Jlexknus 1. Cucrema MatLab.
KpaTkuii 0630p Bo3moxHocTeid MatLab

Cucrema MatLab oTHocUTCS K CpelHEMY YPOBHIO IIPOJIYKTOB, MpeTHA3HAYCHHBIX
JUTsI CAMBOJILHOM MaTeMaTHKH, HO paccunTana Ha mupokoe npuMmeHeHue B chepe CAE (to
€CTh CWJIbHA W B JApyrux ooOmactsx). MatlLab — omHa w3 crapedmmx, TIIATEIBHO
NpopaOOTaHHBIX U MPOBEPEHHBIX BPEMEHEM CHUCTEM aBTOMAaTH3AIlMU MaTEMaTHYECKUX
pacyeToB, MOCTPOCHHAsI HA PACUIMPEHHOM MPEACTaBICHUM U MPUMEHEHUU MATPUYHBIX
orepanuii. DTo HalIO OTPaKEHUE U B caMoM HazBanuu cuctembl — MATriX LABoratory,
TO €CTh MaTpu4Has Jadopatopus. OqHAKO CHHTAKCHC S3bIKAa IPOTPAMMHPOBAHUS CUCTEMBI
MPOJyMaH HACTOJBKO TIIATENLHO , YTO JIaHHAsl OPUEHTAIIUSI TIOUYTH HE OIIYIIAETCS TEMHU
MOJIb30BATENSIMU, KOTOPBIX HE  HWHTEPECYIOT  HEMOCPEHOACTBEHHO  MAaTpPUYHBIE
BBIYUCIICHUS.

HecMoTtpst Ha To uTO M3HauansHO MatLab npenHasHavanach UCKIIOUUTENIBHO IS
BBIYUCJICHUH, B MPOIIECCEe BOJIIOIMU K Hel OblIa MmojkirodeHa Omoimoreka Simulink,
MO3BOJIAIOIIASA TOCTPOUTH JIOTUYECKYIO CXEMY CIIOKHOW CUCTEMbI YIPABICHUS U3 OJHUX
TOJIbKO CTaHJApTHBIX OJIOKOB, HE HAMUCaB MpPU 3TOM HU CTpouku koja. I[locne
KOHCTPYHUPOBAHUS TAKON CXEMbI MOKHO JIETAIbHO MTPOaHAIN3UPOBATH €€ paldoTYy.

B cucreme MatlLab Takke CymecTBYIOT IIMPOKUE BO3MOXKHOCTH JIJIA
nporpammupoBanus. Ee Oubnmoreka C Math (komnmnsitop MatLab) siBnsiercs 00beKTHOM
u coaepxkut coite 300 mpouenyp 06padboTku JaHHBIX Ha sA3bike C. BHyTpu makera MOXHO
MCIIOJIB30BaTh Kak mporeaypsl camoid MatlLab, Tak u crangapTHbie Ipolueayphl si3bika C,
YTO JIeNIAeT STOT MHCTPYMEHT MOIIHEUIITUM MOACIOPhEeM MpU pa3padOTKe MPUIIOKEHUN
(ucnonp3yst komnwisitop C Math, MokHO BcTpauBaTh Jt0ObIe mpouenypbl MatlLab B
TOTOBBIC MPUIIOKECHUSA).

OcnoBbl padorsl B MATLAB

Pabouas cpena

Pabouas cpena MATLAB cocTouT U3 clieyroniux OCHOBHBIX OKOH:
Command Window (unTepdeiic KoMaHIHOM CTPOKHU)

Workspace (mepedeHnp BceX CO3aHHBIX TIEPEMEHHBIX )

Command history (ucTopust KOMaHx)

Editor (pemakTop m-aitnos)

Figures (BriBO Tpadukm)

Current Folder

Variable Editor (penakTop nepeMeHHbIX )

Help

IIpocTeiimue BoIYMCTCHUS

[Ipocreiimre BIYUCICHHS] MOXKHO BBIMOIHATH B 0kHe Command Window B
JIMAJIOTOBOM TEKCTOBOM PEXHUME, HaIlpUMeEp:

>> 1 + 2



ans =

3

Pe3ynbprar BeruncIIeHHI TOMEIIAETCA B CIICIIMATIBHYIO IEPEMEHHYIO ans, a
KOMaH/THasi CTPOKa MEePEXO/IUT B PEKUM BBOJA CIICAYIONIEH KOMaH/IbI.

Ecnu Tpebyercs npoaomkuTh padoTy ¢ MPEIbIAYIINM BbIpaKEHUEM, HAITPUMED,
(1+2) / 4, TO MOXXHO BOCTIOIB30BATHCS YKE UMEIOMIUMCS PE3YIHTATOM, XPAHSIIIMMCS B

HepeMeHHOﬁ ans:

>> ans /
4 ans =
0.7500

(I)OpMaTLI BbIBO/1a pE3yjJabTaToB BbIYMCJIEHUH

IIpu Beiuncnenusix B MATLAB ucnonb3yercss pexxuM IBOWHOW TOYHOCTH. [Ipm
BBIBOJIC PE3YJITATOB, 110 YMOJYAHUIO BBIJAIOTCA Yncia ¢ 4 mudpamu 1mocie AeCITUIHON
TOYKHU B ICUCTBUTEIIbHOU (popMme.

Jlnst m3MeHHeHust ¢opmara BbIBOJA, HEOOXOJUMO B KOMAaHAHOW CTPOKE Mepes
BBIBOJIMMOM BEJIMYMHOMN BBIMOJIHUTE KoMaHy format name, rae name - ums dhopmara. Jlis
YUCJIOBBIX JAHHBIX NAME MOYKET MPUHUMATh CIEAYIOIIUE 3HAUCHUS:

e short - kopoTkoe npeacTaBiacHre B GUKCUPOBAHHOM (popmare (5 3HAKOB);

e shorte - KopoTKoe IpeCTaBICHHE B SKCTIOHCHIIHATBHOM (opme (5 3HAKOB
MaHTHCCBI U 3 3HaKa MOpPsIKA);

e long - mMHHOE TIpeacTaBicHe B (UKCUpoBaHHOM (opmare (15 3HaKoB);

e |onge - nMHHOE MPEACTaBICHHE B AKCIIOHEHIMAIBHON opme (15 3HaKOB
MaHTHCCHI U 3 3HaKa MOPSIKA).

Hanpumep, 3nauenus Bexkropa x=[4/3 1.2345e-6] B paznuunbix Gpopmarax
npeAcTaBieHust OyyT UMETh CIAETYIOUTUNA BUI:
format short 1.3333 0.0000
format short e 1.3333E+000 1.2345E-006
format long 1.333333333333338 0.000001234500000
format long e 1.333333333333338E+000 1.234500000000000E-006
format bank 1.33 0.00
3amanue opmaTa Cka3bIBaeTCs TOJIBKO Ha (hOpMe BBIBOJIA YKCEl. Bbraucienus xe
BCET/1a MIPOUCXOMSAT B PEKUME JBOWUHON TOUHOCTH.

AndgaBuT A3bIKa

B MATLAB, kak u B Ipyrux CUCT€Max, MCIOJb3YIOTCS BCE OYKBBI JIATUHCKOTO
andasuta ot A 10 Z u apadekue mudpsi ot 0 10 9. Kak u B C++, Oonbime u Masibie 0yKBbI
3TO pa3Hble NEPEMEHHbIE U KOHCTAHTBHI.

CrnenunajabHble CHMBOJIBI. THIIBI JAHHBIX

Kpome OykB naTrHCKOro andaBuTa UCIOJIb3YIOTCS BCE CHIELUAIbHBIE CHMBOJIbI
KJIaBUATypbl KOMIIBIOTEPA.



Crpykrypa tunos nanubix MATLAB npezcrasiena cxemoit Ha puc. 1.

ARRiAY
I I I I I I
char NUMERRIC cell structure java class function
I | handle
| | | user class
int8, uint8 single double
int16, uint16 |
int32, uint32 sparse

Puc. 1. Ctpykrypa TunoB nanasix MATLAB

Tumnbl JaHHBIX array u NUMErric sBJISIOTCS BUPTyalbHbIMU ("KaXyImuMucs'"), T. K.
K HHM HEJIb35 OTHECTH KakHhe-IMO0o rnepeMeHHble. OHU CiyXaT JJid ONpenesieHus U
KOMILJIEKTOBAHHSI HEKOTOPBIX THUIMOB AaHHBIX. Takum oOpazoM, B MATLAB onpenenens
TUTIBI JAHHBIX, TPEICTABIISAIONINE COO0H MHOTOMEPHBIE MACCHBBI:

1. single - yucnoBBIE MACCUBBI C YNCITAMU OJJUHAPHON TOYHOCTH;

2. double — gucoBBIe MacCHBHI C YHCIAMU YIBOCHHOW TOYHOCTH;

3. char — cTpoyHbIe MACCUBBI C JIEMEHTAMU - CUMBOJIAMH;

4. sparse - pa3pexeHHbIE MaTPULIbI C IIEMEHTAMU - YUCIIAMU JBOMHOMN

TOYHOCTH;

5. cell — maccuBs sueex;

6. structure - MacCUBBI CTPYKTYp C TIOJISIMH;

7. function - handle - neckpunTops! GyHKIIHI;

8. int8, ..., uint32 - maccuBsI 8-, 16-, 32-pa3psIHBIX IENIBIX YKCE CO 3HAKAMH U

0€e3 3HAKOB.



ApudmMeTudecKue 1 JOrHyecKue onepaTopsbl.

Tabaura 1.
Criucok apu(pMEeTUYECKUX ONepaTopoB.
OyHKIHA Obo3HaueHmNe
(CMHTaKCHUC)
CroxeHue + (M1+M2)
Brruuranue - (M1-M2)
MaTtpuyHOE YMHOXKECHUE * (M1*M2)
ITosneMEeHTHOE YMHOKEHHNE MACCUBOB K (M1.5#M2)
Bo3Benenune MaTpuIiipl B CTENEHb NMAX)
ITosneMeHTHOE BO3BEICHHE MAacCHBa B CTEIICHb A (M A X)
JleneHne Matpui| CieBa HAIIPaBo / (M1/M2)
[TosneMeHTHOE JeIEHUE MAaCCHBOB CJICBA HAMPABO A (Ml ./ M2)
JleneHne MaTpuIl clipaBa HAJIECBO \ (MI'\ M2)
[TosneMeHTHOE JIeIEHUE MAaCCHBOB CITpaBa HAJIEBO \ (Ml .\ M2)
Tabnuma 2.
Cnmcok onepaTopoB OTHOIICHHS.
OyHKIMS O6o3HaueHue
(CHHTaKCHC)

PaBHO == (X = =y)
He paBHO ~= (X~=Yy )
MeHbliie < (x<y)
bospire >(x>y)
MeHbl11e WJIM PaBHO <= (x<=y)
boJblie nim paBHO >= (X>=y)

I[aHHBIe OIICpaTOPLI BBIMMOJIHAIOT MO3JIEMCHTHOC CPABHCHHUEC BEKTOPOB HWJIM MATPHUIL

OJIMHAKOBOTO pazMepa.

Tabnuna 3.
CIuCOK JJOTHYECKUX ONepaTOPOB.
OyHKIUsA O6o3HauyeHue
(CHUHTaKCHC)

Jlornueckoe 1

& ; and (and (a, b))

Jlornueckoe UJIN

| ; or (or (a, b))

Jlornueckoe HE

~; not (not (a, b))

Hcknrouaromee NJIN

xor (xor (a, b))

BepHo, eciu Bce 311€MEHTBI BEKTOPa paBHbBI HYJIO

any (any (a))

BepHo, eciiv Bce 2J1eMEHThI BEKTOpa HE PaBHbBI HYJIIO

all (all (a))




Jlornyeckue onepaTopsl CAykKaT AJi peann3aluy M03JIEMEHTHBIX JJOTUYECKUX
orepanuii HaJl AJIEMEHTAMH OJJMHAKOBBIX 110 pPa3Mepy MaCCHBOB.
[TonHBIN CIUCOK OMEPAaTOPOB MOKHO MOITYUUTh, UCIOJB3Ysl KoMaH 1y help ops.

IIpuopuTeTsl ONEepauuii

B MaremaTndeckux BBIPAKEHHUSIX OIEPATOPBI UMEIOT ONIPEACIECHHBIM IPUOPUTET
VICTIOJIHEHUSL:
® TPHOPHUTET JOTHUYECKUX ONEPATOPOB BHIIIE, YeM apHU(PMETHUECKHUX,
® [PHOPUTET BO3BEICHHUS B CTEIICHD BBIIIE NPUOPUTETOB YMHOKEHHUS U JCIICHUS,
® [IPUOPUTET YMHOXXEHUS U JICJICHUS BBILIE CIIOKEHUS U BBIUYUTAHUA.
JJ1s TOBBILLIEHUS IPUOPUTETA ONIEPALIUNA HYKHO UCIIOJIb30BaTh KPYTJIble CKOOKHU.
CreneHb BIOXKEHHSI CKOOOK HE OTpaHUYHUBAETCA.

KoHcTaHTBI M cCTeMHbIEe IepeMeHHbIe

Koncmanma — 3TO npeIBapUTEIbHO ONPEACICHHOE YHMCIOBOE WM CHMBOJIBHOE
3HaYEHUE, MIPE/ICTABJICHHOE YHUKAIbHBIM UMEHEM (UIEHTU(UKATOPOM).

Yucna (mampumep, 1, -2 u 1.23) saBuAOTCS OE3bIMSHHBIMU YHCIOBBIMHU
KOHCTaHTaMHU.

Hpyrue Buael koHcTaHT B MATLAB npuHATO Ha3bBaTh cucmemHviMu
nepemeHHbiMU, TOCKOJIbKY, C OJTHOW CTOPOHBI, OHU 33JIalI0TCSI CUCTEMOM TMPH €€ 3arpys3kKe,
a C JIpyroil — MOTyT IEPEOIPENEIATHCS.

OCHOBHBIE CHCTEMHBIE ITIEPEMEHHBIE, IPUMEHSAEMBIE:

* i WK ] — MHUMasI eMHULA (KOPEHb KBapaTHBIN 13 —1);

* pi —umcio p = 3,1415926...;

* €PS — MOTPEIIHOCTh ONEPAIMiA HaJl YUCIIAMH C TUIaBaroInel Toukoit (2-52);

* realmin — HamMeHbIIIee YMCIIO ¢ TUIaBaoIei Toukoi (2—-1022);

* realmax — HanGoJIbIIIee YUCITO ¢ TUIaBatomiel Toukoi (21023)

* inf — 3HayeHne MaIMHHON 0ECKOHEYHOCTH;

* ansS — mepeMeHHas1, XpaHAIlas Pe3yybTaT MOCIEIHEN Olepaluy;

* NaN — ykazanue Ha HeuncnoBoit xapakrep maHHbIx (Not a Number).

[Ipumepsl IPUMEHEHUSI CUCTEMHBIX IEPEMEHHBIX
>> 2*pi

ans = 6.2832

>> eps

ans = 2.2204e-016

>> realmin

ans = 2.2251e-308

>> realmax

ans = 1.7977e+308

>> 1/0

Warning: Divide by zero.
ans = Inf

>> 0/0

Warning: Divide by zero.
ans = NaN



Kak oTmeuanoch, CHCTEMHBIE MEPEMEHHbIE MOTYT MepeonpeneisThess. MOoKHO
3a7aTh CUCTEMHOW IEPEMEHHON €ps MHoe 3HaueHue, Hanpumep eps=0.0001. Omnako
Ba)KHO TO, YTO UX 3HAYEHUS 10 YMOJIYAHUIO 331aI0TCS Cpa3y MOCe 3arpy3Ku CUCTEMBI.

[ToaTOMY HEONpENENEeHHBIMU, B OTIMYUE OT OOBIYHBIX MEPEMEHHBIX, CUCTEMHBIE
[IEpEMEHHBIE HE MOTYT OBITh HUKOT/IA.

CumeonvHas KOHCmManwma — 3TO 1IET0YKa CUMBOJIOB, 3aKJIIIOYEHHBIX B alloCTPOdBbI,
HaIpumep:

'Hello my friend!'

243"

Eciu B amoctpodbl TNOMEIIEHO MaTeMaTHYeCKOe BBIpAXKEHHE, TO OHO He
BBIYHCIIAETCS U PACCMATPHUBAETCS MPOCTO KaK LEMOYKa CUMBOJIOB. Tak uto '2+3' He Oyner
BO3BPAILATh YUCIIO 5.

IlepeMeHHbIE U IPUCBAUBAHUE UM 3HAYCHU U

[lepeMeHHbBIE — 3TO UMEIOUIME UMEHA OOBEKTHI, CIOCOOHBIE XPAHUTh HEKOTOPHIE
JaHHble. B 3aBUCMMOCTH OT 3THX J@HHBIX NEPEMEHHbIE KOTYT ObITh YMCIOBBIMHU WIIU
CHUMBOJIBHBIMH, BEKTOPHBIMU UJIM MATPUYHBIMU.

B MATLAB M0%HO 3a1aBaTh IEPEMEHHBIM OIPEAEIEHHBIE 3HaUYeHUS. J[J1s1 3TOTO

UCITIOJIB3YETCsl Ollepanys IPUCBAaNBaHMsI, BBOJAMMAs 3HAKOM PaBEHCTBA:
lIMA nepeMeHHOM = BrpaxeHue

Tunel nepeMeHHBIX 3apaHee He AeKiaapupyroTcs. OHU ONPenessatoTCs BBIPAXKEHHUEM,
3HAYEHUE KOTOPOTO NPUCBANBAETCA NEPEMEHHOM. Tak, €CJIM 3TO BBIPAXKEHHUE — BEKTOP WU
MaTpHIa, TO MepeMeHHas OyJeT BEKTOpHOW wim matpuyHoil. Ilepemennas, umeromas
€MHCTBEHHOE 3HAYEHNE, paCCMaTPUBAETCS KaKk MaTpula pazmepa 1x1.

Wms nepemMeHHOH (ee MACHTU(UKATOP) MOXKET COJEPkKaTh CKOJIBKO YTOJIHO CUMBOJIOB,
HO 3amoMHHaeTCcs W uiaeHTu(duImMpyercs Toiabko 31 HavanbHb cumBod. UMs mroOoi
NIEPEeMEHHOM He JOJIKHO COBIAIATh C MIMEHAMU JAPYTHUX IEPEMEHHBIX , PYHKITHI U MPOIIeayp
CHUCTEMBI, TO €CTh OHO AOJKHO OBITH YHHUKAJIbHBIM. Nms JOJIDKHO HAUHNHATHCA
¢ OYKBBI, MOXKET COJiepXaTh OYyKBbI, IU(PPHI U CUMBOJ MoadepkuBanus . Hemomyctumo
BKJIIOUYATh B MMEHA MTEPEMEHHBIX MPOOECIIBI U CIICMAIbHBIC 3HAKH, HATIpUMep +, -, *, / U T.
1., TIOCKOJIBKY B 3TOM Clly4ae NpaBWIbHAs HMHTEPIpPETALMs BBIPAKEHUI CTaHOBUTCS
HEBO3MOKHOM.

MoryT UCIIOJIb30BaThCSl U CUMBOJIBHBIE IEPEMEHHBIE, IPUYEM CUMBOJIbHBIE
3HAYEHMSI 3aKJIFOYAIOTCS B anlocTpodbl, HarpuMmep s='Demo’.

Jnst BeIBozja cmucka oObsBIEHHBIX B Workspace NHepeMEeHHBIX HCIOJIb3YeTCs
koManga who. Komanna whos ucnonb3yercst st BbIBOAa MNOJAPOOHON MHGPOPMALIMK O
nepemeHHbIX Workspace.

Coxpanenue B ¢aiin u urenwe u3 (aitna nepemeHHslx B Workspace MOXKHO
BBITIOTHUB KomaHbel save filename u load filename. Pacmmpenue daiina MoxHO He
yKa3blBaTh, B 3TOM ciydae (aili mojaydut paciuupeHue mat. [lepemennbsie B mat-daiin
3aIlMChIBAIOTCS B IBOMYHOM (hopMare.



YHUYTOXKEHHE OnpeaeeHII nepeMeHHbIX

B nmamsaTH KoMmbIOTEpa TEPEMEHHBIE 3aHUMAIOT OINPENEICHHOE MECTO,
HaszpIBaeMoe paboueil obmacteio (workspace). [lns ouuctkm pabodeit obnactu
ucroJib3yercst GyHKIus clear B pazHbix popmax, HapuMmep:

* clear — yHUUTOXEHHE ONIPEICICHUIN BCEX TTEPEMEHHBIX;

* clear X — YyHUYTOXKEHHE OTpe/IeTCHUS IEPEMEHHOM X;

* clear a, b, ¢ — yHMUTOXEHUE ONpeeICHUN HECKOJIBKUX TTEPEMEHHBIX.

YHuuTo)XeHHas (cTepras B paboueil 001acTH) epeMeHHasi CTAaHOBUTCS
HeomnpeaeneHHo. cronap30BaTh HeEONpeeICHHbIE IepEeMEHHBbIC HEIb3sl, M TaKHhe
MOTIBITKY OYAYT COMPOBOXAATHCS BhIIaue coodmeHuit o0 ommoke. [IpuBenem nmpumeps
3a/IaHUSl U YHUYTOXKEHUS IEPEMEHHBIX

>> x=2*pi

X = 6.2832

>> V=[12345]

V=12345

>> clear V

>> V

??? Undefined function or variable 'V'.

>> clear

>> x

??? Undefined function or variable 'x'.

>> M

??? Undefined function or variable 'M'.

DiieMeHTapHble (PYHKUMHU

HaGop snemenTapHbIX QyHKIUN IPEICTaBUM UX omucaHueM. B
TPUTOHOMETPUUECKUX (DYHKIMSAX YTIIBI H3MEPSIOTCS B padaHax.

Tabnuma 4.
CnucoK 351eMEeHTapHbIX QYHKIUM.
OyHKIUsA O6o3HaueHue
(CHMHTaKCcHC)
x| - MOTyITH abs(x)
e” - sKcroHeHTa exp(x)
In X - HaTYpaJIBHBIH Jorapudm log(x)
log2 x - morapudm o ocHOBaHUIO 2 log2(x)
lg X - necsaTHYHBIN Jorapudm log10(x)
2% - 2 B cTenenu x pow(x)
X™'“ - KBaJIpaTHBIH KOPEHb sgrt(x)
sin X - CHHYC sin(x)




COS X - KOCHHYC cos(x)
tg X - TaHreHC tan(x)
ctg X - KOTaHT'€HC cot(x)
OKpYIJIEHUE round(x)

CrnenyeT NOMHUTB, YTO BCE AJIEMEHTAPHbBIE (PYHKIIMH JTOJIKHBI 3alIMChIBATHCS B
IporpaMMax MajbIMU OyKBaMH.

C NOJHBIM CIMCKOM 3JIEMEHTApHBIX (PYHKIMM MOKHO O3HAKOMUTHCS, BBIIIOJHUB
komanay help elfun, a co cnuckom cnenuanbHBIX QYHKIUN — ¢ TOMOIIBI0 KOMaH bl help
specfun.

Jlexknusa Ne 2. Pa6ora ¢ maccuBamu B MATLAB

OCHOBHBIE COTJIAIIICHUSA

MaccuB — ynopsiiOY€HHasl, NPOHYMEPOBAHHAs COBOKYHHOCTb OIHOPOIHBIX
JAHHBIX. MaccuBbl pazMyaroTca MO YUCIY pa3MEpHOCTEN (M3MEpEHUid): OJTHOMEPHBIE,
JIBYMEPHBIE, MHOTOMEpPHBIE. Pa3zmepom MaccuBa Ha3bIBaIOT YMCIO 3JIEMEHTOB, BIOJIb
KaXJ0TO U3 U3MECHEHUU.

JocTtynn Kk »jieMEeHTaM oOCylIeCTBiseTcss npu mnomoinu uHiaekca. B MATLAB
HyMepalus 3JIEMEHTOB MaCCUBOB HAUMHAETCS C €TMHUIIBI.

Bektop MoxkeT ObITh 3alMcaH B CTOJOMK (BEKTOP-CTOJIOCI) WM B CTPOKY (BEKTOP-
CTpOKa).

Co3naHue BEKTOPOB M MATPHIL

Ecnu Hano 3agaTh BEKTOP U3 TPEX JIEMEHTOB, TO UX 3HAYEHHUS HAJ0 MEPEUUCITUTD B
KBaJIPAaTHBIX CKOOKaX, pa3iessis NpoOeIamu.

>> V=[123]
Vv =
1 2 3
B nmanHoM cityuae 3a1aH BEKTOp-CTpoka. Eciy pa3genuTh 3JIEMEHTBI TOUKOM C
3aMsTOM, TO MOJIYYUM BEKTOP-CTOJIOEL.
>> V=[1;2;3]

3agaHue MaTpulbl TpeOyeT yKkazaHusl HECKOJBKUX CTPOK. J{Jis pasrpaHuyueHus

CTPOK UCIIOJIB3YETCSI CAMBOI ; (TOUYKA C 3arsITOM).
>> T=[123;456;789]

T =
1 2 3
4 5 6
7 8 9

VY3HaTh pa3MEpHOCTh U pa3Mep MacCHUBa MOXKHO MPU MOMOUIU (QYHKIIUU SiZe.



Jlnia yka3zaHus OTIEIBHOIO AJIEMEHTA BEKTOPa MIIM MATPHIIBl UCTIOTIB3YIOTCS
BeIpaxxeHus Buaa V(i) umu T(1, j). Hanmpumep:

>> T(3,2)
ans =
8

Ecmu snementy T(@, J) HY>XHO IIPMCBOMTH HOBOC 3HAQUCHHE X, TO HCIOJb3YIOT
orepaTop NpucBauBaHUA:

>>T(3,2)=x;

Bripaxenune T(1) ¢ omHMM HHAECKCOM JaeT JOCTYyll K 3JICMCHTAM MaTpHIbI,
pa3BepHYTHIM B OJUH cToj0el. Takas maTpuiia o0pa3yeTcs W3 WCXOAHOM, €CIM TOAPST

BBITIMCATh €€ CToJIONBI. Hampumep:
>> T (3)
ans =
,
>>T (8)
ans =

6

CumBon : (nBoeToune) — (GOpMHUPOBAHKE MTOJBEKTOPOB U MOJAMATPHI] U3 BEKTOPOB
Y MaTpHIL.

* A(:,J) — 310 j-i1 cTonber U3 A;

* A(i,:) — 3T0 i-51 cTpOoKa U3 A;

* A(:,:) — SKBMBAJICHT JBYMEPHOI'O MacCUBa (I MATPHI] 3TO aHAIIOTUYHO A);

* A(J:k) — 310 A(j), AG+1),...,A(K);

* A(;,j:k) —ato A(:,)),A(jHD),..., A(LK);

* A(:,:,K) — aT0 k-as cTpaHuIia TpEXMEPHOTO MaccHBa A;

« A(}) — 3ammuChIBaeT BCe HIEMEHTHI MACCHBA A B BUJIE CTONONA.

Hmerorcst Takxke psa 0coObIX (YHKITUH /IS 3aaHKsI BEKTOPOB M MATPHIL.

Jlst co3iaHusl eTMHUYHOM MAaTPHIbI, KOTOPast UMEET CAMHUYHBIC TMArOHAJIbHBIC
3JICMEHTHI M HYJIEBBIC BCE OCTAJIBHBIC, CIY)KUT (DYHKIIHUS eye:

» eye(n) — BO3BpaIIaeT CAMHUYHYIO MATPHILY pa3Mepa nxn;

* eye(m,n) uau eye([m n]) — Bo3BpamiaeT MaTpuily pazMepa mxn ¢ ¢AMHUIIAMH 110
JMaroHaIM U HYJISIMHA B OCTaJIbHBIX SUEHKaXx;

* eye(size(A)) — Bo3BpallaeT eAMHUYHYIO MATPHUILY TOTO JKe pa3Mepa, uTo U
A. Tlpumep HCIIOTB30BaHMS PYHKIINH €ye:

>> S=eye (4,5)
S:
10000
01000
00100
00010

EnuHndnas MaTpuiia He onpesesieHa i MHOTOMEPHBIX MacCUBOB. Tak, QyHKIUs
y=eye([2,3,4]) npu NOMbITKE €€ BEIYMCIICHUS MPUBEET K BEIBOY COOOIIIEHHS 00 OIIHOKE.



JlJ1st co3manusi MaTpHIl, BCe 3JIEMEHThI KOTOPBIX — eIMHUIIbI, NCITOJIb3YETCS (QYHKITUS
ones:

* 0nes(n) — Bo3BpallaeT MaTpHIly pa3Mepa nxn, BCE JIEMEHTBI KOTOPOH —
enuHUIBL. Ecii n — He cKkasip, TO MOSBUTCS cOOOIIEeHne 00 OMoKe;

* ones(m,n) wim ones([m n]) — BO3BpAIIAIOT MAaTPHUILy pazMepa mxn, COCTOSIIYIO
U3 JIMHUII;

* ones(d1,d2,d3,...) wim ones([d1 d2 d3...]) — Bo3BpaIaroT MacCUB U3 EIUHUII C
pasmepHocThio d1xd2xd3x... ;

* ones(size(A)) — Bo3BpalllaeT MaCCHB EAMHHMII TOH K€ pPa3MEPHOCTH U pa3Mepa, uTo
u A. Marpuiia ¢ €eIMHAYHBIMU DJIEMEHTAMH, B OTIMYUE OT CIUHUYHOM MATPHUIIHI, B
MATLAB onpeznenena u 1yisi MHOTOMEPHBIX MaCCHUBOB.

>> S=ones (3,4)
s =

1111

1111

1111

JI1si co31aHus MAaTPHII, BCe 3JIEMEHThI KOTOPBIX — HYJIH, UCTIOJIb3YeTCS
byHKIUS Zeros:

* zeros(n) — Bo3BpamaeT MaTPHUILy pa3Mepa nxn, coaepxarryro Hyau. Ecim n — He
CKaJISIp, TO MOSIBUTCA cooO1IeHne 00 OIHOKe;

* zeros(m,n) unu zeros([m n]) — BO3BpaIatoT MaTpUIly pa3Mepa mxn, COCTOSIIIYIO
U3 HyJIEH;

 zeros(d1,d2,d3,...) nmm zeros([d1 d2 d3...]) — Bo3BpaImarT MacCUB U3 HyJCH
pasmepa d1xd2xd3x... ;

» zeros(size(A)) — Bo3BpalaeT MacCHB HyJICH TOTO )K€ pa3Mepa U pa3MEpPHOCTH,

qT0 U A.

>> S=zeros (3,2)
S:

O O O
O O O

AHaJIOTUYHO UCTIOJIB3YIOTCA PyHKIMH true(m,n) u false(m,n) st coznanus
MAaCCHBOB pa3Mepa mxn, COAECpKaIIMX COOTBETCTBEHHO Jiornueckue 1 u 0.

J1J1s1 co31aHNUS JIMHEITHOT0 MacCHBAa PABHOOTCTOAIINX TOYEK HCIIOIb3YeTCs
¢ynkus linspace:

* linspace(a,b) — Bo3BpamaeT nuneiinbIi MaccuB U3 100 Touek, paBHOMEPHO

pacrpeeIeHHbIX MEXy a U b;

* linspace(a,b,n) — renepupyer n Touek, paBHOMEPHO pacHpeCICHHBIX B

HTEpBaJie OT a Jio b.

>> M=linspace(4,20,14)

M =
Columns 1 through 7
4.0000 5.2308 6.4615 7.6923 8.9231 10.1538 11.3846
Columns 8 through 14 16.3077 17.5385 18.7692 20.0000
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12.6154 13.8462 15.0769

Eme oqun BapuaHT cO3MaHMS JIMHEWHOTO MacCHBa PaBHOOTCTOSIIHUX TOYEK: a:b —
CO37aCT MaCCHB IIEJIBIX YHCEJl HauMHas C a W 3aKaHyuBas b. J[ns m3MeHeHus 1mara
3HAUYEHUI MacCHUBa MOYXHO MCIOJIb30BaTh CJIEAYIOLIYIO alliCh: a: :b, T/ie — IIar 3HaYeHHUH
MmaccuBa. Hampumep:

>>x=0:10;

>>y=-3:02:3

JIJ1s1 CO3aHMsI MACCHBA CO CJIYYAMHBIMM 3JIeMEHTAMH HCIIOJIb3YIOTCS
creayrone QyHKINM.

randperm(n) — Bo3BpalllaeT ciyuaiinvie nepecmanoéku UENbIX Yrcel 1:n B
BEKTOPE CTPOKE.

>> randperm (6)
ans =
243651

rand reHepupyeT MacCHBBI CITYYalHBIX YUCENT, 3HAUCHHS SJICMCHTOB
KOTOPBIX pasHomepHo pactpeaeiacHsl B mpomexyTke (0,1):

» rand(n) — Bo3BpaIaeT MaTpHUIly pasmepa nxn. Eciu n — He CKaysip, TO MOSBUTCS
cooO1ieHne 00 OmInOKe;

* rand(m,n) wiu rand([m n]) — BO3BpaIaloT MaTpUIly pa3Mepa mxn;

* rand(m,n,p,...) uinu rand([m n p...]) — Bo3BpaIiiaeT MHOrOMEpPHbIN MacCUB;

» rand(size(A)) — Bo3BpalacT MaCCHB TOTO XK€e pa3Mepa U pa3MEPHOCTH, UTO U A,
C DJIEMEHTAMH, pacipeIeICHHBIMH 10 PABHOMEPHOMY 3aKOHY;

* rand (0e3 apryMeHTOB) — BO3BpaIllacT OJHO CIIy4aliHOE YHCII0, KOTOPOE
WU3MEHSETCS TIPH KaXKIOM ITOCIICTYIOIIEM BBI30BE U UMEET PAaBHOMEPHBIN 3aKOH
pacrmpeneneHus;

>> Y=rand (4, 3)

Y =

.9501 0.8913 0.8214
.2311 0.7621 0.4447
.6068 0.4565 0.6154
.4860 0.0185 0.7919

randn TeHEpUPYET MACCHB CO CIIy9allHBIMH JIECMEHTAMH, PacIipeIeICHHBIMU
110 HOPMAJIbHOMY 3aKOHY C HYJICBBIM MaTeMaTHICCKUM OXXHIaHUEM U
CpeIHEKBaIPAaTHUSCKUM OTKJIIOHCHHEM, PAaBHBIM 1 :
« randn(n) — Bo3BpaIiaeT MaTpuily pasmepa n n. Eciu n — He ckaysp, TO MOSIBUTCS
cooO1ieHue 00 OIInoKe;
* randn(m,n) unu randn([m n]) — BO3BpaIllalOT MaTPUIly pa3Mepa mxn;
* randn(m,n,p,...) wiu randn([m n p...]) — BO3BpaIiaeT MacCuB C JJIEMEHTaMH,
3HAYEHUS KOTOPBIX Paclpe/IeIICHbI 0 HOPMAIBHOMY 3aKOHY;
* randn(size(A)) — Bo3BpaiaeT MacCHB TOI'O K€ pa3Mepa, 4To U A, ¢ dIeMEHTaMH,
pacrnpeeIeHHbIMH 1T0 HOPMAJIbHOMY 3aKOHY;
* randn (6e3 apryMeHTOB) — BO3BPAIIACT OHO CIYYalHOE YMCII0, KOTOPOE U3MECHSIETCS

O O O O

IPU KaXJ0M IOCJIEYIOIIEM BBI30BE U UIMEET HOPMAJIBHOE PACIIPEEIICHHUE;
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>> Y=randn (4, 3)

Y =
-0.4326 -1.1465 0.3273
-1.6656 1.1909 0.1746
0.1253 1.1892 -0.1867
0.2877 -0.0376 0.7258

Onepauuu HaX BEeKTOPpaMu
Konkarenanusi MaTpuu

Konxamenayueu Ha3pIBatoT 00b€IUHEHNE MACCUBOB UJIM MATPHILL. DTO PEATU3yeT
cnenyromas QyHKITHS:

* C = cat(dim,A,B) — 00beaunsieT MaccuBbl A 1 B B COOTBETCTBUH CO
crienudukanuen pasMepHocTy dim U Bo3Bpaiaetr 00beAMHEHHbIN MaccuB; dim=1 —
TOpU30HTaJbHAsl KOHKaTeHalus, dim=2 — BepTukagbHasi, dim=3 — MHOrOMEPHBIN

MacCHUB Pa3MEPHOCTH 3 U T. 1.;

* C =cat(dim,A1,A2,A3,A4,...) oObenuHSET BCE BXOIHBIC MacCHUBHI (A1,

A2, A3, A4 1 T. 1.) B COOTBETCTBHUH CO crienndukaimeit pazmepHoctu dim u
BO3BpaIlaeT 00bEAMHEHHBIN MACCHB,;

>> A =[2,4;3,5]1;B=[8,7;9,0];C=cat(1,A,B)
c_

O 0 W N
O J U1 |

YnajneHue CTPOK U CTOJIOLOB
JI1st ynaneHust OTeIbHBIX CTOJIOIOB M CTPOK MATPUI] UCTIOJIb3YIOTCS IyCThIE
KBajJpaTHbie ckoOkU — [ ]. [Iponenaem sTo ¢ maTpuieit M.

T(:,2)=[ ]
T =
1 3
4 6
7 9

TpaHcnnoHMpoOBaHME MATPHUIIbI
TpaHcnIOHMpPOBaHUE BEKTOPA WJIM MAaTPULIBI IPOU3BOJAUTCS IIPH MTOMOIIH ¢

T’
ans =
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Omnpeneanrenb MATPUIIBI

Jliisa HaxoxaeHus onpedenumens (demepmunanma) matputl B MATLAB
UMeeTCs] PYHKIIHS:

* det(X) — Bo3BpaIacT onpeaeauTe b KBaapaTHoi Matpuibl X. Eciau X
COZEPKUT TOJIBKO LIEJIBIE AIEMEHTHI, TO PE3YJIbTAT — TOXKE LEI0E YNCIIO.

>> A=[2,3,6;1,8,4;3,6,7]

A =
2 36
1 8 4
3 67
>> det (A)
ans = -29

Oo0Opamenue maTpuiy
ObpamHnot Ha3bIBAIOT MATPULLY, TOIYYAEMYIO B PE3YJIbTATE JEICHUS EAMHUYHON
matpullbl E Ha rcxonayro matpuily X. Takum oopazom, X—1=E/X. Crnenyromias QpyHKIus
o0ecIeunBaeT peanu3aluio JaHHO! ONepaluu:
* inv(X) Bo3BpalaeT MaTpuily, 00paTHyIO KBaJipaTHOU MaTpule X.
[Ipenymnpexnaroiiee COOOIICHUE BBIIAETCS, €CJIM X MJI0XO0 MAacIITaAOMpOBaHA WU OJM3Ka
K BBIPOKICHHOM.

>> inv (rand(4,4))

ans =
2.2631 -2.3495-0.4696 -0.6631
-0.7620 1.21221.7041 -1.2146
-2.0408 1.42281.5538 1.3730

1.3075 -0.0183-2.5483 0.6344

Crarucrnyeckue pyHKuMU
@yHKIMSA Sum NpeJHa3HavYeHa JUisl CYMMHPOBAHUS 3JIEMEHTOB BEKTOPA.

OyHKIMSA mean TpeaHa3HAuYeHa I BBIUUCICHUS CPEIHEro apu(]pmeTuyeckoro
3JIEMEHTOB BEKTOPA.

JUIsi HaxoXIE€HHWd MHHHMAQJIBHOIO W MaKCHUMaJIbHOIO 3JIEMEHTAa BEKTOpa
UCIOJIB3YIOTCS (DYHKIIMM Min ¥ MaxX COOTBETCTBEHHO.

Pemienne cucrem JIMHEHHbIX YPaBHEHUH

[lycts 3amaHa cucreMa n JUHEHHBIX aNreOpanyeckuxX ypaBHEHUH C n
Heu3BecTHhIMU. CHcTeMa ypaBHEHUI B MaTPUYHON (popMe MPEICTABIIAETCS CIEeAYIOIUM
obpazom:

AX =B (3.1.) rae A - kBagpatHas MaTpuua Ko3GPUIMEHTOB, pa3MEPOM N X N

CTPOK U CTOJIOIIOB;

X - BEKTOP-CTOIOCI] HEN3BECTHBIX;
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B - BekTOp-cTONIOCI MTPaBBIX YacTEH.
Pemenue B MaTpuuHOM BHJIE€ MpeIcTaBIseTCA Kak X=B/A

IIpumep: Pemuth cucteMy 4-X JTMHEUHBIX YPABHEHUM:
1.116x1 +0.1397x2 +0.1254x3 +0.1490x4 =1.5471;
0.1582x1 +0.1768x2 +1.1675x3 +0.1871x4 =1.6471;
0.1968x1 +1.2168x2 +0.2071x3 +0.2271x4 =1.7471;
0.2368x1 +0.2568x2 +0.2471x3 +1.2671x4 =1.8471.

a = [1.1161 0.1397 0.1254 0.1490;
0.1582 0.1768 1.1675 0.1871 ;
0.1968 1.2168 0.2071 0.2271 ;
0.2368 0.2568 0.2471 1.2671];
b = [1.5471 ; 1.6471 ; 1.7471 ; 1.84717;
X = a\b X =
1.0400
0.9351
0.9870
0.8813

Jleknusa Ne 3. I'pa¢puxka MATLAB

I'padpuku pyHkuuii B 1eKApTOBOM CHCTEME KOOPAUHAT

Komanpa plot cioyxuT ns noctpoeHus rpadpukoB GyHKIUN B 1€KapTOBOU
CUCTEME KOOpJAMHAT. JTa KOMaH/Ja UMEET PsJl TapaMeTPOB, PACCMAaTPUBAEMBbIX HUXKE.

» plot(X)Y) crpout rpaduk ¢yHkmuu Y(X), KOOpAUHATBEI TOoYeK (X,Y) KOTOpOIi
OepyTcsi U3 BeKTOpoB oauHakoBoro pasmepa Y u X. Ecnu X wnmum Y — marpuna, To
CTPOUTCS CEMENUCTBO IPaUKOB MO JAHHBIM, COAEPKAILMMCS B KOJIOHKAaX MaTPHUIIbL.

>> x=[0 1 2 3 4 5]; Y=[sin(x);cos(x)]; plot(x,Y)

* plot(Y) ctpour rpaduk Yy(i), rae 3HaueHus Y Oepyrcs u3 BekTopa Y, a |
MPEACTaBIICT COOOM MHIEKC COOTBETCTBYyIomIero »siemeHta. Ecim Y comepxur
KOMILJIEKCHBIE DJIEMEHTHI, TO BbINONIHseTCs komanaa plot(real(Y), imag(Y)).

Bo Bcex pyrux ciydasix MHUMasl 4acTh TAHHBIX UTHOPUPYETCS.

>> x=-2*pi:0.02*pi:2*pi; y=sin(x)+i*cos(3*x); plot (y)

 plot(X,Y,S) ananoruyna komanze plot(X,Y), HO TN IuHUK TpadUKa MOKHO
3a71aBaTh C MMOMOIIbIO CTPOKOBOM KOHCTAHTHI S.
3HaYeHUSAMH KOHCTAHTHI S npuBeeHbI B Tabmuiie 5.

Tab6aura 5.
[BeT nmuHUM Tun Toukn Tun muHumn
y JKEIITBIN . TOYKA - CILIOLIHASA
m  ¢uoneToBbIN 0 OKPYKHOCTb : JIBOWHOU ITYHKTHUD
c rojryoou X KpecT -. LITPUXITYHKTHUD
r KpacCHbIN + IIJIFOC -- LITPUXOBAS
g 3€JICHBIN * 3BE3/10YKA
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b CUHUMN S KBaJpar
W Oeblid d poMO
TPEYroJbHUK
Kk YEPHBIN % (BHU3)
TPEYroJbHUK
A (BBEpX)
TPEYroJbHUK
< (B1€BO)
TPEYroJIbHUK
> (BIIpaBo)
p ISTHYTOJIbHUK
h IIECTUYTOJIbHUK

Takum 00pa3oM, ¢ TTOMOIIBIO CTPOKOBOM KOHCTAHTBHI S MOXKHO HM3MEHSATH I[BET
JUHUU, TIPEACTABIATh Y3JIOBBIE TOYKH PA3IUYHBIMHU OTMETKAMH M MEHATH THUIl JIUHUU
rpaduka.

plot(X1,Y1,S1,X2,Y2,S2,X3,Y3,S3,...) — oTa KOMaHJa CTPOUT Ha OJHOM TpaduKe psI
JIMHHH, IpeACcTaBIeHHbIX qaHabiMu Buaa (Xi,Y1,Si), rae Xi u Y1 — BEKTOpBI WM MaTPHUIIbI,
a Si — crpoku. C MOMOIIBIO TaKOW KOHCTPYKIIMA BO3MOXKHO ITOCTPOCHHUE, HANPHMED,
rpaduka GyHKIIMU JIMHUEH, IBET KOTOPOH OTJIMYAETCS OT LBETA y3JOBBIX TOUEK.

[Tpu OTCYTCTBUM yYKa3aHUS Ha IIBET JUHHUI M TOYCK OH BHIOMPACTCS aBTOMATHYCCKH K3
Tabnuipl 1BeTOB (Oemnblii uckirouaercs). Ecnu nuauil Gonblie mecTd , TO BIOOp IBETOB
noBTOpsieTcs. [JIsT MOHOXPOMHBIX CHCTEM JIMHUU BBIICIISIOTCS CTHIICM.

% llporpaMMma HOCTPOEHUMS I'PadUKOBR Tpex QyHKUMM
x==2*%pi:0.1*pi:2*%pi;
yl=sin(x); y2=sin(x)."2; y3=sin(x)."3;

plot(x,yl,'-m',x,y2,"'-.+r',x,y3,'--0ok")
I[I/IarpaMMbI ) | FI/ICTOFpaMMI)I

KoMaH b1 17151 TOCTpOEHUS CTOJOIOBBIX AUATPaAMM:

* bar(x,Y) crpout cTONOIOBBIA Tpaduk 37IeMEHTOB BekTopa Y (WJIM TPYHIIBI
CTONOIOB i1 MaTpumbl Y) €O crenudukanueid IOJOKCHHS CTOJIONOB, 3adaHHOMN
3HAYCHUSIMU DJIEMEHTOB BEKTOPA X, KOTOPHIE TODKHBI UATH B MOHOTOHHO BO3PACTaIOIIEM
MOPSIJIKE;

* bar(Y) ctpouTt rpaduk 3HaYCHUI 2IEMEHTOB MaTPHUITLl Y TaK ke, KaK yKa3aHO
BBIIIIC, HO (DaKTHYCCKH JIJIsT TOCTPOCHUS Tpadrika UCIOIb3yeTcsl BEKTOp X=1:m;

* bar(x,Y,WIDTH) wmu BAR(Y,WIDTH) - xomanma aHalormuHa paHee
PacCMOTPEHHBIM, HO cO crnenudukanuei mupunbl ctoiao1oB (mpu WIDTH > 1 cronGirsr
nepekpbiBatorces). [To ymonmuanunto 3agano WIDTH = 0.8.

Bo3moxxHO ~ mpuMeHeHHWe ~OTUX  KOMaHj W B CIEAYIOIIeM  BUJE:
bar(...,'Cneuuduxanus') 1is 3aganus criendukanuy rpaukoB, HaIpUMEp TUMA JIMHUM,
1[BETA U T. 1I., IO aHajoruu ¢ komaujoi plot. Cneundukanus ‘stacked’ 3agaer pucoBanue
BCex N cTONOIOB APYT HA JIpYTeE.

15



[Tpumep nmocTpoeHust cToa010BOM AMarpaMMbl MaTpUIIbl pazmepom 12x3
MPUBOJIUTCS HUXKE:

>> bar (rand(12,3), '"stacked"')

[TomuMo kOoMaHIbI bar(...), CyIIECTBYET aHAJOTUYHAs €l MO0 CUHTaKCUCY KOMaH]a
barh(...), KoTopas CTPOHUT CTOJOIOBBIC JUATPAMMBI C TOPU30HTAIBHBIM PACIIOI0KECHUEM
CTOJIOLIOB.

Krnaccuueckast eucmoepamma xXapakTepu3yeT B BHUJIE CTOJOIOBOM Juarpammbl
Yyycia NONaJaHui 3HAYEHUN 3JIEMEHTOB BEKTOpa Y B M MHTEpBasoB.

JI1st mony4yeHus JaHHBIX JUIsl THCTOTPAMMBI CITYKUT (yHKIU hist:

* N=hist(Y) Bo3Bpam@aer BeKTOp 4uwcesn momananuid g 10 HHTEpBAJOB,
BbIOMpaeMbIx aBToMatnuecku. Ecnu Y — Matpuiia, TO BbIIA€TCS MAaCCUB JIAaHHBIX O YUCIIE
TTONAaJIaHMUH JIUTS KaXKI0TO U3 €€ CTOJIOIOB;

* N=hist(Y,M) ananorudna BeIIIEPACCMOTPEHHOM, HO UCTIOJIB3YyeTca M
uHTepBaIOB (M — ckaiisip);

. N=hist(Y,X) Bo3BpamiaeT uncia normajianuii 371eMeHTOB BeKTopa Y B HHTEPBAJIbI,
HEHTPBI KOTOPHIX 3aJIaHbl AJIEMEHTAMH BEKTOpa X;

* [N,X]=HIST(...)B03Bpamiaet yncia nonajaanuii B MHTEPBAJIbI U JTAHHBIE O

LEHTpaxX UHTEPBAJIOB.

>> x=-3:0.2:3; y=randn(1000,1);

>> hist(y,x); h=hist (y,x)

h =

Columns 1 through 12

00 3789 11 23 3343 5755
Columns 13 through 24

70 62 83 87 93 68 70 65 4135 27 21
Columns 25 through 31

12 56 32 10

KoMaHibl 17151 CO30aHUSKPYTOBBIX IUarpamm:

* pie(X) cTpOUT KPYroBYIO AMarpammy IO JAaHHBIM HOPMaJIM30BaHHOTO BEKTOpa
XISUM(X). SUM(X) — cymma annemenToB BekTopa. Ecin SUM(X)<=1.0, To 3HaYCHHS B
X HEMOCPEICTBEHHO ONPENEIAIOT IJIOMA b CEKTOPOB;

* pie(X,EXPLODE) cTpouT KpyroByto nuarpammy, y KOTOPOil OTPBIB CEKTOPOB OT
ueHrpa 3aaaercs BekropoM EXPLODE, koTopblid TOMKEH UMETh TOT K€ pa3Mep, 4To U
BEKTOpP JaHHBIX X.

Crnenyromuii mpuMep CTPOUT UBETHYIO KPYTOBYIO JUArpaMMy C ISTBIO CEKTOPaMH,

IMpu4cMm HOCJ'ICI[HI/Iﬁ CCKTOp OTACJICH OT OCTAJIbHBIX!

>> X=[1 2 3 4 5]; pie(X, [0 0O O 0 21)

Co3naHne MacCUBOB JaAHHBIX VISl TPEXMEPHOIi rpadpukn

[ToBepxHOCTH KaKk OOBEKTHI TpPEeXMEpPHOW TpaduKu OOBIYHO OMHCHIBAIOTCSA
dyHKIMEeN NBYyX nepeMeHHbIX z(X,y). Cneunduka mocTpoeHus TpeXMEpHBIX IpaduKoB
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TpeOyeT He MPOCTO 3aJaHus psja 3HAYCHUN X U Y, HO U IBYMEPHBIX MaCCHBOB — MaTPHIL.
Jlyia co3ganusi TAKMX MacCHBOB CITYXKUT QyHKIHs meshgrid:

* [X,Y] = meshgrid(x,y) mpeoOpa3yeT 061acTh, 3alaHHYI0 BEKTOpaMU X U Y, B
MaccuBbl X U Y, KOTOPbIE MOTYT OBITh HCIIOJIb30BaHBI JJISl BBIYUCICHUS (DYHKITHH
JBYX MEPEMEHHBIX U MMOCTPOCHUS TPEXMEPHBIX TpapuKoB. CTPOKU BBIXOTHOTO
MaccuBa X SIBISIFOTCS] KOTIUAMHU BEKTOPA X; a CTOJIOIBI Y — KOMUSMU BEKTOPA V;

* [X,Y] = meshgrid(x) ananoruyna [X,Y] = meshgrid(x,x);

>> [X,Y] = meshgrid(1:4,13:17)
X =

1234

1234

1234

1234

1234 Y

13 13 13 13
14 14 14 14
15 15 15 15
16 16 16 16

TpéxmepHas rpapuxa

Komanna plot3(...) siBmsiercs aHaiorom KoMasibel plot(...), HO OTHOCUTCS K
GyHKIIMM ABYX TNepeMeHHbIX Z(X,y). OHa CTPOUT aKCOHOMETPHUYECKOE H300paxKeHHe
TPEXMEPHBIX MOBEPXHOCTEN U MPEACTABIIEHA CIECAYIOMUMU (OpMaMHU:

* plot3(x,y,z) CTpOUT MacCUB TOYEK, MPEICTABICHHBIX BEKTOPAMHU X, Y H Z,
COEIMHSIS X OTPE3KAMHU MPSAMBIX. DTa KOMaHAa UMEET OrPaHUYEHHOE PUMEHEHHE;

*plot3(X,Y,Z), rae X, Y u Z — Tpu MaTpHIlbl OTMHAKOBOT'O pa3Mepa, CTPOUT TOUKHU
¢ koopauHatamu X(1,:), Y(i,:) 1 Z(1,:) ¥ COEAUHSET UX OTPE3KAMHU MPSMBIX.

Huxe nan npuMep nporpaMMbl TOCTPOEHUSI TPEXMEPHOM MOBEPXHOCTH,

onuchiBaeMon PpyHKIMEH z(X,y)=x"2+y"2:

% IporpaMMa IMIOCTPOEHMS [OBEPXHOCTM JIMHUSIMU
[X,Y]=meshgrid([-3:0.15:3]);

Z2=X."2+Y."2; plot3(X,Y,2)
. plot3(X,Y,Z,S) obecreunBaeT MOCTPOCHHUS, AHAIOTHYHBIC PACCMOTPCHHBIM
paHee, HO cO crnenu(pUKaIMe CTUIISI TUHUN B TOYEK, COOTBETCTBYIOIICH crienudukanim
KoMaH 1bl plot:

o)

% IllporpaMMa NOCTPOEHMSA NOBEPXHOCTM KpPyXKaMM

[X,Y]=meshgrid([-3:0.15:3]);

Z=X."24Y."2;

plot3(X,Y,Z,"0")

« plot3(x1,yl,z1,s1,x2,y2,22,s2,x3,y3,23,83,...) CTPOUT Ha OJHOM PHCYHKE
rpadguku Heckoybkux ¢pyukuuid z1(x1,yl), z2(x2,y2) u T. A. co cneunuuKanyen JMHUN U
MapKepOB KaKJI0N U3 HUX.

Q

% IlporpamMMa OOCTPOEHMS CeTHaToro rpadmka QyHKUUU
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[X,Y]=meshgrid([-3:0.15:3]);
7=X."2+Y."2; plot3(X,Y,Z,’-
kK',Y,%X,7,"'-k")

B nanHOM ciyuae cTpositcsi nBa rpaduka OJHON U TOW ke (PYHKIHMH C B3aHUMHO
NEePHEHANKYIAPHBIMU 00pa3yroumMu JuHusIMU. [losTomy rpaduk umeer BuJ ceTKu 0e3
OKpPACKH €€ siueeK (HalmoOMUHAET MPOBOJIOYHBINA KapKac GUTYpHI).

HauGoiee npeacTaBUTEIbHBIMU U HATJISATHBIMU SIBIISIIOTCS cemuamole epaguKu
MOBEPXHOCTEH C 3aJaHHON WU (YHKIIMOHATHHOU OKPACKOH.

* mesh(X,Y,Z,C) BRIBOAUT B IpauuecKOe OKHO CeTUaTyro MoBepXHOCTh Z(X,Y) ¢
[[BETaMHU y3JIOB TIOBEPXHOCTH, 3aJaHHBIMU MaccuBoM C.

. mesh(X,Y,Z) — ananor npeamiecTByromieii komauapl npu C=Z. B naHHOM ciy4ae
UCIIOJNB3yeTCsl (DYHKIMOHATIbHAsE OKpacka, IpPU KOTOPOM IIBET 3a/aeTcsi BBICOTOM
MOBEPXHOCTH.

Bo3moxxHbl Takke ¢opMbl koMaHnel mesh(x,y,Z), mesh(x,y,Z,C), mesh(Z) u
mesh(Z,C). ®ynkuus mesh Bo3BpamaeT aeckpuntop s o0bekTa Kiaacca surface. Huke
MIPUBOJUTCS MPUMEP MPOTPaMMBbI ¢ TPUMEHEHUEM KOMaH bl mesh:

o)

3 IlporpamMMa NOCTpOeHMsa rpadmka NOBEPXHOCTM C OKPACKOM

[X,Y]=meshgrid([-3:0.15:31);

Z=X."24Y."2;

mesh (X,Y, 2)

MATLAB nMeet HECKOIBbKO rpaduyecKux QyHKIUH, BO3BPAIIAIOIINX MAMPUUHbLU
obpaz nosepxnocmeii. Hanpumep , dynkuus peaks(N) BosBpaiaer MaTpuyHblii 00pa3
MOBEPXHOCTH C PSAOM TMUKOB W BHaauH. Takue QPyHKIUM yAOOHO MCHOJIB30BATH IS

MPOBEPKH pabOTHI rpauecKuX KOMaH I TPEXMEPHOI rpaduKH.

>> z=peaks (25); mesh(z);

Oco0eHHO HariIsgHOE MPEACTABICHUE O TTOBEPXHOCTSIX JAIOT ceTdaThie Tpaduku,
UCTIOJIB3YIOIINE  (DYHKYUOHANbHYIO 3aKkpacKy s4deek. Hampumep, 1BeT oOKpacku
OBEPXHOCTH Z(X,Y) MOXKET OBbITh MOCTABJICH B COOTBETCTBUHU C BBICOTOM Z MMOBEPXHOCTH C
BBIOOPOM JIJ1s1 MAJIBIX BBICOT TEMHBIX TOHOB, a JIJIsl OOJIBIINX — CBETIIBIX.

JI71st MOCTPOCHMSI TAKUX TIOBEPXHOCTEH UCIIONB3YIOTCA KOMaH IbI Kiacca surf(...):

 surf(X,Y,Z,C) cTpouT NBETHYIO MapaMeTPUIECKYIO TOBEPXHOCTH MO TaHHBIM
Matpull X, Y U Z C IBETOM, 3a1aBa€MbIM MacCcuBoM C;

« surf(X,Y,Z) ananornyHa npeaniecTByoIiei komauzae, rae C=Z, Tak 4To nBeT
3aJ1a€TCA BBICOTOU TOM WJIM UHOW STYEUKH TTIOBEPXHOCTH;

* surf(x,y,Z) u surf(x,y,Z,C) ¢ 1ByMs BEKTOPHBIMU apryMEHTaMU X U Y — BEKTOPbI
X ¥y 3aMEHSIOT JIBa EPBbIX MATPUYHBIX apTYMEHTa U JOJKHBI UMETh

mmnael length(x)=n u length(y)=m, rae [m,n] = size(Z). B atom ciyuae BepIIMHBI
obJacTelt MOBEPXHOCTH MPEICTAaBIICHbI Tpolikamu koopauHat (x(j), y(1), Z(1,))). 3ametum,
YTO X COOTBETCTBYET CTOJIOAM Z, a y COOTBETCTBYET CTPOKAM;

* surf(Z) u surf(Z,C) ucnone3yroT x = I:n u y = 1:m. B aTom cimydae BeicoTa Z —
OJTHO3HAYHO OTpeJieIeHHast PYHKITUS, 3a/JaHHAss TEOMETPUUYECKH MPSIMOYTOIHbHON
CETKOM;

* h=surf(...) cTpOUT MOBEPXHOCTH U BO3BpAIIACT JECKPUTITOP 0OBEKTA Kiacca
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surface.

% IlporpamMmMma nocTpoeHMsa I'paduka napabojiomma C OKpPaCKOM
[X,Y]=meshgrid([-3:0.15:31);

Z=X."2+Y."2;

surf (X, Y, 7)

['padwkyn TIOBEPXHOCTEH, B KOTOPBIX HUMHUTHUPYETCS OCBEIIEHHE OT TOYECUHOTO
MCTOYHUKA CBETA, PACIOJIOKEHHOIO B 33JJAHHOM MECTE KOOPJIMHATHON CUCTEMBICTPOSITCS
P TIOMOIITH KoMaHAbI surfl:

* surfl(...) ananoruuna komane surf(...), Ho CTpoUT rpaduK MOBEPXHOCTHU C
MOJICBETKOM OT MCTOYHHKA CBETA,;

e surfl(Z,S) wnm surfl(X,Y,Z,S) ctpout rpaduku MOBEpPXHOCTH C MOJCBETKOM OT
HCTOYHHUKA CBETA, MOJOKEHHE KOTOPOTO B CUCTEME JEKAPTOBBIX KOOPAMHAT 3aJ1aeTcs
BekTopoM S=[Sx,Sy,Sz];

« surfl(...,'light") mo3BosisieT mpu NOCTpOECHUHM 3a7aTh LIBET MOJICBETKH C OMOIIBIO
obObekTa Light;

* surfl(...,'cdata’) mpu nmoctpoeHrr UMUTHPYET 3PPEKT OTpAKEHHUS;

* surfl(X,Y,Z,S,K) 3amaetr nmoctpoeHrne moBEPXHOCTH C IMapaMeTpamMu, 3aJaHHBIMU
BekTopom K=[ka,kd,ks,spread], rme ka — xoadpdunuent donoBoii nmoacsetku, kd —
kodppunmerT auddysHoro orpaxenus, ks — Kod3pHUIHEHT 3epKaIbHOTO OTPAXKEHUS U
spread — k03¢ GUITMECHT TISHIICBUTOCTH;

. H=surfl(...)cTpouT noBEpXHOCTH U BO3BpPALIAET IECKPUIITOPHI TIOBEPXHOCTU U
MCTOYHHUKOB CBETA.

[l[porpaMMa MNOCTPOEHMS TOBEPXHOCTU C MMMUTALMUEN

ee OCBECIEHHOCTM OT TOUEeUWHOI'O MCTOUYHIMKAa

[X,Y]=meshgrid ([-3:0.1:3]);

Z=sin(X) ./ (X."2+Y."2+0.3) ;

surfl (X,Y,Z2);

CpencTBa ynpaiieHUs MOACBETKON U 0030poM QUryp:

» diffuse — 3aganue s dexra nupHy3HOHHOTO PacCETHUS,

» lighting — yripaBieHHE 0/ICBETKOI;

» material — umMuTaLMS CBOMCTB pacCEMBaHUS CBETA Pa3IMUYHBIMU MaTepHaIaMu;

* specular — 3amanue 3pdekra 3epKaNTbHOIO OTPAKECHHUS.

Crenyromiyie TpM KOMaH bl TO3BOJISTFOT YIPABIATH YIIaMH IPOCMOTPA, IO
KOTOPBIMHU paccMaTpUBacTCs BUAMMAs B TpauIecKoM OKHE Gurypa:

* VIEW — 3aJ1aHHe TIOJIOKCHHS TOYKU TIPOCMOTPA;

* Viewmtx — 3ajaHie ¥ BBIYMCICHHE MATPHIIBI BPAILICHUS;

* rotate3d — 3aaHue MOBOPOTA TPEXMEPHOH (DUTYPHI.

o0 o

I[{BeTHBIE 00BbEMHBIC KPYTOBbI€ THATPAMMbI

Wuoraa ucnonb3ytoTess 00beMHbIE KpYTOBbIe TuarpaMMsl. s ux
MOCTPOEHUS CIYKUT KOMaH/a pie3:

* pie3(...) aHamornyHa KOMaHze pie(...), HO 1aeT MOCTPOEeHNUE OO BEMHBIX
CEKTOPOB.
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B nmpuBeneHHOM HIKE IpUMEPE CTPOUTCS 00bEMHAs AMarpaMma ¢
OTJIETICHUEM JIBYX CEKTOPOB, MOKa3aHHas Ha puc. 6.52.

>> X=[1 2 3 4 5]; pie3(X,[0 0O 1 0 1])

Jleknust Ne 4. PeqakrtupoBanue rpa¢puxkos MATLAB

TexcroBoe opopmiienne rpaguxkos

Yemanoska mumynvnou naonucu. JIjis yCTaHOBKH HaJl TpaUKOM TUTYJIBHOMN
HAJIMCHU UCIOJIBb3YETCA CIEAYIOIasi KOMaHaa:

« title('string’) yctaHOBKa Ha TBYMEPHBIX U TPEXMEPHBIX IpaduKax TUTYIBHOM
HAJIIIMCH, 3aJJaHHON CTPOKOBOM KOHCTAHTOM 'string'.

Yemanoexka ocesvix Haonuceu. JIns ycTaHOBKU HaJIIMCEH BO3JI€ OCeil X, Y U Z
UCITOJIB3YIOTCS CIIEIYIOIINE KOMAH/IbI:

» xlabel('String’)

» ylabel('String’)

» zlabel('String")

CooTBeTCTBYIOIIAsA HAAMUCH 3a1A€TCSI CHMBOJIBHOM KOHCTAHTOM WJIM IEPEMEHHOU

'String'.

o\°

[lporpaMMa NOCTPOeHUs rpadrka MOBEPXHOCTU
% C TEKCTOBBIM OQOPMIIEHMEM
[X,Y]=meshgrid([-3:0.1:3]);
Z=sin(X) ./ (X."24Y.7"2+0.3); surfl(X,Y,Z);

colorbar colormap(gray); shading interp
xlabel ('"Axis X'); ylabel ('Axis Y'")
zlabel ('"Axis Z2'); title('Surface
graphic')

B6oo mexcma 6 nioboe mecmo epaguxa. YacTto BO3HHUKACT HEOOXOIMMOCTH
n00aBJIEHHUs TEKCTa B OMpE/IeIEHHOE MEeCTO Ipaduka, Harpumep sk 0003HAYEHUsT TOU
WM MHOU KpuBOM rpaduka. 71 5Toro ucnonib3yercs komanaa text:

* text(X,Y,'string") mobaBisieT B JByMEPHBINA IrpauK TEKCT, 3aJaHHBI CTPOKOBOM
KOHCTaHTOM 'string', Tak 4TO Ha4aJo TEKCTa paclookKeHO B ToUke ¢ koopauHaramu (X,Y).
Ecnu X 'Y 3agaHbl Kak OJTHOMEPHBIE MACCUBBI, TO HAAIIUCh MOMEIIAETCS BO BCE MO3ULIUU
[x(@).y()];

o text(X,Y,Z,'string') nobGaBiasier B TpexXMepHbId rpaduK TEKCT, 3aJaHHBIMI
CTPOKOBOW KOHCTAHTOM 'string', Tak YTO Hayajio TEKCTa PACMOJIOKEHO B IMO3UIIHH,
3aaHHON KoopauHatamu X, Y u Z.

>> x=-10:0.1:10; plot(x,sin(x).”3)
>> text(-4,0.7,'Graphic sin(x)"3")
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Tosuyuonuposanue mexcma ¢ nomowvio mviuiy. O4eHb yIOOHBIN CITOCOO BBOA
TEKCTA NPEAOCTABIISIET KOMaH/Ia gtext:

» gtext('string') 3aaeT BHIBOAMMBIN Ha TpadyK TEKCT B BUAEC CTPOKOBON KOHCTAHTHI
'string' ¥ BBIBOAWT Ha TpaduK IepeMeIIacMblii MBIIIBI0 MapKep B BHIIE KpPECTHKA.
YcTaHOBUB MapKep B HY)KHOE MECTO, IOCTATOYHO IMICIKHYTh 000N KHOMKOW MBITITH JIJIs
BBIBO/IA TEKCTA,;

« gtext(C) mo3BoJIIET aHATOTUYHBIM 00pa30M pa3MECTUTh MHOTOCTPOUYHYIO

HaJAIIUCh U3 MACCHBa CTPOKOBLIX IICPEMCHHBIX C.

>> x=-15:0.1:15; plot(x, sin(x)."3)
>> gtext ('Function sin(x)”"3")

YcraHoBUB IICPCKPCCTHUC B HYKHOC MCCTO Tpa(i)I/IKa, JOCTAaTOYHO HaXXaTb JHO6YI-O
KJIaBUITy WUJIN J'IIO6YIO KHOIIKY MBIIIIHX, U HA 3TOM MCCTC ITIOSIBUTCS HAAIINCh.
Bricokass TOUYHOCTH IMO3MITMOHUPOBAHUA HAAIINCHU H 6BICTpOTa mponecca acjaaroT

JaHHBIN cI0CO0 HaHECEHUs Haanucel Ha rpaduKu OAHUM U3 HanboJiee yJOOHBIX.
®opMmaTupoBaHue rpaguKoB

Bv1600 nosicnenuu u nezenowi. IlosicHeHre B BUAE OTPE3KOB JIMHUK CO CLIPABOYHBIMU
HAAMUCAMHU, Pa3MeIIaeMoe BHYTPH rpaduKa WId OKOJIO HETO, Ha3bIBaeTCs JereH10i. s
CO3/IaHHUSA JIETEH bl UCTIONB3YIOTCS Pa3IMYHbIe BapHAHTHI KOMaH bl legend:

* legend(stringl,string2,string3,...) no0aBiseT K TeKyieMy rpaduky JereHay B
BUJIE CTPOK, YKAa3aHHBIX B CIIMCKE MTapaMETPOB;

* legend(H,string1,string2,string3,...) moMeaeT JereHy Ha rpapuk, coaepxamiuii
00BeKTHI ¢ JAeckpuntopamu H, wucmonb3ys 3amaHHBIE CTPOKM KaK METKH IS
COOTBETCTBYIOIIUX JIECKPUIITOPOB;

* legend(AX,...) moMemiaer jereHay B ocsix (0O0OBEKT Kiacca axes) ¢ JeCKPUITOPOM
AX;

* legend(M) pa3menaer jgereHay, UCTOJb3Ysl JaHHBIE U3 CTPOKOBOM MaTpullbl M;

* legend OFF ycTpansieT panee BbIBEICHHYIO JIET€HIY;

* legend nepeprcoBBIBAET TEKYILYIO JIETEHAY, €CIIU TAKOBasi UMEETCS;

* legend(legendhandle) mepeprcoBbIBaeT jereH 1y, yKasaHHYIO JECKPUITOPOM
legendhandle;

* legend(...,Pos) momemniaer siereny B TOYHO OMNpe/eIEHHOE MECTO,
cnenuduIrpoBaHHOE napameTpoM Pos:

— P0s=0 — nyuiee mecto, BhIOMpaeMoe aBTOMAaTUUECKH;

— Pos=1 — BepxHuil npaBklil yro;

— P0s=2 — BepxHuii neBbIil yroi;

— P0s=3 — HmxHuit 1eBbIN yrod;

— P0s=4 — HxHMIT TpaBbId yroJr;

— Pos=-1 — cnpaBa ot rpaduka.

UToOBI nepeHecTy JereH 1y, yCTaHOBUTE Ha HEe Kypcop, HAKMUTE JIEBYIO KHOIKY
MBIIIY U IEPETAIINTE JIETCHTy B HEOOXOAUMYIO TTO3HUIIHIO.

21



Komanpa legend MoxkeT ucronb30BaThes C ABYMEPHOM U TpeXMEpHOU rpaduxoii u
CO CHeNHaNbHOM TpaduKOi — CTOJIOIIOBHIMU U KPYTOBBIMU JUATpaMMaMU U T. 1. [IBOMHBIM
IIEJTYKOM MO>KHO BBIBECTH JIET€H/lY HA PEJaKTUPOBAaHHUE.

[l[porpaMMa HOCTPOEHMA Ipaduka Tpex OYHKUMUM
C BEIBOIOM MX OOO3HAUEHUM — JIeTeHIOMU
x==2*pi:0.1*pi:2*pi;

%
%

yl=sin(x); y2=sin(x).”2; y3=sin(x)."3;
plot(x,yl,'-m',x,y2,'-.+r',x,y3, '—ok")
legend ('Function 1', 'Function 2', '"Function 3'");

Hesnauntensnas Mmoaudukanus komauasl legend (mprMeHeHue AOMOIHUTEIHHOTO
napaMmerpa -1) mo3BoJsieT MOCTPOUTh TpaduK Tpex (QPYHKUMHA C JIETeHJO0W BHE MOJIS
rpadguka. 9T0 WLTIOCTPUPYET CIAEAYIOIIAs MpOrpaMma:

% IlporpaMMa NOCTpoOeHMS TpadukKa Tpex OQYHKLUM
% C BEIBOIOM JIET€HIEl BHe IOJIA I'paduka
x==2*pi:0.1*pi:2*pi;

yl=sin(x); y2=sin(x).”2; y3=sin(x).”"3; plot(x,vyl,'-
m',x,y2,"'-.+r',x,y3,"'—ok') legend('Function

1', '"Function 2', 'Function 3',-1);

B nanHOM citydae HeTOCTaTKOM MOKHO CUMTATh COKpAIIEHUE TIOJIE3HOU TIJIOIIATN
camoro rpaduxka.

YupasJ/ieHue CBONMCTBaAMH Ocell rpa)uKoB

OObIYHO rpaMKH BBIBOJSATCA B PEKUME aBTOMATHYECKOTO MACIITAOUPOBAHUS.
Crnenyroline KOMaH/Ibl KJacca axis MEHSIOT 3Ty CUTYalHUIO:

o aXiS([XMIN XMAX YMIN YMAX]) — ycTaHOBKa iuana3oHOB KOOPIUHAT 11O
OCSIM X M 'y IJIsl TEKYILEro ABYMEPHOTO rpaduka;

o aXiS([XMIN XMAX YMIN YMAX ZMIN ZMAX]) — ycTaHOBKa Juana3oHOB
KOOpAMHAT IO OCSIM X, Y U Z TEKYLIET0 TPEXMEPHOTO rpaduka;

* aXiS auto — yctaHOBKa MapaMeTpoB OCe 10 YMOTYaHUIO;

* axis manual «3amMopaxuBaeT» MaCIITAOMPOBAHKUE B TEKYIIEM COCTOSIHUH, YTOOBI
pU KCIONBb30BaHWU KoMaHAel hold on ciepyromme rpaduku UCHONB30BAIHA TE K€
IapaMmeTphl OCEN;

* axis tight yctaHaBiuBaeT quamna3zoHbl KOOPJUHAT 1O OCSM B COOTBETCTBHH C
Jrarna3oHaMH U3MEHEHUS JaHHbIX;

* axis 1j 3a/laeT «MaTPUYHYIO» MPSMOYTOJbHYIO CHUCTEMY KOOpPJMHAT C HAdajJoM
KOOpIMHAT B JIEBOM BEPXHEM YTIIy, OCh 1 — BEpTHKAJIbHAsA, pa3MedaeMasl CBEpXy BHU3, OCh
] — TOpHU30HTAJIbHAS M Pa3MEYaeTCsl CIeBa HAIIPABO;

* axis Xy YCTaHaBJIMBAET JEKAPTOBY CUCTEMY KOOPAMHAT C TOPU3OHTAIHLHON OCBHIO
X, pa3MeyaeMoOM CJIEBA HAIIPAaBO, U BEPTUKAJIBHOW OCBIO Y, Pa3MEUacMOM CHHU3Y BBEPX
(Hayao KOOPAMHAT Pa3MEIIAETCsl B HIDKHEM JIEBOM YTIy);

* axis equal BkiItOyaeT MacmTad ¢ OJIMHAKOBBIM PACCTOSTHUEM MEXKITY METKAMHU 110

OCsIM X, Y U Z;
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* axis image ycTaHaBJIMBAET MacIITad, MPU KOTOPOM MUKCETU U300paKeHUs
CTaHOBSTCA KBaJpaTaMH;

e axiS square ycraHaBIMBaeT TEKYIIMEe OCH B BHUAC KBaapara (WM Kyba B
TPEXMEPHOM CJIy4ae) C OJWHAKOBBIM PACCTOSHHUEM MEXIYy METKAaMH W OJMHAKOBOU
JUTMHOM OCei;

* axis normal BoccTaHaBIMBaeT MacIITad, OTMEHsS YCTAHOBKH axis equal u axis
square;

* axis vis3d «3amMopakuBaeT» MPOIOPIIMHA OCEH TSI BO3MOXXHOCTH TIOBOPOTA
TPEXMEPHBIX 0OBEKTOB;

» axis off yOoupaer ¢ oceli ux 0603HaYEHUS U MaPKEPHI;

* axis On BOCCTAaHABIIMBAET paHEe BBEJICHHbIE 0003HAYEHUS OCEl U MapKephI;

 V=axis BO3BpallaeT BEKTOP-CTPOKY, cojAepxalyr  KodhOUIHMEHTHI
MacmTabupoBaHus sl Tekymiero rpaduka. Ecnu Tekymuil rpaduk JABYMEpPHBIN, TO
BEKTOp UMeeT 4 KOMIIOHEHTA, €CJIH TPEXMEPHBINA — 6 KOMIIOHEHTOB.

Crnenyroluii mnpuMep WITIOCTPUPYET MPUMEHEHUE KOMAH/IbI axiS MPU MOCTPOCHUU

JIByMepHOro rpaduka QyHKIIUU OJTHON EPEMEHHOM:
>> x=-5:0.1:5; plot(x,sin(x)); axis([-10 10 -1.5 1.5])

Teneppb MacmITaObl OCei 3a/1aHBI KOMAHIOW axis, a He JMANa30HOM H3MCHCHHS
3HAYCHUU X U Y.

Brniouenue u sviknrouenue cemrxu. Komanapr grid mo3BossioT 3a1aBaTh
MTOCTPOCHUE CETKU WUJIM OTMEHSTH 3TO MIOCTPOCHHE:

* grid on 100aBIAET CETKY K TEKyIeMy rpaduKy;

» grid off oTK;IIOYaET CETKY;

» grid mocJIeIOBaTEIEHO MPOU3BOINUT BKIIFOUCHUE W OTKITFOUCHUE CETKH.

Komanne! grid yctanaBnuBaroT cBoiicTBa o0bektoB XGrid, Ygrid u Zgrid nns

TEKYIIUX OCEH.

>> x=-5:0.1:5; plot(x,sin(x));
>> axis([-10 10 -1.5 1.5]); grid on

Hanoowcenue epagurxoe opye ma opyea. Bo MHOTHX cllydasx >KeJaTEbHO
MOCTPOCHUE MHOTHX HAJIOXKEHHBIX JPYT Ha Apyra rpadMkoB B OJHOM U TOM ke OKHe. J[Jis
ATOTO CITYXKUT KOMaH]1a MPoA0HKeHus rpaduaeckux noctpoeHuit hold. Ona ucnons3yercs
B cieayomux hopmax:

* hold on obecneunBaeT nMpoaOIKEHNE BHIBOJA TPA(UKOB B TEKYIIIEE OKHO, YTO
MO3BOJISIET 100ABIIAThH TOCIEAYIONIHE TpadUKH K y)Ke CYIIECTBYIOIINM;

* hold off oTmensieT pexxuM poI0IKEHUS TPaPUISCKUX MTOCTPOCHHI;

 hold paboTaet kak nmepekOYaTes b, MOCACIOBATEIBLHO BKIIOYAS PEKUM
MIPOJIOJDKEHUS TPaPUIECKUX ITOCTPOCHUIA U OTMEHSIS €TO.

Komanga hold on ycranasnuBaeT 3nauenue add st cBoiictBa NextPlot 00bexTOB
figure u axes, a hold off ycranaBmuBaeT s 3TOro cBOWCTBa 3HaueHue replace.
Pexomenmyercs Takke 03HaKOMHUTHCS ¢ KomaHAamu ishold, newplot, figure u axes.
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[IpuBeneHHbIN HUXe MPUMEP MOKa3bIBACT, KaK ¢ MOMOIIbI0 koMaHabl hold on Ha
rpaduk CHHYCOWIBl HAKJIAABIBAIOTCS emlie Tpu Tpaduka MapaMeTPHUECKH 3aJaHHBIX
(bYHKITHIA:

>> x=-5:0.1:5; plot(x,sin(x)); hold on
>> plot(sin(x),cos(x)); plot(2*sin(x),cos (x))
>> plot(4*sin(x),cos(x)); hold off

Pazbuenue epaguueckoeo oxna . JIns pacronoxeHuss B OTHOM OKHE HECKOJIBKHUX
KOOPJIMHATHBIX OCEH C pa3nu4HbIMU rpapukamu 0e3 HaJOXKEHUs WX JAPYyTr Ha Jpyra
UCTIONB3YIOTCSl KOMaH bl subplot, mpuMeHsieMble nepea MoCTPOCHUEM I'pa(UKOB:

* subplot cozmaeT HOBBIE OOBEKTHI Ki1acca axes (TI0I0KHA);

* subplot(m,n,p) unu subplot(mnp) pazbuBaeT rpaduyeckoe OKHO Ha mxn
MOJIOKOH, TPU 3TOM M — YHUCIO TMOJOKOH IO TOPU30HTAIM, N — YHUCJIO TOJOKOH IO
BEPTUKAJIM, @ p — HOMEp TOJIOKHA, B KOTOpPO€ OYyJeT BBIBOJAMTHCS TEKYIIUA Trpaduk
(MOJTOKHA OTCUUTHIBAIOTCS TMOCIEAOBATENLHO IO CTPOKaM);

* subplot(H), rae H — neckpunTop mist 00beKTa axes, 1aeT aJbTePHATHUBHBIM
croco6 3a/1aHus MOIOKHA /ISl TeKYIIEro rpaduka;

« subplot(‘position',[left bottom width height]) co3maet moaoKHO ¢ 3aJaHHBIMU
HOPMAaJIM30BaHHBIMU KoopauHatam# (B npezenax ot 0.0 qo 1.0);

* subplot(111) u clf reset ynansitoT Bce MoJJOKHA U BO3BPAIIAIOT IPaPUIECKOEe OKHO
B OOBIYHOE COCTOSIHUE.

Crnenytoias mporpamma WTIOCTPUPYET TPUMEHEHUE KOMaH bl subplot:

o)

s I[lporpaMma NOCTPOEHMsS UYeTHpex I'padukoB B Pa3HEX
nomokHax x=-5:0.1:5;
subplot(2,2,1),plot(x,sin(x))
subplot(2,2,2),plot(sin(5*x),cos (2*x+0.2))
subplot (2,2, 3),contour (peaks)

subplot (2,2,4),surf (peaks)

J{ns Bcex rpadMKoB BO3ZMOKHA UHAMBUyaJIbHAsI YCTAHOBKA JOTIOJHUTEIbHBIX
00BEKTOB, HAIIPUMEP TUTYJIHHBIX HAJAMUCEH, HAIMUCEH 110 OCSM U T. 1.

Hsmenenue macuumaba epagpuxa. J1isa usMeHeHus1 MaciiTada JByMEPHBIX
rpauKOB UCIIOIB3YIOTCS KOMAHIbI KJacca Zoom:

* Z0OM MEPEKIIFOYAET COCTOSIHUE PEKMMA HHTEPAKTUBHOTO U3MEHEHHU MacIiTaba
JUISL TEKYIIEro rpaduka;

» zoom(FACTOR) ycranaBnuBaeT Macitad B COOTBETCTBUU € KOA(DPUIIMEHTOM
FACTOR,;

* 70OmM ON BKJIIOYAET PEKUM WHTEPAKTUBHOT'O U3MEHEHUS MaciTada /st
TeKyIIero rpaduka;

* zoom off BEIKIIIOYAaET peKUM MHTEPAKTUBHOT'O U3MEHEHUS Maciltada Jjis
TeKyIero rpaduka;

e zoom out 00ecTieunBaeT MOTHBIA MPOCMOTP, TO €CTh YCTAHABIMBAET
CTaHJapTHBIN MaciTad rpaduka;

* Z0OM XON WJIK ZOOM yOn BKJIFOYAET PEKUM MU3MEHEHHUs MaciuTada TOJIbKO M0 OCU
X WJIH 110 OCH Y;
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* Z0OmM reset 3amoMuHaeT TEKyIIMi MacmTad B KauecTBe Maciirada mo
YMOJTYaHUIO VISl TAHHOTO TpaduKa;

* zoom(FIG,0OPTION) npumensietrcs k rpaduky, 3ananaomy aeckpuntopom FIG,
pu 37oM OPTION MokeT ObITh JIFOOBIM U3 MEPEUUCICHHBIX BBIIIE aPTYMEHTOB.

KoMaHna zoom Mmo3BoJII€T yIpaBisTh MacIITaOMpPOBaHUEM Tpaduka ¢ MOMOIIILIO
MBIIIH. J1Jis 3TOT0 HaJl0 MOJBECTH KypCOp MBIIIU K MHTEpECYIolel Bac 00JaCTH pUCYHKA.
Ecnmm komaHza zoom BKiIrOYeHa (0N), TO HAKATHE JICBOW KHOIKH YBEIUYHBAET MACIITA0
BJIBOE, a NpaBOoM — yMmeHblnaeT BABoe. [Ipu HakaTol J€BOMl KHOIMKE MBI MOKHO
BBIJICJIUTh MTYHKTUPHBIM YEPHBIM MPSIMOYTOJIBHUKOM HYXKHBIA y4acTOK Tpaduka — mpu
OTIMYCKaHUU KHOMKU OH MOSIBUTCA B YBEJIMYEHHOM BHUJE MU B TOM MaciiTade, KOTOPbIN
COOTBETCTBYET BBIJICTSIONIEMY MPSIMOYTOJIbHUKY.

>> x=-5:0.01:5; plot(x,sin(x."5)./(x."5+eps)); zoom on

Komanna zoom, Takum oOpa3oM, BBIIOJHSAET (PYHKIUIO «IYIbD», MMO3BOJSIOIIEH
Ha0JII01aTh B YBEJIMUYEHHOM BHUJIE€ OT/IEIbHbIEC ()PATMEHTHI CIOKHBIX TPAPUKOB.

LiBeToBas okpacka rpapukos

Yemanosxa nanumpol yeemos. Ilanutpa usetoB RGB 3anaercsa matpureit MAP u3
TpeX CTOJIOIOB, OMPEACNSIONINX 3HAUYCHHUS] MHTEHCUBHOCTH KpacHoro (red), 3eieHoro
(green) u cunero (blue) BeToB. MIX MHTEHCUBHOCTH 33/1a€TCSI B OTHOCUTEIBHBIX €IMHULIAX
ot 0.0 no 1.0. Hampumep, [0 0 0] 3agaet yepHsiii 1BeT, [1 1 1] — 6ensiit uset, [0 0 1] —
cuHui 1BeT . [Ipn M3MEHEHNN HHTCHCUBHOCTH IIBETOB B YKa3aHHBIX MPEACIIax BO3ZMOXKHO
3a/laHue J000ro 1Bera. Takum o0pa3oM, IIBET COOTBETCTBYET OOLIENPUHITOMY (opmaTy
RGB.

JIsi yCTaHOBKM TAJMTPHI IIBETOB CIYKUT KOMaHaa colormap, 3amucbiBaeMasi B
caeayrommx ¢popmax:

* colormap('default’) ycranaBnuBaer nanutpy no yMoiI4aHHIO, PU KOTOPOH
pacmpe/eieHre I[BETOB COOTBETCTBYET PadyTe;

* colormap(MAP) ycranaBnuBaet nanutpy RGB, 3anannyto marpureit MAP;

» C=colormap — ¢yHKIMs BO3BpAaIllaeT MATPHILY TEKYyIEH MaauTpsI 11BeTOB C.
m_ ¢aiin ¢ umeHem Colormap ycraHaBMBaeT CBOMCTBA I[BETOB I TEKYIIETO rpaduka.

Komanna help graph3d napsiay ¢ mpoyuM BBEIBOJMT MOJTHBINA CITUCOK XapaKTEPHBIX
MaJIUTP, UCTIOJIb3yeMbIX Tpaduueckoi cucremoit MATLAB:

* hsv — iieTa panyru;

* hot — yepetoBaHMe YePHOTO, KPACHOTO, JKEJITOTO U OESIIOTO I[BETOB;

* gray — TMHelHas aJIuTpa B OTTEHKaX CepOro I[BETa;

* bone — cepeie 11BeTa ¢ OTTEHKOM CHHETO;

* COpper — TuHeHast MaJuTpa C OTTCHKAMU MEJIH;

* pink — po3oBBbIC 1[BETA C OTTEHKAMHU MACTEIH;

* White — mayiutpa Georo 1BeTa;

» flag — uepenoBanue KpacHoro, 6EIOr0, CHHErO U YSPHOTO I[BETOB;
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* lines — majuTpa ¢ YeperoBaHUEM I[BETOB JINHUIA,

» colorcube — pacmmpennas nanmutpa RGB;

* jet — pasHOBUAHOCTH TAIUTPEI HSV;

* Prism — npu3MaTu4ecKas aJmTpa BETOB;

* CO0l — OTTEeHKH roay00Tr0 ¥ (PHOIETOBOTO IIBETOB;

* aUtUMN — OTTEHKHU KPACHOTO U >KEITOTO [[BETOB;

* SPring — OTTEHKH YKEJITOTO M (PHOJIETOBOTO IIBETOB;

* Winter — OTTEHKHN CHHETO H 3€JICHOTO IIBETOB;

* SUMMEr — OTTEHKH 3€JICHOTO U )KEJITOTO IIBETOB.

Bce 3T manmuTpel MOTYT CIIYXUTh TapaMeTpaMHu KOMaHIbI colormap, Hampumep
colormap(hsv) dhakTHYeCcKH yCTaHaBIMBAET TO *ke, 4TO U KomaHa colormap('default’).

Oxkpacka nosepxnocmeu. JlJIsl OKpacKu TOBEPXHOCTEH HCHOJIB3YETCS KOMaH[a
shading, xoTopast ympaBnser oObekTamu surface (moBepxHOCTh) M patch (3aruiara),
co3JaBaeMbIMU KoMaHAaMu 1 pyHkiusamu surf, mesh, peolor, fill u fill3. Komanga shading
(3aTeHeHue) paboTaer ¢ nmapaMeTpamMu U UMEET CIETYIOUNA BU;

* shading flat 3amaet okpacky siueek wiu rpaHel B 3aBUCUMOCTH OT TEKYIITUX
JAHHBIX;

* shading interp 3a7aeT okpacky ¢ OUIMHEWHOU UHTEPIIOJSALUECH 1IBETOB;

» shading faceted — paBHOMepHas packpacka sUeeK MOBEPXHOCTH (TIPUHSTA IO
YMOJTYAHUIO).

Otu koMaH b1 yecTaHaBauBatoT cBoiicTBa EdgeColor u FaceColor nnst rpaduueckux
o0bekToB surface u patch B 3aBUCHMMOCTH OT TOTO, Kakasi U3 KoMaHj — mesh (ceTdaras
MOBEPXHOCTH) WK surf (3aTeHEeHHasi TOBEPXHOCTh) — UCTIOIb3YETCS.

Ipyeue komanowl ynpaenenus ceemosoimu dppexmamu. OTMETUM HEKOTOPHIC
JIOTIOJTHUTEIHHBIC KOMAH/IbI, CBSI3aHHBIC C YIIPABJICHUEM IIBETOBBIMU TTATUTPAMH:

« colstyle — Brimenenne 1BeTa M CTUISA rpadrKa U3 3aJaHHOTO MaCCUBA;

* rgbplot — n306paxkeHne MaTUTPHI;

* hsv2rgh — npeodpaszoBanue mamutpsl HSV B manurpy RGB;

* rgh2hsv — npeodpaszoBanue manutpsl RGB B nanmutpy HSV;

* brighten — ynpaBienue sipkocThioO;

* contrast — ymmpaBieHUE KOHTPACTOM,;

* hidden — ynpaBnenue mokazoM HEBHIUMBIX JIMHUH;

» whitebg — ynpasiienue nuBerom (hoHa.

O3HaKOMUTKCS ¢ HHPOPMAIHEH 00 3THX KOMaHaX MOYKHO C IIOMOIIbIO KOMAaH/IbI

help.
AHuMMannoHHas rpaguka

Heuoicenue mouxku na naockocmuro Jlnsg otoOpakeHHs ABMXKEHUS TOYKH 10
TPAaCKTOPUHM HCIOJB3YeTCS KoMaHna comet. Vcmomb3dyrorcs cruenytonme (HopMbl
MPEACTABICHUS 3TOW KOMaH/bI:

» comet(Y) oToOpakaeT IBIKEHUE «KOMETBD M0 TPACKTOPHUH, 3aJJaHHON BEKTOPOM
Y;
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» comet(X,Y) oToOpakaeT IBUKEHUE «KOMEThD) MO TPAEKTOPUH, 3aJaHHON Mapoi
BEKTOPOB Y U X;

» comet(X,Y,p) aHaJloruyHa MPEAIIECTBYIONIEH KOMaH/Ie, HO MO3BOJIAET 3a/aBaTh
JUTMHY XBOCTa KOMETHI (OTpe3Ka TPACKTOPHUH, BBIJEIEHHOTO 11BeTOM) Kak p*length(Y), roe
length(Y) — pa3mep Bektopa Y, a p<l. I1o ymomuanuio p = 0.11.

>> X=0:0.01:15; comet(X,sin(X),0.15)

suoicenue mouku 6 npocmparncmee. Komanaa comet3 mo3BossieT HaOI01aTh
JIBUKEHHUE TOUYKHA B TPEXMEPHOM MPOCTPAHCTBE:

 comet3(Z) oToOpaxkaeT IBHKEHHE TOUKHU C IIBETHBIM «XBOCTOM) IO TPEXMEPHOU
KPHUBOM, ONIPEICIIEHHON MACCUBOM Z;

* comet3(X,Y,Z) oroOpaxaeT IBUKCHHE TOUKH «KOMETBI) 110 KPUBOH B
POCTpaHCTBE, 3aaHHOoM Toukamu [X(1),Y(1),Z(1)];

« comet3(X,Y,Z,p) anaornyHa npeIIecTBYIOICH KOMaH/IE ¢ 3a1aHueM JIHHbBI
«xBocTa KoMeTh» Kak p*length(Z). Ilo ymomuanuto napametp p pasen 0.1.

>> W=0:p1/500:10*pi; comet3 (cos (W),sin(W)+W/10,W)

OcHOBHBIE CpeICTBA AaHUMALIMH

Jl;ist 6onee CIIOKHBIX CITy9aeB aHUMAITUH BO3MOXKHO TIPUMEHEHHE TEXHUKH
MYJIBTH

rikanyud. OHa CBOAMUTCS K TOCTPOEHUIO psifia KaJpOB U300paKEeHHUs, PUYEM
KaXKIIbIN

KaJIp TOSIBJISIETCS HA HEKOTOPOE BPEMSI, 3aTEM CTUPACTCS M 3aMEHSICTCS Ha HOBBIM
Kajip,

HECKOJIbKO OTJIMYAIOUTUICS OT MpeiiecTByomero. Eciu 3To otnnuune
HE3HAYUTEIHHO,

TO CO3/Ia€TCs WILTIO3MS TUTABHOTO TIepEeMeIIeHNsT 00bEKTa.

OTMeTHM KpaTKO OCHOBHBIC KOMAH/IbI, PEATM3YIOIINE aHUMAITHUIO B CHCTEME

MATLAB:

* capture — 3axBaT BHICON300paKCHUS;

» getframe — co3manue kKajpa s aHUMAIHH;

* MOViein — BHINOJIHEHNE aHUMALUH,

* rotate — Bparenue Gurypsi;

« frame2im — npeoOpa3oBaHue Kajapa B rpaguuecKuii oopas;

 im2frame — npeoOpa3zoBanue rpadguyeckoro oopasa B Kajp.

[IpumeHeHrne HEKOTOPBIX U3 ATUX KOMaHJ MbI PACCMOTPUM Jlajiee Ha

KOHKPETHBIX IPUMEPAX.
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