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EKCIUTYATAIIIMHI XAPAKTEPICTUKU CUCTEMM MatLab TA
POBOTA 3 HEIO

Y po3pini HaBeleHi TexHIUHI Ta eKCITyaTalliiHi XapaKTEePUCTUKWA CHUCTeMU
MatLab y mopiBHsHHI 3 iHimmMu maTematuuHumu CAITIP. Omucadi ocobmmBocTi
iHCTanALiT 1i€l cuctemy, ii iHTepdelic Ta 3arasbHi 0OCHOBH POOOTH 3 HElO.

Maremaruusi CAIIP Ta ix ekcrulyaraniiiHi XxapaKTepuCTHKH

o 80-x pokiB XX CTO/ITTA Ta 0SBU [epCOHATBHUX KOMIT 0TepiB BUKOPUCTaHHS
EOM He3HauHO CripollyBajio IMPOBeJeHHs CK/IaJHUX HAayKOBUX pO3paxyHKiB, xouya i
30i/bIIlyBasio MIBUAKICTH pO3B’SI3yBaHHS MaTreMaTWMUHMX 3azau. [ns Toro, 1jo6
nocraButh  cBoi  3azaui  Ha  EOM,  iwxkeHepu-npodecioHamm:  (i3vkwy,
MaTeMaTUKU,XiMikH, iH)KeHepu?eleKTPOHIKA TIOBUHHI Oy/ld BUBUYMTU CTPYKTYDPY
KOMIT'I0Tepa, CUCTeMHU BBe/leHHs Ta BUBeJileHHs1 iH(opMallii, i, HalWroJIOBHillle, MOBY
nporpamyBaHHs. Kpim Toro, s mocrtaHoBKM 3a7au Ha EOM HeoOxigHOo Oyno 3HaTh
yucenbHi MeTOAW BUPillleHHs MaTeMaTMUHMX Ta (i3WYHUX 3ajay, sKi, K BiZloMO,
3HAUHO BIJPI3HAKOTHCA BiJ aHAJMITAUYHUX MeTOAiB po3paxyHKy. Lle Bumaraso Bij
KBa/TihiKoBaHMX MpaL[iBHUKIB He IMPOCTO MOrIMb/1eHOro BUBUEHHSI OCHOB iH(OpMaTHKH
Ta MporpaMyBaHHs, ajie ¥ y 6araThb0x BUIMaKax MOBHOI 3MiHU Crielfiati3ariii.

I3 cepeguau 80-x pokiB XX CTOMTTA CUTyaLlii T[odyasa KapAWHAIbHO
3MiHIOBATHUCS, OCKi/IbKA Oy/id CTBOpeHi mepiili iHTerpoBaHi CUCTeMU il TIOCTAaHOBKU
MaTeMaTUYHUX 3a/ia4, sIKi Ha3nBaroThCs MaTreMatnuHuMu CATIP. HavinomynspHiri Taki
cuctemu: Eurica, PC MatLab, MathCAD, Maple, Mathematica.

Cepe/1 IIMPOKOT0 K0JIa KOPUCTYBaUiB Jly>kKe pO3MOBCIOKeHa cucteMa MathCAD,
Ky 3aBXKJU BiJ|pi3HAB 3pyUHUM iHTep(elC, BiACYTHICTb Opi€HTALii HAa BHYTPILLHIO
MOBY TIpOrpaMyBaHHS I1iJi YyaC BUPILIEHHS MPOCTUX MaTeMaTUYHUX 3a/ay, 1 HasgBHICTb
3aco0iB [/151 KOAyBaHHSI MaTeMaTUYHUX (hOPMYJI 3a JOTIOMOT'OI0 3pO3yMinux s di3uka
Ta MareMaTWKa CHMMBOJIIB BEKTOpa, MaTpHL|i, MOXiJHOI, iHTerpasa TOWO. Y 3pyuYHiu
dopmi moparoThCs i pe3ysbTaTH 06uKC/ieHb. Y pasi 1moTpeOu MoyKHa JIeTKO OTpHUMAaTH
rpadiuHe MoJaHHSA pO3PaXyHKOBHMX JAaHUX YBUIJIA/i JBOBUMIDHMX ab0 TPUBHMIipPHHX
rpagikiB. TakuM 4MHOM, y LIJIOMY CTPYKTypa AOKyMeHTa, C()OPMOBaHOTO y CHUCTeMi
MathCAD, mae fy>ke MpoCTUi BUIJIsAL, I BUKOHY€TbCSl 3a TexHosoriero WYSIWYG
(abpeBiaTypa anrJiticekoi ¢pa3u What You See Is What You Get — Bu oTrpumacere
Te, [0 OaunTe). OCKiBKKM Taka caMa CUCTeMa TO/laHHS [OKYMEHTIB TIpUTaMaHHa
Halipo3MoBCIO/KeHiIIoMy y CBiTi odicHomy makety Microsoft Office Ta onepariiiiHiii
cucteMmi Microsoft Windows, MathCAD Ha cbOrofHi Ma€ TOMUT cepeji MepeciyHux

KOPUCTYBauiB.
HarmpukiHiji ciMaecATUX POKIB MHUHYJIOTO CTOJITTA 3’SBUBCA 1€ OJWH HarpsMm
ctBopeHHs1 CAIIP maTemMaTMyHUX pO3paxyHKIB — 1le aBTOMaTu3allid aHa/iTUYHUX

obuncnenb. Tozxi y Kuesi rpymna BueHux KuiBcbkoro [lepkaBHOrO YHiBepCUTETY Ta
InctutyTy KibepHetuku Axkagemii Hayk YPCP mig kepiBHuitBom B. M. I'nyiikoBa
3pobusia 3HAUHMM BHECOK Yy PO3BUTOK TeOpil CHCTEM aBTOMATH3allil aHaTiTUUHUX
po3paxyHkKiB. CiliJj 3a3HauuTH, 1[0 1i poO0TH Oy/M BTi/IeHi Ha MpaKTHIli, Ha X OCHOBI
Oyno CTBOpeHO Ta peasi3oBaHO TIPUHIMIIOBO HOBY MOBY IIpOrpaMyBaHHS
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MaTteMaTHUHUX (popMyn«AHaniTHK». Ha »kanb, TOJi 1ji MpOrpecuBHi ifjei He 3HaAWIIIN
HanexxHoi miaTpumku B CPCP, ane Bizpa3dy Oynu migTpuMaHi 3a KopaoHoM. HuHi yci
6e3 BuHATKY MarematuuHi CAITIP MaroTh 3aco0u A1 MATPUMKHM aHaTiTUUHUX
obuncienb, abo, TOBOPSYM MOBOIO ITPOrpaMicCTiB, 3aco0u peasmizailii KOMIT’ IOTEpHOI
anrebpu. € JOCUTH MOTY)KHUM aHAITUUHKN TIpoljecop i B cuctemi MathCAD.

Cucrema MathCAD ayxe pO3MOBCIO/)KeHa, ajie Hel0CTaTHhO TIOMyJ/sipHA Yy
HayKOBLIiB. Lle TIOB’s13aHO 3 He/l0JliIKaMU L€l CUCTeMU,i cepe/i HUX TaKi:

— Opi€HTaLlisl Ha YHiBepCa/lbHI ajJrOPUTMH IIiJi YaC IPOBeJleHHsI PO3pPaxyHKIB, 1
HEMOJK/IMBICTh BHUOOpPY KOpPHCTyBaueM MeTO/a, HAWIPHUAATHIIIIOr0 [/ BUPIlIeHHS
KOHKPEeTHOI 3a/1aui;

— Taka Opi€HTaLlii Ha YHiBepCa/JbHi aJrOPpUTMU NPU3BOAUTL [0 3HAUHOTO
30i/IbIIIeHHST Yacy pO3B’sI3aHHS MaTeMaTHUHUX 3a7iau;

— Janeko He 3aBX/[W YHiBepcajbHi airopuTMu 3abe3mneuyroTb KOPUCTyBauy
HeobOXiJHy TOUHICTb pO3B’s3aHHsI Ta Moro 30ir. Tomy [Ay)e YacTo /sl KOPCTKHUX
byHKIi B anrebpaiunux Ta anre6po-audepenijiinux piBHAHHIX MathCAD Bupae
cTaHAapTHe ToBigomeHHs «Not convergence» — «HeMae 306iry»;

— y cucrteMi MathCAD Hemae TMOHATTS MaTeMaTUUHOI HECKiHUEHHOCTi, TOMY
HEMOJK/TMBO aHasli3yBaTy (QYyHKIIit0 y Toulli ii po3puBy. Lle moTpebye Big KopucTyBauiB
00pobsieHHsT PYHKIIiN, sKi MalOTb TOUKH PO3PHBY, AJii KOHKPETHOTO aHasi3y. A came
Taki (yHKII YacTO 3aCTOCOBYHOTbCS TIpDU PO3B’si3aHHI MaTeMaTUYHUX 3ajad.
Hanpuksnag, Ha puc. 1.1 HaBefeHo rpadik rpoctoi GyHKIil y(x) = 1/x3, moOymoBaHMi 3
BUKOpHCTaHHsAM 3acobiB cuctemu MathCAD 2001. 3po3ymifio, 1110 GyHKLiF0 Y TOULli X
= 0 cucrema Bifobpa’kye HETOUHO;

— cucrema MathCAD peasnizoBaHa 3aKpUTUM KOZOM. i pospoGisie Tiibku ¢ipma
MathSoft, i 3MiHUTH 3aK/afieHi [0 Hel a/rTOPUTMU HEMOXX/IMBO. B ocTaHHiX Bepcisx
cucteMu po3pobHMKKM MathSoft moganm MoknuBicTb reHepariii KoAy IMporpamu, 3a
SKOIO TIPOBOJSTH OOUMC/IeHHS, MOBOIO TiporpamyBaHHsI C++. OfHaK aHami3 TaKHUX
NporpaM [JOCUTb CKJIaJHUWM 1 JuIle y [JesKWX BUIaJKax BiH Jla€ 3MOry KOpPHUCTyBauy
CTBOPUTH ONTUMAJIbHUU KOZ;

— y cucremi MathCAD BificyTHST MOJK/IMBICTh BUKOPHUCTAHHSI TIPUHLIUITY
MOAY/IBHOI apXiTeKTypu, siKa Ja€ 3Mory nucatd «¢yHKUii Ta mnpolecd, 1o
BUK/IMKAKOTbCA 3 TOJIOBHOI IpPOrpaMu, y MOAY/ISIX KOpUCTyBada. Lle yHeMOXX/IUBIIHOE
BUK/IUK CTaHZAPTHUX (YHKI[iM 3 Pi3HUX MporpaM, i THM CaMUM YCK/IaJHIOE poboTy
TIPOrpaMmicCTiB IiJ| yac po3B’g3aHHSI MaTeMaTUYHUX 3a7ay;

— cknagHictb pobotu cuctema MathCAD 3 BeJMKMMH MacUBaMU YHCeN TIpU
peasi3aliii MAaTpUYHUX Oreparliii Ta YMCeTbHUX METO/IB;

— BHYTpilIHA MoBa TnporpamyBaHHsi cucteMd MathCAD pocute ckjiagHa Ta
Hee(eKTUBHA [I/Is1 TIPOrpaMyBaHHsI CKIaJJHUX MaTeMaTUYHUX aJiropuTMmiB. Hampukiaf,
OKpeMO BU3HaueHi OrepaTopu JIOKaJbHOTO Ta I/I00aJbHOTO TIPUCBOEHHS, a TaKOX
TPUCBOEHHA B paMKax ILMKIy. Taka BeJMKa KiJIbKiCTb MaTeMaTHUYHUX oOmepalii Ta
IpaBU/1 1X BUKOPUCTAHHS MPU3BOAUTL [0 YCK/IAJHEHHs peasis3alii HaBiTb He IyxKe
CKJIQJHUX UHCe/IbHUX aJrOpUTMIB, Ta [0 CEepWO3HUX TOMWIOK MiJ] 4YaC CKJIaJaHHSA
Tporpam.

HaykoBI|i 3HauHO IIMpIle BHUKOPUCTOBYHOTh cuUCTeMy Maple, HiXK cucremy
MathCAD. BonHa Mae IMOMMTOM IIii 4YaC aHa/JiTUYHOrO PO3B’sA3aHHS 3ajJau Ta
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CIIPOLLIeHHS] MaTeMaTUYHUX BUpa3iB. BoHa TakKOX € 3aKPUTOK CMCTEMOIO i TOMY 3MiHa
Ta yJAOCKOHAJIeHHS 3aK/IaleHUX y Hil anropuTmiB HeMoxinBa. CucremMa Maple MiCcTUTB
HAUMOTY>XHIIIWA aHa/TiTUUHUM TIPOL[eCOp, SIKUKM ICHYE CbOTOJHI Yy MaTeMaTUYHHUX
CAIIP. Ananitnuni npouecopu cucteM MathCAD Ta MatlLab BUKOPHCTOBYIOTE $/IpO
aHa/IiITUUHOTO Mpolecopa cucteMu Maple, ane iX MOXIUMBOCTI felo MeHini. Hemomik
—  BIACYTHICTb MOXJ/IMBOCTI [JJid  peasi3alii uYMCe/JIbHUX PO3pPaxXyHKIB Ta
TporpamyBaHHSI.

Cepep nipoecionaniB?matemaTukiB nomysasipHa CATTP Mathematica. OfHak 1ieit
MakeT [y)Ke TepeBaHTaKeHW{ CUMBOJIBHOIO aireOpOI0 Ta MaTeMaTU4YHOIO JIOTiKORO.
Axo A npodecioHaniB y raay3i MaTeMaTAYHOI JIOriKA MOBa cucteMu Mathematica €
3pyUYHOIO Ta 3pO3yMifioto, TO s (i3uKa, MaTeMaTHKa?aHa/liTHKA, a TUM Oifnbiie [A7s
iH)KeHepa, TaKWW TiJXiJ, BUK/IVMKAE TEBHI TPYAHOIL, K i 3a CTapux 4aciB, BUMarae
3MiHM IXHbOI KBamiQikariii.

Cepen, maremaTukiB, (i3uKiB Ta IiH)XeHepiB, $Ki BOJIOZAiIIOTb OCHOBaMH
IporpamMyBaHHs Ta BHUKOPDUCTOBYKOTb MeTOJU  UHCeJbHUX PpO3PaxyHKIB Ha
NepCcoHalbHOMY KOMIT’FOTepi /il PO3B’s3aHHS CK/IaJHUX (Di3MUHMX Ta MaTeMaTUUHUX
3a/1a4, 1110 MOTPeOyI0Th 00p00/IeHHS 3HAUYHHUX MacCHBiB iH(popMallii, HAaUMIOIy/ISIPHIIIIO0
€ CUCTeMa aBTOMaTu3allii HayKOBO-TeXHIUHKX po3paxyHKiB MatLab.

. 3aranbHa xapakrepuctuka MATLAB sik cucreMu aBTOMaTH3aLii HAYKOBO-
TeXHIYHMX PO3PaxyHKIB Ta cepeJ0BHIla MPOrpaMyBaHHA

Cucrema MatLab (ckopoueHHs1 Bif aHrmikcbkoi (pa3u Matrix Laboratory—
MarpuuHa nabopaTopist) 0coO/IMBO BUAIMSETHCS Cepell YCiX Cy4aCHUX MaTeMaTHUUHUX
CAIIP. Ila cuctema po3BuBaeThCa BxKe moHaz 30 pokiB. CrioyaTKy il IPOeKTyBaliu sIK
BYy3bKOCIIel[ia/li30BaHU MPOrpaMHUN MOAYJ/b [ijisi pOOOTU 3 MaTpPULIMU Ha BeJIMKUX
EOM. CyuyacHa MatLab — ue yHniBepcanbHa, CAIIP, opieHTOBaHa Ha mpodeciliHuX
TpOrpaMmiCTiB Ta BUKOHaHa Ha KOMIT l0TepaxX Pi3HOro kKjacy, Bkiawodarouu IBM PC,
Macintosh, Unix Work Station. Cuctema MatLab ctBoptoBanacs mig OS UNIX, i Tomy,
BiZIMOBiZIHO [0 CTaHAAPTIB Iji€l CcUCTeMM, BOHA He Ma€ YHi(hiKOBaHOIO CITPOII|eHOTO
iHTepdeiicy KopucTyBaua Jjsi po3B’si3aHHS MaTeMaTWMUHMX 3ajay i Ajs odhopMIeHHs
HayKOBO-TeXHiUHOI JJoKyMeHTallii. ¥ upoMy MatLab felijo rporpae nomy/isipHiii cepef
KopuctyBauiB cuctemi MathCAD, ronoBHi ekcriyartailiiHi XapaKTepUCTHUKU SKOI
HaBO/IW/IMCh Y TornepeHbOMY Taparpadi. Ase cuctema MatlLab mae iHmii nepeBary, siki
BKpail Bax/mBi [/ mpodecioHanmiB?mporpamictiB. Lle po3BuHyTi 3acobu mianory i
ZIOTIOMOTHY, HasiBHICTb 3aco0iB TporpaMyBaHHS BHCOKOTO PpiBHS [ijIs  peasti3ariii
CTaH/IAPTHUX aATOPUTMIB, Be/IMKa Ki/lbKiCTh iCHYIOUMX MaTeMaTUUHUX 0ibmioTek, siKi,
Ha JyMKY (paxiBLiB, epeBUIYIOTbh MOXXIUBOCTI HarcTapimoi moBu FORTRAN, Takox
MpU3HAauUeHol J/1s1 pO3B’sA3aHHSl CaMe MaTeMaTUYHuX 3ajad. HalrosoBHilne —iie
BiIKpUTUIH KoJ cucteMu MatlLab, Bci Mopy/i sKoI HamlvcaHi BHYTPIllIHBO MOBOHO
CUCTeMH, sKa aHaJIOTiyHa pPO3MOBCIO/KeHi MOBI porpamyBaHHsl bencuk. Kpim Toro,
ICHY€ MOX/IUBICTb reHepariii

KO/Zly Hajlaro/pKeHux rporpam, MOBOIO MporpaMmyBaHHs C i3 MeTOIO CIIPOLeHHS Ta
OMTUMi3allii, 1110 TaKOXX € [Ay>Xe CyTTEBUM Jjis TiporpamicTiB-ripodecionaniB. Takum
YYHOM, CHCTeMa BJaj0 Croay4yae ycobi TOTY)KHMM arapar [Jjis MaTeMaTUYHUX
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o0uuc/ieHb i pO3BUHYTI 3acO0UM MporpamyBaHHS, 1110 Zla€ 3MOTY TOBODUTU MPO Hel sK
MpO yHiBepcaJibHUN iHCTPYMEHT [Ji1 PO3B’s3aHHs CK/IaJHUX HayKOBO-TeXHiIUHUX
00unC/TI0OBaIbHUX 3a/1au.

Cuctemy MatLab mouana ctBoptoBaTH y 70 pokax XX CTOJITTS KOpIiopallis
MathWorks. Lls kopriopallisi CbOTOAHI € J/iflepOM Ha PHUHKY iHTe/leKTyalbHUX
MaTeMaTUUHUX CAIIP 1 BUroTOB/ISIE JOCKOHA/II TIPOrpaMHi MPOAYKTU Hacammepez [Jist
MiJMPUEMCTB  BIKCBKOBO?IIPOMHUC/IOBOTO  KOMIUIEKCY,  aepOKOCMIUHOI  ramys3i,
e/IeKTPOHHOI TIPOMMC/IOBOCTI Ta aBTOMOOineOyayBaHHsi. ToMy po3pOOHUKU BHeC/IU B
cuctemy MatLab He Tifibku HailicyuacHillli uncenbHi MeTOAU, CTBOPEHi 3a OCTaHHi
NeCATUMITTS, aje ¥ PO3BUHYTI 3acobM MO/e/IFOBaHHSI MeXaHiUHUX i eJIeKTPOHHUX
CHUCTEeM, a TaKOXK HaliCydacHilli 3acobu CTBOpeHHsI MPOrpaMHUX KOMILIEKCiB, 30KpeMa
Bi3yasbHe Ta 06’ €KTHO?Opi€EHTOBaHe MPOrpaMyBaHHSI.

®ipma MathWork nocriiiHo po3BuBae cuctemy Matlab i € nigepom yranysi
cTBopeHHs1 MaTeMaTUYHUX CAIIP, OCKiZIbKM BOHA BeCh YaC BHOCUTH Y CUCTEMY BayK/IUBI
HOBi e/leMeHTH, sIKi TOTiM ITOYMHAIOTh BUKOPHUCTOBYBATH iHIII poO3poOHUKU. Tak,
ycuctemi MathCAD,mounnaroun 3 Bepcii 6.0 PRO, po3pobnema BHYTpIIllHS MOBa
rporpaMyBaHHS, a rnounHarouu 3 Bepcii MathCAD 2000 y wiii cuctemi € MOXX/IMBICTb
reHepatiil Koy 3/1aroJyKeHux rnporpam Mosorw C++.

Yci ui moxknuBocTi y MatLab yxe maBHO icHyBaiu. € cucTeMa MOJeIHOBaHHS
Simulink. TTounHatouu 3 Bepcii 5.3 MatLab i Simulink nocrauatoTbcsi B ofHOMY
KOMILUIEKTI, 10 [a€ 3MOry KOPHUCTyBauy pO3B’SI3yBaTU CUCTEMHM DPiBHSIHb, a IIOTIM
MO/IeJIFOBAaTH 3 BUKOPUCTAHHSIM MaTeMaTWYHOTO arapaTy Ta rpadiyHux 3aco06iB
aHa/0roBi,LIMGPOBI, JIiHIMHI, CTaTUYHI Ta /JUWHAaMiYHI CUCTeMHU Pi3HOI (i3UyHOI
NPUPOAM, 30KpeMa efeKTpoHHi. 3acobu Simulink € Halbinbll JOCTYMHUMU Ta
e()eKTUBHUMH IHCTPyMeHTaMHu /[jisi PO3B’s3aHHS HeTPUBIiaJIbHUX 3aZlad Yy TaKux
HampsiMax HayKu: TIporpaMyBaHHsI HeuiTKoi Jioriku (fussy logic), Teopisi HelipoHHMX
MepeXX, aHali3 curHamiB i 00pobsieHHs AWHaMiUHUX 300pakeHb, IO BKJIOUAIOTh
BeliBnieT (wavlet) TexHosorito. Bennka KibKicTh HayKOBO-TeXHIUHOI JOKyMeHTallil Ta
JliTepaTypyd aHIJIiMCbKOK), POCIMCHKOK Ta YKPaiHCBKOK) MOBaMH, a TaKOX IHTEPHeT-
pecypcu pobssitTb MatLab HaliTionysIpHIIIIo CHCTEMOIO B OCBITSHCHKMX 3aK/lafiaX.

TexHiuHi xapakTepucTuku cucremu MatLab Ta ranysi ii BUKopucTanHs

[nst y3arajibHEeHOI XapaKTePUCTUKU MOXIMBOCTel cuctemMu MatLab po3srnsHemo
CTIOYaTKy TOJIOBHI MaTeMaTWuHi (DYHKIIil, TIpU3HaueHi A/ TMOJaHHS Ta 00pob/ieHHsS
pe3y/ibTaTiB po3paxyHKiB. Y MatlLab, KpiM MokmuBocTeli 06uMc/ieHHsI efleMeHTapHUX
anreOpaiuHUX Ta TPUTOHOMETPUYHUX (YHKIIiM, BeJUKOI KiTLKOCTI MaTeMaTUYHUX
orepariiii HaJ| YMC/laMy, MaTPULISIMA Ta BEKTOPaMH, 1110 BK/IFOUalOTh PO3B’sI3aHHS BUII[OT
MaTeMaTHKH, JTiHiMHOI anreOpy Ta aHaiTUUHOI reomeTpii, GyHKI[iOHATBHOTO aHai3y,
BUKOPHCTAHHS Pi3HOMaHITHUX YMCe/IbHUX METO/iB PO3B’A3aHHS He/TiHIMHUX PiBHSIHb Ta
ix cucreM, audepeHilialbHUX piBHSIHb, MaTeMaTHUHOI (i3MKHW, a TaK0XX MeTOHiB
iHTepnoJisALii Ta arnpokcuMaii PyHKIin.

ITepesiik roJ1IOBHUX MaTeMaTUYHUX MOX/TUBOcTel cuctemu MatLab.



1. B MatLab € mMoxxnuBicTb 06uMcieHHs cCrieljialbHUX MaTeMaTUUHUX (DyHKLH,
SIKI 4aCTO?TyCTO BHMKOPUCTOBYIOTH Y (PYHKL[iOHAJIbHOMY aHasi3i Ta B iH)KeHEepHiul
MpaKTUL]i TIPM pO3B’si3aHHI AudepeHllialbHUX PiBHAHL MaTreMmaTuuHOi (i3uku. Cepef
TaknxX (GyHKIIM HeoOXigHO 3a3HaunTH GyHKLIT becens, Eiipi, 6eTta-dyHKijito, rama-
dbyHKIito, GYHKI[iF0 TIOMWIOK, eJiNTHYHI iHTerpaau, iHTerpajbHy I1I0Ka3HUKOBY
dyHKIiito, nci#dyHkiito, mosiHomu Jlexxangpa Ta Yebwuiiiesa.

2. MatLab € Benuka KifbKiCTb orepaljiii 3 BeKTOpaMH Ta MaTpUILSIMH, 30KpeMa
Taki, $K: KOHKAaTeHallii MaTpUllb, CTBOPeHHSI MaTpuLl{b i3 3a3jajeriJb 3aJaHor
JliarOHaJIII0, TIOBOPOT, BUi/IEeHHS, CTBOPEHHS MaTpullb Ajamapa, Illenkens, I'inbepra,
ITackans, YinkiHcoHa Ta iHIIHKX.

3. Y MatlLab BuKiafeHi uvcenbHI MeTOAM PO3B’SI3aHHS HETPUBiaJbHUX 3azau
reoMeTpii Ta KJJaCHUHOI MeXaHiK/, 30KpeMa MeTOZM TPiaHTyJIALlis JiMsTHOK, 0OUMC/IeHHS
TI7IOI] OMYKJI0i 000/I0HKM, TI/ION] TTPaBUILHUX Ta HElpaBUILHHUX 0araTOKyTHHKIB.

4. BaxnuBow mnepeBarord cucreMu Matlab € ormnpaitoBaHHS eJleMeHTiB
yTIOPSIAKOBAHUX CTPYKTYp, 30KpeMa oOOuMC/ieHHsi MiHiMaZbHO Ta MaKCUMaJbHO
3HaueHHs, COPTYBaHHs, OOUMCIeHHS CepeJJHbOT0 Ta CepeJHbOKBAJPATUYHOIO
3HaueHHs, CTaH/JApTHOIO BiJIXW/IeHHs eJleMeHTIiB MacUBY, Koe(il[i€eHTiB KopeJsilii Ta
MaTpuLil KoBapiawii. Bizomo, 110 3a7aHi BU3HaUeHHSI MiHIMa/lbHUX Ta MaKCUMaJlbHUX
e/IeMEeHTIB Ta iX COPTYBaHHS, SIKI JOCHATh 4aCTO BUKOPUCTOBYHOThH MPOIrPaMIiCTH TIPU
00po0sieHHi pO3paxXyHKOBUX [aHUX, [0 HeJaBHbOTO uaCy He Majau CTaHAapTHUX
GbyHKIIIM HaBiTh Yy HalipO3BHMHEHIIIIMX MOBaX IporpamyBaHHs, Hanpukiaa, FORTRAN,
Pascal, C abo C++. Tomy HasiBHiCTb Takux (yHKLi y MatLab Mo)kHa po3LiiHIOBaTH sIK
BaX/IMBe [JOCATHEHHS pO3POOHMKIB CHUCTEMH, sKe 3HAuHO IIo/iermye poboTy
TIpOrpamicTiB.

5. Y MatLab BripoBajpkeHa BeJ/IMKa KiIbKiCTh UUCEbHUX METO/IB [/l PO3B’ sI3aHHS
CUCTeM JTiHIMHUX piBHSHL 0e3 oOMe)keHb ab0 3 0OMe)KeHHSIMM 3HaueHHsI 3MiHHUX,
MEeTO/IiB BUPIILIIEHHS HEJiHIWHUX pIBHSAHb, @ TAaKO)X UYMCE/JIbHUX METO/IB BU3HAUEHHS
eKCTpeMyMiB (DYHKIIil o/iHi€l a00 KiTbKOX 3MiHHUX.

6. Metogu iHTeprioJiALii Ta anpokcuMaLii (yHKLii: To/iHOMiasbHa perpecis,
dyp’e -iHTeprionslis A mepioAMUHUX (QYHKIIM, OJHOBUMIpHA iHTEpPHOJIALLS,
JBOBUMIipHA iHTepITO/IsALIisl, 6araToBUMipHa iHTepHosLis, KyOiuHi criyiaitHu.

7. B Onepatiii ¢yHKI[iOHA/JILHOTO aHasIi3y, 110 BKIIOYAIOTh OaraToBUMipHe mpsiMe
nepeTBopeHHst Dyp’e, MIBU/Ke TepeTBOPeHHS AJis MPOCTUX OAHOBUMIDHUX (YHKIIiM,
NpsIMY Ta 3BOPOTHY 3rOPTKY, METOAU (hiibTparllii.

8. MaremarruHi omepaiiii /yis poOOTH 3 MOJIiIHOMAaMH, 1[0 BK/TIOYalOTh MHOYKEHHS
Ta [IiIeHHs TI0/IIHOMiB, OOUHC/IeHHs KOpPEHiB TI0/iHOMa, OOUMC/IeHHSI TOXiJHUX,
PO3KJiaJileHHsT TIOJIIHOMIB Ha TIPOCTi ApoOH, po3B’si3aHHS TMOiHOMiaTbHUX MaTPUYHUX
PIBHSIHb.

9. Metoau iHTepHoJisALil Ta arpoKCHMaLlil TMOXiAHWUX, 30Kpema arpoKcuMarljis
Jarviacia”y, arpoKCHMaLlisl TIOXiJHUX KiHIIeBUMHU Pi3HMIIIMH, OOUMCIeHHSI TPajli€EHTy
byHKIil.

10. MeToau uvCI0BOTO iHTerpyBaHHs (DYHKLIiM, 30KpemMa MeTO[| TpareLliii, MeTo/,
kBazparyp, Metof CimricoHa. Y Bepcii MatLab 6.5 gomani HOBi (yHKIl st
o0urc/ieHHs IOTPIMHUX iHTerpartis.



11. Metoau jansi po3B’si3aHHS 3BUYAMHUX JAudepeHliaJbHUX piBHsAHb (3Y),
30KpeMa: OJHOKpOKOBI Metogu PyHre-Kyrra pgpyroro, u4erBeproro Ta IT'SITOTO
NopsiIKiB, 6araToKpoKoBUM MeTof, AjlaMmca-baiiBopTa-MynToHa, HasiBHI MeToau PyHre
-KytTa ta metoz I'ipa.

12. Metomu 51 po3B’si3aHHS Ju(epeHLlia/IbHAX PiBHSIHb y YaCTKOBUX TMOXiJTHUX,
30Kpema piBHgHHS Jlaruiaca, piBHsAHHA IlyacoHa, pIiBHSIHHSA TeIIONIPOBIJHOCTI,
XBUJIbOBOI'O PiBHSHHS.

[Tpuknagu po3B’si3aHHS PiBHSIHb MaTeMaTW4yHOi (i3WMKM MO)KHA 3HaWTU Yy
neMoHcTpaliiiHoMy naketi MatLab y po3zini Partial Differential Equations.

AK MOXIMBICTD II0JaHHA pe3y/bTaTiB MaTeMaTUUHUX pO3paxyHKIB Ta
MpOrpamMyBaHHS MOXKHA 3a3HAYUTH JBOBUMIDHI Ta TPY BUMIpHI rpagiku, aHimMalliliHa Ta
JeckpunTopHa rpadika, iHTepdericu KopucTyBava. [lepenik rpadiyHux MOXIMBOCTeU
cuctemu MatLab.

1. TTobyoBa 3BUUaiiHUX ABOBUMIpHUX rpadiKiB 3 3a/jaBaHHsAIM MaciITabiB ocei, ix
MiJNUCy, TeoMeTpUYHUX (Qiryp /s Mo3HaueHHs TOUOK rpadika Ta iHIIMX e/ieMeHTIB
o opMIIeHHS.

2. ITobGymoBa ABoBUMipHUX TpadikiB y soraprudmiuHomy Macirabi.

3. [ToOGymoBa pi3HOMaHITHUX Jiarpam, 30KpeMa CTOBITUHMKOBUX Ta KOJIOBUX.

4. [TobymoBa cXoAMHKOBUX TpadikiB.

5. [TobyoBa ABOBHMMIpHUMX TpadikKiB AUCKPETHUX BifmiKiB GyHKIil Ta rpadikiB i3
30HaMU TTOXUOKU.

6. [TobyznoBa rpadikiB y ro/isipHiii cucTeMi KOOPWHAT Ta KyTOBUX TiCTOrpaM.

7. ITobynoBa KOHTYpHUX TPUBUMIpHHUX rpadikiB.

8. TloOyzoBa KO/MLOPOBUX TPUBUMIpHUX TpadikiB, Ha SKUX 3MiHa KOJIbOPY
BiZiMoOBizia€ 3MiHi hyHKIIil.

9. INobymoBa TpuBUMipHUX TpadikiB 3 Pi3HUM OCBiT/IEHHSIM TIOBEPXHi, Ha SKUX
3MiHa OCBIT/IEHOCTI BiJTIOBi/la€ 3MiHi (PYyHKIIii.

10. 3acobu aHimMaliii, 30KpemMa Mo/Ie/TFOBaHHS PyXy TOUKH TUIOIIHMHI Ta ¥ TIPOCTOPI.

11. 3acobu peckpunTopHoi rpadiku, fKi BUKOPHUCTOBYIOTHCS Y TOMY BUIIAJKY,
KOJIX >KOZHA 3 HassBHWX TEXHOJIOTiM Bi3yasisaljili JaHWX He B/allTOBYE€ KOPHUCTyBaya i
BiH XOUe CTBOPUTH CBOIO CHCTEMY Ha OCHOBi eJleMeHTapHUX IeOMeTPUUYHHX 00’€KTiB,
TaKUX K TOUKa, JIiHis, KO0, MPIMOKYTHUK Ta iHIi. ¥ 11boMYy pa3si y cuctemi MatLab
MOXYTb  OyTM  edeKTUBHO  BUKOPWCTaHi  3acobu  00’€KTHO-OpPi€EHTOBAHOIO
IIpOrpaMyBaHHSI.

12. 3acobu mobyoBu cTaHgapTHOro TpadiuHoro iHTepdeticy kopuctyBaua GUI
(Graphic User Interface) .



IHCcTanAIiA Ta 3aBaHTaKeHHsA cuctemu MatLab

HoBi Bepcii cucremu MatlLab € [gocuTh rpomi3gkuMu [ BUKOPUCTAHHS
KOMIT'F0TepHUX pecypciB. Harpukinaz, Bepcis 6.0, ska Bunuwia y 2001 poui, 3aiiMae Ha
)opcTrkomy aucky Big 1000 go 1500 M6atiit. Ane npubsinsao 70% Bif 1pboro obcsry
CTaHOBJ/ISATh (PaiiiM OTIOMOTM Ta JIOBiIHUKOBOI cHCTeMHM, 3amnucaHi y dopmarax PDF
(Postscript Data Format — cdopmat ganux ans apyky) Ta HTML (HyperText Metafile
Language — rineprekcroBa MixdalinoBa MoBa). Sk Bigomo, 1i dopmatu
BUKODHUCTOBYIOTh TakKoX [y 30epexkeHHs1 iHdopmailii B Inrepreri. Ili dopmaru
YAOBIIHUKOBUX CHCTEMAax Ta CUCTeMax [JOMOMOTU Aar0Th 3MOTY CIPOCTUTH TOJaHHS
iH(opmarlii Mpu rinepTeKCTOBUX MOCW/IAHHSIX MK pO3JilaMu JOKYMeHTiB. Ajie He
3aBXXJU KOpUCTyBauy Tpeba BCTAHOB/IIOBATH BCi JoBigHUKU. Tomy iHcTansuis MatLab
MOCTAYAETHhCSA HA [JBOX KOM MaKT-AUCKAX, HA OJHOMY 3 HUX PO3TAlLLIOBYHOThCS apXiBU
cucteMHUX (aiie Ta 06ibGmioTek, a iHIMK MICTUTH AOBIIHUKM Ta JOKyYMEHTAI[ito
po0OTH i3 CUCTEMOTO.

['o/I0BHI BUMOTH []0 arlapaTHOTO Ta CUCTeMHOTO 3abe3reueHHs! MMepCOHATBLHOTO
KOMIT'F0Tepa, Ha SKOMY KOPHCTyBau 0a’ka€ BCTaHOBUTH cucTeMy MatLab, € Takumu:

Bumorn g0 Mikpompolecopa Ta CUACTEMHOI IUIaTM —KOMITIOTep 3
MikporiporjecopoM Pentium. Pekomenayetbcs mikporipouecop Pentium PRO, Pentium
II, Celeron, Pentium III, Pentium IV, AMD Athlon. Maiite Ha yBa3i, 1o /s
BCTAHOBJIEHHSI Ha KOMIT'H0Tep i3 mpouecopom Pentium IV migxoadars TibKU Bepcil
MatLab 6.1 Ta Buii.

HagBHicTb MaHimy/igaTOpa « MUILI».

Bumoru f10 Bijieoasjanirepa — 8-po3psiiHUi rpadiyHui Bijleo-aJjantep Ta MOHITOP,
SKUM MATPUMYE SIK MiHIMYM 256 KOJIbODIB.

Bumoru g0 omepatuBHOi Tmiam’siti — 64 Mo6ailiT orepaTUBHOI Tam’sTi,
PEKOMEHZIOBaHHM 00CsT orepaTHBHOI TTam’siti — 128 MbBair.

BuMoru [0 BIIBHOIO TIPOCTOPY HAa JKOPCTKOMY [OUCKY. IIpu rmoBHOMY
BCTAHOBJIEHHI BCiX KOMITOHEHTIB CHCTEMH, ITI0 BK/IFOUAIOTh AOBiAHMKH — 1,5 I'Oaiita
BiJTbHOT'O TIPOCTOPY Ha YKOPCTKOMY AUCKY. MiHimManbHU 00CST TIpU 3MeHIIIeHHi 00csTy
JIOBiIHUKOBOI OKyMeHTallil cTaHOBUTE 1 I'GaifT.

HopatkoBe arapaTtHe Ta mporpaMHe 3abe3reyeHHsl TepCOHAJLHOTO KOMIT'IOTepa,
HeoOXifiHe /i1 BUKOPUCTaHHS po3iMpeHux (yHKIM cuctemu MatlLab, 3okpeMa
MOXX/IMBOCTEH TMeper/isily TexXHIUYHOI [JOKyMeHTallil, OHOBJIEHHS CHUCTeMH 4Yepe3
[HTepHeT Ta BUKOPUCTAaHHS (DYHKI[il POrpaMyBaHHSI:

1. I'padiunuii akceneparop.

. 3ByKOBa Kapra.

. [Tpunrep.

. TekctoBuii pegakrop Notepad (b/oKHOT).

. TekcroBuii nporjecop Microsoft Word.

. [TigkmroueHHs1 KoM toTepa o [HTepHeTy uepe3 MozieM abo uepe3 BUOKpeMIIEHY

DUl WN

JIIHITO.
7. Ilporpamu neperisiny [HTepHET-CTOPiHOK, TOOTO Microsoft Internet Explorer
8. Acrobat Reader
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9. Kommninsropu moB niporpamyBanHsi C, C++ abo FORTRAN.

IHcTansAuis cucrtemu y cepepoBuli  Windows 95/98/ME/2000/ NT4/XP
TTPOBO/UTHLCS 3BUUYAMHUM UMHOM i He Ma€ Hisikux crienudiuyanx ocobsmBocTeit. € aBa
THUIA iHCTAJIALII: TUTIOBA Ta BUOipKOBa. SIKIII0 He BCTAHOB/IIOBATH SIKiCh JIOBiIHUKH abo
cuctemHi 6i6ioTeky, Mo)kHa BHOpaTH BHOIpPKOBY iHCTansIlit0 TIPOAYKTY, ane Tpeba
MaTH Ha yBa3i, 1[0 TIpU 1[bOMY OyZyTh TIpalifoBaTl He BCi PyHKLi cucTemu. Skimo Bu
He BIIeBHEHi B HeOOXiIHOCTI TUX abo

iHIMX QyHKIiH, Kpaille X yCTaHOBUTU.

[TocnimoBHiCTB Aiii npu iHCTansLil cucremu MatLab:

1. I1py BCTaHOBJIEHHI 3 JIOKA/IbHOTO JUCKY 3allyCTUTU MIPOrpamy setup.exe.

2. [ToyaTOK BCTAHOBJIEHHS: BIJKPUTTS BiKHa MalCTpa, HaTUCKatoTh KHONKY NEXT
(mami).

3. BigkpuBaeThCs BIKHO i3 3aIUTOM Ha BBEJI€HHS JIiLIEH3iMHOr0 HOMepa MPOAYKTY.
BBepiTh niLieH3iliHMKA HOMep Ta HaTUCHITh KHONIKY NEXT.

4. O3HaromrTecs 3 JileH3sieto. Akmo Bu 3rofHi 3 ii TEKCTOM —HATUCHITh KHOTIKY
NEXT.

5. BigkpuBa€eThbcsi BiKHO 3 iBOMa KOpoOOuKaMu ijisi BBe/IeHHSI TEKCTY. Y BePXHIO
KOpPOOOUKY BBeZiTh iM’sI KOPHCTYBaya, Y HIPKHIO — OpraHi3ariifo, IiC/isl Yoro HaTUCHITh
KHOIKY NEXT.

6. BimkpuBaeThCs BiKHO, y SKOMy MOKHa BUOpaTy AMCK Ta AWPEKTOPito, A0 SKOi
OyzZie BCTaHOBJIEHA CHCTEMa, a TAKOX Tepesiik KOMITOHEHTiB. TyT BKa3yeTbCs TaKOX
o0csir, HeoOXiiHUM /11 KOJKHOTO 3 KOMIIOHEHTIB, Ta PO3Mip BHOpaHOro AMCKY. Taka
nmoBHa iHdopMallis [JacTh 3MOry JieTko BHUOpaTd HeoOXifHi [yii BCTAaHOBJIEHHS
KOMIOHeHTH. Harpukiaji, MoXKHa BCTAaHOBUTH (hail/id JOMIOMOTH SITIOHCHKOK MOBOXO.
MorkHa B3arasi BIJMOBUTUCSA BiJi BCTAHOBJIEHHS JOKYMeHTaLlil.

7. Ilicna BubOpy BciX HeOOXigHUX KOMITOHEHTIB HaTHUCHITH KHOMKY NEXT.
3’SIBUTbCS BIKHO KOIitOBaHHS (pali/liB Ha AUCK. 3pO3yMiJio, 1[0 1l HaWJOBLIMN i3
TpolleciB  iHCTasALii, ame BiH He 1OTpebye ywacTi KopucTyBaya. Yci daiimm
PO3MAaKOBYIOTbCS 3 TMAKeTy Ta 3aluCyHTbCS Ha >KOPCTKUM AWCK Y BiAMNOBIJHI Marnku.
KoHTpoJtoBaTu npolijec 3anucy ¢aiiB MoXKHa JIiHIHHUM iHAUKaTOPOM.

8. Tlpu mnepexomi Bifi BCTAHOBJEHHS CHUCTEMHMX 3aco0iB /0 BCTAHOBJ/IEHHS
JOKYMEHTaLil C/iJ; 3MiHUTA BCTAaHOB/FOBAJIbHUM AWUCK Ha AUCK 3 JOKYMEHTALi€r i
yeKaTu Jasii. 3a CTaTUCTUKOI BCTAHOBJIEHHS MOBHOI BepCii CMCTeMU Ha KOMIT KHOTepi 3
niporjecopoM Pentium II 350 MI'ty Ta 32-IIBHAKICHUM TIPUBO/JIOM CTaHOBUTH OJIM3BKO
[IBOX TOZIVH.

9. 3aBaHTa)KeHHsI TpOrpamMM  Bizfipaly micas I BCTaHOB/eHHs1  0Oe3
repe3aBaHTa)KeHHsT KOMIT'HOTepa He PEKOMEHJYETbCS, OCKIJIbKM OKpemi I (yHKLii
MOXXYTh TIpal[tfOBaTH HeIpaBW/IbHO. AJjie 1le 3ayBa)K€HHSI CTOCYETbCS JIMIlle BepCii
cuctemu 6.0 Ta BUIMX, Bepcii 5.X Tpalfo0Th 6e3 MOMWIOK i 6e3 mepe3aBaHTa)KeHHS
KOMI’toTepa. 3aBaHTa)kKeHHs1 mporpamu MatLab Mo)kHa 3pilicHioBaTH uepe3 aiin
MatLab.exe abo 3BepHeHHS 0 BiJMOBiIHOT iKOHKH.

SIKIo cucteMa He BUKOHYE SIKyCh KOMaHy abo miporpamy, sika Ha iHIIIOMY
KOMIT’F0Tepi TTpalitoBasia MpaBUIbHO, Ha 1je MoykKe OyTH [1Bi IPUUMHU:

1. HecymicHicTe Bepciii cucremu. fkifo gnas 6aratbox maTematuuHux CAITIP
BUPIIINATH 1[0 TIP00/IeMy HEMOXK/IMBO, /151 cricteMy MatLab, sik 6yje moka3aHo fati, 115
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npobsieMa € He [AyXe CKI3JHOKO 1 BHUPILIYETbCS TIEPeNMCyBaHHIM OKPeMMX
6ibnioTeunux catinis.

2. Cucrema HelpaBW/ILHO HajamToBaHa. [lami Oy/ie mosicHeHo, K CJIifi TTpaBUIBHO
Ha/aITOBYBaTH cucTeMy Matlab, siKi ro/0BHI AMpeKTUBY MOBUHHI OyTH Ha JUCKY, Ta
AKi (ailyii y HUX TTOBUHHI 30epiraTucs.

InTepdelicu pizHuX Bepcii cucremu MatLab Ta ix ocoduBocTi
3araJbHHH BUIJIA]] CHCTeMH MeHI0 000/10HkKH MatLab

B o6osontii MatLab 6.0 came iHTepdeiic crcTeMu 3a3HaB cepiio3HUX 3MiH. PaHirie
BiH OyB JOCUTH CKDOMHHUM i JIaKOHIYHMM, 3p0OIeHUM 3TiJJHO 3 i/1e0JIOTi€r0 CHUCTEMH,
npu3HaueHoi /s podecioHaniB. OCKilbKY Mo4YaTkoBO cuctema MatLab po3pobsisiiacs
mig omeparjitinoro cuctemoro UNIX, mpuniun ii poboT BifmoBizae imeonorii i€l
oreparjiiiHoi cucTeMu. Ycio HeoOxifHy iHdopMaliito 1110[0 TpPU3HAUeHHS KOMaH[,
CHUCTEMH Ta iX CHMHTAKCHCy, TapaMeTpiB Ta HeOoOXiJIHUMX K/FOUiB, KOPHCTyBau MOKe
OTPMMaTH 3a JOTIOMOI00 I’ AT CIieLjia/IbHUX KOMaH/I:

help — BUBe/ieHHs [IOBiIHUKA B yCiX PO3/ilaX CUCTEMHU;

demo — BUBe/IeHHSI CITMCKY JeMOHCTpAL[iiHUX TIPUK/IA/IiB;

whatsnew — HOBi pimeHHs gaHoi Bepcii (A9 AOCBiJUueHHUX KOpPHCTYBauiB
rornepeHix BepcCin);

info — 3aranbHa foBifKOBa iHbOpMaLlisi PO cUcTeMy;

subscribe — mignucatrcsa Ha BiJHOBIeHHSI cMcTeMHd Ha www.mathworks.com

Hani poborta i3 cucremoro Hae 3 BUKOPHUCTAHHSM TiIbKM CHCTEMU KOMaH[.
3BepTaHHs [0 (YHKLIM MeHI0 3[iMCHIOETbCS TIiIbKU [Jisi TPOBEeAEeHHSI CUCTEMHHUX
orepailiii, HampuKaaj, [JJjs 3aBaHTaXeHHs (pailly, 3aBepilieHHs poOOTH, [JPYKY
pe3y/bTaTiB, X04a HaBiTh LI (PYHKI[ii MO)KHa BUKOHATH uyepe3 KOMaHAW. BigmosigHo,
iHTepdeiic cucTeMu BepCikd 5.X Ma€ BUIJIS, CTaHAAPTHUM Ta TMPOCTUM. BiH MiCTUTH
PSIIOK MEHI0 /11 BUK/IMKY TOJIOBHUX (YHKLIM TMepeHanaliTyBaHHSI CHCTeMU Ta
CHUCTeMHMX oOfepalliid, CIMBaroui BikHa, SIKi peani3yroTh 1i (GyHKII, iKOHKM, sIKi Yy
OimbiiocTi BumazkiB AyO/ro0TE Ii (YHKINI, a KOPHCTyBau TIOC/IiJOBHO BBOJUTH
KOMaH/IH, SIKi pO3TalllOBYIOTbCSA Y KOMaHAHUX PsIKaX.

Takuii cripoljeHuli iHTepdeiic Mae CBOi TiepeBaru. BifiCcyTHICTh BeIMKOI KiJIbKOCTi
BIKOH, IKOHOK Ta CTaHJAPTHUU PSANOK MEHIO, [al0Thb 3MOT'Y BUKODHMCTOBYBATU Malike
BeCh eKpaH MOHITOpa i 30epiraTi Ha eKpaHi BeJIMKY Ki/lIbKiCTb BBe/[eHMX KOPUCTyBauem
KoMaH/|. ToMy came Takui iHTep(enc € 3pyYyHUM I MPOrpaMicCTiB-npodecioHatiB, sKi
[IOCKOHAJ/I0 3HAaKTh YCi MOXJIUBOCTI CUCTEMH Ta MOXKYThb 3a JOMOMOTOK BiJTOBiAHUX
KOMaH/| ii Ha/jlalTyBaTh Ta eeKTUBHO TIpalffoBaTH 3 Heto. [s Toro, 1106 30inbmmTu
pO3Mip KOMaHAHOTO BiKHAa, MOXKHa TaKOXX BiJIK/TFOUMTH iKOHKH 3a [IONIOMOT0r0 (yHKIIil
Toolbar omiii MeHto View. fKijo BBe/leHa Be/MKa Ki/IbKiCTb KOMaH/l i BCi BOHM He
BMIII[YIOThCSI Ha eKpaHi, /il Meper/isily KOMaH/, Ta MOBTOPHOTO BUK/IUKY OyAb?SKOI 3
HUX MOKHa BUKOPHUCTOBYBAaTU KjaBillll KepyBaHHsA KypcopoM ' Ta |. Kpim Toro, s
TieperJisily BBeJeHUX KOMaHJ MOKHa BUKOPMCTOBYyBaTH KiaBimii Page UP Ta Page
Down. Taka cuctema pob0oTH 3 KOMaHJHHWM PsJKOM Ta CHPOIIeHWM iHTepdeiricoMm
rpuTamMaHHa orepalliiiHii cuctemi UNIX, y sikiii moyaTKoBO cTBoproBaBcsi MatLab.
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HOns kopuctyBauiB OC Windows, sIKi TiJIbKM BUaTbCsl MpAaLfOBaTA 3 CUCTEMOIO
MatlLab, Ha mepiiioMy eTari 3py4Hillle BUKOPHUCTOBYBAaTHU PsI/IOK MEHIO, OCKIiJIbKM [I/Is1
TOTO, 1100 3aramM’ATaTyd BCi KOMaHAM, TPHU3HAUeHi [T Ha/laro/)KeHHs CUCTeMH, Tpeba
MaTUHeMaJliii AOoCBiJ pob0TH 3 Helo.

Bukmuk onuii meHto File: Ha ekpaHi 3’SIBISIETbCSI HOBe MEHIO,I0 BKJIIOYAE
HACTY[HI KOMaHU:

New — cTBOpPUTH HOBUH (aiirn;

Open — Biaxkputu npoekT MatLab;

Run Script — BukoHatTu M?dalin, sSKUl € TMporpamor0, HarMCaHOK MOBOIO
nporpamyBaHHs MatLab;

Save Workspace As — 30epertu fjaHi y datimi s oAasbIioro iXx BAKOPHUCTaHHS;

Load Workspace — 3aBaHTa)KuTu nornepeiHb0 CHopMOBaHUH (Hails;

Show Workspace — roka3aty iMmeHa 3MiHHUX;

Show Graphics Property Editor — rmoka3aTu BIKHO peJakTopy, y SKOMY
B/IaCTUBOCTI TpadikiB Ta 3acobiB rogaHHs iHbopMmariii cuctemu MatLab;

Show GUI Layout Tool — moka3aTy BiKHO B/IaCTUBOCTel 3acO0iB IMPOEKTyBaHHS
rpadiuHoro iHTepeiicy KopucTyBaya;

Set Path — ycTaHOBUTH IUISIX [0 TIOTOUHOI poO0u0i AUpeKTUBH cucTeMu MatLab;

Preferences — HasallTyBaHHSI CUCTEMHUX 3MiHHMX Ta iHTepdelicy cUCTeMU
MatLab;

Print — BUBe/leHHs1 Ha APYK BMICTY KOMaHHOI'O BiKHa. Y 1[bOMY pa3i BBa)KatOTbCS
BCi BBe/leHi KOMaH/IY, a He JIHIIIe Ti, sIKi BifjoOpakeHi Ha eKpaHi;

Print Selection — BHBe/ieHHsI Ha IPYK BU/IIJIEHUX PSJIKIB;

Print Setup — HajamITyBaHHA apameTpiB IpUHTepa Ta apaMeTpiB [PYKY, sKe
3[iiCHIOIOTb Uepe3 BUKOPUCTAHHS CTaHAAPTHUX 3aco6iB cuctemu Windows;

Komanga Show Workspace omnii mento Filegae 3Mory kopucTtyBauy nepersisiiatu
Ta aHali3yBaTH iMeHa, THI, HaAMipHICTb Ta po3Mip y OaiTax /s yCiX 3MiHHMX, SIKi
Oynu chopMOBaHi Ta 3aBaHTaXKeHi.

Yci 3aBaHTaXeHi KOpUCTyBaueM 3MiHHI Ha3WBalOTbCS POO0OYOI0 YaCTHHOMO
nporpamu. [nst Toro, mob MOAUBUTUCSA 3HAuUeHHS 3MiHHOI, [JOCTaTHbO BUK/MKATH ii,
TiJABIBIIX KYpPCOp [0 BIATMOBIJHOIO PsijKa Ta HATWCHYBLLH JIiBY KHOIIKY MUILLL. Takum
YMHOM BUKJIMKA€TbCS BHYTPIllIHIN HanarofpkyBau cucremu MatLab Editor/Debugger.
ITockoHartille TOHSATTS 3MiHHOI Ta pobouoi yacTwHM. OC00/MBO e(heKTMBHO MOXXKHA
BUKOPHCTOBYBaTU 3aco0M HasarofkeHHsl TpPU TporpamyBaHHi y cuctemi MatLab.
Mo>/IUBOCTi TIpOrpamMyBaHHsI Oy[yTh PO3IJISHYTI.

Komanga Show Graphics Property Editor onuii menro File pgae 3mory
BCTAHOBJIFOBAaTHU Ta 3MiHIOBaTH BJIACTUBOCTI CUCTEMHM BiAMOBIAHO /10 rpadiuHOro BiKHa.
Uepe3 BUK/IUK I1i€l KOMaHAW MeHIO 3aBaHTaXKy€eThCsl porpama Graphics Property Editor
— pejakTop BiacTuBOCTed rpadikiB. IHTepdelic 1ji€i mporpaMyd MIiCTUTbL [Ba
nepeMukaua 3a cuctemoro I»: Show Object Browser (roka3aTd BiKHO Tieperyisiay
00’exTiB) Ta Show Property List (1oka3aty BiKHO Tieperisily BIacTUBOCTeM 00’€KTiB).
3a 3aMoBuUyBaHHsSM 0OW/Ba TIepeMHKaui BBIMKHYTi, IIO BifmoBizae BigoOpakeHHO
000x BiKOH. 3MiHa B/IaCTUBOCTel rpadikiB y 1[bOMY pa3i MOXK/IMBA y BiKHi Ieperssiay
00’€exTiB uepe3 BiAmoBigHi 3HaueHHs. Kpim Toro, pefakTop BaacTuBOCTel rpadikiB Mae
BJIaCHe KOMaH/IHe MeHt0. TyT rosioBHOIO € orilisi MeHto Tools (iHcTtpymenTH). s onigis
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Jla€ 3MOTY BUK/IMKATH iHIII 3acobu, mpu3HaueHi /s 3MiHU BjacTMBOCTel rpadikis.
OcHoBHa nporpama — Control Panel (maHesb HajalITOBYBaHHS), sika siBJisie c0O0rO
3pyuyHui iHTepdelic A/ 3aBaHTa)KeHHs iHIMX 3aco0iB, 30KpeMa peJakTopa s
BCTAHOBJIEHHSI B/IaCTUBOCTEH BUPiBHIOBaHHS rpadikiB.

Komanga Open M?file BigkpuBae fiaoroBe BiKHO 3 TiepeslikOM HasiBHUX Ha JUCKY
¢daliniB 3 po3MIMUpPeHHsM *.m, Ha SIKUX TOBHMHEH MiCTUTHUCS TeKCT Mporpam, HarmuCcaHUX
MOBOIO TporpamyBaHHs1 cuctemMu MatlLab. 3a ymoBu BuOOpy aibina 3i crmcky i
HaThCHeHHs1 KHOMKU OK 3amycKaeTbCs TeKCTOBUM pefaKTOp i3 TeKCTOM BiJAMOBIAHOTO
M-daitny. 36epexxeHHs (aiiy 3/ilCHIOETHCS Yepe3 (DYHKI[iT TEKCTOBOTO peflakTopa.

Komanza Save WorkSpace As — «36epertd pobouy uYacTHHY siK», y aiimi i3
3aZlaHUM iM’sIM Ta 3 PO3IMIMPEHHSIM *.mat, 3HaueHHsI BCiX 3MiHHUX, sIKi Oy BU3HaueHi
y KOMaHAHUX psiakax. Cnif maTd Ha yBasi, 0 y (ainax 3 po3LIMpeHHsSM *.mat
30epiratoThCs TiJIbKU 3HAUeHHS 3MiHHUX, @ He KOMaH/IHi PSIKHU.

ITpu BukoHaHHi KoMaHgu Run M-file («BukoHatu M-datin»), fK i mpyu BUKOHaHHI
kKoMaHu Open M-file, i3 mepesniky aitniB i3 pos3iMpeHHSM *.m I03HaueHui (aiin
BUK/IMKAETHCS Ha BUKOHAHHA. Y3arasi ¢aiiv 3 po3IIMpeHHSM *.m SBJSIOTH c06010
Tporpamu, HarvcaHi BHyTpilitHO6010 MoBoO cucteMu MatLab.

Komanga mento File Print BUBoAWTb Ha APYK yBechb TEKCT, iKWl OyB HaOpaHHi y
BiKHi, IIpY 1[bOMY MapaMeTpH APYKY MOBHHHI OyTH TorepeaHbO 3aflaHi 3a JOIIOMOTOI0
kKoMaHzau Printer Setup.

Komanau onuii menro Edit

Y nyHkri MenHwo Edit 3HaxoaATbCA cTaHAApTHI omepailii 0OMiHYy JaHWX [Jis
o6osonku Windows: Copy— komitoBaT, Cut—aBupi3zatu Ta Paste — BcTaBuTH. SIKIIO0
HeMa€ BUUIeHUX PsaAKiB,To KomaHau Copy Ta Cut HeakTUBHi, TOAL Yy CIUIMBatOYOMY
MEeHI0 BOHM TIMIIIYTbCS He SICKpaBO?4opHUM, a Omifo?cippuM KosibopoM. BumineHHs
TeKCTY TPOrpaMH y BiKHi KOMaHJHOTO Psiika 3/iiCHIOETBCSI CTaHAAPTHUM CTIIOCOO0M —
HaTHUCHeHHsAM J1iBoi KHomkM wmwiri. Ormgiss Clear mento Edit Buganse tekct 6e3 #oro
KoritoBaHHsA y Oydep obMiHy ganux, a omiisi Clear Session ouuIifye KoMaH/jHe BiKHO,
3HaueHHsS BCiX yBe[leHUWX 3MiHHUX 30epiratoThcs. Omiisi Select All mpusHaueHa nA/st
BU/IIJIEHHS BCbOI'0 BMICTY KOMaH/JHOT'O BiKHa.

Omis meHto Clear Session rmpu3HaueHa [Ji1 OUMIIeHHS KOMAaHIHOTO BiKHa.
CnmBaroue BikHO KoMaHAu MeHro komaHau Edit

Omnigiss Preference komanau menio File Ta HanamTyBaHHsi mapamMeTtpiB
cucTeMH

Omgis Preference mpusHaueHa [/11 3MiHM TlapameTpiB o(opM/eHHS KOMaHAHOTO
BikHa 06070HKM MatLab Ta mapameTpiB BuBejeHHs pe3y/bTaTiB. [Ipy 3BepHeHHi 10 Heil
BiJIKDUBA€ETbCS BIKHO 3 TpboMa BkagHuKamu: General, Command Windows Font Ta
Copying Options.

Cepe/1 mapameTpiB, siKi 3HaXOAATbCS Ha BKIagHUL General, € mofaHHs urces Npu
BUBEJIEHHI pe3y/bTaTiB pO3pPaxyHKiB, T Ha3Boro Numeric Format— uyucnoBuu
dopmar. ¥Ycucremi Matl.ab nepen6aueHo Taki ¢oopMaTy BUBeIEHHS UMC/IOBUX JaHUX.
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Short — cTtucimii 3anmuc. BUKOPUCTOBYETHCS CHUCTEMOIO TI0 3aMOBUYBaHHIO,
JIeCATKOBI 3HaKM Mic/si KOMU BiZINIOBi/Jat0Th HalMEHIIiM KiJIbKOCTI BBeleHUX LGP Y
3arucy 4Mcia;

Long — poBrui 3amuc. Ilpu BuKoOpuCTaHHI 1bOro ¢opmaTy BCi UMC/IOBI
pe3y/bTaTh BUBOAATHCS 3 HAUBUILOK TOYHICTIO, I’ ITHAZLATbMA JAeCATKOBUMHU 3HAKaMU
ITiC/I1 KOMU;

Bank — 0OaHkiBcbke, ab0 eKOHOMiuHe TIOfIAHHS  pe3y/IbTaTiB, SKe
BUKOPUCTOBYETHCA B [OKYMEHTaX Ta KOLUTOPUCAX, 3 OKPYIJIEHHSIM [0 APYroro 3Haka
ITiCJIST KOMUY;

Plus — 3HakoBul ¢opmart. IIpu BUBe/leHHI pe3y/bTaTiB 3alUCy€EThCS TiJIbKM 3HAK
YnC/Ia;

Short e— dopmaT cCTHCIOrO 3amucy i3 T[UIaBaluvol KOMOK. PesyiabTatu
3aMUCYIOThCA TaKi: S € M, S — XapaKTepuCTUKa, m —maHTHca yrcia. KijibKicTb 3HakiB
Tic/isl eCATKOBOI KOMM, Bi/ITIOBi/la€ MeHIIIiM KiJIbKOCTi JeCITKOBUX 3HaKiB, a Ha 3amuc
MaHTHUCUA BIIBOAUTLCA 4 MO3ULii — Ha Nepilid 3aBXAW CTOITb 3HAK MaHTUCH.
Harmpuknaz, uncno 1,9¢10-193ammcyrots: 1.9e?019, a uncio 621023— 6.0e+023.

Long e — ¢dopmaT AOBroro 3amucy i3 I/jaBaluor KoMor. Uucia 3anucyroThb
yepe3 XapaKTepPUCTUKY Ta MAaHTUCY, ajie, Ha BIIMiHY BiJl KODOTKOTO 3amucCy, KUIbKIiCTb
3HaKiB JOPiBHIOE 16;

Rational— roganHs uKc/ia IpaBUWILHUM pallioHa/IbHUM Apo6oMm.

Omniii BuBeseHHs1 JaHuX Loose Ta Compact BUKOPHUCTOBYIOTHCSA /i pobOTH 3
BEeJIMKUMY KOMaHZAHUMM psAKaMU. FAKIO AOBri MaTeMaTHU4HI BUPa3yd He BMILLYKOTbCS Y
dbopmaT ekpaHy, TO Npy BUBeJieHHI JaHux Compact JOBTi PSIAKU MepeHOoCIThCs, a TIpU
dopmati Loose — HAyTb OAHWM pSAJKOM, TOAi [ iX Tiepersisigy HeoOXimHO
CKOPUCTATHUC JIIHI€I0 TTPOKPYTKYU 10 TOPU30HTAII.

[TapameTpy BHBeJeHHS pe3y/jbTaTiB MOXKHAa TakKOX 3MIHUTHA 34 [OIIOMOIOKO
komaH iy format. [TpuKiasv BUKOPUCTaHHS KOMaHAU opmar:

> format short e

> format bank

> format rational

> format +

PosrnisHeMo TIpUK/IaZl, y sKOMy QopMa TIO/laHHS pe3y/bTaTiB pPO3paxyHKiB

3MiHIOEThCS uepe3 MatLab.
»

» format short

» 3/5

ans =

0.6000

» format long

» 3/5

ans =
0.60000000000000
» format short e
» 3/5

ans =
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6.0000e?001

» format bank

» 3/5

ans =

0.60

» format rational

» 3/6

ans =

1/2

» format +

» 3/7

ans =

+

Jlerko 1mobaunTh y HaBe/[eHOMY MPUKIIA[i, II0 OCKi/IbKM BHpa3y 3/5 He 0yJio
HaflaHe iM’si OyJp?SKOi KOHCTAaHTH, CHUCTeMa 3a 3aMOBUYBaHHSIM TIPUCBOIOE HOMY
HaliMeHYBaHHS 3MIiHHOI ans (BiJ aHIVIIMICBKOTO C/I0BAa answer — Bi/ITIOBI/Ib).

[TopiBHAHHA  ABOX  CMOCOOIB  Ha/alITyBaHHS  TlapaMeTpiB  BHBeJeHHS
pPO3paxyHKOBUX [aHUX — uepe3 MeHH) CUCTeMH Ta KOMaHJHUW DPSJOK, Ja€ 3MOry
3poOUTH Ba)K/IMBi BUCHOBKH IIIOZI0 3arajbHOi KOHLeMMii cuctemu. Sk Mu 6aunmo y
HaBe/IeHOMY TIpUK/Ia/i, MEHIO BUKOHYye Ti cami ¢yHkuii. Skuii ke croci6 poboru
3pYUHIIMA? 3p03yMiso, 110 KOpHCTYyBaui, SKi Jo0pe 3HAIOTh 3arajbHi OCHOBH POOOTH
OC Windows, ane TilbKM MOUYMHaOTh TpaltoBatu 3 MatlLab, uvacTimie KOpucCTyrOThCA
CHUCTEeMOI0 MEHI0 i KOMaHJHUMH BiKHaMH, OCKLJIbKW /ISl HUX 1[ed LIISX 3PYUYHilIHi.
Ane BUKOpDUCTaHHS KOMaHJHOTO psiiKa Mae€ CBOi mepeBard [Aasi MNpogeciiHUX
KopucTyBauiB cuctemd MatLab. Ile 1oB’s3aHO 3 MIMPOKUMH MO>K/IMBOCTSIMU
pejakTopa.

Haui panile KoMaHZ¥ MO)KHa KOMiroBaTh ab0 IOBTOPIOBATH, BUKOPHCTOBYHOUH
KJIaBillli mepeMillleHHsI Kypcopy Ta (yHKLIii myHKTy MeHt0 Edit 3 psiika MeHto. 3arajiomMm
repeBary Ma€e came poboTa 3 KOMaHAHUMU psiKaMu. SIKijo Bu KopucTyeTech omniissMu
Ha/lalITyBaHHA MEHIO IIpY BiJJIarOJ)KeHHi, a II0TIM BCTAHOBJ/OETe IIpOrpaMmy Ha
IHIIIOMY KOMIT IOTepi, TO mepej THUM, K 3allyCKaTu IIporpamy Ha TeCTyBaHHs, Bam
HeoOXiZTHO HajarofuUTU TlapaMeTpu cuctemu. Lleli HeJO/iK € MAy)Xe CYTTEBUM Y
HalvMCaHHI po3paxyHKOBUX mporpaMm MoBow cuctemMu MathCAD. Tomy mporpamicti
3aBKOU  TiAJIaro/pKyroTh  TMporpaMd TakKUM  udHOM, 1006 Bci mapameTpu
Ha/allITOBYBA/IMCh Uepe3 KOMaH/HUM PSIZIOK i He 3ajie)ka/id Bij omijii MeHto. Hagani,
TP BUBUEHHI MOJK/IMBOCTEH L{i€l CUCTeMH, 11je He pa3 TPAIuIITUMYTbCS BUNAAKW, KON
KOMaH/[Hi PSKKU AyOm0r0Th (DYHKIJiI CMCTEMHOTO MeHI0. 3aBaHTa)KeHHSI Ta 3aKPUTTS
daliiB TakKo)K MOKHAa pOOWTH Uepe3 KOMaH/Hi PSAJKH, i B AeSIKHUX BUIMaJAKaX TaKWU
CrI0Ci6 3pyyHilmri.

Po3r/issHeMo Npr3HaueHHs iHILKX NapaMeTpiB KOHQirypatjii cucteMu.

Editor preference — ¢yHKIlis HajamTyBaHHS TEKCTOBOTO PeJaKTOpa, KW Oyze
BUKOPHUCTOBYBATHCS TP Habopi TekcTiB mporpam. TyT Ha/la€TbCsl [[Bi MO’KTMBOCTI:
MOyKHa Opaty BHyTpilHil pefakTop cuctemu abo mpaitoBat 3 OC Windows. fkiro
Bi/lla€Te TiepeBary iHIIIOMYy peJakTopy, HeoOXifHO BKa3aTyh LUIAX [0 BiAMOBigHOI
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MporpaMM y KOMaHZHOMY BiKHi. Y 1[bOMY pasi /i MOIIYKY BiJMOBiJHOrO (Qaiia Ha
JKOPCTKOMY JIMCKY MOKHa HATUCHYTU KHOIIKY Browse

Echo on — dyHkuis «BxaodyeHHs BifgnyHHsi» Tipy 00pobsieHHi mporpam,
HarnvcaHux MoBoro MatLab. ¥ pexxumi Echo On nmporpama ogHo4acHO BUBOJUTH PSIZIOK
KOMaH/, sKi BUKOHYIOTbCS. Lle nyke 3py4yHO IpU Hajlaro[pKeHHi Iporpamu, ase
He3Dy4YHO 0pU Il BUKOPUCTAHHI [/ MOJE/NbHUX eKcrepuMeHTiB. Tomy micis
Hajlaroi>KeHHsi mporpaMuy Bkatoyatu PyHkijito Echo On He mae ceHcy. BkitoueHHs Ta

Bi/IK/IFOUeHHS (PYHKLIiT Bi/ITyHHSI MOKHA 3/1iliCHIOBAaTH uepe3 KOMaHHUI PSI0K:
> echo on

Ta

> echo off

3a pomomoroo ¢yHKIii Show Toolbars BigoOpakyeTbcs psSioK TaHesTi
iHCcTpyMeHTiB. BigkmtoueHHsI flae 3MOTY BUKOPUCTATH TI0Jie eKpaHa /ISl BiZjoOparkeHHs
pellTy KOMaH/I.

Oyukuis  Enable  Graphical Debugging (MOXIMBICTH  Bifjiaro/iyKeHHs
rpadiku)migktouae abo BiKIHOUa€ MOXKIMBICTb aHasTi3y rpadiuyHMX KoMaH/. Y JesiKuX
BUIIa/IKaX MOXKHA Ii BIJK/IFOYaTH — Lie CIIPOLLY€E aHasli3 MaTeMaTUUHUX aJIf'OPUTMIB.

Ha Bkyagnuii Command Windows Font moxxHa 3minutu tvn (Font) Ta po3mip
(Size) wpudTy, TKMM NUILIETHCS KOMaHIHUM PSJOK, a TakoxX Komip mipudty (Color) Ta
don (Background Color) komaHgHoro BikHa. Haripukiaz, oAHUM KOpHCTyBauaMm
Oisbiiie TO0AO0AOTHCS YOPHI iTepu Ha GoOHI K 6ilomy, y TekcToBoMy pemakTopi OC
Windows, a inmmmM — 6i1i Ha YopHOMY (OHI, SIK y CUCTeMHOMY KOMaH/AHOMY BiKHi.

Ha Bkagui Copying Options MoxkHa 3HauiTu Tpu moJisi: Clipboard Format, Match
Figure Screen Size, White Background. 3a ix pmomomororo 3afaetbcsi (popma Ta
B/AaCTUBOCTI TpadiuHnX 00’€KTiB mpu iX KoritoBaHHI 3 o0onoHku MatLab. Y momi
Clipboard Format 3amoBmsitoThCsi THT rpadiuHux 06’€KTiB MpH KorlitoBaHHI ybydep
0OMiHy Windows. e MOJKYTb OyTH MeTa (baiinu
Windows(WindowsMetafileFormat, WMF)abo ToukoBe moegHanHa ( Windows
Bitmap). ®opmar TOUYKOBOro TO/aHHs 3abe3redye BUCOKY SKIiCThb TMpH Mepeaaui
rpadiunux 300pakeHb, ane obcar iHdopmailii, KMl nepefaeTbcsi y 0ydep obmiHy
JAaHUX, TIPH KOTIit0OBaHHi 3HauHO OisbIiuid, HixXK y dhopmati WMF.

Omis MatchFigureScreen Size 3a0e3reuye KoritoBaHHs TpadiuHux 00’€KTiB 3
o6osioHKu MatLab, rpadiky MatoTh BUTJISA]], Y SKOMY BOHU 3’sIBJISIIOTHCS Ha eKpaHi. [1pu
BifIKroueHHi 1ji€i omijii po3Mipu rpacdikiB yCTaHOBMIOIOTh BiANOBiAHO A0 dopmary
CTOPiHKH, [0 fKOi BCTaBnseTbCcsa rpadiunuit 06’ekr. Omiisi WhiteBackground
BCTaHOBJIIOE BU/J, 00’ €KTy 3 6iiiM (hoHOM.

Komanja rosioBaoro meHro Window

Komanga Window aHasoriuHa mofiOHiM KoMaHZi iHIIMX 3aco0iB TEeKCTOBOIO
penaktopa. I[Ipy 3BepHeHHiI [0 Hel 3’(B/ISIETbCA CIUIMBaOUe MEHIO CIIUMCKY BiJKPUTHUX
BiKOH. /10 HUX MOXXHa 3BepHYTUCH, MMi/IBIBIIM KypCOp [0 BiAIOBIIHOIO psAJAKY CIIMCKA Ta
HaTHUCHYBIIM JTiBy KHOMKY Mullli. Hanpuknaz, miciasi BuBeJjeHHs TpadikiB B oKpeMoMy
BiKHi, MO’KHa 3BEDHYTHUCS []0 HbOTO uepe3 KoMaHgy Window.
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OcobmBocTi inTepdeiicy 06o/10nku MatLab 6.0 Ta ii foBiJHHKOBOI cucTeMH

KopucTtyBauiB, fKi MaroThb A0CBiA poboTtH i3 cucrtemoro Matlab, nuBye HOBHM
inTepdetic cucremu MatLab 6.0. Panime onucanuii intepdeiic MatLab 5.3, 3pyunuii
JulIile Ji7isl IpOrpaMicTiB-mipodecioHastiB.

BigmiHHicTIO HaBeZieHOTO iHTEpdeicy € HasBHICTh BiKHA JJOTIOMOTH, 3pO0JIEHOTO Y
3pYYHOMY CTHWJIi TiMepTeKCTOBOro JOKyMeHTa, 3HaOMOro BCiM KOpUCTyBauaM Internet.
Tomy noiiykoBy cuctemy MatLab Bepcii 6.0 Ha3uBaroTe Help navigator — HaBiratop
noriomord. Ha BigmiHy Bif 6GaraTb0X CydacHHMX BUPOOHHMKIB IPOrpaMHOTO
3abe3neueHHs, cdipma MathWork BigMoBUiacs BiJi BUKOPHUCTaHHS CTaHAAPTHUX
Internet-6pay3epiB i1 BuBeZieHHS1 iHdopMailii Ta po3pobuiaa [ I[bOTO 3PYUHHUI
iHTepgelic. Y HpboMy € Internet fepeBO KaTasoriB i3 rmepeMuUKadaMH «+» Ta «—», 3a
JIOTIOMOI0O0  IKUX BiJJKPUBAIOTbCH Ta 3aKpPUBAKOTbCSA PO3JAUIM  JOBiJHUKA. HAK
3a3HavaeTbcs y po3zisi 1.4, MatLab iHTerpoBaHa crcTeMa MoO/e/lFOBaHHS AUHaMiuHUX
06’exTiB Simulink i BoHa MO)Ke OyTH BUKOpUCTaHa /JI/Is1 €JIEKTPOHHUX CXeM Ta CHCTEM 3
Be/IMKOI0 KiJbKiCTIO KOMITOHeHTiB. Ajie ocobnmBocTi ii 3acTocyBaHHs TIpeMeT
okpeMoro po3rsay. HaBegemo posginu goBigkoBoi cuctemu MatLab, po36uBiim ix Ha
OKpeMi I'pyr, BiIMIOBIJHOA0 3MICTY.

3arasibHi 0CHOBH po0oTH i3 cUCTeMOoI0

* ocobsiuBocTi iHcTansiii cucremu MatLab(Installation);

* MOX/MBOCTI OTpMMaHHsI Bepciii Ta cuctemud uepe3 Internet (Real-Time
Workshop);

» omuc Kommissitopa Matlab Ta 6i6mioTek s 3B’A3KYy TIPOEKTiB 3 MOBaMH
nporpamyBaHHsi C Ta C++ (MatLab Compiler, Math Library, MatLab C/C++ Graph
Library).

MareMaTHu4Hi 0i0/1i0TeKH

* pO3B’s13aHHs 33/1au ontuMisallii (Optimization Toolbox);

* yrce/ibHe PO3B’si3aHHS AudepeHllia/iIbHUX PiBHSAHb Y YaCTKOBUX MOXiJHUX Ta iX
cuctem (Partial Differential Equation (PDE) Toolbox);

* PO3B’si3aHHS CTAaTUCTUYHMX 3aziay (Statistics Toolbox);

* pO3B’si3aHHS 3a/iau CI1aliHOBOi iHTepmnosisLil (Spline Toolbox);

* CUMBOJIIYHI MaTeMaTUyYHi IepeTBOpPeHHs.

MOI[EJIIOBHHH}I €/IEKTPOHHHUX CX€éM, CUCTEM Tad CHTHAJIiB

* cucTeMa JIjIs1 MOZIe/TFOBAHHSI CK/IaIHUX 00’ €KTIB 3 00MEXXeHO0

Ki/IbKicTIO cTaHiB Stateflow;

* MepeXXi MOOiI/IbHOTO 3B’SI3KY 3 JOCTYIIOM [0 pecypciB cranzapty CDMA (Code
Division Multiple Access — MHOXXWHHUH AOCTYT 3 KOJOBUM PO3/Ii/IeHHSIM KaHasliB);
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* 3acobu Mozie/mtoBaHHs 00’ €KTiB 3B’ 13Ky Communication Toolbox;

* 3acobu JiHIWHKX, HeMiHIMHUX CUCTEeM aBTOMAaTHM30BaHOTO KepyBaHHS 3
nigBuiieHoto crivikicTio (Control System Toolbox, Nonlinear Control Design Blockset
ta Robust Control

Toolbox);

* 3ac00M MaTeMaTUYHOro Ta rpadiuHOTO MOZe/FOBaHHS BUMipIOBAILHUX CHUCTEM
(Instrument Control Toolbox Ta Requirements Management Interface);

» 6/oku UudpoBoro obpobsienns curHaniBe DSP (Digital Signal Processing Tta
Motorola DSP Developer’s Kit);

* 6s10k tpoBux ¢ineTpis Filter Designing Toolbox;

* MOJIeJTIOBaHHs crcTeM eHepro3abesreueHHs (Power System Blockset);

* 3acobu cucreM 3 HeuiTKOM Jiorikowo Fuzzy Logic Tool-box;

» MaTeMaTHuHe 00po6sieHHs1 curHasiB Signal Processing Toolbox;

* igeHTH(iKaLig CK/JIaJHUX CHUCTeM Ppi3HOi (ismyHOi Tipupogu (System
Identification Toolbox).

Inmi yHKILii cucremMu

* pobota 3 6a3amu gaHux Database Toolbox;

* crcTeMa MaTeMaTUuHOro o6pobeHHs 300paxensb (Image Processing Toolbox Ta
Wavelet Toolbox);

* MaTeMaTuuHi 0iO/iOTeKH pO3B’si3aHHA 3afZlau eKOHOMIKM Ta Oi3Hecy, 30Kpema
OCHOBHI Ta [IONMOMiXKHI (DYHKIIil, a TaKO)K 4YaCOBi psAu [/ MPOBe/leHHs (DiHAaHCOBUX
o6uncsiens (Financial Toolbox, Financial Derivatives Toolbox, Financial Times Series).

OpHa 3 nepeBar cuctemMd MatLab, i 3aBasku i1 BoHa € HaunonyJisipHior CAITP
cepes;, mpodeciiHUX mMporpamicTiB. P03BUMHYyTa [OBiJHUKOBa CHUCTEMa, 3a BMiHHS
KOPHCTYBaTUCS Heto, Joromarae (axiBLSIM Mijj yac po3B’si3aHHS CKJIaJHUX 3ajau. Aje
CKODUCTaTHCS HaBeJEeHOK CTPYKTYPOK He 3aBXAW 3py4yHO. Tak, po3Juid MakeTy
Simulink, y gKHX ONMUCY€e€TbCS MOK/IMBICTH MOJE/NIOBaHHS CXeM, CUCTeM Ta CHUTHAJiB,
MarOTb [JOCUTH TIPO30PY CTPYKTYPY, @ KUIbKICTb PO3AiIIB, y SKUX OIUCYIHOTbCS
MaTemMaTUuHi GyHKIiT TakeTy MatLab, — mocuTh oOmMexeHy.

B  eneKTpoHHOMY [OBiJJHMKY HeMa€ OKpeMUX pO3[UIB  peasi30BaHUX
eJIeMeHTapHUX Ta ClieLjia/lbHUX MaTeMaTUUHUX (PYHKLIiM, a TAKOXK YMCE/bHUX MeTO/iB
pO3B’sI3aHHS HEIIHIMHMX pIBHSAHb Ta iX cucteM. BifcyTHiM okpeMud po3gin mjs
¢byHKLi 00pob6/ieHHST CTPYKTYp /[aHUX Ta MaTpUllb € HEeBiJj’EMHOK CKJIaZloBOO
yacTUHOW cuctemu MatLab. [IoBifHMK He Ma€ Tako)K OKPEMOTrO PO3JiTy /Il BeJUKOI
KiTbKOCTI rpadiuHux cucTem, 30Kpema M0OyZ0BU [JBOBUMIDHHUX Ta TPUBUMIDHUX
rpacdikiB Ta giarpam, siki HaOy/iv MOMYJ/ISIPHOCTI TIpPU OOPMJIEHHI HAayKOBOI Ta [i/I0BOI
JOKyMeHTallii. KpiM TOro,fOBiflHUK Ma€ TibKM TIOCWJaHHS Ha ¢opMaTr 3arucy
BiZIMOBiHUX (YHKIIiM, TlapaMeTpd Ta MOJKJIHMBOCTI iX 3acTocyBaHHS y OilbiIocTi
BUIA/KIB He PO3T/IyMauyrOThCS.

[TouaTok poOOTHM 3 [OBIAHMKOM BiIOYBa€TbCS y BiKHi, ITiC/AsS 3BEPHEHHS [0
HaBiratopa goromoru MatLab — Help. Tlpu ubomy 3’sBAsiETbCS BIKHO HaBiraTopa
JIOTIOMOTH. Y TIpaBiii uaCTUHI BHU3Y Bifl0OpPa)KyHOTbCsl CTOPIiHKH, a 3BepXy 3HaXOZSTbCs
KHOIIKM HaBirartii:
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TOBEPHYTHCA Ha KpoK Ha3az (Back),

riepeliTy Ha Kpok yrnepes (Forward ),

Ta Tlepe3aBaHTaKUTU MOTOYHY cTOpiHKY (Reload).

[lopsif, 3 KHOMKamu, 3HAXOAUTbCA CUCTeMa IIOLIYKY BKAa3aHOrO KOPHUCTyBauyeM
KOHTEKCTY Ha 3aBaHTa)KeHiW CTOpIHL [JOBiJHWKa, TEKCTOBe BIiKHO [/ BBeJEHHS
iHdopmMatiii Ta kHorka Go. Kpim Toro, TyT 3HaXOAUThLCS BijfiloMa iKOHKa [/ BUBeJeHHS
BMICTY JOKYMeHTa Ha JPYK

bisist TeKcTOBOrO BiKHa 3HaXouThcs KHOMKa «Add to Favorites» — «3amam’sitatu
CTOPiHKY». HaTUCHYBLIM Ha LIF0 KHOIKY KOPUCTyBau MOXe [JOJaTh [0 CIIUCKY
CTOPiHOK, HeoOXiHi [/ ToasIbIIoi poOoTH.

TeKkCT CTOpIHOK [OBiJHMKA YWTATHM HE3PYUHO uYepe3 Majy LIMUPUHY BIKHA.
YpaxyBaBIu 1je, pO3pOOHUKH CHCTEMH Tepebauryii MOK/IMBICTh BiIK/TIOUeHHS BiKHa
HaBiratopa JOMOMOTU AJisi 30i/IbIlIeHHs] pPO3Mipy, pO3TalllyBaHHSI CTOPIHKM JOBi/JHUKA.
Taky orieparjito MO)KHa BMKOHAaTH [BOMa LIISIXaMU: HaTUCHEHHSIM KHOMKU 3 XPeCTOM
abo uepe3 omijito MeHr0. [TOHOBUTH BWIJ/ISiZ, BiKHA MOXKHa Yepe3 OINLil0 CHCTeMHOTO
MEeHI0, HAaTUCHEHHSAM KHOIIKH .

MoykHa m00auMTH, 1[0 «BIKHO HaBiratopa» Ma€ YOTUPW BK/IaJUHKH, SIKi
Bi/ITIOBi/Ial0Th Pi3HUM pe>XMMaM pOOUTH JOBiZKOBOI crctemu. Ha mepiiiii BK/IaHULT
Contents 3HaxXOAWUTBCA 3MICT [IOBIJJHUKA 3 T[IOCWJIAHHAM Ha pO3AiK. 3a3HaueHa
CTPYKTYpH3aLlisi He 3aBXAU MOXKe 3aZJ0BO/IbHUTU KOPUCTYyBaya.

HOpyra BknaguHka Index BifgmnoBigae momyky iHgopMallii y [OBiIHUKY B
angasiTHoMy nopsaky. Cif 3a3HauWTH, W10 BiApa3y Micas iHCTasALIl CUCTeMU List
(GyHKLS MOXKe He TIpaLfoBaTH, MpU L[bOMY cHcTeMa BUzae nosigomieHHs «Error: Help
directory is not set» («Ilomunka: He Bka3aHa aupekTopisi 3 ¢aijlaMu [JOTTIOMOTU» ).
YHUKHYTH Lji€l TOMUIKKA MOXKHa yepe3 ¢QyHKLi0 cucteMHoro MeHto File — Set Path.
[Tpu 3BepHeHHi 0 wiel QyHKLIT 3’aBAseThCs KoMaHAHe BikHO Set Path (¥YcTaHoBieHHs
LIISIXY ).

Ilns BCTaHOB/IEHHS [AUPEKTOpPili HeoOXifHO HaTthCcHYTH KHOMKY «Add with
Subfolders» Ta 3HaiiTu 11 y BiKHi Ha AiepeBi KaTasoriB. Y 1[bOMYy BUIAAKYy Tpeba AogaTu
IVPEeKTOPito, po3TallloBaHy y KaTaso3i, skuii OyB Bu3HaueHU A1 iHcTanswii MatLab.
[Ticsig uboro cjiiji HaTUCHYTHA KHOMKY «Ok» Ta 3auekaTH, MOKW BUKOHAEThCS Orepariisi.
Cnip 3a3HauMTH, L]0 3MiHM [0 CIKMCKY POOOUYMX KarTasoriB 3aHOCAThCS Bifpasy, i
cucTema B asipaBiTHOMY MOPSIZIKY MOUMHAE MPALIOBATH.

Ha Tpetii BKnaauHLI «HaBiratopa gonomorm» «Search» («Ilomyk») mokHa
BUKOHATH TIOIIYK CTOPIHOK [OBiAHMKA Ta (YHKLi 3a KIHOUOBUM CJioBOM. [lpu
repexo/ii Ha L0 BK/IQJAUHKY 3’SIBJISIOTBCS [Ba TEKCTOBUX BikKHAa. B ogHOMY i3 HuX,
NMoTpiOHO BKa3aTU OJWH 3 YOTHPbOX MOXMJIMBUX TUMIB MOIMIYKYy («Bech TekcT»,
«3arosoBKM  JIOKyMeHTiB», «IMeHa dyHKIIili»,«be3nocepeaHiiBuXigHaba3umaHux
[HTEpHET).

Kpim Toro, mopsin i3 BikHOM «Search type» 3HaxoAuTbCA KHOMKa «Tips»
(«ITigka3ku») . Ilpu HaTHCHeHHi BiAKPHUBAETHCS JOKYMEHT, y SIKOMY OIMMCaHi (PyHKIIil
HaBiraTropa J0roMOrH.

Y tekcroBomy 1oni «Search For», sike 3HaX0/IUTbCSI BHU3Y, BKAa3y€E€ThCs (PparMeHT,
3a SIKUM TPOBOAUTHCA MOLIYK. [locunaHHs Ha CTOPiHKM JOBiJAHUKA 3’ AB/ISIFOTHCA TTiC/ISA
BBeJIeHHSI TeKCTy Ta HaTHUCHeHHsI KHOMKU «Go». TyT cjiif 3a3HaunTé BeTMKUN 00CsT
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poBigHuka MatLab Ta HOro opieHTOBaHICTB Ha TpoecioHasiB MaTeMaTHKIB Ta
TIpOrpamicTiB.

Sk 6GaurvMo, 3aBaHTa)keHa CTOPiHKA MICTUTb He TiIbKM JOCKOHA/JIMA OIHC
aJTOPUTMIB TIOIIYKOBOTO METOAY, ajle Y TOCW/IaHHS Ha aHIJIOMOBHY JIiTepaTypy,
CITUCOK SIKOI 3aBXXJY HABOJUTBHCS Y KIHL[I TEKCTY.

Hapemri — 11e momyk cepej; 00paHUX CTOPiHOK, SIKi BUBOASTHCS Ha BK/IaJHMUII
«Favorites». Criocib6 3amam’sToByBaHHS 3a JoroMoror KHomku «Add to Favorites».
[MepersisiHyTH 06paHy CTOPiHKY MOJKHA, 3BepHYBIIMCH IO CTIMCKY 00paHUX CTOPiHOK.

KpiM po3BHHYTOr0 «HaBiraropa [omoMoru» B iHTepgeiici KopuctyBaua MatlLab
6.0 3’sBUnacs mofaTkoBa omwisi Web, uepe3 siky MOKHa OTpMMATH JOCTYM [0 CAUTy
¢ipmu MathWork B IHTepHeTi (www.mathwork.com) /i1 OHOB/IEHHSI CUCTEMU Ta ISt
OTPpUMaHHs [IOJATKOBOI iH(opMaLii aHr/mikcbkoro MoBow. Cepeli  UMCIEHHUX
POCIKCbKOMOBHUX IHTepHeT?caTiB, mnpucBsueHnx MatlLab, Haumnony/sipHiMM €
www.exponenta.ru

3a3HaunMo, 1110 JOCBifueHi KopucTyBaui MatlL.ab 3a/i0Bo/ieHi HOBUM iHTepdelicoMm
Ta «HaBiraropoMm poroMoru». Ilo?nepiie, fK HarosomyBajoCh, HOBa CUCTeMa
JIOTIOMOTH Ma€ OINKC BUIIPOBAPKEHUX aJTOPUTMIB Ta MOCWIAHHS Ha HayKOBi pKepera,
Jle Ll aJropuTMHd OIUCaHI [JockKoHamiie. Lle [gyxke Cripoujye BHUKOPUCTaHHSA
JOCBiZTUEHVMH TIPOrpaMiCTaMM CKJIaZJHUX PO3pPaxyHKiB, 0COOMBO Yy pa3i BHECEHHS 3MiH
no 6a3zoBux (yHKIiM cuctemu. [lo-Apyre, Ay TMX KOPHUCTYBauiB, sIKi 3BUK/IU [0
CTaporo CTaHZapTy iHTepdeiicy, € MOXX/UBICTb 3MiHUTU MOT0 3a ZI0OTIOMOI0I0 KOMaH/Ix
View - Desk topLayout - CommandWindowsOnly. Ilicis mporo intepgenc cucteMu
COPOLIYETHCS Ta CXOKUMW [J0 HAaBEe/IEHOTO.

Ins oHoBneHHs1 GaraToBikoHHOTO iHTepdetlicy MatLab 6.0 mocTaTHLO BUKOHATH
dyHkiio View — Desktop Layout — Default.

HOyxe 3pyuHumu y OaraToBikoHHOMY iHTepdetici MatLab 6.0 e BikHa icTopil
koMaH/; (Command History) Ta pobouoro cepepoBuiija (Work Space). 3a moromMorozo
BiKHa iCTOpil KOMaH/ MO>KHA 3BEPHYTHCS /10 Oyab-sIKOI 3 KOMaH/I, MeperyIssHyBIIHN iX 3a
JIOTIOMOT'OI0 JIiHii TTPOKPYYyBaHHSI Ta TMO3HAU€HHS KypCOPOM KOMaH[H, SIKY TOTPiOHO
noBTopuTy. [TpuHLIUIT po6OTH BiKHa KOMaH/, iCTOPii.

Y nonepenHix Bepcisx MatLab Takok icHyBa/ia MOXX/TMBIiCTh ITOBTOPEHHSI KOMaH/|
3a JIOTIOMOTOI0 KJ/IaBilll TepemilieHHs Kypcopy 1 (Bropy) Ta | (BHM3), B CIiocib, 1o
nputamaHHui UNIX, anme mepernsijaTv BeMUKY KiJIbKICTb KOMaH]i 3HAUHO 3pYYHillle
yepe3 Oararo-BikoHHUU iHTepdetic. ToMy rosiBa HOBOI Bepcii mosermuaa poboTy siK
MasI0JOCBiJUEHNX KOPUCTYBaUiB, TaK i (haxiBLIiB-POrpaMiCTiB.

Koman/iHe BiKHO BKIaJuHKA pobouoi wactuHu WorkSpace BiamoBizae KomaHzi
MeH0 Pail Ta BIKHY HajarofykeHHs. Y HbOMY MO)KHa MepersiHyTH 3HaueHHs
3MiHHUX, (hOpMaTH MO/JaHHS YHUCIOBUX JaHuX. Po3TaiilyBaHHs BikHa po604oi yaCTUHU Y
b6araTo-BikoHHOMY iHTepdeiici MatLab 6.0.

Cnig 3a3HaunTH, 1110 psoK MeHto File MatLab Bepcii 6.0 mae iHmuiii inTepdeiic,
CXOKAW 3HABIraTOpoM, Ha SIKOMY, 3aMiCTb BK/a/JOK, BUKOPDHUCTOBYIOTbCS 3HAUKU «+»,
«—». Bikno Preference MatLab 6.0

Menio MatlLab mae BknaaauHKy Demos, skKa KOpHCHa THWM, XTO TIOUMHAE
TpaLoBaTH 3 L[I€0 CUCTEMOI0. 3a [JOMOMOrOK0 1li€l KOMaHAW BU MO’KeTe BUK/IUKATU
JeMOHCTpALlilHy Tasiepeto, y sIKiii 3HalifieTe MPUK/IaAu 3aCTOCYyBaHHS cuctemu MatlLab
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[J11 BUKOHAHHS HAyKOBUX pO3paxyHKIB. Y pa3i 3BepHeHHA [0 BKiaagku Demos
BiIKpUBAETLCSI «BIKHO Tajiepei» IpPUK/IAAIB, [yXKe CX0Xe Ha «BIKHO [JOIIOMOIW».
JIiBopyu mobaumnTe CIMCOK PO3/i/iiB, TTPABOPYyY — CITUCOK TMpHK/AaziB. 1106 mobauntu
CTIMCOK TIiApO3/i/iB, Tpeba HaTUCHYTU Ha KHOMKY «+». HaTWCHYBIIN JTiBOIO KHOMKOO
MUILIi Ha BiAMIOBIAHWY TPUK/aJ, BU BiIKPUETE BIKHO MOT0 JIeMOHCTpaLlii.

[Topsin 3 «BIKHOM HaBiraiii», MokKa3aHUM 3 MNPUK/aJ, SKKMM Ha3uBaeTbcs «Curve
Fitting» — «ATpokcrmariisi KpuBUx».

KopuctyBau Mae MOX/IMBICTh HaTUCHeHHsSIM KHOMOK Start (ITouatwm), Next
(HactymHa) Ta Pervious (IToriepegHsi) y mpaBiii 4aCTUHI BiKHa MOC/TIZOBHO PO3I/ISiAATH
KoZ, ¢yHkuUii MatLab y siBiii yacTWHI BiKHa BHM3y Ta pe3y/ibTaT BUKOHAHHS LUX
GyHKLIN.

Cnig 3a3HauUMTH, 1[0 KOPUCTYyBaTHucs MeHi0 y MatLab He o6oB’s3koBo. Ti cami
GyHKUIT BUKOHYIOTh KOMaH U help, demo Ta what snew, Hanpuknaz;

help functions — BuBegeHHsS PyHKLIiM;

help sin — onuc QyHK1il sin;

whatsnew — HOBI byHKIIiT;

demo — iHdopmaliiliHe BiKHO 3 MPUKJIa/laMHU.

Tomy iHTepdeiicom mMeHto MatlLab Bepcii 6.0 i BUIMX BepcCiii KOPUCTYIOTHCS
HeJI0CBiiueHi KOpUCTyBayi, mpodecioHa M yacTille NpaloTh 3 KOMaHAHUM PSITKOM.

Oco0ymBocTi (haily1ioBoi cTPYKTYpH 000,10HKH MatLab

[ToBHa Bepcis MatLab ckiagaetbcst 3 6araTbox THCSU (haliniB,sKi 3HAXOAATHCS Y
Be/IUKiM KilbKOCTI mariok, i 3aiimaroth 1I'6. [Insi BUBuUeHHs ocobimBOCTell poboTh
CK/IaIHOI CUCTeMU — HeOoOXiJJHO 3p03yMiTH, 1[0 Lie 3a Manku, sika iHpopmallisi y HUX
30epiraeThbcsi. Kpim Toro, uepes HasiBHiCTb TMarky Ha KOMIT FOTepi, MOXKHA 3’sICyBaTH, Ud
BCTaHOBJ/IEHi BiAMoBigHI (PyHKI[iI Ha ZaHOMY KOMIT'IOTepi, i, AK Oy/e IipairjfoBaTv Ha
HbOMY Ballia [iporpama.

Ins kopuctyBauiB MatLab ocobmvBe 3HaueHHsI MalOTh (Pakyid JBOX THUIIB — I[@
po3iMpeHHs *.mat i *.m. ¥ ¢aiinax *.mat Mo)kHa 30epertv BCi UKC/IOBi 3MiHHI
rporpamu, ajie y CTUcjaomy (opmari.

IcTopis KOmaH[ He 3amam’ATOBYeThCs. Y (haiimax *.m 36epiratoTbcst TEKCTH
nporpaM, BUKIWKM GyHKLIH cuctemu. I1li gBa Tumu  (aiiliB  CTBOPHOIOTHCS
KOpHCTYBayaMd Ta OCHOBHUMH. Y CTBOpIOBaHUX O0iOMiOTEUHMX MOIYJISIX CUCTEMHU
HaWyacTille 3yCTpiyaroThCsl (haiiv 3 pO3LIMpeHHSM *.c Ta *.m — KoJu mporpaM, a
TaKOXX (haiiiu 6a3 AaHux *.mex.

Crpykrypa cuctremu MatlLab MiCTUTh Be/lMKY KiJIbKICTh MaroK Ta Ii/IMAaroK,
KOXKHA 3 SIKUX Ma€ CBO€ Tpu3HaueHHs. OcobnvBe 3HaueHHs /s pOOOTH CUCTEMU Mae
narnka ./MatLab/ToolBox/MatLab. ¥ Hiii 36epiraeTbcs Bcst 6i0/mioTeka ctaHgapTHUX M-
daiinis cucremu. Ix mepernsy 1ae 3MOry OLIIHMTH MOXJIMBOCTI Bepcii, yCTaHOB/IEHOI Ha
Komrir’'rotepl. Hwkdye 1iepesiiueHi OCHOBHI [MiAnanky, sKi MICTATbCI y KaTano3l
MatLab/ToolBox/MatLab, Ta BKa3aHe Tmpu3HaueHHs (aliniB, SKi y IUX MankKax
30epirarThCs.

- IMigmarka General, me 306epiraroTbcst daiinm, IO BiANOBiZarOTH KoMaHAAM
MatLab. 3a pgomomoror I[UX KOMaH/ BUKOHYKOTbCSI TOJIOBHI CHUCTeMHi (YyHKIIii:
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30epe>xeHHs1 (paiisiiB, yCTaHOBJIEHHSI Ta 3MiHa poOouoro Katasnory, dyHKIlii goromMoru
Ta 1HLLII.

- Ilignanku oriepaTtopiB, KOHCTPYKLIiM MOBH MpPOrpaMyBaHHSi Ta CUCTEMHHUX
byHKIIIH:

— OpS — orepaTopyd MOBHU TIpOrpaMyBaHHs Ta Criellia/ibHi CUMBOJIY;

— lang — KOHCTpYKIJil MOBUY TIPOrpaMyBaHHS;

— strfun — psiAKOBiI PyHKIIIT;

— iofun — QyHK1IiT BBeieHHSI?BUBe/]eHHS [JaHUX;

— timefun — ¢yHkuii 06uKcieHHs Yacy i gatu;

— datatypes — KOMaH/i ONUCY THIIIiB Ta CTPYKTYP JaHUX.

- Iligmanku OCHOBHHMX MaTeMaTUYHUX i MAaTPUUYHUX (DYHKLIiM:

— elmat — komaH/1 /i1 CTBOPEHHSI TIPOCTUX MaTpPULIb i Ayis poO0TH HaJ, HUMHU;

— elfun — enemeHTapHi MaTeMaTHUHi (PyHKLIiT;

— specfun — crnerjianbHi MaTeMaTHUHI GYHKIIIT;

— matfun — matpuuHi dhyHKIIT JiHIHHOT anredpwy;

— datafun — anarti3 JaHMX y MaTPULX Ta riepeTBOpeHHsT Pyp’e;

— polyfun — o6po6neHHs TI0/TiIHOMIB i PYHKIIiT iHTepHOIILIii;

— funfun — ¢ynkuii Big dyHKIIil, po3B’sA3yBaHHs 3BUUAHUX Ju(epeHIiaTbHUX
DiBHSIHB;

— soarfun — o6po6IeHHsST BUPOKEHUX MaTPHIIb.

- [Mignanku rpadiuHux KOMaH/;:

— graph2d — komaH 1 1BOBUMIPHOI rpadiku;

— graph3d — kKomaH 1 TpUBUMIPHOI rpadiku;

— specgraph — KomMaH/1 crierfiabHOI rpadiky;

— graphics — kKomMaH U fecKpUTOpHOI rpadiku (rpadiyHi giarpamm);

— vitools — KomaHau /151 CTBOpPeHHsI rpadiuHOro iHTepdercy KopucTyBayva.

BMicT marok MoykHa TIOJIMBUTHCS JIBOMa Crioco0amu: Mo-Tiepiie, BiH 3HaXOAUTbCS
y ¢aiini contents.m, a Mo-Apyre, MOro Mankyd MO)KHa BUBECTH y BIKHO KOMaHAHOIO
psiika MatLab, HabpaBiii KomaHy help iM’si_manku, HarpuKIazi;

help datafun

SIKk 30epertu cBiii npoeKkT y cucremi MatLab Ta BigkpuTu ioro

[TpairoBatu 3 daiisiamu y MatLab MoxHa uepe3 omnuito meHto File. fAkiio Bu
TIpOBe/IM BiJTIOBiAHI po3paxyHKHA B cuctemi MatlLab, To mpocrimie 3a Bce 36epertu
3HaueHHs O00UMC/IeHUX 3MiHHUX y Gaiiii 3 po3lmrpeHHsaM *.mat. SIK 3a3Havanoch - 1je
datinu 6a3u JaHux, Ae 30epiratoTbCs 3HAUeHHS 0OUMC/IEeHWX 3MiHHMX, ane OCKiTbKU
3arvcaHi BOHU He B TeKCTOBOMY ¢opMaTi, 6e3 000/I0HKH iX MpounTaTé He MOXKHa. /st
BUKOHaHHS 1]i€i orepaliii JocTaTHbO CKopucTaTucs omijiero MeHto File — Save Work
Space As. 3a 3amoBuyBaHHsSM MatlLab yci ¢aiiniu 3anucye B aupekropito Work no
Tanky, fie BCTaHOBJieHa cucTteMa. MoykHa 30epiraTv MpOeKTH i B iHIIMX AUPEKTOPisX,
YKa3yloud BIJMOBiIHUM LIIAX [0 HUX. Pe3y/nbraT pO3paxyHKIB MOKHA TaKOX
30epiraTv, BUKOPHCTOBYIOUM KOMaH/y save. @opmMaT KOMaH/[u:

save imM’st (haliny, HaTIpUK/Iaz;

save fff
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Po3mmpeHHsi *.mat BKa3yBaTU He Tpeba, BOHO 3aBXKJW BCTAHOB/IIOETHCS 3a
3aMoBuyBaHHsIM. [1pu BkazaHoMy ¢dopMarTi aiinm 3anmucyroThcsi B pobouy nanky Work,
y pobodyoMy KaTano3i. 3a 6a’kaHHSIM 306eperTH (aiin y iHIIIN marniji HeoOXiHO BKa3aTH
LIJIAX [0 Hel, HallpuKJaz:

save d:/123/fff

[Ticns imeni caiimy Mo)kKHa uyepe3 Tmpo0isi BKa3aTv 3MiHHI, $Ki He0OXigHO
3aram’siTaTy, ileHTudikaTopy 3MiHHUX BiZiIiISIFOTh KOMORO, HallpUK/Ia/:

save fff a,b,c

Y pasi 3amucyBaHHSI KOMaHJu B TakoMy ¢opmari OyayTh 3aram’sTOBYBaTHCS
TiTbKY BU3HaueHi 3MiHHi. To0OTO, 3aCcTOCyBaHHS KOMAaHHOTO psiKa [la€ KOPUCTyBauy
Oi/TbITIe MOXK/TUBOCTEM, HiXK 30epe>keHHsI BCiX 3MiHHUX Uepe3 CUCTEMY MEHIO.

[Ticns mapameTpiB KOMaHJU save uepe3 3HaK — MOXKYTh OyTH yKasaHi K/toui, siKi
YTOUHIOKOTh (hOpMar 3anucy (paiiis:

— mat — ¢opMat 6a3 JaHuX, KU BUKOPUCTOBYETHCS 3@ 3aMOBUYBaHHSIM;

— ascii — 3anuc y ASCII atin 3 TouHicTio 10 8 Ludp;

— ascii-double — 3anuc y ASCII-¢atin i3 noABiliHOW TOUHICTHO, A0 16 111dp;

— v4 — 3anic y dopmari MatLab-4;

— append — J0/1aT¥ BU3HAYeHi [aHi B icCHyr0uMii (aiis.

36epertTy 3HaueHHs 3MiHHUX BH MOJKeTe, BHUKOHABIIM KomaHAy MeHio Load
WorkSpace; uepe3 cucremMHy KoMaHy load, ¢popMmar sikoi aHasioriuHuii KOMaH/ii save:

load im’s1 paitny

OpHak HezocBigueHi kopuctyBadi MatLab, siki 3Bukiu 10 Windows-TexHosorin
no/laHHs iHpopMariii, KoM Ha eKpaHi Bijobpa)kaeTbcsi abCOIIOTHO BCe, 1110 BBOAUIOCS
3 K/IaBiaTypy, OyJyTb [y’Ke 3[MBOBaHi, i MOXKyTh IMOZAYMATH, 110 BOHW 3pPOOM/IH III0Ch
HEKOPEKTHO 1 ZIaHi 3 IXHbOI'0 NIPOeKTY KyAUCh 3HUK/IU. Piu B TOMY, 1[0 MiC/Isd BUKOHAHHA
komaHau MeH0 Load WorkSpace poGoue BIiKHO KOMaHZHOTO psifika 3aJUILINATHCS
He3aroBHEHUM, X0ua, TPOBOAsSAYM 00uMC/ieHHs, By BBOAWIN TIeBHY KilbKiCTh KOMaH/.
[ITo >k Tpamuocs, HeBXKe BiIOyBCs SIKMIMCh 30iii y poboTi mporpamu? Hi, cructema Bce
BUKOHA/Ia UYiTKO, 3aram’sitajia BCl 3MiHHI, sKi By BU3Haumiu,i Teriep MoXKHa [0 HHUX
3BepHyTUCA. [lumyun a=, mobauvTe Ha eKpaHi 3HaueHHs 3MiHHOI a, SIKIO0 3MiHHa 3
TakuM iM’siM Oy/sa BW3HaueHa i 3amam’sitoBaHa. [lo cyTi, 1je € BiAMiHHICTIO
npoeciiiHuX CUCTeM BiJi CUCTeM MaCOBOTO BUKOpDHCTaHHsA. Ha eKpaH BUBOJUTBLCS
MiHiMyM iHdopMariii, i TiTbKHK 3aruTyBaHa, a iHila 30epiraeTbcs y ram’siTi KomIr’ roTepa
i 3anmmiaeThcs 6e3 3MiH, TMOKM KOPUCTYBau He HaJACTh BiAMOBiAHOT KOMaHAu s ii
BifjoOpaskeHHs1. Take moaHHs iHdoOpMallii MOB’s13aHO TaKOXK i3 Cepii03HOI0 iCTOPUUHOIO
NMpUYMHOK0. Piu y ToMy, 110 KOIM MOYMHAB CTBOproBaTHCS MatlLab, icHyBanu Tisbku
TeKCTOBI MOHITOpY, i BuBeleHHs Tpadiku Oyso ycknagHeHe. OCKi/IbKA Ha angaBiTHO-
uudpoBUii MOHITOD He MoO)KHa Oy/J0 BHBeCTHM BeJUKY KiuIbKiCTb iHdopMaLiii,
TPOrpaMiCTH YacTillle TIpaLloBajy 3 TejeTauaMy, BUBOSYM Ha [IPYK KOXKHY KOMaHIy
Ta peakijif0 KOMIT'IoTepa Ha Hei. YsaBiTh co0bi, CKi/IbKK Tamepy 3HagoOwmiocst 6, 11500
po3apykyBati Tiporpamy Ha 1000 pszakiB! Tomy iHTepdelic mpodeciiiHOro
TIporpaMHOro 3abe3redyeHHst OYB JOCUTD JIAKOHIYHUM, i He Ha KOXKHY BBe/IeHy KOMaHAy
HaJXOXKWIa BIiATOBiHa peakijis KOMIT'I0Tepa, Hampukiaag, «Command completed
successfully» — «KoMaHja ycrillHO BUKOHaHa». 3a 3aMOBUYBaHHSIM 3aBX/AU
riepe0auanocs, 1Mo KOMaH/ia HaflaHa 0e3 TTIOMU/IOK i KomIT'toTep 1l YCITiIITHO BUKOHAB.
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Aute GinbIICTH KOPUCTYBAUiB ITBU/IKO 3BUKAIOTh /10 aCKETUUHOTO iHTepdeicy cucteMu
MatLab, i uepe3 meBHMI Yac BiH MOYMHAE iM M0100aTUCS, OCKIJILKM 3akiBa iHbOpMallist
Ha eKpaHi 3a3BHWYail He JoroMara€, a 3aBaka€ poOoTi. A crouatky, 1006 Oymo
TpocTillle, HaMarauTecsi Ay I0OBaTH OTPHUMaHi pe3y/IbTaTH Ha Tiarepi, SKIo BIIeBHEHi y
ixHili mpaBusbHOCTI. ITi3HimIe, Ko/ BHBUMTE CHCTEMY KOMaH7, TMOTpPeOaB I[bOMY
Bifinaze, ockinbku MatLab Mae BelMKy KiJbKiCTh KOMaH/, sIKi /jat0Th 3MOT'y OTpUMaTH
Oyab-sKy iHbopMallit0 TIPO TIPOEKT, BPaXxOBYIOUM i TOC/IiZIOBHICTh BBeJEeHUX KOMaH/I.
[IJe GisbIte MOKIMBOCTEH 111010 POOOTH 3 JaHUMU Jla€ MOBA MPOTPAMYBaHHS CUCTEMU
MatLab.

36epiraTy 3MiHHi y cepemoBuilli MatLab 3pyuHimie He yepe3 cHCTeMYy MeHIO, a
yepe3 BUKOPUCTaHHS KOMaH/] save Ta load. ¥ 1boMy BUMaZKy MO)KHa 3araM’siTaTU He
BCi orucaHi 3MiHHI, a TiIBKY Ti, 1[0 3HaZOOMSITHCS AJ1s TofAasbiioro oburcieHHs. Togmi
dbopmar KOMaH[M save Ma€ BUIJISZ: save iM’g (paiyly CIMCOK 3MiHHUX. Pe3ynbratom
BUKOHAHHS HaBe/leHO1 HIKUe TI0C/TiIOBHOCTI KoMaH/l Oyzie 30epe>keHHs 3MiHHUX a,b Ta
c, asie He OyJe 36epe)keHa 3MiHHa d.

>>a=2;

>>p=a?3;

>>c=a*b;

>>d=b/a;

>>save fff a b c

BXITHA MOBA CUCTEMM MatLab TA [TPOBEJEHHSA ITPOCTUX
OBYMCJ/IEHb

Y po3zini omucaHi 0CHOBU pOOOTH 3 KOMaHAHHWM psifikoM y cuctemi MatLab Ta
HaBeZieHi 6a30Bi IMOHATTS BXiHOT MOBU CHCTEMH, TaKi K JiliCHe Ta KOMITJIEKCHE YHCJIO,
BEKTOp, MaTpuLs, 3MiHHa, omneparop, (yHKLisg Ta MaTeMaTH4YHUM BUpa3. Po3ryisHyTI
OCHOBHi 3aco0u cuCTeMU JJi1 CTBOpPeHHS apu(MeTHYHMX Ta JIOTiYHMX BHUpasiB i3
3MIHHHWMU Pi3HUX TUIIIB.

Marpuii, BeKTOPH Ta UKMC/Ia IK OCHOBHI MOHATTA BXiIHOI MOBH CUCTEeMH
MatLab

Cucremy MatLab mouatkoBo 6yno po3pobneHo fAasi  pobOTH 3 BEUKUMH
CTPYKTypaMM [JaHHUX, MAaTpULISIMA Ta BEKTOpaMHM. XOya Ha CbOTOJHI L€ TIOTY>KHUMH
IHCTpYMEHT 1151 TIPOBeJIeHHs] PI3HOMAaHITHUX YMC/IOBUX Ta aHA/JITUYHUX PO3PaxXyHKIB,
cucTeMa 3a/IMIIAEThCS OPIEHTOBAHOI Ha pobOOTYy 3 MaTpULsIMA Ta BeKTopamu, a ii
BXi/[Ha MOBa HaripaB/jieHa came Ha 0OpOOJieHHsSI YMOpPSiIKOBaHUX UYHC/IOBUX CTPYKTYD.
Tomy 3 npuBo/ly 6a30BHMX BU3HAUeHb Ta MOHATh BXi/[HOI MOBU CHUCTEMH Y PO3POOHUKIB
Ta (axiBI[iB He iCHye €QuHOI AyMKHU. € Criewia/jicT, sKi BBaXkalOTh, 1[0 MPOCTillie
3po3yMiTH BXifHY MoBy MatlLab, AKiio B3sSTH 3a 0a30Be TMOHSATTS MaTPUIli i Ha MOTO
OCHOBIi c(hopMyBaTU MOHSATTSI BEKTOPa SIK MaTpUL]i po3MipoM (1, n) Ta MOHATTS YMC/Ia K
Matpuli po3Mmipom (1, 1). TakoX CyTT€BO BiJpi3HSAIOTH TOHATTS pO3Mipy Ta
PO3MIpPHOCTI MaTpuLji. 3p03yMijio, 1[0 TaKa TeOpeTUYHa CTPYKTypa [JeLl0 CyIlepeurTh
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CyyaCHUM MaTeMaTUUHUM IIpaBWIaM, Jie 0a30BUM € TIOHSATTS UKC/Ia, ajie BOHA JilCHO
Bi/ITIOBi/la€ mapagurmi MoBu cucteMd MatLab. Ixini daxiBii pobsaTh TpaAMIiiiHO:
BBOZSTH 0a30Be TIOHSATTSA UMC/Ia, Ha HOro OCHOBi (POPMYIOTH TIOHSATTS BeKTOpa Ta
MaTpHulli SIK YIIOPSiIKOBAaHUX CYKYITHOCTelM uuces, i B)Ke HaZali (hOpMyJ/itOIOTb TOJIOBHI
rpaBuIa MOBHU cucteMu Matlab, siki Gisibilie opieHTOBaHi Ha poOOTy 3 MAaTPHULAMU Ta
BEKTOPAMM, HDXK 30KpDeMHMHU 4uMC/laMy. Takul mifxiJ Mae CBOI mepeBaru, OCKIJIbKU
II0CTAHOBKA HA KOMIT'FOTepi IIpaKTUYHMX 3aJad MaTeMaTUYHOI'O0 MO/ e/It0BaHHSA
notpebye came TIpOBeZIeHHsI Oreparfii 3 BeJMKMMH CTPYKTypaMU [aHUX. Y ramysi
eJIeKTPOHIKY JI0 TaKWX 3aZlau HajieXkaTb 1MobysoBa MaTeMaTUUHUX Mogesieit ¢i3nuHux
SIBUIL] Y peaJibHUX MNpwiajax (HaBiThb y MeXkax MPOCTUX OJHOBUMIDHUX MOJeJiel) Ta
aHa/i3 ejleKTPOHHUX CXeM Ta cucrteM. KOHKpeTHi NpUKIagu TakKMX 3ajady Ta Ix
PO3B’si3aHHSI 3 BUKOPUCTaHHsSIM 3acobiB MatLab. IlpoTe y OisbiiocTi MaTeMaTUYHUX
CAIIP, i HaBiTh y MoBax nporpamyBaHHs (FORTRAN, ITackanb, C, C++) He icHye
CTaHAAPTHUX (DYHKIIi!1 06p0b/IeHHS UMC/IOBUX MacCHBiB, 30KpeMa MOIITyKy MiHiMa/IbHUX
Ta MaKCHMMaJIbHUX e/ieMeHTiB, IX COPTYBaHHS y MOPSAKY 30i/bllieHHs: abo 3MeHIIIeHHs],
He KaKyuyd PO ejieMeHTapHI MaTeMaTWuHi oriepaLii 3 ejieMeHTaMu [BOX MaTpHLlb
OJTHOTO PO3Mipy: HamlpHK/a/A, MHOXKeHHs a00 [ieHHs BiATOBiAHMX eneMeHTIB ofHi€l
MaTpuvlli Ha eeMeHTH Apyroi. 3a3BUYall y MOBax MPOTrpaMyBaHHS [Ji1 BUKOHAHHS
TaKUX HeCKJaJHUX orepallii 3 MacMBaMM JaHUX 3aCTOCOBYIOTb HeBesuKi (hparMeHTU
Tporpam, OCHOBOIO SIKUX € L[MKJ/IIYHI CTPYKTypU. OpraHisyBaTy CTaHAAPTHI IpOLeLypH
[/11 BUKOHAaHHSI TaKWMX oOmepalid 3i CTPYKTypamMHM [aHUX HEBHU3HAU€HOTO pO3Mipy
JIOCUTh HernpocTo. PO3BHMHEHMH Yy CyuyaCHUX MOBax IPOrpamMyBaHHSI BUCOKOTO PiBHS
arapar AUHaMiYHUX 3MIHHUX TIJIBKU ONTHUMI3y€ pO3TallyBaHHS HaJMIPHUX CTPYKTYP
Jl@aHUX y TIaM’ATi, ajie He CIIPOLUYE, a y [JesdKUX BUIIaJKaX HaBiTb YCK/IaJHIOE
00pobsieHHs1 AaHuX. fIK pe3ysbTaT — CTPYKTYPHi TpOrpaMy, HamucaHi CydyaCHUMU
MOBaMH TpOrpamMyBaHHSI BHUCOKOTO piBHf, 3a3BUuall IepeBaHTa)KeHi BeJUKOIO
KUJTbKICTIO LIMK/IiB, TIpU3HAuUeHuX [ 00poOeHHs UMC/IOBUX CTPYKTYD, IO 3HAYHO
YCK/IAZHIOE HAlMCAHHS Ta PpoO3yMiHHS Takux mporpaMm. CkiagHicTe poboTy i3
CTPYKTypaMM [aHUX Yy MOBax IIporpamyBaHHSI BUCOKOIO piBHA MPU3BOAUTH [0
a/ITOPUTMIUHUX TIOMUJ/IOK, BUSIBJIEHHS IKUX, Ha BIIMIHY BiJj CHHTAKCUYHUX Ta JIOT1YHUX,
€ ZIOCUTh KPOIIITKOIO Tpaljel0 Ta 3HAUHO YCK/aAHIOE poOOTy TporpamicTiB. 3a3Buuait
BUTIPABJ/IEHHSI TAKWUX TIOMUJIOK 3aiiMae bisbire, Hi>k 90% uacy CTBOpeHHS MPOrPaMHOTO
3abe3reueHHs. Yepe3 BiZICyTHICTh CcTaHAApTHUX (YHKIM Ta mpoienyp oO6pobsieHHs
YUCJIOBUX JIAHUX Yy BiZIOMMX MOBax MpPOrpaMyBaHHsI Makike BCS HaBuajbHa JliTeparypa
Opi€HTOBaHa Ha BWBYeHHs OOpOO/eHHsS YIMOPSAKOBAHMX Ta i€papXiuyHMX CTPYKTYP
nanux. HaBiThb KifbKiCTh MOCIOHUKIB Ta Mi[pyYHUKIB 3 a/ifOPUTMIB UMCETbHUX METO/IIB,
peasli3oBaHMX MOBAaMM MPOTrpaMyBaHHsI BUCOKOT'O piBHS, BKpaii oOMekeHa. OpieHTallis
BXigHOT MoBM MatlLab Ha BMKOHaHHS MaTpUYHUX Orepalidi MaTeMaTUUHUX (YHKLIKI
Ajisi pobOTM 3 HUMM Ja€ 3MOTy YHUKAaTU BUKOPUCTaHHS LMK/IIYHUX CTPYKTYD,
CTBOPIOBATH JOCHUTb KOPOTKI Ta HaJiMHI NporpaMu, IpWU3HayeHi [AJjsi PO3B’si3aHHS
KOHKPeTHUX 3a/jau MpU HasfBHOCTI BiANOBIJHOrO mMaTreMaTWuYHOro anaparty. [Ipukiaau
BUKOpHcTaHHs1 MatLab /s Mozie/itoBaHHsI e/IeKTPOHHUX TPUIA/IiB.

Yucia, 3MiHHI Ta MaTeMaTH4Hi BUpa3u B cuctemi MatLab
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TakyuM uudHOM, Oy/leMO AOTPUMYBATHCS TPAAMI[IMHUX TEeOPeTUUHUX I100Y/0B,
3riJHO 3 SIKMMM TIOHSITTS UMC/la Ta MaTeMaTHYHOrO BUpPa3y € 0a30BUMM /i1 BXigHOI
MoBu MatLab.

Yucmo — HavmpocTimmii 00’ekT BxigHOT MoBu Matlab, skuii TipezacTaBise
ync/ioBi JaHi. MoknuBi dopmaTH TIOZl@aHHS MiMCHUX uYHcen: IiJie, apobose, 3
dikcoBaHOIO KOMOMO, i3 maBatoyor0 Komoro. [li dopmatu pgocutb mpocTi Ta
Bi/ITIOBi/Iat0Th MpaBW/IaM 3anMCyBaHHS uKces1 y OisbIIoCTi MOB nporpamyBaHHs. Hibkue

HaBe/leHi MTPUK/Ia Y Pi3HUX UKCIOBUX (hOpPMaTiB:
2

-3

213

2.301

0.0001

le-4

lel0

[Tpu 3arucyBaHHi QP 0AHOTO UKC/Ia MPOOiIM Mi’>K HUMH He [0y CKalOThCH.

[TpocTo B cucteMi Matl.ab 3anucyroThcs i KOMITIEKCHI unc/ia. BoHu nogaroThes y
cravgaptHomy Burmsiai Re(z) + i*Im(z) abo Re(z) + j*Im(z).

[IpyKnagy 3anmyMcyBaHHS KOMIUIEKCHUX YUCeT:

3+5*1

1

-8*1

-1

]

1

Ons poboTH 3KOMIIEKCHUMU uYMciaMu y Matlab icHye psig criemiabHUX
byHKIIiH:

real (z) — roBepTae JiliCHy 4YaCTHHY UMC/Ia;

imag (z) — moBepTae ySIBHY YaCTUHY YKC/Ia;

abs (z)— moBepTae Moy /b AiticHOTO ab0 KOMIIJIEKCHOT'O UMC/Ia;

angle (z) — moBepTae KyT HaXWIy MiK BiCCIO aOCIHC i BEKTOPOM KOMITJIEKCHOTO
yucsia y pajiaHax;

conj (z) — ¢yHKLis MMOBepTaEe UMC/I0, KOMIUIEKCHO-CIIPsDKEHe /10 UMC/ia Z, TOOTOo
SKIIO Z = a + ib,

[3 ymcesn /ierko CKIaJarTbCsl MaTeMaTHUUHI BUPAsH, y SAKAX MOXXHA BUKOPUCTATH
3HaKW apudMeTUUYHHUX orepallii +, —, *, / i Becb Habip MareMaTWuHUX (YHKIIIM
CUCTEMHU.

PosrnsiHemo po0oTy 3 BUpa3aMu y cuctemi MatLab y pexkumi mipsiMux oOumc/ieHsb,
T0OTO, 6€3 HamMcaHHS TIPOTpaMU Ta 3araM’SITOByBaHHS KOMaHAHUX psAkiB. Pobora i3
CUCTEMOK y TakOMY peXWMi HaraJye BUKODUCTaHHS Ay>Ke TOTY>KHOr0 HayKOBOTO
Ka/IbKy/ISITOpa, $KWM Ma€ BeJIMKY KIJIbKICThb eJleMeHTapHUX Ta CheliaJTbHUAX
MaTeMaTUYHUX (YHKI[i. 3po3yMmisio, MOKIMBOCTI TaKOTO KanbKy/siTOpa 3HAYyHO
OiMbIT, HDK y 3BHYAMHUX, SK 3a OOUMC/TIOBa/IbHUMHU TIOTY)KHOCTSIMH, TakK i 3a
rpaiuyHrMH, YpaxOBYIOUM [BOBHMIDHY Ta TPMBHMMIDHY HayKOBYy Ta [iJIOBY rpagiky.
Pob6oTa B pexxumi IpsIMHX 00UMCIeHb HOCHTL [[ia7lOTOBUM XapakKTep 3a TPUHIUIIOM
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«TIUTaHHS-BiANOBiAb». KopucTyBau mMOBUHEH HabpaTh Yy KOMaHAHOMY DSIKY
MaTeMaTUUHUI BUpa3, 3a MOTpeOM BifpejaryBaTH Moro, TepeMill[yloud Kypcop, i
3aBepIIMTU BBeJeHHs BUPa3y HaTUCHEeHHAM KiaBiii «Enter».

z

a ib

Im

Im(z)

Re(z)

|z|

-Z

C]

Re

-(2)

Cdopmyntoemo OCHOBHI mipaBusa (OpPMyBaHHSI Ta BBeJEHHS MaTeMaTUUHUX
BUpasiB y cucreMi MatLab.

1. Ons iHguKaiii MOX/IMBOCTI BBeJ€HHS BUXIJHUX [JaHUX HOBUM KOMaHJHUU
PSIIOK TIOYMHAETHCS i3 CUMBOJIA >> (JBa 3HAKU «OisbIie»).

2. Onsa toro, 106 He BHUBOAWUTU pe3ysbTaTd OOUMCIeHHsS BUpPa3y, BBEEHOTO B
JAHOMY DsIIKY Ha eKpaH TIic/iss OCTaHHbOTO CMMBOJIy HEOOXiZIHO MOCTaBUTU CUMBOJ ;
(Kparika 3 KOMOI0).

3. Byib-IKOMY BHUpa3y MO>Ke TIPUCBOKOBATHCSA 3HAYEHHS] KOHCTAaHTH 3 BiJTIOBIJHUM
iM’aM, 1 Hajasl e iM’9 MOXKe BUKOPUCTOBYBATMCS B IHILIKWX MaTeMaTUYHUX BHpasax.
Ao 3HaueHHIO BUpa3y He TIPUCBOEHA HisiKa 3MiHHaA, 3@ 3aMOBUYYBaHHAM
BUKOPHUCTOBYETLCS 3MiHHA ans. HaBesleMo Tipuk/iagu poO0TH 3 UMC/IOBUMHU BUpa3aMu Y
cuctemi MatLab:

>> 243

ans=

5

>> sin(1)

ans=

0.8415
Yci KoMaH[HI psAAKd, AKI BBOAUTH KOPUCTYBAy, [MOYWHAKOTHCSA i3 CUMBOJIB >>, a B
psifiKax, fIKi (QOPMyIOTbCA y pe3y/bTaTi BiAMNOBiZi CUCTEMH Ha HaJjaHi KOMaH/JM, Ha
BiIMiHY BiJj KOMaHAHUX PAAKIB TAKUX CUMBOJIIB HEMAE.

4. fx i B moBax nporpamyBaHHd FORTRAN Ta C, oriepatopy NpHUCBOEHHS B
MaTeMaTMYHUX BHMpa3ax MOBU MatLab Bi/irioBijiae 3Hak =.

5. Ilig uyac HamucaHHsA iMeH 3MiHHMX Ta (QyHKUiKM cuctrema MatlLab, sk i
KOMIILIATOPU MOB TmporpamyBaHHd C Ta C++, po3pi3Hs€ Majii Ta BeJUKI JIiTepH.
bibmioTeuni ¢yHKLii cucremn (y HaoMmy TpUKAafi Ie (yHKIiS ciHycy sin)
3aMUCYIOThCSI MaJIUMU JliTepaMu. AprymMeHTH QyHKLINA YKa3yrHOThCsl B KPYTJIUX Ay>KKax.

6. Pesynbraty 0Ounc/ieHb BUBOASATLCA B OKPEMHX DsiZIKaX, IO Bifpi3HSIOTHCS Bif
PSAAKIB 3 iMEHaMM 3MIHHUX TUM, 1[0 Y HUX HECTOITh 11]0 3HAK =.

7. Y BUNAAKy BUKOPUCTAHHA MaTeMaTUYHUX BUPA3iB 13BEJIMKOK KIJBKICTHO
CMMBOJIIB, KOJIM [JI1 3alMCy He BUCTaya€ OJHOrO psiZKa, MepexiJy HA HOBUW DSOK

3/IIICHIOETHCS 3a JIONIOMOT0K0 TPhOX Kparok (...). Hanpuknag:
>> S=1?1/2+1/3?1/4+1/5?1/6+1/77?. ..
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1/8+1/9?1/10+1/11?1/12

S=

0.6532

>>

Po3puBaHHs psikiB y MatLab HeoOxifHe TibKM /i BUBe/IeHHsI IOKYMEHTIB Ha
JPYK, OCKUIBKM MaKCUMaJ/lbHa KIJIbKICTb CHMBOJIIB y KOMAaHAHOMY PSAKY MOXe
pocsiratu 4096, a gns mporpam, HamvcaHuxX y (opmari m-daiiiiB, BOHa B3arajii He
oOMeXxeHa.

8. ITix uac BBeZieHHs urces HeoOXiAHO AOTpUMyBaTHCS OpMaTiB iX 3aMMCyBaHHS.

CucreMHi KOHCTaHTH Ta 3MiHHI y cuctemi MatLab

KoHctranta Matl.ab — 1ie yHikanbHe iM’s, IKOMY HaZlatOTh 3HaUeHHSI BBEJJ€HOTO
BMpa3y. Y LbOMYy pa3i TpPUHLIUI YHIiKaJbHOCTI TIOBUHeH 30epiratucs [Aasi BCiX
KOMaH/THUX PSIZIKIiB cecii pob0TH i3 cuUCTeMol0, /s Bi/IMOBiIHOTO TIPOEKTY, SIKAW MO>Ke
Oyt 30epe)keHMM Ta 3aBaHTa)KeHMM 3a [OTIOMOTOK0 MeTOZiB. 3BWYalHI UuUCIa,
Harpuk/aaz, 1, —2, 5.78 MOXyTb po3r/isfjaTUCsa K Oe3iMeHHi UMC/IOBi KOHCTAHTH, 3a
3aMOBUYBAHHSAM HAaJA€TbC 3HAueHHs KOHCTAaHTM ans. Mo)KHa OIMCyBaTh THUIL
KOHCTaHTH,BUKOPHCTOBYIOUM KOMaHAy format, ane y OilbIIOCTi BUTIAAKIiB CICTEMa cama
KOPEKTHO BH3Hava€ HMoro.

Kpim Toro, y MatLab icHye iHIIMIA TWUIT KOHCTAHT, $IKi TNPUHAHATO Ha3WBaTU
CUCTeMHUMH 3MiHHUMH. IM 3a 3aMOBUYBAaHHSAM CHCTeMa HaJa€ BiMOBigHe 3HAYeHHs,
sIKe MOJKe 3MIHIOBaTHCA 3a [OIOMOrO0 orepaTopa IPUCBOIOBaHHsA. 3MIiHHI I Ta j, fKi
OMUCYIOTh YSIBHY OfMHULIFO. HaBeseMo iHIIi crcteMHi 3MiHHI MoBU MatLab:

pi — Bignosigae uncay m = 3,1415926...;

eps— moxubka 06uKC/IFOBa/IbHUX OTlepariiii Hafl YMc/IaMH i3 T71aBatouor0 Kparkoro,
3a 3aMOBUYYBaHHAM eps = 27;

realmin — MiHiMasIbHe MOXX/TMBe UMCJIO i3 TJ/IaBalOuor0 KPArkKor, siKke Moke OyTH
OTpUMaHe y pe3y/bTaTi 00unC/ieHb, 32 3aMOBUYBAHHSIM;

realmin= 2.225073858507201e-308;

realmax— MakCHMa/JlbHO MOXJ/IMBE YMCJIO 3 TIJIaBalOuO KpAarkKoro, sIKe MOJKe
OyTu oTpUMaHe y pe3y/bTaTi 00uKc/ieHb, 3a 3aMOBUYBaHHSIM;

realmax= 1.797693134862316e+308;

inf — 3HaueHHs MalLIMHHOI HECKiHUEHHOCTI.

OcraHHa cuUcTeMHa 3MiHHa BUBOJMUTBCA Yy TOMY BUIIQJKYy, KOJIU pe3yJibTar
o0urc/ieHb TiepeBUIIy€ 3HaueHHs realmax, abo TIpU HEKOPEKTHUX MaTeMaTUYHUX
ornepawlisix, HamnpukiaA, TMpu [AuleHHI KoHcTaHTU Ha 0. Llg onepanis Takox
CYyNPOBO/KYETbCS ~ TOBiJOMJIeHHAM  cuctemu: «Warning: Divide by zero»
(«ITonepemyxenus: [lisleHHs1 Ha HyJ/b»). Hanpuknaz:

>> 5/0

Warning: Divide by zero.

ans =

Inf

>>
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Tyt Tpeba 3BepHYTU yBary Ha Te, 1[0 CHMCTeMa BHUKOHYE 1[I0 HEKOPEKTHY 3
MaTeMaTU4YHOI TOYKM 30py OmepaLilo, i BUAA€E He TIOMWIKY BBeJEeHHsS KOMaH/IH, a
nornepe/pKeHHs1. 3arajoM Ay MoBM MatlLab mMaTeMaTuuHa HeCKiHUeHHICTb — TaKuU
caMUll KOPEeKTHHW pe3ynbTaT, sK i uMc/IoBUiA. BBefeHHS pPO3POOHMKAMU CHCTEMHU
MatL.ab noHsITT MaTeMaTHUHOI HECKiIHUEHHOCTi CMPOIIy€ PO3B’si3aHHS MaTeMaTUUHUX
3a[a4, OCKi/JIbKHM ITiJ Yac TIpOBeZieHHs OOunc/IeHb HeMae IMOoTpeOu y TmorepeiHbOMY
aHasi3i BUKOpHUCTAaHMX (YHKLIM Ha HasBHICTh PO3PUBIB JpPyroro pojy, CHUCTeMa
30IMCHIOE 10 omnepawito cama. [IoHSTTS MaTeMaTWUHOI HECKiHYeHHOCTI CYTTEBO
cripoilye Bi3yamisaniito (yHKIiiii i3 po3puBamu. A K BifloMO, came TOIIYK TOUOK
pO3puBYy y (YHKI[iOHA/JIbHAX 3aJIeXKHOCTSIX Ta 00poOseHHs I[UX OCOOJMBUX TOUOK €
OJIHI€F0 3 TOJIOBHMX 3a/lau MaTeMaTHYHOTO O0pOoOJieHHS YIOPSAKOBAHUX CTPYKTYP
JaHuX. 3a3BU4Yail TIpU PO3B’sI3aHHI Ha KOMIT'IOTEpi CK/Ia[HUX MaTeMaTU4YHUX 3a/au
3acobamMu MOB TIpOrpamMyBaHHSI TTPOrpamMicTH BUTpadaroTh 6/m3bK0 90% vacy Ha TOIITyK
0COO/MBUX TOUOK BUKOPUCTAaHUX (PYHKIi /11 YHUKHEHHSI 00UMC/TIOBaTbHUX TIOMHUIOK
mig yac poboTy mporpaMu. Y pasi po3B’si3aHHS 3a/jJau MaTeMaTUUHOTO MO/Ie/TFOBaHHS y
cuctemi MatLab 37e6i/b1110ro HeoOXiZiHICTE TIOTIEpeJHLOTO aHaIi3y BUKOPHCTOBYBAaHUX
(GyHKLI Ha HasiBHICTh TOUOK PO3PUBY TMOBHICTIO BiAnazae.

NaN — r1oKa3HUK HeBM3HAueHOCTi JaHUX MPU aHaMITHUHUX i apudMeTHUHUX
o0uMC/IeHHSIX, HallPpUK/a/l, TP BUHUKHEHHI MaTeMaTH4HOI HeBu3HaueHocTi Tturty 0/0.
Cnip 3a3HaunTH, 1110 pe3yabTaToM oburcieHb y MatLab moyke 6yTu He TinbKU [JiticHe,
ajie i KOMIUIEKCHe 4uuc/io. ToMy TpU OOUMC/eHHI TaKMX MaTeMaTHMUHUX BHUpa3iB, SK
arcsin (2) abo In (-1) cucrema BUJa€ BiJMOBi[He KOMIUIEKCHE UHMC/IO, 3 HE BUBOJUTh
cuctemHy 3miHHY NaN.

Hwkue HaBeJeHO TIpUK/IaJ, KiJIbKOX KOMaH[, e BHUKOPUCTOBYHOTbCSI CUCTEMHI
3MIiHHI:

>>2*pi

ans=

6.2832

>>eps

ans=

2.0e-052

>>realmin

ans=

2.225e?7308

>>realmax

ans=

1.7977e+308

>> 1/0

Warning: Divide by zero

ans=

Inf

>>0/0

ans=

NaN

>>10g(0)

wWarning: Log of zero.
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ans =

?Inf

>>ans =

-Inf

>>1o0g(?1)

ans =

0 + 3.141592653589791

>>asin(-5)

ans =

?1.57079632679490 + 2.292431669561181

>>

[lix yac BBe#eHHS KOMaHJ CUCTEMHI 3MIHHI MOXYTb TIlepeBU3HAYaTUCH,
HarpukJsaz:

>> i=1,

>> eps=0.001;

OfHakK, OCKIJIbKA 3HAaUeHHSl LJUX 3MIHHUX BCTAHOBJIFOKOTHCS TIPU 3aBaHTa)KeHHI
CUCTeMU, BOHM HiKOJTM He OyBalOTh HeBU3HAUEHVMHU.

Y MatLab € Tako>X CUMBOJIbHI KOHCTaHTH, SIKi ABJISTIOTH COOOIO JIAHIIOKOK OY/Ib-
SAKMX CUMBOJIIB, 5IKi 6epyThcs B yarku. Hampukiiag;:

“Hello, friends!”

“Mpusit, Agpys3i!”

112+311

Ockinbku BUpa3 “2+3“ Mo)ke OyTH pO3IISHYTUM SIK MaTeMaTuuHuii, MatLab mae
crierfianbHi GYHKIIT /7151 IepeTBOPeHHsT CHMBOJIOTIOiOHMX BUPa3iB y UMC/IOBI.

TekcToOBi KOMeHTapi B MporpamMax, HanmucaHux MoBorw MatLab

3a3Buuaii cucreMy MatlLab BHKOPHCTOBYIOTH [/ TPOBEAEHHSI CK/IaJHUX
HAyKOBO?TeXHIUHHUX PO3PaxyHKiB, 3aCTOCOBYIOTbCS O6iOmioTeuni ¢yHKIii cuctemw,
peari3oBaHi B iHImMX daitax. Po3bupaTicss y Takux mporpamax, siki MalOThb CK/IaZHY
MO/JYJ/IbHY CTPYKTYPY, JOCUTh HEINpPOCTO, TOMY 3HauyHy POJIb ITiJ] Yyac iX HarvCaHHs Ta
BUKOPUCTAHHS BIJirpatOTb TEKCTOBI KOMeHTapi. TeKCcToBUMUM KOMEHTapsiMUu Y
TporpaMyBaHHiI Ha3WBalOTh OY/b-SIKYy TOC/Ii/JOBHICTb CHMBOJIIB, SIKi CTaB/ATHCS MiC/Is
BUKOHYBaHMX KOMaHJ, abo OKpeMHM PsIIKOM Ta 3aBXK/{ MOUMHAKOTHCS 3 Bi/[TIOBiAHOTO
K/IDUOBOTO CUMBOJY. Y TIporpaMax, HamucaHMX MoBOr MatlLab, TeKcTOBi KomMeHTapi
3aMMar0Th OKpEMUM PSJOK, SKUM 3aBXKW MOUMHAETHCA i3 cuMBoJia %.

Hanpukaz:

% 064yncneHHa ¢yHKuUll Beccena.

TekCTOBI KOMeHTapi HisIK He BIUIMBAlOTb Ha BHWKOHAHHS TIPOrpaMu, aje B HUX
3aBXKOW OMUCYEThCS TIpPU3HAUeHHS TUX abo iHIIWX psAJKiB, TOMy BOHHM 3HA4yHO
TIOJIETIIYIOTh POOOTY TIIPOrpaMiCTiB Ta KOPHCTYBAauiB IIiJj YaCc HalMCaHHA Ta
3acTocyBaHHs mporpam. bibmioreuni d¢yHKIiii MatLab peasnizoBani BigkputuM
MIPOrPaMHUM  KOJIOM, 1[0 TIOJieTiiye poboTy axiBIiB 31i€0 AOCUTh CKJIaZHOIO
CUCTEMOIO, Ta y 3HAYHIM Mipi cripusie ii MOCTIMHOMY PO3BUTKY Ta YAOCKOHAJIEHHIO.

[Tporpamicram fy>ke 3pyuHO i MpOCTO Ha 0a3i HassBHUX pO3poO/ATH HOBi 6i0/MioTeKH, i
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TUM CaMUM BOHM Y/JIOCKOHA/IOIOTh Ta PO3BMBaOTh Habip dyHKIil i€l cuctemu. Kpim
TOrO, y MepiIux psakKax m-(dailiiB, HaMMCaHUX MOBOK cucTemu MatlLab, onucyetbes
TpyM3HauyeHHs1 WX (ali/iiB y BUIJISIAI KOMEeHTapiB, i came 1ig iHpopMaliisi BUBOAUTLCS Ha
eKpaH TPy BBeJIeHHI KOMaH/1

>> help im'a_oanny

ToMmy po3BUHEHI KOMeHTapli B TeKCTaxX IIporpamM, HalMcaHUX MOBOK CUCTEMU
MatLab, BBa)KarOTbCSl TIPOCTO «IPAaBUAIOM A0OPOTr0 CTH/IIO MPOrpaMyBaHHS». Y 1[bOMY
MatLab pgyxe Haragye omepaiiiHy cuctemy UNIX, mig $KOH HOTO TOYaTKOBO
CTBOPIOBAJ/IA Ta BiJ1aroyKyBaiu.

Ha »anb yBepcii MatLab 6.0 € omunH cepiio3nuii Heponik. Kopg cumBomny
yKpaiHChbKOi OyKBH «C» CHCTeMa CIpUMMae K Tiepexifi Ha iHIIWK pSAoK i
BUKOPHCTOBYBAaTH y KOMEHTapsiX MOro HeMO>XX/IMBO. L moMusiKa 10Ci He BUNpaBJieHa, i
A1 11 yHUKHEHHSI PeKOMEH/YETbCSI BUKOPUCTOBYBATH JIATUHCBKUU CHMBOJI «C», X04a
L{e He [jy>Ke 3py4HO.

3miHHi y cucremi MatLab Ta po6ora 3 HUMH

Y MoBi MatLab, sk i B MoBax mporpamyBaHHS, 3MiHHi— Ije 00’€KTH, SIKUM
TIPUCBOIOIOTHCS BIiATIOBiZAHI iMeHa Ta sKi Tpu3HaueHi A/ 30epe>keHHS BiIOBigHUX
JlaHUX, 3HAUeHHs 3MIHHUX, Ha BiIMIHY BiJ] KOHCTAHT, 3MiHIOKOTbHCS T1iJi YaC BUKOHAHHS
nporpamMu. 3ajie)kKHO BiJ, THUIB AaHUX 3MiHHI OyBalOTh UKMCIOBUMH, CHMBOJIbHUMHY,
BEKTODHUMU ab0 MaTpUUHUMH. [JOCKOHasIiIIe TUTK JaHUX Ta ix Knacudikaijisi 6yayTh
PO3TJISIHYTi TIpY OTMCaHHi 3ac00iB MporpamMyBaHHs crcteMu MatLab.

3MIiHHAM MOJXXHA 3a/laBaTH BIJMOBIJAHI 3HA4YeHHs 3a [IOTIOMOrOK BUpas3iB,
BUKOPUCTOBYIOUM 3HaK = SIK OIlepaTop MPUCBOEHHS. Popmar BUpasy 3 OnepaTopom
TIPUCBOEHHS TaKWU:

iM’s1_3MIHHOI = BUpa3

[Jig TIpPOCTOTM CHMHTAKCUCY THUII 3MIHHUX 3a3jajerijb He JeKlapyeTbca. BoHu
BU3HAUaAIOThCS TUIIOM BHUpPa3y, 3HAUeHHs SIKOTO TPHCBOIOETHCS BiAMOBIAHINA 3MiHHIN.
Hanpuksag, sKijo pe3y/ibTaToM 00urC/ieHHs] BBeZIeHOro BUpa3y € MaTpHLis, BiJoBigHa
3MiHHA TaKOXX Oy/le TUIy MaTpPHULIS.

[IpaBuna HanuvcaHHS iMeH 3MiHHUX Yy cucteMi MatLab gocuts npocti. Im’s
3MiHHOI, abo0 izmeHTHdiIKaTOp, MO)Ke MiCTUTH OyAb-SIKy KiJIbKICTh CHMBOJIIB, ae
3aram’ITOBYIOThCSI Ta iZIeHTU(IKYIOTbCSI 3 HUX Ti/IbKK nepiuuii 31 CUMBOJI. Y 1[bOMY
pa3i MoBHWHEH BUKOHYBATHCS TIPUHLIAI YHiKaJbHOCTi, TOOTO, iM’sl 3MiHHOI He Moyke
36iraTucs 3 iMeHaMu iHIIKX 3MiHHUX a00 QyHKIiH crucTemu. IM’ s TIOBUHHE TTIOUYMHATHCS
3 JliTepu i Mo>ke MiCcTUTH JliTepH, udpu abo cumBos migkpecieHHs (_). Herpumyctumo
CTaBUTH B iMeHa 3MiHHUX CUMBOJU +, —, * /, &, :, @, =, OCKUIBKU Yy LIbOMY BUIIaJKYy
TpaBU/IbHA iHTEepIipeTal|isi MaTeMaTUYHOI0 BUPa3y CTa€ HEMOXK/IUBOHO.

€ MOXIUBICTb BWIyYEHHs IMeH 3MIHHUX [/l OUMIeHHs [aM’gaTi Ta Jjid
nigBuilleHHss edeKTUBHOCTI pobOTM TmporpamMu. Y TmaM’siTi KOMIT'KHOTepa JaHi
KOPHMCTYBaua 3aliMalOTh BiJTOBiZiHE MicIle, sIKe Ha3WBa€TbCsA pobouoro obsacTio. 3a
BEJIMKOI KiJTbKOCTi 3MiHHMX HeoOXifHO ouMinyBaTh pobouy 006/1aCTh, BHIYUMBIIM Ti
3MiHHi, SIKi [i/1s1 TIo/lanbiinoi po6oTu He TOTPiOHI. OCO6/IMBO BaXKMBO 1ie POOUTH, SIKIIIO
Taki 3MiHHiI OIMMCYIOTb HaJMipHMM BeKTOp ab0 MaTpuilo, i, BiAMOBigHO, 3aliMarOTh

32



Be/MKUi obcsr onepaTuBHOI mam’siti. fIK 3a3Hauanocs y po3ziti 1.5.1, neperasiHyTd
pobouy 00/1acTh MporpaMyd MOJKHA 3a J0roMoror KomaHgu Meniwo File — Show
Workspace. OgHa umnc/ioBa 3MiHHa 3aiiMa€ y mam’sTi KoMir'totepa 8 GalT He3a/le)KHO
BiJj BUKOPHMCTOBYBAHOTO ¢hopMaTy BUBe/leHHSI uvcesl Ha eKpaH. 3 OfHOro OoKy, e
3pYYHO [jIsT KOPUCTYBayiB 3 TOUKUA 30py MPOCTOTH pPOOOTH 3[aHUMU, ajie BIIMBATU Ha
edeKTHUBHICTb 1X po3TalllyBaHHS y IaM’STi KOMIT’ loTepa uepe3 BU3HaUeHHs TUIIIB, SK 1ie
3po6/ieHO y MOBaxX IIpOrpaMyBaHHS, MPOrpaMicT He Moxke. ToMy ouMilieHHsSI poO0oYOi
obmacti uepe3 BWIyYeHHs 3MiHHUX € €IWHOI0 MOXIUBICTIO e(heKTUBHOTO
BUKOPHUCTAHHS OIepaTUBHOI 1aM’SITi KOMIT oTepa.

Ounctutd pobouy 00/1laCTh MOYKHA uepe3 CHUCTeMY MeHIO, SIKIII0 BUKOHATH
komanay File — Show Workspace, BuginuTu 3a gonomororo muiii y BikHi Workspace
Browser BiAnoBifHI 3MiHHI Ta HaTUCHYTA KHOMKY Delete, [Iliciii BUKOHaHHS L€l
orepailii 3HaueHHsI paHillle BU3HaUeHOi 3MiHHOI a CTa€ HeBU3HAUEHUM, TOMY 3a CIIpob
KOpUCTyBaua BMBECTU Lie 3HAaueHHS Ha eKpaH CuCTeMa BWJA€ TOBIJOM/IEHHS

«Undefined function or variable «a».» («HeBu3HaueHa (QyHKIjist a00 3MiHHa a»):
>> g

??? Undefined function or variable «a».

>>

[HIIMM edeKTHBHUM CIIOcOO0M ouuIlieHHs pobouoi obsacti € komaHga Matlab
clear y pi3nux ii Mogudikariisix. MosxivBi doopmaTy KoMaHAM clear:

clear — Bu/TyueHHsI BCiX OMMCaHUX paHillle 3MiHHUX;

clear X — BUW/Iy4yeHHs 3MiHHOI X;

clear a,b,c — BU/IyyeHHs 3MiHHUX a, b Ta c;

clear functions — BuyueHHs1 QyHKLil;

clear all — BUyueHHs BCiX 3MiHHMX Ta QYHKLIii.

HaBejjleMo TIpuK/iaj MporpaMu, Je 3MiHHI CIOYaTKy BU3HAualOTbCs, a TOTIM
BUTyUaroThcsi. Lleil pparMeHT MiCTUTh Tako)K BHpasy 3i 3MiHHUMHU TUIYy MaTpUIS Ta
BEKTOP, sIKi Oy/IyTh PO3TJIIHYTi Y HAaCTYITHOMY Taparpadi.

>> x=2*pi

X=
6,2832
>>V= [11 2/ 3/ 4]

V=

1234

>> MAT

???Underfined function or variable “MAT”

>>MAT=[1,2;3,4]

>>MAT=

12

3 4

>>clear v

>>V

??? Underfined function or variable “v”

>>clear

>>X

??? Underfined function or variable “x”
33



>>MAT

???Underfined function or variable “MAT”

[Tpu ouuitieHHi pobouoi 06s1acTi Ta 3aBaHTakKeHHI HOBUX 3MiHHUX Y OTepaTUBHIM
raM’ATi KOMIT'FOTepa CTBOPIOETbCS BeJIMKA KIJIbKICTh HEYINOpsAAKOBAHMUX BLJIbHUX
obnacTed, siKi MeXYIOTh i3 3aBaHTa)KeHHMMH. Taka Opradisailis rmam’sTi He 3aBa)ka€
po0oTi i3 crucTeMOrO, AKITIO BOHA TIPALIOE B OJHO-3aZIaUHOMY PEXHMi, ajne y 1[boMy pasi
BTpauaeThCs eeKTBHICTE Windows sk 6araTo-3asiauHoi oreparjiiiHoi CUCTeMHU.

[1Jo6 YHUKHYTH 3aliBUX BUTpAT MaM’SITi TpW poOOTi 3 BeIMKMMU MacCHBaMH
indopwmariii, kpiM KoMaHAu clear c/iiJ, BUKOPDUCTOBYBaTU Tako)X KoMaHjy pack. Lls
KOMaH/ia 37iiCHIOE T1epepo3Iofiiyl AaHUX y pobouiil obsacTi omepaTHBHOI TaMm’sATi,
MOCJIIJOBHO 3allOBHIOIOUM TMOPOJKHI MicLsl. Y LbOMYy pasi 3MEHIIY€eTbCS 3arajJbHUU
o0csT TIam’SITi, IKWI CcHUcTeMa BiJBOAWTS ITiJ 3MiHHI KopucTyBada. Kpim Toro, komaHga
pack cnipusie eheKTUBHOMY BUKOPUCTAaHHIO BipTyaslbHOI MaM’sITi, 3alTMCYOUX 3MiHHi, 10
SAKUX KOPUCTYBad PpiZIKO 3BepTaeTecs, Ha >KOPCTKUM [AUCK. TakM UMHOM, IIpU
CYMiCHOMY BUKOPHMCTaHHI KOmaHz, clear i packmorkHa 3HayHOKO MipOK ONTUMIi3yBaTh
poboTy cucteMu, 30Kpema y 0OaraTto3ajauHomy pexumi. KomanHga pack 3aBxau
BUKOHY€E OIMWCAaHy CTaHAAPTHY CHUCTeMHY (QYHKLiF0 i BHUKODUCTOBYETbCS Oe3
rapameTpiB.

BukopucTtaHHs amnapaTy 3MiHHMX y MoOBi cuctemu MatlLab € geiio iHIMM Ta y
JesIKUX BUTA[Kax HabaraTo edeKTHBHIIIMM, HiXK y MOBax IporpamyBaHHsS. OCKiTbKU
cuctema Matl.ab mae po3BuHeHi 0iGioTeKkH /11 BUKOHAHHS OTepaliiii 3 MaTpPULISIMH Ta
BeKTOpaMH, y 6aratbox BUTa/KaX 3HAUHO MPOCTillle BU3HAUMUTH BEKTOPHi a0 MaTpUuHi
KOHCTaHTU Ta BUKOPUCTOBYBATH iX y MaTeMaTUUYHKUX BUpPa3ax, Hi’)K BUKOHYBAaTH Ti caMi
orepaii uepe3 yuc/oBi 3MiHHI. Hanpuknaz, Taki HeCKiaJHi, ajie Ba)K/IUBI 3 MPAaKTUYHOL
TOUKM 30Dy 3afiaui, K TaOy/iALlisg 3HaueHb (PyHKIi a0 MHOKEHHS eJIeMeHTIiB OfHi€l
MaTpHUIIi Ha Bi/JITIOBi/[Hi esleMeHTH iHIo01, 3acobamu MatL.ab BUpIITyIOTLCS [Iy>Ke POCTO
yepe3 MaTpUUHi Ta BEKTOPHI orepallii, i BiJIOBi/IHI MporpamMu 3aiiMar0Th KiJibKa psiJIKiB.
IInst  po3B’si3aHHSI aHAOTIUHMX 3a/lau 3acob0amMH  CTaHAAPTHOTO TIPOrPaMyBaHHS
HeoOXiHO CKIaJaTy I[UK/IiUHI CTPYKTYPH, i iX Be/MKa KilbKiCTh 3HAUHO YCK/IaHIOE
Haru1caHHs IPOrpamu.

@DyHKIIiS BUIy4YeHHS 3MiHHUX y cucteMi MatLab fesikoro Mmiporo BijroBizae
ariapary — AUHaMIUYHUX  3MIHHUX  yCydyaCHUX MOBax [pOrpaMyBaHHs,  aje
BUKOPUCTOBYBATH i1 3HAYHO MPOCTILLle.

Bu3HaueHHsI MaTpHUIlb Ta BeKTOPiB

OnuvcaHHS MaTpuUllb Ta BEKTOPIiB 3[iMCHIOETHCSI uepe3 BH3HAUeHHS 3MiHHUX. Y
LIbOMY pasi BUKOPUCTOBYIOTb TPY IIPOCTI IpaBUJIa.

1. Yci enemenTy MaTpuLii abo BeKTopa HeoOxifHO OpaT y KBaJpaTHi AY>KKU.

2. Mixk umcnamu, sKi BifTIOBiflalOTh efleMeHTaM BeKTopa abo psifka MaTpHiii,
MO>KHa CTaBUTH Mpo0im abo Komy.

3. Mix psiiKaMy MaTpULIi CTaBJIAThL KPArKy 3 KOMOIO.

[IpyKnazy BUSHaUeHHs MaTpULIb Ta BeKTOPIB:

>> V:[:LI 2/ 3/ 4]

V=
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1234

>> MAT =[1,2;3,4]

M=

12

3 4

>>

HeckmaiHO TakoK 3BEPHYTHUCS /10 e/IeMeHTiB BeKTopa abo MaTpHLIi /sl BUBeIeHHS
Ha eKpaH ab00 BUKOPHCTAHHS y BHWpa3aX. /I IbOr0 AOCTAaTHBO BKa3aTU B KPYI/IMX
Jy>KKaX TIOPSAKOBHI HOMEp ejieMeHTa BeKTopa abo HOMep psifika Ta CTOBIIL[ST MaTPHIIi
yepe3 kKomy. Lli mpaBuia 3anucy LIJIKOM BiAOBiJalOThH BIATIOBiAHWMM IIpaBW/iaM y
MareMmaTulli. [IpofOBXyrOUM MOMNepeHIM MPUKIaZ, PO3I/ISHEMO TaKy MOCTiIOBHICTb
KOMaH/HUX PSIKIB:

>> v(1)=

1

>> M(1,1)=

1

>>

HaviBakuBime, mo € y cucremi MatLab i yoro Hemae B IHIIMX CHCTemax
rnporpamyBaHHd Ta MareMaThuHux CAIIP — 1je MOX/IMBICTb BUKOHAHHSA
apuMeTUUHUX [i i3 MaTpULIAIMM Ta BEKTOpPaMH Ta iX BUKODUCTAHHS SIK TapaMeTpiB
MaTeMaTUYHUX GYHKIIM. Y 1[bOMy pa3i 00uMC/IeHHS TIPOBOJSATHCA 3 KOXKHUM
eJleMeHTOM MaTpHulLli 60 BeKTopa. 3 OCHOB TIpOrpaMyBaHHSI Bi/JOMO, I1J0 B KOXKHili 3 MOB
TIporpaMyBaHHS 3arvc TUITy sin(v) abo exp(M) , 1e M — Matpuijsi, v — BeKTOp, OyB 6u
HeKopeKTHUM. [1]06 BUKOHaTH OyAb-IKy MaTeMaTUuHYy Zif0 3 eJleMeHTaMU BeKTopa abo
MaTpulli, MOTPibHO opraHisyBaTy LWK/A. OOuucieHHs (YHKLii Bif BCiX esieMeHTIB
BeKTOpa abo Matpuili € MOXKIUBUM y cructeMi MathCAD, ane tam 11e pobutbcs uepes
creljiabHy (DYHKIIit0O BeKTOpH3allii. 3 TOUKU 30py TOYHOIO MAaTeMaTUUHOTO OMUCY B
I[bOMY € TIeBHA pallisi, OCKi/IbKH Yy MaTeMaTHIIi Taki ormepailii 3a00poHeHi. AJe Tij yac
PO3pO0OKM peasbHUX IIPOrpaM HalvacTiie HeoOXigHOo 00po6/sSTH MacHBU BEUKHX
yucesl caMe TaKMM UWMHOM, HalpuK/aZ, T[I0eJIleMeHTHO [0JaBaTH, MHOXUTU
roesieMeHTHO ab0 Ha KOHCTaHTY, oO0umc/toBaTy (DyHKIIIT Bifi efieMeHTiB MacuBy. A Taki
Oil, sK MHOXeHHsI MaTpullb abo BeKTOpPHUM [J00YTOK [BOX BEKTOpiB, MOTPiOHi
MPOrpamicTy 3HayHO pifiie, TOMy iX MO)XKHa peasi3yBaTH 4epe3 BHYTPILLHI (QyHKLi
cuctemu. Po3pobuuku MatlLab Buxoguau, WMOBIpHO, caMme i3 1UX MipKyBaHb, ajiKe
cucTeMa CTBOprOBajacsa Jjs mnpodecioHaniB?rporpamictiB. Tomy y MatLab
BUKOpHCTaHi 3arcu tumny exp(M) abo sin(v) sSIK ToejieMeHTHi il 3 MaTpHUI[IMUA Ta
BeKTOpamMHu. AJpKe MpOrpamicTy 3py4YHO TIpalfOBaTM CaMe TakK, X04a TaKWW 3armc
HelpaBWIbHUM 3 MaTeMaTUUHOI TOUKM 30py. 1o TOro X, TakKuM MiJXiJ BiJrIOBifae BCiM
izeosorii cuctemMu, TOMy III0 BOHa po3po0OsieHa [ POOOTH 3 MaTPHUIAMH, i BOHH
PO3IVIAAAI0TLCS SIK 3BUUYAkHI YhCia. A creljiaJbHi MaTpUUHI Ta BEKTOPHI orepawii TyT
TaKO)X BBejleHi, ajsie uepe3 oKpeMi (QyHKIIil.

ToMy MHOXXeHHS, [i/IeHHs, MMiJHeceHHs y cTerniHb ymoBi MatLab peanizoBaHi sk 3a
TpaBWIaMH JTiHIMHOI anreOpH, Tak i A/ TI0e/leMEHTHUX OIlepariiii, aje 3aIuc IUX
byHKLiM  pi3HMWA. SKOj0 BU3HAueHi Aii O/, BUKOHYBaTU  TO€JIEMEHTHO,
BUKOPDUCTOBYIOTBCSl Oreparopyd .* [/ II0eJIeMeHTHOIO MHOXeHHs, ./ [ II0
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e/IeMeHTHOI'O JiJIeHHsd Ta . JIJIg M0e/IeMeHTHOI'O IiJHeCeHHs y CTYIIiHb, y L{bOMY pasi
PO3MIpHICTh MacuBiB ijiss TOe/leMeHTHUX orepailii Mae OyTu ojgHakoBorw. IIpu
BUKODUCTaHHI oriepatopiB */ Ta /MareMaTWuHi [ii BUKOHYKOTBbCS 3a IIpaBU/IaMU
niHifiHOI asnrebpu. Y BUIAAKy MHOKEHHSI BeKTOpa ab0 MaTpHIfi Ha UMC/IOBY KOHCTAHTY
TI0 eJleMeHTHi orepallii TOBHICTIO 30iratoThbCs 3 orepallisiMu JiHiitHOT anredpu.

il nomaBaHHS Ta BigHiIMaHHSA 711 MaTpULlb a00 BEKTOPIB Ta UMC/IOBUX KOHCTAHT
MarTh €AWHe 3HaueHHs. Ilig uvac gozaBaHHsA ab0 BigHIMaHHA ABOX MaTpullb abo
BeKTOPIB Lii onepartjii TakoX BUKOHYIOTHCS [10€/IeMeHTHO, Y LJbOMY pasi /i1 YHUKHEeHHS
TIOMWIOK TIPOTpaMyBaHHS pO3MipHOCTi BeKTOpiB abo Marpwilb TOBUHHI OyTu
0/lHaKOBMMM. HaBe/ileMO MpuK/ia/i BUKOPUMCTaHHS MO eJIeMeHTHUX Orlepalliii Ta ornepariii
niHiHOT anre6pu MoBoro MatLab.

IIpuknapg,

>> format short

>> v=[1,2,3,4];

>> sin(Vv)

ans=

0,8415 00,9093 0.1411 70,7568

82

83

>> 3*v

ans=

3 6 9 12

>> VA2

???Error using= =>AMatrix must be square.

>> v.,NA2

ans=

1 4 9 16

>> v+2

ans=

3 4 5 6

MAT=[1,2;3,4]

MAT =

1 2

3 4

>> sin (MAT)

ans =

0.8415 0.9093

0.1411 ?0.7568

>> MATA2
ans =

7 10
15 22
>> MAT.N2
ans =

1 4

9 16
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>> 3*MAT

ans =

3 6
9 12
>> 2+MAT
ans =

3 4
5 6
>>

Y HaBesleHOMY MpUK/aAi moBigomaeHHs ???Error using =>/A Matrix must be square
(ITommnikoBe BUKOpHCTaHHS orieparopa . [ToBuHHa OyTH KBaJ[paTHa MaTpULis) O3HavaE,
1[0 BUKOPHCTAHHSI oriepallii MHOXKeHHSI BEKTOpiB 3a IpaBW/IaMHU JIiHIMHOI anreOGpu
HEMOJK/TMBe, MO)KHAa MHOKWUTH OJHYy Ha OJ[HY Ti/IbKM KBaJpaTHi Marpuii. Ik 6aunmo,
J/I1 KBaJIpaTHOI MAaTpHlLli CHCTeMa [iliCHO He BUJAE€ TMOMUWJIKY i BHUKOHYE omepaljito
MHO>KeHHSI MaTpHI[i caMy Ha cebe 3a TIpaBW/IaMH JIiHIMHOI anreOpu, ase pe3ybTar
CYTTEBO BiJIPi3HAETHCA BiJ MTOE/IEMEHTHOI'O MHOXKEHHS. Y Cl pe3y/ibTaTu MoeieMeHTHUX
omeparii Aas Bekropa v Ta Marpulli MAT oJHaKoBi OCKiJIbKM MICTATh Ti cami
e/leMeHTH.
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I"0/10BHI KOMaH/ M TEKCTOBOro peAakTopa cucremu MatLab

Ctrl+B — nepeMillleHHs1 KypCcOpy BMpaBO Ha OJ[MH CUMBOJI;

Ctrl+F — nepewmilijeHHsI Kypcopy B/iBO Ha OZJUH CUMBOJI;

Ctrl+R — mniepeMilileHHs1 KypCcOpy BIpPaBO Ha O/IHe CJIOBO;

Ctrl+L — nepemittieHHs1 KypCcOpy BJ/IiBO Ha O/iIHe CJIOBO;

Ctrl+A — nepemillleHHs] KypCOPY Ha TIOYaTOK PSJKa;

Ctrl+E — nepemillleHHsI KypCcOpYy Ha KiHellb psiJiKa.

t Ta | abo Ctrl+P Ta Ctrl+n — mepernsi morepeiHiX KOMaH/ /s ITi/[CTAHOBKH B
pazok. Lli omeparii crangaptHi ajsa ciuctemMu UNIX 1 € a”Hanorom BikHa History y
baraToBikoHHi Bepcii MatLab 6.0.

Del a6o Ctrl+D — Buy4YeHHsI CHMBOJ/Ia, 1110 3HaXOAUThCS MPaBOPYY BiJl KypCOpY;

BackSpace ab6o Ctrl+H — BunyueHHsI CMMBO/a, 1[0 3HAXOAWUTLCS JIiBOPYY Bi
Kypcopy;

Ctrl+K — BunyueHHs CHMBOJIIB BiJ] TIOTOUHOIO /10 KiHI[S PsifiKa.

Esc — ouuiijeHHs BBe|eHOr0 psijKa.

Omnepatopu cucremu MatLab
Y3aranbHeHa kiacu(ikania oneparopiB cucremu MatLab

Onepatop — 1je crierjiajibHe TO3HAUYeHHs [Jid KOHKPeTHOI MaTeMaTU4HOl Mii 3i
3MIHHMUMU Ta  4YMCJIOBAMM  KOHCTaHTaMH, $Ki  Ha3WBAKOTbCS  OMepaHaMHu.
HalinpocTiliiMy MaTeMaTUUHWMM oOriepaTopaMyd € 3Hakhu cyMu (+), pisHuLi (-),
MHOXXeHHS (*), aisieHHs (/) Ta MmiiHeCeHHs y CTyMiHb (). Y mornepeJHbOMY po3/ii Oyu
pO3/i/ieHi orepaTopyu MaTpuuyHOi anrebpyd Ta T[IOe/leMeHTHi orepaTopu, SKi B
aHIJIIMCBKIM JiTepaTypi 3rilHO 3 MpaBWIaMM iX HalWCAHHS Ha3WMBalOTh TOUYKOBHUMM
orepaTtopamMu (aHriiMcekuid TepmiH dot-ope-rator). OrnepaTopyu BHUKOPHUCTOBYIOTH Y
MaTeMaTUUHUX BUpa3ax 3 orepaH/aMu, Hanpukiaz 2 + 3 abo a + b.

[nsi oTpumaHHS BifIOMOCTeM MO BCiM oriepaTopaM (YHKILIi€El0 [IOTOMOTH,
HabpaBiu KomMaHay help ops. Pe3ynbratr poboT 11i€i KoMaHau 3aiiMae KijlbKa CTOPiHOK
i Ma€e Takui BUTJISJ;

help ops

Operators and special characters.

Arithmetic operators.

plus

— Plus

+

uplus

— Unary plus

+

minus

— Minus
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?
uminus
— Unary minus
?
mtimes
— Matrix multiply
*
times
— Array multiply
*
mpower
— Matrix power
A power
— Array power
.N mldivide — Backslash or left matrix divide \
mrdivide — Slash or right matrix divide
/
ldivide
— Left array divide
A
rdivide
— Right array divide
v
kron
— Kronecker tensor product
kron
Relational operators.
€q
— Equal
ne
— Not equal

~ -

1t
— Less than
<

gt

— Greater than

>

le

— Less than or equal

< =

ge

— Greater than or equal
> =

Logical operators.



and

— Logical AND

&

or

— Logical OR

|

not

— Logical NOT

Xor

— Logical EXCLUSIVE OR

any

— True if any element of vector 1is
nonzero

all

— True if all elements of vector
are nonzero

Special characters.

colon

— Colon

paren

— Parentheses and subscripting ( )
paren

— Brackets

[ ]

paren

— Braces and subscripting

{1}

punct

— Decimal point

punct
— Structure field access

punct

— Parent directory
punct

— Continuation
punct

— Separator

punct
— Semicolon
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punct

— Comment %
punct

— Invoke operating system command !
punct

— Assignment

punct
— Quote

1

transpose — Transpose
ctranspose— Complex conjugate transpose

horzcat

— Horizontal concatenation
[,]

vertcat

— Vertical concatenation

[/]

subsasgn — Subscripted assignment ( ),{ },.

subsref

— Subscripted reference ( ),{ },.
subsindex — Subscript index
Bitwise operators.

bitand

— Bit?wise AND.

bitcmp

— Complement bits.

bitor

— Bit?wise OR.

bitmax

— Maximum floating point integer.
bitxor

— Bit?wise XOR.

bitset

— Set bit.

bitget

— Get bit.

bitshift — Bit?wise shift.
Set operators.

union

— Set union.

unique

— Set unique.
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intersect — Set intersection.

setdiff

— Set difference.

setxor

— Set exclusive?or.

ismember — True for set member.

See also ARITH, RELOP, SLASH.

>>

KinpKiCcTh oriepaTopiB JOCUTh BeJIMKa, ajie BOHU CUCTeMaTU30BaHi 3a po3JijlaMu Ta
3a CBOIM (DYHKI[iOHa/IbHUM MpPH3HAUEHHSIM.

OKpemo BUAIISAIOTH

apudmeTnyHi onepaTtopu (Arithmetic operators),

oriepaTopyd MaTeMaTHUHHUX criBBigHOIIeHb (Relational operators),

noriuni oneparopu (Logical operators),

crietliasibHi cuMBoJv (Special characters),

nobitoBi orepaTopu (Bitwise operators)

oriepaTopu [ijisi poboTH i3 MHOKMHamu (Set operators).

BaxnuBuM € Te, 1110 xoua KoMaH/a help ops Buzae TiflbKK CIUMCOK OrepaTopiB Ta
KODOTKi y3aranbHeHi (pasu L[OA0 X NpU3HaUyeHHs, aje HaJaHO W TMOCWJIaHHSI Ha
po3giyin ARITH, RELOP ta SLASH, ae M0o)XHa 3HaWTH JOKJIQJIHUM OIKC OIepaTopiB,
AKi y pisix cuctemud MatlLab MaroTh BifnoBigHe 3HaueHHs. HaBejeHuil TpuKaj
BUKOPUCTAHHSI «CUCTEMHU [OMOMOIMW» TMOKa3ye, II0 BOHA JOCUTh PO3BUHEHA, I uepe3
BUKODHUCTaHHSA KoMaHAu help MoykHa MAiliCHO BUBUMTH OCHOBHM PODOOTH i3 CHCTEMOIO.
BpaxoByroun 6e3s1iu pyHKIIiM pi3HOTO TpHU3HAUeHHS, ¥ 0araTb0X BUTIAZKaX TaKUM IIUIAX
BHUBUEHHSI MO>K/TUBOCTEN CHUCTEeMHU € HaWmpocTimmM,i Hagami mu OyzemMo edheKTUBHO
filoro BUKOpPUCTOBYyBaTu. Ajie [ijist Toro, 106 pobota i3 cucremoro goriomoru MatLab
Oyna edhekTrBHOIO, Tpeba 3HATH AHTTIMCHKY MOBY.

Cnip 3a3HauMTH, 10, SIK 1 y 3BUYaMHIM apudmeTuwyi, y MoBi MatLab oneparopu
MaroTh BIJMIOBIZHUIM MPIOPUTET BUKOHAHHA. Tak, MpiOpUTeT JIOTIYHMX OIepaTopiB
BULLMM, HDK apU(METUUHUX. Y MaTeMaTuLli, MPiOpUTeT MiJHeCeHHS y CTYIiHb BUILUMU,
HI)K OTepaTopiB MHOXXEHHS 1 JiJIeHHs, a TIPiIOpUTeT MHOXXEHHS Ta [IiJIEHHSI BUILUM 3a
TIPIOPUTET OMepaTopiB A0AaBaHHA Ta BifAHIMaHHA. [l/is 3MiHU NIPIOPUTETIB BUKOHAHHSA Y
MaTeMaTUYHUX BHpa3aX, BAKOPUCTOBYIOTBCS KPYTJIi Ty KKH.

ApudmMeruuHi onepaTopu

HEPEF]’[HHEMO MPU3HAYE€HHA OCHOBHHMX MAT€MdTHUYHMX onepaTopiB Ta IIpaBWJ/d

poboTH 3 HUMU 3a Jjoromororo Komanau help ARITH.
>> help ARITH
Arithmetic operators.
+
Plus.
X + Y adds matrices X and Y. X and Y
must have the same dimensions unless one
1s a scalar (a 1?by?1 matrix).
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A scalar can be added to anything.

? Minus.

X ? Y subtracts matrix X from Y. X and Y

must have the same dimensions unless one

is a scalar. A scalar can be subtracted

from anything.

* Matrix multiplication.

X*Y 1is the matrix product of X and Y.

Any scalar (a 1?by?1 matrix) may multiply

anything. Otherwise, the number of

columns of X must equal the number of

rows of Y.

.* Array multiplication

X.*Y denotes element?by?element

multiplication. X and Y must have the

same dimensions unless one 1s a scalar.

A scalar can be multiplied into anything.

A Matrix power.

Z = XNy is X to the y power if y 1is

a scalar and X 1s square. If y is an

integer greater than one, the power 1is

computed by repeated multiplication. For

other values of y the calculation

involves eigenvalues and eigenvectors.

Z = XA\Y 1s X to the Y power, if Y 1is a

square matrix and x is a scalar, computed

using eigenvalues and eigenvectors.

Z = XN\Y, where both X and Y are matrices,

is an error.

.Array power.

Z = X.NY denotes element?by?element

powers. X and Y must have the same

dimensions unless one is a scalar.

A scalar can operate into anything.

>>

TyT BUK/Ia[eHO 3MiCT MaTeMaTUYHUX Orlepallii 3 MaTpULAMH, TOOTO, MaTPUUHI Ta
TioeJieMeHTHI onepatiii /i J0JaBaHHs, BiHIMaHHS, MHOXeHHS,ITiJHECeHHSI ¥ CTYIIiHb.
[ToenemeHTHi oriepatjii B [bOMY OMHUCi PO3IJIAAAOTLCA SK il 3 MaCMBaMH, Ha BiMiHY
Bi/l MAaTPUUHKX OMepalid, SIKi BU3HAUYAKOThCS SIK il 3 MaTpuusMu. [Iporpamicty yacTto
Ha3VBalOTb MaTpUL{i MaCWBaMH, aje TepMIiHM MaTpUuHi orepaLlii Ta TI0e/JleMeHTHI
oriepariii 6isIbII TOUHI 3 MaTeMaTUUHOI TOUKH 30DYy.

Cepen, MaTeMaTUYHUX Ai 70 okpemoro po3zauty SLASH Hanexars oneparopu
MpPsSMOTO Ta 3BOPOTHOTO [lifleHHs1 Marpullb. [lpsime pineHHs, abo #ineHHs 37iBa
HaripaBo, — 1e 3BUUaliHe MaTpHUUHE ,Z[iJ'IEHHFI 34 Bi,Z[CYTHOCTi KpdaIlKH, abo roesieMeHTHe
AineHHst 3a ii HagBHOCTI. MaTpuuHe [i/ieHHs peani3yeTbCsl 3a MpaBWIaMHU JIiHIMHOI
anrebpu Takum unHoM: sikilo C=A*B, To A=C/B a6o B=C/A, ge A, B, C — marpuiii
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BiZITIOBifHOTO po3Mipy. [loeneMeHTHe [iileHHS MOX/IMBE TiTbKU [Ji1 MaTpullb abo
BEKTOpiB OJHAaKOBOro po3mipy. fIK 1 BCi moeneMeHTHI [ii, BOHO peasi3yeTbCd uepes
oreparop ./ .

MaTpuuHe 3BOpDOTHE [iieHHs, abo [ifeHHS CIpaBa HaMBO — Iie [iJIeHHS
eJIeMeHTIiB [Ipyroi MaTpuili BUpa3y Ha efieMeHTH repiioi, To6to X/Y=Y\X. [Ipsime Ta
3BOpPOTHE [Ii/IeHHSI e(DeKTHBHO BUKOPUCTOBYETHCS [l PO3B’SI3aHHS CHCTeM JTiHIMHMUX
piBHSIHb. TakuM CaMHMM UMHOM, ajie $§IK II0Oe/IeMeHTHa orepaljis, BU3HAYa€ThCs
TrioejieMeHTHe 3BOPOTHe [iJIeHHS.

Omneparopu + Ta — npu pobOTi 3 MaTPUIIIMHM Ta BEKTOPaMH MOXYTb TaKOXK OyTH
BUKODUCTAHI $IK YHapHUU TUTIOC Ta YHAPHUM MiHyC. Y LIbOMY BUMNAJKy 3HaKu + Ta —
CTaB/IATh Oe3rocepeHbO Tepe ineHTU(iKaTOpOM MaTpuili, Hanpukaag: +M abo —M,
ne M —wmatpuug. Lli omepaTtopu npanjior0Th TAKUM YUAHOM: ornpeaTtop —M 3MiHIO€ 3HaKU
BCIX eJIeMeHTIB MaTpHLil Ha 3BOpPOTHI, MIC/AA 4YOro MOXKHa yepe3 omnepatop +M
TIOBEPHYTHU BCIM ejleMeHTaM M0YaTKOBe 3HaueHHsA. TakvM UMHOM, 3TiHO 3 KOMaH/O0
help ops, mokakemo, 11J0 KOXKHOMY OIlepaTopy BiAIOBifae (PyHKIisl, 1110 BUKOHYE TY
camy fito. Ilpy HaBefieHHI CMHTaKCHUCY oOrepaTtopiB Ta (PYHKI[iii MaTpuIli MO3HaueHO
JiTeporo M, a 4yMCJI0BI KOHCTAHTH — JIITEPOIO N.

HaBegeMo mnpukiaj apudMeTUUHUX [id 3 BeKTOpaMu. Y TIpUK/aZi CHUCTeMHa
dbyHkuis disp mpusHaueHa [/ BUBEJEHHS 3HAueHHs BUpa3y Ha eKpaH. binbii
AockoHano cucreMHi QyHkuii MatLab. @yHkuis rot90, BUKOpHCTaHa y HaBeJeHOMY
MpUK/aZli, BUKOHYE  OMepaijil0  TpPaHCMOpPTyBaHHsA  Martpulli. Lg  dyHKiis
BUKOPHUCTOBYETHCH /IS IEPCTBOPEHHSI BEKTOPA-PsiKa Ha BEKTOP-CTOBITUUK.

IIpuknapg,

>> X:[112131415]; y:[72/1/4/0/5];

>> X+2

ans=

3 4 5 6 7

>> disp(x+2)

3 4 5 6 7

>> X+y
ans=

?2 2 12 0 25
90

Omneparopu MaTeMaTUYHUX CHiBBi/[HOIIIEHb

Ak BimomMO, y MaTeMmaTWL]i Ta TPOrpamMyBaHHI MPU 3alyCyBaHHI MaTeMaTUUYHUX
BUpa3iB, KpPiM OrepaTropiB MaTeMaTUYHWX [iH, 3HAYHy pOJib BiJlirpalOTh OMepaTOpu
criiBBifHOLIeHb. Came uepe3 Lii OmepaToOpy CTBOPHOKOTLCS HeTPUBia/bHI aJrOpUTMU
pea/lbHUX MaTeMaTUYHUX 3a/auy 3 pos3rajayKeHHAMU Ta LMK/IaMU. YCi oreparopu
MaTeMaTUYHUX CIIIBBIHOLIIEHb MarwTh JBa OIlepaHJd, YUCIOBI 3HAUeHHS SKUX
TIOPiBHIOIOTHCST Mi’K COO0I0 3 BUKOPHUCTaHHSIM I11eCTH

oriepalliii TOpiBHSHHS: MeHIle, Oisbille, AOPiBHIOE, He JOpPiBHIOE, MeHIIe abo
nopiBHIOE, Oisibille abo AOpPiBHIOE. Y CydyaCHMX MOBAX MPOrpaMyBaHHs pe3y/IbTaTh
BUKOHAHHS /il TIOPiBHSHHS MOXXYTh MaTH /iBa 3HaueHHsi OyneBUX 3MiHHUX: True —
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icruHa, Tta False —xubnicTh. Cucrema MatLab 6Ginbilie opieHTOBaHa Ha po0OOTy 3
YuC/IaMU, HDK i3 MaTeMaTUYHOK JIOTIKOK, TOMY TYT MPUUHATO YMC/IOBE TMOJaHHS
pe3yJ/IbTaTiB MOPiBHSAHB, AKe TaKOXK ILIMPOKO BUKOPUCTOBYETLCS y MpPOrpaMyBaHHI Ta y
Marematuili: True —1, Tta False— 0. Onepatopu mnopiBHsHHA MatLab cxoxi 3 ix
pearizaijieto MoBamu rporpamyBaHHsi C Ta BASIC. ¥ MatLab Ti cami fii nopiBHsIHHS
MO)KHAa BMKOHyBaTM 1 uepe3 (yHKIiI, $Ki aHa/oOriyHi peani3oBaHUM MOBaMU
nporpamyBaHHsi BASIC ta FORTRAN. Onepatopu Ta QYHKIii MaTeMaTHUYHUX
CTiBBiHOIIIEHh HaBe/leHi y Tabu1. 2.2, [ie uepe3 X Ta y M03HauyeHi MaTeMaTHUHi BUPa3y.

Axiio aast BUpasiB 3 JiMCHUMU YMC/IaMU OlepaTOpU MOPiBHSIHHS He MalOTh HisIKUX
0C00/IMBOCTEMH, TO TPU BUKOPUCTaHHI BUPa3iB 3 KOMIJIEKCHUMU YMC/IaMU 3aCTOCYBaHHS
oriepatopiB TOpiBHSHHS B cucteMi MatLab mae cBoi ocobmmBocTi. 3po3ymiso, 110
orepariii JopiBHIOE ab0 He [JOPiBHIOE IIiJIKOM KOPEeKTHO BU3HAUeHi /11 HUX, a oreparfii
Oisibile Ta MeHIle /i1 KOMIUIEKCHUX UuCell He BU3HAualTbCs. TOMy pO3POOHUKH
CUCTeMU [IpU BBeJeHHI omnepaTopiB IOPIBHAHHA [/ BUpas3iB 13 KOMIUIEKCHUMU
yuc/aMd BU3HAUWIM BCl BMILe3rajaHol [ii, ajie TpalolTb BOHU I0?Pi3HOMY.
Omneparopu <, >, < =, > = MOXYTb OyTH 3aCTOCOBaHi 3 KOMIUVIEKCHUMH OIl€paH/IaMH,
afe TibKW [Jj1s1 TIOPiBHSIHHS IX [JiMCHOI 4YaCTWUHHW, YsIBHA YaCTHMHA OMepaHji
BiKUZAaeTbCA. A B pasl BUKOPUCTAHHS OIeparopiB MOPIBHAHHA = = Ta ~ =
MOPIBHIOIOTBCSL IK [iMCHI, TakK 1 iX vactuHW. /[lid TOpPIBHSIHHA MOAYJISA [IBOX
KOMILJIEKCHUX UMCe/l MO)KHa BUKOPHUCTOBYBaTH (DyHKIIit0 MoAyJisi abs. Hibkue HaBeZieHO
TIPUKJIaJ] BUKODUCTaHHS Omepaliii TOpPiBHSHHS, SKWK TOKa3yeE,I0 MpU 3aryCyBaHHI
ySIBHOI YaCTUHU KOMIUIEKCHUX UYKCeJl MK YMC/IIOM Ta KOHCTAHTOK) 1 He CTaBUTU 3HAK
MHO>KEeHHS.

Npuknag

>> eq(5,10)

ans =

>> ge(10,5)
ans =
1
>> (2+31i)==(2+1)
ans =
0
>> (2+31i)>=(2+1)
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ans =
1

>> abs(2+31)>=abs(2+1i)
ans =

1

>> (2+31)~=(2+1)

ans =

1

>>

Ba)knuBo, 1110 OrepaTopH TOPiBHSIHHSA MOXKYTh OyTW BHKOPHMCTaHHI /il MacCHUBIB,
BEeKTOPiB Ta TEKCTOBUX KOHCTAHT, TOOTO, CMEeKTpP BUKOPUCTAHHS LIMX OIepaTopiB
3HAYHO LIMPIIMM, HDXK Yy KJIaCMYHUX MOBax NporpamyBaHHs. MojKHa MOPIiBHATHA MacUB
i3 UKMCI0BOI0 KOHCTAHTOI. Pe3ynbTaToM TOpiBHSHHS OyZie MacwB, PO3MipHICTh SKOTO
Bi/ITIOBi/]Ja€ pO3MipHOCTi MIOYAaTKOBOI'O MacCHBY, a BCi €JIeMeHTH JIOPiBHIOIOTh HYJ/IIO abo
OJUHWLI, 3a/Ie)KHO BiJj pe3y/bTaTiB iX TMOPIBHAHHA 3 BU3HAUEHOK KOHCTAHTORO.
MOX/IMBUM € TakOX TIPUCBOEHHSI 3HAueHHs pe3yJ/ibTaTy BUKOHAHHSA OIepariil
TOPIBHSIHHA IHILIOMY MacCHMBY uepe3 MaTeMaTWuUHi BHpasd, y SKUX OrepaTopu
TIOPiBHSIHHSI BUKOPHUCTOBYIOTBCSI Pa30M 3 OriepaTopamMu MPUCBOEHHS.

dopmaT Takoro Bupasy:

>> M2=(M1>n)

Uepe3 M2 ta M1 TyT no3HaueHi MaCUBY, a JIITEPOI0 N — UKUC/I0BA KOHCTaHTa. Taki
BUPA3U Jy’Ke HaraJyroThb [pOrpaMicTaM CMHTaKCUC MOBHU IporpamysaHHs C. HaBengemo

TIPYKJIaJ, BUKOPUCTAaHHS OIepaTopiB CITiBBIJHOLIEHb:
>> M1=[1,2;3,4]

M1=

1 2
3 4
>>M2=(M1>1)
M2 =

0] 1
1 1
>> M1>=1
ans =

1 1
1 1
>> M1~=1
ans =

0 1
1 1
>>

Y MatLab € MOXIMBiCTh BUKOPHUCTaHHS OIepaTOpiB CHiBBiHOIIEHb 3 TEKCTOBUMU
KOHCTaHTaMH, €QWHOK YMOBOK KOPEKTHOCTI Lii€l orepalii € OJHaKoOBa KiJbKICTb
CAMBOJIIB Y KOHCTaHTaX, fKi MOPiBHIOKOTHCH. Pe3ysbTaT MOpPiBHAHHA ABOX CHMBOJIIB
Bigmnosizae 3HaueHHsM ix ASCII?KomiB, a A1 ABOX PSIAKOBUX KOHCTaHT OyJie BEKTOp,
PO3MIPHICTh AKOrO BiJTIOBi/la€ JOBXHHI psifKa, a €JeMeHTH AOPiBHIOIOTH HYJO abo
OJIUHMULII 3a/1e)KHO BiJi CUMBOJIIB, SIKI [IOPiBHIOKOTH. 1Ipy NMOpPiBHAHHI BEeKTOPIB 3HAUeHHS
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pe3y/sbTaTy MO)KHa TIPUCBOITM BEKTOpHiM KOHCTaHTIi abo 3MmiHHINW. Po3risHemo
3aCTOCYBaHHS OIepaTopiB MOPIBHAHHA Y PSAAKOBUX KOHCTAHT Ha NPUKJIA/L:

> b IS a 14

ans =

1

94

95

S>> b r_—1 a ’

ans =

1

>> 1 ba 14 ~— 1 aa 14

ans =

1 0]

>> ‘bac’>"aaa’

ans =

1 0] 1

>> c=('bac’~="aaa’)

cC =

1 0] 1

>> c=(‘bac’='aaa’)

??? c=('bac’'=

A closing right parenthesis is missing.

Check for a missing «)» or a missing operator

>> c=('bac’=='aaa’)

CcC =

0] 1 0]

>>

SIKk Mo)KHa 1MobauuTH 3 HaBeJleHOro MpHKAady, y MatLab, Ha BigmiHy Bix moB
niporpamyBaHHs C ta C++, onepaTopu IPUCBOEHHS 1 MOPIBHAHHSA YiTKO PO3Pi3HAIOTHCA,
1 B pasi IX HerpaBU/ILHOIO BUKOPUCTAHHA CHUCTeMa BUJA€ CUHTAKCUYHY [TOMUJIKY.

JloriuHi oneparopu

3HauHy posb y cucteMi MatLab BigirpatoTs Jsioriudi onepatopu Ta ¢yHkuii. ITij
yac po3B’si3aHHS 3aJau 3 e/IeKTPOHIKM iX MOKHa e(eKTMBHO BUKOPHUCTOBYBATU /IS
aHasti3zy 1UdpoBUx cxem. Ajie 0coOMMBO BeMKe 3HAaUeHHs MalOThb JIOTiuHi Ail Mpu
HarucaHHi mporpaMu MoBoro MatLab, siki 6yyTh po3risHyTi y po3aiti 4. Ocob/uBiCTh
BUKOHAHHS JIOTIYHMX OMepaLii i3 YUCIOBUMH J@HUMU MOJSITa€ y TOMY, L0 JIOTiUHIN
oJuHUL BifmnoBifae Oyab?sike uncio, Kpim Hy/s. [Ipy BUKOHaHHI JIOTIYHUX oriepaljiii
HaJ, pAAKaMH, SIK i /i orepalii MOpPiBHSAHHS, YCi CUMBOJIM pPsijKa TTOJAI0ThCs uepes3 ix
ASCII konu.
®yukijii any Ta all mpusHaueHi s 06pobsieHHST BeKTOPiB. SIKIIO aprymMeHTOM
¢GyHKLII € MaTpuLs, orepalis 3a 3aMOBUYYBaHHSIM MPOBOJWUTBCS 3 KOXXHUM CTOBITUMKOM
MaTpulli, pe3y/JbTaT — BeKTOp. BukopucrtoBytoun ¢dopmatr 1ux (yHKLiKM 3 ABOMa
apryMeHTaMH, OJJHUM 3 fKMX € YKUC/I0 N, MO)KHa o0OpaTy HarpsiM 0OpOOKH MaTpHIi.
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3HaueHHI0 n=1 BiAmoBigae o6pobka psiAKiB MaTpuli (TMepiiuii HampsiM), a 3HaUeHHIO
n=2 — o00pobsieHHs CTOBMYMKIB (gpyruii HampsMm). KomaHau  MOXKYTb
BUKOPHCTOBYBATHUCS SIK [I/I1 OKPEMHUX OINepaH/iB, Tak i Jjisi MaTeMaTUYHUX BUpPasiB, 110
Jy>Ke BaXK/TUBO TIpH peasi3aliil dyHKIiili mporpaMmyBaHHs. @opmaT JIOTiYHUX KOMaH/, ITij
yac poOoTH 3 BUpa3aMu TaKuii:

(Bupa3) onepaTop (BHpa3s)
abo

dbynkuis ((Bupas), (Bupas))
HagesieMo npukiaz BUKOPHUCTaHHS JIOTIUHUX OIepaTopiB.

Ilpuknaz,
>> M1=[1, 2, 3]
M1 =
1 2 3
>> M2=[0,2,0]
M2 =
0 2 0
>> and(M1,M2)
ans =
0 1 0
>> or(M1,M2)
ans =
1 1 1
>> M1&M2
ans =

Crherjia/ibHi CHMBOJIM Ta iX BUKOPUCTaHHA

Moga MatLab, y sKiii 3HauHOIO MiporO 3aro3udeHuit cuHTakcuc MoBu C, 3arajioMm
noOy/ioBaHa Ha BUKOPHCTaHHI CUMBOJIIB Ta CUMBOJILHOI /IOTiKK. ToMy TiepeiieMo Ao
BHBUEHHS CTellia/lbHUX CHUMBOJIB, SIKUX y I[ii MOBi He Opakye, i poO3poOHUKHU
CUCTeMaTU3yBa/lid iX 3a Kareropissmu. OCHOBHI KaTeropili omepaTopiB — I punct
(Punctuation, nyHkTyatriisi), Ta paren (Parentheses, ny>xku), ajie gesiki ornepaTopu MarOTh
okpeMy Karteropito. CepeJi HUX [Iy)Ke BaX/JIMBUM € ABOKpAIKa :, KWW pO3POOHMKH
BijHec/i 70 Kareropii colomn (mBoKparka). Y HaBeZieHiM Tabmuili 2.4 mepesik ycix
cnenjianbHUX cMMBOJIiB MatLab. /Iii, npr3HayeHi /111 BUKOHaHHS CrieljialbHUX QYHKL[iN
HaJl MaTpPUI[IMU Ta MAacCUBaMHU UHC/IOBUX JaHUX. Y HaBeJeHili Tabiuili /iTeporo n
TI03HAaueHl YUC/I0BI KOHCTaHTH, M — martpwuiji, O — onepatopu, W — Bupasu, FL —
T10/151 CTPYKTYP [JaHUX.

BisplticTe  crierfianbHUX —OmepaTtopiB MU Oy/lM  pO3IJIAHY/M TIPHM  OINMKMCaHHI
BiJITIOBiIHMX oriepariiii 06pob/ieHHsS UNCTOBUX CTPYKTYP /IaHHUX.

OcobsiiBe 3HaueHHs y BXifgHili MOBi cuctemu MatLab npu dopmyBaHHI BeKTOpiB
Ma€ orepaTop ABOKparika (:). 3a JOmoMOoror Lboro orneparopa (popMyrOThbCsI BEKTOPHU 3
TaOy/ThbOBaHUMU 3HaueHHsAMU. T00TO, efleMeHTH BeKTOpa CK/IaZlal0Th apru(pMeTHUHY
TPOrpecito 3 BIAMNOBIJHUM KPOKOM, i 3HAueHHS KOXXHOIO HACTYITHOrO ejileMeHTa
Bi/IDi3HSIETHCA BiJ| TOMepeAHBOT0 Ha MOCTiHe YKCIO.
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BekTopyu 3 Taly/bOBaHMMM 3HAaueHHsAMM HeoOXigHi mporpamicram fyis
dbopMyBaHHs TabaULL MaTeMaTUYHUX (PYHKLIiN Ta MobyzoBu ix rpadikiB. K yka3aHo B
tabn. 2.4, dopmMar 3amMcy orepaTopa BH3HAUeHHsS BEKTOPiB 3 TaOy/JIbOBaHUMH
3HAUeHHSIMU Ma€ BUTJIAL:

>>nl:n2:n3

e n1l — 3HayeHHs MEepIIOro ejieMeHTa BEeKTOpa, N2 — KPOK 3MiHU eJleMeHTIB
BEKTOpPAa, N3— TIpaHUlLld, SIKY He TOBUHEH MepeBUIyBaTh OCTaHHIU e/ieMeHT BeKTOopa
TIPU [IO/IaTHOMY KpOTIii, abo MeHIIle SKOro BiH He TIOBUHeH OyTH MpH BiJj’eMHOMY KpOLIi.
Y HaBeZleHOMY TIPUKJ/Ia/i MapaMeTp N2 MoxKe OyTH MPOMYILEHUM, TO/i BBaXKAETHCS 1110
«3a 3aMOBUYyBaHHAIM» n2=1. KopucryBauawm, fiKi 3HaroMi i3 BxiZiHOrO MoBOrO MathCAD,
Tpeba 3BepHYTHM yBary Ha Te, 1[0 HyMepallis e/ieMeHTiB BekTopiB y MatLab
TIOYMHAETHCA 3 OJAUHULY], a He 3 HYJIS.

Lle BignoBigae npaBuiaM (popMyBaHHSI BEKTOPIB y MaTeMaTHLIj.

SIKIIo0 TpW HamnMCaHHI HaBeAeHOTO BUpa3dy n3<nl mpu AojgaTHOMYy Kpoli abo
n3>nlnpu Biji’eMHOMY KpOLli, TO cUcTeMa ()OpPMY€ MOPOXKHili BEKTOP, SIKMM He MiCTUTh
JKOIHOTO ejieMeHTa, Ta BUJA€ BIAMNOBiJHE cHUCTeMHe moOBigoMmneHHs1. HaBememo
npukiagu (opMyBaHHsS BeKTOpiB i3 Taby/bOBaHMMH 3HAUeHHSMH 3a [JOTIOMOTORO

cuMBoJIa (3).
>> format short

>> a=1

a =

1

>> pb=10

b =

10

>> 5=0.1

S =

0.1000

>> v=a:b:s

vV =

Empty matrix: 1?by?0

>> v=a:s:b

vV =

Columns 1 through 7

1.0000 1.1000 1.2000 1.3000 1.4000 1.5000 1.6000
Columns 8 through 14

1.7000 1.8000 1.9000 2.0000 2.1000 2.2000 2.3000
Columns 15 through 21

2.4000 2.5000 2.6000 2.7000 2.8000 2.9000 3.0000
Columns 22 through 28

3.1000 3.2000 3.3000 3.4000 3.5000 3.6000 3.7000
Columns 29 through 35

3.8000 3.9000 4.0000 4.1000 4.2000 4.3000 4.4000
Columns 36 through 42

4.5000 4.6000 4.7000 4.8000 4.9000 5.0000 5.1000
Columns 43 through 49
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5.2000 5.3000 5.4000 5.5000 5.6000 5.7000 5.8000

Columns 50 through 56

5.9000 6.0000 6.1000 6.2000 6.3000 6.4000 6.5000

Columns 57 through 63

6.6000 6.7000 6.8000 6.9000 7.0000 7.1000 7.2000

Columns 64 through 70

7.3000 7.4000 7.5000 7.6000 7.7000 7.8000 7.9000

Columns 71 through 77

100

101

8.0000 8.1000 8.2000 8.3000 8.4000 8.5000 8.6000

Columns 78 through 84

8.7000 8.8000 8.9000 9.0000 9.1000 9.2000 9.3000

Columns 85 through 91

9.4000 9.5000 9.6000 9.7000 9.8000 9.9000 10.0000

>>

SIk 6aummo, 3a BeMKOI KiJIbKOCTi e/ieMeHTiB BeKTOpa BOHW BUBO/SATHCS Ha eKpaH
He OAHWM DPSIIKOM, a PO3TAIlIOBYIOThCS SIK TaOMUILIA UKCesi, TIPU LIbOMY Ui KOXKHOTO
psiika 1fi€i Tabmuili BKa3ylOTbCS HOMEpPH eJieMeHTIB, PO3TalllOBaHUX y HboMYy. Taka
cucTeMarur3alliss iHdopMallii 3HauHO crpollye poOOoTy 3i CTPYKTypaMHM UHMCJIOBHX
nanux. Cam 1o cobi BeKTop 3 Taby/bOBaHMMU 3HAuU€HHSMM HiOWTO He HaZla€ HisKUX
repeBar /il TIPOBeIeHHS TIofanbIlMX obOuncieHb.Ane B MatlLab € MoXnuBicTb
BUKOPDUCTOBYBAaTH BEKTOPHI 3MiHHi fIK TMapamMeTpyd MaTeMaTU4YHUX (YHKILIiM, i Tpu
I[bOMY 3HaueHHS (YHKI[ii OOUMCTIOETBCA [T KOXKHOTO 3 e/IeMeHTiB BeKTopa. Tomi
JIOCUTh TIPOCTO pO3B’s3aTH 3a/iauy OOUMC/IeHHs 3HaueHb (YHKIii A/ BigmmoBigHOTO
BeKTOpA apryMeHTa, i pe3y/ibTaTOM TakKux obumcyieHb Oy/ie BeKTOp 3HaueHb QyHKIfii. Y
Oi/IbIIIOCTI MOB TTpOrpaMyBaHHS /11 PO3B’sI3aHHA TaKoi 3az7iaui HeobOxigHO dopMyBaTu
L[UK/IIYHY CTPYKTYpY, a y MatL.ab BoHa po3B’s13y€eTbCs 3a [JOMOMOI'0I0 KiJIbKOX MPOCTUX
KOMaH/IHUX PSIKIB.

Y mornepesHLOMY TIPUK/Iai Oy/s0 TaOy/Jb0BaHO BEKTOP 3HaueHb y UYKMCIOBOMY
piamasoni [1;10] 3 kpokom 0,1. Temep, BUKOPHUCTOBYHOUM C(OPMOBaHUK BEKTOp SIK
napamMmeTp (DyHKIIiT, TIerKO 3HAUTH 3HaUeHHs1 PYHKILIIT COS (X) y BU3HAUEHOMY YUCIOBOMY
Jliaria3oHi:

>> b=cos(V)

b =

Columns 1 through 7

0.5403 0.4536 0.3624 0.2675 0.1700 0.0707 ?0.0292

Columns 8 through 14

?0.1288 ?0.2272 ?0.3233 ?70.4161 ?70.5048 ?70.5885 ?70.6663

Columns 15 through 21

?0.7374 ?0.8011 ?0.8569 ?70.9041 ?70.9422 ?70.9710 ?70.9900

Columns 22 through 28

?0.9991 ?0.9983 ?70.9875 ?0.9668 ?0.9365 ?70.8968 ?70.8481

Columns 29 through 35

?0.7910 ?0.7259 ?0.6536 ?0.5748 ?70.4903 ?70.4008 ?70.3073

Columns 36 through 42
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?70.2108 ?0.1122 ?0.0124 0.60875 0.1865 0.2837 0.3780

Columns 43 through 49

0.4685 0.5544 0.6347 0.7087 0.7756 0.8347 0.8855

Columns 50 through 56

0.9275 0.9602 0.9833 0.9965 0.9999 0.9932 0.9766

Columns 57 through 63

0.9502 0.9144 0.8694 0.8157 0.7539 0.6845 0.6084

Columns 64 through 70

0.5261 0.4385 0.3466 0.2513 0.1534 0.0540 -0.0460

Columns 71 through 77

-0.1455 ?0.2435 ?0.3392 -0.4314 -0.5193 ?70.6020 -0.6787

Columns 78 through 84

-0.7486 ?70.8111 ?0.8654 -0.9111 -0.9477 ?0.9748 -0.9922

Columns 85 through 91

-0.9997 ?0.9972 ?0.9847 -0.9624 -0.9304 ?0.8892 -0.8391

>>

Marouu Taki YMC/IOBI pe3yabTaT, TOOTO BEeKTOP apryMeHTy (YHKIIii V Ta BEKTOD
3HaueHb GYHKII b, MO)XHa BHMKOpPHUCTaTH iX y TMOZAA/IbIIMX OOUHC/IeHHAX. 3a
OTPUMaHUMM pe3y/bTaTaMH OOUMC/IeHb HecKnagHo TMobyayBatd rpadik byHKIl
y(X)=cos(X), BUKOpHCTOBYIOUH Tpadiuni 3acobu cucremu MatLab. 3po3ymino, mio iz
yac pobOTHM 3 BeKTOpaMU Ta MAaTPULSIMM BeJIMKOI HaJIMipHOCTI 4acTO HeMae CeHCy
BMBOJUTH BCi pe3y/sibTaTu Ha ekpaH. CJ1i/i MaTH Ha yBas3i, 1110 IpU 00UKC/IeHHI CK/IaZiHUX
MaTeMaTUYHUX (YHKIIiM 3 BEJIMKOIO KiJIbKICTIO apryMeHTIB BHUBeJeHHsI pe3y/bTaTiB Ha
eKpaH He TU/IbKM YCK/aJHIOE IX aHasi3, aje i 3HauHO YTIOBiMBHIOE poOOTYy Mporpamm.
[ITo6 He BMBOAWTH Ha €KpaH pe3y/JbTaTh OOUMC/IeHb, Tpeba y KiHIli psiika CTaBUTH
CUMBOIJI ; (Kparky 3 KOMOR)).

Po3risiHeMO iHIIMK I[iKaBWi TIPHK/IaJ, BUKOPHUCTAHHSA BEKTOPIiB 3 TaOy/IbOBaHUMU
3HaueHHsIMU MapaMeTpiB (QyHKIIil.

>> X=0:5

X=

©1 2345

>> sin(x)/x

ans=

-0.0862

>>

BugHo, 1o obuucieHHs GyHKIT sin(x)/X y JaHOMy BUIAAKy BHUKOHAHO
HernpaBWIbHO. Piu y ToOMy, 11J0 MU BUKOPUCTA/IU He TOeJIeMeHTHe [iJIeHHs, @ PO3JUININ
OJJMH BEKTOP Ha iHIIWK 3a TIpaBWIaMH JiiHiliHOI anrebpu. Temep BU OaunTe, 10 STKUX
rpyoMx MOMWIOK MPU3BOJAUTL TIPOIYIIeHHS Kparku y TI0eJieMeHTHUX orlepaTopax!
PeynbTaToM [ijIeHHs BOX BEKTOpiB € ckansip. CucTtema IpoBena oOUMCIeHHS came
TaKUM UYWHOM, 1 LIJIKOM TPaBUWIbHO. Y [OAaHOMY BHUIIAQJKy 3pO3yMLJIO, IO 3aMiCTb
MaTpUYHOTO oreparopa / Tpeba BUKOPHCTOBYBATH TT0e/leMeHTHUI orepaTtop ./ .

>> sin(x)./X

Warning: Devide by zero

ans=

NaN
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0.8415 0.4546 0.0470 ?70.1892 ?70.1918
>>

TyT Texx He o6iiiinocs 6e3 MOMWIKA, OCKIBbKY A/t X = 0 BUpa3 HeBHU3HAUeHUIA.
3BepHIThH yBary Ha Te, IJ0 TAKOMY [iJIeHHIO BIJTOBiJla€ He MalllMHHA HECKIHUeHHICTb
(Inf), a HeBu3HaueHicTh (NaN).

Bu3HaueHHsI MaTpHUIlb Ta BeKTOPiB

OnuvcaHHs MaTpUllb Ta BEKTOPIB 3[IMCHIOETHCS Uepe3 BU3HAUYEHHSI 3MiHHUX. Y
L[bOMY pa3i BUKOPUCTOBYIOTb TPU IIPOCTI [TpaBUIa.

1. ¥Yci enemenTtu matpuiii abo BeKTopa HeobOXiHO OpaTH y KBaZipaTHi JYXKKH.

2. Mix uucnamu, siKi BiZITIOBiZIalOTh efleMeHTaM BeKTopa abo psika MaTpuiii,
MO>XHa CTaBUTH Mpobin abo Komy.

3. MiX psiiKaMU MaTpULii CTaBJ/ISATh KParKy 3 KOMORO.

[Ipuk/iaau BU3HaAUEHHS MaTPUL[b Ta BEKTOPIB:

>> v=[1, 2, 3, 4]

V=

1234

>> MAT =[1,2;3,4]

M=

12

3 4

>>

HecknaHO TakoK 3BepHYTHUCS [I0 eJIeMEHTIiB BeKTopa abo MaTpHLi J/isi BUBEZEHHS
Ha eKpaH ab0 BMKOpHCTaHHS y BUpaszaX. /s 1[bOr0 AOCTaTHbO BKa3aTH B KPYIJIUX
Ay’KKax TIOPSiIKOBUM HOMep ejfleMeHTa BeKTopa abo HoMep psi/iKa Ta CTOBIILSI MaTpHILi
yepe3 kKomy. LI mpaBuia 3amucy LIJIKOM BIiJNOBiZAOTh BIATNOBIJHUM T[paBUiaM y
MatemaTulli. [IpoOBXKyIOUM MOMepeiHikM MPUK/IaZ, PO3I/ISHEMO TaKy MOC/TiAOBHICTb
KOMaHJHUX PAAKIB:

>> v(1)=

1

>> M(1,1)=

1

>>

HaviBaknuBime, mo € y cucremi MatLab i yoro Hemae B iHIIMX cHUCcTeMax
rniporpamMyBaHHd Ta MareMmaTtduHux CAIIP — 1e MOXIMBICTb BUKOHAHHS
apu(pMeTUYHUX [il i3MaTPULIIMU Ta BEKTOpaMHU Ta IX BUKODHUCTAaHHS SIK MapaMeTpiB
MaTeMaTUUHUX QYHKIiH. Y 1boMy pa3i 0OuMC/lIeHHs TMPOBOJATHCS 3 KOXKHUM
eJIeMeHTOM MaTpuIli abo BeKTopa. 3 0OCHOB MPOTpaMyBaHHs BifIoMO, 1110 B KOXKHili 3 MOB
IIporpaMyBaHHA 3armuc Tvmny sin(v) abo exp(M) , ne M — MaTpuIis,v — BeKTop, OyB 61
HekopeKTHUM. [1106 BUKOHaTH Oy/b-IKy MaTeMaTUUHY Zif0 3 eJleMeHTaMu BeKTopa abo
MaTpulli, MOTPibHO opraHizyBaTh LUKA. OOumcieHHs (YHKIIi Bif BCiX eseMeHTIB
BekTOpa abo Matpulli € MOKMBUM y cuctemi MathCAD, ane tam 1ije poOUTbCs yepe3
criellia/ibHy (PYHKIIiFO BeKTOpH3aljil. 3 TOYKM 30py TOYHOTO MAaTeMaTUYHOTO OITHCY
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BIIbOMY € TIeBHa palfisl, OCKi/IbKM y MaTeMaTulli Taki orepailii 3ab6opoHeHi. AJie i/ yac
pPO3pO0KM peasbHUX TIpOrpaM HaiuacTiie HeobXigHO 00poO/STH MacWBU BeMKUX
yucesJl CcaMe TakKUM UWHOM, HalpuK/aZ, I[I0eJIleMeHTHO [0JaBaTh, MHOXUTU
roeieMeHTHO ab0 Ha KOHCTaHTY, 00unc/toBaTH (DYHKIIII Bijl e/leMeHTiB MacuBy. A Taki
Aii, AK MHOXXeHHSI MaTpHilb ab0 BeKTOpHUII [JOOYTOK [JBOX BEKTOpiB, MOTPiOHI
MporpaMicTy 3HauHO pijiiie, TOMy iX MO)KHa peasi3yBaTd uepe3 BHYTpIilllHI (GyHKIIil
cuctemu. Po3pobnukyu MatlLab Buxoaunm, WMoBipHO, caMe i3 UX MipKyBaHb, afpKe
cucTemMa CTBOprOBanacsi mjisg  rnpodecioHaniB?mporpamictiB. Tomyy  MatLab
BUKOPHCTaHi 3amucu Tumy exp(M) abo sin(v) K moesieMeHTHi [Aii 3 MaTpHUIIMHU Ta
BeKTOpamMu. AJpKe MNpOrpamicTy 3pyuYyHO TIpaltfOoBaTM CaMe TakK, X04a TaKWW 3amuc
HerpaBWIbHUM 3 MaTeMaTUUHOI TOUKH 30pYy. Jlo TOro >k, TaKuM MiJXiJ BiJrIOBi/la€ BCiM
imeonorii cucremu, TOMy 10 BOHa po3pobsieHa A1 poOOTH 3 MaTpHIIMH, i BOHHU
PO3I/IsAAI0ThCA K 3BMYakiHI uMc/ia. A creLiia/JibHi MaTpUYHi Ta BEKTOPHI orepartii TyT
TaKO>X BBe/IeHi, ajie uepe3 oKpeMi (PyHKIIil.

Tomy MHOXXeHHSI, Jji/IeHHs, MMiiHeCeHHs y cTeMiHb yMOBi MatlLab peasni3oBaHi sk 3a
TpaBU/IaMH JTiHiMHOI anreOpu, Tak i A TOeJeMeHTHWX oOrleparfiii, aje 3aIucC I[UxX
byHKUiKM  pisHuM. SKI0  BU3HaueHi Aii  C/i;  BUKOHYBaTH  I0O€JI€MEHTHO,
BUKOPUCTOBYIOTBCSL OIepatopu .* [/ T[I0eJIleMeHTHOIO0 MHOXeHHs, ./ [Jig 110
e/IeMeHTHOI'O JijJleHHsd Ta .\ [Jig TI0e/IeMeHTHOr0 TiJHeCeHHs y CTYIIiHb, y LbOMY pasi
PO3MIipHICTh MacCHWBIiB [jis TIOeJIEeMEHTHUX oOrepailii Mae OyTH ofHaKoBOw. Ilpu
BUKOPUCTAHHI orepaTopiB */ Ta /MaremaTWuHi Jii BUKOHYIOTbCA 3a [paBU/IaMHU
niHiMHOI anrebpu. Y BUIAAKy MHOXKEHHSI BeKTOpa abo MaTpHili Ha YMCI0BY KOHCTAHTY
TI0 eJIeMeHTHi orepailii TTIOBHICTO 30iratoThCst 3 orepallisiMu JIiHiiHOT anreOpy.

il momaBaHHS Ta BifHIMaHHS JJIT MaTpULlb ab0 BEKTOPIiB Ta UHMCIOBUX KOHCTAHT
MalTh €AuHe 3HaueHHs. [lif uvac goziaBaHHsA abo BigHIMaHHA ABOX MaTpullb abo
BEKTOPIB Lii oreparjii TaKO)K BUKOHYKOThCS T0eJIeMeHTHO, Y LIbOMY pasi A/l YHUKHEeHHSs
TIOMHJ/IOK TIPOTPaMyBaHHS PO3MIpPHOCTI BeKTOpPiB ab0 MaTpuijp TIOBHMHHI OyTH
O/IHaKOBMMHM. HaBezieMO MpHK/aJ, BUKOPHUCTAHHS M0 eJIeMEeHTHUX Orepaljik Ta oneparjiu
niHitHOT anredbpy Moot MatLab.

[Tpuknazn

>> format short

>> V:[ll 2/ 3/ 4] ;

>> sin(v)

ans=

0,8415 00,9093 0.1411 ?0, 7568

82

83

>> 3*v

ans=

3 6 9 12

>> VA2

???Error using= =>AMatrix must be square.

>> v.NA2

ans=

1 4 9 16
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>> v+2

ans=
3 4 5 6
MAT=[1,2;3,4]
MAT =

1 2

3 4

>> sin (MAT)
ans =

0.8415 0.9093
0.1411 ?0.7568

>> MATAZ2
ans =

7 10
15 22
>> MAT.A2
ans =

1 4
9 16
>> 3*MAT
ans =

3 6
9 12
>> 2+MAT
ans =

3 4
5 6
>>

Y HaBesileHOMY MPUK/a/i MOBiAOM/IEHHS

???Error using =

=>N Matrix must be square

(ITomunkoBe BUKOpPUCTaHHS orieparopa /. [loBuHHa OyTH KBa/[paTHa MaTpPULIs)

03HAYae, 10 BUKOPUCTAHHS Orepaliii MHOXKeHHsI BeKTOPIB 3a MpaBW/IaMM JIiHIMHOT
anrebpy HEMOJK/TMBE, MOYKHA MHO>KUTH OZIHY Ha O/IHY Ti/IbKW KBaZIpaTHiI MaTpuiii. SIK
G6aummo, A7 KBaJpaTHOI MaTpWIli CHUCTeMa MiliCHO He BUJIa€ TIOMWIKY i BUKOHYE
oreparfifo MHOKeHHSI MaTpWili caMy Ha cebe 3a mMpaBWIaMH JiHiltHOI anrebpu, ase
pe3yJibTaT CYTTEBO BiJPi3HSAETbCS BiJl T0€/IeMEHTHOIO MHOJKeHHS. YCi pe3y/bTaTu
roejieMeHTHUX orepaljid /51 BeKTopa v Ta Matpulli MAT o/lHaKOBi OCKiIbKA MiCTSITh
Ti caMi eJieMeHTH.

®DyHKIIii NnepeTBOPeHHs MaTPHLb
Y cucremi MatLab e 6araTto (yHKIIili /11 CTBOpeHHS MaTPHIb HA OCHOBI 3alaHOl
Ta MepeTBOpPeHHs MaTpuLib. Taki MaTpUuHi oneparjii Jy>Ke 4aCTO BUKOPUCTOBYIOTb TIi[

Yyac YKCIOBUX OOuUMCiIeHb /s TIOTO/KeHHS OTPUMaHUX pe3y/bTaTiB MiK coboto,
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Po3risiHeMo TOJIOBHI MaTpuuHi (yHKIiI cUCTeMH, HaBeJeMO (hopMaTH iX 3amucy Ta
TIPUK/IaJii BUKOPHUCTAHHS.

[Tepmioro 3 TakKWX BaKJIWBUX (QYHKI[i € KOHTAHKTeHI[id, ToOTO 006’emHaHHS
MaTpuIb. MaTpuIli MOKHa 00’ €JHyBaTH rOPU30HTAILHO a00 BepTHKaILHO. Mae Micrie,
KpiM Toro, TpeTiii criocib 06’emHaHHSA, 31 CTBOPEHHSM TPUBHUMIPHOTO MacHBY, aje
0araToBMMIipHi CTPYKTYPH UMC/JIOBHX [JJaHHUX i TIOTY)KHMM ariapaT po0OTH 3 HHMH,
pO3BUHYTUM Yy cucTeMi MatLab.

dopwmar dyHKIIiT 06’ eaHaHHS MaTpuLlb cat(dim, A, B), ae

dim — cnenudikailis po3mipHocti macuBy, a A Ta B — wmatpuii, 1o
00’eanytoThes. [TapameTtpu cnienmdikatiii po3mipHocTi dim BU3HaUeHi TaKUM UHHOM:

dim = 1 — 06’eHaHHS MAaTPHI[b 3a PSAKaMH, KiJTbKOCTiI PSAAKIB Y MaTpHUIsIX A Ta
B noBuHHi 36iraTucs;

dim = 2 — o0’eqHaHHsI MaTpWllb 3a CTOBMUYMKAaMH, KiJIbKOCTi CTOBITYMKIB Y
MaTtpuiisix A Ta B moBuHHi 36iratucs;

dim = 3 — 00’eHaHHsA MaTPHLIb 3i CTBOPEHHSIM TPUBUMIPHOTO MAacHUBY, KiJTbKOCTi
MaTpuilb A Ta B moBuHHiI OyTH OHAKOBOI pO3MipHOCTI.

Cnig 3a3HaunTH, 10 GYHKIIO 00’€AHAHHS MaTpUllb JIETKO 3ZiMCHUTH uepe3
MHOKMHHY iHZieKcallito Ta MeTOAW (POpMyBaHHSI MaTpHllb, HasiBHICTb (GYHKII cat y
cuctemi MatLab € fe1110 HaZ/IUILIKOBOIO i KOPUCTYHOTHCS HEHO PiJIKO.

[HIIMMU ~ BaXKIMBUMHU  (GYHKLiSMM  OTpallfoBaHHA  MaTpullb €  (QYyHKIii
repectaBrieHHs ix eneMeHTiB. Hanpuknaz, dynkuis fliplr(A) 3gilicHioe ag3epkanbHe
BiZloOpakeHHs1 eJieMeHTiB MaTpulli 3/iBa’HalpaBO Bi[HOCHO BepPTUKA/IbHOI OCi.
dyukuis flipud(A) 3xiticHroe A3epKanbHe BifjoOpa)keHHsI eJleMeHTiB MaTpHLli 3BepXy
BHU3 BiJHOCHO rOpy30HTa/IbHOI oci. dyHKuis reshape(A, k) ctBoproe 3 marpuui A
pPO3MipHOCTI M*n iHIlly MaTpUIL0 po3mipHocTi I*k uepe3 nmocnizoBHMI BUOIp e/leMeHTiB
Matpuili A mo crormisx. OO0B’SI3KOBOI0 YMOBOIO /ISl TIPOBE/IeHHsI TaKoi orepailiii €
BUKOHAHHS CTIiBBifHOIIIeHHsT men = l*k. Ajte Ge3nepeuHoro repeBaro0 yHKIIiI reshape
€ Te, 1[0 3a Ii JJONIOMOTO0 MO)KHA 3[iMCHIOBATU Oy/b’SIKi TIePeTBOPEeHHSI PO3MipHOCTI
MaTpuULyl.

Po3rasineMo Terep BaK/IWBi (PYHKIIIT CTBOPeHHS] TPUKYTHUX MaTPUI[b i MaTPUI[b 3
Bi/IMOBIJTHUMU  [JliarOHa/IbLHUMU  ejieMeHTaMU. DyHKis tril(A)cTBoOproe  HWKHIO
TPUKYTHY MAaTpPUL[0 HAa OCHOBI MaTpuLii A uepe3 IMPUCBOEHHS 3HaueHHd «0» ycim il
e/leMeHTaM, pO3TalllOBaHWM HIK4Ye TOJIOBHOI AiaroHami. ®yHkuis triu(A) cTBOprO€
BepXHI0O TPUKYTHY MaTpHULI0 Ha OCHOBI MaTpulji A, aHy/JOKud ii ejeMeHTH,
po3TallloBaHi BUIlle TOJIOBHOI fJlaroHami. /[l CTBOpeHHA [iaroHajlbHOI MaTpuULi
BUKOPHUCTOBYIOTh (hyHKLir0o MatLab diag.

Mo>k/uBi Taki popMaTu PyHKLL:

diag(v) — CTBOpeHHs KBa/lpaTHOI MaTpHlli, Ha TOJIOBHiM JAiaroHasni sKoi
pO3TalllOBaHi eJleMeHTH BeKTOopa V;
diag(v, n) — CTBOpeHHsI TPSIMOKYTHOI MaTpWlli, HAa OJHiM i3 JiaroHaneu SsKOi

pO3TalllOBaHi eJileMeHTH BeKTOpa Vv, Y LIbOMY pas3i rapaMeTp N BU3HA€E 3CYB JiaroHasii
pO3TalllyBaHHS eJIeMeHTIB BiJHOCHO I'OJIOBHOI JiaroHasi. 3HaueHHs n > 0 BiAOBIJar0Th
3CYBY BiJIHOCHO T'0JIOBHOI /iiaroHa’ii Bropy, a 3HaueHHs n < ) — 3CyBY BHU3.

Inima ¢yHKiisi dbopMyBaHHS MaTpulli Ha OCHOBiI 3ajaHoi — 16 (QYHKIis
repmat(A,m,n), sika MOBepTa€ MaTpULIO B, 1[0 € pe3y/JbTaTOM PO3MHOXXEHHSI MaTpULii A
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m pa3iB 10 CTOBMUMKAX Ta N pa3iB 10 psAgKax. Po3rasHy/u /iBa criocoOy BUKOHAHHS Ti€l
caMoi orepaljii uepe3 BUKOPUCTaHHSI MHOXKUHHOI iHJeKcallii, TOMy HasiBHiCTb (yHKIIil
repmat y cuctemi MatLab Tex € fie1o Ha/i/TUIIIKOBOLO.

€ Kpim Toro, dhyHKIIis TOBOPOTY e/leMeHTiB MaTpHuiii Ha 90°

rot90(A, k), e A — Matpulis, 1110 TepeTBOPHETLCS, K — Ki/IbKiCTb TTIOBOPOTIB, 3a
3aMOBUyBaHHsIM k = 1.

[Tpuknap

» format short

» Ml=rand(2)

M1 =

0.4321 0.7660

0.2840 0.0976

» M2=rand(2)

M2 =

0.5558 0.2109

0.4483 ©0.1773

» cat(1,M1,M2)

ans =

0.4321 0.7660

0.2840 0.0976

0.5558 0.2109

0.4483 0.1773

» cat(2,M1,M2)

ans =

0.4321 0.7660 0.5558 0.2109

0.2840 0.0976 0.4483 0.1773

» format short

» Ml=rand(2)

M1 =

0.1559 0.6852

0.2797 0.8352

» M2=rand(2)

M2 =

0.2201 0.4075

0.5674 0.7049

» Cl=cat(1,M1,M2)

Cl1 =

0.1559 0.6852

0.2797 0.8352

0.2201 0.4075

0.5674 0.7049

» C2=cat(2,M1,M2)

C2 =

0.1559 0.6852 0.2201 0.4075

0.2797 0.8352 0.5674 0.7049

» fliplr(C1)
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ans =

0.6852 0.1559
0.8352 0.2797
0.4075 0.2201
0.7049 0.5674
» flipud(C2)

ans =

0.2797 0.8352
0.1559 0.6852
» tril(C1)

ans =

0.1559 0
0.2797 0.8352
0.2201 0.4075
0.5674 0.7049
» triu(Cl)

ans =

0.1559 0.6852
0 0.8352

0 0

0 0

» v=rand(3,1)

0.2580

0.5674 0.7049
0.2201 0.4075

0.4546

0.3964

» diag(Vv)

ans =

0.2580 0

0 0.4546 0
0 0 0.3964
» diag(v,2)

ans =

0] 0] 0.2580
0 0 0
0] 0]

0] 0] 0]
0] 0] 0]
» diag(v,?2)

ans =

0] 0] 0]
0 0 0
0.2580 0]

0 0.4546 0
0 0 0.3964

» C1

0
0]
0.4546
0] 0.3964
0]
0]
0]
0
0] 0]
0
0

[ON O] ONO ONO)

[ONO]
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Cl1 =

0.1559 0.6852
0.2797 0.8352
0.2201 0.4075
0.5674 0.7049
326

327

» rot9o(C1)

ans =

0.6852 0.8352
0.1559 0.2797
» rot9e(Ci, 2)
ans =

0.7049 0.5674
0.4075 0.2201
0.8352 0.2797
0.6852 0.1559

0.4075
0.2201

0.7049
0.5674

»

Y MatLab ¢yHkLisi HOpMy BeKTOpa norm mae Taki (opMaru:

norm(X, p) — ¢QyHKLisg MOBepTaE HOPMY MOPSAAKY P A5 BeKTopa X;

norm(X, p) — ¢QyHKLisg MIOBepTaE HOPMyY JIPYrOro MopsAAKY AJ1s BeKTopa X;

norm(X,’inf’) — dyHKIlisS TOBepTae MakCMMajabHe 3HaueHHS 3 abCOMHOTHUX
3HaueHb ejieMeHTIB BeKTOpa;

norm(X,’— inf’) — d@yHKIlig MoBepTae MiHiMa/lbHe 3HaueHHS 3 abOCOMIOTHUX
3HaueHb eJieMeHTIB BeKTopa.

HaBezemo nipyk/iay 06urcieHHss HODMU BeKTopa.

[Tpuknazn

» format short

» S=[16,0,25,9,4,16,25,1,25]

S =

16 0 25 9 4 16 25
1 25

» norm(S)

ans =

49.8498

» norm(S,10)
ans =

27.9245

» norm(S, "inf")
ans =

25

»

HaBesjleMo cTaHAapTHUIN TIPUK/aZ PO3B’S3aHHS CHUCTEMH JTiHIMHUX anrebpaiuHmX
PiBHSHb. 3anuileMO CUCTeMYy 3 TPbOX PIBHSHb i3 TPbOMa HEBIJOMHUMU. 3PO3YyMLIIO,
MO)XHa TIPOBECTHM aHaji3 CUHTY/SIDHUX 4MCe/ MaTpUlli, sfika (OpMye Hally CUCTEMY
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piBHSIHb, BHUKOpUCTaTH GYHKIit0 o00uucieHHs o6epHeHoi Matpuii, abo LU-
pO3K/iaZieHHsl. Asie BUSB/SETbCS, IO TMOCTaB/eHa 3aZiaua Ma€ TPOCTHUM | TapHUU
PO3B’SI30K y MeXKax JIMIIe eleMeHTapHWX MaTPUYHUX Orepalid, i 3BepTaTucs [0
byHKILIIH JiHiAHOT anreOpy y HAIlIOMy BUTIAJKy HEMAa€E MOTPeOH.

Copaszi, skmo AX = B, To X = BA-1= B/A = A\B. 31a€TbC4, 1[0 HeMa€ pi3HULY,
Ak Haricaty: B/A abo A\B, 11i omepaiiii € ekBiBaieHTHUMU. AJjie pO3MiPHOCTi CTPYKTYp
A i B y HartloMy BUIaIKy He 306iraroThbCsl, i TOMy MOPSIOK 3/1ilICHEHHS oriepallii JineHHs
Ma€ 3HaueHHs 3 TOUKM 30py 4Yacy IIpOBeJeHHs pO3paxyHKiB. I 3BOpOTHe [isleHHs
Matpuili Ha BeKTOp A\B 3 11i€l Touku 30py eeKTHBHillle, OCKi/IbKU 3/1iliICHIOETHCSI BOHO
He uepe3 CKIaZHy OGyHKLiI0 obOunc/ieHHs o00epHeHOI MaTpWili, a uepe3 AyXKe
edeKTUBHUM anroput™m Metogy ["ayca.

Tomy edekTrBHe pO3B’si3aHHSI ITOCTaB/IeHO] 3a/1aui Oy/ie TakuM

IIpuknap,

» A=[10,7?7,2,;3,?15,32;13,?9,15]
A =

10 ?7 2

3 ?15 32
13 ?9 15
» B=[6;10;26]
B =
6
10
26

X=A\B

.8804

. 4445
» A*X
ans =
6.0000
10.0000
26.0000

»

»

X =
2.3274
2

1

®dyHkIiii B cucremi MatLab.
3ara/sibHi npaBuia po6oru 3 pyHkisivMu B cucremi MatLab

®dyukiii — 11e 06’ekt MatLab, ski MarTh yHiKaqbHI iMeHa Ta CITHCOK
rapamMeTpiB, Ta TpPW 3BEPHEHHI [0 HUX BUKOHYIOTb BIiATOBigHI Aii 3 JaHUMU 3a
BIIPOBA/PKEHUM a/IrOPUTMOM. BiIpi3HAOTH BXiJHi, 5IKi Tlepefat0TbCs MPU 3BEPHEHHI 3
rOJIOBHOI TMpOrpaMy, Ta BUIXifHIi MapaMeTpu GYHKILIM, $Ki Mic/isg 3aKiHUeHHS
00po0sieHHsT aHUX (YHKIJisl TIepe/jla€ [0 TOUKH BUKIWKY. IlapameTrpamul dyHKI[ifi €
3MiHHI. BiZjomMo, 10 y KJacMYHMX MOBax MporpamyBaHHS (YHKLIi, Ha BiMiHYy BiZ
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MiJnporpaM, MoBepTarTh pe3y/bTaT yepe3 €IWHUK MMapaMeTp 3a MiCLieM BUK/IWKY. Ld
0COO/IMBICT, [la€ 3MOTY YCITLIHO BUKOPWUCTOBYBAaTH (YHKLiT A5 (opMmyBaHHS
MaTeMaTUYHUX BHpa3iB. Bu3HaueHHs ¢yHKIiH MatLab inme ta mmpiie. Ik 6ymo
3a3HayeHo, L CMCTeMa IIPUITyCKa€ BUKOPUCTAHHS Yy MaTeMaTUUYHUX BUpa3ax MaTpULib
Ta BEKTOPIiB, a He TUIbKM YMCIOBUX 3MiHHUX. HafiBHICTH MO eneMeHTHUX [id 3i
CTPYKTypPaMH UMCJIOBUX [JaHUX A€ MOK/IMBICTb e()eKTUBHOTO BUKODUCTaHHS MAaCUBIB
JlaHUX SIK TTapaMeTpiB MaTeMaTUUHUX (YyHKIil. [IpyK/iagu BUKOPUCTAaHHS BEKTOPIB, sKi
Oy po3TJISHYTI y TIOTepeIHbOMY ITi/IPO3/iJii, AOBOAATH MPOCTOTY Ta e(eKTHUBHICTh
TaKoro MiZIX04y, IKUWA He [Jy>Ke CyBOpPHWH 3 MOIVIALYy MpaBU/ MaTeMaTUKH, ajie CIIpOLIye
pO3B’si3aHHs 3ajjau TporpamyBaHHs. Hampuknan, y 3ajaui oOuuc/ieHHs TaOIMuHUX
3HaueHb QYHKLii y 3a/[aHOMy Ziiara3oHi aprymeHTa Oy/iM BUKOPUCTaHi /IBa KOMaHZHUX
pSAgKA. Y 1bOMY pa3i He BUKODHUCTOBYBA/MCh LUK/IIUHI CTPYKTypH, 0e3 sKHUX
pO3B’si3aHHS  3aZlaui  3acobaMM  K/IaCUYHOTO TPOrpaMyBaHHS € HEeMOXX/IMBUM.
Mox/uBicTh Ta e(eKTUBHICTb BHUKODUCTaHHSI MaTpULb i BEKTOPIB $IK BXiJHUX Ta
BUXiJHUX TapamMeTpiB GYHKIIN TiJ yac GopMyBaHHS MaTeMaTHYHMX BUpa3iB pOOUTH
BXiHy MoBy MatlLab mipocToto, He TlepeHacCHueHOK 3aliBUMU TIOHATTSIMH Ta
npaBWiaMu. Y pa3i Takoro pO3IIMpeHHs TIOHATTA GYHKII Bifmazae motpeba y
BH3HAUeHHI TIOHATTS TIPOLIeAYPH, OCKUIbKU  (DYHKIlisT MOXXe TOBepTaTu Oy.b?5Ky
KIJIBKICTh YMC/IOBUX 3HAueHb 3a MiclueM BUK/IUKY. IIpaBia, BUHUKarOTb [€BHI
TPYAHOII, KOKHa (YHKI[isi MOTpeOye 3HAHHS BCiX BXiJHUX, BUXiJHUX TlapaMeTpiB Ta
TOpSIAKY iX 3ammcy. Ajie TyT y poboti 3 MatLab gomomarae edeKTviBHe BUKOPUCTaHHS
CUCTEeMHU [I0IIOMOI'U.

3arasbHUM (popMaT onepaTtopa BUK/IUKY (QYHKLIIT TaKW:

[Y1, Y2...] =iM’sa_dyHkuil [X1, X2...]

PosmmmipenHsi moHsTTs ¢GyHKLUii MatLab He 00MeXyeTbCs MOXIMBICTIO
BUKOPUCTAHHS BEKTOPIB Ta MaTpULlb K BXiJHUX Ta BUXIJHUX MapamMeTpiB. Y MoBax
TporpaMyBaHHS1 € TaKOJK IMOHSATTS TlepeBaHTaKeHUX (YHKIIiH, SIKi MaloTh OfiHe iM’s1, aje
BiZIpi3HSIOTBCA HabopoMm TlapameTpiB. BukopucranHs Takux OGyHKLiH y MatLab
JI03BOJISIETHCS, € BOHU i cepeJ; CTaHAAPTHUX (QYHKLiA chucTeMu. CTaHAapTHI (QyHKLT
[OIMATbCS HA BHYTPILIHI Ta 30BHIIUHI. BHyTpIiIHIMM € HaWpO3MOBCIOJKEHILI
MaTeMaTWyuHi GyHKLiT, Harpukaaz exp (x),sin (x), atan (x) Ta iHii. 30BHIlIHI QYHKIiT
BUKOHaHiI oKpemMuMHu m-caiisamu, iM’s daliny Bignosizae Ha3Bi dyHkii. [Tpuknagom
30BHIIITHBOI MaTeMaTHUUHOI (GYHKIIi1 € rimep6ostiuAnii cuHyc sinh (X).

Bizpi3HarOTh cucTemMHi (yHKLiT, SIKi MOXKYTb MaTH BXi/IHi [TapaMeTpH, ajie HiKOJx
He TIOBEepPTAalTh HisIKWX UMCIOBUX 3HaueHb. Pe3ynbratoM pobotu Takux (yHKIiN €
iHdbopMmalis, 10 BiZOOpaKyeTbCcss Ha ekpaHi depe3 TeKcT abo rpadiky. PyHKLil
CUCTeMHUX [Iiii HaraJytoTh TIPUHLIMIIOM POOOTH cUCTeMHi KoMaHAH, a GyHKLil rpadiku
CXOXXi Ha KoMaHAu rpadiuHux peaaktopiB. ImeHa GyHKUiN 3aBXAu 30iratoTbcs 3
iMmeHamu (aiiniB. ToMy BOHU CHMCTeMaTU30BaHi 3a KaTajoramu 3riflHO 3 MpHHLUINAMUY,
Mpy 1IbOMY JOBiJKM 11[0AI0 (DYHKI[ii MOXXHa OTpHMMAaTU 3a JOMOMOrorw kKomauz, help
iM’si_yHkuii abo helpim’s_aupekTopii:

help elfun— crircok eleMeHTapHUX MaTeMaTUUHUX (DYHKILiM;

help specfun— cnmcok crerjiaibHUX MaTeMaTUUHUX (PYHKI]iH.
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@dyHKIIii KOpUCTyBaya Ta iX ONMUCaHHSA

3po3ymiso, 1110, He3Ba)Karouu Ha BeJTMKY KiIbKICTh 6ibmioTek dyHKIiN, y MatlLab
BU3HAUeHi Ti/IbKW OCHOBHi MaTeMaTwuHi GyHKLil. ATi (QyHKLii, sKi € pe3y/abTaToM
iXHBOI KOMTIO3MIIil, KOPUCTyBau TOBWHEH BU3HauaTH caM. lle MokHa 3pobuTu 3a
noriomororo (GyHKIii inline, abo okpemMuM (aityioM i3 po3mUpeHHSIM *.m, HanMCaBIIN
nporpamy mMoBoto cucteMyd MatLab. [Ipyruii crioci6 BUKOPUCTOBYETHCS, AKINO (QYHKIis
MICTUTh BeJMKY KilbKiCTb psiiKiB abo KopucTyBauy MOTPiOHO 3BepHYTHCS [0 Hei 3
pisHux (aiiniB. Ilepivii MeTo[ Bi/NOBifla€ CTBOPEHHIO BHYTPIllIHIX, a JPYrUid —
30BHIiIHIX ¢GYyHKLiN. Pobuty ommcanHs QyHKIili yepe3 KOMaHAHWYN psifoK inline zsist
MpPOrpamicTiB e(eKTUBHIlIe i MPOCTille, HDK ONMCyBaTy (PYHKL]ii HE CHCTeMaTU30BaHO,
K 1je 3pobsieHo, Hanpukaaz, y cuctemi MathCAD. ®@yHKIiT MOXYTb 3HaXOAUTUCS y
Oyab-sKili yaCTWHi, BOHM HiJle He OMHUCYHOThCS i, HiSIKUM UMHOM He YIOpSAKOBaHi.
3HaWTU TakKy (YHKLiIO Yy BeJMKiA Mporpami Hernpocto. BUKMMK (yHKLiM 3 iHIIKMX
datiniB He mepenbaueHuii. [IporpamicTy seriie, KOMU 34iMCHIOETLCS OTTMC BCiX (MYHKIIiN
Ha MouaTKy abo B KiHIIi rporpamMu. Xoua orepaTop inline Moxke CTOATH y OyAb-IKOMY
MiCIli, 3 TOUKM 30py CTWIIHO T[pOrpamMyBaHHs Kpaille pO3TallloByBaTH (QYyHKIIil
MOCJTiIOBHO Ha MovaTKy nporpamu. @opmar ornepatopa inline:

3MmiHHa=inline(‘Bupas’)

[TapameTpu (yHKLII y LIbOMy OIepaTopi He BKa3yTbCsl, BOHU ()OPMYIOThHCS yepes
MOC/TiJOBHE 3UMTYBaHHS MapaMeTpiB ycCix (yHKIIiM y BUpasi, ajsie Mpu 3BepHeHHi /0
¢byHKLii ix HeoOXifHO BKa3yBaTH.

PosrisgsHemo nMpoCcTUil MpUKIIa/ BUKOpUCTaHHA (PyHKLIT inline:

>> format short

>> sc2=inline(‘sin(x).AN2+cos(y).N2")

sc2 =

Inline function:

sc2(x,y) = sin(x).Nn2+cos(y).N2

>> sc2(3,4)

ans =

0.4472

>>

Criocib cTBOpeHHs 30BHILIHBOT (PYHKLIIT — 30epekeHHs i1 Ha AUCKY y *.m aiii.
NoknajHiile 3acobu CTBOPeHHsSI TakuX (YHKIiM MU pO3IJITHEMO Yy po3aiii 4, a 3apa3s
3BepHEMO yBary Ha 3arajibHi MPUHIUMM TMOOYZOBU 3 BUKOPUCTAHHSIM Y)Ke BiJJOMHX
orepaTopis.

3a poromororo KoMaHau New oriiii MeHio File HeoOXifHO CTBOpUTH HOBHM (haii
Ta 3aram’statd ihoro BaupekTopii ./MatLab/work mig iMm’siMm sc2. TekcT MOBUHEH
3aiiMaTH BChOTO 2 KOMaHAHUX PsIKH, 000B’SI3KOBO HeOOXiJHO BBOJUTH KOMEHTAapi /s
cripoirieHHs poboTu 3 mporpamoro. Toxi psaku ans obuuciaeHHs ¢yHkuii f(x, y) =
sin2(x) + cos2(y) MOXXYTb MaTH TaKUM BUTJISI;

% 06uncneHHa QyHKULI f(X,y)=sin(x)A2+cos(y)N2

function I=sc2(x,Vy)

I=sin(x).A2+cos(y).N2
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CrTBOpeHHs1 30BHIilIHBOI (yHKLiI 3aKiHUeHO, Oy[b-SKUi KOpPUCTYBau CHUCTEMHU
MO)Ke BUKMKAaTH ii, a y pa3i moTrpebu 3MiHUTU psAKU 1ji€el mporpamu. Y I[bOMY
MOJ/ISITalOTh TlepeBard BUKOPMCTAaHHS CHUCTeM 3 Bigkputumu kKoaamu (Open Sources).
3BepHeHHs 0 (DYHKIIiI Bi0yBa€THCS IIe TIPOCTIIlle: yepe3 CITHUCOK iMeH 3MiHHUX,SC(X,
y). [Ipuksnag BUKOpucTaHHs (QYHKLIIT SC2:

>> sc2(1,2)

ans=

©.8813

>> sc2(2,1)

ans=

1.1187

>>

[TpunyckaeTbcsi TOCWIaHHS Ha (yHKII0 yepe3 iM’si 3MiHHOI.BOHO BifmoBizae
TpaBWiaM MOBM nporpamyBaHHs C:

>> fh=@sc2

Tenep, BukopuctoBytoun ¢dyHkiiito feval(fh,x,y), orpuMyeThcsi 3HaueHHsT PyHKITIT
SC2 fJ1d 3aJjaHuX X 1y:

>> feval(fh,1,2)

ans=

0.8813

>> feval(fh,2,1)

ans=1.1187

>>

MexaHi3M 00po0/1eHHsI 30BHIIIHIX (PyHKIi# y cucremi MatLab

Y MatLab, Ha BigMiHy Bifj ccTeM TporpaMmyBaHHs, BUK/JUK 30BHIlIHIX (GYHKIIiH
HiUYMM He BifIpi3HAETHCS Bifi BUK/IMKY BHYTPIIHIX i BOyZOBaHMX, TOOTO, KOPHUCTYBauy
He Tpeba ormucyBaTy Ha3By 0iOmioTek Ta iMeHa daiiniB, AKi HeOOXiJHO ITiJK/TIOUATH 7S
MPaBU/IbLHOTO BUKOHAHHS MpOrpaMu.AHari3 iMeH (QyHKIIiM 3/iiCHIOETHCS aBTOMaTUUHO
TakKuM 4UHOM.CIIOYaTKy CHUCTeMa 3a BHYTPILIHbO iHJAEKCHHWM KaTajoroM IIBUIKO
BH3HAYAaE, UM € Bi/IMOBi/IHE K/IFOUOBE CJIOBO Cepeji CIY>KOOBUX C/iB cucTeMu. SKIIO 11e
TaK — BiJ[pa3y NMPOBOAWUTHLCS aHa/i3 [/ BOyJOBaHMX Ta BHYTPiMHIX inline dhyHKIIiH,

SKIIO cepef iX IMeH K/IHYOBOrO CJioBa HeMae — CHCTeMa LIyKae m?gauna i3
BiAiMOBiAHMM iM’siM. SIKIO (a1 He 3HAW/IeHWM, CUCTeMa BUJA€E TIOBiJOM/IEHHS TIPO
TIOMUJIKY:

???Undefined function or variable.
Takuii anropyuTM MOILIYKY PO3BUHEHHWW Yy CUCTeMax 3 HeuiTKor Jorikoro (fussy

logic systems), i B MoBax MporpamyBaHHsI 3ajjau HeuiTkoi Jsoriku: JIO['O, ®OPT,
ITPOJIOT'.

CrnenianbHi Jii 3 Yuc/1aMu Ta cCTpyKTypamu B cucremi MatLab, peanizoBasi
yepe3 ¢yHnkitii. [Topo3psagHe 00pod1eHHs AAHUX

62



MatLab Mae criertiasibHuii Habip dyHKIIIN, SKi € eleMeHTapHUMH MaTeMaTUUHUMU
[isIMH 3 UMC/IaMUA Ta MHOXKMHAMHU, i TOMY BOHM PO3IJIIAAI0ThCS SIK orepadau. 1o ubporo
K/acy (yHKIIiM HasexxaTh 100iTOBi omepariii 3 unciamu (Bitwise operators) Ta dhyHKIIi1
0o6pobnenHs: MHOXXHH (Set operators). Lli ¢ynkijii Matl.ab po3pobHMKY BigHecau A0
KJIaCy OriepaTopiB, CUCTeMa JOMOMOTrM BUJAE iX y CIUCKY OIepaTopiB MPHU BUKOHAHHI
kKoMaHu help ops.

Oxkpeme wicirie 3aiimMaroTh 106iTOBI Aii 3 uucaamu. Bimomo, 1[0 KomiT'torep
3miticHioe robaliToBe 06poOeHHs [aHUX, i HaBiTH y MOBi mporpamyBaHHsI AceMmbiep
no06iTOBi [ii BUKOHYIOTbCS Haf, OaliTaMy IaHMX 3a Z0TIOMOTO0 BiJITTOBiAHMX KOMaH/I, a
y OisbIIoCTi MOB TporpaMyBaHHsS BUCOKOTO piBHs, Takux sk Pascal, FORTRAN,
nobiToBi il HeMOX/THBi. AJjie Taki Aii yacTo HeoOXifHI mporpamicTam fyis peai3arfii
eheKTUBHUX a/ITOPUTMIB 00p00/IeHHS JaHUX, 0COBIMBO MPH MPOTrpaMyBaHHi 30BHIIIIHIX
ariapaTHUX IPUCTPOIB Ta IPU PO3B’sI3aHHI IHIIUX 3a/4a4 CUCTEMHOI'O IPOrpaMyBaHHS.
ToMy MOXIHMBICTH BUKOHAHHS MOOITOBUX fiiti y MatLab 3aiiBuii pa3 J0BOAMT,IIO 1is
cucTeMa CTBOpeHa [/s1 (axiBLIiB?MpoOrpaMmicTiB i TMpu3HaueHa /[1s1 PO3B’sI3aHHS
HETPUBIaNbHUX 3aJauy mporpamyBaHHsa. Y MatLab dyHKiii no6iToBux min
3[IMCHIOIOTBCS TUIBKU 3 JOAATHWMHM HaTypaJbHUMHM uyuciaMd. HaBegemo mepestik
byHKI[ii crcTemMu, TIpU3HAUeHWH [/1s1 BUKOHAHHS TOOITOBUX orepaliii. 3BepHiTh yBary
Ha Te, 110 aprymMeHTaMu (yHKI[ili MOXKYTb OyTH MaTpHIIj.

bitand (M1,M2) — dyHKIjis TI0e/leMeHTHO BUKOHYy€E I00iTOBe «I» mayisg BCix
eJieMeHTiB MaTpullb M1 Ta M2, po3Mip SIKMX MMOBHHEH30iraTvcs, SKIO O/[Ha 3 MaTPHI[b
He € YUCJIOM.

bitcmp(M1,M2)— ¢yHKIliS BUKOHye M00OiTOBe [OTIOBHEHHS BCiX e/leMeHTIiB
MaTpulb M1 Ta M2. Po3mipu LMx MaTpullb MOBUHHI OyTH OJHAaKOBMMH, SIKIIIO OJHA 3
HUX He € uucioMm. PyHkilisgs d(m, n) mobiToBOro ZOMOBHEHHS YMC/Ia M [0 YMC/Ia Ny
JBIMKOBIM apr(pMeTHL|i BU3HAYAETbCS TaK:

d(m, n)=2n—1 — m.

bitor (M1,M2) — @byHKIig TMoeeMeHTHO BUKOHY€E T1obiToBe «ABO» mia Bcix
eJleMeHTiB MaTpuIb M1 Ta M2, po3Mipu SIKHX ITOBUHHI OyTH 0THAKOBUMH, SIKII[0 OJHA 3
MaTpPUL[b He € YUUCIIOM.

bitmax— cucTeMHa 3MiHHa, sIKa TIOBepTa€ 3HAueHHS MaKCHMa/bHOTO IIiJIOro
6e33HaKOBOTO uMC/ia, II0 MOXXe OyTH ToJaHO y Qopmari 3 I/aBalouor0 KOMOK Ha
JaHOMY KoMIT toTepi. [Iis1 o6urcoBaibHUX MalliH 3 apudmertrkoro ctadaapty IEEE,
AKOMYy BiAmnoBigarote 1 komrrrwotepu IBM PC, wne 3HaueHHs popiBHoOe 253— 1.
Hanpuxknan:

>> 2A53-1

ans =

9.007199254740991e+015

>> pitmax

ans =

9.007199254740991e+015

>>

bitset (M1,M2) — dyHKIlisi BCTaHOB/IOE OJJMHAYHE 3HaUeHHs Y BiArnoBigHOMY OiTi
yucia, TIpA LObOMY 3MIHIOBAaHOMY UMC/Iy BiAMoOBifae enemeHT wMatpuli Ml,aHa
TOPSIKOBUM HOMep 3MiHIOBaHOTO 0iTa BKasye BiAMNOBiAHMI eleMeHT MaTpUIii
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M2.Po3mipu matpuilp Mlta M2 mnoBuHHI OyTH OJHAKOBHUMH, SIKIIIO OJHA 3 I[UX
MaTpUL[b HE € UUCIIOM.

bitset (M1,M2,M3) — GbyHKIIisi BCTAaHOB/IFOE€ OJIMHUUHE a00 HY/IbOBE 3HAU€HHS Y
BifroBigHOMY OiTi uncia, TpU 1IbOMYy 3MiHIOBAaHOMY YMC/y BiATOBifae enemMeHT
MaTtpuiii M1, Ha TIOpsIIKOBUI HOMep 3MiHIOBaHOTO OiTa BKa3ye ejieMeHT MaTpulli M2, a
MaTpuis M3 TOBWHHA CK/IAZaTHCS TibKA 3 HYJIiB a00 OAWHMIG, Ta Ii BiAMOBigHUI
eJIeMeHT BU3Hava€ 3HaueHHs 3MiHIOBaHOTO 6ita. Po3mipHicTe matpuis M1, M2 ta M3
TOBUHHA OYTH OTHAKOBOIO, SIKIT0 OYy/b-sIKa 3 HUX HE € UHCJIOM.

bitget(M1,M2)— ¢yHKLisg 3unTye 3HauUeHHs OiTa uMcia, y [bOMY pasi umuciy, sike
YNTAEThCS, BiAMOBigae enemeHT Matpuili M1, a mopszakoBuii HoMmep 0Oita, yka3sye
ejieMeHT Matpuili M2. Po3mipu Matpuiib M1 Ta M2 moBuHHa OyTH O/JHAKOBOIO, SIKITIO
OZiHa 3 LJUX

MaTpULb HE € YUCIIOM.

bitshift (M1,M2) — dyHKIIisl Toe/IleMeHTHO BUKOHYE JIOTiUHUI 3CYB TpaBopy4 abo
JIIBOpYY BCiX ejleMeHTiB MaTpuui M1, npu 0[bOMYy KiJbKICTb MO3ULiM 3CyBY
BU3HAUA€E€TbCA BIJTNOBIAHMMM ejieMeHTaMu matpulli M2. Ha BigMiHy Bij morepeaHix
byHKIiM 1106iTOBOrO0 00poOIeHHS JaHUX, e/leMeHTaMHd MaTpulli M2 MOXyTb OyTu SIK
JlofatHi, Tak 1 Big’eMHl uucna. [Ipy gomaTHUX 3HAueHHSX ejieMeHTy MaTpuli M2
3MIMCHIOETBCSL JIOTIYHUM 3CyB JIIBOPYY, a MOpPU BiJ’€MHUX — mpaBopyu. Po3mipu
MaTpULIb MOBUHHI OyTU OZJHAKOBUMH, SIKITIO OZIHA 3 MaTPHIIb He € YhCIoM. SIK Bizomo 3
OCHOB [BiMKOBOi apu(MeTUKH, 3CyB Ha N TIO3ULIii JiBOPYyY BiJTOBiZIa€ MHOXKEHHIO
YKC/Ia Ha 2n, a 3CyB MPaBOPyY — HMOro AiJIeHHI0 Ha 2n,ab0 MHOKeHHI0 Ha 2—n[7, 10].

bitxor (M1,M2) — ¢dyHKList ToeJieMeHTHO BUKOHYE M00iTOBe «BUK/IFOUHOTO ABO»
IJis BCiX eyileMeHTiB MaTpuilb Mlta M2, po3mipu SIKUX TMOBUHHI OyTU OJHAKOBUMH,
SIKIL[O OZJHA 3MAaTPHLIb HE € YHCJIOM.

SIK1110 TIpOrpaMicT He BIeBHEHUH, 1110 orepaH iy GyHKLil mobiToBoro 06pobieHHs
€ LiIMMM YMC/IaMW, DPEKOMEHJYETbCSl BUKOPUCTOBYBaTHM iX pa3oM 3 (PyHKLisIMU
OKpYIJIeHHS.

HaBejeMo npuK/iai BUKOPHUCTAaHHS MTO0ITOBUX [iti 06pobsieHHsT \qaHuX.

IMpuknag >> A=[1,2;3,4]

A=

1 2

3 4

>> B=[1,7;3,8]
B=

1 7

3 8

>> C=bitand(A,B)
C=

1 2

3 0]

>> D=bitor(A,B)
D=

1 7

3 12
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>> E=bitcmp(A,5)
E=

30 29

28 27

>> U=bitcmp(C,5)
U=

116

117

30 29

28 31

>> G=bitset(C,4)
G=

9 10

11 8

>> F=[1,0;0,1]

1 0]

0 1

>> H=[2,3;4,5]

2 3

4 5

>> I=pitset(C,H,F)
3 2

3 16

>> J=bitget(D,H)
0 1

0 0

>> K=bitshift(E,H)
120 232

448 992

>> L=bitshift(E, ?H)
L=

7 3

1 0]

>> M=bitxor(H,L)
5 0]

5 5
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Jlii 3 MHO)KMHaMH

MHOXWHa— 1€ OJHe 3 TIIepBUHHUX T[IOHATb MaTeMaTUKH, sKe BU3HAYae€
HeYTIOpsIIKOBaHy CYKYIHICTb 00’€kTiB Oyab- skoi ¢isuuyHoi mnpupoau. [ii 3
MHOXXMHAaMM Yy CydyaCHii MareMaTulli CTaiu KJaCMYHUMH Ta e(eKTUBHO
BUKOPHCTOBYIOTBLCS [I71s1 00pOOIeHHS

HEeyNopsiAKOBaHUX CTPYKTYp. Y cucteMi MatLab zii 3 MHO)XMHaMU BUKOHYHOTBHCS
yepe3 HaBeJleHi HIvKue PyHKIIii 00pobsieHHsI BEKTOPIiB Ta MaTpHIIb.

intersect (V1,V2) — ¢dyHkiisgs o6unc/itoe BeKTOp, KUK Ma€ CITUIbHI e/leMeHTH
BekTOpiB V1 Ta V2, ymnopsjakoBaHi 3a 3pocTaHHsM. Ll QyHKIis BignoBizae
MaTeMaTHuHili [ii TlepeTMHy [ABOX MHOXHWH. Hepmosik po6otu wiei ¢GyHKOil y
HaBeJleHOMY (opMari moJisirae B TOMy, L0 BOHa He Hajae iH(opMaLii mpo HOmMepH
CHi/IbHUX e/IEMEeHTIB, TOMY iCHYE I1e OJJUH CITOCiO BUKOPHUCTAHHS 1Ti€i QyHKITii:

[R1,R2,R3]=intersect (V1,V2)
BeKTOp R1 micTuTh CriijibHi esieMeHTH BeKTOpiB V1 Ta V2, BekTop R2 BH3Hauae ix
TOpsAKOBI HOMepHu y BeKTopl V1, a R3 — mopsakoBi Homepu y V2.

intersect (M1,M2, ‘rows’) — &yHKIliS OOUMC/IIOE MaTPHIIO, KA Ma€ CIIiIbHI
PAZIKY TOPiBHIOBaHMUX Matpullb M1, M2, y 1iboMy pa3i BOHM TOBHWHHI MaTu OJHAKOBY
KI/IbKICTb CTOBITUHMKIB.

ismember (V1,V2) — pe3ysbraToM po60TH (YHKLii € BEKTOp, pO3Mip $KOTO
30iraeTbcst 3 po3mipoMm BekTopa V1. EjleMeHT BeKTOpa pe3y/bTaTa AOPiBHIOE 1, SIKIIO
BiJMOBiAHMI e/leMeHT BeKTopa V1 BXOJUThb O MHOXKUHH, SIKa BU3HAYAETHCS BEKTOPOM
V2, B iH. oMy pas3i 1ei esieMeHT AopiBHIOE 0.

ismember (M1,M2, ‘rows’) — pe3ynbTaTtoM pob0TH (GYHKIIii € BEKTOp, KiJIbKiCTh
e/IeMeHTIB SIKOr'0 BIJIOBI/la€ KIJIBKOCTI CTOBIMYMKIB Yy MaTpuusx M1 ta M2, nipu Libomy
MaTpUL]i IOBUHHI MaTU OJHAKOBY KI/IbKICTb CTOBITYMKIB. EjleMeHT BeKTOpa JOpiBHIOE 1,
AK?

1[0 BiAMOBiAHWMK psAAOK MaTpuli M1 € psagkom M2, B iHIIOMYy pa3i ejieMeHT
BeKTOpa pe3yJibTaTa JOopiBHIOE 0.

setdif (V1,V2) — pe3ynbTatroMm poboTv (YHKILii € BeKTOp, SKHUM MiCTUThb YyCi
efleMeHTH BeKTopa V1, siKi He € ejleMeHTaMu BeKTopa V2. Y maTeMaTulli Taky [it0
Ha3WBalOTh Pi3HULIEIO [BOX MHOKMH. EJleMeHTH BeKTopa pe3y/bTaTy COPTYHOThCS Y OiK
30i/IbI1IeHHSI.

®yukiiis setdif (V1,V2) BUKOPUCTOBYETLCSA TaKOXK y (popMari:

[R1,R2]= setdif (V1,V2)

Y HaBegeHOMY BHpa3i BeKTOp R1Mae eslemeHT BekTOpa V1, sKi He € ejleMeHTaMU
V2, aBekTop R2BH3Hauae X NOpAAKOBUK HOMEP.
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setdif (M1,M2, ‘rows’) — pe3y/nbTaToM pob0OTH (PYHKLIiI € MaTpuLis, IIJ0 MiCTUTb
yci pagku M1, ki He € psgkamMu M2, nipy ubomy matpuli M1ta M2 1oBuUHHI MaTtu
OJHAKOBY KUIBbKICTb CTOBITYMKIB.

setxor (V1,V2) — pesynbratoM poboTu (yHKIii € BEKTOp, SIKWH MiCTUTh yCi
esieMeHTH BeKTOpiB V1 Ta V2, sKi He € /151 HUX CribHUMU. ToOTO, BEKTOP pe3y/bTary
Ma€ Ti efleMeHTH, siKi He € MepeTHHOM [BOX MHOXKHH. Pe3ysbTaT copTyeTbcs y Oik
30i/IbIIIeHHSI.

Oyukiiis setdif (V1,V2) BUKOPUCTOBYETHCS TaKOXK y (popMari:

[R1,R2,R3]= setxor (V1,V2)

Y HaBegieHOMy Brpasi BeKTOp R1 MICTUTH ycCi HecI/IbHI ejieMeHTH BeKTOpiB V1 Ta
V2, Bektop R2 Bu3Hauae ix mopsigkoBuii HOMmep y BekTtopi V1, a BekTtop R3 —
TIOPSIIKOBHUI HOMED y BeKTOpi V2.

setxor (M1,M2, ‘rows’) — pe3y/nbTaToM PoOOTH (PYHKIIil € MaTPHIIs, 1110 MiCTHTh
yCi psaaku matpullb M1 ta M2, $Ki He € [/i1 HUX CIJIbHUMHU, TIPA LbOMY MaTtpuLi M1
Ta M2 NoBYHHI MaTU O/iHA KOBY KIJIbKICTb CTOBITUYUKIB.

union (V1,V2) — pe3synbraToM poboTu (yHKIi € BEKTOp, SKMUM MiCTUTH YCi
esleMeHTH BeKTOpiB V1 Ta V2, ane 6Ge3 moBTopeHb. EeMeHTH BeKTOpa pe3y/bTaTy
COPTYIOTbCA Y OiK 30i/bIlIeHHs]. Y MaTeMaTHI[i TakKy /0 Ha3WBalOTh 00’ €JHAHHIM JBOX
MHO>KVH.

®yHkis union (V1,V2) BUKOPUCTOBYETHCS TaKOXK y (popmari:

[R1,R2,R3]= union (V1,V2)

Y HaBefleHOMY BHpa3i BeKTOp RIMicTuTh yci enemeHTH BekTOpiB V1 Ta V26e3
NOBTOPeHb, R2BU3Hauae ix nopsigkoBunt HOMmep y BekTtopi V1, a R3 — nopsgkoBun
HOMep y BeKTopi V2.

union (M1, M2, ‘rows’) — pe3yabTaToM po00TH (YHKIIiI € MaTpPHLI, 110 MiCTHTh
yci psaku Matpuilb M1 Ta M2 6e3 MOBTOpeHb, y 1bOMY pa3i mMatpuili M1 ta M2
IIOBMHHI MaTH OZJHAKOBY KI/IbKiCTb CTOBITUMKIB;

unique (V1) — pe3yabTaTtoM poOoTH GYHKI[ii € BEKTOp, KW Ma€ eleMeHTH
BekTOpa V1 6e3 MOBTOPEHB;

unique (M1, ‘rows’) — pe3y/sbTaToM POOOTH (PYHKI[ii € MaTPUIIs, 1[0 Ma€ PSTKU
Matpuiii M1 6e3 roBTOpeHb.

HaBezemMo TIpUK/IaJ, BUKOPUCTAHHS [iili 3 MHOYKWHAMU /1Jii 00po0/ieHHs CTPYKTYD
YKC/IOBUX JAHUX.
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>> v1=[2,3,4,5,6,7];
>> Vv2=[3,4,6,7,8,1];
>> jintersect(Vi1,V2)

ans =

3 4 6 7

>> [A,B,C]=intersect(V1,V2)
3 4 6 7

2 3 5 6

1 2 3 4

>> jintersect(M1,V2, ‘rows’)

??? Error using ==> intersect

A and B must have the same number of columns.
>> intersect(M1,M2, "rows’)

ans=

4 3 5

5 6 7

>> jsmember (A,V1)

ans=

1 1 1 1

>> jsmember (M1,M2, "rows’)
ans=

0

1

1

>> ismember (A,C)

ans=

1 1 0 0

>> setdiff(A,C)

ans=

6 7

>> [D,E]=setdiff(A,C)

6 7

3 4

>> setdiff(M1,M2, "rows’)
ans=

2 3 4

>> setdiff(M2,M1, "rows’)
ans=

3 5 4

>> setxor (A,B)
ans=



2 4 5 7
>> [F,G]=setxor (A,B)

2 4 5 7
2 4

>> setxor (M1,M2, 'rows’)
ans=

2 3 4

3 5 4

>> union (V1,V2)

ans=

1 2 3 4 5 6
>> [H,K]=union (A,B)

2 3 4 5 6 7
2 4

>> union (M1,M2, "rows’)
ans=

2 3 4

3 5 4

4 3 5

5 6 7

>> unique (V1)

ans=

2 3 4 5 6 7

>> V3=[2,5,6,2,6,4,5,2]
V3=

2 5 6 2 6 4
>> unique (V3)

ans=

2 4 5 6

>> M3=[V1;V2;V1]

M3=

2 3 4 5 6 7
3 4 6 7 8 1
2 3 4 5 6 7
>> unique (M3)

ans=

OO0k, WNE
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7

8

>> unique (M3, ‘rows’)

ans=

2 3 4 5 6 7
3 4 6 7 8 1
>>

EnemeHTapHi MaTreMaTuuHi GyHKILii /151 po0OTH 3 YHC/IOBUMH JAHUMH
TpuroHoMeTpuuHi PyHKILii

Y po3gini onucaHi enemeHTapHi MareMaTtuuHi QyHKIii cuctemu MatlLab, 30kpeMa
TPUTOHOMETPUYHi, 3BOPOTHI TPUTOHOMETPUUHi, rirnepbosiiuHi, 3BOpOTHI TinmepOoJtiuHi,
MOKa3HUKOBI, EeKCIIOHEeHL|ia/bHi, JIorapu(MiuHi Ta LIJIOYUCe/bHI (YHKLII, HaBe/eHi
TIPUKJIaJAIX BUKOPUCTAHHS.

Y cucremi MatLab € Habip craHAZapTHUX TPUTOHOMETPUYHUX GYHKLIN, Ki
MOXXYTb OyTW BUKOPUCTaHiI y MaTeMaTHYHUX BHWpa3aX. [lepeBa)kHa Oi/fblilicTh i3 HUX
BOy/JOBaHi y PO CUCTeMU i He MOXKYThb 3MiHIOBAaTUCh. CIHCOK TPUTOHOMETPUYHUX
GYHKIIIM CCTeMU MOYKHa TIepersiiHyTH uepe3 KoMmaHay help elfun:

sin(x) — dyHKIIisl CUHYCa;

cos(x) — dyHKIIisl KOCUHYCa;

tan(x) — ¢yHKILIisl TaHT'eHCa;

sec(x) — (yHKI]is ceKaHca,

cot(x) — ¢yHKIis KOTaHr'eHCa,

[Tpukiagy 0OUrCIeHHs] TPUTOHOMETPUUHUX (PYHKITiM:
» format short

» X=pl

X=

3.1416

1

csc(x) — ¢yHKU1A KOCeKaHca,
1

csc( );

sin( )

X

X

» y=sin(Xx)
y:
1.2246e7016
» Yy=C0S(X)
y:
-1
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» y=tan(x)

y:
-1.2246e7016
» y=cot(x)
y:

-8.1656e+015
» y=sec(X)
y:

-1

» y=csc(X)
y:
8.1656e+015

»
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3BOpPOTHI TPUTOHOMETPUYHI (PYyHKIYiI

Y cucremi MatLab icHye Habip 3BOpPOTHMX TPUTOHOMETPUYHMX (DYHKLIM, 110
BUKODHCTOBYIOTBCS y MaTeMaTHI[i Ta y MaTeMaTUUHHX BHpa3ax MpPU HalMCaHHi
nporpam. Tpeba mam’siTaTH TIPO Te,IT0 MPX 00UKC/IeHHI 3BOPOTHUX TPUTOHOMETPHUUHMUX
byHKIiH y cuctemi MatlLab pe3ynbTaToM MOXKyThb OyTH He TibKM filicHi, anme U
KOMII/IEKCHI UMCIIa.

asin(x)— ¢yHkuisg apkcuHyca.O0unCTIOETbCA KYyT y pafiiaHax, SIKHM JIEXKUTb Y
Jliara3oHi

acos(x) — GyHKI[is apKKocuHyca. OOUUCTIOETHCS KYT Y pafiiaHax, AKUM JIeXKUTh Y
miana3odi [0; m];

atan2(X,y) — YOTHUPUKBaZpaTHUM TaHTreHC. DYHKI[isT 0OUHCTIOE KYT, IKUN JIEXKUTD
yaiaria3oHi [—m; 1] M Biccto abcifuc i Kparnkoro (X, y);

atan(x) — (yHKLisl apKTaHI'eHCa;

asec(x) — (PyHKIis apKCeKaHCa;

acsc(x) — (PyHKIIist apKKOCEeKaHCa;

acot(x) — (yHKIIis apKKOTaHTeHca.

[Mpukiagu o6urcieHHs 3BOPOTHUX TPUTOHOMETPUYHUX (DYHKITiM.

[Tpuknazn

» X=1

X=

1

» y=asin(x)

y:

1.5708

» y=acos(Xx)

y:

0

» y=atan(x)

y:

0.7854

» y=asec(Xx)

y:

0

» y=acsc(Xx)

y:

1.5708

» y=acot(x)

y:

0.7854

» y=atan2(2,3)

y:

0.5880

» X=10

X=
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» y=asin(x)

y:

1.5708 + 2.9932i
»y=acos(X)

y:

0 ? 2.99321

»
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I'inep06oJtiuni Ta 3B0pOTHI rinepoo.tiuni GpyHKLIii

Y cuctremi MatLab € Habip rinep6osiiyHMX Ta 3BOPOTHHUX TinepboaiuHuX (HyHKI[iH.
Pe3synbraTom oOuuncieHHs X GYHKIIH MOXyTb OyTW He TifbKi [ilicHi, anme U
KOMIL/IEKCHI YuCIIa.

sinh(x) — dyHKIig rimepboiyHoro cuHyca,

asinh(x) — 3BopoTHili rinepboniunuii cuHyc, abo apea-cUHYC.

Ha3Ba apea moB’s3aHa 3 TuM, I[0 L GYHKIiS BU3HAua€ ILIOIIY CEKTOpa,
00OMe)KeHOro /BOMa ITPOMEHSIMH, II[0 BUXOJSATH i3 IMOYATKy KOOPAMHAT, i Bifjpi3koMm
rimepbomm x2— y2=1 (

Axmo y = Arsh(x), To x = sh(y);

acosh(x) — 3BopoTHi#i rirnepbosiuHuii KOCMHYC, ab0 apea-KOCHHYC.

Axuio y = Arch(x), To x = ch(y), To,x > 1.

tanh(x) — dyHk1isa rinepboniyHoro TanreHca tanh (x) =

atanh(x) — 3BOpOTHMUI rinepOo/iyHU TaHTeHC, abo apeaTaHTeHC.|x| < 1;

sech(x) — dyHKI1isg rinmep6osivHOroO cexaHca

cosh(x)— dyHkiiis rinmepbosiuHoro Kocunyca, ch( )

asech(x) — apeacekaHc, abo rinep06oiuHMif apKCEeKaHC;

csh(x)— ¢dyHKIIis Tinep6o/iuHOTO KOCceKaHca

acsch(x) — dyHKIIist 3BOPOTHOTO Tinepb0o/iuHOro KoCeKaHca;

coth(x) — ¢yHkiiist rimepboiuHOro KoTaHreHca ctg(x) =

acoth(x) — 3BopoTHHUI rirnepOo/iYHKI KOTAHTeHC, apeakoTaHreHC 00J1acTio
BH3HaueHHs apryMeHTy QyHKLii y=acoth(x)e |x| > 1.

[Mpuknaay o6urcieHHs TirnepOosiyHMX Ta 3BOPOTHUX TinepOomiuHUX (YHKLIiMN.

IIpuknapg,

» X=0.5

X=

0.5000

» y=sinh(x)

y:

0.5211

» y=cosh(x)

y:

1.1276

» y=asinh(x)

y:

0.4812

» y=acosh(x)

y= _

0 + 1.04721

» y=tanh(x)

y:

0.4621

» y=atanh(x)

y:
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0.5493

»
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. EkcioHeH1lianibHA, cTeneHeBa Ta jiorapugmMiuHa pyHKiii

Y cucremi MatlLab icHYIOTH pO3MOBCIO/KEHI eKCIlOHeHIlia/lbHa,CTyreHeBa Ta
norapudmiuHa byHKIii. Pe3ysbTaToM o0unc/ieHHs jorapudMiuHoi (GYHKIT MOXKYThb
OyTH He TiNBKi [ilCcHi, a/e ¥ KOMILUIEKCHI UMC/Ia, 1[0 CYTTEBO BIJIMBA€E Ha 00/1acThb
BU3HAuUeHHsI Jiorapu@MiuHol (yHKIIil Ta /la€ 3MOTy BUKOPHMCTOBYBATH Biji’€MHi uMcCiia
AK ii aprymeHTH. SIKIIO KOpHCTyBau Oakae 0OUMC/IIOBATH JIOTapUMHU TiTbKA Bif
JONATHUX UWCe/l i OTpUMYBaTHM [iMCHI 4uCaa SIK pe3yJbTaT, MOXKHa IepeBipATH
obuncsieHi faHi 3a Aomomoror (YHKIiI oOpoOsieHHsST KOMITJIEKCHUX uucen isreal.
Oxpemol (yHKLII A5 MiJHeCeHHsI y CTYIMiHb HEMa€, OCKUIbKY L5l orepariisi BijHeceHa
[0 eJlieMeHTapHUX, 1 [i/1s1 Hel € BiJMOBiiHWM orepaTop /. 3aMiCTh onepaTropa HiJjHeCeHHs
y CTymiHb MOXXHa BUKODUCTOBYBaTH (YHKLIiF0 power, aje 37ebisblioro Imij dvac
(¢bopMyBaHHS MaTeMaTMYHMX BHpa3iB 3py4YHillle 3aCcTOCOBYBaTH oOrepaTopu. Auie
(dyHKIIisSl KBa/IpaTHOTO KOPEHs Bij, UMC/a, sKa HaluvacTillle BUKOPUCTOBYEThCS Mifl Yac
TIpOBe/ieHHsT 00UKC/ieHb, iICHYE OKPeMO.

exp(x) — (yHKI]is eKCIIOHeHTH;

log(x) — (yHK1ist HaTypa/bHOrO JiorapudmMa;

log10(x) — mecsiTKoBMiA lorapudwM;

sqrt(x) — dyHKIIisI 00UMC/IeHHs KBaZpaTHOT'O KOPEHS;

nextpow2(x) — TIOKa3HUK CTYIIeHs uYuciaa 2, sKWM BiJIoBifae HalOmmKuoMy
iziomy umciy, Ginbiiomy 3a X. Lo ¢yHKLif0, pa3oM 3 (QYHKLi€HO LiOYMCeTHHOTO
[i/IeHHs, Ay’Ke 4aCTO BUKOPHMCTOBYIOTb B €JIeKTPOHIL{l TIPU MO/ e/I0BaHHI aHa/oroBoO-
L[M()pOBUX MePeTBOPIOBAUIB.

[Mpuknagu o6uMcCaeHHs eKCMOHeHL[ialbHUX, CTYyIMeHeBUX Ta Jorapu@MiuHux
dyHKIIIN.

IIpuknap,

» format short

» X=73:1:3;

» log(x)

wWarning: Log of zero.

ans=

Columns 1 through 4

1.0986 + 3.14161i 0.6931 + 3.14161i 0 + 3.14161i ?Inf

Columns 5 through 7

0] 0.6931 1.0986

» sqgrt(log(x))

168

169

Warning: Log of zero.

ans=

Columns 1 through 4

1.4877+1.05581 1.3983+1.12341 1.2533+1.25331 0+ Inf 1

Columns 5 through 7

0] 0.8326 1.0481

» sqrt(log(x)+exp(x))

wWarning: Log of zero.
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ans=
Columns 1 through 4

1.4989+1.04801 1.4278+1.10011 1.3287+1.1822i O+Inf i
Columns 5 through 7

1.6487 2.8429 4.6026

» nextpow2 (100)

ans=

7

»
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@DyHKIIii OKPYI/IeHHA Ta 004YMC/IeHHsI 1[I0l YaCTHUHU YMCIa

Y cucremi MatLab BukoHaHi ¢yHKI[ii 00poOseHHS uMCesl, OKpYIJIeHHS Ta
00OumC/IeHHs Li/Ioro YMca.

abs(x) — mMoay/b uMcna X;

fix(x) — oKpyr/IeHHs 0 HalOiIBIIOro 11i/Ioro y 6iK HYJIS;

floor(x) — OKpyT/IeHHs 10 HalMEHIIIOro 1i/ioro y 6ik HeraTBHOI HeCKiHUeHHOCTi;

ceil(x) — oKpyr/ieHHs [0 HaliMEeHIIIOTo I[i/Ioro y OiK MO3UTHBHOI HECKiHUeHHOCTI;

round(X) — OKpyT/IeHHs uhcia X y 6iK HabIMKUoro I1i/1oro.

['padiuni QyHKUiT Limnx yncen MatLab 151 pisHUX 3HaueHb apryMeHTy X

mod(X,y)— 00uKC/IeHHs 3a/UILIKY [[i/IeHHs] UMC/ia XHa YUCIO0 ;

rem (X,y) — OOUMC/IeHHS 3a/IUIIKY [JiJIeHHs] YMC/Ia X Ha YMCJI0 Y 3a (hOpMYJIO X —
y.*fix(x./y). @yHKuigs rem (X,y) Biapi3HsieTbcsi Big mod (X,y) TUM, II[0 3aMiCThb
floor(x./y) BukopucToByeThcst GhyHKIis fix(X./y);

sign(x) — oOumc/IeHHs 3HaKOBOI (DYHKITIT sign (x):

@aiim, y SKUX peasti3oBaHi MareMaTWuHi (yHKIiI, 30epiratoTbCsi B JUPEKTOPIi:
/MatLab/Toolbox/MatLab/elfun. Jomomory miofo 1ux ¢GyHKLiKM MOXHa OTpUMaTH
yepe3 komaHau help elfuna 6ohelp im’st pyHKIIii.

[Tpuknap

» format short

» X=3.4, y=-3.8,;

» abs (x*y)

ans=

12.9200

» Fix (X)

ans=

3

» fix (y)

ans=

-3

» floor (x)

ans=

3

» floor (y)

ans=

?4

» ceil (X)

ans=

4

» ceil (y)

ans=

?3

» round (x)

ans=

3

» round (y)

ans=
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170

kx2k + 1
nxin + 1

-1

0

1

floor(x2)
round(x2)
fix(x1)
floor(x1)
round(x1)
fix(x2)
ceil(x2)
ceil(x1)
171

?4

» mod (Xx,y)
ans=
?70.4000

» rem (Xx,Y)
ans=

3.4000

» mod (3,4)
ans=

3

» rem (3,4)
ans=

3

» mod (10,2)
ans=

0

» rem (10,2)
ans=

0]

I'padiuni pyskuii cucremun MatLab Ta 0co0mBoCTI iX BUKOPpUCTaHHS

Y po3aini onvcani rpadiuni ¢yHKIil cucteMu MatLab, ypaxoByroun JABOBHMipHY
Ta TPUBUMIpPHY MOOYZOBY TIOBepXOHb Ta KOHTYPHUX JiHiM. HaBefeHi mnpukiagu
BUKOpHCTaHHs rpadiunnx ¢yHKiiii MatLab a5 mojjaHHs HayKoBOI Ta /1i/10BOT rpadikiu.

OcHoBHI (yHKILii ABOBUMipHOI rpadiku
IToOyoBa rpadikiB yepe3 iHTepHo/IALiil0 AMCKPETHUXBIJIIKIB BiJjpi3kamMu
NPAMMX JIiHIA
[TobyznoBa rpadika ¢yskijii y=f(x) y mekapToBiii cuctemi KoopauHaT y MatLab
3[IiIMICHIOETBCS y>Ke ierKo. [ljisi BUKOHaHHS 1€l il BUKOPUCTOBYETbCS KOMaH/zia plot,
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sKa Ma€ KiJibka pisHOBUZiB. HakmpocTiiiia 3 HUX — 1je KOMaH/ja i3 IBoMa rapaMmeTpamu
plot(x,y), Aie X i y — BekTopa ab0 MaTpuili 0lHAKOBOTO0 po3Mi py. SKIO X i y —
BEeKTOpa, TO OyayeTbcs oAuH rpadik, y sKOMYy 3HaueHHs Tiepiioi 3MiHHOI X
BiJIK/Ia[IatoThCs T10 OCi abcCIuc, a Apyroi 3MiHHOI y — T10 OCi opJuHaT. SIKIIo X Ta y —
MaTpHIii, TO OyAyeTbCSI CYKYNHICTh TpadikiB 3a JAHWUMH, 1[0 MiCTUTBCS Y CTOBMUMKAX
MaTpullb. OueBUHO, 110 sSiBHUYN ormc QyHKLii y=f(x) He € 000B’s13k0BUM. JloCTaTHBHO
33/laTy []Ba BEKTOPU — 3HAueHsi apryMeHTy Ta 3HaueHHs1 PpyHKiii. Hanpuknaz, rpadiku
dyHKLUiN y=sin(x) i y=cos(x) Mo>kHa 1o0y/[yBaTH Ha OJIHi/ OCi KOOp/AWHAT, HAMMCABILN
TaKUM ()parMeHT Nporpamu:

»X=0:5;

»y=[sin(x);cos(x)];

»plot(x,y)

I'padik ckmazaerbcs 3i 3’€qHaHUX JIIHIMHUX BiJIPi3KiB, SIK YTBOPIOKOTH JIaMaHy
ninito. HaBeseHuii TipuK/azi HA0YHO T0Ka3ye moOymoBy rpadikiB y cuctemi MatLab.
Touky BiAJIiKy BiAMNOBIJalOTh I[iIJIOUMC/IOBAM 3HAueHHsSM, TOMY 3a JIiHIWHOI
iHTeprosiALlii He3HauHa Ki/lbKICTb TOUOK He Ja€ 3MOry Bigobpasutu (yHKIT Mix
Bigmikamu. SKio BU Oa)kaeTe OTpUMAaTH OiNbIll I'71afIKy KPUBY, HeOOXiHO BH3HAUWUTH
Oisbllle 3HAaUeHb apryMeHTa X. Pe3ynbTaT poOOTH Tporpamu, sika MiCTHTh KOMaHIU
BUBeJleHHsT rpadikiB, BifjoOpakyeThbcsi B OKpemMomy rpadiuHomMy BikHi. CKormitoBaTu
orpuMaHuii rpadik y Oydep obminy Windows MoxxHa uepe3 KomaHny MeHoOEdit —
Copy Figure.

[Tix uvac KomitoBaHHsA rpadika He OepyTh [0 yBaru cipuii ¢OH,Ha SKOMYy BiH
po3TainioBaHui. Taky OIMILlit0 KOMitOBaHHS MOJKHA 3aJaTH i3 cucteMHoro meHto File —
Preferences — Copying Options.

IHumii ¢opmat komanHzu plot (y), Je y — BeKTOp [iWCHUX uucen. Byne
nobyzaoBanuii rpadik dyHkiii y(i), ge i — HoMep enemMeHTa BeKTopa. [IpuKiaj Takoro
BUKOpHCTaHHs (PyHKLil plot

» Xx=1:10

X =

1 2 3 4 5 6 7 8 9 10

» y=sin(X)

y =

Columns 1 through 7

0.8415 0.9093 0.1411 ?0.7568 ?0.9589 70.2794
0.6570

Columns 8 through 10

0.9894 0.4121 ?70.5440

» plot(y)

»

SAKI0 y— BEKTOp KOMIUIEKCHUX uucesl, KoMmaHZa plot(y)BUKOHYETbCSA Tak:
plot(real(y), imag(y)). ¥ BcCixX iHIIMX BUMNajKax, KOJH IiJl YaC BUKOPUCTaHHS KOMaH/A
plot OyaytoTbesi Tpadikv y AiMCHIN TUIOL[MHI, ysiBHA YacTHMHA [aHUX irHOPYETHCS.
Po3risiHeMO TIpUK/IaJ, BUKOPUCTaHHA KoMaHau plot(y) mns mobyzoBu ¢irypu Jlicaxy,
AKi € pe3ynbTaTOM HaK/IaZlaHHS TapMOHIUHMX KOJIMBaHb, IO BifOyBalOThCs Yy
TOB3/I0B)KHbOMY Ta TIONEePeyHOMY HampsiIMKax Ha KpaTHUX yacToTaX. Taki KOJMBaHHS
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ONMUCYHOTh (hi3MUHi SBUIjA yTEOPETUYHiM e/leKTPOJWHAaMIl|i Ta eJIeKTPOTeXHilli, ToMYy
¢irypu JlicaxXy 4YacTO BUKOPMCTOBYIOTHCSI BEeJEKTPOHILIl MiJi Yac MOJeIH0BaHHS
KOJIUBA/IbHUX MPOLIeCiB /1 TTOJAAHHS OCTaTOYHUX pe3y/IbTaTiB.

[Ipuknan

»X=-2*p1:0.02*pi:2*pi;

»y=sin(2*x)+i*cos(3*x);

»plot(y)

,

0.8
0.8
0.4

0.2

1 08 06 04 02 0 02 04 06 08 1

[Hmmit croci6 mobyzoBu reomeTpuuHux Giryp y cucremi MatLab —iie
rnapamMeTpuuHe BU3HaueHHs1 (QyHKLIW AJi1 KOOpAWHAT X Ta y. TakKuM UMHOM MO’KHA
MO/ie/lFoBaTH TPa€eKTOPii uacTok y isuiii i MexaHini. Ko po3noain cun, 1o AitoTb Ha
TiJIO, SIKe PyXa€TbCsl, Ma€ CKIAaJiHUM XapakTep, i (YHKIIisl 3a/€>KHOCTI KOOpAUHAT y(X)
He Mo)ke OyTH BM3HaUeHa aHAJITUYHO, MO)KHA IMOOYyIyBaTH TPA€EKTOPil0 00’€KTy SIK
rapamMeTpUuHy KpHBY, BU3HaueHy (QyHKIismMu y(t) Ta x(t), Ae t — yac. ¥ 1pomy pasi
BUKOPHCTOBYETbCSI CTaHAApTHa rpadiuHa ¢dyHKuis plot(x, y), Ae X Ta y — BeKTOpU
OJIHAKOBOr'O PpO3Mipy. Y HAaCTYNMHOMY NpPUK/IaZl uyepe3 IapaMeTpUYHe BH3HAUeHHS
¢irypa Jlicaxxy mobyzoBaHa siKk rTapaMeTpUyHa KpHBa.

IIpuknapg,

» t=-2%pi:0.001*pi:2*pi;

» y=sin(3*t);

» X=sin(10*t);

» plot(x,y)

3miHa Bi1acTUBOCTel rpagdikiB uepe3 cucreMy MeHHO

s BCTaHOBJ/IEHHs Ta 3MiHM BJaCTUBOCTEM rpadikiB MO)KHa BHUKOPHUCTOBYBAaTH
MEeHIO oOrpaiffoBaHHs 00’€KTiB i3 BiAMOBifHUMU iKOHKaMU. PsAJ0OK iKOHOK
po3TaiioBaHui Haj, rpacdikom. Haliuacriille AOBOAWTHCS BUKOPUCTOBYBAaTU iKOHKHU
30i/IbIlIeHHS Ta 3MeHIlIeHHsI MacIiTady rojaHHs rpadika.

Po3ryisiHeMO TIpUK/aZ, SIK 3a [JOTIOMOTO0 MacinTabyBaHHSI MOXKHA —aHasi3yBaTH
rpadiky, 110 OMUCYIOTh CKIaAHi KonuBaHHs. HaBemenuid rpadik QyHkuii y(t) = (sin
(wW2t) + a) x x sin(wlt) g a > 1, w2<< wl. [TozibHi rapmMoHiiiHi QYHKIiI ITMPOKO
BUKOPUCTOBYIOTBCSI B €JIGKTPOHIL|i, 30KpeMa, y Teopil CUrHajiB OCKUIBKM 3a IX
ZIOTIOMOTOI0  OTUCYEThCS TIPOIeC aMIUIiTyAHOI Moayssii. IIpobiema mepersisagy Ta
aHami3y rpaikiB Takux (QYHKLIM TO/SiTa€ B TOMY, 10 Mpu wW2<< wI1HEeMOX/IUBO
OZJHOYACHO CIIOCTepiraTi Ha MOHITOPI BUCOKOUYACTOTHI Ta HU3bKOUACTOTHI KOJIMBAHHS.
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3miHa Macitaby nofaHHs rpadika fjae Taky MOX/IUBicTh. HaBeieMo rmporpamy MOBOHO
MatLab gns aHanizy i€l GyHKIIil:

[Ipuksnazn

» wl=1000, w2=10,

» £=0:0.0001:2;

» y=(sin(w2*t)+1.5).*sin(wl*t);
plot (t,y)

Pe3ynpTaT poOOTM TIporpamMu [yid  3aflaHMX 3HAueHb YacToT wl, w2, y
BH3HAUEHOMY Jiara3oHi yacy, BiJjliku sSIKOTO orrcye BekTop t. Ha obpaHoMy Bifpi3Ky
yacy t € [0; 2] MOoXKHa criocTepiraT¥ HW3bKOYACTOTHI KOJIMBaHHS 3 4acToTor w2= 10
'y, asile KO/MMBaHHSA BUCOKOI YaCTOTH 3/IMBAOTBLCA Y €4MHY TEMHY CMYTY 1 CriocTepiratu
iX HEMO>X/TMBO 3a YMOBH 30i/bIlleHHsI MaciluTaOy uepe3 BUOIp iKOHKM Ta BH//IEHHS
yacTUHU Trpadika A1 mepersisigy y 30ilbllleHOMY BWIJISII, MOKHA CITOCTepiraTH
BMCOKOYaCTOTHI KO/MBaHHS 3 yacToToro wl= 1000 I'ny

Cnig 3a3HaUUTH, IO /IS CTIOCTepiraHHsI KOJMBaHb BMCOKOI YacTOTH HeoOXifHO
obupatu Kpok yacy At < 0,1 / wl. 3a MeHILIOro KpoKy uepe3 Masy KiJIbKiCTb TOUOK
BiJI/TiIKy uaCy BMCOKOYACTOTHI CiHyCOi/janbHi KOJIMBAaHHS BifloOpa)KyrOThCA Ha Tpadiky
JIaMaHOIO JIIHIE€L0.

3a 3aMoBUyBaHHsAM KoMmaHzia MatLab plot BuBoauTh rpadikyd CHHIM KOJIbOPOM Ha
6iomy oHi, i3 TpoCTaBIeHNMMH 3HAUEHHSIMU Bi/JTiKiB IO OCSX KOOpAWHAT, ane 0e3
KOODAWHATHOI CiTKW, MiAMUCIB Tig ocsmu, Ta 6e3 Ha3Bu Tpadika. Y cucremi €
MO>XK/IUBICTh 3MIHUTU Takui crocib momaHHs rpadiunux mannx. OpauH 3i criocobiB
pefaryBaHHsi TpadikiB TMo/nsira€ y BUKOPWUCTAaHHI IKOHOK, $IKi pO3TalloBaHi Haj
rpadikom, Ta CUCTeMH MeHIO /s 3MiHM BiacTUBocTed 006’ekTiB. Hacamrepef
HeoOXifiHO BUOpaTH 006’€KT, BIACTUBOCTI SKOTO peAaryrThCs, 3a JOTIOMOTOI0 CTPLTKU
BU/lineHHs1 00’ekTiB «Enableplotediting. fIkiijo KoMaHjia pejilaryBaHHsI B/IaCTUBOCTEMN
nojiaeThcsi 6e3 BUiieHHs1 00’ €KTa, Ha eKpaHi 3’ABJSETHCS BiKHO 3 MOBiZIOM/IEHHSIM TIPO
TIOMUJIKY.

[Tig yac BuboOpy 00’eKTa [/1s1 peflaryBaHHS MOXKHa TTOMITHUTH BeCh rpadik, SKII0
HeobOXigHO 3MiHUTH Oyb?sKi eemeHTH rpadika abo oceii, abo migmumcaTu ioro. s
3MiHM BJIaCTMBOCTEH JTiHil, KO HapHcOBaHWM rpadik, HarpuKaaz, ii Kombopy abo
TOBIIWHHU, Tpeba BUAIIATH TiMbKYU I[f0 JIiHi0. Y pa3i BUiIEHHS BCHOTO rpadika BiKHO
Mae BUIJ/SA[. XapakTepHHMMU TYT € HEBEJMKI KBaJpaTMKU y KyTax Ta IOCepeauHi
rpacdika.

PefjaryBaHHs B/IaCTUBOCTEW 3ZiMCHIOETHCS 3a AOMOMOIOK BUIIJIMBAKOUYOr0 MEHHO
Tools. Omiiisi «Enable plot editing» mno3HaueHa, 1[0 CBiJUUTb MPO MOKIUBICTb
BUMpAaB/IeHHs rpadika.

[Tignuiiemo rpadik Ta MOro oci, a TakKOXX HakK/I3aJeMO Ha Toje rpadika
KOOpAWHaTHY CiTKy. [Ticis BuzineHHs1 rpadika 1ji /il BUKOHYIOTh uepe3 OMIijit0 MeHO
«Axis properties». Y pe3y/bTaTi 3’SIB/SIETbCA BIKHO /i1 3MiHM BIaCTUBOCTEW Oceu
rpadika «Edit Axis Properties.

Y BepxHbOMYy TeKCTOBOMY BikHi «Title» BKa3yeTbcs Ha3Ba rpadika, HKue, y
BikHax «Label» — migmmcm mig Biccto abcuumc X Ta Biccro opauHat Y. Y pSAKy
«Limits» po3TallloBaHi YOTUPU BiKHa, TpPU3HAuYeHi [/ BU3HAUYEHHS BEPXHbOI Ta
HWKHBOI rpaHulb. Lli rpaHulli BU3HAUalOTbCAd 3a 3aMOBUyBaHHSM, 1 BiANOBIAHI
Be/TMUMHU TIUIIYThCS Y TEKCTOBUX BiKHaX CipyUM KOJIbOpOM. SIKII[0O KOPHUCTYyBau Oakae

M
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3MIHUTA BHW3HAYeHI CHUCTEMOI0 BeJWMUMHU i TOKpallleHHs BUIVIsSAYy rpadika,
HeoOXiJTHO BCTaHOBUTH /i psifika «Limits» omigito «Manual». Y psaaky «Tick step»
BCTAHOBJIFOETHCSI KPOK /I PO3TAlllyBaHHS BiJJIIKIB 32 ocsiMM X Ta Y, SIKMA TaKOX
BU3HAUYAETbCH CUCTEMO0 aBTOMAaTUYHO I MOJKe 3MIHKOBAaTUCA Yyepe3 yCTaHOBJIeHHS OIILIil
«Manual». Y psagky «Scale» ycranoBmoeTbcsi miHiliHa («Liner») abo morapudmiuHa
(«Log») mkana BiaiikiB ajist oceit X Ta Y, a Takox 3BHUUaliHui («Normal»), 3BOpOTHUIM
(«Reverse») HarpsiMok oceii. Uepe3 psafjok «Grid» yCTaHOB/IIOETHCS KOOp/IMHATHA CiTKa
nst ocei X Ta Y.

Yci omniiii BCTaHOB/IEeHi TTPaBWIbLHO, ane HeoOXiHO OKpeMO BUCTAaBUTH KUPWINYHI
mpudTH Ha Tignvcax. [l BUKOHAHHS IIi€l Ail C/if BUALIATH TeKCTOBUM O/IOK, Ta,
HATUCHYBIIM TIPaBy KHOIIKY MHUIITi, BUK/TMKATH BUTI/IMBarOUe MeHIO pejlaryBaHHs 670Ky,
30Kpema TuIy mpudTa. I1pu 3BepHeHHi [0 HHOr0 BUHUKAE BiKHO.

Y BikHi BUCTaB/siHHSA TUry wipudta obupaemo Arial Unicode MS, kupunnuHmii
Habip cumBoniB Cyrillic. MoxkHa obpatu i mpudTu cradgapty Unicode, siKiio Taki
€ B cucreMi. CtaHgapt 0y/sio po3poOieHO AJiss BUKOPHUCTAHHS OJHOTO THITy CHMBOJIIB
s pi3HMX MOB 1 Temep Horo 3actocoByioTb B OC Windows. Ilicis 3miHu
B/IaCTUBOCTEM TeKCTOBUX O/10KiB rpadik Oy/ie MaTH TaKUil BUTTISI.

Ilns peparyBaHHS B/IaCTUBOCTeH JiHil HeoOXigHO BHALIATHA ii Ta BUKOHATH
KoMaHly MeHto Tools — Line Properties. Y pe3ynbTaTi 35 B/ISIETbCS BiKHO.

Y 11bOMy BiKHI MOXXHA 3MIHWUTH TOBLLUHY JIiHiI, 3aaHy Y ITyHKTax, II TUII Ta KOJIip.
Iyis mobymoBy rpadikiB BUKOPUCTOBYIOTh HACTYTIHI TUTTH JTiHiM:

* cyLisibHa niHis (dot);

* MyHKTUpHA niHis (dash);

* TOUKOBa JiHis (dot);

* IUTPUX ?ITyHKTUPHA JiHis (dash?dot);

* rpagik 6e3 niHii (none).

Ilns BU3HAueHHS KO/IbOPY HeoOXilHO HAaTUCHYTH KHOMKY Select Ta BigKpuTH
CTaHAapTHY nanitpy Windows.

Tun Mapkepa BH3HAUa€TbCSI y TOMY BUIAJAKY, KOJIM KUIBKICTH TOUYOK BiJIiKy
HeBe/MKa, Ta 3HaueHHS (DYHKIIii arpOKCUMYIOTBCST ab0 iHTepIIo/IO0ThCS, HANpUK/Iaz,
TiJ yac OrpaifOBaHHs JaHUX eKCIlepUMeHTy. Y pe3y/bTaTi OTpUMYyeMO rpadik, KU
MO>Ke OyTH BUKOPUCTaHUH IMi/l Yac oopM/IeHHsSI HAyKOBOI JOKyMeHTallji.

SIK1mo HeoOXifHO TIO3HAUMTH JIiHii Ha rpadiky Ta 3pobutu Oinsg HUX BiAMOBiAHI
TiAMUCH, MOXKHA BUKOPMCTOBYBATU IKOHKM [/ JOAABaHHSA JIiHII , JIiHII 31 CTPLIKOMO ,
abo TekcToBOTO (hparMeHTa

L1i ikoHKM cTaHAapTHi AJis 6i/bInocTi rpadiuanx pegakTopiB. I'padik i3 fogaHUMM
MO3HAaUeHHSIMH Ta MiANrucaMy Ha MOro MoJii

3MiHa B/IaCTUBOCTeN Ta rpynyBaHHs rpagdikiB yepe3 KOMaH/HI PAJKU

Bu3HaueHHs1 B/acTMBOCTel rpadika uepe3 CHUCTeMYy MEHIO 3Dy4yHe y BUMAAKy
OIHOPA30BOI'0 PO3B’si3aHHA HeCK/IaJHWUX 3ajauy. Ajie y pasi HalvcaHHA nporpam i3
BUBE/IEHHSIM TpadiuHuX pe3y/bTaTiB Ha eKpaH, i, 0co0/MBO, y pa3i MoJasbIIoro ix
BUKODMCTaHHS [JII MOJE/JbHUX eKCIIepUMeHTIB, TOCTiiHO 3MiHIOBaTU Tpadiku uepe3
cucTeMy MeHIO He3pyuHO. KpiMm Toro, y posryisiHytoMy ¢opmaTi kKomaHza plot He fae
3MOTH TIOEIHYBATU KijibKa TpadikiB Ha ofgHOMY Mo abo [eKinbKa mosei rpadikiB Ha
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OJTHOMY MaJ/ItOHKY, 1[0 4acTO MOTpibHO /51 odopmieHHs rpadiuHOl AOKyMeHTallii.
Po3rnsiHemo npocTuii npukiaj. SKiio BUKOHATH TTOCTiZIOBHICTb TAKUX KOMaH/I:

» t=0:0.0001*pi:2*pi;

» y=sin(t); z=cos(t);

» plot (t,y); plot (t,z);

OyayTb cTBOpeHi /Ba rpadiuHi BikHa, B OTHOMY 3 SIKUX BHBeleHHM rpadik crHyCa,
a y apyromy — rpadik KocuHyca. A TIpu MO/le/lbHUX eKCIIepUMeHTax 4acTo Tpeba
noegHyBaTy rpadiku o0urc/ieHnx (PyHKI[il Ha OHIM KOOPAWHATHIM TI/IOIHHI 3 METOIO
TOPiBHSIHHSA 1X BJIACTUBOCTEN Ta TOIIYKY ONTUMAaJLHOTO PO3B’s3aHHs. [ns1 oOymoBU
NBOX rpaikiB B O/IHIM cHCTeMi KOOp/JMHAaT BUKOPUCTOBYIOTh KoMaHay MatLab hold.
Bona mae fBa mapametpa i ¢opmar ii mocute mpoctui: holdon— yBikTH ypexum
BHBe/leHHs rpaQikiB Ha OHOMY IOJi;

hold off — BuiiTu 3 pe>xuMy BuBeieHHs rpadikiB Ha OJHOMYTIOJI.

[HIMi croci6 moeaHaHHs rpadikiB — 1@ BUKOPUCTaHHS Criellia/ibHOTO (hopmaTy
KoMaH U plot:

plot (BeKTOp 3MiHHOI, BeKTOp (PYHKIIis 1, BEKTOp 3MiHHO1, BeKTOp YHKIIif 2, ...)

3BepHiTh yBary, 1[0 TIPM BUKOPUCTaHHI Takoro ¢bopmaTy KOMaHAM BCi (yHKIIil
HeobOXiJHO 0OUMC/TIOBATH Bifj OJHOTO BeKTOpa 3MiHHOI. TakuM uMHOM, € ABa CIIocoOw,
3a /IONIOMOTOI0 SIKUX MOXXHa 3MiHWUTH HalWCaHy BUIlle MPOrpaMmy 3 MeTOH BUBeJeHHS
rpadikiB 1Box QyHKIili B 0AHOMY IpadiuHOMY BiKHi.

[Ipuknan:

» t=0:0.0001*pi:2*pi;

» y=sin(t); z=cos(t);

» hold on;
plot (t,y);
plot (t,z);

MM

[Tepimuii criocid6 3pyuyHO BUKOPHCTOBYBATH Y pasi IMOE€AHAHHS BEIMKOI KiJIbKOCTi
rpaikiB, OCKi/JIbKM BCi KOMaHAu plot MO)XHa MUCAaTA OKPEMUMH psAKaMu. $KIIO
KUJTbKiCTb TpaikiB HeBe/MKa, TO MOXKHa BUKOPUCTOBYBAaTU i Apyruii croci6.Ilicis
nobyzoBu rpadikiB A5 3MiHM BJIaCTUBOCTEH MOYKHAa BUKOPUCTATH TaKi KOMaH/IH:

grid on — yBiliTH y peXXuM BifjobpakeHHs CiTKM Ha rpadiky;

grid off— BuiiTy 3pexxumMy BizjoOpa>keHHs CiTKH Ha Tpadiky;

title(‘Tekct 3aronoBka rpadika’)— KoOMaHJa BUBOJUTb PSiJOK, HaBeJeHUM Y
naTikax, siK 3arojoBoK rpadika;

xlabel (‘Bicb X’) — KOMaHAa BUBOJWTL PSZIOK, HaBeJeHWW Yy Jiarkax, siK
3aroJI0OBOK OCi X;
ylabel (‘Bicb Y’) — KoOmaHJa BUBOJUTH PSNOK, HaBeJeHWW Yy JamnkKax, K

3arojI0BOK 0OCi y;
figure — komanza opmye HoBe rpacdiuHe BiKHO /17151 BUBeZieHHs rpagikis.
[Tporpama jss9 BUBe#eHHs rpadikiB CHHyca i KOCHHyca B OJHIM CHUCTeMi
KOOp/IMHAT Ma€ TaKWW BUTJISI]L:
[Ipuksnazn
» t=0:0.0001*pi:2*p1i,
» y=sin(t); z=cos(t);
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» hold on;

» plot (t,y); plot (t,z);

» grid on;

186

» t=0:0.0001*pi:2%pi;

» y=sin(t);

» z=cos(t);

» plot (t,y,t,z);

» title (‘IFpa¢ikm cuHyca i kKocuHyca');
» xlabel (‘Bicb 4acy’);

» ylabel (‘Ipa¢ikum ¢yHKuUiNn sin(t) Ta cos(t)’);

Crifi 3a3HaUMTH, 1110 32 3aMOBUYBaHHSIM (YHKIIil BUBe/leHHs TeKCTy title, xlabel Ta
ylabel He BUKOPUCTOBYIOTh KUPWINYHI IIPU(PTH, TOMY TOKH OyZeMO KOPHCTYBaTHCS
rpadiuaMMH 3acobamu 3MiHM TUITy 1IprdTa. OCKi/IbKM poOOoTa i3 CUCTEeMOI0 MeHIO Mae
HU3KYy HEe3pYUYHOCTeM IiJj yaC BUKOPUCTaHHSI Ha/laro/pKeHUX Mporpam il MOZJeIbHUX
eKCTIepUMeHTIB, Tepe/j0aueHa MOXJ/IMBICTh 3MiHM TUMy LIpudTa yepe3 KOMaHAHUMN
psifok. L0 [it0 BUKOHYIOTH 3a JOTIOMOTOI0 AeCKpUNTOpHOI rpadiku, i BoHa Oyxe
onMcaHa y HACTyIHOMY IMifpo3giai. Y LbOMYy pasi Ha ekpaHi [epiia Kpusa
Bi/JoOpa)Ky€eTbCSl CMHIM, a/ipyra — 3e/IeHUM KOJIbOPOM.

[Hmit edekTBHUH crioci6 rpymyBaHHs rpadikiB — e dyHkiiss MatLab subplot,
3a [I0NOMOr0K0 SIKOT MOKHA pO3TalllOBYBaTH Irpadiky Ha OAHOMY PUCYHKY AJisl Pi3HUX
TIJION[MH i3 OAHAKOBMMHU ab0 pi3HMMH OCsiMH KoopAWHAT. Take mogaHHsI rpadiuHuX
JlaHUX TaKO>X Ba’K/IMBe i Ulioro 3aCTOCOBYIOTH ITiJl UaC opopMJIeHHS] HAYKOBO-TeXHiUHO1
nokKymeHTatlii. @opmaTty KomaHau subplot:

subplot — cTBOpUTH HOBe BIiKHO /ijis BUBe/leHHs rpadiuHuX AaHuX. Y LbOMY pasi
HaJlaHi paHillle KoMaHu subplot irHOpylOTbCS i BiJJKpHUBA€TbCS OfHE TMOJe s
BUBeZIeHHs1 HacTyrmHoro rpadika. Komanza nybmoe figure 3a BUHATKOM TOrO, II0
OTpUMaHI paHilile faHi 3HUIYIOTbCA. BUKOPUCTOBYETHCSA PiJIKO;

subplot (m, n, p)— KomaHJja po30uBae IIONIMHY TpadiuHOTO BiKHA Ha M X N
TOJIiB /I/11 BUBeJieHHS rpaikiB, e m— KiJbKiCTh PSAJKiB, N — KiJIbKICTh rpadikiB B
OJJHOMY PSIIKY, p — HOoMep rpadika.

Hywmepaiiis rpadikiB 3AiMCHIOETBCS HACKPi3HO psiAKaMU PpO3T/IsTHEMO poboTy
TOCJTiIOBHOCTeM KoMaH/1 plot Ta subplot Ha npuknazi. Y 1jpomy pasi OyzeMo HaBOAUTH
BUT/ISL, TpadiuHOro BiKHa TIiC/id BUKOHaHHSA (parMeHTIiB TMporpamu, sKi #oro
3MIHIOIOTb.

» X=0:0.001%*pi:10;

» subplot(2,2,1);

PucyHOK po30MTO Ha YOTHPHW YaCTHHH, € [Ba BiKHa [ BUBeAeHHs rpadikiB
3BepXy Ta JBa 3HU3Y. AKTHBHE Iieplie BIKHO, pO3TalllOBaHe y JIIBOMY BEPXHbOMY KYTi.
[H111 BiKHA MOKU

He BU3HAueHi, MpoCTip, BifBegeHMi A/ HUX — MOpokHil. [Tobyayemo rpadik B
AKTUBHOMY BIKHI, BUKOHYHOUW HACTYITHI KOMaH/u:

IIpuknap,

» plot(x,sin(x));

» grid on;
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» xlabel(’'x");
» ylabel(‘sin(x)");
» title (‘Ipa¢ik ¢yHKUil y=sin(x)');

Ha pgpyromy rpadiky po3TailioBaHui TMOpsi[, i3 TepIiMM 3a TOpPU30HTAIIO,
nmobyayemo aBi KpuBi, rpadik cuHyca, Ta rpadik kKocuHyca. lle mMokHa 3poOuTH 3a
[IOTIOMOI' 00 TaKUX KOMaH/;:

I'padik 1 I'pagik 2
nosuIisg 1 X1 mo3uIfida 2 X 1
I'pagik 3 I'padik 4
mo3uIida 3 X 1 MO3HUIid 2 X 2

ITonsa rpadikis

I1ose pucyHka

[Tpuknap

» subplot(2,2,2);

» hold on;

» plot(x,sin(x));

» plot(x,cos(x));

» grid on;

» xlabel(’'x");

» ylabel(‘sin(x)?? cos(x)');

» title (‘Ipa¢ikm PyHKyinm y=sin(x) Ta y=cos(x)’);

[Ticsiss BUKOHaHHS KOMaH/1 rpadiuHe BIKHO Ma€ BUIJIsi/l, HaBeleHUM Ha PUC.

Ha TpethoMy Trpadiky moOyayemMo Koo uepe3 TlapaMeTpUUHe BU3HAUEHHS
dyHskiiii. ITocmioBHICTE KOMaH MOKe OYTH TaKOIO.

IIpuknap,

» subplot(2,2,3);

» plot(cos(x),sin(x));

» grid on;

» xlabel(’'x=sin(t)’);

» ylabel(‘y=cos(t)’);

» title (‘Kono — napameTpuyHa ¢yHKyia');

[Tobyayemo Ha yerBepTOMy rpadiky ¢irypy Jlicaxy, uepe3 Taky MOC/iZOBHICTb
KOMaH/I;
IIpuknapg,
» subplot(2,2,4);
» plot(cos(3*x),sin(5*x));
» grid on;
» Xxlabel(/x=sin(3t)’);
» ylabel(‘y=cos(5t)’);
» title (‘@dirypa Nicaxy’);
sin(x)
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sin(x) Ta cos(Xx)

I'padik ¢pynkuii y = sin(x) ['padiku pyHKLiM y = sin(x) Ta y = cos(X)
Burnsg, sikuii Mae rpadiuHe BiKHO TTic/isi BAKOHAHHS KOMaH/
Ipadik ¢pyrknii y = sin(x) 'padikn d)yHHuiﬁ y=sin(x)Tay = cos{.r)
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3miHa Bi1acTuBocTel rpagikiB uepe3 napamerpu (yHkuii plot

HaBenemo uje oguH ¢dopmar 3amucy (QyHKIii plot 3 TpbOoMa TapaMeTpaMu:
plot(x,y,s) TyT x Ta y — Marpuiji abo BeKTOpH O/IHAKOBOI'O pO3Mipy. S — Ps/IKOBa
KOHCTaHTa. 3HaueHH KOHCTAaHTU S TOBUHHI BIAMNOBIAATA CTaHAapTaM, YBeJeHUM
PO3pOOHMKAMU CHUCTEMHM, i BU3HAUAIOTh BJIACTUBOCTI MapKepiB sl TOUOK BiJJTiKy Ta
niHii Ha rtpadiky. ToOGTo, uepe3 3HaueHHA S KOPHUCTyBau MOXXe 3MIiHUTU BHIJISIT
rpadika, JOTPUMYHOUMChb CTaHAApTiB 11010 O(OpMJIeHHS HayKOBO-TeXHiuHOI
JOoKyMeHTal|ii. HaBeJieHI MO)X/IMBI 3HaueHHS PSAAKOBOI KOHCTAaHTU S JJIs1 Pi3HUX
rapaMeTpiB JIiHiM Ta MapKepiB.

PsilkOBa KOHCTaHTa MO>Xe MaTd TPU KOMITIOHEHTH: «K+—»: UOpHi CyLi/bHI JIiHii,
TUTT Mapkepa «+». Takuii camuii pe3ysbTaT OyZe, SIKIO0 HarmcaTH «—k+» abo «+—k».
fJkmo OyAp?sIKWN KOMIIOHEHT He BHW3HaueHWi, BiH BHUKODHCTOBYETHCA 3a
3aMOBUYBaHHSM.

Ins mobyzmoBu TpadikiB KimbKOX (YHKIiH Ha OZHOMY IO/ 3 YCTaHOBJIEHHSIM
BJIACTUBOCTEM JIiHIM Ta MapKepiB MOKHa BUKOPWUCTOBYBAaTH iHIIMK (hOpMaT KOMaHAU
plot. BiH cxoxuii Ha (opMaT KOMaHAM, TIpU3HaueHOi [/ TO0O0YyJ0BU IeKiTbKOX
rpacdikiB, 6e3 BCTaHOB/IEHHS BJIAaCTUBOCTEM, ajie /Jisi KOXKHOT0 Habopy JaHuX /10/Ia€ThCs
pSiZIKOBa KOHCTaHTa, sika BU3Hayae rapameTpu rpadika. @opmaT KOMaHIu:

plot(x1, y1, s1, x2, y2, s2...)

PosrnssHemo TIpuK/aaz, moOyaoBu rpadika TproX GYHKIM 3 pi3HHUM CTH/IEM
TIO/JJaHHS.

[Ipuknapn

»X=-2%p1:0.1*pi:2%pi;

»yl=sin(Xx);

»y2=sin(x).N2;

87



»y3=sin(x).N3;

»plot(x,y1, "?k’,x,y2,"?.+k’,x,y3, "—0ok")

»grid on;

»xlabel(‘x");

»ylabel(‘y");

»title (‘Ipadiku ¢yHKUiA sinAn(x)');

Y 1pomy BUIAAKY psAAKOBA KOHCTaHTa S1 MICTUTBH Ti/IbKK B CUMBOJIM, TOMY THII
MapKepa BH3HAua€TbCs 3a 3aMOBUYyBaHHsM. I'padik KpecimTtbcsi 6e3 mapkepa. Kpim
TOTO, BU3HAUEHWM YOPHUM KOJip J/iHil Ha BCix TpbOX rpadikax. 3a3BUuail TaKy
MIpOLeAlyPY BUKOHYIOTH /ISl CTIPOILleHHSI BUBeJeHHS Ha YOPHO-0inMuii APYK Ta UATaHHS
po3apykoBaHux fgaHux. 11Jo6 po3pisHsTH Taki rpadiku, BUKOPUCTOBYIOTh Pi3Hi TUIH
niHiKt Ta MapkepiB. Tomy rpadik 1 moOygoBaHMii CYLiBEHOIO JTiHi€0 6e3 Mapkepis,
rpaik 2 — mTPUX MyHKTHPHOO JIiHIEK 3 MapKepoM y BUIJISZL IlepexpecTs, a rpagik 3
— LITPUXOBOIO JIHI€I0 3 MapKepoM Y BULJIA/1L KoOJla.

Cnip 3a3HauUMTH, IO SIKILO BUKOPUCTAHHS Pi3HMX CTWIIB JIiHIA 3py4yHe [Jid
po3pi3HeHHs1 TrpadikiB, TO MapkKepu Ta iX CTWIi — He Kpallludi Criocib mo/aHHsA
PO3PaxyHKOBHUX AaHUX. 3a3BWYal [jisl MOJITIIeHHs OLiHOK BJIaCTUBOCTeN (PYHKILIii rpu
TIPOBe/IeHHI pO3paxyHKiB OepyTh BeNMKY Ki/lbKiCTh 3HaueHb aprymMeHTa. 3a Maroi
Ki/IbKOCTi pO3paXyHKOBHX TOUYOK OL[iHKM (YHKI[iH MOXYyTb OyTH HelpaBWU/IbHUMH,
HaMpUK/IaZ, MOXKHA TIPOMYCTUTH eKCTpeMyMU abo iHIlli XapakTepHi TOUKU. Y TOMY
BUMA/IKy, KOJIM MoBefiiHKa (YHKI[ii TOUKaxX BiJ/liKy BH3HaueHa IPaBWIbHO, TOUHICTh
JIIHIMHOI IHTepnoJsLii MK BiJjlikaMM 3a Masol 1X KiJIbKOCTI HEeBHMCOKa i OTpHMMaHi
JlaMaHi JTiHii YMOX/TUB/TFOIOTH OI[iHFOBAHHSI 3HAU€HHSI Mi’K TOUKaMH BifjTiKy 3 rpyboro
noMwikor. IIpukiaz Takoro mnofaHHs QYHKLiI MOAYIbOBAaHUX CHUHYCOIJambHUX
KOJIMBaHb. HeTOUHiCTh TTOYaTKOBOTO 00UMC/IeHHsI 3HaueHb (YHKLIi1 MOXKe BIUIMHYTH Ha
ToJasbllli pO3paxyHKH.

Y HaBeJieHOMY BHullle IPUKJIaJl BUKOpUcTaHa 41 po3paxyHKOBa TOYKa Ha iHTepBasi
[-2m; 2m], i B ypomy pasi rpadiku 3 Mapkepamu, HaBe[eHi Ha MarOTb JOCHUTb rapHUMN
Burmsa. 3 iHmoro 60Ky, [/ BCiX TppoX (YHKIIIM Ha OAWH TiiBrepioz Burazae 1o 10
TOYOK BiZ/TiKy, 1[0 AOCTaTHLO MAJi YHUKHEHHS JaMaHWX JIiHid. 30i/bllIeHHA TOYOK
Bi/IJIiKy MPU3BOJUTL [0 TIOTIpIIeHHS BUIJIsALY TpadikiB uepe3 BeMUKY KilbKiCTh
MapKepiB, a 3MeHIIeHHS — /[0 HeTOYHOrO IOJaHHS MNPOMDKHUX [JaHUX JlaMaHUMH
ninismu. ['padiku s kpokis 1o oci 0,01m ta 0,3m.

[Tif yac ckMafiHUX pO3paxyHKIiB JeCATU TOUOK Ha TliBnepios PyHKIIii HeZJoCTaTHbO,
OCKIJIbLKM TOYHICTb BU3HAUeHHs ITOYaTKOBUX [aHUX CYTTEBO BIUIMBAE Ha OCTAaTOYHI
po3paxyHKH. TOMy pO3paxyHKOBi [aHi y HayKOBO?TeXHIUHiM JOKyMeHTallii PpiJKo
[03HaualTh  Mapkepamu. Yacrimie Take IIOJAHH  BUKOPUCTOBYIOTH  [IJIS
eKCIlepUMeHTa/IbHUX [JaHUX, KOJIU 3a IX HeBeJIMKOI KiJIbKOCTI [/l OLIiHKA 3HaueHb
(GyHKLIT Mi>K BU3HAYEHMMU TOUKAMM 3aCTOCOBYIOTh METO/IM aripoKCUMaLlii.

HenonikoM TmofiaHHSI [aHUX € BiACYyTHiCTh migmuciB, ski 6 po3mm@poByBamu
HaJIe>)XHICTh KPUBUX 10 Ti€l UM iHILIOI (GyHKLII. Y HayKOBO-TEXHIUHIW JOKyMeHTaLlil TakKi
TiATTMCH Ha3WBaIOTh JIeTeHAAMHM i pO3TaIllOBYIOTh iX Ha ToJii rpadika. IHIMM criocobom
po3indpyBaHHS KPUBUX € HamvcaHHS UUdp Haj HUAMH, aje Jjis 1[boro HeoOXiAHO
BUBOJWTU TEKCT TOYHO HaJ, KPUBOIO, a TaKy OIlepaLjito AyKe BaKKO aBTOMaTHU3yBaTu. Y
HacTynmHOMY Tiaparpadi po3r/isJaTUMeTbCsl MOJK/IMBICTb PO3TalllyBaHHS TEKCTOBOTO
6/I0Ky 3a KOHKDeTHHMH KOOpJMHATaMH, aje B pa3i aBTOMaTU30BaHOI T00OyA0BU
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rpaikiB (yHKLiM yacTille KOpPUCTYHOThbCS JiereHAamu. CopMyBaty i po3TallyBaTu
JereHZly Ha moJii rpaika MpocTo — AJis 1[bOr0 BUKOPUCTOBYIHOTH KOMaHAy legend.
dopMaT KOMaHu:

legend (s1, s2,s3 ...)

e sl, s2, s3 — psAKOBi KOHCTaHTH. 3alvcaHi CUMBOIM OyAyThb BUBEZEHi sK
MiAMTHACH I KOXKHOI KPHBOI, TOMY KiJIbKICTh KPHUBHUX i KOHCTAHT IIOBUHHA OyTH
O/THAaKOBOI. 3BepHIThb yBary, 1[0 cumBoly Ay Tigmucax Ha rpadikax BiAmnosizae
BEpPXHIW IHAEKC, a CUMBOJY MiJi KPeCIeHHS — HWKHIW, 110 3HAYHO CMPOLIY€E UATAHHS
MaTeMaTUYHUX BupasiB. Kpim Toro, y sereHzi s ifeHTH(iKallii KpUBOI BUBOJUTHCS
TWIl MapkKepa Ta THN JiHil, AKi 1M BigMOBigar0Th. [l HAIIOrO BUMNAAKY KOMaHZAY
(dhopmMyBaHHS JiereH I MOKHA 3alMCaTy y BUTTISAI:

legend (‘y_1=sin(x)’, ‘y_2=sin/2(x)’, ‘y_3=sin3(x)’)

€ iHwi ¢opmatu KomaHau legend:

legend on — BUBe/jeHHs JiereH/IM Ha MOTOYHUM Tpadik;

legend off — BuTyueHHs jiereHAM 3 MOTOYHOTO rpadika.

legend (s1, s2, s3 ..., p) — poO3TalllyBaHHs1 JleTeHAU Ha 3a/laHil TO3MILIil,
BU3HAUYEeHI MapamMeTpPOM P, IKMM MOXKe MaTH TaKi3HaueHHS:

0 — nereHfia aBTOMaTWYHO PO3TAIllOBYEThCS Ha MoJjii rpadika Tam, /e BOHa He
TIePeTHUHAETHCS 3 JKOAHOK KPUBOIO;

1 — nereHza poO3TalIOBY€TbCA Yy BEPXHbOMY IIpaBOMY KyTi, Lied MapaMmeTp
BUKOPUCTOBYETHCS 3@ 3aMOBUYBAHHSIM;

2 — JjiereH/ia pO3TalllOBYETLCS Y BEPXHbOMY JIiIBOMY KYTi;

3 — JlereH/ja po3TallloBYETLCS Y HIXKHBOMY JIIBOMY KYTi;

4 — nereH/ia pO3TallIOBY€EThCS Y HXKHBOMY MPABOMY KYTi;

—1 — nereH/ia po3TalllOBY€ETLCS PABOPYY BiJl 1o/1si rpadika.

3miHa B/1acTHBOCTel Mo0yoBaHuX rpadiuHux 00’ €KTiB 3a 0MOMOr 010
AeCKpUNITOPHOI rpadiku

Y  nomnepegHboMy — maparpadi = poO3I/ISHYTI  MOXKIMBOCTI ~ BCTaHOBJIEHHS
BJAaCTUBOCTeN Tpadiunux 006’ekTiB uyepe3 mapamerpu GyHKIiI plot, ame Bigpa3sy
3pO3yMiJii HeZOJIiKKU Takoro iHCcTpyMmeHtapito. Hacammepen, He BCi B/aCcTHMBOCTI
00’€eKTiB pO3POOHUKY BH3HAUW/IM Uepe3 TeKCTOBi KOHCTaHTU. | 1o Apyre, 37ebiabInoro
KOpHCTYBaui 0a)karOTh TIOC/IiIOBHO 3MiHIOBaTU BUIJIsii OTpUMaHOro rpadika, ik Mu
3pobunu 1je y TionepegHbOMy maparpadi. A Taki il 3pyuHille BUKOHYBAaTH He
MOBTOPHOK TO0YyZI0BOIO Tpadika, a 3MiHOW MOro BJACTUBOCTeH Ta BBEeJEHHSIM
JIOTATKOBUX 00’ €EKTIB.

3po3yMiJio, 110 fAesiKi 3 IUX ik MO)KHa BUKOHATH 3a [OMOMOTrO rpadiuHoro
iHTepdeiicy, ane faneko He BCi. Y MporpamMyBaHHI € iHIlIa MOXK/IUBICTb, sIKa TOJ/ISITA€ y
BUKOPHCTaHHI MeTo/[iB Ta 3acobiB 00’e€kTHO-opieHTOBaHOrOo mporpamyBaHHs (OOIT).
basoBum

noHATTAIM Teopii OOII € 00’€eKT, IKUM BigPi3HAETLCA BiJ] 3BUYAMHUX CTPYKTYP
JAaHUX THUM, III0 TIO€AHY€E BCOOi B/IACTHMBOCTI, fKi BM3HAUAIOTHLCSA uepe3 3HAUEHHS
3MiHHUMH, Ta MeTO/JH, peasli3oBaHi uepe3 mpoueaypu i ¢yHkuii. Metoaonoris OOII
royaja pO3BMBATUCA i3 CepelUHU BICIMAECATUX POKIB MHUHYJIOTO CTOJITTS, 1 3 il
BIIPOBa/KeHHsIM poboTa mporpamicTiB crana Habarato Jermior. OcobivBo 1ie
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I03HAUM/IOC Ha HaNMCaHHI CKAaJHUX [POrpaMHUX KOMIUIEKCIB, IIBUAKOCTI IX
Ha/laro/[)KeHHs Ta I0Be/IeHHs1 [0 TOTOBUX KOMepLIIMHUX MPO/JYKTiB.

3HauHO 3MeHIIW/Iacs KUIBKICTh TIOMWIOK Y CKJIa[HUX Tiporpamax. Mertogu Ta
3acobu OOII BrpoBaykeHi B cuctemi MatLab. Anme OOII chporiye i poboty
KOpHMCTYBauiB, Ha/lal0UM MOX/IUBICTb e(PeKTUBHO 3MiHIOBATU Ta aHasli3yBaTh OTpUMaHi
pe3y/ibTaTu He 4yepe3 TOLIYK JIaHLIFOTIB BIATOBIJHUX 3MIHHUX 1 aHasli3 iX 3HauyeHb, a
yepe3 3MiHy B/lacTUBOCTel 00’ekTiB. ToOTO, aHasi3ylouM BIAaCTUBOCTI, KOPUCTYBau ix
3MiHIOE€, i BCi HeoOXi/iHi il pH 1[bOMY BUKOHYIOTHCSI aBTOMaTHUHO.

Lli 3acobu edeKTUBHO MpALFOIOTh 3 00’€KTaMy, siKi MalOTh CK/IaHY CTPYKTYpY i
JIETKO PO3YeIUIIOIOTHCS Ha OKpemi esiemeHTH. [ly)Ke CK/IaflHO CTPYKTypU3yBaTH Ta
migBectn iz izeosnorito OOIT ckmagHi di3nuHi Ta 6iomoriuHi 06’€KTH, SIKi YTBOPIOIOTh
OJIHe 1iiJle I MarTh CK/Ia[HI HeYINOpsSAKOBaHI 3B’S3KM MK OKPEMHUMH ejleMeHTaMM.
Jlerko Mif/lal0ThbCsl CTPYKTypM3allii reomMeTpuuHi 006’€KTH, €eKTPOHHI CHCTeMH,
iHdbopMaLliliHi CTpyKTypH, KOMI'toTepHi cucteMu. OCKibKM TeoMeTpuuHi 00’€KTu
cepesi TiepesliueHUX € HAWOLIBII TMPOCTUMH i JIeTKO TiAAAIOThCA CTPYKTYypH3allii,
pO3IJIsiHEMO TPOCTOTY Ta edekTHBHiCTb BUKopucTaHHs1 OOIT y MatLab came Ha HuX.
Yepe3 OOII Ta 3miHy BractuBocTeir 00’ekTiB y MatlLab peasizoBaHa geckpunTopHa
rpacdika, 3acobu skoi ¢axiBi[i BiAHOCATH [0 HU3BKOPiBHEBUX oriepaiii. OcHOBU
JeCKPUIITOPHOI Tpaiky MossiraloTh y TOMY, IIJ0 KOPUCTYBay IMpaLlo€ He 3iCKIaAHUMU
CTPYKTypaMH, SIK To rpadik abo rpadiune BikHO, a30a30BUMM 006’ €KTaMH, KO>KEH 3KUX
HaJTallITOBYETHCS MOTPiOHUM YMHOM 3MiHOIO MOrOo BiacTUBOCTeM. ['/MOOKe BUBUEHHS
neckpunTopHoi rpadiku MatlLab € BKpali BaKKUM 3aBJ@HHSIM, OCKiJIbBKA HaJliuye€ThCs
TIOHA/] UTO OKpemuXx rpadiunux o6’ekTiB. Ase mipu pobOTi 3 HEBEIUKOIO KilbKiCTIO
NPOCTUX 00’€KTIB ZIECKPUIITOPHUM METO/] € TIPOCTHUM i 3PYUYHHMM, HaBiThb TPOCTIIIINM,
HDXXK BHCOKOpiBHeBi MeTo/AW orpaijfoBaHHs1 rpadiuHux o6’ektiB. HasiBHiCTH cucTtemu
JIOTIOMOTY  [la€ 3MOTy BJJOCKOHAa/OBaTU CBOI 3HAHHSA TIPO BJIACTUBOCTI BiJJOMHUX
rpadiunux 00’ekTiB Ta BUBUMTH HOBi.HaBesemo MpoCTMM TIpUK/aZ [1eCKPUNTOPHOL
rpadiku, B OCHOBI sIKOT0 J1eXKUTh (GyHKIIisl plot. Bak/ivBa BiAMiHHICTE TO/ISITa€ y TOMY,
110 il (PyHKLiT MIPUCBOIOETHCSI 3HAUEHHS 3MiHHOI.

X=0:0.01*pi:3*pi;

y=sin(x);

c=plot(x,y);

grid on;

[Toku mogaHHs rpadika GyHKIiT y=sin(X),0TpUMaHOTO0 3 BUKOPHCTAaHHSIM
HaBe/IeHOI CUCTeMH KOMaH/I, HiulM He BiZIpi3HS€ThCS Bif cTaHAapTHOro, rpadik 0yayTh
y IeKapTOBi# cHCTeMi KOOPWHAT TOHKOIO OJIaKUTHOIO JIiHi€0. AJle BaXK/TUBUM € Te, 1[0
MO>KHA TIEPErJITHYTH BIaCTUBOCTI OTPUMAHOro TpacdiuHoro 06’€KTa Ta 3MIiHUTH IX.
[Tepersisiy, BIaCTUBOCTEM 3[iMCHIOKOTH 3a JOIMOMOrOK KOMaHAu get (C), fAe ¢ — iM’A
3MiHHOI, fika BifnoBigae @yHkUil plot. [ poO3rysHyTOro MNPUKIAJKy pe3y/bTaT
BUKOHAHHS KOMaHU Oyzie TakKuM:

IIpuknap,

» get (c)

Color = [0 0 1]

EraseMode = normal

LineStyle = ?
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LinewWidth = [0.5]
Marker = none
MarkerSize = [6]
MarkerEdgeColor auto
MarkerFaceColor = none
XData = [ (1 by 301) double array]
YData = [ (1 by 301) double array]
ZData = []
ButtonDownFcn =
Children = []

Clipping = on

CreateFcn

DeleteFcn =

BusyAction = queue
HandleVisibility = on
HitTest = on
Interruptible = on
Parent = [73.0009]
Selected = off
SelectionHighlight = on
Tag =

Type = line
UIContextMenu = []
UserData = []

Visible = on

»

KisbkicTe BacTuBOCTEM Tpadika JOCUTH BeMKa, ajae Ha TOouaTtKy IepesideHi
TOJIOBHI 3 HUX, SIKI KOJKeH KOpPUCTyBaud 3p0o3yMi€ IHTYiTHBHO. [lepeniunmMo rapamerpu
rpadika Ta po3rassHeMO CrIoCOOM X TTOAAHHS ¥ YMCIOBOMY BapiaHTi.

Color — 1ieii mapameTp BH3Haya€ KoJiip JIiHii uepe3 BeKTOp, SIKMK MiCTUTh TpU
KOMIIOHeHTH: [r, g, b]. KoMrnoHeHT r BiAMnoBi gae uepBoHOMYy, g — 3e/eHOMYy, b —
CMHBOMY KOJIbODY. 3a 3aMOBUyBaHHSM TlapameTp Mae€ 3HaueHHsi [0, O, 1], Tomy
MOYaTKOBO JIiHii rpadika KpecasiTbCs CUHIM KOJIbOPOM;

EraseMode — mapaMeTp BH3HAya€ TIOPSAOK 3MiHM TpadikiB 3a 0OMOMOIro0
¢yHkuii get. 3a 3amoBuyBaHHSM EraseMode=‘normal’, nei napamerp BiAmnoBizae
BUBEJIEHHIO HOBOrO Tpadika Bigpa3y Ticas 3MiHA HKOro mapaMmeTpiB. Y pasi
BUKOPHUCTAaHHS 3HaueHHS EraseMode=‘none’ s 3MiHM 300pakeHHS HeoOXigHO
BUKOPUCTOBYBATH (PyHKIIit0 drawnow;

LineStyle — ctusb niHii, SKMI1 BU3SHAYa€THCSI TEKCTOBUMU KOHCTAHTAMU.

LineWidth — ToBmMHa niHii y MyHKTaX, 3a 3aMOBUyBaHHSIM Ma€ 3HaueHHs 0,5;

Marker— BH3HaueHHsI THUIly MapKepa BIiJIOBiIHO /10 TEeKCTOBUX KOHCTAaHT,
HaBeZieHUX y Tabsuii 3.6. 3a 3amoBuyBaHHsAM Marker =‘none’, To6To BiACyTHi;

MarkerSize — po3mip Mapkepa, 3a 3aMoBuyBaHHsIM Marker Size = 6.

Ockinbky, sIK Oyn0 3a3HaueHO Yy TioNepegHLOMY Taparpadi, MapkKepd Ha
TeOpPeTUYHUX Trpadikax BUKODUCTOBYIOTbCS PiJIKO, HalyacTillle 3MiHIOIOTbCS
rapaMeTpH JiiHii. Hampuksaz, yCTaHOBMIOETbCS YOPHUM KOJIIp JIiHil, 30i/bITyeThest il
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TOBIIMHA /1J1s1 OiJIBIIIOr0 KOHTPACTy Ta BUpa3HocCTi rpadika. [TpocTite 1ie pobuTu Temnep
yepe3 JIeCKPUNTOPHY rpadiky, ajyke BU3HaueHa KOHCTaHTa C, 1[0 (OpPMye MacCUB
JaHUX, SKUH OMMCYE BaCTUBOCTI Tpadika, i HeoOXigHO TisbKi 11 3MiHuTH. [171 1IbOTO He
Tpeba T/IMOOKHMX 3HaHb O00’€KTHO OpPiEHTOBAHOrO TIPOrPAMyBaHHS, $K TIiJi dYac
HamMcaHHg mporpam MoBamu C++, Object Pascal abo Java. ¥ MatLab 3MiHa
BJIACTUBOCTEM 3[IMCHIOETHCS Ay’Ke MPOCTO uepe3 KoMaHay set. dopmar komaHu:
set(trocraHHs Ha 06’ €KT uepe3 3MiHHY, ‘TlapameTpl’,3HaueHHs]...)

Hanpuksnaz, s 3MiHHM KOJILOPY Ta TOBIIMHMU JIiHiI HE0OXiJHOBUKOPUCTOBYBATU
TaKy KOMaHJy:

set (c, ‘Color’, [0,0,0], ‘LineWidth’,3)

TyT KOHCTaHTa C — [eCKpPUIITOPHA 3MiHHA, fKa IorepeaHb0 BU3HAYAETLC Yyepes
rpadiuHy (DyHKIitO Ta Aa€ MOCUIAHHS Ha BiAmoBigHUN Trpadik. JleCKpUNTOpHiI 3MiHHI
TAKO>X Ha3MBalOThb OIMKCAMHU.

Ocki/ibKM aHrJliMCcbKa Ha3Ba fAeckpuntopa — handle, gocBigueHi mporpamictu
MOYMHAKOTh iMEeHa TaKWMX 3MiHHMX 3 JiiTepu h, ajse LbOro mpaBuia JOTPUMYBATUCS He
060B’s13k0B0. Ilapametpy ‘Color’ Hagaetbcsti 3HaueHHsi [0, 0, O], ske BigmoBizae
YOpHOMY KoOJyibOpy,a mapametpy ‘LineWidth’ HazjaHo 3HaueHHs 3. Ilicisi BUKOHaHHS
1ji€l KoMaHu rpadik cTa€ KOHTPACTHUM.

Po3r/issHeMO iHILly MOJK/IMBICTb e(eKTHBHOIO BUKOPUCTAHHS [1eCKPUITTOPHOI
rpadikv — 3MiHY TUITy Ta po3mipy mipudTa I yac BUBe/leHHs TeKCTiB. Takwuii crocib
He € e(deKTMBHMM, KpalliM € BUKOPUCTaHHSI 3aco0iB mporpamyBaHHs. K Oymo
TO0KAa3aHO paHillle, /s HOPMajAbHOTO UWTaHHA TAMMCiB Ha Tpadikax Tpeba
3actocoByBaTu wipudTu cra”aapty Unicode, Hampukiag, @Arial Unicode MS. fk
3MiHUTH THI Tapo3Mip mpudTa 3acobamu 1eCKpUNTOPHOI rpadiky, SKII0 MU He 3HAEMO
3MIHHHKX, fKi BiANOBiZAar0Th 3a LI BAacTUBOCTI? CTaHe y Haroji KomaHza get, AKy MU
BUKOPHCTOBYBAJIU Y TOIEepeJHbOMY TIPUK/Ia|.

[Tpuksnazn

»ht=title (‘Ipadik ¢yHKULI y(X)=sin(x)');

»get (ht)

Color = [0 0 O]

EraseMode = normal

Editing = off

Extent = [?1.74194 1.0117 3.4424 0.0643275]

FontAngle = normal

FontName = Helvetica

FontSize = [10]

FontUnits = points

FontWeight = normal

HorizontalAlignment = center

200

201

Position = [?70.00692841 1.02053 17.3205]

Rotation = [0O]

String = Ipa¢ik ¢yHKuyili y(x)=sin(Xx)

Units = data

Interpreter = tex
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VerticalAlignment = bottom
ButtonDownFcn = scriberestoresavefcns
Children = []

Clipping = off

CreateFcn
DeleteFcn
BusyAction = queue
HandleVisibility = off
HitTest = on
Interruptible = on
Parent = [72.0009]
Selected = off
SelectionHighlight = on
Tag =

Type = text
UIContextMenu = []
UserData = []

Visible = on

YBaKHO TIpOYMTABIIM iMeHa Ta 3HAueHHS BCiX 3MiHHUX, 3HAUTH Cepell HHUX
HeoOXiHi JOCUTH IeTKO — 1ie 3MiHHi

FontName =

Helvetica Ta FontSize = [10].

»set(ht, "FontName’, "@Arial

Unicode

MS’,

‘FontSize’,12);

3pobumMo cxoxki TiAmMCKH Ha ocax rpadika, BigMOBiAHI KOMaHAW TOBWHHI OyTH
Takumu: [Ipukiaz

»ht2=xlabel (‘?');

»set(ht2, "FontName’, '@Arial Unicode MS’, ‘Font?

Size’,12);

»ht3=ylabel (‘y(?)=sin(x)’);

»set(ht3, "FontName’, '@Arial Unicode MS’, ‘Font?-
Size’,12);

[oCcKoHautile AeCKpPUIITOPHI 3MiHHI MOXXHAa BUBUYWTH, BUKOPUCTOBYIOUM KOMaHy
get Ta cucTtemMy JOMOMOTH. Mu IIje HeOJHOpPA30BO 3BepHEMOCS [0 3aco0iB
JeCKPUIITOPHOTO OTIMCY TIiji YaC BUBUEHHST 0COOMMBOCTEH iHIIMX (DYHKIIiN JBOBUMIPHOI
Ta TPUBUMIPHOI Tpad)iky, a TaKOX i/l YaC BUBUEHHs 3aC00iB MPoeKTyBaHHs rpadiuyHnx
iHTepeliciB KOpUCTyBaya.
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CnenianbHi ¢pyHKIi BoBUMipHOi rpadiku y cucremi MatLab

IToOyaoBa rpadikiB y 1orapudmiunoMy Ta HamiB/1orapudmMiaHOMYy
Macmrabax

Ins mnobymoBu rpadika y  mjorapudmiuHomy Macimtabi y — MatLab
BUKOPHCTOBYIOTHCSI 2 OCHOBHI (PYHKIIl:

logspace(x1, x2) — 3aBfaHHsa jorapudMiuHOro mMaciutaby Ha iHTepBaimi [x1, x2]
JJ1s1 3MiHU 3HaUeHHS apryMeHTY;

loglog(x,y(x))— 3aBmaHHsi jnorapudmiuHoro maciutady /s [iara3oHy 3MiHU
dyHKLil y(X) Ta BUBeZieHHs rpadika. KomaHzia aHanoriuHa komaszi plot.

[Mpuksnag nobygoeu rpadika ¢hyHKIil, 61M3bKOI 0 eKCIIOHEeHLia/IbHOT:

IIpuknapg,

»Xx=logspace(?1,3);

»loglog(x,exp(x)./x);

»grid on

Y nesKux BUTAAKax OifbIn 3pyuyHHAM € HariBjgorapudMiuHuii Macmrab rpadikis,
KO/ Ha OJHil OCi BUKODUCTOBYETBHCS JIOrapu(MiuyHa, a Ha iHIIiM — JiHiliHa 1IKasa.
ITig yac poboTu 3 rpadikamu y HarmiBmorapudMiuHOMYy MacIiTabi BUKOPUCTOBYIOTD /IBi
KOMaH/Ii, KO)KHa 3 SIKUX YCTAHOB/IOE joraprudMiuHuii Macmtab 3aofHi€r0 3 oceid
KOOpP/UHAT:

semilogx(x, y) — Oyaye rpadik ¢yHkuii y(x) y sorapudmiuHoMy maciirabi 3
ocHOBOI 10 y KOOpZiMHaTI X Ta JIIHIKHOMY B KOOp/IMHATI Y;

semilogy(x, y) — Oyaye rpadik ¢yHkuii y(x) B norapudmiuHomMy Macmrabi 3
ocHOBOIO 10 y KoOp/iMHaTi y Ta y JIiHINHOMY y KOOPAHWHATI X.

Po3rsisiHeMo mipukiaz, y skomy rpadik ¢yHKil y(x) = exp(x) / xmoOymoBaHMiA
TpUUi: y norapudmiuHoMy MaciTabi, y HarmiBaorapudmiuHoMy MaciiTabi y oci X Ta y
HariB/iorapudmiuHoMy Macitabi B oci y. CykymnHicTk rpadikiB, ska € pe3y/bTaTOM
BUKOHAHHS LJbOT'O TIPUKJIaly

[Tpuknazn

» subplot (3,1,1);

» hcl=loglog(x,exp(x)./x);

» grid on;

204

205

» set (hci, 'Color’,[0,0,0], "Linewidth’,2);

» subplot (3,1,2);

» hc2=semilogx(x,exp(x)./Xx);

» set (hc2,’Color’,[0,0,0], 'Linewidth’,2);

» grid on;

» subplot (3,1,3);

» hc3=semilogy(x,exp(x)./x);

» set (hc3,’Color’,[0,0,0], 'Linewidth’, 2)

» grid on;
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CTOBNYHUKOBI jlarpaMu Ta ricrorpamu

CTOBMUMKOBI [JiarpaM LIMPOKO BUKOPUCTOBYIOTb B €KOHOMILL Ta MaTeMaTHLIi.
st 100yJOBM CTOBITYMKOBUX JliarpaM BHMKOPUCTOBYIOTH (YHKIIIO bar pi3HHX
moaudikarivi. Hanpuknaza, ¢yHkiis bar(x, y) 6yaye croBnuukoBuii rpadik 3HaueHb
BEKTOpA y i3 OMWCAHHSIM MOJIOXKEHHS Ta IIMPWUHM CTOBMUMKIB, 3a/JaHUX 3HAY€HHSIMU
BEKTOpA X, MPHU L[bOMY 3HAUEHHS eJIeMeHTIB BeKTOpa X MOBUHHI 3pocTaTH. Po3risiHeMo
npukiag mobygoBu rpadika GyHKI[ii e-x/2y BUIJISAI CTOBITUMKOBOI JiarpaMu B
Jiaria3oHi 3HaueHb X € [-2,9; 2,9] 3 Kpokom 0,2.

IIpuknapg,

»X=-2.9:0.2:2.9,;

»hc=bar (x, exp(?x.*x));

»get (hc)

Chata = [ (4 by 30) double array]

ChataMapping = scaled

FaceVertexCbhata = [ (151 by 1) double array]

EdgeColor = [0 O O]

EraseMode = normal

FaceColor = flat

Faces = [ (30 by 4) double array]
LineStyle = ?

LinewWidth = [0.5]

Marker = none

MarkerEdgeColor = auto
MarkerFaceColor = none

MarkerSize = [6]

Vertices = [ (151 by 2) double array]

XData = [ (4 by 30) double array]
YData = [ (4 by 30) double array]
ZData = []

FaceLighting = flat

EdgeLighting = none

BackFacelLighting = reverselit
AmbientStrength 0.3]

DiffuseStrength 0.6]

SpecularStrength = [0.9]

SpecularExponent = [10]
SpecularColorReflectance = [1]
VertexNormals = [ (151 by 3) double array]
NormalMode = auto

ButtonDownFcn =

Children = []

Clipping = on

CreateFcn
DeleteFcn
BusyAction = queue

/e
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HandleVisibility = on

HitTest = on

Interruptible = on

Parent = [72.0009]

Selected = off
SelectionHighlight = on

Tag =

Type = patch

UIContextMenu = []

UserData = []

Visible = on

»set (hc, "FaceColor’, "black’);
»title(‘CtoBnumnkoBagiarpamMadyHkyiiy(x) = exp(-xr2)");
»xlabel (‘AprymeHT ¢yHKULL');
»ylabel (/3HavyeHHs ¢yHKULL');

Po3rsisHeMo Terep TIPWK/IaA T00y/Z0OBHM TicTOTpamM pO3MOiMy BUITaJKOBUX
BemurH. ®opmar dhyHKIii To0ym0BY TicTorpamu hist Takwmii:

hist(y, x)

Jle y— BEKTOp, JIJIs SIKOro HeoOxizHO o0y yBaTH TicTorpamy, X— iHIIIMI BEKTOP,
1110 BU3HAYa€ IHTepBaay 3MiHU 3HauUeHb BEKTOpa Y, /I AKUX MiJPaX0BYETHCS KiIbKICTh
3HaueHb y 10 33/laHOr0 iHTepBany. BaxknuBo, 110 dyHKilis hist BUKOHye ozpa3y ABi [ii:
Oyaye CTOBMUMKOBY AiarpaMy /sl MiZipaxOBaHOTO 4Mc/Ia efeMeHTiB K CTOBITUMKOBA
niarpamMa ¢yHKLiT y(x) = exp(—x2) 3HaueHHs1 (QyHKLiI AprymMeHT (yHKIil GyHKIIitO
3a3HaueHUX BEKTOPOM X [iara3OHiB, I MOBepTa€ BEKTODP KIJILKOCTI e/IeMeHTIB [Jis
KOXKHOTO [iara3oHy. [l BUKOHaHHS L€l Ail dyHKuis hist 3amucyerbcs B iHILIOMY
dbopmari:

v = hist(y, x)

[ile V— BeKTOp pe3yJ/ibTary.

[TobyayemMo ricTorpamy pO3MOJiMy BWIIQJKOBUX UHCeJI, $SIKi TeHepPYIThCS
MaTeMaTHUHOI (PyHKIieto randn.

IIpuknap,

»X=-3:0.2:3;

»y=randn(1000,1);

»hist(y,x);

»grid on

»h=hist(y, x)

Columns 1 through 12

© 0 3 7 8 9 11 23 33 43 57 55

Columns 13 through 24

70 62 83 93 68 70 65 41 35 27 21

Columns 25 through 31

12 5 6 3 2 1 0

®yukijis randn redepye 1000 BumagkoBux uucen Ha iHtepBan [-3; 3]. Y
pe3ysibTaTi pobOTH 11i€i TTporpamMu 3’IBASIETHCS TicTOrpaMa.
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3 HeBeJIMKMMM BIJIXWIEHHSIMM 3aKOH pO3MOAIIY 3reHepoBaHOl BUIMAJKOBOI
BEeJIMUMHM ONM3bKWI [0 HOPMalbHOro. SKIO 30iABIIMTH KiMbKICT uMCes, sKi
reHepyroTbCs, 30ir i3 HOpManbHUM 3aKOHOM Oye OinblMM,dKa € pe3yJabTaToM
BUKOHAaHHS TaKUX KOMaHJHUX PAJKIB:

[Tpuknazn

»X=73:0.2:3;

»y=randn(1e6,1);

»hist(y, x);

»grid on

CxouHKOBI rpagiku

Y i3l Ta eneKTpoHili uacTo HeobOXifHO 300pakyBatu rpadiku GyHKIiH y
BUI/ISII  CXOAWHOK, S$IKi TIPOXOJAATH Yepe3 JAWCKpeTHI Bimiiku. Taki rpadiku
BiZiloOpa)karoTh TIpoLieC KBaHTYBaHHS (PYHKLil MO OfHIM 3i 3MiHHUX, y 1[bOMY pa3i Mix
TOUKaMU BiJJTiKiB 3HaueHHs1 (PyHKI[ii BBa)KarOThCS MOCTiMHUMU. [I1s1 10OyI0BU TaKUX
rpagikiB y MatLab € ¢yHkuis stairs. MoxivBi ¢opmatul PyHKIL:

stairs(y) — moOysoBa CXOJUWHKOBOTO rpadika 3a JaHUMHU BeKTOpa y. 3HaueHHs
apryMeHTy BIATIOBiJja€ MOPSIAKOBOMY HOMEDY [aHUX;
stairs(y, x) — Oyaye cxoAuHKOBY OGYHKIif0 y(X), 3MiHa 3HaueHb AapryMeHTY

341a€TbCA BEKTOPOM X.

[Tpuknap

»X=0:0.1*pi:4%pi,;

»y=sin(x);

»hc=stairs(y, X);

»set (ch,’Color’,[0,0,0], 'Linewidth’,2);

Y HaBesieHoMy rpadiky AMCKpeTH3allis 3HaueHb OCi abCIUC € TIOCTiMHOIO
BEJIMYMHOIO, BUCOTA CXOMHOK 3MIiHIOETbCS 3a/I€)KHO BiJ(DyHKLIII.

[Tpuksnazn

»subplot(2,1,1);

»X=0:0.01*pi:4*pi;

»y=sin(x);

»ch=stairs(x,Vy);

»grid on

»set (ch,’Color’,[0,0,0], 'LinewWidth’,2);

»v=title('???? 0.01*pi’);

»set (v, "FontName’, "@Arial Unicode MS', ‘Font-
Size'’,12);

»subplot(2,1,2);

»X=0:0.3*pi:4*pi;

»y=sin(x);

»ch=stairs(x,Vy);

»grid on
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»set (ch, 'Color’,[0,0,0], 'Linewidth’,2);

»v=title(’ ???? 0.01%pi’);

»set (v, "FontName’, "@Arial Unicode MS', ‘Font?
Size'’,12);

CxoauHKOBI (yHKIJii BiJMOBi/Iat0Th iHTepro/sALii TOUOK Bif/iKy (QyHKIiIMU
HYJIbOBOTO TIOPSIIKY, TOOTO TMOCTIMHUMM 3HaueHHSMH, a KoMaHzZa MatLab plot Oyaye
rpadiky 3 iHTepIIOSIIi€r0 MepIoro MopsAKy, TOOTO MaMaHUMK JiHisMu. CXOJUHKOBI
byHKIIil, MPOKO BUKOPUCTOBYIOTLCS B €/IEKTPOHIL]i /I aHasli3y aHa/ioro-LugpoBUx
Ta LXU(poaHaIoroBux nepeTBopeHb. HefomikoM nofiaHHs: CXOAUHKOBUX (YHKLINA uepe3
KoMaHay MatlLab stairs € HeMOXX/IMBICTb AMCKpeTH3allii piBHIB BifyliKy 3a 0CCIO
OpAWiHAT, TOMY pea/lbHi CXOAWHKOBiI (DYHKI[ii 3AHMCKpeTH3alli€l0 piBHIB Mo 000X OCHX,
HeoOXifHO OyayBaTH 3acobamu TIpOrpaMyBaHHS, BUKODUCTOBYHOUM TPY OOUMCIEHHSX
(GYyHKLiT OKpyT/IeHHS

IToOyoBa rpadikis i3 30HaMH MOXUOKH JaHHUX

3 ypaxyBaHHsIM TOro, mo MatlLab — 1e cucrema g1 npodecioHasnis-
MpOrpamicTiB, i 1 MIKMPOKO BUKOPUCTOBYIOTH (Pi3MKM Ta MaTeMaTUKW B HayKOBUX
yCTaHOBAaX, 30KpeMa /i/isl ONpaLfoBaHHsI eKCIIepPUMEHTaIbHUX [JaHUX, Y CUCTeMi BBeJieHa
MOXJ/IMBICTh TI00yZoBM rpadikiB i3 BifoOpakeHHSIM IMOXMOOK gaHuX. [Ijig Takoro
Mo/laHHS JaHUX HeoOXiZHO CrouaTKy Ayis KOXKHOI TOUKH BiJTliKy copMyBaTU BEKTOD
noxubku. Popmatu QyHKIiI errorbar, mnpusHaueHoigs T00yAoBHM Tpadika 3
MOXUOKaMHU:

errorbar(x, y, 1, u) — 6yye rpadik 3HaueHb QyHKIIIT 77151 e/leMeHTiB BEKTOPiB y(X),
1 BiZiTIOBiJa€ HYDKHIM rpaHUI]i TTOXUOKM,U — BEepXHil;

errorbar(x, y, e€) — Oyaye rpadik 3amexHocTi y(X) i3 yka3iBKOIO TpaHMIb Y
CUMEeTPUUYHOMY [liara3oHi [y — e; y + e], me e— noxubka. HaBegemo rpukiaz mporpaMmu
Auist 1obyzoBu rpadika 3 MoxXubKoLo:

IIpuknap,

»X=72:0.1:2,;

»y=erf(x);

»e=rand(size(x))/10;

»errorbar(x,y,e)

I'padiku AuCKpeTHHX BijtiKiB (yHKILii

ITif yac onucyBaHHS KBAaHTYBaHHS CUTHAJIIB 1 B JedKUX IHIIMX BUIQAKax 3py4HO
10/laBaTy OTPYMaHI JiaHi rpadikamMu JUCKPeTHUX BiJTIKIB. Y LIbOMY pa3i KOXKeH BiJlJTliK
¢byHKLiT BimoOpakyeTbCsi BePTUKA/TBLHOIO PUCKOIO, a TIOJIOXKEeHHSI PUCOK BiATMoBizae
3HaueHHsM (yHKLii. Y MatLab Taki rpadiku OyayroTbCsi 3 BUKOPUCTAaHHSM KOMaHAU
stem. € 2 popMaTh KOMaH/1 Stem:

stem(y) — Oyaye (yHKLit0 3HaueHb BEKTOpA Yy, apryMeHTH (PyHKLii — HoMepu
3HAYeHb;
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stem(x, y) — Oyaye ¢yHkuUito y(x), Aiarna3oH 3MiHM apryMeHTy 3aJa€TbCs
3HaYeHHSIMHU X.
[Tpuknapg,

»X=0:0.1:4,

»y=sin(x.N2).*exp(?X);

»stem(Xx,Yy)

ITpu mobyzoBi rpadikie 3a moromororo GyHKIlii stem HeoOXiJHO IaM’sATaTy Mpo
Te, 1110 HaZ]MipPHO BUCOKaA ILIJIbHICTb JIiHi/ He Ja€3MOTU 3pO3YMITH Lii rpadiku.

ITobyaoBa rpadikiB y mosisipHiii cucTeMi KoopguHaT

Ons mobynoBu rpadikiB y mMOMspHiM cucTtemMi KOOpAWHAT BUKOPUCTOBYIOTH
¢yHKUi0 polar. € fBa popmaty L€l HyHKLIII:

polar(theta, ro) — no6yoBa (yHkiiii p(0);

polar(theta, ro, s) — mobyzoBa ¢yHkIiii p(0), Mpu 1[LOMY CTW/Ib MiHIT Ta Mapkepa
3a[]a€TbCsI KOHCTAHTOIO S, sIK Oyso omuvcaHo Ay ¢yHKLil plot. HaBegemo mipuknaz
BUKOPUCTaHHS (PYyHKIIii polar:

[Tpuknazn

»t=0:pi\100:2*pi;

»polar(t,sin(3*t), "?k");

» hold on

»polar(t,sin(5*t), ‘“:k’");

»polar(t,sin(7*t), ‘?.k");

[Tix 4yac po3B’s3aHHS 3ajau eJIeKTPOTeXHIKW, Teopii Mosisi, Teopii XBU/IbOBUX
MpOLIeCiB, YaCTO 3pyuHillle MOJaBaTh TMOC/IJOBHICTh BiJJIKIB (PYHKLil y MOJSPHIN
CUCTeMi KOOpJUWHAT Yy BUIJISIZII CTPUIOK, SIKIi BUXOZATH i3 MOYaTKy KOOpAWHAT. Takuu
crioci6 mobymoBu BizroBizae rpadikam AMCKpeTHUX BiasikiB (yHKIiN y AekapToBiii
cuctemi koopauHaT. Y MatlLab BianoBiaHi rpadiuni mobyoBM 3[iMCHIOIOTHCS 3
BUKOPHUCTaHHsAM (yHKLi1 compass. OCKi/IbKM BEKTOp Yy TOJIIPHIA CUCTEMi KOOpAMHAT
MO>KHa TI0/laBaTH uepe3 KOMILUIeKCHe umciio, y MatlLab roOygoBa BeKTOpHUX Jiarpam
OpI€HTOBaHa CaMe Ha BUKOPUCTAHHSA KOMIUIEKCHUX uuces. KomaHzaa compass Ma€eTaki
dbopmaru:

compass(u,v)— dyHKIis Oyaye paziiyc?BeKTOpP KOMITJIEKCHOTOUKC/IA U + i*v, fie u
Ta V — BEKTOpH ab0 MaTpHIli OZHOT0 pO3Mipy;

compass(Z) — 6yaye pafiyc?BeKTOpH KOMIUIEKCHUAX uurcesn Z.

[Ipuknapn

»Z=[?1+42%1,?2?3*1,2+3*1,5+2*1];

»compass(Z, '?k")

IToOyaoBa rpadikiB Bij aHa/IITHUHO 3a/jaHOI (PYHKITii
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Ha mpuknazi ¢yHkuii y(x) = 1 / x30ysio mokasaHo, IO AJs1 e/leMeHTapHUX
¢yHkuUik cucrema MatLab, Ha BigmiHy Bifg cucremu MathCAD, 3aBxad UiTKO
BioOpa)kye 0c00/IMBI TOUKKM Ta pPO3pUBH. AJjie i cCrieliia/ibHUX (YHKIIM TOUKH
po3puBYy TIif uac mobyzoBu rpadikiB MoXyTh OyTu BimoOpakeHi HerpaBuibHO, Ile
CTOCYETBCST KOPCTKUX (DYHKIiM, KOMM 3HAUeHHs TOXiJHUX Oisisi TOUOK PO3PUBY Pi3KO
3MiHIOIOTBCS BiJl Hy/IsI 0 HecKiHueHHOCTI. [Ticist mobyzoBu rpadika Takux QyHKIIiN 3a
3HaueHHSIMH He BifjoOpa)KyeThbCsl TIOBeliHKa iX 6isisi Touok po3puBy. Kpim Toro, iHozi B
mporpaMax Tiifi uac TIpOBeleHHsl CKJIaJIHUX PpO3PaxyHKiB HeoOXiZJHO TeperyisiHyTh
rpadik aHaiTHUHO 3aiaHol GYyHKIIil, 6e3 o0urcIeHHs ii 3HaueHb.

Y npomy BUmNaZKy BUKOPUCTOBYIOTb KOMaHAY ezplot, sika Ha BiIMiHY Bif, PyHKLIiT
plot, 6yaye rpadiku aHamiTMUHO 3afaHUX (DYHKI[iM y BKa3aHOMY [ialla30Hi apryMeHTy
6e3 momnepesHbLOTO (hOPpMYBaHHSI BeKTOpa 3HaueHb (QYHKIIil. DyHKIisT 3a7a€ThCs uepe3
psiikoBy KoHcTaHTy f. @opmatu KomaHau ezplot:

ezplot(f)— nmoOyoBa rpadika 3amanoi GyHkuii f(x)Ha Bigpi3ky [-2m; 2m];

ezplot (f, [xmin, xmax, ymin, ymax]) — mo0OyzoBa rpadika 3amaHoi dyHkii f(x)
Ha BifIpi3Ky [—xmin; Xxmax];

ezplot (f, [xmin, xmax, ymin, ymax]) — mo0yzmoBa rpadika 3amaHoi dyHkii f(x)
Ha BifIpi3Ky [—Xxmin; Xxmax] y fiara3oHi 3HaueHb [—ymin; ymax];

ezplot (X, y) — mobyznoBa rpadika mapameTrpuuHoi (YHKIII IT0 3HAUEHHSX
aHa/IiITUUHO 3aJaHuX QyHKIiK x(t) Ta y(t).

[Tpy BUKOpHCTaHHI KOMaH/Au ezplot Bijipasy BUBOJATHCS MIiANMCU Ha OCSIX
KOOpJIMHAaT Ta 3arojioBOK rpadika, a KOOpJYHAaTHa CiTKa 3a 3aMOBUEHHSIM He
BUBOJIUTHCSL.

[Tpukaau BUKOPUCTaHHS KOMaHAM ezplot:

ezplot(‘cos(x)’)

ezplot(‘1/y?log(y)+log(?1+y)+x ? 1’,[?1.5,1.5])

ezplot(’‘sin(3*t)*cos(t)’,'sin(3*t)*sin(t)’,[0,pi])

CucremaTu3ailis rpadiyHuxX KOMaH/| ABOBUMIPHOI rpadiku

Komangu mobyzoBu 1BoBUMipHMX Tpadikin

bar

[TobyoBa ricrorpam 3a BKa3aHUMU 3HAUEHHSIMHU
compass

[TobymoBa BEKTOPHUX JliarpamM

errorbar

[Tob6ymoBa rpadikiB i3 moxubkamu JaHUX

ezplot

[TobyznoBa rpadikiB Biji aHamiTUYHO 3a/1aHO] HYHKIIIT
hist

[TobyzoBa ricrorpaM BUIaIKOBUX BeJTMUNH

plot

byaye nBoBuUMipHi rpadiky y AeKapTOBUX Ta NTapaMeTPUUYHUX KOOpAUHaTaX
polar

[TobyznoBa rpadikisB y MoasspHUX KOOpAWHATAX
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stairs

[ToOymoBa CXOAUHKOBUX rpadikiB

steam

[TobyznoBa AUCKPEeTHUX BiJTiKiB QyHKITii

Komangu mobyzoBu rpadikis y sorapudmiuHomy macmrabi

logspace

CTBOpeHHSs TorapudMiuyHOro MacimTady /1 3MiHM 3HaUeHHS apTyMeHTY

loglog

CrBopeHHs noraprdmMiuHOro MaciiTaby /s 3MiH{A 3HaueHHs PYHKITiT

semilogx

Byaye rpadik dyHKIii y(x) y orapudmiuHomMy MaciiTabi 1o KoopuHaTi X

semilogy

Byaye rpadik dyHkiii y(x) y sorapudmiuHoMy macirabi 1o KoopAuHaTi y

Komangu odopmnenHs rpadikis

figure

BiZKpUTTS HOBOTO PUCYHKA, CTapyii PUCYHOK 30epiraeTbcst

grid on

BK/IIOUeHHS peyKUMY BiZjoOpakeHHSsT CiTKM Ha rpadiky

grid off

Buk/toueHHs1 peXkumy Bifjobpa>keHHsI CiTKU Ha Tpadiky

hold on

BK/tOUeHHs pe)XKrMy MO€JHAaHHS IBOX KPUBUX Ha KOOPAUHATHIHN IJIOIIUHI

hold off

BUK/tOUEHHS pe>KUMY MO€JTHAaHHS ABOX KPUBUX Ha KOOPAWHATHIN MJIOMUHI

legend

BuBejeHHs jiereH 1 Ha 1osie rpadika

subplot

OdopmieHHs KibKoX rpadikiB Ha OJHOMY PUCYHKY

text

dopMmyBaHHS TiANMCYy Ha 1Mol rpadika, TOJIOXKeHHs TIiAMNUCY 3a/1a€ThbCs
KOOpJAUHATaMU

title

dopMyBaHHs 3arosioBKa rpadika

xlabel

dopmMyBaHHS MiAMUCY Ha 0Ci abcruc

ylabel

dopMyBaHHS MiANMUCY Ha oci opAuHaT KoMaHau AeCcKpUITOpHOI rpadiku

get

Bimo6pakeHHs BylacTUBOCTeH TpadiuHoro 06’ ekra

set

3MiHa BacTUBOCTel rpadiuHoro 06’ekra

OcHoBHi ¢yHKIIii TPUBMMIPHOI rpadiku
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CTBOpeHHs1 MAaCUBIB AaHUX /I/IA BU3HAYeHHs (yHKLiH Bifi //IBOX apryMeHTIB

Crietirdika mobyzioBu TpuBHMMIpHUX rpadikiB Mojsira€ y TOMY, III0 3aBJaHHS
3HaueHb 3MiHHMX X i ¥ HeflocTaTHLO. [I1s1 yHKIIil 1BOX apryMeHTiB z(X, y) HeobxXigHo
BU3HAUYUTH [JBOBUMiDHHN MaCHB.

z = f(x, y) 3a IBOBUMipHUM MaCHBOM 3HaueHb X Ta y Y cuctemi MatLab s
BH3HAUeHHS JBOBUMIDHUX MacHUBIB i3 BEKTOpiB BUKOPUCTOBYeTbCS (yHKIliss meshgrid.
®opmar il 3anucy:

[X, Y]=meshgrid(x,y)— mepeTBopuTH 00/1aCcTh, 3aJjaHy BEKTOpaMH X Ta y Ha
aBoBUMipHi MacuBu X Ta Y, sIKi MOXKYTb OyTH BUKOPUCTaHi Jj1si obunciieHHs QyHKIiT
[BOX 3MiHHUX Ta Jyisg 1o0OyzaoBu ii rpadika. Psagku BuxigHoro macuBy Xe KOMisiMU
BEeKTOpa X, & CTOBITUMKMU BUXITHOIO MacuBy Y — KOIIiSIMU BEeKTOpa y.

[X,Y]=meshgrid(x) — KkomaHJa Cxo0)ka 3 mMoOMepeAHbOI0, s (OPMYBaHHS
CTOBITYUKIB MacuBY Y BUKOPUCTOBYETHCS BEKTOP X.

HaBezsemo npuknazy BUKOPUCTaHHSI KOMaHAW meshgrid:

[Ipuknan

»[X,Y]=meshgrid(1:4,13:17)

X=
3 4
3 4
3 4

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

z(1, 2

\ z(1, ) |z(1, 5)
|

z(0,2) |20, 3) z(0,4) | [z0, 5)
's s
S

A

B\

»

[HILIMI TpUKJIaZ, BUSHAUEHHS CiTKM [I/11 TPUBUMIPHOT (PYHKIIil:

»[X,Y]=meshgrid(-2:0.01:2);

Ieti mpukmag OifbIl JOCKOHAMMM i MPUJATHUN /11 BUKOPHUCTAHHS, OCKIJIBKH
3HaueHHS apryMeHTiB (yHKIii TaOy/0l0ThbCS ManuM KpOKOoM. K i yBUMAAKy
3IBOBUMIpHOIO0 Trpadikolo, HaBefeHOMY B TOMepelHbOMY MiApO37ii, 1e Aa€e 3Mory
YHUKHYTA TIOXUOOK TIpU iHTeproJisiifii MOBEpPXOHb JlaMaHWUMH JTiHisMH. HaouHicTb
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TI0IepeIHbOr0 IpPUK/IaAy I0JiArae jyiie B TOMY, L0 JBOBUMIPHY MaTpHULIIO 3 MasiOlo
KIJIBKICTIO e/1IeMeHTIB MOYKHa JIerKO MeperyigsHyTH Ha eKpaHi MOHiTopa.
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IToOyaoBa aKkcaHoOMeTpii TPUBUMiPHUX MOBEPX0Hb

st 1oOy10BM TPUBMMIPHMX TIOBePXOHb y MatlLab BHKOPUCTOBYIOTH [eKi/ibKa
rpadivyHUX KOMaHZ. AHanoroM KoMaHzu plot A/ TpuBMMipHOI rpadiku € KomaHza plot3.
3a ii momomororo MoykHa ToOyAyBaTH aKCOHOMeTpito TpUBMMIpHOI roBepxHi. KomaHza
Mae€ Takui opmar:

plot3(X, Y, Z), ne X, Y, Z — MaTpulli 0JHAKOBOI'O PO3Mipy.

[Tpu BuKOpucTaHHI Iii€l GYHKIT OyAylOTbCS TOUKH 3 KoopauHaTamu X, Y, Ta
Bi/IMOBiHI 3HaueHHs QYHKLiI Z, $Ki TMOEAHYIOTHCS Bigpi3kamMu MOpAMUX JTiHIiM.
Po3rasinemMo nipuk/ia/; BUKOHaHHS KOMaHAu plot3 pa3om i3skomaHzor meshgrid, y skomy
no6ymoBanuii rpadik GyHKLi z(X, y) = X+ y°.

IIpuknaz,

»[X,Y]=meshgrid([?3:0.15:3]);

»Z=X.N2+Y . N2;

»plot3(X,Y,Z2);

»grid on;

IT'padirk dyaRIil 2(x, y) = x* + y* AV

BapTo 3BepHyTM yBary Ha Te, SIK TIpu T00y/I0Bi TpPHUBUMIipHHUX TIOBEPXOHb
BUKOHYEThHCS BifloMa Bam kKomaHza grid on. AHanoriuHo komaHzi plot, y komanzi plot3
MO>KHAa BKa3zy?

BaTU CTWIb JIiHIM i TOUOK BiJ/TiKy, HallpUK/Ia/;:

Ilpuknaz,

»[X,Y]=meshgrid([-3:0.15:3]);

»Z=X.N2+Y . N2;

»plot3(X,Y,z,"?k",Y,X,zZ,'?k");

»grid on;

HepoJ/1ikoM Takoro no/iaHHs € Be/IMKa KiJIbKiCTb JIiHiM, SIKi TepeTUHArThCS.

be3mexxHi MOXIMBOCTI Ayig T100yZ0BM Ta BifmoOparkeHHsI CK/IaHUX TPUBHMIiPHHUX
TOBEPXOHb BiJIKPUBAIOThCS TIPM BUKOPUCTaHHI JAeckpuntopHoi rpadiku. Busegemo
CITUCOK BJIACTUBOCTEM TpU BUMIp HOro rpadika . [1jisi IbOro CKOPUCTAEMOCSI CUCTEMHUMU
¢GyHKLissMM set Ta get. ['oloBHa uYacTMHA M0Oporpamu, y pasi BU  KOPUCTaHHS
JleCKpUNTOPHOI rpadikyd Maibke He 3MiHIO€TbCS. AJie, SIK i B MOMNepeIHbOMY BUIAJKY,
yepe3 (YHKI[iIO0 get BUBOASTLCA BIACTUBOCTI MMOOY/J0BAHOTO TPUBHUMIipPHOTO 00’€KTa, SIKi,
MiC/IA aHalmi3y BUBeJEHUX JaHUX, MOXKHA 3MIHUTH KOomaHzow set. HaBegemo pesynbrar
pobotu GyHKIiT get.

[Tpuknapg,

»[X,Y]=meshgrid([?3:0.15:3]);
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»Z=X.N2+Y . N2;

»h?=plot3(X,Y,Z, "?k’",Y,X,Z,"?k");

»grid on;

»d=get(hc)

d =

41x1 struct array with fields:

BusyAction

ButtonDownFcn

Children

Clipping

Color

CreateFcn

DeleteFcn

EraseMode

HandleVisibility

HitTest

Interruptible

LineStyle

LineWidth

Marker

MarkerEdgeColor

MarkerFaceColor

MarkerSize

Parent

Selected

SelectionHighlight

Tag

Type

UIContextMenu

UserData

Visible

XData

YData

ZData

»

Mii, 1110 BUKOHYIOTbCS 3a JOMOMOI'0K0 [IeCKPUMNITOPHOI rpadiky, MO)KHa BUKOHATH i
yepe3 KOMaHAHHWM psANOK. Tak, BH3HAUeHHsS YOPHOTO KO/bOPY JIiHii, 3pobsieHe uyepe3
omiiro ‘k’komaHgu plot3,MoxxHa 3pobuTH Uepe3 KOMaH/Ay set:

» set (hc, ‘Color’, [0, 0, 0O]);

Sk i y nBoBUMIpHIN rpadiwi, Tpu KomnoHeHTH Bektopa [0, 0, O] BignosizaroTe 3a
SICKPaBICTh YEPBOHOI'O, 3e/IEHOT0 Ta CHMHBOTO KO/IbOPIB. leckpunTopHa rpadika Hajae
Oisibllle MOXK/IMBOCTeW [jisi pi3HOMAHITHOrO TIOJlJaHHS pe3y/bTaTiB Ta Ji@a€ 3MOTYy
BCTAHOBJIIOBAaTH BJIaCTUBOCTI 00’€KTIB He MiJi Yac BHUBe/IeHHS Ha €KpaH, a ITiC/is 1bOro.
Kpim Toro, aHasi3 Ta BCTaHOBJ/IEHHSI BIaCTUBOCTel 00’ €KTiB MPU BUKOPUCTAHHI (PYHKLIiH
set Ta get MPOBOAUTHLCS 3HAYHO MPOCTillle, Hi’K uepe3 rpadiuHi KoMaH/u.

OdopmienHs TpuBuMipHuX rpagikiB
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OdopmneHHs TpuBuMipHOro rpadika y cucremi Matl.ab maiike He BiZIpi3HSIETBCS
Bijl BigmoBimHMX #iki BXe po3risHyTHX.Lli Ail MO>KHa BHMKOHAaTH TphbOMa CIiocobaMu:
yepe3 CHUCTeMy MeHIO, uepe3 CHCTeMHi KOMaHJu abo uepe3 [eCKPUNITOPHY TIpadiky.
Pawimre Oysio 1mokasaHo, SIK /i1 TPUBUMIpHOI rpadiku Ipalffoe KOMaHJa BCTAaHOBJIEHHS
ciTku grid. AHa/IOTiuHO /15 MOEAHAHHS TPUBUMIDHUX rpadikiB MO’KHa BUKOPUCTOBYBATH
koMaHgu hold on Ta hold off. Komanam BuBeseHHsS TMiAnMCiB Tako)K MOAiOHI 70
BiINMOBiIHHMX KOMaH/l IBOBUMipHOI Trpadiku.

xlabel(TekcToBa KOHCTaHTa ab0 3MiHHA) — yCTaHOBJIEHHS MiAMMCY /s oci X, 3MicT
MiZNMCY BU3HAYAETHCS TEKCTOBOIO KOHCTAHTOIO ab0 3MiHHOI0;

ylabel(TekcToBa KoHCcTaHTa ab0 3MiHHa) — yCTaHOBJIEHHS MiAMMCY /51 oci Y, 3MicT
TiITTMCy BU3HAUAETHCSI TEKCTOBOIO KOHCTAHTOIO ab0 3MiHHOIO;

zlabel(TekcToBa KOHCTaHTa ab0 3MiHHA) — yCTaHOBJIEHHS MiAMUCY AJist OCi Z, 3MiCT
TiITTMCY BU3HAUAETHCSI TEKCTOBOIOKOHCTAHTOIO ab0 3MiHHOIO;

title (TekcToBa KOHCTaHTa ab0 3MiHHA)— yCTaHOB/IEHHS 3aro/ioBKa rpadika;

text(X,y, TeKCTOBa KOHCTaHTa ab0 3MiHHA) — BUBe/IEHHSI TEKCTY y paMKy rpadika,
MpU LbOMY 3MiCT TEKCTy BM3Haua€ TeKCTOBAa KOHCTAHTA, a MOr0 TMOJIOKeHHS —
KOOp/IMHATH X Ta Y;

gtext(TekCToBa KOHCTaHTa abo 3MiHHA) — BHBeJieHHS TEKCTY Ha TUIOIIMHY rpadika
Ta BU3HAUEHHS MOT0 TTOJI0KEeHHS 3a JOMOMOTOF0 MUIIII.

OcobmuBo edekTrBHe BUKOpUcTaHHsI KomaHau title(C) Ta gtext(C), ne C — mMacuB
PSIKOBUX KOHCTaHT. L]i KOMaHAM [al0Th 3MOTy pO30MBaTH IMiANMMCH Ha rpadikax Ha
nekinbka psakiB.IToctaButy mignucu Ha rpadik MOXKHa 3a JOMOMOTOK HAaCTYITHOTO
(hparmeHTa NMporpamu:

IIpuknaz,

» xlabel(’X")

» ylabel(‘Y")

» zlabel(’Z")

» title (‘Z(X,Y)=XN2+YN2")

[H11i 3aco0u pefiaryBaHHs BjiacTUBOCTel TrpadikiB, Taki SK BUJja/eHHs JIiHil, 3MiHa
OCBIT/IEHOCTi Ta CTBOPEHHS TiHi, He MOXXyThb OyTW BUKOPHCTaHi /11 aKCOHOMETPHUUHHUX
TTIOBEPXOHb, SIKi OyAyIOTh 3a

Y

X

Z

Z(X,Y)=X2+Y2

poriomororo  ¢yHkuii plot3. Hanpuknaza, Ha rpadgiky HEMOX/IUBO BWIYYUTH
HEeBUMMI JiHil, SIKi YCK/JIa[HIOIOTh PO3YMIHHS Ta aHasi3 rnojaHol rpadiyHoi iHpopmariii.
[Tpote Taki 3acobu JocTymHi Ay iHIIKX, GBI edeKTUBHUX TpadiuHMX KOMaH[
cucremu MatLab. Ili dyHkuii pobotu 3 TpuBUMipHOIO rpadikoro OyayTh PO3T/ISHYTI y
HaCTyNHUX Maparpadax.

Cituacti TpuBuMipHi rpadiku Ta rpadiku i3 3adapoyBaHHaM
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Cityacti TpuBUMIpHI rpadikv Npu MOAAHHI HAYKOBO?TEXHIYHOI [JOKyMeHTaLii
Halbisbin HaouHi. Y cucremi MatLab icHye Kinbka KomaHzA [ iX 1oOyzoBy, ane y ix
Ha3Bi 3aBXX/I1 MIPUCYTHE c10BO mesh (ciTka). /IBa ocHOBHMX (hopMaTy KoMaHAu mesh:

mesh(X, Y, Z, C) — BuBoguTh y rpacdiuHe BikHO ciTuactyrnoBepxHio Z(X, Y) i3
KOJIbOpamH, 1110 3a/1ar0ThCsl MacuBoMm C;

mesh(X, Y, Z) — aHanor nomnepeiHb0Oi KOMaHAU. 3a 3aMOBUYBaHHSIM BBakaeTbCsi C
=7.

Ha tpuBumipHux rpadikaX, OTpUMaHHMX 4Yepe3 BUKOPHUCTaHHS KOMaHAu mesh,
3aCTOCOBYEThCS (DyHKIliOHanbHe (papOyBaHHS 3a/ieXKHO BiJl BUCOTH TOBEPXHi, y L[bOMY
pasi 3a 3aMOBUyBaHHSAM OJIAKMTHI TOHH Bi/JTIOBi/Ial0OTh MiHiMa/IbHUM 3HauUeHHSAM (YHKIIi],
a uepBOHi —MakcuMasbHUM. [Ijii BCTaHOBJEeHHs1 TamiTpu 3adapboByBaHHs rpacdikiB
MO>XHa BUKOPUCTOBYBaTh KoMaHAy MatLab colormap. Hanpuiknaz, A/ BCTaHOB/IEHHS
YepBOHOT'0 KOJIbOPY 3adpapOyBaHHS MOBePXHi MO)Ke OYTH BUKOpHUCTaHa KOMaH/a:

colormap ([1, 0, 0])

Ilnst rpagienTHOro 3acdapboByBaHHs rpadikiB cipyM KO/ILOPOM /17151 BUBE/IEHHS 1X Ha

YOpHO-0i/Tnii APYK BUKOPUCTOBYIOTH TaKWii Habip KOMaH/I;
»colormap (gray)
»shading interp

Ha BigMiHy BiJ akCOHOMETPpUYHHX, CiTUacTi rpadiku MOXKYThb BifoOpakyBaTHCS SIK
i3 HeBUAMMUMM JIiHiAMU, Tak i 6e3 HuMX. OcKinbKu ciTuacTi rpadiku MawTh 6araro
B/IaCTUBOCTEH, 3a paxyHOK SKUX MOXKHa TMOJIIMIIUTU SKIiCTh TOAaHHS TpadiuHol
indopmatiii, 3pyyHo BUKOPHUCTOBYBaTH (DYyHKIIir0o mesh pa3om 3 3acobaMu /1e CKpUITTOPHOI
rpadiku.

Po3rnsiHeMo Tipukiaz, y skoMmy Oyayerbcst rpadik Tiei camoi dyHKIT z(X, y) = x2+
y2, ajie 3 BUKODUCTaHHAM KOMaHAu mesh Ta geckpunTopHoi rpadiku. Ilporpama pms
nobymoBy ciTyacToro rpadika OyJe BUTISAATH TaK.

Ilpuknaz,

»[X,Y]=meshgrid([?3:0.15:3]);

»Z=X.N2+Y . N2;

»ch=mesh (X,Y,Z)

»d=get(ch)

d =

AmbientStrength: 0.30000000000000

BackFacelLighting: ‘reverselit’

BusyAction: ‘queue’

ButtonDownFcn: ‘‘

CData: [41x41 double]

CDataMapping: ‘scaled’

Children: [0x1 double]

Clipping: ‘on’

CreateFcn: ‘'

DeleteFcn: *

DiffuseStrength: 0.60000000000000

EdgeColor: [0 0 O]

EdgeLighting: ‘flat’
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EraseMode: ‘normal’

FaceColor: [1 1 1]
FaceLighting: ‘none’
HandleVisibility: ‘on’
HitTest: ‘on’

Interruptible: ‘on’

LineStyle: ‘?’

LinewWidth: 0.50000000000000
Marker: ‘none’
MarkerEdgeColor: ‘auto’
MarkerFaceColor: ‘none’
MarkerSize: 6

MeshStyle: ‘both’

NormalMode: ‘auto’

Parent: 72.00036621093750
Selected: ‘off’
SelectionHighlight: ‘on’
SpecularColorReflectance: 1
SpecularExponent: 10
SpecularStrength: 0.90000000000000
Tag: */

Type: ‘surface’

UIContextMenu: []

UserData: []

VertexNormals: [41x41x3 double]
Visible: ‘on’

XData: [41x41 double]

YData: [41x41 double]

ZData: [41x41 double]

»set (ch, "EdgeColor’,[0,0,0]);
»set (ch, "FaceColor’, ‘interp’);
xlabel(‘X")

ylabel(‘Y")

zlabel(‘Z")

» title (“Z(X,Y)=XA2+YA2")

MM

Y HaBefleHiV TporpaMi I[iKaBUMH € [IBa PSJKM, IO TIOB’s3aHi 3i 3MiHOIO
BJIACTUBOCTEH BHUBEIEHOI0 Ha eKpaH rpadiuHoro o6’ ekra:

»set (ch, "EdgeColor’,[0,0,0]);

»set (ch, "FaceColor’, ‘interp’);

[Tepiia KOMaHJa 3MiHIOE KOJIIp JiHil, sIKi GOPMYIOTh CiTKY. 3a 3aMOBUYBaHHSM BiH
3MiHIOETHCSI 3a/Ie)KHO Biji 3HaueHHs1 (DYHKIIiM, 1[0 [esSKOK MipOr0 TIOJIMIIY€E Meperisiy
rpapika Ha ekpaHi, aje € Jye He3py4YHUM IIiJj 4yac O(OpPMJIEHHS [JOKYMEHTIB.
[TepernsiHyBIIM 3a AOMOMOror0 KoMaHau d=get(ch)3MiHHi, sIKi BiZIOBiAatOTh rpadiuHOMY
00’ekTy, 3HaxXoanMo HeoOXigHy 3MinHy ‘EdgeColor’ (komip rpanumiii), sika BiJroBiziae 3a
KoJlip JIiHII ciTKU. Piu y TOMy, 110 BUKOPWUCTAHHA 3MIHHOI HEMOJ/IMBe Yy JaHOMY
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BUMAAKY. Ase fedki 3MiHHI, Hanpukaag,LineStyle’ Ta ‘LineWidth’, moxxHa
BUKOPHCTOBYBATH SIK [/l ABOBUMIPHUX, TaK i A5 ciTyacTux rpadikiB. Taka KoHLemNLis
1[iTKOM Bi/ITOBi/la€ TIPUHI[ATIAaM HaC/iyBaHHS Ta TomimMopdizmMy, sKi € 6a30BUMH s
00’ eKTHO-OpieHTOBaHOTO TIporpamyBaHHs. Cituactuii rpadik, OTpUMaHui K pe3yabTaT
BUKOHaHHS KoMaHu set (ch,”EdgeColor’,[0,0,0]).

Ins  TioKpallleHHS TioZlaHHs1 rpadika MO)KHa BHUKOPHUCTOBYBAaTH TIpafliEHTHe
dapOyBaHHSI TIOBEpXHi, siKe 3/ilCHIOETHCS 3a JOTIOMOTOH) KOMAaH[W JeCKPUITTOPHOI
rpadiku:

»set (ch, "FaceColor’, ‘interp’)

abo po3risHyTOrO BHUIle HAOOPY KOMaH/I:
»colormap (gray)
»shading interp

I'padik ¢yHKUii z(X, y) = X2+ y2, BUKOHaHMM 3a [OMOMOIOK) KOMaHJu mesh,
rpadiku 3 MPOeKI[isIMH JTiHiM PiBHS Ha TUIOMKHY (X, V). Po3ryissHeMo nporpamy, sika 0yaye
rpadik QyHKLiT z(X, y) = X2+ y23 KOHTYPHUMH JIiHIIMM Ha MJIOIIUHI (X, V).

IIpuknaz,

»[X,Y]=meshgrid([?3:0.15:3]);

»Z=X.N2+Y . N2;

»hc=meshc (X,Y,Z);

Y

X

Z

Z(X, y) = x2+ z2

»set (hc, "EdgeColor’,[0,0,0]);

»xlabel(‘X");

»ylabel(‘Y");

»zlabel(‘Z2");

»title (‘Z(X,Y)=XN2+YN2"),

»colormap (gray);

»Shading interp;

s nmobymoBu rpadikiB MoBepxoHb 3 BepTHUKAIBHUMM JIHIAMHU [jIsI BU3HAUEHHS
KOOpDAWHATh Z BUKODUCTOBYHOThb KoMmaHAy meshz. Hwkdue HaBefeHa mporpama [Jisi
o0y 10BM TPUBUMipHOTO rpadika i3 BUKOPHUCTaHHSIM KoMaHu meshz,

IIpuknaz,

»[X,Y]=meshgrid([?3:0.15:3]);

»Z=X.N2+Y . N2;

»meshz (X,Y,Z2);

PosrnsHemMo TipuKaaau 1obyzoBu ciTuacTux rpadikiB iHIMX (YHKIIHN, SKi MarOTh
eKCTpPeMYMHM Ta TOUKM po3puBy [logaHHs rpadikiB € HAOUHMM, i BCi JIiHiI po3puUBy
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Cituactuii rpadik QyHKLii z(x, y) = = e ~ 2

Y maTteMaTHKiB Ta ¢i3uKiB iCHye OKpeMuii iHTepec II0/j0 MOYKIMBOCTeM mo0ya0BU
TPUBUMIPHHX TOBEePXOHb 00epTaHHS, SIKi BUKOPUCTOBYIOTh Mifi YaC TeOMeTPUYHOr0 Ta
(hi3MKO-TOIOIOTIYHOTO MOJeMI0BaHHS. Y 1[bOMY pa3i Npy BUKOPHUCTaHHI KOMaHI1 mesh

Y, X, Z,

Z = exp(-(x2+ z2) BUHHUKAIOTL IeBHi Mpobjemu, IMOB’si3aHi 3 THM, IO
o0acTb 3HaueHb TaKUX (YHKI[iH 3a KOODJWHATOI Y OOUMC/TIOETHCS uepe3 ABOBUMIipHY
dyHkiio f(x, y), TOMy iX HEMOXX/TMBO BM3HAUMTH Ha CiTLi 3a KoopuHataMu X Ta Y, SIK
1je Oysio 3pobeHo y morepegHiX MPUK/Iafax. 'eoMeTpruuHe TIOSICHEHHS HEMOX/TUBOCTI
nobyioBY TTOBepx0oHb 06epTaHHs uepe3 KoMaHAy meshgrid.

I .
i

{

Z=sin(x2+ y2)/(x2+ y2) Cituactuii rpadik dyHKIIii

[TobynoBa 1oBepxoHb 00OepTaHHS MO)Ke OyTH BHKOHAaHAa 4Yepe3 BHKOPUCTAHHS
dbyHkiii MatLab cylinder, sika rpu3HaueHa fjisi MaTeMaTUUHOI'O OIWCY LWAJIiHIPUUHUX

noBepxoHb. Popmat KoMaH U cylinder:
[X, Y, Z] = cylinder (R, n),

ne R— paziyc quiiHApa, a n— KUIBKICTh BIJJIIKIB, sIKa BU3HAUa€ KyT AUCKpeTH3aLlil
rnoBepxHi muaiHApa. Ockinbku BennurHa R Moxxe OyTtm 3miHHOMO, dyHKIiO cylinder
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MOJXHd 3dCTOCYBATH [JId T€OMETPHUYHOI'O OITMCY ITOBEPXOHBb 06epTaHHH. Hwxkue HaBeleHO
riporpamy, 1o 6y/ye rnosepxHto obepranHs GyHKLiT y(x) = x2Ha Bifpisky [0; 3].

»[X,Y]=meshgrid(0:0.01:3);

»[X,Y,Z]=cylinder (X.NA2,50);

»hc=mesh(z,X,Y)

»set (hc, "EdgeColor’,[0,0,0]);

»colormap (gray)

»shading interp;

Ons mobynoByd ToBepxoHb i3 (apOyBaHHAM TakKoXX MOXXHa BUKOPHCTOBYBAaTH
komanzy surf. LIsi komaHzia motpebye hopMyBaHHS MPSIMOKYTHOI CiTKA Ha OCSX X Ta y, 3
BUKOPHCTaHHSM KoMaHau meshgrid. @opmartu komaHu surf:

surf(X, Y, Z, C) — KoMaH/a O0y/1ye KOJIbOPOBY ITOBEPXHIO 3a/JaHUMU MaTpuilp X, Y,
Z, mo 3ajaeTbcss MacuBoMm C;

i i —

i,
4

e

¥ ’ X

Z(x,y) = 1/(x~-y)

—_
4

surf(X, Y, Z) — ananoriuda komangi surf(X, Y, Z, C) 3 napametrpom C = Z. [k i
MpY BUKOPUCTaHHI KOMaHAU mesh, KoJiip «3a 3aMOBUYBaHHSIM» 3a/Ia€TbCSI BUCOTO TOTO
abo iHoro ¢pparmMeHTa NMOBepxHi;

surf(x, y, Z) abo surf(x, y, Z, C) — X, y — BeKTOpH, 1[0 BU3HAUAIOTb 3HAUEHHS
3MIHHHKX X Ta y. Y LIbOMY pa3si, SIKI[0 BEKTOP X Ma€ pO3Mip N, a BEKTOP Y — M, MaTpuLs Z
MOBMHHA MaTuh po3mip mxn. BepumHu BigoOpakyBaHuX 00sacTeii BH3HAYarOThCS
BignoBigHMMU KoopauHatamu: (X(j), y(i), Z(i, j)). Bekrop X BiAmoBijae CTOBIMYMKaM
MaTpuLli Z, a BeKTOp y — il psijKaM.

Po3r/isiHeMo MpUK/aj ITporpamMu Ayist mo0yoBu mapabosioija.
Ilpuknaz,
»[X,y]=meshgrid([?3:0.2:3]);
»Z=X.N2+y .N2;

»surf(x,y,z)

»colormap (gray)

»colorbar

»xlabel(‘x")

»ylabel(‘y’)

»zlabel(‘z")

»title (‘z(X,y)=xN2+yn2")
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Y pe3synbraTi poboTH TIporpaMu OyAyeThCS TTOBEPXHS (SKY ornucye GhyHKI[is z(X, )
= x2+ y2) 3 HaK/IaJileHOI0 Ha Hei CiTKOro Ta GyHKI[ioHabHUM (hapOyBaHHSM, 1[0 3HAUHO
CrIpusi€ Bi3yaJlbHOMY CIpUdHSTTIO rpacdika. Pe3ynbrat pobotu (yHKIil surf maibke He
Bi/IDi3HSIETbCS BiJ BiAMOBiAHOrO rpadika, OTPUMAHOro 3a JOMOMOror (yHkuii mesh,
KWW HaBeJeHWW Ha puc. 3.55. Pi3HuI monsirae y BUKOpUCTaHHI (yHKIii colorbar,
npu3HaueHol [/s1 BuBeZieHHs Oinsi rpadika rpafiieHTHOI JiHIMKM HariBTOHIB ciporo
Ko/b0py. Take mogaHHs rpadika Moinirye Horo COpUMHATTS Ta aHaJli3.

[TopatoTbcsi TpUBHMMIpPHI rpadikyd To-pizHOMy. SKilo Tig 4Yac odgopm/ieHHs
TeXHIUHOI JOKyMeHTallii HeoOXiHO AaTh iH(opMaLlito PO KOOPJUHATH KOXKHOI TOUKU
TIOBepXHi, Halbi/IbIIl 3pyUHHMU € ciTuacTi rpadiky 3 KapKacHUM BiZioOpa)keHHSIM TOUOK.
MoykHa BU/IIYUHUTU CITKY, IHTEPIIO/FOOUYM KOJIbOPOBY raMy BiJTiHKaMU CIpOTrO KOJIbOPY.
Tomy KoMmaHu, TIpU3HaueHi A/ MOOY/OBH TPUBHUMIDHUX ITOBEPXOHb, MalOTh 3acobu
nobyloBY SIK CiT4acTHX, Tak i 3adhapboBaHUX MMOBEPXOHb. Y IIbOMY pa3i /i BUBe|eHHS
ciTku Ta 3acdapOyBaHHsI BUKOPHCTOBYIOTh OZIHI 1 Ti cami mpoLieaypu.

Y HacTyrmHOMY TIPHK/a[i BHKOPHCTOBYEThCS (YHKI[iOHa/bHE 3adapOyBaHHS
TOBePXHi BifiTiHKaMu ciporo. 3a /I0MOMOror KoMaHAu surf 3 BUTyueHHSM KOHTYPHMX
JHIN

IIpuknaz,

»[X,y]=meshgrid([?3:0.1:3]);

»[X,y]=meshgrid([?3:0.1:3]);

»z=sin(Xx)./(x.N2+y.N2+0.3);

»surf(x,y,z)

»colormap(gray)

»shading interp

»colorbar

»xlabel(‘x")

»ylabel(‘y’)

»zlabel(‘z")

»title (‘z=sin(x)/(xN2+ynr2+0.3)")

112



Komanga colormap(gray) 3aziae ¢apOyBaHHsS TOHaMHM ciporo, KomaHza shading
interp 3abe3meuye ycyHeHHsSI 300pa’keHHsS CIiTKHM Ta IHTEpIIOJISALIiF0 KOJIbOpPy Ha
300pakeHHi Tpadika, a KomaHga colorbar 3azae BifoOpa)keHHS MiHIMKYA iHTEpPHOLii
KOJTbODY.

Komanga surfc Bu3Hauae 100yZ0BY TIOBEepXHi 3 BimOOpPa’keHHSIM MPOEKIIii
KOHTYDHUX JIiHili, a KoMaHzAa surfl — Oyaye rpadik moBepxHi 3 mifcBiuyBaHHSIM Bif
TOUKOBOTO /kepena cBitna. Komanza surfc mpairoe mofi6bHo m0 KomaHAu meshc.
CituacTuii rpadik QyHkiii 3 3adhapbyBaHHsAM, OTPUMaHUI uepe3 BUKOPUCTaHHS KOMaHAU
surfl.

Y pa3i BukopuctaHHsi KomaHaud surfl MOXyTb 3acTOCOBYIOTH Taki (QYHKLIiI
KepyBaHHA ITi/ICBIUyBaHHAM:

diffuse — gudy3iline po3citoBaHHS CBiTJIa;

lighting — KepyBaHHS SICKPaBiCTIO JpKepeJia CBiT/a;

material — imiTaliisi po3citoBaHHS CBiT/Ia Bifi pi3HUX MaTepiasiB;

specular — eekT /3epKaJbHOTO BifloOpakeHHS.

€ Taki cucTeMHi (YHKLIii [/ KepyBaHHS KyTOM OIJisily TPMBUMIPHOI TTOBEPXHi:

view — BH3HaUeHHS M0JI0’KeHHS TOUKU OTJISIAY;

viewmtx — BU3HaueHHsI Ta 00UMC/IeHHST MaTPHI[i TTOBOPOTY rpadika;

rotate3D — MoBOpOT TPUBUMIpHOI (irypu.

IIporpamyBaHHs B cepeaoBuini MatLab.
CtBopenns M-¢aunniB. CTBopeHHs Script-¢daniiB

Merta: 1M03HaMOMUTHUCS 3 0COOMMBOCTSIMH poboTH crcTteMy Matlab B pexkumi
nporpaMmyBaHHs. HaBuutucsi ctBoproBaTt M-(aiinm, Script-taiiiv Ta rpaijtoBaTy 3
HHMU.

TeopeTnuHi BioMocCTi

Cucrema MATLAB p03B0/i1I€ KOpUCTYBaueBl HajaBaTU iM's [MEBHUM JIAQHLIFOXKKAM
KOMaHJ, TakMM UMHOM, IO Lie iM'd MouyuHae mnpauoBaTd sK KoMmaHga MATLAB,
BUKOHAHHS $IKOI B KOMaHJHOMY DSIIKy BHUKJ/IMKA€ BUKOHAHHS TOTO CaMOrO JIAHL[FOXKKa
kKomaHz. KomaHau, CTBOpeHI KOpUCTyBaueM, Has3WBalOTLCS npozpamamu, TIpoLieC
IXHBOTO CTBOPEHHS — NPOPAMYBAHHAM. SIKIJ0 KOPUCTyBau CTBOPMB I[€BHY KOMaHZAY
(mporpamMy), TO Ta B CBOIO Uepry Mo)ke OyTH BMKOpPHUCTaHA B SIKiMCb Oi/MbIN CKIafHii
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niporpami. [IporpamyBaHHsI, TaKUM YMHOM, [JO3BOJISIE CK/Ia/iHi, PO3BUHEHI 11 JOBrOTPUBaIIi
00UMC/TIOBa/IBHI TIPOLIECU CK/IaJaTH 3 OibIIT MPOCTHUX.

Cucrema MATLAB po3ymie mporpamMu IBOX THIIiB — MporpamMu-byHKIii (functions)
i  nporpamu-cieHapii  (scripts), aKi MU [ CKOpPOUYeHHSI Oyaemo
Ha3uBaTu QyHKYissmu i ckpunmamu. [1ns ixaporo ctBopeHHss MATLAB Mae crierjiaibHUM
TeKCTOBUM pelaKkTop, SKWM 30epirae HarmcaHi mporpamu y aiiii i3 BKa3aHUM
KOpUCTyBaueM iMeHeMm i 3 po3mmpeHHsM ".m". (MoXHa BUKODUCTOBYBaTHU 1 SIKMMChb
IHILIM TeKCTOBUM PeaKTOp, Ta Lie HaBPsi/, YU OLIIBHO).

Cepegoprnre MATLAR: paminme cTeoperl  Zami

& &

L 4 L 4 b J ¥

&Pmm » II,_}' . PN ﬁlﬂﬂlﬂ:ﬂ- —.,.xI!.}I
b

Pm:.L.l. MoAcHers A M0 A0 PISHMIY LE AEOIA THITAME ITj 0T} a8

INousarra m-gaiiny. Y cucremy MATLAB Bk/toueHa MOBa MpOrpamMyBaHHSI BUCOKOTO
piBHS, 3a [JOTIOMOrOO0 SIKOi MO>KHa PO3B’si3yBaTU 3a/laui BEKTOPHOI anrebpwu, JiHilHOI
airebpu i aHa/miTHUHOI TeomeTpil 3a /AOMOMOrOH MaTPUUHOTO 3allUCy, a TaKOX SK
aBTOMAaTU3yBaTh, TaK 1 YHAOYHUTH IIpOLieC [OC/iJ)KeHHs BIUIMBY IapameTpiB, IO
BXO/Tb B PIiBHSHHS, Ha TOJIOXKEHHSI i (opMy JiiHII i MOBEpPXHi B KOOpPJWHAaTHOMY
TIPOCTOPI.

Cucrema MATLAB opieHTOBaHa Ha pob0Ty B HalliBABTOMAaTUUHOMY PeKHMi, TOOTO
Heo0OXi/[HO B KOMaH/IHOMY PSZIKY BBECTH KOMaH/Y i mepejaty ii fo siapa cucreMu. [Tics
repeBipKU CUHTAKCUCY KOMaHJa aBTOMAaTHUHO OIpallbOBYETbCS B SApl 1 pe3yJbTar
BUBOJIUTHLCA B KOMaH[He i/abo rpadiuHe BiKHO, TiC/IsI 9YOro CHCTeMa I€pPexXOfuTh B
PE>KHM OUiKyBaHHS BBeJleHHSI HOBOI KOMaH 1. SIKII0 HeoOXiZHO repersissHyTH pe3yJibTaT
BUKOHAHHS KOMaH/IY 3 iHIIMMU MOYaTKOBUMU IaHUMHU, CJIiJ 3aHOBO BBECTU B KOMaHAHUM
PAZOK BCi HeoOXifHI KOMaHAW, OCKinbKH B cuctemi MATLAB He mnepembaueHo
MOX/IUBOCTI [VMHAMIYHOI'O OHOBJ/IEHHS pe3y/bTaTy I[PU 3MiHI 3HauyeHHs [10YaTKOBOI
3MiHHOI. ICHy€ [ABI MOXXJ/IMBOCTI aBTOMAaTH3allii MOBTOPHOTO BBeJEeHHs Cepil KOMaH[.
[Mepimii  crioci6 mnonsirae 'y BukopuctaHHi BikHa Command History, B sikomy
30epiratoTbCsl BBe/leHi paHillle KoMmaHju. Lleit crmoci6 3pyuyHO BUKOPUCTOBYBATU [I/IsT
TOBTOPHOTO BUKOHAHHSI HEBEeJMKOI KiJIbKOCTI KoMmaHz. IIpoTre B [edkuMx Bumajkax,
3a/Ie)KHO Bifl MOTOYHMX 3HaueHb 3MiHHHUX, MOTPiIOHO BUKOPHCTOBYBATH Pi3Hi Habopu
KOMaH/, HeBiZloMe 4YuCJI0 pas3iB. Y TakKux BUMAJKax CJiJi CKOPUCTATUCH APYTUM
crioco0oM, 3aCHOBAaHHMM Ha 3aCTOCYBaHHI M-(ailiB, /e MOXKYTb MiCTUTHCS KOMaHAU i
ynpapisitoui  cTpyktypu MoBu MATLAB. 3BepTanHHsi [0 CTBOpeHOro m-aiiny
3[iCHIOETBCS 3a JIONIOMOTOI0 BKa3yBaHHS (BBeJeHHsSI) HMOro iMeHi, a SIKI[O HeoOXifHO
3a/laHHSAM BXIiIHUX 1 BUXiJHUX TTapaMeTpiB B KOMaHJHOMY PSIZIKY.

M-daiinu sIB/IsAI0OTE CO00I0 TEKCTOBi haiimm, 10 30epekeHi 3 pO3IIMPEHHIM .
OckiTbKM m-(ai € TeKCTOBUM (hpalioM, TO MOr0 MOXXHa CTBOPIOBATH 3a JIOMOMOIOK)
Oyab-aKOro TeKCcToBoro pefakropa. /o ckmagy cucremu MATLAB BXoguTh pefakTop
Editor/Debugger, 3a [0momMoror sKOro MO)XKHa $IK CTBOPHOBAaTWU m-(aiiv, Tak i

114



BUKOHYBATH 1X HajlarofpKeHHs, 1110 MPUBO/IUTh 0 CKOPOUEHHS Uacy CTBOPeHHsI po604oro
m-ganiny. Bigkputu penaktop Editor/Debugger nisi ctBopeHHs HOBOro m-(aiay MO>KHa
3a JoroMororo KomaHu M-file, po3raiioBaHoi B migmeHto New rosioBHoro meHto File,
abo 3a ZI0TIOMOTOI0 “HAaTHCHEHHS” Ha KHOMKY New Ha TaHesii iHCTpyMeHTiB po6odoro
crony cuctemd MATLAB. M-daiinu nigpo3ainstoTbCsi Ha jBa TUMNM: ClieHapii (script) i
¢dbynkuii (function).

dainu-cueHapii. CiieHapii, 1[0 € HaWMpOCTIMM TUMOM mMm-GaliiB, MiCTATh
MOC/IIIOBHOCTI KOMaH/[, $Ki 3aJal0TbCi B KOMaHAHOMY PpSIKy, 1 KOMeHTapi, IO
TOYMHAKOTHCA i3 3HaKy %.
Oco6MMBOCTSIMU CIIeHapiiB €:
1. BUKOHAHHS KOMaH/| B pe)KUMi iHTepripeTaiiii, TOOTO KOMaH/{ TIepeTBOPIOIOTHLCS Y KOJ
IporpamH i
2. BUKOHYIOTbCS MOPSAKOBO;
3. BUKOPHCTOBYIOUH Ti/TbKW 3MiHHi, po3TaiiioBaHi B pobouomy npoctopi MATLAB.
['onoBHOI0O 0coO/MMBiCTIO ommcyBaHHS TTporpaM mMoBolo MATLAB € Te, 10 TUIHU
3MIiHHMX HAa II0YAaTKy MPOrpDaMW He NeKIapYHOTbCd, JOCUTb HAJAaTH 3MiHHIM 3HAYeHHS
TIeBHOTO TUITY.

IMpuknag 1.06unciuTy KyTH Haxuiay Bektopa a = (-1;2;5) m0 oceli KoopAuHaT.
[TepeBipuTu pe3ysbTaT. Po3B’s3yBaHHSI OGOPMUTU y BUIVI[I ClieHapito 3 iM'saM
example_l. File\\ New\\M-file

A=[-125]

A=acos(A./sqrt(sum(A.*A)))*180/pi

%llepeBipka pe3ysbTary

A=sum(cos(A./180*pi).A2)

[Ticns 3aBeprieHHs1 BBeJeHHs (haii-crieHapilo HeoOXimHO 30epertd #oro B
MoTOUYHOMY pobouomy KaTano3i MATLAB. [Insg uporo y BikHi pegakTopa m-(aiisiiB
noTpibHO 3BepHYTHCS 70 nociyru (komaHau) File\\Save as. B gomomikHOoMy BikHi Save
file as po3kpuerbcs migkarasor work ocHoBHoro kartanora MATLAB, sikuii 3a
3aMOBUYBaHHSIM BU3HaUeHUH SIK MOTOUHUM pobounii kaTasor (Current Directory). ¥ momi
Im’s paiiny ciif BBecTH imM’s aiti-riporpamu example_l 3amicts iMeni Untitled. Y nosi
Tun daiiny aBTOMaTUUHO BijoOpaKyBaTUMeThCst Heobxianui Tum daiiny M-files (* . m)
SKAW He CJiJ 3MiHIOBaTh. BUKOHATH CTBOpeHy GaWa-mporpaMy MO)KHA OAHUM 3
HACTyMHUX CI10CO0biB:

1. y BikHi pemakTopa m-(aitiB obpatu kKomanay Debug Run, abo HaTMCKyBaTH
knasimy F5;

2. BBecTH iM’s1 m-aiisia (6e3 po3mMpeHHs), 1[0 MiCTUTh (ailsi-ciieHapii, B KOMaHIHUM
PAOK 1 HATUCHYTU KJiaBilny Enter.

TakvM 4MHOM, TPU BUK/IKKY (hala-mporpaMu 3 KOMaHAHOTO psiika JOCHTh JIMILIe
BBECTH ii iM’s, i He MOTPiOHO 3aZj@BaTH >KOAHMX BXiJHUX JaHUX i 3MIHHHUX BCi 3MiHHI
CTBOPIOIOTBLCS TIPYM BHKOHAHHI mporpaMud abo CTBOpeHi paHimie i 3HaXOASThCS B
pobouoMy TIPOCTOPi.

Pe3yiibTaTu BUKOHAHHS CLIEHApIito:

>> example_1
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A =

-1 2 5
A=

100.5197 68.5833 24.0948
A=

1

dain-Qpynknii. OyHKIIil pa3oM 3 ClieHapissMM TaKOX MICTSTh KOMaH[y, aje €
CK/Ia/IHIIITM TUTIOM M-(aiisiiB B MOPiBHSAHHI 3 CljeHapisMu. BigiMiHHUMN 0COO/TMBOCTIMU
(dyHKIIiM Bif clieHapiiB €:
1. MOX/IMBICTb KOMILJIALIT BCi€l QPYyHKLiT Y KOJ MporpaMu 3 MOJAa/IbLIMM PO3MilLleHHAM

Hioro B raM’sITi;

2. HasBHiCTb BJIaCHOTO POO0OYOro MpPOCTOpY, e 30epiratoThCsl JIOKaIbHI 3MiHHi;
3. HasABHICTH BXi/IHUX 1 BUXIIHUX TapaMeTpiB.
3HaueHHs BCiX 3MiHHUX, $Ki Oy/JM cTBOpeHi mifg dYac BUKOHaHHS GYHKIHI i
PO3TaIIoByBasMCs B il po6ouoMy ITPOCTOPi, BUIYUYarOTLCS 3 ITaM’SITi.

IMpuknag 2. O0UMCIUTH KyTU Haxuay BekTtopa a= (-1;2;5) [0 oceli KoopAuHarT.
O6uncieHHss 0pOPMUTH Y BUT/ISAAL GYHKIIIT 3 im'sim angles:

function a=angles(A)

%O0unciieHHsT KyTa HaXWay BeKTopa

A=acos(A./sqrt(sum(A.*A)))*180/pi

TyT nepumii psioK € 3aro/oBKOM (PyHKUil. BiH Bktouae iM’s1 yHKUil (B JaHOMY
BUMNAAKY angles), a TakoX oauH BXigHWM (A) i OguWH BUXiJAHUM (a) TapaMeTpu.
HacTtynHuii psilok 3 KOMeHTapeM, SIKMM Tipu oOuucieHHi (yHKuUii irHopyeTbcs. Lle
HeoOOB’si3koBa yacTtuHa (alin-pyHkuii. [IpoTe sKIj0 BHUHMKHe TMoOTpeba OTpUMaTh
JOBiIKY Tpo (yHKLit0, KOMeHTap [OIOMOJKe IpurajaTy, siKe IpU3HauyeHHs JaHol
(byHKIIiT:

>> help angles

%O0urcieHHs] KyTa HaXWIy BeKTopa

HactynHuii psiiok Tino ¢yHKLUIT BUpas, 3a SKUM 00UMCITIOETHCS 3HaUeHHsT PYHKIIil.
[Ticnst BBemeHHs daiin-dyHKIit0 HeobxigHO 30eperTv B TOTOUHOMY POOOUYOMY KaTasiosi,
aHasioriuHo o0 306epexxeHHs1 (aiin-cieHapito, ane iM’si m-daiiny, B skoMy 30epiraerbcs
datin-dyHKilis, 000B’I3K0BO TIOBUHHE CTIiBIAZIATH 3 iMeHeM (DYHKIIi.

CtBoOpeHy (aii-QyHKI[iF0 MOXKHAa BHUKOPHUCTOBYBAaTHM SIK B KOMAaHJHOMY peXHMi
(aHasoriuHo g0 6yab-siKoi BOymoBaHoi dyHKIiT cuicteMu MATLAB), Tak i BUK/IUKaTH 3
iHmmx ¢aiin-nporpam abo hain-pyHKLi.

[Tpu BUKIUKY (aiin-byHKIiT moTpibHO BKa3aTH BCi ii BXifHi i BUXiHi TapaMeTpu.

Pe3ynbTaTu BUKOHaHHA PyHKLT angles () :

>> A=[-12 5];

>> angles(A)

A=

100.5197 68.5833 24.0948

>> angles ([-1 2 5])

A=
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100.5197 68.5833 24.0948
daiin-pyHKUil 3 KiTbKOMa BXiJHUMH Ta BUXiIHUMH apryMeHTaMu

Ipuknag 3. OGuucivTH BUpa3 y(x)=x3(asin2(x)+bcos2(x)). ObuucneHHs
oopmMuTHy y BUr/IsAi GyHKLIT 3 iM’siM example3.

function f =example3(x,a,b)

%O06uncieHHs 3HaUeHHsI BUpa3y

f=x.A3.*(a*sin(x).A2+b*cos(x).A2);

Pe3ynbTaTi BUKOHaHHS QyHKLiT example3 () :
>> example3(5,5,7)
ans =

645.1161

Skiio dyHKIS Ma€ KibKa BHUXiJHUX IMapaMeTpiB (TOOTO MOBEpPTAETLCSA KiJbKa
3HaueHb), IX BKa3yl0Th B KBa/[paTHUX Jy>KKax uepe3 KoMy mics cyioBa function.

Ilpuknag 4. O6uMcIUTU CcepelHE 3HAuUeHHsS e/leMEHTIB BeKTOpa Ta CTaH/apTHe
BiJIX1/IeHHS ioro esieMeHTiB BiJ cepeHbOr0. Ob6unc/ieHHs: 0OPMUTH Y BUTTISAL (QYHKITiT
3 iMmeHeM example4:

function [mean,stdev]=example4(x)

n=length(x);%Bu3HaueHHs JOBXWUHU BEKTOpA

mean=sum(x)/n;%O06urnc/IeHHsT cepeJHbOT0 3HAUeHHS

stdev=sqrt(sum((x-mean).A2/n));

%QO0uKC/IeHHs] CTaHJapTHOTO BiIXU/IeHHS

Pe3ynbTaTu BUKOHaHHSA (PyHKIIii example4 () a1 BekTopa A:
>>A=[246897531];
>> [mean,stdev]=example4(A)
m =
5
S =
2.5820

IMpuknap 5. CTBopuTHM B pefakTopi m-¢aiiiB (aii-nporpamy, pe3yabTaTOM
BUKOHAHHA SIKOI €

noOysoBa B ogHoMy rpadiuHoMy BikHi rpadikiB Tprox ¢yHKUiN: yl=exp(x\2),
y2=c0s4x, y3=sin4x

1110 3a/laHi Ha MPoMiXKY [0, 4].

x=[0:0.05:4%*pi];

yl=exp(x/2);

subplot(3,1,1);

plot(x,y1);

y2=cos(4*x);

subplot(3,1,2);
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plot(x,y2);

y3=sin(4*x);

subplot(3,1,3);

plot(x,y3);

[TepeiiTi [0 pexumy (parMmeHTallii Ta TOAIMMTH daii-iporpaMy Ha TpU
(dbparMeHTH, KOXXHUM 3 SKUX Oy/le BKIFOUaTU KOMaHAU A1 Io0y10BU rpadikiB oKpeMux
dyHK1il (y1, y2, y3) MO)KHa 3a ZorIoMororo 3BepHeHHs 10 KomaHz, Cell

Tunu ganux bisbiricTs o6uncaroBampHUX TpoiieciB B MATLAB BUKOHYIOTHCS Haf
JificHuMy ab0 KOMIUIEKCHUMH 4YuCIaMu, nofaHuMu y ¢opmati double. Tum pgaHux
double € uMcC/iOBUM TWUMOM, BCTAaHOBJIEHMM 3a 3aMOBUyBaHHSM. Bci Kjmacu gaHux €
MaTpPUYHUMH, TIATPUMYETHCS pobOTa 3 PO3pi/PKEHUMU MaTpHIIMH, e TlepeBary
CK/Ia[IJal0Th HYJIbOBI eneMeHTU. [ljid KOXKHOTO KJjacy [aHUX BCTAaHOBJIFOKOTHCSI CBOL
onepatiii. B MATLAB icuye 15 ¢pyHgameHTanbHUX THUITIB JaHuX (abo KiaciB 06’€KTiB).
CxemMa, Jle HaBe/IeHI OCHOBHI TUITM JJaHMX | B3a€EMO3B’ 13K MI>K HUMHU.

Apudmeruuni Ta soriuHi Kiaacu AaHux Apudmertnuni knacu gaHux (NUMERIC)
i noriuamii Knac (logical) € HaMbiIBIT MOIMPEHUME KlacaMu AaHuX B cuctemi MATLAB
B MOPIBHSIHHI 3 iHIIWMU KaacaMu. ApudMeTHUUHi K/Iacyu [aHUX TOAI/ISIOTHCS Ha LiiJii Ta
JIIUCHI.

Mani 11i0r0 Knacy MoxyTb OyTv unciamu i3 3HakoM (kiacu int8, intl6, int32,
int64) abo umcnamu 6e3 3Haky (uint8, uintl6, uint32, uint64). [ani giticHoro Kmacy
MOXXYTb OyTH unciamMyd oAuHapHOI (single) Ta mogagiiiHOI (double) TounocTi. [laHi
JIOTiYHOTO KJ/IaCy MOKyTh HaOyBaTH OJHOTO 3 JIBOX 3HaueHb: true abo false. 3HaueHHs
JIOTIYHOTO K/1aCy yTBOPIOKOTHCSA K pe3y/IbTaTy OrnepaLiivi MOpiBHSIHHS.

IIpuknap 6. CTBopUTH B peflakTopi m-daiiiB daii-pyHKIito, 3a 10IIOMOI0I0 SKOI
BUKOHY€ETbCsI MOOY/J0Ba 3alITpHMX0oBaHOI 0bsacTi y rpadiuHoMy BikHi. BusHauutu, uu
3HaxoauThcs Touka A1(0,5;0,5) Ta A2(0,8;0,8) BcepeauHi 1iiei 0b6sacTi.

function Aria(X,Y)

x=2-4*rand(1,1000000);% Bicb x

y=2-4*rand(1,1000000);% Bicb y

% Bu3HaueHHs1 BeKTOpa

L=((x.A2+y.A2)>=1)&(abs(x)<=1)&(abs(y)<=1);

plot(x(L),y(L),".r')% ITobymoBa obnacti

grid on % BkroueHHs1 KOOpWHATHOI CITKA

axis equal, axis([-1.1 1.1 -1.1 1.1])% BcTaHoB/iIeHHS] 0/IHAKOBUX

MacitabiB

line([-2 2],[0 0],'color’,'black')% BuBemenHst oci Ox

line([0 0],[-6 2],'color’,'black')% BuBenenHs oci Oy

xlabel('x"), ylabel('y")

2=(XN2+Y A2)>=1;

z=and(z,and(abs(X)<=1,abs(Y)<=1))

B npuknazi criouaTKy BUKOHY€ETbCSI (DOPMyBaHHSI JBOX MacHBiB, sIKi BiZTIOBi/jat0Th
ocsiM KoopguHat Ta Mictate 1000000 BumagkoBUX 3HaueHb B Jiarna3oHi Bif -2 g0 2,
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oTpUMaHux 3a goromororw (yHkuii rand(). IlapameTpoM KOXHOrO KOOPAWHATHOIO
BeKTOpa € BeKTOp L , pPO3MIpHICTh SIKOTO [OPIBHIOE PO3MIPHOCTI MaCHUBIB 3HaueHb
KoopauHaT. Lle IpUBOAUTL [0 TOTO, 1[0 BUKOPUCTOBYIHOUM (PYHKIIitO plot () BUKOHYEThCS
Bi/I0OpaykeHHS TOUKH.

Pe3ynbTaTh BUukKoHaHHs QyHKLiT Aria(X,Y):

>> Aria([0.5 0.8],[0.5 0.8])

7=

0 1

Oco6/1MBOCTi po60TH 3 CUMBOJIBHMM Nponecopom cucremu MatLab

Merta: M03HAHOMHUTHCS 3 0COOMMBOCTSIMH POOOTH CHMBOJILHOTO TTPOLIeCOPa CUCTEMH
MatLab.

CUMBOJIBHMHU KJIAaC JaHUX
Pazom 3 uucioBumH i norivHumMu  gaHuMu B cuctemi MATLAB  MokHa
MpaiffoBaT 3 [JaHUMH, $5Ki € HabopoMm cumBoOmiB. 3MiHHI, 1[0 HaOyBarOThb
CUMBOJIbHUX 3HaueHb, € 3MIiHHMMU CUMBOJIbHOTO Kjacy (char). [lns cTBopeHHs
3MiHHOI CUMBOJIBHOT'O KJIaCy JI0CUTb HaZlaTH il 3HaUeHHs, 1110 3alKCaHo B aroCcTpogu.
INpuxknag 7. CTBOpUTHM CUMBOJIBHY 3MiHHY student, B TepiIOMY pSAKY sKOi
PO3MIILLYEThCS MPi3BULLE CTYJEHTa, a B IPyrOMY — MOT0 iM’5i:
>> student=['TIeTpeHko ';'Onekcanzp']
student =
ITeTpeHnko
Onekcanzp
>> first_name='Onekcan/p'; last_name='"TleTpeHKoO ';
>> student =[last_name;first_name]
student =
[TeTpeHko
Osnekcangp
>> name='0Onekcanzp';student =char('TleTpeHko ',name)
student =
[leTpeHkoO
Onexkcanzp

[Mpuknag OyB po3B’s3aHuil TphoMa criocobamu. B pe3sysbrari 3MiHHa studente
JBOBUMIDHMM MaCUBOM CHUMBOJIIB, 1[0 CK/IAJA€ThCA 3 ABOX PAAKIB 1 [eB'ATU CTOBIILIiB.
ITpu 3ajaHHi 3HaueHHs 3MiHHOI student B mepuiOMy psJKY [J/s1 BHPIBHIOBaHHSI 4MCJIa
CUMBOJIB B psiikax OyB mobaBieHU OIUH TIPOITYCK.

B cucremi MATLAB mnepen6aueHo BUKOpPHCTaHHSI mpu 00’€AHaHHI pSAAKIB B
MAaCHUBU CHMBOJIIB iMeH iHIIMX 3MIiHHHUX, SIKi caMi MiICTSITb MaCUBU CHMBOJIIB. B cucremi
MATLAB ™moxHa 00’€AHyBaTU pPSAKH, IO MICTATh Pi3HY KibKiCTh CHMBOJIB. Lls
omepaijisi peani3yerbcsi 3a Jormomoror ¢yHKIii char (), 3@ SIKOO aBTOMaTUUHO
BUPIBHIOETHCS JOBKUHU PSIAKIB 0ZaBaHHSM, Jie HeoOXiZiHO, ITPOITYCKiB B KiHITi psgKa.
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Oprasi3anisi CTpyKTYpH

B moBi MATLAB mnigTpumyeTbcsi pobOT i3 3MiHHMMM, 3a [JOTIOMOTOHO SIKMX
perpe3eHTyrOTh [aHi pi3HUX KiaciB. [logaHHs pi3HUMX JaHUX 3a [JOMOMOIOK OJHI€l
3MiHHOI B cucteMi MATLAB peasi3yeTrbca 3a JOMOMOIOK KJjaCy [AaHUX CTPYKTypa
(structure).

Y cucremi MATLAB MoXHa BUKOPUCTOBYBaTW JBa IIAXOAU A0 Opraxisariil
CTPYKTYpU: MATPUUHUU i MO enemeHTHUW. Iligxoau pO3pi3HSKOTBCST B PO3MilLIEHHI
e/IeMeHTIB CTPYKTYpH. ¥ TepLIOMY BUIaAKY [aHi rpo iMeHa, Mpi3BulLia, JaTU HapOJ KeHb
1 OLIHKM BCIX CTY/JEHTiB PO3MILYIOTbCA B OJHOMY BIJIOBIZHOMY II0/1i B MaTPUUYHOMY
purssagi. [Ipy uboMy Iepiii eneMeHTU B KOXKHOMY 3 II0JIiB — JaHi PO MepLIoro
CTyJleHTa, [IpYTi eleMeHTU — TIPO JPYroro CTyfAeHTa i Tak fani. Llei miaxia mepeBa’kHO
3aCTOCOBYETbCS y BWITQJKy, KOMM HeOOXiZJHO BUKOHYBAaTW orepalfii Haj BciMa
e/leMeHTaMU CTPYKTYpH. Y JpyromMy BUMAaJKY JaHi PO CTYJEHTIiB 3HaXOJAThCS OKPEMO Y
Bi/IMOBIZIHUX MOJIIX CTOCOBHO KOXXHOTO CTyJeHTa. [JaHui MifXiJ € mepeBaKHUM, KOJIU
HeoOXiJHO oOrpal[bOByBaTH JaHi OKpPeMHX ejleMeHTiB CTPYKTypu. CTBOPUTH 3MiHHY
K/laCy CTPYKTYpHM MOXKHa [BOMa Criocobamu: BHUKOPDUCTOBYIOUM DO3JiMbHUK [.]; 3a
JIOTIOMOror0 (PyHKLii-KOHCTpYyKTOpa stract().

INpuknag 8. CrBoputu 3MiHHY student, sika CK/Iafla€TbCs 3 TPbOX TMOJIB:
first_name, me 3HaxOgUThLCA iM's CTyJeHTa, last_name 3 ioro mpi3BuileM i year, 110
MiCTUTB ZIaTy MOTr0 HapO/KeHHS.

>> student =struct('last_name',' TleTpeHko',...

'first_name', 'Onekcaugp','year',1993)

student =

last_name: 'TleTpeHKO'
first_name: 'Onekcanzp'

year: 1993
student
Nerpo
first_name = IBau
Onekcanap
IBaHeHKn
last_name = Kysbhenko
MeTpeHko
1991
year = 1992
! 1993
8
vhysics = 3
phys 10
10
. 9
mathematics=

MacuB KoMipoK
MacrBoM KOMipOK Ha3UBa€ThCS BIOPSJKOBaHUI Habip JaHUX Pi3HOPiAHKX KiaciB.
MacuBr KOMIpOK MOXXYTh MaTd JOBUIbHMK po3Mip. Ha puc. 9 nokaszaHo ABOBUMipHUM
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MacWB KOMIpOK 2x3, $IKMM MIiCTUTh MaCUB CHUMBOJIbHMX JAaHux 3x1, MacuB
apu(pMeTUYHUX AaHUX 2X3, CTPYKTYpa, MaCUB CUMBOJIbHUX JaHUX 5X7, MaCUB JIOTiYHUX
JaHux 5x1 Ta macuB KOMIpOK 2x3. MacvB KOMIpPOK € BiZJMIHHOI PHUCOK CUCTEMU
MATLAB. Ix BUKOpHUCTaHHS [J03BOJISIE peasli3yBaTy BCi IepeBaru po6oTH 3 MaTPUUHUMHU
JaHuMu. MacuBU KOMIpOK €11y BAKOPUCTOBYBATH TMPU YTBOPEeHHI MaCUBY PSILKIB pi3HOI
JIOBXXWHH, OCKiTbKM HeMa€ HeoOXigHOCTI CTe)KUTU 3a PIiBHICTIO iX AOBXWH. MacuBH
KOMIpOK IIIMPOKO BHUKOPHUCTOBYIOTbCS MPU CTBOPEHHI (PYHKI[il, OCKibKU 1ie J03BOJSIE
TpalfOBaTU 3 OBUILHUM YMC/IOM BXiJTHUX i BUXiJIHUX TlapameTpiB (QyHKIIii.

MacvB KOMIipOK MOXXHa CTBOPUTHM [IBOMa CIOCO0aMU: TOC/IiJOBHO Ha/laBaTH
3HaueHHs1 KOMipKaM; BUKOPMCTOBYHOUM (PYHKLit0-KOHCTPYKTOP cell ().

IMpukiaj 9. BUKOpHCTOBYOUM TEPIIHM CIIOCiO, CTBOPUTH MacUB KOMipoK A

[ITocTa KOMipKa MiCTUTb MMOPOKHIA MUCCHB.
>> A{1,1}=char('®panko’,'Iran','SIkoBuY');
>> A{1,2}=[27 8 1856;28 5 1916];
>> A{1,3}=struct('Ukranian_Writer',struct('Surname’, ...
'‘@panko’,'Name','Isad’,'Patronymic','@paHkKo',...
'Date’,[27 8 1856;28 5 1916])));
>> A(2,1)={char('bopucnaB cmieTbcs), ...
'3axap bepkyT','KaTepuna','Moticeil', Kamensipi') };
>> A(2,2)={[true;true;false;true;true] };
>> A(2,3)={11}
A=

[3x6 char] [2x3 double ] [1x1 struct]

[5x17 char] [5x1 logical] []

@IrypHi Ay>XKM BUKOPUCTOBYIOTbHCS TIPY BCTAHOBJIFOBAHHI BiZIIOBIJHOCTI KOMIPOK i
JlaHuX. Y TpbOX TepIMX KomaHJax GirypHi Ay>KKW 3HaxOASThbCS 3/iBa Bifi 3HaKa
HaJlaHHS 3HAuUeHHS, a B TPbOX OCTAHHIX cripaBa. Y TIepIIOMY BUMAaJKy
BUKOPMCTOBYEThCSI iHJeKcallis 3micTy (content indexing), a B ApyromMy BHIIQJKY
ingekcanis komipok (cell indexing). Ilepiie uucio B mapi iHAEKCIiB MO3Haua€ HOMep
psfKa, a Apyre HOMep CTOBILA. 3HaueHHs JIOTIYHOrO MaCHUBY IOB’si3aHi 3 Ha3BaMM
TBOPIB, fKi 3HaXOAATbCA B ApyTiv KoMipLi. Ockinbku [BaH dpaHKO He € aBTOPOM TBOPY
«KatepuHa», TO Bi/ITIOBi/[HUI e/leMeHT JIOTiUHOT0 MacKMBY Ma€ 3HaueHHs false.
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student
studentl

first_name = MeTtpo
last name= leaH eHKo
year = 1591
physics = 8
mathematics= 10
student2
first_name = IBan
last_name= Ky e Hko
year = 1992
physics = 9
mathematics= 9
student3
first_name =  Onekcanap
last_name = MeTpeHko
year = 1993
physics = 10
mathematics= 9
$panro 27 8 1856 Tkrainian Writer
Iean 28 5 1916 Surname
AxoeHa MName
Patronymic
— Year
Fopunae cmeteca True ne
Saxap Bepryr True e =
Katepuna False e cuemmes
Moificeit True
Kamenap True

®yHK1is KOHCTpYKTOp cell () BUKOpPUCTOBYETHCS AJ1s1 TOTNEpeJHbOr0 BU/Ii/IEHHS
rnamM’sITi MiJi MOPOXKHIM MacKMB KOMIpPOK BKa3aHOro posmipy.JlocTyn A0 JaHWX MacHUBY
KOMipOK 3/IiiCHIOETBCS 3a ZIOTIOMOTOI0 iHJ[eKcallil 3mMicTy, abo 3a I01oMOroro iHzeKcarlii
KOMipOK. Pe3ysbTaToM BWKOHaHHS iHAeKcallii 3micTy OyAayTh MAaHi, SIKi MIiCTATbCA Y
BIATOBIAHUX KOMipkKax. OTxKe, K/ac pe3y/bTaTy BIANOBIAAE K/IaCy AaHUX, L0 MICTATHCA
y BianoBigHux Komipkax. [Ipy BUKOHaHHI iHZeKcallii KOMipOK pe3ynbTaToM Oyzie MacuB
KOMipOK, PO3MipHIiCTh SIKMX BiTIOBifla€ po3MipHOCTi HaboOpy iH/EKCiB.

3BEepHYTUCS [0 KOMIDKM MOKHA 1 3a [OIIOMOrorw OfHOro iHgekca. Kowmipku
HYMepYIOThCS B3[JOBXK CTOBTILIiB, sIKi TIepeOMpar0ThCs 3/1iBa HAIlpago.
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OnepaTop HUKIY 3 peKYPeHTHUMH iTepaljilHUMH 00UHC/TIeHHAMU

IMpuxsapg 1.1 Peanizatiiss pekypeHTHOro psgy ®iboHauui uepe3 orneparop LUKy
» x(1)=1;
» x(2)=1;
» for 1=3:10 x(1i)=x(1-1)+x(1-2); end;
» X
x=112358 13 21 34 55

»

IMpuksap 1.2 Peanizaiiisi pekypeHnTHoro psigy ®@iboHaudi, yepe3 MHOXXUHHY iH/eKCallito
» 1=1:10;
» j=3:10;
» x(1)=1;
» X(2)=1;
» X(J)=x(j-1)+x(j-2);
??7? Index exceeds matrix dimensions.
»

Peanizaiiis pekypeHntHoro psay ®iboHauui, yepe3 MHOXXWMHHY iHZeKcariito. Crif
riepej; OrepaTopoM MHOXKMHHOI 1HZAeKcalil Bhu3HauuTyh BCi 10 esiemMeHTIB BeKTopa X, a
MOTiM TepepaxyBaTH iX 3a peKypeHTHO (opmysoro. TpeTiii eieMeHT MOC/iZOBHOCTI
obunc/ieHu TIPAaBWILHO, ajie TMPU 00UKMC/IeHHI UeTBePTOTO Ta BCiX HACTYIMHUX e/leMeHTiB
BUKOPHCTOBYIOTHCSI TIOTNEPeIHbO 3a/laHi, a He O0UMC/IeHi y LMK/ 3HAaueHHs e/IeMEeHTiB
BeKTopa.

IIpuknap 1.3
» X=1;
» X(2)=1;
» X(3)=x(]-1)+x(j-2);
» X
x=11247911 13 15 17

»

IIpuknapg 1.4
» X=1;
» X(2)=1;
» x=[1,1,x(j1)+x(j2)]
x=11247 911 13 15 17

»

DyHKI[if0 peKypcil BU3HaUYal0Th HAWUTIPOCTILIMM CTIOCOOOM - uepe3 psZIOK CUMBOJTIB.
IcHy1OTB AIBi crcTeMHi (DYHKIIiT, SIKi JaFOTh 3MOTY OOUMC/TFOBATH 3HAUeHHSI MaTeMaTHUHUX
¢byHKLil, monepejHbO BU3HAUEHUX depe3 PsZOK CUMBOJIB. DyHKIis eval nepesnbadae
BU3HaUeHHs iMeHi QyHKLUIT Ta 3a/jaHHsI B y’KKax ii mapameTpiB npu (OpMyBaHHI pAIKY
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CUMBOJIIB, TOZi sK A5 GyHKLiT feval y psiaiKy cMMBO/IB 3anucyeTbces auiiie iM’ st QyHKIT,
a il mapameTpu 3a4at0TbCs OKpeMo. Harpukinaz;:

» eval(‘exp(1l)’)

ans =

2.71828182845905

» feval(‘exp’,1)

ans =

2.71828182845905

»

BusHauatu (yHKIIil0 3 TTapaMeTpaMU BUK/IUKY B Jy>KKax TPOCTillie st KOPOTKUX
MaTeMaTUYHUX BHpa3iB 3 BiJOMWMHM I[lapamMeTpaMy, MpOTe 3aBJaHHS TUIbKKA iMeHi
GbyHKI[il € OB THYYKUM CriocoO0M OCKibKM Take TOJaHHSI /1a€ 3MOTY BH3HAUHTH
TapaMeTPH BUK/IMKY 3a/Ie)KHO BiJ| pe3y/bTaTiB 00urcieHb Oe3rnocepejHb0 Yy KOMaH[HOMY
PAIKY.

BBakaTuMeMO TakoX, 1110 06uncieHHs: HeoOXiHO TepepBaTH MPY BUKOHaHHI OfHi€l
3 TAKUX TPbOX YMOB:

1. A0 AOCATHYTO MaKCUMaJIbHY Harepes 3a/laHy KiJIbKICTb eJieMeHTIB BeKTopa N.

2. SIKWo [OCATHYTO MakKCHMMallbHY Hariepej 3alaHy Pi3HULI0 MK 3HaueHHSAMU
cycigHix enemeHTiB Bektopa € h. Lleii mapameTrp mMo)kHa e()eKTMBHO BUKOPUCTOBYBATH
ripu (popmMyBaHHiI po36iKHUX TOC/TiJOBHOCTEH.

3. Akmo [OoCATHYTO MiHIMaAbHYy Hamepej 3afaHy PpPi3HUL0 MDK3HAauYeHHSIMU
MOTOYHOTO Ta MorepeHLOr0 eJIeMeHTIB BeKTopa €l.

Lle#t mapameTp MO)XHa e(eKTMBHO BUKOPHCTOBYBAaTH TpYA (HOpMyBaHHiI 30DKHHX
MOC/iJOBHOCTEM.

BignoBigHO [0 BU3HaueHOi 3arasbHOI KOHLEMIil (YHKIis, TpHU3HaUeHa JJisi
BHUKOHAHHS PeKYpeHTHUX 00UKC/ieHb, IOBUHHA MaTy TaKi BXiiHi mapameTpHu:

Nr— KIJIbKICTh TIOTIepeJHiX eJieMeHTIB TOC/IIJOBHOCTI, 3a SIKUMH TNPOBOIATHCS
obuncnenns. Harpukinag, skmo xi= f(i, xi—1), To nr = 1, a gkmio xi= f(i, xi—1, xi-2), T0
nr = 2;

N— MaKCHUMaJ/lbHa KiJIbKiCTh €/IeMeHTIB ITOC/IiIOBHOCTI, SIKi He00Xi/THO 0OUMC/IUTH;

V — BEKTOpP 3HaueHb [I0YaTKOBUX €JIeMEeHTIB MOC/IiI0BHOCTI €1, €2, ..., cn;

ff— psimkoBa 3MiHHa, sika Bu3Hauae ¢yHkit0 pekypcii f(i,xi—1, xi-2, ..., xi-n);

el— wmiHiManbHe 3HaueHHs pi3HMIII CYCiHiX esleMeHTIiB BeKTOpa, TpU SKOMY
HeoOXi/THO PUITUHUTH PO3PaxyHKW;

eh— makcrMasibHe 3HaueHHs Pi3HULI CYCiZIHIX e/leMeHTIB BeKTOpa, MpU SKOMY
HeoOXiTHO TIPUITMHUTH PO3PaXyHKH.

Cdopmymoemo oOMexxeHHsI, sIKi CJTii HAK/IaCTH Ha BXi/IHi MapaMeTpH Zijist KOPeKTHOI
poboTH byHKIIiT.

1. TTapameTpu nr, n, el, eh moBuHHI OyTH KOAATHUMH YKMC/IAMHU.

2. KinbkicTb efileMeHTIB nr, 3a SIKUMH TIPOBOASATLCS 00UMC/IeHHST, Ma€ OyTH MEHIIIOO,
Hi’K MaKCHMaJlbHa KilTbKiCTb e/IeMeHTIB ITOC/TiJOBHOCTI N, TOOTO Nnr < n.
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3. KinbKicTh esieMeHTiB BeKTOpa MOYaTKOBUX 3HaueHb V MOBHUHHA OyTH Oi/bllIoH0
abo piBHOIO KiBKOCTi e/IeMeHTIB Nr, 3a SKUMU ITPOBOJSATLCA 0O0UMC/IeHHS, ajle MEeHIIIO
abo piBHOIO MakCUMasbHil KiJIbKOCTi e/leMeHTIB MOC/Tif0BHOCTI N, To6TO nr <lenth(v) <n.

[Tpuknax obumciieHHs TmocaigoBHOCTi PiboHAuui TakM CII0CO60OM: CTBOPHMO

dyHkiito fibon,

B sKili OyZiemMo Moc/iZloBHO o0uHMC/moBaTH wieHH psay PiboHauui uepe3 BUK/IMK Ti€i K

camoi ¢yHkuii. [Iporpamuuii Koz GyHKIii MaThMe BUTJISIA;

ITpuxknap 2.
function r=fibon (n)

if ((n==1)|(n==2)) r=1; else r=fibon(n-1)+fibon(n-2);

end;
return
IIpuknapg 3
» for 1i=1:10 c(ii)=fibon(ii), end;
C =
c=11
c=112
c=1123
c=11235
c=112358
c=11235813
c=11235813 21
c=11235813 21 34
c=11235813 21 34 55
»
Oneparop MKy 3 miciaymoBoro while
Ilepiuii cooci® Jpyruii coci6
while — ymMoBa, #aRa MicTuTs |[while — yMoBa, AKa MicTHTE
sMiHHY n sMiHHY n

BMpas 1; =Bmpan 2; ..;
BMpas, HKWi MicTUTE SMiHHY
n; ..

% 6mor BupasiB %

end;

Bupas 1, Bupas 2,

Y 4

BMpas, #AKWA MicTHThR SMIiHHY

n, .
% 610K BMpasis %
end;

IMpuknaa 4 Po3paxyHoK PyHKIIiT exp(X) uepe3 cTerieHEBUM psifl
function s=expwhile(x,el)

s=1; p=1; nn=1;

while (abs(p)>el) p=p*x/nn; nn=nn+l; s=s+p; end;

return;
» expwhile (5,1e-6)

ans =1.484131589827695e+002

» expwhile (5,1e-8)

ans =1.484131591017449e+002

» expwhile (5,1e-10)

ans =1.484131591025724e+002
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» exp(5)

ans =1.484131591025766e+002

Omnepatop Bubopy switch ... case ... otherwise ... end

OmnepaTop MHO>XXMHHOTO BHOOpY, ab0 orepaTop nepeMyKau, BUKOPUCTOBYETbCS IS
TOIIYKY 3HaueHb 3MIiHHOI cepesi eJleMeHTIB AUCKPeTHOI MHOKUHU. OOMeKeHHs - Y
CTPYKTYpl case MO)KHa BKa3yBaTH JIMILIEe [AUCKPeTHI 3HaueHHs 3MIiHHOI, BU3HAueHOI

JleKapatiiero switch.

dopwmar oreparopa:
switch 3MiHHa

case {nepwuhn Habip 3HayeHb 3MiHHO1}, 6nokK Bupa3iB;
case {gopyruh Habip 3HayeHb 3MiHHO1}, 6noK Bupa3iB;
case {TpeTin Habip 3HayeHb 3MiHHO1}, 6noK Bupa3iB;

otherwise 6nok Bupa3is;

end;

IIpuksag 5 BUKOpHCTaHHA OepaTtopa nepeMyKaya y 30BHILIHIW (PYHKLT sw.m.

function sw(x)
switch x

case {1}, disp
case {2}, disp
case {3}, disp
otherwise disp

(IX~=11213’)1
end

o~~~

[
~

[
~

><>If><
WN =

Pe3ynbTaT poboTH HaBe/leHOI (DYHKITiT
JUUId PI3HUX UKMC/IOBUX MapaMeTpiB il

BHUKJIMKY Md€ TaKUU BUIJIAL:
» sw(l)
x=1
» sw(2)
x=2
» sw(3)
x=3
» sw(5)
x~=1,2,3
» Ssw(=5)
x~=1,2,3
» sw(l.5)
x~=1,2,3

»
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Oneparopu 3aKiHUeHHsI KePYIUYHUX 00UHC/TIOBA/TBHUX CTPYKTYP
end, break, continue Ta return

[Mpu peani3anii UMK/IIB y CTPYKTYPHOMY TMporpaMyBaHHi OyBae HeJOCTaTHBO
HasIBHOCTI oriepaTtopa 3akKiHueHHsl CTPYKTypu. [Hozi HeoOXifjHO MpY BUKOHAHHI Ti€l
abo iHmoi ymoBu mepeiiTi abo Ha KiHellb, abo Ha mouaTok LMKIy. s 1[bOTo
BUKOPHCTOBYETHCS OrepaTopu break Ta continue.

Onepatop break cTaBUTHCS y Tili LMKy [/s1 JOCTPOKOBOIO MepeprBaHHs HOT0
BUKOHaHHA 3 BUXO/IOM Ha KiHellb [IUKJ/Iy, a OIepaTop continue - /i repepyUBaHHA 3
BUXO/0M Ha I10YaTOK LIUKIIY.

OrnepaTop return BUKOPHUCTOBYETLCS /I BUXO/Yy 3 Tijla 30BHIIIHBOI (DYHKIIiT
abo BOyoBaHOI (DYHKIIiI, ajie TIpy 1IbOMY BiH MO)Ke OyTH pO3TaIllOBaHHWM ycepeauHi

Tina QyHKLi.

IIpuk/iap 6 BUKOpHCTaHHS OMepaTopiB B LMK 3 (PiIKCOBAHOIO KiJIbKICTHO IOBTOPEHb
for

function p=testbreak (x)

p=1;

for 1i=1:100

if (x<@) error (‘x can’nt be negative value’), break;
end;

if (x>100) x=10; continue, end;

p=p*x*1ii;

end

X

return;

Pe3ynbTaT pob60TH HaBeieHOT PYHKLIiT Oyie TaKui:
>> testbreak(5)
x =5
ans =8.452725758442828e-089
>> testbreak(-5)
??? Error using ==> testbreak
x can’'nt be negative value
>> testbreak(10)
X =10
ans =1.071510288125467e-058
>> testbreak(100)
x =100
ans =1.071510288125466e+042
>> testbreak(150)
x =10
ans =1.071510288125467e-059

>>



Oco0mBoCTi peasni3ariii KJIaCHUYHUX a/ITOPUTMIB 00PO0OKH AaHMX
yepe3 MaTPpUYHiI MaKpoomnepariii.

HOI.I.IYK MaKCHMaJ/IbHOr0 a00 MiHiMa/ILHOr0 3HAaYeHHA Ta 3aMiHA e/IeMeHTIB

[Tomyk MakcuManbHUX i MiHIMa/JbHUX e€/IeMEHTIB IOB’s3aHUM i3 mepebopom
BCiX efleMeHTiB BeKTOopa abo MaTpuiii Ta 3 MOPiBHSHHAM IX 3HaueHb, MaTeMaTUUHUN
3arUC aJIrOPUTMY TIOLLYKY yepe3 MaTPAUHI MakKpooriepalii MOBUHeH BpaxOByBaTH Lii
ocobmBocTi. HeobxigHO peasizyBaTH orepariito MOPiBHSIHHS, €KBiBaJIEHTOM SIKOI €
apr(dMeTHKO JIoTiuHi BUpa3u. 3 iHIIOro 60Ky, TOIIyK — Iie He orepailisi HaJ| yCi€ro
CTPYKTYpPOIO, a MoejieMeHTHa Orepaliisi, i TOMy peasi3yBaTy ii MO)KHa TIJIbKHA 4epe3
peKypeHTHe CIiBBijHOLlIeHHA. [Ins peastisalii alropurmy IOLIYKY MaKCUMaJIbHOTO
abo miHiManbHOTO 3HaueHHS Yepe3 MaTPUUHi MaKpoorepailii HeobXiZHO 3armcaTh
10r0 y BUTISIZIi PEKYPEHTHOTO apU(MeTHUKO-/IOTiYHOrO CITiBBiJHOIIIEHHS.

Po3srnsiHemo crioci6 ¢opMmyBaHHS Takoro CIIiBBiZHOIIEHHSI Ha TPUKIafi
aITOPUTMYy  TIOLIYKY MaKCHMMa/JbHOIO ejieMeHTa BekTopa. Criouatky i
PEKYPEeHTHUI aJlrOPUTM Y 3BUYalHiM (GOpMi - yepe3 (yHKL]iFO MOPiBHAHHS:

x(i), pna x(i)y=zx___(i-1),
e () =50 o B = {x(i o1 a2 =D
Jie x(i) — 3HaueHHs MOYaTKOBOT'O BEKTOPa,
xmax(i) — 3HaueHHsI BUXiTHOTO BEKTOPa, OCTaHHIM e/leMeHT SIKOTOBi/IIOBiJae
MaKCUMalbHOMY eJIeMeHTY BeKTopa X.
X (D) = 2(1); x,,,,, () =
= (2() 2 2,0, (i~ 1)) 2(D) + (20() < X (i—1)) - Xy (1)

ITpuxknap 1.

» x=[1, 100, -25, 20, 150, 40, -50];

» ffh="v(ii)*(v(ii)>=w(ii-1))+(v(ii)<w(ii-1))*w(ii-
1)7";

» c=recvect(1l, length(x), x, ffh, le-10,1el0)

c =1 100 100 100 150 150 150

»

[Tpuknaz omnepatiii 3aMiHU BiJI’ €EMHUX e/1IeMeHTIB BEeKTOpPa X, BU3HAUEHOI0 y
ronepeHpOMY TPUK/IaZi, Ha Hy 1. BignoBigHMI peKypeHTHHUI aArOpUTM MOJKHa
3amycaTv TakKuM YWHOM:

x,, (1) =xQ); x,, (D)

_ [x(@), axmo x(i) 20,
#1710, axmo x(i) <0

abo y BuUrmsizii apuMeTHKO-I0TiuHOTO BUPa3y
Xn(1) = 2(1); 2(i) = (x(i) = 0) x(i) + (x(i) < 0) 0.

IIpuxknapg 2
» x=[1, 100, -25, 20, 150, 40, -50];



» ffh="v(11)*(v(i1i)>=0)+0*(v(11i)<0)’;
» d=recvect(1l, length(x),x,ffh,0,1el0)

1 100 0 20 150 40 ©
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