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Beenenue

OpauMm u3 HamboJiee MOIIHBIX W YHUBEPCAIBHBIX IMAKETOB MPHUKIIATHBIX
nporpamMM, OO€CHEUMBAIOIINX PEIICHHEe TUIOBBIX MaTEMAaTU4YeCKUX 3ajady,
BOZHHUKAIONIMX B Pa3IMYHBIX O0JIACTAX YEIOBEUECKOW NEATeTLHOCTH, SIBISETCS
nakeT MATLAB ¢upmbr MathWorks.

Cucremy MATLAB pazpa6otan Momnep (C.B. Moler) B 70-x . r. XX Beka,
KOTOpasi ucroJib3oBajachk Ha Oosbinx OBM. B wnauane 80-x r. r. JIxon Jlutn
(John Little) u3 ¢pupmer Math Works, Inc. MoaepHu3upoBan 3Ty CHUCTEMY IS
nepcoHadbHbIX KommbioTepoB Tuna IBM PC, VAX u Macintosh. [lanee
PACUIMPEHHUIO CHUCTEMBbI OBbLIM MPUBICYEHBbl KPYIMHEWUINE Y4YeHble U Hay4yHbIE
IIKOJIbl B MaTEMATHUKE, NMPOrPAMMHUPOBAHUHA M €CTECTBO3HAHUU. DTO MO3BOJIUJIIO
MATLAB cTaTh Npu3HaHHBIM JIUJEPOM B PEIICHUH PA3NMYHBIX NPOOJIEM HAyKu U
TEXHUKU CPEAU IPYTUX MOJOOHBIX CHCTEM.

ChoekTp 4YHMCJIEHHBIX METOJOB MAaTEMaTHYECKOTO aHaIh3a, KOTOPBIC
peanmu3oBanbl B makere MATLAB, BechbMa MIHMPOK M OXBAThIBAET METO/IbI
YUCJICHHOTO WHTETPUPOBAHUS, WHTEPNONANNN W NPUOIKeHUs (DYHKIHM,
JMHEHHOU anreOphl, PEIICHUs] CUCTEM HEIMHEWHBIX YPaBHEHUN M OOBIKHOBEHHBIX
mudpepeHnanbHbIX YpaBHEHUM, YpaBHEHUW MaTreMaTudeckoud (Qu3uku, 3aad
ONTUMU3ALMN, HEYETKOW JIOTUKHU, UCKYCCTBEHHBIX HEUPOHHBIX CETEU U JIp.

[Taker MATLAB oOnagaer XOpomio pa3BUTBIMU  BO3MOXKHOCTSIMU
WHTEpIIpETalluk JBYMEPHBIX M TPEXMEPHBIX MACCHUBOB JaHHBIX, CHaOXXEH
BCTPOEGHHBIM  SI3bIKOM  MPOTPAMMHUPOBAHUs, KOTOpbIH BoOpan B  ceOs
MPEUMYIIECTBA TPATUILMOHHBIX SI3bIKOB M TO3BOJIAIOIIAM CPABHUTEIBHO JIETKO
co3niaBaTh coOcTBeHHBbIE Tporpammbl. [losb3oBarens makera MATLAB moxker
TaKke B TIpoliecce padOThl COBEPIICHCTBOBATH CBOM 3HAHMUSI KaK B 00JIaCTH
KOMIIBIOTEPHOTO  MOJICJIMPOBaHUs M YUCIEHHBIX  METOJA0B, TaK W
IPOrpaMMUPOBAHUS U BU3yalIM3allud PE3yJbTaTOB pacuera. bonee moapoOGHO o
MpeUMyIIecTBaX M BO3MOXKHOCTAX cucrembl MATLAB MOXHO y3HaTh B
CIIELIMAIIM3UPOBAHHBIX U3/IAHUAX YKA3aHHBIX B CIIMCKE JIMTEPATYPHI.

1. MATLAB ¢ pestcume KOMAHOHOI CMPOKU

Cucrema MATLAB co3mana TakuMm oOpa3om, 4To JitoObie (Imoadac BechMa
CJIO’KHBIE) BBIYMCIIEHUSI MOXHO BBINIOJHATH KaK B PEKUME MPSIMBbIX BBIYMCICHUN
(To ecTh 0€3 MOJArOTOBKHU MPOTPaMMBbl), TaK M MOCPEACTBOM CO3JaHUS MPOTPAMMBI
(M-gpatina). Pabora ¢ cucTeMOW B PEKUME NPSIMbIX BBIYMCIACHUH HOCHT
JIMAJIOTOBBIA XapaKTep W MPOMCXOAUT MO MpaBwily '3agal BOMPOC, MOJYUHII
orBeT". Ilosmb3oBarens HaOWpaeT Ha KIABHATYPE BBIYUCIISIEMOE BBIPAKEHUE,
peaakTUpyer ero (€ciau Hy>KHO) B KOMaHAHOW CTPOKE M 3aBEpIIAET BBOJ HAKATHEM
kiapuiu ENTER.

Huxe mnepeuuciaeHbl HEKOTOpblE OCOOEHHOCTH pabOThl B  pEXUME
KOMaH/ITHOW CTPOKHU:

a) JMaJior MPOUCXOIMT B CTHIIC ""3aaJ1 BOIPOC - TIOJYYHI OTBET";
b) s ykazaHus BBOJA UCXOAHBIX JAHHBIX HCIIOJIB3YETCS CUMBOII ;



C) IaHHBIE BBOJSTCS C IOMOIIBIO IPOCTEUIIIETO CTPOYHOTO PENAKTOPA;

d) st OJIOKMPOBKM BBIBOJIA pPE3yJIbTaTa BBIUMCICHUH HEKOTOPOTO BBIPAKCHHS
MoCJie HeTO HaJl0 YCTAHOBUTH 3HAK D (TodYKa ¢ 3armsIToM)

€) eciaM He yKa3aHa TEepPEeMCHHas JJIs 3HAYCHUsS Pe3y/ibTaTa BBIYMCICHHIA, TO B
cucreme MATLAB no ymMon4anuio Ha3Ha4aeTcs IepeMeHHasl C MMEeHeM ans;

f) 3HaKoM mpuUCBaMBaHUS SBISICTCS 3HAK PABEHCTBA B;

g) pe3y/ibTaT BEIYHMCIICHUI BBIBOAUTCS B CTPOKAX BhIBOJIA (0€3 3HAKA),

h) Bcrpoennsie ¢yHKIHH (SIN, COS ¥ JIp.) 3aMCHIBAIOTCS CTPOYHBIMU OYKBaMH, U
UX apryMEHTHl YKa3bIBAIOTCS B KPYIIIBIX CKOOKax, Hampumep Sin(a) wmm
cos(30);

1) JUIMHHOE BhIpa)KEHUE JUIsl Y100CTBAa BOCIIPUATHS MOXKHO IEPEHECTH HA JPYTYIO
CTPOKY C TTOMOIIHI0 MHOTOTOYHSI

2. Ocnoenwvte oovekmot MATLAB

2.1 IlepeMeHHbIe U MPUCBAUBAHUE UM 3HAYEHH I

Ilepemennvie - 3TO HUMEIONIME HUMEHA OOBEKTHI, CIHOCOOHBIE XPAHWUTH
HEKOTOpbIE, OOBIYHO pPa3HbIE MO 3HAYECHMIO, JaHHbIE. B 3aBUCHUMOCTH OT 3THX
JAHHBIX MEPEMEHHbIE MOTYT OBITh YMCIIOBBIMU WMJIM CUMBOJIbHBIMU, BEKTOPHBIMU
umu MatpuunbiMd. B cucteme MATLAB MoxHO 3ajaBaTh NepeMEHHBIM
omnpenereHHble 3HaueHus. JlJisi 3TOro McmoJib3yercs omnepanus MNpUCBauBaHUs,
BBOJIMMAasi 3HAKOM paBeHCTBa HMmsa nepemennou = Bvipascenue

Hanpumep, a=5;b=4+c¢; s="“ mexem’; v =2, 3];

m_1=1[3.2,4.1;2,3].

Tunel mepeMeHHBIX 3apaHee He JAekiapupytorcsa. OHU  ONpeAeNsroTCs
BBIPAKEHHEM, 3HAUYEHHE KOTOPOIro IpPHUCBAaMBAETCS IepeMeHHOM. Tak, ecnu 3TO
BBIp@KEHUE - BEKTOP WJIM MaTpPHIla, TO MepeMeHHas Oyaer BekTopHo# (V) mim
matpuanoi (m_1).

Ucropruecku MATLAB co3naBanack kKak MaTpu4Has j1abopaTtopusi, 4To U
otpasmioch B Ha3Banuu (MATrix LABoratory) u, nostomy, MATLAB - cucrema,
CIIELHMAIIBHO TIPEeJIHA3HAUYECHHAsl [UJIs TPOBEICHUS CIOXHBIX BBIYMCICHUN C
BEKTOpaMu, MaTpuiamu (maccuBamu). Ilpu 3ToM oOHa 1O yMOJYaHUIO
IpeAnojaraer, YTo Kaxxaas 3aJaHHasi IepeMeHHas - 3TO BEKTOp WM Marpuia. Bee
OIpEeIENSAETCA KOHKPETHBIM 3HaUY€HUEM NepeMeHHON. Hanpumep, ecii 3a1aHo a =
5, TO 3TO 3HAYUT, YTO @ - 3TO BEKTOP C OJHUM EIUHCTBEHHBIM 3JIEMEHTOM,
UMEIONMM 3HaueHue 5 (t.e. ecnm ObiTh Tounee MATLAB paccmarpuBaceT Bce
NEepeMEHHbIE KaK MATPHUILbI, TAK YTO B JJAHHOM CJIy4ae @ OTBEYAET MaTpHIIE pa3-
Mepom 1x1).

HUmsa nepemennoit (ee uaeHTUHUKATOP) MOXKET COJIEPKATh CKOJIBKO YTOJTHO
CHUMBOJIOB, HO 3alIOMHHAETCS M WUIAECHTU(GUIUPYETCS TOIbKO 31 HayaabHBIA CHUM-
BOJI, B mpenaenax 3Tux 31 CUMBOJIOB MMS JIFOOOM TIEPEMEHHOM JOJIKHO OBITh YHU-
KaJIbHBIM, T.€. HE JOJIKHO COBIIaJIaTh C UMEHAMU APYTUX NEPEMEHHBIX, (QYHKIUN U
IPOLEYP CUCTEMBI.

NMs gomKHO HauMHATBCS € OYKBBI, MOXET COAEpPX aThb OYKBbI, LU(PHI U
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CUMBOJI IOTYEPKUBAHMS D (B mpuBeeHHOM BbITIe TpuMepe M_1). Henomyctumo
BKJIFOUATh B IMEHA [IEPEMEHHBIX MPOOEbI U CIIELUAIBHBIE 3HAKH, HAIIPUMEP
H T. 1., HOCKOJIBKY B 9TOM Cily4ae IIpaBUJIbHAS MHTEPIPETALNs BbIPAKCHUM
CTAHOBMTCSI HEBO3MOKHOM.

Kak u OONBIIMHCTBO SI3BIKOB BBICOKOrO YypoBHs, cucrema MATLAB
pasnuyaeT perucTpsl - T.€. UM A OTJIIMYAETCA OT UMEHH 4.

2.2 MaTtemMaTH4yecKHe BbIpaKeHUs!
MareMatuueckoe BBIPAKEHUE 3a/1a€T TO, YTO JOJKHO OBITh BBIYUCIIEHO B
yucjaeHHOM (pexe cumBosibHOM) Buae. B cucreme MATLAB maremaruueckue
BBIPOKEHUSI CTPOSATCS HA OCHOBE YHMCEJ, KOHCTaHT, MEPEMEHHBIX, OIEpPaTOpPOB,

(GYHKIMI 1 pa3HBIX CHEI3HAKOB.
Hampumep, 2.301*sin(x); 4+exp(3)/5; sqrt(y)/2; sin(pi/2); 2i+3; 3*b+5.

2.3 JleiicTBUTEIbHBIE (BellleCTBEHHDbIE) YN CJIA

Yucno - mnpocremmii o0bekT s3pika MATLAB, npeacrasisoniui
KOJIMYECTBEHHBIC JAaHHbIE. YKClIa MOKHO CUMTaTh KOHCTaHTaMU, UMEHA KOTOPBIX
COBIIQJAIOT C UX 3HAYCHHSIMHU.

OCHOBHBIM THIIOM JaHHBIX, C KOTOPBIM MPOU3BOSATCS BHIYUCIICHUS B CPEJIC
MATLAB, sBis10TCS KOHEUHBIE JECATUYHbBIC IPOOH, TPUOIIKAIOIINE C 3aIaHHOM
TOYHOCTHIO TIPOM3BOJIBHBIC BEIIECTBeHHBIC uncia. [lociennue B obmeM ciydae
MPEJACTABUMBI JIUIIb B BUJIC OCCKOHEYHBIX JICCATHYHBIX ApoOeil. MOKHO CKasarh,
yto MATLAB pabGotaeT ¢ BEHIECTBEHHBIMH YHCJIAMH  TPHUOIMKEHHO.
BemecTBennoe uncio 3amaércsa B MATLABe maHTHCCON M TTOKA3aTEJIEM CTECIICHU

Hampumep, 2.851038e+12; -456.384569; 0.0045692e0; 0.93185e-1; 4.5; -
12
u T.1. [IpoGemnsl MeXy CHMBOJIAMH B YKCIaX HE JOITYCKAIOTCA.
Y menbIx 4HceNl OTCYTCTBYIOT JApOOHBIE YacTH, HO OHHM BCE€ pPaBHO
npeactapisaoTes cuctemoir MATLAB na mMammHHOM ypoBHE B TOM ke (opme,
YTO M APOOHBIC YUCIIAa. DTOT OCHOBHOM THI JaHHBIX Ha3biBaeTcs double. Mmenno
ATOT THUIl JIaHHBIX MOJpazyMeBaeTcsa "no ymoauauuro" HJisg JHOOON TEPEeMEHHOM.
[Toq maHTHCCYy M TOKaszaTelb CTENeHUW (HAa MalIMHHOM YpPOBHE HCIOJIB3YETCS
JIBOMYHAsi CHUCTEMa 3alKiCH YHCeNI) OTBOAMTCS 8 OalT mamsaru. B pesynbrare
JIOCTHTAETCS TOYHOCTH TPEICTABIICHUS ACCATUIHBIX YHCEN Mopsaaka 15 3Havanmmx
mupp. Ilpum STOM MakCUMalbHBIM TIO MOJYJIO TMPEICTABUMBIM B CHCTEME
MATLAB BemecTBEHHBIM YHUCIIOM SBJIAETCS
1.797693134862316e+308

a MUHUMAJILHBIM 110 MOJIYJIIO SIBJIICTCS CIEAYIOINIEE BEMIECTBEHHOE YUCIIO:
2.225073858507202e-308

JIJIs 5THX 9HCeN TaKe 3ape3epBUpOBaHbI MMeHa: realmax u realmin.

[Tocne 3amycka cpeast MATLAB B €€ KOMaH/IHOM OKHE TOSIBIISETCS 3HAK
MIPUTJIAIICHUS , MOCJIe KOTOPOTO MOYKHO BBOJMTH C KJIaBUATYPhl YUCIIa, UMEHA
MePEMEHHBIX, 3HAKU Olepanuii (B 4aCTHOCTH, 3HAK E COOTBETCTBYET OTMepaIuu
NPUCBAaWBaHMs), YTO B COBOKYITHOCTH COCTaBIII€T HEKOTOPOE BBIPAKEHUE.
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Haxartue knaBummm ENTER 3acrasnsier cuctemy MATLAB BbluncinTs 3HaueHHe
BBIPQXEHUS U 110KA3aTh PE3YJIbTaT, KaK 3TO OKa3aHo Ha puc.2.1.

). MATLAB )
File Edit Debug Desktop Window Help
O & Wl o o |8 P | curertDrectory,  CWMATLABTO! work v | &

Shorteuts (2] Howeto Add  [B] Vikat's New
A X

Ty =R Y

21l Flles To get started, select MATLAB Help or Demos from the Help wenu.

Fr res=32.557%3,14-0,25% (Z25+4.33)

res =

94,8745

g

< [ »

Currert Dirsctory  VWorkspace

ﬂstar”

Puc.2.1. BBoa v pe3vibTaT MATEMATHYECKOTO BBIDAKEHUSA

UroObl He meperpy’karhb H3NMUIIHUMHU MOJPOOHOCTSIMU CBOE KOMAHJIHOE
okHo, MATLAB mo ymomyaHuio HCHoiab3yer ¢opmar Short mis BeiBoaa
BEILECTBEHHBIX YHCEJI, TP KOTOPOM IOKa3bIBAIOTCA TOJIBKO YETHIPE JAECATUUYHBIC
udpsl nocie 3ansatoi. Eciu TpeGyercs moyiHoe npeacTaBieHue, TO Hy’KHO BBECTU
C KJIaBHATypbl KOMaHIy

format long
nocie 4ero HaOpaTb WMs TIEPEMEHHON €S, B KOTOPOW 3alucaH pe3ysbTar
Borunciiennii. Haxap kmaBumry ENTER, momyuum OGomee mompoOHyto
uHpopmanuto (puc.2.2).

=) MATLAB
File Edit Debug Deskbop Window Help

OE & BEo o B 2 cowmarasoiwork - =

Shartcuts (2] Howto Add  [2] What's Mew
[ 4

@ = 3 |B”!| »> format long

Al Files »> res

res =

94 ,87450000000000
4 |\ »

Currert Directory WMo 4
@ Start |

i

Puc.2.2. TToHOE IpeaCcTaBICHUE BEIIECTBEHHBIX YHUCEI

Temepb Bce pe3ynbTaThl BBIYMCICHUN OyAyT IIOKa3bIBaThCA C TaKOM
BBICOKOW TOYHOCTBIO B TEuUeHHME JaHHOro ceanca padborst MATLABa. Ecnu
TpeOyeTcs 10 TpeKpamieHus TEKyIero ceaHca pabOThl BEPHYTHCS K CTapou
TOYHOCTH BU3YaJIBHOTO MPECTABICHUS BEIICCTBEHHBIX YHCE]I B KOMaHIHOM OKHE
MATLABa, nHyxHo0 BBeCcTH U UCTIOJIHUTH (HaxaB kiaBuinly ENTER) komanny

format short

Jpyrum uHTEpEeCHBIM (HOpPMATOM SIBISIETCS TIOKA3 BEIIECTBEHHBIX YHCEN B
BU/JIe OOBIKHOBEHHBIX JIPOOEH, JJIs 4ero BBOJUTCS KOMaH 1a



format rat

PaHee BbIYMCIICHHAs TEpeMEHHas reS, OyJeT IoKa3aHa B CICAYIONIEM BHJIE
(puc.2.3).

T L = =)
File Edt Debug Deskiop Window Help
D | R o« B 2| cwanasmonwok > =

Shortcuts (2] How to Add 2] What's New
X |

ot & | |B

All Files = 7 res

>> format rac

res =

23434/247
« [m

L _ >
Current Directory Yo 1] »

|‘@9‘ﬂ1.

Puc.2.3 BrIBOO BEIIECTBEHHBIX YUCEI B BUIE OOBIKHOBEHHBIX ADOOEH

Hy u, HakoHel, eciu OnepaHipl M PE3yJbTaTbl BBIYUCICHUN SIBIISIOTCS
LENBIMU, TO XOTS OHM M MNPEACTABIAIOTCS B NMaMATH MAIIMHBI TaK K€, KaK U
IpoOHBIC YKMCIIa, BU3yaidbHO B KoMaHTHOM okHe MATLABa oHu moka3biBatoTcs B
BHJIE LEITBIX YHCEIL. OTO WILTIOCTPUPYETCS CIAEAYIOINUM IPUMEPOM (pHc 2.4).

File Edit Debug Desktop ‘Window Help
D@ |6 BB o (B P cwatesmonwork * =

Shorteuts (2] How to Add  [#] Ywhat's New
n X

Ect & | |Bl

Al Files

> 4+5

ans =

4 | »

b33
Currert Directory WD L4

@istam

Puc.2.4 Brruucienus ¢ UCIOIL30BaHUEM LIENIBIX YHCET

B ganHoM npumepe crnenuanibHbIM < HMMEHEM ans o00o3HaueH (3To
cTaHJapTHOE 0003HAUYCHUE) PE3yJIbTaT BHIYMCIICHUS BBIPAXKEHUS, €CJIM OH HE ObLI
MIPUCBOCH KaKOU-TMOO0 MEPEMEHHOMN C JPYTUM UMEHEM.

2.4 Onepanuu HA/l BeHIECTBEHHBIMH YHCIAMHU
Hap BemiecTBeHHBIMH YMCIaMM MIPOU3BOIATCS apudmemudeckue onepayuu
CJIIOKEHUS, BBIYMTAHMS, YMHOXXCHHS W JEICHHS, IJISI KOTOPBIX HCIIOJIB3YIOTCS
3HAKH U . Kpome Toro, ecth emé omeparisi BO3BEIACHHUS B CTEICHb,
o0o3Hayaemasi 3HAYKOM E Pe3ynbpTaThl MPUMEHEHUS 3TOW OMEpaluy MOKa3aHbl
Ha puc.2.5.




<) MATLAB (|

File Edit Debug Deskiop “Window Help
D & BB o o W | 2| cwanasoiwork > =

Shorteuts [Z] How to Add  [F] What's New
a X

Bc &S B

Al Files

>> 5 "~ 2
ans =

25

« |\m »

Current Directory m

i start|

s> |

Puc.2.5. cnionp30BaHue Olepallii BO3BEACHUSA B CTENEHD ()

[IpuopuTeT B BBINOJHEHUU apU(PMETUUECCKUX Olepaluii OObIYHBIN: CHavajIa
- BO3BEJICHUE B CTENEHD, 3aTEM - YMHOXKEHUE U JIEJICHUE, U TIOTOM - CIIOKEHUE U
BblunTanue. Onepanur 0AMHAKOBOTO MPUOPUTETA BHIMIOJIHSIIOTCS B MOPSIKE CIEBA
HaIpaBo, HO KPYTJIbIe CKOOKH MOTYT U3MEHUTH ATOT MOPSIIOK.

JIns npumepa BBIUMCIMM 3HAYCHUS IMAJCHUS HANPSKEHUA W TOTEPU
MOITHOCTH B AaKTUBHOM CONPOTHUBJIEHUH, BEIMUMHA KOTOPOTro paBHa I = 5 Om nipu
NpOTEKaHWHU 110 HeMy Toka BenmuuHoi | = 7100 4 (puc.2.6).

') MATLAB
File Edt Debug Deskiop Window Help

D& & BB o o« &l | 2| cwmatasronwork - =

Shorteuts [2] How to Add  [F] What's New
A X

EUEQ Q‘ﬂ >> I=100; r=5;

All Fles >> dU=I*r, dP=I"Z*r

du =

m

500

» dF =
4 \m »

50000
Current Directory  ¥VC » M

4 start|

Puc.2.6 Pe3ynbTaThl pacyeToB IaJAeHUS HANPSHKEHUS U IIOTEPU MOIITHOCTH

[ToMumo apudmeTnyeckux omnepanuii HUCIOJB3YIOTCA emeé onepayuu
OMHOWEHUS Y T02UYECKUe onepayuu.

Onepanui OTHOIICHUS CPaBHUBAIOT MEXKIYy cOOOM JBa oOlepaHjaa IIo
BEJIMYMHE. OTH ONEpallMM  3allUCBIBAIOTCA  CIEAYIOIIMMHU 3HAKAMU WA
KOMOMHAIMSIMM 3HaKOB yKa3aHHbBIX B Ta0iuie 2.1.



Tabnuna 2.1. Onepanyu OTHOIIEHUS U JIOTHYECKHUE OTIepalluu

< Mensb1ie

<= MeHsb111€ WM paBHO
> bosbiie

>= bonbie nnu paBHO
== PaBHO

~= He paBno

Ha puc.2.7 npuBenen npuMep UCIONIb30BAHMS JAHHBIX OMEPaIUid.

=) MATLAB !:.E@-]
File Edt Debug Desktop Window Help
D s @B o~ Wef 2 cwmanssoiwok > =

Shortcuts [F] Howto Add (] What's New
a x||

GIe R EE! >> a=1; b=2; c=3;

All Fles >> res=(a<b)+(c~=b) +{b==a)

res =

< |m .

Current Directory Y¥C Lz > |

4 start

Puc.2.7 Tlpumep UCOIB30BAHMS JIOTUUECKHE OTepaluu

B npumepe BelpaxkeHue a BbIpaOaThIBa€T €IMHUIy B CHJIy TOrO, YTO
BEJIMYMHA IEPEMEHHONM a JCHCTBUTEIbHO MEHBIIE BEIUYHMHBI IIEpeMEHHON b
(uctuHa). BelpakeHne C ~= b sBnseTcs MCTUHHBIM, TaK KaK Ha caMoM jeje C,
paBHOe 3, He paBHO D, KOTOpOe paBHO IBYM. B uTOre OHO BhIpabaThIBaeT 3HAUCHHE
1. [MocnenHee BoIpakeHue, b == @, He SIBJIACTCS UCTHHHBIM U BbipaOaThiBacT 0. B
pe3yabTare mepemMeHHas IeS, paBHAsA CyMME 3HAYCHUU ITUX TPEX BBIPAKECHUM,
OKa3bIBACTCs PABHOU JIBYM.

3nech 0OpaTMM BHUMAaHHME Ha POJb MOYKU C 3ANAMOLL Iil B CHUCTEME
MATLAB. Touka c 3amsiToil MOXET UCIOIb30BaThCA ISl pa3HbIX uenei. Koraa
MBI BBOAUM C KJIaBUATypbl HEKOTOPOE BbIpaK€HUE (OHO PACIOJIOKEHO MTOCIIE 3HAKa
IIPUTIIALICHUS ) n HaxumaeMm kinauury ENTER, to MATLAB npozsoaut
BBIYKCIICHUE 3TOTO BBIPAKEHUS U BBIBOAUT PE3YyJbTaT B CBOE KOMAHJIHOE OKHO.
Ecin MBI HE XOTHM TOTYAcC K€ BHJETh PE3YyJIbTaT BBIUMCIECHUN (3TO XapaKTEpHO,
HalpuMep, sl TPOMEXYTOUHBIX pe3yjibTaToB), TO B KOHLE BBEIEHHOIO
BBIPAKEHHUSI CIIEYET MOCTABUTh TOUKY C 3aIITOM, M TOJBKO IIOCJIE 3TOr0 HAXKATh
ENTER. Kpome Toro, ecnm Mbl XOTUM 3a OJHMH pa3, TO €CTb OJHUM HaKaTHEM
kinaBumin ENTER BblYMCINTE HECKOJNBKO pPAa3HBIX BBIPAKEHUW, a MX 3HAYCHUS
IPUCBOUTH PA3HBIM MEPEMEHHBIM, TO 3TH BBIPAXKEHUS CIEAYET OTAEIUTH APYr OT
Jpyra TOYKOM C 3amsToM, Kak 3TO M IMOKa3aHO Ha MpEeAbLAYLIeM H300paKeHUH



koMaHgHoro okHa cucrembl MATLAB. Ecin xe XOTHMM BBIBOAMTH PE3YyJbTaT
Ka)KZ0r0 U3 BBIPAYKEHUH, TO 3TU BBIPAXKEHUS HAJI0 OTAEIATh 3alsThIMU D

3. Pabouee npocmpancmeo cucmemvt MATLAB u eé komanonoe okHo

Korna Bei 3anmyckaete MATLAB 1 HaunHaeTe npou3BOAUTE BHIUYKCICHUS, B
KOMaHJTHOM OKHE IOKa3bIBalOTCS BBOJMMBIEC C KJIaBHATYphl YMClia, IEPEMEHHbIC
(uepe3 UX MMEHA), Pe3yNIbTaThl BEIYMCICHUH. OOBIYHO BBIYHUCIICHUS TTOBTOPSFOTCS
BHOBb M BHOBB: BBOJISATCS C KJIABHATYPhl HOBBIC YHCJIOBBIC JaHHBIC M HOBBIC
CUMBOJIbHBIE BbIpakeHus. B pesynbrare B oxHe MATLABa He xBaraer
CcBOOOJHOrO MectTa MW mpou3Boautcs  ckposutpoBanue"  ("mpoTshkka';
"MmpokpyTKa") — BCE CTPOKHU CIBUTAIOTCA HA OJHY MO3UIIUIO BBEPX, TAK UTO camasi
BEPXHSS CTPOKA MOKHUIAET 00JaCTh BUJAUMOCTH, & B CAMOM HU3Y OKHA TMOSBIISETCS
CBOOOJTHAsI CTPOKA JIJIs1 BBOJIa HOBBIX JIAHHBIX. ECTECTBEHHO, 3Ta CTPOKA COACPIKUT
3HAK MPUTIIAIICHUS .

Ta undopmarus, 4To MOKUHYIA BUAUMYIO YaCTh OKHA, HUKY/]a HE UCYE3aeT.
E€ Bcerma MOXHO MPOCMOTPETh CHOBA, €CJIA OCYIIECTBUTh MPOKPYTKY
COJIEPKUMOTO OKHa CTaHJIAPTHBIM TrpadUyecKUM CpPEJICTBOM VIPABJICHUS —
110JI0COM TPOKPYTKH (1o anrmiicku — Scrollbar).

<) MATLAB

File Edit Debug Desktop ‘“Window Help
D& | d @ ~« B 2 CMATLAB7ON bwvork > =
— rnojoca
Shorteuts (2] How to Add (2] What's New IIPOKPYTKHA
A X

£F @ Q@ > res = »

All Files 2

4 »
Current Directory L e |
4\ Start |

Jljis 3TOr0 HYHO HIETKHYTh MBIIIBIO HA 3TOH MOJIOCE, WM MPOTAIIUTh C
MOMOIUIBIO MBIIIN TMOJI3YHOK TOJIOCHI MPOKPYTKUA B HY>KHOM HampaBlieHUH (BBEpX
WK BHU3). MOXHO Takke OCYIIECTBISATH MPOKPYTKY COJIEPKUMOIO KOMaHHOTO
okHa cucteMbl MATLAB ¢ nomoibio cieayrommux KiaBuiil kiaBuatrypsl: Pageup,
PageDown, Ctrl+Home (oagHoBpemeHHoe Hakatue kiaBuin Ctrl m Home) wu
Ctrl+End.

Knasumm "Cmpenxa egepx" | | |u "Cmpenka énuz" |{ |, B 11000M TEKCTOBOM
pelaKkTope OCYIIECTBISIONIME MEPEMEIICHNE Kypcopa BBEPX-BHU3 M MPOKPYTKY
conepxkuMoro okHa, B cucteme MATLAB paboTator mo-apyromy. OTH KIaBHUILIN
MO3BOJIAIOT BEPHYTh B CTPOKY BBOJA paHEe BBEJAEHHBIC C KJIABUATYpPhl KOMaHIbI U
JIPYTYIO BXOAHYIO MH(pOpMAIMIO, TO €CTh BCA ATa MHPOpMAalUs 3allOMUHAETCS B
CIIeMAIbHOM 001aCTH MaMsTH. DTy 00JacTh aMsITH Ha3bIBAIOT CHEKOM KOMAHO,
TaKk camas MOCJeAHsAs BXOAHass uMHopMaius NMpu €€ MPOKPYTKE KIABUIION
MOSIBUTCSL TIEPBOM. 3aTeM MOSBUTCS MPEANOCHEAHSsI KOMaHJa M TakK Jajee.
Knasuma | OCYUIIECTBJISIET MPOKPYTKY KOMaHA B MPOTUBOIOJIOKHOM
HaIpPAaBIICHUU.




B uTore mMoxxHO cka3aTh, 4TO BCsSl BUIMMas WH(GOPMAIUS B OKHE CHCTEMBI
MATLAB pacnonaraercs B JBYX MPUHIIMIIMAIBHO Pa3HBIX 30HAX: 30HE
NPOCMOMPA N 30He pe0aKmupOB8aHUsL.

B 30He mpocmoTpa yxke HUYEro Hesb3s UCIPaBUTh, XOTA B HEE U MOXKHO
MOMECTUTh KypCcOp, OJIHAKO peaklueld Ha BBOJA C KJIaBUATyphl Oyner
aBTOMAaTHYECKOE NepeMelleHre Kypcopa (TO ecTb TOUYKH BBOJA) B CTPOKY BBO/IA,
PacroyioKEHHYIO B 30HE pelakTUpoBaHUsA. B 30HE mpocMoTpa MOXKHO BBIIEISTH
(cenekTpoBaTh) C MOMOIIBIO MBIIH JIIOOYI0O MHGOPMAIMIO U KOMMMPOBATH €€ B
Bydep obmena onepannonnoi cucrembr Windows (to ects B Clipboard), 4ToObr
MOTOM BCTaBUTh €€ MO0 B JOKYMEHT TEKCTOBOTO pefakTopa (Hampumep,
pemnaktopa Word), mu60 onsiTh-Taku B CTPOKY BBOJIA.

30Ha penakTHpOBaHUS OOBIYHO 3aHMMAET OJHY (TIOCIIETHIOK) CTPOKY
koMmaHaHoro okHa cucteMbl MATLAB, B KOTOpoil moka3aH 3HaK MPUTJIAIICHUS
. E€ mbpl 1 Ha3zpiBaeM cTpokoil BBoAa. OJHAKO MPU HEOOXOIUMOCTH ATy
JIOTUYECKYIO "CTPOKY'" MOKHO PaclpOCTPAHUTh HA HECKOJBKO (PU3NYECKUX CTPOK
komaHaHoro okHa MATLABa. i 3Toro Hemnb3si MPOCTO HaXXKaTh KJIABHIILY
ENTER, tak kak npu sTomM BBOJ uH(popmaruu Oyner 3akonueH u MATLAB
IOPUCTYNUT K BBIYMCICHUSM M JalIbHEWIIEeMy ToKa3zy pesynbraTa. [losromy nms
MPOJIJICHUS BBOJIA C TIOKA30M BBOJIMMOM WH(MOPMAITUHU Ha CIETYIONUX (PU3NIECKUX
cTpokax Tpedyercs HaxaTh ENTER Tonpko mocine E TpEX WM OoJiee TOYEK,
YTO U MTOKa3aHO MPUMEpPE MPEICTABIEHHOM HIDKE Ha puc.3.1.

<) MATLAB
Flle Edit Debug Desktop Window Help

OE | & o o (Wl | 7 cwarssmiwork v |=

Shortouts [#] How to Add  [Z] What's New
L4

o W@ 7 -

s> swmn=4 +5 +6.....
&) Files +T+E+5

surm =
4 I »

Current Directory 39 N

|ﬂ Start

Puc.3.1 Ilpumep ucrnonb3oBaHuss MHOTOTOYHS (....)

OpHako ¥ B 3TOM CJIy4yae 30Ha PEAAKTUPOBAHUS PACTIPOCTPAHIETCS TOJIBKO
Ha CaMYIO MOCJIETHIOK CTPOKY (Teneph OHA y>K€ HE COJEPKUT 3HAK MPUTIIAIICHUS
), a B MPEABITYINX (PU3NIECKUX CTPOKAX JIOTUUECKOW CTPOKH BBOJIa U3MEHUTH
y’Ke HUYero Henb3s. Jlormueckas cTpoka BBOAA HE MOXET COAEpKaTh Ooiee 256
CHUMBOJIOB.

Bce 3HaueHus mepeMeHHBIX, BBIUMCICHHBIE B TEUCHHE TEKYIEro CeaHca
pabotel cucrembl MATLAB, coxpaHsiorcss B cHelMaJIbHOM 00JaCTH TaMSTH
KOMITbIOTEPA, Ha3bIBaeMon Pabouum npocmparncmeom (aHTTUUCKUNCKOE HA3BaHUE
-Workspace).

Bcé Buaumoe coaepxkumoe okHa cucteMbl MATLAB MOXHO cTepeTh
KomaHaoi ClC omHako, 3T0 He 3aTpoHET cojepkuMoro Pabodero mpocTpaHcTBa.
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JleficTBUTENHHO, €CITH TIOCIIe ATOTO HAOpaTh MM paHee BEIYMCIICHHON TIEPEeMEHHOM

summ, to nocie HaxaTtus kiaBuid ENTER Mb1 cHOBa yBuanM €€ 3HaueHue:
-.)Z.MRTE_HB @I@I&J I

File Edt Debug Desktop Window Help

D $mBo o B 2| cwassmotwerk + =

Shortcuts (2] How to Add (2] YWhat's New
I
2 x|

Bt @ |Bfg || >> s

All Files S =
39 |
PR
>>
Current Directory L 3
< start.

To, yro MATLAB aBTroMaTuueckd COXpaHSE€T BCE NPEABIIYIINE
pe3yabTaThl (a TakKe KOMAaH/Ibl), sIBIseTCS OoibImuM yao0cTBoM. OAHAKO TYyT
MOT'YT OOHAPYXUTHCSI U HEMPUATHOCTH, €CIU 00BEM 3allOMHEHHON HH(pOpMAIUU
CTaHET CIUIIKOM OOoJbIIMM (B AanbHeHIeM Mbl yBuauM, 4To MATLAB Moxer
paboTaThb C JaHHBIMH THraHTCKUX pasmepoB). Eciu Bam yxe He TpeOyercs
XPaHUTh HEKOTOPBIC TIEPEMEHHBIC B TAHHOM C€aHCe PaboThl, UX MOKHO CTEPETh U3
MaMsATH MAIUHBI KOMaHA0N

clear umal uma2 ...
ynamsoniei n3 Pabodyero mpoctpaHcTBa nepeMeHHble ¢ uMeHaMu uMsal u uMs2.
UToO0BI yanuTh cpasy Bce MEPEMEHHBIE, HYKHO MCTIOIb30BaTh KOMaH/Iy

clear

Ecau Bbl He 3HaeTe WM COMHEBAETECh, KaKHME MEPEMEHHbIE OCTAIHNCh B

PabGoueMm npocTpancTBe, Bbl Bcera MokeTe BBIMOJHUTh KOMaHTy

who
KOTOpasi BBIBEJET CIUCOK BCEX MEPEMEHHBIX, BXOJSAIIMX HA JIaHHBI MOMEHT B
Pabouee npoctpantcBo cuctembl MATLAB (Puc. 3.2).

(<) MATLAB
File Edit Debug Desktop Window Help

O 4 BREo o B 2 cwmarssmoiwok v =

Shorteuts [F] How to Add 2] What's New

A X
of @ 7

All Files

= who
Your wvariables are:

a ans S
41 »

3 33
Currert Directory L4

|'€\ Start |

Puc.3.2 Pe3ynbTar BhIMOJHEHUS KOMaHab61 WhO

Jlnst mpocMoTpa 3HaYEHUS JIO00N TEPEeMEHHOW W3 TEKYIIero padouero
IPOCTPAHCTBA JOCTATOYHO HaOpaTh e€ uMs 1 HaxaTh kiasuiry ENTER.

ITocne 3akpeiTusi ceanca paborst MATLABa Bce mnepemenHsie,
BBIYMCIICHHBIE B TEUYEHHE ceaHca, TepsroTcsa. OAHAKO MX MOYKHO COXPAHUTh IS
NOCJIEAYIOUIET0 HCIOJb30BAHMS B HMHBIX CEAaHCAaX, COXPAHUB COJEPKUMOE
Pabouyero npoctpanTcBa B daiisie Ha JUCKe KOMaHI0W MEHIO

"



File | Save Workspace As...
MOCJIE YEro MOSIBJISETCS CTaHJIaPTHOE JMAJIIOIOBOE OKHO OINEPAlMOHHOW CHUCTEMbI
Windows mist BeIOOpa KaTajora Ha JuUCKe U MMEHM (aina. Pacimupenue uMeHH
daiina qomkao ObITh (.Mat). Takue ¢aitnbl Oynem HazpiBaTh MAT-(aiiaamu.
BmecTo KOMaH 1bl MEHIO MOKHO HaOpaTh KOMaHIy

save nymo_K_¢haiiny\uma_MAT-paiina
HerocpeacTBeHHO B koMaH iHOM okHe MATLABa. Hanpumep:

save c¢: MATgaiine \ file.mat

B noBwix ceancax cucteMbl MATLAB Bbl MoOXkeTe BOCCTaHOBUTH paHEe

coxpaH€HHoe Ha qucke Pabodee mpocTpaHCTBO KOMAaHIOH MEHIO

File | Load Workspace...
1ocJyie KOTOpoil Bel B CTaHZApTHOM JUAIOrOBOM OKHE yKa3bIBaeTe HYKHbI MAT-
daii.

Bosnee Toro, BHIMOJHUB 3Ty KOMaHAY HECKOJBKO pa3 ¢ pasHbIMU (ailiamu,
Mbl MOXKEM COEIUHUTH B TekyieM Pabodem mpoctpanctBe cuctembl MATLAB
COJIEP)KMMOE HECKOJIbKUX MPEAbIAYIIMX ceaHcoB padoThl! OpHako, eciau uMeHa
MEPEMEHHBIX U3 Pa3HBIX CEaHCOB COBIMAJAIOT, TO B TekymeMm Pabouem
IPOCTPAHCTBE OYJET MpeACTaBIeHa JUIIb IEPEMEHHAS U3 MOCIEIHETO OTKPHITOrO
MAT-aiina.

BmecTo koMaH1bl MEHIO MOKHO HAOpaTh KOMaHy

load uma_ MAT-¢paiina nanpumep, load file.mat
HerocpeAcTBeHHO B komaHaHOM okHe MATLABa. MoHO Takke 13 3alMCcaHHOTO
Ha gucke MAT-¢daitna cuurate B Pabouee mpocTpaHCTBO 3HAYEHMS OTIEIBHBIX
nepeMeHHbIX. JJisl 3TOro HY>KHO BBIIOJHUTH KOMaHy

load uma MAT-paitna umal, uma?2, ...

B pesynbrare u3 ykazanHoro MAT-¢aiina OyayT cudTaHbl IEPEMEHHBIE C
uMeHamu umsal, uma2 v 1. 1. llpu stom, ecnu MAT-daitn ykazan 6€3 MoJHOTo
OyTH K HEMY, TO OH JOJDKEH HAaXOJUTbCA B MeKyWeM Kamanioze CUcmemvl
MATLAB, koTopbIii Bcerjia MOXXHO y3HATh C MOMOIIbIO KOMaH bl

cd
M3MEeHNUTh TEKYIIUMI KAaTAJIOT MOKHO KOMaHI01
cd nyms_K_Ho6omMy Kamanozy

3.1 DnemeHTapHble MaTeMaTHYecKHe PyHKIMHU

B cucreme MATLAB nmnpucyrcTBYyIOT BCE OCHOBHBIE 3JEMEHTapHbIC
(GYHKIUM: CTENEHHbIE, TOKAa3aTebHbIC, TPUTOHOMETPUYECKUE U OOpaTHBIE K HUM.
JIrobast (QyHKUIUS XapaKTEpU3yeTCsl CBOMM HMMEHEM, CIIMCKOM  BXOJIHBIX
apryMEHTOB (IIEPEUUCIISIOTCS Yepe3 3allATy0 M CTOST BHYTPH KPYTJIBIX CKOOOK,
CIEAYIONIUX 32 UMEHEM (DYHKIIMN) U BBIYUCIISIEMbBIM (BBIXOHBIM) 3HAUYECHUEM.

[Tomumo onepanuu BO3BECHUS B CTENEHb, PEATU3yEMOM C IOMOLIBIO 3HAKa
@, ecTb emEé (YyHKIUS M3BICUYECHHS KBAJApPAaTHOrO KOpHsS SOrt, pyHKIusS exp ais
BO3BEJICHUS B CTENEHb YUCIa €, QyHKIUs POW2 1Uisl BO3BEECHUS B CTENEHb YUCIIA
2. Taxke NpUCYTCTBYIOT oOpaTHbie K HUM (QyHKOuu: |0 — HaTypaibHBIN
norapudpm, 10gl0 — norapupm mno conoBanmiolO, l0g2 — morapudm Mo
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conoBanuto 2. B cucreme MATLAB MOXHO OBICTPO MOJYYUTH CHPABOUYHYIO
UH(POPMALMIO N0 JIF00O0N ANEMEHTOPHON (PYHKIIMH, BBIIOJIHUB KOMAaHy

help uma_ghynxyuu nanpumep, help pow?2

Tpuronomerpuyeckre GyHKIUU IPECTaBICHBI BeChbMa MOJIHO: SiN, COS, tan
(ranrenc), cot (koranrenc), asin (apkranrenc), acos (apkkocuHyc), atan
(apkranrenc), acot (apkkoranreHc). MIMErOTCS Takke U MEHee yIMOTpPeOUTEIbHbIC
(GYHKIIMM THMA CeKaHca, KOCeKaHca U T. [., a Takke runepoonnyeckue QyHKIUU
(SIBISTFOTCS KOMOWHAIIMEH SKCTIOHEHT).
Jlns mpumepa, BBIYUCIMM BbIpakenue 2 * asin(l), BK/rOdYaroliee BBIUMCIICHHUE
GyHukimu asin, u nony4yuM cienyromumii pesyiabrat (Puc. 1.10) cooTBeTcTBYIOIIUIT
gucity t. B cucteme MATLAB my1st uncna  ecTh crienuaibHoe 0003HaYeHHE Pi.

=) MATLAB
File Edit Debug Desktop Window Help

OE | 4 Bl o o B % cmatLesrotwork v |

Sharteuts (2] How to Add (2] What's Newy
A ox

Bck @By "

All Files

>> 2*asin(l)

ans =

3.1416
4 I

Current Directory
|<€\ Start |

Puc.3.3 Hcnonb30BaHue BCTPOSHHON TPUTOHOMUTPUYECKON QyHKITUHU asin

YnomsHem emé€ (yHKIMH, CBSI3aHHBIE C LEIOYHCICHHOW apu(METHKOM.
Hanpumep, ¢ynxyuu oxpyenenus: round (okpyrieHue no OMMKadIIero mesoro),
fix (yceduenne npoOno# wactu uyucna), floor (okpyrienue 10 MEHBIIETO IIEJIOTO),
ceil (oxpyrienue 10 GOJNBIIETO 1IEJI0T0).

Kpome Toro, ecth emé ¢ynkmuu mMod (ocTaTok OT JAEJICHHSA C Yy4ETOM
3HaKa), rem (OCTaTOK B CMBICIC MOIYJIbHON apudMeTHKH), SigN (3HAK Yucia),
factor (pasnokeHue 4YMciIa Ha MPOCTBIC MHOXHUTENH), ISPrime (MCTUHHO, €CIH
9HCIIO TpocToe), Primes (dbopMupoBaHHE CIUCKAa TPOCThIX 4mcen), rat
(mpuOIMKEHWE YUCIa B BHUJE pallMOHAJIbHOW ApoOm), ICM (HamMmeHblnee oOiee
KkpatHoe), §cd (HaunOOoIbIINH OOIINH IETUTENb).

®dynkiun Mod u rem narT OJAMHAKOBBIA PE3YNIbTAT IS TOJOKHTEITBHBIX
apryMeHToB. B yactHoCTH,

mod(7,2) ==rem(7,2) ==

Ho nans omepauuii ¢ aprymMeHTamMu pa3HbIX 3HAKOB OHHU BbIpaOaThIBAIOT

pa3Hble 3HaUCHUS:
mod(-7,2) =1; rem(-7,2) =-1

B o6mem ciydae 3T GyHKIUUA CBSI3aHBl € (QYHKIUSIMH OKPYTJICHUS

CJIeTYIOIIMM 00pa3oMm:
rem(x,y) == x—y*fix(x/y); mod(x,y) == x—y*floor(x/y)

W, nakonem, ecTh (YHKIMH, BBIUUCISIIONINE HEKOTOPHIE CTaHIAPTHHIC

pe3ynbTaTel U3 KoMmOuHamopuku: (QYHKIUS ~PEerms  BBIYUCISET  YHCIIO
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nepectaHoBoK, a (ynkmus Nchoosek — wgucno coueranwit. Hampumep, umcio
couetanuit w3 10 mo 3 nerxko HaxomuTcs Bbi3oBoM ¢yHkimu NChoosek(10,3)
(Puc.3.4).

File Edt Debug Desktop Window Help

DE | 4 B o« Bl | 2| cwanasonwek - B &

Shortcuts (] Howto Add  [Z] What's New
EIEd | Conn

coF &) &E =

All Files

»>> nchoosek(10,3)

ans =

120
4

>>
Current Directory r

4 start.

Puc.3.4 Hcnonb3oBanue BecTpoeHHoW (yHKImu NChoosek

MHorue "3 NEpeyUCICHHBIX (YHKIMA HMEIT 00JacTh OmpeeseHus,
OTJINYHYIO OT MHOYKECTBA BCEX ACHCTBUTENBHBIX uKcen R. B ciywasx, korga mms
byHKIMM 3a7aéTcs HEJAONMYyCTUMOE 3HAuYeHHWE apryMeHTa, WU COBEpIIAeTCs
IIONBITKA  BBIIOJIHUTH HEJOIYCTUMYO OIIEpPaLIHIO, MBIl  IIOJy4aeMm
IIPERYIIPEKIAIOIICE coo011eHue, HaIpumep:
Warning: Divide by zero.

TIPH TIOTIBITKE JICTICHNsI Ha HYJb. A B Ka4eCTBe pe3yibraTa BeiBoauTcs ans = Inf,
rae Inf cumBonm3mpyer OeckoHEYHOCTb. TOT e pe3ynbTaT IMOJy4aeTcs Mpu
HOTIBITKE BBIUUCIUTD JOTAPU(PM OT HYJISL.

Opnako, yaiie BCEro, Mpu 3aJaHUU apryMEHTa, BBIXOJSIIET0 3a 00JacTh
ompeneneHuss  (GYHKUUM  JCHCTBUTEIBHOTO  MEpEeMEHHOro  (Hampumep,
OTpULATEIbHBIM apryMeHT s KBaapaTtHoro kopHs) cucrema MATLAB
aBTOMATUYECKU BBIXOJUT B 00J1aCTh KOMIUIEKCHBIX YHMCEJI, U BHIYUCIISET 3HAUECHUE
aHAJIOTUYHON KOMILIEKCHOU (DYHKITHH.

3.2 KomiuiekcHble ync/ia U BbiyuciaeHus B cucreme MATLAB

Uucna wmoryt ObiTh KoMmiulekcHbIMU: Z=Re(X)+Im(X)*i. Takue uymcia
comepkar nercTBuTenbHyl0 Re(z) m maumyro Im(z) wactn. MumMas dYacThb
JOJKHA UMETh MHOXKHUTEIND | (v ), Hanpumep, (2+3i; -3.141j; -123.456+2.7e-3i).
CrienaiibHO 1 pabOThI ¢ KOMIUIEKCHBIME YUCJIAMU TIPEAHA3HAYCHBI CIICAYIOIIHE
¢yskur: abs (abCOMIOTHOE 3HAYCHHWE KOMILICKCHOTO YHcia), CONj (KOMIUIEKCHO
conpspk€HHOE 4nciIo), Imag (MHMMas dYacTh KOMILICKCHOrO 4uwmcia), real
(meiicTBUTEbHAS YaCTh KOMILICKCHOTO YKcia), angle (apryMeHT KOMILIEKCHOTO
yucna), isreal (uctuHa, ecnam uYMcIO JAeHCTBUTENbHOE). Hampumep, mpwu
BerunciieHun GyHkiuu Sqrt(-1) mopoxxaaercs kommiekcHoe uncio (Puc. 3.5):
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(-J MATLAB =T

| File Edt Debug Desktop Window Help
D& | & Mo o« B | 2 cwanasronwork - &

4 Shortcuts (2] How to Add (2] What's New
A x

Bct & \Bly ”

All Fileg

>> sqrei=-1)
ans =

0 + 1.0000i

< »

1 current Directory ...EBI > |

19 start| Click and drag to move Command Window...

Puc.3.5 Brruucnenus ¢ uCHoIb30BaHUEM (bK;I{KuHH sqrt
Kak mb1 Bugum, mauMas ceaununa B cucreme MATLAB o0o3nagaercs

TPAIUIIMOHHON JUII MaTeMaTHYECKOW JUTepaTypbl OykBo# 1. [Tomumo sToro muis
muumoii eauaunbl B MATLABe 3apesepBupoBana cmé u OykBa . Jlydine He
UCIIOJB30BaTh JTH OYKBBI JUIsS JPyTruX Iiejed Bo u30ekaHWe COOCTBEHHOMU

Iy TAHULIBI.

B ciydae mepeMeHHBIX HEllb3s MUCaTh MPOCTO X+iY, a HY)KHO 0053aTeIIbHO
UCTIOJIB30BaTh 3HAK YMHOXKEHUS, TO €CTh X+i*Y.

[Toutn Bce »dneMeHTapHble (QPYHKIUU JOMYCKAIOT BBIUMCIEHUS C

KOMIUIEKCHBIMHU apryMeHTaMu. Hampumep kak 3To ykazaHHO Ha puc. 3.6.
=) MATLAB o[

File Edit Debug Deskiop Window Help
O $BRRo o B 2 cwanssmoiwok + =

Shortcuts [2] How to Add  [Z] What's New

L 4
Bct & Bk

Al Files

> res = sin(2+431) *atan(41)/ (1-641)
res =

1.1002 + 2.39071

L) >

ES
Current Directory I L4

4 start

Puc.3.6 Brruncnenus ¢ KOMIUIEKCHBIMH YHCIIAMH

Tenepb MbI MOXKEM ITPOBEPUTH 3HAMEHUTYIO hopmyny Diinepa:

exp(i*x) = cos(x)+i*sin(x)

[IpunaBasi BEeHIECTBEHHOUN MEPEMEHHOM X pa3iuyHble 3HAYEHUsI, BBIUUCIISIEM
BBIpaXEHUS M3 TMPaBOW U JIeBOM yacteit 3toi popmynsl. Hampumep, mpu X = 1
UMeeM Kak JUIsl JIEBOro, TaK M JJisi IPABOTO BBIPAXKEHMSI OJTHO M TO K€ 3HAYCHUE:
0.5403+0.8415i. Jns X = 2 o0e CTOpOHBI 3TOr0 paBEHCTBA JAIOT CHOBA
onuHakoBbIi pe3ynbraT -0.4161+0.9093i, u Tak manee. Ho B 04eBHAHBIX CiTydasix
0 KOMIUIEKCHBIX apryMEHTaX He MOXeT ObITh U peuH (puc. 3.7):
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=). MATLAB
File Edit Debug Deskiop “Window Help

O | BB o« B 2| cwanasonwork v L

Shattcuts [2] How ta Add (2] What's New

a X
»
[ @lallfl s> mod(7,21) 2
- ?7?? Error using ==> mod
A"F"esi Arguments must be real. =
4 I »
j: B -
Currert Directory »
|4 start|

Puc.3.7 HemnpaBunbHOe HUCMOIB30BaHKUE (PYHKIIMI C KOMIUIEKCHBIMU apryMeHTaMu

3aMeTuM, YTO HHMKAKMX CHEIUAJbHBIX COTJIAIeHWH 00 HMeHax
KOMIIJIEKCHO3HAYHBIX TEPEMEHHBIX M KOMIUIEKCHBIX (DYHKIMIA HE CYIIECTBYET.
[lepemenHbIe HE TPEOYIOT HUKAKOTO MPEABAPUTEILHOIO ONMUCAHUs (0OBSIBICHNUSA).
Bce BbluMclieHHs TEpPETeKalOT W3 BEIIECTBEHHOM 00JacTM B KOMIUIEKCHYIO
aOCOJIOTHO AaBTOMATUYECKH. IJTO MPOUCXOJMUT TMPHU 3aJaHUU KOMIUIEKCHBIX
orepanioB (MCIOJIb3YIOTCS 3ape3epBUPOBAHHBIC UMCHA | WM | JJIT KOMILJICKCHOM
CIWHUIIBI) WM TPH HEBO3MOXXHOCTH OTPAHMYUTHCS JIHINb J1eCTBUTEIHHBIMU
BBIYUCIICHUSMHY (KaK B CiTydae BeruucieHus GyHkiuu sqri(-1)).

Urak, cuctema MATLAB MoxeT npo3padHo JJis N0JIb30BaTENs EPEUTH OT
BBIYHCIICHUN C JCHUCTBUTEIBHBIMH YUCIAMH K BBIYMCICHUAM C KOMILUIEKCHBIMU
yuciaamu. Kpome toro, MATLAB MoXxeT mpou3BOIUTh BBIYHUCICHUS ¢ HAOOpOM
BEIIIECTBCHHBIX (WJIM KOMIUIEKCHBIX) YHCEN MOYTU TaK ke, KaK U C OJIMHOYHBIMU
qycliaMd. B 3TOM COCTOMT OiHA U3 CaMbIX XapaKTepHBIX OCOOEHHOCTEH CHUCTEMBI
MATLAB.

PaccmoTpuM npuMeHeHHe KOMIUIEKCHBIX YMCEN Ha MPUMEPE BBIYHMCIICHUS
IPOBOJIMMOCTH aKTUBHO-MHAYKTUBHOM (RL) BeTBM C aKTUBHBIM CONPOTUBIECHUEM
R = 3 Om u uHIyKTHBHBIM conpotuBiecHreM X = 4 Om (Puc. 3.8).
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= ). MATLAB
File Edit Debug Desktop ‘Window Help

ODE s BRo o« B 20 cowmarlasmoiwek > =

Shortcuts [F] Howeto Add [2] Wihat's Bew

[ 4
mg @&Iﬂ i »» R=3; X=4:

All Files >> ISR+1TX:
>> zl=abs(Z), =zi=angle(Z)

21 =

22 =
0.9273

> Y=l1/2:
»> gl=absa(Y), yi=angle(Y)

¥l =

0.2000

§2 =

-0.9273
< »

>>
Currert Directary > |
4 start|

Puc.3.8 Brruucnenus npoBOAMMOCTH akTUBHO-UHAYKTHBHOU (RL) BeTBH

B nporpamme mocienoBaTensHO OCYIIECTBIISIETCS] IPUCBOCHUS TIEPEMEHHBIM
3HAYCHMM, 00pa30BaHUs KOMILJIEKCHOTO Ynciia Z, BRIYUCIICHUE €ro MOIYJISI U yIJia
(B paanaHax), BBIYUCICHUE KOMILJIEKCHON MIPOBOUMOCTH Y U 3HAUCHUE €€ MOAYJIsS
U yria.

3.3 KoHCTaHTBI U CHCTEMHbIE TepeMeHHbIe

Koncmanma - »5T0 TpeABapuUTENIbHO ONPENEIEHHOE YHCIOBOE WM
CUMBOJIbHOE€ 3HAYEHHWE, MPEJCTABICHHOE YHUKaIbHbIM HMEHEeM. KoHCTaHTBI B
MATLAB mpuHSITO Ha3BaThb CHCTEMHBIMH IMEPEMEHHBIMHU, MOCKOJIBKY, C OIHOM
CTOPOHBI, OHU 3aJAIOTCA CUCTEMON MpHU €€ 3arpy3ke, a C JpPYrol - MOryT
nepeonpenaesIThcs. OCHOBHBIC CHCTEMHBIC TIEPEMEHHBIC, TIPUMEHSIEMBIC B CHCTEME
MATLAB, yka3aHbl HIXeE:

a) | WM j - MHMMas enHUIa (KOpeHb KBaJApaTHBIN U3 -1);

b) pi - uncmo 3.1415926. . .;
C) epS - MHOrpemHOCTh OINepaldii Haj YUCIaMH C ILIABAOMIEH TOYKOM
(2.2204* 10™);

d) realmin - HanMeHbIee YKHCIO ¢ MIaBarowIei Toukoit (2.2251 * 10°%);

e) realmax - HauGoblIee YKCIIO ¢ MUIaBatoLIel Toukoii (1.7977* 10°%);

f) Inf - 3HaueHKMe MalIMHHON OECKOHEYHOCTH;

g) ans - mepeMeHHas, XpaHsIlas pe3yJbTaT IOCICAHEH OIlepalud u

00BIYHO BBI3BIBAIOIAS €70 OTOOpAKEHNE Ha DKpaHe AUCILIES;
h) NaN - ykazanue Ha HeuncioBol xapakrep naHHbix (Not-a-Number).

CucremMHble TIEpEMEHHBIE MOTYT MepeonpeAcisiThcss. MOXKHO 3a1aTh
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CHUCTEMHOU TiepeMeHHOU epS mHoe 3Hadenwe, Hampumep eps = 0.0001. Omnako
BaXXHO TO, YTO HMX 3HAYCHHS IO YMOJYAHHMIO 33al0TCS Cpa3y MOCIe 3arpy3Kd
cuctembl. [1o3TOMy HeompeeleHHBIMH, B OTIWYHE OT OOBIYHBIX MEPEMEHHBIX,
CHCTEMHBIE TIEpEMEHHBIC He MOTYT ObITh HUKOTZA. CHMBOJIbHASI KOHCTAHTA - 3TO
IICIIOYKAa CHMBOJIOB, 3aKJIIOYCHHBIX B amoctpodsl, Hampumep, ‘Hello my friend!’,
'2+3'. Eciu B amoctpodbl MOMEIIEHO MaTEMaTHUYE€CKOE BBIPAXKEHHE, TO OHO HE
BBIYMCJIISIETCS. M pacCMaTpPUBAETCS MPOCTO KaK IENMOYKa CUMBOJOB. Tak yrto '2+3'
He Oy/1eT BO3BpaIlaTh YUCIo 5.

3.4 Matpuubl H BEKTOPbI

JIByMEpHBII MAacCHUB YHCENl WM MATEMaTUYECKUX BBIPAKECHUM IPUHATO
Ha3bpIBaTh Martpuiie. OJHOMEpHBIM MaccuB Ha3biBalOT BekTopoM. MATLAB
JIOMYCKAeT TaK ke 3aJaHhe M MCIOJIb30BAHME MHOIOMEPHBIX MAaCCHUBOB. BeKTOphbI
U MaTpullbl MOTYT MMEThb MMEHa, Hampumep V - BekTtop wiu M - marpuua.
DNeMEeHTbl BEKTOPOB M MaTpUll pPaCCMATPUBAIOTCS KaK WHAECKCUPOBAHHbBIC
nepeMennbie, V(2) - Bropoii anemeHT BekTopa V; M(2,3) - TpeTuii 3IeMEHT BTOPOM
ctpoku matpuiel M. Kak y)xe oTMeuanock, axe OOBIYHBIC YUCIIa U TepEMEHHbBIC
B MATLAB paccmarpuBaroTcss Kkak wmaTpuibl pasmepa 1x1, dro maer
eauHooOpa3Heie (POPMBI M METOJBI IPOBEICHHUS OIEpalyii Haa OOBIYHBIMU
YuciIaMu U MaccuBamu. JlaHHas omeparnusi OOBIYHO HA3bIBAETCS BEKTOPHU3AIMEH.
BekTopusamusi obecrnieunBaeT W yNPOIIEHWE 3aMUCH ONepaluii, MPOU3BOINMBIX
OJTHOBPEMEHHO HaJl BCEMH DJIEMEHTaMH BEKTOPOB M MATPHI], U CYIIECTBEHHOE
MOBBIIIICHUE CKOPOCTH MX BBIMIOJIHEHUS. DTO Tak)Ke 03HAYAET, YTO OOJIBIITUHCTBO
byHKIMA MOXeT paboTaTh ¢ apryMEHTaMH B BHJIC€ BEKTOpOB M MaTpwuil. [lpu
HEOOXOJMMOCTH BEKTOpa M MAaTPHUIBl MPEeoOpa3yloTcs B MACCHBBI, M 3HAYCHUS
BBIYUCIISTIOTCS IJIS1 KXKAO0TO UX DJIEMEHTA.

3.5 3apanusi BEeKTOPOB M MaTPHIL

Jlnst 3amanus BEKTOpa, 3HAYCHUSI €ro DJIEMEHTOB CIEAYyeT MEePEYUCIIUTh B
KBQJIpaTHBIX CKOOKax, pasnemisia mpoOeraMyu WM 3amlsaThiMH. Tak, Hampumep,
npucBauBanre V= [1 2 3] (wmu V= [1,2,3]) 3amaeT BekTOop V, UMCIOIIMA TpH
saneMeHTa co 3HadeHusiMu 1, 2 u 3. Tlocine BBOJa BEKTOpa, €CIUM CTPOKA HE
3aKaHYMBAETCS CUMBOJIOM ;, CHCTEMa BBIBOAWT €r0 Ha JKpaH AMCIUISS. 3aJaHue
MaTpullbl TpeOyeT yKa3aHWsl HECKOJBKUX CTpoK. s pasrpaHUYeHHs CTpPOK
UCIIOJIB3YETCS 3HAK D (Touka c 3amsroit). Tak, BBom M =[1 2 3;4 5 6;7 8 9]
3a/1aeT KBaJIpaTHYIO MaTpuIily. Bo3MO0XeH BBOJ 3JIEMEHTOB MATPHUIl U BEKTOPOB B
BUJIe apU(METUYECKUX BBIPAKCHHUM, COACPIKAIIUX JFOOBIE JTOCTYIMHBIE CHUCTEME
(byHKIMH, HanpuMep,

V=[2+2/(3+4) exp(5) sqrt(10)].

Jlist yka3aHusl OTAEIBHOTO 3JIEMEHTA BEKTOPA WIIM MATPHUIIHI UCIIOIB3YIOTCS
Beipakenus suna V(K) wm M(k,1) (B texcre nporpamm MATLAB nyumie He uc-
NI0JIb30BATh | U | KaK MHJICKCHI, TaK KaK | ¥ | - 0003HAYCHUE KBAJPATHOTO KOPHS U3
-1, HO MoxHO ucnonb3oBath | u J). Ecnu Hy)XHO npucBouTh 3nemeHty M(k,1)
HOBOE€ 3HAYEHHUE, CIEAYET UCIIOIb30BaTh BeipakeHue M(k, 1) = 'noeoe 3nauenue’.
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Jlig BbIBO/IA 3HAUEHUS MEPEMEHHOM Ha 3KpaH He0OXOauMO HaOpaTh WMS JaHHOU
nepeMeHHou u HaxkaTh kiaBuiry ENTER.

Nmeercsa Takxke psii 0coObIX (YHKIMHA ISl 3a7aHUs BEKTOPOB U MaTpHIL.
Hanpumep, dyHkuus magic (N) 3agaeT Marnyeckyro MaTpHIly pasmepa N X N, y
KOTOPOI CyMMa BCEX CTOJIOIIOB, BCEX CTPOK M JIaXKe JHAroHajel paBHA OJHOMY H
TOMYy e 4YHciy, Hanpumep, M=magic(4) pe3ynbraT HCHOIB30BaHHUS KOTOPOIi

npejcTaBieH Ha puc 3.9.
=) MATLAB l

File Edit Debug Desktop Window Help
O & e o B | 9| cwmatLasronwork v =
Shortcuts (7] How to Add (8] What's New
" X
P,
o @ 5 |_|E L] rr M=magic (4)
&1l Files
H -
16 2 3 13
5 11 10 g
9 7 & 1z
4 14 15 1
4 1 »
E
Currert Directory ¥ L4
|:4\ 9(art_|

Puc.3.9 Ucnonp3oBanue Gpynknun magic (N) a1 BEIBOIA MAarHYSCKON MAaTPHITBI

CymectByeT psa apyrux O(yHKud it GopMuUpoBaHHS MaTpull. Tak
HampuMmep Ui (GOPMHPOBAHUS EAMHUYHON MATPHIBI 3aJlaHHOTO pasMepa N
ucnob3yeTcst pyHkmus eye(n), KBaapaTHOW MaTpuIlsl eawHHIl - 0nes(n), a mis
MaTpuila COCTOsIIed W3 Hymed -  zeros(n), cocrosiield W3 PaBHOMEPHO
pacrpeieieHHbIX CIy4YaiHbIX d1eMeHToB - rand(n).
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