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Beenenue

BBenenue

Yto Takoe MATLAB?

MATLAB — 5T0O BBICOKOIPOU3BOJUTENIBHBIN A3BIK U1l TEXHUYECKUX pacueToB. OH
BKJIIOYAET B Ce0s BRIYUCIICHHUS, BU3yaTN3allMIO U IPOTPAMMHPOBAHUE B YI00HOH cpe-
Jie, T/Ie 3a/la4dl U peleHus BeIpaxkaroTcs B hopme, Ou3Koi k MareMatudeckoit. Tu-
nuyHoe ucnojb3oBanue MATLAB — aTo:

* MaTeMaTHYCCKHE BHIYMCIICHHS
* CO3/IaHUC ATOPUTMOB

* MOJICJIUPOBAHUE

* aHAJIN3 JIaHHbBIX, UCCIICIOBAHUS U BU3yaIN3aIUs

* Hay4Has ¥ WH)KeHepHas rpaduka

* pa3paboTKa MPUWIOKEHUH, BKIItOUas Co3/1aHue rpaduueckoro nuurepdeiica

MATLAB — 5T0 HHTEpaKkTUBHas CUCTEMA, B KOTOPO OCHOBHBIM JIEMEHTOM JaHHBIX
ABJIAETCS MACCUB. JTO MO3BOJISET PEIIaTh PA3IMYHBIC 3a1a4, CBA3aHHBIC C TEXHUYE-
CKUMH BBIYHCICHUSMHU, OCOOCHHO B KOTOPBIX HMCIIOJIB3YIOTCS MaTPHULBI U BEKTOpA, B
HECKOJIBKO pa3 ObICTpee, YeM NP HAIMCAaHUH IPOrpaMM € UCIOIb30BaHUEM "CKaJIsIp-
HBIX" SI3BIKOB IPOrpaMMHUPOBaHuUs, Takux Kak Cu unu @oprpaHn.

CinoBo MATLAB o3HauaeT MaTpudHas Jiaboparopus (matrix laboratory). MATLAB
OB CIeNMaIbHO HamwcaH g oOecriedyeHus Jierkoro ngoctyma kK LINPACK u
EISPACK, koTopsle mpeacTaBisioT cOOOH COBpEMEHHBIE MPOTPaMMHBIE CpPEACTBA
JUTSI MATPUYHBIX BHIYUCTICHUIA.

MATLAB pa3BuBajics B TEUCHHU HECKOJBKUX JIET, OPUEHTUPYSACHh Ha Pa3IUYHbBIX
noJib3oBareneil. B YHUBEPCUTETCKOW cpejie, OH MPEICTaBIsUT cOOOW CTaHMapTHBIN
HHCTPYMCHT IJIA paGOTBI B pa3JIMYHBIX OGH&CTSIX MaTEMaTUuKH, MAIMHOCTPOCHHUU U
Haykd. B mpomsbimienHoctd, MATLAB — 3T0 MHCTpYMEHT ISl BBICOKOIIPOYKTHB-
HBIX MCCIIEIOBAHUMN, pa3pabOTOK U aHAJIN3A JAHHBIX.

B MATLAB BaxkHast poip OTBOOUTCS CIELMAJIM3UPOBAHHBIM TPYIIAM IMPOTPAMM,
Ha3biBaeMbIX toolboxes. OHM OyeHb BaXHBI i1 OOJBIIMHCTBA IOJIb30BaTENEH
MATLAB, Tak Kak no3BOJISAIOT U3y4aTh U IPUMEHATH CIIELIMAIN3UPOBAHHBIE METO/BL.
Toolboxes — 310 BcecToponHsis koiutekius ¢pyHkiuuiit MATLAB (M-daiinos), koTo-
pbIe TO3BOJISIOT pellaTh YaCTHBIC KIAacchl 3a7ad. Toolboxesipumensrorcs st oopa-
OOTKHU CUTHAJIOB, CUCTEM KOHTPOJISL, HEHPOHHBIX CETEH, HEUETKOM JIOTUKH, BOWUBIIETOB,
MOJIETUPOBAHHUSA U T.[.

Cucrema MATLAB

Cucrtema MATLAB cOCTOUT U3 HATH OCHOBHBIX YaCTEU:

SI3pik MATLAB. OTO S3bIK MAaTpPULl U MAaCCUBOB BBICOKOTO YPOBHS C YIPABICHUEM I10O-
TOKaMH, (YHKIUSMHU, CTPYKTYpaMH JaHHBIX, BBOJOM-BBIBOJIOM W OCOOCHHOCTSMU
00BEKTHO-OPHEHTUPOBAHHOTO TIPOTPAMMHUPOBAHUS. DTO TO3BOJIAET KaK MPOTpaMMH-
poBaTh B "HeOOJBIIOM MacITade" st OBICTPOTO CO3AaHUs YEPHOBBIX ITPOTPaMM, TaK
1 B "GonbIioM" ISl CO3/1aHUS OOJBIINX M CIIOKHBIX TIPHIIOKCHUN.
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Cpeaa MATLAB. OT0 HA00p HHCTPYMEHTOB U MPUCIIOCOOICHHIA, C KOTOPBIMHU paboTaeT
noJsib3oBarens win nporpammuct MATLAB. Ona BkitouaeT B ce0si cpeicTBa s
yIpaBJIeHUs IEpeMEHHBIMH B pabodeM mpoctpanctee MATLAB, BBOOM U BBIBOJOM
JAHHBIX, a TaKXXe CO3JaHMs, KOHTPOJIS U OmIaaku M-QailioB U MPUIOKEHHM
MATLAB.

Ynpasasiemas rpaduxa. OT0 Tpaduueckas cuctema MATLAB, koTopas Bkirodaer B
ce0s KOMaH/ibl BHICOKOTO YPOBHS JJI BU3yaJIM3alluU JIBYX- U TPEXMEPHBIX JaHHBIX,
00paboTKH M300paKeHUH, aHUMAIllUN M WILTIOCTPUpPOBaHHON rpaduxu. OHa Takxke
BKJIIOYAET B c€0s1 KOMaH/bl HU3KOI'O YPOBHS, IMO3BOJIIONINE MTOJHOCTBIO PEJAKTHPO-
BaTh BHEIIHUI BUJ rpaduku, Taxke Kak mpu co3manuu [ paduyeckoro Ilonp3osa-
tenbckoro Murepdetica (GUI) st MATLAB npuiioxeHwHil.

BulanoTeka MaTeMATHYeCKNX (PyHKIHUIA. 210 06H_II/IpHa$I KOJUICKIIUA BBIYUCIINTCIIBHBIX
QITOPUTMOB OT DJIEMEHTApPHBIX (DYHKIUH, TAKMX KaK CyMMa, CHHYC, KOCHHYC, KOM-
MJIeKCHas apudmeTuka, 10 0oyiee CI0KHBIX, TAKUX KaK oOpalieHHue MaTpHIl, HaX0X-
JIeHre COOCTBEHHBIX 3HaueHuH, pynkuuu beccens, 6picTpoe mpeodpazoanue Dypre.

IIporpamMmubiii untepdeiic. IT0 OMOIMOTEKA, KOTOPAs MO3BOJISAET MUCATh TPOTPaMMBbI Ha
Cu u ®@oprpane, kotopslie B3auMoaeicTByroT ¢ MATLAB. Ona Bkitouaer cpeacrtaa
Jutst BeI3oBa nporpamm u3 MATLAB (aunamuueckast cBsi3b), BbizbiBast MATLAB kax
BBIUHCIUTENbHBIN HHCTPYMEHT U JUIs uTeHus-3anucu MAT-daiinos.

O Simulink

Simulink, conmyrctBytomas MATLAB nporpamma, - 3T0 HUHTEpPAKTUBHAS CHCTEMa IS
MOJICIIMPOBAHNUS HEMTMHEHHBIX AMHaMU4ecKux cucteM. OHa mpencTaBiseT coboi cpe-
Iy, YIIPaBISIEMYIO MBIIIBIO, KOTOPast TO3BOJISIET MOJICITHPOBATH MPOIIECC ITYTEM Iepe-
TAaCKMBaHUs OJIOKOB JMarpaMM Ha ’KpaHe U ux MaHunysinued. Simulink pabotaer ¢
JMHEHHBIMU, HETMHEHHBIMY, HETPEPHIBHBIMHU, TUCKPETHBIMUA, MHOTOMEPHBIMH CHC-
TEMaMH.

Blocksets — 3To gomonaenus k Simulink, KoTopsle o0ecnieunBarOT OUOINOTEKU OJ10-
KOB JIJISI CIICI[MATM3UPOBAHHBIX TPUIIOKEHHH, TAKUX KaK CBsI3b, 00pab0TKa CUTHAJIOB,
SHEPreTUYCCKUE CHCTEMBI.

Real-Time Workshop — 3To mporpamma, KoTopas 1mo3BoJisieT reHepupoBatb C Ko U3
OJIOKOB JiarpaMM W 3aIlyCKaTh MX Ha BBITIOJHEHHUE HA Pa3IMYHBIX CUCTEMax pealib-
HOT'O BpEMEHU.
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3anyck MATLAB

OTa KHUTra IpeaHa3HayeHa s HadyaJlbHOTO ocBoeHUs W u3ydeHuss MATLAB. Ona
COZICPKHUT HEKOTOPOE KOJIMUYECTBO MPHUMEPOB, KOTOPHIE MOTYT OBITh 3alylIEHbl U OT-
cinexxensl B MATLAB.

Utober 3amyctuth MATLAB na PC wmnm Mac, aBaxkapl IIEIKHUTE Ha HKOHKY
MATLAB. [ly1s1 3amycka B cucreme UNIX Hanummire matlabs crpoke onepannonnoii
cucremsl. J{is Berxona u3 MATLAB neoOxomumo Habpath quit B ctpoke MATLAB.

Ecnu Bam HE0OXOAMMO MOTYYUTh JOTIOJIHUTENBHYIO HHpOpManuto, Habepute helps
crpoke MATLAB nnu Beioepute Help B mento Ha PC wim Mac. Me1 6osee moapoOHo
pacckakeMm BaM 00 ATOM ITO3/THEE.
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ManHHBI N MAaIri4€CKUeE KBaJapaTbl

Jlyymmii crioco6 Hadath paboty ¢ MATLAB — 3T0 HayuuThCsl oOpamiaThesi ¢ Mat-
puniamu. B 5T0H ri1aBe MBI IOKa)keM BaM, Kak HaJo 310 aenars. B MATLAB marpuna
— 3TO MPSAMOYToJbHBIN MaccuB uncen. Ocoboe 3HaueHHe npujaercs mMarpunam 1x1,
KOTOpBIE SIBIIIIOTCS CKAIApaMH, W MaTpullaM, UMEIOIIMM OJWH CTOJOEI WU OJHY
cTpoKy, — BekropaM. MATLAB ucnons3yer pasnuyHble COCOOBI Ul XpaHEHHUs
YUCJICHHBIX U HE YMCIICHHBIX JIaHHBIX, OJJHAKO BHayaJle JIydlle BCEr0 pacCMaTpuBaTh
Bce JlaHHble kKak MaTpuilbl. MATLAB opranu3oBaH Tak, 4TOObI Bce ONepanuu B HEM
ObUIM KaK MOKHO 0oJiee eCTEeCTBEHHBIMU. B TO BpeMs Kak JIpyrue mporpaMMHbIE S3bI-
KM paboTaloT C YUCIIaMHU Kak 3JieMeHTamu a3bika, MATLAB mno3BosisieT BaM ObICTPO U
JIETKO OIIEpUpPOBATh C LIEJILIMA MAaTPULIAMH.




ManI/IHBI N MarudeCKne KBaapaTbl

Xopowmuii IIpuMep MaTpHULbl, KO-
TOpas UCIOJb3YEeTCS BO BCEH 3TOM
KHUTE, MOKHO HANTH Ha TPaBIOpE
BpeMeH PeHeccaHca XyJoKHUKA U
TrobuTeNnst MaTeMaTuKu AJbOpexTa
Hiopepa. D10 wu300paxkeHue co-
JIEPKUT MHOTO MaTEeMaTHYECKUX
CHMBOJIOB, M €CIM XOpOIIO IpH-
CMOTpPETHCS, TO B BEPXHEM IIPABOM
YOIy MOXHO 3aMETUTh KBaJpar-
HYI0 MaTrpuiy. OJTO MaTpuua us3-
BECTHA KaK Marn4eckui KBaapar u
BO BpeMeHa /[[ropepa cuMTanocs,
4TO OHa 00JaJaeT MaruyecKuMu
cBoiictBamu. OHa U Ha caMOM JieJie
o0nasaeT 3amMevaTeIbHBIMU CBOM-
CTBAaMH, CTOSIIIUMU U3yUYECHUS.

BBoa marpun
Br1 moxeTe BBoAuTH MaTpuilsl B MATLAB HECKOIBKHME CIOCOOAMHU:

* BBOJUTH MOJIHBIN CIIUCOK 3JIEMEHTOB

* 3arpy’kaTh MaTPHIEI U3 BHEIIHUX (ailyioB

* TeHEPUPOBATh MATPHIIBL, HCIIOJIb3YSl BCTPOCHHBIE (QYHKIHH

* CO37aBaTh MaTPUIIBI C MOMOIIIBIO BalIMX cOOCTBEHHBIX (pyHKINI B M—(aiinax

Haurem c BBeieHus marpuuibl [ropepa kKak criicka 3J1€eMEHTOB. Bbl JOKHBI clieo-
BaTh HECKOJIbKMM OCHOBHBIM YCJIOBHSIM:

* OTIENSTH AIEMEHTHI CTPOKH MpoOeTaMu UiTH 3alsSThIMU
* UCIOJIb30BATh TOUKY C 3aISITOM, ; , AJIT 0003HAYEHUS OKOHYAHUS KaXKOW CTPOKH
* OKpYXaTh BECh CIIMCOK JIEMEHTOB KBaJ[paTHBIMU CKOOKaMmH, | |.

Urto6s! BBecTH MaTpully [Jropepa mpocTo HAMUIINUTE:
A=[163213;510118;96712;415141]

MATLAB oto6pa3ut MaTpuily, KOTOPYIO MbI BBEIIH,

A=
16 3 2 13
5 10 11 8
9 6 7 12
4 15 14 1

OTO TOYHO COOTBETCTBYET YMCIIaM Ha rpaBrope. Eciau Mbl BBeIM MaTpully, TO OHA aB-
TomMaThuecku 3anoMuHaercs cpenoii MATLAB . 1 mbl MoxeMm K Hel jerko oOpa-
TuThes Kak K A. Celtuac, korma Mel umeeM A B pabouem mpoctpanctse MATLAB,
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IIOCMOTPHM, 4YTO JenaeT e€ Takod MHTepecHOW. Ilouemy OHa Ha3bIBaeTCsd Marmde-
CKOW?

Onepauyu CcyMMHUPOBAaHMS 3JIEMEHTOB, TDAHCIIOHUPOBAHUS M IUA-
TOHAJIHU3ANUHA MATPHUIIbI

BbI BO3MOXKHO yKe 3HaeTe, 4YTO 0COObIe CBOMCTBA Marn4eckoro KBajpaTa CBS3aHBI C
pa3MYHBIMU crioco0aMu CyMMHPOBaHHs €ro 3jaeMeHTOB. Eciau Bel Oepére cymmy
AIIEMEHTOB BJIOJIb KAKOW-JINOO CTPOKU MIIM CTOJIOIA, MIIM BIOJIb KAaKOW-THO0 U3 IBYX
IJIaBHBIX JIMAroHaje, Bbl BCEr/la MOJIyYUTe OJHO M TOKe 4yHcio. JlaBaiiTe mpoBepuM
aTo, ucnoas3yss MATLAB . IlepBoe yTBepxkaeHUE, KOTOPOE MBI IPOBEPUM —

sum(A)
MATLAB BrlmacT oTBET

ans =
34 34 34 34

Korpa Beixonnast nepemennas ne omnpenenena, MATLAB wucnonb3yeTr nepeMeHHyro
ans KOpoTKO OT anSWer —0TBeT, IJIs XpaHEeHHs Pe3yabTaToB BbIUKCIeHU. MBI ToJI-
CUUTAJM BEKTOP-CTPOKY, COJEPIKAIIYI0 CYMMY JJIEMEHTOB CTOJOIIOB MaTpHIlbl A.
JleficTBUTENbHO, KaK/IBIH CTOJOCI] MMEET OJIMHAKOBYIO CYMMY, MarmdecKyr CymMMmy,
paBHy10 34.

A kak HacueT cyMM B cTpokax? MATLAB npeamounrtaer paboTaTh CO CTOIOIAMU
MaTPHIIBI, TAKUM 00pa3oM, JYYIIHI CIIOCO0 MOIYYUTh CYMMY B CTPOKaxX — 3TO TpaHC-
MOHUPOBATH HAIlly MATPHILY, MOACYUTATh CYMMY B CTOJIOIIAaX, @ TOTOM TPAaHCIIOHHPO-
BaTh pe3yabTar. Oneparus TpaHCIIOHUPOBaHUsI 0003HAaYaeTC sl arocTpo(oM W OH-
HapHOW KaBbrdkoW. OHa 3epKaJbHO OTOOpAXKaeT MATPUIy OTHOCHTEIBHO TJIaBHOU
JMaroHaj Il U MEHSET CTPOKHU Ha cTonOIbl. Takum o6pazom

A
BBI3BIBACT
ans =
16 5 9 4
3 10 6 15
2 11 7 14

13 8 12 1
A BbIpakeHue
sum(A’)’
BBI3BIBACT PE3YJIBTAT BEKTOP-CTOJIOCI, COJePKAIIUI CYMMBI B CTPOKaX
ans =
34
34

34
34

10
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CyMMy 3JIEMEHTOB Ha TJIaBHOW THAarOHaIH MOKHO JIETKO ITOJYYUTh C TOMOIIBIO
¢ynkuu diag, KOTopasi BBIOMpaeT 3Ty TUaroHab.

diag(A)

ans =
16
10
7
1

A bysKuIus
sum(diag(A))
BBI3BIBACT

ans =
34

I[pyras{ JuaroHajib, Ha3blBa€Mas aHTHAMWAroHallbl0, HC TaK BaXHa MaTCMaTU4YCCKH,
nostomy MATLAB He umeer cnenuanbaoi gynkuuu it He€. Ho pyHkuums, koTopas
BHAYaJIC Mpejnoaraiach i Ucroib3oBanus B rpaduke, fliplr, sepkansro orodpa-
’KaeT MaTpHILy cJeBa HAIPaBo.

sum(diag(fliplr(A)))

ans =
34

Takum oOpa3oM, MBI IPOBEPHUIIH, YTO MaTpHIla Ha rpaBiope Jropepa IelCTBUTEIHHO
Marmyeckas, ¥ Hay4WINCh UCIOJIb30BaTh HEKOTOPHIE MATPUYHBIE OIEpaluu
MATLAB. B mocnenyronmux paszaenax Mbl MPOAOIKHUM HCIIOIB30BATh 3Ty MaTPHUILY
JUISL IGMOHCTPALIMK JOTIOIHUTENbHBIX Bo3MokHOcTe MATLAB.

HNnaexcol

DeMeHT B CTpOKe | 1 cTondue | Matpuiiel A o6o3Havaercs A(i,j). Hanpumep, A(4,2)
— 3TO YKCJIO B YETBEPTOI CTPOKE U BTOPOM cToJ01e. [l Hallero Maru4eckoro KBa/i-
para A(4,2) = 15. Takum 00pa3oM, MOKHO BBIUYHCIUTH CYMMY DJIEMEHTOB B YeTBEp-
TOM CTOJIOIE MaTpUIlbl A, HabpaB

A(1,4) + A(2,4) + A3,4) + A(4,4)
IIOJIyYUM

ans =
34

OnHaKo 3TO HE CaMBblii JIy4IIHi ciocod CyMMUpPOBAHUS OTIIEIBHOM CTPOKH.
Tax)ke BO3MOKHO 00paIaThes K 3JIeMEHTaM MaTpHIlbl uepe3 oauH uuaekc, A(k). Oto
OOBIUHBIN CMOCOO CChUIATHCSA HA CTPOKU M CTONOIBI MaTpuibl. Ho ero moxHo uc-

I10JIb30BaTh TOJBKO C IBYMEPHBIMH MaTpuuamu. B aTom ciayuyae maccuB paccmarpu-
BaeTCsl KaK JJUHHBIM BEKTOP, CPOPMUPOBAHHBIN U3 CTOJOLIOB MCXOAHOW MATPHUIBL
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Tak, [Is Halero Marmdeckoro keazapara, A(8) — 3To apyroi crmocod cChlIaThes Ha
3HaueHue 15, xpansieecs B A(4,2).

Ecnu BBI BITacTECh UCIIONIB30BATh 3HAUCHUE AeMeHTa BHe MaTpuilel, MATLAB BbI-
JIACT OIINOKY:

t=A(4,5)
??? Index exceeds matrix dimensions.

C npyroii CTOpOHBI, €CII Bbl COXpaHsAETE 3HAUEHUE BHE MATPHUIIbI, TO Pa3MEpP MaTpu-
1bl YBEJTMYNBAETCSL.

X=A;
X(4,5) = 17
X =
16 3 2 13 O
5 10 11 8 O
9 6 7 12 O
4 15 14 1 17

Onepartop nBoeTOYUA
JlBoetouwme, : , - 3TO OUH U3 Haubosiee BaKHBIX ornepatopoB MATLAB . On nposis-
JsieTcs B pa3iIMuHbIX popmax. Beipaxenue

1:10

- 9TO BEKTOP-CTPOKA, coaeprkaIias muesnpie uncia ot 1 1o 10
1 2 3 4 5 6 7 8 9 10

Jiis monydeHus oOpaTHOTO MHTEpBaJIa, ONUILIEM Mpupaiienue. Hampumep
100:-7:50

9TO JaeT
100 93 8 79 72 65 58 51

Win

0:pi/4:pi

YTO MPUBOJUT K

0 0.7854 1.5708 2.3562 3.1416

WHexkcHOe BhIpakeHHe, BKITFOYAs IBOCTOYHE, OTHOCUTCS K YaCTH MATPHIIBL.
A(1:k, j)

9TO nepBbie K 371eMeHTOB j-ro crosbiia MaTpuilbl A. Tak

sum(A(1:4,4))

12



ManI/IHBI N MarudeCKne KBaapaTbl

BBIYUCIIIET CYMMY 4eTBepTOi cTpoku. Ho ectb u myummii coco6. /[Boeroune, camo
mo cebe, oOpamaeTcss KO BCEM DJIEMEHTaM B CTPOKE M CTOJIOIE MaTPHIIbI, a CIOBO
end- k nocieaHel cTpoke wim cronoiy. Tak

sum(A(:,end))
BBIYHCIISIET CYMMY 3JIEMEHTOB B TIOCIIEAHEM CTOJIOIE MATPHUITHI A

ans =
34

ITouemy marudeckas cymma kBajapara 4x4 pasHa 34?7 Ecnu nensle uncia ot 1 1o 16
OTCOPTHPOBAHBI B YETHIPE TPYIIIBI C pABHBIMU CYMMaMH, 3Ta CyMMa JJOJDKHA OBbITh

sum(1:16)/4
KOTOpasi, KOHEYHO, paBHAa
ans =

34

dyukmusa magic

MATLAB na camom jene o0nanaeT BCTpOCHHON (PYHKIIHEH, KOTOpas CO37aeT Maru-
YeCKUil KBaJpaT MoUTH JItoOoro pasmepa. He yauButensHo, 9To 3Ta QyHKIMS Ha3bI-
BaeTcs magic

B=magic(4)

B =
16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1

OTta MaTpuIia MOYTH Ta e MATPHIIA, YTO U Ha rpaBiope J[ropepa, 1 OHa UMEeT BCE Te
K€ Marmdeckue CBOMCTBA. EI[I/IHCTBGHHOC OTJIMYMUEC 3aKJII04YacTCda B TOM, YTO JABa
CpeIHuX CcToNOIa MOMEHsUIUCh MecTaMu. s Toro 4toObl mpeobpazoBath B B Mart-
puny Hropepa A, mepecTaBUM UX MECTAMHU.

A=B(;,[1 3 2 4])

OTO 03HA4aeT, uyTo I KaXJAOW CTPOKM MaTpullbl B aneMeHThI nmepenuchiBaroTcs B
nopsinke 1, 3,2, 4

A=
16 3 2 13
5 10 11 8
9 6 7 12
4 15 14 1

[Touemy [lropep mepeynopsaoumi CTOIOIBI, O CPAaBHEHHUIO C TE€M, YTO HCIOJIB3YeT
MATLAB ? be3 comHeHus,, OH XOT€Nl BKJIIOYHUTH ATy I'paBlopbl, 1514, B HIKHIOO
4acTh Marun4yeckoro Kpajapara.
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Bobipaxkenus

Kak u 6onpmmHCTBO Apyrux s36Ik0B mporpammupoBanms, MATLAB mnpenocrasiser
BO3MOYXHOCTh MCTIOJBb30BaHUsI MATEMATHUECKUX BBIPAKCHHUM, HO B OTIUYHE OT MHO-
X U3 HUX, 3TU BbIpakeHus B MATLAB Bkitouator Matpuisl. OCHOBHBIE COCTaB-
TISFOLIUE BBIPAKCHHUSL:

* TIEpEMCHHBIE
* gucna

* OmepaTopsl
* hyHKIHH

Ilepemennsbie

B MATLAB HeT HEOOXOAMMOCTH B OINPEICICHUHU THIIA TIEPEMEHHBIX M Pa3MEpHO-
ctu. Korna MATLAB BcTpedaer HOBoe M IEPEMEHHON, OH aBTOMaTUYECKH CO3/1a-
€T MEepPEeMEHHYIO M BbIAENSET COOTBETCTBYIOIIUNA 00beM mamaTu. Ecinu nmepemeHHas
yxke cymectByer, MATLAB wu3MeHsieT ee cocTaB U €Cclid 3TO HEOOXOAUMO BBIACIISET
JOTIOJHUTENbHYIO aMATh. Hanpumep,

num_students = 25

coszmaet MaTpuily 1x1 ¢ mmeHem num_students coxpanseT 3HaueHue 25 B €€ eIUH-
CTBEHHOM JJIEMEHTE.

VMmena mnepeMeHHBIX COCTOST W3 OyKB, IHM(p HIK CHMBOJOB TOJYEPKUBAHMSL
MATLAB wucnonssyer Tonbko nepssie 31 cumBon umenu nepemennoil. MATLAB
YYBCTBHUTEJICH K PETUCTpaM, OH Pa3JIMYaeT 3arjaBHbIC U CTpOouHble OYKBbI. [loaToMy
A u a— He o/lHa U Ta xe nepeMeHHas. YToObl YBUIETh MaTPUILy CBSI3aHHYIO C Iepe-
MEHHOM, TPOCTO BBEUTE HA3BaHUE TIEPEMEHHOM.

Yucaa

MATLAB wucnonb3yer NpUHATYIO JECITUYHYIO CHCTEMY CUMCIIEHUS, C He0Os3aTeb-
HOW NECATUYHOMW TOYKOM M 3HAaKaMHU IUIIOC-MUHYC i uucen. Haywynas cucrema
CUHCTICHUSI UCTONB3YeT OYKBY € ISl OMPEICICHHS MHOXUTENS CTCIEeHU JECSTH.
MHHMBIC YHCIIa UCIIONB3YIOT | WK | Kak cyddurc. HekoTopslie mpumMephl MpaBHilb-
HBIX YMCeN MIPUBEACHBI HUXKE

3 -99 0.0001
9.6397238 1.60210e-20 6.02252e23
1i -3.14159] 3e5i

Bce umcna jyis XxpaHeHUs MCHOB3YIOT Gopmar long, onpenescHHbIH CTaHIapTOM
mnaBaromie Touku |[EEE. Ywmcna ¢ mmaBaromeit Toukod 001amgar0T OrpaHUYEHHOU
TOYHOCTBIO - MPUOIMZUTENHHO 16 3HAYANMX UPP U OrPaHUICHHBIM JIUAMAa30HOM —
npu6mmsurensro or 10°% 1o 10°%® (Kommerorep VAX ncmonbsyer apyroit hopmar
qrcell C IJIABAIOIIEH TOYKOM, HO MX TOYHOCTh U IMAIAa30H MPUOIH3UTEILHO T Ke).

14



Beipaxenus

Omneparopsl
Bripaxkenus ucnonb3yroT OObIYHBIC apU(METHUYECKUE OIepalud W TpaBujia CTap-
IIMHCTBA.

+ CIIOJKEHHE

BBIYUTAHUE

YMHOXEHHE

JieJIeHne

JeBoe eneHue(onucano B pasaene Matpuiisl u JIuneiinas Anre6pa B KHUTE
"Using MATLAB)

CTETeHb

KOMILIEKCHO COTIPSDKEHHOE TPAHCIIOHUPOBaHHE

()  ompenencHHe MOPSIKA BEIYUCICHHS

—~ %

DyHKIUU

MATLAB mnpenocraBiser O0JIbIIOE KOJIMYECTBO HJIEMEHTAPHBIX MAaTEeMaTHYECKHX
byHKImiA, Takux Kak abs sqrt, exp Sin. Beraucienne kBagpaTHOrO KOPHS WK JIoTa-
pudMa OTpULIATENFHOTO YHCIa HE ABISETCS OMIMOKOM: B 3TOM Cllyyae pe3ylbTaToM
SIBJISIETCSI COOTBETCTBYIOIIEE KoMIUIekcHOE uncio. MATLAB Takke nmpegocTaBiseT U
Oonee cnoxuble GpyHKuuu, BKiItoyas ['amma ¢ynkuuio u ¢ynkuuu beccens. boib-
IIMHCTBO U3 3TUX (YHKUUN MMEIOT KOMIUJIEKCHBIC apryMeHThl. YTOOBI BBIBECTH CIIU-
COK BCEX AJIEMEHTApHBIX MaTeMaTH4YeCKUX (PyHKIU, HabepuTe

help elfun
Jnist BeIBOIa O60JI€€ CIIOKHBIX MaTeMaTHUECKUX U MAaTPUUHBIX (QYHKIHMA, Habepure

help specfun
help elmat

COOTBCTCTBCHHO.

Hexoropsie pynknmu, Takue kak Sqrt u Sin, - BctpoeHHsle. OHU SBISAIOTCS YaCTHIO
MATLAB, nostoMy oHU 04eHb 3((EKTUBHBI, HO UX BBIUUCIUTEIbHBIC JETATN TPY/I-
HO JOCTYHHBL. B TO Bpems kak npyrue ¢yHKIUH, Takue Kak gammau Sinh peanmso-
BaHbl B M-aitnax. [ToaToMy BBl MOXeETe JIETKO YBHJIETh UX KOJI U, B ClIy4ae HEOOXO-
JUMOCTH, Aake MOAU(ULIPOBATH €ro.

Heckonbko crienuanbHbIX QYHKIUNA TPEeIOCTABIAIOT 3HAYEHHUS YaCTO MCIOJIb3YEMBIX
KOHCTAHT.

pi 3.14159265...

[ MHHMas eJuHUIa, V-1

j TO K€ CaMOe€, YTO H |

eps OTHOCHTEITbHAS TOYHOCTh YHCIIA C MITABAIOIIEH TOUKO, 22

realmin  HaMMEHbIIIEE YUCIIO C IUIABAIOLIEN TOUKOM, 1022
realmax HauGoMIbLICE YHCIIO C MIABAIOMIEH TOUKO, (2-€)2'9%3
Inf OECKOHEYHOCTh

NaN HE YHCJIIO
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beckoHEeYHOCTD MOSABISAETCS MPU JEICHUH HAa HYJIb WU MPU BBIIIOJIHEHUH MaTeMaTu-
YeCKOTO BBIPAKCHHUS, PUBOIAILETO K IEPETIOTHEHHUIO, T.€. K MPEBBIIICHUI0 realmax
He uncno (NaN) renepupyercs npu Berauciennu Beipaxenuit tuna 0/0 wmu Inf — Inf,
KOTOPBIE HE UMEIOT ONPEACIEHHOIO MaTEMaTHIYECKOIO 3HAYCHMSL.

Nmena QyHKUMil HEe SBISIOTCS 3ape3epBUPOBAHHBIMU, TO3TOMY BO3MOKHO U3MEHSTh
WX 3HAYCHUS Ha HOBbIE, HATIPUMEP

eps =1.e-6

U gaJie€ HCIIOJIB30BATh 3TO 3HAYCHHUEC B HOCJI@Z[YIOH_[I/IX BBIUHUCJICHUX. Ha‘-IaHBHOG
3HAYEHHE MOXKET OBITh BOCCTAHOBJICHO CIICYIOIITUM 00pa3oM

clear eps

Bripaxenus
BbI ye MO3HaKOMWINCH C HEKOTOPBIMM NPUMEpPaMH HMCIIO0JIb30BAaHUS BBIPAXKEHUI B
MATLAB. Huxe npuBeneHo eiie HECKOIbKO IIPUMEPOB € PE3YJIbTaTaMHu.

rho = (1+sqrt(5))/2

rho =
1.6180

a = abs(3+4i)

a=
5

z = sqrt(besselk(4/3,rho-i))

Z=
0.3730 + 0.3214i

huge = exp(log(realmax))

huge =
1.7977e+308

toobig = pi*huge

toobig =
Inf
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PaboTa ¢ maTpunamu

DTOT pa3zien paccKa)xeT BaM O Pa3IUYHBIX CIIOCO0aX CO3JaHHs MATPHIIL.

I'enepupoBanue maTpuu
MATLAB umeert 4yetbipe pyHKINH, KOTOPBIE CO3AaI0T OCHOBHBIE MATPHUIIBI:

Zeros BCE HYIIH

ones BCE CIMHUILIBI

rand PaBHOMEPHOE paclpeeeHue CIydalHbIX 3JIEMEHTOB
randn HOPMAJIBHOE PaCMpeICICHUE CIIyYalHbIX AJIEMEHTOB

Hexkotopsie npumMepsr:
Z = zeros(2,4)

Z=

0O 0 0 O
0O 0 0 O
F = 5*ones(3,3)
F=

5 5 5

5 5 5

5 5 5

N = fix(10*rand(1,10))

R =randn(4,4)

R =
-0.4326 -1.1465 0.3273 -0.5883
-1.6656 1.1909 0.1746 2.1832
0.1253 1.1892 -0.1867 -0.1364
0.2877 -0.0376 0.7258 0.1139

3arpy3ka Mmarpuig

Komanna load cuuteiBaer qBonvHbIe (hailiibl, colepKaiiie MaTPUIIb], CO3JaHHbIC B
MATLAB panee, uiau TeKCTOBBIC (paiiiibl, COAEPIKAIINE YUCICHHBIC JaHHBIE. TeKCcTo-
BbIe (hailsibl JOJDKHBI OBITH CPOPMUPOBAHBI B BHJIE MPSAMOYTOJIBHOM TaOIUIIBI YKCEl,
OTJICJICHHBIX MPOo0eiaMy, ¢ paBHBIM KOJIMYECTBOM AJIEMEHTOB B Kaxaoi crpoke. Ha-
npumep, coznaaum BHe MATLAB TekcToBoii (haiin, comepxaiuii 4 CTPOKH:

16.0 3.0 2.0 13.0
5.0 10.0 11.0 8.0

9.0 6.0 7.0 12.0
4.0 15.0 14.0 1.0

Coxpanum 310T (haiin mox umenem magik.dat Toraa komanga
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load magik.dat

NPOYUTACT ATOT (hailsl u co3act nepeMeHHyro magik comepxanryro Halry MaTpHILY.

M-daiiabi

Bb1 MOkeTe co31aBaTh CBOM COOCTBEHHBIC MATPHIIBI, UCTIONB3Ysl M-(aiibl, KOTOpBIE
MPEACTABIAIOT cO00M TekcToBbIe (aitibl, comepxamiue konx MATLAB. Ilpocto co3-
naiite Qaiin ¢ BbIpaKeHHEM, KOTOpOEe Bbl XOTHTE HAmMCcaTh B KOMAaHIHOW CTpOKE
MATLAB. CoxpaHuTe ero noj MMEeHeM, 3aKaHUYUBAIOIINUMCA Ha .M.

3ameuanue. Jlnsg BeI3oBa TekctoBoro peaakropa Ha PC umu Mac, Beibepute Open
win New u3 MeHro File mim Ha)kKMHUTE COOTBETCTBYIOIIYIO KHOINKY Ha MAHEINd MHCT-
pymenToB. J{ns obpamienust k TekctroBomy penakropy Ha UNIX ucnomnesyiite cumBoi
! cpa3y 3a KOMaH101, KOTOPYIO BBl UCIIOJIb3YETE B CTPOKE ONEPALIMOHHOMN CHCTEMBI.

Hampumep, coznaaum Qaiis, BKIIOYAONINN CISAYIONINE 5 CTPOK:

A=]..
160 30 20 130
50 100 110 80
90 60 7.0 120
40 150 140 10 |;

Coxpanum ero noj umerneM magik.m.Torna BeipaxkeHue
magik

npoyuTaeT (Haisl ¥ co3IacT MePEeMEHHYIO A, COJIEPIKAIIYI0 HCXOAHYIO MaTPHILY.

Oo0bequHeHne

OObennHEeHNE — TO MPOLECC COSAUHEHUS MaCHBKUX MATPHIl IS CO3daHMs 00Jb-
mux. GakTUYECKH, BBl CO3JAJIM Ballly MEPBYIO MaTpUIy 0ObeIUHEHUEM €€ OTAelb-
HBIX 37eMeHTOB. [lapa kBajpaTHBIX CKOOOK — 3TO omepaTop oObenuHeHus. Hampu-
Mep, HaYHeM ¢ MaTpullbl A (Maruueckoro kBajapara 4x4) u chopMupyem

B = [A A+32; A+48 A+16]
Pesynbratom Oyzaer matpuiia 8x8, noinydaemasi COeIMHEHHEM YEThIpEX MOAMATPUIL

B=
16 2 3 13 48 34 35 45
5 11 10 8 37 43 42 40
9 7 6 12 41 39 38 44
4 14 15 1 36 46 47 33
64 50 51 61 32 18 19 29
53 59 58 56 21 27 26 24
57 55 54 60 25 23 22 28
52 62 63 49 20 30 31 17
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DTO MaTpHIa JIMIIb HAIIOJIOBUHY SIBISETCS Marndeckoil. E€ anmemMeHTs! npeacTapisior
co00i KOMOMHALIMIO HENbIX Yhcen oT 1 10 64, a CyMMBI B CTOJIOI[AX TOYHO PAaBHBI
3HAYEHUIO JJIs1 Marn4ecKoro kpaapara 8x8.

sum(B)

ans =
260 260 260 260 260 260 260 260

OnHako, CyMMbI B CTpokax 3Toi marpuibl ( SUm(B')') He Bce onuuakoBsl. HeoOxo-
JTIUMO TIPOBECTH JTOTIOTHUTENBHBIC ONEPAIlUH, YTOOBI CACNIaTh ATy MATPHILY JEHCTBH-
TEJIbHO Marn4eCcK1uM KBaJpaTom 8x8§.

YnaneHue CTPOK U CTOJIOLOB
BbI MOkeTe yansaTh CTPOKH M CTOJOIBI MAaTPHIIBI, UCIIOJIB3YS MPOCTO Mapy KBaApar-
HBIX CKOOOK. PaccMoTpum

X=A;
Tenepb ynanum BTOpoii cToaden MaTpuist X.
X(,2) =1

Ora onepaius U3MEHUT X CIeIYIOUM 00pa3oM

X =
16 3 13
5 10 8
9 6 12
4 15 1

Ecnu BBl yfanseTe oMH 3J€MEHT MATPHIIbL, TO Pe3yibTaT yXke He OyaeT MaTpulei.
Tak BbIpaxeHue

X(1,2) =1l

PEe3yabTaTOM BBIUYMCIICHHUS BBIIACT OMUOKY. OHAKO UCTIONIb30BaHKUE OJJHOTO HHIEKCA
ylansieT OTAENbHBIA 3JIEMEHT WM IO0CJIEI0BATEIbHOCTh AJIEMEHTOB M Ipeodpasyer
OCTaBILUECS 3JIEMEHTHI B BEKTOP-CTPOKY. Tak

X(2:2:10) =]
BBLIACT pe3yJIbTaT

X =
16 9 3 6 13 12 1
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KomanaHoe okHO

Jlo cux mop, MbI UCTIIOJIL30BAIM TOJIBKO KOMaHHYI0 cTpoky MATLAB , medaras ko-
MaHJIbl U BBIPQKCHUS M HaOMIOasi pe3yabTaThl. B 3TOl riiaBe OmMCcaHO HECKOJIBKO
croco0OB M3MEHEHHS BHEIIHETO BUa KOMaHIHOTO OKHa. Ecim Bama crcrema mo3Bo-
JsIeT BaM BBIOMpATh MWIPUPT, TO MBI PEKOMEHIYEM HCIOJIb30BATh MPUPTHI C (PUKCH-
POBaHHOM MIUPUHOMN, Takue Kak Fixedsysumu Courier ais obecreueHus mpaBUiIbHO-
r'0 MEXCTPOYHOI'O HHTEPBAJIA.

Komanaga format

Komanma format ympasiser dwncieHHBIM (QOpMATOM 3HAYCHHH, BBIBOJUMBIX
MATLAB . Ota onepaiius BIUsSET TOJBKO Ha TO, KaK 4Kcia U300pakaroTcs Ha DKpaHe,
HO HE BIUSET Ha TO, KaK UX BeluMcisieT U coxpanser MATLAB . Huxe npencraBieHsl
pa3nuuHble GOPMATBI YUCEN, UCIOJIb3YEMbIE JUIsI OTOOPAKEHUSI BEKTOPA X C KOMIIO-
HEHTAMHU Pa3TUYHbIX BETUYMH.

X = [4/3 1.2345e-6]
format short
1.3333 0.0000
format short e
1.3333e+000 1.2345e-006
format short g
1.3333 1.2345e-006
format long
1.33333333333333 0.00000123450000
format long e
1.333333333333333e+000 1.234500000000000e-006
format long g
1.33333333333333 1.2345e-006
format bank
1.33 0.00

format rat

4/3 1/810045

format hex

3ff5555555555555 3eb4b6231abfd271
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Komananoe okHO

Ecnm camprii 00BIION 2JIEMEHT MaTPHUIIbI OOJIbIIE 103 wim camblii MaeHBKHI MEHB-
me 103, MATLAB npuMenser obmmii MaciuTabHe Kod(pQUIMenT uis (popmMaToB
shortu long.

B no6asnenue k komanaam format, paccMoTpeHHBIM BhIIIIE

format compact

yOHpaeT MHOTO MyCTHIX JHHUH, MOSBIISIOMIUXCS HAa BBIXOJC. DTO MO3BOJISET BaM BH-
nets Oospire MH(GOpPMAIMU Ha 3KpaHe. Eciam Bbl XOTUTE W3MEHUTH KOHTPOJb HaJ
(opMaToM BBIXOJHBIX JaHHBIX, HCIIOJIB3YiTe QyHKImu Sprintfu fprintf.

COKpameHne BBIXOJAHBIX JAaHHBIX

Ecnu BBl HaOepere BeipakeHue u HaxkMmere Return umu Enter, MATLAB aBromatu-
YEeCKHM BBIBEJET Pe3yibTaT HA 3KpaH. OJHAKO €ClIU B KOHIIE CTPOKHU BbI IIOCTABUTE
Touky c 3amsatoir, MATLAB mnpoBener BeIYHCICHHS, HO HE OTOOPA3UT UX. ITO YACTO
ObIBaeT HYXHO IpU co3aHuM OonbIux MaTpull. Hanpuwmep,

A = magic(100);

JIJII/IHHLIe KOMAaHAHBbIC CTPOKH

Ecnu BeIpa’keHre HE yMeNIaeTcs Ha OTHOM CTPOKE, UCIIOJIB3YUTE TPOETOUHE, a 38 HUM
Return umu Enter, nns o603HayeHHs TOTO, YTO BBIpaXXEHHE MPOJIOJDKAETCS Ha Cie-
nyrouien ctpoke. Hanpumep

s=1-1/2+1/3-1/4+1/5-1/6 + 1/7 ...
-1/8 + 1/9 — 1/10 + 1/11 — 1/12;

[Tpo6emnbl BOKPYT 3HAKOB =, +, - HE 0043aTEIbHBI, HO YAYUIIal0T YATAEMOCTh TEKCTA.

Pepakrop KOMaHIHOM CTPOKHU

Paznuunsie CTPCJIKM M YIIPABJIAKOIINC KJIABUIIW Ha Ballei KJIaBHaTypeC IO3BOJIAKOT
BaM BbI3bIBaTh, PCAAKTUPOBATE U MHOI'OKPATHO MCIIOJIB30BaTh KOMAaHEI, Ha6paHHHe
panee. Hammpumep, npeamoaokKuM, 4TO Bl JOITYCTUIIM OIIHUOKY MPU BBOJIE

rho = (1 + sqt(5))/2
Be1 ommmbnuce B Hanmcaruu SQrt MATLAB oTBeTuT Bam mpeaynpexaeHueM

Undefined function or variable 'sqt'.

Bmecto Toro, yTo0Obpl 3aHOBO HAOMPATh BCIO CTPOKY, MPOCTO HAXKMUTE KIABHUILY 1.
Torga Ha sxpane uzo0pa3utcs ommboyHas koManaa. Mcrnonb3yiTe KIaBully « s
MepeMeIeHUsl Kypcopa U BCTaBKH MPOMYIIEHHONW OykBHI I. [loBTOpHOE MCIONIB30Ba-
HUE KJIaBUIIU ! BBI3OBET MpeAblayniue cTpoku. Habepute HECKOIBKO CUMBOJIOB, U
TOI'/Ia KJIaBUIIA 1 HAaWJET NPEeabIAYyIIyI0 CTPOKY, KOTOPasi HAUMHAETCS C HUX.

CHucoK JOCTYNHBIX KJIaBHUII PEJAKTUPOBAHUS B KOMAHAHOH CTPOKE OTIMYAETCS Y
pa3HBIX KOMIBIOTEPOB. [losKciepuMeHTUPYITE, YTOOBI y3HATh, KaKHe M3 HUXKECIe-
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JQYIOLMX KJIaBHMII JOCTYNHBI Ha Bameidl Mammue. (MHorue m3 3TUX KiaBUII OynyT
3HAKOMBI NIOJIb30BaTessiM peaakropa EMACS.)

1 ctrl-p BbI30B npenpiaynieit CTpoku

! ctrl-n Bb130B nocnenyromei CTpoku

- ctrl-b JIBr>KeHHME Ha3a Ha OJUH CHMBOJI

- ctrl-f JIBryKeHUE BIIepe] Ha OJIUH CUMBOJT

ctrl- - ctrl-r JIBuKeHUE BIPABO HA OJTHO CIIOBO

ctrl- — ctrl- JIBuKeHUE BIIEBO HA OJTHO CIIOBO

home ctrl-a [Tepexo Ha HaYaIO CTPOKU

end ctrl-e [Tepexo Ha KOHEI] CTPOKH

esc ctrl-u OuncTKa CTPOKH

del ctrl-d VY nanenue CMMBOJIA 32 KYpCOPOM

backspace ctrl-h VY naneHue CMMBOJIA TIEpE KYPCOPOM
ctrl-k VY nanenue 10 KOHIA CTPOKH
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I'paduxa

MATLAB uMeeT mimpokre BO3MOXKHOCTH JJI rpaduuecKoro n300pakeHUsi BEKTOPOB
" MaTpull, a TaKXKXC IJId CO3JaHUd KOMMCHTAPHUECB U IICUATU I‘pa(bI/IKI/I. JTa 1J1aBa OIu-
CBIBaCT HECKOJIbKO HamOoJee BaKHBIX IpaduuecKkux (QYHKIHHA W JaeT MPUMEPHl HX
NMPpHUMCHCHH.

Coznanue rpaguxa

®ynkuus plot umeer paznuuHble POPMBI, CBS3aHHBIC C BXOJHBIMH IapaMeTpaMu, Ha-
npumep plot(y) co3maer KycouHO-TMHEHHBIN rpaduK 3aBUCUMOCTH 3JIEMEHTOB Y OT HX
uHeKcoB. Ecim BbI 3a7aeTe 1Ba BEKTOpa B KadecTBe apryMeHToB, plot(X,y)co3mact
rpaduK 3aBUCUMOCTH Y OT X.

Hanpumep, mis moctpoenus rpaduka 3HaueHUH GYHKINUU SiN OT HyIs 10 2TL crelna-
€M clIeayrolIee

t = 0:pi/100:2*pi;
y = sin(t);
plot(t,y)

Be3oB ¢yHkimu plot ¢ MHOTOYHCIEHHBIME TTapaMu X-Y CO3/1a€T MHOTOYMCIICHHBIC
rpadpuxu. MATLAB aBroMaTuuecku npucBauBaeT KaxJaoMy rpaduky cBoi LBeT (uc-
KJII0Yas Cllydau, KOTJla 3TO JIeNIaeT MOJb30BaTelNb), UTO MO3BOJISET pa3inyarh 3ajaH-
Hble HaOopbl JaHHBIX. Hampumep, cieayronye Tpu CTPOKH OTOOpakaroT rpadux
ONMU3KKUX (PYHKIUH, U KaXKI0 KPUBOW COOTBETCTBYET CBOM 1IBET:

y2 = sin(t-.25);

y3 = sin(t-.5);
plot(t, y, t, y2, t, y3)
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Bo3MoxHO n3MeHeHue OBCTA, CTUIIA JIMHUHN 1 MapKEpoOB, TAKUX KaK 3HAKU IIJIHOC HIIN
KPYXKH, CIeIYIOINUM 00pa3omM

plot(x, y, liser ctunp mapkep')

LBET CTWJIb Mapkep 3TO 1-, 2-, 3- cUMBOJIbHAs CTPOKa (3aKJIFOUEHHAsl B OJUHAPHBIC
KaBBI‘-IKI/I), COCTaBJICHHAA U3 THIIOB IIBCTA, CTHJIA JIMHUY 1 MapKCpOB:

» CuMmBoOITBL, OTHOCSIIME K 1BeTy: 'C', 'm','y','r",'qg" ,'b', 'wh 'k. Onu o603Ha-
YarOT TOJYyOOW, MAJTMHOBBIH, JKENTHINA, KPACHBIN, 3€TICHBIA, CHHUHN, OCTbI U YepHBIH
[IBETA COOTBETCTBEHHO.

e CUMBOJIBI, OTHOCSIIIMECS K TUITY JIUHUN: ' — ' Ui CIUIOIIHOM, ' — — ' sl pa3phiB-
HOH, ' ! ' I MYHKTUPHOMW, ' —. ' IS INTPUXIIYHKTUPHOM JIMHUKM U ' NONe ' €€ oT-
CYTCTBHUSL.

» Haubonee wacto BcTpevarommecst Mapkepsl '+ ', "o, " *'uw'x".

Hanpumep, BeipaxkeHue
plot(x,y,"y:+)

CTPOMT KENThIH MyHKTHPHBIA rpaduK U TOMEIaeT MapKepsl ' + ' B KaXIyI TOUKY
naHHBIX. Eciu B ompesensere TOIbKO THUIT MapKepa, HO HE ONPEAeNseTe TUI CTHIIS
nunuid, To MATLAB BBIBEIET TOJBKO MapKephI.

OxHa n3o0pakeHni

®ynknus plot aBToMaTH4YecKd OTKPHIBACT HOBOE OKHO M300pakeHUsl ([ajiee OKHO),
€CJIM JI0 3TOTO ero He ObLI0 Ha dKkpaHe. Eciu xe oHo cymiecTByert, To plot nucnons3yer
€Tro 110 YMOJ4YaHHUIO. ,):[J'IH OTKPLITUA HOBOT'O OKHa U BLI60pa €ro 1o ymMmOJ4aHur, Ha-
Oepute

figure

Jist TOrO, 4TOOBI ClIeNaTh CYIIECTBYIOMIEE OKHO TEKYILIUM -
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figure(n)

rae N —3TO HOMEP B 3ar0JIOBKE OKHA. B stom ClIy4dac pe3yjibTaThbl BCCX MOCICAYIOIINUX
KOMaH[J 6yI[yT BBIBOAUTHCA B OTO OKHO.

Jlo0aBJieHHe KPUBBIX HA CylIecTBYIOIMA rpaguk
Komanna hold no3Bosnsier 106aBisiTh KpuBbIe Ha cyniecTByonmi rpadguk. Koraa Bei
Habupaere

hold on

MATLAB He ctupaer cyuiecTByomuil rpaguk, a 700aBIseT B HErO HOBBIC JIAHHBIE,
W3MEHSISI OCH, €CITM 3TO HeoOxoaumo. Hampumep, crieayromuii 2IeMeHT Kojja BHavale
CO3/1a€T KOHTYPHbIE JMHUU (QYHKIMU pPeaks a 3aTeM HakjIaablBacT IMCEBIAOIBETHON
rpaduK TOH ke GyHKINU:

[X,y,z] = peaks;
contour(x,y,z,20,'k")
hold on
pcolor(x,y,z)
shading interp

Komanga hold on siBnsercst npuurnoii Toro, uto rpadux PCcolor KoMOHHHUPYETCS C
rpaduKoM CONtOUrB OJJTHOM OKHE

Hoarpaguxu
(DYHKI_II/IH SprlOt IIO3BOJISICT BBIBOAWTH MHOMXCCTBO Fpa(l)I/IKOB B OJHOM OKHEC HJIN
pacneyaTrbiBaTh X HA OAHOM JIMCTC 6yMaI‘I/I.

subplot(m,n,p)
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pa3duBaeT OKHO M300paXCHUH Ha MaTpUIly M Ha N moarpaduKoB U BHIOMpAET P-bId
noarpaduk tekynmM. ['padukn HymMepyrOTCs BAOJb MIEPBOTO B BEpXHEH CTPOKe, I10-
TOM BO BTOpOH U T.1. Hampumep, st Toro, 4roObl MpencTaBuTh rpaduyeckue JaH-
HBIE B YETBIPEX Pa3HBIX IMO00IACTIX OKHA HEOOXOIMMO BBIITOJIIHUTE CIIEyIOLICe:

t = 0:pi/10:2*pi;

[X,Y,Z] = cylinder(4*cos(t));
subplot(2,2,1)

mesh(X)

subplot(2,2,2); mesh(Y)
subplot(2,2,3); mesh(2)
subplot(2,2,4); mesh(X,Y,Z)

MHuMBbIe 1 KOMILJIEKCHbBIE JaHHbIE

Ecnu apryment ¢ynkimu plot KoMIieKCHOE YHCII0, TO MHUMAs 9aCcTh UTHOPUPYETCH,
32 UCKIIOYEHHEM ciydas, KOrja KOMIUIEKCHBIH apryMeHT oJuH. [[ns sToro creuu-
QIBHOTO CITy4yasi MPOMCXOJUT TOCTPOSHUE Trpaduka 3aBUCHMOCTH PEATbHON YacTH
aprymeHTa or MHUMOU. [ToaTomy

plot(Z2)

rac Z KOMILJIEKCHBIN BCKTOp WJIM MaTpula, 9KBUBAJICHTHO
plot(real(Z),imag(2))

Hanpuwmep,

t = 0:pi/10:2*pi;
plot(exp(i*t),-0")

O0TOOpa3HT JBAATUCTOPOHHUN MHOTOYTOJIbBHHK C MaJICHbKHMMH KPYXKKaMU Ha Bep-
IHMHAaX.
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Yunpasienue ocamMu

DyHKIHSA aXiSUMeeT HECKOJIbKO BO3MOYKHOCTEH JIJIsl HACTPOWKU MaciiTaba, OpHeHTa-
UM 1 Kod(puimenTa cxarusi.

O6bryH0 MATLAB HaxomuT MakcMMaabHOEC U MUHUMAIIBHOE 3HAYCHHE U BHIOMpAET
COOTBETCTBYIOIIHIA MacIITad ¥ MapKUTUPOBaHHUE ocell. DYHKIHs axXiS 3aMeHseT 3Ha-
YEHMsI 10 YMOJIYAHUIO IPEEIbHBIMU 3HAUEHU S, BBOJUMBIMU 10JIb30BATEIIEM.

axis( [xmin xmax ymin ymax] )

B ¢yHkuun axis MOKHO Take HCIOJIb30BaTh KIIOYEBBIC CIOBA IS YIIPABJICHUS
BHEIIHUM BUJ0M oceil. Hanpumep

axis square
co3maecT X u y ocHu paBHOﬁ JJIHNHBI, a
axis equal

CO3JIa€T OT/EJIbHBIC OTMETKH MPUPAIIEHUH I X ¥ Y oceil 0MMHAaKOBOW JMHBL. Tak
byHKIUS

plot(exp(i*t))

creayrolas 0o 3a axis squarenuoo 3a axis equakpespaiiiact oBaji B MpaBUIIbHBIH
KpPYT.

axis auto
BOSBp&H_IaeT 3HA4YCHU 110 YMOJ'I‘IaHI/IIO nu HepeXOI[I/IT B aBTOMaTI/I‘IeCKHﬁ pe)KI/IM.

axis on
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BKJTIOYAaeT 0003HAYCHHS OCEH M METKU TPOMEXYTOUHBIX JICIICHUH.

axis off

BBIKJIIOYAET 0003HAYEHUSI OCEM U METKU ITPOMEKYTOUHBIX JIEJICHUH.
grid off

BBIKJIIIOYACT CCTKY KOOPAHWHAT, a
grid on

BKJIIOYAaeT € 3aHOBO.

HO)IHI/ICI/I K 0CAM H 3ar0JI0BKH

dynkiuu xlabel ylabel zlabel no6asnsiror moamucu k COOTBETCTBYIOIIUM OCSM,
byukius title  100aBssieT 3aro0BOK B BEPXHIOK YacTh OKHA, a GpyHKIus text BcTas-
JISIET TeKCT B M00oe MecTo rpaduka. Mcnons3oBanue TEX npepcraBneHus O3BOJISET
MPUMEHSTh I'pedeckue OyKBbI, MaTEMaTHUYECKUE CHUMBOJBI U Pa3NUYHbIC HIPUQPTHI
Crnenyromuii npuMep 1eMOHCTPUPYET 3TY BO3ZMOKHOCTD.

t = -pi:pi/100:pi;

y = sin(t);

plot(t,y)

axis([-pi pi -1 1])

xlabel( ' -\pi \leg \itt \leq \pi )

ylabel( ' sin(t) )

title( ' T'padpmx dyHxUMM sin ' )

text(-1 , -1/3, ' \it{OrMeTrTe HeueTHy0 cuMMeTpMIO} ' )

Fpaduk dy HKLUKMK sin

0.8}

06}

0.4

0.2fF

sin(t)

Omme fmb me HedemHyw cumMmMmempurr

®ynkuuu mesh u surface

MATLAB ompenensier noBepxXHOCTh KaK Z KOOPAMHATHI TOYEK HAJ KOOPJIMHATHON
CETKOM IIOCKOCTH X-Y, UCHOJIb3Yysl MPSAMBIE TUHUM JJIs1 COEJUHEHUS COCEHUX TOYEK.
dynkun meshu surfaceorobpakaroT MOBEPXHOCTH B Tpex m3MepeHusx. [Ipu stom
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meshco3maer kapkacHyr0 MOBEPXHOCTb, TJIC [[BETHBIC JIMHUU COCIUHSIOT TOJIBKO 3a-
JIaHHBIC TOYKH, a (yHKIHUs SUrfaceemecre ¢ JIMHHUAME OTOOpaKaeT B IIBETEC U camMy
MOBEPXHOCTb.

Busyanuszauus GyHKIUA IByX NepeMeHHbIX

st otoOpaskeHus GyHKIUM IBYX MEepeMeHHbIX, Z = f (X,Y), co3natorcs matpuibl X u
Y, cocTosiue W3 MOBTOPSIONIMXCS CTPOK M CTOJIOIIOB COOTBETCTBEHHO, INEPEi HC-
MOJIb30BaHUEM (YHKIMHU. 3aT€M HCIOJB3YIOT 3TH MATPHIIBI JJISl BBIYMCICHUS U OTO-
Opaxenus ¢pynkuuu. Oynkims meshgridnpeodbpasyer 001acTh onpeneeHus, 3a1aH-
HYIO Yepe3 OJIMH BEKTOp WJIM JIBa BEKTOpa X U Y, B MaTpuisl X u Y IS NCHOJIB30Ba-
HUSI TIPH BBIYMCIIEHUH (PYHKINU OBYX MepeMeHHBIX. CTpokHu MaTpuisl X TyOIHpyOT
BEKTOP X, a CTOJIOIBI Y — BEKTOP Y.

Jyis BeIuuciieHus iByMepHOU (yHKImH SiNC, Sin(r)/r, B o6mactu X-Yy MoCTymaroT ciie-
IyIOIIKUM 00pa3zom

[X, Y] = meshgrid(-8:.5:8);
R = sqrt(X.A2+Y.~2)+eps;
Z =sin(R)./R;
mesh(X,Y,Z)

B sToM npumepe R — 310 paccosiHue OT Havana KOOPAHHAT, KOTOPOMY COOTBETCTBYET
1eHTp Marpuilsl. Jlob6aBnenue epsmno3Bomsier n3dbexars neonpenenennoctu 0/0 B Ha-
Yaje KOOpMHAT.

N3o0paxkenust
I[BYMepHBIe MaCCHUBBI MOI'YT 0T06pa}I(aTb KakK I/I306pa)KeHI/IH, A€ 2JIEMEHThI MaCCHUBa
ONPENENA0T UX IPKOCTH U 1BeT. Hanpumep

load durer
whos
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HoKaxeT, uto ¢aiin durer.mats gupekropur d€MOCOCTOUT M3 MATPHIBI PA3MEPOM
648 Ha 509 (Marpuibl X) U MaTpuilsl pazmepom 128 Ha 3 (MaTpuiikl map). DaeMeHThI
Matpuilsl X — 3T0 1enble yucna ot 1 g0 128, koTopsie cinykaT UHAMKATOPaMU B I[BET-
HOM OoToOpakeHnu, map. Cieayromnue CTpOKU

imag(X)
colormap(map)
axis image

BOCIIPOU3BOIAT TpaBiopy Jlropepa, Ioka3aHHYIO B Havalie 3TOM KHHUTH. Beicokoe pas-
pelIeHre Maru4eckoro KBajpara, HaXO/IsIIerocs B MpaBOM BEPXHEM YTIIY, JTOCTYITHO
B pyrom daiine. Habepure

load detail

U UCIOJB3YHTE CTPENKY 'BBEpX' Ha KIaBHAType Ul MIOBTOPHOIO 3alycKa KOMaH1 im-
age, colormapr axis

colormap(hot)

J00aBUT LBETOBYIO FaMMy JABaJLATOr0 BEKa HA IPaBIOPY LIECTHAALATOTO.

Heuyatb rpaguxu

Onmus Print B mento File u xomanma print meyarator rpapuxy MATLAB . MeHio
Print BbI3bIBaeT qHANTOroBOE OKHO, KOTOPOE MO3BOJISIET BBIOMPATh OOIIUE CTaHIAPT-
Hble BapuaHThl nedaTn. Komanaa print obecrieunBaet 0OJIbIITYI0 THOKOCTh IPH BHIBO-
Jie BBIXOAHBIX JaHHBIX U TO3BOJISIET KOHTPOJIMPOBATH MedaTh u3 M-daiinos. Pesyns-
TaT MOXeET OBITh MOCJIaH MPSIMO Ha MPUHTEP, BHIOPAHHBIA 1O YMOIYAHHIO, MU CO-
XpaHeH B 3aJaHHOM (aiiie. Bo3aMOkHO mmpokoe BapbrpoBaHKe (popmaTa BBIXOTHBIX
JTAaHHBIX, BKJIFOYas UCIOJIb30BaHue PostScript.

HaHpHMep, cdicayromasa KoMmaHaa COXpaHUT TCKYHIECC OKHO I/I306pa)KGHI/ISI KaK IIBCT-
Hoii PostScript Level 2 Encapsulatedaiine magicsquare.eps:

print —depsc2 magicsquare.eps

BaxxHO 3HaTh BO3MOXXKHOCTH Balllero NpPUHTEpA TEPE] HCIOJIb30BAHUEM KOMAaHJIbI
print. Hanpumep, ¢aiinsr Postscript Level 20p14H0 MeHbIle ¥ BOCIIPOU3BOISATCS Ha-
MHOro OwicTpee, yem Postscript Levell. Oxnako, He Bce Postscriptupunrtepsr moa-
nepxkuBaroT Level 2, Takum o0pa3oM BaM HE0OXOAMMO y3HATh, YTO MOXKET 0Opada-
ThIBaTh Baile ycTpoiicTBo BeiBojga. MATLAB wucnonssyer nuddepeHurpoBaHHbIN
MOJIXOJ TS BBIBOJIA TPAUKH U TEKCTa, IaXKe JJIsl Y4ePHO-0CIIbIX YCTPOUCTB.
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CnpaBKa U TEKYIasd 1OKYMCHTAIlUsA

EcTb HEcKOJIbKO CHOCOOOB MONYYUTHh TEKYLIYI0 JAOKYMEHTAIUIO IO (QYHKIUSAM
MATLAB.

» Komanma help

* OKHO CIIpaBKH

* MATLAB Help Desk

* TekyIue cipaBOYHbIE CTPAHUIIBI
e Css3s ¢ The MathWorks, Inc.

Komannaa help

Komanna help— 310 camblii 0CHOBHOI c110co0 Onpe/ieieH s CHHTAKCUCA H TIOBEICHUS
oTAenbHbIX (yHKuuid. MHpopManus oToOpaxkaercss mpsMo B KOMaHIHOM oOkHe. Ha-
npumep

help magic
BBIJACT

MAGIC Magic square.
MAGIC(N) is an N-by-N matrix constructed from the integers
1 through N~2 with equal row, column, and diagonal sums.
Produces valid magic squares for N = 1,3,4,5,...

3ameuanue MATLAB B Tekyiieil cipaBke UCHOJIb3YeT 3arjiaBHble OYKBBI 1l HyHK-
[IUH ¥ TIEPEMEHHBIX JIJIST TOTO, YTOOBI BBICTUTHh MX U3 Tekcra. OmaHako, mpu Habope
UMeH (QYHKIIMI BCErJa HCIOJIb3YHTE COOTBETCTBYIOIIME CTPOUHBbIE OYKBBI, TaK Kak
MATLAB 4yBCTBUTENCH K perucTpam, a Bce MMeHa (DYHKIIUH CTPOYHBIE.

Bce ¢pynkuun MATLAB opranu3oBaHbl B JIOTUYECKHE TPYIIBI U CTPYKTYpa AUPEK-
topuii MATLAB 06asupyercs Ha 3ToM rpynnupoBaHuu. Hampumep, Bce dyHKUIMU
JMHEHHOM anreOpbl HaxoITCs B aupekTopud Matfun YtoObl BeIBECTH MMEHA BCeX
(GyHKUIMH B 3TOM JUPEKTOPUM C KPATKUM OIMCaHHUEM, HaJlo HaOpaTh

help matfun
Matrix functions - numerical linear algebra.
Matrix analysis.

norm - Matrix or vector norm.
normest - Estimate the matrix 2-norm.

Komanna
help
HELP topics:
matlab\general - General purpose commands.
matlab\ops - Operators and special characters.
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OxHo cripaBKkH

Oxuo cnpaBku MATLAB mosBnsiercs Ha PC unu Mac mocne BwiOopa ommmu
Help Window B mento Help win HaxkaTieM KHOMKH BONPOCa Ha MaHEId HHCTPYMEH-
TOB. DTa K€ OIeparus MOKET OBITh BHIMOJIIHEHA TIPH HAOOpPE KOMaHIbI

helpwin
Jyist BBIBO/Ia OKHA CIIPABKH 10 OTJEIBHBIM pa3jienam, HabepuTe
helpwintopic

OKHO CrpaBKH MMPEIOCTABISIET BaM TaKylo ke HHpopMaluo, kak 1 komanaa help, Ho
OKOHHBII uHTep(elic obecrieunBaeT Oosnee yJOOHYIO CBA3b C JPYTMMH paslieiaMu
CIPaBKH.

Komanpaa lookfor

Komanna lookfor mo3Bossier vickate GpyHKIMHU 10 Kit0YeBOMY ciioBy. OHa mpocMmar-
pHBacT MEPBYIO CTPOKY TEKCTa CIpPaBKH, Ha3blBaeMyr cTpokod HI1, mms kaxmou
¢ynkuun MATLAB wu Bo3Bpamraer crpoku H1, comepskamue 3amaHHOE KIHOYEBOE
cinoBo. Hanpumep, MATLAB He umeer pynakuuu ¢ umenem inverse [lostomy oTBer
Ha 3a1poc

help inverse

Oyzner
inverse.m not found.

B T0 Bpems kak

lookfor inverse

HalZIeT MHOKECTBO COIIACOBAHHBIX OTBETOB. B 3aBMCHMMOCTH OT TOro, kakue tool-
boxesBbI ycTaHOBHMITH, BbI OJTYYHTE COOTBETCTBYIOMIHE 3amucu. Hampumep

INVHILB Inverse Hilbert matrix.
ACOS Inverse cosine.

ACOSH Inverse hyperbolic cosine.
ACOT Inverse cotangent.

ACOTH Inverse hyperbolic cotangent.
ACSC Inverse cosecant.

ACSCH Inverse hyperbolic cosecant.
ASEC Inverse secant.

ASECH Inverse hyperbolic secant.
ASIN Inverse sine.

ASINH Inverse hyperbolic sine.
ATAN Inverse tangent.

JNloGasnenue kmova —all B komanay lookfor, kak, nanmpumep,
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lookfor —all

MO3BOJIACT UCKATh KIIFOYCBOC CJIOBO BO BCEX 3aIllUCAX CIIPABKH, 4 HC TOJIBKO B CTPOKC
H1.

Help Desk

MATLAB Help Desk obecrieurBaeT HOCTYI K HIMPOKOMY IHANA30HY CHPABOYHOM
uHpopmanuu, xpaHsmeiics Ha aucke win Ha CD Bameii cuctemsl. bonbiias dacth
BakHOU jokyMeHTaruu ucrnonszyer HTML (HyperText Markup Languagepopmar
U JI0CTyIHA uepe3 Opay3epsl MuTepHer, Takue kak Netscapeiun Microsoft Explorer.
3anyctuts Help Deskmoxno Ha Pc unu Mac, Beiopas om0 Help Desk B meHio
Help niu, Ha Bcex KOMITBIOTEpax, MPOCTO HAOpPaB KOMaHIy

helpdesk

Bce oneparopst u ¢pynkunun MATLAB wuMeroT TeKyliue CIpaBOYHBIE CTPAHHIIBI B
dopmare HTML, x koTopsiM MOKHO 0OpatuThcs uepes Help Desk Dtu crpanmiibl
MPEOCTABIISAIOT OOJIbIIE AeTaNel U IPUMEPOB, YeM OOBIYHBIC 3aIMCH CIIpaBKU. Tak-
xe noctynuel HTML Bepcun u Ipyrux JOKyMEHTOB, BKJIIOYAsi 3TO CIPAaBOYHOE MOCO-
oue. CpencTBo MOUCKa, 3aMyIIICHHOS Ha Ballleil MalluHe, MOKET HAWTH BCE TEKYIIHE
CIIpaBOYHBIEC MaTEpUaIbL.

Komanpa doc

Ecnu BBl 3HaeTe MMsI KOHKPETHOM (YHKIIMHU, Bbl MOKETE 0OpaTUTbCs K €€ TeKyluen
CIIPaBOYHOM CTpaHULEe Hanpsamyro. Hanpumep, 11 1mojy4eHus: ClipaBOYHOM CTpaHU-
bl 1t pyHKiuu eval Habepure

doc eval

Komanma doc cama 3amyctut Baimn Web Gpaysep, eciiu oH eriie He ObuUT 3amyIneH pa-
Hee.

ITeuaTn TEKYIIUX CIIPaABOYHBIX CTPAHHUI

Bepcun TeKyIux CIpaBOYHBIX CTPAHUII, KAK M OOJBIIMHCTBO JOKYMEHTAIHH, TAKKE
noctynuo B ¢popmare PDF (Portable Document Formatpes Help Desk Dtu crpa-
HUIBI o0pabareiBatoTcs ¢ momompio Adobe's Acrobat readeOnun BocnpousBoasT
BHEIIHHUI BHJ] CTPAHUII MIOCIE MEYaTH, MOJHOCTHIO ¢ mpudTaMu, rpaduKoii, ¢ 3a1aH-
HBIM (OPMATOM U PHCYHKaMH. DTO JIyUIIUi CMOCOO MONYYHThH IMEYATHBIC KOMUH
CMIPaBOYHBIX MATEPHAIIOB.

Cesa3b ¢ MathWorks

Ecnu Bamr kommsrotep nogxitoueH B Murepuer, Help DeskobecnieunBaet Bam CBsI3b
¢ MathWorks— nomom MATLAB . Bbl MOXETE€ HCIOJIB30BaTh MICKTPOHHYIO MOYTY
JUIsL BOTIPOCOB, MPEIUIOKCHUI U COOOIICHHH O BO3MOXKHBIX OHIMOKax. Bwl mMoxere
TaKXke MCmoib3oBaTh Solution Search Enginga caiite MathWorks Weluis 3anpoca
B HOBEHIIYIO 0a3y TaHHBIX IO TEXHHYECKOW MOIICPIKKE.
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Cpena MATLAB

Cpena MATLAB Bxirodaer B ce0sl Kak COBOKYIHOCTh IEPEMEHHBIX, CO3/IaHHBIX 3a
BpeMs ceanca padotel MATLAB , Tak u HaGop ¢aiiinoB, coaepkamux MporpaMmbl 1
JTaHHbIE, KOTOPBIE MPOIOKAIOT CYIIECTBOBATh MEXKAY CEaHCaMH PabOTHI.

PabGo4ee npocrpancTso

Pabouee mpocTpaHCTBO — 3TO 00JacTh MaMSTH, JOCTYMHAs M3 KOMAaHTHOW CTPOKHU
MATLAB . JIee komanas, Whou WhoS mokassiBaroT Tekyiee copepskanue pabodero
npoctpancTBa. Komanma WhO BbllaeT KpaTKUil CIHCOK, a KoMaHaa WhoS pasmep u
UCTIOJB3YEMYIO MaMSITh.

Hike mpezcTaBieH BBIBOJ, OCYIICCTBJICHHBIH KoMaHmoi WhOS Ha pabouem mpo-
CTpaHCTBE, COACPIKAIIEM PE3YyIbTaThl U3 HEKOTOPHIX MPUMEPOB 3TOi KHUTH. OH TO-
Ka3bIBaeT pa3nuuus B cTpykType aAanHbix MATLAB . B kauecTBe ympakHeHUs MO-
npoOyiiTe HATH CETMEHT KO/a, KOTOPbIM COOTBETCTBYET Ka)XIOW M3 HUXKE IMPHUBE-
JICHHBIX TIEPEMEHHBIX.

whos

Name Size Bytes Class

A 4x4 128 double array
D 5x3 120 double array
M 10x1 3816 cell array

S 1x3 442 struct array
h 1x11 22 char array

n 1x1 8 double array
S 1x5 10 char array
v 2x5 20 char array

Grand total is 471 elements using 4566 bytes.

st ymanmeHust BCeX CYIIECTBYIONIMX IEPEMEHHBIX M3 paboyero MpOCTPaHCTBA
MATLAB , BBeaute

clear

Komanpna save
Komanna savecoxpanser conepxanue padbodero npoctpanctsa B MAT-daitne, koTo-
pBlii MOXeT ObITh HpouuTaH KoMmaH7oi load B mociemyromux ceaHcax pabOThI

MATLAB . Hanmpumep,
save Augustl7th
COXpaHSET CofepKaHue BCero pabouero mpocrpadcTsa B ¢aitre Augustl7th.matEc-

JI1 HYKHO, BBl MOKETE€ COXPAHUTh TOJBKO OIpPECIICHHbIC IEPEMEHHbBIC, YKa3bIBasi UX
MMeEHa 1ocje UMeHH ¢aiina.
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OOBIYHO, TIEpEeMEHHBIE COXPAHSIOTCS B JBOMYHOM (hopMmare, KOTOPBIA MOXKET ObITh
ovicTpo (1 TouHO) ipountad MATLAB . Eciu e BBl XOTUTE HUCIIONB30BaTh 3TH (aii-
nel BHe MATLAB , BBl MOXeTe yka3aTh Ipyroii opmar.

-asci Hcnonb3yer 8-3Ha4HbIH TEKCTOBOH (opmar.

-ascii -double Hcnonb3yet 16-3HauHbIIl TEKCTOBOW (OpMaT.
-ascii -double -tabs Pa3nenser snemenTs MaccuBa TaOysIIACH.

-v4 Coznaer daiin niast MATLAB 4.

-append JlobGaBnsier nanubie B cymecTByrommii MAT -daiin.

Korna BeI coxpansieTe cojiep:kanue pabodero mpocTpaHcTBa B TEKCTOBOM (haiisie, BB
JIOJIKHBI COXPaHATh TOJBKO OJHY MEPEMEHHYIO B JIaHHBIM MOMEHT. Ecnu BbI coxpa-
Hsere Oonee onHoi mepemenHoi, MATLAB co3gaer tekcToBoit (aiin, HO BBl HE
CMOJKETE 3arpy3uTh €ro o0paTHo.

MapupyT noucka

MATLAB wucnonp3yer MapuipyT HOHCKa, YIIOPSAOYCHHBIN CIHCOK JUPEKTOPHA, AJIs
TOTO, YTOOBI ONPENICTNTh KaK BBHITIOTHATH (YHKIIMH, KOTOpPHIC BBl BhI3biBacTe. Korma
BbI BbI3bIBaeTe cTaHmapTHyo ¢yHkiuio, MATLAB wucnonnser nepsbiii M-¢aiin Ha
CBOEM TyTH, KOTOPBI MMEET 3a/laHHOe UMs. BBl MOXKETe 3aMEHUTH MOBEJCHHUE HC-
MOJIb30BaHUEM CIICIUAIBHBIX TUPEKTOPUN U TTOTUPEKTOPHIA.

Komanna
path

TIOKa3bIBacT MapUIPYT MOMCKa Ha Bcex ruiardopmax. Ha Pcu Mac Beibepure ommuro
Set Pathus mento File mis npocmoTpa 1 n3MeHEHUs] MapuIpyTa.

Onepauyuu HaJX AMCKOBBIMH (pailjiamMu

Komanser dir, type, deleter cd ocymiecTBisitoT KOMIUIEKC TPYIIIOBBIX OTIEPAMOHHBIX
CHCTEMHBIX KOMAH[ JJIsi MaHUMyJsiuid Haj ¢aiinamu. HumkenpuseneHHas Tabiuia
MMOKAa3bIBACT, KaK 3T KOMAaHAbl COOTBCTCTBYIOT PA3JIMYHBIM OICPAIMOHHBIM CHUCTC-
MaMm.

MATLAB MS-DOS UNIX VAX/VMS

dir dir Is dir

type type cat type
delete del, erase rmm delete
cd chdir cd set defalt

Jlyist GONBIIMHCTBA U3 ATUX KOMAH]I BBl MOXKETE HCIIOIH30BATh MOJHBIC MTyTH, 1abo-
HBI U yKa3aTeJH JUCKOB B OOBIYHOM (popme.
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Komanpa diary

Komanpa diary co3naer nueBHuk ceanca MATLAB B muckoBoM (aiiie. Bol Mmoxere
IPOCMOTPETh U OTPEAAKTUPOBATh KOHEYHBIM TEKCTOBOHM (haity, mcmome3yst aro0oi
TEKCTOBOM mporieccop. s coznanus ¢aiina nog umenem diary, KOTOpPbI COACPIKUT
BCE KOMaH/Ibl, KOTOPBIC BBl MCIIOJIb3yETE, BKIIIOYAsi BBIBOJ HA Te4aTh (Kpome rpadu-
YEeCKOTr0 BBIBO/IA), BBEIUTE

diary

s coxpanenns ceanca MATLAB B (aiise ¢ onpeeieHHbIM HIMEHEM, HCTIOIb3YHTE
diary filename

[Tpu ocTaHOBKE 3amUCH ceaHca paboThl, HAOEpHUTe

diary off

3a11yc1c BHCIIHUX IIPpOrpamMmm

BocknunarensHbli 3HaK 03HayaeT Bbixo u3 oobonouku MATLAB . Own takxke o3Ha-
YaeT, YyTo Mocjeayromlas CTpoka BBoAa OyAeT KOMaHIOH K ONEepalMOHHON CHCTEMeE
(umm Finderuna Mac). DTo o4eHb MOJIe3HO ISl BBI30BA YTHIIUT WIIM 3aIycKa APYTHX
nporpamm 6e3 Bbixoqa u3 MATLAB . Ha VMS, nanpumep,

ledt magik.m

BBI30OBET pelakTop, HazpiBaeMblil edt s ¢aiina magik.m Koraa Bel BEIXOAHTE M3
BHEUIHEN NMporpamMmsbl, ONepallMoHHas cucTeMa Bo3Bpaiuaet ynpasienue MATLAB.
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ITogpoOHee 0 MaTpULIAX K MACCHUBAX

DTOT paszen pacCKaXKeT BaM OOJbIIe 0 paboTe ¢ MaTpUllaMU U MAaCCHUBaMH, yJIEIss
0co00e BHUMaHHE

» JluneiiHo# anreope
* MaccuBam
*  MHOTOMEpPHBIM JIaHHBIM

JIuneiiHas ajaredpa

TepMI/IHBI MaTrpuia 1 MaCCUB 4YaCTO HCIPABUJIBHO HUCIIOJB3YIOT KaK B3aNMMO3aMCHAC-
meie. bonee TOYHO, MaTpula — 9TO ,HBYMepHBIfI YHCIICHHBIN MacCCHuB, HCHOJ’IBSyeMHﬁ B
JUHEWHBIX MpeoOpa3zoBaHUAX. MaTeMaTHUECKUE ONepaliy, OINpeelieHHbIe Ha MaT-
pHIIax ABJSIOTCS 00BEKTOM JTMHEHHOM anreOphl.

Maruueckuii kBajpar [{ropepa

A=
16 3 2 13
5 10 11 8
9 6 7 12
4 15 14 1

UCTIONIL3YETCSI B HEKOTOPBIX MPUMEPAX, KOTOPHIE MO3BOJISIOT TTOYYBCTBOBAThH OTEepa-
uuu Haa matpuniamd B MATLAB . Bel yxe BUAenu omepanuio TPaHCIIOHHUPOBAHUS
Mmatpuibl, A'. JloGaBieHre MaTpUIbl K €€ TPAaHCTIOHUPOBAHHOMN JTa€T CUMMETPHUYHYIO
MaTpHIly.

A+A

ans =
32 8 11 17
8 20 17 23

11 17 14 26
17 23 26 2

CumBON yMHOXEHHUs, *, 0003Ha4YaeT MaTpUYHOE MPOU3BEJICHHUE, BKIIOYAIOIIEe BHYT-
pEHHEE TMPOM3BEACHUE MEXIY CTPOKAMHU M CTONOIAaMHU. Y MHOKEHHE MaTpHUIlbl Ha e
TPAHCHOHUPOBAHHYIO TAK)KE Aa€T CUMMETPUYHYIO MaTpHILy.

A*A

ans =
378 212 206 360
212 370 368 206

206 368 370 212
360 206 212 378

Onpexnenurens TOM YaCTHOM MaTpPUIIbl OKAa3bIBAETCS paBHBIM HYIIO, O3Hayasl, 4To 3Ta
MaTpHIia BJIAETCS CUHTYJISIPHOM.

d = det(A)
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d=
0

[IpuBeneHHas K CTpOKaM CTyrneH4Yatas (opMa MaTpHilbl A BBITJISAUT CICTYHOUHM
obpazom

R = rref(A)

R =
1 0 0 1
0 1 0 -3
0 0 1 3
0O 0 0 O

[TockonbKy 3amaHHas MaTpPHUIA SBIISETCS CUHTYISIPHOM, TO OHA HE MMeeT OOpaTHOM.
Ecnu BBl Bce-Taku monbITaeTech €€ ONpeneInuTh

X =inv(A)
TO IOJIYYUTE NPEAYIIPEKACHUE

Warning: Matrix is close to singular or badly scaled.
Results may be inaccurate. RCOND = 1.175530e-017.

OmunbKa OKpyTJIEHUs TPENSATCTBYET aJrOpuTMy OOpaIeHHst MaTPULIBI TIPH OTIpeiesie-
HHUM TOYHO# cuHTymsipHOcTH. Ho 3HaueHme rcond, KOTopoe yCTaHaBJIMBACT YCIOBUE
OLIEHKH 11 00paTHOW MaTpPHUIIbl, UMEET MOPSAIOK €PS OTHOCUTEILHONW TOYHOCTH YHC-
Ja ¢ TUIaBarollel TOUYKOM, HOTOMY BBIYMCIEHHE OOpaTHOM MaTpUIlbl HE OYeHb XKella-
TENBHO.

WHTepecHo HalTH cOOCTBEHHBIE 3HAUSHHSI MAarMYECKOT0 KBaj[paTa
e = eig(A)

e =
34.0000
8.0000
-0.0000
-8.0000

OnHO M3 COOCTBEHHBIX 3HAYEHUW PABHO HYIIIO, YTO SIBJIACTCS CIEIACTBUEM CHUHTYJIISIP-
Hoctu. Camoe Gonpiioe cOOCTBEHHOE 3HAYeHHE paBHO 34, Maruyeckoi cymme. IT0
MPOUCXOUT TIOTOMY, YTO BEKTOP, COCTOSIIIUNA U3 BCEX EIMHHII, SBIISIETCS COOCTBEH-
HBIM BEKTOPOM.

v =ones(4,1)

V=

e

A*v
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ans =
34
34
34
34

Korpa marnueckuii kBajgpaT U3MepsIeTCs €ro Marn4eCKou CyMmMoun
P=A/34

pe3yabTar OyAeT OMCTOXAaCTHYECKOW MAaTpHUIEH, Yy KOTOpOH CyMMBI B CTpOKax M
cTOJI011aX BCE paBHBI €AMHULIAM.
P=
0.4706 0.0882 0.0588 0.3824
0.1471 0.2941 0.3235 0.2353

0.2647 0.1765 0.2059 0.3529
0.1176 0.4412 0.4118 0.0294

Takue MaTpuibl MPEACTaBISIOT cO00M BEPOSTHOCTH Mepexona B MapKOBCKOM Ipo-
necce. [loBTopHbIe BO3BEIeHUSI MAaTPUIIbl B CTENIEHb SBISIOTCS MOBTOPHBIMU IIaraMu
B 3TOM Iporuecce. [[ist Hamero npumepa, nsATas CTerneHb

PS5
paBHa

ans =
0.2507 0.2495 0.2494 0.2504
0.2497 0.2501 0.2502 0.2500
0.2500 0.2498 0.2499 0.2503
0.2496 0.2506 0.2505 0.2493

W3 storo creayer, 4To eciu K ctpeMuTest K 66CKOHEUHOCTH, TOTa BCE DJIEMEHTHI B K-
O CTEIIEHHU, Fk, CTpEeMSTCS K Ya.

B 3aKJIFOYCHUEC, PaCCMOTPUM KOS(b(I)I/II_[I/IeHTBI XapaKTCPUCTHICCKOI'0O ITIOJIMHOMA

poly(A)

ans =
1.0e+003 *
0.0010 -0.0340 -0.0640 2.1760 0.0000

U3 gero CJICAYCT, YTO XapaKTepI/ICTI/I‘leCKI/Iﬁ IIOJIMHOM
det(AAl)

paBeH
A =343 - 642+ 2176\

KoHcTraHTa paBHa HyIIO, TaK Kak MaTpHUIla SBISETCS CUHTYJISPHOH, a KO UIIUEHT
MIpY TPEThEU cTeneHu paBeH 34, Tak Kak MaTpuila Maruyeckas!
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Maccussbl

Koraa MbI BEIXOAMM U3 MHpa TUHEWHOU anreOpbl, MaTPUIIBI CTAHOBATCS IBYMEPHBIMU
YHCIIEHHBIMA MacCHBaMH. ApH(METHYECKHE ONepaluy Ha MacCHUBax MPOU3BOIATCS
MO3JIEMEHTHO. DTO O3HAaYaeT, YTO CYMMHUPOBAHHE U BBIYUTAHUE SIBISIOTCS OJIMHAKO-
BBIMH OIEpalusMH Ui MaTPUIl ¥ MacCHBOB, a YMHOXXCHHE JJIsI HUX Pa3JIUYHO.
MATLAB wucnonb3yer TOUKy, UM IECATHUHYIO TOUKY, KaK YacThb 3alMCH JUIs orepa-
[IMM YMHOXEHUSI MAaCCHBOB.

Crmcok OIICpPaTopoOB BKIIKOYACT B cebs:

+ CyMMHpOBaHUE

- BBIUUTAHUE

X MMORJIEMEHTHOE YMHOXKEHUE

A MO3JICMEHTHOE JICIICHUE

A MMODJIEMEHTHOE JIEBOE JEIICHUE
N

MO3JIEMCHTHOC BO3BCACHUC B CTCIICHD
HCCOIIPAKCHHOC MATPUIHOC TPAHCIIOHUPOBAHHUC

Ecnu marnueckuii kBaapat [{ropepa yMHOXHUTH Ha ce0si MO MpaBUIaM YMHOKEHUS
MacCUBOB

AF*A

pe3ynbTaToM OyJIeT MacCHB, COJACpKAIIUN KBaJIpaThl IeNbIX yrcen oT 1 1o 16 B He-
OOBIYHOM TOPSIAKE
ans =
256 9 4 169
25 100 121 64
81 36 49 144
16 225 196 1

Omnepanuy HaJ MacCHBaMH TOJIE3HBI i co3nanus Tabmui. Ilycte N — 31O BEKTOp-
cToJI0eI]

n = (0:9);
Torma
pows = [n n.A 2 2.°n]
co3/iaeT TabIauIly KBaIpaTOB U CTETICHEH JTBOMKHU

pows =

©Coo~NOUTr~WNEFO
-
»
=
»
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DneMeHTapHbIe MaTeMaTHYeCKue (QYHKIMH paboTar0T ¢ MacCHBaMH IO3JIEMEHTHO.
Tax

format short g
X =(1:0.1:2)
logs = [x log10(x)]

cozzaet Tabauiy JorapudmMon

logs =

1 0

1.1 0.041393
1.2 0.079181
1.3 0.11394
1.4 0.14613
1.5 0.17609
1.6 0.20412
1.7 0.23045
1.8 0.25527
1.9 0.27875
2 0.30103

MHOFOMepHLIe JaHHbIE

MATLAB wucnonb3yer METOA OPUEHTAIMU CTOJIOLOB JJIi MHOTOMEPHBIX CTaTUCTHYE-
ckuX maHHbIX. Kakaplid ctonbenr B HaOope MaHHBIX NPENCTABISIET MEPEMEHHYI0, a
KaX/asi CTpPOKa — pe3ysbrarsl HabmoaeHuid. Takum o6paszom, anement (i,j) — 1o i-oe
HaOJII0IEHUE |-0i TepEMEHHOM.

B kauecTBe npumMepa paccMOTpUM HAOOp JaHHBIX C TPEMS MEPEMEHHBIMU

* Y4acTOTa CEpJCYHBIX COKpALICHUN
* BeC
* 4achl yNIPa)KHEHUH 32 HEZEIIIO

Jlnst mATH HAOMIOCHUHN, PE3YIbTHPYIOIINA MAaCCHB MOYKET BBITJISICTh CIICTYIONHM
obpazom

D=
72 134 3.2
81 201 35
69 156 7.1
82 148 2.4
75 170 1.2

[TepBasi cTpoKa COACPIKUT YACTOTY CEPACUHBIX COKPALICHHU, BEC U YaChl YIPaKHECHUH
JUTSI TIEPBOTO TIAITUEHTA, BTOPAsi CTPOKA COJICPIKUT aHAJIOTUYHBIC JTAHHBIC JIJIT BTOPOTO
u T.1. Bb1l Mmoxxere npumenuTs MHOTHE GyHKImu MATLAB nnsa ananu3a JaHHBIX K
sToMy Habopy wHpopmanuu. Hampumep, ans TOro, 4roObl TOMYyYUTH CpeaHEE U
CpEIHEKBAIPATHYHOE OTKJIOHECHHUE I KaXKI0Tr0 CTOJIOIA, HAI0

mu = mean(D), sigma = std(D)
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mu =
75.8 161.8 3.48
sigma =
5.6303 25.499 2.2107

Uto06s1 mocMoTpeTh ciucok Beex ¢yHkiuid MATLAB nnsa ananusa naHHbpIX, HaOepwH-
TS

help datafun
Ecnu Bam HyxHO y3HaTH 0 Statistics Toolboxeseure

help stats

CxansipHoe pacuiupeHue

Marpunpsl U cKamsipbl MOTYT KOMOMHHMPOBATHCS pa3iW4YHBIMH TyTsMU. Hampuwmep,
CKaJISIP BBIYMTAETCS U3 MAaTPULBI ITyTEM BBIYMTAHUSA U3 KAKAOro anieMeHTa. CpenHee
3HAYEHUE JIEMEHTOB I HAllIer0 Maru4eckoro KBajapara paBHo 8.5, H03TOMY

B=A-85

dbopMupyeT MaTpuIly, Y KOTOPO CYMMBI B CTOJIOIIAX PaBHBI HYIIIO

B=
7.5 -5.5 -6.5 4.5
-3.5 15 2.5 -0.5
0.5 -2.5 -1.5 3.5
-4.5 6.5 5.5 -7.5
sum(B)
ans =
0O 0 0 O

Ucnonb3ys ckanspaoe pacumpenue, MATLAB yka3biBaeT 3aaHHBIN CKaJsIp BCEM
WHJIeKcaM B 1uana3one. Hampumep,

B(1:2,2:3)=0

OOHYJSIeT YacTh MaTpullsl B

B=
7.5 0 0 4.5
-3.5 0 0 -0.5
0.5 -2.5 -1.5 35
-4.5 6.5 55 -7.5

Jlornyeckasi HHAeKCcAL U

Jlornyeckue BEKTOPa, CO3JIaHHBIEC U3 JIOTHYECKHX ONEPaTOPOB U OIEPaTOPOB CpPaBHE-
HUS, MOTYT OBITh MCIIOJIB30BAHbI JJISI CCHUIKM Ha moaMaccuBsl. [Ipeamonoxum, uro X
OOBIKHOBEHHAsl MaTpula 1 L Marpuma toro xe pa3mepa, HO coeprKanias JOrH4ecKrue
oneparun. Torma X(L) 3amaer anemenTsl X, B KOTOPBIX JIEMEHTHI L HEHyIeBbIe.
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DTOT BUI MHICKCAIUM MOXET OBITh OCYIIECTBJICH 3a OJMH IIar yKa3aHWEM JIOTHYe-
CKOH Oreparuy, Takoi Kak MHICKCAlus BbIpaxxeHHs. [1ycTb BBl HMeeTe CleIyIOIInii
Ha0Op JaHHBIX.

X =
21171615NaN19181551181422161.8

NaN — 370 MeTKa /sl HeIOCTAIOIEro HaOIIOICHNsI, KaK HalpuUMep OMIHOKa MpH OT-
BETE Ha BOIPOC aHKETHI. J[jist TOro, 9T00bl yOpaTh JaHHBIC C JIOTHYECKON MHICKCAIU-
eit, ucnoap3yiite finite(X), koTopast sIBISETCS UCTUHOM IS BCEX KOHCUHBIX YHCIICH-
HBIX 3HauYeHUH U 10610 it NaNwu Inf,

x = x(finite(x))

X =
2117161519181551181422161.8

Ceiiuac ocranachk ojHa HabOI01aeMas BeIudYrHa, 5.1, 3aMETHO OTJIMYAOIIAsICsa OT OC-
TaJBHBIX, — 3TO BeIOpOC. [locieayromnme neiHCcTBHS YCTPaHSIIOT BHIOPOCH], B JIAHHOM
cllyyae T€ 3JIEMCHTBI, /Ui KOTOPBIX CPEIHEKBAApaTHYHOE OTKIOHEHHE OoJiee, YeM B
TPH pa3a yKJIOHSIETCS OT CPEHETO.

X = X(abs(x-mean(x)) <= 3*std(x))

X =
21171615191815181.4221.61.8

B xaudecTtBe npyroro npuMmepa HauWJIeM MOJIOKEHHUE MPOCTHIX YUCEI B Maru4eCKoM
kBagpare J[ropepa, UCHOIB3ysl JOTHUECKOE MHACKCUPOBAHUE M CKAJIIPHOE pacllupe-
HUE, YTO OOHYJIUTDH BCE HE MPOCTHIE YHCIA.

A(~isprime(A))=0

A=
0 3 2 13
5 0 11 0
0 0 7 O
0 0 0 O
®yukuus find

®ynkius find onpemenser HHIEKCH MacCHBa JIEMEHTOB, C 3aJaHHBIMH JIOTHYECKAMH
ycnoBusiMu. B Hambosee nipoctoit ¢popme, find BozBpaiaet BEKTOP-CTOIOCI] HHICK-
coB. TpaHCIIOHUPYEM €T0 IS MOJTyYSHUsT BEKTOpa-cTpoku. Hampumep,

k = find(isprime(A))'

BBI6I/IpaeT MOJIOKCHUS, HCIIOJIb3YA OAHOMCPHOC HHIACKCUPOBAHUEC, IMPOCTBIX YUCEII
Marm4ycCKoro KBajpara

k =
2 5 9 10 11 13

[Tokaxkem 3T 4ncia, Kak BEKTOP-CTPOKY B MOPSIAKE OMpeieIeHHOM (yHKIUEH.
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AK)

ans =
5 3 2 11 7 13

Ecnu BbI ucnonps3yere K Kak WHIEKC C JICBOW CTOPOHBI B OMEPaTOpEe MPUCBAWBAHUS,
TO MaTPUYHAs CTPYKTYpPa COXPAHICTCS.

A(K) = NaN

A=
16 NaN NaN NaN
NaN 10 NaN 8
9 6 NaN 12
4 15 14 1

44



Yrnpasrienne NoTOKaMHu

YnpasiieHHe NOTOKAMHU
MATLAB wumeer nsth BUI0B CTPYKTYp YIIpaBJI€HUsI IOTOKaMMU:

* omneparop if

* omneparop Switch
* 1Kk for
ke While

» omeparop break

if

Omneparop if BBIYUCIACT JOrMYSCKOE BHIPAKEHHUE M BBIMOJHSIET TPYIIY ONEPaTOpOB,
eciM BbIpakeHHe MCTUHHO. Heobs3aTenbHble KitoueBbie ciioBa elseifu else cmyxar
JUTS BBITIOJIHEHUS allbTEPHATUBHBIX TPy oneparopo. KiodyeBoe cioBo end koto-
poe coryacyetes ¢ If, 3aBepiiaet MOCIEAHIO TPYIIYy orneparopoB. Takum oOpazom,
BCE TPYIIIBI OMEPATOPOB 3aKITIOYCHBI MEXK]TY YETBIPEX KIIFOUEBBIX CIIOB, 0€3 MCIOJIb-
30BaHUA (PUTYPHBIX HIJIK OOBIUHBIX CKOOOK.

Anroputm MATLAB a1 co3ianusi Maruueckoro KBajipara mopsjika n BKJIOYAeT TPU
Pa3HBIX CiIyYas : N HEYETHOE, N YETHOE, HO HE JICTUTCS Ha 4, U n YETHOE U JIETTUTCS Ha
4. Huxe npuBeeH npuMep COOTBETCTBYIOIIETO KOJA.

if rem(n,2) ~= 0

M = odd_magic(n)
elseif rem(n,4) ~=0

M = single_even_magic(n)
else

M = double_even_magic(n)
end

B aTOM mpumepe Tpu ciydasi SBISIOTCS B3aUMHO MCKITFOYAIONIMMHU, HO €CJIA OBl 3TO
OBLITO HE TaK, TO BBIMOJHSIOCH OB IEPBOE UCTHHHOE YCIOBHE.

BaxxHO MOHSTH, Kak ONeparop OTHOIICHUs M omepatop If paboTaroT ¢ MaTpuIlaMu.
Korna Bbl XOTHTE y3HATh, paBHBI JIM JBE MEPEMEHHBIC, HYKHO HCIOJIb30BaTh Clie-

JIYIOITYI0 KOHCTPYKITUIO
fA==B,...

910 npaBuwibHbIN Ko MATLAB 1 oH ocymiecTBasieT To, UTO BbI OKUJIAETE, €CIU A U

B sBastorces ckanspamu. Ho xorma A u B — marpuiiel, A == B He pabortaer, eciiu oHU

He paBHBI. PaBeHCTBO MaTpuil 03HAYaeT MOAJIEMEHTHOE PaBeHCTBO. DaKkTUUECKH, ec-
mu A u B umeror paznuunsie pazmepsl, MATLAB Boigact ommuoky.

[TpaBuibHBIN c1OCOO OMpEACTICHUS] PABCHCTBA MEKAY JBYMS MEPEMEHHBIMH — 3TO
ucnosb3oBanue GpyHkiuu isequal

if isequal(A,B), . . .
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Jlayiee mpuBeIcH APYTroil MpUMeEp, KOTOPBIM UcclieayeT 3ToT Bomnpoc. Eciu A u B sB-
JSIOTCS CKAISIpaMU, TO HIDKEIPUBEJICHHAS MpOrpaMMma HUKOT/Ia He MPHUBEAET K He-
OXKHUJIaHHOW cutyanud. Ho ast OONBIIMHCTBA Map MCIOIB3YEMbIX MATPHII, BKIFOYAs
HAIlli Maru4ecKue KBaJpaThl C MEPECTaBICHHBIMU CTOJIOIIAMH, HA OJHO U3 yCIOBUI
A > B, A < Bumu A ==B He ABII€TCS UCTUHHBIM IS BCEX JIEMEHTOB U TOATOMY
BBIMOJIHACTCS CiTydaii else

ifA>B
' greater '
elseif A<B
"less'
elseif A ==
"equal '
else
error ( 'HenpenBuacHHas cuTyanus ')
end

HexoTtopbie GyHKIIMH MOTYT OBITH MOJIE3HBI IS MATPUYHOTO CPABHEHHUS TIPU UCTIONb-
30BaHHH C oriepatopoM if, Hapumep

isequal
isempty
all

any

switch u case

Omneparop SWitChBeImosHsICT TpyIITy OnepaTopoB, 0a3UPysCh HAa 3HAUYCHUH TTIEPEMECH-
HOW wiM BeIpaxkeHus. KiroueBble cioBa caseu OtherwisepasnensioT 3T TPYIIIIbL.
BEIMoHSETCS TONBKO MEPBBI COOTBETCTBYIOIMUN citydail. HeoOXoaumMo HCImoIb30-
BaTh end g corsacoBanus ¢ switch

Jlornka anropuTMa MarM4ecKux KBaJpaToB MOXKET OBITH ONKCaHa Ha CIEIyIOLIeM
npumepe

switch (rem(n,4)==0) + (rem(n,2)==0)
case 0
M = odd_magic(n)
casel
M = single_even_magic(n)
case 2
M = double_even_magic(n)
otherwise
error( '31o HEeBO3MOXHO ')
end

3ameuanue s nporpammuctoB Cu. B oriawmuune ot s3eika Cu, omepatop switch B
MATLAB ne "npoBanusaercs". Ecnu nepBblil ciyyail sIBISI€TCSI UICTUHHBIM, JApYyTUe
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Cllydad HE BBITONHAIOTCS. TakuM 00pa3oM, HET HEOOXOAMMOCTH B HCIOJIb30BAHUU
omeparopa break.

for
[ux for moBTopsieT rpyImmy onepaTopoB GUKCHPOBAHHOE, MPEAOIPEACICHHOS YUCIIO
pa3. KirtoueBoe ciioBo endouepurBact Teo MUKJIa.

forn=3:32
r(n) = rank(magic(n));
end

r

Touka ¢ 3anmaToil mocje BhIpaXKEHHUS B TeJle LMKJIA NMPEAOTBpAIlaeT MOBTOPEHHUS BbI-
BOJIa pE3yJbTATOB HA KPaH, a I OCJIe IUKJIa BBIBOJIUT OKOHYATEIbHBIA PE3YIIbTAT.

XOpOIIII/IM CTWJICM SABJIAIOTCS OTCTYIBI IPHU UCIOJIB30BAHUN HUKJIOB JJIA qumeﬁ Uun-
TaCMOCTH, OCO6€HHO, KOoraa OHHM BJIOKCHHBIC.

fori=1:m
forj=1:n
H(i.j) = 1/(i+));
end
end

while

[uxn while mosTopsieT rpymmy onepaTopoB ONpeaeieHHOe YUCIO0 pa3, MOKa BBIMOJ-
HseTCs JJorndeckoe ycinoBue. KiroueBoe cioBo €ndouepurBaeT UCIONIb3yeMbIE OIle-
paTopBHlL.

Hwwke mnpuBeneHa mosiHas MpOrpamMma, WLIFOCTPHUPYIOIAs paboTy oOmepaTopoB
while, if, elseun end xotopas ucmob3yeT METO JAeIeHHs OTPE3Ka TOMmoJjaM i Ha-
XOXKJICHUS HYJICH TIOJIMHOMA.

a=0; fa=-Inf;

b =3; fb = Inf;
while b-a > eps*b
X = (a+b)/2;
fx = x"\3-2*x-5;
if sign(fx) == sign(fa)
a =x; fa = fx;
else
b = x; fb = fx;
end
end

X

Pesynbrarom Oyier KOpeHb MOJIMHOMA x3-2x-5

X =
2.09455148154233
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Jlnst omeparopa While BepHBbI Te e mperocTepeKeHHss OTHOCHTEIBHO MAaTPUYHOTO
CpaBHEHWUsI, YTO ¥ IS oriepaTopa if, KoTopbie 00CyKAaTICh paHee.

break
Omneparop break mossosster 70CcpodHO BBHIXOANUTH U3 1HKIOB for mam while. Bo Bio-
JKEHHBIX ITUKJIaX breakocyiecTsiisieT BBIXO/] TOJBKO U3 CAMOT0 BHYTPEHHETO [IUKJIA.

Hwmxe npeacrasiieH yaydlIeHHBIN BapuaHT Mpeaslayero npuMepa. [louemy uenoss-
30BaHKe oneparopa breaks nanHom ciydae BbIrogHO?

a =0; fa = -Inf;
b =3; fb = Inf;
while b-a > eps*b
X = (a+b)/2;
fx = x"\3-2*x-5;
if fx ==
break
elseif sign(fx) == sign(fa)
a = x; fa = fx;
else
b =x; fb = fx;
end
end
X
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JIpyrue cTpyKTypbI JaHHBIX

OTOT pa3zien MO3HAKOMHUT Bac C HEKOTOPBIMM CTpyKTypamu AaHHbIX B MATLAB,
BKJIIOYast

*  MHoOromepHbIe MacCHUBBI
e MaccuBBI TYEEK
e CHUMBOJIBI U TEKCT

*  CTpyKTYypBl

MHOFOMeprle MaCCHUBBI

Muoromepnsie MmaccuBbl B MATLAB - 310 MaccuBbl 6osiee ueM ¢ IByMsI HHICKCAMHU.
OHHu MOryT OBITH CO3/1aHbI BbI30BOM (GyHKIMH zeros ones rand wium randn ¢ Gonee
4yeM IByMs aprymeHtamu. Hanpumep

R =randn(3,4,5)

cozmaer 3x4x5 maccuB ¢ 3*4*5=60 HOpManbHO paCHpPECICHHBIMH CIyYailHBIMH
HIICMEHTAMH.

TpexmepHble MacCHBBI MOTYT MPEJICTABIATh TPEXMEPHbIC (DU3MUYECKUE JaHHBIC, Ha-
npuMep, TEMIIEPaTypy B KOMHaTe. Pe3ynbrar npeacraBiseTcs mociaej0BaTeIbHOCTRIO
Marpul, A" unm 3aBHcseit ot BpeMenn matpuieil A(t). B aTux ciydasx, sj1eMeHT
(1)) k-o¥i marpurs! win ty-oit o6o3nauaetcs A(l,),K).

Bepcun marnueckoro kBaapata MATLAB u /Tropepa oTnngaroTcst nepecTaBiIeHHBIMU
croibuamu. OnepaTop

p = perms(1:4);

renepupyert 4! = 24 nepectaHoBku 4yncen oT 1 10 4. k-as nepectaHOBKa — 3TO BEKTOP-
ctpoka, P(K,:). Torma

A = magic(4);

M = zeros(4,4,24);

fork =1:24

M(,:.K) = AG,p(k.2);
end

XPaHUT MOCIEI0BATENBHOCTh 24 Maru4eckux KBaJpaToB B TpeXMepHOM maccuse M.
Pasmep M paBen

size(M)

ans =
4 4 24

Oka3sbiBaeTcs, 4yTo 22-asg MaTpUIla B 3TOM MOCIEA0BAaTEIbHOCTH — MaTpuiia Jropepa:

M(:,:,22)
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ans =
16 3 2 13
5 10 11 8
9 6 7 12
4 15 14 1
OyHKIUA
sum(M,d)

BBIYUCISICT CyMMBI, u3MeHsist naaekc d. Tak
sum(M,1)
- 310 1x4%24 MaccuB, cofepkaliuil 24 KOuu BEKTOpa-CTPOKU

34 34 34 34
A
sum(M,2)
SIBJISICTCSI MaCCUBOM 4x 1x24, conepxkammmM 24 KOUU BEKTOpa-CToJI011a

34
34
34
34

U waxonern,
S =sum(M,3)

no0aBnsieT 24 marpuibl B IOCIENOBaTENIbHOCTb. Pe3ynpTaT MMEET pa3MepHOCTh
4x4x1, mO3TOMY OH BBIIJISIAUT Kak MaccuB 4x4,

S =
204 204 204 204
204 204 204 204
204 204 204 204
204 204 204 204

MaccuBsbl 14eex

Maccussl siueek B MATLAB — 3T0 MHOrOMEpHBIE MacCHBBI, JIEMEHTBI KOTOPBIX SIB-
JSIFOTCSL KOTIUSMHU JIPYTUX MAacCHBOB. MacCHB slY€EK IMYCTBIX MAaTPHUI] MOXET OBITh
co3nan ¢ ucnosb3oBanueM ¢yukimu cell. Ho 6osee yacTto oHM CO3at0TCs yTEM 3a-
KIIIOYEHHUSI pa3HOOOpa3HOW TpymIbl OOBEKTOB B Kpyrible CKOOKH. Kpyribie ckoOKu
TaK)Xe MCIONB3YIOTCS C UHJEKCAMU JIJIS TTOJIYYEeHUs JOCTYIa K COACPKAHUIO pa3iny-
HbIX siueek. Hampumep,

C ={ A sum(A) prod(prod(A)) }

JlaeT MacCuB siueek 1x3. DTH TpH KICTKH COJCPIKAT: MarMYeCKUi KBajpar, BEKTOP-
CTPOKY C CyMMaMH B CTOJIOIaX U MPOU3BEACHHUE €ro dieMeHToB. Eciu oToopasuts C
Ha YKpaHe, TO Bbl YBUIUTE CIICAYIONICE
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C=
[4x4 double] [1x4 double] [2.0923e+013]

3TO HpOI/ICXOZ[I/IT HOTOMy, qTo HepBBIe JBC quﬁKH CJIIMIIKOM 6OJIBIHI/I€ IJIs1 BBIBOJIA B
STOM OTPAaHMYCHHOM IPOCTPAHCTBE, a TPEThs AUYCHKA COACPIKHUT TOJBKO OTICIBHOE
yncio, 16!, u 11 Hero ectb He00XouMas 00J1aCTh BLIBOA.

OueHb Ba)XHO 3aIIOMHUTH JIBa BaKHBIX MOMeHTa. llepBoe, 1 mosyueHus: coaepika-
HUS OJTHOH SIYCHKH, UCIONB3YHTE HHIIEKC B KPYyribiXx ckoOkax. Hanpumep, C{1} Bo3-
Bpalaet mMarmdeckuii kBaapar, a C{3} — 16!. Bropoe, MaccuBbI siueek coaepKar Ko-
UM APYTUX MAacCUBOB, a HE WX ykaszarenu. [loaTomy, ecinm Bbl BHOCIEACTBUM H3Me-
HuTe MaTpuiy A, ¢ C HIYero He MpoU30MIeT.

TpexmepHble MaCCUBBI MOTYT OBITh MCIIOJIb30BaHBI JUISI XPAaHEHUS MOCIIEI0BATEIbHO-
CTH MaTpHIl OJMHAKOBOTO pa3Mepa. A MacCHBBI SYEEK MOT'YT IPUMEHATHCSA AJI Xpa-
HEHHs I10CJIEN0BATEIBHOCTH MaTPUL pa3IMYHOro pasmepa. Hanpumep,

M = cells(8,1);
forn =1:8
M{n} = magic(n);
end
M

CO34acT MOCJICAOBATCIIBHOCTL MArM4CCKHUX KBAaAPAaTOB B OHpGI[CJICHHOfI nocicaoBa-
TCIBHOCTHU

M =

[ 1]

[2x2 double]
[3x3 double]
[4x4 double]
[5x5 double]
[6x6 double]
[7x7 double]
[8x8 double]

BbI MOkeTe HalTH HalIero CTaporo JApyra, IpocTo HabpaB
M{4}

CHuMBOJIBI U TEKCT

Beeaute rexct B MATLAB , ncrionb3ys oguHapHbIe KaBbIuKd. Hampumep,
s = 'Hello'

Pe3ynpraTom He OyaeT SBIATHCS YHCIEHHAs MaTPUIA UM MAaCCHB, KOTOPBIE MBI pac-
CMaTpHBaJM paHee. ITO OyAeT CUMBOJIBbHBIM MaccuB 1x5.

BHyTpeHHe, CHMBOJIBI XPaHATCS KaK YUCIa, HO HE B popMare ¢ IUIABAIONICH TOYKOM.
Omneparop

a = double(s)
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peoOpa3yeT MacCUB CHMBOJIOB B YHCIIOBYIO MATPHILY, COACPKAIIYIO IMPEIACTABICHUE
¢ maBaroteit Toukoir ASCII kona mist kaxxaoro cuMBosia. Pesyiabrarom Oyner

a=
72 101 108 108 111

A BbIpakeHue
s = char(a)
OCYIIECTBISIET 0OpaTHOE MpeBpaIleHHE.

[TpeoOpa3oBanue Yucel B CUMBOJBI JENACT BO3MOXKHBIM MPUCYTCTBHE Pa3THYHBIX
mpudroB Ha BameMm kommbiotepe. [ledataembie cumBosel B ASCII xone npeacTas-
JA0TCA 1enabIMu uucnaMu ot 32 no 127. (Llensle uncna mensbiie 32 mpencTaBisioT
HereyaTaeMble CUMBOJIBL.) DTH 4MCia PACHOJOXKEHBI B COOTBETCTBYIOIIEM MAaCCHUBE
6x16

F = reshape(32:127,16,6)";

[Tewaraembie cumBoutbl B pacmupennoM ASCII nadope npencrasnens F+128 Korna
9TH YHUCJIa UHTEPIPETUPYIOTCS KaK CHMBOJIBI, PE3YJIbTAT 3aBUCHUT OT TOTO, KaKOH
mpudT B JAaHHBII MOMEHT HCIIONb3yeTcsi. Habepute cienyromee

char(F)
char(F+128)

Y TIOTOM mou3MeHsnTe mpudTel B komanaHom okHe MATLAB . Hmwke npencraBieH
OJIMH M3 IPUMEPOB TOTO, YTO MOXKET MOIYUUTHCS.

ans =

"#$%&'()*+,-./
0123456789:;<=>?
@ABCDEFGHIJKLMNO
PQRSTUVWXYZN\N
“abcdefghijklmno
pgrstuvwxyz{|}~*
ans =

V3JuT | §E0c«—-®1
°+Tirnf éNee»jSsi
ABBIJIEXX3UMKJIMHOIT
PCTYOXIUIIIBbIE3HOA
a0BrICK3UHKIMHOT
PCTYOXUMIIIIBBIBIIOS

CoenvHEHNE KBAJIPATHBIMU CKOOKaMHM KOHKATECHHPYET TEKCTOBBIC IMEPEMEHHBIC BMe-
cTe B OOJIBIITYIO CTPOKY.

h =s, 'world
00BEIUHSAET CTPOKH IO TOPU3OHTAIIU U JACT

h=
Hello world
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Omnepatop
v =s; 'world
O0BETMHSIET CTPOKH BEPTHKAID, YTO IPUBOTUT K

V =
Hello
world

3ameThTe, YTO Hepe]] CHMBOJIIOM W B IIepeMeHHON N He0OX0AMMO MOCTaBUTH Mpobed,
a 00a croBa B IEPEMEHHOM V OJDKHBI OBITh PaBHOM IJIHMHBIL. PesynpTupyromue mac-

CHBBI SBJISIIOTCS CHOBA MacCHBaMHU CHMBOJIOB: repeMenHas h — x11, a mepemenHas vV
—2x5.

Ectb nBa crioco6a, 9To0Bl yrpaBiaTh TPYIION TEKCTa, COAEpkKAIei CTPOKU pa3HOM
JUTMHBI: (POPMUPOBATH 3AMOJHEHHBI MAacCHB CHMBOJIOB WM KIIETOYHBIM MaccuB
crpok. @ynknus char npuHuMaer 1r000e YUCIIO CTPOK, A00aBIsSET MPOOEIbI B Kaxk-
Y10 CTPOKY, 4TOOBI BCe OHU OBLIM PaBHOW JUIMHBI, U (OPMUPYET MACCUB CTPOK C
CHMMBOJIBHOM CTPOKOM B Kaxa0i cTpoke. Hampumep,

S =char('A', 'rolling', 'stone', 'gathers' , 'momentum.")
BBIJAET

S =

A

rolling
stone
gathers
momentum.

[IpucyTcTBYyeT HOCTaTOYHOE KOJIMYECTBO MPOOEIIOB B TMEPBBIX YETHIPEX CTPOKAX, YTO-
ObI BCE CTPOKHM OBLIM paBHOM UIMHBL. J[pyroit cnoco0d — 3TO COXpaHUTh TEKCT B Mac-
CHBE STYCCK.

C ={A"; 'rolling' ; 'stone’ ; 'gathers’ ; 'momentum.’ }
Oyznet MaccuB siaeek 1x5

C=
Al
rolling’
'stone’
‘gathers’
'momentum.’

Bbl MokeTe mpeoOpa3oBaTh 3alOTHEHHBIH CHMBOJIBHBIH MAacCHB B MAcCHB SYECK U3
CTPOK CJICTYIOIIUM 00pa3zom

C = cellstr(S)
ObpaTHoe IpeoOpazoBaHue

S = char(C)
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CTpyKTYpHI
Ctpyktypsl — 310 MHOroMepHbIe MaccuBbl MATLAB ¢ anemenTamu, J0CTym K KOTO-
pBIM OCylIecTBIseTCs yepe3 nosst. Hampumep,

S.name = 'Ed Plum’;
S.score = 83;
S.grade = 'B+/;

CO3/1a€T CKAJSIPHYIO CTPYKTYPY C TPEMsI MOISIMU

S =
name: 'Ed Plum'
score: 83
grade: 'B+'

Kak u Bcé€ B MATLAB , cTpyKTyphl SIBISIIOTCS MAacCUBaMU, MIOATOMY Bbl MOKETE J10-
0aBIIATH B HUX 3JIEMEHTBI. B 3TOM ciTydae Ka)Iblil 2JIEeMEHT MacCUBA SIBJISETCS CTPYK-
TYpOU C HECKOJIbKMMHU TOJISIMH. [107151 MOTYT 100aBIISATHCS TUOO 110 OJHOMY

S(2).name = 'Toni Miller';
S(2).score = 91;
S(2).grade ='A-";

JI0O0 ITOJIHOCTHIO

S(3) = struct( 'name’, ‘Jerry Garcia, . . .
'score', 70, 'grade’, 'C")

Ceituac CcTpyKTypa cTajla JAOCTaTOYHOW OOJBINOH, MO3TOMY IeyaTaeTcs JHIIb €€
CBOJIKA.

S=

1x3 struct array with fields:
name
score
grade

EcTh HECKONBKO CIIOCOO0OB MEPETPAHCIUPOBATH PA3IMYHBIC MOJIS B IPYTHE MAaCCHUBHI
MATLAB . Bce onu 0a3upyroTcst Ha 3alIUCH CIIHUCKA, pa3eleHHoro 3anateiMu. Ecnu
BEI Ha0OepeTe

S.score
- 3TO Oy/IeT paBHOCUIIBHO CIIEAYIOIIEMY

S(1).score, S(2).score, S(3).score
OTO U eCTh CIUCOK, pa3/IeiCHHBIN 3anaTeiMu. [IpaBaa, 63 Apyroi MyHKTyaluu OH HE
OYeHb I0JIe3eH. B 3Toi cTpoke mpoucxoAUT MpUCBaMBaHUE TPEX CUETOB (SCOIQ me-

PEMEHHOM 10 YMOJIYaHUIO aNSH BBIBOJ PE3yJIbTaTOB Ka)XaA0ro npucsausanus. Ho ec-
JIM BB BKJIFOUAETE BBIPAXKEHUE K KBaJIpaTHbIE CKOOKH,
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[S.score]

TO K€ cCaMO€, 4TO
[S(1).score, S(2).score, S(3).score]
pe3ysbTaToM OyIeT YHCICHHBINA BEKTOP-CTPOKA, COAEPIKaInil Bce cyera (SCOore)

ans =
83 91 70

AmnHanoruyto,
S.name

IIPOCTO IpHCBaMBaeT UMEHa (NAMe$, o oxHOMY, nepeMeHHoW ans OaHaKo, 3aKIko-
YEeHHUE 3TOT0 BBIPAXKEHUS B KPYIJIble CKOOKH

{S.name}
CO3/1aeT MacCHB stueek 1x3, comepskariuii Tpu ©MeHH (Names)

ans =
'Ed Plum' 'Toni Miller 'Jerry Garcia'

N bynkmus
char(S.name)

C TpEeM: apryMEeHTaMHM CO34acT MAaCCUB CUMBOJIOB M3 MOJIA Name.

ans =
Ed Plum
Toni Miller
Jerry Garcia
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Cuenapum u pyHK1HH

MATLAB — 3T0 MOIIHBIHA S3BIK NMPOTPAMMHPOBAHUS, TAKXKE KaK M MHTEPAKTHBHAS
BBIYMCIIUTENbHAS cpena. Daiibl, KoTopble coaepkaT ko Ha s3bike MATLAB, Hazbl-
Batotrcs M-daitnamu. Bel co3maere M-(aiiibl, HCIIONB3ysI TEKCTOBOM peIakTop, a 3a-
TEM HUCIOJb3YyeTe UX Kak Jro0yro pyHkuuto umu komanny MATLAB.

CymectByeT 1Ba Buga M-¢aiinos

* CueHapuu, KOTOpbIe HE UMEIOT BXOJHBIX M BBIXOJIHBIX aprymMeHToB. OHH ore-
PHUPYIOT C TaHHBIMU U3 pab0OYero npocTpaHCTBa.

* @yHKIUHU, KOTOPbIE UMEIOT BXOJHBIE U BBIXOJHbIE apryMeHTsl. OHU onepupy-
IOT C JIOKAJIbHBIMU N1€PEMEHHBIMHU.

Ecnu BBl siBnsieTech HoBHukoM B MATLAB mporpammupoBaHuu, MpocTo CO3aBalTe
M-(aiinbl, KOTOpBIE BB XOTUTE UCIIONb30BaTh, B TEKyIeH nupekropuu. Eciu sxe BbI
pazpaboTanu MHOTO M-(aiisioB, Bbl 3aX0TUTE CTPYNIIUPOBATH UX B OT/IEIbHBIC JUPEK-
TOPHUHU U MIEPCOHANBHBIC TTaKeThl mporpamm (toolboxes. s sroro Bam HeoOX0aUMO
no0aButTh ux Mapupyt noucka MATLAB.

Ecnu Bel moBTOpsiere umsa ¢yHkiuu, To MATLAB BbI3BIBaIOT TONBKO Ty, KOTOpas
BCTPEYACTCs MEPBOM.

Yr1o0bl yBUIETH comepikanne M-daiina, Hampumep, myfunction.mueodxoaumo Ha-
Opatb

type myfunction

Cuenapun

Kona Bel BeI3bIBacTe crieHapuii, MATLAB mnpocTo BbI3BIBaeT KOMaHBI, COICpKa-
mumecs B ¢aitne. CieHapuu MOTYT ONEPUPOBATh CYIIECTBYIOMIMMHU TaHHBIMHU B pabo-
YeM MPOCTPAHCTBE MJIM OHU MOTYT CaMH CO3[aBaTh 3TH JaHHbIC. XOTs CIIEHApUU HE
BO3BpAIIAlOT 3HAYCHUH, BCE MIEPEMEHHBIE, KOTOPhIE OHHM CO3/al0T, OCTAIOTCS B pado-
YeM MPOCTPAHCTBE JAJISl MCIOJB30BaHUA B MOCIEIYIOMIUX BbluMciIeHUsX. B nobasie-
HUE K CKa3aHHOMY, CIICHAPUU MOTYT OCYIIECTBISITh Tpa)UuECKUil BBIBO, UCTIONB3YS
takue QyHKIUH Kak plot.

B kauecTBe mpuMepa, co3gaaum (aiin magicrank.m KoTopeiil COAEPKUT ITH KOMaH-
sl MATLAB:

% Investigate the rank of magic squares
r = zeros(1,32);

forn=3:32
r(n) = rank(magic(n));
end

r
bar(r)
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BBog cTtpoku

magicrank.m

MOBJICYET 3a COOOM HCIIOJIHEHNE KOMaH]I, BEIYMCIICHHUE paHTa nepBbix 30 Maruueckux
KBaJPaTOB M OTOOPaXCHHUS CTOIOMKOBOM Juarpammsl pesynbraToB. [locie momHoro
BBITIOJTHEHUS (aiiia mepeMeHHbIe N U I 0CTaloTCs B paboueM MPOCTPaHCTBE.

DOyHKUUHT
®yakuun — 310 M-Qaiinsl, KOTOpble MOTYT MMETh BXOIHBIE M BBIXOJIHBIC BO3Bpa-
mare. Ums M-daiina u QyHKIUN JOHKHO OBITH OMHUM U TeM jxe. DyHKIuu pabora-
IOT C IEPEMEHHBIMH B TIpEieNiaX UX COOCTBEHHOT'O paboyvero MpoCTpaHCTBa, OT/ACICH-
HOTO OT pabodYero MpOCTPAHCTBA, C KOTOPHIM BBl ONEpUpPYETEe B KOMAHIHON CTPOKE
MATLAB.

Xopormm mpumepoM siBisiercst GyHkiuu rank M-daiin rank.muaxoanTcs B IUpeK-
TOpPHUH

toolbox/matlab/matfun

Br1 MmoxkeTe MPOCMOTPETH €ro COACPIKAHUC, BBCIIA

type rank

function r = rank(A,tol)
%RANK Matrix rank.

%
%
%
%
%

%
%

RANK(A) provides an estimate of the number of linearly
independent rows or columns of a matrix A.
RANK(A,tol) is the number of singular values of A

that are larger than tol.

RANK(A) uses the default tol = max(size(A)) * norm(A) * eps.

Copyright (c) 1984-98 by The MathWorks, Inc.
$Revision: 5.7 $ $Date: 1997/11/21 23:38:49 $
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s = svd(A);
if nargin==1
tol = max(size(A)") * max(s) * eps;
end
r = sum(s > tol);

[TepBas cTpoka pyHKIMK M-daiina HadyrHaeTcst co ciosa function 3mech npoucxoaut
3a/laHie MMEHH CO CIIMCKOM apryMeHTOB. B Hamiem citydae, MCIOJIB3yeTCs 10 JBYX
BXOJHBIX apryMCHTOB U OAWH BbIXOﬂHOﬁ.

Crnenyroniye HeCKOJIbKO CTPOK, JI0 MEPBOM MyCTON MM BBIMOIHSAEMON CTPOKH, SIBIISI-
I0TCS KOMMEHTapHsIMH, KOTOpbIE MPEAOCTABISIOT CIPaBOYHYIO MHGOpMaIH0. ITH
CTPOKHU OYAYyT BBIBEJICHBI Ha SKpPaH, €CIIU BbI HAbepeTe

help rank

[TepBas crpoka crpaBodHOTO TekcTa — 3To H1 crpoka, kotopyro MATLAB otobpa-
KaeT MPH MCIToIb30BaHuK KoMau bl |00Kfor wau mpu 3ampoce helpmo Beeit aupexTo-
pHH.

OcranbHoe conepkanue (aiina cocrapiser ucrnonasemblii ko MATLAB . Tlepemen-
Hasl S, IpeJCTaBICHHAs B Tele (PYHKIIMH, TAaK)Ke Kak U IEPEeMEHHbBIE B IMEPBOIl CTPOKE,
r, A u tol, Bce ABASIOTCS JIOKAIbHBIMUA. OHU OT/ICJICHBI OT JAPYTUX MEPEMEHHBIX B pa-
6ouem npoctpanctse MATLAB.

DTOT mpuMep MOKa3bIBaeT BaxkHyI0 ocobeHHocTh (yHkuuii MATLAB, kortopas
OOBIYHO HE BCTEYACTCS B JPYIHX SI3BIKAX MPOrPAMUPOBAHUS, - IMEPEMEHHOE YHCIIO
aprymenToB. OyHKIMs rank MokeT ObITh HCIIOJIb30BaHA B HECKOJIBKUX Pa3IMIHBIX
dbopmax:

rank(A)
r = rank(A)
r =rank(A, 1.e-6)

Muorue ¢ynkiun MATLAB pabotator Takum oO6pazom. Eciu HET BBIXOJHOTO apry-
MEHTa, TO Pe3yJbTaT COXpaHsAeTCs B MepeMeHHoW ans Eciu HeT BTOpPOro BXOAHOTO
apryMenTa, To (pyHKIUS BBIYUCISET 3HAUYEHUE O yMOIYaHHio. BHyTpu Tena ¢yHk-
[[MY IPUCYTCTBYIOT JIBE BEIMYHMHBI NArgin u Nargout KoTopsie BBIAIOT YUCIO BXOJI-
HBIX U BBIXOAHBIX APTyYMEHTOB IMpPH KaXJIOM HCIOJIb30BaHUU (PYHKIUH. DYHKIUSA
rank ucrosnp3yeT nepeMeHHy0o Nargin, Ho He KCIob3yeT Nargout

I'nodanbHBIC IEpeMeHHbIE

Ecnu BbI X0THTE, 9TOOBI GONICe OMHOW (DYHKIIMH HCIOIB30BATH OTACIBHYIO KOITHIO
nepeMeHHOM, nmpocTo o0bsBuTe €€ Kak global Bo Bcex ¢pynkimsx. Jlenaiite To xe ca-
MO€ B KOMaHJIHOW CTPOKE, €CITH BbI XOTHTE, 4TOOBI OCHOBHOE pabodee MPOCTPAHCTBO
HOJYYMIIO JOCTYN K nepemeHnHo. Onpenenenue global nomkHo ObITh 10 camoii me-
PEMEHHOH, UCIONB3yeMOl B (YHKIUH. XOTSI 3TO HE 00A3aTeNbHO, WCMOIb30BAHUE
OonbIIMX OYKB ISl UMEHH TIIO0ATBHON MEPEMEHHOM MTOMOKET OTIHYHTh UX OT JPY-
rux nepemennsix. Hampumep, cozpaanm M-gaiin falling.m:
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function h = falling(t)
global GRAVITY
h = 12*GRAVITY*t.A2;

3arem BBCACM CJICAYIOIIHNEC CTPOKU

global GRAVITY
GRAVITY = 32;
y = falling((0: .1: 5)");

Taxum obpazom, crpoku onpenencHuss GRAVITY B komaHIHOW CTpOKe JenaroT eé
noctynHoi BHYTpu pyHkuuu. Bol moxkere mocne uamenuts GRAVITY u nmonyuuts
HOBOE peIlIeHNe, HE PEaKTUPYs KaKkue-Tuoo (ansl.

KomanaHo-pyHKIMOHAILHAS JBOMCTBEHHOCTD.
ITpumepsr komang MATLAB —s3to

load
help

MHorue KOMaHIbl UMEIOT YIPAaBJISIOUINI MapaMmeTp, KOTOPBIM ompeaenseT mocie-
JIYIOILIEE ICVCTBHE.

load Augustl7.dat

help magic
type rank

Jpyroii MeTo1 UCHOJIb30BAHUS KOMAHIHBIX MapaMeTpPOB — 3TO CO3JaHHE CTPOKHU ap-
T'YMEHTOB (DYHKIIMIA.

load( 'Augustl7.dat’)
help( 'magic')
type( 'rank’)
OT0 U ecTh "KOMaHIHO-()YHKIIMOHANIbHAS ABOWCTBEHHOCTD". JIt00as komaHaa Tuna
command argument
Tak)ke MOXKET OBbITh nepenucana B pyHKIHOHAIBHON Gopme
command( ‘argument' )
[IpenmyriecTBO (HYHKIIMOHAIBHOTO MOIX0Ja MPOSBISETCS, KOTAa CTpOKa apryMeHTa
co3zlaeTcs U3 OTAETbHBIX yacted. Cremyronuii mpumep oOpadaThIBaeT MHOTOUNCIICH-
Hble dainbl ¢ ganabivu: Augustl.dat, August2.dat t.1. OH ucnonb3yer (yHKIUIO

INt2str, koTopas mpeodpa3yeT LeNble Yhcia B CTPOKY CUMBOJIOB JIJIsl CO3IaHUSI HMEHH
¢aiina.
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ford =1:31
s = ['August’ int2str(n) ".dat’]
load(s)
% O6paboTka comepkanus d-ro ¢aiina
end

Dynkuusa eval
(DYHKI_II/IH eval pa60TaeT C TCKCTOBBIMH IICPCMCHHBIMU JII BBIYUCIICHUS U PCain3a-
NN TCKCTOBBIX CTpOK.

eval(s)

ucnonb3zyeT untepnperarop MATLAB 11 BeIlUMCIIEHNS U BBIIOJHEHUS BBIPAKEHUS,
coJiepKallerocst B TEKCTOBOM CTpOKe S.

[Tpumep U3 MpeabIIyIIero pas3iena MOXeT ObITh TAK)XKE PeaIn30BaH CICTYIONIM 00-
pa3om (xoTs 310 OyneT MeHee 3(P(PEeKTUBHO, T.K. UCTIONB3YETCS TIOJHBIM WHTEPIIpETa-
TOp, @ HE BBI30B (DYHKIUN).

ford=1:31
s =['load August' int2char(n) '.dat']
eval(s)
% O6paboTka coaeprxanus d-ro daitna
end

BexkTopuzanus

Uto0b1 moOUTHCSI MakcuManbHOUM ckopocTr BHE MATLAB , oueHb BaKHO BEKTOPH30-
BBIBaTh alNTOpuT™M B M-¢aitnax. Tam rae npyrue si3pIKH IpOTPaMMUPOBAHUS MOTYT
UCI0Jb30BatTh IUKIBI for miu do, MATLAB MoXeT NpUMEHSATh BEKTOPHBIC UM Mart-
puuHbIe onepanuu. [IpocTsiM MpUMepOM SBISIETCS CO3/IaHUE TAaOIHUIIBI TIOTapru(MOB.

x=0

for k = 1:1001
y(k) = log10(x);
X =x+ .01,

end

(Onbrtabie monb3oBarenin MATLAB nio0sat roBoputh "YKH3HB CIHIIKOM KOpPOTKA
4TOOBI TPATUTH BPEMsI Ha 3aIHCh [UKIIOB")

A BCKTOPHU30BAHHAA BEPCUA 3TOIO KOJAA BBIIIAAUT CIICAYIOIIUM 06p8.30M

x =0:.10:10;
y =10g10(x);

Jist Gosee CIOXKHBIX NMPOTpaMM BO3MOXKHOCTH BEKTOPU3AIIMHM HE TaK o4eBUIHBI. O-

HaKO, KOrjga BaXHa CKOPOCTb, Bbl JOJIDKHBI BCCTa HMCKATb CITIOCOOBI BCKTOpHU3aAlU
BalIcro ajaropurma.
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IIpenBapurtesibHOE BbleJIEHHE

Ecnu BbI He MOXeTe BEKTOPU30BaTh YacTh KOJIA, BbI MOYKETE 3aCTaBUTh Balll UK for
pabotats ObicTpee. [y 3TOro Hy)KHO NPEABAPUTEIHLHO BBIICIUTH BEKTOPA WM Mac-
CHUBBI, B KOTOPBIX OyJIyT XpaHUTHCS BBIXOJHBIC pe3ynbTarhl. Hampumep, ciemyrommii
KOJI UCTIOJB3yeT (DYHKIUS ZEerOSAus MPEeIBaAPUTEIbHOTO BBIACICHHUS BEKTOpa, CO3/a-
Baemoro B 1ukiie for. Dto mo3possier mukity for paborars 3aMeTHO ObICTpEE.

r = zeros(32,1)

forn=1:32
r(n) = rank(magic(n));
end

be3 mpenBapuTENBHOTO BBIICICHUS B MPEABIAYIIEM MPUMEPE HHTEPIPETaTOp
MATLAB yBenuuuBaeT BEKTOp I 10 OJHOMY DJIEMEHTY KaXKIbIA pa3 BHYTPH LHMKIIA.
[TpenBapuTebHOE BBIJCIICHUE BEKTOPA YCTPAHSIET 3TO JIEHCTBUE, H PE3YJILTAT TMOMY-
qaeTcs ObicTpee.

DyHKUUA 0T QYHKIMA

Knacc ¢ynkumii, Ha3zpiBaembiil "QyHKIUSA OT GyHKIMI", paboTaeT ¢ HETMHEHHBIMU
(GYHKIMSAMU CKaISAPHBIX MEpEeMEHHBIX. To ecTh ofHa (QyHKIUS paboTaer ¢ Ipyroi .
OyHKIMH OT PYHKIIMIA BKIIOYAIOT B ce0s

* Haxoxnenus Hyms

e Ontumuzanus

* HuterpupoBanue

* OObIkHOBEHHBIE MU epeHIInanbHbIe ypaBHEHUS

MATLAB npexacrasisier HelnMHEHHbIe (yHKIUU yepe3 M-¢aitnbl. Hanpumep, Huke
npHUBe/icHa yIpolleHHas Bepcus GyHkimu humpsius mupextopun matlab/demos

function y = humps(x)
y=1./((x-.3)."2+.01)+1./((x-.9).72+.04) - 6;

BerarcianM 3Ty QyHKIUIO B HECKOJIBKHUX Toukax uHTepBaia [0,1]

x =0:.002:1;
y = humps(x);

3arem nmocTpouM rpadux

plot(x,y)
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Ha rpaduxe BuaHO, 9TO 3Ta (QYHKIHMS UMEET JIOKATbHBIMI MUHHUMYM okoino X=0.6.
®dynkuus fmMiNSHalaeT MUHUMYMBI, T.€. T€ 3HAYEHHS X, B KOTOPBIX (DYHKIHMS TOCTH-
raet cBoero MHHUMyMa. [lepBbiM aprymenToM fminssisisiercss umst pyHKIUHU, MUHH-
MyM KOTOpPOH HILETCS, @ BTOPBIM — IPUOJIMKEHHOE MOJI0KEHNE MUHUMYMa

p = fmins( 'humps', .5)

0.6370
YroObl HaliTU 3HaYEeHUE (PYHKIIMU B MUHUMYME,

humps(p)

ans =
11.2528

CrienuanicTbl UCIOIB3YIOT TEPMUHBI KBaJApaTypa U HHTETPUPOBAHKE, YTOOBI Pa3Iiu-
YaTh YHCJCHHYIO allPOKCHMAIUIO ONPENEICHHBIX MHTErPAIIOB M YHUCICHHOE MHTET-
pupoBaHKe OOBIKHOBEHHBIX IU(depeHInanbHbIX ypaBHeHuit. quad u quad8 —sto
noanporpammbl MATLAB 1o BeuuciieHuIo KBaapaTypsbl.

Q = quad8( 'humps', 0, 1)
BBIYHMCIISIET TUIONIAIb ITOJ] KpUBOKM Ha TpaduKe U BbIIACT

Q =
29.8583

B 3aKJIFOYCHHC, Ha rpaqn/n(e BHUJIHO, 4YTO 3aJaHHas1 CPYHKI_II/IH HC NMCCT Hyneﬁ Ha 3TOM
HHTCPBAJIC. HO3TOMy, CCJIU MBI IOIBITACMCS OTBICKATh HYJIb

z = fzero( 'humps', .5)
TO MBI HalJIEM €r0 BHE HAIETO UHTEPBasa

Z=
-0.1316
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Yupasiasiemasi rpaguka

MATLAB mnpenocraBiseT KOMILIEKC PYHKINN HU3KOTO YPOBHSI, KOTOPBIE TIO3BOJISIOT
co3/aBaTh U 00palaThIBaTh JUHHUHU, TOBEPXHOCTU M ApPYyrue rpapuueckue OOBEKTHI.
Dra cucTeMa HasBIBaeTCs ypasisemas rpaduka (Handle Graphicd).

I'padmueckue 00beKTHI

['paduueckue 00bEKTH — 3TO 0A3UCHBIE JIEMEHTHI CUCTEMBI YIIPABISIEeMOH TpapuKu B
MATLAB . Onu chopMupoBaHbl B A€pEBO CTPYKTYPHON HepapXuu. ITHUM OTpaxaer-
csi CBsi3b rpaduueckux oObekToB. Hampumep, oObekThl Line (muHus) HyxmawoTcs B
obobekTax Axes(ocu) Kak B cucTeMe oTcyera. B cBoro oduepenb o0bekThl AXEScyiile-
CTBYIOT TOJIBKO ¢ oObekTamu Figure.

EcTb onuHHanaTh BU0B 00BEKTOB YIIPABISAEMON TpaUKH:

* OOwekTsl ROOt sBrsitOTCS BepMHOM nepapxuu. OHU COOTBETCTBYIOT IKPaHy
kommbioTepa. MATLAB aBTOMaTHYeCKH UX CO3JacT BHAYaJIe ceaHca paboThI.

* OObekThI Figure — 370 OKHa Ha PKpaHe, KPOME KOMaHIHOTO OKHA.

» OObekTh Uicontrol — ato monp3oBaTenbckoe yrpasieHue natepdeiicom. Korma
MOJIb30BATEIh AKTUBUPYET OOBEKT, BBI3BIBACTCS COOTBETCTBYIOIIAas (QyHKIus. OHU
BKII04ar0T B cebst pushbuttonradio buttonu slider.

* OOBekThl AXESOMpEensoT 001acTh B OKHE Figure u opueHTanuio 104epHUX
00BEKTOB B 3TOi1 00acTu.

* OObekThl Uimenumpencrapisitor co00il MEHIO MOJIb30BATEILCKOTO UHTEP(Eii-
ca, KOTOpPOE PacroiokKEeHO B BEpXHEH yacTu okHa Figure.

* OObekThl IMage—sto AByMepHBIE 00BEKTHI, KOTOphIe BBIBOAUT MATLAB, wnc-
MIOJIB3YSI AJIEMEHTHI MPSMOYTOJILHOTO MAaCCHUBA KaK MH/ICKCHI B MAIUTPE.

* OObBekThI Line SBAsIOTCA OCHOBHBIMH TPaUUeCKUMH OA3UCHBIMH DJIEMEHTaMHU
JUTs OOJBITMHCTBA ABYMEPHBIX TPa(HKOB.

* OOwekThl Surface— 3To TpexMepHOE MPEACTaBICHHE TAHHBIX MaTPHIIBI, CO3-
JAHHOE MTyTeM rpauIecKoro OTOOpaKCHUs TaHHBIX KaK BBICOT HAJI TUNIOCKOCTBHIO X-
y.

* OOBeKTHI TEXt—HTO CTPOKH CHMBOJIOB.

» OObekTsI Light onpeiensitor HCTOYHKK CBETa, ACHCTBYIOIINI Ha BCE OOBEKTHI B
npenenax Axes

Ynpagienne o0beKTaMu

Kaxnpiii otnenbHblid rpadudecknii 00beKT MMEET CBOW YHUKAJIbHBIN HIeHTH(]UKA-
Top, HazpiBaeMbIit handle(manunynsrop), koropsiii MATLAB mnpucBanBaet 00bEeKTY
npu co3aanuu. Hekotopsie rpaduku, HaIpUMEp C HECKOJIBKMMU KPUBBIMHU, COCTOST
U3 MHOTHX OOBEKTOB, KOKIBIH U3 KOTOPHIX MMEET CBOW COOCTBCHHBIH MACHTH(UKA-
top (handlg. Uem nbITaThCs MPOYMTATh MX C SKpPaHa U TOBTOPHO BBOJMTH, BBl YBHUIU-
TE, YTO BCErJa JIydlle XpaHUTh 3HAYCHNE B TIEPEMEHHOM M MCIOJIB30BaTh €ro 10 He-
00X0IMMOCTH.

Wnentudukatop oobekta root Bceraa Hynb. Mnentudukarop figure — sro mesnoe uwc-

710, KOTOpOE MO YMOJYAHHIO OTOOpa)kaeTcsl B 3arojioBke okHa. VneHtugukaropsl
JIpyrux OOBEKTOB SBISIOTCS YHUCIA C IJIABAIONIEH TOYKOH, KOTOpBIE COAEP)KAT HMH-
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dopmanmio, ucnionszyemyto MATLAB . Hanpumep, eciin A — 3TO Marmyeckuii KBaj-
pat dropepa, To

h = plot(A)

CO3/1aCT JIMHEHHBIN IpaduK ¢ YeTIPbMS JUHUSIMH, Ul KaXKJOro cToa0ua A, a Takxke
BO3BPATUT BEKTOP-UACHTU(DHUKATOP, TAKOW KaK

h=
3.0022
1.0038
4.0020
5.0016

JlaHHbIC YHCIICHHBIC 3HAYCHHUS SBIISIOTCS HECYIIECTBCHHBIMH U MOTYT U3MEHSTHCS OT
OZIHO¥ cucTeMbl K npyroil. Kakue Obl yncna He ObUTH, BAXKHBIM siBJseTcs To, uto h(1)
— 9TO UACHTU(PHUKATOP TIEPBOI KpUBOH Ha rpaduke, h(2) —BTOPOIA U T. 1.

MATLAB wumeer HecKoIbKO (DYHKIMN IS MOTYYSHHUS JOCTYIA K YacTO MCIOJb3ye-
MBIM 00BEKTaM:

e (cf
e gca
e gco

BBl MOXeTe HCIoNIb30BaTh 3TH (YHKIMU B Ka4eCTBE BXOJHBIX apryMEHTOB JIPYTHX
GyHKIMA, onepupyromux ¢ uaeHTudukaropamu figure u axes [NonyunTs uaeHTUDH-
KaToOpbI APYTUX 0OBEKTOB MOKHO BO BpeMs ux cosznanusa. Bee pynkuun MATLAB,
KOTOPBIE CO3J]AI0T OOBEKTHI, BO3BPAIIAIOT HICHTH()UKATOP (MM BEKTOP HIEeHTH(HKA-
TOPOB) CO3/TAaHHOTO OOBEKTA.

Jnst ynanenust oobexta ciuyxutr ¢ynknus delete mcmonp3yromas uaeHTH(GUKATOP
00BEKTa B KauecTBe aprymenTa. Hampumep, yaamum Tekynipe ocu (axeyg, a BMecTe C
HUMH 1 BCE JOYEPHHUE OOBEKTHI.

delete(gca)

DYyHKIHMHU CO31aHUA 00bEKTOB

Bb130B (pyHKIIMM ¢ MMEHEM Kakoro-mubo o0BeKTa co3daeT ATOT 00bekT. Hampumep,
bynknus textcosmaer oobekt text pynkuus figure cozgaer oowekT figure u t.1. I'pa-
¢duueckue ¢pynkimun MATLAB Bbicokoro ypoBHs (Takue kak plot u surface Bbi3bi-
BAIOT HEOOXOAUMBIE (DYHKIIMHM HU3KOT'O YPOBHS JUISI OTOOPaKEHHUS COOTBETCTBYIOIINX
rpaduKoB.

(DYHKL[I/II/I HU3KOTO YPOBH:A IPOCTO CO3JAKOT OAWH M3 OAWHHAAUATH FpaQ)quCKI/IX

o0bekToB ompeneicHHbix MATLAB , 3a uckirodeHueM KOpHEBOro oobekra (root),
KoTopbId co3naeT Todbko MATLAB . Hanpumep,

line([1 3 6], [8 -2 0], 'Color’, 'red")
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CBoiicTBa 00bEKTA

Bce 00BbeKkTHI 001a1aF0T CBOMCTBAMU, KOTOPHIE ONPEIEISIFOT, KAaK OHU BBIBOJISATCS Ha
skpaH. MATLAB mpenocraBnser nBa MexaHu3ma Il 3aJaHusi cBoicTB. CBOMCTBa
00BEKTa MOTYT OBITh YCTaHOBIJIEHBI (PYHKIHEH CO37aHMsI O0BEKTa MU MOTYT OBITH
u3MeHeHbl (QyHKIMelr Set korma oObeKT yxke cymiecTByeT. Hampumep, ciemyromuit
AJIEMEHT KOJIa CO3/71aeT TPpU OOBEKTA U 3aMEHSIET HEKOTOPBIC M3 X CBOWCTB IO YMOJI-
YaHHUIO.

days =['Su’'; 'Mo'; 'Tu’; 'We'; 'Th'; 'Fr'; 'Sa’]
temp=[21.1 22.2 19.4 23.3 23.9 21.1 20.07];

f = figure;

a =axes('YLim', [16 26], 'Xtick', 1:7 , 'XtickLabel' , days)
h = line(1:7, temp)

Temperature
26 - - - - - Lo o L s e 1

days — 3T0 MaccuB CHMBOJIOB, COJICpIKAIIH COKpAIICHHsI JHEH Hexenu, a temp— 3to
YHUCJIEHHBIA MAacCUB C TUMUYHON Temmneparypoil. OkHO M300pakeHHi co3aaeTcs mo-
ciie BbI3oBa figure 6e3 apryMeHToB, T.e. CO 3HAUYCHUSAMH M0 yMoauanuio. Ocu cyiie-
CTBYIOT BHYTpH figure u umeror 3agaHHbI IUANa30H M0 Y W 3aJaHHBIC METKU IS
IIpUpPALLECHUN 110 X. JIMHUK CyIIEeCTBYIOT BHYTPU OCEH U UMEIOT 33JaHHBbIC 3HAYCHUS
JUIS TaHHBIX 110 X U Y. Tpu uaeHtndukaropa oo6bekToB f, au h coxpanens! mis maib-
HEHUIIIEro MCII0Ib30BaHuUs.

set u get
CaoiicTBa 00BEKTa 33/al0TCsl OOpalIeHHeM K HEeMY IOclie ero coznanus. Jist atoro
UCIOJNIb3YHTE UIEHTU(UKATOP, BO3BpAIllaeMblil co3/1aBaeMoii (pyHKIIHUEH.

OyHkuMs SEtno3BoseT yCTaHABIMBATh CBOMCTBA OOBEKTOB, YKa3aHUEM HUIECHTU(U-
KaTropa 00bEKTa M COBOKYITHOCTH ITap Ha3BaHME CBOMCTBA / 3HaYeHHE. B kayecTBe ym-
pPaXHEHUS U3MEHHUM LBET U MHUPHUHY JIMHUU U3 MPEABIAYIIETo MpUMepa.

set( h, 'Color', [0 .8 .8], 'LineWidth', 3)

Jlist Toro, 4TOOBI YBUAETH CIIMCOK BCEX JOCTYITHBIX CBOWCTB 33JJaHHOTO OOBEKTA, BbI-
30BeTe Setc uaeHTudguKaropom oOBEKTA.
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set(h)

Color

EraseMode: [ {normal} | background | xor | none ]

LineStyle: [{-}|--]:|-. | none]

LineWidth

Marker: [+ ] o | *]|.]| x| square | diamond |v|"|>]| <]
pentagram | hexagram | {none} ]

MarkerSize

XData

YData

Zdata

YroObI BEIBECTH CITUCOK BCEX TEKYIIMX YCTAHOBJICHHBIX CBOMCTB 3aJJaHHOTO OOBEKTA,
BbI30BeTE getc naeHTuuKkaTopoM o0beKTa

get(h)

Color =[0 0.8 0.8]
EraseMode = normal
LineStyle = -
LineWidth = [3]
Marker = none
MarkerSize = [6]

X.ID.ata =[ (1 by 7) double array]

YData = [ (1 by 7) double array]
ZData =[]

J_IJ'IH 3alpoca 3HaA4YCHUA OTACIIbHOI'O CBOMCTBaA HCHOHLSyﬁTe getc MMEHEM CBOMCTBA.

get(h , 'Color")

ans =
0 0.8000 0.8000

OOBEKTHI AXESHMEIOT MHOTO JIETAIBHBIX CBOWCTB Ui Bcero rpaduka. Hampumep,
3aroyioBokK - fitle.

t = get(a, 'title');
set(t, 'String' , 'Temperature', 'FontAngle', 'oblique’)

®ynknus title obecrieunBaet Apyroit HHTEPPENC K STHUM K€ CBOMCTBAM.

I'paduuecknii [oab3oBatennckuii Uurepdeiic (GUI)
Hwxe nmpuBeseH npuMep WUTIOCTPUPYIOIIMNA UCTIONBb30BaHUE YIIPABIIsIEMON TpapuKu
(Handle Graphiosmis co3manus moyb30BaTeIbCKOro nHTEpdeiica.

b = uicontrol( 'Style', ‘pushbutton’, . . .

'Units' , 'normalized', . ..
'Position', [.5.5.2 .1], ...
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'String', ‘click here');

coszmaetr pushbuttone nentpe okHa nzobpakenus (figure) u Bo3Bpaiaet uacHTUDU-
KaTop HOBOTO 00bekTa. OJIHAKO MOKA, HAKATHE HA 3Ty KHOIMKY HU K 4eMy He MPUBO-
JAUT.

s ="set(b, ' 'Position'', [.8*rand .9*rand .2 .1]) ’;

CO3/Ia€T CTPOKY, COJCPIKAIIYI0 KOMaHIy, KOTOpas MEHSET MOJ0KeHHe KHOMKH. [1o-
BTOPHOE MCIIOJIb30BaHHE

eval(s)
6yI[eT nepeaBuratb KHOIIKY B cnyqaﬁHble MECTa. OKOH‘I&TCJ’IBHO,
set(b , 'Callback’ , s)

YCTAHOBHT S B Ka4€CTBE 06pa6OTKH HaXaTusa KHOIIKH. HO3TOMy Ka)KI[BIﬁ pa3, Koraa
BBHI €€ HaXXUMACTEC, OHA MEPEMCIIACTCA Ha HOBOC MCCTO.

AHUMAUA

MATLAB mnpenocTtaBisieT HECKOJIBKO CIOCOOOB MJisi CO3JaHUsl JABUTAIOLICHCS, aHU-
MmannonHol rpaduku. Mcmons3oBanue cBoiictBa EraseModernpennasnavueHo s
JUTHHHOM TIOCJICIOBATEILHOCTH TPOCTHIX TPaPUKOB, TJI€ U3MEHEHHUE OT KaJipa K KaJipy
MUHUMAaNbHO. Hike mpeicTaBieH npumep, MoJICIHPYIOIINA OpOyHOBCKOE ABH)KEHHUE.
Onpenenum KOJIUYECTBO TOUEK

n = 20;
TeMnepaTypy WA CKOPOCTh KaK
s =.02;

Jlyuive 3HaYCHUS ITHX MApaMETPOB 3aBHCAT OT CKOPOCTH Baiiel MammHbl. CreHe-
pHpyeM N CITydailHbIX TOYEK C KOOpIUHATaMu (X,Y) Mexay -¥2u Ya.

x =rand(n,1)-0.5;
y =rand(n,1)-0.5;

OTo0pa3uM TOYKH B KBajpaTe co cTopoHamu B mpenenax ot —1 mo 1. Coxpanum
UJICHTU(HKATOP AJIsl BEKTOPA TOYEK M YCTAHOBUM CBoiicTBO EraseModepaBubiM XOr.
Oto ykaxer rpaduueckoii cucteme MATLAB He nepepucoBbBaTh BeCh rpauk, Ko-
I7la U3MEHAETCs KOOpAMHATa OJHOM TOYKM, a BOCCTAHABIMBATh L[BET (JOHA B OKpECT-
HOCTH TOYKHM, UCIIOJIb3Ys ONepanuio uckiroyaromero MJIN.

h=plot(x,y,".");

axis([-1 1 -1 1])

axis square

grid off

set(h , 'EraseMode’, 'xor', 'MarkerSize', 18);
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while 1

X = X + s*randn(n,1);

y =y + s*randn(n,1);

set(h, 'Xdata', x , "Ydata', y)
end

CKOJBKO HY)KHO BpEMEHH, 4TOOBI OJJHA W3 TOYEK BHIIIA 32 MpeAessl KBaapaTta? Ye-
pe3 Kakoe BpeMs BCe TOUKH OKaXKyTcs BHE KBajapaTa?

1
0.8
0.6
0.4 ® .
[ ]
0.2 o R
LJ
L4 °
0 [ ]
[ ]
0.2 ° e o o
[ ] [ ]
0.4 ® e .
[ ]
0.6
0.8
-1 s
= 0.5 0 0.5 1

Movie

Ecnu BBl yBeIMUMBAETE YHCIIO TOYECK B OPOYHOBCKOM JIBHOKEHUH, Hampumep, N = 300,
TO B 3TOM cnyt{ae JOBUXXCHUEC HEC 6YIICT O4YCHb IIOABMXKHBIM, TaK KaK HOTp€6yeTCSI
CJIMIIKOM MHOI'0O BPECMCHH Ha KaXXJIOM IIare. CTaHOBI/ITCH 6onee S(b(I)CKTI/IBHBIM CO-
XPaHUTh OMPEICICHHOS YHUCIIO KaJIpOB Kak bitmapu mpourpseiBaTh MX Kak KUHO.

Bo-nepBbIX, ITyCTh YHMCIIO KaIPOB

nframes = 50;

BO-BTOpBIX, YCTaHOBI/IM HepBbeI rpaq)m( KaK u paHee, 34 UCKJIIFOUCHHUEM HCITIOJIb30Ba-
uug EraseMode

x = rand(n,1)-0.5;

y =rand(n,1)-0.5;
h=plot(x,y,".")

set(h, 'MarkerSize' , 18)
axis([-11-11])

axis square

grid off

TenepL BBIACIIUM JOCTATOYHO INaMATHU OJIS1 COXPAaHCHUS HAIICTO (I)I/IJ'IBMa.

M = moviein(nframes);
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D10 ycTaHOBHT 00JbIIyI0 MaTpuily ¢ Nframescronomamu. Kaxasiii cTosnber gocra-
TOYHO JUTMHHBIN, YTOOBI COXPaHUTh OJWH Kajp. [lomHOe KommvecTBO TpeOyemou ma-
MSTH TPOTOPIHUOHAIBHO KOJIMYECTBY KaJIpOB M 00JACTU TEKYIIUX OCEH, HO OHA HE
3aBHCHUT OT CJIOXKHOCTH OTJENBbHBIX TpadukoB. s 50 kagpoB u ocelt Mo yMOTUYaHUIO
HE0OXO0IMMO OKOJIO 7.5 MerabalT mamsaTu. B Hamem mpuMepe HCIONb3yITCS KBaI-
paTHbIC OCH, KOTOPhIE HEMHOTO MEHBIIIE, TIOATOMY TPEOYETCS OKOJIO 6 MEradar.

CrenepupyeM MoJy4eHHBIH QHUIbM U HCIONB3Ys getframe coxpanum Kaxablid Kajap.
for k = 1:nframes
X =X + s*rand(n,1);
y =y + s*rand(n,l1);
set(h, 'XData', x, '"YData', y)
M(: , k) = getframe;
end

Teneps npourpaem ¢puinsm 30 pas

movie(30)
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JlonmostHeHne

YrtoObl yBUAETH AomnonHUTEbHBIE mpuMepsl MATLAB , BeiOepure Examples and
Demosu3s Menro, wim HabepuTe

demo

B komanaHou crpoke MATLAB . Bribepute n3 MeHIO MpUMeEphl, KOTOPBIE Bac 3anH-
TEPECOBAJIH, U CICTYUTE HHCTPYKIIUSAM Ha dKpaHe.

Jlist Gonee eTaNbHOTO OOBSICHEHUS OTACIBHBIX TEM, 3aTPOHYTHIX B 3TOW KHHTE, 00-
palfainTech K CICIyOIIeH JInTeparype:

e MATLAB Installation GuideonuceiBaer, kak ycranouth MATLAB Ha Bamry
wiathopmy

e Using MATLABpeacrasnsier 6osiee rirybokuii Mmarepuai no s3siky MATLAB,
paboueii cpelie U MaTeMaTUYECKUM TEMaM.

e Using MATLAB GraphiGsonichiBaeT UCMOJIb30BaHNE IPpaQUKH U HHCTPYMEH-
ToB Juis Buzyanuzauun MATLAB.

e MATLAB Application Program Interface Guid@®ssacHser, kak mucarh Ipo-
rpammbl Ha Cu u DopTpane, kotopsie B3aumoaeicTeyror ¢ MATLAB.

e MATLAB 5.1 New Features GuidpenocrariseT mojie3Hyro HHGOPMALUIO IS
nepexoga or MATLAB 4.x x MATLAB 5.1.
MATLAB Toolboxes— sto rpynmbsl M-¢aiinoB, KOTOpbIe pacIIUPSIOT BO3MOKHOCTH
MATLAB B paznu4HbIX TEXHHYECKHX 001acTsaX. JlOCTyMHBI OTJENbHbIE PYKOBOICTBA
M0 KaXKJI0W U3 HUX. BOT HEKOTOpBIEC U3 TEM, KOTOPHIE OHU OXBATHIBAIOT:
Casi3b
CucreMbl KOHTPOJISA
DUHAHCOBBIC BHIYHCICHUS
Wnentudukaius B 4aCTOTHON 00acTu
Heuerkas noruka
CriekTpanbHBIN aHAIN3 BEICOKOTO MOPSIIKA
O6paboTka n300pakeHuit
JInHeliHbIE MATPUYHBIE HEPABEHCTBA
VYrpasieHue ¢ 3TAJIOHHON MOJIEIIBIO

W — aHaJIM3 U CUHTEC3

YuciieHHbIE aITOPUTMBI
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JlomonHenne

Heliponnsie cetn

YpaBHEHUS B YaCTHBIX TPOU3BOIHBIX
[TpoekTupoBaHue PoOACTHBIX CHCTEM C OOPATHOU CBSI3bIO
PobacTHoe ynpaBienue

O0paboTka CUTHAIIOB
Monaenuposanue (Simulink)
CrutaiiHbl

Craructuka

CumBoJIbHasI MaTeMaTHKa
Wnentudukaius cucreMm

BoaiineTst

s mostyuenust nocneadert uadopmarnuun o MATLAB u apyrux mpoaykrax Math-
Works obparaiirecs K

http://www.mathworks.com

u ucnosp3yiite Bair Internet New readetis gocryna k rpyrie HOBOCTEH
comp.soft-sys.matlab

Kuuru o MATLAB BeimyckawoT pasinuyHble M3AaHudA. bporrropa, o3ariiaBieHHas
MATLAB-Based Booksioxer 0biTh mostyuena ot komnanuu MathWorks a mocnen-
HUIA cicok noctyneH Ha Web caiite.

Ecnu BBl mpounTansy BCIO 3Ty KHUTY U 3allyCTHJIM BCE MPUMEPHI, MO3PABISEM, BbI
Hadamu paboty ¢ MATLAB mnpocrto BenukonenHo. Eciu Bl mpormycTiim HEKOTOpBIE
paszensl Wik He MOMpoOOBaiM OTIENbHBIE MPUMEPHI, Mbl COBETYEM BaM IMOTPATUTH
ele HeMHOTo BpeMeHH Ha u3yuenue Getting StartedB nro6om ciydae 100po mosxa-
noBath B Mup MATLAB !

71



Hauao padotet ¢ MATLAB

C

case, 46

D

diag, 11
doc, 33

E

eval, 60

F

for, 47

help, 31

if, 45

L

lookfor, 32

M

magic, 13
MATLAB
OubMoTeKa
MaTEMaTHYECKUX
¢ynkuuii, 6
ucropus, 5
o03o0p, 5
MIpOrpaMMHBIii uHTEp(eiic,
6
pabouas cpena, 6
ynpasnisemas rpaduka, 6
SI3BIK, 5
mesh, 28
movie, 69

P

plot, 23

S

save, 34
Simulink, 6
subplot, 25
sum, 10
surface, 28
switch, 46

IIpeameTHbI yKa3aTe/b

W

while, 47
who, 34
whos, 34

A

aHumanys, 68

b

OMOIMOTEKA MATEMATHUCCKUX
¢$yHKnmit, 6

B

BBOJI MaTpuii, 9
BekTopuzauus, 60
BolpakeHus, 14, 16
BeIuncienue, 60
BBIXO/IHBIC 1aHHbBIE
cokpatieHue, 21
(opmaruposanue, 20

r

rio0abHbIC IEpEeMEHHBIE, 58
rpaduka
rpaguueckue 00beKThl, 64
ZByMepHasi, 23
neyars, 30
CBO¥CTBA rpa IeCcKIX
00BEKTOB, 66
yrpaBisiemasi, 64
rpaduaeckre o0beKTHI, 64
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JIIMHHBIE CTPOKU BBOJA, 21
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3arpy3Ka MaccuBoB, 17
3aILyCK BHELIHUX IIPOIrPaMM,
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HHICKCHL, 11
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o0beauHenue, 18
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ocu, 27
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riaodanbHbIE, 58
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TEKYIIUX CIIPABOYHBIX
cTpanul, 33
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33
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