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B kuure nmano nambosee momHoe ommcanue cuctemMbl MATLAB, mpenHa3sHaueHHOW HJisi BBITIOJHEHUS
WH)XCHEPHBIX M HAyYHBIX PAcueTOB M BBHICOKOKAYECTBEHHOM BH3yallM3aIllMM IOJIYYaeMbIX pPE3yJIbTaToB. JTa
crcTeMa IMPUMEHSETCS] B MAaTeMaTHKE, BBIYUCIUTEIBHOM SKCIIEPUMEHTE, MMUTAITMOHHOM MOJICIIUPOBAHUH.

B mocoOum mnpenctaBieH MCYEpPHBIBAIOUINNA CHUHTAKCUC KOMaHJ, (YHKIMHA U ONEpaTOPOB CHUCTEMBI,
AJIEMEHTHI POrPaMMHUPOBaHUA U OTiafKku. CrucTemMa paciiipeHa HOBBIMU TUIIAMH OOBEKTOB: MHOTOMEpPHBIMHU
MaccHBaMH, MAaCCHBaMH 3amucell 1 MaccuBamMu siueek. CyliecTBEHHO pacIIMpeH pasjell aHajau3a u 00paboTKu
JAHHBIX, BKJIIOYAs alllPOKCUMAIINIO, HHTEPIOJSAIMIO U T€OMETPUYECKHM aHAU3 JaHHBIX, a TAK)KE YUCICHHOE
MHTETPUPOBAHUE, pEIIEHHE CUCTeM OOBIKHOBEHHBIX AU (epeHlnanbHbIX ypaBHEHUH, BBIYHUCICHUE
MUHHMYMOB U Hyneil ¢pyHkuui, mpeodpasoBanue Oypbe, cBepTKY U punbTpanuio. Paznen nuHelHoM anreGpbl
JIOTIOJTHEH TaKeTOM TeCTOBBIX Marpuil. CyliecTBeHHO miepepadoTaH pasfell, CBSI3aHHBIH C ONHCAHUEM
rpaduuecKux KOMaHJ U (YHKIUI, 32 CUET UCIOIb30BAHUS MOHATHIA AECKpUNTOpHOU rpaduku. s ynodcrea
paboThl mocobue cHa0KEHO UHICKCHBIM U IPEIMETHBIM yKa3aTeIsIMH.

CrpaBo4yHOe mMOcOOMe TpEeAHA3HAYeHO I WHKEHEPOB, aCMHPAHTOB W HCCIENOBATElNeH, BBITOIHSIIOIINX
Hay4HbIE€ WCCIICOBAaHUS M WHXXCHEpHblE pa3padOTKHU, a TakkKe I CTYAEHTOB IIPU BBHINOJIHEHUU
UCCIIeI0BATENLCKUX PabOoT, KyPCOBBIX M TUINIOMHBIX IPOEKTOB.
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HNPEIANCJIOBHUE

OTa KHUTA MpeHa3HauYeHa I TeX, KTO CTPEMHUTCS peliaTh NpoOaeMbl U 3a/1aui, BOZHUKAIOUINE B (PU3HKE,
XUMHH, OMOJIOTHH, TEXHHKE W JPYTUX MPUKIAAHBIX cdepax, Hanbosaee >PpQekTuBHBIM oOpaszoM. Cucrema
MHXEHEPHBIX U Hay4dHbIX pacuyeToB MATLAB mupoko pacnpocTpaHeHa B yHUBEPCUTETAX BCErO Mupa. ABTOPY
U3BECTHO, YTO OHA MPUMEHSAETCS] BO MHOTUX TEXHUYECKUX YHUBEPCUTETAX U HAIIEH CTPAHBI.

SA3pik, ucnonszyembiii B cucreme MATLAB, moxHO cpaBHUTH c s3bikoM BASIC no mpocrorte ero
NPUMEHEHHUsI M TPUHIMITY HEMOCPEICTBEHHOTO HCIOJHEHUs (uHTeprperanun). OpueHTauus Ha paboTy ¢
MacCHBaMH JIEJAeT €ro yJOOHBIM M €CTECTBEHHBIM MHCTPYMEHTOM OOpaOOTKM 3KCIIEPUMEHTAIBHBIX TaHHBIX.
Tak xe, kak u 1361k BASIC, koTOpBIii MOCTENIEHHO TPaHCHOPMUPOBAIICS B 00BEKTHO-OPUEHTHUPOBAHHBIN SI3BIK
Visual Basic, s3s1k MATLAB ctpemutcst cTaTh YHUBEPCATBHBIM S3bIKOM TEXHHUECKUX BBIYHCICHUNA. OO 3TOM
CBHUJICTEIILCTBYET CO3JaHHE KOMIIMJISATOpA sI3bIKa M MareMaTHueckux Oubmmorexk Ha s3pikax C um CH+t,
BKJIIOYCHHE TAaKHX DJEMEHTOB OOBEKTHO-OPHEHTUPOBAHHOTO IPOTPAaMMHUPOBAHMSA, KaK JAECKPUITOPHI
rpaduuecKux 0ObEKTOB, MOHATHE KJIACCOB U METOJIOB UX IEPEOIPEICIICHHS.

Ha pemenusx marematndeckux 3anau ¢ nomoinbio cucreMsl MATLAB crnemyer ocTaHOBUTBCS 0c000.
Bynyun opueHTHpOBaHHOW Ha PabOTy C peajbHBIMH JaHHBIMM, 3TA CHCTEMa BBINOJIHSAET BCE BBHIYMCICHUS B
apu(MeTHKe C TUIaBaloIiell TOYKoi B oTiauuue oT cucteM kommbioTepHoil anredpsl REDUCE, MACSYMA,
DERIVE, Maple, Mathematica, Theorist, rie npeobiamaer METOYNUCICHHOE MPEACTABICHUE W CHMBOJIbHAS
o0paboTka naHHbIX. Kakqoe U3 3THX HalpaBlIeHHH XapaKTepU3yeTcsl MPHUCYLIIUMH TOJIBKO €My METOIaMU H
QITOPUTMAMH PEUICHUs 3a/1a4, a UX MEPEHOC U3 OJHOW Cpe/bl B IPYryl0 MOXKET OBITh 3aTPyJHHUTEIbHBIM, a
3a4acTyl0 M HEBO3MOXXHBIM. [lo3ToMy naisi pemieHus npoOiieM Ha CTBIKE CHMBOJIBHBIX BBIUYMCICHUH U
BBIUMCIICHUIM C IUIaBaloIleld TOUYKOM B cocTaB MHTerpupoBaHHOW cuctemMbl MATLAB BxitoueH naker
npukinaaabix nporpamm Extended Symbolic Mathematics Toolbox, peanusyromuii untepdeiic ¢ cucremoi
CHUMBOJIbHBIX BbIuuciieHHi Maple. Hameuaercst TeHAeHIMS K BKIIOYCHUIO 3JIEMEHTOB paclapasieInBaHus Ha
ypoBHe M-¢aitnos. C 31oii nensto pupmoit Alpha Data Parallel Systems, Ltd. (BenukoOpuranust) npeaaoxKeHbl
anmaparHble ¥ IPOTpaMMHBIE PEIICHUS C MCIIOJIb30BaHHUEM YCKOPUTENBHBIX IUIaT Ha 6a3e mpoueccopoB Alpha
AXP u crnenumanbHOro mporpammHoro mnakera ParaMat. DTo o3HadaeT, YyTO IPUMEHEHHE AITOPUTMOB C
€CTECTBEHHBIM pacHapajieTUBaHHEM MOXXET OBITh pEalM30BaHO B pPaMKax OMNEPAIlMOHHON Cpeabl CHCTEMbI
MATLAB.

B naHHOM cnpaBoYuHOM MOCOOWHM TMpEACTaBIEHBI onepaTtophl, ¢yHKIMU M KoMaHabl s3bika MATLAB,
KJIaccu(UIUpoOBaHHBIE IO OOJIACTSIM TNPUMEHEHHUs -JHHEeWHas anreOpa, aHaau3 U 00paboOTKa JaHHBIX,
BBIUUCIICHUS C Pa3peXEHHbBIMH MaTpPUIIAMH, BHU3yallU3allUsl pe3ydbTaToOB M INpe3eHTaluoHHas rpaduka. J{is
ya00CTBa KHUTa CHAaOXKeHa MHIEKCHBIM yKa3aTeseM, KOTOphIi BKitoyaeT 6osee 800 KOHCTPYKIUI A3bIKA.
Habmromaemas tenaenuus pasputus sizbika MATLAB cBsizaHa ¢ BKIIIOYEHHEM B €TO COCTaB TAKHX OOBEKTOB,
KaK MHOT'OMEpHBIE MAacCHUBBI, MACCHUBBI 3JIEMEHTOB pa3HbIX THUIIOB, CTPYKTYphl, U INPEBpAIIECHUEM €TI0 B
00BEKTHO-OPUEHTHPOBAHHBIM SI3bIK C BO3MOKHOCTBIO IEPEOTNPEIEICHUsT KIAacCOB U METOOB. JTO, C OJHOM
CTOPOHBI, YCIIOKHSET SI3bIK MPOTrPaMMHUPOBAHMS, MO3BOJISI pa3padOTUMKaM TNPHUKIATHBIX CHCTEM CO3/aBaTh
3¢ (eKTUBHBIE M HE3aBUCHUMO HWCIOJHSIEMble NPUIIOKEHHS, C JAPYroil CTOpPOHBI, ympolaer pabory ¢
OTICNBHBIMU pa3fellaMi 3a cyeT co3laHusi paspaborumkamu cucremsl MATLAB crenuanu3npoBaHHBIX
uHTEpEicCoB, KOTOpBIE MPEIOCTABISAIOT TOJH30BATENIO YIOOHBIE CpPEJACTBa BBHIOOPAa M HPAaBUIBHOTO
IMpUMEHEHHsI crienu(puIeckux KoMaHa U (QyHKIMA 3toro pasaena. [lpumepamu Takux pa3paboTOK SIBISIOTCS
pemateny AuQQepeHnaIbHbIX ypaBHEHUH, IHAJOTOBBIM TpadUUecKuil pelakTop, CpelICcTBa HaHCAHUS
AJIEKTPOHHBIX YUEOHUKOB.



BBEAEHUE

Cucrema MATLAB (cokpaiwenue or MATrix LABarotatory - MATpuyHas
JIABoparopus) paspaborana ¢upmoit The MathWorks, Inc. (CIIIA, r. Hefituk,
wr. Maccauycerc) M ABISETCS MHTCPAKTUBHOM CHCTEMOM IS BBIIIOJHEHHS HHXe-
HEPHBIX M HayyHbIX DacyeToB, KOTOpas OPHEHTHPOBaHAa Ha pabory C MacCHBaMH
JadHbpIx. CUcTEMa UCIIONB3YeT MareMaTHYeCKUil COMPOIIECCOP M IOIYCKAET BO3MOX-
HOCTh obpallieHHs K NporpaMMamM, HalmMcaHHbIM Ha A3bIkax Fortran, C u C++.

CucreMa TNONJEPXMBACT BBIMIONHEHKWE ONEpalyii ¢ BEKTOpaMM, MaTpHLAMK
M MacCUBAMH JaHHBIX, PEAIU3YET CUHIYISPHOE M CNEKTPAIBHOE PAIOKEHHUS, BBIYHC-
JIeHHe paHra M 4Mces OOYC/IOBICHHOCTH MATpHL, IOofAepxuBaer pabory ¢ aire6-
PauyEeCKUMHU ITOJIMHOMAMH, PelLEHHME HEIMHEMHBIX YPABHCHHI U 33124 ONTUMM3ALMH,
MHTETPUPOBAHKE B KBafIpaTypax, pelieHue AU epeHLMANBHBIX # Pa3HOCTHRIX YpaB-
HEHMi, TIOCTPOEHME paVIMYHBIX BWIOB TIPAa(MKOB, TPEXMEPHBIX HOBEPXHOCTEN
Y JMHUA ypoBHA. B cucreMe peanu3oBaHa yoOHas OnepallMOHHAs Cpefa, KOTopast
1o3BossieT HGOPMYyJTUPOBATh TPOOJIEMBI M IIONYYaTh PELICHUS B TIPHBBIYHOM Marema-
THYecKoil opMe, He npubderast K pyTMHHOMY TIPOrpaMMHUPOBAHUIO.

Haubonee u3BecTHBIE 001aCTU IIPUMEHEHHA CHCTEMb MATLAB:

. MaTeMaTHKa M BbIYUCIICHMS;

. pa3paboTKa aNrOpUTMOB;

+  BBIMHC/IUTENbHBIA 3KCIIEPUMEHT, UMUTALIMOHHOE MOAEITHPOBaHHE;

«  aHAIM3 JaHHBIX, MUCCTACAOBAHME U BU3YATM3AUHUS PE3Y/IBTATOB;

»  HayyHas M HHXeHepHas rpaduka;

« pa3paboTka IpUIOXEHUH, BKIoYas rpaduyeckuii uHTepdeiic noab3opaTes.

MATLAB - 3TO MHTEPAKTHUBHAsA CUCTEMA, OCHOBHBIM OOBEKTOM KOTOpOM sAB-
JIIETCA MAacCHUB, IS KOTOPOTo He TpebyeTcd yKa3blBaTh pa3MEPHOCTH SBHO. DTO
TIO3BOJIAACT PEILIATh MHOTME BBIYMCIMTENbHBIC 33JIa4M, CBS3aHHBIE C BEKTOPHO-
MaTpUYHBIMU (POPMYJIHPOBKAMH, CYIUECTBEHHO COKpallas BpeMs, HeoOXoAuMoe
IUISE TIpOrPaMMUMPOBaHHS Ha CKaNsSPHBIX A3blKax THna C wiK Fortran.

CucreMa MATLAB pacIipOCTpaHsIETCSL B TEYEHME MOYTH 15 JieT, OHAa MOCTOSHHO
COBEPLIEHCTBYeTCSL Grarogaps akKTUBHOMY COTPYAHHMYECTBY MOJb30oBaresieil ¢ gpupmoit
The MathWorks, Inc. - pa3spaGorunkoMm cucrembl. B yHHBEpCHTETCKOM MHpe 3Ta CHC-
TEMa ILMPOKO MCHOJB3YETCA B MPENOAABAHUU HE TOJIBKO KYPCOB I10 BHIYHCIIMTE/IBHBIM
METOAAM JIMHEIHOM ajireOpbl, HO U CIIELIMAJIBHAIX KYPCOB, OPUEHTUPOBAHHBIX HA MPU-
MEHEHHE METONOB OITHMHU3ALIMH, alMPOKCUMALIMM, WICHTU(DHKAUMHY, aHATH3A CHCTEM.
B npOMBILUIEHHBIX TPUIOKEHUSIX CUCTEMA [IPUMEHAETCS [UI YUCJIEHHBIX PacyeToB,
MAKeTMPOBaHKs aITOPATMOB, UCCIIEA0BaHUI B 00/IaCTH aBTOMaTU4eCKOTO YIpaBIeHHs,
CTATUCTUYECKOi1 06pabOTKM CHMTHAIOB U MPOLIECCOB.

ANAnormnan 5



CucremMa MHXEHEPHbIX U Hay4Hbix pacqteros MATLAB 5.x. Tom 1

Cucrema MATLAB - 3TO OJHOBPEMEHHO M OICPAUMOHHAS CPefia U SA3BIK
nporpamMmmupoBaHusi. OnHa U3 HauboJiee CHMABHBIX CTOPOH CHUCTEMBI COCTOMT
B TOM, YTO Ha f3biIke MATLAB MOTYT GbITh HanHCaHbi NIPOTPAMMBI LISl MHOIO-
KPaTHOro MCNONb30BaHusA. I10/b30BaTE/IL MOXET CaM HammcaTh CrelMatu3upo-
BaHHble (YHKUUKM ¥ NPOrPaMMbl, KOTOpble 0hOpMIAIOTCS B BHAE M-(ailios.
ITo Mepe yBeNMHYEHHS KOJUYECTBA CO3JAHHBLIX NMPOrPaMM BO3HHKAIOT TIpOBIeMbl
UX KnacCHUKAMM U TOTHA MOXHO TIOMLITaThCS cOOparh poacTBeHHBIE yHKUMU
B CHEUMATbHbIE TNMAaNKA. 3TO NMPUBOJUT X KOHLENUMW TNAKeTOB NPUKJIATHBIX
nporpamm (ITIIIT), kotoppie npencraBasior coboit komrexuuu M-GaitnoB s
pelleHMs ONpeAeIeHHON 3a/]a4M WK NpOOJIEeMBl.

B neircrBurensHoct T - 310 Heuro Gonbliiee, YeM MPOCTO HAGOP MOJE3HBIX
¢yHKUHIA; 4aCTO ITO pe3ynbTaT paboThl MHOTHX HCCIIEAOBATENeH [0 BCEMY MHDY,
KOTOpble OOBEAWHSIOTCS B TPYNIIBI - IO HMHTepecaM. VIMEHHO IIO3TOMY MAKeThl
NpUKIagHeix nporpamM MATLAB Application Toolboxes, Bxondiiue B COCTaB
ceMeicTBa npoaykroB MATLAB, MO3BOJAAIOT HaXOAUTLCA Ha ypom-lc CcaMpIX CO-
BPEMCHHBIX MUPOBbIX AOCTHXECHUA.

CucrteMbl cemeiictBa MATLAB 5 BKITIOYAIOT CAENYIOIUME TIPOrpaMMHLIE TIPO-
IYKTbI, COTIPOBOXAAEMbIE CIIPABOYHON M METOOUYECKOM NOKYMEHTALMeE:

bBazoewie npozpammusie cpedemea

Me | Haumenosanue npodykma Bepcus Haznauenue
n/n 5.2 5.0
1 | MATLAB for Windows 5.2 5.0 |Cucrema MHXEHEPHBIX X HayYHBIX
pacyeToB
2 | MATLAB Compiler 1.2 1.1 | Kommunsrop a3sika MATLAB
Ha 38K C

3 |MATLAB C Math Library 1.2 1.1 | BuGuoreka MaTeMaTHyeckux GyHKIM -
cucremsl MATLAB Ha s3bike C

4 | MATLAB C++ Math Library| 1.2 1.0 | butHoreka MaTeMaTHYeCKMX (yHKIMA
cucreMbl MATLAB Ha s3bike C++

SIMULINK for Windows 22 2.0 | MonenupoBsaHue IMHAMUYECKUX CHCTEM

6 | Real-Time Workshop (RTW) | 2.2 1.1c | MozenupoBaHKe CUCTEM PEANBLHOro

BpeMEHH
7 |SIMULINK RTW Ada 1.2 1.1¢ | Pacumpenue RTW Ha 6Gase si3pixa Ada
Extension
SIMULINK Accelerator 22 1.1a | Ycxkopurens npoLexyp MOAETMPOBAHUS
9 | Applix Link 1.0.2 - Hurepdeiic ¢ ceMeAcTBOM ITPOAYKTOB

Applixware ¢pupMbl Applix mns rnar-
dopm UNIX 1 WindowsNT




Bsegetue

10 | Excel Link 1.0 1.0 | Unrepdeiic ¢ cucremoit Excel 5.0 v poie
11 1The Student Edition s 5 Bepcus MATLAB ans ctyaeHTos
of MATLAB
12 | The Student Edition 20 2.0 |{Bepcua SIMULINK and cryaeHToB
of SIMULINK
ITaxemst npuxaaduvix npozpamm
Ne | Haumenoeanue npodyxma Bepcus Hasnavenue
n/n 5.2 I 5.0
Mamemamuxa
[ NAG Foundation Toolbox | 1.0.2 1.0 | BuGnuoTeka MaTeMaTHyYecKuX QyHKIMH
. The Numerical Algorithms Group Ltd.
2 Spline Toolbox 20 113 leaﬁu-annpoxcnﬁaum
3 Statistics Toolbox 2141 2.0.1 |Cratncruka
4 | Optimization Toolbox 1.5.2 | 1.5.0 | OnTummU3auus
5 Fuzzy Logic Toolbox 2.0 1.0.2 | Pa3MpIThie MHOXECTBA
6 Neural Network Toolbox 3.0 2.0.3 |HeltpoHHbiE CeTH
7 Partial Differential 1.0.3 | 1.0.1 |YpaBHeHus B YaCTHHX nponanonnbix
Equations Toolbox
8 Symbolic Math Toolbox 2.01 2.0 |CumsonbHag MaTeMaTHKa
9 Extended Symbolic Math 2.0.1 2.0 | PacuumpeHHas CHMBOJBHAA MaTeMaTHKA
Toolbox (sKmoyaer cucreMy Maple)
AHnanuz u cunmes cucmem ynpaenenus
10 | Control System Toolbox 4.1 4.0 |Cucremb! ynpapneHUs
11 | Nonlinear Control Design 1.1.2 | 1.1.0 |TIpoexTupoBaHUE HCMUHEHHBIX
Toolbox CHUCTEM
12 ]| Robust Control Toolbox 2.0.5 | 2.0.3 | PobactHoe yripasneHue
13 | Model Predictive Control 1.03 { 1.0.1 | VYnpasneHue ¢ 3TaNOHHON MOKEABIO
Toolbox
14 | u-Analysis and Synthesis 3.0.3 | 3.0.1 | p-aHanu3 u cUHTE3
Toolbox
15 | Quantitative Feedback 1.0.3 | 1.0.1 }TIpoeKkTHpoBaHHe POGACTHBIX CHCTEM
Theory Toolbox ¢ o0paTHO# CBA3LIO
16 |LMI (Linear Matrix 1.04 | 1.0.1 | CuHTe3 CHCTEM YNPARNCHHUS HA OCHOBE
Inequality) Control Toolbox JIMHEHHBIX MaTPUYHbBIX HEPABCHCTB




CucremMa nHXeHepHbIX n Hay4Hbix pacHetos MATLAB 5.x. Tom 1

Hoenmugpuxayus cucmem ynpagnenus

17 | System Identification Toolbox | 4.0.4 | 4.0.1 | MneHTHduKauus napaMeTpoB

18 | Frequency Domain System | 2.0.3 | 2.0.1 | UaeHTuduKauusa B YaCTOTHOI
Identification Toolbox obnactu

Modeauposanue c ucnosvzoearuem SIMULINK

19 | Data Signal Processing 22 1.0 | O6pabotka HKGPOBLIX CHTHAIOB
(DSP) Blockset
20 | Fixed Point Blockset 1.2 1.0 | DukcupoBaHHas Pa3pAIHOCTD
21 | Power System Blockset 1.0 - MogenupoBaHKe 3HEPreTHYECKUX
CHCTEM
22 | Stateflow Toolbox 1.0.6 - MonenupoBaHue cobbITHI

Obpatomka cuznanos u uzobpasicenuti

23 | Signal Processing Toolbox 4.1 4.0 |O6paboTKa CHMTHAJIOB

24 | Higher-Order Spectral 20.2 | 2.0.1 | CnexTpanbHblif aHAM3 C YIETOM
Analysis Toolbox MOMEHTOB BBICLLIETO MOpAIKa

25 |Image Processing Toolbox 21 2.0 | O6pa6orka n3oGpakeHHH

26 | Wavelet Toolbox 1.1 1.0.2 | UmnynbcHas HeKOMITO3ULIMS

Pasznoe

27 | Communication Toolbox | 1.3 1.0.1 | CucreMsl CBA3M M KOMMYHHUKALIMIA

28 | Financial Toolbox 1.1 1.0.2 | duHanch

29 | Mapping Toolbox 1.0.1 - Kaprorpadusa

30 |Database Toolbox 1.0 - PaGora ¢ 6azaMu JaHHBIX

31 |Notebook Toolbox Hamucanue M-xuur

IITIT The MATLAB Notebook - 3T0 crieLlMaibHOE CPEefICTBO JUHAMHYECKOTO
untepdeiica cucreMsl MATLAB ¢ TeKCTOBBIM pegakTopoM Microsoft Word. OHo
MO3BOJISIET CO3[aBaTh WHTEPAKTMBHBIC TEKCTOBBIC HOKYMEHTBHI, KOTODBIE COAEpXaT
HUCTIONHSAEMBIC KOMaHAbI CUCTEMbI MATLAB U rpaduyecKuii BHIBO.

Hcnons3ys TITTIT Notebook - 3anucHylo KHIDKKY, MOXHO CO3/iaBaTh M-KHMTH,
KOTOpBIE, C OAHOW CTOPOHBI, ABJIAIOTCA OOBIYHBIMM JOKYMEHTAMHU TEKCTOBOTO
peaaxropa Microsoft Word, a ¢ apyroii - comepxar He TOJBKO TEKCT, HO ¥ KOMaH.Ibl
cucteMbl MATLAB, a Takke pe3yibTaThl MX BBITONHEeHUst. MoXHO paccmar-
pUBaTh M-KHHUTY KakK CLeHapuil Ha s3blKe MATLAB, BBHITIOJIHAEMBI B cpele
penakropa Word ¢ MOJHBIM HaGOPOM MOLIHBIX CPEACTB pefakTuposaHus. Eciy
Xe Bbl fABJISIETECH TONB30OBaTeNieM peaakTopa Microsoft Word, 1o BBl ObGHapyxure,
uyto Notebook - 3TO ecrecTBeHHas cpelia, B KOTOPOH OOBEAMHSIOTCA YIOOHBIE
M MOLLUHBbIE BO3MOXHOCTU PEIAKTOPA C BBIYMCIUTEIbHBIMU M TpadU4YecKUMHU
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Bsegenwne

po3MoxHocTAMH cHucTeMBl MATLAB. TIITIT Notebook no3sonsier co3pasath
UHTEPAKTHBHYIO TEXHUYECKYIO JOKYMEHTALMIO B BUJE:

QJIEKTPOHHBIX KHHT,

3JICKTPOHHBIX CITPABOYHUKOB,

HHTCPAKTHBHBIX CHEHAPDHUEB,

TEXHUYECKUX OTYETOB U ATLOOMOB ITPOEKTHPOBaHHUA,

3JICKTPOHHBIX 3aITMCHBIX KHHUXKECK;

3JIEKTPOHHBIX OTYETOB 110 JOMALIHUM 3afaHHUAM, KYPCOBOMY M IUIIVIOMHOMY
NPOCKTHPOBAHUIO.

Hpﬂ HallTMCAHUH CIIPABOYHOro rnocobust MCIOJB30BaHA cacaylolas aoKy-

MEHTAIUS 110 CUCTeEMaM ceMelicTBa MATLAB 5:

MATLAB 5.2 Product Family New Features;
MATLAB Function Reference;

Using MATLAB;

Using MATLAB Graphics;

MATLAB Notebook User's Guide.



1. ONEPALMOHHAA CPEAA CUCTEMDI
MATLAB 5

OrnepaunoHHas cpeda cucreMbl MATLAB 5 - 310 MHOXecTBO HHTEpdeEiicoB,
KOTOpbI€ NOMIEPKUBAIOT CBA3b 3TOM CHCTCMBI ¢ BHEIIHUM MMpoM. Cioa BXOISIT
JMANIOr C TOJB30BaTe/IeM Yepe3 KOMaHAHYK CTPOKY WM rpaduyeckuit MHTep-
teiic, npocmorp paboueit obnacTM M nNyTeit AOCTyNa, PEAAKTOP U OTIAAYMK
M-daitnos, pabota ¢ daitiamu 1 obonoykoit DOS, 3KCMOPT M UMITOPT AAHHBIX,
MHTEPAKTUBHBIH [OCTYNl K CIPaBOYHOM WMHGOpMAUMH, NMHAMUYECKOE B3aUMO-
[IeiiCTBHE C BHELUHMMHM CHCTEMaMM, TaKUMH, Kak Microsoft Word, Excel u ap.

Peanuayiorcst 3t MHTEpGdENCH Yepe3 KOMAHHOE OKHO, HHCTPYMEHTAIBHYIO
faHeJb, MOACUCTEMBI NMpPOCMOTpa pabouyeit obsacTi M NyTeidl Aoctyna, peaak-
Top/oTaguuK M-(aiiioB, crnelMalbHble MEHIO.

KomanpgHoe okHO

KomaHnaHoe okHo cucteMbl MATLAB riokasaHo Ha puc. 1.1. 3aech xe mokasaHo
Hucnazamouee MeHio File

Puc. 1.1
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1. OnepaunonHas cpefa cucremsl MATLAB 5

OHo COLCPXHUT CJICAYIOILME OINUKU!

Onuyus TTodonyuu | Hasnauenue

New M-file OTKpbiTh B penakTope/OTNadMKe HOBBIN daiin
Figure OTKpbITH rpaduyeckoe OKHO

Open OTKpBLITh B peaKTope/OTIaT4MKe YKasaHHbli daiut

Open Selection

OTKpHITh B peaakTope/owianyuuke Gbaiin, BbiaeNeHHbII
B CTPOKE KOMaHAHOTO OKHa

“Run Script Bri3oB okHa uta 3amycka Script-gaitna
Load Workspace Bri3oB okHa 3arpysku MAT-daiina
Save Workspace As BoI3oB 0kHa coxpaHeHus MAT-daiina
Show Workspace BoI3oB cpeacTsa npocMoTpa paboueit obnactu
Workspace Browser
Show Graphics BrI3oB pegaxTopa cBoiicTB rpaduvecKuX 00bEKTOB
Property Editor *

Show GUI Layout
Tool *

BrI30B cpeacts paspabotky rpadmyeckoro nHTepdeiica
NoBL30BaTENsA

Set Path Bri30B cpencTBa MpocMOTpa MyTel JOCTyNa
Path Browser
Preferences BuiGop xapakrepycruk
" Print Setup YcraHOBKa OMuuii NpuHTEpa
Print YcTaHOBKa ONLMii BBIBOAA Ha Mevyarthb

Print Selection

[Meyatsb BeigeieHHOTO parMeHTa

Ipumenanue.

Oy, OMeYeHHBIC 3HAKOM *, IOCTYNHBI HayuHas ¢ Bepcuu MATLAB 5.2

Ocoboro paccmorpeHmsi 3acnyxusaer onuus Preferences (Bribop xapakre-
PUCTHK), KOTOpas BKJIOYaeT 3 OKHa. B mepBylo oyepeab pacCMOTPUM OKHO
General (O6uee) (puc. 1.2).

11



Cucrema uHXeHepHbIX v Hay4Hbix pacyeros MATLAB 5.x. Tom 1

Preferences

B 3TOM OKHE

HA3HA4YCHHUA!

MOXHO BUAeTb 3 Tons U 3 Mapkepa, UMEIOLIHUE CHCAYIOLUHE

Qopmam danneix

Haznauenue

Numeric Format

Bbi6op (opMara npecTarieHUst YuceN ¥ MEXCTPOYHOro npobesa.
[To ymomuanuio dopmar Short, npo6en Loose

Editor Preference

Bri6op TekcTOBOrO pejaxkTopa
TTo ymosyaHuro BcTpoeHHBli penakrop Built in Editor

Enable Graphical
Debugging

TloppepxuBath oTnaaxy rpadrku/He noaaepxusaTh

Hasiee paccMoTpuM okHO Command Window Font (ILIpudT ais KomangHoro

OKHa) (puc. 1.3).
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1. OnepaumorHasi cpena cucremst MATLAB 5

Preferences

Puc. 1.3

B 5TOM OKHE MOXHO BMIETH 6 Moseil U 1 MapKep, UMCIOILUE Clledyloline

HA3HA4YCHHUSA:

Tone unu maprep

Ha3znauenue

Font IpudT ais BLIBOAA TEKCTA B KOMAHIHOM OKHE
Style Tun wpudra: Light - cBeTnblit
Regular - HOpManbHLLA
Bold - xunpHbIit
Size Paszmep wpudra: 10
12
15

LIget dona:

Silver - cepebpUCTBIN

Red - kpacHbIi

Lime - TMMOHHBII

Yellow - xenTbiit

Blue - cunnit

Fuscia - cBeT10-)UOIeTOBbI i
Agua - ronyboit

White - Gesibli



Cucrema MHXEHEPHbIX N Hay4HbIx pacqteros MATLAB 5.x. Tom 1

Color

seT cumBona:

Black - yepHbI#

Maroon - KaluiTaHOBLII
Green - 3e/IeHBIN

Olive - onNUBKOBLIA

Navy - TeMHO-CHHUIA

Purple - TeMH0-(bHONETOBLII
Teal - 3eneHo-rony6oit

Gray - cepbli

_Sample

O6pasel ¢oHa u wpndTa

Display Fixed Pitch Fonts Only

[Mokaszate TONMBKO MWPHPTH ¢ (HUKCUPOBAHHBIM
wrarom/Ioka3ats Bee 1pHQTHI

Hakoneu, paccMorpuM okHo Copying Options (Ormu KormpoBaHus) (puc. 1.4).

Preferences

Puc. 1.4

B 3TOoM okHe MOXHO BUAETH 3 110Ji, UMEIOLLME ClleAYIOLIMEe HA3HAYCHMUSI:
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1. OnepayumoHHas cpefa cuctemsl MATLAB 5

THone uau mapxep Hasnauenue

Clipboard Format ®opmar konuposasua B Oydep obMmeHa:
Windows Metafile
Windows Bitmap

Honor figure size properties Mapkep BOCIPON3BEIEHHUS Pa3MEPOB PUCYHKa.

Bbi60op 3TOi ONUMH [MO3BOJISET KONUPOBATh PUCYHOK
¢ yueroM cBoifctea "Paper Position” (s dopmata Windows
__________ Bitmap ne neitcrayer)

White Background Mapkep 6Genoro/yepHoro doHa (gns popmara Windows
Bitmap He aeHcTByeT)

UHcTpyMeHTaNIbHaA nasenb

HUHcrpyMeHTaNbHASA NaHe b KOMAHIHOIO OKHa CHCcTeMbl MATLAB 1no3BojsieT
obecnieyuTh TIPOCTOI AOCTYII K OnepauusM Hax M-gaittamu (puc. 1.5).
New Open Workspace Path
File File Cut Copy Paste Undo Browser Browser Help
| [ I I I [ I ! I

Puc. 1.5

OTH Onepaluy BKIIIOYAKOT;
. co3gaHde HoBoro M-daita (New File);
«  OTKPBITHE cyliecTBylowero M-daitna (Open File);
« ynaineHue ¢pparmenTa (Cut);
. konupoBaHue pparmenTa (Copy);
«  BCTaBKy ¢parmenTta (Paste);
+  BOCCTAaHOBJIEHHE TOJIbKO BbIIIOJHEHHOM onepauuu (Undo);
. npocMotp paboueit oGnactu (Workspace Browser);
+  mpocMoTp nmyreit goctyna (Path Browser);
«  TeKywylo nomoius (Help).

Pepaxktop/oTnagumuk M-¢dannos

B cocraB cucreMbl MATLAB 5 BXOAMT pelakrop/otnaguuk M-daitios M-file
Editor/Debugger, koTopsiit MoXeT ObITb BbI3BAH M3 KOMaHAHOM CTPOKM KOMaHIAOM
edit uan edit <ums M-gaiina>. VIHCTpyMeHTaIbHasA [aHelb KOMaHIHOIO OKHa
5TOTO PEAAKTOPA/OTIafdMKa [Tt Bepcuu 5.2 rokasana Ha puc. 1.6.

15



CucremMa mHXeHepHbIX n Hay4qHbix pacyeros MATLAB 5.x. Tom 1

New Save Set/Clear
File to Disk Copy Print Breakpoint  Step In Continue
|

| | T T I T
Open Cut Paste Help Clear All Single Quit
File Breakpoints Step  Debugging

Puc. 1.6

PenakTop/0TnaguuK noaaepXuBacT ClenyioLUMe Onepatu:
. co3uganue HoBoro M-gaitia (New File);
«  OTKpBITHE cylluecTByMOLIECro M-daitna (Open File);
« coxpaHeHue M-daiina Ha nucke (Save to Disk);
. ypaieHue ¢parmenTta (Cut);
. xonuposaHue dparmeHTa (Copy);
. BcraBKa ¢parMmeHra (Paste);
. TImeyarb M-caiina (Print);
« Tekywas nomoiup (Help);
«  YCTAaHOBWTB/YHAJUTh KOHTPOJIBbHYIO TOUKY (Set/Clear Breakpoint);
«  yganuTh Bce KOHTponbHBIe ToukH (Clear All Breakpoints);
. BOWTM B M-Moayns (Step In);
. BBINOJIHUTh OJMH 1uar oriagku (Single Step);
«  [pOOOJEKMUTH BhINOMHEHUE (Continue);
- 3aBepwmTh oTIagKy (Quit Debugging).

Pabouyas obnacts

Pabouas o6aacme cucreMbpl MATLAB - 3T0 00nacTs ImaMsTH, B KOTOPOM pa3-
MELLEHBI TIEpEMCHHBIC cUcTeMbl. CofepXXuMoe 3TOi 00JIACTH MOXHO IIPOCMOTDETH
M3 KOMAHJHOM CTPOKHM ¢ MOMOIIbI0 KomaHa who u whos. Komanzna who BbIBO-
IWT TOJILKO MMEHA IEePeMEHHbIX, a KoMaHaa whos - mHpopMauuoo O pazMepax
MAaCCHUBOB U THUIIE NIEPEMEHHOMN.

PaccmorpuM B KauecTBe npuMmepa 5 MacCHMBOB Pa3jIMYHOrO THUIIA:

. A - TpeXMEpPHBI{ MACCHUB YKCEJI YIBOCHHOK TOYHOCTH,
« B - mMaccuB pa3speXeHHOH CTPYKTYphI,

. C - MaccuB siyeek;

. D - maccuB 3anucei;

+ S - MaccuB CHMBOJIOB,
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1. OnepauwmorHasa cpena cuctemsl MATLAB 5

whos
Name Size
A 4x3x2
B 4x5
C 4x3x2
D 4x2
S 4x5

Bytes

192
72
2400
2496
40

Class

double array
sparse array
cell array
struct array
char array

Grand total is 144 elements using 5200 bytes

CneumanbHoe cpeacTso rpocMorpa Workspace Browser obecrnieyuBaeT npelCTasic-
HUEe KoMaHipl whos B Buue Ipadmyeckoro uHrepdeiica. dnA Toro yroObl OTKPHITH
Workspace Browser, Hano yinbo BbiOpath onuuio Show Workspace u3 Menio File menu,
JInBO BOCTIONB30BAThCA KHOMKOIM Workspace Browser MHCTpYMEHTAILHOM MMaHe y.

B pesynbrate 3TMX omepanuit Ha TepMHHAI OyaeT BBIBEJCHO CIEAYHOLUEE

okHo (puc. 1.7).

double array
spaise airay
cell array
stiuct array
char array

Puc. 1.7

B 3TOM OKHe MOXHO BbIITOJHHUTH CICAYIOLIME ONepaLuH;
«  YOANIWTH NIEPEMEHHYIO, €CJIM BBIACJIUTL €¢ M HaXaTbh KHoNKy Delete;
. 3aKpbITh OKHO ¢ ITOMOILBIO KHOMKK Close.

KpoMe Toro, MOXXHO M3MEHSITH pasMepbl KOJIOHOK TOCPEACTBOM NEPEMELUEHUsT HX
I'PaHMIL C MOMOILBIO MbliId, MOXHO BBIIIOJHUTb MEPEMMCHOBAHME MEPEMEHHOM, CClu
CHAY&IA BBIIEMTD €€, 3aTeM OJHOKPATHO LIEAKHYTh JIEBOM KJIABUILICH MBIILHN (3aMETHM,
YTO ABOMHOM LIeNYOK HMKAKOro AeiicTBrst He okasbiaet). [locsie KOPOTKOM 3alCpKKY
11OSBISIETCS T10JI€, B KOTOPOM MOXHO YKAa3aThb HOBOE MMsi; U HAKOHELl, CIICAYeT HaXaThb

xnaBuLy Enter, yroOb! MOATBEPAUTD 3aBSPLUCHMC ONEPALIMMN,
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cucTema MHXEeHEPHBbIX N Hay4YHbix pacyeTtos MATLAB 5.x. Tom 1

3arpyska 1 coxpaHerve paboyeir obnactu

Komanapi save u load 11o3B0Jisi10T B J1000# MOMEHT BPEMEHK COXPaHUTh CO-
Jep>xumoe pabouyeit 00JacTM WM 3arpy3uTh HOBbIE [laHHBIE B IpOLECCE ceaHca
pabotsl. C MOMOILBIO 3TUX KOMAH/ MOXHO TAKXE OCYILECTBJIATh 3KCIOPT U UM-
nopt ASCII-daitnos.

Coxpanenne nepemeHHbIx paboueii obmactw. KomaHaa save No3BosisieT COXPaHMTb
colepxumoe pabodeit oGnacTM B ABOUYHOM MAT-(daiiie, KOTOpHIX MOXHO
B JAaNbHEWIIEM BbI3BaTh KoMaHmoit load. KoManpa Save Ttakxe M[OCTynmHA
B KauecTBe onuuu Save Workspace MeHio File.

Creumuxanus dopmara aina. [ Toro yrobsl ympasisTs ¢opmaraMu (ailios,
clieflyeT B KOMaHAe Save B JOMOJMHeHUE K MMeHU ¢aitjia U CIIMCKY MepeMeHHBIX
MCHIOJIb30BaTh CeaylolHe Garu:

DPraz [oscnenue

—mat Osonuneiit MAT-daiin (mo ymomyanuio)
_ —ascii ASCII-dopmar (8 undp)

—ascii —double ASCIl-¢popmar (16 umgpp)

—ascii —double —tabs DopMart ¢ pa3ieIUTeNRIMU U METKAMU TaByIssuMK

-v4 ®opmar sepcun MATLAB 4

—append Hob6aBuTth gaHHbIe K cyluecTByoleMy MAT-daitny

[Tpu ucnons3oBaHMK riara v4 MOXKHO COXPAHHMTh TOJILKO T¢ NAHHBIE, KOTOPbIE
COBMECTUMBI C JaHHBIMM, MCMOJb3YEMbIMU B BepcHH MATLAB 4; 3TO 03Hayaer,
YTO COXPAHUTH TaKue THUMBI JAHHBIX, KAK MAacCHBBI 3aIlUCEH, S14€eK, MHOTOMEDHbIE
MacCHUBBbI HJIM OOBEKTHI, HEJIb3S.

Korga copepxumoe paboueit obnactu coxpamsiercsa B ASCII-bopMarte, TO pexo-
MEH/yeTCsl eIMHOBPEMEHHO COXPaHSITh TOJIBKO OIHY NepeMeHHyro. Eciu coxpaHsiercs
Gosnee o/1HOIA NEpEMEHHOM, TO cucremMa MATLAB cozgact ASCII-(haitl, KOTOphIA Heb3st
OyaeT B nanpHeiLIeM 3arpy3uth B MATLAB, Wcronb3ys KomaHay load.

3arpy3ka paboueii obinactu. Komana load nossosster 3arpysuts MAT-(aitn, KOTOpsIit
Obln paHee COXpaHeH C IOMOILLBIO KoMaHab! save. [Ipu 3arpyske MAT-¢haiia HoBble
3HAYECHUS OJJHOMMEHHBIX TIEPEMEHHBIX OyIyT 3aIMCAHbl B3AMEH CTAPBIX.

Ecnin MAT-haiin uMeeT pacliMpeHHe, oTiauualolleecs ot .mat, To Heobxo-
JUMO MCIIOJIb30BaTh (ar ~mat; B NPOTUBHOM cnyqae MATLAB OyIeT CuMTaTh
dopmarom daitiza ASCII-popmar.

3arpyska ¢aitioB gaunbix B ASCII-hopmare. Komanza load 1o3BosisieT BBIMOJIHSITL
umrnoprt ¢aiios gaHHbIX B ASCII-popmare; oHa 1pcoOpa3oBbIBAET COLEPKUMOE
(aitna B nepeMeHHYIO ¢ UMeHeM (aiia TobKO 6€3 pacluMpeHHsl.
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1. Onepauwnonnas cpepa cucrtembl MATLAB 5

Hanpumep, npumeHeHHe KoMaHabl load tides.dat cosnaet B paGoyeit obnactu
cucTeMbl MATLAB nepeMeHHylo ¢ uMeHeM tides. Ecny ucxoanbiit ¢aitn B ASCIIJ-
dopmare uMeeT m lines CTpOK € N 3HAYEHMSIMU B KaXIOH CTPOKE, TO PE3Yilb-
TaToM OyAET MAacCMB YUCEN pa3Mepa mxn.

Hcnoap3osanne nmen B dopmare cTpok. Ecnu umeHa GaiizioB M 1epeMeHHBIX
MPEACTABAAIOT COOOM CTPOKOBBIE NMEPEMEHHBIE, TO MOXHO, UCIIOb3YH CBOKCTBO
AyanbHOCTH KOMaHAbI U (YHKUMH, paccMaTpuBarb KOMauiwl load M save Kak
¢dbyHkuMu. B 5TOM Cciyyae BXOAHBIE TMEpPEMEHHbIE MOJDKHBI CIENOBATh B TOM X€
NIOPSIIKE, B KAKOM OHM C/I€JOBAIM B KOMAHAHOM CTPOKE.

HanpuMep, nocnegoBarenbHOCTS OIEPATOPOB

save('myfile', 'VAR1', 'VAR2')

A ="'myfile’;

load(A)
3TO TO K€ CaAMOE, YTO H T0C/IeJ0BATEBHOCTh KOMaH/

save myfile VAR1 VAR2
load myfile

JUisi coxpaHeHMsT WIM 3arpy3KU IMOCNIEAOBATEMBHOCTA (QailioB, UMEHA KOTOPBIX
HMEIOT OOLUMIT KOPEHDb M JOITOJHUTCILHBIA LEAOYUCICHHBIH cydduUKe, Heobxo-
[IMMO MCIOJIb30BaTh CTPYKTYPY LIMKJIA.

HanpuMep, crieayiowasi KOHCTPYKLMSI TIO3BOJSIET COXPaHUTH KBAAPaTHl YHCE
ot 1 fo 10 B daiuiax ¢ umeHamu datat, ..., data10:

file = 'data’;
fori=1:10

j=ir2;

save([file int2str(i)],'j");
end

Hcnoas3oBanune rpynnosoro cumBoaa. Komannsi load M save JOITyCKalOT MCITO/b-
30BaHUE TPYNNOBOTO CMMBOJZ * B KayecTBE 3aMEHBb! PAJA CUMBOJIOB B 11ab/I0HE
UMEHHU TIePEMEHHOH.

Hanpumep, komarga save rundate x* coxpaHsieT Bce IepeMeHHbIE, UMeHa
KOTOPBIX HaYMHAIOTCA ¢ CMMBoNa X B dailie ¢ uMeHeM rundata.mat.

Touxo Tak xe xomarga load testdata ex1*35 3arpyxaer Bce NeEpeMeHHBbIE,
MMEHA KOTOpBHIX HAUYMHAIOTCS C CUMBOJIOB 'ex1' M 3aKaHYMBAIOTCSH CHUMBOJIAMHU
'95', He3aBMCUMO OT TOTO, KAKHUE CUMBOJIbl Pa3MEILUEHbBI MEXIY HUMHU.

Cnucok nyten poctyna

st novcka M-gaitnos cucreMa MATLAB HCIIONB3YET MEXAHM3M ITyTEH [0CTYNA,
NOCKOMBKY M-(baiibl 3aIMChIBAIOTCS B KATIOMMA WIM TIAITKK $alioBOit CHCTeMBI.
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CucremMa MHXeHepPHbIX 1 Hay4Hsix pacseroB MATLAB 5.x. Tom 1

Harnpumep, npu moucke daisia ¢ umeHeM foo MATLAB BbIITOTHSIET CJIEAYIOIME
JeCTBUL!
«  MIPOCMaTPHUBACT, HE ABISETCA JIK fOO MMEeHEM NEepEMEHHOMH;
«  IpOCMATpMBacT, He SABAALTCA JIM foo BCTPOEHHOM dyHKUIMEH;
«  HUIUET B TeKylueM Kartanore M-daitn ¢ umenem foo.m;
« uwer M-daiin ¢ uMmeHeM foo.m Bo BCex KaTalorax Clikicka MyTed JocTya.

PeajibHO npHUMeHsiEMbIE NPaBUIIA NIOKCKA SIBJIIOTCS GOJiee CIOXKHBIMU M3-32
OrpaHMyeHHi, KOTOpbIE CBS3aHbI C WUCIIONB30BAHUMEM MOAGMDYHKUMN, YACTHBIX
byHKUMIA U OOBEKTHO-OPUEHTUPOBAHHBIX MeXaHu3MOB. OfHAaKO TPUBEAEHHBII
BbilU¢ YIIPOLICHHBIA IIOPSHOK IOMCKA TOYHO OTPaxXaeT MEXaHM3M [OMCKa
M-haityIoB, ¢ KOTOPHIMM OOBIYHO paboTaeT I01b30BATENb.

PaGoTa co cnMcKoM myTteil moctyna. B mpoliecce ceaHca paGoThl MOXHO BBIBECTH

Ha TepMHHAJI WIK BHECTH U3MEHEHUA B CITMCOK IyTel JOCTYyIIa, UCIONB3Ys Ciie-

Jyionue QyHKUUMU:

« path BEIBOOUT Ha BKpaH CIIKCKA MyTed JOCTYNa;

«  path(s) 3aMeHseT CyILECTBYIOIUMM CITUCOK CIIUCKOM S;

. addpath /home/lib u path(path, ''homel/lib") gobapisior HOBBIA KaTanor
B CITMCOK NYTEH fOCTyna;

. rmpath /home/lib ynanstetr nyte /homeflib u3 cniucka.

Crmcok nyTeit JOCTyna, UCTIOb3YeMbli 110 YMOUYAHHMIO, OIpe/iesicH B daiine
pathdef.m, xoTopsiil pasMellieH B Katagore local; aToT ¢aii BBINOIHAETCS TP
Kax0M 3anycke cucreMsl MATLAB.

Kpome paGoThl M3 KOMaHAHON CTPOKH CYIIECTBYET CPEICTBO NMpPOCMOTPA MyTeit
jocryna Path Browser, kotopoe rnoagepxuBaer ynoOHblt rpadudeckuil uxrepdeiic
[UISL TIPOCMOTpa U U3MeHEeHMs criucka nyreil. OnHaxko 6ojlec IPEANOYTUTENBHO BHO-
CUTb HEMOCPeACTBEHHbIE M3MeHeHusI B M-(atin pathdef.m, ucnons3ys kakoii-nuGo
TEKCTOBBII PEJAKTOP, B TOM UMCJ/IE M PeJakTop/OTnagyuK cucteMbl MATLAB.

Texymmii karazor. Cucrema MATLAB Mcrions3yeT INOHSTHUE mekyuyez0 Kamaao2a
npu pabore ¢ M- u MAT-¢daitiamu BO BpeMsi ccanca pabotel. Havarowsil mekyuyuil
Kkamasnoz onpesneiieH B (aitne 3anycka, KOTOPbI acCCOUMMPOBAH C APJABIKOM 3a-
nycKa cHcTeMbl MATLAB, pacrmojioXXeHHOM Ha pabouyem crone. Illemyok mnpasoit
KHOINKH MBbILLIM, YCTAHOBJIEHHO# Ha TOM spJbiKe, U BbIGOp onuuu Properties
MO3BOMSIIOT U3MEHWTH HayajibHbI KATAJIOT, UCOIb3YEMbIit 10 YMOMYAHUIO.

[nst BbIBOJA TEKYILUEro KaTajgora Ha SKpaH TepMUHaJia NpefdHasHayeHa Ko-
MauHja cd. 1 u3MeHeHHUsT TEeKYILCro KaTajora C/ICAYET WUCIMOb30BaTb KOMaHIy
cd <uoewtli nyms docmyna>.

TIpocmoTp cnucka daitnoB. Mui yxe Buaenu, xak koManga path nosposser oro-
Opa3uTe CIMCOK myreil moctyna. B cBow ouepens, komana what rossonsier
YBUICTh CITMCOK (DailyioB, PacrofOXEHHbIX B 3alaHHOM WK TEKYLUEM KaTajore.
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1. OnepauwmoHHas cpena cuctems: MATLAB 5

KoMaHzna what 6e3 napameTpoB BbIBOAMT Ha 3KPaH CMUCOK (aillIoB TEKYIIEro
Karajiora, a koManga what <noawsid usu Hacmuynbil nyme docmyna> BbHIBOOUT Ha
2KpaH CAUCOK (HAWIIOB 33AaHHOTD KATAIOTA.

st pacnievatku  comepxumoro  M-(aitna npemHasHayeHa KOMaHa  type
<ums gadna>; nnsl pefakTUposaHus M-gaitna ucnons3yercst koMaHna edit <ums garing>.

Cpenctso npocMoTpa myre#t ocrynma. Ha ninargpopme PC uMeercs cpeacTBO BU-
3yaJIbHOTO MpPOCMOTpa nyreit noctyna Path Browser, KoTopoe 103BOJISET IIPO-
CMATPUBaTh, MOAM(HULMPOBATL MYTM NOCTYNA M BUICTh CIUCKU BCex (DailioB
cucteMol MATLAB. ][I Toro 4Ttobel OTKpPBITH CpeACTBO IpocMorpa Path
Browser, cienyeT ucrosb3oBath aubo omnuuio Set Path u3z meHio File, yin6o
KHOTIKY MHCTpyMCHTaNbpHOM nanenu Path Browser.

OKHO cpezcTBa NMpocMOTpa IyTeit poctyna Path Browser nokasano Ha puc. 1.8.

addpath.n
binpatch.m
cd.m

..
8
E:\MLABSZ2\toolbox\matlab\ops clear.m
E:\MLAB52\toolbox\matlab\lang El computer.m
E:\MLABS5Z\toolbox\matlab\elmat Contents.m
E:\HMLABS52\toolhox\matlabielfun e
{B: \MLAB52\toolbox\mat lab\ specfun B} copyeiten
E: \MLAB52\toolbox\matlab\nat fun dbclear.m
E:\MLAB52\toolbox\matlab\datefun dbcont . m
E:\MLABS5Z\toolbox\matlab\polyfun E_[ dbdown.m
JE:\HMLABS2\toolbox\matlab funfun ) abmex.m
B:\MLABRS52\toolbox\matlab\spar fun [EJ dbauit.m
E:\MLABSZ\toolbox\matlab\graphZd abstack.m
B:\MLAB5Z2\toolbox\natlab\graph3d )
R:\MLABS2\toolbox\nat laby specyraph [} dbstacus.n
E:\MLABSZ\toolbox\matlab\graphics ) dbstep.n
{B:\MLABSZ\toolbhox\matlabiuitools [} awstop.n
|E:\MLAB52\toolbox\matlab)ystr fun ) dbtype.n
E

:\MLABS52\toolbox\matlab\icfun ) dbup.n ¥

Puc. 1.8
B 3TOM OKHE MMeEIOTCH:

. none Current Directory ¢ KHornkoit Browse, npeaHasHayeHHOe Ml U3MEHEHHS
TEKYLLEro KaTanora;

« Itone Path - cogepXuT CIIMCOK IyTei JOCTYIIA;

. nosie Files in <umsa xamaaoza, évidenennoeo ¢ nose Path> - cogepXHUT CIIMCOK
baitnoB 1 BHYTPEHHMX KAaTajJOroB TUNA private, @;

. HMHCTPYMECHTA/IbHAA TTAHCHL!
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CuctemMa MHXEHEPHbIX n Hay4HbIx pacdeTros MATLAB 5.x. Tom 1

Open Path

|

Add Remove
from
Path  About

Puc. 1.9
.  MeHIo npuaoxeHus Path Browser:
Hwms menwo | Huma noomenio Ioscnenue
File Open OTKpbITH Qain
Save Path CoxpaHHTb NMyTh JOCTYTIA
Exit Path Browser BolitTH M3 NIpUIOXERN
Edit Undo OTMEHUTH MOCNEIHION OMEpalMio
Redo BepHyTh OTMEHEHHYIO OTepaluio
_View Toolbar TToka3arb MHCTPYMEHTAIBHYIO MaHEND
Status Bar TlokasaTs ITaHeNEL COCTOSHUS
Editor Debugger ITokazare pefaKTop/OTIag4uK
Path Browser TToka3sare Path Browser
Workspace Browser Tlokasats Workspace Browser
Path Add to Path J06aBUTH KaTaNoOr K NyTH JOCTYTIA
Remove from Path Yaanith XaTalor M3 IIyTd 4ocTyna
Refresh OGHOBUTSH MYTh JOCTYTIA
Restore Defaults BoCCTaHOBHTD YCTAHOBKY, TIPUHSITBIE 110 YMOTYaHHIO
Tools Run Brinmonnurs M-daitn
Customize BribpaTh HacTpoOMKH
Options YCTaHOBUTH OIUMK
Font YcTaHOBUTH WUpUOT
Help About Matlab Path Browser | Unudopmauus o Path Browser

s mepeMelleHys Katajaora B APYryio no3uuuio B obnactu Path crieayer

3aXBaTUTh €r0 JICBOM KHONKO! MBILLU U NEPEMECTUTL HA HYXHOE MECTO.

Ecin u3MeHeHHe CrucKa MyTed JOCTYNa BbIMOJHSAETCA B KOMaHIHOM OKHE,
TO JUIS OTPaXXEHUs 3THX U3IMEHEHHMH B cpeacTBe MpocMoTpa Path Browser Heo6-

XOIAMMO MCIIONIb30BaTh KoMaHay Refresh ua mcHio Path.

Bce M3MeHEHUsl, KOTOpble BHOCHTCS B CIMCOK IyTed HOCTYMNa, OCHCTBYIOT
TOJILKO B TeYEHHC ceaHca paboThl; M1 Toro 4yroGsl BHECTH UX B (ain pathdef.m
U1 TIOCTOStHHOT'O UCIOJIL30BAHUs, HeOoOXOAMMO BOCIOJB30BATLCA KOMAHIOMU

Save Path u3 meuro File.
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1. OnepauwnonHas cpeda cuctemst MATLAB 5

Pabora ¢ ¢painamu n obonoykoii DOS

Komanapt cd, dir, delete, type no3ponsior U3 KOMaHIHOM CTPOKM CHCTEMbI
MATLAB BbIIOJAHUTE psin koMarg DOS, cBsa3aHHBIX C ynpaBieHMeM daitinaMu.
[puBeneHHas Tabiuua OTPaXKaeT CBSA3b KOMaH4 cUcTeMbl MATLAB ¢ KOMaHaaMHu
DOS:

MATLAB MS-DOS
cd chdir
dir dir
delete del nnu erase
type type

BOJNIBLIMHCTBO 3TUX KOMaHA MO3BOJSCT VKa3bIBaTh IMYTH HOCTYNA, HWMCHA
JHUCKOBOAOB, UCITOJIb30BATDH IPYIIIIOBbIC CHMBOJIBI.

3amyck BHemHMX nporpamMM. IIpu3HakoM Tiepexona K BIIOJMHeHHI0 komaHd DOS

ABISCTCA 3HAK |, KOTODbIA YKA3biBacT, 4TO ClEAYIOas 32 HMM KOMAHJA - 3T0
koMaHza DOS. 310 UCKIIOYMTENBHO NOJE3HO MPU BbI30BE YTWIMT W BBIIOJIHEHUH
BHEWIHUX APYITMX MporpaMm 6e3 BeIxoga U3 cucreMbl MATLAB.

UMNOPT W 3KCMNOPT AaHHbIX

CyluecTByeT MHOIO NPHEMOB Ul NEPEMELICHUS AaHHBIX MEXAY CHCTEMOM
MATLAB u IpyrMMM MpHIOXeHMSAMH. B GonbLIMHCTBE cily4yaeB Iipu paborte
C JAHHBLIMU cUCTEMb! MATLAB MOXHO IPOCTO UCIONL30BATH KOMAHIBI YTCHUA
u 3anucu ¢aitios. dast Gonee CAOXHBIX HAOOPOB JaHHBIX MOXHO CO34aTh COOCT-
BeHHBIE IIPOrPaMMBI JUIST YTEHUS M 3anMcH Ha si3bikax C win Fortran.

Hmnopruposanue pannbx B cHcreMy MATLAB. CylliecTBYyeT HECKOJIBKO CIIOCOGOB
IS IepeAayYy JaHHBIX W3 JAPYTHX NPUIOXEHUH B cucTeMy MATLAB. BriGop crniocoba
3aBUCHUT oT obbema u popmara AaHHBIX.

«  Bpox naHHBIX B BHOE CIMCKA. EC/IM KOJIMYECTBO JaHHBIX HEBEJIMKO, TO UX MOXHO
MIPOCTO  HaTleyaraTh, MOMELUAsi B KBAAPaTHblE CKOOKM. JTOT MeTox HeydobeH
MpH GOJIBLIOM KOJMMYECTBE [JAHHBIX, MOCKOIBKY MX HEBO3MOXHO PeaKTUPOBATD.

«  QDopvupoBanue JaHBbX B M-(aiine. Mcnonbsys TeKCTOBBIN penakTop, MOXHO
chopmupoBath M-(aisl, B KOTODOM JaHHBIC TpPEACTABICHbI KaK CIMCOK
aeMeHTOB. [10 CyllieCTBY, 3TO TOT X€ MepBblil CrIOc06, HO OH MMEET TO IIpe-
WUMYIIECTBO, YTO IIO3BOJSIET C [IOMOIUBIO PEAAKTOPa KOPPEKTHPOBAThH
nangbie. JJoctaTroyHo rocsie MCMpaBleHWs nepes3anycTuTs M-¢aiin, 4Tobbl
BBECTH UCITPABJICHHBIC JAHHBIC,

+ 3arpyska aansbix M3 ASCII-gaiina. ASCII-(haityiel HakanauBaloT OaHHbIE B
CEMUPA3PAIHOM Koe 6€3 KOHTpOoJis 1o YeTHOCTH. Kaxaasi cTpoka CoepxuT
OJHWHAKOBOE KOJIMYECTBO 3Ha‘{CHVll7[, Ppa3aeICHHbIX HpOGCﬂaMM, H 34BEpiaacTCs
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CucremMa MHXEHEPHbIX 1 Hay4Hbix pacdeTos MATLAB 5.x. Tom 1

CHMBOJIOM BO3Bpara KapeTKu. DT (ailibi MOXHO DeaKTHPOBaTh, WCIIONb3Ys
O6BIYHBIH TEKCTOBBI pefakTop. VX MOXHO YHTaTh HENOCPEACTBEHHO B CHC-
teMe MATLAB, ucnions3ys ¢yHkuuio load. Ilpu atoMm cozgaerca nepemeHHas,
MMA KOTOPOM cOBnazaer ¢ uMeHeM (aitna. MoxHO Bocnonmb3osathes hyHKUMIA
dimread, yTo0B! yKa3aTh APyroit THIl pasgeauTess.

YreHue JAHHBIX C MCIOJb30BaHMeM (YHKuME BBOJA/BbIBOgA. IlpumMeHcHHe
(yHKLUMIA BBOAa/BbIBOAA, a Takxke QyHKuuit fopen u fread mose3Ho npu 3a-
rpy3ke (aitiop JAHHBIX U3 APYTMX TPWIOKEHMI, UCNOB3YIOMMX CTICIUAbHbIC
¢opMaThl JaHHBIX.

Hcnosb3oBanye clenMAAbHBIX CPeACTB i yreHus daiios. s yrenus daittos,
3alMCaHHBIX B CrieiuanbHbiX ¢opMarax, B cucteMe MATLAB uMerotcs cie-
JYIOIHUE CHEIHATM3MPOBAHHbIE QYHKLUM:

Dynryus Hasnauenue
dimread Yrenne ASCII-daiiion
wk1iread YreHue 3n€KTPOHHLIX Tabmuu B hopMare WK1
imread Yrenue nzobpaxeHus u3 rpadudyeckoro daiina
auread UYrenue 3ByKOBOro (haityia ¢ paciuMpeHMeM .au
(dopmat pupmbl SUN Microsystems)
wavread Yrenue 38yKoBoro daiia ¢ paciumpeHueM .wav (dopmar ¢upmsl Microsoft)

Co3znanne MEX-gaiina. Hawnywuuii ciocob co3MaHus IPOrpaMM Ui YTEHUS
JAHHBIX - 3TO KCIIONB30BATH YXKE€ MMEIOLUMECS TIPOrpaMmbl Ha a3blkax C umu
Fortran Juist YTeHUS JAHHBIX U3 APYrUx MpHIoxeHUH. OnHAKO ITOT METOH, Ha-
3bIBAEMBIA CMewanHbimM npozpammuposanuem, TpeOyeT HaNMCAHUS CIELMATBHBIX
nporpamMm-cesizok, odopmisieMsix B Buge MEX-daiinos.

Pa3spabotka nporpammes Ha s3bikax Fortran mam C. IlporpaMmucThl, MCIIONb-
sytoure g3biki Fortran wau C, MOryT HanucaTh ClieLUMaIbHbIe NPOrPaMMEI
Uit TipeoGpa3oBaHus AaHHbBIX B dopmar MAT-gaitsia cucremel MATLAB.
B sTOM Ccnyyae npeoGpa3oBaHHbLIE AaHHbBIC MOTYT ObITh 3arpyXKEHBI B CHUCTEMY
MATLAB ¢ nomMolubsio o0bIYHOR KOMaHAaw! load.

DKcnopTHPOBaHHE TAHHBIX U3 cucTemMbl MATLAB. CyluecTByeT HECKOJIbKO CIIOCO00B
U1 Tepefiadym JaHHBIX U3 cUCTeMbl MATLAB B Jpyrue npuIoXeHUs .

Hcnoab3opanne komanapl diary. /i MacCMBOB HeGOJIBIIMX Pa3MEPOB MOXXHO
KCIIONB30BaTh KOMaHy diary, utoObl cosnars (ail AHEBHUKA, KOTOPLIA BKITIO-
yaeT KOMaHAbl MATLAB, HCIMOJb3yeMbic B TEUCHHE ceaHca paboThl, a Takke
MO3BOJIAICT Ha SKpaHe MPOCMOTPeTh HeobXomMMble AaHHbIE. 3alHMCH JHEBHMKA
MOTYT OBITh ITOJIE3HbI UIA BIIOXEHMS B JOKYMEHTBLI WIM OTYETHl. B JanbHeiiem
MOXHO MCIIOB30BaTh TEKCTOBBIA PEIAKTOD iUl pelaKTUPOBAHUS JHEBHUKA.
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1. OnepauynonHas cpega cuctembt MATLAB 5

. Coxpanenne nannbix B ¢opmare ASCII. KomaHia save ¢ onupveit -ascii
MO3BOJISICT 3allMCaTh AaHHbIE B 3TOM (bopMare, IIpUYEM, HUCITONB3YS KOMAHOY
dimwrite, MOXHO 3a1aTh APYrOH TUIl PA3ACIUTENS.

. Hcnonap3oBaHne cCnelHaJbHLIX CPeACTB Jid 3anmucH ¢aiiios. Dig 3amucu
(haiyioB B crienanbHBIX (OpMAaTax, ONpeAeIIEMbIX NPWIOKEHUSIMH, B CUCTEME
MATLAB uMmeroTcs CIeAyolme Cneluan3upoBaHHbe QyHKINK:

DyHKYUUA Haznavenue
3amuch paHHbIX B ASCII-daii

wavwrite 3anuch JaHHBIX B 3BYKOBOW (haiiln ¢ paclUiMpeHueM .wav
(dhopmat dupmbl Microsoft)

+  Cosznanne MEX-¢aitta. Hamwnywuuit crioco6 co3gaHUsI NporpaMM s 3aricH
JAHHBIX - 3TO HUCIONB30BATh YKEC UMEIOLIMECd TIpOrpamMmel Ha g3pikax C Wi
Fortran ans1 3armcu gaHHBIX B Apyrue npwioxeHus. OgHaKo 3TOT METojl, HAa3bl-
BaeMbIIl CMewanHbiM NpoepamMmMuposanuem, TpebyeT HATUCAHHS CIEIMATHLHBIX
NIporpaMM-cB30K, adopmisiemslx B Buge MEX-daitnos.

. Paszpaborka mnporpamMmsi Ha s3bikax Fortran wmm C. TIporpaMMucTsi,
ucrnons3ywiuue a3piku Fortran wiu C, MOryT Hamucarth ClelMajbHble ITPO-
rpaMMbl Ui peoGpa3oBarus JaHHBIX U3 dopmara MAT-daitna cucteMbl
MATLAB B ¢dopmar npunoxenust. B stoM ciyyae maHHBIC MOTYT OBIThH
BBITPYXEHBI U3 CUCTEMBI MATLAB ¢ 11OMOI11IbI0 OOBIYHOH KOMAHABI Save.

. Tekcrosste daiinnt ¢ pazgennrensmu. Oyuxkuuy dimread u dimwrite no3so-
JIIOT YKWTATh M 3aMUCHIBATH ARHHBIC, OTACACHHBIE pa3feNiuTe/ieM, UCITONb3YS
ASCII-daitn. B kayecTBe pasde/nuTens MOXeT OBITb MCIOJIb30BaH J1000H
CHMBOJI, KOTOPLIA OTAEHSCT OAHO 3HAYEHUE OT APYroro.

Hanpumep, paccmorpum daiit ¢ umeHem ph.dat, KOTOpbIt cOnepXUT JaHHBIE,
pasnesieHHbIE TOYKOM C 3ansToil:

7.2,8.5,6.2,6.6

54,9.2,8.1,7.2

Hnst Toro yToObl NPOYMTATH CONEPXMMOE 3TOro (paiia B MacCUB ¢ MMeHeM A,
Ha0 UCIIOJIB30BATh CJAEAYIOLWMI oneparop:

A = dimread('ph.dat’, ';}");

Bropo#i aprymenT ¢yHkuumn dimread ykassiBaeT TUII Pa3aesiMTeNs.

B HonosHeHHe K pa3nevTesio, KOTOPbI Bbl HMcrionsdyere, dyHkuus dimread
TAKXE CUUTAET pa3fieSIUTeNIMU UMeroILecs npobensl. [ToatoMy dyHkums dimread,
NpUBeACHHAsT Bobille, Oyner paboTaTh NPaBWIILHO, €CIM JaXe Comepxumoe dailia
ph.dat 6yaeT Takum:

7.2; 8.5; 6.2:6.

5.4, 9.2 8.1;7.

6
7.2

1
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Ilpedynpeyxcoenue:

Iepsbiit aprymeHT M-pyrKuun dimread - 310 uMs aitna, a He HAECHTHOU-
Katop (aitna. [TosToMy He Hafo MpeaBApUTENILHO OTKPHIBATH (ailfl ¢ OMOILBIO
dyHxuuu fopen, a cienyer cpasy rnpumeHsTs QyHKUMH dimread u dimwrite.

ITponemoscTpupyeM, Kak GyHKuus dimwrite BBINOMHSET 3aNMCh TEKCTA € pa3-

JEJIMTeNIIMY BO BHElUHM (aiin ¢ uMeneM myfile, ucnosns3ys pazgenurtens ;"
A=
123
456
dimwrite('myfile',A,";")
1;2:3
4;5;6

O0men daitiaMu JaHHbIX I8 pasamanbix mwiatgopm. MHorna okaswisaercst HEOO-
XOAMMO paboTaTh ¢ BEPCUAMHU CUCTeMbl MATLAB Uit pa3sHBIX BBIYMCIIUTENLHBIX
arhopM WM TepeaaBaTh pa3paboTaHHbIC MPUIOXEHUS Ha JPYTHE CUCTEMBL.
IMpunoxenus, cosgasaeMbie B cucteMe MATLAB, MoryT BKimoyats M-cdaitnbl,
NpecTaBoIne coboit M-PyHKUMH WM M-cueHapud, a Takke MAT-daitnsl,
cojiepXainue ABOMYHBIC AaHHble. O6a TuUna (aiyioB MoOryt ObITH HENOCPEACT-
BEHHO MCITOJIb30BaHbl HA PA3fIMYHBIX IUIaTHOpMaXx:

«  M-daim aernores ASCII-daiiaMu, COIepXAILMMHA OObIYHBIA TekeT. OHM Hesa-
BUCHMBI OT THIIA MCIOQJIb3YEMOro KOMIIBIOTEpA. B TO e BpeMsi [yisl pasiMyHbiX
TU1aThopM CUMBOJIAMH OKOHYAHHMSI CTPOKH MOIYT ObITh KaK cuMBoJi CR, Tak 1 cum-
BoJ1 LF. Mnreprniperarop cucremsl MATLAB [onycKaeT o0ble KOMOMHALIVH.

+  MAT-aitnbl SBISIOTCA JBOMYHBIMUA (haitlaMM M 3aBUCAT OT THIA MUCIMOJIb-
3yeMOIo KOMIbloTEPA. TeM He MeHEe OHM MOTYT IEPEHOCHUTHCS C OAHOTO
TANA KOMIIBIOTEpPA Ha APYroi, IOCKOJBKY COAEpXaT IPU3HAK MCIOJb3ye-
MOIC KOMITblOTEpa B 3arosioBke ¢aitna. Cucrema MATLAB mnpoBepseT 3TOT
MPU3HaK, KOTJa 3arpyxact ¢aiis, 1, ec/iv oKa3blBaeTcsi, yTO (aityi CO3/1aH Ha
KOMIIBIOTEPE JIPYIOi IIAT¢OPMBbI, BHITIONHAET HEOOXOANMOE NPeobpa3oBaHuE.

Yrobul ucnonp3oBate MATLAB Ha KOMIIBIOTEpAX PpasjiMYHBIX MiatdopM,
HEeoOXOOUMBl NPOrpaMMbl OOMeHa AaHHBIMM Uil ABouyHoro u ASCII-dpopmarta.
IIpu McroNb30BaHUM ITUX NPOTpPaMM HALO ObITh YBEpeHHBIM, YTO MAT-daiiibl
nepeaaloTest Kak ABOMYHbIC Gaiinel, M-aitibt - Kak ASCII-¢aitibl. Ommbka B ycra-
HOBKE COOTBETCTBYIOLLIUX PEXUMOB OOBIYHO Pa3pylUacT AaHHBIE.

Komanna diary. 3ta komanaa no3posser ¢OpMHUpPOBATL JHEBHUK CEaHCa PaboThi,
BKIloYas rpaduyecKuid BbIBOA. JIHEBHHMK 3aIllMCBIBAETCS B CIELMANbHBIA (aiin
Ha xectkoMm aucke. Ilocie cearnca paGoThl 3TOT haiyi MOXHO IIPOCMOTPETh
C MIOMOLIBIO J11060TO TEKCTOBOrO PeNakTopa.

Hanpumep, utoGbi co3uarb B TeKylleMm Karanore ¢ail JHEBHUKA C UMCHEM
febrO1.out, ciaenyer ucnons3oBars KoMaHay diary febr01.out.
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st Toro 4ol B 1poiiecce BeAeHMsl JHEBHUKA NPEPBATh 3aIMCh, JOCTATOYHO
BOCIMOJIB30BaThCS KoMaHpo# diary off, a 1u1st Bo30GHORIEHUSt - KOMaHIOM diary on.

M-daiin Startup. @aitn matlabrc.m, xoTophiit pasmeliied B karasore local, 3ape-
3CPBUPOBAH ISl UCIONB30BAaHUA nporpammucramu ¢upmsl MathWorks, a Ha
MHOTOMNOJIB30BATEIBCKUX CUCTEMAX - TSl UCTIOIb30BAHUSA MEHEIKEPOM CUCTEMDI.

Qaitn startup.m npeaHasHayeH [UTS 110630Bartess. B HeM MOXHO YCTaHOBMTH
33[aBacMbIC MO YMONUAHUIO [IYTH AOCTYIA, NCCKPUNITOPH! rpadmiky, a TAKXKE nepe-
MeHHbIe paboueit obacTu.

Hanpumep, B ¢aitn startup.m MOXHO BBECTH CTPOKY, KOTopas A0GaBUT
katanor /home/me/mytools K YCTaHOBJCHHOMY TIO YMOJIMAHMIO CTIMCKY TNyTeit
poctyna addpath /home/me/mytools.

Ucnonb3oBanue namarn

Cucrema MATLAB Tpebyer Uil XpaHeHMs KaXIOW MAaTpHUIbl HEMPepHIBHOM
obnactn namsary. B vacTHOCTH, 06pa3sl U aHUMAUMS MOTYT IOTPeGNsAT: OYEHDb
tonpluMe 06bEMBl NaMATA. B IOMONHeHWE K MAMATH JISL XPAHEHWS MAaTpHULIbI
KapTa nukceneyt, ucrionssyemas s obpasos, TpeOyeT NMaMsTH, MPOTIOPLMOHATb-
HOW ruroluaau usobpaxenus. Tak, Hanpumep, uzobpaxerre 500x500 UBETHBIX TTHK-
ceneit Tpebyer 2 M6aiiT oneparuBHOi namsard. Ecnom tpeGyerca 10 usobpaxe-
HUH Takoro pasMepa, TO yxe Heobxoaumo 20 MOaiit, 4TO SBIAETCH OYEHb
Gonpumm 00beMoM. UTOObI YMEHBLIMTHE 00BEM MAMSATH, TpeOyeMbId IS 3THX
onepauuit, Hal0 OrpaHUYUTh Pa3MEP BBEIBOAUMEBIX H300paxKeHUH.

Pa3pewenne npobieM BbiaeaeHuA maMATH. Eciin oTcyTcTBYeT (pparMeHT ramsry,
AOCTATOMHBI JUIS pa3sMELLEHUs] MaTpULbI, TO BO3HMKaeT oumubka out of memory,
XOTs 001IMit 0O0BEM CBOOOAHOM NAaMATH MOXET OBITh OOJIBIHMM. DTO CBA3AHO C
(bparMe HTUpOBaHHEM NIAMATH B Npouecce ee BblAeeHUs. UToGh! JMKBUAMPOBATDL
(bparMeHTaLMIO, CleAyeT BOCMONB30BaTbCA KOMaHAOM pack; apyroil criocod -
Pa3MECTUTh MAaCCUBbI OOJIBILMX Pa3MEPOB B ONEPATUBHOM NaMSTH 33paHee B Hayale
ceaHca paboThl.

Ynpapnenne Aunammdeckod namsToio. CucteMa MATLAB ucrons3yer QNS Bblie-
NEHUS AMHAMMYECKON NaMsTH cTaHaapTHeie ¢GyHKUMH malloc u free a3sika C.
OTH yTWIMTHl NOMIEPXMBAIOT YNl MaMSTH, KOTOpas pachpelessercs orepanm-
OHHOM CUCTEMOI B OTHOCHUTEJIBHO MEIJICHHOM TEMIIE; B CBOIO OYepenb, JUISA CUC-
TeMbl MATLAB 3ta namsits BbiaesasieTcss HamHoro OvicTpee. Ecim nys HepoctaTto-
4eH, TO YTWIMUTa malloc 3aIpaliMBacT OINEPALMOHHYI0 CUCTEMY OTHOCHUTEJIBHO
BBIAEIICHUS OPYyroro (pparMeHTa ONepaTUBHON MaMATH, YTOOB! ITOMONHHUTE 1YL
[To mMepe BpigcieHKst TAMSITU TYJ MOXCT CTAHOBUTHLCS OYEHb OOJBLIUM.
Yrobul nomnepxath GeicTpogeiicTBue, yTunuthl malloc u free He BO3BpalIaOT
UCITONIb30BAHHYIO TaMSATh ONEPAUMOHHON CUCTEME. DTH [OANPOIrPAMMbBI HCXOANAT
U3 TIPCAMONOXKEHUS, YTO eCiint Ooabluoi 00beM namsiT NoTpedoBancsg OAuH pas,
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TO B HEM BO3HMKHET HeobX0AUMOCTh cHoBa. [Tobounblil addekT 3Toro anropurma
COCTOMT B TOM, YTO ecid MATLAB HCHOJIb30Ba1 HEKOTOPBIX 0OBEM NaMsTH
OUH pa3, TO OHa OoJiee HEAOCTYNHA ApYyrUM NMporpammam, Aaxe ecid MATLAB
He ucnonab3yer 510. ITaMsTh Nysa BO3BpallaeTCs ONEPaliOHHOM CUCTEME TOIBKO
Mo 3aBeplieHuUn paboTh! cucteMbl MATLAB.

MHTepakTHBHBIN AOCTYN K CNPaBoOYHOW MHOpMauuu
U AOKYMEHTaLUMKn

CyiecTByIOT Cneayolde crnocobbl monyduTs HHbopMalmio o QyHKUHMX
cucreMsl MATLAB B Tipoliecce ceaHca paboTH:
. komanza help;
» kxoManza lookfor;
. MecHIO Help;
«  IPOCMOTP M BBIBOJ Ha IMeYaTh CTPAHUL] AOKYMEHTALIMH;
« obpauienne K Web-cepsepy ¢upmer The MathWorks.

Komanna Help

OcHoBHOI M Haubosiee OBICTPHIA COCOO BBIACHMTH CHHTAKCUC M OCODEHHOCTH
MpUMEHEHUSE M-QYHKIIMKM - 3TO KCIIOIB30BaTh KOMaHAy help <ums M-gynxuyuu>.
CootBercTBytoasi HHQopMaLMs TIOSBISAETCS HETIOCPSACTBCHHO B KOMAHIHOM OKHE.

Hampumep, komanga help magic BeIBeleT B KOMaHAHOE OKHO CJIEAYIOILYIO
UHDOPMALIKIO HA aHIJIMIHCKOM SI3BIKE:

help magic

MAGIC Magic square.
MAGIC(N) is an N-by-N matrix constructed from the integers
1 through N*2 with equal row, column, and diagonal sums.
Produces valid magic squares for N = 1,3,4,5,...

MAGIC Marmvyeckuil KBaIpAaT.

MAGIC(N) - 3T0 Mazpmia pasmepa NxN, NOCTDOSHHASA M3 LEJBIX YMCEesT
or 1 no N*2 Tak, 4YTO CYMMBI BJIEMEHTOB 110 CTPOKAaM, CTOJA0LaM
M qMaroHasIaAM CoOBNananT.

PopMHpYeT IPaBHMIbHEE Marmyeckne ksanparer gad N = 1,3,4,5,...

Crnepyer oOpaTuTh BHMMaHUE, YTO TEKCT MHTEPAKTUBHOW CIPAaBKHU MCIONB3YET
BEPXHUI PETUCTDP [T HAMCAHUA MMEH (DYHKIMA W MEPEeMEHHBIX, YTOOB! BBIICAUTH
MX M3 OCTAJIbHOM yacTu Texkcra. OQHAKO npY BBOAC MMEH (YHKIMH B KOMaHIHOMH
CTPOKE BCETAA UCIIOJIB3YIOTCA CMMBOJIblI HUXHETO PEerucrpa, NOCKOJIbKY CUCTEMa
MATLAB 4yBCTBUTEJIbBHA K BbIOOPY DETMCTpa, a ACUCTBUTENbHBIC UMEHA (YHKUMIA
3aIIMCHIBAIOTCH CTPOYHBIMU OYKBaMMU.
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Bce dyHkumn cucremsr MATLAB, a mx 6onee 800, opraHM30BaHb! B JIOTHYECKHE
rpynnbl, ¥ CTPYKTYpa Karajorop OCHOBaHa Ha 3Toil opranHusauuu. Hampumep,
pce OYHKUMM JIMHEHHON anre6pbl Haxoaarcsl B Kartainore matfun. MoxHo pacre-
yaraTh Bce PYHKLMM ITOro Katajora ¢ KOPOTKUMH ITOSCHEHHUSMH, €CAH UCHOMb-
30BaTh KOMaHay help matfun:

help matfun
Matrix functions - numerical linear algebra.

Matrix analysis.
norm - Matrix or vector norm.
normest - Estimate the matrix 2-~norm.

Linear equations.
\ and / - Linear equation solution; use "help slash”.
inv - Matrix inverse.

Eigenvalues and singular values.

eig - Eigenvalues and eigenvectors.
svd - Singular value decomposition.
Matrix functions.
expm - Matrix exponential.
logm - Matrix logarithm.
Factorization utilities
qrdelete - Delete column from QR factorization.
grinsert ~ Insert column in QR factorization.
Komanuga help cama no cebe BBIBOAMT Ha 3KpaH CIUCOK KaTasjloros
help
HELP topics:
matlab\general ~ General purpose commands.
matlab\ops - Operators and special characters.
matlab\lang - Programming language constructs.
matlab\elmat - Elementary matrices and matrix manipulation.

Komanaa lookfor

3T1a KOMaH/Ia MO3BOJSIET BHIMNONHUTE NOMCK M-GYHKIMK 10 KTOUEBOMY CJIOBY,
MPU 5TOM AHAIU3UPYETCS NepBasi CTPOKAa KOMMEHTApusl, ¥ OHa XC BbIBOAMUTCS
HA 3KpaH, ec/ii B Heil BCTPCTWIIOCH KIIIOYEBOE cioBo. Hanpumep, B cucreme
MATLAB HeT M-(pyHKUHM ¢ MMEHEM inverse ¥ ro3ToMy Ha koMmaHay help inverse
orseToM Oyaer - inverse.m not found.

OpnHako koMaHaa lookfor inverse HailzeT He MeHee JIOXMHBI COBIIANCHHIA,
1 ato Byier 3apucets ot Toro, Kakue TTTTIT noakioversl K cucreme MATLAB.
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lookfor inverse

INVHILB Inverse hilbert matrix.
ACOS Inverse cosine.

ACOSH Inverse hyperbolic cosine.

IFFTN N-dimensional inverse discrete Fourier transform.
IPERMUTE Inverse permute array dimensions.

ICCEPS Inverse complex cepstrum.

IDCT Inverse discrete cosine transform.

idctold.m: %IDCT Inverse discrete cosine transform.

Hob6arnenve onuuy -all koMaHzge lookfor B dopme lookfor <wiabnon> -all nossonser
MPOCMATPUBATH BCE CTPOKH KOMMEHTApHsi K M-(DYHKIIMM, 4 HE TOMBKO IIEPBYIO CTPOKY.

MeHio Help

3TO MEHI0 KOMaHIHOIO OKHa cucreMbl MATLAB noka3aHo Ha puc. 1.10
U NO3BOJISIET AKTUBU3UPOBATH CEVIOLIME OKHA!

Help Window OxHO crpaBku

Help Tips OKHO CTIpaBKH TS TIONYYEHKS TIONCKa3K1

Help Desk (HTML) JocTyn K cripaBoyHbIM CHCTEMaM Ha XecTkoM aucke wit CD-ROM
Examples and Demos | OkHO IEMOHCTPaLIMOHHOM MOACHCTEMBL

About MATLAB HWHndopMauus 06 yCTaHOBJICHHOM BEPCHU

Subscibe (HTML)

TMoanucka Ha ycnyru ¢upMst The MathWorks, Inc
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1. OnepauunonHasn cpena cuctemsl MATLAB 5

Oxno cnpasku Help Window. D710 0KHO MoOXeT OHITh BBI3BAHO HECKOJIBKMMHU
criocoGamu: Kak onuust Help Window MeHio Help, HaxaTtHeM KHONKY ? UHCTDY-
MEHTATbHOM NaHem 6o ¢ noMolubio KoMaHab! helpwin (puc. 1.11).

I[IMATLAB Help Window
MATLAB Help Topics

“THELD topics
% matlab\general - General purpose commands.
Ulmat lab\ops - Operators and special characters.
§ matlab\ lang - Programming language constructs.
§ matlablelmat - Elementary matrices and matrix manipulatior;
% matlab\elfun - Elementary math functions.
!{wat Lab\specfun - Specialized math functions.
§ mat lab\matfun -~ Matrix functions - numerical linear algebre
/jmatlab\datafun ~ Data analysis and Fourier transforms.
matlab\polyfun - Interpolation and polynomials.
matlab\funfun =~ Function functions and ODE solvers.
matlab\sparfun - Sparse matrices.
. |matlab\graph2d - Two dimensional graphs.
f matlab\graph3d - Three dimensional graphs.
“|matlab\specgraph - Specialized graphs.
matlab\graphice - Handle Graphics.
Puc. 1.11

Ha sToM pucyHke rnoxkasaHo HadyalbHOe okHO MATLAB Help topics; Bbiaensas
mobylo U3 CTPOK CIIMCKA M ABXKIbI LUEJIKAS JIEBOM KHOIKOW MBbILLM, MOXHO
nepexoanTh K CIIMCKaM COOTBETCTBYIOIMMX pa3nesioB. Takoe AeiiCTBUE aHAIOrHU4-
HO KoMaHze helpwin <ums paszdeaa>.

Hucnagatowmuit crivcok See also B 3ToM cliydae HeakTuBeH. Kronku Back,
Forward, Home mno3BonsioT NEepexoiuTbh OT OJHOrO0 AKTHBU3MPOBAHHOIO OKHA
K gpyromy nuGo BO3BPaTUTHCS K HayaJIbHOMY OKHY.

B npaBom BepxHeM yrjly OKHa pacriojoxensl 3 KHonku Go to Help Desk,
Tips, Close.

Knormnka Tips BbIBOOMT OKHO fonacka3ok (puc. 1.12). B 3ToM OKHe HuchHa-
JaIollee MEHIO aKTHBU3MPOBAHO M TO3BOJISIET BBINOJIHUTL P/l JAOTNOTHUTENIBHBIX
cnpaBoyHbIX KomaHa More help info help (HTML), lookfor, which, demo, general.
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MAT LAB Help Window

. | GotoHelp Des

There are three way general The first two provide
simple help information on MATLAB funct:.ons, while the third is a
huge collection of documentation stored in hypertext format that
you access with a Web browser.

HELP - Function help, display help text at command line.
HELPWIN - Function help, separate window for navigation.
HELPDESK - Comprehensive hypertext documentation and troubleshooting.k

See also LOOKFOR, WHICH, DEMO, GENERAL.

Puc. 1.12
Onuus Help Desk. DTa ONIus [03BOISIET OAYYUTh LOCTYI K GONBIIOMY 06BEMY
CIIpaBOYHOM MHGOPMALMKU M K JOKYMEHTALMU IO CUCTeMe, pa3MelaeMoit 1ubo
Ha XECTKUX AUCKaxX, Jubo Ha gucke CD-ROM B paMKax UCMOJb3yeMOTO IIepco-
HaJIbHOTO KOMITBIOTEPA.

MHorue u3 I0KyMEHTOB MCIOJB3YIOT S3BIK TMIIEPTEKCTOBBIX CCHIIOK HTML
(HyperText Markup Language) u A0CTYIHBI ISt APOCMOTPA C MOMOILBIO TAKUX
cpencts, Kak Netscape Navigator wiu Microsoft Explorer.

3Ta oMM MOXET OBITh TAKKE MHULIMUPOBAHA C MTOMOLIBI0 KOMaHIbl helpdesk.

Bce oneparopsl M ¢dyHKumMM cucreMbl MATLAB onucaubl B ¢hopmare HTML
¥ cogepxar Gonblie NOAPOOHOCTEH M NMPUMEPOB, YeM CIIPABKM 1Mo KoMaHne help.
HoctynHel HTML BepcMM pasHbIX HOKYMEHTOB, BKITIOYAS OIMCAHMS, PYKOBOJCTBA
M0JI30BATENST 110 CHCTEME W IakeTaM HpPUKIagHBIX IIporpamMM. PealM30BaHHaA
TIOMCKOBAs1 CUCTEMA TT03BOJISIET BBINOTHUTE HEOOXOMMMBIC 3arIpOCHL.

Onmuus About MATLAB. DTa onuusi BHIBOAMT HAa 3KpaH 3aCTaBKy CHCTEMBI
C YKa3aHWEM BEPCHH M MPUHALICKHOCTH TIoNib30Batenio (puc. 1.13).
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MATLAB

The Lanyuage of Technical Computing

Version 5.2.0.3084
January 17, 1998

License Number: 122426

7 pvg
mephi

The
MATH

Copyright 1984-1998 ‘ W(,)fki,
Tha MathWorks, inc. Al Rights Reserved e

Puc. 1.13
ITpocmMoTp M pacmeyaTka AOKyMeHTauuH. Bepcuu CHPaBOYHON JAOKYMEHTAUMHU
JOCTYNHBL A NPOCMOTPA U pacrieyatku B dopmare PDF (Portable Document Format)
¢ moMollbio cpeactsa Adobe’'s Acrobat. OHO 1o3BOMsET TIPOCMATPUBATDL TEKCT
B (opMaTte neyarHON CTpaHULbI, C [IOJIHBIM Habopom WIPHGTOB, Trpauku
¥ U300paxeHui, C TIONHBIM OLUYLUIEHUEM YTEHUS] KHUIM. OJHOBPEMEHHO 3TO
¥ HAWIYHIIMH CIIOCO0 NMOAYYSHHUST KOTIUM HYXXHBIX CTPAHMIIL.

Web-cepsep ¢upmbi MathWorks. Eciu Bali KOMIBIOTED NMOACOCAMHEH K CETH
Internet, To MOXHO peanu3oBarh uepe3 Mexanusm Help Desk coeaunenue ¢
WWW-cepBepoM (DUPMBI-TTPOU3BOAUTENISL M BBIMTA Ha CTpaHULy cucTeMbl MATLAB.
MOoXHO TakXXe BOCMOJIb30BAThCS 2JEKTPOHHOM NOYTOM, 4ToOb! 334aTh BOIIPOCHL,
BHECTU MNPEMIOXKECHUSE MM COOOLUTh 00 OOHapyXeHHBIX ownOkax. MoxHO
BOCIIOJIL30BAThCSI TOUCKOBOM CUCTEMON WWW-cepBepa, YToOB! CAEIaTh 3apoc K
IIOCTOSIHHO OOHOBJISIEMOM 0a3e [AHHLIX TEXHUYECKOW noamepxxu. BosmoxHocTu
WWW-cepBepa MOCTOSIHHO PACLLMPSIIOTCS, U Bbl MOXeTe boree noapobHO 03HaKOMUTE-
cst ¢ ero MHGOPMALIMOHHBIMUA BO3MOXHOCTSMM, HETIOCPeNCTBeHHO CBSI3aBLUIMCH C €0
sepkaioM B EBporie 1o anpecy www-europe.mathworks.com.
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2. CMTPABO4YHbIE U YNPABNAIOWUME
KOMAHAbI U ®YHKUUN

Hayxem u3yueHue cucteMbl MATLAB ¢ KOMaHa M (PyHKLMI 00111er0 HA3HAYCHU,
B COCTAB KOTOPBIX BXOIOAT CNPaBOYHBIE KOMAHIBI, KOMaHIbl yrpasicHusi paboueit
obNIacTBIO MaMSATH, TYTAMM JOCTYNAa, KOMaHIHbIM OKHOM M HEKOTOPHIE KOMaHAbI
ONEPALMOHHON CUCTEMBI, IOCTYITHBIC U3 Cpelbl CUCTEMbI MATLAB.

CnpaBousble xoMaHabl

JdeMoHCTpauHs BO3MOXHOCTEH cHcTeMbl MATLAB

Cunmaxcuc:
demo
demo matlab | toolbox | simulink | blockset | stateflow
demo matlab <ums_pasdeaa>
demo toolbox <ums_ITIIII>

Onucanue:

Komannga demo oTkpsiBaeT rpaduyeckoe okHo MATLAB Demo Window,
B KOTOPOM COIEPXMTCA [€pevyeHb BCeX MOJACHCTEM M IIaKeTOB NPHKIALHBIX
NpOrpaMM, HHCTALTMPOBAHHBIX Ha JAHHOM KOMIIBIOTEpE, @ TAKKe KpaTKoe OINUCAHUE
M NEpeyeHb JEMOHCTPALIMI ISt 3TUX NOACUCTEM M JTAKETOB.

Komanga demo matlab | toolbox | simulink | blockset | stateflow otxpeiBaer rpacu-
yecKkoe OKHO MATLAB Demo Window W BbIIE/IAET CTPOKY, COOTBETCTBYIOUIYKO OJHOMK M3
3THIX TIONICHCTEM, @ TAKXKE BBIBOJUT €¢ KPaTKoe OITHCAHWE U MepeYeHb JEMOHCTpaImi.

Komanna demo matlab <ums_pasdera> oTkpbiBaer rpaduyeckoe OKHO MATLAB
Demo Window H BbIICASET CTPOKY, COOTBETCTBYIOLLYIO JAHHOMY pa3fiefly CUCTeE-
Mbl MATLAB, BBIBOJUT €ro KpaTKoe ONMCAaHUE U TepeueHb NEMOHCTPALUHA.

Komanna demo toolbox <ums ITIIIT> oTKphIBaeT rpadgpuyeckoe OKHO MATLAB
Demo Window M BbIAEISET CTPOKY, COOTBETCTBYIOLLYIO AAHHOMY MaKeTy NPUK/IANHbIX
riporpamum (TTITIT), BRIBOOUT €ro KpaTkoe onmMCaHKe U MepevyeHb JeMOHCTPALMIA.

Conymcmeyroujue komander: HELP, HELPDESK, HELPWIN, TOUR.

Hncopmauus o cHcreme MATLAB

Cunmaxkcuc:
info
info <nyme_docmyna_x_ITIIIT>
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Onucanue:

Komanaa info BeiBoauT Ha 3KkpaH uHGpOpMaluio o cucreMe MATLAB u dupme
The MathWorks, Inc. - npousBoguTese 310l CUCTEMBIL.

Komanaa info <nyms_docmyna_x_ITITIT> BeIBOAMT Ha 3KpaH ¢aitn Readme
s ykasandoro TTITTL
pumep:

Komanpa info nmo3sonsieT BHIBECTH Cleyoiyic MHGOPMALMIO O CHUCTEME
MATLAB (npuBeficHB! MEPEBOIb! HEKOTOPHIX (PparMeHTOB):

CuctreMa MATLAB aocTyniHa Ha cieaylowmx ruiargopmax: PC, Macintosh, Sun,
VMS, HP, SGI, LINUX, RS/6000.

Ipoaykrsl dbupMsr The MathWorks (B andpaBuTHOM mopsioke):

MATLAB
Simulink

Applix Link

Communications Toolbox

Control System Toolbox

DSP Blockset

Excel Link

Financial Toolbox

Fixed-Point Blockset

Frequency Domain System Identification
Toolbox

Fuzzy Logic Toolbox

Higher-Order Spectral Analysis (Hi-Spec)
Toolbox

Image Processing Toolbox

LMI Control Toolbox

Mapping Toolbox

MATLAB Compiler

MATLAB C Math Library

MATLAB C++ Math Library

Model Predictive Control Toolbox

p-Analysis and Synthesis Toolbox
NAG Foundation Toolbox
Neural Network Toolbox
Nonlinear Control Design Blockset
Optimization Toolbox

Partial Differential Equation Toolbox
QFT Control Design Toolbox
Real-Time Workshop

Robust Control Toolbox

RTW Ada Extension

Signal Processing Toolbox
Simulink Accelerator

Spline Toolbox

Stateflow™

Stateflow Coder

Statistics Toolbox

Symbolic Math and Extended
Symbolic Math Toolboxes
System Identification Toolbox
Wavelet Toolbox

Chemometrics Toolbox

An Introduction to MATLAB video

Ecnu BBl sBAsteTeCh OGQUUMANbHBIM TIONL30BATENeM CUCTeMbl MATLAB,
TO MOXETE 3aperMCTpUpPOBATBCA U CTaTh KJIIMEHTOM YCAYTM Access, KOTopas
No3BOJISIET OECIUIaTHO NOJYYaTh:

+ TEXHMYCCKYIO MOAAEPXKKY ¥ obcnyxuBanue (Tonbko B CIIA);

«  TIPEABAPUTENILHOE YBCAOMJICHME O BBIIYCKE HOBOFO IIPOAYKTa (4epe3d dMeK-
TPOHHYIO N0YTY);
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+  TApoJb IS IOCTYNA K cepBepy Access C Le/IbI0 NNPOBEPUTh:
- COCTOSSHME 3aKa3a,
- TMIEPCOHAIbHBII NAPONb JIMUCH3UH,
- MECTO YCTAHOBKM NPOAYKTA U APYryI0 MMUCH3UOHHYI0 MHbOpPMaLHMIO,
- VH(pOPMALIKIO O OJIL3OBATEIIE;

. JOCTYI K IOKYMEHTa1uu B pexume online;

. fecIIaTHYIO MOMMUCKY Ha MHGMOPMAUHUOHHBIE BIO/UIETEHH:
- MATLAB News & Notes,
- MATLAB Digest.

Yr1o6s1 y3HaTh OQIbILE 00 yermyre ACCess WM CTaTh €€ KITMEHTOM, CEAYeT ITOCETUTD
cepsep ¢upmst MathWorks B cett Internet no agpecy www.mathworks.com wiu ero
sepkajio B EBpone www-europe.mathworks.com.

Y1o6Bl CTaTh KJIHEHTOM Access, COOOIIMTE Ballle MMsi, MECTO paboThi, Mo4-
TOBBIH aApec, aApec 3ACKTPOHHOH MOoYTH, TeAC(OH M JIMLECH3MOHHBIA HOMED,
KOTOPbIi MOXHO Y3HATh C MOMOILLBIO KOMaHAB ver. Buiuuinte 3ty MHGOpMaUHUIO
MO 3JICKTPOHHON Wi (HaKCHMUALHOM TIOYTE IO aJpecy:

The MathWorks, Inc.

24 Prime Park Way

Natick, MA 01760-1500 USA
Fax: +508-647-7101

E-mail: access@mathworks.com
Web: www.mathworks.com

Conymcmeyrowue komanow: WHATSNEW.

WHATSNEW Brieoz na aKkpaH aiiios readme chcrembl MATLAB u TTIITX

Cunmaxcuc:

whatsnew <ums_nodcucmeme uau ITITIT>
Onucanue:

Komaunpna whatsnew<ums_nodcucmems: usu ITIIIT> BplBOgUT Ha 3KpaH ain
Readme nng jgandoit nmogcucremsl wiu I, Paiin Readme, ecau oH cymecTByer
JUISt JAHHOTO ITPOAYKTA, COUEPXKUT OMHMCAHUE HOBBIX (DYHKIMOHAIBHBIX BO3MOXHOCTEH,
KOTOPbIE HE ONMUCAHBI B IOKYMEHTALMH [10 MAKETy WIH MOACHCTEME.

[lpumep:
BriBos Ha 2kpaH (daitia Readme cucrembl MATLAB:
whatsnew matlab

Huxe npusesen B nepesose ¢parmeHt daitna Readme, 0THOCALUMHCA K HOBBIM
BO3MOXHOCTSIM Bepcud MATLAB 5.2
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®ajin Readme mana cucremsl MATLAB.
18-Dec-1997

Yro HoBoro B MATLAB 5.2

HaMeHeHus B 13nIKe
B Bepcuu MATLAB 5.2 106aBjieHO iB€ HOBBIX SI3bIKOBBIX KOHCTDYKLMH:
try, ..., catch, ..., end - Aang ynpouieHusi HalMCAHUA TIpoLeayp o0paboTKu
OoIHU60K;
persistent <ums_nepemennoil> - U1 NIONAEPXKH PabOTH € IMOOAIBHBIMH
MEPEMEHHBIMM BHYTpU M-byHKuuii,
O6a HOBOBBEJCHMS HAINPABNEHBl Ha TO, YTOOBI YNPOCTHTh CO3NAHUE HAZEXHbIX
NPUJIOXEHUI.

YiyqiieHa peanu3anysi ¥ pacIIMPEHbBI BO3MOXHOCTH HEKOTOPbIX M-byHKIMIA;
- M-¢yHkumH lower, upper, stremp, strrep, strncmp cTanu paboTars BsicTpee;
- M-¢dynxuus load Terneps UMeEET BBIXOXHOM apryMEHT;
- M-dbynkuuu subsref 1 subsasgn nMpUMEeHUMBI JUIS BCEX TUIIOB MaCCHUBOB;
- JUIl MHOTOMEPHBIX MACCHBOB ITyCTOM MaccuB [ | paBHOCWIEH (YHKLMAM
CAT(1,...) unun CAT(2,...);
- YCKOpPEHO MCNofHeHue M-¢pyHkuuii fft, fit2, fftn;
- M-¢dyukuuu o6paboTKu MHOXECTB THUMNA unique, intersect u T. 1. Moryr
TIPUMEHATBCA K MaCCUBaM SIUEEK, COAEPXKALLUMX CTPOKH;
- Ul KOPHEBOro 00beKTa BBEJEHO HOBOE CBOMCTBO, KOTOPOE IMO3BOJIAET
3aMpeTUTh 3alMCh CTEKa B 3aMIOMUHAIOHIEE YCTPOACTRO:
set(0, 'recursionLimit', Nframes);
- paciuupeHbl BosMoxHocth M-dyHkunu hdf s moanepxku HHTepdeicoB
SD, VS, V, AN;
- M-¢hyHKUMH HHTEPNIOMSILMY THNA interp1, interp2 U T. 1. TeNEpb PEATUIYIOT
METOJ MHTEPIONSILUMH CIUTaiHaMHU.

Hosrie M-pyHKIHHM:
fastwarn - MONYYMTb TEKCT TOCAECAHErO MPEAYIIPEXICHUS;
mkdir CO3/1aTh KATAJIOr WK MNAaIKy;
gsvd BbIYUCIUTL 06001IcHHOE SVD-pasoxenue;
strempi - CpaBHEHME CTPOK 0e3 yyeTa paziMuKs CTPOUHBIX Y NPOAIMCHbIX;
actxcontrol - nopaepxxa o6beKTOB Npy paboTe ¢ MPOTOKOJIOM ActiveX.

HeckpunropHas rpaduka

- HOBble (DYHKUMM YNpPaBJIECHUS ITOJACBETKOH M I10JIOKEHHMEM CHEMOYHOM
kamepsl (pasnen GRAPH3D);
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- [00aBICHO HOBOE 3HaueHue opengl WIS cBoiicTBa renderer rpaguyeckoro
obbekra figure: set(gcf, 'renderer', ‘opengt!');

- YNpaB/ICHUE Pa3MEILCHKEM U300paxeHU Ha rpadUUecKUX KHOTIKAX;

- no6asyieH HOBBIA rpaduueckuit obbeKkT contextmenu;

- [OSICHEHMsI K 00bekTam yrpasneHus GUI;

- Bera-Bepcud rpaduucckoro pesakropa PLOTEDIT.

Hossie pyHKUMH (11O pa3aecnaMm):

datafun: ifftshift;

datatypes: substruct;

funfun:  ntrp23t, ntrp23tb, ode23t, ode23tb;

general: copyfile, maedispsubarray, maesize, matlabpath, mauifunc, mkdir,
regedit;

graph2d: dokeypress, domymenu, doresize, enddrag, getobj, makedraggable,
middrag, plotedit, prepdrag, putdowntext, scribeaxesdlg, scribetoolbar;

graph3d: camdolly, camlight, camlookat, camorbit, campan, campos, campraoj,
camroll, camtarget, camup, camva, camzoom, daspect, lightangle,
objbounds, pbaspect, xlim, ylim, ziim;

graphics: handle2struct, structzhandle, uicontextmenu;

iofun: hdfan, hdfdf24, hdfdfr8, hdfh, hdfhd, hdfhe, hdfml, hdfsd, hdfv, hdfvf,
hdfvh, hdfvs, hgload, hgsave;

lang: catch, lastwarn, mislocked, mlock, munlock, persistent, try;

matfun: cholupdate, gsvd, grupdate;

polyfun: mpoles, spincore;

strfun: strempi, strncmpi;

vitools:  uirestore, visuspend;

winfun:  actxcontrol, actxserver, mwsamp, sampev.

VaaneHst M-¢dyHkuuu: whichcls, maeasgn
Conymcmayrouue xomanoss: VER, HELP, LOOKFOR, README.

SUBSCRIBE Toanucka Ha uudopManMoHHL Glo/LIeTeHb

Cunmarcuc:
subscribe

Onucanue:

KoMaHnzaa subscribe no3sonser Iosib30BaTei0 CTaTh MOAMMCYUKOM HHDOP-
MauuouHHoro Groetens MathWorks Newsletter. TIpu 3ToM noanucyuku mnoJy-
YalT M ApYTyI0 uHGopMauuio o nocneaHux paspaborkax cUCTeMBl MATLAB.
Uit Toro yTtoOGbl CTarb FAOMMUCYMKOM, He Halo ObiTh 3aperMCTPUPOBAHHbLIM
FI0JIb30BATE/NEM CUCTEMBI, U, KPOME TOTO, HOAMMCKA SBJISIETCS. 6ECTUIaTHOM.

Moxnucunku cmoryt nonyyars Growetens MathWorks Newsletter peryasipHoi
NOYTOM, a BNEKTPOHHbIN BroyieTeHb MATLAB News Digest - 110 31€KTPOHHOIA nouTe.
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ITo xomange subscribe Bam 6yzeT NpeiIOXEHO YyKa3aTh Bawly (aMUIIHIO
W aapec, ¥ eciau Bl HaxoauTech B cpeae OC UNIX, to Gyner chopmuposaHo
email-coobiienne Ha dupmy The MathWorks, Inc. Ecim Bel Haxonmurech B apyroit
OMcpalMOHHON cpefe, To OymeT Co34aH PErACTPalMOHHLIN aiisi, KOTOpbIi
MOXHO pacrnevyararb ¥ HanpaBuTh No (aKCy WIM TIOUTOM B aapec GHUPMBL.

Conymcmeyrowie Komandor. HTML-CIIpaBKa.

HOSTID Onpenenenne naeHTHOHKANHOHHOTO HOMEpPa cepBepa

Cunmakcuc:

hostid
Onucanue:

Komanpa hostid B cpese Windows BO3BpailiaeT MacCHB, COCTOSIUMIA M3 OXHOM
SUEHKH, KOTOpasi COEPXHT CTPOKY C PErMCTPaLMOHHBIM HOMEPOM [10JTb30BATENS.

IHlpumep:

hostid
122426’

[Tpumenanue:
He pekoMmenayercsi MCHONB30BAaTh NPU HAlMCAaHWHM TPOrpaMM, ITOCKOJBKY
B MOCJICAYIOLUX BEPCUSIX 3TA (PYHKLUUSA ByAeT OTCYTCTBOBATH.

Conymcmeytoujue komando: VER.

LICENSE Onpenenenne HOMEPa THHEH3HH

Cunmaxcuc:

license
Onucanue:

Komanpza license BO3BpaliaeT CTPOKY € JIMLEH3UOHHBIM HOMEPOM HMCIOJb-
3yeMOi BepcuUU cucteMbl MATLAB, xoTopasd COBMajaeT ¢ pPErMCTPalMOHHLIM
HOMEPOM I10JIb30BaTEIs.

IIpumep:

license

ans = 122426
Conymcmeyowue xomandei. HOSTID, VER.

VER HcnonszyeMas Bepcus cuctemsl MATLAB u ITIITI

Cunmaxcuc:

ver
ver <uma_ITITIT>
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Onucanue:

Komanga ver BLIBOAMT Ha 5KpaH HOMepa TeKyLIMX Bepcuil cuctembl MATLAB
u TIIIIT.

Komanna ver <ums_[TITIT> BHIBOOMT Ha 3KpaH MHGDOPMALMIO O TEKYLICH BEPCUH
3anpolueHHoro ITIITI.
IIpumep:

ver

MATLAB Version 5.2.0.3084 on PCWIN
MATLAB License Identification Number: 122426

MATLAB Toolbox Version 5.2 18-Dec-1997

B nmaHHOM ciyyae B COCTaB MHCTAJUIMPOBAHHOW CHUCTEMBI BXOAMT TOJNBKO
cucremMa MATLAB.
Conymcmeyiowue komandei: HOSTID, VERSION,

VERSION Hcnosb3yemas Bepcus cucTemsi MATLAB

Cunmarcuc:

version

[v, d] = version
Onucanue:

KomaHza version BO3BpalLaeT CTPOKY C YKa3aHUEM HUCIIONb3YeMOW BEPCHHU
CHUCTEMBI.

Oyuxius [v, dj = version Bo3BpalllaeT He TONBKO HOMEp BepCHM, HO U OATy
€€ BbIIyCKa.

Ipumep:
version

ans = 5.2.0.3084
[V, D] = version

V =5.2.0.3084
D =Jan 17 1998
Ipumeyanue:

He pekoMeHayercss WCHONb30BaTh IMPUM HANMMCAHWU TIPOTPAMM, TOCKOJIbKY
B MOCJIEAYIOIIUX BepcUaX 3Ta GyHKUMs OYAET OTCYTCTBOBATD.

Conymemeyrowgue Komanob: VER.
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HELPINFO Hndopmanns 0 CnpaBoyHbIX NOACHCTEMAX cHcTeMbl MATLAB

Cunmakcuc:

helpinfo
Onucanue:

Komanga helpinfo Bosspamiaer cieayioulyo MHOOPMALMIO O CHPABOYHBIX
nojacucTeMax cucteMoel MATLAB.

Cymecreyer 3 criocoba TOJYYHTh MHTEPAKTUBHYIO crpaBky. IlepBele aBa
CBSI3aHBl C 1pOCTeilIel crnpaBoyHOU MH(pOpMallMeln OTHOCHUTEIbHO QYHKLMM
CHMCTEMBI, TPETHIT - 3TO OrPOMHAsT KONJIEKUMS JOKYMEHTALMK, COXpaHeHHO! B ¢op-
MaTe TUIEPTEKCTa U KOTOPYI0 MOXHO IPOCMOTPETH ¢ NOMOIlbio Web-Opay3epa.

L1st 3Toro npeaHasHayeHsl CIASAYIOLUE KOMAaHAbI:

Komanda Hasnauerue

help BriBon CripaBKM B KOMaHAHOM CTpOKe

helpwin BuIBOA CNpaBKY B OTAEIBHOM IpadyUyecKoM OKHE
helpdesk Hcyepneipatowas uudopmauvs 8 HTML-dpopmare

Conymcmeyiouue kKomandst: DEMO, GENERAL, LOOKFOR, WHICH,

HELP CnpaBKa 0 KOMaHAAX H (QYHKUHMAX CHCTEMbI

Cunmaxkcuc:

help
help <pasdea/dynrcyus>
help <cneyuanvnstii cumeonr>
Onucanue:
KomaHaa help BBIBOOUT Ha 9KpaH CIUCOK Pa3fesioB cMCTeMbl MATLAB.

Cnucok pasaenos cucteMbl MATLAB:

matlab\general | KoMannet obwero washawerust
mat]ab\ops ................... Oneparopm ¥ CTeUMuTbHBIE CHMBOTBL
mat]ab\lang ................ Koncrpyxuun A3DIKA I/.[.(I)yHKuP[PI ornaﬁk“ﬁ B
matlab\elmat ............... Marpuﬁbl u onepgyuﬁ"};an wama T
matlab\elfun | DlleMCHTapHbIC MaTeMaThuecKue QyHkwn
‘matlab\specfun CrICLMATbHbIE MATCMATHYCCKHE QYHKLUN '
matlab\matfun  |. Juneitnas anreGpa e
‘matlab\datafun | AHanM3 faHHBIX 1 npeoGpasoanme Pypee
‘matlab\polyfun | TonuHoms! # uHTepnomauus
‘matlab\funfun | HemuHeitHbie Yuciettble MeTosl ¥ pewatent OAY




CucTeMa MHXEHEPHbIX u Hay4Hbix pacqieroB MATLAB 5.x. Tom 1

n_qatlab\sparfun PaspexenHble Matpugpt
mfnat]ab\graph2d JBymepHas rpaduka o
matlab\graph3d TpexmepHas tpadmka 7
matlab\specgraph CrneunanbHas rpaduka

matlab\graphics HeckpuntopHas rpaduka

matlab\uitools I'paguyeckuit unreppeiic nonpsoparens GUY
matlab\strfun OyHKUMH 06pabOTKH CUMBOIBHBIX CTPOK .
matlab\iofun ®yHkuMu BBOJ3/BBBOXRQ
matlab\timefun DyHKIMK BPEMEHM U JAT

matlab\datatypes THIIBI JAHHBIX U CTPYKTYPSI

matlab\winfun Hurepdeitc ¢ OC Windows (DDE /ActiveX)

matlab\demos JeMOHCTpaLMy ¥ IipuMepst

toolbox\local Boibop xapaKrepHCTHK

Komanga help <pazdes/gynxyus> BoiBOgUT mepedeHb GYHKUMA WIM OIMCaHUe
camoii ¢ynkuuu. IIpu HaGope koManibl help He cnemyeT yKasblBaTb TIOMHBIN
MYTh JOCTYIIa K pa3jely WM KOMaHAe, a JOCTaTOYHO YKAa3aTh JIMillb UMS pascia

WIH QYHKIIUH.
Ilpumep:

Komanast help general, help matlab/general BbiBOssiT Ha TepMHMHAN OAUH
M TOT Xe JIMCTUHT KaTtayiora toolbox/matlab/general.
KoMmatza help <creyuassmbiii cumeon> BBIBOAMT CIIMCOK CIIELIHATLHBIX CUMBOJIOB.

Conymcmeyioujue komando: LOOKFOR, WHAT, WHICH, DIR, MORE.

HELPWIN

Cunmaxkcuc:
helpwin

IoacucTreMa MHTEPAKTHBHON CIPAaBKH

helpwin <pasdes> | <gpynxyus>

Onucanue:

Komanga helpwin oTkpriBaeT rpaduyeckoe OKHO, KOTOpOe HO3BOJISET pea-

JIN30BaTh MHTEPAKTMBHYIO HABUIALMIO TIO CIIPABOYHOM CHCTEME.

Komanga helpwin <paszdes> | <gyukyus> OTKpbiBaeT rpaduyeckoe OKHO
CMpPaBKH, B KOTOPOM BbIBOOHMTCH TEKCT CIPABKU M0 JAHHOMY pa3fety Wi (DyHKLUH;
KPOME TOTO, YCTAHABJIMBAIOTCA CBA3M € TeMM (QYHKUMAMH M KOMaHIaMH, KOTOpble
ykazaHbl B pasgene 'See Also' (Conymcmeyrowue xomandwl, gyHkyuu, onepamopesl,
nepemennbie).

Tpumep:
helpwin helpwin
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MATLAB Help

‘Seeabo
See also

More helpwin help (HTML)
doc
d

HELPWIN {HELP_STR, TIlweb — ng HELP_STR in the help
window. HELP_STR may be passed in as a string with each line separated
by carriage returns, a column vector cell array of strings with each cell
{row) representing a line or as a string matrix with each row representixi‘
a line. The optional string TITLE will appear in the title edit box.

HELPWIN({TITLEl HELP_STR1;TITLEZ HELP STRZ;...},PAGE) displays one page
of multi-page help text. The multi-page help text is passed in as a
cell array of strings or cells containing TITLE and HELP_STR pairs.
Each row of the multi-page help text cell array (dimensioned number of
pages by 2) consists of a& title string paired with a string, cell array
or string matrix of help text. The second argument PAGE is a string
which must match one of the TITLE entries in the multi-page help text.
The matching TITLE represents the page that is to be displayed first.
If no second argument is given, the first page is displayed.

A third argument may be passed to HELPWIN which is a string that becomes
the title of the help window figure.

Puc. 2.1
Conymcmeywowue komands: DOC, DOCOPT, HELP, WEB.

Hocryn Kk HTML-noxymenranuu

Cunmaxcuc:
helpdesk
Onucanue:

Komanga helpdesk 3arpyxaer rnapHyi0 CTpaHuuy noacucreMst MATLAB
Help Desk B Web-6pay3ep.

Conymcmeyrowgue komandsi: DOC, DOCOPT, HELP, HELPWIN, WEB.

LOOKFOR TToHCK NO KII0YEBOMY CJIOBY

Cunmakcuc:

iookfor <katouegoe_cao60>
lookfor <kawuesoe_caoveo> -all
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Onucanue:

Komanna lookfor <xawuesoe_ca1060> OTBICKMBAET 3a/laHHYI0 B BHIE KIIOYye-
BOFO CJIOBa CTPOKY CMMBOJIOB B TEPBOM CTPOKE KOMMEHTapus, IpocMaTpuBas
Bce M-¢aiinet U3 cnucka nyreit gocryna MATLABPATH. M3 Bcex ¢aitiios,
B KOTOpBIX OyfeT OOHapyXeHO COBIaAEHME C KJIIOYEBBIM CJIOBOM, KOMaHJa
lookfor u3Bneyer nepsyio crpoky. KoMaHaa more on no3BoJisieT IIPUOCTaHOBUTD
BbIBOJ Ha 3KpaH TEKCTa CIIPaBKH, €CJIM OH 3aHUMAaeT HECKOJIBKO 3KPaHOB.

KoManpa lookfor <karoueeoe_caoeo> -all MiET 3aaHHYIO CTPOKY CHMMBOJIOB
BO BceM OsioKke KOMMeHTapusi, npocmarpuBast Bce M-paiiel U3 criMcka myreit
nocryna MATLABPATH,

IIpumep:
Komanga lookfor inverse BBIBOJMT IO MeHBbILIEH Mepe ABa AECATKA CTPOK,
COJEPXalIMX KJIKYEBOe CJI0BO inverse,

Conymcmeyrowue komandor: DIR, HELP, WHO, WHAT, WHICH.

WHAT BriBox cnHcKa daiinos

Cunmaxkcuc:

what <6e3_napamempoe>
what <umsa_xamanoza>
Onucanue:
Komanaa what <6e3 napamempos> BHIBOLUT CIIMCKHU (haiJIOB TEKYILENO KaTaiora
B BMJIe MACCHBA CTPYKTYD CO CJIEAYIOLUHMM TOJIAMH:
path - nyTh JOCTYHA K TEKYLIEMY KaTaJlory;

m - MaccuB styecK uid uMeH M-@aitnos;

mat - MaccuB stueek st uMeH MAT-oaitios;
mex - MaccuB syeek s umeH MEX-daiinos;
mdl - Maccus siueek wis umeH MDL-daiinos;

1

p MaccuB siueek Uis uMeH P-daitnos;
classes - MaccuB siueex A MMeH KJ1acCoB.

Komanga what <uma_xamanoea> BbiBoguT crivcok aitioB yKa3aHHOTO
KaTajora, KOTOpPbI AOJKEH ObITh onucaH B nepemeHHon MATLABPATH. Ilpn
Habope KOMaHJ HeE ClieflyeT YKa3blBaTh IOJHbIA NMyTh AOCTYNa, & JOCTATOYHO
YKa3aTh JIMIIb MOCJIEAHUE SJIEMEHTBI 3TOTO MYTH.

Ilpumep:

KomaHast what general, what matlab/general BoIBOASIT OZMH M TOT Xe CIIUCOK
daitnos karanora toolbox/matiab/general.

what general

M-daiinb 8 katanore E:\MLABS52\tooibox\matlab\general
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2. CnpasoyHeLIe n ynpasasiowme KOMarab n QyHKunm

Contents
Readme
addpath
binpatch
cd

clear
computer
copyfile
dbclear
dbcont
dbdown
dbmex
dbquit
dbstack
dbstatus
dbstep
dbstop
dbtype
dbup
debug
diary

dir

doc

prepender
profile
profsumm
pwd

quit
regedit
rmpath
save
subscribe
type

unix

ver

vms

web

what
whatsnew
which
who

whos
workspace

MEX-daiinbl B Katanore E:\MLABS2\toolbox\matlab\general

find_netscape

getprofl

docroot maedispsubarray
dos maeresize
echo maesize
edit matlabpath
editpath mauifindexe
exit mauifunc
format mdbstatus
genpath memory
getenv mex
help mexdebug
helpdesk miedit
helpinfo miolereg
helpwin miport
info mkdir
inmem more
isieee nnload
isppc notebook
isstudent openvar
isunix pack
isvms path
load path2rc
lookfor pathtool
Is pcode
ibrowse matver
iebrowse rtwver

simver
wrtprofl

P-gaitner B katasiore E:\\MLAB52\toolbox\matlab\general

helpwin

Knaccst B karasiore E:\\MLABS52\toolbox\matlab\general

char

Conymemeyiowgue komands:: DIR, WHO, WHICH, LOOKFOR.

WHICH

Cunmakcuc:

Cnpaska o nytn goctyna K QyHKuus win gainy

which <umsa_ghyukyuu, daiina uau nepemennoi>
which <ums @ynxkyuu usu gaiira> -all

which <umsa_ghaiina. *>
which <umsa_gyuxyuu 1> in <uma_gyniyuu 2>
which <uma_gynkyuu>(argtl, argz, ...)

S = which(...)

W = which(..., *-all’)

Onucanue:

Komanna which <ums_gynkyuu, aiina uau nepemennoti> BbIBOAUT Ha IKpPaH
110/1HO€ OIMCAHMUC 1YTH JIOCTYNA K AaHHOM (yHKuMHK, (aiiny wiM nepeMeHHOM.
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Cucrema uHXeHepHbIX M HayyHbiX pacyeTos MATLAB 5.x. Tom 1

310 Moryr 6biTh M-, MAT-, MEX-, P-(aitnbl, rpaduieckue QyHKLHUH HOACHUC-
Tembl SIMULINK, BctpoeHHble dyHKiMH cUCTeMbl MATLAB Win MepeMeHHbIe
paboueit obsactu.

Komanga which <ums_gynkuuu unu gaiing> -all BbIBOOWT Ha 3KpaH BCE MyTH
JocTyna K QyHKLMH Wik ¢aitty ¢ JaHHbIM MMeHeM. TTepBbiM B CITHMCKe, KaK TPaBiIo,
OyaeT TOT MmyTh, KOTOpBIif BBIBOAMTCA IO KOMaHze Oe3 onuuu -all. dpyrue myt¢ goc-
Tyna SIBISIIOTCA CKPBITBIMU WIM MOTYT ObITh MCHONIB30BAHbI MPH OCOOBIX 0OCTOATE/b-
crBax. Onuus -all Moxet GpITh IPMMEHEHA VIS BeeX (hopM KoMaHbI which.

Komanga which <ums_ghaiisa. *> BRIBOAUT HA 3KpaH IyTh JOCTYMA K (aitny
C YKa3aHHbHIM PaCIlUPEHHUEM.

Komanpa which <uma_gyuxyuu 1> in <uma_gynxyuu 2> BpIBOIUT Ha 3KpaH MyTb
zoctyna Kk M-aibty ¢ uMeHeM <ums_ghywkyuu 1>, KoTopblit Bbi3siBacTc U3 M-gaitna

'C MMEHEM <umA_ghyuxyuu 2>, Jta KOMaHIa TI0jIe3Ha, KOrIa HeobXOAMMO BBIABHTDH
MOATIpOTPaMMY WM YaCTHYIO Bepcio (JyHKUMM, HUCHONb3yeMylo B Momyie. Ecmm
BbINONIHsAETCA OoTIanka M-daitna (Moaynst) ¢ MMeHeM <uma_gbywxyuu 2>, 10 dopMa
which <ums_gyuxyuu > paBHOCIWIbHA OTMCBHIBAEMON KOMAHIE.

Komanaa which <umsg_gynkuyuu>(argl, arg2, ...) BBIBOANT Ha 3KpaH IMyTh JOCTYIIA
K M-yHKUMM € YKa3aHHBIM UMEHEM M 33JaHHBIMH BXOXHBIMHM apIyMEHTaMH.

@ynkuus S = which(...) BosBpalLaeT CIpOKOBYIO NEPEMEHHYIO S, KOTopast COIEPXUT
MHGOPMALMIO O MYTH JOCTYHA K 33IaHHON QYHKUMM, (aiity WA niepeMEHHOIA.

Oyukuus W = which(..., -all'} Bo3spaiiaeT crpoxoByio nepemeHHyio W, Ko-
TOpasi CONEPXUT MHGOPMALMIO O BCeX BO3MOXHBIX IYTAX JOCTYNA K 3afaHHOMN
byHKuMK nad daiy. ’

Ipumep:
which inv
inv is a built-in function.

which pinv

EA\MLABS2\toolbox\matlab\matfun\pinv.m

g = inline('sin(x)"),

which feval(g)

inlineffeval.m

[lepBas koMaHaa coobacT, 4ro iNV - BCTPOCHHAsA (YHKLMS, BTOPAsi - YTO
M-daiin pinv Haxoautcs B Katanore E\MLABS2\toolbox\mattab\matfun, Tpetss -
nyTe gocryna inline/feval.m.

Eciu zanpawuBaeMblit ¢aitit, GYHKUMA WK TiepeMeHHas OTCYTCTBYIOT,
TO OyAeT NnoJiydeH OTBET

<uma_gynxkyuu, gatira usu nepemennoii> cannot be found

<uma_gpyHKkyuu, Pating uay nepemenHod> He HaldeHo.

Conymcemeyrowue komandu: DIR, HELP, WHO, WHAT, EXIST, LOOKFOR.
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2. CnpaBoyHbie 1 ynpasisiowne KoMaHas U QyHKUNN

XapaKkTepucTUKM onepaumMoHHOn cpeabl cuctemsl MATLAB

MATLABRC I'nasubiii it 3amycka cucremsl MATLAB

Cunmakcuc:
matlabrc

Onucanue:

Komanga matlabrc 8 Momenr 3amycka cuctembl MATLAB aBTOMaTH4ecKu
BLITIONHAET INIaBHBIA M-¢haitn 3amycka matlabrc.m u rojib3oBaTesibCKUit Gaitn
startup.m, ecau oH cywectByeT. B MHOronosnb3oBaTeNsCKOM WM CETEBOM cpefie
¢aiin matlabrc.m pesepeupyercs DI CMCTEMHOIO MeHemkepa. B oxHomonb3oBaresn-
ckoit cpepe ¢aitn matlabrc.m npuMeHsteTcs Wi 3aMaHUA CTAHIAPTHHIX XapaKTepu-
CTUK 3KpaHa TepMHHasa, KOTOpBIi ABNsAETCA KOPHEBBIM 00heKToM (root object)
cucteMsl MATLAB. Emy npucBansaeTcs 3HaueHue aeckpunropa 0; 370 eQuHCT-
BEHHBII rpaduyecKuit 0OBEKT, KOTOPBI HE MMEeT PONMTENIC, HO caM OH TOpO-
xpaet rpadudeckuit o6bexT figure ¢ qeckpunTopoM 1 (Homep Gurypbi).

KopHeBoit 06bEKT MMEET CNEAYIOLIME XaPAKTEPHCTUKH:

Xapaxmepucmuxu u donycmumsie 3Ha4eHus Texywue 3navenun
CallbackObject = [ ]
Language Language = russian
CurrentFigure CurrentFigure = [ ]
Diary: [ on | off | Diary = off
DiaryFile DiaryFile = diary
Echo: [ on | off ] Echo = off
ErrorMessage ErrorMessage =

Format: [ short | long | shortE | longE | shortG || Format = short
longG | hex | bank | + | rational ]

FormatSpacing: [ loose | compact ] FormatSpacing = loose

PointerLocation PointerLocation = [634 45]
PointerWindow = {0]

Profile: [ on | off ] Profile = off

ProfileFile ProfileFile =

ProfileCount ProfileCount = [ ]

ProfileInterval ProfileInterval = [0.01}]

RecursionLimit RecursionLimit = [500]

ScreenDepth ScreenDepth = [16]
ScreenSize = {1 1 640 480}

ShowHiddenHandles: [ on | {off} } ShowHiddenHandles = off

Units: | inches | centimeters | normalized | points || Units = pixels
pixels | characters }
AutomaticFileUpdates: [ on | off | AutomaticFileUpdates = on

ButtonDownFcn ButtonDownFcn =
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CuctemMa MHXEeHEPHbLIX 1 Hay4dHbix pacdetos MATLAB 5.x. Tom 1

Children Children = [ }
Clipping: [ {on} | off ] Clipping = on
CreateFen CreateFen =
DeleteFen DeleteFen =
BusyAction: [ {queue} | cancel ] BusyAction = queue
HandleVisibility: [ {on} | caliback | off ] HandleVisibility = on
HitTest: { {on} | off ] HitTest = on
Interruptible: | {on} | off ] Interruptible = on
Parent Parent = [ |
Selected: [ on | off | Selected = off
SelectionHighlight: [ {on} | off | SelectionHighlight = on
Tag Tag =

Type = root
UlContextMenu UlContextMenu = [ ]
UserData UserData = [ ]
Visible: { {on} | off } Visible = on

B onHOIMOIB30BaTEILCKON Cpee TMONB30BaTelb MOXET TaKKe co3ars ¢aiin
startup.m, B KOTOpOM MOTYT OBITH OIMCAHBl WHAMBHAYANLHBLIE MyTH HOCTYMA,
NMPUMEHSIEMBIE  (PUM3UYECCKME KOHCTAHTHI, KO3 UIIMCHTH NEepeBOAa CAMHMILL
U3MEPEHUS M [pyrvde MNapaMmerpbl, HEOOXOAUMBIC I CO3JAHUS YHHUKAIBHON
OMEPALMOHHON Cpeanl Ha pabodeM MecTe [10JIb30BATEIA.

Aneopumm:

M-daitn matlabrc.m orMcHIBaeT Iy AOCTYTIA K KOMIIOHEHTAM CHUCTeMbl MATLARB,
CO/ICPXUT YCTAaHOBKHM IUTATHHIX [TapaMeTPOB 2KpaHa:

set(0, 'defaultuicontrolbackgroundcolor’, gray);

set(0, ‘defaultfigureposition’, rect);,

a TaK>Ke yCJIOBHbBINM OIlepaTop

if (exist(‘startup.m’) == 2)

startup

end

Conymcmeyrowue komandst: QUIT, |, PATH.

STARTUP Hoan3oeaTennckuii daita 3anycka cucreMbl MATLAB

Cunmaxkcuc:
startup

Onucanue:

KoMaHnaa startup B MOMeHT 3anycka cucteMbl MATLAB KCIONB3YeTCA [IaBHbIM
¢aitnioM 3amycka matlabrc.m ana ycTaHOB/EHUS NOJB30BATE/ILCKUX MApPaMeTpoB
onepalMoHHOU cpeabl. Ecnn M-dain orcyTcTBYeT, TO YCTaHAB/IMBAIOTCH CTaH-
JapTHBIE NapaMeTpbl Cpelbl, 3anasacMble ¢aiiom matlabre.m.

Conymcmeyrowiue Komandei: MATLABRC.
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2. CnpaBoyHble W yripaBasioume KOManasl u QyHKUum

[MATLABPAT: | IIyTs X0CTyna, HCMOJIb3YeMBbli 110 YMOTIAHMIO

Cunmacgcuc:

matlabpath
matiabpath(p)
p = matlabpath

Onucanue:

Komanna matlabpath mo3ssossieT BeIBECTH Ha 9KpaH COMCOK NyTell AOCTYNa
B ynobountaemon ¢opme. Peamsosana 3Ta KOMaHAa Kak BCTPOEHHAS QyHKIMSL.

Komanua matlabpath(p) uaMeHster npexHuit CIMCOK JOCTYNA Ha CIIMCOK p.

OQysikumusa p = matlabpath npucBauBaeT CTpOKOBOM MEPEMEHHOH P CIIMCOK
nyTei J10CTYNa, UCIIONb3yeMblil B cucreMe MATLAB.

Pa3paGoTymku HACTOATENLHO PEKOMECHIYIOT NPUMEHSATh 3TY KOMAHIY TOJBKO
JUtst ToTy4eHust MHbOpMaUMH, a IPU paGoTe I0/Ib30BATHCA KOMaHIoii path.
[Ipumep:

matlabpath

MATLABPATH

E:\MLABS52\toolbox\matlab\general

E:\MLAB52\toolbox\matlab\ops

E:\MLABS2\toolbox\matiabllang

E:AMLABS52\toolbox\matlab\elmat

E:\MLABS52\toclbox\matlab\elfun

E:\MLABS52\toolbox\matlab\specfun

E:\MLABS52\toolbox\matlab\matfun

E:\MLABS52\toolbox\matlab\datafun

E:\MLABS2\toolbox\matlab\polyfun

EAMLABS2\toolbox\matlab\funfun

E:\MLABS52\toolbox\matlab\sparfun

E:\\MLABS52\toolbox\matlab\graph2d

EAMLABS52\toolbox\matlab\graph3d

E:MLAB52\toolbox\matlab\specgraph

E\MLABS52\toolbox\matlab\graphics

E:AMLABS52\toolbox\matlab\uitools

E:\MLABS52\toolbox\matlab\strfun

E:\MLABS52\toolbox\matlab\iofun

E:AMLABS52\toolbox\matlab\timefun

EAMLABS52\toolbox\matlab\datatypes

E:\MLAB52\toolbox\matlab\winfun

E:AMLABS52\toolbox\matlab\demos

E:\MLAB52\toolbox\local

Conymemeyiowsue xomandwvr: PATH, PATHDEF, PATHSEP .
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CucTemMa viHXeHEePHbIX 1 Hay4YHbIX pacyeToB MATLAB 5.x, Tom 1

Tapamerpn a1 pabors ¢ Web-0paysepom

Cunmakcuc:

[doccmd, options, docpath] = docopt
Onucanue:

M-¢aiun docopt npeaHasHayeH I TOro, YToObl MOJIB30BATEL MM CHCTEMHBIR
MEHE[KED MOIMIM OTPENAKTHPOBATH €10 ¢ LigAbl0 YKa3aTh, KaK MOXHO 0OpaTUThCs
K MporpaMmaM M (aitiam, KOTOpble paspeuiaioT poCMOTP JOKYMEHTAlMU B MH~
TepaKTUBHOM PEXUME.

Oynkuus {doccmd, options, docpath] = docopt Bo3Bpaufaer 3 CTPOKOBBIE
MePEeMEHHBIE;

docemd - 3TO CTpOKa, coaepXallas KOMaHIy, KoTopasl YKashiBaeT, YTo s I1po-
CMOTpa JOKYMEHTAUMU B UHTEPAKTUBHOM pexumMe OyaeT IPUMEHATHCS Komanaa doc.
ITo ymomyanuio 3Ta CTpoKa st cpeapl Windows HMeeT HENPUCBOSHHOE 3HAYEHHE;

options - 3TO CTpoKa, comepxallast AOMOJHUTE/IBHBIC MapaMeTphl KOHQHIypa-
UMM, KOTOPBIE UCTIONB3YIOTCS BMECTE CO CTPOKOI doccmd NpY BBI30OBE KOMaH bl doc.
IMTo ymoiyanMio 3Ta cTpoKa LISt cpeapl Windows MeeT HEIPUCBOEHHOE 3HAYEHMUE,

docpath - 370 CTpokKa, cogepxailiasi NyTh AOCTYNA K ¢aiyiaM JoOKyMeHTaluuH,
MPOCMAaTPHBaeMON B MHTEPAKTMBHOM pexume. ECiau Ta CTpoKa SIRISercs IycToM,
TO MOUCK (PaityoB 110 KOMaHAe doc peaju3yeTcss aBTOMaTHUYECKH.

Conymcmeyrowue komarndsi: DOC.

Doc IIpocmorp HTML-nokymenTamyu 3 Web-Gpaysepe
Cunmakcuc:

doc

doc <ums_gpynxkyuu>

doc <umsa_ITIIII> | <ums_cgpynxyuu>
Onucanue:

Komanga doc craptyer ceanc pabothl ¢ noacucremoit Help Desk s npo-
CMOTpa IOKYMEHTOB B cTaHgapre HTML.

Komanga doc <ums_ghynkyuu> BeiBoguT Ha 3KpaH HTML-ZOKYMCHTaLMIO
no gaHHo# GyHkuuu. Eciau dyHKuMA SBIserca mepeornpeae/iieMo, To COoTBeT-
cTBylolast MHGOPMALMA MO MepeorpeeNiseMbIM GyHKUUAM TaKke OyneT BbiBo-
[IUTHCSI B KOMaHIHOM OKHE.

Komanpa doc <uma _ITIIII> | <ums_ghynxkyuu> BBIBOAUT HA 9KpaH HTML-
JOKYMeHTalluIo 1o dyHkuuu u3 ykasagHoro [ITIT.

Hpumep:
doc eig
doc symbolic/eig

Conymcmeyrowgue komandsr: DOCOPT.
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2. CripasoyHbie ¥ ynpasasome KoMarHabl B OyHK

PRINTOPT 3asanmne omuMii mEYaTH HO YMOIUAHMIO

Cunmakcuc:

[pcmd, dev] = printopt
OnucaHue:

Oyukuns printopt asnsgercs M-(aiiyioM, KOTOPBIA I10b30BaTe/lb WM Me-
HE/DKEDP CHCTEMBI MOTYT DeAAKTUPOBATh, YTOOB YCTAHOBUThL THII IIPMHTEPA U €ro
Ha3Ha4YEHHE 110 YMOJIYAHUIO.

Oynkuus [pemd, dev] = printopt Bo3BpallaeT ABe CTPOKOBbIE IEpeMEHHbIE
pcmd u dev.

ITepeMeHHass pcmd - 3TO CTpoKa, COAepXallasi MHCTPYKUMIO 1I€4aTH, KOTO-
PYIO MCIOJIB3YeT KOMaHpa print, ytoOnl nocnats $ain Ha npuHTtep. Ana cpeast
Windows wtatHoe 3HadyeHue repeMeHHoi pecmd = PRINT.

TlepeMenHas dev - 3To CTpOKa, colepXallast TUIT YCTPOMCTBA I1€9aTH, KOTOPEI
Ucrionp3yeT Komanga print. [ cpeabr Windows wutatHoe 3HaYeHME NepeMEHHOM
dev = -dwin.

Conymcmeyrwwue (pynxyuu u xomandv: PRINT.

CEDIT VCTAHOBHTb KIABHIIH B PEXHM PEJAKTHPOBAHHUA

Cunmaxkcuc:

cedit (‘on’Voff)

cedit (‘emacs’)
Onucanue:

Komanga cedit (‘off) oTkTI0YaeT pexuM pelaKTHPOBAHUSL.

KomaHaa cedit (‘'on’) BKIIOYaeT peXUM pelaKTHPOBaHHSL.

Konanpa cedit (‘emacs’) BocCTaHaB/IMBAET ONpPEAe/icHUE KIIABHUII, IPUHATOS
10 YMOJIYaHMIO. ‘

B cpene MS Windows aist pefakTMpOBAHHUST UCIIONB3YIOTCA CEAYIOIME KITABHILM:

Krasuwuu Hasnavenue
Ctrl-P TlepeiTH Ha NMpeablAYILYIO CTPOKY
Ctri-N Iepedtn Ha creylomylo ¢Tpoky .~~~

[epefiTn Ha oMH CUMBON BJICBO
ITepeiiTi Ha ONVH CMMBOJ BNIPaBo

TIlepeitTt Ha OHO C/IOBO BIEBO




CuctemMa UHXeHepHbix n Hay4Hbix pacyetTos MATLAB 5.x. Tom 1

Ctrl-D __ Ymanuth cMMBOA
Ctrl-T [TepexsioueHne pexXMOB BCTABKM U 3aMeHBbI CUMBOJIa
Ctrl-K Y[annTh COAEPXMMOE CTPOKH CIipaBa OT Kypcopa

ITpu pabore B cpene MS Windows B fononHeHue K CTaHAAPTHOMY ONpefe-
JIEHUIO KJIAaBHATYPHI BCETA BKJIIOYCHA OTHIMS emacs.
lIpumenanue:

He pexoMeHAyeTcst HUCMONH30BATH [PU HANIMCAHUN TIPOIPAMM, IOCKOJBKY
B MMOCNEAYIOIMX Bepcusix 3ta GyHxuums OyaeT oTCyTCTBOBATh.

Conymcmeyrouwue komandsi: HTML-CIIpaBKa.

COLORDEF YCTaHOBHTb NApPaMETPbl IBETA 3KPAHA

Cunmarcuc:

colordef white | black | none

colordef(<uomep_ghueypsi>, onyus)

h = colordef(<nomep_nosoi_ghuzyper>, onyus)

Onucanue:

Komanna colordef white | black | none ynpapisier upetom rpagpuyeckux o6b-
eKTOB Axes u Figure,

Onuwmu white 1 black 1o3Bo/sIIOT 3a4aTh LBET NPOPUCOBKKM OCEH KOOpIUHAT
st o6bekra Axes. Ilpu 5ToM ycraHaBnuBaeTcst usetr GoHa mis obwekra Figure
B BUJE OTTEHKa CEPOTC M M3MEHAIOTCA IPYrHe NapaMeTpsl Tak, YToObl obecrie-
YuBaJlachb HEOOXONMMast KOHTPACTHOCTH IIPH BBIBOAE IPahHKOB.

Onuus none YCTaHABIMBACT 3HAYCHMS TMapaMeTPoB MLBETA, COOTBETCT-
BYIOLIME 3HAYCHUAM ISl BepCUU MATLAB 4; HauboJsiee CylleCTBEHHOE pasjIMyue
COCTOMT B TOM, YTO (POHOBBIM LBEeT ISl OObEKTa axes NPUHUMACT 3HAYECHHUE
none, Tak 4To (OHOBBIH LBET 4 00bEKTa axes U 1BeT GoHa i obbekTa figure
CTAHOBSITCS OAMHAKoBoro Benoro uBeta. B 3Tom ciyyae user doHa A1 06bEKTa
figure cienyeT yCTaHOBUTD YEPHBIM.

Komanna colordef(<nomep_gpueyper>, onyus) ycraHasiupaeT uBeT (oHa
onsa obbekra figure, uCrob3ys 3HaYcHUs MapameTpa option: white, black, none.
Tlepen TeM Kak MCTIONB30BATh 3Ty KOMaHIy, HEOOXOOMMO OYMCTUThL 00BEKT Figure
C NOMOLILIO KOMaH/b! cif.

Pynknus h = colordef(<uomep_nogoi_guzyps>, onyus) BO3BpalLACT TOA-
JEPXKy Ui HOBOH (PUIYDBI, MCHOJb3YIOLICH HOBbiC ORIMH LBeTa. Ota dopma
KOMaHfp!l ya00Ha IPM NPOEKTUPOBAHMM IpadpHueckoro MHTEpdeica MOMb30BATES
GUI, korza HeoGXOAMMO YNpaBAsATh IapaMeTpaMK OKPYXeHHs. B 3ToM criyuae
napameTpy visible cilegyeT npucBOMTbL 3HauyeHWe Off, 4TOGLI NPeNOTBPATHTL
BbIBOJl Ha BKpaH.

Conymemeyrowue komande:: WHITEBG.
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2. CripaBoYHbIE U YNpaBAsoume KOMaHasl n QyHKUNN

Veranosuts uper oobekra Figure

Cunmakcuc:

whitebg

whitebg( C)

whitebg(<nomep_ghuzypei>)

Onucanue:

Komanzap whitebg u whitebg( C ) ynpapisiioT 11BeTOM TeKylUero akTHBHOIO
rpadmueckoro obbexta Figure: neppasi KOMaHAA YCTAaHARIMBAET 1IBETa, NPUHSTHIE
10 YMOJIYaHUIO, BTOpAs - B COOTBETCTBUM C nanutpoit C.

Komanpa whitebg(<uomep_ghueypsr>) ycraHaBiuBaer LiBeTa I 3aJaHHOIO
rpadpuyeckoro obbekra Figure. DTa KOMaHga OOBIYHO MCIIONAB3YETCA IS TOTO,
yTOOBI NEPEKITIOYATECS MEXKAY YePHBIM M OelbIM 11BeTOM ¢oHa 06beKTa AXeS.

Komanasr rpynnet whitebg faiot jydiide pe3ysibTaThl B TOM Ciyyae, KOraa
wist BceX 00beKToB Axes JaHHOM (UTYPhl YCTAHOBJIEH OIMHAKOBBINA (OH.
[pumeuanue:

He pexomeHgyeTcs WCIIONL30BaTh MNP HANMMCAHUM NIPOTPAMM, TOCKONBKY
B MOCJIEAYIOIUMX Bepcusix 3Ta DyHKuus OyIeT OTCYTCTBOBATh.

Conymcmeyrwuwue komandsi. COLORDEF,

GRAYMON VCTaHOBHTH NapaMeTphl NAINTPHI ISt 4ePHO-OeIbIX MOHHTOPOB

Cunmakcuc:

graymon
Onucanue:

KoManga graymon ycraHaBiMBaeT LBeTa isl oObeKkTa Figure, Kotopble obecrie-
YUBAIOT HAWIyYiliee U300PaKEHKUE TIPH KCTIONbL30OBAHMU YEPHO-0EIbIX MOHMTOPOB.

IIpumeyanue:
He pexoMeHoyeTcs MCIONb30BATH IPU HATUCAHUM NIPOrPaMM, HOCKONBKY
B IOCJIEAYIOIIMX BEPCHAX 2Ta PyHKUMS OyaAeT OTCYTCTBOBAT.

Conymcmeyrowue komandst: COLORDEF, WHITEBG.

Ynpaensiiowue KoMaHabl u GyHKLUK

IMocne HabGopa KOMaHAbI €6 MOXHO PEAaKTHPOBATh, UCIIONB3YsT OOBIYHLIM 0DOpa-
30M KJIaBMIIMW YNPAaRIEHUA KypcopoM (<, —, Home u End), CUMBOJIbHBIC KJIaBUIUM
u kwrasuiay Del s yaaneHUs CMMBOJA FIOA KYPCOPOM WM COYETaHue Kiapuill Clri+
Ui yoajieHust BCel HEIPaBMIBHO HaOpaHHOM CTpOKMU. PegakTvpoBaHUE CTPOKMU
MOHO BBIMTOJIHATh KaK B PEXMME BCTaBKM CUMBOJIOB, TAK U B PEXHME 3aMEHDI.
st mepekoyeHns pexMMOB MCITOIb3YeTcs KiaBuia Ins.
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CucTemMa UHXEHEPHLIX 1 Hay4HbIX pacyeToB MATLAB 5.x. Tom 1

s BLIMOAHEHUS KaXKA0M KOMaHabl HeoOXOOMMO Haxarh KiaBMiuy Enter.
Mocse sToro KoMaHma HeMedJeHHO obpabarsiBaeTcs M, €C/IM He MOJYYeHO Co-
00LeHne 00 OHMIMOKe, Pe3y/IbTAT BHIBOAUTCS Ha IKPAaH.

B cucreme MATLAB mnpeaycMOTped KosbiieBoi Oydep wis XpaHeHMs KOMaHI.
Hnst BoiGopa KoMaHabl M3 3TOro Oydepa MCMONB3YIOTCA KJAABMIUM YIIPaBJICHHUA
Kypcopom: knasuia T mis Beibopa npeasiayileit ¥ Kiasuwa 4 s BeIGOpa mo-
cnenyomeit koManael. st Bel6Opa KOMaH[Ibl C M3BECTHBHIM MMEHeM Habepute
OIMH WM HECKOJIBKO HAYa/IbHbIX CHMBOJIOB 3TOM KOMAHIbl M Haxmute Kiapvury 7.

TYPE BHIBOJ Ha TEPMHHAJ COfepXHMOro ASCII-daiina

Cunmaxcuc:

type <umsa. ***>

type <ums>
Onucanue:

Komanna type <uma. ***> BHIBOAMT Ha 3KpaH NpPOM3BOJIbHBEIA ASCII-daitn
C 3aaHHBIM PaCUIMPEHHUEM.

Komanaa type <uma> BbIBOHMT Ha 3KpaH M-oaiin.

Conymcmeyiougue komandoi; DBTYPE, PARTIALPATH.

Orxpoits Web-Gpaysep

Cunmaxcuc:

web url

stat = web(...)
Onucanue:

Komanna web url otkpbiBaeT Web-6pay3ep 4 3arpyxaer daitn wiM SOMAIHIOWN
crpaHuiy cepsepa ¢ aapecom url (Uniform Resource Locator - yHuBepcanbHbif
yKazatelb pecypca). DTOT yKaszaTesib MOXET ObiTh NPeicTaBacH B Moboil Gopme,
KOTopas nopaepxuBaetcs 6paysepoM; 0ObIYHO 3TO JIMOO NOKANBHBIN (aitn, 1Hbo
ajgpec y3na B cetd Internet.

®ynkuus stat = web(...) Bo3BpalLaeT pe3y/bTaT BLIIOJHEHUSI KOMaHIbl web
B BUJE NepeMEHHOM stat, KOTopast IpUHUMAET CACAYIOLIMEe 3HAYCHUSA:

Snavenue stat Onucanue
0 YcremHoe coeinHeHne

LI Bpaysep He HAWACH e
2 Bpaysep HailneH, HO He MOXET BbITh 3aryleH

Wcnonesyemsiit Web-6pay3ep MoxHo 3adukcuposarp Jinbo B okHe Preferences
meHlo File, nubo B M-¢aiine docopt.
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2. CnpasoyHbie ¥ yNpasasiowme KoManas! ¥ QyHKUMm

TTpumepb:
OTtkpeiTh (aitn foo.html Ha cobeTBeHHOM Opaysepe
web file:///disk/dir1/dir2/foo.htm!
OtkpbITh (ain foo.html, eciv OH pasMellieH Ha MyTH JOCTYNA CHCTeEMbI MATLAB
web(['file://* which(*foo.html")));
3arpysuthb cTpaHuly yana ¢pupMsl The MathWorks Ha cobcrBenHbli Gpaysep
web hitp://www. mathworks.com
[Tocnars 37eKTPOHHYIO MOYTY
web mailto:email_address

Conymcemeyrowue komandst. DOC, DOCOPT.

3anyck peaakropa/otaanuuka M-File Editor/Debugger
Cunmaxcuc:

edit

edit <uma_M-gaina>

edit <uma_gaiina. ***>

edit @<umsa_xaracca>I<uma_M-gaiina> | private/<uma_M-ghaiisa> |
@<uma_xaacca>lprivate/<uma_M-gatina>
edit <uma_M-gadina 1> in <uma_M-gaiina 2>
edit <uma_M-gpynxyuu>(arg1, arg2, ...)
Onucanue:

Komanga edit 3anyckaer pegaktop/otinaguuk M-File Editor/Debugger.

KomMmanpga edit <uma_M-ghaiina> 3anyckaer omiaguyuk M-File Editor/Debugger
M OTKpbIBaeT M-Qaiti1 ¢ yKasaHHBIM MMEHEM.

Komanga edit <uma_ghadina. ***> 3anyckaer pepakrop/ortnagauk M-File
Editor/Debugger u otkpbiBaer ¢aiin ¢ paciuupeHHeM ***,

KoMmanaet edit @<umsa_xracca>/<uma_M-gaiira> | private/<ums_M-gaiina> |
@<umsa_kxaacca>lprivatel<uma_M-gaiina> 3anyckaer pefakrop/oTiaruuk M-File
Editor/Debugger ¥ otkpbiBaloT M-(aitisl ¢ yKazaHHBIM MMEHEM K3 KaTajlOroB
KIACCa W YaCTHBIX KaTaNoros.

Komanpa edit <ums_M-ghaiina 1> in <ums_M-ghaiira 2> 3amycKaeT peJakTop/oT-
Jamuuk M-File Editor/Debugger u otkpoiBaeT M-aiisi ¢ uMeHeM <ums_gyukyuu 1>,
KOTOpbI BbizbiBaeTcs Y3 M-aina ¢ uMeHeM <ums_ghynxkyuu 2>. OTa KOMaHua
fojie3Ha, Korga HeoOXoAMMO OTPEAAKTHUPOBATh FOANPOrpaMMy WIM YacTHYIO BEPCHIO
yHKLMH, UCITOMTB3YEMYIO B MOJIYJIE.

KoMmanpa edit <ums_M-@ynxyuu>(argl, arg2, ...) 3anyckaeT penakTop/oT-
napuuk M-File Editor/Debugger 1 oTkpbiBacT M-(yHKUHIO € YKa3aHHbIM MMEHEM
A 3alaHHbIMH BXOAHBIMH apryMCHTaMH.
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CucremMa MHXEeHepPHbIX ¥ Hay4Hblx pacdseTos MATLAB 5.x. Tom 1

Ilpumep:

Hcnonesys xomanay edit fevai(g), rae g =inline(’sin(x)"), orkpbiTs ajin
inline/feval.m. (puc. 2.2)

g = inline('sin(x)")

edit feval(g)

function INLINE_OUT_ = feval(varargin)
FEVAL an INLINE abjacy.

INLINE_OBJ_ = varargin{1}:

INLINE INPUTS_ = varargin(2:end):

if ischar (INLINE OBJ_)
% If any of che glements in vara n oAars i nes ctz, then the
overloadsed inlins AVEC RIS o = 25 [rgfument
% 12 = ostving., In chis case :
INLINE OUT_ = builtin{'feva
else
if (length{INLINE_INPUTS_ ) < INLINE_OBJ_.numirgs)
error {'Not enough inpurs to inline function.'):

Puc. 2.2
Ilepeonpedensemsie memodui: help axischild/edit.m.

PCODE Coapats P-daiin ncesaokona

Cunmaxcuc:

pcode <uma_M-ghaiina>

pcode <umsa_M-gaiina 1> <umsa_M-gatina 2>...

pcode *.m

pcode... -inplace
Onucanue:

Komanpa pcode <umsa_M-hatina> BBITONHSAET T'PaMMAaTUYECKHI aHAJIU3
¥ TipeoOpazoBeiBacT M-¢aitn ¢ ykazaHHBIM UMeHeM B P-chaitn ncesmokosa.
HcxonHslit M-¢aitn Jo/KeH HaxOQUThCS B NYTH IOCTYNMa CHCTeMbl MATLAB.
P-caitnel 3anuceBalOTCS B TEKYLIMA pabounit KaTasnor.
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2. Cnpagoynble u ynpas/siowme KoManas! n QyHkunm

KoManna pcode <ums M-gaiina I> <uma_M-gpatina 2>... TipeoOpa3oBbIBAET  BCe
riepe4rCIeHHbIe M-(haitibl B P-(aiiibl 1 3aIMCBIBACT MX B TEKYLLIEM PAOOYEM KATATIOLE.

Komanpga pcode *.m npeobpa3zoBbiBacT Bce M-aiiibl B TeKyllieM paboyem
xataiore B P-(aiiel ¥ 3anMchbiBaeT MX B 3TOT Xe KaTaslor.

Komangpl pcode... -inplace ¢ onuueid inplace 3anuceiBatotr P-aitipt B TOT
e KaTtaJior, rae pa3MmellleHbl Ipeo6pa3oBhiBaeMble M-(aiiiipl.

Conymcmeyrwuiue Komarndor, HTML-CIIpaBKa.

MEX Orxomunmposats MEX-daiin

Cunmakcuc:

MeX <uMA_GHeuHel_npozpammor> <OnYuu>

errorcode = mex(varargin)
Onucanue:

Xotsi cucrema MATLAB M obecrieyMBaeT ITOJTHOE M CaMOJOCTATOYHOE OIle-
pPaUMOHHOE OKPYXCHHE IS NPOrpaMMHUPOBAHUSA U 06pabOTKM NaHHBIX, B DAIeE
CNly4deB OKA3bIBACTCA HEOOXOAWUMBIM HCMOJB30BATh BHEWIHWE JAHHbIE W BHEIL-
HHe MpOrpaMMBel, ‘HalmMcaHHble Ha a3blkax C u Fortran. BrI3oB BHEMIHUX Mpo-
IpaMM, MMITOPT M 3KCIOPT AAHHBIX, YCTAHOBJICHHUE CBSI3eil KIMEHT-CEPBEP CHUC-
temdl MATLAB ¢ JApyruMy TIDWIOXCHMSIMM TMOLIEPXKUBAIOTCH CIELMATBHBIM
unrepdeitcoM npuxagaeix nporpaMM API (Application Program Interface).

Ons BeizoBa nporpaMM Ha s3bikax C win Fortran mpeiioXeH MeXaHHU3M
MEX-aityioB, KOTOpbie NPEACTABISIOT CODOM NMpOrpaMMBI-CBSI3KM Uit oOecrie-
YEHMST TMHAMUYECKOrO BbI30BAa PA3HOS3BIKOBBIX MOAY/EH. DTH MPOrpaMMbl CO3-
JAI0TCSL HA OCHOBE TIPOTPaMM, HanmucaHHbix Ha s3pikax C wim Fortran, U um
IIDUCBaUBAETCS PACUIMPEHHE B 3aBUCHMOCTH OT MCIIOJIb3YeMOH IUIAT(OPMEL.
Hns nnardopmbt Windows Takum paciuupenuem sipisercs dil.

Komanna mex <ums_snewned_npoepammer> <onyuu> cosgacT MEX-(aitn
¢ pacumpenuem dil mis miargopmer Windows. Omuud MOTYT TNPUHHUMATh
CHeRYIOIME IHAYCHUS:

Onuyus Hasznauenue

-argcheck J06aBUTbL KOA s TPOBEPKH NPABHILHOCTH BXOAHBIX apryMEHTOB
(Tonbko st byHKUMit Ha a3bike C)

-l<nyms _docmyna>

...... (et
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CucremMa nHXeHepHbIX N Hay4Hbix pacyeTos MATLAB 5.x. Tom 1

-setup YKa3aTh MECTO PAa3MEILCHUA KOMITIISTOPA

-U<uma> OtMmeHnTL MakpouMs st Tipenpoueccopa,
-V4 Cospats MEX-daiin, copMecTnmblit ¢ Bepcueit MATLAB 4

v Pacrieyatars Bce napaMeTphl KOMITWISTOPa U KOMIIOHOBLUMKA

Tlepeyncnennbie onuwvy MOXHO OQOpPMMTL B BMIe CrelLnalbHOro (aiina
onuuii mexopts.bat ¥ ykasare Ha €ro UCHONb3OBAHUE CAUHCTBEHHOW onuuent -f.
IInst ero HanMcaHUsST UCTIONB3YETCA A3bIK CLEHapHeB Perl.

Oynkuus errorcode = mex(varargin) cozzaer MEX-daiin ¢ paciuupenuem dll
4 B cAy4Yae TOABICHMS OWIMOOK HAKalUIMBacT UX B MEPEMEHHOM errorcode.
ApryMeHTHl M ONMUMU KOMaHAHON GopMbl 3TOM QYHKUMU NOJDKHBI OBITH Tiped-
CTaBJIeHbl B BU/C IIEPEMEHHOM varargin.

Conymcemeyrowue Komardsr. HTML-CTIpaBKa.

3asepmenne paGorhi B cucteMe MATLAB

Cunmaxcuc:
quit
exit
Onucanue:
Komanna quit 3asepitaer paboty cucteMsl MATLAB.
KoManza exit Cyxdr 118 COBMECTHMOCTH ¢ OoJice paHHNMM BEPCUSIMU,
Ipu 3aBepIIEHMH Ha DKPaH BBIBOAMTCA MH(OPMALUA O TOM, KAKOE YMCIIO
onepauMit ¢ maBalowei 3anAToi ObIO BEITIOJHEHO 3a CEaHC PabOoTEHI.
Conymcmeyrowgue komandsi: SAVE.
Heo6xoanMMo MOMHHUTB, YTO TpeKpallleHue ceaHca paboThl B cHcTeMe MATLAB
BBI3LIBACT IOTEPIO TEKYLIMX MEpPEeMEHHBbIX, pa3sMeElleHHBIX B paboueit obnactu.

Pa60qyxo obnacrte Iepea BBIXOAOM M3 CHMCTEMbI MOXHO COXPAHUTL IS JajIbHEN-
II€ro UCNoJib30BaHUA C IMTOMOLIUBIO KOMaHObI save.

Ynpasnenue paboueit o6n1acThio nepeMeHHbIX

(WHO,wHos | BHIBO/{ CTHCKOB TEKYIHX NepeMeHHbIX
Cunmakcuc:
who whos
who global whos globai
who -file <uma_MAT-gatira> whos -file <ums MAT-gaiina>
who ... vart var2 whos ... var1 var2
s = who(...) s = whos(...)
Onucanue:

Komanzia who BbIBOAMT CITUCOK MepeMeHHBIX TeKyillel paboueit obnacty.
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2. CnpaBOyHbIE W YNIPABNSIOWNE KOMaHAb! U ByHKUMM

KomaHaa whos BBIBOMMT TMOAPOCHYI0 MHGOPMAUMIO OTHOCUTENILHO TEKYLLMX
[1EPEMCHHbIX, BKIIOYAst MMsl, Pa3MEPbl M YMCJIO BJICMEHTOB UCIONB3YEMBIX MACCHUBOB,
JUIMHY B 6aiATax, THIT MaTpuibl (TUTOTHAas/peaKasi, KOMIUIEKCHAs!/AeUCTBUTEIbHAS ).

Komanzas! who global u whos global BriBoasT criMcky MmoGaBHBIX MEPEMEHHBIX
B [M06aNIbHOI paboueit obnactu.

Komangpt  who —file <ums_MAT-gaiina> wu  whos —file <ums_MAT-gaiina>
BHIBOAAT CAMCKU NEPEMEHHBIX B YKa3aHHOM MAT-(aitne.

Komanaet who ... varivar2 u whos ... vart var2 BeIBOOAT WHDOpMALIMIO
TOJILKO OTHOCHMTEJIBHO YKA3aHHBIX TNMEPEMEHHBIX. I'PYNNoOBOil CUMBOM * MOXHO
MCIONB30BaTh IS TOro, YTOOB BbIBECTH HMHMOPMAUMIO O MEPEMEHHBIX, OTBE-
YalolIUX HEKOTOPOMY 1AbIOHy, HanpuMep: A*,

PexomeHayeTcss Mcrnonb3oBath (yHKUHMOHAIbHBIE ¢opMbl BHaa who('file',
<uma_MAT-ghaiina>, vari, var2), whos('-file', <uma_MAT-ghaiina>, vari, var2), ecnu
UMeHa MAT-}aiiioB M NTEPEMEHHBIX 3aTIUCAHBbl B BUIE CTPOK.

DyHKuMU Buaa s = who(...) BO3BpallUaOT MACCUB AYEEK, B KOTOPOM 3alUCaHbI
NMEHA UCITONIb3YEMBbIX TTEPEMEHHEBIX.

QyHKUMK BUAA S = Whos(...) BO3BPALIIAIOT MACCHB 3aTTHCEH CO CISYIOLUHMU TIONSIMU:

[lone Onucanue

name Hmsa nepemeHHoOM
_bytes Hnuna, Gaitr

class Knacc nepemeHHoI
[Tpumepst:

PaccMoTpuM mnpuMepbl MCHONB30BaHMS KOMaHIHOM M (YHKUMOHAIBLHOU
¢opm oneparopoB who u whos:

who s =who
Your variables are: s=
A C s ‘Al
B D s1 'B'
ICI
ID|
g
!S1 1]
whos s = whos
Name Size Bytes Class s=
A 3x6 144 double array 4x1 struct array with fields:
B 3x6 288 double array (complex) name
Cc 4x9 288 double array size
D 4x9 88 sparse array bytes
s 6x1 566 cell array class
s1 5x1 2154 struct array

Grand total is 157 elements using 3528 bytes
Obwyee konunecmeao snemenmog - 157, ucnoavsoeano 3528 Gaiim
Conymcmeyrowue xomandst: DIR, EXIST, HELP, WHAT.
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CucTemMa MHXEHEPHbIX U Hay4YHbix pacqteTos MATLAB 5.x. Tom 1

SAVE Brirpy3Ka nepeMenHbIX M3 paboueii 061acTu Ha anck

Cunmaxcuc:

save

save <umsi_gaiira>

save <uma_gaiina> <nepemenvie>

save <umi_gaina> <onyuu>

save <ums_gaiina> <nepemennvie> <onyuu>
Onucanue:

KoMaHzaa save BBITpYXaeT Bce TNepeMeHHble paBoyei o0nacT¥ B JBOUYHOM
dopmare B creuManpHbiii dain ¢ umeHem matlab.mat. JaHHbie Moryr ObiTh
3arpyxeHsl B paGo4yio obnacth KoMaHaok load.

Komanna save <uma_ghaiina> BBITPYXAET BCe NCPeMeHHBIC M3 pabouci o0~
JIACTH B JBOUYHBIA (baitn ¢ uMeHeM <ums_ghatiaa>.mat. Ecnu B KayecTBe UMCHU
daiina ykasaHo stdio, To KOMaHAa save ITOChUIaeT JaHHble Ha CTaHAAPTHOE YCT-
POMCTBO BBIBOZA.

KomaHnna save <umsa_gaina> <nepemenuvie> BBHITPYXAeT TONBKO MAaCCUBLI
YKa3aHHBIX ITEPEMCHHBIX B NBOMYHBIA ¢ailn ¢ uMeHeM <umA_gaisa>.mat.

KomaHab save <umi_gaina> <onyuu> n save <ums_datina> <nepemennnie>
<onyuu> 3aNUCBHIBAIOT HaHHbIC B ASCII-KOLE BMECTO OBOWYHOIO, WCHOJIbL3yH
CJIEYIOLIME OILIMHU:

Onyus Dopmam JanHbix

~ascii 8-cumsonbHelit ASCII-dopmar

—ascii —double 16-cumBonbHaiit ASCII-dopmar

~ascii ~tabs 8-cumeonbHblit ASCII-dopMat ¢ Tabynsumeit
—ascii —double —tabs 16-cuMBosbHBI ASCII-dopmar ¢ Tabynsuueit

[MepemeHHbie, coxpaHeHHble B ASCII-hopmare, GyayT TOXIECTBEHHbI eIUH-
CTBCHHOM MECPEMEHHOM, KOTOpas coBmagaetr ¢ mmeHem ASCli-aina. Cnenosa-
TEJbHO, TIPH 3arpy3Ke Takoro ¢aitna B paboueil 061acTy MOSBUTCH TOJNBKO OZHA
[epeMeHHas U, 4TOOBbl 06PATUTHCS K WHAMBUAYAIBHBIM NEPEMEHHBIM, HeoDXo-
IMMO MCOONB3OBATH OMEPaTOP ABOCTOUMS.

[lpu coxpaHeHUH KOMIUIEKCHO3HAYHBLIX AAHHBIX B ASCII-dopmare MHUMas
4acTh JaHHBIX GyJET yTepsiHa, MOCKONBKY HEMb3s 3aOMHMTh HECYMCIIOBOE 3Ha-
yeHde i’

[BonuHpte dopmarsl, ucronb3dyeMbie B MAT-daiinax, 3aBucar OT pasMmepa
M TUIa MaccMBa. MacCuBBI ¢ HEUENOUUCACHHLIMM DNEMEHTAMU M C KOJIMYeCT-
BOM aj1eMeHTOB MeHee 10000 coxpansiiorcs B dopMmare ¢ IUIaBamoliel TOYKOM
8 Gaiit/anemeHT. g 1LeS0YUCNEHHBIX MACCHBOB C KOJMYECTBOM SJIEMEHTOB
6osee 10000 MOTYT MCIOJIb30BATHCS KOMIAKTHBIC (opmatel ¢ 1, 2 wim 4 Gaiitamu
Ha JIeMEHT, KakK 3TO NOKAa3aHo B Tabmuie.
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2. CnpaBoYHbIe 1 YNPas/Isiowme KOMaHabl N QyHKUnu

3nauenue INEMEHmMa Maccueq Koauuecmeo 6atim na snemenm
ot 0 110 255 1

2

2

4
A APYTUX 3HAYeHUMA 8

bubanoreku vHTepdeiica npukiagHeix nporpaMM APl cucteMbr MATLAB
couepXar HeobXxoauMbie nporpaMMbl Ha s3bikax C u Fortran mis yteHust u 3a-
e MAT-(aitsioB U3 BHEUIHHX IPOrPaMM.

Conymcmayiouwue komanos: FPRINTF, FWRITE, LOAD.

LOAD 3arpyska nepeMeHRbIX C ANCKA B pabouyio oBnacrs

Cunmaxcuc:

load

load <uma_daina>

load (<umsa_dghaiina>)

load <umsa_gatina>***

load <ums_gaiina> —ascii

load <uma_ghatina> ~mat

S = load(...)

Onucanue:

Komanna load cuursiBacT AaHHble M3 (aitna matlab.mat, ecim oH cozuan
KOMaH[JIO¥ save.

Komanap! load <ums_gaiina> u load(<ums_gating>) BBINOMHSIOT OJUHAKOBBIE
onepauMy, 3arpyxas nepeMeHHble U3 MAT-daitna <ums_ gaiina>.mat. Eciu
BMECTO UMEHM (paiina ykasarb stdio, To KomaHna load Oyaer BBIIIOAHATL UTCHUE
CO CTAHAAPTHOrO YCTPOHCTBA BBOJA.

Komanpa load <uma_ghaiina> *** uutaer ASCII-daitn ¢ paciumpeHueM . ***
KOTOPBIA NOJDKEH TPENCTaBisiTh CODON NPAMOYrOJibHEI MacCHB YUCHIOBBIX NaH-
HbIX, OTAEJAEHHBIX NIpobesiaMu U pa3MelllaeMbIX B M CTPOKaxX ¢ N 3HAYCHUSIMU B
Kaxnoit crpoke. B pesynbrate oOpasyercs MacCHMB pPa3Mepa mxn ¢ UMEHEM
<umsa_ghatina>. Urobpt 00paTUTbCS K MHAKBULAYAILHBIM NEPEMEHHBIM, HEOOXO-
AUMO MCHOJIb30BaTh ONepaTrop ABoeTOYMS. ASCII-aitnisl MOTYT BKIIOYATH CTPOKM
KOMMEHTapusi, MOMEYEHHbIE CHMBOJIOM %.

Komannwt load <ums ghaiina> -ascii n load <ums_gpaina> -mat moryr wuc-
NOJIL30BATLCS WIS NMPUHYAUTEILHOM 3arpy3ku (baiioB COOTBETCTBEHHO B (opMarax
ASCII n MAT.

Oynkums S =load(...) Bo3BpalaeT cogepxumoe MAT-daiia B BMae Maccupa
3anuceil BMeCTO 3arpy3kyl NepeMEeHHBIX B pabouyio obsiactb, IMeHa nojieiil cooTpeT-
CTBYIOT UMEHAM riepeMeHHbIX. B cnyyae ASCli-daitia S - 970 YMCNOBOM MaccuB.
Conymcemeywuwue komande:: FPRINTF, FSCANF, PARTIALPATH, SAVE, SPCONVERT.
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Cucrema MHXeHEpPHbLIX 1 Hay4dHbix pac4eToB MATLAB 5.x. Tom 1

KoMauapl save M load HakariMBaloT M CYUTHIBAIOT IAHHBIE ¢ ArMcka. OHU MOryr
TAKXXe MMIIOPTUPOBATEL U 3KCTIOPTUPOBATE YMCIIOBbIC MAacCUBBI B Buae ASCII-¢aitios.

MAT-cbaiinbl 3aIMCHIBAIOTCA B ABOMYHOM (hopMaTe YABOEHHOW TOYHOCTH ¢ MOMOLLBIO
KOMaHIbl Save M CUMTBHIBAIOTCS KOMaHOo# load. OHU SIBISIOTCS MEPEHOCHMBIMH,
TO €CTb MOIYT ObITh CO3AaHB! Ha OXHOM KOMIIBIOTEPE, a MPOYMTAHBI Ha JPYIoM, Jaxe
¢ MHBIM (POpMATOM ILIABAIOLICH TOYKH, COXPAHASA [IPU 3TOM TOYHOCTL U [AUanas3oH
NPEACTARICHUS, HACKOJIBKO 3TO JOIMYCKAECT HCHONB3yeMblid opMar. JTH RaHHbIE
MOTYT HUCIIONIb30BaThCA IpOTpaMMaMH M BHE cpezipl cHCTeMbl MATLAB.

MEMORY Hndopmauus 06 orpansueHusx no NaMSTH

Cunmakcuc:

memory
Onucanue:

Komanna memory Bo3Bpaluaer CAEAYIOIYI0 MHGOPMALUIO O BO3MOXHBIX
OrpaHUYECHUAX IO NAMATU B cUcTemMe MATLAR.

Ecmu B ceaHce paboThl mogsuiocs coobiueHue o6 ommbke Out of memory
(HenocTtaToyHO NMaMsTH), TO 3TO O3HAYAET, YTO OTCYTCTBYET MAMATH A/ 3aITUCH
HOBBIX TEPEMEHHBIX. B 9TOM cjyyae, mpexme 4YeM IPONOIXHTD BBHIITONHEHHE,
BaM HE00xooUMO ocBOoGOIUTh MaMATh. [l 3TOI0 MOXHO HMCHONL3OBATH ABA
criocoba: nepBbli - yOAIUTh PAA TEPEMEHHEIX C ITOMOLUIBI KOMaHAb clear, BTO-
pOH - NPUMEHUTH KOMaHAy pack, yTobw! yranurh “Mycop” U ocBoGOIUTEL HENpe-
PBIBHBIE O0ACTM NaMATH IS 3alKMCHU IepeMeHHbIX. KpoMe Toro, cpeicTBaMH
cucteMbl Windows MOXHO YBENMMYUTH PA3MEDP BUPTYATLHON MaMATH.

Conymcmeyrowue Komarndst. CLEAR, PACK.

CLEAR OcsoGoxenne paboyeit 061acTH NaMATH

Cunmaxcuc:

clear

clear <ums>

clear <uma I> <uma 2> <uma 3> ...

clear global <ums>

clear <kawu>
Onucanue:

KomManpa clear ynansier Bce nepeMeHHble M3 pabodeil obnacTu.

Komanna clear <ums> ypanser nepeMeHHylo Wi QyHKUMIO ¢ UMEHEM X U3 pa-
Bouelt obmnacti. Ecnin X mobansHas nepeMeHHast, To clear X yaaiser X U3 TeKyllei
paboueil 0b6/1acTH, HO OCTABRIISET €¢ JOCTYITHOW anist IIOOOoH (HYHKIMY, rae 3Ta nepe-
MEHHasl 0ObABIeHa I06anbHON. JOmyCTUMO MCTIONB30BaTh YACTHYHBIA MyTh AOCTYIA.
I'pyrimnoBoii cUMBOJT * MOXHO MCNIONB30BATh I TOTO, YTOObI YAAMTb BCE NIEPEMEHHBIE,
OTBEYAIOUIME HEKOTOPOMY 11abnony, Hanpumep: A*.
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2. CnpasoyHble u yrnpasasioLne KOMaHas! n yHKum

Komanpa clear <ums I> <uma 2> <uma 3> ... ynandger u3 paboueii obnactu
TOJILKO NEPEMEHHbBIE M (DYHKUMHU C YKa3aHHBIMM UMEHaMMU.

KomaHna clear global <um#> ypansieT moGatbHYIO HEPEMEHHYIO C YKA3aHHBIM
MUMEHEM.

KomaHnpa clear <karou> yaanser Te WM KHbIE NEPeMEHHbIE U QYHKUMU B 3a-
BUCMMOCTH OT 3HaYECHMs KIIIOYa!

Snauenue knoya | Hedicmeue xaroua

functions Ynanser u3 paboyeit obnacti Bce M-daitnp

variables VYnansier w3 paboyeit o65acTH Bee nepeMeHHbIe

mex Yaanger 3 paboyeit o6nactu Bce MEX-daitnp

global Ynanser u3 paboueit 06s1acTi Bce I100aNBHbIC IIEPEMEHHBIE

all Ypanser us paboueit obnactu Bce TUIBL fIEPEMEHHBIX, (YHKIIMIA,
sce MEX-daiinei, octasnss ee nycroit

JlorycT¥MO MCTIONB30BaTh PYHKIMOHANBHYIO GOpMyY Biza clear(...).
Conymemeyrowue xomandsi: MLOCK, MUNLOCK, PACK.

PACK Hdedparmenranns padoueit 001acTH NaAMATH

Cunmaxcuc:

pack

pack <umsa_gaiina>
Onucanue:

KomaHpna pack ocBobGoXpaeT namsiTb, pasMmeulas NepeMeHHble B MUHMMAJILHO
BO3MOXHOM o0beMe.

KoMaHaa pack <umsa_ghaiiaa> ucnonssyet daisl ¢ yKa3aHHBIM UMEHEM B Ka-
YecTBe BPEMEHHOTo ¢haitia [Uist 3anucH NMEPEMEHHBIX; €C/M TakoM ¢ail He yKasaH,
UCHIONB3YETCH BPEMEHHBIN ¢ain pack.tmp.

KoMaHnga pack He BiausieT Ha pasmep NamsiTv, BBIICICHHBIA Mpoueccy uc-
NOJTHEHUA nporpaMMbl MATLAB; yto6bl 0CBOOOAUTH Ty NAMSTh, HEOOXOZMMO
BLIATM M3 cucrembl. [Tockonbky cucteMa MATLAB ucroib3yeT MeToqd
YIpaB/IeHUS] NaMATbIO, HA3bIBAEMBIM Kydyel, TO B TEYEHME HJIMTEIBHOIO CeaHca
paboThl MaMATh CTAHOBUTCH (DPArMEHTUPOBAHHOW, TO €CTH TMOABNIAETCA MHOIO
thparMeHTOB CBOGOHOTO MPOCTPAHCTBA, HO OTCYTCTBYIOT HEINPEPHIBHBIE Y4AaCTKU
IUISL COXpPaHEeHHUsT 60ABILIMX M0 Pa3MEpy MAacCHBOB.

Ecnu nonmyyeHo coobiuenue Out of memory (HenoctatoyHo namsiTd), To KOMaHaa
pack MoXeT OCBOBOAUTS YYACTOK NAMSTH, HE YAANSAS TIPU 3TOM TEPEMEHHBIX.

KomaHnga pack ocB0oGOXAAET IaMsTh, BBIMOJHSSA TaK Ha3blBaeMyl0 COOpDKY
“Mycopa”; OHa COXpaHsIET BCE IEpEeMEHHbIE Ha JUCKE BO BpeMEHHOM daiiie
pack.tmp, oYMILaeT naMmATb M 3aTeM BHOBb 3arpyXaeT [E€peMEHHble Ha JUCK
13 aina pack.tmp, Ha nocnenHei dase yaansiercs davn pack.tmp.
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CucTemMa uHXeHepHbIX 1 HayyHbix pacyetos MATLAB 5.x. Tom 1

Ec/i npUMEHEHHE KOMaHObl pack He JaeT pe3y/braToB, CJIeAYeT NONpo0oBaTh
YAIATh Pl TICPEMEHHBIX; ECAM M JTOr0 HEAOCTATOYHO, TO CICAYET YBEIUYUTh
pasMep NaMmsTH, UCIIONB3YeMOil /It I10AKa4yKu (CBOMMHra). Jjis 3Toro B naHenu
yrpasnenust (Control Panel) otkpoiite nukrorpamMmy 386 Enhanced, HaxmuTe.
kHorky Virtual Memory v yBenuubpTe pasMep namsTH.

Conymcmeayrouue xomandsi. CLEAR.

WORKSPACE 3anyck Workspace Browser

Cunmaxcuc:
workspace

Onucanue:

KoMaHna workspace 3zanyckaer cpeJCTBO MpocMoTpa pabodeit 0b0nacTu
Workspace Browser.

Conymcmayrouwue Komanos:. EDIT, PATHTOOL.

YnpaeneHue nytTamm gocryna

PATHDEF IIyts xocTyna no ymMo.4aHuio

Cunmakcuc:

p = pathdef
Onucanue:

OyHkuus p = pathdef npucBanBaeT CTPOKOBON NEPEMEHHOMN P CIIMCOK IyTei
JOCTYNAa, MCIOJB3YEMBIA MO YMOJYAaHUIO B cucteMe MATLAB. 3TOT cnMcOK
COOTBETCTBYET BCTpoeHHOM dyHKiuu matiabpath, koTopast MCNONL3YETCS B TNas-
HOM (haiine 3arrycka matlabrc. Oto cneuuansublit daidn, HanMCaHHBIM Ha dupMe
MathWorks, ¥ OH He A0JKeH U3MEHAThCA.

Ipumep:

p = pathdef;

PesynbTarom sSBAAETCS CTPOKA, UMEIOLIAsl OYeHDb GOJIBIIYIO [UIHHY W HE MpH-
rojHasi JUisl BbIBOJA Ha 3KpaH. [lig BHIBOAA CIIMCKA FyTel HOCTYla B HArJisIHOM
JUIST BOCIIPUATUS BUIE CJIeAyeT UCIIONb30BaTh KoMaHay matlabpath.

Conymcmeyrouue komanow: PATH, PATHSEP, MATLABPATH.

PATH Ynpapnende ciuckoM nyreil foctyna

Cunmakcuc:

path
p = path
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2. CnpasoyHbie ¥ YNPaBasioLme KOMaHabl u hyHKUum

path(<roebiti_nyms_docmyna>)

path(path, <wogbii_nyms_docmyna>)

path(<uoesii_nymes_docmyna>, path)

Onucanue:

Komanpna path BBIBOAMT Ha 9KpaH CITMCOK TyTeil JocTyra B cucteme MATLAB.
BTOT CITUCOK cooTBeTcTBYeT nepeMerHoir MATLABPATH, xotopas yCTaHaBIMBACTCs
KoMaHgoit matlabrc vnu MHIUBUIYAIbHOM NPOrpaMMOoit 3arycka startup.

Komanna p = path Bosppaiaer cTpoKy, conepXallyl CIMCOK MyTeit JocTyna.

Komanna path(<uoesui nyms_docmyna>) 3aMEHSIET CYLIECTBYIOUUM CIMCOK
cnUCKoM <HOGbill_nymb_0ocmyna>.

Komanpa path(path, <woewii_nyms_docmyna>) poGapisieT HOBBIH MyTh JOCTYIIA
B KOHeEII CITMCKA IMyTel gocryrna path.

Komanpa path(<wxogeii nyms_docmyna>, path) mobamisier HOBBI ITyTh JOCTYNA
B HAYaslo CIMCKa IyTeil gocryna path.

Conymcemeyowue xomands: ADDPATH, CD, DIR, RMPATH, WHAT.

PATHSEP Pasnenutens, Hcnoap3yeMblii B CITUCKE HyTel JocTyna

Cunmakcuc:

p = pathsep
Onucanue:

Dyukuus p = pathsep NMpUCBaMBAaET CTPOKOBOI NepeMeHHOM P THII pa3ienuTeis,
UCIOJIb3YeMblil Ha JaHHOH ruiatdopme. Pasdie/mrens - 3To CUMBOJ, KOTODHIit yIOT-
pebnsietcst IS OTAeACHMS JPYyr OT APYra KATAIOTOB B CITMCKE ITyTel JIO0CTyIa.
Ilpumep:

p = pathsep

p=;

Ha rutardopme PC paznenurenem SBiseTCs TOYKA C 3aSTOM.
Conymcmeyrougue xomaunds:: FILESEP, FULLFILE, PATH.

fPARTIALPATH I YacTHuneiit myTh A0CTYNA

Onucanue:

®ynkims p = pathsep npucBarsacT CTPOKOBOM NIEPEMEHHOUN P TUTI PA3ICHATENS,
WCIIONb3yeMblil Ha JaHHOH ruiatdopMme. Pasnenmuresb - 3TO CMMBOJ, KOTOPbIi pUMe-
HACTCS VISt OTAEACHUS APYT OT Apyra KaTaloroB B CIHMCKE ITyTEH ocTyra.

YactuyHblil nyTh JOCTYNIA - 5TO YacTb IIOJIHOIO CIMCKAa TIYTEHd JocTyna
MATLABPATH, KOTOpasl, KaK IpaBWIO, CBSI3aHa C 4YaCTHbIMM KaTaJoraMu WId Kata-
FOTAMU METOAOB, KOTOPBIC OOBIMHO CKPBITHl WK [TOMCK B HMX OFPaHMYCH M3-3a TOTO,
YTO B 3TUX KaTaJorax MOIryT npMCyTCTBOBATh Dalib! ¢ QyONUPYIOLIMMH UMEHAMU.
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YacTidHblit NyTh JOCTYIA BKIIOYACT MOC/ICIHIO WIH HECKONIBKO MOCHEAHUX KOM-
TIOHEHTOB TNOHONO fIyTH A0CTyna, Hanpumep: matfunfrace, private/children, infinefformula,
demos/clown.mat. Wcrnons3oBanne cuMBoia @ B Kataiore Merola HeoOA3aTelbHO,
U NIO3TOMY YaCTUYHBIA NyTh B1Aa funfunvinlinefformula siBnsieTcs MpaBUALHEBIM.

Mruorye xomanapl cucteMbl MATLAB JIOMYCKAIOT MCTIONBIOBAHUE YACTMYHBIX
nyrei goctyna, B ToM yKcie help, type, load, exist, what, which, edit, profile, dbtype,
dbstop, dbclear, fopen.

Yactiurble TyTM TIO3IBOJIIOT YIIPOCTUTb TIOMCK TIaKETOB NPHKIIAAHBIX IPOTpamMM
WIH KOMIIOHEHTOB CcHUCTEMbl MATLAB npy MEPEHOCE CUCTEMBI € OHONO KOMIILIOTEpPA
Ha IPYTOiA, NOCKOJILKY YaCTHYHBIE ITYTH HE3aBUCUMBI OT MECTa YCTAHOBKU CUCTEMBI.

Conymcmeayiowue xomands:: MATLABPATH, PATH.

GENPATH Jo6aBHTH K CIHCKY NyTeil JOCTYNa KaTaaor

Cunmakcuc:

p = genpath

p = genpath(dir)
Onucanue:

Oyukuus p = genpath GopMHpyeT HOBBIA CITHCOK [MyTeit HOCTyna, Ao6GaBnss
K MPEXHEMY CITHCKY yTH, KOTOPLIE NpUHamiexar Katatory MATLABROOT Aoolbox.

Oyukuus p = genpath(<xkamanoz>) ¢GopMUpyeT HOBBIA CIIMCOK MYTEH AOCTYMa,
[06aBNsAA K NMPEXHEMY CITUCKY ITyTH, KOTOPbIe NIPHHAIVIEXAT KaTalory <kamanoe>.
Conymcemeyiouwue Komandu: FILESEP, FULLFILE, PATH.

PATH2RC CoxpannTh CIHCOK NyTeil A0CTYN2

Cunmaxcuc:

path2rc

path2rc <esixoonoi_ghatin>
Onucanue:

®yukiumsa path2rc coxpadsier TEKyWIMM CIIMCOK IyTell JocTyna B Buae Qaitia
pathdef.m, KOTophIit GyneT MCIIONHEH NPH 3aMyCKe CUCTEMBI.

Oyukums path2rc <ebixodnoli_ghaiin> COXpaHSET TEKYIUMA CHHUCOK IyTeil
JIOCTyIa B CHELIUATBHOM BBIXOAHOM ¢haiisie.

Vka3aHHbie GYHKUMM BO3BPALLAIOT CACAYIOIINI NPU3HAK:

Ipusnax 3nauenue
0 QAT COXPAHCH YCTICWIHO | | | oeeeeesorsessesssseesssesseere
1 ®@aiin #e MOXeT OpITb coXxpadew
...... 2 Qaitn pathdef.m He Hafinen
3 Paiin pathdef.m HaitneH, Ho He MOXeT GBITh NPOYMUTAH

Conymcemeyrowue xomanosr: FILESEP, FULLFILE, PATH.
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2. CnpasoyHsie U yNpasnaowme KOMaHas M QyHKLuM

[MATLABROOT | Kopnesoii katanor cHcrems MATLAB

Cunmakcuc:
s = matlabroot

Onucanue:
®ynkuus s = matlabroot Bo3BpailiaeT CTPOKY ¢ UMEHEM KaTAIOra, B KOTOPOM
YCTaHOBJIEHA cucteMa MATLAB.

[pumep:
s = matlabroot
s = EAMLAB52

Conymcmeyrougue Komanos: FULLFILE.,

ADDPATH Jo6apuTh KaTanor K CIHCKY myTeil J0CTyNa

Curnmakcuc:

addpath <xamanoz>

addpath <xamanoz1> <kamanoz2> <xkaman0e3> ...

addpath ... —end | -begin
Onucanue:

Komanza addpath <kamansoz> RoGaBnsieT yKa3saHHbIM KaTtator K Hayamy CIMCKa
nyteit gocryna. ECIM UMS KaTajiora COAEPXHUT Npobesbl, ceAyeT HCIONb30BaTh
dyHKUHOHANTBHYIO hopMy onepaTtopa addpath('<kamanoe>').

KoMmanga addpath <kamanoczl> <xamanoz2> <xamanoz3> ... n06aBNAET yKa-
3aHHbIC KaTaJIOTH K Hayajly CIIKMCKA NyTeil gocTyna.

Komanza addpath ... -begin | —end B 3aBucumMocT! OT 3HaueHusi duiara nobasnsgeT
yKa3aHHble KaTanoru B Hayano (-begin, am6o 0) wiu B KoHew (-end, 6o 1) cnucka
TyTed 1oCTyna.

Conymcmeyrouue komandsi: PATH, RMPATH.

RMPATH VIanwTh KATANOT ¥3 CAMCKA MyTeH A0CTYNA

Cunmaxcuc:

rmpath <xamanoz>

rmpath <kamanoz1> <kamanoz2> <xamanoe3> ...
Onucanue:

KomaHnga rmpath <kamasoz> yaansieT yKa3aHHbIH KaTajor U3 CNMCKa Mnyreii
noctyna. Ecnyu umsa xatanora coAepXuT npobeiibl, CAeAyeT MCNOJb30Bath (PYHK-
LMOHAJIbHYIO (opMy onepatopa rmpath('<kamanoe>').

Komanna rmpath <xamanoe I> <xamanoz2> <kamanoe3> ... ynanser ykasaHHbIC
KaTajJlorH M3 CIIMCKA NyTel aocryna.
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PexkomeHayeTcsi  Mcronb3oBaTh  QYHKUMOHAIbHYIO ¢opMy onepartopa
rmpath('<xamanoeI>', '<kamaaoz2>', ...), €CAU KATAJOTK 3aNMCAHLI B BUAE CTPO-
KOBBIX BBIP@XCHUM.

Conymcmeyrowjue Komanob: ADDPATH, PATH.

Onpeneanrs pacnoioxenue AeMOHCTPaLHOHNBIX daiiios

Cunmaxcuc:

finddemo
Onucanue:

Komanpa finddemo oTbicKuBaeT NMyTd HOCTyNa, comepxaume ¢aiit Demos.m
u Demos.mat, a taxxke BoiBomuT cniucok ITITIT u xoMmnekros cpencrts, copep-
xawux ¢aitet Demo.m.

Conymcmsyioujue Komandb: HTML-CIIpaBKa.

] 3anyck cpecTBa PeJAKTHPOBAHHA M NMPOCMOTPA
nyreii pocryna Path Browser

LEDITPATH, PATHTOOL

Cunmaxcuc:
editpath
pathtool

Onucanue:

Komanap! editpath u pathtool B cpese Windows BBINONHSIOT OOWHAKOBbIE
(byHKUMM, OCYLUECTBISAS 3aIYCK CPEACTBA PEAAKTHUPOBAHMSA ¥ TMPOCMOTpa myteit
nocryna Path Browser.

Conymcemsyiowue Komanosl. EDIT, WORKSPACE.

Vnpannerme KOMaHAHbIM OKHOM

CLC O9HCTKa KOMAHIHOTO OKHA

Cunmaxcuc:
cle
Onucanue:
KoMaHaa clc ouuiiaeT KOMaHIHOEe OKHO W BO3BpalljaeT Kypcop B JieBbii
BEPXHHU YroJ1 aKpaHa.
Conymcmeyowue komandot: HOME.

Bo3spamenne Kypcopa

Cuumakcuc:
home
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2. CripagoYHsIe W YNPasnaioume KOMaHabl 1 QyHKUnM

Onucanue:
KomaHnna home Bo3BpallaeT Kypcop B BEPXHUI JIEBbIH Yrojl SKpaHa.

Conymcmeyrowue xomanow; CLC.

BuiBoj Ha 3KpaH Tekcra Script-daiita

Cunmakcuc:
echo on | off | <6e3 napamempos>
echo <ums ¢aiina> on | off | <6e3 napamempos>
echo on | off ali
Onucanue:
Komanna echo on BIoYaeT peXXHM BbIBOAA Ha 9KpaH Tekcra Script-daitna.
KoManga echo off oTMeHsleT npeabiayly0 KOMaH/y.
Komanpaa echo ynpariger pexXuMoM echo NpH BbINONHEHUH (aitia-CLeHapUs.
Komanga echo <ums_gaiina>on BLIBOOUT Ha 3KpaH TeKeT M-¢aiia ¢ yka-
3aHHBIM MMEHEM.
Komanna echo <ums_gaiina>off oTMEHSIET NPEAbIAYLLYIO KOMaHAY.
Komanga echo <umsa_gaiina> nepexinioyacT pexXuM Ha HPOTHBOMOIOXHBIH.
Komanpga echo on all BkiroyaeT pexyM BBIBOIA Ha 9KpaH COAEPXUMOTO BCEX
daitnoB-hyHKIHIt.
Komanaa echo off all orMensier pexxum echo on all.
OnpenenuTs TeKylllee COCTOSHME PEXHMMa eChO MOXHO C TMOMOIIBIO KOMaH/Ibl
get(0, ‘echo’).
Conymcmeyrowue nonsmus. FUNCTION, SCRIPT.

Vnpagjenue BbiBo0oM HH(OPMALAH HA IKPAH

Cunmaxcuc:

more on | off

more(n)
Onucanue:

Komanga more on BKJIIOYAET PeXHMM HOCTPAHUYHOIO BBIBOJA.

Komanga more off oTxiiouaer pexxuM NMOCTPAHUYHOTO BBIBOAA.

Komanga mare(n) onpeaeiseT pasMep CTPAHHLIbI AIMHOH N CTPOK.

ITo yMonyauuio npuHATH 3Ha4YeHUs off u n = 23.

Korga pexum more BKIIOUYEH, PEANU3YETCS TIOCTPAHUYHBIA BbIBOJ U MEPEXO
K CJeAyloliei CTpOKe OCYILECTBJseTCS HaxaTueMm kiaBuiuu Return; mng npoc-
MOTpa CJieflytolleit CTpaHMUbl HANO HaXaTh KjaBuuly npobena. Hjs Boixona us
peXrMa MPOCMOTPa UCTIOJb3YHTE KITaBHLLY (.
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dopmaTsl BbIBOAA YMCOBOR MHpOPMAaLIUK

DopMar npefCTaBIeHHS YUCEN HA BKPAHE AUCTUIES 110 XEJIAHUIO TIONb30Ba~
TEAs. MOXHO PETYIMPOBATh C TIOMOIUBIO KoMaHAaH format. Bta xomaHga onpese-
JISeT IMb (POpMY BbIBOJIA PE3Y/ILTATOB M HE BIUAET Ha TOYHOCTH BHIYUCICHUIA,
a TaKke Ha ¢opMar NpeACTaBIeHHUs U XpaHeHUs uyucen. (B cuctreme MATLAB
BBIYMCJICHUA BCETAA BHINOJHSIOTCH C JBOHHOIM TOYHOCTHIO.)

Ecnu Bce aieMeHTHl MaccBa SBIAIOTCA UEJIBIMUM YHCIaMHM, TO OHU OTOoGpa-
XaloTcA Ha 3KpaHe B opMare 6e3 IECATHYHOH TOYKH (BHE 3aBUCHMMOCTH OT Te-
Kyuiero ¢opmara BeiBoja). Ecin xe XoTst 6bl ONMH 3JIEMEHT He SIBJISIETCH LIeJIbIM
YUCJIOM, TO BCE JIEMEHTHI TAKOr0 MAacCUBa OyIyT BBIBEJCHBI Ha 3KpaH B TEKy-
ueM BoixogHoM ¢dopmare. B cucteMe MATLAB BO3MOXHO 33JjaHMe HECKOJIBKUX
BBIXOHBIX (POPMATOB.

TTo yMo4anMIo 1py 3arpy3ke cucteMsl ycTaHaBinuBaeTcesl ¢opmar short. Ox
orofpaxaer TOALKO 5 3HayalwX ACCATHYHBIX mubp yuciaa. [Ipyrue ¢opMath
NO3BONAIOT OTOOPa3sUTh Gofbliee YMUCHO AECATUYHBIX LUM(P WIH HCIONB3YIOT
IKCIIOHEHIMATRHOE PEACTARICHUE YUCe.

FORMAT

®opmatht BRIBOAA

Cunmaxcuc:
format format short g format +
format short formatlong g format compact
format long format hex format loose
format short e format bank
format long e format rat
Onucanue:
Komanoa Dopmam [Ipumep
format Tlo ymonuyanmo, coorercrayet format short | 3.1416
format short Kopatkoe uveno ¢ GUKCHPOBAHHOM TOYKOIK: 3.1416

5 AecATUYHBIX uudp
format long JlnnHHOe yucno ¢ GUKCHMpoBaHHOM Toukoit: | 3.14159265358979

15 necaTyHbIX UNGp

format short e

KopoTkoe uncio ¢ niasaiowieif TO4KoH:
5 necatuyHblx uudp

3.1416e+00

format long e

JINMHHOE YMCIIO C TUTABAOLLEN TOYKOM:
15 pecATMYHBIX LMD

3.141592653589793¢+000

_Jormatshortg | Jlyyuias dopma M3 5 necaTUYHBIX UHGP 31416
formatlong g | Jlysuras dopma u3 15 necatnunpix uup 3.14159265358979 .

Jformathex | WlectHanuatepuusoe umeno 400921fb54442d18 ..

Jormatbank I Kommepueckuit gopMar . L
format rat PaumonansHoe yuciio 355/113



2. CnpaBsoyHbIe U Yrpasnsoume KoMaHas ¥ QyHKUum

format + CumBonunyeckoe oToGpaxeHHe Yucna: I
TIONOXHUTENBHOE t
OTpHUATENLHOE -
Hy/b npoben
format compact TonaBneHue npobeaa Mexay CTPOKaMK
format loose BoccraHoBneHUe Npofena MEXAY CTPOKAMU

Conymemeyrouwjue komandor. FPRINTF, NUM2STR, RAT, SPRINTF, SPY.

DIARY Benenne AueBHHKA

Cunmackcuc:

diary <ums ¢aiina>

diary on | off | <6e3 napamempos>
Onucanue:

Komanpa diary <ums ghaiina> BKIIOYAET PEXAM 3aMMCH B (ailll ¢ 3a0aHHBIM
UMEHEM TIOCNIEIOBATE/ILHOCTH BBITIOJIHEHHBIX ITOJIL30BATE/IEM KOMAH, a TaKXe
pE3YJIbTATOB MX BBITIOJIHEHUS, KpOME IpadMUeCcKUX U306paKeHMIt.

KoManpa diary on BKJIIOYaeT PEXHM 3aTUCH.

Komanzaa diary off BHIKITIOUAET pexXuM 3anUCH.

Komanpa diary <6e3 napamempos> TiepeximoyaeT COCTOSHME THEBHUKA (C on Ha off
1 HaoGopoT).

JTa KOMaHAa MO3BOJSAET I[OMELIaTh B AHEBHUK OTAEbHbIE (DparMEHTHI
BBHIONMHAEMBbIX JCHCTBUM.

Conymcmeytouiue komarndwsl: HTML-CipaBKa.

Pa6oTa ¢ daiinaMu n onepauoHHo’ cucTemom

Texymmii kaTanor cucremnt MATLAB

Cunmaxcuc:

pwd

s = pwd
Onucanue:

KoManaa pwd BBIBOAMT Ha TEPMHHA/ TEKYILMIA Karajgor npu pabote B cUC-
TeMe MATLAB.

OyHkuus s = pwd BO3BPALIAET TEKYLLUHI KATAIOr B BUIE CTPOKOBOM NepeMeHHOIA.

Conymcmayrousue komandsi: CD.
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CuctemMa MHXEeHEPHbIX N Hay4Hbix pacdeTos MATLAB 5.x. Tom 1

CocTosnne ¥ M3MEHEHHE TEeKYIIero KaTajiora

Cunmaxkcuc:
cd
cd ..
cd <nyms_docmyna>
Onucanue:
KomaHna cd BRIBOOMT Ha 3KpaH MYTH AOCTYIA K TEKYLIEMY KaTajory.
KomaHpia cd.. BLIBOOUT Ha 3KpaH KaTallor ¢ MepapXUei Ha e[UHUILY BBILLIE. :
KoManpa cd <nyms_docmyna> W3MeHsieT TEKYIIMIA KaTaJlor Ha KaTajor,
ONpeAc/IIEMBIN TI0Ib30BATEIIEM.

Conymcmayrouwue komandst; PWD.

BriBo/1 HA 3KpaH JUCTHHra KaTajiora

Cunmaxkcuc:

dir

dir<uma_kxamanoza>

D = dir<uma_xamanoea>
Onucanue:;

KomaHpa dir BHIBOOWIT JIUCTUHT TEKYHIETO KaTIOTA.

KomaHaa dir <uMsa_xamanoea> BBHIBOOZUT Ha 3KpaH CIMCOK (aiiyioB, comep-
XalMXCS B Katajore. MOXHO yKa3blBaTh MyTh AOCTYIA K (aiy M 1abjioH uis
HMeH (DaitJIoB TeKyLLUEro Karajora.

Oyukuua D = dir('<ums_xamanoea>') BO3BpalLlaeT MAcCHB 3aIlMCeil coO clie-
NVIOIIMMH TIOJSIMU:

Hone Ha3znavenue
name Ums daitna
date Jlata MopubuKauun
bytes Paamep B Gaiitax
isdir 1 - ecnu 3to0 KaTasor;
0 - B OocTanbHBIX CAydasx

Tpumep:

d=dir('m*.m*)

d=

2x1 struct array with fields:
name
date
bytes
isdir
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2. CripaBO%HbIE M YITPABAAIOUINE KOMAHAb! U PyRKLMN

d.name d.date

ans = mn.mat ans = 07-Jul-1998 17:29:08
ans = myf.my ans = 10-Jul-1998 08:27:46
d.bytes d.isdir

ans = 328 ans= 0

ans = 1642 ans= 0

Conymcmeyrowue Komanost: |, CD, DELETE, TYPE, WHAT.

COPYFILE Cxonmposars (aiin

Cunmaicuc:

copyfile(<gaiin_ucmounux>, <Hoevill_aiis>)

copyfile(<gain_ucmounux>, <noewiii_gaiin>, 'writable")

status = copyfile(...)

[status, msg] = copyfile(...)

Onucanue:

Komanna copyfile(<gais_ucmounurx>, <noswii_gaiin>) xonupyer oailn-uc-
TOYHHMK B HOBBIIt Gaitn. ApryMeHTsl <ghaila_ucmoynuk> v <Hogbll_¢hais> MOryT
ObITh 331aHBI B BUE TOJHBIX WIH YaCTUYHBIX MYTeH AOCTYIIA.

Komanpa copyfile(<gaiin_ucmounux>, <noswii_ghaiin>, ‘writable') monrsepxiaer,
4TO HOBBIN (hailn focTyrneH IIA 3alUcH.

Oyukumsa status = copyfile(...) Bo3BpaiaeT 1, ecin KONMPOBAHUE YCIEIUHO,
1 0 - B OCTAIbHBIX CIy4asix.

®yuxuus [status, msg] = copyfile(...) Bo3Bpalaer, KpoMe TOro, coobiieHue
00 olmuMbKe, eCnu rocjeHss UMeNla MECTO.

Conymcmeyiowue komands:: DELETE, MKDIR.

DELETE Vianenue $aiiioB 1 rpadHuecKHX 06bEKTOB
Cunmaccuc:

delete <ums daiiaa>

delete (h)
Onucanue:

Komanpa delete <umsa gaiina> ynansier 3anaHHbBIN daiin ¢ qucka.

KoManpaa delete(h) yoansier rpadudeckuit o6pext ¢ geckpuntopom h. Eciu
00BEKT - OKHO, TO OHO 3aKpPbIBACTCS U ypajisiercsl 6€3 nOATBEPXIeHUS.
Ilepeonpedensembie memods::

help char/delete.m

help scribehgobj/delete.m

help scribehandle/delete.m

help hgbin/delete.m

help editrect/delete.m

help arrowline/delete.m

help activex/delete.m
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Hndopmanun o nepemennsix cpeam DOS

Cunmaxcuc:

s = getenv <nepemennan cpedor>
Onucanue:

Oyukuua s = getenv <nepemennas cpedsi> BO3BpAILAET Tekyulylo wHdpop-
Mauuio o NepeMeHHoi cpeabl DOS u pe3ynsTaTr B BUAE CTPOKH S.

Hpumep:
Oyukuus s = getenv('temp’) pozppatuaer sHayenue s = C:\DOS.
Dynkuus s = getenv(‘prompt’) Bozspaiuaer 3Hayenue s = $psg.

Conymcemeyrowue xomando. HTML-CIIpaBKa.

Co3aars KaTajor

Cunmaxcuc:

mkdir(<uma_xamancea>)

mkdir(<podumenscrkuil_xamanoe>, <HoBbIH_Kamaioe>)

status = mkdir(...)

[status,msg] = mkdir(...)
Onucanue:

KoManaa mkdir(<uma_xamanoza>) cO3maeT Katalor ¢ yKa3aHHbIM MMEHEM
B TEKyILEM KaTajore.

Komanaa mkdir(<podumensckuii_xamanoe>, <Hoewii_xamanoe>) cO3[IAET HOBBILA
KAaTajior B yXe CyIEeCTBYIOLIEM POAMTEILCKOM Karajore.

Oynkuus status = mkdir(...) Bo3spawaer 1, eciiM KaTajor ycneluHo CO34aH,
2 - ec)iM TaKo#t KaTajioT yXe CYILEeCTBYET, U 0 - B OCTIBHLIX ClyyasX.

Dypkuus [status, msg] = mkdir(...) Bo3Bpawaer, KpoMe TOro, coobuieHHe
00 ownoOKe, eciy NOCHSAHAN UMENA MECTO.

Conymcmeyroujue komanos: COPYFILE,

Boinoanurs xomanay DOS u Bo3BpaTHTh pesyabTar

Cunmacuc:
dos <xomanda_DOS>
! <komanda_DOS>
[status, result] = dos('<komanda>', '-echo’)
[status, result] = dos('<komanda>' | '<komanda> &')
Onucanue:
Komanupt dos <xomanda_DOS> u | <komanda DOS> BoinonHsAoT komangs! DOS.
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2. CnpaBoyHbIe W yNpasnsiowme KOMaHasl n QyHKUN

dyukuus [status, result] = dos('<xomanda>', -echo’) B cpege Windows Bbi-
3piBaeT obonouky DOS, yTobbl BHINOAHUTE 3aAaHHYO KOMaHay. MoOryT BbINOJ-
HATbCSL Kak Komaniasl DOS, tak 1 xomanasl Windows, ofHako crnocofbl npea-
CTaBJIEHUs! pe3ynsTatoB Oynyr ormnmyarbes. Komanast DOS Bcerna so3spawator
pe3yabTaT B BHIE nepeMeHHOi. OHM Bcerfa BbITONHSAIOTCA aKTUBHM3UDYS INHMK-
trorpammy DOS wiM KOMaHZHOE OKHO, 33 UCKJIIOYEHHMEM HEKOTODHIX CilyyaeB,
[EPEYUCICHHBIX HUXE.

Komanapt DOS HuKorma He BBIUTOJHSIOTCS B ()OHOBOM peXuMeE, M, KpOMe
toro, MATLAB Oyaer oxuiarh 3aBepLUCHMs OMepanii BHIBOAA, MpexXie 4eM
NPOJOKUTL BHIYMCICHUS.

B cBolo ouepenn, komaHasl Windows MOIyT UCHOHATECS B (DOHOBOM PEXHME.

Komanaet DOS ponyckaioT HKCIoib30BaHMEe BTOPOro mapamerpa '-echo'.
OTOT mapaMeTp 3acTaBiseT BEIBECTH Pe3y/bTaThl B KOMaHAHOE OKHO, JaXe eClu
IIPEATNTMCHIBAICS BBIBOJ TOJNBKO B BHIE MEPEMEHHBIX.

Wcrionb3oBaHue cMMBOia & MMeeT cileayloliee HasHayeHwe. TIpy BBINOTHEHHH
koMaHa DOS oH Bbi3biBaeT OTKphiTUE OKHA DOS, B OTCYTCTBHE 3TOrO CHMBOJIA
AKTUBU3UpYETCH ToIbKO mukTorpamMma DOS. TIpu einosnHeHnn koMana Windows oH
BbI3BIBAET MCIIOJIHEHHE TIpOrpaMMbl B (JOHOBOM pEXHME.

[Ipumep:

[s, w] = dos('dir')

3Ta KOMaH/Ja BbIBOAMT HA 3KPaH JIMCTUHT KATAJIOra, BO3BPAILACT IEPEMEHHYIO S,
PaBHYIO HYJ10, 2 B CTPOKOBOM IEPEMEHHONH W COXpaHSeT JTUCTHHL.

dos('edit &')

D1a KoMaHaa oTkphiBaeT peaakrop DOS B okne DOS.

dos('notepad file.m &)

3ta KOMaHAA OTKPBLIBAET pefakTop notepad W BO3BPALLACT YIIPABICHHE CHC-
TemMe MATLAB.

[s, w] = dos('foo")

3Tta KOMaHJa BO3BpalllaeT 3HaYeHUE S, PaBHOE HYJIO, NOCKOJIbKY 000Ji04Ka
DOS Bbi3BaHa MpaBU/IBHO, OJHAKO B CTPOKOBOM TMepeMEHHON w GymeT couep-
Xarbesi coobeHne 06 owubke, NOCKOJIBLKY "foo" He apnseTcsi KomaHaoi DOS.

[s, w] = dos('dir", "~echo');

Jra KoMaHaa OyleT BbIBOGUTh PE3YJIbTAThl B KOMAaHAHOE OKHO, MOCKOJIbKY
onuusa -echo nmogaenser AeHCTBUE CUMBOJA ;'

Conymcmeyrougue komandsr: HTML-CIIpaBKa.

COMPUTER Tonyyenne naopMaNKn 0 KOMNbIOTEPE

Cunmaxcuc:

computer
[c, maxsize] = computer
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CucreMa MHXEHepPHBIX 1 HayuHbix pacyetos MATLAB 5.x. Tom 1

Onucanue:

Komasiza computer Bo3BpaiiaeT cTpoKy ¢ MH(OpPMaLMER O TUIIE KOMIILIOTEpa,
Ha KOTOPOM YCTaHOBJICHa cucTeMa MATLAB.

dynkuus [c, maxsize] = computer BO3BpaliiaeT CAeAyOUyo HHDOopMaLHIO:
« C- cTpoKa ¢ us¢opMaLMeit 0 TUIIE KOMIIBIOTEPA;

« maxsize - 1e0€ YMCIO0, YKa3bliBAOUlee HA MAaKCUMAJILHO JOMYCTUMOE YHCIIO
JNIEMEHTOB MATPMLBI Uit JaHHOM BepcuM MATLAB. (JlomonHuTebHbIe
OrPaHUYCHHS] OTIPEACIAIOTCS BOSMOXHOCTSAMH ONEPALIMOHHON CUCTEMBL.)
QopmupyioTes creayouue CoobIIeHHa O THIIE KOMIIBIOTEpa:

Coobwenue Tun xomnsomepa

PCWIN MS-Windows

MAC2 Macintosh

SUN4 Sun SPARC

SOL2 Solaris 2

HP700 HP 9000/700

SaGl Silicon Graphics

SGI64 Silicon Graphics R8000

IBM_RS IBM RS6000

ALPHA Dec Alpha

AXP_VMSG Alpha VMS G float

AXP_VMSIEEE Alpha VMS IEEE

LNX86 Linux Intel )

VAX _VMSG VAX/VMS G_float

VAX_VMSD VAX/VMS D_float
Ipumep:

ITocne BBINOJHEHHUS KOMaHARI
[c, maxsize] = computer
B paboueM oKHe MATLAB MOSABATCSt COOOILECHUS
¢ = PCWIN
maxsize = 268435455

Conymcmeyrowgue komanou, \SIEEE, ISPPC, ISUNIX, ISVMS.

TEMPDIR Wmsa paboyero xaranora DOS
Cunmaxkcuc:

tempdir
Onucanue:

Komana tempdir Bo3spaluaer umst pabouyero karaiora DOS, eciin oH cyluectsyer.

Conymemeyrouwue komander. TEMPNAME, FULLFILE.
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2. Cnpaso4Hbie n ynpasasiowme KoManasl i QyHKumm

TEMPNAME Hmsa spemennoro daiina

Cunmakcuc:
tempname

Onucanue:
KoManpga tempname Bo3BpalLaeT yHHMKadbHOE WUMs, KOTOpPOC MOXET ObITh
MCIIOJIb30BAHO B KAYeCcTBe MMEHM BpeMeHHOro ¢aiina.

Conymcmeyrouue komands: TEMPDIR.

Coopmuposars nonoe nmsa ¢aiiia w3 yacrei
Cunmaxcuc:

fullfile(d1, d2, ..., <uma_gaiira>)
Onucanue:

Komanpa fulifile(dt, d2, ..., <uma_gaiina>) bopmupyer niyTs gocryna K daitny,
UCTIIONIb3YSE MMEHA KaTaioros d1, d2, ... ¥ uMsa daiia. D10 B OCHOBHOM COOTBET-
CTBYET CJICAYIOLICH KOHCTPYKUHMH:

F = [d1 <pa3deaumeas> d2 <pasdesumens> ... <pazdeaumens> <ums_gaina>).
Hpumep:

CdopMupoBaTh HE3aBUCHMBII OT HCMOJIB3YEMOrO KOMIIBIOTEPA IYTh JOCTYIla
K aitny Contents.m:

fullfile(matlabroot,'toolbox’,'matlab’,'general’,'Contents.m’)

ans = E:\MLAB52\toolbox\matlab\general\Contents.m

CdopMupoBaTh HE32BUCHMBIIl OT MCIOJIL3YEMOrO KOMIIBIOTEPA IYTh JOCTYIa
K Karajory matlab:

fullfite(matlabroot,'toolbox','matlab',")

ans = E:\MLAB52\toolbox\matlab

Conymcemeyrouue komandwr. FILEPARTS, FILESEP, PATHSEP.

FILESEP Pa3zjieMTelb KATAJIOrOB /LIS JAHHOTO KOMIbIOTepa

Cunmackcuc:
f = filesep

Onucanue:
Oynkuus f = filesep Bo3Bpaufaer pasfciUTe/b KaTalIOIOB, HCIIOJIb3yeMblit
B JaHHOM OIICPALIMOHHOM OKPYXCHHM.

Conymemeyioujue komandet; FULLFILE, PATHSEP.
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CucreMa nHXEHEPHbIX N Hay4YHbix pacyeros MATLAB 5.x. Tom 1

FILEPARTS BuiteauTs cocTABINIONMIME MYTH AOCTYNR

Cunmackcuc:
[path, name, ext] = fileparts(<nymes_docmyna>)
Onucanue:
Oyuxuua [path, name, ext] = fileparts(<nyms_docmyna>) sosspaiuaer 1myrs
aocryna, ums aiina U ero paciMpeHHe.
Ilpumep:
[path,name,ext] = fileparts(' E:\\MLAB52\toolbox\matlab\general\Contents.m’)
path = E:\\MLAB52\toolbox\matiab\general
name = Contents
ext=.m

Conymcmsywouue xomandu:. FILESEP, FULLFILE, PATHSEP.



3. TUMbl JAHHbIX U OBBEKTHO-
OPUEHTUPOBAHHbINA Noaxoa

B cucreme MATLAB onpeseneHo 6 6a30BbiX TUNOB JaHHBIX, KaXAblil U3 KO-
TOPHIX SABJIAETCS TeM WM WHbIM BulioM MaccuBa. [llects kiaccos - ato double,
sparse, uint8, char, cell u struct. IlpuHagnieXHOCTb TOTO WiM MHOrO OGbEKTa
cucteMbl MATLAB K OIHOMY M3 KJIaCCOB MOXET OBbITh MpeACTaBIeHA ClICAyIOLIEi
cxeMoit (puc. 3.1).

array
{ i 1 |
char numeric cell struct
| ' |
double uint8
sparse
Puc. 3.1

CoeavHHUTE/IbHBIC JIMHUUM HA CXEMe ONpeJensiioT MPUHALIEXHOCTh TOrO MK
MHOTO THIIa JaHHLIX K O[HOMY MNM HecKoJbKuM KnaccaM. Obparure BHUMaHHeE,
YTO THIl array - MacCHB, HaxXOOSLIHICA B BEPILUMHE CXEMBI. JTO O3HAYAET, 4TO
BCe JaHHbIe cucTeMbl MATLAB ABAAIOTCA MacCUBaMH.

Yawe BCEro NMpUXOAUTCH MUMETH AENIO € OBYMSI M3 3THX KNACCOB: MacCHBOM
yucea yABOeHHOH ToyHocTH (double) 1 MaccuBoM cHMMBOJIOB (char), win npocto
CTPOKOM. D710 OOYC/AOBNEHO TEM, YTO BbIYMCIEHUA B cucTeMe MATLAB Bbinon-
HSIOTCS C YABOEHHOM TOYHOCTBIO, M MO3TOMY OOJIBIUMHCTBO PYHKLMIF paboTaioT
C MacCHBaMHM YMcCeJl YIABOSCHHOM TOYHOCTH, a TAKXKE CO CTPOKAMH.

pyrue knaccel mpegHazHaYeHsb! Al TaKUX CHCLUANBbHBIX NPWIOXKEHUH, KaK
paboTa ¢ pa3peXXeHHbIMM MaTpuLaMM (sparse), obpaboTka mM3obpaxeHuii (uint8),
pabota ¢ Maccusamu Gosibiioit pazMepHocty (cell u struct).

Henb3st 3amaTh THI EPEMEHHOM humeric WK array. 3TH THIbl Ha3bIBAIOTCS
6UPMYAAbHbIMU N CIIYXAT TOJBKO AJISI TOTO, YTOOB!I CIPYNITUPOBAThH TIEPEMEHHBIE,
KOTOpBI¢ UMEIOT O011e arpuOyThi.

Tun uint8 npennasHavyeH Wi 3PGeKTUBHOrO XpaHEHHs AaHHBIX B NaMSATH.
K gaHHBIM 3TOr0 TUNAa MOXHO NPUMEHATH TOJMLKO 0a30BbIC ONEpailMu WHAEKCa-
IIMK MU U3MEHEHUS Pa3MEPOB, HO HeJb3sl BBIMOJIHMTL HUKAKOW MaTeMaTU4YecKoit
orepauuu. Jna Toro Takue MaccupBbl HeobXoaMMO npeobpa3osaTh B TN double.
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CucTema nHXeHepHsIX M HayqHbix pacyetos MATLAB 5.x. Tom 1

[TepeuncneHHbple Ha CXeME TUIIBI JAHHBIX HA3BIBAIOTCA 8cmpoeHHsmil. g
BCTPOCHHBIX TUIIOB MOXHO NEPEONpPEAcsiTh METOA 00paboTKU, KaK 2TO- 1e1aeTcy
Ut 06BeKTOB cucTeMsl MATLAB. HarpuMep, 4TOOBI 3a1aTh OIICPAliMI0 COPTUPOBKK
VIS MacCuBa THIa uint8, HeobxoauMo co3aathk MeToa (sort.m wiu sort.mex) U rmomec-
THTb €10 B CHIEUMATBHBIA KaTanor @uint8.

S3plk MATLAB nosBonser co3gaBaTh cOOCTBeHHble THMITHl daHHbIX UserObject
# paboTaTh ¢ HUMU MO AHAIOTHU CO BCTPOCHHBIMYM TUTIAMM.

Cnenyrolas Tabiauia onUchIBaeT TUITHL JAHHBIX Gojiee MoaApo6HO.

Knacc

TTpumep

Onucanue

Double

[12;34]
5+ 6i

Goree pAcIIPOCTPaHEHHBIA THIT NEpeMEHHON B CHUC-
TeMe MATLAB)

’ Char

MpuseT'

Macceur CHMBONOB (KR0KABIA CUMBON - AMHOMK 16 Our),
4acTo UMEHYETCS CpoKoli

YuciioBoit MaccHB yIBOEHHON TOYHOCTH (3TO Hau- '

Sparse

Speye(s)

PaspexxeHnas MaTpuma YIBOCHHOM TOYHOCTH (TOJBKO
JByMepHasi). PaspexeHHas CTpyKTypa IpUMEHsieTcs
IUTA XpaHEHUS] MATpUL{ C HEeGOJbLUMM KOTUYECTBOM
HEHY/IEBbIX MEMEHTOB, YTO IMO3BOJISIET MCIO/B30BATh
JIVILIL HeOONMbLUYIO YacTb MaMsATH, HeoOXOAUMOMN mis
XpaHeHUs TIONHO MaTpUubl. PaspexeHHbIe MATPULIBI
TPeGYIOT NPUMEHEHHMs CNELMAIbHBIX METONOB U
peLueHus 3a1ay

Cell

{17 'npuseT' eye (2)}

MaccuB sdeeK. DJIEMEHThl 3TOr0 MacCHBa COJED-
XKaT ApyrHe MaccuBbl. MacCuBHl Ayeek MO3BONISIOT
00BEAMHUTE CBA3AHHBIE NAHHBIE, BO3MOXHO pas-

A.color ='Red";
A.mat = magic(3);

Maccue 3ammced. OH BK/TIOYaeT MMEHa TIOMNEH.
Tlons camu Moryt comepxartb maccHBbl. [lomo6HO
MacCHMBaM sl4eeK, MAacCHUBbI 3amuceil OObEAMHSIOT
CBSI3aHHbIE JaHHbIE U MHQPOPMALHMIO O HUX

UserObject

inline('sin(x)")

Maccus 8-paspsambeix memsix uucen 0e3 3HAKOB.
OH 103BONAET XPaHHUTh LieJIble YHUCIA B AUANa3oHe OT
0 o 255 B 1/8 yactut namsaTy, TpebyeMolt fnst Maccu-~
Ba YABOCHHOI TouHOCTH. HuKakue MaTeMatueckue

THn JanHBIX, ONpexe/isieMblil OJIb30BATEeM

KaxnoMy Tuiy AaHHBIX COOTBETCTBYIOT CBOM (DYHKIMH M OIlepaTopnl obpa-
OOTKM, WIH, OPYTMMH CIIOBAaMHU, Memods. JlouepHUe TUNBI JaHHBIX, Pacilofo-
>XEHHBIe HAa JuarpaMMme HuXe POJUTEbCKOTO THUIA, MOJAePXKaHbl TAKXe U METO-
Jamu pomurens. CnemopatenbHO, maccuB Tuna double rojepxaH Meromamu,
NPUMEHSEMBbIMM [JISl TUTIZ numMeric.
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3. Tunbl navHbix M 06bLEKTHO-OPUEHTUPOBAHHbLIV NOAX0A

B cnenyloiiet Tabiuie NpruBeaeHbI HEKOTOPhIE M3 TAKUX METOIOB.

Knace Memoo
Maccus Brluncnenve pasmepa (size), nmne! (length), pasmeproctt (ndims),
array o0BeaHEHNe MaccuBoB ([a b)), TpaHcrioHMpoBaHMe (transpose), MHO-

roMepHas UWHAekcauus (subsindex), mepeonpelneieHue (reshape)
M 11epecTaHoBKa (permute) pasMepHOCTeH MHOTOMEPHOTO MaccyBa

Maceus siueex WHpekcauus ¢ UCIONb30BaHMEM (UIYPHBEIX cKOGOK {ey,...,en}
’_A_q_fe'l‘l .............. Y pasieJieHUeM 3JEMEHTOB ClMcka 3ansgteiyu
Crpoka CrpokoBble GyHKUMHK (strcmp, lower), aBToMaTtuyeckoe Mpeotpa-
Char 3oBaHue B T double mia MpUMEHeHMs METOIOB Kiacca double
Double ApudmMeTHyeckie U JIOTUYECKME OMNEpAlMM, MAaTeMaTUYECKHUE
ereesee e seran e yHKUMY, QYHKUMI OT MATPUL
Numeric TTouck (find), obpaborka KOMITIEKCHBIX yucen (real, imag), dop-

MHUPOBAHME BEKTOPOB, BLIICNCHUE CTPOK, CTOJOLOB, MOAOIOKOB
MaccHBa, pacliMpeHue cKansipa

Maccus 3anucen Hoctyn x cogepxxuMoMy mons .field (paspermrens sneMeHTOB croicKa -
JStuet BATATAA) | oo
Uint8 Onepauus xpaHeHMs (yauie Bcero ucrnonndyercs ¢ IIIIIT Image
,,,,,,,,,,,,,,,,,,,, Processing Toolbox)

UserObject OnpeaensieTcsi MOAb30BATENEM

Yucnoebie N noruyeckue MacCcuBbl

MaccuBBl ABISIIOTCS OCHOBHBIMU 0ObeKTaMM cucTeEMBl MATLAB: B paHHHX
BEPCUSX JOMYCKAIUCh TOJBKO OAHOMEDHBIE U [IBYMEPHBIE MACCUBBI; B CUCTEME
MATLAB 5 BO3MOXHO MCIIOJIb30BAHME MHOIOMEPHBIX MaCCUBOB.

OCHOBHbIE XapakTepuUCTUKU

LOGICAL TIpeobpa3oBaTh YHCI0BOH MACCHB B JIOTHIECKHil

Cunmakcuc:

L = logical(A)
Onucanue:

®yukuus L = logical(A) Bo3BpalllacT MacCUB, KOTOPbLIA MOXeT ObITh MCIHO/b-
30BaH B KayecTBe 1uabjoHa ISl JorMyeckux TtectoB. Oneparop A(L) paBHocuiIeH
KoHCTpykiMu A(FIND(L)) 1 Bo3BpallaeT 3HayeHUs JIEMEHTOB MaccuBa A TOJILKO
JUI Te€X UHAEKCOB, JUIS KOTOPBIX 3JIeMeHTHl L paBHbI 1.

Jloruueckue MacCHUBBI MOI'YT OBITb TakKe CO3ZaHbl C ITOMOILLBI) OIlepaluii
OTHOWIEHUS ==, <, >, ~, ... u PYHKUUEK TUNa any, all, isnan, isinf, isfinite.
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Ilpumepni:
IycTh 3agaH YUCI0BOI MaccHB
A=[123;456;789]
A=
1 2 3
4 5 6
7 8 9

M JIOTUYECKHI1 MAacCHB
L = logical(eye(3))

L=
1 0 0
0 1 0
0 0 1,

cOpa3sMepHBlii ¢ A,

IIprMenum oneparop

A(L)

ans =

1

5

9,
PE3YNbTAaTOM KOTOPOTrO ABNAIOTCA BBIACICHHBIC M3 YMCIOBOIO MaccuBa A Juaro-
HaJIbHBIE 3JIEMEHTHI.

TTombITKa PUMEHHUTL I MHACKCUPOBAHMSA YMCIIOBOM MaccuB eye(3), yuc-
JICHHO COBMAAOUIMK ¢ L, MpUBEJET K OLIHOKE

A(eye(3))

7?7 Index into matrix is negative or zero.

Mampuuneii undexc ompuyamenen uiu pagen Hyai.

Conymcmeyiowue dynxyuu: ISLOGICAL, <, <=, >, >= == "=,

TIpoBepuTh, ABIACTCA JIM MACCHB YHCJIOBBIM

Cunmaxcuc:

k = isnumeric(A)
Onucanue:

Qyukuus k = isnumeric(A) Bo3Bpaiuaer 1, eciu A yucI0BOi Maccus, u O - B
NpoTMBHOM cny4yae. Maccussl turma sparse, double, logical ABAsOTCS YUCITO-

BbIMM MacCHUBaMHM numeric, B TO BPEMS KaK MacCUBHI CTpOK char, 3anuceil struct
# siyeek cell TaAKOBBIMHU HE SIBJIAIOTCS.

Conymemeyrowue gynxyuu: \ISCELL, ISLOGICAL, ISOBJECT, ISSPARSE, ISSTRUCT.
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3. Tunbl gavHbix N 06LEKTHO-OPUEHTUPOBAHHBIK NOAX0A

IIpoBeputsb, ABAACTCA JH MACCHB JIOTHYECKHM

Cunmakcuc:

k = islogical(A)
Onucanue:

Oynkuus k = islogical(A) Bo3spaiuaer 1, eciiu A JJoruyeckuit MaccuBs, 0 - B
NPOTUBHOM cJlydae. JIorMyeckmit MacCMB SIBJSETCSI MMCJIOBLIM, HO YKCJIOBOM
MacCHB He 0043aTeJIbHO JIOTHYECKHUMA.

Conymcmeyrowue gyuxyuu: LOGICAL.

ISEMPTY TIpoBepHTD, ABIAETCA JIH MACCHB IyCTHIM

Cunmaxcuc:
k = isempty(A)
Onucanue:
@yukums k = isempty(A) Bo3BpalLAET 1, ec/IM MaccuB A nycToit, 1 O - B IPOTHBHOM
cnyyae. Maccus A CYMTACTCS [TYCTBIM, €CJIM BBINONMHsETCA yenoBKe prod(size(X))==0.
Hauunas ¢ Bepcuu 5.0 oneparopsl OTHOWIEHUS BHIA A == [ ] JOIXHBI OBITH
3aMeHeHbl QyHKUue isempty(A).

Conymcmeyiowgue pynkyuu: LOGICAL.

ISEQUAL IIposepHTD, ABAKIOTCA XM MACCHBHI PABHBIMH

Cunmackcuc:

k = isequal(A, B, ...)
Onucanue:

Oyukups k = isequal(A, B, ...) BozspaiuaeT 1, ec/it BCe BXOXHBIC MAaCCHBbI MMEIOT
OAMHAKOBOEC COAECPXUMOE, TO €CTh PaBHbI MeXIy COOOM, ¥ 0 - B IPOTMBHOM CJTy4ac.

Conymcmeyrouue gynkyuu: EQ.

OpgHoMepHble 1 ABYMEPHbIE MAaCCUBbI

E:] Iloayunrs pocryn K noadA0KAM OJHOMEPHBIX M ABYMEPHBIX MACCHBOB
Cunmakcuc:

jik A(i1:i2,j1:j2)

jritk A(n1:n2)
Onucanue:

Oneparop : oveHb YacTO Mcrosib3yercsa Mpu pabore ¢ cucreMoit MATLAB.
OH npuMensieTcs anst GOpMUPOBAHUA BEKTOPOB MU MACCUBOB WIN AJISt BbLACJICHUS
M3 HUX TIOABEKTOPOB M NMOA0N0KOB MacCH1Ba.
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dopmuposanne BeKTOPOB:

j:k
ecJid j >= K, 3t0 BekTop Buaa [j j+1j+2 ... k];
eCliu | < k, 3TO nycmoil BEXTOD,;

jiitk
eciu j >= k, 310 BekTOp BHAR [ j*+i j+2i... k];
ecMi<Quj<kwmini>0uj>Kk, 3ro nycmoi BEXTOD.

Boigesierne 1nox010K0B:
A(i1:i2,j1:j2) - ppigencHye nogbnoka Maccusa A co Crpokamu i1 :i2 1 cronbuamu j1 :j2,

A(i, 1) - i-a cmpoka maccusa A,

A(, ]) - j-ii cmonbey maccusa A.

ITockoneky B sizbike MATLAB 27eMEHTH MacCUBa YNOPSAOYEHbBI TIO CTONG-
LAM, TO AOIYCTAMBI Oneparophl Buia A(n1:n2), KOTOpbIe BBIAEISIOT NPOHYMEpPOo-
BaHHbIC 3/IEMEHTBI ¢ HoMepa n1 1o HoMepa n2. Orepatop A( : ) 3aliMChIBacT Bce
3JIEMEHTHI MAacCHBA A B BUIE CTONOUA.

IIpumepui:
D=1.4
D=1234
E=0:1:5

E =0 0.1000 0.2000 0.3000 0.4000 0.5000
Conymcmeyrouue gyurxyuu: LINSPACE, LOGSPACE, RESHAPE.

Oo0nenunenne MacCHBOB

Cunmakcuc:
[A, B, ..]
[A; B; ...]

Onucanue:

Oneparop [A, B, ...] BbINOJIHSAET FOPU3OHTAIBHOE OOBENUHEHHE KOHEYHOIO
KOJIM4ECTBAa MACCHUBOB, Y KOTOPBIX KOJIHUYECTBO CTPOK JOIXHO ObITh ONUHAKORBO.
Oneparop [A, B, ...] paBHocuieH onepatopy [A B ...].

Oneparop {A; B; ...] BbINOJIHAET BepTHKATILHOE 00beIMHEHHE KOHEYHOIO KOTMYECTRA
MACCHBOB, Y KOTOPBIX JO/KHO OBITH OZUHAKOBBIM KOJIMYECTBO CTOIOLIOB.

Topu3oHTaNBHOE U BEPTUKAIBHOE OOBEIMHEHME MOXCT OBITH CKOMOWHUPOBAHO
B OHOM OIlEpaTope.

Oneparop [A B; C] asnsierca JOMYyCTUMBIM, €CJIM KOJIMYECTBO CTPOK MAacCHUBOB
A ¥ B 0aMHAKOBO, a KOJIMYECTBO CTONOLOB MaccuBa C COBIAjaeT ¢ CyMMOM
CTONOUOB MaccuBos A u B,

Omneparop [A B; [C D]] siBnsiercss JOMYCTUMBIM, €CJIM CYMMAa CTO/IOLOB MAacCHUBOB
C u D coBnagaer ¢ cymMmoii cronbuoB MaccuBoB A U B.

AHATOTMYHBIMH TIPUEMAMK MOTYT OBITH [TOCTPOCHBI OYCHE CIIOXKHBIE KOHCTPYKLIMH.

Conymemeyrouue @yukyuu: HORZCAT, RESHAPE, VERTCAT.
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3. Tunei panHbix u 06BEKTHO-OPUNEHTUPOBAHHLIY NOAXoL

[RESHAPE l Ipeo6pasoBanne pasMepoB JBYMEPHOTO MACCHBA

Cunmakcuc:

B = reshape(A, m, n)
Onucanue:

Oyuxkuua B = reshape(A, m, n) Bo3BpalllaeT IByMEPHBIM MacCUB pa3Mepa
mxn, chOPMUPOBAHHEIM M3 3JICMEHTOB MAacCUBa A TIYTEM UX NOCICAOBATCNBHOM
BbIGOPKM 110 ctoabuaM. Ecin koiMyecTBo 2/1eMEHTOB MaccuBa A HE PaBHO IIpo-
U3BEACHUIO M * N, BRIBOJUTCA co00lLeHUe 00 ommnbKe.

Anzopumm:

C nOMONIBIO OTIEpaTopa : MOXHO MOMYYUTH TE e Pe3yNbTaThl, KOTOPhIC MOXHO
TOJYYMTh U C MOMOLIBI0 QyHKUMKM reshape. Oynkuus reshape BbHIpAXKaeTCs 4Yepes
Oreparop : crneayroluM obpasom:

B = zeros(m, n); B(:)=A;

[lpumep:
12 3 4
Mycts A=1{1 2 3 4.
12 3 4

Torna reshape(A, 6, 2) = , areshape(A, 2, 6) = U ; % g 43; ﬂ

NN
PEAPAOOW

Conymemsyrowue @yuxyuu u onepamopui: FLIPLR, FLIPUD, ROT90, :.

REPMAT @opmupoBanue ABYMEPHOr0 MAcCHBa M3 ONOKOB

Cunmarkcuc:
B = repmat(A, m, n)
Onucanue:
Pynkums B = repmat(A, m, n) BO3BPAILIAET IBYMEPHBIA MACCUB, c(hOPMUPOBAHHEIH
M3 m x n GI0KOB A, M3 HMX M OJIOKOB 110 BEPTUKATM U N GJIOKOB M0 TOPU30HTANIH.
Obpaienue B = repmat(A, m, n) paBHocunpHO B = repmat(A, [m n]).

Ilpumep:
repmat(magic(2), 2, 3)
ans =
1.3 1 3 1 3
4 2 4 2 4 2
1 3 1 3 1 3
4 2 4 2 4 2

repmat(NaN, 2, 3)
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ans =
NaN NaN NaN
NaN NaN NaN
Conymcmeyrowue giyrkyuu u onepamopsl. MESHGRID.
IloMCK MHIEKCOB M 3HAYECHMIA SIEMEHTOB MACCHBA [0 3AXAHHOMY YCJIOBHIQ
Cunmakcuc:
k = find(x) k = find(x<ycrosue>)
[i, j] = find(X) fi, 1 = find(X<ycsosue>)
fi, j. s] = find(X) U, i, s] = find(X<ycrosue>)
Onucanue:

Oynkuusa k = find(x) Bo3BpalaeT MHAEKCH! HEHYJIEBBIX 3JIEMEHTOB ONHOMEPHOTO
MaccuBa X.

Oyukuus k = find(x<yciosue>) BO3BpalaeT MHIEKCH 3JIEMEHTOB OOHOMEPHOIO
MacCHBa X, YIOBJETBOPAIOLUHME 3aJaHHOMY YCIOBMIO.

®ynxaus (i, ] = find(X) Bo3BpalaeT MHAEKCH HEHYIEBbIX ICMCHTOB ABY-
MepHOro Maccupa X.

Oyukuu [i, j] = find(X<ycioeue>) BosBpaLiaeT MHAEKCH 3JIEMEHTOB JBYMEPHOIO
MaccuBa X, YIOBJICTBOPAIOLLHME 33JaHHOMY YCIIOBUIO,

Oynxuus [i, j, s] = find(X) Bo3Bpaluaer KpoMe MHICKCOB HEHYJIEBBIX 3JIEMEHTOB
JIBYMEPHOIO MaccBa X TakKe W UX 3Ha4eHHS B BHIE BEKTOpA S.

Qyukuus [i, j, s] = find(X<ycroeue>) Bo3BpalLAET KPOME MHISKCOB 3CMEHTOB
JBYMEPHOro MaccvBa X, yIOBJICTBODSIOLIMX 3aAaHHOMY YCJIOBHIO, TaKke U OyJieB
BEKTOD §, COCTOSIMUI U3 eqUHMLL.

Hpumepbi:

HeiicTBUA Hali OZHOMEDPHBIM MAcCHBOM (BEKTOPOM):
x=[11033055];

ﬁnc1i(x) ﬁnd(x2== 0) find(0 <x & x < 10*pi)
1
3 4
5
HeiicTersa Hal IBYMEDHBIM MACCHBOM:
M = magic(3)
M=
8 1 6
3 5 7
4 9 2
[i,j, s]=findM>8); [i js]
1 1 1
3 2 1
2 3 1

Conymemeyrowue dhiynkyuu: ISEMPTY, SPARSE, NONZEROS, <, <=, >, >=, == ~=,
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Onpepenenue JMHEL BEKTOPA

Cunmarcuc:
length(x)
Onucanue;
Oynkuus length(x) Bo3BpalliaeT KOJIMYECTBO /IEMEHTOB BEKTOPA X.
Tot Xe pe3ynbTaT MOXHO MOJAYYHTH € NIOMOILBIO KOMaHAbI Max(sizé(x)).

Conymcmeyiouue gynxyuu. HTML-cripaBka.

SIZE Onpeaenenne pasMepoB MACCHBA

Cunmakcuc:
d = size(X) m = size(X, 1)
[m, n] = size(X) n = size(X, 2)
Onucanue:

Oyukumst d = size(X) w1 maccupa X pasMEPOM MxN BO3BPAalAET BEKTOP-
crpoky d = [m n}, KOTOpasi COOTBETCTBEHHO YKa3bIBAET YMCIIO CTPOK M CTONIOLOB.

Oyukuus [m, n] = size(X) Bo3BpalLaeT YUCIO CTPOK M CTOJIOLOB B BHAE ABYX
[IEPEMEHHBIX.

QyHkuMsa m = size(X, 1) BO3BpaLLAET TOMBKO YHCIIO CTPOK.

Qynxkuus n = size(X, 2) BO3BPALUAET TONBKO YHCIO CTONGIIOB.

Conymcmeyrowue ynxyuu: LENGTH.

CROSS BekropHoe npon3BefeHne

Cunmakcuc:
¢ = cross(a, b)
Onucanue:
DyHkuua ¢ = cross(a, b) hopMKpyeT BEKTOpHOE TIPOM3BEACHNE IBYX BEKTO-
POB B TPEXMEPHOM IPOCTPAHCTBE.
Pe3ynbTUpYIOLLMIA BEKTOp MMEET CACAYIOIIEE OIUCAHHE!
c=axb=(ab, - a,b)i + (a,by - asb,)j + (a,b, - ayb)k.
Conymcemsyrowue gyuxyuu: LINSPACE, KRON.

DopMHPOBaHHE TEH3OPHOIO NPOH3BEICHHS

Cunmakcuc:

K = kron(X, Y)
Onucanue:

Pynkuusa K = kron(X, Y) ¢dopmupyeT TeH30pHOE Npou3BeJeHue (npou3Be-
Aenue KpoHekepa) ABYX YUCIOBBIX MAcCHBOB, Tak YTO Pe3yJILTUPYIOLLMII MAcCHB
HMeeT BUI
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X11Y X12Y X1nY
K=XxY=[x*Y]=|X21¥ X22¥ .. xzn¥
XY XmaY . XpnY

Ero pa3mep paBeH m * size(Y, 1) x n * size(Y, 2).
Conymcmeyrouwue ¢ynxyuu: CROSS, LINSPACE, MESHGRID.

LINSPACE @opMHpOBAHHE JMHEHHOTO MACCHBA PABHOOTCTOSIIMX Y3JI0B

Cunmaxcuc:

x = linspace(x1, x2)

x = linspace(x1, x2, n)
Onucanue:

Qynxumsa x = linspace(x1, x2) dopMupyer iuHelHblit MaccuB pasMepa 1x100,
HaYa/IbHBIM M KOHEYHBIM SJIEMEHTAMM KOTOPOTO SIBIIAIOTCS TOYKHM X1 U X2.

Oyuxumst x = linspace(xt, X2, n) ¢opMupyer JTMHEMHBIM MaccuB pasmepa 1xn,
HaYaJIbHBIM U KOHEYHBIM 3JIEMEHTAMH KOTOPOTO SIBJSIOTCS TOYKMU X1 U X2,
Conymcemeyrowue @ynxyuu: |LOGSPACE, MESHGRID, :.

| LogsPACE ] @opMHpOBaHHE Y3I0B JOrapuMHIECKOH CeTKH

Cunmakcuc:

x = logspace(d1, d2)

x = logspace(d1, d2, n)
Onucanue:

Oyukuus x = logspace(d1, d2) dopmupyeT BeKTOP-CTPOKY, cogepxaiiyo 50
PABHOOTCTOAIMX B nora2pu¢MW{eCK0M Macuitabe TOYEK, KOTOpHIE MOKPHIBAIOT
nuanasoH or 10°! go 10%.

Oyuxuus x = logspace(d1, d2, n) GopMHUpYET BEKTOP-CTPOKY, CONEPXKALLYIO
N PaBHOOTCTOALUMX B JIOrapu(pmMHUUECKOM MaciuTabe TOUEK, KOTOPHIE NMOKPHIBAIOT
nuanasos or 10%" go 10%

Conymcmeyrwuwue gynkyuu: LINSPACE, MESHGRID, :.

[MESHGRID | @opMHPOBAHKE Y3]I0B IBYMEPHOH M TPEXMEPHOIl CeTOK

Cunmaxcuc:

{X, Y] = meshgrid(x, y)

[X, Y] = meshgrid(x)

[X,Y, Z] = meshgrid(x, y, z)
Onucanue:

@yukuus [X, Y] = meshgrid(x, y) dopmupyer maccuBbl X u Y, KOTOpbIE OI-
pelensiorT KOOPAUHATHI Y3/I0B IPSIMOYroJbHHMKA, 3a1aBaEMOr0 BEKTOPAMU X U Y.
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3. Tunbl AaHHbIX N 0OBLEKTHO-0PUEHTUPOBAHHBEIN noaxos

DTOT MPSMOYIOIbHUK 3adaeT obnacTh ornpeaeneHus GyHKUMU OT JIBYX IIEPEMEHHbIX,
KOTOPYIO MOXHO IOCTPOUTD B BUzie 3D-TIOBEPXHOCTH.

Oyukuua [X, Y] = meshgrid(x) siBIsiercs COKpaiieHHOM ¢opMoit 3anucu
dysxumy [X, Y] = meshgrid(x, x).

Oynkuums X, Y, Z] = meshgrid(x, y, z) dopmupyer Maccusbl X, Y U Z, KOTOpbIe
OTPENE/ISTIOT KOOPAUHATE! Y3JIOB MapajUle/IeIMIIe a, 3aaBaeéMOro BEKTOpaMM X, Y M Z.
DTOT TApINENCINIe]] 33acT oONacTh ONPEACNCHUS IS BBIYUCICHUS (PyHKUIMHU OT
TpeX MEPEMEHHBIX U MOCTpoeHUst 3D-rapaMeTpUUeCKUX TOBEPXHOCTE.

[Ipumep:
IToctponTs ABYMepHYIO ceTKy ¢ marom 0.5 B obnactu -1 <x<1,-1<y<1.
[X, Y] =meshgrid(-1:.5:1,-1:.5: 1)

X=
-1 -0.5 0 0.5 1
-1 -0.5 0 0.5 1
-1 -0.5 0 0.5 1
-1 -0.5 0 0.5 1
-1 -0.5 0 0.5 1
Y =
-1 -1 -1 -1 -1
-0.5 -0.5 -0.5 -0.5 -0.5
0 0] 0 0 0
0.5 0.5 0.5 0.5 0.5
1 1 1 1 1

Conymcmayrouue gyuxyuu: LINSPACE, LOGSPACE, SURF, SLICE, ..

ABymepHbie Maccusbl cneunansHOro suaa

DopMHpOBAHME MACCHBA HYJIEl

Cunmaxcuc:
Y = zeros(n)
Y = zeros(m, n)
Y = zeros(size(A))
Onucarue:
Oyukuus Y =.zeros(n) dopmupyeT Maccus HyJeil pazmepa nxn.
Oyukuua Y = zeros(m, n) GopMHUpYeT MACCHB HyJIei pasMepa mxn.
Oyukuus Y = zeros(size(A)) ¢opMupyeT MAacCUB Hy/IEH, COpa3MEpHBIN
C MacCHUBOM A.

Ilpumepsi:

DopmMrpoBaHue 0THOMEPHOTO Maccupa M3 1000 271EMEHTOB MOXHO BBIIOJHHTD
JIByMs1 criocofamu:
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CUCTeMa MHXEHEPHbIX N HayyHbix pacyeros MATLAB 5.x. Tom 1

. B BHAe uMkia c n = 1000

fori=1:n,x(i)=0;end,

4TO Tpebyer Mis peannsauuu okono 1.05 ¢ na PC AT/486 (50 MT'n);
« B BHJE Oneparopa NpUCBauBaHUs

x = zeros(1, 1000);

yto TpebyeT Ang peanusanuu avire 0.11 ¢ Ha TOM Xe KOMIBIOTEpE.

Conymcmeyrowue gynxyuu: ONES, EYE, RAND, RANDN.

PopmupoBaHHe MACCHBA €IHHRI

Cunmarcuc:
Y = ones(n)
Y = ones(m, n)
Y = ones(size(A))
Onucanue:
Oyukuus Y = ones(n) GpopMupyeT MacCHB eAMHHUL, pa3Mepa nxn.
Oynkuus Y = ones(m, n) GopMUPYeT MACCHB EOWHMILL PasMepa mxn.
OQyuxkuusa Y = ones(size(A)) dopMmupyeT MaccHB eOWHHL, COpPa3MEpPHBIN
C MAaccHBOM A.

Conymemsyrowue dynxyuu: ZEROS, EYE, RAND, RANDN.

PopMHpOBaHHE MACCHBA 3JIEMEHTOB, pacnpeJeJeHHbIX
MO PABHOMEPHOMY 3aKOHY
Cunmarxcuc:
X = rand(n) rand
X = rand(m, n) rand(‘state’)
X = rand(size(A))
Onucanue:

Oynkums X = rand(n) dopMUpyeT MaccHB pasMepa Nxn, 3MEMEHTAMH KOTOPOIO
SABJIAIOTCA Cy4aiHbIE BEIMUYMHBI, pacnpele/ieHHble (10 PaBHOMEPHOMY 3aKOHY
B uHTepBaie (0, 1).

Oyrkums X = rand(m, n) GOpMUPYET MacCHB pa3Mepa mxn, 3IEMEHTAMU
KOTOPOI'O SABISIOTCA CNy4YalHble BEJMUYMHBI, PACIIPEHCACHHBIE 110 PABHOMEPHOMY
3aKOHY B uHTepsaie (0, 1).

QPynkuuns X = rand(size(A)) GopMupyer MaccuB, COPa3sMEPHBI ¢ Marpuiieil A,
3JIEMEHTaMU KOTOPOTO SIBJSIIOTCS CJyyaiiHbie BCTMYMHBI, PACIIpeeNiCHHbIE IO paB-
HOMEPHOMY 3aKOHY B uHTepBaie (0, 1).

DyHkius rand 6¢3 apryMeHTOB (POPMUPYET OOHO CJYYaHHOE YMCIO, NOAYH-
HAIOlleeCS PaBHOMEPHOMY 3aKOHy pacnpefesieHust B MHTepsaie (0, 1), xotopoe
M3MEHSCTCS MPY KaXIOM MOCIIEAYIOLIEM BbI3OBE.
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3. Tuner fauHbix 1 06bEKTHO-OPUEHTUPOBAHHBIA MoAX0A

®dyHkuMa s = rand(‘state’) Bo3BpalllaecT BEKTOp U3 35 3/1eMEHTOB, COOTBETCT-
BYIOIUMA TEKYLIECMY COCTOSIHUIO T'€HEpaTopa ciay4alHbIX uucesn. s u3MeHEeHMs
COCTOSTHUS TEHEpaTOpa MOXHO MCIOJIb30BaTh cleaylomne GyHKLUH;

Dyuxyus Has3snavenue

rand('state’, s) YCTaHOBUTH TEHEPATOP B COCTOSIHUE S
:.[_a'n_d(‘state‘, 0) YCTaHOBHTh I'EHEPATOP B HAYATBHOE COCTOSHUE
_rand('state’, j) BoappatuTh reHeparop K coctoagmio j
' rand('state’,sum(100*clock)) YCTaHaBAMBATh B Pa3HOE COCTOAHME Ha KaXXIOM Ilare

3ameuanue:

B cucreMe MATLAB 5 HOBBIi IreHEPATOp CIy4alfHbIX YUCES, KOTOPBIH MOXET
(hOpMHpOBaTh CyyalHBIE YKCTa C IUIaBaloOUIeil TOYKOA HAa MHTECPBAIC OT 2 o
1-2°%, TeopeTHyeckuit MEPHOA TOro reHEPaTOpa paBeH 2"%2 snayenusm. B or-
J4Me OT Bepcud MATLAB 4, raoe MCHOAb3yeTCA FEHEPATOP C €AUHCTBECHHON Oa-
3011, reHeparop B Bepcud MATLAB 5 umeer uaMmeHsiomyioca 6asy. Dynkuuu
rand('seed’), rand('seed', 0) u rand('seed’, j) MO3BONAIOT BEPHYTHCA K MCIOJB30-
BAHHIO reHepaTtopa Bepcd MATLAB 4.

TIpumepor:
X =rand(3, 4)
X =

0.2190 0.6793 0.5194 0.0535
0.0470 0.9347 0.8310 0.5297
0.6789 0.3835 0.0346 0.6711

Conymcmsyrowue gynxyuu. RANDN, RANDPERM, SPRAND, SPRANDN.

(I)opmnponaﬂne MAaCCHB2 3JIEMEHTOB, pacipec/ICHHbIX
110 HOPMAJIbHOMY 3aAKOHY

Cunmackcuc:
X = randn(n) randn
X =randn(m, n) randn('state’)
X = randn(size(A))

Onucanue:

Dyukuus X = randn(n) dopmupyer MacCHB pasMepa Nxn, JIEMEHTAMH KOTOPOTO
SIBJISIIOTCS CTyYaliHbie BEJMYMHbBI, PACHPEICICHHbIE 110 HOPMAJIBHOMY 3aKOHY C Ma-
TEMaTHUUECKUM OXHiaHueM O M CpelHEKBAAPATHYECKUM OTKIOHEHUEM 1.

Qyukuus X = randn{m, n) GopMHUpPYeT MacCUB pasMepa mxn, eMEHTaMH KOTO-
pOro SIBISIIOTCH CAy4YaiHble BEJIMYMHBI, PACTPEACNICHHbIE MO HOPMAJILHOMY 33KOHY
¢ MaTEeMaTHUYECKUM OXuIaHueM 0 M CpeIHEKBAIPATUICCKUM OTKIOHEHHCM 1.

Oyuxumst X = randn(size(A)) GopMUPYET MacCUB, COPA3MEPHBIA ¢ Marpuued A,
JJIEMEHTAMU KOTOPOIrO ABJSIOTCS CAyYaMHBIE BEJIMYMHBI, PACIPEIC/ICHHBIC TIO
HOPMAJTbHOMY 33KOHY C MAaTEMaTUUCCKUM OXugaHueM O M CpejHeKBAIPaTHYECKUM
OTKJIOHEHHEM 1.
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Cuctema uHXeHepHbIX U Hay4dHbix pacyetos MATLAB 5.x. Tom 1

Komanpa randn Ge3 apryMeHToB (pOpMUpyeT OQHO ClydailHOE YHKC/IO, pac-
[IpeicICHHOe 110 HOPMAaJbHOMY 3aKOHY C MaTeMarTH4ecKUM oxXxugaHueMm 0
U CPEOHEKBAAPATUYECKUM OTKIOHEHHMEM 1, KOTOpOE U3IMEHSIETCA MIPU KaxaoM
NOCJIEAYIOLEM BbI30OBE.

®yHkuus s = randn('state’) Bo3BpailaeT BEKTOP M3 JBYX 3JEMEHTOB, COOT-
BETCTBYIOMIMI TCKYILieMy COCTOSIHMIO TeHCpaTopa ciyyaiiamix uucen. [Ins vame-
HEHUsI COCTOSTHHMS [eHepaTropa MOXHO MCIIONb30BaTh CIEAYIOIMe PYHKUNH:

Dyukyus Hasnauenue

. randn('state’, s) YCTaHOBUTB TeHepaTop B COCTOAHUE S
randn('state’, 0) YCTaHOBUTH reHepaTop B HauyaJbHOE COCTOSAHUE
randn('state’, j) Bo3Bparuth reHEpaTop K COCTOSHUIO j
randn('state’,sum{100*clock)) YcraHaBnIMBaTh B Pa3HOE COCTOAHUE Ha KaXIOM liare

Sameuanue:

B cucreme MATLAB S HOBBIIf T€HEPATOP CYYAMHBIX YUCEJI, KOTOPBHIA MOXET
dopmupoBaTs cnyyaiiHble YUCJIA C ILIABAKOIE TOYKON Ha UHTepBaIE OT 2% 1o
1-2%2, TeopeTuyeckuit NIEpHOA 3TOTO TeHEPATOPa paBeH 292 spyaueHusm. B or-
JM4ue OT Bepcuu MATLAB 4, rae MCIONb3yeTcst TeHEpaTop C €AMHCTBEHHOM
0a30l, reHepatop B Bepcud MATLAB 5 mMmeeT U3MeHsolytocs Gasy. DyHKIMH
randn('seed’), randn('seed’, 0) u randn('seed’, j) MO3BOJIAIOT BEPHYTHCS K MCIIOMNb-
30BaHMIO reHepaTopa Bepcuu MATLAB 4. -

Ipumepeor:
X =randn(3, 4)
X=

1.1650 0.3516 0.0591 0.8717
0.6268 -0.6965 1.7971 -1.4462
0.0751 1.6961 0.2641 -0.7012

Conymemayiowue @yrkyuu. RAND.

MHoromepHbie MaccuBbl

Mrnozomepreie maccuesl - 5TO HOBBIA THUIT MacCHBOB CHCTeMbl MATLAB,
KONUUYECTBO M3MEpeHUit (pasMepHOCTb) KoTtoporo Gosee aByx. MHoromepswie
MAaCCHUBBI HIMPOKO MCIIONAB3YIOTCS IIPU OIMHMCAHUHX CTPAHMIL ABYMEPHBIX X MHOIo-
MEPHBIX JaHHBIX. 3TH MACCHUBBI MOTYT OBITh YUCIOBBIMKH, CHMBOJIIBHbIMU, MacCH-
BaMHU siYeeK U MacCUBaMM CTPYKTYD.

MATLAB nopaepxuBaet cnenyoinve GyHKUUMU Npy paboTe ¢ MHOTOMEPHBIMU
MacCHBaMm:
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3. Tunst gaHHbIX N OOBLEKTHO-OPUSHTAPOBAHHBIN NoaAxXos

Pynxyus Hasnauenue
o ITonay4yuTb HOCTYT K 11oa0JI0KaM MHOTOMEPHOTO MaccHBa
size OrnipefienuTh pasMep MHOTOMEPHOIO MaccHBa
_length OnpenennTh MAKCUMAJIbHBIH pa3Mep pa3MepHOCTH
end OnpenenuTh NOCJAEIHUHA MHAEKC Pa3sMEPHOCTU
_ind2sub ITpeo6pa3oBarh 11OCIEAOBATELHYIO HYMEPALIMIO B MHOTOMEPHYIO
_subZind [TpeoBpa3oBath MHOrOMEPHYIO HYMEPAUHMIO B TIOCIIEAOBATEIILHYIO
_reshape [IpeobpasoBaTh pa3Mepbl MHOTOMEPHOIO MaccHBa
_repmat CdhopMipoBaTh MHOTOMEPHBIH MacCHB U3 BJIOKOB
cat CdopMupoBaTh MHOTOMEPHBI} MaCCHB
ndims Onpenenuts pa3sMepHOCTb MHOTOMEPHOTO MaccuBa
ndgrid CreHepupoBath CeTKy JUIS MHOT'OMEPHOI QYHKUMH

permute, ipermute

IlepecTaBUTh pasMepHOCTH

shiftdim

H3MeHUTEL pa3MepHOCTh MaccHBa

flipdim

OTpa3uTh MHOTOMEPHEIH MACCUB OTHOCHTENBHO 3aIaHHOMN pasMEPHOCTH

squeeze

VHanuTh OIHY M3 pa3MEpHOCTEH

IMTonp3oBaTeNb MOXET PACLIMPUTH COCTAaB 3THUX (QYHKIIMM, cO3[aBasi CIiEHU-
anbpHble M-aiinet A 06paGoTKM KOHKPETHBIX JaHHBIX.

L1

Cuumaccuc:

DopmMupOBaHNE MHOIOMEPHOTO MACCHBA

A(it:i2, j1:j2, k1:k2, ...)

A(n1:n2)
A(:)
Onucanue:

Hauunast ¢ Bepcuu MATLAB 5.0 omepaTtop : MOXET OBITh NPUMEHEH MIA
thopMHUpPOBaHMSA MHOTOMEPHBIX MACCUBOB WJIM BBIAEJCHHUS U3 HUX I10MaCCUBOB.

A(, 1, k) - k-2 cmpanuya mpexmeprozo maccusa A,

AG, o 1) - -0 mpexmepnbii nodmaccue wemsipexmeprozo maccuea A,

A, j, k, ) - odnomepnbii nodmaccus vembipexmepro2o maccuga A,

A(n1:n2) - nocaedosamensrocms 3nemermos omnl do n2;

A(:) - 6ce anemenmur maccuga A, ceepHymbie 8 cmoabey.

s dopMupoBaHMst MHOTOMEDHBIX MAacCHMBOB 3TH KOHCTPYKLMU HOJIKHBI
WCIT0JIb30BATHCS B JICBOW YACTH, a [UIS BBUICJICHUS TIOAMACCUBOB - B IIPaBOM 4acTH
oTIepaTopa NMpUCBaUBaHUS.

ITpumepur:

A(:, :, 2) = pascal(3)
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CucTeMa UHXEHEPHDBIX N Hay4HbIX pacyeToB MATLAB 5.x. Tom 1

A, D=
0 0 O
0 0 O
0 0 O
AL 2)=
1 1 1
1 2 3
1 3 6

Conymcmeyrougue @yukyuu: CAT, RESHAPE.

@: Onpeaenenne pa3MepoB MacCHBA

Cunmaxcuc:

d = size(X)

m = size(X, dim)

[d1,d2,...,dk] = size(X)

Onucanue:

Oyukuusa d = size(X) WIs MHOrOMepHOr0 MaccMBa X BO3BpAIAET BEKTOP-
CTPOKY JTUHOH ndims(X), KaXnblii SJJEeMCHT KOTOPOI! YKa3bIBAaeT PasMeEp MacCHBa
110 COOTBETCTBYIOIIEH pPa3MEPHOCTH.

Oyukumsa m = size(X, dim) Bo3ppallaet pasMep MaccuBa 1o pasmepHocTi dim.

@yukius [d1, d2, ..., dk] = size(X) Bo3BpalIaeT pa3Mepl MacCHBA 1O Pa3MEPHO-
CTSIM B BHIE OTHEJIbHBIX MEPEMEHHBIX. FCM KOJNMYECTBO BHIXONHBIX MEPEMEHHBIX K
PaBHO pa3MepHOCTH MaccuBa ndims(X), TO KaXaas 1nepeMeHHas COAEPXUT pasMep
MO COOTBETCTBYIOWIEH pasMepHOCTH. ECMM KOMMYECTBO BHIXOAHBIX NEPEMEHHBIX K
HE paBHO pasMepHOCTH MaccuBa ndims(X), To BOSMOXHO /IBa BADHAHTA:

k> ndims(X) [Hdnsa Bcex pasMepHocteit, 6oapnx ndims(X), BO3BpallalOTCA
eIUHUIIBL.

k <ndims(X) BeixogHas nepeMeHHast dk paBHA TNPOM3BEACHHIO Da3MEPOB
BCeX pasmepHocTeit ot dk 1o ndims(X).
IHpumep:
Onpenenuth pasMep Maccupa rand(2, 3, 4):
d = size(rand(2, 3, 4))
d=234
Onpeaenitth pasMep Maccysa rand(2, 3, 4) 1o pa3MepHOCTH 2:
m = size(rand(2,3,4),2)
m=3
3anucarb pasMep o KaXja0H pa3MEpHOCTH B BUAE OTAC/IBHOM NMEPEMEHHOM:
[d1, d2, d3] = size(rand(2, 3, 4))

d1=2
d2=3
d3=4
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3. Tunbt BaHHbIX M 06LEKTHO-OPHEHTUPOBAHHBIA Noaxon

Ecnu xosnu4ecTso BBIXOAHBIX MEPEMEHHBIX YMECHBUIHWTDL 40 ABYX:
[d1, d2] = size(rand(2, 3, 4))

dt=2

d2=12

Eciu konuyecTBo BBIXOAHBIX NEPEMCHHBIX YBCJIMYNUTD 10 MATHU!
[d1, d2, d3, d4, d5] = size(rand(2, 3, 4))

d1=2
d2=3
d3=4
d4 =1
ds=1

Conymcmeyrowue ynkyuu; LENGTH, NDIMS,

LENGTH OnpeneneHne MAKCHMAILHOIO pa3Mepa Pa3MEPHOCTH

Cunmarkcuc:

n = length(X)
Onucanue.

OyHkumsg n = length(X) sxBuBaieHTHa QYHKUMU max(size(X)) mwis HenycThIx
MacCUBOB M paBHA HYJIIO ISl ITYCTBIX MacCHMBOB. B ToM cnyyae, Korna X BekTop,
PE3YJIBTATOM SABJISCTCS MIMHA BEKTOPA.

IIpumepni:
Ciyyait HemycTOro Maccusa:
X =rand(2,10, 3); n = length(X)
n=10
Cnyyait nycToro Maccuaa:
X =rand(2,10, 0); n = length(X)
n=0

Conymcmeyowue gynxyuu; NDIMS, SIZE.

ITocnenuuii HHAEKC MO YKA3AHHOMN Pa3MEPHOCTH

Cunmaxkcuc:

B = A(<undexc>:end, <undexc>)
Onucanue:

KoManaa end ucrnonb3yercst B MHACKCHBIX BBIPAKEHUSIX OIEPAaTOPOB BUAA
B = A(<undexc>.end, <undexc>) [ 3aiaHHs [OCJIEAHETO MHAEKCA IO YKa3aHHOM
pa3MepHOCTH. B 3TOM cMbicie 3HaueHHe end paBHO size(A, k).

Ecan koManga end wucrnosb3yercs AISl PacLUMPEHMS] MaccuBa, Haripumep,
B dopMe A = (end+1, ; ), HCOOXOAMMO YOEIUTBCS, YTO MACCUB A YXe CYLLIECTBYET.
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Cucrema UHXEHEPHbIX v Hay4Hbix pacyeTos MATLAB 5.x. Tom 1

TIpumepni:

CdopMupyeM Maccus
A =rand(5, 4)

A=
0.9501
0.2311
0.6068
0.4860
0.8913

0.7621
0.4565
0.0185
0.8214
0.4447

0.6154
0.7919
0.9218
0.7382
0.1763

0.4057
0.9355
0.9169
0.4103
0.8936

1 BBIIE/IMM M3 Hero (hparMeHT IIOCIeIHE! CTPOKH
B = A(end, 2:end)
B= 0.4447 0.1763 0.8936

JornonHnM Matpuily A eIMHUYHBIM JHArOHATBHBIM 2JIEMEHTOM

A(end+1, end+1) =1

A=
0.9501
0.2311
0.6068
0.4860
0.8913

0

Conymcmeyrowjue @yuxyuu; SIZE,

Cunmakcuc:

0.7621

0.4565

0.0185

0.8214

0.4447
0

0.6154

0.7919

0.9218

0.7382

0.1763
0

0.4057 0
0.9355 0
0.9169 0
0.4103 0
0.8936 0

0 1.0000

ITpeodpa3zoBarsy HoC/IEOBATENLHYI0O HYMEPALMIO B MHOTOMEPHYIO

I, J] = ind2sub(siz ,IND)
[11,12,13,...,In] = ind2sub(siz, IND)

Onucanue:

Gyukuus (I, J] = ind2sub(siz, IND) Bo3BpaiuaeT UHIEKCHbIe MaccuBbl | 1 J, 5KBU-
BaJICHTHBIC MACCUBY MOCNEAOBATENBHOW HyMepatvv IND, KOTopbEi NIOCTaBjieH B COOT-
BETICTBME HEKOTOPOMY MaccuBy pasmepa siz. Harpumep, Ut ABYMEPHBIX MAacCHBOB
KoHeTpyxuus {I, J] = ind2sub(size(A), find(A>5)) pasHocwsHa [, J] = find(A>5).

Oyukuust [11,12,13,...,In] = ind2sub(siz, IND) Bo3Bpaaer n UHAEKCHBIX MACCUBOB
11,12, ..., In, 5KBMBICHTHBIX MacCUBY Mocien0BaTeNbHOM HyMmepauru IND, kotopbiid
TIOCTaBJIEH B COOTBETCTBHME HEKOTOPOMY MAacCHBY pasMepa Siz.

Tlpumepo::

TIpeoOpasoBaTh NOCHEAOBATEILHYIO HYMEPALIMIO TPEXMEPHOTO MAacCHBa pas-
Mepa 2x2x2 B MHOTOMEPHYIO:
A=rand(2, 2, 2);
(11, 12, 13]) = ind2sub(size(A), find(A>0));

[111213]
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3. Tuner gaHHbix 1 OGbEKTHO-OPHUEHTHPOBAHHBIN MOAX04

ans =

NANAN AN
NNACANN A
NNNN—_ A

INocnenosarenpHas Hymepauus B JaHHOM CiIyyae 3afaetcsa ycioBueM find(A>0).
PcanuzoBaHHOE NIpeobpa3oBaHUE MOSCHSACTCS CIEAYIOLIEH CXeMOA.

HOCHC}IOB&TCHbHaS{ HyMeEpalua MHOI‘OMEpHaH HyMEpalusa
5 17 112 i1,2,2
6 ;8 21,2 i222
1 3 11,1 1,21
2 4 2,1,1 2,21

Conymcmeyowue @ynxyuu: SUB2IND, FIND.

TipeoGpazoBarsh MHOrOMEPHYIO HyMEPAIMIO B NOCAEA0BATENLHYIO

Cunmaxcuc:

IND = sub2ind(siz, I, J)

IND = sub2ind(siz, 11,12,....In)
Onucanue:

Oyukuus IND = sub2ind(siz, |, J) Bo3BpamiaeT MaccMB [OCIENOBATENbHOM
HymepauuH IND, 3KBUBaJICHTHbII MHAEKCHBIM MACCMBAM MHOTOMEPHOM HyMepaLyH |
¥ J, KOTOPbIE TOCTAB/CHBI B COOTBETCTBUE HEKOTOPOMY MACCHBY pa3Mepa siz.

Oynuxuust IND = sub2ind(siz, 11,12,...,In) Bo3BpalaeT MacCHB NOC/ENOBATEILHOM
HyMepauuu IND, S3KBUBaJICHTHBI! N UHACKCHBIM MAacCUBaM MHOIOMEPHOM HyMe-
pauuu 11, 12, ..., In, KOTOphIE MOCTaBIEHBI B COOTBETCTBUE HEKOTOPOMY MACCHUBY
pa3mMepa siz.

Ipumepei:

ITpeoOpa3oBaTs MHOTOMEPHYIO HYMEpaLMIO TPeXMEPHOr0 MacCuBa pasMepa
2x2x2 B IIOCEA0BATEIbHYIO:

A=rand(2, 2, 2);

{11, 12, 13] = ind2sub(size(A), find(A>0));

[11 1213}
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CucreMa nHXeHepHbIX M HayvHbix pacyeroB MATLAB 5.x. Tom 1

ans =

1 1 1

2 1 1

1 2 1

2 2 1

1 1 2

2 1 2

1 2 2

2 2 2

IND = sub2ind(size(A), I1, 12, 13)

IND =

1

2

3

4

5

6

7

8

Peanu3oBaHHOE NpeobpazoBaHHe NMOACHSETCHA CICAYIOIEH CXeMOI.
MHoroMepHas HyMepauus IMocaenoBarenbHAa HyMepalus

1121122 5i 7

212222 ' 6: 8
1,11 : 1,21 1 3
2111221 2 4

Conymcmeyrouue ghynicyuu: SUB2IND, FIND.,

| RESHAPE 1 IpeoGpasosanue pasMepoB MHOTOMEPHOTO MaCCHBA

Cunmakcuc:

B = reshape(A, m, n, p, ...)
Onucanue:

®yukiuus B = reshape(A, m, n, p, ...) BO3BPAILAET MHOrOMEPHBIH MACCHB
pa3Mepa mxnxpx ..., CGOPMUPOBAHHbBINH U3 3/1IeMEHTOB Maccusa A. [IpousseacHue
m * n* p*... Ro/MxHO GhITH paBHO prod(size(A)).

KoHctpykims reshape(A, [m n p ...]) paBHOCH/IbHA KOHCTPYKUMHK reshape(A,
mnp,..).
Hpumep:

IMycts

A =ones(3, 4, 2)
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3. Tunbi gaHHbIX M 0GBLEKTHO-0PUeHTUPOBAHHBIA NOAX0A

AL 1) =
1 1 1 1
1 1 1 1
1T 1 1 1
AG, 5 2)=
1 1 1 1
1 1 1 1
1T 1 1 1
Torna
B =reshape(A, {3222))
B(::,1,1)= B(:;:1,2)=
1 1 1 1
1 1 1 1
U 101
B :2,1)= B(:,:2,2)=
101 1 1
1 1 1 1
1 1 1 1

Conymemeyrowue yrxyuu u onepamopsi; SQUEEZE, SHIFTDIM, .

REPMAT DopMHPOBaHHE MHOTOMEPHOIO MACCHBA M3 GJIOKOB

Cunmakcuc:

B =repmat(A, [mnp..])
Onucanue:

Oyukuua B = repmat(A, [m n p ...]) dopMUpyeT MHOrOMEpHBIl MacCHB,
chOPMHPOBAHHBIMA U3 MxN xP x ... BJIOKOB A.

KoHcTpykuust repmat(A, m, n, p, ...) paBHOCWIbHA KOHCTPYKUUH repmat(A,

[mnp..].
B ToM cnyuae, Korna A - ckansp, Ucnons3oBaHue GyHKUMHU repmat(A, [mnp ..])
MOXET OKAa3aTbCsl IPEOMOYTHTELHCE 10 BPEMEHU BBUIOJIHEHUS, YEM KOHCTPYKLMS

A*ones(m, n, p, ...).
Conymemeyrowue @yuxyuu u onepamopss: MESHGRID.

CAT O0bennHeHne MACCKBOB

Cunmaxcuc:
C = cat(dim, A, B)
C = cat(dim, A1, A2, A3, A4 ..}
Onucanue:
®ynkuus C = cat(dim, A, B) oobeauHsieT MaccuBbl A U B BIOL pasMEPHOCTH dim.
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CucTeMa MHXEHEPHBIX n Hay4HbIx pacyeras MATLAB 5.x. Tom 1

®ynkuust C = cat(dim, A1, A2, A3, A4 ...) o6BbEAMHACT MHOXECTBO UCXOAHbBIX
MaccUBOB Ai BIOJIb pa3MepHOCTH dim.

TIpu atoMm cat(1, A, B) paBHocuibHO Maccusy [A; B, oGbeauHaeMOMY BIOb
cTpok; cat(2, A, B) paBrocunbHO mMaccuBy [A B], o6bauHsgeMOMY BAOIb CTOJOLIOB,

Oyukuun Buaa cat(dim, A{:}) u cat(dim, A.<ums_noss>) 3apaior o0nenUHe-
HUE MACCHBA s14YeEK MJIM MAcCHBA 3alMCEi, COAEPXKALLIEro YMCIOBbIE MATPUILbI, B
HEKOTODLI MHOIOMEDHBIH MacCHUB.

Ilpumep:
Tlycts 3ananbl nBa AByMepHBIX MaccuBa A 1 B:
A= A=
1 2 5 6
3 4 7 8

BoinosHuM MX 00beIMHEHME BAOIb PA3HBIX Pa3MEPHOCTEH:
C =cat(1, A, B)

1 2
3 4
5 6 C = cat(3, A, B)
7 8
5 6
7 8
C = cat(2, A, B)
1 2
1 2 5 6 3 4

3 4 7 8

IocnenoBaTeabHOCTh OICPATOPOB

M = magic(3);

P = pascal(3):

C = cat(4, M, P)

CO3AAET CJICAYIOLUMIT MHOTOMEPHBI MacCUB pa3Mepa 3x3x1x2:
C(: , e 1, 1) =

8 1 6

3 5 7

4 9 2
Cl:y 1, 1, 2) =

1 1 1

1 2 3

1 3 6

O6beanHsas Maccus M n maccuB P, JONOJHEHHbIH SAUHHYHBIM CTONOLIOM,
B MACCHB fiyeekK S:
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3. Tunst gavHbix n 0GBEKTHO-OPUEHTMPOBAHHBIN M0AX04A

S = {M [P ones(size(P, 1), 1)1};
for i=1l:length(S),
siz{i} = size(S{i}):
end
sizes = cat(l, siz{:})
MOXHO C(OPMUDOBATE JBYMEPHbIi MACCHB SiZeS, MIEMEHTAMH KOTOPOIO SRIAIOTCH

pasMepsl BXOAHBIX MAaCCHBOB
sizes =
3 3
3 4

Conymcemeyrowue gyuxyuu: NUM2CELL.
Iepeonpedenenue memoda: funfuniinline\cat.m

KonuuecTso pasMepHOCTeH MHOrOMEPHOr0 MACCHBA

Cunmaxcuc:
n = ndims(A)

Onucanue:

Oyuxkums n = ndims(A) BO3BpalLlAeT KOJMYECTBO PAa3MEPHOCTEIl MHOrOMep-
HOTO MaccuBa A, KoTtopoe Bcera 6osbuie Wi paBHo 2. OKOHeYHble eAMHUYHbIE
Pa3sMEPHOCTH BO BHUMAHHE He NIPHHUAMAIOTCH.

Anzopumm:
ndims(X) = length(size(X))

Ipumep: '
X =rand(1, 2, 10, 1, 3, 1); n = ndims(X)
n=5

Conymcmeyrowue ynxyuu: SIZE.

Tenepauus ceTKH i MHOTOMepHBIX (YHKUMI H HHTEPIONSIHH

Cunmaxcuc:
X1, X2, X3, ...] = ndgrid(x1, x2, x3, ...)
[X1, X2, ...] = ndgrid(x)

Onucanue:

Oynkuma [X1, X2, X3, ...} = ndgrid(x1, x2, x3, ...) npeocbpazosuiBacT 00NaCTH,
3agaHHbIe BeKTOpaMM X1, x2, x3, ... B MaccuBbl X1, X2, X3, ... KOTOpbie MOXHO
HCII0/IB30BaTh B KAYECTBE CCTKM ISl BBIYMCJICHUS (DYHKLUMHA HECKOJBKHUX TICpe-
MEHHBIX M MHOrOMEpHO# MHtepronsuuu. [Ipu 2ToM i-1 Pa3MEPHOCTL BbIXOH-
HOro MaccuBa X; IOBTOPSIET 3JIEMEHThI BEKTODA X;.

Dyuxuus X1, X2, ...] = ndgrid(x) pasHocwsibHa Gynkuun [X1, X2, ...} =
= ndgrid(x, X, ...).
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Cucrema nHXeHepPHbIX n Hay4YHbix pacdetos MATLAB 5.x. Tom 1

Ipumep:

Borynenuts (yHKUMIO OT TPEX MEPEMEHHBIX X2*exp(-x142-x242-xA3) Ha obnacty
2<x1<2,-2<x2<2,-2<x3 <2 1 NOCTPOUTE €¢ CCUCHWST, MCIIO/Tb3ysl KOMaHAy slice:
22,

’

2)

-

-2:.16

2,

-

-2:.25

ndgrid(-2:.2

x31 =
X2 .* exp(-x1.72 - x2.%2 - x3.72)

[x1, x2,
slice (%2,

4

zZ =

[-2 -.2])

2,

.8 23,

[-1.2

x3, z,

x1,
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3ameuanue:

Oyuxkuua ndgrid ananormyHa ¢yHkuuy meshgrid

3a UCKIKYCHUCM TOrQ,

3

To ecth dyuakuus [X1, X2,

yro M dyHkuus [X2, X1, X3)

4TO IICPBLIC OBa apryMcHTa INEPCCTaBJICHbI MECTAMU,

X3]

HOACT TOT X PE3ynprar,

)

ndgrid(x1, x2, x3
B cuny atoro obcrositensctsa byHKUMs ndgrid Aydille NMOAXOAUT AJIS pelle-

meshgrid(x2, x1, x3).

, B TO Bpems Kak $yHxuus meshgrid - juis perueHust

NPOCTPAHCTBEHHBIX 32434 B IBYMCDHOM W TPEXMEPHOM [POCTPAHCTBAX.

Conymcmeyowue gynkyuy: MESHGRID, INTERPN,

HUSI MHOTOMCPHBIX 3ama4
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Cunmakcuc:

permute(A, <gexmop nepecmaHo8ok>)

B

A
Onucanue:

ipermute(B, <gexmop nepecmarno6ok>)

permute(A, <gexmop nepecmanogox>) OCYUWIECTRIAsCT Tepe-

Pyukuug B
CTAaHOBKY Pa3MepHOCTEH MHOIOMEPHOIO MACCHBA A B COOTBETCTBUU C MOPSIAKOM,

OIpPCAC/ICHHBIM BEKTOPOM NEPCCTAHOBOK. 3HayeHUst 3JICMEHTOB MaccuBa OcCTa-
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3. Tunbl AaHHBIX U OBBLEKTHO-OPUEHTUPOBAHHBIN NOAXOA

JOTC HEM3MEHHBIMH, HO TOPSIOK Pa3MCLICHUSI MOCNEAHUX ONpEAENAeTCS BeK-
TOPOM TIEPECTAHOBOK; B CBOIO OUEPE/lb, NEMCHTHI BEKTOPA NEPECTAHOBOK - 3TO
yucaa ot 1 g0 N, nepecraBieHHBIE COOTBETCTBYIOILUM 06pa3oM.

Oynkuus A = ipermute(B, <eekmop nepecmanogok>) oCylecTBIsiET 0O6PaTHYIO
HCPECTAHOBKY pa3sMepHOCTedl MHOrOMEPHOTO MaccHBa A B COOTBETCTBHM C IIO-
pSIAKOM, ONpPCACJICHHBIM BEKTOPOM IIEPECTAHOBOK.
3amevanue:

Oynknuu permute u ipermute 06061IaI0T onepaLUIo TPaCNOHMpOBaHUA (.")
Ha cJIyyaid MHOTOMEPHBIX MAaCCHBOB.
IIpumep:

A = rand(1,2,3,4);

B = permute(a, (321 4]);

size (B)

ans = 3 2 1 4

MaccHB ¢ repecTaBJICHHBIMH Pa3MEPHOCTAMM UMCET pa3Mep 3x2x1x4,

C = ipermute(B, [3 2 1 4]);

isequal (A, C)

ans = 1

Takum o6pa3oM, Maccusbl C U A MICHTUYHBI.

Conymcmeyiowue Qynxyuu: Her.

| SHIFTDIM ] CaBur pasmMepHOCTeil MHOTOMEPHOTO MACCHBA

Cunmaxkcuc:
B = shiftdim(X, n)
[B, n] = shiftdim(X)

Onucanue:

O@yuxiua B = shiftdim(X, n) casuraer n pasmMepHOCTEl MHOIOMEPHOTO Mac-
cvBa X; €CJIM N TOJIOXMUTE/IbHOE YUC/IO, BBIfIONHSACTCA CABHT Ha N Pa3MepHOCTEH
B/IEBO, @ N MEpBbIX pa3MEepHOCTEH MOACTABJISAIOTCS B KOHew (Kpyrosas fepecra-
HOBKa); €CJIM N OTPULIATENLHOE YMCJIO, BBIMOJHACTCA CABUI HA N pasMEPHOCTEN
BIIPaBO, @ N MEPBBIX Pa3MEPHOCTEH NOTOMHAIOTCH CAMHUYHBIMMU.

Oynkuusa [B, n] = shiftdim(X) Bo3BpaiaeT ¢ TeM X€ KOJMYECCTBOM 3JIEMCHTOB,
4yTo U X, HO C YIQICHHBIMU BEAYLIMMHU €AMHUYHBIMU DPa3MEPHOCTIMH; KOJHYECTBO
yAaJeHHBIX pa3MepHocTei (PUKCUPYETCS NEPEMEHHOM n.

Oyuxkuus shiftdim yngobHa tem, yrto, nogodHo dyHkumusMm sum u diff, paboraer
C MepBOH HECAUHUYHON PAa3MEPHOCTLIO.
3amevanue:

Eciaun X - ckansip, To dyuxuus shiftdim(X) He Bpinonnsercs.
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CucTeMa MHXeHePHbIX v Hay4dHbix pacyetos MATLAB 5.x. Tom 1

[Ipumep:
A = rand{(1, 1, 3, 1, 2);
[B, n] = shiftdim(A)

B(:, :y 1) =
0.3046
0.1897
0.1934

B(:, :, 2) =
0.6822
0.3028
0.5417

n = 2

size (B)

ans = 3 1 2

Maccus B umeer pasmep 3x1x2 u n =2,

C = shiftdim(B, -n);

isequal (A, C)

ans = 1

Taxum obpasoM, MaccuBbl C U A HIEHTHYHBL.
D = shiftdim(a, 3);

size (D) .

ans = 1 2 1 1 3

Conymemeyrowue gynkyuu:. RESHAPE, SQUEEZE.

OT1paxeHne MHOTOMEPHOTO MACCHBA OTHOCHTE/TBHO YKA3AHHOH PAIMEPHOCTH
Cunmakcuc:
B = flipdim(A, dim)

Onucanue:

®yukuua B = flipdim(A, dim) BHIIONHACT OTPAXEHHE MACCHBA OTHOCHTENLHO
pasMepHoctu dim. Eciu dim paBHO 1, TO MacCHUB OTPaXaeTcsi OTHOCHUTEILHO
TOPU30OHTAJILHOM OCH, eciu dim paBHO 2, TO MacCHUB OTPAXaeTCAd OTHOCHUTETBHO
BEPTHKaNbHOM ocH. Takum obpasom, oneparop flipdim(A, 1) pasnocuien flipud(A),
a oneparop flipdim({A, 2) coorercTByer flipir(A).

Ipumep:

A=rand(2, 2, 2) flipdim(A, 3)

A, )= ans(:,;,1) =
0.9355 0.4103 0.0579 0.8132
0.9169 0.8936 0.3529 0.0099

AL 2) = ans(:,:, 2)=
0.0579 0.8132 0.9355 0.4103
0.3529 0.0099 0.9169 0.8936

Conymcmeyiowue Qynkyuu: FLIPLR, FLIPUD, ROT90, PERMUTE.
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3. Tunbl AaHHBIX U OBBLEKTHO-OPUEHTUPOBAHHbIA N04xon

Vianenue Bcex eJMHMYHBIX PA3MEPHOCTElH MHOTOMEPHOIO MACCHBA

Cunmakcuc:

B = squeeze(A)
Onucanue:

®yhkupg B = squeeze(A) BosspaliaeT Maccus B ¢ TeMM Xe 3yieMeHTaMu, C KOTO-~
PbIMM OHA BO3BDALLIAET M MACCHB A, HO B KOTOPOM YIAICHbI Pa3MEPHOCTH, PaBHBIC 1.

Tpumep:

Paccmorpum TpexmepHbiit MaccuB A=rand(2, 1, 3) pasmepa 2x1x3. 3Ttor
MacCUB UMeeT pa3MEPHOCTb CTONOLA, PaBHYIO 1, TO €CTh Ha KaXAOH CTpaHMLE
pa3MelleH OfiMH BeKTOp-CToNOeL;

A = rand(2, 1, 3)

A(:, =, 1) =

0.9218
0.7382
A(:, :, 2) =
0.1763
0.4057
A(:, :, 3) =
0.9355
0.9169

IIpumeHenne GyHKUMHM Squeeze NpeBpalaeT €ro B [ABYMEPHBIA MacCuUB
pasMepa 2x3:

squeeze (A)

ans =

0.9218 0.1763 0.9355
0.7382 0.4057 0.9169

Conymcmeyrowue @ynxyuu: RESHAPE, SHIFTDIM.

MHoromepr/e MaccuBsbl crieunanbHoro snga

DopmMupoBaHKe MACCHBA HYJICH

Cunmarcuc:

Y = zeros(d1, d2,d3 ...)

Y = zeros([d1 d2d3 ...])

Y = zeros(size(A))
Onucanue:

®yakuuu Y = zeros(d1, d2, d3 ...) u Y = zeros([d1 d2 d3 ...]) Bo3BpawaioT
MaccuB HyJiel pazmepa d1 x d2 x d3x ... .

QOyukuus Y = zeros(size(A)) ¢GhopMUDYET MAcCUB HYyJEi, cOpasMepHbIii
C MacCMBOM A.
Conymcmeyiowjue gynxyuu: ONES, EYE, RAND, RANDN.
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CucremMa MHXEHEPHbIX M HAY4YHbix pac4eToB MATLAB 5.x. Tom 1

DopMupOBaHHE MACCHBA €IHHMIY

Cunmarcuc:
Y = ones(d1, d2,d3 ...)
Y = ones([d1 d2 d3 ...]}
Y = ones(size(A))
Onucanue: ‘
Pyukuuu Y = ones(d1, d2, d3 ..) u Y = ones([d1 d2 d3 ...]) Bosspaiaior
MaccuB eguHUL pasMepa d1 x d2 x d3x ... .
®yukuus Y = ones(size(A)) ¢popMupyeT MacCHB eJMHUL, COPA3MEPHBIi
€ MacCUBOM A.
Conymcmeyrowue ghynicyuu: ZEROS, EYE, RAND, RANDN,

DopMupoBABHE MACCHBA INEMEHTOB, PACNPLCICHHEBIX
110 PABHOMEPHOMY 3AKOHY
Cunmaxcuc:

Y =rand({d1, d2, d3 ...)

Y =rand(([d1 d2 d3 ...])

Y = rand{(size(A))

Onucanue:

Oyaxuuun Y = rand(d1, d2, d3 ...) u Y = rand([d1 d2 d3 ...]) Bo3Bpawaor
maccuB pasMepa dixd2xd3x ..., BJEMEHTaMH KOTOPOTO SBJSIOTCS ClydaiHbIE
BEJIMYMHBL, pacripedc/ieHHbIe 10 PABHOMEPHOMY 3aKOHY B MHTepBaie (0, 1).

®yukuua X = rand(size(A)) GopMUpyer Maccus, COpasMEPHbINM € MaTpULei A,
3AEMCHTAMM KOTODOIrO SMBISIOTCH CJIyYalHBIC BENUYMHBI, PACMPEIENICHHBIC 110
pPaBHOMEPHOMY 3aKOHY B MHTepBaie (0, 1).

Conymemeyrowue gynxyuu: RANDN, RANDPERM, SPRAND, SPRANDN.
PopMHPOBAHHE MACCUHBA IEMEHTOB, pacnpeeseHHbIX
10 HOPMAJILHOMY 3AKOHMY
Cunmaxcuc:

Y =randn((d1, d2, d3 ...)

Y =randn(([d1 d2 d3 ...])

Y = randn((size(A))

Onucanue:

Pyukuuu Y = randn(d1, d2, d3 ...) 1 Y = randn([d1 d2 d3 ...]) Bo3BpaliaoT
MaccuB pasmepa d1 x d2 x d3x ..., 3EMCHTAMH KOTOPOIO SIBASIIOTCA CaydarlHble
BEJIMYMHBL, pacripeje/ieHHble 0 HOPMAIPHOMY 3aKOHY € MareMaTH4YeCKUM OXH-
panuem O ¥ cpesHexBajpaTHYECKUM OTKIIOHEHMEM 1.

Qynxkups X = randn(size{A)) (HopMUpyeT MacCHB, COpasmMepHBIi ¢ Marpuueil A, are-
MEHTAMK KOTOPOIO SABRISHOTCS CifydaliHble BEJIMUMHBL, PacTIpe/esIEHHbIE 110 HOPMaNbHOMY
3aKOHY C MaTteMaTUYECKUM OXuaaHneM O M CpeHeKBaIpaTHIeCKMM OTK/IOHEeHHeM 1.

Conymemeytowue gryrxuuu: RAND.
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3. Tuner gaHHeix U 0OGBLEKTHO-OPUEHTUPOBAHHBIN 104X04

DyHkumum ana paborbl ¢ MaccueBamu sanucein

Maccuebr 3anuceli - 3T0 HOBBI TUIT MacCUBOB B cucteme MATLAB, B KOTOpOM
pa3spelacTCsl HakalvlMBaTh B BHIE 3allMCEH PasHOPOAHbIE AaHHbie. OTIMYKUTENbHAS
0cOOEHHOCTb TAKUX MACCHUBOB - HAIMYKE MMEHOBAHHBIX NOJIEH.

MATLAB nioaaepxvBaeT cjienyromme hyHKUMU Npy paboTe ¢ MAcCHBAMH 3alMCeit:

Dyuryus Onucanue
_struct . Cospiath Maccus 3anuceit
_fieldnames [Tony4yuTh MMEHa 110€7
getfield TMTonyynuts conepXxmmoe noJs

YcTaHOBUTD COIEPXUMOE TTOJIA

Ynanuteb noje

M cTHHHO, ecny 3To 1oJie MaccHBa 3arucei

isstruct HcTHuHHO, ecnm 3TO MacCUB 3anucei

TTosib3oBaTeAb MOXET PacIUUPHUTh COCTaB QYHKIMIA, cO31aBas CIELUAIbHBIE
M-aiinel st 06paboTKU KOHKPETHBIX JAHHBIX.

STRUCT Coznars MaccHB 3anucedl (CTPYKTYpY)

Cunmakcuc:

S = struct('<ums_noas I>', <snauenue>, '<uma_noas2>', <suavenue>, ...)
Onucanue:

Dyuxiuua S = struct(<uma_noaal>', <snauenue>, '<uma_nons2>', <snauwenue>, ...)
CO3AET MACCHB 3armmceii (CTPYKTYDPY) € 3a1aHHBIMU HMEHAMH Y 3HAYCHUSMH TTONEH.

Ilpumep:
Bocnione3yeMcs ¢yHkupeit struct, ytobsl co3aats cTpykTypy patient pasmepa 1x1:

patient = struct('name',' John Doe', 'billing', 127.00,...
‘test', [79 75 73; 180 178 177.5; 220 210 2053)
patient =
name: ' John Doe'’
billing: 127
test: [3x3 double

Conymcmeyrwuue @ynxyuu: CLASS, CELL, GETFIELD, SETFIELD, RMFIELD, FIELDNAMES.

| FIELDNAMES ] Hoayants HMena nosei
Cunmaxcuc:
names = fieldnames(S)
Onucanue:

Pynkuust names = fieldnames(S) Bo3BpaLaeT UMeHa NnoJiei CTPYKTYpsl S B BUIC
CTPOK MaccHBa siueek.
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Cucrema uHXeHepHbIX u HayyHbiX pacyeroB MATLAB 5.x. Tom 1

Hpumep:

3apana caegyollasn CTpykTypa A pasmepa 1x2:
A(1).data=[347;80 1];

A(1).nesttestnum = Test 1';

A(1).nest.xdata = [4 2 8];

A(1).nest.ydata = [7 1 6];

A(2).data=[932; 76 5);

A(2).nest.testnum = 'Test 2',

A(2).nest.xdata = {3 4 2];

A(2).nest.ydata =[5 0 9]

OnpegenuM yMeHa ee mojie#, ucnonb3ys dyHkuuio fieldnames:
fieldnames (RA)
ans =

'data’

'nest’

Conymcemeyrowue ynxyuu. GETFIELD, SETFIELD.

GETFIELD ITosyunTs comepkuMoe NOXs

Cunmaxcuc:

F = getfield(s, '<ums_noas>")

F = getfield(S, {i, j}, '<uma_noas>', {k})
Onucanue: -

Oysikuus F = geffield(s, “<umn_noas>"), rae 21eMEHT CTPYKTYPbl WIH CTPYK-
Typa S JOJKHBI MMETh pa3Mep S, BO3BPALLAET COACPXMMOE YKA3AHHOIO 1O,

ODyuxuius F = getfield(S, {, i}, '<uma_noas>', {k}) paBHOCKHIBHA cheayOlUEMY
oniepatopy npucsauBanus F = S(i, j).<uma_noas>(k). Bce MHASKCH TNepenaroTcs
KaK MacCHMBbl sYeeK M 3aKiovalorcs B durypunie ckoOKM; MMEHa monei mepe-
HAIOTCS KaK CTPOKM.
IIpumep:

3anana caeayiolias CTpykTypa A pasmepa 1x2:

A(l).data = [3 4 7; 8 0 11;

A{l) .nest.testnum = 'Test 1°%;

A(l) .nest.xdata = [4 2 8];

A(l) .nest.ydata {7 1 6};

A(2).data = [9 3 2; 7 6 5];

A(2) .nest.testnum = 'Test 2';

A{2) .nest.xdata = [3 4 2];

A(2).nest.ydata = [5 0 9}

Onpenenum conepxuMoe noss A(1).nest:

getfield(A(l), 'nest'}
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3. Tunw: fganHbIx U 06LEKTHO-OPUEHTUPOBAHHBLINA NOAXOL

ans =
testnum: 'Test 1'
xdata: (4 2 8]
ydata: [7 1 6]
DTO TaKXe PAaBHOCWJILHO C/IEAYIOLIEMY OIEPaTopy:
getfield(A, {1}, 'nest')
ans =
testnum: 'Test 1°'
xdata: [4 2 8]
ydata: (7 1 6]
CpaBHuTE 3TH pe3yabTaThl ¢ obpallicHUeM K orneparopy A.nest:
A.nest
ans =
testnum: 'Test 1°
xdata: [4 2 8]
ydata: {7 1 6]
ans =
testnum: 'Test 2!
xdata: [3 4 2]
ydata: [5 0 9]

Conymcmeyrowjue @ynxyuu: SETFIELD, FIELDNAMES.

SETFIELD YCTAHOBHTD COJEPKHMOE NOJS

Cunmakcuc:

s = setfield(s, ‘<uma_noas>', V)

s = seftfield(S, {i, j}, '<uma_noaa>', {k}, V)
Onucanue:

Oyukums s = seftfield(s, '<uma_noss>', V), rae aneMeHT CTPYKTYPbl WM CTPYKTYpa S
JIOJKHBI UMETh pasmep 1x1, npycBauBaeT yKa3aHHOMY NOMIO 3HayeHue V.

Qynkuus s = setfield(S, {i, j}, ‘<ums_noas>', {k}, V) paBHOCHIBHA CleyIOLEMY Ore-
paropy niprcauBanust S(, j).<uma_noas>(k) = V. Bee HHAGKCHI NEPEAAIOTCS KaK MAaCCUBbI
STYEEK Y 3aKITIOHAIOTCH B (UIrypHble CKOOKH; MMEHa NoJiei nepejalorest Kak CTpOKH.
ITpumep:

3azaHa caepyloiast CTpykTypa A pasMmepa 1x2:

A(1).data=[347;,801];

A(l) .nest.testnum = 'Test 1°';

A(l) .nest.xdata = [4 2 8];

A(l) .nest.ydata = [7 1 6];

A(2).data = {9 3 2; 7 6 5};

A{2) .nest.testnum = 'Test 2';

A(2) .nest.xdata = {3 4 2};

A(2) .nest.ydata {5 0 9]
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CHUCTEMa MHXEHEPHBLIX U Hay4Hbix pacyeTos MATLAB 5.x. Tom 1

IpucBouTs HOBOE 3HaucHHUE nomo A(1).nest.xdata:
A = setfield(A(l), 'nest.xdata', [5 3 9});
getfield(A(l), 'nest')
ansg =
testnum: ‘Test 1°'
xdata: (5 3 9]
ydata: [7 1 6]
OTO TaKXke PaBHOCHIBHO CHCAYIOLICMY OTIEPaTOpY:
A = setfield(A, {1}, 'nest.xdata', [5 3 9]):
getfield(a, {1}, 'nest.xdata')
ans =
testnum: 'Test 1'
xdata: (5 3 9]
ydata: {7 1 6}

Conymemeyrougue gynxyuu: GETFIELD, FIELDNAMES.

RMFIELD

Cunmakcuc:

S = rmfield(S, '<ums_noas>")
S = rmfield(S, F)

Onucanue:

Ynanure none

Oyukuug S = rmfield(S, '<ums_nors>') yianser ykasaHHOE HOJE U3 CTPYKTYPHI.
Oyuxima S = rmfield(S, F), roe F - cuMBObHBIE MaccUB UMEH TIONCH Win
MaCCHB A4ECK COOTBETCTBYIOLUMX CTPOK, YAANISET BCE YKA3AHHBIC NOJISl M3 CTPYKTYDHI.

3ameuanue:
Yaa1uTh TAKMM CITIOCOBOM BCe TOJISE U3 CTPYKTYPhl HEJIb3A.
Hpumep:
3agana cienylolas CTpyKTypa A pasMmepa 1x2:
A(l).data = [3 4 7; 8 0 1];
A(l) .nest.testnum = 'Test 1';
A(l) . .nest.xdata = [4 2 8};
A(l).nest.ydata [7 1 6];
A(2).data = [9 3 2; 7 6 5];
A(2) .nest.testnum = 'Test 2';
A(2) .nest.xdata {3 4 2};
A(2) .nest.ydata [5 0 9]
Yaanurs A(1).data:
B=rmfield (A, 'data')
B=
1x2 struct array with fields:
nest
B.nest

ol
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3. Tunbr faHHbIX 1 0GBLEKTHO-O0PNEHTHPOBAHHLIN NOAXOA

ans =
testnum: 'Test 1°
xdata: [4 2 8]
ydata: [7 1 6]
ans =

testnum: 'Test 2'
xdata: [3 4 2]
ydata: [5 0 9]
[TonbiTka yaanuts nose nest HPUBOAMT K COOOLICHUIO 06 olubKe:
B = rmfield (B, ‘'‘nest')
??? To RESHAPE the number of elements must not change.
Ina BoinosiHeHuA ooyHkuMM RESHAPE HOJIXKHO OBITE M3MEHEHO
KOJIMYECTBO 3JIEMEHTOB

Error in ==
d:\matlab5\toolbox\matlab\datatypes\rmfield.m
On line 43 ==> t = reshape(t,size(s)):
Oumbxa B ==

d:\matlab5\toolbox\matlab\datatypes\rmfield.m
B crpoke 43 ==> t = reshape(t,size(s));

Conymcmeyrowue gynxuuu: SETFIELD, GETFIELD, FIELONAMES, STRVCAT.

ISFIELD Jlormueckasn npopepka nois

Cunmakcuc:

k = isfield(S, '<uma_noan>")
Onucanue:

Oyukuus k = isfield(S, '<uma_noas>') Bo3paitaer 1 (jioruyeckoe TRUE), eciu
YKa3aHHOE MUMS JEHCTBUTENbHO SABJIACTCA UMEHEM IO JAHHOM CTPYKTYPHI.
llpumep:

3agaHa cneayroltasl CTpyKTypa A pasmepa 1x2:

A{l).data = [3 4 7; 8 0 1];

A(l) .nest.testnum = 'Test 1';

A(l).nest.xdata = [4 2 8];

A(l) .nest.ydata = (7 1 6];

A(2).data = [9 3 2; 7 6 5];

A(2) .nest.testnum = 'Test 2';

A(2) .nest.xdata = [3 4 2]);

A(2) .nest.ydata = [5 0 9}

[IpoBeputs, ABnstoTCs JiM Nods 'data’, ‘nest, 'nest.xdata’ nonsiMu cTpykTypbi A.

isfield(A, 'data')

ans = 1

isfield (A, "nest')

ans = 1

isfield (A, 'nest.xdata')

ans = 0

Conymemeyrowue ynxyuu: SETFIELD, GETFIELD, FIELDNAMES.

111



CucTemMa MHXeHEepHbIX n HayqHbix pacsetoB MATLAB 5.x. Tom 1

ISSTRUCT

Jloruyeckas nposepka CTPYKTYpsi

Cunmaxcuc:
k = isstruct(S)
Onucanue:

®ynxuusa k = isstruct(S) Bosspamaer 1 (noruueckoe TRUE), ecnu yxkasaHHoe
UMS JCHCTBUTEIILHO SBJISIETCA UMEHEM CTPYKTYPbI, ¥ 0 - B IPOTUBHOM CJlyyae.
lpumep:

3agana cienyouias CTpPYKTypa A pasmepa 1x2:

A(l).data = [3 4 7; 8 0 1];

A(l) .nest.testnum = 'Test 1°';

A(l) .nest.xdata = {4 2 8];

A(l).nest.ydata = [7 1 6];

A(2).data = [9 3 2; 7 6 5];

A(2) .nest.testnum = 'Test 2';

A(2) .nest.xdata = [3 4 2];

A(2) .nest.ydata = [5 0 9]

[TpoBepuTh, SBAAETCS 1M OOBEKT A CTPYKTYPOM.

isstruct (A)

ans = 1

Conymcmeytowue gynxyuu: STRUCT, ISCELL, ISNUMERIC, ISOBJECT.

DyHKUuMKM U KOMaHabl 06paboTKn MaccuBOB siueek

B cucreMy MATLAB 5 BrepBble BKIIIOYEH CHELMANbHBIA THII MacCHBOB
AYEEK, SJIEMEHTbI KOTOPOTO CaMH, B CBOIO Odepelb, SABIAIOTCH MacCUBaMM.
[Hopnepxans! cienyrolume GyHKUMM IIpY paboTe ¢ MaCCUBAMM ST4EeK:

Dynryus Onucanue

cell Co3ate MacCcUB siueex
_celldisp IMoka3aTh COAEPKUMOE MACCHBA s1YeeK

cellplot IToxasatek rpaduyecKylo CTPYKTYPY MaccuBa siyeek

num2cell ITpeoGpa3osaTh YNCIOBOM MAaCCHB B MACCUB flYeeK

deal OOMeH JaHHBIMU MeXNy MOOBIMU K1acCAMM MaccMBoB
.celizstruct T1peobpasosaTe MACCHB SNECK B CTPYKTYPY | .. ... ..
LStructzeell 1 TlpeobpasosaTh CTPYKTYPY B MACCHB fleCK . ...

iscell WCTHHHO, €C/IM 3TO MACCHB STYEeK

ITonb3oBareb MOXET PACLUMPUTH COCTaB ATUX (PYHKUMIA, CO3AaBas CriELM-
aibHbie M-baiins A 06paboTKM KOHKPCTHBIX AAHHBIX.
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CELL Co3nath MaccHB syeek

Cunmakcuc:
¢ = cell(n)
¢ = celilm, n}

¢ = cell{fm n])

c=cell(m, n, p,...)

c=celllmnp..])

¢ = cell{size(A))

Onucanue:

Oyukuug ¢ = cell(n) co3maeT MacCUB SIYEEK, COCTOSILUX U3 ITYCTBIX MaTpHLI,
pasMmepa nxn. CoobineHue 06 ouMOKe BOSHUKAET B TOM Cilyyae, eC/id N He SBIA-
€TCSL CKAJISIPOM.

Oyuxuuu ¢ = cell{m, n) u ¢ = cell({m, n]) cozparoT MaccUB sueeK, COCTOSLIUX
13 TIYCTLIX MATPHLI, pazMepa Mxn. APIyMEHTEI M U N JODXHBI ObITh CKAISPHBIMM.

Qyuxuuu ¢ = cellim, n, p,...) u ¢ = cell{lm n p ...]) co3na10T MHOTOMEPHBI1
MAaCCMB guyeeK, COCTOSLIMX U3 MYCTHIX MATPULl, pasMepa MxNxpx ... . APIyMEHTbI
m, N, P, ... HIOMXHBI ObITh CKAJIAPHBIMM.

®Oyuxumst ¢ = cell(size(A)) co3aaeT MacCuB siyeeK, COCTOSIIMX M3 MYCTBIX
MAaTpHUL, TOTO Xe pa3Mepa, YTO U Maccus A.

lIpumep:
A =ones(2, 2)
A=
1 1
1 1
¢ = cell(size(A))
C =
(1 (i
1 n
Conymcemeyrowue pyuxyuu: ONES, RAND, RANDN, ZEROCS.

CELLDISP BuIBECTH HA IKPAH COJEPRHUMOE MACCHBA AueeK

Cunmakcuc:

celldisp(C)
Onucanue:

Komanza celidisp(C) BBIBOAMT Ha 3KpaH COJEPXKUMOE MaccHBa AYeekK.
TTpumep:

BriBegeM Ha 3KpaH COLEPKUMOE CIEAYIOUIEr0 MacCUBa AYeeK pazmepa 2x3:
C = {[1 2] ‘'Tony' 3+4i; [1 2; 3 4] -5 ‘'abc'};
celldisp (C)
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c{i,1} = 1 2
c{2,1}) =

1 2

3 4
C{1,2} =Tony
c{z2,2} = -5
c{1,3} = 3.0000+ 4.00001
c{2,3} = abc

Conymcmeyrowgue gynxyuu: CELLPLOT.

CELLPLOT BHIBECTH HA 3KPAH rPaduUeCKyI0 CTPYKTYPY MACCHBA f9eeK

Cunmaxcuc:

cellplot(C)

cellplot(C, 'legend’)

handles = cellplot(...)

Onucanue:

Komaupa celiplot(C) sbiBoauT B rpadMyecKoe OKHO COAEPXHMMOE MaccHBa
sqyeek C. 3akpallleHHBIE IPAMOYIOJIBHMKM COOTBETCTBYIOT BEKTOPaM M MAacCCHBaM,
CKaJISIpHbIE BEJIMYMHBI ¥ KOPOTKHE CTPOKM CHMBOJIOB BBIBOAATCS B BHUIE TEKCTA.

Komanpa cellplot(C, ‘legend’) kpome rpaduueckoro usoGpaxeHust BHIBOAUT
OTIMCaHMe LIBETOB VISl Pa3IMYHBIX THUIIOB JAHHBIX.

Oyukuus handles = cellplot(C) BeiBoAKT B rpadMyecKkoe OKHO CONEPKUMOE
Maccupa siyeek C M BO3BpALUACT BEKTOp MOMIEPXKEK.

Ozpanutenue:

Komanpga celiplot moxer BbIBOAUTH TONMBKO IpadUUecKyld CTPYKTYPY Masf

[IBYMEPHBIX MacCHBOB SYecK.

TIpumep:
BoiBeneM Ha 5KPaH COAEPXKUMOE CESAYIOLIErO MaccKBa A4eeK pasMepa 2x3:
c{l, 1} = '2-by-2°';
c{l, 2} 'eigenvalues of eye(2)':;
c{2, 1} = eye(2);
c{2, 2} = eig(eye(2));
cellplot{c, 'legend')
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3. Tunsi gaHHbIX ¥ 06bEKTHO-OPUEHTUPOBAHHLIA N0AX04

Puc. 3.3

Conymcemeyrowue ynxyuu: CELLDISP.

CELLSTR Ipeo6pa3oBaTh MACCHB CTPOK B MACCHB CHMBOJIBHBIX €K

Cunmakcuc:
C = celistr(S)

Onucanue:
Oyrkuus C = cellstr(S) npeoc6pa3oBbiBaeT MacCUB CTPOK S B MACCHUB CHM-
BOJIBHBIX AueeK C.

Hpumep:

3ajaH cAeAyioliMiA MacCHB CTPOK S pa3sMepa 3x4.
S = ['abc ' ;

'defqg' ;
lhi l]
S =
abc
defqg
hi

Dyukuus C = cellstr(S) Bo3BpaluaeT MaccuB stueek pasmepa 3x1:
C = cellstr(S)
C =

'abc!

'defg'

' hi 1

Conymcmeyrouwue gynxiyuu: ISCELLSTR, STRINGS.
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DEAL YcTanoBHTh COOTBETCTBHE MEX/IY BXOJAMM H BBIXOJAMM

Cunmarcuc:
[Y1,Y2,Y3,..] = deal(X)
[Y1,Y2, Y3,..] = deal(X1, X2, X3,...)

Onucanue:

Oynxuus [Y1, Y2, Y3,...] = deal(X) xonupyer eAMHCTBEHHBI BXOJ Ha BCe

BBIXOJBI, peanusys cienylouiee coorserctue Y1 =X, ¥Y2=X, Y3 =X, ....
Oyuxumsa [Y1, Y2, Y3,..] = deal(X1, X2, X3,...) ycraHaBIuBaer cleayiouiee

COOTBETCTBUE MEXNIY BXOHaMU U BbixogaMu Y1 =X1,Y2=X2,Y3=X3, ....

3ameuanue:

Qyukius deal MCKIIOUMTENIBHO J10JIe3HA TIPH NPUMEHEHMM B CJIEAYIOLIMX

KOHCTPYKIUSIX NIPU paboTe ¢ MacCHBaMM SYEEK M MACCHBAMU 3aNMCEH:

. omnepartop [S.field] = deal(X) npucsauBaeT Bcem IOJISIM CTPYKTYDHI S C HMEHEM
field 3Hayenue X. Ecnin S He cyluecTByeT, HafO WCIIONB30BaTh OMNEPATOP
[S(1:m).field] = deal(X);

. omeparop [X{: }] = deal(A field) konupyeT monst cTpykTypsl A ¢ umeneM field
B MaccuB siueek X. Ecnu X He cyliecTByeT, Halo MCIIOb30BAaTh ONMEPATOp
[X{1:m}] = deal(A field);

« omeparop [Y1, Y2, Y3, ..] = deal(X{ : }) konupyeT cogepXHUMOe MaccHBa A4e-
ek X B oTnenbHble niepeMeHHble Y1, Y2, Y3, ... ;

. omeparop [Y1,Y2,Y3,..] = deal(S field)- konupyet monst CTpykTyphl S ¢ MMeHeM
field B oTnensHBIe TIEpEeMeHHBIE Y1, Y2, Y3, ...

Hpumep:

CxonupoBarh COfepXuMMoe MaccuBa sucek C pasmepa 1x4 B 4 BBIXOLHBIE

TIEpeMEHHbIE:
C = {rand(3) ones (3, 1) eye(3) zeros(3, 1)};
[a, b, ¢, d] = deal (C{ : })

a =
0.9501 0.4860 0.4565
0.2311 0.8913 0.0185
0.6068 0.7621 0.8214
b =
1
1
1
c =
1 0 0
0 1 0
0 0 1
d =
0
0
0

116
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CkonupoBath COAEPXMMOE BCEX MOJeH name CTPYKTYpel A pasmepa 1x2
B OTAEJIbHBIC MEPEMEHHBIE:

A.name = 'Pat'; A.number = 176554;
A(2) .name = 'Tony'; A(2).number = 901325;
[namel, name2] = deal(A(:).name)

namel = Pat
name2 = Tony

Conymcmeyiowue ghyuxcyuu: VARARGIN, VARARGOUT, CELL2STRUCT, STRUCT2CELL,
NUM2CELL, CAT.

ISCELL BhissB/ICHHE MACCHBA 9eeK

Cunmaxkcuc:
k = iscell(C)
Onucanue:

O®yukuusa k = iscell(C) Bo3Bpawuaer siornyeckoe TRUE (1), eciu C - Maccus
s4yeeK, ¥ Joruyeckoe FALSE (0) - B npoTUBHOM ciyyae.

Conymcmeyrowue gynxyuu: GyHKUMY TPYINbI I1S*.

NUM2CELL TIpeoGpa3oBaTh MACCHB YHCEN B MACCHB SeeK

Cunmaxkcuc:

C = num2cell(A)

C = num2cell(A, dims)
Onucanue:

Oyukuus C = num2celi(A) npeobpa3oBbiBaeT MacCMB A B MAacCHB sY€eK,
pasMeluast KaXxIblil 3;leMEHT MaccHBa A B OTAenbHOM siyeiike. Pa3mep maccusa
syeeK OyAeT COBMAJaTh C pa3MepaMu MaccuBa A.

Oyukuus C = num2cell(A, dims) npeoGpa3oBbIBaeT TOJBKO T€ 3JIEMEHTSHI
MaccuBa A B MaCCHB SIYEEK, KOTOpPbIE 3alaHbl BTOPBIM APTYMEHTOM.

IIpumep:

PaccMoTpum HeKOTOpbI MaccuB yHces A = rand(3):

A = rand(3)

A =

0.4447 0.9218 0.4057

0.6154 0.7382 0.9355

0.7919 0.1763 0.9169
M IPUMEHMM K HEMy clieflyloLiMe peobpa3oBaHus:
celldisp (num2cell (A, 2))

ans{l} = 0.4447 0.9218 0.4057
ans{2} = 0.6154 0.7382 0.9355
ans{3} = 0.7919 0.1763 0.9169
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celldisp (num2cell (A, [1 31))

ans{l} = ans{2} = ans{3} =
0.4447 0.9218 0.4057
0.6154 0.7382 0.9355
0.7919 0.1763 0.9169

B iocneaneM ciayqae cTonGLbl pa3sMEILEHBI IO OTHCABHBIM SuYeiiKaM.
Conymcmeyrouue @ynxyuu: CAT.

| cELL2STRUCT ] IIpeo6pa3oBaTe MaccHB AYeeK B MACCHB 3amuceil

Cunmaxcuc:

S = cell2struct(C, fields, dim)
Onucanue:

Oyuxiua S = cell2struct(C, fields, dim) npeo6pazoBbiBaeT Maccus siueek C B
MaccuB 3amyced S BAONb pasMepHocTd dim, coxpaHss pasmep Maccusa C mo
3TOI Pa3MEPHOCTU B 3aMIMCHU CTPYKTYPHI. AprymeHr fields MoxeT ObITe MacCUBOM
CTPOK WJIM MAcCCHBOM CTPOKOBBIX ST4€EK.

Ipumep:

PaccMotpum MaccuB f4eex pa3Mepa 1 1o MepBoii pasMepHOCTH U pa3mepa 3
110 BTOpO#

c = {"tree', 37.4, ‘'birch'}

c = ;

'tree' [37.4000] 'birch'
¥ Tnpeobpa3yem €ro 10 BTOPOH pasMEpHOCTH B CTPYKTypy ¢ nomsiMu f =
= {'category', 'height’, 'name'}:
f = {'category', 'height', 'name'};
s cellZ2struct(c, £, 2)
s

category: 'tree'
height: 37.4000
name: 'birch'

Conymcmeyrowiue gynxyuu: FIELDNAMES, STRUCT2CELL.

[ STRUCT2CELL | ITpeoGpa3osaTh MAacCHB 3alHCeil B MACCHB syeeK

Cuumarcuc:

C = struct2celi(S)
Onucanue:

Oyukuusi C = struct2cell(S) npeoGpazoseiBacT MAacCHB 3anuceil S pasmepa
mxn (C p TOsIMK) B MacCUB stueek C pazMmepa pxmxn.

Ecnn maccuB 3anuceil S MHOTOMEpHBIN, TO MaccUB fuyceK C MMeEeT pasMep
[p size(S)].

118
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[Tpumep:
Cnenyiowpe onepaTopsl:
clear S,
S.cateqgory = 'tree'; S.height = 37.4; S.name = 'birch';
COZAa10T CTPYKTYDPY
S =
category: 'tree'
height: 37.4000
name: 'birch
IIpeoGpasyem oTy CTPYKTYPY B MAacCHB SYeeK:
C = struct2cell(S)
C =
'tree'
[37.4000]
'birch'

Conymcmeyrouwue gynxyuu: CELL2STRUCT, FIELDS.

LISTS OnpenesieHHe CHCKOB 3HAYEHHI

Cunmakcuc:

help lists
Onucanue:

Komanpa help lists BBIBOZUT Ha 3KpaH CleAylolIdil KOMMEHTApUI K OTpese-
JICHUIO U MCITOJIb30BAHMIO CIIMCKOB 3HAayeHMi npu pabore ¢ MaccuBaMu 3amuceit
M MacCHBaMH sTUEEK.

W3BneyeHne MHOXECTBEHHBIX JaHHBIX M3 MACCHBOB 3allMCet M MAaCCHBOB
AYEEK OCYILECTBIIAETCSA C [TOMOIUBIO CHUCKO8 3HAYEHULL.

Cuscox 3HayeHUi mns Maccusa 3anuceli - 310 oObeINHEHWE ONHOUMEHHBIX
nosaeit S.name = [S(1).name S(2).name ... S(end).name].

Cnmcok 3HauYeHMH U Maccuéa sqeek - 5T0 obbeanHeHUe Aueek C{:} = [C{1}
C{2} ... C{end}).

Koncrpykuuu Bupa S(m: n) name, C{m:n} Taicke MpPEACTARISIIOT coDOM CIMCKU
3HAaYeHHUH.

Cnucku 3HaYeHUIt UCTIOJB3YIOTCS B CJIEYIOILMX CIIYYasix:

« B KOMaHJHOWM CTPOKe [UIsl BbIBOJIA 3HAYEHUI Ha 3KpaH - S.name, C{};

- npu BeidoBe M-dyHKuuit - myfun(x, y, S.name), myfun(x, y, C{:}};

. B ornepalusax KOHKareHanuu - [S.name], [C{}];

+ B CTMCKaX BbIXOIHBIX apryMeHTOB QyHKuUuM - [S.name] = myfun, [C{:}] = myfun;
«  Kak cocTapiisioliue maccusa styeek - {S.name}, {C{:}}.
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Ipumepsi:
PaccMOTpUM HEKOTOpbIE NMPUMEPB! UCII0/Ib30BAHUS CITMCKOB 3HAYEHUH!
@opmuposanue Maccuea Sueex:
C = (12 3 4}
C = (1] (2] (3] [4]
npeobpasceanue MAccU8a A4eex 8 YUCA080U MACCUB:
A = [C{:}]
A= 1 2 3 4
npeobpasoeanue mMaccuga s4eex 8 MpPexmepHblli Maccug:
B = cat(3, C{:})

B(:, :, 1) = 1
B(:, :, 2) = 2
B(:, :, 3) = 3
B(:, :, 4) = 4

npuceoenue 3Ha4eHull 00HOMY U3 noaeli Maccuga 3anuceli:
[S(1:3) .FIELD] = deal(5)

S =

3x1 struct array with fields:
FIELD

S(:) .FIELD

ans = 5

ans = 5

ans = 5

B pesyibraTe BBIIOJHEHHBIX Onepauuit ObIM CHOPMUPOBAHBI CHEAYIOLIME
MAaCCHBBI: )

whos
Name Size Bytes Class
A 1x4 32 double array
B 1x1x4 32 double array
C 1x4 400 cell array
S 3x1 332 struct array

Grand total is 22 elements using 796 bytes
Ofuee KONMMYECTBO 3JIEMEHTOB - 22; uUcCnonb3ylT 796 6Gair

Conymcmeyrowue gynkyuu: CAT, CELL2STRUCT, DEAL, NUM2CELL, STRUCT2CELL,
VARARGIN, VARARGOUT.

VARARGIN CIMCOK BXOJHBIX 2PryMEHTOB NEPEMEHHON JTHHbI

Cunmakcuc:

z = function myfun(x, y, varargin)
Onucanue:

[TepeMeHHas varargin nosposiser OOLEIUHUTL J1000e KONMYECTBO BXOAHBIX
aApPTYMECHTOB; OHA MpPEACTaBIsAeT COO0M MacCUB AYeeK, KOTOPBIA COHNEPXMT apry-
MEHTBI-ONUMK BLI3bIBAEMOM QyHKUMM. 3Ta NepeMeHHas AobkHa ObiThb rociesHeit
B CIIMCKE BXOJOB, & €¢ HANMCAHUE JONYCKAETCS TOJNbKO CTPOYHBLIMU GYKBAMMU.
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[Ipumep:

Paccmorpum M-pyHKuuIo

function myplot(x, varargin)
plot(x, varargin{:})

OHa 00BeIHHAET BCE BXOAHBIE apryMEHTHl HayMHasi CO BTOPOTrO B OJIHY Iie-
peMeHHYylo varargin. B cBoio ouepenb, Ipy obpallieHHy K GyHKUMH plot ucnoib-
3yeTC CIMCOK 3HadyeHWM varargin{:}, 4ToObl IepenaTh Bce 3alleHCTBOBAHHBIE
aprymeHThl. Hanpumep, npy Bbi3oBe pyHKLKMM myplot B hopme

myplot(sin(0:.1:1), ‘color, [.5 .7 .3], 'linestyle', ":')
nepeMeHHas varargin - 5To MacCHMB siuceK pasMepa 1x4, comepXalluit 3HaYeHUs

‘color’, [.5 .7 .3], 'linestyle', ":'.

Conymcmeyrowue @ynxyuu: VARARGOUT, NARGIN, NARGOUT, INPUTNAME,
FUNCTION, LISTS,

VARARGOUT CNMCOK BBIXOAHBIX APIYMEHTOB I1EPEMEHHON [UIAHDI

Cunmarcuc:

[z, varargout] = myfun(x, y, n)
Onucanue:

IepeMenHas varargout no3sonsieT 06GbeAUHUTD JI000e KONUYECTBO BBIXO.-
HBIX apryMEHTOB; OHa MpPEACTaBIsieT cOOOH MACCUB SYEEK, KOTODBIA COAEPXHUT
apryMeHTbI-OILUH BbIX0/a PYHKUMH. JTa NEPEMEHHAA HODKHA OBITh MOCHEeaHEN
B CITMCKE BBIXOAOB, a €€ HalMCaHUE JONMYCKAETCS TOJBKO CTPOYHBIMU OYKBaMH.

ITepemeHHas varargout He co3gaeTcsl NPU BBI30BE (YHKIMM; €€ HEOOXOAUMO
co3gath NMpU (hopMUPOBAaHUM BBIXOJOB CO3faBaeMOM M-(DyHKIMH, MCHONB3YS COOT-
BETCTBYIOLIME OINEPATOPH! LIMKIIA, KAK 3TO [TOKA3aHO B HUKECIICAYIOIIEM ITPUMEDE.
Ipumep:

Paccmotpum M-cbyHKUMIO

function [s, varargout] = mysize(x)

nout = max(nargout, 1)-1;
s = size(x);
for i=1:nout,

varargout(i) = {s(i)};
end

30ech ¢ MCMOJIb30BAHMEM LIMKIA OOBEIMHEHB! BCE BBIXOAHEBIC APTYMEHTSI
HAaYMHas CO BTOPOrO B OLHY TIEPEMEHHYIO varargout.

IepemenHast varargout - 310 MaccuB siueek pasMepa 1xnout, copepskaniuii 3HaueH st
Pa3MEpHOCTEN BHIXOAHOIO MHOrOMEpHOro Maccuea. Harpumep, npu obpaleHuun Buna

[s, rows, cols, pages] = mysize(rand(4, 5, 3));

BO3BpalLAIOTCs 3HAYEHUS

s = [4 5 3], rows = 4, cols = 5, pages = 3.

Conymcmsyiowue gyuxyuu: VARARGIN, NARGIN, NARGOUT, FUNCTION, LISTS.
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061beKTHO-0PUEeHTUPOBaHHOE NPOrpaMMnpoBaHne

BBescHHe HOBBIX TMIIOB AAHHBIX W OflepauMil, OnpeAessieMbIX MOJb30BaTe-
JIEM, XapaKTepU3yeT IMOAXO0J, U3BECTHBIA Kak OObheKTHO-OpPUEHTHPOBaHHOE NPO-
[PaMMUPOBAHHE.

Knaccel U 0GBbeKTbl HO3BOASAIOT H00ABIATH HOBBIE THITBl JAHHBIX U HOBBIE
onepauuu. Kracc ONMUCHIBAET THI NEPEMEHHOM M OMpenessieT, Kakue orepaluu
H QYHKIIMH MOryT OBITb IIPUMEHEHB K TIepeMEHHOR 3Toro tuna. O6sexm - BTO
CTPYKTYpa Win o6pa3el] HEKOTOPOI'® KJIacca.

B cucreme MATLAB onpesaesncHbl 5 OCHOBHBIX KJIacCOB:

double - YUCJIOBBIC MacCHMBbI M MAaTPHLbI, 3aZaHHbIC B aDUPMETUKE C TLUIaBaloIlei
TOYKOM B dopMaTe YABOCHHON TOYHOCTH;

sparse - JABYMEDHBIC DeHCTBUTEIIBHbIC WM KOMIUIEKCHbBIC Pa3peXXeHHbIE MaTPULIbL;

char ~ MACCMBLI CHMBOJIOB;

struct - MAacCHBBI 3aITUCEH (CTPYKTYDHL);

cell - MacCHBbl SYEEK.

HobapreHHe KIaccoB OCYIECTBISCTCS B paMKax ONEpPallMOHHOM cpensl
cucrembl MATLAB, xoTtopast ofecrieunBaeT BO3MOXHOCTh XPaHEHMS CO3[aHHBIX
OOBEKTOB M OpraHM3aUMM KaTanora M-aitioB, KOTOphIC OIMPENENsIoT JOMYCTUMBIC
MeTonbl 06paGoTKU IS JAHHOTO Kilacca o6bekToB. Karamor kiacca BKIOYAeT
M-dyHKIMH, KOTOpBIE ONPENEIsTIOT Crnocod, KakMM omeparopbl cucreMbl MATLAB,
BKJIIOYAsi apuMeETHYEeCKHE, 00paboTKM HMHIEKCOB, KOHKATCHAUMU, MPHUMEHSIOTCH
K 00BEKTY JaHHOTO KJiacca.

Knacc ob6sexToB inline

B pamkax cucremsl MATLAB 5 omnpenesieH HOBbIA knacce obbekToB {NLINE.
O npeana3HaveH g onucaHust ¢pynxkuuii B dopme f(x, P1, P2, ...), cootBeTCT-
BYIOLLIEIA MX MaTEeMATMYECKOMY OMMUCAHMIO. IIpHU TaKOM INpPEACTABIEHHMU BBIYMUC-
JieHHe QYHKUUM IS 330aHHBIX 3HAYEHMI apryMeHTa U NapaMeTPOB MOXET ObITh
3aMMucaHo B ecTecTBEHHOI popme f(3, 0.1, 0.3).

Hnsa obvexrop kiacca INLINE onpeanenenst cienyouue MeTOIbL:

argnames disp formula nargin vectorize
cat display horzcat nargout vertcat
char feval inline subsref
[INLINE/INLINE _| Co3znartb o6bekT Kaacca INLINE
Cunmarcuc:

g = inline('<ebipaxcerue>')
g = inline('<goipaxcenue>', ‘umn_1', uma_2', ..)
g = inline('<gspaxcerue>', n)
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Onucanue:

OyHkuua g = inline('<gsipaxcenue>') Gopmupyetr obbekT Kiacca INLINE.
O0OBeKkThl BTOro Kjiacca - 310 (YHKUMM, 33AaHHBIC B CHMBOJBLHOM BMIE, 4TO
No3BOAsET OOpAILATECA K HUM KaK TIPUBBIYHBIM MaTeMaTHYECKMM OOBEKTaM.
ApryMeHT (DYHKUMU ONpefensieTcs aBTOMATUYECKM IyTeM TNOMUCKAa B COCTaBe
BbIPAXCHUS OHOMECTHOIO CUMBOJIa, OTJIMYHOIO OT 'i' U 'j'. Ecii CUMBOJI OTCYT-
CTBYET, TO B KayecTBe apryMeHTa ¢yHKUMH HcronedyeTcs cumson 'X. Ecnu
B BBIPaXEHUH IPUCYTCTBYET HECKOJBKO CHMBOJIOB, TO B KayecTBe apryMeHTa
dyHxuuu BHIOMpacTcs CUMBOA, Onyxaliuuit B JeKCMKOTPAaQNYECKOM CMBICIE K
'x'. I3 1BYX CHMBOJIOB, PAaBHOYAAJIEHHBIX B JIEKCHKOrpaHU4YecKOM CMBICE OT ‘X',
BHIOMpAeTCA B KAYECTBE apryMeHTa TOT, KOTOPHIH B ajidaBuTe cieayeT mocie 'X'.

Oynkums g = inline('<espaxcenue>', uma_l', uma_2', ...) bopmupyer oOBEKT
wnacca INLINE, apryMmeutsl KOToporo UMeEIoT wMena uma_I, ums_2' ... . llpn
3TOM B KayeCTBE MMEHHU MOTYT IPUMEHATLCA COYETAHUS CHUMBOJIOB.

Oyuxumsa g = inline('<ewpaxcenue>', n) dopmupyer obnext Kiacca INLINE,
apryMEHTBI KOTOPOro HMEIOT GUKCHpOBAaHHBIE UMeHa ‘X', 'P1', 'P2', ..., 'PN".
Tlpumepu:

g = inline('t"2")

Inline function:
g(t) = tr2
g = inline('t*2+ wA2")
g =
Inline function:
g{w) = t"2+ w2
g = inline('sin(2*pi*f + theta)', 'f, ‘theta’)

Inline function:
g(f, theta) = sin(2*pi*f + theta)
g = inline('x"P1', 1)

inline function:
a(x, P1) = x*P1
Conymemsyrowue gynrxuuu: CHAR.

LINLINE/ARGNAMES | Aprymentni oobekra kaacca INLINE
Cunmaccuc:
S = argnames(g)
Onucanue:
Dyuxuns S = argnames(g) BO3BPALIACT apryMeHThl QYHKUMH KaK OOBbEKTA
xiacca INLINE B BMace MaccHBa CTPOKOBBIX SAYCEK.
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IHpumepwi:
g = inline('sin(2*pi*f + theta)', 'f, 'theta’);
S = argnames(g)
S=
‘f
'theta'
Conymcmeyrowgue ¢yrxyuu: INLINE/FORMULA.

LINLINEIFORMULA __ | @opmyna oowekra kiacca INLINE

Cunmaxcuc:
f = formula(qg)

Onucanue:
Oyukuus f = formula(g) Bospparuaer Gopmyity Toit YHKIHM, KOTOPas SBISETCH

obbsekToM Kitacca INLINE.
Tpumepor:
g = inline('sin(2*pi*f + theta)', 'f', 'theta');
f = formula(g)
f = sin(2*pi*f + theta)
Conymcmayrowue gynkyuu: INLINE/ARGNAMES, INLINE/CHAR.
IIpeoGpa3zosats ofbexT knacca INLINE

INLINE/CHAR B MaCCHB CHMBOJOB

Cunmakcuc:
s = char(g)

Onucanue:
O®ynkuus s = char(g) Bosspatnaer dopmyny obwexra kiacca INLINE B suge

MaccuBa CMMBOJIOB. JTa QyHKuMa pasHOcHIbHA GyHKuMY formula(g).

Tpumepni:
g = inline('sin(2*pi*f + theta)', ', 'theta');
s = char(g)
s = sin(2*pi*f + theta)
Conymcmeyrowue gyrxyuu: INLINE, INLINE/FORMULA.

IIpeoGpasosaTh 00bexT Kiaacca INLINE
[ INLINE/VECTORIZE | B MACCHB CHMBOJIOB

Cunmakcuc:
sv = vectorize(s)
gv = vectorize(g)
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Onucanue:

ODyukuna sv = vectorize(s), rie S - CUMBOJBHOE BbIpAXKEHUE, BCTABIACT
CHMBOJ1 . TIO37IEMEHTHOM O6pabOTKM MAacCHBOB riepel] apubMeTUYECKUMM OIle-
pauusiMu A, * u /, ucnionb3yeMbIMU B dopmyiie dyHkuuu. PesynbraTom sipsieTcs
BEKTOPU30BaHHOE CTPOKOBOC BBIPAXKEHUE,

Oyuximna gv = vectorize(g), rae g - obpexr ki1acca INLINE, BcTaBisieT cCuM-
BOJ . MO3JIeMeHTHOI 06paboTKu nepen aprpMeTHHECKUMH OnepalusMu A, * u /,
Ucnonb3yeMuiMu B GopMmyiie GyHKuuu. Pe3ynsTatoM SBJISCTCH BEKTOPU3OBAHHAN
bopmyna obvekra knacca INLINE.

[Ipumepst:
g = inline("sin(2*pi*f + theta)', 'f, 'theta’);
s = char(g)

s = sin(2*pi*f + theta)
sv = vectorize(s)
sv = sin(2.*pi.*f + theta)
gv = vectorize(g)
gv =
Inline function:
gv(f,theta) = sin(2.*pi.*f + theta)

Conymcmeyrowue yrxyuu: INLINE, INLINE/FORMULA.

Mepeonpeaenexne KNaccos

Bo MHOrMx ciayyasgx MOXHO H3MEHUTH IOBEJEHME ONEPaTopoB U (DYHKUMMH
cucteMbl MATLAB, KOra B KayeCTBE apryMeHTa BBICTYaeT oOBbeKT. DTO OCylle-
CTBASIETCA 1yTEM ilepeonpedefeHus coorsercTBylolux ¢dyHkuuit. Ilepeonpene-
JICHHE KJIacCa OTKPHIBAET BO3MOXHOCTh 06paboTKM ¢ MOMOILBIO 3TOH (QYHKIUH
PaITHYHBIX TUIOB JAHHLIX [TPH IIPOM3BOJIBHOM KOJHMYECTBE BXOIHBIX apTYMEHTOB.

Crepyomas TabfiMla yCTaHABIMBACT CHMBOJIbHBIE MMEHA AN OONBLUIIMHCTBA
BCTPOEHHBIX OIepaTopoB CHCTEMBI MATLAB.

Onepamop Hma M-ghaiina Onucanue

a+b plus(a,b) JIBoMyHOE CIIOXEHHUE

minus(a, b) JBouyHOE BBIYMTAHME
YHapHOe BLIYMTaHUE

VYHapHoe crioxeHe
TTo371eMEHTHOE YMHOXEHHUE
YMHOXeHUe MaTpyLl

TpaBoe NoaneMEHTHOE feeHUE
JleBoc 1103/1EMCHTHOE ACNCHIE

a\b midivide(a, b) | Jienoe nencrme Marpuu
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Al power(a, b) IMosneMeHTHOE BO3BEACHUE B CTENEHD
.a’b mpower(a, b) BospesieHre MaTpULIbl B CTEIIEHD
a<b It(a, b) Meurbiue
a>b gt(a, b) bosbuie
a<=b le(a, b) MeHnblite Win paBHO
a>=b ge(a, b) Bonbure vy papHo
a~= ne(a, b) He pasno
a==D) eq(a, b) ToxnecTBeHHO
a&b | and(a, b) Jlornueckoe U
alb or(a, b) Jlornueckoe MJIU
~a not(a, b) Jlornueckoe HE
a:d:b colon(a, d, b) DopmupoBaHKE BEKTOPA
ab colon(a, b)
a ctranspose(a) TpaHcnOHUpOBaHKE MATPULILL
a.’ transpose(a) TpaHcroHMpOBaHME MaccUBa
command window output display(a) BrlBoJ Ha TEpMHMHAT
[a b] horzcat(a, b, ...) OO6BeIMHEHHE B CTPOKY
[a; b] vertcat(a, b, ...) OO0BbeIMHEHNnEe B CTONOEL
a(sl,s2,...sn) subsref(a, s) HMHuexcHas cchliKa
a(sl,...sn) =b subsasgn(a, s, b) WnpekcHoe BhIpaXeHUE
b(a) subsindex(a, b) HHpexe moaMaccupa

Onucanve QyHKUWMA 1 KoManH/

CLASS

Cunmaxcuc:

Onpeje/uTh Kiacc 00beKTa M CO3ATh 00BEKT

str = class('<umsa_ob6sexma>')
obj = class(S, '<umsa_kaacca>")
obj = class(S, '<uma_kaacca>', <podumens I>, <podumens2> ...)

Onucanue:

Oyhkuus str = class('<ums_obsexma>'") BO3BpAlLIaeT CTPOKY, COACPXAIUYIO
UM4 KJ1acca, COOTBETCTBYIOLLETO CeayoIeH TabauLe.

Hmsa knacca Karacc obsexmos
double MHoOroMepHble MAaCCUBBI YMCeNl B apUdMETHKE C TIaBalOWIeH TOYKON
................. B opMaTte yIBOCHHOM TOYHOCTH :
_Sparse JByMepHEIE IEACTBUTEILHbIC WM KOMIUIEKCHBIC Pa3peXCHHbIE MaTPULIbI
_Char MaccuBbl cuMBOIOB
JStruet Maccuper 3anmceit (CTpyKTypa)
GO | MACCUBEL SMCCK | e
'<uma_knacca>' Knacc, onpenensieMblil nob3oBaTesieM
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Oyuxuust obj = class(S, '<uMs_knacca>') co3gaeT o0BEKT Kiacca ¢ YKa3aHHBIM
UMEHEM, MCITONb3YS CTPYKTYpPY S B KauecTBe 11abloHa. DTO OTHOCHUTCH TOJIBKO K
M-OYHKUUAM C MMEHEM UMA_KAdcca.m, pa3MEILEHHBIM B KaTallore @umsa_Kaacca.

ODyukuus obj = class(S, '<ums_kaacca>', <podumens1>, <podumens2> ...) co3-
JaeT oOBEeKT Kiacca ¢ YKa3saHHbIM MMEHEM, MCIONb3ys CTPYKTYPY S B KauyecTse
mabloHa, a TakKe rapaHTUPYeT, YTO BHOBb CO34aBacMbIif OOBEKT Hacnemyer
METOAB! U MOJIS PONUTEIIBCKHUX OGBEKTOB, YKA3aHHEBIX B KAYE€CTBE apryMEHTOB.

Conymcmeyrouue onepamopbt: INFERIORTO, ISA, SUPERIORTO.

OnpenenuTs NPAHAUIEKHOCTh 00BEKTA K JAHHOMY KIACCY
Cunmakcuc:
K = isa(obj, '<uma_xaacca>')
Onucarnue:

Oyuxkuua K = isa(obj, '<uma_kaacca>') BosBpaiaer joruyeckoe TRUE (1),
eC/IM OOBEKT MPMHALICKUT JAHHOMY KJaccy, U jorudyeckoe FALSE (0) - B npo-
THUBHOM clyyae.

ApPIyMeHT '<uMA_kaacca> - 510 1160 MMS Kilacca, ONPEAENIEHHOrO MOJb30-
BaTeJieM, JIMO0 MMS OJHOIO U3 MPENOIIPEIE/IEHHBIX KJIaCCOB CUCTEMbI MATLAB:

Hms knacca | Knacc obsexmog
double MHoromMepHbie MaCCUBBI YUCEJ B apUdMETHKE ¢ MJIABAIOILENA TOYKON
B ¢opMaTe YABOCHHON TOYHOCTH
sparse JByMepHbIC IEHCTBUTENLHbIC WA KOMIUTEKCHBIE Pa3peKeHHbIC MAaTPHULIBE
char MaccuBsl CMMBOJIOB
_struct Maccusbt 3amuceit (CTpykTypa)
cell Maccusbl gueek
Hpumep:
OyHKUUA

isa(rand(3, 4), ‘double’)
WUCTHHHA Y BO3BpallacT 3HAYEHUE
ans= 1
Conymcmeyiowue onepamopbt: CLASS.

ISOBJECT Buiasienne 06beKTa HEKOTOPOro Kaacca

Cunmarcuc:

k = isobject(A)
Onucanue:

®yukuma k = isobject(A) Bosppamaetr jornyeckoe TRUE (1), ecmn A - o6pekT
HEKOTOpOro Kaacca, U noruyeckoe FALSE (0) - B TPOTUBHOM Crlydae.
Conymemsyiougue onepamopst. OTIepaTopbl IPyNrb! 1S*.
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METHODS BhIBECTH HA TEPMHHAJ CIMCOK METONOB /15 JAHHOTO Kiacca

Cunmarxcuc:

methods <uma_xaacca>

s = methods( '<umsa_kaacca>")
Onucanue:

Komanza methods <ums_xaacca> BHIBOIUT Ha TEpPMHMHaN CIIMCOK METOHOB
Ui JaHHOTO KJlacca.

Oynkuus s = methods('<uma_kaacca>') BO3BpalllaeT MaccHMB syeeK, conep-
XalIMX MMEHA METOIOB B BHIE CTPOKOBBIX BEJTUYHH.

Ilpumep:
Komanma methods polynom BEIBOAUT Ha KpaH CleAYIOIUNA CIMCOK METOIOB
st knacca polynom:
methods polynom
Methods for class polynom:
MeTomsl mjis kjacca polynom:
char display minus plot polynom roots
diff double mtimes plus polyval
Oyuxuusa s = methods('polynom’) BRIBOAUT HA 3KpaH CJEAYIOIMUA CITUCOK
METOIOB ISl KJlacca polynom B BUIE MacCHUBa A4YEEK CUMBOJIOB:
s = methods ( 'polynom')
S =
'polynom’
'mtimes’
'plus’
'plot!
'display’
'diff!
'char'
'roots'
'minus’
'double'
'polyval'

Conymcmeyiowue onepamops:: HELP, WHAT, WHICH.

| INFERIORTO ] OTHomenne HU3LIEro Kjacca

Cunmakcuc:

inferiorto{'<umsa_xnaccal>', '<umsa_kaacca2>', ...)
Onucanue:

Komanna inferiorto(<uma_xnaccal>', '<umsa_xaacca2>, ...), BBI3BAHHAS BHYIPH KOH-
CIpYyKTOpa Kjlacca (Harpumep, myclass.m), ofpeaessier, yto MeTogx myclass.m He goi-

>KEH BBI3bIBATECS, ey (hyHKIMS BbI3BAHA ¢ OOBEKTOM K/acca myclass M ¢ OIHUM WK
Goiee 0OBEKTAMH KIIACCOB '<ums_kaaccal>', '<ums_kaaccaZ>', ...
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[Toscrenue:

HomycrtuM, uro A - 3T0 00BeKT Kiacca 'class_a', B - 310 obbekT kiacca
‘class b'u C - 310 00BEKT KIacca 'class_c'. JonycTuM Takxe, YTO KOHCTPYKTOP
class_c.m coicpXuT yrteepxaeHUe inferiorto('class_a'), 4To o3HaYaeT HU3ILIMKH
[IPUOPHUTET KJlacca 'class_c' no OTHOLIEHUIO K Kiiaccy 'class_a'. Toraa npu Bel3oBe
dyuxiuii e = fun(a, c) wu e = fun(c, a) Bui3piBacTcs GyHKMs class_affun.

Ecnu ¢yHkuusi BbI3pIBaeT [Ba OOBEKTa, OTHOLIEHUE K/IACCOB KOTOPBIX
HE OnpenesieHo, To 002 00bEKTa UMEIOT OJMHAKOBBIA MTPUOPUTET U MCIIONL3YeTCS
METOJl, OTHOCSILUUINCS K NMEPBOMY OOBEKTY B CIIUCKE apTyMEHTOB BBI3BIBAEMOIA
dynkuun. To ectb Be3oB fun(b, ¢) ucnosnezyer Merox class_bffun, a Bwi3os fun(c, b)
ucronp3yer Meton class_c/fun.

Conymemeyrouue onepamopsi. SUPERIORTO.

[ SUPERIORTO 1 OTHoweHHe BBICIIEr0 Kacca
Cunmaxcuc:
superiorto('<uma_xnaccal>', '<uma_xaaccaZ>', ...)
Onucanue:

Komanaa superiorto(’<uma_xaaccal>', '<umsa_waacca>, ...), BBI3BaHHAsI BHYTPH KOH-
CTpYKTOpa Kiacca (HamnpuMep, myclass.m), onpenensier, yro Metoq myclass.m gomked
ObITh BbI3BaH, eCM (DYHKIMS BbI3BaHA ¢ OOBEKTOM Kiacca myclass M ¢ OIHMM WM
Gostee OObEKTAMM KIIACCOB '<ums_xaaccal>, '<ums_kaacca2>, ...
lloacnenue:

JonyctuM, yto A - 3To 00BEKT Kiacca 'class_a', B - 310 obbekT xiacca
‘class_b' u C - 310 00BEKT Ki1acca ‘class_c'. JonycTuM TakKe, YTO KOHCTPYKTOP
class_c.m comepXMT yTBepX/IecHUE superiorto('class_a’), 4To o3HaAyaeT BHICLUUIA
ApUOpUTET Kilacca ‘class_¢' no oTHoweHUo K kiaccy 'class_a'. Torxa npu BH-
30Be ¢vHKIMHA e = fun(a, c) wiu e = fun(c, a) BeI3biBaeTCH QyHKUM class_c/fun.

Ecnu ¢yHKUMS BBI3bIBaCT JBAa OOBEKTa, OTHOLUEHHE KJIACCOB KOTOPBIX
HE OIpee/ieHo, To 06a 00beKTa UMEIOT OMHAKOBBIA MIPUOPUTET U MCITOJIB3YETCH
METOJ, OTHOCSIUUICS K TMEPBOMY OOBEKTY B CIIMCKE apryMEHTOB BbI3HIBAEMOIH
dyukumu. To ecth BBI30B fun(b, €) ucnonesyer Meroa class_b/fun, a Br13oB fun(c, b) -
Mmeron class c/fun.

Conymemeyrouue onépamopbz: INFERIORTO.

[ HORZCAT, VERTCAT | O6benunente 06beKTOB
Cunmakcuc:
C = horzcat(A, B) C = vertcat(A, B)
Y = horzcat(X1, X2, X3, ...) Y = vertcat(X1, X2, X3, ...)
Onucanue:

®yukuust C = horzcat(A, B) peanusyeT ropu3oHTAIbHOE OOBEIMHEHME ABYX
06bekroB [A B].
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OGOyuxuusa Y = horzeat(X1, X2, X3, ...) peanusyeT TOpU3OHTAIbHOE 00BEOM-
HEHHe KOHEYHOro yucja obnekron [X1 X2 X3 ...].

®ynxuua C = vertcat(A, B) peanusyer BEpPTHKATbHOE OOBEAMHEHHE IBYX
006bexToB [A; B].

Oynxuua Y = vertcat(X1, X2, X3, ...) peanusyer BepTHKAILHOE 0ObeIHHEHHE
KOHe4YHoro yucna oobekroB [X1; X2; X3; ...].

Conymcmeyrougue onepamopat: CAT.
[Tepeonpedensempie MemoOs:;

help inline/horzcat.m.

help inline/vertcat.m

HnaexcHas cchiika

Cunmaxcuc:

B = subsref(A,S)
Onucanue:

Hcnonb3oBaHe MHAEKCOB WM yKasaTeseil Tofiei, Korma o6beKT TIpUMEHS-
eTCs B IIPaBOi YaCTH ONEPaTOpa MPUCBAMBAHUSA, HAa3bIBACTCS UHOEKCHOU CCbinKOU.
ITpuMepaMu HHIEKCHBIX CCHUIOK SIBJISAIOTCS BhIpaxXeHus Buaa A(i), Afi}, A.<nose>.

®Oyukuus B = subsref(A, S) suisbiBacTcs npu 06pabotke BhipaxeHuit A(i),
A{i}, A.<nose>, rae A - 00BEKT, @ S - MacCHB 3aITHCEi CO CJICAYIOIIMMMU TIOJISIMHU:

ITone Hasnavenue

type Crpoka, comepxauias rpyrnnsl cUMBONOB ( ), { }, ., KOTOpLIE OMpPeAcsIOT THII
WHAEKCOB: KPYTJibie CKOOKM ( ) COOTBETCTBYIOT YMCIOBOMY MAacCUBY; durypHbie
CKOOKM { } - MACCHBY s4eeK, TOYKA . - MACCHBY 3alicei

subs MaccuB siyeeK WIM CTPOKA, CONEPXKALUAA PEATBHO WCIONb3YEMBIE CHMBOJBI,
TIPY 3TOM pa3nenuTeNb : MEPEaaeTCa Kak CTPOKa

ITpumep:

Bripaxenue A(1:2, :) Bbi3biBaeT Meron subsref(A, S), rae S - MaccuB 3anmceit
pasMepa 1x1 ¢ nonamu

S.type =" ()’

S.subs = {1:2, "'}.

Bripaxenue A{1:2} BuizbiBaeT Meton subsref(A, S), roe S - MaccHB 3anuceit
pasmepa 1x1 ¢ noasaMu

S.type =" {}'

S.subs = {1:2}.

BripaxkeHue A.<mose> BbI3bIBaeT Metonl subsref(A, S), rae S - MaccuB 3aruceit
pasmepa 1x1 ¢ noasaMmu

Stype="'."

S.subs ="' <none>".
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DT TIPOCTHIC CTy4au SBJISIOTCA OCHOBOIA st (hOpMHPOBaHMSE Gonee CIIOXKHBIX
BbIPAKEHHH.

Boipaxenue A(1, 2).name(3:4) Boi3piBacT Meton subsref(A, S), rie S - Maccus
3anuceit pasmepa 3x1 co CieayUMHU TT0SMU:

S(1)type="()" S(2).type="." SQB)type ="'(}'
S(1).subs ='{1,2}" S(2).subs ="' name’ S(3).subs ="' {3:4}'
Conymcmeyrwuwue gynxyuu: SUBSASGN, SUBSTRUCT, PAREN, SUBSINDEX, LISTS.
[epeonpedeasembie memodsi:

help inline/subsref.m

help scribehgobj/subsref.m

help scribehandle/subsref.m

help hgbin/subsref.m

help figobj/subsref.m

help fighandle/subsref.m

help axistext/subsref.m

help axisobj/subsref.m

help activex/subsref.m

HMupexcHoe npucBauBaHHe

Cunmaxcuc:

A = subsasgn(A, S, B)
Onucanue:

Wcnonb3oBanne MHIEKCOB WM yKa3aTesedl IoJieif, Koraa oObeKT NPUMEHSETCS
B JIEBOM YaCTH OMepaTopa MPUCBAMBAHMS, HA3bIBACTCH UHOEKCHHIM NPUCBAUBAHUEM.
[TpuMepamu Takux BbIpXXEHWH SIBAAIOTCA BbIpaXeHMa Buaa A(i) = B, Afi} = B,
A.<none> = B.

®yruxkuug A = subsasgn(A, S, B) Boi3biBaeTCst 1p 00pabOTKe BBIpaXeHUI
A(j) = B, A{i} = B, A<noae> = B, rie S - MacCHB 3aIACEH CO CNIEAYIOLMMMU TIONSIMU:

Ionre Hasznauenue

type Crpoxa, copepxalliag rpynmnsl cuMBonos ( ), { }, ., KOTOpLIC ONpeaensior
TUIT MHIEKCOB: KPYIJble CKOOKM ( ) COOTBETCTBYIOT YHMCIOBOMY MAacCHBY;

subs MaccuB si4eeK MM CTPOKA, COAEpXKAllasg peasbHO MCIOJL3yeMble
CHMBOJIBI, MPU 3TOM PA3ACIAUTE/b : MEPEfACTCH KaK CTPOKA

[Tpumep:

Bripaxenue A(1:2, :) = B BoissiBaeT MeToA A = subsasgn(A, S, B), rae S -
MacCHB 3aruceit pasmepa 1x1 ¢ rmonsaMu

S.type="()"'

S.subs = {1:2, "'}
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Bripaxenue A{1:2} = B sri3biBaeT mMetos A = subsasgn(A, S, B), toe S - Maccus
3anuceit pasmepa 1x1 ¢ nossaMu

S.type ='{}’

S.subs = {1:2}.

Bruipaxenue A.<nose> = B BbisbiBaeT Metoa A = subsasgn(A, S, B), rae S -
MAcCCHB 3amnuceii pazMepa 1x1 ¢ nmonsamu

3T NpOCThiE CNYYau SBISIOTCS OCHOBOM il ¢opMHUpOBaHUst Goliee CROXHBIX
BBIPAXCHHUM.

Bripaxenue A(1, 2).name(3:4) = B Bui3biBaeT MeTon A = subsasgn(A, S, B),
rae S - MaccuB 3anuceil pasmepa 3x1 co CICAYIOIUMH TTOJISIMU:
S(1).type ="()' S(2).type ="." S3).type ="()’
S(1).subs ='{1,2}" S(2).subs ="' name ' S(3).subs ="' {3:4}"
Conymcmayrowue gynxyuu: SUBSREF, SUBSTRUCT, PAREN, SUBSINDEX, LISTS.
Ilepeonpedensemvie Memoow::

help scribehgobj/subsasgn.m

help scribehandle/subsasgn.m

help hgbin/subsasgn.m

help figobj/subsasgn.m

help fighandle/subsasgn.m

help axistext/subsasgn.m

help axisobj/subsasgn.m

help activex/subsasgn.m

[SUBSINDEX ] HnaexkcHbiil 1eCKPHITOP
Cunmaxkcuc:
| = subsindex(A)
Onucanue:

Oyukuus | = subsindex(A) Bei3pIBaeTCA B Cliydae BhipaxeHuii Buaa X(A), rae
A - 00BeKT, a X - OIMH U3 BCTPOCHHBIX THITOB (4auie Bcero double). OHa nomxHa
BO3BPATHTh 3HAYCHUE OOBEKTA KaK LICJIOUMCIIEHHBIH MHOEKC B guanasoue ot 0
no prod(size(X))-1). Ota (yHKUMS BLI3BIBAETCA MO YMOMYAHHIO (QYHKLUMAMM
subsref u subsasgn.

DyHKUUA subsindex BbI3LIBAECTCH OTAECABHO IS KAaXIOTO 3JIEMEHTA CIIMCKA
apryMeHTOB B BbIpaXXeHUsiX Buaa X(A, B).

Ipumeuanue. B Bepcusix cuctemsl MATLAB 5.0-5.2 3ta dyHKUUS NoAaBeHa.

Conymcmeyrowue ghynxyuu: SUBSREF, SUBSASGN.
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4. OMNMEPATOPbBI, KOHCTAHTbI, CJTYXXEBHbIE
CUMBOJIbl U NEPEMEHHbIE

SI3pIKk MATLAB - 3T0 s13bIK onepatopoB. Oneparopsl, BBOAMMbIE I0Ib30BA-
TeJIEM B KOMAaHAHOM CTPOKE, MCIIOJIHAIOTCS CUCTEMOM MATLAB B pexXuMe HMH-
tepniperauuy. OmiepaTopbl UMEIOT B (DOPMBI 3anucH:

C HESIBHBIM NpUCBaMBaHUeM (KOMaHAa) ¢ SBHBIM NpucBauBaHueM ((YHKLIHA)
ebipaxcenue nepeMeHHAan = @bipaxceHue

Orneparopbl COCTOST M3 CIEUWANBHBIX CMMBOJOB, MMeH (PYHKIIMI M mepe-
MEHHBIX, & TAKXE YUCTOBBIX KOHCTAHT M MOTYT OKAHYUBAThCA 3aIIATOH WITH TOY-
KOii C 3ansITOi, KOTOPBIC YIIPABJISIIOT BBIBOAOM DE3yJbTaTa Ha 3KPaH.

s M3MeHeHus CTAaHAAPTHOTO TOPSIKA BBIMTOJHEHUS ONEpalii UCIIOML3YIOT
KPYIJIbIE CKOOKM, KaK IMpU OOBIYHBIX MATEMAaTHYECKUX BBIKNIaAKax. I1pobesibt BOKpYr
CUMBOJIOB OIepalMid HeoOs3aTeTbHBI, HO UX YACTO BKJIIOYAIOT ISl HAITISIHOCTH.

PesynpTar BHIYMCIEHUS BBIPAXCHUSI TIPUCBAUBAETCH 33JaHHOM I€peMEHHOIMA
B JIEBOM YacCTH OT 3HAaKa PaBEHCTBa WIS JANBHEHIIECIO MCIIONB30BAHUSA M, €CNIH
NOC/Ie BBIPAXEHHUST HE CTOUT TOYKA C 3arsSITOM, BHIBOJUTCS HAa DKpPaH.

[Ipy 3amucH HECKONBKHUX ONEpPaToOpOB B OOHOH CTPOKE ClieAYeT HCIIONB30BATH
paspenurenu. ITocne efMHCTBEHHOTO WM TTOCHEJHETO OIMEPATOPA CTPOKH pasfie-
JIATEJIb MOXHO HE CTaBHUTh.

I'lpu MCoIB30BaHUU OTIEPATOPOB C HESIBHBIM IIPUCBauBaHUeM cructeMa MATLAB
aBTOMATMYECKHM CO3[AET TNEPEMEHHYI0 ¢ MMeHeM ans (ANSwer) M npucBauMBaeT ei
3HAYEHHUE pe3yibTara. IlepeMEeHHas ans COXpAHSIET 3HaYEHWe Pe3y/BTATA BHIIOHEHMS
TOJIBKO TIOCJIEAIHEIO OIIEPATOpa ¢ HEABHBIM NIPMCBAMBAHUEM.

Jnuna Oydepa KoMaHAHOIM CTPOKM orpaHuyeHa 256 cumponamu. Ecnu one-
parop HAaCTOJNBKO CAOXEH, YTO MONHOCTBIO HE MOMEUIaeTcsl Ha OJHOM CTpOKe
WIH T10 KaKUM-JM0O0 MPUYMHAM €ro OCTABIUYIOCS 4YacTh TpebyeTcs INEpPeHEeCTH
Ha HOBYIO CTPOKY, CJIEAYET BBECTH HECKOJBKO TOYEK (He MeHee JBYX), HaXaTh
KIaBUIUy Enter u mpogosXuTh BBOJ OMeparopa B CAEAYIOllEeH CTPOKe.

HmeHa nepeMeHHBIX M QYHKITMIT MOIYT OBITh COCTARICHBI U3 JIOOBIX CUMBOJIOB a/l-
(daButa crucreMbl MATLAB, KpoMe cCrielMaibHBIX. MMt 0BA3ate/IbHO JOJDKHO Ha4yM-
HATBCA C OYKBEI, 32 KOTOPOI MOXET CJIe[I0BAaTh MPOM3BOJIBHOE coYeTaHue OYKB U LIMGD.

Cucrema MATLAB no3BosisseT paboTaTh ¢ KOHCTAaHTAMH, TCPEMCHHBIMM,
MacCHBaMM, COAEPXKAIMMU KaK YMCIOBYIO, TAK YU CUMBOJIbHYIO HH(POPMALIMIO.

JIna 3anmcy gefcTBUTENBHBIX YKCEN UCTIONB3YETCS KaK 00blyHAas JecaTudHas dopma
C HeoOs3aTeNbHBIMA AECSITUYHON TOUKOM VISl LIEJIBIX YUCET U TUTIOCOM IS TTOJIOKUTE b~
HOIO YMCJIa, TAK W TOKa3ate/ibHast (hopMa ¢ MAHTUCCOM M 110KA3aTe/ieM CTENEHH 0 Oc-
HoBaHuIo 10 (OTAENSICTCS OT MAHTHUCCH CUMBOJIOM € WIK E) Ge3 rpobesio MeXIy HUMU.
Hanuyme npobena repen 3KCrNOHEHIMATBHON YacThIO YMC/IA NIPUBOAWT K OLUMOKE.
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Cucrema MHXeHepHsIX n Hay4YHbix pac4yeTos MATLAB 5.x. Tom 1

BriyucneHust B cucteMe MATLAB BeayTcsi Kak B IM0JI€ BEILECCTBEHHBIX, TAK
H B TI0JIe KOMIVIEKCHBIX YMCEJ C YABOEHHON TOYHOCTBIO.

ApudmeTnyeckue n Nnormieckue oneparopbi

ApndpmeTnieckne onepaTopsi.

Onepauuy HAX MACCHBAMH, MATPHUAMH B 00beKTAMU

Cunmaxcuc:

Onepayuu nad maccueamu Onepayuu nad mampuyamu
+A uplus(A) +A uplus(A)
-A uminus(A) -A uminus(A)
A+B plus(A, B) A+B plus(A, B)
A-B minus(A, B) A-B minus(A, B)
A.*B times(A, B) A*B mtimes(A, B)
A./B rdivide(A, B) A/B mrdivide(A, B)
A\B idivide(A, B) A\B midivide(A, B)
AAB power(A, B) ArB mpower(A, B)
Al transpose(A) A ctranspose(A, B)
Onucanue:

B cucreme MATLAB peaid3oBaHO [Ba TUITa apudMeTryeckix onepauuit. Oneparmu
HaJ MAacCHMBaMH BBIMONHAIOTCS IMO3JIEMEHTHO, a OfepalMyd Hal MaTpULaMH Ofpese-
JIEHBI B COOTBETCTBMM C IMPaBWIAMM JIMHEUHOK areOpbl. YToObl padmyare 314 ore-~
pauuy, ONepauM¥ Haa MacCUBaMM IpemiiecTByeT Touka. Onepaluu CIOXeHUS
M BbIYWTAHUSA HAll MaTPULIAMU M MacCUBaMH JAIOT OJMHAKOBBIN PE3Y/bTaT.

VYuapuuiii wuioc: +A
upius(A)

IIpeoOpa3zoBaHe MacCcHBa B camoe cedsl; mig oObeKTa -
co3nanmne o6beKTa +A

VYuapubii Munyc: -A

Vi3aMeHEHME 3HaKa 3/MEMEHTOB MacCHUBa; UIA OGBEKTa -

uminus(A) cozjanue obbexTa -A
+ | Cnoxenne: A+ B CnaraeMble JOJDKHB! OblThb OAMHAKOBOIO pa3Mepa 3a KcC-
plus(A, B) KJIIOYEHUEM Cllyyas, KO OHO U3 HUX CKansAp; cKansp

NOGaB/IACTCA KO BCEM 3MIEMEHTaM JpPYroro onepaHaa; mis
o0BEKTOB - cO3naHUe 00beKTa A+B

Buiuntanne: A -B
minus(A, B)

YMHOXKenHe MaTpHL:

A*B
times(A, B)

YMEHBIIACMOE ¥ BbIMMTaeMOE JOJDKHBI ObITb OAMHAKOBOIO
pasMepa 32 WUCKIIOYEHHMEM CJy4ast, KOTZa ONHO U3 HHX
CKangp; CKaNsip BBIYMTAETCS U3 BCEX NEMEHTOB APYroro
oriepaHaa; Ul 00BEKTOB - Co3aaHue 00bekTa A-B

[Ip1 yMHOXEHMM MaTpUll WIM MaTpyll U BEKTOPOB UMCIO
CTONOLIOB T1EPBOTO COMHOXWTENsSE AODKHO ObITh PaBHO
yucay CTpokK Broporo. Ha ckasisip yMHOXaloTcad BCE
37CMCHTBI COMHOXUTCIIS



4. OnepaTopsl, KOHCTAHTI, CAYKEOHLIE CUMBOBI 1 NepeMeHHbIe

YMHOXeHHe MaCCHBOB:
A .+ B mtimes(A, B)

TToaneMeHTHOE MEPEMHOXEHHUE OBYX MACCUBOB OIVHAKOBOIO

Pemenne cucrem M-
HeiHbIX YPaBHeHMH:

AX=B
midivide(A, B)

pasMepa. Ha CKBIP YMHOXAIOTCA BCC AJIEMEHTH! MacCHBa

Ecnu A - xBampaTHas MaTpuua pasmepa hxn U B -
MaTpuua pasMepa nxk, YpPaBHEHHE PELIaeTCs METOHOM
uckmoveHuda laycca.

Ecm A - mpsMOyranbHas Matpuua pasMepa mxn v B -
MaTpHLia pazMepa nxk, TO CUCTEMa OKA3BIBAETCH HEROOTIpe-
JIeNeHHOW WM TIepeonpeeiecHHOM M PeLuaeTcss Ha OCHOBE
MMHHUMM3ALIMM BTOPOit HOPMBI HEBA30K. PaHr r = rank(A) BbI-
yuensercs, ucnonssys QR-pavioxeHue C BHIGOPOM BEAyILENO
aneMedTa. Takoe pelleHne Oyner MMers camoe OGoibliee r
HEHYJEBBIX AIEMEHTOB Ha CTONOCLL

Ecau r < n, To HaliicHHOe pellieHue, KaK MpaBuio, He Oyner
COBIafaTh ¢ pinv(A)B, KOTOPOE MMeET HAUMEHBILLYIO HOPMY
HeBsi30K. (CM. ormcanue QYHKLUMH pinv)

.\ | Jleoe nenenne PesynbratoM siRisierca MaccuB ¢ anemeHtamu B(, jJ/AG, j);
maccuBoB A .\ B MacCUBBI JO/DKHBI GbITh OJMHAKOBBIX Pa3MEpOB 33 UCKMO-
\divide(A, B) yeHUeM CTy4asi, KOTJa ONMH M3 HUX BHIPOXKIEACTCS B CKAJsp

/ Peimenne cHcreM Onepauust B/A paBHocuarHa onepauuy Brinv(A), ecmm A
AMHeRHbIX YpABHEHMI: | MMeeT TNONMHbIA paHr; ecau Her, To B/A = (A'\B').
XA=B (CM. 3aMevaHus I onepaluu \)

. mrdivide(A, B)
./ | TIpaBoe nenenue Pe3ynbTatoM SRISETCS MaccHB ¢ aneMeHTamu A(i, j)/B(, j);

MaccuBos: A ./ B
rdivide(A, B)

MAcCHUBBI JIOJDKHBI ObITh OSMHAKOBBIX pa3MepoB 3a UCKITIO-
YEHHEM CJTyyast, Korja oauH M3 HUX BBIPOXIACTCS B CKaJBIp

Crenerb MaTpHusL:
A*p
mpower(A, B)

Eciv p - Lenoe NOJOXUTENBHOE YUCHO, TO CTENEHb
MaTPHLIGI BBIYMCIAETCA TIYTEM TEePEMHOXEHHsA €€ Ha
cebs1; ecnu p - Lesoe OTPULATENBHOE YMUCNO, TO TO XKe
CaMO€ OTHOCUTCA K 0GpaTHON MaTtpuue. .

Jna mpyrux 3HaYeHHH P BBIYUCIAIOTCH COOCTBEHHBIE

3HaYeHHs M BEKTOPHI, TaK 4YTo ecau [R, D] = eig(A), 10
Arp = R*D.Ap/R

Crenenb MaccHBa:
AAB
power(A, B)

TpancnoHupoBanue
MaTpHUbL: A'

TpancnonMpoBanne
maccusa: A '

transpose(A)

PesyneraToM ARIAETCS MacCHB ¢ aneMeHTaMu A, B, j);
MAaccuBhbl JO/DKHB! ObITh OAWHAKOBBIX Pa3MepoB 3a MCKIO-
YEeHHUEM CITy4as, KOTJa OFUH M3 HUX BBIPOXIAETCA B CKAIAD

IInA AeCTBUTENBHBIX - pe3Y/IbTATOM SIBJISETCA TPAHCIIO-
HUPOBAaHHas MAaTpPULA; WIS KOMIUIEKCHBIX - TPaHCMO-

Jna DeACTBUTENBHBIX Y KOMIUIEKCHBIX MACCHBOB CTPOKM
TIPOCTO 3aMEHAIOTCS CTONBLE@MM, OMepaurs KOMIUIEKC-
HOTO CONpPAXEHNS He BBIMTOMHACTCH

135



CucreMa nHXeHEpPHbIX v Hay4yHsix pacyeToB MATLAB 5.x. Tom 1

IIpumep:

B kauecTBe NMpuMepa pacCMOTPMM [Ba OJHOMEPHBIX MaccHBa (BEKTOpa), Hal
KOTOPBIMI COBEPLIAIOTCS OIMCAHHBIE Bblllle OINECpaudy; IS He4aTH HCHOJb3OBaH

dopmar format rat.

Onepayuu Had Mampuyamu

Onepayuu had maccugami

X 1 y 4
2 5
3 6 .....
X 1 2 3 y 4 5 6
X+y5 X-Yy -3
7 -3
9 -3
X+23 x-2 -1
4 0
5 1
Xy Error x.*xy4
10
..... 18
X *y 32 X .*y Error
X*y 4 5 6 x.*y Error
8 10 12
12 15 18 |
X*22 X .*2 2
4 4
6 6
x\y 16/7 x\y 4
5/2
2
2\x 12 2.\x 2
1 1
3/2 2/3
x/ly 0 0 1/6 x.y1/4
0 0 1/3 2/5
o 0 1/2 ........ 1/2 ....................................
x/2 1/2 x./21/2
1 1
3/2 ................ 3/2 ........
X*y Error x.My 1
32
...................................................................................... 729 o,
x A2 Error x.A21
4
9



4. Oriepatopsbl, KOHCTAHTbI, CIYXEOHbIE CUMBONLI W NepeMeHHbIe

s o P R
4
..................... 8
(X + i*y) 1-4i 2-5i 3 -6i
(X + i+y). 1+4i 2+5i 3 +6i
< < > 2 == ~=
LT LE GT GE EQ NE Jlornyeckne oneparopbl. QOnepauMn OTHOWIEHHA
Cunmaxcuc:
A<B It(A, B)
A<=B le(A, B)
A>B gt(A, B)
A>=B ge(A, B)
A== eq(A, B)
A~=B ne(A, B)
Onucanue:

Onepaiy OTHOLLICHUS BBIMOHSIOT MO3JIEMEHTHOE CPaBHEHME ABYX MAacCHBOB;
OHM BO3BpAlllAIOT B KauyeCTBE DPE3yJbTaTa MACCUB TOrO XE pasMepa, SIEMEHTHI
KOTOPOIO paBHbI €AMHMLE, CCIM 3TU 3JIEMEHTHl COBNAJAIOT, U HYJIO, €CIM OHU
HE COBIANAIOT.

Onepaumu <, <, >, > UCIOJNB3YIOT WIS CPABHEHMSI TOJBLKO ICHCTBUTEIHLHBIE
YACTH KOMIUICKCHBIX 3JEMEHTOB; ONEpalMy ==, ~= OCYIICCTBASIOT CPaBHEHUE
KaK JeHCTBUTENbHBIX, TAK U MHUMBIX YACTEH.

s cpaBHEHHUS JBYX CTPOK CliedyeT IoAb30BaThes byHKImeit stremp.

O@OyukuroHaTbHAA ¢opMa orepallit OTHOIUEHMSA TNPHUMEHSIETCS B paMKax
00BEKTHO-OPHUEHTMPOBAHHOIO TIPOrpaMMHUPOBaHHUA.

Hpumep:

Ecnu oIMH M3 OIepaHioB JIOTMYECKOTO OIEpaTopa CKajisp, a HE MACCHB,
TO CKTISPHBIN OINEpaHf pacLIMpsieTcs 10 pa3sMepoB 3Toro Maccusa. Crenyrolnue
[IBE TOCJIC10BATEIBLHOCTH OMEPATOPOB PABHOCUIBHBI:

X=5;, X>=[123;456;7810]

X=5%nes(3,3); X>={123;456;7810]

PC3)’J'U>T3.TOM SABJISICTCSE CJICD,YlOUJ,I/lﬁ MacCHB!:

X =
1 1 1
1 1 0
0 O 0

Conymcmeyroujue @ynkyuu u onepamopsi: FIND, ANY, ALL, STRCMP, &, |, ~.
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A:‘D |0R~ NOT Jloryeckne onepauuu
XOR
Cunmaxcuc:
A&B and(A, B)
AlB or(A, B)
~A not(A)
xor(A, B)
Onucanue:
s IorMyYecKMX ornepalyit yCTaHaBIMBAIOTCA CJICAYIOLIME COOTBETCTBUS:
Joeuveckas onepayus Cumeon onepayuu Obosnauenue 6 MATLAB
Onepamop Dynryus
JIOTUYECKOE HE ~A ~A not(A)
(oTpuuaHue)
JIOTUYECKOE U A®B A&B and(A, B)
(KOHBIOHKLINA)
HEMCKITIOUAIOUIEE A+B A |B or(A, B)
WJIN (am3ploHKums)
WCKITIOYAIOIIEE WK A®B - xor(A, B)
(cnoxeHue 1Mo MOAYMO 2)

Tabmuiia UCTMHHOCTH it ATHX OMEPaTopoB U PYHKUMA HMEET CIICAYIOLMIA BUL:

Bxodet not(A) and(A, B) or(A, B) xor(A, B)
A B ~A A&B A|B
0 0 1 0 0 0
0 1 1 0 1 1
1 0 0 0 1 1
1 1 0 1 1 0

Ilpu obpaboTke MacCHMBOB 3TH OnEpauMy IMPUMEHSIOTCH IO3JIEMEHTHO.
B cnyyae uyucioBoro maccMBa 3HadyeHMIo 0 COOTBETCTBYeT OyiA€BO 3HAUECHHUE
FALSE, a mobomy apyromy sHaueHuio - 6yneso 3HayeHue TRUE.

Bce noruyeckue onepaiMyd MOIyT GbITh MCIOIB30BaHbl IIpU 00paborke 06b-
€KTOB, €CJIM NpUMeHseTcs GyHKUMOHATbHASA dopMa oneparopa.

Jloruyeckue onepauuy MMEIOT HU3ILMA TIPUOPMTET IO OTHOLLEHHMIO K Orepa-
HUSAM OTHOLLUEHMA U apudMeTHYecKUM onepauusM. OIHAKO CPely JIOTHYECKUX Orie-
paumit HauBbICLIMIL NpuopuTeT MMeeT orepauus NOT; onepauun AND u OR umelor
O/IMHAKOBbIM NIPUOPHUTET M BBITIONHSIOTCA C/leBa HAIPaBo.

Conymcemeyiowue @ynkyuu u onepamopsi: FIND, ANY, ALL,
<’ <=, >’ >=’ ==, ~=,
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4. Oneparopsl, KOHCTaHTbI, CyXeOHbIe CUMBO/BI 1 NTepemMeHHble

CneunanbHble CUMBOJbI, NEepeMeHHble U KOHCTaHTb)

(10 =
R

Cunmakcuc:

[]

() ="..,,:%

Onucanue:

Cneunaibnsie CHMBOJIBE

(1

Keagpatnbie CKOOKH

@DopMHUPOBaHHE BEKTOPOB U MATPHULL.

VYxazaHme Noc/ieNoBaTeIEHOCTH BLIXOIHBIX MapaMeTpoOB
npu obpalieBMM K QyHKUMAM, BO3BPALLAIOLINM
60Jiee OIHOTO MapameTpa

()

Kpyriasie ckobkn

VKa3aHue NOpsyIKa BHLITOMHEHKA Ofepauuit B apug-
METHYECKHX BBIDAKEHHSX.

VKazaHMe WHOEKCOB 3JIeMEHTa BEKTOpa, MaTpHLbl,
MacCHBa.

YKazaHue TOoCIeIOBATe/IbBHOCTH BXOZHBIX TapaMeTpoB
byHKUMY

3HAK MPUCBAHBAHHA

3HaK NpUCBAMBAHMS B apU(PMETHYECKHX BEIPOKEHMSIX

TpanscnoHHpOBAHHE MATPHIL

TpaHCHOHMpOBaHPIC, COMNPOBOXNACMOE KOMIUIEKCHBIM
COMPKCHUEM IVISI KOMIUIEKCHbIX MaTpPHILL

Pazneaurens - mouka

BBIMONHAET HECKOABKO DYHKIUMI:

a) AECATHYHAS TOYKA,

6) IMO3IeMEHTHOE BBIMOJHEHUE OMNepaunit Hax
MAacCHBOM JaHHBIX

donee

HCpCXQlI Mo OCPEBY KATAIONOB HA OOUH YPOBEHDL BBEPX

[TpH3HaK MPOAOMKEHUS CTPOKH

Pasnenurens -
3anzsman

Ucnonbayetes:

a) [na otaeneHus onepartopos s3sika MATLAB;
6) g yKa3aHMsA MHOEKCOB 3JIEMEHTAa BEKTOPa,
MaTpHibl, MaccHBa

Paznenurens -
mouka ¢ 3anamoi

Ucnonsayeres:
a) LIS TOJAaBJICHUsl BbIBOA HAa 3KpaH pe3ysbTata
BBIYMC/ICHHUI;

6) L1t OTAeNeHUsI CTPOK MAaTpyl WM MacCHBOB

HcronsayeTcs:

a) wis GOPMUPOBAHUA BEKTOPOB, BBIIENEHHS CTPOK,
CTOJIGLOB, NOAGIOKOB MaCCUBA;

6) B 3aroyioBke uukna for




Cucrema unHXeHePHbIX 1 HaydHbix pacseros MATLAB 5.x. Tom 1

% Ykasarenn SIBngeTca yKazaTteneMm:

a) JIOTMYECKOTO KOHUA CTPOKY; CJISIYIOLMA 33 HUM
TEKCT UTHOPUPYETCH;,

6) CTPOKM KOMMEHTApUA

! Vka3zarens SBnaerca ykaszateneM BBoga KomaHast DOS

Conymemeyrouue hynkyuu: apuMETRYECKHUE U JIOTMMECKUE OTICPATODHI.

PesyasTar BuinOJIHEHHA NOCTERNel onepanny

Onucanue:

Tpu MCnonE30BaHMKM OMEPATOPOB C HEABHBIM TIPMCBAWBaHMeM cHcTeMa MATLAB
aBTOMATUYECKU CO3HACT nepemeHHyo ans(ANSwer) ¥ mpuCBaHBacT el 3HAYCHHUE
pe3ynprara. [lepemMerHas ans COXpaHAeT CBOE 3HAYEHUE IO CIIENYIOLIEro omepa-
TOpa C HESIBHBIM IPUCBAUBAHHUEM.

IIpumep:
Tlocne BBONA BRIpAXEHUS
sin(pi/6)
crcreMa MATLAB BBLIACT pe3yabrar
ans = 0.50000000000000

L J ) Muumas efMHMIA
Onucanue:
Koxcrantam | 1 J mepBoHayaIbHO [MPUCBAaMBAETCA 3HauyeHWe, paBHoe sqrt(-1).
OHY HCNONL3YIOTCA WIS BBOAA KOMIUIEKCHBIX YHCEJT.

Ilpumep:
[ipu BBOIE KOMIUIEKCHBIX YMCEN HOMYCTUMBI CieAyouide ¢GOpMBL 3aHCH:
3+2i, 3+2%, 3+2i, 3+2% wm 3+2*sqrt(-1)

TlpuBeaentbie BHIpaXEHUS NPEACTABISIOT ORHO U TO XK€ KOMIUIEKCHOE YUCIIO.

CrieflyeT OTMETUTD, 4TO C CHMBOJIAMH | W J MOTIYT TaKke ObITh aCCOUMMPOBAHBI U
JPYyTUe BEJIMYMHSBI - HAPHMED, TIEPEMEHHast LKA for MM MHACKC 3/IEMECHTa MaCCHBA.

BeckouneuHocTn

Cunmaxcuc:

inf
Onucanue:

Inf - crieyuasbHas epeMeHHas, No3BosIoAas GUKCUPOBATH TICPENOIHEHHE
paspsagHoi cetky TI9BM. BroT MexaHM3M OYEHb PefKO TIPEAOCTABASETCS TOJb-
30BaTeNio AJisl paGoThi, OAHAKO B cucTeMe MATLAB 3TO obecrieyeHo Ojaroaaps
BO3MOXHOCTSIM apudMETUYECKOro COIpoLeccopa.
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IIpumep:
Ilpy BBIMOJIHEHUM ONEpaLMM ACJIEHUS Ha HYJb
1.0/0.0
MAallIMHa BbIIACT COODLIEHHE
Warning: Divide by zero
[Ipedynpexcoenue: Jenenue na nyap
ans = Inf
AHAIOrMYHBIA pe3yapTaT OyAeT IMONy4YeH TNpH BHINOJHEHHHM CleyloLueit
OTICpalMM, KOrJa MPOUCXOAUT NEPETIONHECHNS PA3PSAHON CETKHU:
exp(1000)
ans = Inf

Conymcmeyrowue nepemennsie u gynryuu: NaN, ISINF, ISFINITE.

HeunciioBoe 3na4yenne

Cunmakcuc:

NaN
Onucanue:

NaN - cneuuanbHas mnepeMeHHast, MpuHATas B craHgapre IEEE-apud-
METUKH, KOTOpasi 103BossieT (PUKCHUPOBATh PE3y/IbTaT, HENpPeACTaBUMBIH B BHIE
yucna. Cheayiolue ornepaLrd MMEIOT Pe3ybTaT B BUIE NepeMeHHoi NaN:

«  yMHOXeHMe Buaa 0*inf;

«  pgesernre suaa 0/0 u Inf/Inf;

«  CJIOXEHME W BbIYMTaHHe OeCKOHeyHocTel, Hanpumep: (+Inf) — (—inf);

. BbluMcIeHUEe QYHKUMM ocTaTka rem(x, y) misg y = 0 wnun x = Inf;

«  BBIYHUCJIICHME OTHOLIECHMI C NpeAuKaTaMu < WJIM >, Hanpumep GYHKIHA
suza min{{Inf NaN]) n max({Inf NaN]);

. Jnobble apudmMeTHyeckue onepatuu ¢ repeMeHHoi NaN.

Conymcemsyrowue nepemennvie u gynxuuu. INF | ISNAN.

Yueno n (3.1415926535897....)

Onucanue:
KoHcraHTa, paccuuThiBacMas Nno OAHOH M3 CIeAYIOLHUX HOPMYII:
Pl = 4*atan(1) = imag(log(-1)) = 3.1415926535897....

XapakrepucTuky apudpMeTUKH C nJiaBaiowen TOHKoun

Maizunuas TOYHOCTD

Cunmaxcuc:
eps
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Onucanue:

TlepeMeHHast eps OMNpE/IEsIseT OTHOCUTEIIbHYIO TOMHOCTb OTICpalMi ¢ TUIABAOLIEi
TOYKOM, KOTOpasi YacTo MCIONE3YeTCsl I OLICHKHA CXOIMMOCTH MTEPAUMOHHBIX METO-
J0B. MaluMHHasi TOYHOCTb epSs ~ 3TO HaMMEHbLUEe YUCIO, IS KOTOPOTO Ha JAHHOM
3BM eiue peinonnsiercst cootHoueHue 1.0 + eps > 1.0. [l apuMETH4ecKoro yerpoit-
CTBa, COOTBETCTBYIOLIEIO CcraHaapry IEEE, ee 3HaYCHHE PABHO eps = 2 2, 410 NpHOIH-
KEHHO cocTarisier 2.220446e-016. B nipouecce pabotel B crucreMe MATLAB 1o/b308a-
TCJIb MOXET IPHUCBOUTH 3TOi CrICLTBHOM NIepeMeHHOIM J1H0boe 3HaYCHHe, BKoyas O,

Conymcemeyiowue nepemennsie u pyuxyuu. REALMIN, REALMAX, ISIEEE.

LOG2 Ilpeacrasnenne unciaa B GopMaTe ¢ naaBalomeH TOYKOI

Cunmaxcuc:

[f, e] = log2(x)
Onucanue:

Oynkuus [f, e] = log2(x) npeacrasnser ACHCTBUTENLHOE YHCIIC X B HOPMAJIM-
30BaHHOM GOpMe C OCHOBAHMUEM CTEITICHH 2.

x=f*2%, 0.5<abs(f)<1;

0=0%*240.

B cnyyae, xoraa X - MaccHuB, CIpaBe/UIMBO NPEACTaBACHUE

X=f.*2",
Hpumep: .

OcCHOBHBIC KOHCTaHTHI f3bika MATLAB uMeEIOT Clenymollee IpeacTaBIeHUe
B IEEE-apudmeruke:;

X f e
1 12 1
-1 -1/2 1
pi pil4 2
eps 112 -51
realmax 1-eps/2 1024
realmin 1/2 -1021

Conymcmeyrowue gyrxyuu: LOG, LOG10, POW2, NEXTPOW2, REALMAX, REALMIN .

IIpeoGpa3oBanue HOPMAIM3OBAHHOrO YHCJA B CTAHAAPTHLIA dopmar
Cunmaxcuc:
x = pow2(f, e)
Onucanue:

Oyukuus x = pow2(f, €) dopMupyeT AeHCTBUTENLHOE YMCIIO X 110 €ro MaH-
TUCce f M TIOKA3aTesI0 CTCIIEHM € UCXOOS M3 er0 HOPMAIM30BAHHOIO IpejiCTaB-
JICHUS1 O OCHOBaHMIO 2:

x =f*2%.
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Ilpumep:

HopMann3oBaHHbIe IIpeJCTaBIEHUSI OCHOBHBIX KOHCTaHT A3bIKa MATLAB

¥ UX cTaHzapTHeId ¢popmar B IEEE-apudmerTuke:

f e X
1/2 1 1
-1/2 1 -1
pi/4 2 pi
1/2 -51 eps
1-eps/2 1024 realmax
-1021 realmin

Conymcmeyrowue gyrkyuu: LOG2, REALMIN, REALMAX.

REALMAX,
REALMIN

Cunmarcuc:
huge = realmax
tiny = realmin
Onucanue:

Hanmensniee # HauboJibliiee NOJOKHTEIbHBIE YHCIIA

C NAABAIOIICH TOYKOH

KoncranTa realmax - Haubosbliee Yucio B (popMare ¢ IUIABAIOLIEH TOYKOM Wis
[IaHHOIO KOMIIBIOTEPa; Jiio6oe GoJIbliiee 3HAYEHHE COOTBETCTBYET riepeMeHHoii Inf.

Koncranra realmin - HauMeHbllee HOPMaIM30BAHHOE MOJOXHMTEILHOE YUC-
10 B ¢opMaTte C IUIABAIOWEH TOYKOM [JIsi AaHHOTO KOMIIBIOTEpa, MPHHATOE

B cucreMe MATLAB.
Aneopumm:

3HaueHus realmax u realmin BHIYMCISIIOTCH € MOMOLUBI0 YHKUMM pow2
COrNACHO CNEAYIOUIMM COOTHOLUCHUAM:
realmax = pow2(2 - eps, maxexp);
realmin = pow2(1, minexp),
rae 3Ha4EHHUsI maxexp U minexp 3aBUCHT OT THIla KOMIIBIOTEpa.

IList kommbioTepoB ¢ IEEE-apudMeTHKOiL:

maxexp = 1023, realmax = 1.797693134862316e+308;
minexp = -1022, realmin = 2.225073858507202¢e-308.

Conymemeytowgue gpynxyuu: EPS.

Cunmarcuc:
f = flops
flops(0)
Onucanue:
Oyukuusa f =
C 11JaBajoLie TOYKOM.

Ioncyer KoanYecTBa BLIIOJHEHHBIX ONEPALMA C IIABAIOWIEH TOYKOMH

flops Bo3Bpaluaer ofluee 4MCAO BBIIOJHEHHBIX OHEpaLUit

Komanaa flops(0) cOpaceIBacT cYeTUMK ONepaLmii B HyJb.
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Anzopumm:

B unTtepnperatope cucteMbl MATLAB NPUHATE! CICAYIOLIME MpaBWIa MojcyeTa
yMca oriepalMil C IUTABAIOLICH TOYKOM: CIIOXEHHWE WIM BBIMUTAHUE IBYX NEHCTBU-
TenbHBIX ymcen - 1 flop, koMIviekcHbIX - 2 flops; yMHOXeEHMEe Wwiu AejeHue - 1 flop,
€CJIM pe3yJIbTaT ACHCTBUTEIbHBIN, 1 6 flops, ey pesynbTaT KOMIUIGKCHBIN. [Iis BbI-
YHUCJICHHUS IEACTBUTELHOIO 3HAYEHUS 2ieMeHTapHOM QyHKImu tpedyetcs 1 flop.

IIpu 3TOM ClienyeT ¥MMeTh B BUIY, YTO YYUTHIBAIOTCS HE BCE, a TOJHKO HAM-
6osee 3HaYMMBbIe ONEPAalUM ¢ IUIABAIOLIEN TOYKOM.

Ecnu A u B - geitcTBUTEIbHBIE MATPMIIBL pa3Mepa NxN, TO YKa3aHHBIC HIKE
oTiepallMi UMEIOT CICAYIOIYIO MPOU3BOAUTEIBHOCTE!

Onepayus IIpoussodumensrocme, flops
A+B n"2
A*B 2*n"3
AM100 99*2"n*3
LU(A) (2/3)*n"3
Tlpumep:

i oueHKM TIPOU3BOAUTEIBHOCTH cUCTeMbl MATLAB mpM pelleHUU 33134
JMHEHHOM anreOpbl MOXET GBITH MCIIONH30BAHA CIEAYIOLIAs [IPOrPaMMa:

n =100; A =rand(n, n); b = rand(n, 1);

flops(0)

tic; x = A\b; t = toc

megaflops = flops/t/1.e6

DYHKUUK BbINUCNEHUS BPEMEHU U [aT
Cucrema MATLAB Br/o4aeT ceyrompe GyHKUny ajist 00paboTky BpEMEHU. M JaT:

Tun ¢ynxyuu Hms gynxyuu Hasnauenue

Now Texyuiee BpeMsa U ata B gopMe Yucna
Bpems u nata Date Tekyas nara B GOpMe CTPOKHU
Clock Texyuiee Bpems U JaTa B GopMe BeKTopa
Datenum ITepeBecT B HOMED ITOPAAKOBOM ATkl
[Tpeobpa3osanue Datestr
Datevec
Calendar

HeHb M aara Weekday

Datetick
Cputime

HHrepBanbl BpeMeHH Toc Kouneu orcyera
Etime Tlpouienuiee BpeMs

IDtH QYyHKUMH pa3MellucHbl B Kartayore timefun.
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®dopmartbl gar

Cucrema MATLAB paGoraer ¢ TpeMst GOpMAaTaMU Aarbl: CHPOKOBbIM, YUCAOGDIM
Y1 6EKMOPHbIM.

BHyTpeHHee NpeicTaBiicHUe Aarbl YMCIIOBOE M COOTBETCTBYET KOJIMYECTBY [HEH,
TIPOLIEANIMX C HEKOTOpOil (PMKCUPOBAHHOM AaThl, B KAyecTBe KOTOPOM B CHCTEME
MATLAB npussts 1 seaps 0000 roga. YucsioBoit (opMar garbl OTCYMTBHIBAETCS OT
TNOJIYHOUM, To ecTb 18 yacoB cootserctByer 0.75 aHsa. Takum obpasom, gare ‘10-Nov-
1997, 6:00 pm' B cTpOKOBOM ¢hopMaTe COOTBETCTBYET YHCJIOBOM hopmar 729284.75.

Bee dynkuuu, ucnospayioline naty, paboTaloT Kak co CTPOKOBEIM, TaK U C
yucnoesiM dopmatoM. [Ipu paboTe B KOMAHAHON CTPOKE MPEANOUTUTENEH CTPO-
KOBBI (POpMAT; eC/IM Xe HeoOXOAUMO BBIMOJHATh BbIMUCIECHHUS, TO 3(deKTHBHEE
YUCJIOBO#H (popmar.

Ina HekoTopwIX (DYyHKIMI ccTeMbl MATLAB BHYTpeHHUM (opMaroM AaThl
SIBAAETCSL @exmopHuili HOpMaT, KOTOPBI COCTOMUT M3 CNEAYIOUIUX 3JeMEHTOB
[e00 mMecay denv wac munyma cexynda).

Texyuee Bpema n gara B opme unciia

Cunmaxcuc:

t = now
Onucanue:.

ODyHKIWMA t = NOW BEIBOAUT TEKYILlee BpeMs U JaTy B opMe yucia.

Oyrkims floor(now) 1o3ponsieT BHIACIUTL U3 YUCIOBOrO GopMaTa TeKYILYIO
nary, a dyHkous rem(now, 1) - Tekyllee Bpemsl.

JUis TipeAcTaBlieHUs] TeKYLero BPEMEHU W JaThl B hOopMe CTPOKM CJieAyeT
VICTIONB30BaTh (yHKIMIo datestr(now).
[Ipumep:

now

ans = 729952.368728588

floor( now)

ans = 729952

rem(now,1)

ans = 0.368738773162477

datestr(now)

ans = 16-Jul-1998 08:50:59

Conymcemeyrowue gynxyuu: DATE, DATENUM, DATESTR, CLOCK.

DATE Nara

Cunmakcuc:
s = date
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Onucanue:
QyHkius s = date BO3BpalaeT CUMBOJIBHYIO CTPOKY, COZEPXKAILYI KaJeH-
JapHyIo aaty B hopmare [denv - mecay - z00).

Hpumep:
s = date
s = 16-Jul-1998

Conymcmeyrowue gyrkyuu: NOW, CLOCK, DATENUM.

Cunmaxcuc:
¢ = clock

Onucanue:

®yuxius ¢ = clock Bo3BpalllaeT BEKTOP-CTPOKY M3 ILECTH 3JIEMEHTOB, Orpe-
JCJISIOIMX TeKyllee BpeMs Y HaTy B AECSITHYHOM dopMmare

[200 mecay Odewv wac mumyma cexynoa).

IlepBbie 5 2JIEMEHTOB SIBJSIIOTCS LIENBIMM YUCIIAMH, LIECTOH - MMEET He-
CKOJIBKO JECSTHYHBIX 3HAKOB IIOCJIE TOYKHM B 3aBUCHUMOCTHM OT YCTAHOBJICHHOTIO
xomangoii format ¢opMara BrIBOZA.

Oyukuus fix(clock) BelgaeT LEJOYUCIECHHDBIE HOKA3aHMS 4YacoB, OKPYIAA
3HAYEHHWE CEKYH[ J0 LIEJIbIX.

IIpumep:

format short g

clock

ans = 1998 7 16 9 12 8.8

fix(clock)

ans = 1998 7 16 9 12 9
3to cootBercTBYeT 9:12:09 16.07.1998
Conymcemeyrouwue gynkyuu: DATEVEC, DATENUM, NOW, ETIME, TIC, TOC, CPUTIME.

Mpeobpasosarune GopmaTos gat
JLast mpeobpa3zoBaHust GOPMATOB AaT MpeJHa3HAYEeHBb! Ceayrowue GyYHKIHHU:

datestr CipokoBplit popmargaret

datenum Yucnosoit popmargaret

datevec BexTopHbIf $oOpMaT AaTh
DATESTR Crpoxosbiii hopmat aaTsi
Cunmaxkcuc:

s = datestr(D, <nomep_gopmama>)
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Onucarue:

Oynxkuus s = datestr(D, <womep_gopmama>) npeoOpa3oBbLIBAET UYMCIOBOI
¢opmar gatel D B oIMH M3 19 BBIXOOHBIX CTPOKOBBLIX (hOPMATOB AATHl 1 BPEMEHH,
YKa3aHHBIX B TabauLe.

Tlo yMonmyaHuIO Ul CTPOKOBOIO INPEACTABIEHUS NAThl MCIIONB3YIOTCH (POpPMATHI
0, 16 i 1 B 3aBMCHMOCTH OT TOI'O, COOEPXUT U YUCIOBOW GopMar TONBKO
JaTy, TOJBbKO BpeMsI WIH TO U APYroe BMECTE.

Homep Dopmam Onucanue

gopmama
0 01-Mar-1996 =~ JleHb-MecAL-roa

1 01-Mar-1996 15:45:17 HeHb-MeCaL-Tof Yac:MMHYTa:CeKYHa
2 03/01/96, Mecsu/nenn/ron
3 Mar Mecsu, (3 6ykBbl)
Ao M Mecau, (1 6ykna)

5 3 Mecsy

6 03/01 Mecsu/nesn

7 1 HeHb Mecsila
B Wed e Henp Henenu, (3 Oykabr)

9 w Henp Hepenu, (1 Oyksa)
I 1996 . foa, (4 ungpe)
R 96 e on, (2 uncbper)

12 Mar96 Mecsu ron
13 15:45:17 Yac: MUHyTa:CeKyHIa
LI 03457 PM ] JaciMimyTaicERYHIR (AM 11 PM)
N 1945 . Hac:munyra

16 03:45 PM Yac:MuHyra (AM unu PM)
A7 Q96 KBapTas - 108 oo

18 Qi Ksapran
[Ipumep:

datestr(floor(now))

ans = 16-Jul-1998
datestr(rem(now, 1))
ans = 9:40 AM
datestr(now)

ans = 16-Jul-1998 09:40:26

Conymcmeyrowue gynxyuu: DATE, DATENUM, DATEVEC.
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DATENUM Yuciosoi gopmMar aatel

Cunmakcuc:

N = datenum(s)

N = datenum(<zod>, <mecay>, <dens>)

N = datenum(<eo0>, <mecay>, <denv>, <uac>, <MuH.>, <cex.>)
Onucanue:

®yukuugs N = datenum(s) npeoOpa3oBBIBAET CTPOKOBOC MpPEACTaBICHUE
Jarhl B YKCIOBOE, [pUYeM 3HaueHue gaTel 1 cooretcTByeT 1 amsaps 0000 roxa.
Crpoka s JomkHa OHITh NpeAcTaBieHa B ogHOM U3 ¢dopmaros 0, 1, 2, 6, 13, 14,
15, 16 ¢yHkuum datestr. CTpoxku jar, cogepxaliluue TOJILKO ABa CUMBOJA roja,
CYMTAKOTCS IIPUHALNIECXKAIUUMHU TEKYLIEMY CTOJIECTUIO.

Oy N = datenum(<eod>, <mecai>, <dens>) BO3BpALLACT TIOPSIKOBBIA HOMeED
JAThL, KOTA apIyMEHTHI ARISIOTCS CTPOKaMM ONMHAKOBON JUTUHB! JSIMOO0 CKANISIpaMH.

Oyukuma N = datenum(<zod>, <mecsy>, <deHb>, <yac>, <MuH.>, <cex.>) BO3Bpa-
112eT JEeCATUYHOE YHCIO C MAHTHCCOM, KOTOa apryMEHTHI SBIBIIOTCA CTPOKAMH OIM-
HaKOBOM WIMHBI b0 CKasipaMu. Ec/iM 3Ha4eHue OJHOTO U3 apryMEHTOB BBIIUIO 33
JONYCTMMBII IMANa30H, OCYLIECTBISAECTCA Heobxoaumoe IMpeoOpa3oBaHUE, TO €CTh
CEKyH/pI TIPe0OPa30BLIBAIOTCH B MUHYTHI, MHHYTLI - B YaChl U T. A.

Hpumep:

n = datenum(datestr(now))

n =729952.430613426

n = datenum(datestr(floor(now)))

n = 729952

datestr(datenum(2001, 2, 29))

ans = 01-Mar-2001

datestr(datenum{(2000, 2, 29))

ans = 29-Feb-2000

3nech B cucteMe MATLAB gomyiueHa owmbka, nockosisky rog 2000 He sB-
JITeTCSl BUCOKOCHBIM.

Conymcemeytowue gynxyuu: NOW, DATESTR, DATEVEC.

Bexropnpiii dopMaT aars
Cunmarcuc:
¢ = datevec(T)
[<eo0>, <mecay>, <denv>, <uac>, <mun.>, <cex.>} = datevec(T)
Onucanue:

Oyukuus ¢ = datevec(T) npeobpa3oBbiBacT CTPOKOBOE M YUCIOBOE TIpea-
CTaBjICHUE JaTbl B BEKTOPHOE, KOTJa BEKTOP C BKJIOYACT CICAYIOLIME KOMIIOHEHTHI:
[<e00>, <mecay>, <denv>, <wyac>, <mun.>, <cex.>].
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Ecnu nepemendas T smiseTcss CTPOKOi, TO OHa AO/DKHa ObITh IpeicTaBjieHa
B 0oHOM M3 ¢opmaros O, 1, 2, 6, 13, 14, 15, 16 pyHkumu datestr. Crpoku jart, conep-
SKAILME TOMLKO /1Ba CUMBOJIA TO/a, CYUTAIOTCS MPUHAIEKAILIUMH TEKYLUEMY CTOJIETHIO.

Dyukuus [<e00>, <mecay>, <denv>, <uac>, <mun.>, <cex.>] = datevec(T)
BO3BpAaLlaeT pe3y/lbTaT B BUAE OTACIBHEIX KOMIIOHEHTOB.

Ipumep:
datevec(datestr(now))
ans = 1998 7 16 11 2 52
datevec(datestr(floor(now)))
ans = 1998 7 16 0 0 0

datevec(datestr(rem(now, 1)))
ans= 0 0 0 1t 3 O

datevec({now)

ans = 1998 7 16 11 10 25.83
datevec(floor(now))

ans = 1998 7 16 Q 0 0

Conymemeyoujue @ynkyuu: DATENUM, DATESTR, CLOCK.

HeHb n gata

Inq npejcrapieHMe AHEH M OaT HpelHa3HauYeHbl ciieayromue GbyHKIMu:

Calendar Kanenaapp
_____ Weekday | [eHb Hemenu
1 Eomday Tocneanuit neHs Mecsla

[ Datetick Pasmerka rpaduyeckux oceit no popmary nartel

. Cunmakcuc:
‘ ¢ = calendar

¢ = calendar(d)
l ¢ = calendar(y, m)
calendar(...)

Onucanue:

®ynkums ¢ = calendar Bo3BpawaeT MacCHMB pasmepa 6x7, KOTODBIA COACPXKUT
KajJleHAaph TeKYyLIEro Mecsla, HaYMHALWMICA ¢ BOCKpeceHbs (TIepBblit cToNOEL)
M 3aKaH4YUBAIOLHMICA Cy6OOTOM.

Dyukuusa ¢ = calendar(<dama>), rac gara MOXeT OHITH 3aflaHa B CTPOKOBOM
WIK yuciioBoM (popmarte, BO3BpalllaeT KAICRIAPh COOTBETCTBYIOWEIO MECSLIA.
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Oyukups ¢ = calendar(<eod>, <mecsy>), rae rof U Mecsl] 3aaHbl B BUE LIC/IBIX
yyceN, BO3BPALACT KAJIeHAaph YKa3aHHOTO MeCsilia M roja.
KoManaa calendar(...) BHIBOAMT KaJIeHAAph HAa 3KPaH TEPMUHANA.
Tlpumep:
calendar(now)
Jul 1998
S M Tu W Th F S
0 0O 6 1 2 3 4
5 6 7 8 9 10 11
12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 31 O
0o 0 0 0 0 0 o0
calendar(2000, 2)
Feb 2000
M Tu W Th F S
6 1 2 3 4 5
7 8 9 10 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
27 28 29 0 O 0 O
0o o o 0 0 0 0

Conymcmeyrouwue @yniyuu: DATENUM.

WEEKDAY Henp Henend

Cunmaxcuc:
[<nomep_ons>, <umsa_ous>] = weekday(T)
Onucanue:
Oyukuust [<womep _Ons>, <uma_ons>] = weekday(T) Bo3Bpaulaer <womep_ OHns>
B YHCJIOBOM, a <uma_0HS> - B CTPOKOBOM (popMaTe COIIACHO Clieayloulei tTabnuue:

OO W

<HOMep_OHA> <UMA_OHA>

1 Sun
Mon
Tue
Wed
Thu
Fri
Sat

~NoOoghsON
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Ilpumep:
[d, w] = weekday(now)
d= 5
w=Thu
Conymcmeyrowue yrnkyuu: EOMDAY, DATENUM, DATEVEC.

EOMDAY Iocrenuuii Aenn MecAna

Cunmakcuc:
E = eomday(<e00>, <mecay>)
Onucanue:

Oyukimst E = eomday(<200>, <mecay>) BO3BpALIACT 3HAYEHHS I10C/ICIHENO AHSA
MECSILIA, IPUYEM aPIyMEHTBl <200> U <Mecay> MOTYT ObITh 33/1aHb B BH/Ie MACCHBOB.

lpumep: i
Ornpenenurp Bce BUCOKOCHBIE OAH B niepuod ¢ 1985-ro no 2010 rog.
y = 1985:2010;

E = eomday(y, 2*ones(length(y), 1}');
y(find(E==29))'
ans =

1988

1992

1996

2000

2004

2008

Conymcmeyrwouue @ynxyuu: WEEKDAY, DATENUM, DATEVEC.

DATETICK BuiGop dopMaTa aaThl 1A pa3MeTKHn rpaduuecKHx ocei

Cunmakcuc:

datetick(<uma_ocu>, <gpopmam_damer>)
Onucanue:

Komanpga datetick(<ums_ocu>, <gopmam_dame>) pasmeqaeT yKa3aHHYIO OCh
B COOTBETCTBMHM C BbIOpaHHBIM (POPMATOM AaTbl. APIyMeHT <uUMA_ocu> MOXET
IIPUHUMATh OJHO M3 CTPOKOBBIX 3HayYeHHWM: X', 'Y WIM 'Z'; MO yMONYaHHUIO HMC-
nosbayercst 'x'. MeTku opMaTUpyIOTCs B COOTBETCTBMM CO 3HAYEHMEM apryMeHTa
<gopmam_damer>, KOTOpPOE MOXET OBbITb 3amaHO JMO0 4YMCIOBHIM HOMEDOM
thopmara, inbo cTpoKoi ¢opMara COrNIaCHO NMPHUBEAEHHOM HKe Tabauubl. Ecian
3TOT apryMEHT OTCYTCTBYET, TO pPa3METKa Peaju3yeTcsi B COOTBETCTBHU CO 3HAye-
HUAMHU JaHHbIX, pasMeLIaeMbIX B1OJb 3TOHU OCH KOOpAUWHAaT.
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Ilns nonyveHus NMPaBUIBHBIX PE3YJbTATOB JaTa JOJXHA OBITH 33aJaHa B YMC~
JI0OBOM ¢hopMare, COOTBETCTBYIOLIEM (hyHKIMU datenum.

Ecnu BKIIIOYEH peXMM COXpaHEHHMs Tekyilero rpaguxka hold on, to Oyaer
BBIMOJHEHO NMpeoGpa3oBaHKe METOK, HO OHM He OyayT BbiBelieHbl Ha rpaduk.

Oyukims datetick ucrnionesyer ¢yHkumio datestr myisi mpeoOpa3oBaHus JAHHBIX

M3 YMCIOBOro (hopMata B CTPOKOBEIM.

Dopmam damei Hpumep
Homep Dopmam
0 _'dd-mmm-yyyy HH:MM:SS' 01-Mar-1995 15:45:17
1 ‘dd-mmm-yyyy' 1.01-Mar-1995
2 mm/dd/yy’ 03/01/95
3 ‘mmm’ Mar
4 'm' M
5 ‘mm' 3
6 'mm/dd’ 03/01
7 'dd’ 1
8 ‘'ddd’ Wed
9 'd' W
10 yyyy' 1995
11 'vy' 95
12 ‘mmmyy' -Mar95
13 'HH:MM:SS' 15:45:17
14 'HH:MM:SS PM' 3:45:17 PM
15 ‘HHMM' 15:45
16 'HH:MM PM' 3:45 PM
17 'QQ-YY! Q1-96
i 18 'QAQ’ Q1
Ilpumep:

JanHble ocHOBaHbI Ha Niepenucy Hacesienusa CILA B 1990 roay.
t = (1900:10:1990); % IIpomexcymox eépemenu
p =[75.995 91.972 105.711 123.203 131.669 ...

150.697 179.323 203.212 226.505 249.633]"; %Yucrenrnocms
plot(datenum(t, 1, 1), p) % Ilpeo6pazosams 200bi 6 dambt u nocmpoums 2pagux
datetick('x', 'yyyy') % IIpeo6pa3zosams pazmemxy ocu x & gopmam ‘yyyy!

grid



4. Oneparopesl, KOHCTaHTbI, CYXEOHbLIE CUMBOILI U nepemMeHHsie

250

200

150

100

1900 1920 1940 1960 1980 2000
Puc. 4.1
Conymcemeyrowue ynxyuu: DATESTR, DATENUM.

UHTEepBansl Bpemenu

st oTcyera HHTEPBATOB BPEMEHH NPEeIHa3HAYCHBI Cleaytoume GyHKIINK:

Cputime Bpems paboThl LEHTPaIbHOrO Npoleccopa
Tic Hauyano orcyera

Toc KoHen otcuera

Etime [Ipowenuiee BpeMs

CPUTIME IToacueT NPOLECCOPHOTO BPEMEHH

Cunmakcuc:

cputime
Onucanue:

Oyukims cputime BO3Bpailact BpeMsi paboTsl mpolieccopa (B CEKyHIax),
MCTIONBb30BaHHOe cucTeMO MATLAB ¢ MoMeHTa ee 3amycka. Bosspaiiiaemas
BEJIMYMHA MOXET MPEBHICUTh BHYTPEHHEE MpeLcTaBieHUe. B 3TOM cilyyae oTc4eT
BpPEMEHH HAYUHAEETCS 3aHOBO.

Ipumep:

HOns ydyera npolieCCOPHOrO BPEMEHH, HEOOXOAUMOIO U PELICHUA I10JIb30-
BATENLCKOM 3324y, MOXHO BBIIICIHUTL CIEAYIOIIME ONiCpaLtuu:

t0 = cputime; surf(peaks(40)); e = cputime - t0

e= 11.54
Conymcmeyrowue ¢ynxyuu: ETIME, TIC, TOC, CLOCK.
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Tic, TOC 3anmyck H OCTaHOBKA TaiiMepa

Cunmakcuc:
tic

nocaedoeamensHoCMb ONEPamopoe
toc
Onucanue:
Oyuxaiuy tic u toc UCIoNb3yOTCA B Mape IS 3alycKa M OCTAHOBKH TaiiMepa
C BBIBOJOM €0 IIOKa3aHUA.

IIpumep:
tic, surf(peaks(40)); toc
elapsed_time = 7.58
Conymcmeyroujue pynxyuu: CLOCK, ETIME, CPUTIME.

ETIME Onpenenenne BPEMEHHOTO HHTEPBAJIA

Cunmaxcuc:

e = etime(t1, t0)
Onucanue:

Oyuxkuus e = etime(t1, t0) Bo3BpalaeT JUIUTEALHOCTh B CEKYHIAX MPOME-
XYTKa BpeMEHH, 3ajaBacMoro pekropamu t1 u t0. Kaxapll u3 3THX BEKTOpPOB
JIOJDKEH COCTOHTh M3 ILIECTH 3JIEMEHTOB B (pOpMATe, COOTBETCTBYIOILIEM De3Y/IbTaTaM
BbINOJIHeHUs PyHKUMHU clock:

T = [200 mecay denb wac munyma cexynoa).

Ilpumep:
t0 = clock; surf(peaks(40)); etime(clock, t0)
ans = 8.68

Ozpanuyenua:

IIpuBeneHHBI (hparMeHT nporpaMMbl GyaeT paGorath HEKOPPEKTHO, €CNH
B TEKYIUMHA TIPOMEXYTOK BPEMEHM MONANYT IPaHULbI MECALA WIM IOfa.
Conymcmayrowue ghynkyuu: TIC, TOC, CLOCK, CPUTIME.

DYHKLMN UCTUHHOCTH

ALL, ANY TIpoBepHTD 3/IeMEHThI MACCHBA HA JIOTHYECKOE YCJIOBHE

Cunmarcuc:
= all(x<onepamop_omnouienus> svipagcenue) y = any(x<onepamop_omHOWEHUS> BbIPAdCEHUE)
= all(X<onepamop_omnowenun> svipaxcerue) y = any(X<onepamop_omHouwieHus> asipaxcerue)
Y = all(X<onepamop_omuowenus>eavipaxcenue, Y = any(X<onepamop_omuouerus>
<pasMepHOCMb>) BbIpAdICEHUE, <PAZMEPHOCTIL>)
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Onucanue:

QOyuxuus y = all(x<onepamop_omuowenus> gsipasienue), Koraa X - BEKTOp,
BO3BpaillacT 1, eciM BCe 3JIEMCHTHl X YIOBJICTBOPSIOT 33AaHHOMY YCNOBMIO, M 0,
€CJIM XOTA Obl OJMH 3JIEMEHT X He YIOBJIETBOPSET 3TOMY YCTOBMIO.

Qyukumst y = ali(X), korna X - AByMepHBI MaccuB, BO3BDALUAET BEKTOp-
cTpoky “3 0 ¥ 1. ByIeMEHT BEKTOpa-CTPOKM paseH 1, eciy Bce ieMeHThl CTo0La
X(:, j} yIOBNETBOPSIOT 3a4aHHOMY YCNOBUIO, U 0, eciu XoTa Obl OJMH 31EMEHT
ctonbua X(:, j) He YIOBIETBOPSIET 3TOMY YCJIOBHIO.

Oynruust Y = all(X, <pasmeprocmv>), xorga X - MHOTOMEPHEI Maccus, 06-
pabaTbiBacT OBYMEPHbBIII MAacCHUB, COOTBETCTBYIONIMI YKa3aHHOW Ppa3MEpHOCTH.
Ecnu apryMeHT <pasmepnocms> He yKasaH, 110 YMOJYaHHIO 00pabarhiBacTcs
1epBasi pa3MepHOCTb, HE paBHas 1.

DyHxuMA y = any(x), Koraa X - BeKTop, Bo3Bpailaer 1, ecay XorTs OM oquH
JJIEMEHT X YIOBJIETBOPSiET 3aJaHHOMY YCJIOBMIO, M O, ecnu Bce 3JIeMEHTHI X
HE YIOBJCTBOPSIOT 3TOMY YCJIOBMIO.

ODyHkuust y = any(X), xoraa X - ZBYMEPHBIHl MacCHB, BO3BPAILAET BEKTOD-
CcTpoKy M3 O ¥ 1. DieMEHT BEKTOpPA-CTPOKU paBeH 1, cCly XOTH Obt omum 3Jc-
MeHT X(:, j) yIOBNeTBOpSCT 3aaHHOMY YCJIOBUIO, ¥ O, eciu Bce 3eMeHThl X(;, j)
HE yIOBJICTBOPSIOT 3TOMY YCJIOBMIO.

Oynkuua Y = any(X, <pazmeprocms>), Korma X - MHOTOMEDHBI# MAacCuB,
obGpabarbiBacT IByMEPHBIA MacCCHB, COOTBETCTBYIOIIWI YKa3aHHOW Pa3MEpPHOCTH.
Ecny apryMeHT <paiameprwocme> He yKasaH, I10 YMOj4aHUIO o6pabarsiBaeTcs
TiepBasi pa3MEPHOCTb, HE paBHast 1.

ITpumep:
x =[0.53 0.67 0.01 0.38 0.07 0.42 0.69];
y =(x<0.5)
y=0 0 1 1 1 1 0
all(y)
ans= 0
PaccMOTpUM TpeXMepHBIHt MacCUB pazMepa 3x3x2.
A(:,:,2) =
1 1 1
0 0 1
A{:,:,1) =
1 1 1
1 1 0
all(A, 3)
ans =
1 1 1
0 0 O
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all(A, 2)
ans(;,:, 1) =
1

ans(:, ;, 2) =
1
0
all(A, 1)
ans(;,;, =1 1 0
ans(:,:;,2)= 0 0 1
PaccMoTpuM [U1s1 TOrO Xe MHOTOMEPHOTO MACCHBA HCTIONB3OBAHME ONEPaTopa any:

any(A, 3)
ans =
1t 1 1
17 1 1
any(A, 2)
ans(;,:, 1) =
1
1
ans(;, :, 2) =
1
1
any(A,1)
ans(;,;, 1) = 1 1

ans(:,;,2)=1 1 1
Conymcmayrowue onepamopsi: &, |, ~.

EXIST TipoBepka CymecTBOBAHHSA TepeMenHoi, (aiia nau GpyHKIMH

Cunmakcuc:
e = exist('<uma_sremenma>')
e = exist('<umsa_snemenma>', '<mun_snemenma>")
Onucanue:
OyHkims e = exist('<ums_aremenma>') BO3BPALIACT 3HAYEHNS COIVIACHO TAGTULIE:

Dnemenm

Karanor

P-daiin

Berpoennas dynxuua MATLAB

MDL-aitr

MEX-daitn

M-daitn unu ¢aitn HeusBecTHOrO THNA

IlepemenHas B paboyeit obracTn

He siBsieTcs HY ONHUM M3 NepeYUCIEHHbIX BbILIE 3AEMEHTOB

=N WwhooNlO
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4. Onepatopst, KOHCTAHTbI, CIYXeOHbIE CUMBONBI U NePeMeHHbIE

Ecmu dyuxkumuu exist('<uma_gaiina>') vim exist('<uma_gaira> ***') posspa-
IIAI0T 3HaYeHue 2, TO STO O3HA4aeT, YTO (a1 ¢ TAKUM WMMEHEM TPUHALIEXUT
CITMCKY NyTei A0cTyna cucteMsl MATLAB, HO paciuypeHHue 3Toro ¢aitjia He ecThb
mdl, p win mex.

B kayectBe apryMeHTa <uMs_3seMeHma> MOXHO MCIOJNb30BaTh YACTUYHBIN
MyTh JOCTYyINA.

Dyukuust e = exist('<ums_aremenma>', '<mun_anemenma>') TNO3BONSIET YKa3aTh
THTI TECTUPYEMOI'O 3JIEMEHT2 COIJIACHO CIIEAYIOLLEH Tabauie:

Tun snemenma Hasnauenue
var TIpoBepsTh TONBKO HA NPUHALIEXKHOCTL K TIEPEMEHHBIM
builtin TTpoBepATh TONLKO Ha NMPUHALIEXHOCTh K BCTPOCHHBIM DyHKUMAM
file [TpoBepsiTb TONBKO Ha MPUHAWIEXKHOCTD K (aitnam
dir* TIpoBepaTh TONbKO Ha NPUHAUIEXHOCTh K KaTanoraM
Hpumep:

ITpoBepurth, snsercsa v GyHKUUA eig BCTPOCHHON wid M-daitiom.
e = exist('eig')

e= 5§

dyuxiud eig - BcTpoeHHasT QYHKILIMS.

Conymcmeyrowue gyrkyuu: WHICH, WHO, WHAT, DIR, HELP, LOOKFOR.

E: IIpoBepxa HCTHHHOCTH

Cunmaxcuc:
k = iscell(C) k = islogical(A)
k = iscellstr(S) TF = isnan(A)
k = ischar(S) k = isnumeric(A)
k = isempty(A) k = isobject(A)
k = isequal(A, B, ...) k = isppc
k = isfield(S, 'uma_noasn’) TF = isprime(A)
TF = isfinite(A) k = isreal(A)
k = isglobal(<ums_nepementoii>) TF = isspace( cmpoka')
TF = ishandle(H) k = issparse(S)
k = ishold k = isstruct(S)
k = isieee k = isstudent
TF = isinf(A) k = isunix
TF = isletter('cmpoxa’} k = isvms
Onucanue:

®ynxuusa k = iscel{C) Bosspaiaer 1, eciu C - MaccuB syeek, u 0 - B oc-
TAJIBHBIX CJyyasx.

Dyuxuua k = iscellstr(S) Bo3spaiwyaetr 1, ecam S - MaccuMB CTPOKOBBIX SIUEEK,
u 0 - B OCTAIBHBIX C1y4yasix. MaccuB CTPOKOBBIX S1Y€€K - 3TO TAKOH MACCUB STYECK,
B KOTOPOM KaX/asi siucitKa sBJIsSIETCS] MACCUBOM CHMMBOJIOB.
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Oyukuyg k = ischar(S) Bo3ppaluaer 1, ecid S - MaccuB CUMBOJIOB, M 0 - B oc-
TJTbHBIX CAYYAsIX.

Oynkius k = isempty(A) Bosspaluaer 1, ecid A - mycroit Maccus, u O - B oc-
TAIbHBIX CIydasiX. TTycThIM MacCHMBOM HAa3blBaeTCs MAcCHB, y KOTOPOTO pasmep
XOT#A OBl 110 OHOM U3 pasMepHocTeN paBeH 0.

Oynxkius k = isequal(A, B, ...) Bo3Bpaiaet 1, eciiu BXOAHBIE MacCUBBI OHOTO TUMA,
O/IMHAKOBBIX PA3MEPOB M COAEPKAT ONMHAKOBbIC JaHHbIE, U 0 - B OCTAIBHBIX CITy4asiX.

Oyukumd k = isfield(S, *uma_noas’) po3Bpaiunaer 1, ecjiM UMS I10JI1 COBIAAAET
C MMEHEM OJIHOIO M3 IMojiel MaccuBa 3aruceit S, u 0 - B OCTANBHBIX CyYasX.

Oyukuug TF = isfinite(A) Bo3BpalaeT MacCUB TOTO X€ pa3Mepa, yTo U A, co-
crosiimit 13 1 1 0. OneMeHT paBeH 1, KOra COOTBETCTBYIOLIMIA 3JIEMEHT MaccuBa
YMeeT KOHeYHOoe 3HaueHue, ¥ 0 - Koraa Berpeyaerca aneMenT tyna Inf v NaN.

®ynaxuus k = isglobal(<ums_nepemennow>) Bosppawaer 1, ecian nepeMeHHas
C TaKMM MMEHEM 00bBABIICHA INI0OaNBHOM, U 0 - €CIM HET.

®yukuust TF = ishandle(H) Bo3Bpaiuaer MaccuB TOro Xe paiMmepa, 4ro U H,
cocrosuit u3 1 u 0. DyeMeHT paBeH 1, KOrja COOTBETCTBYIOLUMH 3JIEMEHT Mac-
CHUBA ABMISIETCA AeCKpUNTOPOM, 1 O - ecnyl HeT.

Oyukuus k =ishold Bo3Bpamaer 1, ecii BKIIOYEHA Tpaduyeckast MOMIEpXKa,
u 0 - ecnu Her. Korma rpaguyeckas ropaepxka BK/IWOYEHa, TeKyWMiA rpadux
(obwvext figure) u cBoiicTBa ero oceil (0OBEKT axes) COXpaHAKOTCS, TaK 4YTO
rocaeayloIue rpaduyecKue MocTpoeHusl No0aBNsIoTest K 3ToMy rpaduxy. 3to
03HayaeT, 4Yto cBoiicTBo NextPlot nnst 06oux 06beKTOB UMEET 3HA4YeHUE Add.

®yukuus k = isieee Bo3ppaluaer 1 uia KoMiboTepos ¢ IEEE-apugMeTUKOR
(IBM PC, Macintosh, paboune cranumy nog OC UNIX), v 0 - mif KOMIILIOTEPOB
6e3 IEEE-apudmeTuxu (VAX, Cray).

@yuxkuus TF = isinf(A) Bo3BpawaeT MaccuB TOIO XXe pa3Mepa, 4To U A, co-
crosumit 13 1 1 0. DneMeHT paBeH 1, KOIa COOTBETCTBYIOMIMIA BNIEMEHT MacCUBa
pased +Inf wm -Inf, u 0 - ecnu Her.

Oyukuua TF = isletter('cmpoxa’) Bo3BpalllaeT MacCUB pa3Mepa, COBIIAja-
IOLIETO C JJIMHOM CTPOKM U cocTosimid u3 1 u 0. DaeMeHT paBeH 1, KOTaa cOOT-
BCTCTBYIOLLIMI 37IEMCHT CTPOKH sBJIsieTCS OyKBOU andasura, u 0 - €Ciiyd HeT.

Oyuxkuus k = islogical(A) sBo3ppamaer 1, ecam A - MaccHMB JIOTMYECKHX
BbIpaXXeHHH, U 0 - eC/IM HeT.

®ynkuus TF = isnan(A) Bo3BpailaeT MacCHB TOTO Xe pa3Mepa, uTo u A, co-
crosiimit M3 1 u 0. DneMeHT paBeH 1, KOrAa COOTBCTCTBYIOILUMIA JIEMEHT MAaccHBa
pased NaN, u O - ecnu HeT.

®yukuus k = isnumeric(A) sBo3Bpaiuaer 1, ecnu A - YUCIOBOH MaccuB, u 0 -
€C/iM HeT. MaccuBpl 4MceN YABOEHHOU TOYHOCTH MU pA3PEXCHHBIE MaTPHLbI
SIBISTIOTCS. MMC/IOBBIMM MACCHBaMH, & CTPOKH, MACCHUBbl sIY€EK M MAacCCHBbI 3aMUCCH
TAKOBBIMU HE SIBJISIOTCS.

®ynkuus k = isobject(A) Bo3ppawaer 1, ecau A - 06bEKT cucreMbsl MATLAB,
n 0 - ecliy Her.
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®ynkuusg k = isppc Bo3BpailaeT 1, ecClIM  UCTIONB3YEMBI KOMIBIOTED
Macintosh Power PC, u 0 - B ocTanbHBIX Cly4Yasix.

Oyuxuug TF = isprime(A) BO3BpallacT MacCUB TOrO XE Pa3Mepa, uto U A,
cocrosimMit U3 1 u 0. DjeMeHT paBeH 1, Korga COOTBETCTBYIOIIMHI BJAEMEHT Mac-
CHBa IPOCTOE YMca0, U O - €C/IU HeT.

DyHKuuA k = isreal(A) Bo3BpalLaeT 1, eCjiM BCE IEMEHTbl MaccuBa A - BELIECT-
BEHHbIE YMC/Ia, U 0 - ecii A - HEUMC/IOBOI MAacCHB WIM €C/IM HEKOTOPbIC 3JIEMEHThI
HMMEIOT HeHy/leBble MHMMbIE 4acTH. Tak KakK CTpOKU SBISIIOTCS TONKIACCOM YHUCIO-
BOTO MaccuBa, (yHKIMs isreal Bcerma BO3BpallaeT 1, eC/M BXOAOM ARIAETCS CTPOKA.
[Tockonbky cucteMa MATLAB nogaepXyBaeT KOMIUIEKCHYIO apu(METHKY, TO B IIpO-
L1eCCe BBIYUCJIEHUHA MOTYT TOSIBJISITECS KOMIUIEKCHBIE YUCIA; B CBA3U C 3TUM CJIEAYET
OBbITh BHUMATENBLHBIM NPH UCITONB30BaHMM PyHKLMH isreal.

Oyukuua TF = isspace('cmpoxa’) Bo3BpallaeT MacCHB, pa3Mep KOTOpOTo
COBMAJACT ¢ LIMHOM BXOIHON CTPOKM ¥ cocTosiumit U3 1 u 0. Dnement pasex 1,
KOTJa COOTBETCTBYIOIIMI 3JICMEHT MaccuBa SIBISICTCS HE3ANOJHEHHBIM IIPO-
cTpaHCTBOM B Kofiax ASCII, u 0 - ecau Her. HesamonHeHHOe MpoCTpaHCTBO
B Koaax ASCII - 310 npobes, CMUMBOJIBI HOBOH CTPOKM, BO3BpaTra KapeTku, Tabdy-
JSILMM, TIPOroHa CTPaHULIBL.

Oyuxima k = issparse(S) BosBpauraer 1, ecnu S - paspexeHHbIt MaccuB, 1 0 -
€CIIY HET.

Oynkim k = isstruct(S) Bosspatuaet 1, eciim S - MaccHB 3amuceit, ¥ 0 - ec/TH Her.

Oyukupa k = isstudent Bo3Bspauiaer 1, €CIH UCNONB3YETCA CTYIeHYECKAst
Bepcusi cucteMbl MATLAB, u 0 - ecniu koMMepyeckas.

O@ynkuua k = isunix Bo3BpaluaeT 1, €CIU UCIOJB3YETCA BEPCHS CHUCTEMBI
MATLAB ang OC UNIX, u 0 - eciau HeT.

Oyukiua k = isvms Bo3BpaluaeT 1, €clM MCHOJb3YETCA BEPCUS CHCTEMBI
MATLAB gnga OC VMS, u 0 - ecau Her.

Ipumep:
s ='A1,B2,C3
isletter(s)
ans=1 0 0 1 0 0 1 0
B =rand(2, 2, 2);
B u=[]
isempty(B)
ans =1

A=[101010;
01010 ],
A, A;
aI(A, B, C)
= 1

01
10
C=

H
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a=[-2-1012]
isfinite(1./a)

Warning: Divide by zero.
ans=1 1 0 1 1

isinf(1./a)

Warning: Divide by zero.
ans=0 0 1 0 O
isnan(1./a) =

Warning: Divide by zero.
ans=0 0 0 0 O
isfinite(0./a)

Warning: Divide by zero.
ans=1 1 0 1 1
isinf(0./a)

Warning: Divide by zero.
ans=0 0 0 0 O

isnan(0./a)
Warning: Divide by zero.
ans=0 0 1 0 O

Conymcmeyioujue gynxyuu: WHICH, WHO, WHAT, DIR, HELP, LOOKFOR.

OnepaTopbl no6uTosoit 06padoTkun

BITGET Onpeapennth 3HaveHne OuTa

Cunmaxcuc:

¢ = bitget(a, <6um>)
Onucanue:

Oyuxius ¢ = bitget(a, <6um>) Bo3BpanlaeT 3HayeHue OUTA B TO3ULIMHU
<6um> [UI1 [IBOMYHOrO IPEACTABJICHUS HEOTPULIATEJLHOIO YMC/Ia a; 3HAYyeHHE

<6um> pnst xomneiotepoB ¢ [EEE-apucghMerukoit u yucen ¢ miaBamlei ToUKoMl
JIEXUT B AuanasoHe ot 1 go 52,

Ilpumep:
num?2str(bitget(14,1:52))
ans=011100000000000000000000000
0000000000C0000000000000CO00O0
Conymcemeyrouue gynxyuu:. BITSET, BITAND, BITOR, BITXOR, BITCMP, BITSHIFT, BITMAX.
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4. Onieparopst, KOHCTAHTbI, CAYXEOHLIE CUMBOSIBI ¥ (IEPEMEHHLIE

BITSET VCTaHOBHTH 3HaYeHue GuTa

Cunmakcuc:
¢ = bitset(a, <6um>)
c = bitset(a, <6um>, <anauenue_buma>)

Onucanue:
®Dyhkuua ¢ = bitset(a, <6um>) yctaHaBIMBaeT 3HaYeHUE OUTA B MO3ULIAKM <6um>

JUIE JBOMYHOIO IIPEACTABIEeHNS HEOTPULATENLHOIO 4YMciaa a B 1; 3HayeHHUe
<6um> g KoMIbioTepoB ¢ IEEE-apudMeTHKOM U YUCEN ¢ IUIABAIOLIEH TOYKOM

JIEXHUT B aMana3oHe ot 1 go 52,
Oyukuusa ¢ = bitset(a, <6um>, <snavenue 6uma™>) yCTAHABIMBAET 3HAYEHHE

6MTa B IIO3ULMHU <Gum> i1 BOMYHOTO NMPCACTABICHUSA HEOTPULIATEIBHOIO YHUC-
na a, papHoe 0 WIK 1 B 3aBUCHMOCTH OT aprymeHTa <3Ha4enue_6uma>.

IIpumep:
[IpeoGpasosatk yncio 14 B yucno 30.
bitset(14, 5, 1)
ans = 30
num2str(bitget(c,1:52))

ans=011110000000000000000000000
0000000000000000000000000
BITOR, BITXOR, BITCMP, BITSHIFT, BITMAX.

Conymemeyrowque gyrryuu: BITGET, BITAND,

BITMAX MaxcHmansHoe neoe YHCao

Cunmarcuc:

¢ = bitmax
Onucanue:

QPyukuus ¢ = bitmax BbIYHC/ISAET MAKCUMAILHOE LEJN0e YHCHO IS apUbme-
THKM C IUTABAIOLIECH TOYKOM; ABOMUYHOMY IIPEACTaBJICHHUIO 3TOrO YMCjIa COOTBET-
CTBYIOT Bce GuThI, paBHbie 1. g koMnblotepoB ¢ IEEE-apudmeTnkoii 310 3Ha-
YeHUe paBHO 27-1. '

Hpumep:

ITpeobpasoBars yucno 14 B yucio 30.

¢ = bitmax

num2str(bitget(c,1:52))

c = 9.0072e+015
ans=1111141111111111111111111111
1111111111111 111111111111

Conymcemeytowte gyrryi: BITAND, BITOR, BITXOR, BITCMP, BITSHIFT, BITSET, BITGET.
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BITCMP ITo6uToBOE N-pa3psaHoe AONOHEHHE

Cunmakcuc:
¢ = bitcmp(a, n)
Onucanue:
®yukuus ¢ = bitcmp(a, n) cTpoUT NOGHTOBOE AONOIHEHUE LIS ABOMYHOIO
MPEACTaBNECHUS HEOTPULATEJIBHOIO YUC/IA A, UCMONb3yS N MNepBbiX GMT Takoro
MpPeACTaBICHUA.
IIpumep:
IpeoGpa3osatk uucio 30 B yucio 33.
num2str(bitget(30,1:52))
ans=011110000000
000000000000
¢ = bitemp(30, 6)
c= 33
num2str(bitget(c,1:52))
ans=100001000000000000000000000
000000000000000000000000O00O0

Conymemeyrowue ghynxyuu. BITAND, BITOR, BITXOR, BITSHIFT, BITSET, BITGET, BITMAX.

Jlormveckoe ymroxenue 2a ® b

Cunmakcuc:

¢ = bitand(a, b)
Onucanue:

Oyhkuua ¢ = bitand(a, b) BBLIIONHAET OMEPALMIO JIOTHYECKOTO YMHOXCHMSA
a AND b, WM KOHBIOHKIIMH, Hall LIETBIMU YHCIaMK @ U b B aManasoHe ot 1 #o bitmax.
IIpumep:

num2str(bitget(12, 1:4))

ans=00 11

num2str(bitget(10, 1:4))

ans=0101

num2str(bitget({bitand(12, 10), 1:4))

ans=00 0 1
Conymemeyrowue gynxyuu:. BITOR, BITXOR, BITCMP, BITSHIFT, BITSET, BITGET, BITMAX.

BITOR Jlornyeckoe cioxense a + b

Cunmakcuc:

¢ = bitor(a, b)
Onucanue:

@yHkuus ¢ = bitor(a, b) BHINONHAET OnEpaLMIo JIOTUYECKOrO ¢loXxeHus a ORDb,
WM ¢1aboit IU3BIOHKUMM, Hajl LE/IbIMM YMCIaMU a 1 b B ManasoHe ot 1 1o bitmax.
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4. Oneparopst, KOHCTAHTHI, C/TYXEeOHbIE CUMBONLI U NepeMeHHbIe

Tpumep:
num2str(bitget(12, 1:4))
ans=00 11
num2str(bitget(10, 1:4))
ans=0 101
num2str(bitget(bitor(12, 10), 1:4))
ans=01 11

Conymcmaeyrowue @yrxyuu; BITAND, BITXOR, BITSHIFT, BITCMP, BITSET, BITGET, BITMAX.

BITXOR Cnoxenne no moxymo 2a® b

Cunmaxkcuc:

¢ = bitxor(a, b)
Onucanue:

Oyukuus ¢ = bitxor(a, b) BeIMOMHAET onepaLMio caoxeHUs Mo Moaymo 2 a XOR b,
WIK CTPOTOH JTUIBIOHKLIMK, HaJl LIC/IBIMM YHCIaMH @ U b B imanazoHe ot 1 10 bitmax.

Ipumep:
num2str(bitget(12, 1:4))
ans=00 11
num2str(bitget(10, 1:4))
ans=010 1
num2str(bitget(bitxor(12, 10), 1:4))
ans=0110

Conymcmeyrowgue gyrkyui BITAND, BITXOR, BITSHIFT, BITCMP, BITSET, BITGET, BITMAX.

Cnoxenne no mogymo 2a® b

Cunmakcuc:

¢ = bitshift(a, k, n)

¢ = bitshift(a, k)
Onucanue:

Oyukuust ¢ = bitshift(a, k, n) BeinonHsier onepauuw casura Ha k our. o
PaBHOCHJIBHO YMHOXEHHIO Ha 2X; eciin CABUT MPUBOLMUT K NEPENONHEHHUIO N 6UT,
TO OGUTHI NEPETIOIHCHUS OOHYISIOTCSI.

®yukuus ¢ = bitshift(a, k) BbinmonHser onepauuio casura Ha k 6UT. 3HayeHUe
N no yMOJYaHUIO paBHO 53.

Ipumep:
bitshift(3, 2, 4)
ans= 12

num2str(bitget(bitshift(3, 2, 4), 1:4))
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ans=001 1

bitshift(3, 2, 3)

ans= 4
num2str(bitget(bitshift(3, 2, 3), 1:4))
ans=0010

Conymcmeyiowue ghynxyuu. BITAND, BITOR, BITXOR, BITCMP, BITSET, BITGET, BITMAX.

Onepatopsi 06paboTKUu MHOXECTB

BuisABieHHEe OJHHAKOBHIX IEMEHTOR

Cunmarcuc:

¢ = ismember(a, b)

¢ = ismember(A, B, rows')
Onucanue:

®yuxuusa ¢ = ismember(a, b) dopmupyer Bekrop C, 37IEMEHTAMM KOTOPOI'O
sasistiorest O ¥ 1; npy COBNaagHUM 3JICMEHTOB MHOXECTB a U b npucBausaercs 1,
npu HecopnaacHuu - 0. B KauecTBe MHOXECTB MOTYT OBITh BEKTOPHI U MACCHMBEL
CTPOKOBBIX STYEEK.

Oynxkiusa ¢ = ismember(A, B, 'rows'), rae A 1 B - MacCHBBI C OAMHAKOBBIM
KOJIMYECTBOM CTONIOLIOB, (hOpMHUPYET BEKTOP C, B KOTOPOM COAECPXUTCS 1, eciu
CTPOKU COBMagaoT, U 0, ecliu HeT. ’

[Ipumep:
set=[024681012 14 16 18 20];
a = reshape(1:5, [5 1])

AP OWON_2D

ismember(a, set)
ans =

0

1

0

1

0

Conymcmeylomue @ynxyuu: UNIQUE, INTERSECT, SETDIFF, SETXOR, UNION,

Ilepeonpedensemvie memoou::
help cell/ismember.m
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4. Oneparopsi, KOHCTaHTbI, CIYXEOHbIE CUMBOJIbI M NEPEMEHHBIE

Yaanenne U3 MHOXKECTB2 OJHHAKOBBIX 3JIEMEHTOB

Cunmaxcuc:

b = unique(a)

B = unique(A, 'rows')

(B, 1, J] = unique(...)
Onucanue:

Oynkuug b = unique(a) ymanseT U3 MHOXECTBA @ OJMHAKOBBIE JIEMEHTHI.
B kayecTBe MHOXECTBA MOTYT OBITh BEKTOP M MacCHB CTPOKOBBIX sT4eeK.

Gynkumng B = unique(A, 'rows'), roe A - maccuB, GOpMHpPYET Maccus B,
13 KOTOPOTrO yAaIeHbl OAMHAKOBBIE CTPOKH.

OyHkuus [B, 1, J] = unique(...) Bo3BpaliaeT, KpOMe TOTO, BEKTOPE UHIEKCOB
{ 1 J, ykashiBawoue crocod copTUPOBKU.
[Ipumep:

a=[115623398624]

a=115623398624

[b, i, j] = unique(a)

b=12345689

i=21171231098

j= 115623387624

a(i)

ans=12345689

b(j)

ans=115623398624
Conymcmeyrougue ynkyuu: UNION, INTERSECT, SETDIFF, SETXOR, ISMEMBER.

Ilepeonpedensemoie memoduL.
help cell/lunique.m

UNION O0beauHeHne MHOXECTB

Cunmakcuc:

¢ = union(a, b)

C = union(A, B, 'rows')

[C, IA, IB] = union(...)

Onucanue:

®dynkuMs ¢ = union(a, b) dopmupyer o6beIMHEHME MHOXECTB @ U b B MHO-
XECTBO C 0€3 1T0BTOPEHUSI OJURAKOBBIX JIEMEHTOB, B KayecTBe MHOXECTB MOTYT
ObITh BEKTOPbl MU MacCUBBI CTPOKOBBIX SIYEEK.

O®Oyuxuus C = union(A, B, 'rows'), rae A u B - MaccuBbl C OJMHAKOBBIM
KOJIMYECTBOM CTOJIOILOB, (hopMUDPYET MacCuB C, B KOTOPOM OOBEIUHEHB!I CTPOKU
6€3 MOBTOPEHMH, €CIM OHU OAMHAKOBbI.

Oyukuus suaa [C, IA, IB} = union(...) BO3BpailaeT, KpOME TOTO, BEKTODPbI
uHAexcoB {A u 1B, yka3siBalolume criocoG COPTUPOBKH.
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[lpumep:
a=[-10246]
b=[-1013]
[c, ia, ib] = union(a, b);
c=-1012346
ia= 345
ib=1234

Conymemeyrowue gynxyuu. UNIQUE, INTERSECT, SETDIFF, SETXOR, ISMEMBER.
Iepeonpedensembie memodut:
help cell/union.m

INTERSECT Hepeceuenne MHOXKeCTB

Cunmakcuc:

¢ = intersect(a, b)

C = intersect(A, B, 'rows')

[C, 1A, IB] = intersect(...)

Onucanue:

O®yukuusg ¢ = intersect(a, b) dbopMupyer nepeceucHue MHOXecTB a U b,
oTOupas Tonbko oblive eMeHThl. B KauectBe MHOXECTB MOIYT ObiTh BEKTODHI
U MacCHUBBI CTPOKOBBIX SYEEK.

Oyukuusg C = intersect(A, B, 'rows'), roe A 1 B - MaccHBbl ¢ OLMHAKOBBIM
KOJIMYECTBOM CTOJIGLOB, dopmupyeT MaccuB C, B KOTODOM COAEpXaTcs o6LIMe
CTPOKM MaccuBoB A u B.

Oyukuus Buaa [C, IA, 1B] = intersect(...) Bo3BpaiuaeT, KpOMe TOrO, BEKTOPHI
mHaexcos A u IB, yxassiBawolline cioco® COpTUPOBKHU.

Ipumep:

A=[1236];B=[12346 10 20];

[c, ia ,ib] = intersect(A, B);

disp([c; ia; ib})

1236

1234

1235
Conymcmeyrougue gynxyuu: UNIQUE, UNION, SETDIFF, SETXOR, ISMEMBER.
Iepeonpedennembie Memooui:

help cell/intersect.m

SETDIFF Pa3sHOCTb MHOXECTB

Cunmakcuc:
¢ = setdiff(a, b)
C = setdiff(A, B, 'rows')
[C, IA, IB] = setdiff(...)
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Onucanue:

®yukuus ¢ = setdiff(a, b) dopmupyer MHoxecTBo C, 3/eMeHTaMM KOTOPOTo
ABNSAIOTCS HECOBITANAIOIIME 3JIeMEHTH MHOXecTB a M b. B xauecTBe MHOXecTB
MOTYT ObITh BEKTOPBl U MACCHUBBI CTPOKOBBIX SIYECK.

Oynkums C = setdiff(A, B, 'rows'), rae A U B - MaCCHBBI ¢ OMHAKOBLIM KO-
Mu4YecTBOM CcTonbuoB, dopmupyeT MaccuB C, B KOTOPOM CONEPXATCA HECOBMaA-
JAronme CTpOKY MaccusoB A U B.

Oyuxuus suaa [C, 1A, I1B] = setdiff(...) Bo3BpaliaeT, KpoMe TOro, BEXTOpPHI
uHzaeKcoB A 1 {B, ykaspiBatoniye crnocof COpTUPOBKH.

Ipumep:
A = magic(5);
B = magic(4);

[c, i] = setdiff(A, B);
¢'=1718 192021222324 25
= 1101418192326 15
Conymcmeyrowue gynxyuu: UNIQUE, UNION, INTERSECT, SETXOR, ISMEMBER.
Iepeonpedensembie memodss:
help cell/setdiff.m

SETXOR Pa3nocTs MHOXECTB

Cunmakcuc:

¢ = setxor(a, b)

C = setxor(A, B, 'rows’)

[C, IA, IB] = setxor(...)

Onucanue:

OyHkims ¢ = setxor(a, b) dopmupyer MHoxecTBo C, 3JleMEHTaMM KOTOPOTO
SIBJISTIOTCS T€ JIEMEHTBI, KOTOPBIC HE NMPHUHALIEXKAT [ePECceUEHUI0O MHOXECTB @ U b,
B KauyecTBe MHOXECTB MOTYT GbITh BEKTOPHl M MACCHBbI CTPOKOBBIX fiYeeK.

Oynkuua C = setxor(A, B, 'rows'), rme A 1 B - MaccUBH C OIMHAKOBBIM
KOJIMYECTBOM cTONG1I0B, hOpMUpPYET MaccuB C, B KOTOPOM COJEPXKATCAd CTPOKM,
He NpMHALIeXallke NepeceuecHH0 MacCHBOB A U B.

Oynkuug suna [C, |A, IB] = setxor(...) Bo3Bpalaer, KpOMe TOro, BEKTOPHI
uHIexcoB |A u I1B, ykaspIBarolmue criocod COpTHPOBKHU.

IHpumep:
a= [-1 0 1 Inf -Inf NaN],
b =[-2 pi 0 Inf];

¢ = setxor(a, b)
¢ = -Inf -2.0000 -1.0000 1.0000 3.1416 NaN
Conymemeyrowue dyrkyuu: UNIQUE, UNION, INTERSECT, SETDIFF, ISMEMBER.
ITepeonpedensiembie MemoosL:
help cell/setxor.m
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5. TPOrPAMMUPOBAHMUE U OTJIAOKA

CucreMa MATLAB 06bl4HO paboTacT B PEKMME WHTEpIPETAlMM KOMAaH[
A OIIEPaTOPOB. OHM BBOJATCA B XOAE CE€aHCa B KOMAHAHOM CTpoke, a MATLAB
BBITIOJIHSIET MX HEMEUICHHYI0 00paGoTKY M BbLIAET BBIMMC/ICHHBIA pPe3y/bTaT.
OpnHako B MATLAB ectb BO3MOXHOCTh 00paboTKM 3apaHee IOATOTOBJICHHOMN
MOCJIeIOBATEIbHOCTH KOMaH/ ¥ ONEpaTopoB, 3anuCaHHOU B BUAE ¢aiina.

CueHapum, GyHKUMM K NepeMeHHble

@aiinpl, comepXxalye KOMaHAbBI M oIepatoppl MATLAB, Ha3bIBarOTCA
M-gaiinamu. Cymectpyer nsa tuna M-daitnos: M-cyenapuu v M-gynkyuu - co
CIIEYIOIHUMH XapaKTePUCTUKAMHU:

M-cyenapuii M-gyuxyus
He monyckaer BXOZHBIX M BBIXOZHBIX | JIOITYCKAET BXOAHBIE M BBHIXOAHBIE apTyMEHTHI
apryMeHTOB

OnepupyeT ¢ naHHbIMM U3 paboueit | [lo yMOM4aHMIO BHYTpeHHHE MepeMeHHbIE SBIISI-
ob1acTi JOTCSl JIOKATBHBIMM 1O OTHOLUEHHUIO K DYHKUMU

IpeanazHayeH mia aproMatusauuu | [IpemHazHavyeHa [ pacIIMpeHUs BO3MOXHOC-
TOCNEIOBATEIBHOCTY  luaroB, Kotopble | Teit sA3bika MATLAB (6ubnuortexu GbyHKUMIA,
HY)XXHO BBITIOJIHATL MHOTO pa3 MaxeThl MPUKIIAAHBIX TIPOTPaMM)

SCRIPT 3aro0BoK cueHapns

Cunmarcuc:

script
Onucanue:

Komanpga script 3amaeT 3aronoBoOK clUEHAapusi M 3aMMCHIBAETCSt B TEPBOil
crpoke. CueHapuit (Script-daitn) - 310 BHEIUHUI daitn, comepXauidil mocieno-
BaTEJABHOCTh KOMaH/, 0OIepaTopoB U ¢yHKimit cuctemsl MATLAB. IMocie BBosa
UMEHM Takoro ¢aijla HaYMHAETCA II0C/IeI0BaTe/IbHA MHTEPIIPETALUS €ro ore-
patopoB. TTocpeacTsoM M3MEHCHMA 3arojIOBKa CIIEHApHii MOXeT ORITh rpeobpa-
30BaH B NpoUeaypy-bOYHKLMIO.

CueHapuy SIBIAIOTCS CaMbIM MPOCTHIM TMIIOM M-daiina - y HUX HET BXOAHBIX
U BBIXOAHBIX apryMeHTOB. OHU MO3BOJIAIOT aBTOMAaTU3UPOBATh BBHITIOJIHEHUE I10-
CIIeOOBATENbHOCTEH KOMAaH/I, KOTOPBIC B MHOM CJiydyae AOJDKHBI 6bUTH Ob1 MHOTO-
KPAaTHO BBOJIUTBCH U3 KOMAaHAHOM cTpoku. CLEeHApUM ONCPHUPYIOT JAHHBIMH M3
paboyeit obnacTH ¥ MOrYT CO3/aBaTh HOBBIC AAHHBIE JUIS TOCIEAYyIOLIEiH obpa-
6otk B 3TOM ¢paitie. XoTs M-CLIGHapyMu HE BO3BPAlLAIOT BBIXOJHBIX aApPryMeHTOB,
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5. lNporpammupoBaHne n oTnaaka

OHM COXPaHAIOT BCE INEPEMCHHBIC, KOTOPBIC MCHOIB3YIOTCS B CLIEHApMH, B paboyeit
00JIaCTH; TOC/IE BBITIOJIHEHUsI CLieHApUs OHM MOryT OBITh MCIIONB3OBAHBI IS
JAJIbHEMIIMX BIYUCIICHUH.

J110001 TEKCT, KOTOPOMY IIPeLECTBYET CUMBON %, SBISIETCS KOMMEHTAPHEM,
U OH MOXeT Jiub0 MPUCYTCTBOBATH B CUEHAPHUM B BMAE OTACJIBHOW CTPOKH, JIMOO
CJIEOBATh ITOCTE JIIOOOM M3 KOMaH/I.

NmeHa M-cueHapueB He pa3pelliaeTcsl MCIOJIb30BaTh B KaUECTBE OINEPaHAOB
B BBIPAXEHUSIX WIM B KAUECTBS apryMeHTOB (DYHKIIHIA.

Ilpumep:
Crenyrolue OnepaTopsl BBIYMCIAIOT PagMyc-BeKTOp rho UL pasiuyHBIX

TPUTOHOMETPUYECKMX (DyHKUMHA OT yria theta M CTpOAT HOCHEHOBATEIbHOCTH
rpacuKoB B MOJSPHBIX KOOPAMHATAX.

Cmpoxa kommernmapus % M-file peetals - cLueHapuii nNOCTPOEHUA NenecTKoBoro rpadu-
Ka
theta = -pi:0.01:pi;
rho(l, :) = 2*sin(5*theta).”2;
Borucaenus rho(2, :) = cos(l0*theta).”3;
rho(3, :) = sin(theta).”"2;
rho(4, :) = 5*cos(3.5*theta).”3;
for i = 1:4
Komanos: epaguneckoao polar (theta, rho(i, :))
ebi600a pause
end

Cosnaiite M-caitn petals.m, BBOAA yKa3zaHHBIC BBHILLE ONEPATOPHL. DTOT (haiil
sBnsierca M-cueHapueM. BBoa komaHnw! petals B KOMaHIHON CTPOKE CHCTEMBI
MATLAR BBI3LIBAET BbITOJHEHUE ITOTO CLIEHAPUSI.

ITocne Toro Kak cuieHapuit OTOOpa3uT MEPBbI rpadMK, HAXMHUTE KIaBHLIY
Return, yToGbl mnepedTd K cheayiolieMy rpadpuky. B clieHapuu OTCYTCTBYIOT
BXOAHBIC M BHIXOOHBIC apIryMEHTHI; IIporpaMMa petals caMa co3gaeT nepeMeHHbIe,
KOTOpbIC COXpaHSIIOTCH B pabouyeit obnactu cuctembl MATLAB. Kornma BeimonHeHue
3aBepleHo, riepemeHHbie (i, theta u rho) ocraiorcs B paboucit obnactu. ns
TOTO YTOOBI YBUAEThH UX IIEPEYECHDb, BBEAUTE KOMaHay whos.

Conymcmayroujue komande: u Qynkyur. ECHO, FUNCTION, TYPE.

FUNCTION 3aro/10BOK npoueaypbi-(pyHKUHH

Cunmackcuc:

function[<crucok ebixodnsix nepemennbix>] = <umsa Qyukyuu>(<CHUCOK 6X00HbIX
nepemerHbIX>)
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Onucanue:
Ecnu nepBas cTpoxa M-¢aiinia HauYMHaeTCs C orpeaesieHust
function[<cnucox gbixodnbix nepemennvix>] = <umsa @ynKyuu>{(<cnucox
EXOOHBIX NEPEMEHHBIX>)

to atoT daitn npeacrasiser coboil M-dyHkuuio. 3ty ains paclIKpSOT BO3-
MOXHOCTH CUCTeMBb! OarogapsA A00aBlIeHHIO HOBbIX (DYHKLHUM, CAMOCTOSTE/IBHO
HamMCaHHBIX MMOIL30BATENEM Ha A3bIKe MATLAB.
M-(YHKIUSA BKJIIOYAET CEAYIOLHE KOMITOHEHTHI:

Cmpoxa onpedenenus dyuxyuu

Iepsas cmpoka Kommenmapus %

Kommenmapuii % fact(n) mosmpamaer n!
% uyena n.
% Bemucante fact

Teno gynxyuu f = prod(l:n);

HMMEHEM,

function f

= fact (n)
FACT Bruaucnesue paxkropmana.

- Gaxmopuan

{n} = prod{i:n).

CTpoKa onpeneneHnsA (GyHKummM 3amaeT MMS, KOMMYECTBO M TIOPANOK CJIEJOBAHUS

BXOJHBIX W BBIXOAHBIX apIyMEHTOB;

nepsas CTPOKA KOMMEHTApHA OnpeiesseT HazHauyeHue GyHkuud. OHa BBIBO-
JUTCA Ha 3KPaH ¢ ITOMOLpI0 KoMaHf, lookfor unu help<umsa xamanoea>;

KOMMEHTAapHH BbIBOAMTCA HAa 5KPAH BMECTE C IEPBOI CTPOKOM MPH MCIOJb-

30BaHMM KOMaHAbl help<uma gynxyuu>;

TeNo (YHKMHH - 3TO MPOrPaAMMHBIN KO, KOTOPBI peaju3yeT BBIYMCIICHHS
¥ NIPUCBAKBACT 3HAYCHMA BBIXOAHBIM APTYMEHTaM.

M-yHKIMM MCIIONB3YIOTCA TaK Xe, KaK OObIYHbIE BCTPOCHHbBIE (DYHKIMM
cucreMbl MATLAB. UMt M-GbYHKUMU MOXHO [PUMEHATL NIPW 3aMUCH apudme-
THYECKHUX BbIPAXECHHU.
Bo3moxHOCTh J06aB/eHUS K crcteMe MATLAB HoBbix GyHKUMIT obecriedn-
BaeT €ii BaXHOE CBOMCTBO paciuupsieMocTd. HoBble QYHKIIMH MOIYT MCIIOJIb30-
BATh KaK BCTPOCHHbIC QYHKIMHU CUCTEMBI, TaK U (PYHKUMM, paHec HaNUCAHHBIC
nosnp3opareneM. Hoeble dyHKUuMM n06apisioTes K CJIoBapio cMcTeMbl MATLAB
U CTAHOBSITCSl JOCTYNHBIMM Hapsily CO BCTPOEHHbIMM (DYHKUMAMH. OTH QyHKIMH
oOpMIIAIOTCS B BUIE TEKCTOBBIX (ailyioB ¢ paclUUpeHHEM .M.

Qyukuus B cucreme MATLAB He MMeeT HUKAKUX OTIMUYMTEIBHBIX [PU3HA-
KOB, Y IIpH o6palleHuy K Heit MATLAB nipocTo veT ¢aiisi ¢ COOTBETCTBYIOLIMM

NpOCMAaTpUBasi BCE IMyTH AOCTYNa,

OIIPCACICHHbIE IIEpEMEHHON

MATLABPATH. Korna ¢aiin HallneH, OH TIPOXOUMT NPOLEAYPY KOMIHSILMH,
pa3MelLAeTCs B ONEPATUBHON MaMSITU U TOJMBKO IOCJE ITON0 HAYHMHAET BHINON-
HATbCA. B 3TOM Takxke ornnume GyHKUMHU OT Script-(ailia, KOTOPbIA BbIIOIHS-
€TCS TONAbKO B PEeXMME HHTepriperauuu. s yoaneHHUsT OTKOMIIMJIMDOBAHHOM
GhYHKIMK Y3 NIAMATH UCTIONb3YeTCs KoManaa clear <ums gynkuyuu>,
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5. MporpammupoBaxne n otnagka

Ecnu npyu BHINOJIHEHMM QYHKIUMM BKIIOUEH PeXUM echo, To dyHKuuA Toxe
Oy/aeT BbINONHATLCA B PEXUME MHTEPIPETALUMM U Ha TEPMUHAT OydeT BBIBOIUTHCS
Pe3y/IbTaT BBIIONHEHMS KAXA0TO ONepaTopa.

M-YHKUHU ABIAIOTCH (daiiiaMM, KOTOpbie HONYCKAIOT HATM4YME BXOAHBIX
M BbIXOOHBIX apryMeHToB. OHM paboTaloT ¢ NEepeMEHHbLIMM B Mpeaeiax cobert-
BEHHOM paboyeit 061acTH, OTJIMYHOM OT paboueit obnactu cucteMbi MATLAB.

Hauunas ¢ Bepcuu MATLAB 5 M-caiinel Moryr cozepxath Konsl s Gonee
yeM oaHoi ¢yHkuuu. Ilepsas dyHkuus B daiie - 310 ocnosHas gyHKyus, Bbl-
3biBaeMast 1o umeHn M-caitna. dpyrue GyHKUMH BHYTpH Gaitia - 910 nodgynkuyuu,
KOTOpbIe ABJISIOTCH BHINMBIMM TOJBKO [UIS OCHOGHOU @yHKyuu N IPYTUX nod-
gynxyui 3roro xe daiina.

Kaxnass noadyHKUHs uMeeT CBO# COOCTBEHHbINM 3aronoBoK. IloadyHKuuH
CJICAYIOT ApYyr 3a ApyroM HerpepbiBHO. [ToadyHKUMM MOTYT BbI3BIBAaTBCS B JIIOOOM
MOPAAKE, B TO BPeMST KaK OCHOBHas (YHKUMSI BBITOJTHAETCS MEPBOM.

Ocrogras ynkyus function [avg, med] = newstats (u)
% NEWSTATS HaxoauTt cpefHee 3HaveHue 1 meguany ans
3MEeMEeHTOB BEKTOPA U, UCMOMb3YR BCTPOEHHbIE hyHKLUK.
n = length(u);
avg = mean(u,n);
med = median(u,n);
Hodpyuryus 1 function m = mean(v,n)
% Bbluncnuts cpegHee.
a = sum(v)/n;
Toogyurxyus 2 function m = median(v,n)
% BbiuucnuTb Meguaty.
w = sort(v);
if rem(n,2) ==
m=w((n+1)/2);
else
m=(w (n/2) +w (nf2 + 1)) /2;
end

IMondyHkuuy mean y median BBIMUCASIOT CPEAHEE W MEAMAHY BXOLHOTIO
crimcka. OcHoBHas ¢yHKUMA newstats ompepessieT MIMHY CIMCKA Y BbI3bIBaeT
noAGYHKUMH, TiepeJaBast UM JUIMHY ciiicka n. DyHKIMKM BHYTPH ORHOIO M TOTO
xXe M-dalina He MOryT obpallaTbcsl K OJHHUM U TEM XK€ MEPEMEHHBIM, €ClIM OHH
He OOBSIBIEHb! [MOOAIBHBIMUA TIEPEMEHHBIMM BHYTPU COOTBETCTBYIOWIMX (DYHKUMH
WIW He fepejaHbl UM B KayecTpe napamerpos. Clie/lyeT MMETh B BUIY, YTO CITPaBKa
help MOXET BUAETb TOJBKO OCHOBHYIO (QYHKIIMIO M HE BHUAUT NOAGYHKUMMA.

Koraa npuxoaut Bbi3oB GyHKUMK U3 M-daitna, To MATLAB B [1€pBYIO OYepeb
MpoBepseT, He sABjsAercs Jin 3Ta QyHKuua noadyHkuueir. ITockonbKy 11€pBOH
nposepseTcs Haluuue noadgyHKLUMA, TO MOXHO B KaU4eCTBC UMEHHU NOAQPYHKIMH
UCHOAb30BaTh MMeHA DYHKLMI cucTeMsl MATLAB.
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Cuctema nHXeHepHbIX U Hay4Hbix pacderos MATLAB 5.x. Tom 1

Hpumep:

Oyuxiust average - 3T0 JOCTATOYHO MPOCTOi M-aiis, KOTOPbIit BBIYUCAAET
cpegHee 3HauyeHUe DJIEMEHTOB BEKTOpa:

function y = average (x)

% AVERAGE CpepHee 3HaueHMEe DBJIEMEHTOB BeKTOpa.

% AVERAGE (X), rme X - BeKTOp. BhHumMciaseT cpelHee 3HadeHue
3JIEMEeHTOB BEKTOpa.

$EcimM BXOOHOM apryMeHT He ABJISIeTCA BeKTOPOM, TeHepupyeTcs
ommlKa.

{m,n] = pasmep(x);

if (~(m==1) | (n==1)) | (m==1 & n == 1))
error ('Input must be a vector’)

end

y =sum(x)/length(x); $CoOCTBEHHO BHYMCJIIEHME

Bseante 3t KomaHasl B M-¢aitn ¢ umenem average. OyHKHMA average
JIOTyCKAaeT COMHCTBEHHbIH BXOAHOM M €AMHCTBEHHBI BBIXOOHOW apryMEHTEHI.
i Toro 4to6bl BeI3BaTh (BYHKIIMIO average, BBEAUTE CJEAYIOLUME OIIepaTOpPHI:

z = 1:99;
average (z)
ans = 50

Conymcmeyiowgue gyrnrcyuu. NARGIN, NARGOUT, PCODE, VARARGIN, VARARGOUT, WHAT.

GLOBAL Onpeaenenne ri106aJbHBIX nepeMEHHbIX

Cunmaxcuc:

global usma_I uma_2 ...
Onucanue:

KoManna global ums 1 uma_2 ums_3 onpeliensieT NepeMeHHbIE ¢ UMEHAMHU
uMsa_1, uma_2, uMs_3 Kak 2106anshbie.

Kak ripaBuwiio, kaxnast M-yHKUMSA HCHONE3YET JIOKATBHBIE TIEPEMEHHbIE, KOTOpbIE
M30JIMPOBaHbl OT TEepeMEHHBIX ApyrvX (YHKUMIA ¥ paboueit obnactu. OnHako eciu
HECKOJIBKO (PYHKUMMI U ClieHApUIl OOBABNSIIOT HEKOTOPYIO IIEPEMEHHYIO IIOOAIBHOM,
TO B 3TOM CJIy4ae BCE MOMIY/IM UCIIONB3YIOT OfHY U Ty e KOITMIO 3TOH MEPEMEHHOM.
TpucBauBaHKe 3HAYCHUSI TAKOM IEPEMEHHON BO3MOXHO B /0b0i U3 dyHKUMIA, re
3T1a nepeMeHHast o0bsiRieHa miobanbHOU. Ecin robGanbHast nepeMeHHas B MOMEHT
OObSABREHUS HE CYLUECTBYET, TO CH IIPMCBAMBACTCS 3HAYEHHUE IIYCTOTO MAaCcCHBA.
OO6blMHO 1T MMeH DIOOATBHBIX IEPEMEHHBIX MCMONB3YIOT IJIMHHBIC Ha3BaHWs
U 3arfaBHble OYKBbI, HO 3T0 HEODS3aTE/IbHO.

Oumbka npu OOBABRICHUH TEPEMEHHOM IIOGAMBHON BO3ZHMKAET B CIELYIOIMX
ciIy4asix:

€CJIU CYLUECTBYET IIepEMEHHAs C TEM Xe MMeHeM B pabodedt obnactu;

CCJIM NEPEeMEHHas C 3TUM MMeHeM ObLIa paHee BbI3BaHa B HEKOTOpOM M-gaitie.
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5. lNporpammuposanne u oTnaga

Sameuanue:

PexoMeHayeTcs ucniosnb3oBaTh KoMaHay clear global variable wist ynaneHus
r1o6anbHbIX NEPEMEHHBIX U3 ClielMaNbHO paboueit obnacTd, npeaHa3HayeHHOM
IUTSL pa3sMelieHUS r1oGabHbIX NEPEMEHHBbIX.

PexoMmeHnyeTcss MCnonb30BaTh KOMaHAy clear variable, 4To6bl ynanuTs Ijo-
OanbHyIO NMepeMeHHyYI0 U3 paboyei o6nacTH, He U3MEHSA 3HAYEHUSA CAMOM IJIO-
fanbHOM nepeMeHHOM.

Yro6bl HCroNb30BaTh 1M00aLHYIO MEPEMEHHYIO 1IPU TIOBTOPHOM BbI30Be, OObS-
BUTE €¢, MCMOJIB3YIHTE, a 3aTeM yaaaMte U3 paboueil ob6nacTy. 310 no3sonser u3be-
XaTh HEOOXONMMOCTH OOBSBIATL MIOOAIbHYIO TIEPEMEHHYIO 1I0C)Ie TOTO, KaK Ha Hee
ObuIa CAe/laHa CChUIKA. JTOT MPUEM WUHOCTPUPYETCS CJIEAYIOUIMM (hparMEHTOM:

uicontrol('style’, ‘pushbutton’, *CaliBack’, ...

‘global MY_GLOBAL, disp(MY_GLOBAL), MY_GLOBAL = MY_GLOBAL+1,

clear MY_GLOBAL,...

'string’, ‘count’)

Hpumep:

Paccmotpum nporpammst wist dyHkumit tic u toc (HekoTOpsie KOMMEHTAPHH
COKpAIleHBbl), KOTOpbIE MaHUINYJIUpyloT TaifimepoM. [nobanpHas mnepeMeHHas
TICTOC wucnonp3yercs obeuMu GYHKIIMAMH, HO 3ITO HEBHAMUMO B OCHOBHOM
pabGoyeit obnact wiM B paboyux obnacrsx Apyrux GYHKUMEA, B KOTOPBIX
He oOBsiB/IeHa 3Ta V106ajibHasT NEPEMEHHAA.

function tic

% TIC CraproBatb TaitMep.

% TIC,; <omeparoppi>; TOC

% BBIBOAMT Ha TEPMUHAN 3aTPAYCHHOE BPEMS.

% Conymcmeyrowue @ynkyuu: TOC, CLOCK.

global TICTOC
TICTOC = clock;

function t = toc

% TOC 3a¢uKcupoBaTh UCTPAYCHHOE BPEMS.

% TOC BBIBOAUT HA TEPMMHAI 3aTpayeHHOE BpeMsS ¢ MOMeHTa BhizoBa TIC.
% t = TOC; BbIBOAMT 3aTPauCHHOE BPEMST B BH/IE NTEPEMEHHOI t.

% Conymcmeyrowue giynkyuu: TIC, ETIME,

global TICTOC

if nargout < 1

elapsed_time = etime(clock, TICTOC)
else

t = etime(clock, TICTOC);

end

Conymemeyiowue pynkyuu: CLEAR, ISGLOBAL, WHO.
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| PERSISTENT _ | Onpe/ieieHne COXPAHAEMBIX NEpPeMEHHbIX
Cunmaxcuc:
persistent ums_1 uma_2 ...
Onucanue:

Komanna persistent ums_I ums_2 uma_3 onpenendeT NepeMeHHbiE C MMEHAMM
uMs_1, Ma_2, uMs_3 Kak coxparsiemsie. DyHKIIMA MOXET ObITb MCIIONB30BAHA TOJIBKO
BHYTPH HEKOTOpOif M-YHKIMH IS TOrO, YTOObl COXPAHMTH 3HAYEHHS ISl OHOM WIM
HECKOJIBKUX TIEPEMEHHBIX MY NMOBTOPHBIMH BBI30BaMM 3TO (QyHKUIMHU.

CoxpaHsieMble TEepeMEHHBIE YyaasoTcsa, Korga M-QyHkuMs ypasisiercst
M3 IIaMATH WIK KOIZla B HEE BHOCATCS U3MEHEHHUSI.

Yrobbl coxpaHuTh M-QYyHKUMIO B NaMATH A0 OKOHYAaHUS ceaHca paboThl,
cneayeT mpuMeHUTh GyHKMo mlock.

Ecn coxpaHsieMas IepeMeHHas B MOMEHT OOBABICHUA HeE CYLIECTBYET,
TO el MPUCBAaUBaAETCs 3HaYEHUE IIYCTOrO MacCUBa.

Oumoka npy oOBbSBICHHH MEPEMEHHOM COXpaHsaeMOil BO3HUKAET B TOM CIydae,
KOI'la CYLIECTBYET [TIEpEMEHHAsl C TeM Xe UMeHeM B paboueid obnactu.

O6BIYHO IS MMEH COXpaHAEMBbIX I[€PEMEHHBIX HCIONB3YIOT [UIMHHBIE
Ha3BaHMs M 3arjiaBHble GYKBBI, HO 3TO HeoOA3aTeTBHO.

Conymcmeyrowgue Komandsi: CLEAR, GLOBAL, MISLOCKED, MLOCK, MUNLOCK.

MFILENAME Hmst nocaenuero BuizganHoro M-gaiina

Cunmaxcuc:

mfilename
Onucanue:

Komarpa mfilename BosBpailaeT CTpOKY ¢ MMEHEM TOCJAENHEIO BBI3BAHHOIO
M-¢aiina. Korna Bbi3oB peaiM3oBaH BHYyTpH M-¢aiiia, KOMaHIa BO3BPAILAET UMS
31010 M-(haitiia, YTo MO3BOJIAET ONPEAE/UTS €I0 UMSI, JAXE ECAU OHO OBLIO UBMEHEHO.

Ilpu ucnons3oBaHMM M3 KOMAHAHOM CTPOKHM KoMaHga mfilename Bo3Bpaiuaer
MYCTOM MAacCHB.

st nonydeHus: UMeH (PyHKUMiA, BbI3BAaHHBIX M-(ailioM, cleayeT TNPHUMCHSThH
komaHay dbstack ¢ BEIXOZHBIM apryMEHTOM.

Conymemeyrouwgue komanos: DBSTACK, FUNCTION, NARGIN, NARGOUT, INPUTNAME.

LISTS Onpeaenenne CNIHCKOB 3HAYCHHH

Cunmakcuc:

help lists
Onucanue:

Komanzia help lists BbiBosuT Ha 9KpaH KOMMEHTApUH K OMPEAC/IEHUIO ¥ UCTIONB30-
BAHHMIO CIMCKOB 3HAYEHMI Npu paboTe ¢ MaCCUBAMU 3aITMCEH M MACCUMBAMU S4EEK.
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5. Mporpammuposanme u oTnagxa

U3BneueHne MHOXECTBEHHBIX AAHHBIX M3 MacCHBOB 3alMCEl M MAacCHBOB
SIYEEK OCYUIECTBJISICTCS C MIOMOLUBIO CRUCKO8 3HA4eHUll.

Cncok 3HayeHMit I mMaccuea 3anuceil - 310 06beAMHEHUE OXHOMMEHHBIX
nosne#t S.name = [S(1).name S(2).name ... S(end).name).

Crircok 3HaueHu# WIS Maccuea axeex - 310 obbenrHeHue Aueek C{} = [C{1}
C{2} ... C{end}].

KoHcrpykumu Buaa S(m:n).name, C{m:n} Taxke NpEACTaBIAIOT coOOit CIMCKH
3HaYEHUA.

Cnucky 3HaYEHHM MCITOJIB3YIOTCS B CAEAYIOLUMX CAy4asX:
« B KOMaH[JHO#t CTPOKe JIst BBIBOJA 3HAYCHUHN Ha 3KpaH - S.name, C{};
« Tipu BbI30Be M-pyHkumit - myfun(x, y, S.name}, myfun(x, y, C{:});
. B Onepauuax KoHKateHauuu - [S.name}, [C{:}];
« B CITMCKAaxX BBIXOAHBIX apryMeHTOB PyHK1mH - [S.name] = myfun, [C{:}] = myfun;
«  KaK COCTaBJIfIolIME MaccHBa syeeK - {S.name}, {C{:}}.
Ipumep:

PaccMoTpuM HekoTOpble NMPUMEPHI UCIONB30BAHMSA CIIMCKOB 3HAYCHUIA:

gopmuposanue maccuea aHeex:

C={123 4}

C = (1] (2] (3] {4]

npeo6pasoeanue Maccua A4eeK 8 HUCA080U Maccue:

A = [C{:}]

A = 1 2 3 4

npeo6pazoeaniie Maccuea a4eeK 8 MpexmepHulll Maccue:

B = cat(3, C{:})

B(:, :, 1) = 1
B(:, :, 2) = 2
B(:, :, 3) = 3
B(:, :, 4) = 4

npuceoerue 3na1enuii 00HOMy U3 noaei Maccuea 3anuce:
[S(1:3).FIELD] = deal(5)

s =

3x1 struct array with fields:
FIELD

S(:).FIELD

ans = 5

ans = 5

ans = 5

B peaynbraTe BbIMONHEHHBIX OIEpaudit GbUIM cHOPMHMPOBaHBI ClEdYIOLIME
MAaCCHUBBI:
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whos
Name Size Bytes Class
A 1x4 32 double array
B 1x1x4 32 double array
C 1x4 400 cell array
S 3x1 332 struct array

Grand total is 22 elements using 796 bytes
Obuee KOJIMUECTBO 3JIEMEHTOB - 22; Mchoab3ylT 796 Bant

Conymcmsytoujue gynkyuu: CAT, CELL2STRUCT, DEAL, NUM2CELL, STRUCT2CELL,
VARARGIN, VARARGOUT.

MLOCK 3anperuts ynaneHne ¢aina

Cunmaxcuc:
mlock
mlock(<ums_M-ghaiina>)
Onucanue:

Komanga mlock 3anpeinaer ynajleHue TeKyLIero MCoiHaeMoro M-gaiina.

Komannma miock(<umsa_M-ghatina>) 3anpeiaer ynaneHue M-haiia ¢ yKazaHHbIM
HMMEHEM C ITOMOIIBI0 KOMAH/IKI clear 10 OKOHYaHUS CceaHca paboThl.

Hnst po3BpaieHusi M-aiisia B HOpMIBHOE COCTOSIHUE, KOTOPOE [JOTyCKaeT
€ro  yAaIeHWe, CJeAyeT BOCIIOJIB30BATHCA  KOMaH#aMM  munlock  wiu
munlock(<umsa_M-gaiina>).

Conymcmeyrowue komandsi: MUNLOCK, MISLOCKED.

MUNLOCK CHsTHe 3anpeTa Ha yJajdenne daiina

Curmaxcuc:
munlock
munlock(<ums_M-gpaiina>)
Onucanue:

Komanaa munlock cHuMaer 3amnper Ha yJaleHUEe TEKYHIETO MCIIOJIHSIEMOTO
M-¢aitna.

Komanaa munlock(<ums_M-ghaiira>) cHuMaeT 3anpeT Ha ynaieHue M-daiira
¢ YKa3aHHbIM MUMEHEM.

OOpawieHMe K KOMaHaaMm rpynmnsi munlock MoXeT 1noTpeGoBaThCsl TONBKO
B TOM CJIy4ae, €CJIM MCIOIb30BaNach KOMaH bl TPyl mlock.

Conymcmeyrowue komands,: MLOCK, MISLOCKED.
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5. Mporpammuposanue u otnagka

MISLOCKED TIposepka 3anpera na ynanenne daiina

Cunmakcuc:
mislocked
mislocked(<ums _M-gaiina>)

Onucanue:

Komanga mislocked Bo3BpamiaeT 1, €cnM CywiecTByeT 3alpeT Ha yoaleHHe
TEKYLIEro ucnonHsemoro M-daiina, v 0 - B MHOM ciy4ae.

Komanga mislocked (<uma_M-gaiina>) Bo3Bpaiiaer 1, €cid CyIeCTBYeT
3anper Ha ynaneHue M-¢aiina ¢ yKasaHHBIM uMeHeM, U 0 - B MHOM Ciiyyae.

Conymemeyroujue komardbi: MLOCK, MUNLOCK.

BeluucneHue u BbINONHEHNe

B03MOXAOCTh MHTEPIIPETALUN M HUCIIOJIHEHMSA CUMBOJNBHBIX MOCJIEI0BATEIb-
HOCTEH, 3alIMCAHHBIX B BU/E CTPOKOBBIX BBIPAXEHHUU, NPUAAET sA3bIKy MATLAB
JIOTIOJIHUTEJIBHYIO MOILb U TMOKOCTb. JTO TIO3BOJIIET KOHCTPYMPOBATH CHMBOJIBHBIE
[10CJIEAOBATEIbHOCTH B 3aBUCHMOCTHY OT XO[a PELUEHUS 3a1aYd U TaKUM 06Pa3oM
MPUAATh CLIEHAPHUIO PEelleHUA 3a/layd DJIEMEHTHl MCKYCCTBEHHOTO MHTEIIIEKTA.
Kpome TOro, OTKpbIBACTCSI BOZMOXHOCTh OOPAIUAThCS 110 UMEHM K paHee HarM-
CaHHBIM (DYHKIIMSAM U BBI3BIBAaTh MX B 32aBUCUMOCTH OT CUTYaLlUH.

EVAL BbIYHCJICHHE CTPOKOBBIX BHIPAMKEHHIA

Cunmakcuc:

x = eval(‘<gvpaxcenue>’)

[x1. x2, x3, ...] = eval('<sbpaxcerue>")

eval(string, catchstring)

Onucanue:

®OyHkuua x = eval('<gsipasxcenue>") BO3BPALIACT PE3YNbTAT BHITIOTHEHUS BbI-
PaKEHHS, 3alIMCAHHOIO B BUAE CTPOKM CHMMBOJIOB. Crpoka (popMMpyeTcs HyTeM
00beIMHEHNA TIOACTPOK U IIEPEMEHHBIX BHYTPH KBaIPAaTHBIX CKOOOK.

Oyukiusa [x1, x2, x3, ...] = eval('<sspaxcenue>") Bo3BpanaeT pe3ynbraT B BU-
J€ OTAEeJIbHbIX IIEPEMEHHBIX. DTa KOHCTPYKLHMs IpeanoutureabHee eval([x1, x2,
x3, ...] = <gvipaxcerue>"), NOCKONBKY B MMOCENHEH CKPBITA YaCTh UH(MOPMAUMHK OT
CMHTAaKCUYECKOro aHanusaropa cucteMbl MATLAB U 3TO MOXET IPUBECTU
K HEIpeacKa3yeMoOMy pe3ysbTaTy.

Koncrpykuusi eval('<ebpaxcenue>', catchstring) 1mo3Bossier BBIIRISATH OIIMOKA
[IPU BBIYMCIAEHMU CTPOKOBOIO BhlpakeHus. Ecnu Bo3HHMKIA ommbka, To rnepej
3aBeplueHMeM KomaHiabl ¢opmupyeTcst nepemeHHasi catchstring. Ilocne 3toro
MOXHO ¢ nomoilbio QyHKUuH lasterr rionyuurs coobuienue ob omuodke.
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Ipumep:

Crenyomuit pparMeHT NporpamMMbl TIOKA3bIBaeT, KaKMM 06pa3oM € ITOMOLLBIO
KoMaHasl load mMoxHO 3arpy3uTh 10 mocjiefoBaTe/IbHO NPOHYMEPOBaHHBIX (haiinos
¢ MMeHaMH mydata.i:

fname = 'mydata’;

for I=1:10

eval([load ', fname.int2str(i)])

end

3nech int2str -~ PyHKuMS Tpeobpa3oBaHM YMCIOBOTO 3HAYEHHUS B CTPOKOBOE.

CnenyomMif mporpaMMHBIi Ko mo3BoseT chopMUpoBaTh Marpuuy I'unb-
6epra mopsanka n:

t="'1/(i + 3-1)';

n=4;

for i = 1:n
for j = 1:n

G(i, J) = eval(t);

end

end

format rational

G

G =
1 1/2 1/3 1/4
1/2 1/3 . 1/4 1/5
1/3 1/4 1/5 1/6
1/4 1/5 1/6 1/7

B crneayouieM npuMepe ocyllecTBiseTca BbiOOp (aiiia M3 CIIMCKA M ero
BeinojHeHHe. O6GpaTUTe BHHMAHME, YTO BCE CTPOKM CIMCKA JOIXHBI MMETh
OAMHAKOBYIO [UTMHY:

D =[‘odedemo’

‘qguaddemo’

‘zerodemo’

‘fitdemo ';
n = input("Ykaxute Homep chaiina B cnucke:’);
eval(D(n,:))

Conymcmayrowue gynxyuu. FEVAL, LASTERR.

FEVAL Bboiyncsienne GyHKUMA N0 321aHHOMY HMEHH

Cunmakcuc:

feval('<uma_gyuxyuu>', x1, ..., xn)

iy1, ..., yk] = feval('<ums_gynuxuuu>', x1, ..., xn)
Onucanue:

Pyukuus feval('<uma_gynxyuu>', x1, ..., Xn) nepenaer apryMeHTH! (x1, ..., xn)
BbI3bIBACMOM QYHKIHMK,
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5. Mporpammyposanve u otnagka

Oyukuus [y1, ..., yk] = feval('<uma_gyuxyuu>', x1, ..., Xn) BO3BPAILACT MHO-
JKECTBO BBIXOAHBIX MepeMeHHbIX (Y1, ..., yk).

BHYTpu MeTOfOB, KOTOPLIE NEPCONpPeAS/IAIOT BCTPOEHHBIE DYHKIMM, CleayeT
WCIONBL30BaTh KOHCTPYKUMIO Buia builtin(<ums_@yuxyuu>, ...), 4100b1 BBINOTHUTE
UCXOLHYIO QYHKLHMIO.

O6buHO dyHxuusa feval npuMeHseTes Wi BbuMCcsieHus QYHKUMM, KOTOPbIE
SIBJIAIOTCS BHEUIHUMH, 2 UX 3HAYCHHME TpeOYeTCSA MEPEBBIYMCIATE HA KAXIOM
are B TeJie Apyroil npoueaypbl, HarpuMep NMpH MHTErPUpOBaHUM cucteM OIY
WM MUHUMU3AUMKY QYHKLIMH.

IIpumep:

WHrerpupoBanue auddepeHuaabHoro ypasHenus Ban aep ITons.

OyHKUMS BBIYMCICHUS MpaBoil yacTd ypaBHeHus Bax mep Ilons odopmisercs
B BHAC BHeHiHel PyHKLMM BUIa

function xdot = vdpol(t, x)

xdot = [x(1).(1 - x(2).72) - x(2); x(1)]

Jnst wnterpupoBanmst cucrembl OIY MeromoM Pynre - KyTTs! npemuasHadeHa
dbyukumsa ode23, B Tene KOTOPOM TIPUCYTCTBYIOT CIEAYIOLME ONEPaTophl, KOTOPhIe
ucnoaw3yior ¢yHkuMIo vdpol, repefaBaeMylo B KauyecTBe BXOOHOTO apryMeHTa
tpfun npouenypst ode23:

s1 = feval(ypfun, t, y}; s1 = s1());

s2 = feval(ypfun, t + h, y + h * s1); s2 = s2(:);

s3 = feval{ypfun, t + h/2, y + h * (s1+s2)/4); s3 = s3(2);

Torna ana vinTerpmpoBanms ypasHenus Ban nep Ilons tpebGyercs crnemyrouuit
BbI30B (PyHKIMK 0de23;

t0 = 0; tf = 20; % 3aganue MHTEPBANA BPCMEHU MHTCIPMPOBAHUA

x0 = [0 0.25]’; % 3agaHue HAYIbHLIX YCIIOBUI

it, x] = ode23(‘vdpoal’, t0, tf, x0);

Conymcmeyrouue @ynxyuu: ASSIGNIN, BUILTIN, EVAL, EVALIN.
Iepeonpedeasemvie memoobt:
help inline/feval.m

BUILTIN BbINOIHATL HCXOHBIA KOI (DYHKUMH BHYTPH MeTOAA
Cunmarkcuc:

builtin('<ums_gynxyuu>', x1, ..., xn)

Iy1, ..., yK] = builtin('<uma_gynxyuu>', x1, ..., xn)
Onucanue:

Dyukuun builtin(<ums_gyucyuu>, x1, ..., xn) u [y1, ..., yK] = builtin(<ums_gyrcyu>',
X1, .., XN) MCIIONB3YIOTCSI BHYTPU METO/OB, YTOOB! BBITIOMHUTH MCXOMHbIA KO HEKOTO-
pout dyHKuMK, KOTOpast Oblia NepeonpefiericHa B 3TOM METO/E.
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Oyuxums [y1, ..., yk] = builtin('<ums_gynxyuu>', x1, ..., xn) Bo3BpalaeT MHO-
5KECTBO BBIXOJHBIX IepeMEHHBIX (Y1, ..., Yk).
Conymcmeyiowue ynkyuu: FEVAL.

TpuceonTs 3Ha9eHMEe NEPEMEHHOM M3 yKA3aHHO#H paboyeil oGmacTv

Cunmarcuc:

assignin(ws, '<uma_nepemennoi>', '<3nauenue>')
Onucanue:

Oyukuus  assignin(ws, '<ums_nepemennou>', '<anauenue>')  NIPUCBAUBAET
NEPEMEHHOM C YKa3aHHBIM MMEHEM U3 paboueid o6nacTU ws 3aJaHHOe 3HAYCHHE.
Eciy nepeMeHHOI ¢ TaKUM MMEHEM He CYILECTBYET, OHa cosfaercs. IlepeMeHHas ws
MOXeT MpUHMMATh aBa 3HauycHus 'base' (ocHoBHas pabouyas obsacts) M 'caller’
(paboyast 001aCTh BBHI3BAaHHON PYHKUMH).

Ipumep:

M-byHKIMs Sqpi IPUCBaMBaeT NEPEMEHHOM var UMsl, 3aaBaeMoe I10jIb30Ba-
TeneM, B paboueit obnactt M-(yHKUMM U 3TOH XXe NEPEMEHHOM var IPUCBAUBAET
3HaveHue sqri(pi) B ocCHOBHOM paboyeit 061acTH.

function sqpi

var = inputdlg('Beegute ums nepemenHold’, 'Assignin’, 1, {'A'})

assignin('base’, 'var', sqrt(pi))

sapi-

var ='x'

B ocHoBHOM paboueil obnacTu:
var

var = 1.7725

Conymcmeyiowue gynkuuu. EVALIN.

EVALIN Boinosnurs BorMMCIERHS B YKazaHHo#i paboveli obaacTH

Cunmakcuc:

evalin(ws, '<goipaxcenue>')
[x1, x2, x3, ...] = evalin{ws, '<ebipaxcenue>')
evalin(ws, 'try', 'catch’)
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Onucanue:

Dynkuusa evalin{ws, ‘'<gspaxcenue>') BBHIYMCISET CTPOKOBOE BBIPAXCHHE
C MHCIOJb30BaHUEM NEpeMeHHbIX pabodeit obnacTH, KOTOpas oOIpeneaserca
NEpeMeHHo ws; 5Ta NepeMeHHas MoXeT IMPUHHMATh ABa 3HauyeHus 'base’
(ocHoBHas pabouas obnactb) u 'caller (paboyas obnacTb BeizBaHHON GYHKIMHK).

Oyukuus [x1, x2, x3, ...] = evalin(ws, '<gbpascenue>") BO3BPAIUAET pe3y/IbTaT
B BU/IE OTAENBHBIX [1EPEMEHHBIX.

Qyukuus evalin(ws, 'try', 'catch’) no3posngeT NPOBEPMTH TIPAaBUJIBHOCTD
BbIpaXEHUsT 'fry’ M, eciM OHO OIMOOYHO B KOHTeKCTe paboucit obmacTu ws,
ccopmupoBaTs coobieHue ‘catch'.

Oyukuua evalin Mcrop3yeT 3HaYeHMS NEPEMEHHBIX U3 APYroit paGoueit
obsacTd, B TO BpeMsl KaK (DYHKIMS assignin 1o3sojger U3MEHATb 3HAYEHUSA
[TepEMEHHBIX B ApYyroi paboueit obyacTu.

Oynkuuio evalin Hellb3st UCMOJIB30BATh PEKYPCHBHO.

Conymcmeyrowue gynxyuu; ASSIGNIN, EVAL,

Beinosmats M-cneHapui

Cunmaxcuc:

run <uma_M-cuenapus>
Onucanue

Komanna run <uma_M-cyenapus> 103BOJSET 3amycKarh YKa3aHHBIA
M-CUcHApUA U3 J1IOOOTO KATAJIOrA, €C/M B KAUECTBE MMEHU YKa3aH IOJHBIA NyTh
gocryma. VicrionHenue cieHapusi OyJeT peajM30BaHO B KOHTEKCTE TEKyLIei
paboyeit o6acTH. DTO U3OABAACT OT HEOOXOAMMOCTH MCIIONB30BaTh KOMaHIb cd
U addpath, KoTopble NPUXOAHUNIOCH [MPUMEHSITH B MPEAUICCTBYIOIUMX BEPCHSIX
cucteMsl MATLAB, 4yTOObI HACTPOUTH TPEOYEMEIE ITYTU MOCTYIIA.
Conymemeyrowue @ynkyuu: CD, ADDPATH.

anasnelme BbiNONHEeHMEeM nporpamm

CymiectByeT 4 OCHOBHBIX OIlepaTropa YIpaBJeHHMs [OCIEA0BATE/IBHOCTHIO

MCIIOJIHEHUST MHCTPYKUMIA:

+  oreparop LMK for BEITIOJHAET [PYITY MHCTPYKUMI (PUKCHPOBAHHOE YMCIIO pas;

« omnepatop yciosusi while BBINOJHSET TPYNNY MHCTPYKUMI HEONPENEIeHHOE
YUCTI0 pa3 B COOTBETCTBUM C HEKOTOPBIM JIOTMYECKUM YCJIIOBUEM 3aBEPILLICHUA;

+ omepartop ycnosus if B coucTaHUM ¢ oneparopamu else u elseif BumonHdAer
Ipyniy UHCTPYKLMH B COOTBETCTBUU C HEKOTOPBIMH JIOTMYECKUMHU YCIOBUSIMU;

+  Oreparop MnepexsodeHus switch B coyeTaHuM ¢ onepatopaMu case U otherwise
BBINIOJIHAET Pa3IU4HbIC IPYIibl MHCTPYKUMIA B 3aBUCHUMOCTH OT 3HAYEHMUA
HEKOTOPOTO JIOTHYECKOTO YCIOBUA.

Bce orepatopb! ynpaBneHUs BKIIEOYAIOT ofiepatop end, wrobbl yKasarh KOHer
0i10Ka, B KOTOPOM AEHCTBYET 3TOT OMEPATOP YNPABICHUA.
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Onepartopsbl oprarn3auuyt UMKnos

FOR...END Oneparop UMKJIA C ONpeNeTeHHBIM YHCIOM onepaumii

Cunmarcuc:

for <nepemeHHan YUKAG> = <HAHAABHOE SHAHEHUE> <NDUPDAWCHUE> <KOHEHHOE IHOAHCHUE >
UHCMpYKyuu

end

for <nepemennas yuxaa> = A
UHCMPpYKUUU

end

Onucanue:

Omnepatop LMKIa

for <nepemennan yurna> = <naanbHoe 3HA4EHUE> <NPUPAUUEHUE> <KOHEHHOE SHAUEHUE >

uHCMpyKyuU

end
BBIMTOJIHACT WHCTPYKUMIO WJIM TPYIHly MHCTPYKLMI TpeJoTpele/iecHHOe YHCIIO
pas. Tlo ymonuanuio npupaiieHue pasHo 1. MoxHo 3amaBarh 1oboe NpUpalleHue,
B TOM YHCNie OTpuuareabHoe. I MONOXUTEIbHBIX MHICKCOB BbINONHEHHUE
3aBEpLUAETCsl, KOTAa 3HAaYEHWE HWHICKCA IIPEBBIACT <KOHEYHOe 3HAYCHUE )
Uil OTPULIATENbHEIX TPUPALUCHWI BBITOJHCHME 3aBepLUACTCA, KOrAa 3HAYyeHHE
MHAEKCA CTAHOBHUTCS MCHbILC YeM <KoHeuHoe 3Ha4eHue> .

Omneparop UUKIa

fori= A
UHCMPYKYUU
end

olpeAcnsAeT NMEPEMEHHYIO LMKIA | Kak BekTop A(:, k). [1s nepporo wiara uukna
k paBHO 1; mjig BTOPOTrO - K paBHO 2 M T. JI., TOKA K HE JOCTUTHET 3HAYCHHSA N.
To ecTb UMK BHINONHSAETCA CTONMLKO pa3, CKOJIBLKO CTONOLOB B Martpute A. Ilis
KaX0ro wara i - 3T0 BEKTOp, COAEPXAlMA OAUH U3 CTOJMOLOB MaccuBd A.

Ipumep:
OTOT LUK BHINOJIHSAETCS 5 pas:
for i = 2:6
x(1i) = 2*x(i-1);
end

H,OHYCTHMH BJIOKCHHDBIC LHUKJIbI THUI1A
for i = 1:m
for j = 1l:n
A(i, j ) =
end
end

/¢ + 3 - 1):
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JonycTumbl LMKIIBI C BEKTOPHOM IEPEMEHHOM; LMK
x=[];
forv=[0231]
X =[x 2]
end
(opMHUpYeT BEKTOp, NTEMEHTEI KOTOPOro ARJISIOTCS CTEIICHAMM 20,

Conymemeytousue onepamopsi u @yuiyuu. BREAK, END, IF, RETURN, SWITCH, WHILE.

|WHILE .. END | Oneparop UMKJIA ¢ HEONpeeeHHBIM HCIOM Onepanuii

Cunmarxcuc:

while <qoeuueckoe goipancenue>

<onepamopor>

end,

Onucanue:

Oneparop LUMKJIA C HeomnpeleaeHHbIM YMciioM onepauuit while ... end MHo-
FOKPAaTHO BBIMTOJHAET MHCTPYKUUIO WU TPYIIy MHCTPYKUMiA, [TOKA JIOTHYECKOe
BBIPAXEHUE UCMUHHO.

Ecnu BbIpaXeHHE HCIIOJIb3YET MaCCHUB, TO BCE €r0 IAEMEHTH! JOMXKHbI OBITH
HMCTUHHBI, YTOOB! BBITOJHEHHE NPOJOKanoch. YToObl NPUBECTH MATPHULLYY K CKa-
JIAPHOMY 3HAYCHMIO, CJICAYET MCIOoJib30BaTh GYHKUKK any u all.

Jloruyeckoe BplpaxeHue umeer Gopmy:

suipaxcerue <onepamop OMHOUIEHUSR > GuIPANCEHUE

onepamop OMHOWEHUS, ==, <=, >=, <, >, ~
IIpumep:

Hajtti HauMeHbluee YMCIIO N, 3HaYeHHE (baKTopHala KOTOPOro 3allMChIBAETCH
4UCIOM, cogepxawuM 100 3HaKoB.

n=1;

while prod(1:n) < 1.e100, n = n+1; end

Onpenenury MAWIMHHYIO TOYHOCTH macheps, TO ¢CTh TaKOe HauMEHBbliee
4MCIIO, ISl KOTOPOTO €llle BHIMONHAETCA ycioBue 1+ macheps > 1:

eps =1,

while (1 + eps) > 1

eps = eps/2;

end

macheps = eps*2
Conymemeyrowue onepamopsi u gynxyuu: ALL, ANY, BREAK, END, FOR, IF, RETURN,

SWITCH.
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YcnoBHbIe BbipaxeHns

CrpyKrypa YCIOBHBIX BBIP@XCHMI B f3bike MATLAB Omu3ka K OOBIYHO IIpUME-
HSIEMOH B S13bIKAX TPOrPaMMMPOBAHMS, HO B HUX HE MCIIOJb3yercs oneparop THEN,

Jisi OpraHM3aLyy YCIOBHBIX BBIPAKEHMIM MCMONB3yoTcst 4 oneparopa: if, else,
elseii, end. Kak u B onepatopax UMKIa, KXABIH YCJIOBHBIA oreparop if pomxeH
3aKaHYMBATECS OfepaTropom end.

[ IF..ELSE...ELSEIF...END | Oneparop yciosus
Cunmaxcuc: . _
if s0eumeckoe_sovipaxcenue  if noeueckoe_evipascenue it nozuueckoe svipaxcenue
UHCMPYKYUU UHCMPYKUUY UHCIMPYKYUU
end glse elseif
UHCIMPYK YUY A02UHECKOE_GbipaAXHceHUEe
end UHCTPYKUUU
else
UHCMpYKYUU
end
Onucanue:

Oneparop ycnoBus if ... end BBIUMCIAET HEKOTOPOE JIOTMYECKOE BRIDAKCHHE
M BBINOJHAET COOTBETCTBYIOILYIO IPYIILYy MHCTPYKUMA B 3aBUCHMOCTH OT 3HAYCHMS
9TOro BbIpaXeHWst. Eci Jlormueckoe BeIpaXeHME uUcmunHOo, T0 MATLAB BBINOJHUT
BCE MHCTPYKuMM Mexay if U end, a 3aTeM TIPOOOJDKMT BBIMOJHEHME IIPOrPAMMbI
B cTpoke rocsie end. Ecau yenosue 0xcHo, To MATLAB nporiyckaer BCe YTBEPXKIEHUA
Mexqy if U end u NPOAODKAET BHIIIOJHEHHE B CTPOKE IIOC/IE end.

Omneparopsl if ... else ... end u if ... elseif ... end co3ua0T KOMOIHUTENBHBIC
BETBJICHUSI BHYTPHU TeJa oneparopa if:

+  OIEparTop else He CONEPXMT JIOTMYECKOTO YCHOBUS. MHCTpYKUMM, CBSI3aHHBIE
C HMM, BBIIIOJIHAIOTCS, €CNM IPEeAIecTBYIOmMit oneparop if (M BO3MOXHO,
elseif) aoxcuut;

« orneparop elseif cCOGEPXHUT JOTMYECKOE YCIOBHE, KOTOPOE BBIYUCILIETCS, €CIU
npealecTBYONMiA oneparop if (M Bo3MoXHO, elseif) soxmcnb. VHcTpykilum,
CBsi3aHHbIE C ONEepaTopoM elseif, BBIMONHAIOTCH, €CJIM COOTBETCTBYIOLLEE
Jloryeckoe yciaoBue ucmumno. Oneparop elseif MoXeT MHOTOKpaTHO
MCITOJIb30BATLCA BHYTPH orieparopa ycnoBus if.

Ipumep:
if rem(a, 2) == 0
disp('a ueTHO')
b = a/2;
end
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Ecinu noruueckoe YCJOBHUE BKITFOYACT IICPEMCHHYIO, HE ABJIAIOUIYIOCA CKandg-
POM, TO YTBEDXICHHUE OYNET UCMUHHBIM, €CIIV 8Ce 3JICMEHTBI OMAUYHBI OM HYAA.
Tlycre 3amana MaTpuua X; 3anuileM CaedyloLUUi ONnepaTop yCJIOBHUSA:

if X

HMHCTDYKLMI

end

3T0T OnEeparop paBHOCWIEH CIIEAYIOLIEMY:

if all(X(:))

MHCTPYKLMHA
end

Ecnu B onepatope if ycJoBHOE BBIpaXCGHME SBJIACTCA ITYCTBIM MacCHUBOM,
TO TaKoe YCJIOBUE A0x¢H0. TO ecTh olleparop yCJIOBHS BUOa
if A
sl
else
S0
end

BBITIOJIHUT UHCTPYKUMU SO TOJILKO TOTAA, KOTAA A - nycmoil Maccus.
QopMHPOBaHHUE TPEXIUATOHATIBHONH MaTpPULIbL:

n=4;
fori=1:n
forj=1:n
ifi ==]j
Al j) =2
elseif abs(i-j} == 1
Al j) =1,
else
A j) = 0;
end
end
end
A
A=
2 1 0 0
1 2 1 0
0o 1 2 1
o 0 1 2

Conymemeyrwue @ynryui 1 onepamopsi. BREAK, ELSE, END, FOR, RETURN, SWITCH,
WHILE.
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BREAK TipepbiBaHKe RLINOIHEHHA UHKIA

Cunmakcuc:
break

Onucanue:
O®ynkipa break npepbiBacT BHINOIHEHME 1MKIOB for 1 while. B cirydae BIOKEHHBIX

LIMKJTOB NPEPBIBAHMC BO3MOXHO TOJBKO M3 CAMOI'0 BHYTPCHHEIO LKA,

Tlpumep:
Liyxn while ... end GyaeT BHINMONHATRECH A0 TEX 110p, NIOKA He OYAET BBEACHO
HyJIeBOE WIH OTPULATENILHOE 3HAYCHHME TIEPEMEHHOM N:
while 1
n = input('‘Beeaurve n. MpexpaiyeHue Besogan<=0.n=")
if n <= 0, break, end
r = rank(magic(n))
end
Conymcemeyrouue onepamopw; END, ERROR, FOR, IF, RETURN, SWITCH, WHILE,

[ SWITCH...CASE...OTHERWISE..END ] Onepatop nepexuoueHus

Cunmaxcuc:

switch <gwpaxcenue>
% soipadcerue - 3mo 06A3AMENbHO CKAAADP UAU CMPOKA

case <sunauenue_ I>

UHCMPYKYUY
% evinoaHsOmMes, ecau <esipaxcenue> = <3navenuel>
case {<swayenue_2>, <anavenue_3>, ..., <3Havenue_k>}
urcmpyrKyuu

% evinoansiomes, ecau <ewpaxcenue> = <gnawenue_i (i = 2:k)>

otherwise
UHCMpYKUUU
% binoaHsIOMCA, ecau <bipaxceHue> He COBRANO HU C OOHUM U3 HAYEHUL!
end
Omnepartop switch ... case 1... casek ... otherwise ... end BBIMONHAET BETRICHHS
B 3aBUCUMOCTH OT 3HAYCHUt HEKOTOPOH IePEMEHHOM HIIM BBIPAXKCHHS.
OnepaTop NepeksioueH1s COLEPXKUT:
«  3arojloBok Switch, 3a KOTOpBIM CieAyeT BBIUMCISEMOE BhIpaXeHue (CKamsp
WJTH CTPOKaA);
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. INPOM3BOJIbHOE KOJUYECTBO TPy case. 3aro/loBKH IPYITH COCTOAT M3 CIOBa
case, 32 KOTOPBIM CJeAyeT BO3MOXHOC 3HAYEHUE BBIPAXECHUSA, PACMOJIOXEH-
Horo Ha Toit xe crpoke. [locnenyiomue CTPOKM CONEPXAT MHCTPYKUMM,
KOTODbIE BBIIOJIHAIOTCS ISl MAHHOrO 3HAY€HWS BblpaxeHus. BeimonHenue
MPOAOIXAETCS A0 TeX NMOp, FI0KA HE BCTPETMTCA CAEAYIOLLUMH ONepaTrop case
wnu onepatop otherwise. Ha atoM BhimonHeHue Goka switch 3aBepiaercs;

. rpynny otherwise. 3aroioBOK BKIIIOYAET TOJIBKO CIOBO Otherwise; HauMHasg
€O C/EAYIONIEH CTPOKK PasMELIAIOTC MHCTPYKLMH, KOTOPBIE BHINOJIHSIOTCS,
€CIM 3HAYEHHME BLIPAKCHMS OKa3aioch He 0OpaboTaHHBIM HYM OOHOM W3 TPYHI
case. Buinonnenne 3asepiuaetcs onepatopom end. Oneparop end sapisercs
MOCJICAHUM B BJI0Ke Nepeksoyareis.

Oneparop switch paboTtaer, cpaBHUBAS 3HAYCHUE BBIMUCICHHOIO BBHIPAXEHUSA
€O 3HAYCHUSMH Ipynn case. J[JIs YMCIOBBIX BBIPAXEHHI OHEpaTrop case BbITOI-
HoeTcH, ecnu <sHauenue >==<gwipaxcenue>. [ CTPOKOBBIX BHIPOKCHUI OIEpaTop
case ucmuuer, ecnu stremp(3nauenue, gopaxcerue) UCMUHHO,

Ecian BO3MOXHBIE 3HA4YeHMS! IUIS TPYIUIbl Case 3alKCaHbl B BHIE MAaccuBa
SYEEK, TO MHCTPYKLMH 3TON IPYIIIBl BBINOJHAIOTCSA, €CJIM XOTs Obl OOMH 3Jie-
MEHT MacCHBa SUEEK COBIIRNacT C BhIpaXeHHeM 3arojioBka switch. Ecnm cosna-
JNEHUS HET, TO BBHIIIOJIHGETCS Ipyiina otherwise, ecliv oHa CYLIECTBYET.

[Ipumep:

Paccmorpum onepatop switch co cienywoliMMy yCIOBUSIMU: OH IIPOBEPSIET
nepeMeHHyIo input_num; ecnu input_num pagsso -1, 0 uau 1, To oneparopkl case
BBLIBOJAT HAa 3KpaH COOTBETCTByWOLUee coobuieHUA. Ecnu 3HaueHue BbipaxeHUs
input_num He paBHO HH OAHOMY M3 3TUX 3HAYECHMI, TO BBIIOJIHEHUE MEPEXOUUT
K onieparopy otherwise:

switch input_ num

case -1

disp ('MmuHyC opmmHu')
case 0

disp('nynn')
case 1

disp('nnoc ommu')
otherwise

disp ('gpyroe 3HadeHue')

end

Onepatop switch MOXeT UCIIONB30BaTh MHOXECTBEHHOE YCNOBUE B GIUHCT-
BCHHOM TpYIIIE ¢ase IMOCPEICTBOM BKIIIOUEHMS BLIPAXEHUS Case, €C/IU BBIPDAKECHUE
AN 9TOr0 YCJIOBHS 3anMcaHo B BMIE MACCHUBa AYEEK:

switch var

case 1
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disp('1")
case{2,3,4}

disp('2, wmt 3, unm 4')
case 5

disp('5"')
otherwise

disp('uTo~-TO0 nmpyroe')
end

Conymcmayioujue onepamapui: CASE, END, IF, OTHERWISE, WHILE,

| TRY ... CATCH..END | Ilepexsat u o6paborka omubok

Cunmaxcuc:

try uncmpyxyuu catch uncmpyrkyuu end

Onucanue:

Brok try ... catch ... end dyHximonupyer criemyrommM o6pa3oM: B HOPMATLHOM
PEXUME BBITOJHAIOTCA TOJIBKO UHCTPYKUMK MEXAY oleparopamu try u catch;
B CJTyyae OLIMOKM OHa nepexBathiBaeTCst DYHKLMEH lasterr 1 HAYMHAIOT BHITOMTHATEC
MHCTPYKIMM MeXAy omneparopamu catch u end. Eciu BosHuKaer oiinOKa npH Bbl-
TIOJTHEHWM 3TUX MHCTPYKIIMM, TO BBINIONMHEHUE OyleT NPUOCTAHORIEHO, €C/IH TOIBKO
9Ta owMbKa He OyeT NepexsadeHa ApYruM OTOKoM fry ... catch. Ilpu 3ToM cooGlucHHe
00 onirbKe MOXET ObITh MOJTYy4eHO C ITOMOIIBIO QyHKUMH lasterr.

Conymcmeyrowue onepamopor. EVAL, EVALIN, CATCH, END.

RETURN Bo3Bpar B BH3LIBAIONLYI0 (DYHKIHIO

Cuumakcuc:
return

Onucanue:

Komanpa return BBINONHAET HOPMAIbHBLIA BO3BPAT WJIM B BBI3BIBAIOLLYIO
dyHKIMIO, WK K PeXuMy paboThl ¢ KNABUMATYPOMl. DTa KOMAHAA IO3BOJISAET TAKXKE
33aBEPLUUThL PEXUM pabOTHI C KIaBUATYPOIA.

Hlpumep:

Honyctum, 4to Hekotopas M-dyHkiuMA determinant npenasHayeHa ISl BLIYKC-
JICHUST OTIpEeTUTE/NS MAaTpUiibl. Toraa B Tene 3Toit GYyHKUMU CAELOBAIO Ohl YYECTh
BO3MOXHOCTB BXOJA C ITYCTOH Matpuueil. B 3TOM crydae BBIXOJHOMY apryMEHTY TIpH-
cBauBaercs 3HayeHue NaN u ocyuwiecTrisercs BeIxoa U3 M-pyHKkumu.

function d = determinant(A)
if isempty(A)
d = NaN;
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5. Tporpammuposanve v 0Tnaaka

return
else

end
Conymcmeyrowue onepamopbi: BREAK, DISP, END, ERROR, FOR, IF, SWITCH, WHILE.

Mepepaya aprymertroB M-¢dyHkunm

NARGCHK ITpoBepka KOJIMYECTBA BXOJHBIX APrYMEHTOB

Cunmarcuc:

msg = nargchk(low, high, number)
Onucanue:

Oynkuus nargchk gacro ucnons3yercs BHyTpu M-(baitia, ytoObl IIPOBEPUTH
MPaBWIBHOCTH IEPefady apryMEHTOB.

Qyuxkuua msg = nargchk(low, high, number) Bosspaiaer coobluenue o6
ownbKe, eciiM KOJIMUECTBO BXOAHBIX aprYMEHTOB number MeHbIle, YeM HUX BO3-
MOXHOE MUHHUMAIbHOE YMCIIO low, WK DOJIbiIie, YeM BO3MOXHOE MaKCHMAJIbHOE
ypcno high. Eciin KOAMYECTBO BXOOHBIX aPTYMEHTOB HAXOAUTCHS B JMAana3oHe
Mexay low i high, TO pe3ynsTaToM sSIBJSETCS MyCTOH MAacCUB.

Tpumep:
Honyctum, uto 3agaHa Hekortopast M-yHkuus foo:
function f = foo(x, y, 2)
error(nargchk(2, 3, nargin))
Ecnu obparutscs K Heit B ¢opme
foo(1)
TO TMOABUTCA Clieyloliee coobueHue o6 ommobke:
Not enough input arguments.
Bxoouwix apzymenmos nedocmamouto.

Conymcmeyrowue onepamopst; NARGIN, NARGOUT.

NARGIN,
NARGOUT Onpepenenne KOJIMYECTBA BXOIHBIX H BLIXOJHBIX APrYMEHTOB
Cunmaxcuc:

n = nargin n = nargout

n = nargin{<ums_g@yuxyuu>) = nargout(<ums_gyuxyuu>)
Onucanue:

(DyHKLll/ll/l nargin M nargout MO3BOJIAIOT ONPEAECSIUTb KOJHYECTBO BXOHHBIX
H BbIXOAHBIX apryMCHTOB (b)'HKU,HM B NpOHECCCE €€ BHUTOTHCHUA.
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CucreMa uHxXeHepHbIX v Hay4Hbix pacqsetos MATLAB 5.x. Tom 1

®yukuun n = nargin(<uma_gyukyuu>) U n = nargout(<uma_gyuxyuu>)
BO3BPAlIalOT COOTBETCTBEHHO KOJNMYECTBO BXOAHBIX M BBIXOJHBIX apIYMEHTOB
M-GyHKOMK C YKa3aHHbIM HMeHeM. Pe3ynbrar MOXeT ObITh OTPMLIATEJIbHbIM,
€CJIM KOJIMYECTBO BXOAHBIX MJIM BBIXOMAHBIX aPTYMEHTOB NIEPEMEHHO.

ITpumep:

B npupegenHoMm ¢parmeHte npoueaypsl fplot moxaszaHo, Kak MOXHO YYeCThb
HEOGS3aTENIBHGIC BXOAHLIC U BHIXOAHBIC [IEPEMCHHBIE!

function [x0, y0] = fplot(fnamre, lims, npts, angl, subdiv)

% FPLOT Ilocmpoenue epagpuxa ¢ynkyuu

% FPLOT(fnamre, lims, npts, angl, subdiv)

% Ilepsvie dsa apeymenma aeaaromcsa 0693ameabHbIMUY,

% ocmanbhble - HeobGA3amenbHbie.

% FPLOT(...) cmpoum epaghux;

% [x, y] = FPLOT(...) eozspawaem maccusw: snavenuii apzymerma u dynxyuu

if nargin < 5, subdiv = 20; end

if nargin < 4, angl = 10; end

if nargin < 3, npts = 25; end

if nargout ==
plot(x, y)
else
x0 = x;
y0=y;
end

Conymemeyowue gynkyuu: VARARGIN, VARARGOUT, MFILENAME.

Ilepeonpedensembie memoosL.
help inline/nargin.m
help inline/nargout.m

VARARGIN CnHcoK BXOQHBIX APTYMEHTOB NEpPeMEHHOM JIMHbY

Cunmarcuc:

z = function myfun(x, y, varargin)

Onucanue:

[lepeMeHnasn varargin ro3BosisieT OGBEANHUTE NIOO0E KOMUYECTBO BXOAHBIX
4pPryMEHTOB; OHA IIPENCTABRISIET COOOW MAacCUB A4YeeK, KOTOPBIA CONCPXHUT apry-
MEHTBI-OIMK Bbi3bIBAEMOH PYHKIMU. DTa rrepeMeHHast JOMKHA ObITh 110C/IeIHEN
B CIIUCKE BXOJIOB, a €€ HAITMCAHMC JONIYCKACTCS TOIBKO CTPOYHLIMM OYKBaMu,
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5. Mporpammuyposaxne m 011aaKka

IIpumep:

PaccMotpum M-dyHKiMIO

function myplot(x, varargin)
plot(x, varargin{:})

OnHa obGbeauHsieT BCe BXOAHBIE apryMEHTHl HAYHHAS CO BTOPOrO B OJHY
nepeMeHHyio varargin. B cBowo ouepeanb, npu obpatueHuu K dyHxuuu plot uc-
N0/Ib3YETCS CIMCOK 3HAYEHMI varargin{:}, yTo6bl nepeaaTb BCe 3a/leiiCTBOBaHHbIE
apryMeHTel. Hanmpumep, npu Bei3oBe dyHKuuy myplot B dopMe

myplot(sin(0:.1:1), ‘color’, [.5 .7 .3}, 'linestyle’, ".');
repeMeHHasl varargin - 3To MaccUB siMeeK pasmepa 1x4, coaepxXallui 3HAYCHUS

‘color, [.5 .7 .3], 'linestyle’, "'

Conymcmeyiowue gyrkyuu: VARARGOUT, NARGIN, NARGOUT, INPUTNAME, FUNCTION,

LISTS.
VARARGOUT CHMCOK BBIXOJHBIX APryMEHTOB NEpPeMeHHO JTHHbI
Cunmaxcuc:
[z, varargout] = myfun(x, y, n)
Onucauue:

[TepeMenHas varargout no3posisieT OOBEAMHUTL J1000€ KOJUYECTBO BHIXOA-
HBIX apryMEHTOB; OHa NpEACTamiIseT co00i MacCuB siYeeK, KOTOPHIA CONEPXUT
apryMEHTHI-OMUMU BbIXOAA QYHKUUU. DTa NMepeMeHHas KODKHA ObiTh MocsieaHei
B CMHUCKE BLIXOAOB, 2 €€ HAITUCAHUE IOMYCKAETCS TOMBKO CTPOUHBIMY OYyKBaMH.

Ilepemennas varargout He co3maercs IPU BbI30BE (DYHKIMM; e€ HeoOXomumo
co3aaTth NMpy (POPMHUPOBAHMM BHIXOAOB CO3ABaEMON M-(YHKUMM, UCTIONB3YS COOT-
BETCTBYIOLLME OTIEPATOPHI LIMKIIA, KAK 3TO MTOKA3aHO B HIKECJIEAYIOWEM NTPUMEpE.
Ilpumep:

PacemoTtpum M-dyHkuuMIO

function [s, varargout] = mysize(x)

nout = max(nargout, 1)-1;
s = size(x);
for i=1:nout,

varargout(i) = {s(i)};
end

3nech ¢ MCMOMb30OBaHMEM LIMKJIA OOBEAMHEHB! BCE BLIXOAHBIE API'YMEHThI
HayMHag cO BTOPOTO B OHY NEPEMEHHYIO varargout.

[Tepemeninas varargout - 5TO MaCCUB sTYECK pasMepa 1xnout, coaepXalyii 3HaUeHHsI
PA3MEPHOCTEld BRIXOOHOIO MHOTOMEPHOIO MaccuBa. Harnpumep, npu oOpaliieHny BUia

[s, rows, cols, pages] = mysize(rand(4, 5, 3));

BO3BpAlLAIOTCSA 3HAYECHUS

s = [4 5 3], rows = 4, cols = 5, pages = 3.

Conymcemeyromue gynxyuu: VARARGIN, NARGIN, NARGOUT, FUNCTION, LISTS.
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WPUTNAME

Cunmakcuc:
inputname(<womep 6x00H020_apzymenma>)
Onucanue.

Komangaa inputname(<wuomep_exodnoeo_apzymerma>) BO3BpalllacT MMs mepe-
MEHHOI B paboueit obmactu M-(yHKUMM, KOTOpas COOTBETCTBYET BXOQHOMY
apryMeHTy ¢ YKa3aHHBIM HOMEpOM. EC/M apryMeHT He MMeeT MMEHM, HApUMED
ABNACTCA BBIPAXKCHUEM, TO BO3BpallaeTcsl mycrasd crpoka (). Dra KoMaHga MOXET
TPUMEHSITLCSL TOJIBKO B Tesie M-pyHKUIHH.

Ipumep:
Paccmorpum M-dyukitio myfun.m:
function ¢ = myfun(a, b)
disp(sprintf('Mepebid apryment “ %s"., inputname(1)))

Onpenenenne MMEHY NIEPEMEHHON N0 HOMEPY BXOJHOTO
aprymenTa M-(yHKuMn

X =5;y = 3; myfun(x, y)
MepBbiin aprymeHTt " X",
Ob6pamenne B dhopme
myfun(pi+1, pi-1)
BBIBOJIUT TYCTYIO CTPOKY
MepBblit aprymenHt " ",

Conymcmeyiowue @yurxyuu: NARGIN, NARGOUT, NARGCHK, MFILENAME.

Opranusauvs guanora ¢ nosib3oBareem

g obecrieyeHust B3IaUMOJEHCTBUS € NOJNL30BATESIEM B TIPOLIECCE BBLIMONHEHUS
M-daiinos B cucteme MATLAB 1ipeaHa3HaUueHbl CASAYVIOIIUE KOMAH/IbI:

input
_keyboard

menu Co3naHye MeHI0

INPUT Beoa undopmanun nonszosareseM

Cunmarcuc:

X = input('<npuerawenue>")

X = input(‘<npuesawenue>', 's’)
Onucanue:

Qyukums x = input('<mpuesauerue>') BHIBOAUT HAa SKPaH CTPOKY C IIpHIVIa-
IIEHUEM M OXHWIAeT BBOJA BbIPAXECHUS, AONYCTUMOIO B cucreMe MATLAB:
aprupMETUYECKOE BbIPAXEHME, UMA BCTPOCHHON DyHKuMM wiu M-daiina. Ecnu
(hYAKIMST UMEET HECKOJIbKO BBIXOLHBIX TapaMeTPOB, TO BBIXOAHOM TEpeMEHHOM
X 1IPUCBaUBAaETCS TOJBKO IEPBOEC 3HAYEHHUE.
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5. MporpammupoBaHue v oTnagka

Dynxuma x = inpul{‘<npucrawenue>’, ‘s’) BO3BPAHIAET CTPOKY, KOTOpas BBe-
JeHa noJip3osareiaeM. Ecnu Haxatbh kiaBuiuly Enter 6e3 BBoga cTpoku, TO OyAeT
BBE/IEH NYCTOM MacCCHB.

BBoauMmast cTpoka CUMBOJIOB MOXET COACPXATh OHY WX HECKOJILKO IPYIII
CUMBOJIOB \n, KOTOpasi COOTBETCTBYET {ICPEXOMY Ha CHEAYIOLLYIO CTPOKY. Takum
00pa3oM, CTPOKA TIPUINIALIECHUS MOXET OBbITh pa3sMeIlieHa HA HECKOJIBKUX CTPOKaX,

Jlns BbIBOJa 0OpATHOIO CI3Ila \ HYyXXHO MCIIONb30BaTh KOMOMHALIMIO CUMBOJIOB \.
Tlpumep:

3ageiicTBoBaTh Kiaguilly Enter mist BBoga orseTa Mo yMOIYaHHIO.

i = input(MpogomxuTe pacuet? Oa/Het [da]: ', 's')

Mpononxutk pacyet? Aa/Het [Aa]:

i= ]

if isempty(i), i ='[a’, end

i=[la
Conymcmeyowue gynxyuu u komands: KEYBOARD, GINPUT, UICONTROL, MENU.

KEYBOARD Ilepexmoyenne Ha paboTy ¢ KIaBHATYPH M3 M-daiina

Cunmaxkcuc:
keyboard

Onucanue:

Komanpa keyboard, koria oHa BKIIOYEHA B TeKCT M-(aitna, mpepsiBacT ero vc-
MOJIHEHHE M TIEPENacT YIpaBieHUE KIABUAType. JTOT CHEUMAIBHBIA PeXM paGoThl
OTMEYAETCA TEM, YTO Ha 9KpaHe MOARBICTCA NpumameHue K>> B atoM pexume
TIO/TB30BATElL MOXET [IPOBCPUTH WIM U3MEHWTH NIEPEMEHHBIE, a TAKKE EMY JOCTYIHbI
BCe KOMAaHIbI cHcTeMbl MATLAB. Patota B 3TOM pexxiMe OyleT 3aBepIleHa, eCy Bbl-
NOIHUTB KOMaHIy return; TI0C/Ie 3TOr0 YIpaBieHUe OyaeT repenaHo M-oaibry.

PexMm paboThl € KJIABHATypol MoOXeT OBbITh HCIIOJB30BAH [JIS OTIagKu
M-daitnoB, XoTsi B COBPEMEHHBIX BEpCUSIX CUCTeMbI MATLAB [pUCyTCTBYET
CleMaTbHbBII OT/IAAUMK.

Conymemeyioujue komands:: DBQUIT, DBSTOP, RETURN, INPUT.

PAUSE ITpnocraHoBka sbinojaHenns M-oaiina

Cunmaxkcuc:
pause pause {n)
pause on pause off
Onucanue:

KoManga pause INpuBOLMT K nayse B paboTe CUCTEMBl M OXMAAHUIO HAXATHS
J1060# KIAaBULLIU VISl [TPOAOKEHUS.

Komanpa pause(n) npuoctaHarnuMsactT padoTy cructeMbl MATLAB Ha n cexyHi.
310 MO3BOSCT IPUBJIEYs BHUMAHKE IM0JIb30BATENs K BblAABAeMOM Ha 3KPaH B Npo-
ecce paboTbl M-aiina uncilopoit win rpaduyeckoit MHGoOpMaluH.

193



CucTeMa MHXEHEPHBLIX v HaywHbix pacweros MATILAB 5.x. Tom 1

Komanja pause on BKITIOYAST PEXUM I1ay3.

Komanaa pause off BbloYaeT pexum Tay3. 3TO NO3BOJLET OTIANO4YHBIE
M-¢aiiibl ¥ aiiibl-cleHApUHU BIMOIHATL 6€3 OCTAHOBOB.

BaxHoe 3HaueHWE MMEET 3Ta KOMaHAa NP BHIBOAE HA SKpaH TEpMHHAIA
rpapuxoB. Ecjin OHa He UCIONb3YeTCsl, TO rpaduKu BBIBONUTHCS HE OYIyT.
Ilpumep:

Ecat B NpUBOZMMOM HMXE LMKIE KOMaHAy pause He WCHoAb30BaTh,
TO TPOMEXYTOUYHBIE PAatUKM BBIBOLMTHCS HE OVAYT; €C/IM MCHOB3IOBATH KOMaHIY
B ¢opMe pause <bOez hapamempog>, TO NOTPeOyeTCs MOATBEPXKAATh ITPOAODKCHIUC
cyeta HaxarueM xiaBuinm Enter; ecnu ykasaTth IUIMTENBHOCTE Nay3el n =0,
TO 3TOTO BMOJIHE ROCTATOYHO ANt Hernoro ciexeHus 3a rpaduxkamu.

forn=3:22

mesh(magic(n})
pause(0)

end
Conymcmayiowgue Komandsi: drawnow.

@ Co3znanue Menio

Cunmaxcuc:

k = menu('<sazono60k>', ‘estbop 1', ‘évtbop 2, . . . ‘ebbop n’)
Onucanue: ’

Oyuxums k = menu('<3aeos06ok>', ‘ewbop 1, ‘svibop 2/, . . . ‘ebibop N') 1IpK paboTe
C OKOHHBIM HMHTEP(dEHCOM BBHIBOAMT HA 3KPaH MEHIO C 3arCJIOBKOM M KHOIKAMM
BbiGOpa. BeixomHOMY napameTpy K NpUCBAaUBACTCA HOMED BHIOPAHHON KHOITKH.

Ilpyn BBOME KOMAH/IBI

k = menu('Buibepute uset','KpacHuli','3enenbii’, CuHniA')

BBICBEUMBAETCSH CICAYIOUICE MEHIO:

Puc. 5.2
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5. Mporpammmuposarnme 1 oTnanka

[Tpu BBIGOPE cHHEro uBeTa GOPMUPYCTCS OTBET

k= 3

Tenepb MOXHO MOCTPOUTD FpadpuK (yHKUMM S(t), OKpallleHHbIA B BEIOGPAHHbIA
LBET, B JAHHOM C/y4ac B CHHHIM:

color =['r', 'g', 'b"

plot(t, s, color(k))
Conymcmeyrowue gynkyuu u komands:: UICONTROL, UIMENU.

CooSuenuna NnporpamMmmbi

ERROR @DopMupoBaHHe CoobMEHHs 06 ouHbKe

Cunmakcuc:

error{'<coobuerue>")
Onucanue:

KoMmauga error('<coobugenue>") UCnoab3yeTcsas Misl BbLjauM COODILICHUSA U3
M-caitna npu BOZHMKHOBCHMU OLUMOKHM B IPOLECCE €rO BHIIIOJIHEHHUS WK IIDU
NpepuIBaHUK paboTsel M-daitna no 3a7aHHOMY YC/IOBHIO.

Ilpumep: .
Komanga error(‘<coobujenue>‘y 1o3ponsier c(hopMupoBaTh COODLIEHME

00 oudKe Mpy BbI30BE WIM BHINOIHEHUHU M-dyHKIMM ¢ umeHeM foo:
function foo(x, y)

if nargin ~= 2
etror('HesepHoe KoNUUECTBO BXOAHbLIX NAapamMeTpos')
end

Conymemeyrouwue gynxuyuu u komandsr:: DISP, DBSTOP, LASTERR, WARNING.

@E ®opmupoBanne NpexynpeRIeHHI
Cunmaxcuc:
warning('<coobuenue>") ' warning debug
warning off warning once
warning on warning always
warning backtrace [s, f] = warning
Onucanue:

Komanpa warning(‘'<coobuenue>") MCIoAb3yeTCss I BblIAYM COOOILEHMA
PU BO3HUKHOBCHUM NIPELYNPEXKACHUS.

Komanza warning off nopasnsieT npeaynpexiaiomue coosIeHns.

Komania warning on Bo300OHOBASIET BBIAYY IPEAYHNPCKAAIOIUUX COOBIIEHMI
1ocse e¢ NoAaBICHHUS .

Komanga warning backtrace 1o0apjsfer K UPCAYIIPEKIAIOWIEMY COOOLUECHMIO
UM aitiia M HOMCP CTPOKH, II€ OHO BO3HMKJIO.
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Komanpa warning debug pasHocuisHa KoMaHIe omiagunka dbstop if warning
W BBI3BIBAET OTIAAYMK JUIS PabOThl B Clyyae MOSBJACHMUS IIPelyNpeXICHUS.

Komanma waming once BBIBOAMT MpeRynpexuaiouiee coobiueHue npu pabore
MOJACUCTEMBI IECKPUNITOPHOM rpaduKy TONRBKO OJUH Pa3 B TEUCHUE CEaHCA.

KoManza wamning always BbIBOOMT IIpeAynpexjiatolice cooblieHue npu pabote
MOJCKCTEMBI ACCKPUITTOPHOM IpaduKu 110 MEpEe UX BOSHHUKHOBEHHUS.

Oyukuua [s, f] = warning Bo3BpallaeT B BMAEC CTPOKM S TEKYILYIO OIILMIO
KoMaHzbl warning: 'off, 'on', 'backtrace’, 'debug’ u yacrory BbizauM cooOLIEHHH
B BUAE cTpokH f: 'once’, ‘always'.

Conymcemeyrowue ynkyuu u komandsi. DISP, ERROR, DBSTOP,

LASTERR CooBimenne o nocienueit ommbxe

Cunmaxcuc:

lasterr

lasterr(‘<nycmas cmpoka>")
Onucanue:

Komanpa lasterr Bo3BpalliacT CTPOKY, COAEPXAIIYIO COOOIIEHHE O TOCHeqHel
omuoKe.

Komawnua lasterr(‘'<nycmas cmpoxa>*) obuynsier coobiuexne o6 ommobKe.

OOGbrHO KOMaHza lasterT UCIOIB3YETCst BMECTE ¢ KOHCTPYKIsamMu EVAL(try', ‘catch’)
u TRY...CATCH...END, B xoTopbiXx 0510KH 00pabOTKM OLIMOOK C €€ ITOMOILLBIO
NEPEXBATHIBAIOT COOOLICHHE 00 OLIUOKE, -aHATH3UPYIOT €r0 M BBHIMIOJHAIOT COOTBET-
CTBYIOLIIEE JEHCTBUE.

IIpumep:

M-dyHkuusa catch(A, B) mist o6paboTku OHIMGOK MCIONL3YET BCTPOCHHYIO
dyHxumo lasterr, yTo6GEI NPoBEPUTH COOOLIEHUE 06 OmMOKe, KOTOpas BO3HMKAET
M3-32 HECOIJIACOBAHHOCTHM pPa3MEpOB OIepaHgoB. EC/IM BO3HHUKAeT OLIMOKa,
TO MPOTPaMMa YMEHbUIACT Pa3Mephbl OAHOW M3 MaTpPHLL

function C = catch{A, B)

| = lasterr;

j = findstr(l, 'Inner matrix dimensions');

if (~isempty(j))

[m, n] = size(A)
[p, q] = size(B)
if (n>p)

A, pH1in) =1
else if (n<p)
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Hcnonp3opanne GyHKHMHU eval ¢ [ByMS apryMEHTaMH, OHHMM M3 KOTODBIX
apngerca ¢yHKuuMa catch, Noka3aHo HUXe:

clear

A=10123;6172; 01 5i;

B=[956; 04 9];

eval (*A*B', 'catch (A, B)')

».Q© o3
WNwWw

1 2
6 7
0 1
ans =
9 13 24
54 58 99
0 4 9

Conymemeyrougue KoMandol u gynkyuy. ERROR, EVAL, LASTWARN.

LASTWARN CooSmenne 0 nNOCeAHEM NPeaynpPexIeHH

Cunmarcuc:

lastwarn

lastwarn(‘<nycmasn cmpoxa>"*)

lastwarn(‘<coobuserue>")
Onucanue:

Komanpa lastwarn Bo3Bpaliaer CTpOKy, COHEPXAILYIO ITOCIEAHEE Ipeaynpe-
xpaamouee coobiueHue, BhIIaHHOe cUCcTeMoit MATLAB.

Komanna lastwarn('<nycmas cmpoka>') 06HynsA€T CTPOKY, B KoTopoit dopMu-
pyercs npeaynpexpampiiee coobilenne.

Komanpa lastwarn('<coobuyenue>') 3aMeHsieT NocjeAHee IpelynpexuawLiee
cooblleHue CTPOKOM ‘<coobujenue>. DTO BbINOTHAETCS HE3ABUCMMO OT COCTOSHHSA
onuu# on uau off.

Conymcmeytowue komandst u ynxyuu. LASTERR, WARNING.

| ERRORTRAP ] @jiar ynpasieHus IPOrPAMMOI IPH BOSHUKHOBEHHH OIAOKH

Cunmarcuc:

errortrap off

errortrap on
Onucanue:

Komanpga errortrap off ocraHaB/iuBaeT BHINIOJIHEHHME MMPOrpamMMbl NIPU BO3-
HUKHOBECHUH OIIMOKM; MCAOJB3YETCS 10 YMOTUAHUIO.
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Komanja errortrap on ycraHasivBaeT ¢uiar Ha TMPOAO/DKEHME BBINOJHEHUS
NPOrpaMMbl IPY BOSHUKHOBCHUHU OUOKY.

Conymcemeytowue KomanOws u gyuxyuu:. HTML-CripaBka.

BroiBoj 3HaueHHil NePEMEHHBIX M TEKCTA HA IKPAH

Cunmaxcuc:
disp(<nepemennas> | '<mexcm>')
Onucanue:
Komanja disp(X) BBIBOIMT Ha TepMMHAJ 3Ha4YeHHUE NepeMeHHoi X 6e3 yka-
3aHUA €C UMEHHU.
Komanna disp ('<mexcm>") BBIBOAUT HA TEPMUHATI CUMBOJIBHYIO CTPOKY ‘<mexcm™>'.
TTocne kaxmoit KoMauabl disp MPOUCXOAUT MEPEBO/L HA HOBYIO CTPOKY.
IIpumep:
disp(' Cronbeuy 1 Cronbey 2 Cronbey 3')
disp(rand(5,3))
Cronbey 1 Crontey 2 Cronbey 3
0.4057 0.0579 0.2028
0.9355 0.3529 0.1987
0.9169 0.8132 0.6038
0.4103 0.0099 0.2722
0.8936  0.1389  0.1988

Conymcmeyrowee Komarost: FORMAT, INT2STR, NUM2STR, RATS, SPRINTF.
Hepeonpedeasemvie memodui: help inline/disp.m.

LFPRINTF, SPRINTF | 3anuch (POPMATHPOBAHHBIX AAHHBIX

Cunmaxcuc:

count = fprintf(<udenmuguxamop_gaiina>, <gpopmam>, A, ...)

fprintf(<gopmam>, A, ...)

s = sprintf(<gopmam>, A, ...)

(s, <coobwenue_o6_owubke>] = sprintf(<gopmam=>, A, ...)

Onucanue:

Dyukuust count = fprintf(<udenmuguxamop_gpaiina>, <gopmam>, A, ...) 11peobpa-
30BbIBACT JaHHbIC B CTPOKM CHMMBOJIOB B COOTBCTCTBUM C YKA3aHHBIM (OpMaToM M
BBIBOAMT MX Ha 3KpaH WiM B (a1 B 32BUCHMOCTH OT 3HaueHUs MICHTU(HKATOpA
thaitna. Unenrudukarop daitia -~ 970 LIEJA0C YHUCIO, KOTOPOE MOXET ObITh MOJIYYEHO
¢ noMollbio dyHkuuu fopen. OHO uMeeT 3HaueHuc 1 Uls BBIBOJA HA 3KpaH U 2
B cayyae crapgaptHoi oumbxu. Io ymonuanuio uaeHTdukarop daiina paseH 1.
B KauccTBE BLIXOIHOIO APryMCHTA BO3BPALIACTCS KOIMYCCTBO 3aIIMCAHHbBIX OANT.

Komanaa fprintf(<ghopsam>, A, ...) BBIBOAMT JIAHHBIC HA 3KPAH TCPMHMHANA.

198



5. MNporpammuposarune W oTNaaka

Dyuxuus s = sprintf(<gopmam>, A, ...) npeoOpPa3OBLIBAET AaHHBIE B CTPOKH
CHUMBOJIOB B COOTBETCTBMM C YKA3aHHbIM (POPMAaTOM M BO3BpAILAET MX B BMIE
CTPOKOBOI IEPEMEHHOM S, @ HE 3aIIMChIBaeT UX B daitl.

OyHkuMa [s, <coobwenue_ob6_owubke>] = sprintf(<gopmam>, A, ...) Bo3-
BpalllaeT, KpoMe TOro, coodbuieHue o6 ommbKe, ecnM OHA HMMeENa MECTO, JU6o
NYyCTYIO CTPOKY.

Ocoboro BHHMaHHsl 3acJyXUBaeT o0CyXIeHue apryMenTa <gopmam>. CTpoka
hopmara onpenensier CrnocoObl 3aMUCH, BHIPABHMBAHMS, KOJMYCCTBO 3HAa4alllhX
uMdp, LIMPUHY MOJS M [LPYrue XapaKTePUCTUKH ONMMcaHMsa (opmara AaHHBIX.
OHa Moxer conepXarth ajlhaBUTHO-UMGPOBBIE CUMBOJILI, CHMMBOJIBI [1€PEBO/A
CTPOKH, creludUKaTOps!l NpeodpazoBaHus M Apyrue cuMaonl. Ctpoka popmara
BBITJIIANT CHEAYIOUIMM 00pa3oMm:

% + 12.5 e
HayasbHBLA cMMBON | dmar | wiMpuMHa MONA W TOYHOCTh | CMMBOJ TIpeoBpa3oBaHUA

Oynxuuu fprintf u sprintf aHaNOrMYHBI COOTBETCTBYIOIUUM QYHKUMAM A3bIKA
ANSI C 3a HEKOTOPBIMH UCKTIOYEHHUIMH:
e  CeAyIOIUME HECTAHAAPTHBIC cnelu$UKATOpbl TOATUNA MOAACPXaHbl s
cnielipuKaTopoB rpeobpa3zoBaHus %0, %u, %X, %X:
t - OCHOBHOW THIT JAHHBIX - YMCJIa C TUTABAIOLLIEH TOYKOM, a He 1ien1oe Oe3 3HaKa;
b - OCHOBHOI# THIT JAHHBIX - YKCJIA C YABOSHHON TOYHOCTHIO, a He LigJioe Oe3 3HaKa.
Hanpumep, i BHIBOAA 4MCE) C YABOCHHOW TOYHOCTBIO B IlIECTHAgUaTe-
PUYHOHN CUCTEME CUMCIIEHUA CIEAYET NPUMEHMATH dopMaT %bx;
o dyaxuun fprintf u sprintf UCTIOIHSIIOTCST B BEKTOPHOM pEXHUME, KOTAa BXOAOM
apnsictcss MaccuB, CTpoka dopmara UMKIMYECKM [IPUMEHSIETCS K JIEMCH-
TaM cTojibLa, 1oKa He OyayT McYEePIIaHbl BCE 2JIEMCHTHI.

B cnenyouieit Tabauie npelctapieHbl CHMBOIBI IiepeBOJa CTPOKM.

Cumeson Onucanue

\rlw. N Ilepepoa Ha HOBYIO CTPOKY

M ' TopusoHTanbHas Tabynauus
..... o .| Bowpar na omun crson
\r ............................ BOSBPAT KAPCTKM e
............................. e w"'"-..-"Hégéggﬂ-'éfpa}l{{lybli . : .
.............................. —— HamonHaﬂqepTaBneBo - :
.......... \nnu(nBeKaBbHKM) OnnHquaﬂxaBmea
............................ G CMMBOHﬂpOuCHTa .

Cnenyoiuue crieriddukaropbl npeobpazoBaHUA ONPEACIAIOT Cocod 3anucu
BBIXOJIHOM CTPOKM.
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CucreMa MHXeHEPHLIX 1 Hay4HbIx pacyetos MATLAB 5.x. Tom 1

Creyuguxamop Onucanue
OHHHO‘{HBIﬁ CUMBOJI

DKCIOHeHIMaNnbHbI dopmar Buaa 3.1415E + 00
®opmar ¢ QUKCUPOBAHHOI TOUKOIA

HauGonee komrnakTHbid u3 hopmaros %e 1 %f
Hawmbosiee komnakTHbli 13 dopmatos %E u %f
BocbMepuyHas 3anuch 6e3 3Haka

CTtpoka cCUMBOJIOB

HecatryHas 3anucek 6e3 3Haka
IllecTHaguaTepyyHas 3auckL ¢ cMMBOJIamMy a-f
IlecTHagLaTepUYHAas 3amMCh ¢ cMBoiaMu A-F

Hpyrue cMMBOJIBI, KOTOPBIE MOTYT OBbITH MCITOJIL30BAHBI B CTpOKe (opMara:

Cumeon Onucanue Ilpumep
- BripasHsaTh npeobpasyeMoe YKCIIO TIO TIOMO %-5.2d
+ Bceraa BHIBOOUTE 3HAK YUCIa %+5.2d
0 JoTonHATL HyJIIMM, 3 He 1pobeaMu %05.2d
Ingpa MHHUMANLHOE KONUYECTBO BLIBOAMMEIX LIMDP uncaa %6f
(1UMpHHa 1osst) e
1ndpa (ToyHocts) | KosnmyecTso BbIBOAMMBIX LiMdp Nocie JeCATUYHON TOYKU %6.2f
Hpumepeor:
Crnenyouye onepaTophl
x=0:.1:1;

y = [x; exp(x)];
fid = fopen(‘exp.txt', 'w');
fprintf(fid, '%6.2f %12.8f\n",y);
felose(fid);
type exp.ixt
CO3JA10T TEKCTOBbIM (hait1 exp.txt, KOTOPBIA COACPXKUT TaGINIy SKCIIOHEHTHI
0.00 1.00000000
0.10 1.10517092
0.20 1.22140276
0.30 1.34985881
0.40 1.49182470
0.50 1.64872127
0.60 1.82211880
0.70 2.01375271
0.80 2.22554093
0.90 2.45960311
1.00 2.71828183
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5. MNporpammupoBaxve u oTnagka

Komanna

fprintf('"dnuHa eguHNYHOW OKPYXHOCTK paBHa %g.\n',2*pi)

BBIBO/IUT HA 3KPaH CTPOKY

LnvuHa eaMHU4HOM OKPYXHOCTUW pasHa 6.28319.

Yrobb! yKa3aTh B CTPOKE OJMHOYHYIO KABBIYKY, HAIO UCIIONB30BaTh [BE KABbIYKHU:
fprintf(1, 'It"s Friday.\n')

It's Friday.

OrnepaTophl

B =[8.8 7.7, 8800 7700];

fprintf(1,'X paBHO %6.2f M unu %8.3f mm\n',9.9,9900,B)

BBIBOAIAT CICAYIOIUE CTPOKHU:

X pasHo 9.90 m nnm 9900.000 mm

X paeHo 8.80 M unu 8800.000 mm

X paBHo 7.70 M unv 7700.000 mm

Ipeobpasorare 32-pas3psyiHble YKCIA CO 3HAKOM B LIECTHAMLATEPUYHBINA (hOpPMaT;

a=1[610-10 14 447,
fprintf('%9X\n',a + (a<0)*2432)
6

A
FFFFFFF6
E
2C

Komanoa Pezyromam

sprintf('%0.5¢',(1+sqrt(5))/2) 1.618
Sprintf(%0.5g', 1/eps) 4.50366+15
Csprintf(%15.5,1/eps) | 4503599627370496.00000
Csprintf(%d'round(pi)) 0 3 T

sprintf(%s'helio) hello

Pasmep Maccupa 2x3

sprintf('\n')

CuUMBOI KOHUA CTPOKM

Conymcemeyrowue Komandsr. FSCANF, FWRITE, DIARY, INPUT, INT2STR, NUM2STR,
SAVE, SSCANF.

Cebiaku:

I. Kernighan B.W. and D.M. Ritchie, The C Programming Language, Second Edition,

Prentice-Hall, Inc., 1988.

2. ANSI specification X3.159-1989: Programming Language C, ANSI, 1430 Broadway,

New York, NY 10018.
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Cucrema NHXEHEPHLIX N HaywHbiX pacyeTos MATLAB 5.x. Tom 1

Otnagka n npobunuposanne M-dainnos

Omaadka npoepammuozo Koda - 3TO NMPOLECC, B XOAE KOTOPOr0 MOTYT ObITh

BbISIBJIEHbI OLIMOKM [ABYX BHIOB:

«  CUHmMaKcueckue, KOTOPBIE CBA3aHblI C HETOYHOCTBIO 3aIMCA MMEH M-(yHKUUM
Win apudMeTdyecKux BhipaxeHuit. MATLAB o0OHapyxuBaeT OOJBIMHCTBO
CHHTAKCHYECKMX OLIMOOK, COTIPOBOXAsA MX coObIeHHEM 06 ombKe ¢ yKa-
3aHMEM HOMEpa CTPOKHM COOTBETCTBYIOLIETO M-(aiina;

o OWUbKU GpemeHu BbiNOAHeHUA, KOTODhIe, KaK TNPaBWIO, MMEIOT AITOPHTMHYECKYIO
TIPMPORY U NPOABISIOTCS B TOM, UTO NIPUBOLAT K HENPEABUACHHBIM Pe3yNbTaTam.
OmIamuuK, peaTM30BaHHbI B cucreMe MATLAB, npefiHa3HayeH Ui BbISBIICHUA

OLMOOK MpH NpOrpaMMHUPOBAHUM Ha si3bike MATLAB. C nomMouupio omIagyuKa

MOXHO [IPOCMaTp1BaTh COCTOSHME paboueit obnacty B IMPOLECCE BBUIONHEHMA, TIPO-

CMAaTPUBATh CTEK BbI30Ba M-(hyHKIMIA, BLITOIHATH KOl M-(ajtiia mocTpoyuHo.
OtnagyMk MoxeT QyHKIIMOHMPOBATh KaK B PexXMMe KOMaHAHOW CTPOKH, Tak

U B pexuMe rpaduuecKoro uHrepdeinca nojb30Bareis.

Pexxum KOMaHOHOW CTPOKK

DBSTOP VCTaHOBHTL KOHTPOJIbHYIO TOUKY

Cunmaxcuc:

dbstop [in] <ums_M-gpynxuyuu>

dbstop [in} <ums_M-gynxyuu> (at) <nomep_cmpoxu>

dbstop [if] error

dbstop [if] naninf

dbstop [if] infnan
Onucanue:

I'pynna xomaua dbstop ycraHaBiIMBacT pexuM OTJagKU B CPEAE CUCTEMBI
MATLAB. OHa no3BONSET YCTaHOBUTHb KOHTPOJIBHYI0 TOUYKY B OIPEACTICHHOW
cTpoke M-byHKUMM MJIM BbI3BaTh TIPEPHIBAHUE B Cllyyae BOSHUKHOBEHMS Tipesy-
NIPEXICHUA WU OLUMOKK. Ecnu yCTaHOBIEHHOE YC/IOBUE OKA3aIOCh BBIIIOJIHEHHBIM,
BBIBOAMTCS CTIEUMAIbHOC TNpurialieHue K>>, KOTOpoe pa3peliacT BBITOJHUTH
noby1o KOMaHAy cucTeMbl MATLAB.

Komanpna dbstop [in] <ums M-gynkyuu> octaHapivBaeT MCHOJIHEHUE TIPOLIEIYPH
B NepBOi cTpoke M-(yHKIIMM, KaK ToJAbKO oHa OyueT Bbi3BaHa. CiryxxebGHoe CJIoBO in,
MOMELLEHHOE B KBaApaTHhIe CKOOKH [ |, sinsieTcst HeoOs3aTesibHbIM.

Komanga dbstop [in) <ums M-gynxyuu> [at] <uomep cmpoku> ocTaHaBIMBacT
BBIMIOJIHEHUE B 3a[J@HHOU CTPOKE YKazaHHOro M-daia. B coctaB uMeHM QYHKIMH
MoxeT OblTh BKMOYeH NyTh Aoctyrna. CrnyxeOHble cioBa in M at, MOMeleHHbIE
B KBaJipaTHbIe CKOOKHU [ ], ABAsiioTCA HeoBA3aTe/IbHBIMH.
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5. porpamMuposaHne M oTnagxa

Komanga dbstop if error ycTaHaBAMBRIOT KOHTPOIBHYI) TOYKY IO YCJIOBHIO,
CBA3AHHOMY C BO3HMKHOBCHMEM OLUMOKHU TpPHU MCIIOJIHCHHUM Moaynst. B ciyvae
BO3HUKHOBEHHS TAKOM CHUTyalluM MOXHO MPOBEPUTH fIepeMEHHbIE paboueii 00-
J1aCTH M T10CIIE0BATENBHOCTS BbI30Ba (DYHKLMIMA, NPUBEAINX K olubke. OnHaKo
TIPOIOJIKUTD BbINOJIHEHUE M-chaitna okasblBacTcs HEBO3MOXHBIM,

KoManae! bstop if naninf u bstop if infnran ycraHasIuBaioT KOHTPOJIBHYIO
TOYKY TIO YCJIOBMIO, CBSA3aHHOMY C NoOsBIcHUeM pe3ynbrata NaN wiu inf.

Komargaa dbstop if warning ycraHaB/IMBaIOT KOHTPO/IbHYIO TOYKY IO YCJIOBHIO,
CBA3AHHOMY C TOSIBJICHUEM MPEaYIPEXICHHUS TIPY UCTIOTHEHUM MORYIS:

. CCJIIM KOHTPOJIbHASL TOYKA OIPEAE/AETCS HOMEPOM CTPOKM, TO MCMOIHEHME

MO[YJIS IIPEPLIBACTCS repes 3TOil CTPOKOIi;

. CCJIM MMEeHEM MOAYIS, TO OCTAHOB Nepel NMepBOi UCMOJHUMON CTPOKOIL;
« ecau ycnoBHeM if error, TO OCTaHOB NPU MOSBJICHUM OLUMOKH;

« ccoam yenouamy if naninf, if infnan, To ocTaHOB NMpHU MONYYEHUMU pe3yIbTaTa
NaN wiu inf.

Conymcmeyrwwue komandsi: DBCONT, DBSTEP, DBCLEAR, DBTYPE, DBSTACK,
DBUP, DBDOWN, DBSTATUS, DBQUIT, PARTIALPATH.

DBCLEAR VAaIuTh KOHTPOJIBHBIE TOYE

Cunmackcuc:

dbclear in <ums M-pyuxyuu>

dbclear in <ums M-gynkyuu> at <Homep cmpoxku>

dbclear all in <ums M-gynxuuu>

dbclear all

dbclear if error

dbclear if warning

dbclear if naninf

dbclear if infnan
Onucanue:

Komanas! u3 rpynnsl dbclear ynaisior KOHTPOJIbHBIE TOUKHU, YCTAHOBAEHHbBIE
paHee COOTBETCTBYIOLLEH koMaHoi dbstop.

Komanga dbclear [in] <ums M-gyuxyuu> yaansieT BCe KOHTPOJIbHBIC TOYKH
B laHHOM M-daitie, CnyxebHoe CJI0BO in, NOMEUICHHOE B KBaJpaTHbIE CKOOKH [ ],
SIBJISICTCS HeoOs13aTe IbHbIM.

Komanpa dbclear {in] <ums M-gyuryu> [at] <uomep cmpoxu> ynansier KOHTPOJIBHYIO
TOUKY B 3afaHHOWK cTpoke naHHON M-dyHkumn. CnyxebHble cinosa in u at,
HOMCIUCHHBIC B KBaJlpaTHbIe CKOOKMU [ ], ABASIOTCA HEOOs3aTe/IbHBIMMU.
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CuUCTEMAa MHXEHEPHBLIX Y HayuHbix pacyeTos MATLAB 5.x. Tom 1

Komanga dbclear all [in] <ums M-ghynkyuu> yaansier Bce KOHTPOJIBHBIE TOYKH
B JanHoM M-daitne. CiyxeCHoe CnioBo in, NOMENIEHHOe B KBaapaTHble cxodky [ 1,
ABNACTCS HEOOA3ATCABHBIM.

Komanpa dbclear all ygander BO BCeX aKTMBHBIX M-DyHKiIMSX BCE KOH-
TPOJILHBIE TOYKH, 32 UCKITIOUEHHUEM TEX, KOTOPbIE CBA3aHbI C UKCcaUueil rpeay-
TIPEXAEHUI U OLIMOOK.

Komaunwt dbclear if error u dbclear if warning yranstior KOHTPQIIBHEIE TOUKH,
yCTaHOBJEHHbIE COOTBETCTBEHHO KomaHaaMu dbstop if error u dbstop if warning.

Komangst dbclear if naninf u dbclear if infnan yaansior KOHTPOJIbHBIE TOUKH,
yCTaHOBJIEHHBIE COOTBETCTBEHHO KoMaHaaMu dbstop if naninf u dbstop if infnan.

Conymcmeyrougue komande:; DBCONT, DBDOWN, DBQUIT, DBSTACK, DBSTATUS,
DBSTEP, DBSTOP, DBTYPE, DBUP, PARTIALPATH.

Beinonants OJHY KNIH HECKONBKO CTPOK HPOrpaMMbl
DBSTEP B peXuME OTNAAKH

Cunmaxcuc:

dbstep

dbstep <kosuuecmeo cmpox>

dbstep in
Onucanue:

I'pynna xomany dbstep no3BosnsieT YNpariaTh peXKUMOM OTIIAAKH M BKIIOYaeT 3
KOMAaH/pl. .

Komanga dbstep peaninsyeT noCcTpoOYHOE HCIIOAHEHME M-DYHKIUMH.

Komanna dbstep <koauuecmeo cmpox> NOTIYCKaeT HCIOIHEHHE Cpasy
HECKOJIBKMX CTPOK.

Komauna dbstep in cea3ana ¢ ucroiHeHueM CTPOKM, B KOTOpPOU HPHMCYTCTBYeT
BBI3OB Apyroit M-byHkuMH. B nocnesHeM cnydyae, €Ciy clefylollias CTpoKa co-
JEPXMUT BbI30B M-QYHKLMM, IPHMEHEHMe KOMaHab! dbstep in ro3sondgeT co3aath
KOHTPOJIPHYIO TOYKY B fIEPBOii CTPOKE BBI3bIBAEMON (PYHKLIMU.

Conymcmeyrougue komands: DBCLEAR, DBCONT, DBDOWN, DBQUIT, DBSTACK, DBSTATUS,
DBSTOP, DBTYPE, DBUP.

DBCONY TIpONOKHTE BHTIOIHEHAE

Cunmarcuc:

dbcont
Onucarue:

Komanga dbcont seisbiBaeT vcnoiHeHue M-QYHKUMHK A0 cleayiolmei KOH-
TPOJIbHO#M TOYKM, YCTARHOBJIEHHOM KomMaHaaMu dbstop wiu dbstep.

Conymcmeyrowue xomands: DBCLEAR, DBDOWN, DBQUIT, DBSTACK, DBSTATUS, DBSTEP,
DBSTOP, DBTYPE, DBUP.
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5. MNporpammupoBsare v OoTNaaKa

DBSTACK Crex saianisaeMeix M-Jyuxumit

Cunmaxkcuc:

dbstack

[ST, 1] = dbstack
Onucanue:

Komanzna dbstack BBIBOOMT Ha TEPMMHAJI HOMEpa CTPOK ¥ MMEHa BBI3BAHHBIX
M-GyHKUMIA, HayMHas OT KOHTPOJIbHOM TOYKM M [0 CAMOrO BHEUIHETO MORY,
3a HCKJIIOYeHHeM M-cueHapus (Script-daiina).

Onepatop [ST, I} = dbstack BozBpamiaet cTek BbI3BaHHbIX QYHKUMI B BUAC
maccuBa 3anuced (crpykrypel) ST pasmepa mx1 ¢ nonsimu ST.ine, ST.name.
Texyuteit paboyeit obnacty TpucBausaeTCsl MHAEKC |=1; MpH OXHOKPATHOM
MCTIONb30BAHMHU KOManrabl dbup MHaeKc | yBeanmuuMBaeTcst Ha 1, TaK YTO CaMblif
BHICOKMI MHAEKC nMeeT OazoBast pabouast 06acTs cucreMsl MATLAB.

IIpumep:
PaccMotpuM ucrionb3oBanue KomaHiasl dbstack npu ocraHoBe B HEKOTOPOM

KOHTPOJIBHOM TOYKeE:
K» dbstack
> In d:\matlab5\sgsum.m at line 3
In d:\matlab5\variance.m at line 3

Paccmorpum ucnions3oBaHue oneparopa [ST, |] = dbstack npu ocrtaHose
B TOH XX€ KOHTPOJIbHOM TOYKE:

[ST, I] = dbstack

ST =

2x1 struct array with fields:
line
name

I = 1

Brisenem comepxumoe noseit ST.name u ST .line:

K» ST.name
ans = d:\matlab5\sgsum.m
ans = d:\matlab5S\variance.m

K» ST.line
ans = 3
ans = 3

Conymcmeyfomue xomarOs:: DBCLEAR, DBCONT, DBDOWN, DBQUIT, DBSTATUS,
DBSTEP, DBSTOP, DBTYPE, DBUP.
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bBUP TTepexon mexay pabounmy 06IaCTAMA CHH3Y BBEPX

Cunmaxcuc:

dbup
Onucanue:

Komanna dbup ocyiectsnsier riepexol B CTeKe BbI3bIBAEMbIX M-QYHKIMI CHU3Y
BBepX. Bce nepemMeHHbIe JOCTYITHBI WIS FIpocMoTpa (KoMauisl who, whos) 1 o6paboTky,
U MOXHO NPOCJIEIMTh, KAK OHH M3MEHSUIUChH BIUIOTh [IO 3HAYEHHMSI, KOTOpoe ObUIo fie-
PElaHo OTIDKMBacMOMy Moay/mo. Paboyasd oGnacTs nepeMEHHBIX CAMOIO BHEUIHEro
MO/t HasbIBacTcA Gazoeoll paboyeti obaacmor. JIsl TIPONOTDKEHHA OT/IANKU BBITON-
HEHH] KOMaH/bl, 06paTHoii dbup (komanaa dbdown), He Tpebyercst.

Conymcemeyrowue Komands: DBCLEAR, DBCONT, DBDOWN, DBQUIT, DBSTACK,
DBSTATUS, DBSTEP, DBSTOP, DBTYPE.

DBDOWN ITepexon Mexnxy paGounmu o6NacCTAMA CBepXy BHH3

Cunmakcuc:

dbdown
Onucanue:

Komanzaa dbdown NpMMEHACTC COBMECTHO C KOoManao# dbup st NepeMeLLeHMsE
MeXay padoyuMH 00NaCTAMM BBI3bIBAEMBIX MOIYNEH. JTa KOMaHa NPOTHUBOIIO/OXHA
O CBOCMY aelicTemio koManze dbup. Komanga dbdown peanuayer nepeMmellieHue
TOJNBKO B TOM C/IY4ae, TN BLINOJHEHA X0TA Obl O/Ha Komansaa dbup.
Conymcmeyrouue xomanosi: DBCLEAR, DBCONT, DBQUIT, DBSTACK, DBSTATUS,

DBSTEP, DBSTOP, DBTYPE, DBUP.

DBSTATUS CnMcoK KOHTPOIBHBIX TOYEK AAHHOH M-(yHKumn

Cunmakcuc:

dbstatus

dbstatus <uma M-gynxyuu>

s = dbstatus
Onucanue:

KoManuaa dbstatus BEIBOAUT Ha TepMHHAJI CIIUCOK BCEX KOHTPOABHBIX TOYEK,
BKJIIOMAS KOHTPOJIbHbIE TOYKH, CBA3aHHBIC C OLUMOKaMM M NpEeLyNpexIcHUIMH,
a TaKkXe C pe3yiabTaTamy BeruucicHUM Buiga NaN u Inf.

Komanpa dbstatus <ums M-ghyuxyuu> BuIBOOMT HAa TEpMMHT CIIMCOK BCEX
KOHTPOJIbHbIX TOYEK, OMpENENEHHbIX Wi AAHHOH M-QyHKUMHM. 3Ty KOMAHAY MOXHO
ucnons3oBate B dopmax dbstatus class/<ums M-gynkyuu>, dbstatus private/<uma
M-gynrue>, dbstatus private/class/<ums M-ghynxuuu>, 4robbl CO30aTh CNMCOK KOH-
TPOJILHBIX TOYEK COOTBETCTBEHHO /LISl METONOB, YaCTHBIX (DYHKUMIH 1 YACTHBIX MCTOLOB.
Kpome 1010, B0 BCex 3TMX CJIydasX MOXHO CBsi3blBath MMst dyHkumu ¢ noadyHknuen
B dopme dbstatus <ums M-@yuruuuzl<ums nodgynxuu>.
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5. lMporpammitpoBanne n 0TnaaKa

Oneparop s = dbstatus Bo3BpatuaeT MHGOPMALMIO O KOHTPOJILHBIX TOYKAX B BHIE
MacCHBa 3afuceil (CTpyKTypbl) pasmepa mx1 ¢ nojsiMu s.name, s.dine, s.cond, koTopble
coiepxar uMmeHa M-(yHKLMII, BEKTOD HOMEPOB CTPOK C KOHTDPONBHBIMU TOUKAMM,
CTPOKH YcJI0BHit (error, warning wiu naninf).

Ipumep:

[TonyyuM CIMCOK BCEX KOHTPOJBHBIX TOYEK:

K» dbstatus

Breakpoint for d:\matlab5\sgsum.m is on line 3.

Breakpoints for d:\matlab5\variance.m are on lines 3, 4.

ITonyyuM CrnyCOK BCEX KOHTPOJBHBIX TOYEK B BUAE MAacCHMBa 3allUCel pas-
Mepa 2x1;

K» s = dbstatus

S =

2x1 struct array with fields:

name

line

cond
BeiBeneM copepxymMoe nojieit s.name, s.line, s.cond:
K» s.name K» s.line K» s.cond
ans = d:\matlabS\sgqsum.m ans= 3 ans= "
ans = d:\matlabS\variance.m ans= 3 4 ans= "

[TonyynuM CHOUMCOK KOHTPONBHLIX TOYEK, Korga B coctaB M-QyHkuuu
variance BKJIIOYeHa NMOAQYHKUHUSA SGSum:

K» dbstatus

Breakpoint for d:\matlab5\variance.m is on line 4.

Breakpoint for d:\matlabS\variance.m (sqsum) is on line 7.

[TonyyuM criMCoX KOHTPOJIBHBIX TOYEK MOAPYHKIMH SqSum:

K» dbstatus variance/sqgsum

Breakpoint for d:\matlabS\variance.m (sgsum) is on line 7.
Conymcmeyrwouwue komandsi. DBCLEAR, DBCONT, DBDOWN, DBQUIT, DBSTACK,

DBSTEP, DBSTOP, DBTYPE, DBUP.

DBTYPE Tekcr M-QyHKUHH ¢ YKa3aHHEM HOMEPOB CTPOK

Cunmaxkcuc:

dbtype <uma M-@ynxyuu>

dbtype <ums M-gynxyuu> <wavano> : <Kouey>
Onucanue:

Komanpa dbtype <uma M-@yuxyuu> <nHauano> : <Kkoney> NO3BOJSAET BbIBECTH
Ha TEpMHHAJ TEKCT M-(YHKUMHM C YKa3aHMEM HOMEPOB CTPOK; AJs BRIBOJA YacTH
,TEKCTa CHEAYET YKa3aTh JMAra3oH HOMEpPOB BBIBOAMMBIX CTPOK, IIsi BbIBOJA OZHOM
CTPOKH IOCTAaTOYHO YKa3aTh €¢ HOMEP.
Conymcemeyrwuwue xomandol. DBCLEAR, DBCONT, DBDOWN, DBQUIT, DBSTACK,

DBSTATUS, DBSTEP, DBSTOP, DBUP, PARTIALPATH.

207



Cuctema uHXeHeDHbLIX 1 Hay4Hbix pacyetos MATLAB 5.x. Tom 1

DBQUIT Boixos #3 pexXxumMa 0TIa0KN

Cunmarcuc:

dbquit
Onucanue:

Komanzna dbquit HeMeIeHHO MPeKPAILAeT PeXUM OTAAIKM W BO3BPAILACT YITPaB-
JieHWe GasdcHoMy Mozytio. McronHenne Tekyulero M-aitia npepoiaercst, pe3yibTarsl
HE BO3BpalIaloTCs. BCe KOHTPOJIBHBIE TOYKM COXPaHSIIOTCS. ECiM OCHOBHOI Monyb
SBNAETCS M-CLEHAPUEM, TO CI'O BBIIOIHECHHUE TAKXKE TPEPHIBACTCS, IOSIBIIAETCA CO00-
1ieHue 06 ouinMbKe v YIparjieHUE TiepeJaeTcs B cpedy cucteMbl MATLAB.

IIpumep:

Brixoa M3 pexuMa OTIAIKH B Cjlyyae, KOIa BHEIUHWI Moaynb mslshae2.m
apnsiercss M-cuenapuem (Script-gaitiom):

K» dbstack

In d:\toolbox\snae\pencil.m at line 20
In d:\toolbox\snae\msnae2.m at line 34

K» dbquit
Error in ==> d:\toolbox\snae2\mslsnaeZ.m
On line 70 == [x, y, err] = msnae2{Axy, P, sx, sy, nv)

»

Conymemeyrowue xomanodsr: DBCLEAR, DBCONT, DBDOWN, DBSTACK, DBSTATUS,
DBSTEP, DBSTOP, DBTYPE, DBUP.

Pexum rpaduyeckoro uHtepdeiica

PaccmoTpuM 1nipongcc omiaaku ¢ MCHOJNB30BaHMEM omiaguuka M-File
Editor/Debugger.

st ero 3anycka ucronb3yercd KoMaHaa edit co cleaylouiuM CUHTAKCUTOM:

edit

edit <uma_M-gaiina>

edit <uma_chaiina. ***>

Komanna edit 3aryckaer omtaguuk M-File Editor/Debugger.

Komanpa edit <ums_M-¢haiaa> 3anyckaer otnaauvk M-File Editor/Debugger
M OTKphIBAET M-(haili ¢ yKa3aHHBIM MUMEHEM.

Komanpa edit <ums gaidna. ***> sanyckaer owiapuuk M-File Editor/Debugger
Y OTKpbIBACT (aiyl ¢ pacliMpeHuem ***.

DKpaH omiaAyuKa NpuBeleH Ha puc. 5.3
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5. lporpammmposanne v oTnaaka

Ready A i o
Puc. 5.3
WxoHKM 0T1aKM Ha MHCTPYMEHTAIEHOM TAHENU UMEIOT CIICAYIONICe HAa3HAUCHHUE:
Hronxa omaadrku Onucauue Komanoda
Continue Ipogonxute BelMonuenue M-daitna po ero | dbcont

3aBepLIEHNA WM 10 TePBO KOHTPOJIBLHOM TOYKHM

Set/Clear Breakpoint | YcraHoBuTb/yAaJIMTh KOHTPONBHYIO TOYKY B Tom | dbstop/

............................................... CTPOKE, Ha KOTOPOH HAXOHTCA Kypcop dbclear

_ Clear All Breakpoints YHanuTh BCe KOHTPOJIbHBIE TOYKH dbclear all

Single Step .| Hcnomure Tekyluyio etpoxy dbstep ..
Step In HcronHuTh TEeKYILYIO CTPOKY, a ecny oHa Bnovaet | dbstep in

............................................... BbI30B M-hyHKUMY, BEITIONHUTD B HEH OCTaHOB
Quit Debugging BoIiiTH M3 pexuma OTIanky dbquit

fMpodunuposwuk M-painnos

OnuH U3 cnoco®oB noBbicUTh (HGHEKTUBHOCTL KOAUPOBaHUA M-(aityioB -
3TO NPOPWIUPOBATL KX, TO €CTb ONPEACINUTL BPEMsi, 3aTPAayMBacMOe Ha BbIUKC-
JICHHUE KaxX/I0M CTPOKH.

Ipogunruposanue - 310 npouenypa MU3MEPEHMS 3aTpaT BPEMEHM HA BbINOJ-
HEHHE CTpOK INpOrpaMmmbl. Pe3ylbTar TakMX M3MEPEHMH 4YacTO OKas3blBacTcs
HEOXMIAHHBIM, TIOCKOJIBKY 3aTpaTbl OKa3blBalOTCH MAaKCHMaIbHBIMU BOBCE HE TaM,
roe npeanionaraioch, [103T0My 11€pBOHAYANBHYIO PEAIU3ALIMAIO [IPOrPAMMbL HALO
JeJlaTh HACTONBKO MNPOCTOH, HACKOIbKO 3TO BO3MOXKHO, a 3aTe€M MCIOJB30BATH
1NIPOCUIMPOBUIMK, YTOObI BBISIBUTb KPUTUYECKME YYACTKU IPOrPaMMBbl, €CIU
OpICTPOACHCTBME B CaMOM Jiejie SIBJISIETCS IIaBHbIM MOKasareieM 3(MGCKTHBHOCTH
co3aaBaeMoi nporpaMmbl. IlpexaeBpeMeHHas ONTUMH3ALUA MOXET YCJIOXHUTD
Kol, He obecrieyuB peasbHOro 1oBbileHus 3HPCKTHBHOCTH.
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CucreMa UHXEHEPHbIX N Hay4HbIX pacyeToB MATLAB 5.x. Tom 1

TpoduIKpoBILKK Liesiecoo0pasHO UCHONB30BATh, YTOOb! BHEIBUTE M-DYHKIMH,
KOTOpBIE TPeGYIOT GONBIIOTO BPEMEHM, 3aTEM ONpPENEHTh, N0YeMy M KaK OHH
BBI3BIBAIOTCS, U IOMCKATH CIIOCOOBI MHUHUMM3ALUUU MX UCHOAb30oBaHuA. YacTto
ObIBacT I0JIE3HO 3aMaTbCS BOMPOCOM, a Tpedyercs JIM BHI3HIBATE M-(pYHKUIMIO
cToIbKO pa3. IToCKOJIBKY NMpOTrpaMMbl YacTO MMEIOT HECKOJBKO YPOBHEH, MOXET
0Ka3aTbCA, YTO CO3AaHHBIN KOA BbI3bIBaeT Haubosee TpymsoeMkue QYHKIHMU HESBHO.
Tounee ropopst, GYHKUMM BHYTPH BAlIETO KOAA MOTYT BBI3BIBATH Apyrue (DYHKIIVH,
KoTopsle TpeOyroT OONBILET0 BPEMEHU M MOFYT HaxOAMThcs Ha Gojiee HU3KMX
YypoBHSIX. B 3TOM ciyyae BaXHO ONpPEAEANTH, KaKHUEe M3 (DYHKLUMHA BBICIUETO
YPOBHS ABJISIOTCA OTBETCTBEHHBIMM 33 TaKHe OOpalLeHUS.

Yacto npounmMpoBUIMK TOMOTAacT BHISSBUTE NPOOJEMBbI, KOTOPBIE MOTYT
ObITb peiensl:

+  OTKa30M OT JIMIUHUX BbIYMUCIIEHUH, KOTOPblE MOTYT OBITH CJICACTBUEM HEBHU-

MaTeIbHOCTH;

«  KODPEKTHDOBKOH aJIropurMa, 4robbl M306eXaTh BbI30Ba He3(PEeKTHUBHBIX

M-byHKIIMIA,

+ OTKa30M OT MHOTOKPAaTHBIX IIOBTOPHBIX BBIYMCIACHUI IIyTeM XpaHEHUs

Pe3YJABTATOB VISl IIOCIEAYIOLIETrO HCIIOIb30BaHMUA.

KoneuyHast nenb npoduIMpOBAHUS COCTOMT B TOM, YTOOBI MOBBICHTH OBICT-
poneHCTBHE TIporpamMMbl. Kak TOJNBKO AOCTHTAETCS COCTOSHHME, KOrga Haubonbiuee
BpeMsi TPAaTUTCSI HA OOpalUeHUsI K MaJIOMy YUCJly BCTPOEHHBIX (DYHKIHUH, TO 3TO
O3HAYaET, YTO JOCTUTHYTA ONTHMM3ALUS KOJA.

PROFILE WI3MepHTS M BHIBECTH HA 3KPaH MPo(HIL HenoHAemoro M-paitna

Cunmaxcuc:

profile <uma M-ghynxyuu>

profile report _ | n | frac

profile plot

prafile on | off | reset | done

info = profile
Onucanue:

Yrumra npodriMpoBLIMKA TOMOTAET OTIIUTE K ONTUMU3MPOBATh M-(DYHKUMH,
(PMKCHpYsl BPEMst BBIMOJHEHHMS KAKIOM CTPOKHM MPOrpaMMbl. YTWINTA CO30aeT BEKTOD
M3MEPEHMIt I KOKION CTPOKU Iporpammsl B nipodmipyeMoM M-gaitre. [Ipu Bbi-
MOJIHEHUU TIPOrpaMMbl TIPOMIMPOBLIMK OOHORISECT BEKTOD M3MEPEHUH C yYETOM
BPEMEHH, 3aTPAYUBAEMOTO HA BBUTOIHEHUE COOTBETCTBYIOLIEH CTPOKH.

KomaHna profite <ums M-gyyukyuu> 3anyckaer npodWIMpOBLIMK IS 334aHHOM
PyHKUMM, MMST KOTOPOIt OJIDKHO ObiTh MMeHeM M-(aiiia, BO3MOXHO € yKa3aHMCM
YAaCTUYHOTrO MYTH AOCTYNA.

_ Komanpa profile report | n | frac BeiBoauT Ha 3KpaH JUOO MONHLIA OTYET
o npodwite M-daiina (B OTCyTCTBUE KAKWUX-N1O0 OMUMIA), JUOO TOILKO 06 N CTPOKAX
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5. MNporpammuposanme v otrnagka

¢ HaHOONBUIMM BPeMECHEM UCIIOIHEHUS, AKO0 O TeX CTPOKaX, AOJS 3aTPaYeHHOro
BpeMEHM JUISt KOTOPbIX OT OOLUEro BPEMEHM BBITOJHEHUS IPEBBILAET 3HAYEHUE
frac 13 guanasona ot 0 g0 1.

Komanna profile plot BHIBOAMT Ha 3KpaH pes3ynsTarThl NPOGWIMPOBAHUS B BUAE
auarpammel [lapero.

Komanpaw: profile on u profile off cooTBeTcTBeHHO 3anyCcKalT WIM IIPHOCTa-
HABJIMBAIOT Npouecc npodunpoBanus; KoManga profile reset ouMilaeT BEKTOPHI
W3MEPEHUH, He OTKIoYyas npodMIMpoBLIMK; KoMaHaa profile done 3apepiiaer
padoTy NpodMIMPOBLIMKA U YAANSET CONMYTCTBYIONIME JaHHbIE.

Oncparop info = profile Bo3Bpaiuaer pe3ynbTathl NPOGHIMPOBAHKA B BULE
CTPYKTYPHI CO CAEAYIOUIUMU MOJISIMU:

Jfie o..| TloHBIE 1IyTH ZOCTYII K TIPOGUIMDYEMOH DYHKLIMY
function VIMst IPOOUINPYeMOR QYHKIMKA
_interval HHrepBan n3MepeHna B CEKYHAAX
Jcount BeKTOp MaMepCHMA e
state CocTogHue npodrINpOBUIMKA:
on - aKTHBeH; Off - He aKTUBEH

IMpobunnpoBIIMK OTCIEXHUBAET KOJMYECTBO MHTEPBAIOB, 3aTPayeHHbIX
Ha BBIIOJHECHUE BCTPOEHHOM (PYHKLUU.

[TosencHue npodWIMPOBIIMKA 3aBMCUT OT CBOMCTB KOPHEBOro 0GbeKTa
¥ MOXET YNPaBJIATLCA C IMOMOLIBIO KOMAHL set u get.

Oepanunenue:
OnHoBpeMeHHO NPOMUWIMPOBLIMK MOXET 00pabaThlBaTh TOIRKO 0fuH M-¢haii.

IIpumep:

profile ellipke

[k, el = ellipke(.01:.01:.99);

profile report
Total time in
"d:\matlab5\toolbox\matlab\specfun\ellipke.m": 0.19
seconds
llonHOe BpPeMs UCIHOJIHEHUS MOLYIA
"d:\matlab5\toolbox\matlab\specfun\ellipke.m": 0.19 ¢

100% of the total time was spent on lines:
100% BpemMeHM 3aTpadyeHOo Ha BHIIOJIHEHME CTPOK:
[39 47 55 52 50 48 45 44 43 34]

33: if isempty(m), k = zeros(size(m)); e = k;
return, end
0.01s, 5% 34: 1if any(m(:) < 0) | any(m(:) > 1),

35: error ('M must be in the range O<M<1.');
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0.06s, 32%
0.01ls, 5%
0.01s, 5%
0.01ls, 5%
0.05s, 26%
0.01s, 5%
0.01s, 5%
0.01s, 5%
0.01ls, 5%

EDU» profile plot

38:
39:
40:

42:
43:
44:
45:
46:
47:
48:
49:;
50:
51:
52:
53:
54:
55:
56:

a0 = 1;
b0 = sgrt(l-m);
s0 = m;

while mm > tol

al
bl

cl =
il =

wl

mm =

s0

a0 =

b0

end
k = pi./(2*%al);
e = k.*(1-s0/2);
im = find{(m ==1);
if ~isempty(im)

(a0+b0) /2;

= sqrt(a0.*b0);

(a0-b0)/2;
il + 1;
27i1*cl."2;
max (wl(:));
sO0 + wl;
al;

bl;

PROFSUMM

Cunmakcuc:
profsumm
profsummy(fraction)
profsumm(n)
profsumm(str)

Puc. 5.4
Conymcemeyiowue xomandsi: DEBUG, PROFSUMM.

Cdopmuposats oTyer 0 npoduie

profsummy(info)
profsumm(info, fraction)
profsumm(info, n)
profsumm(info,str)
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5. MporpammupoBaxuve u oTnanka

Onucanue:

KomManga profsumm BbIBOAMT Ha 3KpaH MOJHbIA OT4eT O Npodune Hccie-
nyeMoroM-caiina.

Komanna profsumm(fraction), rae fraction - 3HadeHue ot 0 10 1, BHIBOAUT Ha
3KPaH 4acTh OTYETa, KOTOpas BKJIIOYAET TOJBKO T€ CTPOKM, BPEMS BEHIHOIHEHUS
KOTODBIX COCTaBISIET HE MEHee YeM JoJI0 fraction OT MONHOrO BpEMEHH.

Komanpa profsumm(n), tae n - NONOXHUTENBHOE YMCIO, BBIBOIMT HA KpaH 4acTh
OT4eTa, KOTOpast BKIHOYAeT TOJIBKO N CTPOK, BPEMS BbITIOIHEHHUS KOTOPBIX MAKCUMAILHO.

Komanpa profsummy(str), rae str - CTpoKOBOe BBEIpaXEHME, BHIBOJMT HA IKPaH
pe3yAbTaThl BBIMOJHEHMS] TOJNBKO TEX CTPOK, KOTOPbIE BKJIIOYAKOT 3aJaHHOE
CTPOKOBOE BBIPaXCHUE.

Komanaet profsumm(info), profsumm(info, fraction), profsumm(info, n),
profsumm(info, str) BBIBOAAT Ha 3KPaH MTOTOBBIA OTYET, UCMONB3YA HHGMOPMALMIO
M3 MaccuBa 3anmceit info.
pumep:

ChopMuUpyeM MTOTOBBIH OTYET, KOTOPBIA BKIIIOYAET TOJNBKO TE CTPOKM, BpeMs
MCIIONHEHMsT KOTOPSIX cocTamisier He Menee 0.1 OT monHOro BpeMeHU BHINOJHEHMS
moayns ellipke.m:

profsumm(0.1)

Total time in "d:\matlab5\toolbox\matlab\specfun\ellipke.m":

0.31 seconds

65% of the total time was spent on lines:

[34 39 47]}
33: if isempty(m), k = zeros(size(m)); e = k;
return, end

0.04s, 13% 34: if any(m(:) < 0) | any(m{:) > 1),

35: error('M must be in the range O<M<1.'");
38: a0 = 1;
0.06s, 19% 39: b0 = sqgrt(l-m);
40: sO0 = m;
46: il = 411 + 1;
0.10s, 32% 47: wl = 2%i1*cl.”2;
48; mm = max(wl{(:));

Conymcemeyrouue komands:: DEBUG, PROFILE.

PARETO IlocTpoenne auarpammm Ilapeto
Cunmaxcuc:

pareto(y, names)

pareto(y, x)

pareto(y)

[h, ax] = pareto(...)
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Onucanue:

KoManga pareto(y, names) crpout amarpammy Ilapero, Ha KOTOpOH 3HAuYCHMs
BEKTOpa y M300paXxaloTcs B BHAE CTOJOLIOB B MNOpPsSAKE YObIBaHMSA 3HAYEHHH Y.
Kaxaplit cronbery Moxer ObITh TTIOMEUEH HEKOTOPHIM MMEHEM, YKA3AHHBIM B MacCUBE
CTPOK WIM MaccHMBe SiU€eK names.

KomaHpa pareto(y, x) cTpout auarpammy Ilapeto pisi 3HaueHUH BEKropa Y
B 3aBMCMMOCTH OT 3HAYEHHWI BEKTOpA X.

Komanpa pareto(y) crpout muarpamMmy Ilapero mis 3HaueHHMH Bekropa y
B 3aBUCHMMOCTH OT €r0 MHAEKCOB.

Oneparop [h, ax] = pareto(...) Bozspaiaet BeKTop rpaduyeckux nogaepxex h
IUISL JIMHUIA 1 MHOTOYTOJILBHMKOB JuarpaMMbl [lapeto, a Taxoke NONIEPXKKH Mis
rpadUIecKUX Oceil B BEKTOpE ax.

Ipumep:

OyHkuMs pareto Mo3BoOAACT FOCTATOYHO MPOCTO peaid30BaTh rpaduecKui
obpa3 pe3yabsTaToB MPOPUIUPOBAHUS.

profile erfcore

z = erf(0:.01:100);

profile report

Total time in “d:\matlab5\toolbox\matlab\specfun\erfcore.m":
17.76 seconds

79% of the total time was spent on lines:
[99 91 25 20 94 48 97 87-109 100}

19: end
1.62s, 9% 20: result = repmat (NaN,size(x)):
21: %
24: xbreak = 0.46875;
1.63s, 9% 25: k = find(abs(x) <= xbreak);
26: if ~isempty (k)
47: %
1.30s, 7% 48: k = find((abs(x)>xbreak) & (abs(x)<=4.));
49: if ~isempty (k)
86: y = abs(x(k)):;
0.62s, 3% 87: z =1 ./ (y .*y);
88: xnum = p(6).*z;
90: for 1 = 1:4
1.86s, 10% 91: xnum = (xnum + p(i)) .* z;
92: xden = (xden + qg{(i)) .* z;
93: end
l.46s, 8% 94: result(k) = z.*{xnum + p(5)) ./ (xdent+q(5});
95: result (k) = (1/sqgrt(pi) - result(k))./v;
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96: if jint ~= 2

97: z = fix(y*16)/16;

98: del = (y-z).*(y+z);

3.63s, 20% 99: result(k) = exp(-z.*z).* exp(-del).*result (k)

o

0.88s, 5

0.50s, 3% 100: k = find(~isfinite(result));
101: result (k) = 0*k;
108: k = find(x > xbreak);
0.53s, 3% 109: result(k) = (0.5 - result(k)) + 0.5;
110: k = find(x < -xbreak);

Tenepp copMupyeM BbIXOA NMPOGMUIMPOBLIMKA, MCIIOJbL3YA KoMaHgy profile
0e3 BXOAHBIX aPrYMEHTOB!
t = profile
t =
file:
'd:\matlab5\toolbox\matlab\specfun\erfcore.m'
interval: 0.0100
count: [121x1 double]
state: 'off!

Boixox t - 3TO CTPYKTYpa, KOTOpasi COACPXUT pe3yabTaTsl NpodunupoBaHus
¢yukiuu erfcore.m B nosie count. Yto6b! yBHAETh 3TH pe3yjabTaTel, HAg0 BOC-

11071630BaThCA (YHKIMEN pareto B dhopMe:
pareto(t.count)

B HmxHe# yactu rpaduka yka3zaHbl HOMepa CTPOK 10 Mepe yObiBaHWs BpEMEHHU
VX MCTIONIHEHWS, HA JICBOM BECPTMKANLHOM OCH OTMEYEHO BpeMsl MCITOJHEHMA
B uHTepBanax no 0.01 ¢; Ha npaBoil BEPTHUKAILHOM OCU OTMEYEHDb! IPOLEHTHI
OT NOSAHOIO BPEMEHU; CIVIOLLIHAS JIMHUS OTPaXaeT CyMMAapHOE BpeMsl UCTIOJIHEHHS.

Conymemeyromue xomanovr: HIST, BAR,
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6. MATEMATUYECKUE ®YHKLUNHN

B cucreme MATLAB wumeercss oOmIMpHas OMOMMOTEKa MaTeMaTHYECKHX
dbynxkimit. Kaxnoit pyHKIMM cOOTBETCTBYET ONpelcicHHOe MMs. (DYHKIMS CTABUT
B COOTBETCTBUE 3HAUCHUAM CBOMX APTYMEHTOB 3HAYCHUE pe3ynbrara.

ApryMeHTHl QYHKUMH BCerga YKa3plBalOTCA B KPYIJIBIX CKOOKax Iocjie MMEeHU
dbyHk1uMH M, ecnd Hx OoJbllie OJHOTO, pa3leNsdiorcs 3andThiMH. B KauecTBe ap-
TYMEHTOB MOTYT MCIIONIb30BaThCA ApyrHe PYHKUMM M JTIOObIE BhIpAXKEHUA SI3BIKA
MATLAB (IIpH yCJIOBMM COOTBETCTBHSI THIIOB apIyMEHTOB).

InemeHrtapubie dhyukuun

DneMeHTapHas MaTeMaTHyecKass QyHKIMS - 3TO, KaK MpPaBWIO, PYHKIMS OT
ONHOH IEPEMEHHOH, M B 3TOM CJlyyac YCTaHaBIMBACTCA COOTBETCTBHE MEXIY
MaCCHBaMU 3HAYCHU apTyMEHTA U pe3y/bTara.

ADryMEHT yKa3bIBAeTCsl B KPYIJIBIX CKODKax rocie MMeHM (yHKUuHU. Kims
TIEpeMEHHOM, KOTOPOil MpHCBauBaeTcsl 3HayeHue (YHKIIMHU, PACIIONaraeTcs CliesBa
OT 3Haka paBeHcTBa. Eciiu MMd MpucBauBaeMoil NepeMeHHOM He yKa3aHo, 3Ha-
yeHue GYHKUIUM TIPUCBAUBACTCS CITYXEeOHOM MepeMEeHHOM ans.

Tun pesynbTata BBIYMC/IEHUS MATEMATHYECKOH (DYHKLMM BCera COBIAfacT
¢ TANOM ee aprymenra. Harmpumep, ecim aprymeHToM QYHKUMHA SBASETCS BEKTOP-
cTonbeL, TO 3HAaYEHUEM 3TOH (QYHKIIUU TalkKe OyIeT BEKTOP-CTOJIOEL!.

PaccMOTpUM BCTpOeHHbIE MatemaruuecKue OyHKUMM cucTeMbi MATLAB,
KOTOpBIC MPHUMEHSIIOTCS K YMUC/IaM, CKAJIADHBIM TIEPEMEHHBIM M K MacCHBAM
{TI0271EMEHTHO).

®yHkuMM 06paBOTKN KOMIUIEKCHBLIX HMCen

AbcomroTHOE 3HAYEHHE

Cunmarcuc:

Y = abs(X)
Onucanue:

Hdns maccupa pedicTeutenibubix yuces X ¢ynkuus Y = abs(X) Boappainaer
Maccug Y abCONIOTHBIX 3HAYCHUH DJIEMEHTOB X.

Hyist maccuBa KomrutekeHbIX yucen Z ¢dbyHkisa Y = abs(Z) so3spaiuaet Maccus Y
MONY/NENH KOMIUIEKCHBIX 3JIEMEHTOB Z.

Hust cTpokogoit nepeMeHHoi S dynkims Y = abs(S) Bo3BpallacT BMECTO
CMMBOJIOB, BKJI04asi 1podesibl, ux ASCII-kobl.
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6. Marematnyeckune QyHkym

Hpumepui:
abs(-5) = 5
abs(3 +4i)=5

ascii = abs(‘3 + 41’}
ascii =51 32 43 32 52 105

setstr(ascii)
ans =3 + 4

Conymcmeayrowue gyrryuu: SIGN, ANGLE.

ANGLE ADryMeHT KOMIICKCHOTO YHCIA

Cunmarcuc:

P = angle(Z)
Onucanue:

IInst MaccHBOB KOMTEKCHBIX yucen Z dydkimg P = angle(Z) sosppaiuaer
MAacCHB 3HAYEHUI apryMeHTOB JUIS 3JieMeHTOB Z. 3HAUCHUE apryMeHTa U3MEpS-

€TCSL B paMaHaX M HAXOAUTCS B Ipejesiax oT —T 10 T.
[Ipumep:

ANt KOMIDIEKCHOIO YUCHA Z = X + iy = re' ero Moy f 1 apryMeHT ¢ Bbi-
YUCJISIOTCS CIEAYIOLIMM 00pasoM:

r = abs(z)

phi = angle(z)
a oreparop

z =r .*exp{i*phi)
BBIMONHSET 0OpaTHOe Mpeobpa3oBaHue.
Aneopumm:

s BBIMMCACHUS APryMEHTa KOMIUIGKCHOTO YMCNa MCIIONB3YETCs Cledylollee
COOTHOLLUEHHE:

angle(z) = atan2(imag(z), real(z))
Conymcmeyowue gynkyuu; ABS, REAL, IMAG.

REAL, IMAG JeiicTeuTEIbHAS M MHHMAsA Y2CTH KOMILICKCHOTO YHCJIA

Cunmarcuc:

X =real(Z)

Y = real(Z)
Onucanue:

Hdng MaccuBoB KOMILIeKCHbIX uncen Z ¢yukuus X = real(Z) Bosppautact
MACCHUB ACHCTBUTEILHBIX, @ Y = imag(Z) - MHUMBIX YacTEU 2JIEMEHTOB Z.
Conymemeyrowue Qynxyuu: ABS, ANGLE, CONJ.
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CucTema HXEHEPHBIX 1 HayqHbix pacyetos MATLAB 5.x. Tom 1

CONJ Omnepauysi KOMIUIEKCHOTO CONMPSDKEHUs

Cunmakcuc:
V = conj(Z)
Onucanue:

i MaccuBOB KOMIUIEKCHBIX uMcen Z ¢yHkums V =conj(Z) Bo3Bpaluaet
MAaCCHUB KOMIUIEKCHO-COIPSDKEHHBIX 3HAYEHUH ISt 3NEMEHTOB Z.

Conymcemayrousue giynkyuu;. IMAG, REAL.

CPLXPAIR Coanpom(a KOMILIEKCHO-CONPAXKCHHBIX AP

Cunmaxcuc:

V = cplxpair(Z)

V = cplxpair(Z, tol)

V = cplxpair(Z, [ ], dim)

V = cplxpair(Z, tol, dim)

Onucanue:

st BeKTOPOB KOMILIEKCHBIX uMcen Z ¢yHKuuMs V = cplxpair(Z) coptupyer
S5TH YUCNA B IIOPSAKE BO3PaCTAHUA ACHCTBUTENBHBIX YACTEH; B clly4ae KOM-
IUICKCHO-COMNPSDKEHHBIX NMap MEPBBIM MIET 3JIEMEHT C OTPUUATEIbHOX MHHMMOI
YaCThIO; JCUCTBUTENIbHBIE 3JIEMCHTHl PACIIONaralTcs BCJled 33 KOMIUIEKCHBIMM.
KoMIUIEKCHO-CONPSDKEHHbIE 3HAYEHMSA MPUHYAMTENbHO OKDYIISIOTCA B IIpeenax
norpeutHocT! 100*eps orHocutensHO abs(A(i)). OTo rapanTUpyer B AanbHeUIEM
TOYHOE COBIIAACHUE ACUCTBUTEIBbHBIX ¥ MOAYJIEH KOMIUIEKCHBIX YacTeH.

Jlnst IByMEpPHBIX MacCHBOB KOMIUIEKCHBIX Yucen Z ¢yHKuus V = cpixpair(Z)
BBIITOJIHSIET COPTUPOBKY IO CTONOLIAM.

JU1si MHOTOMEPHBIX MAacCHMBOB KOMIUIEKCHBIX uncen Z dyHkuums V = cplxpair(Z)
BBITIONIHsIET COPTUPOBKY HAuMHasi ¢ TNEPBOM DPa3MEPHOCTH, pa3Mep KOTOPOM
OTIMYEH oT 1, BO3Bpalliasi MacCHMB OTCOPTUPOBAHHBIX JICMEHTOB.

Oyuxkuus V = cplxpair{Z, tol) mno3Bosisier nepeonpefeiurh TPUHATYIO
10 YMOJYAHHUIO MOTPEIHOCTb OKpyrIeHus tol.

Oynkuus V = cplxpair(Z, [ 1, dim) BRITIONHAET COPTUPOBKY BIOJL PasMePHOCTH dim.

Oyukiust V = cplxpair(Z, tol, dim) BBINONHSET COPTUPOBKY C 33aAaHHOM
[OTPELIHOCThIO OKPYI/IEHUs tol ¥ BAOJIb YKa3aHHOM pasMepHocTH dim.
[Muaenocmuka:

Eciu Konu4yecTBO COPTUPYEMBIX KOMIUIEKCHBIX YHCEJT HEYETHO WM €CJIM
HEBO3MOXHO CIDYIIYPOBATh Napbl B MpeAEnaX YKa3aHHOH TOYHOCTH, (OpMHUpYETCA
coobuieHne 06 owudKe:

Complex numbers can't be paired.

Komnnexcuvte wucna ne mozym 6sims 0mcopmupogansi nONAPHO.
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6. Maremaruyeckue QyHxummn

Ipumep:

Paccmorpum Marpuusl A, Az, Adc JIBYMSt KPaTHbIMU KOMIUIEKCHBIMH U ONHUM
AEUCTBUTENIbHBIM COOCTBCHHBIM 3HAYEHWEM B BUIC JCTHIPEXMEPHOTO MACCHBa,
B/IOJIb YCTBEPTOM Pa3sMEPHOCTH KOTOPOIO PasMellaloTcsl COOTBETCTBYIOIUE COO-
CTBEHHbIE 3HaYeHHUs eig(A), eig(Az), eig(Aa):

A=[15 11 6 -9 -15

1 3 9 -3 -8
7 6 6 -3 -11
7 7 5 -3 -1
17 12 5 -10 -16]

CdopmupyeM 4eTbIpeXMepHbIA MaccuB B, pasMecTHB B HEM MaTpulibi A, Az, A

M MX COOCTBEHHBIE 3HAYCHUS:

B(:,:, 1, 1)=A;
B(:, 1, 2, 1) = A2,
B(:, 5, 3, 1) = Ar3;

B(:, 1, 1, 2) = eig(A);
B(:. 1, 2, 2) = eig(A*2);
B(:, 1, 3, 2) = eig(A*3)

B 1,1)=
1 11 6 -9 -15
1 3 9 -3 -8
7 6 6 -3 -11
7 7 5 -3 -11
17 12 5 -10 -16
B(:;,:2 1)=

40 -9° 105 -9 -40
76 -43 32 44 23
55 22 62 20 -10
61 25 65 20 -7
40 -9 110 -14 -40

B(;, 3, 1) =

617 -380 64 499 256
-260 -189 -316 355 280
-443 279 -106 415 259
-464 -300 -136 439 292
617 -385 69 499 256

B(:,,1,2)=
-1.0000e+000
1.5000e+000 +3.5707e+000i
1.5000e+000 -3.5707e+000i
1.5000e+000 +3.5707e+000i
1.5000e+000 -3.5707e+000i

OO 00O O
QOO0 O O
oo o0
[l = B o i oo B a0 ]
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B(:;,: 2 2)=
-1.0500e+001+1.0712e+001i 0 0 0 0
-1.0500e+001 -1.0712e+001i 0 0 0 0
-1.0500e+001 +1.0712e+001i 0 0 0 0
-1.0500e+001 -1.0712e+001i 0 0 0 0
1.0000e+000 0 0 0 0
B(:,:,3,2)=
-1.0000e+000 0 0 0 0
-5.4000e+001 +2.1424e+001i 0 0 0 0
-5.4000e+001 -2.1424e+001i 0 0 0 0
-5.4000e+001 +2.1424e+001i 0 0 0 0
-5.4000e+001 -2.1424e+00%i 0 0 0 0

BBITIOJTHUM COPTHUPOBKY KOMIDIEKCHBIX 3HAYEHMHA C TOYHOCTBIO, MPHHSATOW
[0 YMOAYAHHIO;

D = cplxpair(B, [ ], 3);

7?7 Error using ==> cplxpair

Complex numbers can't be paired.

B cuily KpaTHOCTH KOMIUIEKCHBIX 3HAYEHUI BBIZACTCS COODLIEHME O HEBO3-
MOXHOCTH UX COPTHPOBKH IO napaM. [IOHH3KMM TOYHOCTh COPTUPOBKHU JO BEIM-
uyHel 1€0, YTO COOTBETCTBYET COPTHPOBKE TOJBKO JEWMCTBUTEBHBIX YaCTEH;

D = cpixpair(B, 10, 3); D(:, 1, :, 2)

ans(;,:, 1) = ans(;, :, 2) = ans(;,:, 3) =
-1.0500e+001 -1.0000e+000 -1.0000e+000
-5.4000e+001 -1.0500e+001 1.5000e+000
-5.4000e+001 -1.0500e+001 1.5000e+000
-5.4000e+001 -1.0500e+001 1.5000e+000
-5.4000e+001 1.0000e+000 1.5000e+000

Conymcemeyrowue gynxyuu. IMAG, REAL.

OkpyrneHve v MoaynsHas apudmeTuka

| CEIL, FIX, FLOOR, ROUND |} DyHKUHY OKPYLIEHHS
Cunmaxcuc:
Y = ceil(X) Y = floor(X)
Y = fix(X) Y = round(X)
Onucanue:

Jna MaccuBOB A€MCTBHUTENBHBIX uMcen X:

« dyaxuus Y = ceil(X) Bo3BpamaeT 3HaYeHUs, OKPYIJIEHHbIC 10 O/mxaiiiiero
uenoro > X;
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6. Maremarudeckne QyHKLmM

. ynxups Y = fix(X) Bo3BpaliaeT 3HAYCHHUS C yCeucHUEM APOOHOM YaCTu YMCHa;

+  Gynkumsg Y = floor(X) Bo3BpallaeT 3HAYEHUS, OKPYIJICHHbIE KO Omxaiiuero
uejoro < X;

. tyakuug Y = round(X) BO3BpalllacT 3HA4YEHMS, OKPYIJICHHbIE HO OimXaii-
LIErQ LeJIoro.

st MaccHBOB KOMIICKCHBIX yvcesl Z 3TH (GYHKLIMM NPUMEHSIOTCS OHHO-
BPEMCHHO K JEHCTBUTEIBHOK M MHUMOM YaCTIM.

[lpumep:
3anaH OHOMEPHBIN MAaCCHB JACHCTBUTCABHBIX YHCEN
x=[-19 -0.2 3.4 56 7.0
ceilx) [ -1 0 4 6 7 ] fix(x) [ -1
floor(x) [ -2 -1 3 5 7] roundi(x) [ -2

Conymcmeyrowue gynkyuu: CEIL, FiX, FLOOR, ROUND.

DyHKUHA 0CTATKA

Cunmakcuc:

M = mod(X,Y)

M =rem(X)Y)
Onucanue:

B cityyae ckanspHbIX apryMeHTOB DYyHKLHS m = mod(X, y) B TIOJIHOK Mepe CooT-
BETCTBYCT MATEMATHYCCKON (yHKuuMM MOAynbHOU apudmeTrku a mod b ¥ Bbiymc-
JSICT OCTAaTOK OT JG/IEHHSI 4MC/Ia X Ha YUCIO Y, TO ecth mod(x, y) = X - y*floor(xy),
eciau y He paBHo Hymo. [To onpeaenenuio mod(x, 0) = x.

B ciyyae CKaispHBIX apryMeHTOB (YHKUMS M = rem{X, y) BBIYACASST OCTATOK
OT AeJIeHUS YUC/IA X HA YMCIIO Y COMIACHO COOTHOLLIEHHMIO rem(x, y) = x - y*fix(xly), ecnu y
He paBHO Hymo; rem(x, 0) = NaN.

Korna onepangbl ofHOTO 3HakKa, GyHkuust mod(X, y) paBHOCHIBHA (QYHKIMU
rem(x, y). OnHaKko ANst [MOJIOXHUTEJbHBIX X U Y, KOTJA 3HAK X UIMEHSAETCS, BEPHO
cieaywollee COOTHoweHHe: mod(-X, y) = rem(-x, y) + .

®yHkuus mod({x, y) O4YCHb I10JIe3Ha IS YCTAHOBJICHHs CBOMCTBa KOHIPY-
EHTHOCTY ABYX uuces. [IBa YMCA HABLIBANOTCH KOHZDYEHMHbIMU RO MOOYAI M,
€CJIM BBIUTONHAETCS yciosue mod(x, m) = mod(y, m).

st MaccuBoB YMces 3TH QYHKUMK HPUMEHSIOTCS JTI0JEMEHTHO.

0
0

357 ]
36 7]

Ipumep:
mod(-13, 5) mod(-{1:5], 3} mod(-magic(3), 3)
ans = 2 ans=21 0 2 1 ans =
1 2 0
6 1 2
2 0 1
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rem(-13, 5) rem(-[1:5], 3) rem(-magic(3), 3)
ans =-3 ans=-1-2 0 -1 -2 ans =

2 -1 0

0o -2 41

-1 0 -2

Conymcmeyiowue @ynxyuu: HTML-cnipaska.

E‘D BoryrcieHue 3HaKa Yucaa

Cunmaxcuc:

S = sign(2)
Onucanue:

JInst MacCUBOB ACHCTBMTENbHBIX uncen X ¢yHkuus S = sign(X) sBosspalaer
MaccuB S Tex Xe pa3MepoB, B KOTOPOM Ha MECTe IMOJNOXHUTELHOIO Yucaa cTout 1,
Ha MecTe HyJiesoro - 0, Ha MecTe oTpuuareyspHoro - (-1).

s MaccuBOB KOMIUIEKCHBIX yuces Z GyHKUMs S = sign(Z) Bosepaiuaer
MacCHUB KOMIUIEKCHBIX uces S = Z ./abs(Z), Moay/ib KOTOPBIX paBEeH €IUHUIIE.

Conymcmeyrwowjue pynxyuu: ABS, IMAG, REAL.

TeopeTnko-4yncnoBble GyHKLAK

FACTOR Paznoxenue unciaa Ha NPOCThi€ MHOXKHTE/IH

Cunmakcuc:
f = factor(n)

Onucanue:
Oynkuus f = factor(n) Bo3spainaeT Bce NpocThie MHOXKTENU YUCIA N,
JJ1s1 MacCMBOB YMCEN 3TY PYHKUIMIO IIPUMEHSATH HENb3S.

[pumep:
factor(278 - 1)
ans=3 5§ 17

Conymcmeyroujue ynxyuu: ISPRIME, PRIMES.

Haiitn npocterie yncia

Cunmakcuc:
p = primes(n)
Onucanue:
OyHKUMs p = primes{n) BO3BpalLaeT BCe IPOCTLIC YMCAa B AUaasoHe oT 0 1o n.
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6. Maremaruyeckue yHkUmmn

Ipumep:
p = primes(37)
p=2357111317 1923293137

Conymcmeyrouue dynxyuu. FACTOR, ISPRIME.

GCD HauGonbmmii 06muit nennrens
Cunmaxcuc:

g = gcd(m, n) G =gcd(A, B)

[g, ¢, d] = ged(m, n) [G, C, D] = gcd(A, B)
Onucanue:

OyHkuug g = ged(m, n) BhIMHCACT HaOOIBIINI OOLUMIA JENUTENb NBYX LIEIbIX

yucen m u n. [punsiro, yro ged(0, 0) = 0.

Dynkuus [g, ¢, d] = ged(m, n) KpoMe HAUMGOIBILCTO OOLUETO NEUTENS BLIYUCIACT
JIBA MHOXUTEJIA € ¥ d, TAKKX, YTO BBIMOJIHSICTCA COOTHOILIEHHE g = = m*c + n*d.

Qynkuug G = ged(A, B) Bosspainact maccus G, conepxaildit HauGoIbLINE
OBUIME JETUTENH LEMOYUCTEHHBIX Maccupos A u B.

®yukuus [G, C, D] = gcd(A, B) posppainaeT MaccuB HauOOJBIIMX OGILMX
neaureneid G M maccuBbel C U D, yLoBICTBOPSIOLIME CHEAYIOLIEMY YPaBHEHUIO:
A(i).*C(i) + B(i).*D(i) = G(i). O1a dyHKuUMsI OKa3bIBAETCA BEChbMa IONE3HON HpHU
pelieHUH AMOodAHTOBBIX YPABHECHUI M BBIYMCIACHUU NpecOpa3opaHuit pmura.
[Ipumepoi:

[lepBoiii npuMep cssi3aH ¢ npcobOpazoBaHUsiMU DpMmuTa. Lig m06wIX ABYX
UEAbIX YKCEeN M Y N HAaKAETCS Takast UC/IOuUMCciAcHHas Marpuua E, onpeaenuressb
KOTOpOii paBeH 1 M KoTopas YAOBIETBOpsicT ypaBHeHMIO E * [m; n] = [g, 0], rme g -
HauboIbLUMIT ODIIMIA AESTMTEDL YUCESI M K N, BLIYUCISIEMBIA C NMOMOIUBID (DYHKIHK
[g, ¢, d] = gcd(m, n). Marpuua E npu 31oM paBHa

E—[ c d }
“l-n/g m/g

Ecnum=2un=4, 10
[9, ¢, d] = ged(2, 4)
g=2
c=1
d=0
u E paBHoO
E=

10

-2 1
B cneayromem npumepe peinm anodanToBo ypasHcHue 30x + 56y = 8.
[g, c, d] = gcd(30, 56)
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g=2
c=-13
d=7

Mo onpepeneHIo WISk CKAISPOB G M d CIPABEIIMBO COOTHOLUCHUE
30(-13) + 56(7) = 2,
VMHOXUM €ro Ha 8/2;
30(-13*4) + 56(7+4) = 8.
CpaBHUBAs ¢ UCXOMHBIM YpaBHEHMEM, MOJMYYUM pellieHHe:
X = (=13%4) = -52; y = (7+4) = 28,

Conymcmayrowue gynxyuu: ABS, FLOOR, ROUND, SIGN.
Cebiaru:

1. Knuth D. The Art of Computer Programming. Vol. 2. Addison-Wesley: Reading MA, 1973.
Section 4.5.2, Algorithm X.

LCM HaunMenbinee o0mee Kparuoe

Cunmakcuc:

g = lem({m, n)

L =lcm(A, B)
Onucanue:

OyHkuusa g = lem(m, n) BBIMUCIISIET HAMMEHblIee obliee KpaTHOEe ABYX LiEJbIX
YUCeN M Y N,

Oyuxiua L = lem(A, B) Bplunoisier HauMeHbilce oOlee KpaTHOS MABYX 1ICNbIX
qyce/I M U n.

Oynxus L = lem(A, B) BosspatiaeT Maccus L, cogepanmii HauMeHbIuMe 001Lme
KPaTHbIE ISl COOTBETCTRYIOLLMX TIAD 3MEMEHTOB LICJIOUMC/ICHHBIX MACCHBOB A H B.
Ilpumep:

g = lcm(45, 36)

g=180

lem(pascal(3), magic(3))

ans =

8 1 &

3 10 21
4 9 b6

Conymemgyrowgue gynxyuu. GCD.

IIpeacrasienne bT q
RAT. RATS PeiCTaB/eHue Pe3yLTATA B BHIC PAUHOHAILHOTO YHCIA
WIH 1enHoii Jpobu

Cunmarcuc:

N, D] = rat(X) rat(X) S = rats(X)
[N, D] = rat(X, tol) rat(X, tol) S = rats(X, k)
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Onucanue:

HecMoTps Ha TO YTO BCe uMcna ¢ TiaBaoledi To4Koi NpeACTaBiIcHbl B KOM-
NbIOTEPE B BHAE DPALMOHANBHBIX YHCE], MHOIAA LIENECOO0pa3HO NpPEeNCTaBUTh
YUCJIO B BUAC OTHOLUEHUS ABYX OTHOCHUTEJIbHO HeGOoJbLIMX LIEABIX Yicen. Takoe
MPEACTaBIeHUE Ha OCHOBE UEMHbIX Apobeil H peanu3yeTcs ¢ UCIONb30BaHHEM
BBILLCTICPEYUCIEHHBIX (DYHKLIMIA.

Oyrkums [N, D] = rat(X) onpenenser 118 Bxoa X ABA TaKUX LEABIX YMCIA N
1 d, MpyU KOTOPHIX BLIMOHSACTCA yenoBue n/d - x <= 1e - 6 * abs(x).

Oyuxums [N, D] = rat(X, tol) no3sonseT ykazaTh TOYHOCTH NPUOMMKEHNA tol,
OTJIUYHYIO OT 1e - 6.

Oyukumu rat(X) u rat(X, tol) no3BoasAI0T BbIBECTH HA IKPaH PE3ysTar B BUAC
LIETTHOM Apo6u.

Ecinu B kayecTBe BXoaa 3aaH MaccHB 4Mcea X, TO Pe3yIbTaTOM OIEepaLUii
OyIyT MacCHBbLI COOTBETCTBYIOIIETO pa3mepa.

Oynxuus S = rats(X, k) ucronsyer QyHKumio rat(X), 4Tobsl BHIBECTH Ha BKpaH
pe3y/bTaT B BUAE IIPOCTOM ApodH
s = [sprintf(['%' num2str(fix(k/2)), n) /' sprintf(['%-" num2str(fix(k/2)) '.0f], d)],

TOYHOCTb aNIIPOKCUMALIMK Ul KOTOpoM cocTasiseT tol = 107(-fix(k/2)) * abs(x).
s dynkuru S =rats(X) TOYHOCTH AaNNpPOKCHMAUMM TIPUHMMAETCH
N0 YMOJIYaHHIO paBHOU 1e - 6* abs(x), UTO cooTBETCTBYET 3HAYEHHUIO K = 13.
®yukuus format rat papHocunbHa GYyHKUMH rats.
Aneopumm:
@Oynkumst rat(X) annpoXCUMMPYET KaXAblil 3JEMEHT MaccuBa X LEMHOU
APOOBIO CIIEAYIOUIETO BUA!
B
d,+

Benuuunel dj, j=1:k moayyeHbl HOCHENOBaTENBHBIM BbLICJICHUEM LIEJION Yac-
TH C NOCHEAYIOIUMM OOpallicHUEM ApOGHOH yacTd. TOYHOCTH ammpoKCHMauuu
BO3pacTaeT 10 CTENEHHOMY 3aKOHY C pOCTOM 4Mcia wieHoB. CaMasi MeUleHHasd
CXOAMMOCTb Habmonaercs INpM  pallMOHAJIBLHONM  anMpoKCUMALMM — YMCIa
x = sqgrt(2). ITorpewiHocTh annNpoKCUMAMKU € Y4eTOM K “WICHOB COCTaBASiCT
2.68 * {0.173)"k, TaK YTO YYCT KaKJIOI0o MOCICAYIOILEro YICHA YBCIUYUBACT TOYHOCTD
MEHee YeM Ha OJHY JACCATHYHYIO LHUGPY, TaK YTO IS JAOCTIDKEHHUS MaKCUMAaIbHOU
TOYHOCTH B apudMeTHKE C MUIaBaIoLLeii TOUKOit TpebyeTcs 21 wieH.

IIpumepei:

PaccMmoTpuM annpoxcuManui 4yuciia T B Buie LENHOW Apobu M pauuo-
HAJILHOI'O YHKCIIa
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rat(pi}

3+ /(7 + 1/(16))

rat(pi, 1e-12)

3+ 17 + (16 + 1/(-294 + 1/(3 + 1/(-4 + 1/(5M)))

[n, d] = rat(pi); [nd
ans= 355

[n, d] = rat(pi, 1e-12); [n d]
ans= 5419351 1725033

s = rats(pi)
s= 355/113

s = rats{pi, 26)
s= 5419351/1725033

Conymcmeyrowue gynxkyuu: FORMAT RAT,

(I)opmlposaune BCEX MepecTaHoBOK JJIEMEHTOB BEKTOpDA

Cunmaxcuc:

P = perms(v)
Onucanue:

Oynxiusi P = perms{v), tae vV - BEKTOP-CTPOKA MIMHBL N, GOPMUDPYET MACCHB,
COCTOSIILIMIA U3 BCEX BO3MOXHbIX NEPECTAHOBOK JIEMEHTOB 3TOT0 Bekropa. Maccus P
“MeeT pasMep nixn,

Ilpumep:
BriyucauM BCE BO3ZMOXHBIE NIEPECTAHOBKM TPEX ducesn 2, 4, 6:
perms(2:2:6)
ans =
6 4 2
4 6 2
6 2 4
2 6 4
4 2 6
2 4 6
Ozpanuvenue:

[IpakTuyeckoe HpUMEHeHHE 35TOM (QYHKUUM OrpaHUYEHO 3HAYCHUEM N,
MeHbIIMM 15.

Conymemaywowue gynxyuu; NCHOOSEK, PERMUTE, RANDPERM,

. ok
NCHOOSEK Boruncienne wncna coserannit C.; u dopmuposanue Bcex

COYETAHHMH J/ICMEHTOB BEKTOpa M3 N 0o k

Cunmaxcuc:
C = nchoosek(n, k)
C = nchoosek(v, k)
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6. Maremaruyeckmne yHkym

Onucanue:
Oyuxuus C = nchoosek(n, k), tae n u k - HeoTpuilaTe/ibHblE LieJible YMCHA,
RS
BBIYMCIISIET YUCTIO COUETAHUMN Cn = nt/ ((n—k)! k).

Oynkunsa C = nchoosek(v, k), rae v - BeKTOp-cTpoKa MIMHBL N, hopMupyer
MacCUB, COCTOALLUMI U3 BCEX BO3MOXHBIX COYETAHMI 110 K 271eMEHTOB 3TOTO BEKTOpA.
Maccus C umeer pasmep n! / ((n~k)! k!) x n.

Tpumep:

BoiauciinM Bce BO3MOXKHBIC COMETAaHMS U3 YEThIpEX 4ucen 2, 4, 6, 8 o 3:
nchoosek(2:2:8, 3)

ans =
2 4 6
2 4 8
2 6 8
4 6 8

nchoosek(4, 3)

ans= 4

Oepanuuenue:

IIpakTyeckoe MpuMeHeHUE 3TOM (YHKLUMU OrpPaHUYCHO 3HAYCHHEM N,
MEHBIIUM 15.

Conymcemeyrouue @ynkyuu. PERMS.

TpaHcueHaeHTHbie QYHKUMN

SART KBanpaTubiii KopeHb

Cunmaxcuc:
V = sqrt(Z)
Onucanue:
Oynkuus V = sqrt(Z) BeluUcIsgeT KBaApaTHbIe KOPHU 3JIEMEHTOB MaccuBa Z.
Jnst oTpuUaTeNbHBIX M KOMIUICKCHBIX 3HAYCHUM pEe3yJabTar sBISCTCS KOM-
TJIEKCHBIM YMCTIOM.
[pumep:
w = sqrt({(-2:2)")
W =
0+ 1.4142i
0 + 1.0000i
0
1.0000
1.4142

Conymcmeyrougue gynkyuu. EXP, LOG, SQRTM.
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CHacrema MHXEHEPHLIX v Hay4Hbix pacqetos MATLAB 5.x. Tom 1

EXP DKCNOHEHIUATLHAA QyHKURS

Cunmaxcuc:
V = exp(Z)
Onucanue:
Ovukuus V = exp(Z) BbIYMCIAET KCIOHEHTBI 3HaYeHUI NEMEHTOB Maccupa Z.

JLnst KOMITIEKCHBIX 3HAYCHUI Z = X + iy cipapeannea dbopmyna Ditnepa

e’ = e” (cos(y) + i sin(y)).

BolyucieHue 3KCNOHEHTH OT MATPHIIbI PEATH30BAHO C [IOMOUIBIO CIIEHM-
ATBHON PYHKUUM expm.
Conymcmayrowue ynxyuu: LOG, LOG2, LOG10, EXPM.
LOG DyHKUHA HATYPATHHOTO JOrapHpMa
Cunmarcuc:

V ={og(Z)
Onucanue:

Pyukums V = log(Z) BoMMHUCISET HATYpaIbHblil JIOTapUdM 3HAYEHHI 2TEMCHTOB
maccuBa Z. 1 KOMIUIGKCHBIX 3HAYCHUI Z = X + iy cripaBeauivBa hopmya

in(z) = In{abs(z)) + i atan2(y, x).

BrruucneHue QyHKUUY HATYPAIbHOro norapudma 0T MaTpHUIbl PeaTM30BaHO
C MOMOILLBIO CHeUMaAnbHOK GyHKuKHU logm.
Ipumep:

OfiHa 13 BO3MOXHOCTEH BBIMMCIICHUS 3HAYCHHS YMC/A T - 3TO BBIYUCAMTD log(-1):

log(-1)

ans =

0 +3.141592653589793e+000i

Conymcemeyiowue gyuxyuu: EXP, LOG2, LOG10, LOGM.

DKCHOHEHTA O OCHOBAHWIO 2

Cunmaxcuc:

V = pow2(2) X = pow2([M, P])
Onucanue:

OyHkums V = pow2(Z) BbIYUCISAET MACCHB CTeneHei 2.2,

OyHkuns X = pow2([M, P]) ans nefcTBUTENILHBIX MaccHBOB M u P BbrumcIsict
maccus X = M.*(2.AP).
Hpumep:

Hnst komiibiotepor ¢ 1EEE-apudMeTUKOM, B KOTOPbIX ONpedc/ieHbl O0beKThl eps,
realmax u realmin, QyHKUMS X = pow2(Im, p]) BLMUACASICT CACAYIOINE BETHUMHBL
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6. Marematudeckue QyHKUNN

..... p X
1 ................ - 1
................ 2 pi
2 -3
-51 ) eps
1024 realmax
-1021 realmin

Conymcmeyrouyue gynxyuu: LOG2, NEXTPOW2,

NEXTPOW2 Bmokaimas creneHb N0 OCHOBAHHIO 2

Cunmarcuc:
p = nextpow2(n)
p = nextpow2(x)
Onucanue:
ODynkupda p = nextpow2(n) BO3BpaIlIACT TAKOH NOKA3ATENH CTENEHU P, 4To 2°p 2> n.
DOyHkums p = nextpow2(x) ST OZHOMEPHOTO MAcCHBA X BO3BPALLAET 3HAYCHHE
nextpow2(length(x)). D1a orepauusi IMPOKO HPUMEHSIETCS [IPH BBIYUCIIEHWH OBICTPOIO
npeobpazosanua Pypse.
pumep:
Jist oboro 1es1oro YMcesIa n B auariasole ot 513 po 1024 dyHkuvsg nextpow2(n)
BO3BpaiLaeT 3HayeHue 10.
Conymcemeyrowue @yukyuu: FFT, LOG2, POW2.

LOG2 Q@ynxunn xorapudma

Cunmakcuc:

V =log2(2) M, P] =log2(X)
Onucanue:

Pynxuusa V = log2(Z) Beiyucnset jgorapuehM Mo OCHOBAHMIO 2 OT 3HAYCHUH
37IEMEHTOB MaccuBa Z.

GOynxums [M, P] = log2(X) mis MaccuBa X ACHCTBUTEbHBIX YMCEST BO3BPALLAET
MaccuB M 3HAYEHMH MAHTMCC M LEJIOYMCIEHHBIA MaccuB P riokasareneit creneHei,
MO3BOJISIIOILMX TIPEACTABUTD 110001 3eMeHT X B BuAe x = f*2*p; HynesoMy 3iie-
MCHTY COOTBETCTBYeT Iipeacrapnenue {f =0, e = 0}.

Hpumepw:
dna xomnsiotepos ¢ IEEE-apudmeTHkoit, B KOTOpBIX OrpedcicHbl 0ObeKThI
eps, realmax, realmin, GyHKUMS 10g2 BbIYUCIISIET CIEAYIOUIME BEJIMUMUHBL:

log2(eps) = -52, log2(reaimax) = 1024, log2(realmin) = -1022,
a dynxuus [M, Pl = log2(X) cTpouT CICAYIOLLME ITPEACTABICHUS HMCC.L:
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............................ m. ST SO

1 SN FOTSO SR L2 S e

PU o, L Y S

-3, B8 2 e

8PS e M2 B
realmax 1-eps/2 1024
realmin 1/2 -1021

Conymcemeyrowue ynxyuu: LOG2, NEXTPOW2, POW2.

LOG10 Dynkumn Jgorapadma

Cunmakcuc:

V =log10(2)
Onucanue:

Oynxuws V = l0g10(Z) sbumcnsier sorapndM 1o octosaHmwio 10 oT 3HAYCHMI
3JIEMCHTOB MaccuBa Z.

[Ipumepni:
dns xomneiotepoB ¢ [EEE-apu¢MeTUKOA, B KOTOPBIX OlpenesieHb! 00beKThI
eps, realmax realmin, ¢yHxuus {0910 BHIYHUCALET CACAYIOIIME BETUUUHbL
log10(eps) log10(realmax) log10(realmin)
-15.6536 308.2547 -307.6527

Conymcemeyiowue gynyuu: EXP, LOG2, LOGM, POW2,

TpuronomeTpuieckmne QyHKunn

Dynknuu cuuyca

Cunmaxcuc:
V= sin(Z)
V = sinh(Z)
Onucanue:
Qyukuus V = sin(Z) BEIMHCISET CUHHYC OT 3HayeHMIT 2JICMEHTOB MaccHBa Z.
Dynkunsg V = sinh(Z) BulMMCIIET rUMepOOIMYCCKUIA CHHYC OT 3HAUCHUM
3IEMEHTOB MaccuBa Z.
MaccuB Z gomnycKaet KOMIDIEKCHbIE 3HAYCHUS; YIbl U3MEPSIIOTCsl B pajiiaHax.
Ina BerauciaeHuss QYHKLUUM OT MATPULIBI CICAYET NPUMEHSTh CICLMalbHbIe
$yakuun funm win expm.
Aneopumm:
Jns bruncneHust GyHKIMR CUHYCA UCIONB3YIOTCS CACAYIOIIME COOTHOCHHUS:
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6. Maremaruveckme QyHkumm

sin(x + iy) = sin(x)ch(y) + icos(x)sh(y);
_ ef-e’?

sh(z) = —

sin(z) = ~ i sh(iz).

Conymcmsyiougue gynxyuu: ASIN, ASINH, CSC, CSCH, ACSC, ACSCH, EXPM, FUNM.

DyHKuHH 00pPATHOrO CHHYCZ

Cunmaxcuc:

V = asin(Z)

V = asinh(Z)
Onucanue:

Oynkuug V = asin(Z) BbiyucaseT oOpaTHYIO GYHKUMIO CHHYCA OT 3HAYeHUI
97E€MEHTOB MaccuBa Z.

Oynkuus V = sinh(Z) Beruucisger obpaTHyio (yHKUMIO THIEpOOIHYECKOro
CHHYCa OT 3HAYCHUH 3JICMEHTOB Maccupa Z.

Maccus Z HofIycKaeT KOMIUIEKCHBIE 3HAYCHMS; YIibl V M3MEPSIOTCS B pagMaHax.

Qyukuua Y = asin(X) wist AeACTBUTEABHBIX 3HAYEHMI -1 < X £ 1 onpefeneua
B MHTepBaJie -T2 < X < T/2.

Jna BoluycAeHUA GYHKUMH OT MaTPHLBI CliedyeT NMPUMEHSITh CIIELHATbHYIO
dynkimio funm.
Anzopumm:

Onst BeryrcneHuss QyHKUMH OOPaTHOrO CHHYCa WCHOJB3YIOTCSI CEAYIOLLUE
COOTHOLLUEHHS:

arsh(z) = In[z + (1 + 2%)

arcsin(z) = — i arsh(iz).

Conymcmeyrowue gynxyuu: SIN, SINH, CSC, CSCH, ACSC, ACSCH, FUNM.

CSC, CSCH DyHKIMH KOCeKauca

Cunmakcuc:
V = csc(Z)
V = csch(Z2)
Onucanue:
DyHxims V = ¢sc(Z) BRIYUCIIAET KOCEKAHC OT 3HAYEHHI 3JIEMEHTOB Maccusa Z.
Oyuxuusa V = sinh(Z) BoryucsisieT runepboMYeCKHil KOCEKAHC OT 3HAYEHH I
37EMEHTOB MaccuBa Z.
Maccus Z nonyckaer KOMIUIEKCHbIE 3HAUEHMS; YIIbl U3MEPSIIOTCS B pafHdaHax.
Hnst BbiumcAeHUS GQYHKUMH OT MATPULBI CIEAYEeT NMPUMEHATb CICHUANLHYIO
¢pynkumio funm.

172y,
]’
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CrcTemMa NHXeHepHbIx U HayyHbix pacyeTos MATIAB 5.x, Tom 1

Aneopumm:
s suluMceHns QYHKUMIA KOceKaHca UCTIONB3YIOTCS ClieAyIoLMe COOTHOLLIEHHS:
csc(z) = 1/sin(z);
csch(z) = 1/sinh(z).

Conymcmeyrowue @ynxyuu: SIN, SINH, ASIN, ASINH, FUNM.

LAacsc, AcscH | @yuxumu 06paTHOrO KoceKanca

Cunmarcuc:

V = acsc{Z)

V = acsch(Z)
Onucauue:

Oyukupst V = acse(Z) suyucisicT o0patHyo QyHKIMIO KOCEKaHCa OT 3HAYCHUIA
2JIEMEHTOB Maccusa 2.

Dyuxiug V = acsch{Z) BoiuncineT obpatHyo QYHKUMIO runepOoInyecKoro
KOCEKAHCa OT 3Ha4YCHHI 311EMCHTOB Maccuba Z.

Maccug Z nonyckaer KOMIUIEKCHBIC 3HAYECHUST; YIJibl V U3MEPSIOTCS B PaMaHaX.

It Bhrumciienuss QYyHKIMH OT MaTpHUBbl CleqyeT NMPUMEHTh CIEHUAIbHYIO
dyrxuuio funm. '
Ancopumm:

Jnist BeraMciieHUst (QYHKLMA 0BPaTHOTO KOCEKAHCA WCTIONB3YIOTCH CAAYIOiMe
COOTHOLLUEHUS!

arccosec(z) = arcsin(1/z);

arcosech(z) = arsinh(1/z).
Conymcemeyrowue gynkyuu: SIN, SINH, CSC, CSCH, ASIN, ASINH, FUNM.

COS, COSH DyHKIUH KOCHHYCA

Cunmaxcuc:
V = cos(Z)
V = cosh(2)
Onucanue:
Dynxams V = cos(Z) BEIMUCIAET KQCURYC OT 3HAYCHMI 3/IEMEHTOB MaccuBa Z.
Oyuxuus V = cosh(Z) BbruMc/sIET rUNCpOOTUYECKUA KOCHHYC OT 3HAYEHUH
3JIEMEHTOB MaccuBa Z.
Maccus Z 20MycKaeT KOMIVIEKCHBIE 3HAYCHMS; YIVIbI UBMEPSIOTCS B paauaHax.
g Bourcnenus GYHKUMK 0T MATPUUL! CHEQYET [PUMEHNTH ClielalbHble
$yHkuuN funm wiu expm,
Anzopumm:
Htst BBramCIcHU QYHKUMIA KOCHHYCA UCTTOABb3YIOTCS CIICAYIOLME COOTHOLLUCHUS
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6. Maremaruygckue QyHkLm

cos(x + iy) = cos(x)ch{y) — isin(x)sh(y);
_ef+e %

ch(z) —

cos(z) = ch(iz).

Conymcmayrowue gyuxyuu: ACOS, ACOSH, SEC, SECH, ASEC, ASECH, EXPM, FUNM.

[ACOS, ACOSH | Dynkuud 00paTHOre KOCHHYCA

Cunmaxcuc:

V = acos(Z)

V = acosh(Z)
Onucanue:

Oyukims V = acos(Z) BblMUchseT o6patHyo QYHKIMIO KOCUHYca OT 3HaYeHuM
37IeMEHTOB Maccusa Z.

®ynkuua V = acosh(Z) Beluucnser obpatHyo GYHKUHIO TMIIEPGOIHYECKOTO
KOCHHYCa OT 3Ha4YeHHUI 2JIEMEHTOB MaccuBa Z.

Maccus Z gornycKaeT KOMIUICKCHBIC 3HAYCHUS; YITIbl V U3MEPSIIOTCS B PaguaHaXx.

Oynkuusg Y = acos(X) Wid JeHCTBUTENbHBIX 3HAYeHMI -1 < X < 1 onpenencHa

B UHTEpBaIe 0 < X < TT.

s BeruucrneHust GYHKUMU OT MATPUUBI CACAYET TIPMMEHSITD CIIEHUAIbHYIO
dysxuumio funm.
Aneopumm:

s Beruncnenunss GyHKUMIA OOPATHOrO KOCUHYCA UCTIONB3YIOTCSA CIEAYIOLIME
COOTHOMICHHA:

arch(z) = Injz + (22 - ©)'%;

arccos(z) = —i arch(z).
Conymcmsywwue ynxyuu: COS, COSH, SEC, SECH, ASEC, ASECH, FUNM.

SEC, SECH DyHKINN CeKaHCa

Cunmaxcuc:
V = sec(Z)
V = sech(Z)
Onucanue:
DyHkuua V = sec(Z) BLIYKCISET CEKAHC OT 3HAYEHUM 3JIEMEHTOB MaccuBa Z.
Oynkuus V = sech(Z) BbIYUCISIET runepOOIMYECKUl CEKAHC OT 3HAYSHMIA
3JIEMEHTOB MaccuBa Z.
MaccuB Z pornyckaeT KOMIUICKCHBIE 3HAYCHUSI; VIVl U3MEPSAIOTCA B PajMaHax.
it BblyucicHns GyHKUUM OT MATpPHULbl CICAYCT NPUMCHSTL CIICLUAIbHYIO
hynxkouo funm.
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Aneopumm:
JUtst BeraucneHus GyHKUMHA CEKaHCa UCTIOMB3YIOTCS CAEAYIOLME COOTHOLIEHUS:
sec(z) = 1/cos(z);
sech(z) = 1/cosh(z).

Conymcmgyrwue gyuxyuu: COS, COSH, ACOS, ACOSH, FUNM.

| ASEC, ASECH | @yHKIHH 00PATHOro ceKanca

Cunmakcuc:

V = asec(Z)

V = asech(2)
Onucanue:

Oyukiust V = asec(Z) BpIYHCASET 00paTHYIO QYHKLIMIO CEKaHCa OT 3HaYCHUA
37IEMEHTOB MaccuBa Z.

Oyukuus V = asech(Z) Bbaucisger o6paTHyo GyHKUMIO THIIEPGOIHIECKOTO
CeKaHca OT 3HaYeHMit ANEMEHTOB Maccupa Z.

MaccuB Z fonyckaeT KOMIUIEKCHbIE 3HAYEHWS; YIB! V U3MEpSIIOTCSA B pajMaHax.

st BeIMMCIEHHMA GYHKUMU OT MaTpHUBI CliefyeT INPUMEHSATh CTeHMaIbHYIO
dbynxuuio funm,
Aneopumm:

It Berducienus GyHKuui oO6paTHOTO ceKanca MCIONb3YIOTCS Clenylolime
COOTHOLLEHUS:

arcsec(z) = arccos(1/z);

arsech(z) = arcosh(1/z).
Conymcemeyrouue yrkyuu: SIN, SINH, CSC, CSCH, ASIN, ASINH, FUNM,

TAN, TANH DyHKIMH TAHreHca

Cunmarcuc:
V =tan(2)
V = tanh(Z)
Onucanue:
Oyukums V = tan(Z) BbIYKMCASET TAHTEHC OT 3HaYeHUM JIEMEHTOB MacCHBa Z.
Oyukuua V = sinh(Z) BeIYUCASET MUNEpOOIHYECKU TAHIEHC OT 3HAYEHUIA
3JIEMEHTOB MaccHBa Z.
MaccuB Z JOIMyCKACT KOMIUIEKCHBIE 3HAYEHMS; YITIbI U3MEPSIOTCS B PalMaHaXx.
Jns BoluuchaeHUs QYHKUMKM OT MaTPHub! ClEAYeT TIPUMEHATh CIIEHUATBHYIO
¢yHkumio funm.
Ancopumm:
A BorucieHUs PYyHKUMM TAHIeHCA UCTIONB3YIOTCS CIE/TyIOIHE COOTHOLUEHHSL:
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6. Marematudeckmne QyHkumm

sin(z)
cos(z) '
thz) = sinh(z) .
cosh(z)
Conymcmeyiowue gyuxyuy: ATAN, ATAN2, ATANH, COT, ACOT, COTH, ACOTH, FUNM.

ta(z) =

[ ATAN, ATAN2, ATANH | ®yuxupn 06paTHOTO TaHreHca

Cunmarcuc:

V = atan(2)

V = atan2(Y, X)

V = atanh(Z)
Onucanue:

Qyuxuys V = atan(Z) suiunciseT obpatHyo (PYHKUMIO TaHreHca OT 3HAueHWi
ANEMEHTOR MaccuBa Z.

Oyurama V = atan2(Y, X) BeaucasieT o0paTHyio (HYHKLMIO TAHICHCA OT 3HAYEHHH
J7IEMEHTOB [BYX CBSI3aHHBIX [IeHCTBUTEIBHBIX MaccuBoB Y u X. Ecim maccusbl
OKa3aJIMCh KOMIUIEKCHBIMU, OepyTcst UX AEHCTBUTEABHBIC YAaCTU. YIIbl V BBIYHC-

JITIOTCS € YYeTOM 3HAKOB Y U X U oNpelic/ieHbl B UHTEpBasie -T <V < 7.
Oyukuus V = atanh(Z) BiuucigeT 00paTHYI0 QYHKUIMIO TUnepOoingecKoro
TaHIreHCca OT 3HAYCHUIA JICMEHTOB MaccuBa Z.
MaccuB Z 10orycKaeT KOMIUICKCHBIE 3HAUEHUST; YIIbI V U3MEPSIIOTCH B PAUAHAX.
s BplugcneHusi GYHKUMY OT MaTpUIbl CeAyeT NIPUMEHSITH CIIELUATBHYIO
dynkuuo funm.
Anzopumm:
g BblunciieHHUs (DYHKUMA OOPATHOrO TAHTEHCA MCITOIB3YIOTCS CJIelyIoIue
COOTHOILUEHHS:

arth()——1—ln1+—z;

1-2z

arctg(z) = —i arth(iz);
arctgl, x>0, —oco<y <eo,
Arctg(y, x) = {n— arctgH 0, 0<y<eo;
—7c+arct}~,| Xx<0, —e<y<0.

Conymemsyiowue @yuxuuu: TAN, TANH, COT, COTH, ACOT, ACOTH, FUNM.

235



CucremMa nHXeHepPHbIX N Hay4HbIx pacdeTros MATLAB 5.x. Tom 1

coT, CoTH DOyHKUMH KOTAHTEHCA

Cunmaxkcuc:
V = cot(Z)
V = coth(Z)
Onucanue:
OyHxumMa V = ¢SC(Z) BHMMCISET KOTAHIEHC OT 3HAYEHUHM 3J1eMEHTOB MacchBa Z.
Oyuxius V = sinh(Z) Beiuncsger runepGonuyecKuit KOTAHIEHE OT 3HAYEHHI
2JIEMEHTOB MaccuBa Z.
Maccus Z ponyckaet KOMIUIEKCHBIE 3HAYCHUS; YIVIHI UBMEPAIOTCA B pajguanax.
Hnst BBIYUCTEHUS GYHKUMM OT MAaTpUUbL CIEAYET MPUMEHSTH CIICIMAIbHYIO
dysxamo funm.
Aneopumm:
s BeiuncaeHHS QyHKIMIA KOCEKAHCA MCTTONB3YIOTCS CJIEAYIOIHE COOTHOUWIEHIS:
ctg(z) = 11tg(z);
cth(z) = 1/th(z).
Conymcmeyrouwue @ynkuyuu: TAN, TANH, ATAN, ATAN2, ATANH, FUNM.

| AcoT, AcoTH | DyHKnuH 00pPaTHOrO KOTAHresca

Cunmaxcuc:

V = acot(Z)

V = acoth(Z)
Onucanue:

OyHkuus V = acsc(Z) Boumcisier 00paTtHyo PyHKLMIO KOTAaHTeHCa OT 3HaYeHHMIT
5JIEMEHTOB Maccupa Z.

Qynkius V = acsch(Z) BeYMCIACT 06paTHYI0 PYHKUMIO TUTIEPOOAHYECKOrO
KOTAHICHCA OT 3HAYEHMH 2JIEMEHTOB MaccuBa Z.

MaccuB Z gonyckaeT KOMILIEKCHbIE 3HAYCHUA, YIUIBI V U3MEPAIOTCA B PaMaHaXx.

Jna BelYMCIeHMsT GYHKIMM OT MAaTpULbI CJAEAYeT NMPUMEHSTH ClELHAIbHYIO
¢yukuuio funm,
Aneopumm:

g BerumcieHns GYHKIMIT 0OPaTHOIO KOTAHTEHCA MCIONb3YIOTCH CHIEAYIOLLME
COOTHOLIECHUS!

arcth(z) = lln—711L—1—;

2 z-1

arcctg(z) = i arcth(iz).

Conymemeyrowue gyuxyuu: TAN, TANH, COT, COTH, ATAN, ATAN2, ATANH, FUNM.
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6. Maremartuveckmne QyHKUmM

[TpeobpasoBaHua CUCTEM KOOPANHAT

TIpeo6pasosanne JeKapTOBOH CHCTEMbI KOOPIMHAT
CART2POL B NOJSIPHYI0 H WHIHHAPHIECKYIO
Cunmakcuc:

[TH, R] = cart2pol(X, Y)

[TH, R, Z] = cart2pol{X, Y, Z)
Onucanue:

Oyukuus {TH, R] = cart2pol(X, Y} npeoBpazoBhBACT TOYKA ICKAPTOROK CHCTEME
KOOD/IMHAT B TOYKM MOJIAPHON CHUCTeMbl KoopauHAT. Pasmepn maccusoB X u Y
JOMKHE! GpiTh cOrtacoBaHbl. Yron TH u3MepseTcs B paiyaHax.

®yuxuus [TH, R, Z] = cart2pol(X, Y, Z) npeobpa3oBbIBACT TOYKM TPEXMEPHOM
JICKAPTOBOM CHCTEMBbl KOOPHMHAT B TOYKM LMIMHIPHYECKON CHUCTEMbl KOODAWHAT.
Pasmepnl MaccuBos X, Y U Z Jo/ixHBI ObiTh cOrJiacoBanbl. Yron TH usMmepsercs
B paguaHax.

Anzopumm:

JU1sl BRIYUCTCHUS UCITONB3YIOTCS cleayioline HopMyIIsl Ipeo6pa3oBaHMs:

r=sqrt(x.A2 +y.A2);

th = atan2(y, x).

Conymcmeyrowue gynxyuu. POL2CART.

IIpeoGpa3sosanue gexapToBoii cnc*riucxilb ::ggcu:;:
Cunmackcuc:
[AZ, EL, R] = cart2sph(X, Y, Z)
Onucanue:

Oyukuus [AZ, EL, R] = cart2sph(X, Y, Z) npeoGpa30oBbIBacT TOYKH TPEXMEPHOH
ACKAPTOBOM CUCTEMbl KOOPIUHAT B TOYKM CPepuU4ecKOll CHUCTEMBbI KOOPAUHAT.
Pasmepsl Maccusos X, Y 1 Z go/mkHBI OBITH coracoBaHsl. Yribl AZ, EL uaMme-
PSIOTCS B paguaHax.

Ancopumm:

JL1s BBIYMCACHUA UCIIOAB3YIOTCA caedyotue hopMynbi Mpeodpa3oBaHUs:

r=sqri(x.A2 + y.A2 + 2.A2),

elev = atan2(z, sqrt(x.*2 + y.*2)),

az = atan2(y, x).

Conymemeyrowue gynxyuu: SPH2CART.
IlpeoGpazoBanne noasApHOH M NHIHHAPHIECKOH

POL2CART CHCTeM KOOPAMHAT B JIeKAPTOBY

Cunmarcuc:

[X, Y] = pol2cart(TH, R)
X, Y, Z] = pol2cart(TH, R, Z)
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Onucanue:

Oyhkuus [X, Y] = pol2cart(TH, R) npeoGpa3oBbIBacT TOUKM [TOISIPHON CHCTCMBI
KOOPAHHAT B TOUKM AEKAPTOBOU CHUCTeMb! KoopauHar. Pa3mepnl maccuBoB X u'Y
JOJIKHBI OBITH COIIACOBaHbL. Yron TH u3MmepsieTcsl B paluaHax.

Oyukuus [TH, R, Z] = cart2pol(X, Y, Z) nipcobpa3oBbiBaeT TOUKU HUIMHAPU-
YeCKOW CMCTEMBI KOODAVHAT B TOUKY TPEXMEPHOW JIEKAPTOBOM CHUCTEMBI KOOP-
nuHat. Pasmepsl MaccuBoB X, Y U Z NOJKHB! ObITh COrIAcoBaHbl. Yron TH usme-
psieTcst B paguaHax.

Aneopumm:

Js BHIYUCIIEHUST UCTIONB3YIOTCA Cleayonie GopMyiibl IpeobpazoBaHus:

x = r.*cos(th);

y = r.*sin(th);

z=2z.

Conymcmeyrowue dynxyuu: CART2POL.

IIpeobpazopanue chepHYECKOi CHCTEMBbI KOOPIHHAT
SPH2CART peobp bep pa
B ICKApPTOBY

Cunmaxcuc:

[X,Y, Z] = sph2cart(AZ, EL, R)
Onucanue:

Oyukunsa [X, Y, Z} = sph2cart(AZ, EL, R) npeobpa3oBbiBacT TOYKH ChHepHueCcKOl
CHCTEMBl KOOPAMHAT B TOYKHM JEKAPTOBOI CHCTeMbi KOOpAMHAT. Pasmepsl MaccHBOB
X, Y 1 Z 1o/mKHbI ObITh OMMHAKOBBL. YTibl AZ, EL u3MepsioTcs B paiuaHax.
Aneopumm:

s BBIYMCIICHHUS! UCITONB3YIOTCS ClieayIomue GopMyJibl Mpeodpa3oBaHus:

z =r.* sin(elev); '

x =r.* cos(elev) .* cos(az);

y = r .* cos(elev) .* sin(az).

Conymcmeyrouwue pyuxyuu:. CART2SPH, CART2POL, POL2CART.

CneuyuvanbHbie PyHKUNUU

PemieHve MHOTHX HayYHBIX M TEXHHUYECKUX ITPOO/IEM CBI3aHO C MCCIICIOBAHUEM
crienMaibHpIX (GyHKUMEA. Bxonsuue B coctaB cucteMbl MATLAB 5 cneuuaiibHbie
GYHKUMM COOTBETCTBYIOT CIIPABOYHHMKY 110 CrieLManbHbIM (GyHkuuaMm [1]. Onu
BKIoyaoT dynkuuun beccens u Bitpu, Gera-GyHKuMU, dunTUdeckue GyHK-
uMd Ako0U U NONHbLIE SJUIMIOTHYECKUE WHTCrpanbi, QYHKIUM BEPOSTHOCTCH,
raMma-OyHKIMU, HHTETPAJIBHYIO 110KA3ATEJILHYI0 (PYHKUMIO U [TPUCOCAMHCHHYIO
¢yukuuo JexaHapa.
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[ BESSELJ, BESSELY | Oynxupun Beccenst

Cunmarcuc:

J = besselj(nu, Z) Y = bessely(nu, Z)

J = besselj(nu, Z, 1) Y = bessely(nu, Z, 1)

[J, ierr] = besselj(nu, Z) [Y, ierr] = bessely(nu, Z)
Onucanue:

JInneitnoe auddepeHunanbpHOE ypaBHEHHUE BUAA

rie v - HeoTpUllaTeNibHAsL BeJIMMMHA, HA3bIBaeTCs ypasgnenuem becceas, a €ro pe-
LIEHUs M3BECTHH Kak gyukuuu beccens nepsozo poda J.(z) v émopozo poda Y (z).

Oynkuuu Beccenst nepgozo poda J (z) M emopozo poda Y (Z) onlpenensiorTcs
CIICAYIOUINM 00pa3oM:;

, PPYS U A M _T—ta-n ;

3, (3 =(%) Z;,k!r(wkn) F(a)—oe t'dt
_Jy(Pcoslvn) -J_ (2
- sin(vr)

It QYyHKIMM JIMHCHHO HE3aBUCHMBI M 33[al0T TIOJHOE MHOXECTBO pELICHWH
Jutd ypasHeHust beccess.

®Oyukuus J = besselj(nu, Z) BeruucnseT Gyrkuuu beccens nieporo poxa st
KaX0Io 3JIeMEHTa KOMIUIEKCHO3HaYHOro Maccusa Z.

Oyuxuusa Y = bessely(nu, Z) seiuncisier dynkuun Beccenst Broporo popa
JISL AEHCTBUTEbHBIX HEOTPULATEIbHBIX 3HAaYEHUI NU U apryMeHTa Z.

IMopsinok GYHKIMHA NU MOXET TIPUHMMATH JIOOBIC [CHCTBATENbHBIE 3HAYCHHS,
He 00S3aTeNbHO 1IENOYUCTeHHble. Pe3yabTar saBisieTcss ACHCTBUTEIBHBIM IS
T10JI0KUTEJIBHBIX 3JJEMEHTOB MaccHBa Z.

Eci BXoaHble MacCUBBI NU ¥ Z UMEIOT OJIMHAKOBBIE PA3MEPBI, TO PE3y/IBTATOM
SABASETCH MacCCHB TOIO Xe€ pa3Mepa. EciM oavH U3 MacCUBOB CKAIIP, TO OH
pacluMpseTcs A0 pa3MEpOB BTOPOro MaccHBa. Eciy ofMH M3 MacCHBOB BEKTOD-
CTPOKa, a BTOPO# BEKTOP-CTOJIOCL, TO PE3Yy/IbTaTOM SIRBIETCA JBYMEpHas Tabrvia
3HAYCHMIT COOTBETCTBYIOLIECH (yHKIMU beccens.

®yukuun J = besselj(nu, Z, 1) 1 Y = bessely(nu, Z) BEIYUCAAIOT GYHKUUA
beccena nepBoro poja, MaciuTabupoBaHHbIe MHOXUTeneM exp(-abs(imag(z))),
JUIS KaXIOro 3JIEMEHTa KOMIUIEKCHO3HAYHOTO MaccuBsa Z.

Oynxiuu [J, ierr] = besselj(nu, Z) u [Y, ierr] = bessely(nu, Z) Bo3BpaiuaioT
TakXe coobuicHue o6 OIMOKe, KaK 3TO OIMCAHO B ClieAylouien Tabauiie.

Y, (2
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ierr Onucanue

5 Het cxonumocTty, pesynbrat NaN

[Ipumepor:
[MToctpouts MtMHUU ypoBHEH Ast Monyns n dasel dyHkuuu Beccens neproro
poaa nopsinka 0.
[X, Y] = meshgrid(-4 : 0.025: 4, -1.5:0.025: 1.5);
H = besselj(0, X +i*Y);
contour(X, Y, abs(H), 0: 0.2 : 3.2), hold on
contour(X, Y, (180/pi)*angle(H), -180 : 10 : 180

); hold off

Puc. 6.1
[ocTpouts TMHUM YpOBHEl [Uist Moayns u ¢assl GyHkuMK beccens Broporo
poja nopaaka Q.
[X, Y] = meshgrid(-4 : 0.025 : 4, -1.5:0.025: 1.5),
H = bessely(0, X + i*Y});
contour(X, Y, abs(H), 0 : 0.2 : 3.2), hold on
contour(X, Y, (180/pi)*angle(H), -180 : 10 : 180); hold off

1.5
05} 1
a. .
ol f
|
21k J
_1‘51__;; . j :
-4 2 4

Puc. 6.2
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6. Maremaruyeckue yHkuum

Aneopumm:

M-byHkuuu besselj n bessely ucrone3ytor uHTepdeiic CMelIAHHOrO NPo-
rpaMMupoBaHus (mex-uHrepdeiic) mIs Bhi3oBa OMOIMOTEKH Ha g3bike Fortran,
onucaHHoM B paborax [2,3].

Conymcmeyrowue Qynkyuu: ARY, BESSELH, BESSELI, BESSELK.

Cevinku:

1. CnpaBoyHMK Mo cneunaibHbiM GyHKUMAM ¢ dopmynamu, rpaduxkaMu v Tabnuuamu/
[Ton pen. M. A6pamoBuya u M. Cruran: Ilep. ¢ aurn. M.: Hayka, 1979. 832 c.

2. Carrier, Krook, Pearson. Functions of a Complex Variable: Theory and Technique. N. Y.
Hod Books, 1983.

3. Amos D. E. A Subroutine Package for Bessel Functions of a Complex Argument and
Nonnegative Order. Sandia National Laboratory Report, SANDS85-1018, May, 1985.

| BESSELI, BESSELK |

Moauduunposannpie Gpynxunn beccens

Cunmakcuc:

| = besseli(nu, Z) K = besselk(nu, Z)

I = besseli(nu, Z, 1) K = besselk(nu, Z, 1)

(1, ierr] = besseli(nu, Z) (K, ierr] = besselk(nu, Z)
Onucanue:

JInueitnoe nuddepeHuMansHOE ypaBHEHUE BUAA

2
z? 3—Z;+z%—(zz +v¥)y=0,

roe v - HeoTpULaTesbHas BeJMYMHA, Ha3bIBACTCH MOOUQDUUUDOBAHHBIM YPaBHEHUEM
beccens, a ero peuleHUs M3BECTHBI KaK Moduguuuposanuvie @ynxuuu beccens
nepeozo 1.(z) u emopoeo poda K (z).

Moguduimposannble dyHkuMU beccenst nepsozo poda | (z) u émopoeo poda
K,(z) onpeensioTcsa CAEeAYIOIMM 00pa3oM:

2o (@RaF F(a) = Te—ts9-1d;
L= L oromey ™ @ {)et &
Kv(z):n/z_l__v_(.f_)_:.l_vﬁ.

sin(vr)

OTH QYHKIMHA JIMHEAHO HE3aBUCHMBI U 3a4a0T MOJIHOE MHOXECTBO PELUCHMIA
L1t MoIuGHUIMpoBaHHOro ypasHeHus beccens.

®ynxuusa I = besseli(nu, Z) BbuucisieT MomudynMpoBaHHbie GyHKimMu beccens
HEPBOro Poaa Ul KaX/I0ro 3JEMEHTa KOMIUIEKCHO3HAYHOTO MaccuBa Z.

O@yuxkuust K = besselk(nu, Z) BeYMUCIAET MOAUGMULMPOBAHHBIC (QYHKLMUA
Beccenst Broporo pospa it ACHCTBUTENbHBIX HEOTPULIATEIBHBIX 3HAYCHUH nu
¥ apryMcHra Z.
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Tlopafok QyHKUME NU MOXET NPUHUMATD JHoDble ACHCTBUTENbHBIC 3HAUEHUA,
He 00s13aTesIbHO LEOYMCIACHHBIE. Pe3ynbTaT ABASETCA NEHCTBUTEABHBIM I 110~
JIOXHTEJIBHBIX 3JIEMEHTOB MaccuBa Z,

Ecyv BxogHBIE MacCHBBI NU U Z UMEIOT OAMHAKOBBIE Pa3MEPHl, TO PE3Y/ILTATOM
ABJIFETCA MACCUB TOTO Xe pasMepa. Ecny oAMH U3 MacCHUBOB CKIAP, TO OH pac-
LIMPSETCH O Pa3MEpoB BTOPOrO MaccHBa. EC/IM OOUH M3 MAacCHMBOB BEKTOP-
CTPOKA, & BTOPOH BEXTOP-CTONOCH, TO Pe3yNbTATOM SIBJIAETCS JBYMEPHas Tabuila
3HayeHUMN cooTBeTCTBYIOLIEH MoaudruuposaHHoit dyuxuuu beccens.

Oynkumu | = besseli(nu, Z, 1) u K = besselk(nu, Z, 1) Bbraucasnor MoaudULIMPO-
BaHHble ¢yHkumMu bBeccenst, MaclurabupoBaHHbIe MHOXUTENEM exp(-abs(real(z))), ws
KaK/0I0 IEMEHTA KOMIUTEKCHO3HAYHOrO MaccuBa Z.

O®ynxkuuu [i, ierr] = besseli(nu, Z) u [K, ierr] = besselk(nu, Z) Bo3spawaoT
TaKXKE cooBuicHUe 00 OMOKe, KaK 3TO OTIMCAHO B Clenyloleit Tabauie.

ierr Onucanue
1 HenpaBunsHble apryMeHThI
2 [lepenomnenne, pesynprarinf
3 HexoTopas noteps TOUHOCTH NIpY YMEHBLUEHHWM NapaMeTpa
4 TonHas NMOTepA TOYHOCTH, Z UIIM NU CIMILKOM BETUKH
5 Her cxoaumocTty, pesynbrat NaN
Tpumepst:

TTocTpouTh AMHUK YPOBHEH TS MOAYIS: U $a3hi MONMPMIIMPOBAHHON (YHKIMN
Beccens nepsoro poxa nopgaka 0.
{X, Y] = meshgrid(-4 : 0.025 : 4, -1.5:0.025: 1.5);
H = besseli(0, X + i*Y);
contour(X, Y, abs(H), 0: 0.2 : 3.2), hold on
contour(X, Y, (180/pi)*angle(H), -180 : 10 : 180); hold off




6. Maremaruveckue GyHkUuN

[NoctpouTs JIMHUM ypoBHE# Wit Momysst ¥ (ha3bl MOAUGMULIMPOBAHHOK GYHKIMH
beccenst Broporo posa nopsiaka 0.
[X, Y] = meshgrid(-4 : 0.025 : 4, -1.5:0.025: 1.5);
H = besselk(0, X + i*Y);
contour(X, Y, abs{H), 0: 0.2 : 3.2), hold on
contour(X, Y, (180/pi)*angle(H), -180: 10 : 180); hold off

Aneopumm:

M-dynxkuuu besseli u besselk ucnone3yior MHTEPGEHC CMELIAHHOIO MPO-
rpaMMupoBaHug (mex-uHTepgeic) it BbI30Ba OMONIMOTEKM HA sA3bike Fortran,
onuca”HHo# B paborax {1, 2].

Conymcmeyrowue gynkyuu: AIRY, BESSELH, BESSELJ, BESSELY.
Cebiaku:

1. Carrier, Krook, Pearson. Functions of a Complex Variable: Theory and Technique. Hod
Books, 1983.

2. Amos D. E. A Subroutine Package for Bessel Functions of a Complex Argument and
Nonnegative Order. Sandia National Laboratory Report, SAND85-1018, May, 1985.

BESSELH Oyuxuun Xasxens

Curmakcuc:
H = besselh(nu, k, Z) H = besselh{(nu, k, Z, 1)
H = besselh(nu, Z) [H, ierr] = besselh(...)
Onucanue:

Dynkumn Xankensi, win yskimu Beccenss mpembezo poda, H,V(z) u H,2(z)
ABSIOTCA JIMHEAHbIMK KoMOuMHAaLMsaMH (yHkuuit Beccenst nepBoro U BTOpOro
PO/ia 1 ONPEACAAIOTCS CIACAYIOIMM 00pa3oM:
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H'(2=4J,(3 +1,(3;
HP(z)=J (2)-iY, (z).

311 QYHKUMM JIMHEHHO HE3aBUCMMBI M 33/ai0T TMOJHOE MHOXECTBO pEICHHI
Iuis ypaBHeHus beccenst.

Oyukuusa H = besselh(nu, k, Z) Boruucaser mis 3HayeHuid k = 1, 2 GyHKUMU
XaHkeJist IOPSIAKA NU VTS KaXIO0ro 3JIeMEHTa KOMILIEKCHO3HAaYHOro MaccuBa Z.

OyHkuusa H = besselh(nu, Z) Beruuciser ¢GyHKIMIO XaHKENs MOpsSAKa Nu,
TIPUHUMAS IO YMOJIYaHUIO 3HaYeHMe k = 1.

®ynkums H = besselh(nu, 1, Z, 1) Beruncisier dyskumio Xankens H,((z)
TOpSIKA NU, MAacIUTAOMPOBAHHYIO MHOXHUTENEM exp(-iz).

®ynxums H = besselh(nu, 2, Z, 1) Berauciser dyakumio Xankens H,2(z)
MOPSAKA NU, MaCIUTAOMPOBAHHYIO MHOXHUTeNEeM exp(iz).

TMopsinox dyHKIMIA NU MOXET NMPUHUMATDH JIIOOBIE JEHCTBUTENIBHBIC 3HAYEHUS,
He 0053aTeJIbHO LIeIOUMCIEHHBIE. Pe3yibTaT sisieTcst NEACTBUTENBHBIM LISl TI0-
JIOXHUTEBHBIX 3JIEMEHTOB MAacCUBa Z.

Ecnu BXOIHBIE MacCUBBI NU M Z UMEIOT OIMHAKOBEBIE PA3MEpPh!, TO PE3Y/IBTaTOM
SIBJIIETCSt MACCHB TOTO € pa3Mepa. Eciu oguH M3 MAcCHMBOB CKaJiSIp, TO OH
pacuiMpsieTcsi 10 pa3MEPOB BTOPOro MaccuBa. Eciu OAMH M3 MacCUBOB BEKTOD-
CTPOKA, a BTOPOM BEKTOP-CTONAOEL, TO PE3YJIBTATOM SIBISCTCS ABYMEpHas Tabiuua
3HAaYeHUH COOTBETCTBYIOLIEH QYHKIMM XaHKENs.

Oyuxuun B dopme {H, ierr] = besselh(...) BosBpaialoT Takxke coobiieHuUe
06 omubKe, Kak 3TO ONUCAHO B ClieAyoLUei Tabnute.

ierr Onucanue

HenpasunbHble apryMeHThb

Ilepenonnexune, pesynpbrar Inf

HekoTopas noteps TOYHOCTH NPH YMeHbLIEHHM flapaMeTpa
IMonHag noTepst TOYHOCTH, Z WIM NU CAMLIKOM BETUKH

NI IWING -

Her cxonumocTtH, pesynstat NaN

Ilpumepor:
ITocTpouTs JiuHUK YPOBHEH ISt MOAYJis U a3kl GyHKIUM XaHKest Ho“)(z).
[X, Y] = meshgrid(-4 : 0.025: 4, -1.5:0.025: 1.5);
H = besselh(0, 1, X + i*Y);
contour(X, Y, abs(H), 0: 0.2 : 3.2), hold on
contour(X, Y, (180/piy*angle(H), -180 : 10 : 180); hold off
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Puc. 6.5
IMocTpouTh NMUHKMM ypoBHE# Wis Monyns U dasel byrkmmyu Xaukenst Ho?(z)
[X, Y] = meshgrid(-4 : 0.025: 4, -1.5:0.025: 1.5);
H = besselh(0, 2, X + i*Y);
contour(X, Y, abs(H), 0: 0.2 : 3.2), hold on
contour(X, Y, (180/pi)*angle(H), -180: 10 : 180); hold off

Puc. 6.6

Anzopumm:

M-yHkuus besselh ucronsayer uHTEpHEHC CMELIAHHOTO IPOrpaMMMUpO-

BaHus (mex-UHTepdelic) sl BbI3oBa OMGNTMOTEKM Ha A3biKe Fortran, ormcaHHOM
B pabotax [1, 2].

Conymcmeyiowue gynxyuu: AIRY, BESSELI, BESSELJ, BESSELK, BESSELY.
Ceviaku:

1. Carrier, Krook, Pearson. Functions of a Complex Variable: Theory and Technique. Hod
Books, 1983.

2. Amos D. E. A Subroutine Package for Bessel Functions of a Complex Argument and
Nonnegative Order. Sandia National Laboratory Report, SAND85-1018, May, 1985.

245



CUCTEMA NHXEHEPHLIX U Hay4HbiX pacderos MATLAB 5.x. Tom 1

Oyuxunn Diipn

Cunmarcuc:
W = airy(2)
W = airy(k, Z)
[W, ierr] = airy(k, Z)
Onucarue:
Oynkuun Diipyn GOPMUPYIOT Mapy HE3aBUCUMBIX pewicHuit aisg uuddepeH-
LIMANIbHOTO YPAaBHEHMS
d?w
2

—zw=0.

dz
3TH peleHns U3BECTHBI KaK gyukyuu Jiipu nepsozo Ai(z) u emopoeo Bi(z) poda.

Casa3p pyHxkumit Jitpu ¢ MoaupHLIMPOBaHHBIMU (YHKIMsSMU Beccenst repsoro
pozia 3a7aeTcs COOTHOLWEHUAMH

Ai(z) =%(1-1/3(C)—11/3 n;

Bi(Z)=‘/§(I-x/3(§)+ll/s(C)), rie C=§z3’2-

Oynxuus W = airy(Z) serunciser GyHKUMo JApU Ai(Z) i Kaxmoro sie-
MEHTa KOMIUIEKCHO3HAYHOro Maccupa Z.

Oyukuua W = airy(k, Z) Bo3BpalIacT pa3Hbie Pe3y/bTaThl B 3aBUCUMOCTU
OT 3HaYEHMS MapaMeTpa k B COOTBETCTBHUU CO CleAylolueit Tabauuei.

k Onucanue

0 Briyucnenue dyHkumy nepsoro posa Siipy Ai(z)
1 Briyncnerue ripou3BogHon GyHxuux Ai(z)

2 BoiyrcneHue hyHKUMHM BTOpOro poaa Diipu Bi(z)
3 BriyucneHue npoussogHon GyHkuuu Bi(z)

Qyukuus [W,ierr] = airy(k,Z) Bo3Bpatuaer 3HaueHue ¢ara omubku B COOT-
BETCTBHMHU €O Clieayloulei Tabiuuei.

ierr Onucanue
Henpasunbibie apryMedThl
ITepenonHenue, peayasTar Inf

5 Her cxomuMocTH, pe3ynstat NaN
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6. Matemaruqeckne QyHKLN

ITpumepe:
IMoctpouts JUHKUK YpOBHEii N Moayns W dassl GyHkuum Sitpu nepsoro
pona Ai(z).
[X, Y] = meshgrid(-4 : 0.025 : 4, -1.5:0.025 : 1.5),
H = airy(0, X + i*Y);
contour(X, Y, abs(H), 0:0.2 : 3.2), hold on
contour(X, Y, (180/pi)*angle(H), -180 : 10 : 180); hold off

Puc. 6.7
IMocTpoute NMHUMKM YpOBHEH A Moayns U ¢a3sl GyHKUMH DHpPH BTOPOro
pozna Bi(z).

(X, Y] = meshgrid(-4 : 0.025:4, -1.5:0.025: 1.5);
H = airy(2, X +i*Y);
contour(X, Y, abs(H), 0: 0.2 : 3.2), hoid on
contour(X, Y, (180/pi)*angle(H), -180: 10 : 180); hold off

Puc. 6.8

Ancopumm:

M-byHK1MA airy Ucnonb3yeT UHTEPdEHC CMEILIAHHOIO NPOrPaMMHMPOBaHUsS (Mex-
uHTepdeic) Aig BbI30Ba GUOIHOTEKM Ha s3bike Fortran, onucaHHom B pabotax [1, 2].
Conymcmeyrowue @ynxkyuu: BESSELI, BESSELJ, BESSELK, BESSELY.
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Cebiaxu:

1. Amos D. E. A Subroutine Package for Bessel Functions of a Complex Argument and
Nonnegative Order. Sandia National Laboratory Report, SAND85-1018, May, 1985.

2. Amos D. E. A Portable Package for Bessel Functions of a Complex Argument and
Nonnegative Order. Trans. Math. Software, 1986.

[ BETA, BETAINC, BETALN | Bera-dysKunu

Cunmakcuc:

B = beta(Z, W)

| = betainc(X, Z, W)

y = betaln(Z, W)
Onucanue:

IMonnag Gera-dyHxiusa B = beta(z, w) g KOMITICKCHBIX apryMeHTOB Z M W
ONpeAcNAeTcs CIeAYIIWUM obpasom [1]:

1
Bz, w) = JtZ (1-¥ ' at = TOTW)
0 I'(z+w)
Henonnas Gera-¢ynkuus B = betainc(p, q) onpenensercst tak [1]:
1 Tl w—1
=]t 1-t dt
[z, W) BZW) (J) (1-1) ,

Oynkuusa y = betaln(z, w) npeacTasisieT HaTYpaibHBI JorapudM IOJHOM
6era-¢pyHkunu B = beta(z, w). TTockonbky GeTa-GyHKIMS H3MEHSETCS B LUMPOKMX
TIpefenax, 3HaHue ee siorapudma MOXeT oKa3zaTbes Oojiee NPEATIOYTHUTEIbHBIM.
Brluucnenue dpyukuum In(B) peanusyerca Ge3 sbraucienus dbyHkuuu beta(p, q).

Ectn Z v W - MACCMBBI, TO MX PasMepbl JOMKHBI ObITH COINIACOBAHBI,
a BbIYMCJICHUS BBITONHSIIOTCS LIS COOTBETCTBYIOIMX Map JIEMEHTOB.

Anzopumm:
betaln(z, w) = gammaln(z) + gammaln(w) - gammaln(z + w)
beta(z, w) = exp(betaln(z, w))

IlIpumep:
format rat
beta((0:10)', 3)
ans =

0/0
1/3
1/12
1/30
1/60
1/105
1/168
1/252
1/360
1/495
1/660
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6. Matemartnyeckue ¢yHkLmm

B naHHOM ciyyae Npu LEJOYMUCIEHHBIX apryMeHTax

beta(n, 3)=(n-MN*2Yn+ 2! =2/(n*(n+ 1) * (n + 2))
¥ MPEACTARISAET CODOI OTHOLLIEHUE NBYX CPaBHUTEILHO HEOOMBIIMX LEBIX YUCET,
TAK 4TO pe3ynbTaT B dopmare format rat okaspiBaeTcst TOYHBIM.

Hna x =510 betaln(x, x) = -708.8616, uro s xomuslotepoB ¢ IEEE-apug-
METHMKO! HEMHOro MeHbllue, 4yeM log(realmin) = -708.3964, Tax 4TO NP BBIYHUC-
neHuM GyHkuuM beta(x, x) cnenyer MposiBIATE OCTOPOXHOCTb.

Conymcmagyrouiue gyrnryuu; GAMMA, GAMMAINC, GAMMALN.

Cevlaku:
. CrnipaBOYHUK [0 CMeHUaTbHBIM QYHKUMIM ¢ dopMyaaMu, rpadukaMu U Tabauuamy /
[loz pen. M. AGpamoBuya u M. Cruran: [Iep. ¢ anrn. M.: Hayka, 1979. 832 c.

ELLIPJ Dnamnrayeckue Gynkunn Ixodu

Cunmaxcuc:
[SN, CN, DN] = eliipj(M, Z)
[SN, CN, DN] = ellipj(M, Z, tol)
Onpedenenus:
BseneM unHTerpai
9
e [
2 (1-m sin? )2
GYyHKUMA @ = am(z) Ha3bIBaeTCA amnaumydod, GYHKUMA SN(Z) - curycom amnaumyost,
thyHKUMS €N(Z) - kocunycom amnaumyodst, v dn(z) - deavmoii amnaumyds..

3tn 3munruyeckue dyskuuu Akobu cBsizaHbl MeXay coboit CIenyionmM
obpaszom [1]:

sn(z) =sin(g), cn(z) =cos(p), dn(z) = (1 - msn(z))"”

Onucanue:

ODyukuus {SN, CN, DNJ = ellipj(M, Z) BeIMHCASIET DIUIMOTAYECCKUE DYHKLMU
Axobu sn, cn, dn w18 3a0adHHBIX 3HAYeHuil M u Z, xotopbie MOryr ObITH Kak
cKajIsipaMu, TaK ¥ MacCUBaMHM, HO 00s3aTe/IbHO OMHAKOBEIX PAa3MEpOB.

Dyakums [SN, CN, DN] = ellipj(M, Z, tol) BeraucnseT aumITyeckue QyHKIUH
SIkobu ¢ 33gaHHOM TO4HOCTHIO tol. [To yMOMYaHHUIO 3TO 3HAYCHME PABHO KOHCTaHTE
eps = 2.220446049250313e-016. YpenuueHue 3TOro 3HAYECHUS COKPALLACT BPEMS
BBIYHUCACHUM, HO ITIPUBOSMT K ITOTEPE TOYHOCTH.

Aneopumm:

®ynkuus ellip] BolYMCHSET MMNTAYCCKHE QYHKUMU SKOOU, UCIONB3Ys METON
apuMETUKO-TEOMCTPHUECKOrO cpeaHero [1] U ciemyroliMe HauyaNbHBIC 3HAYEHUS
napaMeTpoB;

ay=1; by=(-m'/2; cg=m/2

Peanuayercs ciielylOlUMI UTEPALIMOHHBIA [TPOLIECC!
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CucreMa MHXeHepHsIx U HayyHbix pacyeTos MATLAB 5.x. Tom 1

1
a; ='§'(ai~l +bi);
b; = (ajbiy) "%

1
¢ =E(ai—l —b;y),

KOTOPBIN 3aKaHYMBAECTCA Ha miare N, Korga BENMYMHOM Cpy MOXHO rnpeHe6peyb
B Ipejesax 3a]aHHBoi TOYHOCTH tol.

3areM JUIst 33IaHHOTO Z BHIMMCISIETCS aMINIMTYAA (y B pafMaHax 1o ¢gopmyine
on = 2Nay z ¥ nocnenoBateNbHO 3HAYEHUS Qp.1, On2, - @1, Po, MCIIONB3YS
PEKYPPEHTHOE COOTHOLUEHME

sin(2;) - ;) = :—'Siﬂ(‘l’i) .

!

Torna

sn(z, m) = sin{@g), cn(z, m) = cos(gy), dn(z, m)= _S‘M)_'

cos(@ — 9o)
Oepanuyenua:

BxonHo#t napaMeTp m Jo/DkeH TpMHAIEXath fuana3oHy 0 < m < 1. Crocobel
NIpMBECHHUS flapaMeTpa M K 3TOMY JMana3oHy onucaHsl B padore [1].
Ipumep:

Tloctpouts smnunTryeckue GyHkumm Skobu sn(z, 1/2), cn(z, 1/2) u dn(z, 1/2)
B Arana3oHe ot 0 go 4K, rae yerseproiiepron K paseH ellipke(1/2).

Z =0:0.05: ellipke(1/2)*4;

M = 1/2*ones(size(2));

[Sn, Cn, Dn] = ellipj(Z, M);

plot(Z, Sn), grid, hold on, plot(Z, Cn, "--r'), plot(Z, Dn, ":b")

gtext('sn"), gtext('cn’), gtext('dn’)

Puc. 6.9
Conymcmeyouiue ghynxyuu; ELLIPKE.
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6. Marematunyeckne GyHKUMM

Cebiaku:
1. CripaBOYHHK 1O CREUMaIbHBIM QYHKUMAM ¢ QopMmyaamu, rpadukamu v tabmuuamu /
Iloa pen. M. A6pamosuya u Y. Cruran: Ilep. ¢ anrn. M.: Hayka, 1979. 832 c.

ELLIPKE TloaHbie 3UIANTHIECKHE HHTErPaIbl

Cunmakcuc:

K = ellipke(M)

[K, E] = ellipke(M)

IK, E] = ellipke(M, tol)
Onpedenenus:

IonHpie MMNTHYECKUE UHTETPAIbI IIEPBOTO M BTOPOrO POJA ONPENEISIOTCS
cieayomuM obpasom [1]:

/2 de

Km)= | ——————+;
(m) ({(I—msinze)”z

w2
E(m)= | (1-msin®6)"2d8.
0
Onucanue:

Oyuxums K = ellipke(M) BeIMHUCISIET TIONHBIA JUTMATHYECKUIA HHTErpal MIEPBOrO
pola JUIA 3aJaHHbIX 3HAYEHUH 3JIEMEHTOB MaccuBa M.

Oyukuusa [K, E] = ellipke(M) BbIYHCISET NOJHbIE JUIMITUYECKUE UHTETPATbI
HEepBOro ¥ BTOPOro poda IS KaXIoro 3l1eMeHTa Maccupa M.

Gynkumd [K, E] = ellipke(M, tol) BEINOIHAET BIYMCICHMS ¢ 3aAHHOM TOYHOCTHIO tol.
ITo yMoO/MyaHuMIO 3TO 3HayeHUE PaBHO KOHCTaHTe eps = 2.220446049250313e-016.
YBennyeHue 3TOr0 3HAYEHWsl COKpalllaeT BpeMsl BbIYUCIEHUM, HO NPUBOAUT K TIoTEpe
TOYHOCTHM.

Aneopumm:

Oyuxuus ellipke BHIYUCISET NNMITUYECKUME UHTErpalibl, MCIIONb3Ys METOH
apU(METHKO-ICOMETPHUYECKOIO cpefiHero [1] U crenyloiiMe HavyalbHble 3HAYeHMs
NIapameTpos:

ag=1; bg=(1-mV2 cg=ml/2

Peanuayetcst ciaeayioliMid UTEPaLlMOHHBIA NPOLIECC:

1
a; =5(ai—! +b;1);
by = (abi)V?;

1
C; o=

i E(ai—l =b),
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CucTemMa MHXEeHEePHBLIX u Hay4YHbIX pacyeToB MATLAB 5.x. Tom 1

KOTODBI} 3aKaHYMBaeTCd Ha wware N, KOTAZ BEJIMYMHOIR ¢y MOXHO npeHeGpedb
B Npejeiax sadaHHOM TOYHOCTH tol.

TlonHbie 3MUATHYECKUE UHTETPAIBI MEPBOrO U BTOPOrO pOia BBIYMCAAIOTCH
N0 CIACAYIOMMM PopMyIam:

n
K(m) = ——;
™= 5.

E(m) = (1 - v)K(m),
N .
rie 7:122'@-2 .
2 =0

[Ipumep:

BhiyMCAMTE U NOCTPOWTL TPaduKyM TONHDBIX SJUIMITHYECKMX HHTEIpaJioB
MEPBOTO M BTOPOIO poja Uld 3HayeHUH m B guanasoxe ot 0 go 1.

M =0:005:1;

[K, E] = ellipke(M);

plot{M, K), grid, hold on, plot(M, E, '--r)

gtext('K"), gtext('E")

3

25

Ozpanuyenua:
BxoaHoit napaMeTp M LOMXeH MPUHALIEKAT Avana3oHy 0<m <1,
Conymcmeyrowue gynxyuu: ELLIPJ,

Cevtaku:
1. CnpaBoyHMK IO crieUMaTbHbIM GyHKUMSIM ¢ dopMmynamu, rpaduxkaMy U Tabnyuamu/
IMor pen. M. A6pamosuua i M. Cruran: Ilep. ¢ aurn. M.: Hayka, 1979. 832 c.
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6. Maremaruyeckune QyHkumn

| ERF, ERFC, ERFCX, ERFINV | Vinrerpaist BeposTHOCTe!
Cunmarcuc:
Y = erf(X)
Y = erfc(X)
Y = erfex(X)
X = erfinv(Y)
Onpedenenua:

Hurerpai BeposiTHOCTEH, wid GyHKIMA olmbOK, erf(X) onpeaensieTcs CiemyoLmmM
obpasom [2]:

X

erf(x) = 2 [eat.

JEO

DyHKUUA, TOTIONHUTEIbHAA K HHTEIpaly BEPOSITHOCTEH, ¥ = erfc(x) HasbiBaeTcs
donoanumenstoim unmezpasom geposmuocmeli [2] 1 3a1aeTCs COOTHOLIEHUEM

2
Jn
X
HopMHupoBaHHBINA [OMONHUTENBHBIH MHTErpan BeposiTHOCTeir y = erfex(x)
onpegensiercs 1o GhopMyie

erfe(x) = e’ dt =1 - erf(x).

erfcx(x) = X erfc(x).

Dynkuus, obpaTHass MHTErpasy BeposTHocTeil, x = erfinv(y) umeet obiacts
onpeneiacHus -1<y<1 u obnacte 3HaueHHit -Inf < x < Inf, npuuem erfinv(-1) = -Inf,
erfinv(1) = Inf, a pias 3HaueHuit abs(y)>1 erfinv(y) = NaN.

Onucanue:

®yuxkuusg Y = erf(X) Bo3Bpawaer 3Hau4eHMs MHTerpaJia BEPOSATHOCTEH IS
BCEX 3JIEMEHTOB [ACHCTBUTEIBHOTO MaccuBa X.

Oyuxkuua Y = erfc(X) BblyMcaseT 3HaYeHUs JOIIOJIHUTENBHOIO MHTErpajia
BEPOSITHOCTEH.

@ynxuua Y = erfex(X) BoIYMCASET 3HAYEHUS HOPMMPOBAHHOIO JOMOJHM-
TENBHOIQ MHTErpasia BEPOSITHOCTEH.

Oyukuust X = erfinv(Y) Bo3Bpaiaet 3HaueHuss QyHKIMU, 0GpaTHOM K MHTe-
rpajnay BepOSTHOCTCH, M/t BCEX DJIEMEHTOB ACHCTBUTENBRHOIO Maccusa Y, YIOBIe-
TBOPSIOLWIMX YCJAOBUIO -1 <y <1,

Anecopumm:

AJITOPUTM OCHOBAH Ha pabore [1] u npeacrasaser coboil nepepaboTaHHYIO
¢ s3blka Fortran nporpammy u3 pasaena NETLIB/SPECFUN, Hanucanuyio
W. J. Cody (Argonne National Laboratory, March 19, 1990).
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CucTemMa MHXEHEPHbLIX N Hay4HbIX pacteTos MATLAB 5.x. Tom 1

[Tpyu Bb1UMCNEHHM DYHKLMM, OOpaTHOM K WHTErpaly BEpPOSTHOCTEH, [ IOMNy-
YeHMsI HAYAIBHOIO TIPUOIMXCHUS HCITONB3YIOTCA PAlMOHATBHBIE aNNPOKCUMALIMH,
MMEIOLLME TOYHOCTh A0 LIECTH 3Havalmx unMdp. 3aTeM 310 NPUONMKEHHE MCIONb3Y-
erca 11 MOAYyYEeHUS TOYHOTrO Pe3y/ibTaTa ¢ TIOMOLIBIO JByX LiaroB Metorga HetotoHa.
CooTBercTByiollmit M-Gaitn MOXHO MOIMMULIMPOBaTh, YTOOBI OTKA3ATBCS OT YIOY-
HSIOLMX MTepalui 1o Metoxy HetoroHa. BosHuKasomuil Ko MpHOIU3UTEILHO B 3 pasza
YCKOPSIET BBITIOJIHEHME, HO 3HAYMUTEIIBHO TEPSIET B TOYHOCTH.

IIpumep:

Br4MCIUTE M MOCTPOUTH IpaduK HOPMaibHOM (YHKIMH paclpeaesieHus,
€CJIM U3BECTEH MHTErpajl BEPOSTHOCTEM.

x =-3:0.1:3;

stand = (1 + (erf(x/sqrt(2))))./2;

plot(x, stand)
1

T T /
1 ! 1
1 1 ]
08 Fowvwwmmm b e N A
] ' / 1
1 ] ]
08 f-cen-- Fomemm - :;; ..... ammm e
\ b !
04 f---m-- e frommm - Am o
I 1 1
] / i 1
D2 b e [ A IR | B
1 1 1
[} 1 [}
0 I/ ] [}
4 -2 [t} 2 4
Puc. 6.11
Conymcmeytowue gynxyuu: HTML-cripaBka.

Ceviaku:

1. Cody W. J. Rational Chebyshev approximations for the error function//Math. Comp.,
1969. P. 631-638.

2. Kopu I'., KopH T. Cnpasourux no mamemamuxe 0aa Hay4HbXx paGOMHUKOE U UHNCEHEPOE.
M.: Hayka, 1968. 720 c.

| GAMMA, GAMMAINC, GAMMALN ] amma-dynxuun

Cunmaxcuc:
Y = gamma(A)
Y = gammainc(X, A)
Y = gammaln(A)
Onpedenenus:
Tl'amMa-byHKUMs gamma(a) onpeacasieTes ciaenyoumm obpasom [3]:
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6. Matemarnyeckne pyrHkuumn

T.~t.a-l
gamma(a) = I'(a) = Je T t*dt.
0
Henonxast ramma-¢dyHKuus gammainc(x, a) 3amaeTcsi COOTHOLUEHUEM

X
gammainc(x, a) = P(x, a) = Lje_‘ta_]dt.
I'(a) o
Jlorapudmudeckas raMmma-QyHKUMUS ONPEAENSIETCH TaK:
gammain(a) = In I'(a).
Onucanue:
Qyuxums Y = gamma(A) Bo3BpallaeT 3HAYeHHs raMma-(yHKIMH WIS KAKIOTO
3HaAYeHMUs BJIEMEHTA NeCTBUTENHLHOTO MacCuBa A,
Oyukuua Y = gammainc(X, A) Bo3BpallaeT 3HaYeHHUSA HEMOJHOM ramMma-
(YyHKLMM U KOKAOM Naphl 3JIeMEHTOB JEHCTBUTEIbHBIX MacCHBOB X U A.
Qyuxkuust Y = gammaln(A) Bo3BpalliaeT 3HAaYECHHS JioraprMUYECKOit ramma-
(DYHKUMM 151 K2KIOTO 3HAYEHUsT JIEMEHTa ACUCTBUTENBHOIO MaccuBa A. Ot1a QyHKLKs
UCTIONB3YETCS TS TOTO, YTOObI M30eXaTh MEpenoNHeHUsT paspsyiHON CETKH, KOTOpoe
MOXET BO3HUKHYTb NPU IPSIMOM BBIMHCJICHMM 3HaYeHMIA log(gamma(A)).

Ipumep:
X, A] = meshgrid(0:0.05: 5, 0:0.05:4);
H = X.A(-A).*gammainc(X, A);
C = contour(X, AX, H, -6 : 0.5 : 6);
grid, clabel(C, [0.2 0.6 1]
4

Puc. 6.12
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CucTema MHXEHepPHbIX ¥ Hay4Hbix pacqeros MATLAB 5.x. Tom 1

Anecopumm:

Anroput™m ocHoBaH Ha pabore [1] u mpeacrasnsgeT cobod nepepaboTaHHYIO
¢ a3bika Fortran nporpaMmy U3 pasgena NETLIB/SPECFUN, Hanucannyio W. J.
Cody (Argonne National Laboratory, October 12, 1989).

Briuucnenue HeENoHONW ramMma-¢pyHKUMM OCHOBAaHO Ha PEeKYpPEHTHBIX
COOTHOILEHUSX, OTIMCAHHBIX B pabore [2].
Conymcmayrowue gynkyuu: ERF, ERFCORE, ERFC, ERFCX, ERFINV.
Cebinku:

1. Cody W. J. An Overview of Software Development for Special Functions//Lecture Notes
in Mathematics. Berlin, 1976. Vol. 506.

2. CrnpaBOYHMK 110 CrieUHabHBIM GYHKUMAM ¢ dopMyaaMu, rpadbuxaMy U Tabnulamu /
ITon pen. M. A6pamosuya ¥ M. Cruran: [Iep. ¢ anrn. M.: Hayka, 1979. 832 c.

3. Kopu I, Kopu T. Cnpasounux no mamemamuxe 0 HAYMHOIX PAGOMHUKOB U UHHCEHEDOS.
M.: Hayka, 1968. 720 c.

EXPINT Mnrerpanshas nokasarelibHas QyHKUHSA

Cunmaxcuc:
Y = expint(X)
Onpedenenus:
MurerpanpHas nokazareabHas GyHKIme onpeacnsercsd caeayonum odpazom [1]:
oot
B = [——dt .
¢

Jlpyroe onpefenecHUe MHTErpaibHOM I10KAa3aTebHONM (QYHKIMM CBA3AHO
C OMpejeieHNEM IJIABHOTO 3HAYEHMs MHTerpaia B cmpicie Kouu [2]
X t
[+
Ei(x) = VD ! Tdt ,

o0

KOTODBINA JUIST TOJIOXKUTE/IBHBIX 3HAYCHHI X CBsI3aH ¢ (pyHKimel E1(x) cremyroiinm
o0pa3om:

Eq(-x +i*0) = -Ei(x) - i*x;

Ei(x) = Re(-E4(-x)).
Onucanue:

Oynxuus Y = expint(X) Bo3BpalliaeT 3HaueHHMs MHTEIPAILHON TNMOKa3aTe/IbHOM
QYHKUMHU [UTST KAX/I0T0 3HAYEHHUS 3JIEMEHTA ACHCTBUTENBbHOIO MaccrBa X.
Aneopumm:

s 3HayeHu# x B ananasone [-38, 2] UCrosb3yeTcsl PasioXKEeHUE B Psil

Ei(x) =7 ~In(x) - 3 D

n=1 nn!
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6. Maremaruyeckmne QyHxum

IUISL OCTILHBIX 3HAYECHMM X UCIIONB3YETCS NPEeACTAaBIeHUE B BUIE LIEMTHOM Jpotu
1 1 1 2 2
E =¢ N (—m————..).
1x)=e (x+ I+ x+ 1+ x+ )
Ipumep:
x=0.02:0.01:2;
E1 = expint(x);
Ei = real(-expint(-x));
plot(x, E1), grid, hoid on, plot(x, Ei)
gtext('E1"), gtext('Ei")

Puc. 6.13

Conymcmeyrouue gynxyuu: HTML-CripaBkKa.

Cebtaku:

1. CnpaBoYHMK MO cHEUMANbHBIM GYHKUMAM ¢ (opMytamu, rpadukaMu M tabauuamu/
Tlon pen. M. A6pamosnya u U. Cruran: Ilep. ¢ anm. M.: Hayka, 1979. 832 c.

2. KopH I, KopH T. Crpagounuk no mamemamuxe 043 HAY4HbIX PAOGOMHUKOB U UHDICEHEDOS.
M.: Hayxa, 1968. 720 c.

LEGENDRE [pucoenuuennsie dynkuun Jlexanapa

Cunmarcuc:

P = legendre(n, X)

S = legendre(n, X, 'sch')
Onpedenenus:

IpucoeauHeHHble HEeHOPMAITU30BaHHble HYHKLUMHU JlexxaHapa Onpee/soTcs
qepe3 noauHomsl Jlexaumpa ciemyromuM obpazom [1]:

m . d)n
Py ()= (=" (- xH)™? P,

x)?
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CucTeMa uHXeHepHbIx N HayyHbix pacyeTos MATLAB 5.x. Tom 1

rae P,(x) - nonauHoM JlexaHapa CTETieHM n BHIa

= 1 d” 2 _ 1y
P"(")‘znm[w(x 1)}.

[MonydopManuzoBanHsie no LlIMunry npucoesuHenHple GyHKuuu JlexaHapa

Sa"(x) cBA3AHBI C HEHOPMAIM3OBAHHBIMM MPUCOEAMHEHHBIMM (DYHKIUIMU
Jlexanapa P,M(x) cienyouum COOTHOLLEHHUEM:

S’J‘<x)=,f%ﬂ—ﬁl>"’< y.

Onucanue:

Oyuxima P = legendre(n, X) Beiumc/seT npucoeauHeHHble byHkumu Jlexanapa
CTEeNeHM N ¥ NOpAAKoB M =0, 1, ..., N A1 KAXAOTO 3fIEMEHTa MAaCCKBa X. APIyMEHT N
HE JIOJDKEH TNPEBBILIAThL 3HauYeHUS 256, a MacCuB JOKEH OBITH MAacCHBOM ACHCTBU-
TEJbHBIX YMCces U3 auamna3ofa -1 < x < 1. BosppaluaeMbiit MacCuB P HMeeT pasmep-
HOCTb Ha 1 GOMNBIIYIO pasMepHOCTH X, M Kaxaplil ero snemeHt P(m+1,d1,d2...) co-
JEPXKUT 3HAYCHUS IPUCOSIMHEHHOM DyHKimM JlexaHapa CTeNeHu N M ropsiaka m,
BLIYMCIIEHHBIC B TOYKax X(d1,d2...).

Eciu X BeKTOp M N paBHO [BYM, TO MaTpuuia P UMeeT BHA

P(x(1))  PR(x(2)  P(x(3))
P (x(1)  P2(x(@)  P2'(x(3))
PAX(1))  PA(xQ)  PAx(3))
Gyukuua S = legendre(n, X, 'sch’) suiaucsster noyHopmamu3osanHse no [Imuary
npucoenuHeHHbIe GyHKUuH Jlexanmpa.

Ipumep:
Onepatop
P = legendre(2, 0.0 : 0.1 : 0.2)
P=
-0.5000 -0.4850 -0.4400
0 -0.2985 -0.5879
3.0000 29700 2.8800
BO3BpalllaeT MarpuLly pa3Mepa 3x3, KaXaas CTpOKa KOTOPOM COMEpXHUT 3HAYCHHUS
NpUCcOeaUHEHHOM GyHKIMM Jlexxanapa CTENeHN 2 U COOTBETCTBYIOILETO MOPAAKA
0, 1w 2.
HocrpouM rpauku COOTBETCTBYIOWMX PyHKUMA JlexaHapa, ucIons3ys
Gosblice KOJTMYECTBO TOUEK.
x=-1:0.01:1;
= legendre(2, x);
plot(x, P(1, :}), grid, hold on
plot(x, P(2, 1)), plot(x,P(3, )}
gtext('P20"), gtext('P21)), gtext('P22)

258



6. Maremarnyeckue GyHKkUun

Puc. 6.14

B cnyyae TpexMepHoro maccusa X

X =rand(2, 4, 5);

P = legendre(2, X};

size(P)

ans= 3 2 4 5
pE3YJIbTUPYIOIUMHA YETBIPEXMEPHBIA MACCUB UMeEET pasMep 3x2x4x5.
Conymcmeyrwuue @yuxyuu: HTML-cripaBka.
Cebtaku:

1. CnpaBOYHMK MO creUMaIbHBIM GYHKUMAM ¢ popMynamy, rpapukaMu 1 Tabiuuamu/
Tlon pen. M. AGpamosuya n U. Cruran: [lep. ¢ anm. M.: Hayxka, 1979. 832 c.



7. MATPULbl U JINHENHAS! AJITEBPA

Marpuua Kak MareMaTtiyecKuil 0OBeKT BO3HWMKAET NP PElicHUM KOHKPETHBIX
BBIYUCIUTENBHBIX 33434, U B IICPBYIO OYepeRb IPU PELICHUM CUCTCM JIMHEHHBIX al-
reGpalyecKMX YpaBHEHMIA M 3a7ay Ha COOCTBeHHbIe 3HayeHms. Marpuua B BUIe
MPSIMOYTONBHOM TAOMMIIBI YMCEST OYEHb CXOXA ¢ MAacCUBOM, ONHAKO NPUKIANHBIE
33241, KOTOpbIE MOPOXAAKOT MATPHLIBI, ONIPENESIOT /ISl HUX CIIELHATBHYIO COBO-
KYITHOCTb JOTIYCTUMBIX ONEpaLuid, Cpey KOTOPhIX 0COB0E MECTO 3aHHUMAaeT Oftepalst
yMHOXeHHUs. s MpOCTeMIIero ciyuasi, KOrjad YMHOXAETCSI BEKTOP-CTPOKA Ha BEKTOP-
CTOJNIOEL], TAKOM ONepaLMel ABISIETCS ONepaLus CKUPHOIO IIPOU3BEICHMS.

Marpuisl LIMPOKO MCHONB3YIOTCS [PH pEUIEHMH ODBIKHOBEHHBIX Judde-
peHtManeHpIX ypapHenuit (O1Y) v ypaBHeHHI1 B YaCTHBIX ITPOM3BOAHBIX, DPELUCHUN
ONITYMAIBHBIX 33134 U T. II.

AnreGpanueckue 3afavd, CBS3aHHbIC C MaTpULIaMu, OOBEIMHAIOTCA B pasjen
MaTeMaTHKH, TIOMYYMBIIWA Ha3BAaHUC AuHelHoU qazefpvt, KOTOPBHIA BKIIOYACT Takue
fasucHble 3aMa4u, Kak OOpalleHUE ¥ [ICeBAOOOpalleHHEe MATPUIL, CIICKTPAIbHOE
Y CHHTYJIIPHOE Pa3/IOXEeHUE MaTpull.

B BBNMCIMTETLHOM IUIaHE pa3fesl JUHEHHOM aireOpbl NMOAJepXaH MNaKeTaMu
npuknagueix nporpamMm LINPACK, EISPACK, paspaborannemu B 60-70-¢ romm
BCAYILMMA CIIELMATUCTAMY, K YHCIly KOTOPBIX MPUHAMICKUT U OCHOBATENb (DUPMBL
The MathWorks, Inc. Moynep (C. Moler). M3HavanbHOe Ha3Ha4YeHUE CHCTEMBI
MATLAB cOCTOSINO MMEHHO B TOM, YTOOBI CO30aTh AWANOTOBYIO Cpedy Mt paboThl
€ TIaKeTaAMM TIPOTPaMM JIMHEHOM anreOpel.

HecMoTpst Ha KaxXyLIYIOCS 3aBEPIICHHOCTb, 3TOT pa3fes pa3BUBACTCH U
B HACTOsiliee BpPeMs B HaNpaBJICHUM CO3NAHUS HOBBIX omnepauuit: ans paGoTtsi
¢ napaMyd Matpui (npuBefcHUe mmapsi Matpui K ¢dopme Illypa, pexyppeHtHoe
CUHIV/ISIPHOE PaIOXKEHHE Fapbl NPSIMOYIOABHBIX MAaTpHIl), PEIICHUS MaTPUYHBIX
MOSIMHOMOB M MTOJJMHOMMAIBHBIX MATPHUYHBIX YPABHEHWH.

Paccmorpum dynkumm cucremsr MATLAB, xoTOpble NOAEPKMBAIOT paboTy ¢ Mar-
PHUIIaMH, B CJIGAYIOILEN TOCIeJOBATENIBHOCTY: ONepallMi ¢ MATPUIIAMM KAK YUCIIOBBIMU
MaccuBaMyl, KOJUIEKIMSE TECTOBRIX MATPHULL, XAPAKTEPUCTUKH MATpHll, PEILiEHHE CHCTEM
JIMHEHHBIX YPaBHCHUH, BHIYMCICHUE COOCTBEHHBIX 3HAYCHUN W CHHIYISAPHBIX 4HCEN,
BbIUMCICHUE (DYHKUMEA OT MaTpuLl, paboTa ¢ a/IreOpandecKUMH SIOJTMHOMAMM.

Onepaunn Hap MaTpMuaMy Kak YMCNIOBbLIMM MaccuBamMu

EYE DopMHpOBAHHE CHHHTHON MATPHUBL
Cunmakcuc:

Y = eye(n)

Y = eye(m, n)

Y = eye(size(A))
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7. Martpuubr n nuxedinas anrebpa

Onucanue:
Qynxums Y = ones(n) GopMHpyeT eAMHUYHYIO MATPHLY pasMepa nxn.
Oyuxums Y = ones(m, n) GopMUPYET eNMHUYHYIO MATPULY pasMepa mxn,
Oyukuusa Y = ones(size(A)) GOPMHUpYET eAMHUYHYIO MaTpHILy, COPasMEpHYIO
c Martpuuei A.

Conymcmeyrwwue @ynxuuu: ONES, RAND, RANDN, ZEROS.

DIAG DopMHpOBAHHE HIH H3BJICYEHHE THATOHAJIEH MATPHUbI

Cunmakcuc:

X = diag(v) v = diag(X)

X = diag(v, k) v = diag(X, k)
Onucanue:

Oyukuus X = diag(v) ¢opMupyer KBagpaTHyio Matpuly X ¢ BEKTOPOM V Ha
[JIABHOM IMAaroHaIu.

Oyukuma X = diag(v, k) dopMupyer KpajgpaTHyio Marpuily X IOpsIKa
length(v)+abs(k) ¢ BexTopoM Vv Ha k-if JUArOHANK.

Oyukuus v = diag(X) u3raexaer U3 MaTPUIibl X IJIABHYIO AMaroHab.

Oynkuug v = diag(X, K) M3BIEKaET U3 MaTpUibl X JUaroHalb ¢ HOMEPOM k; mIpH
k > 0 310 HOMEp K-Ii BepxHeit uaroHan, pH kK < 0 31o Homep K-t HIDKHEH TUaroHaIH.
Hpumeper:

diag(diag(X)) - auarosanbHas MATPHLa,

sum(diag(X)) - cnen MaTpuiib X,

Oneparop

diag(-m : m) + diag(ones(2*m, 1), 1) + diag(ones(2*m, 1), -1)
dbopMUpyeT TpexAUaroHaJIbHYIO MaTpully pa3Mepa 2*m + 1.
Jnst m = 3 pe3y/NbTUpPYIOLIAs MATPULA UMEET BULL!

-3 1 0 0 0 0 O
t -2 1 0 0 0 O
o 1 -1 1 0 0 0
0 o 1t 0 1 0 O
0 0o 0 1t 1 1 0
0 0 0 0 1 2 1
0 o 0 0 O 1 3

Conymemeyrowuee gyurkyuu: SPDIAGS, TRIL, TRIU.

TRIL DopMuposanne HIKAEH TPEYTOILHOH MATPHILI (MacCcHBA)

Cunmakcuc:
L = tril(X)
L = tril(X, k)
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Cucrema MHXEHePHbIX ¥ Hay4HbiIX pacyeToB MATLAB 5.x. Tom 1

Onucanue:
Oynakuus L = tril(X) coxpaHsieT HIKHIOK TPEYroJIbHYIO YacTb MaTPHULbI X.
Oyukuma L = tril{X, k) coxpaHseT HWKHIOW TPEYFOJbHYIO YacTb MaTpulpl X
HayuHas ¢ guaroHanu ¢ HomepoM k. IIpu k > O 310 HOMep k- BepXHei guaro-
Hany, 1pu k < 0 3170 HoMep k- HHKHEH THaroHAasIH.

Hpumep:
12 3 1 00 0 00
4 56 4 50 000
EomX= |1 2 31, wowipg= |} 2 3 awix-2= |} 22
12 3 12 3 12 3
4 5 6 4 56 4 5 6

Conymemeyrouue gynkyuu. DIAG, TRIU.

®opMHpoBaHHE BePXKeil TPEYroibHOH MATPHRIB (MACCHBA)

Cunmakcuc:

U = triu(X)

U = triu(X, k)
Onucanue:

Oyuxups U = triu(X) coxpaHseT BEPXHIOW TPEYTOJbHYIO YacThb MAaTpUIIBI
(MaccuBa) X. .

Oyukuusa U = triu(X, k) coxpaHsieT BEpXHIOIO TPEYroibHYI0 4acTh MATpHUbI
(maccuBa) X HayuHasi ¢ gdaroHamd ¢ HomepoM K. Ilpu k > O ato Homep k-it
BepxHel auaroHanu, npu k < 0 3to Homep k- HMXKHEN AMaroHasu.

ITpumep:
12 3 12 3 12 3
1 5 6 056 4 56

- 2 3 : -~ {0 0 3 . _ |1 2 3

Ecim X = 45 6 , TO triu(X) = 00 ol a triu(X, -2) = 05 6
12 3 0 00 0 0 3
4 5 6 000 000

Conymcmeytowue Qyrkyuu: DIAG, TRIL.

OTpaxenye MATPHLUL! OTHOCHTEILHO BEPTHKAJILHOM OCH

Cunmaxcuc:

B = flipir(A)
Onucanue:

Oynkunst B = flipir(A} 1iepectasigeT cTonGubl MaTpuubl A CUMMETPHUUYHO
OTHOCUTE/IbHO BEPTUKAIbHOW ocu. Ecnu Martpulla A uMeEeT HEYETHOS YUC/IO
CTOAOLOB, TO CPCAHNH CTONGEL OCTACTCS Ha CBOEM MCCTE.
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7. Matpuib u avHelinas anre6pa

Ilpumep:
12 3 4 4 3 21
EcmA=1{1 2 3 41, rofliplr(A)=1{4 3 2 1},
12 3 4 4 3 2 1
Conymcmeyrowue @ynxyuu: FLIPUD, ROT90.
OTpaxenne MaTpUUBl OTHOCHTEIbHO TOPH3OHTAIBHOM OCH
Cunmakcuc:
B = flipud(A)
Onucanue:

O®yukuus B = flipud(A) nepecrasnsier CTPOKM Marpulbl A CHMMETPHUYHO
OTHOCHUTEJIBHO TOPDM3OHTaJIbHOM ocu. Ecnu Martpuua A MMEeT HEYETHOE YMCIIO
CTPOK, TO CPEAHSIS CTPOKA OCTAETCsl Ha CBOEM MECTE.

Ipumep:

171 1
Ecomm A= % % % , To flipud(A) =
4

SNWA
SN WS
A PNW S

Conymemeyrowue gynrkyuu:. FLIPLR, ROT90.

TioBopor marpunnt na 90 rpagycos

Cunmakcuc:

B = rot90(A)

B = rot90(A, k)
Onucanue:

Oyukums B = rot90(A) ocyLieCTB/IsAET MMOBOPOT MaTpulpl A pasMepoM mxn
Ha 90 rpafycoB MPOTUB YACOBOW CTPEIKHU.

Dynkuust B = rot90(A, k) ocyluecTBIAET IIOBOPOT MAaTPHLIBL A pasMepoM mxn
HAa90*K, tne k= 1, +2,...

Mpumep:
HyCTbA=[,1 g g]
3 6 6 5 4
Torsa B=rot90(A)= |2 5, a C = rot90(a, 2) = [3 2 1]
4

Conymemeyrowue @ymxyuu: VIEW, FLIPUD, FLIPLR.
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CucTemMa nHXeHEPHbIX u HayqHbix pacderos MATLAB 5.x. Tom 1

Konnexuuna TeCTOBbIX MaTpumL,

ConpoBoXAAI0IIAS MATPHIA 1S MHOFOWIEHA

Cunmakcuc:

C = compan(p)
Onucanue:

O®yuaxuus C = compan(p) GopMupyer corpoBoXxaawiuylo Marpuny C mwis
MHOTOYJIEHa, 33IaHHOrO CBOMMM Ko3¢duimeHTaMd B Buae Bekropa p. Ilepsas
CTPOKa DTOM MATPHLBI €CTh BeKTOp -p{2 : n)/p(1).

OnpesieneHre COMPOBOXAAOIICH MATPULILI M €€ MPUMEHEHHE Ha IPAKTHKE
onucaHo B [1-3].

Ipumepui:
IonuHoMy (x-1){x-2){x-3) = x3 - 7x + 6 cooTBeTcTBYET BekTOop p = [1 0 -7 6],

[UTSL KOTOPOTO COTMPOBOXAIOLIAsk MAaTPHLAa UMEET BUA:
C = compan(p)

C=
c 7 -6
1 0 0
0 1 0
Sameuanue:

Jta hyHKUIMsS M3MEHEHA 110 CPaBHEHHIO ¢ Bepcueil MATLAB 4.

Conymcmayroujue grynrcyuu: POLY, POLYVAL,

Cebunku:

1. Wilkinson J. H. The Algebraic Eigenvalue Problem. Oxford, 1965. - To xe: Yumxuucon Jhx. X.
AnreGpavyeckas npobreMa co6CTBeHHBIX 3HayeHuit. M.: Hayka, 1970.

2. Golub G. H., Van Loan C.F. Matrix Computations. Baltimore; Maryland: Johns
Hopkins University Press,1989.

3. Kenney C., Laub A.J. Controllability and stability radii for companion form
systems.// Math. Control Signals Systems. 1988. Vol. 1. P. 239-256.

Marpuua Anamapa (Hadamard matrix)

Cunmaxcuc:
H = hadamard(n)
Onucanue:
Oyuxuust H = hadamard(n) Bo3spaltiaeT MaTpHIty AJaMapa nopsiaka n.
Marpuibt Afamapa BCTPEYaloTCs B PaIMYHbIX [PUIOKEHUSAX ~ KOMOMHATOPHOM
W YMCJIEHHOM aHaiu3e, obpaborke cuUrHanoB {1,2]. DTo Marpuilbi, COCTABICHHbIS
u3 1 1 -1, cronbibl KOTOPLIX OPTOrOHA/bHBL, TaK YTO CIIPAaBEIMBO COOTHOLICHUE
H*H=n*I,
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7. Martpuupi u nuHeiinas anre6pa

rae [n, n] = size(H) u | = eye(n, n).

Marpuua Anamapa 1opsyika n > 2 CyllecTBYeT TOJBKO TOLIA, KOTHA N KpaTHO 4.
JIaHHEBI aTropuT™ BBIYKCISET MAaTpULBI AgaMapa Ins TeX cjIydaeB, KOTia Beiu-
YUHBL N, N/12, n/20 SBRSIOTCH CTENSHAMHU T10 OCHOBaHMIO 2 [3)].

Ipumep:
H = hadamard(8)

Tt 11 1 1 1 1 1
1t -1 11 1t -1 14
1t 111 1 1141
11 -1 1 1-1-1 1
Tt 11 1414144
1 -1 111 1-1 1
Tt 11111
111 111 1A

KapTuHa TMHUA YPOBHA JUISl 3TOH MATPHUI(Bl HAIOMKUHACT KOBEP
contour(hadamard(8))

Puc. 7.1

Conymemeyrowue dynxyuu: COMPAN, HANKEL, TOEPLITZ.

Cebaku:

1. Ryser H. ). Combinatorial Mathematics. New York: John Wiley&Sons, 1963.
2. Pratt W. K. Digital Signal Processing. New York: John Wiley&Sons, 1978.

3. Golomb S.W., Baumert L.D. The secarch for Hadamard matrices//Amer. Math.
Monthly. Vol. 70, 1963. P, 12-17.

Marpuua I'ankens (Hankel matrix)

Cunmarcuc:

H = hankel(c)
H = hankel(c, r)
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CucteMa UHXEeHepHbix U HayyHbix pacyeroB MATLAB 5.x. Tom 1

Onpeoenenue:

Marpuua ['aHkess - 9T0 CHMMETPHYECKAsT MATPHLIA C IIOCTOSIHHBIMM 3HAYEHUSIMU
Ha aHTHIMaroHasax ¢ aneMenTamy hj, j) = p(i+i~1), tae Bekrop p = [c r{2:end)] nosHo-
CTBIO OFIpe/Ie/IfeT 3aJaHue MaTpHULIbL.

Onucanue:

Qynxuust H = hankel(c) Bo3BpalliaeT KBapaTHYi0 MaTpully [aHkens, mepsblit
cronbel, KOTOpOil COBIagaeT ¢ BEKTOPOM C, a Bce 3aeMeHThl H(i, j), i+j>n,
JiexXalye HIDKe BTOPOM IJIaBHOM JWaroHalu, PaBHbl HYJIO.

Oyuxaums H = hankel(c, r) Bo3spatuaer MaTpuuy I'aHKess, MepBbIA CTONBELl KOTO-
PO¥t COBMAZAET C BEKTOPOM C, a MOCICAHSA CTPOKA ~ ¢ BEKTOpoM I. Ecnu nociemHuit
3JIEMEHT BEKTOPa C HE DAaBEH MEPBOMY 37EMEHTY BEKTOPA I, TO BO3HHKAET KOHMIMKT
Ha BTOpOIl [VIaBHOt JUATOHATH, KOTIA NPEATIOYTEHHE OTAACTCS SIEMEHTY BEKTOpa C.

[Ipumepei:
¢ =[1 2 3]; H = hankel(c)
H=
1 2 3
2 3 0
3 0 0

¢ = 1:3; r = 7:10; H = hankel(c, r)
Column wins anti-diagonal conflict.

Cmonbey eviuepsieaem KoHpauxm na 6mopoi 2AasHol duazonanu
H= '

1
2 3 8 9
3 8 9 10
p =[c r(2:end)]
p=1 2 3 8 9 10
Conymemeyrowue ynxyuu: HADAMARD, TOEPLITZ.

[HiLB, INVHILB ] Marpuua Twis6epra (Hilbert matrix)

Cunmarcuc:

H = hilb(n)

H = invhilb(n)
Onucanue:

Oyuxuns H = hilb(n) dopmupyer matpuuy I'mapbepra nopsaka n. DieMeHTH
STO¥M MaTpULbI ONPeeISAIOTCS CASAYIOLIUM 06pa3oM:

MG j) = —— .

i+j—1

Marpuua I'wibbepra - 3T0 MpUMEp OYECHDb ILIOXO OGYCIIOBACHHON M0 OTHO-
LIEHUIO K onepauuny obpalucHus Matpuubl [1].
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7. Marpuupr n nurneiiHas anrebpa

@ynkuus H = invhilb(n) dopmupyer MaTpuuy, obpatHyo Marpuue I'unnbepra
nopsinka n. Touynass ofpaTHas MaTpulia - 5TO MaTpHiia, SJEMEHTaMM KOTOPOM
SBJSIIOTCS Liesiple yucia. TouHOe MpeAcTaBieHHe TaKoi MaTpULBI B apudMeTHKe
C MJIABAOINEH TOYKOH BOIMOXHO TOJBKO TOTHA, KOTAA TOPSAOK MaTpHUIbI
He npesbiliaeT 13. I1s Oonblumnx 3HaveHuit n ¢yHkums invhilb(n) dopmupyer
TOJIKO NPUOIHKCHHYIO MaTpULY.

Cpasuenue dyukuuit invhilb(n) u inv(hilb(n)) no3sonsieT BBIABUTE HECKOIBKO
MCTOYHMKOB OIIKO0K:

. owunbku, BeI3BaHHbie hyHkuuel hilb(n);
. owubKH, CBS3aHHBIC C HPOLIEAYPOH 0OpaLLEHUS;
»  ommbxH, seI3BaHHbIe ¢GyHKUHUEH invhilb(n).

Oxa3biBaeTcsi, YTo NEPBbIH UCTOYHUK OMIMOOK, CBA3aHHBIN C NpPEACTaBIeHUEM
NpaBUIBHBIX gpoGeit Buna 1/3 wmm 1/5 B apudMeTHKe ¢ IUIaBaOLICH TOYKOM,
Haubosee CyleCTBEHHBIH.

Ipumep:

Marpuua I'wisbepra nopsiaka 4 umeet 4ucio obycnosieHHOCTH 1.5514e+004.

Ee obparHast MaTpuua - 3T0 LEJ0YUCIeHHAas MAaTPULA BHA

invhiib(4)

16 -120 240 -140
-120 1200 -2700 1680
240 -2700 6480 -4200
-140 1680 -4200 2800
a pe3ynpTaT obpalleHus B apudMeTHKe ¢ MIaBAIOLWIEH TOUKO
inv(hilb(4))
1.0e+003 *
0.0160 -0.1200 0.2400 -0.1400
-0.1200 1.2000 -2.7000 1.6800
0.2400 -2.7000 6.4800 -4.2000
-0.1400 1.6800 -4.2000 2.8000

Conymcmeayrowue gynkyuu. HTML-cipaBka.
Cebixu:

1. Forsythe G. E., Moler C. B. Computer Solution of Linear Algebraic Systems. Prentice-Hall
N. Y., 1967.

Maruyeckuii KBaapat

Cunmarccuc:

M = magic(n)
Onucanye:

Pyukuns M = magic(n) ana n >3 GopMUPYET CHELMANBHYIO KBAAPaTHYIO
MaTpuiy nopsgka n, 3JeMCHTaMU KOTOPOW ABJIAIOTCS Uenple uucna or 1 a0 n2,
CYMMbI 3JICMCHTOB KOTOPOM [10 CTpPOKaM M CTONGLIAM paBHBbL. 3Jta yHKUMs
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CucremMa UHXEHEPHBIX U Hay4HbiX pacdeTos MATLAB 5.x. Tom 1

Maru4yeckoro Keajpara Obla BKJIIOYEHA B coctaB cucteMsl MATLAB B 1993 roay
¥ noapobHo onucana B pabote [1). CyMMy a71eMeHTOB 1o cTpokam (cTonbnam)
Ha30BEM UHGAPUAHMOM Ma2u4ecko20 keadpama u 0603HaYUM L, 3HAYEeHHE UHBa-
DUaHTa 3aBUMCHUT OT N U PaBHO

tn = N(n% +1)/2.

Ecinn MaTpuily Maruyeckoro KsaxpaTa OTHOPMHMPOBAaTh AEJIEHUEM Ha €€ MH-
BapuaHT, TO ITOJYYMM JBaXAbl CTOXaCTHYECKYID MAaTrpully, oONajaiollylo TeM
CBOMCTBOM, 4YTO €€ MaTpHM4Has HOpMa Jitoboro nopsiaxka pasHa 1 {2].

PaHr Matpuupl M 3aBUCHT OT N ciieayrowumM obpaszom [2]:

n npuy n=2k+1, k=1,2,...
rank(magic(n)) = {n/2+2 1pu n/2=2k-1, k=1,2,..
3 npu  n=4k, k=1,2,...

I'padux ¢yrkuuu rank(magic(n)) ona 3 <= n <= 32 nokasaH Ha puc. 7.2.
for i=3:32
r(i) = rank(magic(i));
end
plot(1:32, r, -0")
]

T T T
1 | '
E%---L---L-_-I
' ' '

1 ' 1
¥

1

1

1

'

I e sl

[}
] Mign

Puc. 7.2
Conymcmeyiouue gynxyuu. RAND, ONES.

Cebtnku:

1. Moler C. B. MATLAB’s magical mystery tour// The MathWorks Newsletter. 1993. Vol. 7(1).

2. Higham N.J. The Test Matrix Toolbox for MATLAB (version 3.0)//Numerical Analysis
Report. Manchester, 1995. Vol. 276.

Marpuna Iackans (Pascal matrix)

Cunmarcuc:
P = pascal(n)
P = pascal(n, k)
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7. Marpunupt v nvHedinas anrebpa

Onucanue:

O@yukuus P = pascal(n) dhopMHpyeT CHMMETPUYECKYIO TIONOXUTENBHO OTIpe-
JCNCHHYIO KBaAPAaTHYIO MaTpUIly MOPsAKa N, KOTOPAas COCTABJIEHA U3 3JIEMEHTOB
tpeyronbHuka IMackansa. Tpeyroibauk Ilackans mpeacrasiasier coboit koaddu-
LUMEHTHI Pa3noxeHus 6uHoMa (1 + w), 3anucaHHbie B CIENyIOMEM BUIE:

1
1T+w

1+2w+w
1+3w+3w2+w
1+d4wrBwl+dwi+w

a Marpuibl [Tackans nopsaka 3 ¥ 4 UMEIOT CIIeAYIOUIMI BUL!

2
3
4

pascal(3) = pascal(4) =
1 1 1 1T 1 1 1
1 2 3 1 2 3 4
1 3 6 1 3 6 10
1 4 10 20

DyHkuug pascal(n, 0) pasHocwibHa GyHximu pascal(n).

Marpuna P = pascal(n, 1) - 9T0 HIDKHSIA TpEYroyibHasg MaTpulia B pazjIoXeHUU
Xoneuxoro g Matpuus! pascal(n) ¢ TOYHOCTHIO JO 3HAKOR YUCEN B CTONOLAX.
Ota MaTpuua obsagaer coitctoM P2 = 1, rae | - equHUYHAs marpuua [1].

Marpunia P = pascal(n, 2) - 3To MaTpuiia, MonydeHHas B pe3yjbrare TpaHC-
TIOHMPOBaHUs M IEpecTaHOBOK B Marpuue pascal(n, 1). OTa marpuua obnamaet
coiictoM P? = |, rae | - eAuMHUYHAA MaTpULA [2, 3].

Ipumep:
Cdopmupyem Matpunpl pascal(3), pascal(3, 1) u pascal(3, 2):
P = pascal(3) P1=pascal(3,1) P2=pascal(3,2)
pP= P1= P2 =
1 1 1 1 0 0 0 0 -1
1 2 3 1 -1 0 0 1 2
1 3 6 1 -2 1 -1 -1 1
P12 P243
ans = ans =
1 0 O 1 0 0
0 1 0 0 1 0
0 0 1 0 0 1
Conymemeyrowgue gynxyuu: CHOL.
Cebinku:

I. Higham N. J. The Test Matrix Toolbox for MATLAB (version 3.0)//Vol. 276. Numerical
Analysis Report. Manchester, 1995.

2. Higham N. ]J. Accuracy and Stability of Numerical Algorithms. Society for Industrial and
Applied Mathematics. Philadelphia, 1996.

3. Brawer R., Pirovino M. The linear algebra of the Pascal matrix//Vol. 174. Linear Algebra
and Appl. 1992. P. 13-23.
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Cunmaxkcuc:
R =rosser
Onucanue:

Marpuua Peccepa (Rosser matrix)

Oyuxkuua R =rosser (GopMUpyeT TeCTOBYIO MaTpHLy A1 KIacCHYeCKOH
CHMMETPUYECKON IMpoG/ieMbl COOCTBEHHBIX 3HAYCHUA. JTa MATpMLA CRYXMNa
KaMHEM IPETKHOBCHMS JJII MHOTMX QJITOPUTMOB BBIYHUCICHUSA COOCTBEHHBIX
sHayeHuit. Tonpko QR-anroput™M PpaHcuca, YCOBEPIUCHCTBOBAHHBIN YHUJIKUH-
coHoMm [1] u peanu3oBaHHBIM B makere mnporpamMm EISPACK u B cucreme
MATLAB, I03BOJISIET CIPaBUTLCA C YKA3aHHOM Mpo61eMOil.

MarpHna rosser - 310 MaTpuila HOpsAAKa 8 C LIEIOYUCIICHHBIMU 3JIEMEHTAMH,
oHa 006:1afaeT CAeAyIOIMM CIIEKTPOM COOCTBEHHBIX 3HAYEHUH:

.  T1apa KpaTHBIX 3HAYECHMH;

« 3 OJIU3KUX COOCTBEHHBIX 3HAYCHUS;

«  HyJeBOe COOCTBEHHOE 3HAYCHHUE,

«  MaJIoE HEeHyJIEBOE CODCTBEHHOE 3HAYCHUE.

Marpuua Peccepa

R=

611 196

196 899

-192 113

407 -192

-8 -71

-52  -43

-49 -8

29 -44

-192 407 -8 -52
113 -192 -71  -43
899 196 61 49
196 611 8- 44

61 8 411 -599
49 44 -599 411

8 59 208 208
52 -23 208 208

-49 29
-8 -44

8 52

59 -23
208 208
208 208
99 -911
-91 99

CpasHuM cOOCTBEHHbBIE 3HAYCHUST MaTpHil Peccepa, BHIMMCIEHHDIE ¢ NOMOLIBIO
byHKUMU eig(rosser) ¢ TOYHBIMU 3HAYCHUAMMU.

eig(rosser) Tounste 3HayeHus Buiuucnennvte mounsie 3naqenus
1020.04901843 10*(1 + sqrt(10201)) 1020
1020 1020 1020

1019.90195135928 510 + 100*sqrt(26) 1019.90195135928

1000 1000 1000

W00 1000 1000 e
0.0980486407217549 | 510 - 100*sqrt(26) 0.0980486407215722
8.11989364635224e-013 10 . . . L,
-1020.04901843 -10*(1 + sqrt(10201)) -1020

Conymcemeyrowue gynxuyuu; EIG, WILKINSON.,

Cebinku:

1. YunkuHeoH, PaftHi. Chpasounux ascopummos na sazvixe AJITOJI. Jluneiinas ancebpa:
[ep. ¢ anrn. M.: MawmHocTtpoerue, 1976. 390 c.
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7. Martpuubl u nuHedinas anrebpa

Marpuua Tennmua (Toeplitz matrix)

Cunmaxkcuc:

T = toeplitz(c)

T = toeplitz(c, r)
Onucanue:

Oynkums T = toeplitz(C) Bo3BpanlaeT CUMMETPHYECKYIO MaTpuly Teruuia,
ornpenesseMyl0 OIHO3HaYHO BEKTOPOM C.

Oynxims T = toeplitz(c, r) Bo3BpalLiacT HECUMMETPUMECKYIO MaTpuily Tervmiia,
MiepBhIt CTONGEL, XOTOPOIl COBMANAET C BEKTOPOM C, a TMEpBasl CTPOKa - C BEKTOPOM I.
Ecnu nepBblit 3/IEMEHT BEKTOPA C HE PABEH NEPBOMY 3/IEMEHTY BEKTOPA I, TO BO3HMKAET
KOH(JIMKT Ha [IABHOIM JUATOHATH, KOLIa ITPpe/NIOYTeHNE OTAAeTCs SIeMEHTY BEKTOpa C.
Tlpumepot:

c=1:4,; T = toeplitz(c)

c=1:4;r=15:4.5; T = toeplitz(c, r)
Column wins diagonal conflict.
Cmonbey eviuzpbieaem Kon@paukm Ha 2aaéroll duazonanu

T=
1.0000 2.5000 3.5000 4.5000
2.0000 1.0000 2.5000 3.5000
3.0000 2.0000 1.0000 2.5000
4.0000 3.0000 2.0000 1.0000

Conymcmeyrouue gyrxyuu: HANKEL.

VANDER Marpuua Bannepmonna (Vandermonde matrix)

Cunmarkcuc:

V = vander(x)
Onucanue:

Oyuxkuus V= vander(x) Bo3BpallaeT MaTpully BaHoepMOHaa mopsmka
length(x), j-it cTonbew KOTOpPOH onpeaensercs cOOTHoLeHHEM V(:, j) = xMn - j).
Bropoit cipasa cronGel COBMAAAET C BEKTOPOM X.

Tlpumepoi:
X = 1 2 3 4
V =vander(x)
V=
1 1 1 1
8 4 2 1
27 9 3 1
64 16 4 1

Conymcemeyrowue ywkyuu: HTML-CipaBKa.
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CucremMa UHXEHEPHBIX 1 Hay4HbIX pacyeTos MATLAB 5.x. Tom 1

WILKINSON Marpuua Vankuucona (Wilkinson’s matrix)

Cunmarcuc:

W = wilkinson(n)
Onucanue:

Oyuxuua W = wilkinson(n) GopMuUpyeT TeCTOBYIO MaTpULy YHIKUHCOHA IS
3a/layy Ha cOOCTBeHHblE 3HAYECHUSA. JTO CHMMMETpPHYecKas TpeXAuaroHalibHas
Matpuiua, Haubosbline COOCTBEHHBIE 3HAYEHMS KOTOpPOI NONapHO ONMU3KH, HO
He SBJISIOTCS KPATHBIMHU.

Matpuua YWIXMHCOHA MOpAAKa 7 UMEET CICAYIOLIMI BUI;

W = wilkinson(7)
W -

OCO-20O0-~00
O OO0
AN 20000
W=a20000Q

COOQCO—~W
QOO O-_AN—=
OO0

OOBIYHO B KAayecTBE TECTOBOM MCIONB3yeTCS MaTpuua 21-ro Topsiaka,
HMeIoIast CeayouMe cCOOCTBEHHbIE 3HAUCHUS:

eig(wilkinson(21))
1.074619418290332e+001
1.074619418290340e+001
9.210678647304920e+000
9.210678647361334e+000
8.038941115814277e+000
8.038941122829026e+000
7.003951798616379e+000
7.003952209528680e+000
6.000234031584172e+000
6.000217522257103e+000
5.000244425001918e+000
4.999782477742906e+000
4.004354023440860e+000
3.996048201383629e+000
3.043099292578829e+000
2.961058884185733e+000
2.130209219362509e+000
1.789321352695084e+000
9.475343675292956e-001
2.538058170966829%e-001
-1.125441522119983e+000

Ludpsl, 9B/ISIOLMECST HETOYHBIMH, BbIIEICHb] XXUPHBIM IIPUPTOM.

Conymcmeyrowjue @pynkyuu; EIG, GALLERY, PASCAL.
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7. Matpuibl u nnHeliHas anretpa

GALLERY HaGop TecToBnIX MaTpHI

Cunmarcuc:

[out1, out2, ...] = gallery('<uma_mampuysr>', param1, paramz2, ...)

A = gallery(3)

A = gallery(5)
Onucanue:

®Oyukims [out1, out2, ...] = gallery('<ums_mampuyws>', param1, param2, ...)
BO3BPAIlACT TECTOBYIO MATPULY C UMEHEM <ums_mampuyb> 13 Habopa npuse-
JEHHBIX HUXE TeCTOBBIX Marpull. IIpu BbI30Be, Kak MpPaBWIO, YKa3bIBaeTCS
B KayecTBe BXOAHOIO ITapaMeTpa IOPSAOK MATPULBI, HO MOIYT HOTpeOOBaTLCA
U JApYrUe apaMerphl.

Habop Bxmoyaer okosno 50 MaTpull, HCHONB3YEMBIX JUIS TECTMPOBAHMS
aNrOPUTMOB M JAPYTUX Ueneil:

cauchy cycol hanowa krylov orthog redheff wilk
chebspec dorr house lauchli parter riemann
chebvand dramadah invhess lehmerlesp  peipoisson fis

chow fiedler invol smoke

circul forsythe ipjfact lotkin prolate toeppd

clement frank jordbloc minij rando tridiag triw
compar gearmat kahan moler randhess wathen

condex grecar kms neumann randsvd

Oyrkuysa A = gallery(3) Bo3BpauIaeT wioxo oOYC/IORIEHHYIO 10 OTHOMICHHIO K 33-
J1aue OOpalLCHUS TECTORYIO MaTPHLY MopsanKa 3 ¢ YucioM obyciiosieHHOCTU 2.76e+005.

Oyukis A = gallery(5) Bo3BpalliaeT UEIOYUCICHHYIO TECTOBYIO MAaTpHILy
ropsiika 5 st NojaHoM NpobseMbl cOOCTBEHHBIX 3HaYEHUH.

TR——

Cunmarcuc:

C = gallery(‘cauchy’, x, y)

C = gallery(‘cauchy’, x)
Onucanue:

Oypkuus C = gallery('cauchy, x, y) Bo3BpaliaeT MaTpuily pasMepa Nxn, 2IeMeHTbI
kotopoi pasubl C(i, ) = 1(x()+y(})), roe x u y - Bekropst WMHBI n. Ecin ykazaHbl
B KQUECTBE X U Y CKaNIAPhI, TO OHX MHTEPIPETUPYIOTCS KaK BEKTOPBI 1:X 1 1.y.

Gyukums C = gallery(cauchy’, x) Takxe Bosppawaet Matpuuy Ko pasmepa
nxN, 3MeMEHTHI KoTopon pasHbl Cfi, j) = V{x(i)+x(j)).

M3BecTHBI TOYHBIE BBIPAXEHWST JUIsl OODATHON MaTpUUB! W ONpPEACIUTENs
matpunpl Kowm. Onpeaenuress det(C) He paseH O, ecid BEKTOPBl X U Y UMEIOT
pazinuHbie amemenThl. Marpuua KollM SIBASeTcs IMOJOXHTEbHO ONpec/eHHOM,
ccau BolnoaHgores yenoBus 0 < x(1) <. <x(nN)n 0 <y(1) < ..<y(n).
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Marphua YeGumesa

Cunmaxcuc:

C = gallery('chebspec', n, <nepexarouamens>)
Onucanue:

Oyuxuua C = gallery('’chebspec’, n, <nepexawyamens>) Bo3BpaiiaeT MaTpHily
YeObieBa criekTpaibHoro auddepeHUMpoBaHus pasMepa nxn. Ilepexmoyarenb
MOXET NMPUHUMaTh 3Ha4eHHs 0 unn 1; no yMmonyanuio 0. g 3HavyeHus O Mar-
puua C uunsnorentHa (C" = 0), uMeet Hynb-BexTop ones(n, 1) U nofo6Ha 610Ky
XopnaHa ¢ HyneBbIM COOCTBEHHBIM 3HayeHueM. Jlis 3HaueHust 1 Matpuua C
HEBBIPOX/ICHHAsA, XOpPOWO OOYC/IOBIEHHAs MATpHLa, COOCTBEHHblE 3HAYEHMS
KOTOPOH MMEIOT OTPHUIIATENIbHBIEC JEACTBUTEIbHBIC YaCTH.

Marprua Banaepmonaa ais nogunomos YeGbimena

Cunmaccuc:

C = gallery(‘chebvand', p)

C = gallery('chebvand’, m, p)
Onucanue:

Oyuxuus C = gallery('chebvand’, p) Bosppaiuaer marpuuy BaupepmoHnaa mis
moAMHoMOB YeOnlieBa, 3alaHHBIX HA TOUKAX, ONMpPEAE/ISIEMBIX BEKTOPOM P.

Oyukuua C = gallery('chebvand', m, p) Bo3BpauiaeT NPAMOYTONBHYIO MATPUILY
¢ M CTPOKaMH. .

Ecam p Bektop, To C(i, i} = Ti4(p(j)), rne Ti4 monuroM Yebpitliena cremnexw i-1;
€CJIM B KaYeCcTBE p YKa3aH CKaidp, TO OH MHTEPIIPETUPYETCA KaK BEKTOP p paB-
HOYJaNeHHbIX ToueK Ha uHTepBane [0,1], vicnons3yeMeix ansa shiunciaenns C.

Cunrynspras matpuia Tennnua » nwxneit gopme Xeccenbepra

Cunmaxcuc:

C = gallery(‘chow', n, alpha, delta)
Onucanue:

Oynxinua C = gallery('chow', n, alpha, delta) so3spaiuaer matpuny C Buaa
H(alpha) + deltareye(n), rae H, () = o'™*1. 3nech n - NOPSIIOK MAaTpHLpl, a Napa-
METPHI alpha M deita - CKanspsl; MO yMOMYaHUIO OHU PABHBI COOTBETCTBEHHO 1 M 0.

Marpuua H(alpha) umeetr p = floor(n/2) coGcTREHHBIX 3HaYeHuM, paBHbiX 0;
ocTajibHbie paBHH 4*alphascos(k+pi/(n+2))22, k = 1 : n-p.

Hpumep:
C = gallery(‘chow', 3)
C -
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7. Matpuusi n inHedinas anre6pa

eig(C)
ans =

0.3820

2.6180

0

n =length( C)
n=3
p = floor(n/2)
p=1
fork=1:2

d(k) = 4*cos(k*pi/(n+2))"2;

end
d

d= 26180 0.3820

Cunmaxcuc:

C = gallery(‘circul’, v)

Onucanue:

IupKynsnTHAS MaTPHUA

Qyuxkuust C = gallery('circul', v) Bo3BpaifaeT UUPKYISHTHYIO Marpuuy C,
nepBasi CTpoka coBnajgaet ¢ BekTopoM V. Kaxnas cienyolias cTpoKa IojyyeHa
UMKIIMYECKO# NEPECTAaHOBKOMH 3JIEMEHTOB NEPBOI CTPOKH.

Ecnu B KadyecTBe V yKasaH cKajfp K, TO OH UHTCPIPETUPYETCS KaK BeKTop,
To ecthb C = gallery('circul’, 1:k).

Jnst UMpPKY/SIHTHOR MaTpUilbl TIOPSIKA N CHCTEMA COOCTBEHHBIX 3HAYEHHIT U COO-
CTBEHHLIX BEKTOPOB M3BECTHA TOYHO: €CIH t - KOpeHb N-i CTeNleHH U3 1, To coBCTBCHHOE
3HaYeHHe OMpPEENIAETCH KaK CKATAPHOE IPOM3BEICHHUE BCKTopoB v u w = [1 t € .. ™),
a COBCTBEHHBIIT BEKTOD /11 COOTBETCTBYIOMIENO COGCTBCHHOTO 3HAYCHNUSA paBeH W',

Tlpumep:

C = gallery(‘circul’, 3)
1 2 3
3 1 2
2 3 1
[R, D] = eig(C)
R =
0.5774 0.2562 + 0.5174i 0.2562 - 0.5174i
0.5774 0.3199 - 0.4806i 0.3199 + 0.4806i
0.5774 -0.5762 - 0.0368i -0.5762 + 0.0368i
6—.0000 0 0
0 -1.5000 + 0.8660i 0
0 0 -1.5000 - 0.8660i
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BeeieM HOPMUMPOBKY MAaTPUIBi COOCTBEHHBIX BEKTOPOR

fori=1:3
RN(:, i)=R(:, )/R(1, i};
end
RN
RN =
1.0000 1.0000 1.0000
1.0000 -0.5000 - 0.8660i -0.5000 + 0.8660i
1.0000 -0.5000 + 0.8660i -0.5000 - 0.8660i

HopMupOBaHHbIE COBCTBEHHDIE BEKTOPHI COBNANAIOT C BEKTOPAMKU W'

TpexnuaronaabHas MATPHIA C HYJEBOH AMATOHANBIO

Cunmaxcuc:

C = gallery('clement’, n, sym)
Onucanue:

®ynkuus C = gallery('clement', n, sym) Bo3BpailiaeT TPEXAHATOHATBHYIO MATPHILY
C nopsaxa n ¢ HyISIMM Ha [IMArOHAIM M M3BECTHHIMU COOCTBCHHBIMU 3HAYCHUSMM.
Marpuna C BBIpOXIEHHA, €C/TM N HEYETHO; JUIA HEBBIPOXACHHO! MaTpulB ee 06-
paTHast UMeeT O0KoJo 64 % HyneBbIX ieMeHTOB. COOCTBEHHbIE 3HAUCHMST VT YETHBIX
n NpYHALIEXAT MOCAeAoBaTeNIbBHOCTH {n-1, N-3, N-5 ...} cO 3HaKaMM IUTIOC U MHUHYC;
JUIST HEYEeTHBIX N obGasnsgercs cobcrBeHHoe 3HaveHue 0 wiu 1. BxoaHoil mapamerp
SYm OIpeAessieT, IBIAeTcs M MaTtpuua KiieMeHTa CUMMETPUYECKOl; 110 yMOYaHHIO
Sym paBHO O, YTO COOTBETCTBYET HECUMMETPUUYECKON MATpHIIE; U 3HAYeHMsI Sym,
paBHorO 1, Marpuua KiemeHTa CUMMeTprYecKasl.

Tlpumep:
C = gallery('clement’, 4)

0 0
0

0 1
3 0
0 2 3
0 0 0

-ON

eig(C)

ans =
3.0000
-3.0000
1.0000
-1.0000

Martpuupl cpaBHeHHs

Cunmaxcuc:
C = gallery(‘compar’, A)
C = gallery(‘compar’, A, 1)
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7. Matpuusl u nuHeiinas anrebpa

Onucanue:

®ynkuuu C = galiery('compar’, A) u C = gallery('compar’, A, 0) Bo3spauiaoT
Mmarputy C = diag(B) - tril(B, -1) - triu(B, 1), rae B = abs(A).

®yukuusa C = gallery('compar', A, 1) Bo3Bpaluaer Matpully C, IMaroHajisHble
3JIEMEHTBI KOTOPOH paBHbI abCOMOTHBIM 3HAYEHHUSAM AMArOHABHBIX 3IEMECHTOB
MaTpMiibl A, a BHEJWArOHaJIbHbIE BNEMEHTBl KaXAO CTPOKM 3aMEHSIOTCH Mak-
CUMAJIBHBIM 110 MOMYNIO 3HAYCHWEM 3CMCHTA 3TOW CTPOKM CO 3HAKOM MUHYC.
Marpuub! B TpeyronpsHoi (opMe ocrarorcst 6e3 U3MEHEHHUS.
IIpumep:

A = gallery('chebspec', 4)

A —_—

3.1667 -4.0000 1.3333 -0.5000
1.0000 -0.3333 -1.0000 0.3333
-0.3333 1.0000 0.3333 -1.0000
0.5000 -1.3333 4.0000 -3.1667

C = gallery('compar’, A)
C -—

3.1667 -4.0000 -1.3333 -0.5000
-1.0000 0.3333 -1.0000 -0.3333
-0.3333 -1.0000 0.3333 -1.0000
-0.5000 -1.3333 -4.0000 3.1667

C = gallery('compar’, A, 1)
C —

3.1667 -4.0000 -4.0000 -4.0000
-1.0000 0.3333 -1.0000 -1.0000
-1.0000 -1.0000 0.3333 -1.0000
-4,0000 -4.0000 -4.0000 3.1667

KonTprnpumepsl MATPHI IPH OUEHKE 4HceN 00yCI0BICBHOCTH

Cunmakcuc:

C = gallery('condex’, n, k, theta)
Onucanue:

®yukuus C = gallery(‘condex’, n, k, theta) Bo3BpalllaeT 1 pasTMYHBIX 3HA-
YeHUIl napaMerpa K cieayome KOHTPIPUMEPDl MAaTPKLL, CBA3aHHBIC C OLEHKON
Yyucest O6YCIOBICHHOCTH PA3/IMYHBIMH aITOPUTMAMHU:

k n Anzopumm oyenxu
................. LN A, 3 LINPACK (rcond)
............. 2 3 LINPACK (rcond)
................. 3 e JOG0E LINPACK (rcond)

4 >4 SONEST (Higham 1988)

Ecan m18 cOOTBETCTBYIOIUMX 3HAYEHUIl MOPSAOK MPEBLILACT YKa3aHHBIM,
TO MaTpMLa pacluMpsieTcsl A0 TpeGyeMoro rnopsiaka eIuHUYHOM; €CIH IIOPSIIOK
MeHbllle, To GopmupyeTcsl TpebyeMas MaTpuLa.
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Ipumep:
C = gallery(‘condex’, 4, 1)
1 -1-200 O
0 1 100 -100
0 1 101 101
0 0 6 100
1/rcond(C) condest(C) condeig(C) eig(C)
565.59 40100 2.6687 1
1.9612 0.0098049
123.72 101.99
125.37 100
C = gallery('condex’, 3, 2)
C=
1 0.9998 -2
0 0.01 -0.01
0 0 1
1/rcond(C) condest(C) condeig(C) €ig(C)
7.4884 601.94 5.0005e+015 1
1.4213 0.01
5.0005e+015 1
C = gallery('condex’, 4, 3)
C=
1 0 0 O
-4 1 0 0
-1 -1 1 0
-1 -1 -1 -1
1/rcond(C) condest(C) condeig(C) eig(C)
4 32 1.3815 -1
2.0882e+015 1
1.7469e+030 1
1.7469e+030 1
C = gallery('condex’, 4, 4)
C=
1 -5.8287e-014 5.5511e-015 -1.8735e-014
-5.8287e-014 59.738 -10.68 -48.058
5.5511e-015 -10.68 2.9417 8.7379
-1.8735e-014 -48.058 8.7379 40.32
1/rcond(C) condest(C) condeig(C) eig(C)
118.48 138.98 1 1
1 1
1 1
1 101
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7. Matpuusl u nuHeiiHaa anrebpa

Martpuua ¢ nepuoawYecKH NOBTOPAIONMMHCS CTONONAMH

Cunmaxkcuc:

C = gallery('cycol, n, k)

C = gallery(‘'cycol', [m n}, k)
Onucanue:

®yukums C = gallery(cycol', n, k) Bo3BpaiaeT MaTpHiLy TOPSAIKa 1 ¢ MEPHOIUYECKN
TIOBTOPAIOIUMUCS CTONOHAMM; NEPHO], TIOBTOPEHMS 3anaeTcsi NapaMeTpoM k (1o ymorn-
yaHHio k = round(n/4)). ITosropsirotecs: cTon6upl GOPMUPYIOTCS KaK MAacCHB CiTy4aid-
HbIX uyucen randn(m, k). PaHr Takoif MaTprLIbl He TIPEBBIILACT 3HAYCHHS K.

Oyukuus C = gallery(‘cycol', [m n], k) Bo3BpaiuaeT NpAMOYTONBLHYIO MATPHLLY
TIOPSiAKA MxN C IEPUOAMUYECKU NOBTOPSIOIMMHUCS CTOJIOLIAMHU.

Marpuua Joppa

Cunmakcuc:

D = gallery('dorr’, n, theta)

[c, d, e] = gallery('dorr’, n, theta)
Onucanue:

Oyukuua D = gallery('dore, n, theta) Bosspamiaer ruioXo OGYCIOBIEHHYIO
TPEXOAUATOHAIBHYIO Pa3peXeHHYI0O MaTpHULy IopsAAKa N ¢ AMaroHaIbHO mnpeobna-
JAIOHIMMM 2JIeMeHTaMu. YuCo 00yC/IOBIEHHOCTH 3aBMCHUT OT mapamMetpa theta;
VISl MaJIbIX HeoTpuuarenbHbIX theta marpuua Jfoppa rutoxo obycnosneHa (1o yMoi-
yauuto theta = 0.01).

Oynkuud [c, d, €] = gallery('dorr’, n, theta) BosspallaeT JHarOHaIH MaTPULIBI
Hoppa. na dopmupoBanus camoit Matpuubl Joppa Hano MCIONB30BaTh ONEpaTop
D = gallery('tridiag’, c, d, e).

AHTH-2/12MADOBE MATPHIB!

Cunmakcuc:

D = gallery('dramadah’, n, k)
Onucanue:

Oyukuus D = gallery('dramadah’, n, k) Bo3BpaluaeT MaTpuily HOpsaKa n U3
Hyne#t U eAMHMI, KOTopas MMeeT AOCTaToYHO O0Jbllioe 3HAYeHHE TapaMerpa
mu(D) = norm(inv(D), 'fro"), xota u He o6s3aTebHO MakcuMansHoe. Marpuua
Ha3blBACTCS aHTH-aZaMapoOBOM, eClIM 3HayeHHe NMapameTpa mu(D) MaKCHMabHO.
ITapaMeTp onpeaenser THN GOPMUPYEMOI MATPHLIbL
+ k=1 (no ymomuaupio). D - Marpuua Terumua ¢ onpenenuresieM abs(det(A)) = 1 u

mu(A) > c(1.75)*n, rae KOHCTAHTA C NMPUOIM3UTENBLHO OLECHUBaCTCS 3Hayeruem 0.43;
« k=2.D - BepxHss TPEyrojibHast MaTpuua 1eruiMya ¢ KpaTHbIMU CODCTBEHHbBIMU

3HAYCHUSAMM, PABHBIMU 1;
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« k=3.D - marpnua Termwmua ¢ MakCUMaJIbHBIM ONPENEINTEIEM, PABHBIM N-MY
wieHy rnocjenosarejibHocty yucen DuboHauyu, cpeau BCeX MaTpUI| B HWOKHEH
topme Xeccenbepra. OnpeneiceHHbI MHTEPEC MOXET MPEeACTABUTHL pacipe-
JeneHue COOCTBEHHBIX 3HAYECHHUIA,

Hpumepwi:
D = gallery(‘dramadah’, 10, 1);
mu = norm(inv(D), 'fro")
mu= 109.65

D = gallery('dramadah’, 10, 2);
mu = norm(inv(D), fro")
mu= 55.091

D = gallery('dramadah’, 10, 3};
mu = norm(inv(D), 'fro")

mu= 24421

det(D)

ans= 55

310 10-# wieH nocienoarebHOCTH DOHOOHAYYH Uy + Uney = Unap, (Up=0, ug=1,
n=0,1,2..).

see(D, -1)

fiedler Marpura ©ugiepa

Cunmakcuc:

F = gallery(‘fiedler’, c)
Onucanue:

Oyukuus F = gallery(‘fiedler', c), rae ¢ - BeKTOp ANMHBI N, BO3BPALUAET CHUM-
METPUYECKYIO MaTpULy Nnopsiika n ¢ saeMmeHTaMu abs(c(i) - ¢(j)). Eciu B kauectse
€ yKaszaH ckausip k, TO OH HHTEpIIpeTUpyeTCs KakK BeKTop 1:k.
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O6partHas MaTpuLa SIRISIETCS TPEXIUATOHATLHOM C AOTIOTHUTEIbHBIMM 2JIeMEHTAMH
B no3uumsx (1, n) u (n, 1). Marpuua Ouwiepa uMeer 1peodanaloNIee TOMOKHTEIBHOE
coOCTBEHHOE 3HAYEHHE, U OCTAIbHBIE COOCTBEHHBIC 3HAUEHMSI OTPHLIATEIIbHE.

Tounsie cootHowenus s inv(A) u det(A) npusenenst B {1, ¢.159] u npu-
nagiexat Oumwiepy (Fiedler).

[lpumepei:
F = gallery('fiedler',1:4),
F =
0 1 2 3
1 0 1 2
2 1 0 1
3 2 1 0
det(F)
ans = -12
inv(F)
ans =

-0.3333 0.5000 0 0.1667
0.5000 -1.0000 0.5000 0
0 0.5000 -1.0000 0.5000
0.1667 0.0000 0.5000 -0.3333
eig(F)
ans =
-0.58579
-1.1623
-3.4142
5.1623
Ceblaku:
1. Todd J. Basic Numerical Mathematics. Vol. 2: Numerical Algebra. Basel; New York:
Birkhauser: Academic Press, 1977.

forsythe Marpuna ®opcaiita

Cunmarcuc:

F = gallery('forsythe’, n, alpha, lambda)
Onucanue:

Dyukuus F = gallery(‘forsythe', n, alpha, lambda) Bo3spawaer mMarpuiy nopsiaka
N, COCTamJeHHYIO W3 KieTku JKopnaHa c¢ COOCTBEHHBIM 3HaueHWeM lambda
U JOTOTHUTENBHBIM 2iieMeHTOM F(n, 1) = alpha. Tlo yMonyauuio 3HayeHus alpha
u lambda paBHBI cooTBeTCTBEHHO sqrt(eps) u 0.

Xapakrepucruyeckuit nosuHoM marpuubl Dopcaiita papeH det(F-s*l) =
= (lambda - s)*n - aiphax*(-1)"n.
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Ipumepeo::
F = gallery(‘forsythe’, 4)

OO -~
QOO
OO0

-0.0110
-0.0000 + 0.0110i
-0.0000 - 0.0110i
0.0110

Marpuma pama

Cunmarcuc:

F = gallery(‘frank’, n, k)
Onucanue:

Oynkuusa F = gallery(‘frank’, n, k) Boappaiiaer matpuuy Ppanka nopsaxa n.
Oto Matpuua B BepxHeir ¢opme XeccenbGepra ¢ onpedeiureNieM, paBHbBIM 1.
Ilapametp k mo yMomuaHuio paBeH O; k = 1 3jeMEHTBl MAaTPHLBl OTPAXKAKOTCA
OTHOCHTEJIBHO aHTUAMATOHAIH.

CobcTBeHHBIE 3HAYEHHST 3TOH MaTpPULUBI MOIYT GBITH BBIPAXEHBI YEpe3 HYIH
MOJIMHOMOB DPMHUTA COOTBETCTBYIOLLETO MOPSAKA; BCEe OHU ITOJIOXKHUTENBHBI M 00-
pasyioT Napbl B3aMMHO OOpaTHBIX uMces. ECiaM HOpALOK Matpuubl HEYETHBIM,
TO OAHO M3 COBCTBEHHBIX 3HAYEHHIA paBHO 1.

Martprua ®panka umeer floor(n/2) mioxo o6yC/IOBIEHHBIX MUHHUMAIBHBIX
cOOCTBEHHBIX 3HAaYECHHUH.

[Ipumeuanue. TTonnHOMBI DPMHUTA OTIPEACNAIOTCA MO CleAYIOLIEi dhopMyJie:
xl

—_ 1 n ___
2 =2 2
e H,,(x)—n!dxne .
Ilpumepui:
F = gallery(‘frank’, 7)
F= eig(F) = condeig(F) =

7 6 5 4 3 2 1 16.003 1.4837
6 6 5 4 3 2 1 7.4876 1.5761
0 5§ 5 4 3 2 1 2.9992 1.5879
0 0 4 4 3 2 1 1 11.163
0 0 0 3 3 2 1 0.062487 252.66
0 0 0 0 2 2 1 0.13391 362.98
0O 0 0 0 0 1 1 0.33342 120.99
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Matpuna I'upa

Cunmakcuc:

G = gallery('gearmat’, n, i, j)
Onucanue:

®yukuua G = galiery('gearmat’, n, i, j) Bo3ppaiaer Marpuuy 'upa nopsaxa n
C CAMHMLAMM Ha HEpBOM MMOIIMATOHAIM M NEPBOM HARAMATOHAMM, a TAKXe C 3Je-
McHTOM sign(i) B nosuuuy (1, abs(i)) u snemeHTOM Sign(j) B O3HLIMM (0, n+1 - abs(j));
ocTanbHble 31eMeHThl MaTpulibl paBHb 0. Tlo yMonyanuoo i =n, aj=-n.

Marpuua I'pa BBIPOXAEHHA, MOXET MMETh COOCTBEHHBIE 3HAYCHHUSI KPATHOCTH
2 win 3 u ObiTh HeronHoro padra. CoOCTBEHHBIC 3HAYEHMST 3TOH MAaTpUIpl PABHBI
2+cos(a), a cobCTBEHHbIE BEKTOPbI UMEIOT BUA [sin(w+a), sin(w+2a), ..., sin(w+na)).
3HayeHMUs apaMeTpPoOB @ U W MOTYT ObITh MOJyYeHHb U3 [1].

IHpumepoi:
G = gallery('gearmat, 8)
G €ig(G) condeig(G)
6 1t 6 0 0 O 0 1 -1.4142 1.4142
1 0 1. 0 0 0 0 O -5.2042e-018 +1.0793e-008i 9.2656e+007
01 0 1 0 0 0 O -5.2042e-018 -1.0793e-008i 9.2656e+007
0 0 1t 01 0 0 O 1.4142 1.4142
0o 0 o1 0 1 0 O 1.8478 1.0824
0 0 0 0 1 0 1t O -1.8478 1.0824
0 0 0 0 0 1 0 1 0.76537 2.6131
-1 0 0 0 0 0 1 O -0.76537 26131
rank(G)
ans= 7
Cebinxu:

1. Gear C. W. A Simple Set of Test Matrices for Eigenvalue Programs//Math. Comp. 1969.
Vol. 23. P. 119—125,

Marpuua Temmua ¢ YyBCTBHTE/IbHBIMH COGCTBEHHBIMH 3HAYECHHAMH

Cunmakcuc:

G = gallery(‘grcar', n, k)
Onucanue:

®ynkuusa G = gallery('grcar’, n, k) BozBpawaer Matpuuy Teivinua nopsiaxa n
C CAMHMLAMM Ha I71aBHOM AMAroHaIM M K HaQJMaroHansx, a TaKXe Co 3Haye-
HUSIMM -1 Ha TepBoW mnojguaroHanu. 3HayeHHde K IO YMOJIUAHHIO PaBHO 3.
CobeTneHHbie 3HauYeHMst 06/1a1210T OUEHb BLICOKON YYBCTBUTEAbHOCTBIO.
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Hpumep:
G = gallery(‘grcar’, 11)
see(G, -1)
pinu(A)
1
a
-1
]
2o o
. (A ElgiR)
10
2 -
1
o o
‘\\» -1
, it -z .
10 -
a s 10 15 -+ B 1 2 3
Puc. 7.4
Marpuua ¢ CoOCTBEHHBIMMA 3HAYEHHIMH C NIOCTOAHHOM
JeHCTBMTEIbHON YaCTBIO
Cunmakcuc:
H= gallery(’hanowa', n, d)
Onucanue:

QOyuxums H= gallery(hanowa', n, d) Bo3BpalacT MaTpuLy NOPSIKA N, KOTOpas

MOXeT OBITh NpeAcTaBieHa B CiAeAYIOMEM GIOMHOM BHAUE:
[ d*eye(m) —diag(1:m)
diag(1:m) d*eye(m)].

Hopsimok n yeTHbl KM paBeH 2m. Matpriia MMeeT KOMIUIEKCHbIC COOCTBEHHBIE
3HayeHus d £ k#i, rae 1 <=k <= m. 1o ymonuyauuio d pasHo -1.
Ilpumep:

H= gallery(‘hanowa’, 6)

-t 0 0 -1 0 0

0 -1 0 0 -2 0
0 01 0 0 -3
10 0 -1 0 O
0 2 0 0 1 0
0 0 3 0 0 A1
eig{H)
ans =

-+ 1

- i

4+ 3i

1 - 03

1+ 2

4 - 2

284



7. Marpuaust v nuHeiHaa anrebpa

Marpuua Xaycxosaepa

Cunmakcuc:

[v, beta] = gallery("house', x)
Onucanue:

Oynxups [v, beta] = galleryChouse', x) st BekTOpa-cToN6La X AKHOM N Bo3BpallaeT
BEKTOp V U ckansip beta takue, yto matpuua H = eye(n, n) - betarv*v' gpisercs mar-~
puieit Xaycxonaepa.

Marpuua Xaycxosjgepa yIoBIeTBOPSIET COOTHOILEHUIO

H*x = -sign(x(1))*norm(x)*ef,

rmeei=[100..].

3aMeTuM, YTO IS KOMIUIEKCHOTO YMCNA Z 3HAK ONpelensieTcss COOTHOIUEHUEM
sign(z) = exp(i*xangle(z)), 4To coBnanaer co 3HaYyeHHeM z./abs(z), eciu z He pasto 0.

Ecmm x=0,T0v=0 ubeta=1.

invhess O6parnas K MaTpuue B BepxHeil gopme Xeccenbepra

Cunmaxcuc:
| = gallery(‘invhess', x, y)

Onucanue:

Oynxuus | = gallery(invhess', x, y), rae X - BeKTOp MIHMHOA N, 4 Y - BEKTOp LK~
HOM n-1, BO3BpalL@ET MATpUIly, HWXKHSS TPEYroJbHas YacThb KOTOPOi coBnajaer
¢ ones(n, 1)*x', a Bepxusis - ¢ [1 y]*ones(1, n). Eciu x ckansap, pasHblit K, TO OH HH-
TeprpeTupyercs Kak Bekrop 1:k. [To ymonuyanuio Bekrop y paeeH -x{(1:n - 1),

Marpuua HeBbIpoxieHHa, ecian x{1) ~= 0 u x(i+1) ~= y(i) ana Bcex i, U ee
obparHasa sBAseTcs MaTpuueit B BepxHeil popme Xeccenbepra.

VHBOMOTHBHAA MATPHIA

Cunmaxcuc:
| = gallery('invol', n)
Onucanue:
Oynkuust | = gallery(invol, n) Bo3BpaiiaeT Marpuiy TIOPANKA N, KOTopas yAOB-
JIETBOPSICT CBOMCTBY MHBOJIFOTUBHOCTH ¥l = eye(n)) 1 sipsieTcs mioxo oByc/IoRIeHHOM.
Marpuupt A = (eye(n) - 1)/2 u A = (eye(n) + 1)/2 y1OBAETBOPAIOT CBOMCTBY
UAEMIIOTEHTHOCTH A*A = A,

ipjfact MakropHansHbie MaTpuubl 'ankens

Cunmarcuc:
{l, dl = galtery(‘ipjfact’, n, k)
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Oniicanue:
Oyukuust [I, d] = gallery(ipjfact, n, k) Bo3BpalllaeT B 3aBUCHMOCTU OT 3HAYCHUS
napamerpa k ase GopMs! akTopuaibHbix MaTpUll ankess opsaaKa n ¢ aneMeHTaM1
(i, j) = (i+j)! (k=0, no yMonyaHuo)
I, j) = U@+ (k=1).
B kayectBe BTOPOrO BBLIXOJHOIO [ApaMeTpa BO3BPALUACTCH ONPEACAUTENb
COOTBETCTBYIOLICH (PaKTOPUTLHON MaTpulibl ['aHKesist.
TouHbie BbIpaXeHNs Ui 00paTHBIX (HAKTOPHAIBHBIX MaTpULl [aHKens npuBeIeHE]
B pabore Gover M. J. C. “The explicit inverse of factorial Hankel matrices” (Dept. of
Mathematics. University of Bradford, 1993).

I

ardblock Baok XKopaana

Cunmakcuc:

J = gallery(‘jordbloc’, n, lambda)
Onucanue:

®yaxkuua J = gallery(‘jordbloc’, n, lambda) Bosspaumaer 610k JKopgaHa
nopsiiKa n ¢ coOCTBEHHBIM 3HayeHHeM lambda. ITo ymonuyanuio lambda pasHo 1.

Marpua Kaxana

Cunmaxcuc:

K = gallery('kahan', [m n], theta)

K = gallery(’kahan', n, theta)

K = gallery(..., pert)
Onucanue:

®yukuus K = gallery(kahan', [m n], theta) Bo3BpaiiaeT npAMOYIoNBLHYIO MATPHULYY
Kaxana B BepxHeil TpaneueuganbHoi ¢opme. JIManasoH BOIMOXHBIX 3HAYEHUI
napamertpa O < theta < pi; o ymosuanuio theta pasHo 1.2,

Oyukuus K = gallery(kahan', n, theta) sosspamiaer Marpuuy KaxaHa niopsiaxa
n B BEpXHEU TpeyronbHoh dopMe.

®yukumst K = gallery(..., pert) Ho3BoJisieT OLiEHUTh BIHSHME OLUMOGOK OKpYr-
JIleHUsl Ha BO3MOXHBIE HEPECTaHOBKM cTOAOLOB, JJIs1 3TOTO JUHATOHAJIBHBIE 3Jie-
MeHTH Marpuupl Kaxana noasepraiotcs BO3mymieHMIo pertxepsxdiag([n:-1:1]).
Mo yMomyaHuio pert paBHO 25, 4TO TApaHTHPYET OTCYTCTBHE MEPECTAHOBOK MK
pabore B [EEE-apudMeTHKe ¢ MaTpHLIaMy, NIOPAZOK KOTOPBIX He npeBbitaet 90.

Marpuua Kaxana oOnagaer uHTePeCHBIMM CBOMCTBAMM OTHOCHTENBHO
OLIEHKHM YUCNa 00YC/IOBICHHOCTY M paHra.

E?:: Tenamuesa marpuua B popme KMS

Cunmakcuc:
K = gallery('kms', n, rho)
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Onucanue:

®ynkuug K = gallery('’kms', n, rho) Bo3BpalLaeT CUMMETPHUYECKYIO TETUTMLIEBY
Mmarpuly nopsinka n B ¢opme KMS (Kac-Murdock-Szego) ¢ anemenramu K, j) =
= rhoMabs(i - j)) wis geACTBUTENBHBIX 3HAauYeHMM rho. [Is KOMILIEKCHBIX rho
9JIEMEHTBI, PAcMoOJIOXEeHHbIE HUXE [JIABHOW JUArOHAIH, SBASIOTCA KOMILIEKCHO
COMNPSDKEHHBIMK K 3JIEMEHTaM, HaXOAsIIMMCSs Bbilte auaroHauu. Ilo yMonyanuio
rho pasHo 0.5.

Tennuiesa marpuua B dopme KMS uMeer cneaylomume cBoicTBa:
« cywectByer pasnoxeHue K = LDL', rae L = inv(triw(n, -rho, 1)) u D(, i) =

= (1 - abs(rho)*2)*eye(n), 3a ucioueHvieM 3ieMenTa D(1, 1), xoTopsiit paseH 1;
«  SIBJSIETCS ITOJIOXUTENIBHO OMpelesicHHoM, ecnu 0 < abs(rho) < 1;
« oOpaTHast MAaTPHLA ABASETCH TPEXAUATOHANBHONA.

Marprua Kpsinosa

Cunmaxkcuc:

K = gallery('krylov', A, X, j)

K = gallery('kryloVv', n)
Onucanue:

Oyukuust K = gallery(krylov', A, X, j) Bo3BpaluaeT NpsAMOYTOJbHYIO MaTpHily
Kpsinosa pazmepa nxm Buaa [x, Ax, A*2x, ..., AMm - 1)x}, rae A - NpoU3BOJIbHAL
MaTpHLa MOPSANKA N M X BEKTOp WiuHbl N. [To yMomdaHuio x = ones(n, 1) um =n,

Obpawenue B dopme K = gallery(krylov', n) paBHOCWJIBHO 0GpalLEHHUIO
gallery('krylov', randn(n)).

Matpuua JTaysan

Cunmaxcuc:

L = gallery(lauchii', n, mu)
Onucanue:

Oyukuus L = gallery(‘lauchli', n, mu) Bo3BpaiuaeT NpAMOYrojibHYIO MaTpuiy
Jlayunu (Lauchli) pasmepa (n+1)xn Buza [ones(1, n); mu*eye(n)]. [apamerp mu
110 YMOJYaHHIO paBeH sqrt(eps).

Marpuua Jlaywid gaer xopollO HM3BECTHBI NMpuMep MpoOJAEMbl, KOTOpas
BO3HMKAET B METOAC HAWMEHbLUMX KBaApaToB M JPYIMX CMEXHbBIX OOacTAX
¥ CBA3aHHOM ¢ (POPMHUPOBAaHHEM NPOU3BEACHUs A™A.

Marpuua Jexsepa

Cunmakcuc:
L = gallery('lehmer’, n)
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Onucanue:

Oyukuus L = gallery('lehmer, n) BO3BpaljacT CHMMETPHUYECKYIO ITOJOXH-
TeJbHO omnpeneneHHyo Marpuuy Jlexmepa (Lehmer) mopsimka n ¢ aneMeHTaMH
A, =timaj=zi

Marpuua Jlexmepa obnanaer cileylOlIMMMA CBOMCTBAMM;

«  BCE 3JIEMEHTBl HEOTPHUATENBHBIC YUCA;
. obparHas MarpvLa TpPeXIUaroHaJbHast U U3BECTHA TOYHO;
«  YMCJIO 0OYCJIOBJIEHHOCTH JIEXUT B mpejenax n < cond(L) € 4*n*n,

Marpuna ¢ aeficTBUTENbHbIMH COOCTBEHHBIMH 3HAYEHHAMH
BBICOKO# YYBCTBHTEIbHOCTH
Cunmaxcuc:
L = gallery(lesp’, n)
Onucanue:
Qyrkums L = gallery('lesp’, n) Bo3BpaliaeT Marpully MOpsAKa N, COOCTBeHHBIE
3HAUCHUS1 KOTOPOM PaBHOMEDPHO PACTIONOXEHbI B MHTepBane [-2+n - 3.5 - 4.5).
Dra Marpvia [oxobHA CUMMETPUYECKON TpEeXAWAroHalnbHOU MaTpuile
C TEMM Xe JJIEMEHTaMM HA [TIABHOW AMArOHaIu U eMBHMIIAMM Ha NOAOVATOHAIH
M HAIAMaroHaiu; npeodpa3oBaHUe MOJOOMS PEANU3yeTcsl AUArOHATLHOM MATPULIEH
D =diag(1}, 24, ..., n}).
YyBCTBUTENBHOCTh COOCTBEHHBIX 3HAUCHUIM BO3PACTACT IKCIOHEHIUAIBHO
10 Mepe POCTa KOJIMYECTBA MUHUMAIBHBIX OTPULATE/IbHBIX 3HAYCHHIA.

Marpuua Jlorkuna

Cunmaxcuc:
L = gallery('lotkin', n)
Onucanue:
Oyukuus L = gallery(llotkin', n) Bo3ppawiaet Marpuily ['nnsGepra nopsgxa n,
y KOTOpPOH IepBasi CTpoKa 3aMeHeHa eamHuuamu. Matpuua JloTkuHa - 370
HECUMMETPUYECKAsA TUIOXO OOYCJIOBJCHHAsE MAaTpuia ¢ OOMNbIIMM 4YKCIOM OTpHIa-
TeJIbHbIX COOCTBEHHBIX 3HAYCHMH MayToi BenuduHbl. OOparHas MaTpula SIBISCTCA
LEJIOYUCIEHHOM M TOUHO M3BECTHA.
Hpumep:
L = gallery(lotkin', 4)
L=
1 1 1 1
1/2 1/3 1/4 1/5
1/3 1/4 175 1/6
1/4 1/5 1/6 17
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inv(L)
ans =
-4 120 -480 420
30 -600 2700  -2520
-60 900  -4320 4200
35  -420 2100 -2100

eig(L)

ans =
1115/591
-379/1914
-29/2361
-15/104071

CuMMeTpHiecKas NOJNOXKHTEIbHO ONpeleeHHas MATPHLA

Cunmaxkcuc:

M = gallery('minij', n)

Onucanue:

Qynkuusa M = gallery('minij', n) Bo3BpaluaeT CUMMETPUYECKYIO MOJIOXHUTENBHO

ONIpele/IEHHYIO MAaTpULLY NMopsaKa n ¢ eMeHTaMu M(i, j) = min(i, j).

Ora MaTpuua 061aaeT CAeayIOUIMMHA CBOMCTBAMM:

« obpartHas Marpuua inv(M) siBisieTcs TpEXAMAroHaJIbHOM;

« Marpuna I'meenca 2*M - ones(size(M)) umMeer B KadecTBe 06paTHOU Tpex-
AUATOHANIBHYIO, a COOCTBeHHBLIC 3HAYCHWs MaTpulibl IuMBEHCAa paBHbI
0.5+sec((2+r-1)*pi/(4*n))*2, rne r = 1:n;

«  Marpuua (n+1)*ones(size(M)) - M umeer anementsr max(i, j), a ee obparHas
SBJISIETCS TPEXMaroHaJIbHOH,

Marpuua Moynepa

Cunmarcuc:

M = gallery('moler’, n, alpha)
Onucanue:

@yukuust M = gallery('moler’, n, alpha) Bo3spalllaeT CUMMETPUYECKYIO TIONOXHU-~
TeJIbHO ONpPEACIEHHYI0 MaTpyuy Nnopsaka n, Takyio, yrto U'xU, roe U = triw(n, alpha).
ITo ymonuanuo alpha = -1 u M(i, j) = min(i, j) - 2,M(i, i ) = i. [Ipu sTOM OnHO
13 COOCTBEHHBIX 3HAUEHUI MMEET OYCHb MAIYK) BEJIUYUHY.
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Hpumep:
M = gallery('moler’, 5)
M=

1 -
-1
-1
-1
-1

eig(M)
ans =
2.2785
2.3965
2.8289
0.0086463
7.4875

Marpuna Heiimana

Cunmaxcuc:

N = gallery('neumann’, [m n])

N = galtery('neumann’, n)

Onucanue: .

Qyukuus N = gallery('neumann’, [m n]) Bo3BpalLAeT CHHIYIAPHYIO ¢ JUATO-
HIBHBIM Npeo0iafaHueM Mo CTpokam Matpuiy Heiimana paamepa mxn, Kortopas
BO3HMKAET B AUCKPETHOI 3anaue HeiltMaHa ¢ MATUTOYEUHBIM OIlEpAaTOPOM Ha pe-
TYASpHOH ceTKe.

®yuxuus N = gallery('neumann’, n) Bo3spaiaer Matpuuy HefiMaHa Tonbko
[UISL 3HAYEHUI N, SBJISIIOLMXCS TOMHBIM KBaJpaTOM HEKOTOPOI'O eJIoro YMca.

Marpuua Heitmana dopmupyercst B pa3spexxeHHOM BMAE M MMEET OMHOMEPHOE
HYJIb-IIPOCTPAHCTBO, XapAKTEpU3yeMoe BeKTopoM ones(n, 1).

Oproronabhble M 01M3KHE K HHM MATPHILI

Cunmaxcuc:

O = gallery(‘orthog', n, k)
Onucanue:

Oyukuus O = gallery(‘orthog’, n, k) Bo3Bpaluaer B 3aBUCMMOCTH OT 3HAYEHUS
napaMerpa Kk ofHy M3 Marpull Tmopsaka N, ykasaHHylo B TaGmune. Ilpu k > 0
(opmupyeTcst cTporo OpTOroHaibHas Marpuua, a npu k < 0 - oproroHajibHas
Marpuua ¢ AMaroHalbHbIM MacwtabupoBariueM. [To yMoyaHuio k pasHo 1.

COoOON =
aawodl
Nh_,ob
aNn-—_0o A
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7. Matpuust n nuneditas anre6pa

k Onucanue mampuyot
1 O(i, j) = sqrt(2/(n+1)) * sin(i*j*pi/(n+1))

2 O(, j) = 2/(sqrt(2*n+1)) * sin(2*i*j*pi/(2*n+1))
CumMeTrpuyeckas MaTprLa

3 O(r, s) = exp(2*pi*i*(r-1)*(s-1)/n) / sqrt(n)
Marpuua ®Pypoe, yuurapHag, OM - elMHUYHAS MaTPULA.
............... 9ra marpuua cosnaznaer c fft(eye(n))/sqrt(n)

4 Ma'rpnua XenmepTta B HUXHeil dopme chceHGCpra nepBas CTpO](a KOTOPOH
paBHa ones(1:n)/sqrt(n)

5 | O, ) = sin(2*pi*(i-1)*(1)/n) + cos(2*pi*(i-1)*(-1)/n)
CUMMeTpHYCCKas MATPHLIA, BOSHHKAIOLIAs TPy padoTe ¢ MpeobpasoBaHyeM XapTin

........ i "6-('i.,"jj";cos((i-1)*(j-1)*pi/(n-1))
Marpuua BaHgepMoHna ais rnoiuHoMoB YeObllreBa, BOSHUKAKOIAA NIPU OTHI-
CKaHUM IKCTpeMyMa MnojiuHoMa T(n -1)

5 O(I O —
Marpuua BaHzepMoHna wis nonuHoMoB UebbliieBa, BO3HMKAIOLIAS TIPU OThI-
CKaHUM Hyne#t nonunoma T(n)

Tewmiesa MaTPHUA C CHHIY/IAPHBIMH 3HAYEHHAMH, OJIM3KHMH K TU
Cunmakcuc:

P = gallery('parter’, n)
Onucanue:

®yukuus P = gallery('parter’, n) Bo3ppaiuaet mMarpuuy P nopsigka n ¢ ne-
Menramu P(i, j) = 1/(i - j + 0.5). Marpuua sisnserca Marpuiieii Ko v temmuesoit
MaTpULENR OJHOBPEMEHHO; YaCTh €€ MAKCUMAJIBHBIX CUHIYJISIDHBIX YMCENl Paciio-

JIOKEHA BOJIM3U 3HAYEHHMS T.
IIpumep:
svd(gallery('parter',8) )
ans =
3.14159265347603
3.14159263512181
3.14159131936263
3.14153629454613
3.14005961337616
3.11402050998757
2.83146652738175
1.3480247654051
CpapHute co 3HayeHueM pi = 3.14159265358979.
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CumMeTpHYECKAA MATPHUA

Cunmakcuc:

P = gallery('pei', n, alpha)
Onucanue:

Oyukuus P = gallery(‘pei’, n, alpha) Bo3BpalacT CUMMETPUUYECKYIO MATPULLY
P = alpha*eye(n) + ones(n). ITo ymonuanuio alpha paBHO 1. MaTpuua MHryasipHa
NpH 3Ha4eHUAX alpha, paBHBIX 0 M -n.

Martpuna Ilyaccona

Cunmakcuc:

P = gallery('poisson', n)
Onucanue:

Oynxups P = gallery(poisson’, n) Bosppailaet pa3pexeHHyI0 ONOYHYIO TPEXIUAaro-
HaNTLHYIO MaTpHULY NOPsiiKa N2, Kotopas BO3HUKAET B CBS3M C JMUCKPETU3ALMCH ypaB-
HeHust TlyaccoHa Ha OCHOBE MSITUTOYEYHOM AITPOKCHMMAIIMM Ha CETKE pasMepa nxn.

prolate CummeTpHyecKas n10xo o0ycJoBIeHHAS TEINIMIECBA MATPHLA

Cunmarcuc:
P = gallery('prolate’, n, w)

Onucanue:
Oynkups P = gallery(‘prolate’, n, w) BO3BpaLaeT CUMMETPHYECKYIO TEILTULEBY

MaTpULy NOPSAKa N CO CICAYIOIUMMHM CBOMCTBAMM:

- Tpu 3HaYeHMsix napamerpa 0 < w < 0.5 MaTrpuia P MONOXHUTENbHO Onpene-
JIeHHAs U IJIOXO OOYCJIORJICHHAS;

. coDCTBeHHbIE 3HAYECHUS! palIMYHBIE, Jiexar B uHtepBaie (0, 1) ¥ rpynrmpyoTcs
BOsvau O u 1;

« IO YMOJIYaHMIO 3HaYeHUe W paBHo 0.25.

Cayuaiinas oproronanbyas MAaTpHua B Bepxmeit dopme XeccenGepra

Cunmaxcuc:
R = gallery('randhess’, n)
R = gallery('randhess’, x)
Onucanue:
Oynkumst R = gallery(randhess’, n) Bo3ppaluaer ACHCTBUTEIBHYIO, CIyYailHYIO,
OPTOTOHAIBHYIO MaTpHily B BepxHeil popme Xeccenbepra nopsiaka n.
Dyukuus R = gallery('randhess', x), rie X - MPOU3BOMbLHBIA [EHCTBUTETBHBIMA
BEKTOP AUHBL N > 1, BO3BpALLIACT ACTCPMMHUPOBAHHYIO OPTOTOHATBHYIO MaTpHL.
Marpuua R dopmupyetcst kak npomssegenue n-1 spauieHus I'npeHca.
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7. Marpuubl n nuHeiinast anrebpa

CayyaiiHas MATPHIA H3 3JeMeHTOB -1, 0, 1

Cunmarcuc:

R = gallery(‘rando’, [m n}, k)

R = gallery(‘rando’, n, k)
Onucanue:

®yukuug R = gallery('rando’, [m n], k) Bo3BpaliaeT ClyyailHyK) MAaTpHIly
pazMepa mxn co CIeAYIOLMMU CBOWCTBAMH, 3aBUCSILUIUMU OT NiapaMerpa k:

k Onucanue mampuys

1
2 A(i, j) = -1 unm 1 ¢ paBHOH BEPOATHOCTLIO
3

A(i, j) =-1, 0 wiu 1 ¢ paBHOI1 BepOsITHOCTBIO

Dynkius R = gallery('rando’, n, k) Bo3ppaiiiaeT CiyyaiHy0 MaTPHUILY IOPsiaKa
N C TEMH XXE€ CBOMCTBAMH.

Cayyaiinas MaTpuua ¢ npeonpee/ieHHbIMH CHHIYIAPHbIMH THC/IAMH

Cunmaxcuc:

R = gallery('randsvd', [m n], kappa, mode, kl, ku)

R = gallery(‘randsvd’, n, kappa, mode, kl, ku)
Onucanue:

Oyukums R = gallery(randsvd', [m n], kappa, mode, ki, ku) Bo3BpailaeT TEHTOYHYIO
CIy4yaiiHyI0 MaTpvuly pasmepa mxn ¢ yucioM obyciosaerHocty cond(R) = kappa
Y pacrpeae/IcHUEM CHHIYJIAPHBIX YMCeJl, 3aBUCSLIMX OT ITapaMeTpa mode:

mode Onucanue Mampuubt
1 OnHo GOMbIIOe CHHIYAAPHOE YHCIIO
________________ 2 OnHo Majloe CHHTYISpHOE YMCIIO .
3 CuHrynsapHeie YUCNIa B TeOMETpHUYeCKoi nporpeccuu. [Ipumensercs
.................................. 10 YMOTYaHMIO :
________________ 4 | Cunrynspuple yucia B apuMeTHYECKOMN NPOTPeccHMt
5 Cnyyajinpie CHHIYASpHble 4MCia, JorapubM KOTOPBIX pacrpeaeieH
.......................... PABHOMEDHO S
<0{(-1,..,-5) DTH OnMuUMM aHaMOrM4HbBl abs(mode), HO AUArOHANLHBIC 3IEMEHTH
MaTpULbl CHHIYJSPHBIX YMCEN, UCMONb3YEMOU B ITOPUTME, Pacono-
KeHbl B 0OpaTHOM TOpsiiKe

ITo ymonyanuio kappa paBHo sqrt(1/eps).

[Mapamerpsr ki ¥ ku OMpefengOT KOJMMYECTBO MCMOJNb3YEMBIX HIDKHMX
W BEPXHMX ITIOAOMaroHasei; ecid 3TU IapaMeTpbl ONyLUeHbl, MaTPULa IPEAIo-
jaraeTcd MoJAHOM; eCIM YKa3aHo TOAbKO ki, To nmo ymonavaHuro ku = kl.
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Oyrkuusa R = gallery(randsvd’, n, kappa, mode, ki, ku) Bo3Bpailiaet JCHTOYHYIO
CNy4aiHyI0 MaTpHUlly ITOpsAiKa n.

OcobbiM aBnsierca citydait kappa < 0. Ilpu atom R - cayvaiiHasi, nonHas,
CHMMETPUYECKAs], TOJOXUTEILHO ONPEREICHHASA MaTpula ¢ 4YMCiIoM 0O0yclloB-
JneHHocTH cond(A) = - kappa. B 3ToM ciyyae He CHHIyAsipHbie 4yMcia, a cobcT-
BEHHbIC 3HAYEHHUS! MMEIOT paclpeicieHus, YKasaHHsle B Tabauue. ITapamerps! ki
¥ ku He YYMTBIBAIOTCA.

Marpnna Peaxeddepa

Cunmaxkcuc:

R = gallery('redheff, n)
Onucanue:

Oyukuus R = gallery('redheff, n) Bosspaiaer marpuuy Pemxeddepa nopsiaxa
N, COCTABJIEHHYIO U3 HYNei M equHHI ¢ reMeHTaMu R(i, j) =1, ecnn j= 1 wim |
denuted Ha i, ¥ R(i, j) = O B ocTaibHBIX Cry4asx.

Marpuua Peaxeddepa obnagaer caeayolmMMHI CBOACTBAMH:

. oHa uMmeer (n - floor(log2(n))) - 1 coGCTBEHHBIX 3HaYeHUM, PaBHBIX 1;

+  MAaKCUMajbHOEe HCHCTBUTENbHOE COOCTBEHHOE 3HAYCHUE (CNEKTPANLHBIA
panuyc), paBHOE MPUGITH3HTENBHO Sqrt(n);

+  OCTAIbHBIE COOCTBEHHbIE 3HAYEHHUA JOCTATOMHO MabI;

+  CripaBe;yMBa rumoteda Pumana, ecau det(R) = O(n™(1/2+epsilon)) wist moboro

epsilon > 0.

B pabGore {1, c. 673-683] aBTOpbI AENAIOT MPEANONOXEHUE, YTO BCE Malibie COO-
CTBEHHbIE 3HAYECHUS HAXONATCS BHYTPM Kpyra €IMHHYHOINO Paguyca M YTo J0Ka3a-
TEJBLCTBO ITOrO NPEANONOXKEHUA BMECTE C YTBEPXACHUEM, YTO COOCTBEHHOE 3Haye-
HUE UMEET TEHOCHUMIO CTPEMMTbA X HYMO, KOIfa N CTPEMUTCH K DECKOHEYHOCTH,
MO3BOJISICT MOJIYYHTh HOBOE JJOKA3aTe/IbCTBO TEOPEMbI O MPOCTBIX YUCHAX.

Ipumep:
R = gallery(‘'redheff', 10)
R

OCOOCOOO0O -
QOO OOOCO20O-
QOOO0OO0CO20O
OO COO_000=
OO0 200>
OO 000C00~
OO0 OO00O— -
OO0 0O0O0O0 0O -
200002002

@,
Q i
m—k—\_\-—l—&—k—&—&-—k.—\

-
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7. Matpuusl v anHeiinas anrebpa

ans =
4.3840
-1.4224
0.1888
0.8496
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

see(R)

o

o s 10 -2 0 2

Puc. 7.5
Cebinku:

1. Barrett W. W., Jarvis T. J. Spectral Properties of a Matrix of Redheffer//Linear Algebra
and Appl. 1992. Vol. 162.

Marpuua Pumana

Cunmakcuc:
R = gallery(‘riemann', n)
Onucanue:
®Oyukuus R = gallery('riemann’, n) Bo3BpaluaeT MaTtpuLy MOPSIAKA N, U KO-
TOPO#i BBINOJIHSIETCH Turnore3a PumaHa B TOM M TOJABKO B TOM Ciydae, €cClH
det(R) = O(n! n*(-1/2+epsilon)) a1s moboro epsilon > 0.
Marpuua Pumana onpenensercs cielyloluM obpa3om:
R=A(2:n+1,2:n+1), rae A(i, j) = 1, ecim j genuTest Ha i, u A(i, j) = -1 B oc-
TaJIbHbIX CJTyJasix.
Marpuua Pumana obnapaer ciaelylolMMU CBOMCTBaAMHU:
. Kaxmaoe cobcTBeHHOe 3HadeHHe e(i) yIoBIeTBopseT ycioBuio abs{e(i)) < m - 1/m,
rae m = n+t;
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Bce coOCTBEHHBIE 3HaUeHUS (i), 3a MCKIIOYeHHeM camoe Gojbliiee m-sgri(m),
TIpMHA/IeXaT uHTepBaiy i < e(i) < i+1;
BCE LEJIble YKCIa B MHTEpBae (m/3, m/2] apisiorcs coOCTBEHHBIMM 3HAYEHMAMU.

Ilpumep:
R = gallery('riemann’,20);
e = eig(R);

[Tocne cooTBeTcTBYIOLIEH COPTUPOBKM COGCTBEHHbBIE 3HAYEHUS MOXHO pac-
IOJIOXKHTD TaK, YTOOBI OHU OTBEYAJIM BBIILICITPMBEAEHHBIM CBOMCTBAM:

e-=
-0.1027
1.3795 + 1.5150i
1.3795 - 1.5150i
3.0945
4.8149
5.3837
6.8616
8.0000
9.0000
10.0000
11.1352
12.6039
13.3090
14.4762
15.4080
16.7276
17.4142
18.7933
19.5153
20.8063
see(R)
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7. Matpuubt n nnHeiinas anrebpa

ris Marpuua Puca

Cunmaxkcuc:

R = gallery('ris', n)
Onucanue:

Oynkumst R = gallery('ris', n) Bo3BpallaeT CUMMETPHYECKYIO TAHKEIEBY MATPUILY
rnopsimka n ¢ aneMmeHTamu A(, j) = 0.5/(n - i-j + 1.5).

CobcrBeHHbIE 3HAUSHUS MaTpULB! Prca rpyrmmpytorcs BOIM3K ToYeK /2 U -/2.
Marpuua 6bi1a npemioxeHa Pucom (F.N. Ris) u onucana B pa6ore [1].

Hpumep:
R = gallery('ris’, 20);
eig(R)
ans =
-1.5707963267949
-1.5707963267949
-1.5707963267949
-1.5707963267949
1.5707963267949
1.5707963267949
1.5707963267949
-1.57079632679455
1.57079632679489
-1.57079632648787
1.57079632678376
1.57079631958981
-1.57079618238137
1.57079385264652
-1.57076016592562
1.57034802437344
-1.56614089140585
1.531562701977956
-1.32312990307175
0.585252301226976

see(R, -1)

ar o -

D)<« £ ®

Puc. 7.7
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Cebiaku:
1. Nash J.C. Appendix 1//Compact Numerical Methods for Computers: Linear Algebra
and Function Minimisation. 2nd ed. Bristol: Adam Hilger, 1990.

Komiuiexchas MATpHUA C XaPAKTECPHBIM NCEBAOCIEKTPOM

Cunmakcuc:

S = gallery('smoke', n)

S = galiery('smoke', n, 1)
Onucanue:

Oynkumsa S = gallery('smoke', n) Bo3BpalliaeT MaTpuIly NOPSAKA N C eIUHUIAMU
Ha MEPBO HANJMarOHAIK U B MO3MLIMHU (N, 1), a Takke KOMIUVIEKCHBIMU KODHSMM N-i
creneHd M3 1 BOONb MaBHOM avaroHa. CoOCTBEHHBIC 3HAYEHUSI ITOH MATPHLIBI
SIBJISTFOTCS. KOMIUIEKCHBIMU KODHSIMM N-if CTENCHU M3 1, yMHOXEHHBIMH Ha 24(1/n).

Oyuxiua S = gallery('smoke', n, 1) Bo3BpallaeT TaKyld Xe MarpuLy,
HO TOJNBKO 3JIEMEHT B 1o3ulmu (n, 1) paBeH 0. CoOCTBEHHbIE 3HAYCHHUS 3TOM
MaTpHIIB! ABJISIOTCA KOMIUIEKCHBIMH KOPHSIMU N-if CTeIeHH U3 1.

Ipumep:
S = gallery('smoke’, 10);
ps(S)
thebomas gt
t 1 ' 1 ]
t . [ ! i al
[+ 17 SN SO I DI [P S
1 1 1 ] t
1 L] ! 1 1
[} ] I 1 1
u"‘l’"‘"l"'ﬂ""""""’
N
1 - ] 1 1 . 1
L] ] [} 1 ]
bl de—gd=== 4~
1 1 1 ] ]
Tos @ o5 1
Puc. 7.8
CHMMeTpHYECKAS NIOJIOXKHTEIBHO NOJIyonpeaeIeHHAs
toeppd TENIHIeBa MATPHIA
Cunmaxkcuc:
T= gallery('toeppd', n, m, w, theta)
Onucanue:

Oynkuus T= gallery('toeppd', n, m, w, theta) Bo3ppalliaer CHMMETPUYECKYIO
TIOJIOKHMTENBHO TI0JIYOTIPEAC/ICHHYIO TEIUTMLEBY MAaTpUly nopsiika n, chopMupo-
BaHHYIO KaKk CyMMa M aHaJIOTMYHBIX MaTpull paHra 2 (a is HeKoTopelx theta
paHra 1). [To ymonuanmio m = n, w = rand(m, 1), theta = rand(m, 1).
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7. Marpuubr v nuneiinas anrebpa

Marpuua dopMupyeTCs CSAyIOUMM 06pa3oM:
T = w(1)}*T(theta(1)} + ... + w(m)*T (theta(m)),
rie (i, j) aneMent Marpuusl T(theta(k)) pasen cos(2*pi*theta(k)*(i - j)).

TIaTuanaroHaabHas pasperkeHHAS TEIUIHIEBa MaTpHna

Cunmarcuc:

T= gallery{'toeppen’, n, a, b, ¢, d, €)
Onucanue:

Oyukuus T = gallery(toeppen’, n, a, b, ¢, d, e) Bo3Bpaliaer MATHAXALO-
HAJIBHYIO Pa3peXCHHYIO TETUIMLIEBY MAaTpULly TIOPAIKA N ¢ MOCTOSHHLIMU 3Haye-
HUSIMH Ha COOTBETCTBYIOIIMX AMAroHamsix. 3HauyeHUsI 3TUX MNOCTOSAHHBIX MOTYT
ObITh 3amanbl 3HAMCHUsIMU eMeHToB T(3, 1) =3, T(2, 1) =b, T(1, ) =¢, T(1, 2) = 4,
T(1, 3) = e. Ilo yMonuanuo (a, b, c, d, e) = (1, -10, 0, 10, 1), uTO COOTBETCTBYET
maTpuile Pyrucxaysepa.

3Tta MaTpHLIa UMEET COOCTBEHHbIE 3HAYCHUS, PACIIOAOXEHHBIE Ha CEIMEHTE
2*cos(2*t) + 20*i*sin(t).

Hpumep:

T = gallery(‘toeppen’, 10);

ps(T)
A== r-e-A-~ s f- - =h
i 1 -l ] 1
[ 1) TS RS L Ty .
d ) 1 1 1
glecceb e -t oo\
d ] ) ] 1
e At SEE
] S, P
3 ) 1 1 )
B S Ll I IRy
i 1 1 ] ]
L s el
d 1 ] ]
71 A AU DRSPS NP |
- R
- -1; o 1; 21

Puc. 7.9
TpexgnaroHanbHas paspeKeHHAA MATPHIA
Cunmaxcuc:

T= gallery(tridiag’, ¢, d, €)

T = gallery(‘tridiag', n, c, d, e)
Onucanue:

Oyuxumst T = gallery(tridiag', ¢, d, €) BO3BpAILIACT TPEXAMATOHAIBHYIO PA3PEXKEHHYIO
MaTpULy C HOMHMAIOHAIBIO C, MMaroHaIblio d M HALAMArOHAIBIO €. BekTopel ¢ 1 e
AOJDKHBL UMETHL NURY length(d) - 1.
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Oyuxuma T = gallery(‘tridiag', n, ¢, d, e), tie ¢, d, e - CKaIsIphl, BO3BPALLAET TPEX-~
JMAaroHaIbHYIO Pa3peXCHHYIO TETUIMLIEBY MAaTpHIly TIOPSAKA N C MOAAMArOHAIBHBIMH
2JIEMEHTaMM C, JIMaTOHATBHBIMU - d U HAIAMarOHAILHBIMU - €. T4 MaTpulia UMEeT
ceyiolme cobcTBeHHbIe 3HadeHus: d + 2xsqri(c+e)xcos(k*pi/(n+1)), rme k = 1 : n,
npuBeAcHHBIE B pabore [1, ¢.155].

Oneparop T = gallery(‘tridiag’, n) paBaocuiieH onepatopy T = gallery(tridiag’, n, -1,
2, -1), yTO OMpEAeSSIET CUMMETPUYECKYIO MOJOXUTEIBHO ONPSACNCHHYIO M-MaTpiLy.
Cebiaku:

1. Todd J. Basic Numerical Mathematics. Vol. 2: Numerical Algebra. Basel; New York:
Birkhauser: Academic Press, 1977.

Bepxuas Tpeyroanhad MaTpHua

Cuumarcuc:

T= gallery('triw',[m n], alpha, k)

T = gallery(triw', n, alpha, k)
Onucanue:

Oyuaxama T= gallery(‘triw', [m n], aipha, k) Bo3Bpaiuaer MpsMOYTOJIBHYIO
BEPXHIOK TPAICLICHIANPHYIO MATPUIYY C ¢OWHUIIAMK HAa AMATOHAIH U 3HAYCHUSIMHU
alpha Ha nepBbIX K HagAUaroHaNgX.

Oyuxuus T= gallery('triw', n, alpha, k) Bo3BpaiaeT BEpXHIOW TPEYTONBHYIO
matpuuy nopsiaka n. [lo ymonyanuio alpha = -1, k = n - 1. 9rta Matpuua GbuTa
NpeMETOM AucKyccuu B pabortax Kaxana, Tonyba u YunkuHcoHa [1-4].

B paGore [3] nokazaHo, yro yucno obyciopneHHocTH cond(gallery('triw', n, 2)) =
= cot(pi/(4*n))*2, a a1y OonpuMX 3HayeHWit abs(alpha) yMciIo OOYCIORIEHHOCTH
cond(gallery(‘triw', n, alpha)) npubnusnrensHo papHO abs(alpha)*n*sin(pi/(4*n-2)).

BoamyuieHue 1emenTa T(n, 1) Ha BeJIUUMHY -2°4(2-n) AeslaeT MaTpuLly CUHIY/IIPHOK,
TaK Xe KaK ¥ BO3MYLLEHHE BCEX JIEMEHTOB TIEPBOM CTPOKU Ha BEMUMHY -24(1-n).
Cebiaru:

1. Golub G. H., Wilkinson J. H. Ill-conditioned eigensystems and the computation of the
Jordan canonical form// STAM Review. 1976. Vol. 18(4). P. 578-619.

2. Kahan W. Numerical linear algebra// Canadian Math. Bulletin. 1966. Vol. 9. P. 757-801.

3. Ostrowski A. M. On the spectrum of a one-parametric family of matrices// J. Reine
Angew. Math. 1954, Vol. 193 (3/4). P. 143-160.

4. Wilkinson J. H. Singular-value decomposition - basic aspects// Numerical Software -
Needs and Availability/ D. A. H. Jacobs, ed. London: Academic Press, 1978. P. 109-135.

wathen Marpuua, cBa3aHHAA C METOIOM KOHEYHBIX PasHOCTed

Cunmakcuc:
W = gallery('wathen', nx, ny)
W = gallery('wathen’, nx, ny, 1)
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7. Matpuubl n nuneitnas anrebpa

Onucanue:

OyHkuus W = gallery('wathen', nx, ny) Bo3BpalliacT CiIy4aiflHYIO DA3pEKEHBYIO
MATpULY MOPA[KA N, LA N = 3*nX*ny + 2*nX + 2*ny + 1.

310 cUMMETpUUeCcKas NIONOXUTEIbHAS ONpeAesieHHas MaTpULia, COOTBETCTBYIOLLIAs
cXeMe ABYMEPHOI BOCHMUTOYEYHO! alIpOKCUMAIIMM Ha CETKe pasMepa nxxny {1].

Oynxima W = gallery(‘wathen’, nx, ny, 1) Bo3Bpaiuaer [uaroHalbHO MaciiTta-
OHMPOBAHHYIO MAaTPHUILy, TaKyio, 4To 0.25 <= eig(W) <= 4.5,

Cebuaku:

1. Wathen A. J. Realistic eigenvalue bounds for the Galerkin mass matrix// IMA J. Numer.
Anal. 1987. Vol. 7. P. 449-457.

Marpuupl YHIKHHCOHA

Cunmakcuc:

[W, b] = gallery(‘'wilk', n)
Onucarnue:

®ynkuus [W, b] = gallery('wilk', n) Bo3Bpawaet pa3nuuHbie MATPHULIBI WK
JIMHEHHBIC CUCTEMBI B 3aBUCUMOCTH OT 3HAUYCHUS NapameTpa N, KOTOPHIC Mpel-
Narafiuch 1 OOCYXOANKCh YWIKMBCOHOM B CBA3M C Pa3paloOTKOW YUCIEHHBIX
AJITOPUTMOB JIMHEHHOM anre6psl.

Dynkups (W, b] = gallery(wilk', 3) hopMupyeT JiMHENHYI0 cHcTeMy ¢ MatpuLeir W
B BEPXHEH TpeyrojbHOH (opMe, WUTIOCTPUPYIOLLYIO HOIpelHOCTH petieHust {1].

Oyakuus [W, b] = gallery('wilk, 4) hopMupyet yMHelHYI0 cucTeMy ¢ Matpuueir W
B HUXKHEH TpeyroyibHoi opMe, KOTopas sBjisieTcs TUioxo obyciorieHHoH {2].

Oynaxuus W = gallery('wilk', 5) po3BpalllaeT CUMMETPUIECKYIO MOTOXUTENBHO
ONPEACHCHHYIO MATPULY TOpsiaKa 5, cpopMUpoBaHHyIO 13 MaTpuunl I'wibbepra,
Tak yro W = hilb(6)(1:5,2:6)*1.8144 [3].

Oynkuua W = gallery('wilk', 21) Bo3BpallaeT TPeXIMArOHATbHYIO MaTpHILY
YunkuHcoHa nopsigka 21, CBA3AHHYIO C Delli€HUEM NPOOIEMBI COOCTBEHHBIX
3Ha4YeHUH [3].

Cevlaru:

1. Wilkinson J. H. Error analysis of direct methods of matrix inversion// J. Assoc. Comput.
Mach. 1961. Vol. 8. P. 281-330.

2. Wilkinson J. H. Rounding Errots in Algebraic Processes, Notes on Applied Science No. 32.
London: Her Majesty's Stationery Office, 1963.

3. Yunkuncou k. X. AnreGpauucckasg rnipotneMa coOCTBeHHbIX 3HaueHMit: Ilep., ¢ aHDL
M.: Hayka, 1970. 564 c.

Conymcmeyrwiyue d)ymcuuu: MAGIC, HILB, INVHILB, HADAMARD, WILKINSON.
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Naker nporpamm Test Matrix Toolbox

Komekumst TECTOBbIX MATPHL], BKIIOYEHHbIX B cucTeMy MATLARB 5, ocHOBaHa Ha
pa6orax Hukonaca Xaitema (Nicholas J. Higham), BeinosnseHHbix Ha daxynbTeTe
MareMaTMKH yHuBepcutera Manuectepa (Anmius). IlogpoOHoe omucanue 3THX
MATPHUI TIPUBEICHO ABTOPOM B otdere [1].

Test Matrix Toolbox - 9TO makeT TeCTOBBIX MaTpull, KOTOPBIH BIUTIOYaeT 58
TECTOBBIX MAaTPULL [UIS1 3aad JIMHEMHON anreOpst.

ITakeT gocTyrieH Mg XKONMMpoBaHug ¢ ftp-cepBepa yHUBEPCHUTETA IT0 aJIPECy:

ftp://ftp.ma.man.ac.uk/pub/higham/testmatrix.tar.Z,

a TaKXKe ¢ aHOHMMHOTO ftp-cepBepa dupMbel MathWorks no azpecy:
ftp://ftp.mathworks.com/pub/contrib/linalg/testmatrix.

Otuet pa3MelIcH B 9TOM Xe KaTajore rnog uMeHeM testmatrix.ps.

OTuer JOCTyNeH TAaKkKe U € CaUTa YHUBEPCUTETA 1O afpecam

ftp://ftp.ma.man.ac.uk/pub/narep
http://www.ma.man.ac.uk/MCCM/MCCM.html.

Teoperuueckue OCHOBHI ITaKeTa Ipe/ICTaBleHbl B KHUTE [2].

[MoMUMO caMuX TECTOBBIX MATPUL] B COCTAB MaKeTa BKIIOYEHO 5 Tporpamm
VIS BU3YaIM3aLUX MATPMIL. DTH IIPOTPAMMBI [103BOJITIOT YACTO BLISIBUTH TaKUE
CBOMCTBA MATpMIIBl, KOTOpbIE HENPOCTO, @ 3a44CTYI0 U HEBOBMOXHO YCMOTDETB,
IS0 HA YMCJIOBBIC 3HAYCHMSA €e 3JieMeHTOB. YacTto 3TH mporpaMmel AAIOT CaMblil
[IPOCTOM cnocod MONyYEeHMUsT NIPUSITHBIX KAPTUHOK.

Hioke npuseseHo oONrcaHue TUX IPOrpPamMm, TIOCKONIBKY B ccTemy MATLAB oHM
HE BKIIIOYCHBI, HO Mbl HACTOSITEJIBHO PEKOMEHIYEM CKOIMPOBAaTh ITH MOMYIM U3 ITaKeTa
WIM NOAKMO4YUTb naxeT Test Matrix Toolbox K ycTaHOBRIEHHOH BEPCHU.

BH3yaau3uporaTh MATPHILY ¥ €e XapaKTepPACTHKH

" Cunmarkcuc:
see(A)
see(A, 1)
see(A, -1)
Onucanue:
Komanaa see(A) Mo3BoJISIET 0TOOPa3UTh B rpadHuEcKOM OKHE, COCTOSIIEM
U3 YETbIPEX TOMOKOH, CIIeayIoIne rpaduKu:

mesh(A) mesh(pinv(A))
semilogy(svd(A), -0') fv(A)
mesh(A) - TIOBEPXHOCTb, OOpa3oBaHHas 3HAYEHUSIMH 2JIEMCHTOB MaTpULKbI A,

mesh(pinv(A)) - noBepXHOCTb, 00pa3EBaHHAA 3HAUCHUSAMU 3/CMEHTOB MATPMLIb,
00paTHON MU nceBaoodpaTHOM A;
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7. Marpuust v nuHeiras anrebpa

semilogy(svd(A))- rpadmx B nosysorapubMUHECKOM MACIITabe CHHIYISPHBIX YMCe
MaTpuLbl A;

fv(A) - OONACTb PACMONIOXKESHUST CODCTBEHHBIX 3HAYCHWI, YIORIETBOPSIOLAs
OTHOLUEHHAM Panes ¢ ykazarueM COOCTBEHHBIX 3HAUCHMIA.

KomMmanza see(A, 1) oroGpaxaer B TPETEM OJOKHE aNIPOKCUMAIIMIO TICEB-
[IOCTIEKTPA BMECTO CHHTY/SPHBIX YHCEI.

KomMmanpa see(A, -1) otoGpaxaeT B 4eTBEPTOM OJOKHE TOJILKO COOCTBEHHbIC
3Ha4YECHHUS.

Ecnn marpuilia KOMIUIEKCHAst, TO CTPOMTCS TIOBEPXHOCTb, COOTBETCTBYIOLIAS
TOJIBKO JAEHCTBUTEIBLHOM YAaCTH MaTpUUBI.

Ecan Marpuiia paspexeHHas, TO oToOpaXaeTca TOAbKO CTPYKTypa spy(A).

[Ipumep:

Busyanusupopars Marpuuy chebspec(8))*3 u ee xapaKTepUCTHKHU
A = gallery('chebspec’, 8);

see(A*r3, -1)
A pinv(A)
Puc. 7.10
ITocTpouTs 06JaCTh PACNONONKEHHA COOCTBEHHBIX 3HAYCHMIA
Cunmarcuc:

fv(A, nk, thmax)
[F, E] = fv(A, nk, thmax, 1)
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Onucanue:

Komanga fv(A, nk, thmax) BeiyuciseT 1 CTPOUT 06JIACTh PACIIOIOXEHUS COD-
CTBCHHBIX 3HAYCHWU At NK BeAylUMX MOAMATPUIl NMPOM3BOIBLHON KOMILICKCHOW
matpuupt A, [Tapametp thmax 3agaeT JUCKpeTHOCTH pa3OUeHHUs MO YITIOBOM KO-
opauHare. Ilo ymonuanuio nk = 1, thmax = 16. IIpu moarotopke nyGaMKaIMit
pekoMeHyeTcd ycraHasimBath thmax = 32. CoOCTBeHHBIC 3HAYCHUSI OTMEYAIOTCS
Ha rpaduxe 3HaKOM 'X'.

Oynxuuys [F, E] = (v(A, nk, thmax, 1) nofas/isteT nocTpocHue rpaduka ¥ Bo3BpaLIaeT
00671aCTh PacnoIoXeHUs B MaccuBe F, a camMu coGCTBeHHBIE 3HaYeHUsI - B Maccube E.

Ipumep:
IMocTpouts 0bnacTe pacrioNoXeHUS! COOBCTBEHHBIX 3HAYCHMIA JUIS MATPULBI

grcar nopsiaka 20.
A = gallery('grcar’, 20);

fv(A, 1, 32)
3 o~
z ™ \
| R
'
2 - ' /'
3 \____,,//
v 1 a 1 r 3 +
Puc. 7.11
ITocTpoenne Kpyros I'epuiropuna
Cunmakcuc:
gersh(A)
[G, E] = gersh(A, 1)
Onucanue:

Komanza gersh(A) crpout xpyru Tepiuropusa i MpOM3BONBLHOM KBAIpaTHOM
KOMIUIEKCHOM MaTpuLbl B COOTBETCTBMH C TeopeMoit IepluropuHa, Koropas
YTBEPXKIAET, YTO COGCTBEHHbBIE 3HAYCHUS MATPULBI A CONEPXKATCA B HEKOTOPOM
00BEIMHECHUHM KPYTOBBIX 00JacTei

n

Di = zZe C:’z—a,—,-] < ZIa,jl ‘
=T
J#i
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7. Matpuybi u nuneditas anrebpa

CnenctBuem teopeMsbl ['epiiropuna sBiaseTcsl yTBepXIeHUE: €CIM K Kpyros
00pa3yloT CBA3HYW 00/1aCTh, KOTOpAsl U30JIMPOBAHA OT APYIUX KPYIOB, TO B 3TOM
00JIaCTH COAECPXKUTCS TOYHO K COOCTBEHHBIX 3HAYCHHH.

CobcTBeHHble 3HAYCHMST OTMEYAIOTCS Ha rpaduke 3HaKoM X'

Oynxuus [G, E] = gersh(A, 1) nogapiseT nocrpocHue rpaduka W BO3BpalliaeT
JaHHble rpaduka B MaccuBe G, a caMM COOCTBEHHbIE 3HAYEHUS - B Maccuse E.

[Ipumep:
[TocTpouts xpyru I'cpiiropusa miast MaTpuibl lesp nopsiaka 20.
A = gallery(llesp', 20);
gersh(A)

-1 -\ -8 - - -0 1]
Puc. 7.12
JBe ocraBiumecs rpaduyeckde QYHKUMHM PS U Pscont CBSI3aHBI ¢ MOCTPOCHHUEM

€-IICEBIOCNEKTpa MaTpuubl A € C, KOTOpBII onpeaensieTcss Kak MHoxectBo g
cODCTBEHHbIX 3HAYECHMI BO3MYLLEHHBIX Marpull A + E, ans Beex matpun E ¢ ||Ej|, < e.

Toyeunblii rppadgiMk ncesgocHexTpa

Cunmaxcuc:
ps(A, m, tol, rl}

ps(A, m, tol, rl, marksize)
Onucanue:

Komanpa ps(A, m, tol, rl) crpoutr npubmukeHHBI# rpadHK I1CEBIOCIIEKTPA
I [IPOU3BOJILHOW KBaJPAaTHOM KOMIUIEKCHOW MaTpuubl A, WUCIONb3YS M Cy-
YalHBIX BO3MYLICHUI pa3mepa tol. [To yMonuaH1o m paBHO IOPSAIKY MaTpULIBI,
a tol papno 1e-3. [TapameTp rl onpeneasieT TUIL BO3MYIUEHHUS:

r Tun éo3mywenus
.............. O ... .o ymonuanuio; abCoJIIOTHOE KOMILIEKCHOE BO3MylueHue ¢ ||E|; =tol
L ABcomoTHoe AeHCTRMTENbHOE BosmymieHye ¢ [IE)p=tof
-1 IToKOMIOHEHTHOC JEHACTBUTENLHOE BO3MYlIEHUE pa3Mepa tol
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CobcTBeHHBIE 3HAYEHMS] OTMEYAIOTCH Ha rpaduke 3HaKoM ‘X'

Komanpa ps(A, m, tol, r, marksize) MCHOJIB3yeT YKa3bIBaEMBIH MOJIb30BATEIEM
pasmep Mapkepa; ecid marksize < 0, To ocTpoeHHe IpadHKa NOJABISETCS M BO3-
BpALLAIOTCA JaHHBIE rpadMka B BUAE BBIXOJHOTO MaccUBa.

Komanga ps(A, 0) ctpout rpaduk TOJNBKO COOCTBEHHbIX 3HAYEHUI MATPHULLBI.
Ipumep:

[TocTpouTh NCEBOOCHEKTP MATUAMATOHATBPHOW MaTpulibl Teruua

A = gallery(‘toeppen’, 32, 0, 1, 0, 0, 1/4);

ps(A)
1
%
x
05 ¥
X
x
o X K X KK 0NK
x
x
05 X
P
vl
-1 Q’(
E F- R S ¥ A B I
Puc. 7.13
I'paduxu moBepxHocTeil W THHHA YPOBHS NCEBJOCNEKTPA
Cunmakcuc:

pscont(A, k, npts, ax, levels)

(X, Y, Z, npts] = pscont(A, ...)
Onucanue:

Komanza pscont(A, k, npts, ax, levels) crpout rpaduk dbyHkimu log10(1/norm(R(2))),
rae R(z) = inv(z*1-A) - pe3osibBeHTa ISt KBAZPATHOM MaTpullpl A Ha CETKE Pa3MEpOM
nptsxnpts [1, 2]. TTo ymonyanuio npts = round({ min{max(5, sqrt(20%2*1043/n*3) ), 30))
M 3aBUCHT OT nopsyzxa Marpuupl. [TapaMmerp onpenenser tun rpaguka:

k Tun epaguxa

o To ymomyaHMIO; NaquTpa UBETOB U JIMHMUU YPOBHS

A Tomnbko nyHMK ypoBHS

2 TpexmepHas NOBEPXHOCTh W MPOEKUMM JIMHMA YPOBHA
3 Tonbko TpexmepHad mopepxwocrp
4 TonbKO TUHUK YPOBHS

CobcTBeHHBIE 3HAYEHHUS! OTMeYaloTCs Ha rpaduke 3HaKoM 'X.

BexTop ax 3apaer npefcan! UIMEHCHUS apryMEHTOB 110 ocaM X (ax(1), ax(2))
v y (ax(3), ax(4)). Eciau aTOT mapameTp OmNylieH, IPAHULBI BHIYHUCIISIIOTCST aBTO-
MaTMYECKU B 3aBUCUMOCTH OT BEJIMYHH COOCTBEHHBIX 3HAYCHUH MaTPHIIbI.

306



7. Marpuust v nuHelinas anre6pa

JIvuHuu ypoBHs 3ana0TCs BEKTOPOM levels, KOTOpbI MO yMOJYaHUIO PaBeH
-10 : -1, 4TO COOTBETCTBYET 3HAUYCHMAM epsilon = 1e-10, ..., 1e-1.

Dyuxima [X, Y, Z, npts] = pscont(A, ...) nogarnser nocrpoeHye rpadrxa U Bo3-
BpAILIACT JAHHbIC B BUAC BBIXOAHBIX MAaccuBOB X, Y, Z U KOJIMUYECTBA TOYEK CETKH Npts.

[pumep:

ITocTpouTh MOBEPXHOCTH M JIMHHUM YPOBHSI ICEBNOCIEKTPA MATHAXATOHATBHON
marpuiel Tennuua

A = gailery(‘toeppen’, 32,0, 1, 0, 0, 1/4);

pscont(A, 2)

o S N R

Puc. 7.14

Cebuaku:

1. Kostin V. 1. Linear algebra algorithms with guaranteed accuracy// Technical Report
TR/PA/93/05. Toulouse: Cerfacs, 1993.

2. Trefethen L. N. Pseudospectra of matrices// eds. D.F. Griffiths and G.A. Watson, Numerical
Analysis 1991. Proceedings of the 14th Dundee Conference. Vol. 260: Pitman Research Notes
in Mathematics, Longman Scientific and Technical/ Essex, UK, 1992. P. 234-266.

B 3axiioueHue clefyeT OTMETUTh, YTO HapsAOy C MaKeTOM TECTOBBIX MaTpHL
Test Malrix Toolbox cyiiecTBYIOT M Apyrue KOJUICKUMH, CPEAM KOTOPBIX CIEAYET
OTMETUTDb KOJIJIEKIIUM PAa3PEXEHHBIX MAaTpUlL [3], TUIOTHBIX MaTpull OONBLIMX pa3-
MEPOB U1l HCCUMMETPHMUYECKOH NTpobsieMbl COOCTBEHHBIX 3HaYeHMIt [4], a Takxke
NPSIMOYTOJILHBIX MATPULL [5].

Cebtaku:

1. Higham N. J. The Test Matrix Toolbox for MATLAB (version 3.0)//Numerical Analysis
Report. Vol. 276. Manchester, 1995.

2. Higham N. J. Accuracy and Stability of Numerical Algorithms. SIAM. Philadelphia, PA,
1996. 690 pp.

3. DuffI. S., Grimes R. G., Lewis J. G. Users’ guide for the Harwell-Boeing sparse matrix
collection (release 1). Report RAL-92-086, Atlas Centre, Rutherford Appleton Labaratory,
Didcot, Oxon, UK. 1992, P. 84.

4. Bai Z. A collection of test matrices for large scale nonsymmetric eigenvalue problems (version 1.0).

Manuscript. 1994,

Ziclke G. Report on test matrices for generalized inverses// Computing. 1986. Vol. 36. P. 105-162.

e
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XapakTepuUCTUKU MaTpuUL

DET Onpenenutenb MaTpHIBI

Cunmakcuc:

d = det(A)

Onucanue:

Oyukuus d = det(A) BelMHCISeT OTpeJeMTeNb KBAAPATHOM MaTpULbI; ecid
MaTpuna A HEJIOYUCIIEHHAs, TO PE3Y/IbTATOM SIBIISIETCSI TAKXKE 11€710€ YHCTO.
Aneopumm:

Onpenenurtesib MaTPUIbl BBIYUCASIETCS Ha OCHOBE TPEYTOJIBHOTO PA3JIOXEHMS
METOJOM UCKTIoueHus 'aycca:

[L. Ul = lu(A);

s = det(L);

d = s * prod(diag(U)).

Ipumep:
BriumcrieHue orpeaenuTesisi M paHra Marpuil 'misbepra pazmyHOro MopsiiKa.

n 3 4 5 6 7 8 9 10 11

det | 4.6296 | 1.6534 | 3.7493 | 5.3673 | 4.8358 | 2.7371 | 9.7203 | 2.1645 | 3.0274
e-004 e-007 | e-012 e-018 | e-025 | e-033 e-043 | e-053 | e-065

rank 3 4 5 6 7 8 9 10 10

Conymcmayrowue @ynxyuu: COND, INV, LU, RREF, /, \.

HopMbl BeKTOpoB H MATpPHII

Cunmakcuc:
n = norm(v, p) n = norm(A, p)
n = norm{v) n = norm(A, ‘fro’)
n = norm(A)
Onucanue:

Hopmbt sexmopog:
Oyukius n = norm(v, p) BBIYMCISET P-HOPMY BEKTOPA V, ONpPENE/SIEMYIO

caelyolMM 0bpazoM:
|[ v ||p = sum(abs(v).*p)*1/p.
CrpaBe/TMBBL CEAYIOLIME COOTHOLEHHUS:
norm(v) = norm{v, 2);
norm(v, inf) = max(abs(v));
norm(v, -inf) = min{abs(v)).
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7. Matpuubl n nuHeiHas anrebpa

Hopmot mampuy;
Oyukumsa n = norm(A, p) BBIYMCISET MOAYMHEHHYIO P-HOPDMY MATpHilLl A
TOJIBKO Uil 3HAYCHUM p, paBHBIX 1, 2, inf.

CnipaBe/UTMBBI CAEAYIOLINE COOTHOILEHHMS:
norm(A, 1) = max(sum(abs(A)));

norm(A, inf} = max(sum(abs(A’)));

norm(A, ‘fro’) = sgrt(sum(diag(A’ * A)));
norm(A) = norm(A, 2) = Smax(A).

Ilpumep:
Hopmu eexmopa: Hopmbr mampuyuw:
v=-3:2; A = toeplitz(1:5, 1.5:4.5);
norm(v, 1) = 9.0000 norm(A, 1) = 15
norm(v, 2) = 4.3589 norm(A, 2) = 12.1001
norm(v, 3) = 3.5569 norm(A, inf) = 14
norm(v, inf) = 3 norm(A, 'fro") = 12,9422
norm(v, -inf) =0 norm(A) = 12.1001

norm(v) = 4.3589
Conymcmeyrouyue @ynxyuu: COND, CONDEST, NORMEST.

NORMEST OueHka 2-HOPMB MATPHUBI

Cunmaxkcuc:

nrm = normest(S)

nrm = normest(S, tol)

[nrm, count] = normest(...)

Onucanue:

Oyaxuus nrm = normest(S) BEIYUCHAET OLEHKY 2-HOPMBI MaTpuubl S. Dra
$yHKUMSA npeaHa3Ha4yeHA MpPeXAe BCEro JUIS pa3peXeHHBIX MAaTpHUl, XOTA OHa
paboTraeT NpaBWIBHO WM MOXET OBbITH Mojie3Ha IS OOJBIUMX IMOJTHBIX MaTPMIL
Hcnonp3yiite 3Ty GyHKUMIO, KOTAA BbIYMCIACHHE HOPMBI TpeOyeT CIMIIKOM
OONBLLIOr0 BPEMEHMU, a JUISl Bac AOMYyCTUMA MPUOIM3UTEIbHAA OLIEHKA.

Oyukims nrm = normest(S, tol) no3ponseT 3a1aTh OTHOCUTESIBHYIO NOIPELLHOCT
BBIYMC/IEHH B3aMEH MPUHSTOR 0 YMONYAHUIO BeJIUYHHEI 1.e—6.

@yHkuus [nrm, count] = normest(...) Bo3BpalliaeT OLUEHKY 2-HOPMBI, a TAKXE
KOJIMYECTBO MCITOJIb30BAHHBIX MTEepaLIMii.

Hpumep:

Marpuiia YuwikuHacona nopsigka 101 - 310 TpexauaroHajibHas Marpuua AocTa-
TOYHO BBICOKOIO MOps/Ka, TaK YTO BblYMCAEHME Hopmbl norm(W) Ha ocHoBe svd-
PazIoXeHUA 3aHMMaeT 3aMmeTHoe BpeMst. s HoyTtOyka ¢ wactortoit 50 MTI'1 3t0 co-
cTaBU/Io 2.64 ¢ U JAJI0 TOYHOE 3HaueHMe Hopmbl 50.7462. BoiyuciieHue OLEHKU M1s1
pa3peKeHHOW MaTpHLIbl 3aHsUI0 Beero 1.26 ¢ U aajio 3HayeHue 50.7458.
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W = wilkinson(101);

tic, norm(W), toc tic, normest((sparse(W))} , toc
ans = 50.7462 ans = 50.7458
elapsed_time = 2.6400 elapsed time = 1.2600

Conymcmeyrowque @ynxyu; COND, CONDEST, NORM.

COND Onenka 4HcIa 00yCI0BIEHHOCTH MATPHIIBE

Cunmakcuc:

k_1 =rcond(A)
Onucanue:

OyHkums k_1 = rcond(A) Bo3Bpau@eT BeAMYKUHY, OOpPATHYIO 3HAYCHMIO MCia
00YCIORICHHOCTH MaTPHLIbI A OTHOCHTEJIBHO 1-HOPMBI, Mcnonb3ys yruwmry ZGECO
nakera LINPACK [1]. Ecin martpuua A xopouio oGyc/ioBneHa, To 3HaueHUe k_1
OJIM3KO K €IMHHULE; eCNU Marpuua A MIoXo OOyciaomiicHa, TO 3HaucHue Kk 1
6IM3KO K HYIO.

[lpumep:
A = hilb(4);
1/rcond(A) cond(A) condest(A)
2.1523e+004 1.5514e+004 2.8375e+004
Conymcmeyowue gynxyuu: COND, CONDEST.
Cebviaku:

1. Dongarra J. J., Bunch J. R., Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979,

Panr marpuup

Cunmaxcuc:

r = rank(A)

r = rank(A, tol)
Onucanue:

OyHkist r = rank(A) BO3BpALAET PAHT MATPMLLBL, KOTOPbIA ONPESENAeICs Kak
KOJIMYECTBO CHHIYISPHBIX YMCEJ, NPeBbIIIAILIMX Mopor max(size(A))*norm(A)*eps.

Oynxumst = rank(A, tol) Bo3BpallaeT paHI MATPULILI, KOTOPLIA ONpPEAEsSeTCs
KaK KOJIMYECTBO CUHTYJISIPHbIX YUCE, MPEBbULAIOILKX 3aAaHHBIH [opor tol,
Aneopumm:

CyuiecTByeT HECKOJIBKO MOIXOAOB K BbIMUCICHUIO paHra Marpuusl. B cucreme
MATLAB WCros530BaH METO/I, OCHOBAHHLIA HA BBLIYUCIACHUM CUHTYASPHBIX YMCEN
MATPHLB! A; OH peann30BaH B Buie (GyHKUMU svd. D10 Haubonee HANEXKHBI MeTOL,
XOTS U TpeOYIOLIMIA 3HAYUTENILHOrO BPEMEHM HA BBIYUCIACHHE. DTOT AITOPUTM
HACHTHUMCH MCTIOjib3yeMOMy B niakete LINPACK [1].
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7. Matpuusi n nuHeiiHas anrebpa

CaMm aJIrOpUTM BBIYMCIICHMS PaHra JOCTaTOYHO TIPOCT;
s = svd(A);
tol = max(size(A)) * s(1) * eps;
r=sum(s > tol).
Conymcmeyiowue gynxyuu. SVD.
Cebiaku:
1. Dongarra J. J., Bunch J. R., Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979.

TRACE Crexl MATpHIBE

Cunmarcuc:

t = trace(A)
Onucanue:

O®yukuus t = trace(A) BEIYUCIAET Cjiel KBAaIPATHONX MAaTPHLIbI, PABHBIA CyMMe
€€ JUaroHaJbHbIX 3JIEMEHTOB.

Anzopumm:
AJITODUTM BBIYMCIICHUS ClieJa MarpHMLIbl Ha si3bike MATLAB - 3TO OfHO-

CTpouHbIit M-daitn
t = sum(diag(A)).
Ilpumep:
BoluMcieHue cnena, onpeneauTesass U paHra marpuy, ['masbepra pasid4yHOro
nopsiaKa.
n 3 4 5 6 7 8 9 10 11
trace | 1.6333 { 1.6762 { 1.7873 | 1.8782 | 1.9551 | 2.0218 | 2.0806 | 2.1333 | 2.1809

det | 4.6296 | 1.6534 | 3.7493 | 5.3673 | 4.8358 } 2.7371 | 9.7203 | 2.1645 | 3.0274
e-004 | e-007 | e-012 | e-018 | e-025 | e-033 | e-043 | e-053 | e-065

rank 3 4 5 6 7 8 9 10 10

Conymcemeyrowue gynxyuu: DET, EIG.

Hyns-npocTpancTso (42po) MaTpHubl

Cunmakcuc:
Q = nuli(A)
Q = null(A, 'r")
Onucanue:
Oynkuus Q= null(A) BO3BpALLIAET OPTOHOPMANLHBIA Ba3nUC  HY/Ib-NPOCTPAHCTRA
MaTpUILIbl A; ecin Q - He IycTasi MaTpULIQ, TO CIIPABEUTHUBbI CICOYIOUIME COOTHOLLEHUS
Q ™ Q = eye(size(A));
A*Q=0.
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KonuuecTso cronbuoB Martpuibsl Q OIpeaesieT pasMEPHOCTh HYJb-TIPOCT-
paHcTBa WM AedeKT MAaTPULIBI A, YTO MOXHO BBIYMCIHTD CIEAYIOINM OBpasoM:

defect = size(null(A), 2).

Oynkumst Q = nuli(A, ') Bo3BpaiiaeT Ul HEIOMUCICHHOW MaTpulisl A Gasuc
HYJb-NIPOCTPAHCTBA B PALMOHAIBLHBIX UUCHAX, TaK HA3biBaeMbl payUoHaAsbHbIL

6azuc, BHIYUCISEMBIN ¢ NOMOIUBIO QYHKLMUK rref.
Ha npaktuke 11 4YMCNEHHBIX PacyeToB IMPeANOYTHTENIbHEE OPTOHOPMATLHBIN

0asuc, a JU1sl MeTOIUYCCKUX LeIci - pallMOHATIBHBIIA Gasuc.
Ipumep:

Brruucnenue nedexra, ciiena, ompelaenaurtens M paHra Matpuy [unsbepra
Pa3TMYHOTrO MOpPSIKA.

n 4 5 6 7 8 9 10 11 12
defect 0 0 0 0 0 0 0 0 1
trace | 1.6762 | 1.7873 | 1.8782 | 1.9551 | 2.0218 | 2.0806 | 2.1333 | 2.1809 | 2.2244

det 1.6534 | 3.7493 | 5.3673 | 4.8358 | 2.7371 | 9.7203 | 2.1645 | 3.0274 | 2.7904
e-007 | e-012 | e-018 | e-025 | e-033 | e-043 | e-053 | e-065 | 078

rank 4 5 6 7 8 9 10 10 11
PaccMOTpUM LICJIOUHUCIICHHYIO MATPUILY
A=
1 2 3
1 2 3
1 2 3
null(A) = null(A, 'r') =
-0.1690 -0.9487 2 -3
0.8452 0.0000 1 0
-0.5071 0.3162 0 1

Conymcmeyrouue gynkyuu: QR, ORTH, SUBSPACE.

ORTH OpToHOPMATbHRI 623HC MATPHIIbI

Cunmarcuc:

Q = orth(A)

Onucanue:

Oynkuns Q = orth(A) BO3BpauiaeT OPTOHOPMANbHBIA Gasuc Marpuubl A,
crondusl Q onpeensior TO XE MPOCTPAHCTBO, KOTOPOE ONPE/eNsioT U crondubl A,
HO cToi6us! Q OPTOrOHANBLHBI, TO €CThH

Q' * Q = eye(size(A)).

Kosinuectso cToibuos Matpuiibl Q onpeseseT paHr Marpuibl A, 4TO MOXHO
BBIMHCJIUTE CJCIYIOLIUM 06pazom:

rank = size(orth(A), 2).
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[Ipumep:
Boluucnenue panra marpui ['misbepra pa3iMyHOro Mopsiaka:
n 4 5 6 7 8 9 10 11 12
rank 4 5 6 7 8 9 10 10 11

Conymcmeyroujue gynxyuu. NULL, RANK, SVD.

SUBSPACE Yroa MeEX/1y AByMA noAnpocTpaHCTBaMH

Cunmakcuc:

theta = subspace(A, B)
OnucaHrue:

Dynkums theta = subspace(A, B) Bo3BpalliaeT yroa Mexmy IBYMs MOAMPOCTPaH-
CTBaMH, HATSHYTBIMHM Ha CTOJIOLBI Matpull A 1 B; eciim a u b - BEeKTOpB eAMHUYHON
JUIMHBI, TO BBIMUCIIAETCS YOI MEXIy ABYMsl BeKTopamH theta = acos(a’ * b).

Ecnu Hexkoropas peanuzanus GU3MYECKOro 3KCICPHMEHTA OIMCHIBACTCS
MacCHBOM A, a apyrasi peauv3auusi - MaccuBoM B, To ¢yHkuus subspace(A, B)
onpejessieT Mepy KoJMyecTsa HOBOM MHOpMAiMH, MOAYYEHHOH M3 BTOPOro
SKCNEepUMEHTa U He CBA3AHHYIO CO CJyJaHHBIMU OILIMOKaAMHM.

Hpumep:
PaccMOTpUM [1Ba NOANPOCTPAHCTBA MAaTpuLibl AlaMapa, CTOJOLBl KOTOPOH,

KaK M3BECTHO, B3aMMHO OPTOrOHAIBHEI.
H = hadamard(8);

A =H(, 2:4),
B =H(;, 5:8);
size(A)

ans= 8 3
size(B)

ans= 8 4

PazMepbl 3THX MOANPOCTPAHCTB PA3IMYHBI, HO JUIS HAaXOXICHHUA YIJIa MEXAY
HUMHU He 00s3aTesIbHO, YTOObI KX pa3Mephl TOYHO coBnajaid. ['eoMerpuyecku
HILETCS YroJl MeXay ABYMSI THMIIEPIUIOCKOCTSMHM, INOTIPYXKEHHbIMK B IIPOCTPAHCTBO
0oJiee BBICOKOH Pa3MEPHOCTH.

theta = subspace(A, B)

theta = 1.5708

DTOT yroJl CoBNaaeT ¢ n/2 , B YeM MOXHO YOeOUTbCS TaK:

theta - pi/2

ans = 0.

Conymcmeyroujue @gyriyuu: NULL, ORTH, QR.

313



CucTema MHXEHEePHbLIX 1 Hay4Heix pacyetos MATLAB 5.x. Tom 1

Tpeyroasnas ¢gopma MaTpuubl

Cunmakcuc:
R = rref(A) [R, jb] = rref(A) rrefmovie(A)
R = rref(A, tol) [R, jb] = rref(A, tol) rrefmovie(A, tol)
rrefmovie
Onucanue:

QOyukuua R = rref(A) ocywecTsiger NpuBedeHHE MATPULIBL K TPEYrojbHOR
dopMe Ha ocHOBEe MeToja MCKIIOYEHHs [aycca ¢ yacTUYHBIM BBIOOpOM Bely-
LIETO 3JIEMCHTA.

[lo ymonuaHuio UCronb3yercs CheAyouee sHaueH|e opora Ausl NPUHATUS
pellieHUs 0 MAJIOCTH MCKIIIOYAEMOr0 3JIEMEHTA:

tol = max(size(A) * eps * norm{(A, inf).

Pyuxups R = rref(A, tol) ocyiuecTriseT NpUBEAEHUE MATPUIIBL K TPEYTOJbHOM
(opMe Ha OCHOBE MeToma MCKIIOYeHMs [aycca ¢ 4aCTMUHBIM BBIOGODOM BEAYLLIEIO
3/IEMEHTA JUIH 3aJaHHOTO 3HayeHMs nopora tol.

Qyuxuuu R, jb] = rref(A) u [R, jb] = rref(A, tol) kpome TpeyrosbHOMi hopMbl
BO3BPALLAIOT TAKE BEKTOP jb, obnagaomui CIeayONMHU CBOMCTBaMM:

+ 1 =length(jb) MOXeT CyXHUTb OLIEHKOM paHra MaTpHULbl A,
+ TMPHU pelICHUM CHUCTEM NMHEHHBIX ypaBHeHUH AX = b nepemeHHble X(jb)

SIBJIAIOTCS] CBA3AHHBIMH IIEPEMEHHBIMHY;

. cronbust A(:, jb) onpeaensiror H6azuc ManPmbx A;
« R(1:r, jb) - enuHuyHas1.

Qyuxkuyu R = rrefmovie(A) u R = rrefmovie(A, tol) peamu3syoT noluaroByio
NpoLesypy NMPUBEAECHUS MAaTPULIbl K TPEYronbHOU ¢popMe ¢ BBIBOAOM HAa 3KPaH
MIPOMEXYTOYHBIX MaTPHLI.

Oynkuum R = mefmovie aeMOHCTPHPYIOT ITOLIArOBYIO MpPOLEAYPY NPUBEACHUS
HEKOTOpOH Marpulibl pasMepa 8 x 6 ¢ paHrom 4 x TpeyrojipHo# ¢opMe.
Hpumepui:

A = magic(4), [R, jb]=rref(A)

162 3 13

1.0 0 1
511 10 8 o 1 0 3
9 7 6 12 0 0 1 -3
4 14 15 1 0 0 0 O
jb= 1 2 3
r = length(jb)
r= 3

A(:, b)Y = R, jb) =

16 2 3 1 0 O
511 10 0 1 0
9 7 6 0 0 1
4 14 15 C 0 O

Conymcmeyrowue gynxyuu: INV, LU, ORTH, RANK.
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PelieHue nuHeiHbIX YpaBHEHUNA

\ Pemarens CHCTEM THHEHHBIX ypaBHEHHI

Cuumaxkcuc:

X=B\A
X=B/A

Onucanue:

Dyuxkuug X = B\ A HaxoOuT pellleHWE CUCTEMBl ypaBHeHUH Bupa AX =B,

rae A - rpsgMoyrojibHas MarpMLia pasMepa mxn u B - Matpuua pasMmepa nxk.

Gyuxuug X =B/ A HaxoAuMT penicHHE CHCTCMBI ypaBHeHUH Bupma XA =B,

rie A - NIpSIMOYroibHast MaTpuia pasmepa nxm u B - Matpuua pasmepa mxKk.
Anzopumm:

Peienuve cucrem auHeitHbIx ypaBHeHuMH Buaa X = A\B u X = B/ A peanusoBaHo

B MATLAB ¢ 1nOMOLIBK CIIEHHATBHOIO MOHMTOPA, KOTOPbIA UCIOJL3YeT Pa3Hble
AITOPUTMBI PELIEHUST B 3aBUCUMOCTHM OT CTPYKTYPBI MAaTpULbl A,

Ecit A - TpeyronpHas MarpHila ¢ TOYHOCTBIO JO IEPECTAHOBKU €€ CTPOK
WM CTONOLOB, TO PEIICHME TAKUX CHCTEM YPaBHEHMIT MoxeT Opith 3ddek-
TUBHO BBIYMCJICHO METOAOM OOpaTHOM mnoicTtaHoBKU. IIpoBepka marpuubl,
SIBJISIETCS] JIM OHA BEPXHEU TPEYTOJIbHOM, OCYLLECTBIISIETCA I TIOJHBIX MaTpPHLL
TIPOBEPKOiT Ha HY/b BCEX 3JIEMEHTOB, JIEXALIMX HIXKE AUArOHAIH; Ui pas-
PEXEHHbLIX MATpHll - ONpefeSicHUEM CTPYKTYpbl €€ 271eMeHTOB. BonblnHCTBO
MaTpULl HETPEYroJbHON CTPYKTYPbI BbISIBISIOTCS MOYTH MFHOBEHHO, TaK YTO
TakKasi MpoBepKa TpebyeT OUeHb MAIOro BPEMEHH.

Ecan Matpuua A - CHMMETpUYECKast WIM 3PMUTOBA C MOAOXUTEIbHBIMU JUAro-
HWIbHBIMK JIEMEHTAMH, TO [IPUMEHSIETCs paznioxkeHue Xonenkoro (dyHkums chol).
Ecin A - paspexeHHasi MaTpuIa, TPUMEHSCTCSI ITOPUTM YNOPSIIOUEHUst 110
paspexeHHocTd (pynkuunu symmmd u spparms). Eciau npu 3tom Matpuua A
TMOJMIOKUTEILHO OPENeIeHHa, TO VIOPHUTM XOJELKOro no3sosser 3¢heKTUBHO
HalTH peuleHMe. MaTpuupl, He SBISIOMUECS TOJIOXUTEIBHO OIPENECHHBIMU,
BBISIBJISIIOTCS TIOYTH MrHOBeHHO. Paznoxenue Xoseikoro uMeeT BUL

A=L=xLT,

rae L' - Bepxss tpeyronbHas marpuiua. ITocie 3Toro peueHue X MOXHO
MOJYYHTh pelliasi I10C/ICA0BATENbHO BE TPEYTOJIbHbIE CUCTEMbI
X=L"\(L\B).

Ecan A - npowu3BosibHasi KBagpaTHas MaTpuLa, TO TPEYFojlbHOE pa3IoXeHHe
BBIYUC/ISIETCS. METOOM MCKIJIIoueHUs l'aycca ¢ 4acTMYHBIM BHIOOPOM IVIABHOTO
aieMeHTa (pyHxkuusa lu). Ecim A - paspexeHHas Marpuuia, NMPUMEHSETCA
AJIFOPUTM YNOPAAOYEHUS] 10 pa3pexeHHOCTH cTonbuoB (byHkuuu colmmd
u spparms). B pesyabTaTe MMEEM clleylollee PasjioKeHHe:

A=L=*U,
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rae L - BuxHss, a U - BepxHsAs TpeyronbHele Matpuilbl. [loce 3toro peweHue
X MOXHO FOMY4YMUTD peliiasi OCASHOBATeIbHO IBE TPEYTOMbHbIE CUCTEMBI
X=U\(L\B).
. Ecmu A - npsimoyrosipHas MoJjiHasg MaTpHvua, To NnpumMeHsercs QR-pasiioxeHue
Ha OCHOBE npeobpasoBanuii Xaycxosnaepa clieyloliero BUa;
AxP=Q=*R,
rae P - Matpuua npeobpa3oBaHuii, Q - opToroHaiasHast U R - BepxHAsS Tpe-
yroabHag (yHKUMS Qr) Matpuipbl. PeiieHue, COOTBETCTBYIOIEE MUHUMYMY
KBajgpara olMOKU, HAXOJUTCS COIJIACHO CJIEAYIOUIEMY COOTHOILEHUIO:
X=P«(R\(Q"+B)).
« Ecau A - npsmoyronsHas paspexeHHas Marpuiia, To (GopMHUpyeTcs BCIO-
MorarejibHas pacluMpeHHass MaTpULa CeAYIOIEero BUaa:
S=[c*l A; AT 0].
O10 peanusyercs ¢ noMouwpio Gynximu spaugment. 1o yMonyammo snayenme
Koa(puiMeHTa MaclITabUpOBaHUST HEBS3KM C paBHO max(max(abs(A)))/1000
(byrkums sppams). Peiiedre X B COOTBETCIBHM ¢ METOIOM HaMEHBILMX KBaj-
PaToB U MATpUL@A HEeBA30K R = B - A # X BEIYKMCISIFOTCS TIyTEM PeILICHUsT CUCTEMbI
S«*[R/c; X]=[B; 0]
C MCHOJB30BAHUEM AJTOPUTMOB YIOPS/IOYEHUS IO PaspeXeHHOCTH M MCKIIIO-
yeHust ['aycca ¢ BHIGOPOM TJIaBHOTO 3JIEMEHTA.
Paznnyneie aropuTMsl pazlioXeHust MaTpHL peaM30BaHbl B cMcreMe MATLAB
Ha ocHose ZGECO, ZGEFA u ZGESL ans ksaapatHbeix ¥ npouenyp ZQRDC
u ZQRSL pns npAaMoyronsHeix Matpui U3 nakera LINPACK [1].
Huaznocmuueckue coobuyenusn:
Tipn pemennn cucTeM JIMHEHHBIX YPABHEHMiL:
€ciu A - KBafipaTHasi BBIDOXKACHHAsA MAaTPHILIA, BbIIAETCA COOBILEHHE
Matrix is singular to working precision.
Has eeibpannoti mounocmu Mampuya 6slpoXCoeHHa.

IIpx no3;1eMeHTHOM JeJIeHHH:

€CJIX MacCUB-LEIMUTEb UMEET HYJIEBbIE SJIEMEHTHI, BHIIAETCH COOBILIEHUE
Divide by zero.

Henenue na nyno.

Ha 9BM, ruoe He peanusoBaH ctaHaapT IEEE-apu@METHKM, HAIpuMep Ha
9BM VAX, ofe BbllIeNpUBENCHHbIE ONEpaLMKU OydyT BblIaBaTh COOOIIEHUS
06 ommbke. Ha 9BM, rae peanusoBa” craHmapt IEEE-apudmeruku, Ha-
npuMep Ha PC, 6yayT reHepupoBaThCs TOJBKO NpeaynpexaeHus. Ipu srom
NIPU PELIEHUU CUCTeM Oy@yT BO3BPAlllaTbCH MATpULIBl, YacTh 3JIEMEHTOB KO-
TODBIX OyZeT UMETh 3HaYeHHe INf, NPU MO3EMEHTHOM ACAEHUU PE3YILTATOM
MOFryT OBITh KakK 3HaueHus Inf, Tak u 3Hayenue NaN.
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Ecian pesynprar obpalleHUs MATPUIBI HE SIBISIETCS HAOEXKHBIM, BBIZAETCS
coobuLIeHHE

Warning: Matrix is close to singular or badly scaled.

Results may be inaccurate. RCOND = xxx

Tpedynpexcierue: Mampiiya 6auska k GolpoiCOerHO Unu HAOXO MACUIMAGUPOSAHa.
Pezyromamor mozym 6otme Hemounvimu. Qucao obycaoeaennocmu

RCOND = xxx

IIpn pemenun cHCcTeM JHHEHHBIX YPABHEHHH:
CCITM TIPSIMOYroJIbHasl MaTpullia A MMEeT HEIOJNHLIH CTONOLIOBBIA paHr, BbI-
Jaercs coobiueHue
Warning: Rank deficient, rank = xxx tol = xxx
IIpedynpexcoenue: Henoanwili paune, pane rank = xxx mounocms tol = xxx
Conymcmeyrowjue gyurxyuu: NV, QR, DET, LU, RCOND, ORTH, RREF.
Cebuaxu:

1. Dongarra J. J., Bunch J. R., Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979.

O6pantenne MaTpHubI

Cunmakcuc:

Y = inv(A)
Onucanue:

Dynkums Y = inv{A) BbIMUCISET MaTpHLLy, OOpaTHYIO KBAJApaTHOM Matpuue A.
B ciydasx, xora Marpuna A 1U10X0 MacluTabMpoBaHA WK GJIM3KA K BBIPOXICHHOM,

BBIIAIOTCS. COOOLLEHMS.
DyHkuMs peany3oBaHa ¢ ucronb3oBaHueM yrunur ZGEDI u ZGEDA nakera

LINPACK [1].

Ha mnpakruke BbraucieHue SBHOUM 0OOpaTHOH Marpuubl TpeOyercs He Tak
yacto. Kak npasusio, rosops o 3anade oOpallleHUsI, UMEIOT B BUAY HAXOXACHUE
pelIeHHA CUCTEM JIMHEHHBIX ypaBHeHUI. B paMkax cucremsl MATLAB piast aTHX
Le/ieil PEKOMEH/YETCSI MCITONB30BATh PEIIATENIN CUCTEM, TO €CTh OIEPaTopbl BUAA
x = A\b wnu x = b/ A, a He onepauuio X = inv(A)*b.

Muaenocmuyeckue coobuenus:

B npoiiecce BoinoNHEHUS (DYHKLMKM inv HA pabouMX CTAHLUAX X KOMIIbIOTEpax
¢ IEEE-apudmMeTHKOI BO3MOXHO IOSIBICHUE CACAYIOLETO NPeaYHpeX/ICHHU:
Matrix is singular to working precision.

Ipu 3adanrod mounocmu Mampuya auipoxcoenna.

IIpn a10M pOopMUpYyeETCST MATPHLIA, BCE 3JIEMEHTBI KOTOPOU paBHbI Inf.
Ha mammnax 6e3 IEEE-apudmerukn, Harnpumep Ha VAX, sra cuTyauus
paccMaTpHBaeTCsi Kak olubdkKa.
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Ecau BbInosHeHHOe obpailieHUe HEHATeXKHO, NOsIBIISIeTCs: COO0LIeHHe
Waming: Matrix is close to singular or badly scaled. Results may be inaccurate.
RCOND = xxx
Ipedynpexcdenue: Mampuya 6auska Kk evipoxcdennou. Pezyrsmamst mozym
6bimb HeMOYHbIMU.
RCOND = xxx
ITpumepebi:
Paccmorpum ripuMep, JEMOHCTPUPYIOLIMA pa3iNiue B ONPENEICHUH PELUEHUs
CHCTEM JIMHEMHBIX YPaBHEHUH C IIOMOILBIO onepatuit X = inv(A) *bux=A\b.
Cdopmupyem Marpuiy KaxaHa 13 KOJJEKUMM TECTOBBIX MAaTpHll CO Cle-
JYIOLIMMU XapaKTCPUCTUKAMMU:
cond(A) = 1.6203e+010 norm(A) = 8.2970,
ncnoab3ys naker Test Matrix Toolbox.
3areM chopMmHUpyeM Pe3yNBTaT B BUAE CiydaitHOTO BekTopa X = rand(100, 1);,
a 3aTeM BBIMHCJIMM BEKTOp b = A * x.
Hcnonsaya xomnsiotep PC/AT 486 ¢ takroBoit yactoroit 50 MI'u, BbImonHum
C/IEIYIOUME PacYeThl ¢ PUKCALMEN MPONOIKUTENBHOCTH BRIYUCICHUI:

A = gallery('kahan', 100, 1.35);

t0 = clock; t0 = clock;

y =inv(A) * b; z=A\b;

t = etime(clock, t0) t = etime(clock, t0)
t= 1.0400 t= 0.0600

err = norm(y - x) err = norm(z - x)

err = 2.3224e-008 err = 1.1668e-008
res =norm{(A *y - b) res = norm(A * z - b)
res = 2.5831e-008 res = 1.0409e-014

CpaBHuBasg 06a Mouxoaa, MOXHO YOENUTbCS, YTO PacyeTsl ¢ INOMOLLUBIO
peLuaresisl BbIMOJHSIOTCSA 3HAYMTENILHO GpIcTpee 1 ¢ O0JIbILEI TOUHOCTBIO.
Conymcmesytowue ynkyuu: PINV, COND, CONDEST, LSCOV, NNLS, SLASH.

Cevinku:
1. Dongarra J. J., Bunch J. R,, Moler C. B., Stewart G. W, LINPACK User’s Guide.
Philadelphia, 1979.

| coND, conpesT | Yucao 00ycI0BICHHOCTH MATPHIBL
Cunmakcuc:
k = cond(A) k = condest(A)
k = cond(A, p) [k, v] = condest(A)
Onucanue:

Yucno o6ycnoBIeHHOCTH MO OTHOLUEHMIO K ONepaiiiy obpallueHust - 310 Mepa
OTHOCHTE/IbHOM MOIPeLIHOCTH, paBHas K = |JA(A-1)||[/}|AA]|, tae ||AA}| - Hopma MaTpulb!
NOrpPeLHOCTE! MCXOAHBIX JaHHBIX. OHO XapaKTepu3yeT TOYHOCTb Oricpaitiu 06-
PalLCHMUS MATPULLLI MJIM PELICHMS CUCTEMbl JIMHCHHBIX YPAaBHEHHH.
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®yukuns k = cond(A) Bo3Bpawaer YMUCIO0 OOYC/JIOBIEHHOCTH MaTpHMIbl A
10 OTHOLUIEHHWIO K OfepalMy oOpalleHMusl, KOTOPOE PaBHO OTHOLUEHUIO MAaKCH-
MaJIBHOTO CHHIY/ISIPHOTO YUC/Id K MUHUMAIBHOMY: K = Gmax/Omin-

Oyuxuug k = cond(A, p) Bo3BpalaeT YMUCAO OOYCIOBICHHOCTH MaTpUIbl A
OTHOCHUTENBHO p-HOPMBI K = norm(A, p) * norm(inv(A), p), roe p = 1, 2, inf, 'fro".

DyHKumMK cond(...) HEMPUMMEHUMBI IS pa3pexXeHHBIX MaTpHLL.

Oynkuua k = condest(A) BHIYMCIAET OLEHKY HIKHEH TPaHMLBI YUCIa 00y-
CJIOBJIEHHOCTH 110 1-HOpDMe.

Oyuknus [k, v] = condest(A) BbIYUCISAET KPOME OLEHKH HHXHEH IpaHMIIbI
yycia 0BYCIIOBIEHHOCTU TAKXE M BEKTOP, TAKOM, YTO CIPABEAIMBO COOTHOLLICHUE
norm(A*v, 1) = norm(A, 1)*norm(v, 1)/k. Takum 06pa3oM, BEKTOP V MOXET CITYXHTb
anIpOKCUMAalMeEN HyJIb-BEKTOpa MaTpULIbl A, ecinu K BEIMKO.

Oyukuyy condest(...) IPUMERUMBL [isT ACHCTBUTE/LHBIX, KOMIUIEKCHBIX M pa3pe-
KEHHBIX MaTpHLL,. B HUX pealn30BaH aroput™ Xeimpkepa B Moaddukanuu Xaiiema [2].
[Tpumep:

CpaBHuUTE IbHAS OLIEHKA HUXHEIN IPaHULBI YUCHa 0BYCIIOBIEHHOCTH MaTPULIbI
W=wilkinson(101) npu npumeHenun pyHkuumii cond, rcond, condest:

cond(W) 1/rcond(W) condest(sparse(W))
ans = 199.9410 ans = 154.5382 ans = 276.2827

Hawnyyias onenka HyokHe#t rpaHiisl BHuncnseres GyHkuueld condest.
Conymcmeyrouue @ynxyuu: CONDEIG, NORM, NORMEST.

Cebiaku:

1. Dongarra J. J., Bunch J. R.,, Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979.

2. Higham N. J. Fortran Codes for Estimating the One-Norm of a Real orComplex Matrix, with
Applications to Condition Estimation// ACM Trans. Math. Soft. Vol. 14. 1988. P. 381-396.

CHOL Pasnoxenne Xosieuxoro

Cunmackcuc:

R = chol(A)

[R, p] = chol(A)
Onucanue:

Oynkumsa R = chol(A) HaxoauT pazioxeHue XOJNELKOIo Ui ACHCTBUTEIBHBIX
CUMMETPHUYECKMX M KOMIUIEKCHBIX OPMMUTOBBIX Marpull. Eciad A - TOJIOXWMTENbHO
olpefieJicHHAst MaTpML@, TO MaTpvua R - BepXHSs TpeyroJipHas U YOORJIETBOPSIET
cooTHOWEeHHIO R’ * R = A; B IPOTMBHOM CJiy4ae rnosigisiercst coobiueHre o6 ommoke.

Oyukuun [R, p] = chol(A) Hukorna He reHepupyeT cooblueHHs: 00 OlLMOKeE;
cciiM A - TIONIOXKUTENIBHO OIpeac/ieHHass MaTtpuua, To p = 0 4 Matpuua R cosma-
HAeT ¢ NpeJLleCTBYIOILMM CJIy4yaeM, B IPOTUBHOM ciyyae p > 0 M R - BepxHAd
TpeyrosibHas MaTpuua nopsiaka g = p -1, Takas, yto R *R=A(1:q, 1: q).

Tporpamma chol ucnonsayer yrunuty ZPOFA nakera LINPACK [1].
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Ipumepbi:

PacecmorpuM Marpunyy Ilackans, cocTaBleHHYI0 U3 OMHOMHAIBHBIX KO3(h-
QUUMEHTOB. DTO TONACXKUTENBHO ONpencieHHad MaTpulia, a €€ PasoXCHHUE
XoNeuKoro TakKe UCIIONB3YET YacTh GUHOMHUAIBHBIX KO3 OUIIMEHTOB:

A = pascal(5)
A R = chol(A) eig(A)
11 1 1 1 1 1 1 1 1 0.0108
1 2 3 4 5 0 1t 2 3 4 0.1812
1 3 6 10 15 o 0 1 3 &6 1.0000
1 4 10 20 35 6 0 0 1 4 5.5175
1 5 15 35 70 g 0 0 0 1 92.2904

Pa3pyliuM MOJIOXKUTENBbHYIO ONpPEAeIeHHOCTh 9TOM MAaTpHUIIbl, BBIYTA U3 ee
ITOCTIEAHETO BICMEHTA CAUHMUILY:

A [R, p] = chol(A) eig(A)
11 1 1 1 1 1 1 1 0.0000
1 2 3 4 5 0 1 2 3 0.1500
13 6 10 15 o 0o 1 3 0.9522
1 4 10 20 35 0 0 0 1 5.3531
1 5 15 35 69 p=5 91.5446

R*R= )

11 1 1

1 2 3 4

1 3 6 10

1 4 10 20
Conymemsyrowue ynkyuu. QR, LU,
Cebiaku:

1. Dongarra J.J., Bunch J. R, Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979.

fCHOLUPDATE J Paznoxenne Xo0aeuxoro MOTH(UIMPOBAHHOM MATPHUbE

Cunmakcuc:
R1 = cholupdate(R, x)
R1 = cholupdate(R, x, '+'
R1 = cholupdate(R, x, " ‘)
[R1, p] = cholupdate(R, x, -

Onucanue:

Ecnu R paznoxenue Xomeukoro Marpuubi A, To cholupdate(R, x) onpeaenser
pasnoxeHne XoiELKOro Ul MATPULbl A + X*X', KOTOpasi ABJISIeTCA CyMMOI To-
JIOKMTCIIBHO OMpPEACICHHON MaTpullbl A M MaTpuLbl paHra 1.
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Qynkums R1 = cholupdate(R, X) BEIMUCISET padioxeHHe XONELKOTO MaTpHLbl
A, MOIMOULMPOBAaHHON MaTpHUiieH paHra 1, Kor/a U3BECTHO paIiokeHue XOJIELKOro
R marpuiibt A,

Oyukumst R1 = cholupdate(R, x, '+') pasHocwibHa dyHkuuu R1 = cholupdate(R, x).

Qynkima R1 = cholupdate(R, x, ~') BosBpalaer pasioxeHue XOJIELKOro s
matpript A - x*x'. CoobiiicHue o6 ommbKe GopMUpyeTcs B Tex ciyyasix, Koria R
HE SIBMSIETCS PaxIoXKeHMeM XOJELKOIO MATPHUIIbI A YUIM eCIi MOAU(ULIMPOBAHHASL MaT-
pHLa HE SRBIETCS MOJIOXKHUTEIBbHO OTIPEACCHHO! U He UMEET PazioKeHHsT XOIeUKOrO,

Oyukuma [R1, p] = cholupdate(R, x, '-'} He Bo3ppawaer coobiueHus. Eciu
BbIXOZHOU napamMerp p paseH 0, T0 R1 - pasnoxeHue XogenKoro s MaTpuilbl
A - x*x"; ecu p paBHO 1, TO MOAMGHUUMPOBAaHHAs MAaTPMIIA He SBJISIETCS I0JI0-
KWTENBbHO OMNpEAeIeHHOM; ecliM p paBHO 2, To MomuuuMpOBaHHAsS MaTpuia
HC UMEET pasnoxeHust XOJIenKoro.

®ynkunu cholupdate(...) MOTYT IPUMEHATBCH TOJNBKO IS TIOJHBIX MATPHIL.

ITporpamma chol mcnionesyet yrwmutsl ZCHUD u ZCHDD nakera LINPACK [1].

[lpumepni:
Paccmorpum Marpuity Tlackans, cocTarieHHYIO U3 GUHOMHAIBHBIX KOX(POULIMEHTOB.
A = pascal(4)
A=

OMW—
OO

JE G QN
BN -
N -

= chol(A)

X OO0~y X

OOy
OaAN -
=D W -

[0oa11,
JlobaBuM K MaTtpuue A MaTpuily paHra 1;
A+ x*x

000 1.0000 1.0000 1.0000
0 1.0000 2.0000 3.0000
0 0 1.0000 3.0000
0 0 0 14142
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ITombITaeMcs BEIYMCTHTD pasjioXeHHue XONEUKOro il MOAUGHLIMPOBaHHOMI
MATpPHLBI, KOTOpast PABHOCHIBHA BBIYMTAHMIO U3 MOCIENHEr0 d1eMeHTa 1:
R1 = cholupdate(R, x, '-')
?7?7? Error using ==> cholupdate
Downdated matrix must be positive definite.
Moduguyuposannas mampuya doaxcra 6bims NOAOHCUMENLHO OnpedeseHHOl.
Brluncnum  pasnoxenue XOJeUKOro ISl MOAWMGULMPOBAHHON MAaTPHLIBI,
KOTOpasi paBHOCHIIbHA BBIYMTAHUIO U3 MOCHEAHEro aeMeHTa 1/2:
x =[0 00 1/sqrt(2)]’;
R1 = cholupdate(R, x, '-")
R1=
1.0000 1.0000 1.0000 1.0000
0 1.0000 2.0000 3.0000
0 0 1.0000 3.0000
0 0 0 0.7071
Conymcmesyrowue @ynxyuu: CHOL, QRUPDATE.

Cevinku:

1. Dongarra J.J.,, Bunch J. R., Moler C. B., Stewart G. W. LINPACK User’'s Guide.
Philadelphia, 1979.

LU-pa3noxenue

Cunmaxcuc:
[L, U] = Iu(A)
L, U, P] = lu(A)
lu(A)
Onucanue:

@ynkuus [L, U] = lu(A) Haxoaut LU-pazioxkeHue UTsL NMPOM3BOILHONM KBAIPATHOM
MaTpuubl A B BUIE MNPOM3BEACHUS HIDKHEH TPCYrosbHOM Martpuisl L (BO3MOXHO
C TIEPECTAHOBKAMH) M BEpXHe TpeyrosibHO# Marpuisl U, Tak yto A=L*U.

Oynkuus [L, U, P] = lu(A) HaxonuT pasiioXeHue VIS [POM3BOJIBHOM KBANPATHOIA
Marpuubl A B BHJIE TPEX COCTABRMSIIOLIMX - HUXHEH TpeyroJibHOM Matpuubl L, BepxHei
TPEYIoJbHOM Matpuilel U M MaTpUIibl NepecTaHoOBOK P, Tak yro P*A=L*U.

®ynkuus lu(A) BosBpaliaet BbIXoH, GOPMUPYeMblil yruauTod ZGEFA nakera
LINPACK.

Ob6pauienue k ¢pyHkiuu lu B opme (A, thresh) nossosisiet yrnpasisntb BhIGOPOM
[IaBHOTO 3/IEMEHTA TIpU paboTe ¢ pa3peXeHHbIMHU MaTpHUAaMH, rae napaMerp thresh
BbIOMpaercss U3 auanasona [0, 1] M IO3BOSET YCTAHOBUThL MOPOTr BhiGOpa. Bribop
[JIABHOTO 2JIEMEHTA PEAIM3YETCs, KOrAa JIMarOHATbHBIM JIeMEHT B cTosblie He rpe-
BBILLIAET NIPOMU3BE/IEHMS BeJTHYHHbl BHEAUATOHAIBHOIO 37eMeHTa U rnapamerpa thresh.
3nHaveHue thresh = 0 03HaYaeT BLIOOP B KAUECTBE BEAYILETO AMATOHAILHOIO BJIEMCHTA;
3HadeHHMe thresh = 1 UCTIONB3YETCst 110 YMOJIYAHHUIO.
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LU-paznoxenue Mcnonb3yeTca INMPU BbIYUCJICHUHM OTIpEIe/TUTENeH, HaXOXIEHUM
00OpaTHBIX MATPUIL U B PELLUATENAX CUCTEM JIMHEHHBIX YPABHEHMIA.

[porpamma lu ucnonsyer yrwintel ZGEDI u ZGEFA nakera LINPACK [1].
[Tpumepei:

PaccMOTpHMM BO3MYILIEHHYIO OTPUMLIATENLHO OTIpedeicHHyo Matpuuy ITackans
3-ro ropsIKa ClIeayioHiero BUaa:

A= eig(A) =
T 1 1 0.7024
1 2 3 -0.2185
1 3 4 6.5160
fL, Ul = fu(A)

L= U= L*u=
1.0000 © 0 1.0000 1.0000 1.0000 1 1 1
1.0000 0.5000 1.0000 0 2.0000 3.0000 1 2 3
1.0000 1.0000 O 0 0 0.5000 1 3 4

det(A) = det(L) * det(U) = -1;
L, U, P} =iu(B)

L= U= pP= L*U=
1.0000 0O 0 1.0000 1.0000 1.0000 1 0 O 1 1
1.0000 1.0000 O 0 2.0000 3.0000 0 0 1 1 3 4
1.0000 0.5000 1.0000 0 0 0.5000 0 1 0 1 2 3

det(A) = det(L) * det(U)/det(P) = -1.
Conymcmeyruiue gynxyuu: LUINC, QR, RREF.
Ceoinku:

I. Dongarra J.J., Bunch J. R,, Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979.

| QR, QRDELETE, QRINSERT | QR-paznokenue

Cunmakcuc:

s noansix mampuy:  Jns paspexcenuvix mampuy:

[Q, Rl = ar(A) R =qr(A) [Q, R] = grdelete(Q, R, j)
[Q, R, P]=qr(A) [Q, R] = qr(A) [Q, R = grinsert(Q, R, j, x)
[Q, R] = ar(A, 0) [C. Rl =qr(A, B),

[Q, R, E] = qr(A, 0) R=qr{A, 0)

Y = gr(A) [C,R]=qr(A, B, 0)

Onucanue:

Oyukumsa (Q, R] = gr(A) Haxonur QR-paznoxeHue 111 [pAMOYIrOJIbHOM MaTpuiipt A
B BWIC IPOM3BCACHUS YHMUTApHOR Mmarpuupl Q U BepxHeil TpeyroiabHoi MaTpuibt R,
tak yro A= Q *R.
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Gyukims [Q, R, P} = qr(A) HaxomiT paznioXeHue LISl TIPSIMOYTONMbHONU MatpHItsl A
B BUJIC TpPEX COCTABSIIOIIMX -~ YHUTapHOW Matpuubl Q, BepxHell TpeyronbHOM
Matpuiipl R ¢ yOBIBAIOMIMMY IO MOAYJIIO JUArOHANBHBIMU 3JIEMEHTAMK M MaTpHUIIbI
nepectaHoBok P, Tak yto A* P = Q* R.

Oyuxums [Q, R] = qr(A, 0) HaxoauT Tak Ha3bIBaEMOE IxonomuyHoe QR-pasio-
KEHHME Ui MaTpuuibl A pasMepa mxn NMpU M > N, [IpH KOTOPOM BLIYKMCIAETCH
TOJIBKO N CTOJIOLIOB MaTpuisl Q.

Oyukuus [Q, R, e] = QR(A, 0) Takxe GopMHUpYET IKOHOMUYHOE PA3IOKEHHMC
M BEKTOP BO3MYLIEHMS € Takoif, yTo QR = [A e] u aneMenth abs(diag(R)) pac-
NMOJIOXEHB! B YOBIBAIOLLEM MOPSAKE.

QOyuxuua Y = qr(A) BosBpawaeT Martpuuy Y, ABRISIOLIYIOCS BbIXOUOM YTHJIATBL
ZQRDC naketa LINPACK {1], xotopas cBs3aHa ¢ marputieii R COOTHOLIEHHEM
R = triu(Y).

Bce mepeuncrieHHbIe Bbillle (DyHKUMM NpefAHa3HaYeHb! JUis paboThl C NOMHBIMH
MaTpULAMH.

Jnsi paspexeHHblx Matpul, QR-pasnoxeHue MoxeT (GOPMHMPOBATH TOJBKO
Matpully R, ecnu peanu3syioTcs clleAywoline odpaleHus:

¢yuxuua R = qr(A) Bo3Bpauaet ToapKo MaTpully R, nipuyeM R = chol(A™A);

Pyrkumst [Q, R} = gr(A) so3Bpaiiiaer TONLKO Marpviisl Q ¥ R, npuyeM marpuiia
Q siBsieTCA NOYTH TOJIHOM;

dyuxuua {C, R] = qr(A, B), roe B uMeeT CTONBKO XK€ CTPOK, KaK U A, BO3-
Bpaiuaer marpuiy C = Q™B; .

dyaxunun R = qr(A, 0) u [C, R] = qr(A, B, 0) peanusyioT 3xkoHoMuuHoe QR-
pa3noXeHMe.

Bepcuu QR-paznoxeHus i PaspeXeHHBIX MaTpULL He BBINIOJHSIOT Hepe-
CTaHOBOK CTOJIOLIOB.

Pewtenue cucteMbl JMHEHHBIX YpaBHEHMH A*X = b MeTOJOM HaMMEHBIINX
KBagpaToB MOXET OBITh IOJy4YeHO 0e3 BBIYMCIEHMS] MAaTpuilbl Q € TIOMOIUBIO
TaKOM ITOCJIENOBATENIFHOCTH OTIEPATOPOR:

x = R{R'Y(A"™Db))

r=b-A"
e = R\(R\(A"r))
X=X+e;

Pyuxkuus [Q, R} = qrdelete(Q, R, j) mosBonseT nepecyutath u3BecTHOE QR-
pasiioXeHUe MaTpULBl A U1 Cy4ast, KOrAa B MATpUILIE A yaajieH j-i cronbeny A, j).

Oyukuus [Q, R] = grinsert(Q, R, j, X) [03BO/IAET MEPECYNTATh U3BeCTHOE QR-
pasjioXeHHMe MaTtpuubl A il ciydas, Korga B Matpuue A neped j-M CToadLoM
A(:, ]} BCcTap/ieH gononHUTENbHbINA cTtonben x. Ecnn ykazare j = n+1, rae n - yuc-
JIO cTONOUOB MATpPULLI A, TO IONOJHMTENBHBIA cTONOEL X OyneT n+1-m crosO-
LIOM MATPUIBI.
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Ipumepui:

Paccmorpum onepauuu, cssizanHsle ¢ QR-pasnoxeHueM CleAyoieil nps-
MOYTOJIbHOM Matpuiibl A

(Q, R] = qgr(A)
A= Q= R=
1.2 3 -0.0776 -0.8331 0.5444 0.0605  -12.8841-14.5916 -16.2992
4 5 6 -0.3105 -0.4512 -0.7709  0.3251 0 -1.0413 -2.0826
7 8 9 -0.5433 -0.0694 -0.0913 -0.8317 0 0 0.0000
10 11 12 -0.7762 0.3124 0.3178 0.4461 0 0 0
Vianum 2-it cronbel] U3 MaTpULipl A:
[Q1, R1] = grdelete(Q, R, 2)
Q1= R1=
-0.0776 0.8331 -0.5444 0.0605 -12.8841-16.2992
-0.3105 0.4512 0.7709 0.3251 0 2.0826
-0.5433 0.0694 0.0913 -0.8317 0 0
-0.7762 -0.3124 -0.3178 0.4461 0 0
Berasum 2-it crosiderr M3 MaTpuisl A Ha MecTo 3-T0;
[Q2, R2] = grinsert(Q1, R1, 3, A(;,2))
Q2= R2 =
-0.0776 0.8331 -0.5458 -0.0456  -12.8841-16.2992-14.5916  1.0000 3.0000 2.0000
-0.3105 0.4512 0.6938 0.4676 0 2.0826 1.0413  4.0000 6.0000 5.0000
-0.5433 0.0694 0.2499 -0.7985 0 0 0.0000  7.0000 9.0000 8.0000
-0.7762-0.3124 -0.3979 0.3764 0 0 0 10.0000 12.0000 11.0000

Conymcemeyrowue gynxuuu; LU, NULL, ORTH, QRDELETE, QRINSERT, QRUPDATE.
Cebuaku:

1. Dongarra J.J., Bunch J. R., Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979.

| QRUPDATE ] QR-pasoxenne MOAH(HIMPOBARHOH MATPHIBI
Cunmarcuc:
[Q1, R1] = qrupdate(Q, R, u, v)
Onucanue:

Oyukups (Q1, R1] = grupdate(Q, R, u, v), rae {Q, R] = gr(A) - QR-paznoxenue
UCXOOHOM Marpuupbl A, Bo3spaiact QR-paznoxeHue MOAUGHUUMPOBAHHON MaTPULIbI
A + U*V', rge U M vV BEKTOPBI-CTOJIOUBI COOTBETCTBYIONICH JUIMHBL. DTa (PYHKUUA
MOXEeT ITPUMEHSTBCS TOJNBKO I MOIHbIX MATPULL.
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[pumep:

mu = sqrt(eps)

mu = 1.4901e~08

A = [ones(1, 4); mu*eye(4)];

Ara MaTpULa MO3BOJAECT VBUAETH IIPOGJIESMbI, KOTOPbIC BO3ZHHKAIOT B CBA3M
¢ dopMupoBaHueM rpousBencHus A™A. Utobbl u3bexarb 3TUX TPYAHOCTEH, BOC-
1o/1b3yeMcst QR-pa3fiokeHUEM MaTpULIBT A.

[Q, R] = qr(A);

-1 -1 -1 -1
0 2.1073e-008 1.0537e-008 1.0537e-008

0 0 1.825e¢-008 6.0834e-009
Q 0 0 1.7206e-008
0 0 0 0

B faHHOM cillyqae BEpXHsst TPEyro/ibHass Matpulia R, HCKIoYast MepBylo CTPOKY,
CONCPXKUT MECMEHTHI ropsiaka O(mu).

BBegeM BeKTOpPBI

u=[-10000]; v=ones{4,1);

Teneps Boruucnum QR-paznoxkeHue Matpulibl A, MOTUpHIIMPOBAHHOM MaTpHLEit
padra 1, NpsAMbIM METOLOM M CPaBHUM C Pe3yJIbTaToM IMPOLERyphl qrupdate:

[QT, RT] = gr(A + u*v')

QT =
0 0 0 0 1
-1 0 0 0 O
0 1 0 0 0
0 0 -1 0 O
0 0 0 -1 O
RT =
-1.4901e-008 0 0 0
0 -1.4901e-008 0 0
0 0 -1.4901e-008 0
0 0 0 -1.4901e-008
0 0 0 0
[Q1, R1] = qrupdate(Q, R, u, v)
Q1=
-2.2352e-008 -1.4901e-008 -1.4901e-008 -1.4901e-008 1
1 -3.3307e-016 -3.3307e-016 -3.0531e-016 2.2352e-008
-1.6653e-016 1 -2.2204e-016 -1.6653e-016 1.4901e-008
-2.7477e-016  -2.7477e-016 1 -1.6653e-016  1.4901e-008
0 0 0 1 1.4901e-008
Rt =
1.4901e-008 1.6544e-024 3.3087e-024 3.3087e-024
0 1.4901e-008 -3.6734e-040 -3.6734e-040
Q 0 1.4901e-008 -1.6544e-024
0 0 0 1.4901e-008
0 0 0 0
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Cnegyer oTMeTHUTb. YTO 00d PA3IOKEHUS KOPPEKTHBI, HO OTIMYAKTCH OLHO
OT APYIOro.

Conymcmeyrowue @ynxyuu: CHOLUPDATE, QR.

Cevinku:
1. Golub, Gene H., Charles Van Loan, Matrix Computations. 3rd ed. Baltimore: Johns
Hopkins University Press, 1996.

Icesgoobpamwenne marprupt o Mypy-Ilenpoysy

Cunmakcuc:

P = pinv(A)

P = pinv(A, tol)
Onucanue:

Qyuxuust P = pinv(A) BRIYUMCISET MarpHUILy, MCEBLOOOPATHYIO MaTpuue A,
KOTOpasi MMEET TAKMUE XK€ pa3Mepbl, KaK U MaTpuua A', ¥ YIOBJICTBOPAET Clely-
IOIUM YCIOBHAM [1]:

A*P*A=A;

P*A*P=P.

Boiynciiene Marpuupl P OCHOBaHO Ha MWCIOJB30BAaHMH (GYHKUMH SVd(A)
W TIpUPAaBHUBAHMMU K HYJIIO BCEX CHMHIYJSIPHBIX YMCEN, MEHBIUMX BENMYHUHEI tol,
KOTOpas Mo YMOMYaHUIO TIPUHUMAETCS paBHOIA tol = max(size(A)) * norm(A) * eps.

Gynxas P = pinv(A, tol) no3sosser Nojs30BaTeNio caMoMy Ha3HaYMTh Topor tol.

Ecnu matpuua A xBaaparHasi 4 HEBBIDOXK/IEHHAs!, TO BBIYMCICHHUE OOPaTHOM
Ha OCHOBE NCEBIOOOPANICHUS SBISETCS CIULIKOM PAaCTOMYMUTENBHON MpOoLeaypoit.
Ecimu A - xBadpatHast M BBIPOXKACHHAS WIM NPSMOYrojbHas MaTpulia, TO 0OpaTHOR
MaTpUUbl HE CYLUECTBYET; B 3THUX Clyyasx IICeBAcOOpaTHas Marpuua obiagaer
HEKOTOPBbIMM, HO HE BCEMHM CBOMCTBaMM OOpaTHOM.

Ecnu A uMeeT CTpok 60JIbLie, YeM CTONOLIOB, U HE ABISICTCS MaTPHULICH ITOJTHOTO
paHra, To BO3HMKAET Nepeolpee/icHHas 3a1a4a HAMMEHbIUMX KBAJpaToB

min norm(A* x— b).

X

BexTop X MUHUMHM3UPYET YKa3aHHYI HODMY TOIa M TOJBKO TOra, Korjaa X
MIMEET BUA

x = pinv(A) *b + (I - pinv(A) *A) * z
IJIs1 HEKOTOPOIO Z.

Bribepem aBa u3 6€CKOHEYHOIO MHOXECTBA PEILEHUI:

x = pinv(A) * b;

y=A\b.

DTH pellueHMs XapaKTEPU3YIOTCS CJICAYIOMMU CBOHUCTBAMM: DELUEHME X MMEET
HOopMy nomm(x), KoTopass MMHMMaJIbHa B CPABHEHUM C HOPMOii J1000ro Apyroro
DELICHHS; PELICHUE Y MMEeET MUHUMATBHOE KOJTMYECTBO HEHYJIEBBIX KOMITOHEHTOB.
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Tlpumep:

PaccMOTpUMM MpSIMOYTOJIbHYIO MATPMILy, KOTOPAasi TCHEPUPYETCH CIEAYIOLIMM
obpasom:

A = magic(8); A =A(, 1:6).

Dta MaTpuua pasMepoM 8x6 UMeeT paHT, PaBHBIA 3.

Cdopmupyem Bextop b = 260 * ones(8, 1).

Torma monyduMm cueayouide peieHus:

x = pinv(A) * b y=A\b ‘
Warning: Rank deficient, rank = 3 tol = 1.8829e-013
IIpedynpexcienue: Pane ne noanwii, rank = 3 tol = 1.8829e-013
X = y =
1.1538 3.0000
1.4615 4.0000
1.3846 0
1.3846 0
1.4615 1.0000
1.1538 0
norm(x) = norm(y) = 5.0990
3.2817

BexTop z, yaOBIETBOPAIOLIMI YCIOBHIO Y = X + (1 - pinv(A) * A) * z, paBeH
Z’=[ 57517 9.6751 4.6404 5.8559 7.8906 1.5362 ]
Conymcmeytowue gynxyuu: RANK, INV, SVD, QR.

Ceblaku:

1. Anbepr A. Perpeccud, ncesronHBepcusi U pekyppeHTHOe oueHuBanue: [lep. ¢ anmr. M.:
Hayka, 1977. 224 c.

NNLS Meron BanMeHBIIHX KBAJIpaTOB C OrpaHHYCHUAMH

Cunmakcuc:

X = nnis(A, b) (x, wj = nnis(A, b)

x = nnis(A, b, tol} [x, w] = nnis{A, b, tol)
Onucanue:

Oyuxuma x = nnis(A, b) HaXxoAUT HEOTPULATE/TbHBIE peleHHs Xj > 0, j = 1,..n
U CUCTEMbl YPAaBHEHUH Buaa Ax = b N0 METoy HaMMEHBUIMX KBaaparoB. [lis
oTbOpa TakuX PpEIIEHUH MO YMOAYAHHUIO MCIIOJNB3YeTCS] 3HAYCHUE II0pora
tol = max(size(A)) * norm(A,1) * eps.

Qyuxuus x = nnis(A, b, tol) mo3BoAsSET ONBL30BATENIO CAMOMY YCTAHOBUTh
3Ha4YeHUe nopora tol.

®yHKUMH [X, W] = nnis(A, b) u [x, w] = nnis(A, b, tol) nossonaor B Komon-
HEHUE K PEILEHHUIO X BO3BPATMTH TAKKE BEKTOD ABOUCTBEHHBIX IEPEMEHHBIX W.

BeXTOpBI X ¥ W CBA3aHBI MEXIy cOGOi CIIEIYIOIUMM COOTHOILICHUSIMU:
Wi<0,(ilXi=0);
wi=0 (i]x>0)
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Ilpumep:

CpaBHUM peUICHUA 33294 HAMMEHBLUIAX KBAPATOB C OrPAHMUYECHMAMU U 6e3
Hux. [1ycTh 3aaaHa creayiolas CUCTeMa YpaBHEHHIA, OTTMChIBAeMas 1apoii {A, b}:

A= b=

0.0372 0.2869 0.8587
0.6861 0.7071 0.1781
0.6233 0.6245 0.0747
0.6344 0.6170 0.8405

BriuncnuM petteHus Ge3 orpaHMyYeHU M C OrPAaHUYECHMSIMM Ha TIepPeMEHHBIC,
a TaKXe HOPMbI HEBA3OK:

[ Ab nnls{A, b) ] [norm(A * (A \ b) - b) norm(A * nnis(A, b} - b)]
-2.5627 0
3.1108 0.6929 0.6674 0.9118

Kak cneayer u3 pemienusi, Hepsi3ka /Ui pelleHUs Ge3 orpaHMUSHHUI MEHBIIe,
HO TIPY 3TOM OJIMH M3 KOMIIOHEHTOB BEKTOPA X OTPULIATEIICH.

HaiineM BeKTOp OBOUCTBEHHBIX MTEPEMEHHBIX Wi

[x, w] = nnis(A, b)

X = W=
0 -0.1506
0.6929 0.0000
Conymcemeyrowue gynxyuu: LSCOV, \,
Cebiaku:

1. Lawson C. L., Hanson R. J. Solving Least Squares Problems. Prentice-Hall, 1974.

LScov Meroa HAHMEHBLUIMX KBAJPATOB B IPHCYTCTBHH IIYMOB

Cunmakcuc:

x = Iscav{A, b, V)

[x, dx] = Iscov(A, b, V)
Onucanue:

DyHkuMs X = Iscov(A, b, V) Bo3BpaliaeT pellieHue X [Lisl CJACAYIOMEH CHCTE-
Mbl YpaBHEHHI: AX = b + v, IJle BEKTOp LIYMOB V MMEET MATPUILY KOBapHarui V.
PeuieHue MUHUMHU3UPYET 110 METONY HAUMEHbBILUX KBaIPaTOB CJASAYIOIYIO KBaj-
paTu4dHyro ¢Ghopmy:

(Ax - bY *inv(V) * (Ax - b).

Pewuenue 3apaum umeet Bua (1, 2}

x =inv(A’ *inv(V) * A) * A’ * inv(V) * b.

PeasibHO airoput™ 1OCTPOEH Tak, YTo oOpalleHMst MaTtpulibl V He tpebyercs.
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Qyukuus [x, dx] = Iscov(A, b, V) Bo3BpalyaeT CTaHOAPTHBIE IMOTPEINHOCTH
pelieHust X, BhIYUCAEMbIe 110 QopMyiaM
mse = B*(inv(V)-inv(V)*A*inv(A™inv(V)*A)*A™inv(V})*B./(m-n),
dx = sqri(diag(inv(A™inv(V)*A)*mse))
B BeKTopeE dx.
Conymcmeyroujue ynxyuu: QR, NNLS, \.
Ceviaku:
1. Strang G. Introduction to Applied Mathematics. Wellesley-Cambridge, 1986.

2. Anbept A. Perpeccus, NMCeBAOMHBEPCHS U peKyppeHTHoe oueHuBaHue: [lep. ¢ anrn. M.:
Hayka, 1977. 224 c.

BbiuucneHne cOBCTBEHHBIX 3HAYEHUI U CUHIYN[PHbLIX YUCen

EIG, CDF2RDF CoOcTBeHHBIe 3HAYEHHS H COOCTBEHHBIE BEKTOPHI MATPHIb

Cunmarcuc:
d = eig(A) d = eig(A, B)
[R, D] = eig(A) [V, D] = eig(A, B)

[R, D] = eig(A, ‘nobalance’}

[R, D] = cdf2rdf(R, D)
Onucanue:

ITpoGnema cOGCTBEHHBIX 3HAYEHUHA COCTOMT B HAXOXIECHUHM HETPUBHAIBHBIX
PEIIEHUN CUCTEMBI YPABHEHMA, KOTOpas MOXeT OBITb MHTEPIIPETUPOBAaHA KaK
anreOpanyeckKuil 3KBUBAJIEHT CUCTEMBl OOBIKHOBCHHBIX AU depeHIIMaNIbHBIX
ypaBHEHMI1 B iBHOU dopme Koruu:

Ar =Ar,
rae A - KBaJipaTHasi MaTpula Mopsaxa n;

I - BEKTOP-CTOJIOELl pa3Mepa 1xn, Ha3bIBAEMBIN coGCcmeeHHbIM 6eKMOPOM;

A - CKanap, Ha3bIBACMBIH COGCMEEHHbIM 3HAYEHUEM.

Oyukuug d = eig(A) BbIUHCAAET COGCTBEHHBIE 3HAYEHUA MaTpHLBI A.

Oyukuua [R, D] = eig(A) BbUMCIAET AUATOHATBHYIO Matpviy D COBCTBEHHBIX
3HaueHMHA ¥ Marpuly R mpaBbIX COOCTBEHHBIX BEKTOPOB, YIOBJIETBOPSIOLIMX
cooTHOlEHWIO A * R =R ™*D. 31U BeKTOPHl HOPMUPOBAHMI TaK, YTO HOPMa KaXIOIO
M3 HUX PaBHA CAMHULIC.

JleBble coGCTBEHHDbIE BEKTOPH! MOTYT OBITH HailIEHbI CIEAYIOIUMM 06pa3oM:

[L, D] = eig(A);

MaTtpuupl COOCTBEHHBIX 3HaY4eHUMH D mia A U A’ colepXaT OfHM U TE Xe
COOCTBEHHBIC 3HAYEHUSI, XOTA TNOPANOK MX CJICIOBAHUS MOXET ObITh pazjiMyeH.
Marpuuia JieBbIX COGCTBEHHBIX BEKTOPOB YIOBIETBOPSIET COOTHOMIEHMIO A’ * L =L * D,
[nst cornacoBaHusi HE3aBUCUMO HAMIEHHBIX CUCTEM IIPABBIX M JIEBBIX COOCTBEHHbBIX
BEKTOPOB CHUCTEMY JIEBBIX BCKTOPOB HEOOXOAMMO HOPMMPOBATH TaK, YTODBI CO-
6aroganocs yenosue L * R = eye(n,n).
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Oynkuus [R, D] = cdf2rdf(R, D) npeobpa3opblBaeT KOMIUIEKCHBIE BHIXOAbI (DYHK-
MU €eig B ACHCTBHIC/IbHbIC, ITIPU TOM KOMIUIEKCHbIC COOCTBEHHBIE 3HAYCHUS TIPe0s-
PAa30OBBIBAIOTCA B BIOKK pasMepa 2x2, a KOMIUICKCHAs MaTpUiia NPaBeIX COOCTBEHHBIX
BekTOpoB R ripeo6pa3oBbiBacTCA B JCUCTBUTENBHYIO, CTONOLEBI KOTOPOM, COOTBETCT-
BYIOUIMC JICHCTBUTEIIBHBIM COGCTBEHHBIM 3HAUEHHSIM, COXPAHSIOTCSA, a COOTBETCT-
BYIOILIME KOMIUIEKCHBIM - paciueruisiores Ha nsa: [Re(ri) Im(ri)].

ITpumep 1:

PaccMoTpuM Matpuily nopsiika 3 ¢ OQHHM JCHACTBUTCIBHBIM H NApOi KOM-
FUIEKCHO CONPSIXXEHHLIX COBCTBCHHBIX 3HAUEHUl M BBITOJHUM BBIMHCICHHUA
C UCNONBb30BAHUEM KOMIUIEKCHBIX MaTpyLL).

IMpumenss ¢ynkumio cdf2rdf, 311 e BBIYMCACHUA MOXHO PeaIM30BaTh, UC-
NONB3YS TONBKO HCHCTBUTC/ABHLIC MATPHUILBI, 4TO TIO3BOJSET 0ONEe IKOHOMHO
pacxogoBaTh I1aMsITh).

Oynxkuus [R, D] = eig(A, ‘nobalance’) BhiuMCAfeT COGCTBEHHBIE 3HAYECHMA
M coOcTBEHHbIE BeKTOpbI 0€3 NpeaBapUTEJbHOIO MAacCLUTaGHPOBAHMS MAaTpPHUIBL
OObIYHO MacLITAOMPOBAHUE YIyYIIACT OOYCIOBICHHOCTh MAaTpPHULBI, rapaHTHPYs
60JIBILYIO TOYHOCTh BbIYUCIIEHHH. OJHAKO KOrga MAaTpuia CONCPXKUT OYECHb Malbie
110 BEJIMYMHE BJIEMEHTHI, KOTOPbIE HaxoJsATcd B IMpeaesaxX OWKMGOK OKPYIICHUSA,
MaclUTabUPOBAHUE MOXET CACNATH UX CPABHUMBIMU C [IPYTUMU 3CMCHTAMU
MAaTpHIIbl, YTO B COCTOSHUM NPUBECTH K HETIPABHJILHBIM PE3y/ILTATaM.

[Ipumep 2:

PaccMOTpMM MaTpuily NOpsaaka 4, KOTOpast COACPXUT 3IEMEHTHI, CpPaBHUMbIC
C OLIMOKAMM OKPYTJICHMUSI.

3 -2 -0.9 2*eps
- -2 4 -1 -epsi.
—eps/4 eps/2 —1 ol
-05 -05 01 1
[RB, DB] = eig(B); RN, DN] = eig(B, 'nobalance');
DB = DN =
55616 0 0 0 5.5616 0 0 0
0 14384 0 0] 0 14384 0 0
0 0 1.0000 0O 0 0 1.0000 ©
0 0 0 -1.0000 0 0 0 -1.0000
norm(B * RB - RB * DB) = 1.24392 norm(B*RN- RN*DN) = 0.9957e-015

Kak crienyer u3 31010 npumepa, COGCTBEHHbIE 3HAYCHUS B O0OMX CITyYastX BbIYMC-
JICHbl TIPABWIBHO, HO HOPMbI HEBS30K PAIMYAIOTCS OYCHb CYILECTBCHHO, YTO CBUZE-
TEJILCTBYET O TOM, YTO CODCTBEHHbIE BEKTOPbI B [IEPBOM CJIYYae BbIMHC/CHBI HEBEPHO.

O6o61ueHHas 1pobsemMa COOCTBEHHBIX 3HAYEHUIH COCTOMT B HaXOXIECHHU
HETPUBUANTBbHBIX PEIUEHUN CUCTEMBI ypaBHEHUI

Ar = ABr,
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rae A, B - KkBagpaTHble MaTPUIIBI IIOpsKa N;

r - BeKTOp-CcTOJbel] pasMepa 1xn, Ha3bIBacMbI 0606uieHHbIM COOCIMBEHHbIM

8EKMOPOM;
A - CKaJIsip, HAa3bIBAEMBIIl 0600UeHHbIM COGCMBEHHbIM 3HAYEHUEM.
Boiuncienusi ¢ UCTIONb30BAHMEM KOMIUIEKCHBIX MATPUIL:

A= R= D=
2.0000 -2.0000 -0.6667 05747 +0.4598i 05747 -0.4598i 0.8827  1.7903 +1.7508i 0 0
0.6667 2.0000 -2.0000 04848 -0.3522i 0.4848 +0.3522i -0.3044 0 1.7903 -1.7508i 0
0.4000 0.6667 2.0000 -0.0659 -0.3080i -0.0659 +0.3080i 0.3580 O 0 2.4193
A= L= D1=
20000 0.6667 04000 0.5748 +0.4597i 0.5748 -0.4597i 0.8827  1.7903 +1.7508i 0 0
-2.0000 2.0000 0.6667 0.4847 -0.3524i 0.4847 +0.3524i -0.3044 O 1.7903 -1.7508i 0
-0.6667 -2.0000 2.0000 -0.0660 -0.3080i -0.0660 +0.3080i 0.3581 0 0 2.4193
L1= LI'*A*R=
-0.6802 +0.5849i -0.6802 -0.58491 1.2179 1.7903 +1.7508i 0 0
-0.6057 -0.4081i -0.6057 +0.4081i -0.4200 0 1.7903 -1.75081 0
0.0670 -0.3780i 0.0670 +0.3780i 0.4940 0 0 2.4193
R*A™L1 =
1.7903-1.7508i 0.0000 +0.0000i0.0000
0.0000-0.0000i 1.7903 +1.75080.0000
0.0000+0.0000i 0.0000 -0.0000i2.4193
BhIYKCiIeHHA ¢ UCIIONB30BAHUEM TOJBKO ﬂeﬁCTBHTCHLHbIX MaTpHLL
A= R= D=
2.0000 -2.0000 -0.6667 -0.2517 0.1893 0.3581 1.7904 1.7508 0
0.6667 2.0000 -2.0000 -0.5234 -0.2917 -0.3044 -1.7508 1.7904 0
0.4000 0.6667 2.0000 0.1756 -0.7148 0.8827 0 0 2.4193
A= L= D1=
20000 0.6667 0.4000 05748 0.4597 0.8827 17904 1.7508 0
-2.0000 2.0000 0.6667 0.4847 -0.3524 -0.3044 -1.7508 1.7904 0
-0.6667 -2.0000 2.0000 -0.0660 -0.3080 0.3581 0 0 24193
L= LI *A*R=
-1.3603 1.1698 1.2179 1.7904 17508 0
-1.2114 -0.8162 -0.4200 -1.7508 17904 0
0.1341 -0.7560 0.4940 0 0 2.4193
R*A*L1=
1.7904 -1.7508 0.0000
1.7508 1.7904 0.0000
0.0000 0.0000 24193

Ecnu B - HeBbIpoXAeHHast MaTPHULIA, TO CUCTEMa MOXET OBbITb PACCMOTpEHA
KaK ajirebpanyecKuil 3KBUBAJNIEHT CUCTEMbl OOBIKHOBEHHBIX TU(DGepeHIIMaTbHBIX
ypaBHEeHUi1 B HesiBHOM ¢dopMe Koy, a 3anaga MoxeT ObITE CBeeHa K OObIYHOM
npobsemMe cOBCTBEHHBIX 3HAYCHMIA

B'Ar=ar.

B cnyuae, xorga B - BBIpOXICHHAas Marpulla, CHCTCMA YpaBHEHWMH IIpei-
craBider coboil CMEILAaHHYI0 CUCTeMy auddepeHUHaATBHBIX U anreGpanyeckux
YPaBHEHMIT U IS ee pelleHUs HEODX0AMMO TIPUMEHATD CIIELIMAIbHbIE METOMDI.
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Qynxums d = eig(A, B) Boluncaser o6oGLieHHbIC COOCTBEHHBIE 3HAYEHMS
MaTpHLbI A.

Oyukuus [R, D} = eig(A, B) BbLIYUCASET AMAroHaNbHYKW Marpuny D 0606-
ILEHHBIX COOCTBEHHBIX 3HAYEHMHA M MAaTpULy R mnpaBbix 000GIIEHHBIX COGCTBEHHBIX
BEKTOPOB, YAOBJETBOPAIOIUX COOTHOWEHWI0O A*R=B*R*D. DTH BeKTOpHI
HOPMMPOBaHbI TaK, YTO HOPMAa KaX/[OTO U3 HUX PaBHA €MHMULUE.

Anzopumm:

Jis peficTBUTEIBHBIX MaTpULl GYHKIHUS €ig(A) UCMONB3YET CASLYIOLINE MO-
nynun nakera EISPACK [1,2]: balance, balbak, orthes, ortran u hqr2. Moaynu
balance u balbak cps3anpl ¢ ornepauysaMU MacUITAOUPOBAHUS U BOCCTAHOBJIE-
Hus; Moayp orthes ocyinecTsiasieT NpuBeAcHUe MaTpuilkl K dopme Xeccenbepra
TIOCPEACTBOM OPTOrOHANbHBIX MOAOOHBIX NMpeobpa3oBaHMit, MOAYIb ortran 3aro-
MUHaET Bce 1peobpa3oBaHus; Moayib hqr2 BEIYMCISET COOCTBEHHBIE 3HAYEHUA U
BEKTOpbI MaTpuilsl B BepxHed ¢dopme XecccHOcpra ¢ ucnosib3opanneM QR-
anroputma @pancuca u Kybnanosckoit [3].

Dynkuus eig(A, B) ucmonssyer gpyre Moaynu nakera EISPACK [1,2):
gzhes, qzit, gzval u gzvec, ocHOBaHHbIE Ha QZ-anropuTMe.

st KoMmiiekcHbix Matpuil GyHkuus eig(A) ucnonsdyer QZ-alropurM,
peurag 3afady B opme eig(A, eye(A)). '
Huaznocmuueckue coobujerus:

Ecaun B Teuenue 30°n uTepauuil cOOCTBEHHbIE 3HayeHUS He HailIeHBbl,
BplgaeTcs coobueHue

Solution will not converge.

Pewenue ne cxodumcs.

Conymcmeayrowue gynxyuu: BALANCE, CONDEIG, HESS, QZ, SCHUR.

Cebinxu:

I. Smith B. T., Boyle J. M., Dongarra J. J.,, Garbow B. S., Ikebe Y., Klema V., Moler
C. B. Matrix Eigensystem Routines - EISPACK//Guide. Lecture Notes in Computer
Science. Vol. 6. Berlin, 1976.

2. Garbow B. S., Boyle J. M., Dongarra J. J., Moler C. B.. Matrix Eigensystem Routines -
EISPACK Guide Extension//Lecture Notes in Computer Science. Vol. 51. Berlin, 1977.

3. YunkuncoH, PaitHui. CrnpaBouHrk anroputmoB Ha sizbike AJITOJI. JIuHeiHaa anre6pa:
[lep. ¢ anrn. M.: Mawmnnocrpoenue, 1976. 390 c.

4. Moler C. B., Stewart G.W. An Algorithm for Generalized Matrix Eigenvalue
Problems//SIAM J. Numer. Anal. 1973. Vol. 10. N 2.

CONDEIG Yuco 00yCI0BIEHHOCTH 324a4H HA COOCTBEHHbIE 3HAYCHHA

Cunmarcuc:
s = condeig(A)
[V, D, s] = condeig(A)
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Onucanue:

Dyukuus s = condeig(A) BEIYUCISET BEKTOP YKCET 00YCIOBIEHHOCTH 3a1aYu
Ha cCOBCTBEHHBIE 3HAYCHUS [UI MATpULIbl A. DTH YUCIa ONpEAensioTcS Kak 06-
paTHbIe 3HAYEHUST KOCUHYCOB YITIOB MEXY JIEBBIMUA U MPABBIMU COOCTBEHHBIMU
BEKTOpaMHM, COOTBETCTBYIOIIMMHM HEKOTOPOMY COGCTBEHHOMY 3HAUYEHUIO.

Oyuxuus [V, D, s] = condeig(A) 3KBMBaleHTHA NOCASAOBATENbHOCTH ABYX
oneparopos [V, D] = eig(A); s = condeig(A);.

bonbiive no BenuuuHe yncia 0OYCIOBIEHHOCTH 03HAYAIOT, YTO Marpuua A
UMeeT COOCTBEHHbIE 3HAUCHHUst, OJTM3KME K KPATHBIM.

Conymcemeyiowue gynxyuu:. BALANCE, COND, EIG.

BALANCE MacmraGapoBanyue MaTpHLUBI

Cunmakcuc:

B = balance(A)

[D, B] = balance(A)
Onucanue:

HecumMeTpuyeckue MaTpULbl MOTYT TNMPOSIBJIATH IUIOXYIO OGYCIOBIEHHOCTh
fIpU BBHIYKMCIEHUM KX COOGCTBEHHBIX 3HAUCHUK. Masjple BO3MYLIEHHS I1EMEHTOB
MaTpULbl, TaKMe, KaK OLIMOKM OKDYIJICHHS, MOIYT BBI3BIBATh 3HAUMTEJIBHEBIC
TIOIPELIHOCT B COOCTBEHHBIX 3HA4YeHMsiX. BenuuMha, CBA3BIBAIONIAS TOTPELIHOCTD
BBIYUCIEHUST COOCTBEHHBIX 3HAYEHHMH C IOTPEIIHOCTBIO MCXORHBIX JAaHHBIX, Ha-
3BIBACTCS YUCAOM 06YCAO6AEHHOCMU 3A0a4u HA cOGCMeeHHble 3HAYeHUS N BbIYUCIISI-
€TCS CIeNYIOUUM 06pa3oM:

k = cond(R) = norm(R) * norm(inv(R)),
rae [R, D] = eig(A).

Lens MaciutabMpoBaHUS - TIEPEBECTM IUIOXYHO OOYC/IOB/IEHHOCTh MaTPULIbI
COOCTBEHHBIX BEKTOPOB B JAMArOHaJbHOE MaclITabupoBaHWe. MaciutabupoBaHue
HE MOXET NPEBPaTUTh HECHMMETPUYECKYIO MATPHILLy B CUMMETPHYECKYIO, HO JE/1aeTCs
IOMNbITKA BBIPABHSTH HOPMBI CTPOK M COOTBETCTBYIOIIMX CTOJIO1O0B. [TockosbpKy mMac-
1UTAOUPOBAHUE PEATU3YETCA BBEACHHUEM MHOXUTEICH, KOTOpPHIE SRJIAIOTCH Crere-
HSIMM OCHOBAHHSI 2, TO HUKAKUX OLIMOOK OKPYIJICHHS FIPU 3TOM HE TIPMBHOCHTCS.

Oyukuus B = balance(A) Bo3BpallaeT MaclITabUPOBaHHYIO MaTpHILy.

Dyukiusa [D, B] = balance(A) kpoMe MaciuTabMpOBAHHOM MAaTpULIbI BO3BPALLIAET
TAKKE [MAarOHAJIBHYI Marpuiy D, 3j1eMEGHTHI KOTOPO# ABJSIOTCA CTEICHSIMH
OCHOBaHus 2; Marpuua B - 310 pe3yabTar 11peobpasoBaHus nogodus

B=D\A*D.

DyHKuMs eig(A) apToMaTHYeCK MaciTabupyeT A repeji BHIMUCIEHUEM ¢O0-
CTBEHHbIX 3HaucHui D. MacilutabupoBaHUC MOXHO IOIABUTB, CCJAM MCIO/B30BATH
obpamienue Buna eig(A, ‘nobalance’).
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Tpumep:
PaccMotpum Marpuuy riopsiika 3, kotopass MMeeT GonbILOH pa3opoc 3HaYeHMH
3JICMEHTOB - BOJIBLIME HAJIAUATOHATIbHBIE Y MAJIBIE TTO/TUATOHANILHBIE 3JIEMEHTHI.

A= 1 100 10000

0.01 1 100

0.0001  0.01 1
BoiuyHCIUM COBCTBEHHBIE 3HAYCHHUSA M BCKTODBI MATPULIBI A.
[RA, DA] = eig(A)

A= A= DA =
1.0e+004*
0.00010.01001.0000 0.9989 -1.0000 -0.9988  3.00000 0
0.00000.00010.0100 0.0100 0.0054 0.0209 0O 0.00000
0.00000.00000.0001 0.0001 0.0000 -0.0001 O 0 0.0000
cond(RA) = 1.4073e+004
Marpuiia cobcTBeHHbIX BEKTOPOB IJIOX0 0OYyCIIOBICHA.
BpinonHuM MacitabupoBaHUE MaTpHLB! A.
[D, B] = balance(A) .
A= D= B=
1.0e+004 * 1.0e+003 *
0.0001 0.0100 2.0480 0 0 1.0000 1.5625
1.0000 0 0.0320 O 1.2207
0.0000 0.0001 0 0 0.0003 0.6400 1.0000
0.0100 cond(D) = 8192 0.7813
0.0000 0.0000 0.8192 1.2800
0.0001 1.0000

Hocne MaciuTabupoBaHus 3HAUYCHUS SAEMCHTOB MaTPUibsl B OKazanuch
BbIpPABHEHHBIMU 10 BEJTUYUHE.

BbIyHCIUM COBCTBEHHBIE 3HAYEHUS U BEKTOPHI MaTpHLb! B.

[RB, DB] = eig(B)
B= RB = DB =
1.0000 1.5625 1.2207 0.6933 -0.8903 - 3.0000
0.6400 1.0000 0.7813 0.5274 0
0.8192 1.2800 1.0000 0.4437 0.3070 0
0.7064

0.5679 0.3364 -
0.4721
cond(RB) = 1.9381

Martpuua coBCTBEHHBIX BEKTOPOB O4eHb Xxopoilo obycnosneHa. [Inoxas oOy-
CJIOBIEHHOCTh CKOHLICHTPUPOBAHA B JHArOHaNIbHOMH MaTpuue MaclurabupoBaHus D.
Anzopumm:

OyHkuMa balance siBnsieTcst  BCTpOeHHOW  YHKUMEH HMHTEpIpeTaTropa
MATLAB; oHa MCITO/Ib3yeT aJTOPUTMbI, NEPBOHAYAJIbHO HAaNUCAHHLIC Ha fA3bIKE
ANTOJT {1], a 3arcM peaJM30BAHHBIC HA s3bike Fortran B COCTaBe MNakera
EISPACK: balance, balbak [2].
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Ozpanutenusi:
OO6BIYHO MacLUTAOMPOBAHUE YITy4IlaeT O0YC/IOBICHHOCTh MATPUIIBI, TapAaHTUDYS

GOJBIIYIO TOYHOCTb BhiuMCIeHuH, OOHAKO KOraa MaTpULA COACPXKUT OUEHB MAaibic
10 BeJIMYMHE IEMEHTHI, KOTOPbIC HAXOAATCS B IIpedesnax OLIMOOK OKpYIJICHMS,
MAcCIUTAOMPOBAHUE MOXET CAE/IATh UX CPABHUMBIMH C JPYITUMU SJIEMEHTAMM MaTpUlbl,
4TO B COCTOSTHMM IIPUBECTU K HENPABWILHBIM Pe3yJIBTaTaM.

LHuaenocmuveckue coobujenus.
Ecnu Marpuua He KBajfpaTHas, BhIIAETCS COODIIEHUE
Matrix must be square.
Mampuya doaxcna 6bims keadpamuoil.
Conymcmeyrowue pynxyuu: EIG, HESS, SCHUR.
Ceblaxu:
1. YwnkuncoH, Paitim. CnpaBoyHMK airoput™oB Ha sa3bike AJITOJL. Jluneinas anreGpa:
Iep. ¢ anrn. M.: MawmHoctpoeHue, 1976. 390 c.

2. Garbow B. S., Boyle J. M., Dongarra J. J., Moler C. B. Matrix Eigensystem Routines -
EISPACK Guide Extension//Lecture Notes in Computer Science. Vol. 51. Berlin, 1977.

PLANEROT [Ipeobpazobanne I'npenca

Cunmakcuc:

[G, y] = planerot(x)

Onucanue: )

Oyukuus [G, y] = planerot(x), rue X - BeKTOp-CcTON6EL U3 ABYX KOMIIOHEHTOB,
BO3BpAllacT OPTOTOHANIBHYIO Matpuily G mopsanka 2, Takyl, YTO BHIIOJIHACTCS
ycaoBue y = Gx n y(2) = 0.

[Ipeobpaszosanue [MBeHCa MPUMEHSETCA VTSI UCKIIOYEHHA JIEMEHTOB MATPHUIIBI
C LeJbI0 ee MpuBejcHUs K Oosice npocroi (opme (XeccenbGepra, Tpexamaro-
HaJbHOM U T. IL.).

Conymemayrougue gynxyuu; QRDELETE, QRINSERT.

E_—_—I [Ipueenenne x dpopme Xeccenbepra

Cunmaxcuc:

H = hess(A)

[P, H] = hess(A)

Onucanue:

Qynxuus H = hess(A) BosspaluaeT Matpuiy B BepxHell dopme XecceHbepra,
9JIEMEHTH KOTOpoi hij ¢ HOMepaMK i > j+ 1, TO €CTh PACTIOOXCHHBIE HIKE MEPBOI
TIO/INAroHasNN, PaBHbl HyM0. Eca Matpuna A cuMMeTpuueckass WM DPMHUTOBA,
TO MaTpula XecceHbepra BHIPOXKAAETCS B TPEXAMATOHAIBHYIO.
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®ynkuust [P, H] = hess(A) kpoMe MaTpulisl B BepxHeit dopme XecceHbepra
BO3BPALIACT TAKXKE YHUTAPHYIO MaTpuuly npeoOpasosanuit P, xoropasi ygoshe-
TBOPSICT YCIIOBUSIM

A=P*H*P, P *P =eye(size(A)).
[pumep:

PaccMmorpum npusegeHue MaTpuinsl A = magic(5) pasMepoM 5x5 K BepxHei

¢opMe XecceHbepra.
A = magic(5), H = hess(A)

A= H=
17 24 1 8 15 17.0000 -28.9413  1.8470 -4.4603 2.2572
23 5 7 14 16 -27.6767 33.9399 26.1875 -2.2280 1.2675
4 6 13 20 22 0 25.0964 20.6871 -6.6055 -0.1973
10 12 19 21 3 0 0 -5.9630-16.8163-12.4454
1 18 25 2 9 0 0 0 -9.0122 10.1893
Aneopumm:

Jina nedcTBUTEBHBIX MaTpuLl GYHKUMA hess(A) MCITONB3yeT CiIeayIoLHe MOIY-
1 nakera EISPACK [1-2]: ortran u orthes. Moaysns orthes ocyllecTrisieT NIpuBeaeHHe
Matpuipl K BepxHel ¢opMe XecceHbepra IOCPEACTBOM OPTOIOHATBHBIX IONOOHBIX
npeobpa3oBaHMit; MOIYITH ortran 3aIIOMMHAET BCE NPeoOpa3OBaHMUsl.

Hisa koMiutekCHbIX marpuul GyHkuus hess(A) wucronbp3yeT Moayib qzhes
nakera EISPACK.

Conymemeyrwwue @yukyuu; EIG, QZ, SCHUR.

Ceobiaku:

1. Smith B. T., Boyle J. M., Dongarra J. J., Garbow B. S., lkebe Y., Klema V., Moler
C. B.. Matrix Eigensystem Routines - EISPACK Guide//Lecture Notes in Computer
Science. Vol. 6. Berlin, 1976.

2. Garbow B. S., Boyle J. M., Dongarra J. J., Moler C. B.. Matrix Eigensystem Routines -
EISPACK Guide Extension//Lecture Notes in Computer Science. Vol. 51. Berlin, 1977.

[ SCHUR, RSF2CSF | IIpusenenne x dopme Ilypa

Cunmakcuc:

T = schur(A)

[U, T] = schur(A)

[U, T] = rsf2csf(U,T)
Onucanue:

®yukuuna T = schur(A) Bosppawaer marpully B dopme Illypa. Komnaexcuas
gopma Illypa - 3TO BepXHAs TPeyrojbHas MaTpUla ¢ COOGCTBEHHbIMKM 3Haye-
HUSIMM Ha [MAroHanu; deticmeumensras Gopma Ilypa coxpandeT Ha AMArOHAIU
HCACTBUTCAbHBIE COOCTBEHHBIC 3HAUYCHUS, 4 KOMIUICKCHDIC NPEACTABALIOTC B BUNE
6/10KOB 2x2, YACTUYHO 3aHMMAas HIDKHIOKI TOAAMATCHAb.
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®yuxums [U, T} = schur(A) xpome marpuunl [Ilypa T Bo3BpaluacT Takxe
YHUTapHYIO MaTpHily npeobpa3oBaHuil U, KoTopas YAOBJIECTBOPSET YCAOBUSIM

A=U*H*U, U *U = eye(size(A)).

Ecnu ucxoiHasg marpuua A JeHCTBUTEIbHAS, TO BO3BPALLAETCS delicmeumenshas
gopma lypa, ecnu KOMIUIEKCHAsA, TO Komnaekchas gopma [lypa. Oynxumu cdf2rdf
u rsf2csf obecrnieunsalor rpeobpazopaHue U3 ONHON QOPMEI B IPYTYIO.

Oyukuusa [U, T} = rsf2esf(U, T) npeobpa3obiBaeT ICHCTBUTENBHYIO KBA3UT-
peyronbHyio ¢opmMy Iilypa B KOMIUIEKCHYIO TPEYTOJIBHYIO.

Ilpumep:
PaccMOTpUM MNpUBE/iGHHE TECTOBOM MATpPMLBI C [BYMS KDAaTHbIMH KOM-

TUICKCHBIMUY M OJHUM JCHUCTBUTCIBHBIM COOCTBCHHBIM 3HAYCHMSMH K ACUCTBU-
tenpHOM ¢opme Llypa [11.

A=
15 11 6 -9 -15
1 3 9 -3 -8
7 6 6 -3 -11
7 7 §5 -3 -11
17 12 5 -10 -16
[U, T} = schur(A)
U= T

0.2868 0.0207 0.7227 0.2502 -0.5766 -1.0000 20.1766 4.8432 33.1468 -15.2146
0.4854 0.4640 -0.5919 0.1372 -0.4241 -0.0399 -2.0829 -2.2176 8.8043
0.4192 0.0148 0.0802 0.6744 0.6023 7.2596 3.0399 10.1089 -10.9556
0.3530 0.5466 0.3290 -0.5861 0.3533 0 0 07171 2.7149
0.6178 -0.6966 -0.1129 -0.3467 -0.0096 0 0 -4.9221  2.2829

[TpeoGpasyeM OeiCTBUTENbHYIO KBa3uTpeyronpHyw ¢opmy ILlypa B xom-
TUIEKCHYIO TPEYTOJILHYIO.
[U1, T1] = rsf2csf(U, T)
Ut=
0.2868 0.6332 +0.0090i -0.1534 -0.3133i 0.4310 + 0.14571 0.2745 + 0.3358i
0.4854 -0.6085 +0.2012i -0.2984 + 0.2566i 0.3230 +0.07991 0.1643 + 0.2470i
0.4192 0.0680 + 0.0064i -0.0280 - 0.0348i -0.5696 + 0.3928! 0.4645 - 0.3508i
0.3530 0.1878 +0.2370i -0.5434 -0.1426i -0.2088 - 0.3413l -0.5156 -0.2058i
0.6178 0.0307 -0.3020i 0.6352 + 0.0490i 0.0520-0.20191 -0.2771 + 0.0056i
T1=
-1.0000 0.4967 +8.7481i -18.6913 - 2.0999i 7.9820 +19.3046! 28.5534 + 8.8610i

cooog

0 1.5000 +3.57071  -5.8300 - 1.5148i 7.3239 + 8.3731l 6.7070 + 7.8425i
0 0 1.5000 - 3.5707i  2.0252 + 3.29141  -1.9851 + 7.4522i
0 0 0 1.5000 + 3.5707I 2.4562 + 1.1359i
0 0 0 0 1.5000 - 3.5707i
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Aneopumm:

st neficTBUTENBHBIX MATPHLEL (DyHKLMST sChur(A) UCTIONB3YET CICAYIOILME MOJLY/IA
nakera EISPACK [2,3]: ortran, orthes 1 hqr2. Moayib orthes ocyiliecTRIsIeT pUBEACHHE
MaTpuubl K BepxHed ¢opme XecceHbepra MoCpeCTBOM OPTOTOHATBHBIX MOAO0OHBIX
npeobpa3oBaHMit; MONYIb ortran 3aloMUHAET Bce NnpeobpazoBaHud. Moayiab hqr2
BbIYUCHSIET CODCTBEHHbIE 3HAYCHUSI MaTpHULbl B BepxHel ¢opMe XecceHbepra Ha
ocHoBe QR-anropurma PpaHcuca - KybnaHOBCKOIA.

s koMIuieKcHbIX MaTpull GpyHKuMA schur(A) ucnons3yer Monyid qzhes,
qzit, gzval v qzvec nakera EISPACK.

Conymcmeyrouue @ynkyuu: HESS, EIG, QZ.

Cevinxu:

1. YunkuncoH, PaitHut. Cnpasounux aszopumsos na azvike AJATOJI. Jluneinas ancebpa:
Iep. ¢ anrn. M.: MawuHoctpoenue, 1976. 390 c.

2. Smith B. T., Boyle J. M., Dongarra J. J., Garbow B. S., Tkebe Y., Klema V., Moler
C. B. Matrix Eigensystem Routines - EISPACK Guide//Lecture Notes in Computer
Science. Vol. 6. Berlin, 1976.

3. Garbow B. S., Boyle J. M., Dongarra J. J., Moler C. B. Matrix Eigensystem Routines -
EISPACK Guide Extension//Lecture Notes in Computer Science. Vol. 51. Berlin, 1977.

IpuBenenne napsi MaTpuy K 0006mwenHoi ¢opme Ilypa

Cunmaxcuc:

[AA, BB, Q, Z, V] = qz(A, B)
Onucanue:

Muorre 3agayu JIMHEHHOW anreOpsl - pellleHHe MATPUYHBIX YpaBHEHUM
CwibBecTpa M Pukkaru, cMelaHHbIX cHCTEM AuddepeHIIMANBHBIX X JIMHECHHBIX
anredpanyeckux YpaBHEHUMH - NPUBOAAT K HEOOXOAMMOCTH OIHOBPEMEHHOTO
npuBeeHUa napsl MaTpull K dopme Hlypa.

Dynkuus [AA, BB, Q, Z, V] = qz(A, B) Bo3BpalliacT KOMIUIEKCHBIE BEPXHHE
TPeyrosibHbie Marpuilsl AA U BB, coortBercTByOlMe MATpulibl npuBegeHus Q
n Z, a TaKxKe BeKTOop 00001LCHHBIX COOCTBEHHBIX BEKTOPOB V, TaK YTO

Q*A*Z=AA;

Q*B*Z=BB.

O6001UeHHbIE COOCTBEHHBIE 3HAYCHUA MOTYT ObITh HaiIcHBI MCXOAS U3 Clie-
AYIOLLIETO YCTIOBMSL:

A*V * diag(BB) = B * V * diag(AA).

Hpumep:

Hna cuctemsl 0ObIKHOBEHHBIX JuddepeHIMANBHBIX YPABHEHUN B HESABHOM
dhopme Koin ¢ oiHUM BXOOOM M OJHUM BBIXOJOM

Qx+Rx =bu;

y= ¢ x+du
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3aJayy BRIYMC/ICHHUS MOMIOCOB M HYJiC COOTBETCTBYIOLUEH NepegaToyHON PyHKLUNH
ONPpEIeSIOTCs CIeAYIOIUM obpasoMm [1]:
«  BBIYMCJICHUE TOJIOCOB:
Rr = -AQr;
«  BBIYUCJICHME HYJICH:

-R b _./Q 0
[CT d}r~k[o O}r.
HetpyaHo BuieTh, 4TO 00e 3ajauu TpeOyloT peureHus 00OBLUIEHHO#N mpo-

61eMbl COOCTBEHHBIX 3HAYCHUM.
Onucanue cucmembt:

Q= R= b=
1.0000 O 1.1190 -1.0000 31.0960
0.1920 1.0000 36.4800 1.5380 0.1284

C=[0.6299 0} d=-0.0723

Pacuem nonrocos:
[AA, BB] = qz(R, -Q)

BB = diag(AA) /diag(BB) =
55030+ 27975 24.8121-253646i -0.6457 + 0.7622i -0.1337 + 0.1378i -1.4245 - 6.0143i
0.0000+0.0000i 5.5158-2.8036i 0 -0.6471 - 0.7638i -1.4245 + 6.0143i

Pacuem nyneii:
A=[-R b B=[ -Q zeros(size(b))
C d] . zeros(size(C)) 0 ]
-1.1190 1.0000 0.1284 -1.0000 0 0
-36.4800-1.5380 31.0960 -0.1920 -1.0000 O
0.6299 O 0.0723 0 0 0
[AA, BB] = qz(A, B)
AA = BB = diag(AA)./diag(BB) =

31.0963 -0.7165 -36.5109 0 0.9860 -0.2574 Inf .

0.0000 1.0647  0.9229 0 0.0657 0.9964 16.2035
0 0.0000 0.5119 0 0 -0.0354 -14.4735

Anzopumm:

CpenctBoM BorumcieHust ¢opMel Illypa juis nmapel marpun {A, B} seasercs
co3naHHbiii Moynepom u CrbloapTom QZ-anroput™ [2,3], KOTOPBIA pealiu30BaH
B pamkax naketa EISPACK [4] u ucnone3yetr Mmoaynu qzhes, gzit, qzvai u qzvec.
Conymcmeytowue gynxuyuu: EIG.

Cebinku:

1. Moremxun B.T., Kyryzosa TI. H. OcoGeHHOCTH uCCredOBaHUS  JUCKPETHO-
HEMpepHIBHBIX KOMITNeKcoB Ha DBM: Vueb. nocobue. M.: MUDU, 1988. 56 c.

2. UxpamoB X. 1. Yucaennoe pewenue mampuunwix ypasnenuti. M.: Hayka, 1984, 192 c.

3. Moler C. B,, Stewart G. W. An Algorithm for Generalized Matrix Eigenvalue Prob-
lems//SIAM J. Numer. Anal. 1973. Vol. 10. N 2.

4. Garbow B. S., Boyle J. M., Dongarra J. J., Moler C. B. Matrix Eigensystem Routines -
EISPACK Guide Extension//Lecture Notes in Computer Science. Vol. 51. Berlin, 1977.
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POLYEIG Buryuciaenue cOOCTBEHHBIX 3HAYCHHIl MATPHYNOTO NOMHHOMA

Cunmaxcuc:

[R, d] = polyeig(AQ, A1, ..., Ap)
Onucanue:

Oynkuus [R, d] = polyeig(A0, A1, ..., Ap) peluaeT MoJiHyIo 1pobiaeMy cobcet-
BEHHBIX 3HaYCHUI1 UIS1 MATPUYHOIO NOJTMHOMA CTENEHH P BUAa

(Aot A*AT+ L +AP*A)*r=0.

BxonHeiMU niepeMeHHBIMM 3TOM (YHKUMKM SBJISTIOTCA p+1 KBaapaTHas Marpyua
Ao, Aq, ..., A, iopsizka N. BbIXOOHBIMM MEPEMEHHBIMU - MATPHLId@ COOCTBCHHBIX BEK-
TOpOB R pazMepa nx{nxp) ¥ BEKTOP COOCTBCHHBIX 3HAYCHMI d JUIMHBI NXP.

it HEKOTOpbIX 3HAYeHHMH p M N ¢QyHKUMA polyeig CTAHOBUTCH PABHOCHIIBHOM
ApyruM QYHKIMSIM cUcTeMbl MATLAB:
« p=0, dyakuus polyeig(A) paBHOcHIbHA (DYHKIUU eig(A);
. p=1, dyuxuus polyeig(A, B) paBHocHnbHA QyHKLHH eig(A, -B);
. n=1, byHkuus polyeig(a0l, af, ..., ap) wis ckansapos ao, ..., ap, paBHOCHIILHA

dyaxumu roots(fap .. a1 a0]).
Anzopumm:

3amaya CBOMUTCH K pElICHUIO 00001IeHHOI NpobieMbl COOCTBEHHBIX 3HAYCHUI
U1 Tiapel Matpull A M B niopsaka n x p. B yactHoM ciyyae, xoraa p = 4, 3TH
MaTpHULBI UMEIOT BULL

00 o T T T
A=lo o i o] B 0 o | 0o |’
0 00 | 0 0 O |

Ecnu ogHa (HO He obe) U3 MaTpull Ag WIH A, BBIDOXIEHHA, TO HEKOTODBIE
M3 COOCTBEHHBIX 3HAYEHHMM MOTYT OKa3aThCSl PaBHBIMH HYJIO WK Inf.

Ecnm obe matpuupbl Ag ¥ A, BHIPOXICHHBI, TO 3a/a4a OKasblBaecTCs IUIOXO
obycnoBneHHoi. C TOUKM 3DCHHUS TEOPUM 5TO O3HAYAET, YTO PELICHUS MOXET
HE CYLIECTBOBATH WM OHO MOXeT ObiTh HeeHAMHCTBEHHBIM. C BLIYACIUTENbHOMK
TOYKHM 3PEHHS PELUCHUE MOXET OKA3aThCs HETOUHbBIM.

B anropurMme chenaHa TONBITKA BbIABUTb 3Ty CUTYaUMIO U C(HOPMHUPOBAThH
COOTBETCTBYIOLUEE TPEAYIPEXACHHUE.

Huaenocmuueckue coobujenus:

Ecnu 0obe Matpuubl Ag n A, GJIM3KM K BBIDOXKIEHHBIM, BbIAAETCS COOOILEHUE

Warning: Rank deficient generalized eigenvalue problem.

Eigenvalues are not well determined. Resuits may be inaccurate.
lIpedynpexcdenue: Henoanwii pane dns 0600ueniold npobnemst.

Cobcmeennbie 3navenus naoxo obycioéaensi. Pezyasmam moxcem Goimb HemoyHsIM.

Conymcmeyrowue gynxyuu: EIG, QZ.
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SVD CHHrYAApHOE PA3JI0KEHHE MATPHILbE

Cunmaxcuc:

s = svd(A)

[U, S, V] = svd(A)

[U, S, V] = svd(A, 0)
Onucanue:

Ecnu A - neifctButensHas Marpuuia pasMmepa mxn (m = n), TO €€ MOXHO
NpeACTaBUTh B BUAE [1]:

A=U*S*V',
e U'U=V*V' =1,uS = diag(sy, ...Sn).

Taxoe pa3ioXeHUEe Ha3bIBACTCS CUHZYAAPHBIM PA3AONCEHUEM Mampuysl A.

Marpuua U chopMupoBaHa U3 N OPTOHOPMUPOBAHHBIX COGCTBEHHBIX BEKTO-
POB, COOTBETCTBYIOIUMX N HAUGOMBLIMM COGCTBEHHBIM 3HAYCHMSIM MATPHLIEI AAT,
a Matpuua V - U3 OPTOHOPMHMPOBAaHHBIX COOCTBEHHbLIX BEKTOPOB MaTpPHULbI ATA.
JuaroHasHbIC JIEMEHTH MAtpULB S - HEOTPMLATE/bHbIE 3HAYEHHMS KBAJPATHBIX
KODHEl M3 COGCTBEHHBIX 3HAYCHMil MAaTPULIBI A'A; OHM Ha3BIBAIOTCS CUHeYAAp-
HbIMU HUCAaMU.

HdonyctuM, 4yTo S48 2 ... 2 5,2 0. Ecnu paHr marpuiisl A paBseH I, TO 3Ha-
YEHUSA Speq = Spe2 = ... =5, = 0.

Cyuecrpyet apyroe, 6ojee 3KOHOMHOE CUHIYISIDHOE Pa3ioKeHHUE:!

A=U*S,*V,, .
rge U U, =V, *V, =, uS, = diag(sy, ..., s/).

OyHkuKA s = svd(A) BEIYUCASIET TONBKO CHHTYIAPHBIE YHUCIA MATPULIBL A,

Oynkupst [U, S, V] = svd(A) BEIMHUCISIET AUATOHATBHYIO MATpPUIly S TeX Xe pasme-
POB, KOTODbIE MMEET ¥ MaTprlia A C HEOTPHLIATE/IbHBIMU IMATOHATBHBIMU 9/IEMEHTAMI
B NOpAAKE UX YOBIBAHKS, A TAKKE YHMTAPHBIE MATPULIbI Npeobpa3oBanuii U n V.

Oyuxuus [U, S, V] = svd(A, 0) BBITIOIHSAET 3KOHOMHOE CHHIYISIPHOE PaloXeHHeE.
Anzopumm:

®ynkuus svd(A) ucrionb3yet Moayinb svd nakera LINPACK [4].
Huaznocmuyeckue coobuenus:

Ecnu B TeueHue 75 urepauuit QR-11peoOpa3oBaHKsi CUHIYJIIPHbIE 3HAYEHHUS

HE HaWACHBI, BBIAAETCS COODLIEHUE

Solution will not converge.

Pewenue ne cxodumes.

Ilpumep 1.

PaCCMOTpMM APSAMOYFOJBHYIO MAaTpUlLly pa3Mepa 4x2.
A=

~NOTWw —
AN
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7. MaTpuuel u nuHeliHas anrebpa

TTonHOE CHHIYIAPHOE PasioXeHHE
[U, S, V] = svd(A)

U= V= S=
0.1525 0.8226 -0.3945 -0.3800 0.6414 -0.7672 14.2691 0
0.3499 0.4214 0.2428 0.8007 0.7672 0.6414 0 0.6268
0.5474 0.0201 0.6979 -0.4614 0 0
0.7448 -0.3812 -0.5462 0.0407 0 0
DKOHOMHOE CHHEYJIAPHOE Pa3OXCHUC
[U, S, V] =svd(A, 0)
U= V= S=
0.1525 0.8226 0.6414 -0.7672 14.2691 0
0.3499 0.4214 0.7672 0.6414 0 0.6268

0.5474 0.0201
0.7448 -0.3812

[Ipumep 2:
PaccMoTpuM MaTpuily mopsaka 5, KoTopad B IIpefieflax OLIHGOK OKpyriaeHus
HMMCET TOJIBKO HyJIeBble COOCTBEHHBIC 3HAYCHMS [2].
A = chebspec(5)
A= 5.5000 -6.8284 2.0000 -1.1716 0.5000
1.7071 -0.7071 -1.4142 0.7071 -0.2929
-0.5000 1.4142 0.0000 -1.4142 0.5000

0.2929 -0.7071 1.4142 0.7071 -1.7071
-0.5000 1.1716 -2.0000 6.8284 -5.5000

[U, S, V] = svd(A"3)

U=
0.5774 -0.4472 -0.5412 0.2121 0.3588
0.4082 -0.4472 0.2245 -0.2794 -0.7106
0.0000 -0.4472 0.6753 -0.1695 0.5614

-0.4082 -0.4472 0.0819 0.7588 -0.2256
-0.5774 -0.4472 -0.4404 -0.5220 0.0159

S=

155.5378 0O 0 0 0

0 32.8634 O 0 0

0 0 0.0000 0 0

0 0 0 0.0000 0

0 0 0 0 0.0000
V=

0.2673 -0.4082 0.6267 -0.5498 0.2588
-0.5345 0.5774 0.0315 -0.4589 0.4115
0.5345 0.0000 -0.5883 -0.1319 0.5923
-0.5345 -0.5774 -0.0528 0.3475 0.5073
0.2673 0.4082 0.5074 0.5908 0.3943
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semilogy(svd(A?)) plot(eig(A?)
104 4)(10‘5

10% g
10° |
107 ¢

2
-4
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5
8

L o 05 ] 0.5
2 3 4 5 «10°

N3 ananu3za rpadMKoB ClAeAYyeT, YTO 3 CHHIY/ISIPHBIX UMC/IA MMEIOT 3HAYEHUs
MeHbie 10™ M CYLIECTBEHHO OTIMYAIOTCS OT OCTAIBHDBIX; COGCTBEHHbBIE 3HAYCHHS
HaXoAqTCs B Kpyre paauycom 0.5* 10'6, TO €CTh SBJISIOTCS KpaTHbiMu. Jledexr
matpuipl A pasen 3.

B paccMmarpuBaeMoM cirydae 3TO 03HAYaeT, 4To uMeeTcst 3 KiteTku 2KopaaHa, rops-
JIOK KOTODBIX IMoKa Heu3secTeH. [IpumMensist makeT nporpamm JORD {3], MOXHO ycraHo-
BUTb, YTO B IAHHOM CJIy4ac MMCEETCSl OlHA KJIETKA 1-TO U JIBE KJIETKM 2-TO [TOPSIKA.

Conymcmeyrowue ynxyuu: GSVD, SVDS.
Cevlaxu:

1. YwunkuncoH, Paitnul. CripaBoyHHUK anropurmoB Ha sasbike AJITOJI. JIuxeitnast anreOpa:
Ilep. ¢ anmt. M.: MaumHocTtpoeHue, 1976. 390 c.

2. Higham N. J. The Test Matrix Toolbox for MATLAB (version 3.0)//Numerical Analysis
Report. Vol. 276. Manchester, 1995.

3. TotemkuH B. . [lakem npoepamm JORD. M.: MUODH, 1995.

4. Dongarra J. J., Bunch J. R., Moler C. B., Stewart G. W. LINPACK User’s Guide.
Philadelphia, 1979.

GSvD O60o0mennoe CHArYIAPHOE PA3NOKEHHE MATPHILI

Cunmaxcuc:

[U,V, X, C, S] =gsvd(A, B)

[U,V, X, C, S]=gsvd(A, B, 0)

sigma = gsvd(A,B)

Onucanue:

Oyukuus [U, V, X, C, S] = gsvd(A, B) Bo3BpalliaeT yHHUTapHble MaTpubl U 1 V,
KBaApaTHYO (Kak Mpaswio) Marpuily X ¥ HEOTPMUATEIbHbIE IMarOHA/IbHbIE MATPULIbI
C 1 S, Takue, 4TO CIPABEIIMBbI CICAYIOIME COOTHOLUCHHNS

A =UC*X,
B = V*S$*X;
C*C+8”"S=1.
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Martpuubl A u B 10XHBI UMETb OJUHAKOBOE KOJNMYECTBO CTOADIOB, HO MOIYT
MMETh Pa3HOE KOJMYECTBO CTPOK; ecli A - MaTpuMia pasMepa mxp, a B - pasmepa
nxp, 1o U - pasamepa mxm, V - pazMepa nxn, X - pasMepa pxq, rae g = min{m+n, p).
Henysesbie anemMeHThl S Beerna pa3MellicHBI Ha iaBHOM auaroHanu. Ecnu m 2 p, to
HeHyJjieBble 2jieMeHThl C TaKXe pasMellleHbl HA TIABHOU JMaroHajiu; eciii m < p,
TO HEHY/EBBIE 3JIEMEHTHI pasMmelialorcs Ha auaroHamu diag(C, p-m). Dro no3sonser
YIIOPSIIOUUTh JMArOHATBHBIE 3JIEMEHTHl TaKMM 00pa3oM, 4toObi CHHTYJISPHBIE
4KCJla pacrno/iaraiuch B HEyObIBAIOILEM MOPSIIKE.

Dyukuus [U, V, X, C, S] = gsvd(A, B, 0) peanusycT 3KOHOMUYHOE DA3NOXKEHHUE,
KOTJa BBIXOAHbIE Matpulibl U 1 V comepxar camoe Gosibliee p cTonbloB, a MaTpULibl
C u S - camoe Oosbliee p cTpok. OOOOHIEHHBIE CUHIVJSPHBIC 3HAYEHMSI ITPH
aToM onpeacisiores xak diag(C)./diag(S).

®yukuua sigma = gsvd(A, B) BosspainaeT BeKTOp OOOOILEHHBIX CHHTY-
NApHBIX 3HaueHuit sqri(diag(C™C)./diag(S™S)).

Korza B xBagparHas HECHUHIYAAPHAS MAaTpuLa, ce 00OOIICHHBIC CHHIYISIPHbIE
3HAYEHUS COBNAJAIOT C OOBIYHBIMM CHUHIYISPHBIMU 3HaueHusiMu Svd(A/B),
HO OTCOPTMPOBAHHBIMU B OOPAaTHOM IOPsiIKE; OOpaTHBIC 3HAYEHMS] MOTYT OBITH
MONTyYEeHE! ¢ TIOMOILbIO GYHKUIUM gsvd(B, A).

B npunsgroit dopmynuposke GSVD-pa3nioxkeHuss HE OEJaeTCsl HUKAKHUX IIpe-
TIONIOXEHUH OTHOCUTEJIbHO paHros Matpuil A u B. Marpunia X uMeer MOJMHBIA paHr,
eCY M TOJIBKO ec/iv Matpuua [A; B] uMmeeT MonHbNA padr. PakTHYeCKH 3TO O3HAYaeT,
uto ¢hyHKumu svd(X) 1 cond(X) paBubl cootBeTcTBEHHO SVA([A; B]) M cond((A; B]).

Hpyrue HopMyauMpoBKY, MCMOJIB30BaHHbBIE, Hanpumep, B pabore [1], Tpebyior,
4yToGBl HyJb-nipocTpaHcTBa null(A) M null(B) He nepecekanuch, U MO3TOMY B HUX
X 3aMeHsercs Ha inv(X) wm inv(X').

3aMeTUM, YTO Korma Hyjb-npoctpaHcTsa null(A) u null(B) mepecekarorcs,
TO HEHYJIEBBIC 3EMEHThl MAaTpUL, C U S He MOFYT ObITh ONpeie/ieHbl OAHO3HAYHO.
Aneopumm:

ANroput™M 00OGILEHHOTO CHHIYJISIPHOTO pasioXeHMs ucnojis3yer C-S pas-
JIOXeHMe, onucaHHoe B pabote [1], a Taxke BcrpoeHHble ¢yHkuum svd u gr. C-S
pasnoxeHue B Buae noacdyHKuuu M-daitia gsvd.

Hpumep 1:
A =reshape(1:15, 5, 3)
A=
1 6 11
2 7 12
3 8 13
4 9 14
5 10 15
B = magic(3)
B =
8 1 6
3 5 7
4 9 2
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[U,V, X, C, S]=gsvd(A, B)

U=
0.6303
-0.6756
-0.2512
0.0080
0.2885
V=
-0.7071
0.0000
0.7071
X=
-2.8284
5.6569
-2.8284
C=
0.0000

-0.6457
-0.3296
-0.0135
0.3026
0.6187

0.6946
0.1874
0.6946

9.3761
8.3071
7.2381

0

0 0.3155

0
0
0
S =
1.0000

-0.4279 0.0183 0.0493
-0.4375 0.1160 0.4797
-0.4470 -0.5838 -0.6294
-0.4566 0.7465 -0.3778
-0.4661 -0.2970 0.4781

0.1325
-0.9823
0.1325

-6.8346
-18.3301
-29.7256

0
0

0 0.9807

0
0

0

0 0.9489

0

0
0

0
0

0 0.1957

GSVD-pasnoxenue ¢opMUpyeT opTOroHajibHbie MaTpuubl U M V pasmepos
5x5 U 3x3, COOTBETCTBEHHO, a TAKXE HEBBIPOXIAEHHYIO MaTpuily X pazMepa 3x3
u Matpuusbl C 1 S pasMepoB 5x3 u 3x3, cooTBeTcTBeHHO. [ockonpky Marpuua A
CHUHTYJsipHast, TIEPBBIA AMaroHaIbHLIN 371eMeHT MaTpulisl C paseH 0.

Ipumep 2:
OxoHoMUYHOe GSVD-pasnoxeHue
fU,V, X, C, S]=gsvd(A, B, 0)

U=
0.1294
-0.6459
0.7311
-0.0420
-0.1726

V=
-0.7071
-0.0000
0.7071

X =
-2.8284
5.6569
-2.8284

-0.6457
-0.3296
-0.0135
0.3026
0.6187

0.6946
0.1874
0.6946

9.3761
8.3071
7.2381

-0.4279
-0.4375
-0.4470
-0.4566
-0.4661

0.1325
-0.9823
0.1325

-6.9346
-18.3301
-29.7256

346



7. Matpuust u nuHedHas anrebpa

0.0000 0 0
0 0.3155 0
0 0 0.9807

1.0000 0 0
0 0.9489 0
0 0 0.1957
¢dhopmupyer oproroHanpHble MaTpuusl U K V pazmepoB 5x3 U 3x3, COOTBETCTBEHHO,
a TaKXe HeBbIPOXACHHYI0 MaTtpuuy X pa3Mepa 3x3 u marpuust C U S pazmepos
3x3 M 3x3, COOTBETCTBCHHO.
[Ipumep 3:
Briuncnenne o600IEHHBIX CHHIYIAPHBIX YUCET:
sigma = gsvd(A, B)
sigma =
0.0000

0.3325
5.0123
CpaBHMM C OOBIYHBIMU CUHTYJISSPHBIMU YKC/IaMU
svd(A/B)
ans =
5.0123
0.3325
0.0000
Kak yxe onuchiBanoch paHee, OHM UMEIOT OOPAaTHOE PaCIIO/IOXEHHME.

Conymcemeytougue gynxyuu: SVD.

Ceviaku:
1. Golub G.H., Van Loan C. F. Matrix Computations. 3rd ed. Baltimore: Johns Hopkins
University Press, 1996.

Boiuucnenue pyHkUMA OT MaTpmL

| EXPM, EXPM1, EXPM2, EXPM3 | BLiynC/ICHHE MATPHYHOM KCTIOHEHTHI
Cunmarcuc:
Y = expm(A) Y = expm2(A)
Y = expm1(A) Y = expm3(A)
Onucanue:

®ynkuua Y = expm(A) siBasercst BCTpOEHHOM (YHKUMEN HHTeprperaropa
cUcTeMbl MATLAB ¢ BhIYMCISET QYHKUHIO e® or Matpuubl A.

Oyuxkuus Y = expm1(A) spasercss  M-daitioM, KOTOpHIA  [TOJIHOCTBIO
COOTBCTCTBYET BCTPOCHHOM (yHKUMM expm(A). OH BbluMcaseT (GyHKLIHIO e?
Hcnosiblys pasaoxenue Ilage matpuist A [1].
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Gyukius Y = expm2(A) BpryuciseT GYHKIMIO e®, ucronb3ys pasnoxeHue
Teitnopa MaTpuupl A [2]. DTOT METON MMeeT MEHBILYIO CKOPOCTh CXOAMMOCTH IO
cpaBHEHHIO ¢ pa3dioxenueM [laze.

OyHkuus Y = expm3(A) BolYHCASET QYHKLHIO e”, ncrnonb3ys CIEKTpaJIbHOE
Pa3NoXEHME MaTpULBI A:

[R, D] = eig(A);

Y =R * diag{exp(diag(D))) / R;,

KOTOpOE, CTPOro roBOpfA, CHIPaBEAJIUBO TOJNBKO ISl Cliydas pa3jIMYHBIX COOCT-
BEHHBIX 3HAYCHUH.

3ameyanue:
DOYHKUMIO MATPUYHOM SKCIIOHEHTHEI eXpm(A) He ciieayeT nyTath ¢ QyHKIuen
exp(A), KOTopasi BBIYMCJISIET 3KCIOHEHTY OT KaXIOro 3jIeMEHTa MaccuBa A.

Tpumep:
PaccMOTpuM TeCTOBYIO MaTpuily nopsaka n =5 ¢ nedekrom 1, umerowyio 5
KpPaTHBIX CODCTBEHHBIX 3HAYeHWH, paBHBIX HYJIIO [3].

A = chebspec(5) Y = expm{A)
5.5000 -6.8284 2.0000 -1.1716 0.5000}21.0000-32.4853 21.0000 -15.5147 7.0000
1.7071 -0.7071 -1.4142 0.7071 -0.2929|11.1569-15.7782 9.2426 -6.5355 2.9142
-0.5000 1.4142 0.0000 -1.4142 0.5000(1.0000 0.0000 0.0000 0.0000 0.0000
0.2929 -0.7071 1.4142 0.7071 -1.7071}-0.1569 0.5355 0.7574 -0.2218 0.0858
-0.5000 1.1716 -2.0000 6.8284 -5.5000]0.0000 0.0000 1.0000 0.0000 0.0000

Y1 = expm1(A) Y2 = expm2(A)
21.0000-32.4853 21.0000 -15.5147 7.0000}21.0000-32.4853 21.0000 -15.5147 7.0000
11.1569-15.7782 9.2426 -6.5355 2.9142}11.1569-15.7782 9.2426 -6.5355 2.9142
1.0000 0.0000 0.0000 0.0000 0.0000(1.0000 0.0000 0.0000 0.0000 0.0000
-0.1569 0.5355 0.7574 -0.2218 0.0858|-0.1569 0.5355 0.7574 -0.2218 0.0858
0.0000 0.0000 1.0000 0.0000 0.0000{0.0000 0.0000 1.0000 0.0000 0.0000

Y3 = expm3(A)

21.0015+0.0000i -32.4884-0.0001i 21.0031+0.0001i-15.5178-0.00011  7.0015+0.0000i
11.1577+0.0000i -15.7798-0.0000i  9.2443+0.0000i -6.5372-0.00001 2.9150+0.0000i
0.9999+0.0000i 0.0002-0.0000i -0.0002+0.0000i 0.0002-0.00001 -0.0001+0.0000i
-0.1569-0.0000i 0.5356+0.0000i 0.7572-0.0000i -0.2217+0.00001 0.0857-0.0000i
0.0000-0.0000i  0.0001+0.0000i _ 0.9999-0.0000i  0.0001+0.00001 _0.0000-0.0000i

norm(Y1 - Y) norm(Y1 - Y2) norm(Y1 - Y3)
0 1.0560e-013 0.0065

Kak cnenyer u3 aHamM3a Mojly4eHHBIX JAHHBIX, QYHKUMM expm(A) u expm1(A)
IAI0T COBMAfAOLIME pe3yibTarthl, (QyHKUMST expm2(A) uMeeT IOTpeluHOCTh
B Ipejeiax OLUMOKM OKPYDJICHMS, OAHaKo (PpyHkuus expm3(A) umeer OILIMOKH
B TPETHEM 3HAKE, YTO SIBAAETCS CIEACTBUEM TOIO, UTO UCXOLHAs CUCTEMa MUMEET
KpPaTHbIE COOCTBEHHbIE FHAYCHUA.
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Hcnonb3yst naker nporpamm JORD [4], MOXHO BBISIBUTH TOYHYIO CTPYKTYPY
dopmel XKopraHna marpulst A:
R= Jd=
0.2342 0.2342 0.0679 -0.0102 -0.0050
0.2342 0.1656 0.0093 -0.0210 0.0000
0.2342 0.0000 -0.0492 0.0000 0.0099

0.2342 -0.1656 0.0093 0.0210 0.0000
0.2342 -0.2342 0.0679 0.0102 -0.0050

B panHOM cnyyae 310 1 Kierka XopaaHa miopsaka 5, xapaktepusyloluas
MPOCTYIO OJJHOKPATHYIO BHIPOXACHHOCTb.

Axanutuyeckas ¢ydxuust f(J), rae J - xietka KopaaHa, cOOTBETCTBYIOLIAs
cOOCTBEHHOMY 3HAYEHMIO A, MOXET OBITH BBIYUCIICHA Clle/lyloliuM obpasom [4]:

COOOO
OO0~
COO~0O
CO-00
[ N ela)o]

[ ' ®1y |
0 A oy oy
1 2 k!
(k-1)
oy W 0
f(J) = 1 (k—1)!
0 0 0 f%—)
0 o 0 - f(
B paccmarpuBaeMoM ciyyae MaTpuia e’ paBHa
EJ=
1.0000 1.0000 0.5000 0.1667 0.0417
0 1.0000 1.0000 0.5000 0.1667
0 0 1.0000 1.0000 0.5000
0 0 0 1.0000 1.0000
0 0 0 0 1.0000 |,
A

a matprua YO=e =R* e’ * R Moxer 6bITh BHIMUC/IEHA TAK:
YO=R*EJ/R.
BoiuncneHHast Matpuua YO uMeeT BHIL
YO =
21.0000 -32.4853 21.0000 -15.5147  7.0000
11.1569 -15.7782 9.2426 -6.5355 2.9142
1.0000 0.0000 0.0000 0.0000 0.0000
-0.1569 0.5355 0.7574 -0.2218 0.0858
0.0000 0.0000 1.0000 0.0000 0.0000
Cyutas JaHHOE pCLICHME TOYHBIM, OLICHUM HOPMbl HECBSI30K IS ITPEABIAYLLIMX
pElLeHU M.

norm(YO - Y) norm(Y0 - Y1) norm(Y0 - Y2) norm(Y0 - Y3)
1.2635e-013 1.2635e-013 6.3827e-014 0.0065
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W3 ananusa caeayet, yro dyHKuun expm1(A) u expm2(A) RaloT pe3ybTaThl
¢ MOrpELIHOCTBIO B Mpefesiax oiMOKM OKpyricHus, a GyHKkuus expm3(A) nmeer
TY X€ MOrPewIHOCTb.

Conymcemeyrowue dynkyuu: EXP, FUNM, LOGM, SQRTM.

Cebinku:

1. Golub G. H., Van Loan. Matrix Computation. Oxford: John Hopkins University Press, 1983.

2. Moler C. B., Van Loan. Nineteen Dubious Ways to Compute the Exponential of a Matrix//
SIAM Review. 1979. Vol. 20. P. 801-836.

3. Higham N. J. The Test Matrix Toolbox for MATLAB (version 3.0)// Numerical Analysis
Report. Vol. 276. Manchester, 1995.

4. MoremkuH B. I'. fTakem npocpamm JORD. M.: MUDH, 1995.

LOGM Boruncaenue norapadgma Marpuribi

Cunmakcuc:
Y = logm(A)
[Y, esterr] = logm(A)
Onucanue:
Qyuxuus Y = logm(A) sbluncnsier dyHkumio log(A), Takyio, Yto And 60nb-
UIMHCTBA MaTpULl A JOJIXHO BBIIIONHATHCS YCIOBUE
logm(expm(A)) = A = expm(logm(A)).
ITpyt TaxoM 0GpaLLCHUH BO3MOXKHO MOABICHUE IMATHOCTUUYECKOIO [IPSAYIIPEKICHUS
Warning: LOGM appears inaccurate. esterr = xxx
IIpedynpexcoenue: Pynxyua LOGM goiqucaena nemouno. esterr = xxx

Ecau marpuua A - jeficTBUTENAbHAs CUMMETpUYECKAs WIM KOMIUIEKCHast
3PMUTOBA, TO TEMH Xe CBONCTBAMH oOnagaeT U hyHKuMst logm(A).

Oynkuus [Y, esterr] = logm(A) XpoMe BHIYMCACHHON MATPHMIIb! BO3BpAlliaeT
OLIEHKY IOTPEHIHOCTH B BUAE OTHOCHTE/IbHON HEBA3KU

norm(expm(Y) - A} / norm(A).

B aTOM ciiyuae nMarHocTHyeckoe COOOHIEHHE HE BBIBOMUTCA.

3ameuanue:
DyHKUMIO MATPUYHOI 3KCITOHEHTHI logm(A) He cliesyeT nyrath ¢ PyHKIMeH
log(A), KoTOpas BBIYUCHSET JOrapucM OT KKJIOTO 3/eMeHTa MaccuBa A,

Hpumep:

Paccmorpum marpuuy A = expm{chebspec(5)), BHIUMCIEHHYIO B IIpefibiiyilieM
pasjaele.
B 21.0000-32.4853 21.0000-15.5147 7.0000
11.1569-15.7782 9.2426 -6.5355 2.9142
1.0000 0.0000 0.0000 0.0000 0.0000
-0.1569 0.5355 0.7574 -0.2218 0.0858
0.0000 0.0000 1.0000 0.0000 0.0000
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logm(A)
Warning: LOGM appears inaccurate. esterr = 6.471e-007

logm(A)
5.5000-0.0000i -6.8284+0.0000i 2.0000-0.0000i -1.1716+0.00001 0.5000-0.0000i
1.7071-0.0000i -0.7071+0.0000i  -1.4142-0.0000i 0.7071+0.00001 -0.2929-0.0000i
-0.5000-0.0000i  1.4142+0.0000i 0.0000-0.0000i -1.4142+0.00001 0.5000-0.0000i
0.2929-0.0000i -0.7071+0.0000i 1.4142-0.0000i 0.7071+0.0000i -1.7071-0.0000i
-0.5000-0.0000i  1.1716+0.0000i  -2.0000-0.0000i  6.8284+0.00001 -5.5000-0.0000i
Anzopumm:

Dyukuus logm, Kak 1 apyrue QyHKUMU OT MATPHUL, BBIYUCIISIETCS C UCIOJIb-
3oBaHueM airopurma [laprmerra {1]. DTOT ajiropuTM HCIONB3YeT MPUBEOEHHUE
K (hopme Illypa M MOXeT IaBaTh HETOYHBIE MJIM ITOJHOCTBIO HECOCTOSATELHBIC
PE3Y/IbTATHI B CJIy4ae KPaTHBIX COOCTBEHHBIX 3HAYCHUH.

Conymcmsyrowue @ynxyuu: EXPM, FUNM, SQRTM.
Cebiaku:
1. Golub G. H.,, Van Loan. Matrix Computation. Oxford: John Hopkins University Press, 1983.

Boruncaenne Gynxoun Al/2

Cunmakcuc:

Y = sgrtm(A)

[Y, esterr] = sqrtm(A)
Onucanue:

DyrkuMsa Y = sqrtm(A) BBIUKCIAET OAHY M3 MHOTMX MAaTpHL, KOTOPbIE YiXOB-
JIETBOPAIOT YCJIOBHIO Y * Y = A,

IIpu Takom 0o6pallieHHM BO3MOXHO MOSBICHHE JUMArHOCTHYECKOTO FIPEAYNPEXIeHHS

Warning: SQRTM appears inaccurate. esterr = xxx

IIpedynpexcoenue: Oynxyus SQRTM avivucaena Hemouno. esterr = xxx

Ecmu marpunia A - #eiicTBUTEIbHAs CHMMMETPHUYECKAs WIM KOMIUIEKCHas
3PMMTOBA, TO TEMHU Xe CBOMCTBaMM obnazaer U GyHKuMs sqrtm(A).

®ynkuusa [Y, esterr] = sqrtm(A) KpoMe BbIYMCIEHHOM MaTpHIBI BO3BpAIllaet
OLEHKY NOTPELIHOCTH B BUIE OTHOCUTEIBHOM HEBA3KHM

norm(Y *Y - A) / norm(A).

B arom ciiyyae guarHocTuueckoe cooOLieHne He BLIBOLUTCS.
Sameuanue:

DyHxkuuio sgrtm(A) He cneayer nyrath ¢ ¢yHKiuei sqrt(A), KoTopasi BoIYMCIISET
MOJIOXUTENIBHBIM KBAIpaTHbIH KOPEHB OT KaX/IOTO JIEMEHTa MaccHUBa.
Ilpumepu:

PaccMoTpuM MaTpU4HOE NPEACTABICHUE PA3HOCTHOIO Olleparopa 4-ro mopsyKa.
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A=
5 4 1 0 O
4 6 -4 1 0
1t 4 6 -4 1
0 1 4 6 -4
¢ 0 1 -4 5
DTta MaTpuIa CUMMETPUYECKAsl U I10JIOKMTEJILHO OMpeJelieHHAs; e¢ eUHCT~
BEHHBIN TIONOXUTENBHO ONpEle/IEHHbl KBaPaTHBIA KOPEHb NPEACTaBAET coboit
Pa3HOCTHBLIA onepaTop 2-ro NnopaiaKa:
Y = sqrtm(A)
2.0000 -1.0000 0.0000 0.0000 0
-1.0000 2.0000 -1.0000 0.0000 0.0000
0.0000 -1.0000 2.0000 -1.0000 0.0000
0.0000 0.0000 -1.0000 2.0000 -1.0000
0.0000 0.0000 0.0000 -1.0000 2.0000
Martpuia Buga
X =

7 10
15 22
UMEeT 4 MaTPULBI, ABJISIOILMECH €€ KBaJPATHbIM KOPHEM.
HBe U3 HUX Cleayrolue:

Y1= Y2 =
1.5667 1.7408 ,
26112 41779 3 4

JBe apyrue - COOTBETCTBEHHO -Y 1 1 -Y2.

Bce 4 marpuibl MOryT GBITh TOYYEHB! HA OCHOBE CIEKTPATLHOIO PA3IOXKEHUS
UCXOIHOM MAaTPHILIBI

-
N

[R, D] = eig(X).
R= D=
-0.8246 -0.4160 0.1386 0
0.5658 -0.9094 0 28.8614
S1 = sqrt(D) S2=
03723 0O -03723 0
0 5.3723 0 5.3723
Y1=R*S1/R Y2=R*S2/R
1.5667 1.7408 1.0000 2.0000
26112 41779 3.0000  4.0000

Dyukuus sqrtm CTPOUT pEILCHHE TOMBKO ISt NOMIOXKHUTENBHBIX 3HAYCHUH KBajl-
PaTHbIX KOPHEW, M Pe3yALTATOM SIBISETCS Marpuila Y1, xotd marpuua Y2 npeacras-
Jercs bosee NPEANIOYTHTENIbHBIM PELLEHHUEM, TIOCKOJIBKY OHA LICTIOYUCIICHHA.
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Ancopumm.

Dyukuua sgrtm sapnsieTcst 11pocTo abOpeBuaTypoil IS Bbi30BA (DYHKUMU
funm(A, ‘sqrt). AnropursM, peanusyrowuit dyHKUMIO funm, ucronb3yer npuBeAcHHE
K opme Illypa v MOXeT JaBaTh HETOUHBIC WK TONHOCTHIO HECOCTOSITENbHBIE
PE3YJIbTATHI B Clly4ac KPAaTHBIX COOCTBEHHBIX 3HAYEHMUIA.

Conymemesyrwougue @yuxkyuu: EXPM, FUNM, LOGM.

[ FUNM l Bbiuncnenne Npon3BOAbHAIX (QYHKUMIA OT MATPHIBI

Cunmarcuc:

Y = funm(A, ‘<uma gynxyuu>*)

[Y, esterr] = funm(A, ‘<umsa gynxyuu>')
Onucanue:

OyHkuua Y = funm(A, ‘<ums @yukyuu>') TI03BONAET BBIYUCIUTEL JI00YIO
(PYHKLMIO OT MaTpuLpl, €CJIM OHA UMEET UMSl, COCTABJICHHOE M3 JIATUHCKUX OYKB.
DTO MOIYT ObITh, HAIIPUMEP, BCE JIEMEHTAPHBIE MaTeMaTHYECKUE (DYHKLUH.

Tpu Takom oOpatleHUM BO3MOXKHO HOSIRICHUE JIMATHOCTUUECKOTO TIPSIYTTPEKICHMS

Warning: Result from FUNM may be inaccurate. esterr = xxx

[Ipedynpexwcoenue: Pezyavmam ewviyucaenus ¢yukyuu FUNM moxcem Goims

HemouHbiM. esterr = xxx

Oynkuus [Y, esterr] = logm(A) kpoMe BBIYUCTIEHHOH MATPMLbI BO3BPALIACT
OLICHKY TOTPELIHOCTH B BU/IE OTHOCUTENILHOM HEBsI3KM norm{expm(Y) - A) / norm(A).

B 3toM criyyae AmMarsocTuyeckoe coodiugHUe He BHIBOLUTCS.

Dyukuun funm(A, ‘sqrt’) u funm(A, ‘log’) skeuBaneHTHB QYHKUMSIM sartm(A)
u logm(A). @yuxkuuu funm(A, ‘exp’) u expm(A) BBIUUCISIOT OAHY U Ty e (yHKIMIO,
HO PaznuyHBIMK Criocobamut; nipuMeHeHre QYHKUMK eXpm [IPEANoYTUTCIBHES.

Hpumep:

Creayiolye 10C/IeA0BaTeIbHOCTY OIEPaTOPOB B Ipelesax OLUbOK OKpYyr-
JICHMSI IOJKHbBI JaBaTh OAMHAKOBBIC PE3YIIBTATHI.

S = funm(A, ‘sin’); E = expm(i * A);
C = funm(A, ‘cos’); C =real(E),
S =imag(E);
B yoboM citydae oHM yIORIeTBOPSIOT YCIoBHIo S*S + C*C = |, rae | = eye(size(A)).
Anecopumm:

Oyukima funm Borumncssier GyHKUMM OT MATPUIL C UCIIOIb30BAHUEM A/IMOPHTMA
MMapnerra, onucanHoro B paborax [1,2]. DTOT ajiropUT™ MOTCHUIMATLHO HEYCTOHUMB.
Ecim mMarpuiia uMeer KpatHble win OIM3Kue K HUM COOCTBEHHbBIC 3HAYEHHS!, TO DYHK-
uust funm naetr HetOUHbIC MM TTOJTHOCTBIO HECOCTOSTE/bHBIE PE3YabTaThl. [1py paspa-
6oTke anroputMma 6Oblia cienaHa MollbITKa BbIIBUTL 3TY CUTYaLMIO M JaTh JAMArHOCTH-
yeckoe coobulenne. OfHAKO BbIOpaHHbIM KPUTEPHIA CTOb UYBCTBUTEICH, UTO COOO-
LUCHME MOXET ObITb BbLIAHO JAKC NPU TOUHOM Pe3yiisTate.
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FEciu marpula A JefdCTBUTEbHAt CUMMETpUYECKass MM KOMILIEKCHas
apmutoBa, To ee (opma I[lypa nuaroHanbHa M pe3ynbTaThl MOTYT 061amathb
04E€Hb BBICOKOWM TOYHOCTBIO.

Conymemeyrowjue gynxyuy; EXPM, SQRTM, LOGM.
Ccblaku:
1. Golub G. H., Van Loan. Matrix Computation. Oxford: John Hopkins University Press, 1983.

2. Moler C.B., Van Loan. Nineteen Dubious Ways to Compute the Exponential
of a Matrix//SIAM Review. 1979. Vol. 20. P. 801-836.

MonuHoMbI K onepauun Hag HUMU

POLYVAL Boiunciiense nmoaunoMa

Cunmakcuc:

Y= polyval(p, X)

[Y, DELTA] = polyval(P, X, S)
Onucanue:
®yukuus Y= polyval(p, X), tae p=[p1 P2 ..- Pn Pn+1] - BEKTOp KO3(DIULIMEHTOB
nofnHoMa p(x) = psx” + pX"' + .+ poX + Pner, BHIMMCISIET 3HAYCHHE 3TOTO
ITOIMHOMA B TOYKAX, 33JaHHbIX MACCUBOM X,

Oyukuus [Y, DELTA] = polyval(p, X, S), rae S - BCIIOMOraTe/IbHbI MAacCHB
3anucei, chopMUpoBaHHbIi ¢GyHKuUMeR polyfit U mMpenHa3HAYEHHBIR IS OLCHKHU
OLIMOOK BBIYUCIICHUSI 3HAUYEHUI MOTMHOMA. EC/IM OLUMOKM B HAHHBIX UL MOIYJISt
polyfit He3aBUCHMBI M NOAYMHSIOTCS HOPMAHOBY 3aKOHY DACIIPENE/ICHMS C IMO-
CTOSIHHOM AMCIIEpCHUEH, TO IOBEPUTENIbHBIA MHTEpBald U1l 3HAYCHWH MacCuBa
Y + DELTA cootBetctByeT 50 %.

IHpumep:
Briunciaum 3HayeHue noaMHoMa p(x) = 3x%+ 2x +1 B Touke X = 5.
p=[3 2 1]
p= 3 2 1
y = polyval(p, 5)
y= 86

Conymcmeyiowue gynkyuu: POLYDER, POLYVALM.

POLYVALM Boruucienne MATPHYHOTI0 NMOJHHOMA

Cunmaxcuc:
Y = polyval(p, S)
Onucanue:
Ovyukimsg Y = polyval(p, S), rue p = [p1 Pz ... P Pre1] - BEKTOP KOG IUIIMEHTOB
MaTPUYHOTO TTOJIMHOMA
PX) = piX" + poX™T + L+ pX + Ppay
BBIYMCIISIET 3HAYEHUE DTOTO MOAMHOMA LI MaTpuLpl X = S.
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Lpumep:
Paccmotpum Marpuuy IMackais nopsaaka 4, COCTaBIEHHYI0 U3 OMHOMHUATBHBIX
K03 HLIMEHTOB.

S = pascal(4)
S=
1 1 1 1
1 2 3 4
1 3 6 10
1 4 10 20
BbIMMCTUM XapaKTePUCTUYECKHIT NOJTHHOM 3TON MaTpUILbL.
p = poly(S)

p = 1.0000 -29.0000 72.0000 -29.0000 1.00003 2 1
CpasuuM pe3ynbTathl npuMeHeHust GyHKuui polyvalm u polyval.

__polyvalm(p, S) polyval(p, S)

1.0e-010 *
-0.0027 -0.0094 -0.0222 -0.0428 16.00 16.00 16.00 16.00
-0.0084 -0.0326 -0.0749 -0.1423 16.00 15.00 -140.00 -563.00
-0.0222 -0.0749 -0.1713 -0.3233 16.00 -140.00 -2549.00-12089.00
-0.0428 -0.1423 -0.3233 -0.6091 16.00 -563.00 -12089.00 -43779.00

Marpuua polyvalm(p, S) B npeaenax MOTPEIIHOCTY - HYNEBAasi MaTpHUlia, 4TO
noarsepxnaeT teopemy Kanm - TaMUIBTOHA O TOM, YTO BCSIKasg Marpuua YAOB-
JIETBOPSIET CBOEMY XapaKTCPUCTUYECKOMY YPABHEHMIO.

Marpuua polyval(p, S) - 310 MaccHB 3HaYEHHUIl MOIUHOMA P IS KAXKIOTO
3IEMEHTa MaTPULBL S,

Conymcmeyrowue gynkuuu. POLYDER, POLYVAL.

CONV YMHOKEHHE TTOJIHHOMOB

Cunmackcuc:

¢ = conv(a, b)
Onucarnue:

Ecian 3apgaHsl MOJMHOMBl & ¥ b JUIMHBI CTENEHEH COOTBETCTBEHHO M M N,
TO MX [IPOM3BEACHME - 3TO TOJMHOM C CTENEeHM m + n, k-if 3JEMEHT KOTOPOIo
HaxoauTtcs 1o ¢opmyne

min(k, m)
c(k) = Z a(j)b(k +1-) .

j=max(1,k+1-n)

@yHkUMS Z = conv(X, Y) BbIYUC/ISIET NIPOU3BEACHHE JABYX TTIOJUHOMOB @ 1 b.
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Ilpumep:
Haiinem npousBeacHue MoJMHOMOB X2+ 2x% + 3x + 4 u 10x% + 20x + 30.
Hns atoro cpopmupyem BekTopri a = {12 3 4] u b = [10 20 30] 1 BBIYUCIUM
¢ = conv(a, b)
c=10 40 100 160 170 120

Conymcmeyiowue gynkyuy; DECONV, RESIDUE.

DECONV ejieHne N0JIHHOMOB

Cunmakcuc:

[, r] = deconv(c, a)
Onucanue:

®yukuus {g, r] = deconv(c, a) peamM3yeT JENCHUE MOJMHOMA C HA IOJMHOM a;
UACTHOC OT JieIeHHs BO3BPALIAETCA B BUIC BEKTOPA d, OCTATOK - B BWJE BEKTOPA T,
TaK YTO BBLINOJIHSIETCSI COOTHOLUEHHUE C = conv(q, a) + .

ITpumep:

Ecau ¢ = [10 40 100 160 170 120 w a = [1 2 3 4], To meseHne 3TUX NOJIHHOMOB
JaeT CIEAYIOIHIA pe3y/IbTaT:

[g, r] = deconv(c, a)

q=10 20 30

r=0 0 0 0 0 0,
M 3TOT pe3y/IbTaT COOTBETCTBYET NMpHUMeEpY M3 pazaena CONV.

Conymcmeyroujue yniyuu: CONV.

POLYDER BhiuHcienne IPOH3BONHBIX

Cunmakcuc:

dp = polyder(p)

dp = polyder(a, b)

[0, p] = polyder(b, a)
Onucanue:

®yuxuus dp = polyder(p) Bo3BpallaeT IpoU3BOAHYIO roauHoMma dp(x)/dx.

Oyukuus dp = polyder(a, b) Bo3BpalacT NMPOM3BOAHYIO OT MPOU3BEACHMS
MOJMHOMOB a(x) * b(x).

Oyukuus [q, p] = polyder(b, a) Bo3BpalaeT IPOU3BOLHYIO OT OTHOLUEHMS
TOJIMHOMOB b(x)/a(x) B BUJE OTHOILUCHUSA MOJTHHOMOB q(X)/p(X).

Hpumepoi:
BbIuMCIMM NPOU3BOIHYIO MOJIMHOMA P(X) = 3x% + 2x +1.
p=[321]; dp = polyder(p)
dp= 6 2
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Beiuuciaum TIPOU3BOLHYIO ITPOU3BEACHHA NOJIMHOMOB.

a b dp = polyder(a, b)
1 3 5 7 3 21 15 44 66 68 19
BbigMcIMM TTPOM3BOAHYIO OTHOLLUEHHUSA [BYX MOJIHHOMOB b(x)/a(x).
b a fa, p} = polyder(b, a)
q [-3 -4 6 36 9]

321 13 5 7 LT[ 6 19 44 67 70 49]
Conymcmeyrougue ynryuu: POLYFIT, POLYVALM.

ROOTS Berumc tenue KOpHelH noMBEOMa

Cunmaxcuc:
r = roots(p)
Onucanue:

QyHkuwms r = roots(p), rue p = [P1 P2 .. Pn Pn+1] - 6exmop-cmpoxa Ko3GpduiIMeHTOB
nojMHoMa p(x) = pyx" + pzxrM + ...+ PpX + Ppeq, BRIYUCIACT Gexmop-cmoabey KOPHEH

3TOTO NMOJIMHOMA.
Oyuxuus p = poly(r), 1ae r - eexmop-cmoabely KOPHEH HEKOTOPOTO MOJMMHOMA,
BBIYMCIIACT 8eKmop-cmpoKy KO3(hGULIMEHTOB 3TOr0 ITOJIMHOMA.

IIpumep:
BBIYMCIMM KOPHM TONHHOMA P(X) = X° + 3x2 + 5X +7.
p 1 = roots(p)
-2.1795
1 3 6§ 7 -0.4102 + 1.7445i
-0.4102 - 1.7445)
p = poly(r)

p= 1.0000 3.0000 5.0000 7.0000 + 0.0000i
Conymemeyrowgue gynxyuu: POLY.

PoLY BoiuuciieHHe XapaKTepHCTHIECKOTo MoJHHOMA

Cunmackcuc:

p = poly(A)

p = poly(r)
Onucanue:

®yukums p = poly(A), rae A - Marpuua nopsaaxka n, BBIYMCISET 6eKmop-
cmpoky KO3GQGUUMEHTOB XAPAaKTEPUCTUYCCKOro nosivHoMa p(s) = det(sl - A) =
= pis" + pos™ 4 .+ Pus + Prer.

QDyukuus p = poly(r), tae r - eexmop-cmoabey KOPHEH HEKOTOPOro INOJHHOMa,
BbIYUCIACT gekmop-cmpoky KO3GOUUMEHTOB 3TOr0 NOMUHOMA.
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[Tpumep:

PaccMoTprM paliMOHAIbHYIO MaTpHily A, BbIYMCIAS KO3(h(ULIMEHTDHl XapaK-
TEPUCTUYECKOTO MONMHOMA, €r0 KOPHU U 10 HUM BHOBb BOCCTRHOBHUM Xapakre-
PHUCTHYECKHIA NOJTMHOM:

A=
-5/3 -1 -2/3

-5/6 1/4 11/12

1/6 -1714 19112
p = poly(A)
p= 1 3 5 7
r = roots(p)
r= -2.1795

-0.4102 + 1.7445i
-0.4102 - 1.7445|

p = poly(r)
p= 1.0000 3.0000 5.0000 7.0000 + 0.0000

Conymcmeyiowue ynxyuu: ROOTS, RESIDUE.

| RESIDUE, RESI2 ] Pazjioxenne Ha npocTsie Apo6u

Cunmakcuc:

[r, p, K] = residue(b, a)

coeff = resi2(u, v, pole, n, k)

[b, a] = residue(r, p, k)
Onucanue:

®yukuus p = [r, p, k] = residue(b, a) BLIYUMCIISIET BbIYETHE, MONIOCA U MHOIO-
YJIeH LeJIOM YacTH OTHOLUEHMS IBYX NMOJMHOMOB b(s) u a(s):

npocmoie Kopru:

b(s) __1i c 2 4T +k(s);
a(s) s-p1 s-p $—Pn

+  BXOJHBIE TICpEMEHHBIC ~ BEKTOPHl b U @ ornpeneasroT Ko3MhHULHEHTh! 10IU-
HOMOB YMCIUTE/ISL U 3HAMEHATEAA N0 yOBIBAIOIIMM CTEIEHAM §;

«  BbIXOIHBIC TEPEMEHHEIE - 6eKmop-cmoabey T BBIYETOB, gekmop-cmoabey P
MOJIIOCOB U 6eKmop-cinpoka K 1enoit yacTu ApoOHO-PALIMOHATBEHON (hYHKIMH;

«  KOJMYECTBO MOJIIOCOB OMnpeacisercsa no dbopmysie
n = length(a) - 1 = length{r} = length(p);

«  BEKTOp K03((HUIUMCHTOB MHOIOWIEHA INpPAMOM IepeJayu OyacT IyCThIM, €C/IM
length(b) < length(a); B nporuBHOM cayyae length(k) = length(b) -length(a) + 1;
Kpammsie KOpHU:

ecat p(j) = . .. =p(f + m - 1) - 110/10C KPATHOCTU M, TO PAIOKEHHUE HA [POCTHIC

ApobM BKIIIOYACT crieayomuit yieH [1]:
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rj Tisq rj+m—1
+ oot .

=P (s-p))*  (s-pp)"

Oynkums §j = resi2(b, a, pole, m, j) BbMUCIAET BEKTOP KOIDPHLMEHTOB PasIOKEHUA
ApodHO-paumoHanbHol yHKuMM b(s)/a(s) wis nomoca pole, MMEIOLIETO KPaTHOCTb M.
[Tapametp j ykasbiBaeT, Kakoi 13 K03Gh@HULMEHTOB Ij BLIYUCISETCH TPU JaHHOM 00pa-
LEHUM K QYHKUMHY; TT0 YMOMYAHHIO j = M; €C/I4 He YKa3aHO M, TO OHO NMPHHUMAETCS
3a 1, TO ecTb (PYHKLMS OMNpPEAEIAeT BEMETHI /U1 POCTHIX KOPHEM,

Pyukuus [b, a] = residue(r, p, k) ¢ TpeMs BXOZHBIMU ¥ ABYMSI BHIXOJHBIMM
NapaMeTpPaMH BbIMTOJHAET OOPATHYIO YHKLHMIO CBEPTKH PA3IOXEHUS B APOOHO-
PalMOHAIBHYIO (PYHKLIMIO OTHOIUEHMA ABYX MOJMHOMOB b(s) u a(s).

Hpumep I:
PaccmoTpM ApOGHO-palMOHANBHYIO (GYHKUMIO OTHOLIEHMS OBYX TIOJIMHOMOB
b(x)/a(x) ¢ HEKpaTHBIMUA KODHAM.

b_ (3 2 1]
a (1 3 5 71
ir, p, K} = residue(b, a)

r= p= k=
1.7642 -2.1795 [
0.6179 + 0.7589i -0.4102 + 1.7445i
0.6179 - 0.7589i -0.4102 - 1.7445i

TockonbKy NOpSAOK YMCIUTENS MeHslie TOPSAKA 3HAMEHATEs], Liejiasd YacTh
GbYHKUUH OTCYTCTBYET.
ITpumep 2:
IloMeHsIeM MecTaMK YHUCIUTENb U 3HAMEHATE/b POOHO-PALMOHANBHON (YHKLMH.
a_[1 3 5 7],
b 3 2 1
(ra, pa, ka] = residue(a, b)
ra= pa= ka =
0.5185 - 1.8332i -0.3333 + 0.4714i 0.3333 0.7778
0.5185 + 1.8332i

B 3TOM cilyvae mosiBiseTCs Uenasi 4acTh (yHKUMH, onpeaesseMas BEKTOpoM ka.

[Ipumep 3:
OOparuMcs K Ci1y4yaro KpaTHBIX KOPDHe# M pacCMOTPUM CIEAYIOLIYI0 APOOHO-
PALMOHANBHYIO DYHKLMIO
b__38 2 1 .
a [1 3 3 1’
r1 =resi2(b, a1,-1,3, 1) 2 = resi2(b, a1, -1, 3, 2) 13 = resi2(b, a, -1, 3)
3 -4 2
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Ipumep 4:

OOpatumcs K pesynbpratam npuMepa 1. 3Hash MX, BOCCTAHOBHM MCXOIHYIO
IPOOHO-PAMOHATBHYIO (DYHKIIMIO, MCITONIB3YS ClIeaylollee oOpalleHue:

[b1, a1] = residue(r, p, k)

b1 _ [3 2 1]

al [1.0000 3.0000 3.0000 7.0000+0.0000i]

norm(a - a1) = 4.3739% - 015

B npeaenax morpeniHocT#t KOMIIBIOTEPA Pe3yJIbTAThl COBMANAOT.
Oepanunenus:

B BBIYMCIUTENILHOM [/IAHE PA3/IOXEHHUE [JPOOHO-PALMOHANBHON (YHKLMU
Ha npocTthie Apobu Iwioxo ofycnoBneHo. Eciv HOMMHOM 3HaMeHaTend MMeEeT
KOpHH, O/M3KHe K KPaTHbIM, TO Majible BO3MYIUEHMSA WCXOIHBIX JAAHHBIX MOLYT
TIPUBECTH K OOJIBLUMM IOrPEIIHOCTAM BBIYUCIEHMS MOMIOCOB M BbIYETOB. Ilpes-
TIOYTUTEIBHEE UCIIOIb30BATh OIUCAHME B IPOCTPAHCTBE COCTOSHHI MIIM IIpei-
CTaBJICHUE TAKMX (DYHKIMIA B BUAE HYJCH U MOJIOCOB.

Conymcmayiowue gynxyuu. POLY, ROOTS.

Cebtaku:

1. Oppenheim A. V., Schafer R. W. Digital Signal Processing. Englewood Cliffs, N. Y.
Prentice-Hall, 1975, P. 56-58.
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ABS, 216
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ANS, 140
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BALANCE, 334
BESSELH, 243
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BETALN, 248
BITAND, 162
BITCMP, 162
BITGET, 160
BITMAX, 161
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BITXOR, 163
BREAK, 186
BUILTIN, 179
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CALENDAR, 149
CART2POL, 237
CART2SPH, 237
CAT, 99

CD, 72
CDF2RDF, 330
CEDIT, 51

CEIL, 220
CELL, 113
CELL2STRUCT, 118
CELLDISP, 113
CELLPLOT, 114
CELLSTR, 115
CHOL, 319
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CLC, 68

CLEAR, 62
CLOCK, 146
COLORDEEF, 52
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CONY, 355
COPYFILE, 73
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ELLIPJ, 249
ELLIPKE, 251
END, 95
EOMDAY, 151
EPS, 141
ERF, 253
ERFC, 253
ERFCX, 253
ERFINY, 253
ERROR, 195
ERRORTRAP, 197
ETIME, 154
EVAL, 177
EVALIN, 180
EXIST, 156
EXIT, 5§
EXP, 228
EXPINT, 256
EXPM, 347
EXPM1, 347
EXPM2, 347
EXPM3, 347
EYE, 260

F

FACTOR, 222
FEVAL, 178
FIELDNAMES, 107
FILEPARTS, 78
FILESEP, 77
FIND, 86
FINDDEMO, 68
FIX, 220
FLIPDIM, 104
FLIPLR, 262
FLIPUD, 263
FLOOR, 220
FLOPS, 143
FOR...END, 182
FORMAT, 70
FPRINTF, 198
FULLFILE, 77
FUNCTION, 169
FUNM, 353

G

GALLERY, 273
cauchy, 273

chebspec, 274
chebvand, 274
chow, 274
circul, 275
clement, 276
compar, 276
condex, 277
cycol, 279
dorr, 279
dramadah, 279
fiedler, 280
forsythe, 281
frank, 282
gearmat, 283
grear, 283
hanowa, 284
house, 285
invhess, 285
invol, 285
ipjfact, 285
jordblock, 286
kahan, 286
kms, 286
krylov, 287
lauchli, 287 -
lehmer, 287
lesp, 288
lotkin, 288
minij, 289
moler, 289
neumann, 290
orthog, 290
parter, 291
pie, 292
poisson, 292
prolate, 292
randhess, 292
rando, 293
randsvd, 293
redheff, 294
riemann, 295
ris, 297
smoke, 298
toeppd, 298
toeppen, 299
tridiag, 299
triw, 300
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wathen, 300

wilk, 301
GAMMA, 254
GAMMAINC, 254
GAMMALN, 254
GCD, 223
GENPATH, 66
GETENYV, 74
GETFIELD, 108
GLOBAL, 172
GRAYMON, 53
GSVD, 344

H

HADAMARD, 264
HANKEL, 265
HELP, 41
HELPDESK, 43
HELPINFO, 41
HELPWIN, 42
HESS, 336
HILB, 266
HOME, 68
HORZCAT, 129
HOSTID, 39

I

IF...ELSE..ELSEIF...E
ND, 184

IMAG, 217

IND2SUB, 96

INF, 140

INFERIORTO, 128

INFO, 34

INLINE
/ARGNAMES, 123
/CHAR, 124
/FORMULA, 124
/INLINE, 122
/VECTORIZE, 124

INPUT, 192

INPUTNAME, 192

INTERSECT, 166

INV, 317

INVHILB, 266

IPERMUTE, 102

1S*, 157
ISCELL, 117
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ISEMPTY, 83
ISEQUAL, 83
ISFIELD, 111
ISLOGICAL, 83
ISNUMERIC, 82
ISOBIJECT, 127
ISSTRUCT, 112
ISA, 127
ISMEMBER, 164

K

KEYBOARD, 193
KRON, §7

L

LASTERR, 196
LASTWARN, 197
LCM, 224
LEGENDRE, 257
LENGTH, 87; 95
LICENSE, 39
LINSPACE, 88
LISTS, 119; 174
LOAD, 61
LOG, 228
LOG10, 230
LOG2, 142; 229
LOGICAL, 81
LOGM, 350
LOGSPACE, 88
LOOKFOR, 43
LSCOV, 329
LU, 322

M

MAGIC, 267
MATLABPATH, 49
MATLABRC, 47
MATLABROOT, 67
MEMORY, 62
MENU, 194
MESHGRID, 88
METHODS, 128
MEX, 57
MFILENAME, 174
MISLOCKED, 177
MKDIR, 74
MLOCK, 176

MOD, 221
MORE, 69
MUNLOCK, 176

N

NaN, 141
NARGCHK, 189
NARGIN, 189
NARGOUT, 189
NCHOOSEK, 226
NDGRID, 101
NDIMS, 101
NEXTPOW?2, 229
NNLS, 328
NORM, 308
NORMEST, 309
NOW, 145
NULL, 311
NUM2CELL, 117

0

ONES, 90; 106
ORTH, 312

P

PACK, 63
PARETO, 213
PARTIALPATH, 65
PASCAL, 268
PATH, 64
PATH2RC, 66
PATHDEF, 64
PATHSEP, 65
PATHTOOL, 68
PAUSE, 193
PCODE, 56
PERMS, 226
PERMUTE, 102
PERSISTENT, 174
Pl, 141

PINV, 327
PLANEROT, 336
POL2CART, 237
POLY, 357
POLYDER, 356
POLYEIG, 341
POLYVAL, 354
POLYVALM, 354

363

POW2, 142; 228
PRIMES, 222
PRINTOPT, 51
PROFILE, 210
PROFSUMM, 212
PWD, 71

Q
QR, 323
QRDELETE, 323
QRINSERT, 323
QRUPDATE, 325
QUIT, 58
QZ, 339

R

RAND, 90; 106
RANDN, 91; 106
RANK, 310
RAT, 224
RATS, 224
RCOND, 310
REAL, 217
REALMAX, 143
REALMIN, 143
REM, 221
REPMAT, 85; 99
RESHAPE, 85; 98
RESI2, 358
RESIDUE, 358
RETURN, 188
RMFIELD, 110
RMPATH, 67
ROOTS, 357
ROSSER, 270
ROT90, 263
ROUND, 220
RREF, 314
RSF2CSF, 337
RUN, 181

S

SAVE, 60
SCHUR, 337
SCRIPT, 168
SEC, 233
SECH, 233
SETDIFF, 166
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SETFIELD, 109
SETXOR, 167
SHIFTDIM, 103
SIGN, 222
SIN, 230
SINH, 230
SIZE, 87; 94
SPH2CART, 238
SPRINTF, 198
SQRT, 227
SQRTM, 351
SQUEEZE, 105
STARTUP, 48
STRUCT, 107
STRUCT2CELL, 118
SUB2IND, 97
SUBSASGN, 131
SUBSCRIBE, 38
SUBSINDEX, 132
SUBSPACE, 313
SUBSREF, 130
SUPERIORTO, 129
SVD, 342

T

TAN, 234
TANH, 234
TEMPDIR, 76
TEMPNAME, 77
Test Matrix Toolbox, 302
fv, 303
gersh, 304
ps, 305
pscont, 306
see, 302
TIC, 154
TOC, 154
TOEPLITZ, 271
TRACE, 311
TRIL, 261
TRIU, 262
TRY ... CATCH ...
END, 188
TYPE, 54

U

- UNION, 165
UNIQUIE, 165

\/

VANDER, 271
VARARGIN, 120; 190
VARARGOUT, 121; 191
VER, 39

VERSION, 40
VERTCAT, 129

W

WARNING, 195
WEB, 54
WEEKDAY, 150
WHAT, 44
WHATSNEW, 36
WHICH, 45
WHILE ... END, 183
WHITEBG, 53
WHO, 58

WHOS, 58
WILKINSON, 272
WORKSPACE, 64

Z

ZEROS, 89; 105
A

Apudmernyeckue
onepatopht, 134
', 134
* 134
/, 134
~, 134
+, 134

J

Jlorndeckue onepauuu,
138
&, 138
], 138
~, 138
and, 138
not, 138
or, 138
xor, 138

M

MunMas exqunuua, 140
I, 140
J, 140
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0]

onepaLrH Hal,
MaccuBamy, 134
S, 135
S, 135
*,135
./, 135
A, 135
+, 134
Onepanumu Haln
Matpuuamu, 134
', 135
", 135
¥, 134
/, 135
~, 135
+, 134
Onepauuyu OTHOLIEHUH,
137
~= 137
<, 137
<=, 137
== 137
>, 137
>=, 137
eq, 137
ge, 137
gt, 137
le, 137
It, 137
ne, 137

C

CneuuanbHble
CUMBOJIHL, 139
' 139
1, 140
%, 140
(), 139
,, 139
., 139
.., 139
..., 139
:, 139
;, 139
{1, 139
=, 139
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