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IIpakTuuna podora Nel
Osnaitomnienns 3 pobororo MATLAB

Meta poGoTu: BHUBYMTH OCHOBHI NPUHUIUIHK POOOTH, Ta O3HAMOMHUTHCH 3
0aszoBumMu komangamu cucremu MATLAB.

TEOPETHUYHI BIJIOMOCTI
1.1 InTerpoBaHmii nporpamuuii kommiexc Matlab

Matlab - 1e iHTEpakTHBHE CEpPEIOBHINE JJIsI BUKOHAHHS PI3HOMAHITHUX
HAyKOBUX Ta 1HXEHEPHUX po3paxyHKiB. Ha3Ba makera moXoAWTh BiJl CKOPOUYEHb
aHrmicbkux ciiB Matrix Laboratory 1 Halikpale xapakTepu3ye WOro CyTHICTh, 1€
MaTpHUYHI Oreparlii € 0CHOBOIO OUIBIIIOCTI PO3PAXYHKIB.

[TakeT maTpUMye BHWKOHAHHS OMEpaliid 3 BEKTOpAMH, MATPHUIIMHA Ta
MacHMBaMH JaHUX, peali3ye CHUHTYJSAPHI 1 CIEKTPalbHI PO3KIAAaHHS, MATPUMYE
pobGoTy 3 anreOpaiyHMMHU TOJiHOMAMH, BHUPINIyE HEMIHIMHI PIBHSIHHSA 1 3amadi
onTHMi3alii, IHTeTPyBaHHSI B KBaJApaTypax, BUpimrye audepeHIiaabHl PiBHIHHS,
Oyaye pi3HOro BHY rpadiky, TPbOXMIPHI IOBEPXHI Ta JIIHII PI1BHSL.

Jlo HaliBaXKTUBIIMIMX OCOOJIMBOCTI MAKETa BITHOCSTD:

* MOXJIMBICTh BHOOpPY Ta 3MiHM IUIaTGOPMHU - TpOrpamMu Ta JaHI MOKHA
MEPEHOCUTH Ha PI13HI TUIIA KOMITIOTEPIB 3 PI3HUMHU ONEPAIiiHUMU CUCTEMaMH;

* BIJKpUTA apXiTEKTypa 3 TOUKH 30PY MOXKJIMBOCTI CTBOPEHHS CHEIllaTbHUX
MiIporpaM, CHOPSIMOBAaHMX Ha PO3B'A3yBaHHS TMEBHOTO Kiacy 3amad. Taki
MIIpPOrpaMy MOKHA HaIMCaTH K 3a JOMOMOTOI0 MOBHM TMPOTPAMyBaHHS CaMOIO
nakera (Tak 3BaHl m-¢ainu), Tak 1 MoBow mporpamyBaHHs C. OTxe, KOXEH
KOPHUCTYBay MaKeTa MOKe 3pOOUTH CBIil BHECOK y PO3IIUPEHHS HOTO MOKIMBOCTEH.

Jlo ocHOBHUX oOnacteil BUkopuctaHHs Matlab BigHOCSTB:

- MaTeMaTHYHI OOYHCIICHHS;

- pO3po0OKa aIrOPUTMIB;

- 00YHCITIOBABHUI €KCIIEPUMEHT, MOJICTIOBAHHS;

- aHami3 iHpopMallii, JTOCIIJKEHHS Ta Bi3yali3allis pe3yJbTarTiB;
- HayKoBa Ta IHXeHepHa rpadika;

- po3poOKa T0AaTKIB.

CremiayibHI MiANPOTpaMu, TOB'SI3aHI 3 PO3B'SI3aHHSM TEBHOTO KJacy 3ajad,
dbopMyroTh TeMaTU4HI TifKaTaaoru (toolbox). MoxHa BUAUIMTH TaKi HaWBaKITUBIIII
toolbox -u:

* System Identification Toolbox npusHaueHuit A aHami3y CUTHAIIB Yy
cuctemMax  kepyBaHHsA.  Jlo3Boisie ~ BHUKOPUCTOBYBAaTH  TapaMeTpuyHl  Ta
HeMapaMeTPUUHI aaTOpUTMH 1AeHTH}IKAIi, 30KpeMa, pOo3paxyHOK 1 BepuQiKalliio
Mojiei, BUOIp MOPSAAKY MOJEN, JIEMOHCTpAIlil0 Ta TEPEeTBOPEHHsS curHamiB. [ae
3MOTYy 3a BIJIOMUMH BXIJTHUMH Ta BHUXIJIHUMH CHUTHajlaMM OO0'€KTa, MONEPEIHBO
3aJ1aBIlIY MOPSIIOK MOJEIN1, CTBOPUTH MOr0 MOJIENb Y BUIJISI/IL PIBHSIHB CTaHy.

* Control System Toolbox mnpusHaueHuid s CHHTE3y, aHaizy Ta
MOJICJIIOBAHHSI ~HEMEpPEepBHUX y 4Yacl Ta JUCKpeTHUX cucreM. Jlo3Bouse



BUKOPHCTOBYBAaTH Pi3HI (HOpMU OMUCY cuUCTeMHU (TieperaBaibHa (PYHKIIIS, cHCTEMa
PIBHSIHb 3MIHHUX CTaHy, pO3KJIaJaHHs Ha MPOCTi ipodu). BUKoHye mepeTBOpEeHHS Bijl
OJIHI€1 (pOopMU 3amKCcy CUCTEMU JI0 1HIIO1, @ TAKOX B1J HEMEPEPBHOI JJO TUCKPETHOI Ta
HaBmaku. Jlae 3MoOry AOCHIJDKYBAaTH PEAKIil0 CHCTEMH Ha PI3HI THUIH BXITHUX
CUTHAJIIB, @ TaKOX CHUHTE3yBaTH peryistopu. Jlo3Bosisie aHadizyBaTh MOBEIIHKY
CUCTEMH B YaCTOTHINA 00JIacCTI.

« Signal Processing Toolbox mpu3zHauenuii ayisg HU(ppPOBOro MEPEeTBOPEHHS Ta
aHaJli3y CUTHAJIIB y YacOBIiil Ta 4acTOTHIH obnacTsax. [[o3Bosisie€ mpoekTyBaTH HUPPOBI
Ta aHAJIOTOB1 (QIIBTPU. MOXKIUBUM € TApaMETPUUHE MOJICTIOBAHHS.

* Fuzzy Logic Toolbox Bkmro4ae cepemoBwine MOJETIOBaHHS B 001acTi
HEYITKOI JIOTIKM pa3oM 3 3aco0aMu A0 MPOEKTYBAHHS 1HTEIEKTYaJIbHHX CHCTEM
KEepyBaHHS.

* u-Analysis and Synthesis Toolbox Bumarae incramsmii Signal Processing
Toolbox 1 € makeToM sl aHami3y Ta CHHTE3y JIHIMHUX pOOACTHUX CHUCTEM
KepyBaHHA (CHCTEM KEepyBaHHS 3 MIABUIICHOIO CTIWKICTIO). BUKOpPUCTOBYETHCS Miis
MPOEKTYBaHHS ONTHMAJBHUX CHUCTEM KEpyBaHHS, OCHOBHA yBara akKIICHTYEThCS Ha
MUATAHHSIX CTIMKOCTI CUCTEMHU Ta ii Bpa3JaUBOCTI 10 3MIHU MTapaMeTpiB.

* Hewural Network Toolbox copourye moOyaoBy Ta AOCHIIKEHHS IITYYHUX
HEHPOHHMX MepeX. Jlae 3Mory BHUKOPHUCTOBYBAaTH Pi3HI alTOPUTMH HaBUYaHHS
HEHpPOHHMX Mepex. Peanidye pi3HI TMOM HEHpOHIB 1 HellpoHHUX Mepex. Koxken
HEHPOH OIMHUCYETHCS BEKTOPOM Bar, 3HAYCHHSIM 3MIIICHHS Ta BUIOM aKTHUBAIIMHOI
¢dbynkuii. 3B'a30k 13 Simulink-oM 1ae 3MOry BHKOPHMCTOBYBATH IITY4YHI HEHPOHHI
MepEexXi sIK OKpeMi OJIOKH B MOJIEISX TOCHIKYBAHUX CUCTEM.

* Nonlinear Control Design Toolbox mae 3MOry BHKOHYBAaTH OITHMI3AIliIO
JHIAHUX Ta HEJIHIMHUX CUCTEM KepyBaHHS.

* Optimization Toolbox peanizye pi3HI METOAM ONTUMIZAINT JHIAHUX 1
HEJTIHINHUX CHCTEM Ta PO3B'SI3yBaHHS CUCTEM HENHIMHMX PiBHSAHb. DYHKINT MaKeTy
JAI0Th 3MOTY 3HAXOJUTH €KCTPEMYM JOBUIHHOI (PYHKIIT SIK 32 HasgBHOCTI, TakK 1 3a
BIJICYTHOCTI OOMEXEHb, a TAKOXK ISl BANAAKY OaraTOKpUTEPIaibHOT ONTUMI3allli.

* Robust Control Toolbox mpuszHaueHuit st JOCHIIKEHHS 0araTOBUMIpPHHUX
pOOACTHHX CHCTEM KepyBaHHs. BUKOHY€E CHHTE3 ONTUMAIbHUX PETYISITOPIB.

* Spline Toolbox npusHaueHuii 1js1 po3B's3yBaHHS 3ajlay anpoKCUMAIlil Ta
IHTEepNOMAIi 3a JONMOMOTOI  CIUIalHIB, 3 MOJMJIMBICTIO 1HTErpyBaHHSA Ta
U epeHIIOBaHHS. OTPUMAHOTO PIBHSHHSL. :

» Statistics Toolbox peanizye pi3HOMaHITHI CTaTUCTUYHI (PYHKIIi, BKIIOYAIOUN
MOJICJTFOBAHHS BUITAIKOBUX IO/ Ta TeHEPATOPH BUTIAJKOBUX CUTHAIIB.

1.2 Pexumu po6oru Matlab
[Ticns Bxomy B cepenoBuiiie Matlab Ha ekpani po3kpuBaeThes BikHO (Pucynok

1.1), y sxoMy 3'ABIII€TBCS CUMBOJ '">>", 1110 CUTHAJI3y€ MPO TOTOBHICTH MaKeTa J0
poboTH.
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Puc. 1.1. Burmisig rojoBHOTO BikHA cepeioBuiia nakety Matlab

[TounHatOUYM 3 ILOrO MOMEHTY KO>KHA KOMaH/Ia 3 KJaBlaTypH OyJe CIpUiHsATA,
IHTEpIpeToBaHa Ta BHKOHAHA. Pe3ynbrar oOYMCIEHHS 3HAYEHHS BUpa3zy €
JNOCTYITHUM SIK 3HA4Y€HHs 3MIHHOI, SKId NpPUCBOEHUU BUpa3. Tak, BUKOHAHHS
KOMAaH/J1 HACTYITHOTO CUHTAKCHUCY:

>> 3MiHHA = BUPAa3

J03BOJIUTH OOPaxOBYBaTH 3HAUYECHHS BUPa3y, BHECTH 3MIHHY J10 po0O0U0i 00JIacTI, a Ha
NOSIBUTHCS PE3YNbTaT.
[Taker Matlab mae gesixki 0coOIMBOCTI:

- BOyzaoBaHi PyHKIII1 (HaIpUKJIa, Sin X) 3aMUCYIOThCS MTPONMUCHUMHU OYKBaMH,
a X apryMeHTH BKa3ylOThCS B KPYTIIUX TyKKaX;

- 3HauYCHHsS 3MIHHUX 3aIliCaHl 3 BHUKOPHUCTAaHHSAM OYKB pI3HOTO PETICTPY
OyayTh pI3HUMU (Hampukiam, A i a);

- Ui OJIOKyBaHHS BUBOAY pE3yJbTaTy OOYHCIIEHb MAESIKOTO BHUpAa3y MiCHs
HBOTO TpeOa MOCTaBUTH 3HAK ;" (Kparka 3 KOMOIO);

-y JeSKUX BHUMAJKaX MaTeMaTUYHUM BUPa3, 1[0 BBOJUTHCS, MOXKE BUSIBUTHUCS
HACTUIbKH JIOBI'MM, IIO JUI HbOTO HE BHCTAYUTh OJHOTO psiaKa. Y LbOMY
BUIIAJIKy YACTUHY BHpAa3y MOXKHA IIEPEHECTH HAa HOBHM PSIIOK 3a IOOMOTOKO
3HAKy TPH Kpamnku “...”%;

- mnaketr MatLab € nacammnepen nmporpamoro 1jsi poOOTH 3 MaTpULIAMH, TOMY
3BHYAlHI MaTeMaTU4H1 onepalii *, /, +, - BAKOHYIOTbCS B MAaTPUYHOMY BH/II.
Hns MTOEJIEMEHTHOTO BUKOHAHHS apuPpMETUIHUX oreparii
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BUKOPHUCTOBYEThCS onepaTop “.” (Hanpukian Z=V./A);



CJICMCHTH BEKTOPIB 1 MaTpHIlhb 3alHCYIOThCS B KBaJIpaTHUX Ty)KKax, Ta
pO3OLIAIOTECS  Ipobimamu abo komamu (Hampukiman V =[1 2 3 4]i
V =[1, 2, 3, 4] — ui 3amucH € iTeHTHIHUMH).

1.3. Komanau kepyBaHHSl BIKHOM KOMAHIHOIO PeKUMY

JI0o OCHOBHMX KOMaHJ KEpYBaHHS BIKHOM KOMAaHIHOTO PEXHUMY BITHOCATH

HACTYITH1 KOMaH/IU:

clc — ouumae ekpaH Ta pO3MIIIye Kypcop Y JBOMY BEPXHBOMY KYTi
MOPOKHBOTO CKPaHY;

home — moBepTae Kypcop y JiBHii BEpXHii KyT BIKHA;

echo <file_name> on — BkJIt04ae pexxrMM BUBEICHHS Ha EKpaH TEKCTy SCript-
dbaiiny (daiiny-cieHapir);

echo <file_name> off — Bigkmiouae pexUM BUBEIACHHS HA €KPaH TEKCTY
Script-daiiny;

echo <file_name> — 3miHI0€ pekM BUBEICHHS Ha MPOTHIIC)KHUN;

echo on all — Bxirouae pexuM BUBEICHHS Ha €KPaH TEKCTY BCiX m-(aiiis;
echo off all — BigkirOUae pexxuM BUBEICHHS HAa €KpaH TEKCTY BCiX m-(aiiis;
MOre ON — BKIIIOYA€ PEKUM IMOCTOPIHKOBOIO BHUBEACHHS (KOPUCHUHN NpU
neperssl BeTuKux m-Qaiiiin);

more off — BigkiIrOUae pexUM TMOCTOPIHKOBOTO BHBEICHHS (y IBOMY
BUIAJIKY JJIA TIEPeryisiy BEeIUKUx (painiB Tpeda BUKOPUCTOBYBATU JIHINKY
MPOKPYYYyBaHH);

diary file_name.txt — Bexe 3amuc Ha OUCK yCiX KOMAaH[ Y PSAKaX BBEICHHS
Ta OTPUMAHUX PE3YJNbTATIB Yy BUIJIAMI TEKCTOBOTO (aiiiny 3 3a3HaYCHUM
IM'SIM;

diary off — mpusynuHuTH 3anuC y Qaii;

diary on — nounHae 3anuc y daii.

clear <name I>, <name 2>, ..., — BUKOPUCTOBY€THCS JIsI 3HUILICHHS IEBHUX
3MIHHUX 4 (QYHKILIH 3 poO040i 001acTi MaKkeTy;

clear all — 3HuIIEHHS yCixX 3MIHHUX 200 (yHKIIIH 3 poO040i 001aCTi MAKeTy;
help — Bunmae Ha3Bu Beix qocTynmHUX (hailiB JOMTOMOTH;

help <filename> — nonmomora B po0OTi 3 OKpeMuUM (aijioM 3 3a3HAUCHUM
M’ M.

Knasimi T i | BHKOpHCTOBYIOTBCS MUIS MACTAHOBKM TIiCIS MapKepa psiKa

BBEJICHHS ‘>>" paHillle BBEJEHUX CTPIYOK, HANPUKIAA JJIsl IXHHOTO BHUIIPABIICHHS,
JTyOJIFOBaHHS a00 TOTTOBHEHHS.

VY BUMAJKy BEJIMKHUX MPOTpaM, MiJ 4ac BUKOPUCTAHHS LUKIIYHUX ONEpPaTOPIB

JOLIIBbHIIIE 3aMMCaTH HEOOXITHY MporpaMmy y BUIISIAI m-Qaiily, a MoTiM MNoAaTH
Horo Ha3By B KOMaHIHIM cTpiulll. [Ipu HeoOXimHOCTI mporpamy 3 (ailiny MoxHa
BHUBECTH Ha €KpaH 3a JonoMororo komanau type. CtBopeHHs Takoro (aitiry MoxkHa
3MIMCHIOBATH 3a JIONIOMOIOK OyAb-SKOTO TEKCTOBOI'O pPEJaKTOpa, HaBiTh I03a
MAKETOM.



Jlnsa imrocTparii MOXKJIMBOCTEH MakeTa Ta OKpeMHuX ioro toolbox-iB ciryxaTb
YHCJICHHI JIEMOHCTpAIIIHI TporpaMu, IO MalTh MOTY)XHY CHCTEMY ITiIKA30K Ta
MOSICHEHb BUKOHAHUX JiH. /711 JMOCTymy A0 ONMHMCAaHMX BHIIE UIOCTpallii poOOTH
rakeTa HeoOX1THO B KOMaH/IHIM CTpivlll HAOpaTu:

>>demo

Biakpusmm 3a 1omoMoror0 "MUIIKA'" HEOOXiTHUN KaTajioT y JAepeBl KaTaJloTiB
“Matlab Demos”, kopucTyBa4d OTPUMYE JOCTYM J0 JEMOHCTpaLiHUX (aiiB, 3amycK
SKHAX 31ACHIOETHCS 32 JOIOMOI'0X0 KHONKHU “Run”.

2.4 Twunu ta popMaTu JaHUX

Matlab He BuMarae nekiiapariii TUIy JaHUX 4M iX po3Mipy. IM'st 3MiHHOT MOXKe
CKJIaJaTHCs 3 JOBLIbHOI KOMOIHawii OykB Ta uudp, ame He Ouibiie 19 3HaKkiB, npu
bOMY TNEpIINA CUMBON Mae OyTH OykBoro. J[aHi MOXYyTh OyTH 3aHEceHI B poOOUy
00J1aCTh MAKETy B CKAJSIPHINA Ta MATPUUHINA POpMI.

Jist umoctpanii pisHUX (OpMaTiB  pO3MIISIHEMO BEKTOp, ILIO0 MICTUTH JBa
€JIEMEHTH — YHCJIA:

X =[4/3 12345¢-6]

VY pizHux dopmarax mpencTaBiIeHHs Yucia OyayTh MaTH HACTYITHUN BUTIISAL;

format short 1.3333 0.0000

format shorte | 1.3333e+000 1.2345e-006

format long 1.33333333333333 0.00000123450000
format longe | 1.33333333333333e+000 | 1.23450000000000e-006
format bank 1.33 0.00

3amanHs Qopmary BiAOMBAEThCS TUIBKM Ha (QOpMI BHUBEJCHHS YHCET.
OO0uuncnenHs 3aBXau BiI0yBalOThCS ¥ (hOpMI MOJABIHHOT TOYHOCTI, a BBEICHHS YHCEI
MOJKJIMBE B OyAb-IKOMY 3pYYHOMY JJIsl KOPUCTYyBaua BUTJISIIL.

VY cepenoBuIli MakeTy BU3HAYEHA 3MIHHA TUNY string. 3MiHHA TaKOTO THUILY €
JOBUTBHUM TEKCTOBHM ()parMeHTOM, 3allMCaHuM 3 JOTOMOTOI0 amnocTpodis,
IPUYOMY PO3PI3HAIOTH BEPXHI Ta HUXKHI CUMBOJM. TEKCT 3amam'siTOBYEThCA Y
BUTJIAMII BEKTOpPA, a KOXEH 3HAaK TEKCTYy CTAaHOBUTH OKPEMHI €JIEeMEHT TaKOro
BekTopa. Hanpuknan, 3anuc s = 'student' € TekcToBOIO 3MiHHOIO S = student.

1.5 Cucremsi 3mMiHHi

OCHOBHI cHCTEMH1 3MiHHI, 10 3aCTOCOBYBaHi B cucremi MatLab:
- i abo ] — ysBHa oxuHMI (KBaJApaTHUH KopiHb 3 -1), (Hampukiamg >>
¢ =45+56*%1);
- pi—uucno & =3141592...;



- eps — moxubKa omepaliii Ha YHCIAMH 3 IIABAIOYOI0 KPAIKoo (2°7);

- realmax — Haii0OibIIe YMCIIO 3 IJIABAFOYOI0 KPAIKOIO;

- realmin — HaliMeHIIIE YUCITO 3 IJIABAKOYOI0 KPAITKOIO;

- ans — 3MiHHa, 1110 30epirae pe3yabTaT OCTaHHBOI OIepallii;

- NaN - BkaziBka Ha HeuncioBuil xapakTtep nanux (Not-a-Number), a Takox
Ha HeBu3HaveHicTh 0/0

1.6 EaemeHTapHi MaTeMaTH4Hi QyHKIII nakeTy

[TpwuiinsTo, mo Bci ¢yHKIIT maketa Matlab Bu3Ha4yeHi 3a TOMOMOTO0 Malux
JTEep, a 3BEpTaHHS O HUX 3 BUKOPUCTAHHSIM BEIMKHUX JITEp OyAe TPaKTOBAHO SK
nomuiika. Jlesiki eneMeHTapHi MaTeMaTuyHi QyHKIN1, JOCTYIIHI B CEPEIOBHUIIII MaKeTa

HaBeneHl B Tabwmi 2.1.

Tabmuns 1.1 - OcHoBHI MateMaTUyH1 (QYHKIIIT MaKeTy

Tpuronomerpuyni IlinneceHHs X0 cTenmeHi
. TPUTOHOMETPHYHI IiTHECCHHS YHCia X
sin, cos, tan, cot p P XNy 8 i y
GyHKIIT CTEIIHb Y
. obepHeHi ow2(n MiJHOCUTH 2 y CTEMiHb
asin, acos, atan, P . P ( ) A y
TPUTOHOMETPHUYHI n
acot
byHKIil
sinh, cosh, tanh, . o . .
coth rinepOomivyai QyHKII sqrt KOPiHb KBaJpaTHUI
asinh, acosh, oOepHeHi rinepOosTiuHi nextnow? Big Bupasy 2" nmoseprae
atanh, acoth byHkiii P CTEITiHb N
Sec, €SC CEKaHC 1 KOCEKaHC DyHKIII KOMIJIEKCHOTO APTYMEHTY
obepHeHi KIii MOJYJIb KOMIIJIEKCHOT'O
asec, acsc pHer Pymxn abs Y
CeKaHca 1 KOceKaHca qrcia
rinepOoiyHuA CeKaHC (aza KOMIUIEKCHOTO
sech, csch . angle
1 KOCEKaHC qrcia
asech, acsch obepHeHi rinepOoiuHi conj KOMILUTIEKCHO-CIIPSIKCHE
byHKIiT YHUCIIO
N . SIBHA YaCTHHA
Jlorapu¢gmiyni imag Y
KOMIUJIEKCHOTO YHUCIIa
niificHa YacTHUHA
exp €KCIIOHEHTa real
KOMIUJICKCHOT'O YHUCJIa
. COpPTYBaHHS Ha
HaATypaJbHUN . .
log cplxpair KOMILIEKCHO-CIIPSDKEHI
norapupm .
napi
log10 JIeCATKOBUI Jlorapupm
JoTapudM 3a OCHOBOIO
log2 pud
JIBa

1.7 TexcroBi KOMeHTAapIi

Ockinpku MatlLab BHUKOPUCTOBYETBCS [Js1 JOCUTh CKJIAJHUX OOUYHMCIIEHb,
BaXKJIMBE 3HAYCHHSI Ma€ HAOYHICTh IXHBOTO onucy. BoHa mocsraeThes 3a 10MOMOT OO
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TEKCTOBUX KOMEHTapiB. TeKCTOBI KOMEHTapl BBOJSATHCS 3a JIOMOMOTOI0 CHUMBOIY %0
(mampukian % It is factorial function).

ITpu BBeneHH1 OyKkBH “c” pociiickkoro andapiTy Oyjae BiiOyBaTHCS Mepexia Ha
HACTYITHY CTpidKy. PekoMeHIyeMO MIiHSATH pOCiiichbke “‘C” Ha aHTJiHChKe, IO Ha
3araJlbHUN BUJ] KOMEHTApIO HisK HE TO3HAYaeThCs. Tak caMo HE PEKOMEHIYEMO
BBOJIUTH POCIMCHKOMOBHI KOMEHTapl ¥ y TeKCTU m-(aiiaiB, 1110 MOXKEe MPUBECTH JI0

TOTO, 1110 TPOrpamMa CTaHe Helpale3JaTHOIO.
1.8. PoGora 3 mat-paitiamn

@aitnu 3 po3mmpeHHsAIM *.mat e OiHapHUMH, Y HUX MOXYTh 30epiratucs
3Ha4YeHHs 3MIHHUX Po00Y0i 001acTi.
Jl1is1 30epekeHHsI BUKOPHCTOBY€ETHCS KOMaH/a:

>> save FILENAME

VY pa3i HeoOXx1THOCTI 30€peKEHHS 3HAUCHHS TUIBKM OKPEMHUX 3MIHHHUX ITICIISA
IMeHi ¢aiiry HeoOX1THO ToAaTi epeiK [UX 3MIHHUX, HaIPUKIa/l

>>sagve C:\Users\mia\laborl.mat X Y Z

Hpyruii coci0 30epexeHHs uepes3 MmaHesb IHCTpyMeHTIB Save Workspace as...
Jlns 3aBaHTaXeHHS 30€peKEeHMX 3MIHHMX Yy pobOouy o00JacTb HEOOX1JTHO
BUKOHATH HACTYITHY KOMaH/Y:

>> |load FILENAME

ne FILENAME —im’s aitnny y sikomy 30epexeHi gaHi.
Sx1o moTpiOHO 3aBaHTAXKUTH OKPEMI 3MIHH1 HEOOX1THO BBECTH KOMaH/LY:

>> |oad FILENAME X Y Z

EKCIIEPUMEHTAJIBHA YACTUHA

1.9 3aBaanusa A1 BUKOHAHHSA

191 TIlepen BHUKOHaHHSM pOOOTH O3HAUOMUTUCH 3 TEOPETUYHUMU
BIJIOMOCTSIMU.

1.9.2. V BiANOBIAHOCTI JO OTPUMAHOIO HOMEPY BapiaHTy BUOpATHU 3HAYEHHS
3MIHHUX JJI1 BUKOHaHHA Ja0opatopHoi pobotu (Tabmuusg 2.2) Ta BHUpa3w i
obuuncienns (tadbmuis 2.3).

1.9.3. 36epertu 3HaueHHs 3MIHHUX y mat-(haiia 3 Ha3BO <name>, JIe hame —
BaIlle TIPI3BHIIIC.

1.9.4. Ouuctutn pobovy 0071aCTh Ta BIKHO. 3aBaHTAKUTH 3HAYCHHS 3MIHHUX 3
mat-¢aiiny Ta o6uncanTH 3HaYeHHS BUpasy. Pesynbrat 36epertu.
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1.9.5. CtBoputu TEKCTOBI KOMEHTapi 10 poOOTH, MPOBECTH 3alMC HA JUCK
¢parmenTy po6OTH, BUKOPUCTOBYIOUH KOMaH/AM KEPYBaHHS BIKHOM.
1.10. 3micT 3BiTY

1.10.1. Tema Ta MeTa poOOTH.

1.10.2. 3aBmanHs 10 poOOTH.

1.10.3. Bimob6pa3utu oTpuMani pesynbTaTd (M. 2.3-2.5) y BHUIJIAII KOMiH
eKpaHy.

1.10.4. BucHoBKY 3a pe3yiabTaTaMi BUKOHAHOI POOOTH.

KOHTPOJIBHI 3AITMTAHHSA

1. Kopotka xapakrepuctnka MATLAB.

2. IlepeniviTh OCHOBHI Omepailii, 10 MOKHa BUKOHYBaTH 3acobamu MATLAB.

3. IlepeniyiTh Ta JalTe KOPOTKY XapaKTEPUCTUKY TEMAaTUYHHUM IIiIKaTajJoram
MatLab (toolbox).

4. T'onoBHe BikHO makeTy MatLab.

5. IlepeniviTh 00aacTi BUkopucTanus MatLab.

6. OcobauBocTi podotu 3 maketom MatLab.

7. SIK1 BU 3HA€TE KOMaHN KEPyBaHHS BIKHOM KOMaH/IHOTO PEXKUMY?

8. SIK NOJMBUTHCH IEMOHCTpALIil IporpamMu?

9. 17151 4oro BUKOPUCTOBYEThCSI KoMaHAa format?

10. IlepemiuiTh cucTeMHi 3MiHHI Matlab.

11. Ha3BiTh OCHOBHI TpuronoMeTpuuHi QpyHkuii Matlab.

12. Sk 3akoMeHTyBaTu cTpiuky Matlab?

13. Po6ora 3 mat-¢aiinamu.

Tabmus 1.2 — BapianTu 3aBaaHHs

Homep 3HaveHHs 3MiHHHX Homep
BapianTy|g b R w L BHpa3y
1 7,1 2 1,89 2,1 3,2 1

2 0,43 2,1 1 9,8 2,45 2

3 0,12 2,3 11 3 1,89 3

4 0,34 4,5 2,34 1,32 5 4

5 0,45 6 4,3 3 5 5

6 0,1 1 2 2,34 2,45 6

7 2,3 19 2,31 2 7,6 7

8 4,3 0,9 1,78 4 3,2 8

9 2,1 0,45 1,78 1,7 2 9

10 1,4 0,12 2,9 2 2,4 10

11 2,3 1,34 8,1 7 51 11

12 1,4 1,98 2 2,8 0,98 12

13 8,6 1,78 11 3 0,56 13

14 54 1,4 2 1,89 2,1 14




15 3,1 0,3 0,89 2,9 2,3 15
16 0,43 3,5 0,56 3,4 4,5 16
17 9 4,3 0,54 2,89 6 17
18 1 2,1 0,67 2,5 1 18
19 2,1 3,2 9,1 19 19 19
20 2,2 15 4,3 4,6 0,9 20
21 3,1 2,7 4,7 0,45 0,45 21
22 1,67 2,8 8,1 0,87 0,12 22
23 1,45 51 3,2 0,3 1,34 23
24 19 0,9 1,34 0,1 1,98 24
25 1.2 8,1 2,65 0,01 1,78 25
26 1,34 15 1,89 14 11 26
27 1,56 0,56 1,23 2,1 2 27
28 1,67 0,9 2,31 1,98 0,89 28
29 1,89 11 1,78 9,7 0,56 29
30 1,78 1,78 19 1,76 0,54 30
Tabmuig 1.3 — MaremaTu4Hi BUpa3u
Howmep 3HauyeHHs] BUPa3y
BHpa3y
1 1 2a b . a’+(b+1)°
X =tg( Zarctg( ———— )+—-In(——-%
Aol e 1 M oy
2 sin2a . 2b
X =tg( ——+] )
cos2a+sin2b " cos2a+cos2b
3 :
X =tg( tha Lp_Sin 2b
cos2a+cos2b  2a-+cos2b
4 1 sin(W?/2 3 cos(zr /2 5
X=_+ ( )'(1_ e ) ( )(_ 7z )
2 ma () (%)
5 1 cos(zn’l2 3 cos (zr*/ 2 5
X=2- ( )'(1_ 7 ) (2 3 )'(1_ )
2 7R (7R?) W (7x%)
6 _ RL(R+L)+RwL —1/wa)® b RGL-1/wa)
(R+L)* +(wL—1/wa)? (R+L)* +(wL—1/wa)®
7
X =16- % In(L+——) + ! _
b/a’ 3.64+2(L/a)+0.51(L/a)
8
120
X = arch——ln 1+(—
\/B{ W 1/ ( L) }
9 2
X = |1+ Lzﬂ{l—(é)z}
2InW /by~ b
10 5.9R a
X =1.25 : —R-log(—
[exp(a-\/b+1.4l)/87} g(b)
11

J7[W (L+ (cos 2b) /2]~ (3-sin2R)L
a-R

X =

12



12 -WL 1.2
X =a(1—\7_2-sin(w\/1—a2+arctg( 1ba )
1-a
13 . T o . AT L. T
X =asin=+L"sin2=+W "sinb=
4 4 4
14
X :lln1+—a+larctgw
4 1-b 2
15
bcos” W2cos2” a'cosw
Xo_ 3. 3, 3
1 2 R
16
X =125 5.9R
exp(a-vb+1.41)/87
17 2
X = [1-12_2 {1—(3)2}
2InW)|~ b
18 y J7[W 1+ (cos 2b) /2]
~ a-R-(3-sin2R)L
19 « - J7[W 1+ (cos 2b) /2]
B a-R
20
X =£In1+—a+larctga
4 1-b 2
21
W2cos2” atcosw’”
X = 3, 3
2 R
22 1 cos(zz®/2) cos(zx’/2) 5
X=-- - 203 (1- 212 )
2 7R W (ma”)
23 1 2a a’+(b+1)°
Z=tg(=-—22 )+In(E L
g(2 1—a2—b2) (a2+(b—1)2
24 i
X=cos(S|_n2a+ 2b )
sin2b cos2b
25 . sin2b
X =sin +
cos2a+cos2b  2a+cos2b
26 3 cos (nn/ 2 5
X=(1- 212 )— (2 3 )'(1_ 2 2)
(7b°) m L (ma”)
27
X = >9R ~R-log(2)
exp(a-vb+1.41)/87 b
28
= \/;L+sin(2a)
29 a2
X =sin(W+/1-a’ +arctg( 1ba )
30

X =L2sin2Z +WsinbZ~
4 4

13
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IIpakTuyna podora Ne2
Oneparopu KepyBaHHA 004HCIHOBATbHUM
npoiuecoM B cepeoBuILi 00podxku diomennuHoi ingopmanii MATLAB

Meta po0OTH: BHBYHUTH MPOLEAYPY OOUMCIIOBAIHHOTO MPOIECY B MPOIIECi
0o0poOku OlocurHamB B cepenoBuini MATLAB 13 3acTyBaHHSIM oOmepaTopiB
0€3yMOBHOI'0 TIEpPEX0/ly, YMOBHHUX IEPEXOJIB 1 ONEpaTopiB OpraHizaimii MUKITIYHUX
IPOLIECIB.

TEOPETHNYHI BITIOMOCTI
2.1 3arauabui Bizomocri

3aranoM KaxxydH, ONepaTopu KepyBaHHS HEOOX1JHI, TOJOBHUM YWUHOM, JUIS
oprasizaiii OOYHMCIIIOBAJIBLHOTO Tpoliecy B Mpoleci oOpoOKu OloCHTHAMIB, AKUN
3aMHUCYETHCA y BUJL JIEIKOTO TEKCTY MPOrpaMu Ha MOBI MpOTrpaMyBaHHS BHCOKOIO
piBHs. [Ipu 11boMy 110 omepaTopiB KepyBaHHS OOUYHCIIIOBAILHUM MPOIIECOM 3BUUYANHO
BIJIHOCSITH OIepaTopu 0E3yMOBHOTO MEPEX0Jly, YMOBHHX IMEPEXOJIIB (pO3raayKeHHs
OOYHUCITIOBAJILHOTO MPOIECY) 1 ONepaTopu opraHizaiii HUKIIYHUX TporeciB. [Iporte
cuctema MatLAB mnoOyjgoBaHa TakuM YMHOM, IO Il ONEpPaTOpU MOXKYTh OyTH
BUKOpHUCTaHI 1 Ipu poooTi MatLAB y pexxumi kanpKymisiTopa.

VYci onepatopu LMKy W YMOBHOTO rnepexony noOyzaoBani B MatLAB y Bumi
CKJIQJIHOTO OIlepaTropa, IO MOYMHAEThCS 3 ofaHOro 3i cimyxOosux cmiB if, while,
switch a6o for i 3akinuyetscs ciayx00BuM cioBom end. OnepaTopu BCepearHi Mixk
IIUMU CIIOBAMU CIPUHMAIOTBCSA CUCTEMOIO SIK YaCTUHHU OJTHOTO CKJIATHOTO OTEepaTopa.
Tomy HatuckanHs knaBimi <Enter> nmius mepexogy A0 HACTYMHOTO psaKa HE
NPU3BOJUTh y IIbOMY BHUIIAQJIKYy JO BHKOHAHHS IUX orepaTopiB. BukonanHs
OTEepaToOpiB TOYMHAETHCS JIMINE TOJl, KOJW BBEJACHaA '3aBeplIlyBajibHa mTyxKKa"
CKJIATHOTO orepaTtopa y Buai MiTku end , a moTiM HaTtucHyTo KiaBimy <Enter>.
Aximo nekiiibka CKJIAJHUX OMNEepaTopiB TaKOro THUIMY BKJIAJEHI OJWH B IHIIUH,
OOYMCIICHHS ITOYMHAIOTHCS JIMINE TOMI, KOJM 3anvcaHuii KiHeub €Nnd HalOIIbLI
OXOTUTIOIOYOTO (30BHINIHBOTO) CKIAHOTO OfepaTopa. 3 bOT0 BUILIMBAE MOXKJIUBICTh
3MIACHEHHS HaBIThb y PEXMMI KaJbKyJIATOpa AOCUTh CKJIAAHUX 1 00'eMHUX (110
CKJIaJIAl0ThCA 3 0araThboX PSAKIB 1 ONEpaTopiB) OOYMCIICHB, SIKIIO BOHHM OXOILUICHI
CKJIQJIHAM OTIePaTOPOM.

2.2  Onepatop yMOBHOIO nepexoay
KoHcTpykuisa onepaTopa nepexoy 3a yMOBOIO B 3arajlbHOMY BH/I1 € TAKOIO:

if <ymoBa>
<omepartopul>
else
<omepatropu2>
end
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[Tpamtoe oneparop y Takuii crocid. Crnovyarky nepeBipsieTbCsl, Yd BUKOHYETHCS
3a3HaueHa yMoBa. SKIo ii BUKOHAHO, MpoTrpamMa BUKOHYE CYKYIHICTh ONEpaTOpiB,
10 3amucaHa B Mol <omeparopul>. Skmo ymMOBy He BHKOHAHO, BUKOHYETHCS
MOCIIOBHICTH OIEPaTOPiB MOALTY <OmepaTopu>.

Ckopouena (opmMa yMOBHOTO orepaTopa Ma€ BUJI:

if <ymoBa>
<omeparTropu>
end

Jlis omepaTopa B IIbOMY BHUITQJIKy QHAJIOTIYHO, 32 BHHITKOM TOTO, IO TIPH
HEBUKOHAHHI 3aJ]aHOI YMOBU BHIKOHYETHCSI OIEpaTOp, HACTYIMHHHA 3a OMEPaTOpOM
end.

Jlerko TOMITUTH XHOM IILOTO OIEpPaToOpa, IO BUILIMBAIOTH 13 BIJICYTHOCTI
oriepatopa 0€3yMOBHOTO II€PEXOJy: YCI YacCTHMHHU IPOTPaMHM, 110 BUKOHYIOTHCS B
3QJIEKHOCTI BiJI YMOBM, ITOBHMHHI PO3MIIIATHACS YCEPEAMHI onepaTopHuX gy ok if i
end.

Sk yMOBa BUKOPUCTOBYETHCSI BUPA3U TUITY:
<iM'st 3MiIHHOI 1> <omepailisi TOPIBHIOBAHHS> <iM'sl 3MIHHO12>
Onepaiiii nopiBHoBaHHs B MOBI MatLAB MOXyTb OyTH TaKuMHU:

< - MEHIIIE;

> - OuIbIIE;

<= - MeHIle a00 JTOPIBHIOE;
>= - OinblIe a00 TOPIBHIOE;
== - IOpIBHIOE;

~ = - HE JIOPIBHIOE.

YMoBa mMoxke OyTH CKIJIaJIEHOI0, TOOTO CKJIaJaTUCS 3 KITBKOX MPOCTUX YMOB,
10 00'€THYIOTHCS 3HAKaMH JIOTTYHUX Orepalliii. 3HakaMu JOTTYHUX OTNepaIliil y MOBI
MatLAB e:

& - noriuna omeparis "[" ("AND");
| - noriuna oneparis "ABO" ("OR");
~ - joriuna oneparis "HI" ("NOT").

Jloriuna onepaiis "BunstkoBe ABO" Moxe OyTH pealizoBaHa 3a JOIMOMOI0I0
¢bynkuii xor(A,Y), ne A 1 B - nesiki ymoBH.
€ IpUITYCTHMOIO IIIe OJJHa KOHCTPYKIIisl ONIepaTopa yMOBHOTO TIEPEXOTY:

if <ymoBal>
<omepartopul>
elseif
<ymoBa2>
<omeparopu2>
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elseif
<ymoBa3>
<omeparopu3>
else
<omeparopu>
end

Omnepatop elseif BukonyeThcst o1, Komu <ymoBal> He BukoHaHa. [Ipu nmpomy
CIIOYATKy IepeBipsieThesi <ymoBa2>. SKiio ii BUKOHaHO, BUKOHYIOTbCS <OIEparo-
pu2>, SKIIO X Hi, <OmepaTopu2> ITHOPYIOThCS, 1 BiIOYBa€ThCsA Mepexia 0
HacTymHOro omneparopa elseif, To0To 1m0 mepeBipkH BUKOHAHHA <yMOBH3>.
AHaJIOTIYHO, TP BUKOHAHHI ii BHUKOHYIOTHCS <OMEpaTopbi3™>, y MPOTUBHOMY
BUIIAJKy BiOYBa€ThCS Tepexia 1o HacTymHoro omeparopa elseif. Skmo xomny 3
yMOB B orepartopax elseif He BUKOHaHO, BUKOHYIOTHCSI <OIEPAaTOPH>, IO MICTATHCS
3a omeparopoMm else. ¥V Takmii croci6 Moxe Oyt 3a0e3neueHe po3ralyKCHHs
IpOrpaMu MO KIJIBKOX HalpsiMKax.

2.3 Omneparop nepexJrOYeHHs

OnepaTop NEpeKITIOYEHHS MA€ TaKy CTPYKTYpPY:

switch <Bupa3s, ckajsip 200 psiIoOK CUMBOJIIB>
case <sHayeHHs 1>
<omepartopul>
case <3HAYECHHA2>
<omepatopu2>
otherwise
<omepatopmu>
end

BiH 371liCHIOE pO3ranyKyBaHHs OOYMCIIEHb Y 3aJ€KHOCTI BiJl 3HAYEHb JIEAKO1
3MiHHOi a00 BUpa3y, MOPIBHIOIOYM 3HAYEHHS, OTPUMaHE B PE3yJIbTaTi OOYMCIEHHS
BUpa3y B psaAky Switch, i3 3Ha4yeHHsSMU, 3a3HAYCHUMH B PSJIKax i3 CIOBOM Case.
BianosiznHa rpymna onepaTopiB CaS€ BUKOHYETHCS, SIKIIO 3HAYEHHS BUpa3y 301raeTbes
31 3HAYEHHSM, 3a3HAUYECHUM Yy BIANOBIAHOMY PSIAKY Case. SKio 3HaueHHs BUpa3y He
30Ira€ThCsl 3 KOJHUM 13 3HAUYEHb Yy TIpynax Case, BUKOHYIOThCSA OIEpaTopH, L0
HacinyroTh Otherwise.

2.4  Oneparopu HUKITY

Y wMoBi MatLAB € nBa pi3HOBHAM OIEpaTopiB MHKIYy - YMOBHUH 1
apuPpMETUIHHN.

OmnepaTtop UKy 3 IEPETyMOBOIO Ma€ BU:

while <ymoBa> <onepatopu>

end



18

Omneparopu ycepeauHi UKy BUKOHYIOTHCS JIMIIIE B TOMY BHUIAIKY, SKIIO €
BHKOHAHOIO yMOBa, 3amucana micias cioBa While. Ilpu mpoMy cepen omepartopis
ycepeauH1 MUKy 000B'I3KOBO MOBUHHI OYTH TaKl, 1110 3MIHIOIOTh 3HAYEHHS OJIHI€T 31
3MIHHHUX, 3a3HaYCHUX B YMOBI IIUKITY.

HaBenmemo mnpukimag OOYHCICHHS 3HAYCHHS CHHYca NpH 3 3HAYCHHSX
apryMeHTy Bija 5 10 15 13 kpokom 5:

1=1;

whilei<=3
X = 1*5;
si =sin(x);
disp([x,si])
iI=i+1;

end

Pe3yabrar:
5.0000 -0.9589
10.0000 -0.5440
15.0000 0.6503

IIpumitka. 3BepHITH yBary Ha Te, SKUMHU 3ac00aMu B 3a3HAYEHOMY MPUKIIA]II
3a0e3MeYeHo BUBEICHHS Ha €KpaH 3HAYCHb KUTBKOX 3MIHHUX OJHHUM PSIAKOM.

Jl7is IbOTO BUKOPHCTOBYEThCS omnepatop diSp, sikuii paHille 3acTOCOBYBABCSI.
AJe, BIAMOBITHO 0 TMPaBUJ 3aCTOCYBaHHS I[LOTO OIEpaTopa, y HbOMY MOBHHHHN
OyTH TUIBKHM OJWH apryMeHT (TeKCT, 3MiHHa abo Martpuis). [[o6 oOMmMuHyTH IO
MePEIIKOTy, MOTPIOHO JCKIIbKAa YHCIOBUX 3MIHHUX O0'€THATH B €IUMHUN O0'€KT -
BEKTOP-PS/I0K, a OCTAHHE JIETKO BUKOHYETHCA 3a JOIMOMOTOI 3BHYAHOI oreparii
(dbopMyBaHHS BEKTOpa-psIKA 3 OKPEMHX €JIEMEHTIB:

[ xI, x2, ..., X].
Takum YMHOM, 3a JJOIIOMOI'OI0 OIICpaTopa BUY:
disp([x1, X2, ..., X])

MOXHa 3a0€3MeUnTH BUBEJICHHS PE3yJIbTaTiB 00YUCIICHD Y BU1 TAOIUIl JaHUX.
ApudmMeTUuyHUM orepaTop MUKy Ma€ BUI:

for <im's> = <II3> : <K> : <K3>
<omepaTropu>
end,

e <iM's> - iM'd Kepyrodoi 3MiHHOI LUKy - "miumnpHuka" nukiny; <I13> - 3amane
MOYaTKOBE 3HAuUEHHs 1i€i 3MiHHOT; <K> - 3HaUeHHA KPOKY, 13 KM BOHA MOBHHHA
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3miHioBaTHCs; <K3> - KiHIEBe 3HAYeHHS 3MIHHOI HUKIY. Y I[bOMY BHIAJKY
<omepaTopu> yCepeIuHl NUKIYy BHUKOHYIOTHCS KiIbKa pa3iB (KOXKHOTO pa3y NpHu
HOBOMY 3HAYCHHI KEPyHOYOi 3MIHHOI) JOTH, MOKH 3HAYEHHS KEpyrouoi 3MiHHOI HE
BUIiJIe 32 MeX1 1HTepBainy MiK <[I3> 1 <K3>. fkmio napametp <K> He 3a3HaueHMUid,
3a 3aMOBYYBAaHHSIM HOTO 3HAYCHHS MPUHUMAETHCS PIBHUM OJMHHIII.

[I{o6 mOCTPOKOBO BHMTH 3 IUKIY (HAIPHUKJIAJ, IPH BUKOHAHHI JIESIKOI YMOBH)
3aCTOCOBYIOTH omeparop break. fkimo mporpama CTHKAaeThCS 3 UM OINEPATOPOM,
BUKOHAHHS LUKy JOCTPOKOBO MPHUIMHSAETHCS, 1 MOYMHAE BUKOHYBATUCS OIEPATOP,
HACTYITHHH 32 cIoBOM end mukity.
Jlnig mpuKiaza BUKOPUCTAEMO MOTICPETHE 3aBAAHHS: »

a=[" 1
fori=1:5
X = i/5;
si = sin(X);
if i==1 disp(a)
end
disp([i,x,si])
end;
Pe3yabrar:
[
1.0000
2.0000
3.0000
4.0000
5.0000

X,

sin(x)’];

X sin(x)
0.2000 0.1987
0.4000 0.3894
0.6000 0.5646
0.8000 0.7174
1.0000 0.84151

VY Takuit croci6 Mo)kHa 3a0e3MeYuTH BUBEACHHS 1HGOPMAITli y BUTTISI TaOTHUILb.

EKCIIEPUMEHTAJIBHA YACTHUHA

2.5 3aBaaHHA 11 BUKOHAHHSA

BiamoBimno g0 tabmuii 1.1 oOuucauTyt TOuHI (IO CTaHIAPTHUX (PYHKITISAX
MatLAB) 3naduenHs BianoBiqHOT GYHKIN y Alana30H1 3MIHIOBaHHS apTyMEHTY BiJ X
710 X B M pIBHOBIJIAICHUX TOYKAX I[HOTO Jiana3oHy, BKIIOYAIOYH HOTO MEXI.

Tabmus 1.1 — BapianTu 3aBgaHb

2k -1

BapiaaT| X1 | X2 m DyHKIIISA Kpurepiit npuitHATTS pilieHHs
1 02| 5 20 ) x2k-1 P Hopma,  sxwo Y <5
— ezynbmam =
Y = Z(_ 1) % Ilamonocis, sxuwo Y >5
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2 1 |10 30 ‘ x 2K P _ | Hopma,  saxwyo Y <3
Y =1- z (_ 1) E eyeman = Ilamonozis, skwo Y >3
3 03] 3 40 ‘ x 2K P _ | Hopma,  axwo 1<Y <3
Y =1+ Z (_ 1) E epeman = Ilamonocis, skxwo Y >3
4 0.4 4 50 2k +1 H , 3>Y >5
v Z(_ 1)2 X Pesyuoman = { opMa. akuwo 3>Y >
- 2k Ilamonocis, skxwo 4>Y >3
5 0.5 5 30 2k-2 Hopwma, akwyo 0<Y <1
X -
Y = Z(— 1)3 ok — 2 Pesyeman {Hamwzozi;z, akwyo Y <2

3a o0uuciaeHuMH 3HAYeHHS QyHKIilI Y NPUITHATH pilleHHs (pe3yJbTar), a
caMe HOpMAa YHM MATOJIOriA B 3aJIeKHOCTI Bil yMoBH Tadauui 1.1
2.6 3micr 3BiTY

2.6.1 Tema Tta meta poboTH.

2.6.2 3aBmaHHS 10 pOOOTH.

2.6.3 BimoOpa3uTu oTpuMaHi pe3yabTaTd (Iporpamy Ta pe3ysbTat ii poOoTH)
2.6.4 BUCHOBKH 3a pe3yJibTaTaMi BUKOHAHOT pOOOTH.

KOHTPOJIBHI 3AITMTAHHA

1. SIki 3aco0u kepyBaHHS MepeOiroM 00UYMCIIOBAILHOTO MpoIlecy nepeadadeHi
B MoB1 MatLAB?

2. SIxk MOKHa OpraHi3yBaTH OOYHMCIICHHS 3a IMKIOM MOBOIO MatLAB?

3. SIk opraHi3yBaTH BUBEIEHHS TaONMIll pe3yibTaTiB OOYUCICHb Y KOMaHIHE
BikHO MatLAB?

4. Sl 3miicHUTH  cKJagHi (OaraToomepaTopHi) OOYMCIICHHS B  PEXKUMI
KaJIbKyJIsITOpa’?
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IIpakTuyna podora Ne3
Omnepauii 3 BeKTOpaMH Ta MAaTPUIAMHU

MeTta po0oTH:  BHBYEHHS CMOCO0IB OOpOOKHM JBOMIDHUX MAaCHBIB B
cepenoBunii MATLAB.

TEOPETHUYHI BITIOMOCTI
3.1 3araJuabui Bizomocri

Kpammii crioci6 posnouyat podoty 3 MATLAB — 11e HaBUMTHCSA TOBOJUTHUCS 3
matpuisiMu. B MATLAB marpuusg — ne npsAMoKyTHUM MmacuB uuces. OcoOnuBe
3HAYCHHS HAJA€ThCA MATpUIsIM 1x1, Ki € cKamsipaMu, 1 MaTPUIIM, 110 MAalOTh OJWH
cToBIelb ad0 ouH psAaoK — Bekropam. MATLAB BukopucToBye pi3Hi criocoou aiis
30epiraHHsl YMCETBbHUX 1 HE YHMCEIIbHUX JaHMX, MPOTE CIOYaTKy Kpalle BChOIO
posmsinatu yci nani sk matpuili. MATLAB BnamroBanuii Tak, 1mo6 yci onepartiii B
HbOMY OYJU SIK MOKHA TIPUPOAHIIIMMH. To/i SIK 1HII TPOrpaMHI MOBU MPAIIOIOThH 3
yuciamu sk enemeHTamu MoBu, MATLAB no3Bossie mMIBUIKO 1 JIETKO ONEpyBaTH 3
IJTUMU MaTPULISIMHU.

MATLAB — cucrema, criemiajibHO MPU3HAYEHA JIJIs1 POBEACHHS CKJIAIHUX 00-
YHCIIEHb 3 BEKTOpaMH, MATPHUILIMHU 1 MacuBaMu. [Ipu 11boMy BOHA 3a YMOBUYaHHSIM
NpUIyCKae, M0 KOXKHA 3a/JaHa 3MiHHA — 1€ BEKTOp, Marpuusg abo macuB. Yce
BU3HAYAETHCSI KOHKPETHUM 3HAYCHHSIM 3MIHHOA.

BBeneHHst BEeKTOPIB 31HCHIOETHCS Y BUII:

V=[x1 x2 x3]
ne  V — iM's BekTopy, X1 X2 X3 — 3HAUYCHHS €JIEMEHTIB BEKTOPY, SKI PO3MIIIICHI B

KBQJIpaTHUX JYyKKaxX 1 BIIOKpEeMJIEHI OJUH BiJ OJTHOTO MpOImyckaMu abo KOMamH.
Hanpukitan, 3anmc psaka

V =[1.2 -0.3 1.2¢-5]

JloBruii BEKTOpP MO’KHA BBOJUTU YaCTMHAMHU, SIKI MOTIM MOXXHa 00’€JIHATH 3a
JIOTIOMOT010 orepallii 00’ € JHaHHS BEKTOPIB B PSAIOK:

V =[vl v2]
Hampuxian,
vl =[123];v2=[456];V =[vl V2]

Tak BBOASATHCS BEKTOPHU-PAAKHA. BEKTOp-CTOBIEIh BBOJAUTHLCS aHAJIOTIYHO, ajie
3HAYEHHS CJICMEHTIB BIIIUISIOTHCSA 3HAKoM ";".
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Jist dbopmyBaHHS BITOPSIKOBAHUX YUCJIOBUX MIOCJTITOBHOCTEH
BUKOPHUCTOBYEThCA oniepaTop ":"

SIKmo MO3HAUYMTU: NZ — TOYATKOBE 3HAYEHHS 1€l mporpecii (3HaueHHS
MepIIOr0 €JEeMEHTY BEKTOpY); kz — KiHIeBe 3HA4YeHHs TMporpecii (3HaYCHHS

OCTaHHBOT'O €JIEMEHTY BEKTOPY); h — pi3HuL mporpecii (Kpok), TO BEKTOP MOXKHA
BBECTH 32 JONTIOMOTOI0 KOPOTKOTO 3aIHCy

V =nz:h:kz
Hanpuknan,
V=-01:03:14
Sk11o0 Kpok nporpecii He BKa3aHUM, TO BIH 32 YMOBYAHHSIM MPUHUMAETHCS PiB-
HUM OIWHMUIIL.
Hanpuxknan, komanga >>-2.1:5 npu3BoauTh 10 GOpMyBaHHS TaKOTO BEKTOPY

ans = - 2.100 -1.100 -0.100 0.900 1.900 2.900 3.900 4.900

3aBaHHsl MaTpULll BUMarae BKa3iBKU JIEKUIBKOX pAAKiIB. [ po3MexyBaHHS
PSAIKIB BUKOPUCTOBYETBHCS 3HAK «;» (Kpamka 3 Komoro). lleit ke 3Hak y KiHII
BBEJICHHSI 3a100irae BUBEJEHHIO MaTpulll a0 BeKTopy (1 B3araji pe3ynbrary Oyb-
SKO1 oreparlii) Ha ekpaH aucies. Tak, BBeIeHHS

>>M=[123;456;789];

3a/1a€ KBaApaTHy MaTPHUIIO, IKY MOXHA BUBCCTH:

>> M

M= 123
456
789

Mo>xJiiBe TaKOXX BBEJIEHHS €JEMEHTIB MaTpullb 1 BEKTOPIB y BHIJISII
apu(pMETUYHUX BUPA3iB, 110 MICTATH OyIb-sIK1 JOCTYIIHI CUCTEMHI (PYHKIIIT
[Tpuknan:

>> VV=[2+2/(3+4) exp(5) sqrt(10)]
V =2.2857 148.4132 3.1623

Hesixi dynkuiii MATLAB, mo m03Boisit0oTh (hOpMyBaTH BEKTOPY 1 MaTpHIIL
MIEBHOTO BHUITY:

zeros(M, N) — cTBOpro€ MaTpHIfio po3MIpOM 3 HYJbOBUMHU €JIEMEHTAMHU;

ones(M, N) — cTBOpIO€ MaTPHIIIO PO3MIPOM 3 OTUHUYHUMH €JIEMEHTAMU;
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eye(M, N) — crTBOpioe oAWHWYHY Matpuito posmipom (M*N), 1. e. 3
OJIMHUIIMHU T10 TOJIOBHIH J1aroHalti 1 IHIIMMHU HYJIbOBUMHU €JIEMEHTaMHU;

rand(M, N) — crtBOproe Marpuii po3mipoM (M*N) 3 BUITAJIKOBUX 4YHCET,
PIBHOMIPHO PO3MOJIJICHUX B Jiana3oHi Big 0 o 1;

randn(M, N) — ctBoproe Marpuiito po3mipoMm (M*N) 3 BUnagkoBux 4ucesn po3-
MOMIJICHNX 3a HOPMalbHHM (TayCy) 3aKOHOM 3 HYJIbOBHM MaT€MaTHYHUM
OUIKYBaHHSAM 1 CTaHAApPTHUM (CEpEeIHBOKBAJIPATUYHUM) BIAXWICHHSIM, PIBHUM
onuuuil; magic(N) — ctBoproe matpuirio po3mipom (N*N) y sikoi cyma ycix psaKiB,
CTOBIIIIB 1 JiarOHaJIeH JOPIBHIOE OJHOMY 1 TOMY K YHCITY;

tril(A) — yTBOpIO€ HIKHIO TPUKYTHY MAaTPHUIIO HA OCHOBI MaTpUIli A HUISTXOM
OOHYJIHHS 1 €JIEMEHTIB BHUIIE 32 TOJIOBHY Jl1arOHab;

triu(A) — yTBOpIOE BEpXHIO TPUKYTHY MATPHUIIO HA OCHOBI MaTpHUIli A HUITXOM
OOHYJIIHHS 11 €JIEMEHTIB HUXKY€E FOJIOBHOI AlaroHali;

diag(A) — bopmye abo BuiiMae JiaroHaab MATPHIli A.

BcraBka Ta BHMIIMaHHSI YAaCTHMH MATPHIb. 3BEpPHEHHS N0 OYyab-SIKOTO
CJIEMEHTY 3a/IaHOi MaTpUIll 3A1HCHIOETHCA NIJITXOM BKa31BKH (Y Iy)KKax, 4epe3 Komy)
MICI IMEHI MaTpHUIll JBOX IIUIMX MO3WTHBHUX YMCEI, SKI BU3HAYAIOTh BIATIOBITHO
HOMEPHU pAJIKa 1 CTOBIIIA MaTPHIll, HA MEPETHHI SIKUX PO3TAIlIOBAHUM 1€ €JIeMEHT.
Hexaii Mmaemo JiesKy MaTpuiio A:

>>A=[1234:5678;9101112]
A=
123456789101112

Tonmi oTpumaTH 3HAYEHHSA €JIEMEHTY 1[1€i MaTpull, pO3TAallOBaHOrO Ha
NEPETUHI IPYTOro PsiiKa 3 TPETIM CTOBIMIEM, MOKHA TAKMM YHHOM:

>>A(2,3)ans =7

SAxmo moTpiOHO, HaBMAKK BCTAHOBUTH Ha 1€ MICIIC JESIKE YMCII0, HAIIPUKIIA,
T, TO 11€ MOKHA 3pOOUTH TaK:

>> A(2, 3) = pi;

Sxmo Tpeba BUTATHYTH 3 MATpULl psSIoK abo CTOBNELb, TO HEOOXIIHO
3aCTOCOBYBATH OIEpaTop ABOKpanka " : ".

[Ipuknan: wexait Tpeba cTBOpUTH BeKTOop V1, 10 CKIAJAEThCS 3 €JIEMEHTIB
TPETHOro CTOBMII MaTpuili A. /[ IbOro BUKOHAEMO TaKi Aiil:

>>V1=A(,3)
V1=

3.0000

7.0000

11.0000
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JlomycTumo, 1110 He0O0X1IHO 3 MaTpHULll A YTBOPUTH MATPHUIIO PO3MIpoM (2% 2),
sKa CKJIAJIA€ThCS 3 €JIEMEHTIB JIIBOI'0 HIDKHBOTO KyTa MaTpuili A. Toxi poOsITh Tak:

>> B = A(2:3, 1:2)
B =

56

910

O0’e¢qHaHHd MaJux MaTpuub y Beauky. Onucanuii cnocid 3aBaaHHA
MaTpPHITh JI03BOJISIE BUKOHATHU OIepallito KOHKaTeHarlii — 00'€JHaHHS MaJIMX MaTpPHUIIh
y BENUKY. [cHye ropu3oHTalIbHA 1 BEpTUKAIbHA KOHKATEHAIT1s.

['opu3oHTanbHa KOHKATEHalllsd — 1€ 00'€IHaHHA ACKIIBKOX MaTpHUIlb-OJIOKIB
Al, A2,... AN 3 0IHaKOBOIO KUIbKICTIO PSIAKIB.

A =[AL, A2,..., AN]

BeprtukanbHa koHKaTeHalliss — 1e 00'€qHaHHS JCKUIbKOX MaTpHIlb-OJIOKIB 3a
YMOBH, II0 YCI CKJIaJIeH1 OJIOKH-MaTpUIll MalOTh OJJHAKOBY KUIBKICTh CTOBHIIB. [Ipu

n.n

IIbOMY, JIJISI BITOKpEMJICHHS OJIOKIB 3aMiCTh KOMU BUKOPHUCTOBY€EThCS ";".
A =[Al; A2;...; AN]
Hanpuknaa, cTBOpUMO CIOYATKY MaridyHy MaTpUilo po3mipy 3x3:

>> A=magic(3)
A=816357492

Tenep moxHa MoOyayBaTH MAaTPUIIIO, IO MICTUTh YOTUPU MATPUILL:

>> B=[A A+16; A+32 A+16]
B =

816241722

357192123

492202518

40333824 17 22

353739 19 21 23

36 41 34 20 25 18

OTtpumana MaTpullsi Ma€ Bxke po3Mip 6x6. OOUUCIUMO Cymy ii CTOBIIIIIB:
>>sum(B)
ans =

126 126 126 126 126 126

A 1t 00YUCIIEHHSI CYMHU PSIKIB BUKOPUCTOBYEMO KOMaHIY



>>sum(B')

ans=7878 78174174174
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3anuc B' o3Hayae TpaHcrnoHyBaHHS Matpuili B, ToOTO 3aMiHy psAKIB

CTOBIIISIMH.

EKCIIEPUMEHTAJIbHA YACTUHA

3.23aBaaHHsa 1J151 BUKOHAHHS

3.2.1 OOGuucnutu 3HavenHs Qyskiii f x( ) Ha mpoMikky [a b] ; 3 kpokom h. B
Tabn.2.1. HaBeeHi BapiaHTH 3aBaHb.

llapameTpu
’ﬂ‘_'@ yHKuis £ (x) e
BapiaHTy a b h
Xl

1 1+0,—25J? 1,1 3,1 0,2

x’-0,3x
2 —_—_— 2 1

foox ,05 3,05 0,
3 B 0 1,6 0,16

2r+ X

cos 7x*

B -1 0 0,1
J1-3x
5 1+4x -sinzx 0,1 0,8 0,05
%
6 e” 1,4 2,4 0,1
1+x32
7 a1 S | 0,25 2,25 0,25
8 (e+x)~sin(7r\/x—1) 1,8 2,8 0,1
3

9 3+ 2x -tg% 0,1 0,9 0,08
10 V2+3x ~In(1 +3x7%) -0,1 0,9 0,1
11 Yx?+3 -cos% 1 2,5 0,15
12 (4+7x)-sin(;r 1+x) 0 7 0,7
13 e (1+3x-x?) 0 2 0,2
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, 8
14 X*=3x + = 0 1,7 0,17
v1+x
rx o 2ex
15 \j € € 0 1,2 0,12
16 JM 0,5 1,5 0,1
2
X +2x
17 i -0,2 0,8 0,1
Ji+e*
18 V1+2x? -sin37x 2 4 0,2
19 V3x? +5 - cos % 0,5 1,5 0,1
20 arccos(e ") 0,2 0,5 0,03

3.2.2 BukoHatu omepaiiii 3 MaTPUISIMU 3T1HO BIACHOTO BapiaHTy 3aBaHHS.

Bapianrtu 1, 7, 13, 19. BuganuTu 3 Matpuiii A TpeTiit cToOBIICIb, a 3 MaTpulll B
Ipyruit psgok. B maTpuili A 3MiHUTH 3HAYEHHS €JIeMEHTa 3 KoopauHatamu (2, 1) Ha
6. Po3paxyBatu cymy psi/iKiB, CTOBIIIIIB Ta JiaroHasi MaTpuil B.

7 25 59 0
A=|10 4 6|, B=|3 12 4|
3 509 1 4 7

BapianTu 2, 8, 14. 3agatun «Mariuny» Matpuiro A posmipom 4x4. CTBOpUTH
MaTpuiio B KOXXHUI eIeMEHT SKOi € CHHYCOM BIATOBITHOTO €IEMEHTY «MaridHoi»
Mmatpuill A. Po3paxyBatu cyMmy psiiKiB, CTOBIIIIIB Ta JlaroHaji OTpUMaHoi MaTpuil B.
Bapiantu 3, 9, 15. Buganutu nepmmii psaaoK 1 TpETi CTOBIEIs «MariqyHO» MaTpUIli
M po3mipom 4x4 . OTpuMaHy MaTPUIIO CKJIACTH 3 MaTpUlICl0 A B SKiM 3a37aeriib
HEOOX1JTHO OOEPHYTH PSIIKU B CTOBIILI, a CTOBIILI B PSAJIKH.

2 01
A=14 3 9|.
21 3 2

BapianTtu 4, 10, 16, 20. OG’eqHat B OJHY MATPHIIIO «MaridHy» MaTpPUII0 A
po3mipom 3x3 | Matpuirro B = A - 5, marpuirto C 1 Mmarpuiro D=C+ 4 Takum 4uHOM,
00 oTpMMaHa MaTpullsl Maja po3MIpHICTh 6 X 6. B oxepikaHiit MaTpuIll 3aMIHUTH
eJIeMeHT 3 KoopauHaramu (3, 4) va 100.
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5 2 7
C=|7 4 12|
1 3 9

BapianTu 5, 11, 17. O6uncnutu pe3ynbTaT A00yTKY €leMeHTy Marpulil M 3
KoopAuHaTaMu (2, 3) Ha CUHYC 3HA4€Hb MEPIIIOro CTOBIILS IIET K MATPHIT

1 2 3 9
M=\5 4 7 3|
7 9065

Bapianrtu 6, 12, 18. Cxiactu maTpuito X, KOXKHUM €JIEMEHT K01 € KOMILIEKC-
HUM YHCJIOM, IPUUOMY JIICHA CKJIaJl0Ba OepeTbcs 3 MaTpulll A, a ysiBHA 3 MAaTpUIIl
B. 3naiitu Mmonyinb 1 ga3y eneMmeHnTa Matpuill X 3 koopauHatamu (3, 3).

1 27 12 7 4]
A=|10 4 5|, B=|2 5 9|
3 89 11 4 7|

3.2.3 BuxoHnatu omepariii 3 MaTpUISIMU 3T1IHO BIACHOTO BapiaHTy 3aBIaHHS.

Bapiantu 1, 7, 13, 19. CtBOopuT! Marpuio A 3 HYJbOBUMHU E€IEMEHTAMH
po3MipoM 5 5 X Ta OOMHWUYHY MaTpuilo B po3Mmipom 2x3. 3aMIHUTH BEpPXHIO
[EHTPAIbHY YaCTHHY MaTpuIll A eleMeHTamMu maTpuili B.

Bapiantu 2, 8, 14, 20. CrBoputu Matpuuio A 3 BUIIAJKOBUMHU €JIEMEHTAMHU
po3mipoMm 4x5. IlepecTraBUTH CTOBMIIl BIIHOCHO BEPTHKAJIBHOI OCI, a pPSJIKH
MEePECTaBUTHU BITHOCHO TOPU30HTAILHOT OCI.

BapianTu 3, 9, 15. CtBopuTH MaTpuilo A po3mipom 3x6 3 BUMIAJKOBUMH, 1110
po3noauieHi nmo 3akoHy layca. IloBepHyTw 10 MaTpULIO NPOTH TOJUHHUKOBOI
cTpisiku Ha 90°.

BapianTu 4, 10, 16. CtBOpUTH MaTpUIl0 A pO3MIpoM 2%x4 3 OIUHULISIMHU IO
TOJIOBHIM JllaroHasi Ta BCiMa IHIIMMH €JIEeMEHTaMU — HYJISAMU. 3MIHUTH PO3MIp
MaTtpuil Ha 8%1 .

Bapianta 5, 11, 17. Ha ocHoBi marpuiii M YTBOPUTH HUXHIO TPUKYTHY
MaTPHUIIO 1 TOBEPHYTH ii MPOTH TOAUHHUKOBOI CTPLIKU Ha 90°.

1 2 3
5 4 7
7 9 0}
0 45

Bapiantu 6, 12, 18. CtBoputH MaTpuIlio A B SKii TOJOBHOK J1arOHAIIIIO €
BekTop V =[2 3 6 -4] . O6epHyTH OTpUMaHy MaTPHIIIO.

3.3. 3micr 3BiTY



28

3.3.1. Tema Ta meTa poOOTH.
3.3.2. 3aBnaHHs 10 pOOOTH.
3.3.3. BimoOpa3utu orpumani pesyiabratu (1. 3.2.1-3.2.3) y BuUTIJIsAIl KoImiit

eKpaHy.

3.3.4. BUCHOBKH 3a pe3yJibTaTaMU BUKOHAHOI pOOOTH.

W e

~

KOHTPOJIBHI 3AITMTAHHSA

Sk 3aaeThes Mpoleaypa BBEACHHs BeKTopiB B cepenoBuii MATLAB?

Sk 3abe3neuyeThes mporenypa 00’ €THaHHS BEKTOPIB?

SIK BBOJIUTH BEKTOP-CTOBIELH?

Sk 3a0e3MeTyeThCs dbopmyBaHHS BIIOPSAKOBAHUX  YHCIIOBUX
HOCIIAOBHOCTEM?

[Tepepaxyiite nepenik pyukiit MATLAB, siki 3a0e3neuytors popMyBaHHS
BEKTOPY 1 MAaTpHIIi IEBHOTO BU]LY.

Sk opraHizyBaTH MpoIeAypy BCTaBKa Ta BUMMAaHHS YaCTUH MAaTPHUIlh?

Sk opranizyBaTH nporeaypy 00’ €THaHHS MaJIUX MaTPUIlb Y BEIUKY?

Sk 3M1MCHIOETHCS TIPOLIEypa 3aMIHU PSIIKIB CTOBIIISIMHU?
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IIpakTuyna podora Ned
CrBopenHs HanpoucTimux gaia-pynkuiii (mpoueayp) B cepenosunti MATLAB

Meta po0OTH: BHUBUMTH MPOLEAYPY CTBOPEHHS HampoucTimmx dai-
¢ynkuiii (mpouenyp) B cepenosuini MATLAB

TEOPETHUYHI BITIOMOCTI
4.1 3araabHi BizoMocTi

SAx Oynmo 3a3HaueHO padimie, dann-GyHKIiis (Mpolenaypa) Mae TTOYMHATUCS 3
psiIKa 3arojOBKa BHIY:

function [<IIKB>]= <iM's npornenypu>(<[1BB>).

Axmo nepenik kiHneBux (BuxigHux) BenuuuH ([IKB) mictuth TiIbKH OaUH
o0'ekT (y 3arajJbHOMY BHUIIQJIKy - MAaTpuIl0), To Gaiia-QyHKIIS € 3BUYAHHOIO
¢dbynkuiro (o1Hi€l a00 KUTBbKOX 3MIHHUX). PAKTUYHO HABITH Y I[bOMY HAUMIPOCTIIIIOMY
BUMAJIKY (ailfi-QyHKIIS € BXKE MPOLEIYypOI0 y 3BUYAHHOMY PO3yMIiHHI 1HIIUX MOB
mporpamMyBaHHs, SIKIIO BHXIJHA BEJIMYMHA € BEKTOpOM abo marpuuero. [lepmmii
PAZOK Y ITIbOMY BHTIAJKY MA€ BU:

function <im's 3miHHOI> = <im'st mpouenypu>(<IIBB>).

Axmo X B pe3yiabTaTi BUKOHAHHS (ain-QyHKUli MaiTh OyTH BH3HAYEHI
(oOumciieHl) KinbKa O0'€KTIB (TUIy MaTpHIlb), Taka (aili-pyHKIs € Bxke OLIbII
CKJIAIHUM 00'€KTOM, SIKUH y MpOTpaMyBaHHI 3a3BUYail HA3UBAETHCA a00 TPOIIETYPOIO
(y mosi Ilackanp), abo miamporpaMmoro. 3arajibHUN BHJ TEPIIOTO PAJKA B I[OMY
BUIAJKY CTA€ TAKUM:

function [yl,y2, ..., yN] = <im'st npouexypu>(<IIBB>),

TOOTO TMepeNiK BUXITHUX BenuuuH yl, y2, ... , yN mae OyTu moaaHuil sSIK BEKTOP-
psAnoK 3 enemMeHTaMu yl, y2, ..., yN (KOXKHUM 3 SIKHUX MOK€ OyTH MaTpULIEIO).
VY nalitipocTimoMy BUNAAKY (YHKIIT O/HI€T 3MIHHO1 3aroJIOBOK HaOyBa€ BUJ:

function y = func(x), ne func - im's pynkuii (M-daiiny).

Sk npuxnag po3risiHeMo ckiaaganHs M-daiiny nas QyHKITIi:

y = f,(x)=d?-ctg(x)y/sin*(x)—cos*(x).
st ieoro Tpeba aktuBizyBaTu monun "File" TomoBHOro MEHIO KOMaHIHOTO
BikHa MatLLAB, BuOpaTtu B IiIMEHIO, III0 BUHUKJIO Ha eKpaHi, po3ai1 "New", a motim
- komanay "M-file". Ha ekpani 3'SBUTbCSI BIKHO TEKCTOBOTO PeNaKkTopa. Y HbOMY
noTpiOHO HAOpaTH TaKHUl TEKCT:
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function y = F1(x,d)

% Ilpouenypa, ska 004MCJII0€ 3HAYCHHS PyHKIIT
% y = (d"3)*ctg(x)*sqrt(sin(x)M-cos(x) " 4).

% 3BepHennsn y = F1(x,d).

y = (d"3)*cot(x).*sqrt(sin(x).~4-cos(x).4);

[Ticnst uporo HeoOXiMHO 30epertu 1ei TekcT y ¢aitni mig im'stm "F1.m".
HeoOxinnuii M-daiin ctBopenuii. Ternep MoxHa KOPUCTYBATUCS IIE€I0 QYHKITIEIO
npu po3paxyHkax. Tak, AKII0 BBECTH KOMaH]Ty

»y=F1(1,0.1)
TO OJIEPKUMO PE3YIbTAT

y =4.1421e-004.

Bapro 3ayBakuTu, 10 aHAJIOTIYHO MOKHA OJIEPKATU OJ[pa3y BEKTOp YCIX
3HAUEHb 3a3HA4YC€HOi (YHKII MPU PI3HUX 3HAYCHHSIX APTYMEHTY, SKIIO OCTaHHI
310paTu B Aesikuii BeKTOp. Tak, Ko chopMyBaTU BEKTOP

» zet=0:0. 3:1. 8;

1 3BEpHYTHCS A0 TI€T K NPOUEAYPH
» my = Fl(zet,1),

TO OJEPKUMO:

Warning: Divide by
zero my =
Columns 1 through 4
Na+ Infi0+2.9369 0+0.8799i0.
3783 Columns 5 through 7
0.3339 0.0706 -0.2209

IHpumiTku.

1. MoxXauBICTH BUKOPUCTAHHS CHOpMOBAHOI OPOLEAYPH SAK JUIL OKPEMHX
YHCEJ, TaK 1 JUII BEKTOPIB 1 MAaTpHIb OOYMOBJIEHA 3aCTOCYBAHHSIM V 3alHCy
BiamoBigHOro M-daiiay 3aMicThb 3BHYAMHMX 3HAKIB  apudMETHYHHX JIH IXHIX
AHAJIOTIB 13 NMMONEPEIHHOI0 KPAIKOIO.

2. 11106 yHUKHYTH BUBEJECHHS Ha €KpaH HeOakKaHUX NMPOMDKHUX pPE3yNbTaTiB,
HEOOXITHO B TEKCTI MOPOLEAYPH Y€l OOYMCIIOBAJIbHI OIEPATOPH 3aBEPIIYBATH
CHUMBOJIOM ' ;"
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3. SIk moka3yroTh HaBeleH1 NPUKIIAIM, IMEHa 3MIHHUX, 3a3HAa4YECH] B 3ar0JIOBKY
baitn-QyHKIli  MOXYTh OyTH  Oynb-sKMMHM (30iraTucs YW HI 3 1MEHaMH,
BUKOPUCTOBYBAHUMH TIpH 3BEPHEHHI J0 1Iii€i (Qain-dyHkIli), TOOTO MarwTh
dbopManpHHUA XapakTep. Baxnmpime 3a Bce Jmiie Te, M00 CTPYKTypa 3BEpHEHHS
IIIJIKOM BIJIMOBiaa CTPYKTYpi 3arojioBKa B 3amucy TeKCTy M-(daitny 1 11106 3MiHHI B
[IbOMY 3BEpPHEHHI MaJI TOW THII 1 pO3Mip, 110 ¥ B 3aroioBky M-daiiny.

[Ilo6 oxeprxatu iHGOPMAIlIIO TIPO CTBOPEHY MPOIEAYPY, TIOCTaTHHO HAOpaTH B
KOMaHTHOMY BiKHI KOMaH]Ty:

» help f1,
1 B KOMaHHOMY BiKHI 3'SIBUTHCS

Ipouenypa, sika 00uMcII0€ 3HAYEHHS QYHKIIT
y =(d”3)*ctg(x)*sqrt(sin(x*4-cos(x*4). 3sepuenns y = F1(x,d).

[Hmmit  npuxman. [lobynyemo rpadik  1BOX
GyHKITIHI:

yl =200 sin(xX)/x; y2=x2.
Jlnst uporo ctBopuMo M-daiin, no 00uncioe 3HaYeHHS IUX (DYHKIIINA:

function y = myfun(x)

% O0uncaeHHs: ABOX QyHKIiH
% y(1) = 200 sin(x)/x, y(2) = x2.
y(:,1)=200*sin(x)./x; y(:,2) = X.X2;

Tenep nobyayemo rpadiku nux GyHKIIIN:
» fplot(*'myfun’, [-20 20], 50, 2), grid
» set(gcf,'color’,'white");

» title('I'padik pynkuii "MYFUN'"')

PesynbTaT 300paxkeHo Ha puc. 2.2.
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Mpadik dyHkuii "MYFUN"
400 | -

as0
300
250
200 -
160 -
100
a0
o

50 L L I
-20 -18 -10 -5 0 5 10 15 20

Puc. 4.2. ITloOyznoBa rpadikiB BracHUX (QPyHKI[IH
Tpertiii npukian - ctBOpeHHs (pailii-hyHKIII, 10 OOYUCIIIOE 3HAYCHHS (PYHKIIII:
y(t) = k1+k2*t+k3*sin(k4*t+k5).

VY 1bOMY BUIIQJIKY 3pYYHO 00'€IHATH CYKYIHICTh KoedilieHTiB K y equHni
BekTop K:

K = [kl k2 k3 k4 k5]
i ctBoput M-daiin: function y = dvob(x, K)

% O0OuncaenHst GpyHkuii

% y = K(1)+K(2)*x+K(3)*sin(K(4)*x+K(5)),

% ne K - BekTOp i3 1'SITH eJIeMEeHTIB

%

% BUKOPUCTOBYETHCS 1)1 BUSHAYEHHS MOTOYHUX 3HAYEHDb
% mnapamMeTpiB pyxXy pyxomMoro 00'ekra

y = K(1)+K(2)*x+K(3)*sin(K(4)*x+K(5));

Toni po3paxyHok, Hanpukia, 11-Tu 3HaueHsb 1i€i QyHKIIT MOKHA 3MIHCHUTH
o » K=ones(1,5); » t=0:1:10;
» fi = dvob(t, K)
fi = 1.8415 2.9093 3.1411 3.2432 4.0411 5.7206 7.6570 8.9894 9.4560 10.0000
3.2 Tunose odopMiaeHHs npouexypu-pyHKIii

Pexomennyetncst opopmitsitu M-daiin nporienypu-(QyHKIIii 3a TAKOI CXEMOIO:

function [<Buxix>] = <im'st pynkumii>(<Bxiz>)
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% «CTHcJie mosiICHeHHs], 10 POOUTH Mpoueaypa>
% BxinHi 3MiHHI
% </leTajibHe NMOSICHEHHSI PO 3MICT, THII i po3Mipu
% KOXKHiH i3 SMIHHHMX, IEPePAXOBAHUX Yy Nepeaiky <Bxig>
% BuxigHi 3MiHHi
% «JleTasibHe MOSICHEHHS MPO 3MICT, THIII i po3Mipu
% KO0KHOI i3 3MIHHHUX nepeJtiky «Buxin>
% 1 BeJIMYMHY, 110 BUKOPUCTAHI y Mpoueaypi sik riodaabHi>
% BuxkopuctaHHs iHIMX QyHKUii i mpouexyp
% <Po31is1 3a110BHIOETHCS, AKIIO NPOLEAYPA MiCTUTh 3BEPHEHHS
% N0 IHMX npoueayp, KPiMm yMOHTOBAHUX>
<HHopoxHill pagOK>
% ABTOpP : <Bka3yeTbcsl aBTOP NPOLEAYPH, 1aTA CTBOPEHHS KiHIIeBOT0
BapianTa % npouenypu i oprasisanis, y sikiii creopena nporpama><TekcT
npoueagypu>
Tyt mo3naueno: <Buxim> - nmepeiik BUXIIHUX 3MIHHHUX Mpoueaypu, <Bximg> -
nepesik BXITHUX 3MIHHUX, PO3/IIJIEHUX KOMaMH.
Ipumirka. [Ipu BukopucTanni koManau help <iM's npoueaypu> y koMaHaHEe
BIKHO BUBOJISITHCS PSIIKM KOMEHTAPIO JI0 MEPIIOro MOPOKHBOTO PSIIKA.

EKCIIEPUMEHTAJIBHA YACTHHA
4.3 3aBaaHHA /151 BUKOHAHHS

BignoBigno no tabmuii 1.1 BukoHatu oOUYMCIIEHHS] TOYHUX (TIO CTaHIAPTHUX
¢ynkuisix MatLAB) 3HaueHp BIANOBIAHOI (QYHKUII y Jlama3oHl 3MIHIOBaHHS
apryMEHTY BiI X; J0 X, B M pIBHOBJAICHUX TOYKAaX IIbOTO JIialma3oHy,
BKJIFOYAIOYM HOTO MeEXI 13 BHKOPUCTAHHSM PO3po0JsieHOT  (paili-pyHKumii

(mpouenypmu).
4.43mict 3BiTY

4.4.1 Tema Ta MeTa poOOTH.

4.4.2 KopOTKO OCHOBH1 TEOPETUYHI BIJJOMOCTI.

4.4.3 BinoOpa3uTu oTpuMaH1 pe3yabTaTu (IporpaMmy Ta pe3yabTar ii poOoTH)
4.4.4 BuUCHOBKH 3a pe3yJibTaTaMH BUKOHAHOI pOOOTH.

KOHTPOJIBHI 3AIITMTAHHSA

1. JI;st 9oro CTBOPIOIOTHCS Mporpamu B cepenoBuin MatLAB?

2. YuwMm BimpizHstoThes (aitmm-pyHkii Bix Script-daiinis? Ska chepa 3actocy-
BaHHS KOKHOTO 3 IIMX BUIB (pailimiB?

3. Sk ctBoputn M-daiin npoueaypu abo GpyHkIii?

4. SIki OCHOBHI MpaBuUJjla HalMCaHHS TeKCTiB M-daitniB y moBi MatLAB?
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IIpakTruHa podora Ne5
DyHkuii pyHKuin

MeTta po00TH: BHBYMTH MPOLEAYPY PO3po0JieHHsT (PYHKUiI0 (PyHKUiH B
cepenosuini MATLAB

TEOPETHNYHI BITIOMOCTI
5.1 3araabHi BitomocTi

Jlesiki BakyuBi yHIBepcanbHi mpoueaypu B MatLAB BuKOpUCTOBYIOTH SIK
3MIHHUHM mapameTtp iM'a QyHKIIi, 13 SKUM BOHU ONEPYIOTh, 1 TOMY MOTPEOYIOTH MpHU
3BEpPHEHHI /0 HUX YKa3iBKU iMeHl M-daiiiny, y SKOMy 3aluCaHuid TEKCT MPOrpamu
oOuucieHHs neskoi 1HImIOI mpouenypu (dynkmii). Taki nporeaypud Ha3UBaIOTh
Gynkuisimu GyHKILin.

[IIo6 ckopuctathcs Takow (yHKIE Bix QYHKINI, HEOOXITHO, 1100
KOpHUCTYBau MOIEPEIHbO CTBOPUB M-(aiin, y sskoMy oO4HCItOBaiocsi © 3HAUYEHHS
noTpiOHOT (YHKIIIT 32 BIJOMUM 3HAYEHHSIM ii apryMEHTY.

5.2 CrangaptHi ¢pyukuii Bix pyukuii Matlab

[lepenikyemo nesiki 31 ctanAapTHUX QYHKLIA BA QYHKIIH, Tepe10ayeHnx y
MatLAB.
OO04yuc/IeHHs iHTerpaja MeToI0M KBaJAPATYyP 3A1HCHIOETHCS MPOLEAYPOIO

[I, ent] = quad('<im'st pynkuii>',a,b).

Tyr a 1 b - HIOKHS W BepxHS Mexa 3MIHIOBaHHSA aprymeHty (yskmi; I -
OTpUMaHe 3HAa4YeHHs 1HTEerpasna; cnt - KiJIbKICTh 3BEPHEHb MO0 OOUMCIEHHS (QYHKIIIT,
noganoi M-¢aiiom 13 Ha3Bow, yKazaHuUM y <iM's ¢yHkuii>. ®yskmis quad
BUKOPHUCTOBYE KBaaparypHi hopmynu Heiorona-KoTreca 4eTBepTOro mopsiiky.

Amnaroriyaa mporeaypa quad8 BukopucTtoBye Oinbin TouHi (Gopmynu 8-ro
MOPSIKY.

InTerpyBannsi 3BuYaiiHux AudepeHUiaJbHUX PiBHAHb 3A1MCHIOIOTH
¢ynkmii 0de23 i oded45. BoHu MOXKyTh 3aCTOCOBYBATHCS SIK JJISi PO3B'S3yBaHHS
npocTux AudepeHIiaIbHUX PIBHAHB, TaK 1 Il MOJEIIOBAHHS CKIAIHUX JUHAMIYHUX
cUCTeM, TOOTO CHCTEM, MOBOKCHHSI SIKWX MOYKHA OIMUCATH CYKYIHICTIO 3BUYAHUX
nudepeHiaIbHUX PIBHIHb.

Bimomo, mo Oyap-sika cuctema 3BHYaiHUX audepeHiiiaabaux piBHsAHb (31P)
MOKe OyTH MoJlaHa SIK CUcTeMa PiBHIHB 1-ro mopsaaky y dopmi Komri:

dy
—_ f ’t y
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e Y - BeKTOp 3MIHHHX CTaHy (()a30BUX 3MIHHUX CUCTEMHU);
t - apryMeHT (3a3Buyai -4ac);
f - HemiHiMHA BEeKTOP-PYHKIIIS BiJ 3MIiHHHX CTaHy Y 1 apryMeHTy t.
3BEpHEHHS /10 IPOLIEyp YUCeNIbHOro iHTerpyBanHs 3/IP mae Bu:

[t,y]=0de23('<im'st pynkmii>',tspan,y0,options)
[t,y]=0ded5('<im'ss pyHkmii>',tspan,y0,options),

Jie BUKOPUCTaH1 MapaMeTpyu MaloTh TaKUi 3MicT: <iM's (PyHKLIT> - psSAOK CHMBOIIB,
mo € iM'sm M-(aiina, y skoMy 0o0UnCTIOEThCA BeKTOp-pyHKIis fy,t), TOOTO mpasi
yactuau cuctemu 3/IP; YO - BeKTOp MOYaTKOBHUX 3HAYEHb 3MIHHHUX CTaHY; t - MacHB
KIiHIIEBHX 3HaY€Hb apTyMEHTY, 10 BIANOBIIal0Th KPOKAM IHTETPYBAHHS; ¥ - MAaTPULIA
MPOIHTETPOBAaHUX 3HAYEHb (PA30BUX 3MIHHMX, B SIKIM KOXKHHI CTOBIYMK BIANOBIIA€
ONIHIM 31 3MIHHUX CTaHy, a pSAJ0K MICTUTh 3HAUYE€HHS 3MIHHHMX CTaHy, IO
BIJINOBIJIAIOTh [IEBHOMY KPOKY IHTETpYBaHHS; tspan - BekTop-psiok [t0 tfinal], mro
MICTUTh J1Ba 3HaueHHs: t0 - mouaTkoBe 3Ha4yeHHs aprymeHTty t; tfinal - kiHuese
3HAYEHHsSI apryMEHTy; ortions - psAOK 13 MapaMmeTpiB, 110 BU3HAYAIOTh 3HAYEHHS
MPUITYCTUMOI BIJIHOCHOI i1 a0COIIOTHOT MOXUOKHU THTErpyBaHHS.

[TapameTp ortions MO>kHa He BKa3yBaTu. To/i 3a 3aMOBUYBaHHSM MIPUITYCTUMA
BIJIHOCHA MTOXMOKA 1IHTETpYBaHHS MpuiiMaeThbest piBHOWO 1 ¢ 10, aGconmoTHa (110
KOJKHIM 13 3MIHHUX CTaHy) - 1 10_6. SKIIO X MO SIKUXOCh MapameTpax Il 3HAaYCHHS
HE BJIAIITOBYIOTH KOPUCTYyBaya, Tpeba mepe1 3BepHEHHSM J0 MPOLEAYPH YUCETHHOTO
IHTErpyBaHHS BCTAHOBUTHU HOBI 3HAYEHHS NPUIYCTUMUX MOXUOOK 3a JOMOMOTOIO
nporexypu odeset y Takwuii criocio:

options=odeset('RelTol',1e-4,"AbsTol’,[1e-4 1e-4 1le-5]).

[Tapametrp RelTol Bu3Havae BIAHOCHY MOXMOKY YHCEIBHOTO 1HTETPYBaHHS IO
ycix ¢a3oBUX 3MIHHUX OJHOYAcCHO, a AbsTol € BeKTOpOM-psIKOM, 1110 CKIIATAETHCS 3
a0COJIIOTHUX TMPHUMYCTUMUX TOXWOOK YHCEIHHOTO IHTETPYBAHHS IO KOXHIA 3
($ha30BUX 3MIHHUX.

®ynkiis 0de23 3ailicHIOE IHTETPyBaHHS YUCEILHUM MeTo10M Pynre-Kyrra 2-
ro MOpSAKY, a 3a JOIMOMOTOI METOAY 3-TO MOPSAJIKY KOHTPOJIOE BIJHOCHI M
aOCOJIOTHI MOXUOKU 1HTErpyBaHHS HAa KOKHOMY KpOIIl 1 3MIHIOE BEJIMYMHY KPOKY
IHTErpyBaHHA TakK, 00 3a0€3MeYnTH 3a1aH1 MEXI1 MOXUOOK IHTETPyBaHHS.

Hus ¢yskiii 0de45 ocHOBHUM METOJIOM iHTerpyBaHHS € MeToj PyHre-Kyrra
4-ro TIOPAIKY, & BETMYMHA KPOKY KOHTPOIIOETHCS METOIOM 5-TO TIOPSTIKY.

OOuncieHnss MiHiMyMiB i KopeHiB (QyHKUil 311ICHIOETECS TaKUMHU
byHKIIsIMU
MatLAB:

fmin - BimurykyBaHHs MiHiMyMy (YHKIIIT OJJHOTO apryMEHTY;
fmins - BigmrykyBanHsa MiHiMyMy (DyHKITIT KiTbKOX apTyMEHTIB;
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fzero - BimmykyBaHHs HyiB (KOpeHiB) (YHKIII OJHOTO apryMEHTY.
3BepHEHHS 0 TepIIoi 3 HUX Y 3arajJbHOMY BUIAAKY Ma€ TaKUH B
Xmin = fmin ('<im'a pynkuii>', X1, X2).

PesynbpraTom 11bOTO 3BepHEHHS Oy/ie 3HaueHHs Xmin apryMeHTy QyHKIIIi, sike
BI/IMOBIZA€ JIOKAJIbLHOMY MiHIMyMy B iHTepBaimi X1<X<X2 d¢yukiii, 3amanoi M-
(aiisioM 13 3a3HAYCHUM 1M'SIM.

Sx mpuKIan pO3MNIAHEMO BIAIIYKAHHS 3HAYCHHS 4YHUCJIAa I K 3HAYEHHS
JIOKaJIBHOTO MiHIMyMY (QYHKIII1 Y = C0S(X) Ha Biapi3Ky [3, 4]:

» Xmin = fmin('cos',3,4)
Xmin = 3. 1416e+000

3BEepHCHHS 10 APYTOi MPOICTypH IIOBUHHO MaTth (HopMy:
Xmin = fmins ('<im'sa ¢pynkmii>', X0),

npu 1boMy X € BEKTOpOM aprymeHTiB, a X0 o3Hayae MOYaTKoBE (IEPBUHHE)
3HAYEHHsSI LIbOIO BEKTOpAa, B OKOJII SIKOTO BIAIIYKY€TbCS HAMOMMOKUMM JIOKaIbHUN
MiHIMYM (QyHKIIT, 3amgaHol M-¢ainom i3 3a3HadeHuM iM'sMm. Dynkiis fmins
3HAXOJUTh BEKTOpP apryMeHTiB XITIII, KUl BIANOBIJA€ 3HANACHOMY JIOKaJIbHOMY
MIHIMYMY.

3BepHeHHS 10 GyHKIT fZero moBuHHO MaTh BU:

z = fzero ('<im'st pynkuii>', x0, tol, trace).

Tyr mno3nadeno: x(0 - MOYaTKOBE 3HAYECHHS apryMEHTy, B OKOJII SIKOTO
BIJITYKY€ETHCS NIMCHUIM KOPiHBb (QDYHKIIIT, 3HAYEHHS KO 00YHCIIIOI0ThCA B M-haiini 13
3alaHUM 1M'ssM; tol - 3amaHa BiTHOCHA IMOXHMOKAa OOYMCIICHHS KOpEHs; trace -
MO3HAYEHHSI HEOOXITHOCTI BUBOJUTH HAa €KpaH MPOMIKHI pe3yJbTaTH; Z - 3HAUCHHSI
ITYKaHOTO KOPEHSI.

IModynoBa rpadikiB ¢ynkuii ogniei 3miHHOI MOxe OyTH 3iliCHEHa 3a
nomomororo mporeaypu fplot. Bigminnicts ii Bix mporeaypu plot y Tomy, mo mis
noOyaoBu rpadika ¢GyHKLII HEeMae HEOOXIIHOCTI B MONEPEIHbOMY OOYMCIICHHI
3HauYeHHA (PYHKIIIT i apryMeHTy. 3BEpHEHHS /10 HEi Ma€ BUJI:

fplot('<im'st pynkuii>',[<inTepBai>|,n),

ne  <iHTepBas> - 1€ BEKTOP-PAIOK 13 JBOX 4YHCEN, 110 3aJal0Th, BIAMOBIIHO,
HUKHIO M BEPXHIO MEXI1 3MIHIOBAaHHS apryMeHTy; <iMm's QyHKIiT> - iM's M-(aiina 3
TEKCTOM TMPOIEAYpH 0OUMCIICHHS 3HaUYCHHS Oa)kaHoi1 (QyHKIIIT 32 3aJjaHUM 3HAUYCHHSIM
il apryMeHTty; n - OakaHe YMCJIO YaCTHUH PO3OUTTS 3a3HAYCHOrO 1HTEepBaly. KO
OCTaHHIO BEIIMYMHY HE 3a/IaTH, 3a 3aMOBUYBAHHSIM IHTEpPBall PO30MBAEThCA Ha 25
yacTMH. XO4Ya KUIbKICTh YacTUH '"n", Ha SKI pO30MTO IHTEpBaJ 3MIHIOBAHHS
apryMeHTy, BU3HAYEHO, IPOTE HACIPAB/li KUIbKICTh 3HaY€Hb BeKTOpa "X" MOxe OyTH
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3HAYHO OUIBIIOI0 3a paxyHOK Toro, mo ¢ynkmis fplot mpoBogute oOuucieHHs 3
JIOMATKOBUM OOMEXKEHHSIM, 1100 30UIbIIECHHA KyTa Haxwiy Tpadika ¢yHKIIT Ha
KOKHOMY Kpoitli He niepeBuiyBasio 10 rpamyciB. SIKIIo & BOHO BUSBUIIOCS OiTTBIIAM,
3IMCHIOETHCS PO3PIOHEHHS KPOKY 3MIHIOBaHHS apryMEHTY, ajie He Oubiie HiX y 20
paziB. OcrtanHi ABa yucia (10 1 20) MOXyTb OyTH 3MIHEHI KOPUCTYBadeM, Il I[OTO
Ipu 3BEpHEHHI CIiJ JOJaTH Ili HOBI 3HAYEHHS B 3arojIOBOK MPOIEIypHd B
3a3HAUYCHOMY TIOPSTIKY.
SIK110 3BepHYTHCS 70 1i€T TPOLEAYPH TaK:

[X, Y] = fplot ('<im'st pynkuii>', [<inTepBas>|, n),

To rpadik 3a3HadeHoi QyHKINT HE BiToOpaxkyeThesa Ha ekpadi (y rpadiyHOMY BiKHI).
3aMICTh LBOTO OOYMCIIOETBbCS BEKTOp "X" aprymeHTiB 1 BekTop (abo marpuis) Y
BIJINOBIJTHUX 3Ha4yeHb 3a3HadyeHoi PyHkii. [1{o6 mpu 3BepHEHHI OCTAaHHBOTO BHILY
noOyayBatu rpadik, HEOOXIIHO 3poOUTH 1€ y MOAAIBIIOMY 3a JIONMOMOTOI0
nporeaypu plot(x, Y).

EKCIIEPUMEHTAJJIbBHA YACTUHA
5.3 3aBpanusa 19 BUKOHAHHSA

5.3.1 3aBnanusn 1

CrtBopith M-daitn, mo oOuucntoe ¢yHKI0 13 3aBnaHHs 1.5. moOymyiTe
rpadik miei ynkuii 3a monomororo mporenypu fplot y mexax, Bu3HaYeHUX Y
3apaaHHl 1.5. O6uncniTe 1HTErpan Bifg QyHKLII Yy THX K€ MeXaX, BAKOPHUCTOBYIOUHU
nporenypu quad i quad8. 3HaimiTe TOYKY JOKAIBHOTO MIHIMYMY 1 JIOKaJbHHI
MIHIMYM (DYHKIIIT 1 HAHOIMKYINI KOPIHD (HYJIb).

5.3.2 3aBnanusa 2

3HalAITh TOYKY JIOKAJTLHOTO MIHIMYMY 1 JIOKQJIbHUA MIHIMYM (DYHKIIIT ABOX
3MIHHUX, MPUWHSBIIM 32 MOYATKOBY TOYKY 13 3aJjaHUMHU KOOpAMHATamMH (TabiuIis
2.2). IlonepeaHbo CTBOPITH BIMOBIAHY (haitia-(PyHKIIIO.

Tabmuis 5.1 — 3aBaaHHs 10 IPaKTHIHOT poOoTH Ne5
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Bapiaet | x, Vo fixy)

1 0 1 Y 4 (x — }_): ~2x -2y

2 07 | -1.2 (x —y)* —cos(x —y—1)

3 15] -0.5 e —2x =2y —cos(x —y—1)
4 05| L5 e 4 4x* —3x -3y

h
o
[a—

4x? + In(x + y)+

x+y
6 12 07 2 2y 2y 2 y)
7 0 | -0.9 eV 4 2x+2y+(x+ )’
8 08| 13 (=) —cos(xt y—1)
9 L5 0.5 eV —2x+2y—cos(x+y-1)
10 |05] -5 e _3x 3y +Ax?
H 0 ! 4x? +ln(x— v)+
x—y
12 12 -0.8 25V x4 2y +2(x+ y)°

IIpakTuuna podora Ne6
I'padiune opopmieHHst pe3ybTaTiB 00pOOKM 0iOMeIUYHUX CUTHAJIIB Y BUTJISAI
2D-rpagikis

Meta po6OTH: BUBYUTH IMpolenypy rpadidHOoro oQopMIIEHHS PE3yJbTATIiB
00poOku OioMenuyHUX curHamiB B cepenoBuiliit MATLAB

TEOPETHUYHI BITOMOCTI
6.1. 3arajabHi BUMOr" 10 nojgaHHA rpagiynoi inpopmanii

OOuucmoBanbHa  Mporpama,  yTBOPIOBaHAa  1HXEHEPOM-PO3POOHUKOM,
Mpu3Ha4YeHa, MO OUIBIIOCTI, JJs JTOCHIIKEHHS MOBOKEHHS PO3pOOIIOBAIBHOTO
YCTPOIO 3a PI3HOMAHITHUX YMOB HOTO €KCIUTyaTallii, Mpu pi3HUX 3HAYEHHSX HOro
KOHCTPYKTUBHUX MapaMeTpiB abo Uil pO3paxyHKy IEBHHMX NapameTpiB HOro
noBopkeHHA. [HdopMallis, onepKyBaHa B pe3ysibTaTi BUKOHAHHS OOYHMCITIOBAIBHOL
IHKEHEPHOI ITporpamMu, SK MPaBUiIo, Mae (HOpMy IESIKOTO PSTY YACEI, KOXKHHUH 3 TKHX
BIJINOBIJIa€ IEBHOMY 3HAYEHHIO JIESIKOTO Mapamerpa (aprymenty). Taky iHbopmailiro
3pyUHIIIe YChOTO y3arajJbHIOBATH i MoJjaBaTu B rpadidHiit hopmi.

Bumoru nmo odopmieHHs iHXeHepHOT rpadiuHoi 1HpopMartlii BiAPI3HIIOTHCS
BiJl BUMOT JI0 3BHYAMHMX TpadikiB y MareMarwuill. 3a3BH4Yaili Ha OCHOBI TOJAaHOT
rpadiunoi 1H(MOpMAIlT KOPHCTYBau-1H)KEHEpP Ma€ MaTdh 3MOTY NPHUHHATH SKECh
1H)KEHEpHE PIIeHHS MPO BUOIp 3HAYEHb MEBHUX KOHCTPYKTUBHHUX MapameTpiB, IO
XapaKTEePU3yIOTh JOCTIIPKYBaHHUM Mpoiec ad0o TEXHIYHUN YCTpiH, 13 MeToro, 100
MIPOTHO30BaHE MOBO/KEHHSI TEXHIYHOTO YCTPOIO 33JI0BOJILHSIIO MEBHI 3a/1aH1 YMOBH.
Tomy iHkeHepH1 rpadiku MarOTh OyTH, SIK TOBOPSTH, "YWTA0CIbHUMU", TOOTO MaTu
TaKUil BUJ, 11100 3 HUX JIerko OyJo "BiaiuyBaTu" 3Ha4eHHS QYHKIIT IpHU OyIb-IKUX
3HAYCHHSAX apryMEHTY 1 HaBMaKH 3 BIJIHOCHOIO MOXMOKOK B JEKUIbKa BiJICOTKIB. Lle
CTa€ MOJKJIMBUM, SKIIO KOOpPJMHATHA CiTKa TpadikiB BIAMNOBIAAE MEBHUM ILJIUM
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YHClIaM SIKOTOCh JIECSITKOBOTO po3psiny. Sk yke panimie Bia3Haudajocs, rpadikw,
noOyoBani cucteMoro MatLLAB, 1ij1koM BiIMOBIAAIOTH ITAM BUMOTaM.

Kpim 1mworo, imxeHepHa rpadiuyHa iH(opMmaliss Mae CyIpOBOKYBATHCS
JIOCTATHBO JIETATBHUM OIHMCOM, 13 SIKOTO Ma€ CTaTH 3pO3yMLIIO, SIKUM 00'€KT 1 32 SIKOIO
MaTEMaTUYHOI MOJICIUTIO JTOCHIIKYETHCS, HaBEICHI YUCIIOBI 3HAUYEHHS MapaMeTpiB
JTOCITIKyBaHOTO 00'€kTa 1 MaremMaTuyHoi mojeni. He € 3aliBum 1 BKasiBKa iMeHI
MporpamMu, 3a JOTIOMOTOI0 SIKOT OTprMaHa 11 rpadivyna iHdopmMaliis, a TakKoXK 3BEJICHb
PO aBTOpa MpOorpamMu | JOCIITHUKA, 00 KOPUCTYBadeBi OyJI0 3p03yMisio, 0 KOTO 1
Ky TpeOa 3BepTaTucs JJIs HaBEJACHHS JOBIOK MPO OTpUMaHy iHGOpMAIIiio.

3anauero iH)KeHepHo'l' IpOrpaMu 4acTo € TOPIBHSHHS JAEKUIBKOX (1)YHKI_[iI71
OTPUMAHHX TPH pi3HHAX CIIOJTyYEHHAX KOHCTPYKTHBHHX napameTpiB abo napaMeTplB
30BHIMIHIX Aid. Take MOpIBHSIHHS 3pYyYHIIIE 1 HAOYHINIE MPOBOAWTH, SKIIO 3TajlaHi
¢GyHKUIT MogaH1 y BUJII rpadikiB.

[Tpu 1boMy OTPiIOHO 3BEPHYTH YBary Ha HaCTYITHE:

1) sxmo noTpiOHO TOpiBHIOBaTH Tpadikd (YHKIIH OJHOTO apryMmeHry,
JIlarma30Hu 3MIHIOBAHHS SKUX HE HAJTO BIIPIZHSAIOTHCA OJMH BiJl OJHOTO (HE OLIbII
HIK Ha JIECATKOBHUH TOPSIOK, TOOTO HE OUIBII HIK Yy JI€CATh pa3iB), MOPIBHSHHI
3pyuHillle yChOTO 3/A1MCHIOBATH MO rpadikax HUX (YHKIINA, TOOYI0BAHUX B OJTHOMY
rpadigHOMy 1oJ11 (TOOTO Yy 3arajJbHUX KOOPJAUHATHUX OCAX); Y IIbOMY BHUIIAJIKy BapTO
BUBOJIUTH rpadiku 3a 10moMororo oaHiel GpyHkiii plot;

2) SKIIO 3a TUX CaMHX YyMOB Jlialla30HM 3MIHIOBaHHS (YHKIIH 3HAYHO
PI3HATBCS, MOKHA 3aIIPONIOHYBATH J1BA IMIIXOJIH:

- SKIIO BCl MOpIBHIOBaHI (YHKIII € 3HAYEHHSIMH BEJIMYMH OJIHAKOBOL
(GI13MYHOI MPUPOAM 1 LI 3HAYEHHS ycCl J0oAaTHI, rpadikd BapTO BUBOJIUTH
TakoXX B OJHE TpadiuHe mosie, ajie B jorapudmiyHomy macmTadi (ToOTo
BUKOPUCTOBYBATH Tporeaypy semilogy);

- 3a YMOBH, 110 yci GyHKIIIT MalOTh pi3Hy (I3UYHY MPUPOY, ajle apTyMEHT y
HUX 3araJIbHUM 1 3MIHIOETHCS B OJIHIM JIiana3oHi, rpadiku noTpioHo OyyBaTH
B ogHoMmy rpadiyHOMY BikHI ((irypi), aje B pI3HUX TIpapiyHUX MOJAX
(KOpUCTYIOUHUCH JJIS IOTO JEKUTBKOMa OKPEMUMHU 3BEPHEHHSIMU 10 GYHKIIIT
plot y pi3aux miaBikHax rpadiyHOro BikHA, 10 3a0e3MedyeThCs
3acTOCyBaHHAM mporeaypu Subplot); mpu npomy 3pydHO pPO3MIIIyBaTH
OKpeMi Tpadikv OAWH ITJ OJHUM TAKUM YHHOM, II00 OJHAKOBI 3HAYCHHS
apryMeHTy y BCiX rpadikax po3TalioByBaJIUCs HA OAHIN BEPTUKAI;

3) KpiM 3rajlaHuX paHillle HAHUCIB y KOKHOMY Ipa(piyHOMY MOJI, 3aKiHUECHE
rpadiune odopmieHHs Oyab-skoro rpadiyHoro BikHa ((irypu) o0O0OB'SI3KOBO
MMOBUHHO MICTUTH JIOJIATKOBY TEKCTOBY 1H(GOPMAIIII0 TAKOTO BMICTY:

B CTHCJIC MTOBIIOMJICHHSI PO 00'€KT JOCIIIKCHHS;

B MaTeMaThyHa MOJENb, 3aKJaJieHa OCHOBY 3IWCHEHUX Yy Tporpami
O0OYHCIICHB 3 YKa31BKOIO IMEH MapaMeTpiB 1 3SMIHHUX;

m iHdOopMaIlis PO BUKOPUCTaHI 3HAYCHHS TIapaMeTpiB;

m iHdOpMaIlis PO OTPUMAaH1 3HAUYCHHS IEIKUX OOYUCIICHUX IHTETPAIbHUX
napameTpiB;

m iHpopMmanis mpo iMm'ss M-¢aiiny BHKOpPHUCTAHOI MPOrpaMu, BHUKOHABIIS
poOOTH ¥ 1aTy MPOBEICHHS 00YNUCITIOBAIIBHOTO EKCIIEPUMEHTY;
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m iHpopMaIis Ipo aBTOpa BUKOPUCTAHOI MPOrpaMu M opraxisaiiii, 1e BiH
MIPAIIIOE.
OcraHHs BUMOra CTaBUTh IIepe]] HEOOXIJIHICTIO BiJOKpemitoBaTH (3a
JOTIOMOror0 Ti€i k mpoueaypu Subplot) y koxwiii ¢irypi Mmicie aas BHUBEACHHS
3a3HAaYCHOI TEKCTOBOI iH(popMaIrii.

6.2 Po30urTs rpadiuHoro BikHa Ha miABiKHA

Sk BUMIMBAE 31 CKa3aHOTO, NPU CTBOPEHHI 3aKiHYEHOTO TrpadidHOro
IHKeHepHoro JokyMeHTa B cuctemi MatLAB HeoOXiiHO BHKOPUCTOBYBaTH
nporeaypy subplot.

Posrnsnemo, sik 3a6e3neunty OakaHe po30UTTA BChOTo rpadiyHOro BiKHA Ha
OKpeMmi noJist rpadikiB 1 TEKCTOBE MiABIKHO.

Hexait motpi6HO po30uTH yce moje rpadiuHoro BikHa Tak, 1100 BEpXHS TPETHHA
BIKHA YTBOpUJIA MOJI€ BUBEICHHS TEKCTY, & HUXKHI JIBI TPETUHU YTBOPUIIM €JIMHE T10JIC
BUBeIeHHS rpadikiB. Lle Mo)kHa 3IHCHUTH TAKUM YHHOM:

m [iepe] BUBEJCHHSM TEKCTOBOi iHQopMallii y rpadiuHe BikHO Tpeba
BCTaHOBUTH Komanay Subplot(3,1,1), ska mokasye, mo Bech rpadiuHuii
€KpaH, PO3AUICHHM Ha TpPU OJHAKOBI YAaCTUHHU [0 BEpTHUKANi, a [JIs
HACTYITHOTO BUBEJEHHS Oy/e BUKOPHCTaHA BEPXHA 3 IUX TPHhOX YACTUH
(puc. 6.1);

TeKCTOBE HIABIKHO

subplotl

['padiuHe MIBIKHO

subplot2

subplot3

Puc. 6.1. Cxema 1 po3rauryBaHHs IiJBIKOH y rpadiuHOMY BiKHI

B BUBEJICHHIO rpadikiB y rpadiuyHe BIKHO Ma€ TMepeAyBaTH KOMaHa
subplot(3,l,[2 3]), BignoBiaHO 10 sKOI rpadidyHe BIKHO PO3AUIIETHCS, SK 1
paHimie, Ha TPU YACTUHH IO BEPTUKAJI, ajieé Temep A BUBEIACHHS
rpadivnoi 1Hpopmarlii Oyae BUKOPUCTAHUI MPOCTIp, 110 00'€AHYE Ipyre i
TpeTe 31 CTBOPEHHUX MIJABIKOH (TOJIIB) (3BEpHITH YyBary, IO IiJIBIKHA
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00'€THYIOTBCSI TaKUM CaMUM YHHOM, SIK €JIEMEHTH BEKTOpa Yy BEKTOP-
PAIIOK).
[[lo6 cTBOpUTH Tpu OKpeMuXx Moy rpadikiB OJWH IiJ 1HIIMM Ha TPbOX
YBEPTAX €KpaHa M0 TOPU30HTAII, a TEKCTOBY 1H(OpMAIII0 PO3MICTUTH B OCTaHHIN
YBEPTI 10 TOPU3OHTAJI, TO 11 MOXHa 3poouTH (puc. 6.2) Tak:

['padiure miaBigHO 1 T‘S.KCT.DBe
M1ABIKHO
spl | sp2 sp3 sp4
["'padiune miaBiKHO 2
sp5 spo sp7 sp8

I'pacdiune miaBikgO 3

$p9 spl0 spll spl2

Puc. 6.2. Cxema 2 po3rainryBaHHs IMiIBIKOH y TpadiqHOMY BiKH1

1) moxinuTy Bech pocTip Girypu Ha 12 4acTUH - HA 3 YACTUHU 110 BEPTHKAJI
1 Ha 4 YaCTUHU MO TOPU3OHTAIIL; TIPU I[LOMY MiJIBIKHA OYyTh pO3TaIllOBaHI
TakK, K NOKa3aHo Ha puc. 2.7;

2) o0 opraHizyBaTH BUBECHHS rpadikiB y mepiie rpadidHe miaBiKHO, Tpeda
nonepeaHbo BBecTH komanay subplot(3,4,[1 2 3]), mo o0'exnye
niaBikHa spl, sp2 1 sp3 y enune rpadiyHe MiABIKHO;

3) aHaIOr1yHO, BHMBEJACHHIO TpadikiB y apyre rpadiuHe MiABIKHO MOBHHHO
nepeayBaTi 3BepHeHHs n0 komanau subplot(3,4,[5 6 7]), a BuBeneHHIO
rpadikiB y Tpete rpadivne minsikao - subplot(3,4,[9 10 11]);

4) HapemrTi, 10 OOPMIICHHS TEKCTY MOXHA MPUCTYIUTH MICIsl 3BEPHEHHS

subplot(3,4,[4 8 12]).

6.3 BuBeleHHs TeKCTy B rpagiuHe BikHO (migABiKHO)

Axmo mo 4dep3i chopmyBaTH MiABIKHA, TPUMIPOM, BIAMOBITHO 1O OCTAaHHBOI
CXEMH, HE 3/IIMCHIOIOUHN HISKUX Omeparliii mo BUBeAeHHIO IrpadikiB a0 TEKCTy:

» subplot(3,4,[5 6 7])
» subplot(3,4,1:3)

» subplot(3,4,9:11)

» subplot(3,4,[4 8 12]),

V BikHI1 (irypu 3'siBUTbCSA 300pakeHHsl, MoJjaHe Ha puc. 6.3.
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Puc. 6.3. Bun rpadidynoro BikHa micist po30UTTs HOTO Ha MiABIKHA

3 Horo po3rIsly BUTUIMBAE:

1) micns 3BepHeHHs 10 mporeaypu subplot y BianoBigHOMY MiABiKHI 3'SBJIs-
€THCS 300payKEHHS OCEl KOOPJMHAT 13 MMO3HAYEHHSIM IOUIKIB MO OCHX;

2) MOYAaTKOBMH [Jiama30H 3MIHIOBAHHS KOOPAMHAT IO 000X OCSX IIiJBIKHA 3aB-
JKITM BCTAHOBJTFOETHCS 3a 3aMOBUYYBaHHsM Bix 0 10 1;

3) mosne BuBeneHHS TpadikiB 3aiiMae HE BECh MPOCTIP BIAMOBIIHOTO IMi/IBIKHA ,
- BQJIMINAETHCA JESKEe MICIIe HAaBKOJO TMouisi rpadika s BUBEICHHS 3arojoBKa
rpadika, HaIUCIB MO OCSIX KOOPJMHAT Ta 1H.

Tomy nst BUBEJICHHS TEKCTY B OJIHE 3 IMIIBIKOH MOTPIOHO CIIOYATKy OUYUCTUTU
11 TIJBIKHO BiJ 300pa)KeHHs OCEe KOOpJWHAT 1 HamuciB Ha HuX. Lle pobuthes 3a
JOTIOMOT'OF0 KOMaHIH

axis('off).

Hanpuxknana, sKIo 1o KOMaHIy BBECTH MICTS TOMEpPEeaHIX KOMaHJ, Y BIKHI
¢birypu 3HUKHE 300paKCHHS KOOPJAMHATHUX OCEH OCTAaHHBOTO MiABIKHA (pHc. 6.4).
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Puc. 6.4. Bun rpadivnoro BikHa micis komanau axis('off').

Tenep MoxHa TOYMHATH BHBEICHHS TEKCTA B 1€ IMiIBIKHO.
OcHOBHOIO (DYyHKIII€IO, sIKa 3a0e3Meuye BUBEICHHS TEKCTY B rpadiuHe BIKHO, €
¢bynkuis text. Y3araneHeHa popma 3BepHEHHS 10 HET Ma€ BUJ:

h=text (x, y, '<TeKCT>','FontName','<Ha3Ba mpudty>', 'FontSize',<po3Mip mpu¢ry B nukcenax>).

BoHa 371licHIOE BHMBEAEHHS 3a3HAUYEHOIO TEKCTY 3a3HAYEHUM LIPUPTOM
3a3HAYCHOTO PO3Mipy, TMOYMHAIOYM 3 TOYKM TiJBIKHA 3 KOOpAMHATAMU X 1 Y
BiZIITOBITHOTO MO Tpadika miaBikHa. [Ipy IbOMY KOOpIWHATH X 1 Y BUMIPIOIOTHCS B
OJIMHUIIX BEJIMYHUH, K1 BIAKIAAAI0THCS y3/I0BXK BIAMOBITHUX Oocell rpadika migBIKHA.
Uepes Te 110, IK MM TIEPEKOHAIMCS, iara30H 3MIHIOBaHHS IIMX KOOPJWHAT JOPIBHIOE
[0...1], TO mnst TOrO, MO0 TMOMICTHTH TOYAaTOK TEKCTY B TOYKY YCEpPEIWHI IO
rpadika, HeoOXiHO, 11100 HOTO KOOPUHATH X 1y OYJIU B I[bOMY Jl1aMa30Hi.

[IpoTre MOXHa BUKOPHCTOBYBATH 1 JEIIO MIUPIIii Jiana3oH, BPaxOBYHOUH T€,
110 TOJIE MMi/IBIKHA OUTBIINE OIS oro rpadika.

Posrnsmemo mpukiman TekcroBoro odopmiieHHs. Hexalh wacTuHa mporpamu
Mae BUJI:

subplot(3,4,1:3);

subplot(3,4,5:7);

subplot(3,4,9:11);

subplot(3,4,[4;8;12]);

axis('off");

% Ilpoueaypa BUBedeHHs JaHUX B TEKCTOBe MoJie rpagiyHoro BikHa
D1 =[2 1300 1 50];

D2=[0.10.02-0.03014-1520.1-0.1500];

D5 =10.001 0.01 15 16]; sprogram = 'vsp1'; sname = 'J/lazapes 10.D.';
h1l=text(-0.2,1,"'McxoAHbie napaMeTpbi:','"FontSize\12);
h1=text(0,0.95,TMpoTaxoMeTpoB’,'FontSize’,10);
h1=text(0.2,0.9,sprintf(* = %g ',D1(3)),"FontSize’,10);



h1l=text(-0.2,0.85,sprintf(* = %g ',D1(4)),"FontSize’,10);
h1=text(0.6,0.85,sprintf(* = %g *,D1(5)),'FontSize',10);
h1l=text(-0.2,0.8,sprintf(" = %g ',D1(1)),'"FontSize',10);
h1=text(0.6,0.8,sprintf('J2 = %g ',D1(2)),'"FontSize",10);
h1=text(0,0.75,'BHemHMx Bo3aeiicrBuii','FontSize',10);
h1l=text(-0.2,0.7,sprintf("pst0 = %g ',D2(1)),'FontSize",10);
h1=text(0.6,0.7,sprintf(* tet0 = %g ',D2(2)),'FontSize',10);
h1=text(0.2,0.66,sprintf(* fit0 = %g ',D2(3)),'FontSize’,10);
h1l=text(-0.2,0.62,sprintf('psm = %g ',D2(4)),'FontSize',10);
h1=text(0.6,0.62,sprintf(* tem = %g ',D2(5)),'FontSize',10);
h1=text(0.2,0.58,sprintf(* fim = %g ',D2(6)),'FontSize’,10);
h1=text(-0.2,0.54,sprintf('omps = %g ',D2(7)),'FontSize',10);
h1=text(0.6,0.54,sprintf(" omte = %g *,D2(8)),"FontSize',10);
h1l=text(0.2,0.5,sprintf("'omfi = %g ',D2(9)),'FontSize',10);
h1l=text(-0. 2,0.46,sprintf(‘eps = %g *,D2(10)),'FontSize",10);
h1=text(0.6,0.46,sprintf(* ete = %g ',D2(11)),"FontSize',10);
hl=text(0.2,0.42,sprintf(’efi=%q’,D2(12)),"FontSize’,10);

h1=text(0,0.35,'UnrerpupoBanus’,'FontSize',10,'FontUnderline’,'on’);
hl=text(0,0.3,sprintf(*h = %g *,D5(1)),'FontSize',10);

hl=text(0,0.25,sprintf(*hpr = %g ',D5(2)),"FontSize',10);

hl=text(0,0.2,sprintf('t = %g ',D5(3)),'FontSize',10);

hl=text(0,0.15,sprintf(‘tfinal = %g ',D5(4)),"FontSize",10);

h1l=text(-0.3,0.12,
tm=fix(clock); Tv=tm(4:6);

h1=text(-0.2,0.08,['TIporpamma ' sprogram],'FontSize',10);
h1l=text(-0.3,0.04,['Pac4eTbi nposex ' sname],'FontSize',10);
hl=text(-0.3,0,[sprintf(* %g :",Tv) ' * date],"FontSize’,10);

hl=text(-0.3,-0.04,

hl=text(-0. 3,-0. 08,"Ukraine, KPI, cath. PSON",'"FontSize",10);

','FontSize’,10);

','FontSize',10);
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BukoHaHHS 1€l mporpaMu NpUBOJIUTH A0 MOSIBU Y BIKHI (irypu 300paxeHHs,

MO/TAaHOTO Ha pucC. 6.5.
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Puc.6.5. Busizg rpagiyHoro BikHa 3 0pOPMIIEHUM TEKCTOBUM ITiIBIKHOM

EKCIIEPUMEHTAJIBHA YACTHUHA
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6.4 3aB1aHHA 1)1 BUKOHAHHSA

[ToOynyBatu rpadiku pyukmii x(t) 1 y(t) B omHOMY TrpadiuHoMy BikHi figure i
B PI3HUX IJBIKHAX

Ta6nus 6.1 — BapianTu 3aBaaHb

Bapiant| A B f Kpoxk 3minn t OynKmii
(xpok
JIMCKpEeTH3aIlii)
1 2 3 50 0.01 x(t)= A-sin(2pi- f -t),t €[0,20)
y(t)=B-cos(2pi- f -t)t<[010)
2 1 4 55 0.05 x(t)= A-sin(2pi- f -t),t €[0,20)
y(t)=B-cos(2pi- f -t),t €[0,15)
3 5 | 2 | 45 0.1 x(t)= A-sin(2pi- f -t),t €[0,20)
y(t)=B-cos(2pi- f -t),t €]0,20)
4 2 2 | 100 0.02 x(t)= A-sin(2pi- f -t),t €[0,20)
y(t)=B-cos(2pi- f -t),t €[0,40)
5 1 |1 | 150 0.001 x(t)=A-sin(2pi - f -t),t €[0,30)
y(t)=B-cos(2pi- f -t),t €[0,15)

6.5. 3micT 3BiTY

6.5.1. Tema Ta Meta pobOTH.

6.5.2. 3aBpanHs 10 poOOTH.

6.5.3. BigoOpa3zutu oTpuMaHi pe3ydbTaTd Yy BHIJISAl KOMIA E€KpaHy
(PrintScreen).

6.5.4. BUCHOBKH 32 pe3ysibTaTaMl BUKOHAHOT pOOOTH.

KOHTPOJIBHI 3AIIMTAHHA

1. SIkuM 4MHOM 3IIHCHIOETBCS MpOLIEypa PO3AUICHHS IpadiyHOro BiKHA Ha
MiaBIKHA?
2. Sxa yHKIIis BIAMOBIAAE 32 BUBIJ MACUBY JAHUX Y TpadidyHOMY BiKHI?
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IIpakTuuna podora Ne7
I'padiune opopmireHHst pe3ybTaTiB 00poOKM OioOMeTHYHUX CUTHAJIB Y BUTJISAI
3D-rpadikis

MeTta po6OTH: BUBYMTH MpoIEAypy TrpadidHOro opOpMIICHHS pe3yJbTaTiB
00poOKu O10MeIMYHUX cUTHAIB y BUrIsAal 3D-rpadikiB B cepenosuini MATLAB

TEOPETHNYHI BITIOMOCTI
7.1 3arauabHi BizoMocTi

BucokopiBaeBa rpadiuna migcuctema MATLAB aBromatnuHo peani3ye
TPUBUMIpHY Tpadiky 0e3 crnemianbHUX 3ycHiib 3 00Ky KopucTyBada. Hexail B Touri 3
koopauHatamu X1, yl oGuuciene 3HaueHHs (yHkiii z=f(x, y) 1 BoHo piBae zI1. ¥
JesIKi 1HIIi To4i (ToOTO MpHU 1HIIOMY 3HAY€HHI apTyMEHTIB) X2, y2 00UYUCITIOIThH
3HaueHHs ¢yHKuii z2. [Ipogopxyrouu 1ei mpolec, OTpUMYIOTh MacuB (Ha0ip) TOUOK
(x1, yl, z1), (x2, y2, z2), ... (xN, yN, zN) y kigpkocti N ImTyK, po3TalioBaHUX B
TpuBUMIpHOMY TIpocTopi. Cremianbhi ¢yHkiii cuctemu MATLAB npoBoasiTh uepes
Il TOYKK TJIaJIKI TTOBEPXHI 1 Bi0oOpaxaroTh iX MpOEKiii Ha AMCIUICH KOoMM'toTepa.
HaiiyacTiime TOYKM apryMeHTIB poO3TalioBaHI B 001acTi BHU3HAYEHHS QYHKIT
pPEryJISIpHO Y BUIJISIAI TPSMOKYTHOI CITKM (T0OTO Mmatpwuil). Taka ciTka TOYOK
MOPOKYE JIBI MATPUILIl OJTHIET 1 TI€T K CTPYKTYpH: NEpIla MaTPUL MICTUTh 3HAYECHHS
MePIINX KOOPAWHAT WX TOYOK (X - KOOPJAWHAT) a Apyra MaTPHIl MICTUTh 3HAYCHHS
Ipyrux koopauHar (y - koopauHat). [lo3naunmo nepiry MaTpuiito gk X, a Apyry — 5K
Y. € me 1 Tpers maTpulsl — Martpuusd 3HadeHb QyHkmi z=f(x, y) npu mux
aprymenTax. L{ro MaTpuirro mosHaunmMo OyKBoIo Z.

A
Y
OaHOMIpHMIA \ ‘
ey " acven (varpo)
| XTayY

1 ——
g

\/\Ai//

OpaHOMIpHUIA MacKB X

Puc.7.1. Citka koopauHaT chopMOBaHa MO IBOM OJHOMIPHUM MacHUBam

Jist oTpumanHs Matpuib X 1 Y, IO MNPEACTABISIIOTH Mepiil 1 Japyri
KOOPJIMHATA TPSIMOKYTHOI CITKM TOYOK BHKOPHUCTOBYIOTH CIELIANbHY (PYHKIIIO
cuctemu MATLAB:
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[X, Y] = meshgrid(x, y)
abo
[X, Y, Z] = meshgrid(X, vy, z)

[Ticist Bu3HaUeHHs CiTKH po3MipoM X, Y, Z MOKHA CKOpPHUCTATUCA (DYHKITISIMU
TUTSE TOOYZIOBH TPUBUMIPHUX TTOBEPXOHb.

mesh(X, Y, Z) — dbyHKis, 1m0 crojaydae 004HCICHI CyCiIHI TOYKH IOBEPXHI
rpadiky Biipi3KaMH MPSMUX.

[Ipuknan:

>> [X,Y]=meshgrid(-2:0.2:2);

>> Z=exp(-X. 2-Y N2);
>> mesh(X,Y,Z)

064

0.4

Puc.7.2. TloBepxnst chopMmoBaHa KoMaH 1010 mesh

[Toni6urmMu 10 komanau mesh € komanau surf 1 plot3.

surf(X, Y, Z) — Oynye TpUBUMIpHY KOJBOPOBY MOBEPXHIO.

plot3(X, Y, Z) — Oyaye MacuB TOYOK MpejacTaBieHuX BekTopamu X, Y, Z,
CTIOJIyYarO4H X BIJIpi3KaMU TIPSIMUX.

[Tpuknaau rpadikiB BuilleHaBeAeHOI (DYHKIIIT, siKi chopMOBaHi 3a TOTOMOTOIO
komans surf 1 plot3 npencrasieni Ha puc.7.3(a, 0).



Puc.7.3. Tlosepxus chopmoBana komangamu surf (a) 1 plot3 (0)

EKCIIEPUMEHTAJIBH YACTUHA
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6)

3rilHO BJIACHOTO BapiaHTy 3aBAaHHs moOynyBatu Trpadik 3amaHoi QyHKIT Z
=(X,Y) B 3D ¢dopmarti, a came KoJIbOPOBY MOBEPXHIO. 3aB/IaHHS HaBe/IeH] B Ta0.7.1.

Ne

oy | omun | Demms | g
1 X.e¥Xr [-2, 2] 0.1
2 X -sin(X +Y) [-5, 5] 02
3 X +Y? (-3 3] 0,1
4 X -cos(X +Y) [-6, 6] 0.25
5 X3 +Y? [-4, 4] 0,2
6 2y -sin(X +Y) [-5. 7] 0,2
7 Iy e (-3 3] 01
8 Y -cos(X +2Y) [-4, 4] 0,2
9 X +y? [-2, 2] 0.1
10 2X .20 [-3. 3] 0.1
11 X?.sin(X +Y) [-5, 5] 025
12 X .cos(X*+Y?) [-4, 4] 0,1
13 X (X477 (-3, 3] 0.1
14 3X.e [-2, 2] 0.2
15 4X-cos(X +2Y) [-5, 5] 025
16 5y.e X [-6, 6] 025
17 Y (X +¥?) -3, 3] 01
18 5.e X [-4, 4] 02
19 Y .cos(4X* +6Y?) [-5, 5] 02
20 x- (X +¥?) -2, 2] 0.1
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7.2. 3micT 3BiTY

7.2.1. Tema Ta meTa poOOTH.

7.2.2. 3aBaaHHs 10 poOOTH.

7.2.3. BigoOpa3uTu OTpuUMaHi pe3ylbTaTd Yy BHUIVIIAI KOIIH  eKpaHy
(PrintScreen).

7.2.4. BUCHOBKH 3a pe3yJibTaTaMi BUKOHAHOI pOOOTH.

KOHTPOJIBHI 3AIIMTAHHA

1 SAxi ¢ynkuii B cepemoBuimi MATLAB 3a6e3neuyiors moOynoBy 3D-
rpadikiB?
2 SIxa pi3HHIS MK QYHKINSMH, sIKI 3a0e3meuytoTh mooyaoBy 3D rpadikis?
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IIpakTuyna podora Ne8
3aBaHTaKeHHs1 010CUTHAJIIB Ta 30epeKeHHA pe3yJabTaTiB 00po0OKkH y paii

MeTa po6OTH: BUBYUTH TPOIEAYPY 3aBAaHTAKEHHS Ol0CHUTHANIB 13 ¢aisiiB Ta
30epeKEeHHS pe3yybTaTiB iX 00poOku y daitn B cepenopuii MATLAB

TEOPETHNYHI BITIOMOCTI
8.1 3arauabHi BizomocTi

Po3pobka nporpam dacto nepeadayae 30epexeHHs pe3yabTaTiB PO3PaXyHKIB B
Gdaiinu [ X MoAJBIIOro aHamizy, oOpoOku, 30epiranss i T.A. Y 3B'SI3Ky 3 LIUM B
MatLab peanizoBani pi3Hi (yHKIIII 10 poOOTi 3 (ailiaMu, 110 MICTATh JaHl B CaMUX
pi3HUX QopMarax. Y IbOMY PO3IUII PO3MITHEMO HAMOUIBIT KOPUCHI (DYHKINT JIst
30epeKeHHS 1 3aBaHTAKEHHSI Pe3yJIbTaTiB POOOTH aJITOPUTMIB 3 (aiIiB.

YV HalnpoCTIIOMY BUITAJKY JJIs 30€pEKeHHS 1 TOAAIBIIOT0 3aBaHTAXEHHS OY/Ib-
akux gaHux B MatLab nepen6aueni aBi pyHKITIi

dimwrite(‘ mupexropist 11t 30epexkeHHs’, Ha3Ba 3MiHHO1,” ) % 30epeKeHHsI TaHUX
load (‘<mupekropis s 30epekeHHs > <Ha3Ba 3MIHHOI>") % 3aBaHTAKCHHSI JAHUX
wawread load (‘<aupekTopis > <Ha3Ba 3MiHHOT>’) % 3aBaHTa)KEHHS 3BYKOBHUX JaHUX
®yukiis dimwrite no3Bossie 30epiraTv JOBUIBHI JaHHI Tporpamu B Gaii,
KU OyJie pO3TaIlIOBYBATUCS B BAMU 3aJlaHIi TUPEKTOPIi 1 MATH PO3IIUPEHHS, SIKE BU
3anmackre (txt, dat, mat Ta iHm).
Oynkiis load mo3BoMsEe 3aBaHTAXXHUTH 13 3a3HAUYCHOTO PO3MIMPEHHS (aitny
paHiiiie 30epekeH1 3MiHHI.
Hwxue npencraBiieHo MPUKIIA]] BAKOPUCTAHHS TaHUX (YHKIIIH:
- 3aBaHTaxkeHHs JaHux Signal.txt, skuii posramioBaHWi B JUPEKTOPIi
‘c:/temp/’:
x=load(‘c:/temp/signal.txt’);
- 30epeXeHHs JaHUX 3MIHHOI X B TUPEKTOpito ‘C:/temp’:

dimwrite(‘c:/temp’, X,” °);

- 3aBaHTaXeHHS 3BYKOBHX daHux Signal.txt (mampukian, hoHOKApIIOCUTHAN),
SKUI PO3TAIIOBaHMIA B AUPEKTOPIT “C:/temp/’:

x=wawread(‘c:/temp/signal.txt’);
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EKCIHEPUMEHTAJIBHA YACTUHA

1. 3rifHO BJIACHOTO BapiaHTy KypcoBOoi poOOOTH 3aBaHTAXHUTH JaHI
OiocurHaiiB i3 (aiiny 3 BukopucTanHsM komanau load a6o wavread. 3aBaHTaKeHHI
JaHi 010CUrHajiB BigoOpa3uTH Ha rpadiky i3 BUKOPUCTaHHIM KoManau plot.

2. 3rilHO BJIACHOTO BapiaHTy KYypCOBOI pOOOTH 30€pertd 3aBaHTaKUTH
naHi 6iocurHamiB y (aiia i3 BUKOpUCTaHHSAM KoMaunau dlmwrite B iHIIY TUPEKTOPIIO
Ta 13 1HILIOIO HA3BOIO.

8.2. 3micT 3BiTY

8.2.1. Tema Ta MmeTa poOOTH.

8.2.2. 3aBmanHs 10 poOOTH.

8.2.3. BimoOpa3uTu OTpUMaHi pe3ylnbTaTd y BUTINAI KOMIM eKpaHy
(PrintScreen).

8.2.4. BucHoBKH 3a pe3yabTaTaMu BUKOHAHOI POOOTH.

KOHTPOJIBHI 3AIIMTAHHA

1. Sxi ¢yskuii B cepemoBuiti MATLAB 3abe3nedyioTh 3aBaHTaKEHHS
TaHuX?

2. SIxa ¢ynkiis B cepenouini MATLAB 3a0e3neuye mporeaypy 30epekeHHs
naHux y ain?
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