiee Ha
[puMepe KBaJIpATHOIO yPABHEHNSI).
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B KadecTBe IIpuMepa pa6OTbI C HECKOJIbKUMU KOMIIOHEHTaMi PaCCMOTPUM CJI€1y-
IOIIYIO 3a/Iady.

Bagaqa 10.1.

Hanmucars mporpaMmy peleHusi KBaJIPATHOIO WM OUKBAJPATHOTO YDABHEHUS.
Boibop Tuma ypasHeHust 6yaeM MpoBOIXATE C MMOMOIIBIO KOMIOoHeHTa «Ilepekito-
YATEJb>.

IIporpamma ¢ KOMMeHTApUAMHA TpeJicTaBIeHa Ha JjmcTrare |10.9
JIuctunar 10.9. Perenus KBaapaTHOTO MK OMKBAIPATHOTO YPABHEHUS

f=figure(); //Cospanue rpadpudeckoro obbekTa.

//YcTaHaBiIuBaeM pasMep OKHA.

set (f, ’position’, [0,0,700,300])

//YcTaHaBnWBaeM 3arojIOBOK OKHA.

set(f,’figure_name’, ’YPABHEHVE’) ;

//Coznanne TEKCTOBHX moje# mnsa mommuceit mone#t BBOmA

/ /K03POUIMEHTOB .

//Nonmnucy A=.

lab_a=uicontrol(f,’style’, ’text’,’string’,’A=’,’position’,...
[50, 250, 100, 201);

//Nopnucs B=.

lab_b=uicontrol(f,’style’, ’text’,’string’,’B=’, ’position’,...
[150, 250, 100, 20]1);

//Nonmnucy C=.
lab_c=uicontrol(f,’style’,’text’,’string’,’C=’,’position’,...
[250, 250, 100, 20]);

//Tlone pemaxTHUpOBAHUS I BBOLA Ko3dduimeHTa a.
edit_a=uicontrol(f,’style’,’edit’,’string’,’1’, ’position’,...
[60, 230, 100, 20]);

//Tlone peraxTUpOBaHUsA LA BBOZA Ko3pduimeHTa b.
edit_b=uicontrol(f,’style’,’edit’,’string’,’2’,’position’,...
[150, 230, 100, 20]);

//Tlone penakTWpPOBAaHUWS IJs BBOZA Ko3bdummenTa C.
edit_c=uicontrol(f,’style’,’edit’,’string’,’1’,’position’,...
[250, 230, 100, 20]);

//TercToBoe mone, oIpefendoliee BHBOK Pe3yIbTATOB.
textresult=uicontrol(f,’style’,’text’,’string’,”,’position’,...
[5, 80, 650, 20]1);

//®naxox, oTBedawmuii 3a BHOOP THUIA ypPaBHEHWS.
radio_bikv=uicontrol(’style’,’radiobutton’,’string’,...
’bukBampaTHOe ypaBHeHue?’, ’value’,1,’position’,...
[100,100,300,20]);
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BtSolve=uicontrol(’style’, ’pushbutton’, ’string’, ’Pemnts’, ...
’CallBack’, ’Solve’,’position’,[50,50,120,20]);
BtClose=uicontrol(’style’, ’pushbutton’, ’string’, ’3akpurs’,. ..
>CallBack’, ’_Close’,’position’, [300,50,120,20]);
//®YHKIUS pelleHus ypaBHEHUH.
function Solve()
//CuuThBaeM 3HAYEHWE NIEPEMEHHbX U3 TEeKCTOBHX IONeH u
//npeobpazoBrBaeM HX K YHCIOBOMY THIY.
a=eval(get(edit_a,’string’));
b=eval(get(edit_b, ’string’));
c=eval(get(edit_c,’string’));
d=b*b-4*ax*c;
//llpoBepsieM 3HadYeHUe (Iaxka, €CiIU (PIAaXOK BHKIOYECH,
if get(radio_bikv,’value’)==
//To pemaeM KBaZpaTHOe ypaBHEHUE,
if d<O
set (textresult,’string’,’HeT pemeHus KBaApaTHOTO ypaBHEHU:’) ;
else
x1=(-b+sqrt(d))/2/a;
x2=(-b-sqrt(d))/2/a;
set (textresult,’string’,sprintf
("2 xopHs KBaZpaTHOTO ypaBHeHma\t x1=J1.2f\tx2=Y1.2f",x1,x2));
end;
//ecnu Qmaxox BKINYEH,
else
//To pemaeM 6UKBaIpaTHOE ypaBHEHUE.
if d<O
set(textresult,’string’,’HeT pemeHus 6UKBaZpaTHOIO ypaBHeHHﬂ’);
else
y1=(-b+sqrt(d))/2/a;
y2=(-b-sqrt(d))/2/a;
if (y1<0)&(y2<0)
set (textresult,’string’, ’HeT pemeHus 6WKBafpaTHOTO ypaBHEHH:’) ;
elseif (y1>=0)&(y2>=0)
x1=sqrt(yl) ;x2=-x1;x3=sqrt (y2) ; x4=-x3;
set (textresult,’string’,sprintf ("4 xopHa 6WKBAIpPaTHOTO. ..
ypaBHeHus \t x1=Y1.2f\tx2=)1.2f\tx3=)1.2f\tx4=),1.2f", ...
x1,x2,x3,x4));

else
if y1>=0

x1=sqrt(yl) ;x2=-x1;
else

x1=sqrt(y2) ;x2=-x1;
end;
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set (textresult,’string’,sprintf
("2ropHs GukBagpaTHOro ypaBHeHma\t x1=)1.2f\tx2=)1.2f",x1,x2));
end;
end;
end
endfunction
// ®YHRIWS 3aKpHTHUS OKHA.
function _Close()
close(f)
endfunction

Ha pucynke [10.13| mpejicTaB/ieHO OKHO TTPOTPAMMBI.

' VPABHERTIE

I BrxpagpaTHos yrarHaHya?
IKCOPHS KEAZIPATHCIC YFPAPHSHESR ®l1=241 =z2=-0.41

Pemxtse 3axpHTE

Puc. 10.13. OxHO TporpaMMbl peIreHust ypaBHeHWsT

ABTOPBI PEKOMEHIYIOT YUTATENIO PA300paThCsl € ITOW HECJOKHON mPOrpaMMOi.
Pazobpasrimucs ¢ meit, Ber cMozkeTe TOHATH MEXAHU3M B3aNMOIACHCTBUS CTAHIAPTHBIX
KOMITOHEHTOB Scilab 1 06paboTunKOB COOBITHIT, 9TOOBI 3aTEM UCIIOIH30BATH ITH 3HA~
HUs U pa3paboTKe COOCTBEHHBIX BU3YAJIBHBIX IIPUJIOKEHUI.

10.2.5 Cnuckn cTpok

MNurepdeiicubiit KOMIIOHEHT <«CIIMCOK CTPOK» B MPOCTEHIIEM CJIydae MOXKHO Pac-
CMaTpUBaTh KaK OKHO C MACCUBOM CTPOK B HeM. Ecii JiyInHa, CIIMCKa, IPEBLIIAET BbI-
COTy OKHa, TO JiJId IIepeMellleHnd 10 CIIMCKY MOXKeT HCIOJIb30BAaThCs BePTUKAJbHAA
OJIOCa IPOKPYTKH, KOTOPasi F'eHEPUPYETCsl aBTOMATHICCKU.

Cosanme crnucka CTPOK MPOU3BOJIUTCS C MOMOIIBI0 (GyHKIuUA uicontrol mpwm
3ajaHun napamerpa ’Style’ —’listbox’. Paccmorpum 3TO HAa IPOCTOM IIpUMeEpe

(cM. smeruHP u puc. |10.14]).
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JInctuar 10.10. Cozpanue crmcka,

//Co3nmanne rpadu4ecKOro OKHA.

f=figure();

//Cozmanre listbox
h=uicontrol(f,’style’,’listbox’,’position’, [10 10 150 160]);
//3anonHeHue CcIucka.

set(h, ’string’, "cTpoka 1|cTpokra 2|cTpora 3");

set(h, ’value’, [1 3]);

//Bumenenve item 1 u 3 B coucke.

4

Puc. 10.14. Cumncok ¢ BBIIEJIEHHBIMHI 3JI€MEHTAMA

CImcok Mmo3BoJIsIeT M0JIb30BATE/I0 BEIOPATh OJIHY WJIM HECKOJIBKO CTPOK U B 3aBH-
CUMOCTH OT BBIOOpa IIPOM3BECTH TO WJIU WHOE JEHCTBUE.

Bribop cTpoku ocyIecTBIIsieTcs e IIKOM JIEBOi KHOMKY MBIIITH B TOT MOMEHT, KO-
rJIa Kypcop yKas3blBaeT Ha BuIOMpaemyio cTpoky. OJIHOBPEMEHHO C MOJICBETKON CTPO-
KN ee HOMEpP 3aHOCHUTCS B CBOHCTBO ’value’ u remepupyercs coobiTre ’CallBack’.
Crpoku B crimcke Hymepytorcst oT 1. /Ijisi BBIOOpa pa3spo3HEHHBIX CTPOK HYKHO 3a-
xkaTh Kjaapuiry Ctrl 1 e IKaTh MBIIIBIO 0 BBIIEIsIeMbIM cTpokaM. [Ipu sTom Kaxk qast
BbllejIdeMasd CTPOKa II0JICBEeYUBaETCd, & ee HOMep 3allOMUHAaeTCd B BeKTope ’value’.
i1t BBIOOpA rPYIIIBI TOAPSIT, MUK CTPOK MOXKHO HAXKATD U YAEPKUBATH KJIABUIILY
Shift, a 3aTeM MEJIKHYTH IO IEPBO U MOCIEIHEN CTPOKEe IPyIIbl. Bee mpomexKyTod-
HBbIEe CTPOKH TOXKe OyJIyT BbIJICJICHBI U BCE MX HOMEPa 3aIllOMHSITCS B BEKTOpe ’value’.

C 1OMOIIBI0 PACCMOTPEHHBIX B 3TO I'JlaBe KOMIIOHEHTOB U BCTPOEHHBIX (DYHK-
it Scilab MOXKHO cO371aBaTh BU3yabHBIE IPOTPAMMBI JIJIsI PEIIEHUs] MHKEHEPHBIX U
MaTEeMATHIECKIX 3a/1asl JIIOOOH CJII02KHOCTH.



[nasa 11

ObpaboTka aKcnepuMeHTaNbHbIX JaHHbIX

11.1 MeToa HanMeHbLUNX KBaApaTOB

Memod naumenvwux £6a0pamos MO3BOJISIET MO IKCIIEPUMEHTATBHBIM JIAHHBIM O~
J00paTh TAKYIO aHAJUTUIECKYIO (DYHKIINIO, KOTOPas IMIPOXOJIUT HACTOJIBKO OJIM3KO K
IKCIIEPUMEHTAJBHBIM TOYKAM, HACKOJIBKO 3TO BO3MOXKHO.

IIyctb B pedyibraTe sxcnepuMeHTa OBLIN Oy IYeHbI HEKOTOPBIE JTaHHBIE, 0TOOPa-
JKeHHble B Buje Tabiaunnl (Tabil. . Tpebyercst TOCTPOUTH AHATUTUIECKYIO 3aBU-
CUMOCTH, HAn0OJIeE TOYHO OIMCHIBAIOIILYIO PE3YJIbTATHI SKCIEPUMEHTA.

Tabmuna 11.1. DxrcrepuMeHTAIBHBIE TaHHBIE

ZT; I To T3 Ty Is Te T N Tn
Yi Y | Y2 | Y3 | Y4 | Y5 | Y6 | Y7 | --- | Yn

Wnesa merona HAMMEHBINX KBaJIPATOB 3aKJIOYAETCA B TOM, UTO (DYHKINIO Y =
f(z,a9,a1,...,a;) HEOBXOMUMO TIOAOOPATH TAKUM 00PA30M, UTOOBI CyMMa KBAJIPATOB
OTKJIOHEHMII U3MEPEHHBIX 3HAYEHU 4; OT paCUYeTHBIX Y; Oblia HAUMEHbIIEH:

n

S:Z(yi_f(mhamalw-wak))Q — min (11.1)

i=1

Bamagya cBOAMTCS K olpejeneHnto Koadpduiumentos a; u3 yciaosus (11.1). s
peasmsaruu 1ol 3aga4un B Scilab mpegycmorpena yHKIUs

[a,S]=datafit(F,z,c)
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rie F — dyHKimst, mapaMerpbl KOTOPO HEOOXOAMMO 0100paTh; Z — MaTPHUIA UCXO/I-

HBIX JIAHHBIX; C — BEKTOp HAYAJbHBIX MPUOJINKEHWiT; a — BEKTOP KO3 (OUINEHTOB;

S — cymMMa KBaJpaTOB OTKJIOHECHUN M3MEPEHHBIX 3HAUCHUN OT PaCUYEeTHBIX.
Paccvorpum ucnonpzoBanme pyuknun datafit mHa mpumepe.

Bagaqa 11.1.
B pesysibraTe ombITa X0J0CTOrO X0/[a OIIPEIEJIEHaA 3aBUCUMOCTD TOTPedsieMoit u3
cern momaocTH (P, BT) or BxoguHoro Hampsikenusi (U, B) miast acuHXpOHHOTO

asurarens (rabur. [11.2).

Tabmuna 11.2. BaBucuMoCTb OTPEOISEMOR U3 CETU MOIIHOCTUA OT BXOJHOI'O HAIIPS-
KEHUS.

U,B | 132 |140| 150 | 162 | 170 | 180 | 190 | 200 | 211 | 220 | 232 | 240 | 251
P, Br | 330|350 | 385|425 | 450 | 485 | 540 | 600 | 660 | 730 | 920 | 1020 | 1350

MeTo0M HaUMEHBIINX KBaJIPaToB I0J00paTh 3aBIUCUMOCTD Buja P = ay + axU +
as U? + a U 3.
JlaJjtee IPUBEIEHO PEINeHUE 33Ja41 ¢ KOMMEHTAPUAMIA.

JIuctunr 11.1. Pemenne 3aaun 11.1

//®yHRIWS, BHYNCIAOMAS PA3HOCTb MEXLY 3KCIEPUMEHTAILHEIMU

//7 TeopeTWYeCKUMU 3HAYEHUSMH.

//llepen mcnonb30oBaHUeM HeOOXOAUMO OIpEeAelUTh

//z=[x;y] - MaTpuiy HCXOLHHX LAHHHX - H

//c - BeKTOp HAvaNbHHX 3HaYeHU# Ko>PIUIMEHTOB,

//pa3sMepHOCTL BeKTOpa [OJIXHA COBIAZATh

//C ROIWYeCTBOM HCKOMBX KO3PPUIIMEHTOB.

function [zr]=G(c,z)

zr=z(2)-c(1)-c(2)*z(1) -c(3)*z(1)~2-c(4)*z(1)"3

endfunction

//VcxonHbe maHHbe

x=[1.32 1.40 1.50 1.62 1.70 1.80 1.90...
2.00,2.11,2.20,2.32,2.40,2.51];

y=[3.30 3.50 3.85 4.25 4.50 4.85 5.40...

6.00 6.60 7.30 9.20 10.20 13.50];
//®opMupoBanue MATpPUIE UCXOLHHX IAHHBX
z=[x;y];

//BeKTop HadYanbHHX NPUOIUKEHUH
c=[0;0;0;0];
//Pemenre 3amauu
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[a,err]=datafit(G,z,c)

g =
0.5287901

a =

- 51.576664
95.594671
- 55.695312
11.111453

Uraxk, B pesynbrare padborsl pyukinn datafit 6bura mo106pana aHAIUTHIECKAST
3aBUCHMOCTB Busia P = —51.577+95.595U —55.695U2+11.111U3, a cymMa KBaIpaToB
OTKJIOHEHHII U3MEPEHHBIX 3HAYEHUNl OT pacdeTHBIX cocTrasmiia (0.529.

Teomerpuveckast uuTepnperaiys 3aj1a9u (puc. :

Jluctuur 11.2. [loctpoenne rpaduka mogodbpaHHOl 3aBUCUMOCTA

//TlocTpoenne rpaprka SKCIEPUMEHTANBHBX HAHHBIX
plot2d(x,y,-4);

//NlocTpoenne rpadura momo6paHHON GYHKIUN
t=1.32:0.01:2.51;
Ptc=a(1)+a(2)*t+a(3)*t~2+a(4)*t"3;
plot2d(t,Ptc);

Puc. 11.1. I'pacudeckas narepnperanus 3amgaqn [11.1

Bamaga 11.2.

K HEKOTOPBIM 3KCHEPUMEHTAJBHBIM JaHHBIM I10100paTh 3aBUCUMOCTD BUIA
Y =a1-x* + as.
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Jlajlee TpeJCTABICHO pelleHHe 3ajadu U ee rpadudeckas HWHTEPIPETAINs

(puc. [11.2).

JIuctunar 11.3. Pemenne 3aaum 11.2

function [zr]=F(c,z)

zr=z(2)-c(1)*z(1)~c(2)-c(3);

endfunction

x=[10.1,10.2,10.3,10.8,10.9,11,11.1,11.4,12.2,13.3,13.8, ...

14,14.4,14.5,15,15.6,15.8,17,18.1,19] ;

y=[24,36,26,45,34,37,55,51,75,84,74,91,85,87, ...
94,92,96,97,98,99];

z=[x;y];

c=[0;0;0];

[a,S]=datafit(F,z,c);

t=10:0.01:19;

Yt=a(1)*t~a(2)+*xa*x(3);

plot2d(x,y,-3);

plot2d(t,Yt);
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Puc. 11.2. I'pacpuuaeckoe pemrenne 3amgaqn [11.2

Opnoit m3 nambojiee YaCTO MCIOJB3YEMBIX B METOAE HANMEHBIINX KBaJIPaTOB
DYHKIMI SIBJISIETCS IPsIMasi, OIMUChIBaeMasi YpaBHEHUEM BUJA Y = 41 + Ao, KOTOpas
Ha3bIBaETCs AuHuel pezpeccuu Yy Ha x. IlapaMerpbl a1 U ag ABISIOTCS KoaPPuuyuer-
mamu peepeccuu. Ilokazaresb, XapaKTepU3YIOIIUH TECHOTY JTUHEHHON CBA3U MEXKTY
T U Y, HA3bIBAEMbI K09PPUUUEHTIOM KOPPEAAUUU, PACCIUTHIBAETCS 0 (POPMYJIE:
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Z (i — My) - (y; — M,) Zfﬂi Zyz
r = =1 , Mg ==L , My = =1 (11.2)
n n n n

Buavenne k03bbUIIEHTa KOPPETAINH YI0BIETBOPsIET cooTHomenmo —1 < r < 1.
YeMm MeHbIIe OTIINYAETCS aDCOJIIOTHASI BEJIMUUHA T OT €JUHHIIBI, TeM OJINKe K JIMHAN
perpeccun pacrojaraloTcs KCIepuMeHTaJbHble TouKH. Eciim koaddurument Koppe-
Jue 6JIM30K K HYJIO, TO 9TO O3HAYAET, UTO MEXKJy T U Y OTCYTCTBYET JIMHeiHast
CBAI3b, HO MOXKET CYIIECTBOBATDH JIpyTrasl, HeJINHEHAS, 3aBUCUMOCTb.

Ananorom xo3ddurmenTa KOppeAn 1 s HeJTMHEHHBIX 3aBUCHMOCTEN SBJISA-
eTca uKdeKc KOppeaAauul, PACCINTHIBAEMBIH TT0 (hopMmyIe:

n

Z(yi -Y)?

n

Z(yz - My)2

i=1

e Yy — IKCIHePUMEHTAJbHbIE 3HAYEHUs, Y — 3HAUYECHUs, HANEHHbIE METOJOM HaW-
MeHBINX KBaJIpaToB, M, — cpeanee 3Hadenne y. UHmexc koppenaanun mo csoeMy ab-
COJIIOTHOMY 3HadeHmio kojebsiercss B mpenenax or 0 mo 1. Ilpm dyukimonanbuoit
3aBUCUMOCTHU WHJEKC Koppessiun paseH 1. B ciaydae orcyterBun cBazu R = 0. Eciu
KO3 DUIUEHT KOPPEJISIIAE 1* SIBJISIETCSI MEPOil TECHOTBI CBSI3M TOJIBKO JIJIsl JIMHEWHO
dOpMBI, TO UHIAEKC Koppeasiun R —u a1s auHeitHoit, u aast KpuBoauHeiHoi. [Ipu
MIPSIMOJIMHEHON CBsA3U KOI(MMUIIMEHT KOPPEJISIUU [0 CBOEH abCOTIOTHON BeJMInHe
paBeH HHIEKCY KOPPEJIAIINN.
s pacdera koapduyuenmos peepeccuu B Scilab npegraznadena yHKImst

a=regress (x,y)

IJIe X Uy — 9KCIIEPUMEHTAJIbHBIE TaHHbIE, @ — BEKTOP KO3 MUIINEHTOB JINHAN PErpec-
CUM a1 1 as.
Paccmorpum paboty s1oit byHKIMEM Ha IpuMepe.

Banaqa 11.3.

B «OcnoBax xumun» . . MenjesneeBa NpuBosiTCS TAHHBIE O PACTBOPUMOCTH
azoruokucsoro Harpusg NaN O3 B 3aBUCHMOCTH OT TeMIepaTypbl BOJbL. uciIO
yeaoBabix gacreii NaN Og, pacrBopsitoruxcs B 100 gacTsax BOIBI IPU COOTBET-
CTBYIOIIAX TEMIIEPATYPaX, IPEICTABICHO B TaDJI. Tpebyercs ompenenntsb
PaCTBOPUMOCTb a30THOKHCJIONO HATPUS IIPU TeMIepaType 32 Ipajyca B CIydae
JINHEHOH 3aBUCUMOCTH U HAWTH KO3(MMUIINEHT U UHIAEKC KOPPEJISIIH.
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Tabnauna 11.3. Janubie o pacrBopumoctu Na N O3 B 3aBUCHMOCTH OT TeMIIEpATYPhI
BOJIBI.

0 4 10 15 21 29 36 o1 68
66.7 | 71.0 | 76.3 | 80.6 | 85.7 | 92.9 | 99.4 | 113.6 | 125.1

Pemmenne 3ama4n:
JIuctunr 11.4. Pemenne 3amaun 11.3

//9KCrepuMeHTaNbHNE NaHHbE
x=[0 4 10 15 21 29 36 51 68];
y=[66.7 71 76.3 80.6 85.7 92.9 99.4 113.6 125.1];
//PacdeT KO>pPUIMEHTOB perpeccuu
a=regress(x,y)
a =
67.507794
0.8706404
//PacTBOpHMOCTb a30THOTO HATpHsS IPH TeMIepaType 32 rpazyca
-->t=32;a(1)+a(2)*t
ans = 95.368287
//Koadpduimert roppemamun (11.2)
r=sum((x-mean(x)) .*(y-mean(y)))/...
sqrt (sum((x-mean(x)) ~2) *sum((y-mean(y))~2))
r = 0.9989549
//VEmerc roppensnuu (11.3)
R=sqrt (1-sum((y-(a(1)+a(2)*x))~2)/sum((y-mean(y))~2))
R = 0.9989549

ITocTpoenue rpaduka IKCIEPIMEHTATBHBIX JAHHBIX U uHnE perpeccnn (puc.[11.3):
Jluctuur 11.5. I'pacduk momobpaHHOIl JTUHUU PErpeccun

t=0:70; Yt=a(1)+a(2)x*t;
plot2d(x,y,-5); plot2d(t,Yt);

st pacyera ko3 duimenTta Koppesanun B Scilab Tak:ke mpeaHasHaueHa BCTPO-
eHHast GyHKIWA a=corr(x,y), IJie X U § — 9KCIePUMEHTAJbHbIE JJAHHDIE.

11.2 WnTtepnonauus dpyHkunii

[Ipocreiimas 3adavwa uHmepnosupoSaHuA 3aKI0IaeTca B caeyonieM. Ha oTpeske
[a; b] 3amalbl TOUKY g, X1, T2, . . . , Ty, (Bcero n+1 TOUKA), KOTOPbIE HASBIBAIOT y3JIaMU
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Puc. 11.3. I'pacdu1eckoe pemnrenue 3aaxn [11.3

UHTEPIIOJISIUY, ¥ 3HAYeHUs HEeKOTOPOoil dyHKiuu f(r) B 9TUX TOYKAX:

f(xo) =yo, flz1)=y1, f(x2)=w2, ..., flzn)=yn- (11.4)

TpebyeTcst nocTpouTh NHTEpHONUPYOINLyo dbyHknuo F(x), npunaexantyo us-
BECTHOMY KJIACCYy U MPUHUMAIOINILYIO B Y3JIaX WHTEPIOJISIUN T€ K€ 3HAYCHUS, UTO U
flz):

F(IL’()) = Yo, F(xl) = Y1, F(xQ) = Y2, aF(xn) =UYn - (115)

s pernternst momo0HON 3a/1a491 JIOBOJBHO YACTO HCIIOJIB3YIOT CIIAWH-WHTEPITO-
JAnuio (0T aHIIMHCKOro ¢1oBa spline — peiika, juneiika). Onun u3 Hanbosiee pacipo-
CTpaHEHHBIX BAPUAHTOB WHTEPIIOJISIIUN — UHTEPIOIANNA KyOUIeCKUMU CILIAfHAMU.
Kpome Toro, cyrmecTByoT KBapaTUIHbIE U JIMTHEHHBIE CILTANHBI.

B Scilab miist moctpoenust aunetinotl uHmepnoAsyuy CIIyKUT (OyHKITUS

y=interpln(z,x)

IJle Z — MaTPUIA UCXOJHBIX JPAHBIX; X — BEKTOP abCIMCC; ¥ — BEKTOD 3HAYECHUN JIU-
HeHHOoro ciaiHa B TOYKa X.

Jlajiee TipuBeieH TpUMeEpP UCIOJIb30BaHust (byHKIUE interpln. 3jech JUHEHHBIH
CILTAfiH TIPUMEHSIETCS /TSI PEIeHus 3a,/1a 1 TI'paduaeckoe pererne 3a1a9u MO~

Ka3aHo Ha puc. [[1.0]
Jluctunr 11.6. Ucnonp3oBanne dynkimn interpln

x=[132 140 150 162 170 180 190 200 211 220 232 240 251];
y=[330 350 385 425 450 485 540 600 660 730 920 1020 1350];
plot2d(x,y,-4);

z=[x;y];
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t=132:5:252; ptd=interpln(z,t);
plot2d(t,ptd);

Puc. 11.4. IIpumenenne auneiinoro craiina s 3agagu [11.1

ITocTpoenne xkybuueckozo cnaatina B Scilab cocromT w3 AByX 3TaloB: BHaYA-
Jle BBIYHCJLIOTCH KoadduiumenTs! cuaiina ¢ mnomoripio dysknnn d=splin(x,y),
a 3aTeM pACCUYUTHIBAETCS 3HAYEHUS WHTEPIOJAINOHHONO TOJUHOMA B TOYKE
y=interp(t,x,y,d).

Oyukiusg d=splin(x,y) uMeeT cienyiolue IapaMeTpbl: X — CTPOIO BO3PacTaro-
I BEKTOP, COCTOSAIIII MUHIMYM 3 JIByX KOMIIOHEHT; ¥ — BEKTOP TOrO Ke Gopma-
Ta, 9T0 U X; d — pe3ysbrar paboThl GpyHKIUN, KOIDOUINEHTH KyOUIeCcKoro CILiaiiHa.

st dyukimn y=interp(t,x,y,k) mapaMmerps! X, y 1 d IMEIOT Te€ K€ 3HAICHUSI,
mapameTp t —3T0 BEKTOp abCIHCe, & ¥ — BEKTOP OPJUHAT, SIBJISIIOIINXCS 3HAYEHUSIMU
KyOHMYeCcKoro CIijiaiiHa B TOYKaX X.

Banaqa 11.4.

Haittu mpubsimkerHoe 3HaveHne (pYHKIUN PU 33JJaHHOM 3HAYEHUU apryMEHTa
C TIOMOIIBIO WHTEPIOJISINN KyOudeckumu citaiinamu B Toukax 0,702, xo =

0,512, x3 = 0,608. Oynxnus 3anana Tabmano (Tabs. (11.4).

Tabauma 11.4. Vcxonuble jgaHabIe K 3aga4de 11.4

0.43 0.48 0.55 0.62 0.7 0.75
1.63597 | 1.73234 | 1.87686 | 2.03345 | 2.22846 | 2.35973

Sasa1y MOXKHO PEIIUThb TaK:
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JIuctunr 11.7. Pemenne 3amaqu 11.4

x=[0.43 0.48 0.55 0.62 0.7 0.75];

y=[1.63597 1.73234 1.87686 2.03345 2.22846 2.35973];
plot2d(x,y,-4);//Tpadpuk >KCHEpPUMEHTAIbHHX NAHHEX
koeff=splin(x,y);

X=[0.702 0.512 0.608];

//3HadeHve QYHKIUN B 3aJAHHHX TOYKAaX
Y=interp(X,x,y,koeff)

Y = 2.2335678 1.7969698 2.0057073
plot2d(X,Y,-3); //Hamecerue Toduek Ha rpadpuk
//TlocTpoerue Kybmdeckoro cmiaiiHa
t=0.43:0.01:0.75;
ptd=interp(t,x,y,koeff);
plot2d(t,ptd);

I'paduueckast qacThb 3aa9u pejacTaBieHa Ha puc. [11.5

2.z

0.40 0.45 .50 0.55 050 059 070 ars

Puc. 11.5. Pemenne 3amauu 11.4
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Pelwenve anpdepeHunanbHbix YPaBHEHWUI B
4aCTHbIX NPOU3BOAHbLIX

Maremarndyeckne MOIen (PU3NIECKAX U WHBIX ITPOIECCOB OHI/ICI)IBaIOTCH ¢ mo-
MOMILI0 AuddepeHTHaIbHEIX YPABHeHIH B UACTHBIX IPOM3BOAHBIX!. ApryMenTaMm
GYHKIWIT 9TUX yPABHEHWIA SIBJISTIOTCS IIPOCTPAHCTBEHHBIE KOOPINHATHI X, Y, 2 U Bpe-
M3t t. Ob1mume cBejieHnst 0 M PEPEHITUAIBHBIX YPABHEHUSIX B YACTHBIX IIPOU3BO/IHBIX
IpuBeieHbl B IepBoM maparpade miasbl. B Scilab, kak u B GOJBIIMHCTBE MaTeMa-
TUYECKHUX MAKETOB, HET CPEJCTB JJIsi HEIOCPEJICTBEHHOTO PEIeHNs YPABHEHUI MaTe-
MaTudeckoil dpuzuku. OJHAKO BO3ZMOXKHOCTEH TaKeTa JOCTATOUHO, JJIS Peaju3aiuu
METOJIa CeTOK perienust nuddepeHInaabHbIX YPABHEHNN B 9aCTHBIX [TPOU3BOIHBIX.
B nocnenyromux maparpadax 9Toii TyIaBbl U OINIMCAHA PeaH3allis MeTO/Ia CeTOK JIJIst
pelernst TapaboIMIecKuX, TUMePOOINIECKUX U JIINITUIECKUX ypaBHeHuii B Scilab.

12.1 OO6uwume cBeaeHnsa o audcdepeHymnanbHblX YpaBHEHUAX B
YaCTHbIX NPOU3BOAHbIX

JIMHEHHBIM ypaBHEHHEM B YACTHBIX IIPOM3BOJHBIX BTOPOTO IOPSIKA HA3BIBAECTCS
coorHoIenne Mex ity dbyaknueit u(x,y) (wmm u(x,t)) u ee YACTHBIME ITPOU3BOIHBIMI
suza [1]:

2 2U
L) = Ale,) 55 + 2Be,0) o+ Ol 5 + .
12.1
1 D@2+ B, 9) 2 + Gl yule,y) = Flzy)

Or dy

1B nureparype 9TH ypaBHEHUS YaCTO HA3LIBAIOT YPABHEHUSME MATEMATHIECKON (DMK
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Eciu nepemennast pyHKIWMs 1 3aBUCAT OT T U t, To ypasuenue (|12.1]) moxker 6bITH
3AIMCAHO CJIEJLYIONUM 00pPa30M:

2,, 2, 2,
L(u) = Az, )g 5 +2B(z, t)§8t+0(x7t)g?+ (122
12.2
+ D(m,t)@ + E(z, t)a— + Gz, t)u(z,t) = F(x,t)

ox ot

B caydae ectm B mpasBoit wactu ypaBuenus F = (0, TO ypaBHEHUS
HA3BIBAIOTCS OJIHOPOJIHBIMY, MHAYE — HEOTHOPOAHbIMHA [2].

Ecmn B2 — 4AC < 0, o ypasuenne ([12.2)) oTHOCHTCS K KITacCy aAAunmuyeckus
ypasnenuti, ecmm B2 — 4AC > 0, 1o (12.2) 310 — 2unepboauneckoe ypasrenue, ecim
B? — 4AC = 0— napaboauueckoe ypasnenue. B ciayuae, xorna B2 — 4AC He umeer
[MOCTOSTHHOI'O 3HAKa, TO 9TO — yPABHEHUE CMENIAHHOIO THUIIA.

C nomomipIo Mpeobpa3oBaHusl IEPEMEHHBIX T, Y (WK &, t) ypaBHeHHe MOXKHO [IPH-
BecTH K By, Koryia B = 0. B aToM citydae o4eHb TpOCTO OIpeIesseTcst TUIT yPaBHe-
uus. Ecn A u C' uMeroT oJiiH U TOT 2Ke 3HaK, TO ypaBHEHUE — ANAUNTNUNECKOE
ypasHerue, eCIIN PasHble, TO eunepbosuyeckoe, a ecaun A nan C pasao 0, TO ypaBHeHUe
OTHOCHTCS K napabosuveckum [2].

K knaccuueckuM s/umnTudeckuM ypasaerusiM otHocares [1 2]:

e ypasuenne Jlanaaca Au = 0!, KOTOpoe UCIOIB3YeTCs /I ONMCAHIS MATHATHBIX
¥ CTAIMOHAPHBIX TEIJIOBBIX TOJIEH;

e ypasuenue [lyaccona Au = f, KOTOpOe IPUMEHSIETCS B JIEKTPOCTATUKE, TEOPUN
VIIPYT'OCTH 4 T. JI.;

e ypasHenue [eavmzosvya Au + cu = f, OnHCHIBarONIee yCTAHOBUBIIIMECS KOJIE-
GareJIbHBbIE TIPOIIECCHI.

Cperm eunepboauneckur ypaBHEHUI MOKHO BbLIEaUTH [3]:

Pu 0%

® BOJHOBBIC YDABHEHN: OHOMEPHO® 6041060 YDABHEHIe — o = a ﬁ+ flx,t),
T

KOTOPOE OIIMCHIBAET BLIHYYKJEHHbIE KOJebaHUs CTPYHBI; JByMEepHOe BOJHOBOE

0%u o (0%u  d%u
R
ot? ox?  Oy?

ypaBHEHHUe ) + f(z,y,t) onuchBaer KosebGaHust MeMOpa-

HI)I2 .

0%*u RC+LGOu RG 1 0%u
e meaezpagroe ypaBHEeHNE —— + ————— — + — U — — — = () OIUCHIBAET

ot? LC 0ot LC  LC9Jz?

“3MEeHeHne MOTeHnaja u B Juauax djekrpornepenaqn; L, C, R, G — koabdu-

1 2y 0%u
B asymepnoMm ciiygae oneparop Jlamaca umeer sug Au = —— +

0x® " Oy’
Pu P P
dx2  9y? 022

2IIpu f = 0 ypaBHeHHE OMHUCHLIBACT CBOGOHBIC KOJMCGAHMA CTPYHBI MM MEMOGPAHDL.

B TpexMepHOM — Au =
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OUEHT CaMOUH/AYKIUU, €MKOCTb, COIIPDOTUBJICHUE, XapPaKTEPUCTHUKa IIOTEPHb Ha
CAVHUILY JJIUHBI JIMHUW.

K knaccuueckum napa60/zu%c%um YpaBHEHUAM OTHOCUTCA ypaBHEHUE MeENnA0Npo-

0
8odnoCcmU a—? =a’Au+ f.

Jl1st HAXOXKJIEHUST €IWHCTBEHHOTO penrenns anddepeHnaIbHOr0 ypaBHEeHNsT B
YACTHBIX IPOM3BOJIHBIX HEOOXOIMMO 33JIaTh HAYAJbHBIE U IDAHUIHBIE yciaoBus. Ha-
YaJIbHBIMU YCJIOBUSIME IIPUHSITO HA3bIBATH YCJIOBUS, 3aJJaHHbIE B HAYAJIbHBI MOMEHT
BpeMmenn t. ['paHuvHBIE YCJIOBUS 3aJIaI0TCsS MPU PA3JIMIHBIX 3HAYEHUSIX TPOCTPAH-
CTBEHHBIX TEePEMEHHbIX. JIst aasunmuveckur ypaBHEHUN 3aal0TCsI TOJTHKO TPAHUIY-
HbIE YCJIOBHsI, KOTOPbIe MOYKHO Pa3fejuTh Ha TpH Kiacca [3]:

e ycrosue J[upuzae Uz .y yer = P(T,Y, 2), B 9TOM cllydae Ha rpaHurne obiacTh
I', B xoTopoii minercss pemreHne, 3a/aHa HEKasl HelpepbBHAA DYHKIHUS . B
OJIHOMEpHOM ciiy4dae 3To yciosue npuanmaer Bug u(0,t) = ¢1(t), w(L,t) =
2(t), (0, L) — uHTEpBAJ, Ha KOTOPOM HINETCS PEIIeHNe OJHOMEPHON 3a1a4H;

ou
e yciosue Hetmana I = ¢(z,y, z), B 9TOM CJIy4ae Ha IPaHUIE 0OIACTH
(z,y,2)eT
3a/1aHa IPOM3BOAHA 110 HALIPABJICHUIO 7 BHEIIHEH HOPMAJINL;

ou
e cMelaHHOe yCJIOBHE | qul + 5% = (z,9,2).
(z,y,z)el

st napaboruveckur ypaBHEHHUI, KPOMe TPAHUIHBIX YCIOBUM, HEOOXOIMMO OITpe-
JIEJIATH OJHO HAavYaJIbHOe, KOTOPOe MOYKET OBITh TakuM: u(x,tg) = ().
B caydae runepbosinueckux ypaBHEHUN HadajbHbBIE YCJIOBUsI MOTYT OBITH CJIEJLy-

foumMu: u(x, tg) = ¥1(x) u w = ().

CyIecTByI0T aHAJINTUIECKIE METOJIbI PEIIeHUsT YPABHEHUN B YACTHBIX IIPOM3BOJI-
HBIX, TaKne Tak Kak Mero], Oypbe (Meros pasjiesieHusl [EePEeMEHHBIX), B pe3yJbTa-
Te NPUMEHEHUsI KOTOPBIX PEeIeHne 3alliChIBAETCS B BUE CyMMbI OECKOHEYHOI'O Psi-
JTa JIOBOJIBHO CJIOYKHOU CTPYKTYPBI, I HAXOXK/IEHUE YHUCJIEHHOTO 3HAUeHUs (DYHKIINU B
KOHKPETHOU TOYKE IIPECTABIIAET cOOO0 OTIETbHYI0 MATEMATHIECKY IO 3a1a49y. [ToaTo-
My HIAPOKOE PACIPOCTPAHEHNEe IOy YU/ YNUCJICHHbIE METO/Ibl PellleHusl ypaBHEeHU B
YaCTHBIX IIPOU3BO/IHBIX.

12.2 Vcnonb3oBaHue meToaa CeTOK ANl pelleHus
napabonnyecknx ypaBHeHU B HaCTHbIX NPON3BOAHbIX

OpanM n3 HambosIee PACIPOCTPAHEHHBIX UHC/IEHHBIX METOJOB DeIleHHs! ypaBHe-
Huit sBsgercs memod cemok! [I]. B merosme ceTok o6macTh §2, B KOTOPOit HEOOXOIIMO

IMertoz ceTok B IuTepaType TaK»Ke Ha3bIBAIOT METOJOM KOHEUHBIX PA3HOCTEIL.
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HaliTH pellleHHe yPaBHEHHs, IPAMBIME, IapaJUIeJbHBIMI OCAM t = t; U T = T;, Pa30-

O6beM Ha NPAMOYroJbHble obsactu (cM. puc. [12.1)), rue z; = xo + ih, h = %,
, ) g —to .
1=0,1,2,...,n,t; =to+JA, A = E— 7 =0,1,... k. Touku, KOTOpBIE JIEKAT HA
rpanure [ obsractu (), HA3BIBAIOTCSA GHEWHUMYU, OCTAIBHBIE TOUKU — BHYMPEHHUMU.
COBOKYITHOCTB BCEX TOUEK HA3BIBAETCS CETKOf ()4, Bemauubr b m A — maramm ceTKu
o ¥ U t COOTBETCTBEHHO.
Wnesa meToma ceTOK COCTOMUT B TOM, UTO BMECTO JIFOOON HEIMPEpBLIBHON (PYyHKITAN

w(z,t) bymem paCCManI/IBaTb IMCKPETHYIO (DyHKITIIO wj = w(z;,t;), KOTOpAs OIpe-
JleTeHa B y3y1ax ceTku (25, BMeCTO IPOM3BOIHBIX cbyHKm/m OyJieM paccMaTpUBATh UX
MIPOCTENIIe PA3HOCTHBIE AIIITPOKCUMAIINN B y3J1aX CeTKH. Takmm 06pa30M, BMECTO CH-
crembl uddepeHIraIbHbIX YPABHEHUHA B YACTHBIX TPOU3BOIHBIX TOJIYUYUM CHCTEMY
asrebpandeckux ypaBaenuii. Yem menbiie Besiraudbl A 1 A, TeM TOYHEE MOy YaeMble
asarebpantieckre ypaBHEHUS MOJIEIUPYIOT NCXOTHOE M depeHImaabHoe ypaBHeHne B
YaCTHBIX IIPOU3BOJHBIX. B 3TOM 1 mocseayomux naparpadax 3Toii rjiaBbl Oyj1er pac-
CMOTPEH METOJI CEeTOK JIJIsi KaXKJIOI0 U3 TPeX TUIIOB YPABHEHUN M ero peasin3aliusi B
Scilab. 3HaKOMCTBO € YNCIEHHBIMU METOIAME peleHust TudepeHnnaabHbIX ypaBHe-
HUl B YACTHBIX MPOU3BOJIHBIX HAYHEM C PA3HOCTHBIX CXEM PEIIeHUs TapabOInIeCKuX
YPaBHEHU.

PasnocTHbIE cxeMbl pelieHns: 1apadoIMIecKnx ypaBHeHI/II/I OyZeM paccMaTpUBATh
Ha IpHUMepe CJIEYIONIEro OJJHOMEPHOI'O YPaBHEHNUS .

2
%ZGQ%JJ(Z‘J), 0<z<L, 0<t<T
w(0,8) = p(t),  uw(L,t)=nt), 0<t<T (12.3)

u(z,0) = p(z), 0<z<L

ITocTpoum cerky QA (cM. puc. ). [list moTydeHnsi CeTOYHOrO ypaBHEHUsT 3a-
0%u

ox 972

MEHUM [IPOU3BOIHYIO npubImKeHHON pazHocTHON dopmystoi [1]:

2
O%u(wity)  wiv1j —2uij +ui—1y
0x? n h? '

(12.4)

B sroit m mociaemyromux ¢dopMynIax u;; — 9TO 3HaUeHHme OYHKIUH U B TOU-
ke (Z;,t;), Uiy1,; — B TOUKe (Ziy1,t;), Uj—1,; — B TOUKe (Z;_1,tj), U;j+1 — B TOUKE
(Z‘i, tj+1) " Uj,45—1 — B TOIKE (mi, tj_l).

U
Jtst 3aMeHbI 5 MOXKHO BOCIIOJIB30BaTbCs OJIHON M3 MPUOJINKEHHBIX PA3HOCTHBIX

dbopmya [1]:

Qu(wi tj)  Uijy1 — Uiy
ot A
Ouwi,tj) _ wij — Ui

7 = A (12.6)

(12.5)
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0 h 9 *a X ®n *n

Puc. 12.1. Cerka Q4 am1a obmactu 2 ¢ rpanuneii I

Kpowme Toro, 3amennm Hava IbHbIE U TPAHUIHBIE YCJIOBUS UX PA3HOCTHON AIMPOK-
cuMallueit:

uio = @(x;) =¢;,  i=0,1,...n
uo = plty) = pg,  ung=vit;)=v5,  G=0,1,...k

Bamenus gacTHbIE IIpousBoble B 3agade (12.3) coornomennsavu (12.4]) u (12.5)

U y4YUTbIBas yCJIOBUA 1}1 , IIOJIyYUM CJIE/IYIOIIYIO BBIYMC/IATEIBHYIO CXEeMY
JUTst pacveTa 3HaMeHuil GYHKINN U B y3/1ax ceTkn (14

Uijy1 = Vi1 + (1 —27)usj +yuijp1 + Afiy (12.9)
a’A
Uo,j = Hj, Unp,j; = Vj, Ui, 0 = Pi, Y= ? (12.10)

1o AeHas deyrcaolinas PasHOCTHAs cxeMa (CM. PHC. .

YuureiBas, 9T0 Ha HysueBoM cioe (npu ¢ = 0) Bce 3HAUEHUH U; o, (KAK BIPOUEM, U
U, j, Un,;j) U3BeCTHBL, 110 dhopmyse (12.9)) MoxkHO cHavaIa SBHO pacCIUTATL SHAUCHHS
Uj,1, 3ATEM U; 9 M TaK JIO U; ). Jyist ycroitanBocTy pasnoctHoil cxemsl (12.9)) smauernns
IATOB 10 ¢ U X JOJKHBI YIOBIETBOPATD CJIEIYIOMEMY YCJIOBHIO:

A< — (12.11)
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ij+1

i1, i +1]

Puc. 12.2. Illabson gBHO ABYXCJIONHON PA3HOCTHONW CXEMBI

Paccmorpum pentenne napabosimdeckoro ypaBHEHUsI Ha IIPUMepe CJIeaylomeil 3a-
JTatIN.

Bamaqga 12.1.
Pemnrs mapabosimyeckoe ypaBHEHUE, OIUCHIBAIONIEE PACIPEIEICHAE TEMIIEPATY-
PBI B CTEpsKHE JIMHON L, HadabHasi TEMIIEPATYPa CTEPKHST 3a[a€TCS ITPOU3BOJIb-

Hoit pyuknueit p(x). Temueparypsl KoHIOB crepxkis pasubl u(0,t) = Uy = const,
u(L,t) = Uy = const.

0 0? A
U _ 2 u—l—f(x,t), a? ==, 0<z<L, 0<t< oo,
u(0,t) = Uy = const, u(L,t) = Uy = const, 0<t< oo, ’

u(z,0) = p(x), 0<z<lL,

31ech a2 — KOI(DPUIUEHT TeMIIePaTyPOIPOBOJHOCTH, A — KOI(MDMUIMEHT TeILIONPO-

BOJIHOCTH MAaTePHUaJIa CTEPKHS, C — YJIeJIbHAS TEIJIOEMKOCTD, ) — ILIOTHOCTD.
Ilomnporpamma permenusi 3agaqu 12.1 ¢ TTOMOINBIO SIBHOM Pa3sHOCTHON CXE€MBbI

(12.9)—(12.10) B Scilab npescrasiena na mactunre [12. 11

Jluctuur 12.1. Ilognporpamma pemrenust 3agadu 12.1 ¢ mOMOIIBIO SIBHOM
PA3HOCTHOH CXeMbL

//llpaBast 4acTb HupepeHINaNbHOTO yPABHEHUS .
function y=f(x,t)
y=sin(x*t)

endfunction

//HavansHOe ycnoBue
function y=fi(x)
y=exp(0.15%x)

endfunction

//YcnoBue Ha IeBO# TrpaHule
function y=myu(t)

y=1

IB nucrunre ¥ BO BCEX IMOCJIEIYIONUX y2Ke YITEH TOT (PaKT, 4TO MaccuBbl B Scilab mymepy-
rorcs ¢ 1.
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endfunction

//YcnoBue Ha mpaBoil rpamume

function y=nyu(x)

y=2.117

endfunction

function [u,x,t]=parabol(N,K,L,T,a)

//®yHRIUS peleHus NapabosMdeCKOTO yPaBHEHUHA METOLOM CETOK C
//moMomplo ABHOM Pa3HOCTHOM cxeMbl. N - KOJNMYECTBO yYaCTKOB,
//Ha koTopse pasbuBaercsa maTepBan mo x (0,L); K - xommdecTBO
//y9acTroB, Ha KOoTOpse pasbmBaercs mHTepBan mo t (0,T); a -
//napaveTp IudpdepeHIUANBLHOTO YPaBHEHUS TEILIONPOBOLHOCTH,
//®yHKIMS BO3BpamaeT MaTpUIy pelleHuH u ¥ BEKTopa X, t
//BrducisgeM mar mo X

h=L/N;

//BuuncngeM mar mmo t

delta=T/K;

//®opMupyeM MaccwB X ¥ NepBHi cToxber MaTpuusl pemenuit U
//¥3 HadaJbHOTO YCIOBHUSL

for i=1:N+1

x(1)=(i-1)*h;

u(i,D=fi(x(1));

end

//®opMupyeM MaccuB t, IEpBYO ¥ IOCIELHKD CTPOKY

//MaTpuul pemeHui

//U W3 TpaHuYHHX yCIOBUH

for j=1:K+1

t(j)=(j-1)*delta;

u(l,j)=myu(t(G));

u(N+1,j)=nyu(t(j));

end

gam=a~2*delta/h"~2;

//®opMupyeM MaTpHIy pelleHH{ U C IIOMOmbl0 SBHOM DPa3HOCTHOH CXeMs
//(12.9)

for j=1:K

for i=2:N

u(i,j+1)=gam*u(i-1,j)+(1-2*gam)*u(i, j)+gam*u(i+1,j)+deltax*. ..
f(x(1),t(3));

end

end

end

BXOIHBIME JJAHHBIMA HOJANPOrpaMMbI parabol penreHus 3a1a9u SABJIATOTCS:
N — KOJIM4EeCTBO MHTEPBAJIOB, Ha KOTOpBIe pasbusaercs orpesok (0, L); K — kommde-
CTBO MHTEPBAJIOB, HA KOTOpPbIe pasbusaerca orpesok (0,7); L — nymna crepxus, T —
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WHTEPBaJ BpeMeHHU, a — mapamerp jauddepenimaibHoro ypapaenusi. OyHKIusT BO3-
BpaIllaeT TPHU IIapaMeTpa: pelleHrne — ceTovuHas (DYHKIUs U, OIPEIeIEHHAS HA CETKE
Qﬁ, MAaCCHUBBI T U t.

Ha muctunre m npejicTaBiaeHo obpamenne K GYHKIUM parabol s perreHust
3ajaqn 12.1) m mocTpoenust rpaduka perieHust, KOTOpbiit n3obparkeH Ha puc. [12.3

Jluctunar 12.2. Bezos dyukiun parabol

[U,X,T]=parabol(50,200,5,3,0.4);
surf (X,T,U?);

title (’PARABOLIC EQUATION’);
xlabel (’°X?);

ylabel (’T?);

PARABCLIC EQUATION

ed i de )

-
-~
-

Puc. 12.3. T'pacdux pemenus 3anadu upu f(x,t) = sin(xt)

[Tpu pemrennn mapadoOIUIECKUX YPABHEHUI C ITIOMOIIBIO SIBHON PA3HOCTHOM CXEMBbI
OCHOBHOII TIPO0OJIEMOIl SIBJISIETCS YCTOMYMBOCTD PEIleHUsI U IPABUJILHBIN BBHIOOD Imara
1o ¢, yIOBJIETBOPAIOMIETO COOTHOIICHUIO .

st perierust 910t 1pobseMbl ObLIY IIPEIJIOXKEHbI HeSIBHBIE DA3HOCTHBIE cxeMbl [I].
DTH cxXeMbl aDCOIIOTHO YCTOWYMUBBI, HO aJITOPUTM DEIIEHUsT MOJyIaeMOr0 CETOTHOTO
YPaBHEHUSI HECKOJIBKO CJIOXKHEe, 9eM IIPOCTOil mepecyeT 1o hopmyse . Paccmor-
PUM HESIBHYIO PA3HOCTHYIO CXEMY JIJIsl IapaboImaecKoro ypasHenus. [Ijist mocTpoenust
HEABHOU Pa3HOCTHOU CXeMBbl 3aMEHHM YaCTHBIE IIPOU3BOJHBIC B 3ajlade COOT-

nomenmavn ([12.4), (12.6]) u ¢ yaerom yemosmit (12.7)—(12.8) momyumm cemyromtyto

!Bmecro (12.5) anst stBHOf cxembr
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BBITUC/IUTEJIbHYIO CXEeMY [IJIgd pacdeTa 3HAYEHU (byHKI_LI/II/I U B y3JIaX CE€TKH Q?

Yi-1,j — (L4 29)uij + Yuiv1,; = —uij—1 — Afij,
i=1,2,....n—1, j=12..k (12.13)

CoorHomenus BMmecre ¢ paBedcrBamu ([12.10) — nesashas deyreaotinas pas-
nocruast cxema (cM. puc. [12.4). Cxema (12.10)), (12.13) me nossossier sBHO BbIIUCATH
pellIeHue, U /11 HAXOXKJACHNS U; j IIPH KaKIOM 3HAUYCHUH j HEOOXOIUMO PELINTD TPeX-
JIMAroHaJIbHYIO CUCTEMY JIMHEHHBIX ajreOpaniecKux ypaBHEHU, JIJIsl 1610 MOYKHO BOC-
[0JIb30BATHCS OJHUM M3 MTEPAIMOHHBIX METOIOB (Hampumep Meronom Jefigens [I])
i MerozioM nporosku [I]. TIpeoGpasyem cucremy K CJIeJIYIONIEMY BUIY:

Ug 5— A
(wim1,j + Uir1g) + 2o + ———— f(2i,t5) (12.14)

_ "
Ui = 1 0y 142y 142y

ij-1

Puc. 12.4. I11abnoH HeABHOI JBYXCJIONHON PA3HOCTHON CXEMBI

Dopmya [IO3BOJIUT 3aIIPOrPAMMUPOBATH PENICHUE CUCTEMBI, TOJIyIaeMOi
C IOMOIIBIO HESBHON PA3HOCTHON CXEMbI, ONHUM M3 YUCIEHHBIX METOI0B, HAIIPUMED,
C TIOMOIIBIO METOJA 3eiiIesrd.

Pemenne napabommyeckoro ypaBHeHHsI C IIOMOIIBIO HESIBHOW Pa3HOCTHON CXEeMBbI
(¢ momommpo QYHKIMN neyavn IIpeJICTaBIeHO HA JINCTHHIE

BxogubiMu maHHbIME (DYHKIUU neyavi sBJsiioTcs: N — KOJIMYECTBO YIACTKOB, HA
KoTopble pasbusaercd uaTepBad 10 x (0, L); K— KOJIMIECTBO yYaCTKOB, HA KOTO-
pbie pasbuBaercs unrepsad 1o ¢ (0,7); a— napamerp audbepeHIualbHOro ypaBHe-
HUSI TeILIONPOBOIHOCTH; eps — TouHocThb permenns CJIAY (12.4) meromom 3eiinens’.
OyHKIUs neyavn BO3BpAaIlaeT MaTPUILy pelennii v 3amgaun 12.1; maccusbl  u t; r —
TOYHOCTDH PENICHUST CUCTEMbI METOJIOM 3eMIeIsT; KOJTMIEeCTBO uTepanuii k.

IBri6op MeToma 3eiimens IpH OPOrpaMMEPOBAHUY TPEXIMATOHAJBHON CHCTEMbI JIMHEHHBIX aJl-

rebpanveckux ypasHenuil Buga (12.13)—(12.14]) — cy6bekTuBHBIN BBIGOP aBTOPOB. Unraresibr MOXeT
HCIIOJIB30BATD U JAPYTOi UTEPAIMOHHBIN METO/T, UJIH CIEIUAIU3MPOBAHHbBII METOJ, PEIEHUs T0O00HbBIX
CHCTEM, THUIIAa METO/a IIPOTOHKH.
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JIucrurr 12.3. Pemenne 3agaun 12.1 ¢ IOMOIIBIO HESIBHON PA3HOCTHON CXEMBI!

//TlpaBas 9acTh OupPepeHIMaNbHOTO YPABHEHUS .
function y=f(x,t)

y=sin(x*t)

//y=0;

endfunction

//HavansHoOe ycnoBue

function y=fi(x)

y=exp(0.15%x)

endfunction

//YcnoBue Ha IeBO# TrpaHule

function y=myu(t)

y=1

endfunction

//YcnoBue Ha IpaBOW rpaHuUIe

function y=nyu(x)

y=2.117

endfunction

function [u,x,t,r,k]l=neyavn(N,K,L,T,a,eps)
//®yHKIUA pelleHus NapaboiMYeCKOTr0 yPaBHEHHHA METOLOM CETOK C
//moMOmblH HESBHOM Pa3HOCTHOHM CXEMS.

//BbuncisieM mar mo X

h=L/N;

//BbumcisieM mar mo t

delta=T/K;

//®opMupyeM MacCuB X ¥ HepBHE cTonben MaTpuusl pemenuit U
//73 HaYaIbHOTO YCIOBUS

for i=1:N+1

x(i)=(i-1)*h;

u(i,)=Ffi(x(i));

end

//®opMupyeM MaccuB t, IEPBYD U IOCIEIHIKN CTPOKY MAaTPHIE!
//pemernit U u3 IpaHWYHHX yCIOBHH

for j=1:K+1

t(j)=(j-1)*delta;

u(l,j)=myu(t(j));

u(N+1,j)=nyu(t(j));

end

//OnpegnenseM MaTpully ommbok R 1 3amonHdgeM ee HYJIAMH
R(N+1,K+1)=0;

qu/ITaTe.HI) MOZKET CaMOCTOATEJIbHO CPaBHUTH PE3yJibTaThbl, INOJIYyY€HHbIE C IIOMOIIBLIO SABHOU M
HESIBHOM Pa3HOCTHBIX CXEeM.
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//BraucigeM Ko3¢IUIIeHT gamma

gam=a~2*delta/h~2;

r=1;

k=0;

//Uurn while gmys opraHu3sanuu WTEPALMOHHOTO Ipoljecca IIpH
//pemennn cucTeMs ypaBHeHuil (12.14) meTomom 3eiimens c
//TodYHOCTBD eps

while r>eps

//Beaucnesne MaTpuipl omr60K R BO BHYTPEHHHX TOYKAX
//u mepecyeT 3HAaYEHWM U BO BHYTPEHHWX TOYKax npu pemenuuu CJIAY
//(12.14) meTozmoM 3eilimena

for i=2:N

for j=2:K+1

R(i,j)=abs(u(i,j)-gam/(1+2*gam)* (u(i-1,j)+u(i+1,j))-uli,j-1)...
/ (1+2%gam) -deltax*f (x (1) ,t(j))/ (1+2*gam)) ;

u(i,j)=gam/ (1+2*gam)*(u(i-1,j)+u(i+1,j))+uli,j-1)...
/ (1+2xgam) +deltaxf (x (i) ,t(j))/(1+2*gam) ;

end

end

//Tlonck MarcuMyMa B MaTpume omnbok

r=R(1,1);

for i=1:N+1

for j=1:K+1

if R(i,j)>r

r=R(i,j);

end

end

end

//VBenudeHne KOIMYECTBA HTEPALWH.

k=k+1;

end

disp(k)

endfunction

[U,X,T]=neyavn(50,200,5,3,0.4,0.1);

surf (X,T,U’);

title (’PARABOLIC EQUATION’);

xlabel(’X?);

ylabel(°T?);
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I'pacduku pemenuii ¢ MOMOMIBLIO SIBHO M HESIBHON Pa3HOCTHBIX CXEM ITPAKTUYECKH
COBIIQJIAIOT.

O6parutre BEIManue, uro (GyHKIUN, TpuBeeHHble Ha auctrarax [12.1)u[12:3] nos-
BOJISIOT PEIIATh yPABHEHUS BUIA ¢ passmanbiMu Gyakuusyu f(z, t), p(t), n(t),
o(x).

HNcnonb3oBanne HesIBHOW DA3HOCTHOI cxeMbl B ciyuae, Korja f(x,t) # 0, pac-
CMOTpPHM Ha, IIPUMEpE eIle OJHOM 3a1a4u.

Bamaqa 12.2.

Haittu pacupesenenne Temueparypbl B CTepKHE JIMHON L, HaYaIbHAS TeMIepa-
Typa CTepXKHs 3aJaeTcst npousBosibHoil dyukuued f(x). Temneparypbl KOHIOB
crepxkug pasubl u(0,t) = Uy = const, u(L,t) = Uy = const. Ha 6okoBoii 1o-
BEPXHOCTH CTEDKHsI ITPOUCXOJUT TEIJIOOOMeH 1Mo 3aKoHy HbioToHa co cpeoii,
TeMIlepaTypa KOTOPOil paBHa .

Haganbao-rpannmynasi 3a/ada, ONUCHIBAIOMAS PACIPEIEJIEHAE TEMIIEPATYPBI
CTEpKHHA, UMeeT BUJI:

ou 0%

a:a ﬁ—h(u—uo),
A

=2, h="L  g<z<L = O<t<o, (12.15)
cp cpo

u(0,t) = Uy = counst, u(L,t) = Us = const, 0<t< oo,

u(z,0) = p(z), 0<z<L

3/1eCh (@ — KO3 PUITHEHT TEILI000MEHA, 0 — ILIOIIA b HOMEPETHOrO CEUEHMST CTEPKHSI,
P — IEPHUMETP IOIEPEYHOrO CEYCHHUST CTEPIKHS.

L T
Hocrpounm cetky 8 (x; = ihz, h = W i=0,1,2,...,n), (t; = jA, A = = j=
?u  Ou
0,1,...k). Iyis mojy4eHus: CETOYHOrO yPABHEHUS 3aMEHUM [IPOU3BOJHbIE 92 o
x

npubamxkenabiMu paszHocTabiME Gopmyaamu (12.4)) u (12.6[). [Toxyunrcsa ciemyromast
HesBHAsI pa3HocTHas cxema ([12.16[)—(12.18)):

uio =(x;), i=0,1,...,N,
w;=Uy, Un;=Us  j=01,... K (12.16)

: + 4 ( + )+ Ah
Upj = ——————Ujj1+ ————— (Ujm1 + Uip1) + ————u
Tl 2y AR TN T Ty AR T TR T T oy AR
i=1,2...,N—1, j=12,...k
(12.17)

A
=a’>-— 12.18
T=at (12.18)

IIpuMenenne HessBHOM Pa3HOCTHO CXEeMBI J1JId pellleHnd 3a7a4n 12.2 mpeicTaBIeHo
Ha juctuare 124
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JIuctunr 12.4. Oyuknus neiav perneHus 3a7a9u 12.2 ¢ TOMOIIIHIO HESIBHOM
Pa3HOCTHOM CXEMBbI

//HadanpHOE ycCioBue

function y=fi(x)

y=exp(0.15%x)

endfunction

function [u,x,t,r,k]=neiav(N,K,L,T,a,h,U1,U2,u0,eps)
//®yHRIWS pemeHus napaboiMdeCKOr0 ypaBHEHUS METOLOM CETOK C
//moMomplo HESBHOM Pa3sHOCTHON CXEMS.

//N - ROIMYeCTBO yYacTKOB, Ha KOTOpHE pa3buBaeTCs MHTEPBAN IO X
//(0,L); K - KoImYeCcTBO yY9acCTKOB, Ha KOTOpHEe pasbuBaeTcs
// umuTepBan mo t (0,T);

//a, h - nmapaMerpn muPpOpEeHINANHHOTO yPABHEHUS TEIIONPOBOLHOCTH;
//eps - TouHocTb pemenus CIIAY (7.17) meTomoM 3eiimens;
//Ul - TeMmepaTypa Ha J€BOM KOHI|eé CTEPXHH;

//U2 - TeMmepaTypa Ha IpaBOM KOHIE CTEPXHS;

//®yHKIES neiav Bo3BpamaeT:

//u - MaTpuiuy pemeHuWH B y3/IaX CeTKH, MAacCUB X, MacCus t,
//r - TouHOoCTBh pemenms cucTeMs (12.17) meTomom 3elmens,
//K - KOJNMYEeCTBO WUTEepaluil IpH pelleHHM CHUCTEMEH MeTOZOM 3eimens.
//BuHYucisieM mar Imo X

hx=L/N;

//BruncnseM mar mo t

delta=T/X;

//®opMupyeM MacCWB X U NepBHil cToxbel] MaTpuip pemeHuir U
//%3 HadaJIbHOTO YCIOBHUS

for i=1:N+1

x(i)=(i-1) *hx;

u(i,)=fi(x(1));

end

//®dopMupyeM MaccuB t, NepByl M IOCIENHOID CTPOKY MATPHIE
//pemeruit U U3 TpaHUYHHX yCIOBHUH

for j=1:K+1

t(j)=(j-1)*delta;

u(l,j)=U1;

u(N+1, j)=U2;

end

//0OnpezenseM MaTpuny omuboK R m 3amosnHseM ee HyIaME
R(N+1,K+1)=0;

//BrraucnsieM Ko3pduimeHT gamma

gam=a~2*delta/hx"2;

r=1;

k=0;
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//Uukn while Ins OpraHW3aluy UTEPAMOHHOTO IPOIECCA IPX PELeHUN
//cucteMsl ypaBueruii (12.17) MeTomoM 3elizess C TOYHOCTBI €ps
while r>eps

//Bbaucnenue MaTpuipl omub0oK R BO BHYTPEHHHX TOYKAX

//7 mepecyeT 3HaYeHWH U BO BHYTPEHHUX TOodYKax npu pemexunu CJIAY
//(12.17) MeTozmom 3eiimens

for j=2:K+1

for i=2:N

V=gam* (u(i-1,j)+u(i+1,j))/(1+2xgam+delta*hx)+u(i,j-1)/...
(1+2*gam+delta*hx) +delta*h*u0/ (1+2*gam+deltaxhx) ;
R(i,j)=abs(V-u(i,j));

u(i,j)=v;

end

end

//Tlouck MakcuMyMa B MaTpulle omnbox

r=R(1,1);

for i=1:N+1

for j=1:K+1

if R(i,j)>r

r=R(i,j);

end

end

end

//VYBenudeHne KoIMYeCTBA WTepanui

k=k+1;

end

endfunction

//BH30B QyHKIuE pemeHus 3afadm 12.2.
[U,X,T,R,K]=neiav(50,200,5,3,0.4,0.5,1,2.117,30,0.001) ;
//NlocTpoenne rpadura QyHKIUU

surf (X,T,U’);

title(’Example 12.27%);

xlabel (’X?);

ylabel(’T’);

Bxosmble u BbIxOqHBIE JaHHbe DYyHKIME neiav pemenns 3azxaun [12.2] onucansr
B KoMMeHTapusx jucrtunra [12.4] Ha puc. [I2.5] npeacrasiensl pesyibraTbl perieHust
3a/1a9H.

st periennst mMoJy4aeMoro ajaredpandeckKoro ypaBHEHUsT MeTOJIOM 3efifiests 1mo-
TpedoBasiock 1079 urepanuii. [TosroMy mjist yMeHBITIEHIS KOJIAIECTBA UTEPAIIANT TMEET
CMBICJI TIOITPOOOBATH YCKOPUTH UTEPAIMOHHBINA MIPOIECC € MOMOIIBIO METOJIOB PesIak-
CaAllU WJIM I'PAJUEHTHBIX METO/IOB PEIeHNs CUCTeM ajredOpandeckux ypapuennii. Me-
TOJUKA, U3JIOKEHHAs] B 9TOM Iaparpade, MoKeT ObITh HCIIOJIb30BAaHA U [IPUA PENIeHUun
JPYTUX Mapabo/InIecKuX ypaBHEHM.
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Example 12.2

Puc. 12.5. I'paduk pemenus 3anauu [12.2]

12.3 Wcnonb3oBaHue metopa ceToK ANSI pelleHus
runepboaMyYeckmx ypaBHeHuii

Pemenne runepbosinueckux ypaBHEHUN TaK:Ke MOXKHO OCYIIECTBUTH C ITOMOIIBIO
Pa3HOCTHBIX CXeM. Pa3HOCTHBIE CXEMBI PEIIeHUs OJHOMEPHOrO TUIIEPOOJIUIECKOrO
YPaBHEHHUS PACCMOTPHUM Ha IIPUMeEpPE CJIEIYIONero YpaBHEeHU:

2 2
au—a2a—u+f(x,t), 0<z<L, 0<t<T

o2 o2
w(0,t) = p(t),  w(L,t)=nt), 0<t<T (12.19)

<
u0) =), PV @) o<asr

IlocTpoum ceTky Qﬁ (cM. puc. i , B KOTOPOIi Oy/IeM UCKATh PElleHne ypaBHeHMs

12.19). YacTHy10 MTPOU3BOIHYIO 72 3aMEeHUM Pa3HOCTHBIM cooTHoIneHueM (|12.4)), a

22
0?u
POU3BOJIHYI0 —— — cooTHomernuem (|12.20)) [IJ.

ot?

Pulwity)  wij1 — 2uij + uijn
i) = (12.20)
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Iloxcrasmaa (12.20)), (12.4), (12.5) B rpannano-Havaabuyo 3aa1y (12.19)), moury-

YUM CJIeLYIOIIYIO SIBHYIO PAa3HOCTHYIO CXEeMY DelleHUs yDaBHEHUd:

Wija1 = —Uij—1 +Y(Uim1; + uiv1 ) = (2 — 29 ui; + A% fi
i=1,2,.. . . N—1,j=1,2,.... K 1

U1 — U4,0 .
uio =), ————=%¥, i=01...,N (12.21)
o = pyjuny =vi,  j=01,.. K
a’A?
V=

KOTOpasg ycroituusa npu v < 1 u 10 anajgoruu ¢ pasuoctaoii cxemoii (12.9))—(12.10)
MOXKeT OBITH JIETKO 3alporpaMMupoBana B Scilab.

B kadecTBe nmpuMepa paccMOTPUM CJIEAYIONIYIO HAYAJIHHO-TDAHUYIHYIO 3aa4Ty.

Bamaqa 12.3.
PemuTh HaYaIbHO-TPAHUYHYIO 3219y
02 02
—w:az—w+sin(a:t), 0<z<L, t>0,
o o (12.22)
w(0,8) = ¢(0),  w(L,t) = (L) '

w(z,0) = p(x),  wi(x,0) =(x)

Ha muctunre npejicraBieHa QyHKINs ggg pelnenust ypasHenus (12.22)), a na

puc. [12.6|— rpacduk nosyuennoro pemtenus. [lapamerps dbyHKIINN ggg aHATIOTUIHDI
PACCMOTPEHHBIM paHee MOJIIPOrpaMMaM PEIeHusT TapaboIMIeCKIuX YPaBHEHNH.

Jluctunr 12.5. OyHKIMS ggg pelleHns 3a1a9u C IOMOIIBIO SABHOM
Pa3HOCTHOI CXEMBbI

function [u,x,t]=ggg(N,K,L,T,a)

//®PyHKIUSA pemeHWs] TUIEp6OIMIECKOTO ypPABHEHWS C [IOMOWBI SIBHOR
//pasHoCcTHOH cxeME. BxomHbe IaHHEHE:

//N - ROIM4YecTBO y4acCTKOB, Ha KOTOpHe pa3buBaeTCs HHTEPBAN IO
//x (0,L); K - KOIMYeCTBO y4aCTKOB, Ha KOTOphe pas3buBaeTcs
//uuTepBan mo t (0,T); a - mapamerp zubdepeHIMAIBLHOTO
//ypaBHEHUS TEINIONPOBONHOCTH. BHXOZHHE LAHHLE :

//u - MaTpuia pemeHWH B y3Iax CETKH, MAacCHUB X, Maccus t,
//BrunciseM mar mo X

h=L/N;

//BruucnseM mar Imo t

delta=T/X;

//®opMEpyeM MaCCHB X, NIEpBHA X BTOPOX CTOJNOIE MATPHULb PELEHUH u
//u3 HaYaJIBPHOTO YCIOBUS
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for i=1:N+1

x(1)=(i-1)*h;

u(i,D)=fi(x(1));

u(i,2)=u(i,1)+delta*psi(x(i));

end

//®opuupyeM MaccuB t, IepBYyH U IOCIEIHIKW CTPOKY MATPHULL peleHui
//U U3 TpaHWYHHX yCIOBHUi

for j=1:K+1
t(j)=(j-1)*delta;
end

//®opuupyeM NepByb ¥ NOCIENHOL CTPOKY MaTpuisl pemenuit U
//#3 TpaHWYHHX yCIOBHI

for j=2:K+1

u(1,j)=0;

u(N+1,j)=fi(L);

end

gam=a~2*delta~2/h"~2;

//®opMupyeM MaTpHIly pelleHui U C IOMOUbl SBHOM pPa3HOCTHOM CXeMsb
//(12.22)

for j=2:K

for i=2:N

u(i,j+)=-u(di,j-1)+gam*u(i-1,j)+(2-2*gam)*. ..
u(i,j)+gam*u(i+1, j)+delta~2*f (x(i),t(j));

end

end

end

st periennst runepOOIMIECKAX YPABHEHUN MOXKHO TIOCTPOUTH U HESIBHBIE CXEMBI,
OJJHAKO B CBS3U C T€M, YTO y HHUX HET TaKWUX IIPEUMYIICCTB IIepeJl ABHBIMU, KaK B
apaboIMIecKNX yPaBHEHHUAX, UX MMEET CMBICJ UCIOJIH30BATh TOJIHKO KOT/Ia HEIb3s
[OCTPOUTH SIBHYIO (HAIIPHMED, IIPU CMENIAHHBIX YCJIOBUAX HA IPAHUIE 00IacTh).

12.4 Vcnonb3oBaHue meToaa CeTOK ANSl pelleHust
ANNNNTUYECKUX YPaBHEHUW

PaccMoTpuM pasHOCTHYIO CXEMY IS SJUIMITUYECKOrO YPABHEHUs B IIPSIMOYTOJIb-
Hoii obiactu Q(R—b <z < R+b,—a < y < a) ¢ rPaHUYHBIMA YCJIOBUsiMU JTupuxiie
Ha rpanwuie [

Sagada 12.4.

_Pv o sow
C0x2  oy? xOx
\Il(:c,y)el“ =0

Au (12.23)
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Example 12.3

Puc. 12.6. I'padux pemtenust 3amauu [12.3]

h
ITocTpoum cerky thyc, JIUTsl ¥ero mpoBejsieM B obsiacTu §) mpsiMble, TapaJiieibHbie

2b
ocAMY =y; nx =2, e x; =R—-b+i-hx,hvr=—,1=0,1,2,... , Nz, y; = —a+
: o :

2a
j-hy, hy = T 7=0,1,..., Ny. nsa mocTpoenns pa3HOCTHOIO yPAaBHEHUS 3aMEHIM

YJaCTHbIC ITPOU3BOJAHBIC U I'PDAHUYIHbIC YCJIOBHUA CJICAYIOIMUMU COOTHOINCHUAMM:

O*W(zi,y;)  Wiq; — 20+ U

Ox? hx?
12.24
O*W (x4, y5) _ Wi -1 — 2 5 + W, 541 ( )
Oy hy?

Vio=Y;ny =0, i=0,1,...,Nz

; 12.25
Vo; =¥nNz; =0, j=0,1,...,Ny ( )
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C nomorpio coorrotrennit ((12.24))—(12.25)) mpeobpasyem 3JUMITHIECKY IO KPAEBY IO
3aJ1a19y K CJEeIYIOMel cucTeMe pa3HOCTHBIX YPaBHEHUI.

1
Vij =7 (Bi¥it1j + Ci¥io1j + D(Vij-1 + Vi) +2)
2 2 1 5 1 5 1
=2k Bi=sto— G=g-s— D=
ha? + hy?’ ha? + 2hx x; hz?  2hx s hy?

i1=1,2,...,Nox —1; j=12,...,Ny—1
Uig=U,ny =0, i .
\IIO,j:\I/Nz,j:()a ZZO,].,,Ny
(12.26)

D1y cucreMy MOMXKHO pellaTh UTEPAIMOHHBIMU METOJAMU (HAIDPUMED METOIOM
Seiinesns). B ciaydyae MeljIeHHON CXOAUMOCTU UTEPAIMOHHBIX [IPOLECCOB [IPH Delle-
HHUN CETOYHBIX ypaBHeHI/II‘/'I7 oJyvJa€eMbIX IIPpU alllIpPOKCUMAaIIN I"I/IHep6OJ'II/ILI€CKI/IX n
SJJIUIITUYICCKUX 3a/a4, UMeeT CMbICJI HOHpO6OBaTB 3aMEHUTDb METO/ Befmenﬂ I'paau-
eHTHBIMU MeTofamu (ujm Merojamu pejakcaruu). Ha sucrunre IPEJICTABJIEHO

pemerne ypasuenusi (12.23)) cerounbiMm mMeToI0M, & HaA pHC. m—rpa(bm( HaleH-
HOT'O DelteHus.

Example 12.4

W oo o4 omow kW@ W o@

ayy, N
.“ ::{ \\\\\\\\\\\\\\\\\\

Puc. 12.7. I'padux pemenns ypasaenns ((12.23]) ceTouHbIM METOIOM

JIuctunr 12.6. Pemenne 3amaqu

function [psi,x,y,k]=ellip(R,a,b,Nx,Ny,eps)

//®yuknus ellip peweHus 3azaum 12.4.

//BxonHie IaHHbE:

//R, a, b - 3HadYeHus, omnpegeindomye 06JACTb pelleHUs 3aTAUH,
//NX - KOIM4eCcTBO ydYacCTKOB, Ha KOTOphHE pa3buBaeTCs MHTEpPBAa IO
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//x(R-b,R+b) ;

//Ny - KOIMYecTBO y4aCTKOB, Ha KOTOphHE pa3buBaeTCA WHTEpBANl IO
//y (-a,a);

//eps - To4HOCTb pemeHus ypaBHeHusa (12.26) meTooM 3eilimens.
//BrXOonHbNE DaHHHE:

//psi - MaTpuiua pemeHuW# B y3Iax CETKM, MAacCHB X, MacCus y,
//k - KOIMYeCTBO WTEpalUs NPU pelleHNX Pa3HOCTHOTO ypPaBHEHHUS
//(12.26) MeTomoM 3eiimens.

//BbuuciseM mwar mo y

hy=2%a/Ny;

//BhuncnseM mar mo X

hx=2%b/Nx;

//®opMEpyeM MaCCHB X, NIEpBHN X MIOCIENHUN CTONOIB MaTPHIE
//pemeHni#i psi M3 TPAHUYHOTO yCIOBHUA

for i=1:Nx+1

x(1)=R-b+(i-1)*hx;

psi(i,1)=0;

psi(i,Ny+1)=0;

end;

//®opMEpyeM MacCHB y, LIEpPBYH U IOCIEIHIW CTPOKH MaTPHI
//pelmeHuil psi u3 TPAHUYHOTO YCIOBUS

for j=1:Ny+1

y(j)=-a+(j-1)*hy;

psi(1,j)=0;

psi(Nx+1,1)=0;

end;

//BruucuseM Ko>QdUIMEeHTH Pa3sHOCTHOTO ypaBHeHus (12.26)
A=2/hy~2+2/hx"~2;

D=1/hy~2;

for i=2:Nx+1

B(i)=1/hx~2+5/(2*hx*x(i));

C(i)=1/hx"2-5/(2xhx*x (1)) ;

end

//PemeHue pasHoCcTHOTO ypaBHeHus (12.26) MeTomoM 3elmerns c
//TOodYHOCTBD eps

p=1;

k=0;

while p>eps

for i=2:Nx

for j=2:Ny
V=1/Ax(B(i)*psi(i-1,3j)+C(i)*psi(i+1,j)+D*(psi(i,j-1)...
+psi(i,j+1))+2);

R(i,j)=abs(V-psi(i,j));

psi(i,j)=V;
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end

end

p=R(2,2);

for i=2:Nx

for j=2:Ny

if R(i,j)>p

p=R(i,j);

end

end

end

k=k+1;

end

endfunction

//Bb30B QyHKIWK pemeHus 3amayu 12.4.
[PSI,X,Y,K]=ell1lip(18,3,6,32,16,0.01);
//TNlocTpoeHne rpapura QyHKIUU

surf (X,Y,PSI’);

title (’Example 12.4°);

xlabel (’X?);

ylabel (’Y?);

ABTOpBI HAJEIOTCS, 9YTO YUTATesb, Pa300pABIIMIACA C PEIIEHHEM yDPaBHEHMUS
(12.23), Ges mpobsieM HMOCTPOMT PA3HOCTHYIO CXeMy M JUlsl JIPYTUX SJUIANTHYECKHX
YPaBHEHU.

Meroj ceTok 1O3BOJISIET PELINTD IMMPOKUil K/IACC YPABHEHUIT B YaCTHBIX IIPOU3-
BozubiX. OJHAKO IIPU CJIOXKHOH TeOMETPHU OOJIACTH, YPABHEHUSIX C IIEPEMEHHBIMU
k03 UIMEHTaMI, CIOKHBIMI YCIOBUSIME Ha IDAHHIE 0OJIACTH HCIOJIb30BAHUE ITO-
0 METOJIa HEIeJIecO00Pa3HO, B 9TUX CJIy9asx MOXKHO HCIIOJIBb30BaTh METOJ, KOHEUHbIX
3JIEMEHTOB, KOTOPBIil pean30BaH B KpOCCIIaTGOPMEHHOM CBOGOJHO PACIPOCTPAHSI-
eMoM maxkere freefem[d].



[nasa 13

Pewenne 3aga4y ontumMnsaymu

B sroit raBe OyiyT paccMOTpeHbI CpeicTBa makeTa Scilab jiist pererust onruMu-
3aIlMOHHLIX 3a/a4.

13.1 MNownck MuHnmyma dpyHKUUN OAHOI NepemMeHHOo’

B kadgecTBe mpocTeiinieit ONTUMI3AIMOHHON 3371491 PACCMOTPUM ITOUCK JIOKAJIb-
HOI'O MUHUMYyMa (PYHKIIUU OJHOI IEPEeMEHHOM.

Sanaga 13.1.
Haitte Muruvym bynxman f(z) = 2% + 323 — 1322 — 62 + 26.

Pemenue 3aaun HauneM ¢ nocrpoenus rpaduka GyHKuu (CM. JIMCTHHD n

pc. [[3.1).

JIuctuur 13.1. Ioctpoenne rpaduka byHKIINA

x=-5:0.1:1;

y=X. 4+3%x.73-13*x."2-6%x+26;

plot(x,y);

xtitle(’Tpadur dymrumum f(x)=x"4+3%x~3-13*x"2-6%x+26°,°X’,°Y’);
xgridQ;

13 rpaduka BugHo, ITO DYHKIUI UMEET MUHUMYM B paidione Touku -4. /g ma-
XOXKJIeHUsT 6oJiee TOYHOTrO 3HaMeHUsT MUHIMyMa GyHKImn B Scilab ciyxut dyHKImS

[f,xopt]l=optim(costf,x0),
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Plat function f{x)=x"4+3"%"3-13"x"2-6"%+26

Puc. 13.1. I'padux bynkmuu f(z) = x* + 323 — 1322 — 62 + 26

KOTOPas MpeTHa3HaYeHa [ TOUCKA MIHUMYMAa, JII000# byHKINM, X0 — BEKTOP-CTOJI-
Oer; HAYAJILHBIX PUOIMKEHNH JUIMHON n, dyHKIus costf ompesenser GYHKIWMIO,
MUHUMYM KOTOPOI HIIETCS.

Dyukius Bo3ppainaer MuHuMyM byHkimu (f) U TOUKY, B KOTOPO#i (DYHKIW JI10-
cTHraer 3Toro 3HaveHus (xopt).

I'naBHoit ocobenHOCTBIO (PYyHKIIMK optim sBiIsIeTCs CTPYKTypa dyHKIuu costf,
KOTOpas JIOJIZKHA OBITH CJIe/LyTOIIeil:

function [f,g,ind]=costf(x,ind)

//®dyuruus costf monxHa Bo3BpamaTh ¢yHKRumo f, ee rpasueHT g.
//f - QyHRUEA OT BEKTOpa HEM3BECTHHX X, MUHUMYM KOTOPON HmeTcs
f=gg(x);

//g - rpagumerT ¢yHrmmu f (BekTOp dYacTHOH mpoumsBogmHo# f mo x),
g=numdiff (gg,x) ;

endfunction

st dyHKIMM OMHON mepeMeHHO! B KadecTBe f Bo3Bpamaercss (yHKIINs, MAHU-
MyM KOTOPOU HINETCsd, B Ka4eCTBE DYHKINH g — €€ IIPOM3BO/IHAA.

Ecau Bozspamaemoe chopmupoBannoii dpyukiueit costf snadenune ind paBHO 2,
3w 4, To pyHKIUs costf obecrieynBaer IOUCK MUHUMYMa, T. €. B KA9eCTBE PE3YIlb-
TaTa GyHKIMN optim Bo3Bpammaercs £ u xopt. Kemm ind=1, To B dpyHKIMUM optim
HUYEro He cuuTaercsd, ycjaosue ind<0 osmadaer, 4ro MunuMmyM f(x) He MOXKeET ObITH
OlleHeH, a ind=0 npepbiBaeT ONTUMUAZAIUIO.

Boobiie rosopsi, 3nadenne mapamerpa ind SBJISETCS BHYTPEHHUM I1apaMeTPOM
JJIST CBA3U MeXJy optim m costf, 1y ncrosp3oBaHus optim HEOOXOMMMO IIOMHHTH,
qTo mapamerp ind jo/KeH ObITH OmpesesieH B GpyHKIuU costt.
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Taxkum 06pazoM, IPHU UCIOIL30BAHIK (DYHKIMN optim HEOOX0 MO cPOPMUPOBATD
dyHKIMO costf, KOTOpas JOJKHA BO3BPAIATh MUHUMUA3UPYeMy0o GyHKIuo £ u ee
rpajuenT (IPOU3BOHYIO).

PaccMOTpUM HCToNTb30BaRwe (byHKIHH optim jyis moncka MuaEMyMa f (1) = x4 +
323 — 1322 — 62 + 26. Kak Bugno us rpaduka (cMm. puc. MHUHUMYM DYHKITANT
JIOCTUTAETCS B PAfOHE Xpnin & 4. Ha jmcTuHre mpejicTaBieHO MCIOAB30BAaHUE optim
IS TIOMCKa, MIHEMYMa (DyHKIINN OIHOI nepeMenHoii ma npumepe f(r) = z# + 323 —
1322 — 6x + 26.

Jlucrunr 13.2. Tlonck MuHnMyma (OYHKIUU OJIHON HEepPEMEHHO

//®yukmusa fi, B kKoTopo# 6ymeT dopmMupoBaThca byHKIus f 1 ee
//upousBonHasa g.

function [f,g,ind]=fi(x,ind)

//®yERUua f, MUHEMYM KOTOPOH MIETCH.
f=x"4+3*x"3-13*x"2-6*x+26

//®yEKIUA g - mpouwsBomHAd OT GyHKumE f.
g=4*x"3+9%x"2-26*x-6

endfunction

//HaganpHoe HpubNMXeHNe TOYKM MUHHMyMA.

y0=-2;

//Ons moucka Toukm MmHEMyMa (xmin) u 3Hadenus ¢yHruum (fmin) B
//Heli - BH30B OyHKIME optim.

[fmin,xmin]=optim(fi,y0);

Hxke mpescraBiien pe3yabTar MOMCKAa MUHUMYMA (DYHKITUU OJHON IIepEeMEeHHOI:

-->fmin
fmin =

- 95.089413
-->xmin
xmin =
3.8407084

AHaJIOruYHO MOXKHO HafiTH MUHUMYM J1F000# JApyroil (pyHKIMU OIHON I1epeMeH-
HOM, TVIaBHOM 3aj1aueil ABJsieTCs mMpobJyieMa MPaBUILHOTO BBIOOpPA TOYKU HATAJIHLHOTO
npubnuxkennsi. Ho 9ro mpobisiema He nakera Scilab, a maremarnyeckast mpobsiema.
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13.2 TlMouck MuHMMyMa byHKUUN MHOMMX NepemMeHHbIX

IIpu maxoxxgeHMN MUHUMYyMa (DYHKIAA MHOTUX HEPEMEHHBIX (PYHKIHUIO costf
HEOOXOIMMO ITIOCTPOUTDH TAKMM 00pa30M, ITOOBI BXOJIHBIMU JTaHHBIMY B Hee ObLIN 3Ha-
JeHUsI BEKTOPa HEM3BECTHBHIX X U mapamerpa ind. Pyukiuns costf T0/KHA 3aBUCETH
He OT HECKOJBKNX HEM3BECTHBIX, & OT OJHOTO MACcCHBa (BEKTOPA) HEM3BECTHBIX.

B ciyyae dyHKIMEM MHOTMX TIepEMEHHBIX CTPYKTypa (yHKIum costf mMo/KHA
OBITH TAKOI:

function [f,g,ind]l=costf(x,ind)

//f - QyHKRIWS OT BeKTOpa HEW3BECTHHX X, MUHUMyM KOTOpPO#l umeTcs
f=gg(x);

//g - rpaguerTr ¢yHKumu f (BeKTOp YACTHOM HPOUIBOLHOMN)
g=numdiff (gg,x) ;

endfunction

B kauecTBe mpumepa paccMOTpUM TOMCK MUHUMYyMa (yHKINN Po3eHOpoka
flz,y) = 100(y — 2*)* + (1 - 2*)?

. I'paduk dynkiumu Posenbpoka npejcrapjen Ha puc. [13.2)

S

- “;‘
SRS

N

Puc. 13.2. I'paduk dynruuu Pozenbpoka

Kak usBecrno, dynkuus Pozebpoka umeer munumym B Touke (1,1), paBubiit 0.
BBumy csoeit crientndukn dyuxmnus Pozebpoka siBiasgeTcs TeCTOBOM st aJrOpUTMOB
muHME3anmu. Hafiem MuanMyM 9710# DyHKImEI ¢ momonpio GyHKmA optim (u-

crusr (13.3)).
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Jluctunr 13.3. Ilouck muanMmyma dpyukinun Pozenbpoka

//HavuanbHoe npubimxerue x0

x0=[-2;2]

//®yuRuusa Posenbpoka

function y=gg(x)

//06paTuTe BHUMaHWe, 37eCb X - MAacCCHB U3 JBYX HEU3BECTHHX.
y=100%*(x(2) -x(1)~2) ~2+(1-x(1))"2;

endfunction

//®opMupoBarue (yHKRIuUE CcsSt, Bo3Bpamawbumed ¢ymrumo PozexHbpora u
//ee rpanmmeHT.

function [f,g,ind]l=cst(x,ind)

f=gg(x);

g=numdiff (gg,x);

endfunction

//Bbi30B QyHRIUE optim

[f,xopt]=optim(cst,x0)

Huke mpeacrasien pe3yabTaT moucKa MUHEMyMa (pyHKIun Po3enbpoka ¢ momo-
pio pyHKIMK optim.

xopt =
0.9999955
0.9999910
f =
2.010D-11

13.3 PeweHue 3apa4 NMHENRHOro NPorpaMmMunpoBaHus

Erme omuoit wacTo BcTpedaroreiicss B IMpakKTHKe ONTUMHU3AITMOHHON 3ajiadeil sB-
JITETCS 337498 JIMHEHHOrO IPOrpaMMUPOBaHsl. 3HAKOMCTBO € 3aJJaYaMU JIMHEHHOTO
MIPOrPpaMMUPOBAHUS HAYMHEM Ha IIPUMEpE 330241 00 ONTUMAILHOM PaIlioHe.

3adaua 06 onmumasvrHom pavuore. IMeercss yeTbipe BHjia MPOILYKTOB IMUTAHUS:
Iy, Ils, II3, I14. VI3BecTHA CTOMMOCTD €IUHUILI KAXKIOTO MPOILYKTA C1, Co, C3, C4. VI3
TUX MPOJYKTOB HEOOXOJMMO COCTABUTH IMHUIIEBOM PAIMOH, KOTOPbIA JIOJIYKEH CO/Iep-
KaTh He MeHee by eInHUI] 6EJIKOB, He MeHee by eIUHUIL YITIEBOI0B, He MeHee by € IMHMI]
xKupoB. [Ipuaem u3BeCTHO, UTO B eAWHUIE TPOLyKTa 11 comepkuTcs a1 eaunnt 6esr-
KOB, (12 €JIMHHUI[ yIJIEBOJOB U (13 €JMHUIL 2KUPOB U T. 1. (CM. TabsuIy .

Tpebyercsi cocTaBUTH THUIIEBOI PAIMOH, YTOOBI O0DECIIEUNTH 3aJIaHHBIE YCJIOBUSI
[IPY MUHAMAJILHON CTOMMOCTH.
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Tabnuna 13.1. Comep:kumMoe OEJIKOB, YIJIEBOJIOB U KUPOB B IIPOIYKTAX

DieMeHT | 6eJIKu | yriaeBOAbI | >KUPbI
1T, an a2 a13
I, as as as3
I asy ass ass
114 aq1 a4 43

IIyctb x1, 2, 3, T4 — KoJImdecTBa 1poaykToB 11y, Is, I3, II4. Obmas cronmocTs

paluoHa paBHA
4

L =cix1 + coxs + c373 + C4T4 = Zcil‘i (13.1)
i=1
CdopmynupyeMm orpaHrveHre Ha KOJIMIECTBO OEJIKOB, YIJIEBOJIOB U KUPOB B BHJIE
HepaBeHCTB. B onHoit equnure npoaykra [1y comep:kurcs a1, eaunmil 6EJIKOB, B X1
€JINHUTIAX — A11T1, B To eauaUnax npoxaykra Iy comepxurcs asxo equHun Oeaka u
1. 1. CieoBarenbho, obiee KOJNIECTBO OEJIKOB BO BCEX YETBIPEX TUIAX MPOJYKTA
paBHO 2?21 ;1 %; 1 TOJKHO ObITH He MeHbIe by. ITomygaem mepsoe orpanndenmue:

1121 + a21T2 + a31T3 + @414 = by (13.2)
AHaJIOrIYHBIe OrPAHUYEHHST JJIsI JKAPOB ¥ yIVIEBOJOB UMEIOT BIJI:
121 + A22T2 + A32T3 + G42%4 = bo (13.3)

a13%1 + a23%2 + a33T3 + a43T4 = b3 (13.4)

HpI/IHHB BO BHUMaHHE, ITO L1, L2, L3, T4 — IOJIO2ZKUTEJIbHbIC 3HAYCHUA, IOy IUM
elre JYeTbIpe OrpaHnIeHUsd:

X 2 0, X2 2 0, I3 2 0, Ty 2 0 (135)

Taxum 06pazom, 3a/1a9y O PAIMOHAJIHFHOM PAIOHEe MOXKHO C(hPOPMYJIUPOBATE CJIe-
IyIomuM 00pa30oM: HANTH 3HAYEHUs] MEPEMEHHBIX L1, T2, T3, T4, YIAOBIECTBOPSIOIINE

CHCTEeMe OrpaHMICHMIA 7, upu KOTOPLIX JiuHeitnas dyukuus (13.1) npunu-

MaJia ObI MIHUMAJIbHOE 3HaUYEHNe.

Sagaua 00 ONTUMAaJILHOM PAIMOHE sIBJISETCsl 3ajadeil JIMHEHHOrO pOorpaMMUPO-
BaHUs, DYHKIUS Ha3bIBaeTCs (PYHKIIMEN 11eJTH, 8 OTPAHUIEHUS f —
CUCTEMO OTpaHUYEHUT 331291 JIMHEHHOTO MPOrPAMMUPOBAHUS .

B zagatax mumeitnoro mporpaMMupOBaHus (PYHKIUS 1ean L 1 cucTeMa OrpaHiu-
YEHUN ABJIAIOTCA JIMHEHHBIMU.

B obmiem cityuae 3a1ady JUHEHHOTO IPOrpaMMUPOBAHUS MOYKHO C(OPMYJINPOBATH
caeayomuM obpasoMm. Haiitu Takue 3HadeHus: 1, T, . .., Ty, YAOBIETBOPSIOIINE CU-
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creme orpannvennii (13.6)), mpu koropeix dyuknus nemu L ((13.7) mocturaer cBoero
MUHHMAJIBHOIO (MAKCUMAJIBHOIO) 3HAUEHUSI:

D aga; < b, i=1....m, ;20 (13.6)
j=1
L=cix1 +comg+...+cpr, = Zcqxl (13.7)

i=1
st perennst 3ajad JuHEHOro mporpaMmmupoBanust B Scilab mpemnaznadena
dyuknus linpro cieayrorieil CTpyKTyphI:

[x,k1,f]=linpro(c,A,b[,ci,cs][,k][,x0])

3aech ¢ — Maccus (BeKTOP-cTouiber) Koo DUIMEeHTOB [IPU HeM3BECTHBIX (DYHKIIIH 1e-
JIM, JUTMHA BEKTOPA 7 COBIAJAET ¢ KOJUIECTBOM HEU3BECTHBIX .

A — MmaTpuna 1Ipu HEU3BECTHBIX U3 JICBOU YaCTU CUCTEMBbI OI'PAHUYCHUIl, KOJIMIECTBO
CTPOK MATPHIBI PABHO KOJIMYECTBY OI'DAHUYEHUI M, & KOJMUYECTBO CTOJIOIIOB
COBITQIa€T C KOJIMUYECTBOM HEU3BECTHBIX 7.

b — MaccuB (BEKTOP-CTOJNGEI), CONEPKUT CBOOOIHBIE WIEHBI CHCTEMbI OrPaHUYEHHI,
JJINHA BEKTOPA 1.

ci — maccuB (BEKTOD-CTOJIGEI) PAa3MEPHOCTH 7 COAEPYKUT HUZKHIOI I'DAHUILY Iepe-
MEHHBIX (c¢i; < ;); €CIM TaKoBasl OTCYTCIBYET, yKa3blBaioT [J.

cs — maccuB (BEKTOP-CTOJIOEI) JJIMHON 1, COAEPKUT BEPXHIOK TPAHUILY EPEMEHHBIX
(cs; > x;); eciim TaKOBasl OTCYTCTBYET, yKa3nBaloT [].

k — 1eJIOUnC/IeHHAs TIepeMeHHasT, UCIIOJIb3yeTCsl, €CJIU B CUCTEMY OTPDAHUYEHHI KPOMe
HEPABEHCTB BXOJAT U PABEHCTBA, B MATPUIIE OHU OY/IyT HAXOIUTHCS B k TIEPBBIX
CTPOKaX, OCTABINNECS | CTPOK 3aiiMyT HEPABEHCTBA, T.e. M = k + [.

x0 — BEKTOP-CTOJIOET] HAYAIbHBIX MPUOJINYKEHUI IJINHOHN N.

QOyukius 1inpro BO3BPAIIAET MACCUB HEU3BECTHBIX T, MUHAMAJBHOE 3HAYCHUE
dyuknun f u maccuB MHO:KUTeJel Jlarpanxa kl.

Paccmorpum ucrionbzoBanne GbyHKIHN 1inpro Ha IpuMepe PeIieHns CJeyomei
3a/1a9¥ JIMHEHHOTO IIPOIPAMMUPOBAHUS.
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Samaqa 13.2.
Haiitn Takue 3HaYeHUsT IEPEMEHHBIX 1, Lo, L3, L4, IPU KOTOPBIX (DYHKIUS [IEIU
L

L=—x9— 213+ 14

JAOCTUTra€T CBOETO0O MUHUMAJIbHOTO 3HAYCHUA U YIOBJIECTBOPAIOTCA OT'DAHUYICHUA:

3171—1?2<2

$272z3<71

4ry — x4 <3

91+ x4 26

r1 > 0,22 2 0, z3 2 0, x4 20

O6paruTe BHUMAHHUE, YTO B YETBEPTOM OTPAHHYCHHH IIPHCYTCTBYET 3HAK <3>».
Jnst ipuBeiennst cucreMbl orpanndennit suty (13.1]) Heobxoumo yeTsepToe ypasHe-
Hue yMHOXKUTD Ha -1. Pemenne 3axaqu [13.2] npeacrasneno na smcernnre [13.4]

JIucturr 13.4. Pemenne 3aaun 13.2

c=[0;-1;-2;11;

A=[3 -100;01 -20; 004 -1; -500 -1];
b=[2;-1;3;-6];

ci=[0;0;0;0];

[x,k1,f]=1linpro(p,A,b,ai,[])

HOJIy‘{eHHLIe 3HaYCHUs IIPpe/ICTaBJICHbI Ha JIMCTUHIE 13.5

Jluctuur 13.5. Pegynbrarsr pemenns 3aga4un 13.2

0.
0.
0.
0.
0.
1.

0909091
0.5454545
0.4545455
x=

e
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PaCCMOTpI/IM pelnieHue emie OILHOfI 3a/ a9 JIMHEITHOTO IIporpaMMuUpOBaHUd.

Samaga 13.3.

Typucrunueckas pupma 3aKII0OUNIA KOHTPAKT C JABYMs TypbasaMu Ha OJHOM W3
YePHOMOPCKNX KYPOPTOB, PacCUNTaHHBIMHU cooTBeTcTBeHHO Ha 200 m 150 weso-
Bek. TypucraMm Jiss ocMOTpa MpeIaraloTcs JebMuHapuii B ropojie, boTaHue-
CKUIl caj| U MOXO/bI B TOPBI.

CocraBuTh MapIIPYT JBUKEHUsI TYPUCTOB TAK, ITOOBI 9TO OOOIIIOCH BO3MOXKHO
JIEIeBJIe, ecyn eabhUHAPUl TPUHUMAET B [IeHb () OPraHM30BAHHBIX TYPUCTOB,
boramnndeckuit cas - 180, a B Topbl B ouH JAeHb MOTyT moiitu 110 gesoBex.
CTorMOCTh OJIHOTO IIOCEIIEHNs] BBIPpAaXKaeTcsl TabIuIei

Tabmmma 13.2.

Typb6asza | Henbdunapuii | Boranumdeckuii cay | Iloxom B ropsr
1 5 6 20
2 10 12 5

s permenns 3a1a4n BBEJIEM CIEAYIONINE 0O03HATEHUST:
1 — YHCJIO TYPUCTOB I1EPBOi Typb6a3bl, MOCEIAIONIUX /e Ib(OUHAPUIL;
To — YHUCJIO TYPHUCTOB MEPBOil TypbOas3bl, MOCEMIAINTNX OOTAHMIECKUI CAJT;
T3 — YHUCJIO TYPHUCTOB I€PBOi Typb6as3bl, OTIPABJISIOININXCA B IIOXOI;
T4 — YUCJIO TYPUCTOB BTOPO TypbOa3bl, MOCEIIAIONINX /e Ib(OUHADPUIL;
T5 — YHCJIO TYPUCTOB BTOPOM TypbHas3bl, IMOCEMIAIONINX OOTAHNIECKU Cal;
Tg — UUCJIO TYPUCTOB BTOPOi TypbOas3bl, OTIPABJISIONINXCS B TIOXOI,.

CocraBuM (DYHKITHIO TEJIH, 3aK/IIOYAIONLYIOCs B MUHUMU3AIMA CTOUMOCTU MEpO-
MPUATUH HUPMBI:

Z = 5$1 —+ 61‘2 + 20!173 —+ 10$4 —+ 121’5 + 5:176.
PyKOBO,ZLCTBYHCb yciaoBueM 3aJa9u, oupeaejimM OrpaHnvIeHnsd:

Iy +$4<70;
Ty + x5 < 180
T3+ 6 < 110;
T, + T2 + 3 = 200;
T4 + x5 + x6 = 150.
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Kpome Toro, Koim4ecTBO TYpPUCTOB, YYACTBYIOIMIAX B MEPOIPUSITUAX, HE MOXKET
ObITH oTpunaTeabHbIM: L1 > 0, 9 > 0, x3 >0, x4 > 0, z5 > 0, x5 > 0.

Pemenne 3aman npeacrasiaeno B smernnre [13.6] B maccuse x GymyT xpanurcs
3HaYEeHus T1, T2, T3, T4, T5, T. B MaTpure KodbUIHEHTOB A TIEpPBbIE JIBE CTPOKHU
OTPaAKAIOT PABEHCTBA CUCTEMbI OTPAHUIEHUI, TO9TOMY BKJIIOUeH mapamMerp k=2. Bek-
TOp Ci IpejicTaB/IsieT HUYKHIOK I'DAHUILY HEU3BECTHBIX, T.€. OTpaxkaeT TOT (PakKT, 4TO
OHU He MOT'YT OBITH MEHbIIIE HyJisd. KC/i IpuCBOUTE PE3y/IbTAT BEIYUCIECHUN DyHKITUN
BEKTOPY U3 TPEX KOMIIOHEHT, TO IIepBasi U3 HUX OYIEeT COMepKATh BEKTOP HEN3BECTHBIX
X, Bropas — Mmuoxkutesn Jlarpamka k1, a TpeThbsd — MUHAMAJIbHOE 3HAYTEHUE DY HKITII
nejn £.

JIuctunr 13.6. Pemenne 3amaun 13.3

[5;6;20;10;12;5];

[111000;
00111;100100;010010;00100 1];
b=[200;150;70;180;110] ;

ci=[0;0;0;0;0;0];

k=2;

[x,k1,f]=1linpro(Z,A,b,ci, []1,k);

Z
A
0

ITonyuennoe B Scilab perienne 3amadu mpecTaBIeHO HA JTUCTUHTE
Jluctunr 13.7. PesynbraTs! penienus 3agaqu 13.3

f=
2120.

170.
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110.

ABTOpBI HAJEIOTCSI, YTO PA300paB UPUMEPHI U3 ITOM TJIABBI, YUTATEH CMOXKET
HCIIOJIB30BaTh Scilab 111 perernst CBOMX ONTUMU3AIUOHHBIX 3a,0a¢.

DTOif TyIaBOI MBI 3aBepIaeM EPBOE 3HAKOMCTBO C ITAKETOM U HAJIEEMCsI, ITO CBO-
GOIHO PACIIPOCTPAHIEMbIiT TTakeT Scilab moMoXKeT auTaTesIo permaTh MaTeMATHIeCKIe
381291, BOSHUKAIONINE B €r0 MPAKTUIECKOH JesATeIbHOCTH.



[nasa 14

3ajaHns AN CaMOCTOATENLHOW paboThl B

Scilab

14.1 3apaHusa no teme «Maccusbl u maTpuubl B Scilab.
PeweHnwne 3agay nuHeiinon anrebpbi»

Baganne 1.1. Pemurh cucremy JUHEHHBIX aJreOpandecKux ypaBHEHUN, CIIe/1aTh
IIPOBEPKY

—T1 — T — 2:63 — 31’4 =2 10582 + 301’3 + 4014 = —50
1 3x1 — X9 —x3 — 224 = —8 5 1021 + 2023 4+ 30z4 = —40
’ 201 +3x0 —x3 — 1y = —12 ’ 3021 + 20z5 — 50x4 = 120
T1 4+ 2x9 +3x3 — x4 = 8 40z1 + 3022 4 5023 = 50
T, — 2T9 + 3x3 — 224 = —6 0.3x1 + 29 +1.6723 — 2.3z, =4
9 T+ To — 2x3 — 3x4 = —8 6 3r1 + 529+ 723 — 24 =0
’ 3x1 — 220 —x3+ 224 =4 ’ Sx1+ Txo+x3 — 324 =4
2x1 4+ 322 + 223+ 24 =8 Tx1+ x2 + 3x3 — by = 16
T, + 2x9 +3x3 +4x4 =5 201+ 29 + 53+ x4 =8
3 201+ x0 + 23+ 324 =1 7 0.333x1 — 22 — 224 = 3
’ 3I1+21‘2+I3+21}4:1 ’ 2I2+I3+21‘4:—5
41 + 329 + 223 + x4 = —5 Ty + 42 + Tx3 + 624 =0
0.1z1 + 0.529 + 0.3x3 — 0.424 = 2 —x1+ a2 +x3+ x4 =12
4 0.3z1 +0.1z0 — 0.223 = 0.9 8 201 4+ x9 + 223+ 34 = 13
’ 0.521 — 0.7x9 + 14 = —0.9 ’ 1.521 + 20+ 0bz3+24 =7
0.3z9 — 0.523 = 0.1 4x1 + 329 + 223 + 14 = —15
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10.

11.

12.

—2x1 — 2o + 3x3 + 224 = 40
—21 + 29 + 3+ 0.6667x4 = 20

—3x1 — X2 — x3 + 224 = 60 13.
—3x1 — x2 + 3x3 — 14 = 60

31’1 — 6I2 — 3583 + 31’4 =8

207 —x9+ T3+ x4 =5

1+ a9+ 223 +24 = —1 14.
1 — 9 —x3 + 34 = 10

20x1 4+ bxo + 524 = -9

T, — 3xg +4x3 = —7

329 — 2w3 — 4wy = 12 15.

1’1+2{E2—£C3+3"E4:10

Ty —3rs +x3 +x4 =11

r1 + 3w + 5wy + 7oy = 12
3r1 +5x0 + 723+ 24 =0
—51’1 —7I2—1‘3—3I4 =—4

201+ a0 + 13 — x4 = 11
201+ 290 — 314 = 2

3r1 +x3+x4=-3

4r1 —4as —4x3+ 1004 =7

201 +x3 +4x4 =19

T+ 2x9 —x3 + 14 = 18
2$1+$2+I3+£L‘4:15
2%1—2.@24—41’34—21’4:—11

511 — 3.T2 — 7’153 + 333’4 =1
—x9 — 3x3 + 4z = =5

1 — 23?3 —31}4 =—4

1.3333z; — 29 — 1.6667x3 = 13

Samanue 1.2. Eci BO3MOXKHO, BBIYUC/IATH MATPHUILY, 00OpaTHYIO K MaTpure D.

1. D=2(A%+ B)(2B — A), re

2 3 -1
A= 4 5 2 |,
-1 0 7

2. D=3A—- (A+2B)B? rzue

4 5 -2
A=|3 -1 0o |,
4 2 7

3. D=3A? — (A+2B)B, rae

4 5 -2
A=|3 -1 o |,
4 2 7

4. D = (A — B?2)(2A + B?), rue

5 2 0
A= 10 4 1],
7 3 2

-1 0 5

B = 0 1 3

2 -2 4

2 1 -1

B=| 01 3
5 7 3

2 1 -1
B=101 3
5 7 3

3 6 -1

B=| -1 -2 0
2 1 3
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5. D =2(A— B)(A? + B), rzie

5 1 7 2 4 1
A=| -10 -2 1], B=[310
0 1 2 72 1

6. D= (A— B)?A+2B, rue
5 -1 3 3 7 -2
A= 0 2 -1 ], B = 1 1 -2
-2 -1 0

7. D = (A? — B?)(A+ B?), rue

8. D=2(A- B)(A? + B), rzie

5 01 7 2 4
A= -10 =2 1|, B=|[31
0 1 2 7 2

9. D=2A— (A% + B)B, ruie

1 4 2 4 6 -2
A= 2 1 -2 |, B=|4 10 1
01 -1 2 4 -5
10. D =2(A—0,5B) + A3B, rue
5 3 -1 1 4 16
A= 2 0 4 |, B=| -3 -2 0
3 5 -1 ) 7T 2

11. D= (A - B)A% + 3B, tne
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12. D = 3(A% + B?) — 2AB, tyie

4 2 1 2 0 2
A=|3 20|, B=[5 -7 -2
0 -1 2 1 0 -1

13. D =2A3 + 3B(AB — 24), tne

2 3 1 2 7 13
A= -1 2 4 |, B=| -1 0 5
5 3 0 5 13 21
15. D= (2A— B)(3A+ B) — 2A?B, rue
1 0 3 7 5 2
A= -2 0 1 ], B = 0 1 2
-1 3 1 -3 -1 -1

14.2 3apaHus no teme «[llocTpoeHne aBymepHbix rpadnkos>»

Bazmanue 2.1. Uzo6pasure rpadux dynkmun f(x).

1. f(z) = 1.223 + 22 :1283:—1 7. f(z) = ¥ (z —45)2(z + 2).
o play_ L9 28 19r 41 8. /(@) = Var(a —47).
= 3a? — 1 9. f(z) = /(@ +5)— (72
3. f(z) = 25;22__52 10. f(@)= /@@ =z —2).
11. f(z) = {/a?(z +3.5)%
4.12° — 3.25x
@) == 12, f(e) = Y@TE - Yo T
2 —11. ) 7)) = 2 2) (22 - '
5. f(@:?“g? 13. f(z) = V(35 + x)(a® + 62 +6)
4. f(z) = /(4 +2)(2 + 22 +1).
2.32% -7



258 [naea 14. 3apaHnsa gns caMmocTosiTensHoi paboTsl B Scilab

Sananue 2.2. MI306pasure rpaduk GpyHKIUN B MOJSPHBIX KOOPIAMHATAX

L p(p) = —2ctg . 10. plp) = .
COS —
2. p(p) = 2cos b6y ?
2
3. p(p) =27 +1. 1L plp) = sin ¢
4. p(p) = 24/cos 2. Y
12. = =.
p(p) = 5sin’ £
5. plp) =3p+2 )
6. p(p) =3¢ + . 13 ply) = sng
7. p(p) = 2sin 6y . P
14. = —.
pp) = bsin 3
8. p(p) =3%.
9. plp) = 2tg 3¢ 5. plp) = 5 +1

14.3 3apaxus no teme «llocTpoeHune TpexmepHbIX rpacprukos»

Baganue 3.1. IToctpouth rpaduk, 3aJaHHbI CUCTEMON ypaBHEHUH

x = cos(u) - u- <1+cos(g));

y = sin(v);

z:(2sin(u)-u)- <1+cos(;)>.

pu oMoty GyHKnun plot3d2.

1.0<u<2r, 0<v<2r 9. 0<u<4r, 0<<v<<6bmr
2.0<u<2r, 0<v<8r 10. 0<u<72r, 0<v<T72n
L0<u< <v<
3 0sus2m, Osvsdr 1. 0<u<2r, 0<v<bm
4. 0<u<8r, 0<v<2n

12. 0 u<<4nr, 0<v <787
5. 0<u<4r, 0<v<< 42

0w < ) <v <
6. 0<u<8r., 0<uv<dr 13. 0 <u<3nr 0<v <8
7.0<u<27r, 0<U<367T 14 OSUSQW, O<v<3277
. 0<<ugL8r, 0<vL<8r 15 0<u<2r, 0<v<96m



14.4. 3apaHus no Teme «HennHeliHble ypaBHEHUSI U CUCTEMBI>

Bananue 3.2. M1306pa3uTh JuHUU, 38JaHHBIE TTAPAMETPUIECKH:

z(t) = sin(¢)

y(t) = sin(2t) u y(t) = cos(2t)
z(t) =t/5 z(t) = sin(t)
¢ momoItbio GyHKIuE param3d.
Ne t Ne t Ne t
1 [0; 7] 6 {g ; 777} 11 [0; 4]
2 [7r; 4] 7 [0; 5] | 12 [3;, 77r}
3 {;T ; 57r} 8 | [2m9n] | 13 [7r; 8]
4 [27; 8] 9 [0;27] | 14 {g ; 677}
5 [3;, 9’/T:| 10 | [m; 7] | 15 [0; 97]

14.4 3apaHus no teme «HenuHeliHble ypaBHeHUst 1 cucTemMbl»

Sananwne 4.1. Haiitu KOpHA TTOJIMHOMOB.

1.

Llzt —2-0,9=0

B+rx—4=0
9 2 —2—1,5=0
© 322 —=52249x—-10=0
3 2¢% —9,2502 — 63z +5=0
C 322 —2lz+2=0
4 0,92* 4+ 4,223 — 8,522 — 13 =0
C b3 413z —11=0
5 3zt +42% — 1222 - 5=0
T 234222 42=0
6 3,2z +7,752% + 6,322 — 10,5 =0
© 2203 40,4822 4+ 1,62 —2,6 =0
7 2t — 322 —-5=0
© 223 —0,5222 45,4 —7,4=0
3 1,052% — 1722 +6 =0

223 — 0,3522 + 0,852 +1=0
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3,252 4+ 7,672 + 522 — 11 =0

- 203 + 522+ 1lz+7=0
Lo, 22t -1222—11=0
© 323 —-0,4222 40,952 —-2=0
1 —z*— 1822 +6=0
© 223 —0,0822 40,94z +1,3=0
19 —1,21z* + 22 +222 - 32 —-5=0
" 32 —13224+ 162 —15=0
13 0,89z% +3,6723 —7,9222 — 13 =0
© 223 0,352 +0,47r — 1,43 =0
14 6zt + 823 —23224+2,1=0
© b3 42022 +52+8=0
15 2t — 223 — 422 + 62 —T7=0

1,923 + 72 — 11 =0

Samanue 4.2. Permenne penmmTh cucreMy ypaBHEHUH.

1.

{

sin(z+1)—y=1,2;
2x 4 cosy = 2;

9.

{

sin(z +y) — 1,22 =0, 1;
22+ =1

5 { cos(x — 1)_—&—31./ =0,5; " 2y — cos(z + 1) = 0;
L= o8y =9 " | z+siny = —0,4;
3 cos(x —1)+y =0,5;
. x—cosy:?,; 11 COS(.’L‘+075)—y:2;
' siny — 2z = 1;
4 { sinx + 2y = 2;
“leos(y—1)+2=0,7 o { tgxy = 2%
. 2 2 _ 1.
5 sinx + 2y = 2; 0,72" + 2y~ = 1;
" cos(y—1)+z=0,T;
13 sin(zx —1) =1,3 —y;
6 SlH(.’L’-i—:l/) — 1,2:1,‘:0,2, . x—51n(y—|—1) :0;
. .132 + y2 — 17
- [ teley+0,3) = 2% 14. { sul(y.—(l):—f; B (l)’g’
" 0,922 +2y% = 1 yosmE T =505
3 sin(ly+1) —z =1,2; 15 sin(y +1) =z + 1;
’ 2y + cosx = 2; ' 2y + cosz = 2;
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14.5 3apaHus no teme «O06paboTka sKCNepuMeHTaIbHbIX
OAHHbIX>»

Bananue 5.1. B pesysibrare skcnepumenTa ObLIa Ompeze/ieHa HEKOTOpas TabIimd-
Has 3aBUCHMOCTD. C MOMOIIBIO METO/Ia HANMEHBINX KBAIPATOB OIPEIEJATDH JTUHUIO
perpeccun, pacCcInTaTh KOIMMUIMEHT KOPPEIAINi, TI0100paTh PYHKITHNOHAIHHYIO 38~
BUCHUMOCTD 3a/IaHHOTO BH/IA, BEIYUCIUTH KO3 dunueHT perpeccun. OmpeiesuTs cym-
MapHYIO OIUOKY.

1. P(s) = As*+ Bs*+ D
s 0 1 1.5 2 2.5 3 3.5 4 4.5 5
P |12 | 10.1 | 11.58 | 174 | 30.68 | 53.6 | 87.78 | 136.9 | 202.5 | 287

2. G(s) = As®
s 0.5 1.5 2 2.5 3 3.5 4 4.5 5
G |399 | 565|641 | 671 | 7.215 | 7.611 | 7.83 | 8.19 | 8.3
3. V(s) = AsbeCs
s 0.2 0.7 1.2 1.7 2.2 2.7 3.2
V] 23198 | 2.8569 | 3.5999 | 4.4357 | 5.5781 | 6.9459 | 8.6621
A
4. W(s) =
() Bs+C
5 1 2 3 4 5 6 7 8 9
W | 0.529 | 0.298 | 0.267 | 0.171 | 0.156 | 0.124 | 0.1 | 0.078 | 0.075

5. Q(s) = As®’ + Bs+ C
] 1 1.25 1.5 1.75 2 2.25 2.5 2.75 3
Q | 5.21 | 4.196 | 3.759 | 3.672 | 4.592 | 4.621 | 5.758 | 7.173 | 9.269

T

6. Y = 1B
x 3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9
Y | 061 0.6 | 0.592 | 0.58 | 0.585 | 0.583 | 0.582 | 0.57 | 0.572 | 0.571
1
T A+ Be U
0 1 1.5 2 2.5 3 3.5 4 4.5 5
12 | 10.1 | 11.58 | 17.4 | 30.68 | 53.6 | 87.78 | 136.9 | 202.5 | 287

At* + B2+ Ct2+ Dt + K
066 ] 09 [ 117147 1.7 1.74 1 2.08 | 2.63 | 3.12
389 | 68.8 | 64.4 | 66.5 | 64.95 | 59.36 | 82.6 | 90.63 | 113.5

Ch’>+ Dh+ K
2 4 6 ] 10 12 14 16
0.035 | 0.09 | 0.147 | 0.2 ] 0.24 | 0.28 | 0.31 | 0.34

0]
rEENENEER
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10. Y =Ax3+ B2+ Cx+ D
1.2 14|16 | 1.8 2 2.2 2.4 2.6 2.8 3

15127139 |55 |71(91]11.1 | 129 | 155 | 17.9

Az +Cz+ D
0 [o4]08[12]16] 2
1.2122130]60]| 771136

11.

~<HT <&

12. R=Ch*+ K
h 102970571086 014 [ 1.43 [ 1.71 [ 1.82 2
R 13331667 7.5 [ 13.33]16.67 | 23.33 | 27.8 | 33.35

13. Z=At*+Ct* + K
t 1 (1147129143157 171186192 2
Z 1621 72196 [125]171] 2222833531365

4. Z=At*+Bt*+ Dt+ K
t 2 213 [ 2.25 [ 2.38 2.5 263 [2.75 ] 2.88 3
Z | 1257 | 1643 | 19 | 22.86 | 26.71 | 31.86 | 37.0 | 43.43 | 49.86

15. Z=At*+Dt+ K
t | 0.88 09 [091]093]094]096] 0.97 [ 0.99 1
Z 10.029 | 0.086 | 0.17 | 0.31 | 0.43 | 0.57 | 0.71 | 0.86 | 0.97

Bamanume 5.2. g eapuanmos 1-7 HaiiTum npubimkeHHOe 3HaYeHUe (DyHKIUN
[IpU 33/ ]aHHOM 3HAYEHUH apryMeHTa C IOMOIIbI0 (DYHKIINU JIMHEHHON NHTEPIIOISIIIH.
QyuKus 3aaHa TaOJIUIHO.

1. z; =0.702, x9 = 0.512, r3 = 608
T 0.43 0.48 0.55 0.62 0.7 0.75
y | 1.63597 | 1.73234 | 1.87686 | 2.03345 | 2.22846 | 2.35973

2. 21 =0.102,  29=0.203, x3=0.154
| 0.02 0.08 0.12 0.17 0.23 0.30
y | 1.02316 | 1.09509 | 1.14725 | 1.21423 | 1.30120 | 1.40907

3. 71 =0.526, 25 =0453, 3 =0.436
z ] 035 0.41 0.47 0.51 0.56 0.64
y | 2.73951 | 2.30080 | 1.96864 | 1.78776 | 1.59502 | 1.34310

4. 1 =0.616, T2 = 0.478, x3 = 0.537
T 0.41 0.46 0.52 0.6 0.65 0.72
y | 2.57418 | 2.32513 | 2.09336 | 1.86203 | 1.74926 | 1.62098

5. 71 =0.806, o=0.774, a3 =0.955
x| 068 0.73 0.80 0.88 0.93 0.99
y | 0.80866 | 0.89492 | 1.02964 | 1.20966 | 1.34087 | 1.52368




14.5. 3agarus no Teme «ObpaboTka 3KCNEPUMEHTANBHBIX JAHHBIX>

6. 71 = 0.314, 2, =0235, 3 =0.186
]| 0.11 0.15 0.21 0.29 0.35 0.40
y | 9.05421 | 6.61659 | 4.69170 | 3.35106 | 2.73951 | 2.36522
7. 21 =1.3832,  xo=13926, x5 =1.3866
x| 1.375 | 1.380 | 1.385 | 1.390 | 1.395 | 1.400
y | 5.04192 | 5.17744 | 5.32016 | 5.47069 | 5.62968 | 5.79738

s eapuanmos 8-15 naliTu npubImKenHoe 3HadeHne DYHKIUYA IPU 3aJaHHOM 3Ha-

YEeHUU apryMeHTa C IIOMOIIBIO clyIaiH-uHTeporanun. OyHKIus 3a/1aHa TaOIUIHO.

8. x1 =0.308,  a5=0.325, a3=0.312

x| 0298 | 0.303 | 0310 | 0.317 | 0323 | 0.330

y | 3.25578 | 3.17639 | 3.12180 | 3.04819 | 2.98755 | 2.91950

9. 71 = 0.608, 2 =0594,  x3=0.631

z | 0593 | 0.598 | 0.605 | 0.613 | 0.619 | 0.627

y | 0.53205 | 0.53562 | 0.54059 | 0.54623 | 0.55043 | 0.55598
10. ;1 = 0.115, 9 =0.130, a3 = 0.164

2] 0100 | 0.108 | 0.119 | 0.127 | 0.135 | 0.146

y | 1.12128 | 1.13160 | 1.14594 | 1.15648 | 1.16712 | 1.18191
11. 21 = 0.720, x5 =0.777, a5 = 0.700

z] 0] 1 15 ] 2 | 25 | 3 | 35 1 45 | 5

y | 12 | 10.1 | 11.58 | 17.4 | 30.68 | 53.6 | 87.78 | 136.9 | 202.5 | 287
12. 71 = 0.238, o =0.261, a3=0275

] 0235 | 0240 | 0250 | 0.255 | 0.265 | 0.280

y | 1.20800 | 1.21256 | 1.22169 | 1.22628 | 1.23547 | 1.24933
13. 21 = 0.105, a5 =0.109 23 =0.111

x| 0095 | 0.102 | 0.104 | 0.107 | 0.110 | 0.112

y | 1.09131 | 1.23490 | 1.27994 | 1.35142 | 1.42815 | 1.48256
14. z; = 0.1817, x5 =0.2275, x5 =0.175

x| 0180 | 0.185 | 0.190 | 0.195 | 0.200 | 0.205

y | 5.61543 | 5.46693 | 5.32634 | 5.19304 | 5.06642 | 4.94619
15. 1 = 3.522, o =4.176, x5 = 3.475

x| 350 3.55 3.60 3.65 3.70 3.75

y | 33.1154 | 34.8133 | 36.5982 | 38.4747 | 40.4473 | 42.5211
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14.6 3apaHusa no teme «PeweHnne 3agay ontumnsaynns

Samanue 6. Permurh 33789y 1eJI09UCIEHHOTO TPOIPAMMUPOBAHUSL.

1. W =221 — 29 + 24 — min
T1t+ratwy—x4 <1
T1 —x2+w3— 14 <0
201+ 29 +x3 — 24 = 3

2. W =21 4+ 23 —» max

2171 771‘24’22563 g 22
2551—1’2+6(E3<6
2{171—5(E2+2£L'3 <2
—4dx1 + 20+ 23 <1

3. W =34 2z + 3 — max
I1—$2—|—21‘3+l‘4>1
21’171’2+l’371’4>1
Tl — 209+ 13 — 24 = —1
21+ T2+ 23+ 224 <5

4. W =23 + 324 — min
$1+$2—$3—$4§2
T1— Ty — w3+ x4 20
—x1 — X2 +2x3 — x4 = —3

.%‘121

5 W = —x1 + 9 — max
331—21‘222
217171’222
$1+£L’2>5

6. W =x1 — 29— 2r4 — max

201 —x9 +2x3 — x4 < 4
Ty — 2T9 + T3 — 224 = 2
1’1793421
1'2+£L'3<1

7. W =x1 — 22+ 3x3 + T4 — max
X1 — T2+ mwg <1

Tog —x3+wg <1
1'1+JC3—|—21‘4<2
72£L’2+$4<0

8 W = —x9 — 223 + x4 — min
3$1—!L‘2<2
x2—2x3<—1
4333—1‘4<3
S5x1+x4 > 6

9. W =21 +x2 + 323 — 4 — max

10.

11.

12.

13.

14.

15.

$1—5$2+4$3<5
$1—2,’E2—3l‘3<4
x1 + 6xo + bzy < 4
To+x3 <1

=—4—2x; —x9 —r3 — min
T, — 2x9 + 3x3 — 4x4 = —10
T1+ T2 — 23 — 24 < —4
1‘171‘2+1‘37I4>*6
1 + T2 +x3 + x4 <10

=21+ 22+ 23+ 1 — min
1‘1+l‘2>0

1’1+1’3>1

x2 —x3 21

1+ 229+ 323 20

=24 2x9 — x3 + 3r4 — max
—r1 + 29 — 224 > —1
T1+ar3+x4 21
To+x3—24 21

3 < 4 2 < 10

=21+ T3 + 3 — max
1 —22<1
l‘1—21‘2>—2
75614‘.’,82271
2%14‘%22—2

=21 — 10x2 4+ 10023 — max
1‘1+1‘2+1‘3<1
1’171’271’3<2

—x1+ 223 <0

21+ 223 <5

= -3+ 21+ 329 + 5r3 — max
1’1—1’2+$3<1
2¢1 + a9 + a3 < 1
Ty + 2x9 + 23 < 1
T, + o+ 223 <1



[IpeameTHbIN yYKka3aTenb

apudMeTHIecKue onepanun nepexodaTess [203]
crucok cTpox [209

sBox komanz [I0} [IT] paaxcox [203]

BekToD [26]
Maccus [20]
ruiasuoe mentio [ marpuna [26]

rpacurieckoe oKHO BO3BEJIEHUE B CTEIeHb [3]]

Bbrauranue [31]

nesoe jesenue [31]

[03JIEMEHTHOE BO3BEJIEHHE B CTe-
niens [31]

HO3JIEMEHTHOE JieBoe Jiesiene [31]

II03JIEMEHTHOe IIpaBoe Jesenue [31]

[09JIeMEHTHOE yMHOKeHue [31]

npasoe gesenue [31]

Huddepennuaabaoe ypaBHEHNE B 9aCT-
HBIX IIPOU3BOHBIX
ruriepbostmaeckoe [221
Jlamiaca 227]
MeTo/I, CeTOK [222]
napabosmaeckoe 221]
snmnruaeckoe 2211

mubdepennuposanue [161] cnvposbhast Bl
1o Heiorony [T59] caoxxenne [31]
TpaHCIOHHpoBaHue [31]
3oHa IpocMmoTpa [I]] ymuOxKeHne [31]
3oHa penakTuposanus [I1] YMHOXKeHUe Ha, Iucio [31]
UHTErPUPOBAHIE HesIBHAS JIBYXCJIOMHAS PA3HOCTHAS CX€-
BHEITHUX DYHKIUH @ Ma 228

Meroz Tpameruii [I50]

1o kBagpatype [I58] okHo npuiozxkenus [I0]

onepaTop
koMaHaHast crpoka [I0] for
KOMIIOHEHT if 72
KoMam tHas KHornka [[98] select [I'76]
MeTKa while [I78

OKHO penakTuposanus [200] npucsauBanus [[72]
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MpenmeTHbIli yKasaTenb

oreparop npucsansaxus [10]

nepementas [T6]

nostmoM [145], [T46]

npasuio Kpamepa [52]

Pemenne CJIAY
Metos 06paTHON MATPHUIIBI
merox Laycca [54]
npasuio Kpamepa [52]

penaxTop SciPad
CJIAY B2

ceccus [I1]

cucTeMa JIMHEHHBIX aJire0panIecKux ypas-

HEeHUH
cucreMHas mepeMemnnas [I8]

ypaBHeHHue
aarebpaIIecKoe
cucrema [154]
TpaHcieHgeHTHOe [[50]

daitn-crienapuit
byHKITST
cat
close [196]
cond 45
costf 242
delete [[96]
det [44]
diag
evstr
eye [34]
figure
fsolve
full [36]
hypermat
input [I77]
integrate [I58§|
intg [I59]
inttrap [I50]

inv |40l

kernel
length
linpro [247]
linsolve [T
lu 49
matrix
max
mclose
mean
median E3]
meof(f) [185)
mfprintf
mfscanf
min
mopen [I84]
norm [44]
numdiff [[67]
ode [164]
ones
optin T} 2T
pinv [47]
poly
prod [42]

qr 9]

rand 33
rank [44]
roots 47
rref

size

sort

sparse [30]
spec [0]

sum []]

svd

tril

triu
uicontrol [[97]
x_ dialog
zeros [34]

sIBHAsl JIByXCJIOMHAS PA3HOCTHAS CXEMa

224!
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