H.H.Mapmuwinos, A.11.leanos
MATLAB 5.X.
BBIYUCJIEHUSA, BUSYAJIU3ALUSA, IPOTPAMMUPOBAHUE

Knura sBrseTcss KOMNakTHBIM Y4eOHBIM TTOCOOMEM 1O padoTe C MOMyJIIpHEHITUM
[IAKETOM MaTeMaTHYeCKUX M HHXeHepHbIX BbluncieHnid MATLAB. Ona sBusercs
paciiMpeHHONH Bepcuel y4eOHOro Kypca, pa3paOOTaHHOTO aBTOPaMH W MHOIO JIET
yuTaeMoro Ha  (usnueckoM  (Qakynbrere  MOCKOBCKOIO — TOCYJapCTBEHHOTO
yHuBepcuteTa uM. M. B. JlIoMmoHOCOBA.

W3noxenue 6a3upyeTcsi Ha BO3MOKHOCTsIX Bepcuit 5.X makera MATLAB, craBmiero
B HACTOAIIEE BpeMs CTaHAAPTHBIM CPEACTBOM TMOJJCPKKU U3YUEHHUS BBICIIEH
MaTeMaTHKH, YACICHHOTO aHajH3a, TEOPUU HM300pakeHUI U Jpyrux yueOHBIX KypCOB
BO MHOTMX YHUBEPCUTETAX MUDA.

Byny4un odeHb KOMIIAKTHBIM, AaHHOE ydeOHOe MocoOue He HOCHT CHPaBOYHOTO
XapakTepa W He JyOnupyeT IMpovaiilyro WHGOpPMalWIo, MPEACTAaBICHHYIO BO
BCTPOCHHOM CHCTEME MOMOIIM W B 3JIEKTPOHHBIX KHHTraX, IMOCTAaBISEMBIX BMECTE C
naketoM MATLAB. B kHure usnaratorcs OCHOBHBIE BO3MO>KHOCTU BBIYMCICHHH U
BU3YyaJIM3alluUM PE3yabTaToB, Npenocrasisemble sapom cuctemsl MATLAB. Kpome
TOTO0, paccMaTpuBacTcs momyisipHoe pacimmpenne nakera MATLAB - Symbolic Math
Toolbox, peanu3yromiee BO3MOXHOCTH CUMBOJIBHBIX BBIYUCICHHN U TPE0Opa30BaHUI.

Haubonpiiee BHUMaHME B KHHUIE YAEISETCS BOIpPOCaM CO3JaHUS 3aKOHUEHHBIX
npuioxeHuid Ha 6a3e makera MATLAB: ucnons3oBanuio rpaduueckoro unrepgdeiica
MOJIb30BATENs], MOAKIIOYEHHUIO CYIIECTBYIOIIMX M HAlMCAHUIO HOBBIX (YHKIMHA Ha
a3pike C, B3aMMOJEHCTBUIO BHEIIHUX MNpuioxkeHuil ¢ sapom cuctemsl MATLAB,
MPUMEHEHUIO MaTteMmaTtudeckux Oubnmorek cuctembl MATLAB B camocTOsATETBHBIX
Win32-npunoxenusx, co3aanueix kommuisatopom Microsoft Visual C++. menno atu
BOTIPOCHI Yallle BCErO OTCYTCTBYIOT B MeUYaTHBIX mocoomsx mo cucreme MATLAB, a B
AIIEKTPOHHBIX KHUTAX U3JI0KEHBI JTUIIb (PparMeHTapHO.

KHura pexoMeHayeTcs TMpernojaBaTeNiiM U CTyIEHTaM YHHUBEPCUTETOB U
TEXHUYECKHUX BY30B, IPOrpaMMUCTaM, HHKEHEpaM U HayYHbIM paOOTHHKaM, BCEM, KTO
MHTEpECyeTCsl MPUMEHEHUEM KOMIBIOTEPOB ISl pEIICHUs 3a]a4 MaTeMaTUKH, (PU3UKH,
XUMHUHU U JPYTUX HAayK, B TOM YHCIIE€ MPENoJaBaTeiIsiM U YYCHHKaM CPEJIHUX IIKOJI C
yrIIyOJIEHHBIM U3yYEHHEM COOTBETCTBYIOIIMX JUCIUILIUH.
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Yactb 1

BbluMcAeHNA 1 BU3yaAM3aLNS

AaBa 1
YUUCAOBbIE MACCUBbI

B cucreme MATLAB

Pabouee npocrpancreo cucremnt MATLAB
U ee KOMaHAHOE€ OKHO

ITocne 3anmycka nporpammbl MATLAB Ha aucnnee KOMNblOTEpa MOSBIAETCA €€
rIaBHOE OKHO, COJAEp)KAlllee MEHIO, HHCTPYMEHTAJILHYIO JIMHEHKY C KHOMKaMH
Y KJIHEHTCKYIO YacTh OKHA CO 3HAKOM npuziauienus >>. DTO OKHO TIPUHATO Ha3bIBATH
KomanOnuim oknom cuctembl MATLAB. ‘

Tenepb MOJKHO BBOJAMTH C KJIaBHATYphl YHCJIAa, UMEHA MEPEMEHHBIX M 3HAKH Ore-
paLMii, 4TO B COBOKYIHOCTH COCTABJIIET HEKOTOPOE BhIpakeHHe. FIMeHa nepeMeHHbIX
JIOJKHBI HAYMHATBCA ¢ OYKBBI U cOCTOATh M3 OYKB, LHM(p M 3HAKOB NMOAYEPKHBAHMS.
MATLAB pacnosHaeT B UMeHax nepeMeHHbIX 10 31 cuMmBosa (a ocTagbHble HTHOPH-
pyeT) M pa3jM4yaeT perucTp cumBoJioB. [IpocTeluuMK 3HaKaMH OrepaLuii ABJIAIOTCA
BCEM XOpOLUO M3BECTHLIC 3HAKK apUMETHUECKHX onepauuii + U -. 3Hak = COOTBET-
CTByeT onepalMd mnpucBauBaHud. Haxarue wiaBuinu Enter 3acraBisger cuctemy
MATLAB BbiMHCAHTD BbIp@XKEHHE M I0Ka3aThb pe3yJbTaT, Kak 3TO M300paKkeHO Ha
puc. 1.1.

B KoMaHIHOM OKHe MOKa3bIBalOTCA BBOJUMBIE C KJIABUATYpPhbl UHCNIA, NEPEMEHHBIE,
pe3ynbTarhl BoluucaeHHH. OObIYHO BEIYUC/ICHUS TIOBTOPSIOTCA MHOTOKPATHO: BBOJAT-
s C KJIaBUATypPbl HOBbIE YMCJIOBblE JAHHbIE U HOBbIE CUMBOJIbHBIE BbIpakeHus. B pe-
3yJbTaTe B KOMaHAHOM OKHE He XBaTaeT CBOOOAHOro MecTa U aBTOMATHYECKH NPOU3-
BOJMTCS TaK Ha3blBaeMas 6epmuKaIbHAs npomsdicka (No-aHrauicky — scrolling) — Bee
CTPOKH CIABHrarOTCi Ha OAHY MO3ULIMIO BBEPX, TAK UTO CaMmas BEPXHASA CTPOKa TMOKH-
naeT 061acTh BUAMMOCTH, @ B CAMOM HU3Y OKHa nosiBasercs cBoGOAHAs CTpOKa Ans
BBOJA HOBBIX AaHHBIX. QUEBUIHO, UTO 3Ta CTPOKA COAEPIKMT 3HAK NPHUIVIALLIECHHS >>.
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14 Pucynok 1.1

Ta undopmauus, 4To NMOKWHYNa BUAMMYIO 4acTb OKHa, HUKyJa HE Hcue3aeT. Ee
Bcerja MOyKHO MPOCMOTpPETh CHOBA, €CJIH OCYLIECTBHTb BEPTHKAbHYIO MPOTHKKY CO-
JIePAKUMOro KOMAaHJJHOTO OKHA CTAHAAPTHLIM rpadyMuecKUM CpPEeACTBOM YIPaBIEHHS —
nonocoil npomsisicky (no-aHrnuiicky — scrollbar). J[ng 3Toro Hy»HO LWEJKHYTh JIEBOH
K/T1aBHILEH MbILIK HAa 3TOH MOJIOce WIIH «MPOTALUMTEY» C MOMOLLBIO MbIILH MOA3YHOK
M0JIOCHI MPOTAXKKH B HY)KHOM HanpaeJieHHH (BBepX WM BHH3) (cM. puc. 1.2).

Pucynok 1.2

MoOXHO Takxe OCYLIECTBAAThL NMPOTKKY COAEPKUMOro KOMaHIHOIO OKHA CHCTe-
Ml MATLAB ¢ noMouisio crnenyrounx xkyasuiu kiasuarypel: PageUp, PageDown,
Ctrl+Home (onHoBpemeHHoe Haxatde knasuw Ctrl 1 Home) u Ctrl+End.

Knapuiun «Ctpenka BBepx» M «CTpeska BHH3», B JIIOOOM TEKCTOBOM pElaKTOpe
OCYLIECTBJISIIOLIME TMEpEeMELEHHe Kypcopa BBEPX-BHH3 H BEPTHKAJIbHYIO TNPOTIKKY
coaepxHMoro okHa, B cuicteme MATLAB paGotatoT no-apyromy. 3TH KJIaBHILH 10-
3BOJIIKOT BEpPHYTb B CTPOKY BBOJAa paHee BBEAEHHbIE C KJIABHATYPbl KOMAaH.bI
U ApYTyi0 BXOJAHYI0 HHdopMauuio. Bes sta nHdopMauys 3anoMuHaeTcs B crielyalb-
HOM 06J1aCTH NaMATH, KOTOPYIO HA3bIBAIOT CMEKOM KOMAHO, TaK KaK camast NocieHas
BXO/1Has HH(OPMALMA NPH ee MPOKPYTKe KiaBhweii «CTpesika BBEPX» NMOSBUTCS Mep-
BOH. 3aTeM MOABMTCA NpeAnocienHss koMaHaa W T. 4. Knasuma «CTpenka BHH3»
OCYILECTBJISET NPOKPYTKY KOMaH/ B POTHBOMOJIOKHOM HalpaB/EHHH.
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B wurtore MOXHO cKa3aTh, 4TO BCS BHAMMas HWHGOpPMALHs B OKHE CHUCTEMbI
MATLAB pacnonaraercs B ABYX NPUHLMNIHANILHO Pa3HbIX 30HAX: 30He npocMompa
H 30He pe0aKxmuposanus.

B 30He mpocMoTpa yke HUUEro Helib3s WCIPaBHTb;, XOTH B HEE W MOXHO MOMec-
THTb KypcOp, OJHAKO peakLHeH Ha BBOM C KJ1aBMaTypbl OyAeT aBTOMATHYECKOE nepe-
MellleHHe Kypcopa (TO €CTb TOUKH BBOJA) B CTPOKY BBOJAA, PAcrOOKEHHYIO B 30HE
pelakTUpOBaHHUs. B 30He NpocMOTpa MOXKHO BbIAETATH (CEJIEKTHPOBATH) C MOMOLIBIO
MbILIK TO0YI0 WHbOpMaLHio U konuposath ee B Oydep obmena (Clipboard) onepa-
LIMOHHOM cucTeMbl Windows, 4ToObl MOTOM BCTaBUThL €€ JIMOO B JIOKYMEHT TEKCTOBO-
ro penaxropa (Hanpumep, Microsoft Word), nibo B cTpoky BBOJA.

3oHa pelaKkTUpOBaHUs 00BIYHO 3aHUMAaET OJHY (MOCIEAHIO) CTPOKY KOMaHAHOro
okHa cucteMbl MATLAB, B KoTOpoH HaxoAWTCs 3HAK MNpUrnaueHus >>. Ee Mbl
¥ HasbiBaeM cnipoxoii 66o0a. OHaKo NMpy HEOOXOAHMOCTH 3Ty «JIOTHYECKYHO CTPOKY»
MOXKHO pacnpoCTpPaHWTb Ha HECKOJIbKO (U3HUECKHX CTPOK KOMaHAHOro okua. /[{ns
3TOro HeNb3s POCTO HaKaTh kiasuuty Enter, Tak kak npu 3ToM BBOJ MHGOPMaLMH
Oyner 3akoHyeH U MATLARB npucTynuT K BLIMUCICHUAM H JalibHellleMy nokasy pe-
3ynapTara. [loaToMy Ans npoiieHWs BBOAa C MOKa3oM BBOAMMOH uHbOpMaLMy Ha
crefyromux (Gu3nueckuXx CTpokax Tpebyercs HaxaTb Enter Tonbko mocie Tpex wiau
Bonee Touek, YTO U NMOKa3aHO Ha pHc. 1.3.

+} MATLAB Command Wind_.. Ei[s] E3

. File. Edit 2 Window : Help

D@l & @; i |18 Jloruueckas ctpoka

- - 2 BBOOA, COCTOALLASA M3

»a=5S + 4+ 4————%* ABYX (PM3NHECKMX CTPOK

+5+6 — - lr30Ha PenaKTUPOBaHNA

4 LF Pucynok 1.3

OnHako ¥ B 3TOM ciy4ae 30Ha peJakTUPOBaHHs pacrpocTpaHseTcs TOIbKO Ha ca-
MYIO MOCJEHIOI CTPOKY (Tenepb OHA yXke He COASPXNHT 3HaKa MpUIJIalleHUs >>),
a B MpeabiAyLHX (PHU3HYECKUX CTPOKAX JIOrMYECKOH CTPOKH BBOJA U3MEHHTb YXKE HH-
4ero Henb3s. KpoMe Toro, cyMmapHas JUIMHA JIOrMYecKOH CTPOKM BBOJA OrpaHHYeHa
256 cuMBosIaMHU.

Bce 3HaueHus MepeMEHHbIX, BLIYHUCIECHHbIE B TEUeHHE TEKyLIero ceaHca padoTsl,
COXPAaHSIOTCA B CMELHATIbHO 3ape3epBUPOBAHHON 001acTH MaMsTH KOMITbIOTEpA, Ha-
3bIBaeMoO# pabouum npocmpancmeom cucmemor MATLAB (no-anrnuiicku — Matlab
Workspace).

Komanpoit

clc

MOXHO CTEpeTb BUIMMOE COAEPKUMOE KOMAHIHOrO OKHA CHCTEMBbI MATLAB,
OJIHAKO 3TO He 3aTPOHET Colep:KUMoro pabodero npocTpaHcTBa. [{eHcTBUTENBHO,



6 AaBa 1. Yucaosble MaccuBbl B cucteme MATLAB

eCiin Nnocjae 3TOoro Ha6paTI> UMA paHee BbIYKCICHHOH nepemeHHoifl a, TO nocne
HaxkaTud k1aBuwd Enter Mbl cHOBa YBUAHUM €€ 3HAYCHHUC!
>>a
a =
20

Mo mepe pa3byxaHus pasmepa pabouero mpoctpaHcTBa 3(hheKTHBHOCTb paboTbI
Oyner cunwkaTbhea. Takoe paszbyxaHHe BMOsHE BEpPOATHO, Tak kak cucteMa MATLAB
MoxkeT paboTaTh ¢ JaHHBIMH THFaHTCKUX pazmepoB. [1oaToMy, korna ucuesaeT Heob-
XOAHMOCTb B XpaHEHHH psja MepeMEHHbIX B TeKylleM ceaHce paboThl, HX MOKHO
CTepeTh U3 NaMATH KOMIbBIOTepa KOMaHAOH

clear mmal wmaz2 ..
yaansouei u3 pabouero npocTpaHcTBa NepeMeHHbIe ¢ UMeHaMH uMaAl u uma2. Yro-
6bI )’[laJIl/ITb cpa3y BCC nepemeHHble, Hy)KHO UCTIONIB30BaTh KOMaHI[y

clear

Ecnu BBl XOTHTE NpOBEpUTh, KaAKHE NMEPEMEHHBIC OCTANTUCH B pa60qu NnpocTpaH-
CTBE, TO AJI1 OTOro HY>KHO BbINOJIHUTE KOMaHAY

who

KOTOpas BbIBEAET CIIUCOK BCEX MEPEMEHHbIX, BXOASAIUNX HAa JaHHbIH MOMEHT B pabo-
uee npocrpaHcTBo cucteMbl MATLAB (cm. puc. 1.4).

4 PucyHnok 1.4

Jna npocMoTpa 3HaueHns o060 nepemeHHON K3 Tekylero pabouero npocTpaH-
ctBa cucreMbl MATLAB nocraTouno Habparte ee uMa ¥ Haxath kiaBuiry Enter.

IMocne 3akpeiTHs ceaHca pa6oTsl ¢ cucteMoit MATLAB Bce paHee BbIUUC/IEHHbIE
nepeMennbie TepaoTca. YUrobsl coxpanuts B (aiiie Ha IUCKE KOMIbIOTEpa COmep-
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»kumoe pabovero npoctpaHcTBa cHcTeMbl MATLAB, Hy»HO BBINONIHUTL KOMaHIy
MEHIO

File | Save Workspace As..

Mocjae 4ero MOsBIAETCS CTAHAAPTHOE AHATIOrOBOE OKHO OMNEpPaLMOHHOH CHCTEMbI
Windows nns BeibGopa kartanora Ha JUCKe U UMeHH daiina. Paciunpetue umenu daitna
JOJDKHO ObITe Mat, moatomy Takue dainbl npuHATO Ha3biBaTh MAT-aiinamu.

BMecTo paccMOTpEeHHOH KOMaH/bl MEHIO MOJKHO HEMOCPEACTBEHHO B KOMaHAHOM
okHe cucteMbl MATLAB Habpatb koMangy

save nyTe x_Oaitny\mma MAT-Qaitna

H HaxaTh kinasuwy Enter. PesynstaT Oy/eT TOT 2ke caMblii.
B nocnenyromux ceancax paboTsl A7 3arpy3kH B NaMaTh KOMMbIOTEpa paHee co-
XPaHEHHOTO Ha IMCKe paboyero NpocTPaHCTBA HY KHO BBINOJIHHTD KOMAHIy MEHIO

File | Load Workspace..

KoTopas B AHanoroBoM okHe Load.mat file notpeGyet ykazats HyxHblit MAT-hakn.
BbInonuus 3Ty koMaHay HECKONBKO pa3 ¢ pa3HbIMH (aiinamMu, Mbl MOXKEM COEIH-
HHUTB B TeKylieM paboueM npocTpaHcTBe cucTeMbl MATLAB coaepxumoe Heckoub-
KHX Npeaplayluux ceaHcoB padorel! OHAKO eciM MMEHa MePEeMEHHbIX W3 pa3HbIX ce-
aHCOB COBIMAJAIOT, TO B TeKylleM paboueM npocTpaHcTBe OyAeT npe/jcTaBieHa JHIIb
nepeMeHHas u3 nocnejaHero otkpbiroro MAT-daiina.
BMecTo paccMoTpeHHOH KOMaHAbl MEHIO MOXCHO HabpaTh KOMaHIy

load uma MAT-danna

HEMOCpeACTBEHHO B KOMaHAHOM okHe cucteMbl MATLAB. MoxHo Taxke w3 3anu-
caxHoro Ha ancke MAT-¢dakna cuntate B pabouee poOCTPaHCTBO 3HA4YEHHS OTAENb-
HbIX MepeMEeHHBIX. [ 9TOro Hy’)KHO NMpeaplayluyl0 KOMaHLy AOIOJIHUTD HMEHaMH
NEepPEeMEHHBIX:

load mma MAT-panna mmal, mmaz,

B pesyabrate nz MAT-daina Oyayr cuuranbl nepeMeHHbie ¢ HMEHaMH UMsl,
mMa2 v T. A. Ecnn MAT-gaiin ykasan 6e3 nonHoro nyTH K HeMy, TO OH A0JDKEH HaxXo-
JUTBCA B mekyiyem kamanoze cuctembl MATLAB, koTopelil Bceraa MoxHO y3HaThb
€ NOMOILLBIO KOMaHABI Cd, a UBMEHUTDb ero MOXKHO KOMaHoH

cd nyTb_K HOBOMY KaTajoTy

B kaxnom ceance pabotel ¢ cucteMoit MATLAB uenecoobpazno B xauecTBe Te-
KYUIETO KaTajora 3a1aBaTh TOT KaTajor, ¢ ¢ainaMu KOTOPOro NpeAacTOMT paboTaThb
Yaile BCEro.

3akaHuMBas KpaTkWH pacckas npo koMaHaHoe okHo cucteMbl MATLAB, ormeTHM
cleyrome ocobeHHOCTH ee koMaH/. [loJ koMaHaaMH MoJib30BaTeNs Mbl TOHUMaeM
npeanycaHus cuicteMe MATLAB BHINOJHUTE HEKOTOPOE ACHCTBUE, HANPHUMED MOKa-
3aTh TeKywui katanor. Onuu xomanaer cucreMbl MATLAB MoryT 3apasaTeca pas-
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HBIMH CNOCOBAaMH: C MOMOIIBIO MEHIO IaBHOro (KOMaHIHOro) OKHa, C MOMOLUIBIO
KHOTIOK Ha 1oJjloce UHCTPYMEHTOB H C MOMOLLbIO BBOJA C KIABHATYPHI KIIIOUEBbIX (3a-
pe3epBHPOBaHHbBIX) CJIOB ¢ MOC/EAYIOLMM HakaTHeM knasuliu Enter. JIpyrue koMaH-
Jlbl MOXXHO peaJin30BaTh TONbKO C MOMOLLBIO BBOJA C KJIABHATYPbl COOTBETCTBYHOLMUX
MM KJIIOYEBbIX CJIOB (Harmpumep, kKomaHza cd).

YacTb koMaHg TpebyeT NonoMHUTENbHOH HHAQOPMAMH OT MOJIb30BATENS; HalpH-
Mep, KoMaHaa clear Wcronb3yeT WMeHa MNepeMEHHbIX, MOIJIeKAIUNX YAANIeHHIO U3
TeKyuiero paGoyero NpocTpaHCTBa. OTy AOMOIHHTEIbHYIO HHbopMauuio OObIUHO
YKa3blBalOT B KOMAaHAHOH CTpoke uepe3 npoben moche kntoueroro cnoea. OpHako
€CTb U elle 0JIHa BO3MOXKHOCTb — 3aKJIIOUHTb AONOJIHHTELHbIE apaMeTpbl B KPYriible
ckobku. HanpuMep, paHee pacCMOTPEHHYIO KOMaHIy yIalieHUs MepeMEeHHbIX M3 pa-
6ouero nNpocTpaHcTBa MOXHO 3aMHCaTh U B APYTrOM BUJIE:

clear( 'mmal', 'umg2' )

UMeloLUM (OopMy (DYHKUIHOHANBHOrO BbI30Ba. IIpo 3TH JBE BO3MOXKHOCTH FOBOPSIT
KaK o dyanwnocmu Gopmbl BbizoBa komaHa cicTeMbl MATLAB. CyluectsyloT ciy-
yau, korga yHKUHOHAJbHAas ¢GopMa BbI30Ba KOMaHJ NpeAnoyTUresbHee. 3AeCh ke
OTMETHM, YTO NpH (QYHKUHMOHALHOH (opMe BBI30BAa KOMAaHJ ABHO 3a/laHHble HMeEHa
HaJI0 3aKJI0UaTh B anocmpogul.

MBpl noka H3yuusid He Bce komaHbl cuicTembl MATLAB. B panbHeiitiem mbi Oy-
JIeM U3y4aTh HX MO mMepe HeoOXOMHMOCTH B COOTBETCTBHH C M3JlaraeMbiM MaTepHa-
noM. IIpy atom OyayT u3yueHbl camble OCHOBHBIE M YaCTO MPUMEHSEMbIE HA NPAaKTHKE
komaHapl. [lo nwo6oit komaHne cuctembl MATLAB MoxHO nony4uuTh OBICTPYIO
CNIPaBKy, BBIIOTHUB KOMaHIy

help mma_xomaHIE

Pabotas ¢ komanaHbiM okHOM cHcTembl MATLAB, TO ecTh BBOAS KOMaHbI, 3374~
Bas YMCJOBbIE 3HAUYEHHS MEPEMEHHBIX W KOHCTPYHPYS pa3nHuHble MaTeMaTHUECKHE
BbIPDKEHHA, NOAJIEKALIME BbIYHCIEHHIO, @ TAKXKE BbI3bIBAas MHOIOUHC/IEHHbIE BCTPO-
eHHble B cucteMy MATLAB Maremarnueckve (QyHKUHH, JIEFrKO MOXKHO BbIMOJHHTE
Cepbe3Hble BBIYMCICHHS W BU3yallW3HpOBaTh pe3ynbTaThbl. Tako# peskuM paboThbl Mbl
Ha30BeM UNMEPAKMUGHBIM. DTO OJHOBPEMEHHO W MPOCTOH, W NPOAYKTHBHbIA BapH-
aHT pabotsl ¢ cucremoit MATLAB.

Ecnu BcTpoeHHbIX, upe3BbluaiiHO oOLIHpPHEIX BO3MOxHOCTEeH cnctembl MATLAB
BCE K€ OKaXETCH HENOCTATOUHO Ui pelieHHs KOHKPETHOH 3ajaud, Monb30BaTelNb
MOJKET CaMOCTOATENBHO 3aMporpaMMHUpOBaTh HeOOXOAHMbIE i pelleHHs npobnemMbl
¢byHKUMH. DTO MOXKHO BbINOJIHUTL KaK Ha BHyTpeHHeM M-s3bike cuctembl MATLAB,
Tak 4 Ha sa3bikax Fortran, C u C++. Bonpocsl, kacaroluecs npozpammuposarus, 6y-
IyT noApoOHO paccMOTpeHbl B 4, 2 HacTosulero nocodus. B neproii xe yactd noco-
6us Mbl 6yneM noapoOGHO 3HAKOMMTBCS CO BCEMH BO3MOXXHOCTAMM HHTEPAKTHBHOIO
pexHMa.

s
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BewecrBeHHble yncaa M TMN AaHHbIX double

OCHOBHBIM THMOM AAHHBIX, C KOTOPLIM TPOM3BOIATCS BBIYMCIIEHHS B Cpele
MATLAB, saBnsioTcs KoHeuHble NecATHUHblE APOGH, MPUONWKAIOUKME C 3aJaHHOM
TOYHOCTBLIO [POM3BOJIbHBIE BEILlECTBEHHbIE YHcna. [TocnenHue B obiuem ciryyae rpea-
CTaBHMbl JIMLIL B BHAE OECKOHEUHBIX OEeCATHUHBIX Apobed. MOoKHO ckaszaTb, 4TO
MATLAB pa6otaer ¢ BelieCTBEHHBIMH YHC/IAMH NPUOJIHKEHHO.

BelectBennnle uucia 3asarorcs B cucteme MATLAB ManTHcco# v nokaszarenem
CTEIEHH H 3aMHChIBAIOTCS B ClIEAYIOILEM BUJIE:

2.851038547e+12; -456.38456978; 0.0045692e0; 185e-1; 4.5; -123

rae OykBoii e o6o3HauaeTcs ocHOBaHHE cTerneHu, pasHoe 10.

VY uenbIX YHCeNn OTCYTCTBYIOT JIpoOHbIE YAaCcTH, HO OHU BCE PaBHO Npe/ICTaBASIOTCH
cucremoii MATLAB Ha MawnMHHOM ypoBHE B TO# e dopme, uTO U ApoOHbIE YKca.
OT0T OCHOBHOM THN AAHHLIX Ha3biBaeTcs double.

ITon mMaHTHCCY W nokazarensb creneHd (Ha MaUIMHHOM YPOBHE HUCMOJIb3YeTCS JIBO-
H4YHas cHCcTeMa 3anucH) orBoauTcs § OaHT naMaTu. B pesynbTate ans HecATHUHBIX
Ypcen JOCTHTaeTCs TOYHOCTD nopasaka 15 3Havawmx uudp. Ilpu aTom MakcHManbHBIM
no Moaymo npeacraBuMbiM B cucTeMe MATLAB BellecTBEHHBIM YUCTIOM ABJISETCA

1.797693134862316e+308

a MMHUMAJIbHBIM 110 MOJLYJIIO SBJISI€TCA CJIE/1YIOLLEE BELLIECTBEHHOE UUCIIO:
2.225073858507202e-308

Jlng 3TvX uMcen gaxe 3ape3epBHpOBaHbl MMeHa realmax v realmin.

YrtoObl HE meperpyxarb HW3MMIWHUMH NOAPOOHOCTAMH CBOE KOMaHAHOE OKHO,
MATLAB no ymonuanuio ucrnonesyer dopmar short ans BbIBoJAa BELIECTBEHHBIX
Yucest, MPU KOTOPOM MMOKAa3bIBAIOTCS TOMBKO YEThIpE JECATHYHBIE UMDPBI NOCe 3ans-
ToM (cM. puc. 1.5).
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Ecnu TpeGyeTcst nojHOe NMpeACTaBACHHE BEILECTBEHHBIX YHUCENT, TO HYXKHO BBECTH
¢ KIaBHaTypbl KOMaHAY

format long

nocJjie uero HabpaTb WMsl IEPEMEHHOMN r'és, B KOTOPYIO BbllI€ Obl 3aNHCaH pe3yIbTaT
BbluMcieHud. Haxas kiaeuwy Enter, nomyunm Gonee noapoGHy0 HHGOPMaLHIO:

res =
-93.29900636942675

Tenepb BCe pe3ynbTaThl BbIYUCIEHHH OyayT NMoKa3biBaThCA ¢ TaKOW BLICOKOH TOY-
HOCTBIO B TEUEHHE AaHHOTO ceanca paboTst B cpeae cuctembl MATLAB. Ecnu tpely-
eTCst 10 TPEKPALLEHHS TEeKyILero ceaHca paboTel BEPHYTLCA K CTAPOH TOUHOCTH BU3Y-
aJIbHOTO MPEICTaBNCHHS BELECTBEHHBIX UHCE] B KOMAHIHOM OKHE, HY)KHO BBECTH
M HCTIONHHUTD (HaxkaB kiaBuiny Enter) komanay

format short

JipyruM untepecHsIM Gopmatom siensieTcs GopMaT MOKa3a BEIECTBEHHBIX HCEN
B BH/le OOLIKHOBEHHbIX ApoOeH, Ui 4ero BBOAUTCS KOMaHa

format rat

Tlocrie BLITIONIHEHHS 3TOI KOMAaH/bl paHee BbIUMCIIEHHAsA NEPEMEHHAs resS MOKa3bl-
BaeTcs B koMaHnHOM okHe cucteMbl MATLAB B cnenyromem Buje:

res =
-9050/97

Hy W, HakoHell, ecni onepaHabl W pe3yabTaThl BLIYHCAEHHHN SBISIOTCA HENbIMH,
TO, XOTSl OHM H TIPEACTABASAIOTCS B MAMSATH MAUIMHBI TaK )K€, Kak W ApoOHbIe unucna,
BH3yanbHO B komaHaHOM okHe MATLAB oHH moka3blBalOTCA B BHJE 1IEJLIX YMCEN.
DTO UNNIOCTPUpYETCS Ha puc. 1.6, HA KOTOPOM CNELMATLHBIM HMEHEM ans CHcTeMa
MATLAB o0Go3Hauuna pe3y/ibTaT BbIUHCIEHHS BbIPaXKEHUs, NOCKONbKY OH He Obln
NIPHCBOEH HHKAKOH MepeMEHHOM.

Pucyrok 1.6
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Hrak, cuctema MATLAB Bcerna xpaHUT B TlepeMEHHOH ans mocliegHee U3
BBIMHCIIEHHBIX H HE COXPaHEHHbIX M0JIb30BATENIEM BbIPAKEHHH.

Han BeilecTBeHHBIMH 4HucnaMH (MX MallHHHOE TPEACTaBJIEHHE YacTO HAa3bIBAKOT
4{CNlaMM C MfasalolleH 3anaTod) u nepeMenHbiMH THna double npousBoasTcs
apUMeTHYECKHE OnepallH CIIOKEHUS, BBIUUTAHHS, YMHOKEHUS W A€NeHHs, 1 KO-
TopbiX B cucteMe MATLAB ucnone3yiotes TpaguuMoHHbIe A8 M000ro f3bika Mmpo-
rpaMMHUpoBaHHs 3Hakd +, -, * u /. KpoMe Toro, ectp elue omnepauus BO3BEIACHHS
B cTeneHb, 0603HayaeMas 3HakoM ". Pe3ynbTaThl NpUMEHEHHUs 3TOM ONepaurH MoKa-
3aHbI HUKE!

5~ 2

ans =

25

t =ans * ( 0.5)

t =

5

[TpropuTeT B BBIMOJHEHHH apudMeETHUECKUX onepauud OOBIYHBIA: CHayana
(TO ecTh CaMblii BBICUIMI NMPHOPHUTET) — BO3BEJEHHE B CTENEHDb, 3aTEM — YMHOXKEHUE
¥ JeNieHHe M MOTOM — CJIO)KeHHe H BbluuTaHve. Onepauny OQHHAKOBOrO NMPHOPHTETA
BBITIOJTHSKOTCS B TIOPSIZIKE CJIEBa HANpaBO, HO KPYrjible CKOOKH MOTYT U3MEHHTb 3TOT
MOPAROK.

Hauap pacckasbiBaTh 0 TOYHBIX NpaBHiIax HCTIONB30BaHHS OnepaurH 1 3alTMCH Bbl-
paxeHHH ¢ onepanaamMH THna double (BelecTBEHHbBIMH YHCAAMH), Mbl (PAKTHHECKH
CTaIH OTHCHLIBATh GHYMPeHHUL A3bik npozpammuposanus cucrembl MATLAB, koto-
pblii MpUHATO HasbiBaTh M-a3eixom. [1o Mepe JaipHeHIero 3HakoMcTBa Bbl OOHApy-
JKHTE, YTO ITOT A3bIK BECbMA TPaJULIMOHEH 15 A3BIKOB BBICOKOTO YpOBHS (He Tpebyer
3HaKOMCTBA C YCTpOMCTBOM MaMATH KOMIBIOTEPA H €r0 anmnapaTHoi KoHGUrypau1en)
¥ 1O CBOEiH mpocToTe npudbnukaeTcs K LWHPOKO W3BECTHOMY S3bIKY MPOrpaMMHpOBa-
Hust BASIC. B 1o ke Bpemst OH crieyHaIbHO CKOHCTPYHPOBAH At pEIIECHUs] MaTeMa-
THHYECKUX 3aJa4 ¥ B HEM MHOro crieuvduueckux onepalHi, no3Bojsiownx dddek-
THBHO pellaTh UMEHHO TaKue 3a/1auH.

[TomMumo apudmeTHdeckux onepauui Haa onepaHAaMH TUNa double BBINONHAOT-
cs eLie onepayuu OMHOWEeHUA U I02UYeCKUe Onepayuu.

Onepayuu omuouwienuss CPaBHUBAIOT MexXAy coOOi JBa omnepaHza IO BEJHYUHE.
OTH onepaurH 3aMMChbiBalOTCs CeAYIOMMHU 3HakaMi WM KOMOMHALIMSAMH 3HAKOB:

< <= > >= == ~

MeHbLwe Menbwe ym | bonbwe bonblse urm PasHo He pasHo
pasHo paeHo
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B c¢iyyae MICTUHHOCTH OMepaliM OTHOLLUEHHS ee BEIHUYHHA (TO €CTb pe3yJsibTaT Bbl-
YHC/IEHHUS BbIPOKEHHMA) paBHa 1, a B cliydae JIookHOCTH — 0. BeluncneHue BblpaXeHHH
¢ oMnepauMaMH OTHOLLIEHHS NOKa3aHo Ha puc. 1.7.

) MATLAB Command Window
- File Edit ‘Window Help

D@y e “Iﬁ E? 2
»a=1;b=2,0=3;,
» res= (a<b)+(0~—b)+(b_

'1';33”:. :
2
DEE> = . ,,,,,,, ,
al ‘ 2 s ;rf Pucynok 1.7

3nech BoipaxkeHHe a<b BbipabaThIBaeT €AUHHLY B CHJY TOTO, YTO BEJIMUMHA Mepe-
MEHHOM a JIeHCTBUTENILHO MeHbllle BEMMYMHBI NMepeMeHHON b («ucTHHa»). Beipaske-
HHEe C ~=D ABNSETCS MCTHHHBIM, TaK KaK Ha CaMOM Jiefie C, PaBHOE 3, HE paBHO b, KO-
Topoe pasHo 2. B urore ono ebipaGatbiBaer 3naueHue 1. Ilocneanee BblpakeHue,
b == a, He sBNsSeTCA UCTHHHLIM W BbipabaTbiBaeT 0. B pesynbrate nepemeHnas res,
paBHas CyMMe 3HaueHUi 3THX TpexX BblpaKeHUH, OKa3bIBaeTCs paBHOH 2.

Onepauuy OTHOLLEHUS UMEIOT Oosiee Hu3Kkull npuopunem, yeM apHOMETHUECKHE
omiepauy, NO3TOMY pPacCMOTPEHHAas Bbille NEPEMEHHas reS paBHa CyMMe 3HaueHHiH
Tpex ornepanuil OTHOLUEHHS TOJLKO MOTOMY, YTO Mbl 3aKJFOYMJM 3TH ONEpauud B
Kpyribte ckoOku. OueHb BaKHO BCerJa MOMHUTb 00 5TOM, TaK Kak OTCYTCTBHE KPYr-
JIBIX CKOOOK MOJKET MPUBECTH K U3MEHeHHIo pesynbTaTa. Hanpumep, ecnua=1,b=1,

C = 3, TO BblpaXkeHHe
ct+t (b==2a)
paBHO 4, B TO BpeMs Kak BbipaskeHue 6e3 KpyriibiX ckoboK
ct+t b==a
pasHo 0.
Tenepb 0OpaTMM BHUMaHHE Ha BaXKHYIO poJib MOYKYU ¢ 3anamol B M-a3blke CHC-
TeMbl MATLAB. B Hem Touka ¢ 3anfToil MOXET MCMOAB30BATLCA ANNH pasHbIX Le-

neii. Korga mMbl BBOAMM € KJTaBHATYpPBl HEKOTOpOE BBIpaXk€HHE (OHO PacrosIOKEHO
' ocJie 3Haka NpUMIalieHus >>) ¥ HaxkumaeM kiasuily Enter, MATLAB npoussoaut
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BBIYUCIIEHHE 3TOrO BBIPQXKEHUS W BBIBOAWT pPe3yJbTaT B CBOE KOMAaHAHOC 0kHO. Ecnu
Mbl HE XOTHM TOTHAC K€ BHAETb Pe3yJIbTaT BbIYHUCICHUH (3TO XapaKTepHO, Hanpumep,
JUTSl IPOMEXYTOUHBIX PE3YJBTATOB), TO B KOHLIE BBEAAGHHOIO BBIPAXKEHHS CIIELYET M0-
CTaBUTh TOUKY C 3anATOH U TOJIBKO nocie 3toro Haxats Enter. Takum obpa3zom, Touka
C 3aMAToi nodassiem @bIG00 PE3yNIbTATOB BLIYMUCICHHUNA B KOMAaHAHOE OKHO CHCTEMbI
MATLAB.

Kpome Toro, eciiu Mbl XOTHM 3a OJWH pa3, TO €CTb OAHHM HAKATHEM KJIABHIIH
Enter, BBIUHCIUTD HECKOBKO Pa3HbIX BBIPAKEHHH, a UX 3HAYEHHS TIPUCBOMTD Pa3HbBIM
NepeMeHHBIM, TO 3TH BbIPAKEHHS CAEAYET OTACIUTE APYT OT ApYyra TOYKOH C 3anaToH.
Takum oGpazom, Touka c 3anaToi paboraer U Kak pazderumens.

Hmetores 1 apyrue BapuaHThbl TPUMEHEHHS TOUKH C 3ansAToi B M-A3bIKe CHCTEMbI
MATLAB, 0 KOTOpbIX Mbl pacCKaKeM MO3KE.

Jloeuueckue onepayuu Haj BELIECTBEHHBIMH YHCNaMH 0003HAualOTCS 3HAKAMM,
niepeync/ieHHbIMH B clieaytolueil Tabnuue:

i HE

IepBbie ABEe M3 3THX OMNepauui SBIAIOTCS ABYXOnepaHAHbIMH (OMHApHBIMH),
a onepaurs «HE» sBnsercs yHapHOH (oaHOOmnepaHAHO). 3HaK ~ CTaBHTCA MNeped
OTEPaHAOM, a 3HAKH & W | CTABATCA MEXKAY ONEpaHAaMH.

Jlornueckue onepauuy TPaKTYIOT CBOW ONEpaHAb! KaK «UCTHHHLIE» (il€ paBHbLIE
HYJIIO) WK «JIOXKHBIe» (paBHble HyJ0). Ecnn o6a onepanaa onepaunn «M» UCTHHHBI
(He paBHbBI HyJ10), TO pe3yJibTaT 3TOH onepaLMH paBeH 1 (KHCTHHA»); BO BCEX OCTaIb-
HBbIX cyuasx onepauus «Hy» seipabarsiBaeT 3Hauenune 0 («i0xby»). Onepauus «MJTH»
BbipabarbiBaeT 0 («J10Xb») TOJMLKO B Cllydae, KOrJa sBJIAIOTCS JIOXKHBIMH (PaBHBLIMH
Hynio) oba onepanna. Hakoneu, onepauns «HE» vHBEpTHpYeT «10kb» HA «HCTHHY»
1 HaoOopoT. To ecTh ecyid ee OnepanoM SIBJSETCS HEHYJIEBOE YHCIIO, TO 3Ta ofepa-
uMs BoipabateiBaer 0, a ecnu orepaH HyJeBOH, TO TOIAA pe3yJ/bTaTOM NPHMEHEHHS
onepauun «HE» 6yner 1.

Jlornueckne onepauvu UMEIOT camblii HUZKUL NpUOpUmen.

B ofHOM 1 TOM ke BbIP@KEHHH MOXXHO HCIOJIb30BATh BCE MEPEUHCIIEHIIbIE OTlepa-
LMH: apu(MeTHYeCKHe, JOTHUECKHE W ONepallMM cpaBHeHus. IlocienosarenbHOCTb
BBIMOJIHEHHsl OMepauni onpeaensercss UX pacrojoKEHHEM BHYTPH BbIpaXKEHHUS, HX
TIPHOPUTETOM H HAJTHYHEM KPYIJIbIX CKOOOK.

B cucreme MATLAB npucyTCTBYIOT BCE OCHOBHBIE 31eMeHTapHble QPyHKLHH And
BbIYHC/IEHHH C BELECTBEHHbIMH YHC/IAMH: CTEMEHHBbIE, MOKA3aTeNlbHbIE, TPUTOHOMET-
pryeckue W obpaTHble kK HuM. J[106Gas QyHKUHMS XapakTepHU3yeTcsi CBOMM HMEHEM,
CMNUCKOM BXOJHBLIX APryMEHTOB (TMEpeuHCISIIOTCA uYepe3 3ansTylo M CTOAT BHYTPH
KpyryibiX CKOOOK, clefylommx 3a UMeHeM (GYHKILHH) H BbIYHCISeMbIM (BO3BpaLIae-
MBIM) 3HA4YEHHEM.
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CHauana pacCMOTPHUM JIOTHYECKYI0 (YHKUHMIO XOT, JOMOJIHAKOUIYIO paHee pac-
CMOTpPEHHbIH Habop JIOruveckHx onepauudii. 31a QyHKLUUS UMeeT ABa BNO,UIbIX apry-
MEHTa M BbIYHC/ISET HaJ HUMH onepauHio «uckmoyaiouiee MJIM», kotopus Beipaba-
ThiBaeT 1 («MCTHHAY») TONLKO B CIyYae, KOTJa OJWH U3 UMCIIOBBIX ApIyMEHTOB MCTH-
HeH (He paBeH HYJIO), a Apyro# foxeH (paseH Hymo). Hanpumep,

a=1; b=20;

xor( a, b )

ans =

1

a ecsii 06a aprymMeHTa UCTHHHBI WIIH 002 JIOJKHBI, TO 3Ta (hyHKUHS BbipabarsiBaeT 0:
a=1; b=1;
xor{ a, b )
ans =
0

ITomMumo oriepallii BO3BCACHHUS B CTEINEHbD, pea.rm3yeM0171 C NOMoUIbKO 3HakKa A,

eCThb elle QyHKUUS WU3BJIeUEHUs KBaJpaTHOro KopHs sqrt, dyHkuMs exp Ans Bo3Be-
JleHHs B CTereHb Yucna e, GyHKUUS pow?2 /1S BO3BEAEHHS B cTeneHb yncna 2. Tawoke
MPUCYTCTBYIOT 0OpaTHbIE K HUM (QYHKUHH: 10g — HaTypaibHbId Jorapudm, 10gll -
sorapudm o ocHoraHuio 10, 1og2 — norapudm no ocHoBaHHio 2.

B cucreme MATLAB MOxHO MOAy4dTh chpaBoOuHYI0 HH(oOpMalHio 1o Jodoi
aJleMeHTapHON GYHKUHH, BBIMOJIHUB KOMaHIy

help mmsa_dyHkuUM

TpuroHomerpuueckue ¢GyHKUMM MpeAcTaBiaeHbl BecbMa MojHo: sin, cos, tan
(TaHrenc), cot (koraHreHc), asin (apkcuHyc), acos (apkkocHHyc), atan (apkTaH-
reHc), acot (apkkotaHrenc). Umerotcsa Taroke U MeHee ynoTpeOuTeNbHbie BYHKIUH
THIa CeKaHca, KoceKaHca, a Takke runepoonuyeckde GyHKUUH.

s npuMepa BeIYMCIWM BbipaxkeHHe 2 * asin( 1 ), BKoYalollee BbIYUCIEHHE
bYHKUMM asin, ¥ NONYy4HM CleyIOlHi pe3ybTarT:

ans =
3.1416

cootBetcTBYIOIMH uncay 9. B cucreme MATLAB nns uucna I ecth creunanbHoe
obozHayeHue pi.

YnomsHeMm ewe GyHKUWH, CBA3aHHBIE C LieIOUMCIeHHOR apudmeTukol. Hanpu-
Mep, OyHKUHH okpyrneHus: round (okpyriieHue no 6awxaiinero ienoro), £ix (yce-
yeHue ApobHoi yacTh uncna), £loor (okpyrieHue 1o MeHbero uenoro), ceil (ok-
pyrneHue 1o boneluero Lenoro). ,

Kpowme Toro, ectb euie pynkuuu mod (ocTaTok OT Aef€HHUSA C YHETOM 3HaKa), rem
(ocraTok B cMbIC/IE MOAYJIbHOH apHdMeTHKH), S1gn (3Hak uMcha), factor (pasnoxe-
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HUE YHClla Ha TPOCTble MHOXMTENH), isprime (WUCTHMHHO, €CIM YKCIIO MPOCTOE),
primes (bopMupoBaHue CrHUCKa NPOCThIX YMcen), rat (npubnxeHue uucna B Buae
pauMoHanbHOM Apo6u), lcm (HaumeHbliee oblee kpatHoe), gcd (HaubGonbwui 06-
UK genurens).

@®yHKUMM MOd ¥ rem Aat0T OAHHAKOBbIA Pe3y/IbTaT U1 MONOKHTENbHBIX apryMeH-
TOB. B yacTHOCTH,

mod( 7, 2 ) ==rem( 7, 2 ) ==1
HO ISl OTIepauMlil ¢ apryMEeHTaMK pa3HbIX 3HAKOB OHH BbIpabaThIBAIOT pa3Hble 3Haue-
HUSL:

mod( -7, 2 ) = 1 ; rem(-7,2) =-1

B ofuiem ciydae 3TH QYHKUMM CBsA3aHbl ¢ QYHKIMAMH OKPYTJIEHHS ClleyHOLUIHM
obpazom:

rem{ X, y ) ==x -y * fix(x/y)

mod( X, y ) == x -y * floor( x / y)

M nakoHeu, ecTh (YHKUMHM, pellalollde CTaHAApTHbIE 337a4yd KOMOMHATOPHKHM:
GYHKUMS PermS BBIYHUC/SLET YUCIO MEPECTaHOBOK, a QyHKUUS nchoosek — unucno co-

yetanuii. Hanpumep, uncno coueranuit u3 10 no 3 Nerko HaXOAWTCS BbI3OBOM (YHK-
1 nchoosek{ 10, 3 ) (cwm. puc. 1.8).

'

PucyHok 1.8

MHorue u3 nepeyucieHHbIX QYHKLMHA UMEIOT oOnacTh ONpeieNeHHs, OTIHYHYIO
oT R (MHOXecTBO Bcex AeHCTBUTENbHBIX uucen). Koraa ans GyHKUMH 3ajaeTcs He-
JOMYCTHMOE 3HAYEHHUE apryMEHTa MU COBEPIUAETCSA IMOMbITKA BHITOJIHUTEG HENOITyC-
THMYIO OTNEPalMio, B KOMaHAHOM OKHE MOABIIAETCS Mpeaynpexaarolee coobuieHue.
Hamnpumep, coobieHue

Warning: Divide by zero.
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MOABJIACTCA NPH MOMNBITKE ACJICHHA HA HYJIb. A B‘ KayCCTBE PE3YJbTaTa BHIBOAUTCA

ans =
Inf

rae Inf cumBonuzupyet 6eckoHeuHocTh. TOT ke pe3ysbTaT MOAYYaeTcs (IPH MOMNbLIT-
K€ BBIYHUCIINUTD Jorapudm oT HyJs.

KomnAekcHble unMcAa M KOMMAAEKCHbIE
¢pyHKUMM

CucreMa MATLAB ocyluecTB/iseT BBIUMCIEHHS KaK ¢ BELUECTBEHHBIMH, Tak
M C KOMIUIEKCHbIMY unciaMi. [Ipy 3ToM HHMKkakoH crieuHanbHOH MapKHPOBKH, TO €CThb
NpeIBAPUTENILHOIO OMMCAHHUS YMCIIOBBIX MEpPEeMEHHbIX, He TpebyeTcs. DTo cripaBea-
JIMBO M 71 BELUECTBEHHbIX, H [UIs KOMIUIEKCHBIX NlepeMeHHbIX. Bece onn aBToMaTHue-
cky umerot Tun double. EcrecTsenHo, UTO sist 3anucH KOMIJIEKCHOTO uncna Tpedy-
eTcst B [1Ba pasa OoJiblue NMaMaTH KOMIbIOTEPA, YeM JUIS 3allMCH BELLECTBEHHOTO YMC-
Jla, NMOCKONbKY Mo 8 6aiT namaTH oTBOAMTCS Kak Ui NEHCTBHUTENBHOH, Tak H AJsl
MHHMOH 4acTH KOMIUJIEKCHOIO YHcha.

KommnekcHele uncna B cucteMe MATLAB 3anuceiBatoTes clieayolwnM obpasom:

2 + 31 ; -6.789 + 0.834e-2 * 1 ; 4 - 2j

OTcroaa BUIHO, UTO AJI% 3aM{CH MHUMOU eQuHUYbl 3ape3epBrpoBaHb! (Ha BbIOOp)
Oykebl 1 nu j.

Cucrema MATLAB npou3BOAUT KOMIUJIEKCHBIE BBIUHUCIIEHHA, KOTAA SBHO 3a/1at0T-
€S KOMIUJIEKCHble 3HAuU€HHs IJIf MEepPeMEeHHBIX WK apryMeHToB ¢yHKuui. OnHako
BO3BMOX(HBI Cllydau, MpH KoTopbix cucremMa MATLAB cama Beixoaut B 061acTh KOM-
TUIEKCHBIX YHcen 6e3 creuHaNbHOro Ha TO yKa3aHus CO CTOpPOHbBI Mosib3oBaTens. ITo
NPOUCXOMHNT, KOrAa Afi1 MareMaTHueckod (pyHKUMH 3ajaeTcs BeleCTBEHHBIH apry-
MEHT, HE NO3BOJIAIOUIMI MONYYHTHL BellecTBeHHOe 3HaudeHue ¢GyHkumu. Hanpumep,
npd BblukciaeHHH GyHkuun sqrt( -1 ) nomywaeTcs creayroWUi pe3ysbTar
(cM. puc. 1.9).

ScHo, uto BeuMCHUTL Sqrt( ~1 ), ocTaBaschb B pamMKax TOJILKO BEIECTBEHHBIX
guce, Henb3d. [lostomy cucrema MATLAB nepeliia K KOMIUIEKCHBIM BBIYHCIIEHHAM
¥ NOJTyvwia pe3ysbTaT, paBHbId 1. IIpy 3TOM, Kak Mbl BUIUM U3 PUCYHKa, CAMOM CHC-
Temo MATLAB nnst 0603HaueHHs MHUMO# €IHHHLIB! UCITONB3YeTCs UIMeHHO OykBa 1
(a He j). '

B cnyyae, korna ko3 hpuumeHTOM NpH MHUMOM einHuLIe SBASETCS HE YHCIO, a Tie-
peMEeHHasl, Heb3si MHCaTh IPOCTO X + 1Y, a HyXKHO 00s13aTeNIbHO UCMOJIB30BaTh 3HAK
YMHOXEHHS, TO€CTh X + 1 * y.
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P PM.C)/HOK 1.9

IToutn BCce a7eMeHTapHble (QYHKLHH JOMYCKAlOT BBIYMCIECHHA C KOMIJIEKCHBIMH
aprymeHTamu. Hanpuwmep:

res = sin( 2 + 31 ) *atan( 41 ) / (1 - 61 )
res=
-1.8009 - 1.91901

HayuuBlIKCL BBIMOJHATE BBIYMCIIEHHS C KOMIUIEKCHBIMH (PYHKLHMAMH, Mbl 1nis
npyMepa MOXXeM NpOBEPUTH 3HaAMEHHUTYIO GopMyJy Ditnepa

exp( i *x) =cos(x}) +1i*sin( x)

[lpunaBas BellecTBEHHOH MepeMEHHOHW X pasiH4HbIE 3HAYEHHS, BHIYHCIIAEM BbI-
paXeHWs U3 MpaBoi W JeBoH uacted 3ToH dopmynet. Hanpumep, npu x = 1 nMeem
KaK Juif JIEBOrO, TaK W AJIs MpaBOro BbIPaKEHHS OIHO W TO ke 3HaueHue: 0.5403 +
+ 0.8415i. Jlgs x = 2 obe CTOPOHBI 3TOrO paBEHCTBA JArOT CHOBA OJHHAKOBBIHA
pe3ynprar -0.4161 + 0.9093i,uT .

Ho B oueBHAHBIX cy4asX O KOMIUIEKCHBIX apryMeHTaX HE MOXET ObITb W peuM.
JIeHCTBUTENBHO, KAKHE MOTYT OBbITh KOMIUIEKCHBIE apryMeHTsl Y GyHKUMH mod (X, Y),
BBLIYMCIIAIOLIEH OCTAaTOK OT fefieHWst X Ha y? IloaToMy mnosiBieHHe coobiieHus o6
ournbke B crieaylolieM npuMepe abcomoTHO npenckasyemo (cM. puc. 1.10).

PucyHok 1.10
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CrneunansHo U1 paboThl ¢ KOMIUIEKCHBIMH YHC/IaMH MIPeHA3HAUuEHBl ClIeAyOWMe
byHKuMK: abs (abconoTHOE 3HaUeHHe KOMILIEKCHOTo YKcha), conj (KOMIJIEKCHO co-
NpsAKeHHOE 4KCII0), imag (MHUMas 4acTb KOMIUIGKCHOro uucia), real (geficteu-
TeJdbHag YacTb KOMIUIEKCHOrO 4Hcna), angle (apryMeHT KOMIIIEKCHOrO 4HCIa),
isreal («dcTHHAY», €CNH YUCIIO JeHCTBHTENBHOE).

KommniekcHble uMcia MOXHO CKJIabIBaTh, BEIUUTATDb, IEPEMHOXKATE U JEJIUTh TOY-
HO TakK >ke, KaK W BewecTBeHHbIe uucia. [IoaToMy B OTHOLUEHHH apHPMETHUECKHX
orepauMii HUYEro HOBOTO AJI KOMIUIEKCHBIX YHcel (10 CPaBHEHHIO ¢ BELIECTBEHHBI-
MH) CKa3aTh HEBO3MOXKHO. TO ke caMoe OTHOCHUTCS U K ONepalHsaM OTHOLUEHHS «paB-
HO» U »He paBHO». Jpyroe mesno — OCTajbHBbIE OMEpaLly OTHOLUEHHS U JIOTHYECKHE
ornepauuH.

B Maremaruke onepaunu cpaBHEHHs KOMIUIEKCHBIX 4YHceN Ha «OoJblue-MeHbLIe»
He OrpejesieHbl: Hellb3sd CKa3aTh, YTO OIHO KOMIUIEKCHOE YHCIIO, HanpuMmep, 6obiue
apyroro. Mcxoas U3 3Toro, MoxHoO OblI0 Gbl MPEeanoNIOKUTh, YTO TaKHe onepaLyd
CpaBHEHHs /15l KOMIUIEKCHBIX OMEepaHIoB 3ampelieHsl. OnHaKo pa3pabOTUMKH cuUcTe-
mMbl MATLAB peanuzoBanu Goniee «aisiyii» BapHaHT. ITH onepaudu paboTaroT
M C KOMIJIEKCHBIMH OTIepaHJaMH, HO HX pe3ysbTaT BbIpabaTbIBaeTcs UCXOAS TOJIBKO
U3 AeHCTBUTENIbHBIX YacTel 3THX onepaHioB. HanpuMmep,

c =2+ 31; d = 21i;

c>d

ans =

1

c = 5i;

c <=d

ans =

1
c>=d
ans =

1

Jloruueckue onepaury TPaKTYIOT ONEpaHbl KaK JIOXKHbIE, €CJIH OHH PABHBI HYJIIO.
Ecnu ke y KOMIIJIEKCHOrO ornepaHza He paBHa Hy O XOTS Obl OfIHA ero uacTh (Belle-
CTBEHHAA WK MHAMAas), TO TAKOH KOMIIEKCHBINM OMepaH/l TPaKTYeTCs Kak UCTHHHBIN.
Orcroz1a BBITEKAIOT Pe3yJIbTaThl CENYIOIIHX JIOPHYECKUX OTNepaLHi:

c =2+ 3i; d = 2i;

~C

ans =

0
c&d
ans. =

1
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B urore He TpebyeTcs KECTKOro KOHTPOIS CO CTOPOHBI MOJB30BATENA 32 THUIOM
YUCJIOBBIX ONEpanIoB. B 0/1HOM BbIpaskeHUM paspelIaeTcs CMeUIHBaTh BELIECTBEHHbIC
¥ KOMIUIEKCHBIE onepaHbl. Bee sxe ecnu Hy»HO B npouecce BBIYUCISHUI GopManbHO
OMpENENUTh, ABAAETCA JIM NEPEMEHHAA KOMIUIEKCHOH (peub HAeT O €e 3HAYCHHH), TO
MOHO BbI3BaTb (PYHKLUHIO

isreal( x )

BO3BPALLAIOLLYIO «HCTHHY» (TO €cTh 1), €ClnH 4MUCIOBasg NMepeMeHHass X He ABJSeTCH
KOMIUIEKCHOH, U »/10)Kb>» B TPOTHUBHOM Cllyyae.

B 3axynodeHue ele pa3 nog4epKHeM, YTO HUKaKHX CHeUUalbHbIX comialleHuH 06
UMEHAX KOMIUIEKCHO3HA4YHbIX IEPEMEHHBIX W KOMIUIEKCHBIX (DYHKUHHA He CylUlecTBY-
eT. IlepeMeHHbIe He TPeOYIOT HUKAKOTO IMpe/BAPHTEILHOTO onucaHus. Bee BeluMce-
HHS TEepPEeTEeKaloT M3 BELUECTBEHHOH 06MacTH B KOMIUIEKCHYIO abCOIOTHO aBTOMATH-
4yeckH. OTO MPOUCXOAUT MpPH 33laHHH KOMIUIEKCHBIX OTNepaHLoB (MCTIONB3YIOTCS 3a-
pe3€pBHPOBaHHbIE UMEHA 1 WIH U1 MHAMOH eIMHHLbI ) WIH MPH HEBO3MO)KHOCTH
OrPaHUYMTHCA JIHLIL BBIYHMCICHUSAMH C ACHCTBUTE/ILHBIMM YHUCIaMH (Kak B clydae
BBIYMCIIEHHS KBAJAPaTHOTO KOPHSA U3 MUHYC €IMHULbI).

®opmupoBaHUE OAHOMEPHbIX YUCAOBBIX
MacCUBOB

B cpene MATLAB MOXHO MpPOW3BOAHTH BBIYHCIICHHS ¢ HAGOPOM BELECTBEHHBIX
(MIM KOMIUIEKCHBIX) YHMCEJ TaK JKe JIErkO, KaK U ¢ OAWHOYHBIMH YHCIaMH. DTO ABNf-
€TCA OJJHUM M3 CaMbIX 3aMETHBIX M BaXHbIX NMpeumylnecTts cucreMbl MATLAB nan
JPYTHMHM  TIPOTpaMMHBIMM  I1aKeTaMH, OPHMEHTHPOBaHHBIMH Ha  BBIYMCIICHUA
W NpOrpaMMHpOBaHHeE.

HmenoBanHblie HabopBl HKces B pa3iHuHbIX A3bIKax MPOrpaMMHUPOBAHUS TpaJULIU-
OHHO Ha3bIBAIOT Maccusamu. BceMy MacCHBY NMPUCBAHBAETCs OJHO MMS, a JOCTYI K
OTAE/IbHBIM 9JeMEeHNIAM MACCUBA OCYLLECTBISETCS MO LICJ]O'-IHCJICHHOMy uHOeKcy, TO
€CTb 10 HOMEpY 3JIEMEHTa B MaccHBe.

B 3aBHCHMOCTH OT KOJHUYECTBAa UHAEKCOB, C MMOMOILBIO KOTOPBIX OCYILECTBIISAETCSA
JOCTYI K OTAEABHBIM 3JIEMEHTAM, MAcCHBbI pPa3fAe/sftoTCa Ha OOHOMepHble (€AUHCT-
BEHHBIH HHJIEKC), OgyMepHble (1BAa MHAEKCA) U MACCUBBI BOMBIINX pa3sMepHOCTeil (TpH
nHaekca u 6onee). IlocneiHUE NPHUHATO HA3bIBATb MHO2OMEPHBIMYU MACCUBAMH.

CHavana paccMOTpHM OJHOMEpHBIE YHCIIOBbIE MAaCCHUBBI. DTO JIMHEHHble HAbOphbI
4Hces, B KOTOPbIX MO3MLMA KaXIOro 3jeMeHTa 3a7aeTcsl eJMHCTBEHHBIM UYHCIIOM —
€ro HoMepoM. MOXXHO roOBOPUTB O MIEPBOM 3IEMEHTE MacCHBa, O BTOPOM U T. .

Maccussl B cucteme MATLAB He 06pasytoT HHKAaKOro HOBOTO THNA IaHHBIX, Yu-
CJIOBbIE MAacCHBBI { BEIIIECTBEHHbIE UM KOMIUIEKCHBIE) ABISIOTCS MacCHBaMH 3JIEMEH-
ToB THNA double. Hactano Bpems coobumth, uTo B cucteMe MATLAB naxe nepe-
MEHHBIE, IPUHUMAIOIIHE €IMHCTBEHHOE YHCIIOBOE 3HAUEHHE, TO €CTh SB/ISIOLIHECS 10
CYMIECTBY CKajsipaMH, B CBOEM BHYTPEHHEM MpEACTaBICHHH ABJIAIOTCA MacCHBaMH,
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COCTOALIMMH U3 €AMHCTBEHHOrO 3eMeHTa. [lToMMMO naMsaTH, HeoOX0aAUMOIT ans xpa-
HEeHHUs YMCIOBLIX 37ieMeHTOB (ro 8 OalT Ha KaXAbIH B Cily4yae BELUECTBEHHBIX YHUCEN]
U no 16 Gaiit B cnyyae kommuekcHoelX 4ucen), MATLLAB aBromaTuuecku npu co3jia-
HHH MaCCHBOB BbIJEJISET elle W naMsaTh i ynpasisioweil HHpopmauuu. B atoit 06-
JaCTH NMaMATH XPaHHUTCH pa3MEpHOCTb MaccHBa, KOJTMUECTBO 3JIEMEHTOB MO KaXKIOH
pa3MEpHOCTH, THIM SJEMEHTOB (BELUIECTBEHHBbIE WM KOMIUIEKCHbIE) MU T. A. OueHb
Ba)KHO, YTO MpPH NocTpoeHuHn MaccuBoB cicreMa MATLAB He Tpebyer oT none3oba-
Tess cpasy ke coobuTh Belo uHpopmaumio. Ilonb3oBaress MOXKET BBOAUTL €€ MM0-
crenenHo, a MATLAB pearupyer Ha Hee cOOTBETCTBEHHO H MOXET Jaxke JUHAMHYE-
CKH MepecTpauBaTh CTPYKTYPY MaccHuBa.

JUis co3paHHs 0OAHOMEPHOrO MacCHBa MOXKHO HMCIOJIb30BAaTh ONepayuio KOHKame-
Hayuu. Dta onepauus 0603HaUaeTCA C MOMOLIBIO KBaApaTHLIX ckobok [ ]. Hampumep,
cenyiolee BbIpaXkeHUe, UCOJb3YIOLIEE ONepalHio KOHKATeHALUHUH,

al=1[123]

(bopMHpYeT mepeMeHHYI0 ¢ HMeHeM al, ABIAOULYIOCS OAHOMEPHLIM MAacCHBOM H3
TpexX 3/1eMeHTOB (BellecTBeHHbIX yucesn). [Tpy ucnonL30BaHUK Onepaluy KOHKaTeHa-
UMK 00bearHAEMbIE B OJHOMEPHBIH MacCHB 3JIEMEHTBI JO/DKHBI pacronaraTbes Mex-
Jly OTKpBIBAIOWIEH M 3aKpbIBalolieil KBaJpaTHBIMM CKOOKaMH W OTHEJIATHCA APYr OT
Jpyra nnbo npobenoM, nubo 3anAToit. Tak 4To BeipaxeHUE

al=11, 2, 3]

M0 CBOEMY pe3y/bTaTy abCOMIOTHO MAEHTHYHO npeabiayuemy. OAHaKO eclid MaccH-
Bbl COCTOST M3 KOMIUIEKCHBIX YHCE/l MM 3JIEMEHTHI 3aJal0TCA BBIPAKEHHUAMH, TO
C TOUKH 3pEHMst HArJAJHOCTH Nyulle HCMOJIb30BaThb B KAYeCTBE pazdeiumens 3.e-
MeHmOo8 3alATYI0, KaK B CJEAYIOUIEM MpPUMeEpe, B KOTOPOM CO3[aeTcs MacCHB KOM-
TUIEKCHBIX YHCET:

d=[1+2i, 2 +31i, 3 -711);

Jna pocryna k MHAMBHAYAbHOMY JIEMEHTY OJHOMEPHOrO MaccHBa HY)KHO TpH-
MEHHTL onepayuio uHdexcayuu, JjIs Yero nocje ero HMeHW ykasaTth B KPYTJbIX CKOO-
Kax uHpaekc (HoMep) aneMeHTa. B urore Tperuit aneMenT MaccuBa al obo3Hauaercs
kak al (3), nepBeiii aneMeHT — kak al (1), Bropoii anemeHT — kak al (2).

Ecnu TpeGyeTcs M3MEHHTL TPETHIi 3/IeMEHT COPMHPOBAHHOIO BbIILE ONEpaLHeEl
KOHKaTeHallid MaccuBa al, TO MOXHO TNPUMEHHTH OMNEpPalUHI0 HWHAEKCALUH
Y ONepaLHIo NPUCBAUBAHAA:

al(3) = 789

JHanee, mycTh, Kk npuMmepy, BTOpOH 3jieMeHT MaccuBa al AOMKEH CTaThb paBHBIM
cpedHeMy apu(pMeTHUECKOMY MEPBOTO U TPETHETO AEMEHTOB. i 3TOro BBINONHAEM
cieaywouiee ACHCTBHE:

al(2) = (al(l) + al(3) ) /2
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KonnuecTBO 3/1eMEHTOB B OJHOMEPHOM MAacCHBE BCErJa MOXHO Y3HaTh € MOMO-
weto $yHkUMH length:

length( al )
ans =
3

Kak Mbl TOJIbKO 4TO yOEAUNHCh Ha paCCMOTPEHHbIX NMpHMepax, OrnepaLuio HHAeK-
callMd MOXKHO NPUMEHSThb Kak CrpaBa OT 3HaKa ornepauuyy NpUCBaWBaHHs, TaK U ClieBa
ot Hero. [Ipo 3TH criyuau FOBOPAT, HTO OCYLUECTBIIAETCA AOCTYN K 3JIEMEHTY MacCHBa
«T10 YTEHHIO» WJIH «I10 3anuck». [IpH NOMbITKE YTEHHs HECYLIECTBYIOLLEro 3JIEMEHTa
(HanpuMep, YETBEPTOro 3JIEMEHTA MAcCHBA al) B KOMaHAHOM OKHE MOABUTCH COO0-
ieHue o6 oinbke (cM. puc. 1.11).

4 PucyHok 1.11

B sTOM cooblueHuu YTBEPHKAACTCH, YTO HHAEKC NPEBLICUI pa3sMEp MacCHBa.
B T0 ke BpeMs 3anHUCh HECYLICCTBYIOLIETO 3JIEMEHTA BMOJIHE AOMYCTHMA — OHA
O3Ha4acr noGaBneHne HOBOTO 3JIECMCHTA K YK€ CYLUCCTBYOILEMY MACCHBY!

al(4) =7

[IpumeHsis nocnie BHINOIHEHUs TOH onepauuu K MaccuBy al dynkumio length,
HaXOJHM, UTO KOJIHYECTBO 3JIEMEHTOB B MACCHBE BO3POCIIO 10 YETBIPEX:
length( al )
ans =
4

To xe caMoe aelicTBUe — «yIJIMHEHUE MaccuBa al» — MOXXHO BBINONHHTE H € MO-
MOLLbIO ONIE€PALMH KOHKATEHALMH:

al = [ al 7 ]
31ech onepaHaaMHu Onepauly KOHKaTeHAUMH ABASIOTCS MAcCHB al, cocToAlMMH U3

TpeX 3JIEMEHTOB, W No0aBseMbIil K HEMy u4eTBEepTblii 3JIEMEHT, paBHeI 7. MoxHO
NOJIBEPrHyTh KOHKATEHAUMH M HECKOJILKO MaccHBOB. Hanpumep, cienytoiuii KoA:

a2 = [ al al 3 al ]

MOPOXKAAET OAHOMEPHBIH MacCHB a2, COCTOSLLMH M3 13 31€MEHTOB: €ro nepBbie ue-
TBIPE 3JIEeMEHTA MOBTOPAIOT 3JIeMEHThl MaccHBa al, 3M€MEHTHI C MATOrO No BOCHMOi
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JCJIal0T TO XK€ CaMoC, HeBﬂTb]ﬁ 3JICMECHT paB€H YHUCTY 3 H, HaKOHeu, MOCJIC JHUEC YETbl~
p€ 93JIEMEHTa OnATHL COBNagardT € COOTBETCTBYWOUIUMMH 3JIEMCHTAMH MacCHBa al
(cm. puc. 1.12).
«} B Command do
File . Ed ,__V!indow Hslp
% Gy :
[ral al’3'al:

4 Pucynok 1.12

Tenepb co3naauM OAHOMEPHbIH MaccuB a3 6e3 NPHMEHEHHs ONEpaLUH KOHKaTe-
Hauud. HMcnonezyem apyroii crioco6: 6ynem NpoNHCHIBATL KaKIAbIH 3JIEMEHT co3/a-
BAaEMOr'0 MaccHBa Mo OTAENBHOCTH:

a3(l) = 67
a3(2) = 7.8
a3(3) = 0.017

Takoe nocreneHHoOe co3/laHHEe MACCHBA M3 TPeX 3JeMEHTOB BO3MOXHO NOTOMY,
uyto cuctema MATLAB ¢ kakapiM HOBbIM NpPHCBaUBaHHEM aBTOMATHYECKH Mepe-
CTpauBaeT CBOKO CiykeGHy0 HH(GOpPMALMIO O MacCUBe, a Takke o0/1acThb NaMsaTH, OT-
BOJUMYIO MO AaHHble (nox 3nemMeHThl). Tlocne nepsoro npuceanaHus MATLAB
CYHTAET, YTO MAcCHB a3 COCTOMT M3 OJHOro 3jieMeHTa. IIpH BTOpPOM MpUCBAUBAHUK
BBIICHSETCS, YTO €CTh elle U BTopoH aneMeHT. Tyt yxe cuctema MATLAB BuiHyx-
JIeHa TepecTpanBaTh BCIO CTPYKTYpPY MaMsiTH, OTBEACHHYIO TNOJA JaHHBIA Maccus.
C kaxapIM NOCIeAYOLIMM NMPHUCBaUBaHUEM ITEPECTPOMKY NPUXOIUTCA OBTOPATS.

SlcHo, uTo 3TOT cNOCco6 CO3aaHMs OQHOMEPHOIO MaccHBa He ABiseTCs 3QPEeKTHB-
HBIM U NIPOUrpbIBaeT B OBICTPOLAEHCTBHH onepalury koHkaTteHauuu. [Ipourpsim B 6b1-
CTPOAEHCTBUH MaNo 3aMeTeH B MHTEPAKTHBHOM pEX<HMe, KOTJa NOJIb30BaTe b BBOAHT
BCIO HH(oOpMaLHMIO ¢ KIaBHaTypbl. OQHAKO 5TO CTAHOBUTCSA KPHTHYECKHM B MpO-
rpaMMHOM pexkuMe, korna MATLAB noapsia McnofHsAeT MHOTOYHC/IEHHBIE HHCTPYK-
MM ¢ MacCUBaMH.

CywiecTByIOT Ba NpocThix crocoba npubnusurensHo B 100 pa3 yBeauyHTh ObICT-
podeicTBre B pacCMOTpPEHHOH cuTyallMd. Bo-NepBbIX, MOXHO npedgapumenvHo 8bi-
Oenumb BCIO HEOOXOAMMYIO naMAmMb TOZ KOHEUHbIH pasMep MaccHBa. DTO IOCTHraeT-
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cs BBI30BOM QYHKUMH Ones WiaM zercs, KOTOphble Cpa3y CO3MAIOT MAaCCHB HY»KHOTO
pasMepa, 3anoJHEHHBIH eIMHUUaMK UK HynsMU. Tlocne 3Toro nocreneHHoe npomnu-
CbIBaHHE 3IEMEHTOB HY>XHbIMH 3HAUEHHAMH HE TpeOyeT nepecTpokH CTPYKTYypbl na-
MATH, OTBEAEHHOW mnoxa. MaccdB. K mpumepy, @ MaccuBa a3 MOXHO nepeq
MpHUCBAMBAHUAMM CAENATh CJAEXYIOLIHi BbI30B QYHKLHH Cnes:

a3
a3 =
111

1

ones( 1, 3 )

rJe BbIBOJ B KOMAaHJIHOE OKHO pe3ysbTaTa Bbi30Ba QYHKLUHMM Ones MOKa3biBaeT, uTo
cpazy CO3JAeTCs MACCHUB M3 TpeX 3JeMEeHTOB, paBHbIX eauHuue. [locne atoro moxHo
OCYLECTBUTb MOKA3aHHbIE BbILIE MPHUCBAWBAHUS HY)KHBIX 3HAUEHUH 2IeMEHTaM Mac-
cHuBa a3.

Bo-BTOpbIX, MOXHO OCYLUIECTBUTL MPUCBAHBAHWE 3HAUEHHH 2TIEMEHTaM MacCHBa,
HauWHasl ¢ NOCNEAHUX MO HOMEPY JJIEMEHTOB U 3aKaHYMBAas MepBbIM!

a3(3) = 0.017
a3(2) = 7.8
a3(l) = o7

37ech NpY BBIMOJIHEHWH NMEPBOTO ke npucBauBaHus cuctema MATLAB Boiaenser
NaMAThb NOJ| TPH BELIECTBEHHBIX YMCIIA, IPUCBAHBACT YKAa3aHHOE 3HAUCHHE TPEThEMY
3IEMEHTY, a IEPBOMY W BTOPOMY 110 YMOIYaHHIO MPUCBAUBAET HYJIH.

Tenepb CHORA BEpHEMCA K PACCMOTPEHHIO Pa3NIUUHBIX CMOCOOOB CO3/laHUS OHO-
MepHBIX MacCcHBOB. K HacTosllleMy MOMEHTY MBI U3YUYHIIH TPH TakHX crocoba: onepa-
LUMI0 KOHKaTeHAlUH, ONepaLMio HHAEKCALMH, BbI30OB CrielHabHbIX GYHKUME (HanpH-
Mep, ones unu zeros). Eme oauH cnoco6 OCHOBAH Ha MPUMEHEHHH cleLHalbHOH
onepauuy, 06o3HauYaeMol Ogoemoyuesm. DTy ONEPALMIO MOXXHO Ha3BaTb onepayuci
gopmuposanus ouanazona 4YMCNoBbix 3HadeHUH. Ilycts TpebGyercs copMupoBaTh
OJITHOMepHbIH MaccHB uucen B auanasoHe oT 3.7 no 8.947 ¢ npupawenuem 0.3.
Jlerue Bcero pelinTh 3Ty 33724y ¢ MOMOILLIO ONlepalUlK 0goemovye:

diapl = 3.7 : 0.3 : 8.947;

IMocnenuss Touka ¢ 3anATOH 34eCh UCTIONIB30BAHA 1S MOAABJICHHUS HEMEJIEHHOTO
BBIBOJA B KOMaHAHOe okHO cucTeMbl MATLAB pe3ynbTaToB onepanyi, To eCTb BCEX
sneMeHTOB MaccuBa diapl. B cnyuae Gonblioro yucia 3/M€MEHTOB MX IOKa3 B KO-
MaHIHOM OKHe Oy/neT cONpoBOX/aThca OBICTPOH BEpTHUKaTbHOH MPOTHKKOH coaep-
KHMOTO OKHa, a 3TO 3aMeAJIfeT paboTy U YTOMUTENBHO IS IJ1a3.

Onepauus dopMupoBaHus auanasoHa paboraer ciegyrowuM obpasom. CHavana
OHa BKJIIOYaeT B (OPMHUPYEMbIH MacCHB Jegyio epanuyy ouanazona (3TO UYHCIO,
CTOfLIlee JieBee MEpPBOTO JBOETOYMA). 3aTeM OHa K ITOMY YHCIOBOMY 3HA4YEHHIO
npubasnseT npupawgeHue, KOTOPOE yKkasbIBaeTcs Tocie NMepBoro ApoeTouusa. Ecnu
CyMMa He NMIPEeBOCXOIMT @epXHell 2panuysl Ouanazona (Y1cio, CTosLiee nocje BTOpPoro
JABOETOYHMA), TO OHA BKIIIOYAETCA B KavyecTse JIeMeHTa B (POpMHUpyeMBIHi MacCHB. 3TO
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BCE MOBTOpAETCA OO TEX MOp, MOKa OYEpeNHOE YHCIIOBOE 3HAUEHHE HE MPEBBICHT
BEPXHIOIO FPaHHLLy.

Hecmotps Ha noapobHoe ob6bacHeHHe paboThl 3TOH onepauuy, JOBOALHO TPYAHO
TaK, cpa3y B yM€ MOICYMTATb KOJHYECTBO MONAJAIOIIMX B 3aJaHHbIH JHana3oH H,
COOTBETCTBEHHO, B MaccuB diapl anemenros. IToaTomy sydine BbI3BaTh (YHKLHIO
length:

length( diapl )
ans =
18

M BBIACHHTb, UYTO B CHOPMHPOBAHHBIH C MOMOLLUBIO OMEpaLMH JBOETOYHE MACCHB
diapl nonano 18 aneMeHTOB.

Yaile Bcero 3Ty onepauqio NpUMEHSIOT U1 OPMUPOBaHHS AMana3oHa LeNblX YH-
C/IOBBIX 3HAYEHHI:

diap2 = 4 : 2 : 26;
Ecnu npupaiuenre paBHO €IMHHLE, TO €r0 MOXHO U1 KPATKOCTH OMYCTHTb:
diap3 = 2:45;

B cnywyae uesnblx uHceN KOJMMYECTBO MOMAJAOUMX B 3aJAaHHBIA JAMana3oH
a51eMeHTOB (JOPMHPYEMOro MacCcHBa MOJACUHTbIBaeTCs 6e3 Besakoro Tpyna. CoBepLieH-
HO OYeBHIHO, uTO B MaccuB diap3 monagaer 44 snemeHTa.

AByMepHble MaCCHMBbl YHCEA:
MaTpHLbl M BEKTOPbI

Jleymepuvie Maccusbl MOXHO TpaKTOBaThb Kak HaboOpbl 4HCeN, yrnopsao4YeHHbIE
B BUAE NMpAMOy20abHoll mabauysl. JIns nOCTyna K MHAMBHAYANbHOMY 3JIEMEHTY HC-
NoJb3yeTCs JBa MHIEKCA — HOMEP CTPOKH M HoMep cTosbua (Ha nepeceueHHH KOTo-
PBIX U CTOUT BbIOpaHHBIH 3/1€MEHT).

JByMepHBbIH MacCHB XapaKTepH3yeTCs KOJMUECTBOM CTPOK M KOJIMUECTBOM CTONO-
uoB. Chopmupyem onepaudedl KOHKaTeHalUMH ABYMEPHBIH MaccHB a, COCTOSLIMHA H3
JBYX CTOJIOLIOB M TpeX CTPoOK (cM. puc. 1.13).

M3 3TOro pucyHka XOopouo BHIHO, YTO B KaueCTBE pazoeaumens cmpox B GopMH-
pPyeMOM C MOMOLIBIO OMepauuy KOHKaTeHalMH ABYMEPHOM MAaCCHBE CIIYXHT mOYKa
¢ 3anamoii. DTO elle ONHO MpeHa3HAUEHWE TOUKHM C 3anAToH B M-s3blke CHCTEMBI
MATLAB. '

JIByMepHble MaccHBbl B MaTeMaTHKE MPUHATO Ha3blBaTb mampuyamu. Jlobas
CTpOKa MaTpHLbl ABJSETCA OJHOMEPHBIM MacCHBOM, M Jio0oi crtonbeu MaTpHLbI
TaKKE ABJIAETCA OJHOMEPHBIM MacCHBOM. OZIHAKO €CTh pa3HHLA B yNOPALOYEHHH HX
3/IEMEHTOB C TOUKH 3PEHHS MATPHLL: 3JEMEHThI NIEPBOTO OJHOMEPHOTO MACCHBA YIO-



MATLAB 5.x. Boluncaenus, BusyaAusauums, nporpaMMupoBaHme 25

pAIOYEHBl BJONIb CTPOK MATPHibl (FOPH3OHTAIBHO), a 3JIEMEHTEl BTOPOro — BJOME
cTosi6uoB (BepTHKabHO). EC/IH SBHO YYHTBIBATH B MOHATHH OJHOMEPHOIO MacCHBa
3Ty pPasHHLLy, TO TOrJa MacCHBbI TIEPBOTO THIA HA3bIBAIOT B8EKMOP-CMPOKAMY, a BTO-
poro Tuna — gexmop-cmonbyamu. B 3ToM ciryyae Taroke MOXKHO CYHTATh, YTO BEKTOp-
CTPOKH SIBJISIIOTCS YaCTHBIM CJlydaeM MaTPHLbI C KOJHYECTBOM CTPOK, PaBHbIM €/IM-
HHLIE, a BEKTOP-CTOJOUBI SBJIAIOTCS YAaCTHBLIM ClTyYyaeM MaTpHUbl C KOJIHYECTBOM
cTONIOLIOB, paBHBIM €JUHHLIE.

=14 Pucynok 1.13

B cucreme MATLAB Bce oqHOMepHbIE MacCHBBI TPaKTYIOTCs JIHOO Kak BEKTOp-
CTpPOKH, TH6O Kak BekTOp-cTonbubl. JIo CHX NOp MBI BBOAMIIH TOJIBKO BEKTOP-CTPOKH,
TaK KaK HCMOJIb30BAIM B OMNEpalMsX KOHKATCHALWH B KauecTBe pasfienuTench jubo
npobenbl, 1160 3angTeie. Chenymollee BbIpaXeHHE, HCITONB3YOLIEE ONEpalMi0 KOHKa-
TeHaLMH, 3a1aeT y3e BeKTop-cTonber

b=[1; 2; 3]

COCTOSAILMI U3 TPEX CTPOK, TaK KaK TOUKA C 3aMATOH B ONEPaLiMH KOHKaTeHALIMH O3Ha-
4aeT Mepexo Ha HOBYIO CTPOKY.

Jns maccuBa b dynkuus length (b) BosBpaiaer uncno 3, Tak Kak A€HCTBUTEND-
HO 3TOT MacCHUB COCTOMT U3 Tpex dneMeHToB. @ynkuusa length He pasnuyaeT BekTOp-
CTPOKH M BEKTOP-CTONOLBI.

Ecnu monpocuts cucremy MATLAB noka3ath 3HaueHHe NepeMEHHOH b, TO MbI
YBUIIMM CJICAYIOLLYIO KapTUHY (cM. puc. 1.14).

|.) MATLAB Command Window _
Fils Edit’ Winde ) ‘

PucyHoxk 1.14
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Takum o6pazom, cuctema MATLAB pacnio3naeT «reoMeTpHio» 3TOTO OJIHOMEPHO-
ro MaccHBa H HargAHO OTOOpaKAET ero, pacrionaras 3MeMeHTbl MacCHBa b s noka-
3a B CBOEM OKHE BEPTHKAJILHO. ‘

TNonyueHHyto paHee Marpuuy a pasMepoM 3 x 2 (NepBbIM yKa3bIBAeTCHS UYMCIIO
CTPOK, BTOPbIM — YUCIIO CTOJIGLOB) MOXKHO ¢hOPMUPOBATh TaKXKe BEPTUKANLHOU KOH-
KaTeHauueH BEeKTOp-CTPOK:

a=[[12]; [34]; [5¢6]]
WJIH FOPU3OHTANBHON KOHKATEHALMEH BEKTOP-CTONGLOB!
a=1[[1; 3; 5], [2; 4; 6] )

BepTukajibHy10 M rOpM30OHT@IBHYIO KOHKATEHaUMH MOXHO TakKe OCYLUECTBHTH
¢ noMoubro QyHkuMK cat. JIns BepTHKanbHOW KOHKaTeHalHy €€ TMEpPBbId napamerp
paBeH 1:

a=cat{ 1, [1 2], [3 4], [56])
a JU1s TOPU30HTANIbHOW KOHKATEHALMH OH paBeH 2:
a =cat( 2, [1; 3; 5], [2; 4; 6] )

Urobbl y3HaTh pazmeps: IByMEPHOIO MacCHBa M «TCOMETPHIO» BEKTOPOB (BEKTOp-
CTONIOUBI WM BEKTOP-CTPOKH), HY’KHO MCMONb30BaTh PyHKUMIO size. [lns paccmoT-
PEHHOTO BbILIE ABYMEPHOTO MacCHBa a MoJydaeTcs CleAYOMWHA pe3ybTar:

size( a )
ans =
32

r7le NepBbIM J10Ka3bIBAETCS YUCIO CTPOK, @ BTOPHIM — YHCIIO CTOGLOB.

Tenepb NpuMEeHUM 3Ty DYHKLHIO K OJJHOMEPHbIM MaccHBaM. Bot urto u3 atoro ro-
Ayudaercs s CHOPMHPOBAHHOIO BblIlE BEKTOp-cTojbUAa b, COCTOSAIIEro M3 Tpex
CTPOK M 0jiHOro cTojnfua:

size( b )

ans =

31

Hakoneu, nonpofyeM nNpuMeHHTs 3Ty (YHKUMIO K MepeMeHHOH, cocrosiuei
M3 €IMHCTBEHHOrO YMCIOBOIO 3HAUEHHUS, TO €CTh K CKAJApy:

var = 5;
size( var )
ans =

11
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Orcrona BuaHO, yto cucteMa MATLAB TpakTyeT Aaxke CKaspHBIE 110 CYILECTBY
BEJIMYMHBI Kak JByMepHble MacCHBbE pasmepoM 1 x 1. Bekropbi paccmarpusatorcs
KaK MaTpHIIbl, pa3Mep KOTOPBIX MO OJHOMY W3 HarpaBJieHHH paBeH eIHHHLE.

B cucreMe MATLAB cyuiecTByeT Takke nycmoii maccug, TO €CTh MacCHB, He CO-
Jepxamiui nanHblx. OH 060o3HavaeTcs KBaApaTHBIMU cKOOKaMH [ ] (MeXny KOTOpbIMH
HET OnepaH/IOB) U TPaKTyeTCs Kak Marpuua pasMepoM 0 x 0.

IlosTomMy fAns paHee co3JaHHBIX MEPEMEHHBLIX &, b, var W mycroro mMaccuBa |[]
¢yHKUHs ndims BO3BpATHT YHCIIO 2 (pazMepHocHib MACCHBA).

CTpykTypy CO3[aHHBIX MAacCHBOB MOXHO TaKXKe Y3HaThb C NMOMOUIBIO KOMaHbl
whos, koTopas paboTaeT cO BCEMH MEepeMEHHBIMH H3 TeKylluero paboyero npoctrpas-
ctBa cucreMsl MATLAB (cwm. puc. 1.15). .

Pucynok 1.15

Hrak, Bce, ¢ uem paboraer MATLAB, sBnsercs MaccuBaMu pa3jiMYHOM pa3MepHO-
.CTH H pa3MepoB. OCHOBHBIM OOBEKTOM BCTPOCHHOTO B 3Ty CHCTeMY M-s3bIka SBIAET-

ca MaccuB. PazMepHOCTb MaccHBa MOXHO y3HaTh diyHkuMei ndims, a pa3Mmepsl —
¢yHkuHel size. TUm MaccHBa OMNpeAENseTcs THIIOM €ro 3JIeMeHTOB. MbI Moka
paboTaeM ¢ YHCIOBBIMH MaccHBaMH THna double, sleMEHTaMH KOTOPBIX CIIyXaT Be-
11ECTBEHHBIC UJIM KOMIUIEKCHbIe YHUCa (TO4HEee, UX MpUbIKeHHble MAIIUHHBIE TIpe)-
CTaBJICHHSA). .

IIponomxuM paccMoTpeHHe crnoco0OB CO3aHUA IBYMEPHBIX YHUCIIOBBIX MAacCCHBOB
(marpuur). Kak u paccmoTpentble paHee ONHOMEPHbIE MACCHUBBI (BEKTOPHI), AByMEPHbBIE
MacCHBBl MOXHO CO3JaTh C IOMOIUBIO OMNEpauMH HHAEKCAUHW, MPOINHChIBAA MO
OTAENBHOCTH €ro 3J€MeHTbl HeoOXOMHUMBIMM YHCIOBBIMM 3HaueHWAMH. Hanpumep,
PaccMOTpeHHbIH panee MaCCHB & MOXKHO CO3/IaTh Ciie/ly oM o0pasom:

a(l,1) =1; a(l,2) = 2;
a(2,1) = 3; a(2,2) = 4;
a(3,1) = 5; a(3,2) = 6;
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rae nns Aoctyna («rno YTEeHWIO») K OTACNbHBIM 3IeMEHTaM WCMOJNb3YIOTCA KpYyTible
ckobku (onepauus WHIEKCAUMH), BHYTPU KOTOPbIX Hepe3 3aniaTyio MepeurcnsioTcs
MHIEKCHI. [TepBbIM yKa3bIBa€TCsi HOMEpP CTPOKH, BTOPbIM — HOMep cTonbua.

Kak ¥ B ciiyyae oqHOMEpHBIX MacCHBOB, 3TO pelleHHe ABIseTCS He3)PEKTHBHBIM,
Tak Kak nmo Mepe npuceauaHuii cucteMe MATLAB npuxoaurcs nepectpanBaTth
cTpykTypy Maccuea. [Ipobiema nerko npeofoneBaercs, ecjid NpUcBaMBaHHE

a(3,2) = 6;

IIOMECTHTE 11epBbIM. KpoMe Toro, MoxxHO cpa3y co3faTh ABYMEPHAIH MacCCHB HYKHO-
ro pa3Mepa GpyHKLUMSAMH ONES WU Zeros:

ones( 3, 2 ) wm zeros( 3, 2 )

a 3aTeM OCYUIECTBHTH MPUCBAWBAHWS OTAEIBHBIM 3JIEMEHTaM HYXHBIX 3HaYEHUH
(npU4eM MOpSANOK NMPUCBaMBAHUH B 3TOM Cllydae y)Ke He MMeeT 3HayeHud). ¥ 3TuX
(GyHKUKR MepBbIi NapaMeTp 3aJaeT YUCIIO CTPOK, @ BTOPOH — YKCIIO CTONIOLIOB.

U Hakowel, eciu nocne GpopMupoBaHUa MaccuBa X notpedyeTcs, He U3MeHsIs dJie-
MEHTOB MacCHBa, H3MEHHTB €F0 pa3Mepbl, MOXKHO BOCINONB30BaThCs (PyHKLMEH

reshape( X, M, N )

rae M u N - HOBble pa3Mmepnl maccuBa X (M — uucno cTpok, N— uucio cTonbuoB).
Bo3HKKHeT olinboUHas CUTyall|s, eCJiM KOMMUECTBO 3JIEMEHTOB B MacCcHBe X He paB-
HO npousBeaeHuto M Ha N.

K npumepy, ecnu TpebyeTca paHee choOpMHpPOBAHHYIO MAaTpULY a pasMepoM
3 X 2 npeBpaTHTh B MaTpHLly pa3MepoM 2 X 3, TO BbI3bIBaeM QyHKUMIO reshape:

reshape( a, 2, 3 )
ans =

154

326

OGbscuuTh paboTy 3TOH (GYHKUMHM MOXHO, TOJMBKO HCXOAS M3 crnocoba, KakuM
cuctema MATLAB xpaHUT 371eMEHTBI MacCHBOB B NaMsiTH koMneiotepa. OHa XpaHUT
HX B Henpepwl8Holl o6racmu namamy yropaoowenHo no cmonbyam: cHa4asa pacrona-
raroTcs dJIEMEHThI NIepBOro cTosbla, BCae 32 HUMH PacroloXKEHbl JEMEHTbl BTOpO-
ro cronbua U T. 1. [ToMuMo coOCTBEHHO AaHHBIX (3JIEMEHTOB MacCHBa) B NaMSATH
KOMIIBIOTEpA XPaHUTCA TaKOKe ynpaeJsioiias HHGopMaLMs: THIT MaccHBa (HarpuMep,
double), pa3MepHOCTb W pa3Mepbl MaccHBa M Jpyras ciyxebHas uHdopmalms. 3Tol
MHGOPMaLMH IOCTaTOYHO JUIS ONpefeneHUs rpaHuL ctonbuos. OTcioaa cieayerT, 4To
ans nepeopMUpoBaHus MaTpULbl GyHKUMEH reshape 10cTaTOUHO H3MEHHTD TOJNBKO
cny>ebHy0 HHPOPMAaLHIO H He Tporath cOOCTBEHHO AaHHbIE.

[ToMeHATh MecTaMH CTPOKH MaTpHLBI C e CToNOLaMH MOXKHO onepauuneii mpawc-
ROHUpOBaHWs, KoTopas o6o3Havyaercs 3HakoM ’ (anoctpod). Hanpumep,

A=101111;, 22 2; 33 3);
B = A/
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‘B

—

23
23
23

Jna xeaopammusix mampuy (MU0 CTPOK PaBHO YHCIY CTONOLOB) 3Ta onepauus
HMeeT HarIsOHYI0 FeOMETPHUYECKYIO WHTEpPIpeTallio: Ha CBOMX MECTaX OCTalOTCA
3/IEMEHTBI [MIAaBHOH JHAaroHanM KBaJpaTHOH MaTpHLbl, 8 OCTANIbHBIE OMPAlNCAIOMCS
cuMmempuyHo OTHOCHTETbHO 3TOH AHaroHay. ‘

BexTop-cTpoki onepauueil TpaHCMOHWPOBaHHUs MpPeoOpa3oOBBIBAIOTCS B BEKTOp-
cronbupl, H Hao6opoOT:

v=1[1; 2; 3];
u=v;

u =

123

B paccMOTpeHHOM NpHMepe BeKTOp-cTonbel v onepauuell TpaHCNOHHPOBaHUS
6611 npeobpa3oBaH B BEKTOP-CTPOKY U.

MHOI'OMeprIe YUCAOBbIE MaCCHUBbI

MHoroMepHbIMH Ha3bIBAIOTCS MAacCHBLI C pa3MepHOCTbIO Oonblue ABYyX. [ns HH-
JEKCallMH JJIEMEHTOB TakMX MaccHBOB Tpebyercs TpH wnu 6onee MHAeKca, yKaspl-
BalOILME HA [OJIOKEHHE BBLIOHPAaEeMOro 37eMeHTa BIOJNb HECKOJNBKWX HamnpaB/ieHHH
yNOpAJOUEHHSL.

JanuM HarnAaaHyo WUTIOCTPaLMIO MHOTOMEpHBIX MacCHBOB Ha MpHMEpPE MaccHBa
Tpex u3MepeHHH (pa3sMepHOCTb paBHa TpeM). JIOMycTHM, UTO eXEeIHEBHO B TEUCHHE
MecsLa npoBOJAATCS U3MEPEHHS] OJJHHX U TeX Xe BEJIMUHH, IPUUYEM 3HAUECHUS 3THX Be-
JIMYMH 3a OJMH J€Hb CBOJATCS B NpAMOYrosbHylo Tabnuuy. Torga B koHLE Mecsua
umetorest 30 nByMepHbIx Tabnuu. Kak ynopsaounTs BCIO 3Ty COBOKYMHOCTb OTIBITHBIX
JaHHelX? 19 3TOro MOXHO PacrofioXUTh 3TH MaTpPHULbI BAOIL HEKOTOPOIO Harpas-
JIeHHS W MpOHyMepoBaThb UX. D10 OyleT yxe TpeTbe HarnpaBieHHe YNOopsIouYeHHs
JaHHBIX, TAK KaK BAOJIb NIEPBOro HanpaeieHHs (yCIOBHO — BEPTHKANBHOIO) YIOPSAO-
YHMBAIOTCA CTPOKH, BIOJIb BTOPOro (FOPU3OHTANIbHOIO) — cToa6Lpl. B pesynbrare Tpe-
THH WHIEKC VIS IOCTYNa K OTAETbHOMY 3/IEMEHTY JaHHbIX OyneT paBeH HoMepy Tab-
JIMUBI BAONb Hanpasnenus Oueli mecaya. TTonyuuBLIasicss COBOKYITHOCTh YOpAAOYEH-
HBIX JAHHBIX WLTIOCTPUpYeTCcs pHc. 1.16.

Ecnu co3znare TpexMepHblit Maccus Al, copeprkaiumii ynopsaoyeHHblE yKa3aHHBIM
06pa3oM paHHbIE, TO K HHAHBUAYATLHOMY JAHHOMY MOXHO OGpaLIaThCs C TOMOLLBIO
Tpex HHAeKcoB. DnemeHT Al (1,2,2) HaXOAMTCA B NEPBOW CTpOKE, BTOPOM cTonbue
H BO BTOpOi MaTpHuue. M3 pUcyHka BUIHO, YTO ITOT JIEMEHT paBeH 3.
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Z Z 3 5 - Martphuua mamepenun
. . 3a 30-4 peHb
112 . 8
231 ... -
311, . .8 | < Martpuua nsmepenui
e 3a 2-i peHb
343....61}..°9 /
589....7 ~
________ MaTtpuua MamepeHuit
251....6 3a 1-4 aeHb
Pucynok 1.16

Tenepb u3yunm cnocobbl cozaaHus Takux MaccusoB. [lepsblii crnoco® — 3to nps-
MOE€ [POMHChIBAHHE BCEX €TI0 IJIEMEHTOB!

Al(1,1,1) =3; Al(2,1,1)=5;..
Al(1,2,1) =4; Al1(2,2,1)=8;..

31ech JUIss MHOFOKPATHOro yBesinueHus 3((eKTHBHOCTH Lieecoobpa3Ho NepBbiM
nponucarh CaMblii MpaBbiii HWKHHHE 31eMeHT 30-1 MaTpuusl, Tak kak cuctema MAT-
LAB cpazy noayunt uHdopmalmio 06 HCTHHHOM pa3Mepe CO3/1aBaEMOro TPEXMEPHO-
ro MaccHea.

Jpyrum cnoco6oM yrenuueHus 3¢ dexTHBHOCTH (ObICTpOaeHCTBHS ), KaK U B paHee
PACCMOTPEHHBIX Cly4asx BEKTOPOB U MAaTpHL, SIBJISETCA CO3JAaHHE MAacCHBA HY;KHOTO
pa3Mepa BbI30BOM QYHKLMH CNes WM Zeres, KOTOpblE Ternepb AOKHBI MONTYUMThb
TPpH BXOJHBIX apryMeHTa: .

cnes( M, N, L } mam zeros{( M, N, L )

rae L — aTo pa3Mep TpeXMepHOro ‘MaccHBa B/JOJNb TPETbero U3MepeHus. CoznaHHble
yKa3aHHbIMU (QYHKUMAMHU TPEXMEpHble MAcCHBbI COAEPIKAT B KauecTBE JJIEMEHTOB
6o enuHuupl, 1160 Hynu. Jlanee Hy>KHO OCYLIECTBUTb MPOMHUCbIBAHHE WHAWBUAY-
aflbHBIX 3JIEMEHTOB MPaBUJIbHBIMU 3HaueHuamU. [Ipouecc OyneT adpdexTUBHBIM, Tak
Kak He norpebyeTcs nepecTpoiika CTPYKTYpbl MacCHBa C KaXAblM HOBBIM NpHCBaHBa-
HUEM.

Tenepb MpeanonoxuM, 4To B TpeXMEpHOM MaccuBe A2 cobpaHbl JaHHbIE H3MeEpe-
HHii 3a gpyro# Mecau roga. Kak co6paTh BoeIMHO 1aHHblEe TPEXMEPHbIX MaccMBOB Al
u A2? JlocTaTO9HO OYEBUAHLIM pelueHHeM OyAeT ux rpynnupoBKa BIOJb YETBEPTOro
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M3MEPEHHA — usMepenus 600ab mecayes. TeXHUUECKH Takas IpyNMUpPOBKa ABJISETCA
KOHKaTeHauuei. OQHaKo NPUMEHHTb ONepaLlio KOHKaTeHaluH, KoTopas 0603HavaeT-
C KBaJpaTHbIMH CKOOKaMH, HEBO3MOXXHO, TIOCKOJIbKY €€ pa3/ie/IuTeNId B BHJE
3anaToH (mpo6ena) U TOUKH C 3aN4TOi JOMYyCKalOT KOHKAaTEHALHIO TOJIBKO BAOJb ABYX
nepBbix u3MepeHuil. Ham e ceiliuac Hy)KHO OCYLIECTBHTb KOHKaTEHALMIO TpeX-
MEpPHBIX MaccHBOB BJOJb 4YeTBepTOro usmepeHus. Ha nomMolne npuxoaurt BTOpol H3
U3BECTHBIX CTIOCOOOB BBINOJHEHHS KOHKaTEHALMH — ¢ MOMOIIbIO pyHKuuM cat. Dra
(QYHKUMA HE UMeeT HUKAKUX OTPaHHYEHHH W B JaHHOM KOHKPETHOM MpUMEpe BbI3bI-
BaeTCs B CJICAYIOLEM BHUJE!

A =cat( 4, Al, A2 )

rje 4dcio 4 3ajaaer HoMep M3MEPEHHs, BJONE KOTOPOro OCYLUECTBIAETCS KOHKAaTeHa-
Lus. ‘

Slcuo, uto ecnu norpebyercs rpynnyupoBKa AaHHbIX, MOMYYeHHbIX 3a pa3Hble ToAbl,
TO MOXKHO OCYILECTBHTh KOHKATEHALHIO BJOJIb MATOrO HANpaBJeHUs U NMOTYYUTC M-
TUMEPHbII MacCHB (MacCHB pa3MepHOCTH 5).

IMponnmocTpupyeM Bce Cka3aHHOE NMPO MHOTOMEpHble MacCHBBI Ha CledyroLleM
npoctom npuMepe. CHavaa co3aaguM TpeXMepHbIH MacCHB a:

=ones( 2, 3, 2 );
(1, 2, 2 ) =17

,—\
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COCTOALIMH M3 JBYX MaTpHL pasMepoM 2 X 3, CrpyNIHPOBAHHBIX B TPETHEM HArpas-
JneHud (u3mepenuu). [lpu nokase BXOASIIMX B OTOT TPeXMEpHbI MaccHB Marpuu
MATLAB wucnons3yetr s ob0o3HaueHWs NepBOH M3 HHUX BbIpaXeHue a(:,:,l1),
a ina obo3HayeHUs BTOpOH MaTpHUbl — BeipakeHHe a (:, :,2). Takue obo3nayenus
He MOryT ObITh ceifyac 10 KOHLA MOHSATHI, TaK KaK Mbl ellle HHYEro He paccKa3blBalu
0 MpHMEHEHHH Onepaldy ABoeToure (ornepalds 3a]aHus JUanazoHa 3HAYEHHi) 1pH
HHIEeKCcallH¥i MacCHBOB. MBI noApo0OHO OCT2ZHOBHMCH Ha 3TOM BONpPOCE HIDKE B JaH-
HOM rnaee mocoOus, a ceiyac TOJNIBKO CKayKeM, YTO OMNepauus : 3a/1aeT BeCb BO3MOXK-
HBI Uana3oH WHAEKCOB AJIA JAHHOTO U3MepeHus.
Hanee no Tol ke cxeMe co3aaIuM TpeXMepHbIH MaccuB b:

b =ones( 2, 3, 2);
b(1, 1, 1) =38
b(:,:,1) =

811

111



32 TAaBa 1. YMcAoBbIE MAacCHBH B CHCTeme MATLAB
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HakoHel, crpyimipyeM 3TH ABa TPEXMEPHBIX MACCHBA BJO/b YETBEPTOro H3MeEpe-
HHS, a pe3ynbTaT NPUCBOMM MaccuBy C. Takas onepalus rpynnupoBKH BO3MOXHA,
MOCKONBKY TPEXMEPHBIE MACCHBBI @ U b HMEIOT OIMHAKOBbIE pa3Mepsl. B npoTHBHOM
cnydae Bo3HHKIIa Obl owkbka. Jis BBIMONHEHUS IPYMIIMPOBKH (KOHKAaTEHALMH) BOC~
none3yemcs GpyHkuUMeH cat:

c =cat{ 4, a, b );

Jns nonyyeHHOro MaccuBa C BbI30B ¢iyHKUMH ndims{ ¢ ) BepHeT yucno 4, 4to
03HayaeT, YTo C SBJIAETCS MAacCHBOM pasmepHocTH 4. PasmMep maccuBa C BOOMNb KaX-
JO0M U3 ero YeTbIpex pa3MepHOCTeH MOXHO y3HaTb BbI30BOM (yHKUMH Size. Dra
(GyHKUMA BO3BpALLAET BEKTOP-CTPOKY H3 YeThIpeX 3yieMeHTOB. IlepBblii U3 aTHX 3Jte-
MEHTOB paBeH pa3Mepy MacCHBa BIONb MEPBOTO H3MEPEHUS, BTOPOW 3IEMEHT JaeT
pa3mep BJOJb BTOPOIO U3MEPEHUS U T. ..

v size( c )
V:

2322

ConepxxuMoe 4eTwhlpexMepHoro MaccuBa ¢ cucrema MATLAB noka3biBaeT cne-
ayroumM obpasom:

" c
c(:,:,1,1) =
111
111
cl:,:,2,1) =
171
111
cl:,:,1,2) =
811
111
cl(i,:,2,2) =
111
111

Ecnu Bce ctonbiipl, NokalzaHHeie 31eck cuicteMoit MATLAB, cnoxuts (cnesa Ha-
MpaBO U 3aT€M CBEPXY BHH3) BIOJL OJHOTO CTOJONA, TO MBI NOJYYUM peajlbHOE pac-
MO/IOKEHHE 3IEMEHTOB 3TOrO YETHIPEXMEPHOrO MAaccHBa B MAaMATH KOMIbIOTEPA.
O6 31Ol 0COOEHHOCTH XPaHEHHA 3JIEMEHTOB MAaCCHBOB B NMAaMSATH KOMIMbBIOTEPA MbI pa-
HEE pAacCKasbiBaJId B CBSI3H C JIBYMEpHbIMH MaccuBamu (Matpuilamu). OmHako 3To
BEpHO ans MaccuBoB cHcTemMbl MATLAB nio60it pasmepHOCTH.



MATLAB 5.x. BoiuncAaeHuns, BU3yaausaums, nporpammupoBaHme 33

CdopmHpoBaHHbIii MHOTOMEpPHBIH MaccHB MOXKHO nepedopmupoBaTh (63 H3Me-
HEHHsA 3JIEMEHTOB), TO €CTb M3MEHHTb €r0 PasMEPHOCTb WIIM pasMepbl, ¢ MOMOLIbIO
¢dyHkuuit reshape, squeeze, shiftdim, permute u ipermute. CnpaBounyio un-
¢dopManuio no pabote KKAOH U3 3THX PyHKUMH JIETKO MOTYYHTD, BBINOJIHMB KOMaH-
ny help u ykazas ums ¢yHkumu, Hanpumep:

" help squeeze

SQUEEZE Remove singleton dimensions.
B = SQUEEZE (A) returns an array B with the same elements as

a but with all the singleton dimensions removed. a singleton is
a dimension such that size(A,dim)==1. 2-D arrays are unaffected
by squeeze so that row vectors remain rows.

For example, squeeze(rand(2,1,3)) is 2-by-3.

3neck cka3aHo, uTo (hyHKUMS squeeze ycTpaHseT (YAanseT) Te U3MEPEHHs, BIOIb
KOTOpBIX pa3Mep paBeH €AHHHLE (TO €CTh BJO/Ib 3TUX HANpaBleHHWH Heuero rpynnu-
poBaThb). 3TOro, OHAKO, He JeJaeTCs 171 BEKTOP-CTPOK H BEKTOP-CTONOLIOB.

BuiuncaeHUs ¢ maccuBamm

B TpaanMUMOHHBIX A3bIKaX MPOrPaMMHPOBAHHS BbIYHCIIEHHS C MACCHBAMH OCYylle-
CTBIISIIOTCA MO3JIEMEHTHO B TOM CMBIC/IE, UTO HYXHO 3aNporpaMMHpOBaTh KaXKAYHO
OTIENbHYIO OTepaluio HajJ OTIeNbHBLIM 3JIEMEHTOM MaccuBa. B M-a3blke cHCTEMB
MATLAB ponyckaloTcs MOLLHBIE TPYNMNOBbIe ONEpaLHy HaJ BCEM MacCHBOM cpasy.
Hmenno rpynnossie onepaunu cuctemMbl MATLAB no3BonfioT 4pe3BbIYaiHO KOM-
NaKTHO 3a/laBaTh BbIPAXKEHHS, MPH BLIYUCIEHUH KOTOPbIX PealbHO BBIMNOIHAETCS T'H-
raHTCKUH 00beM paboThl.

Haunem paccmoTtpenue ¢ apudmernueckux onepauuid. Hag maccuBamu oavHako-
BbIX Pa3MepoB JOMYCKAIOTCA ONEpalMH CIOXKEHHS W BbIYMTaHHSA, 0DO3Hauaemble
CTaHJapTHBIMHU 3HaKaMH + W -. Eciin a 1 B — MaccHBbl 1060 pa3sMepHOCTH, HO OOH-
HaKOBBIX Pa3MepoOB, TO JOMYCTHMbI CNEYIOIIHE BbIPAKEHHUS:

C=a+B; D=a - B;

rne dneMeHTbl MaccuBOB C M D paBHbI CyMMe MJIH Pa3HOCTH COOTBETCTBYIOLUMX 3Jie-
MEHTOB MaccHBOB a W B. Takum o0pa3oM, 3TH onepaury BLIMONHSAIOTCS NMO3NEMEHTHO
Y NOPOXKJAIOT MAaCCHBBI TEX JK& pa3MepoB, UTO U MCXOHbIe onepanabl. Hanpumep:

A=1[111;222;333;B=1[000;777;,123];

A+B

ans =

> O
ol WO
[ex WA Ne Ry

2 3ak. 409
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Ecnu ucnone3ytoTcs omepaHipl pa3sHblX pa3sMepoB, BblAAeTCA coobuieHue 06
owubke (cM. puc. 1.17).

Pucyrok 1.17

33 MCKJIIDYEHHEM Clly4as, KOrjia OIMH M3 OnepaHaOB ABJIAETCA CKAIAPOM:

A+5
ans =
666
T
888

B Takux ciayuasx ckajisp NpeIBapUTENbHO PacIIMpSETCs A0 MacCHBa Pa3MEPOM
C MaTpuuHbiii onepana. Hanpumep, u3 ckandgpa 5 cHadana reHepupyeTcs MaTpHia
[ 555; 55 5; 5 5 5], xotopas 1 ckiaapiBacTcs gajee Mo3JeMEHTHO C MaTpu-
uei A.

JIJ19 MO3/IeMEHTHOrO NMepeMHOXKEHHUS U MO3JIEMEHTHOrO JIEJIEHNS MacCUBOB OfIMHA-
KOBBIX pa3MepoB MPUMEHSIOTCS ONepaLuy, o6o3HadaeMple KOMOMHALIMAMY [IBYX CHUM-
BOJIOB: . * u . /. Mcnione3oBaHHe KOMOMHALHHM CUMBOJIOB OOBACHAETCH TEM, YTO CHUM-
BOJIaMH * ¥ / 0603HauYeHbI CrielHaIbHbIE ONepaly JTMHEHHOHN anre6pbl Haa BEKTOpa-
MH U MaTpULAMH.

Kpome onepaliii . /, Ha3bIBaEMO# onepayueti npasozo nosnemeRmHo2o 0enenus, eCTh
eule onepayust 16020 noanemenmnozo Oenenust . \. OOBACHUM PasHHUIy MEXIY STHMH
onepalusMH. Beipaxenue a. /B npuoauT k MaTpHue ¢ anemenTtamu A (k,m)/B(k,m),
a BolpaxkeHue a. \B NPUBOAMT K MaTpHLe ¢ anemenTamu B (k,m) /A (k,m).

3Hak * 3aKperuieH 3a NEPEMHOKEHHEM MATPHLL 1 BEKTOPOB B CMbICTIE TUHElHOU areed-
pol. Uurarensm, He 3HaKOMBIM C JIMHeHHOH anreSpoi, MOYKHO NPOIYCTUTL H3YUEHHE STOH
onepauuHt. s ocTanbHBIX )K€ HAMOMHHM, YTO 3Ta Onepaliys BbIMOJIHKMA TOJBKO TOrAa,
KOI/JIa YHCIIO CTONGLIOB B JIEBOM OIEPAKAE PABHO YHCITY CTPOK B NIPABOM OTIEpaH/E:

A=[(123;456; 789);x=11, 2, 31";
B=a*x;

B =

14

32

50
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3nech Mbl V1A pa3HOOOpa3Hs 3a/laii BEKTOP-CTONOEL X HE C MOMOLUBIO ONepaliu
BEPTHKANIbHOH KOHKaTeHauuu [1;2; 3], a ucnone3oBany onepaumio TpaHCNOHHPOBA-
HHS U MOJTYYHIIH U3 BeKTOP-CTPOKH [1, 2, 3] Hy>XHbIit HaMm BekTop-cTondell.

TpanvuuoHHBIH s onepaluM AefleHHst 3HaK / (a Takke 3HaK \) 3aKperyieH
B cucteMe MATLAB 3a pewieHreM JOBOBHO CJIOKHON 3a0a4u NHHEHHON anrebpel —
HAaxXoocOCHUeM KOpHel cucmem JuleiinbX ypaenenuu' Hanpumep, ecnu tpeGyertcs
PELIHTH CUCTEMY JIMHEHHBIX YpaBHEHHH

Ay = Db
roe A — 3ajaHHas kBajpartHas Marpuua pasmepa N x N, b - 3angaHHblii BekTOp-

cronbel AMUHBI N, TO /U1 HAXOXKEHHS HEH3BECTHOTO BEKTOP-CTONOLA ¥ (HEU3BECTHBI
ero 3nemeHTbl) JOCTAaTOYHO BBIUHCIINTE BolpaskeHHe a\b. [Ipusenem npumep.

A =11, -1;2,3,-4,4;3,1,-2,-2;1,-3,7,0);
b = [6;- 7 9'-7],
y=al\b
y =
2.0000
-1.0000
0
-2.0000

Onepauuto, 0603HayaeMy 3HaKoM /, pacCMOTpPHM TO3Ke B CMELMaNBHOM rnase,
MOCBSLIEHHON pelleHHIO 3a1a4 JIMHEeHOH anre6pbl.

TunuuHele 3a8a40 anaIumMUYecKoil 2eoMenpuu 6 NPOCMpPancmee, CBA3aHHbLIE ¢ Ha-
XOXKJEHHEM AJIMH BEKTOPOB H YIJIOB MEXIY HHMH, C BBIYHCJIEHHEM CKaJIIpHOrO
M BEKTOPHOTO NMPOH3BEACHHUH, JIETKO pellaroTcss pa3HOOOpa3HbIMH CPEACTBAMH CHCTE-
Ml MATLAB. Hanpumep, s HaXOKAEHUS 8eKMOPHO20 NPOU3GEOeHUs NpefHa3Ha-
yeHa crielHajibHas GyHKLMS Cross:

u=1[123]; v=1[321];
cross{ u, v )

ans =

-4 8 -4

CranspHoe npoussedenue BEKTOPOB BBIYUCIIAETCS C MOMOILLBIO GYHKUMH obuiero
Ha3HAUYeHHS SUM, BHIYHCASIOLEH CYMMY BCEX DJIEMEHTOB BEKTOPOB (AN MaTpHLL 3Ta
(bYHKLHS BBIYHCIAET CyMMBI 1A Bcex cTonbLoB). CkanipHOe NPOM3BEAEHHE, KaK H3-
BECTHO, PaBHO CYMMe. MPOW3BEIEHHH COOTBETCTBYIOUIMX KOOPAHHAT (3JIEMEHTOB)
BEKTOpOB. TakuM 0Opa3oM, BeIpakeHHE

sum( u .* v )
ans =
10
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JICHCTBUTENBHO BBIYMCISET CKAJISPHOE MPOM3BEAEHHE JBYX MPOCTPAHCTBEHHBIX BEK-
TOPOB (MMEIOLLMX IO TPH KOOPAMHATHI) U U V, KOTopoe paBHO 10.

Jnuna eexmopa BbIMUCASETCS C NIOMOLUBIO CKaJISPHOTO MPOH3BEAEHHS H (PyHKLIMH
U3BJIEYEHHUS KBAaJIPATHOrO KOPHS:

lenl = sqrt{ sum{ u .* u) );

Yeon meoicdy gexmopamu Nerko BbIUHC/ISIETCS HA OCHOBE OTIPENIENIEHHNS CKAIIPHOTO
NIPOU3BEJIEHHS, [NACSALLEr0, YTO OHO PaBHO MPOW3BEAECHHIO JUTHH BEKTOPOB Ha KOCH-
Hyc yrna Mexay HUMH. OTclo/la HaXOHMM BbIPRKEHHE JUIS BBIYMCIEHHS YITid MEXIY
paHee 3aJlaHHBIMH BEKTOPAMH U H V:

lenl = sqrt{sum(u .* u)); lenZ = sqrti{sum(v .* v));
phi = acos( sum(u .* v) / ( lenl * len2 ) )
phi = 0.7752

PaHee paccMOTpeHHbIE 1S CKAJISIPOB ONepayu OMHOWEHUS U 102UYeCKUe onepa-
Yuu BHITIOJIHSAIOTCA B Cllydae MaccHUBOB nodiemenmio. Oba onepaHia AOMKHBI ObITh
OJTMHAKOBBIX pa3MepoB, NPH STOM OMNepaLMs BO3BpaLLAET Pe3y/bTaT TaKOro ke pas-
Mepa. B cnyuae, koria OfHMH W3 ONEpaHOB CKasp, MPOHU3BOJMTCA €ro npeosapu-
meabloe pacuiyperue, CMbICI KOTOPOro yxe Obll MosSCHEH Ha npuUMepe apudMeTHue-
CKHX onepauuii.

Mg wnnrocTpauyy BEINOTHWUM HajJ MaTpHLAMH

A=10111;,222;333};8B=10000;777;123);

ONepaUMIo MeHbule wiu pagHo. PesynbraT 3ToH onepauud nokasaH Ha puc. 1.18:

24 Pucynok 1.18

rJe KOKAbIH HYJIb 03HAYaeT «J10Xb» U1 AAHHOH MO3HLMH BHYTPH MaTpHL, a €AHHHLA
o3HavaeT «McTHHY». [lonyueHHas MaTpuLa rnokasbiBaeT (CBOMMH €AHHHUYHBIMH 2Jie-
MEHTaMH), B KAaKHX MO3HLHMAX SJEMEHTH MaTpHibl A HAa CaAMOM Jiefle MeHbLIE Wi
paBHbI COOTBETCTBYIOLIUM 3JIEMEHTaM MaTpHLBbI B.
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Paboty nozuveckux onepayuii Han MaccMBaMM MPOWLTIOCTPUPYEM HAa NpUMepe
onepauun «HE». IlycTs 3anaH BekTOp

v=_[199901;

Jis aToro sBekTopa pesynbTat onepauud «HE», To ecTb ~v, paBeH
~v
ans =

00001

Bbiiie npy H3y4eHHUH BBHIYHUCIICHUH C BELIECTBEHHBIMH CKAJIIpaMH Mbl paccMaTpH-
BaJIM paboTy nordueckod QyHkuuu xor («uckmouatoutee MJIH»). Ota dyHkuus pa-
foTaeT ¥ Cc MaccHBaMH OJMHAKOBBIX Pa3MepoB, MOTEMEHTHO pealiu3ys OMnepaLHio
«ckmoyatoee MJIM», HanoMunaeM, YTO KaXK/blil 37IeMEHT TPAKTYeTCsl KaK UCTHH-
HBIH, ecd OH HE paBeH HYJIIO, U Kak JIOKHBIA B Cllyyae ero paBeHCTBa HyJ0. loka-
XKEM pe3yabTaTr paboThl 3TOH (YHKUHU HaJ paHee 3a/laHHbIMU MaTpHUaMu A u B:

xor( A, B )
ans =

11
00
00

o O =

Jpyrumu noruyeckuMi QyHKUMAMH (MOMHUMO (D)YHKLMH XOT) ABJSAIOTCA QYHKLUHH
all wany. ®yukuus all B ciyuae BekTOpOB BO3BpalLaeT 1 («UCTHHAa»), €ciu BCe
9/IEMEHTBI BEKTOpA HE paBHbI HYJIO (MCTHHHBI), U Bo3Bpawiaet 0, koraa XoTs-0bl OOUH
9JIEMEHT BeKTOpa HeHyseBoH. DYHKUMS any JIeficTBYeT MPOTUBOMNOIOKHBIM 0Dpa3oM.

B cnywae marpuu o6e 3tH PyHkuMH paboTaroT ¢ WX crosnduami, BO3BpalLas ms
Kaxo0ro cronua pe3ynbTar no onvcaHHoi Beie cxeMe. Hanpumep,

all( a )
ans =
111
all({ B )
ans =

000

CyliiecTByeT MHOMECTBO Pa3HOMIAHOBBIX (DYHKUMMA, CleUHarbHO NpeAHa3Ha4eH-
HBIX A8 paboThl ¢ MacCHBaMH. TakOBBIMH ABAIOTCA paHee pacCMOTpeHHble HYHKLUHH
ones, zeros, sum, cat, size, ndims, reshape u MHorve apyrue. Yactb U3 3THX
¢dyHKuMiA coobumiaeT cnykebHyro HH(opMauHrio 0 MaccHBax, Apyras rpynna ¢yHkuHh
obecrieuHBaeT KOHTPOJNHPYEMOE U3MEHEHHE UX CTPYKTYpBI, TPEThbA IpyNna npenHa-
3Ha4YeHa /11 FeHepalid MaCCHBOB C 33IaHHBIMH CBOMCTBaMH U T. 1.

Cpenu dbyHKUMi, reHEPUPYIONIUX MaTPHULIbI C 33JAHHBIMH CBOHCTBaMH, ynoms[HeM
3aeck QYHKUUIO eye, NPOU3BOAALIYI0 SUHHYHbIE KBaJpaTHble MAaTPHLbl, a TAKOKE
IIMPOKO TIPHMEHSEeMYIO Ha NMPAaKTHKe QYHKUMIO rand, reHepHpyIolyl0 MacCHB €O
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C/Ty4aliHbIMH DJIEMEHTaMM, PaBHOMEPHO pacrpesiejeHHbIMH Ha WHTepBane oT 0 mo 1.
HanpuMep, BeIpaXxeHHE

A = rand( 3 )

MOPOKAAET MACCHB CJTy4YalHbIX YHCEN pa3MepoM 3 X 3 C d/1EMEHTaMH, PaBHOMEPHO
pacrnpeaenaeHHsIMA Ha uHTepBane ot 0 1o 1 (cM. puc. 1.19).

PucyHok 1.19

Ecau Bb13BaTh 3Ty QYHKLHIO C IBYMSI apr'yMeHTaMH, HalIpUMeED
R = rand{ 2, 3 )

TO MOAYYMTCS MarTpula R ciaydaiHbIX dnmemeHToB pasmepom 2 x 3. Ilpu BbI3oBe
¢byHkuMd rand ¢ TpeMs u Gosee CKanApHbIMH apryMEHTaMH MpPOM3BOAATCS MHOro-
MepHble MacCHBBI CJTyHaiHBIX YHCE.

Cpent ¢dyHKUME, NMPOM3BOMALIMX NPOCTEHIIME BbIYMCIIEHHS HAX MaCCHBaMH,
MIOMHMO PacCMOTPEHHOM BbiLle QYHKLMH SuM, ynoMsiHeM elie QyHKUHIO prod, KoTo-
pas BO BCeM aHaNOrMyHa (GyHKLMH Sum, TOJbKO BBIYUC/ISET OHA HE CYMMY 3JIEMEHTOB,
a ux npousBeneHue. K npumepy, 1is onpeneseHHON Bbillie MaTpuubl B oHa BO3Bpa-
LlaeT CeAYIOLIHH pe3y/IbTaT:

prod( B )
ans =
000

DyHKUMH Max M Min MIYT COOTBETCTBEHHO MAKCHUMaIbHBIA W MHHHMAaIbHBIN
3JIEMEHTHI MAacCHBOB. [ BEKTOPOB OHH BO3BPAILAIOT €AMHCTBEHHOE YHCJ/IOBOE 3Ha-
YyeHHe, a U MaTPHLL OHH MIOPOXKAAIOT HAGOP IKCTPEMANIbHBIX 3JIEMEHTOB, BBIYMCIIEH-
HBIX U1 Kaxkaoro cronbua. Hanpumep,

max( B )

ans =
T 77
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DyHKUMA SOrt COpTHpYET B BO3PACTalOLIEM MOPAAKE 3MEMEHTbI OJAHOMEPHbBIX
MAcCHBOB, a IS MaTPHL OHA MPOH3BOJIMT TaKYIO COPTHPOBKY JUIS KaKaoro cronbua
OTJeJbHO.

HakoHel, paccMOTpUM yHHKalbHYIO BO3MOXKHOCTb M-s3bika cuctemol MATLAB
NPOU3BOUTL IPYINIOBBIE BBIYMCICHHS HA MacCUBaMH, UCIOJIb3Ys OObIUHbIE MaTeMa-
THYecKHe (YHKLMH, KOTOPble B TPAAULMOHHLIX S3bIKaX MPOrpaMMHUpoBaHus paboTa-
10T TOJNIbKO CO CKaISPHbIMH apryMeHTamMH. B pesynbTare ¢ 1Momolusi0 KpalHe KOM-
NaKTHLIX 3aMiceH, y10OHbIX U1 BBOAA C KJIABUATypbl B UHTEPAKTHBHOM PEXHME pa-
00TBI ¢ KoMaHaHbLIM OkHOM cHcTeMbl MATLAB, ynaercs npoussect G6osnbiuoil 06b-
€M BbluMcIeHUH. Harpumep, BCero aBa KOPOTKUX BbIPasKEHHS

x =0 0.01 : pi/2; vy = sin( x );

BBIYMCIIAIOT 3Ha4YeHHUsl hYHKUMH sin cpa3y B 158 Toukax, popMHpys OBa BEKTOpa X
uy co 158 aneMeHTamMM kaablii. ITO yxe Becbma Oosbluol obbeM HHpopMauyH
0 QYHKUHH, 1OCTATOUHBLIH 718 NMOCTpoeHus ee nogpobHoro rpaduka. B wacTHOCTH,
yXKe B Clleyloliei rmaBe Mbl PaCCKaXXeM O TOM, KaK ¢ [IOMOILBIO BBI30Ba BCEro O/IHOM
tbyHkunu cuctembl MATLAB, Ha BXoJ KOTOpO# Hy»HO 1107aTh MTOJYYEHHBIE ceddac
BEKTOPbI X U Y, MOXHO MOCTPOUTH TpadHk UzydaeMoH (GpyHKUMH B NPaBUIBHO 110100-
paHHOM Maciutabe, ¢ OTMeTKaMH Ha OCAX KOOP/AMHAT U T. 1.

MHoO)XeCcTBeHHass MHAeKCauMsi MAacCUBOB
B cucteme MATLAB

Mbl TONBKO YTO paccMOTPesiH YHHUKaNbHYI0 BO3MOXHOCTb cucteMbl MATLAB
OCYIIECTBJIATh MHOXECTBEHHbIE BbIYHCICHHS OOBIYHLIMH MaTeMaTHUECKUMH (QYHK-
uusMu. Teneps Mbl PaCCMOTPHM APYTYIO YHHKaJIbHYIO 0COGeHHOCT M-A3bIKa cHCTe-
Mbl MATLAB — MHOXECTBEHHYIO MHEKCALMIO MacCHBOB.

HauHeM paccMOTpeHHe 3TOro BONpOca Ha npuMepe BEKTOPOB (OAHOMEPHBIX Mac-
cusoB). ChopMmupyeM BeKTOp V

vi=1[1987654321];

COCTOALIME U3 IeBATH aJieMeHTOB. [TycTh HaM HagO H3 TOro BEKTOpa OCYLUECTBHTh
BBIGOPKY HECKOJbKUX 3JIEMEHTOB JUisi POpMHpOBaHHS ApYroro sekropa v2. Jnd om-
peneneHHoctu 6yaeM BeIOMpaTh BTOpOH, 11€CTOH M BOCbMOH aneMeHThl. Torna, eciu
JeHCTBOBaTh B [lyXe TPaJMLUHMOHHBIX A3bIKOB NPOrPaMMHPOBAHHS, MOXHO TpeIo-
JKUTH Cllefy1ollee peLieHue:

v2 = [ vl(2), vl(6), v1(8) ]
3mech MBI TPHXKIIBI OCYIIECTBIIIEM HHEKCALMIO UCXOAHOIO MaccuBa v1, Kaxabii

pa3 co CBOMM WHAEKCOM, H NOJIyYEHHBIE Pe3YJIbTaThl FPYNIHUpYeM (P MOMOILH Or1e-
pauMH KOHKaTeHallUH) B pe3Y/IbTHPYIOLMH MacCHB V2.
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Cunrakcuc M-a3bika cucteMsl MATLAB no3sonseT BBINOJHHUTE 3Ty paboTy KOpo-
ye, 6e3 BUAMMOro MpUMEHEHHA OnepalUry KOHKaTeHaUHH pe3ybTaToB. BoT 310 pelue-
HHE, OCHOBAHHOE Ha MHOJICECIBEHHOU uHdexcayuu MaccUBOB B cucteme MATLAB:

v2=vl([2681])

31eck BMECTO CKAJAPHOrO MHJEKCa MOJCTABAAETCA BEKTOp, COAepIKalLMi Lenbli
Habop MHAEKCOB (MHJAEKCAaMH ABJISIOTCA €ro 3jieMeHThl). B pesynbTare monyuyaercs
TOT JK€ pe3yJbTaT, YTO HTpPU HECKOJbKUX HWHIAWBHIYANbHbIX HWHACKCALHUSIX.
MHoecTBeHHAsA UHIAEKCaUUs o0ecreurBaeT He TOJbKO 0oJiee KOMIIAKTHBIC 3alHCH,
Ho ¢ GonbLiee GbIcTpoaeHCTBHE BHIUUCICHHUH.

C mnoMoulbl0 MHOXKECTBEHHOH HMHAEKCALUMH MOXMCHO HE TOJBKO H3BJIEeUb
MOJIMHOMKECTBO 3JIEMEHTOB HMCXOJHOrO MAacCcHuBa, HO W MpoOyOnuposans HEKOTOpble
u3 HUX. HanpuMmep, BeipaxeHue

v2 =vl([2268887])
v2 =
884222

HE TOJIBKO M3BJIeKaeT U3 HUCXOAHOro BekTopa v1 BTOPOH, 1iecTOH U BOCBMOH 3JIeMEH-
Thbl, HO U MOBTOPAET UX 110 HECKOJIbKY pa3. B uacTHoCTH, BTOPO# anemenT BekTopa vl
B3AT B JBYX 9K3E€MILIApax, a BOCBMOH 3JIEMEHT — B TPEX.

C noMolipbio onepaurd MHOXECTBEHHOH MHAEKCALMH JIETKO nepecmasianiy Mec-
mamu 3N1eMEHTbl C(OPMHPOBAHHOIO MacCHBa:

v2 =v2( [ 13245¢61])
vZ2 =
848222

3nech Mbl IEpeCTaBUIH MeCTAMH BTOPOH U TpeTHi 3neMeHThl MaccuBa v2. Eciu u3
MaccuBa TpeOyeTcs M3BJeUb HOOPAO PACHONOJICENHble dNEMEHMbL, TO OUeHb YI06HO
HCIIOIB30BAThL Onepayuio opmuposanus ouanasona. Hanpumep, ecnu us Bekropa vl
TpebyeTcs W3BNeUb MOABEKTOP V2, COCTOSALIHH U3 3NIEMEHTOB C MATOrO MO BOCHMOIA,
TO 9Ta 3ajaya pelaeTcs C MOMOLIBIO CIEAYIOUIEr0 BbIPaKEHHS, HUCIMOJbL3YIOLIEero
MHO>XECTBEHHYIO MHJIEKCALIUIO U onepaluio GOpMUPOBAHHUSA AUala3oHa:

v2 vli{ 5:8 );
ve =
5432

Bripaxenue
vi( : )

rae y onepaudd (popMHpOBaHMA JHana3oHa HE yKa3aHbl HU JIEBbIH, HU MpaBhli ore-
paHbl, MOJpa3yMeBaeT B3sTHE BCEro AMana3oHa BO3MOKHBIX JJ1 UCXOJHOro BEKTOpa
v1 WHOEKCOB, MPUYeM B HX €CTECTBEHHOM MOPSAAKE BO3PACTaHUA. ITO O3HAYAET, YTO
B €CTECTBEHHOM TMOPAJAKE H3BJIEKAIOTCSA BCE 3JEMEHTBl HCXOJHOro BekTopa. 3mech
MOXHO TMOAYMAaTh, YTO pe3yJbTaT 6yAeT B TOYHOCTH PaBeH HCXOAHOMY BEKTOpY.
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OaHako 3To He Tak. Jlelo B TOM, YTO MCXOJHbIH BEKTOP V1 ABAETCS HMEHHO BEKTOP-
CTPOKO#, a pe3y/ibTaT OyneT BeKTop-cTonbuoM. 31ech B caMblil pa3 BCIOMHHTB, YTO
cucreMa MATLAB xpaHdT naHHbie (37eMeHTbl) MACCHBOB YNOPAAOYEHHO MO CTONG-
uaM. OTo U onpeJenseT pe3ybTaT NpeACTaBJIeHHON Bhillle onepaumu:

vi{ : )
ans =

=N W s U1 oY ) 0O

Tenepb paccMOTPUM MHOXKECTBEHHYHO HMHAEKCAlMIO Ha npuMepe Marpul (IBy-
MepHBIX MAaCCHBOB). DTa oMepals MO3BOJISET W3BJIEUb U3 MAaTPHLbl HEKOTOPYIO NOA-
MaTpHULLy €€ 37IEMEHTOB:

A=1[12; 34;56]1];
B=A([23], 1:2)
B =
34
56

Ecnu npn uHaekcauuu matpuubl A GUKCHpOBaTh €AMHCTBEHHLIH MEPBBIA MHAEKC
(HoMep CTPOKM) M 3aJjaTb BeChb BO3MOXKHBIH Mana3oH [yis BTOPOro HHIeKca (Homepa
BCEX CYLIECTBYIOLIMX CTONOLIOB), TO MOXKHO M3BIIEUb W3 MaTPHLIbi KOHKPETHYIO CTpO-
ky. Hanpumep, Beipakenue

A( 2, )
ans =
34

M3BJIEKAET W3 MaTPULbI A €€ BTOPYIO CTPOKY.

Bripaxenue A{:, :) MOJHOCTbIO AyOAHpyeT MCXOAHYIO MaTpHLy, a BbIPaXKEHHE
A(:) o3Ha4yaeT B3ATHE BCEX €€ BJIEMEHTOB B TOM MOpPSJAKE, B KOTOPOM OHH XPaHATCA
B MaMATH KOMblOTepa (TO €CTb B BUAE OAHOTO JUIMHHOIO cTONnoua):

A( @)

ans =

1

3
5
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2
4
6

Hrak, 3/1eMeHTbl MATPULIBI XPaHATCS JIMHEHHO: CHAauYaia WAYT 3JICMEHTbI [1EpBOTro
cronbua, 3ateM — BTOoporo. Beipaxkenue A (4) 03HauyaeT B3ATHE YETBEPTOrO M0 CUETY
37I€eMEHTA U3 TaK OPraHU30BAHHOTO JUIS XPaHEHHUsS MaTPHLbl €HHOrO CToNOLA:

A( 4)

ans =

2

MO2HO 3aMEHHTB B HCXOAHOM MaTpHLie HEKOTOPYIO CTPOKY Ha JPYTyIO:
A(2, ) =189

MM YAQTUTh U3 MaTPHLBI LIENTyF0 CTPOKY, €CJIH HCIIONb30BaTh B ONEpali NpUCBaH-
BaHMS IMyCTOH MacCHB:

A(C 2, v ) = [}

PaccMOTpeHHble onepalny oueHs yA00Hb! 11 (POPMHPOBAHUS TPEXMEPHBIX Mac-
cuBoB. Hanpumep, npensaputensbHo cpopmuporae 30 matpuu B1, B2, ..., B30 oxuna-
KOBOTO pa3Mepa, cJeAyIOUMMHU IPyNNoOBbIMM [IPHCBAUBAHHSMH CO3Ja€M TPEXMEPHBIH
MaccuB A:

A(:,:,1) = Bl; A(:,:,2) =B2; .A(:,:,30) = B30;

rae JUis NoBbitieHUs 3()PEeKTHBHOCTH HYXKHO MOCTEJHEE W3 YKa3aHHBIX MpHCBaHBa-
HUH OCYLIECTBUTD MEPBBIM.

[IpumMenss onepauuio MHOXKECTBEHHON MHIEKCAL{HH, MOXHO JIETKO MepecTaBlsTh
MeCcTaMM CTPOKH U cTon6ubl MaTpul. HanpuMep, y MaTpHiibl

F=1[123;456; 789]
C NOMOUIBKO BBIPAXKCHUSA
F=F(:, [3127])

nocjaeaHUi CcToNnbel CTaBAT Ha MEPBOE MECTO, BTOPOH — Ha MOCNeHee, a NepBbli
cronfel UCXOAHON MaTpULIbl CTAHOBUTCS BTOPbIM (CM. puc. 1.20).

-} MATLAB Command Window
ile” Editi: Window £ H

% PucyHok 1.20
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YacTb CTPOK MOXHO PacCMOTPEHHBIM CMOCOOOM MepecTaBisiTh MECTAMH, 4acTb
CTPOK MOXKHO AYOG1MpOBaTb, a HEKOTOPbIE CTPOKH WCXOIHOW MATPHIbBI MOMKHO
BoOOILE HE NOMEILaTh B pe3y IbTHPYIOILYIO MaTpuily. BoT npumep, No3BoasomHii U3
TOJNIBKO YTO TONY4YeHHOH Martpuusl F pasmepom 3 x 3 chopmupoBaTs MaTpuily E
paszmMepom 4 x 5 (cm. puc. 1.21).

# PucyHok 1.21

Orciofa HarnsgHo BHAHO, YTO pasMep pe3yJibTaTa Onpenensercs KOJIMYeCTBOM
MHAEKCOB, HCITOJIL30BAHHOM TMPH MHOXKECTBEHHOM HWHIEKCHPOBAHHH. DTO MO3BONAET,
pa3MHOXast BEKTOP-CTPOKH WM BEKTOpP-CTONOLBI, Moay4aTs MaTpuubl. [ng npumepa
MOJy4YHM MaTpHLly U3 BeKTOp-cToA0La

v=1[1;21];

Bynem ocymecTBaATh HHASKCALHIO BEKTOP-cToNAOLA V ABYMS HHIEKCAMH, TaK KaK
€ro MOXXHO paccMaTpHBaThb Kak MaTpuily, COAepKaulyto Toabko oauH ctonbeu. Ecre-
CTBEHHO, BTOPOH MHIEKC MOKET ObITb TONBKO €AnHHLEH. HO B COOTBETCTBHM C Tex-
HUKOM MHOXECTBEHHOTO WHIEKCHPOBaHWS 3Ty HHAEKCUPYIOUIYIO €IHHHLY MOXKHO
yKa3aTb HECKOJIBKO pa3:

A=v(: [111])
A

111
222

M MbI TIOJTyYHIH MaTpuLly 2 X 3 pa3MHOKEHHEM MCXOJHOro BEKTOp-CTo/0ua BAOJB
rOPH30HTAIBHOTO HampabyieHHs (BAOJb CTPOK).

CoBceM Opyzum 8apuanmom MHOJICECHBEHHOU UHOeKcayuy, TI0 CPaBHEHHKIO C pac-
CMOTpPEHHOH TeXHHKOH, ABNsAETCH unoexcuposanue mampuyei. ITyctes 3aaHa MaTpuLia

I=[011;22;22;11];
y KOTOROH 3HAYEHHS BCEX JJIEMEHTOB SBIAIOTCS NOMYCTHMBIMH HHAEKCAMH CHOPMH-
POBaHHOTO BhllIE BEKTOP-cTo/0La V. Torna BeipakeHue

A=v(I);
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OCYUIECTBJIAIOUIEE TEXHUKY WHACKCUPOBAHMA MaTpHLEH, MOpOXAAeT B KauyecTBe pe-
3y/nbTaTa MaTpULy, pa3Mep KOTOPOH COBNANAET ¢ pa3MEpOM MHICKCHpPYIOUIEH MaTpH-
Ubl, 3 JIEMEHTbI MOCTABJIAIOTCS BEKTOPOM V MOCPEACTBOM MHIACKCUPOBAHHUS WHAHBH-
AyanbHBIMH 3JIEMEHTaMH MaTpuupl. OTCIOAa NOHATEH NONYYaOLUHHCS pe3ybTaT:

A:

[N NCR NGRS
= RO N

OTOT pe3synbTaT He U3MEHHTCS, €CJIM BMECTO BEKTOp-CTONGLA V TPUMEHHTDb BEK-
TOP-CTPOKY [1, 2], COCTOAILYIO U3 TeX XKe BEMEHTOR.

PaccMOTpeHHast TeXHWKa MHIGKCHPOBAHMS MaTpulieH NpHMeHsleTcs il OueHb
s¢dexTHBHOrO petueHus cneaytoueii 3agauu. JlaHa HekoTopas MaTpuua A pazmMepom
m X n. Hy)XHO pasMHOMXMTb 3Ty MaTpuily B BEPTHKAJILHOM HampapicHHH M pas u B
TOPHU3OHTATLHOM HampasJieHHWW N pa3. BoT pelueHue >Toil 3aauu, OCHOBAaHHOE Ha
TE€XHUKE MHOXKECTBEHHOTO HHAEeKCHpoBaHuA. [1ycThb, Jins onpeaeneHHocTH,

A=1138,574); M=2; N=3;

3a]1aHbl HCXO/IHAs MaTpHLA 2 X 3 W YKCIIO NMOBTOPEHHH B BEPTHKAILHOM H IOPH30H-
TaJIbHOM HanpaBiieHusX. Toraa cieayioumme HECKOIbKO BbIpaXKEHHH peluaroT nocTas-
JIEHHYO 3a7auy (cM. puc. 1.22):

vl (1:2)7; v2 = (1:3)";

I1 vl( :, ones(l,M) ); I2 =v2( :, ones{l,N) );

B=~A(1Il, I2);

.} MATLAB Command Window , T MEIEd

File.” Edit Window Help
D& =@ /@8 82 a
»B=A(ILI) o 200 =

. PucyHok 1.22

31ech HYXHO TONLKO MOACHUTb OfHY AeTatb. IIpH MHICKCHPOBAHMM MCXOMHOM
MaTpHLBI A IByMs MHISKCHPYIOLUMMH MaTpuliamMu 11 u I2 nocieanue paccMarpusa-
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10TCA KaK eauHbIi cTonbel ux aneMeHToB. B pesynbraTte nepBas Matpuua I1 nocras-
ASeT A1 OPraHW3alulK CTPOK Pe3yNbTHPYIOLLEH MaTpHLbl B YeTbipe CBOMX 3JIEMEHTa,
TaK YTO MaTpvLa B cocTouT W3 YeThipex cTpok. Tak kak BTopas MaTpHua I2 cOCTOWT
BCEro M3 JEBATH 3JIEMEHTOB, TO CTOJIBKO k€ W OyIeT CTONOLOB B pe3y/abTHPYIOLIEH
maTpuue B. KoHkpeTHble 3HaueHHs 3NEMEHTOB MaTPHLIbl B MOTy4atoTcs B pe3yJibTaTe
MOACTaHOBKH MHAMBHAYAIbHBIX 3JIeMeHTOR MaTpHuu I1 u I2 W nocneayoollero u3nie-
YeHHs 3JIEMEHTOB MaTPHLBI A.

PaccMoTpeHHOe pellieHHe 3a1ayd O pa3MHOXKEHHH MAaTPULBl B MOPU3OHTAIbHOM
¥ BEPTHKAILHOM HAMpaB/IeHUAX JOCTAaTOYHO CJOXKHO JAJs BOCIHPHATHS UeJIOBEKOM,
oaHako 3(hGHEeKTUBHOCTh Takoro peleHdUss B COTHM pa3 Bbllie, YeM TPOCTOE
¥ HarjsiiHoe JUIs YesoBeKa MPONUChIBaAHHE OTAENbHBIX 31E€MEHTOB.

st rpynrnoBoro BO3JeiCTBUS Ha 3JIEMEHTHI MaCCHBOB (ITOMHMO MHOXKECTBEHHOMH
MHIEKCAlM1) MOXHO NMpuUMeHUTh GyHkumio find, koTopas B KauecTBe apryMeHTa
NMPUHHUMAET YCJIOBHE, a BO3BpallaeT Habop MHIEKCOB 3JIEMEHTOB, YAOBJIETBOPAIOIINX
3TOMY YCJIOBHIO. 3a1alMM /s NPUMeEpa BEKTOP

v=[11036511;

Torpa BelpaxkeHue

ind = find( v > 1)
ind = :
345

dopmupyeT Habop (0ORHOMepHBIH MaccHB) ind HHAEKCOB TeX 3JIEMEHTOB WCXORHOIO
BEKTOpa V, KOTOpBIE MO BeJHUYUHE Donblie eAMHHLE]. C MOMOILBIO ONepali MHOXe-
CTBEHHOIO HHAEKCHPOBAHHS BCE 3TH 3JIEMEHTBI MOXKHO C/I€/1aTh PABHBIMH, HArpuMep,
JAEBSTH:

v(ind ) =9

V =

109991

[Monyuenue ¢ nomompto GyHkuuu £ind Habopa MHAEKCOB M ONEPALIUIO MHOXKECT-
BEHHOTO MHAEKCHUPOBaHHA MOXCHO COBMECTMTB B IIpeJeslaX € AMHCTBEHHOIO BEIPAKEHHS:

v( find(v>1)) =79;

Jlns matpul ¢yHkums find Bo3Bpall@eT HECKOIBKO BEKTOPOB MHAEKCOB, KaXK/IbIH

U3 KOTOpBIX monyyaetcsi 06paboTko oTaenpHoro cronbua marpuuel. Hanpumep, ans
MaTpHLBI

A=[103;, 045 678];
BBI30B yHKuMHK find
[ ul, v2 ] = find( a )
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¢opmupyeT BekTOp-cTONGUBI UL M U2, NEpBBIi H3 KOTOPBIX COAEPHKHT HOMEPA CTPOK
OTJIHYHBIX OT HYJIA 3JIEMEHTOB MATpHUbl A, a BTOpOi — HOMepa CTONGLOB 3THX 3Jie-
MEHTOB (cM. puc. 1.23).

Pucyrok 1.23

Bo Bpems paboter pyHkuuu £ind cronbusl MaTpuupl 06pabarbiBatoTCs B NOPSAAKE
CJleBa-HamnpaBo, TO €CTh CHavana obpabarbiBaeTcs MepBblid cToNOEL, 3aTEM — BTOPOM
 Tak jgaiee. BHyTpu cronbua aneMeHTbl NpocMaTpHBAIOTCS CBEPXY-BHH3.

Hrak, paccMoTpeHHble BO3MOXKHOCTH M-3blka cucTemMel MATLAB mno3BoastoT
C NOMOLIBK) KOMITAKTHBIX BBIPAKEHUH BBIMOJHATL OONBLIOH OOBEM BHIYHCIICHUM.
B pesynbrare TakHxX BuIYMCIEHHH MOyYaloTca GONbLIME 00bEMbI YHCIOBLIX JaHHBIX,
IUI yCNIELIHON UHTEPIIPeTalMH KOTOPLIX KpaiHe BaXKHA MX HArJIs[Has BU3yalu3allts.
OToMy BOMpOCY NMOCBSLIEHA BTOpas [JlaBa HACTOSIIETO MOCOOHS.



[AaBa 2
Busyaausaumsa pe3yAbTaTtos

BbIYUCACHUMA

Noctpoenue rpacukos hyHKUMi

B pesynbrate Beiuncnenuit B cucteme MATLAB o6GbidHO momyuaercs Gosbluoit
MacCHB JIaHHBIX, KOTOPBIH TPYIHO aHANM3UpOBaTh Oe3 HarlaaHOH Bu3yanu3aumH. [lo-
3TOMY CHCTEMa BHU3yanu3aluH, BcTpoeHHas B MATLAB, npuiaeT aToMy NakeTy 0oco-
Oy10 MpaKTH4ECKY!O LIEHHOCTb.

I'paduueckue BoamoxxkHOCTH cricTeMsl MATLAB aBfSIOTCS MOLIHBEIMU U pa3HOO0-
pa3HbiMU. B nepByio ouepeab uenecooOpa3HO U3YyyuTh Hanbosiee NMPOCThie B UCHOIb-
30BaHUH BO3MOXHOCTH. MIX 4acTo Ha3bIBAIOT 8bICOKOYPOGHEGOU epaduxoil. ITO Ha-
3BaHHE OTPAXKAET TOT MPHUATHBIH (aKT, YTO MOJIL30BATEII0 HET HUKaKoH HEOOXOZHMO-
CTH BHHKATh BO BCE TOHKHE H ITyOOKO cripsTaHHble AeTany paboThl ¢ rpadukoii.

Hanpumep, HeT HUYEro Mpolle, YeM MoCTPOUTh rpaduk GyHKLHMH OQHOM BelleCT-
BEHHOH nepemMeHHoi. Creayiolye BeIpaKeHUs:

x=01:0.01: 2;
y = sin( x };

BBIYMCIISIOT MAcCHB Y 3HayeHnH QyHKLMM Sin Juia 3amaHHOro HaGopa apryMeHTOB.
Ilocne 3Toro BbI30BOM €AHHCTBEHHOH GYHKUHMH

plot( x , y )

yJaeTcs NoCTPOUTD BITOJIHE KAUYECTBEHHO BBIMIAIALIMIA rpaduk GyHKuuH (cM. puc. 2.1).

MATLAB nokassiBaer rpaduueckue o0beKThl B CHEUMANBHBIX 2paguyecKux OK-
Hax, AMEIOLIMX B 3arosioBke cioBo Figure (burypa, uzobpaxeHue).

Ilpu noctpoenun rpadukoB ¢GyHKUMI cpa3y mposiBasercd TOT (pakT, 4TO OHEHDb
Honpiryto yacte paborsl MATLAB 6eper Ha cebsa. Mul B KOMaHIHOH CTpOKE BBEJH
JHWL OHY (PYHKLHIO, 8 CHCTEMa cama co3/iala rpaduueckoe OKHO, MOCTPOHIA OCH KO-
OpJIMHAT, BBIYHCJIWNIA JIHANa30Hbl H3MEHEHHs NEPEMEHHBIX X H Y, MPOCTaBHNa Ha OCAX
METKH M COOTBETCTBYIOLUHE HM YHCJIOBBIE 3HAYEHHR, MPOBENa YEpe3 OMOPHBIE TOUKH
rpaduk GYHKUMHM HEKOTOpPBIM, BBHIOPAHHBIM MO YMOJYaHHIO, LBETOM, B 3arojlOBKe
rpau4ecKoro OKHa HaJnucana HoMep rpadHka B TEKyLLEM CeaHce paboThl.
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PucyHok 2.1

He y6upas c sxpana aucnies nepeoe rpadguyeckoe OKHO, BBOJHM C KJIaBUATyphbl
BbIpaK€HUsA

x=0:0.01: 2;, z=-cos{x);

plot( x , z)

M nojyyaeM HOBbIH rpadHk (QYHKLUHH B TOM JKe CaMOM TrpadHyeckoM OKHe (MpH 3TOM
CTapble OCH KOOPAMHAT W rpadMk NMponajaioT — 3TOr0 MOXHO Tawoke NOOUThCA KO-
MaHAo# clf, koManao# cla ynansioT Tonbko rpadUK ¢ MpHBEACHHEM OCel KOOpaH-
HaT K UX CTaHJapTHBIM AWana3onam oT ( 1o 1) (cm. puc. 2.2).

-4 Figure No. 1 ' [=]0]>]
File . Edit * Window. " Help - : z E & i di

1

PucyHok 2.2
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Ecnu Hy>HO BTOpO# rpadMK MPOBECTH «IOBEPX MepBOro rpaguka», To nepea BTo-
PUUHBIM BbI30BOM rpaduueckoil yHKUMM Plot Hy»KHO BBINOJIHHTb KOMaHIY

hold on

KOTOpas npeqHasHaueHa A5 yAepKaHUs TeKyliero rpaguuyeckoro okHa. B pesyinbra-
Te ByeT NoJlyyeHo crieytollee u3obpaxkeHue (cM. pHc. 2.3).

PucyHok 2.3

Toro e caMoro MokHO 106UTECA, noTpedoBaB oT GyHKUMH plot nocTpouTs cpa-
3y HECKONbKO rpad)HKOB B paMKaX OAHHX H TeX ke ocei KOOpJAHHAT:

x=02:0.01: 2;
y=3sin{ x ); z = cos( x );
plot(x, v, x, z)

VY Takoro cnocoda ecTh ellie 0AHO (KpoMe 3KOHOMHHM Ha koMaHze hold on) mpe-
MMYLIECTBO: pa3Hble rpadMKY aBTOMaTHYECKH CTPOATCS Pa3HbIM LBETOM.

K HegocTaTkaM yka3aHHBIX COCOOOB MOCTPOEHHs HECKOJBKHX rpadMKoB B Ipe-
Jienax OJJHUX H TeX Xe oceil KOOpAMHAT OTHOCHTCS MCIMOJb30BAHHE OHOTO H TOTO XK€
JHana3oHa U3MEHEHHUs KOOPAMHAT, YTO MPH HECOMOCTaBUMBIX 3HAUYCHHUAX JBYX (yHK-
UM MPUBEJET K INIOXOMY M300paskeHHIO rpaduka OAHOH M3 HHX.

Ecnu Bce e Hy>KHO OHOBPEMEHHO BH3yaJIM3HPOBAaTh HECKOJBKO rpadMKOB TaK.
YTOGBI OHH He MeLIajd JApyr APYry, TO 3TO MOXHO CAENaTh AByMs crocoGamu. Ilep-
BbIM pelleHHEM SBIAETCA MOCTPOSHHE HX B pa3HbIX rpaduyeckux okHax. Hanpuwmep,
noctpouB rpadgukd GyHKUMH Sin ¥ COS B MpeAenax OAHOro rpaguyeckoro okHa (rno-
Ka3aHO BBINIE), BEIYUCIIAEM MACCHUB 3HAUCHHH W AN QYHKLMH €Xp:

w=-exp(x);
ITocne 3Toro BBINONHAEM KOMaH/bI

figure; plot( x , w )
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KOTOpble CTPOSAT rpadpuk GyHKLHUH eXp B HOBOM rpadviyecKoM OKHeE, TaK Kak KoMaHaa
figure cosnaer 3TO HOBOE rpaduuyecKOe OKHO M 3aCTaBJSET BCE MOCIEAYIOUME 32
Hell QyHKUMH nocTpoeHus rpadHKoB BBIBOAUTE UX TyZa (cM. puc. 2.4). B pedynpTare
B nepeoM rpaduueckom okHe (Figure No.l) no BepTHkajIbHOH OCH NEPEMEHHbBIE
u3MeHsOTCS B JauanasoHe ot -0.5 go 1, a Bo BTOpoM rpadHyeckOM OKHE
(Figure No.2)-ot 0 o 8.

05 e el s

Pucyrok 2.4

BTopbiM peleHHeM nokaza HeckoNbkKHX rpadukoB 6e3 koH(nHKTa AHana3oHOB
ocell KOOpPAMHAT ABJIAETCA HUCNONb30BaHHe GyHKuMH subplot. Ora ¢yHkUMA no3Bo-
nser pa3bute obnacTe BbiBoAa rpaduueckoid MHGOPMaLMHM Ha HECKOJBKO MOAo6-
nacTel, B KKyl U3 KOTOPBIX MOXKHO BBIBECTH rpadHKH pa3THuHbIX QYyHKLHH.

Hanpumep, ans paHee BbIMOJHEHHBIX BBIYHCIEHHH ¢ GYHKUHAMH Sin, COS M eXp
CTpouM rpaduky nepBbix ABYX (GYyHKUMEA B nepBod momobnactd, a rpaduk TpeTbei
(bYHKUMH — BO BTOPO# Moao61acTH 0HOTO M TOro e rpaguyeckoro OkHa:

subplot(1,2,1); plot(x,y,x,z)-
subplot (1,2,2); plot(x,w)

B pe3yJIbTaTe 4ero nojyyaeM rpaduyeckoe OKHO CedyIoLIero Buaa {cM. puc. 2.5).
JlMana3oHbl U3MEHEHUs NEPEMEHHBIX Ha OCAX KOOPAMHAT 3THX nopobnacreit He3a-
BHUCHMBI IpYT OT Apyra.
®yHkuMa subplot mMpHHHMaET TpY YHCIOBBIX apryMeHTa, MEpBbIA M3 KOTOPHIX
paBeH 4MCIy paAoB ofobacTeit, BTOpoH paBeH YHCITy KOJIOHOK Mofobnactei, a Tpe-
THI apryMeHT — HoMepy nojo6nacti (HOMep OTCHHTBHIBaeTCA BAOJb PALOB C MEpPexo-
JIOM Ha HOBBIH DA/l 110 HCUYEPTIAHHHM).
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PucyHok 2.5

Ecnu nns onmHouHOro rpadyka quanasoHsl H3MEHEHHs NIepeMEHHbIX BAOJb OJHON
M obenx oceil KOOpAHHAT CIAMUIKOM BEHKH, TO MOXXHO BOCIMOJb30BaThCs (PYHK-
HMAMU NIOCTpoeHus rpadukos B jJozapupmuueckux macuimabax. Jns aToro npeaHa-
3HaueHbl QyHKUMH Semilogx, semilogy u loglog. [MogpobHyto nHpoOpMauHo No
MCIIONIb30BAHHIO 3THX (YHKLHMH BCErJa MOXHO MONYUYHTb MPH MOMOLIH KOMaHbI

help uma_oyHkumm

BBITIOJIHSIEMOH B KOMaHAHOM okHe cucteMbl MATLAB.

Hrak, yxe pacCMOTpEHHble [pUMepbl TMOKa3bIBAlOT, KaK I[OACHCTEMA
BbICOKOYpoBHEBO# rpadukn cucteMbl MATLAB nerko cnpaBnsieTcs ¢ pa3sJIH4HbIMH
CJlyyasiMH MOCTPOEHHS rpadHkoB, He Tpedys cnHUIKOM OoNbLIoi paboTsl OT MOJb30-
BaTensd. Eile olHUM TakUM NpHMEPOM SBJSETCS NMOCTPOEHHE IpadMKOB B NMOMADHBIX
KOOpOuHamax.

Hanpumep, eciid Hy>KHO MOCTPOUTE rpaduk QYHKUHKH ¥ = 5in(3 @) B NOMAPHBIX
KOOpPJIHHATAX, TO CIEAYIOLIHE HECKOIBKO KOMAaH

phi =0 : 0.01 : 2 * pi; r = sin( 3 * phi );

polar({ phi , r )

COCTOSILIME H3 BBIYMCIIEHHS BBIPOKEHHH M BbI3OBa rpaduyeckoil ¢pyHkuuu polar,

CHeUWanpHO NIPEAHa3HAUEHHO U1 NIOCTPOEHHS IrpadHKOB B MOJISIPHBIX KOOPAHHATAX,
peluaioT 3Ty 3aavy (cM. puc. 2.6).
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; PucyHok 2.6

Odropmaenne rpacdmkos
U rpacgmyecknx OKOH

OyHKUMHY TOCTpOEHUS T'padHKOB, pacCMOTPEHHbIE HAMH BbIlE, OCYLLECTBIISIIH
BIIOJIHE MpHEMIIEeMOe aBTOMaTH4Yeckoe opopmieHre rpadukoB. Mbl celiyac paccMoT-
pPUM JIOTIOJIHUTENIbHbIE BO3MOXKHOCTH, CBSI3aHHBIE C YIPaBJIEHUEM BHELIHUM BUIOM
rpa)MKoB — 3aaHHe LBETA U CTHJIS JIMHUH, a TaloKke pa3MelleHHe pa3IduHbIX HaJu-
ceil B mpezesax rpadUYecKOro OKHa.

Hanpumeép, komanabl

x=0:0.1:3; yv=sin(x);
plot( %, y, 'r=', %, y, 'ko" )

MO3BOJISIOT NPUAATh rpaUKy BHJ KpacHOH CIUTOLIHOH JIMHMM, HA KOTOPOH B JIMC-
KPETHBIX BBIMUCISEMBIX TOYKAX MPOCTABISIOTCH YEPHbIE OKPYXKHOCTH. 3aech (yHK-
uMs plot aBaxael cTpoUT rpaduk oAHOHN U TOH e GYHKUHH, HO B IBYX pPa3HbIX CTH-
asix. IlepBbldi U3 3THX cTU/el OTMEYeH Kak 'r-', 4TO O3Ha4yaeT MPOBEACHHE JIMHUHU
KpacHbIM LiBeTOoM (OyKkBa ), a LUTPHX O3HAYAET MPOBEAEHHE CIUIOLIHOH JUHUH. BTo-
po#i cTHIIb, MOMeYeHHBIH Kak 'ko', o3Ha4daeT npoBeaeHUe YepHbIM LBeTOM (OykBa K)
oKkpyxHocTeii (OykBa 0) Ha MecTe BbIUHC/IAEMbIX TOUEK (CM. puc. 2.7).
B obuwem cnyqae dyHkuus

plot( x1, yl, sl, x2, y2, s2, ..)

TMO3BOJISIET OOBEAHHUTD B OJJHOM IpaU4ecKOM OKHE HECKOJIbKO rpadukoB ¢dyHKUHKH
y1(x1), y2(x2),... npoBeas ux co crmumimu sl, s2,... 0 T. 1.
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IIpy nomouty GpyHKUHH BUaA

plot( x1, yl1, sl, x1, yl, s2)

Pucynox 2.7

Mbl MOKEM [POBECTH JUHHIO rpaduka pyHkumu yl (x1) oaHum uBeToM, a TOUkH Ha
HeM (BbIUMC/IEMBIE TOUKHM)— APYIHM LIBETOM, UTO M GbILIO NMPOAEMOHCTPHPOBAHO
BblLLiE HA MpUMepe PYHKLUHMH Sin (X).
Crunu sl, s2,... 3apatoTcsa B BHIE Habopa TpeX CUMBONbHBIX MAPKEPOE, 3AKUTIOUEH-
HBIX B OAMHOUHBIE KaBbIUKH (armoctpodsl). OAUH U3 3TUX MAPKEPOB 3a/1a€T TUI JIMHWH:

Mapkep - - _

Tun nnHMM HenpepeisHas Wirpuxosasn [yHKTUPHas LLivpuxnyHKTMpHan
Jpyroii Mapkep 3a3a€eT LBET:

Mapkep UseT nuHmm Mapkep LiseT rmHmm

c lony6o# g 3eneHbin

m droneTosbIM Cunni

y Hentbin w benbin

r KpacHbim k YepHbin
[MocnenHuii MapKkep 3a3a€T THIT IPOCTaBISEMBIX «TOUEK»:

Mapkep + * o X

THN TO4KKH Touka MNnroc 3eespouKa Kpy»ok Kpectnk
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MoxxHO yKa3zeiBaTb He BCe TpH Mapkepa. Toraa HCIonb3ylOTCs MapKepsbl,
YCTaHOBJIEHHBIE 0 YMon4aHHO. [Topsaaok, B KOTOPOM YKa3bIBAlOTCS MapKepsl, He SB-
nSETCS CYIUECTBEHHBIM, TO €CTh 'r+~' M '-+r' IPUBOAAT K OAUHAKOBOMY pe3y/bTary.

Ecnu B cTpOKe CTHJIS MOCTaBUTh MapKep TUIA TOYKH, HO HE POCTABUTh Mapkep Ha
THUI JTMHUM, TO TOFJa OTOOPaKaOTCA TOJNIBKO BBIYHUC/ISEMblE TOUKH, a HENpPEepPhIBHON
JIMHUEH OHH HE COEUHSIOTCS.

Haubonee MouUHbIM cnoco6oM odopmiieHns rpadukoB QYHKUHH (K BBIMOJTHEHUS
Apyrux rpaduyeckux paboT) SBNSETCA OeckpunmopHulii Memood, OTHOCSAIIHUICS K Tak
HA3BIBAEMOM HU3KOYPOBHEBOI rpaduke cuctembl MATLAB. JleckpunTopHas rpadu-
Ka WMeeT aeso ¢ 6a30BbIMU rpadHuecKHUMH 00BbEKTaMU, KaXKAbli U3 KOTOPBIX MOXET
ObITh MHMBUIYaIBHO HACTPOEH MOCPEACTBOM 3a/laHHs BCeX ero cBOMCTB. JleTanbHoe
3HAKOMCTBO CO CBOHCTBaMH rpaduyeckux o6vekToB cucteMbl MATLAB HeBo3MOX-
HO OCYIUECTBHTh MUHHUMAJIbHBIMH YCHJIMAMH, TaK KaK KOJIHYECTBO CBOWCTB OTHE/Nb-
HbIX rpaduyecknx 06beKTOB A0X0AUT A0 cTta. OAHAKO BO MHOTHX Clly4asx MpHMeHe-
HHE AECKPUIITOPHOM rpadHKH HE BLI3BIBAECT HUKaKUX 3aTpyaHeHUH. [IpuBenem ceituac
WUTIOCTPHPYIOLLHE MTPHMEDBI.

Beitiie Mbl ohopMisanu rpaduk GyHKUMU Sin ¢ NOMOWbIO HENpPEepbIBHOH KpacHoOM
JIMHUH U YepHbIX KpPYXKOB. Terepb monpofyeM OrpaHHYMTHCA JIHLIL HenpepbIBHON
JHHUEH, HO oueHb TojcToi. Kak a3To MoxHO caenats? BOT npocToe peleHe Ha 6aze
JNECKPUNTOPHOH rpaduKu:

x=02:0.1:3;y=sin(x);

hPlot = plot( %, vy );

set( hPlot, 'LineWidth', 7 };

Oynkuus plot yepe3 onopHble (BBIUHCIEHHbIE) TOUKH C KOOPAMHATAMH X, Y TPO-
BOAWT OTPe3KH NpamMbix NUHUH. IIpaMele nunuu B cucteme MATLAB npeacrasnstor
cobol rpadpuueckue oObekThl THNMA line. 3TH 0OBEKTHI UMEIOT OrPOMHOE YMCIIO
CBOWCTB M XapaKTEPHCTHK, KOTOPblE MOXKHO MeHATh. JlocTyn k 3TUM oObekTaM ocy-
IECTBIIAETCA 110 UX onucamensm (Oeckpunmopam; NO-aHrMUHCKH — handles).

Onucarensb rpaduueckoro o6bekTa THNa line, HCMONB30BAHHOrO AJIS MOCTPOEHHS
Haulero rpaguka, Bo3Bpauaercs GyHkuueit plot. Mel ero 3anomMuHaeM B nepeMeH-
Hol hPlot. 3atem 3TOT onucarens npeanaraeTca GyHKUHH set A ono3HaHUS KOH-
KpeTHOro rpaduueckoro oorvekra. UMeHHO i TaKOro OHO3HAHHOI'O oObekTa (yHK-
uMs set U3MeHseT XapaKTepHCTHKH, YKa3aHHble B APYIHX €€ apryMeHTax. B Hamem
MpUMepe Mbl yKa3anu cBoicTeo 'LineWidth' (TonuiHa IMHUK) U €ro HOBOE 3HAYeHHE
7 (mo ymonuanuo ~ 0.5). B pesynsrare nonyuaercs cleayowas KapTHHa
(cM. puc. 2.8).

Tekyluee 3HaueHue moboro napamerpa (aTpudyTa, XapakTepHCTHKH) rpadHuecKo-
ro o6peKTa MOXHO y3HaTh ¢ moMowbio QyHkuud get. HanpuMep, eciu nocne nomy-
YEHUs NMOKAa3aHHOTO Ha PUCYHKe rpagyka BBECTH U HCITOJHUTD KOMaHAy

width = get( hPlot, 'LineWidth' )

TO ju1s MepeMeHHo# width 6yaer monyueHo 3HaueHue 7.
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PucyHok 2.8

Yro6b!l 03HAKOMMTLCS CO CIIMCKOM BCeX CBOMCTB rpaduuyeckoro o0bekra, Hy»XHO
BbI3BaTE QYHKIMIO get, yka3as el onucarens 00beKTa B BUJE €AMHCTBEHHOIO Mapa-
merpa. Hanpumep, ana onucarens hPlot o6bexra Tvna line HaXoQUM BeChb CIIMCOK
€ro CBOMCTBE:

get( hPlot )
Color = [0 0 1]
EraseMode normal
LineStyle = -
LineWidth [7]
Marker = none
MarkerSize = [6]
MarkerEdgeColor = auto
MarkerFaceColor = none

1

1

XData = [(l by 31) double array]
YData = [(1 by 31) double array] |
ZhData = []

ButtonDownkFcn =

Children = []

Clipping = on

Createfcn =

DeleteFcn =

BusyAction = queue
HandleVisibility = on
HitTest = on
Interruptible = on
Parent = [2.00049)
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Selected = off
SelectionHighlight = on
Tag =

Type = line
UIContextMenu = []
UserData = []

Visible = on

Cpeay BceX 5TUX MHOTOUYHMCIIEHHBIX CBOHCTB BCTPEYAIOTCS MHTYHTHBHO MOHSTHBIE.
B 4acTHOCTH, Mbl BUAMM 3HaueHHE TONLKHBI TMHUK (LineWidth), paBHoe 7; cBOHCT-
Bo Color orseuaer 3a uBeT JMHUK: OoH paBeH [ 0 0 1 )} (RGB-komMpoBKa, TO €cCTb
KpacHuiii 3enensiit CHHUIA), YTO COOTBETCTBYET CHHEMY LiBeTy. i ycnewmHoro npu-
MeHEHHs HHBIX CBOMCTB TpebyeTcsi X moapobHOe W KPOMOTIHBOE H3yueHHe, 6e3 Ko-
TOPOT0, OfHAKO, BIOJHE MOXHO OOOMTHCH, Tak Kak Haubosnee BaKHbIM CBOHCTBaM
cucrema MATLAB npucBauBaeT No yMOJYaHHUIO BIMIOJHE B CPEIHEM TPHEMIIEMBIE
3HaueHnsi. OHU YKa3bIBalOTCS B CITHCKE CBOWCTB CrpaBa OT 3HaKa paBHO. Hexoropble
CBOWCTBA He 3aJeHCTBOBAHBI M ABJIAIOTCS PE3€PBOM, KOTOPBIN MPUMEHSIOT B CHELU-
aJIBHBIX CITyYasX.

Teneps oT 0bopMIeHHS HeNOCPeACTBEHHO JIMHUH nepeiiaeM k odopmieHnto oceH
KOODJIMHAT, K HAAMUCAM Ha ocax H T. A. Cuctema MATLAB ycTaHaBn1BaeT npesiesibl
Ha FOPH3OHTAJIBHOH OCH PaBHBIMHM TE€M 3HAUEHHSM, UTO YKa3aHbl N0JIb30BaTeneM s
HE3aBUCUMOH TepeMeHHOH. JInsi 3aBHCHMOH TNepeMEeHHOHW MO BEepPTHKAJILHOH OCH
MATLAB caMocToATeNIbHO BBIYHC/ISET AUANa3oH M3MEHEHHS 3HAuYeHHUH (QYHKLMH.
B pesynbrare rpaduk ¢pyHkUMH OKa3biBaeTcs kak Obl BMIUCAHHBIM B PSAMOYTOJIBHHK.

Ecnu MBI XOTHM OTKa3arbcs OT 3TOH 0COGEHHOCTH MaclITabWUpOBAaHHUs MPH MO-
cTpoenuu rpadukos B cucteMe MATLAB, To Mbl Z0/KHBI SBHBIM 00pa3oM HaBs3aTh
CBOM NpefieNibl H3MEHEHHUS MepeMEHHbIX Mo OCSM KOOpAMHAT. DTO Aenaercs ¢ MoMo-
b0 BYHKLHU

axis( [ xmin, =xmax, ymin, ymax ] )

NpUYeM KOMaHAY Ha BbIMOJHEHHE 3TOH (QYHKUHM MOXHO BBOAUTH C KIaBHATYpBI
CKOJIbKO YTOJIHO pa3 yske nociie noctpoeHus rpaduka ¢pyHKUUH, YTOObI, MIsSs Ha T10-
Jyydatoluecsi BU3yasibHble H300pakeHHs, 1OOUTbCS Hawydllero Bocnpuartus. Takoe
MaciuTabUpoBaHHe TIO3BOJSET MOJYUUTh MOAPOOHBIE U300paKeHUs TeX 4acTed rpa-
d1Ka, KOTOpble BBI3BIBAIOT HAUOONBIINI UHTEpeC B KOHKPETHOM HccienoBaHuu. Ha-
npuMep, AJ1s paHee MoayueHHOro rpaduka GyHKUHH S1N MOXHO CY3HTBb Mpeaesbl 1o
0CAM KOOpAMHAT

axis( [ 1.5, 2.5, 0.5, 2 1)

YTOOK! MOMYyULE pa3risieTh BEpLUIMHY CHHYCOUIBI (CM. pHcC. 2.9).

Yaie Bcero 3TOT MpUEM yBelHuYeHHs Maciutaba H300paxceHHs NMPHMEHSIOT NpH
rpaduueckoM pelIeHHW YPaBHEHHH ¢ TeM, uTOOBbI MONY4YHTb 0ONEe BBLICOKYIO TOU-
HOCTb MPHUBIIHKEHUS K KOPHIO.
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Pucynok 2.9

Tenepr U3MEHHM KOJIMYECTBO YHCIIOBBIX METOK Ha ocsix. MX Moxer nokasarbcs
HEJOCTATOYHO (HA TOPH3OHTANBHONW OCH TOCJIEHEro PUCyHKa WX BCEro Tpu — s
3HaveHui 1.5, 2 u 2.5).

M3MeHHTb OTMETKH Ha OCSX KOOPAMHAT MOXHO ¢ nomotuiblo GyHKIMK set, obpa-
SarbiBatoiliedt rpaduyeckuit o6vexT axes. 1o 00BEKT, KOTOPbIH COREPIKHUT OCH KO-
OpAMHAT U Genblii MPsMOYroNbHHUK, BHYTPH KOTOPOro npoBoauTcs rpaduk dyHKuHH.
Jing nonydyeHus ornucaTess Takoro oObexTa MPUMEHSIOT GYHKUHIO gca. Oty GyHK-
LIMIO BbI3bIBAIOT 6€3 mapameTpos. B utore dparment koaa

hAxes = gca;
set( hAxes, 'xtick', [ 1.5, 1.75, 2.0, 2.25, 2.5 ] )

BBIMOJIHAIOWHMIHCS MOC/e NOCTPOEHHSs rpadHka, yCTaHaBJIMBAET HOBbIE METKH (B KOJIH-
4eCTBE MATH WITYK) Ha FOPU3OHTANIbHOH OCH KOOpAUHAT,

Jng npocTraBneHUs PazIMYHbIX HAAMHUCEeH Ha MOJYYEHHOM PHUCYHKE MPUMEHSIOT
¢dyukunn xlabel, ylabel, title u text. @yukuus xlabel npepHaszHavyena s
NPOCTABJIEHHA Ha3BaHWA IOPHU3OHTaNILHOH ocH, GyHKUHS ylabel — To ke 415 BepTH-
KaJIbHO# OCH (IIPUYEM 3TH HAANHUCH OPUEHTHPOBAHbBI BAOJb OCEH KOOpAUHAT).

Ecnu tpefyercs pa3smMecTHTb HaAMKCh B NPOU3BOJILHOM MECTe PUCYHKA, PUMEHA-
em dyHkumio text:

text( X, y, 'some text!')

O6wui 3aronmosok ais rpaduka npocrasngercs dyukuued title. Kpome Toro,
UCTIONb3YS KOMaHAY

grid on

MOXHO HaHECTH H3MEPHTEJIbHYIO CETKY Ha BCiO 06/acTh IMOCTpPOeHHA rpaduka.
IIpuMeHss Bce 3TH CpencTBa:

title( 'Function sin(x) graph‘ );
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xlabel{ 'x coordinate' }; ylabel{ 'sin(x)' );
text( 2.1, 0.9, '\leftarrowsin(x)' ); grid on;

npuaaeM rpaduky dyHKUMY cllegyioudi Bua (cM. puc. 2.10).

4 Figure No_ 1 ‘ ] ‘ ] ] B[ﬂ

File'" Edit: - Wind .

unction sin(x)
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Pucyrok 2.10

Hannuce Qynkuueit text nomeinaercs HaudHas OT TOYKH C KOOpAHWHATaMM, yKa-
3aHHBLIMH MEPBbIMH JBYMsl apryMeHTaMH. 110 yMONYaHHIO KOOPAWHATHI 3aJai0TCA B
TEX K€ eJUHMLIAX M3MEPEHHA, YTO M KOOPAMHATBI, YKA3aHHbIE Ha TOPH3OHTAILHOM
Y BepTHKaIbHOH ocsaX. CrielnanbHbie ynpasiaiyue Cumeoasl BBOAATCS BHYTPH TEK-
cra nocne cuMBona \ (obpartHas kocas uepta). B nprMepe Mbl BBenn Takum 06pazom
CrnelHanbHBIA CHMBOJT «CTpesiKa BieBo». O603HaUEeHH A1 CieUHaTbHBIX CHMBOJIOB
COBIAAAIOT C TAKOBLIMU B CHCTEME MTOATOTOBKU Hay4HbIX TekcTOB TeX. B yacTHocTH,
U1 BbIBOAZ YacTH TEKCTa B CIEAYIOLIYIO CTPOKY TNPHMEHSETCS YIpaBistolIHi
cuMmBon newline.

Yto6bl BO3JEHCTBOBATh Ha WIPHOT, KOTOPHIM H300paskaeTcs HaAMHCh, HYyXHO 3a-
MOMHUTB ONHUCaTEB (IECKPUIITOP), BO3BpaLlaeMblii 3Tol dyHKIMeH:

hText = text{ 2.1, 0.9, '\leftarrowsin{(x)' );

310 onucarens rpadguyeckoro obvekra Tuna text. KcraT, ecnu Hy»XHO y3Harh,
Kako# Tumn rpagudeckoro obbeKTa NpeIcTaBiseT HEKOTOPBIH OMUcaTesb, TO JUIs 3TO-
ro Hy»HO BbI3BaTh QyHKUHIO get, 3anpocuB y Hee cBolicTBO ' Type’:

type = get( hText, 'Type’ )

type =
text
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Pacnonaras onucarenem obbekTa THNa text, MOXKHO WU3MEHATH pAld ero arpuby-
ToB. Hanpumep, pparmMenT koaa Ha M-s3bike

set( hText, 'Color’, [ 01 0 ], '"FontSize’, [18] ):

W3MEHWUT BHELIHWM BMJ paHee BbIBEJCHHOM HaaNMCH — Terneps Ucrons3yercs Gonee
KpYNHbIH WpHT, a UBET HAAMUCH CTaJ 3€JIEHBIM.

3asepuras pacckas o crocobax odopmieHHs rpadHKkoB QyHKUHH, H3MEHUM LIBET
¢oHa, Ha KOTOPOM 3TH rpadukH pucytorcs. [To ymonyanuro atoT uet 6envlii. Cnena-
€M ero cjerka 3eJieHOBaThbIM, MPHCBOMB LIBETOBOMY CBOWCTBY OOBEKTa THMa axes
snauenue [0.5,0.8,0.5)]. Ho cHa4yana Hafno noixy4yuTh OMUCATENh 3TOro OOBEKTa:

hAxes = gca;

OyHKUMA gCa npedHa3HaveHa JUIs TMOMCKa ONHUcATeNs mexyuje2o oObeKkTa axes.
Tak kak y Hac UMeeTcsi eIMHCTBEHHbIH 00BEKT axes, To npodaemMs Beibopa HeT. Eciin
ObI OBLTO HECKONBEKO 00acTel, B KOTOPBIX PUCYIOTCA IpaduKH QpyHKLHH, TO €CTh He-
CKOJIbKO OOBEKTOB THMA ax€Ss, TO B 3TOM CITydyae CHauasia HyXHO IIEJIKHYTb MbIILBIO
Ha TOM M3 HHX, KOTOpPBIH JO/DKEH CTaTh TEKYLUHWM, U TOJBKO MOCJIE 3TOrO BBOAMTH
NPEIACTaBJICHHBIH Bblilie KOA.

CMeHuTh UBET (hOHA JIErKO:

set ( hAxes, ’'Color’, [ 0.5,0.8,0.5] );

AHaNOru4HO MeHseM UBeT GoHa Beero rpadHUecKOro okHa:

FigureColor = [ 0.8,0.5,0.5]; hFigure = gcf;
set( hFigure, ’Color’, FigureColor };

rae ¢ noMowplo ¢GyHKUMH gcf Mbl monydaem onucarenb obwvekra THma figure,
NPEACTaBAKIOLIEro rpaduyeckoe OKHO, a fajiee MEHSEM LIBET ero (JoHa Ha KpacHOBa-
ThIH. B pe3yspraTe BMECTO PHCYHKA, NOKa3aHHOTO HaMH paHee Ul WLTIOCTPaLHH KC-
T0J1b30BAHUS KHPHBIX JIMHWH 1npu Mokase rpadvka GpyHKUHWH Sin, MBI MOTy4YaeM TO
ke caMoe rpadHueckoe OKHO, B KOTOPOM LiBeTa ()oHa BCEro okHa M o6acTH BbIBOJAA
rpaduka yxe uHble. IIpu dyepHo-6enoii meyaTH 3TO BHAHO JIHMIUb MPHOIH3HTENBHO,
OJIHAKO BOT MOJIYYEHHOE MPpH 3TOM H3obpakenHe (cM. puc. 2.11):

3nech Mbl €lle BbIBEIH MPOH3BOJIbHBIH (LIYTJIHBBIH) TEKCT, pAacrlOIOKHB €ro
B BYX CTpOKax:

text( 1, 0.3,’Very good\newlinetext’ };

a Taioke 0OBETH ITOT TEKCT MPAMOYTroJIbHOH paMKOH:
line({0.8,0.8,2,2,0.8},10.2,0.45,0.45,0.2,0.2]);

re B Ka4eCTBe NepBOro apryMeHTa GpyHkuuH line (KOHCTpYKTOp rpaq)uqeckoro 00b-

ekTa Thrma line) ucnonb3oBaHa BEKTOP-CTPOKA MEPBBIX KOOPAMHAT YIJIOB MpPSMO-
YrONbHHUKA, 4 BTOPOii apryMEHT €CTh BEKTOP-CTPOKA BTOPBIX KOOPJAHHAT 3THX TOYEK.
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Pucynok 2.11

Paznoo6pasnble rpaduueckue cpeacrsa cucreMsl MATLAB (kak BBICOKOYPOBHe-
Bble (DYHKLUH, TAK U HU3KOYPOBHEBbIE rpaduueckue 06BEKTbI) MO3BOJISIOT MOTYYHTh
HarJIAHbIE W XOPOIIO JOKYMEHTHPOBaHHbIe rpad UKy (hyHKLMIA.

CneunaabHas rpacgmka cucrtemst MATLAB

Crieunansnas rpaduka cucremsl MATLAB HarpaeneHa B nepByio odepenb He Ha
BbISB/IEHHE (DYHKUMOHAIBHBIX 3aBUCUMOCTEH MEXIy NMepeMEHHbIMH, a Ha BU3yaslnu3a-
UHIO HHPOPMALIMH, HAKOTUICHHOH B BHE GOJbLIMX MACCHBOB YHCIIOBBIX JAHHBIX.

Jns BU3yanu3auMM NaHHBIX, HAKOTIEHHBIX B ONHOMEPHOM MacCHBe, XOPOLLO MOJ-
XOAMT creuualibHas rpadpuueckas ¢yHkuus cucreMsl MATLAB - ¢ynkuus bar.
bynyum npuMeHeHHOH Kk BEKTOpY X,

x=[4183714]; bar( x );

OHa TIOpOXKAAET HATJIAAHYIO cmonbyo8yio duazpammy (cM. puc. 2.12).

+ Figure No. 1

Pucyrok 2.12
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B cTonGuoBeIx aMarpaMMax KakaoMy S1EMEHTY MaccHBa COOTBETCTBYET OfIMH
cronbell. DTOT MPUHLIMIT COXPAHAETCS M NPH 0ToBpaXkeHHH dyHKLMWeH bar coaepxKu-

MOTO MaTpHL, HO JUISl HAMJIAJHOCTH CTONOLIbI, OTHOCAILHUECS K OJHOH CTPOKE, Mpy M-
pyroTcs. B pesynbrate a5 MaTpHLib

[ 524; 135, 2141];
$yHkums bar ( a ) nopoxpaer H30GpaskeHHe, B KOTOPOM Pa3HbIE HTEMEHTbI M3 OHOM

M TOW e CTPOKH M300parkatoTes pasHbIMU LiBeTamu. Homep cTpoku NpocTasiieH BAOMb
FOPH3OHTANILHOW OCH NMOZ COOTBETCTBYIOLIEH Ipynnoi cTonbuos (cM. puc. 2.13).

Eil(e‘ Edit . Window - Help

Pucynok 2.13

HarnisnHocTs rnokasa 37€MEHTOB MaTpHLbl B BUJE BEPTHUKAIbHBIX CTOJOLOB TOJb-
KO YCHJIWTCA, €CJIM MEPEHTH K TPEXMEPHLIM uzobpaskeHusM. Jng aToro moctatouHo
NpUMeHUTb GyHKLMIo bar3. Hanpumep, Bbizo ¢yHkiud bar3( a ) nopoxaaer Ta-
KyIO KapTHHY (cM. pHc. 2.14):

+ Figure No_1 !DIX

File’: Edit Wlndow _Help

PucyHok 2.14
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3nech HanpoTuB LMdpel 1 pacnonokeH HaGop CTONGLOB, OTHOCALLMXCS K NMEPBOH
CTPOKe MaTpHLbl A, HANPOTHB UGB! 2 — TO ke Ans BTOPOH CTPOKH 3TOil MaTpHLibI,
HanpoTHB 3 — TpeTheHl CTPOKHU.

IMoMumo dyHKuMit Ang nocTpoeHus cTonbIoBLIX JHarpamMM B cucteme MATLAB
MMEIOTCH Takke (GYHKUHH IUI MMOCTPOeHUst kpyzoswix ouazpamsm. Kpyroswie nua-
rpamMMbl MOKAa3bIBAIOT B HAarIAHOH ¢opMe, Kakoil MPOLEHT OT CyMMbl BCEX JIEMEH-
TOB MacCHBa COCTaBJISET ero KOHKpeTHbIH aneMent. Hanpumep, ans BekTopa

X=[3r 7/ 1r2]/

Kpyroeasi iMarpamMma ctpourcs ¢yHkuvei pie( x ) (cm. puc. 2.15).

PucyHnok 2.15

OTcroga BHAHO, 4YTO NMepBbId 37eMeHT BekTopa cocTasiaseT 23% OT CyMMbl BCeX
3JIEMEHTOB, BTOPO# aieMeHT cocraBndeT 54% u T. A. NpOTUB 4acoBOM cTpeskH. Uro-
Obl 3TOT pUCYHOK cTan Gosiee HarIsAAHbIM, €ro Lenecoobpa3HO CHabAUTL HAAMHUCAMM,
rOBOPSALLMMH O TOM, KAKHUM 3JIEMEHTaM BEKTOpa COOTBETCTBYIOT KOHKPETHBIE KyCKH
aToro «nupora». Crenarb 3T0, OAHAKO, He Tak Jierko 6e3 noMoLM JecKpunTopHOH
rpaduky. Bor petenue aroit 3agaun:

h = pie( x ); hT = findobj(h,’Type’, text’);
Pos=get (hT(1l),'Position’); Str=get(hT(l),’String’};
set (hT(1l),’String’,[ '1-',Str),'Position’,Pos+([-0.1,0,0])
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B KOTOPOM Mbl 100HBaeMcs H3MEHEHHS HAAMHUCH HAMPOTHB KYCKa «[THPOra», COOTBET—
CTBYIOLUErO NEPBOMY 3JIEMEHTY BEKTOpa. 311€Ch Mbl MPUMEHHIN QyHKUHio findobj,
KOTOpas BO3BpallaeéT MAacCHMB OMHMcaTeNel YeThpeX TeKCTOBBIX 00BEKTOB. Jlanee Mbl
y MepBOro TeKCTOBOro 00BEKTa 3anpallliBaeM ero MO3ULHIO M ero TEKCTOBOE COiep-
XaHWe, MOAU(PHUMPYEM HX COOTBETCTBYIOLIMM 00Pa3oM M C MOMOWIBIO DYHKLUHMH set
YCTaHaBJIMBa€M HOBbLIE 3HAYCHHUS 3TUX CBOMCTB. 3a/1aua pelleHa.

KcTtatn, 3a0aH0 38ech coOOIUMM, YTO 0418 yOaneHus yxe NMPOCTABIEHHOH 3anMcH
HYXXHO QyHKUHEH set ycTaHOBUTB CBOMCTBO ' String’ paBHBIM nycmomy maccusy.

Teneps paccMoOTpHM ellle OAMH METOJ BU3YallU3aUMK YMCI0BO# nHdopmauuu. Ko-
ria B MaCCHBE COCPEAOTOYEHO OOIBIIOE KOMYECTBO AaHHBIX, TO MPEXIE, YeM BU3ya-
JU3MPOBATh 3TH AaHHbIE, HX YAOOHO CrpyNMUpOBaTh B paMKax IMOJBIHTEPBAJIOB 3HA-
YEHHWH M BLIBOAMTL CYMMAapHOE KOJMYECTBO 3JIEMEHTOB, MOMAAIOLIHUX B TOT WM HHOM
noasiHTepBas. TakoH noaxoA K BHU3yalH3alLUM Ha3blBaeTCs MOCTPOCHHEM 2UCIMO-
2pamm NAHHBIX.

B cucreme MATLAB s nocTpoeHHs MMCTOrpaMM npumeHsiercs GyHkumsa hist:

x=rand( 1, 10000 );
hist( x );

§

3necy ¢ nomowbio yHkUuH rand reHepupyercst Bektop u3 10 000 cinyuaiinbix
3JIEMEHTOB, PABHOMEPHO pacrnpefefieHHbIX Ha MHTepBajie oT 0 go 1. @yukuus hist
CTPOUT MMCTOTPaMMy pe3ysbTaToB, pazbusas uHTepBas oT 0 1o 1 Ha 10 noxsiHTEpBa-
noB (cM. puc. 2.16).

Pncynok 2.16

s sToro ¢yHkuus hist noacuMTeIBaeT KONMYECTBO CydalHBIX YMCEN, NONAaB-
HIMX B TOT MJIH MHO NOABIHTEPBAJ, U CTPOMUT CTONOLBI COOTBETCTBYIOILEH ITHHBI /1S
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Ka)KAOTO U3 noAblHTepBanoB. Ecau Tpebyercs Apyroe 4Mciao NOAbIHTEPBAIOB, TO €ro
cllelyeT yKa3aTb B BUZI€ BTOPOro napamerpa y ¢hyHKUuH hist.

[ToMuMO H306paXkeHHS SEMEHTOB MACCHBOB B BHJAE CTOJOLOB MM «KYCKOB
nuporay cucreMa MATLAB npenocrapiser ele cnocod BU3yanH3alUH, KOrJa Kax-
OBl 3/IeMeHT MaccHBa M300pa)kaeTcst OTPE3KOM BEPTHKaNIbHOH JIMHHU C MalleHbKHUM
KPY>KOYKOM Ha KOHLe. Takue Auarpammbl CTPOUT (QYHKUMA C MUMEHEM Stem, uTo
NEePEBOJUTCS C aHTJIMICKOro Kak cTebesb HITM HOXKKa, YEPEHOK.

Haubonee nHTEpecHbIM NMPUMEHEHHEM TAaKOro poAa AMArpaMM SBJIAETCH Ciydai,
KOr[a TAKHE «UYEPEHKH» MO3HLIHOHHPYIOTCS BAOJIb FOPHU3OHTAIILHOH OCH HE HAlpOTHB
HOMEPOB 3/IeMEHTOB MaccHBa (BbI30B GyHKUMH stem (X)), a HANPOTHB 3HAYEHHUH ApY-
roro OJHOMEpHOro Maccupa. EciM 3HayeHHs OJHOTO MAacCHBA BBIYHCIAIOTCA Kak
(GYHKUMH 3HA4Y€HHH ApYroro MaccHMBa MM 3KCMEPHUMEHTAIIbHO M3MEPSIOTCS MpPH Ta-
KHMX 3Ha4YeHHsX, TO 3TOT COPT JHarpamMM XOpOLIO COOTBETCTBYET OTOOPaXEHHIO JHC-
KPETHBIX 3aBHCHMOCTEH MEX/y UYMCIOBBIMH AaHHBIMH. Hanpumep, mis HeCKOJIBKHX
BBIYHC/ICHHBIX 3HaUeHHH QYHKIMHK asin (apkcHHyc)

x=-1:0.1:1;
y = asin( x );

Cleytolas «4epeHKOBas AMarpaMmar», Juis OCTPOSHHs KOTOPOH BbI3bIBAETCS (QyHKUMS

stem( x, y )

HarsIHO OTOOpakaeT MacCHB BbIYHCIEHHBIX 3HaUeHHH (M. puc. 2.17).

Pucynok 2.17

Jns HabnromeHus 3a IBHXKEHHEM OOBEKTOB 1O HEKOTOPOH TPAaeKTOPHH HYXKHO
NPUMEHHUTb CPEACTBO OQunamuueckou eusyanusayuu cucteMsl MATLAB, peanusye-
Moe ¢yHkumeil comet (komera). [TycTs, k mpuMepy, peub uaer o HabnOAEHUH 3a
PABHOMEPHBIM IBMXKEHHEM MO OKPY:KHOCTH B TeueHHe BpemeHH t ot 0 1o 20:

t=02:0.1: 20;
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x=cos(t); y=sin(t);

JBr>KeHue MaTepHaibHON TOYKH 110 OKPY>KHOCTH MOJEIHPYETCS HAIJIAIHO B BUIE
IBH)KEHHS abCTPaKTHOH «KOMETBI» C XBOCTOM, LIBET KOTOPOTO OTJIMYAETCS OT LIBETA
BceH TPaeKTOPHH. JIist 3TOro ocyuiecTBaseTes CleayOnUi BbI30B QYHKUMH comet:

comet( %, y )

NpH KOTOPOM HarsIHO H300pakaeTcs OBUXKEHHE 10 KpyrnoH TpaekTopuu. Ecnu ke
HY’>KHO HabM04aTh 3a AMHAMHYECKUM W3MEHEHHEM KOOPAMHAT X U Y CO BPEMEHEM t,
TO HY>XHO NIPUMEHHTH [1Ba APYTUX BbI30Ba PYHKIUHH comet:

comet{ t, x ); comet( t, y )

Ka)i(,ﬂblﬁ U3 KOTOPBbIX pa3BOpavYHUBaACT BO BpEMECHH NpPOoLeCcC UBMEHCHUA KOOpAUHAT.

TpexmepHas rpadmka

Bo3moxkHOcTH OTOOpaXkeHUs] TpexXMepHBIX rpaduueckx OOBEKTOB B cHCTEME
MATLAB BecbMa o61npHbl. B yacTHOCTH, HMeeTcs BOBMOXKHOCThL pelliaTh pa3HO00-
pasHbIE 3aa4H MPEXMEPHO20 MOOeaUPOoGanus oObEKTOB peajlbHOro MHpa, ONupasch
Ha rpagHyeckHe oObeKThbl THna patch. DTo HekIoUHTENbHO OOIIUPHBIHA pasaen co-
BPEMEHHOH KOMIIBIOTEPHOH rpadMKH, H3naraTb KOTOpHIH B JABYX cioBax GeccMblc-
JieHHO, a A GoNlee-MeHee NoApOOHOro U3NoxKeHUs TpebyeTcs oTaenbHas kuura. [lo-
3TOMY B JAHHOM MOCOOHH 3TOT BONPOC 3aTparuBaTbes He OyneT.

Mpbl cocpenoTounmes Ha U300paKeHHH NPOCTPAHCTBEHHBIX JIMHUI U Ha MOCTpoe-
HUM rpa@uKoB QyHKLKWI ABYX BELIECTBEHHBIX MEPEMEHHbIX, KOTOPblE NPEICTABSIOT
co6OH NOBEPXHOCTH B NpocTpaHcTBe. HauHeM ¢ nuHui.

Kaxnas Touka B npocTpaHCTBE XapakTepusyeTcs Tpemsi koopauHatamu. HaGop
TOUEK, NPUHAAISKALINX HEKOTOPOH JIMHUM B MPOCTPAHCTBE, HY)KHO 3ajaTb B BHIE
Tpex BEKTOPOB, NE€PBbIH W3 KOTOPBIX COAEPAMHT NEpBble KOOPAHHATLI 3THX TOYEK, BTO-
pOH BEKTOp — BTOpbIe MX KOOPAHMHATbI, HY a TPETUH BEKTOpP — TPETbH KOOPIMHATHI.
Ilocne wero 3T TpU BEeKTOpa MOXKHO NojaTth Ha Bxopn ¢yHKuuu plot3, koropas
Y OCYLIECTBHT NPOSKTHPOBAHHE COOTBETCTBYIOLIEH TPpeXMEPHOH JIWHUH Ha MJI0CKOCTh
Y NIOCTPOUT pe3ynbTHpytouiee uzobpaxkenue. [Ipu aToM Bce Oyaer caenano aBToMa-
THYECKH B JIyULIMX TPAJAMLIUAX BbICOKOYpoBHeBOH rpaduku cuctemsl MATLAB: 6y-
AYT NpOCYMTAHBI NpPEAEsbl U3MEHEHHsS NePEMEHHbIX 110 OCAM KOOPAWHAT, HAHECEHBI
rpa¢MUYECKHE H YUCIIOBbIE METKH, MOA00PaH LBET THHHH U GOHA U T. A.

Hanpumep, cnenyrounit pparMeHT koaa “

t=0: pi/50 : 10*pi ;
x =sin( t };

y =cos( t);

plot3( x , v, t };
grid on

3 3ak. 409
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rac npUuMeHEHa U3BECTHas 1Mo MJIOCKHUM rpad)uKaM KOMaHaa

grid on

IUISl TIPOCTaBJIEHHsl CETKH KOOPIMHATHBIX 3HaYEHHWi B 00JIaCTH MOCTPOSHHUS rpaduka
(Taroke MOXHO MCNONB30BaTh paHee W3YueHHble KOMaHAbl ¥ QYHKUHH MO JOTIOJIHH-
TeJAbHOMY OGOPMIIEHHIO TpadMKOB), NO3BOJIAET NOCTPOHTH BUHTOBYIO JIMHHIO, H30-
OpakeHHe KOTOPOH MoKa3aHo Ha puc. 2.18.

Pucynok 2.18

Oty ke OYHKUHIO plot3 MOXHO MPUMEHHTb U AN H300paKeHUS MOBEPXHOCTEH
B IPOCTPAHCTBE, €CJIH, KOHEUHO, TPOBECTH He OAHY JIMHHUIO, 8 MHOTO; KOHKPETHO HaJo
NPOBECTH CeEMEHCTBO JIMHUH MepeceyeHHs NMOBEPXHOCTH ¢ HabopoM mnapaienbHbIX
ApYT ApYry IJIOCKOCTEH, KOTOpBIE K TOMY e NapajjienbHbl OAHOH U3 KOOPAMHATHBIX
mnockocTed. Beto 3ty paboty u BeinonHser ¢gyHkuus plot3, koraa eif Ha Bxoa mo-
JaloTCs He TPU OJHOMEPHBIX MacCHBa, Kak ObUIO pacCMOTPEHO BbILLE, @ TPH MaTPULIbI
oJMHaKoBoro pasmepa. PaccMoTpuM Bee 310 noapobHee.

I'pacduky GyHKUMIA ABYX MepeMEHHbIX MPeACTaBIAIOT co00# KyckH MOBEpXHOCTEH,
HaBHcalollde Haj obnacTaMu onpeaeneHus ¢yHkuui. OTciona ACHO, 4To M300paxKe-
HHe rpadMKoB QYHKUHIA ABYX MepeMeHHBbIX TpeOyeT pealu3alMu «TpexXMepHOH rpa-
(bHKH» Ha MIIOCKOM 3KpaHe JUCIUIes KOMIbIoTepa.

BeicokoypoBHeBas rpaduyeckas noacucrema MATLAB aBTOMaTHUYeckH peaiusy-
€T TpexMmepHylo rpaduky Oe3 creuHanbHbIX YCHJIHH CO CTOPOHBI MOJI30BATENs.
ITycTe B TOUuKe ¢ KOOpAMHATamMH X1, yl BbluHCNEHO 3HaueHHe GyHKUMH z = f(X,YV)
¥ OHO paBHO z1. B HekoTopoii apyro# Todke (TO €CThb MPH APYroM 3HAYEHHH apry-
MEHTOB) X2, Y2 BBIYMCIAIOT 3HaueHHe QyHkuuu z2. Ilpomoykas 3TOT mMpouecc,
nony4ator MaccuB (Habop) Touek (x1,yl,z1), (x2,y2,22), ..., (xN, yN, zN) B konu-
uecTBE N IUTYK, PACNOJIOKEHHBIX B TPEXMEPHOM MpocTpaHcTBe. CreunanbHble QyHK-
uMH cuctemsl MATLAB npoBoasT uepe3 3TH TOYKH TIJIaKM€ MOBEPXHOCTH
H 0TOOpaKalOT X NMPOEKUHH Ha MIOCKHIi AUCINEl KoMMbloTepa.
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Yaine BCero TOYKH apryMeHTOB pacrosloxKeHsl B 001acTH onpeaenedus GyHKUHH
peryJisipHO B BHJE NPAMOYToJIbHOH ceTkd (MaTpuiubl Touyek). Takas ceTka Todek no-
pOXAAeT BE YHUCIOBbIE MAaTPHLBI OTHOH W TOH ke CTPYKTYphI: MepBas MaTpHia ¢O-
JIEPAKUT 3HAYEHUA TIEPBbIX KOOPAMHAT 3THX TOUEK (X-KOOpIAHHAT), a BTOpas MaTpHia
COJEP>KUT 3HAUEHHA BTOPBIX KOOPIAHHAT (y-koopAauHaT). O003HaYHUM NepBYIO MaTpu-
Ly Kak X, a BTOpyto — kak Y. ECTB ellle U TpeTbsl MaTpHLia — MaTpULa 3HAYeHHH dyHK-
uud z = f(x,y) npu 3THX apryMeHTax. OTy MaTpHily 0603Hauum GykBoii Z.

Kak Mbl 4 ofewany, paccMOTpeHHe BOMPOCa O MOCTPOEHHH rpadHKOB GYHKLHIA
IBYX nepeMeHHbIX B cucreMe MATLAB HauHeM ¢ ¢yHkuuH plot3, koropas siBiseT-
s pocTeHIleH B ceMEHCTBE NMpeaHa3HAYeHHbIX AJI 3Toi uend ¢yHkuud. Ee BbzoB
JUIS TOCTPOEHHS TAKUX FpadHKOB OCYLIECTBIISIETCS B BULE

plot3(X,Y,Z)

rae X, Y ¥ Z — MaTpHLIbl OAHHAKOBBIX Pa3MEPOB, CMBICSI KOTOPBIX MBI TOJIBKO YTO 00b-
SCHHUITH.

B cucreme MATLAB umeetcs cnieunanbHasi GyHKLUHS IS TTOJTyYeHHS JIBYMEPHBIX
MaccHBOB X U Y 110 OAHOMEPHBIM MacCHBaM X, ¥ (cM. puc. 2.19).

—l DBa pymepHbix maccusa (matpuupt) X m \1

OpHomepHbIA Maccus \1

ARNNANNE NN

A

—|OAH0Mepr'ﬁ macceus )4 PMCYHOK 2.19

ITycTs Mo ocu X 3aAaH AMANa3oH 3HaYEHWH B BUAE BEKTOpa
u=-2:0.1:2
a 10 OCH Y 3TOT AHana3oH €CTh
v=-1:0.1:1
Jns nonyyenus Matpuu X U Y, IpeacTaBisiOUMX TepBble U BTOpble KOOPAHHATHI

Notyyaroliencs: NpsMOYroibHOH CETKH TOYEK, HCMOJIB3YIOT CNeUHaIbHYI0 (YHKUHIO
cuctemol MATLAB

[ X, Y] = meshgrid( u, v )

Kak Mbl BHAMM, 5Ta QYHKUMA NOTYYaeT HA BXO/le 1Ba OAHOMEPHBIX MaccHBa (BEK-
TOpa), NpEeACTaBIAIOLIHE MACCHBbI TOUEK Ha OCAX KOOPAWHAT, H BO3BpALLAET Cpasy



 AaBa Z. bn3yaAu3aumsa PE€3YAbTATOB BbiYMCAEHHNA

JBa UCKOMBIX IBYMECPHBIX MAaCcCHUBa. Ha l'IpSIMoyl“OIIbHOﬁ CETKE TOYCK BBIYHCIIACM 3HaA-
4eHus PyHKLHH, HanpuMep QYHKUHH exp:

Z = exp( =X.72 - Y.%2)
HakoHel, npumeHsis onucaHHyio Bbilie dyHkUMIO plot3, nony4yaem cienyiouee

u300paxkeHue TpexMepHoro rpaduka atoil dyHkuuu (cM. puc. 2.20):

4 Figure No. 1
File Edit Window Help .

.11

PucyHok 2.20

N3 pucyHka BuaHo, uto ¢yHkuus plot3 crpour rpaduk B BHAe Habopa JIMHUH
B npocTpaHcTee (cozaaercs 41 rpaduuecknit o6bekT THNa line), kaXkaas U3 KOTOPBIX
ABJISIETCH CEYEHHEM TPEXMEpHOH MOBEPXHOCTH MJIOCKOCTAMH, Napaljle/IbHbIMH [10C-
koctH yOz. Ilo-apyroMy MoxHO CKa3arh, 4TO KaX/as JIMHUSA MOy4aeTcs U3 OTPE3KOB
TNPAMBIX, COEIMHAIOLIMX HA0Op TOUEK, KOOPMHATbI KOTOPBIX G€PYTCA M3 OMHAKOBBIX
cronbuos Matpul X, Y u Z. To ecTb, nepBasi JIMHUSA COOTBETCTBYET MEPBLIM cTONOLAM
Matpull X, Y, Z; BTopas JIMHUS — BTOPLIM CTONOLAM 3THX MATPHL U T. 1.

Iomumo atoii npocteiiiet dyHkuun cucreMa MATLAB pacnonaraer ewe psaom
byHKUMHA, no3onsroMX A00MBaThCS OONblIEH peaTUCTHYHOCTH B H300paskeHHH
TpexmepHbIx rpadukoB. Oro dyHkuuu mesh, surf u surfl. OHu nopoxnaroT rpa-
duueckue 06bekThl THMA Surface.

DyHKUMS mesh COeAMHSeT ApYr ¢ JAPYroM BCE COCEJAHHE TOYKH MOBEPXHOCTH
rpaduka oTpe3kaMu NpAMbIX U NOKa3biBaeT B rpaduueckom okHe cuctemst MATLAB
TUIOCKYIO MNPOEKLHIO Takoro OOBEMHOro KapkacHo-peGpucmozo (No-aHrIHACKY —
wireframe mesh) Tena. KapkacHo-pebpHCTOE TENO COCTOMT M3 YEThIPEXYToOJIbHBIX
rpaneii Oesoro upeTa, a pedpa rpaHeit okpaluuBaroTcs B pasHble upeTa. Ilo yMonua-
Huto 60Jiee BHICOKMM TOYKaM rpaduka COOTBETCTBYIOT KpacHbIe LiBeTa, a fonee HU3-
KUM (MEHblIME 3HAYEHHUS TpeThedl KOOPAWHATHI) — TeMHO-CHHHE. [IpoMexyTouHble
o051acTH OKpalIMBalOTCS B CBETJIO-CHHHE, 3€JIeHble M JXkenTele LiBeTa. B pesynbTare,
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MOCKOJIBKY pa3Hble 061acTH MOBEPXHOCTH rpaduka (KOHKPETHO — pebpa KapkacHOro
TeJsla) OKPALUMBAIOTCA B pa3Hble LIBETA, MPUMEHEHHEe QYHKLUHHU MeSh nopokaaeT Bech-
Ma HarJsAHoe H306pakeHHe TPEXMEPHOTO rpaduKa.

K npumepy, BMecTO paHee MOKa3aHHOTO NpH MOMOLUH GYHKUHH plot3 rpaduka
dhyHKUMH

exp( -X."2 - Y."2 )
cocTosLLero U3 41 npocTpaHCTBEHHOH JIMHHH, MOXCHO BbI30OBOM (YHKLIUH
hSl = mesh( X, Y, Z );

MOJTy4HUTh BOT Takoe H300paskeHHe KapkacHo-pedpucToro tena (eM. puc. 2.21):

| 4 Figure No. 1 =101 %]

File®: Edit Window Help/

PucyHok 2.21

Kak Mbl y>ke TOBOPHIH, A JIyULIErO BOCHPHATHS «OOBLEMHOCTH M300paskeHHs»
pa3Hble pedpa aBTOMaTHYECKH OKpalIMBalOTCa B pa3Hble LBeTa. Kpome Toro, B OTIIH-
une oT QyHKUHH plot3 ocyluecTBasercs yoanenue 1eguoumslx auxui. Ecim Bbl cuu-
TaeTe, 4TO H300pakeHHOe peOpHcTOE TeNlo ABMSETCA NpPO3pPauHbIM M HE JOJIKHO
CKpbIBATh 3aAHHUX pebep, TO MOXKHO BBECTH KOMaHIy

hidden off

noclie Yero Takue THHUM NOsBATCA Ha U300pakeHHH. B oaHMX ciyuyasx aTo no3Bosid-
€T YNy4lluTs u300pakeHue, B ApyTrux — HeT. Beerna MoXXHO BEpHYTBCSA K MMEIOLIEMY
MECTO MO YMOJIYAHHIO PEXXUMY COKPBITHS IPH MOMOLIHY KOMaH/bl

hidden on
Kpome Toro, Moxxuo norpe6oBatb H300paXkeHHs1 OTAENbHBIX pebep nepeMeHHbIM
LIBETOM, UYTOOBI LIBET M3MeHAsICa Gonee MaBHO MpH Nepexoae CHU3Y BBepX (Mo yMof-

YaHUIO LBET BCEX TOYEK OTIAENIBHOro pebpa oguHaKoBbIH). JiIg 3TOro Hy»HO HOMNOI-
HHUTENBHO BBECTH KOMaHIY

shading interp
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KOTOpast W3MEHHWT OJHO U3 CBOMHCTB rpaduyeckoro odorvekra THNa surface, cosnamae-
moro ¢yHkuueit mesh. Onucatens Takoro o0beKTa BO3BpalaeTCs ITOH (yHKUHEH,
Y BbIILIE MBIl 3aNIOMHWIIM ero B nepeMeHHol hS1l. Y6eauTecs B TOM, UYTO co3maeTcs
rpadrueckuid 0O0BEEKT HMEHHO 3TOrO THIIA, MOXKHO CJIEAYIOIHM 00pa3oM:

get ( hSl, 'Type’ )
ans =
surface

Bmecro npumeHeHHs koMaHas! shading interp MoxHO HanpsaMyo BO3AeHCTBO-
BaTh Ha cBoiicTBo EdgeColor noctpoeHHoro obbekra THna surface:

set ( hSl, ’FaceColor’, ’interp’ )

1 3¢dexT Oynetr TeM ke caMbIM. Pa3Huua MIIb B TOM, YTO MPHUMEHEHHE BBICOKO-
YPOBHEBO# KOMaHAbI NMo3BoJsAeT 060HTHCH 0e3 3HaHHSA MEJIKHX JeTanell HU3KOYpOB-
HeBoro rpaguueckoro obvekra. OnHAaKO 3HaHHE TaKUX AeTasieil oTKpbiBaeT Gonblie
BO3MOXKHOCTeH. B 1i060M cnyvae 03HAKOMHMTBCS CO CIIUCKOM BCEX CBOHCTB rpadudye-
cKoro obsekTa TiNa surface MoXHO clleRyoLM o6pazoM:

get( hS1 ) ‘
CData = [(21 by 41) double array]

EdgeColor = interp

Visible = on

i€ Mbl U3 peaJIbHOro 60JIBILOro CIIMCKA NPHUBEITH JTHLIb NepBOe, MOC/IEAHee U HY)KHOE
HaM ceHyac CBOICTBA. :

bonee «m1oTHOro» W3o6pa)xeHUs MOBEPXHOCTH MOXKHO A0OUTbCA 3a cueT packpac-
KW pa3HbIMH LiBeTaMH He pebep, a rpaHedl kapkacHo-peGpucroro Tena. [[ng aroro
BMECTO (PYHKLHH MeSh HY>KHO MPUMEHHUTE PyHKUHMIO surf:

surf( X, Y, Z )

B pesynbrate nonyvaercs cienyollee u3oOpakeHHE, NMpeACTaBIsIoLEe MIOTHYIO
(Henpo3pauHyl0) ceTyaTyl0 NMOBEPXHOCTh, MPHYEM OTAENbHbIE AYEHKH (rpaHH) 3TOM
CEeTYaTOi NMOBEPXHOCTH (IIOCKHE YETHIPEXYTrOJBHUKH) aBTOMAaTHYECKH OKPaLMBAIOT-
cq B pasHble LBeTa (cM. puc. 2.22). Kak u B cnyyae paHee pacCMOTpeHHOH GYHKUHMH
mesh, 3mech Takke Mo ymMon4yaHHio Gonee BHICOKME TOYKH rpaduka OKpallMBalOTCH
B KpacHbIH LBeT, a Oonee HHU3KHE — B TeMHO-CHHHA. TIpu 3ToM Bce pebpa nzobpaka-
10TCS YepHbIM. iBeToM. KoMaHnno# shading interp Wi coOTBeTCTBYIOLIMMH NpHe-
MaMH HH3KOYPOBHEBO# rpadukH (ObUTH pacCMOTPEHBI BbILLE) MOXHO NOOMTHCS TJaB-
HOTo Tnepexoja UBETOB I'paHeH, a MpopHcoBKy pebep ybpate BooOie (cBoiicTBa 00B-
ekTa surface npu atoM cnenyroume: EdgeColor = none; FaceColor = interp).
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Pucynok 2.22

C nomouibio pyHkuMH surf nonydaroTcs XOTS M UCKYCCTBEHHO PAacKpalle€HHBIE,
HO BecbMa HarnsHble n3o6pakeHus. Ecnu sxe Mbl XOTHM 106HTECS Goslee ecTecTBEH-
HBIX M OOBEKTHBHBIX CTIOCOOOB OKpalMBAaHUS TIOBEPXHOCTEH, TO CIE€AYeT UCMOJIb30-
BaTh (pyHKUMIO surfl.

Oyuxuus surfl B ornuune oT QyHkUMHM Surf He TPHUMEHSET HCKYCCTBEHHBIX
NPHEMOB 3aKpackd TOBEPXHOCTH TPEXMEpHbIX rpadukoB. YMpOLIEHHO rosops (ae-
TanbHble pa3bACHEHUs TpeOyIOT OTAENbHOW KHHUIH), 9Ta (GyHKLHUS Cpa3y K€ HCIMOjlb-
3yeT NMOHATHE OCBELeHHs noBepXxHocTH rpaduka. Ilo yMosuaHuIO OHa HCMONB3YET
BCTPOEHHYIO 3acBeTKY rpaduka CO CTOpOHbl HEKOTOPOH reOMETPHUYECKOH TOYKH
MpOCTpaHCTBAa. B pesynbrare TOYKH MOBEPXHOCTH rpaduka, oOpalieHHbIE B CTOPOHY
MCTOYHMKA cBeTa (ycnoBHO Dosiee sipkue), 300 pakaroTCs KPacHbIM LIBETOM, & TOUKH,
HaxofsuHecs «B TEHH», — TEMHO-CHHHM.

Ecnu nanee TpakToBaTh MOBEPXHOCTb rpa(Hka Kak MamepuaibHyl0 nOGEPXHOCHb
C onpeAeNCHHbIMH (GU3HYECKHMMH CBOMCTBAMH NO OTPAXKEHHIO CRETa, TO HYKHO
3a1aTh 9TH CBOHCTBa ABHO. Tak kak pa3Hble MaTrepualibl MO-pa3sHOMY OTPaXaroT Ma-
JalolKe Ny4d, TO MOXHO NMogoOpaTh HEKOTOPBLIA Marepuan, 4yToObl MONYYHTL HaH-
ny4iiee (C TOUKH 3peHHs Nonb3oBaTens) n3oOpaxenue. B yacTHOCTH, MOXKHO mpuMe-
HHUTb QYHKLHIO

colormap( copper )
C MOMOLIBIO KOTOpOH mis u3obpaxeHus rpaduka BeiGupaercs HaGop LBETOB (T1O-

aHrnuicku — colormap), KOTOpPLIA XapakTepeH Jd CBETa, OTPaXKaroLerocs oT MeAHOH
NOBEPXHOCTH (Me/1b NO-aHIIHHCKH — copper). ITocne sToro npumenenne GyHKUHH

surfl( X, Y, 2 )

MPHBOAHUT K MOJIYYEHHIO PEATUCTHYESCKH BBITTIAAAIIErO H OYeHb HANIAIHOTO rpadHka
(cM. puc. 2.23).
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PucyHok 2.23

MosxHo ¢ Takoro rpacduka y6pars yepHsle iuHKH, H306pakatolMe pebpa, a TAkkKe
A0GHThCA ellle Gosiee MIABHOrO Mepexoja OCBEILEHHS TOBEPXHOCTH, €CIIH BIMONHUTb
KOMaHy

shading interp
O3HAYAKOLIYO, YTO Tenepb UBET (OCBEILEHHOCTh) OYNET MEHATbCA NaKe BHYTPH OT-

AeNbHBIX rpaHeii (s4eek). B utore Gyner nomyuaTbes CoBcem yx peanbHoe M3obpa-
JKEHHE HEKOTOPOro TPEXMEPHOro MaTepHalbHOro oobekTa (cm. puc. 2.24).

# Figure No. 1

j PucyHok 2.24

Tem He menee cucrema MATLAB Ha 3TOM He OCTaHaB/IMBAETCS: CYLIECTBYET BO3-
MOHOCTD €1lIe TOYHEee MPOSBUTL OTAC/IbHBIE YYAaCTKH MOBEPXHOCTH rpaduka, BKIHO-
YHB OONONHUMENbHbLE UCIOYHUKY OCGeUeHUs, KOTOPBIE PEaNu3ytoTC B BUAE rpadu-
4eCckMX o00bexkToB TuUna light. CBer OT TakuX HCTOYHHKOB CMEILMBAETCA
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¢ paccesaHHbIM (oHOBBIM oOcBewleHHeM (AmbientLight), uger u cuma kotoporo
BCTPOEHBI B BUJIe XapakTepUCTHK B 00bekThl axes (coiictBo AmbientLightColor)
u surface (cBolicteo AmbientStrength).

B cnenytowem npumepe:

hS = surfl( X, Y, 2 );

set (hS,’FacelLighting’,’phong’, 'FaceColor', ' interp’);
set (hS, 'AmbientStrength',0.5);

light ('Position’, [1 0 0],’Style’,’infinite’);

3a]]al0TCsl CBOMCTBA MOBEPXHOCTH (cBOicTBa rpaduueckoro obbexra Tvna surface),
KOTOpBIE BIIUSIOT Ha pe3ylbTUpYylollee N300paxkeHHe MpH UCMOIb30BaHUH OOTOIHU-
TEJBHOr0 HCTOYHMKA CBeTa. Ilocsie uero cozmaercs Takoi MCTOYHUK B MO3ULHMH, OI-
penenseMoii ero cBolcTBoM Position, HcnyckalOWMH hnapaiienvusie  Jyyu
(Style=infinite, To ecTb Geckoneuno yoanenHuviii UCHOYHUK).

MOXHO Takke 3a[JaTh LBET AOMOSHHUTENIEHOTO HCTOYHHKA MOACBETKH MOBEPXHO-
ctu rpaduka (csoiictBo Color obwekra light). UroGel caenaTh HcToyHHK Gonee
CUJIBHBIM, HYKHO MpoayOnHpoBaTh €r0 HECKOJNBKO pa3, co3JaBas BCE HOBBIE HCTOY-
HUKH B TOM )K€ MECTE U C TEMH Ke CBOHCTBaMHU. [IpH 3TOM omnucaTen KaKaoro BHOBb
C031aBa€MOro UCTOYHHKA CBETA HYXHO 3alOMHHATh B COOTBETCTBYIOLIHUX MEPEMEH-
HeIX. Toraa BNocineACTBHH MOXKHO ¢ MoMoLblo (hyHKUMH Set MU3MEeHsTh UX cBoiicTBa
¥ CyMMAapHyIO CHIy CBeTa (J11 «BBIKTIOUEHHS» KOHKPETHOTO MCTOYHHMKA HYXHO 3a-
JIaTh ero cpoiicteo Color paeHeIM black), noGHBasCh >KeIaeMOro BHELIHErO BUIA
rpatduka. B aToM 3aksitouaeTcs OorpoMHOe NperMylecTBo paboTsl ¢ cucteMod MAT-
LAB B HTepakTHBHOM pexxHMe. MOXKHO He Crellia OLEHHTb JOCTHUTHYTBIH pe3ybTaT
U, €CJIH YTO-TO He HPABUTCS, BBINOJHUTH OTAENbHbIE YacTH paboTsl (a He BClo paboTy)
3aHOBO.

AonoAHuTeAbHble AeTaAn 0hOpMAEHUs
TpexmepHbix rpacunkos

MHorue npuemsl 0hOpMIIEHHS TPEXMEPHBIX Tpa@UKOB COBMNAAAIOT C TEMH, YTO
ObITH pacCMOTPEHbI NPH H3YYEHHH MIIOCKHX rpadHKoB (PyHKLHH ONHOrO NepeMEHHO-
ro. B vactHocTH, A MacTabUpoOBaHUs YAOGHO HUCMOJb30BaTh PyHKUHMIO ax1is, Ko-
TOpas B TPEXMEPHOM CJTyyae NPUHUMAET YXKE TPH NMaphbl CKaNAPHbIX apryMEHTOB!

axis( [ xmin, xmax, ymin, ymax, zmin, zmax ] )

IMo-npexxHeMy MOXHO Mcnonb3oBaTh GYHKUMH text, xlabel, ylabel, zlabel,
title, a Takke MOXKHO HAHOCHTb OTMETKH Ha OCSIX KOOPAHHAT C MOMOLIBIO QYHKLHH
set. MoxHO Takke ¢ noMoulsio GyHkuuMu subplot pasmecTuTh B onHOM rpaduue-
CKOM OKHE HECKOJIbKO TPEXMEPHBIX IpacHKOB.
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K HOBBIM METOZ1aM TOMONMHHUTENBHOTO OQOPMIIEHHS TPEXMEPHbBIX IpadHKOB MOXKHO
OTHECTH BO3MOXXHOCTB BbI3BIBATH (QyHKUMIO mesh ¢ cypdukcamu z U C (meshz
umeshc), a pynkuuto surf — ¢ cydpduxcom c (surfc). UcnonpzoBanue cyddukca z
NPUBOJMT K [IOCTPOEHHIO rpaduka ¢ nbedecmarom. Hanpumep, hparMeHT koja

[X,Y] = meshgrid{ -2 : 0.1 : 2 );

Z =X .*exp( ~X."2 - Y."2); meshz( X, Y, 2 )

CTpOHUT cienyroluid rpaduk (cM. puc 2.25):

Pucynok 2.25

OyHkuuu ¢ cyhPHKCOM C MOMUMO COOCTBEHHO TPEXMEPHOTO rpadHKa CTPOAT elle
Y TaK Ha3bIBaeMble TuHuU ypoens. Hanpumep, hparMeHT

[X,Y,2] = peaks(30); surfc(X,Y,2);
colormap( hsv ); axis([-3 3 -3 3 =10 5]);

NIPUBOJMT K CJICAYIOLIEMY H300paXkeHuIo (CM. pHc. 2.26):

DyHKUMS ¢ UMEHEM peaks (ABseTcs HeKOTOpoi MacluTabUpOBaHHOM KOMOHHA-
UMEN CTaHAApTHBIX rayccoBbIX QyHKLMIT) yacTo ynorpebysercs B MpUMepax K cHcTe-
Me MATLAB a/1s1 HarIsAHOH MILUTIOCTpALMH rpadHueCKUX QyHKIHMH.

Hakonewn, s TpexMepHbIX rpagHKOB CyLIECTBYET BOSMOXHOCTb U3MEHSTb CBOM-
CTBa YCJIOBHOW kamepbt, GUKCHPYIOILEH CLeHy ¢ rpaMKOM: MOXKHO MEHSTb MOJIoXKe-
HHE 3TOW KaMEPBI, PacCTOSHHE OT CLEHBI, a TAKXKe CBOHCTBa ee obvexmusa. D10
MOLIHBIH C1I0cO6 BIMATh HA AeTalnu H300pakeHUs. I3MeHATL CBONCTBA TAKOH KaMephbl
MOXXHO ¢ MOMOIIBIO JECKPHUIITOPHOro MetoRa. Kak Mbl 3HaeM, rpadudeckum obbek-
TOM, COOTBETCTBYIOLIMM TOBEPXHOCTH TpeXMEpHOro rpaduka (yHKUWH, SBIASETCS
obvekt Tnma surface. Meckpunrop (omucartens) Takoro o6beKTa BO3BpALIAETCH
dbyukumnamu mesh, surf u surfl. O6bekr surface Bcerga NPHHALIEKUT OGBEKTY
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axes. [lomyunts onucarens o6bekTa axesS MOXKHO, BbI3BaB (GYHKUHIO gCa, KOTopas
M BO3BpalllaeT OMHcaTeNb TeKywero obbekTa axes (ecnu HMeeTcs HECKONBbKO TaKHX
00BEKTOB, TO Mepea BbI30BOM (YHKLWH HYXKHO HIENKHYTb MBILIBIO Ha TpeGyeMom
obbekte axes). IMonyuus onucatens, MokHO GyHkuUMeH Set H3MEeHHWTHL CBOicTBa
o0beKTa axes, B YaCTHOCTH CBOMWCTBa, CBA3aHHbIE ¢ KaMepoH, GukcHpytolueil cueHy
C pacrofioXXeHHbIM Ha HeH TpexMmepHbiM rpadukoM. IlpHBemeM crnHcok cBoiicTB
00beKTa axes, HMEILMX OTHOLLIEHHE K 3TOMY BOTPOCY:

get( hA )

CameraPosition
CameraPositionMode
CameraTarget
CameraTargetMode
CameraUpVector
CameraUpVectorMode
CameraViewAngle
CameraViewAngleMode

S
et e
el te T

Pucynok 2.26

Bornee npocThIM Mo CpaBHEHHIO ¢ H3MEHEHHEM CBOICTB YCIOBHOM KaMephl Habio-
JIeHH SBJIIETCA METOJ W3MEHEHHs mouku ob3opa (viewpoint). B yactHOCTH, Ans TOY-
KH 0630pa HeT NOHATHS PACCTOSAHHUA 10 CLEHBI H, TeM GoJiee, cBOHCTB oObekTuBa. s
HEC MOXHO MEHATH TONBKO YIJIbl, 3aAAI0LHE OPHEHTALHIO 3TOH TOUKH B IPOCTPAHCT-
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Be: yeon azumyma (4acTo 0603HAYaIOT Kak az) W Y201 6036biuienus (1acto obo3Hava-
10T el). M3aMeHeHue neproro yria o3HayaeT BpaleHHe riIockocTH xOyY BOKpYr ocH Oz
NPOTHUB YACOBOM CTPESKH. YTOJN BO3BBIIEHHS €CTb Yrojl MeKAy HalpaBjIeHHEM Ha
TOUKY 0030pa u ninockoctbio X0y.

Koraa BbIMOMHAIOTCS BLICOKOYPOBHEBLIE rpaduteckue GpyHKUuU mesh, surf uam
"surfl, TO MO YMOMYaHHIO YCTAHABIHBAIOTCA 3HaueHus az = -37.5°, el = 30°. Oru
3HAYCHHS B JIIOOOH MOMEHT BPEMEHH MOMHO U3MEHHTH creLmanbhoil pyHkumeit

view( [ az , el ] )
rjie Ha3BaHHWs apryMEeHTOB roBOpPST caMH 3a cefs. B yacTHocTH, eciu nocne nocrpoe-
HHSI IOKA3aHHOTO BbiLle rpadHKa ¢ NbeAecTAIOM 1T (pyHKLHH

X % exp( -X.%2 - Y."2)
BBITIOJIHUTb KOMaH/1y

view( [ =15, 20 ] )
TO rpadMK H3MEHHT CBOH BMJI, MOCKOJbKY Mbl YMEHBIIMIN Yoyl BO3BbilleHHs ¢ 30°
1o 20° rpajaycoB, a yrojl asuMyTa U3MEHUIIH C «yMOJIYaTeIbHOrO 3Ha4eHUs» B =37.5
rpajyca Ha 3Hauyenue, paBHoe —15 rpagycam. B utore mbl Tenepb riisAHM Ha rpadpux

Gonbiue cGoKy, a He cBEPXY, H MPEHMYLIECTBEHHO BJO/b OJHOH U3 HE3aBUCHMbIX KO-
opauHart (cM. puc. 2.27).

"4 Figure No_ 1 = 0] ]
File  Edit. Window "Help =~ Coa Lo

05

Pucynoxk 2.27

TTogsons urory, 3aMmetum, uto cuctema MATLAB o6Gnanaer orpoMHEIMHU, TPYIHO
noAdaruUMHCH 0630py BO3MOXKHOCTSIMH No odopmiieHHIO rpadukoB ¢yHKUMH. Bee
paccMOTPEHHbIE A0 CHX TIOP BO3MOXXHOCTH OCHOBAHb! Ha TaK Ha3blBaeMOH @exmopHoii
epaguxe, Korga H3obpaxxaeMsl 0OBEKT 3aJaH CBOMMH KOOpAMHATAMH (YHUCIOBBIMH



MATLAB 5.x. BeiuncaeHus, BU3yaAn3sauus, nporpaMMupoBaHme 77

JIAaHHBIMH, HaKOMJIEHHBIMU B MacCHUBaX), KOTOpble cama cucteMa MATLAB B MomeHT
0oTOOpaXeHHUs MepeBOAUT B 3HaUeHUs (UBET) MUKCeN0B Auchies. BexTopHas rpaduxa
NpeKkpacHo nojnaeTcs MaclTabupoOBaHHUIO.

OnHako cyluecTBYIOT rpadguueckye oObeKTbl peallbHOTO MUpa, 3aJaHHble B pac-
mpoasoil popme, HanpUMeEpP COCKaHUPOBAaHHBIE JUTS BBOAA B KOMMbIOTEp doTorpaduu.
CucreMa MATLAB o6najiaer Taikoke pa3BUTBIMH CpeAcTBaMU paboOThl ¢ pacTpOBOMH
rpaduikoii. Eif mocesiueH cneyowuii nojipas/en jaHHOH IMaBbl.

PacTtpoBbie M300paxeHus
M TUN AaHHbLIX uint8

JIroboe uzobpaxkeHue Ha JMCIee KOMIbioTepa (B TOM uKciie W rpaduky QyHKUMH,
NOoNyYeHHbIE B pe3yJibTare paboTbl BEKTOPHOH rpaduueckod NOACHCTEMBbl NakeTa
MATLAB) npencraBnser co60oil MacCHB MUKCENOB, KAX/IbIH W3 KOTOPBIX XapaKTepH-
3yeTCsl CBOUM LIBETOM.

Yt0061 coxpanume nonyveHHsle rpaduky GYHKUHH Kak pacmpossie uzoopasicenus
8 gaiinax na oucke KomnvIoMEPA, HY>KHO BBIMOIHHUTD CJIEAYIOLLYI0 KOMAHAY:

print -options FileName

rae uMs Qaiina BeIOHpaeTcs NpPOW3BONBHO, HO €C/IM He YKa3aTh MOJIHBIA MyTb
K daiiny, To 3anuce Npou30HET TOJNBKO B TeKyLLHH katanor cucremMsl MATLAB.

[Mapamerp options onpenenser gopmam zpaguueckozo @aiina. Hanpumep,
dbitmap 3apgaer craHaapTHBIH pacTpoBeld Gopmar onepauHoHHOH cucTeMbl Win-
dows; 3HaueHHe dmeta coznaer Tak Ha3blBaeMbIi Memaghaiin (B CTPOroM cMbICTIE 3TO
He dopMaT pacTpoBoil rpadukH, Tak kak B aiisl 3anUCHIBAIOTCS KOMaHIbl, a HE MUK-
cesnel); 3HaueHne dill coorBeTcTByeT rpadHueckoMy oOpMaTy H3BECTHOIO MakeTa
WIITIOCTPaTUBHOHN Tpaduku Adobe [lustrator. B nocnejHeM ciyuae COXpaHEHHBIH
¢akin MoxxHO OyeT OTKpPBIBAaTh B 3TOM MaKeTe W MOJABEPraTh €ro COAepKUMOoe Aajb-
He#1wel obpaboTke cpencreamu nakera Illustrator.

CoxpaHeHHbIe B ¢aiiax Ha JUCKe KOMITBIOTepa H300paXKeHHs, NOJy4eHHbIE paHee
cpenctBamH nakera MATLAB, MOXHO BCTABUTB B TEKCT JIOKYMeHTa perakropa Mi-
crosoft Word B ToM ciyuae, eciiii BMECTE C 3THM TEKCTOBBIM PeaKTOpoM ObUIH WH-
CTaIIMPOBaHbl KOHBEPTEPHI (haiinoB naHHOro rpaduieckoro popmara.

Ewe npoue nepenate u3obpaxenue us cuctembl MATLAB B TekcTOBBIN penak-
Top Microsoft Word nocpedcmeom 6yghepa obmena onepayuounoi cucmemol
Windows. Urobb1 nomecTuTh H300pakeHHe M3 rpaduueckoro okHa cucreMbl MAT-
LAB B 6ydep o6MeHa, Hy»KHO. BLITOTHHTH KOMaHIbI .

(%]

print -dbitmap wmmm print -dmeta CiE

KOTOpBIE BBOAATCA C KIABHATYPEI B KOMAHIHOM OKHE, HITH BBITIOJIHUTE KOMAHOY MEHIO
Edit|CopyFigure. B noxymenr penakropa Microsoft Word nzobpaxeHue BCTaBuA-
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€TCcsl KOMaHAoN ero riaBHoro MeHio Edit|Paste. [Jlamee BMecTe co BceM OOKYMEH-
TOM 3TO M306paxKeHHe MoXHO OyeT pacneyaratsh Ha NpUHTEpe,

Ouenv sadicnoe 3ameyanue: nNepea coxpaHeHueM u3obpakeHus B ¢aiine wiu B Oy-
depe obmena Windows ocyiectBute B pamkax maketa MATLAB HeoGxomumoe
macumabupoganue, To eCTb Jo0eHTech HEOOXOAMMOro (GH3MYEeCKoro pasMepa Kap-
TuHKH. [locne coxpaHeHus m3obpaxeHus B dopMaTax pacTpoBod rpadukd majnbHei-
uee MaciuTabMpoBaHHe OCYLIECTBASETCS C HEMPUEeM/IEMbIMH HCKAXKEHHUSIMH.

Hrak, Mbl yKe Hay4WJIHChb COXPaHSATb pacTpoBble H300paXKeHHs, COOTBETCTBYIO-
e rpapuueckuM okHaM cuctemMsl MATLAB, B Gydepe ooMena Windows u B daii-
nax HexoTopbix rpaduyeckux popmaros. CyiecTByeT elue TpeTHii cnocob «3amnevar-
JIETh Ha MaMATb» KapTHHKY M3 rpaduueckoro okHa. Jjis 3TOro JOCTaTOYHO BbI3BaTh
byHKUHMIO capture, koTopas MO3BOJMT COXpaHUTh WHQOpPMALMIO O pacTpoBOH Kap-
THHKe U3 rpaduueckoro okHa cuctembl MATLAB B aByX 4HCIIOBBIX MaccHBax:

[ X, map ] = capture( 1 );

BxonneiM mapaMeTpoM ans ¢GyHKUMHM capture sBIsSeTCss HOMep rpaguueckoro
OKHA. BIXOHBIMHU 3HaueHHAMH A7 QYHKUHM capture SBisIOTCA MaTpuLa X, COOT-
BETCTBYIOLIAs MaTpULE MHKCENOB u300paxeHHs (B HEH CTOJIbKO XK€ PAJOB, CKOJIbKO
TIMKCEJIOBBIX CTPOK B M300PaXKEHHM, M CTOJIBKO K€ CTONOLOB, — CKOJBKO peajbHbIX
NMKCEJIOBBIX CTONOLOB), U MaTpHla LiBeToB map (Tpu cronbua B ¢opmMare RGB), Hc-
NOJIB30BaHHAs Ui MOCTPOEHHS M300pakeHUs. T1py 3TOM KaxblH 2J1eMEHT MaTpHLIbI
X paBeH HOMepy OOHOH M3 CTPOK MaTpuLbl map. Kaxabll 31eMEeHT MaTpHIbl LIBETOB
map npejacTasnseT coboit nonoxkurensHoe Yucno ot 0 10 1 — OHO XapakTepu3yeT HH-
TEHCHBHOCTh COOTBETCTBYIOIIEH COCTaBIIOIIEH LBeTa (KpacHOi, 3e1eHOH WM CH-
Hel). Mrak, aTHX ABYX MaTpHLL AOCTATOUHO JUI 3alIOMHHaHUA HHQOpPMaLMHK O LiBeTax
BCEX TMHKCEJIOB B paCTPOBOM H300pakeHHH.

Ipexxae yeM NpoOIOMKHUTL AeTalbHOE U3YueHHe ITUX MaTPHLL, KPaTKO MepeyrciInuM
OCHOBHbIE BapHaHTbl WX MPaKTHYECKOro HWCMONb30BaHMA, Bo-nepBeix, pacmonaras
3THMM MaTpPHULAMH, MOXHO 3anucath u3obpaxeHue B JPEG-gaiinsl, ynobHsie nns vc-
nonp30BaHus B cpene Internet. Oto nenaercs BuI3oBOM GYHKIMH imwrite:

imwrite( X, map, 'MyOwnName.jpg’ );

3neck co3maercs ckaTblil rpapuueckuit daiin MyOwnName. jpg, kotopbiii ynobeH
JUlA nepeaayM no cetd Internet u npegHasHaveH Jis NMpocMoTpa B cpene OpayszepoB
TUna Microsoft Internet Explorer.

Bo-BTopeIX, pacnonaras MaTpuHuaMd X M map, MOXHO JIMOO cpasy ke BOCCTaHO-
BHTb MCXOJHOE H300paxKeHHE B paMkax rpaguueckoro okHa cucremsl MATLAB,
NPUMEHUB CIIEAYIOLIUHA KOI:

colormap{ map ); image( X );
6o, NpeaBapUTENnLHO 06paboTaB MCXOIHOE H30OpaXKeHHe (MIPOM3BENA BLIUHMCIEHHS

HaJl 3JIEMEHTaMH NOJTy4YeHHbIX QyHKLUHMeEH capture MaTpHL), BhIBECTH B rpaduyeckoe
okHo cuctembel MATLAB yske HOBoe H300paxeHHe.
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Ovuenb 6adicHo nonumame, YTo GyHKUHMA image He BOCCO3AAET BCKO MCXOOHYIO HH-
¢dopMaLHIo, XapakTepHYIO )i BeKTOpHOH rpaguku. OHa avuwpe GOpMHpPYET MacCHB
TIHKCENIOB C TNpaBWJIBHBIMH LiBeTaMH, H Gonblie HH4ero. OHa co3pmaeT obvexm pac-
mpo6oi epaguxu N0 UMEHH image. 3T0T 0OBEKT MOXKHO MaclITabHpOBaTh, H3MEHAA
06b14HBIM 06pa3oM pa3Mepsl rpadpuyeckoro okHa, HoO KapTHHKa NpH 3ToM Oyaer Hc-
Ka)XkaTbCcA. JTO OT/IMYMTENbHAA YepTa pacTpoBOi rpadHKH, U ¢ STHM HHYETO Heb3s
nozenate. TakoBa NpUpoa BeLlei.

Tenepp npomomxuM mnoapobHOe H3yyeHHE CTPOECHHS MaTpHL, BO3BpallaeMbIX
dyHKuHeli capture M ABIAIOLMXCA OCHOBOH pacTpoBoi rpaduku cuctembl MAT-
LAB.

Eule pa3 HanmoMHHM, YTO NPOW3BOJIBHOE H300pa)KeHHE Ha JKpaHe KOMIIbIoTepa
TipeAcTaBiseT cobol MaCCHB MTHKCESIOB, KXKIBIA H3 KOTOPBIX XapakTepH3yeTCsA CBOHM
useroM. LlBeT mukcena onpenenseTcs TpeMA COCTaBISIOL{MMH: KpPAacHBIM, 3€JE€HBIM
u cuHuM (Red, Green, Blue — RGB). Kaxpnas coctaensiouias userta, Kak Mbl yxe
rOBOPWJIH BBILLE, KOJHPYETCS BELLECTBEHHBIM 4HcsioM oT 0 go 1. B pesynerare Ha
KaXAblH nukcen pacxoxyercs nmo 8 x 3 = 24 Gaiita nmaMATH KOMMbIOTepa. JTO
O4YeHb PacTOYMTE/IbHBIH MO OTHOLIEHHIO K NMaMATH KOMITbIOTepa crnoco® XpaHEeHHs
HH(OpMALIHH O pacTPOBBIX H306paXkeHUAX. A HEBKOHOMHBIH pacxon MaMATH, B CBOIO
oyepenpb, CHIBHO NMOHW)KAeT MPOH3BOAUTENBHOCTE (OBICTpOEHCTBHE).

B TO e Bpems And 3aJaHHs BETHYHMHBI OOHOH COCTaBIsIOLIEH LiBeTa NMHUKCeNa JoC-
TaToyHo 1 Gaiita mamatu (8 OMT), roe MOXHO 3amucarh Lenbie yucaa ot O go 255
(Bcero 256 3Hauenui). KaxxnoMy nukceny skpaHa B TakoM ciy4ae OyaoyT coovBETCT-
BOBaTh TPH LieJIbIX YMCa B agHanasoHe oT 0 go 255, koTopsle 3aiiMyT B MaMATH KOM-
NblOTEpa Bcero nullb 3 6afita maMaTH. ITO OYeHb 3HAYHMTENbHAA 3KOHOMHS MaMATH
KOMMbioTepa, noatomy B cucteMe MATLAB nns Takux uensix yucen CHELUanbHO
CO31aH COOTBETCTBYIOLIMH THUN AaHHBbIX, 0603HaYaeMbli kak uint8. ITox Takol THN
JaHHBIX OTBOJHMTCS B MaMATH Bcero 1 6aiiT BMecTo 8 6alT A1 OOBIYHBIX BELLECTBEH-
HbIX (IpoOHBIX) ukcen Tuna double.

ITo ymonuanuto moboi nepemMeHHo# B cuicteMe MATLAB cTaBUTCS B COOTBETCT-
BHe TN double HE3aBHCHMO OT YHCNOBBIX 3HaUYE€HUH, KOTOpBIE Bbl TIPUCBANBACTE TIE-
pemeHHbIM. Hanpumep, B pe3ynbTaTe CTpOKH KOJa

iVarl = 128;

co3gaercs nepeMeHHas ¢ UMeHeM iVarl u tunom double, koTopo# mpucBaHBaeTcs
3HaveHue 128. Jlnsg xpaHeHHs TAKOro 3HaueHWs AocraToyHo 1 OaiiTa mamsaTH, OMHAKO
ons nepemeHHol iVarl tunma double otBomuTcsa 8 GaiiT maMsATH (eCTECTBEHHO, MbI
34ech TOBOPHM TOJIBKO O COOCTBEHHO JaHHBIX, TaK Kak MOMHMO JaHHbIX s Mo00H
nepeMeHHOH MATLAB oTBoaMT elle W naMsaTb 10oJ BCMOMOraTelbHylo HH$popMa-
LMIO, HeoOXOAMMYIO Ui YTpaBleHHEM CTPYKTYypOil MacCHBOB, a Jioboit oOBbexT
B cuicreme MATLAB B cBoeM BHYTpeHHEM NpeACTaBICHHH ABIseTcs MaccHBoM). Ha-
JIMLIO ABHBIH Mepepacxo]] NaMATH KOMITBIOTepa.
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Ytobbl u3bexaTh TAKOrO nepepacxofa NaMsaTH, MEPEMEHHYIO HYXKHO AGHO 00bA6-
AAMb KaK Ueyro, UCNonb3ys moouguxamop uint8:

iVar? = uint8( 128 );

Tak cosznaHHas nepeMeHHas iVar? cuMTaeTcs Lenoi nepeMeHHOH (a He BELUECTBEH-
HO#M), U nox Hee oTBoAUTCS | OaiT namatu. Takue nepeMeHHble B cucteme MATLAB
CreUMaNbHO HpeoHasHavenvl Ona xpaneHus yeavlx 3uavenuti ot 0 go 255 (¢ uenvio
SKOHOMHH MaMATH) U He HpeoHa3Hauenvl 01s eviyucaenusi! I1o-kpalitne Mepe B Bep-
cud MATLAB 5.2 310 ete Tak. B pesynbrare 1 ¢pparmenra

iVar2 = ivar2 + 1;
nosy4aem coodueHue o6 owndke

?2?? Function '+' not defined for variables of class 'uint8'.

JOCJIOBHO O3HAUAIOlEE, YTO OMepauus «ClaoKeHue» AN MepeMeHHbIX THna uint8
He onpejerneHa.

YToObl y3HATh, KAKOM THIT HMEET Ta WJIM MHAas NepeMeHHas u3 pabouero npocTpaH-
ctBa cucteMbl MATLAB, Hy:KHO BBECTH U BHIIIOJIHUTb KOMAaHAY WhOS, B pe3ynbTaTe
4ero B KOMaHJHOM OKHe MOSIBUTCS COOOlIEHHE, U3 KOTOPOro BUJHO, YTo iVarl saBnd-
eTcs MmaccuBoM pasMepa 1 x 1 (To ecTb dakrtuuecku ckanspom) tuna double
W 3aHMMAET B naMsaTu 8 Oaiit, a 1Var?2 umeeT Tyl uint8 W 3aHMMaeT B NaMATH TOJIb-
ko 1 Gaiit (B 8 pa3 menblue). [Ipu 5TOM 00€ MepeMeHHbIe UMEIOT OJIMHAKOBBIE 3HAaUe-
HUS (cM. puc. 2.28).

+} MATLAB Command

Eile =" Edit - Window = Help
DeliB@| )]

»whos o7 00

Name  Size  Bytes Class

ivarl 1xl 8 double anay
ivarz  1Ixl 1 uint8 array

Grand total is 2 elements using 9 bytes
4 : Lo :

24l Pucynok 2.28

BocnonbzyeMmcs, HaKOHeLl, TUMOM JaHHbIX Uint§ ans 5KOHOMHH MaMATH KOMIbIO-
Tepa B 3a/iaue XpaHEeHHs pacTpPoOBOro U3oOpaXkeHUs. Mbl y>Ke 3HaeM, UTO CIIEAYIOLUMMH
BbI30B (pyHKUMHU capture:

[X,map] = capture(l)

co3JaeT MaTpruy X pa3MepoM M X N, e Il — YKCJIO PSIOB MHUKCENOB B H306paXeHHH,
a N~ YUCno CTONOUOB MHKCEJIOB B HeM. OOLIUHO 3TO OYeHb OOJbLIKE YKL, TAaK YTO
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KOJIMYECTBO 3JIEMEHTOB MaTpuupl X OOBIYHO PAaBHO HECKONBKHM JECATKAM ThICAY
n 6onee. ImMenHo aty matpuuy cucrema MATLAB no3sonseT KOHBEPTHPOBATE B THI
uints8:

X =ulnt8( X -1 );

Tenepp kaxaplid 31€MEHT MaTpPHLBl X 3aHUMAaeET ToJbkO 1 GalT maMsaTH, 4To MpH-
BOAMT K BOCBMHKPAaTHOH 3KOHOMHHM NaMsTH KommnbioTepa. HeGonbio# nnartot 3a Ta-
KYIO 3KOHOMHIO SIBJISieTCs CJIEAyIOLlas MyTalollas Mo/b30BaTess JeTasb: 3JIEMEHTBI
MaTpuuUpl X MO-MPEXHEMY HMEIOT LIEJIOYUC/IEHHBIE 3HAUEHHs, HO KaXK[0€ 3HaYeHHe
Ternepb Ha €MHULYY MEHbLLUE CBOETO MpPEeXHEro 3HaueHus (koTopoe ObLIO NpH THIe
double marpuupl X). Takum oOpa3som, ecnu B cnydae Thna double y maTpuusl X ka-
JKABIHM €€ 3JIEMEHT paBeH HOMEpY HEKOTOPOH CTPOKH MaTpHLbI LIBETOB MAP, TO B CIy-
yae THna uint8 snemenTsl MaTpULbl X ABNAIOTCA CMELUEHUAMH 3THX JK€ CTPOK OT Ha-
yaja MaTpHULbl LBETOB Map U TEM CaMbIM OHH JO/KHBI OBITh Ha €AHWHHLYY MEHbLIe
CBOWX TpeApIAYLHX 3HaYeHWid, JleficTBuTenLHO, 11 epBOM CTPOKH MAaTPULEBI Map ee
CMELIeHHE OT Hayajla paBHO HyJI0, BTOpas CTPOKa UMEEeT cMelleHre 1 U T. 4.

Ewe pa3 HanoMHuM, 4To THN AaHHBIX Uint8 npeaHa3sHayeH AJs XpaHEHHs HH-
¢dopmauum, a He is BbluucaeHuid. Ecan TpeGyeTcs npousBecTH Haj H3oOpakeHHEM
KaKHe-TO YHCJIeHHBbIE MpeoOpa3oBaHHs, TO Mepea 3TUM MaTpHLy X THna unit8 Hago
KOHBEpPTHPOBAThL B MaTpuLy THna double

X = double( X ) + 1;

NIPOHU3BECTH BBIYUCIIEHHS, @ 3aTEM CHOBa MOXKHO U1 9KOHOMHH NaMATH [PEBPaTHThb
pe3yastar B TUN uint8. KoHBepTauus npou3BoandTcs B 00€ CTOPOHBI € YHETOM COOT-
BETCTBYIOLIET0 YMEHBIUEHUS WJIH yBEJTMHUEHHS 3JIeMEHTOB MAaTpHLbl X Ha eAUHHULY.
dyHKUMS 1mage MpUHMMAaeT B KayecTBe apryMeHTa o0a 3THX THUNa JaHHBIX
¥ paboTaeT ¢ HUMH aJeKBaTHO.

Habop uBeToB (B KOJIMUYECTBE M IUTYK), Ha3wlBaeMbld nanumpoi (colormap),
MOHO O(OpMHUTE B BHIE MaTpHuubl pazMepoM m x 3 tuna double. Oty maTpuuy
cuctema MATLAB nozBonsier XpaHUThb (M Janee UCTONb30BaTh) TOJABKO B 3TOM BH/E.
MarpHLy LBETOB MOXHO MOAYYHTh (YHKUHEH capture, a MOxxHO M cOpMHPOBATB
B pe3yJIbTaTe BbIMMC/IEHHH WK MPAMBIX MpHCBauBaHuit. Hanpumep, MaTpuua mapl

mapl(1l,1) = 0.12; mapl(l,2) = 0.123; mapl(l,3) = 0.987;
mapl(2,1) 0.456; mapl{2,2) = 0.7; mapl(2,3) = 0.22;
mapl(3,1) = 0.88; mapl(3,2) 0.19; mapl{(3,3) = 0.611;
mapl (4,1) 0.255; mapl(4,2) 0.298; mapl(4,3) = 0.128;
mapl (5,1) 0.01; mapl(5,2) 0.78; mapl(5,3) = 0.60;

3agaeT Habop M3 naATH uBeToB. Kaxxnas cTpoka COOTBETCTBYeT OJHOMY LBETY. OJie-

MEHTBI CTPOKHM (CJIEBA HAMPABO) 3aat0T KPACHYIO, 3€JIEHYIO M CHHHIO COCTABISAIOLLHE
LBETA. '
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Hanee chopmupyem marpuny k x L THna uint8, kaxablii sneMeHT koTopoii Oy-
JI€T paBeH OAHOMY U3 HOMepOB (MuHyc edunuya) cTpok Tabauuel ueToB mapl. Takofi
MaTpHLbl BMECTe ¢ MaTpHLei 1BeToB Oyner nocTaTouHO, YTOOB! MOKa3aTh Ha 3KpaHe
KOMINBIOTEpPA MACCHB MHKCENIOB, TO €CTh NPOH3BOJBHOE PACTPOBOE U300paXKeHHe.

Hanpumep, marpuua X1

X1 =uint8( [ 14132, 4021317])

3aJjaeT MacCUB THNa uint8 pasMepom 2 X 5 MUKces0B. DTOT MacCUB 3aHUMaeT B Na-
matu 10 6aiit, a He 80 Gaiit, kak Obl10 61 B ciyyae Maccusa Tuna double. CornacHo
marpuLle X1 nepBblif NHKCeN B NEpBOM pAAY UMEET LBET, 3alaBaeMblii BTOPOii CTpo-
KoM MaTpHuUbl mapl, BTOpoO# MUKCen B 3TOM e PALY COOTBETCTBYET MATOH CTpOKe
marpuubl mapl U T. .

Hrak, nns npumepa Mbl BpyuHyro CPOpMHpPOBaIH MaTpHlly LBETOB mapl THna
double, cocrosuyro u3 5 cTpok (3ajaeT NATh LBETOB), W MaTpuly X1 pa3Mepom
2 x 5, popmupymoLLyIO pacTpoBoe H3obpaxenue u3 10 nukcenos (2 psaa no 5 muk-
cen B kaxzaoM). Utobbl 3aCTaBUTh cucreMy MATLAB oTo6pa3uTh B OZHOM M3 CBOMX
rpaduueckux okoH chOpMUPOBAHHYIO HAMH KapTHHY MHKCEJIOB, BI3biBaeM hyHKIHU
image u colormap:

image({ X1 ); colormap( mapl );

B pesynbraTe coznaercs rpaduueckuii obvexT cucreMst MATLAB Tuna image,

KOTOpOMY B rpad)M4eCKOM OKHE COOTBETCTBYET ClIeyIOLlee pacTpOBOe M300paxkeHue
(cMm. puc. 2.29).

PucyHok 2.29

ITockonbky Mbl He ynpasisieM pasMepoM rpaguyeckoro okHa cuctemMsl MATLAB,
TO OHO MOSIBJISETCS HAa 3KpaHE C HEKOTOPBIM Pa3MepoM, 3allaHHBIM MO YMOIYaHHIO.
Tak xak Hawe U300parkeHHe COCTOMT H3 ABYX PAAOB MO S5 MHKCENOB B KAKAOM, a 3TO
O4YeHb Menkoe H3oOpaxxeHHe (pu3nyeckuii pasmep NMHUKCesa 3KpaHa NPHMEPHO paBeH
0,2 mM), To MATLAB no ymonuanuio macuurabupyer ero (yBenuuuBaer), 4ToObl
MOXHO ObUTO pasrnsneTh 310 u3oOpaxeHue. Ecnu TpeGyercs oTMEHUTh Takoe Mac-
mTabHpOBaHuUe, TO CIIEAYET SBHO yKa3aTh HyXHBIE pa3Mephl:
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[m, n] = size( X1 );
figure( 'Units', 'pixels', 'Position', [100 100 n m] };
image( X1 ); colormap( mapl );

set(gca, Position’, [0 0 1 1]);

3mech pa3Mepel M U n H306paxkeHHs X1 HaBA3bIBAIOTCH B KauecTBe (HU3MUECKOro pas-
Mepa KapTHHKH B rpaduueckoM okHe cucteMsl MATLAB. [lns cnuiikoM MajleHBKHX
KapTHHOK TPH 3TOM HHYEro XOpOLLEro He MOJyYUTCs, OAHAKO 11 H300paykeHwuii rpa-
¢bukoB GYHKLHMI 3TO Kak pa3 camblil MOAXOASLIMI BapUaHT, WHaue cpasy ke OyayT
CHJIBHBIE MCKaXXEHHUS UcxoaHoro usobpaxeHus. ITocnenHss wHcTpykums (oneparop)
U3 MpeACTABICHHOro (hparMeHTa KojJa 3acTaByseT OOBEKT axes 3anolHUTE coboit Bce
BHYTPEHHEE MPOCTPAHCTBO IpadMIECKOro OKHA. OTO HYXKHO 1eJaTh B 0043aTesIbHOM
nopsake Uls u3o0paxkeHUH, paHee COXpaHEHHBIX B MacCHBaX JAaHHBIX KOMaHMOOM
capture, Tak Kak 3Ta KOMaHja coxpaHsdeT HHGOPMaLMIO O BceX MHUKCeNnax BHYTPEH-
Hell (wiMeHTckoit) obnactu rpaduueckoro okHa cuctemsl MATLAB.

Yro6sl 0TOOpa3uTh B rpaduyeckom okHe cucteMsl MATLAB yike roroBbie Kap-
THHKH, 3aMMCaHHble B (aknax, HyKHO NpoyecTh COAePKHUMOe THX daiinoB GbyHkuuUeH
imread. PaHee Mbl 3anuceiBaid W300paxkeHHs B (aiyibl ¢ NMOMOUWBIO (GYHKLUHH
imwrite. Tenepb HX MOXKHO MPOYECTH:

[ X2, map2 ] = imread( 'myfilel.jpg' )

M NoKa3aTh B rpadMUeCcKOM OkHe. 3aMeTHM TOJIbKO, uTO Gailn nomkeH ObITh B TEKY-
uieM karanore cucreMbt MATLAB, uHaue ero Hy>kHO yKa3aTb BMECTE C MOJHBIM My-
TEM K HEMY.

PaccmoTpenHbie nanHbBIe A1 00beKkTa image COCTOAT M3 ABYX MaTpHL, OIHA H3
KOTOPBIX MOCTPOYHO 33/1a€T L[BETA, a BTOpas CBOMMH dJIEMEHTaMH yKa3blBaeT BXOJBI
B Tabnuuy (MaTpHULYy) LBETOB. DTOT BapHaHT CTPOEHHS 00BbEKTa THIMA image Ha3biBa-
ercsa Gonee TouHo kak indexed image (unOexcuposannoe uzobpadsicenue). EcTb
¥ apyroil TMnm ofbekTa image — Tak HaspiBaeMbli truecolor image (kapTuHku
C oueHb GONBIIMM KOJUYECTBOM LIBETOB — 10 16 MHUIHOHOB). DTOT BTOPO# THN 06D-
€KTOB 1mage yCTpoeH no-apyromy.

Jna obvekToB truecolor image Tabnuua uBeToB He TpebyeTcs, Tak KaK MaccH-
BBl JAHHBIX TaKHMX OOBEKTOB HEMOCPENCTBEHHO OMNPENENSIOT LBeTa. OTH MacCHUBHI
MMEIOT PasMep M X N X 3, TO €CTh ABNAKOTCA MACCHBAMH Pa3MEpPHOCTH 3. BennuuHbl m
U N OMpenessioT pa3Mep KapTHHKH Ha 3KpaHe (M X N MHKCeJIOB), a BAOJb TPEThero Ha-
TNpaBJIeHHs pacriosaraloTcest RGB-cocTaBisiolye LBETa KaKAOro MUKCena.

TpexmepHble MacCHBBI JaHHBIX W1 oObeKTOB truecolor image Moryt umeTs
Tin double unu Tvun uint8. B nepBoM ciyuae kaxabll 3/1€MEHT TAKOTO MaccHBa SB-
JieTcs BelleCTBEHHBIM YKcyioM oT 0 10 1 ¥ 3aHMMaeT B naMsaTH kommneiorepa 8 GaiT,
a BO BTOPOM Cllyyae KaX/blH 3MEMEHT ABJAETCA LEeNbIM YMCIOM Trna uint8 co suHa-
yenrem ot 0 1o 255 v 3aHMMaeT B namaru kommneioTepa | Gaitr. [Tocnenumit cyyai
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NpeAnoYTHTENbHEE. 3aAalnM, K MpPUMEPY, CNeRyIOUHHd TpeXMepHbI MAacCHB THIa
uint8 pnsa uzobpaxkenus truecolor:

xTrue(l,1,1)=uint8(127); xTrue =uint8(127);

) ( (1,1,2)
xTrue(l,1,3)=uint8(127); xTrue(l,2,1)=uint8(19);
xTrue(1,2,2)=uint8(12); xTrue(l,2,3)=uint8(255);
xTrue(l,3,1)=uint8(245); xTrue(l,3,2)=uint8(127);
xTrue(1,3,3)=uint8(1}; xTrue(2,1,1)=uint8(6);
xTrue(2,1,2)=uint8(203); xTrue(2,1,3)=uint8(128);
xTrue (2,2,1)=uint8(100); xTrue(2,2,2)=uint8(1);
xTrue(2,2,3)=uint8(80); xTrue(2,3,1)=uint8(60);
xTrue(2,3,2)=uint8(249); xTrue(2,3,3)=uint8(5);

1~

MaccuB xTrue co3faeT H3o06paskeHHe 2 X 3 MHUKCENOB ¢ MOMOUILIO BbI30Ba OMHOM
¢byHkuny image ( xTrue ) (cM. puc. 2.30).

<4 Figure No. 1
_Files Edit }&_‘Vlr}doW Help*

05

1

35 | Pucyrok 2.30

Ecnu m3obpaxenne HaxoauTcs B (aisie U Bbl 3apaHee He 3HAETe, Kakoil OHO UMEET
THN (MHAEKCHOE, TO €CTh C MaJUTPOH LBeTOB, UAM truecolor), TO Bce paBHO €ro
ClleyeT YHTaTh OObIYHBIM 00pazom:

[ X, map ] = imread( 'name.xxx' )

B cnyuae truecolor wu3obpaxeHudi maccHB X MOAYYHT pasMep M X n X 3,
a MaTpHLa NajguTpel map dyaer nycmoii:

size{ map } =
00

B nanpnefimem GyHkiMs image aBTOMaTHYECKH MO Pa3MEPHOCTH W pa3Mepy mac-
CHBa X pacno3HaeT THN H300paKeHHs W JeHCTBYEeT KOPPEKTHO B O0OHMX cliyuyasx,
a pyHkumMa colormap npu MycTOM BXOAHOM MAacCHBE Map He JeNaeT HUYEro, TaK 4To
00a 3Tux ciay4as Moryt 6biTe 06paboTansl 0OJHHAKOBO.
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OnHako ecau 6bl ObUIO 3apaHee U3BECTHO, UTO B daliie colaepKUTCsS H300pakeHe
THOa truecolor, To ero MoXHo Ob110 OBl MpOUUTATH 60JIEE KOPOTKHUM KOAOM:

X = imread( 'name.xxx' )

a AJ11 1oKa3a 3Toro uzobpaxeHus B rpaduyeckom okHe cicteMbl MATLAB 6b110 Gbl
JOCTaTOYHO BbI30Ba OHOH Nullb GYHKUHK image (X).
UYro6bl 3apaHee y3HATh THI H300paxkeHHs B daiise, HyXKHO BbI3BATh GYHKUHIO

imfinfo( 'name.xxx' )

BoT npuMep, Koraa Ha KoMmnbloTepe ¢ 24-6UTOBBIM rpadHuecKkuM pexHMoM pabo-
THl BHAEOAaNTepa u3obpaxenue U3 rpaduyeckoro oxHa cucrembl MATLAB coxpa-
HieTcs GyHKuMei capture B Maccusax X M map. 3atem 3Ty HHbopMaumio dyHKLHUeH
imwrite sanmcoiaior B JPEG-daiin. B pesynsrare pns 3toro daiina ¢yHkuus
imfinfo m3BnekaeT clemylolLylo CIpaBoyHyIo nHbopmMauHio (cM. puc. 2.31):

Pucynok 2.31

Orciona BHAHO, YTO M300pakeHHe MMeeT THN truecolor. DTo o3HayaeT, 4TO

MOXKHO MOJIHOCThIO o0oiTHCh 6e3 maTpHubl UBeToB. JEHCTBHTENBHO, B pE3yJ/bTAaTE
yTeHHs Takoro daiina

[X,map]=imread ('myfilel.jpg’);
NoJlyyaeTcs MycTas MaTpHLia LIBETOB Map:

map =

(]



86 F'AaBa 2. Busyaansaums pe3yAbTaToB BLUMCAEHHIA

Kpome Toro, u3 nonyuenuoii dynkuvei imfinfo nadopMaumu BuaeH pasMep co-
naepxamerocs B (aitnie pacTpoBoro H3oOpakeHus, paBHblid 428 x 220 nukcenos.
Vkazan Takxke pasmep (FileSize) cxaroro d¢aiina tunma JPEG, B koTopom
W pasMelaeTcs truecolor-uaoGpakeHne YKasaHHOTO pasMepa. DTOT pasMep paBeH
29 854 Gatiram. Ecnu 6b1 He GbL1O COKaTHA, NPEAYCMOTPEHHOIO CNELHAIBHBIM aJIro-
put™Mom no cneuudukauun JPEG, To Toraa notpebosanock 6bl 18 xpaHeHus ¢aiina
3 * 428 * 220 =282 480 Gaiit. 3a cuer cxKaTus pasmep ¢aitsa CHIKEH NPUMEPHO
B 10 pas. '
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MaccuBbl CUMBOAOB M THM AaHHbIX char

Jo cux mop Mbl NpeuMyINECTBEHHO HMeNIH AE/I0 ¢ MacCHBaMM BELIECTBEHHBIX
WIH KOMIUJIEKCHBIX uHucen. [Ipo Takue MaccHBBI TOBOPST, YTO OHH HMMEIOT THII
double. D10 ocHoeHol THN naHHbIX cucteMbt MATLAB, npennaszsaueHHbfi 115
BBIUMCIIEHUH. B To e BpeMs MpH paccMOTpeHHH pacTpoBOH rpaduky Mbl CTOJIKHY-
JIUCb C THIIOM JIAHHBIX KOpOmMKoe yenoe, 0003HAYaEMO€E KIIOUEBbIM CJIOBOM Uuints.
OTOT THN JaHHBIX MpeJHa3Ha4eH AJIs KOMMAKTHOro XpaHeHHs GOJbLIHX MacCHBOB
LeJIbIX YMCEN, YTO OUEHb XapakTepHO AJs rpaduuyeckux 3aaady. OQHaKo NMpPOU3BO-
JUTb BBIYMUCIIEHHS C THIIOM JAaHHbIX uint8 Henw3s (o kpailiHel Mepe B BepcHsx
cuctemMsl MATLAB 150 5.2 BrirountensHo). Eciu Bce ke HYXHO NpPOM3BECTH BbI-
YHCJEHHSA, TO CHAauajla THN JaHHbIX uint8 nmpuBoasT sBHO K TUny double, npous-
BOJIAT BBIYMCIICHHS W BO3BPAINAIOTCS K THMY Uint8 ans aanbHeHLero xpaHeHmsl.

Bo Bcex s3bikax mporpammupoBanus, © MATLAB 3pecy He ucrmouenue, 60ib-
IYIO0 poNb MrparoT oOpaboTka W XpaHeHHe TEeKCTOBBIX HAHHBIX (TO €CTb TEKCTOB Ha
€CTECTBEHHBIX f3blKaX — AHITIHICKOM, PycCKOM M T. A.). Jiis oToil uenu B cucteme
MATLAB npenycMOTpeH  CHELMaNbHBI  CuUMGOAbHBIY  THN  JaHHBIX  char
(cokparueHHue OT aHIJIMICKOTro clloBa character — CAMBOJ, 3HaK, OykBa, TuTepa).

Kaxxnomy Bo3MoxxHOMY cumBonty (OykBe andaBuTa MM CEUHAIbHOMY CHMBOIY)
B COOTBETCTBHH CO CTaHAAPTHBIMH TabJIMLIAMH KOJHUPOBOK CTaBUTCH B COOTBETCTBHE
IeJI0O€ YHCJIOBOE 3HAYEHHE, % XpaHEHHs KOTOpPOro B NaMsATH MAlUMHBl BCEria
aocratouHo 2 6aiit namaty. MMeHHo 2 GaiiTa M OTBOIOSATCSA MOX KaXIbIH 3JIEMEHT
CHMBOJIBHOTO MaccuBa cucteMsl MATLAB.

3apath 2JIEMEHT CHMBOJILHOrO MacCHBa MOXKHO JByMs cnocobGamu. Bo-nepsbix,
€ro MOXHO 33/1aTh LICJILIM YHCJIOBBIM KOZIOM, K KOTOPOMY NpHMEHseTcs MoaudurkaTop
char:

cl{l) = char{ 97 );
31ech co3nad CUMBOJIBHBIH MaccHB cl pasMepoM 1 X 1, €AMHCTBEHHBIH 3JIEMEHT KO-
TOPOIro COrJIACHO BCEM CTaHIAPTH30BaHHBIM HA CEroJHALUHWI JeHb KOJOBLIM TabJin-

uam (rak HasbiBaemsiii kol ASCII) cooTsercTByeT anrnuiickoii 6ykse a. B sTom ser-
KO yO6enauThCs ¢ MOMOLIBIO CIIEAYIOIHUX KoMaH cucteMbl MATLAB (cMm. puc. 3.1):

”



88 [AaBa 3. MaccuBbl CUMBOAOB, CTPYKTYP, sueek. DaAroBbie onepalin

4 Pucynok 3.1

Bo-BTOpBIX, TOrO e pe3y/bTaTa MOXKHO 10OHTBCA NPUMEHEHHEM anocmpogdoe:
cl{l) = "a’;

Bropo# cnocob mMoxHO cuecTb Gosiee ynoOHEIM, Tak Kax He TpeOyeTcs NOMHUTD
KOA aHrnuiickoit OykBbl a. UToOb! y3HaTh KOJ TOr0 MM MHOIO CMMBOJIA, HYXKHO Bbl-
YUCIIMTb, HANPUMEp, CJEAyIOoUlee BbipaxeHue (418 4ero AOCTaTouHO HalbpaThb ero
B KOMaHIHOM OKHE W HakaTb knasuily Enter):

double( 'b’ )
ans =
98

[Mepsbie 128 cumBOnOB BO Bcex Tabiuuax KOAHPOBOK COBMAJAKOT (3TO H €CThb
cranaaptHas koauposka ASCII). Koapl oT 0 10 31 COOTBETCTBYIOT TaK Ha3biBAEMbIM
YMpaBSIOIMM CHMBOJIaM, HE HMEIOLIIWM BU3yalibHOTO npeacTabenus. CUMBOJIBL JUist
koioB OT 32 no 127 MoxHO 0TOOpa3uTh B KOMaHAHOM okHe chctembl MATLAB
C TIOMOLIBIO CIIE/IYIOLIMX BbIpaxkeHHH (cM. puc. 3.2):

CuMBOSIBI JUTS YKCTIOBBIX KOZOB, 6onpiinx 127, He onpeaeneHsl CTONb KE OAHO-
3HAYHO M 3aBUCAT OT KOHKPETHBIX BApUaHTOB KOAWUPOBOK. JJIs KOJHPOBKH 3armajHo-
€BPONENCKUX A3bIKOB (M COOTBETCTBYIOIMX WM LIPHUQTOB) 3TH KOJbI COOTBETCTBYIOT
JMAaKPUTHUYECKUM U APYTUM CTIELIHaIbHBIM CUMBONIAM. Pycckomy A3blKy B OTIEPaLMOH-
HoM cucreme Windows cOOTBeTCTBYeT koouposka 1251. B Hell NpUCYTCTBYIOT CHM-
BoJIbl KHpWLTHLLL. Eciiu B koMaHaHOM okHe cuctembl MATLAB B xauecTse 6a30B0ro
wpudra BuiOpaH kupwinudeckHi WpHQT, TO TOrAa Jerko NpocMOTPETb COOTBETCT-
BYIOIME CUMBOJIbI, HaNIpUMep:

char (192:255)
ans = ,
ABBI'IEX3VUAKIIMHONIPCTY X UIMILHE 30468 r A8 X 3UMKIIMHONIPC TY ) X LIYUIBEIE D105
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Pycckum 6ykBaM E U e cOOTBETCTBYIOT KoJbl 168 1 184.

PucyHok 3.2

CuMBONIbHBIE MAacCHBBI M3 HECKOJIBKMX CHMBOJIOB CO3/alOTCA M OOBIMHBIMH Ul
Bcex MaccuBoB cucTeMbl MATLAB onepauusMu KOHKAaTEHALMH W HMHJAEKCALMH,
W crieuHanbHOH CUMBOJILHOH onepanueil KOHCTPYHpPOBaHHUSA MAacCHBa, KOrja BCe CHM-
BOJIbI MACCHBA 3aIHCHIBAIOTCS MOJIPS/] H OrPaHHUYMBAIOTCS C JIBYX CTOPOH anocTpoda-
mu. Hike npuBeneHbl pasiuyHble BapHaHTbl CO3JIaHHS CHUMBOJIBHBIX OJHOMEDPHBIX
MacCHBOB:

c2=["a’",'b",'c"]; c2(4)="d"; c3 = 'Hello, World!';

B pesynbTaTe Takux NPHCBAHBAHWH CO3AAIOTCH MepeMeHHble C2 u ¢3 (3TO CHM-
BOJIbHBIE MaccuBbl — B cucTemMe MATLAB Bce gmiseTcs MaccuBamu) THMa char
(cM. puc. 3.3).

-} MATLAB Command Window @[k

PucyHok 3.3



90 l'AaBa 3. MaccHBB CUMBOAOB, CTPYKTYP, Aueek. DainoBbie onepaunu

Tak kak noa Kaxablii CUMBOJ OTBOAUTCA 2 GaiiTa mamsTH, TO NepeMeHHas C2 3a-
HUMAET B MaMATH KOMIbIOTepa 8 GaiiT, MOCKONbKY 3TOT MAacCHB MMEET THN char
U BCEr0 COAEPKMT HeThIpe djieMeHTa. MaccuB €3 conepxuT 13 CUMBOJIBHBIX 3JIEMEH-
TOB (BKJIIOYasi HE CIMLUKOM 3aMETHBI, HO BKHBIA CHUMBOJ — Npobel) U 3aHUMaeT
B MaMATH 26 OaiiT.

Moaudukarop char MOXHO NMPHMEHNATH Cpa3y K HECKOJBKHUM LIEJTBIM YUCIIOBBIM
3HAYEHHUSM WJIM K YHCJIOBBIM MaTpHLiaM H BEKTOpaM, COCTOALLMM H3 HECKOJIbKHUX Lie-
JIOYMCIIEHHBIX 35ieMeHToB. Hanpumep, koa

x = [97,98,99,100]; c2 = char(x)

NopoXJaeT TO e camMoe CHMBOJIbHOe 3HaveHwe (' abcd’) g mepemeHHOH C2,
KOTOpOe Bbille GBINO MOJydeHo APYTrumM criocobom. B To xe BpeMs kox

c2 = char( 97, 98, 99, 100 )
MPUBOJMT K CHMBOJIBHOMY BEKTOP-CTONOLLY:

c2 =
a
b
c
d

A BOT nmpuMep NMpUMEHEHHUs MoaHdHKaTopa char K MaTpULUE M3 LEJIOYHCIIEHHBIX
9JIEMEHTOB:

X [ 97,98,99,100; 101,102,103,104 ]; s = char( X );
s =
abcd
efgh

Il

Ilpo nepeMeHHYI0 S MOXKHO CKa3aTh, YTO 3TO MaTpHLa THNa char pasmepa 2 x 4,
WJIM CHMBOJIBHAs MaTpHLa.

Xopoiiel aHanoruei gparMeHTa CTPOKH TEKCTa €CTECTBEHHOTO A3bIKAa ABNSIOTCS
OJTHOMEpHbIE CHMBOJIbHBIE MAcCHBBI pazMepa 1 X n, rae n — KOJIUYECTBO BXOJALIMX
B OTH MacCHBBl CHMBOJIOB (BWItouas npobenbl, 3HaKH MyHKTyalUMH U T. 1.). Kak MBI
3HaeM, OJJHOMEpHBIE MacCHBH pasMepa 1 x n (1 crpoka M n CTONOLOB) B CUCTEME
MATLAB npuHATO Ha3blBaTh BEKTOP-CTpoKamu. MITak, cHMBOJIbHBIE BEKTOpP-CTPOKH
cucteMbl MATLAB cOOTBETCTBYIOT CTPOKaM TEKCTa Ha €CTECTBEHHOM f3bIKE, MO3TO-
MY TaKHe TIepeMEHHBIE HA3bIBAIOT MEKCMObIMU CMPOKAMYU WITH TTPOCTO CIMPOKAMU.

ITpo cuMBO/NBbHbBIE MAaTPHLILI MOXKHO ObLTIO OBl CKa3aTh, YTO OHM COOTBETCTBYIOT
TEKCTOBBIM CTPaHHWLIaM, TO €CThb HabOpaM TEKCTOBBIX CTPOK Ha €CTECTBEHHOM S3BIKE,
eclii Obl He OIHO «HO». B ecTeCTBEHHOM A3bIKE CTPOKH TEKCTa HMEIOT B 001iieM Clly-
Yyae pasHyIO JUIMHY, a BCe CTpOkU MaTpHu cucteMbl MATLAB 06s3anbl cocTOAThL U3
OJTMHAKOBOT'O KOJIMYECTBA JIEMEHTOB. Tak YTO aHaJIOrUs 3eCh HEMOJHas.
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HpH CO3JaHHH MaTpHll THNA char, coaepKauluX HECKOJBKO TEKCTOBBIX CTpPOK,
HpHXO}IHTCS{ BbIpaBHUBATb JJIHHBI ITHUX CTPOK, 1106aBH5{5l UM B KOHEU pan HpO6CIl0B.
HpH CO3JaHHH TaKHUX MaTpHL € NOMOUIbIO Monnqpnxa”ropa char BbIpABHHUBAHHUEC JUTHH
npoGenaMn OCYHWICCTBIACTCA aBTOMATHUCCKU!

sl ="'a’; s2 = "ab’; s3 = "abc’;

X = char( sl, s2, s3 );

X

a

ab

abc

3neck Marpuua X tTuna char umeer pazMep 3 x 3. Kaxpaas ee cTpoka COCTOUT H3
TpeX 3/IEMEHTOB, TaK Kak MpPH CO3JaHHH 3TOH MaTPHLbI C NMOMOLBI0 MogH(HKaTOpa
char B KOHell TEKCTOBBIM CTPoKaMm S1 M 52 6binn n06aBsieHbl ABa Npobena U OOUH
npoGen COOTBETCTBEHHO. B 3TOM Jerko yGeauThCs, BBINOIHHB CIEAYIOLMH ¢par-
MEHT:

double( X( 1, 2 ) )
ans = '
32

NOKa3bIBAIOUIMH, YTO BTOPO#H 3/leMeHT nepBoi cTpoku ectb npoben (ASClI-kon npo-
6ena paseH 32). Touno Tak ke ybexxaaemcs, YTO TPETbH 3JIEMEHTBI NIEPBOH H BTOPOH
CTPOK MaTpHupbl X ABAAIOTCA NpobenaMH.

IIpy cO3MaHHHM «TEKCTOBBIX MAaTpPHL» Orepauqdel BepTHKalbHOW KOHKaTeHaLWH
HY)KHO He 3a0biBaTh N00aBNATH BbIPAaBHHBAIOLIKE MUTHHBI CTPOK MpOGENsl, YTO He-
ynoOHO U BoOOLIE SBSAETCA HEdNETaHTHBIM peLlicHHEM. [TO/THBIM U YETKHM pelieHHEM
1ol npobnemsl B M-s13bike cucteMsl MATLAB sBasetcs cosaHue maccuea aveex,
0 4eM Hmke Oyaer moApoOHO paccka3aHO B MoApasfiesie, MOCBAILIEHHOM MacCHBaM
3TOro THIA.

B oraMuue oT TMnma maHHBIX Uint8 Ham TMNOM AaHHbBIX char AOMYCTHMBI BCe
ornepaurH, 4to oObiYHO npuMeHsloTes K Tuimy double. Ilpu aToM dakTHYecKH BbI-
YHCICHUS OCYHIECTBIISIOTCS HaJl KOJAMH CHMBOJIOB, a pe3y/bTaT BbIYHCICHUH HMeeT
TN double. Hampumep, nycTb 3a1aHBl TpH MaccHBa THMa char:

sl = "Hello,’; s2 = ' World’'; a = "a’;

3nech MepeMeHHas ¢ UMEHEM a MMEeT CBOMM 3HauyeHHeM CHMBOJ aHINIMHCKOro
angasura a, ASCII-kox koroporo ectb 97. Tornma cnenyromue apudMeTHYECKHE
1 JIOTHYECKHE ONEPALMH, MPUMEHEHHbBIE K 3TOH NepeMEeHHOMH, NaloT pe3ybTaThl:

resl = a + a; res2 = a*a; res3 = resl & res2;

resl =

194
res2 = ,
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9409
res3 =
1

OCHOBaHHble Ha (pakTHHecKHX BbluUcheHusx ¢ koaoM ASCII sroii Gykebl. MoxHO
Jake (ECNTH eCTb TAKOE 3K30THYECKOE JKEJIAHUE) BBIYHCIIMTL CHHYC OT CUMBOJIA:

]

res4 sin( a );

resé

]

0.3796

IlepeMenHbie resl, res?, res3 U resd uMmeroT TN JaHHBIX double, HECMOTpA Ha
TO YTO HCXOJHBIMH I BhIUMCIeHHH ObUTH JaHHble THNA char. [TosToMy BbipaxkeHHE

sl + s2;

104 188 219 222 219 144

JIOTTYCTUMO TOJILKO TMOTOMY, YTO S1 U 52 COCTOAT W3 OJWHAKOBOIO YHCIIA 3TIEMEHTOB.
Ero BbluHcneHHe MPUBOAMT K NepeMeHHOH s Tuna double, sBMsmOLLEHcS YHCIOBLIM
MacCHBOM M3 IIECTH 37eMeHTOB Thma double, a BOBCE HE OOBEAMHEHHBIH TEKCT
Hello, World, kotopslii MO3XHO ObITIO Obl OKHAATHL NO HEOCTOPOXKHOCTU. SICHO, UTO
oObeMHeHHbIH TEKCT MOJTyyaeTcs onepalredl ropu30HTAILHON KOHKATeHALIMH:

[ s1, s2 s

I

S
S:
Hello, World

BMecTo onepaunii rOpU3OHTaNBHON M BEPTUKAIbHOH KOHKATeHALUH Uil CHMBOJIb-
HbIX TIepeMeHHbIX MOXHO TPHUMEHATb CHEeLHanTU3upoBaHHble (yHkUMH strcat
i strvcat. Tocneanss ©3 3THX GYHKUMH OCYLUECTBISET BEPTHKANbHYIO KOHKaTe-
HaUMIO C aBTOMAaTHYECKHM J100aBJIeHHEM HEAOCTAIoIUX NpobesioB Ui BbIpaBHHBAHMSA
IUIMH CTPOK, a MepBas NOYTH SKBHBANIEHTHA ONepaLMi TOPHU3OHTAIbHOH KOHKAaTEHALIMH,
HO OHa yiaisfeT Bce KOHLEeBble npobesibl B 00BbEAUHAEMbIX CTpPOKax — HUMelTe 3TO
B BUIY!

KoHkareHaluuyd MOKHO MOJBEPraTh HE TOJIKO OTAEbHBIE CTPOKH (TO €CTh BEKTOP-
CTPOKH B caMOM 0611eM cMbIcie MacchBoB cicteMbl MATLAB), HO W ux Habopsl, TO
€CTb CUMBOJIbHbIE MaTpHUubl. B mocnenHem ciydae y HUX AOMKHO ObITh OIMHAKOBOE
KOJMYECTBO CTPOK, HHaye BO3HHUKHeT owmmMOOouHas cuTyauus. Paccmorpum mnd
npuMepa cieayoLri GparMeHT:

A‘z[lalllbl; 'C','d']; B=[lel,lfl; lglllhI];

C=[AIB]
C =" .
.abef

cdgh
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HMrak, nepemennsle THna double u char npeobpasosbiBatoTcs Apyr B Apyra npu
MOMOIM BHBIX MoaudHKkaTopos double u char, a Takke B npouecce BbIYUCIEHHH
W npucBauBaHHWii. B n11060i MOMEHT MOXKHO BBIACHHTB THI KOHKPETHOI nepeMeHHoM
¢ nomolueio GyHkuMii isa wnu ischar. ®yHkuua ischar mpuHUMaeT B KauecTBe
CBOEro eJAHHCTBEHHOTO apryMeHTa UMs NMEepeMEHHOH M BO3BpALLAET «MCTHHY» (eaH-
HHLY), €C/IH NepeMeHHas UMeeT THn char, W BO3BPAILAET «IOXKb» (HyNb) B MPOTHB-
HoM cnyuyae. DyHKUMS 1Sa JONONHHUTENBHO HMEeT BTOPOH apryMeHT, WieHTH(HULH-
pyrollyii TUN JaHHBIX. Hanpumep,

isa( s, ’‘char’ )

OTBEYaeT Ha BOMPOC, ABNSETCA JIH MepeMeHHas S nepeMeHHo# Tuna char. B ocrane-
HOM NOBeieHHe 3TOH (yHKLMH aHAJIOMMYHO MoBeAeHHUIO GpyHKUMH ischar.

Hakonel, paccMoTpum 0co6blii cilyuai, Koraa ¢ MoMOLIBK CHMBOJIOB H300paXa-
10TCS YHCna:

sl ='12.51";

3nech CUMBOJIbHAA CTpoKa S1 nM3obpaxkaer apobHoe yucno 12.51. Kak nomyunts
CaMO 3TO YMCIIO MO €ro CUMBONbHOMY u3zobpacicenuio? SICHO, 4TO MoAMHKATOp
double 3necs HU NpH YeM:

double( sl )
ans =
49 50 46 53 49

TaK Kak OH nopoxaaeT ynucaoBoit maccuB ASCII-ko10B, BXOASLIMX B CTPOKY S1 CHUM-
BOJIOB. 3/1eCb Ha NMOMOILLLb IPUXOAHT crielaibHas GyHKuUMs Str2num:

str2num{ sl )
ans =
12.5100

KOTOpas Co3/[aeT YMCJIO MO ero CHMBOJILHOMY (CTPOKOBOMY) npeacTaBieHuto. Obpar-
HY10 33Ja4uy peuiaeT GpyHKLUHA nuUM2str, KOTopas NOpoX/aeT CHMBOJILHOE MPEACTAB-
JIeHHE YHcha:

x = 12.51478; s = num2str( x );
S =
12,5148

C okpyrieHdem 1o deTbipex Lubp nocne 3anstoi. Konuuecteo uudp nocne sanatoi
MOJXXHO YBEJIMUMTB, YKa3aB (yHKLHH num2str B Ka4ecTBE BTOPOro aprymeHTa obuiee -
KOJIMYECTBO CHMBOJIOB B HW300pakeHWH uHcna. Hebonbuwiod Bapuaumed sasasercs
byHKuMs int2str, koTopas cHayaia OKpYyrjisieT YHC/IOBOM apryMeHT 10 LeJIoro 3Ha-
YeHHsl, KOTOPOE 3aTEM U NPEBPALLAET B CHMBOJIbHYIO CTPOKY:

s = int2str( x )
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g =
13

OyHkUHIO 1nt2Str YacTo HUCTIONB3YIOT JUISl «HPUKNEUSAHUSI» HOMEPA K TOCTOSH-
HOH YaCTH UMEHH:

KernelName = ’SomeName’; Number = 567;
name = [ KernelName, int2str(Number) ];

rJie MOC/e KOHKATEHAL[MY TEKCTOBAsA CTpOKa Name NpUMeT 3HadeHue ' SomeName5677 .

BcTpoeHHble pbyHKuMn ars 0OpaboTKuM CTpPOK

Beitte Mbl y3Hamu, uto cucreMa MATLAB nonyckaet oObluHble MaTeMaTHUECKHE
BBLIYHCIIEHHS C MepeMeHHBIMH THna char. OaHako GONbIIOH aKTyalbHOCTH B 3TOM
HET, MOCKOJIbKY CMBICT THMNA JAaHHBIX Char COCTOMT BCE-TAKH B APYroM. DTOT THIN
JAHHBIX CMELHANBHO MpeaHa3HaueH Juid o6paboTku GparMeHTOB TEKCTa Ha €cTecT-
BEHHOM fI3bIKE.

Cucrema MATLAB  pacnonaraer noiaHbIM  HabopoM  GyHKUMH Ao
«KJlaccuueckoi» o6paboTku TekcToB. K TakuMm ¢yHKUMAM oOTHocATcS (PyHKUMH
blanks, deblank, findstr, isletter, isspace, lower, repmat, strcmp,
strcempi, strmatch, strncmp, strnempi, strrep, strtok, upper.

OyHkuMs repmat sBAfeTCS He CNELMAIH3HPOBAHHOR CTPOKOBOH (QryHKUMEH,
a ¢yHxuuedt obuiero Ha3zHaueHHs, NMO3BONSIOWEH Pa3MHOXKHMTBL NPOH3BOBHYIO MaT-
pULY B FOPH30OHTAJIbHOM W BEPTHKAILHOM HarnpaBJIeHHUSX 3ajaHHOe Yucio pas. B ya-
CTHOCTH, JUIsl CTPOK 3Ta (yHKLMA pa3MHOXAeT TEKCTOBble OTpesku. Hanpumep, sTa
(yHKUMS MO3BOJIAET CO3AATh CTPOKY W3 3aAaHHOIO YHCJIa CHMBOJIOB:

s="a";y n=1; m=11; str = repmat( ‘a’, n, m );
str =
aaaaaaaaaaa

Ecnu TpeGyercs co3maTh CTPOKY M3 3aAaHHOTO uHcia Nnpobenos, To mpolue NnpH-
MeHuTh QyHkuuio blanks. Hanpumep, BoI30B 3T0# QyHKUUH

str = blanks( 27 );

CO37aeT CTPOKy U3 27 npobenos. B cBoo ouepens, yaaieHHeM Npobesios 3aHUMaeTcs
dyHnkuus deblank, koropas ynanser u3 CTpOKH Bce KOHLEBbIE POOebI.

C nomowsio dbyHkuui isletter u isspace MOXKHO MpOAHAIM3UPOBATh BXORA-
IKe B CTPOKy cumBonbl, DyHKUMA 1sSpace NpHHHMAET B KAUECTBE apryMeHTa CTpo-
Ky, a BO3BpalllaeT YHCIOBOH MacCHB M3 HyJIeil U €AMHHL, IPHYEM €AHHHLBI CTOAT Ha
TEX MeCTaX, Ha KOTOpbIX B HCXOAHOHM CTPOKE CTOSAT TaK HasblBaeMble npobenbHbie
cumBonbl. Tak HaseBalOTCS npofen, a TakKe YMNpaBisOLINe CHUMBONBI  (MX
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ASCII-xoapl MeHbLIE 32 M OHH HE MMEIOT BU3YaJIbHbIX 00pa3oB) «mabyniyun», «ne-
[Pesod cmpoKu», «8036PAM Kapemxu» U T. .

®dynkums isletter Takke BO3BpallaeT YHCIOBOH MacCHB U3 HyJlel W €AMHML, HO
3eCb €AMHHULIbI CTOAT HA TEX MECTaX, Ha KOTOPbIX B UCXOIHOMN CTPOKE CTOAT OYKBBI.
Hanpumep,

str = "abcl23 #$% S567qgwerty’; x = isletter( str );
X =
11100000000000111111

®dynkums isletter nerko onpenenuna, yro B 20-CUMBONLHOM CTpoke OYKB BCETO
JIEBATDh, IPUUYEM CTOAT OHH Ha MEPBBIX TPEX U Ha MOCJIEAHUX LLECTH NO3ULMAX (MMEH-
HO HA 3THX MO3ULMAX B YHCJIOBOM MACCHBE X CTOST €AUHULIbI ).

Teneps BBIACHUM, KakoBa cHUTyauus ¢ OykBamMu kupwudupel. B cnpaBouHoit cuc-
TeMme nakera MATLAB cka3aHo, 4TO nojJep>KHBaeTcs TOAbko KoaHpoBka Windows
Latin-1, cooTBeTcTBYIOLUIas 3anaAHOEBpONEHCKUM s3bikaM. Ecnil ske He BepUTb Hamu-
CaHHOMY, 4 MO3KCIIEPUMEHTHPOBATh, TO MOXHO, HalpHUMeEp, MOJYUHUThH CJAEAYIOLIHH
pe3ynbrar:

str = 'qwertyinuyked’; x = isletter( str );
X=
111111111111

O3HAYaKOIHH, YTO pycckue GYKBBI Bee ke pacnosHatoTces. OHaKO He HA/l0 TOPOIHUTh-
cs. Bor BaMm eltle OIMH 3KCTIEpPUMEHTANBHBIH NpUMep:

str = 'gwertyeE’; x = isletter( str );
X =
11111100

¥ MBI BUAHMM, 4TO pycckHe 6ykBbl € U E Bce ke He pacnosHatorcs. Ilpuxoaures nose-
pUTb cipaBoYHOM qokyMmenTtaunH kK naketry MATLAB. Takum obpa3zom, ecnu npucyT-
CTBYIOT OYKBBI KHUPWUIHLBI, TO UX MO3ULHOHHPOBaHHE HY>KHO OyJeT BBISAB/IATH CaMo-
croaTensHO. BeTpoeHHas ¢pyHkums isletter cucremel MATLAB He MOMOXET HaMm B
3TOM B MOJAHOM o0beMe (BbInaayT Oykeel € U E), ¥ puaercs nucarh cBoK cobcTBeH-
Hy1o ¢yHkumMio. Takas ¢yHkums OyAeT HaMH MO3Ke HAKUCaHa BO 2-H yacTH nocobus
B IJ1. 6, NOCBSALIEHHOH NPOrpaMMHPOBaHHIO TaK Ha3biBaeMbiX M- yHKLUHIA.

OyHkuun lower W upper oueHb npocThi. IlepBas U3 HUX 3aMeHseT BCEe MpOMNHUC-
Hble CHMBOJIBI {CUMBONBI BEPXHErO PerucTpa) Ha CUMBOJBI HIKHero perucrpa. Ha-
npHMep,

str = "Hello Matlab’; strl = lower( str );

strl =

hello matlab

t OYHKLMSA XKe upper paboTaeT NMPOTHBONONIOKHBIM 06pPa3OM: BCE CHMBOJbI HHXHETO
peructpa (CTpOUHbIE) OHA 3aMEHAET Ha CHMBOJIBI BEPXHETO PErUCTpa.
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®yHkuud findstr, strmatch u strtok HaxoasT WK BbLIAEAAIOT B CTPOKAX MOJA-
CTPOKH, OJJHAKO JeTajld MX paboTbl CYIECTBEHHO oTiHualoTcs. HauHeM ¢ byHkuuu
findstr.

Hanpumep, B cnexytouwieM d¢parmMente ¢yHkuued findstr wmerca maccus
MO3ULIMIA BXOXAEHUS cioBa 'Hello' B TekcT, coaepKalUicsa B nepeMeHHON VStr:

innerStr = 'Hello';
vStr="'Hello is the word. Hello is opposite to bye.';
positions = findstr( vStr, innerStr );

H B pe3yJbTaTc MacCHB pOSitiOnS NPUHHAMACT CIICAYIOLIECC 3HAUCHHE!

positions =
120

Takum obpazom, ¢yHkius findstr o6Hapy:kuna ABa BXOXKAEHHS NEepeMeHHOH
innerStr B rekcT Vstr. IlepBoe BxoxkeHHE HMEET MECTO Ha4YMHas C CaMOro MepBo-
O CHMBOJa; BTOPOE BXOXJIEHHE HMeeT MecTo Ha 20-M cuMBose (Biuitouas. npobensl,
pasyMeeTcs). '

Ecnu ¢yukuus findstr He Haxoaur BXOAEGHHI BoOOLIE, TO OHa BO3BpaLAET
MyCTOM MacCHUB, KOTOPbIH Hafo npoBepsATs $yHKUMeH isempty. Dra ¢yHKuuMs BO3-
BpallaeT «UCTHHY» (€AHMHHLLY), €CJIH MAaCCHB ACHCTBUTENBLHO NYCTOH (HE COAEPKUT HH
OJIHOrO 3NIEMEHTa), U BO3BPAILAET «IMKb» B MPOTHBHOM ciyuae. Eme cneayer noa-
4epKHYTb, UTO GyHKUMs findstr paznuuaer perucTp CHMBOJIOB.

Qyukuua strmatch ocywectsnser nouck NoACTPOK B CHMBOJIbHBIX MaTpHLAX,
coZepXKalldX HECKOJIbKO TEKCTOBBIX CTPOK cpa3y. Ota (YHKUHS HIUET U BO3BPAILAeT
HOMepa CTPOK MaTpHLbI, B KOTOPBIX COEP)KMMOE HauMHAeTCs € 3ajaHHoro Habopa
cumBonoB. Hanpumep, B cnegyrowmem ¢parMeHre:

A=['qwert’; 'asdfg’; 'zxcvb’]; x=strmatch(’as’,A);
X =
2

¢dyHkuus strmatch HaXOAMT, 4TO BTOpas CTpoKa HCXOJHOM MaTpuubl A HauHHaeTcs
c ’as’. Ecnu TpebyeTcsd BbIABUTH HE HauajlbHOe (YaCTHYHOE) COBMAJCHHE, 2 TOUHOE
COBIMAaJieHHE CTPOKH MaTPHLBI C 3a1laHHOH MOACTPOKO#, TO TOrAa B KaueCTBE TPEThero
aprymenTa gynkuuu strmatch Hy)xHO nepenats cTpoky ’exact’:

A=['qwert’;’asdfg’;’zxcvb’'}; x=strmatch(’as’,A,'exact’};
X =

[]

Tak kak B JaHHOM MpPHMEpPE HET TaKOro MOJIHOTO COBMAJeHHs, TO (YHKUHS
strmatch Bo3BpawaeT mycroii yncnoBoii Maccus (0b6o3HavaeTcs kak [1).

Oynkuus strtok no3BosseT BLIABNATL B UCXOJHOH CTPOKE NMPOMU3BOJIbHbIE JEKCe- .
Mo, Hanpumep cioBa. OHa BO3BPALIAET HAYAIBLHYIO YacTh CTPOKH, PACIONOKEHHYIO
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JI0 MepBOro npobenabHOoro ciMeosa (cMotpu Boiule). IlpoGenbHble CUMBONBI ABISIOTCS
oepanuyumenamMuy jexkcem No ymonuaHuio. Hanpumep, cnefylowmnii BbI3oB GyHKUHH
strtok BeLAENSeT U3 HCXONHON CTPOKH MepBOE CIIOBO, OrpaHUUYEHHOE MPOGesoM:

str = 'Very good’; wordl = strtok( str );
wordl =
Very

MoxHo 3a1aTh CBOH COOCTBEHHBIC OMPAHUUYUTENH JICKCEM, MEPEUHUCITUB UX NOAPIL
B CTpOKe, nepenaBaeMoi GpyHkuMK strtok B kauecTBe BTOPOro napameTpa:

str = 'Yes,No’; a=strtok( str, ’,:;!?");
a:
Yes

Ecnu TpebyeTcs cpa3y monyuuTh Kak JeKkceMy, TaK U OCTATOK CTPOKH, TO Cl¢AyeT
UCIOJIb30BaTh BhI3OB GYyHKUMK strtck ¢ gapuanme ¢ 08yMs o38pawjaembLMy 3HAYE-
HusimMu (Mbl W paHblle BCTpeyand ciay4ad, koraa ¢yHkudd cuctembl MATLAB Bo3-
Bpalllaiid He OJIHO, @ HECKOJIbKO 3HauYeHHWi — Hanpumep, dyHkuds meshgrid, o koro-
poil paccka3splBajloch BO 2-H IiiaBe B Mmojpasjeie, NOCBALEHHOM TpeXMEepHOi rpa-
duxe):

[ token, remainder ] = strtok( str, delimeter )

HaanMep, B ClieAyrOLEeM (bparMeHTe:

str = 'Yes,No’; [word, rem] = strtok(str,’,:;!'?");
word =

Yes

rem =

, No

B MepeMeHHOH word 3amoMuHaeTcs nepeoe cjioBo B oOpabaTbiBaemoil cTpoke, a B ne-
peMeHHOH rem coxpaHseTcs And AanbHerwed 00paGoTKU OCTalOW@ACs 4acTh HCXO-
HOM CTPOKH.

OyHKLMs STrrep no3BosseT HAWTH B UCXOJHOH CTPOKe 3adaHHbti dparMeHT Tek-
CTa ¥ 3aMEHHTb ero Ha Apyroi dparmMent Tekcra. OOLMi GopmaT 310l DyHKUHK Ta-
KOB:

str = strrep( strl, str2, str3 )
3nech GyHKUMS Strrep uweT B cTpoke strl moacTpoky str2 M, ecny HaxoaWT, TO

3aMeHsieT ee Ha str3. Pesynbrar BO3Bpamaercs B crpoke str. Mexoawas crpoka
strl ocraercs HeuameHHOH. B crenyroem dparmenre: ’

strrep{’good bad best’, 'bad’, 'better’ );

stx
str
good better best

1l

4 3ak. 409
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¢byHkuus strrep B ucxoaHoi ctpoke 'good bad best’ 3amenser cioso ‘bad’ Ha
cioBo ‘better’.

U nakoHeu, paccMoTpuM ¢yHKUHMH strcmp, strnemp, strempi u strncmpi. Bee
9TH (YHKUMH CPaBHUBAIOT 3Ha4YEHHs ABYX CTPOK Mexay coboit. @yHkuuu ¢ 6ykBoii 1
Ha KOHUE NPH CPaBHEHHH CTPOK HeHYBCTBUTENIBHBI K PErHCTPY CHMBOJIOB, @ GYHKUHH
c 6ykBoii n B cepelMHE UX MMEH CPaBHHMBAIOT HE LIEJMKOM CTPOKH, a TOJIbKO HX Ha-
yanbHble OTPe3KH M3 33JaHHOTrO YHcaa CUMBOJIOB. [T03TOMY 1OCTaTOYHO paccMOTpeTh
paboty Tonbko (GyHKUMH Strcmp. Ota GyHKUMS MPUHUMAET B KayecTBe apryMEHTOB
JBE CTPOKH W BO3BpalllaeT «HCTHHY» (€AMHHLY) B cilyHae HICHTHYHOCTH CTPOK
M «10XKb» (HYJIb) B TPOTHUBHOM ciiydae. DyHKUMS StrCmMp YyBCTBUTEbHA K PErHCTPY
CHMBOJIOB M YYHTBIBaeT (a He UrHOPUPYeT) Kak BeAyLIHe, TaK W KOHLEBbIe Mpobesbl
(He roBops yxe 0 BHYTPEHHHX).

M3 npencraBneHHoro o6bacHeHUs pe3yabTaT paboTbl GyHKUHH

res
res =
0

strcmp ( 'Mexico’, ‘mexico’ );

a6CoToTHO O4YCBHUICH, TaK KaK CTPOKH OTJIMHAKOTCHA PErHCTPOM OTAC/IbHBIX CUMBOJIOB.

MaccuBbl CTPYKTYp

BeiBaeTr >kenatenbHO NOJ OOHHM HMMeHEM OOBEIWHHTb YHCAOBBIE M TEKCTOBBIC
JaHHble (HanpHMep, pe3ysbTaThl PU3HYECKHX IKCIIEpUMEHTOB, JaHHbIE O MepentcH
HaceneHus U T. 4.). Jns atoit uenn B cucreMe MATLAB npenycMoTpeH crieuuab-
HBIH THN AaHHBIX — Struct (cmpykmypa).

IepemeHHble THNA StrUCt UMEIOT B CBOEM COCTABE HECKOJIBKO MMEHOBAHHBIX 110~
neit. Cozganum nepeMenHyro MyStructl, cocrosulyto w3 ABYX nosieil: OJHOTO 4M-
CJI0BOro noss ¢ uMeHeM data v 0IHOro TEKCTOBOTO MOJISt ¢ UMEHEM name:

"1st result’;
{1, 2.5; -7.8, 2.3 1;

MyStructl.name
MyStructl.data

HMs nons otaensiercs ot uMeHH nepeMeHHoi Toukoil. B nanHom ¢parmenTe kozna
coznaercs MaccuB MyStructl Tuma struct pasmepom 1 x 1. Jlo6aBUM B TOJIBKO
4TO co3JaHHbIH MaccuB MyStructl BTopoii anemeHT:

MyStructl( 2 ).name 2nd res-t’;
MyStructl( 2 ).data [ -5.7, -2.5; 7.1, 8.4 ];

IMonyunncs maccus pazmMepa 1 x 2. B atom nerko y6eaurscs, eciu HabpaTthb B KO-
MaHIHOM okHe cucteMbl MATLAB ums nepemenHo#t MyStructl v HaxarTs KiaBuLy
Enter. B pesyabTate cHcTeMa NMOKaXET HE CONEPIKUMOE ITOrO MacCHBa, a €ro CTpyK-
Typy (cM. puc. 3.4). :
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PucyHnok 3.4

MoxHo ¥ nanee A00aBiATh JIEMEHTBl K 3TOMY OJHOMEpHOMY MaccuBy. Jlocra-
TOYHO OYEBHJHO, YTO BCE 3JIEMEHThl MacCHBa THNa Struct MMET OJMHAKOBOE KO-
JIMYECTBO MoJel ¢ (pUKCHPOBaHHBIMH UMeHaMH. EciiM 1BHO He 3a7aTh 3HAUYEHHE KaKO-
ro-nu6o nosis, To eMy aBTOMaTHYeckH OyeT MpUCBOEH MyCTOH MaccuB [ ].

HaGop nonei MaccuBa CTPYKTyp MOXHO H3MEHATh Ounamuuecku. Hanpumep, yxe
nocjie TOro, Kak Mbl co3fand MaccuB MyStructl tuma struct pa3mepa 1 x 2
C IByMS YKa3aHHbIMH BbllIe nosisiMu (name ¥ data), MOXKHO BBIMOJIHHThL NPHCBaHBa-
HUe

MyStructl( 1 ).field = ‘Third field’;

MocJie KOTOPOro MacCHB CTPYKTYp yxe OyaeT obnanaTe Tpems nonaMu — name, data
n field. Tak kak y BToporo snemeHTa mMaccua MyStructl none field saBHO He 3a-
JlaHO, TO OHO PaBHO MyCTOMY MAacCHBY:

MyStructl( 2 }).field
ans =

(]

Ecnu gBa MaccHBa CTPYKTYp HMEIOT OJIMHAKOBBIA Habop nojeH, To aomyckaercs
rpynnoBoe NpHcBauBaHHeE BUAA

MyStructl( 3 ) = AnotherStruct( 2 );

KOTr'[]a 3Ha4YEHHUs BCeX MoJieH BTOpOro 3neMeHTa Maccusa AnotherStruct konupyror-
cs B [OJIS TPETLETO 3JleMeHTa mMaccuBa MyStructl,

Ecnu pabota BeseTcs B MHTEPaKTHBHOM peXHMe, KOrja BCE JaHHBIE BBOJATCS C
KITaBHATYpPbl, PAacCMOTPEHHBIH TMpoLecc MOCNeJ0BATEIbHOTO  3aJaHuA  NojeH
Y 3JIEMEHTOB MacCHBa CTPYKTYp BnosiHe onpasaaH. OgHako B [IPOrpaMMHOM PEXUME
OH HEAOCTaTOYHO XOpOUI C TOUYKH 3PEHHs NPOU3BOAUTENLHOCTH. BMECTO Hero Jsyule
UCNONb30BaTh GYHKLMIO C UMEHeM Struct:

MyStruct2 = struct( ’fieldl’,[ 1 2 3),’field2’,’Hello’)
MyStruct2 (2)=struct (' fieldl’,[ 7 8 9],'field2’,’World’)

.
7
.
7

IMokaxkeM Terneps (XOTH 3TO M OYEBHAHO), KaK NMOAOOPATHCS K €JHHCTBEHHOMY UH-
cnoBOMY 3Ha4eHHIO B noJie data nepeoro anemenTa MaccuBa MyStructl. Jing aroro
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HaZ0 MPUMEHHUTL JABE OMNEPaLMH MHACKCALIMH H OJHY OMEpaLHIo JOCTyNna K ToJio
CTpYKTYpbl. Hanpumep, 11 paHee co3aHHOTO HaMHM MaccHBa CTpYKTyp MyStructl
BbIpaXKEHHE

MyStructl( 1 ).data( 1, 2 )

MMeeT 3HaueHre 2.5, Tak kak B none data pacronoXkeHbl YHCHOBbIE MAaTpHLbl 2 X 2
M COOTBETCTBYIOLLHMI 3/1EMEHT HMCIIOBOH MaTpHLIbl AEHCTBUTENBHO PaBeH 2.5.

Tenepb paccmoTpum 6onee cioxHbli BONpoc 06 0OAHOBPEMEHHOM J0CTYNE K CO-
JEePKUMOMY OJHOHMEHHbIX TOJIEH BCEX 3JIEMEHTOB HEKOTOPOro MacCHBa CTPYKTYD.
[TycTb, k npuMepy, TpebyeTcs CKONMMPOBAaThL M COXPAHHTb B TIEPEMEHHON V 0OBEdM-
HEHHOe CoAep:KuMoe rnoJieil data Beex aNeMEeHTOB CO3JaHHOrO BbILIE MACCHBA CTPYK-
Typ MyStructl. Bor koMnakTHoe pelleHue 3TOH 3ajauu, INpeplaraeMoe CHCTEMOM
MATLAB:

v = [ MyStructl.data ]
ans =
1.0000 2.5000 -5.7000 -2.5000

-7.8000 2.3000 7.1000  8.4000

3nech NpUMEHEHWE MPAMOYToJbHbIX CKOOOK 0053aTeNIbHO, Tak Kak B M-A3bIKE BbI-
pakeHHue

MyStructl.data

9KBHBAJICHTHO CJICAYIOLUCMY CRUCKY GETUYUH, pa30e.rzengzx 3ARnANBIMU.
MyStructl(l) .data, MyStructl(2).data

Ecnn 3aimounTb Takoil cnucok B TNPAMOYTOJibHbIE CKOOKH, TO TOJNy4YaeTcs CHH-
TaKCU4YECKH KOPPEKTHOE BbIpaXK€HWe A TOPHU3OHTATIbHOW KOHKaTEHALUH JIBYX M-
ClIoBbIX MaTpull 2 X 2. B pesynbraTte Takol onepauMH nepemMeHHas V CTAHOBHTCS
4HCI0BOH MaTpuueH 2 x 4.

Hns ynaneHust HEKOTOPOro TMOfsi W3 BCEX 3JEMEHTOB CO3JAHHOTO MaccHBa
CTPYKTYp npumeHstoT pyHkumio rmfield:

MyStruct2=rmfield(MyStruct2,’field2’});

Iocne aTOro B MaccuBe CTPYKTYp MyStruct?2, co3naHHOM HaMu panee (CM. BbILLE),
ocTtaeTed Tonbko none fieldl.

B kauecTBe cOAEP:KMMOTO HEKOTOPOTO MOJA CTPYKTYPbl MOXET BBICTYNATh Apyras
CTPYKTYpa, TO €CTb CTPYKTYpPbl MOT'YT ObITb 6700icenHbimuy. B KauecTBe UMEHH BIIO-
JKEHHOW CTPYKTYpbI BBLICTYTIa€T UMS 110J1 OOBEMITIOLIEH CTPYKTYpbI:

Outer.number = 1;
Quter.inner.name='namel';
Quter.inner.data=[ 5 3; 7 8];
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3neck Outer — ums BHewiHel (o6bemmoulei) CTPYKTYphl, a inner — ums BHyT-
peHHeH CTPYKTYpbl, ABAAIOLIEHCS noneM cTpykTypsl Outer. J{ng uTeHHs 4ucI0BOro
JIAHHOTO, CTOSILEr0 BO BTOPOH CTpOKe Mepsoro cronbua B noie data, HyxkHO
NPUMEHHUTD BbIP@KEHUE C ABYMs TOUYKaMH, TIe MepBas TOUKa O3HA4aeT JOCTYMN K MOo-
N0 inner, ABAAIOLLEMYCS CTPYKTYPOH, a BTOpas TOUKa OCYLLECTBISLET AOCTYI K MO0
data aroli BHyTpeHHelH CTPYKTYpbI:

Outér.inner.data( 2, 1)
ans =
7

O Tom, kak ycTpoeHbl cTpykTypbl Outer u inner, cucrema MATLAB coofiuaer
Tak, KaK Nnoka3aHo Ha puc. 3.5.

<} MATLAB Command Window E=E3
File 'Edit Window.: Help

DB 28 L FO S
» Outer 2l

Outer =

mumber: 1
iner: [1x1 struct]

» Quter.inner

ans =

name: 'namel’
data; [2x2 double] v
4 214 PucyHok 3.5

P

MaccuBbl CTPYKTYP, KaK Mbl BUJIEH BbILLE, MOTYT JHHAMHUYECKH U3MEHAThL COCTaB
cBoux nonel. B no6oit MOMEHT, 01HAKO, MOJKHO C TIOMOIIBIO CMIEHHAIbHBIX (YHKIHMA
MPOBEPHTb, U3 KAKHUX NOJIEH COCTOUT CTPYKTYpa. BOT ciucok sTux $hyHKLHH:

isstruct( St ) — Bo3BpalLaeT UCTHHY, €CTIH ApTYMEHT CTPYKTYpa.
isfield( St, ’‘name’ ) — BO3BpallaeT HCTHHY, €CIH UMEETCS TaKOe MoJe.
fieldnames( St ) — Bo3BpallaeT MacCHB CTPOK C UMEHAMH BCeX MoJeH.

Crpyktypbl MATLAB MOXXHO Ha3BaTh depecupo@anHbiM THIIOM JaHHbIX. JIpyrum
arperupoBaHHbIM THIOM AaHHbIX B cucreMe MATLAB sapnsioTcs Tak Ha3bIBaeMble
sueiiku (cells). Tonbko uTo ynomsHyras ¢yHkuus fieldnames Bosspaiiaetr MaccHB
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(Habop) cTpOK MMEHHO B BHMJE MacCHBa s4eeK, TaK 4TO CaMOe BpeMs MPHUCTYIHTH
K U3Y4YEHHIO 3TOr0 THMNA AaHHBIX.

Maccusbl gdeek

Maccue aueex (cell array) cONepKHT B Ka4eCTBE CBOMX 3JIEMEHTOB MacCHBBI pas-
HBIX TUMOB. MOXHO CcKa3aTh, YTO MAacCHB s4eek SBJSETCS MacCMBOM MaccuBoB. Ilo
CYTH OH ABNSETCS YHWUBEpCAIbHbIM KOHTEHHEPOM — ero s4yelkHu (3/1eMeHTbI) MOTYT
collepXaTh JIoOble THIMBI M CTPYKTYPBI JIaHHBIX, ¢ KOTOpbIMH pabotaeT MATLAB, —
YUCIIOBBIE MAacCHBBI JIOOOH pasMEpHOCTH, MacCHBbl THNa uint8, CTPOKH, MacCHBBI
CTPYKTYp W, HakOHell, BJIOXKEHHbIE MaccHBHI fueeK. B cBOIO oYepelb, MacCHB SYEEK
MOXET ObITh MOJIEM CTPYKTYPBHI.

MeTozb! CO3AaHUS MAaCCHBOB Y€€k MOXOXKH Ha METOJbl cO3aHus cTpykTyp. Kak
M B Cllyyae CTPYKTYp, MacCHBBbI sueek MOryT ObITh co3/aHbl JTHOO MyTeM NocjeaoBa-
TEeILHOTO TPUCBAWBaHUS 3HAUYEHUH OTAENbHBIM 3JIeMEHTaM MAaccHBa, JIMOO LETHKOM
_TIpH MOMOILM crieuHanbHON GyHKUMH cell.

IToguepkHeM ¢ caMOro Hauajla, YTO BaKHO pa3yiMyaTh A4eHKy (3J1EMEHT MacCHBa
f4eeK) M ee copepkumoe. Kaxnas sueiika sBnsercs maccusoM cucreMel MATLAB,
TO €CTh MOMHMO COOCTBEHHO JIaHHBIX CONCPXKHUT B OTBEJCHHOMN MOA Hee MaMATH KOM-
nbIOTEpa elle U clyxebHYo HHDOPMaLMIo, 0 KOTOPOH MBI YK€ MHOTO TOBOPHIIH BbI-
we. OOpa3HO roBops, A4eiika — 3TO ee Noje3Hoe coaepxHMoe (COOCTBEHHO JaHHbIE)
I0C HeKoTopas ympasisiowas 060104ka BOKPYT 3TOr0 COAEPIKUMOro, MO3BOJIAIO-
11as XpaHUTh B AUEHKE MPOU3BOJILHBIE THIBI JaHHBIX J11000T0 pazmepa.

B cucreme MATLAB BbipaskeHHe nr000ro THIA MOXKHO MPEBPaTUTH B S4eHKy, 3a-
KJIOYHB €ro B ueypHeie ckobku. Takum oOpa3oM, GUrypHble CKOOKH SBIISIOTCS KOH-
cmpykmopom aveex. JInsl cpaBHEHHS HAMOMHUM, YTO KOHCTPYKTOPOM UYHMCJIOBBIX Mac-
CHBOB CJIy>KaT KBaJpaTHble CKOOKM (omepalMs KOHKaTeHalUHMH), a KOHCTPYKTOPOM
CHMBOJIBHBIX MaCCHBOB — arocTpodbl.

OtaenbHble SYEHKH MacCHBA SYEEK MOTYT COJEPXKAaTh AaHHbIE pa3HbIX TUMOB. s
NpUMepa MOCTPOUM MACCHUB SU€EK 2 X 2, 3JIEMEHTaMM KOTOPOTO ABJSIOTCS SA4YEHKH,
COZIEpIKalllMe COOTBETCTBEHHO TEKCTOBYIO CTPOKY (OJIHOMEPHBIH MaccuB THNa char),
YHUCIIOBYIO MaTpHLly 3 X 3, cTpYKTYpY MyStruct W YHUCIOBYIO BEKTOP-CTPOKY 1 X 3.

CHauana cozganauM cTpykrypy MyStruct:

MyStruct = struct(’fieldl’,[ 1 2 3],’field2’,'Hello’);

nocJie 4yero CCI)OpMprCM HUCKOMBIH MACCHB SiU€EK MOAIEMEHTHBIMH npuceauBa-
HHUAMH!

MyCellArray( 1, 1 ) = { ’'Bonjour!’ };
MyCellArray( 1, 2 ) ={ [ 123; 456; 7891 };
MyCellArray( 2, 1 ) = { MyStruct };

(2, 2)={19751}};

MyCellArray
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TTocrpoennslii maccuB MyCellArray 4BiseTcd MacCHBOM SiYeck, TaK KaK 3JieMEHTaM
3TOro MaccuBa ObUIM NMPHCBOEHBI MIMEHHO AueikH, Kakaas U3 KOTOphIX GopMupoBa-
Jlach ¢ IOMoLbIO HUrypHbIX ckobok. Comep>kHUMOe COOTBETCTBYIOUIMX SYEEK ONMpesie-
NISETCA BRIPOKEHHAMH BHYTPH (HrypHbIX ckobok. [Tosromy suekixa MyCellArray (1,1)
COMIEPXKUT TEKCTOBYIO CTPOKY ’'Bonjour!’, sueiika MyCellArray(1l,2) conepxut
uhcnoByro matpuuy [1 2 3; 4 5 6; 7 8 9], auelixa MyCellArray(2,1) conep-
KHT CTPYKTYpy MyStruct u, HakoHew, sueiika MyCellArray(2,2) comepxKHT 4H-
CIIOBYIO BeKTOp-cTpoKy [$ 7 5}.

Teneps cripocum cucteMy MATLAB o tune maccuBa MyCellArray, ansa uero
BBEJEM H UCTIOJIHUM (Ha)kaTHeM kJlaBdlIM Enter) komaHay

whos MyCellArray

Ha YTO MOJY4HM OTBET, NpeACTaBIeHHbIH Ha puc. 3.6.

,} M LAB Command W dow

PucyHok 3.6

[ToctpoeHHmif HamMu MaccuB sueek MyCellArray COOEpXHT pa3HOpPOJHbIE JaH-
Hble, 0 HeM HaM W coobumaer cucrema MATLAB npd BBOJE MMEHH 5TOTO MacCHBa
W HakaTHH KnaBuwH Enter (cm. puc. 3.7).

) MATLAB Command Window ’ —Tolx]

Pucynok 3.7
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ITpy 3TOM NoOKa3biBaeTCH CONEPIKUMOE He BCeX sSUeeK 3Toro maccusa. bosee nonpo6-
HYIO HH(OPMALIMIO MOKHO MOJYUYHTh, BbI3BaB GyHKUHIO celldisp:

celldisp( MyCellArray )

MyCellArray{l,1}
Bonjour!

MyCellArray{2,1} =
fieldl : [ 1 2 3]
field2 : 'Hello'

MyCellArrayi{l,2} =
1 2 3
4 5 6
7 8 8
MyCellArray{2,2} =
g 7 5

Otciona Xopolo BUAHO, YTO A TOro, 4ToObl nogodpaTecsl K COACPXKUMOMY sUe-
€K, HYXXHO UHOeKCUpOBAnms MACCU@ syeek npu nomowyu Quzypuuix ckoboxk. Ilpu
OObIUHOW HMHIEKCALUMH KpYriibIMM CKOOKaMH Mbl M3 MacCHBa fY€EK H3BJEKAEM OT-
JIeNbHYH0 fuelKy, KoTopas cama siBiseTcsd MaccMBOM. HanomuHaeM ewie pas o TOM,
YTO CNEyeT pa3fivvaTh SYelKy U ee colepKkUMoe (CM. BbILIE).

MaccuBbl Au€eKk MONHOCTBIO PELUAOT THIIOBYIO 3aJlauyy XPaHEHHUs HECKOJIbKHX
CTPOKOBBIX JaHHBIX MOA OAHMM HMeHeM. PaHblue Mbl yxe (HOpMHpPOBaIM MaTpHLb
TUMNa char, KaxJaas CTpoKa KOTOphIX 00s3aHa Obllla KMETh OJHY M TY JKe AJMHY. DTO
OUYEBHIHBIM 06pa3OM OrpaHUUYMBaeT NIPUMEHEHHE TaKoro penieHus. B crmyvae Maccu-
Ba AYEEK TAKOrO OrpaHUYEHHS HET

cellNames{ 1 } = "functionl’;
cellNames{ 2 } = ’"func?2’;

3aech Mbl IPOAEMOHCTPHPOBAIM HpuMeHeHue QueypHelx CKOOOK 8 POIU UHOEKCU-
pylowux 31eMeHmos, TaK YTO HUCTONb30BaTh GUrypHble CKOOKH B MpaBblX 4acTAX oOle-
pauuii nprUcBauBaHUs HE HY)KHO (TaM Temnepb NPHUCYTCTBYIOT 3HAUSHUS, A HE AUEHKH).

B pesynbrare noa oagHMM MMeHeM cellNames XpaHSTCS ABE TEKCTOBbIE CTPOKH,
JOCTYN K KaKAOH W3 KOTOPBIX OCYLIECTBISETCS MO MHAEKCY B COOTBETCTBMH C CHH-
TaKCHCOM MacCHBa AueeK. BOT Ko, KOTOPbIH U3BJIEKAET 3TH CTPOKH M3 MacCHBa AUEEK
cellNames v 3aNOMHWHAET UX B OTAEJBHBIX epeMeHHBIX strl u str2:

strl = cellNames{ 1 }; str2 = cellNames{ 2 };

IMoxa3aHHOe BhIllle FIO3IEMEHTHOE CO3aHUEC MacCHBA AYCECK He3¢)¢)CKTHBHO C TOY-
KH 3pe€HHUA MPOHU3BOAMTEIIBHOCTH. 3TO He co3aacT npoGneM B MeJIEHHOM HHTEpaK-
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THBHOM PeXHMe paboThl, HO B TIPOrPAMMHOM PEXHME 3TOT MPOUECC Jiyuile npe/pa-
PHTE BBI30BOM (pyHK1MU cell:

MyCellArray = cell( 2, 2 );

KOTOpas cpa3y Co37acT MacCHB sfueek TpeOyeMoH pa3MepHOCTH W pa3sMepoB, MpHYeM
Kaxaas suekka Oynet nyctoi. Ilycmeie sueiixu 0603Haualotes kak { [] ). 3areM MoxHO
OCYLIECTBJIATh PaHeEe PAaCCMOTPEHHBIE MO3JIEMEHTHbIC MPHUCBAHUBAHHS, TAK KaK TeNepb
OHH He TpeOYIOT NepecTPOHKH CTPYKTYPbl MaCCHBA C KaXK/bIM HOBBIM NPHCBAMBAHHUEM.

CoaepKMMBIM MYCTO# SUEHKH ABNAETCS MyCTOM YUCIIOBOM MacCHB, KOTOPbIH, KaK
Mbl 3HaeM, o6o3Havaercs []. UToObl yAaiuTh HEKOTOPBIH IHaMa3oH fYeeK U3 MacCHBa
A4YeeK, HY)KHO 3TOMY JHana3oHy NPUCBOWUTHL 3HAUYEHHE MYCTOro MaccHBa [ ]:

MyCellArray( 2, : ) = [];

Tenepp maccus sueek MyCellArray umeer pasmep 1 x 2, Tak Kak Mbl TOJIBKO YTO
YIAJTHIIH BCIO BTOPYH CTPOKY 3TOT0 MacCHBa siueek.

Jpyrum crioco6om noBeitueHHs 3GHeKTHBHOCTH (ObICTpOAeHCTBHS ) IPH CO3AaHHH
MacCUBOB si4€EK sIBJISETCA BO3MOXKHOCTh MUCMOJIB30BAHHS €MHCTBEHHOH napsl huryp-
HbIX CKOOOK [U1s cO3AaHus cpa3y Bcex JIeMEHTOB MacCHBa syeek. Hanpumep, BMecTo
MOCTENEHHOrO MO3JEMEHTHOIO MPUCBAUBAHUS

a(l,1)={1}; a(l,2)={"asd"}; a(2,1)={[1 2]}; a(2,2)={3};
MOHO CO3/1aTh BECh MACCHB sU€eK 3a OJHH pas:
a={1, 'asd’; [l 2], 3};

Takoe pemeHnue siBnsetcs 6onee NPOU3BOAUTENBHBIM H HCIOJb3YET K TOMY ke Gonee
KOMIMAKTHOE BbIpayKEHHE. 3[€Ch TOYKA C 3aMATONH HCMONB3YETCS [/ Pa3iesieHUs psi-
JIOB fY€EK, a AYelKH B mpefeax OJHOTo psja OTAEMSTIOTCS ApPYr OT japyra 3arsitoi
MK TIpoGesiom.

VY MaccHBOB sfYeek B CHIIY HX 4pe3BbluaiiHOi MMOKOCTH CylUEcTBYET MHOMXECTBO
THMOBBLIX NMpUMeHeHWH. O HEeKOTOphIX M3 HHUX OydeT pacckaszaHo Mosxke, B 4.2 Ha-
CTOsILIEro mocobus B riase, TNOCBsLIEHHONW MporpaMMHpoBaHHio M-hyHkuui. A ceii-
4yac pacCMOTPHUM TOJIBKO TO, YTO JIEXKHUT HA [MOBEPXHOCTH.

CaMBIM MPOCTLIM M CaMBIM OYEBHIHBLIM MPUMEHEHHUEM MACCHBOB SUEEK SIBJISETCS
XpaHeHHe Habopa TEeKCTOBBIX CTPOK. MaccHB sfiueeK, COAep KallHii B KauecTBEe CBOMX
3/1IEMEHTOB TEKCTOBBIE CTPOKH, 4acTO HA3bIBAIOT MPOCTO MAccugom cmpox (He IMyTaThb
¢ CHMBOJIbHBIM MaccuBoM). B npeasiayuiem nogpasaene Obula npeAcrasieHa ¢GyHK-
uus fieldnames myis paboThl ¢ MaccHMBaMH CTPYKTYp, KOTOpas BO3BpAallaeT MacCHB
CTPOK UMEH MoJeH CTPYKTYpbl. 34eCh M0l MAaCCHBOM CTPOK MOAPa3yMEBaeTCsl UMEHHO
MaccHB sueek. Y Hac Bbilue Obula co3gaHa cTpykrypa MyStruct ¢ monamu fieldl
n field2. ing aroit cTpyKTypbl MBI ceiiuac H Bbi3oBeM (yHkuuio fieldnames:

res = fieldnames (MyStruct);
res =
"fieldl’

"field2’
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Ecnu 651 nepemenHas res Gblia CHMBOJIBHON MaTpuuei (MaTpuuei Tvna char),
TO €€ CTPOKH oTobpakanuce Obl 63 anocTpodoB, YTO MbI U BHAEIH paHee B MpHMe-
pax M3 rnojpas/iesnia, NocBALIEHHOrO MacCUBaM CUMBOJIOB. Tak 4ToO y»ke Mo 3TOMy NpH-
3HaKy BHJHO, YTO res ABJAETCS HMEHHO MacCHBOM fueeK (KOHKPETHO — MAaCCHBOM
cTpok). Yrobbl He OcTaBasioCh HUKAKUX COMHEHHH B 3TOM, BBITIOJIHUM KOMaHIy

whos res

U nojy4uM ot cuctemsl MATLAB otser, nokazaHHbIH Ha puc. 3.8.

PucyHok 3.8

MHorue U3 U3ydeHHbIX HaMH paHee QyHKLHH 06paboTkH CTpOK MOT'YT MPUHUMATD
B KAuyecTBE CBOMX MapaMeTpPOB MacCHBBI CTPOK (MAacCHBBI fueeK, COAEpMKaLUX
crpoku). Cpa3y xe BcrnoMuHaeTcs ¢yHkuus strmatch, koropas paGoraeT HMeHHO
¢ HabOpOM TEKCTOBBIX CTPOK, a He ¢ O/IHOM cTpokoi. [IpuMeHeHHe MaccHBa s4eek it
XpaHeHus Habopa cTpok yJao0Hee, Tak kak He TpedyeTcs UCKYCTBEHHOrO BbIpaBHHUBA-
HHUS JJIMH CTPOK KOHUEBbIMH mpobenamu. BoT npumep npuMeHeHus (yHKUHH
strmatch B aTom cnyuae:

A= {'gw'; "asfg'; ’'zxcgvb’}; x = strmatch(’as’,A);
X =
2

B kauyecTBe elie 0JHOro NpUMepa MOXKHO pacCMOTPETh BapHaHT paboThl GyHKUHH
strcmp ¢ MaccHBaMH sueek, COAEpIKALUMH TEKCTOBble CTPOKH. Bor COOTBCTCTBle-
LUl npumep:

STR1={'alla’;'b22b’;"c33c’}; STR2={’'a’;'b22b’;'c’};

stremp( STR1, STR2 )

ans =

0
1
0

B KOTOPOM (YHKLMA StICMpP OCYLIECTBIAET MOAYEEYHOE CPABHEHHE ABYX MacCCHBOB
CTpoK (MacCHBOB s4eeK).
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TToMHMO HCNIOJIb30BaHHS MacCHBOB SIUEEK B KAUECTBE MACCHBOB CTPOK Y HHUX €CThb
elle OHO ROCTAaTOYHO TONE3HOEe TpUMeHEHHe. MOXKHO 3aMEHHTb CMHCOK BEJTUYHH,
pa3lesIeHHBIX 3aNSIThIMH, KOMMAKTHbIM HHAEKCHBIM BbIPAYKEHHEM C MACCHBOM sfUeek.
Jlns npumepa paccMorpuMm QyHkuMio plot, koTopas H3ydasach HaMHU B IJIaBe, MO-
CBALIlEHHOHM nocTpoeHuto rpadukoB ¢yHKUHA. DToH (PyHKUMH B KauyecTBe Mapamer-
poB 0OBIYHO mepenaroTcs YUCIOBOH MacCHB 3HAYEHHWI He3aBUCHMOH nepeMEeHHOW,
YUCIIOBOH MAacCHB 3HAUEHHH 3aBUCHUMOI MEpEMEHHOH W TeKCTOBas CTpOKa, yIpas-
JISI01Aas BHEIIHHM BUAOM rpaduka. J[g KOMIakTHOCTH BCe 3TH NepeMeHHble (Maccu-
Bbl) MO’KHO YNAKOBaTb B MACCHB S4Y€€K, HallpuMep:

F(1)=1{0:0.1:0pi};
F(2)={sin( F{1} ) };
F(3) =1{ "bo:' };

Teneps Bcs MHbOpMaLMs, HeobxoauMas A nocTpoeHus rpaduka GpyHKUHH, co-
cpefoToueHa B €qHHCTBeHHOH nepemeHHoH F. [loctpoeHue rpaduka GpyHKLIMH MOXKHO
OCYIIECTBUTD C MOMOILIbIO YPE3BbIHaHHO KOMMAKTHOTO BbIPAXKEHUS

plot( F{ 1 :31})

TaK KaK OrepauHs B3STUS coOepicumoz0 Auana3oHa sueek (MHIEKCaUUsi UMEHHO Gu-
TypHBIMH cko6KkaMH) ¢ TOUKH 3peHHs cucreMbl MATLAB nopoxpaaer cnucok Beu-
YUH, pa3fefieHHbIX 3ansaTbIMH (He MyTaiTe NpeicTaBICHHOE HHIEKCHPOBAaHHE C WH-
JEKCHPOBAaHUEM KPYTJIbIMH CKOOKaMH, KOTOPOE MOPOKAAeT MPOCTO MOJMACCHB fde-
ek). Urtak, ans maccupa sueek F BelpakeHue F{1:3} SKBUBAIEHTHO CleqyrOLEMY
CHUCKY 8eTUNUH, DA3OCSIEHHbLX 3ANAMbIMUL

F{1}, F{2}, F{3}

QueBHAHO, YTO HCNONb3OBATH TAKHE BHIPAXKEHUS MOXXHO TONBKO TaM, TIe Mo CHUH-
Takcucy M-f3bika JOMYCTHMbl CTIMCKH BEJHYHH, Pa3JesIeHHbIX 3ansaTbIMH. JTO J0-
NYCTHMO, HarpvMep, NP HWHIEKCAUHH MHOTOMEPHbIX MAaccHBOB, MpH mnepepaye
({YHKUHUAM UX apryMEHTOB, B ONepauysax rOPU3OHTAIbHOH KOHKATEHALHH U B HEKOTO-
PbIX JPYTHX Cly4Yasx.

Ilepenavy ¢ynkuuu plot ee apryMeHTOB Mbl Y>K€ BUAEIH. A BOT HCNONb30BaHHE
WHIEKCHPOBAHHBIX JHana30HOM MAacCHBOB S4€EK MPH HHIEKCALMH APYrHX MacCHBOB
aKTyaJIbHO JIMUIb TOT/a, KOTAa WHIASKCHI MAaCCHBOB 33Jal0TCA MPOMO3IKUMH BbIpaKke-
HUsMU. B 3TOM Cilyyae BCIO FpOMO3ZKOCTb MOXCHO TIEPEHECTH B OMNpEAETICeHHE MacCH-
Ba A4eeK, 4 KOHEYHYIO ONepauyio HHIEKCUPOBAHHA 3aMHcaTh KOMMNAKTHO.

Hy unoa caMblii KOHEL HEMHOTO pa3psdNM CJIOKHOE M NMOAPoOHOE HU3OXKEeHHe
CHHTAaKCHCa MacCHBa sfueeK [ByMs NpHATHbBIMH ¢akramu. [leperifi 3akniouaercs
B TOM, 4TO HUMeETCHa KpacHuBas rpaduveckas pyHkuds cucrembl MATLAB, narnsaHo
oroGpaxaroias B rpagUYECKOM OKHE COAEPKHMOE MacCHBOB sueek. D10 GyHKUHMA
cellplot, kOTOpPOH B KaYECTBE MEPBOro apryMeHTa nepeaaeTcs UMs MacCHBa sueek.
Torna, k npuMepy, BbI30B 3TOA GyHKUMH

cellplot ( MyCellArray, 'legend’ )
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NPUBEAET K NOSBJCHHIO TPpadH4ECKOr0 OKHa C «LBETHOW WH(OpMauMeH» O MacCHBe
sueek MyCellArray, cosnanHoM Hamu panee. Ha puc. 3.9 npuseneno uepHo-6esnoe
U300 paxkeHHe 3TOr0 OKHa (CMEEM YBEPHTb, YTO B LIBETE OHO HAMHOTO CHMIMAaTH4YHEe
1 HHpopMaTHBHEE):

'+ Figure No. 1 sk
File © Edit  Window " Help

other

1 structure

sparse
char

l Jouble

Pucynok 3.9

PacnosioxenHbii B MpaBOH 4yacTH 3TOTO OKHA BEPTHKaNbHBIA cTonbeu 3apaet
COOTBETCTBHE MEXKAY LUBETOM OTOOpaKEHHS siueeK W HX THNOM. B uBeTHOM BapuaHTe
HamIAQHO BWMIHO, 4YTO 3eJieHbli LBET COOTBETCTBYECT CTPYKTYpam, H MO3TOMY
NPSAMOYTOJILHUK B JIEBOH HW:KHEH 4acTH UMEET 3eJIEHbIH LUBET.

BTopo#i npuaTHbIH (aKT COCTOMT B TOM, YTO K HACTOALIEMY MOMEHTY HamH
U3ydeHbl MOYTH BCe THUMNbI JaHHbIX cicTeMbl MATLAB. Ocrtancs nuuib TUN JaHHBIX
sparse, NpeacTaBIAIOILMI cneuHabHbI METOA XPaHEHHS 3JIEMEHTOB YUCI060U PA3-
pedicentioi mampuybl (KOJTMUECTBO HEHYJNEBbIX 3JIEMEHTOB MaTPHLIbI MHOTO MeHbLle
o0u1ero yucsa 37€MeHTOB). ODTOT THI JAAHHBIX BO3HUKAET W LIMPOKO NMPUMEHSACTCA,
Hanpumep, NpH pellieHWH THIOBbIX 3a4a4 AH(depeHUHaNbHBIX ypaBHEHHH. Mbl 1o~
poGHO paccMOTPUM 3TOT Y3KOCMELHATU3HPOBAHHBIM THIT JaHHBIX B CJCAYIOLUCH Tia-
Be, NOCBSALLEHHON BCTpoeHHbIM cpeacTBaM cucteMbl MATLAB ans pewenus Tumno-
BbIX 3a/1ay anrebpbl, aHalu3a M CTATUCTHKK. A NMOKa JIMIIL NMPOAEMOHCTPHPYCM, Kak
npeobpa3oBarth, HaNpUMep, OObIMHYIO HHCIIOBYIO MATPHLYY B Pa3peXeHHYIO:

A=10023;700; 00 0}; spA = sparse( a );
SpA =

(2,1) 7

1,3) 3

—
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Otcroa BUHO, 4TO [UIsl MaTPUL THMA Sparse B MaMsSTH KOMIbIOTEpa XPaHATCA He
BCE 3JIEMEHTBI, @ TOJILKO HEHYJEeBble BMECTE C HX WHIAekcaMH. B utore mMarpuua sph
3aHUMaeT B MaMaTH KoMrbloTepa 40 OalT (MOXHO y3HaTb KOMaHIOHW Whos Sph),
a ucxozHas Marpuua A tina double 3aHUMaeT B namsaTH 72 6GaiiTa, Tak YTO 3KOHOMHUSA
NaMATH KOMIbIOTEpa HAITHLIO.

Ocraeus Ooniee noapobHOEe U3yueHHE THUMA AaHHbIX Sparse 10 cedylollel rna-
Bbl, HAPUCYEM HATJIAMHYIO AHArpaMMy, AEMOHCTPHPYIOLLYIO Habop Bcex THIOB JaH-
Hbix cicteMbl MATLAB U ux cBasb Mexay co6oii (cM. puc. 3.10).

array
|
[ | | |
char numeric struct cell
L
| ]
unit8 double
|
sparce

Pucynok 3.10

3nech array — cobupaTenbHblit TEpMHH A8 BcexX MaccHBoB cvctembl MATLAB,
a TepMHH Numeric CUMBOJIM3UPYET BCE UMCIIOBbE THMbl. Henb3s co3pars nepeMen-
HbIX TMMA array WK numeric. MoxHoO cka3aTb, 4TO 3TO 00001IEHHbIE (BUPTYallb-
HbI€) TUIbIL.

YUteHne M 3anucCb NPOU3BOABbHbLIX OUHAPHDLIX
daiiros

PaHee HaMu ObUIM paccMOTpeHbl Tak HasbiBaeMble MAT-daiinbl, B KOTOPBIX CO-
XpaHATCs NepeMeHHble U3 paboueii obnactu cucreMbt MATLAB. Otu daiiibl ume-
IOT HEeOMyGIMKOBaHHbIH dopMaT, HO JIerko MOryT ObITh MPOUYHTAaHbI KoMaHaoH load.
Kpome Toro, cucrema MATLAB npenocrasiiseT nporpaMMHCTy CneLHalbHbIA Habop
GbyHKUMH, KOTOpble MOXHO BbI3bIBATE W3 mporpamMm Ha s3blke C M KOTOpbIE
TpefHa3HAueHs! Ui CYUThIBaHUs uHpopmauun U3 MAT-daiinos.

Ho kak ObiTb, ecii AaHHbIE HYXHO BBeCTH He U3 MAT-daiina v He ¢ K1aBHATYpEI,
a cuMTaTh M3 yxke copMHpoBaHHOro ¢aiina, rpuyeM 3amnuch 3Toro ¢aina morna
NPOU3BOAMTBECA CaMbIMHM Pa3HbIMH cniocobamMH M NMpOrpaMMHbIMU cpeAcTBaMu. Mnu
HY>KHO COXPAHMTb Pe3yJIbTaTbl BLIYUCICHUH B (aiinax 3apaHee oroBopeHHoro gopma-
Ta, TpeAHa3HAYEeHHBIX JUIA JanpHeduieli paboTbl B COCTaBe HHBIX TNPOrPaMMHBIX
CPEnCTB. '
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Hns atux ueneit naker MATLAB pacnonaraet nonaHsiM HabopoMm crieuualbHBIX
dbyHkuui ans pabotsl ¢ daiinamu npousBonbHbix GopmaToB W THNOB. [lox TUnamu
Mbl 37eCb UMe€eM B BUAY pasfesiieHdHe GainoB Ha OuwapHble (ailnbl U mexcmogble
gaiinnl.

BuHapHble ¢aiina, Kak H3BECTHO, MpeAHa3Ha4YeHbl JUIX XPaHEHHS MPOH3BOJLHBIX
JaHHBIX B BHAE MOTOKa 6alTOB, HUKAK MpeJHaMEPEeHHO He HHTeprnpeTHpyembix. Ca-
MbI€ XapaKTEepHbIE ONepaLiH ¢ TAKUMH (aiinamMy — 3TO OMepaLH 3aMUCH WM CHHTBI-
BaHUs 3alaHHOrO KosipuecTBa GaiiToB MHpoOpMauud. B npoTHBOMONOXKHOCTE 3TOMY
COZIEP>KUMOE TEKCTOBBIX (haiiyioB TpakTyeTcs kak Habop BceX CHMBOJIOB M3 HEKOTOPOH
KOAHPOBKH, MMEIOLUMX BU3yalbHOE MpeAcTaBleHHe (3TO MOXKHO Ha3BaTh 000O6LLCH-
HbIM TEKCTOM), a TaKXKe 3aAaHHbIH HabOp Tak Ha3bIBAEMbIX YNPABSIOLHX CHMBOJIOB,
TaKHX, KaK «@038PAN KApemKu», «nepeeoo CIMpOKU», «KoHey gaiia». B nonHom co-
rlacMH CO CBOMM Ha3BaHHEM TEKCTOBble (aiibl WICATbHO MOAXOAAT A/ XpaHEHUS
TEKCTOB, a GUHapHble ¢aiinbl Gonblue NMOAXOAAT A1 MIOTHOro (6e3 M3NHLIHEro pac-
X0Ja MaMsATH) ¥ CKPBITHOTO (HEsb3s MPOYUTATh MX COAEPKHUMOE MPOCTEHILUMHU TeK-
cTOBbIMH pefakTopamu THna Notepad) XpaHEHHs YHMC/IOBBIX JaHHBIX M MalIMHHBIX
KOJIOB KOMIBIOTEPHBIX MPOrpamM.

HesaBucumo ot tuna ¢aiina nepen HauaaoM paboTbl €ro HY>KHO OTKpPBITH CMELH-
anpHoM dyHkuue#t fopen:

fid = fopen( 'uma _danmna’, 'dnar’ )

rae uMs Qaiina MoxeT npeaBapATbCS TMOHBIM MyTEM K HeMy (WMHaue ¢aiin AomkeH
pacrionaratecs B TekylieM katajore cicrembl MATLAB). Bropo#i mapametp 31O
(bYHKUMHM — TaK Ha3biBaeMbli ¢hiaz omkpelmus ¢paiing roBOpUT O cnocobe aanbHei-
weii pabotsl ¢ painom:

r Tonbko pgns 4TeHus

w Torneko ans 3anucu (npepbinylliee COREPMMMOE TEPRETCS, a HECYULECTBYIOLLMA
¢ann cospaetcs)

4! YreHue M 3anncb OOHOBPEMEHHO

a Ho6asnenue B xoHey, caiina

K yka3zaHHBIM B TEKCTOBBIX CTpokax OykBaM cieayeT nobaensate OykBy ‘b’ mns
OTKpBITHS (aiina B 6HHapHOM pexxume U OykBy ' t’ ans oTKpeITHA ¢alina B TEKCTO-
BoM pexxume. Hanpumep, nar /' r+t’ o3HauyaeT okpeiTHe TeKCTOBOro (aiina s ure-
HHS U 3anucH, ¢aar ' wb’ o3HavaeT oTkpeiTHe OUHapHOro ¢aiina s 3anucH.

®yHkuus fopen Bo3BpalUaeT YUCIOBOH HAEHTH(UKATOP OTKPLITOro daina, KOTo-
peIfi HAJI0 MCMONB30BATh B Ka4ecTBE MapameTpa Uit GYHKUHUHA YTEHHS U 3alUCH B 3TOT
¢aiin. Ecau onepauus oTkpbITHs ¢aiina He yaanachk (3T0 BO3MOXKHO Kak MO MpHYHHE
OTCYTCTBHS ¢aiina, Tak H MO MPUYHUHE HETIPABUIbHOIO YKa3aHHUs IyTH K HEMY Ha JIUC-
ke), To pyHkuus fopen Bo3Bpaiaer -1. Bcezda caedyem npogepame 038pam QyHK-
yuu fopen.
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Ecnu daiin 6onbwie He TpeGyeTcs, €ro cneyeT Kak MOXHO ckopee (4To6bl 3ps He
HaIpAratb KOMIBIOTEP PaboTON C HEHY)XKHBIMH pecypcaMH) 3aKkpbiTh (yHKLHEH
fclose:

fclose( fid )

IToxoHunB ¢ u3yueHHWeM Bompoca 06 OTKpHITHH (aiinoB, nepeiinemM k BOMPOCY
O YTEHHH U 3aMUCH B HHUX None3Hod MHpopmauuu. CeHvac cocpenoTounmes Ha Gu-
HapHEIX (akinax, a TeKCTOBbIE OTIOKHM JI0 CIEAYIOLLEro noapasaena.

Ymenue u 3anuce ungopmayuu é 6unaprvie Qailnbl OCyLECTBIAIOTCS QYHKUHAMH
fread v fwrite. ®yukuns fwrite, mpeaHasHaueHHas I 3anUCH MHQOpPMaLMH
B OWHapHbIe (aiinbl, UIMeeT ClieayoLIHe apryMEHThI:

fwrite( fid, A, ’precision’ )

rae £id - gaitnoelii uaeHTHdUKaATOp, Bo3BpaluaeMslii dyHkLMel fopen; A — uncioBoi
BEKTOP WM MaTpHLA, YbW DJIEMEHTHI NOUIeXaT 3anucH B (aiin; crpoka 'precision’
FOBOPHT O pa3Mepe NamsaTH, OTBOJMMOH [10/] BEILECTBEHHbIE UHcsia. Mbl 3HaeM, yTo B
cucreme MATLAB nop BeluecTBeHHbIe yucia OTBOAAT 8 GalT uinu 64 Gura. YkazaHu-
eM pyHkuuH fwrite o TakOM pazmepe naMATH CIY>KHT TeKCTOBas ctpoka ' float64’.
PaccMOTpUM MpakTHUeCKHi pUMep, WILTIOCTPHpYIOLLHii paboTy dyHkuuu fwrite.
B cnenyrowem dparmenre cosnatores Bekrop-cronbell A pasmepom 3 x 1 v MaTpuua B
pa3MepoM 2 X 3, KOTOpbIe 3aTeM 3anucbiBaoTcs B ¢aiin ¢ umenem ' dataTest.gqw’
(cTone BBIYYpHOE pacluvpeHHe MMeHH (aiina BEIOpaHO crieuHanbHO, YTOOBI OHD CITy-
4aiiHO He COBNAJIO C paclIHpeHUsIMH (aiinoB u3secTHLIX Windows-npunoxenuii):

a=1[1;2;3];,B=[456;78891];
fidl = fopen( ’‘dataTest.gquw’, ‘wb’ );
fwrite( fidl, a, ’'float6d’ );
fwrite( fidl, B, 'floaté6d’ );
fclose( fidl );

Dakruuecku B ¢aiin 'dataTest.gqw’ 3anucaHsl MOAPSA AEBATH BELUECTBEHHBIX
yucen (To ectb 72 6akita) u 6onblue HUYero. OT0 HaM MoxeT moAaTBepauTs Windows
Explorer (cM. puc. 3.11).

{51 Explaring - D:\MATLAB\bin

TdataTest«

*_""f]dlSUengmaopts.bat
£3]dr500pts.bat

@ feng.dit

PucyHok 3.11
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Hcrunnbslit pasmep daiina ykasbiBaercss B cmpoke cocmosnus (statusbar) rnaBHoro
oxna nporpammel Windows Explorer, rae Mbl 1 HabmogaeM uucino 72. 3a0AHO Mbi
37ecb BUAMM, 4TO (haitn 6bl 3anKcaH B noAkaranor bin karanora Matlab, nockonbky
MMEHHO 3TOT KaTaJoT «M0 YMOJ4aHNIO» ABJIAETCA TeKYUIHM (Hafo He 3a0biTb NOTOM
crepeTh 3TOT yueOHblH (haiin, uToObl OH He «3acopan» pabouMii kaTalor nakera
MATLAB).

Hamu nonyuen 3ameuatenbHblii pesyibraT. Tenepb 3anucaHHbie B (aiii naHHbIe
(meBATb BELIECTBEHHbIX YMCEN € JBOHHOH TOYHOCTBIO) MOTYT ObITh NMPOUYMTAHbI HE
TosibKO cucTeMoit MATLAB, HO v MHOTMMU ApyrMH nporpammamu. Hanpumep, Ha
pHc. 3.12 nokazaHo okHO TekcToBoro peaakropa Notepad mocse mpouTeHWst UM Hallie-
ro caiina:

Bl dataTestgqw - Notepad -IoIx]
Eile Edit Search Help . :
0? @ @ 0@ U@ 0@ @ O@ ”@I =]

PucyHok 3.12

OT10 o4eHb THMHUYHOE H3oOpaxkeHue. Ero MoxxkHO HazBaTh abpakanabpoii. Tak Bcerna
ObiBaeT, Koraa GuHapHble (aiiabl NPOCMaTpPUBAIOTCS PelaKTOPaMH, OPUEHTHPOBAHHbI-
MM Ha TeKCToBble (hailibl. DTO Mbl M UMENH B BUAY BbILIE, KOIJla FOBOPHIIH, YTO COXpa-

. HeHHe HH(opMaluK B OUHApHBIX (ailaX HOCHT JOCTaTOUHO CKPBITHBIH XapakKTep.

Onnaxo paxce B peaaktope Notepad, cunras nepeMellieHHs TEKCTOBOro Kypcopa ot
Hayana CTPOKH K €€ KOHLYY, MO>KHO OIpelenTb, uTo Beero B (akn 'dataTest.gqw’
3anucaHo 72 6aita nHpopmaumu. Abpakagabpa nosayyaercs noToMy, YTO TEKCTOBbIH
PEAAKTOP MBbITAETCA WHTEPNPETHpOBaTh Kaicibli GaWT Kak CMMBOJ B COOTBETCTBHM
¢ HEKOTOpPOH CTaHAAPTHOH KOAMPOBKOH. A cocTaBHUTenH atoro daiisa (3TO Mbl caMH
M €CTb) M HE MpPEAnoJarajli TakOoH «OCTPOYMHOM» TPAaKTOBKH €ro COAEPKMUMOTO.
B pe3ynbrate 3HaueHUS MHOTMX GAWTOB B 3TOM 10TOKE HE COOTBETCTBYIOT HMKAKHM
uzobpakaeMbiM cHmBosiam. [lonaganue ke OTAenbHbIX GalTOB B CyUIECTBYIOU[ME
CUMBOJIbl a0COTIOTHO CilyyaiiHo. B pesynbrare ais Noka3aHHbIX CHMBOJIOB €1LUEe MOX-
HO No TabiMuaM KOAMPOBKH ONPEAeUTb MCTHHHOE 3HAUEHHE COOTBETCTBYIOLIMX YH-
CJ10BbIX OAHTOB, HO S MYCTBIX NPOIYCKOB 3TOTO CAENATh HENb3s.

HacTosuiee «konaHue» B comep:KUMOM GMHAPHBIX (aiiloB MOXKHO OCYILECTBHT
¢ MOMOMIBIO pelakTOpOB OMHapHbIX (haHIoB, KOTOPbIe BOBCE HE TaK pacnpocTpaHeHbl,
KaK TEKCTOBbIN pesaktop Notepad. DTy ponb (Kak ¥ MHOTME JIpyrvie poJjii) MOXKeT XO-
pOLIO BBINONHMTL Ipaduueckas cpejla KoMnuagTopa szbika C++ dupmbl Microsoft.
Ee npunsro HaswiBaTh Microsoft Developer Studio. Ha puc. 3.13 mokasano ee
OKHO TIOC/1€ OTKphITHA B OuHapHOM pexkume daiina ' dataTest.gaw’.
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: ;'. crsoﬂ Develop Stuo [Tel.w]

*DDDDUD 00 00 0D OC CO OD 00 40 ....... I @

000010 00 D8 40 00 00 00 00 00 00 10 40 ....... @vnnn. @
000020 00 1C 40 00 0D 00 00 00 00 14 40 ....... @vennn. @
000030 00 20 40 00 00 00 00 00 00 18 40 ...... CJP @

-] 000040 oo 2240 i "@

Ready . e ' o 1 FOf 0000007 { Cen 000000 [OVR [FEAD

PucyHok 3.13

31ech B MpaBoii YaCTH OKHA MOKA3aHa Y>Ke HaM 3HAKOMas MOMbITKA CHMBOJIbHOM
MHTEpIpeTaLMn 6aiiToB, HO JieBee MPEACTaBleHbl CaMH YMCIIOBbIE 3HAYEHHS OalToB
B LIECTHAAUATEpUYHOH (opMe, Korna colepkuMoe Kakaoro OaiTa 3anMcbliBaeTCH
JBYMsl LIecTHaAlaTepHYHbIMU LUHdpamu. Eciu oueHb 3aXOTETh W ellle TOYHO 3HATh
dopmMar npeacTaBiaeHds YMcel ¢ MUlaBalollei 3ansToi ABOHHOH TOUHOCTH (Mbl TMOKa
3HAEM, YTO BCErO TMOJ TAKHE YHCaa OTBOAMTCS 8 GalT, HO Mbl HE 0OCYKJalH TOYHOE
pacripeneneHue 3TuX 6aHTOB MOA MAHTHUCCY M CTENEHb ABOMKH, BEb YMC/IAa B MALLMH-
HOM TIPEJCTaB/IEHHH BCErAa ABOWYHbBIE), TO MOXHO TOYHO TNPEACTABHUTH 3alMCaHHbIC
B Qaiin gecaTUUHbIe APOOH, HO TO ABHO HEMpPOCTad 3ajaya.

Teneps, koraa Mbl POYYBCTBOBAIM BCE «MPENECTH» JBOMUHBIX (ailloB, HacTana
nopa cooGIUThb, YTO MPOYUTATh M3 HUX YMCIIOBbIE 3HA4YEHHS B MPOrpaMMHBIC Mepe-
MeHHble Ha a3blke C He npeacrapnseT GyKBajibHO HUKAKMX 3aTpyAHeHWH. Takum 06-
pa3oM, 3aM1caB YMCIIOBbIE JaHHble B OWHapHbli daiin u3 naketa MATLAB, MbI Jierko
MOYKeM MPOYHUTATh HX B APYroM S3bIKOBOM OKpy>keHWH. Elle Jierue npounTarh UX He-
nocpeAcTBeHHO B pamkax cuctembl MATLAB, ecian BoCMonb30BaThCA MpeHa3Ha-
uyeHHOM Ana storo ¢yHkuuel fread. Bor Tpu Bo3MOXHBIX (opmaTa BbI30Ba 3TOM

byHKUHH:

A = fread( fid )
A = fread( fid, numberVector )
A = fread( fid, numberVector, ’precision’ )

3nech cTpoka ‘precision’ MMeET TOT XKe caMbli CMBICI, YTO W PACCMOTPEHHbIH
Bbiie 118 GyHkuun fwrite. UucnoBoit Bektop numberVector mnpH YTEHUH
uHbopMaLuy U3 Qaiina 3aaeT Kak KOJIMYECTBO MOVICKALHX MPOUTEHHIO YHCIOBBIX
3/IEMEHTOB C Pa3MEPOM, OMpeaenseMbiM TPETbUM apryMeHTOM, TaK W OpraHu3auuio
9THUX DJIEMEHTOB B BBbIXOJAHOM 4MC/IOBOM MaccuBe A. JIe apyrue ¢opmbl BbI3OBa
¢yukuun fread orsevatoT TOW wnaM uvHOH Qopme yMonuaTenbHOH NPAKTHKH
(10BO/ILHO OMACHOM, TaK UTO Jlydille 0GoHTHCh Ge3 Hee).
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Teneps MoxHO mpouuTaTh M3 alia COXpPaHEHHblE TaM 3Ha4€HHS BeKTOpa
M MaTpHULBbI, 4TO W WITIOCTPHPYET ClIeNyIOLHiH PparMeHT Koaa:

fidl = fopen( ’'dataTest.ggw’, "rb’ );

[ a , count ] fread( fidl, [1,3], "floatéd’ );
[ B, count ] fread( fidl, [2,3], 'floatbd’ );
fclose( fidl );

Jlerko ybeauTbes, 4TO MPOYHTAHHbIE 3HAUEHHS COBMALAIOT C paHee 3aNMCaHHbIMH.
OTO NpOU30ILNIO MOTOMY, YTO Mbl TOYHO 3HAaeM, 4TO U B KaKOM mopsake Oblio 3anuca-
HO B ¢aiin (paHee Mbl U3YYHJH, YTO B MaMATH KOMMbIOTEpPAa MAcCHBBI XpaHATCA MO
cronbuaM, HO OHH TOYHO B TaKOM XK€ MOPSJIKE 3aMHUChIBAlOTCA B aiibl U YHTAKOTCA
U3 HHX). IMEHHO 3TO UMEIOT B BUAY, KOr/ia rOBOPAT O 3HaHWM gopmama ¢aiina. Ecnu
¢dopmar GuHapHoro ¢aiia HeH3BeCTEH, TO NMPAaBUJILHO UHTEPNPETHPOBATL €r0 COAEp-
KMMOE HEBO3MOXKHO (€C/IH, KOHEYHO, UCKIIOYHTh BO3MOXHOCTb YraJbIBaHUA Ha OC-
HOBE HEMoJIHOH UHdopMauHUH).

W3 npencraBneHHOro ¢pparMeHTa BUAHO TaKXkKe, YTO MOXXHO BbI3bIBATh (PYHKLIHIO
fread uc¢ nByMs Bo3zBpaulaeMbIMM 3HaueHMsMHU. [Ipu 3TOM BTOpOE BO3BpauiaeMoe
3HadeHHe, TO €CTh Count, paBHO YHCIY peanbHO NPOYHTAHHBIX BEIECTBEHHbIX YHCET.
ITpu yTeHuu BekTOpa a 3TO YKcao OyAeT paBHO 3, @ NpH YTEHHH MaTpuubl B — Oyaer
PaBHO 6:

It

B =
4 5 6
7T 8 9
count =
6

Tenepb 3agaguMcs BOMPOCOM O TOM, YTO HYXHO cesaTh, YToObI cpa3y mocie oT-
KpbITHs copMHpoBaHHOro Bbiiie OuHapHoro ¢aiina ’'dataTest.ggw’ npouuTartsb
JNMIEMEHTBl MaTpuubl B pasMepoM 2 X 3, He uMTas MpeABapPHUTENBLHO BEKTOP
a pazmepoM 1 x 3. OTBET COCTOHMT B TOM, YTO HYXKHO BOCIIOJIb30BAaThCA (yHKLHUEH
fseek ana nosuyuonupoeanus paiinosozo ykazamens.

ITocne otkpeITHS pafina ero ykazaresp pacroloKeH Nepe] caMbiM nepBbiM Oaii-
TOM, TaK 4YTO OH MOKa3bIBaeT Ha TOT OaiiT, koTophlil 6y €T MPoYHTaH NEPBOIi XKe one-

. pauued uteHHs U3 3Toro ¢daiina. Ilociae mpouTeHHss OJHOro BEUIECTBEHHOrO 4HcCia
¢aiinosblit yka3aresnb NpoABHHETCS Ha § GalT Brepen W pacroSIOKUTCA Mepes AeBs-
ThIM GalitoM. Takum o6pazom, o Mepe uTeHUs Yuces U3 ¢aiina ero ykasaresnb npo-
JABHraercs BIEpPE] M BCErAa pacrojiaraercs nepel NepBbiM €lie HE NMPOYMTAHHBIM
BaitroM. Tekyuiee nonoxxeHue GainoBoro ykasarejs MOXHO y3HaTh, Bbl3BaB (pyHK-
nuro ftell:

CurPos = ftell( fid );
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JInst U3MEHEHUs TeKyLIero nonoxeHus QainoBoro ykasarens Kak pas W CAyHT
byukuus fseek:

fseek( fid, number, ’'flag’ )

nepeMeLiaroLlas 3TOT yka3aTelb Ha number OalT (Bnepea MM Ha3ad B 3aBUCHMOCTH
OT 3HaKa LieNoro uucjia number) oT ero Tekyuiero nosno)keHus, ecnu ' flag’ npen-
cTaBJieH CTpoKo# ’ cof’, unwu ot Havana daiina, koraa napametp ' flag’ ects "bof’,
M, HaKOHeH, B Cllyuyae 3HaueHus ¢nara 'eof’ nepemeuienue QainoBoro ykasarens
OTCUMTHIBAETCA OT KOHLA ¢aiina.

B pesyabrare cneayrowmii QparMeHT mno3BonsfeT mnpouuTaTe W3 (aiina
"dataTest.gqgw’ TOABKO MaTpH4HYIO COCTABIAIOLLYIO 3TOrO (haitna:

fidl = fopen( 'dataTest.ggw’, 'rb’ );

fseek( fidl, 24, 'bof’ );

[ B, count ] = fread( fidl, [2,3], "float6d’ );
fclose({ fidl );

NOCKONBbKY MbI ¢ noMolubto ¢yHkunn fseek nponyckaem ot Hauana ga#ina nepsblie
24 =3 * § GaliT (TpM BellecTBeHHbIX Yncna B popmare nakera MATLAB).

Teneps 00CYAHM BO3MOXHOCTb OLIHGOYHOH CHTYaUHH, KOTAa OCYLIECTBIAETCH
nonelTka uTeHUs daiina rmocne Toro, Kak Bce €ro COJAEPIKUMOE YK€ NMpoUHUTaHo. ScHo,
YTO Mepe TakoH MomnbITKOW UTeHWs (ainoBbli yKa3aTenb pacrnosiokeH Bciea 3a To-
cneaHum OGaiitom daiina. DTy CUTyaHMIO MOXHO BBISBMTb C MOMOLUBIO (YHKLWH
feof, nmpuHMMaroueil B KauyecTBe CBOEro €JMHCTBEHHOrO AapryMeHTa (haiyioBbIH
naentudukarop. Ecnn koHeu ¢aiina yxe JOCTUTHYT, TO QyHKLHS BO3BPAIIAET JIOTH-
YECKYIO eIMHHULY («UCTHHY», TO €CThb fIpOCTO 1), a B IPOTUBHOM Cjly4ae 3Ta QyHKUMA
BO3BPATHUT HYJIb («IOXKB»).

Ecnu He ocyuiecTBAATh NPOBEPKY Ha AOCTHXKEHHE KOHUA (aiina M npoaoskars
uyTaTh Pai, TO NOay4aeTcs CIEAYIOLHH Pe3yIbTar:

fread(fidl, 8, 'float6d’)
ans =
Empty matrix: 8-by-0

rOBOPALIMH O TOM, YTO Pe3yJIbTATOM TAKOTO UTeHHs (haiiia MOXKET GBITh HILb MyCTOM
(He coneprkalllMi 371eMEHTOB) MaccHB. OTClOAa Cpa3y CTAHOBUTCA ACHO, YTO B JAHHOM
Gaitne HonbLIe YMTATh Hevuero. Eciiu Bce jke BO3HMKAIOT KaKHE-TO COMHEHHS, TO TOrAa
cremyeT BbI3BaTh QYHKUMIO ferror, roopsALLyo O TOM e CAMOM, HO Y>Ke OTKPBITHIM
TekcToM (CM. pHC. 3.14).

JInsi nOBTOPHOrO NPOUTEHMs (aiffla MOXKHO BbI3BATh ()YHKLIHIO

frewind( fid )

Bo3BpaularoLLyo GaiinoBbIi yKasarens Ha Hauano gaiina.
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4 Pucyhok 3.14

[ToABOMs HTOT, MOMHO CKa3aTh, YTO MPH MOMbITKE YTCHHUS 3a KOHUOM (aiina He
MPOMCXO/IMT HHYEro CTPALIHOro, €cid paboTa BEAETCA B MHTEPAKTHBHOM PEXHME
B KOMaHHOM OkHe cHcTeMbl MATLAB, Tak kak MOXKHO JIETKO MpPOJIHarHOCTHPOBATh
5Ty CHMTYalMIO W U3MEHHTb MpPEANpPHHHMAeMbie AeHCTBHA. OOHAKO 3Ta CHTyauMs
omacHa B MPOrPaMMHOM pPeXHMe, O UeM Janiee Mbl eule OyaeM roBOpUTh B MoApasae-
Jle, MOCBAILIEHHOM MPOrpaMmMHpoBaHnio M-hyHKUHH.

OnycKas HEKOTOPbIE MAJIOCYLLECTBEHHbIE HIOAHChI, MOXHO CKa3aTb, UTO (yHKUHS
fwrite npeaHasHaueHa B OCHOBHOM JUIS 3anMCH B OHHApHbIE (paiiIbl YHCIIOBBIX 3HA-
yeHHit snemMeHToB MaccuboB THna double cucremsl MATLAB. Iostomy TpeTuii na-
pameTp 3Toil (yHKUMM TOYTH BCErJa OAMH M TOT iK€, TO €CTb SBISCTCS CTPOKOH
"float64’ (McronbL30BaHHE MHBIX (POPMATHBIX TOUHOCTHBIX (p1aroB, ¢ OJHOH CTOpPO-
Hbl, HE OUY€Hb AKTYaJIbHO, a ¢ APYTrOd — 3TO U HE MPOCTOH BOMNPOC).

B 1o xe Bpems dpyHkuus fread ofs3aHa obecrieuuTh BO3MOXKHOCTb YTEHHS JaH-
HbIX, CO3JaHHBIX B IPYTHX TIPOrPAMMHbIX U A3bIKOBbIX OKpY)KeHHAX. B aTOH (yHKUMH
MCTIONB30BABUE TOUHOCTHBIX (J1aroB, OTIWUHBIX OT cTpokd 'float64’, Becema
aKTyaJIbHO ¥ OY€Hb LIHPOKO NMPHUMEHSETCH Ha TPaKTHKE.

Bort npocreiiuii npumep Ha o1y Temy. B a3bike C (unu C++) BELLECTBEHHbIC YHC-
fa ¢ MlaBarollIeit 3anaToM MOI'YT 6biTh TPECTABIECHbI KaK ¢ ABOHHOH TOYHOCTBIO (3TO
eMHCTBEHHbIH BapuaHT naketa MATLAB), Tak U ¢ onrHapHoi. B nocnenHem cinyuyae
Kaskaas MepeMeHHas Takoro THMa 3aHWMaeT B MaMsTH komnbioTepa 4 Gaira. Torna
npu uteHuM w3 Gaiina Takux 3Hauenuit dyHkuMedt fread TouHoCTHOH duiar Ko/KeH
6bITh cTpokoH ' float32’.

Jlerxo npoeepuTh Bee ckasaHHoe. Bocnonb3yemcs HHTerpHpoBaHHOW cpeaoi De-
veloper Studio xomnunsatopa Microsoft Visual C++ 5.0/6.0 1 co3naaum npocreiiunit
KOHCONMbHbIY npoexm (YTOOBl He CBA3bIBATLCA CO CIIOXKHBIMH, HO TOCTOPOHHHMH
BOnpocamu THNa rpaduueckoro HHrepdeiica Mosb3oBaTels), B pamkax KOTOPOro
HanulieM eJMHCTBEHHbIR aiin, comepxauMi CclelyOLHH TEKCT MporpaMmbl Ha
s3bike C++:

tinclude <stdio.h>
int main( void )

{
FILE* fid = NULL;
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char* pF = “d:\\Matlab\\bin\\cTest.xxx’;
float a=1.1, b = 2.1, ¢ = 3.1;
fid = fopen( pF, 'wb’ };

fwrite( &a, sizeof(float), 1, fid )
fwrite( &b, sizeof(float), 1, fid );
fwrite( &c, sizeof(float), 1, fid )
fclose( fid );

return 0;

}

OTKOMNUAUpYEM 9TOT MPOEKT, 3amyCTHM Ha BLIMOJHEHUE MONYHMBINMHCA MpO-
rpaMMHBIH MOJy/b, KOTOPbIH W 3amuiieT B OuHapHbil daiin ’ cTest . xxx’' TpH Belue-
cTBeHHbIX yucna THna float (pasmepom no 4 6aiira), pasueie 1.1, 2.1 n 3.1 cooTseT-
CTBEHHO.

ITocne aroro B komangHoM okHe chcteMbl MATLAB BblnmonnuM ciepyrolui
¢dparmeHT Kota Ha M-s3b1ke:

fidl = fopen( 'cTest.xxx', 'rb’ });

[ a, count )] = fread( fidl, [1,3], ’'float32’ );

fclose( fidl );

co3matolMi yucioBoii MaccuB a tMma double pasmepom 1 x 3 (cm. puc. 3.15).
OueHb BaXHO OTMETHTb, YTO NpPH uTeHUH OuHapHbix ¢aiinos ¢yskuued fread
BCErja CO3Jal0TCs MacCHBbl (BEKTOPbI MM MaTpHLbI) HMEHHO THNa double He3aBu-
CHMO OT GOpMaTHOrO TOUHOCTHOTO 1ara, ¢ KOTOPbIM BbI3BaHA 3Ta GyHKLMA.

-) MATLAB Command Window B= B

File: " Edit.. Window ' Help -
|88 W2

D@ls2@|o
»whosa

!_'f/:‘r Pucytok 3.15

ITpoBepHM 4MCNOBbBIE 3HAUSHMS NIEMEHTOB MacCHBa &, NpOYMTaHHbIe U3 OWHap-
Horo daiina ' cTest .xxx’ nokasaHHbM Bbllle GparMeHTOM Koja:

a =
1.1000 2.1000 3.1000

Orcrofia BHAHO, YTO NMPOYMTaHbl MpaBWibHble 3HaueHus. Ecnn Obl MBI uMTanmu
daiin ' cTest.xxx’ ¢ dnarom ‘float64’, To Mbl He TONBKO Obl MOMYYWIM Hempa-

BHABHBIC YHMCJIOBbIE 3HAYCHHA /11 3/IEMEHTOB MAcCHBA, HO M BbILUIK OBl 3a IpaHMLy
daiina. ;
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JIpyruM oueHb XapaKTEpHBIM MPHUMEpOM Hcronb3oBaHus B GyHkuuu fread ¢op-
MaTHOro TOYHOCTHOro ¢nara, ornuuHoro or ' float64’, asnsercs ciny4ait popmupo-
BaHHUs pacTpoBOro H300pakeHHs BO BHEIUHHX Mo oTHolleHuto k cucreme MATLAB
nporpammax. Hanpumep, B cienytoluei nporpamMe Ha f3bike C++

#include <stdio.h>
int main( void )
{
FILE* fid = NULL;
char* pF = 'd:\\Matlab\\bin\\cTest.xxx';
unsigned char r = 200;
unsigned char g = 100;
unsigned char b = 50;
fid = fopen( pF, 'wb’ );
int i;
for (i=0;1<100*100;i++) fwrite( &r, 1, 1, fid );//RED
for(i=0;1i<100*100;i++) fwrite( &g, 1, 1, fid );//GREEN
for(i=0;i<100*100;i++) fwrite( &b, 1, 1, fid );//BLUE
fclose( fid );
return 0;

}

coszaercs npocrekiuee (abCoNOTHO ONHOPOAHOE, KPACHOBATOrO LIBETA) H3006 paKeHHe
TrueColor pazmepoM 100 x 100 nukcenoB. A mMoka3aHHbIi HWxe ¢parMeHT Koja
Ha M-m3bike cucrembl MATLAB, ucnonesytowuit ¢aar ‘uchar’ B ¢pynxkuuun fread
(o ogHoMy 6aiiTy Ha 2JIEeMEHT MacCHBa):

fidl = fopen( 'cTest.xxx', 'rb' );

[X1,count] = fread( fidl, {100,100}, 'uchar' );

[X2,count] = fread( fidl, {100,100], 'uchar' );

[X3,count] = fread( fidl, {100,100}, 'uchar' );
(:

Img(:,:,1)=X1; Img
image (uint8(Img))
fclose( fidl )

;00 2)=X2; Img(:,:,3)=X3;

CMOKOMHO YMTaeT ero W rnokaspiBaeT B cBoeM rpaduyeckoM okHe. Ilomumo ¢nara
"uchar’ MOXHO MCMONB30BATh SKBHUBAJIEHTHBIN eMy duiar ' uint8', koTopeii Takxke
obecneunBaeT yTeHHE MO OJHOMY OaTy Ha BJIEMEHT.

Tak xak Henb3sa QyHkuMel fread cpa3dy mpouyecTb conepxkMMoe OuHapHoro Qaiina
B TPEXMEPHBIH MaccHB, TO MBI CHaYalla YHTaeM OT/E/IbHbIE y8emoasie niockocmu (Mar-
puust 100 x 100) B uucnossle MaTpulisl X1, X2 H X3, a 3aTeM CTPOUM H3 HHX TpeXMep-
Heli MaccuB Img Tuna double. HenmocpeacTBeHHO mepen MoKa3oM pacTpOBOrO H30-
6paxenus GyHkuHeil image MBI KOHBEPTHPYEM 3TOT MacCHB B THIN uint8, o kotopoM
MHOTO FOBOPHJIOCH B I1. 2, OCBSAIIEHHO# rpaduueckoil noacucteme nakera MATLAB,
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YteHue u 3anuchb
NPOU3BOABHLIX TEKCTOBbIX (baﬁ/\oa

Jlns pa6GoTbl CO CTPOKOBBIMH JIaHHBIMH MICATbHO MOAXOAST MEKCmogble (paiiivi.
OHH XOpOoLIO MPUCTIOCOONEHSI s 3anucH 60JbIINX (ParMeHTOB TEKCTA, MOCKOJIbKY
9TUM aiiiaM OpraHHuYeckH TMpHCYLIe <«MOHMMaHHe» JeJIEHHS TEKCTa Ha CTPOKH
(B CaMOM 4TO HH Ha €CTb KHH)KHOM CMbIC/IE 3TOrO ¢j10Ba), a OuHapHele daiinbl 3TOr0
«He TIOHUMAKOTY, TaK Kak paGoTaloT TOJILKO ¢ MOTOKOM GaiTOoB.

OnHako TeKCTOBbIE (hailyibl XOPOIIHN U JUIs 3aMMCH YUCEJ], ECTIH TTOC/IEIHUE MPe/Ba-
PUTEJILHO TIEPEBECTH B TEKCTOBOE MpeAcTaBieHHe. JTO ObiBaeT OY€Hb yAOOHO, Tak
KaK YMCJIOBYIO MHGOPMALHMIO B TSKCTOBOM IMpECTaBNE€HHH yA00HO YMTaTh TEKCTOBbI-
MM PENaKTOPaMH M FOTOBHTb CMEMANHYIO MEKCMO-YucaIo8ylo ungopmayuio x «Oy-
MaxkHOI» myOnukauuu (rnevatH). PaccMoTpuM MO odepeln BCE MEpEeUYMC/ICHHbIC BO3-
MOXHOCTH.

Yr1obbl paGoTaTh ¢ (alinamu B TEKCTOBOM PEXHME, HX HYXKHO OTKPHITH C AOMOJ-
HUTeNbHbIM (hiarom ' t’, KoTopbiil H0GaBnsAeTCs K TPagULUMOHHBIM (naram ‘1’ uiu
"w'. YuraTh JaHHbIE W3 TEKCTOBHIX (aiinoB MoxHO ¢yHkuuamu fgetl, fgets
u fscanf, a mucats — pyHkuueii fprintf.

HauHeMm ¢ uTeHHs TeKCTOBLIX (haitos. J[ist aToro B TekcToBoM penakrope Notepad
noarotosum (aiin ' MyString.txt’, colepXKHMOe KOTOPOro MoKa3aHo Ha puc. 3.16.

Ef MyString.txt - Notepad = o1x)

File:. Edit -~ Search . Help .

firsy 2l

second :

third

fourth

R e et o —'J‘;fj PucyHok 3.16

Tenepr mnpouTeM 3TOT TekcT ¢aiinoBeiMu cpeactBamu nakera MATLAB. [ns
BBITIOJIHEHHUS 3TOM 3amayM Xopoiuo noaxoasT ¢ynkunu fgetl m fgets, kaxnas wu3
KOTOPbIX UYMTA€T M3 TEKCTOBOro (aiiia OAHY CTPOKY TeKCTa (MMeeTcs B BHIY
reoMeTpuyeckas CTpoKa TEKCTa, YTO Ha TMpPEAbIAYUIEM PHCYHKE COOTBETCTBYET,
HaripuMep, ctpoke first, crpoke second u T. A.). Hanpumep,

fidl = fopen( 'MyString.txt', 'rt' });
strl = fgetl( fidl );
str2 = fgetl( fidl );
str3 = fgetl( fidl );
str4 = fgetl( fidl );

fclose( fidl );
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NoC/ie Yero MpoBepseM COJEPKHMOE TEKCTOBbIX MAacCHBOB (BEKTOp-CTpOK) strl,
str2, str3ustrd:

strl =
first

str2 =
second
str3 =
third

strd =
fourth

1 yOexxaaemcst, YTO YTeHHe NPOU3OLLITO KOPPEKTHO.

Ecnu Obl Mbl yuTanu cTpokH QyHkuued fgets, To kK KOHLLY Kax/10i CTpOKOBOH rie-
peMeHHOH HobGaBuincs Obl cumBOn «nepesod cmpoxuy, umeronit ASCll-kox 10.
B pesynbrarte myinna nepemenHoit strl, Hanpumep, ctana 6bl paBHa LiecTH (NPOBEpPS-
eTcst BbI30BOM dyHKIMH length). ,

Ha Bonpoc o Tom, kakoi u3 3THX ABYX QyHKUMH YHTATh TEKCTOBBIE CTPOKH JIyylle,
OJHO3HA4YHO OTBETUTb TPY/JHO. DTO BCErja 3aBUCHT OT KOHKPETHbIX 00CTOATENBLCTB
B ntobom cnyyae no6aBHTh K KOHLYY TEKCTOBOH CTPOKH Nt000# ynpaBnstolwmi cum-
BOJI HE COCTAaBAsieT HUKAKOro Tpyaa. Bor mpumep poCasnenuns cumpona «nepesod
CMPOKUY:

strl = [ strl, char( 10 ) ];

Oyukuued fscanf ynoGHO unTaTh TeKCTOBbIE haHIbl, B KOTOPBIX CO/IEPKATCS TEK-
CTOBbIE MpeAcTaBicHUs uncen. OyHkumen fscanf MOXHO MpoYUTaTh 3TH YHCIA HEMO-
CPEICTBEHHO B YHMC/OBblE nepeMenHble cucteMbl MATLAB. PaGory sToit dyHkumMu
pPaccMOTPHM TTOC/IE U3YUEHHs BONPOCa O 3aMCH HHPOPMAaLMK B TEKCTOBbIe (aiiibl.

Jns 3anvcn mHGOpMaUMM B TeKCTOBbie (alibl HYKHO MPUMEHHTb (YHKLHIO
fprintf. Bor npumep 3anucu B dakin kak TEKCTOBOH, TaK M YUCII0BOH MHOpMaLMu:

sl = '"Number example’; nl = 3.41; n2 = 7.18;

S2 = e o

fid = fopen( ’'MyString5.txt’, 'wt' };
fprintf(fid, ' %$s\n%s\n%4.2f %4.2f\n%s’,sl,s2,nl,n2,s2);
fclose( fid );

OxnuMm Bbi3oBOM ¢yHKUMH fprintf ynaercs 3amucarbh MO HECKOJbKY pa3 JBe
CTpOKOBble (CHMBOJIbHbIE) ITepeMeHHble S1 M S2, a TaKkKe 3anucath B TEKCTOBBIH
daiin cHMBOnbHbIE TMpeACTaBAeHMs uucaa nl Wukcna n2. Ynpasnser 3THM
MPOLIECCOM TeKCTOBAs CTPOKA, ABAAIOLIASCS BTOPBIM TlapameTpoM dyHkuun fprintf.
Hazosem 3ty ctpoky ynpaensioweii cmpoxoti dbyukunu fprintf. Ora crpoka moMumMo

OOBIYHBIX CHMBOJIOB, NOUTEXALIMX BbIBOAY B (aiin, CoAepKuT ele creyuduxamopet
gopmama v ynpagasiowyue Cumeobl.
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Crnieundukatopbl opmaTa M ynpassisiolllie CUMBOJIBI caMi 1o cefe B (aiin He
BBIBOAATCA. OHM ynpaBnsioT MPOLECCOM BbIBOJA B (hail 3HaUeHUH MepeMeHHbIX, yKa-
3aHHBIX B CMIMCKE apryMeHToB ¢yHkUMM fprintf mo mopsaky Bcnea 3a ynpasnsio-
e cTpokod. YTpasnsiOlMe CHMBOJIBE (Ha CaMOM jene 3TO Habop M3 JIByX CHMBO-
JIOB, MEPBbIM U3 KOTOPBIX siBJIsieTcs \ — obpaTHas kocas yepTa) TpeOYIOT OCYILECTBHTD
mabynayuio, nepexood 1a HoBYI0 CMpPOKY WIH nepexoo Ha Hoeylo cmpanuyy. Mbl Bbilie
MCTIOJIL30BAJIM €IMHCTBEHHBIH YNpaBastouii CHMBOJ — \Nn, 03HAYalOIHH Nepexo Ha
HOBYIO CTpoKy. BMmecTo cuMBOsia \n peanbHo B (haiin 3anuchiBaeTCA HEKOTOpPBIH YM-
CJI0BOM KOJ1, KOTOpbIH B cilyuae paboTbl ¢ paityIoM Kak TEKCTOBBIM BCEraa OXHO3HAUHO
HHTEpNpeTHpYeTCs Kak TpeboBaHHE nepexoja Ha HOBYIO (GHM3HYECKYIO CTPOKY OTO-
Opaxkaroluero ycrpoiicTaa.

Tenepb paccMoTpuM cneuudukaropsl dopmara. Oyukuns fprintf npocmarpu-
BaeT CBOIO YNPaB/AIOLIYIO CTPOKY CJIEBA HANpaBoO W BLIBOAMT B Gailn Bce BcTpeualo-
uecss B Hel oObIUHbIE CUMBOJIBI 32 HCKJIIOUEHHEM crielMdHKaTopoB dopMara — Ha-
Hopa cHMBONOB, HauuHawowMxcsd ¢ %. CrneurduKaTopsl He SABIAIOTCA JIaHHBIMH,
MOAJeXKAUMUMH BbIBoAY B Qain. OHu nuuib roBopaT dyHkund fprintf o Tom, B Ka-
Ko dopMe (oTCrona coBO opmant) HY’)KHO 3HAYEHHE O4ePEHOH NMepeMeHHOH, yKa-
3aHHOM B CMMCKE apryMEHTOB 10 NOPAJKY BCJIeA 3a YNpPaB/sIOIUEH CTPOKOH, BbIBECTH
B Qaiin.

KonuuecTBo M Nopsaok CNelHHKaTOpOB B YIPaBIMIOLIEH CTPOKE TOHKHBI TOYHO
COOTBETCTBOBATb CIIMCKY MEPEMEHHBIX, MOUICKALLHX BbIBOAY H YKa3aHHBIX B KauecT-
Be mapameTpoB (hyHkuMH fprintf BCnen 3a ynpapnsiowteit CTPOKOH.

Hanpumep, cneuundmkarop %s o3Hauaer, 4To ouepedHas NepeMeHHas, Mojjiexa-
11as BLIBOAY B (haiin, ABAseTcs CTPOKON U HAAO peanbHO BbIBOAUTE B (hailn uncioBble
KOJ/ibl €€ CUMBOJIOB B COOTBETCTBHH C HEKOTOPOH CTaHAApTHOH KOAUPOBKOH. Jpyrum
OYeHb pacrpoCTPaHEHHbIM clelMdrKaTopoM sBaseTcs Habop cuMBosoB $f, o3Ha-
YaIOLIMH, YTO BBIBOJLY B TEKCTOBLIH (haisl MOJIEKHT BelleCTBEHHOE YMCII0, KOTOpOe
NpEeABAPHUTENILHO HYXHO Npeobpa3oBaTb B TEKCTOBYIO CTPOKY, COAEPXaLlyld CHM-
BOJbHBIA  0ofOpaz  asToro uucna. JIOMOMHHWTENbHbIE  YHCJIOBBIE  MapaMeTphbl
U pazfensiouas ux Touka, CTosue B crieurduKaTope Mexay cuMBonamu % W f, o3-
HavyaloT MOJIHOE KOHWYECTBO MO3HUWHA B CUMBOJILHOM MpPEJICTaBICHHH YHCHA U YHCTIO
NO3UUMHA, OTBOJMMBIX JUIR 3anucH ApoOHOH yacTd. Hanpumep, %4.2f o3nauaer, 4To
BEIIECTBEHHOE YUCIIO 3aMHUChIBaeTCs HAOOPOM CHMBOJIOB B YETHIPEX MO3HLIMAX, U3 KO-
TOpBIX ABAa OTBOAMTCS AJIS 3aMKUCH ApoOHOH YacTH Yucha.

C npyrumu crnieundukatopamu B Jito60ii MOMEHT MOXXHO O3HAKOMHTBLCSH, BBINOJI-
HHUB B KOMaHAHOM OkHe cuctembl MATLAB komanny

help fprintf

Hrtak, paccMOTpeHHbIit Beille ()parMeHT Kolia 3alHChIBAET B TEKCTOBbIH hain
"MyString5.txt’ Kkak TekcT Ha eCTECTBEHHOM sA3bIKE (aHIVIMHCKOM), Tak
M TEKCTOBOE TpEJCTaBlIeHHe BeluecTBeHHbIX uucen 3.41 u 7.18. Tlocne aroro co-
nepkuMoe TekcToBoro Qaiina ‘MyString5.txt’! MOXHO mpOCMOTpETH MoObIMH
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TCKCTOBBIMH PEJAKTOPaMH, B TOM YHMCJIE NpocTeHIIMMH penaktopaMu tuna Notepad
(cMm. puc. 3.17).

 Files: Edit: Search! Help
Number example —]

o

L] err s Y PucyHok 3.17

OTO CBOHCTBO TEKCTOBBIX (aiIOB Pa3UTENBHO OTIHYAET HX OT OHHAPHBIX (aitsios,
Bbly>KHBaHHE MH(POPMALMH W3 KOTOPBIX FOTOBBIMH CTAHAAPTHBIMH CPEACTBAMH BECh-
Ma 3aTpYAHHUTENLHO.

A Tenepp, HakoHell, paccMOTpUM dyHkuMio fscanf, npenHasHaueHHylO 1 uTe-
HuA HOpPMATHPOBAHHLIX JAHHBIX M3 TeKcTOBBbIX (aiinos. Tpenuposarhes OymeM Kak
pas Ha TOJIbKO YTO 3amMcaHHOM HamH ¢aiine 'MyString5.txt’. Ilpu 3Ttom Tekcro-
BblE CTPOKH OyneM u3snekaTb Gonee ynoOHOH ang storo dyukumeit fgets. OyHkuu-
e xe fscanf U3 TpeTbel TEKCTOBOH CTPOKH BbIIENIMM [Ba BEIIECTBEHHBIX YHCA:

fid = fopen( 'MyString5.txt’, 'rt' );

sl = fgets( fid ); s2 = fgets( fid );

n = fscanf(fid,’%f’); s3 = fgets( fid );

fclose( fid );

Jlerko ymoCTOBEPUTbCA, YTO B CHMBONBHBIH MaccuB sl npoudraHa CTpoka
"Number example’, a cHMBOJBHBIE MacCHBBl S2 M S3 COAEpKaT CTPOKY AEHCOB.
Bce 310, mpaBaa, 1OCTaTOYHO OYEBMIHO. A BOT 3HAYEHHME HHCIOBOM MEPEMEHHOMN n
MOXET N0Ka3aTbCA BECbMa HEOXKHAAHHBIM (cM. pHc. 3.18).

Pucynok 3.18

Ilepemennas n okasanach YHCJIOBBIM BEKTOpP-CTONOLOM 2 X 1. OTo nonyuunoch
NOTOMY, UTO B CTPOKe, KOTOPYIO YHTaeT pyHkuusa fscanf, pacnonokeHo TeKCTOBOE
MpEICTaB/ICHHE ABYX BELIECTBEHHBIX YHcen. B ynpamnsioueii e cTpoke GyHKIHH
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fscanf ykasaH nuib oauMH GopMaTHBIH cneuudukatop (OH TpebyeT npeobpasoBaHus
CTPOKH B BELIECTBEHHOE UYMCJIO), HO (yHKUMA fscanf MPUMEHSET ero CToNbKO pas,
CKOJNIbKO TpebyeTcs I MCUepraHUs YUCIIOBOI HHTeprpeTallH MPOYHTAHHOI CTpO-
k4. B pe3ynbTate B mepeMeHHYIO NI YHTAIOTCS [JBA YKC/Ia, M IO3TOMY OHA CTAHOBHUTCA
MaccuBoM 2 x 1.

Ecnu 6b1 HY>KHO ObIJIO MPOYHTATh YKC/A B JIBE pa3Hble MEPEMEHHbIE, TO BMECTO
NPECTaBJIEHHOrO BbIIIE €IWHCTBEHHOro Bhi3oBa (yHkuUMHM fscanf HyxkHO nopacra-
BHTbH CJIE1yIOLHE TPH CTPOKH KoJa:

nl = fscanf( fid, "%f’, 1 );
n2 = fscanf( fid, "%f’, 1 };
fgets( fid );

Teneps uHcOBBIE EpeMeHHbIe N1 U N2 UMEIOT KakK pa3 Te caMble 3HaYeHHs, KOTO-
pble Mbl Bbllle 3anuckiBand B ¢aiin 'MyString5.txt’. Jlnga storo B ¢yHKUMH
fscanf 6b1 ykasaH TpeTull mapaMeTp, O3HAuAKOIMI KOJHYECTBO YHMCEN, YUTAeMbIX
3a OJMH BBI3OB 3TOH GyHKUMH. [ToOOUHBIM clleiIcTBHEM Takoro noaxona ABJISETCA TO
obcrosTenbcTBO, uTo pyHKuMs fscanf He YHTaeT TEKCTOBYIO CTPOKY JI0 CAMOTO KOH-
ua. B urore TpebyeTcsa BcriomorarenbHbli BbI30B PpyHKUMH fgets aAns okoHUYaTeNbHO-
ro «McuepraHs» CTPOKH, U3 KOTOpOH u3BnekaroTcsa yucna. MMeHHO mocne Takoro
vcuepnaHus cnenyromui Bei3oB GyHkuud fgets:

s3 = fgets( fid );

YCMELHO NPOUTET CaMylo MOCENHIO CTPOKY TeKCToBoro (aiina 'MyStringb. txt’,
COCTOALLYIO U3 Ae(hHCOB.

H3 npenbiaymiux NpuMEpoB BUAHO TAKOE BAXKHOE CBOMCTBO (paiinoBhiX ¢yHKUMH
cucteMbl MATLAB, kak maccogoe uteHue (3anucb) JaHHBIX 32 OWH BbI30B (YHK-
K. UYTtobbl ABHO MOJYEPKHYTh 3TO 3aMedaTeNbHOE CBOHCTBO (haHIoBbIX (YHKLMIA
pPaccMOTPUM HArJIAAHBIH MpUMEp Ha 3Ty TeMy. TpeOyeTcss BBIYHCIHTL HEGONMBUIYIO
Tabnuuy 3HauYeHWH HEKOTOPOH MaTeMaTHuYeCcKo# (YHKUMH U 3amMcarth 3Ty Tabiuimy
B TeKCTOBBIH (haiin. B pesynbTaTe Takyto Tabnuiuy MoxHO OyneT npocMaTpuBath Jio-
ObIM TEKCTOBBIM PEAAaKTOPOM, BCTABNAThH B KauecTBe ()parMeHTa B JOKYMEHT pefaK-
Topa Microsoft Word 1 BbINONHATB Apyrue cTaHAAPTHBIE MAHUITY ISLIHH.

[ns onpelneneHHOCTH BbiOepeM B KauyeCTBE TaKOW MareMaTHueckod (yHKUWH
(bYHKLHIO «KKOCHHYC» U NOCTPOUM TabnHLy ee 3HaueHHi ans 11 3HaueHuii aprymeHTa:

x =0:0.1:1; a =[ x; cos(x) ]:

fid = fopen( 'MyCosinusl.txt’, 'wt’ );
fprintf( £id, ’%5.3f %5.3f\n’, a };
fclose( fid );

3nec, MaTPHLA & COCTOMUT M3 JIBYX CTpoK U 11 cronbuos. B kaxaom cronbue npu-
cyrcTByeT (B MepBoil CTPOKE) HEKOTOPOE 3HAYeHHe apryMeHTa U (BO BTOpOH CTPOKE)
COOTBETCTBYIOLIEE €My 3HaueHHe Qynkuuu. Jlanee eIMHCTBEHHBIM BBI30BOM (YHKIHH
fprintf ymaerca 3anucaTh B TeKCTOBbI dakin 'MyCosinusl.txt’ Bce 3HaYeHHs
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apryMeHTOB U BCE 3Ha4YEeHHUA (GYHKUHMH (3TO NMpUMEp BbICOYAHINEH KOMIMAKTHOCTH 3a-
nucH). Ilpu stom dyukuus fprintf wussnekaer ans BeiBoAa B ¢akn 371€MEHTH MaT-
pyupl a no cronbuaM: cHadana 3anmuceiBatoTcs B (paiin aBa aneMeHTa (CBepXy BHM3)
nepeoro cronbua, 3aTeM — JBa 3IeMEHTa BTOPOro cTonbua W T. 4. BIUIOTh 1O HCYep-
naHus Bcex cronbuos. Kpome Toro, dyHkumsa fprintf wcnons3yer ynpaenstommii
CHMBOJI «TIepeBOJl CTPOKH» TMOCIe 3aluCH KXIBIX ABYX uucen. Oto obecrneunBaer
TOPH30HTAJILHOE PaCIONIOKEHHe B pe3YNbTHPYIOLIEM TEKCTOBOM daiine apryMmeHra
Y COOTBETCTBYIOLLIETO €My 3HauyeHHs ¢GyHKUHMH. B 3Tom MoxHO yGennTbes, OTKpBIB
daiin 'MyCosinusl.txt’ B TekcroBom penakrope Notepad (cM. puc. 3.19).

B MyCosinus1.bx - Notepad [ (O] X]
File - Edit ~Search - Help !

0.000 1.000 =
0.100 0.995
0.200 0.980

0.300 0.955

0.400 0.921

0.500 0.878

0.600 0.825

0.700 0.765

0.800 0.697

0.900 0.622

1.000 0.540 i

L) £ 4] Pucynox 3.19

Boccranosute B pabouem npoctpanctee cucteMsl MATLAB panee chopmupo-
BAHHYIO MaTpully A, TIpOYdTaB €€ 3JeMEeHTbl M3  TekcroBoro  (aiina
"MyCosinusl.txt’, Tawke He coctaBnser 6onbloro Tpyna. Ilpd 3ToM OAMH BLI3OB
¢ynkumnn £scanf obecneynBaeT MaccoBoe uTeHHE HHCEN W3 TEKCTOBOTO Qaiina:

fid = fopen( ’'MyCosinusl.txt’, ‘rt’ );
A = fscanf( fid, ’%f’, [2 11]);
fclose( fid );

3nece Tpetvi napameTp ¢yHkuMd fscanf noackasbiBaeT HHTEpNpETATOPY
M-s3pika cuctemel MATLAB o crpykrype Matpuubl A (2 cTpokd W 11 cTonbuos).
Ilpu 5TOM BOCCTaHOBJIEHHE IEMEHTOB MaTPHULIBI A POU3BOJUTCS, €CTECTBEHHO, MPH-
OnmxeHHoe, TaK KaK MPH 3anucH B (aitfi NPOM3BOJUNIOCH OKPYTJIEHHE 10 TpeX Aecs-
THYHBIX LGP nocnie 3anaToi (Obin npuMeHeH crieurdukarop dopmara $5. 3£).
3aBepwiad pacckas o (DaiIOBBIX oOrMepalusx, -BCE-TAKH OTMETHM, 4TO TIOJIHOE
M MaCTEPCKOE BNIAJICHHE BCEMH PAcCMOTPeHHbIMH (ailtoBBIMH (YHKLUMAMH CHCTEMBI
MATLAB TpeGyeT CONMAHOrO OMbITa B MPOrpaMMUpPOBaHHHU (00 3TOM MOXKHO J0raiaTh-
¢4 Jaxe 110 TIPUBEICHHBIM NTpuMepaM). Mbl He pacckasanu 000 Bcex HioaHcax (aiinoBbIx
. OTepalMii, HO BOCTIONIHUTB 3TOT Npo6en BNOMHE peaibHO HHTEHCHBHOH TMPaKTHKOM.
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- KpaTtkuii 0030p BCTPOEHHbIX
CPEACTB peleHUs TUNOBLIX 3aAay
aAreopsl u aHaAm3a

Pelwenne cucrem AMHeHHbIX ypaBHeHMWi

Kak mbl 3HaeM, B cucteme MATLAB a5 pellleHdst CHCTEM JTMHEHHBIX YpaBHEHHH
NpeayCMOTpPEHbI 3HAKK Onepauuii — 3To 3Haku / U \.

Co BTOPBIM U3 3THX 3HAKOB Mbl YK€ 3HAKOMHIIUCH paHblie B 1. 1, KOrja pewanu
CUCTEMY JIMHEHHBIX YpaBHEHHUH BUaA

Ay = Db
rae A —3ajaHHas ksajparHas matpuua N x N, a b — 3apaHHbli BexkTop-cTONGEL ANU-
Hol N. Jlna Haxosx[AeHWsl HeH3BECTHOTO BEKTOpP-CTOJIOLA Y JOCTATOYHO MPUMEHHTD
orepauHio \ U BBIYHCIUTb BblpaskeHre A\b. BoT cooTBETCTBYIOLLHIA IpHUMEp:

A (1,-2,3,-1;2,3,-4,4;3,1,-2,-2;1,-3,7,6];
[(6i=7;9;-T7];
A\Db

1l

b
Y
Y

2.0000
-1.0000

0
-2.0000

B ofwem cnydae onepalins \ HasblBaeTcs Jjeguim Oenenuem mampuy v, Oyayuu
MPUMEHEHHas K MaTpuliaM A 1 B B Buae A\B, MPUMEPHO 3KBHBATEHTHA BbIYHUCICHHIO
BbIpa)KEHHS!

inv(A)*B
HO MPH 3TOM BbIYUCIIAETCA :NO-ApYroMy. 3/1ech 1o 1nv (A) NMOHUMAETCH BbIYMCIIEHHE
MaTpHLibl, 0OpaTHOM K MaTpuie A.

Onepauuio / HasblBAIOT npagsim denenuem mampuy. Boipaxenne A/B npumepHo
COOTBETCTBYCT BBIYHCJICHHIO BbIpakeHHs B*1inv (A). 3HauuT, 5Ta onepauus no3poss-
€T pellaTh CHCTEMbI JINHEHHBIX ypaBHeHuii BUAA

YA = B '

TaK Kak pelieHHEM UMEHHO 3TOT0 YPaBHEHUS CJIYKUT Bhipaxkenue B*inv (A).
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Onepaunm AMHEHHOW aAreopbl
HaA MaTpuuamu. MatpuuHbie (PyHKUMK

C yYHCIEHHBIM pEHICHHEM JIMHEHHBIX YPaBHEHHUH CYLLECTBYET M3BECTHOE YHCIIO
TpyJAHOpa3peMMbIX npobieM. B uactHOCTH, rOBOPSAT, YTO Mampuya cucmemst nioxo
obycnoenena, eciv YUCIeHHOE pellieHHe OYeHb UYBCTBUTEIBHO K HEOONBIIUM H3Me-
HEHHSAM HCXOIHBIX JaHHBIX.

Cnenyrowue BcTpoeHHble $hyHKUMH cHicTeMbl MATLAB no3BosisioT OLEHHTb YHC-
51a 00yCIIOBNEHHOCTH MaTpHLL.

Oynkuus cond (A) BBIYKCIAET wucao 0Oycro8ieHHOCH Y KaK OTHOLUEHHE CaMoro
60:1bIIOrO CHHTYJISPHOrO 3HaueHHs A k HauMeHbuieMy. Ecnu 310 uucno Onusko
K ¢IMHHLe, TO MaTpHLa XopoLo 00yClIoBIeHa.

@ynkumna condeig(A) BbIUMCHSET BEKTOp uucen oOycnoBlIeHHOCTH 1yl cobcT-
BEHHBIX 3HaYeHHH A.

®ynkums rcond (A) BbuMcasgeT oOpaTHYIO BeNHYHHY 00yCNIOBIE€HHOCTH MaTPHLIbI
A, OCHOBBIBafCh Ha METOJAX LIMPOKO HM3BECTHOrO MakeTa JIMHEHHOH anrebpol
LINPACK. Bo3Bpaiaemele 3Ha4eHHs, OIU3KHE K €AMHHLE, FOBOPAT O Xopouiel oby-
CJIOBSIEHHOCTH, a 6JIM3KHeE K HYJIIO — O TJIOXOH.

[TpoSnema BbIGOpa OAHOrO M3 MEPEUUCAEHHBIX METOAOB [IOCTATOYHO CJIOXKHA, TaK
Kak cama npobiema 00yCNOBIEHHOCTH CHCTEM JIMHEHHBIX YpaBHEHH He sBIseTcs npo-
CTOH M OHO3HAYHOH. Pa3Hble MeTObI, TPUMEHEHHBIE K OIHOH U TOM e MaTpHLe, MO-
ryT AaTb pa3iHyalollHecs pe3ynbTaTsl. B n100oM cilyyae MOryT BBIPYYHTH OTJIHYHBIE
3HaHHUS MO IMHEHHOH anrebpe, HO 3TO yxe npobnema Boece He nnaketa MATLAB.

[onHblit HaGop yHKUMH TMHEHHOH anreOpbl, peain3oBaHHbIH B cucteMe MATLAB,
Brneyamiger. [To arol npobnemaruke naker MATLAB sBngetrcs yemnuoHoM. OmHako
cama 3Tta npofsieMa ABISETCS MaTeMaTHYECKH Ype3BbIYaiHO CII0KHOH M He BXOIMT B aK-
TUBHBIA MaTeMaTHueckui Oarax OONBLIMHCTBA MHXKEHEPOB U (U3HKOB. ITY npobiema-
THUKY LieJiecooOpa3Ho noapobHO o6CyAUTh B CIELMATILHON MaTeMaTHUeCKOH IuTeparype.

34eCh e Mbl KPaTKO NEPEYUCIIUM OCHOBHBIE (DYHKLMH JIMHEHHOH anreOpbl, peasiu-
30BaHHbIE B pamKax nakera MATLAB.

QynkuMs det BbIYMCIAET ONpeAesuTeNs KBaapaTHOH MaTpHLbl. [ BEIYHCICHHS
paHra MaTpuubl Hcrodb3yercd (pyHkuus rank. @yHKUMS NOIM BBIYHUCISET HOPMY
MAaTpHLB — CKAJIAP, AAIOLIHH OLEHKY BENHYHHBI DEMEHTOB MaTpuust. g onpenene-
HHS OPTOHOPMHPOBAHHBIX 0a3HCOB MaTpHL NpuUMeHseTcs PyHKuusa orth. PyHkumm
rref u rrefmovie ucnone3yrotcs 1ig NpUBEASHHS MaTpPHLL K TpeYroiabHOH opme.

Qyuxuma chol ocyuwecTenser pazioscenue Xoneykozo. Beipaxenne

t = chol(A)
BO3BpAILAET A TMOJOXKHTEIBHO OMNpPEAeNeHHOM MaTpPHLbl A BEPXHIOK TPEYrolbHYIO
Marpyuy t, Takyo, 4To

t'*t = A
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DyHKUMH 1u M gr BBINOJHAIOT TaK HasbiBaeMble [u- W qr-pasznodicenus mampuy.
Hanpumep, dyHkuus 1u BeI3bIBaeTCs cnefyouuM obpasom:

[ L, U] =1u(A)
¥ BO3BPALIACT BEPXHIOKD TPEYTO/bHYIO MaTPHily U ¥ HHXKHIOIO TPEYTOIBHYIO MAaTPHLLy
L, MpU4eM HUMEET MECTO PABEHCTBO ‘

A=L*U

Hanpumep, ecnu

A=11,2,3; 4,3,2; 2,1,5];

TO

(L, U] =1u(A);

L =
0.2500 1.0000 O
1.0000 O 0
0.5000 -0.4000 1.0000

U=
4.0000 3.0000 2.0000
0 1.2500  2.5000
0 0 5.0000

Tenepsb ocyLIecTBIsIEM NPOBEPKY, NepemMHoxast L 1 U:

L*U
ans =
1 2 3
4 3 2
2 1 5

¥ N0JTy4aeM B TOYHOCTH HCXOZIHYIO MaTpuLy A.

DyHKUHMS gr BBI3BIBAETCS CleLYOLMM 00pa3oM:

(Q R] =gqr(A)
M BO3BpAlllaeT BEPXHIOK TPEYrojbHYIO MaTtpuly R TOro jxe pa3mepa, 4To U A,
H YHHTapHYIO MaTpHLY Q, MpH4YeM HMEET MECTO PABEHCTBO

A=Q*R

Hanpumep, eciu

A = rand(3,2);
TO MBI NOJTy4aeM

(Q R]l=qr(A);
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Q =
-0.8256  0.4039 -0.39%40
-0.2008 -0.8629 -0.4637
-0.5273 -0.3037 0.7936

R =
-1.1508 -0.9821
0 -0.8043
0 0

MaTpHlsl Q U R ¢ ONTMCAaHHBIMU BbILLE CBOICTBAMH.

DyHKUMH, BBIUUCAIOLUINE cOOCmBentble 3NAUeHUS U CUNSYIAPHBIE YUCIA MAMPUY,
0053aHbl BXOJUTH B J10O0H J0CTATOUHO NOJHBIN HaGop QyHKUMWE JinHeHHOH anreOpsl.
B cucreme MATLAB BbluucieHHeM cOOCTBEHHbIX 3HAUYEHWH 3aHUMaeTcs (PyHKUNA
eig.

®opmart BbI30Ba 3TOH QyHKIMH BecbMa MHOroobpaszeH. HarnpumMep, BbI30B

d =eig( A)

MpOCTO BO3BpallaeT BeKTOp d coOCTBEHHbIX 3HAUCHUH MaTpHLbl A. A GopMaT BbI3OBa

[V,D]=eig( A )

NOMUMO MAaTpHLbI cOOCTBEHHbLIX 3HauYeHUult D BO3BpallacT €UIlC U MaTpuly cobcTBEH-
HbIX BEKTOPOB Vv, NpUYiEM ClipaBeJIMBO paBEHCTBO

A*V=V*D

Marpuuy D nasbiBatoT kaHoHHYeckOH GopMOi MaTpHUbBI A, U COCTOMT 3Ta JHaro-
HajibHasg MaTpvua (IIOMHMO HYJEH) U3 MEMEHTOB, CTOSALUMX HAa [JIABHOH AWMAroHanu
¥ paBHBIX COOCTBEHHBIM 3HAauYEHHAM MaTpHLel A. Marpuua ke V COCTOMT u3 cTonG-
LOB, K&)KAbIH U3 KOTOPLIX €CTb OJMH W3 COOCTBEHHBIX BEKTOPOB MaTpHLbI A.

Jns BLIYUCIIEHUS CHHIYJISIPHBIX 4YWCes MaTpul npefHasHayena ¢yHkuus svd.
B BapuanTe BbI30Ba

s = svd( A )
OHa MPOCTO BO3BpallaeT BEKTOP S, JIEMEHThbI KOTOPOro SBJSIOTCA HCKOMBIMH CHHIY-
JAPHLIMH yhchaamu. [Ipy ApyromM BO3MO>KHOM BLI3OBE:
[U,S,V]=svd( A )
OHa BO3BPALIAET NOMHMO JMArOHaLHONH MaTpHLIbI S C CHHIY/ISPHBIMH UMCIAMH Ha
JMaroHaJIM eLle ABE yHUTapHble MaTpHLibl U U V, TakHe, UTO UMEET MECTO PABEHCTBO
A=0*S5*xVy ‘
Bot npumep atoro BeizoBa dhyHkuud svd:

A=101,2,3;4,5,6;7,8,9];
[U,S,V]l=svd( A );
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§ =

16.8481

0 .
0

.2148
.5206
.8263

o o o |

L4797
.5724
.6651

o o o |

0 0
1.0684 0
0 0.0000
0.8872 -0.4082
0.2496 0.8165
-0.3879 -0.4082

-0.7767 0.4082
-0.0757 -0.8165
0.6253 0.4082

Wmetotcs Taroke ¢yukuumn cdf2rdf, hess, qz, rsf2csf w schur, ocyuects-

JISOIME MpUBeaeHHe MaTpUL K cieuranbHbiM gopmam Xeccenbepra v llypa.

Tenepb KpaTko paccMOTpUM mampuuHvle @yHkyuu eXpm, logm u sqrtm. OTu
(GYHKUMH HMMEIOT CBOMM apryMEHTOM MaTpHLy H BO3BpallatoT Martpuuy. OHU He
MMEIOT HUuero obuero ¢ npuMeHeHneM oObIYHBIX QyHKUMH exp, log, sqrt k mar-
PHYHOMY apryMeHTY, TaK KaK B MOCJ€IHEM CJyyae BbIUHCIIEHHs TPOU3BOASTCH TpO-
cTO no3neMeHTHO. HacTosue xe MaTpuuHble GyHKLUHUH, KOTOpbIE UMEIOT CyddHUKe m,
OCYIILECTB/SIOT BbIYHCIIEAHUS C UeJbIMW MaTpHLAMH N0 NIpaBHjIaM JIMHEHHOH anreSpsl,

OTTAJIKHBAACH OT Pa3/ioXKeHHH MaTeMaTHUeCKHUX QYHKUHUH B CTENeHHbIE PAIBI.

Hanpumep, ecin
A=711,10; 0,0,2; 0,0,-1};

TO TOrAA

ans
2.7183
0
0

B TO BpeMs Kak

exp( A )

ans =
2.7183
1.0000
1.0000

expm({ A )

1.7183 1.0862
1.0000 1.2642
0 0.3679

2.7183  1.0000
1.0000  7.3891
1.0000 0.3679

M MBI BHAUM, YTO Pe3YyAbTaThl PA3HBIE, XOTA NMAaroHaAJIbHBIE 3JIEMEHTHI U COBNAAaioT.

§ 3ak. 409
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Pa3pe>KeHHb|e MaTpulbl

Ipyn peuwieHHH MHOTHX NPHKIAAHBIX 3a]a4, OCOOEHHO TNMpPH pelLIeHHH I'PaHHUUYHBIX
3a7la4 B YpaBHEHHAX C YaCTHBIMH NMPOM3BOAHBIMH, BO3HHKAIOT MaTpulbl Gonblioro
pa3Mepa, Y KOTOpbIX OONBbIIMHCTBO 3/IEMEHTOB paBHBI HyMO. Ecnu XpaHHTh Takue
MaTpuLbl 06bIYHBIM 06pa3om, To Oyner sBHbIH nepepacxoa namsatd. Kpome toro, 6bl-
CTPOJECHCTBHE BBIYHCIIEHHH C TaK OpPraHW30BaHHBIMH MaTpHLAMHU NpH HX GonbUInX
pa3Mepax OyaeT mano.

B cucreme MATLAB 3Ta npobnema npeononeBaercs BBEAEHHEM CreLiHaIbHbIX
CTPYKTYP AaHHBIX U1 TaKHX MaTpHL, TO €CTh 3TO €lle OAHH THI MACCHBOB CHUCTEMBI
MATLAB. OT0OT TN Ha3bIBAETCS PA3PENCEHHBIMU MAMPUYAMU.

Ecnu HekoTopas 3amaHHas MaTpuua A uMeeT OOJIBLIMHCTBO HYJIEBBIX 3JIEMEHTOB,
TO ee Oyaer uenecoobpa3HO nepeBecTH B ApYryr GhopMy BHYTPEHHEro IpeicTaBie-
HHSl, TO ecThb npeobpa3oBaTh €€ B pa3peeHHYI0 MaTpuly € NMOMOLLbIO (YHKLHH
sparse:

S = sparse( A )

3nece MaTpuua S yxe sBiseTcs paspexennod Matpuuei cucremel MATLAB, tak
4TO OHA XPAHUTCS B NaMATH KOMNbIOTepa Oonee 3¢pHeKTHBHO, UeM UCXOAHAs MaTpULA
A, ¥ ¢ Helt BO3MOJXKHBI Gosiee OBICTpbIE BHIUMCIICHHS.

O6parHoe npeobpa3oBaHue pa3peKeHHOH MAaTpHLbl B OOBIYHYIO MPOM3BOOMTCH
dyukumner full:

A= full( S );

[Mpusenem unntocTpupyowuii npumep. IycTb naHa o6bIuHas MaTpuLa A:
A =[1,0,0;1,0,0;0,1,0];

S = sparse( A );

S =
(1,1) 1
(2,1) 1 ;
(3,2) 1

Orcroza XopoLIo BUIHO, YTO B MaMATH KOMITBIOTEpa A pa3perkeHHBIX (YHKLMH
XpaHATCA TONbKO HEHYJIEBBIE 3IEMEHTBI BMeCcTe C HX MHAEeKCaMHU. SIcHO, uTo 3TOMH UH-
¢dopMaLK NOCTATOYHO, YTOOBI MUMETb BO3MOXHOCTbH BOCCTAHOBHTH HCXOOHYKO MaT-
_ pHLY LESIHKOM.

Marpuua S yxe He umeet TN double, kak 3TO UMeeT MECTO IS MCXOAHOM Mar-
puuel A. OHa Tenepb UMEET THN SpParse W 3aHUMaeT MeHbLIHI 00beM MaMATH, B UeM
BCErJa MOXKHO Jierko yOeauTscs, BbI3BaB GyHKUHIO WhOS W3 KOMaHOHOH CTPOKH CHC-
tembl MATLAB (cMm. puc. 4.1).
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PucyHok 4.1

Jlns paspexeHHbIX MaTpull B pamkax cucteMbl MATLAB npennasHaueno 605b-
IOE KOJMYECTBO 0cobbIx ¢yHKUMHA. Mbl He Oynem moapoOHO paccMaTpHBaTh 31€Ch
3TOT crheuuanbHblii Bompoc. Jliobylo cnpaBOYHYI0 HMHPOPMALMIO MO 3TOMY [OBOAY
MOSKHO BCET/1a MNOCMOTPETH B CIIPaBOUYHOM (aiisie

\help\pdf doc\matlab\Using ml.pdf

B pasjene, o3ariaBjieHHOM «Sparse Matrices».

Boiuncaenve cneudyHkUMii maTtemaTnyecko
hu3ukm

ITomumo Bcex aneMeHTapHbix ¢yHkuuid cuctema MATLAB npenocrasnset Bo3-
MOKHOCTb BbIYHMCJIEHUS MHOIMX CTaHIApTHBLIX CreLHalibHbIX GYHKLMHA MaTemaThue-
CKOM PH3MKKM. DTH GYHKLHUH BCTPEHAIOTCS B PA3IMYHBIX 33]a4ax MaTeMaTHYECKOW
GU3HKH W THOO ABAAIOTCS PELICHUAMH HEKOTOPbIX AHGdEpEeHUHaNbHbIX YPAaBHEHHH,
nubo ¢ caMoro Hauana 3ajatores B Buae paaoB Tednopa (MHOrA 3TH psjibl KOHEUHBIE,
KaK B CJIy4ae U3BECTHBIX OPTOrOHAJILHLIX MHOTOUJIEHOB).

CaMbIMH M3BECTHBIMH CIELIHAIbHBIMK (PYHKLMSIMH MaTeMaTHUYECKOH U TeopeTHYe-
ckoi bu3uku seastoTes @yuxyuu beccens. buiBaloT pyHkuum beccens nepsoro, BTO-
pOTro W TPETLETO pofa. ,

Jina seiuncnenus ¢yukuuii beccens nepeoro poxa B cucteMe MATLAB citykut
dhynxums

besselj( n, X )
rae N — nopsaok GYHKUMH; X — MACCHB apryMEHTOB 3TOM d)yHKLlHHI(HaHOMHHaeM, 4yTO

B cicreme MATLAB 10mycTHMBI rpyniioBble BLIYHCCHHS, KOTJla BMECTO €IHHCTBEH-
HOTO CKAIIPHOTO apryMEeHTa Ha BXOZ hYHKLHMH NMOJASTCA Lesibiii MacCHB apryMEHTOB).
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JIns eoiukcnenus ¢yuxkuuii beccens sroporo pona B cucreMe MATLAB cnyxur
¢dhyHxuus

‘bessely( n, X )

a 1ns BeluMceHus ¢yHkuMit beccens Tperbero poaa — hyHxuUHs
besselh( n, X )

KOTOPYIO TaloKe Ha3bIBAIOT Qynkyueti Xankeas.
[MoBeneHue >THX GYHKUMH NyUlle BCEro NPOUITIOCTPUPOBATh rpadUUECKH:

X =0:0.01:15;

y0 = besselj (0,X);
yl = besselj(1,X);
y2 = besselj(2,X);

plot(x,vy0,x,yl,x,y2)

JtoT (PparMeHT no3BosiseT nonyuuTh rpaduku GyHkunit beccens nepsoro pona
JUT8 TpeX 3HaYeHWH nopsaaxa 3THX GyHxumi (M. puc. 4.2).

4 Figue No.1 ) | T EEE|

"

';‘;4
i

15

1 Pucynok 4.2

Touno Taxk >xe MOXHO nonyuuTh rpaduku mns ¢yHkuuit Beccens Broporo
U TPETbEro poja.

IMomumo dyHkumii beccens cucrema MATLAB BritouaeT GpyHKUHH, NO3BONSIOLINE
BBIUHCIIHTE 4YHC/IOBbIe 3HaueHHs GyHkuWE Jiipu, Gera-dyHkuMi, ramma-QyHKUMH,
dyHKuHii ommbky (erf (X)), MHTErpaNbHBIX NOKA3aTebHBIX (GYHKUMI. Tawke MOXHO
BBIYHCIIATE S/JIMNTHYECKHE UHTErpaibl H aiunTHYeckue GpyHkunn Axobu. Tawke ecTh
¢yukumns legendre mis Bol4vC/IEHHS OPTOrOHAIBHBIX MHOrouneHoB JlexaHapa. @op-
MaTbl BBI30Ba 3THX (YHKLUMI JIETKO Y3HATh M3 CTipaBo4Horo daina

\help\pdf doc\matlab\Ref\Refbook.pdf
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B uenom cucrema MATLAB pacnonaraer pnoctaToyHO mnofHbIM  (XOTH
M HEeWCUepNbIBAIOIMM) HAabOpPOM BCTPOEHHBIX (QYHKUMH, MO3BOJAIOWINX MOJNYYaTh
YHC/IEHHbIE 3HAUEHHA OCHOBHBIX CreLHaNibHbIX (QYHKLHMH MaTeMaTHUeCKON QH3NKH.

Haxoxxaenue Hyael ¢yHKUMUHA

Ha npakTuke 4acTo MPUXOAMTCS CTANKHBATbCA C 33Jauell O HAXOJICOeHUU KOpHEl
ypasnenuii. JIlo60e ypaBHEHHE MOXKHO 3anucaTh B BUJE pABEHCIGA HEKOMOPOU (PYHK-
Yuu Hynto, TaK YTO 3TO U €CTb 33/1a4a O HAXOKAECHHH Hynel QYHKLHIA.

Peulenne ykazanHo# 3afgauu ocyuiectsiser ¢dyHkuns fzero. B kauectse nepBoro
apryMeHTa ed nepegaercs uMms QyHKLHH, 3afal0LLel UCXOAHOE ypaBHEeHHe. BTopbiM
apryMeHTOM CJIY>KHT HauanbHoe Npubnudicenue K KOpHIO:

fzero( name, x0 )

BosspaluiaeMbiM 3HaueHHeM GyHKUMH fzero sBaseTcs Hynb GYHKUMHA name B OK-
pPeCTHOCTH TOUKH X0.

Jlnsa npuMepa paccMOTPUM 3aJiauy O HaxOXAEeHHH HyseH QyHKUHH COS (X) Ha OT-
pe3ke ot 0 f0 pi. B kauecTse HayanbHOro npubnmkenus npuMem x0=1. BoissiBaeM
¢byHkuMio fzero ¢ ykazaHHbIM HayaJibHbIM NPUOIIKEHHEM U NOJydaeM cheyoLni
pe3ynbTar:

x = fzero( ‘cos’, 1)
X =
1.5708

Jlerko BHAETb, UTO Mbl B KauecTBe HyNs (QYHKLUMH COS (X) MOJYyYH/IM 3HAYEHHE,
67113K0e K TOUHOMY 3HAUEHHIO KOpHS, paBHOMY Pi/2.

Ecau Tpebyercs HallTH kopeHb (YHKLMH, OTAMYHOH OT CTaHAApTHOH (BCTPOEHHOM
B cucteMy MATLAB) u TeM cambiM He nMmelolleil B pamkax cucteMsl MATLAB
(hHKCHPOBAHHOIO UMEHH, TO HYKHO MPHMHCATh HEKOTOPOE MMSl BbIPAXKEHHIO, BBIUHC-
JismoleMy QYHKLHK. DTOT BOMPOC OTHOCHTCA K MpPOrpaMMHPOBAHKIO TaK Ha3blBae-
MbIX M-¢yHKUHIA, KOTOpble MBI Oy/ieM noApoOHO W CHCTEMaTHUYECKH H3y4aTb B IJ1. 5
¥ 6 13 4. 2 naHHoro nocobus. Ceiluac sxe orpaHUUHMCS MPOCTEHIIMMH CBEIEHHIMH.

ITycts, HanpuMep, TpebyeTcs HalHTH KOpPHH YpaBHEHHS COS (X) = X, YTO JKBHBa-
JICHTHO HaXOXIEHHIO HyneH ¢yHKUWH, BbIMMCASEMOH no ¢gopMmysie ¥ = Cos (X) - X,
He uMelolLeH B paMKax cHcteMbl MATLAB ¢ukcupoBaHHoro umend. B atom ciyvae
HY>XHO B JII0OOM TMpPOCTEHIIEM TEKCTOBOM peiakTope (THIIa BCTPOEHHOTO B ONEPAaLMOH-
Hyto cucreMy Windows penakropa Notepad) HaGpaTh Be CTPOKH ClieLyIOLLEro KOAa:

function y = MyFunctionl( x )
y = cos{x) - X;



134 lAaBa 4. Pewetne TMNOBBLIX 3aAa4 aArebput u aHaAM3a

M 3arOMHHTE WX B daiine MyFunctionl.m, KOTOpbIi HY»KHO Pa3MECTHTb B TeKyLIEM
karanore cucreMsl MATLAB (y3Hate ero MoxHo koMaHnoi cd). Ilocne atoro
MOYXHO BOCMONb30BaThCs ByHKuUMeli fzero:

X
X =
0.7391

fzero ('MyFunctionl’ , pi/2)

[TposepuM, Hackonbko O6JH3KO K Hy/O 3HaueHHe pyHkunMu MyFunctionl B Touke
0.7391 (cm. puc. 4.3).

4 PucyHok 4.3

Ecnu HalineHo abCoIIOTHO TOYHOE 3HaYeHHe KOPHS, TO 3HaYeHHe (PYHKLHH B 3TOH
TOYKEe paBHO HymO. TakuM obpa3oM, BeayrHA PYHKLMH B IPUOIHKEHHO HAWIEHHOM
HyJle KOCBEHHO XapaKTepH3yeT [OrpellHOCTh pe3yabTarta. YT1oObl ynpaBnsTe
TIOrPELIHOCTBIO, HY>KHO OCYLIECTBIISATh BBI30B PYHKUMH £2er0 ¢ TpeMs apryMeHTaMH:

fzero( name, x0, tol )

rae napametp tol 3agaer TpeOyeMyro BenHuuHy norpemHocty (owubku). [ToBTopum
npenbigyliHe BBIYKCIEHHUs, MOTpeboBaB Oosbliedi TOYHOCTH pacueToB (TO €cCTh
MeHbllel MOrpelHOCTH):

format long
x = fzero('MyFunctionl’,pi/2, le-8)
X:
0.73908513263090
MyFunctionl (x)
ans =
9.778322596076805e-010

OTKYyZa BUJHO, YTO JE€HCTBUTENbHO JOCTHIHYTa GoNblIas TOUHOCTh HAXOXKACHHUS HYyJIA
GYHKLHH.

Ewme pa3 noguepkHeM, 4To QyHKUHMS £Z€r0 HaXOAWUT HyNMH TOJIBKO BELIECTBEHHO-
3HAa4HBIX QYHKLHMA OHON BeLieCTBEHHOMH nepeMeHHOMN. OfHako YacTo ObiBaeT Heob-
XOANMO HaliTH KOMIUIEKCHbIE KOPHH BEIIECTBEHHO3HAYHBIX (YHKLMii, ocobeHHO
B CJIy4ae MHOTOWICHOB.
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Jna atoit uenu B cucteme MATLAB cyuiectsyer cneuranbHas GbyHKUMsS roots,
KOTOpOH B KayecTBE apryMeHTa MepefaeTcs MaccHB Ko3((HLUMEHTOB MHOrousicHa.
Hanpumep, ans MHorowieHa x ~ 4 - 3x *~ 3 + 3x * 2 - 3x + 2, uMewlero
IBa BellecTBeHHbIX (1 M 2) W IBa KOMIUIEKCHBIX KOpHs (1 ¥ -1), HY>)KHO CHauvana
c(hOpMHPOBATb MacCHB ero Ko3(hMhHIUHEHTOB:

Coef = [ 1, -3, 3, -3, 2]

N0CJI€ 4ero BbI3BaTh GYHKLHIO roots:

1]

r roots( Coef )

r =

2.00000000000000

0.00000000000000 + 1.000000000000001
0.00000000000000 - 1.000000000000001

1.00000000000000

B 3agaue o HaxoxkIeHWH HyJledl (YHKUUHM CJIOXKHBIM MOMEHTOM SBJIsETCA
HaxOXKJAE€HHE HavaJlbHOro NPHONMKEHHS K HyMO (PYHKUHH, a Takxke anpHopHas
OLlEHKa HX KonuuecTBa. [103TOMy BakHO MapauieNbHO ¢ NpUMeHeHHeM (yHKuuH
THna roots unu fzero BU3yanH3HpoOBaTh NOBEAEHHE HCKOMBIX (DYHKLIMH Ha TOM HIIH
WHOM OTpe3Ke 3HayeHHH aprymeHTa. MakcHUMaJlbHOE COACHCTBHE B 3TOM MOXET OKa-
3atb pyHkuus fplot (name, (x0,x1]), crposiuas rpaduk ¢yHKUHH C HMEHEM name
Ha oTpeske oT X0 mo x1.

Hanpumep, ans panee paccMoTpeHHOH dyHkumu MyFunctionl ¢ noMoLusto Bbi30-
Ba GYHKLUHMH

fplot ( ’MyFunctionl’, [0,pi/2] )

y6exnaemes, uTo Ha otpeske or 0 10 Pi/2 HEHCTBUTENBHO CYIIECTBYeT eAHHCTBEH-
HbIHA HyNb 9TOH PyHKUMH (cM. puc. 4.4).

PucyHok 4.4

@ynkuus fplot TpeQyeT OT f10b30BaTeN elile MeHbLUEe TOArOTOBHTENLHOR pabo-
Thl, YEM Jladke H3y4eHHas HaMH paHee QyHkuma plot (cm. . 2).
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Monck mnHumyma yHkumum

B cucreme MATLAB uMetotcs cneuuanshble QyHKUIMU A1 TOUCKA MUHUMYMOB
3afaHHbiX QyHkiui. [Tpyu 3TOM BO3MOXEH NOMCK MUHUMYMA Kak Ans GYHKUMH OAHOH
BELLECTBEHHOH NepeMEHHOH, Tak U A QYHKUHI MHOTHX NepeMEHHBIX.

Jna GyHkuui onHOM nepeMeHHON WX MHHUMYMbI pa3bickuBaeT GpyHkuusa fmin:

fmin( name, x0, x1 )

3nece name npelcTaBigeT UMA BYHKUMH, Y KOTOPOH HaxoaaTcs MHUHMMYMBI, a X0
v x1 3aparot orpesok noucka. Mnmoctpuposats pabory stol ¢QyHkuuu Oynem Ha
npuMepe GyHKUUH hump (nepeBoauTca Kak «rop6»), CeUHabHO NOCTaBsoWencs ¢
cucremoii MATLAB B aeMoHCTpauiHOHHBIX uensax. J1a GyHKUus 3anaerca GopMyioi

y=1./((x - 0.3).72 + 0.01)+1./((x - 0.9).72 + 0.04) - 6;
a ee rpaduK JIerko rnoay4yaercs ¢ noMoilbko Bbi30Ba QyHKUHH
fplot( "humps’, [0,3] )
U3 pucynka 4.5 BUIHO, 4UTO NOKANBHBI MUHUMYM 3TOH QYHKLHHU CYILIECTBYET Ha

otpeske ot 0.5 no 1.0. [MonpoSyeM HaWTH TOUKY MHUHHUMyMa CEAYIOILHM BbI30BOM
¢byHknuu fmin:

x = fmin( "humps’, 0.5, 1.0)
X =
0.63701067459059

PucyHox 4.5
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Jna noucka MHUHMMYMa QYHKUHMH HECKOJIBKHMX MEPEMEHHBIX NMPHUMEHSETCS (QyHK-
uMs fmins:

xmin = fmins( name, x0 )

3nech name sBnfercs WMeHeM (YHKLUHW HECKOJbKHX TEPEMEHHBbIX, Uil KOTOpoii
ULLETCA MUHUMYM, a X( — 3TO BEKTOp €€ apryMeHTOB, C KOTOPOro HauHHAETCs MOUCK.,
Js uoCTpaTHBHOTO MPUMEPA CO3/AAIUM MPOCTYIO0 QYHKUHMIO ABYX MEPEMEHHBIX

function y = MyFunc2( x )
y = x(1)%2 + x(2)"2;

UMeroLLyto MUHUMYMoM Touky (0, 0). OToT TekcT Hamo 3anucath B daiin MyFunc2 .m
B Tekyuiuii katanor cucteMbl MATLAB. Tlocne 3TOro MoXHO BbI3BaTb (QYyHKLHIO
fmins:

xmin = fmins( ‘MyFunc2’, [1,1] ):
KOTOpaSl ﬂpPl6I1H)KCHHO HaXOaHuT BCKTOp Xmin KOOpAHHAT TOYKH MHHHUMYMaA!

xmin (1)

ans =
-2.102352926236483e-005
xmin (2)

ans =
2.548456493279544e-005

O6e HaiineHHble KOOPAHHATHI OJIM3KH K CBOWM TOYHBIM 3HAUEHHAM, PABHBIM HYJIIO.

Jns GdyHKUMH HECKOJIBKHX MEPEMEHHBIX €lie BaXKHEe, YeM Ul paHee paccMoT-
peHHbIX QYHKUHMH OAHOH BELIECTBEHHOH MepeMEHHOM, MOoCTapaThesi alpHOPHO OLE-
HHUThL KOJIMUYECTBO W MPHOIH3HUTENbHOE HAXOXK/AEHHE JTOKATbHBIX MHHHUMYMOB. TyT MO-
IyT CyLIECTBEHHO MOMOYb TpeXMepHble rpadMKH, KOTOPLIE Mbl B IJI. 2 CTPOHIIH s
(GYHKLUHI ABYX BelLECTBEHHBIX [IEPEMEHHBIX.

Hanpumep, ans o¢yHkuuu peaks B mnoapaszene «JlOMONHHTENbHbIE JETaH
otdopmneHHs TpexmepHbIX rpadukoB» u3 .2 dyHkuuved surfc 6wu1 mocTpoeH
O4eHb HarjAAHbIH TpexMepHbId rpaduk, Ha KOTOPOM Takoke ObUTH HaHECEHb! JIMHHH
ypoBHs. M3 npeacraBneHHol rpadHueckoil KapTHHKH XOpOLIO BHAHO, YTO MMEKOTCA
TPH JIOKaNbHbIX MHHHMYMa. [lepBblii pacnionaraerca B6JH3H TOUKH ¢ KOOPAHHATAMH
[0,0], a ABOe APYrux — BOJNM3M TOYEK [0,~-1.5] u [-1.5,0] cOOTBeTCTBEHHO.
MoskHO BOCIIONB30BATLCA 3TOH NMpUOIIKeHHOH HHGOpPMALME H HANTH YyTOUHEHHbIE
3HAYEHHs JIOKANbHbIX MUHUMYMOB 310 dyHkund. OnHako camoil dyHkuuedt peaks
3[ech BOCIMOJIB30BATHCA HE YAACTCA, Tak Kak OHA BO3BPALUAET HECKOJIbKO 3HAYEHHH,
He cornacytolxca ¢ dynkuvedr fmins. [MosToMy MBI caMHM cO3AaaMM (YHKLHMIO
MyPeaks:

function z = MyPeaks( X )
x=X(1); y=X(2)i"
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z = 3%(1 - x)."2.%exp(-(x.72) - (yt1)."2) - .
10*(x/5 = x.7"3 = y."5).* exp(-x."2 - y."2) - ..
1/3%exp (= (x+1) .2 - y."2);

rlle MHOFOTOYHE O3Ha4aeT NMEePEHOC 3allMCH BBIPOKEHUA Ha JPYTYHO CTPOKY. 3aech As
BBIYHCI/IEHHA 3Ha4YeHus z GYHKUMH MyPeaks mo AByM 3HaY€HHAM apryMeHTOB X M Y
vcrnosib3yeTes Ta e camas dopmyna, uro ¥ B GyHkuuu peaks. [lanee npeacraBneH-
HbIH TekcT QyHKUMK 3anmuieM B ¢aiin MyPeaks.m, nocie yero Bbi30oBeM (yHKLHIO
noucka MuHUMYMa fmins:

xminl = fmins( ’'MyPeaks’, {0,0] );
xminl (1)
ans =
0.2964
xminl (2)
ans =
0.3202
xmin2 = fmins( "MyPeaks’, [0,-1.5] );
xmin2 (1)
ans =
0.2283
xmin2 (2)
ans =
-1.6255
xmin3 = fmins( ’'MyPeaks’, [-1.5,0] ):
xmin3 (1)
ans =
-1.3474
xmin3(2)
ans =
0.2045

~ Ecnn Gl MBI 3aX0TeNH y3HaTh, KaKOEe KONHYECTBO UTEpaLHi MPHILIOCH OCYLIECT-
BUTh U1 HAXOKIAEHHUA YTOHYHEHHOro pesynbraTa, To (pyHkuuio fmins HyxHo 6bu10
6b1 BBI3BIBATH B opMaTe ¢ AByMs BO3BpaLLaeMbIMH 3HAYECHHAMH:

[ xmin, Options ] = fmins( name, x0 )

rae Bo3BpailacMblii BekTop Options coaepuT B KauecTBe OTHAENbHBIX CBOWX 3Jie-
MEHTOB CaMble pa3HOOOpa3HbIe CBEAEHUS O MpoLlecce HaXOKACHUS MUHUMyMa. B va-
CTHOCTH, 3nmeMeHT Options(10) conepxuT KOMMUECTBO COBEPLUEHHBIX WTEpaLMi.
Ecnun 6Bl MBI B TOJIBKO YTO paCCMOTPEHHOM MPUMEPE HCTIONB30BaIM ITOT GOpMAT BbI-
30Ba GyHKUMH fmins, To HaM GbLTO GBI M3BECTHO YMCIIO UTEpaLHii:

[xmin3,Opts] = fmins( ’MyPeaks’, [-1.5,0] ),
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xmin3 (1)
ans =

-1.3474
xmin3(2)
ans =

0.2045
Opts (10)
ans =

88

O6b1uHO YeM Janbllie OT UCTUHHOIO MHHUMYMa PAacrojlaraeTcs HayalbHas TOuKa
JUI MTepaLHii, TeM Gosbilie TpedyeTcs UX HKCIIO:

[xmin3,Opts] = fmins( ’MyPeaks’, [-2,0] );
~xmin3 (1)
ans =
-1.3474
xmin3(2)
ans =
0.2045
Opts (10)
ans =
106

Kak Tonpko Mbl 3a1a/i Xy/lliee HauaabHOE NPHOJIMIKEHHE, TaK TYT e NOJY4HIIH
BO3pocllee YHCIO HEOOXOAHMBIX HMTEpalMi [Uls JOCTHXKEHUS OIHOW M TOH ke
TOYHOCTH.

BuiuncaeHne onpeAeAeHHbIX MHTErpaAoB

Knaccuueckoii 3agauedi YMCIEHHOrO aHajlu3a ABJAETCA 3alada O BBHIYHMCIIEHHH OIl-
pedeieHHbIX HHTerpanoB. M3 Bcex METOZOB BBIMHC/IEHUA ONpeNe/leHHbIX UHTErpajoB
CaMbIM MPOCTBIM, HO B TO XK€ BPEMA JOBOJILHO YCTELIHO NPHUMEHSEMBIM ABJAETCA
memoo mpaneyuti. Cucrema MATLAB He Morna o60iTH BHHMaHHEM 3TOT YHCIIEH-
HBIHA MeTOJ.

Jns BbIYMCIIEHHS HHTErpajioB METOAOM TpaneLuii B Hell npeaycMoTpeHa QyHKLuA
trapz:

Integ = trapz( x, y );
OnHoMepHBIH MacCHB X (BEKTOP) CONEPKMT AUCKPETHBIE 3HAYEHHS APIyMEHTOB

noApIHTErpaabHOi QYHKUMH. 3HaueHHs NOABIHTErpabHOM GYHKUHM B 9THX TOUYKaxX
cocpeaoToueHbl B OJHOMEPHOM MaccuBe y. Yallle BCero ajis MHTErpupOBaHHA BbIOH-
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palOT paBHOMEPHYIO CETKY, TO €CTh 3HAUEHHs 3IEMEHTOB MAaCCHBa X OTCTOST JAPYr OT
Jpyra Ha OIHY W Ty )€ BEJIHUMHY — gz uHmezpupoeanus. TOUHOCTb BbIUMCIICHUS
HHTErpajla 3aBUCHT OT BEJTMUMHBI 1l1arda UHTErPUPOBAHHS: YeM MEHBLIE TOT 11ar, TeM
O0Jib1IIE TOYHOCTD.

Bbruncnnm npoctoii uHTErpa
d

J. cos (x)dx

0 .
METOJIOM Tpamnelui ¢ pa3HOH BEJHUMHOIL wara uHTerpuposaHus. CHavana 3ajajuM
LIar HHTErpUpOBaHHsl paBHbiM pi/10:

dx
Il =
5.5511e-017

il

pi/10; x = 0:dx:pi; y=cos(x); Il = trapz(x,y);

H TIOJIYYHM NOPa3UTeNbHO TOUHBIH pe3ysbTaT (abCcOoMIOTHO TOYHBIH paBeH HYJIO), KO-
TOpbIii 6ecnosie3HO TIhITAaThCA Y/yullaTh, TAK Kak Y>K€ JOCTHIHYTa NpeaesibHas Tou-
HOCTb, OOYC/IOBJIEHHAsi KOHEYHOH TOYHOCTbIO XPaHEHHs BELLECTBEHHBIX YMCE Ha
KOMMNbIOTepe (IpUMEPHO 16 AecaTHUHBIX 3HAKOB TIOCJIE 3aMATOMH).

Takas BbIcOKast TOUHOCTD SB/ISETCS CKOpPEE MCKIIOYEHHEM, ueM npaBuioM. O6biu-
HO K€ JUIS AOCTHXKEHHs BBICOKOHW TOUHOCTH TpeOyeTcsl BBINMONHATL MHTErPUPOBAHHE
C OueHb MaJIbIMHM LIaramMH, a KOHTPOJIb AOCTUHYTOW TOYHOCTH OCYLUECTBJISTH MyTeM
CpaBHEHMS NOCJIe0BaTeNbHBIX pe3ysibTaToB. HanprMep, npH BbIUMCIEHUH METOAOM

Tpaneuui UHTErpaia
5

J. sin (x) * exp(-x)dx
0
¢ IIaroM HHrerpdpoBanud dx = 1
dx = 1; x = 0:dx:5; y = sin(x) .* exp{-x);
12 = trapz{x,y):

1}

NoJTy4aeTcs claeIyOUUH pe3yabTarT:
12 =
0.4226

Ecnu npoeect noBTopHOe HHTerpHpoBaHue ¢ warom dx = 0.1, To pesynbraT Oyner

12 =
0.5014

VYMeHbluas fajiee LIard WHTErpHpPOBaHUsA NocienoBatesibHO B 10 pa3s, Haxoaum,
uto npu dx = 0.01 unrerpan pasen 0.5023, To ecTh yxe 31eCh BUAHA TeHAECHUMA
K crabunuzauuu pesynbstara. [Ipu dx = 0.001 cHoBa nonyuaem

12 =

0.5023
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TaK 4TO B MpPEAEax 4eTbIpeX ACCATHYHBIX LM(P nocie 3ansToil pe3y/bTaT MojyyeH
OKOHuaTenbHO. HanoMHHUM, 4To ecnM Mbl XOTHM HabnroaaTe AalbHEHLIME AECATHY-
Hble UH(PBI, TO HYXHO NPeABAPUTEIbHO BBECTH U UCTIOJHUTL KOMaHAY

format long

Meroa Tpaneuuii ABaseTCs OYEHb YHMBEPCAIbHBIM METOJOM H XOPOLUO MOAXOAUT
AN MHTErpUPOBAHMA HE CIMIIKOM rnaakux ¢yHkuui. Ecnn xe QyHKUMA MOA 3HAKOM
HHTerpana sBAsE€TCS Tagkoi (CYLIECTBYIOT W HENPEPBLIBHbI HECKOJIBKO TEPBBIX
MPOM3BOAHBIX), TO Jiy4llle NPUMEHATb METOAbl WHTErpUpoBaHUs Oonee BBHICOKHX
NOpPAAKOB TOYHOCTH. IIpH ONHOM M TOM JKe Luare WHTerpupoBaHMs MeToabl Gosee
BbICOKHX MOPAAKOB TOYHOCTH AOCTUratoT 60s1e€ TOUHbIX Pe3yIbTaToOB.

B cucreme MATLAB Metoael HHTerprpoBaHus §oJiee BbICOKHX NMOPAAKOB TOYHO-
ctu peamsytotea ¢yukuuamu quad (meron Cumncona) u quad8 (meroa HetoToHa —
Koteca 8-ro nopsaka toyHoctu). Oba 3THX MeTola SBISAIOTCA K TOMY X€ adanmue-
nHoimu. TlocneaHee o3HayaeT, YTO MOJIL30BATENK HET HEOOXOAMMOCTH KOHTPOJIMPO-
BaTh JOCTUIHYTYIO TOUHOCTb pe3yJibTaTa MyTeM CPaBHEHHS IMOCIEAOBATENbHBIX 3HA-
YeHW, COOTBETCTBYIOLUIMX pa3HbIM LIaraM HWHTErpupoBaHus. Bce 3TO ykasaHHblE
afanTvBHbIE GYHKLHH BBINOIHSAIOT CAMOCTOSTENBHO.

V ¢yHkuuu quad8 Gonee BbICOKHI MOPSALOK TOYHOCTH MO CPaBHEHHIO C PyHKLHEH
quad, 4To OueHb XOpoLlo A rnaakux GyHKUMH, Tak kak obecnieunBaeTcs 6onee BbI-
coKasl TOHMHOCTB pe3y/ibTaTa npu GonblueM Liare HHTErpupoBaHus (MeHblleM obbeme
Belukcienuit). OaHako dyHkuMs quad MoXeT UMETh He MeHbliee, a Aaxe Oosbluee
OBICTPOACHCTBHE AJISl HE CIMLIKOM IajkuX GyHKLUHMH (pa3pbIBHBI MM BENWKH No ab-
COJIIOTHOI Be/IMUMHE BTOpas WM TPeTbs NPOU3BOAHbIE). B mobom ciyvae obe 3TH
GYHKUMK 10 yMOn4aHUio o0ecneurBaloT OAHMHAKOBYHO OTHOCHTENIbHYIO TOYHOCTD pe-
3ynbTara, paBHyto 0.001.

Kax u MHorue npyrue ¢pyukuuu cuctembl MATLAB, ¢ynkunmn quad n quad8 mo-
TYT NPUHAMATb pa3iM4yHOE KOJTHYECTBO NapaMeTpoB. MUHHMaNbHBIH opmaT BbI30Ba
9TuX GyHKUMH BKJIIOYaeT B cebs TpH NapaMeTpa: UMs MOAbIHTErpabHOM QyHKUMH,
HWXKHHIA Npeaen WHTerpupoBaHHUs M BepXHHUH mpeaen WHTerpuposanus. Ecin npume-
HAeTCS YeTBEPThIH napaMeTp, TO OH ABiserTcs TpeOyeMOH OTHOCHTEIbHOH TOYHOCTBIO
pesynbTata BbluHMchneHui. Kcrat, ecnn ofe 3TH anantuBHble QYHKUHH He MOTYT
obecrieunTh MOJyYeHHe HEOOXOAMMOH TOYHOCTH (pacxoasuiuics win OGnu3kui
K 3TOMY MHTErpajl), ToO OHH BO3BpAILAOT CHMBOJTHUECKYIO GeckoHeuHoCTh Inf.

Buie B moapasaene «ITouck MuHWMyMa ¢YHKLHH» Mbl TNPHBOAMIH rpaduk
¢dyHKUMH humps, A KOTOPOH TaM pa3bICKUBAIHMCh JIOKajbHble MUHMMYMBI. Bbruuc-
JIMM Tenepb ONpeaesieHHbli HHTerpan ot 3Tol GYHKUHMH B pefeniax OT HyJs 10 Tpex,
BOCTMOJI30BABILHUCH JUIsl 3TOr0 06€UMH afanTHBHBIMH QYHKLHIMHU:

[ I, ecnt ] = quad( "humps’, 0, 3 );
I = .
23.9681
cnt =
225
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[ I8 cnt8 | = quad8( "humps’, 0, 3 );
18 =

23.9681
cnts =

113

BTopoe u3 Bo3BpaiaeMbiX 3HayeHWH And 3THX (QyHKUMHA O3HAYaeT KOJIMYECTBO
TOYEK, B KOTOPbIX TMPHLIIOCH BBIYHCIATH MOABIHTErPATbHYIO GYHKUHMIO, Takum
o6pa3oM, 3TOT MapaMeTp XapaKTepHayeT TpyaoeMKocTs Mmetoaa. CpaBHMBasg moty-
YeHHble MOKa3aTeNy, MPUXOJUM K BbIBOAY, YTO MPH WHTErPUPOBAHUH TakoH riiaakoi
dyHKuMK, Kak humps, NpeuMyLIecTBO UMeeT MeTol quadB, Tak Kak Ans JOCTHXEHHUS
muHUManbHOM TouHocTH B 0.001 (a no xomy nena MoxeT AocTurathest U Gosee Bbl-
COKasfi TOYHOCTb) €My TpeOyeTcsi MeHblLiee KOJIMYECTBO BbIYMCIEHUH C MOJABIHTE-
rpanbHoi dyHkuuedr (113 npotus 225).

W3 Boiciieil MaTeMaTHKH M3BECTHO, YTO K OTNpeAeeHHbIM HHTErpagaM MoryT ObITh
CBEJIEHbl MHOTHE JPYrHe THIbl HHTErPaOB, HAMPUMEP KPHBOJIMHEHHBIE HHTErPaIbI.
Takum o6pazom, ¢ nomoiubto pyHkuuid quad, quad8 (unu trapz) MOXKHO BBIMHCIIUTD
M 5TH HHTETPabl.

PaccMOTpUM npuMep Ha KPHBOJMHeHHbIE HHTerpalibl epeoro pojaa. ITycts Tpeby-
€TCs BBIYMCIIUTh Maccy M BUHTOBOM JTMHUM C:

X = sin(t); y = 2cos(t); z =3t; 0 <=t <= 2;
C NOCTOSIHHOM JTMHEHHOH IIOTHOCTBIO, paBHOH 5. 3afaua peluaercs ¢ MOMOLUBIO Kpu-
BONUHELIH020 UHMe2pana nepeoo pooa:
M = |sds,
(o

KOTOPBIH CBOAMTCS K BEIYUCTEHUIO ClIEAYIOWEero 00bIKHOBEHHOrO ONpeesIeHHOro HH-
Terpana:

2 2
M = 5f-Jo/f + ()2 + (z)2dt = Sf'Jcos2t + 4sin® t + 9dt.
0 0

Jinsi BBIUMCIIEHHS MTOALIHTErpAIbHON QyHKUMH cO3JaIuM Clie Ly FOtMH TEKCT:

function z = MyFunc321( t )
z = sgrt( cos(t).”2 + 4*sin(t).”2 + 9 );
KOTOPpBIif 3anuiueM B daitn MyFunc321.m, nocne yero Bbi3biBaeM GyHKUHMIO quad:
M =5 * quad( 'MyFunc321l’, 0, 2 );
M =
34.2903 '

JBoiiHble HHTErpaibl CBOAATCA K BBIYHC/ICHHIO NMOBTOPHBIX OMpEAEICHHBIX UHTE-
rpaJioB, OIWH U3 KOTOPBIX ABJAETCS BHYTPEHHHM, a Jpyrod BHEWIHHM. BHyTpeHHUH
HHTErpaj ABJsSeTCs MOJABIHTErpaIbHON QyHKUHeH Ui BHEIIHEro WHrerpaga. MoxHo
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Ob110 OB HANHCATE HEKOTOPYIO LIENOYKY BBIMHCACHHH (porpaMMy), B KOTOpPOH MHO-
rOKpaTHble BBIMHC/IEHHMA MOABIHTErpasbHON QYHKUMH CBOAMAMCHL Gbl K MHOTOKpaT-
HbIM Bbi3oBaM ¢yHkuuu quad. OgHako HeT HeoOXOAWMOCTH AenaTh 3TO CaMOCTO-
ATENLHO, Tak Kak B cucreMe MATLAB pna storo uMMeerca cneudanbHas ¢yHKUMS
dblquad.

B pesyartate B cydae HeOOXOQUMOCTH BBIMHCIEHHA JBOWHOrO WHTErpana, Tako-
ro, Kak, HarpuMep, HHTerpan

1 2 .
j j (x sin(y) + y sin(x) )dxdy,
01

J0CTaTOMHO 0OPMHTE NOJBIHTErpasIbHYIO GYHKLHIO B CIIEAYIOLIEM BUIE:
function z = Fof2Var( x, y )
z = X.*sin(y) + y.*sin(x);
(3anucas 3toT TekcT B ¢aiin Fof2Var.m) u Bbi3BaTh pyHkuMio dblquad:
J = dblquad( ’'Fof2var’, 0, 1, 1, 2 );
J =
1.1678

B pe3y/bTaTe 4ero W Mnojy4ydM HCKOMOE 3Hau€HHE JBOMHOro MHTerpaga (3T0 4HCTO
y4eOHbIil IpUMep, TaK KaK JaHHBIA MHTErpall aHATHTHHECKHMH MpeobpasoBaHHAMH
CBOJHTCS K MPOU3BEACHHIO OJHOKPATHBIX ONpEee/IEHHbIX HHTEMPAJIOB).

PeweHne cucrem 0ObIKHOBEHHbIX
AndpepeHUnaAbHbIX ypaBHeHHiA

B npenpiayuiem noapa3szaene Mbl O3HAKOMUJIUCh Ha NIPUMeEpE 3aJla4H O BbIYHCIIE-
HHH omnpeneNeHHbIX HHTerpatoB ¢ GyHKUMAMH cucTeMbl MATLAB, xoTopeie MOXHO
Ob110 OBl Ha3BaTh UHMENIEKMYANLHLIMU PeuiamensiMu KOHKPETHOW MaTeMaTHYECKOM
npoGnemsl. TaM TakuMH «peluatensmMd» Oblay aganTHBHble GyHKuMH quad W quad8
(a Tarcke dblquad), koTOpBIE CAMOCTOATENILHO BE/IH TpOLECC BBIYHCICHHUH, Ha xXomy
ofnpeaesias Hy>KHble pa3Mepsl LIaroB HHTErPHPOBaHHUA.

Jns pelieHus cucteM oOBIKHOBEHHBIX AHGdepeHLHaTbHBIX YPAaBHEHHH B CHCTEME
MATLAB Taxoke uMetoTcs HeoOXxoauMbIe «pelaTesin». Oto ¢pyHkurH ode23, odeds,
odell3, odel5s, ode23s, ode23t u ode23tb.

@DyHkMH ¢ CyPPUKCOM S NpeAHa3HAYEHBI [T PELUEHUS Tak Ha3blBaeMbIX CUCMEM
Jcecmxux Oudpepenyuanvruix ypasnenuii. IX Mbl pacCMOTPHM YYTh MO3XKe, a VT BCEX
ocTanpHbIX cHcTeM AuddepeHmanbHbIX ypaBHeHui HauGosee ynoTpeGuTenbHOM SBIA-
ercs ¢pynkums ode4 s, peanusyiowas anropurtM Pynre — Kytra 4 — 5-ro nopsaxa (pas-
Hble NOpAAKH TOYHOCTH HCTIOJNb3YIOTCS 1711 KOHTPOJIS LIara HHTErpUpOBaHUs ).
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Ipexne uyem NpUMEHHTH Ha nNpakTHke GyHKUHIO 0de45, onuileM ee apryMeHTHI,
CBSI3aHHBIE CO CTPYKTYPOH CHCTEMBbI OOBIKHOBEHHBIX AH((epeHLHATbHBIX ypaBHe-
uuil. [Tocnenuss umeer B

yl' = F1({ %, v1, v2, .., yn);

y2' = F2( %, v1, v2, ., yn );

yn' = Fn( x, yl, y2, ., yn);
TO €CThb COCTOMT M3 N ypaBHEHHH, pa3pelleHHbIX OTHOCHTENIbHO NMEPBBbIX MPOHU3BOA-
HbIX QyHkumi yl, y2, .., yn (310 Bce dyHKUMH OT X). BBenem Bektop-cTonbupr Y
u F, cocroawme w3 yl, y2, .., ynuFl, F2, ., Fn coorBercTtBenHo. Torna cuc-

Tema A depeHUHabHBIX YpaBHEHHH MPUMET CIEAYIOHIMH BEKTOPHBIN BHA:
Y =F(x, Y );
Yro6bl NpUMEHHTL «pelnaTens» oded5, HykHO odOpPMHTL B BHIAE COOCTBEHHOH

(GYHKUHMH MpaBYIO YacTh CHUCTEMbI ypaBHeHHI F( x, Y ).
IycTsb, kK npuMepy, TpebyeTcs peLuThb CAeAYIOLLYIO CHCTEMY YPaBHEHHIA:

yl' = y2 + K * x * x;

y2' = -yl;
¢ HavalibHbIMH yenoBusMu y1 (0) = 0, y2(0) = 1.3gmech K — koadduuunent nenu-
HeliHocTH 3agaun. Ilpn K = ( 3agaya cTaHOBMTCS 4HMCTO JIMHEHHOH W OMUCHIBAET

rapMoHHueckue konebanus. Ecnu nocreneHHo yBennunBaTh 3HaueHHe koddHLHEH-
Ta K ¥ HaXOAHTb COOTBETCTBYIOLHE PELIEHHS, TO MOXKHO OyneT HaraaHo HabmoaaTs
TIOCTENEHHOE NPOsBIEHHE HEMUHEHHOTO XapakTepa kosiebaHui.

Jlng naHHOTO NMpUMepa HeU3BecTHas BEKTOP-PYHKLHS Y COCTOHUT U3 ABYX 3JIEMEHTOB!

Y = [ yl, y2 ]

Tak kak GyHKUMH Y1 ¥ y2 BBIYHCASIOTCS BO MHOTHX TOYKaX B Tipoliecce HaXOXKACHHs
pelueHus, To pealbHo y1 W y2 sBnstoTcs BekTop-cronbuamu. Bekrop F npasbix uac-
Tel cucteMbl ypaBHeHHH st K = 0,01 BeluMcisgeM ¢ NOMOLLBIO cOOCTBEHHOH (yHK-
uuv MyDi fEql:

function F = MyDifEql( x, y)

F=1[0.01*x*x+y(2; -y 1;

TEKCT KOTOpo# 3anmuceiBaeM B ¢aiin MyDifEql.m Ota pyHKuUMS BbI3BIBaETCS KaXKABIH

pas, koraa TpebyeTcs BbIUMCIMTL MpaBble YaCTH ypaBHEHHH B KOHKPETHOH TOUYKE X,

TaK YTO 3[eCh X ABJIAETCA CKAJIIPOM, a BEKTODP Y COCTOHT BCErO M3 ABYX 3JIEMEHTOB.
Hpyras ¢pyHxkums — MyDi fEqQO:

function F = MyDifEqO( x, y )
F=1y(2); -y1) 1;
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OMHMCBIBAET MpaBble YacTH AH(depeHUHANBHBIX YPaBHEHHH NpH HYJE€BOM 3HAYE€HHH
ko3¢ duuMenTa K, To eCTb OHa COOTBETCTBYET YHUCTO JIMHEHHOMY CITy4alo.
Tenepb MOXHO BbI3bIBaTh GyHKUMIO 0ded 5:

[ X, Y] = oded45( "MyDifEq0’, [0,20],(0,1] );

Haxo[fllyl0 pelieHHe Haiueil cucteMbl AWbdepeHUHaNbHBIX YPaBHEHHH ¢ Hadalb-
HbIMH ycnoBusMu [0, 1] Ha otpeske [0,20]. [TockoneKy 3nech HCnonb30BaHa QyHK-
uus MyDifEqO ang npaBbix YacTeil ypaBHEHHH, TO Mbl HaLLUIM peLIE€HUE 151 IMHEHHO-
ro ciyuyas rapMoHHuYeckuX KosebGaHuil. Jto pewenue (kak yl = Y(:,1), Tax
uy2 = Y(:,2))c noMouibio KOMaHz

plot( X, Y(:,1) )
hold on
plot( X, Y(:,2) )

orobpaxaeTcs Ha cieayrouleM rpaduke (cM. puc. 4.6).

4 Figure No.1 =l B3

PucyHok 4.6

3aTeM BbI30BeM «peluatens» oded5 yxe ¢ ¢ynkuued MyDifEql, cooTBeTcTBYyIO-
eH HenMHeHHOMY cityuaro, koraa K = 0.01:;

[ X, Y] = oded45( "MyDifEql’, [0,20],(0,1] ):

¥ oToOpa3uM Ha rpadHke COOTBETCTBYIOLLME eMy pelueHus (cM. puc. 4.7).

PasHvua B pelI€HHAX, COOTBETCTBYIOLUMX JIMHEHHOMY WM HEJTHHEHHOMY CiIydasM,
BHJHA HEBOOPYKCHHBIM B3IJIAZIOM U HE HYXAAeTCs B AONOJHUTENBHBIX KOMMEHTAPHSIX.
OTMeTHM JIHLIb YPE3BbIYaHHOE YAOOCTBO M BBICOKYIO CKOPOCTB, C KOTOPBIMH B CHCTEME
MATLAB moxHO pewars AuddepeHiLyansHble ypaBHEHHS W BU3yaTH3HPOBATh T10JTy-
HaloLecs pe3yIbTaThl.
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Pucynok 4.7

Tenepb nepefineM k Tak Ha3bIBAEMBIM HCECMKUM CUCTEMAM Oup@epenyuanvhbix
ypaenenuii. He BraBasick B TOuHble onpeeneHus (OCTaBHM HX Jis CIeLMANIbHBIX MaTe-
MaTHYECKHX NOcoOuil), OTMETHM NHILb, YTO 3TO Takue cucTeMbl JuddepeHnuanbHbIX
YPaBHEHHH, pELIEHHsS KOTOPBIX Ha pa3sHbIX OTPe3KaX M3MEHEHHS HEe3aBUCHMBIX Iepe-
MEHHBIX BenyT ce0si abCONIOTHO MO-pa3sHOMY: B OAHHX MeCTax Hab/ofaeTcs 4pe3Bbli-
4aifHO GBICTPOE U3MEHEHHE 3aBHCHMBIX MEPEMEHHBIX, B TO BPEMs Kak B APYTHX MecTax
HUMEET MECTO MX CBEPXMEIJICHHAS 3BOSHOLMS. JTO CIAMIIKOM CIIOXHBIN XapakTep noBe-
AEHHS Uil OOBIMHBIX aJITOPUTMOB YUCIIEHHOrO pelieHus AHddepeHHabHBIX ypaBHe-
Hui. [ToaToMy Ui HaaEKHOrO pEeleHHs HKECTKHX CUCTEM YPaBHEHHUH NPHUMEHSIOT crie-
uuansHeie MeTosibl. Kak Mbl yromsHany Bblie, B cuicreMe MATLAB ans atux ueneii
npeaycMOTpeHbl «pernarens» ¢ cyhdukcom s (stiff — xecTkuit) B ux umenax.

B anekTpoHHBIX KHHrax, nocraeiasembix ¢ cucremoit MATLAB, npusoauTcs npu-
Mep 3HAMEHHTBHIX HENMHEHHBIX AuddepeHUHabHBIX ypaBHeHuil BaH-aep-Ilons, ko-
TOPbIE ONUCHIBAIOT HeUHElHble PeNaKcayuoHHble KONeOanus B pa3In4HBIX EKTPOH-
HBIX YCTPOHCTBaX. OTO OYEHb XOPOIUHH yueOHbIH NMPUMEP CHCTEMBI XeCTKUX Audde-
pEHUHAILHBIX yPaBHEHHH, paccMaTpHBaeMblH B MHOTOUYHMCIIEHHBIX MaTeMaTHYECKHX
KHHrax, TaK 4TO Mbl TOXX€ He CTaHEM HapyllaTb CJIOXKHBIUYIOCS TPaaULMIO
M BOCTOJIb3YyeMCS 3TUM NMPAKTHYECKHM MPUMEPOM.

VYpasuenne Ban-nep-Ilons umeer cnenyrownii Bun;

yl' = y2;

y2' = -yl + K * (1 - yl * yl) * y2;
¢ HavanbHBIMH ycnoBusaMH y1(0) = 2, y2(0) = 0. 3mece K = 1000 — Gonbiuoit
koo duuuent HenuueliHocTH 3azaun. CoctaBuM ¢yHKUHIO MyVanDerPol, kotopas
OTMCBIBAET NPaBbIE YACTH NPEACTaBAEHHbIX AU} depeHIHATBHBIX YPaBHEHHI:

function F = MyVanDerPol( x, y )
F=1[y(@); -y@) +1000*(1-y(1)"2) *y(2) );
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Hns pewenus anddepeHunanbHbix ypaBHeHHi BaH-gep-Tlond Ha oTpeske H3me-
HeHHUsA HezaBHCHMOI nepeMenHoit [0, 3000] ucnonblyeM «perarens» odelSs:

(X, Y] = odel5s( 'MyVanDerPol’, [0,3000], [2,0] );

nocie 4ero BU3yaanu3upyeM peLueHHe, a UMEHHO nepBblii cTonbeu MaTpHub Y:
plot{ X, Y(:,1) );

BoT kak BbIMISAMT 3TO pelueHHe Ha puc. 4.8:

4 Fire No. 1 ‘ T EEE
Eile” Edit - Window - Help ‘ Lomg
2 T T T . T T
“"‘-\_\ \
A ~ ,
ot ]
b ‘ 1
2t / / &
~o 500 1000 1500 . 2000 2500 . 3000 .
: ~ : 1 PucyHok 4.8

PenakcalmoHHble KonebaHus, OnMcbiBaeMble ypaBHeHUAMHU Ban-nep-Tlons, umeror
APKO BBIPAKEHHbIE (Da3bl OTHOCHTENILHO MEMIEHHBIX 3BOMIOUMH M ha3pl UCKTIOUH-
TeAbHO OBICTPBIX M pe3kUx H3MeHeHMH. OpHako «pewatens» odelds cHcTeMbl
MATLAB npekpacHo crpaBisieTcs ¢ TaKOH CII0XKHOM 3a1auei.



~ | FAaBa 5
UHTepakTUBHLIA pexxum padoTbl

MU ero aBTomMaTu3aumsi C NMOMOLIbLIO
cLueHapueB

CoxpaHeHue pe3yAbTaTOB BbIYUCACHUH
MHTePaKTUMBHOIO ceaHca paboTbl

Bce npeabiayuide riaBbl AaHHOTO NOCOOHS OCBELUATH T€ WIH HHble MPHEMBI
1 Metonibl paborbl ¢ cuctemoi MATLAB B uHTepakTHBHOM pexxume. UHTepakTuB-
HbIH pEXKUM — 3TO TNOJNb30BaTE/JIbCKHH pEXHUM BBOAA C KJIAaBHATYpbl KOMaH[
¥ BBIp@)KEHHH, B pe3y/IbTaTe BBIMIOJIHEHHSI KOTOPBIX MONYHAlOTCs HEOOXOAUMbIE YH-
CJIOBbIE pe3yJIbTaThbl, KOTOPblE MOMCHO JIEFKO H ObICTPO BH3YaIM3UPOBATh BCTPOEHHDI-
MU rpaduyeckumu cpencTBamu nakera MATLAB.

BeoauMele ¢ KJ1aBHATYpbl BbIPAXKEHHS MOAYMHSAIOTCS CUHTakcHUCy M-s3bika nakeTa
MATLAB. B cOOTBETCTBHH € 3TUM CHHTAKCHCOM JOMYCTHMbIE BbIPAXKEHHS BKJIIOUA-
10T B ce0sl IMeHa NMEPEMEHHBIX, 3HAKH CTaHJIapTHBIX ONepalLHii, BbI30BbI NpeAonpene-
neHHbIX GYHKUAH, W3HA4albHO WMelolMXcs B cocTaBe naketa MATLAB. 3Otux
dhyHKUMI HMeeTCs TPOMAIHOE KOMYECTBO, MPHYEM C UX MOMOILLBLIO peLiatoTCcs Camble
pa3sHbie 3a7la4M — OT MPOCTEHUIIHMX A0 HEBEPOATHO CIIOXKHBIX, MOKPBIBAIOIIKX LeJble
npof.iemHble 001aCTH COBPEMEHHOH MaTeMaTHKH.

Ho B TO xe BpeMs, kak Obl HH Obla BeJIMKa COBOKYIHAsA MOLLHOCTb MOCTaBJIAEMBIX
¢ naketoM MATLAB npenonpenesieHtslx (rOTOBbIX K NpUMeHeHHI0) GbYHKUHH, Bee-
rja MOXeT BO3HUKHYTb MpaKTHuyeckas CUTyalus, KOrjaa 3Tux ¢yHKUUI oKaxeTcs He-
pocratouHo. B 3Tom ciydae npuaercs paspabarbiBaTb COOCTBEHHbIE (PYHKLHH.
B cpene nakera MATLAB paspabareiBaTs yyHKLIHH MOXHO Ha M-s13bIKe W Ha A3bIKax
C/C++ (ecTb eute BapuaHT ¢ a3bikoM DopTpaH, HO OH B IaHHOM NOCOOUH HE paccMar-
puBaetcs), PeanbHas paspabotka dyHkumit Ha s3bikax C/C++ ocyluecTBiseTcs, KO-
HEYHO e, C MOMOLLBIO CIELHAIBHBIX KOMITWIATOPOB C 3THX fA3bIKOB. B AaHHOM mnoco-
Ouu Oyner paccMoTped komnunaTop Microsoft Visual C++ 5.0/6.0. B cBoto ouepens,
nakeT MATLAB npenocrapnser nurepdeiic B3auMoaeHCTBUA ¢ TAKHMH QYHKLHMAMH,
yToOBl X MOXHO OBLIO BBI3bIBAThH Kak U3 KoMaHAHOH cTpoku cuctembl MATLAB,
Tak U u3 M-¢yukuuii (byHkuuii Ha M-s3bike).

IIpozpammuposanuio é cpede MATLAB nocesiieHa Bcs 2-1 4aCTh JAHHOTO I10CO-
Ousa. A celiuac M3yyMM OCTaBLIMECHA A0 CHX NOP HEPACCMOTPEHHBIMH BO3MOXXHOCTH
UHTEPAKTUBHOTO pexuma pabotoi ¢ cuctemoii MATLAB. TakoBbix elie AOBOALHO
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MHOTO: TIPMMEHEHHE OMNepaTopoB LMKIA, MYJIbTHMEAHHHBIE BO3MOXXHOCTH MaKeTa
MATLAB, B3anMozaeicTBHE CO CTOPOHHHMH MPHIIOKEHHAMH, IO TPAOHLIMOHHBIM ISt
rratgopmsl Windows TEXHOJIOMHSAM, a Takxke BONPOCH aBTOMATHU3aLMH HHTEPAKTHB-
HOTro pexxuMa paboTbl ¢ NOMOLIBIO CLIEHAPHEB.

Haunem ke ¢ Bonpoca 0 coxpaHeHHWH pe3y/1bTaTOB BBIMHCICHHH H BU3yallH3aLlUH,
NOJTY4EHHBIX W HAaKOTUIEHHBIX B pabodem npocTpaHcTBe cucTeMbl MATLAB 3a oaun
ceaHc paboTsl € 3TOH CHCTEMOIA.

HanomHuM, uTo kOMaHOH Save 3Ha4Y€HHA BCEX NMEPEMEHHBIX, XPAHALIMXCA B pa-
Goueit obnactu cucrembl MATLAB (3T0o HekoTopas 06aacTb NaMATH KOMIMBIOTEPA),
COXPaHSIOTCS Ha JUCKE AJI AOJroBpeMeHHOro xpaHeHus. ObpartHol komanpo load
OHHU MoryT ObITb BrioCNeACTBUH (B APYrux ceaHcax pabotsl ¢ naketom MATLAB) 3a-
rpy>eHbl BO BHOBb cO34aHHOe paboyee npocTpaHcTBO. O KOHQIIMKTE UMEH, KOTOPbIit
MPH 3TOM MOXET BO3HHMKHYTb, Mbl Y>Ke FOBOpHJIH B Il. 1. Teneps ke cocpeaoTOUHM
CBO€ BHUMAaHHE Ha TOM, YTO )K€ HMEHHO XPaHHTCA B MOJY4aloLEeMCcs NpH 3allUCH KO-
MaHzoH save 6uHapHoM MAT-gaiine.

[ycTs, kK npyiMepy, B pamMkax OHOTO CeaHCa WHTEPAKTHBHOHN paboThi ¢ MakeToM
MATLAB 6b11u co3paHbl Tpu nepementble: X, stringl u MyCell?2:

X=1[12; 34]; stringl = "Hello’;
MyCell2 = { [ 1 2 3] };

DTy nepeMeHHble (KaXKJas U3 HUX SBJISETCA MACCHBOM ) MMEIOT COOTBETCTBEHHO THIIbI
double, char u cell. Ec/ii BBINOIHUTL KOMaHAY -

’save testl.mat

To B OuHapHblii ¢aiin ¢ uMmeHeM testl.mat (MMA HyXHO YyKa3blBaTb BMeECTE
C MOJIHBIM MyTEM K HEMY [JIs 3aMiCH B KaTajor, OTJIMYHBbIH OT TeKyLiero Karasora
cucrembl MATLAB) GyaeT 3anucaHa ecs uxghopmayus 00 3TUX NEPEMEHHbIX: HX
HMMEHa, THM TEepPeMEHHBIX, Pa3MEpHOCTb, pa3MEp W BCE 3JIEMEHTbI 3THX MAacCHBOB
(1O ecTb, COOCTBEHHO, JaHHBIE).

Paiin testl.mat sBasercs GHHAPHBIM, TO €CTb €M0 COAECPKHUMOE HEBO3MOXKHO pa-
3yMHO MPOYHTATh C MOMOLIBIO TEKCTOBBIX PeJaKTOPOB, Aa U €ro NPOCMOTP € NMOMO-
11{bIO CTOPOHHUX peakTopoB OHHapHbIX (aiinoB AacT Mano none3bl 6e3 3HaHHus ¢op-
MaTta Takux ¢aiijoB, a OH Kak pa3 W Heu3BeCTeH. ONHAKO HUMEIOTCA ChEUMasIbHbIE
¢byHKUMH, NIocTaBiseMble BMecTe ¢ naketoM MATLAB, npesHasHaueHHbIE U YTe-
HHs HHpopMaLuu uz MAT-¢daiinos. 3T GyHKUMH MOXKHO BBI3bIBATh H3 IPOrpaMM Ha
a3bikax C/C++. Ml Bo 2-# yacT gaHHOro nocobus ob6a3aTenbHO BEPHEMCS K 3TOMY
BOMpOCY.

B camom Hauane HoBoro ceaHca pa6otsl ¢ naketoM MATLAB pabouee npocTpan-
CTBO fABJISETCA MYCTHIM, TAK YTO KOMaHAa Who He BblaeT HUKakoH uH¢opmauuu. Ec-
7K B 9TOT MOMEHT BBITNIOJIHMTE KOMaH/y 3arpy3kd B pabouee NpOCTPaHCTBO COAEPIKH-
moro Hawero MAT-¢aiina:

load testl.mat
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TO B pe3ynbrate nepeMeHHble X, stringl u MyCell2 BoccTaHOBATCS B NOAHOM 00B-
eme (cM. puc. 5.1).

<} MATLAB Command Window
s 4 Edt. Wirdows Hel

Pucyrok 5.1

Jlerko Taioxe y6eAMTbCS, YTO COXPAHUIIUCH M 3HAUCHHS 3TUX NMEPEMEHHBIX!
X =
12
34
stringl =
Hello
MyCell2(1} =
123

3anuce nepeMeHHbiX B MAT-daiin koMaHaoH save OTiIM4aeTCs OT 3alHCH YHCIIO-
BOoH WHopMauuu daioseiMu GyHkumamMu fwrite, fprintf (paccmoTpeHHBIMH
B IV1. 3) B nepBYIO Oepeab TeM, YTO 3Ta KOMaH/a «3HaeT» BCE THIbl AAHHBIX CHCTEMBI
MATLAB, Bxiro4asi KOMNJIEKCHbIE YUCIIA, CTPYKTYpbI, S4eHKH, MHOTOMEPHBIE Mac-
cuBbl U T. 1. Qalinosble ke GYHKUHH paboTaloT TOJIbKO C BELLECTBEHHBIMH YHCIAMH
U NIOYTH «HE 3HAIOT» THNOB AaHAbIX cucteMbl MATLAB, kpome, passe 4YTO, BeLLECT-
BEHHBIX YUCIJIOBBIX H CHMBOJIbHBIX MaTpPHL.

[MonbiTka 3aMEHHTH KOMaHABI Save v load Ha paboTy ¢ H3yYeHHBIMH B 1. 3 HU3-
KOYpOBHEBbIMH (aioBbIMH QYHKUMAMH MpPUBEIET K rpoMaaHoMy o6beMy paboThl,
xorzaa norpebyercs U3 KOMIUIEKCHBIX YHCENl W3BJIEKATh [0 OTE/IbHOCTH. BELIECTBEH-
HyI0 M MHHMYIO' YaCTH, U3 CTPYKTYp M fiueeK H3BJeKaTb COAEPXKHMOe (OTAENbHBIX
A4eeK WM noJjied) 10 TeX Nop, Noka He MOJyYUTCS HEKOTOPbIH HAabOp BelLleCTBEHHBIX
marpul. Jing sanucud nocneaHux ¢yHkuuu fwrite w fprintf kak pa3s u npen-
HaszHauyeHbl. Ho nocyie camoro npouecca 3anucH HyxHo 6yaeT XxpaHHTh HHPOpMALIHIO
o ¢opmarte 3anucaHHoro ¢aiina, To ecTb Hy)KHO NOMHUTB TN ¢akna (GUHapHBIA WK
TEKCTOBBIi), MOCIEOBATENBHOCTD, B KAKOH 3alMCBIBAIUCE B HEMO MHOTOYUCI/ICHHBIE
NEPEMEHHBIE H HEKOTOpBIE ApYyrue NoApoOGHOCTH, COCTABJAIOLIHE B CBOEH COBOKYM-
HOCTH TO, YTO MPHUHATO Ha3bIBaTh YaCTHBIM GopmaToM dakna. ‘

H3 3T0ro KOpoTKOro CpaBHEHHs XOpOLIO BUAHO, YTO KOMaHIbl save u load saBns-
I0TCS CHIIBHBIM CPEICTBOM, aBTOMATH3HPYIOLIUM paboTy MO COXpaHEeHHIO MepeMeH-
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HeIX paboueil 0OnacTH, HAKOIUIEHHBIX 338 CEaHC MHTEPAKTHBHOH paboOThl ¢ MaKeTOM
MATLAB.

IMoMuMo nepeMeHHbIX paboueil 061acTH MOXET NOTpeboBATHCS COXPAHHUTb TeK-
CTOBOE COIEPXKUMOeE BCero koMaHaHoro okHa cuctrembl MATLAB, rae nokaseiBatorcs
BCE BBOJMMBIE KOMaHIbI U BBIPAKEHHS, & TAKKE Pe3yJIbTaThl BLIYMCIIEHHH. DTO JiIerko
MOXHO cIeNarh cpasy ABYMs criocobamH.

[epBolii crioco® npenanonaraer BblIENEHHE COAEPXKHMOrO 3TOr0 OKHa KOMaHMAOH
MeHto Edit|Select All (unu MbILBIO), NOCTE Yero HUcnosHseTcs komanga Copy,
TaK 4TO TEKCTOBOE COACPIKUMOe komaHHoro okHa cucteMbl MATLAB konupyercs B
Oydep obMeHa onepaldoHHoO# cuctembl Windows, 0TKyAa OHO MOXeT ObITh BCTaBJie-
HO B JIOKYMEHT JI1060ro TEKCTOBOro peaakropa komaHaoi Paste. Ha puc. 5.2 noka-
3aHO OKHO MpocToro TekcroBoro peaaktopa Notepad ¢ comepXHMbIM KOMaHAHOTO
okHa cucrembl MATLAB.

B Untitied - Notepad = [O[x]!
Eile: Edit: Search Help. .- L e
» X=[12;34]; stringl = 'Hello d
»MyCell2={[123]};
» gsave testl.mat
» clear
» who
» load testl.mat
» whos

Name Size Bytes Class

MyCell2 1x1 116 cell aray i
B x e S H 4] PucyHok 5.2

B

Bropoit cnoco6 (MoxeT ObiTh, Aaxke MeHee yAOoOHBIH) 3aKIOMaeTca B TOM, YTO
BBOJIMTCS U UCTIOJIHSETCS CrielMaibHas KOMaH/a, Mocie KOTOPOH 3aMuch B TEKCTOBBIN
daiin conepKUMOro KOMaHaAHOrO OKHa OCYLIECTBIsgeTCs caMmoi cucteMoit MATLAB
aBTOMarHuyeckd. Bor npumep Takoi koMaHjbL:

diary MyMonitorFilel.txt

[Tocnie BBIMOMHEHHS 3TOW KOMaH/bl BECh BbIBOJ B KOMAHIHOE OKHO XyOnupyercs
B TekCTOBBI (aiin MyMonitorFilel.txt. Ilpouecc KOMMpOBaHMS MpeKpallaeTcs
xomanmoit diary off. Comepxkumoe Takoro ¢aiia He OTIHYAETCS OT COAEPHKUMOro
TekcToBOro (aiina, B KOTOPbIA Mbl BbILIE KOMHPOBaJIH HHpopMaLHio u3 Oydepa o6-
MEHa.

YacTo TpeOyeTcsa COXpaHWTh CoepKUMOe KOMaHIHOro okHa cucteMbl MATLAB
B BHJE «TBEpJOi KOMHMH» Ha OyMare, To €CTh pacneuaTaTs €ro Ha npusrepe. Oty 3a-
Jauy TaKKe MOXHO BBINOJHUTL MHOTMMH crioco6aMH. B caMOM KOMaHOHOM OKHE
ecTh KoManga MeHto File|Print..., no3sonstowas 6sicTpo pewuts 3Ty 3ana4y. bo-
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Jlee Ka4yeCTBEHHbIX pe3yJIbTaTOB MOMKHO JOOMTBCS, €ClIH CKOMHPOBaTh COAEPXKHMOE
KOMaHJHOro okHa 4epe3 Oycdep oOMena B TekcToBbli peaakrop Microsoft Word, or-
¢hopMaTUpoBaTh €ro TaM Ka4eCTBEHHbIM 00pa3oM (pudThbl, ab3aupl, BbipaBHUBaHUE,
LBET H T. [1.), M10C]Ie 4ero pacreyararb Ha [pUHTEPE CPEACTBAMH CaMOro TEKCTOBOIO
peaakrTopa.

Konuposanue conepxkumoro rpapudeckux okoH cuctembl MATLAB uyepes Oydep
obMeHa B peaaktop Microsoft Word Taioke sABIsSeTCSs HaWNyuliuMm crnocoboM
NMOMECTUTb IpadHyeckHe HIIIOCTPALUMH B TEKCTOBbIE AOKYMEHTbI H OCYLUECTBHTH
neyarb CpeJCTBaMH TEKCTOBOro peiakTtopa. Kak H3BECTHO, KONMMPOBaHUE W3 rpa-
tuyeckoro okHa B Oydep o6MeHa OCYyLUECTBIISETCA C MOMOLIBIO MEHIO rpadHiecKoro
okHa koMaHaoH Edit|Copy Fiqure. Oanako U B caMOM rpad)H4eCKOM OKHE €CThb
cpeAcTBa A nevatd rpadMKd Ha NpHHTEpe — koMaHaa MeHio File|Print... BaxHo
NIOMHHTb, YTO NEpe]l NMeYaTblo W3 rpaduieckoro OkHa M nepea KOMHpoBaHHEM B Oy-
¢ep oOMeHa HyKHO OCYLLECTBHTh MaclUTaOUpOBaHHE KAPTHHKHU {M3MEHEHHEM pa3Me-
pOB caMoro rpaduyeckoro okHa), MHade MoTOM BCSAKOE M3MEHEeHHe pazMepa H3o0pa-
YKeHust OyJieT CONpOBOXAATECS YXYALIEHHEM €ro KauecTBa.

3anuch coaep:kuMmoro rpaguueckux okoH cucteMbt MATLAB B crneunanusupo-
BaHHble rpaduyeckue (ainbl panee noapodbHO obCcyraanach B Il. 2, rae Taioke noj-
4epKHUBAJIOCh, YTO NepeBo] (HakTUHECKH BEKTOPHOrO rpaduueckoro usobpakeHus B
pacTpoBoe GyHKUHelH capture HapyliaeT BO3MOXKHOCTD JajbHellero Macurabupo-
BaHHA H300paXkeHHs 6e3 MoTepH KayecTBa.

OnHako cyllecTBYeT BO3MOXKHOCTb COXPaHUTh BCHO HH(DOpMaiuio O rpadH4ecKux
obbekTax cucrembl MATLAB, co3naHHbIX 33 TeKyLWi ceaHc paboTbl ¢ 3TOH CHCTe-
moii, B MAT-daiine obbiuHoM koMannoi save. [peaBapUTeNbHO HYKHO COXPAHUTh
B nepeMeHHbIX pabouel 06iacTH Bce XapakTePUCTHKH (YHUCIOBbIE H TEKCTOBbIE) BCEX
OTKPBITHIX rpaduueckiX 00BEKTOB, YTO MOTpPedyeT BBEACHUS [UIA STOM Uend MHOTHX
JIECATKOB MEPEMEHHBIX. DTO, MOXKET ObIThb, U HE CIIMUIKOM CJIOXKHAA C NMPHHLIHNIHANL-
HOM TOYKHM 3pPEHMs 3a7aya, HO BBINOJHUTL €€ HHTEPaKTHBHO, TO €CTb BBOJS BCE KO-
MaHIbl M BBIPAXECHUS [OCIEIOBATENLHO C KIaBHATYpPbl, NPAKTHYECKH HEBO3MOXKHO.
s 3TOH uenu cyullecTBYET CreuHalbHOe CPEACTBO, MO3BOJSIOLIECE aBTOMATH3UPO-
BaTbh MHTEPAKTHBHbIH PeskHM paGoThl ¢ ciucteMoil MATLAB. OTUM cpencTBOM siBJisi-
10TCA cyenapuu — creuuanbHble TEKCTOBble (aiiibl, B KOTOpbIE MpeABapHTENBHO
(oavH pas) 3anMcbiBalOTCA BCe HEOOXOAMMBbIE KOMaH/Ibl. 3aTeM 5TH KOMaH/bl BBINOJ-
HAIOTCS B dBMOMAmMuyecKom peoicume 6e3 HENMOCPEACTBEHHOIO y4YacTHs MoJb30BaTe-
751, OT KOTOpOro TpebyeTcs NHLIb BBECTH B KOMaHIHOM cTpoke UM (aiina. CueHapuu
OyayT noapoGHO paccMOTPEHbI HHXKE B CMIEUHAIBLHO JAS 3TOTO NpeaHaZHaYeHHOM Mo-
npasjene.
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Onepatopbl uUMKAA.
BekTopu3aumns kak aAbTepHATMBA LMKAAM

Hawm f0 cux nop ynapanock 06xoauThes 63 CeLMabHBIX KOHCHPYKYUil ynpaeie-
HUA, TIO3BONAIOIMX OCYLUECTBIATb YyuKauveckuii nogmop koda Ha M-s3pike. 910 00B-
SICHSIETCA YHUKA/IbHBIMU 0COOeHHOCTAMU M-s3bika cuctemMbl MATLAB — B Hem npu-
CYTCTBYIOT MHOTOYHCJICHHbIE KOMIMAKTHbIE OMNEepallH, HarpaBlleHHble Ha MacCOBYIO
06paboTky MacCHBOB MPOU3BOJIBLHON PA3MEPHOCTH U Pa3MEPOB.

B n1o6biX TpaAHUHOHHBIX A3bIKax NPOrpaMMHPOBAHUS YNOMSHYThIE BbIILE KOHCT-
PYKUMH YNpaBNeHHs NPUHATO Ha3bIBaTh onepamopamu yuxia. Ecte onepaTopbl LMK-
na v B M-a3bike cuctembsl MATLAB.

OnepaTopb! LHKJIa 331a10TCS € MOMOLUbBIO CMICLHANIBHBIX 3ape3ep8UpOSaHHbIX Ko~
yegelx ca08. X 1IMPOKO NMpPHUMEHSIOT B TEKCTax MporpaMM Ha M-s3blke, C YEM Mbl
€LIE CTOJIKHEMCS BO 2-H YaCTH HACTOALLEro NocoOus, MOCBAILEHHON pa3NuYHbIM ac-
nekramM nporpamMupoBaHus B cpeae MATLAB. Ceiiuac xxe cooOuinM, 4TO HX MOXHO
HCIONb30BaTh W HEMOCPEACTBEHHO B MHTEPAKTHBHOM pPEXHUME, KOT[a BCE 3JIEMEHTHI
oneparopa LUMKIIa NOCTENEeHHO BBOAATCS ¢ kiaBuarypsl. [Ipu atom cucrema MATLAB
HaJEXKHO PACMO3HAET CUTYAUHIO H BLIMOJHSAET LMK TOJBKO MOC/e BBOJAA 3aBEPLLIAIO-
LIero KJIIo4eBoro cnopa end.

B 3aBucuMocTH OT cnocoba onpenenenus yciogus ocmanoéa (OKOHUAHUS LHKIIH-
4eCKHUX MOBTOPEHHMH) pa3NMualoT ABa BHWAA ONEpaTopoB LHUKIa B M-sf3blke cUCTEMbI
MATLARB. IlepBbiii 13 HUX HCNONB3YET KIoueBble cioBa while («noka») U end. OH
WUMEET BHI

while BHpaxeHue

end
3,[1er NOBTOP yllaCTKa KOaa, 0603HanHHOFO MHOTIOTOYHECM, nponomxaerca BCC BpC-
M, NOKa Bblpa)KeHMG CHCTHHHO» (He pPaBHoO Hy.IHO). B cnyqae MAaCCUBOB UCTHHHOCTDL
HACTYMaeT, KOria BCE 3/IEMEHTbI MACCHBA HCTHHHBI.

PaccMoTpuM s npumepa creayiolMd GparMeHT, KOTOpPbIH BBIYHCASET CYMMY
OTpeE3Ka pAana:

S=0; k=1; u=1;

while u > le-8

S=8+ u;
k=k+1; u=1/k*2;
‘end x

3aech YCIIOBMEM OCTAHOBA CIYXHT TpeOOBaHHE K ciaraeMbIiM ObITh 6ONbLIE HEKO-
TOpOro 3apaHee OMpPEJe/ICHHOrO YHCHA: KaKk TONbKO OYEPEAHOE ClaraeMoe CTaHET
MEeHbllie 3TOrO 4YMCIIa, BRIPKEHHE, CTOsIHee nocie KioueBoro ciora while, craner
JIOXHBIM H CyMMHPOBaHHE NPEKPaTHTCA.
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[TpuBeneHnbli Boille (parMeHT KOAa, B KOTOPOM OMEpaTop LMKJIA 3aHUMaeT Lie-
JbIX 4€ThIpe (PU3HMYECKHX CTPOKH, BBOAMTCS C KJIABHATYPbI MOCIENOBATENBHO CTPOKA
3a CTPOKOH, npuyeM knaBuuia Enter HakumaeTcs kaxAbli pa3 nociie BBOJAA ouepes-
HOH cTpokH. Ha puc. 5.3 nokasano komanaHoe okHo cuctemsl MATLAB nocne BBoaa
1epBOH CTPOKH M HaXkaTHs KiIaBWuK Enter.

<} MATLAB Command Wmdow

-

|
E
i
!
j

IR

Pucynok 5.3

U3 3Toro prcyHka rnpekpacHo BUAHO, 4TO NOC/IE BBOJA MIEPBOH CTPOKU MPOMU3OLLTIO
BBITTOJTHEHHE BCEX HHCTPYKLIMIA U3 Hee, TO eCTh ObLIM BbITIOTHEHbI TPH MPHCBAaHUBAHHS,
nocne yero cuctema MATLAB nepeiusa B pexkuM OXHAaHUSA BBOAQ HOBBLIX KOMaHJI.
OO0 3TOM rOBOPHT 3HAK >>, CTOSLIMH B Hayane HOBOH CTpPOKHM BBOAA. A Terepb MO-
CMOTPHM Ha KOMAaHAHOE OKHO [10CJIE BBOAA BTOPOH CTPOKH, B l\OTOpOH pacroIoKeH
30201060k onepamopa yuria (CM. puc. 5.4).

<} MATLAB Command Window
Eile Edit ‘Window  He ¥

Pucynok 5.4

ITocne BBOAA 3aroyoBKa OmnepaTopa LMKIIA M HaXkaTHs KnasBuiuu Enter mexcmosuiii
Kypcop niepeMecTHIICS Ha CIIEAYIOLLYIO H3HUECKYIO CTPOKY, HO 3HaK >> He MOABHIICS.
310 M 03HavaeT, yTo cucreMa MATLAB pacnoznana cutyaumio ¥ o)xuaaer, uto cei-
yac ¢ KIaBHaTypbl OyayT MocieA0BaTeNbHO BBOJUTLCS HHCTPYKLIHH, COCTABIIAIOIIHE
meno yurida. 3TH WHCTPYKLMH MOTYT 3aHMMaTh HECKOJIbKO (PM3MYECKHX CTPOK KO-
MaHIHOro OKHa. TeKCTOBBIM Kypcop repeMeliaeTcss Ha CIEeLYIOUYIO0 CTPOKY nociie
HaxkaTua knaBuiiM Enter, W Tonbko mnocne BBOAa KIOYeBOro cioBa end cucreMa
MATLAB npucTynaer kK UMKIMYECKH MOBTOPSIOLIEMYCS BbIMOJHEHHWKD WHCTPYKUWH
u3 Tena udkna. I[Ipu aToM kypcop muluiu npuiuMaeT Gopmy necounsix uacos. Ilo 3a-
BEpILIEHHUH 3TOTo npouecca (ero JJTMTENBHOCTD 3aBHCHT OT CIIOKHOCTH U CyMMapHOTroO
o0nema BBIYMCIIEHUH) Ha ClleAYIOLIEH 3a LIMKJIOM CTPOKE MOABIAETCH 3HAaK >>, YTO MBI
M BHIMM Ha pHcC. 5.5.
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PucyHok 5.5

Hrak, cucteMa MATLAB yBepeHHO pacnio3HaeT ase da3sbl. gasy 66o0a onepamo-
pa yuxna v gazy e2o euinonnenus. OHaKO MOXKHO U COBMECTUTb 00e 3TH (ha3bl, BBEAS
BECh LMK/ B OIHY CTPOKY BBOJA (KaK Mbl 3HaeM elle 3 1-i riaBbl CTpOKa BBOJA MO-
XeT ObiThb MpPOJOJKEHA C TMOMOIBIO MHOTOTOUYMS Ha TOCENyIOLiHe (QU3HYECKHe
CTPOKH KOMaHIHOTO OKHa, HO B CyMMe JI0JDKHA cojJepKaTh He Gosiee 256 CHMBOJIOB).

B sToM cilyuae 3aroloBOK LMKJIA HY>KHO OTIEHTb OT TeJla LMKJIA 3ansTod (Kiin
TOYKOH ¢ 3ansATOH, uTo Oe3pa3znuyHo). CreLHaJbHBIX YCUIIHH U1 OTAENICHHs NoCTe-
Hel MHCTPYKLHMH Tella LHKIAa OT KIKUYEBOro cnoBa end 4acTo He TpeSyeTcs, Tak Kak
WHCTPYKLMH Tejla UMKJA MOYTH BCerja 3aKaHUMBAlOTCA TOYKOH C 3aniToi Mo
COOOpakeHUSIM TMOJABIEeHHS BBIBOJA NPOMEXYTOUHBIX Pe3yJIbTaTOB BBIYHCIEHHH B
KOMaHAHOe OKHO. Ecnu sToro He cienarb, TO MOJYUYMTCS HEMPHATHOE AJsi riia3s
MEJbKaHUE COAEPKUMOro KOMAaHJHOrO OKHa W FPaHIHO3HOE YBEJIHYEHHE BPEMEHH
BBIMOJIHEHUS LIUKJIA.

BoT npumep 3anucH npeaplayliero oneparopa LMK/a B GopMe BBOJA B OHY J02U-
yeckyio cmpoky 6600a (cM. pHc. 5.6).

PucyHok 5.6

Bropoii BapuaHT oneparopa uMkia B M-s3bike cuctemel MATLAB wucnonesyer
xmodesble cnoBa for («ansa») u end. OH umeer BUA:

for varName = BupaxeHue
end
rape varName — npoOHU3BOJIBHO Bbl6ﬂpaeMOC NporpaMMHUCTOM HMA Tak Ha3bIBaeMOH ne-

pemennoil yuxna. B OT/IIHYHE OT mepBOoro BapHaHTa OmnepaTopa LIMKIA 3/1eCh JIeTKO
NpPOrHO3MPOBATh KOJHYECTBO MTEpalluii (NMOBTOPOB), TaK Kak 0603Ha4YeHHOE MHOIOTO-
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YHeM TeN0 LHKJIa BBINOJHAETCS [ BCEX BO3MOMHBIX 3Ha4eHWI nepeMeHHOH
varName. Habop BO3MOXHBIX 3HaueHHii O/ nmepeMeHHOH LMKJIa MOCTaBseT Bhlpa-
XeHue, KOTOpoe CTOHT mocie KimoueBoro ciopa for. Yaine Bcero 3To BBIpAKEHHE
NpesICTaBIIEHO C MOMOLIBIO H3YUYEHHOMH paHee B IJ1. | onepauMu ouanason 3nauenui.
B cnenyroieM dparMeHTe K0a OCYLIECTBIAETCS CNOKeHHe 57 uleHoB paaa:

S =0;

for k=1:1: 57
S =35+ 1/k*2;

end

Ipu kaxaoM HOBOM IMPOXOA€ NepeMeHHas UMKIa k YBETMYMBAETCA HA €OVHHLLY.
Kak nerxko 3amMeTuTb, 34€Ch OCYIUECTBNISETCS CYMMHpPOBAHWE TOrO K€ pAda, UTO
U B IIpUMepe, MOCBALIEHHOM ornepatopy udkia while..end. B npeabigyiem npumepe
YCJIOBMEM OCTaHOBa Obl0 TpeOOBaHHE K BeJTMYMHE OUEPEAHOTO CIIaraeMoro, a Tenepb
3TUM YCIIOBHEM SBJISETCS MCUEPTIAHHE BCEX BO3MOXHBIX 3HAUYCHHH NEPEMEHHOH LHMK-
na. B urore MOXKHO cenaTh BBIBOJ, YTO MCIOJB30OBAHHE TOTO WIIM HHOTO BapHaHTa
ofiepaTopa LKKJIa AUKTYeTCS 0COOEHHOCTAMH KOHKPETHOH MaTeMaTH4ecKoH 3aadH.

BMecTo onepaluu 3aiaHus UanazoHa MOXKHO SBHO yKa3aTh BeChb Habop BO3MOX-
HBIX 3HA4EHHH B BUAE BEKTOP-CTPOKH, HANPUMeD:

form=1[2, 5 17, 8, 11, 23 ]

4TO MpHUBeET K LiecTH utepaimam. IIpu nepBoit urepaunu nepemeHHas uukia m Oy-
JeT paBHa 2, IPU BTOPOH — 5 U T. 1. 10 HcHepNaHUA BCEX BO3ZMOMXKHBIX 3HAUEHHH.

HoctarouHo HEeOObIYHBIM MOXET TOKa3aThCs UCMONb3OBAHHE MATPUH B YNpaB-
JIAOUIEM BBIPRKECHHH:

A=1[12; 3 4];
for k = A

Tako# unka GyAeT MOBTOPATLCS POBHO CTONIBKO Pa3, CKOMBKO CTONOLIOB B MAaTpULE A,
TO €CTh [Ba pa3a Ui AaHHOTO KOHKPETHOro ciiydas. B kaxoi urepalny nepeMeHHas
UMKJIa IPUHAMAET 3Ha4YeHHe OYepeIHOro cTonbla MaTpHlibl, TO €CTh ABISETCA BEK-
Top-croabuom. Hanpumep, dparment

S=0;,a=1[12; 34};
for k = A

S =38 + sqrt( k(1)"2 + k(2)"2 };
end

BBIYUCIIAET CYMMY «UTHH» CTOJIGLIOB MAaTpHLbI A.

OG6a BHaa OMepaTopoB LUKIa MOXKHO JOCPOYHO NpepBaTh, €CJIM HaNMCaTh KJIIOUE-
BOE CJIOBO break BHYTpH Tena UMKIa. JTO TO3BOJSET pa3MellaTh (aKTHUECKOe
yClIOBHE OCTAHOBA LMKJIa BHYTPH Tella LIMKJIA, a He B ero 3arofioBke. B 3ToM ciryvae
B 3aroJiOBKe 1IMK/JIa MOJKHO NMHCaTh BeipaxeHud BUaa while 1 (Bcerna HCTHUHHOE BEHI-
paxceHue). '
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B camMoM Hauane aaHHOro nojpa3sfena, NMOCBALUEHHOrO OMNepaTopaM LIMKNA, Mbl
ckazanu, uto B cuicteMe MATLAB oueHb 4acTO MOXKHO OTKa3aTbCsA OT MCIOMb30Ba-
HHUS 3THUX OMNepaToOpOB, MPHMEHUB BMECTO HHX KOMIMAKTHbIE onepauHd M-s3bika, Ha-
npaBneHHbIE Ha MaccoBYIO 00paboTky MaccHBOB. Ceifuac yCHIIHM 3TO BbICKa3bIBaHHE:
BE3/le, I/Ie 3TO BO3MOXKHO, GMECIN0 ORepamopos8 Yukla ayyuie NPUMEHSMb 3KGUBA-
JeHmHble N0 Pe3yIbmamam onepayu ¢ MacCuGamu, TaK Kak rnocjeiHHe UCITOHAIOTCS
B cucteme MATLAB namuoro 6bictpee.

Hanpumep, BMecTO ¢parmMeHTa koja ¢ olepaTopoM LHKIa

k =0;

for x =0 : 0.1 :100 -
k=%k+ 1; y( k )=cos( x);
end

Jydlie€ UCIoJIb30BaTh Onepaudi ¢ MaCCUBaMH:
x=07:0.12:100; y=cos{x);

TaK KaK OHH HUCIIOJIHAKOTCA 6b10Tpee M 3aMUCBIBAIOTCA KOpPOYE.
3aMeHy ONnepaTopoB UHKNAA 3KBUBAJICHTHLIMHU UM T10 pE3yibTaTy MAaCCOBbLIMH OIlE-
pauHsAMH M-a3bika NPUHATO Ha3bIBaTh eeKmopu3az;ueL7 Kozaa.

AHumaums m 3ByK B cucrteme MATLAB

B rn. 2 Mbl u3ydanu rpadudeckue BoaMOKHOCTH cucteMbl MATLAB no u3o6pa-
JKEHHIO CTATHUECKHX (HEU3MEHHBIX BO BpeMeHM) rpadukoB QyHKUMH, Kak AByMep-
HbIX, TaK U TpexmepHbIX. Takoke ObljiH paccMOTpEHbI BOMPOCHI, CBA3aHHbIE C MOKA30M
MPOH3BOJILHBIX PACTPOBLIX H300PaKEHHH. A Tenepb Mbl paCCMOTPHM BO3MOXKHOCTH
naketa MATLAB no nokasy aBmxyuiuxcs (MEHSIOLMXCS BO BPEMEHH) H300paxe-
HHUH, 4TO BaXKHO [UIS BH3yalW3auMHd AHHAMHYECKHX AAHHBIX M VI8 BCECTOPOHHEro
u3yueHus 3D-00beKToB.

[Tpx 5TOM HHUKAaKHX CJIOXKHBIX CMEUHANU3UPOBAHHBIX NPOrpaMM He norpedyercs.
3ajgaua MOSHOCTLIO pellaeTcs BCTPOCHHBIMH cpeiacTBamMH cHctembl MATLAB, To
€CTb JIErKO BHITOTHUMA B UHTEPAKTUBHOM ceaHce (Ui HECKOJIbKUX ceaHcax) paboThl.

CylecTBYIOT [1Ba OCHOBHBIX crocoba nokasa aHHMaUMOHHbIX W300paxeHuH. [1ep-
Bblii cnocob 3akitouaeTcs B TOM, YTO Mbl B LHKJIE BHIBOAUM MEHAIOMIMECS KAPTUHKW
B rpaduueckuii oOBeKT axes, cBoiicTBa KOTOporo (uepes CBOMCTBA €ro AOUEpPHHUX
06BEKTOB) YCTAHARTHBAIOTCS CTIEUMANTLHBLIM 0GPa3oM 1 JOCTHKEHUS MPHEMIIEMOTO
KauecTBa NEPePUCOGKY COAEPKMMOrO rpaUUecKoro OkKHa CHCTeMb MATLAB. Bro-
poli crocob COCTOMT B MpeBAPHTENBHON MOATOTOBKE OTAELHBIX Kaopog, KOTOpbIE
3amacatoTcs /Ul AajlbHERILero nokasa B HEKOTOPOM YHC/I0BOM MaccuBe. CaM ke mo-
clieoBaTe/bHbli MOKAAPOBLIH NOKa3 (Tak M XOUETCA CKa3aTh «KMHO(PUIBM») OCyIlle-
CTBISIETCA cMeLHalbHON PyHKUMeH movie (MepeBOAUTCA KaK «KMHO»).
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HauHem u3noxxeHne ¢ nepsoro cnocoba. {ns npumepa B rpa HHECKOM OKHE CHC-
Tembl MATLAB npoaeMOHCTpHpyeM paBHOMEPHOE ABHKEHHE MO OKPY)KHOCTH MaTe-
puanbHoro tena B Buae 6ycuHkd. CHavana BbINMOMHUM MOATOTOBHTENbHBIA ()parMeHT
Koza:

x =-1:0.01:1;
yl = sqrt(l-x.*x);
ye = -yl

plot(x,yl,'k’,x,y2,"k"};
axls square;
hold on

re pHCYeTCs YEPHBIM 1IBETOM KPYTroBasi TPAeKTOPHS, MO KOTOpoi U OyaeT ABUraThCA
Oycunka. Komanna hold on HyxxHa ans Toro, 4robbt Bech nmoclieayouuii rpadguye-
CKHi BBIBOJ OCYLIECTBJIAJICS B TO XK€ camoe rpaduueckoe OKHO.

Tenepb npocTaBnsieM OYCHHKY B €€ HauyaJbHOM MOJIOKEHHH:

x=1; vy =0;

h = plot(x, v, ".r");

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

I

«bycuHka» npeacTtasngeT cobol Toxe rpaduk (GyHKUMH, SABISIOLMHAC NpAMOH
JIMHHeH, TO ecTb rpaduueckiM oObEKTOM THMa line, COCTOALIMM U3 €AMHCTBEHHOH
TOYKM KpacHoro uperta. Jlanee mbl AuHaMHueckH OyneM W3MEHATb KOOPAHHATBI TOY-
KH, OTHOcsLuelcs Kk rpaduyeckoMy obwekty THna line ¢ onwucareiseMm h. Cucrema
MATLAB 6yaer npu 3ToM cTHpaTh Npeapiaylide H300paKeH s 3TOro rpadMuecKoro
00BbEKTa U pUCOBATDb €ro HOBbIE U300pakeHus. UToObI Takas nepepHcoska Obina Gonee
«IJaaKoN» (XOTS BCe PaBHO OHA HE MOJyyaeTcs HAcaNIbHON), HYyXKHO And 00beKTa TH-
na I'ine ycraHoBHTb CBOMCTBO 'EraseMode’ (crmoco® cTpaHHs) paBHBIM 3HAUEHHIO
"xor’ (mpousBoaMTCs onepauus «Mckiovatoee MJIM» Han obbekToM M nomioxk-
xoi). MHaue nepeprcoBka OyaeT NpocTo yXKaCHOH — CITHLIKOM MEUIEHHOHN MpH HH-
TEHCUBHOM «MOPTaHHH» BCEro rpaduueckoro okHa.

HaxoHel ocyllecTBiIgeM LMKIHYECKOe NPOABHIKEHHE OYCHHKH U ee NepepHCOBKY:

t=0; dt=0.01; a=0.5;
while 1, t=t+dt; x=cos(a*t); y=sin(a*t);
set (h, "XData’, x,"YData’,y); end

Jina ocraHoBkM «OeckoHeuHoro» uMiia (yciaoBHe M LMKJIMYECKOro TOBTOpa
BCErJa HMCTHHHO) HYXXHO BOCMONB30BaThCsi KoMOuHauusMu knasuu Ctrl+C unm
Ctri+Break.

C nomouipto NMpeCTaBIEHHOrO BbIllie KOJA JOCTHIAETCS OTHOCHTENBHO TIpHEMIIE-
Moe H300pakeHHe ABHKEHHS OyCHHKH, B NEPBYIO Ouepeab H3-3a TOrO, UTO 00BEM ne-
pepHcoBkH OYCHHKH MO CPaBHEHHIO CO BCel ruioiaapto oObekra axes Hesenuk. Ecnu
6b1 TpeGoBasics GoNbIIOH 0OBEM MEPEPHCOBKH, TO NMPEACTaBIEHHbINH cnocod He Mor
Obl IOCTHYb MPHEMIIEMOH CKOPOCTH.
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B Takux ciyyasx HCHONB3YIOT NPUHUMITHAABHO APYroH crnocob, npu KOTOPOM BCe
NMPOMEXYTOUYHbIE KaJpbl PacCUMTHIBAIOTCA M 3aMOMHHAIOTCA 3apaHee, Mocie Yero
«TIPOMIPBIBAIOTCSA» CHELUHANBEHON «KuHeMmarorpaduueckoi» dyHkuuerd movie. C no-
MOILIBIO 3TOrO crnocoba H300pa3uM «OpoyHOBCKOe ApoxkaHHe» 200 Touek B pamkax
3a/1aHHOTO MPAMOYTOJIbHHKA, MPUYEM XaOTHYHOCTE JBH)KEHHS TOYEK («aToMOB») Oy-
jer obecneunBaThcsa GYHKUMAMH rand W randn, nopoxJalOLUMH COOTBETCTBEHHO
pPaBHOMEPHO pacrpelesieHHbIE 1 HOPMAIBHO pacrnpesie/ieHHbIE Cly4aiHble Yncia.

IToarotosum rpaduueckoe okno s nokaza 100 kagpos (Frames) «kuHoduibma»
npo 6poyHoBckoe aBHxeHHe 200 aTOMOB, CPEIHIOIO CKOPOCTh KOTOPBIX XapaKTepH3y-
€M MapaMeTpoM V:

nA = 200; nFrames = 100; v = 0.03;

x = rand(nA,1) - 0.5;

y = rand(nA,1) - 0.5;

h = plot(x,y,'.")s

set (h, "MarkerSize',10);
axis([-1 1 -1 1]); axis square;

Buf = moviein({ nFrames );

B nocnenneii cTpoke ¢ noMouwpio GyHKuMM moviein cosmaercsa ruranTckuii Oy-
¢ep Buf B naMaTH KOMMbIOTEPA MOJ BCE KaApbl KHHOGUIIbMA:

size( Buf )
ans =
24920 100

3nech noa xaxaeii u3 100 kagpos (100 cronGuor maccusa Buf tuna double) or-
Boautes 24 920 nosnuwmii (ctpok maccusa Buf). ITocneanee 4MCio 3aBUCHT OT TEKy-
iero pasMepa rpaUYeckoro okHa U SBISETCA NMEPEMEHHBIM; TaK, pa3Mep 3TOrO OKHa
B 11060/ MOMEHT MOKHO H3MEHHTH C MOMOLIBIO MBILIH. B JaHHOM KOHKpETHOM Clly-
yae MaccuB Buf cocrout u3 2 492 000 31eMeHTOB W 3aHUMAET B NaMATH KOMIILIOTEpPA
19 936 000 GaiiT (oxono 20 M6aiir).

Tenepp paccuuThiBaeM KaXABIH KaJp M «3axBaTeiBaeM» ero B Oydep Buf (no oa-
HOMY KaJlpy Ha Kaxablil cTonbew MaccuBa Buf) cneunansHoii dyHkumen get frame:

for k=1l:nFrames, x=xt+v*randn(nA,1l);y=yt+v*randn(ni,l);

set (h, 'XData',x, 'YData',y); Buf(:,k) = getframe; end

OKOHYATENbHO MPOKPYYHBAEM «CHATBIA POJUK» € moMoulblo (GyHKIHMM movie
5 pa3 noApAA; ‘

movie( Buf, 5 );

Kak Tonbko oTnagaer HeobGXxoaMMOCTh B xpaHemm KHHOUIBMA, Cpa3dy Xe
ocBoGoxaaeM NamsaTe B pabouem npocrpaHcTse cucteMsl MATLAB, 3austyro nox
Oydep Buf:

clear Buf
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OTO HYXXHO c/enaTh Kak MOXHO ObicTpee, Mockojibky o6bIYHO BUAeoOydepbl
MMEIOT THTAHTCKHE pa3MEpPBI U 3PS pacXOAYIOT AparoLleHHbIE pecypPChl KOMILIOTEpA.

OrtnenbHBIE Kapbl MOArOTOBJEHHOrO KHHOQUIbMAa MOXKHO CKOMMUPOBaTh (HYHKLHU-
eil frame2im B ABa YMCNOBBIX MacCHBAa: B MACCHUB MUKCEJIOB ¥ TaOJIULy LBETOB (3TH
MaccuBbl ObIIT TIOAPOOHO paccMoTpeHsl B I1. 2). Crienyrouuii pparMeHT 3alloMHHaeT
k-# kaap B MaccHBe MUKCeNOB X U TabJuLie LIBETOB Map:

(X, map] = frame2im( Buf( : , k) );

B rn. 2 onucaHo, kak MOXKHO MaccHBbI X M map 3anucaTh B ¢ainbl pa3iHyHbIX
¢dbopmaToB s ATUTENILHOIO XpaHEHHS Ha JIUCKe.

B To >xe Bpems sBiseTCS akTyanbHOH u o6paTHas 3anaya. U3 ¢aiina unpopmanms
YyyTaeTCs B MaccHB nukcenoB X1 M Tabnauuy LBeTOB map, nocie udero (yHKuUMei
im2 frame oHH MOHTHpYIOTCS Kak Kaap ¢unbMa cucteMsl MATLAB:

Buf = moviein( nFrames );
Buf( : ,1) = im2frame( X1, map);

3nech, OAHAKO, CleAyeT OTMETHTb [Ba Ba)KHbIX 0OCTOATENBCTBA. Bo-nepsbix,
oyHkuus im2frame paboTtaeTr TONBKO € HMHAEKCHPOBAaHHBIMU H300pKEHUIMH
(cM. rn. 2) u He paboTtaeT ¢ W30OpaxeHUsIMH THNa truecolor (4TO, KOHEYHO, BbI3bI-
BaeT coxanenue). Ecau y Bac umeercs uMeHHo u3obpaxenue truecolor, To ero
HY>)KHO OYyZJeT caMOCTOATENLHO Mpeobpa3oBaTh B WHIEKCHPOBAHHOE H300pa’keHHE.
Bo-BTOpbIX, 3HasA pa3Mep W300paXKkeHHs B NMHKCENaXx, CIe/lyeT NpeABapUTeNbHO (nepel
BbI30BOM (QYHKLUHHM MOvViein) ycTaHOBUTH pa3mep rpad)Mueckoro OKHa CHCTEMBI
MATLAB pasHbIM 3TOMY pa3mepy (Kak 3TO c/iefiaTh, paccka3aHo B I11. 2).

3arem udMTaeTcs coAepikuMoe Apyroro rpaguueckoro gaiia m 0OHO MOHTHpYeTCH
yke B cneayrolui kaap ¢punbma Buf:

Buf( : ,2) = im2frame( X2, map);

Y Tak janee BIUIOTb A0 MOCIEHEro Kaapa ¢ HoMepoM NFrames, nmocne 4ero BbI3bIBA-
ercs GyHKUMS movie:

movie ( Buf )

B dopmare BbI30Ba 3TOH (PyHKLMH C €AHMHCTBEHHBIM apryMeHTOM MpPOKPYTKa BH-
JleOpo/vKa OCYILECTBASETCS OAMH pa3, TaK YTO HET CheuHanbHOH HeoOXOoaAUMOCTH
BBI3bIBATH QYHKLHIO MOVie ¢ AByMS apryMeHTamH, To ecTh movie (Buf, 1).

Mynemumeduiinvie cnocobnocmu nakera MATLAB 6a3upyioTcs kak Ha aHMMa-
LIMH, PaCCMOTPEHHOH BBILLE, TaK H HA BO3MOXHOCTH 80CHPOU3800UMb 36yK (€C/IU Ha
KOMIbIOTEPE MPHUCYTCTBYET COOTBETCTBYIOLIee OOOpYAOBaHHE) CTaHAApTHOro s
rnargpopmel Windows ¢opmara WAVE. CooTeeTcTByiolHe (aiijibl UMEIOT, KaK H3-
BECTHO, paciunpeHue wav. Cucrema MATLAB no3BosiseT YHuTaTh U 3alUCHIBATh (aki-
Jbl 3Toro ¢opMmara. UteHHe OCyLIECTBISETCS ¢ MOMOLUbIO GYHKLUMH wavread, a 3a-
MUCh — ¢ NMOMOLIBIO GyHKUMH Wavwrite. Hakonen, ¢yHkuus sound (a Takke NOYTH
aHaTorHyHas e QyHKUMA soundsc) OCYIUECTBIAET peajlbHOe BOCNPOU3BEACHHE 3BY-
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Ka, Mmofyuas B KauecTBe apryMeHTa BeLUEeCTBEHHbIH BEKTOp, coaeprKalluii noclieoa-
TENLHOCTh U3MEPEHHUH MPOMKOCTH 3ByKa. Takas nocieqoBaTenbHOCTb YHCEN XapaKre-
pusyercs vacmomoii duckpemuzayuy (a1s dopmara CD Audio - 44,1 kI'u) u paspao-
nocmwvio omcyemoé (nna CD Audio sro 16 6ut). B cnyuae cmepeossyka $yHkuus
sound nosiy4aeT B KauecTBe apryMeHTa MaTpuily m X 2, B KOTOpO# KaxapiH cTonbel
COJIEPKHT JaHHbIE 1Sl OAHOIO U3 CTePEOKaHAJIOB.

[pounatocTpupyem NpUMeHEHHE NepeyHcaeHHbIX GyHKUMHA. JonycTim, Ha AHCKe
UMeEETCs 3anMCaHHbli cTanpapTHeiMu s nnatgopmel Windows cpeactsamu crepeo-
(doHuyeckuii 3ByKoBoit dain ' soundl23.wav’, npHyYeM ero Ka4ecTBO COOTBETCTBYET
craupapty CD Audio. CuntsiBaeM 3ByKOBYIO HHGOpMauMIO M3 3TOro gaiina B co-
CTOALLYIO U3 ABYX CTONOLOB YHCA0BYO MaTpuLy V

[V,f,b] = wavread(’soundl23.wav’);

a B CKaNspHYIO NMepeMeHHYI0 f npH 3TOM YWTaeTCs 4acToTa JMCKPETH3aLMH, B Nepe-
MEHHYIO b — paspsaaHocTs. Tak kak B daiin ' soundl23.wav’ 3BykoBas UHpopmaLus
6bina 3anucaHa ¢ kauectBoM CD Audio, To nepemeHHasn f foyKkHa NPHHATL 3HAUEHUE
44 100 (repu), a nepemerxas b nomkHa 6wiTh pana 16 (6ut na ogun orcuer). I1pose-
paem u yGexaaemcs, YTo 310 AcHCTBUTENBHO UMEET MecTo (CM. pHc. 5.7).

Pucynok 5.7

Tenepb MO’KHO BOCIPOM3BECTH 3BYK:
sound( V, £, b )

yKa3aB Kak caM MOTOK 3BYKOBBIX OTCYETOB B BHJE YMCJIOBOrO MacCHBa (MaTpHLIbi
m X 2)V, Tak 4 ero XapakTepUCTHKH B BUJAE YaCTOThI AUCKPETH3ALMH U Pa3pAHOCTH
OTCYETOB. ‘ '

Kaknx-1u60 BCTPOEHHBIX CPEACTB MO Pa3yMHOMY aBTOMATMUYECKOMY npeobpaso-
BaHHIO MACCHBA 3BYKOBbIX oTcueToB V B siape cuictéMbl MATLAB Hert, HO OHHM Bcerza
MOTYT HaWTHCh CPEi MHOTOUMCIIEHHDIX MAKETOB PaCLIMPeHUsi ITOM CHCTEMBI.

6 3ax. 409
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B moboM cyyae HaM HUKTO He 3anpeliaeT nonpodoBaTh CBOM COOCTBEHHbBIE CHUIIBI
B 9TOM Jesie. B kauecTBe npocTeiluero npuMepa NMocMOTPHUM, YTO MOJYUYHUTCS, €CH
OCYLIECTBUTb HEOONBLIOE 3auiyMIeHUe 3ByKOBOTO CUTHAA!

[m,n] = size( V ); s =0.05; V1 = zeros( m,1 );
for k=1:m, V1(k) = V(k,1)+s*randn(l); end

CHoBa Bbi3biBaeM GyHKLHIO Sound W «cayliaeM BekTop» V1, y KOTOporo uMeercs
TOJILKO OJIMH CTOJIGEL, B KOTOPbIH 3aHeCeH 3aLyMIIeHHbIH 3BYK, MOJIy4eHHbIH U3 nep-
BOrO CTepeokaHasia HCXOHOro 3ByKa. 3apaHee ObLIO CHO, YTO KauecTBO 3BYKa (B My-
3bIKAJILHOM CMBIC/Ie) OT TAKHX NPeoOpa3oBaHUH MOXKET TONLKO MOHH3HTLCS.

YTo0bl COXPAHHUTb pe3yJIbTaThl JIIOOLIX 3KCMEPUMEHTOB CO 3BYKOM, HY)KHO 3aIl-
catb uHdopmauuio B Gai, As 4ero ciaeayeT NPUMCHHTD NMpeJHa3HaueHHYI U1 3TO-
ro ¢pyHkuuo wavwrite. B 4acTHOCTH, Hall SKCEPUMEHT € 3aLlyMJICHHEM COXPaHUM
B Qaiine ' soundl24.wav’:

wavwrite{ V1, f, b, 'soundl24.wav’ );

3aech nepBbIM apryMeHTOM SIBJISieTCsS MaTpHua (11 MOHO(OHHYECKOrO 3BYKa 5TO
BEKTOP) 3BYKOBBIX OTCUYETOB, BTOPBIM — YacTOTa JHCKPETH3ALMH, TPETbUM — pa3psa-
HOCTb OTCHETOB, a MOCJIEIHUM — UMs daiina.

PaszymMeercs, Hano oTaaBaTh cefe SCHBIH OTHET B LIEHE TaKHX «MYJBbTHMEAWIHHbBIX
ynobers». Hecxkarble crepeodoHHueckue 3BykoBble (haiinbl Bbicokoro kauectsa (CD
Audio) 3aHMMaOT rMraHTCKHe o0bembl namaTH: 1| MHUHYTa 3By4aHus TpeGyeT OKosIo
10 M6aiir.

CueHapun u M-cpaiiabl

B npenbiayuiem noapasaese, MNOCBSLICHHOM aHMMalUM, NPUXOAHJIOCH BBOIHWTD
C KJIaBHaTypbi B KOMaHHoe oxHO cuctembt MATLAB noBonsno Gonbluve Gpparmen-
Tbl koja Ha M-aseike. Ecin motpefyercs ocyllecTBHUTb aHWMauuio (MWIH ApYryro
CTONb ke 0OBEMHYIO 3a7auy) B MHOM ceaHce paboTsl ¢ naketoM MATLAB, To npu-
JETCs MOBTOPHTL BECh BBOJ ¢ kilaBuarypsl. [ToeropHbIil BBOA Gosbinoro Habopa MH-
CTPYKIIMI HE TOJbKO YTOMHTENIEH, HO M YpeBaT BO3HUKHOBEHHEM OLUIHOOK, KOTOpbIE
Hy>Ho Oyner npeononesatsb. SIcHo, uTo B pamkax nakera MATLAB kpaliHe xxenare-
JIEH UHCTPYMEHT [/ 3alIOMHHAHUSA MOJIE3HBIX (PParMEHTOB KOJa U3PSAHOTO pa3smepa,
yToObl MMETH BO3MOXHOCTb H30€XaThb €ro noslopHOro BBoAa. TakoH HHCTPYMEHT
€CThb U Ha3blBaeTCsl OH cyenapuem paboTel ¢ naketom MATLAB.

IMox cueHapuem TNOHHMMAIOT TEeKCTOBBLIM Qaiisi, conepikamiMii WHCTPYKLMH Ha
M-sa3bIKe, MOAIEXKAIIWE HCTIONHEHHIO B aBTOMAaTHYECKOM MAKETHOM pexXume. DTOT
daiin MOXeT UMETH TTPOU3BOJIBHOE UMS, HO pacluMpeHHe UMEHH QUKCUPOBAHHO — OHO
COCTOMUT U3 ofHOM GykBol M. Jlobo# Tekcroeslii daiin, cogepxaluii MPOU3BOIBHBIH
Kon Ha M-A3blKe ¥ MMEIOLIMI OrOBOpPEHHOE BbIlE PaclIMPEeHHE, NPUHATO HA3bIBaTh
M-ghaitinom.
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Coznate Tako (a1 MOXKHO ¢ NOMOLIBIO JIOOOrO TEKCTOBOTO pelakKTopa, HO CHC-
tema MATLAB pacnonaraet co6CTBEHHBIM TEKCTOBbIM PEAAKTOPOM, OKHO KOTOPOTO
TOKa3aHo Ha puc. 5.8.

85t

Pucynok 5.8

OToT penakTop obecrneuHBaeT Takue JOTMOJIHUTENbHbIE Y/00HbIE BH3yaslbHbIE
CpelCTBa, KaK, HarlpuMep, UBETOBOE BbifeNEeHHE KIIOUEBbIX c/10B M-s3bika. Tak uTo
Jyylle BCEro MOJIb30BAaTbCs MMEHHO 3THM pefakTopoM. OH BbI3bIBAETCA W3 KOMaH.-
Horo okHa cucteMbl MATLAB komManaoi MeHio File|New|M-file (unu camol ne-
BOH KHOMKOM Ha MOJ0Ce HHCTPYMEHTOB, Ha KOTOPOH M300pakeH UMCTbIH Gesbli TUCT
6ymaru) u pabotaeT B cBOeM COOCTBEHHOM OKHE.

Kak MOriu 3aMeTHTh BHUMATEILHBIE YUTATENH, B TEKCTE CLIEHapHUs Ha MOKa3aHHOM
BbILIE PUCYHKE HCIOJIb3YeTCs MepeMeHHas A, KOTopasi ONpeAesseTcs B KOMaHIHOM
okHe cuctemMbl MATLAB. 3OTo0 MOXHO penaTb TNOTOMY, UTO [IEPEMEHHBIE,
onpedensiemvle 8 KOMAHOHOM OKHe, W TIEPEMEHHbIE, onpedensemvle 6 CYEHApusx,
COCTRBNSAIOT eounoe pabdouee npocmpancmeo cucTembl MATLAB. Huxe Mbl etue
BEPHEMCS K 3TOMY BaXKHOMY BOTIPOCY.

oclie CO31aHKs TeKCTa CLeHapus ero Halo coxpaHuTb B M-daiine Ha aucke. M-
daiins He Hano nyTtate ¢ MAT-daitnamMy, U3yyeHHbIMY paHee B IVI. | U B KOTOPKIX
XpaHsTcs nepeMeHHble U3 pabouero npoctpaHcTBa cucteMbl MATLAB.

Karayior Ha aucke 1is xpaHeHus M-¢aiinos Moxet ObITb 1100bIM, HO NyTh K 3TO-
My KaTajiory o6a3arenpHo JomkeH ObiTe u3BecTeH cucteMe MATLAB. ITaker MAT-
LAB xpaHuT cBeeHHA 000 BCEX W3BECTHBIX €My Kartayorax. [lns cozmanus HOBOro
KaTajora Hy>KHO CHauasa BBINIOJIHUTh KOMaH1y MeH1o (KOMaHIHOro okHa) File|Set
Path., ¢ mMoMoOIBIO KOTOpPOH BEI3bIBAaeTCA IHAJIOrOBOE OKHO C uMeHeM Path
Browser (mpocMOTpIIMK nyTeit moctyna k daiinam) (cm. puc. 5.9).

B 3TOM OKHe MoKa3bIBaeTCA CMHCOK BCEX 3aperMcTpUpoBaHHbIX B cucteMe MAT-
LAB nyrteit noctyna. lns nobasneHus HOBOro KaTajora B CIHCOK MyTed JOCTyna
CITYXHT cjIeAyIOIas KOMaHAa MEHIO 3TOTO OKHa:

Path | Add to path..
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KOTOpas, B CBOIO Odepedb, MOPOXAAeT elle Lenblii psa AHAOrOBLIX OKOH, paboTa
C KOTOPbIMH NPaKTHYECKH OYEBH/IHA.

fC Path Bmwser

fCurrent Directory -
f‘iE :\MatLab52\bin

[ AnimatedImage.rm =
[£) BubbleSort.m
[ cbButlfigZ.m
Cnext.m
delay.m

L \MyCunWork\ M

{|E:\MatLab52

|E:\MatLab52\extern\exeamples\mex :

E:\MatLeb52\toolbox\matlab\gener

E:\MatLab52\toolbox\mat ab\ons' o
R i e P

4]«{ ;

atlabWork\MFiles §N)

IMocne Toro kak Mel 106aBMAM B CIIMCOK MyTeid AOCTYNa HOBBIH KaTalor, B HeM
MOJKHO COXPaHHMTbh (aHyl ¢ co3pmaHHBIM B pefakTope cueHapuem. UtoObl 3ameicTBO-
BaTb KOJA, pacnoyiokeHHbli B M-daiine, Hy>)XHO BBECTH B KOMaHIHOM OKHE HMMS
M-daiina, coneprkaiuero cueHapui paboThl (6110 yKkazbi6anib NPU SMOM pacudupeHue
haiina nenvsn!!! — BO3HUKHET olMOOUHAs CHTyaLMs), U HaXxaTb kiaBuly Enter.

Ewe pa3 HanoMHHM, 4TO cueHapHii oOpabaTbiBaeT kak CBOM COOCTBEHHble nepe-
MEHHBIE, TaK U TIepeMEHHbIE, ONpeAEIIeHHbIe 10 BbI30BA CLIEHAPUS B KOMAHJHOM OKHE
cucremsl MATLAB u xpansuivecs B ee paboueM npoctpaHcTe. C 1pyroi CTOpOHbI,
BCE NEPEMEHHbIE, CO3/1aHHbIE BO BpeMs paboThl cLeHapus, OcTaloTes B paboyeM npo-
ctpaHcTBe cucTeMbl MATLAB M nocne okoH4aHUS BBIMOTHEHUS CLiEHapUs.

OTO CBOWCTBO SABIAETCS OJHOBPEMEHHO M CHIBLHOM, U crnaboii yepToii cueHapues.
CunbHON 4epTOi ABNAETCA noanas uwmezpayust ¢ paboyum NPOCMPAHCMGOM, UYTO
M IelaeT CLEHapMH CPeACTBOM aBTOMAaTU3alMM HHTEPAaKTMBHOIO ceaHca paboTbl
none3oBatend ¢ naketom MATLAB. Ora e unterpauus ssasercs cnaboi 4epToid,
€caM mpeanonaraetca 0OQOpPMUTL B BHAE CLIEHAPHS OTAENbHbIH (BparMeHT pelueHus
HEKOTOpOH 3ajad, KOTOPbI cleAyeT Bceria BbI3bIBaTh B OJHOH W TOH ke
nporpaMMHOH O6CTaHOBKE, a 3TO HEBO3MOXKHO B CHJY MEPEMEHHOH MporpaMMHOM
obcTaHoBKkHM B pabouem npoctpaHcTBe cucteMsl MATLAB. Kpome Toro, cueHapuio
HEb3s B MOMEHT €ro BbI30Ba NeEpeiaTh B BUje NapamMeTpOB JOMOTHHTENbHYIO HH-
dopmaLHio, He cofiepxalytocs B paboyeM NMpocTpaHCTBE. -

IMepeuncnennpie cnabble CTOPOHBI ClLEHapHEB MPEOAOJIEBAIOTCA C TMOMOLIBIO
M-byHkuuii, koTopsle 6YAyT H3yuaThed B cieaytouleit rnase. Celyac ske OTMETHM,
uTo M-(yHKLHH, B €BOIO Ouepe/ib, MJI0XO NPUCTIOCOOIIEHB! VTS HYKA aBTOMAaTH3aLHH
MHTEPAKTHBHOIO ceaHca paboThl, Tak KaK X MPOCTPAHCTBO NMEPEMEHHBIX MOJIHOCTBIO
 M30/IMPOBAHO OT pabouero npocTpaHcTsa cucteMbl MATLAB.
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OnnuM U3 THUMOBBIX CTy4aeB MPUMEHEHHS CLiEHapHeB ABseTCS 3anmuch B M-gaiin
TEKCTa, CKOMUPOBAHHOTO W3 KOMaHHOTO OKHa (MM COXPaHEHHOTO B TEKCTOBOM (aii-
1e xomanao# diary). Ecnu cpenu conepxumoro takoro daitna 6yner Hekotopoe Ko-
JHYECTBO HEHY>XHBIX HJIH OUIMOOYHO 3aNMHUCaHHBIX HHCTPYKIMH, HX CNelyeT YAanuTh
U3 TekcTa (aiisia, Mocye Yero MOXHO BbI3bIBATb MONYYEHHbI TakuM 00pa3oM cleHa-
puii Ha BbinonHeHue. B pesynbrare B pabouem npocrpaHcTse cucteMbl MATLAB 6y-
JyT BOCCTAaHOBJIEHbI BCE IMEpeMEHHbIC MpeabIAYLIEro ceanca paboTbl, a KpOME HHUX
Oynyr goccozoanbl 6ce epaguueckue obvexkmel (€M OHM ObUTH paHee CO3JaHbl).
B 3TOM OTHOLIEHMH TakHe ClieHapyH MPEBOCXOAAT JaXe Mapy koMaHa save - load,
TaK KakK ¢ MOMOLIbIO MOCIEAHHX HEBO3MOXCHO BOCCTAHOBUTL rpaduueckre 0ObEKTHI.

[Tpu aBTOMaTH3aUMH BLITIOTHEHHS aHUMALMOHHBIX paboT cleayeT y4ecTh HEKOTO-
pble TOHKHE HIOaHCchl, Hampumep, Hibke rnokasaH TEKCT clieHapHsl, B KOTOPBIH Mbl 110-
MECTHJIM BCE KOMAaH/Ibl JUIS pPEUICHUS 33/1a4H O ABHXKEHHH OYCUHKH MO OKPYXKHOCTH,
paccMOTpEHHbIE paHee B MpPEAbLAYLIEM MOoApasfesie W BBOAUBIIHECS C KJaBHATypbl
B MHTEPAKTHBHOM pexuMe (BBOJ KQXKOH CTPOKH WHCTPYKLMI 3aKaHUUBaJICA HAXKATH-
eM ki1aBuuu Enter):

% -- Animation script =—------
x=-1:0.01:1;

yl = sqrt(l - x.*x);

y2 = -yl;

plot (x,yl,'k',x,y2,'k"); :
axis square;

hold on
x=1y=20;
h = plot(x, y, '.r');

set (h, 'EraseMode’', 'xXor', 'MarkerSize',18);

t=0; dt=0.01; a=0.5;
while 1
t=t+dt;
x=cos (a*t); y=sin(a*t);
set (h, 'Xdata',x, 'Ydata',y);
drawnow
end
%- Rem -> To STOP, press Ctrl-C or Ctrl-Break

. B 3TOT TEKCT MBI 106aBUIH HECKONBKO CTPOK Kommenmapueg (4acTb U3 HHX —
B BHJAE LITPUXOBOH pa3METKH TEKCTa [ YJIYulIEHWS 3PUTENLHOTO pa3fesieHUs
(dhyHKUMOHANIBHO Pa3HBIX YacTeil; M060H KOMMEHTapHii HauMHAeTCs CO 3HakKa %), W3-
MEHHJIH NPOCTPAHCTBCHHOE pacronioXkeHue KoAa (Tenepb HET HHUKakod HeobXxoaHMo-
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CTH 3aMHCcbIBaTh BCE 3JIEMEHTBI LIMKJIAa B OHY CTPOKY), HO caMOe IJlaBHOe, Mbl 100a-
BWJTH OJIHY BOXKHYIO KOMaHAY — KOMaHay drawnow.

OTa KOMaH/la COBCEM He Hy)KHa B MHTEPaKTHBHOM DEXHUMeE, KOra KOMaH[bl BBO-
JATCS MO OYEPEAH C KJIaBHaTYpbl U UX BBOJ 3aKaHUMBAeTCs HakaTHEM KiaBHiH En-
ter. A Tenepb, KOrJa OHH PacnoJloXkKeHbl B TEKCTE CLIEHAPHS, OHH MCIOJIHAIOTCS B aB-
TOMAaTHYECKOM PEXUME U HUKAKHUX JOMOIHHUTESbHBIX CHTHAIIOB OT HAXXATHS KJIaBULLH
Enter B cucremy MATLAB He noctynaer. 3To npMBOAMT K TOMY, YTO 0e3 KOMaHbI
drawnow JMHaMH4YeCKOH NepepHUCOBKH rpagUueckoro OKkHa He MPOUCXOAMT U HET HU-
KaKko#W aHHMaLKMH. DTO U €CTb TOT CaMbli HIOAHC B MCIOJb30BaHHUHU CLEHapHUeB, O KO-
TOPOM MBI YNOMHHaNH Bellie. Ha 310 crnenyer o6paTuTe ocofoe BHHMaHHE W HE 3a-
6biBaTh N00aBnATH KOMaHAy drawnow, o3Hauawolylo nocbiiky cucreme MATLAB
CMEeUMANbHOr0 CHrHana ¢ TpeOGOoBaHHEM HEMEUIEHHOH NepepucOBKH rpadHueckoro
OKHa.

AHaAMTHYECKUE BbIYUCAEHUSI C MOMOLLbIO
nakera pacumpeHusi Symbolic Math Toolbox

Ckonb 1WKMpOKH HU O6buTH ObI BO3MOXKHOCTH s10pa cucteMbl MATLAB no npenoc-
TaBJIEHHUIO TOTOBBIX YCJIYT B O0JIaCTH BbIUMCIICHHH M KOMIBIOTEPHOM rpadukH, Bceraa
HaiayTcsl HOBbIE YacTHble MPOOJEMbl H LieNble NpeiMETHbIE o6nacm KOTOpbIe OCTa-
JIUCh HEOXBAaYE€HHBIMH.

Jns rubkoro pearMpoBaHUs Ha TakMe CHTyallWM apxuTekTypa nakera MATLAB
NIOCTPOEHa TaKUM 00pa3oM, UTO UMeeTCs oUeHb ynoOHas TeXHHWKa BCTPaWBaHHS B 00-
LIyIO CHCTEMY HOBBIX MPOrpaMMHBIX peuleHHH. [IpuuemM 3TO BCTpaHBaHHe NMPOUCXO-
AMT npospaynbim (HE3aMETHBIM) JUis nosip3oBatens obpasoM. [locne uHcTamsuuu
naxkema pacwupenus (no-aHrauiicku — Toolbox) (yHKUHOHANBHBIE BO3MOMXHOCTH
9TOro makera Kak 6bl ciMBatoTcs ¢ 6a30BbIMH BO3MOXKHOCTSIMHM siipa cucteMbl MAT-
LAB M uMHU CTaHOBUTCS BO3MOIKHBIM MOJb30BAThCH abCOJIOTHO TpPaJAWLMOHHBIMH
crniocobamu.

INakerst pacmupenus s cucteml MATLAB npousBoasT Kak gupma-
uzeomogumene camoro maketa MATLAB (The MathWorks Inc., USA), Tax
U cmoponnue npoussooumenu. VI3aroToBUTh TakoH MNakeT ¢ TOUKH 3PEHHs] TEXHUKH
NpOrpaMMHpPOBAaHUs. HE NpPEACTaB/IseT HHUKAKHX NPHHUMIIHAIBHBIX 3aTpyJHEHHH,
o yeM d OyIneT pacckazaHO B HacTOALIEM MNOocoOHH Aanee B IiaBaX, MOCBSLIEHHBIX
nporpaMmupoBaHuio. OIHaKO UCTHHHASA LEHHOCTH JIIOOOro nakera pacliHpeHHs Oll-
peaensiercs, B NEPBYIO OY€pelb, AKTYATbHOCTBIO U CJIOKHOCTBIO PELIaEeMbIX C €0 M0-
mouibio 3aay. C 3TOH TOUKH 3pEHHS] U3TOTOBUTH MMAKET PACLUMPEHHS VIS CHCTEMBI
MATLAB Tak, uyroObl OH 3ac/y»H/ BHHMaHUE CEPbE3HBIX MoJib3oBaresied, KpaiHe
cJioxkHO. ITouTH HaBepHsAKa Takoe peLeHHe JOKHO ObITh ClieACTBHEM riayOOKHX Ha-
YYHO-TEXHHUYECKHMX M MPOTrPAMMHBIX pa3palbOTOK B HEKOTOPOM BaXKHOM ¥ WHTEPECHOH
npeaMeTHOI 001acTH.
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B nacrosiiee Bpems CYLIECTBYIOT JECATKH OQHUUHAIBLHO pPacnpoCcTPaHIEMbIX
NMaKEeTOB PACLIMPEHHs, CPelH KOTOPBbIX CYLIECTBYIOT ClelHalbHble MaTeMaTH4YecKue
NakeTbl s pelleHus cucTeM AWddepeHLHANbHbIX YPaBHEHUH ¢ YaCTHBLIMH MPOM3-
soaubiMu (maker Partial Differential Equations Toolbox), ans pewenus 3apau
crarucTuku (Statistics Toolbox) u onTuMuzaunonHbix 3anau (Optimization Toolbox),
JUIs pelueHus 3anau obpaborku nszobpaxeHuit (Image Processing Toolbox; Wavelet
Toolbox), ans pemenus 3agau HeueTkodl Matematukd (Fuzzy Logic Toolbox)
W MHOTUX Jpyrux 3ajay. CyuiecTBYIOT HHXKEHepHble MakeTbl I MOJENUPOBAHHS
pasJIMUHbIX JHHAMMYECKHX CHCTEM, JJeKTpHueckux uened W curHanoB (Simulink;
Control System Toolbox; Signal Processing Toolbox). Jaxke umMeroTcd naxersl
paciuvpeHus, nocedineHHble 3koHoMuke (Financial Toolbox).

JanHoe nocobue we paccmampusaem BCeX NMAKETOR PAaCLUMPEHHS AN CHCTEMBbI
MATLAB. OHO nocBsLIEHO BCECTOPOHHEMY (B CBSI3W C OrpaHHYEHHBIM 0OBEMOM U3-
JlaHUs — He MCUEPMbIBAIOLIEMY) HU3JIOKEHHIO TOTOBBIX BO3MOXKHOCTEH Apa CHCTEMBI
MATLAB, a Takxke MHOFOUYMC/IEHHBIM BOTIPOCAM MPOrpaMMHUPOBAHUSA B paMKax 3TOMH
CUCTEMBI, U Aaxe BHe pamok cuctembl MATLAB, HO B ¢Bsi3u ¢ nocneanel. Ecnu ne-
KOTOpbIH nakeT pacmupenus 1ia cucteMbl MATLAB Bbi3biBa€T MOBBILIEHHBIH HHTE-
pec CO CTOPOHbI 110JIb30BaTENEH, TO €ro JeTalbHOMY OMMCAHHIO AOMKHO OBITH MO-
CBALIECHO OTAENAbHOE rnocobue. B mobOoM ciyyae kaxablH «yBaXkaroulMd cebs»
W Monb30BaTeNied MaKeT pacLUHPEHHs JIOMKEH MOCTaBASTLCA BMECTE C 3NEKTPOHHOM
NOJICUCTEMOM NMOMOIIIH, U3 KOTOPOH Bcerfa MOXKHO Y3HaTb OCHOBHbIE CBEJCHHUS O na-
KeTe M O crieurduUeckux (€CTH TaKOBbie MMEIOTCS) MpHeMax paboThl C HUM.

OnHako Mbl PaCCMOTPHA OCHOBHbIE BO3MOXKHOCTH MakeTa pacuipeHHs Symbolic
Math Toolbox (3T0 ero oduuMabHOE Ha3BaHUE), MO3BOJISAIOLIETO B paMKax CHCTEMBI
MATLAB oCylIecTBIATb GHAIUMUYEcKUe 8blNUCAeHUsL U ananumuyeckue npeobpazo-
6anus BbIpOKEHWHE. DTOT makeT JMuUeH3upoBaH y ¢upmbl Waterloo Maple Software,
Canada, u BtioueH B cocTaB aAucTpuOytHBa nakera MATLAB Ha npaBax nakera
paciurpeHus. OH CTOJIb OPraHUYHO JOMOMHAET M PacLUUpPAET BO3MOXKHOCTH Spa CUC-
TeMbl MATLAB, uTo nponycTuTh pacckas 00 3ToM nakeTe pacuidpeHus Obi1o Obl He-
BepHO. BosmoxxHocTu makera Symbolic Math Toolbox moucTHHE ruranTckue, noaTo-
My Mbl M3yYMM JIMIIb OCHOBHbIE W Haubomnee xapakTepHbie U3 HUX. [TakeT cHabxeH
BCTPOEHHOUN CHCTEMOU 3JIEKTPOHHOH MOMOLLH, YTO B MPHHLUMIE MO3BOJISET MOJYYHTh
TeXHUYeCKHEe CBEICHHS MO BCEM acnekTaM paboTel C HUM.

TToMHUMO BBLIMONHEHUS aHamumuyeckux npeodpazosanuii naket Symbolic Math
Toolbox mo3BOJIZET BBIMONHHTL apupmemuyecKue GbINUCICHUS C KOHMPOIUPYEMOU
MOYHOCMbIO, KOTOPYIO MOXHO 3aKa3aTh 3apaHee.

Haunem ¢ kpaTkoro pacckasa mpo BbIYHCJIEHHS C KOHTPOJHPYEMOH TOYHOCTBIO.
Iaker pacummpenus Symbolic Math Toolbox npenocrasnser ansg 3Tol Uenu 1Be
¢yHkuun — digits uvpa. Ileppas w3 3Tux ¢yHkuMii ycraHasnupaeT TpeGyemyio
TOYHOCTb B KOJIMYECTBE BEPHBIX JECATHUYHBIX. 3HAKOB MOCJIE 3aMATOM, a BTOopas QyHK-
UM OCYLIECTBIIAET BBIYMCIIEHUS C 3a[JaHHOM TOUHOCTbIO. AGOpeBHaTypa vpa o3Haua-
et Variable Precision Arithmetic, uto nepeBoautcs kak «apudMeTHKa C MEPEMEHHOM
TOUYHOCTBIO».
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Bot npumep, nimoctpupytowrit paboty 3THX GyHKUHMI:
digits( 30 };

vpa{ pi )

ans =

3.14159265358979323846264338328

B KOTPOM MbI OUY€Hb MPOCTO MONYUHNIH NMpeKpacHbll pe3ynsTaT — yucno pi ¢ 30 3Ha-
yauuMH 3HakaMid. Tak >ke nerko (Ans Hac, monb3oBateneii) focTuraercs (gaHTacTHye-
cKas TOUHOCTb 1)1 APYTOro 3HaMEHUTOrO UPPAlIHOHATILHOIO YHCIa — YKCTa e:

digits (100 );
vpa{ exp( 1) )
ans =

2.7182818284590450907955982984276488423347473144531

BepHeMcs K OCHOBHOI 06A3aHHOCTH nakeTa paciuupeHus Symbolic Math Tool-
box — K BBIMOMHEHHUIO aHANWUTHUYECKHX TIpeoOpazoBaHuit. JonycTuM, uto Tpebyercs
BBITIOJIHUTB C10)KeHHe (CUMBONBHOE, @ HE YHCIIEHHOE) anrebpaniyeckoro BbIpaXeHHs
X t+ y v BbipaxeHns 3y. Ham coBeplueHHO O4eBHJHO, UTO pe3yabTar (MpH MobbIxX
JOMYCTHMBIX YHCJIOBBIX 3HAUEHHAX HE3aBUCHUMBIX MEPEMEHHBIX X W Y) NOLKEH ObITh
paseH x + 4y. [lonyunTe Takoit pesynbrar cpeiacrBamMu sgapa nakera MATLAB
HeJb34, TaK KaK TaM OCYLIECTBIISIOTCS TOJIBKO YHCEHHbIE pacieThl, a B chopMyTHpo-
BaHHOMH 3ajjaue BOOOLE He 3a/laHbl HUKAKHE YUCIECHHbIE 3HAUSHHUS U1 EPEMEHHBIX X
U Y, BXOJALIMX B MCXOJHbIE BblpaKeHHs. BOT TyT-TO Ha moMoue W NpUXOAUT Sym-
bolic Math Toolbox:

sym(’x+y’) + sym(’3*y")

ans =

Xtd*y

DTOT MaKeT OCYILECTBIAET CIOKEHHE Hajl 0OBbEKTaMH HOBOrO THIMA — 0ObEKTaMH
sym. Takue oObekTbl MonyyaloTCs Mocie BbI30Ba OJAHOUMEHHOH ()YHKUHH — KOHCT-
pykropa Takux obbekToB. Haj obbekTaMu THna Sym MpOW3BOAATCS MaHHMYJISUMH
B COOTBECTCTBUU C paBHJIaMH aﬂrerbl U MaTEMaTHYCCKOI'O aHalihu3a.

B npenbinywem npumepe MoxHO Obu1o Obl CHauana 3aBeCTH JBE MEpeMEHHbIE
THMa Sym, 3HauYe€HUAMH KOTOpbIX ObuUIM Obl anrebpanueckue BbIpaXEHHS X + Y
u3 * oy

symbVl = sym({’'x+y’); symbV2 = sym({'3*y’);

Tun co3naHHeIX NMepeMeHHBIX ¢ UMeHaMH symbV1 u symbV?2 Bcerga MOXHO y3HaTh
npy oMo komauas! whos (cm. puc. 5.10).
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f ) MAB omnidu ,
' Edit |\ Window Help

Pucyrok 5.10

Otcioaa BUAHO, 4TO OOBeKTH (NMepeMeHHble) THMA SYM 3aHMMAIOT B MaMsTH
130 Gaitr. Utak, Mbl UMeEM JIBe nepeMeHHble THMa Sym. J{14 TakuxX MepemMeHHbIX ore-
pauys CJIOKEHHS BLIMOJIHACTCS HE YHCIEHHO, a 10 3aKoHaM airebpoi:

symbVl + symbV2;

symbRes
symbRes
x+4*y

i

3ajaguMMcs BONPOCOM, kakoe ums Gyaer nanGosiee yaadHbIM Julsl CHMBOJIBHOI Te-
peMeHHO# co 3HaueHnem X? HaBepHoe, Takoi NEPeMEHHON Jlydlle BCEro NPHCBOMTH
UMsl X:

x = sym{ 'x" );

B pesynbTaTe nosyyaeTcsi BbIpaKe€HHE HECKOJIbKO, Ha NEPBbIA B3MIAA, CTPAHHOrO
BH/d, HO Mbl TOJIbKO UTO OOBACHWIM €ero NPOHCXOKIAEHHE, TaK UTO Jafiblilc
HeJI0pasyMEeHHH BO3ZHHKATh HE JOJIKHO.

B pamkax nakera pacuudpenuss Symbolic Math Toolbox nMeeTcs BO3MOXKHOCTD
OCYWIECTBAATL HaJl MEPEMEHHBIMH THNAa SYM FHTAHTCKOE KONMYECTBO Orepaumi
M PHUMEHATL K HHM MHOXECTBO MHTepecHbIX (yHkumi. Hawe nocoGue mocBsimeHo
0030py Bcex BosMoxkHocTeH maketa MATLAB, nosatoMy Mbl 3J1€Ch HE MOXeM pac-
CMaTpHBATh aHAJIMTHYECKHE Npeobpa3oBaHus CIHLIKOM NnoapobHo. BkpaTue onuviieM
JIMILIL OCHOBHBIE BO3MOXHOCTH.

@DyHkims simplify ocyuiecTBiAsSET yNpOLEHHE CHMBOJIbHBIX BbIPAKEHHH:

symX = sym(’/x"2-2*x*y+y~2’); symY = sym('x-y");
simplify( symX/symY)

ans =

Xy
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®dyukuus expand npusBaHa packpbiBaTh anrebpanueckde M (PyHKUHOHANbHbIE
BbIPAXKEHHS:

A = sym('sin(xty)’);

expand( a )

ans =

sin(x)*cos(y)+cos (x) *sin(y)

SIcHO, YTO Tak MOXCHO 3ampailuBaTh MoAckasky No 3abbITeIM GopMynaM anredpbl
WJIK TPUTOHOMETPHH. MOKHO NPOCTO NEPEMHOKATb MHOTOUJIEHBI:

A = sym(’ {x+y)* (x-y)* (2*x-3*y)");
expand( a )

ans =
D*RN3-3XRA2Hy=2¥ YA DR R 43¥yN3

C nomouibto ¢yHkuuu factor MOXKHO packjaablBaTb MHOIOYJIEHBI Ha MPOCTBbIE
MHOXKHTEITH, a LieJIble YHCTIa — B MPOU3BEAeHHE NMPOCTHIX YUCET:

factor(sym('x"5 - 1'))

ans =

(X=1)* (M4 3+x"2+x+1)

factor(sym("123456789"))

ans =

(3)"2*(3803)* (3607)

dyHKUMA SUbS OCYIHECTBNSET MOACTAHOBKY HOBBIX BBIPAXKEHWH A YKA3aHHBIX
CHUMBOJIbHBIX MTEPEMEHHBIX!

syms x y ab

subs (x*y, [x,Yy], [atb,a-b])

ans =

{atb) *(a-b)

B nocneaHeM npuMepe Mbl MpUMeHWIH GYHKUHIO SYMS IS KpaTKOH 3alMcH Le-
Joro Habopa 3KBUBANIEHTHBIX BbIPAKEHUH:

x=sym(’'x’); y=sym('y");a=sym({’a’);b=sym('b’");

3ateM Mbl ¢ TOMOLWBIO GYHKUMH SUDS aHAIMTHYECKH TMO/ICTAaBUIH B BBIPRKEHHE X*y
BMECTO X BhIpaXeHHE a+b, a BMECTO Y — BhIpaXkeHHe a-b. -

OyHkuus det, onepupys CUMBOJbHBIMH MAaTPHLAMH, aHAJIMTHYECKH BLIYHCIAET
JETEPMHHAHT (ONPEAEITHTEND) 3TOH MaTPHLIbL:

syms x yab

det ([x,y;a,b])

ans =

X*b-y*a
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AHAIUTHYECKH MOXKHO HAlTH M 0OpaTHYIO MaTpHILy:
syms x y ab

inv([x,y;a,b})

ans =

[ -b/(-x*bt+y*a), y/(-x*bty*a)]

[ a/(-x*bty*a), -x/(-x*bty*a)]

Boobiue, nmeercst 60nbloe KOAMYECTBO (QGYHKLHH, OCYLIECTBISIOWNX aHANUMU-
yeckue onepayuu auHelinol aneebpel. O HUX BCEraa MOXHO CIPaBUTLCA 110 BCTPOEH-
Hoit B naker Symbolic Math Toolbox nokymeHTauuu, cocpenoroueHHol B daiine
\help\pdf doc\symbolic\symbolic tb.pdf.

OcobeHHO BLIMTPLILIHBIMH € 9MOLMOHATILHOH TOYKM 3PEHHUA KXKYTCS MHOIMM
OMNepaLlH CUMBOILHO20 OUDPepeHyuposans u CuMBoIbHO20 unmezpuposanus. Ilep-
Bas M3 HUX Boinonusercs GyHkuueit diff, a Bropas — dynkuueii int. BoT coorBeT-
CTBYIOLLHE MPHUMEpBbI:

y=sym(’x"2-4*x-7");

diff(y, "x" )

ans =

2*%x-4

Beipaxkenue diff (y,’x’) o3Hauaer «nponuddepeHundporaTh y 1o x». A Tenepb
pPUMep Ha MHTErPUPOBAHHE:

y=sym{’1/sin(x)");

int(y, "x" )

ans =

log(csc(x)~-cot (x))

Mo>HO aHaTUTHUYECKH BBIYUCIIATE Hpedeisl:
limit (sym(’sin(x)/x"))

ans =
1

[lpencrarnsioT 3HAYMTENbHBIA MHTEpeC OMepalMyd aHAJTUTHYECKOro pasioiKeHHs
¢dyHkumii B paawt Teiinopa:
y=sym{’sin(x)’);
taylor{y,0)
ans =
©x-1/6*x"341/120*x"5 - ’

3neck hakTHYECKH MPEACTaBJIEH YacTHBIH ciy4aii paga Teinopa — Tak HasbiBaeMbli
pax MaksiopeHa, KOraa psaj HaxoaUTCs 41 OKPECTHOCTH ToukH .
HMeeTcs BO3MOXHOCTD YIPABISTh MOPSAKOM Pa3jiOKEHHS:

taylor(y,0,8)
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PesynbraT Tako#i onepauuu uzobpaxeH Ha puc. 5.11.

X1/6%3+1/120%¢5-1/504 = 4
. v et 20 Pucynox 5.11

[Taker pacuumpenus Symbolic Math Toolbox nossonser naxonuts ananumuyeckue
peuwtenus Onsi aneeopauveckux u ougiepenyuanenbix ypaguenuii. Bot cooTBercT-
BYFOLL{HE NIPUMEDBI.

CHauana pelwMM npocTekliee KBajpaTHOe YpaBHeHHe:

solve(sym(’a*x"2+b*xtc’))

ans =

[ 1/2/a*(-bt+ (b"2-4*a*c)~(1/2))]

[ 1/2/a* (b= (b"2-4*a*c)~(1/2))]

Teneps pewnM audhepeHLHabHOE ypaBHEHHE FAPMOHMYECKHK KONeOaHHii:
y'' o= -y y(0)=0; vy’ (0)=1;

Bort kak 3T0 3anuceiBaeTCs AJS BBINOMHEHHS aHATIMTHYECKOTO NMOUCKA peLUeHHS:
dsolve (' D2y=-y’,’y(0)=0","’Dy(0)=1","x")

ans =

sin(x)

M3 npencrasneHHOro kpatkoro o63opa XOpowO BHAHA FHraHTCKas MOLib MakKeTa
pacuperusi Symbolic Math Toolbox, 3HauuTeNbHO YBENUUYUBAIOIETO YHUBEPCATb-
HOCTb U MPaKTHYECKYIO LieHHOCTh Naketa MATLAB B uenom. ~

CnpaBoynas noacucrema nakera MATLAB

ITaker MATLAB cHa0>keH MOIHON W pa3BeTBIEeHHONW CMPaBOYHON MOACUCTEMOH.
CaMbIM MpOCTBIM cIOCOOOM MONYYUThL UHGOPMALIMIO CIIPABOYHOIrO XapakTepa O TOH
WM uHOM dyHKUMH (komaHe) cucTeMbl MATLLAB MoxHO, BBe/is C K/1aBUaTyphl KO-
MaH[y

-

help Mma O6nexkTa MHTepeca
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nocje 4ero B KOMaHAHOE OKHO BBIBOAWTCS B JIOCTATOYHO CXKATOM BHIAE TEKCTOBAs
HHpOpMaLHs O 3anpolueHHoM obvekre. Hanpumep, komanaa

help drawnow
BBIBOAWT B KOMaHaHoe okHO cuctemsl MATLAB cnenyiouryio nrdopmanuo o GpyHk-

uMd drawnow, paccCMOTPEHHOH HaMH paHee B CBA3H CO CLEHAPHAMH H aHUMAalLHOH-
HBIMH 3a7a4aMH (cM. puc. 5.12).

MATLAB Command Wi

PucyHok 5.12

OO6BeKTOM, /J1s KOTOPOTrO 3alpamMBaeTcs cnpaBovyHas HHdopMaLus, MOXeT ObITh
nobas koMaHaa unu BerpoeHHas ¢ynkuusa cucremsl MATLAB, a Takxke Bce ee rpa-
duueckue o6bekThl. MHpOpMauus no GyHKLUMAM BKIOUaET B ceOs BCe BapUAHThI BbI-
30Ba (DYHKLMHY C Pa3sHbIM YHC/IOM apryMEHTOB.

Jlpyrum crnocoGoM BbI30Ba TOH e CaMOH CrpaBOYHON HHOPMALIMH ABSAETCS BbI-
nosiHeHue koMauabl MeHio Help|Help Window, B pesysbraTe OCYLIECTBIEHHS KOTO-
poii nosB/ISETC OTAENBHOE OKHO (B JIEBOM IMOJ€ BBOAA 3TOrO OKHA CIEAYET BBECTH
WM kOMaHAbl drawnow U Haxarh kiaBuwy Enter) ¢ ToH e wuHpopmaumeH
(cM. puc. 5.13).

3nech BaXHBIM JONOJTHUTEBHBIM 3JIEMEHTOM ABJIETCS CIUCOK, B 110jl€ KOTOPOro
BHIHA HAANHCh See also («CMoOTpH Takoke»). Pa3BepHYB 3TOT CMHUCOK, OOHAPYKHBaEM
Haanuce More drawnow help (HTML), BoiOupas koTopyio, nepexoanumM k Gonee pas-
BEpHyTO# CNpPaBOYHOM nHbopMaliuu 06 stoit hyHkuud. OSta nHOpMaLMs NpeaAcTas-
feHa B cranzaptHoi gopme WWW (ocHoBHo# ¢(opmar Internet) u mokaspiBaeTcs
B okHe Internet-Opay3epa (Ha puc. 5.14 noka3zaHo okHo Gpaysepa IE 5.0):
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MATLAB Help Window _

DRAWNOW Flush pending‘graﬁﬁics events.
DRAWNOW "flushes the event queue" and forces MATLAB to
update the screen.

There are four events that cause MATLAB to flush the event
gueue and draw the screen:

- a return to the MATLAB prompt
~ hitting a PAUSE statement

- executing a GETFRAME command
- executmg a DRAWNOW cormand

Pucynok 5.13

Rete1 enue

draWHOW Examples See Also

mnplete pendmr’ drawing ev ents _:J
[&Ttile:/7/0: /MATLAB,’heIp/techdoc/REF/DRAWNOW HTML#seeI {3 My Computer

Pucynok 5.14

Ipencrasnennas 8 HTML-¢opme cnipaBoyHas nokyMeHTauus cucremel MATLAB
ABysgerca Haubosee TOYHOH TEXHHYECKOH IOKyMeHTauH el no atoi cucrteme. Hannune
THIEPCCHUIOK MO3BOJNSET JIErKO NMEPEXOAWTh K JAPYrHM, OJIM3KHM MO COAEpXKaHWIO
CTaThaM. 3aYacTyIO CTAaThH 371€Ch CONPOBOXKAAIOTCS NMPHMEPAMH HCTIONB30BaHUA 005~
€KTOB, O KOTOPBIX 3ampolueHa HHGOpMaLus. 3a0JHO U3 OKOH Gpay3epa MOXKHO y3HATh
O TOM, B KaKHX MMEHHO KaTalorax Ha JHMCKE pacrnosoxeHsl crnpasounsie HTML-
taiinei. Kak BuaHO M3 npenpiymero pucyHka, STHM KataJorom sBJAETCA KaTanor
D:\MATLAB\HELP\TECHDOC\REF, rne ums ogHoro u3 nogxaraioros TECHDOC
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o3HavyaeT MecTo, rae pacnonoxeHa TtexHuuyeckas (TECHnical) noxymentaums
(DOCumentation) no cucteMme MATLAB.

EcTb, onHako, eille OAMH C0i cripaBo4HOM MHbOpMALMH. OTO Tak Ha3biBaeMble
31eKTpoHHble KHHIY B dpopmare PDF (Portable Document Format — dopmar nepeHo-
cuMblx okymeHToB). PDF-¢aiinel MOKHO MpocMaTpHBaTh ¢ MOMOLIBIO J0GOro u3
PDF-BotoepoB (viewer — npocmotpunk). Mmu sensiores nporpammel Acrobat Reader
1 Acrobat Exchange ¢upmer Adobe. Hanpumep, Ha puc.5.15 mnokazaHo OkHO
nporpammbl Acrobat Exchange ¢ nngopmaumeit u3 snexrpontoi kuury GRAPHG.PDF,
TNOCBSAILLIEHHOH H3yueHHIo rpaduyeckoit noacrcTemsl naketa MATLAB:

Acrobat Exchange - [GRAPHG.PDF] HEII
Y Edit Document.. Yiew  Taol ] ‘ : - l_ﬁ]
BB F'@l::::::]@l@l% - R «»| D 1-1-1 __j @g} Blmpa] |
DD Preface +{| Creating a Plot 2l
* D[ introduction o e e S .
‘<[ Building 2-D Graphs I'he ploc function has different forms depending on the -3
[ Building a 2-0 Graph example, if y is a vector, ploc(y) produces a linear grap
© b [ Figure Windows versus the index of the clomoms of y. IF you specify two
< [ Elementary Plofting Fur=: plot.(x,y) produces a graph of y versus x.
[ Creating a Plot
D) Adding Plots to an E For example, these statements ereate a veetar of values
[y Matrix Data Plots increments of ®#'100 and then use this vector to evaluate
[) Imaginary and Com-:: that range. MATLAB plots the vector on the x-axis and
b D BasicPlotControl - function on the y-axis.
I D) Graph Annactation  , )
- DD Building 3-D Graphs ‘ o= 0:pi/100:24pi;
. DY specialized Graphs g y o= sin(u): :
- DD Images plot(t.y) '
" PO 3-D Modeling > -
4] : Celiain T el [y Page 20 ot 3720 | Q170% i (E] 775%0.01 00 [ 4] R EEe

PucyHok 5.15

Hnbopmauus B 3JIEKTPOHHBIX KHHrax MOJHOCTbIO OTOPMAaTHPOBAHa, €€ yI00HO
YUTaTL Ha JUCIUIEE KOMIMbBIOTEPA, U OHA rOTOBA K pacrievaTke Ha npuHTepe. Manoxe-
HHY€ BENETCH JOBOJILHO CBA3HBIM 00pa3oM M MpeACTaBiseT co6OH 10CTATOUHO KavecT-
BEHHbI 0030p npeamMeTa. JIMIIb 0 TOYHOCTH U CTPOrOCTH U3JIOXKEHUS OHA yCTymnaer
texauyeckoit HTML-noxymenTauuu.

Cronb 6onbuioit Habop nokymeHTauuu naketa MATLAB cBHaeTeNbCTBYeT Kak
0 KayeCTBe W3rOTOBJEHHs JAHHOTO NPOrpaMMHOTO MaKeTa, Tak ¥ 0 €ro HeobblyaHHOM
wrpore u rny6une. U3 nocneaHero yTBepKIeHHS BBITEKAET, YTO HABEPHAKA BO BCEH
3TOM BCTPOEHHOH CrpaBouHOH MHOPMaLMK OCTAIOTCA « Geble NATHA», a TAKXKE NpU-
CYTCTBYIOT HEY/AUHO M3NOXKeHHbie (parmenThl. JlaHHOE ydeOHoe nocobue oTdacTd

npeaHa3HauYeHO JJIA JIMKBUAALNH YKa3aHHBIX HEOCTATKOB CTPaBOYHOM MOJCHCTEMBI
nakera MATLAB.



YacTe 2

[lporpammmpoBaHme B cpeae
cuctembl MATLAB

FAaBa 6
I pOFpaMMM pOBaH ue (t)YH KUMMH

Ha M-a3blke

CHHTaKCUC omnpeAeAeHUst U Bbi30Ba
M-pyHKuMi

B npenpiayuieii rnase usyyajiuch CLIEHAPHH, KOTOPbIE pa3lelifloT CBOW lepeMeH-
Hele ¢ pabounM npocTpaHcTBoM cHctembl MATLAB. Takas TecHas vHTerpauus He
TMO3BOJIIET PEATU30BATh TOJHOCTBHIO M30JMPOBAHHBIH H He3aBHCHMBIH OT pabouero
npocrpaHcTBa ¢parmMeHT kona Ha M-sspike. Kpome Toro, cueHapusm HEBO3MOXKHO
nepeaaTh BXOAHbIE TapaMeTphl.

YT00bl peau30BaTh HE3aBUCHMBIH W M30JIMPOBAHHBIH ()parMeHT Ko/a, pellarouui
HEeKOTOpYIO (PUKCHPOBAHHYIO 3a7ayy U NMPHHUMAIOLIKMH B BUJE BXOAHBIX MapaMeTpPOB
HaYaIbHYIO HHOOPMALHIO, HYXHO 0DOPMHUTH 3TOT (parMeHT B BUAE @YHKyuu CUCTe-
Mbl MATLAB.

DyHKLMH, KaK U CLIGHAPHH, COCTOSAT U3 Habopa WHCTPYKUMH M-3biKa, M MX TaK XKe
3alUCHIBAIOT B TEKCTOBBIE (paiiibl ¢ pacluMpeHyeM m. B urore mid NakKOHHYHOCTH MX
HasbIBatoT M-@ynxyuimu. Ceitdac Mol NOAPOGHO PacCMOTPUM Bce OCOOEHHOCTH YCT-
poiicta M-dyHKUMH.

Texer M-(QyHKUMHM [0oMKeH HAYMHATBCS C 3020/106Kd, TIOCTIE KOTOPOro chenyer
meno ynkyuu. 3aronoBok onpeaenset unmepgetic GyHKUMM (cnocod B3auMoaeHCT-
BUA C Hell) U UMeeT clenylomui BUA:

function [Retl, Ret2,..] = FName(parl, par2,..)
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B Hem obbsapnsercs GyHkuus (c noMouIplo KmouyeBoro ciosa function) ¢ umenem
FName, koTopas NpUHUMAET 6X00Hbie napamempwl parl, par?2,... u BbipabaTeiBaer
ebix00Hble (8038pawaemuie) 3navenus Retl, Ret2... MHOrotouus He sABAAIOTCA
3MEMEHTAMH CHHTAKCHYECKOH KOHCTPYKUMH, U Mbl MX 3/1€Ch NMPHMEHIEM TONbKO s
TOro, 4yToObl HarNSAAHO MOAYEPKHYTH TOT (GAakKT, YTO GYHKLUHH MOTYT UMETb pa3sHOe
YMCIIO BXOJHBIX MapaMETPOB M BBIXOJHBIX 3HaueHW. BoT wunmocTpHpyromme
NpUMepbI Ha 3Ty TEMY:

function FNamel

function FName2 (parl, par?, par3)

function Retl = FName3{parl, par2?)
function [Retl, Ret2, Ret3] = FNamed (parl)

3nech B MepBO# CTPOKE MpeAcTaBiieH 3aroyioBok ¢yHkuuu FNamel, He uMerouleit HH
BXOJHBIX MapaMeTpPOB, HHU BBIXOAHBIX 3HaueHUH. PyHkuus FName2 npuHHMaeT TpH
BXOJHBIX MAapaMeTpa W Tak XKe He MMeeT BO3BpallaeMblX 3HaueHUH. [lanee, byHKUHS
FName3 npuHUMaeT /1Ba H BO3BpallaeT oJiHO 3HaveHne. M HakoHel, gyHkuus FNamed
HUMEET OIMH BXOJHOH MapaMeTp U TPH BBIXOJHBIX 3HAYECHHS.

YacTo Ans KpaTKOCTH BXOJHBIE MapaMeTpbl Ha3bIBAIOT apyMeHmamu (QYHKyUu,
a BO3BpaulaeMble (BBIXOJHbIE) 3HAUEHHUS (PYHKLHUH HA3bIBAIOT MPOCTO €€ IHAYEHUAMU.

VkaszaHHOe B 3arofioBke MMs (hyHKLUMH JO/KHO COBNajaTh ¢ UMeHeM ¢aiina (6e3
y4yeTa pacliMpeHHs.m), B KOTOPbIH 3anucbiBaeTcs TekeT ¢yHkuuH. Paccornacosanue
uMeHH QyHKUHMH W UMeHH daiina He JomycKkaeTcs.

Teno ¢hyHKIMH COCTOUT U3 MHCTPYKUMH M-s3bIKa, C MOMOLLbIO KOTOPLIX B UTOTE
BBIUMCIISIOTCS BO3BpalllaeMble 3HaueHus. Teno (GyHKUMHM crleayeT 3a 3arojoBKOM
¢byHKUMH. 3aroNoBoK (GYHKUUH TUIIOC TeNO GYHKUMHM B COBOKYMHOCTH COCTABJSIOT
onpeodenenue ynxyuu. Takum obpazom, B M-daiin 3anucbiBaeTcs HMEHHO onpeaene-
Hue ¢yHkiuu. Pasmeniate M-daiin ¢ onpeaenetneM GyHKUHH HY>KHO B OJHOM U3 Ka-
TaJIOrOB JHCKA, BXOAAIIMX B crucok jgoctyna naketa MATLAB. O6 stoM Mbl yxe
pacckasbiBajid paHee, KOra U3y4anuch CLEHApHH.

Ecnu B M-dalin noMecTuTh OnpejeNieHus cpa3zy HeCKOJNbKHX (pyHKLMH, TO BbI3bI-
BaTh M3 KOMaHaHoro okHa cucteMbl MATLAB (unu u3 ¢yHkuuii apyroro M-daiina)
MO>KHO OYJeT TOJIbKO Ty U3 HUX, UMS KOTOpPO# coBmnaaaeT ¢ uMeHeM M-daiina. Takum
obpa3oMm, Tonbko onHa (GyHkuus w3 M-¢aiina Buanma BHe storo dakna. OcranbHble
(YHKUHMH BBI3BIBAIOTCSA H3HYTPH AaHHOrO M-(aiina v BBINONHAIOT BCIOMOIaTeIbHYIO
pabory. .

Bor npuMep cuTyaumu, xoraa B Qaiine ManyFunc.m comepkaTcs OnpeaeneHus
aByx GyHKUMH (onpeneneHue GpyHKUMH 3aKaHYMBAETCA MO0 HCUYEPNIAHHEM MHCTPYK-
UKH, TMO0 3aroJIOBKOM ONpeeNeH s CaeayoueH GyHKUMH):

function retl = ManyFunc( x1, x2 )
retl = x1 .* x2 + AnotherFunc( x1 );
function ret2 = AnotherFunc( y )
ret2 =y .*y+2*y+3;
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3neck onpeaeneHsl QyHkuuMH ManyFunc u AnotherFunc. OnHako H3BHE MOXHO BblI-
3bIBaTh TONBKO (yHKUWIO ManyFunc. @yHkuuio AnotherFunc MoxeT BbI3bIBATh
byHkuus ManyFunc u 6onbie Huyto. OyHKUMIO ManyFunc MOMHO Ha3BaTh OCHOB-
HoH ¢yHkuueli B daiine ManyFunc.m, a dyHkiuio AnotherFunc — ecnomozamenvroii
@yuxyueit unu noogynxyueti (No-aHrMUUCKYU — subfunction). ;

CyecTByeT elie oAUH cnocod orpaHU4YUTh BO3MOXKHOCTH BbI3oBa (yHKLMH. [[o-
MyCTHM, Mbl XOTHM, YTOOBI HEKOTOPYHd M-GhYHKLWIO MOMIH BbI3bIBATE TOJBKO
M-¢yHKUMY U3 3a1aHHOrO KaTanora U Gonblie HUYTo. Toraa y 3Toro karanora Hy>XHO
co3laTh JOYEPHUH MOAKATaIOr ¢ WUMEHeM private W MOMECTHTh TyAa yKa3aHHYIO
¢yHKkuMio. Bee dyHKUMM U3 kaTanora private BUAWMBI TOJbKO QYHKLHSM U3 pOAM-
TEeJIbCKOTO KaTayora.

Kak BxoaHble mapaMeTpbl, Tak W BO3BpalllaeMble 3HAYE€HUS MOTYT ObITh B 00ILEM
cllyyae MaccMBaMH pa3jM4HbIX THIOB, pa3MepHOCTeH u pasmepos. Hanpumep, cie-
ayrouias GyHKUHUS ¢ UMeHeM MatrProcl:

function [ A, B ] = MatrProcl( X1, X2, x )
% MatrProcl calculates MatrixProduction
% plus (or by) one scalar

A =Xl .* X2 * x;
B =Xl .* X2 + x; %The last line of the code.

Q

o\

pacCuMTaHa Ha IPUEM» JIBYX YMCIIOBBIX MaccuBOB X1 W X2 OJMHAKOBOro pasMmepa
¥ OJIHOTO cKasipa X. OTH MacCUBhI B Tejle (PYHKLUHMH CHayala nepeMHOXaloTcs noae-
MEHTHO, TI0CJIe YETO Pe3yJIbTaT TAKOro NEPeMHOXKEHHS AOMOJHUTEILHO YMHOXKAaeTCs
Ha ckanap X. Takum o6pazoM nopoxkaaercs NepBblii U3 BHIXOJHBIX MaCCHBOB, TO €CTh
maccuB A. OnMHaKOBBIE pa3Mepbl BXOJHBIX MaccuBOB X1 W X2 rapaHTUpyIOT BBINOJ-
HUMOCTb ONEpaLMd WX TOIEMEHTHOTO YMHOXEHHA. BTopol BbIXOAHOH MaccuB
(c uMeHeM B) omIHUaeTCst OT NepBOro TeM, YTO MOJYHAETCH CIOKEHHEM CO CKaIspoM
(a He yMHOXXEHUEM). ,

B Tekcre ¢pyHkuuu MatrProcl noMMMO WHCTPYKUHMH, BBIYHUCIAIOIMX BO3Bpalllae-
Mble (YHKLUWEH 3HaueHHs, MPUCYTCTBYIOT TAakke KOMMEHTapWH, HauHHAOLUeCT CO
3Haka %. Kak u3BecTHO, B 1I06OM s3bIKE MPOrpaMMHpPOBaHUS KOMMEHTapUH He SBJIS-
IOTCS UCTIONHAEMBIMH HHCTPYKLMSAMM, a CIIy>KaT JIMWIb A0S Lened JOKYMEeHTHPOBaHHS
npoliecca nporpaMMUpoBaHusa. OHU NOACHAIOT MPOrPaMMUCTY CMBICH TOrO HIIH HHOTO
y4acTka koaa. bes koMMeHTapueB TpyHO ObIBaeT NMOHATH OTHAEIbHbIE MECTA B CIIOXK-
HBIX MPOrpamMMax, KOrAa MpoLio U3pSJHOe BpeMs C MOMEHTa MepBOHauYaIbHON pas-
paboTku nporpamMmsl (pyHKUUM).

B. cucreme MATLAB 0co6yto pojib HIpatOT HECKOJBKO CTPOK KOMMEHTapHeB,
pacroylaraloniMxcs cpasy >ke 3a 3arojIoBKOM (YHKUMH. DTH KOMMEHTapHH TMpeaHa-
3Ha4Y€HBI HE TOJNIBKO AJIS MPOrpaMMUCTOB, HO W I KOHEYHBIX HOJIB30BaTENeH, XKe-
JAOUIMX 03HAKOMMTBCH € KpaTkoi WHGopMmaLuell no pazpaboTaHHON KeM-TO APYTruM
¢yHkuuu. Takum o6pa3omM, B 3THX CTpOKaX IOMKHA OBITh PacroioxeHa KpaTkas
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CrpaBKa I0 XOpOWO AOKYMEHTHUpOBaHHOH (yHkuuH. ITonyuuTs 3Ty crnipaBky MoxeT
mo6oit nosib3oBaTeNb QYHKUNH, €CITH BBINOIHHT KOMaHAY

help MatrProcl

B PE3yJbLTATE BbIMOJHEHHS KOTOPOH B KOMaHAHOE OKHO TMOCTYMHT CIEAYIOLIAas HH-
dopmarnms (cm. puc. 6.1):

-} MATLAB Command Window
‘EiIeA Edit “Window Jjelp

DS 8 v BE B
» help Mah‘Prqcl

MatrProcl calculates Matx leloductwn
plus (or by) one scalar :

4

PucyHok 6.1

OTH K€ HayajlbHblE CTPOKH KOMMEHTAapHEB YYacTBYIOT B TNMOHUCKE (QYHKUHH IO
coAepxaluMcs B HeH TekcToBbIM (parMeHTamM. TakoH TMOHCK OCYLIECTBASETCA
KOMaHJA0H

lookfor rexkcr -all

HakoHewn, koMaHa0H

type mMa_ QyHKLMK

-

«pacrnevaTbslBaeTCs» (B KOMaHAHOM OKHe) Bech TEKCT M-(pyHKLIHH BMECTe CO BCEMH ee
KOMMEHTapHsMH.

Teneps mNpoAOMKHMM H3yueHHE J[APYTMX acleKkToB CHHTakcuca M-¢yHKUMH,
a MIMEHHO T€X M3 HHX, YTO CBA33aHBl C MCIONB30BaHHEM pa3paboTaHHBIX (QYHKUHUH.
Bei306 co3znaHHON HaMH (QYHKUMHM OCYLIECTBISETCS M3 KOMAHIHOTO OKHA CHCTEMBI
MATLAB unu u3 TekcTa kakod-nubo apyroit dyHkuun. PasHeie M-byHKUnH ¢ cog-
nadaiowumu umenamu (COBMafaroT MMeHa HX M-¢QainoB) MoryT pacrnonaraTbes
B pa3HBIX KaTajorax Ha JHCKe KoMnbioTepa. B pesynbTaTte npu BhizoBe M-¢dyHkuMi
cuctema MATLAB nomxkHa pyKOBOIACTBOBATHCS YETKO OMNpElENIEHHBIM KpHUTEpHUEM
BbIGopa KOHKpeTHOH yHKUMU. KpuTepuii coCTONT B 3ajaHHON 1MOC/IEOBATENEHOCTH
orbopa kaHauzaaToB. IIpuopurer Bcerna otaaetcs BHyTpeHHei 1 M-gaiina ¢yHk-
LMK, €CJTU BBI3OB OCYLIECTBIIAETCS BHYTpH 3TOro (pakina u ecnu BHyTpeHHss QyHKUMSA
€ 3THM HUMEHEM CYLIECTBYET. B ciyyae Heynayd MOMCK NMpOAOIDKAETCS B YaCTHOM
nojikaTajiore private M TOAbLKO MOC/E 3TOr0 HAYHHAET MPOCMATPHBATBLCS BECH CITH-
cok nyreit foctyna nakera MATLAB BruioTs 10 nepBod BCTpeTHUBLIEHCS MPU 3TOM
(bYHKUMH ¢ COBNAAIOLIUM UMEHEM (3To UMA M-daiina).

CuHTaKCHC BBI30Ba GYHKUMM TPagMUHOHEH A/ GOJIIIMHCTBA A3BIKOB MPOrpaM-
MHUpPOBaHMS: 3aMUCHIBAETCA UM (PYHKLMH, MOCIIE KOTOPOro B KPYIJIBIX CKOOKaxX 4yepes
3aMATYI0 NIEPEYHCIIAIOTCA haxmuyecKue exo0Hble napamempsl, ¢O 3HAYEHHUAMH KOTO-
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peiX U OyayT npousBeneHbl BelYUceHHs. DaKTHUECKHE NapaMeTpbl MOFYT ObITh 3a-
JlaHbl YHCJIOBBIMHU (M APYTHMH) 3HAYEHHAMH, HMEHAMH NepeMeHHbIX (Y)Ke MMEIOLIH-
MH KOHKPETHbBIE 3HAUEHHS ), A TAKKE BHIPAKECHHAMH.

Ecnu daxrnyeckuii napaMeTp 3aiaH HMEHEM HEKOTOPOi NMEPEMEHHOM, TO peasib-
Hble BbIYMCJIEHHS! OyayT NMPOH3BOAHTLCA C Konueil 3Toi repeMeHHoH (a He ¢ Hel ca-
Moi1). DTO Ha3bIBaeTCs nepedayeil Napamempos no 3HA4eHUIO.

Ha puc. 6.2 nokasaH Bb130B U3 komaHaHoro okHa cuctembl MATLAB panee cos3-
JaHHOM HaMH Ui npumepa ¢yHkuun MatrProcl.

v

AP Pucyrok 6.2

3nech uMeHa (aKTHYECKUX BXOAHBIX napameTpoB (W1 u W2) M nmepeMeHHBIX, B KOTO-
PbIX 3aMKCBIBAIOTCS pe3yJibTaThl BhiuKcieHHH (Resl U Res2), He cOBMajaloT ¢ HMe-
HaMH aHaAJIOTHYHBIX MEepeMeHHBIX B onpefeneHud ¢yHkunn MatrProcl. OuesnaHo,
4TO COBMajeHus M He Tpebyercs, Tem Gosiee UTO Y TPETbero BXOAHOr0 (pakTHYECKOro
napaMeTpa HeT UMeHH Boobuie! UTo6bl MOAYEPKHYTh 3TO BO3MOXKHOE OTJIIHYHE, UMEHA
BXO/JHBbIX NapaMeTPOB M BBIXOAHBIX 3Ha4YeHHH B omnpeneseHUH (YHKLHMH Ha3bIBAIOT
Gopmanvrbimu.

B paccMoTperHHoM npuMepe BbizoBa GyHKUMHM MatrProcl us aByX BXOAHBIX KBaj-
paTHBIX MaTpHLl 2 X 2 MOJyvaroTcs JBE BbIXOJHbIE MaTpulbl Resl U Res2 ToyHo Ta-
KHX K€ Pa3MepoB:

Resl =
9 6
6 6
Res?2 =
6 5
5 5

Bei3Bas ¢yHkumnro MatrProcl
[rl,r2] = MatrProcl( [123; 456 1,[ 777 2221],1);

C JBYMS BXOIHBIMH MaccHBaMH pa3Mepa 2 X 3, MOJy4YHM JIBe BBIXOJHBIE MaTPHLIbI
pasmepa 2 x 3. To ectb onHa u Ta xe QpyHkuMs MatrProcl moxer obpabaThiBaTh
BXOJIHbIE MapaMeTpbl pa3lIMYHBIX pa3MepoB U pa3MepHocTeli! MoxHO BMecTo Maccu-
BOB IPUMEHHUTD 3Ty QYHKLUMIO K ckasispaM (3TO Bce paBHO MacCUBBI pasMepa 1 x 1).
Tenepr paccMOTpPUM BOMPOC O TOM, MOXXHO JIH HCHONB30BaTh (PyHKUHIO
MatrP¥ocl B cocrase BbIPOKEHHI TaK, Kak 3To Aenaerca ¢ (YHKLUHAMH, BO3Bpa-
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LIAIOLMMH eIHHCTBEHHOEe 3HaueHHe? Oka3biBaeTcsl, 3TO AeNaTh MOXHO, PHUYEM B Ka-
yecTBe 3Ha4YeHUsT PYHKUHWH, PHUMEHIEMOro A AajbHEHIIMX BBIYHMCIECHHUN, UCIOJb-
3yeTcs nepBoe M3 Bo3BpallaeMblx (yHkuHel 3nadenuil. Cnenyromee oKHO CHCTEMBI
MATLAB unniocTpupyeT 3T0 nosnoxeHue (cM. puc. 6.3).

ME ; @ - b
=MatrProc1(1

2D +6;

{7 Pucynok 6.3

Ipu BeI30BE ¢ mapameTpamu 1, 2, 1 ¢yHkuus MatrProcl Bo3BpaluaeT 1Ba 3Haue-
HUst: 2 1 3. J[ns BBIYMCIIEHUS BCErO BbIPAXKEHHUS HCTIONb3YETCS NEPBOE U3 HUX, TaK UTO
nepeMeHHas S CTAHOBHTCS paBHOM 8.

Tak kak BbI30B 1060 (hyHKLHH MOXKHO OCYLIECTBHTb HAMMCAB MPOM3BOIBHOE Bbl-
paxkeHHe B KOMaHAHOM oOkHe cuctemsl MATLAB, To Bceraa MOXHO COBEpUIMTH
ouIMOKy, CBSI3aHHYIO C HECOBMNAJCHHEM THITOB (aKTHUECKHX M GOPMAaJIbHBIX MapaMeT-
poB. MATLAB He BbIMONHAET HUKAKUX MPOBEPOK HA 3Ty TEMY, a TPOCTO Mepeaaet
ynpasneHue ¢yHKUMH. B pesynbTaTe MOryT BOSHUKHYTb OlIMOOUHBIE cHTyauuH. Urto-
061 u3bexats (Mo BO3MOXKHOCTH) BO3HUKHOBEHHS TAKHX OIIMOOUYHBIX CHTYaLHH, HyX-
HO B TekcTe M-dyHKUMIT OCYLIECTBIATL NPOGepKy 8X00HbIX napamenpog. Hanpumep,
B GyHKUMH MatrProcl jierko OCyLIECTBHTH BbISIBJIEHHE CHUTYauMH, KOria pa3Mepbl
MepBOro M BTOPOTO BXOJHBIX MapaMeTpoB paznudHbl. Jng HanucaHds Takoro koja
TpebyeTcs nosHblii HalOp KOHCTPYKUMH YNpaBJeHHs, U3 KOTOPBIX MBI [10Ka YTO HU3Y-
YKJIH JIMLLIB ONEepaTopbl UMK (B 1. 5).

KoHcTpykumMm ynpasaeHus

B nmoboM si3bike MpOrpaMMHPOBaHHS, B TOM uHCl€ U B M-si3blke, BCTPOCHHOM
B cucteMmy MATLAB, umeloTcs crieuuajibHble KOHCTPYKLHH, KOTOpHIE 3a1at0TCs
C MOMOLLBIO 3aPE3€PBUPOBAHHBIX KITIOUEBBIX CJIOB 3TOrO A3bIKA W CIIY>KaT U1 YIpaB-
NeHUs TIOPSAKOM BBITIOJIHEHHS OTiepauuii.

TakHe KOHCTPYKLIHH YacTO Ha3bIBAIOT onepamopamu ynpasaenusi. K HUM OTHOCAT-
cs1 onepamopel GemeRenus v onepamopul yuxia. OnepaTops! LHUKIA Mbl M3YUHIIH pa-
vee B 1. 5. Teneps H3YUUM OMEPaTOPbi BETBJICHMSL.

" K'oneparopaM BETBACHUA B M-i3bIKe OTHOCSATCS YCIOBHBLU OnREpamop U onepamop
_nepexmouenus. YCIOBHBIH ONEPATOp HCIMOJNB3YET KitoueBbie cioBa if (ecnu), else
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(vHaue), elseif (uHaue ecnu), end (KoHeL BCEH KOHCTPYKLIMM) H MOMKET BBICTYMATh
B OJTHOM U3 ciieayroulux Tpex ¢opm. Bo-nepseix,

if ycnosue
end
Bo-BTOpBIX,

if ycnosue

else

end
Y, HaKOHell, B (hopMe

if ycnoeuel

elseif ycnosue?

else

end
B KOTOPOH BeTBEeH ¢ KIIIOUeBbIM CIOBOM elseif MoxeT 6bITH MHOTO.

O6nacTe JeHCTBUS YCIOBHOIO OnepaTopa HauWHAeTCs KIIIOUEBbIM C/OBOM 1f,
a 3aKaHuyuBaeTCs KIloYeBbIM croBoM end. Iloa yCloByeM noHWMaeTcs NMPpOoU3BOIbHOE
BbipaXkeHHe (ualle BCero 3TO BblpakeHHe BKJIOHAaeT B ceOf onepauuH CpaBHEHHS
W JIOTHYECKHE OnepaLuu), UICTHHHOCTb UM JIOXKHOCTb KOTOPOTO MOHHUMAETCs KaK OT-
JIMUME WJTH PABEHCTBO HYIIO.

Ecnu yclioBHe HCTHHHO, TO BBIMOJNHSAIOTCS KOMaHAbI, CTOAUIME MOCNe CTPOKH
¢ koyeBbiM coBoM 1f. Eciu ycnoBue NOXHO, TO 3TH KOMaHIbl NPOMYCKaloOTCS
¥ 160 TepexoAdT K cleAylolleMy 3a YCIOBHBIM omnepartopy (mepeas ¢opma), 1ubo
MPOBEPSIOT ellie OJTHO YCIOBHE B CTPOKE C KJIIOUEBBIM C/IOBOM elseif (Tpetbs dopma
YCJIOBHOTO OflepaTopa), WK BbINOJIHAIOTCS 6€3 JONOMHUTENbHBIX NMPOBEPOK KOMaHAbI,
CTOAILIME MOC/E CTPOKH C KIJIIOUEBBIM CJOBOM else (BTOpas W3 MpPHBEACHHBIX BbIlLE
¢dopm). bonee moapoOHbIXx OOBACHEHHH Mo paboTe YC/IOBHOIO oneparopa He
TpebyeTcs, Tak Kak haKTH4YeCKUH CMBICIT KJIIOHUEBBIX C/IOB FOBOPHT caM 3a cebs.

OnHako TpeOyroTCS eule Koe-KakWe pa3bACHEHHWS, CBA3aHHbIE C TOTAIbHBIM
ucnosnb3oBanueM B M-sspike chcteMbl MATLAB maccuBoB. Mx MOXHO HCTONb30-
BaTb H B YCJIOBHbIX BbIP@KEHHAX, BXOJALMX B YCJIOBHBIE OriepaTopbl M-f3blka CHC-
tembl MATLAB. B Tex ciyuasx, koraa 3HaueHHEM TakHX BblpaJifeHHﬁ 6yneT MaccHs,

HCTHUHHOCTL YCJIOBUA HAcCTyTmNaeT, Korga HWCTHHHBI (He paBHbI HyJ'HO) BC€ 3JICMCHThI
MaccuBa. Eclii XOTb OJHH 3JIEMEHT TaKoro -MaccHBa 6)’IIBT PaB€H HYNIO, TO YCIIOBHE
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CUHUTACTCA JIOKHBIM. KpOMe.\ TOro, JIOXKHOCTb HMCCT MCCTO MPH HCMNOJBb30BaHUH IMyC-
TbIX MACCHBOB.

IMpuBenem wuTOCTpHpYIOLMI paboTy YCIIOBHOrO oneparopa GpparMeHT koaa:
A=[12;401;

if A
b =1;
else
b = 2;

B pe3y/bTaTe BLITIOJHEHHS KOTOPOTO MepeMeHHas b MosyuuT 3HaueHue 2, Tak Kak
MaTpHla A COAEPYKHT OJIMH HYJIEBOH BIIEMEHT W BCE YCIIOBUE CUHUTAETCS JIOKHBIM.
Kcraru, 3aruce if A 110 cBoeMy JIeHCTBHIO TOJHOCTLIO SKBUBAJIEHTHA 3aMHUCH
if A ~=0
M 3aIMCH
if all( A( : ) )

VYcnoBHbIe OnepaTopbl 4acTo HCMONb3YyOTCs B Tesie M-(QyHKLUHHA COBMECTHO ¢ HH-
CTPYKLHMeEH return s ocyuecTBiIeHus 0ocpouno2o 3agepuieus GyHKLHH W BbIXOJA

u3 Hee. B creayromiedt ¢yHKUMH BbhluMcseTcs (akTopHan LETOro NojoXKHUTE1bHOTO
ypcna n:

function res = MyFactorial( n )

res = 1;
ifn==1
return

else

for i = 2:n
res = res .* i;
end

end

Ecnu BxomHOW napameTp JAaHHOW (yHKUMHM paBeH 1, TO ¢ TNOMOUIBIO Oneparopa
return OCywWieCTBISAETCS AOCPOUHbIA BBIXOM M3 (YHKLMH, TaK KaK NpaBHUIbHBIA pe-
3ynbTaT (res = 1;) yxe chopmupoBaH.

Korzpa onepatop return He Hcnonb3yeTcs, HOPMalbHOE 3aBeplIeHHe (YHKLHMH
HACTyMaeT Mo HCYEPNaHUH HHCTPYKLMH U3 Tena QyHKLHH.

YcnoBHbIC OMEpaTOpbl TakkKe LIMPOKO MPUMEHSAIOTCA BHYTPH ONEPATOpPOB LIMKJA
COBMECTHO € MHCTpYKUMeH break ang nocpouHoro BbiIxoAa M3 uukia. MHoraa takoe
YCIIOBHeE BBIX0Ja H3 LMKII2 MOXKET OBITh €IMHCTBEHHBIM, KaK B CIIEAYIOLIEM fIpUMEpE:

prod = 1; 1 =1;

while 1

prod = prod .* i;
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i=1+1;
if 1> 8
break
end

end

rjie YCIOBHE B 3aroJIOBKE LIMKJIA BCErAa UCTHHHO, Tak 4To LMk Obin Obl HeckoHeu-
HbIM, eciii Obl He HHCTPYKUMA break, paboratouias COBMECTHO € YCIOBHBIM OMNEpPaTo-
poMm. B pesynbTare LMK/ 34€Ch KOHEYEH W BBIYUCISET MPOH3BEACHHE BCEX LIENbIX UH-
CeJNl OT €AMHHLBI IO BOCBMH (TO €CTb 3TO hakTOopUasl BOCbMU).

Teneps npogomKUM KU3y4aTh ornepaTopbl BETBIEHHS. [Ipyrum onepaTopoM BeTB-
JIEHHA ABNAETCA oneparop nepewnodeHys. OH UCNoAb3yeT KIoUeBbie ¢oBa switch
(nepewntounTs), case (ciayuaii), otherwise (MHaue) U UMeET CIEAYIOUIYIO KOHCT-
PYKLHIO:

switch BHpaxenue
case 3HaueHuel

case | 3HaueHuel, 3HaueHuel }

otherwise

end

CHauaJsia BbluMcngeTcs BblpabaTbiBalollee CKaJIIpHOC YHCIOBOE 3HAaueHUE BHpA-
keHue, a 3aTeM MOJIyHeHHbIH pe3y/lbTaT CpaBHHBAETCS C HAGOPOM 3HaueHHi 3HaUEe-
Hvel, 3Hauenye?, 3HaueHue3 U T. A. B cnyyae coBnajeHUs ¢ OJHUM W3 3HAYEHH
BBITIOJIHSIETCS HUXKECTOsUlas BeTka. Ecnu Her coBnajeHHs HU ¢ KakuM M3 nepevuc-
JIEHHBIX 3Ha4YeHHUH, TO BBLIMOJIHAETCS BETKA, CTOAWIAs TMOC/ie KIHOUYEBOro CJIOBa
otherwise. CTpok ¢ WIIOY€BbIM CJIOBOM Case MOMKET OBITb MHOTO, a CTPOKA C KJIO-
YeBBbIM CJI0BOM Otherwise oana.

OTMeTUM OfHY BaXKHYIO A€Tallb: MOC/E BBINOJHEHUS TOH WM HHOM BETBM Orepa-
TOpa MEPEKIIOUEHHsT HUKAKHE JPYrde BETBH 3TOro orneparopa (Hanpumep, HUxele-
’kauie) He BbinosHstotesd. Iloatomy B M-sa3bike cucteMbl MATLAB He Hano mpen-

NPHHHUMATb HUKAaKHUX CMEUMaIbHBIX YCHIHH JUId 00X0[a HHXKeNeXallMX BeTBeH orne-
paropa nepewoueHus (B OTIHYHE, HanlpuMep, OT A3bIKOB C/C++),
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MUHTepakTMBHOE B3aMmoAeicTBHe
M-dbyHKkuMiE ¢ noAb3oBaTeAem

Tonpko B caMbIX MPOCTHIX Cyyasx He TPpeOyeTcss WHTEPAaKTUBHOrO B3aWMOnEHCT-
BUS C MONb30BATEIEM BO BpeMs BbINOJNIHEHHS M-QyHkuuid. B Takux ciydasx nosb3o-
BaTeJ1b OCTAETCs B HEBEACHHU KakK O XO/ie BLIYHUC/EHHH, TaK U O JOCTHIHYTBIX MpOMe-
KYTOUHBIX pe3yJibTaTax.

Ouenb 4acTO ObIBaeT MOJIE3HO KOHTPOJIHPOBATb XOH BbITIOJIHEHUSt M-yHKLHA.
Ji11 MHTEpaKkTUBHOrO B3aHMOIECHCTBUA C noJib3oBaresieM B M-s3bike npexycMOTpeH
paA cneunanbHbiX QyHKUMH. B yacTHocTH, QyHkuHs disp npuMeHseTcs A BbIBOAA
NIPOMEXYTOUHBIX PE3yJIbTATOB B KOMaHaHoe okHO cucteMbl MATLAB. Ha ocHose
aHajM3a NoJIb30BATENIEM KA4ecTBa MPOMEXYTOUYHBIX PE3YJIbTaTOB MOXKET NMPUHHMATh-
Csl peLIEHHE O MPOAOJIKEHHUH BbIYUCIIEHHH WM 00 UX MpeKpaLeHHH.

OyHkumioo disp BbI3LIBAIOT C €UHCTBEHHBIM apryMEHTOM, KOTOPbIH MOXET ObITh
YHCTIOBBIM MJIM CHMBOJIbHBIM MAaccHBOM (BeKTOp, MaTpuua). Huwke nokasan npumep
UHMKIHYECKHX MOBTOPSAIOIUMXCH BbIYUCAEHHH KOHEUHBIX OTPE3KOB pPACXOAALIErocs
rapMOHHYECKOTO psiia co Bce OONIBLIMM YUCIOM BXOISIIHX B HUX C/IaraeMblIx:

S=0;,1=1;

while 1

S=S5+1/ 1i;

str = sprintf(’'i=%d S=%f'", i, S )

disp{ str )
i=1+4+1;

if rem(i,100) =
ans = 1nput(
if ans == 'y’

return

end

end

end

Stop° Answer=', ’'s’ );

3neck ¢yHkuMerd disp Bce 3HaYEHMS MPOMEKYTOUHBIX (YaCTHYHBIX) CYMM psaa
BBIBOJATCA B koMaHaHoe okHo cucteMbl MATLAB. Kpome Toro, uepes kaxnasie cTo
cnaraeMblX QyHKUHeH input BbIBOAMTCS HAAMKCh, MPEANMHCHIBAIOLIAS MO/Ib30BATEIIO
OTBETHTb Ha BOIPOC, HE NOpPa JIM OCTAHABIHBATL BhIUKCIeHHs (Boobuie ropops, Oec-
KOHeuHble). ECIH MoMb30BaTes BBOAMT NPH 3TOM C KIABHATYPBI TATHHCKUI CHMBON
"y’ (nepsas 6yKBa aHIJIMHCKOro CI0BA Yes), TO BLIUMCIIEHUS NPEKPALaOTCs, TaK Kak
BLINOJIHAETCS OMEPATOP JOCPOYHOro BhiXoza U3 GyHKUMM return.

HenocpeacTBeHHbIH BBOA MHQOpMaUUK ¢ KNaBUATYpPbl H NPUCBOCHUE BBEICHHOTO
3HAYCHHs TIEPEMEHHOM ans TaKke ocyuecTeisercs (yHkudel input. B kauecTse
BTOpOro aprymMeHTa (mapameTpa) ¢yHKuMH input MCNOJNIL3YETCS CHMBOI ' 8', O3Ha-
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yarolee, 4To (YHKUMS 1Nput JOMKHA TIPUHATL CUMBOJIbHBIE (@ HE YHC/IOBbIE) 3HAYE-
Hus. Elne noscHiM Hcnosib3oBaHHe HOBOH A1 Hac dyHKUMHM sprintf, xoropas no-
MELIAET B BBIXOAHYIO CTPOKY 3HAYE€HHs CBOMX apryMeHTOB (KpOMe NepBoro apryMmeH-
Ta) B hopMaTe, yKa3aHHOM MEpPBLIM apryMEHTOM. 3TOT (opMaT MOJTHOCTHIO aHATIOTH-
ueH dopMaTy, paHee OTNIMCaHHOMY B ri1. 3 B ¢Ba3u ¢ dyHkuuei fprintf, ocyuects-
nstotued popmaTHbIi BEIBOA HHPOPMaLIK B TEKCTOBBIE (haiIibl.

B pesynbrate paspabortaHHas ¢YHKUHS TO3BONAET MONB3OBATENIO TMOTHOCTHIO
KOHTPOJIMPOBAThL MPOLECC BbIYHC/IEHHH, HabMoaTh 32 MPOMEXYTOUYHBIMH PE3ynbTa-
TaMH Y TIpeKpallaTh BBIYHCIICHHS TO Mepe HeobxonumocTH. Ha puc. 6.4 nokasaHo
KoMaHHOe OkHO cucteMsl MATLAB, B kOTOpOM NpHCYTCTBYET TeKyllas BbIXOJHas
nHpopMaums BbllepazpabOTaHHONH NPOrpaMMbl, U3 KOTOPOH BHJHO, HTO, HarnipUMep,
119 JOCTH)KEHHS TeKYyLIeH CyMMoi psia (OHa HHYEM CBepXy He OrpaHUuYeHa) 3Haue-
Hus 10, HY)KHO TpocyMMHpoBaTh 12 367 4jieHOB 3TOro psaja:

<} MATLAB CommandWmdow I = 100] <]
Fitle” Edit - Window. ‘_Ijelp sl L
nNe !
i=12365 S=9. 999881
1=12366: 8=9. 9
1—1736;‘ 8=10. 0000433

1=12368 S5=10. 00012(
1=12369 8=10. 00020_
=12370 $=10. 000"8

Kl

.

_'_1—;,‘ Pucynok 6.4

B TO BPeMs Kak JUlsl JOCTHXEHHUS 3HauYeHHs 5 JOCTaTOUHO Bcero 83 cnaraemblX.

Jna sbiBoma npeaynpenutensHbix cooblueHui (ynobHoe cpencTBo AJs OTNAAKH
byvkumit) BMecto GyHKUHH d1Sp ayylle HCnoNb30BaTh (GPYHKIMIO Warning, Tak kak
€€ BbIBO/L JIETKO NMOJABHTL U3 KOMaHIHOIO OKHA, BbIFIOJIHHB KOMaHIy

warning off

Bo3zo6HosneHne BrIBoAa pyHKUMEH warning npeaynpeauTenbHblX cOOOLIEHHH ocy-
LIECTBIAETCS. KOMaHA0M

warning on

Ecau B Tenie M-GyHKUMH NPUCYTCTBYET KOA OOHapy)KeHHs TeX WM MHBIX O~
OOYHBIX CUTYaUHH, TO 3aBeplIaTh BeinonHeHre M-QyHKUHMH B TakuX clyyasx uUejeco-
00pa3HO BbI30BOM (PyHKUMHM €rror, KOTOpas He TOJIbKO BBIMOJHAET TaKoe 3aBepllie-
HHe abCONIIOTHO KOPPEKTHO, HO W BBIBOAMUT TOsICHsIOUlee OMUOKY COOOlLEHHE B KO-
manaHoe okHo cucteMbl MATLAB. Hanpumep, nuke nokazaHa QyHKUMS, BbIMHC-
SIS0 BETHYHHY, 0OpaTHYIO K BXOJHOMY YHCIIOBOMY CKAIISIPHOMY rnapaMeTpy:

function y = Inverse( x )
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if x==10

error( 'Division by zero’ )
else

y=1./x%;
end

Ona nposepseT, He paBeH JIM HYJIIO BXOAHOW MapaMeTp, W €C/IM PaBEHCTBO HMeEeT
MECTO, TO BbIMONHAETCS (YHKUMS error. BoT uro npv 3ToM BHAMT NONL3OBATENbL
B KOMaHJIHOM OKHe (cM. puc. 0.5).

-3 MATLAB Command Window = el
‘File ' Edit Window Help o

Dm? oy wmg b

20 Error usmo '> 1uverse

leswn by zer o

: _»f}j, PucyHok 6.5

Ecnu TpeGyeTrcsi BpeMEHHO MPHUOCTAHOBUTH BbINOJTHeHHEe M-(yHKuuu, 4ToOsl, Ha-
NpUMep, CHOKOMHO MOCMOTPETH W NPOAHANU3UPOBATH MPOMENKYTOUHYO WHpOpMA-
UHMI0, TO creayeT B KOA (GyHKUMH BCTABUTH BbI30OB PYHKUHMH pause (06e3 BXOAHBIX
napamerpos). JanbHeitee BoinonHeHue M-byHkUMM BO30OHOBAAETCA MOCNE Haxa-
THA MoOOHM KNaBUIIM HA KIIABHATYpE.

3aBepuias kpatkoe uznoxende dynxuuii cucremol MATLAB, opHeHTHPOBaHHBIX
H4 WHTEPAKTHBHLIA BBOA-BLIBOM, YNMOMAHEM elle (YHKUMIO MENu, peanu3yrolrylo
O4eHb HArAAAHBIA rpaduueckuiit BBOA OAHOrO W3 anbTepHATHBHLIX 3HaucHUil. Ha-
npuMep, CTpoka Kojia ¢ BLI30BOM PYHKLMH Menu

n = menu('Enter your choice’,’'Dog’,’Cat’);

MOMEILEHHAA B TEJIO HEKOTOPOH M-(pyHKUHH, BbI3bIBACT MOSABICHUE HA JUCIIIEE KOM-
nploTepa CleAylollero OKHa ¢ Haanucelo Enter your choice u AByMs KHOMKaMH
(cMm. puc. 6.0).

PucyHok 6.6
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Ecnu none3oBaTens HaxMeT JIEBYIO KJIABHILY MBILLIH, YKa3aB Ha KHOMKY Dog, To
repeMeHHas n NOJy4HT 3HauyeHHe 1, a ecnn kHonky Cat, To mepeMeHHas n craHer
paBHoi 2. TakuM oGpa3zoM, Bo3BpalaemMoe (hyHKUHMeH menu YUCI0BOe 3Ha4YeHHE eCThb
HOMep BbIOPAaHHOTO MOJIb30BaTeNeM MyHKTa M3 CMHMCKa BCEX AOCTYNHBIX BapHAHTOB
(mento guibopa).

CneuuanbHbIM Clly4aeM HHTEPAaKTHMBHOTO B3aMMOJEHCTBHS C MOJIb30BaTENEM SB-
JSI€TCA BBOA MM HMMEHM (YHKUMM WIH CHMBOJBHOTO NPEACTABIEHHUs BbIPAXKEHHHS,
NoAJIeKallKMX AajibHeHineMy BbluncieHnto. B cucteme MATLAB ans BeinosnHeHus
(BbI30Ba) (DYHKUHMH, MMsI KOTOPBbIX 3apaHee HEH3BECTHO M COJACPIKHTCSI B KauecTBe
3HaYEHHs] B TEKCTOBOHM CTPOKE, a TakKe IJI BbIYMCIIEHUS BBIPAXCHHUH MO MX CUM-
BOJILHOMY TpPEACTABICHUIO TNpenHa3HaueHbl JABE creuuanbHble (yHkUMU: eval
u feval.

JomnycTuM, Moip30BaTeNib BBEJ C KJIABHaTypbl B CTPOKOBYIO MepeMeHHyro strl
clelyroliee coaepskaHHe:

'A=[123;456;789];

4YTO O3HAYaeT, YTO OH XOUeT CO3/1aTh YMCIIOBYIO MaTpHL 'C UMEHEM A U C AEBATHIO
YMCIIOBBIMH JIEMEHTAMH, YKA3aHHBIMH B NpeACTaBIeHHOH BbILIE CTPOKE TEKCTa. DTy
pabory BbinonHseT GyHKUMI eval:

eval ( strl );

MOCJIC YEro U NOABUTCS YUCJIOBAsA MEPEMEHHasA ¢ UMECHEM Awu YKa3aHHbIM BbILUC 3Ha-
yeHueM. Ecnu monw3orarens BBEACT CTPOKY

'x1l = sin( 1.25 );7

To (yHKUMS eval, BBIMOJIHUB CHHTAKCHMYECKWH pa3bop 3TOH CTPOKH, BBIYHCIHUT
3HaueHue QyHKUMK Sin( 1.25 } w noMectuT nomyyeHHoe 3HaueHue 0.9490 B ne-
peMeHHyo x1. ,

Ecnu B npouecce pabotbl QyHKUMH eval BO3HMKHET OWIMOOYHas CHUTYalMs, TO
B KOMaHHOM okHe cucTteMbl MATLAB nosButcs cooblieHue 0 XxapakTtepe oHOKH.
Hanpumep, ecniu Mbl 011HG04HO OnpenesnM CTpOKy S CleayoLMM oOpasoM:

s = sin( 1.25";

W BbI30BEM B KOMaHAHOM OKHe ({yHkuHio eval ( S ), To yBUAHM crenytollee cood-
[eHHE:

Improper function reference. a /,’ or ')’ is expected.

o3Hauaollee, YTO He XBaTaeT JM6o 3amsTol, 1160 3aKpbIBaloLeH prrnou cKo6KH
(nocnenHee ABNAETCA NSHCTBUTENbHOM OLIMOKOMN).

Ecnu ke Takas omiMGOuHas CUTyalllsi BO3HMKHeT B Telle M-(yHkuuH, To B KO-
MaHzaHoe okHO cuctemMbl MATLAB Gyner BblaaHo JIKIb COOOIIEHHE O TOM, B KaKOH
UMeHHO' cTpoke M-(YHKIIHH BO3HHKNA OWKOOYHAs CUTyallds, HO HUKAKOH JHarHo-
CTHKH coobiieHo He 6yner. UTo6bl BCe-TakH MOMYYUTh 3TY CTPOKOBYIO JHArHOCTHYE-
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CKYIO MH(OpMauHIO B Tenie M-(PyHKUHMH, HY)KHO BbI3bIBaTh (GyHKLHIO eval ¢ aByMs
aprymMeHTamH, yka3aB CTPOKOBBIM 3HaYE€HHEM BTOPOrO apryMeHTa uMs apyroi (Hamu
e paspaboraHHoit) M-¢yHKuUH, npeaHazHaueHHOH s obpabotku oumubok. B no-
cnenHel dyHKUMH (TO ecTb B (yHKLUHH 00paboTkH OIIHMO0K) HY>KHO BbI3bIBATh (YHK-
unio lasterr, koTopasi U BO3BPAaTHT 3Ty IHarHOCTHYECKYIO HH(POpMALHIO.

Bor coorBercTByrommi npumep M-byHKUMH, rae MpeaycMOTPeH BbI30B cobcT-
BeHHOH ¢yHkuun MyErrorCatch mis obpaborku owmnbok, MOrylMX BO3HHKHYTDb
B Npouecce BblMoNHeHUs (PyHKiHH eval:

function y = ErrorTest
s = input('Enter string:’, ’'s’ );
y = eval( s, 'MyErrorCatch’ );

Ecnu ¢ xiaBHaTypbl OyaeT BBEAEHO pacCMOTPEHHOE Bblllle OLIMOOYHOE BbIpake-
HME C BBIYMCJICHHEM CHHYca, TO YnpaBieHue Oyaer mnepeaaHo B  (YHKLHIO
MyErrorCatch:

function z = MyErrorCatch
err = lasterr;

%error processing:..

z =2

B KOTOpPOH CTpOKa €rr TNOJIyYHT B KaueCTBE 3HAYEHHUS CHUMBOJIbHOE BbIPayKEHHE
"Improper function reference. a »,» or «)» 1is expected’. [Ipoananu-
3MpOBaB Jlajiee COJAEPXKHMOE NMEPEMEHHOH €rr, MOXCHO pacro3HaTh XapaKTep OLIM-
OO0YHOI CUTYalHH W NPEANPHHATL HEKOTOpble MCIIPaBsiOLIME AEHCTBUS. 37eCh XKe,
JUIS KPaTKOCTH M3JI0KEHHS, Mbl POCTO BO3BpalllaeM ABOIKY. B pesynbrare 3Tta enu-
HHLA CTAHOBWTCA M BO3BpalllacMbIM 3HaueHWeM ¢yHkuHMH ErrorTest, B koTOpoOH,
coOCTBEHHO, W BO3HHKJIA oOlIKMOOYHas cuTyauus. Takum obpasom, QyHKUHS
ErrorTest Bcerja Bo3BpallaeT kakoe-NHOO 3HauY€HHE: KOTJa BbIPAXKEHHE O BbI-
YHCIIEHUS] CHHYCa BBOAMTCA C KIaBHATypbl 0e3 ouHOOK, NMPOHUCXOANT BBIYMC/IEHHE
3TOH YHKUMH ¥ BO3BpalllaeMoe 3Ha4eHHEe MO MOAYJIIO MEHbLIE €AUHHLBI, 4 B C1ydae
Kakux-nubo ownbok BBOAA BO3BpaLIaeTes JqBOHKA.

o cpaBHenuio ¢ dynkumeit eval, koTopas XOpOIIO MOAXOAUT JJ1 BBIYMCICHHA
CITOXKHBIX BbIpakeHWH, ¢yHkuusa feval Gonee ynobHa Ans BBIMMCIEHHS OJMHOUYHOM
$YHKLHH, KOTOPOIi NTPH 3TOM MOXKHO NEpeaTh AOMOTHHTE/IbHEIE TapAMETPBI:

feval ( str, x1, x2,..,xN )

3neck cTpoka str 3ajaeT uMs QyHKUMH, noNeXallel BLIYUCISHUIO PU 3HAYEHH-

X apryMeHToB X1, X2, ..., XN. BOT mpocToil MIUTIOCTpUpYIOWHI MPUMEDP KCMONB30Ba-
uus pyukuuu feval:
FunName = { 'cos’, ’sin’, 'tan’ };

m = input ('Enter function index: ');
X = feval( FunName{m}, 0.5 });
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Ecnu ¢ xnaBuatypbl OyAer BBEINEHO LIEJIOE YMCIO 2, TO C MOMOLLBI QYHKUHH
feval Oyner Boruncaero 3HaueHue sin (0.5), pasHoe 0.4794.

AOKaAbHble, TAODAAbHbIE U CTaTU4YeCKue
nepemeHHsble

M-dyHkuny pacnonararoT coOCTBEHHBIM NPOCTPAHCTBOM MEPEMEHHBIX, H30JIUPO-
BaHHbIM OT pabouero npoctpancTsa cucteMbl MATLAB. Tloatomy coBnajsieHe UMEH
NepeMEHHbIX M3 pabdoyero npocTpaHcTBA M UMEH BHYTPEHHHMX TEepPEMEHHBIX
M-¢dyHKUHMI HE NPUBOJMT HHU K KAKHM KOJIJTU3HSM.

IlepemeHHBIE, KOTOpBblE HCHOAB3YIOTCA B Tede M-pyHKUMM W HE COBMAAaroT
¢ UMeHaMH GOpMaIbHBIX MapamMeTpoB 3TOH (PYHKLWH, Ha3bIBAIOTCS JOKANbHbIMU. VX
obacTh JEHCTBUS MOJTHOCTBHIO OTpaHMyeHa pamkaMu Tesna aaHHoi M-dyHkuuu. [lo-
JpyroMy roBopsi, OHH BHAMMbI JIHUIb B Tipenesax M-dyukuuu. U3 pabouero npo-
crpaHcTBa cucTembl MATLAB u vz apyrux M-byHkuMil OHH He BUIHBI U HE QOCTH-
JKMMbl. AHAJIOTUYHO JIOKJIbHBIE BHYTPH HEKOTOPOH (hyHKLUMH NnepeMeHHbIE He BHUIHBI
13 apyroid M-dbyHKUHH U U3 pabouero NpocTPaHCTBA.

OCHOBHLIM KaHajloM nepejayd WHGOpPMaLMH M3 KOMAHJHOIO OKHA CHCTEMbl
MATLAB B M-pyHk1MIO U M3 01HOH (PYHKLIMH B ApYIYIO ABJIAETCS MEXaHH3M Mapa-
meTpoB (yHKUMH. JpyruM MexaHusMoM nepenadd uHpopMalud B GYHKUMIO ABJIS-
10TCS 2106anbHble NepeMeHHble.

Utobb1 pabouas o6nacth cucteMbl MATLAB H Heckonbko M-pyHKUHI MOTIIH CoO-
BMECTHO HCIOJb30BaTb HEKOTOPYIO MEPEMEHHYIO ¢ 3aJaHHBIM HMEHEM, €€ BCIOAY
HY>KHO OOBABHTE Kak 2100dbHYI0 ¢ TOMOLIBIO KIH04eBoro cioBa global.

Ha puc. 6.7 nokaszaH npumep, koraa nepeMeHHas b oOBsABASETCS B KOMAaHAHOM OK-
He Kak riaobaibHas.

PucyHok 6.7
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Komanpna whos noka3seiBaeT HHGpOpMALHIO TS BceX NepeMeHHbBIX paGovei obinac-
Td cucteMbl MATLAB, a rnoGansHele nepeMeHHbIE OTMEYAeT MPH 3TOM KIIOYEBLIM
cnosoM global. Komanna

whos global

BBIIa€T CMIPaBOYHYIO HH(POPMALIMIO TONBKO MO rJ100ajIbHBIM EPEMEHHBIM.
I'nobanbHble nepeMeHHbIEe (B OTIMYHE OT APYTUX NMEPEMEHHBIX) AGMOMAMUYECKU
UHUYUARUIUPYIOMCSL HYCIILIMU MACCUBAMU:

global ¢
C:

[l

Takum o6pazom, rnoGanbHble NepeMeHHbIe BCerja MMEHOT XOTh KaKUe-TO 3Have-
Hus. ['nobanbHble NepeMeHHble, ABHO HHHLHATIM3UPOBAHHbIE B KOM3HAHOM OKHE CHC-
Tembl MATLAB, MokHO cMeno Henonb3oBath B Tene M-QYHKUHM, HE MPOU3BOXA
B NOCIEeHEH HUKaKUX HadanbHbIX NPHUCBaWBaHUH 3TOH rnepeMeHHOH.

Ha puc. 6.8 nokazan npumep, xorna nepemeHHas glVarS oOwsBnsercs rio-
6anbHOM B Tekcre ¢QyHKUMM FuncWithGlobVar M B KOMaHIHOM OKHE CHCTEMBI
MATLAB.

it _\ﬁew» erug Tools* Wihdo

function res = FuncWithGlobvar{ x )
global glvars

.| res = x + glvars;

| glvars = glvars - 1;

. @Funcwnholo ’

0PM 2 PucyHok 6.8

B komaHgHoM okHe cuctemsl MATLAB nepemennas glvVars siBHO HHHLHMANIU3H-
pyeTcs 3HaueHHeM 5, mocie uero BbizbiBaeTcs (yHkuusa FuncWithGlobVar, B Tene
KOTOpPO# 3HaueHHe 3TOH nepeMeHHOH HCMOJIB3yeTcs B BEIUHCICHHAX (cM. pHc. 6.9)

ITocne soimonHenns ¢yHkuun FuncWithGlobVar rnobanbHas nepemMeHHas
glVars u3MeHuna cBoe NepBOHauabHOE 3HAYEHHE U cTasa paBHOH 4. Tak kak y rio-
fanbHBIX NEepeMeHHbIX «rinobanpHas» obnacTb AEHCTBHA, TO, uTOObI Cily4yaiHO (Mo
owunbke) He nepeonpenénmb ee rae-nubo, KeaaTebHO AaBaTh TaAKUM NEPEMEHHbBIM
MHeMoHHueckHe (6onee JMUHHbBIE H OCMBIC/ICHHBIE) UMEHa.

ITpn nosTtopHom BeiuMcaenuH QyHkuumn FuncWithGlobVar ¢ Tem xe cambiM
BXOJAHBIM MapaMeTpPOM, PaBHBIM 1, OHa BO3BPATHT y>Ke HHOE 3HaueHHe, paBHoe 5. Ta-
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KOi 3ddekT, Korna OJMHAKOBbIH BbI30B yHKLUMH TPUBOAMT K Pa3HbIM BO3Bpallae-
MbIM 3HA4YEHHAM, CBA3aH C UCMONIb30OBaHHEM FM06GaNbHBIX MEPEMEHHBIX U ¢ UX CBOH-
CTBOM COXPAHATb CBOW 3HAUEHHA MEXIY Pa3HbIMH BbI30BaMH (YHKLHH.

<} MATLA CommandWidow
dit Wi Help

PucyHok 6.9

Taxoro e 3¢ dekra MOXKHO JOGHTbCS U C JIOKAIbHBIMH TI€PEMEHHBIMH, €CJIH 00b-
ABUTb MX C KJIIOYEBBIM cJIOBOM persistent. Toraa sTv mepeMeHHble, OcTaBasch No-
NpexXHEMY HEAOCTYNHbIMK BHE M-QYHKLMH, COXPAHSIOT CBOW 3HAYEHHUSN MEXY BbI-
30BaMH oTOH (QyHkuuH. Takue cmabuibHble, UM cmamuueckue, NOKaNbHbIE TEpe-
MEHHbIE€ HEABHO WHHLIMAJIM3UPYIOTCA MYCTBIMH MacCHBaMHU NPH NnepBoM (B paMKax 3a-
naHHoro ceanca pabotsl ¢ naketom MATLAB) Bxone B M-dyHkuumio.

Hanpumep, ¢pyukuus

function y = MyPersistFun{ x )
persistent var;
if isempty(var)
var = 1y
end
y = var .* x;
var = y;%save for future call

MMeeT CTaTHuYecKyto (CTabuibHYIO) NepeMeHHyi0 var, KOTopas HESBHO MHULHAIH3H-
pyeTcs MyCTbIM MacCHBOM (MHMLMANH3aLMA OCYLLECTBIAETCS TOJBKO OOUH pa3 TpH
NEepBOM BXOJE B (YHKLHMIO, YeM 3Ta Onepalus W OTJHYaeTCs OT ONepalud NpHCBaH-
BaHHs, KOTOpas BBIMOJIHAETCA Kaoicowlll pa3 Npu nto6oM Bxoze B dyHkiuio). TMocne
3TOro B YCJOBHOM OllepaTope NepeMeHHOH Var TNpucBauBaercd eauHxua. Bee aTo
NPOMCXOAMT TIpH MEpBOM BxoAe B 3Ty ¢yHkuuto. [Ipu nocnemyroiux 3axonax
B hyHKLMIO MyPersistFun nepeMeHHas var yxe He SBiasgeTcs MycToil, Tak 4TO MOTOK
ynpaBieHHus (Mocje0BaTeNIbHOCTE BBIMOIHEHHS OMEpaTopoB) OGXOAWT YC/IOBHBIH
oneparop CTOpOHO#.
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U3 npepcrapiiennbix o6bacHeHul aetaneit paborsl ¢ynkuuu MyPersistFun cne-
AYeT, YTO UHKJIHYEeCKHH BbI30B yHKUMH MyPersistFun M3 KOMaHAHOTO OKHa (MM
u3 apyrod M-dyHkum1H)

for i = 1:5

res = MyPersistFun( i );
end

I

NMPHUBEAET K BbIYHUCJICHHLIO doaKTopnana nATH:

res =
120

Tak kak cTaThyeckas nepeMeHHast var obnaaaeT CBOHCTBOM COXPaHAThL CBOM 3Ha-
YeHHUs Mexay Bbl3oBaMH (yHKUHMM MyPersistFun, To moBTOpHOE MCHOJNHEHUE YKa-
3aHHOIO BbILIE LMKJIMYECKOTO BbI30BAa ITOH (yHKUUH NIPUBEAET YK€ K APYTOMY 3Ha-
YEHHIO NEPEMEHHOII res:

res =
14400

NIOCKOJILKY paHee nony4yeHHoe 3HaueHue 120 mocrnenoBaTenbHO YMHOXAETCS Ha 2, 3,
4 u 5. Tak yTo npeacTaBIeHHOE pellieHHe — He JIyyllee PeLIeHUE 3a7a41 O BbIUHCIe-
HuK daxropuana. 1o npocto (opManbHblii NpUMEP HA IIpUMEHEHHE CTAaTHYECKHX
NOKATLHBIX TMEPEMEHHBIX, TO €CTb JIOKAIbHBIX MEPEMEHHBIX ¢  aTpHOYTOM
persistent. Tem He MeHee BEpHYTb CHUTYyaUMIO B MCXOJHOE COCTOSHME MOXHO, HE
TONBKO 3aKpbIB ceaHc padboTsl ¢ naketoM MATLAB, HO W MpocTO BLINOJIHKB KOMaHAY

clear all

K Hacrosiiemy MOMEHTY Mbl NpHBEIM HECKO/IBKO TPHUMEPOB CaMbiX pPa3HbIX
peanu3zauuii aNropuTMa BbIYHCIIEHHS (akTOpHana Ueloro MOJIOKHTENbHOTO 4HCia.
DyHKUMH, peajlH3yIONiHe pa3Hble aJTOPUTMbl PELIEHHS OJHOH M TOH »Ke 3a/auH,
MOTYT OTIMYaTbCd JAPYr OT JApyra CBOMM pPa3MepOM, CKOPOCTBbIO BbINOMHEHHS
M PYrUMH XapaKTepHCTHKaMH. OGCYK/IEHHIO 3TOTO BOTIPOCA MOCBSIIEH CeayIoLHii
oapazaer.

PekypcuBHbie yHKUMK.
lMpoun3sBoanteAbHOCTb M-pyHKUMIA

[Mpexae yeM HayaTb CpaBHHMBATb MEXAY cCOOOH (hYHKUHH, peanusylole pasHble
ANCOPHTMbI PELIEHHMs OJMHAKOBBIX 3aa4, PAacCMOTPHM elle OAHMH . (MocneAHHH)
BapHaHT peLICHHS 3aJaYyd O BBIYUCAECHHH ¢aKTopHana LeNoro MOJOXKHUTEBHOIO
4Hcna. 3TOT BapHaHT OCHOBAH HA NPHUMEHEHHUH PeKYPCUBHBIX (DYHKYUL.

7 3ax. 409
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DyHKUMS Ha3bIBAETCS PEKYPCHBHOM, €CJIH B €€ TeJlE OCYILECTBJIAETCA BbI30OB CaAMOi
ce6s. Bor abcontoTHO dopmanbHBIil NpHMep ONHCAHHOM CUTYalMH:

function y = SimpleRecursF( X )

z = SimpleRecursF({ t ) + x .* x;

Taxk kak B Tesne ¢yHkuuu SimpleRecursF ocyluecTBaseTcs BbI30OB 3TOH ke (PyHK-
UMH (C ApyrMM apryMeHTOM), TO MO ONpeeseHHIO QYHKLHA ABJIAETCS PEKYypPCHBHOM.
B obuwiem cnydae nucats pekypcHBHbIE PYHKUHH CIIOXKHEE HEPEeKYPCHBHbIX, TaK Kak
3/1eCh CJIEAYET TLUATEBbHO IPOC/IEKHBATD MOCIEA0BATEIBHOCTD BJIOYKEHHBIX BbI3OBOB
TakMX QYHKUMH, 4TOObl yCTAHOBHTE 3aBepLIeHHe 3TOro npouecca. O4eHb J1Ierko co-
BEPLLAIOTCS OLIMOKH, CBS3aHHbIE C 3aLUMKIIMBAHHEM PEKYPCHBHBIX BbI3OBOB, TaK UYTO
OKOHYATEJIBEHOIO BBIXOJA M3 TakoH (hyHKUMH HE MPOUCXOAHT BOOOLIE, W KOMIbIOTEP
MOr OBl «3aBHCHYTB», €CJH Obl He TO OOCTOATENLCTBO, UTO B cucteme MATLAB
(B oTiMuMe OT NporpammupoBanus Ha A3bike C) Bce M-(yHKUMH BBIMOMHAKOTCA MOJ
TMOJIHBIM KOHTPOJIEM CaMOH CHCTEMBbI, KOTOpas W OrpaHH4YHBACT MpelesbHOe KOHYe-
CTBO PEKYPCHBHBIX BbI30BOB. C OIHOH CTOpPOHBI, 3TO MOJIO}KHUTEIBLHOE CBOICTBO,
a c Ipyroil — 3TO CJMILKOM CHJIbHOE BTOP)KEHHME B NPOUECC BLIMOJHEHHS pEKyp-
CHBHBIX ()YHKUMH, YTO OrPAaHHYHUBAET UX CAMOCTOSTENBLHYIO POJib.

H Boobiie ponb pexypcuBHBIX GyHKUMH B cicTeme MATLAB cyliecTBeHHHO HU-
’Ke, 4eM B CHcTeMax nporpammuposanus Ha s3bikax C/C++, Tak kak Hanbonee HHTe-
pecHble ciydad 6a3upyloTca Ha MPUMEHEHHH yKasaTesieH, KOTopblx B M-s3blke CHC-
TeMbl MATLAB Her BOBCE.

Tem He MeHee peKkypcHBHbIE (YHKLMH A0NyCTHMBl B pamkax naketa MATLAB,
¥ Mbl celyac MX KpaTKO pacCMOTPHM Ha, yxke HaOHBLIEM HaBEPHOE, OCKOMHHY MpH-
Mepe BBIUHCACHHUS (hakTopHalla MOJIOKHUTENBHOro Liesoro yucna. IlocneaHuit MOXHO
OMpeaeNuTh peKypCHBHO (PeKYPPEHTHO) KaK MPOU3BEACHHE 3TOTO YKCha Ha HaKTOpH-
aJl yucila, MeHbLIE 3aJJAHHOrO Ha eAuHMLY. BoT peanuzauus pekyppeHTHOro onpene-
neuus gaxTopHana Ha M-s3bike B BUAE peKypcHBHON M-dyHKuuH:

function res = MyRecursFact{ n )

if n==1

res = 1;

return
else

res = n * MyRecursFact(n -1 ); ‘
end

3nech rapaHTHEH 3aBepLUEHHS LENOYKH PEKyPCHBHBIX BBI3OBOB SIBJIAETCA YCIJIOB-
Hblii oneparop, Tak Kak BbI30Bbl OCYILECTBIAIOTC C YMEHBIUAIOIUMHUCS 3HAYEHHAMH
apryMeHTOB, W KOrJja T€ JOCTHIHYT 3HaueHHd 1, HauHeTca ofpaTHas Lenoyka Bo3Bpa-
TOB M3 3THX 3K3eMIUIAPOB (YHKLHH C NMOCae0BaTeNbHbIM YMHOXKEHHEM BO3Bpallae-
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MbIX 3HAYEHHH Ha M0C/IE0BATENBHO YBETHUHBAIOLIHECS MOJOXKHUTENbHBIC YHCIIA, YTO
M NIPUBEZET B UTOTe K BHIYUCIIEHHIO (haKTOpHANa.

PaspaboTaHHas peKypcHBHas (yHKLMS NPEKPaCHO BBIYHUCIAET (aKTOpHaibl pas-
JIMYHBIX LUEJbIX YHCEIT:

MyRecursFact{ 57 )
ans =
4.0527e+076
MyRecursFact{ 163 )
ans =
2.0044e+291

U T. A. Cnenyiouunii sce pesynbrar:

MyRecursFact ( 200 )
ans =
Inf

03HAYaeT, UTO CTOJb GOMbILOE 3HAUeHHE (PaKTOpHAsIa HE MOXKET MOMECTHTBCS B OTBE-
JeHHYIO nod 4yucio thna double nmamATh KOMMBIOTEpA, TAK YTO NPUXOJAMTCH 3aMe-
HATb MCTHHHOE YMCJIOBOE 3HAuECHHWE Ha CHMBOJIMHMECKYIO KOHCTaHTy Inf, o3nauaio-
Y0 «MAWHHHYK GeCKOHEUHOCTb», HO caMa peKypcHBHas GyHKLHMs paboTaeT MpH
3TOM HOpMaibHO. B TO ke BpeMs pesysibTaT CJEeAYIOWEro BbI30Ba 3TOH (QyHKLHUH
€ OUCBHIHOCTBIO MOATBEPKAAET, uTo cucTeMa MATLAB neicTBUTENBHO HaKJIaAbIBa-
€T OrpaHH4eHHe Ha ryOUHY pEeKYPCUBHBIX BBIZOBOB (3TO Mbl YNIOMSAHANH BbIILE, NOJ-
YEpKHYB, YTO TEM CaMbIM TMpeojoneBaeTca npobnema OGECKOHEUHOH peKypCHH)
(cM. puc. 6.10).

DeEism@dle
» MyRecursFact(:520
? Maximum r

PucyHok 6.10

U3 conyTCTBYIOUIErO AMArHOCTHYECKOTO COOOUIEHHA ClIEAYET, UTO npeaen riiyou-
HBI BBI30BOB 10 YMOSUaHUIO paseH 500. Eciin Hy»HO yBESHUHTB 3Ty BEJIHYHHY, TO
CJIeAYeT BBIMOSIHNTE KOMaHay

set (0, ' Recursionlimit’,N)
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rae N — HOBOE 3HaueHUe npeaesna i JTIoObIX PeKypcuBHbIX QYHKLUMIA, AeHCTBYIOLIEE
B pamKax TeKyLuero ceaHca pabotsl ¢ nakerom MATLAB.

3akaHuMBaeM Ha 3TOM KpaTKuWil pacckaz npo peKkypcuBHble  (YHKUWUH
(HarmoMHHaeM, YTO UX POJIb CYLIECTBEHHO HUKE, UEM B CUCTEMAaX MPOrpaMMHUPOBaHUs
Ha s3bikax C/C++) u nepexoauM k Bonpocy o6 saddekruBHocTH M-yHKIMH BOOOILIE
H pa3HbIX peaiu3auuil aropuTMOB peLlieHust OHON U TOH ke 3a1a4n B YACTHOCTH.

ScHo, uro paszHble peanu3alWH peluieHHs OJHOH M TOH e 3aJauM OTIHYAIOTCS
Jpyr OT jpyra caMbiMH pa3HOOOpa3HbIMH CBOWCTBAMM, TaKMMH, HarnpuMmep, Kak
pazMmep QyHKLHH, HX «UHTaeMOCTb», CJIOIKHOCTb pa3paboTkH (B CMbIC/e BPEMEHH, 3a-
TpaueHHOM Ha pa3padoTky W oTnaaky (pyHkuuHn). Pazsbie peannzaudu OTIMYAIOTCA
JlaXe M0 TaKOMY HeyJIOBUMOMY MOHATHIO, KaK «KpacoTa peajivzauumny». Bece nepeuuc-
JIeHHbIE XapaKTePUCTHUKU BIOJIHE OUYEBH/IHbI, Mbl 3aiiMeMcst TONIBKO 3(/eKTHBHOCTBIO
(B cMbicne ObicTponeiicTBUA BoinonHenus M-dyHnkuun). Iaker MATLAB nocrasnser
ya06HOe cpeAcTBO 1A NPUOIU3UTENBHOrO 3aMepa 3TOH XapakTepHCTHUKH — Habop
KOMaHJ tic u toc. DTO cpecTBO MPUMEHSETCS Ce/lyoLUM 00pa3oM:

tic, FunctionCall, toc

TO €CTh B KOMaH/HOW CTPOKE BbI30B HEKOTOPOH (GyHKLUHMH oOpamJseTcs ¢ ABYX CTOPOH
9THMH KOMaHaMH, B pe3y/ibTaTe Yero rnocje BbluMcIeHus PyHKLHH B KOMAHHOE OKHO
BbIIAETCA He TOJIbKO Pe3YNbTAaT BbIYMCIIEHHS, HO M YCJIIOBHOE BpPEMS BbIUMC/ICHHS.
ITo 3TOMY yCnOBHOMY BpeMEHH MOKHO CPaBHHMBATb pa3Hble peajin3auvd QYHKUMHA Me-
Ky coboii. Crnenyer, 0JJHaKO, UMEThL B BUILY, UTO BPEMsl BLITIOJIHEHHUS 3aMepSETCs NPH-
OAM3UTENLHO U 3aBUCHT OT Psia HEKOHTPONUpPYeMbIX (aKTOPOB, TaK UTO TAKHE BHI3OBbI
CJIe/lyeT MOBTOPHThL HECKOJIBKO Pas3, a MoJlyueHHbIe 3aMepbl YCPEHHUTb.

Ceifyac cpaBHMM Ha TMpaKTHKE /IBE pEasM3aldU pelIeHHUs 3a/1aud O BbIYHCIIEHHH
dakTopuana: pazpaboTaHHYIO U MpeacTaBleHHYIO Bbie (yHKuuio MyFactorial,
OCHOBAHHYIO Ha omepaTope UMKIa, U hyHKUuHMIO MyRecursFact, ocHoBaHHYIO Ha pe-
Kypcuu. B pesynbraTe BBISCHUM, 4TO 3hdeKkTHBHEe — LMKIIbI UMM pekypcus. Bor
NPaKTHYECKHE PE3yJIbTaThbl COOTBETCTBYIOIHX 3aMEPOB:

tic, MyRecursFact( 100 ), toc
ans =
9.3326e+157
elapsed time =
0.0710
tic, MyFactorial( 100 }, toc
ans =
9.3326e+157
elapsed time =
0.0700
BuaHo, 4yTo pe3ynbTaThl 3aMepOB YCJIIOBHOTO BPEMEHH NPAaKTHYECKH OJIHHAKOBbLIE.

Tak uTo GYHKIHH BbIYHC/IEHHS (HaKTOPHATIOB Ha OCHOBE oneparopa LMKIA U Ha
OCHOBE PEKYPCHH CPaBHHMBI 110 3¢ (HEKTHBHOCTH.
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Onnako ObIBAIOT CiTy4aH, KOT/IA Pa3Hble Peannu3alMi HMEIOT KOJOCCAIbHO pa3Hble
spdexTuBHOCTH. TaKUM THIIMUHBIM CllyyaeM s M-s3bika cucteMbl MATLAB sBns-
€TCsl BO3MOXHOCTb W30exaTh HCMOJb30BaHHUS ONEepaToOPOB LIMKIA C MOMOLLBIO MpHMe-
HEHHs OMepaLMH 3alaHus Auana3oHa 3HaYeHHH W Apyrux 3¢pdeKTUBHBIX TPYyNMnoBbIX
onepaunit M-s3bika (MHOXKECTBEHHass HHAEKCALLMS, HATrlpUMep).

B uacTHOCTH, cnenyroLuii hparMeHT:

A=11:0.1: 2000;
tdopmupyrowmmii Bektop A w3z 19 991 snemenra B 10 000 pa3 addextrHee dparmenTa
i=1;e=1; while i<=19991, A(i)=e;e=e+0.1;i=1+1; end

OCHOBAHHOTO Ha NMPHMEHEHHWHW oneparopa LMKJIa A HHAMBUAYAIBbHOTO MpPONMChIBa-
HHA 31eMeHTOB BekTopa A. [TosToMy COBETYIOT rpH nporpaMmupoBaHiu M-dyHkuui
cTapatenbHO M30eraTh MPUMEHEHHS MaCCHMBHBIX LMKJIMYECKMX BBIYHC/IECHHI Ha Gase
OMepaTopoB LHKIa M-13bIKa. TO MOXKHO c/e/aTh, TPUMEHHB BMECTO HUX 3(hdeKTHB-
Hble TpynnoBble onepaudyd M-s3bika. Eciiv jke 9TOro cienath Hejib3s, TO €CTh n3be-
JKaThb LUMKJIOB HE YJAeTCs, TO TOra CTOMT NMOAYMaTh O peaM3alMH LUMKIHYECKHX a-
roput™oB Ha si3bikax C/C++, nockonsky B cucteMe MATLAB uMeercs npuHUMnu-
aJIbHasg BO3MOXHOCTh MOAK/IIOUMTD I COBMECTHOH paboTh! faXKe Takue Nporpamm-
Hble Moaynu. O6 srom Oyzner noapoGHo pacckasaHo B . 8.

Hakonew, pacckaxkeM O MOBbILEHHH 3DPEKTHBHOCTH BbiNonHeHus M-QyHKuUMH 3a
cyeT crneuyqanbHON HacTpoiiku cpeabl MATLAB. Jleno B Tom, 4ro ripv nepBoH 3a-
rpyske copepxumoro M-gaiina B namstb komnbtotepa cucrema MATLAB ocyuect-
BJISET CMHTaKcHYeckui pa3zbop koda, nepeBOAHT e€ro BO BHyTPeHHHH (opMarT, Ha3bl-
BaeMbIl nceg0oxodom wian P-ko0om, Nociae Yero coxpaHsieT NOyueHHbIH NCceBIOKOA
B NaMATH KOMMbIOTEpa B TeueHHe Bcero ceanca pabotel ¢ naketom MATLAB. B pe-
3yNnbTaTte nepBblid BbI30B M-(hyHKUMH ocyuiecTBAsieTcs MeluieHHee (OObIYHO HeHa-
MHOTO MEJIEHHEE) TMOBTOPHLIX BbI30BOB. MOXKHO HECKOJIBKO MOBLICUTh 3(h(heKTHB-
HOCTb NEPBOro BbINONHeHUS M-(YHKUHH, BLINOTHUB KOMaHTY

pcode uma M-QyHkumu (panna)

DTa KOMaHJa TpaHcaupyeT coAepkumoe M-daiina B nceBAOKO A W 3aNMCHIBAET Ha
auck Galn ¢ TeM e WMeHEM, HO C pacliMpeHHeM .p, Mocjie 4ero 3arpyska
M-¢yHkuMH OyaeT BBIMOMHATECA WMEHHO W3 3Toro daiina W nepBoe HCroONHEHHE
tdyHkunu nporiger Obictpee. KpoMe Toro, MoxkHo OyaeT crepeThb ¢aiin ¢ pacliupeHH-
eM .M, a COmEpPKMMOe oOcTaBllerocs (akna c ncepaokogoM OyaeT HEBO3IMOXKHO
npouuTaTh B TEKCTOBBIX peAakTopax, Tak kak (opMar 3Tux ¢aiinoB OGUHapHBLIN.
B pe3ynpTate MOXHO Oymer CKpbITb OT JOOOMBITHBIX TIa3 «TaiHblE» NETATH
pa3paboTaHHBIX BAMH aITOPHUTMOB.
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M-d)yHKuuu C NnepemeHHbIM YUCAOM
BXOAHbBIX MAapPamMeTPOB M BbIXOAHbBIX
3HAYeHUH

B onpeaenenusax M-QyHKUHH, KOTOpble Mbl paccMaTpUB&IM A0 CHUX MOp, Beeraa
Obu10 cTporo (hPUKCHPOBAHHOE KOHEYHOE YHMC/IO BXOJHBIX MapamMeTpPOB M BbIXOAHBIX
3HauyeHuit. OHako OBIBAIOT CUTYalMH, KOTa MONe3HO UMETh OJHY (QYHKLHIO, KOTO-
pas wrtatHO oOpabareiBasia Obl nNepeMeHHOe YHCJIO BXOAHBIX NapaMeTpoB
M BBIXOHBIX 3HaueHui. Hampumep, Herioxo uMeTh GyHKLMIO, KOTOPas MOXKET CyM-
MHpPOBaTb AJIMHbI TPOU3BONBLHOIO 4Mc/a BeKTOpOB. Takas QyHKUMS AOMKHA YMETDb
pacrno3HaBaTh peaJibHOe KOJMUYEeCTBO MapaMeTpoB, ¢ KOTOPbIMH OHA BbI3BaHa.

B M-a3bike cuctembl MATLAB Takas BO3MOXKHOCTh OazupyeTcd Ha UCMONIb30Ba-
HUM MaccuBa sueek. B onpeneneHny M-dyHkuny napamerp, uepe3 KOTOpbIH nepeaa-
eTCsi 3apaHee HeW3BECTHOE YMCIIO BXOJAHBIX apryMEHTOB, HY)KHO 0DO3HAUUTL KiloYe-
BbIM CJIOBOM varargin. Takum wioueBbIM CJIOBOM 00O3HA4aeTCsi MAacCHB fueek,
B KOTOpBIH YNakoBaHbl 3TH rapameTpbl. DyHKLUHS Bcerga MOKeT y3HaTb HCTUHHOE
4YMCJIO apryMeHTOB, YMAKOBaHHBIX B IapaMeTpe varargin, NpUMEHHB A 3TOrO
dyHkumo length,

Humxe npeacraBied koJ YHKLHM, BbIMMCHISIOLEH CYMMY KBaipaToB JUIHH
MPOM3BOJILHOTO KOJIMYECTBA BEKTOP-CTPOK:

function SumLen = Numlength{ varargin )
n = length( varargin }; Sumlen = 0;
for k=1:n ‘
Sumlen = SumLen+t+varargin{k} (l)"2+varargin{k} (2)"2;
end

Ecnu apryMeHT varargin He €JMHCTBEHHbIH B CITMCKE MapameTpoB, TO OH JIOJKEH
CTOATh nocieaHuM. B paccMoTpeHHOM npuMepe ¢ NoMoLIbio GUIypHBIX CKOOOK Mbl W3-
BJIEKAEM COJEPIKUMOE OTAEIbHOH fUeiiKH, TO eCThb BEKTOp, a C MOMOLIbI) JajibHeHei
WHJEKCALMH KPYIJIbIMH CKOOKaMH W3BJIeKaeM MepBy0 M BTOPYHO KOOpPAWHAThI BEKTOpA.

Ilpu Bb3oBe dyHxkuud Numlength #He HyxHO (U HENb3s) yNakoBBIBATH BXOJHbBIC
YHCOBBIE BEKTOP-CTPOKH B MaccHB siueek, Tak kak MATLAB nenaer sto cam. Jocra-
TOYHO MepeyHCIUTb HX B KauecTBe GakTHIECKHX NapaMeTpoB Yepes 3aMsTylo:

NumLength( [ 1 2], [3 4] )
ans =
30

Teneps Bb130BeM (yHkuMo NumLength ¢ aApyruM 4ncinom napameTpos:

Numlength( [ 1 2], [3 4], [ 5 6] )
ans =
91
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@ynkumusa nerko ofpabarbiBaeT 06a 3THX Cilyyas, NPaBHILHO BBIYHCIAS CyMMap-
HY10 JUTHHY BXOAHBIX BEKTODOB.

B onpenenennu M-dyHkimy nepeMeHHOE YHC/IO BO3BpALLaeMbIX 3HAUEHHH ynako-
BbIBA€TCS B MAacCHB sfiueek, o003HauaeMbli KJIIOUEBBIM CII0BOM varargout:

function varargout = MyFunc3( X )

31eck B MacCHB Y€K C MMEHEM varargout MOXKHO B Tese (PyHKLHH YNaKoBaTh
MPOU3BONIBHOE YMCIIO BBIXOAHBIX 3HaueHHH. JlomycTuM, 4TO Ha BXOA GYHKLHH
MyFunc3 MoxeT MOAaBaThCA B KaUeCTBE €MHCTBEHHOrO BXOJHOTO NapaMeTpa MacCHB
pasHBIX pa3MepHOCTeH M pasMepoB. Mbl XOTHM BO3BpallaTh HECKOJBKO CKaJsfipOB,
KaXIbIH W3 KOTOPHIX SIBJSETCS pa3MepoM BXOJHOTO MAacCHBa BAOJbL OAHOrO H3 €ro
u3MepeHui. Tak kak KOMMYECTBO H3MEpEHHH 3apaHee HEM3BECTHO, TO €r0 MOXKHO OIl-
penenuth B Tene (YyHKUMH AMHAMHYECKH H HA XOAY YMAaKoBaTb BCE 3TH CKaJIAPHI
B €JMHCTBEHHYIO BBIXOAHYIO HepeMeHHy:o varargout. BoT peleHune 310l 3aauu:

function varargout = MyFunc3{ X )
n = ndims( X );
for i =1 :n

varargout (i) = {size(X,1)};
end

3neck dyHkuua size (X, 1) BeluMcsgeT pa3Mep MaccuBa X BAOMb 1-ro HampaBiIeHHS
(u3Mepenus). Hrxe nokaszaHbl 1Ba pUMepa UCTIONB30BaHUS 3TOH BYHKUMH:
A=1[123; 45 6];
[m, n}] = MyFunc3{ a );

3aech cKajiapbl M U N MPUMYT COOTBETCTBEHHO 3HaueHHs 2 U 3. A tenepb chOpMHPY-
€M TpexMepHbIi MaccuB C W BbI3OBeM A7 Hero ¢yHkuuio MyFunc3:

B=[45%®6; 98T7];
C(:,:,1) = A; C(:,:,2) = B;
[m,n, k]= MyFunc3( C );

Ckassippl I, n ¥ k mpUMYT 3HadeHus 2, 3, 2. B HUX nomellueHsl pasMepel TpexMep-
Horo MaccuBa C BRONb Beex ero usMmepeHuil. Ecnu Gbl HAaC MHTEpecOBAIM Pa3MEpsl
3TOr0 MacCHBa BIOJIb TONbKO MEPBBIX ABYX W3MepeHHH, TO Mbl MOINH Obl BbI3BATH
¢byHkumo MyFunc3 B cnenyrouem dopmare:

[m,n]= MyFunc3( C };
KOTOpBIA ABMSETCA abCOMOTHO KOPPEKTHBIM C TOYKM 3peHHs CUHTakchca M-s3bika,

HO IpU KOTOPOM TPeThe BbipabaThiBaeMoe GYHKUHeH MyFunc3 BbIXOQHOE 3HaYeHHe
Tepsercs.
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KOHTPOAbL BXOAHBIX napameTpos
U BbIXOAHBIX 3Ha4eHuii M-yHxuuu

HecoenapeHue THNOB W uMcnia (akTHueCKUX (C KOTOPBIMH pEATIbHO BBI3BIBAETCS
¢byHkuusA) u POpManbHBIX TNapaMeTpoOB MPHBOJMT K HerpaBWIbHOH pabote
M-¢pyHkunii. Ho «nonezoBarens» M-¢yHxuuu (310 MoxeT 6bITh kak apyras (QyHK-
LMS, TaK U YeJIOBEK) BCEra MOXET OLIMOUTBLCS NMpH ee BbizoBe. [1o3ToMy kenatenbHO
BCTpPauBaTh BHYTph koaa M-pyHKUMH MpoBepKy THNA M KOJIMYECTBA BXOJHBIX Mapa-
METPOB, a TAK)KE KOJIMUYECTBA BhIXOAHBIX 3HAYEHHH, B KOTOPbIE «BbI3bIBAIOLIAS CTOPO-
Ha» MbITAaeTCA IOMECTHThL pe3yJIbTaThl paboThl PyHKLMH.

PaccMoTpuM npobremy Ha npuMepe ykazaHHOH Bbille ¢yHKUHMW MatrProcl. Ora
¢byHKUHA MpearnoJiarana KCMoJb30BaTh B KAauecTBE MMEPBOro M BTOPOro aprymMeHTOB
MaccHBbl OIMHAKOBBIX pa3MepoB. Ecau nonp3oBatess no omnbke 3amact (aktuye-
CKHMe MapaMeTpbl B BHJE MAcCHBOB pa3HbIX pa3MepoOB, TO B MPOLECCE BbINOIHEHHA
¢byHKUHK BO3HHKHET ounbka. YToObl M30exaTb 3TOro, MOXHO- B Tene (PyHKLHH
MatrProcl opranuzoBarh NPOBEPKY pa3MepOB MEPBOro H BTOPOTO 1apaMeTPOB:

function [ A, B ] = MatrProcl{ X1, X2, x )
nl = ndims (X1); n2 = ndims (X2);
%--- parameters control -------~---m-mmmmm oo
if nl ~= n2

error('Different dimensions’)
else

for i=1l:nl

if size(X1,1)~=size(X2,1)
error ('Different sizes of 1st and 2nd parameters’)

end
end .
end
$--- calculations ---=--==--mommmmomm oo
A =Xl .* X2 * x;
B =Xl .* X2 + x;

Tenepb npu Bo13oBE yHKUMH MatrProcl ¢ HenmpaBHABHBIMH pa3MeEpamMH MEPBOro
M BTOPOroO apryMeHTOB cTaHaapTHas (yHkuus cuctembl MATLAB error 6yner kop-
PEKTHO OCTaHABJIMBaTh BCIO pabOTy M BBIBOAWTH B KOMAaHAHOE OKHO cuctembl MAT-
LAB Haly AMar{ocTuueckye coobiieHus (apryMeHTsl (PyHKUMH €rror), nocie 4ero
N0JIb30BATEMIO OCTAHETCH JIUIUb MOBTOPHO BbI3BaTh (pyHKuUMO MatrProcl, Ho yxke
C NpaBUNBHBIMH TapaMeTpaMH.

Jns 6onbluelt HafeXkKHOCTH HYXKHO elie J00aBUTh MPOBEPKY TPETLEro napamMeTpa
Ha ckangpHocTh (B cucteme MATLAB ckanspbl ABasfroTcs MarpuuaMy 1 x 1), 4To
MOXXHO BBITOJIHUTH CNEAYIOIIHM (pparMeHTOM Koaa: ‘
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{m,n] =size( x );
if(m~=1]n-~=1)

error (' 3-d parameter must be scalar’)
end

Hakonel, Hem1oxo npoBepHTh 00LIee YMC/IO NMapaMeTpoB, C KOTOPbIMH (hYHKLHS
6b11a BezBana. st aToit uenu B cucteme MATLAB crieunanbHo nipeycMoTpeHa re-
peMeHHad ¢ MMeHeM nargin. Ee 3HaueHHeM sBJisleTCS KOJIHYECTBO apryMeHTOB, (ak-
THYECKH NepejaHHoe QYHKLHH MpH ee Bbi3oBe. TOraa NpoBepka Ha YMCIIO [1apameT-
POB BBINOJIHAETCA CIEAYIOLHM 00pa3oM:

if nargin ~= 3
error ('Bad number of parameters’)
end

bonee toro, B cucreme MATLAB npeaycMorpeHa nepemeHHas nargout, coaep-
’alnas Yucilo BO3BpAlllaeMbIX 3HauYeHWil B Tekyluell ¢opMe BbizoBa 3TOH QyHKLHH.
Hanpumep, Bbi3oB

[ s1, s2, s3 ] = MatrProcl{( x1, x2, x)

npeanojaraeT Nojy4yuTh a TPH BO3BPALLAEMbIX 3HAUEHHS, B TO BPEMS KaK U3 ornpe-
Aenenust QyHKLMM clle[lyeT, YTO BO3BPALlaeMbiX 3Ha4eHHH Yy 9Toi ¢yHkumMu aBa. Uro-
Obl npenoTBpaTUTL TakoH ¢opMar BbizoBa ¢yHkuuu MatrProcl uw npeaynpeautsb
nosb3oBarelist PYHKLHH O HECOOTBETCTBHH YHC/IA 0/KHAEMBIX BO3BPAILAEMBIX 3HAYE-
HUH UX HOMHHAQJIbLHOMY YHCIly, MOJKHO B Tejle (QYHKLHH OCYLUECTBUTL MPOBEPKY Me-
peMeHHoil nargout cieayowmumM obpasom:

if nargout ~= 2
error (' Must be 2 return values’)
end

OcyluecTBjieHHblE HAMH TPOBEPKH NPUBOIAT K TOMY, YTO (YHKLHIO MOXHO Bbl-
3BaTh TOJILKO C MPABHJILHLIM YHCJIOM BXOJIHBIX NapamMeTpoB M BO3BPaLLA€MbIX 3Haue-
Huil. OfHaKO paHee Mbl BCTPEYAINCh CO BCTPOEHHbIMHU (DYHKUMAMH cHcTeMbl MAT-
LAB, koTopble MOrJId ObITh BbI3BAHBI C PA3HBIM YHCJIOM BXOJHbBIX NapaMeTpoB (M 3TO
OuYeHb TUNHYHO). B pe3ynbraTe dakTHueckH pasHble BapHaHTbl paboThl GJIM3KOIroO TH-
Na BbINOJIHAIOTCS MMOA OJHUM H TeM e UMeHeM (YHKLHH, YTO BecbMa HarjiggHoO
v ynobHo. TakoBoi, Hanpumep, siisercst GyHkUus plot, UMs KOTOpOH TroBOPHT
0 nocTpoeHuH rpagukor ¢yHkuUuMi. Eciin Obl pasHbie BapHaHThbl BHISOBOB 3TOH (YyHK-
LKMH TIPULIIOCH Obl OCYIECTBSTh MO Pa3HBIMH KMEHAMH, TO OT HAIJIALHOCTH He OC-
Tajg0Cck Obl H ClIe]ia.

Takum 06pasom, LenecoobpasHo npu paspabotke M-yHKUMI A0NyCKaTh MHOTO-
BApPUaHTHOCTb PabOTbl MPH Pa3HOM YMC/le BXOAHBIX APTYMEHTOB; 3TO HYXHO Mpe/y-
CMOTpETH MpH MPOBEPKE HUX HKCNa, U BMECTO MpekpalueHus paboThl GYHKLHK CllelyeT
peanu3oBaTh pa3sHble BETBH BbINONHEHMS. To ke Kacaercs W uWcia BO3BpaLIAeMbIX
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3HaueHud. B 3aronoske onpenenenns M-(OYHKUHH HYXKHO TIPH 3TOM MCMOJb30BaTh
MaKCHMAaJIbHO BO3MOYKHOE YHMCJIO KaK MEPBbIX, TaK H BTOPbIX.
Tak, dyukuus TestFunc?

function [ resl, res2] = TestFunc2{ varl, var?2 )
switch nargin
case 1
if nargout == 1, resl = varl * 2;
elseif nargout == 2, resl=varl * 2; res2=varl + 3;
else error('Must be 1 or 2 return values’);
end
case 2
if nargout == 1, resl = varl .* varZ;
elseif nargout == 2, resl = varl .* var2; res2 = varl + 3;
else error('Must be 1 or 2 return values’);
end
otherwise error ('Must be 1 or 2 parameters’);
end

JIOMYCKaeT MHOrO BAPHAHTOB 3apaHee MPeayCMOTPEHHbBIX ()OPMATOR BLI3OBOB.

JL1s KpaTKOCTH MBI 3/1€Ch OMYCTHJIM TPOBCPKY pa3MepPOB BXOMHBIX NapaMeTpoB,
AOAPOOHO paccMOTpeHHYIO Bhiile. Kpome Toro, mMbl 37ech HamepenHo ans Oonbiiieit
HarISAHOCTH BBIMOIHAEM HEKOTOPYIO JIMIIHIOW paboTy: Ha npakTthke cuctema MAT-
LAB caMOCTOATENBHO OTCJIEKHMBAET CHTYalMIO TPEBBILIEHUS YHCIa NapamMeTpoB
H BO3BPALLIAEMBIX 3HAUEHH I HaJl HOMUHAIBHBIM UX YHCIIOM.

B 3aknroueHHe OTMETHM, UTO CTeNeHb MOAPOOHOCTH MPOBEPOK 3aBUCHT OT Mpead-
Ha3HayeHus QyHkunu. Ecnu M-dyHkuus nuwercs ans co6cTBeHHOro norpebieHus,
APOBEPKH MOTyT ObITb MEHEE CTPOrHMH, TaK KakK BbINIOJIHEHHe M-(pyHKumii ocyuiecTt-
BJISETCH B PEXKHMME HUHTEPIIPETALUU TIOJ TOJHLIM KOHTponeMm cuctembl MATLAB.
OwunbouHble cUTyauuM aBTOMaTHuYeCkH oOpabarbiBaloTcs caMoi 3ToH cHcTeMOMH
¥ B KOMaH/IHO€ OKHO BbIJIa€TCs COOTBETCTBYIOLIEE AUArHOCTHUECKOE COODLICHHE,

Ho ecnn npeanonaraercs nepenada (yHKUMH J1 BHELUHEro MoTpeGlieHUs, TO
TIPOBEPKH HYXKHO clenath Oosee jKEeCTKHMH, TaK KaK BHEILIHEMY MOJ1630BaTEO TPYA-
HO pa3o6paTbcs BO BCex AeTansax paboThl Bawiel hyHKUHH.

Cucrema MATLAB wratHo nocraBnsercs ¢ OOJNBIIMM YUCIOM BCTPOEHHBIX
M-¢yukuuii. TekeT 3TUX PYHKUHI BBIBOAUTCH B KOMaHAHOE OKHO KOMaHAOM

type wma_dyHKuyM

TaK YTO BCETJa MOXKHO KaK W3Y4MTb JETallM peau3alMy (hyHKUHeH HEeKOTOpOro aro-
PHMTMa, TaK W HAYYUTHCH Pa3HBIM MPHEMaM MPOrpaMMHPOBAHHS, B YAaCTHOCTH CIOCO-
Gam u riy6HHe NpoBepOK BXOAHBIX NAPAMETPOB H BBIXOJHBIX 3HAUEHHA.

PaccMoTpuM TekcT hyHKUHH repmat, BBeAsS H UCMOJHUB KOMaHIy

type repmat
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B pe3yJIbTAaTe YEro NoJy4aeM ee MoJTHbIH TeKCT:

function B = repmat {(A,M,N)

$REPMAT Replicate and tile an array.
B = REPMAT (A,M,N) replicates and tiles the matrix a
‘to produce the M-by-N block matrix B.

N o® o

o\

B

REPMAT (A, [M N]) produces the same thing.

o

o\°

B = REPMAT (A, [M N P ..]) tiles the array a to
produce a M-by-N-by-P-by-.. block array. a can be N-D.

o0 o
I

o\

REPMAT (A,M,N), when a is a scalar, is commonly used to
produce an M-by-N matrix filled with A's value.

This can be much faster than A*ONES (M, N)

when M and/or N are large.

A® o o o°

o\

Example:
repmat (magic(2),2,3)
vrepmat(NaN,Z,B)

o0 o e

o\

See also MESHGRID.

o\

o\

Copyright (c) 1984~88 by The MathWorks, Inc.
$Revision: 1.11 § $Date: 1997/11/21 23:30:13 §

o\e

if nargin < 2
error ('Requires at least 2 inputs.')

elseif nargin == 2
if prod(size (M)}==1
siz = [M Mj;
else
siz = M;
end
else
siz = [M NJ;
end
if length(A)==

% This produces the same answer as B = A(ones(siz));
$ but uses less memory.
B =
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reshape (A(ones(1l,siz (1)) ,ones(1l,prod(siz(2:end)))),siz);
elseif ndims(A)==2 & length(siz)==

{m,n] = size(A);

mind = (1:m)';

nind = (l:n)';

mind = mind(:,ones(1,siz(1)));

nind = nind(:,ones(1,siz(2)));
B = A(mind, nind);
else
Asiz = size(A);
Asiz = [Asiz ones(l,length(siz)-length(Asiz))];

siz = [siz ones(l,length(Asiz)~-length(siz))];
for i=length(Asiz):-1:1

ind = (l:Asiz(1))';

subs{i} = ind(:,ones(1,siz(i)));
end
B = A(subs{:});

end

Tekct dynkumu repmat BecbMa noseseH juis u3ydenus. Bo-nepseix, 31ech noka-
3aH 2 PEKTUBHBIA AJIFOPUTM peLLieHHs 3aa4H O IOBTOPEHHH (penaukayuu) 3a0aHHOM
MaTpulsl A B BEpTHKAILHOM HAamNpaBjieHHMM M pa3 U B rOpU30OHTANLHOM HanpaplieHHH
N pa3. Bor npumep paGorst dyHkuun repmat (em. puc. 6.11).

-} MATLAB Command Window T AR

Eile - Edit. \indow. Help®

D@lsB[ < B8R
» A=[1 2; 3 4]; B=repmat(

Z Pucynok 6.11

Hns pelneHust 3T0H 3ajaud 34eCh AKTHBHO MCMONB3YIOTCH BBICOKOA((HEKTHBHBIE
onepauuu M-a3bika, TakHe, KaK MHOXKECTBEHHAs WHJAEKCALMs W MHAeKCaluUs MaTpH-
LaMH. OTOT CJIOXKHBIH /IS MEpBHYHOrO M3y4YeHHs Bonpoc ObL1 HaMHU NOpoOHO pac-
cMmotped B 1. 1. Ecnin ceftuac oH y Bac no-npexxHeMy BBI3bIBAE€T HEKOTOpBIE 3aTpPy.-
HEHHS B MTOHUMAHHMH, TO BEPHHUTECH K MATEPHANTY IJ1. 1 /1 NOBTOPHOIO H3Yy4eHHS.
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Bo-BTOpbIX, AaHHBIA NMpHMEP MOKA3bIBAET, YTO BECbMA 3HAYMTEIIbHBIH NPOLEHT
ot obuiero o6remMa Koa 3aHUMAIOT MHOTOUYMCIIEHHbIE NPOBEPKH BXOIHBIX [AapaMeT-
POB M BBIXOZHBIX 3HAUEHH.

B-TpeTbuX, BUOHO, YTO OUYeHb GOJIbIIOE 3HAUCHHE Y/IeNIAeTCA JOKYMEHTHPOBAHHIO
KoJa. DTO BAXKHO KaK [ CTOPOHHMX ofb3oBarTesned (GyHKUWH, TaK U U1 CAMHX pa3s-
paboTUHKOB, MOCKOJIbKY MOMOraeT UM B Ipoliecce pa3paboTKH M OTIAAKH airopuTMa
U AeTajneil KOAHPOBKH.

INpakTnyeckne cosetbl No pa3padoTtke
U oTAaake M-¢pyHKUMi

PaspabarbiBas (yHKUMIO, BBl B [IEpBYIO ouepenb pa3pabarbiBaeTe ajlrOPUTM pellie-
HHUS HEKOTOpOH 3a/lauu, Moclie Yero nepeBofnTe ero Ha GopMasIbHbIi A3bIK KOAUPO-
BaHHA, KOTOpPbIM H ABJsgeTcs M-a3bik. HecMOTps Ha ZI0BOJIBHO BbICOKYIO HArIAAHOCTD
M-s3bIka (OTCYTCTBYIOT HHU3KOYPOBHEBblE KOHCTPYKLIHH, OM3KHE K MALUMHHBIM KO-
MaHaaM), Bce paBHO 3To dopMaiibHblit A3bik. [1o mpoliecTBUH BpeMeHH AeTalu paspa-
6oTtok 3abynyTes U s MoaudUKaLuH GyHKUNH NpUaETCs BCe BCIOMHUHATL CHOBA.

Yrobrl ynpocTUTE Mpolece faibHeliied Moaudukauun GyHKUMH, a TakoKe ee OT-
JadKH Ha CTaJMH, KOrja elle He yaanoch ROGHTbCS MpaBuiabHOH paboTbl, B TEKCT
(bYHKUHH BCTaBNAIOT KOMMeHTapHH. OOBEM TaKMX KOMMEHTapHEB MOET ObITb BEChb-
Ma GOJIbLIMM, YTO MBI Bbile Hab/MOAaMK Ha NpUMepe LiTaTHOH dyHKUMK RepMat.

HanoMHum eiie pas, yTo KOMMEHTapUH MOTYT 3aHHMAaTh OTAE/IbHbIE CTPOKH, Ha-
YUHAIOLIMECH C CHUMBOJA %, MOC/ie KOTOpOro cielyeT TEKCT KOMMeHTapus. Takoke
KOMMEHTAapHUH MO>XKHO pacrioyiarath B KOHLE JIF060H CTPOKH KOZAA, MOCKO/IbKY WHTEp-
npetatop M-s3biKa, BCTPETHB 3HAK %, CUUTAET BCE CUMBOJIb! N10CJIE HETO MPOCTO KOM-
MeHTapuMeM (a He KOMaHIaMH, TOJJIeXALIMMH MepeBoay B MAaUIMHHYIO (GOpMY
W HCTIONIHEHHIO).

Ocobyto ponb B cucteme MATLAB uMmeoT KOMMEHTapuH, pacrionararolyecs
B cMeKHOM Habope CTpok cpa3y 3a 3aro/IoBKOM omnpefeieHus ¢yHkuuu. Bech sT1OT.
Habop CTPOK BBIBOAMTCS B KOMaHAHoe OkHO cucteMbl MATLAB npu ucnojHenuu
KOMaHbl

help nma M-¢yHKuUMK

[TockosbKy Takyto KOMaHIy B MepBylo ouepenp OyAyT MPUMEHSTH TOJb30BATENH
¢yHkuMK (a He pa3paboTUMKH), TO KeNaTe/IbHO PacMoIOKHTh B 3THX KOMMEHTapHsX
onucate/bHy0 HHQOPMALHIO U CBeIeHHs O NPAaBHILHOM BbI30BE STOH QYHKLMH.

Tenepb nopo6HO ocTaHOBHMCA Ha Bomnpoce o0 oTajike M-byHKUMIA, TO ecTh Ha
npHemax, ¢ NOMOLIBbIO KOTOPBIX MOXXHO BBISSBHTH MECTOPACIONOKEHHE OLUHOOK W HX
npuunny. Cuctema MATLAB ocyuiecTsiisieT cepbe3Hyto noMollb B 3TOM NpOLECCE.
B uwactHoCcTH, OpH BO3HHKHOBEHWH OLUMOKH B mpoliecce BbinonHeHus M-byHKUHH
B KOMaHJHO€ OKHO BBIBOJMTCA MNpPHUOIH3HUTENBHOE [IMAarHOCTHYECKOe COOoOIEeHHe
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(He cnemyeT ngpeoLEeHUBaTh KaYeCTBO TaKOH AMAarHOCTHKH) U HOMEp CTPOKH, B KOTO-
potii ¢ ToukH 3pHus cuctembl MATLAB npousouunia ownbka.

HpyruM, Gonee pa3BUTBIM crnocoOOM OTiaAKH (YHKLUMH SABJSETCA TIPUMEHEHHE
movex ocmanosa (Breakpoints) w nowazogoe suinoanenue tena GyHkuuu. Ins sroro
MPUMEHSIOT BCTPOEHHbIE BO3MOXKHOCTH pelakrTopa-omiaguuka cucreMbl MATLAB.
O TOM, uYTO YK€ MHOTOKpPaTHO NpHUMeHsBLIMMCA HamMH penakTop (B HeM Habupaem
TEKCT (PYHKUMH M C TOMOLUBIO MEHIO cOXpaHseM B (aiiie) 3a04HO SABIAETCA
M omaadyuxkom, TOBOPHT J1aKe 3aroJIOBOK €ro OKHa:

Matlab Editor / Debugger

Tak kak debugger B nepeBoje ¢ aHNIHICKOro 03HAYAET «OTIAAUHK».

YTo6bI MOCTABUTL MOYKY 0CMAN06a Ha KakoH-1u60 cTpoke koaa (hyHKUHMH, Tyna
HY’KHO MOMECTHTb Kypcop W HakaThb kiaBuwly F12 (noBTopHOe HaxkaTHe 3TOH Kia-
BHLIH YOHUpaeT TOUKy ocTaHOBa). BMECTO HakaTHs 3TOH KJIaBMLIM MOXHO BBIMOHUTD
KOMAaHIy MEHIO

Debug | Set/Clear Breakpoint

HO Bce ke ObIcTpee 3TO MOXKHO BBIMOJHUTE HaXKaTHeM KkiaBullM. Ilocne atoro B cTpo-
Ke C/ieBa MOSBAETCS KPaCHBIH KPYXKOK, YKa3blBalOLUH Ha TO, YTO B JIAHHOM CTPOKE
npocTab/ieHa TOUKa ocTaHOBa. [loce 3Toro, He 3aKpbIBas OKHa PeAaKTopa/oTiIaAvHKa
(Editor/Debugger), nepekioyaeM (oKyc BBOAA C KJIaBHaTypbl B KOMaHIHOE OKHO
cuctembl MATLAB w1 3anyckaem oGbluHbIM 00pa3oM (hyHKLMIO Ha BbinonneHue. Ilo-
CJle 3TOrO M MpPOU30HAET OCTAHOB BbIMOMHEHHS (PYHKLHMH NMPSIMO Ha CTPOKE, B KOTOPOH
rocTaBjIeHa TOUKa OCTAHOBA.

Tenepb Mbl MOXKEM TIPOCMaTPHUBATh (PaKTHUECKHE 3HAYEHHS BXOJHBIX NapaMeTPOB
(YHKUHH, TeKyLIHe 3HauYeHHUs IIoOTbHBIX M JIOKATbHBIX NMEPEMEHHBIX, a TAKKE 3HaA-
yeHHs BbIpaxkeHHH. UToObI MPOCMOTpETh 3HaUEHHE NEPEMEHHOH, OCTaTOUHO MOBEC-
TH Kypcop K ee HMEHH B TeKCTe (PYHKLHMH, MOC/IE YEro Ha KpaHe MOSABUTCH BCIIbI-
BAlOLLMI KENThIH MPAMOYTOJbHUK CO 3HAaYEHHEM TEPEMEHHON BHYTPH €ro
(cM. puc. 6.12).

function res = FuncWithGlobVar({ x )
global glvars
&es = x + glvars;

4| Pucynok 6.12
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Hanee, Haxumas knauity F10, Mbt MOXEM BBINONHATE QYHKLMIO IOCTPOUHO, Ka-
/bl pa3 nposepsAs pe3y/IeTaThl Takoit notuaroBoi pabotsr dyHkunn. B pesynsTate
BCET/1a MOXHO «OKPY>XHTb OLIMOKY» M BLISBHUTB €€ NPUUHHY.

HaMeHMB TEKCT QyHKUUM M YCTpaHWB BbIABAEHHYIO OIMOKY, 3anyckaeM QYHKLHIO
Ha BBINONHEHHUE, B pedysibTaTe 4ero JMbo yaocTOBEpAEMCs B €€ NpaBHibLHO# pabore,
ambo HaxoauM HOBYIO OWHGKY. JKesnaTenbHO NMPOoAyMaTh METOAMKY OTJIAAKH, 3amyc-
Kas QYHKUHMIO Ha BLITIOJHEHHE C Pa3HBIMU 3HAUYEHHUAMH apryMEHTOB W pa3HbIMH 3Ha-
YeHHAMH rnobanbHLIX MepeMeHHbIX. B pesysibraTe Takoro HTEpaLMOHHOIO OT/aaou-
HOrO MnpoLecca NPUXOAAT K NPaBUIbHO paboTaloluM QyHKUHAM.



lAaBa 7
[Tpumepbl KOHKPETHbIX

pa3paboTok M-(pyHKUMA

®yHkummu, paboTaiommne CoO BpemeHem
U AaTamu

B coctaB naketa MATLAB BXOAHT HU3pSAHOE YHCIIO CTaHAAPTHBIX QYHKLHH, BO3-
BpallalolIMX CBEACHHS O TeKyllleM BpeMeHM M Tekylued nare. CHauyana kpaTko pac-
CMOTpPUM 5TH GYHKLMH, a 3aTeM paszpaboraeM Ha ux 6a3e cobcTBeHHy0 M-byRKUHIO,
OCYLIECTBIIAIOLLYIO JOCTATOUYHO CAOXKHYIO (¢ yueOHOM ToukH 3peHus) obpaboTky aar
Y BPEMEHH.

Haunem ¢ ¢yHkuuu clock, koTopad Bo3BpalllaeT TEKYLUHE Toj, Mecdll, AEHb, Yac,
MHHYTY, CEKYHJYy B KaueCTBE MOCJEI0BaTE/bHBIX 3JE€MEHTOB UYHCIOBOIO BEKTOpA
1 x 6. Hapwuc. 7.1 nokasaH pe3ysbTaT paboTsl 3TOH QYHKLUH.

.} MATLAB Command Window
File : Edit . Window ' Help =

Deline » BEiwe
» DateAndT1me=clocl; . Gl

DateAndTime = 44

1.0e+003 *

- 2.0000 0.0030 0.0140 00140 00430 0.0491

al| : ‘ 5 2[4 Pucywok 7.1

[TepBeiM 3neMeHTOM uHcioBoro Bekropa DateAndTime sBnseTcs 3HaYE€HHE TEKY-
wero roaa (2000 ron), 3aTeM yKasaH TEKyUIM MecsLl rojia — TpeTui (To ecTh MapT),
rnocsne 4yero MAYT TEKYyIIHe eHb, 4ac, MUHyTa U cekyHaa. TakoH ¢opmar 3ananus aa-
Thl W BPEMEHM HA3BIBAETCA 8eKMOPHbIM opmamom. JIerko 3aMETHUTh, YTO TEpBBIE
MATh 3JIEMEHTOB 3TOr0 BEKTOpa BCEraa ABJAIOTCA LEIbIMH H TOJILKO LUECTOH 3/IEMEHT
moxer OBITb IpoOHBIM yucaoM. Ecau u s cekyHA NOCTATOMHO UEMBIX MOKA3aHHH,
TO Toraa LenecooOpa3Ho BBI3bIBATH PyHKUHMIO ClOCK B BUJE apryMeHTa OKpYTJsio-
HieH YMcoBble 3HaueHus GyHkumu fix:
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fix( clock )
ans =
2000 3 14 14 56 37

B oriMuMe OT paccMOTpeHHOH GyHKUMH clock (yHKUMS NOW BO3BpallaeT AaTy
¥ BpeMa B ApyromM (opMare — TaK Ha3biBAEMOM BHYTPEHHEM YHCIIOBOM (opmare
(TO €CcTh B BMAE OfHOro ApOOHOro uMcnia). 3Ta (GyHKUMA BO3BpALUACT YKCIIO, Liesas
4acTh KOTOPOTO 3aJa€eT AaTy, a ApoOHas 4acTb — BpeMs.

JlaTa npeAcCTaB/SeTCs B BUJE HOMEPA TeKyLIero JHs, OTCUHTAHHOTO OT (GuKcHpo-
BaHHOMN 6a30BOi AaThl (3T0 Haualo HyJesoro roaa). Takum obpasom, 1 ausapsa 0000
rona umeeT Homep 1, 2 dbespana 0000 roga umeer Homep 33, mara 14 mapra 2000 ro-
na umeeT Homep 730559 u T. A.

Bpems 3ajaercs B BMAe APOOHOM uYacTM BO3BpAlaeMoro 3HaueHus. Bennunna
5Tl JpOGHOM YaCTH MOKa3bIBaET JOMIO OT MOJHOro AHA (24 4aca POBHO), KOTOPYHO
COCTaBJISIET MPH OTCUETE OT MONYHOUM Tekyluee BpeMsa. Hanpumep, ecnu BbIMOJHHUTE
KOMaH/bl

format long

now

ans =
7.305596406160417e+005

TO NonyuaeTcs ApobHOe UMCIIO, Liesas HacT, koToporo paBHa 730559 (To ecTb 14 mMapTa
2000 roxa), a ApoGHas yacTs 0. 640.. 03HauaeT TeKyllee BpeMs B Hacax, paBHOE

24 * 0.640.. = 15.36..

YTO COOTBETCTBYET 15 uacam M NpHOIU3HUTENBLHO 22 MMHYTaM.

SlcHo, uro BeipaxeHus fix (now) uau floor (now) BO3BpALAKOT TONLKO AATY,
a BelpaxkeHHe rem( now, 1 ) BO3BpalIAET TOJbLKO BPEMS.

Jlna BospaTa omHol aatel (6e3 Tekyluero BpPeMEHH) B TEKCTOBOM (opmare
npeaHazHaueHa ¢pyHkuus date (em. puc. 7.2).

Pucyrok 7.2

ITpeo6pa3oBbIBAIOTCA AAThl M3 OAHOrO (opmara B Apyrod ¢yHkuuamu datenum,
datestr udatevec. ®yHKuHs datenum npeoGpa3oBeiBaET BXOAHOM CTPOKOBBIH
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dbopmar naTel B BbIXOJHOM BHYTpeHHHH uncnoBol ¢opmar. OyHkums datestr ocy-
wecTBAsET 0OpaTHOe npeobpazoBaHue:

datenum(’14-Mar-2000")
ans =
730559
datestr (730559)
ans =
14-Mar-2000

Ecnu BxonHoit napametp dyHkuuu datestr coaepakut apoGHyIo YacThb, To Bbpaba-
ThiBaeMas 9ToM (yHKIIHel CTpoKa CoaepKHT Takke CBeeHHs 0 BpeMetin. Hanpumep,

datestr(730559.423567)
ans =
14-Mar-2000 10:09:56

HmeeTcs BO3MOXXHOCTS YNpaBiaTh GOPMATOM BLIXOAHOH CTPOKH C MOMOLIBIO BTOPOTO
(eobs3atensHoro) napamerpa dyukuuu datestr. Hanpumep,

datestr(730559.423567, 2)
ans =
03/14/00

BBISCHHTE Bce BO3MOMHBIE BapHaHTB! CTPOKOBBIX CbOpMaTOB MOXXHO, BBITOIHUB KOMaHAY

help datestr

OyHkuua datevec pacueniser BXOAHOH napaMeTp (MOXET UMeTh Kak BHYTpeH-
HUH uucioBol ¢dopMar, Tak M CTPOKOBHIH (opMaT) Ha LIECTh YMCIIOBBIX 3JIEMEHTOB
BEKTOpHOro opmara:

format short
datevec{7.305596406160417e+005)
ans =
1.0e+003 *
2.0000 0.0030 0.0140 0.0150 0.0220 0.0292

K cranpaptHbM GYHKUHMSAM, KOTOpblE pabOTAIOT CO BpEMEHEM M JaTaMH, OTHOCHT-
cq Takke QyHkuuu tic, toc, cputime, etime, calendar, weekday, eomday, yacts
M3 KOTOPBIX HaM yke u3BecTHa (tic, toc), apyrue dyHKUMH 3/IeMEHTapHBI (HanpH-
Mep, ¢yHKuMA calendar BHIBOAHT B KOMaHIHO€ OKHO KaJieHAAaph Ha 3alpOLUCHHBIH
WIH TeKyUIMH Mecsll), a 110 OCTaIBbHBIM JIEFKO MOJIyYHUTh BCTPOEHHYIO B CHCTEMY
MATLAB cnpagky.

MEl ke Tenepb BOCHONBb3yeMcS W3yUYeHHBIMH CTaHIApPTHBIMH QyHKUHAMH I pa-
GoTel ¢ JaTaMM M BpeMeHeM, uToObl pa3paGoTaTh M HamkcaTb KOA COOCTBEHHOIH
M-¢dynkuuu. BoT npakTuyeckas curyauus, koraa tpedyercs Halue BMeLIaTeabCTBO.
o manoznauuTesbHOMyY HEZOCMOTPY pazpaborunkop nakera MATLAB cranpmapTHas



IVIZAATLAD J.A DDIEALATHAAR, DA ydAanadUvin, [PVl paviiiipodbannnc all

¢yHkuus datenum He NpoBEpAET BXOAHYIO ATy B CTPOKOBOM (opMaTe Ha KOPpEKT-
HOCTb. B UTOre BO3MOMXHa ClieflyloLas He COBCEM KpacuBas cuTyauus (cM. puc. 7.3).

Pucyrox 7.3

Me1 BBenin HecywecTByrouryto aary 32 mapra 1999 ropa; kotopyro ¢yHKuMs
datenum «Monua chena», npeobpasoas ee B uucyio 730211. 3To uucio, B CBOIO OYe-
peds, pyHkumeit datestr, obparHoli k ucxoaHoi ¢yHkuMK datenum, npeo6pa3oBkl-
Baetcs yxke B 1 anpens 1999 roga. ScHo, uto cuTyauus aBycMeicneHHas. Jlydmie Bce-
ro He JormyckaTb B GYHKUMSX THna datenum HenpaBHUJIBHBIX 3HAu€HHI BXOLHOrO
napaMeTpa, KOraa B Ka4eCTBE YHCIIa Mecslia yKa3biBaeTcsl HeJOMyCTUMOE 3HaueHHe.
Hanuwem coberBennyro ¢yHkumo MyStrDateToNumDate, koTopas mnpoBepsieT
BXOJHOH rapaMeTp Ha KOPPEKTHOCTb. ‘

B M-daiin ¢ umenem MyStrDateToNumDate nmoMecTHM He ToNbKO QYHKUHIO C Ta-
KHM K€ HMEHEM, HO W eLle TPH BCrIoMoraresibHble BHYTpeHHHE GYHKLMH (MX 4acTo B
TepMuHax cucteMsl MATLAB HaseiBaoT noadyHKUHAMHE).

[TosicHMM OIHY MaJIEHBKYIO A€Tallb, CBS3aHHYIO C 2PUSOPUAHCKUM KAIEHOApeM:
MOCJIEAHHI TOJ CTOJIETHS CUMTAETCs BUCOKOCHbIM (TIO-BHTIWICKU 3TO leap year),
ToNIBKO €cnu OH KpaTteH 400. OcTanpHble 1eTalli aJirOPUTMA PEIEHs NOCTaBISHHON
3aflayd JOCTATOYHO OYEBHIHBI W JIETKO HW3BJIEKAIOTCS HENOCPEICTBEHHO M3 TEKCTa
byHKUHI:

function res = MyStrDateToNumDate( D )

% Our own version with input.date checking

if IsCorrect( D )

res = datenum{ D )

else :
error (' Incorrect input date!’)

end
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Fmmm— subfunction IsCorrect -#-=---==---

function ret = IsCorrect( D)
[Y,Month, Day, H,Minute, Sec]=MyDateVec( D );
if Day <= RightNumOfDays( Month, Y )
ret = 1; %true
else
ret'= 0; %false
end

%$~-- subfunction RightNumOfDays --------=--

function num = Ri ghtNumOfDays( M, Y)
if M==4 | M==6 | M==9 | M==11, num = 30;
elseif M==2

if IsLeapYear( Y ), num = 29;

else num = 28; '

end
else num = 31;
end
§~——--- subfunction IsLeapYear ---------

function ret = IsLeapYear( Y )
ret = rem(Y,400)==0 | rem(Y,100)~=0 & rem(Y,4)==0;

PaGoTa ocHoBHOH (BHAMMOI n3sHe) dyHkuuu MyStrDateToNumDate onupaercs
.Ha ¢yHkumo IsCorrect, a Ta, B CBOW ouepeldb, HCMNOAB3YET YHKUHH

RightNumOfDays u IsLeapYear, uMeHa KOTOpPbIX rOBOPAT (Ha  aHIMIMHCKOM A3bIKE)
caMH 3a ceDs: nepBas U3 HUX ONpeAenseT MpaBHIBHOCTH JAThl B MeCslle Ha OCHOBE
CBEZIEHHI O BUCOKOCHOCTH roja. I]ocnenuaa uHbopMauMs rocTasnseTcs QyHKuHei
IsLeapYear.

Ouenp BaxkHad JeTallb: BMECTO cTaHaapTHOH ¢yHkuuu datevec, koTopas paciue-
TUISeT CTpoKoBbie ¢opMmarsl JaTel Ha o2JeMeHTel Bekrtopa {Y,Month,Day,H,
Minute, Sec], Mbl mpumeHseM cobcTBerRYIO (yHKUHIO MyDateVec, mockONbKY
UMEHHO cTaHAapTHas ¢yHkuus datevec, UrHopMpys HeNpaBWIBHOCTE ¢opmaTa
BXOJHOM 1aTbl, MPECMOKONHO OCYLUECTRIAET HEKOPPEKTHOE paciueruieHHe (C nepeHo-
COM JIaT Ha CllefyfoLIUuH MecaL).

CobcTBeHHYI0 QyHKUHIO 06paboTKH CTPOKOBBIX AaHHbBIX MyDateVec Mbl He fio-
MeulaeM B ¢aiin MyStrDateToNumDate.m, a pacronaraeM ee B ¢aiine MyDateVec.m.
OTy GYHKUHIO MBI paCCMOTPHM B CIIEAYIOIUEM TOApa3feie, MOCBAUIEHHOM Mporpam-
MHPOBaHHUIO PYHKLMH, 06paGaThIBalOLIMX TEKCTOBBIE JaHHEIE.
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PaccMoTpeHHBIi NpHUMeEp WILTIOCTPHPYET MPOCTYIO MBIC/b, YTO Kak Gbl HH Xopoliua
6bina «hupMeHHas cucteMa» (B 4yacTHOCTH, cucteMa MATLAB), Bcerna ocraerca
o0MpHoe Nosie Ay CaMOCTOSTENIBHOrO TBOPYECTBa.

OobpaboTka TekcToB

lraTHeie GyHKUMH 0OpabOTKH TEKCTOB (CTPOK), BXOAALIME B CTaHAAPTHYIO MO-
crasky cucteMbl MATLAB, 6bi1i Hamu panee paccmotpenst B . 3. Otor Habop
ABJISETCS JOCTATOYHO TOJIHBIM JUIS BBIMOJIHEHHS THIHMYHBIX MeIKoMaclITabHbIX
CUMBOJIbHBIX omnepauuii. OnHako ecnd  TpebyeTcs pelInTb  CreuHpHUYECKyrO
KpynHoMaciiTabHylo 3azady no oOpaboTKe TEKCTOB, TO HY)XHO pa3pabaTbiBaTh
cobcTBeHHble (PYHKUMH, KOTOpPble MOTYT B CBOei paboTe onepeTbcs kak Ha 6a30Bble
onepaundi M-13biKka, TaK U Ha CTaHAApPTHbIE CTPOKOBbIE (PYHKLIHH.

B kauectBe mnpumepa ™Mbl Oynem paspabaTbiBaTh COOCTBEHHYIO QYHKLHMIO
MyDateVec, o koTOpoii 3ailia peub B NpelblAyLUeM nojapasiesie. 3apaHee CKakeM, UTO
MpaKTUYECKH MONe3Hbie W HajiexHble B pabore yHKuMM 1no oOpaboTke TekcTOBOM
uH(OpMaLKH OObIMHO SBSIOTCS BeCbMa M BechbMa CIOXKHBIMH. KTO comHeBaerca B
ITOM, MOMET O3HAKOMHTHCA C TEKCTOM craHaapTHoH ¢yHKuud datevec, koTopas
M BLIMOJIHAET npeobpa3oBaHKe Jarbl M3 TEKCTOBOro (hopmara B HaOOp BELUECTBEHHBIX
yucesl. BoT 3TOT TeKcT, nony4eHHbIH ¢ NOMOLLBI0 koMaHael type datevec

function {y,mo,d,h,mi, s} = datevec(t)

$DATEVEC Date components.

C = DATEVEC(T) separates the components of date strings
and date numbers into date vectors containing [year
month date hour mins secs] as columns. If T is a date
string, it must be in one of the date formats
0,1,2,6,13,14,15,16 (as defined by DATESTR). Date
strings with 2 character years are interpreted as if
they are in the current century.

e

{Y,M,D,H,MI,S] = DATEVEC(T) returns the components of
the date vector as individual variables.

Examples
d = '12/24/1984";
t = 725000.00;

¢ = datevec(d) or ¢ = datevec(t) produce
c = [1984 12 24 0 0 0].
ly,m,d,h,mi;s] = datevec(d) returns y=1984, m=12,

d=24, h=0, mi=0, s=0.

o0 N P N O° AN O o O O O d° I A A® O P @
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o\°

See also DATENUM, DATESTR, CLOCK.
Copyright (c) 1984-98 by The MathWorks, Inc.
$Revision: 1.15 § $Date: 1997/11/21 23:48:03 $

if nargin <1

error ('Not enough input arguments.');

end

[date row,date col] = size(t);

if isstr(t)

pm = -1; %means am or pm is not in datestr

dts = zeros(date row,6);

siz = [date row 1}; -

for count =1 : date row

% Convert date input to date vector

% Initially, the six fields are all unknown.
1

c(l,1:6) = NaN;
d=1['"" lower(t(count,:)) ' '];
% Replace 'a ', 'am', 'p ' or 'pm' with ': '.
p = max(find(d == 'a' | d == 'p"));
if ~isempty(p)
if (d(p+l)=='m'|d(ptl)==" ") & d(p-1) ~= lower('e')
pm = (d{(p) == "'p');
if d(p-1) == "' (
d(p-l:ptl) = " '
else
di{p:ptl) = "+ ';
end
end
end

o\

Any remaining letters must be in the month field;
interpret and delete them.
p = find(isletter(d));
if ~isempty(p)

o\°

k = min(p);

if d{k+3) == '.', d(k+3) = ' '; end

M= ["jan'; 'feb'; 'mar'; 'apr'; 'may'; 'jun‘; ..
"Jul'; 'aug'; 'sep'; 'oct'; 'nov'; 'dec'];

c{2) = find(all((M == d{ones{12,1),k:k+2))"));

d(p) = setstr(' '*ones(size(p)));
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end

oe

Find all nonnumbers.
= find((d < '0" | d > '9") & (d ~= "."));

e

oe

Pick off and classify numeric fields, one by one.
Colons delinate hour, minutes and seconds.

o\e

k =1;
while k < length(p)
if dip(k)) ~= "' "' & d(p(k)+l) == '-!
f = str2num(d(p(k)+1l:p(k+2)=-1));
k = k+1;
else
f = str2num(d(p(k)+1l:p(ktl)-1));
end
if ~isempty(f)
if d(p(k))==":" | d(p(ktl))==":"

if isnan(c(4))
c(4) = f; %hour
if pm==1&f~=12%Add 12 if pm spec.and hour isn't 12
c(4) = £+12;
elseif pm == 0 & £ == 12
c(4) = 0;
end
elseif isnan(c(5))
c(5) = f; %minutes
elseif isnan(c(6))
c(6) = f; %seconds
else error(['Too many time fields in ' t])
end
elseif isnan(c(2))
if £ > 12 error([numZstr(f) ..
' is too large to be a month.’])
end -
c(2) = f; %month
elseif isnan(c(3))
c(3) = £; %date
elseif isnan(c(1)) »
if (£ >=0) & (p(ktl)-p(k) == 3)
clk = clock; ‘
c(l)=f+floor(clk(1)/100)*100; %year in cur. cent.
else
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c({l) = £f; %year
end
else
error (['Too many date fields in ' t])
end
end
k = k+1;

end %while

if sum(isnan(c)) >= 5
error {['Cannot parse date ' tj)
end

% If the any cf the day fields have been set, set an
% unspecified year to the current year
if isnan{c(l)) & any{~isnan(c(2:3)))
clk = clock; c(l) = clk(l);
end

% If any field has not been specified, set it to zero.
p = find(isnan(c));
if ~isempty(p), c(p) = zeros(l,length(p)); end

dts(count,:) = c;
end %for
c = dts;
else
siz = size(t);
c = dvcore {86400*t);
end

%Make sure time part is properly rounded, the day number
%is within range, and the first five fields are integers.
maxc = ones(size(c,1),1)*{24 60 60];
le,col] = find(any({(c(:,4:6) >= maxc)')' | ..
any((c(:,3)>eomday({c(:,1),c(:,2)))")"]..
any{(c(:,1:5) ~= floor(c(:,1:5)))")");
if ~isempty(e), ,
dn = datenum(c(e,1),c(e,2),c(e,3),cle,d),cle;5),cle, 6));
t = datevec(dn);
if dn < 1, %Time only
cle,4:6) = t(:,4:6);
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else

cle,:) = t;
end
end

if nargout <=1, vy = ¢;

else
y = reshape(c(:,1),siz);
mo = reshape(c(:,2},siz);
d = reshape(c{:,3),siz};
h = reshape(c(:,4),siz};
mi = reshape(c(:,5),siz);
s = reshape(c{:,6),siz);

end

OTOT TeKCT BechbMa MOYYMTEJIEH B IUIaHE TEXHHKH TMpOrpaMMHpPOBAHHS
M-¢yHkunii, obpabatsiBaloldx cTpokd. Hata jke 3ajaua ceiyac COCTOHT B TOM,
4yToObI pa3paboTaTh COGCTBEHHYIO BEPCHIO 3TOH (ByHKLIMH, KOTOpas He OCyLUECTBAIa
Obl HeHy>xHOro npeoOpa3oBaHHA MeECALEB B C/lyuyae HEMPaBWJIBHOrO 3aflaHHs JaTbl,
0 Y4eM M Luna peyb B NPeAblAYyLIEM MIoApa3aese.

Hawa pa3paboTka Oyner omiM4aThCA OT NPENCTaBIEHHON CTaHAApTHOM (byHKLHH
WCTIpaBJieHHEM 3Toro HeaoctaTka. Ho eure oHa OyneT cunbHO YNpOLIEHHOH Bepcuei,
TaK KaK B yueOHHKe B LIeJISX HAarJIAIHOCTH U KOMIAKTHOCTH W3/I0XEHUS HEBO3MOXKHO
00CYIMTh U ICTANBHO peai30BaTh CIMLIKOM OOBbEMHYIO pa3paboTky.

OnHa U3 caMbIX Cepbe3HBIX NpobJieM, ¢ KOTOPbIMU NMPUXOJUTCH CTAIKUBATHCA NMPH
06paboTKe TEKCTOB, 3aK/IFOYAETCA B TOM, HTO Ha BXOA (PYHKLUHH MOXeT ObITh noaaH
abCOMIOTHO NMPOW3BOJIbHBIN HaboOp CHMBOJIOB, OTJIMHAIOLMICA OT OXKMAAEMOro B Ka-
KOM yroAHo oTHouueHWH. MMedHo oOpaboTka nioObIX HELITATHBIX OTKJIOHEHHWH BO
BXOJQHOM TEKCTe M MpeACTaBiseT coOoH oueHb CNOXHYIO 3ajady. B 3HauMTenbHoit
CTeneHH MO3TOMY NpPEACTaBleHHbIH BbILIE KOA CTaHAapTHOH pyHkuuu datevec se-
JSIETCA TAKMM TPOMO3JIKUM,

Msl coznatensHo (B y4eOHbIX LENSAX) CWIBHO YNPOCTUM cebe KM3Hb TeM, 4TO
NPEeANnoJIOKUM, YTO Ha BXoJ Hauieli cobcreeHHoi dyHkumu MyDateVec 6ynyT nona-
BaTbCA TOJNBKO abCONIOTHO KOPPEKTHbIE W OAHO3HAYHbIE TEKCTOBBIC MPEACTABICHHA
naThl B hopmare

"mm/dd/ yyyy’

TO €CTb CHayasla pacrnoJIOAKeHBI 1Ba YHCJIOBbIX CUMBOJIa MECALA, 3aTEM 4epe3 KOCYIo
4YepTy HOYT JBa CHMBOJIA JHS MecsiLla H, HaKOHEeLl, CHOBa Yepe3 KOCYHO YepTy — YeThIpe
YUCJTOBBIX CUMBOJIA rojla. DTo 03HAauaeT, YTO Mbl CBOOOAHBI OT NIPOBEPKH BO3MOXHBIX
HEKOHTPO/IMPYEMBIX OTKJIOHEHHH OT 3a7laHHOro $hopMaTa, ¥ 3TO CaMbIM paJHKaabHbIM
obpaszom ynpouiaet 3aaa4y. Euie pa3s noBTopHM, YTO TAaKoe yNpolieHHe NEepeBOAMT

pa3pabarpiBaeMyi0 HaMH (YHKLHIO B paspfll YHCTO YueGHBIX HW/TIOCTPAaTHBHBIX
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¢yHkuuH. OQHAKO Halla lenb, CBSA3aHHAs C MOJydeHHeM (YHKLHH, OCYHIECTBIISIO-
ILeH NpoBepKY KOPPEKTHOCTH BXOAHbIX AaT, OyAeT MPH 3TOM JOCTHUTHYTA.

Bor xon naurel ¢pyHkuuu:

function [y,m,d,x,y,z] = MyDateVec( strData )

% tutorial function with correct date checking

sv = findstr( strData, '/’ );

%--- string representation of m,d,y ------
strM = strData( 1 : (sv{(1)-1) });

strD = strData( (sv{(1l)+l) : (sv{(2)-1) );
strY = strData{ (sv(2)+1) : end );

%--- convert them to numbers ---——=----—~--
m = str2num{ strM );

d = strZnum( strD );

y = str2num{ stry );

x=0;y=0;2z=0;

KoneuHno, coBceM HeTpyAHO 6bl10 Obl MOCTaBUTH MPOCTEHLIME NPOBEPKH THIA
ischar(strData) nau isempty(sv) uT. A. Ho B HaweM npeanosioxeHun o 6e3-
omHOOYHOCTH BXOAHBIX AAHHBIX OHH He HY)XHbl, a B 001UeM cliy4ae MpOH3BOJIbHBIX
OTKJIOHEHHH OT WITaTHOro ¢opMaTa X BCe PaBHO OKAKETCA HEAOCTATOUHO.

Teneps 3anumem dpynkuuio MyDateVec B daiin MyDateVec.m u Bbi3oBeM paspa-
6oTaHHylo B mpeabiayiieM rnoapasaene  ¢yHkumoo  MyStrDateToNumDate
(cm. puc. 7.4).

» MyStrDate ToNumDate(103/33/1999')
222 Error using = ndal
Incorrect input date!

o

Pucynok 7.4

Qynkuna MyStrDateToNumDate He npomyckaer Ha 06paboTKy HEKOppeKTHbIE
BXOJHbIE JaThl B OTJIHYME OT CTaHAapTHOH ¢yHKUMH datenum (cM. pucyHOK B npe-
ApiayiieM noapaszaene). UMeHHo 3Ty uens Mbl W NipeciieaoBa, paspabarsisas GyHK-
uuto MyStrDateToNumDate, Tak YTO Hy>KHEIH pe3yNbTaT JOCTHTHYT.
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DOyHKUMU AAS paboTbl € gaiinamu AaHHBIX

B . 3 Ob1ii u3ydensl craHpaptHole QyHkuuu cucteMbl MATLAB nns 3anucu
uHdopmauun B GHHapHble H TeKCTOBbIE (aiinibl. TO OueHb yJ0OHbIE B MCMOIb30OBA-
HHMH (YHKUHMH, TaK KaK C MOMOLIbIO KOMIAKTHBIX BbIPAXKEHHH € 3TUMH (YHKUHUSIMH
MOKeET ObITh BbINOAHEH 60AbLION 00beM paboThl. DTO Ba)KHO A paboThl B MHTEpaK-
THBHOM peKHUME.

Tem He mMeHee cTaHmapTHble ¢ainosbie hyHkuMH cucteMbl MATLAB He moryT
OCYUIECTB/IATh HEMOCPEACTBEHHYIO 3anuch B (Dalibl MAacCHMBOB CTPYKTYP U fHeeK.
B aTOM cnydae mns Kakaoro KOHKpPETHOro THIA MAacCHBA CTPYKTYP HIIH SUEEK HY>KHO
HanHcaTb cobcTBeHHYI0 M-(yHKIMIO, BhiMonHAOLYl0 3Ty pabory. Tak kak TOJbKO
pa3paboTyMK 3HAET YCTPOMCTBO 3THX MAacCHBOB, TO OHHapHbIE halibl C UX COAEPIKH-
MBIM HMEIOT TaK Ha3bIBaeMBbIH 3axpbimblil, WKW vacmueli (private, custont), dopmar.

B ra. 3, koraa Mbl U3y4aJii MacCHBBI siHeeK, Obl1 /19 IpUMepa co3al MacCHB sue-
ek MyCellArray. HanoMHuM ero ycTpoHCTBO:

MyStruct = struct(’fieldl’,[ 1 2 3],"field2’,’Hello’);

MyCellArray{ 1, 1 ) = { /Bonjour!’ };
MyCellArray(l,2)={[123;456;789] }s
MyCellArray( 2, 1 ) = { MyStruct };

MyCellArray( 2, 2 ) ={ [ 97517 };

Hrak, maccus MyCellArray pasmepoM 2 x 2 COCTOHT W3 YEThIpeX 3JIEMEHTOB
pa3HbIX THNOB. [Ipennonoxum, 4To co3gaercs: JoCTaTOHYHO Gonbluas nporpamma i
00paboTkH MaccHBa sdeek Takoro tuna. B mpouecce o6paboTku pasmep maccHBa He
MEHSETCS, KaK HE MEHSIOTCS W THIbI BXOAALIMX B HUX 3NeMEHTOB. JlonycTHMbI HUIb
ClIeAYIOLIHE U3MEHEHHS, KOTOPbIE Mbl cefiuac nepeynciIumM.

OnemeHt MyCellArray(1l,1) Bcerja coaep)XUT TEKCTOBYIO CTPOKY {TO €CTh BeK-
TOP-CTPOKY CUMBOJIOB), ¥ KOTOPOH MOTYT MEHSATBCS KaK €€ JJIMHA, TaK U KOHKPETHOE
coaepxumoe. OnemeHT MyCellArray(1,2) comepsKHT UMCIOBbie KBaJpaTHbIE MaT-
pHUBI M X M, [Je UeJI0e YUCIIO M MOXET ObITh pa3HbIM Ha Pa3HbIX CTaaUAX paboTbl.
Onement MyCellArray(2,1) Bcerpa sensietcs cTpykTypod MyStruct, y koropo#
MOTYT MEHATbCS UIMHBL €€ YHCJIOBBIX W TeKCTOBbIX nosneii. M HakoHel, anemeHT
MyCellArray(2,2) sBnseTcs 4HCIOBOH BEKTOP-CTPOKOH NPOU3BOALHOH UIHHBI.

Mbe1 6yeM 3anuchbiBaTh COAEPIKUMOE TAKOTO MacCHBa SU€eK, JKECTKO ONupasich Ha
chopMynHpoBaHHEIH Gopmat (YCcTpoKCTBO) 3TOro Maccusa. B 4acTHOCTH, Mbl Bcerna
3anuceiBacM B OMHAPHBIH ¢aiin 21eMeHTB MacCHBa B IEPEYMCIIEHHOM BbILLE MOPSAKE.
TToMHMO COAEPIKUMOrO KaxKIoro aneMeHTta B (aiin OyneT 3amucbIBaThCs BCIIOMOTa-
TenbHas HH(QOPMALMA, XapaKTepusylollash epeMeHHbIe aTpHUOYThbl 3JIEMEHTOB (IUTH-
HBI, pa3Mephbl).

HenocpeacTBEHHO MEPEN COACPIKUMEIM 3neMeHTa MyCellArray(1l,1) Oyner 3a-
MHUCHIBATHCH KOJUHECTBO IAEMEHTOB B €ro TeKCTOBOR cTpoke. [lepe BTOpBIM 3/1eMeH-
TOM (MOPAOK 3aMUCH TMPEACTAB/IEH Bhlllle) MPOMUCEIBAEM pa3sMep KBaJpaTHOW MaT-

.
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pHLIBI, Tepe]] TPETbUM MHUILIEM MOAPSA Ba YKCJIAa — pa3MepPbl YHCIIOBOrO U TEKCTOBOrO
ToJIEH CTPYKTYPbI, U MEPE YETBEPTHIM MULIEM pa3Mep YHCIIOBOH BEKTOP-CTPOKH.

[Tocne npeacTaBneHHbIX OOBACHEHHH MPUCTYNaeM K HAMHMCAaHHIO ABYX (YHKUHH.
Oynkuus WriteMyCellArray numer B OuHapHblii daiin MyBinCellFile.qwe
(pacmvpenue ¢aiina BbIGpaHO NPOU3BOJILHO) COAEP)KHMOE MACCHBA S4EEK, 4 YMTAET
3TO cojepxumoe U3 (alina U BOCCTaHABJIMBAaET CaM MacCHB B MaMATH KOMMbIOTEPa
tyHkuus ReadMyCellArray

Tekcr pynkuun WriteMyCellArray oueBuaeH, Tak Kak B TOYHOCTH COOTBETCTBY-
T NPEACTABJICHHBIM BbILIE MOSCHEHHAM:

function WriteMyCellArray{ Ar )
%write custom binary file

= fopen( 'MyBinCellFile.qwe’, ‘wb’ );

%1.-- (1,1) element: ----=----

lenl = length( Ar{1,1} );

fwrite( f1, lenl, ’'float6d’ );

fwrite( f1, double(Ar{l1l,1}), ‘float6d’ );

$2.-- (1,2) element: ---------
[m,n] = size( Ar{1,2} );

fwrite( £1, m, "float6d’ );
fwrite( f1, Ar{1,2}, ’'floate6d’ );

$3.-- (2,1) element: ------~--

k1l = length( Ar{2,1}.fieldl );

k2 = length( Ar{2,1}.field2 };

fwrite( f1, k1, "float6d’ );

fwrite( f1, k2, 'float64d’ );

fwrite( f1, Ar{2,1}.fieldl, "float64d’ };

fwrite( f1, double(Ar{2,1}.field2), 'float6d’ };

%4.-- (2,2) element: ------~--
len2 = length( Ar{2,2} });

fwrite( f1, len2, ’'float6d’ });
fwrite( f1, Ar{2,2}, 'float6d’ );

fclose( £l );

®ynkuusg ReadMyCellArray, nmpenHa3zHaueHHas IJi YTEHHUS COAEP>KMMOro Mac-
CHBa s4eeK 3a/laHHOI KOHCTPYKUMH W3 GuHapHoro daiina, ewe v Bo3Bpau1aer PEKOH-
CTPYHPOBaHHbIH MacCHB:

function CellAr = ReadMyCellArray
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%$read custom binary file
fl = fopen( 'MyBinCellFile.qwe’, ‘rb’ );

%$1.-- (1,1) element: ----~--~-
lenl = fread{( f1, [1,1], ‘floatb6d’ );
CellAr{l,1)={ char(fread{fl,[1,1enl]),’ floated’)) };

$2.-- (1,2) element: =-=--------
m = fread( f1, [1,1], 'floate6d’ );
CellAr(1,2)={ fread(fl, [m,m], float6d’) };

$3.-- (2,1) element: ---------

k = fread{ f1, [1,2], "floatbd’ };

vd = fread( f1, {[1,k(1)], "floatébd’ );

vs = char{ fread{ f1, [1,k(2)], 'float6d’ ) );
CellAr(2,1)={ struct{’fieldl’,vd,’field2’,vs) };

%$4.-- (2,2) element: --------~
len?2 = fread( £f1, [1,1], ’"float64d’ );
CellAr(2,2)={ fread(fl,[1,1len2],’'float6d’) };

fclose( f1 );

Ocranoch onpo6oBaTh pa3paboraHHble GyHKUHH B pabore. CHavyana 3anMcbiBaeM
co3/aHHbIi Bbilie MaccHB sueek MyCellArray dyHkuueidt WriteMyCellArray
B daiin MyBinCellFile.qwe Ha auck:

WriteMyCellArray( MyCellArray );

3aTeM ynocTOBepseMCS B HaHYHM Takoro (haiyia Ha JMCKE KOMMbLIOTEPA, OUMINAEM
KomMaHnoii clear copepkumoe pabouero mnpocTpaHcTBa cucTemMsl MATLAB
M BOCCTaHaBlnBaeM nepeMeHHylo MyCellArray uTeHHeM yka3aHHOTO Bbile (paina
(cM. puc. 7.5)»

PucyHok 7.5
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Orciona BHAHO, YTO MNpovMTaHHas W3 ¢aina nepeMeHHas HMEET TNpaBHIbHYIO
cTpykTypy. Teneps nposepseM 3Ha4YeHUs OTAEBHBIX 3JIEMEHTOB 3TOrO MacCcHBa S4eekK:

MyCellArray{l,1)

ans =
Bonjour!
MyCellArray{1l,2}
ans =

1 2 3

4 5 6

7 8 9
MyCellArray{2,1}
ans =

fieldl: {1 2 3]

field2: 'Hello'
MyCellArrayi{2,2}
ans =

9 7 5

3Ha4YeHHUs NPOYHMTAHHBIX 3JIEMEHTOB MAaCCHBA SUYEEK COBMAJAIOT C MX MEpBOHa-
YaJIbHBIMH 3HaYECHUAMHM, KOTOpbIE 3anuchbiBainch B daiin. Takum obpasom, co3gaHHble
HaMH QYHKUMH BrojHe paborocnocobHbl. Ho MX Henlb3s BOCIIPHHHMMATH B KauecTBe
YHUBEPCAIBHBIX MPOrPaAMMHBIX CPEACTB I10 pa3HbiM MPHYHHAM, U3 KOTOPBIX Ha MO-
BEPXHOCTH JI&KUT OTCYTCTBHE HEOOXOAHMMBIX NMpPOBEPOK B Tene 3THX (yHKUMH (Ha-
[IpUMeEp, OTCYTCTBYET NMPOBEPKa PeatbHOro OTKPbITUA daiina — a BApyr 1ot daiin or-
CYTCTBYET Ha JUCKE).

AnHamuyeckoe noctpoeHue rpaduka
pyHKUMM

Hns noctpoenus aByMepHbix (Miockux) rpadukoB QyHKUMIA, TO ecThb rpadMKOB
¢dyHKUMI OnHOH BelECTBEHHO NEepeMeHHOH, Mbl TPaAHLIMOHHO NPUMEHSIH CaMylo
BBICOKOYPOBHEBYIO (QYHKUHIO plot, KoTOpas BbINOSHAET OrpoOMHbI 06beM paboThl
CaMOCTOATENbHO U He TpeOyeT NOMONIHUTENbHBIX YCHIUH CO CTOPOHBI MONb30BaTENs
(nporpammucTa). 3a 310 QyHKUMA Plot nonb3yercs 3aciny’KeHHOH NOMYNAPHOCTHIO.

Kak Bcerna, HeZOCTaTKH uero-imubo SBAAIOTCA NPOAOKEHHEM OMpeaeeHHbIX
nocTtouHcTB. He sBnsercsa uciunoueHdeM U pyHkuus plot. Ora gyHKUMA He roguTes
JUIS peLICHHS 3alaYH O TJIaKOM JUHaMHYeCKOM NMOCTpOeHHH rpaduka yHKUHH, KO-
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raa JIMHUs rpadyka Ha ryiasax rnoJjib30BaTesis 10JKHA [UIABHO PACTH M BU3YallbHO OT-
paxaTb GaKT pa3BOpauHBaIOLLHXCS BO BPEMEHH BbIYHCIIEHHH.

Camblit nyumuii cnoco6 caMoCTOATENLHO YAOCTOBEPHTLCSA B 3TOM 3aKMIOUAETCH B
paspaGoTke TecToBoM (yHkuMu DynDrawOnPlot, ucnonb3dyrouwel ¢yHkuuo plot
A0Sl IMHAMHYeCKOro noctpoeHus rpaduka ¢yHkuuu. byaem ctpouts rpadvk dyHk-
uMd sin(cos(sin(cos(x)))) Ha orpeske or 0 mo 10. Bor Tekct ¢yHKUMH
DynDrawOnPlot:

function DynDrawOnPlot

%test function of plot operation
%~- Initial acts: -----==------—--
dx=0.001; x=0;
y=sin{cos(sin(cos{x)))):

plot([x x], [y v1)i

X = x;

Y =y

$-- Cycle of dynamic graphing: ---
for 1i=1:10000

xn=x+dx;
yn=sin(cos(sin(cos(xn))));
X=[X xn};
Y={Y yn];
plot (X,Y);
X=XN;
y=yn;
drawnow;
end

Vikacueiiuiee MepuiaHue rpadu4eckoro OkHa v Nopokaaemas dTuM ypespbiuaiinas
MeJIEHHOCTb TIEPEePUCOBKH JeJIAlOT NpPEeACTaBlIeHHYI0 QYHKUHIO abCOJIOTHO HENpH-
emyeMoit. Utak, npuMeHaTs GyHKUMIO plot A7 AMHAMHUYECKOTO NOCTPOeHHs rpadu-
Ka HelleslecoobpaszHo.

JIns pelleHHs yKa3aHHOM 3aJayd HY)KHO MCTONIB30BaTh rpaduueckue OObEKThI
line, npeacrasnsonive coGolt HaGopbl OTpe3KOB MpsAMbIX JWHUHA. OOBEKTH THMA
line nopoxparoTcs (GYHKUMSMU, Ha3bIBAEMbIMH KOHCHIpYKMOpamu 3THX rpaduye-
ckux 00bekToB. OTnuuuTenbHas 0cOOEHHOCTb GYHKUHUH-KOHCTPYKTOPOB 3aK/ItO4aeT-
Cs B TOM, YTO MUX HMEHa COBMAAalOT C UMeHaMH 00bekToB. To €CcTb B JaHHOM Cllydae
peub uzaeT o GpyHkuusx lihe. DTHM ¢yHKUMSM B KauyecTBe apryMEHTOB 3aJalOTCH
MAaccHB NEpBbIX KOOPAHUHAT (X-KOOPAHHAT) KOHLIOB OTPE3KOB NPAMBIX W MacCCHB BTO-
PbIX KOOPAHHAT (y-KOOPAMHAT) KOHLOB OTpe3koB. Hanpumep, mycTs MaccuBbl

X=1601, .2 ]r YJ= [ 0, 1, 0);
3a/1al0T TPH TOUKH € KoopAuHaTamu (0, 0), (1,1) u (2.0). Toraa gyHkuus
line( X, Y ) o
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CTPOMT JBa OTPe3Ka NPSMBIX THHHI TaK, Kak 3TO NOKa3aHO Ha puc. 7.6.

04f

02}

PucyHok 7.6

Otol xe ¢pyHKUHEeH HETPYAHO MOCTPOHTH X OAHHOUYHYIO TOYKY B TOM Cy4ae, KO-
raa MaccuBbl X U Y COJEPIKAT 10 OJHOMY YHCIOBOMY 3JIEMEHTY (TO €CTh ABJIAIOTCA I10
cyliecTBy ckayispaMi). Hanpumep, BelpaxeHue

line( 1, 0.5, ’'Color’, 'red’ );

CTAaBUT Ha MpPEJbIAYLIEM PHCYHKE KPACHYIO TOUKY MOJ LUEHTPAJIbHOW BEPLIHHON Tpe-
yroJibHHKA.

IMpumenuM  rpaguyeckuii ob6bekT line B  Hauielt HOBOH  QyHKUHH
DynDrawOnLinel ans AuHaAMH4YeCKOro MocTpoeHUs rpadHka Bce TOH ke (YHKLHH
sin{cos(sin(cos(x)))). B aToM cnydae MOKHO H HYXKHO (PHKCHPOBATH NPEAEITb
10 OCAIM KOOPJHHAT, YTOObI OHH «HE TPBITANIW» BO BPEMsl MOCTENEHHOr0 MOCTPOEHHUS
rpaduika. [lanee, uToObl He ObLIO MOpraHus, 3ajaeM cBoHcTBo 'EraseMode’ rpadu-
YecKHX 00BeKTOB line paBHbIM ' none’ (Takoe CBOWCTBO MPH HCIMONb30BaHUH (PyHK-
uuu plot 3anath HEBO3MOXKHO, TAaK KaK OHO UTHOpHpyeTcs dhyHkuuel plot). 3atem B
HWKJIe co3laeM MHoxecTBo (Habop) oOwvexToB line, BbI3bIBasg KaxAbli pa3s
KOHCTPYKTOp line ¢ KoopAWHATaMH OHEPEHOro OTpe3Ka NpsaMoi:

function H=DynDrawOnLinel

%$-- Initial acts: ---=-=-=-=~=----
axis ([0 10 0 1]);
dx=0.001; x=0;
y=sin{cos(sin(cos{x))));:

H=(]; ,
%-- Cycle of dynamic graphing: ---
for i=1:10000

xn=x+dx;

yn=sin(cos(sin(cos(xn))));:

X=[x,xn};
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Y=[y,yn];
h=line (X, Y, 'EraseMode', 'none'};
H=[H,h];
X=Xn;
y=yn;
drawnow;
end

BrissiBaeM paspaboTaHHy0 QYHKLMIO M HabniojaeM BO BPEMEHM rmpolecc Io-
cTpoenus rpaduka GyHKUMM, NpoTeKaloLuii 6e3 Kakux-1ubo MepuaHuii rpaguiecko-
ro okHa. ITocTpouB rpadHK, Mbl MOXXeM W3MEHHUTb pa3Mep IpadUuUecKOro OKHa Mbl-
111bI0, TIOC/IE YEro rpa(uueckoe OKHO CAMOCTOSTENBHO MaclITaGHpyeT Haw rpaduk.
BoT Kak BBIIJIAAUT rpadHueckoe OKHO MOCie TaKOro Macturabuposanus (cM. puc. 7.7).

PucyHok 7.7

Wrak, Mbl peaM30BaIM AHHAMHUECKOE NOCTpoeHHe rpaduka QyHKUMH, OCYLIECT-
BIIAS B LMKJIE CO3JaHHME HOBBIX 00bekToB THMa line. O6uiee KOJNHUYECTBO TIOCTPOEH-
HbIX OOBEKTOB line MokeT ObITh 3amlpOLUEHO uepe3 BEKTOp, XPaHALIMHA Bce UX
onucareny. DTOT BekTOp Bo3Bpaulaercs gyHkuueit DynDrawOnLinel (cm. puc. 7.8).

BEES|

PucyHok 7.8

8 3ak. 409
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Orcrona BuaHO, uTo Beero cozpaHo 10 000 o6bextoB Tuna line. B oduuHanbHoi
JokymeHrauuu k cucteMe MATLAB Huuero He cka3zaHO O TOM, €CTb JIM OTpaHHYEHHA
Ha KOJIMYECTBO CO3AaBaeMblX rpaduueckux 0O BEKTOB, HO MOXKHO NPEANONAMKHUTE, YTO
U3JIMLIHEe HX YBEJIMYeHHe B JIo6oM ciyuae He crocoberByer sddexTuBHocTH. Tak
YTO y MPEACTaBJIEHHOrO pelIeHHUs 3aayd O AHHAMHYECKOM IMOCTPOEHHH rpaduka
byHKUMH ecTb HekoTOpble HebonblIMe HepocTaTkH. Kpome Toro, Hemanoe KosnuuecT-
BO MOYEpHHX (MO OTHOLIEHHIO K 0OBEKTy axes) o6beKkTOB line MpHBOAUT Takxke
K OTHOCHTEJILHO MEJIEHHOH TepepucoBKe COREPIKUMOro rpadM4eckoro OKHa NpH
W3MEHEHHH €0 pa3MepoB.

Teneps npeacraBum apyroe pelieHue Ha 6aze rpaduueckux oobexToB line, B KO-
TOpoM OyneT co3paaBaThcs €AMHCTBEHHBIH Takoi 06bekT. C nomoutsto QyHKIMK Set
MoxHo OyneT AMHaMHYecKkH U3MEHSTb ero ceoicrBa XData u YData, npeacraensio-
e coboil MaccHBbl KOOPAMHAT TOYEK BEepLUMH cTposiielics JoMaHoi. BoT TekeT
cooTsercTBYOLEeH ¢pyHkunu DynDrawOnLine?:

function DynDrawCOnLine?2

%-- Initial acts: --------==---o—c
axis{[0 10 0 1]);
dx=0.001; x=0;
y=sin(cos (sin(cos(x))));
h=line([x x], [y y],'EraseMode', 'none');
X=x;Y=y;
$-- Cycle of dynamic graphing: ---
for i=1:10000

n=x+dx;
yn=sin(cos (sin(cos(xn})))};
X=[X,xn];
Y=Y, yn];
set (h, 'XData', X, 'YData',Y );
X=XN;
y=yn;
drawnow;
end

Ota GyHKUHA CTPOUT rpad¥k OUYeHb MEJICHHO, 3aTO IMOCJIE 3aBEPLUCHHUs NEepPBHY-
HOrO MOCTPOEHHA TIEpPEepPHCOBKA rpadMyecKkoro OKHa MpH H3MEHEHHH €ro pa3MepoB
TPOUCXOIUT OUYEHBb OBICTPO.

Ecinu xke nepepucoBka He Hy>xHa BooOlle, TO MOXHO 3apaHee NPOrpaMMHO 3aJaThb
HYyXHble pa3Mepbl TrpadHuecKOro OKHa M OCYILUECTBHThL cjleayloulee ObicTpoe
NepBUUHOE pHCoBaHWe rpaduka (mo-npexxHeMy Ha 6a3e CO3aHUA E€AMHCTBEHHOIO
obbekTa line):

function DynDrawOnLine3 (w,h)
%$-- Initial acts: ---==-=-—oooem-
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figure('Units’,’pixels’,’Position’, [100,100,w,h]);
axis ([0 10 0 11);
dx=0.001; x=0;
y=sin(cos(sin(cos(x))));
h=line((x x], [y y], 'EraseMode', 'none');
%$-- Cycle of dynamic graphing: ---
for i=1:10000
Kn=x+dx;
yn=sin(cos(sin(cos(xn))));
X=[x,xn];
Y=[y,yn];
set (h, 'XData', X, 'YData',Y );
X=Xn;
y=yn;
drawnow;
end

3nech ObICTpOE NMEPBUUHOE PUCOBAHHE ONpeAeNsieTcsl TeM, YTO paHee HapUCOBaH-
Hble NOPLUHH rpadKa UCKIIOHAIOTCS M3 TEKYLLEro COAEPXHUMOro (TO €CTb U3 CBOWCTB
XData u YData) obbexkTa line. DTH MOpUMH OCTalOTCs B npeaenax rpaduueckoro
OKHA B BHJle KAPTHHKH, TO €CTb Habopa MUKCENOB, HO YK€ He ABJISIOTCSA CONEPKHMBIM
rpaduyeckoro obbekTa line. MoxHo Tak 0Opa3HO BbIpasWThCs, YTO Mbl rpaduye-
CKMM 0OBeKTOM line ckonb3uM BAONBL CTposlleiica KpuBoH. B pesynbraTe Yero
v focturaercs ObIcTpoe NepBUYHOE MOCTPOEHHE, HO CTAHOBUTCS HEBO3MOXKHOM mepe-
pHCOBKa.

Bce npencrasieHHble cnocoObl 3anporpaMMHUpoBaTh 3ajady O AMHAMHYECKOM Mo-
CTPOEHHH rpadpyka YHKIMH UMEIOT KaK AOCTOMHCTBA, Tak M HEAOCTaTKH. B pasHbix
KOHKPETHBIX CJIydasiX MOMCHO MPEANOYECTs TOT MM HHOW M3 HHX.

Bpawenue TpexmepHbix rpacumkos

PaHee B rj1. 2 MBI CTPOWJIM KpacHBbI€, HO CTaTH4HbIE TpexMepHble rpadHku (rpa-
(MKH BelLleCTBEHHBIX (PYHKLMI ABYX NMepeMeHHbIX). HarnsagHocTh BU3yanbHOrO Npe-
CTaBJICHHS TAKUX rpa(MKOB TOJIBKO YCHJIMTCH, €CJIH OCYLUECTBUTh X AMHAMHYECKOE
BpalileHHe BOKpPYr HekoTopoH ocu. Torma cozpgactes MOSHOE BMEYATIEHHE, UTO MBI
0CMaTpHBaeM MOBEPXHOCTD rpaduka HYHKUHUH C pa3HBIX CTOPOH.

OcymecTBUTh Takoe BpaineHHe B cucteme MATLAB oueHb MpocTo, Tak Kak Cy-
IIECTBYET CMELHANBHO NpeAHa3HaYeHHas Wi 3Toro ¢yHkuusa rotate. Ora QyHkuus
OCyLIECTB/ISE€T OXHOKPATHOE BpailileHHe rpaduuyeckoro oobekTa ¢ omucareneM H Ha
yron ALPHA BOKPYr 3afaHHOH ocH BpalleHHs. Ocb BpalleHHs MOXKHO 3a4aTh NHGO
neyms yrnamMu THETA u PHI (chepuueckne koopAHHaATHI), TGO TpeMsi NeKapTOBLIMH
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koopauHaraMu X, Y, Z Bekropa 31oii ocH. B 000ux ciyuasix och BpalleHHs MPOXOIUT

4yepes Hauano KoopauHaT. I1oscHMM nononHuTeNnpHO, uto yron PHI 3apaer yron Bos-

BBILLIEHHA HAJ MIOCKOCTBIO XY, a yron THETA ecTb yron Mexay NpoOeKUHeH BekTopa

HanpaBJeHHs BPAILlEHHS Ha TUIOCKOCTh XY H MOJIOKHTEbHBIM HAIIPaBJICHHEM OCH X.
Hrak, cylecTByioT iBa OCHOBHbIX LaboHa BbI30Ba yHKLHH rotate:

rotate( H, V[THETA,PHI], ALPHA )
rotate( H, [X,Y,2], ALPHA )

Ecnu BBOAHTb 3TH BBIPAKEHHS C KJIABHATYPBl M BBINOJHATb HX Ha)KaTHEM KJIaBH-
wH Enter, To oTpHcoBka (BU3yanibHOE BpallieHHe) OyleT NpOU3BOJUTHCS HEMEIEHHO.
Ecnu ke 3TH BblpakeHHs BBINOJHSIOTCS B MMOpsAAKEe CBOeH ouepenu H3 TeKcTa
M-¢byHKUMH, TO ANA HEMEJJIEHHOHW TNepepHcOBKH rpaduueckoro okHa tpebyercs
OCYLUECTBHTEL BBI3OB (PYHKUMH drawnow (He 3abbiBaiiTe 06 3TOM). i

Bor npocrefiinii npumep nonb3osarenbckod (YHKUWH, KOTOpas, onMpasch Ha
CHCTeMHYI0 (pyHKUHIO rotate, ocyLIecTBIsET JOCTaATOYHO JUIHTEILHOE HENPEepbIBHOE
BpauleHHe rpaduka QyHKUMH peaks OTHOCHTENLHO BEPTHKAIbHOM OCH:

function MyRotatel( speed, time, w, h )
figure('Units', 'Pixels', 'Position', [100,100,w,h});
[X,Y,Z] = peaks(30);
hS = surfl(X,Y,2); shading interp; colormap{copper);
for i=l:time

rotate( hS, [0, 0, 1], speed );

drawnow;
end

3neck napaMeTp speed 3a1aeT yroj eIMHUYHOrO AHCKPETHOro BpalleHHs, ocylie-
CTBJIAEMOro CHUCTeMHOI (yHkuMeH rotate, 4To npu HempepbIBHOM BpaLLEHHH BbI-
MJISIUT KaK CKOPOCTb Takoro BpauueHus. Ilapamerp time 3apaeT nnHUTENBHOCTD MOKa-
3a, a napameTpsl W U h — pa3mepnl rpaduueckoro okHa. Beerna moxHo nonobparth
BXOJHbIE MapameTpsl ¢yHKUMH MyRotate Tak, 4ToObl BpalleHHe MOMy4YHIOoCh JOCTa-
TOYHO TNMAABHLIM M HATJISAHO AEMOHCTPHpOBaNo Obl rpaduk PyHKUMH JBYX BelUECT-
BEHHBIX IEPEMEHHBIX CO BCEX CTOPOH.

Hanpumep, Ha nucniiee koMmneioTepa ¢ pazpeiueHdHeM 1024 x 768 neruoxo#t pe-
3yJbTaT NOJy4yaeTcs B Cily4ae

MyRotatel( 10, 100, 300, 300 );

TaK KaK IPH 3TOM JOCTHIaeTCs JOCTATOYHO IUIaBHbIH NOKa3 Bpalualolerocs rpaprka.
OrnenbHbIH KaAp 3TOr0 «pONTUKa» NOKa3aH Ha pHc. 7.9.

Ewe Gonee ruiaBHOro nokasa BpalleHHs rpaduka MOXKHO AOOHUTHLCH, €C/IM IpoMe-
JKYTOYHBIE KaJpbl 3alHChIBATL C MOMOLIBIO QYHKUMH getframe B npeapapHTENbHO
BBIZIE/IEHHBIN 715 3TOr0 GYdep B MaMATH KOMMbIOTEPA, a MIOTOM OCYLUECTBIISTh MaK-
CHUMaJIbHO TIaBHBIM Moka3 (yHkuMel movie, KOTOpPOH MOXHO Oaxe yka3aTb TEMI
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nokasa (KOJIUYECTBO KaapoB B cekyHay). Bcio 3Ty pabory BEINONHAET yHKUMS
MyRotate?2:

function MyRotate2( speed, time, w, h )
figure('Units', 'Pixels"', 'Position', [100,100,w, h]),
[X,Y,Z] = peaks(30);

hS = surfl(X,Y,2); shading interp; colormap (copper);
Buf = moviein (time);

%--- prepare frames for film -------------

for i=1l:time
rotate( hS, [0, 0, 1], speed );
Buf (:,1)=getframe;
end
$-- show film 10 times with 30 fr/sec -----

4]

movie( Buf, 10, 30 );
clear Buf;

PucyHok 7.9

OueHb MJIaBHBIH MOKa3 O CKOpocTsio 30 KajpoB B cekyHAy (MPH HAJTHYHK A0CTa-
TOYHO XOPOLUEro BHAEOAJANTEPa) OCYLUECTB/IACTCSA CNEAYIOLMM BBI30BOM (QYHKLUHH
MyRotate2:

MyRotateZ( 5, 12, 300 300 );
rzie Mbl 3ajaeM ,uncxpeTHLm Lar BpaIieHus B 5 ° npocquTﬁBaeM BCE KaJpbl Ui OA1-

Horo noaHoro obopota (72 pasza mo 5 °), nocne yero 10 pa3s moapsa NMpPoKpy4HBAEM
nonyquHLU{«ponHK»
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[MporpammupoBanme pyHKLMA
Ha a3bike C

Untepdeiic MEX-¢yHkumii
c cuctemon MATLAB

Korga crosuyro nepen Hamu 3aiady He ylaeTcsi PELUMTH C MOMOLIBIO GYHKLUMH,
BCTpOeHHBIX B cucTeMy MATLAB, npuxonurcs paspabatbiBaTh cOGCTBEHHbIE (YHK-
uuu. PazpaboTka BeeTcs Ha HEKOTOPOM s3blKe NMporpaMMHpoBaHus. J{o cux nop Ha-
MH pa3pabaTbIBATUCh (PYHKLHH Ha M-3bIK€ — BHYTPEHHEM S3bIKE MPOrpaMMHpOBa-
Hus naketa MATLAB. Kox M-dyHkuuii, kak H3BECTHO, COXPAHSETCS B MEKCMOBbIX
gaiinax, umeroMx pacuidpedveM Oykey m. MIMEHHO B TakOM COCTOSHHH 3TH
¢$yHKUMH FOTOBbI K MpUMeHeHHto: cicteMa MATLAB 3arpykaer ux B maMsth, npe-
o6pa3oBbiBaeT B HEKOTOPbII npomesrcymounwiti hce80oko0 (P-x00), KOTOPbIA yxe
Y BBITIOJIHACTCA JANIEE B pedcuMe uHmepnpemayuy, Korna Kakaas CHHTaKCHYEeCKH 3a-
KOHYEHHasi KOHCTPYKUHsS P-kona 3aMeHsieTcs Ha COOTBETCTBYIOLMH Habop MaluWH-
HBIX UHCTPYKLIHH.

Y M-a3bpIka UMEETCS Macca AOCTOMHCTB., JTO HaMIAAHBIA W NPOCTOH A3BIK 86ICOKO-
20 ypoens (oueHb JaleKnii OT MalMHHOTO S3bIKa), MOX0)KHI BO MHOTHX OTHOLUEHHAX
Ha caMblii paclpoCTpaHeHHbIi B MHpe s3blk nporpammupoBanus BASIC. Pabora
¢ M-pyHKUMSMH B MHTEpNpeTHPYEMOM pexcuMe (6e3 NMPOMexXyTOUHOH CTaaud MoJ-
HOH KOMITHJISILIMK B MALIMHHBIA KOJ) CO3/1aeT OYeHb OBICTPO pealn3yeMylo LENOoUKy
«pa3paboTka — 3almycK — oTyanka (McrpaBieHHe OIUHUOOK) — HOBBIH 3aMycK» U T. [I.
M-13bIK CBEpXKOMIIAKTEH 110 OTHOLUEHHIO K MacCHBaM H ONEpauHsaM HaJ HUMH: BCE
MareMaTHyeckue QYyHKUHMH paboTaloT ¢ MacCHBaMHM TaK K€ JIETKO, KaK M CO CKansp-
HbIMH BenMudHaMu. M Hakonew, Gorarteiiinii HabOp BCTPOEHHBIX MaTeMaTHYECKHX
1 rpaduueckux GyHKUHMH 3aBepIIAIOT NepeyYHCeHHe YPEe3BhUaliHO MPUBIEKATENbHBIX
ocobeHHocTel BHyTpeHHero s3bika nakera MATLAB. ‘

U Tem He MeHee y mo0oro s3pika NpOrpaMMHpPOBAaHHS BCEera MMEIOTCS HEIOoCTaT-
KH, SABJSIOIIKHECA TPOJODKEHHEM €ro JOCTOMHCTB. BBICOKOYpPOBHEBBIH XapakTep
M-s3pika He MO3BOJISET PEATH30BBIBATL ANTOPHUTMbI PabOTBI CO CBEPXCIOKHBIMH
CTPYKTYpaMH JAaHHbIX (fiepeBbs W BeTBslHecs crniuckH). MHTepnpeTHpyeMblil xapak-
Tep 3TOTO fA3bIKA, CMOCOOCTBYIOIHH ObICTpoTe pa3paboTku, MpensaTCTBYET yBejluue-
HHIO ObICTPOIEACTBHS BO BpeMs BBITIONHEHHS M T. A. KpoMe Toro, kak ObITb, €C/H He-
KOTOpas QyHKUMS yxke paspaboTaHa Ha JpyroM s3bike nporpammuposanus. Ilepepa-



MATLAB 5.x. Beiuncaenus, BUsyaarsauus, nporpaMmupoBaHme 231

6oTka Ha M-A3bIK MOXXET OKa3aThCsl BECbMa TPYA0EMKOH (eciH BOOGLIE BO3MOXHOM),
0c00EHHO, €CIH HET MOJAAEPHKKH CO CTOPOHBI OPHUIMHANIBHBIX pa3paGoTUHKOB.

ScHo, yTo no6oi MaTeMaTHueckui nakeT uMen Obl CyLECTBEHHO Gonbliyio 06-
JacTb NMPUMEHUMOCTH, eciIi Obl OH NMPEeJOCTABS BO3MOKHOCTb BECTH KOMILIEKCHBIE
pa3paboTKH, KOTAa pa3Hble YacTH NPUKJIAAHON NOAL30BaTEbCKOH NporpaMMel paspa-
0aTbIBAIOTCS HA pA3HBIX A3LIKAX NPOSPAMMUPOGANHUS C TIOMOLUBIO PA3NIUYHBIX UHCM-
pymenmanvublx cpedcme. IMeHHO TakoBbiM M saBaseTcsa naker MATLAB! Ou no3so-
nseT paspabaTeiBaTh OTAeNbHbiE (YHKUMM Ha NONyAspHEHIINX KOMIHIMPYEMBIX
a3bikax nporpammupoBaHus C, C++ u @oprpaH. TeM caMbIM yxke HaKOIJIEHHBIH
(hoHO NporpamMM Ha 3THX A3bIKAX MOXET ObITh JIETKO MOJAKJIIOYEH K TEKYIIEMY MPOEK-
TY, B KOTOPOM JIMLIb YacTh GYHKUMH AOMKHA NPOrpaMMHUpPOBAThCa Ha M-3bIKe.

B naHHoMm yueGHOM mocobGuu Mbl OymeM paccmaTpuBaTh paspaboTky ¢yHKuui
TONBKO Ha s3bIke C, MPENOCTaBUB YUTATEIO BO3MOXKHOCTb CAMOCTOSITENBHO U3YUYHTh
MO BCTPOSHHOHW CHCTeMe TMOMOILHM aHAIOTMYHbIE BOMPOCH], kacawowuecs DoprpaHa.
Curtyauus xe ¢ a13bIkoM CH+ npakTHUuecku He OTJAHYaeTcs OT pacCMaTPUBaEMON HaMH
B CBA3H € A3bIKOM C.

Ms1 3nech BbiOpanu s3bik C, kak Haubonee spkui aHTunon M-s3biky. f3bik
nporpamMmupoBadus C sBisiercs Haubosiee Hu3KkoyposHegoim (ONU3KUM MO CMBICITY
K MalIHHHBIM MHCTPYKLHMAM) U NOTOMY CaMbIM I'MOKHM B BapHaHTax €ro NpUMEHEHHUS
U caMbIM 3QPEKTHBHBIM B CMbICSIE OBICTPOAESHCTBUS M 3KOHOMHH UCIMOSIb30OBAHHS Ma-
MATH KoMNbloTepa. be3yca0BHO, 3TOT A3bIK SIBHO HE TSHET HAa YEMITHOHA B JIETKOCTH
ero uzyueHust u npuMeHenus. OOHaKoO, ABJAACH CAMBIM PAaClpPOCTPAHEHHBIM A3BIKOM
CUCTEMHO20 NPOZpAMMUPOsanus U OYyUd XOpOLIO NEPEHOCHMbIM MEXIY Pa3HbIMU
NPOrpaMMHBIMHU U annapaTHbIMH MIaTGOpMaMU, OH ABJISETCH YEMITMOHOM B HOMMHA-
unH «[Iporpammuposanue 6e3 orpanuueHuii» (Programming Unlimited)!

B pamkax tepMuHonorud nakera MATLAB Bce ¢yHkuuH, pa3paGoTaHHblE Ha
BHELIHEM MO OTHoweHHIo K nakety MATLAB s3bike nporpaMMHUpOBaHHS, NPUHATO
HasbiBaTh MEX-byHkuuamu (M — ato Matlab, a EX — ato EXternal, To ecTh «BHel-
HUII»).

Eite pa3 nosTopuMm, uTo MbI Oyaem pa3pa6aTbmaTb MEX-dyHKLUHMH TOABKO Ha
s3blke NporpaMMupoBaHust C, OCTaBMB aHAJIOTHUHbIE BONpPOChl Mo A3bikaM DopTpan
H C++ 115 CaMOCTOSTENLHOTO U3YUEHUs YMTaTes MU 110 BCTPOSHHOH B nakeT MAT-
LAB cucreMe nomoind. Kpome Toro, npeanosaraercs; 4To 4MTaTe/b 3HAKOM C SI3bl-
KoM nporpammupoBanus C U cpeacTBoM pazpaborku Microsoft Visual C++ (Bepcuit 5
unu 6).

Ha nnardopme Windows rotosble k npHMeHeHHIO B pamkax nakera MATLAB
MEX-QyHKUMH OpPeacTaBASioOT ¢coGol CKOMMUAMPOBAHHBIA MallIMHHBIN KOA, MOrpy-
xeHHpld B hainbl AMHaMudeckux 6ubnuorek (Dynamic Link Libraries; atu daii-
nel umetoT pacuiupenue dll). OaHa MEX-dyHkums cooTBeTcTBYeT ofHOMY (aiiny
AnuHamuueckoi 6ubnuorexu. Ilpu sToM ums MEX-¢byHKUMH, HCMIONb3yeMOe A €€
BBI30Ba B BhIpakeHUAX cHcTteMbl MATLAB, coBnanaer ¢ umeHem ¢aiiia TuHaMu4e-
CKOM GHOITMOTEKH.
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Hanpumep, ecnu Mbl B kOMaHaAHOM okHe cucTeMbl MATLAB 3anuceiBaeM Bbipa-
KEHHE "

res = a .* B + MyMexFunctionl( a + B );

rae MyMexFunctionl — uMsa MEX-¢dyHKUHH, TO Ha JUCKe KOMIbIOTepa B OOGOM H3-
BecTHoM nakety MATLAB kaTanore no/mkeH HaxoaWTbcs GUHapHbIH (ain ¢ MaluuH-
HBIMH HHCTpYKUMSAMH MyMexFunctionl.dll, paspaboTaHHblif H CKOMIUIMPOBaHHBIH
B cpene Microsoft Visual C++. Kak pa3 no umenn MEX-dyHnkuuu naker MATLAB
HleT HeoOxoauMblil daiin, 3arpyxaeT ero B nMaMsaTbh KOMMbBIOTEPa B CBOE afipecHOE
MPOCTPAHCTBO, MOCJE YEro COAEpPXKHMoe 3Toro ¢akna CTaHOBUTCA MPOAOIKEHHEM
«pOAHOro MalldHHOro kona» nakera MATLAB. B stom cMeicne MEX-¢dyHkuunu s6-
asgiomen  bunapueimMu  pacwupenuamu kopa naketa MATLAB, B T1o BpeMﬂ KaK
M-bYHKLHH SBIAIOTCSA €0 MeKCMOSbIMU PACUUPEHUAMU.

Ecnu B ogHOM M TOM e Katanore BcrpeudatoTcs kak MEX- Tak u M- q)yHKuym
C OIMHAaKOBBIM MMeHeM, To HHTepnperarop naketa MATLAB ornaer npeanoyrenue
MEX-¢byHKkuuu, B TOo BpeMs Kak koMaHaa help Beibupaer M-¢dyHkuuo. 310 no3so-
JseT JOKYMeHTHpoBaTh HHopMauuio no MEX-pyHKUHH B COAEP)KUMOM OHOHWMEH-
HOH M-byHKUHH.

Teneps HauHEM paccMaTpHUBaTh BOMPOCHI, CBA3AHHBIE C MPAKTUUECKHMH acleKTa-
mu paspaborku MEX-¢dyHkuuit Ha a3pike nporpaMmupoBanus C. Kak peasbHO ckom-
nunupoBats aitn nuHaMuueckol 6ubnnoTeky B cpene komnunsaTopa Microsoft Vis-
ual C++, 6yner pacckazaHo B crneaymolleM noapasaeine. Ceifuac ke cocpeaoTouruMes
Ha HeoO6XxoauMBIX dparmeHTax HexoaHoro C-kona.

s obecnieueHuss BO3MOXKHOCTH B3aumMojeiicTBus aapa cuctembl MATLAB
¢ MEX-dyHkuueit, pacnonoxxenHol B AMHaMHueckol 6ubnuoreke, nocneaHss ¢ Tou-
KM 3peHus s3bika C Jo/KHA npeacTaBasTb coboii coBokynHocTs C-pyHKUMH, oaHa U3
KOTOpBIX UMeeT PUKCHpoBaHHOE UMA mexFunction (3aeck Henb3s MEHATh JaXe pe-
ructp Oyks), 3aaaHHBIH HabOp BXOAHBIX NMapaMeTpPOB H 33JaHHOE BO3BpalllaeMoe 3Ha-
YeHHe.

Hrak, nosropuM ewe pa3. ITocne komnunsunn MEX-dyHkuus asnserca daiinom
c pacunpenueM d11. MMs storo daiina u onpenenser ums MEX-dyHkuun, kotopas
BBI3BIBA€TCA MO 3TOMY HMEHH W3 KOMAaHOHOro OKHa MM W3 M-dyHkuuit nakera
MATLAB. C Touku 3penus cuctembl MATLAB Takas MEX-¢yHKUHS MOTHOCTBIO
onpenensercsd OJHUM CBOMM MMEHEM H TNpeJcTaBiseT coboi HEKOTOPYIO HEAETUMYIO
nporpaMMHYI0 eHHHLY. B To ke Bpems Ha stane pa3paborkn MEX-byHkuus npea-
craBnset coboit C-koa, cocroaumii u3 moGoro uncna C-dyHKUMI, U3 KOTOpBIX 3a-
JIaHHBIM NIPOTOTHIIOM 06nafaeT TONbKO oHa GyHKUMA — PyHKUHA mexFunction.

HmeHHo 3Ty QYHKUHIO U s9xcnopmupyem AHHaMU4Yeckas 6ubiauoreka, To €CTh UM
¢yHkuuu mexFunction u ee oTHOCHTENBHBIHN afpec BHYTpH OUGIHOTEKH MOTYT OBITH
MPOYHTAHEI 3arPy34HKOM ONEpaLHoHHOM cucTempl. MMEHHO 3Ty dyHKUHIO H BBI3bIBA-
eT Ha caMoM jaene naker MATLAB B oter Ha TpeGoBaHue BbluMcauTh MEX-
dbyukumio. @akrudeckoe uMs MEX-dyHkuun TpebyeTcs Nuumib Ans MOHCKa
M 3arpy3KH COepXHUMOro daiina quHamudeckoi 6HGIHOTEKH.
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OKoHuaTeNBHO NMOABITOXKHBAaEM cka3aHHoe: UM MEX-byHKuUMH coBnagaeT ¢ ume-
HeM Qaiina AMHamMHueckoil 6uGnuoTekH. ITO MPOU3BONBLHOE HMS, BbIGHpaeMoe pas-
paboTunukoM Mo cBoeMy BKycy. Touka BXOja B JHHaMHueckoil OubnuoTeke umeer
¢dukcupoBaHHOEe UM — mexFunction. 3To Mg Bceraa OHO M TO XKe, M €r0 MEHATh
HENb3A.

ScHo, uto npu paspaborke MEX-dbyHkumit ocobas ponb npuHamiexut C-dyHk-
umy mexFunction. 3to ponb unmepgeiica Mexny BHYTPEHHHM MHPOM TaKeTa
MATLAB wu BHyTrpeHHuM YycTpoiicTBomM mnporpamMm Ha ssbike C. DyHKumMs
mexFunction npuHumaet pxoaHsle faHHbie oT naketa MATLAB. Ona xe » Bo3Bpa-
1AeT eMy pe3yabTaThl paboThl.

Camblit MuHuManbHblii C-kop mpoekta mo cospaHHio MEX-gynkuun mnakera
MATLAB conepuT eaMHCTBeHHY0 QyHKuMo mexFunction. Msl ceituac ans mpo-
CTOTHI OrpaHHUMMCSA 3THM Cilyyaem, npuuemM B Tene ¢pyHkuuu mexFunction He 6ynem
BBINIONIHATL BOOOIIE HUKakMX ACHCTBHMiA. TakuM 06pa3oM Mbl peajiuzyeM «IyCTyIO»
(Bcmbicne nonesHblx peitctBuil) MEX-dyHKkuMIO, KOTOpPYIO Tak H Ha30BEM —
MyEmptyMexFunction, 4To B nepeBoze 3HAUUT «MOsi TTycTas QYHKLHMS».

Bort stor MunumMansHeiit C-xon:

#include 'mex.h’

void mexFunction( int nOut,
mxArray* pOut[],
int nin,

const mxArray* pIn{] )

M3 KOTOpOrO UYeTKO BHMJAEH 3a[aHHbli nNpoTOTHN HHTepdeHcHol GyHKIMK
mexFunction. 3aech HyXHO faThb TOSCHEHMA MO THIY JAaHHBIX MxArray. 3To
C-cTpykrypa, ompefeiieHHas B ¢aiine mex.h, MOCTaBIsSeMOM BMeCTe C MaKEeTOM
MATLAB u pacnonaraiomemcs B katajore \matlab\extern\include, rne
matlab — ocHoBHO# KaTanor cucteMsl MATLAB.

Jlro6oit maccus cuctembl MATLAB npeactasum B BHAe cTpykTypsl mxArray. OT-
JeJIbHBIE MOJIS 3TOH CTPYKTYpPbl XpaHsT HHGOpMaLHIO O THIIE MacCHBA, €r0 pa3MEpPHO-
CTH M pa3mepax. EcTb 1 none, ykasbiBatolee Ha o61acTb NamMsaTH ¢ COGCTBEHHO AaH-
HbBIMH (3JIEMEHTaMH MacCHBa, KOTOpPble XPaHATCA JHHEHHO YMNOPAMAOUEHHBIMH IO
cronbuam).

IMapameTpn! pyHkuri mexFunction oTHOCATCS Kak K BXOAHBIM MapaMeTpaM Bbl-
3piBaeMoH K3 maketa MATLAB MEX-byukuun (oun nomeueHs! cydduxcom Out),
TaK W K BO3BpallacMEIM 3ToH $yHKLMEH 3HaUeHUAM (3TH MapaMeTpbl IoMeveHbl Cyd-
duxcom In). '

Tak kak Hawa nmycTtas GpyHkuus He 6yJeT NPUHUMATh HHKaKHX BXOAHBIX NapameT-
poB u He 6yAeT BO3BpaIlaTh HUKAKUX Pe3y/bTaTOB, TO HaM B Tele (GyHKUHMH HHUYEro
He Hao C HUMHU JenaThb. Ecnu Mel Bei3oBeM 3Ty Hamy MEX-dyHKUMIO W3 KOMaHAHO-
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ro okHa cucrembi MATLAB (unu W3 HekoTopoi M-(yHKUHH) C MpPaBUIbHBIM CHH-
TAKCHCOM, TO ecTh 6e3 BXOIHbIX MapaMETPOB W BO3BPALLAEMbIX 3HAUEHHH, TO Ha BXO-
Je mexFunction 6ynyT cnenyrolue 3Ha4eHHs ee BXOAHbIX NapaMeTpoB:

nOut = 0
pOut = NULL
nin = 0
pIn = NULL

PaspaboTanHyio Takum 00pazoM nmycTyto GyHKLUMIO Mbl Oy€M UCIMONb30BaTh B Ka-
YecTBE TPEHHUPOBOYHOIrO MaTepuaa s MpocieXHBaHNs BCero rnpouecca pazpaboTku
u BoI3oBa MEX-¢dyukuun. Takyro MEX-QyHKUHIO 1eHCTBUTENBHO MOXHO OyAeT BbI-
3BaTh U3 cpeabl naketa MATLAB, u s1oT BhI30B OTpaboTaeT HopMaibHO 6€3 BO3HHK-
HOBEHHS OLIMOOYHBIX pe3ynbTaToB. COCTOATHL 3TOT BBI3OB OyNET B nepeaye ynpas-
neuus OGunapsomy kony MEX-dyHkumu, nocne 4ero 3ToT KOA TYT XKe BEpHET yNpas-
neHue (Tak KaK OH He COJIEPXKHT HUKAKHX M0Ne3HbIX AeHCTBHI) B TOUKY BBI3OBA.

Tenepy nopa nepeHTH K BOMpOCaM, CBSA3aHHBIM C KOMMMJSLMEN 3TOH MycTOH
MEX-dhyHkuuu (TodHee, ¢ koMnuaguuel coorseTcTeytodlero el C-koaa) U nonyde-
HHeM daiina AMHaMUYeckol 6UONHOTeKH. ns 3TOro Mbl BOCIIONB3YyeMCS KOMITUNISTO-
poM Microsoft Visual C++.

Co3aaHue n komnuasiuma DLL-npoekTa
B cpeae Microsoft Visual C++

Pabora B cpene komnunaropa Microsoft Visual C++ HauuHaeTrcs ¢ co3naHHs npo-
€KTa COOTBETCTBYIOLLEro THNa. B HaweM cinydae Mbl JOMKHBI CO3[aTh MPOEKT THMA
«Win32 Dynamic-Link Library» W NoMecTUTb €ro B KaTalor ¢ HWMEHEM
MyEmptyMexFunction. To ectb uMs katanora, B kotopoM OynyT pacrnonararbcs
¢aiinbl npoekTa, MO yMOAYaHHIO COBMAJaeT ¢ UMeHeM Lenesoro ¢aiina nuHamunue-
CKOH GHOHOTEKH.

Ha puc. 8.1 nokazaro nuanoroeoe okHo New obonoudku Microsoft Developer Stu-
dio (310 rpaduueckas obonouka komnunsropa Microsoft Visual C++), B xoTopom
cnenyeT BbIOpaTh THII TPOEKTa M UM% KaTasora.

Janee noGaenseM B mnpoekt ¢aiin main.c, coaepXaltuii MycTyro (QYHKLHIO
mexFunction, onucaHHyl0O B TpelblAylieM TMoApasjene, a Tawke (ain
MyEmptyMexFunction.def. [Tocnenuuii daiin conepKUT BCero JHUIb OIHY CTPOKY,
coO0LIAIOLLYI0O KOMITUIIATOPY CBEJEeHHs 00 IKCMOPTHPYEMbIX W3 JWHaMUueckoH 61b-
nuorekd pyHkuusx (cMm. pHc. 8.2).
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i, Database Wizard for Java

4 DevStudio Add-in Wizard
ISAP! Extension Wizard

¥ Java Applet Wizard

=% Jave Project

i Makefile

8= MFC ActiveX ControfWizard

#|MFC AppWizard (dil)
EAMFC AppWizard (exe)
-\ New Database Wizard
@ Win32 Application
~Win32 Console Application
»]Win32 DynamiciLink Libfary
] Win32 Static Library

Pucyrok 8.1

C’EXPORTS mexFuncticon

PucyHok 8.2

Teneps HY>KHO BPYYHYIO HaCTPOMTh HEKOTOpBIE MapameTpbl MPOeKTa, UCMOJb3Ys
KomaHay MeHIo Project|Settings..., B pesynbTaTe Yero nosBNseTCs AMAIOrOBOE
OKHO, B KOTOpPOM TIpH aKTHBHOW cTpanuue C/Ct++ B KOMGUHHPOBAHHOM CIIHCKe

Py
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Category HyxHO BbIGpaTh MO3ULMIO Preprocessor, rnocie 4ero B peAaKTHPYeMoit
crpoke Additional include directories Hyxuo mponwcath myTsh K KaTajiory,
B KOTOPOM XpaHHTCA daiin mex.h (cM. puc. 8.3). DTHUM KaTanorom sBisieTcs MoaKaTa-
nor \extern\include rnasuoro karanora nakera MATLAB.

Options

~ |/nologo /MTd /W3 /Gm /GX /Zi /Od /D "WIN32" /D
"_DEBUG" /D "_WINDOWS*

Pucynok 8.3

Hanee B ToM xe caMoM auanorosom okHe Project Settings mepexomum Ha
cTpanuuy Link v B kOHew pemakTHpyeMoii cTpokd Object/library modules go-
GaBiiseM (k nMeroLLEMYCs Yrke COoIepKUMOMY) Haamues matlab. 1ib. 3asepiuaem pa-
60Ty ¢ IMaIOroBbIM OKHOM HaxkaTHeM kHonku OK.

Teneps npoekT nacTpoen nonHocTsio. He XBaTaeT TONMBbKO HANHUHSA YKa3aHHOTO
Bblile hafinamatlab.lib B KOpHEBOM KaTaore HalIero MPOEKTa, TO €CTh B KATAIOTE
MyEmptyMexFunction. OueBumHo, uTo Takoil Gaiin AomkeH GbITh CKOMHPOBaH
B yKa3aHHbiii kaTasior. Hesanaua xe B ToMm, uro ¢aiin matlab.lib He BXxoguT
B LITaTHYIO rnocraBky naketa MATLAB (43 cooOpaxeHuii 3KOHOMHM AHCKOBOIO
npoctpaHcTsa). Ham npuaetcs u3rotoBuTs 3TOT (haiin caMuM, nocie uero Mol Gynem
€ro BCET/Jla KONMPOBAaThb B IJIaBHBIE KATAJIOTH BCEX HAIMX OYMYLIHX TPOEKTOB 110 CO3-
nanuio MEX-¢dyHkumii. '

* Uro6b! narotosuts dhaiin matlab. 1ib, Bbi3oBeM yTHIMTY KOMaHaHOM cTpokH (3TO
MS-DOS Prompt Ha mnatdopme Win9x uan Cmd.exe na nnarpopme Windows NT)
1 nepeiinem B noakataior \extern\include rnasHoro karanora nakera MATLAB,
TI0CJIe 4ero BBEJIEM KOMaHy, MOKa3aHHYIO Ha puc. 8.4.

o,
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Microsoft (R) 32-Bit Library Manager Uersion 5.00.7022
Copyright (C) Microsoft Corp 1992-1997. All rights reseruved.

LIB : warning LNK4068: /MACHINE not specified; defaulting to IX86
Creating library matlab.lib and object matlab.exp

iD:\MATLAB\extern\include>

Pucynox 8.4

DTOro A0CTaTO4YHO, uToObl B Moakaranore \extern\include nmosBuics Heobxo-
IUMMBIH Ham ¢aiin matlab.lib. Konupyem ero B KaTajor Hauiero rnpoekTa
MyEmptyMexFunction W HauMHaeM KOMIM/IHPOBATh MPOEKT HaKaTHEM KiaBuluW F7
(vnu koMaHaoMi MeHto Build | Build MyEmptyMexFunction.dll). Ecnu He Gbuto
JIONyLIIeHO HUKAKUX OTKIOHEHHUH OT Npe/ICTaB/IeHHbIX HAMH ONIMCAHHH BCEX JEHCTBUMH
(1O ecTh He momyLIEHO OMIKMOOK), TO MPOEKT YCNEIIHO CKOMITHIMPYETCS U B KaTajiore
MyEmptyMexFunction\Debug noseurcs ¢ain MyEmptyMexFunction.dll.

Temnepb HyHO 3TOT ¢haiin ckonupoBaTh B JIIOOOH KaTaor, MyTh K KOTOPOMY Mpo-
nMcaH B chdcke mnyrteil goctyna nakera MATLAB (vnu nobaBute kaTanor
MyEmptyMexFunction\Debug B cnHcok noctyna). ITocse uero Mbl MOXKEM M3 KOMaH/-
HOro OKHa BbI3BaTh paspaboranHyto Hamu MEX-dyHkuuio MyEmptyMexFunction
(cM. puc. 8.5).
|-} MATLAB Command Window
Filel Edit Window He

Pucynox 8.5

OrcyrcTBHe CooOmenuii 06 olmnbkax CBHUOETENBCTBYET O TOM, UTO CHCTEMa
MATLAB ycnewno Haina daiin ¢ ykazanHoil gyHkuueil W BbionHuaa ee. Tak Kak
aTa QyHKUHS HHYETO HE AENaeT, TO HUKAKHX pe3y/IbTaToB IIpH 3TOM He [10/y4aeTcs.
Onnako Ha npuMepe Takoi nmycroi MEX-GyHKuuH MBI CMOI/IH, HE OTBJIEKasCh Ha
Jpyrue AETATH, TPOCIEAHTE Becs npouecc H3rotoneHus MEX-¢yHKuMH.
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BuizoB pynkunit MATLAB API

Ceituac cocpenorounumes Ha copepxarenbHoH cropoHe paborbl MEX-dyHKuui.
OcHoBHOH 3apaueii nHTepdelicHol GyHkuun mexFunction asngercs npuem NaHHbIX,
npuwenunx M3 cucreMbl MATLAB, a Takke ¢popMHpOBaHHe NPaBHIBHbIX CTPYKTYP
JaHHbIX, KOTOpble MOXHO Oyzner Bo3spatuTb Hazad B cuctemy MATLAB. OGmen
JaHHBIMH NIPOMCXOAMT Yeped napaMeTpbl pyHkuuH mexFunction.

[MToskcnnyaTupyeM ellle HEMHOro paHee co3jaHHyro nyctyrw MEX-dyHkuuio
MyEmptyMexFunction. Ha ee npuMepe nokakeM, Kakde napameTph! noly4yaeT BHYT-
peHHsAs uHTepdelicHas mexFunction B ciydae pasHblx BapuaHTOB Bbi3oBa MEX- .
dynkuun u3 cucrembi MATLAB. Mbl panee ropopuiM, YTO BCE 3TH NapaMeTphl
HyneBble NMpH BbI3oBe MyEmptyMexFunction 6e3 BXOAHBIX MapameTpos H Ges BO3-
BpalllaeMblX 3HA4YE€HHH, TO €CTh NPH TOM BapHaHTE BbI30BA, KOTOPbIi MOKa3aH Ha Mo-
CleHeM PHUCYHKE.

Tenepb paccMOTpPHUM Takoi BbIZOB 3TOH (YHKLHH, MPU KOTOPOM BbI3BIBAIOLINHA M€~
penaet ¢dyHkumn MyEmptyMexFunction Tpu BXOAHBIX MapaMeTpa, a TaKKe HafeeTcs
NOJIyMHTh TP BO3BpalllaeMbix 3HaueHHs (nepeMeHHble ¥, S W ) (cM. puc. 8.6). Tak
KakK Hawa ¢yHKUMA peanbHO HE BO3BPALLAeT HUKAKMX 3HaveHUH, To cucrema MAT-
LAB BblIaeT B KOMaHAHOE OKHO COOTBETCTBYIOLLEE MpeaynpexneHle (OHO npeaHa-
3HA4YeHO A UHGOPMUPOBAHHS T0JL30BATENS O TOM, YTO OH HANpPacHO HAAEETCs MO-
JIY4YWUTB OT JaHHOH DYHKLHY KaKue-TO pe3ysbTarhl).

-5 MATLAB Command Window N B

Ele Edt Window Help- ' 0 ©
D@jsn@[o (BB M7 |
»A=[123,456],B=7, ,
2 [" s, 1] = MyEmptyMexFunction( A B 4

PMv(ZYHOK 8.6

B sToM cnydae npu Bxozie B GyHKUMIO mexFunction o6a napamerpa nOut unln
paBHBI TpeM. Ykaszatenb pln yka3blBaeT Ha 00/1acTh NaMATH, COAEPIKALLYIO TPH HEHY-
JIeBBIX yKa3zaTesid Ha CTPYKTYpbl THMa MXArray, To ecTb Ha MaccuBbl naketa MAT-
LAB (nanomuHaem, uTo Bce THNBI AaHHBIX cucTeMbl MATLAB saBnstoTcs MacCHBaAMH
TOro Wnu uHoro poaa). KoHkpeTHo nepsbiii ykasatenb U3 5Toil obnactu — ykasatesib
pIn[0] yxassiBaeT B HallleM Ciyyae Ha MacCHB A, crienyrowuii ykaszatens — pIn{1]
YKa3bIBaeT Ha Ge3bIMAHHBIN MaccUB M3 OQHOTO 3JieMeHTa, paBHoro 5. Hakownen, no-
clieHMH yKasaTellb M3 5TOro 6iioka namsti — pIn[2] ykassiBaeT Ha Maccus B. IToapl-

'



IVIATLAL SR AR AFIRLALTIVIA, DV ydnrilanyiza, 1yl pavimrpswybainiris o) T

TOXHM CKa3aHHOE: BCe 4eTbipe ykasarens — pln, pIn[0] (sto To xe camoe, 4yro
v *pIn), pIn[1] upIn[2] ne paBHbl NULL. OHH Bce yka3bIBalOT Ha NpeABapUTELHO
BbLIETICHHBIE 11 JanbHelweH paboTel 610ku naMaTH. Mbl Tenepb MOXEM Uepe3 3TH
ykazarenu noaduparbcsa K BXOAHbIM MaccHBaM, Npuieaunm U3 nakera MATLAB.

Pazo6paBLIMCh CO BXOAHBIMH yKa3aTeIAMH, MEPEXOJHM K BbIXOAHBIM yKa3aTe/IAM.
Vkazarens pOut Temeps ykasbiBaeT Ha OnOk namsTH, XpaHALHH TpU yKas3aTels Ha
mxArray. Ho Bce Tpu nocneanux pasuel NULL, Tak Kak WUMEHHO Mbl CAMH BHYTpPH
mexFunction moJOKHBI BBIACTHUTE HEOOXOAUMYIO NMAMATh MO BbIXOAHBIE MACCHBBI.

Bce ckazannoe npo napamerpsl GyHkunMu mexFunction upe3BblyaifHO BaXHO, NO-
3TOMY Cpa3y K€ 3aKpeluM MOJYyY€HHbIE CBEACHHUS HA KOHKPETHOM TPaKTHYECKOM
npumepe. dns storo cozpaaum MEX-bynkuuto MyMexF2, kotopas paboTaer ¢ 0qHHM
BXO[HBIM TapaMeTpoM (M UrHOpUpYET BCE OCTajlbHble BXOAHBIE TMapaMeTpbl, €CliH
noJb30BaTeNnb GyHKUHWH YAOCYKUTCA UX MOCTaBHTh). OTa QyHKIUSA BO3BpALLAET €A~
HULly, eclld BXOAHOH mapaMerp He umeeT Tun double, u BO3BpallaeT YABOEHHYIO
BEJIMYHHY MEpPBOro TapaMmeTpa B MPOTUBHOM ciiydae. SCHO, YTO 3TO HE O4eHb HHTE-
pecHas ¢ NpUKJIaAHOM TOYKU 3peHHs (PYHKLMS, HO HAM OHA Hy’>KHa B y4eOHBIX LENAX
JJ1S 3aKpeTieHus CBeAeHHH 0 BXOAHBIX NapamMeTpax ¢GyHkuuu mexFunction

Yrobs1 MEX-dbyHkuusa Morna ynobHo paboraTe ¢ THnamu AaHHbIX naketa MAT-
LAB, a Taike BblZaBaTh cooOwleHHd B KoMmaHAHOe OKHO cuctembl MATLAB
(4 BBIMIONHATE ee koMaHabl U pyHkuuH), B nakere MATLAB wmtaTHo npucyTcTByeT
Habop crieuManbHBIX GYHKLHI, KOTOpbIE C YKA3aHHBIMH LEIMH MOJKHO BbI3biBaTb U3
C-xopa paspabarbiBaeMbix MEX-(ynkunid. Takue ¢pyHKUMH B COBOKYNHOCTH COCTaB-
AMOT  QyHKUMOHANBHbIH Habop, KOTOpbIi TNpuHATO HasbiBaTb MATLAB API
(Application Program Interface).

Mbi OyneM MocTeneHHO 3HAKOMHMTbCA C KOHKpeTHhIMH (pyHkumaMn MATLAB
APL JIns Beinonnenus w3 MEX-¢dyHkuuii noObix AeHCTBHHA, HANpaBleHHBIX B caMy
cucteMy MATLAB, npennasHauensl GyHkipu c mpedukcoM (MpUCTaBkoil) mex,
a ans pasbopa cTpyktyp AanHbIX naketa MATLAB npeaHa3zHaueHsl QyHKLHH C TIpe-
(pHKCOM MX.

Bor C-rekcr ans moctpoenus MEX-pyHkuun MyMexFZ2 (310 e WUMs NOMKEH
uMmeTb npoekT Microsoft Developer Studio nns nonyudenus ¢abina MyMexF2.dll),
B KOTOPOM Hcrnoas3yetcs paa ¢yukuuii MATLAB API:

#include ’'mex.h’
//Prototype:
void MyDouble (int, int,double*, double*);
/== Main interface function: ----=--w=s=-—u-—n
void‘mexFunction( int nOut,
mxArray* pOut [1,
int nln,
const mxArray* pIn[] )
{
int m, n; double *pI, *po;

‘
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if( nIn == 0 ) mexBErrMsgTxt (' Input required’);
if( nOut > 0 )
{

if ( !mxIsDouble(pIn[0]) )

{ .
pOut [0]=mxCreateDoubleMatrix (1,1, mxREAL);
* (mxGetPr (pOut [0])) = 1;

} .
else
{

m = mxGetM( pIn[0] ); n = mxGetN( pIn[0] };

pOut [0]=mxCreateDoubleMatrix (m, n, mxREAL) ;

pl = mxGetPr( pIn{0] );

p0 = mxGetPr( pOut(0] };

MyDouble( m, n, pI, p0 };

[]======- Our own auxiliary function: ~=----------
void MyDouble( int m, int n, double* pI, double* pO )
{
int 1i;
for( i=0; i < n*m; it++ )
pO[i] = 2 * pI[i];
}

B npencraenennom C-kozne Bhi3bIBaroTcs cienyrowue ¢ynkuud MATLAB APL
mexErrMsgTxt, mxIsDouble, mxCreateDoubleMatrix, mxGetPr, mxGetM
u mxGetN.

INepBas u3 nepeyrcneHHbIX QYHKUMH UMeeT npedUkc mex W HarpaBieHa Ha Bbl-
MOJTHEHHE HEKOTOpOro nedcTBUs B caMoil cucteMe MATLAB. KonkpetHo ¢dyHkuus
mexErrMsgTxt Beimaer B koMaHAHOe OKkHO cucteMel MATLAB coobuienue 06
owmnbke, 3aKmoyarolleiics B OTCYTCTBUM BXOAHBIX napameTpoB (Hawua (yHKUUA
JIOJOKHA BBI3BIBATBECH MUHUMYM C OJHMM BXOJHBIM MapaMeTPOM), U KOPPEKTHO 3a-
BepiuaeT BeinonHeHHe Hamed MEX-byHkuuu,

OcranbHble QyHKLHMN UMEIO TpeUKC MX U HAmNpaBlieHbl, Kak Mbl Y)Ke 3HaeM, Ha
paboTy cO CTPYKTYpO# MXArray — OCHOBHEIM THIOM AaHHBIX naketa MATLAB (ato
€CTb BHyTPEHHEE Npe/CTaB/ieHHe MoObix MaccHBOB cucTeMbl MATLAB).

VY ¢ynkumu mxIsDouble oauH BXOAHOM mapaMeTp — OH ABJNAETCA yKasaTeneM Ha
CTPYKTypy mXArray, To ecTh ykasarenem Ha maccuB cucteMbl MATLAB. Jlannas
dyHKuMs BO3BpalL@eT eAMHULY (KHCTHHY» B CMbICNE f3blKa TporpaMmuposanus C),
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€CIM MaCcCHB MMeeT TUN double, u Bo3BpallacT Hyjb (JJOrMYecKas «IOXb») B MPO-
THBHOM Cllyuae.

DyHkuuH mxGetM u mxGetN npuHUMAaOT MO OJJHOMY TaKOMY k€ mapameTpy (yka-
3aTesI0 Ha CTPYKTYpY mxArray). IlepBas U3 HMX BO3BPALIAET YHUCJIO CTPOK BO BXOJ-
HOM MaTpulle, a BTopas GyHKLKMs BO3BPALIAET YHCIIO CTOOLOB.

Oynkuus mxCreateDoubleMatrix BelaenseT nmamATh MOA CTPYKTYpY MxArray,
COOTBETCTBYIOLIYIO YHUC/IOBOM MaTpHlie C pasMEPAMH, KOTOPbIE YKa3blBAIOTCA YEPE3 €€
nepBblii ¥ BTOpOii napametpbl. TpeTuii MapaMeTp SABNSETCS YCIOBHBIM YHCIOBBIM (ria-
roM, CUTHATH3UPYIOLIMM O CO3[aHHH YUCTO BELIECTBEHHOH MJIM KOMIUIEKCHOH YMCIIO-
Boit Matpuupl. Dnar mxREAL 3acraBnser ¢yHkuuto mxCreateDoubleMatrix cosna-
BaTh BELIECTBEHHYIO YMCJIOBYIO Martpuly. IIpH 3TOM CreayeT 4eTKO MOHHMMATh, YTO
¢bynkuua mxCreateDoubleMatrix He 3amofHAeT CO3JaHHYHO MAaTpHLY YHCIOBBIMH
9JIEMEHTaMH. DTO HY>KHO BBITIOJTHATH B BUZIE OTAENBHOH paboTel. B yacTHOCTH, cHavyana
HY>HO MOTYYHTb JOCTYN K COGCTBEHHO JaHHBIM MATPHLIbI, TO €CTh K €€ 3JIEMEHTaM.

Takylo onepauuio MosyyeHHs AOCTYNa K 3JeMEHTaM MaccuBoB cucTeMbl MAT-
LAB eeinonHser ¢yHkius mxGetPr. Jra ¢byHKUMS BO3BpallaeT ykasarenb Ha 00-
JIaCTh MaMATH, B KOTOPOii B JIMHEHHO ynopsaoueHHOi dopme (o cronbuam) xpaHAr-
cs Bce aneMeHThl MaccHBa. KoHkpeTHo QyHkuMsa mxGetPr Bo3BpawlaeT ykasarenb Ha
JeHCTBUTENIbHBIE COCTABRAIOIME B OOIIEM CTy4ae KOMIUIEKCHBIX 3JIEMEHTOB. YKa3a-
Tenb Ha MHUMbIE 4YaCTH OBJEMEHTOB Bo3Bpauaerca (yHkuued mxGetPi.
JleHcTBUTEIbHBIE H MHUMBIE HaCTH 3/IEMEHTOB XPAHATCA MOPO3Hb B BH/IC OTAE/bHBIX
610k0B naMATH. B kaxaoM u3 3THX 670KOB JaHHbBIE YMOPAAOYEHBI JIHHEHHO MO
cronbuaM. Tak kak Mbl CO3/]aéM BELIECTBEHHbIE MATPHLIbl, TO HAM JOCTaTO4YHO pabo-
TaTh TOABKO ¢ PyHKUHeH mxGetPr.

Tenepb yxe MoxxHO 00BACHUTH paboTy Haweid MEX-bynxkuuu. Chauana B tene
uHTepdeiicHol ¢pyHkuun mexFunction Mel NpOBEPIEM KOIHYECTBO BXOJHBIX Mapa-
METpPOB, ¢ KOTOpbIMH BbI3BaHa U3 cucTeMbl MATLAB nawa MEX-¢ynkuusa. Ecnu
OHa BbI3BaHa BooOwIe Oe3 mapamMeTpoB, TO BBIAAEM B KOMAHAHOE OKHO CHCTEMBI
MATLAB coo6menue 06 omubke (Input required — «TpeSytoTcs BXoaHble mapamer-
pe») W 3aBepiiaeM paboTy. Bee ato aenaercs ¢ nomowbto MATLAB API-dpyHkuuu
mexErrMsgTxt.

JlanbHeilias pa6oTa BbIMOMHAETCS TONBKO B ClIyyae HUTMYHMA OHOrO WM GOoJbILero
4HCna BXOAHBIX MapaMeTpoB. Mbl JOrOBOPHIIHCH, YTO Hallla (GYHKLMS Bce BXOAHbBIE Ma-
paMeTpsl, KpoMe nepBoro, OyaeT UrHOpHpoBaThb (NP 3TOM He Oy/eT BO3HMKATh HMKA-
KuxX ownbouHbIx cutyauuit). [TepBbiii xke BxoaHOH mapaMeTp oHa OyneT TecTHpOBaThb
Ha ero Tun. Ecnu 3ToT napamerp He sBnsercs MaccuBoM TMna double, To Hawna MEX-
(byHKUMA POCTO BO3BpallaeT eAuHULY. BoT kak gocTvraercs sTa Lenb:

pOut [0]=mxCreateDoubleMatrix (1,1, mxREAL);
* (mxGetPr (pOut[0])) = 1; '

MaI co3gaeM C MOMOLIBIO (GYHKLHH mxCreateDoubleMatrix uucro BELIECTBEH-
Hyto matpuuy (¢nar mxREAL) pasmepom 1 x 1. ITon6upaemcs k e¢ €AMHCTBEHHOMY

N
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3MIEMEHTY C MOMOILBIO (PYyHKUMM MxGetPr, xoTopas BO3BpallaeT yka3aTeslb THIa
double* Ha 3TOT 3nemeHT. o 3ToMy yKasaTenO0 Mbl M NMpoMUckiBaeM Tpebyemyro
equHuLy. Huuero Gonslue 1s BO3BpaTa 3TOrO €AWHCTBEHHOTO 3HAYEHHA AeNaTh He
HyxHo. Hurepdeiicuas ¢ynkuns mexFunction, 3akaHumBas cporo paboTy, Beeraa
Bo3Bpatiaer pesynabratsl cicreMe MATLAB uepes yxasarenu pOut[0], pOut({1]
(ecnu oH ObLT 3a1eHCTBOBAH) U T. 1.

B cny4yae e, Korza mepBblii BXOAHOH NapaMeTp SBJIAETCA BELIECTBEHHOH
YKCJIOBOI MaTpHLIe, Mbl CO31aeM CTPYKTYpY MXArray Takoro xke pasmepa, nocie ye-
ro B otaenbHoi C-¢yHkunu MyDouble nponuceIBaem BCe €€ 3IEMEHTBI 3HAYSHHSAMH,
B /1Ba pa3a MPeBOCXOALIMMH COOTBETCTBYIOLIHE 3IEMEHThI_BXOJHOH MaTpHubl. Hem
¥ JIOCTHraeM MOCTaBJIeHHOMN LIEJH. ‘

OkonuatenbHO cozaaem B Microsoft Developer Studio HAPOEKT MyMexFZ noMelua-
eM B HEro NpejcTaBieHHbli Boie C-TeKCT, HACTpaHUBaeM MPOEKT Tak, Kak Obl10 pac-
CKa3aHO B MpebIAyILEM Moapa3aese, KOMIHIMPYEM €ro W nosyvaeM Qaii quHaMH-
yeckoit bubnuorexu MyMexF2.d11.

ITomeliaeM 3ToT daiin B mobolf karaor, AoctynHeli nakery MATLAB,
v HaurHaeM Bbi3biBaTh MEX-yHkumio MyMexF2 B caMblX pa3sHBIX KOH(HIypaLHUsx
(3a1aBas pasM4HOE KOJMYECTBO W THIT BXOJAHBIX MEPEMEHHBIX W BBHIXOJHBIX 3Haue-
Hui). BoT HekoTopbIe pe3ybTaThl (cM. pHc. 8.7).

-3 MATLAB Command Window (0] %]
o =

-4 PucyHok 8.7

3nech Mbl nepeaanu cosnanHoit Hamu MEX-dynkuun MyMexF2 nBa BXoAHBIX Mapa-
METpa, W3 KOTOPBIX MEpPBbIA ABIAETCS BELUECTBEHHOH YHCIIOBOH MaTpuued 2 x 3.
Hawa ¢yHkuus orpaboTana IITATHO M BEPHYJa MAcCCHB TaKOW k€ CTPYKTYpBI, HO
C yIBOEHHBIMH JJIEMEHTaMH.

A BOT BbI30B dYHKUMH MyMexF2 co CTPOKOBBIM BXOJIHBIM apryMEHTOM:

str = "Hello, MEX-function’;
res = MyMexF2( str );
res = -

1
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BuaHo, 4To co3gaHHas HaMH QyHKLMs pacrno3Halta CUTYaLMIO, KOraa NepBblid na-
pameTp He ABJIieTCS YUCJIOBLIM MacCHBOM, H BEPHYJIAa €AHHHLY B YHCJIOBOM MAacCHBE
res, pasMep koToporo paseH 1 x 1 (cM. puc. 8.8).

» whos res

Name

PucyHok 8.8

Curyauus c BbI30BOM ¢yHkuuM MyMexF2, korna ee apryMeHTOM (napaMeTpoMm)
OyZeT MaccHB siueeK WK CTPYKTYp, abcoMoTHO oueBUaAHA: GYHKLHMS BEPHET SAUHHULLY.
Ho Bot uto GyaneT, ecnu BbI3BaTh 3TY QYHKUHIO ¢ YMCJIOBBIM MacCHBOM pa3MEpPHOCTH
Tpu? Ionpobyem aT0 caenath (XoTs npo cebs cpazy OTMETHM, YTO Mbl pa3pabarbiBa-
71 3Ty QYHKLHIO B pacyueTe Ha AByMepHbIE YHCJIOBbIE MACCHBbI — MaTPULIbI):

W(:, e, 1)=[1,2;3,4); W(:,:,2)=[5,6;7,8];

res = MyMexF2( W );

res =
2 4 10 12
6 8 14 16

BuaHo, 4to QyHKUHS «nepeBapuia» 3Ty CUTYaLHIO U «He cjoMalach», HO B JIIO-
OoM cllydae TYT He MOoJy4aeTcs BO3BpaTa TOH e CaMOM CTPYKTYpbI, YTO M BXOJHOH
napametp. Ecnu 61 Mbl cpa3y BCOMHWIH NpH pa3paboTke dynkunu MyMexF2 npo
MHOTOMepHbIE YHCIOBBIE MACCHBHL, TO HX MOXKHO 6b1710 6b1 00pabaTbiBaTh WITATHO NO
HEKOTOpo# cxeme. A 6€3 3TOro ocTaeTcs HaleAThCs, YTO MO KpaiiHel Mepe He mpo-
u30iaeT aBapuitHOrO 3aBeplueHus paboTsl GyHKLUH.

3JTO O/HAa M3 MpPHUYHH, KOTOPbIE MOTYT BbI3bIBaTh OLUMOOYHBIE CUTYaLMH NPH BBI-
nonHeHun koaa MEX-dyHkuuil. CyluecTBYIOT Takoke MHOTHE JpYyrde MPHYHHBI, 1O
KoTopbIM paspabaThiBaeMble MEX-dyHkuMH MOryT paboTaTh He Tak, Kak OKHAaeTcs.
B TakoM ciyuae Hy>KHO MPOBOJUTE OTNafIKY 3THX (GYHKUHH.

Otraaka MEX-dyHkumii

Ornanka MEX-dyHKumMi, nonnMaemas kak npoliecc HCNpaBJieHHs OHEOK, MOXKET
3aKJII04aThCd B YeM YTFOIHO, XOThb B MHOIOKPAaTHOM BHM3YaJbHOM H3YY€HHH TEKCTa
(yHKuMH C LEbI0 OOHapYXHUTh B HEM JIOTHYECKHE H CHHTAKCHYEeCKMe OLIMOKH.
OnHako B TExHHKe NPOrPaMMHpPOBAHWs MOX OTNAAKOM 4Yaié BCEro NOHUMAIOT
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HEKOTOPbIE aBTOMAaTH3UPOBaHHbIC MeTOOHKH. CaMbIM yJOOHBIM NMPHEMOM SBJSETCS
NpHeM NMPUOCTAHOBKH BbIMOJHEHHS KoAa QYHKLHH ¢ H3yYeHHEM 3HaueHHH nepeMeH-
HbIX B 3TOT MOMEHT BPEMEHH. ‘

Kak 310 nenaerca B cnyuae M-dyHkuuit, Mbl yxe u3yyand. TaMm Mbl onupaiich Ha
BO3MOXXHOCTH peJaKTopa/oTnan4uka, Bxoasauero B coctaB nakera MATLAB. MEX-
GYHKUHMH ABIAIOTCA UYYXKEPOAHBIM 3NeMeHTOM Aas cuctemMbl MATLAB, kotopas
JMLIb B3aUMOAEHCTBYET C TaKUMH (YHKUMAMH, HO He GepeT Ha ce0s ynpaBieHHe MX
BbinosiHeHHeM. TToaToMy M oTnaaka 3THX QyHKUHMI BBINONHAETCA HE CPeACTBAMH Ma-
kera MATLAB, a cpeactsamu o6onouku Microsoft Developer Studio. BoT kak 310
JesaeTcs. :

Hyxno B Developer Studio OTKpbITE COOTBETCTBYIOLUMI MPOEKT M B-TEKCTE HH-
TepdeicHoit pyHkunn mexFunction nocraBUTh HaNpPOTHB HEKOTOpPOH cTpoku C-koaa
TaK Ha3bIBAEMYID METKY ToukH ocTaHoBa (Breakpoint). 310 aenaercs npu momouu
kiasuy F9, nocne yero HanpoTHB BbIOpaHHOM CTPOKH MOSBISAETCS KPAacHbIH Kpy-
XOK, YKa3bIBalOLIMH Ha HaJTMUKE TOYKH OCTAaHOBa MMEHHO B 3TOl CTpOKe.

Jlanee Hy>XHO BBINOJIHHTh HEKOTOpbIE JOMOJHHTENBHbIE HACTPOMKH B Project |

Settings, noka3zaHHsle Ha pHC. 8.9.

PucyHok 8.9

HyxHo Ha cTpanuue Debug B penaktupyemom none Executable for debug
session nponMcarh MyTh K MCTIOMHAEMOMY MOAYJIIO culTemsl MATLAB, koum sB-
ngercs daiin matlab.exe.
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Tocne 3TOro Hy»HO HaaTb Kiasuily F5, ozHavatouryto paboTy ¢ OTKpBITBIM Mpo-
€KTOM B pexxuMe omiaixd. Ho Tak kak Hall MpoekT npeAcTaBiseT coboli 6ubnuorexy
(a He caMoCTOATENBHOE NPUIIOXKEHHE), TO CHaYasa 3arpy»aercd OCHOBHOH Nporpamm-
HbIH MOMIyJIb, KOTOPBIA W yka3biBaerca kak Executable for debug session. B Ha-
uieM ciyvae 91o cama cuctema MATLAB, To ects ucnonusemslii gaiin matlab.exe.
Ilocne samycka cuctemsl MATLAB M3 ero KOMaHAHOTO OKHA MBI BbI3bIBAEM HalLy
MEX-¢yHkumio (nokasaH npumep, KOria B KayecTBe napaMeTpa Mepeaaercs Tpexmep-
HBIi1 YMCIOBOI MAcCHB), H TyT-TO M IIPOHUCXOAMT OCTAHOB Ha TOHM CTpoke ucxonHoro C-
KOJa, Iie Mbl paHee MOCTaBW/IM TOUYKY ocTaHoBa (cM. puc. 8.10). LlenecoobpaszHo cra-
BUTb €€ Ha OJIHY M3 MepBbIX CTPOK MHTepdeiicHON ¢yHkuun mexFunction, Tak kak
B CaMOM HauvaJle cielyeT NpOBEPHTh, C KAKUMH BXOAHBIMH NapaMeTpaMH OHa BbI3BaHA.

«} MATLAB Command W ndow

4 Pucynok 8.10

Ha puc. 8.11 BuaHa Touka OCTaHOBA, a TAKXKE€ BHAHO, KaK MPOUCXOJUT MPOCMOTP
3HAYEHUI NEePEMEHHBIX MPH HABEJEHUH Ha HUX Kypcopa MbIH (TIOABNAETCH MalleHb-
KOE BCIUIBIBAIOLIEE OKHO CO 3HAUEHHUEM NEPEMEHHOM).

mexFunctlon( int nOut,
mxArray* pOut{].

int nln.
const mxArray* pIn{] )

m, n; double #pI, #pO:
nIn == 0 ) mexErrMsgTxt("Input reguired").
nlut > 0 )

fDou}{}e (pIn(0]) )

PucyHok 8.11
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Tenepb Mbl MOkeM GYKBaJIbHO COOCTBEHHBIMH I1a3aMH YBHIETb, UTO XKe Ha CaMOM
Ziene MpoucXoAuT, koraa Haileii MEX-GyHKUMH nepenaerca B KauecTBe Mapamerpa
TpexXMepHbIii MacCHB. [ljisl 3TOro cTaBUM TOUKY OCTAHOBA Ha CTPOKeE, IIE€ BHIYMUCIIAIOT-
csl pa3Mepbl «MaTpHUbI» M M N. BeimonHsem 3Ty CTpoKy HaxartueM kiasviin F10
(nowiaroBoe UcMoJHeHHe HHCTPYKUMH ucxoaHoro C-kola) U CMOTPHUM 3HAYEHHUs Te-
peMeHHbIX M U n. Jlns MaTpull m sBAseTCS KOJMYECTBOM CTPOK, M B JJAHHOM Cjly4dae
115 3TOH MepeMeHHOH nonyuaeTcs 3HaueHHe 2, YTO COBMAJAeT C KOJHUYECTBOM CTPOK
B 0Beux cTpaHHUaX BXOAHOI'O TPEXMEPHOro MaccuBa. sl mepeMeHHOH Xke N, KOTo-
pas y MaTpuu paBHa KOJM4ecTBY CTONOLIOB, MoayvaeTcs 3HadeHue, paBHoe 4. Tenepb
ACHO, YTO TOCJIe 3TOro CO3JaeTcs HOBas MaTpyua 2 X 4, KoTopas M 3anoyiHserTcs ya-
BOEHHBIMH 9JIEMEHTAMH BXOJHOro maccuea. Pabora Haweit MEX-GyHkuuu B cnyuae
BXOJIHOIO TPEXMEPHOIO MacCHBA MOJHOCTHIO SICHA.

Ecnu Mbl XOTUM 106aBUTH K 1ITATHOMY MoBeAeHHIO Haileii MEX-dyHkuuu kop-
pekTHyl0 00pabOTKY MHOTOMEpHBIX YMCIOBBIX MAacCHBOB, TO BMECTO (YHKLMiH
mxGetM u  mxGetN  HyxHo  ucnons3oBaTe MATLAB  API-dynkuuu
mxGetNumberOfDimensions umxGetDimensions. Ilepsas u3 3THX GYHKUMH BO3-
BpallaeT KOJHYECTBO H3MEpEeHUH MacCuBa, a BTOpas (YHKUHMA BO3BPALIAET MACCHB
pa3MepoB BIOJb KaKA0TO U3 u3MepeHuH. Hanpumep, kox

int N; int* pd;

num = mxGetNumberQfDimensions( pIn{0] );
pd = mxGetDimensions( pIn[0] ):
pOut [0]=mxCreateNumericArray (N, pd, mxDOUBLE CLASS,mxREAL);

B PAcCMOTPEHHOM HaMH JUis MpUMepa KOHKPETHOM cllydae TpexMepHoro mMaccusa W
NpUBeAeT K CO3NAHHIO TPEXMEPHOrO BBIXOJAHOrO MacCuBa pasMepoM 2 X 2 X 2,
KOTOpBIH Jlajiee MOXHO 3aroJIHUTh YOBOEHHBIMH 3HAUEHHWSIMHU 3JIEMEHTOB BXOJHOrO
MaccuBa.

Kax Obl TIiatenbHo HY paspabatbiBaiice MEX-@yHKUHMH, 3Tan OTJIafIKH OCTaeTCA
NpaKkTH4ecKu HensbexHbIM. [T03TOMY OBNlaJieHHe MacTepCTBOM OTIafKH HeoOX0AUMO
JU1S TpUOOpeTeHHs BBICOKOM KBaTUUKALMH. TakHe npUeMbl, Kak MPOCMOTP He TOJIb-
kKo umelomxcs B C-koae nepeMeHHbIX, HO U MPOU3BOJbHBIX BBIPAXKEHHH C HHUMH
(¢ MOMOIBIO OHANIOTOBOTO OKHA, BbI3biBaeMoro kiauinamu Shift+F9), npoctaHoBka
YCJIOBHBIX TOUEK OCTaHOBA, U IpyrHe MpHeMbl, H3BECTHbIE OMBITHBIM MPOrPaMMHCTaM,
paboTtatomum ¢ komnuastopom Visual C++, npuronsarcs u npu paspaborke MEX-
¢byHkuui nnsa nakera MATLAB.
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Fpumepbl KoHkpeTHbIX pa3paboTok
MEX-dyHkumii

Ocsous HekoTopoe komuuectso gyHkuid MATLAB API, MOXHO nepeiTd K pac-
CMOTPEHHIO KOHKpeTHpIX npumMepoB MEX-¢dynkuuii, paGoTaroumx ¢ pasHoro poaa
MaccuBaMH naketa MATLAB.

Haunem ¢ npocroro cnywas, koraa paspabatbiBaemas MEX-dyHkuus nomxxa
MPUHATH HA BXOAE JBa YHCJIOBbIX CKaspa, KOTopble OyAyT HCMONB30BATLCS KaK pas-
Mepbl MaTpHUpI, co3aatoleics BHyTpy 3tod MEX-(dyHKunu 1 oTnpasnsemoll Hazaz
B cictemy MATLAB.

OTOT npuMep OveHb MPOCTOH, HO OH WIHOCTpUpYeT HoBble Ul Hac MATLAB
API-pyHxiuu o6pabotku ckangpos. KpoMe Toro, oH JeMOHCTPHpYET HEKOTOPYIO 3a-
LHTY, CBA3aHHYIO C NMPOBEPKOH BXOAHBIX NapamMeTpoB, a TAaloKe €LUe pa3 MoKa3bIBaeT
HeobA3amenbHbLil, HO JIOTHYECKH MOHSTHBIN CMulb NPoePaMMUPOGAHUA, KOTAA BHYT-
pu uHTepdeicHolt dyHkuuu mexFunction BeimonHsetcs BcA paGoTa, cBsA3aHHas
¢ nmpueMoM H nepepaboTkoit creyughuueckux pana cucteMsl MATLAB nanHbix (THn
mxArray), a Bce octanbHble C-pyHKUMH MpOEKTa HUUero Takoro He 3HatoT. Jlocnen-
HHe Aaxe BbIMAAT abcomoTHO TpaguuHoHHo A C-dyHKUHH, HE 3HAKOMBIX C NaKe-
ToM MATLAB. Bonee toro, 3TH ¢pyHKLHK MOTH ObITh pa3paboTaHbl paHee H 110 ApYy-
roMy MOBOAY M TOJBKO ceHyac OHW MOAKIIOHAIOTCA i paboThl B COCTAaBE NaKeTa
MATLAB.

Urak, B Haweli MEX-¢yHkiiMn Mbl OyieM co31aBaTh YHCIIOBYIO MaTpHLY 3ajaH-
Horo pasMepa M x N u OyzeMm 3amosHATb €€ HeKOTOPbIMH YHCIIOBBIMH 3HAYEHHSIMH
(B BO3pacTarolileM NopsAKe B CMbICTE YNopsaoueHus no cronaduam). BoT uexolHbIH
C-xkon mpoekTa, Mo-npexHeMy pacrnoyoKeHHbIH B Mpenenax eJUHCTBEHHoro (aina
main.c (4acto Bce ¢yHKUHH, KpoMe HHTepdeHcHoi dyHkuuu mexFunction, BbiHO-
CATCS B OTAENbHBIE (haiisibl MPOEKTa):

#include "mex.h’

// Prototypes:
void SetData( double*,int,int );

[I1170070077077171077770077771777070717771770777117771171171177
void mexFunction({ int nOut, mxArray* pOut(],
int nIn, const mxArray* pIn[] )

// We ignore extra input parameters!
int M, N;
double* pElem;

if( (mxGetN( pInf0] ) '=1) ||
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(mxGetM( pIn[0] ) !=1

{(mxGetN( pIn[l] ) != 1) ||

(mxGetM( pIn(l] ) !'= 1) )
mexErrMsgTxt ('Only scalars must be!’);

) 1

M = (int)mxGetScalar( pIn[0] );
N = (int)mxGetScalar( pIn[l] );

pOut (0]
pElem

mxCreateDoubleMatrix{ M, N, mxREAL );
mxGetPr( pOut[0] );

SetData( pElem, M, N );
}
[ITTTITTTEDT L LI r 7 i rriiiriiniilirrrrilllill
void SetData( double* p, int m, int n )
{
int i;
for{ i=0; i < m*n; i++ )
{
*p = (double)i;
ptt;
}
}
/1/11111/111]//---the end of the code---////////1/1/11//

MbI 3HaeM, YTO MO CYLIECTBY CKalIspHBIE YHCIOBbIE BENHYHUHBI B cHcTemMe MAT-
LAB sBnstorcs matpuuamu 1 x 1 W BHYTpeHHE NMpeACTaBUMBbI CTPYKTypaMu THNa
mxArray. [To3ToMy enHHCTBEHHBIH YHCIOBOH 271€MEHT 3THX MAcCHBOB €LIE HYXKHO
U3BJEYb U3 CTPYKTYpPbl MXArray, npexae 4eM MoxHO 6yldeT ero Hcnosb3oBaTh. ITO
BemmosiHgercss ¢ nomotublo MATLAB API-¢pyHxkumu mxGetScalar. Hmenno sty
(bYHKLMIO MBI U TPUMEHHWIIH B NPEICTABIEHHOM BbILIE KOJE.

[Mocne atoro Mel cozaaeM ¢ nomolueio pyHkuun mxCreateDoubleMatrix uneno-
BYIO MaTpUlly HY>KHOTO pa3Mepa, a ¢ noMouiblo GYHKLUMH mxGetPr noiyyaem ykasa-
tenb Tuna double* Ha BblAENEHHBIH NpH 3TOM 610K NaMATH, NpeAHa3HaYeHHbIH 1)1
XpaHEeHHSs YUC/IOBbIX 3HAYEHHIi 3JIEMEHTOB MATPHLIbL. 3aMosHieM Xe 3TOT 610k nams-
TH HEKOTOPBIMH KOHKPETHBIMH 3HaYE€HHUAMH 3JIEMEHTOB Mbl B OTAENIbHOH QYHKLUH —
B pyHkuuu SetData. Drta otaenvHas C-pyHKUMS BBIIAAWMT abCOMOTHO TPaJAHLUMOH-
Ho 1 C-byHKIMA, He 3HakoMbIX ¢ cicTeMoit MATLAB. 3t0 obbacHAeTCA TEM, UTO
B Heii orcyrctByloT Bbi3oBol MATLAB API-pyHkUMH U HeT ‘HUkakoH paboTel co
CTPYKTYpO# mXArray. -

Panee Mbl Noapo6HO pacckasblBaJId O TOM, YTO HY)KHO ClIeNiaTh, 4TOObI MPEBPATHTD
ucxoaHsli C-kof B ueneBoit daiin nuHaMuyecko# GUGIHOTEKH, NpeacTaBAIOWeH Co-
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6ot MEX-dyukunio nakera MATLAB. ITostomy Mbl He Oynem 3TO NOBTOPSATS,
a TONbKO CoO6WMM, 4TO UMeHyeM npoekT (pabounii karanor) B Microsoft Developer
Studio kak SetMatrix. Oto 3Hauur, uto uenesas MEX-¢byHkuns OyaeT UMeTh Takoe
ke umsa. Huke mokasan npumep Bbi30Ba 3TOH (YHKIMH M3 KOMaHIHOTO OKHAa CHCTe-
Mt MATLAB:

A = SetMatrix( 3, 4 );
A =

0 3 6 9

1 4 7 10

2 5 8 11

Urak, MEX-dyHkins SetMatrix cospaer 4UCI0BYIO MaTpHLY 3aJaHHOTO pa3Me-
- pa Y 3aMoJIHAET €€ 3JIEMEHTHI Lie/IbIMH 3HAYEHHUSMH OT HYJIS H BbILLE.

Tenepb paccMOTpPUM JpYroi MpoOeKT, B KOTOPOM peanuzyeM Bosiee OCMBICIEHHYIO
3afayy O BbIYMCIICHHH CpelHUX apHPMETHUECKHX 3HAUEHHIi CTPOK YUCIIOBBIX MaTPHLL.
Hazosem Ttakyro MEX-¢dyHkuuio AverVector, mockosbKy OHa BO3BPAILIAET BEKTOp-
cTonbell cpeIHAX MO CTPOKAaM BXOJHOW MaTpHubl 3HaueHHH (Aver — cOKpalleHHe OT
average, TO eCThb «CPEeIHUHY).

[poaeMoHcTpHpyeM cHauana Becb C-koJ 3TOro NpoeKTa, mocie uero obcyaum He-
KOTOpbIE ACTaJH:

#include ‘mex.h’

// Prototype:
void Aver( double*,double*,int,int);

LITTP0TT7 7000007000 retririliiilliielliid
void mexFunction( int nOut, mxArray* pOutl],
int nIn, const mxArray* pInf] )
{
double* pDataln;
double* pDataQut;
int M, N;

if( nIn !=1 ) mexErrMsgTxt( ‘One input required.’ );
if ( !mxIsDouble(pIn([0]}) || mxIsComplex(pIn[0]) )
mexErrMsgTxt ( ‘' Input must be a noncomplex double
matrix only:’' );

= mxGetM{ pIn[0] );
mxGetN ( pIn[O] )i

=z =X
[
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pOut[0] = mxCreateDoubleMatrix( M, 1, mxREAL );

pDataln = mxGetPr( pIn[0] );
pDataOut = mxGetPr( pOut{0] );

Aver( pDataln, pDataOut, M, N };
| ,
LIPTTEILLLTTTIE0D 7700 0007077777770001717777717171117
void Aver( double* pin, double* pout, int m, int n )
{

int i, j; double sum;

for(i=0; 1 <m; i++ )
{
sum = 0;
for( 3=0; j < n; j++ )
sum = sum + *( pin + 1+ J *m);

*( pout + i) = sum / ((double)n);
}

J
[11111]71//---the end of the code--=/////////11111111]]

3neck pyHkuns mxIsDouble Bo3BpalaeT TOrH4ECKY0 HCTHHY TOJBKO TOraa, KO-
raa BxoaHas marpuiua uMmeet THI double, a dyHkuug mxIsComplex AOMNOAHHTENBHO
TpebyeT Ans 3Toro, YyToObl YUCIOBAsS MaTpHUa UMesa KOMIUIEKCHble 3HaueHus. [1o-
3TOMY BXOJIHYIO NIPOBEPKY NMPOXOAHT U Jajiee MocTynaeT Ha 00paboTKy TOMbKO BXOJI-
Hasl YMCJIOBask MaTpHLa C JeHCTBUTEbHbIMH 3/1EMEHTaMH.

Cama no cebe npenacraBieHHas oOpaborka BXOJHOW MaTpuLbl, KOrAa BBIYKC-
JISIIOTCSl  cpefHHe apH(METHYECKHE 3Ha4eHHs MO ee CTPOKaM, a pe3yJbTaTsl
3aMUChIBAIOTCS B 3JIEMEHTBI BBIXOJHOTO BEKTOp-CTONOLA, BeCbMa NpOCTa U He TpebyeT
JOTIOJTHUTENTbHBIX KOMMEHTapHeEB 32 HCKIIIOYEHHEM OTOBOPKH, 4TO 236k C caM Mo ce-
6e docmamouno crodicer B TAKOM KOMIIOHEHTE, KaK akmugHOe UCRONb308aHue yKasd-
meneti, uTo Mbl U genaeM B C-dpyHkumn Aver. Ho ¢ 3TUM HUuero Henb3s MOAeNaTh:
CJIOKHOCTH NpH H3y4yeHuH s3bika C obopaunBaloTcs npeuMyliecTsaMd B paborte no-
JYYaroLUXcsl ¢ €ro MOMOLLBIO [1POrpaMM,

A BOT ¥ npuMep ucnone3oraHus MEX-dyHkunu AverVector, W3 koToporo Bua-
HO, yTO pazpaboranHas Hamu MEX-byHkuus AverVector crnpaensercs ¢ BO3JIOXKEH-

HbIMH Ha Hee 00A3aHHOCTAMH (cM. puc. 8.12). -
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PucyHok 8.12

Tlepeiinem Tenepsb ot paszpaborok MEX-byHkuuii, paboTarolux ¢ MacCHBaMH TH-
na double, k ¢dyHkuusM 006pabOTKH CHMBOJbHBIX AaHHbIX. Pa3paboraem MEX-
dyHkuMo RevString, koTopas OyaeT «BLIBOPAYMBATEY COAEPAMMOE BXOJTHOH CTpo-
KH Ha00opoT (nocneqHUH CHMBOJ CTaHET NEPBbIM, NPEANOCIEHHH — BTOPBIM H T. A.).

Bonbioil pazuuuel B kone MEX-dyHkuni, paboTalomMx C TEKCTOBbIMH CTpOKa-
MH, 1o cpaBHeHuio ¢ MEX-¢yHkuusmu, o6pabaTbiBalOIMMH BELECTBEHHbIE YHCIIA,
HeT. TeM He MeHee 11 AaHHOro npoekra Ham notpedyercsl psn AOMOTHHTENbHBIX
MATLAB API-dyHxuuit, koropblie Mbl ellle He u3ydanu. [IpuseaeM Bech TEKCT Mpo-
€KTa, a TOTOM 00CYAMM HCIOIb30BaHHbIE B HEM HOBLIECTBA:

#include 'mex.h’

[11717707077777727777707771772777077077427717777717177177177
void Reverse( char* inStr, int len, char* outStr )

{

int i;

for( i=0; i < len-1; it++ )
*( outStr + 1 ) = *( inStr + len - 1 - 2 });
} .
[1171771777717177777777777772117177177217177171117177117
void mexFunction( int nOut, mxArray* pOut[],
int nln, const mxArray* plnf{] )

char* StringlIn;
char* StringOut;
int len, status;

/]-===== Input and output checking: -----------
if (nIn!=1) mexErrMsgTxt (’One input required.’);



252 I'aaBa 8. lNporpammuposatue yHkumit Ha asbike C

else if (nOut > 1)
mexErrMsgTxt (' Too many output arguments.’);

if( mxIsChar( pIn[0]) != 1)
mexErrMsgTxt (' Input must be a string.’);

if (mxGetM( pIn[0])!=1 )
mexErrMsgTxt (' Input must be a row vector.’);

/]===== Allocate buffers for strings: =—---------
len = mxGetN(pIn[0]) + 1;
StringIn = mxCalloc( len, sizeof(char) );

StringOut = mxCalloc( len, sizeof(char) );

status = mxGetString( pIn[0}, StringIn, len );
if (status != 0)
mexWarnMsgTxt ('Not enough space for string.’);

Reverse( StringIn, len, StringOut );

pOut [0] = mxCreateString( StringOut );

)
/11111111111]---the end of the code---//////11111111111/

Hy, npexxae Bcero, B JaHHOM Clly4ae Mbl TEKCT BHYTpeHHeH (HEIKCIOpTHPYEeMOii
U3 IMHaMHuecKoH 6ubinoTekH) QyHKUHMH Reverse MOMECTHIIM Mepel TEKCTOM HH-
TepdeiicHoit dyHkuuH mexFunction, uro He mpeacTaBiseT coGOi HU4Ero HEoGbIY-
HOro, HO, TEM HE MeHee, no3posiser oboiiTuce 6e3 mpororHna >ToH ¢GyHKUHH (YTO
BCEraa UMeJIo MECTO B MpelplAyLIHX NpUMepax). B camoli dyHkUMH Reverse umeer
MecTo TUNMH4HOe Ui A3blka C TOTanbHOe NpHMEHEHHE YKazaTened mns paboTsl
€ CHMBOJIHBIMH MacCHBaMH (B TEPMHHONOTHH A3bika C 3T0 MaccuBBI THNa char).

Bxonnas TekCTOBas CTPOKA M3BIEKAETCA U3 MacCHBAa MXArray ¢ moMolusto MAT-
LAB API-pynkunn mxGetString, koTopas nmoMeitaeT 3Ty CTPOKY B 3apaHee Ioaro-
ToBNeHHbIH Oydep, mamaTe s Koroporo Bhbimensercs apyrod MATLAB
API-byunkuned — gynkumnet mxCalloc. B ciydae negocratounoro pasmepa 6ydepa
MBI BbIlaeM B KOMaHAHoe okHO cucteMbl MATLAB npenynpesxaatoiee coobiieH1e
¢ nomouipto GyHKUHH mexWarnMsgTxt.

Hakoneu, BeIxoaHoe 3HaueHHe naHHOH MEX-¢dyHkuuH, koTopoe sABaseTcd MacCH-
BoM cucteMsl MATLAB tuna char, cozgaercs ¢ noMmasisio MATLAB API-dynkunu
mxCreateString, apryMeHTOM IS KOTOpOH CIy>KHT MaccuB si3elka C Tuna char,
B KOTOPOM pacioiaraloTcs BbIXOAHBIE CHMBOJTBI.
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HAns nposepku paboTel nonyyeHHoi MEX-Gynkuun RevString nomamum eii Ha
BX0J cTpoKy ‘Hello, World’.PesynbTar paGoTel npeicTasineH Ha puc. 8.13.

Pucynok 8.13

B 3aBepwenne uenu npumepos paccMoTpuM MEX-yHKUMIO, TPHHHMAIOLIYIO HA
BXO/Ie MaCCHB A4eeK. Mbl 3HaeM, YTO MacCHB siueeK ABJISETCH «MACCUBOM MacCHBOBY,
TaK Kak €ro 3JIeMEHTbI CaMH SBIIAOTCA MaccHBaMu cucteMbl MATLAB. C touku 3pe-
tust MEX-¢pynkumit 370 03Hauaer, yto MATLAB API-pyHkuus mxGetCell Bo3ppa-
1aeT yKa3aTe/lb Ha THN MXArray, KoTopeli TpebyeT nanpHekei 06paboTky.

Cozpanum MEX-¢yHkuuio, koTopasi Mony4dB Ha BXOJ€ MAacCHB fueeK, M3yuaeT
€ro CTPYKTYpY H MnepefaeT NONy4eHHYI0 HHGOpMAUMIO B KOMaHAHOE OKHO CHCTEMBI
MATLAB ¢ nomousto MATLAB API-byHkiui mexPrintf. ’

Jnst NpOCTOTBI OrpaHUYMMCA CJly4aeM, KOTAa BXOLHOM MacCHB slYeek MMeEET pas-
MEPHOCTb /1Ba, TO €CTh ABNAETCA MaTpuueH. Mcxoas 13 3Toro orpaHuuyeHus crieayo-
wuid C-kon focTaToueH Juis pasbopa COAEPKUMOTO (Ha MEPBOM YPOBHE BO3MOMHBIX
MHOTOYPOBHEBBIX BJIOK€HHH MACCHUBOB fA4€EK B JAPYrHe MacCHBbLI S4YEEK) BXOIHOIO
MaccHBa (MaTpHibl) THNa cell:

#include ‘mex.h’

// Prototype:
void MyPrint( int, int, mxArray* );

LILLEETTIET I 200071777007771100101010010101010111111111111111
void mexFunction( int nOut, mxArray* pOut[],
int nIn, const mxArray* pIn[] )

int i, 3, ndim, M, N;
mxArray* pAr;

//=--=--- Input and output checking: ------- —
if (nIn!=1) mexErrMsgTxt(’One input required.’);
else if (nOut > 0)
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mexErrMsgTxt (' No output required.’);

ndim = mxGetNumberOfDimensions( pIn([0] );
if( ndim != 2 )
mexErrMsgTxt (' Only matrices accepted.’);

if( 'mxIsCell( pIn[0]) )
mexErrMsgTxt ( Input must be a cell only.’);

M = mxGetM( pIn[0] );
N = mxGetN( pIn[0] );

for(i=0; 1 <M i++)
for( j =0; j <N; j++ )
{
PAr = mxGetCell( pIn[0], i+j*M );
MyPrint( i, j, pAr );
}
}
J1771771777777777777717777771777177177777777717777717717
void MyPrint( int i, int j, mxArray* pAr )
{
if( mxIsChar( pAr ) )
mexPrintf (' $d-%d element is Char\n’,i+l,j+1);
else if( mxIsDouble( pAr ) )
mexPrintf (' %$d-%d element is Double\n’,i+l,j+1);
else if( mxIsComplex( pAr ) )
mexPrintf (' %d-%d element is Complex\n’,i+1,3+1);
else if( mxIsCell( pAr ) )
mexPrintf (’ $d~%d element is Cell\n’,i+1,3j+1);
else if( mxIsStruct( pAr ) )
mexPrintf (' %d-%d element is Struct\n’,i+l,j+1);
else if( mxIsUint8( pAr ) )
mexPrintf (’%d-%d is Uint8\n’,i+l,j+l);
else if( mxIsSparse( pAr ) )
mexPrintf (' $d-%d is Sparse\n’,i+1,j+1);
else
mexPrintf (' %$d-%d element - Unknowﬁ\n’,i+1,j+1);

}
//1111111]/1]---the end of the code-=-/////111/1111111/]
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Ha Bxon manHoOH (GyHKUMH OOMYCKAalOTCA TOJNIBKO IBYMEPHBIE MACCHBBI SUEEK.
C nomompto MATLAB API-dyHkuun mxGetCell Mbl M3BNEKaeM OTHENbHBIN 3jle-
MEHT BXOJHOro MaccuBa. J[is MaccuBa siueek 3J1eMEHTbl UMEIOT THI mxArray. Obpa-
THM BHMUMaHHe Ha TO, YTO B (yHKUMH MxGetCell oTaenbHbIe 3NEeMEHTH HHOEKCHPY-
I0TCSl €AMHCTBEHHBIM WHAEKCOM, 3HAaY€HHE KOTOPOro HYXKHO Ha3zHauyaTh HCXOIS U3
YROpAJOUYEHHA 3EMEHTOB MaccuBOB cucTteMbl MATLAB no crontuam. MmenHo mo-
STOMY 3JIEMEHT W3 1-H CTPOKH W j-ro cToAOLA H3BJIEKAETCS ¢ TIOMOUIBIO CIIEAYIOILETO
BbIpOXEHHA (MHAEKCHI B A3bIke C HAUWHAIOTCS C HYJIN):

pPAr = mxGetCell( pIn[0], it+j*M );

Vkazaresib PAr Ha CTPYKTYpy MxArray aanee nepepaetcs B dbyHkumio MyPrint,
rae ¢ nomouwpro ¢yHkunii mxIsChar, mxIsDouble, mxIsComplex, mxIsCell,
mxIsStruct, mxIsUint8 mmxIsSparse onpeaensercs, Kakie JaHHbIE COMAEPKATCA
B 3TOH CTPYKTYpe.

Tak kak B s3bike C MHOEKCH MaCCHMBOB HAYMHAIOTCA C HYJA, a B M-A3bIKe OHH
HaYUHAIOTCA ¢ €IMHHLBI, TO, YTOOBI HabMIOaTE B KOMaH/THOM OKHE cucTeMbl MAT-
LAB npuBbIYHbIE 3HaUEHHS UHAEKCOB, Mbl B GYHKUMH MyPrint yBenuuuBaem 3Ha-
YCHHA HHIEKCOB Ha €[MHHULY TpH HX BbLIBOAE B KOMaHJHOE OKHO (YHKUHei
mexPrintf.

IpoTecTupyem paboty coznanHoit Tonbko uro MEX-¢dyHkunu MexCelll Ha npu-
Mepe rpocToro Maccupa tumna cell (cM. puc. 8.14).

) MATLAB Command Window CIo0x]|

L) PucyHok 8.14

Ecnu e npumenuts pyHkumio MexCelll k MaccuBy siueek MyCellArray
MyStruct = struct(’fieldl’, [ 1 2 3],'field2’,’Hello’);

MyCellArray( 1, 1 ) = { 'Bonjour!’ };
MyCellArray( 1, 2 ) { [ 123; 45 6; 789]};
MyCellArray( 2, 1 ) = { MyStruct };

MyCellArray( 2, 2 ) = { [ 97 5] };

KOTOpBIA Mbl paH€€ CO3JaBand B Ii. 3 NMpH M3ydeHHH MacCMBOB Tvma cell, To
pesynbTar paGoThl 3TOH (QYHKUMHM MOKaxeT, YTO PacnO3HAIOTCS M CHTYalUMH, KOTAa
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HEKOTOpBIE 3JIEMEHTBI BXOJHOTO MAaccHBa fY€EK CaMH HWMEET CIIOXKHYIO CTPYKTYpy,
HanpuMep SBJISIOTCS MAaCCHBAMU CTPYKTYp:

MexCelll ( MyCellArray )
1-1 element is Char
1-2 element is Double
2-1 element is Struct
2-2 element is Double

Takum e 06pa3oM pacno3HAIOTCH CHTYalMH, KOT/A 3JIeMEHTaMH MaccHBa siueek
B CBOIO O4epelb ABJIAIOTCA MacCHBHI S4eeK.

3akaH4MBas paccMOTPEHHE KOHKPETHBIX MPHUMEPOB nporpamMmupoBanus MEX-
GbyHKUMH, OTMETHMM, 4YTO CO BCEMH He paccMoTpeHHbiMM Hamu MATLAB
API-pyHKUMAMH Bcerga MOXKHO O3HAaKOMMTBCA MO BCTpoeHHOH B cucteMy MATLAB
NoACHCTEME CripaBo4HOi uHbopmauuu. HanpuMep, MoxxHO BoCMosb30BaThcs HHPOpMa-
uveit n3 PDF-daiinos, pacnonoxennbix B noakataiore \help\pdf doc\matlab\Api.
Hanomuum, yro PDF-daitnel npocMarpuBatotes nporpaMMamu Acrobat Reader wnu
Acrobat Exchange.

Bbi3oB hyHKUMIA M KOMaAHA CUCTEMBI
MATLAB u3 MEX-¢ynkumnii

Msl yke roBopunu B MpedsidylleM noapasgene, uro nomumo MATLAB
API-dpynkuuii ¢ npedrikcom mx umerores Takke MATLAB API-dbyHkuuu ¢ npedux-
com mex. Ilocneanue npeaHasHayeHbl ANs BBITIOJIHEHHS KOMaHA W GYHKUMH cpelbl
MATLAB. B npumepax npeapiayliero noapa3szesna Mbl Ha MpPaKkTHKe UCMONb3OBAIH
Takoro poaa GyHkuud mexErrMsgTxt, mexWarnMsgTxt u mexPrintf.

Onnako KkOHUENTyajlbHO Haubonee BaxKHOW (yHKuUHe#H Takoro THna (ITOMUMO
uHTepdeiicHolt PyHkunu mexFunction) saensetca ¢yHkuus mexCallMATLAB. Dra
tbyHkuus nossonser u3HyTpu C-koaa paspabareiBaeMbix HaMd MEX-¢dyHkuuit BbI3bI-
BaTh Apyrue MEX-¢yHkuuu, nobsie M-pyHKUHH 1 BooOle Bce KOMaHAbL U yHK-
uuu cpeast MATLAB. Ortciona scHO, 4To BaxHOCTh (pyHkunu mexCallMATLAB
TpyAHo nepeoueHuTb. MMeHHO 3Ta QyHKLUHS MO3BOJIET CaMbIM TeCHbIM 06pa3oM HH-
terpupoBats MEX-¢ynkuuu B cpeny MATLAB, cienaB ux caMbIM HemocpeAcTBEH-
HBIM pacHIMPEHHEM 3TOH NPOrpaMMHOM Cpeibl.

B kadecTBe npumepa ucrionb3oBaHWA ¢(yHkuud mexCallMATLAB paccMOTpuM
ceituac npumep MEX-dyHkuMy, KOTOpas HHYEro HE NPHHUMAET Ha BXOAE, HO CaMo-
CTOATENBHO CO3JaeT KBaApaTHYIO MaTpuly THna double, 3anonHseT ee 3/MEMEHTHI
KOHKPETHbIMH 3HA4EHHAMH, MOC/IE H€ro BBI3LIBACT BCTPOCHHYIO B Cpesly MATLAB
¢ynkumio det ans BBIYMCIICHHS ONMpeAENUTENs NONyYeHHOH MaTpuusl. [anee Hawa
MEX-¢pyHKuHs BbIBEACT pe3ynbTaT BBHIYMCIEHHS ONPEAENIHUTENS B KOMAHAHOE OKHO
cuctemMel MATLAB onste-Taku ¢ nomouipto GpyHkuuu mexCallMATLAB.
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Ora MEX-byHKuHs, KOTOpyio Mbl HazoBeM MyMexDeterminant, Bcio paboty
NPOU3BOJIMT B CBOeM COOCTBEHHOM Kofie M He Bo3BpauiaeT B cpeay MATLAB Huka-
kux 3HaueHuil. [ToaToMy Mbl npoBepsieM napaMeTpbl nIn u nOut, 4yToObl rapaHTHPO-
BaTh NpaBUIbLHbIA BbI30B 3TOH MEX-(hyHKUMM W3 KOMaHAHOro okHa cucteMbl MAT-
LAB (1o ecTh 0€3 BXOJHBIX NapaMeTpoB K €3 BO3BpaliaeMblX 3HaUYEHHH ).

[Tepen TeM kak nucath koa MEX-byHkumu MyMexDeterminant, npeactaBum
npororun GpyHkuud mexCal1MATLAB:

int mexCallMATLAB( int nOut, mxArray*pOutl],
int nIn, mxArray*pIn[],
const char* name ):

VY oTol ¢yHKUMM Bcero natb napameTpoB. [lepBbie ueThipe M3 HHX COBMAAAIOT
¢ napaMeTpaMu yHkuud mexFunction, 4ro abconoTHO OYEBHAHO, TOTOMY YTO 3TO
v ecTb WHTepdeiicHas dyHkuus cpenst MATLAB (kak »xe nmHaue MoxkHO Obino Obl
BeI3BaTh M3 MEX-dbyHkuuu apyryo MEX-dyHkuuto). [1atei#i napameTp npeacrasnis-
eT uMs HyHKUHH (KOMaHbl), NoJuiexKallell BbINOJIHEHHIO.

Tenepb Mbl rotosbl k Hanucanuio koaga MEX-¢yukunn MyMexDeterminant (Ha-
MOMHHM eule pas, uto uMsa MEX-pyHKuun cornaaaer ¢ MMeHeM npoekra B Microsoft
Developer Studio W vcrione3yetcs npu BbI30Be 3TOM (PYHKILIMH, HO HE BCTpeYaeTcs
B ee ucxoauom C-koae):

#¢include ’'mex.h’
#include <memory.h>

PITHILITT T i rrr i rir i iri i ririry
void mexFunction( int nOQut, mxArray* pOut(},
int nIn, const mxArray* pIn[] )
{ .
int ret; double x; char str{128];
mxArray* pAr[l]; mxArray* pRes[l];
double pS[] = {1,4,7,2,5,8,3,6,9)

’

[[====== Input and output checking: -----------
1f (nIn!'=0) mexErrMsgTxt(’None input required.’);
else if (nQut != 0)

mexErrMsgTxt ( None output required.’);

// 3-by—3 matrix creation and element setting:
pAr[0] = mxCreateDoubleMatrix (3, 3, mxREAL);
memcpy ( mxGetPr( pAr[0] ), pS, sizeof( pS ) );

// We ask MATLAB to calculate determinant.

9 3ak. 409
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// The result will be in pRes.
ret = mexCallMATLAB( 1, pRes, 1, pAr, 'det’ );
if( ret !'= 0 ) mexErrMsgTxt(’det failure');

// Now we show the result in Command window:
// this is equivalent to ’disp’ command:
x = *( mxGetPr( pRes[0] ) );
sprintf( str, ’determinant = %f’, x );
mxDestroyArray( pRes[0] ):
pRes[0] = mxCreateString( str );
mexCallMATLAB( 0, NULL, 1, pRes, ’‘disp’ ):

// the last memory cleanup (good practice!):
mxDestroyArray( pAr([0] );

mxDestroyArray( pRes[0] );

}

///1111111]]/---the end of the code---////////111111/

IMo TekcTy byHKUMM MOXHO JaTh Heckosbko moscHeHui. IIpexxae Bcero, 3amos-
HEHHE CO3JaHHOro MaccuBa Tumna double 3HaUEHHUAMH €ro 3JIEMEHTOB MOXKHO BbI-
NOJIHUTb €AMHCTBEHHBIM BBI30OBOM (PYHKLMH MEMCPY, Tak Kak 3Ta (GyHKUHs 32 OquH
pa3 KOMMpyeT coepkMMoe BJI0Ka NaMATH C TIOArOTOBJIEHHBIMH 3JIEMEHTAMH B 6J10K
NaMsITH, OTBEICHHBIM M10J] BJIEMEHTBI B CTPYKTYpe MxArray.

Bsi3oB dyHkuun mexCallMATLAB Ui BbIYMCIIEHHS onpeaeauTens (AeTepMHHaH-
Ta) MaTpHLbl AOCTATOYHO OUEBH/ICH:

ret = mexCallMATLAB( 1, pRes, 1, pAr, ‘det’ );

VY Hac TyT UMEIOTCS €IUHCTBEHHbIH BXOIHON napaMeTp W €IMHCTBEHHOE BBIXOA-
Hoe 3Ha4deHue. BxonHol napameTrp nepenaetcs yepe3 MaccuB pAr (3TOT MacCHB CO-
CTOMT M3 OJHOTO 3JIEMEHTA, SBIAIOLIErOCs YKasaTeleM Ha CTpyKTypy MxArray),
a BbIXOJIHOe 3HauyeHHe Oyner mponucaHo B MaccuB pRes. [Tocneanuii MaccuB Takoke
COCTOUT M3 eIMHCTBEHHOTO YKazaTtensi Ha mxArray. IMeHHO Tak 3TH mepemeHHbie
Y 6bUTH OTpesieNeHbl B HALLIEM KoJe:

mxArray* pAr(l]; mxArray* pRes[l];

BaxxHo npoeepsaTte Bo3spaT (pyHkuMH nmexCal IMATLAB, Tak Kak omnepaLHs BbIYHC-
JIEHUs OTIPEJIENTUTENS HE BCETaa BO3MOXKHA (BAPYT Bbl MO omuMbKe nepeaaid i Bbl-
YHUCJIEHHUs] HEKBAAPATHYIO MaTPHILY, HANIPHMED).

H3 pesynpTHpyrowero mMaccupa pRes {0] Mbl u3B/IeKkaeM 3HayeHHE BHIYUCIIEHHOTO
ompejeNMTENS W MOMELIaeM ero B MNEpeMeHHyK X Tuma dduble, mocne yero
HCMIOJIb3yeM 3HAaYeHHWE ITOHW MNepeMeHHOM IS (POPMHUPOBAaHMS CTPOKH TEKCTa,
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conepiKallero 3To 3HaveHue. JlenaeTcs 3TO ¢ MOMOUIBIO CTAHAAPTHON OUOMTHOTEUHOM
C-pynkuuu sprintf.

Ilanee Mbl YHHUYTOXKaeM 3a HeHaloOHOCThIO paHee CHOPMHPOBAHHBIA MaccHB
pRes[0] (daxkTuueckn ocBobGOMKaeM BBIAENEHHYIO MOA HETO MaMsATh), a 3aTeM MO0
3TOMY >e€ yKasareno (He mpomnajath ke noOpy) co3faeM HOBBIH MacCHB CHCTEMBI
MATLAB, Ho 3TOT MaccHB Y>ke UMeeT THI char. OH-To W OyIET CyXHUTb BXOAHBIM
napameTpoM mst dyHkuuu mexCallMATLAB, ¢ mOMOILBIO KOTOPOH MOArOTOBIEHHOE
TEKCTOBOE COOOIEHHE W BBIBOAWTCS B KOMaHaHoe OKHO cucteMbl MATLAB
(cM. puc. 8.15).

PucyHok 8.15

Bor sTOT dparMeHT KOAa, KOTOpBI OCYLLECTBJSAET IMOKA3aHHBIH Ha PHCYHKe
BBIBOZ: '

pRes[0] = mere‘ateString( str );
mexCallMATLAB({ 0, NULL, 1, pRes, ’'disp’ };

Tak kak A UCHONHAEMOM TakuM obpazoMm ¢yHkumu disp cucrembl MATLAB
BO3BpAll[aeMble 3HaYECHHsS HE HCMOJBL3YIOTCS, TO Mbi M MPOTMCHIBAEM NEPBBIC ABA Ma-
pametpa ¢pyHkuMK mexCallMATLAB cOOTBETCTBEHHO HyJieM M 3HayeHHeM NULL.

B kouue Tekcra Hawed MEX-dyHkuuu xopouinm pelieHvem Oyaer camocTos-
TenbHoe (uToObl He neperpyxatb naker MATLAB nononuutenbHo# paboToit) ocso-
BokieHHe TMaMATH, BBIIENEHHOW MOA CTPYKTYpbl MxXArray (TO €cTb MOA MAacCHBBI
cucremst MATLAB):

// the last memory cleanup (good practice!):
mxDestroyArray( pAr(0] );
mxDestroyArray( pRes[0] );

Belnonusercs ata pabora ¢ noMoumpto MATLAB API-byukuun mxDestroyAr-
ray, CHHTaKCHC BBI30Ba KOTOPOH abCONOTHO OYEBHAECH.



Yactb 3

Co3AaHME 3aKOHYEHHbIX
MPUAOXKEHN

AaBa 9
3aKOH‘-IEHHbIe I'IpM/\O)KEHMSI

Ha 0a3e rpaduyeckoro
uHtepdeiica noAb3oBatead
cuctembl MATLAB

I'pachuueckne okHa cucrembt MATLAB
U IAEMEHTbl ynpaBAeHUS

Jna pewenus kpynHoH 3agauu obbluHO TpebyeTcs pa3paboTka MHOXeECTBa
M- 1 MEX-dyHkuuii, KOTOpbi€ BbI3bIBAIOTCS B HEKOTOPOI 3a/1aHHON MOC/IEI0BATENb-
HOCTH Hapfay cO CTaHAApTHBIMH (pyHKUMAMH cucTeMbl MATLAB. TloMumo aToro
HY>KHO BBOJIMTb MCXOJIHBIC YHC/IOBBIE M TEKCTOBBIC AAHHBIE, A TAKKE BU3YaTH3HPO-
BaTh [POMEXKYTOUHBIC H KOHEYHBbIE pe3ynbTaThl B TOH MM MHOH (opMe: YacTb pe-
3y/IbTATOB MOJKHO MpPEJACTABHTb B TEKCTOBOM BHJE, & 4acTb — B rpa)u4eckoM BH/IE.
MosxeT Tarke noTpeOOBaThC HECKOIBKO rpadhUuecKhX OKOH JUis HarjisHo# rpadu-
YECKOH BU3yastM3alliH.

HenocpeacrBeHHblil pa3paboTymik, 3HAKOMBI CO BCEMH HIOAHCAMH, B COCTOSIHHH
JUPWKUPOBATh TaKWM JOBOJbHO CIOKHbIM «aHcaMOnem». OQHaKo MOBTOPUTH 3Ty
paboTy CTOPOHHEMY MOJIb30BATE/IO HEMPOCTO, BEb OHA TPEGYET TOUHBIX 3HAHHH KO-
MaH] W pyHkuni cucrembl MATLAB, a Taioke OCHOB MPOrpaMMHpOBaHHs B paMKax
- 3To# cucTemsl. Jlaxe caMmoMy pa3pa60TLm1<y ans BbONHEHUS MHOFOUYMCICHHBIX 1O~
BTOPAIOLMXCS 33/1aHuH OBIno Obl y106HEee UMETh HEKOTOPBIH unmezpupylowjuii mexd-
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HU3M, TIO3BOJIAIOIMHA YA06HBIM M HAMIAAHBIM CNOCO60M BBIMONHATb BCE BUABI Pa3HO-
POAHbIX paboT U3 €AHHOTO KOMAHOHO20 Yenmpa.

Jns otux ueneid B cucteMe MATLAB npuMeHstoTes yxke H3y4eHHble HAMH paHee
rpaduyecKHe OKHA BMeCTe C epaghuueckumu dnemenmamu ynpacrernwi. Tlocneanue
pacnonaraloTcsi Ha MOBEPXHOCTH rpaHueckux OKOH W MO3BOJIAIOT BBOAHTb M YHUTATh
YHCJIOBYIO W TEKCTOBYIO WH(OPMALHIO, HAXKaTHEM KHOINOK MHHLMHPOBATH BBIMOJIHE-
HHe mobblX (QyHkuMd (ctaHaapTHbX, M-dyHkunit unn MEX-dyHkuui) ¢ nocne-
AYIOUIMM aBTOMaTHUYECKHM [MOKa30M PE3YJNbTaTOB BbIYHUCICHHH HA NOBEPXHOCTH rpa-
duueckoro o6beKTa axes TOro xe rpagUIeckoro okHa. 31ech XK€ pealu3yeTcs BO3-
MOKHOCTb MOy YHTb JIIOOYIO CHpagounyio uig)opmayuio ¢ OMOLIbIO KOMaH/bl MeHIO
3TOro ke rpauYecKoro OKHa.

B pesynbrate rpaguueckue okHa cucteMbl MATLAB, B KOTOpbIX peajli30BaHb!
Bce HEOOXOAMMbIE DJIEMEHTBI YNPaBieHHsi U MEHIO, CTAHOBATCS YAOOHBIM HMHTErpH-
PYIOLUMM MEXaHH3MOM, YTIPOUIAIOLIMM HCIOIb30BaHKHe BCEro aHcaMOils CTaHAapTHBIX
M CaMOCTOSITENIbHO pa3paboTaHHBIX (PyHKUMH, NO3BONAIOLMX pellaTh CNOXHbIE 3aaa-
Y¥ ¥ BH3yanuM3upoBaTh pe3yibTaTel. Ho camoe rmiaBHoe 3akimoyaeTcs B TOM, YTO pa-
6ota B TakoM rpaUUecKOM OKHE CTAaHOBUTCS HAarysHOH, ynoOHo# M npoctoit. U3
KOMaHOHOro okHa cucteMbl MATLAB notpebyercs auiub OAMH pa3 BbI3BATH
M-¢yHKuHIO, co3aloulyo Takoe rpaguueckoe OKHO, rmocie uero moboi cTopOHHHH
MONb30BaTENb CMOXKET CAMOCTOSITENBHO C HAM paboTarth.

CreneHb NpocTOThl U y00CTBa paboThl 3aBUCHT, KOHEYHO, OT CaMOOUYEBHIHOCTH
PeaN30BaHHOTO MOJb30BATENLCKOTO HHTep(heica U OT TONHOTHI U CHOCTH CPEACTB
JOKYMEHTHPOBaHHS H oniepatHBHON nomolud. B nobom cnyvae onucaHHbIA HHTETpU-
pyloLMi MexaHu3M Ha 6a3e rpaduyecKHX OKOH M DJIEMEHTOB YNpPaB/IeHHs TI03BOJIAET
C03/1aBaTh 2AKOHYEHHble OmuYJcOaeMbie NPULOJICEH U, KOTOPbIE MOXHO NepejaBarh
CTOPOHHHM TIOJIL30BATENIAM JJIS MOCNENYIOLIEr0 MHOTOKPATHOTO NMPUMEHEHHA.

Ilpocrota co3aanus rpadyUvecKUX 3J1EMEHTOB YIpPaBIEHHS W MEHIO B paMKax rna-
kera MATLAB no3BosisieT AONONHUTENbHO 0XapakTepH3oBaTh ero Kak cpedcmeo Oul-
cmpoil pa3pabomku Hay4HBIX NPOEKTOB.

B caenyrouwieM noapasnene Mbl OyneM cHCTeMaTrH4ecku usyuarb rpaduyeckde
00BEKTh! YIIPABIECHHA U NPAKTHYECKH CO3JaIMM O0BEKT axes, NpelHa3sHauYeHHbIH g
nocTpoeHus rpadukoB GpyHKUUH (MBI ¢ HUM YK€ 3HAKOMbI MO TeMaM, CBA3aHHBIM
¢ BU3yanu3auuei), a TakKe Heckonbko o0bekToB ofuero Tuna uicontrol.
K nocneaHuM OTHOCATCS KOMAHOHbIE KHONKY, MeKCcmogbie ROJs C BO3MOXKHOCTBIO
PEAAKTHPOBAaHHS TeKCTa U 0e3 Takol BO3MOXHOCTH, Heperniouament N CRUCKU.

A B TeKyllleM mnojpasjiesie Mbl B OCHOBHOM pacCMOTPHUM o0LIHe CBOWMCTBAa BcEX
rpaduueckux o6bvekToB cucreMbt MATLAB. [lpu 5TOM MbI elie pa3 MOBTOPHM HEKO-
TOpBIE U3 YK€ M3BECTHBLIX HaM rpaguueckux 00BEKTOB W CO3JadHM OJHH 3JEMEHT
YIpaBJieHHs — KOMAHIHYIO KHOTIKY.

Kax MBI YK€ 3HaeM, Bce rpadmueckue o0beKThl BoINOAHEHB! B cicteme MATLAB
N0 06beKMHOU MEXHOA02UU W XapaKTePH3YIOTC NPUCYUIMM UM HABOpoM Ce0tcme.
Memnss rlocneIIHPle Mbl MOIIH(lmImpyeM X BH€I_IIHHPI B H nosenenue. YtoObl H3me-
'HHTH CBOMCTBA FPaUMECKUX OGBEKTOB, HYHKHO TIONYYMTE JOCTYI K HHM M0 MX onu-
camenio (YUCITy, YHHKATIBHO HAEHTHHUUPYIOLIEMY KOHKPETHbIH 00BEKT).
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Onucarenn rpaduyeckoro odbeKkra BO3BPALLAIOT @DYHKYUU-KOHCMPYKMOPSL, CO3-
Jaroure 3Td 06bekThl. IMeHa (yHKLHIA-KOHCTPYKTOPOB COBNAAalOT ¢ HMEHAMH rpa-
¢uyeckux oObekTOB. 3aMOMHHB OMNMCATENIN B rN00aNBHBIX MEPEMEHHBIX, Mbl BCeraa
BrOC/IeACTBHH Oy1eM HMeTb BO3MOXKHOCTb POCTOrO JOCTYMNA K HHM.

Jpyrum crnoco6oM nostyueHus onucarenei sBiseTcs UCMOb30BaHHE CrelHalbHbIX
¢ynkuuit cucreMmel MATLAB, rtakux, kak ¢yHkuus gcf (get current figure-—
MOJIyYHTh OMHcaTeNb TeKylero rpaduyeckoro okHa). @yHkuusI-koHCTpYKTOp figure
co3paer rpaduueckoe OKHO CTaHAApTHOro (3aJaHHOro Mo yMon4aHHio) upera. Ecnn
HaM TpeOyeTcs H3MEHHUTH LIBET Ha KPacHbIH, TO 3TO JIErKO BBIMOJIHHTD, MOJIyYHB OIH-
carenb okHa GyHKUMeH gcf, a 3aTeM NPUCBOMB HOBOE 3HaYeHHe CBOHCTRY. ' Color’:

hFig = gcf;
set( hFig, ’Color’, ’'red’ });

HJIH €LIE KOpOoYE:
set( gcf, 'Color’, 'red’ )

H3o Bcex rpaduuecknx oobektoB cucteMbl MATLAB nac celiuac 6yayT uHTepe-
COBaTh rpaUUecKHE NIEMEHTHI YNpaBieHHs. OTH 00bEeKTbl (OHH ABJISAIOTCS OKHAMH
B CMBICJIE OTNepaLlHOHHONH cHcTeMbl Windows) Ha MOBEPXHOCTH rpaUuecKoro okHa
CO3/1a10TCA MO HEPAPXHYECKOH CXeMe «pPOJIMTENb — MIOTOMCTBO». POAUTENBECKHM OKHOM
JUTsl 3JIEMEHTOB YTIpaBJIeHHs CIIYKHT camo rpaguyeckoe okHo cucteMel MATLAB.

Hns noucka onucarened rpaguueckux oObeKTOB yA0OHO NMPHUMEHHTH (YHKLHIO
findobi:

hArray=findobj (hParent,’'uma_cpoitcTea’, 3HayeHue CBOWCTBA)

TaK Kak 3Ta (QyHKLUHS OTHICKMBaeT BCe OOBEKTHI, ABJAIOLIMECS NMOTOMKaMH OOBeKTa
c onucareneM hParent v MMeroline s CBOKCTBA ' ¥MA_CBOJCTBA’ 3HAYEHHME, yKa-
3aHHOE B NapaMeTpe 3HaueHme CBONCTBA. OHa BO3BPAILAET MX OMMCATE/H B MACCH-
Be hArray.

Otol ¢dyHKLUHeH LHPOKO MONB3YIOTCS AJIA AOCTYNa K OMHCaTeNsM KOHKPETHBIX
3JIEMEHTOB YNPABJIEHHSs, KOTOpbie ABISIOTCA NMOTOMKaMH rpaguyeckoro okHa CHCTe-
Mel MATLAB, Tak uto BMecro hParent moxHo ucnonb3oBath gcf. B kadecTse
yno6HOro A7s morcka cBOHCTBa yacTo ynorpebnsercs ceoicto ' Tag’ (apavik), 3Ha-
YeHHEM KOTOpOro SBJIAETCA MPOU3BOJILHO TPUCBAWBaeMbIid 3J1EMEHTY YMpaBICHHA
TeKCTOBbIH HaeHTH]HKaTOp. Ec/in Mbl pa3HbiM 00BeKTaM NMPHCBOMM pa3Hble WIEHTH-
¢dukaTOphl B KauecTBe 3HA4YCHUI cBoiicTRa ' Tag’, To He Oyner mpobnem ¢ MOMCKOM
onucartenei STHX 0OBEKTOB.

A Tenepb Ui fipUMepa CO3Aa WM Ha MOBEPXHOCTH rpadUyeckoro okHa KOMaHA-
HYIO KHOTIKY: '

hFl = fiqure;

uicontrol ( hFl,’Style’,’pushbutton’,..

"String’, ’'MyButtonl’,..
"Position’, [ 10 10 70 30 1 );
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OneMeHTHl ynpasieHus B cucteMe MATILLAB umeror Tvn uicontrol. Ouu cos-
natoTcst QyHKUHEeH-KOHCTpYKTOpoM uUicontrol, y KOTOpoH mnepBbIM MapaMeTpoM
HIET onMcaTeib POAUTENBCKOrO OKHa, a 3aTEM M0 OYEPEIH NEPEUUCIAIOTCS UMEHa
M 3HaYeHUs CBOMCTB, KOTOPbIM MBI SIBHO TpuJaeM COOCTBEHHblE 3HAYEHHUSA
(a ocTanpHBle, MEHEEe BaKHbIE JJIs HAC CBOWMCTBa, MOJIy4alOT 3HAYCHHA [0 yMoJ4a-
HHI0). B MTOre MmeeM rpaduueckoe OKHO, B KOTOPOM SBCTBEHHO BMJHA KHOMNKA
(cM. puc. 9.1). Drta kHONKa BHU3yallbHO JeHCTBYeT 0e3yrnpeyHo — C MOMOILLUBIO JEBOH
IJIABHLIM MBILIH OHa HakuMaeTcs (BHAEH npouecc 3aray6aeHUs NMOBEPXHOCTH KHOI-
KH) U OT’)KUMAETCS, HO TIPH 3TOM HE MPOUCXOAUT HUKaKHX AEHCTBUHA B Ka4uecTBe MO-
CNIEACTBUH HaKaTUsd. DTO NMPOUCXOOUT NMOTOMY, YTO Mbl €LIe HE NPHITUCAIN 3TOH
KHOTKe (GYHKLHH, BRINOJHEHHE KOTOPBIX 10/DKHO OBITE peakyuetl Ha HKaTHE.

Pucynok 9.1

B ¢ynkuuu uicontrol, co3parolied 3JeMEHT yNpaBleHHUs, CAaMbIM BaXKHBIM Ma-
pamMeTpoM Mociie OnucareNs poAUTENbCKOro OKHA siBNsfeTcs cBOHCTBO 'Style’, Tak
KaK OHO 3a/1a€T mun YNPaBISIOILEro d/eMeHTa. 3agaB Ui 3TOT0 CBOWCTBA 3HAYEHHE
"pushbutton’, Mbl co3aany UMEHHO KHOMKY (@ HE PeJaKTHPYEMOE MOJIE MIIM 4TO-
HUOYB ele).

Hmena aAByX Apyrux CBOHCTB rOBOPAT caMu 3a cebsa: String 3agaer HaaNMCh Ha
NOBEPXHOCTH KHOMKH (B JaHHOM ciydae 31o MyButtonl), a Position umMeer 3Hade-
HHEM BEKTOP-CTPOKY M3 4YETBIpEX UYHCEN H 3aaeT MOJOMKEHUE YNPaBISIOLIEro 3JIe-
MEHTa OTHOCHTEJIBHO JIEBOTO HMXHero yrna rpagudeckoro oxHa. Ecnu 6onee koH-
KPETHO, TO MONOXKEHHE JIEBOIO HIXXHErO Yriia KHOMKH OTHOCHTEIBHO JIEBOIO HHYKHETO
yria rpadU4eckoro OKHa 3aJaloT MepBble [Ba 3JEMEHTa YHCIIOBOH cTpoku. Tperui
JK€E DIIEMEHT 3TOH CTPOKM 33a7aeT IIMPUHY KHOTIKH, 8 YE€TBEPTHIH — BBICOTY KHOIMKH.

Co3AaHue OCHOBHbIX 3A€MEHTOB YnpaBA€HUSA

B npeasiaylueM noapaszene Mbl co3ald KOMaH HYIO kHorky. Teneps 6ynem cos-
J1aBaTh APYTHE 3JIEMEHTH] YTIpaBJeHU.

Jns BBOJA M PEJAKTHPOBAHMS BXOAHON WHQOpMauMH (YHUCIOBOH M TEKCTOBOH)
ripeIHA3HAYEHBl MEKCMOGble NOA C 03MONCHOCbIO pedaxmupoganus. OHU Co3/a-
IOTCS KOMaHJI0H
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uicontrol ( hParent, ’Style’, 'edit’, .. );

rie MHOTOTOYHE O3HAYaeT AOMOJHHTENbHbIE CBOMCTBA, OAHO M3 KOTOpbIX, 'POsi-
tion’, Hy>KHO YKa3bIBaTh MNPaKTHUECKH 00s3aTeNIbHO, HHAY€E YMpaBIAIOIHHA S1EMEHT
OyzaeT pacrnionoxkeH B HeynayHoMm mecte. Terepb €cliy B A0MONHEHHE K paHee CO3AaH-
HOH KHOIKe BBIMOJIHUTE KOMaHIy

uicontrol ( hF1l, ’Style’, ’edit’,..
"Position’, [ 100 10 70 30 ],..
"BackgroundColor’, ‘white’,..
"HorizontalAlignment’, ‘left’ );

TO rpaduueckoe OKHO NPUMET BHJ, H300paXkeHHbIH Ha puc. 9.2.

‘4 Figure N =]10] %]
: File © Edit’” Window' Help - ’

MyButton1 ! i qwerty

Pucyrok 9.2

Jlns perakTHpYIOLIEro 7eMeHTa Mbl Mponucand cBoicTBo ’BackgroundColor’
(uer ¢ona — cuenanu ero 6ebIM BMECTO TEMHO-CEPOrO MO YMOTYaHHIO) K CBOHCTBO
"HorizontalAlignment’ (THnm BbIpaBHMBAHHA TEKCTa B OPH3OHTAJILHOM Harpas-
JIEHWH — CHIENaNy 8blpagHUBANUE NO NEGOU 2PaHYe BMECTO GblPAGHUGAHUE RO YEHMPY,
HUMeIoLeMy MECTO MO YMOTHaHHIO).

3aMeTHM 371ecCh, YTO CBOMCTBO 'BackgroundColor’ weness mpoussonvro 3ada-
eamv 013 knonox (TpeboBaHHe onepauHoHHON cucTeMbl Windows).

Kak W B cyyae ¢ KHOMKOMH, CO3AaHHbIA peJaKTHPYIOLHMH 3NEMEHT ¢pasy XK€ Mpo-
ABJIAET CBOK (PYHKUHOHANBHOCTb: B HEM MOXKHO MBILIBIO NOCTaBHTh TECTOBBIA Kyp-
cop (nepeMecTuTh Ha HEro Qoxyc 6600a ¢ KIAGUAnypsl) U BBOAHTb MPOHU3BOJIbHbIH
TEKCT W Yucna ¢ knaBuarypbl. Ha pucyHke BUAHO, YTO Mbl YCMENH BBECTH «Marnde-
ckoe» OykBocoueTaHUe querty.

Teneps coszmagum mexcmogoe none 6e3 pedakmupoganus (Y4aCTO Ha3bIBAIOT
CTaTHYECKHUM TekcToM). Ha moBepXHOCTH 3TOr0 31EMEHTa MOXKHO PacnoiOKHUTh MPO-
W3BONBHBIN MOACHSAIOWKHN TEKCT. DTOT TEKCT MOKHO M3MEHATHL MPOrpaMMHO, HO ero
HeJb3s BBECTH C Kj1aBHaTypbl. BoT npuMep BbI3oBa GyHKkuMH uicontrol, cozparowuier
HepeNaKTHPYEMOE TEKCTOBOE Mofie, KOTOPOE PACMONOKEHO HyTh BbILE PeAaKTUPYHO-
LIero 3NeMeHTa:

uicontrol ( hF1l, ’Style’, ’text’,.. > .
"Position’, [ 100 50 70 30 1,.
"BackgroundColor’, 'white’,..
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"String’,"Hello, World!’,..
"HorizontalAlignment’, ‘center’ );

Tenepp Halle rpaduueckoe OKHO COACPIKHT YXKE TPH 3JIEMEHTa YINpaBJICHHs
(cMm. puc. 9.3).

4 Figure No. 1 / BEEB|
Eile  Edit \Window  Help®

Hello,
World!

MyButton] l I

Pucynok 9.3

Kak BuaHo W3 npuseneHHOro ¢parMeHTa, 1 CO34aHHUSA HEPEJAKTHPYEMOTO 3Je-
MeHTa CBOHCTBO ' Style’ no/pKHO WMeTh 3HaueHMe ' text’.

B oTnuiuKe oT paHee co3AaHHOrO peJakTHPYIOLLEro 3JEMEHTa, 3[eCb Mbl BbIOpanu
THN BbIPAaBHHBAHWs TeKCTa no yenmpy (OPUCBOMB 3Hauenuwe 'center’ CBOWCTBY
HorizontalAlignment), Tax kak oHO Gojlee YMECTHO B JAHHOM KOHKPETHOM Cllyvae
o011eH HAAMKCH HaZl PeJaKTHPYIOILUM 3JIEMEHTOM.

Hanee co3nannM aneMeHT ynpasieHus, Ha3biBaeMblH @raoickom (checkbox):

uicontrol( hFl, ’'Style’, ’checkbox’,..
"Position’, [10 100 150 307,..
"String’,’ Important option’,..
"HorizontalAlignment’, 'left’ );

I'paduueckoe OkHO MpHUMeT BHA, H300paxkeHHbIH Ha puc. 9.4.

4 Figure No. 1 v ‘ ] E3
File | Edit  Window " Help

I"El}'np&:grtang dbti@h

Hello,
_Worldl =

MyButton1 ]—_.—_

PucyHok 9.4

DTOT 2/IEMEHT YIIPaBJ/IEHUS MOXKET NPeObIBaTb G OOHOM U3 08YX COCMOAHUI: omme-
YenHoM WIM Heommevennom. B nepBom u3 HMX B KBajpaTe JOJDKHA CTOATH 2ANOYKA
(oT™eTKa), KOTOPYIO NPOCTABMSIOT WEUKOM JIEBOH KHOMKH MBILIH HA 3TOM 3JIEMEHTE
ynpagnexus. [ToBTOpHBIH Lienyok yGupaer rasouxy.

HakoHel, CO3AaAUM CRUCOK, CollepKalllHii HECKOJIBKO UMeH QYHKIIHA:
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uicontrol{ hF1l, ’Style’, ’listbox’,..
"Position’, [200 10 100 80],..
"String’,{’sin’,’cos’, tan’},..
"HorizontalAlignment’, 'left’ );

Tak kxak coucok (cokicTBo ' Style’ nomkso GbiTh ' 1istbox’) copepxur cpasy .
HECKOJILKO CTPOKOBLIX 3HA4YEeHHH A cBoiicTBa ' String’, a nomkHO 6bITh OAHO 3Ha-
YeHHe, TO 3TO €AUHCTBEHHOE 3HAUEHHE ABNAETCH MAccueom sueexk (KaXIbli 31€MEHT
3TOr0 MacCcHBa €CTb TEKCTOBAs CTPOKa, TO €CTh MACCHB THMa char).

BHyTpH cIHCKa LIENYKOM MBI MOXHO @bl0enums (MOACBETHTb) KaKyro-1Hbo
u3 ero ctpok. Ha puc. 9.5 nmoka3zaHo, 4To BbinesieHa BTOpasi CTPOKa.

Pucynok 9.5

B npanbHelimem mnporpaMMHBIM CIOCOOOM 3Ta BhIAENEHHAs CTPOKA MOXET OBITh
U3BJIEYEHA U3 CIIHCKA.

B co3paHHOE HaMH OKHO MBI €LUe TONOJTHHTENbHO NOMECTHM rpadHueckii 0O6bEeKT
axes, npenHa3HauYeHHbIH 11 noka3a rpa¢ukos. OH He sBngeTcs rpaduueckuM o6b-
ekroM Tuna uicontrol. Ilpexne uem nepeiTH B crienyrolleM noapaszene K BCTpa-
MBAHHIO B Hallle OKHO o0beKTa axes, Mepevyrc/IUM U NPOWLIIOCTPHPYEM OCTaJIbHBIE
rpaju4eckHe dSneMeHThl ympaBneHus: togglebutton, radiobutton, slider,
frame. MiMeeTcs elle oauH 3JEMEHT YNpaBleHUs — 3JIEMEHT pPOpUpmenu, HO Mbl €ro
He Oynem paccMaTpHBaTh, TaK KaK OH SBJIA€TCS NPOCTO APYTUM BapHAHTOM CIIHCKA —
TaK Ha3bIBAEMbIM pacKpulealoujumcsi cnuckom (B OOBIYHOM COCTOSIHHH OH CBEPHYT
B OJHY CTPOKY).

DnemeHT ynpasieHus togglebutton sasnsercs kHomkoM, oTHuarouledcs oT ane-
MeHTa pushbutton cBouM moBeaeHHeM. DTOT BApHAHT KHOMKH MOXET CTaOMIIBHO
HAXOJHUTbCSA B OZIHOM M3 IABYX COCTOSIHHIL: Haoicamom WIH omorcamom. C TOUKH 3pe-
HHS BHELIHEro BHAA OH COOTBETCTBYeT 0ObIUHOH kOoMaHAHOH kHonke. IIponmtocTpu-
pyeM Bce CKazaHHOEe NMpaKkTHYECKHM MpHMeEpoM. BoT xon, KOTOpBIH cO3AaeT B HOBOM
rpaduueckoM okHe (Figure No. 2)kHomky togglebutton:

hF2 = figure;

uicontrol{ hF2,’Style’,’togglebutton’,..
'String’, 'MyButtonl’,. ¥
"Position’, [ 10 10 70 30 ] );
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Ha puc. 9.6 5Ta KHOMKA M0Ka3aHa B HAXKaToOM COCTOSSHHH, NMOCKOJIbKY B HCHa*KaTOM
OHa MOJIHOCTBLIO COBNAAACT 110 BHCIIHEMY BHUAY C KOMAaHAHOH KHOTIKOM.

PucyHok 9.6

B Ha)xaTOM COCTOAHHM TaKasi KHOTIKa MOXeT npeObiBaTh CKOJNb YrOAHO JOMT0, I0-
Ka oHa He OyneT BO3BpallleHa B HEHAXaToe COCTOSHHUE OYEPEAHBIM LUETYKOM JIEBOH
KJIaBHUILUW MbIld, HOBBIH 2Ke IIeTHOK MBILIBbIO CHOBA NepeBeeT TaKylo KHOMNKY B Ha-
s#aToe coctosHHe. TakuMm 06pa3oM, 3TOT 3J€MEHT YIpaBlieHUs MOXeT NpeObIBaTh
B OJIHOM M3 JIBYX COCTOSHMIA, Ka)X/I0€ W3 KOTOPBIX JIErKO Hab/oaeTcs rosib30BaTe-
JIEM M CO0DOINAeT eMy O BbIOOpE OTHOTrO U3 JIByX BapHaHTOB MOBEAEHUs JaHHOIO TIPH-
noxeHUs. XapaKTepHCTHKA, BLIOOP KOTOpOH ocyllecTBseTcs TaKOH KHOMKOH, 3aBH-
CHUT OT KOHKPETHOTO MpHIoKeHUs. T0SCHSAIOINE HAATUCH MOTYT ObITh PacrosoXkKeHbl
pSAOM C KHOMKOH.

HpyruMm rpaduveckuM 3JeMEHTOM YIPaBJI€HUA, CTAHAAPTHO NpeAHa3HaYEHHBIM
JUTH OCYILECTBIICHHSA BbIOOpA 00H020 U3 HeCKOMbKUX dapuarniog (OT IBYX H Bblli€) TOH
MM MHOM XapakTepHCTUKH, sBIseTcs 3neMeHT radiobutton. Bor kon, cosnaromuid
TP 2JIEMEHTa yrpaBjieHus cTWis radiobutton, U3 KOTOpBIX TONBKO OJMH MOXKET
HaXOJUTBLCH B OTMEUEHHOM COCTOSIHUM B KKAbIH KOHKPETHBIH MOMEHT BpEMEHH:

uicontrol ( hF2,’Style’,’radiobutton’,..
"String’, 'Third’,..
"Position’, [ 120 10 70 30 1 );
uicontrol( hF2,’Style’,’radiobutten’,..
"String’, ’Second’,..
"Position’, [ 120 50 70 30 ] );
uicontrol{ hF2,’Style’,’radiobutton’,..
"String’, 'First’,..
"Position’, [ 120 80 70 301 ):
Ha puc. 9.7 nokasaHo usoGpaxeHue rpaduyeckoro okHa Figure No.2, B KoTo-
pOM TOMHMO paHee CO3aHHOM KHOMKH cTHis togglebutton pacnonaratorcs Takoke

TpH 3JIEMEHTa YrnpasjieHus radiobutton, npHyeM B OTMEUYEHHOM COCTOSHHHU (TOYKA
B MpeJieNiaX MaJIeHBKOTO KPYKKa) HaXOAATCA cpa3y JBa M3 ITHX 3/IeMEHTOB.
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] MyButton € Third

Pucyrok 9.7

Otcrona BUIHO, YTO cTaHaapTHass (yyHKUMOHANbHOCTb 3J€MEHTOR YIIpaBJeHMs
radiobutton, gomyckaroiias BO3MOXHOCTh €AMHCTBEHHOro BblGopa, He obecrieuu-
BAaeTCsl aBTOMATHYECKH Cpa3y e MOC/ie CO3JaHusl TpYriNbl TAKUX 3JIEMEHTOB. OTy
byHKUHOHANBHOCT mpebyenics obecneyunts HPOZPAMMIO, KOTAA C KOKIbIM TaKHM
3JIEMEHTOM CBS3BIBAETCS Mpopamma-obpabomuux cobwimus (HaKaTHs JEBOH KJIaBU-
LM MBILIH HA JIEMEHTE), KOTOpas JI0JHKHA FacHTb OTMETKH Ha BCEX OCTAIbHBIX 3J1e-
MEHTax yriparneHus ctuns radiobutton

Habop anemenToB cTuna radiobutton sxenarenbHO BU3yallbHO CIpyMIHPOBATS,
JUIS Yero creyeT MpUMEHUTh rpaduueckuil 3J1IeMeHT yrpaBiieHus (peaqbHO OH HHYEM
He YNpaeiseT, KpOMe BHELIHero Buaa) ctunsa frame. Ero HyxHO co3paTe neped cos-
Oanuem 31eMeHTOB radiobutton, a nocneaHue HYKHO pacfionaraTb Ha €ro noBepx-
HOCTH:

uicontrol( hF2,’Style’, ' frame’,..
"Position’, [ 115 5 80 120 ] );
uicontrol( hF2,’Style’,’radiobutton’,..
"String’, 'Third’,..
"Position’, [ 120 10 70 30 ] );
uicontrol{ hF2,’Style’,’radiobutton’,..
"String’, ’Second’,..
"Position’, [ 120 50 70 30 1 );
uicontrol( hF2,’Style’,’radiobutton’,..
"String’, 'First’,.
"Position’, [ 120 90 70 30 ] ):

Bot kakoii npu 3TOM nonyyvaercs BHelHUiH BUJ, rpaduueckoro okHa (cM. puc. 9.8).
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PucyHok 9.8

Euwie pa3 oTMeTum, 4TO 3/1eMEHT ynpagnenus frame QOMKEH CO3/aBaThCs paHbuie
pacnonararolMXcs Haz ero nOBEPXHOCTLIO IPYTHX 3JIEMEHTOB YIipaBieHHa. Eciu no-
CTYNUTh HA06OPOT, TO anieMeHT frame HakpoeT coOoil BhlllenepeyHC/IeHHbIE 3JIEMEH-
Thbl YNIPaBIE€HHS W OHH OyAyT He BUAHBL. [Ipo 3TO CBOMCTBO roBOpAT B TaKMX TEPMHU-
Hax, YTO 3JIEMEeHT frame SIBNAETCS Henpo3PauHbIM.

Hy un, HakoHeu, Mbl MOJOLIUIH K TOCHeAHEMY rpaduueckoMy 3/IEMEHTY ynpasie-
HHUS, KOTOPBIH OOBIYHO HA3BIBAIOT 103yHKOM (10-aHMIMICKK — slider). DTOT 3neMeHT
ynpaeneHus uMeeT cTuib slider:

uicontrol( hF2,’Style’,’slider’,..
"Position’, [ 10 90 70 30 ] );

Tenepe Hallle unIocTpaTHBHOE rpaduueckoe okHo Figure No. 2 BriIrOyaerT elle
OAWH 3MeMEHT YNpaBjieHUd M MPHHUMACT CIEAYIOWMH BHI, W300pakeHHbIH Ha
puc. 9.9.

“# Figure No. 2 k =3
_File Edit- Window Help =~ i

& Sacbhd

l MyButton? b Third -

PucyHok 9.9

I'paduueckuii a7eMeHT ynpasienua slider no3BoseT MBILLIO EPEMEIATh CBOH
NOM3YHOK, OTHOCUTEILHOE MOJIOKEHHE KOTOPOro 3alaeT HEKOTOPOE BXOAHOE YMCIIO.
CaMoe NeBoe MONIOXKEHHE MON3YHKA COOTBETCTBYET CBOHCTBY Min 3toro anmeMeHTa
yMpaBJIeHHs, a CamMoe TpaBoe MOoJoXeHHe — CBOHCTBY Max. O0a 3TUX CBOMCTBA HYXHO
3apaHee NPUNHUCATh 27IEMEHTY YHPaBICHHS 1% 3ajaHHst AMana3oHa H3MEHEHHA BXO/-
HOM BenuuHuHBL ECIM ABHO He 3a1aTh YMCITIOBBIX 3HAYEHUH IJIA STHX CBOMCTB, TO MO
yMom4aHuio 6yyT NPHMHATHI BETMYUHBI COOTBETCTBEHHO O M 1.
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3aBepiuast paccka3d O rpadH4eckHx sjeMeHTax ynpasieHHs, N00aBHM €lle OAHY
HEMAJIOBAXHYIO JeTalb -UX odopMieHHs. B cnydae maeanbHO CNpOeKTHPOBAHHOTO
nonv3oeamenvcko2o uxmepgetica (NOJ KOTOPLIM MOXKHO NMOHUMATh COBOKYMHOCTBb
BCEX 3JIEMEHTOB YMNpaBJIEHHS U HX (YHKLHOHAIBEHOE TpeHa3HaueHHe) ero npuMeHe-
HHE ABJIAETCA JUId MONb30BaTEN CAMOOUEBHIHBIM. B ocTanbHBIX cinyvasx (a ux, ecTe-
CTBEHHO, OOJIBIIMHCTBO) OY/AET NONE3HBIM CHAOAUTD KaXKAbli CO3aBaEMbIH 3JIEMEHT
ynpaBJieHHUs écnavigaroweli noockaskoil (No-aHrMUHACKY — 1ooltip), KoTopas JeUCTBHU-
TEJBbHO KaK Obl BCTUIBIBAET HAJ 3KPAaHOM MNpPH HABEJEHUH KypcOpa MbILIM Ha JaHHBIA
3JIEMEHT. N

IMpouecc cHabxeHus rpadHUIEcKOro 3eMeHTa yNpaBiieHHs COOTBETCTBYIOLLEH eMy
BCTUTBIBAIOLIEN MMOACKA3KOH BecbMa MpPOCT— NpPH CO3AaHMH rpadUueckoro snemMeHTa
ynpapjieHus QyHKUHEH-KOHCTPYKTOpoM uicontrol sBHO 3a/aBaiiTe TEKCTOBOE 3HaYe-
HHUe Juta ero csoiicTa TooltipString, kotopoe u Oyner cogepkaHHEM BCIUTBIBAIOLLEH

NOACKA3KH (KPOME NACCUBHBIX 2NeMEHMOE ynpasaeHus cTunel frame u text).

I'pachnueckuii obvekT axes

C rpaduueckuM 0OBEKTOM axes Mbl 3HAKOMHJIMCh, KOTa OOCYKIaTd BOMpPOC O
nocTpoenuu rpadukos GyHkuUMH. Teneps, koraa Ml B npeesiax rpaguueckoro okHa
cucremel MATLAB cobupaeM Bech Habop ynpasisioMX ¥ OTOOPAKAIOLIUX 3IEMEH-
TOB, paboTra ¢ 06LEKTOM axes NMOo-NPeKHEMY ABISETCA OJHON U3 Haubosiee BaXKHBIX,

Cozpaerca 006BbEKT axes ¢ NMOMOLIBIO (PYHKUMH axes (KOHCTPYKTOp OOBLEKTa).
Ha namem yuebHom okHe Figure No. 1 octasiock Mano cBOGOJHOrO MECTa, OJHAKO
MBI YXHUTPUMCA BTHUCHYTb TyJa rpadHueckuii oObeKT axes, Ui Yero CrneuyalbHO
YMEHBUINM pasmep wipugpma (' FontSize'), ucnonsayeMoro ais Haamuced Ha ocsx
KOOpAMHAT 00BEKTA 3Xes:

axes( ’'Parent’, hFl, 'Color’, [ 1 1 17,..
"Units’, 'points’,..
"Position’, [ 12 33 40 22 ),..
"FontSize’, 6 );

B pesyneraTe monydaercs cnemyroumas KapTHHKa, He TNpPETEHAYIOIad Ha ONTH-
MaJIbHOCTb B pa3MeLIeHHH 0OBEKTOB B Npefesiax rpadudeckoro okna (cM. puc. 9.10).

Figure No. 1

-

PhcyHox 9.10
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Bce koMaHbI, KOTOpbIE cosparor camo rpaduHeckoe OKHO, a TaKKe CO3AAI0T 06b-
KT aXeS M 3/IEMEHTBI MO/b30BaTeLCKOrO HHTEpOEiCca, yIo6HO NOMECTUTL B OAMH
M-daiin. B urore ot nonszoparens notpeSyeTcs MUHUMATIBHOE KOIHYECTBO AEHCT-
BMi1 — HabpaTk B koMaHgHoM okne cuctemMbl MATLAB ums aToro M-taiina u HaxaTs
knasuuy Enter.

Ilpusenem npumep M-caiina, co3faloliero B rpadpu4eckoM OKHE OIMH 0OBeEKT
axes, OfMH CTIHCOK, YeThipe pelaKTHPYEMBIX NOMA JJis BBOJA HHCIOBOMH HHOpMaLK
¥ IB€ KOMaH/IHBIE KHOMKH, HE CUMTas HECKONBKUX TEKCTOBBIX NosieH (6€3 BO3MOMKHO-
CTH peNaKTHPOBAaHMUs), coAep ALHX NOANUCH, NOSICHEHUS H pa3rpaHUYHTENbHBIE /K-
Huu. Bot conepxxumoe storo daina:

function MyFigl
gmmmmmm o global variables -----------=------

global hFigl haAxes

global hEdl hEd2 hEd3 hEd4

global hList

global hButl hBut2 ’

global hTxtl hTxt2 hTxt3 hTxt4 hTxt5 hTxt6 hTxt7

§ommmmm o figure and axes ----------------=--
hFigl = figure
hAxes = axes( ’Parent’,hFigl,’Color’, [ 1 1 1],..

"Units’, 'points’,..
"Position’, [ 20 60 230 230 1,..
"FontSize’, 10 );

R ininte four edits -~—=--m—m———mmmmm -
hEdl = uicontrol( hFigl,’Style’,’edit’,..
"BackgroundColor’,[1 1 1],..
"Position’, [435 400 190 30},..
"HorizontalAlignment’,’left’ );
hEd2 = uicontrol( hFigl,’Style’,’edit’,..
"BackgroundColor’,[1 1 17,..
"Position’, [435 320 190 307,..
"HorizontalAlignment’,’left’ });
hEd3 = uicontrol( hFigl,’Style’,’edit’,..
"BackgroundColor’,[1 1 1],..
"Position’, [435 230 190 30],..
'HorizontalAlignment’,’left’ );
hEd4 = uicontrol( hFigl,’Style’,’edit’,..
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"BackgroundColor’,[1 1 1],..
"Position’, [435 150 190 307],..
"HorizontalAlignment’,'left’ );

§ommmm - list control ---=-----------—mmmoomo

hList = uicontrol{ hFigl,’Style’,’listbox’,..
"Position’, [485 15 140 90],..
"String’, {’sin’,’cos’,'MyFunctl’, 'MyFunct2’,’£3'},..
"HorizontalAlignment’, 'left’ );

hButl = uicontrol ( hFigl,’Style’,’pushbutton’,..
"Position’, [60 25 140 40},..
"String’, ‘GO’ );

hBut2 = uicontrol( hFigl,’Style’,’pushbutton’,..
"Position’, [240 25 140 407, ..
"String’, 'CLEAR’ );

hTxtl = uicontrol ( hFigl,’Style’,’text’,..
"BackgroundColor’, [0.7 0.7 0.7],..
"Position’, [90 475 240 20],..
"String’,’Euler solution’ );

hTxt2 = uicontrol( hFigl,’Style’,’text’,..
'BackgroundColor’, (0.7 0.7 0.7],..
"Position’, [435 440 60 20],..
"String’,’X initial’ );

hTxt3 = uicontrol ( hFigl,’Style’,’text’,..
"BackgroundColor’, {0.7 0.7 0.7],..
"Position’, [435 360 60 20],..
"String’,'Y initial’ );

hTxt4 = uicontrol ( hFigl,’Style’,’text’,..
"BackgroundColoxr’, [0.7 0.7 0.7],..
"Position’, {435 260 60 20}, ..
"String’,’X final’ );

hTxt5 = uicontrol( hFigl,’Style’,’text/, ..
"BackgroundColoxr’, [0.7 0.7 0.7],..
"Position’, {435 180 60 20},..
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"String’, N’ );

uicontrol{ hFigl,’Style’,’text’,..
"BackgroundColor’, {0 0 0],..
"Position’, [430 5 1 900]) );

uicontrol ( hFigl,’Style’,’text’,..
"BackgroundColor’, {0.7 0.7 0
"Position’, [435 140 240 20]
"String’,’Choose function’ )

Gmmm e the end of file ------——————mmmmu—=

hTxt6

1l

hTxt7

]

OTMETHM, YTO M3 CeMH CO3JaHHBIX TEKCTOBBIX NoneH (6e3 BO3MOXKHOCTH peaKkTH-
pOBaHUsA) WECTb MPUMEHSIOTCS B BUE MOACHSIOWMX HANHCEH, PaCrioNOKEHHbIX HaJl
peNaKTHPYEMbIMH TEKCTOBBIMH TOJIIMH BBO/A, HAJl CIHMCKOM M Hajl OOBEKTOM aXes.
CenbMoe e TekcToBoe mnoie (ero onucarens hTxt6) HE comepKHT HHUKAKUX HaanM-
ceil, Tak KaK Mbl HE 3a7aeM SBHO €ro cBOWCTBO String. OHO MO yMOJYaHWIO PaBHO
MYCTOH CTpOKE.

Bo3HMKAET 3aKOHHBLIK BOMPOC, 3aUeM JK€ HYXKHO TaKoe TEKCTOBOE MoJie, €CiH
B HEM HeT Hukakoro Tekcta? OTBeT Ha 3TOT BONPOC 3aKIIOYMAETCS B TOM, YTO
rpaduyecKHi 3IeMEHT YNpaBieHHs CTHA text MOKHO HCIONIb30BaTh /ISl HAHECEHHS
Ha TOBEPXHOCTL rpaduueckoro okHa cHcteMbl MATLAB pasinutblX 31€MEHTOB
0GhOpMIICHHS, HAMPUMED Pa3rPaHUUMTENLHBIX JIHHHHA. IMEHHO TaKylo BEPTHKAJIBHYIO
JIMHHIO MBI K GOpPMHpYeM, CO3aBast TEKCTOBOE MOJI€ C MOMOLLBIO Ko/ia

hTxt6 = uicontrol( hFigl,’Style’,’text’,..
"BackgroundColor’, [0 0 0O],..
"Position’, [430 5 1 900] );

B KOTOPOM 3aaeM yéem (DOHA ynpasisiouje2o 21emenma OTIWYHbIM OT ueTa $poHa
rpaduueckoro okna (user {0 0 0] — 370 yepHblii UBET, a UBET rPaQUIECKOrO OKHA
no ymonuaHuio cepblif). Kpome Toro, Mbl 3a1aéM ILMPHUHY 3TOTO 3JIEMEHTa B OAHH
THKCEJI. ’

B pesynbrare nojyuaeTcs rpadpHueckoe OKHO, H300paXkeHHoe Ha puc. 9.11.

DT0 OKHO TMpeAHa3Ha4YeHO I YKCIIEHHOTo peleHus auddepeHLnaibHOr0 ypas-
HEeHUS

y'(x) = F(x);
Xinitial < x < X final;
Yinitial = y( Xinitial );

rae ¢ynkuus F (x) BoibupaeTcst U3 CNIMCKa, PAcroioKCHHOTO B NIPaBOM HHXXHEM YIITy
rpaduueckoro okHa. OcTajbHbIE TTapaMETPbl 3aal0TCs C KJ1aBHATYpbl B PEAAKTUPYEC-
Meix nonsx. Kromka GO mpeanasHaueHa 171 Havyala pacueToB M0 MeToay Oiiiepa
¥ NOKa3a pe3y/ibTaTa B BUJe rpaduka Ha NOBEPXHOCTH obbekra axes. Knonka CLEAR
MO3BOJIET OUHCTUTE OOBEKT dX€S OT COACPKHUMOTO.
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Pucyrok 9.11

Kak Mbl BUANM M3 pUCYHKa, NPEAYyCMOTPEHbI pacdeThl CO CTAHAAPTHBIMU (yHK-
UMAMH Sin(x) W cos(x), a Tawke ¢ coOcTBeHHbIMU GyHKUMAMH MyFunctl (x),
MyFunct2 (x) wu £3(x). Ilocnenuue pomxubl OBITH 3amucaHbel B M-daiinbl
MyFunctl.m, MyFunct2.m, £3.m.

Yucao N BBOAUTCS Mepes pacueTaMH C KIaBHATYphbl M ONpeaenseT ar WHTerpu-
pOBaHMsl, KOTOPBIH paBeH

( Xfinal - Xinitial ) / N.
YT06B!I 3ayCTHTH MPOrpaMMBbl PacyueTOB, HYXKHO HE TOJIbKO HANKCATh alrOPHTMBI

pewenus Ha M-a3bIke M COXPaHHUTh HX TeKCThbl B M-dalinax, HO W CBA3aThb 3TH NpO-
rPaMMBbl ¢ KOMaHAHBIMH KHOIIKaMH.
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Callback-¢ynkumn

OyHKUMHK, KOTOPble CBA3BIBAIOTCS € FpadMUECKUMH 3JIEMEHTaMy YNpaB/IeHH!s, Ha-
3bIBaIOT callback-@yuxyusmu (X He BbI3BIBAIOT HALIKM M-(pyHKLMH; OHHM BBI3BIBAIOTCS
cpenoit MATLAB y Hac «3a ciuHOM», OTCIO/Ia ¥ TIPOUCXO0XKIEHUE UX Ha3BaHHs).

Yto6sI cBA3aTh HalK koMaHaHble KHOMNKH ¢ callback-dhyHkiusamu, kotopeie OyayT
BeI3bIBaThCA cpenoit MATLAB npu «HakaTuM» Ha 3TH KHOIKH, NMPU WX CO3AaHHH
¢dyHkumei uicontrol HyxHO nponucath cBoiicTBo ' Callback’, ykazas eMy B kaue-
CTBE 3HAUEHUS UMs cooTBeTcTBYMOLIeH M-pyHkuun. Otu callback-dpyHKUMH MOXHO
TAKXKe Ha3BaTb QYHKYuIMU 0O6pabomxu cobvimiuii, CBA3aHHBIX C 3J€MEHTAMH YIpaB-
JIeHUs. DTO 3HAYMT, YTO B paHee npeactaBieHHoM M-¢aitne MyFigl . m Hy)XHO H3-
MEHHTB CTPOKH, KacarolUecs CO3JaHUS KHOMOK. BOT 3TOT M3MEHEHHbIH KOA, MO3BO-
JISIHOLUMH CBA3aTh KHOMKH ¢ MX callback-pyHKLMAMH:

hButl = uicontrol{ hFigl, ’Style’, ’'pushbutton’,..
"Position’, [60 25 140 40],..
"String’, 'GO',..
"Callback’, 'MyGO' );

hBut2 = uicontrol ( hFigl, ’Style’, ’‘pushbutton’,..
"Position’, [240 25 140 40],..
"String’, 'CLEAR',..
"Callback’, "MyCLEAR' );

Ecnu ¢yHkuus, kotopas GyaeT BbI3pIBaTHCA MPH HAXXaTHM Ha kHomnky GO, Oyder
3anucaHa B (paline MyGO.m, TO B KkadecTBe 3HaueHHs cBoicTBa 'Callback’
06A3aTeNbHO HYKHO Hamucarth 3HadeHue B Buae 'MyGO’' W weawss nucarp 'MyGO.m'
(BO3HMKHET OIUMOOYHAS CHTYaLHs).

Buecs ykazanHbie Bbille waMeHeHus B ¢daiin MyFigl.m, mepeiiieM K HamMCaHHIO
¢byHkumit MyGO u MyCLEAR. Haunem ¢ Gonee mpocroit pynkuun MyCLEAR. Bot TekcT
STOH (PyHKUMH:

function MyCLEAR
global hAxes
axes( hAxes );
cla;

Panee Mbl yxe B aitnne MyFigl . m 0603HauHIIH BCE OMUCATENH CO3/IaHHBIX HAMH
rpaguyecKkHx OOBEKTOBR Kak 2106anbHbie. TakuM 00pa3oM, y HAaC UMEeTCs OYEHb Mpo-
CTOM K HHM 0CTyn. Bee QyHKUMH, rae 5TH ONMHMCaTeNd MapKHPOBAaHBI KaK rio0aib-
HBbI¢, HMEIOT K HHM HEMOCPEACTBEHHBIN JocTyn. MMeHHO Tak Bce W NMPOHCXOJHMT
B Gynkumd MyCLEAR (€e Mbl 3anuceiBaem B Gaiin MyCLEAR . m).
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IMoscHuM TekeT 3TOH (YHKUMH. 30ech KOMaHIa Cla CTHpaeT colaepKUMoe TeKy-
utero (akTuBHOrO) o6bekra axes. IlpenBapurenbHblit BHIZ0B GYHKLUMH

axes( hAxes )

MO3BOJIIET rapaHTHPOBATh, YTO OYAET CTEPTO COmEePIKUMOE HMEHHO OoObeKkTa axes
¢ onucarenieM hAXes, Tak KaK TaKoH BbI3OB iefiaeT akTUBHBIM OOBEKT, onucaresb Ko-
TOPOro yKa3aH B KaueCTBE napaMeTpa. Y Hac B JaHHOM KOH(Urypauuu umeercs BCero
OJHH OOBEKT axes, TaK 4YTO 3TOT BBI3OB He sBNIsiETCA 00A3aTENbHBIM, HO OH WIHOCT- -
pUpYeT pelueHre NpobiieMbl B clydae HECKONbKUX OOLEKTOB axes.

Teneps 3aliMemcs dyHkuueit MyGO, koTopas 3amyckaeTcs Mo HaKaTHW KHonku GO.
Ota QyHKUMS OnpallWBaeT peAaKkTHpyeMble MoJis, B pe3y/bTaTe 4ero WHULWAIW3H-
PYIOTCSl HEOOXOAUMbIE TS cUeTa NepEMEHHbIE, NMOoclie Yero NPOU3BOAUT BbIYHC/EHUE
pewienus auddepeHLHaIbHOrO YpaBHEHUs B COOTBETCTBHH C MPOCTEHLINM aITOPUT-
MoM Diinepa:

function MyGO
global hAxes hEdl hEd2 hEd3 hEd4 hList

%-- get string information from edit fields ---

strl=get ( hEdl,’String’ ); str2=get( hEd2,’String’ );
str3=get ( hEd3,’String’ ); strd=get( hEd4,’String’ );

%-- convert strings. to numbers ---------------

x0 = strZ2num( strl ); y0 = str2num{ str2 );

xf = str2num( str3 )i N = str2num( strd );
et get function name --------—m--------
index = get( hList, ‘Value' );

cellArr = get( hlList, ’String’ );

funName = cellArr{ index };

§--mmmm - Euler algorithm ---------------

dx = (xf - x0) / N;

X=x0; Y=y0;

for k=1:N
Y=[ Y, Y(end) + feval( funName, X(end) ) * dx ];
X=[ X, X(end) + dx ]; -

end
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G- graph plotting =--=--—--=---smomm
axes( hAxes );
plot( X , Y );
§mmmmm o the end of file -------------

C nomowero pynkuuii get, ykaszpisas HM B KauecTBE NEPBOro apryMeHTa OrnUca-
TeJIM pelaKkTHPYIOIIUX ToJied, Mbl TI0JlydaeM 3HaueHHs cBoicTea ' String’, To ecThb
TEKCTOBOE COAECPXKHUMOE 3THX MOJIEH, KOTOpOoe BBOAHTCS TOJIb30BATE/IEM C KJIaBHATY-
pbl. DTO M €CTh BXOAHBIE JaHHbIe. To/bKo MOKa YTO YHCIIOBbIE JaHHBIE NPEACTABIIEHbI
B CTPOKOBO#1 (TekcToROH) dopme.

s nonyueHus uMeHH QyHKUWH, NpeICTABNAOLLICH NpaBylo yacTh JuddepeHun-
JTBHOIO YPAaBHEHHS, CHauasla y ChHcka 3anpaludBaeM uepe3 csoiicteo 'Value' un-
JeKC NMoACBEUEeHHOH (BbIOpaHHOH HJIM OTCENeKTHPOBaHHOH) CTPOKH, 3aTeM 4YHTaeM
3HaueHHe cBoicTBa ' String’. IlocnenHee ans CMHCKa ABJSETCS MAcCHBOM sU€eK,
OTKyZa W BbIOMpaeM UM (YHKLUHH C MOMOILBIO ONepaLlly HHIEKCHPOBaHUS MacCHBa
fueek GUrypHbIMH cKOOKaMH.

C nomoupto ¢yHkuni str2num npeobpa3oBbiBaeM TEKCTOBbIE BEJIHUHHBI B HUHCIA.
3areM ycTaHaB/IMBaeM HayajlbHble 3HAa4YCHHs A1 MacCHBa X 3HAYEHHH apryMmeHTa
M MaccuBa Y 3HaueHWH (yHKUMH Ha ceTke. [[lae cemxu (l1ar WHTErpUpoBaHuA) dx
BBIYUC/IAETCH JIeN€HHWEM JUIMHBl OTPe3Ka WHTErpHpOBaHHs Ha KOJMYeCTBO WIaros N,
“KOTOpOe MONb30BaTeNb BBOAMT C K1aBHaTyphl. HapaiuBanne MacCHBOB OCYLIECTBIS-
eTcs onepauvell KOHKaTE€HALMH, B TO BpeMs Kak oyepejHoe 3HaueHHe QYHKLUHH Bbi-
“4HCJIAETCS COrJlacHO aJIrOpUTMY MeToJa Dillepa M paBHO

feval ( funName, X(end) ) * dx

Kmouesoe cnoso cuctemsl MATLAB end B HHAEGKCHPYIOLUHMX BBIPDRXKEHHAX O3HA-
YaeT CChUIKY Ha TMOCNeIHHI 2MeMeHT MacCHBa, YTO HaM W TpebyeTcs B JaHHOM Cily-
yae. C nomowpto ¢yHkuun feval ocyliecTBiseTcs BbI30B (PYHKLHH C HMEHEM
funName, npouHTaHHBIM M3 CNUCKa, W el mepeaaercs apryMeHT X (end) (Tekyiuee
3HaY€HHE HE3aBUCHMOTO apryMeHTa).

B koHLe KOHLOB OCyLIEeCTBIsAETCA-NMOCTPOeHHE rpadHKa BBIYHCIEHHOTO pelleHH
auddepeHIHaTBHOrO ypaBHeHHs ¢ nomollbto ¢yHkuud plot. Ilepea BbI30BOM 2TO#
GbYHKLUUH ¢ TOMOLIBIO axes{ hAXes ) rapaHTHpyeTcs, YTO Hal OGBEKT THIIA axes
ABJIAETCA AKTHBHBIM, H HMEHHO B HeM (yHKuUus plot cTpouT rpaduk GyHKIHH.

ITpoepum paGoTy npunoxkeHHs Ui TONb30BaTeNbCKUX GyHKuuit MyFunctl,
MyFunct2 u £3. Tekcr dynkuuu MyFunctl

function ret = MyFunctl( x )
ret = x * 3;

sanuchiBaeM B aiin MyFunctl.m. Teker gyHkumuu MyFunct?
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function ret = MyFunct2( x )
ret =1/ sin( x });
3anuceiBaeM B aitn MyFunct?2 .m. Hakoneu, Tekct gyHkuun £3

function ret = £3( x )
ret = sin( x * x );

3anyceiBaeM B dakin £3.m.
HauuHaeM ¢ npoctoit dyHkumu cos (x) (em. puc. 9.12).

PucyHok 9.12

Tak kak nuddepeHUHanbHOE YpaBHEHHE
y' (X)=cos(x)
HMECT aHAJTHTUYECKOE PCIICHHUE
y(x) = Yinitial - sin( Xinitial ) + sin(x)

TO B NOMY4YeHHOM rpadHke Nerko y3HaTh rpaduk @quuu sin(x), cABHHYTBIH
BJOJIb BEPTHKAJIBHOM OCH BBEpX.
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Taroke oueBMaHbBIE peleHHs nomyHaloTes A GyHKUMH sin u MyFunctl, Tak Kak
M B 3THX Clly4asX CyLIeCTBYIOT TPMBHMAIbHBIE aHAIMTHYECKHE pellieHHs. B cnyuvae
BeIGopa yHKUMH MyFunct?2 aHanuTHUYeCKOe pellieHHe CyLIECTBYET B BHAE JOBOJLHO
3aMblcioBaToOl GyHKUMH

Yinitial + In( | tg( x / 2 ) / tg( Xinitial / 2 ) | )

a B cnyyae QyHKUMM f3 aHAIMTMUECKOTrO pellleHHs He CYLIECTBYET M JMHCTBEHHbIM
Crnoco6oM oCTaloTCs HEMOCPEACTBEHHBIE HUCICHHBIE PAaCYEThI.
Hna nuddepeHunanbHOro ypaBHeHus

y' () = £3(x)

roe  ¢ynkums f£3(x) = sin(x"2), He CylIeCTBYeT aHATUTHYECKOTO pELIEHHS.
EnunncreentbiM crioco6oM nonyunth peiieHHe 3Toro Aup(hepeHLHatbHOrO ypaeeHHs
OCTAET