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IIpakTuHa po6ora Nel
Oznaitomsienns 3 pooororo MATLAB

Merta poOotu: BuBUMTH OCHOBHI MPUHIUIHN POOOTH, Ta O3HAMOMUTHCH 3
0azoBuMu koMangamu cucreMu MATLAB.

TEOPETHUYHI BIZIOMOCTI
1.1 InTerpoBanmii nporpamMmumnii komimiekc Matlab

Matlab - 1e iHTepakTHBHE CEpEAOBWINE [JII BHKOHAHHS PI3HOMAHITHUX
HAYKOBHX Ta 1H)XXKEHEpHUX po3paxyHKiB. Ha3zpa makera MOXOIUTH BiJi CKOPOUYEHB
aHTIiiChKUX ciiB Matrix Laboratory 1 Haiikpare xapakTepu3ye WOTO CYTHICTh, 1€
MaTpPHUYHI OTeparlii € OCHOBOIO OIBIIOCTI PO3PAXYHKIB.

[TakeT miaTpUMy€e BUKOHAHHS OTepaliiii 3 BEKTOpaMu, MaTPUIISIMU Ta MaCUBaMHU
JAHUX, peaii3ye CHUHTYJSIPHI 1 CIEKTpalibHI PO3KIAJaHHS, MIATPUMYE pPOOOTY 3
anreOpaiyHUMK TIOJIHOMAaMU, BUPINIy€e HETIHIAHI PIBHAHHS 1 3aja4l ONTHUMI3AIlli,
IHTErpyBaHHs B KBajparypax, BUpillye AudepeHIliaibHl PiBHAHHS, Oyaye pi3HOTrO
BUTy rpadiKu, TPHOXMIPHI MIOBEPXHI1 Ta JIHIi PIBHS.

J1o HaltBXXJTMBIIIMX OCOOJIMBOCTI MTaKeTa BITHOCATD:

* MOXJIMBICTH BHOOpPY Ta 3MiHM IUIaTGOpMHU - TporpamMu Ta JaHi MOKHA
NEPEHOCUTH Ha PI13HI TUIIA KOMIT'FOTEPIB 3 PI3HUMH ONlE€paliiHUMU CUCTEMAMH;

* BIJKpUTA apXiTEKTypa 3 TOUYKH 30PY MOXJIMBOCTI CTBOPEHHS CHEI[lalbHUX
NIAIporpaM, CHOPSAMOBAHMX Ha pPO3B'A3yBaHHSA [EBHOro Kiacy 3azgad. Taki
HiAIporpaMu MOXHA HAaIlMCaTH SIK 3a JOMOMOTOI0 MOBH TIPOTpaMyBaHHS CaMOro
nakera (Tak 3BaHl m-¢ainu), Tak 1 MoBow mporpamyBaHHs C. OTxe, KOXEH
KOPHUCTYBay MMaKeTa MOK€ 3pOOUTH CBiil BHECOK y PO3LIUPEHHS IOTO MOKIMBOCTEM.

Jlo ocHOBHUX oOjacTel BUKopucTtanHs Matlab BimHOCSTS:

- MaTeMaTH4YHI OOYHCIICHHS;

- po3po0OKa aJIrOPHUTMIB;

- 00YHCITIOBAIBHUI €KCIIEPUMEHT, MOJICITIOBAHHSI;

- aHami3 iHopMallii, TOCHTIKEHHS Ta Bi3yali3allis pe3yJIbTaTiB,;
- HayKoBa Ta IHKeHepHa rpadika;

- po3poOKa JIoAaTKiB.

CreuiayibHi MANPOrpamMu, MOB'sI3aHI 3 PO3B'SI3aHHAM IEBHOTO Kiacy 3ajad,
dbopmMyrOTh TeMaTH4Hi migkaranoru (toolbox). MoxxHa BUAIIUTH TaKi HAMBaXJTUBIIII
toolbox -u:

* System Identification Toolbox npu3HaueHuii Ay aHaNI3y CUTHAJIIB y CCTEMaX
kepyBaHHs. J[03BOJsie BHUKOPHCTOBYBaTH TMapaMeTpUYHI Ta HemapaMmeTphyHi
QITOPUTMH  1ACHTU(IKALI, 30KpeMa, PO3PaXyHOK 1 BepHUPiKallilo MOAeNli, BHOIp
MOPSIIKY MOJIEINI, IEMOHCTPAIIIIO Ta IEPETBOPEHHS CUTHAMIB. Jla€ 3MOTYy 3a BIIOMUMH
BXIJIHUMH Ta BUX1JITHUIMHU CHTHaJIaMH 00'€KTa, TIOTICPETHBO 3aJIaBIITH TOPSIOK MOCTI,
CTBOPUTHU HOTO MOJIEIb y BUTJISA/II PIBHAHD CTaHY.

* Control System Toolbox nmpu3HaueHui 17151 CHHTE3Y, aHaJII3y Ta MOJEIIOBAaHHS
HETMEePEPBHUX Y Yaci Ta JUCKPETHUX cUCTEM. J03BOIIsIE BUKOPUCTOBYBATH Pi3HI (hOPMH



onucy cucteMu (TepenaBajibHa QYHKINS, CHCTeMa PIBHAHb 3MIHHUX CTaHy,
pO3KJIalaHHsl Ha MPOCTi pobu). Bukonye meperBopeHHs Bif onHi€l Gpopmu 3amucy
CHCTEMH JI0 1HIIO1, a TAKOX BiJ HEMEPEepBHOI 10 TUCKpPETHOI Ta HaBmaku. [lae 3mory
JOCITIKYBaTH PEAKIiF0 CHUCTEMH Ha Pi3HI TUNW BXIJHUX CHUTHAIIB, a TaKOX
CUHTE3yBaTH peryssitopu. J[03BoJisie aHami3yBaTH MOBEAIHKY CHUCTEMHU B YAaCTOTHIN
o0acTi.

* Signal Processing Toolbox mpusnauenuii 1si udpoBOro nepeTBOPEHHs Ta
aHaJ13y CUTHAJIIB Yy 4aCOBIM Ta 4acTOTHIi# obyacTsx. [l03BoJisge MpoeKkTyBaTH 1U(PpoBi
Ta aHajIoroBl GUILTPU. MOXKIMBUM € TApaMETPUYHE MOJICTIOBAHHS.

* Fuzzy Logic Toolbox Bkitouae cepeoBHIIE MOJICTIOBAaHHS B 00J1aCTI HEUITKOT
JIOT1KHM pa3oM 3 3ac00aMHu JI0 MPOEKTYBAHHS 1HTEJIEKTYaIbHUX CUCTEM KEepyBaHHS.

* p-Analysis and Synthesis Toolbox Bumarae incramsuii Signal Processing
Toolbox 1 € makeToM AJis aHANI3y Ta CHHTE3Y JIHIMHUX pOOACTHUX CUCTEM KEepYBaHHS
(cucteM KepyBaHHS 3 TIJBHINCHOI CTIHKICTIO). BHKOPUCTOBYEThCS — Jid
MPOEKTYBaHHS ONTHMAJIBHUX CHUCTEM KEPyBaHHsS, OCHOBHA yBara akICHTYEThCS Ha
MUTaHHAX CTIMKOCTI CUCTEMH Ta 11 BPA3JIUBOCTI JI0 3MIHHU MapaMeTpiB.

* Hewural Network Toolbox cmoporrye moOyqoBy Ta AOCHIIKEHHS MITYYHUX
HEHpOHHUX Mepexk. Jlae 3Mory BHUKOPHUCTOBYBAaTH pi3HI aJITOPUTMH HABUYaHHS
HEHpOHHUX Mepex. Peanidye pi3HI TUOM HEUpOHIB 1 HEMpOHHUX Mepex. KoxkeH
HEHPOH OMUCYETHCS BEKTOPOM Bar, 3HAYCHHSM 3MIIICHHS Ta BUIOM aKTHUBAIIMHOI
¢dbynkuii. 3B'a30k 13 Simulink-oM 1gae 3MOry BHUKOPHMCTOBYBATHM IITY4YHI HEHPOHHI
MepEexXi sIK OKpeM1 OJIOKH B MOJENSAX JOCIHII)KYBAHUX CUCTEM.

* Nonlinear Control Design Toolbox nae 3Mory BHKOHYBATH OINTHUMI3ALiIO
JIHIMHUX Ta HEJIIHIMHUX CUCTEM KEpPYBaHHS.

* Optimization Toolbox peanizye pi3HI MeTOAM ONTUMI3ALli JIHIAHUX 1
HEIIHIMHUX CUCTEM Ta PO3B'SI3yBaHHS CUCTEM HENIHIMHMUX PiBHSAHb. DYHKIII MaKkeTy
JAI0Th 3MOTY 3HaXOOUTH €KCTPEMYM JOBUIBHOI (PYHKIIT SIK 32 HasgBHOCTI, TaK 1 3a
BIJICYTHOCTI OOMEXEHb, a TAKOXK JUIsl BANAAKY OaraTOKpUTEPIaibHOT ONTUMI3allli.

* Robust Control Toolbox mpusHaueHHil A TOCHIIKEHHS OaraTOBUMIPHUX
poOaCTHUX CHUCTEM KepyBaHHs. BUKOHYe CUHTE3 ONTUMAaJIbHUX PETYIISITOPIB.

» Spline Toolbox npu3HaueHuit 1jIs1 pO3B'sI3yBaHHS 3a/lay ampoKCUMAIll Ta
IHTEepHoOJIALii 32 JOMOMOTOI0 CIUIalHIB, 3 MOJJIMBICTIO I1HTErpyBaHHSA Ta
nudepeHIIIOBaHHS OTPUMAHOTO PIBHSIHHS. .

« Statistics Toolbox peanizye pi3HOMaHITHI CTaTUCTHUYHI (DYHKII1, BKIIOYAIOUU
MOJICTIFOBaHHS BUTIQJAKOBHUX MOJIIH Ta T€HEPATOPU BUTIAIKOBUX CUTHAIIB.

1.2 Pexumu podoru Matlab
[Ticnst Bxoay B cepenoBuiiie Matlab Ha expaHi po3kpuBaeThes BikHO (PucyHOK

1.1), y sikoMy 3'SIBISIETBCS CUMBOJ ">>"| IO CUTHaJi3y€ PO FOTOBHICTh MAKeTa 10
poboTH.
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Puc. 1.1. Burnsig roioBHOTo BikHa cepenoBuila nakery Matlab

[TounHatouM 3 IILOr0 MOMEHTY KO>KHA KOMaH/Ia 3 KJaBiaTypu OyJe CIpuiiHsTa,
IHTEpPIpPETOBaHA Ta BUKOHAHA. Pe3ynpTaT 00YMCIICeHHS 3HAYSHHS BUPA3y € JOCTYITHUM
SIK 3HAUECHHsI 3MIHHOT, SIK1f TPUCBOEHMI BUpa3. Tak, BAKOHAHHS KOMaHAW HACTYITHOTO
CUHTAaKCHUCY:

>> 3MiHHA = BUPa3

JI03BOJIUTH OOPaxoOBYBaTH 3HAUYCHHS BUPA3y, BHECTH 3MIHHY 10 po0040i 00J1acTi, a Ha
MOSIBUTHCS PE3YIbTaT.
[TakeT Matlab mae nesiki 0cOOIUBOCTI:

- BOyzmoBaHi PyHKIIIT (HAaIpUKIIAI, Sin X) 3aMUCYIOThCS MTPOMMMCHUMHU OyKBaMH,
a IX apryMeHTHU BKa3yIOThCS B KPYTJIUX TyKKaX;

- 3HAYEHHS 3MIHHUX 3alMCaHl 3 BAKOPUCTaHHSAM OYKB Pi3HOTO perictpy OyAyTh
pI3HUMHU (Hampukian, A 1 a);

- 1uig OJIOKYBaHHS BUBOJIY PE3YJIbTATy OOUMCIICHD JESIKOTO BUPaA3y MiCis HHOTO
Tpeba MOCTaBUTH 3HAK *“;” (Kpamka 3 KOMOI0);

-y IESIKUX BUNAJKAX MAaTEMAaTHYHHUNA BHpA3, M0 BBOJUTHCS, MOKE BUSIBHTHCS
HACTUIBKHM JTOBTMM, IO Ui HHOTO HE BHCTAYUTHh OJHOTO PSAKa. Y IBOMY
BUMAKY YaCTUHY BUPa3y MOXHA TIEPEHECTH Ha HOBHUH PSIOK 3a JTOIIOMOTOIO
3HAaKy TpH Kpamnku “...”";

- maketr MatLab € macammepen mporpamoro st poOOTH 3 MATPUIISAMH, TOMY
3BUYAIHI MaTeMaTuyH1 onepariii *, /, +, - BUKOHYIOTbCS B MATPUIHOMY BH/II.
Hns MOEJIEMEHTHOTO BUKOHAHHS apu(PpMETHUIHNX orepariif

(1324

BUKOPHUCTOBYETHCS oriepaTop “.” (Hanpukian Z=V./A);



CIIEMEHTH BEKTOPIB 1 MaTpHIlb 3allUCYIOThCA B KBAJIPAaTHUX Jy)KKax, Ta
pO3OIIAIOTECS pobimamu abo komamu (Hampukman V =[1 2 3 4]i

V =[1, 2, 3, 4] — ui 3amucH € iIeHTHYIHUMH).

1.3. Komanau kepyBaHHsI BIKHOM KOMAHIHOI0 Pe:KUMY

]_IO OCHOBHHUX KOMaHJ KCPYBaHH:A BIKHOM KOMaHIHOI'O PCKUMY BiI[HOCHTB

HaCTyr[Hi KOMaH/Hu:

clc — ouummae expaH Ta pPO3MIIIye Kypcop y JIBOMY BEpPXHBOMY KYTi
TIOPOXXHBOTO EKPaHy;

home — oBepTae Kypcop y JliBuii BEpXHii KyT BiKHa;

echo <file_name> on — Bkirovyae pexxuM BHBEICHHS Ha €KpaH TEKCTy Script-
baiiny (dhaiimy-cieHapiro);

echo <file_name> off — Bigkirodae pexxum BHBEICHHS Ha €KpaH TEKCTY
Script-daiiny;

echo <file_name> — 3miHI0€ pekM BUBEACHHS Ha MPOTHIICKHHUI;

echo on all — Bxirodae peskuM BUBEICHHS HA €KpPaH TEKCTY BCiX m-(aiiis;
echo off all — BigkrOUae pesxM BUBEICHHS HAa EKpPaH TEKCTY BCiX m-(aiiis;
MOre ON — BKJIIOYA€E PEXHM IMOCTOPIHKOBOTO BUBEICHHS (KOPHCHUU TIpH
neperssii BeTuKux m-Qaitiin);

more off — BigKIFOUae peKUM MOCTOPIHKOBOTO BUBEACHHS (Y LIbOMY BHITaIKY
Ul meperyisiny  Beaukux (GaimiB  Tpeba BHKOPHUCTOBYBAaTH  JIHINKY
POKPYYyBaHH);

diary file_name.txt — Bexe 3amnuc Ha AUCK yCiX KOMaHI Y PSAAKAX BBEICHHS
Ta OTPUMAHUX PE3YJIbTATIB y BUTJISIII TEKCTOBOTO (pailily 3 3a3HAYCHUM 1M'SIM;
diary off — mpu3ynunuTH 3anUC y Qaiir;

diary on — nounHae 3anuc y daii.

clear <pname I>, <name 2>, ..., — BUKOPUCTOBY€ETHCS JIJIs1 3HUILICHHS [TE€BHUX
3MIHHUX YU (QYHKIIIH 3 po604u0i 001aCTi MaKeTy;

clear all — 3HuIeHHS yCiX 3MIHHUX 200 (YHKIIIH 3 p0O0Y0i 00I1acTi MaKeTy;
help — Bugae Ha3Bu BCiX JOCTYNHHX (ailliB JOIOMOTH;

help <filename> — nonmomora B po6oOTi 3 OKpeMuUM (aijioM 3 3a3HAUYCHUM
1M SIM.

Knasimi T i | BHKOpHCTOBYIOTBCS IS MACTAHOBKM TIiCIS Mapkepa psiKa

BBEJICHHS ‘>>" paHille BBEJEHUX CTPIYOK, HAMPUKIAA Uil IXHBOIO BHIPABIICHHS,
TyOIIFOBaHHS a00 TOTTOBHECHHS.

VY BUMAaJKy BEIMKHUX MPOTpaM, MiJ 4ac BUKOPUCTAHHS IUKIIIYHUX OMEpPaTOPIB

JOLIBHIIIE 3allMcaTH HeOOX1IHY Mporpamy y BUIIIsAI m-(daiiny, a moTiM MoJaTH HOro
Ha3BYy B KOMaHH1U cTpiuli. [Ipu HeoOXimHOCTI mporpamy 3 ¢aiiry MoKHa BUBECTH Ha
eKpaH 3a JornomMoror komanau type. CTBopeHHs Takoro (aiiry MoxHa 3/1HCHIOBATH
3a JOTIOMOT010 Oy/Ib-IKOTO TEKCTOBOTO PEAAKTOPA, HABITh 11032 MAKETOM.

Jlst imocTpariii MOXKIIMBOCTEH TakeTa Ta OKpeMux ioro toolbox-iB ciyxkaTh

YUCJIEHHI JEMOHCTpALIHI MporpaMu, 10 MarOTh MOTY)XHY CHUCTEMY MiJKa30K Ta



MOSICHEHh BUKOHAHUX Mdii. [ mocTymy 10 OmMMCaHMX BWINE UTIOCTpalliii podotu
nakeTa HeoOXiTHO B KOMaHHI{ cTpidil HaOpaTu:

>>demo

Bigkpuim 3a 10momMorow "MHUIIKK" HEOOXITHUN KaTaJloT y JIepeBl KaTajaoriB
“Matlab Demos”, kopucTyBa4d OTPUMYE JOCTYM J0 JEMOHCTpalifHUX (aiiB, 3amycK
SKHAX 31ACHIOETHCS 3a JOIOMOI0X0 KHOMNKHU “Run”.

2.4 Tunu ta popmMaTu JaHUX

Matlab He BuMarae aexnaparii TUITy JaHUX 44 iX po3Mipy. IM'sa 3MiHHOT MOXe
CKJIaaTucs 3 JOBUIbHOT KOMOiHAIil OykB Ta mudp, ane He Ounbiie 19 3HaKiB, nMpu
bOMY MEpIINA CUMBOJ Mae OyTu OykBoio. [laHi MOXyTh OyTH 3aHEcCeHI B pobody
00JIaCTh MaKeTy B CKAJSIPHINA Ta MaTpUUHINA (popmi.

st imoctpamii pisHUX (OpMaTiB pO3MIISTHEMO BEKTOp, MO MICTUTH JBa
€JIEMEHTH — YHCIIa:

X =[4/3 1.2345¢-6]

VY pizHux dopmarax mpencTaBieHHs Yuciaa OyayTh MaTH HACTYITHUIN BUTIISAL;

format short 1.3333 0.0000

format shorte | 1.3333e+000 1.2345e-006

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

3amanHs (QopmaTy BiAOMBAETbCS TUIBKM Ha (QOpPMI BHUBEACHHS YHCEI.
OOuncneHHs 3aBXKIU BiA0yBalOThCs y (hOopMi MOABIMHOT TOYHOCTI, a BBEIEHHS YUCEN
MO>KJIMBE B Oyb-SIKOMY 3pYYHOMY JUIsl KOPUCTYBaya BUTJISIL.

VY cepenoBuill MakeTy BU3HAYEHA 3MIHHA THUITY string. 3MiHHA TaKOTrO THUITY €
JOBUIBHUM TEKCTOBUM (DparMeHTOM, 3allMCaHUM 3 JOTIOMOT'OI0 arnocTpodiB, NpUIOMY
PO3PI3HAIOTH BEPXHI Ta HUXKHI CUMBOJIU. TEeKCT 3amam'siTOBYe€ThbCS Y BUIJISIAI BEKTOPA,
a KOXEH 3HaK TEKCTYy CTAHOBUTb OKPEMHUH €JIEeMEHT Takoro Bekrtopa. Hampukmian,
3anuc s = 'student' € TekCTOBOIO 3MIHHOIO S = student.

1.5 Cucremui 3MiHHi

OCHOBHI cHCTEMH1 3MiHHI, 110 3aCTOCOBYBaHi B cucremi MatLab:
i a00 j — ysBHa omuHHI (KBagpaTHHHA KOpiHb 3 -1), (Hampukaam >>
c =45+56%1);

- pi—uucno = =3141592...;

- eps — noxubKa onepariii HaJ YUCIAMH 3 IJIABAIOYOI0 KParKoio (27°2);

- realmax — HalO1IBIIE YKCIIO 3 TUIABAOYOIO KPAIIKOIO;



- realmin — HaifiMeHIIIe YKCIIO 3 TIABAIOYOI0 KPAIKOIO;

- ans — 3miHHa, 110 30epirae pe3ynabTaT OCTAHHBOI OIepallii;

- NaN - BkaziBka Ha HeunciioBui xapakrep manux (Not-a-Number), a Takox
Ha HeBu3HaveHicTh 0/0

1.6 EaemeHTapHi MaTeMaTH4Hi QyHKIII nakeTy

[TpuiinsTo, mo Bei GyHKIT nmaketa Matlab Bu3Ha4eHi 3a JIOIMOMOTOK MaJuX
JTEp, a 3BEpTaHHS JI0 HUX 3 BUKOPUCTAHHSAM BEIUKHUX JIiTep OyAe TPaKTOBAHO SIK
noMuika. Jleski eeMeHTapHi MaTeMaTH4H1 (PYHKIIT, TOCTYIIHI B CEPEAOBUII MTaKeTa

HaBeqeHl B Ta0omm 2.1.

Tabmuug 1.1 - OcHOBHI MaTeMaTuyHi (DYHKIIIT TaKeTy

Tpuronomerpuyni IlinHeceHHs X0 cTenmeHi
. TPUTOHOMETPHUYHI i THECCHHS YHCIIa X
sin, cos, tan, cot p P XNy g i y
byHKIIT CTEIIHb Y
. o0OepHeHl1 ow2(n MiTHOCUTH 2 Y CTEIiHb
asin, acos, atan, P . pow2(n) A y
TPUTOHOMETPHYHI n
acot
byHKIIT
sinh, cosh, tanh, . o . N
coth rinepOostiuHi GyHKIi sqrt KOPiHb KBaJpaTHUN
asinh, acosh, obepHeHi rinepOosiuHi S BiJ Bupa3sy 2" moBeprae
atanh, acoth byHKIii P CTEeIiHb N
Sec, €sc CEKaHC 1 KOCEKaHC DyHKIII KOMIJIEKCHOTO APTYMEHTY
obepHeHi KIIii MOJIYJIb KOMIIJIEKCHOT'O
asec, acsc pHet Pymxn abs Y
CeKaHca 1 KoceKaHca qucia
rinepOoiyHmiA CeKaHC (a3za KOMILIEKCHOT'O
sech, csch . angle
1 KOCEKaHC qucia
asech, acsch obepHeHi rinepOosiuHi coni KOMILUIEKCHO-CIIPSIKCHE
byHKIiT J YHUCIIO
N . SIBHA YaCTHHA
Jlorapugmivni Imag Y
KOMIUJICKCHOT'O YHUCJIa
nificCHA YyacThHA
exp EKCTIOHEHTA real
KOMIUJIEKCHOTO YHUCIIa
. COpPTYBaHHS Ha
HaTypaJbHUN . .
log cplxpair KOMILIEKCHO-CTIPSDKEHI
norapupm .
napi
log10 JICCATKOBUH Jiorapudm
norapudm 3a OCHOBOIO
log2 prd
JBa

1.7 TekcroBi KoMeHTapi

Ockinbkun MatlLab BUKOPUCTOBYEThCA MJi1 JOCUTHh CKJIQTHUX OOYMCIICHb,
BOXKJIMBE 3HAYEHHS Ma€ HAOYHICTh IXHBOTO OMKUCY. BoHa nocAraeThes 3a JOMOMOTORO
TEKCTOBHX KOMEHTapiB. TeKCTOBI KOMEHTapi BBOASTHCS 3a JOMOMOTOI0 CUMBOIY %0
(manmpukian % It is factorial function).
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ITpu BBeneHH1 OyKkBH “‘c” pociiickkoro andapiTy Oyjae BiiOyBaTHCS mepexia Ha
HACTYIIHY CTpiuKy. PexomMeHayeMoO MIHSATH pociiicbke “C” Ha aHIJiNChKe, 110 Ha
3araJlbHUN BUJ] KOMEHTapIO HISIK HE MO3HA4aeThCs. Tak caMo HE PEKOMEHAYEMO
BBOJHUTH POCIICBKOMOBHI KOMEHTapi ¥ y TeKCTH m-QailniB, 0 MOXKE MPUBECTU J0
TOT0, L0 MTPOrpaMa CTaHe Helpale3aaTHOIO.

1.8. PoGora 3 mat-paitiamn

@daiinmu 3 po3mMpeHHAM *.mat € OlHApHUMH, y HUX MOXYTh 30epiraTtucs
3HA4YCHHS 3MIHHUX Po00Y0i 00J1aCTI.
Jliis 30epekeHHsI BUKOPHCTOBYEThCS KOMaH/A:

>> save FILENAME

VY pa3i HeoOXigHOCTI 30€peXKEeHHsI 3HAUYECHHSA TUIBKH OKPEMHUX 3MIHHHMX MICIsS
iMeH1 (pailiry HeOOX1IHO MOAATI MEePENiK UMX 3MIHHUX, HAITPUKJIIA]

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

Hpyruii cioci0 30epexeHHs yepes MmaHeb IHCTpyMeHTIB Save Workspace as. ..
Jlns 3aBaHTaXEeHHS 30€peKEHUX 3MIHHMX y poOody o007acTh HEOOXiTHO
BUKOHATH HACTYITHY KOMaH/IYy:

>> load FILENAME

ne FILENAME —im’s daitnny y sikomy 30epexeHi gaHi.
S0 noTpiOHO 3aBaHTAXKUTH OKPEMI 3MiHHI HEOOX1THO BBECTU KOMAH/Y:

>>|oad FILENAME X Y Z

EKCIIEPUMEHTAJIBHA YACTHUHA

1.9 3aB)IaHHﬂ AJI1 BUKOHAHHA

1.9.1 TIlepen BuKOHaHHSM poOOTH O3HAHOMUTHUCH 3 TEOPETUUYHHUMH
B1JIOMOCTSIMH.

1.9.2. V BianmoBigHOCTI O OTPUMAHOTO HOMEPY BapiaHTy BUOpATU 3HAYEHHS
3MIHHUX IS BUKOHaHHA JabopatopHoi pobotu (Tabmuisg 2.2) Ta BHpa3w i
obuuncienns (tadbaurs 2.3).

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

1.9.4. Ouuctutu pob6ouy 00JaCTh Ta BIKHO. 3aBaHTAXXUTU 3HAYCHHS 3MIHHHX 3
mat-daitny Ta 0o6urcnuTU 3HaUYCHHS BUpa3y. Pe3ynbrar 30epertu.

1.9.5. CtBopuTH TEKCTOBI KOMEHTapi 10 poOOTH, MPOBECTH 3aMUC HA JUCK
bparmMeHTy poOOTH, BAKOPUCTOBYIOUM KOMaHIU KEPYBaHHS BIKHOM.
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1.10. 3micT 3BiTY

1.10.1. Tema Ta MeTa poOOTH.

1.10.2. 3aBmanHs 70 poOOTH.

1.10.3. BigoOpa3utu oTpumMani pe3yiabTati (1. 2.3-2.5) y BUTIIAI KO eKpaHy.
1.10.4. BucHoBKY 32 pe3yabTaTaMi BUKOHAHOI POOOTH.

KOHTPOJIBHI 3AITMTAHHA

1. Kopotka xapakrepuctuka MATLAB.

2. IlepeniuiTh OCHOBHI omepariii, 1110 MO)KHa BUKOHYBatH 3acobamu MATLAB.

3. IlepeniviTh Ta AaiiTe KOPOTKY XapaKTEPUCTUKY TEMATUYHUM IIiJIKaTaIOram
MatLab (toolbox).

4. T'onoBHe BikHO makety MatLab.

5. Ilepemnivith 0Onacti BUkopuctanus MatLab.

6. OcobmmBocTi poboTH 3 maketom MatLab.

7. 5Ix1 BU 3Ha€TE KOMaHAW KEPYBAHHS BIKHOM KOMAHJIHOTO PEXHUMY?

8. SIK NOJMBUTHCH IEMOHCTpALIil IporpamMu?

9. 17151 4orO BUKOPUCTOBYEThCS KoMaHAa format?

10. IlepemiuiTh cucteMHi 3MiHHI Matlab.

11. Ha3BiTh 0OCHOBHI TpuronoMerpuyHi ¢pyHkiii Matlab.

12. SIx 3akoMeHTyBaTu cTpiuKy Matlab?

13. Po6ora 3 mat-daiinamu.

Tabnus 1.2 — BapianTu 3aBaaHHs

Homep 3HaveHHs 3MiHHHX Homep
BapiaHTy|g ‘b ‘R ‘W h_ 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 47 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 1,1 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 1,1 1,78 9,7 0,56 29
30 1,78 1,78 19 1,76 0,54 30
Tabnung 1.3 — MarematuuHi BUpa3u
Homep 3HaYeHHS BUPa3y
BUpPa3y
1 1 2a b .  a’+(b+1)°
X=tg(zarctg(———= )+—In( ——75
g(2 g(l—az—bz) 4 ( a’+(b-1)° )
2 i .
X = tg sin 28: ny 2b
cos2a+sin2b " cos2a+cos2b
3 .
X =tg tba b sin2b
cos2a+cos2b  2a+cos2b
4 ; 2 2
X:Lrsm(vv /2)‘(1_ 32 2)_cos(7§7r3/2)_(1_ 52 )
2 ma (7b%) L (#L7)
5 1 cos(zrl2 3 cos(zn?/ 2 5
X=2- ( )'(1_ e ) (2 3 )'(1_ 77 )
2 7R (2R7) W (%)
6 _ RL(R +L)+R(wL —1/wa)’ b RGWL-1/wa)
(R +L)? +(wL —1/wa)’ (R +L)? +(wL —1/wa)’
7
X =16- %l In(Ll+ ")+ ! _
b/a’ 3.64+2(L/a)+0.51(L/a)
8
120
X = arch——ln 1+ (—
Jb { woo\ (ZL) }
9 2
X = frez B {1—@)2}
2In(W /b) b
10 5.9R a
X =1.25 : ~R-log(=
[exp(a-\/b+1.41)/87} g(b)
11 . J7[W 1+ (cos2b) /2] (3-sin2R) L
- a-R
12 WL 7
X =a(l- b - -sin(W+/1—-a’ +arctg( 1ba )
l1-a

12



1 . . .
3 X =asinZ + 2sin2Z +w'sinb %
4 4 4
14 X =llnl+—a+£arctgw
4 1-b 2
15 bcos” WZ2cos2” a‘cosw ©
X 3. 3, 3
1 2 R
16
X =12 5.9R
exp(a-vb+1.41)/87
17 2
X=|1-12-2 {1—(3)2}
2InW) |~ b
18 . J7[W @1+ (cos2b) /2]
~ a-R-(3-sin2R)L
19 . J7z[W 1+ (cos2b) /2]
- a-R
2
0 X :lln1+—a+1arctga
4 1-b 2
21 W2cos2” acosw ”
X = 3, 3
2 R
22 1 cos(zn?/2) cos(zr’l2) 5
X=2- - YYERR G v,
2 7R W (ma*)
23 1 2a a’+(b+1)
Z=tg(=-—22 )i 0T
9 1 a p T  py
24 i
X = cos( s!n2a+ 2b )
sin2b  cos2b
25 X =sin( N sin2b
cos2a+cos2b  2a-+cos2b
26 3 cos(zr?/ 2 5
X=(1-—3537)- (23 )'(1_ )
(7d7) mL (ma%)
27
y 5.9R “R-og(d)
exp(a-vb+1.41)/87 b
28
X = Jr +sin(2a)
a-RL
29 142
X =sin(W+1-a’ +arctg( 1ba )
30

X =L2sin2Z +WsinbZ~
4 4

13
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IIpakTuuHa podora Ne2
Oneparopu kKepyBaHHA 004YHUCIIOBATbHUM
npouecoM B cepenoBuili 00podxu diomennunoi ingopmanii MATLAB

Merta po0oTH: BHBUHTH MPOLEAYPY OOUMCITIOBAIBHOIO MPOIECY B MPOIleci
00poOku OiocurHamiB B cepenoBuili MATLAB 13 3actyBanHsM omepaTopiB
0€e3yMOBHOTO TIEPEXO0/y, YMOBHHX IEPEXOJIIB 1 OMEpaTOpiB OpraHizamii MUKIIIHIX
MIPOIIECIB.

TEOPETHUYHI BIJIOMOCTI
2.1 3arauabHi Bizomocti

3aragoM KaKy4H, OolepaTopy KepyBaHHA HEOOXIJHI, TOJJOBHUM UYHUHOM, JJIS
opraHizaiii OOYHCIIOBAJIBLHOTO MpOIleCY B Tpoieci OOpoOKH Ol1OCUTHANIB, SKUN
3alUCY€EThCA y BHJI JEIKOTO TEKCTy MPOrpaMy Ha MOBI IMPOrpaMyBaHHS BHCOKOTO
piBH4. [Ipy bOMy 70 onepaTopiB KEpyBaHHS OOUHCIIOBAIBHUM MPOLIECOM 3BHYAHO
BIJIHOCSITH OIlEepaTopu O€3yMOBHOI'O MEPEXO0y, YMOBHHMX MEPEXOJIIB (pO3raidyKEeHHs
00UYHCITIOBAJILHOIO TIPOIIECY) 1 ONepaToOpu OpraHizalii HUKIIYHUX nporeciB. [Ipote
cuctema MatLAB mnoOynoBaHa TakuM 4YHMHOM, IO 1[I ONEpPAaTOPU MOXYThb OYyTH
BUKOpHCTaHi 1 ipu poboti MatLAB y pexumi kanbkymsTopa.

VYci onepaTopu LUKy W YMOBHOTO nepexony nooynoani B MatLAB y Bumi
CKJIAJIHOTO OIIEPATOpa, IO MOYNHAETHCS 3 OJAHOTIO 31 ciy:k00Bux ciis if, while, switch
a0o for i 3akiHuyeThcs Ciry:k00BUM ciioBoM end. OmepaTtopu BeepeauHi MK IIMMHU
CJIOBaMU CIPUUMAIOTHCS CUCTEMOIO SIK YACTUHU OJIHOTO CKJIaJHOTO orneparopa. Tomy
HATUCKaHHS KiaBimm <Enter> mnsa nepexomy 10 HACTYIMHOTO psAKa HE MPU3BOIUTD Y
[IbOMY BHUIMAJIKY 10 BAKOHAHHS IIX OllepaTopiB. BUKoHaHHS omepaTopiB MOYMHAETHCS
JMIIEe TOJl, KOJU BBEJEHA '"3aBeplllyBajbHa JyXKa'" CKIAIHOTO OMeparopa y BHII
miTku end , a mortiM HatucHyTo KiaBinry <Enter>. SIkmio nexinpka CKIIQJIHUX
OTEepaTopiB TAKOTO TUITY BKJIAJEHI OJWH B 1HIIHMMI, OOYUCIECHHS MOYNHAIOTHCS JIUILIES
TOMI, KOJM 3amucaHuii KiHenb €Nnd HaiOLIbII OXOILIIIOYOro (30BHIIIHBOTO)
CKJIQHOTO omneparopa. 3 [bOr0 BUILUIMBAE MOXJIMBICTD 31MCHEHHS HABITh Y PEXUMI
KAJIbKYJISITOPA TOCUTh CKIAHUX 1 00'€eMHUX (IO CKJIAJAI0Thes 3 0araThoX PSAIKIB 1
OTIepaTOPiB) OOYKCIICHB, SKIIIO BOHU OXOTICHI CKJIAIHUM ONIEPATOPOM.

2.2  Onepatop yMOBHOI0 nepexoay
KoHcTpykiiis onepaTtopa nepexoay 3a yMOBOIO B 3arajlbHOMY BH/II € TAKOIO:

if <ymoBa>
<omepartopul>
else
<omeparopu2>
end
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ITpautoe oneparop y Takuii croci0. Crioyatky nepeBipsieTbes, Y1 BUKOHY€ETHCS
3a3HaueHa yMoBa. SIKIIo 11 BAKOHAHO, TPOTpaMa BUKOHY€E CYKYITHICTb OIepaTopiB, 110
3amydcaHa B oAUl <omeparopul>. SKkmo yMOBYy HE BHKOHAaHO, BUKOHYETHCS
MOCJTIIOBHICTH ONIEPATOPIB MOAUTY <OTEPaTOPH2>.

CkopoueHa ¢opma yMOBHOTO OIIEpaTopa Ma€ BHI:

If <ymoBa>
<omepaTopu>
end

His omepaTopa B IIbOMY BHUMAJKy aHAJIOTIYHO, 3@ BUHSATKOM TOTO, IO TPH
HEBHUKOHAHHI 3a1aHOT YMOBH BUKOHYETBCS OIIEPAaTOp, HACTYIIHUI 3a oneparopom end.

Jlerko momiTUTH XWOW ILOTO OllepaTropa, IO BUILUIMBAIOTH 13 BIJICYTHOCTI
oreparopa 0€3yMOBHOTO TEpPEXOiy: YCi YaCTHHH MPOTpPaMu, IO BUKOHYIOTHCS B
3aJI€)KHOCTI B1JI YMOBH, ITIOBHHHI PO3MIIIATHCS YCEPEANHI OllepaTopHux Aykok if 1
end.

Sk ymMOBa BUKOPUCTOBY€ETHCSI BUPA3U TUITY:
<iM's 3MIHHOI 1> <omeparlisi HOpIBHIOBAHHS> <IM'sl 3MIHHO12>
Onepariii nopiBHoBaHHs B MOB1 MatLAB MoxyTb OyTH TaKUMHU:

< - MCHIIIC;

> - OuIblIE;

<= - MeHIe a0o0 JIOPIBHIOE;
>= - OiabIIe a00 TOPIBHIOE;
== - JIOpIBHIOE;

~ = - HE JIOPIBHIOE.

YMoBa Moke OyTH CKJIaIEHO0, TOOTO CKJIAJATUCS 3 KIJTbKOX MTPOCTUX YMOB, IO
00'€IHYIOTHCSl 3HAKAMU JIOTIYHUX onepariil. 3HakaMu JIOTTYHHUX ONepalii y MoBi
MatLAB e€:

& - noriuna oneparis "I" ("AND"),
| - nmoriuna oneparmis "ABO" ("OR");
~ - joriuna onepartis "HI" ("NOT").

Jloriuna onepariis "BunstkoBe ABO" Moxe OyTu peasnizoBaHa 3a JOIOMOT OO
dbynkuii xor(A,Y), ne A i B - nesiki ymoBw.
€ mpUIyCTUMOIO 111€ OJTHA KOHCTPYKIIiS OllepaTopa YMOBHOTO IEPEXOTY:

if <ymoBal>
<omepartopul>
elseif
<ymoBa2>
<omepatropu2>
elseif
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<ymoBa3>

<omeparopu3>
else

<omepaTropu>
end

Omeparop elseif Bukonyerscs Toai, ko <ymoBal> He BUKOHaHa. [Ipu mpomy
CIIOYATKy IepeBipsieThesi <ymoBa2>. SKiio ii BUKOHaHO, BUKOHYIOTHCS <oIeparo-
pu2>, SKIIO X Hi, <Omeparopu2> ITHOPYIOTHCS, 1 BIAOYBA€ThCA MEpeXil 0
HacTymHoro omeparopa elseif, To0To 1m0 mepeBipku BUKOHAHHS <yMOBH3>.
AHaNOri4HO, P BUKOHAHHI 11 BAKOHYIOTHCS <OIEpaTopbi3>, y MPOTUBHOMY BUIIA/IKY
BiIOYBa€eThCS Tepexia 0 HacTymHoro omeparopa elseif. fxmo xomHy 3 ymoB B
oreparopax elseif He BHKOHAHO, BHKOHYIOTHCS <OMEPATOPH™, IO MICTATHCS 3a
orreparopom else. ¥V Takwuii criocid Moke OyTu 3a0e3redeHe po3raryKeHHs porpaMu
10 KUTBKOX HarmpsiMKax.

2.3 Omneparop nepexJir0YeHHs

OrnepaTop NEpEeKIIOUYCHHS Ma€ TaKy CTPYKTYpY:

switch <Bupa3s, ckajusp a00 psaI0K CUMBOJIiB>
case <3HA4YeHHu 1>
<omepartopul>
case <3HAYeHHH2>
<omepatopu2>
otherwise
<omepatropu>
end

Bin 37ilicHIOE po3ranyKyBaHHs OOYHCIICHb Y 3aJI€KHOCTI Bij] 3HAYEHB JIESIKOT
3MiHHOi a00 BUpa3y, MOPIBHIOIOYM 3HAYCHHS, OTPUMaHE B Pe3yJibTaTi OOYMCICHHS
BUpa3y B pAAKy Switch, i3 3Ha4YeHHsAMH, 3a3HAYCHUMH B PSJKax i3 CJIOBOM Case.
BiamosinHa rpymna ornepaTopiB CaS€ BUKOHYETHCSA, SKIIO 3HAYEHHS BUPa3y 301raeThbCs
31 3HAYEHHSM, 3a3HAUYCHUM Y BIJMOBIIHOMY PSIKY Case. Skio 3HadeHHs BUpa3y HeE
30Ira€ThCsl 3 KOJHUM 13 3HAUYEHb Yy Tpynax Case, BUKOHYIOTHCS OIEpaTopH, IIO0
HaCIIyroTh Otherwise.

24  Omneparopu UMKJIY

Y wMoBi MatLAB € nBa pi3HOBHAM OIEpaTopiB LMKIY - YMOBHHUH 1
apupMETUIHUIA.

OnepaTop LUK 3 EPEeTyMOBOIO Ma€ BUJL:

while <ymoBa> <omepatopu>

end
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Omneparopu ycepenuHi MUKITY BUKOHYIOTHCS JIMIIE B TOMY BHUMAJKY, SKIIO €
BUKOHAHOIO yMOBa, 3amucana micis cimoBa While. Tlpu mpomy cepen omeparopi
yCepeIHi MUKy 000B'S3KOBO MOBHHHI OyTH Taki, 110 3MIHIOIOTh 3HAYCHHS OJTHI€T 31
3MIHHUX, 3a3HaYEHUX B YMOBI ITUKITY.

Hasenemo npukiia 00YrCICHHS 3HAUYSHHSI CHHYCA ITPH 3 3HAUYCHHSIX apTyMEHTY
Bix 5 1o 15 13 kpokoM 5:

i=1;

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

end

Pe3yabTar:
5.0000 -0.9589
10.0000 -0.5440
15.0000 0.6503

IIpumitka. 3BepHITH yBary Ha Te, SKUMHU 3acO00aMU B 3a3HAYEHOMY MPUKIIA]IL
3a0€3Me4YeHO BUBE/ICHHS Ha €KPaH 3HAYCHb KIJIbKOX 3MIHHUX OJIHUM PSIKOM.

J71s 1IbOTO BUKOPHCTOBYEThCS omepaTop diSp, skuii paHille 3aCTOCOBYBABCS.
AJie, BIIIOB1JTHO JI0 TTPaBUJI 3aCTOCYBaHHS IIbOTO OTIEPATOPa, Y HhOMY IOBUHHUM OyTH
TIJIBKH OJIMH apTyMEHT (TeKCT, 3MiHHA a00 Matpulis). [1lo6 0OMUHYTH 1110 TIEPENIKOTY,
MOTPiIOHO JAEKIJIbKA YUCIOBUX 3MIHHUX 00'€THATH B €IUHUN 00'€KT - BEKTOP-PSIOK, a
OCTaHHE JIETKO BHUKOHYETHCS 3a JOMOMOTON0 3BHWYaiiHOI ormeparlii (hopmyBaHHS
BEKTOpa-psIiKa 3 OKPEMHUX CJIEMEHTIB:

[ xI, x2, ..., X].
Takum 4MHOM, 32 TOTIOMOTO0 ONEPaTOpa BUAY:
disp([x1, X2, ..., X])

MOXHa 3a0€31eUNTH BUBEJICHHS PE3yJIbTaTiB O0YMCIICHD Y BU1 TAOIHIl JaHUX.
ApudMeTHYHUNA OTrIepaTop MUKIY Ma€ BHUI:

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

e <iM's> - IM's Kepyrouoi 3MIHHOI UKy - "miuninbHuka" nukiy; <[13> - 3agane
MOYAaTKOBE 3HAYEHHS 1€l 3MIHHOI; <K> - 3HaueHHs KPOKYy, 13 SIKUM BOHA MOBHHHA
3MmiHioBatHucs; <K3> - KiHUEBe 3HA4YeHHS 3MIHHOI LUKIY. Y IIbOMY BHIIQJKY
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<omepaTopu> yCepeluHl LUKy BUKOHYIOTHCS KUIbKa pa3iB (KOXKHOTO pa3y NpHu
HOBOMY 3HAY€HHI KEpyH4Oi 3MIHHO1) JOTH, MMOKM 3HAYEHHs KEpyI4oi 3MIHHOI HE
BUIE 3a MeX1 iHTepBany Mk <[13>1 <K3>. Skmo napamerp <K> He 3a3Ha4yeHMi, 3a
3aMOBYYBAHHSIM HOTO 3HAYCHHS MIPUIMAETHCS PIBHUM OJUHUIII.

1106 AOCTPOKOBO BHIMTH 3 IUKITY (HAMPHUKIA/, IPU BUKOHAHHI JESIKOT YMOBH)
3aCTOCOBYIOTH omeparop break. SIkmio mporpama CTHKAa€eTbCS 3 UM OIEPAaTOPOM,
BUKOHAHHS LUKy JOCTPOKOBO MPHUIMHSAETHCS, 1 MOYMHAE BUKOHYBATUCS OIEPATOP,

HACTYIHHH 3a cJIoBOM end mukiy.

I[J'ISI IMpUKIIaga BUKOPUCTAEMO IIOIICPCAHE 3aBAAHHA: »

a=[" 1 X', sin(x)'];
fori=1:5
X =i/5;
si = sin(x);
if i==1 disp(a)
end
disp([i,x,si])
end;
PesyabTar:
i X sin(x)
1.0000 0.2000 0.1987
2.0000 0.4000 0.3894
3.0000 0.6000 0.5646
4.,0000 0.8000 0.7174
5.0000 1.0000 0.84151

VY Takwii crioci6 MokHa 3a0€3NeYUTH BUBEJAEHHS 1H(DOpMAIli y BUTIIAI TaOJIUIIb.

EKCIIEPUMEHTAJIBHA YACTUHA

2.5 3aBaaHus 1Ji1 BUKOHAHHSA

BianosinHno o tabmumi 1.1 oOuucauTy TOYHI (O CTaHIAPTHUX (PYHKIISAX
MatLAB) 3nauenHs BiaMnoBiIHOT (GPYHKIIIT Y Jiana30H1 3MIHIOBaHHS apryMEHTY Bl X1
70 X2 B M piBHOBIJIAJIEHUX TOYKAX I[HOTO J1ama30oHy, BKIOUYA0YU HOTO MEXI.

Tabsuug 1.1 — BapianTu 3aBiasb

Bapiant| X1 | X2 m DyHKIS Kputepiil npuiHATTS pilieHHs
1 02| 5 20 x2k-1 Hopma,  axwo Y <5
Y = Z(_ 1)2 Pesynemam = .
2K —1 Ilamonocia, sxwo Y >5
2 1 10 30 2k H , Y <3
Y =1— Z(_ 1)k X Pesynomam = { opa ) Ao
- 2k Ilamonocin, sxwo Y >3
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3 03| 3 40 ‘ x 2K Hopma,  axwyo 1<Y <3

Y =1+ Z (_ 1 Peszynomam = .

ok Ilamonozis, sxwo Y >3

4 04| 4 50 x2k+1 Hopma,  sxwyo 3>Y >5

Y = z(_ 1)2 Pesynomam = ]

2k Hamonocia, sxwo 4>Y >3

5 0.5 5 30 3 X2k—2 Pesvmmam = Hopma,  axwo 0<Y <1

Y = Z(— 1) ok —2 > Tlamonocis, sxkwo Y <2

3a o0uncjeHUMU 3HaYeHHs PyHKIIT Y NpuilHATH pilieHHs (pe3y/bTar), a
caMe HOpMAa YH MATOJIOTisl B 3aJI€2KHOCTI Bil yMoBHu Tadaumi 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 pe3yJibTaTaMl BUKOHAHOT pOOOTH.

KOHTPOJIBHI 3AIIMTAHHA

1. SIki 3aco0u kepyBaHHS nepeOiroM 00YMCIIOBAILHOTO Mpoliecy nepeadayueHi
B MoBi1 MatLAB?

2. SIxk MOKHa OpraHizyBaTH OOYHCIICHHS 3a IIUKJIoM MoBoto MatLAB?

3. SIk opraHizyBaTH BHUBEIEHHS TaONHIll pe3ybTaTiB OOYMCICHb y KOMaHIHE
BikHO MatLAB?

4. Sk 3miicHUTH CcKiaaHl  (OaratoomepaTtopHi) OOYMCIEHHS B PEXHUMI
KaJIbKyJIsITOpa?
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IIpakTuuna podora Ne3
CrBopenHs HanpoicTimux Qaiin-pynkuii (mpoueayp) B cepexopuiti MATLAB

Mera po6OTH: BHUBYMTH HOpPOLEAYPY CTBOPEHHsI HampoMcTimux aiii-
¢pynkuiii (mpouenyp) B cepenosumti MATLAB

TEOPETHUYHI BIJIOMOCTI
3.1 3arauabHi BizomocTi

Sk Oyno 3a3HadeHo padimie, (ain-GpyHKIisa (mpoleaypa) Mae MOYMHATHCS 3
psiaKa 3aroJOBKa BUY:

function [<[IKB>] = <iM's nponenypu>(<[IBB>).

Axmo nepenik kiHneBux (BuxigHux) BenuduH (IIKB) micTuth Tibku OuH
00'ekT (y 3araJpHOMY BHIMAJIKYy - MAaTPHULIIO), TO (pailyi-(hyHKILIS € 3BUYANHOIO (PYHKIIIIO
(omHi€T 200 KITBbKOX 3MIHHUX). @aKTUYHO HABITh Y IOMY HAWMPOCTIIIOMY BUOAAKY
bain-QpyHKUIA € BXE MPOLEAYpPOd Yy 3BHYAHOMY pO3YyMIHHI IHIIMX MOB
IporpamyBaHHS, AKIIO BUX1JHA BETUYNHA € BEKTOpOoM ab0 marpuueto. [lepmmii psaiok
y IIbOMY BHITaJIKy Ma€ BUI:

function <im'st 3mMiHHOI> = <im'st mpouexypu>(<IIBB>).

Axmo X B pe3yibTaTi BUKOHAHHS (ain-QyHKIli MaiTh OyTH BHU3HAYECHI
(oOumciieHi) Kidbka O0'€KTIB (TUIy MaTpHIlh), Taka (ain-QyHKIlis € Bxke OiIbII
CKJIaAHUM 00'€KTOM, SIKUH y MPOrpaMyBaHHI 3a3BU4ail HA3UBAETHCA a00 MPOLETYPOIO
(y mosi Ilackanb), abo miamporpaMoro. 3arajbHUl BHJI MEPLIOTrO PSAIKAa B LIbOMY
BUTIAJIKY CTA€ TAKUM:

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

TOOTO Tepentik BUXimHux BeananH Y1, y2, ..., YN Mae OyTH o1aHHi K BEKTOP-PSIOK
3 enementamu Y1, y2, ..., YN (KoxHUI 3 IKUX MOKE OyTH MaTPHUIIEIO).
VY nainpocrimomy BUNAAKY QYHKIIT OHI€T 3MIHHO1 3aroJIOBOK HaOyBa€ BU:

function y = func(x), ae func - im's dyukmuii (M-daiiny).

SAx npukiaz po3riasiHeMO ckiananas M-daitny nis GyHKIii:

y = f,(x)=d3-ctg(x)ysin*(x)—cos*(x).

Jlis nporo tpeba aktuBizyBatu moain "File" rosoBHOro MeHI KOMaHIHOTIO
BikHa MatLAB, BubOpartu B miIMEeHIO, 1110 BUHUKJIO Ha eKpaHi, po3au1 "New", a moTim
- komanay "M-file". Ha ekpaHi 3'IBUThCS BIKHO TEKCTOBOTO pPEAaKTOpa. Y HBOMY
noTpiOHO HAOpATH TaKUM TEKCT:
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function y = F1(x,d)

% Ilpouenypa, axa 004MC/II0€ 3HAYEeHHS (PYHKIIT
% y = (d"3)*ctg(x)*sqrt(sin(x)M-cos(x)"4).

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

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

[Ticns mpboro HE0OX1IHO 30eperTy 1ek TeKCT y ¢aimi mig iM'sm "F1.m".
HeoOxigauit M-daiin crBopennii. Tenep MokHa KOPUCTYBATUCA LI€H0 (DYHKITIEIO
npu po3paxyHkax. Tak, SKII0 BBECTH KOMaHIy

»y=F1(1,0.1)
TO OJICPKUMO PE3yJIbTAT

y =4.1421e-004.

Bapro 3ayBakWTH, 11O aHAJIOTIYHO MOKHA OJEPKATH OJpa3y BEKTOp YCIX
3HAUEHb 3a3HA4Y€HOI (YHKIII MPU PI3HUX 3HAYEHHAX apryMEHTY, SKIIO OCTaHHI
310paTu B Aesikuil BEKTOp. Tak, Ko chOpMyBaTH BEKTOP

» zet= 0:0. 3:1. §;

1 3BEPHYTHCS JI0 TI€T 3K MPOLIECTYyPH
» my = F1(zet,1),

TO OJACPKHUMO:

Warning: Divide by
zero my =
Columns 1 through 4
Na+ Infi0+2.93691 0+0.8799i0.
3783 Columns 5 through 7
0.3339 0.0706 -0.2209

IHpumiTku.

1. MO KJIMBICTh BHUKOPHUCTAHHS CcPOpPMOBAHOI MPOLEAYPHU SIK JUISI OKPEMHUX
YHCENI, TaK 1 JUI BEKTOPIB 1 MATPHUIL OOYMOBJIEHA 3aCTOCYBAHHSIM V 3aIlUCY
BLAITOBLIHOrO M-daiiiny 3aMicTh 3BUYAHUX 3HAKIB apuMETUYHUX 1M IXHIX aHAJIOT'1B
13 TTIONEPETHHOI0 KPAIIKOIO.

2. 11006 yHMKHYTHU BUBEACHHS Ha €KpaH HeOakKaHUX MPOMIKHUX PE3yJIbTaTIB,
HEOOXITHO B TEKCTI HOPOLEAYPH YCl OOYMCIIOBAJILHI ONEPATOPH  3aBEPIIYBATH

CHUMBOJIOM "' ;
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3. SIk moka3yroTh HaBeJEH1 MPUKIAIM, IMEHA 3MIHHUX, 3a3HAYEHI B 3ar0JIOBKY
dain-GyHKIli  MOXYTh OyTH Oynb-skuMu (30iratucss 4Yd HI 3 1IMEHaMH,
BUKOPHCTOBYBaHUMH TpU 3BepHEHHI A0 1€l dain-pynkuii), TOOTO MaroTh
dopmanbpHHil XxapakTep. Baxnusime 3a Bce nuiie Te, M00 CTPYKTypa 3BEpHEHHS
IIJIKOM BIZITIOBi/Iajia CTPYKTYP1 3arojioBKa B 3amucy TeKcTy M-daiiny 1 100 3MiHHI B
IbOMY 3BEpHEHHI MaJli TOW THUI 1 po3Mip, IO i B 3aroioBKy M-daiiny.

[ITo6 onepskatu iHGOpPMAITIIIO PO CTBOPEHY MPOIEAYPY, TOCTATHHO HAOpaTH B
KOMaHJHOMY BiKHI KOMaH]Y:

» help 1,
1 B KOMaHIHOMY BiKHI 3'SIBUTHCS

IMpouenypa, sika 004K C/II0€ 3HAYCHHS QYHKIIIT
y =(d”3)*ctg(x)*sqrt(sin(x~4-cos(x*4). 3Beprenns y = F1(x,d).

[Hmmit npukinaz. [ToGynyemo rpadik 1Box GyHKII:
yl =200 sin(x)/x; y2=x2.
s iboro crBopuMo M-daiin, mo 06unciItoe 3HauYeHHs [MUX (QyHKINN:

function y = myfun(x)

% O04uciaeHHs ABOX PyHKII
% y(1) = 200 sin(x)/x, y(2) = x2.
y(:,1)=200*sin(x)./x; y(:,2) = x.X2;

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

» title('T'pagix pynkuii "MYFUN"")

PesynbraT 300paskeHo Ha puc. 2.2.
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Mpadik dyHkuii "MYFUN"
400 ;

350
ano
250
200+
150 -
100
50

[1]

_50 L L L
-20 -15 -10 -5 [u] 5 10 i5 20

Puc. 3.2. TloOynoBa rpadikiB BIacHUX (PyHKIIIHI
Tperiit npukian - crBopeHHs (aiti-QyHKIi, 10 00YUCIIIOE 3HAYCHHS QYHKITIT:
y(t) = k1+k2*t+k3*sin(k4*t+k5).

VY 1boMy BUNIAJIKY 3pYYHO 00'€JHATH CYKYIHICTh KOe(ilieHTIB K y enuHuMit
BekTop K:

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

% O0uuciaenns GyHkuii

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

% ne K - BekTOp i3 1'SITH eJIeMEeHTIB

%

% BUKOPHUCTOBYETHCS 1JIsI BU3HAYEHHSI MOTOYHUX 3HAYEHb
% mapaMeTpiB pyxy pyxomMoro 00'ekra

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

Toni po3paxyHok, Hanpukiaa, 1 1-Tu 3HadeHs 1€l QYHKIT MOXKHA 3A1HCHUTH
o » K =o0nes(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

PexomennyeThes opopmisitu M-daiin npouenypu-(yHKINi 3a TAaKO CXEMOIO:

function [<Buxix>] = <im'st pynkmii>(<Bxiz>)
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% «CTHcie NOsICHEHHS], [0 POOUTH Mpoueaypa>
% BxiaHi 3mMiHHi
% <JleTajibHe MOSICHEHHSI PO 3MiCT, THIII i po3MipH
% KO0:xHiil i3 3MIHHUX, IepepaxoBaHuX y nepeiiky <Bxix>
% Buxiani 3minni
% «J/leTaJibHe MOSICHEHHS PO 3MICT, THIII i po3mipn
% K0:kHOI i3 3MiHHUX nepeltiky «Buxin>
% i BeJIMYUHM, 1110 BUKOPHUCTAHI y NpoleaAypi siK rjaodaabHi>
% Buxopucranas iIHIMX PpyHKUii i npoueayp
% <Po3ais1 3a110BHIOETHCSH, AKIIO NMPOLEAYPA MiCTUTh 3BEPHEHHS
% [0 IHIKMX npoueayp, KpiMm yMOHTOBAHUX>
<ITopoxHili pAaxoK>
% ABTOpP : <Bka3yeTbcsi aBTOP NPOLEIYPH, 1aTa CTBOPEHHSI KiHIIEBOTO
BapianTa % npoueaypu U oprasisauis, y sikiii creopena nporpama><TekcT
npouexypu>
Tyt no3Haueno: <Buxig> - nepesnik BUXIIHUX 3MIHHUX Tpoueaypu, <Bximg> -
NEepeTiK BXIAHUX 3MIHHUX, PO3IIIEHUX KOMaMH.
Ipumirka. [Ipu Bukopuctanni komanau help <im's mpouexypu> y koMmaHaHE
BIKHO BUBOJSTBCS PSIIKM KOMEHTAPIO JO MEPIIOro MOPOKHBOTO PSKA.

EKCIHEPUMEHTAJIbHA YACTHUHA

3.3  3aBaaHHA A8 BUKOHAHHSA

BignosigHo mo tabmuii 1.1 BukoHatH oOYMCIICEHHS TOYHHX (IO CTaHIAPTHUX
¢ynkuisix MatLAB) 3HadeHp BIANOBIAHOI (YHKIII y Jiana3oHi 3MIHIOBaHHS
apryMEHTY BiJ X1 JI0 X2 B M PIBHOBIIJIAJIEHUX TOUKAX IILOTO Jlana3oHy, BKIOYAOUH
HOro MexXl1 13 BUKOPUCTAHHAM po3po0iieHoi paiii-pyHkuii (mpoueaypmu).

3.4 3wmicr 3BiTY

3.4.1. Tema Ta MmeTa pobOTH.

3.4.2. KopoTKO OCHOBH1 TEOPETHUYHI BIJJOMOCTI.

3.4.3. Bino6pa3uTtu oTpuMaHi pe3ysbTatu (Iporpamy Ta pe3ysbTar ii poooTH)
3.4.4. BUCHOBKH 3a pe3yJIbTaTaMl BUKOHAHOT pOOOTH.

KOHTPOJIBHI 3AITMTAHHA

1. JIns 4oro cTBOPIOIOTHCS Iporpamu B cepenoBunii MatLAB?

2. Uum Biapi3HstOTHC daimmu-dyHkuii Big Script-daiinis? Ska cdepa 3actocy-
BaHHS KOXKHOTO 3 IIUX BUIIB (aiiiB?

3. Sk ctBoputn M-daiin npoueaypu ado QpyHKIIii?

4. SIx1 OCHOBHI MpaBuJIa HaNMCaHHs TeKCTiB M-¢aiini y Mol MatLAB?
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IIpakTuuna pooora Ne4
I'padiune odpopmiaeHHs pe3yabTaTiB 00poOKH OioMeAMYHMX CUTHAJIIB

Meta po0doTH: BUBYMTH IpoLEeaypy rpapivHoro opopmiieHHs pe3yabTaTiB
00poOku OioMennuHuX curuaJais B cepegosumi MATLAB

TEOPETHUYHI BITOMOCTI
4.1. 3aranbHi BUMOTH 10 NOJAAHHSA rpagdiuHoi iHpopmamii

OOuucnoBaibHa  MporpamMa,  yTBOPIOBaHAa  1HXEHEPOM-PO3POOHUKOM,
MpU3HA4YeHa, IO OIBIIOCTI, JJIS JOCHIIKEHHS TMOBOKEHHS PO3pOOIIOBAIBHOTO
YCTPOIO 32 PI3HOMAHITHUX YMOB HOTO €KCIulyaTallii, Mpu PI3HUX 3HAYEHHSIX HOro
KOHCTPYKTUBHUX MapaMeTpiB abo sl poO3paxyHKy IEBHHX DapaMeTpiB Moro
noBopkeHHA. [HdopMaillis, oepKyBaHa B pe3ysibTaTi BUKOHAHHS OOYHMCITIOBAIBHOL
IHKEHEPHOI MPOorpaMu, SIK MPaBUIIO, Ma€ (POPMY AESKOTO ALY YHCEI, KOKHUMN 3 IKUX
BIJIMOBIa€ MEBHOMY 3HAYEHHIO JESKOro mapametpa (apryMenry). Taky iHpopmallito
3pYy4HIIIE YChOr'0 y3arajbHIOBaTH i MOJaBAaTU B rpadpiuHiil popmi.

Bumoru 10 ohopmiteHHs 1HKeHepHOi rpadiuHOi 1H(opMaIllli BIAPI3HAIOTHCS Bl
BHUMOT 10 3BUYaiHUX rpadiKiB y MaTeMaTulll. 3a3BHM4ail Ha OCHOBI MTOAHOI IpadiyHOi
iH(dopMallli KopucTyBay-iH)XKEHEp Ma€ MaTH 3MOTY TNPUUHATH SIKECh I1H)XXKEHEpHE
pilieHHsT TmNpo BUOIp 3HAUYE€Hb TMEBHUX KOHCTPYKTHUBHUX IMapaMeTpiB, MIO
XapaKTepU3ylTh JOCIIKYBAaHUN Tpoliec ad0 TEeXHIYHHM YCTpii, 13 METOr, 100
IIPOrHO30BaHE MOBOKEHHS TEXHIYHOTO YCTPOIO 33J0BOJIBHSIIO NEBHI 33aH1 YMOBH.
Tomy iHkeHepH1 rpadiku MarOTh OYTH, SIK TOBOPSATH, "UWTa0EIbHUMU", TOOTO MaTU
TaKUil BHJI, 00 3 HUX JIETKO OyJo "BijmiuyBaTu" 3HAYEHHS QPYHKIIT TIPU OYIb-SIKUX
3HAUEHHAX apryMEHTY 1 HAaBMAaKW 3 BIJIHOCHOIO MOXMOKOIO B J€KUJIbKa BIACOTKIB. Lle
CTa€ MOXJIMBHUM, SKIIO KOOpJAMHATHA ciTKa rpadikiB BIANOBAAE MEBHUM LLIUM
YUCIaM SIKOTOCh JIECATKOBOTO po3psany. Sk yxke padilie BigzHayanocs, rpadiki,
nooynoBani cucremoro MatLAB, 11i1koM BiAMOBIAIOTE IIMM BUMOTaM.

KpiMm uporo, iHxeHepHa rpadiuHa iH(opMalis Mae CyNpOBOIXKYBATUCA
JIOCTATHBO JE€TATBHUM OIHMCOM, 13 SIKOTO Ma€ CTaTH 3pO3yMLIO0, IKMIl 00'€KT 1 3a SIKOIO
MaTEMaTUYHOK MOJIEIUIIO JTOCHIJIKYEThCS, HABEICHI YMCIIOBI 3HAUYEHHS MapaMeTpiB
JTOCITKyBaHOTO 00'ekTa 1 MaremMaTuyHoi mojeni. He € 3aliBum 1 BkasiBKa iMeHI
porpam, 3a JOMOMOTOI0 SIKOT OTpUMaHa 1151 rpadgiyda iHdopMalis, a TAKOXK 3BEJCHb
PO aBTOpa MporpamMu M JOCIITHUKA, 100 KOPUCTYBaueBl OyiI0 3p0O3yMiJIO, 10 KOTO 1
Ky TpeOa 3BepTaTucs JJIsl HaBEJECHHS JOBIJIOK MPO OTpUMaHy iHGOpMaIIiio.

3amauero 1HXEHEPHOI MPOTpaMHU YacTO € TMOPIBHAHHS JCKUTBKOX (1)yHKHiI71
OTPUMAaHUX TIPU PI3HUX CIOTYUYEHHSX KOHCTPYKTHUBHUX IMapameTpiB ado mapaMeTpiB
30BHIIIHIX Aiid. Take MOpIBHAHHA 3pYy4HIillle 1 HAOYHIIIE MPOBOAMTH, SIKIIO 3rajaHi
¢byHKUIi mogaHi y BUJI rpadikiB.

[Tpu 1boMy OTPiIOHO 3BEPHYTH YBary Ha HACTYITHE:

1) sxmo moTpiOHO TOpiBHIOBaTH Tpadiku (YHKIIH OIHOTO aprymMeHry,
JI1arma30Hu 3MIHIOBaHHS SKHUX HE HAJTO BIAPI3HAKOTHCS OJUH BiJl OJHOTO (HE OLIbII
HIK Ha JIECATKOBUH MOPSIOK, TOOTO HE OUIbII HIXK Yy JI€CATh pa3iB), MOPIBHSHHS
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3py4Hille yChOro 3A1MCHIOBATH 1O rpadikax Mux (QyHKIIIHM, MoOy10BaHUX B OJTHOMY
rpadiunomy modi (TOOTO y 3arajJbHUX KOOPAUHATHUX OCSIX); Y LIbOMY BHUIIaKy BapTO
BUBOAWTH I'padiku 3a Jonomororo ojaHiei pynkiii plot;
2) SKIIO 3a TUX CAaMHX YyMOB Jlialla30HU 3MIHIOBaHHS (QYHKIIH 3HAYHO
PI3HATHCSA, MOKHA 3aIIPOMIOHYBATH JIBA IM1IXO/TH:
- SIKIIO BC1 MOPiBHIOBaH1 PYHKIIIT € 3HAYEHHSIMU BEJIMYHH OJTHAKOBOT (Pi3UUHOT
IPUPOJIH 1 1l 3HAYEHHA YCl1 A0JaTHI, Tpadiku BapTO BUBOJUTH TAKOXK B OJTHE
rpadiuHe 1mose, aje B jJorapudmigaHomy macmitadl (ToOTO BUKOPHCTOBYBATH
nporeaypy semilogy);
- 3a YMOBH, 10 yci1 PYHKIIIT MarOTh pi3HY (i3UYHY IPUPOY, aJile ApTYMEHT Y
HUX 3arajlbHUM 1 3MIHIOETHCS B OJIHIM Jliania3oHi, rpadiky noTpiOHO OyayBaTH
B oJHOMY rpadiuHoMy BikHI ((irypi), ame B pi3HMX TpadiyHUX TMOJIX
(KOpUCTYIOUHUCH JJIS IBOTO JEKUIBKOMAa OKPEMUMHU 3BEPHEHHSIMU 10 GYHKIIIT
plot y pi3EEx mnigBikHax rpadiuHOro BiKHA, MO 3a0€3MEUyEThCS
3aCTOCYBaHHAM TporeAypu Subplot); mpu 1mpoMy 3py4HO pO3MIIIyBaTH
OKpeMi Tpadiku OAWH MiJ OJHUM TAKUM YMHOM, II00 OJHAKOBI 3HAYCHHS
apryMeHTy y BCiX rpagikax po3TalioByBaJIMCs HA OAHIN BEPTUKAII;

3) KpiM 3raJlaHuX paHillle HANUCIB y KOKHOMY Ipa(piyHOMY IMOJI, 3aKIHUECHE
rpadiune oopmieHHs Oyab-sKoro rpadiuHoro BikHa (pirypu) o00B'sI3KOBO TOBUHHO
MICTUTHU JOJIATKOBY TEKCTOBY 1H(OPMAIIIIO0 TAKOTO BMICTY:

B CTHCJIC MMOBIIOMJICHHS MPO 00'€KT TOCIIIIKEHHS;

B MaTeMaTU4YHa MOJIeNb, 3aKJIaJIeHa OCHOBY 3JIHCHEHUX Yy Mporpami
0OYHCIICHb 3 YKa31BKOIO IMEH MapaMeTpiB 1 3SMIHHUX;

m iH(dopMaIlis PO BUKOPUCTAHI 3HAUECHHSI TApaMEeTpiB;

m iHdopMaIlis PO OTpUMAaH1 3HAUYCHHS IESIKUX OOYUCIICHUX 1HTETPAIbHUX
napameTpiB;

m iHdopmaris npo iM's M-(aiinmy BHUKOPHCTaHOI NPOrpamMH, BHUKOHABILS
po0OOTH i 1aTy MPOBEJACHHS 00YUCTIOBAILHOTO €KCIIEPUMEHTY;

m iH(dopMarllis Tpo aBTOpa BUKOPHUCTAHOI MporpamMu i oprasisauii, e BiH
MIPALIIOE.

OcrtaHHs BUMOra CTaBUTh Tiepe]] HEOOXIJHICTIO BiAOKpeMIItoBaTH (3a
JIOTIOMOT0r0 Ti€i  mpouenypu Subplot) y koxwuiii ¢irypi miciie ais BUBEIACHHS
3a3HA4Y€HOI TEKCTOBOI 1H(QOpMaIlli.

4.2  Po30utTs rpadiuHoro BikHa Ha migBiKHA

Sx BuUIUIMBAE 31 CKa3aHOTro, IMPU CTBOPEHHI 3aKiHYEHOTro rpadivyHOro
IHKeHepHoro JokymeHTa B cuctemi MatLAB HeoOXiqHO BHKOPHUCTOBYBATU
npoiieaypy subplot.

Posrasiemo, sik 3a0e3neuntr Oa)kaHe po30UTTS BCbOro IrpadiuHOro BiKHA Ha
OKpeMi MoJist TpadikiB 1 TEKCTOBE IMiIBIKHO.

Hexait notpi6HO po30uTH yce nose rpadiyHoro BikHa Tak, 1100 BEpXHs TPETUHA
BiKHA yTBOpHJIA MOJI€ BUBEACHHS TEKCTY, & HUKHI JIBl TPETHHU YTBOPWIH €IWHE TI0JIC
BUBeIeHH rpadikiB. L{e MokHA 3M1MCHUTH TAKUM YMHOM:
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B IIepell BUBEJICHHSIM TEKCTOBOI i1H(opMmarlii y rpadigyHe BiKHO Tpebda
BcTaHOBUTH KoMmaHmy Subplot(3,1,1), ska moka3ye, mo Bech rpadiuHui
eKpaH, pPO3JUICHUH Ha TPU OJHAKOBI YACTMHU IO BEPTUKAT, a IS
HACTYITHOTO BUBEACHHS Oy/leé BUKOPHCTaHA BEPXHA 3 IHMX TPbOX YACTHH
(puc. 4.1);

TeKCTOBE HiABIKHO

subplotl

['padiuHe MIBIKHO

subplot2

subplot3

Puc. 4.1. Cxema 1 po3ranryBaHHs N1JABIKOH y rpadiuHOMY BiKHI

B BUBEICHHIO rpadikiB y rpadiuyHe BIKHO Ma€ IMepeAyBaTH KOMaHa
subplot(3,1,[2 3]), BiamoBigHO 10 SKOi rpadiuHe BIKHO PO3AUISETHCSA, SK 1
paHilie, Ha TpYU YaCTUHM 110 BEPTUKAJIl, aJie Tenep JJis BUBEACHHS IpadiuHOi
iHdopmarii Oyne BUKOPUCTaHUM MPOCTIp, MO 00'€qHye Apyre ¥l TpeTe 31
CTBOPEHHUX IIJIBIKOH (TOJIB) (3BEpHITH yBary, 1o MiJIBiIKHA 00'€THYIOTHCS
TaKUM CaMUM YHHOM, SIK €JIEMEHTHU BEKTOpPA y BEKTOP-PAIOK).

[Io6 cTBOpUTH TpU OKpEeMHUX MO rpadiKiB OJIMH MiJ IHITUM Ha TPHOX YBEPTIX
€KpaHa M0 TOPU30HTANIl, @ TEKCTOBY 1H(POPMAILIII0 PO3MICTUTH B OCTaHHIN YBEPTI MO
TOPU30HTAI, TO 1€ MOXKHA 3po0uTH (puc. 4.2) Tak:

' . . , TekcTOBe
['padiure miaBigHO 1 ey
M1IBIKHO
spl ' sp2 sp3 sp4
['pachiure migBigHO 2
sp5 spé sp7 spa

['padiuHe migBIKHO 3

59 spl0 spll spl2

Puc. 4.2. Cxema 2 po3rairyBaHHs MMiJIBIKOH y rpadiqHOMY BiKHI1
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1) moxinuty Bech mpoctip Girypu Ha 12 yacTuH - Ha 3 YACTHHU 110 BEPTUKAII 1
Ha 4 YaCTHHHU IO TOPU3OHTAII; MPHU I[LOMY MiABIKHA OyIyTh pO3TaIIOBaHI
TaK, sIK ITOKa3aHo Ha puc. 2.7,

2) mo0 opraHizyBaTH BUBEJCHHS rpadikiB y nepiie rpadidae miaBikHO, Tpeda
norepeHbpo BBecTH koMauay subplot(3,4,[1 2 3]), mo o0'enHye migBiKHA
spl, sp2 i sp3 y exune rpadivHe miaBIKHO;

3) aHa;oriyHo, BUBEACHHIO I'padikiB y apyre rpadidHe MiJBIKHO MOBHHHO
nepeayBaTH 3BepHeHHsS 10 komanau subplot(3,4,[5 6 7]), a BuBeneHHIO
rpadikiB y Tpete rpadiune masikHo - subplot(3,4,[9 10 11]);

4) HapemTi, 10 0(GOPMIICHHS TEKCTY MOXHA MPUCTYIUTH IICJIs 3BEPHCHHS

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

4.3 BuBeneHHsi TeKCTY B rpadiune BikHO (iABiKHO)

Axmo no 4yepsi chopmyBaTH MiABIKHA, TPUMIPOM, BIAMOBIIHO IO OCTAHHBOI
CXEMHU, He 3/IIMCHIOIYH HISIKUX OIepalliil Mo BUBEACHHIO rpadikiB a0 TEKCTY:

» subplot(3,4,[56 7])
» subplot(3,4,1:3)

» subplot(3,4,9:11)

» subplot(3,4,[4 8 12]),

V BikHI1 (irypu 3'ssBUThCS 300pakeHHsI, ojaHe Ha puc. 4.3.

El'll.;uu:l"-lll L - !EIE!
Eile Edit Window Help
1r 1r
04
05r
K]
i} L . . . I
n 0.2 [14 0.4 0ne 107
1r
06
05 0.5
i \ L 1 1 |D'4
1IZI- nz2 04 06 0g 10.3
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Puc. 4.3. Bun rpadgiyHoro BikHa micjst po30UTTS HOT0 Ha MiJIBIKHA

3 HOTo po3IJIsily BUILJIUBAE:
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1) micas 3BepHEHHS A0 npoueaypu Ssubplot y BiamoBigHOMY MifABIKHI 3'sBIIs-
€ThCsI 300paYKEHHSI OCEM KOOPIMHAT 13 TTO3HAYCHHSIM IMO1IKIB 1O OCSIX;

2) MOYaTKOBHH [iama30H 3MIHIOBAHHS KOOPAMHAT IO 000X OCSX IIiJBIKHA 3aB-
KM BCTAHOBJTFOETHCS 3a 3aMOBUYBaHHSIM Bif 0 10 1;

3) noJje BuBeaeHHs rpadikiB 3aiiMae HE BECh IIPOCTIP BiAMOBIAHOIO MiABIKHA , -
3QJIMIIIAETHCS ACSKE MiCIIe HAaBKOJIO ToJIsl rpadika Jijisi BUBEICHHSI 3aroyioBka rpadika,
HAITUCIB IO OCSAX KOOPJIMHAT Ta 1H.

Tomy 1711 BUBEACHHS TEKCTY B OJIHE 3 ITiIBIKOH IMTOTPIOHO CITOYATKy OYHMCTUTH
11 TIJBIKHO BiJ 300pa)KeHHs OCEM KOOpJWHAT 1 HamuCiB Ha HuX. Lle poOuThes 3a
JIOIIOMOI'0I0 KOMaHIH

axis("off).

Hanpuknaza, sKIo 10 KOMaHJy BBECTH MICIs MOMEPEAHIX KOMaHJ, Y BIKHI
Gbirypu 3HUKHE 300pakeHHS KOOPJIUHATHUX OCEH OCTaHHBOTO IMiIBiKHA (pHcC. 4.4).

:l Figura Mo_ 1 I

File Edit Window Halp

1r

05+

i} 0.2 04 05 0.8 1

Puc. 4.4. Bun rpagiudoro BikHa micis komanau axis('off').

Tenep MokHa TOYMHATH BUBEICHHS TEKCTA B 1€ IMiIBIKHO.
OcHOBHOIO (DYHKIII€IO, sIKa 3a0e3Meuye BUBEICHHS TEKCTY B rpadiyHe BIKHO, €
byukiis text. Y3aransHeHna opma 3BepHEHHS 10 HEl Mae BUJ;

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

Bona 3milicHIO€ BHBEACHHS 3a3HAUYEHOTO TEKCTY 3a3HAYCHUM IIPUPTOM
3a3HAYECHOT0 PO3MIpy, MOYMHAIOYM 3 TOYKHM MiJABIKHA 3 KOoOpAWHATamMu X 1 Y
BIJINOBITHOTO 1oJ1s Tpadika mijBikHa. [Ipy 1boMy KOOpIMHATH X 1 Y BUMIPIOIOTHCS B
OJIMHUIIX BEJIMYWH, K1 BIAKIAJAI0THCS y3/I0BXK BIAMOBITHUX Oocell rpadika migBIKHA.
Yepes Te 1110, K MU MIEPEKOHATUCS, /I1aa30H 3MIHIOBAaHHS [IUX KOOPJUHAT JIOPIBHIOE
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[0...1], To nyist TOTO, 11100 MOMICTUTH ITOYATOK TEKCTY B TOUKY yCepeauHi noJjis rpadika,
HEO00X1/1HO, 1100 H10ro KOOpaAuHATH X 1Y Oy B LIbOMY Jl1ara3oHi.

[TpoTe MO’kHa BUKOPUCTOBYBATH 1 IEUIO MIUPIIIH Jiana30H, BPaXOBYIOUYH T€, IO
TI0JIC TiIBIKHA OLIBIIE TIOJIS HOTO Tpadika.

Posrnsaemo npukiaa TekcroBoro opopmieHHs. Hexaii yactuna 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');

% Ilpouenypa BUBeJeHHS TaHNX B TEKCTOBE MoJie rpadiuHoro BikHa
D1 =[2 1300 1 50];

D2=[0.10.02-0.03014-1.520.1-0.1500];

D5 =1[0.001 0.01 15 16]; sprogram = ‘vspl’; sname = 'Jla3apes }0.®.";
hl=text(-0.2,1,"McxoAHbie napaMeTpbi:','FontSize\12);
hl=text(0,0.95,TMpoTaxoMeTpoB','FontSize',10);
hl=text(0.2,0.9,sprintf(* = %g *,D1(3)),'FontSize',10);
hl=text(-0.2,0.85,sprintf(* = %g *,D1(4)),'FontSize',10);
hl=text(0.6,0.85,sprintf(* = %g ',D1(5)),'FontSize',10);
hl=text(-0.2,0.8,sprintf(* = %g *,D1(1)),"'FontSize',10);
h1=text(0.6,0.8,sprintf('J2 = %g ',D1(2)),'FontSize’,10);
hl=text(0,0.75,'BHemHMXx Bo3aeiictBuii','FontSize',10);
hl=text(-0.2,0.7,sprintf(‘pst0 = %g ',D2(1)),'FontSize',10);
hl=text(0.6,0.7,sprintf(" tet0 = %g *,D2(2)),'FontSize',10);
hl=text(0.2,0.66,sprintf(* fit0 = %g ',D2(3)),'FontSize',10);
hl=text(-0.2,0.62,sprintf("psm = %g *,D2(4)),'FontSize',10);
hl=text(0.6,0.62,sprintf(* tem = %g *,D2(5)),"FontSize’,10);
hl=text(0.2,0.58,sprintf(* fim = %g ',D2(6)),'FontSize',10);
hl=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);
hl=text(0.2,0.5,sprintf(‘omfi = %g *,D2(9)),'FontSize*,10);

hl=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=%g',D2(12)),' FontSize',10); h1=text(0,0.35,' Uurerpuposaunus’','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);
hi=text(-0.3,0.12," ' 'FontSize',10);
tm=fix(clock); Tv=tm(4:6);

hl=text(-0.2,0.08,['TIporpamma ' sprogram],'FontSize’,10);
hl=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, ','FontSize',10);
hl=text(-0. 3,-0. 08,'Ukraine, KPI, cath. PSON','FontSize',10);

BuxonaHHs 1i€l mporpaMu MpUBOIUTE A0 TOSIBU Y BIKHI (irypu 300paxeHHs,
MO/IAaHOTO Ha pHuc. 4.5.
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[ToGynyBatu rpadiku pynkiii x(t) i y(t) B oqHOMY Tpadiunomy BikHi figure i B

PI3HUX MIABIKHAX

Tabmuug 1.1 — BapianTu 3aBiasb

Bapiant| A B f Kpoxk 3minn t OyHKit
(kpok
JMCKpEeTH3aIlii)
1 2 3 50 0.01 x(t)= A-sin(2pi- f -t),t €[0,20)
y(t)=B-cos(2pi- f -1)t [0,10)
2 1 4 55 0.05 x(t)=A-sin(2pi- f -t),t €[0,20)
y(t)=B-cos(2pi- f -t)t<[015)
3 5 2 45 0.1 x(t)= A-sin(2pi- f -t),t €[0,20)
y(t)=B-cos(2pi- f -1)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 1)t <[0,30)
y(t)=B-cos(2pi- f -t),t [0,15)

4.5. 3micr 3BiTY

4.5.1. Tema Ta MeTa poOOTH.
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4.5.2. 3aBaaHHs 10 poOOTH.

4.5.3. BinoOpazutu oOTpuMaHi pe3ylbTaTHd y BUINSAAlI KOMIM eKpaHy
(PrintScreen).

4.5.4. BucHoBKH 3a pe3yibTaTaMU BUKOHAHOI POOOTH.

KOHTPOJIBHI 3AIIMTAHHA

1. SlxuM YMHOM 3MIMCHIOETBCS Mpolieypa Po3iJieHHs rpadiyHOro BiKHA Ha
miaBikHa?
2. Slka ¢yHKIIIS BIAMOBIAAE 32 BUBIJ MaCUBY JIaHUX Y TpadiyHOMY BiKH1?
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IIpakTuuHa pooora NeS
DOyHkuii QpyHKIin

Merta poGoTH: BUBYMTH IpoLEAypy PO3pod/ieHHst GyHKUiI0 (YHKUid B
cepenoBumi MATLAB

TEOPETHUYHI BIJIOMOCTI
5.1 3araabni Bizomocti

Jesxi BaxkiauBi yHiBepcanbHi mpouenypu B MatLAB BuxkopucToByrOTH SK
3MIHHUM mapameTp iM's QyHKIIi, 13 SKUM BOHH ONEPYIOTh, 1 TOMY HNOTPEOYIOTh MPH
3BEpPHEHHI JI0 HMX yKa31BKW iMeHI M-daiiny, y sSKOMy 3alucaHuid TeKCT MporpamMu
oOuucieHHs neskoi 1HImOI mnpouenypu (¢dynkuii). Taki npoueaypud Ha3WBarOTh
¢pyukuiavu pyHKuin.

[Ilo6 ckopuctaTucs Takow ¢yHKIIE Bl (QyHKIID, HEOOXiIHO, 1100
KOpHUCTYBa4 TOMEPEIHO CTBOPUB M-(aiin, y sskoMy oO4uciItoBanocss 6 3HAYECHHSA
noTpi10HOT QyHKUIT 32 BIJOMHUM 3HAYEHHSM ii apryMEHTY.

5.2 CranpapTtHi pynkuii Bin pynxuii Matlab

[lepenikyemo nesiki 31 ctanAapTHUX GQYHKIINA Bi PYHKIIH, epe0aueHnx y
MatLAB.
OO04yucIeHHs iIHTerpaJja MeToI0M KBaJAPaTyp 3I1HCHIOETHCS MIPOIEAYPOIO

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

Tyr a i b - HWKHS ¥ BepxHS MeXa 3MiHIOBaHHS aprymeHry GyHkmil; I -
OTpMMaHE€ 3Hay€HHs 1HTerpana; CNt - KiUIbKICTh 3BEPHEHb 10 OOYMCIEHHS (YHKIIIT,
noganoi M-¢aisiom i3 Ha3Bow, ykazaHuM y <iM's Qynkuii>. @yskmis quad
BUKOPHUCTOBYE KBaapaTypHi ¢popmynu HeioTora-Koreca ueTBepToro mopsaxy.

Amnanoriuaa mporeaypa quad8 BukopucToBye OiLTbII TOYHI (opMyIn 8-ro
MOPSIKY.

InTerpyBanHsi 3Bu4aiiHuX qudepeHuiadbHUX PiBHAHB 31HCHIOIOTH PYHKITIT
0de23 i 0de45. BoHM MOXKYTh 3aCTOCOBYBATHCS SIK JUISl PO3B'SI3yBaHHS IMPOCTHX
nudepeHIiaTbHUX PIBHSAHB, TaK 1 JJI1 MOJICTIOBaHHS CKJIQJHUX JUHAMIYHHUX CHCTEM,
TOOTO CHUCTEM, TOBOUKEHHS SKHX MOXXHA OINMUCATH CYKYMHICTIO 3BUYAMHHUX
nudepeHIliaTbHUuX PIBHIHB.

Binomo, mo Oyap-sika cuctema 3BHYaiHUX audepeHIiiaabaux piBHsAHb (31P)
MOXe OyTH TMOJIaHa SIK CUCTeMa PIBHAHB 1-ro nopsaky y dopmi Korri:

dy
- f ,t y

e Y - BEKTOp 3MIHHHX CTaHy ((ha30BUX 3MIHHUX CUCTEMH);
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t - apryMeHT (3a3Buyai -4ac);
f - HenmiHiltHa BeKTOP-(YHKIIis Bl 3MIHHUX CTaHy Y 1 aprymeHry {.
3BepHEHHS /10 MPOIIeAyp YUCeNbHOTo iHTerpyBanHus 3/IP mae Bun:

[t,y]=0de23('<im's pyukmii>',tspan,y0,options)
[t,y]=0ded5('<im'sr pyHnkmii>',tspan,y0,options),

Jile BUKOPHUCTaHI MMapaMeTpu MalOTh TaKWW 3MICT: <iM's QYHKIIIT> - PsAJIOK CUMBOJIIB,
mo € iM'sm M-¢aiina, y skoMy oO04HCITIOeEThCs BekTop-pyukuis fy,t), To6To mpasi
yactTuHu cuctemu 3/IP; YO - BeKTOp mMOoYaTKOBUX 3HAYEHb 3MIHHUX CTaHy; t - MacuB
KiHIIEBUX 3HaY€Hb apTyMEHTY, 1[0 BiJOBIIal0Th KPOKAM IHTETPYBaHHS; Y - MaTPHUILIS
MIPOIHTErPOBAaHUX 3HAYCHb (PA30BHX 3MIHHHX, B SKIM KOXXHUM CTOBITYMK BIJIIOBIIA€E
OJIHIH 31 3MIHHUX CTaHY, a PSJIOK MICTUTh 3HAYCHHS 3MIHHUX CTaHY, 1110 BIJIMOB1AAIOThH
NIEBHOMY KpPOKY iHTerpyBaHHs; tspan - Bektop-psmok [tO tfinal], mo mictuth nBa
sHaueHHs: t0 - mouarkoBe 3HaueHHs aprymenty t; tfinal - kinmeBe 3HaueHHS
apryMeHTy; Ortions - psiox i3 mapameTpiB, 0 BU3HAYAOTh 3HAYCHHS TPUITYCTUMOI
BIJIHOCHOI i a0COIOTHOI MOXUOKH 1HTErPyBaHHS.

[TapameTp Ortions mo>xHa He BKa3yBaTH. To/Ii 3a 3aMOBYYBaHHSM IPUITYCTHMA
BIJIHOCHA NTOXMOKA IHTETPYBaHHS NpuiiMaeThbest piBHOWO 1 * 10 | abcomoTHa (110
KOKHIH i3 3MiHHMX cTaHy) - 1 * 10 5, Sxmo % no skuxock mapaMerpax Iii 3HAYCHHS
HE BIIAIITOBYIOTh KOPUCTYyBaya, Tpeba nepei 3BepHEHHSIM JI0 MPOIEAYPH YHCEIBHOTO
IHTETpYBaHHsS BCTAHOBUTH HOBI 3HAYEHHS MPHUIYCTUMHUX MOXHUOOK 3a JOMOMOTOIO
nporieaypu odeset y Takwuii criocio:

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

[Tapametp RelTol Bu3Hauae BimHOCHY MOXMOKY YHCEIBHOTO 1HTETPYBaHHSI IO
ycix (a3oBux 3MIHHUX OAHOYACHO, a ADSTOl € BeKTOpOM-psIKOM, 1110 CKIIAAAETHCS 3
aOCOJIIOTHUX MPUITYCTUMUX OXUOOK YMCETBbHOTO IHTETPYBAaHHS 110 KOXKHIM 3 (ha30BUX
3MIHHUX.

®ynkiis 0de23 3ailicHIOE THTETPpYBaHHS YUCEILHUM MeToI0oM Pynre-Kyrra 2-
o OPSIZIKY, a 3 JIONMIOMOT'0K0 METOJTY 3-TO IOPSIAIKY KOHTPOJIIOE BITHOCHI 1 a0COJTIOTHI
MOXHUOKH 1HTETPYBAHHS HA KO)KHOMY KpOLIl 1 3MIHIOE BETMYMHY KPOKY IHTETPYBAHHS
TakK, o0 3a0e3MmeunTy 3a4aHi MEXKI1 IOXUOOK IHTeTpyBaHHSI.

s Gynxkiiii 0de45 ocHOBHUM MeTOI0M iHTerpyBaHHs € MeTo ] PyHre-Kyrra 4-
IO MOPSIZIKY, @ BEIUYMHA KPOKY KOHTPOJIFOETHCSI METOJIOM 5-TO MOPSAKY.

OOuucieHHss MiHiMyMiB i KopeHiB (QYHKUII 311iCHIOETbCA TaKUMU
byHKIIsIMU
MatLAB:

fmin - BigmykyBaHHs MiHIMYMY (QYHKIIIT OJJHOTO apryMEHTY;

fmins - BigmykyBanHsa MiHIMyMy (DYHKIIT KiJTbBKOX apTyMEHTIB;

fzero - BimmykyBaHHs HyJIB (KOpEHIB) (YHKIII OJHOTO apryMEHTY.
3BEpHEHHS 10 MEPILOi 3 HUX Y 3arajJbHOMY BUIAJAKy Ma€ TaKUH BUJL:
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Xmin = fmin ('<im'a pynknii>', X1, X2).

PesynbTaTom 1150r0 3BepHEHHS Oyze 3HadueHHS XMIN apryMeHTy QyHKIIIi, sKe
BIJIMOBIIa€ JIOKAIbHOMY MiHIMYyMy B iHTepBaii X1<X<X2 ¢ynkuii, 3amanoi M-
daiimom i3 3a3HAYCHUM 1M'SIM.

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

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

3BepHEHHS 10 APYToi Ipolelypy IIOBUHHO MaTu (hopMy:
Xmin = fmins ('<im's ¢pynkunii>', X0),

py oMY X € BEKTOPOM apryMeHTiB, a X0 03Hauae nmoyaTkoBe (MIEPBUHHE) 3HAYEHHS
LOT'O BEKTOpPAa, B OKOJIl SKOTO BIJIIYKYEThCS HAHOIMKYMU JOKAIbHUN MIHIMYM
¢byHkii, 3agaH01 M-daiuiom i3 3a3HaueHnM iM'sM. Oyrk1is fMiNS 3HaX0IUTH BEKTOP
aprymeHTiB XTI, SKUM BIAMOBIIAE 3HAWJEHOMY JOKATbHOMY MIHIMYMY.

3BepHeHHS 10 GyHKIT fZero moBuHHO MaTH BU:

z = fzero ('<im'st pynknii>', X0, tol, trace).

Tyr no3naueno: X0 - moyaTkoBe 3HAUYEHHS apryMEHTY, B OKOJIl SIKOTO
BIJIITYKY€ETHCS NIMCHUIM KOPiHB (DYHKIIIT, 3HAYEHHS KO 00UMCIIOI0ThCs B M-daiini 13
3aganuM iM'sm; tol - 3amama BimHOCHa mHOXWMOKa OOYMCIIEHHS KOpeHs; trace -
MO3HAYEHHSI HEOOXITHOCTI BUBOJAUTH HAa €KpaH MPOMDKHI Pe3yibTaTH; Z - 3HAUCHHSA
IIYKaHOTO KOPEHH.

IMo0ynoBa rpadikiB ¢yHkuii ogniei 3mMiHHOI Moke OyTH 31liiCHEHa 3a
nornomoroto mporienypu fplot. BigminnicTts ii Bin nmporenypu plot y Tomy, mo s
nooynoBu rpadika (QyHKIII HemMae HEOOXITHOCTI B TMOMEPEIHHOMY OOUHCIICHHI
3Ha4YeHHs (PYHKIII i apryMeHTy. 3BepHEHH: 10 Hel Ma€e BU:

fplot('<im'st pynkuii>',[<inTepBaia>],n),

ne  <iHTepBas> - II¢ BEKTOP-PAIOK 13 JBOX YHCEN, IO 3aJal0Th, BIAMOBIIHO,
HUKHIO M BEPXHIO MEXI1 3MIHIOBAaHHS apryMeHTy; <iMm's GyHKii> - iM's M-daiina 3
TEKCTOM TMPOIEAYpH 0OUNCIICHHS 3HaUYCHHS Oa)kaHoi1 (DyHKIIIT 32 3aJJaHUM 3HAUYCHHSIM
il aprymeHTty; N - O6akaHe YMCJIO YaCTHUH PO30OUTTS 3a3HAYCHOrO 1HTEepBay. Ko
OCTaHHIO BEJIMYMHY HE 3a/laTH, 3a 3aMOBUYBAHHSM IHTEpPBaJl PO30MBAETHCA HA 25
YyacTHH. X04a KIJIbKICTh 4YacTHH "N", Ha iK1 pO30UTO IHTEPBAJ 3MIHIOBaHHS apI'yMEHTY,
BU3HAYEHO, MPOTE HACIHpPaB/l KIJIbKICTh 3Ha4€Hb BeKkTopa "X" Moxke OyTH 3HAYHO
OLIIBIIIOKO 3a PaxXyHOK TOTO, 110 ¢yHKIsA fplot mpoBoauTh OOUKCICHHS 3 10IATKOBUM
O0OMEKEHHAM, 1100 301IbIIEeHHS KyTa Haxuiy rpadika (QyHKIIi Ha KOXXHOMY KpOLll HE

nepeBunryBasio 10 rpagyciB. SIKIIO X BOHO BHSBMJIOCS OUIBLIKM, 3A1HMCHIOETHCA
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pO3JIp1OHEHHS KPOKY 3MIHIOBaHHS apT'yMEHTY, ajie He OuibIe Hik y 20 pa3iB. OcTaHH1

nBa yucna (10 1 20) MoxxyTh OyTH 3MiHEH1 KOPUCTYBa4yeM, AJi LIbOTO MPHU 3BEPHEHHI

CJIiJI IOAATH 1l HOB1 3HAYEHHS B 3ar0JIOBOK MPOIIEYPU B 3a3HAUCHOMY HOPSIKY.
SIK110 3BepHYTHCS 70 1i€T TPOIEAYPH TaK:

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

TO Tpadik 3a3HaueHOi QYHKIT HEe B1IOOpaKyeThcs Ha ekpaHi (y rpadidHOMY BiKHI).
3aMiCTh IOTO OOYMCIIOETHCS BEKTOp "X" aprymeHTiB 1 BekTop (abo marpuils) Y
BIIMOBIHUX 3HaueHb 3a3HadyeHoi (yHkii. [lo0 mpu 3BepHEHHI OCTAHHHOTO BHY
nooynyBatu rpadik, HEOOXTHO 3pOOUTH 1€ Yy MOAAIBIIOMY 3a JIOIOMOIOKO

uporueaypu plot(x, Y).

EKCIHIEPUMEHTAJIBHA YACTHUHA
5.3 3aBnaHHs 1JIs1 BUKOHAHHS

5.3.1 3aBnanusn 1

CtBopiTh M-daiin, no oduncaoe GyHKUIO 13 3aBaaHHs 1.5. nodyayiite rpadik
i€l ¢yHKIii 3a momomororo nporenypu fplot y mexax, Bu3HaueHux y 3aBnanHi 1.5.
OOuHCIITh iHTErpaj BiJ GYHKIIT Y THX jKe MeXax, BAKOPUCTOBYIOUH mporteaypu quad
i quad8. 3HaiiiTh TOYKY JOKAJBLHOIO MIHIMYMY 1 JIOKQJbHUM MiHIMyM (yHKIII 1
HaHOMKYUN KOPIHb (HYJIb).

5.3.2 3aBnanusa 2

3HalAITh TOYKY JIOKAJBHOTO MIHIMYMY 1 JIOKaJbHUNA MIHIMYM (YHKIIT ABOX
3MIHHUX, IPUMHSBIIH 32 TOYATKOBY TOUKY 13 33JaHUMU KOOpAUHaTamMu (Tadsumiis 2.2).
[TonepenHbo CTBOPITH BIANOBIAHY (haidii-(hyHKIITO.

Tabnuus 5.1 — 3aBaanHs 10 MpakTUYHOT poOoTH Ne5

Bapiaut | x, Yo Jixy)
1 0 l e +(x—y) —2x -2y
2 07 | -1.2 (x —¥)* —cos(x —y—1)
3 151 -0.5 e —2x -2y —cos(x —y—1)
4 05| 15 e 4 4x? —3x -3y
0 0 ! 4% + In(x + )+
x+y
6 12| 07 2% _2x—2y+2(x—y)?
7 0 | -0.9 e 4 2x 42y +(x+p)?
8 08| 13 (x—)* —cos(x+y—1)
9 15] 05 e’ —2x+2y—cos(x+y—1)
10 05| -1.5 e ™Y —3x 43y +4x?

11 0 -1

Ax? + In(x — V) +
x—y

12 121 -0.8 2%V _2x 42y +2x+ ¥)*
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