JNNabopaTtopHasn pab6oTa Ne1.

OcHoBbI paboTbl ¢ MATLAB. N3y4yeHue npocTenunx
onepauuin u npuemoB paboTtbl B cpeae naketa MATLAB

1.1 Llenb paboThi:
OsHakomneHue ¢ I'IpOCTeIZLLII/IMVI onepaunaMmm n npueMamm pa6OTbI B cpede naketa
MATLAB.

1.2 OpraHusaumsa camocToaTeNbHOM paboThbl
Mpwn noarotoBke k nabopatopHon paboTe HEOHXOAMMO N3YUUTb NEKLNOHHbIE
mMaTtepuansl no Teme “OcHoBbl paboTel cMATLAB”.

lNpeancnosue

MATLAB - cuctema MHoOroLesnieBoro HasHa4eHus, Kotopas Bblllfia Ha PbIHOK
NporpaMmMHbIX NPOAYKTOB MOYTW ABaAUaTb feT Ha3ad M C TeX Nop HENnpepbIBHO CO-
BepLleHcTBOBanacb. Ho nepBoHayasnbHO ee OCHOBY COCTaBIANIN anropuTMbl peLleHus
CUCTEM JIMHEMHbIX YpaBHEHUN U 3aa4 Ha COOCTBEHHbIE 3HAYEHNA, OTKyAa U Npo-
N30LLNO ee Ha3BaHne «MaTpuyHas nabopaTtopusa». Tenepb OHa NpeacTaBnseTcs Han-
Bbonee ahPeKTMBHOM NpU NPOBEAEHUN NPUKUAOYHBLIX pacyeToB U npu paspaboTke
HOBbIX anropuTMoB. Cenyac yxe CyLeCTBYeT HECKONbKO AECATKOB cneunasnbHbIX
npunoxeHnn k MATLAB'y, nocesLeHHbIx 6onee y3kum npobrnemam. 1o obpaboTka
CUrHarnoB U N3obpakeHUn, MHXEeHepPHoe NporpaMMmnpoBaHme B Buae 6nok-cxem,
peLlleHne SKOHOMUYECKUX 3adad n MHoroe apyroe. Ho nioboe 13 aTux NpunoxeHnin
MOX>XHO M3yyaTb TOSMbKO nocse nepBoHavansHoro ocsoeHnss MATLAB'a.

Mpw BbINONHEHUM NepBon NnabopaTopHoM paboTbl CTYAEHTbI OCBaMBalOT CTaH4APTHbIE
nporpaMmmHble CTPYKTypbl U kKoMaHasl MATLAB'a: yicna, maTtpuubl, (OyHKUUN,
rpadomyeckoe npencraBrneHne OyHKUMN, JENCTBUSA C MacCMBaMM.

OcHoBbl paboTbl ¢ Matlab
Cpena MATLAB BkntoyaeT nHTeprnpeTaTop KOMaHA Ha si3blke BbICOKOIO YPOBHS,
rpadpnyeckyto CUCTeMy, NaKeTbl paclUMpPEHUn N peann3oBaHa Ha a3blke C. Bea paboTta
opraHusyeTcs Yepes3 komaHgHoe okHo (Command Window),koTopoe nosiBnsieTcst npu
3anycke nporpaMmmbl matlab.exe. B npouecce paboTbl gaHHbIE pacnonaratoTcs B
namatn (Workspace), ana nsobpaxeHust KpuBbIX, MOBEPXHOCTEN U OPYrnX rpacmnkoB
cosgaroTtca rpadmyeckne okHa. B koMaHAHOM OKHE B pexume auanora npoBoaaTcs
BbluncreHus. Monb3oBaTenb BBOAWUT KOMaHAbl UIK 3anyCcKaeT Ha BbiNoNHEHWEe dannbl
c Tekctamu Ha a3bike MATLAB. VIHTepnpeTaTop obpabaTbiBaeT BBEAEHHOE U BblOAET
pe3ynbTaTbl: YACNOBbIE N CTPOKOBbIE AAHHbIE, MpeaynpexaeHnsa n coobLueHns ob
owmnbkax. Cmpoka egodanoMedeHa 3Hakom >>. B KOMaHOHOM OKHE MoKa3blBaloTCs
BBOAMMbIE C KNnaBMaTypbl YACNa, NepeMeHHble, a Takke pe3dyrbTaTbl BblYUCIIEHUIA.
MMeHa nepeMeHHbIX AOMKHbI HaYnMHaTBLCA ¢ ByKBbl. 3HAaK = COOTBETCTBYET Oonepawum
npuceamBaHus. Haxatme knasuwmn Enter 3actaBnseT CUCTEMY BbIYUCNTD BblpaXXeHne
1 NokasaTb pe3ynbTaTt. HabepuTe c knaBnaTypbl B CTPOKE BBOAA:

» a=2+51-37

Haxmute knaeuwy Enter, Ha aKpaHe B 30He rpocMompa NosBUTCA pesynbTaTt
BbIYUCMEHUS:



a=16

Bce 3Ha4eHnst nepeMeHHbIX, BblMUCNEHHbIE B TEYEHUE TEKYLLIEro ceaHca paboTbl,
COXPaHSTCS B crelmanbHO 3ape3epBMpoBaHHOM 06nactun namaTn KOMNbloTepa,
HasblBaemoun paboyum npocmpaHcmeom cucmembl MATLAB(Workspace). Komah-
[A0W ClC MOXHO CTepeTb COOAEePXKMMOE KOMaHAHOro OKHa, OAHAKO 3TO He 3aTpPOHEeT
cogepxmnmoro paboyvero npoctpaHcTBa. Korga ncyesaet He06xoaMMOCTb B XpaHEHUM
psaa NnepeMeHHbIX B TeKyLleM ceaHce paboTbl, X MOXHO CTepeTb U3 NaMSTU KOM-
nbtoTepa kKomaHgow clear unu clear(umst, umsz2, ...). Nepeas kKomaHaa ygansieT ua
namATN BCe NEPEMEHHbIE, a BTOpasi - NepeMeHHbIe C MeHamun ums1 n ums2. KomaH-
[0 WhO MOXHO BbIBECTU CMIUCOK BCEX NEPEMEHHbIX, BXOAALUMX B JaHHbIA MOMEHT B
paboyee NPOCTPAHCTBO cucTeMbl. [1ns NnpocMoTpa 3Ha4YeHus nobon nepeMeHHoOn 13
Tekywero pabovero npocTpaHcTBa CUCTEMbI AOCTAaTOMHO HabpaTb ee MMSA N HaxaTb
knasuwy Enter.

lMocne okoH4YaHus ceaHca paboTbl ¢ cuctemon MATLAB Bce paHee BblYUCIEHHbIE
nepemMeHHble TepsTcs. YTobbl coxpaHUTb B dhanne Ha gUCKe KOMMbloTepa Co-
aepxmmoe paboyero npoctpaHcTea cuctembl MATLAB, HY>KHO BbINOSTHUTL KOMaHAY
meHto File | Save Workspace As ... .[Mo ymonyaHuio paclumpeHne nMeHu

¢harna mat, NoaTomy Takme hannsl NPUHATO Ha3biBaTb MAT-ghadnamu. [Ansa 3arpysku B
namMsTb KOMMbOTEPA paHee COXPaHEHHOro Ha AMCKe paboyero NPOCTPaHCTBA HYXXHO
BbINOSTHUTL KOMaHAY MEHIO:

File | Load Workspace ....

BelwlecTBeHHble Yncna 1 Tun gaHHbiX double
Cuctema MATLAB npegcraBnsieT Ha MalLMHHOM YPOBHE BCe AENCTBUTESbHbIE YNCna
3aflaHHble MaHTMUCCOM U NokasaTenem creneHun, Hanpumep, 2.85093E+11, raoe 6ykson E
obo3HavaeTcsa ocHoBaHue cteneHu paBHoe 10. 3TOT OCHOBHOM TUM AAHHbIX HOCUT
Ha3BaHue double. MATLAB no ymonyaHuto ucnonb3yeT dpopmat short ans BeiBoga
BELLECTBEHHbIX YMCeS, NPU KOTOPOM MOKa3bIBAKTCH TOMbKO YeTbIpe AECATUYHbIX
UUdpbl Nocne 3anaToun.
Beeaute c knaBmatypbl npumep:
» res=5.345%2.868/3.14-99.455+1.274
Mony4nTte pesynbTaT BblYUCIEHUS:

res = -93.2990

Ecnu TpebyeTcs nonHoe npeacTaBrieHe BELWECTBEHHOMO YnCra res, BBEAUTE C
KnaBuaTypbl KOMaHAy:

» format long
n panee Habepute MM NEPEMEHHON
» res

HaxkmuTe Knasuwy Enter n nonyynte 6onee nogpobHyo MHOPMaLMIO:



res = -93.29900636942675

Tenepb Bce pe3ynbTaThl BbIYMCNEHNA ByAYT NOKa3bIBATLCS C TAKOW BbICOKOM
TOYHOCTbIO B TeYEHME AaHHOro ceaHca paboTol B cpefe cuctemol MATLAB. Ecnn
TpebyeTca Ao NpekpaLleHns TekyLero ceaHca paboTbl BEPHYTbCA K CTapOn TOYHOCTH
BM3yarbHOro NpeacTaBreHNs BELLECTBEHHbIX YNCEN B KOMAHAHOM OKHE, HYXKHO BBECTU
N UCNONHUTL (Haxkas knasuwwy Enter) komaHay:

» format short
Llenble yncna nokasblBaOTCA CUCTEMOW B KOMaAHLHOM OKHE B BUAE LienbIX Yncen.

Hap BeluecTBeHHbIMY YMucnammn n nepeMeHHsiMu Tuna double nponssoaaTtcs
apumMmeTnyeckme onepaunn: CrnoXeHus +, BblYUTaHUS -, YMHOXEHNS *, feneHuns / n
BO3BeAeHus B cTeneHb ". [1puopuTeT B BbINOTHEHUM apudMETMHECKNX onepaLnin
006bI4HbIN. Onepaumm 0AMHaKoBOro NpMopuTeTa BbINOMHAKTCA B NOPsiAKe crieBa Ha-
npaBo, HO Kpyrfble CKOBKM MOTYyT N3MEHUTb 3TOT NOPSLOK.

Ecnu HeT HeobxoauMocTn BUAETb B KOMaHOHOM OKHE pesynbTaT BblHNCNEHUA
HEKOTOpPOro BblpaXeHud, TO B KOHLE BBEeEHHOIo Bblpa>KeHnd crieayeT NoCTaBUTb TOYKY
C 3andaToun 1 TONbKO Nocne 3Toro HaxaTb Enter.

B cucreme MATLAB npucyTCTBYIOT BCE OCHOBHbIE 3fleMeHTapHble (PyHKUMM Ans
BbIYUCIIEHMI C BELECTBEHHbIMW Yncnamu. Jliobas dyHKUNA XxapaKkTepmusyeTcs CBOUM
MMEHeM, CMUCKOM BXOOHbIX apryMeHTOB (MepeydncrnaioTca Yepes 3anaTyto U CTOAT
BHYTPU KpYribiX CKOBOK, crneayoLwmx 3a UMeHeM OyHKUUN) U BbIYUCNSEMbIM
(Bo3BpaLLaembiM) 3Ha4YeHeM. CrMCcoK BCEX MMEIOLLNXCH B CUCTEME 3rIEMEHTapPHbIX
MaTeMaTnyecknx PyHKUUN MOXEeT ObITb nony4veH no komange help elfun. B MNMpwuno-
XeHun 1 nepedncrieHbl cTaHgapTHbIE PYHKLMM BELLEeCTBEHHOIO aprymeHTa.

Bbluncnute BbipakeHue, BKNOYawLWee BblYUCIIEHNE (PYHKLUM apKCUHYC:
» 2*asin(1)

Y6eautech, 4TO NONy4nUncs crneayrwmnn pesynbsTarT:

ans = 3.1416,

cooTBeTcTBYylOLEee ymcny «nu». B cucteme MATLAB ans BbluMCRIEHUST YMucna «nu»
eCTb cneymanbHoe ob6o3Ha4veHue: pi. (Cnucok cuctemHbix nepemeHHbix MATLAB
HaxoguTcs B NMpunoxeHun 2).

MATLAB nmeeT Takke norndeckne yHKUNN, PyHKLMU, CBA3AHHbIE C LIENOYNCIEHHON
apudmeTukon (OKpyrneHms ao bnwkanwero uenoro: round, ycedeHne opobHomn YacTtu
yucna: fix). Ectb ewe yHKums mod - ocTaToK OT AefeHust C Y4eTOM 3Haka, Sign - 3HakK
yucna, Icm - HanmeHbLee obuiee KpaTHOE, Perms - Bbl4UCIIEHNE YNCa NePEeCcTaHOBOK
n nchoosek - yncna coyetaHnn n MHoro apyrux. MHorme n3 yHKUUn umetoT obnacTb
onpeaeneHunsi, OTINYHYI0O OT MHOXEeCTBa BCEX AeNCTBUTENbHbIX YMCerT.

Momumo apudmeTundecknx onepaunn Hag onepaHgamu tuna double BeinonHaALTCA
eLle onepaumm OTHOLWEHNA 1 nornyeckne onepaunn. Onepaumm OTHOLLEHNS



CpaBHUBAIOT Mexay cobon aBa onepaHaa No BenuYnHe. ATK onepaunmn 3anmcbiBaloTCs
cnegylowmnmMm 3Hakamm nnm KomomnHauuamm 3Hakos (Tabnuua 1):

CumBornbHble 0603Ha4YeHNs onepauuin OTHOLLEHMS

Tabnuuya 1

< <= > >= ~= ==

Menspiie | MeHbllie Wi paBHO bosbie bosbiie i pasao | He paBno | PaBHO

B cnyyae UCTMHHOCTM onepauumn OTHOLLEHUS ee BennyMHa paBHa 1, a B criyvae
noxHoctn - 0. Onepaumn oTHOLIEHNA UMEIDT Bornee HU3KUA NPUOPUTET, YeM apud-
MeTunYeckme onepauuu.

HabepuTe ¢ knaBmaTypbl BblpakeHue ¢ onepaumsimm OTHOLLEHUS U BbIYUCIIUTE €ro:
» a=1; b=2; c=3;

» res=(a<b)+(c~=b)+(b==a)

Bbl nonyynTte cnegyrowmin pesyneTar: res = 2

Jlornyeckune onepaumm Hag BelecTBEHHbIMWN YCriaMn 0603HaYaTCa 3HaKamu,
nepeyncneHHbIMy B Tabnumue 2:

CuMBOsbHbIE 0603HAYEHNS NTOMMYECKMX onepauuni
Tabnuua 2

& | ~

" W HE

lMepBble ABe 13 aTNX onepaumn ABnATCs BUHapHbBIMKU (OBYXONepaHaHbIMK), a
nocnegHsasa - yHapHou (ogHoonepaHgHon). Jlormyeckme onepaunmn TpakTyoT CBOM
onepaHibl KaKk «KUCTUHHbIE» (HE paBHbIE HYMO) UMK «NOXHbIE» (paBHble HYM). Ecnu
oba onepanga onepaunn «M» UCTUHHBI (HE paBHbI HYMO), TO pe3yrnbTaT 3TOW onepauun
paBeH 1 («MCTUHaY); BO BCEX OCTarbHbIX Cryvasx onepauus «» BolpabaTtbiBaeT
3HayeHue 0 («noxby»). Onepaumnsa «JMN» BeipabaTbiBaeT 0 («NOXb») TOMLKO B criyvae,
Korga sIBNsitTCA NOXHbIMK (paBHbIMKU HYM0) o6a onepaHaa. Onepaunsa «HE»
NHBEPTUPYET «NOXb» HA KUCTUHY». Jlornyeckne onepaumm MMeT caMbli HA3KUIN
npuopuTeT.

KomnnekcHble yncna n KoMnsekcHble oyHKLNK

KomMnnekcHble nepeMeHHble, Kak U BeLeCTBEeHHbIe aBTOMaTU4Yecku umetoT Tun double un
He TpebyloT HMKaKoro NpeaBapuUTEnbHOro onucaHua. [Ansa sanMcn MHUMOW eAnHULbI
3apesepBupoBaHbl 6ykBbl | N j. B cnyyae, koraa kKoaguuMeHTOM nepes MHUMOWN
eVH1LEN ABNSETCA HE YMCNO, a NepeEMEHHas, Mexay HUMu criegyet obasatensHo
MCNONb30BaTh 3HAK YMHOXEHUS. NTaK, KOMMMEKCHbIE YNCIa MOXHO 3anucbiBaTb
cneayowmnm obpasom:



» 2+3i; -6.789+0.834e-2%; 4-2]; x+y*i;

Moyt BCce anemMeHTapHble DYHKLMN JOMYCKaOT BbIYUCIEHUS C KOMMNEKCHbIMU
aprymeHTamu. Bblunmcnute BbipakeHue:

» res=sin(2+3i)*atan(4i)/(1-6i)
MonyunTtca pesynbrar:
-1.8009 - 1.9190i

CneumanbHo anga paboTbl C KOMMMEKCHBIMU YMCamMun NpegHasHavYeHbl creayoLmne
dyHKUuMK: abs (abconoTHOE 3HaYeHEe KOMMMEKCHOro Yncna), conj (KOMNIEKCHO
conpsihkKeHHoe 4ncno), imag (MHMMas YacTb KOMMNSIEKCHOro ymcna), real (ogencr-
BUTENbHAsA YaCTb KOMMNIIEKCHOMO Yncna), angle (aprymMeHT KOMMNEKCHOro

yucna), isreal («MCTUHaY, €CNK YUCNO OENCTBUTENBbHOE). PYHKLMN KOMMITEKCHOMO
nepemMeHHOro nepeyuncrieHsl B lNpunoxeHun 1.

B oTHOLLEHMM apndMeTUYECKMX onepaLuii HUYero HoOBOro AN KOMMNMEKCHbIX Yncen (no
CPaBHEHWIO C BeLLeCTBEHHbIMWN) CKa3aTb HEBO3MOXHO. TO )Xe caMoe OTHOCUTCA U K
onepaumsaM OTHOLLEHUS «PaBHO» N «He paBHO». OcTarnbHble onepaLumn OTHOLLEHUS
BblpabaTbIBalOT pe3ynbTaT UCXOAA TOMNbKO U3 AENCTBUTENbHbIX YacTen aTUX
onepaHaoB.

BBe,D,I/ITe BblpaxKeHune, noJsiydunTe pesyrnbTaT n oObsicHUTE €ero:

» c=2+3i; d=2i;

» c>d

Noruyeckne onepauuy TPaKTYIOT onepaHabl Kak NoXHbIe, €CIN OHW paBHbI Hy M. Ecnu

X€ Y KOMMIEKCHOro onepanaa He paBHa Hymto XoTs Bbl 04Ha ero YacTb (BeLlecTBeHHas!
UM MHUMas!), TO TaKoW ornepaHa TPaKTyeTCsl Kak UCTUHHBIN.

YUncnoBblie maccuBbl

[na co3gaHms ogHOMEPHOro MaccuBa MOXHO UCMOMNb30BaTh ONepaLmio KOHKaTeHauum,
KoTopas obo3Ha4yaeTcsi C NOMOLLbIO KBagpaTHbIX CKOBOK [ ]. QnemeHTbl MmaccmBa
nomeLLarTca Mexay ckobkamm n oTaensTca gpyr oT gpyra npobenom nnmn 3ansaTon:

» al=[1 2 3]; d=[1+2i,2+3i,3-7i[;
,D,J'IFI AOCTyna K nHansuayanbHOMY 311IeMEHTY MaccuBa HY>XHO NpUMEHUTb onepaunto
MHOEeKCcauuun, ond 4yero nocrie MMeHun aneMeHTa yka3aTb B KPpyrblX CKODKax MHOEeKC

anemMeHTa.

MOXHO M3MEHSITb 3M1IEMEHThI YKe CCDOPMUPOBAHHOIO MaccuBa nyTemM NpUMeHeHUs
onepauui MHaekcauun n npuceameaHusl. Hanpumep, Beeas:

» al(3)=789;



Mbl UIBMEHUM TPETUN dNeMeHT Mmaccusa. Mnu, nocne BBegeHuUs:

» al(2)= (al(1)+al(3))/2;

BTOPOW 3f1eMeHT MaccuBa CTaHeT paBHbIM cpeHeMy apudmMeTn4eckomMy NepBoro un
TPeTbero afieMeHToB. 3anucb HECYLLIECTBYIOLLIErO 3fieMeHTa BMNoJSIHe JONyCTMMa -OHa
03HavaeT gobaBrieHne HOBOro afieMeHTa K yXe CyLLeCTBYoLeMY MacCcuBy:

» al(4)=7,

IMpumeHsas nocne BbINOSTHEHNSA 3TOW onepaumn K

mMaccuBy al pyHkumio length, HaxogmMm, 4YTO KONUYECTBO ANIEMEHTOB B Maccuee
BO3POCIO J0 YeTblpex:

» length(al)

ans =4

Toxe camoe AelcTBUE - «yaNMHEHNE MaccuBa a7» - MOXHO BbINOMHUTbL U C MOMOLLbHO
onepaumm KoHKaTeHaLUuun:

» al=[al 7];

MoxHO 3agaTb MaccuB, NPONUCLIBAs BCE €r0 3fIEMEHTLI NO OTAENbHOCTH:

» al(1)=67; al(2)=7.8; al(3)=0.017;

OpHako aToT cnocob co3gaHms He ABnseTcs aPPEKTUBHBIM.

Ewe oanH cnocob co3gaHms o4HOMEPHOro MaccmBa OCHOBAH Ha NMPUMEHEHUM
crneunanbHON yHKUMKN, 06o3Ha4YaeMon gBoeTouneM (onepaumsa popmMmpoBaHus
AnanasoHa YNCroBbIX 3HaYeHUn). Yepes aBoeToune criegyet Habpatb NepBoe YMCHO
AnanasoHa, war (npupallieHMe) n KoOHeYHoe YMcno guanasoHa. Hanpumep:

» diap=3.7:0.3:8.974;

Ecnun He Hy)XHO BbIBOAWUTL Ha 3KpaH BECb MOMY4YMBLUMIACA MAcCUB, TO B KOHLe Habopa
(mocne KoHeYHOoro Yncna guanasoHa) cnegyeT HabpaTtb TOUKY € 3ansaATon. YToObI
y3HaTb, CKOJIbKO 3/1IEMEHTOB B MaccuBe, crieayeT Bbi3BaTbh pyHKUMO length (ums
Maccusa).

[nsa co3gaHusa oByMEpHOro MaccuBa (MaTpuLbl) TakkKe MOXHO MCNONb30BaTb
onepaumio KOHKaTeHauui. OneMeHTbl MaccuBa HabmparoTca OaunH 3a ApYrMM COrfacHo
NX PacrnosioXXeHMIo B CTpOKaxX, B KA4eCTBe pasgenurensi CTPOK UCMoNb3yeTcst TOYKa C
3anaTon.

Beegute ¢ knasunaTypbl:

» a=[12;34;506]

Haxmute ENTER, nonyyum:



12
34
56

Mony4eHHyto MaTpuuy a pasamepom 3x2 (NepBbiM yKasblBaeTCsl YACHO CTPOK, BTOPbIM -
yncro cTonbLoB) MOXHO CHOPMMUPOBATL TaKKe BePTUKArNbHOM KOHKaTeHaUMen BEKTop-
CTPOK:

» a=[[1 2[;[3 4];[5 6]];
nnn FOpVISOHTaJ'IbHOI7I KOHKaTeHaLI,I/IeVI BeKTOp-CTOJ'I6LI,OBZ
» a=[[1;3;5],[2;4;6]];

CTpyKTypy CO3[4aHHbIX MAaCCMBOB MOXHO Y3HaTb C MOMOLLbIO KOMaHAbl whos(ums
maccusa), pa3amMepHoOCTb MaccmBa - pyHkumnen ndims, a pasmep maccmea -size.

[lBymepHble MaccyBbl MOXXHO 3a4aTb Takke C NMOMOLLbIO onepaummn nHaekcaumm,
nponuckiBas Mo OTAENbHOCTU ero anemeHTbl. Homep cTpoku 1 ctonbua, Ha ne-
peceyYeHUN KOTOPbIX HAaXOOAUTCS 3aJaBaeMblil ANEMEHT MAacCUBa, YKa3blBalOTCS Yepes
3anaTyto B Kpyrnblx ckobkax. Hanpumep:

» a(1,1)=1; a(1,2)=2; a(2,1)=3;
» a(2,2)=4: a(3,1)=5; a(3,2)=6;

OpHako 6yaeT HaMHOro adpdpekTUBHEe, eCcnu 40 Havana nNnponucbiBaHUS 3NeMeHTOB
MaccuBa, co3gaTb MaCCUB HYXXHOro pasMepa

dyHKUMaMM ones (m,n) nnu zeros(m,n), 3anOfHEHHbIN eguHULAMU UK HYNamMK (m -
4YMCNO CTPOK, N - Yyncno ctonbuos). MNMpu BbI3oBE 3TUX PYHKUUI NpeaBapUTESIbHO
BblAensieTcs NaMsiTb No4 3aJaHHbl pasaMep MaccuBa, Nnocre 3Toro NocTeneHHoe
NPOMUCbIBaHNE 3NIEMEHTOB HY)XXHbIMW 3HaYEeHUAMUN He TpebyeT NepecTPONKN CTPYKTYpbI
namsaTn, oTBe4EHHON nog Maccus. Micnonb3oBaHne aTUX YHKLUIN BO3MOXHO U Npw
3a[jlaHMM MaccuBOB APYrnX pa3MepHOCTEMN.

Ecnn nocne popmmpoBaHus maccusa X notpebyeTcd, He U3MEHSISI ANIEMEHTOB
MaccuBa, UI3MEHUTb Ero pa3Mepbl, MOXXHO BOCMNOSb3oBaTbCA yHKUMeN reshape (X,
M, N), rae M u N - HoBble pa3mepbl Maccusa X

O6bscHUTBL paboTy 3TOM PYHKLUN MOXHO, TONBbKO UCXOAs U3 cnocoba, Kakum cuctema
MATLAB XpaHuUT afieMeHTbl MaccMBOB B NamMaTK KoMnbtoTepa. OHa XpaHUT 1X B
HenpepbIiBHOM 06nactu naMaTn ynopsgodeHHo no ctonbuam: cHadana pacnonararTcs
3neMeHTbl NepBoro crtonbua, Bcnea 3a HUMKU pacrnornoXeHbl 3f1eMeHTbl BTOPOro
ctonbua u 1.4. NNloMMMo co6CTBEHHO AaHHbIX (3r1IeMEHTOB MaccuBa) B NamMATu
KOMMNbIOTEPA XPaHUTCS Takke ynpasnsaowas nHgpopmaums: Tun maccusa (Hanpum-

mep, double), pasamepHoOCTb 1 pa3mep Maccusa, Apyras cnyxebHas nHdopmaums. ITom
NHpopMauumn OoCTaTouHO ANnsa onpeaenenns rpaduy ctonbuos. OTcloga creagyeT, YTo



Ans nepedopMUpoBaHua MaTpuubl PyHKUMen reshape 4OCTaTOYHO U3MEHUTb TONBKO
cnyxebHyo nHpopmMaumto n He Tporatb COBCTBEHHbIE AaHHbIE.

MomMeHATb MecTaMmm CTPOKU MaTpuLbl C ee cTonbuamM MOXHO onepaumen TpaHc-
NopTMPOBaHUSA, kKoTopas obo3HavaeTcst 3HakoMm .' (Touka 1 anoctpod). Hanpumep,

» A=[111;222;333];
» B=A'

B=

123

123

123

Onepauus ' (anocTpodp) BbINOMHSAET TPaHCNOHNPOBAHWE ANS BELWECTBEHHbIX MaTpuL, v
TPaHCMOHMPOBaHNE C OAHOBPEMEHHbLIM KOMMIEKCHbLIM COMPSXKEHNEM ANst KOMMIEKCHbIX
maTpuu,.

O6bekThl, ¢ KoTOpbIMK paboTaeT MATLAB, aBnarwTca maccuBamu!!! laxke ogHo
3aflaHHOe 4Yncno BO BHyTpeHHeM npeactasneHnn MATLAB aBnseTcs
MaccmMBOM,CcocToALMM 13 oaHoro anemeHta. MATLAB no3sonseT genaTb BblYUCIIEHUSA
C OFPOMHbLIMW MacCuBaMm YNCES TakkKe NEerko Kak U ¢ OANMHOYHBIMW YnCamMn, 1 3TO SB-
naeTca o4HUM N3 caMblX 3aMeTHbIX U BaXHbIX npenmyects cuctemol MATLAB Hap
APYrMMn NporpaMMHbIMU NakeTamu, OPUEHTUPOBAHHBIMU HA BbIYUCIIEHUS U
nporpaMmmmpoBaHue. NoMnmo namaTn, HeoBXoaMMON ONA XPaHEHMST YNCNOBbLIX ane-
MeHTOB (No 8 6GanT Ha Kaxablv B Criyvae BelleCTBEHHbIX Yncen n no 16 6ant B cnyvae
kKomnnekcHbix Yncen), MATLAB aBTomaTtnyeckn npu co3gaHnn MacCcuBOB BbliAeNseT
elule 1 NnamaTb 4N ynpasnsaoLwen nHgopmauun.

BbluncrneHnsi c maccmBamum

B TpaguuMOHHbIX A3blkax NPOrpaMMMPOBaHUSA BbIYUCIIEHUS C MaccMBamMm OCy-
LLLECTBIISAOTCA NO3NIEMEHTHO B TOM CMBbICIIE, YTO HY>KHO 3arnporpamMmpoBaTh Kaxayto
OTAENbHYO onepauuio Hag OTAerNbHbIM 3fieMeHTOM MaccuBa. B M-a3bike cuctemsl
MATLAB pgonyckatoTcs MOLLHbIE FPpynnoBble onepauun Hag BCeM MacCuUBOM cpaay.
MmeHHo rpynnoBble onepauumn cuctembl MATLAB no3BonsatoT YpesBblHanHO KOMNAKTHO
3agaBaTtb BblpaXXeHUS, MPU BbIYUCIIEHUM KOTOPLIX peasibHO BbIMOSIHAETCS rMraHTCKUin
ob6bem paboThbl.

Onepau,mm CINOXeHNA 1N BblYNUTAHNA MaTpuy (3HaKOMbIe BaM U3 JIMHENHOWN anre6pb|)
obo3HavaroTcs CTaHOapPTHbIMW 3HaKaMu + n -.

3apavite matpuubl A U B u BbINOMHUTE Onepaumio CNOXeHUa maTpuL:
»A=[111,222;333];B=[000;777;123];

» A+B



Ecnu ncnonbeayotca onepaHabl pa3HbiX pa3mepoB, BblgaeTcs coobuweHune o6 owmnbke,
3a VCKIMIYEHNEM cryyasi, Koraa oavH U3 onepanioB sBnsieTcs ckansipoM. Mpu
BbIMNONTHEHMW onepauun A + ckansp (A - maTpuua) cuctema pacluMpuT ckassp oo
mMaccuBa pas3mepa A, KOTOpbIM U CKNaabiBaeTcs Aarnee NosfeMeHTHO ¢ A.

» A+5
ans=666
777
888

N5 N0O3NeMeHTHOro NEPEMHOXEHUS U MOJNIEMEHTHOrO AeNeHns MacCMBOB
OAMHAKOBbIX pa3MepOoB, a Takke No3dfieMEHTHOro BO3BEeAEHNSA B CTENEHb MACCUBOB,
NPMMEHS0TCA onepaumm, o6o3Ha4aemble KOMOMHaALMAMU OBYX CUMBOSOB: .* , ./, n .".
Mcnonb3oBaHne KOMOMHaLNM CUMBOMOB OObACHAETCS TEM, YTO cMmMmBonamm * un /
0603Ha4veHbl cneyunanbHble onepaunmn NMHENHON anredpbl Ha4 BEKTOpaMKU U MaTpu-
LamMu.

Kpome onepaunn ./, Ha3bIBaemom onepau,we|7| npaBoro NO3JIEMEHTHOIO AeJIEHUA,
€CTb elle onepauund yn1esBoro noaremMeHTHoro geneHmnsa \. O6BbsACHUM pasHunly mMexay

3TuMu onepauuamun. BelpaxkeHue A ./ B npuBogut k maTtpuue ¢ anemeHtamu A (k, m) /B
(k, m), a BoipaxxeHune A.\ B npuBoauT Kk matpuue c anementamm B (k, m) /A (k, m).

3Hak * 3aKpenneH 3a NepeMHOXEHNEM MaTpUL, U BEKTOPOB B CMbICIIE
JIUHeUHoU anzebpsbi.

3Hak \ 3akpenneH B cucteme MATLAB 3a pelueHnem OOBOSMbHO CIOXHOW 3a4a4un
NMHENHoN anrebpbl - HAXOXAEHNEM KOPHEWN CUCTEMbI NIMHENHBIX YPaBHEHUN.
Hanpumep, ecnun TpebyeTcsa pelwmnTb CUCTEMY JIMHENHbIX YPaBHEHWUN

Ay =Db,

roe A - 3agaHHas kBagpatHas matpuua pa3mepa N x N, b - 3agaHHbIn BekTop-cTonbey
AnnHbl N, TO 4Ns HAXOXOEHNA HEN3BECTHOIO BEKTOP-CTONOUA y 4OCTAaTOYHO
BbIYMCNINTL BbipaxeHue A\b (3To paBHocUIbHO onepaumn: A™ -B).

TunuyHble 3agayn aHanNUTUYECKON reoOMeTpUn B NMPOCTPaHCTBE, CBA3AHHbIE C
HaXOXXOEeHVEeM ONVH BEKTOPOB U YIIIOB MeXAy HUMMU, C BbIYUCINEHMEM CKaNSPHOro 1
BEKTOPHOro NpOM3BEAEHUN, NIErko peLuarnTcs pasHoobpasHbiMK cpeacTBaMy CUCTEMB
MATLAB. Hanpumep, ona HaxoxgeHnsa BEKTOPHOIro nNpousBeeHNs BEKTOPOB
npegHasHayeHa crneyunansHaa QyHKUKUSA Cross, Hanpumep:

» u=[12 3]; v=[3 2 1];

» cross(u,v)

ans =



48 -4

CkansipHoe npou3BeaeHne BEKTOPOB MOXHO BbIYMCIUTL C NOMOLLBIO pyHKLMM 0obLLero
HasHa4YeHMs SUM,BbIYMCIISIOLLEN CYMMY BCEX 3NIEMEHTOB BEKTOPOB (Anst MaTpuL 3Ta
bYHKUMS BblYMCHSIET CyMMbI ANst Bcex cTonbuos). CkansipHoe NpousBeaeHne, Kak
N3BECTHO, paBHO CYMMe NpOM3BeaEeHMIN COOTBETCTBYOLLMX KOOPAMHAT (3N1eMEeHTOB)
BEKTOPOB. TakMuM 06pa3oMm, BblpaxkeHue:

» sum(u.*v)

BbIUMCIISIET CKarsipHOe Npou3BeaeHre ABYX BEKTOPOB U 1 v. CkansipHoe npousseaeHne
MOXXHO TaKKe BbIMUCIUTb KakK: U*V'.

[lnvHa BeKTopa BbIYUCMSIETCS C NOMOLLBIO CKansipHOro Npou3BedeHust u yHKLUN
N3BNeYeHns KBaapaTHOro KOPHSI, Hanpumep:

» sgrt(sum(u.*u))

PaHee paccMoTpeHHble And ckansipoB onepaunmn OTHOLLEHUS U Norn4yeckne onepaumm
BbIMOSHATCS B Cnyyae MaccuBoB noanemeHTHo. Oba onepaHaa AomkHbl bbITb
OAMHAaKOBbIX pa3MepoB, Npu 3TOM onepaumsi BO3BpaLLaeT pesynbTaT Takoro xe
pa3mepa. B cnyyae, korga oanH u3 onepaHaoB ckansap, NPoM3BOAUTCS ero npeaBapu-
TenbHOe pacLUMpeHne, CMbICI KOTOPOTO yKe OblfT NOSICHEH Ha Npumepe apudmeTnye-
CKMX ornepaumn.

Cpean yHKUMA, reHepupyoLWmMX MaTpuLbl C 3aaHHbIMU CBOMCTBaMU, YNIOMSAHEM
30eCb PYHKUMIO eye,NMpon3BOasLLYI0 eJUHUYHbIE KBadpaTHbIe MaTpuubl, a Takxke
LUMPOKO NPUMEHSAEMYIO Ha NPaKTUKe PYHKUMIO rand,reHepupyoLLyto MaccuB Co
CnyYyamHbIMW dfieMeHTaMu, paBHOMEPHO pacrnpeneneHHbIMn Ha nHtepsane ot 0 go 1.
Hanpumep, BbipaxxeHue

» F=rand(3)

NOPOXAAeT MacCuB Cry4alHbIX Yucen pasmepomM 3x3 ¢ areMeHTamu, paBHOMEPHO
pacnpegeneHHbIMn Ha uHTepsane ot 0 go 1.

Ecnn BbI3BaTh 3Ty OyHKUMIO C ABYMSI apryMeHTamu, Hanpumep R=rand(2,3), 1o
nonyynTca matpuua R cnyvyanHbix aneMeHToB pa3amepom 2x3. [pu BbidoBe
dyHKUMKM rand ¢ Tpems 1 6onee ckansapHbIMU apryMeHTaMu nNpon3BoaaTcs
MHOIrOMepHbIE MAacCUBbI CyYanHbIX Yncen.

Onpegenvtens KBagpaTHOM MaTpuLbl BbIYUCNAETCA C NOMOLbIO (PyHKLUMM det.

Cpeau dyHKUMI, NPON3BOASLLMNX NPOCTENLLME BbIYUCIIEHNS HA4 MaccMBaMu, NOMUMO
PacCMOTPEHHON Bbille PYHKLMKU SUM, yrnoMsiHeM elle doyHKumMIo prod, KoTopasi BO BCEM
aHanornyHa yHKLMN sum, TONbKO BbIYMCISIET OHA HE CYMMY 3/1EMEHTOB, a UX
npoussegeHne. OyHKUMM Max 1 Min ULLYT COOTBETCTBEHHO MakcUMarbHbIN U
MWUHMMAaIbHbIA 311EMEHTbI MaccUBOB. [1Ns1 BEKTOPOB OHM BO3BpaLLalT eAMHCTBEHHOE
4MCrIOBOE 3HAYeHMe, a AN MaTpUL, OHU NOPOoXAaT Habop IKCTPEMarbHbIX
3M1EMEHTOB, BbIMUCIEHHbIX ANs KaXaoro cronbua. PyHKuMs sort copTupyeT B
BO3pacTaloLLeM nopsiake reMeHTbl O4HOMEPHbIX MacCMBOB, a Ansi MaTpuL, OHa
NPOU3BOAUT TaKyto COPTMPOBKY ANl KaXA0ro ctondua oTAeNbHO.



HakoHeL, pacCMOTpUM YHUKarbHYH BO3MOXHOCTb M-a3bika cuctemsl MATLAB
NPOV3BOAMUTbL rPYNMNOBbIE BbIYNUCMEHUS HAL MaccMBaMu, UCMOMb3Ys OObIYHbIE
MaTemMaTmyeckne pyHKUMK, KOTOPbIE B TPALAULMOHHbIX A3blkaxX NPOrpaMMmnpoBaHus
paboTatoT TONbKO CO CKansipHbIMK aprymMeHTamun. B pesynbTtate ¢ NOMOLLbIO KpanHe
KOMMaKTHbIX 3anncen, yaobHbix Ans BBoAa C KnaBmaTypbl B UHTEPAKTUBHOM peXume
paboTbl C koOMaHAHbIM okHOM cuctembl MATLAB, yoaeTtca nponssecTn 60nbLLon 06beMm
BblYMCrEeHMI. Hanpumep, BCero ABa KOPOTKNX BblipaXXeHMWs

» x=0:0.01:pi/2; y=sin(x);

BbIYMCNAIOT 3HaYeHUs yHKUMK Sin cpasy B 158 Toukax, dopmmnpys asa
BEKTOpa X U y co 158 anemeHTaMn Kaxabln.

[TocTpoeHne rpadpukoB PyHKLNM

"padomyeckune Bo3amoxkHocTn cuctembl MATLAB aBnatoTCA MOLHBIMU U pa3HO-
obpasHbiMU. N3yynm Hanbonee NpocTble B UCMONb30BaHUN BO3MOXHOCTU (BbICOKO-

YPOBHEBYIO rpadouky).
CdopmnpynTe aBa BekTopa X U Y:
» x=0:0.01:2; y=sin(x);

Bbi3oBute dyHKLMIO:

» plot(x,y)

1 Bbl MONYyYNTE Ha 3KpaHe rpadouk yHKummM (purc. 1).
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Puc. 1. I'padmk pyHKUuMKM y=sin(x)

MATLAB nokasbiBaeT rpagmyeckme 06beKTbl B crneumnarnbHbIX rpadouyecknx okHax,
nmeroLmnxX B 3arofnoBke crnoso Figure.



He y6upas c akpaHa avcnnes nepeoe rpaduyeckoe OkHO, BBEAMTE C KNnaBuaTypbl
BbIPaXXeHUs]

» z=cos(X);

» plot(x,z)

N NOJSTy4mTEe HOBbIN rpaduK OYHKLNN B TOM e caMoM rpacpmnyeckom okHe (Npu aTom
cTapble ocu KoopauHaT v rpaduk NnponagaroT - 3TOro Takke MOXHO A0BUTbCS KO-
MaHgon clf, komaHgon cla yaansatoT ToNbKo rpaduk ¢ NpUBEAEHNEM OCEN KOOPANHAT K
NX cTaHgapTHbIM gmManasoHam ot 0 go 1).

Ecnn Hy>xHO BTOpOW rpadnk NpoBECTU «MOBEPX NepPBOro rpaduka», To nepeq
BTOPWUYHbBIM BbI30OBOM rpadonyeckon yHKLUUKN plot HY>XXHO BbINOMHNTL

komaHay hold on, koTopas npeaHasHavyeHa Ansa yaepxaHus TekyLero rpagouyeckoro
OKHa:

» x=0:0.01:2; y=sin(x);

» plot(x,y)

» Z=cos(X);

» hold on

» plot(x,z)

MpakTnyeckn Toxxe camoe nony4ntcs (puc. 2), ecnu Habpartb:

» x=0:0.01:2; y=sin(x); z=cos(x);

» plot(x,y,X,z)

Puc. 2. I'padmkn oyHKUMI y=sin(X), z=COS(X), MOCTPOEHHbIE B OOHOM rpachn4eckom
OKHe



Ecnun Hy)XHO OQHOBpPEMEHHO BU3yanu3nMpoBaTb HECKOMBKO rpadmKoB Tak, YTOObl OHU He
MeLlanu gpyr apyry, To 9T0 MOXHO caenatb AByMs criocobamu. [epBbiM peLleHnem
ABMISETCA NOCTPOEHME UX B pasHbIX rpadouyeckmx okHax. [ns atoro nepes BTOPUYHbLIM
BbI30BOM (byHKUMK plot cnegyeT HabpaTb komaHAay figure, KoTopasi co3gaeTt HoBoe
rpadpuyeckoe OKHO M 3acTaBnseT Bce nocneayolmne 3a Herl (PyHKUUM NOCTPOEHUS
rpacvkoB BbIBOOUTL UX Tyaa.

BTopbIM pelueHmem nokasa HeCKOMNbKMX rpadonkoB 6e3 KOHNNKTa AnanasoHoB Ocen
KoopauHaT sBnsieTca ucnonb3osBaHue oyHkuumn subplot. 3ta oyHKUMA no3sonseT
pa3butb obnacTb BbiBOAA rpadmyeckon nHpopmaumm Ha HeCcKonbko nogobnacren, B
KaXKayH N3 KOTOPbIX MOXHO BbIBECTU rpadoukn pasnnyHbIX OYHKLMNA.

Hanpumep, ans paHee BbINOSTHEHHbIX BbIYUCAEHUI C PYHKLMAMUK SiN U COS NOCTPONTe
rpacomkmn aTnx AByX PYHKLMI B NepBomr nogobnactu, a rpacdumk pyHKUMmM exp(x) - Bo
BTOpOM nogobnacTtn 0gHOro 1 TOro e rpadnuyeckoro okHa (puc. 3):

» w=exp(x);

» subplot(1,2,1); plot(x,y,x,z)

» subplot(1,2,2); plot(x,w)
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Puc. 3. Npadumkn pyHkumi y=sin(x), z=cos(x) n w=exp(x), NOCTPOEHHbIE B OBYX
nogobnactax ogHoro rpadnyeckoro okHa

[AnanasoHbl 3MEeHEHNA NepeMeHHbIX Ha OCSIX KOOpAMHAT 3TUX nogobnacren He-
3aBUCUMbI Apyr oT Agpyra. PyHKumna subplot npMHMMaeT Tpu YNCNOBbLIX apryMeHTa,
nepBbIi N3 KOTOPbIX PaBEH YNCHy psaoB nogobnacTen, BTOPOM paBeH YMCIY KOMOHOK
nogobnacrten, a TpeTUN aprymMeHT - HoMepy nogobnact (HOMep OTCYMThLIBAETCSABAONb
pPSO0B C NepexooM Ha HOBbIV psd Mo ucdepnaHum). CHATb 4encTBuE GOYHK-

umm subplot MOXXHO KOMaHZOW:

» subplot(1,1,1)

Ecnn ana oanHoyHoro rpaduka ananasoHbl USMEHEHUSI NEPEMEHHbIX BAOSb O4HOW UMK
ob6eunx ocen koopaMHaAT CNULLKOM BEMMWK, TO MOXXHO BOCMOSIb30BaTbLCA PYHKLMAMM



NoCTpoeHns rpaddMKoB B si02apugmuyeckux macwmabax.[Jna aToro npegHasHaveHbl
dyHkummn semilogx, semilogy u loglog.

MocTpounTb rpadmk yHKUMN B NONSAPHbIX KoopanHaTax (puc. 4) MOXXHO C MOMOLLbHO
rpadpuyeckon oyHkumm polar.

» phi=0:0.01:2%pi; r=sin(3*phi);

» polar(phi,r)

sl

Puc. 4. Npadumk pyHKUumM r=sin(3*phi) B nonsipHbIx KoopanMHaTax

PaccmoTpum fononHUTENbHbIE BO3MOXHOCTU, CBSA3a@HHbIE C YNpaBfeHNeM BHELUHUM
BMOOM rpadpmKoB - 3aaHune LBeTa U CTUMS NIMHUIA, a Takke pas3MeLLeHne pasnnyHblxX
Hagnmcen B npegernax rpadudeckoro okHa. Hanpumep, kKomaHabl

» x=0:0.1:3; y=sin(x);
» plot(x,y,'r-',X,y,'ko’)

NO3BONSAIOT NpuAaTh rpacvKy BUA KPacHOM CNIOWHOW NNHUK (pUc. 5), Ha KOTOPOW B
ANCKPETHBIX BbIYUCNAEMbIX TOYKax NPOCTaBASOT YEPHbIE OKPYXXHOCTU. 30eCb
dyHKuMA plot aBaxabl CTPOUT rpadnk O4HOM M TOW XKe PYHKLUMN, HO B OBYX Pa3HbIX
cTunsx. NepBbI N3 3TUX CTUNEN OTMEYEH Kak 'r-', YTO 03Ha4YaeT NpoBedeHne NUHUN
KpacHbIM LBeTOM (OyKBa r), a LUTPUX 03Ha4YaeT NpoBeaeHne CNMOLWHON NMHMK. BTopon
CTUINb, NOMeYeH Kak 'ko', 03HavaeT npoBefeHne YepHbiM LBeToM (bykBa K) Ok-
py>xHoCcTen (bykBa 0) Ha MeCTe BblYUCIIAEMbIX TOYEK.



o

Puc. 5. lNocTtpoeHue rpadmka dpyHKUUN y=sin(X) B ABYX pasHbIX CTUNAX

B obwem cnyyae gyHkums plot (x1, y1, s1, x2, y2, s2, ... ) no3sonseT o6beanHUTL B
OAHOM rpacdnyeCcKOM OKHE HECKOSbKO rpadomkoB dyHKumMi y1(x1), y2(x2), ... npoBeasa nx
co ctunammn s1, s2, ... n 1. A.
Ctunu sl, s2,... 3agatoTca B BUAe Habopa Tpex CUMBOJIbHbIX MapKepos, 3aKITioYeHHbIX
B OOWHOYHbIE KaBblYku (anocTpodbl). OanH N3 3TUX MapkepoB 3adaeT TUM SIMHUK
(Tabnuua 3). Opyron mapkep 3agaet uset (Tabnuua 4). NocneaHnin mapkep 3agaet
TN npocTasBnseMblx «Todek» (Tabnuua 5). MoxHO ykasbiBaTb HE BCe TPy Mapkepa.
Torga ncnonb3yrTcs MapKepbl, yCTaHOBIIEHHbIE MO YMonyaHuto. MNMopsaaok,B KOTOPOM
YKa3blBalOT MapKepbl, HEe ABMSETCS CyLWEeCTBEHHbIM, TO €CTb 'r+-' 1 '-+r' NpUBOAUT K
OQMHaKoOBOMY pe3yrbTarTy.

Mapkepsbl, 3agatoime Tmn SIMHUK

Tabnuuya 3
Mapxkep - -- : -
Tun nuann HenpepsiBHas [lITpuxosas ITynktupHas [ TpuxnyHKTUpHAs
Mapkepsbl, 3agatoLume UBeT NIMHUK
Tabnuuya 4
Mapxkep IIBet nmuHUK Mapxkep Bet nuHuK
c [NonmyGoit g 3eneHbIi
m ®duoaeTOBbII b CuHnit
y Kenterit w benbrii
r KpacHsrii k YepHbrit

Mapkepbl, 3agatoLime TN TOYKK

Tabnuuya 5




Mapxkep + * 0 X

Tun Touku Touka [mroc 3Be37104UKa Kpyxok Kpectuk

Ecnn B cTpoke cTUNa NocTaBUTb MapKep Ha TUM TOYKK, HO HE NMPOCTaBUTbL MapKep Ha
TUMN NIMHUK, TO Torga oTobpaXKarTCA TOSbKO BblYMCNAEMbIE TOYKN, a HEMpPepbIBHOM
NUHUEN OHU He coeanHSATCA. Tenepb nepengem K opopMIeHnIo ocen KoopamHar, K
Hagnucam Ha ocax. Cuctema MATLAB ycTaHaBnuBaeT npeaensl Ha ropu3oHTanbHOM
OCW paBHbIMU TEM 3HAYEHUAM, YTO YKasaHbl Nonb3oBaTeneM ans HesaBUCMMON
nepemeHHon. [Ina 3aBMcMMoun nepeMeHHomn no BeptukansHon ocu MATLAB
CaMOCTOATENbLHO BblYUCNAET AMana3oH N3MeHeHUs 3HavyeHnn OyHKUnn. Ecnu mol
XOTUM OTKa3aTbCs OT 3TON 0COBEHHOCTM MacTabnpoBaHus Npu NOCTPOEHUU
rpadukoB B cucteme MATLAB, TO Mbl AOMMKHbI SIBHbIM 06pa3oM HaBs3aTb CBOMU
npeaenbl 3BMEHEHNs NepeMeHHbIX MO 0CAM KoopAuHaT. JTO AefnaeTcs C NOMOLLbIO

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

[Ana npoctaBneHus pasnuyHbIX HagnNMcen Ha MOMy4YeHHOM PUCYHKE MNPUMEHSIIOT
dyHKunn xlabel, ylabel, title n text.dyHkuna xlabel cozgaeT nNoanucb y ropu3oHTanbHOM
ocn, yHKUMA ylabel - Toxxe Onsa  BepTUKanNbHOM OCUM  (MpUYeM  3TWU  Haanucu
OpUEeHTUPOBaHblI BOOMb OCeW koopAauHat). Ecnun TpebyeTcss pasmecTtuTb Hagnucb B
NMPOM3BOSIbHOM MECTe PUCYHKa, npumeHsieM @yHKumMIo text. OBwmn 3aronoBoK Ans
rpadmnka cosgaetcs gyHkumen title. Kpome Toro, mcnonb3dysi komangy grid on, MOXHO
HaHeCTNn U3MepuUTEeNbHYI0 CEeTKYy Ha BCl obractb noctpoeHus rpadwmka. Hanpumep
(puc. 6):

Function sin{x) graph

0.9 « gin(x)
08

07
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Puc. 6. N'padmk yHKLMM y=sin(X), NTOCTPOEHHbIN B ABYX CTUNAX, C HAANUCAMM Ha
KOOPAMHATHbIX OCAX U HA PUCYHKE

» x=0:0.1:3; y=sin(x);

» plot(x,y,'r-',x,y,'ko")

» title("Function sin(x) graph');




» Xlabel("xcoordinate'); ylabel('sin(x)");
» text(2.1, 0.9, \leftarrowsin(x)"); grid on

Hagnuce dyHkumen text nomeltaeTcs Ha4YMHas OT TOYKM C KOOpAUHATaMu, ykasaHHbIMU
nepBbIMY ABYMsi aprymeHTamu. 1o ymMonyaHuio KoopAavHaThl 3a4ak0TCs B TEX XKe
eavHMLax N3MepeHns, YTo N KOOPAMHATLI, YKa3aHHbIE Ha rOPU3OHTarIbHON U
BepTMKanbHom ocax. CneumanbHble yripasnsouue cuMeosibl BBOASATCS BHYTPU TEKCTa
nocne cumBona \ (o6paTHasa kocas yepTa).

TpexmepHasa rpaduka

Bo3MoxXHOCTU 0TOBpaxxeHnss TpeXMepHbIX rpadmyecknx o6bekToB B cucteme MATLAB
BecbMa 06LMpHbI. Mbl cOCpeaoTounMCS Ha N300paKeHUN NPOCTPAHCTBEHHbIX NIMHUIA U
Ha NOCTPOEeHUN rpadnKoB (PYHKUUIN ABYX BELLECTBEHHbIX NePEMEHHbIX, KOTOpble
npeacTaBnAlT NOBEPXHOCTU B NPOCTPAHCTBE.

Kaxgas Touka B NpOCTpaHCTBE XapaKkTepuayeTtcsa TpemMsi koopanHaTtamu. Habop Touek,
npuHagnexawmx HEKOTOPON NIMHMM B MPOCTPAHCTBE, HY>KHO 3a4aTb B BUAE TPeEX
BEKTOPOB, NEPBbIN U3 KOTOPbIX COAEPXUT NepBble KOOPANHATbLI 3TUX TOYEK, BTOPON
BEKTOP - BTOPbIE MX KOOPAWHATLI, HY a TPETUIN BEKTOP - TPETbU KOOpANHaTLI. [locne
4yero 3TN TPU BEKTOPA MOXHO nogaTb Ha Bxo4 hyHkumm plot3, koTopasi u oCcyLecTBUT
NPOEKTUPOBAHNE COOTBETCTBYHOLLEN TPEXMEPHOW NIMHMM HA NIIOCKOCTb U MOCTPOUT
pe3ynbTupyoLee nsobpaxerHue (puc. 7). Beegute c knasmatypebi:

» t=0:pi/50:10*pi;
» X=sin(t);
» y=cos(t); plot3(x,y,t); grid on

Y6eauTech, 4TO Nornyynnacb BUHTOBAS NUHUS.
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Puc. 7. 'padunk BUHTOBOW NUHUM, MOCTPOEHHbIN C MOMOLLbIO PyHKUMK plot3



OTY Xe (pyHKUMIo plot3 MOXKHO NPUMEHUTL U NS N306paKeHMs1 MOBEPXHOCTEN B
NPOCTPaHCTBE, eCNN, KOHEYHO, MPOBECTU HE OAHY NHMIO, @ MHOro. Habepute ¢
KnaBuaTypbl:

» u=-2:0.1:2; v=-1:0.1:1;

» [X,Y]=meshgrid(u,v);

» z=exp(-X."2-Y."2);

» plot3(X,Y,z)

MonyuyuTe TpexmepHoe nsobpaxeHune rpadunka yHkumm (puc. 8).

Puc. 8. N'padmk NnoBepxXHOCTU B MPOCTPAHCTBE, NOCTPOEHHBLIN C MOMOLLbIO
dyHKumn plot3

®yHkuna plot3 ctpout rpadumk B Buge Habopa NMHUI B NPOCTPaHCTBE, Kaxaasa u3
KOTOPbIX SABNSIETCH CeYEHNEM TPEXMEPHON NOBEPXHOCTM NSIOCKOCTAMM, Napan-
nenbHbIMK nnockocTn yOz. NoMmumo aTon npocTtenwen pyHkunmn cuctema MATLAB
pacrnonaraeT ewe psaaoM yHKLUMA, NO3BONAKOLWMX obmBaTbCs 6onbLuen
peanucTUYHOCTN B N300paxxeHnn TpexmepHbIX rpacdumKoB.

CueHapun n m-cannoi.
[na npocTtbix onepaumii ygobeH NHTEPaKTUBHBIA PEXMM, HO €CINN BbIYUCINEHUST HY>KHO
MHOIOKPaTHO BbIMNOJSTHATb UMK HEOBXOAMMO peann3oBbiBaTb CNOXHbBIE anroOpUTMbl, TO
cnenyet ncnonb3osatb m-dannsl MATLAB (pacwupenune danna cocTomT U3 0QHON
BykBbl m). No3HakomMMMcs co script-m-ghatnamu (Mnn CUEHapUsIMK) - TEKCTOBLIMM
dannamu, cogepxammMmm MHCTpPYKUMKM Ha asbike MATLAB, nognexawmmMmm CnosTHEHUIO
B aBTOMaTMYeCKOM NnakeTHOM pexnme. CosgaTtb Takon hann yagobHee ¢ NOMOLLbHO
penaktopa cuctembl MATLAB. OH BbI3bIBaeTCcAa N3 KomaHAHOro okHa cuctembl MATLAB
komaHngon meHio File/New/M-file (nnn camor neBon KHOMKOW Ha NOI0Ce MHCTPYMEHTOB,
Ha KOTOPOK n3obpakeH YnCTbii 6enbii NUCT Bymarn). 3anucaHHble B script-chansbl
KomaHabl 6yayT BbIMNOMHEHbI, €CN B KOMaHAHOW CTPOKE BBECTU UMs script-cpanna (6e3
pacwmpeHust). NepemeHHble, onpegensemMble B KOMaHOHOM OKHE U NepeMeHHbIe,
onpeaensieMble B CLEHapusiX, COCTaBNsAT eanHoe paboyee NPOCTPaAHCTBO CUCTEMBI
MATLAB, npnyem nepemMeHHble, onpegensiemble B CLeHapuax, ABNSTCS
rnobanbHbIMU, NX 3HAYEHUSI 3aMECTAT 3HAYEHNSA TAKUX XKE NEePEMEHHbIX, KOTOpbIe
ObINIM NCNOMb30BaHbI 4O BbI30Ba 4aHHOIO Script-ghadina.



lMocne co3gaHns TeKCTa cLueHapus ero Hago CoOXpaHuTb Ha aucke B yoobHoOM ans Bac
katanore. [yTb K 3TOMy KaTanory o6a3atesibHO JOMMKeH ObiTb U3BECTEH CUCTEME
MATLAB. KomaHngon File/Set Path Bbi3biBaeTcsi AnanoroBoe OKHO NMPOCMOTPLLUMKA
nyTen gocTtyna K katanoram. [Ans go6aBneHns HOBOro Katanora B CMCOK NyTen
AocTyna HeobxoauMo BbINOMHUTL Aanee komanay meHto Path/Add to path.

CamocTtoaTenbHble 3agaHus ansa nabopatopHoun paboTbl1
3apanve 1.

3agaTtb MmaTpuuy A ¢ NOMOLLbIO onepaLmn KoHKaTeHaUuun:

B0
1010025478
5079331

1 3

3apanue 2.

CreHepupyinte maccmB B pasamepom 3x3 co cnyyYyanHbIMU 3fiEMEHTAaMKN, PaBHOMEPHO
pacrnpegeneHHbIM1 Ha nHTepsarne ot 0 go 1.

3apanue 3.

BbinonHuTe gencreua:

A+ 10-B,AT, B,

NOYNIEHHO YMHOXMWTb A Ha B, pacnonoxuTtb anemMeHTbl maTpuubl A N0 BO3pacTaHuio (No
ctonbuam), onpenenntb MakCuMarsbHbI U MUHUMAarbHbIN 3f1IEMEHTbI MaTpuubl B,
BbIYUCIIUTb onpeaenuTens maTpuupbl B.

3apanve 4.

3apatb maccuB C, ncnonb3ys onepauuio MHAeKcauum n ogHy U3 pyHKLMUA: ones Unm
Zeros:

10
15.71
-361]

3apaHue 5.

PewwnTtb cuctemy anrebpanyecknx IMHENHbIX YPaBHEHWUNA:



A-X=C.
3agaHue 6.
Onpegenutb maccus D:
D =sin(A) + B*®
3apgaHve 7.
[ns oByX BEKTOPOB:

a =32 28 -14  b=[06 32 -48

onpepenute: a b ; axb; a
3apaHue 8.

MocTponTe AaBa rpaduka B pamkax ogHUX OCen KoopanHarT:

y=e* z =arctg (x)

1/2

xe[0, 4] _

Cpaenavite HagnNucK Ha ocsX, 3arofloBOK Ans rpaduka, NOSACHUTENbHYO HAAMUCh Ha
pucyHke. 3aanTe caMOCTOSITENIbHO TWM NMUHUIA U LBET.

3apaHue 9.

MocTponTb rpadmkm doyHKuMM y(X) u z(X) n3 3agaHusa 8 B pasHbix nogobrnacTsax ogHoOro
rpadouyeckoro okHa. HTepBanbl USMeHeHust Ans X onpeaennute caMoCTOSATENBHO.

3apanue 10.

— 2 2
MocTpoitTe noBepxHoCTb: [ (%) =In(x™ +y~ - xy)

x,yell, 2]

KoHTponbHble Bonpockl kK Teme «OcHoBbl paboTbl B MATLAB»

Kak nameHuTb Ha akpaHe gopmaT BbiBOAa vncna?

Kak moxHo npocmoTpeTb B MATLAB cnucok Bcex arnieMeHTapHbIX MaTeMaTu-
YEeCKUX PYHKLUNN?

Kakue Buabl oyHkumn 8 MATLAB Bam n3BecTHbI?

Onuwmnte cnocobbl co3gaHnsa ogHoMepHbIX MaccmoB B MATLAB.

OnuwuTe cnocobbl co3gaHns aByMepHbIx maccnsoBs B MATLAB.

Mepeuncnute n o6bACHUTE AENCTBME ONEPATOPOB, UCMOSTb3YEMbIX MPU BblYMC-
NeHnAX ¢ MaccmBamMu.

Onuwwnte gencrene onepaumii OTHOLLEHUS.

OnuwunTe gencTene normyecknx onepaumn.

N =

oo hw

© ~N



9. Kak nocTpouTb OeKapTOBbIN MU MONAPHbLIA rpaukn pyHKUUM OAHOW nepeMeH
HOn?

10.Kak nocTpouTb HECKOSLKO rpadouKoB B OOHOW CUCTEME KoopauHaT?

11.Kak nocTpouTb rpadunkm B pasHbix nogobnactsax ogHoro rpacdmnyeckoro okHa?

12.Kak n3ameHuTb UBeT U CTUNb NIMHUI Ha rpadukax?

13.Kak coenatb HagnucuK Ha ocsix, Ha Nosly4eHHOM pucyHke? Kak caenaTb 3arono
BOK An1a rpadomka?

14.Kak nocTpouTb rpadunk pyHKUMKM ABYX NepemMeHHbIX? Kak nocTpouTb rpadmk
NOBEPXHOCTN?

15.Y4710 Takoe m-channbl? Kak co3gaTb, COXpaHUTb 1 Bbi3BaTb M-hann?

CopaepxaHue otyeTa
OdopMUTL TUTYNBHBINA NIUCT B COOTBETCTBUM C TPEBOBAHMAMN N CBOMMM
nepcoHanbHbIMU AaHHBIMMW.
B oTyeT HEOBXO4MMO BKNIOUNTD:
uenb nabopaTtopHon paboTbl;
YCIOBMS U X0 BbINOJSTHEHNS CAMOCTOATENbHbLIX 3a4aHNI B NOPSAKE UX CregoBaHus;
rpacmkmn n screenshot’vl, OTOGpaxatoLme n UNACTPUPYIOLLNE NONYyYEHHbIE
peaynbTaTbl, NosiBnsowmecs B padboyem okHe MATLAB;

BbiBOOblI.



