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* BBeaeHue

Mcnonb3oBaHne KOMaHAHOro pexuMa (peXxmMa KOMaHAHON CTPOKM, KOMAaHAHOE OKHO) He
SIBNSIETCS OCHOBHbIM MPUY UCMONb30BaHNM BO3MOXHOCTEN cpeabl MATLAB. OaHako npu
pelleHnn pafa cepbe3HbiX 3a4a4 BO3HUKAET HE0OX0AMMOCTb COXPaHEHMS UCMOJb3YEMbIX
NOCNEeAOBATENBLHOCTEN BbIYMCIIEHMI, @ TAKXKe UX AanbHenwen moandunkaumm. NHbiMm
C/10BaMW, CyLLeCcTByeT He06xo.qMMOCTb rporpamMMmupoBaHus peLlleHns 3agau.

[pakTUYeckn HEBO3MOXHO NPeayCMOTPETb B OJHON, AaXke camMon 60NbLLIOM U MOLLHOW,
MaTEMAaTUYECKOM CUCTEME BO3MOXHOCTb PELLIEHUS BCEX 3afay, KOTOPbIE MOIYT MHTEPECOBATb
nonb3oBatens. [porpammmnpoBaHune B cucteMe MATLAB aBnsieTcst apdeKTUBHBIM CpeaCcTBOM
€e pacliMpeHns U aganTtaumm K pelieHunto cneumdunyeckmx npobneMm. OHO peanuayeTcs C
MOMOLLbIO S3bIKa MPOrpamMMnpoBaHmsl CUCTEMbI. [1porpamMMbl Ha si3bike NMPOrpaMMUPOBaHNS
MATLAB cOXpaHSItOTCS B BUAE TEKCTOBbLIX M-(annos. MNpn 3TOM MOIyT COXPaHSATbLCA KaK LIENbIe
rnporpammsbl B Buae annoB-CLEHAPWEB, TaK U OTAEMbHbIE POrPaMMHbIE MOAYIIN — DYHKLIN.
KpoMe Toro, BaXXHO, YTO NPOrpamMMa MOXET MEHSATb CTPYKTYPY asirOPUTMOB BbIYMUCIIEHNN B
3aBMCMMOCTM OT BXOAHbIX AaHHbIX M AaHHbIX, CO34aBaeMbIX B XOAE BbIYNC/IEHUMN.

C no3uuuin NporpaMMmCTa S3blK NPOrpaMMMPOBaHUST CUCTEMBI SBIISIETCA TUMNYHBIM
po61EMHO-0PUEHTUPOBAHHbIM A3bIKOM MPOrpaMMMPOBAHNSA BbICOKOrO YPOBHSA. TouHee
rOBOPS, 3TO JaXe A3blK CBEPXBbICOKOrO YPOBHS, COAEPXKALLUMIA CIIOXKHbIE OrNepaTopbl U
CI)YHKLI,VIVI peanv3aums KOTopblX Ha 0bblYHbIX A3blkax (Hanpumep, Beiicuke, lNackane nmn Cn)
n0Tpe60|3ana 6bl MHOMO yCUNnn U BpeMeHu. K TakKMM MYHKLMSM OTHOCSATCS MaTpU4YHbIE
PyHKUMK, PYyHKLMM BbicTporo npeobpasoBaHusa Oypoee (BINP) n ap., a K onepaTtopaMm —
onepaTopbl NOCTPOEHNS pa3HOObpa3HbIX rpaduKoB, reHepaunmn MaTpul, onpeaesnieHHoro Bnaa
nT. A



1. OcCHOBHbIE CcpeacTBa
nporpaMMupoBaHus

[lporpammamu B cucteme MATLAB aBnsa0TCa m-
(bansibl TEKCTOBOro bopMaTta, coaep kallue 3anucb
nporpamMMm B BUAE NMPOrpaMMHbIX KOAOB.

A3bIK NporpamMmmupoBaHunsa cuctembl MATLAB nMmeet
cnepyrollue cpeacTBsa:
¢ [aHHbIE pa3/IM4YHOro TUNa;
KOHCTaHTbl U NEPEMEHHbIE;

OnepaTopbl, BK/IHOHaA OnepaTtopbl MaTEMaTNHECKUX
Bblpa>XeHUH,

BCTPOEHHblE KOMaHAbl U PYHKLUMN;
(PYHKLUMN NONb30BaTeNs;
ynpasnsowme CTpyKTypbl;
CUCTEMHbIe ornepaTopbl N MYHKLNK;
CpeAcTBa paclUMpeHmns s3blKa.
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OCHOBHbIe cpeAcTBa
nporpaMmMmMpoBaHus

Koabl nporpamMm B cucteme MATLAB nuwyTCa Ha A3blKE BbICOKOIO
YPOBHS, JOCTAaTOYHO MOHATHOM ANs1 NONb30BaTeNen yMepPeHHOM
KBaJ'IVICbVIKaLI,VIl/I B 06/1aCTU NporpaMmMMpoBaHuns. A3bIK MporpaMMmnMpoBaHunS
MATLAB gaBnaeTca TUNUYHbIM MHTEPIPETATOPOM. ITO O3HAYAET, YTO
KaXXaasi MHCTPYKLMS MPOrpaMMbl Pacro3HAETCA M TYT XKeE UCMOJHAETCS, YTO
obneryaet obecneyeHne AManoroBoro pexmma obLieHns C CUCTEMOMN. Stan
KOMMUNSILMK BCEX MHCTPYKLUWUK, T. €. MOSIHOW NPOrpamMMbl, OTCYTCTBYET.
BbicoKkasi CKOPOCTb BbIMNONHEHNS NporpamMm obecrieyeHa Hammunem
3aBeJOMO OTKOMMUNIMPOBAHHOIO s1pa, XpaHsLlero B cebe KputuyHble K
CKOPOCTW BbIMOJIHEHUS MHCTPYKLINM, TakME KaK 6a30Bble MaTeEMaTUYECKME U
MHble PYHKLUMK, @ TaKXKe TLLATENbHOM OTPabOTKON CUCTEMbI KOHTPOSSA
CMHTAKCUCaA NMPOrpaMMm B peXXxnMe MHTepnpeTaunu.

NHTepnpeTauunsa o3Ha4vaeT, Yyto MATLAB He co3aaeT UCnoHAEMbIX
KOHEYHbIX nporpamm. OHM CyLLECTBYIOT NvLlb B BUAe m-gannos. Ans
BbIMO/IHEHMS NMporpaMMm Heobxoamma cpeaa MATLAB. OaHako ans
nporpaMM Ha s3bike MATLAB co3gaHbl KOMMUAATOPbI, TPAHCIMPYOLWMeE
nporpamMmmbl MATLAB B koAbl A3bIkoB nporpamMMupoBanus C n C++. 310
pelwaeT 3a4a4y co34aHuUda NUCMNOMHAEMbIX NporpamMMm, nepsBoHavyasibHO
pa3pabaTbiBaeMbix B cpeae MATLAB.



2. OCHOBHbIE TUNbl AAaHHBbIX

UNbl @HHbIX array U numMeric ABASTCA BUPTYasibHbIMU (<KKAXKYLLMMNCS» ),
NOCKO/bKY K HUM HeNnb3s OTHECTU Kakue-nnbo nepeMeHHble. OHM ciyxaT ans
ornpeaeneHns U KOMMNJeKToBaHNS HEKOTOPbIX TUMOB AAHHbIX. TakuM 06pasoMm, B
MATLAB onpegeneHbl crieayloume OCHOBHbIE TUMbl AaHHbIX, B 06LWeM criyyae
NpeacTaBnsioLWLmMx cobo MHOroOMepHble MaCCUBbI:

single — 4ncnoBble MacCcMBbI C YNCNAMU OAIMHAPHOW TOYHOCTW;
double — uncnoBble MaccuBbl C YNCITAMU YABOEHHOW TOYHOCTHU;
char — cTpo4YHble MaccmBbI C 3N1IEMEHTAMU-CUMBOIAMU;

sparse — HacnegyeT cBoncTea double, paspeXxeHHble MaTpULibl C 3N1EMEHTaMU-
YUCaMn yaABOEHHOW TOYHOCTHU;

cell — MaccuBbl SUEEK; SYENKKU, B CBOKO OYEPEab, TOXE MOryT ObiTh
MaCCnBaMu;

struct — mMaccuBbl CTPYKTYpP C MOASIMU, KOTOPbIE TAKXXE MOMYT coaepXaTb
MACCUBbI;

function_handle — peckpunTopbl YHKLMN:

int32, uint32 — mMaccmBbl 32-pa3psiAHbIX YMcen Co 3HakoM K 6e3 3HaKOB;
intl6,uint!6 — mMaccmebl 16-pas3psaaHbIX LesblX YmMces Co 3HAaKOM 1 6e3 3HaKoB;
int8. uint8 — mMaccuebl 8-pa3psaHbIX LenblX YMcen co 3HakaMu 1 6e3 3HaKoB.



3. Buabl nporpaMMUpoOBaHunNA

Cucrtema nporpammmpoBaHmna MATLAB no3uumoHupyetcs
KaK A3blK BbICOKOIO YPOBHA ANA HAay4YHO-TEXHUYECKUX
PacyeToB.

SA3bIK NnporpaMmMupoBaHns cuctembl MATLAB Bobpan B
cebs Bce cpeacrsa, HeobxoamMmble ANs peann3aunm
Pa3/IMYHbIX BUAOB NMPOrpaMMUpPOBaHUS:

« MpoueaypHoro;

= OlepaTopHOro;

=« (PYHKUMOHANBHOrO;

= JIOrMYecKoro;

= CTPYKTYpHOro (MoaynbHOro);

=« O0b6bEKTHO-OPUEHTUPOBAHHOIO;
= BUW3YyasibHO-OPUEHTUPOBAHHOIO.



[1BONCTBEHHOCTb OMNEepaTopoBs,
KOMaHA U (PYHKLUNN

Ana a3bika cuctembl MATLAB paznuuune Mexxay KoMmaHaaMu
(BbINOSTHAEMbBIMU NPU BBOAE C K/1aBMaTypbl) 1 NPOrpaMmMHbIMU
ornepaTtopamMu (BbIMOIHAEMbIMU U3 MPOrPaMMbl) SABNSIETCS YCIOBHLIM. U
KOMaHAbl, U NPOrpaMMHbIE ONEPATOPbl MOy T BbINONHATLCS Kak 13
NporpamMmsbl, Tak U B peXMME NPSAMbIX BblUMCIEHMI. [Toa KOMaHaAaMu
[ajniee B OCHOBHOM MOHUMAIOTCA CpeacTBa, yrnpasnstoLime
nepndepninHbIM 060py0BaHMEM, NOA OrNepaTopamMn — CpeacTsa,
BbIMOJIHAOLLME onepaunn ¢ onepaHaamMu (AaHHbIMK).

@yHKLMA NpeodbpasyeT oAHN AaHHble B Apyrue. s MHOruX
DYHKLMM XapaKTepeH BO3BPaT 3HA4YE€HMM B OTBET Ha obpalleHne K HUM
C YKa3aHMEM CMMCKa BXOAHbIX NapaMeTpoB — aprymMmeHToB., Hanpumep,
roBOpAT, YTO DYHKUMSA Sin(x) B OTBET Ha obpallieHne K HeW
BO3BpaLlaeT 3HAYEeHMe CMHYCa apryMeHTa X. [103ToMy (YHKLUNIO MOXHO
NCMONb30BaTb B apnU@PMeTUYeCKMX Bbipa)KeHusix, Hanpumep 2*sin(x+1).
[na onepaTtopoB (M KOMaHA), He BO3BpallatoWnX 3HA4YEHUs!, TaKoe
npuMeHeHne 0bbIYHO abcypaHo.



4. M-channbl cLeHapveB M

* (pYHKLMN

B KOMaHAHOW CTPOKE, N B TEKCTAX M-PannoB PyHKLIMM 3annCbiBatOTCS
TOMbKO ManbiMu BykBaMu. g dyHKLUNIW, BO3BPALLAIOLWNX P 3HAYEHUN
nnn maccmoB (Hanpumep X, Y, Z,...), 3an1cb UMEET CNEeAYOLWLMA BUA:
[X,Y,Z, ...]=f_name(Cnncok_napaMeTpoB)

Ectb ABa Tuna m-dannos: dannbi-cueHapum n dannbl-dyHKLUmMn.B
npoLecce CBOEro CO3AaHUS OHN MPOXOAAT CUHTAKCUYECKMM KOHTPOSIb C

NOMOLLbIO BCTPOeHHOro B cucteMy MATLAB peaakTopa/oTnagymka m-
dannos.




* M-cdannbl cLieHapuesB

Davin-cueHapuvi, UMeHyeMbIn Takoke Script-dannom,
SIBNSIETCA NMPOCTO 3aMnCbio cepun KoMaHz, 6e3 BXOAHbIX U
BbIXOJHbIX NapaMeTpoB. BaXxkHbl cneaytolme CBOUCTBA
hannoB-CLEHapUEB:

s+  OHW HE UMEIOT BXOAHbIX N BbIXOAHbIX aQpryMEHTOB;
+ paboTaloT C AaHHbIMK N3 paboyen obnacTu;
+ B MpOLIECCE BbINOSIHEHNS HE KOMMUINPYIOTCS;

+ NpeacTaBnaoT cobon 3admnKCMpOBaHHYIO B BUAE
danna NocneaoBaTENbHOCTb Oonepaunu, NOAHOCTbIO
aHaNOrMYyHyI TOW, YTO UCMOJb3YETCH B CECCUN.



* NMpuMmep dbanna-cueHapus

%Plot with color red

%CTpouT rpamk cMHycouabl IMHNEN KPACHOMO LIBETA

%CcC BbIB€AEHHOW MaclITabHOM CETKOW B MHTEpBAse [xmin.xmax]

X=xmin:0.1:xmax;

plot(x, sin(x),'r")

grid on

[lepBble TP CTPOKM 34eCb — 3TO

hanna.

KOMMEHTapuK, OCTanbHble — TENO ¢



* CTpykTypa thanna-pyHKLMK

M-cbavin-pyHKLUMSA ABNSAETCA TUMNYHBIM OOBEKTOM A3bIKa
nporpaMmmupoBaHna cuctemol MATLAB. OaHOBpeMEeHHO OH
ABNAETCA NOJIHOLEHHbIM MOAYJIEM C TOYKU 3PEeHUS
CTPYKTYPHOro nporpaMMmMpoBaHmns, NOCKOJIbKY COAEPXUT
BXOAHblE U BbIXOAHbIE MapaMeTpbl U UCNONb3YET annapar
NTOKAJIbHbIX NMEePEMEHHbIX.

CTpyKTypa Takoro Moaysnsi C O4HUM BbIXOAHbIM
NapaMeTpoOM BbIrNSaAnT CneayrowmMm obpasomMm:

function var=f_name(Crnncok_napameTpoB)
% OCHOBHOM KOMMEHTapuM

% /1ONONHUTENBbHbIN KOMMEHTAPUN

Teno danna ¢ nobbiMK BblipaXXEHNSAMU
var=Bblpa>XeHne



CTpykTypa hanna-pyHKLUM

N-byHKUMS UMEET cneayroLlmne CBOUCTBaA:

1 OH HauyMHaeTcs ¢ obbaBneHus function, nocne KOToporo ykasblBaeTCs
UMS NEPEMEHHOWN Var — BbIXOAHOIO napameTpa NMSA CaMOn (DYHKLMM U
CMNCOK ee BXOAHbIX NapaMeTpoB;

1 (pyHKUMS BO3BpALLL@ET CBOE 3HAUYEHUE N MOXET UCMOMNb30BaThCSA B BUAE
name (CnncoK_napaMeTpoB) B MaTEMaTUUYECKMX BbIPAXXEHUSIX;

1 BCE NepeMeHHble, nMetoLmnecs B Tene daitna-hyHKUMK, SBSIOTCS
JIOKaslbHbIMU, T. €. AENCTBYIOT TONbKO B Npeaenax Tena yHKUmm;

1 (hann-PyHKLUMA ABNISETCA CaMOCTOSATE/IbHbIM MPOrPAMMHbBIM MOAYJIEM,
KOTOpbIN o6u4aeTC9| C APYrMMN MOAY/IAIMU YEPE3 CBOU BXOAHbIE U
BbIXOZHbIE MapaMeTpbl;

1 NpaBWIa BbIBOAA KOMMEHTApPUEB TE Xe, YTO Yy hanioB-CLIEHAPUEB;
0 bann-dyHKUMA CNY>XXUT CPEACTBOM paclumMpeHmns cuctembl MATLAB;

1 Npwn 0bHapyxeHun hanna-MyHKUUM OH KOMMUANPYETCS U 3aTEM
MCMOJTHAETCS, @ CO3AaHHbIE MaLLMHHbIE KOAbl XPaHATCSA B paboyen
0611acTv cuctembl MATLAB.

rocneaHss KOHCTPYKLUMS var=BblpaXxeHne BBOAUTCA, ecrin TpebyeTcs,
4yTobbl (PYHKLMS BO3BpaLlana pe3ynbTaT BbIYUCIEHWMN.




CTpykTypa hanna-pyHKLUM

Ecnu BbIxoaHbIX NapaMeTpoB 60siblle, TO OHU
YKa3bIBalOTCS B KBaApaTHbIX CKOBKax rnocsie cnosa
function. [1pn 3TOM CTPyKTypa MOAyNs MMeeT
crneayowumn Bua;

function [varl,var2....]=f_name(Crnncok_napaMeTpoB)

% OCHOBHOW KOMMEHTapui

% /JonoMHNTENBHBIN KOMMEHTAPUM

Teno danna c NtobbiMK BbipaXKEHNSMK

varl=Bblpa)xeHue

var2=BblpaxxeHune




* NpumMepsbl hann-byHKUMN

function y=Norm(x,m,D);
sko=sqrt(D);
y=exp((-(x-m).”~2)/(2*D))
/(sko*sqrt(2*pi));

cnonb3oBaHne dhann-dyHkumMm B M-baunne
figure(1);

x=1:70; m1=25; D1=20; m2=40; D2=30;
yl=Norm(x,m1,D1);

y2=Norm(x,m2,D2);

y3=yl+y2;

plot(x,y1,x,y2,x,y3); grid on;



5. YnpaBnaoLwime CTPYKTYpbI

[TOMMMO NMpOrpamM C JIMHEUHOW CTPYKTYPOU, NHCTPYKLUM
KOTOPbIX UCMOSTHAOTCS CTPOro No nopsiaky, CyLecTByeT
MHOXXECTBO MporpamMm, CTPYKTypa KOTOPbIX HE/TMHENHA.
[pn 3TOM BETBU NPOrpaMM MOryT BbIMOMHATLCA B
3aBMCUMOCTM OT OnpeaeneHHbIX YCI0BUN, NHOTAA C
KOHEYHbIM YMC/IOM MOBTOPEHNN — LIMKIIOB, MHOrAa B BUAE
LIK/I0B, 3aBEPLLAEMbIX NPU BbIMOHEHUN 334aHHOIO
ycnoBus. [pakTndecku nobas cepbe3Hast nporpaMmma
MMEET HENMHENHYIO CTPYKTYpY. N1 cO34aHUSA TaKuX
nporpaMM HeobXoAMMbI CrieLManbHble YnpaBnsoLmne
CTPYKTYpPbl. OHM nMetoTCcs B Nt06OM S3blKe
nporpaMmMmmpoBaHud, n B 4YactHoctn B MATLAB.



if-else-end

If YcnoBue BbipaxeHune_1 Onepatop_OTHOLLUEHUS_BblpaxeHue_2
NHCTpyKumm_1

else

NHCTpYKUNK_2

end

B kayecTBe OnepaTopoB_OTHOLLEHUS
MCNOJMb3YIOTCA Cneayowme onepaTopsl: ==, <, >,
<=, >= unun ~=. Bce 3TN onepatopbl NpeaACTaBNAOT
cobon napbl cMMBONOB 6€3 Npobenos Mexay HUMM.



* if-elself-else-end

if YcnoBue
NHCcTpykumnm_1
elself Ycnosue
NHCTpYKUMn_2
else
NHCTpyKumn_3
end

NMPUMEP

if x<5 y=0.1;
elseif x<10 y=0.5;
elseif x<15 y=0.75;
else y=1.0;

end;



Lnknbl for...end

KoHCTpyKumnn umknos Tuna for...end 06bl4HO UCMONb3YyOTCS
0N OpraHn3aunmn BbIYMCNEHUWN C 3aAaHHbIM YNC/IOM
NOBTOPSAOLUMXCS LIMKIOB. KOHCTPYKLIMSI TAKOrO LIMK1a UMeeT
cneaylowumn BuAa:

for var=BbipaxkeHune
NHCTpYKUUA....
end

BbipaXkeHue vallle BCEro 3anuchbiBaeTcs B Buae s:d:e, rae s
— HavasibHoe 3HayeHne nepemMeHHon umkna var, d —
npupaLleHme 3Ton NepemMeHHon N € — KOHEYHOE 3HaueHue
YNPaBASAOLWEN NEPEMEHHON, NMPU AOCTMXKEHUM KOTOPOroO LIMKIT
3aBepluaeTcs. Bo3aMoXkHa 1 3anuchb B BUAE S e (B 3TOM Cllyyae
d=1). CnnCcoK BbIMO/IHAEMbIX B LIMKJIE UHCTPYKLIMA
3aBepLUaeTcs onepaTtopoM end.



* Npumep (for...end )

figure(1)

for x=1:100
y(x)=0.01*x;

end

plot(1:x,y(1:x)); grid on;




[lpMep COBMECTHOIro
MCnosb3oBaHMs onepaTtopos for-end
n if-end

figure(2)
x=1:0.5:100;
for i=1:length(x)
if (x(i)>0)&&(x(i)<20)
y(i)=sin(x(i));
end
if (x(i)>=20)&&(x(i)<50)
y(i)=2+cos(x(i));
end
if (x(i)>=50)&&(x(i)<=100)
y(i)=log(x(i));
end
end
plot(x,y); grid on;



* Linknbl while...end

Lnkn Tmna while BbinonHsaeTcsa go tex
nop, rnokKa BbIMNOJIHAETCH YcnoBue:

while Ycnosue
NHCTpYyKUUK
end



x=0; dx=0.01; i=1;
while x<=40,

if x<5 y=0.1;
elseif x<10 y=0.5;
elseif x<15 y=0.75;
else y=1.0;

end;

X=X+dx;

x1(i)=x;

y1(i)=y;

i=i+1;

end

figure(1)
plot(x1,y1); grid on;



Ana ocyuwecTBeHUss MHOXXeCTBEHHOro Bbibopa
(wnun BeTBJ/IEHUA) UCNOJIb3YETCA KOHCTPYKLMUSA C
nepeksrovartenem Tmna switch

switch switch_BbipaXkeHue
case case_BblpaxeHue
CrnnCOK_MHCTPYKLMK

case {case_Bbipa)xeHuel, case_BbipaxeHune2, ....}
CrnnCOK_MHCTPYKLUUK

otherwise. CnnCOK_WHCTPYKL MM
end

Ecnu Bbipa)keHne nocsie 3arosioBka switch MMeeT 3HayeHne 0HOro
13 BbIpaXKEHUN case_Bblpa)keHue..., TO BbINOSHAETCA 610K
ornepaTopoB Case, B NMPOTUBHOM cnyqae — CMUCOK UHCTPYKLINK
nocne onepatopa otherwise. lNpn BbINOMHEHNM 6/10Ka case
VCMONHSAIOTCA T€ CMUCKU MHCTPYKLUMN, AN KOTOPbIX
ca3e_Bblpa)eHue coBnagaeT co switch _BbipakeHuem.



[lpyMep UCnosib30BaHUA
onepartopa switch-case-end

figure(3)
z=zeros(1,10);
for x=1:10
switch x
case {1,2,3}
z(x)=4;
case {4,5,6,7}
z(x)=2;
otherwise
z(X)=7;
end
end
bar(z);



* BbiBOADI

B cpege MATLAB 3an0XeHbl 4OCTAaTOYHO MOLIHbIE
N yaobHble cpeacTtBa NporpaMMmUpoOBaHUA.

[lporpammmnpoBaHme B cpeae MATLAB ocHOBaHO
Ha UCnonb3oBaHMn M-dannos-cueHapmneB n M-
hannoB-PyHKUMN,

B cpeae MATLAB 3ano)eHa BO3MOXXHOCTb
noaaepXkmn MyHKUMN C NEPEMEHHBIM YNCITOM
AprymMeHTOB.

icnonb3oBaHWe ynpaBnsAOLWNX CTPYKTYP
(ycnoBHble onepaTopsbl, LWKIbI) U QyHKLMK Ananora
NO3BONSET OPraHN30BbIBaTb HEIMHENHBIE CTPYKTYPb!
nporpamm.



