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8. AHAJIN3 U OBPABOTKA AAHHbIX

B at0it rase onucaHbl QYHKLMKU CUCTEMbl MATLAB, KoTopbie IpeHa3HayeHsbl
[UIsl aHali3a U oOpaboTKM MaHHBIX, 3aMAHHBIX B BUIE YMCIOBBIX MaccupoB. Hapsimy
C TpOCTELUMMK (YHKUUAMM BBIYMCICHHS CPEIHEro, Meauanbl, KodGEOULIMEHTOB
KOpPE/ISLMU 3JIEMEHTOB MAacCUBa PAacCMOTPEHBI (PYHKUMHM BBIYMCICHUS KOHEYHBIX
Pa3HOCTEH, IpanyeHTa Y annpokcumaumy JlarnacuaHa. B otaembHbIR pasnes BhIIEACHBI
dhYHKUMM alnpOKCUMALIMKM M UHTEPNOJALMH, @ TAKXKE TCOMETPUYCCKOIO aHaiM3a
nanHbIX. IIpencrapiensl GyHKUMM YUCAEHHOTO MHTETPUPOBAHMS, PEHICHMS 3afauyu
Koum mns cucrem OJIY, a Takke MUHUMHU3AUMM (DYHKUHIA ONHOH U HECKOJBKHX
nepeMeHHbIX. B coctaB QyHKUHIT 06paGoTKM CHTHAIOB BKIHOYEHB! AUCKPETHOE Mpe-
obpasoBaHue Pypbe, QYHKIIMK cBepTKU K PunbTpauud. B nonHoM o6weMe dyHKiMK
00paboTKU cUrHanoB oGOPMIICHBI B BUAC CHELMATM3MPOBAHHOIO MAaKeTa NMporpaMm
Signal Processing Toolbox.

OcCHOBHbIE onepauuu

L SUM, CUMSUM ] CYMMHpOBaHHE 31EMEHTOB MACCHBA
Cunmakcuc:
sx = sum(X) csx = cumsum(X)
sx = sum(X, dim) csx = cumsum(X, dim)
Onucanue:

Pyukuus sx = sum(X) B ciyyae OAHOMEPHOrO MaCCHMBA BO3BPAILLAET CYMMY
3EMCHTOB MacCHBa; B CJIyyae ABYMEPHOINO MAcCHBAa - 3T0 BEKTOP-CTPOKA, CONCPXKALIIAN
CYMMbl JIEMEHTOB KaXIOro CTojIb1a; B ¢/iydae MHOIOMEPHOIO MacCHBa - 3TO CYMMbl
3/IEMEHTOB B CTOJI0LAX BOJb MEPBOMA HECANHUYHON pa3MEPHOCTH.

Oyukuus sx = sum(X, dim) BO3BpalIaET BEKTOP-CTPOKY, COACPXALUYID CYMMbI
3JIEMEHTOB 10 CTOJOLAM BIOJIb pa3zMepHOCTH dim,

Oynkumu csx = cumsum(X) u csx = cumsum(X, dim), KpoMe TOro, BO3BPAIIAOT
BCC TIPOMEXYTOUYHBIC PE3YJIbTaThi CyMMUPOBAHUS.

[Ipumep:

PaccmorpuM TpexmepHblit MaccuB M pasmepa 3x3x3, cOCTaBIGHHBIR U3 Clle-
OYIOLIMX MaTPULL

M(:, 1, 1) = magic(3); M(;, :, 2) = pascal(3); M(;, :, 3) = hilb(3);

M= M

MG, L 1) =

8 1 6
3 5 7
4 9 2
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M(, 5, 2) =
1 1
1 2 3
1 3 6
MG, 5, 3) =
1 1/2 1/3

112 13 174
13 14 1/56

BburcauM YacTHYHBIE M TOJIHbIE CYMMbI 3JICMCHTOB BIO/Ib TpC’I‘bGFI PasMEPHOCTH!

cmx = cumsum(M, 3) sx = sum(M, 3)
cmx(:, :;, 1) =
6
3 5 7
4 9 2
emx(:, :, 2) =
9 2 7
4 7 10
5 12 8
cmx(:, :, 3) = SX =
10 5/2 22/3 10 5/2 22/3
92 22/3 41/4 9/2 22/3 41/4
16/3 9/4 41/5 16/3 49/4 41/5

Conymcmeyrowue @yuxyuu: CUMPROD, PROD.

| PROD, CUMPROD |

Cunmarcuc:

Hpon3senenne 3JIEMEHTOB MAaCcCHBA

px = prod(X) cpx = cumprod(X)
px = prod(X, dim) cpx = cumprod(X, dim)
Onucanue:

®OyHkuus px = prod(X) B ciiyyae OJHOMEPHOIO MacCMBa BO3BPALIACT IIPOU3-
BeJICHUE 3INEMEHTOB MACCHBAa; B CJIy4ae ABYMEPDHOIO MAacCMBa - 3TO BEKTOp-
CTpOKa, CojepXallias I[POM3BENCHHUS 3JIEMCHTOB KaXIOro croadla; B ciyyae
MHOFOMEPHOTO MAcCUBa - 3TO IPOMU3BEACHUS 3JIEMEHTOB B CTOAOLIAX BIOIbL [ICPBOM
HeeIMHUYHOU Pa3MEPHOCTH.

Oyukunst px = prod(X, dim) Bo3BpallaeT BEKTOP-CTPOKY, COAEPXKAILYIO [PO-
M3BENEHMS JIEMEHTOB I10 CTOJOUAM BIONb pa3MepHOCTH dim.

Pynxuun cpx = cumprod(X) u cpx = cumprod(X, dim), xpoMme TOro, Bo3Bpa-
LIAI0T BCE MTPOMEXYTOUYHBIC Pe3YNbTaThl YMHOXCHUS.

Hpumep:

PaccmoTpuM TpexmepHbiit MaccuB M pasmepa 3x3x3, cocTaBIeHHBIR U3 cie-
AYIOUIMX MaTpULL

M(:, . 1) = magic(3); M(:, :, 2) = pascal(3); M(:, :, 3) = hilb(3);

M= M
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MG, 1) =
8 1 6
3 5 7
4 9 2
MG, 2) =
1 1
2 3
1 3 6
M, 3) =
1 1/2 1/3
1/2 1/3 1/4
1/3 1/4 1/5
BbMUCIHM YaCTHYHBIE M TTOJHBIE CYyMMBI 3JIEMEHTOB BIOJIb TPCTHCH PA3MCPHOCTH:
cpx = cumprod(M, 3) px = prod(M, 3)
cpx(s, 5, 1) =
8 6
3 5 7
4 9 2
cpx(:, 1, 2) =
8 1 6
3 10 21
4 27 12
cpx(s, ., 3) = pX =
8 1/2 2 8 172 2
3/2 10/3 21/4 3/2 1013 21/4
413 27/4 12/5 4/3 27/4 12/5

Conyvmemeyrouue @gyuxyuy. CUMSUM, SUM.

| SORT, SORTROWS | CopPTHPOBK2 31eMEHTOB MACCHBA
Cunmaicuc:
Y = sort(X) Y = sortrows(X)
Y = sort(X, dim) Y = sortrows(X, column)
[Y, 1] = sort(X) [Y, I] = sortrows(X)
Onucarue:

OyHkuusg Y = sort(X) B ¢ayyac 0JIHOMCPHOIO MAcCHBa YIIOPSAA0YMBACT 3JIEMEHTHI
MACCUBA 110 BO3PACTaHMIO; B CJIy4ac ABYMCPHOIO MACCHUBA IPOUCXOANT YNOPSA0YEHME
JICMCHTOB KaXKIOI'0 CTOJOLA; 11 MHOTOMEPHbBIX MACCUBOB COPTHPOBKA BBIMOTHACTCA
BIOJIb 1CPBOM HCCAMHMYHOM pa3MepHocTM. Eciu X maccuB CTPOKOBBIX stucek, TO
peATU3YeTCs JICKCUKOIPaHUYCCKOe YIIOPSAOYEHHUE 3JICMCHTOB.

Oyukuus Y = sort(X, dim) BBIMOAHACT COPTHPOBKY BIOMb YKA3aHHOH pa3MepHOCTU.
Ecnu dim BekTop, TO COPTHUPOBKA BBINOIHACTCS 1TOCNEI0BATCILHO BAOAb YKA3aHHbIX
pa3MepHocTeil, To ccth sort(X, [1 2]) aksuBaicHTHO sort(sort(X, 2), 1).

Oyrkuns [Y, ] = sort(X) KpoMe MaccuBa VIOPSLIOYCHHBIX 37IEMEHTOB BO3BPALLACT
MACCHB HEACKCOB, 1O3BOISHIOIIMX BOCCTAHOBHTH CTPYKTYPY MCXOIHOIO MAcCUBa.

5




CUcTeMa UHXEHePHbLIX U Hay4HbIX pacyeros MATLAB 5.x. Tom 2

Eciy aHaIM3MpyeMblit MacCHUB COAECPXKUT KOMIUIEKCHBIE ICMEHTbI, TO CHAYa/1a
37IEMCHTb! COPTHPYIOTCS 110 MOAY/IO, a B CJlyyae paBeHCTBA MOOyneil - 1o 3Ha-
yeHUsAM ¢a3oBoro yria B avanasolc [-m n]. Eciu MaccuB COACPXKUT JIEMEHTBHI
NaN, oHU pazMmellaoTCs B KOHLE COPTHPYEMOTO MacCHBa.

Oyukius Y = sortrows(X) copTHpyeT CTPOKM MAaTpHLibl B MOPSIIKE BO3pacTaHUA
AJIEMEHTOB MNEpBOro cronbua; apryMeHT X MoOXeT OblTh 7060 MaTpuuei, 1160
BekTOpoM-cToa6HOoM. Ecau X Marpuila CTPOK, TO OHU COPTHPYIOTCS JCKCHKO-
rpagpuuecku. Ecnu MaccHB COOEPKHUT KOMILICKCHBIC DJIEMCHTBI, TO CHA4Yana OHU
COPTHPYIOTCS 110 MOAYJIO, @ B Cjlyyac PaBCHCTBA MOAyJICH - 1O 3HauYcCHUsIM da-
30BOTO yIjia B Juanasone [-m m].

Oyukuua Y = sortrows(X, column) BBIMONHSET COPTUPOBKY 3JIEMEHTOB yKa-
3aHHoro cronbua. Ecau column BexTop, TO COPTMPOBKA BBIMOJIHAETCS MOCACIO-
BaTeJBbHO MO yKa3aHHBIM cTonbuam, To ecth sort(X, [1 2]) 3KBUBaJCHTHO NEPBO-
HavyaTbHOM COPTUPOBKC MO 3JEMEHTAaM IIEPBOro cTonbila, a B Cydyae paBCHCTBA
BJIEMEHTOB PEaAIM3yeTCs COPTUPOBKA [10 AJIEMEHTaM BTOPOro CTONOIA.

Oynkums [ Y, 1] = sortrows(X) KpoMe MaccuBa YNOPSIOYEHHBIX JICMEHTOB BO3Bpa-
HIACT MacCHB WHICKCOB, NO3BOJISIIONIMX BOCCTAHOBUTH CTPYKTYPY MCXOIHOIO MacCHBA.

Ipumep:

Paccmorprm maccus M = magic(3).

M=8 1 6
3 5 7
4 9 2

[Y, 1] = sort(M)

Y=3 1 2 f=2 1 3
4 5 6 3 2 1
8 9 7 1 3 2

{Y, {] = sortrows(M)

Y=3 5 7 =2
4 9 2 3
8 1 6 1

Conymcmeyrowue gynkyuu: MIN, MAX, MEAN, MEDIAN.

Ilepeonpedensemvie MemodoL:
help cell/sort.m

Onpezeienne MAKCHMA/IbHBIX JJIEMEHTOB MACCHBA

Cunmaxkcuc:
C = max(A)
C = max(A, B)
C =max(A, [ ], dim)
[C, 1] = max(...)
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Onucanue:

Dynxuus C = max(A) B ciiyyac OHOMEPHOIO MacCHBA BO3BPALLAET HAUOOJIbLLIMI
JJICMEHT; B CJly4ae JBYMCPHOIO MAacCHBa - 9TO BCKTOP-CTPOKA, CONEPXKAlLash MakKCH-
MaJIbHBIE IEMEHTBI KaXI0ro CTo/0La; B CIy4ac MHOTOMEPHOIO MacCHBa - 3TO BEKTOD
MaKCUMAIBHbIX 3JICMEHTOB BAOJIb NEPBON HEEAUHUYHON! Pa3MEPHOCTH.

®ynkuusa C = max(A, B) po3spaiuaer maccuB C TeX Xe pa3MepoB, KaKue
UMCIOT MaccuBbl A UM B, Kaxablil 3JIEMEHT KOTOPOIO €CTh MAaKCHUMAJIbHBINA M3
COOTBETCTBYIOLLIUX 3JICMEHTOB 3TUX MacCUBOB.

Pyukuus C = max(A, [ ], dim) Bo3BpalacT BeKTOp MAKCUMAIBHbIX 3JIEMEHTOB
B/IOJIb Pa3MepHOCTU dim.

®ynxkuus [Y, 1] = max(...) KpoMe CaMHUX MaKCUMAIbHBIX 3JICMEHTOB BO3BpallacT
BEKTOP-CTPOKY MHACKCOB 3THX 3JIEMEHTOB B IaHHOM CTONOLE.

Ecay MaccuUB COAEPXMT KOMIUIEKCHBIC 3JIEMEHTBHI, TO MaKCUMAaJIbHBIE 3jle-
MCHTbI OIIPEACTISIIOTCS U3 YCIOBUS max(abs(A)).

3ameuanue:

Ecny MaccuB COAEPXUT OAMH WIHM HECKOJBKO 3j1¢MeHTOB Tna NaN, To oHM
BO BHHMAHHUE HEe MPUHUMAIOTCS; B BEPCUSX 4.X pe3ynsTaTtoM 66110 NaN,
[Tpumep:

Paccmotpum MaccuB M = magic(3).

M=

1 6
5 7
9 2

A wWoe

y = max(M) [y, [] = max(M) max{max{M))

|3

y=

9 7 y= 8 9 7 9
= 1 3 2

Conymcmeyrowue gynkyuu: MIN, SORT.

@ OnpejeienHe MHHEMAILHBIX 31EMEHTOB MACCHBA

Cunmakcuc:

C = min(A)

C = min(A, B)

C =min(A, [], dim)

[C, 1] =min(...)
Onucanue:

®ynkunsa C = min(A) B ¢/1yyae 0OAHOMEPHOIO MacCHBa BO3BPAILIAET HAUMCHbILMIA
ICMEHT; B CJIyyac JBYMEPHOIO MAacCHUBA - 3TO BEKTOP-CTPOKA, COAEPXAlLAsT MAHH-
MATBHBIC ICMCHTbI KAXKIOTO CTOA0LA; B C/lydac MHOIOMEPHOTO MacCHBA ~ 3TO BEKTOP
MUHUMAJIBHBIX 3JICMEHTOB BOJIb 1EPBOM HECMHUYHON pa3MEPHOCTH.
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Oyukuusa C = min(A, B) Bozspataer Maccup C TeX XC Pa3McpoB, KaKHC
UMEIOT MAacCHBbl A 1 B, KaXIbI 27EMCHT KOTOPOro €CTh MHUHUMANBHBIA U3 CO-
OTBCTCTBYIOILMX 3JIEMEHTOB 3TUX MAaCCHBOB,

Pyukuua C = min(A, [ ], dim) Bo3BpallaeT BEKTOP MUHUMAIBHBIX 3NCMEHTOB
BIOJIb pa3MEpPHOCTH dim.

Oynkuus [Y, 1] = min(...) KpoMe CaMUX MUHUMAILHBLIX DJIEMEHTOB BO3BPalLAeT
BEKTOP-CTPOKY MH/EKCOB 3THUX 3JIEMEHTOB B JAHHOM CTOJOIIE.

Ecau MaccuB comepXuT KOMIUIEKCHDIE 3JICMEHTBI, TO MHHUMAIIBHBIE JICMCHTHI
ompenesiioTes U3 ycosua min{abs(A)).

Sameyanue:

Eciu MaccuB copepXUT OJMH WIM HECKOJIBKO 3J1eMeHTOB Tuna NaN, To oHu

BO BHMMaHHUE HE NMPUHUMAIOTCA; B Bepcusix 4.x pe3ynbratom 6sut0 NaN.

Hpumep:
Paccmotpum Maccus M = magic(3).
M=
8 1 6
3 5 7
4 9 2
y = min(M) {y, I] = min(M) min(min(M))
y= 3 1 2 y= 3 1 2 1
[ = 2 1 3

Conymcmeywuue gynxyuu: MAX, SORT.

Onpejenenye CpeMHHBIX 3HAYEHUI (MeIHAH)
3JICMEHTOB MACCHBA
Cunmakcuc:
mdx = median(X)
mdx = median(X, dim)
Onucanue:

Oynkuus mdx = median(X) B ciydae OZHOMECPHOIO MAacCHBa BO3BPALIAET
3HAYEHUE CPEJUHHOrO 3JIEMCHTA; B CJyyac ABYMCPHOIO MacCcuBa - 3TO BEKTOp-
CTPOKa, COAEpXallas 3HAUCHUS CPEOMHHBIX DJICMEHTOB KAaXIOr0 CTOJ0LA;
B cjlydac MHOTOMEDHOIO MAcCHMBa - 3TO BCKTOP CPCAMHHBIX 3JIEMEHTOB BAOJIb
IIepBOM HEEJAMHUYHON Pa3MEPHOCTH.

Pynxuus mdx = median(X, dim) Bo3BpauaeT BEKTOp CPeAMHHBIX 3JEMCHTOR
BIOAb pa3zMepHOCTU dim.

IIpumep:
PaccMorpuM maccus M = magic(4).
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M =
16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1
mdx = median(M) median(median(M))
mdx= 7 9 8 10 ans = 8.5000
Conymemeyrouue gyrkyuu: MEAN, STD, COV, CORRCOEF,
@ OnpenencHue cpeTHNAX 3HAYEHHH JIEMEHTOB MAcCHBA
Cunmaxcuc:

mx = mean(X)
mx = mean(X, dim)
Onucanue:

Oyukuust mx = mean(X) B ciyyae OJHOMEPHOIO MAaCCHMBA BO3BpAILAET
apU(MCTUIECKOE CPeIHEE 3JICMEHTOB MACCHBA; B Clly4yae /IBYMEPHOIO MAacCHBA -
3TO BEKTOpP-CTPOKA, coaepxkallas apudMeTHYecKUe CpeAHUH 3JIeMEHTOB KaX-
[IOro cTonbua; B CIyyae MHOIOMEPHOIO MAacCUBA - 3TO BEKTODP apUPMETHYCCKUX
CpPEeIHMX 3JIEMCHTOB BAOJb NEPBOM HEEIUHUYHOM PA3MEPHOCTH.

Dyrkuusg mx = mean(X, dim) Bo3BpalliaeT BEKTOP apuOMETHUCCKUX CPEARMX
BIOJb pa3zMcpHOCTH dim.

Tpumep:

Paccmotpum maccus M = magic(4).
M=16 2 3 13

5 11 10 8

9 7 6 12

4 14 15 1
mx = mean(M) mean(mean(M))
mx = 8.5000 8.5000 8.5000 8.5000 ans = 8.5000

Conymemeyrowue gynxyuu: MEDIAN, STD, COV, CORRCOEF.

STD Onpejesienne CTAaHJIAPTHBIX OTKJIOHEHHH JEMEHTOB MACCHBA

Cunmakcuc:
sx = std(X)
sx = std(X, flag)
sx = std(X, flag, dim)

Onpedenenusn:
B cTaTMCTHKE UCIIONB3YETCs 1B OIPEIC/ICHUS JUIsl CTAHAPTHOTO OTKJIOHEHUS! &
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.k
1 " , 12
G=[—Z(x,—£)') ; 2)

L

n

e %= lz x, » 1 = KOJIMYECTBO JJIEMEHTOB BBIOODKH.
i=l

Onucanue:

Qyukuus sx = std(X) B ciyyae OJHOMEpPHOIO MAaccuBa BO3BpALLAeT CTaH-
JapTHOE OTKJIOHEHUE 3JIEMEHTOB MAaccuBa; eciau X - BEIOopKa u3 Habopa ciy4aiHbIX
IAHHBIX, PAacIpcle/icHHBIX [0 HOPMaJIBHOMY 3aKOHY, TO (sx)2 - Hawlyullias
HecMelleHHas OLICHKA AMCHepcuM. B ¢iiyyae AByMEepHOTO MaccuBa - 3T0 BEKTOD-
CTPOKa, Colepallasi CTaHJAPTHbIC OTKJIOHEHMS 3JIEMEHTOB KaXIOro crojba.
B ciiyyae MHOrOMEpHOro MaccHBa - 3TO BEKTOP CTAHZAPTHBIX OTKJIOHEHU 3Jic-
MEHTOB BIOJIb II€PBOU HECAUHUYHOI PA3ZMEPHOCTH.

Oyukuus sx = std(X, flag) mia 3Hayenus flag, pasHoro 0, aHanornyHa std(X);
Juta 3HaveHus flag, pasHoro 1, dyHkuuMs std(X, 1) Bo3BpalLaeT cTaHAapTHOE OTKIIO-
HCHUE COIVIACHO OINpeeNeHUIO (2), COOTBETCTBYIOLLEMY LIEHTPMPOBAHHOM OUEHKE
JTUCTIEPCHH.

Oyukuus sx = std(X, flag, dim) Bo3ppalliaer BEeKTOp CTaHIAPTHBIX OTKIOHEHMMH
BOJIb Pa3MEPHOCTHU dim.

Ilpumep:
PaccMotpuM maccus
M = magic(4)
16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1
sx = std(M, 0)
sx= 54467 5.1962 5.1962 5.4467
sx = std(M, 1)

sx= 47170 4.5000 4.5000 4.7170
Conymcemeyrouue @ynxyuu: CORRCOEF, COV, MEAN, MEDIAN.

cov Onpenenenre KOBAPHAUKOHHON MATPMIBE 3JEMEHTOB MAaCcCHBA
Cunmarcuc:

C = cov(X) C =cov(X, Y)

C = cov(X, flag) C =cov(X, Y, flag)
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Onpedeaenus:

Paccmorpum ABYMepHBI MaccuB X = [Xy Xz . Xp], A€ Kaxabiid cTonbeil pac-
CMaTpUBaeTCA KakK IIEpCMCHHas, a Kaxias CTpoka - Kak HabjwoacHue. Torma
MaTpULIa KoBapHauMit cov(X) onpesesnsercs ciaelyoldM o0pa3oM:

T T T, ]
Xi Xy XX, Xy X,
— T T T .
C=cov(X)= | |X,X;, X;X, ... X,X;|[; )
n—1 .
T T T
_,anl xnxl xnxn_
x?x[ x,sz xlTxn
_ _ T T T
C = cov(X) = 1]XX; X3%X, ... X,X. (2)
n
T T T
[ XoXp X X3 oo XX |

Onucanue:

@yhkiuua C = cov(X) B ciiyyac 0JHOMEPHOIO MAacCHMBa BO3BPALLAET JUCITEPCUIO
3JIEMEHTOB MacCHBa; B Ciay4yac [BYMCDHOIO MAaccvBa, KOrga Kaxiablif ctonben
paccMaTpUBACTCA KaK liepeMEHHas, a Kakaas CTpOKa - Kak HabmomgeHue, cov(X) -
3TO Marpuua koapuauui, diag(cov(X)) - Bextop aucriepcuit, sqrt(diag(cov(X))) -
BCKTOP CTAHAAPTHBIX OTKJIOHEHMH [UTS KaXA0ro CTojidua.

Qynkuna C = cov(X, Y), rae MaccuBbl X U Y HUMCIOT OIMHAKOBOE KOJIH-
4eCTBO CTPOK, paBHOCHIbHA dyHKUMKM cov([X Y]).

Oyukuun C = cov(X, flag) 1 C = cov(X, Y, flag) ripu 3HayeHnuu napamerpa
flag, paBHOro 0, BbIYMCASIOT KOBAPMALMOHHbIE MATPULBI B COOTBETCTBUU C CO-
oTHowieHueM (1), a npy 3HaYcHUU napamerpa flag, paBHoro 1, - B COOTBETCTBUU
C COOTHOLUCHUEM (2).

[Tpumep:

PaccMoTpuM Maccus
M = magic(4)/norm(magic(4))

M=

0.4706 0.0588 0.0882 0.3824

0.1471 0.3235 0.2841 0.2353

0.2647 0.2059 0.1765 0.3529

0.1176 0.4118 04412 0.0294

C = cov(M) diag(cov(M)) sqrt(diag(cov(M)))

0.0257 -0.0239 -0.0222 0.0205 0.0257 0.1602
-0.0239 0.0234 0.0228 -0.0222 0.0234 0.1528
-0.0222 0.0228 0.0234 -0.0239 0.0234 0.1528
0.0205 -0.0222 -0.0239 0.0257 0.0257 0.1602

11




CucrTemMa MHXEHEPHbIX 1 Hay4Hbix pacyeToB MATLAB 5.x. Tom 2

Aneopumm.
BorumciaeHue MaTpriIbl KOBAPHALMI PCATIM3YETCS CICAYIOLIUM aITOPUTMOM:
[m, n] = size(X);
X =X -ones(m, 1) * mean(X);
C=X*X(n-1)

Conymcemeyrowue pyuxuuu, CORRCOEF, MEAN, STD.

CORRCOEF Onpenenenne kKo3thUIMEHTOB KOPPENsSINM IJIEMEHTOB MACCHBA

Cunmakcuc:

S = corrcoef(X)

S = corrcoef(X, Y)
Onucanue:

Oyuxima S = corrcoef(X) Bozppaiaer Matpuny kodhPUUMEHTOB Koppessiuuu
JUIA ABYMEPHOrOo MAacCMBa, KOF[A Ka)IbIH CTOJOCLl paccMarpuBacTCsl Kak repe-
MEHHasi, a KaXJ1asi CTPOKa - KaK HaOJIIo/IeHUE.

OnemeHTH Matpuibl S = corrcoef(X) cBsizaHbl € 3JIEMCHTAMM  MAaTpHLBI
koBapuauuii C = cov(X) ciIciyIolIMM COOTHOICHUEM:

S 5 | I
’ CanCa,»
Oynkumst S = corrcoef(X, Y), rae maccuBbl X M Y MMEIOT OAHHAKOBOE
KOJIMYECTBO CTPOK, paBHOCH/IbHA dyHKUuU corrcoef([X Y]).

[Ipumep:
PaccmoTpuM Maccus
M = magic(4)/norm(magic(4})
M=
0.4706 0.0588 0.0882 0.3824
0.1471 0.3235 0.2941 0.2353
0.2647 0.2059 0.1765 0.3529
0.1176 04118 0.4412 0.0294

S = corrcoef(M) C = cov(M)
1.0000 -0.9776 -0.9069 0.7978 0.0257 -0.0239 -0.0222 0.0205
-0.9776 1.0000 0.9753 -0.9069 -0.0239 0.0234 0.0228 -0.0222
-0.9069 0.9753 1.0000 -0.9776 -0.0222 0.0228 0.0234 -0.0239
0.7978 -0.9069 -0.9776 1.0000 0.0205 -0.0222 -0.0239 0.0257

Conymcmeyiowue ¢yuxuuu: COV, MEAN, STD.
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BbiunciieHHe KOHeYHbIX paBHOCTeﬁ

DIFF H U npUoIMKeHHOe JudepeHunposanme
Cuimakcuc:

Y = diff(X)

Y = diff(X, n)

Y = diff(X, n, dim)
Onucanue:

Oyhkuus y = diff(x) Beraucnser KoHeYHble pasHocTU. Ecnu x - onHOMepHBIN
maccuB BUAa x = [x(1) x(2) ... x(n)], To diff(x) - 3T0 BexTOp pasHOCTENH COCEMHUX
seMeHToB diff(x) = [x(2) - x(1) X(3) - x(2) ... x(n)-x{n -1)]. KonuyectBo 31eMeHTOB
BEKTOpA X Ha CAMHMLY MCHbUIE KOJMYECTBa 31eMeHTOB BekTopa diff(x). Ecnu X -
JABYMEPHBIN MaccHB, To 6epyrcd pasHocTH ¢tonbuos diff(X) = X(2:m, ;) - X(1:m-1, ).

Oynkums y = diff(x, n) BEIYUCTISACT KOHEUHbIE PA3HOCTH TOPSJKA N, YIOBJIE-
TROPAIOLIME PEKYPPEHTHOMY cooTHOwenuio diff(x, n) = diff(x, n -1). Annpokcu-
MalMeN NpoOM3BOJHON N nopsaka sieasgetcst orHomenue diff(y, n)./diff(x, n).

Oyukuusg Y = diff(X, n, dim) BelYMCHAsiEeT KOHEYHBIE Pa3HOCTH NopsAaka N
BaOJIb AuMaroHany dim. Ecyiu nopsinok paBeH WiM MPeBbIIIAET pasMep BIOJIb YKa-
3aHHOM pa3MEPHOCTH, TO GyHKUKA diff BO3BpaLaeT NMycToil MacCHB.

Samevanue:

ITockonbky kaxaas oncpauus auddepeHIHPOBaHUS YMEHbBINACT pa3Mep Mac-
cuba X BIOJIb Pa3MCPHOCTH dim, TO MOXET CAYYMTbCS TaK, UTO IIPU AOCTATOYHO
OOJIBLLIOM N pasMep MaccuBa BAOJb YKA3aHHOM PAa3MEPHOCTU OKAXETCH CAUWHUYHBIM.
Korna takoe npoucxoaur, onepatop auddepeHIMPOBAHUS HAYUMHACT WCIIO/Ib30BATh
JNaHHbIE, NPUHALIEXAIINC CACAYIOUICH HECAMHUYHON PA3MEPHOCTH.

[Mpu Hannuuu cneuuasnsupoBanHoro nakera Symbolic Math Toolbox [1]
BO3MOXHO peaan3oBarb TouHoe IuddepeHUMPOBAHUE B CUMBOJBHOM BMIE, MC-
noJibSysl ciicayrolmue QyHKUMHU NaKera:

«  diff(S) muddeperuMpyeT CUMBOIILHOE BBIPDKEHUE S 110 CBOOOAHON 1EPEMEHHOM;

. diff(S, V') nudbdepeHIMpPYET CUMBONBLHOE BBIPAXEHHUE S MO V;

« diff(S, n) u diff(S, V', n) auddepeHIUPYIOT N pa3 CUMBOJIBHOE BblpaXkeHue S;
. diff 6e3 aprymenToB aAnd)PpepeHLIMpPYET 1IPEALLIECTBYIOLLIEE BbIPaXEHHUC.

Conymemeyrowue gyuxkuuu. GRADIENT, DEL2.

Cebinku:
I. Symbolic Mathematics Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1997.

GRADIENT

TIpnoaxeHHOE BbIYMCTEHHE TPAIHEHTA DYHKIHH

Cuninakcuc:
[px, py] = gradient(F)
[px, py, pz, ...] = gradient(F)
[...] = gradient(F, h)
[..1= gradient(F, h1,h2, ..)
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Onpedenenus:

I'pagueHT ckanapHoit (yHkunmu F(x,y), 3al1aHHON Ha ABYMEPHON CETKE,
onpelelieTCst CICAYIOWMM 00pa3oM:
aF(X’)’) ‘.’+ aF(x’V) .

i
dx dy }

IpagueHT CKasApPHOM GyHKUMM OT n mepeMeHHbIX F(x,y, z, ..) 3agmaercs

cneayouM obpazoM:

d(F —VF—2£7+2£7+8—FR+ :
grad(F)=VF =i oy 1t gLk

grad(F) = VF =

Onucarue:

Oyukuust [px, py] = gradient(F) sbiyucisier rpagveHT GyHkuuu F(X,y),
3a/1aHHOM Ha [IBYMECPHOM CETKe U NpPEACTaBSIONIEH COOOH MacCHB YUCE.

Oyukuus [px, py, pz, ...] = gradient(F) Bluncasier rpagMeHT (YHKUUH OT N
nepeMeHHeix F(x, y, z, ...).

Oyukuun Bupa {...] = gradient(F, h) BeMMCHAOT rpagueHT QYHKUMU,
MCIOJIB3Y4 ITOCTOSIHHBIA LWAr h [10 BCEM MEPEMEHHBIM.

@yukuuu Buaa [...] = gradient(F, h1, h2, ...) ucnoab3yioT pasHbii ar pas-
OUeHMA CETKHU IO NICPEMEHHBIM.
IIpumep:

PaccMoOTpUM pacyet U nocTpoerue noig HanpaeneHuit L GyHKuUu

2 2
F=xe ™Y

¢ Ucnosb3oBaHUeM QyHKUHMM gradient.
[x, y] = meshgrid(-2:.2:2, -2:.2:2);
z=Xx." exp(-x."2 - y.A2);
[px, py] = gradient(z, .2, .2);
contour(z), hold on, quiver(px, py), hold off

PRI O I

Puc. 8.1
Conymemeywwue ghynkyuu: DIFF, DEL2, QUIVER, CONTOUR.
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8. AnHanna v 06paboTka AaHHbIX

DEL2 TIATHTOYEYHAS ANNPOKCHMAIMS JANNACHAHA

Cunmakcuc:
L = del2(U)
L = del2(U, h)

L = del2(U, hx, hy)

L =del2(U, hx, hy, hz, ...)
Onpedenenus:

Ecnu MaccuB U paccMarpusars Kak ¢GyHKUmIO U(X, y), BBMHCICHHYIO B TOYKAX
KBaPaTHOIA ceTKH, To 4del2(U) sABnseTCs KOHEYHO-Pa3HOCTHOM aripoKcHMaLmeit aud-
(hepeHLIMATEHOTO oneparopa Jlaruiaca, NpUMeHeHHOro K GyHKuMK U, To ecTb

= *u d’u
4L=vy2, - St
ax* dy
KoHeyHOo-pa3sHOCTHas afpoKCUMaLus onepatopa L uMeeT BUJ

1
Ly 2'4—(ui+l,j FUy U g T U o) T U
BHYTpM 06JIaCTH, a Ha rpaHMUe Ta Xe (HOpMyNia UCNOJb3yeTcs il KyOHYecKoi
3KCTPAMOJISILLKH.
Ons dynkuun N nepemenHsix U(x, y, z, ...) oneparop L orpegeisieTcs cie-
JYIOLMM 00pa3oM:
I = vZiu 1 {9%u d*u d%u

+ +
2N T 2N{9x? 9y? 922

Onucanue:

Oyukuus L = del2(U), rae U - npsaMoyronbHbIH MaccuB, BO3BpalllaeT JAMC-
KPETHYIO anmnpoKCUMaLMIO JialjlacMaHa B BUIE MaccKBa L Toro xe pasMepa, KaKipiil
3JIEMCHT KOTOPOrO paBeH pa3HOCTU CPENHEro 3HAYeHMU YeTblpeX COCEJHHX 3Jie-
MEHTOB M 3JIEMEHTA PacCMaTpMBacMOro y3ja. Y3jbl CETKH BO BHYTPEHHEH 006-
JIACTH MMEIOT YeThipex cocelleil, a Ha IPaHMULUE U B YINIaX - TOJbKO TPEX WIM ABYX

cocegeit. B ciiyyae MHOromepHoOro MaccuBa BO3BpaulacTCst AMCKPETHAS anIpok-
V2 .
o rae N = ndims(u).

cHUMauus oreparopa

ODynxuus L = del2(U, h) BbMMCISAET annpoOKCUMALMIO JialUlacuaHa, MCTIONb3ys
ITOCTOSIHHBIM iar h (110 ymonyaHuio h pasHo 1).

Oyukuus L = del2(U, hx, hy), rae U - npsiMOYrosbHbI MacCHB, MCIONB3YET
CeTKy, 3aJaHHYIO MepeMeHHbIMKU hx u hy. Ecnu hx ckansip, T0 oH onpexensier
paccTosiHUEe MEX[Ay y3JaMHM BOOJb OCH X; €ciM hx BeKTop, TO OH 3afaeT X-
KOOPINHAThI YA10B M LODKEH HMCTb AIMHY Size(u, 2). AHUIOTMYHO eciu hy CKansp,
TO OH OIlpeleaseT PacCTOSAHUE MeXIY Y3jlaMU BIOAb OCH Y; €CIIU hy BEKTOp, TO
OH 3a/iaeT Y-KOOPAMHATHI y3/10B U JIOJKCH UMETh IJIMHY Size(u, 1).
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CUCTEMA UHXEHEPHBIX 1 HAYYHbIX pacueTos MATLAB 5.x. Tom 2

O®yukums L = del2(U, hx, hy, hz, ...}, rie U - MHOrOMEpHBIN MaccuB, MCTIOJIb3YET
pa3HbId 1ar pazoUeHusl CETKH T10 NEePEMEHHBIM.

Tlpumep:

2 2 w2
Pynkuus u(x, y) = x° + y° MMeeT J1arjiacuad, paBHbIl AU = 4, B yeM MOXHO

yOeIuThCs, B3MISAHYB Ha Ipaduky 3TUX QYHKUUH.

[x, y] = meshgrid(-4:4, -3:3);

U=x"x+y."y,
U=
25 18
20 13
17 10
16 9
17 10
20 13
25 18
V =4 *del2(U),
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
4 4 4 4
surfi(V), surfi(V)

WO w

ENF NG NN NN

o N-_2NOO

INFNENE NS NN

NN NN N

Ch 2020

AR AS

oOUN-2NOYO

NN NN NN

W oo LA oW

-

18
13
10

10
13
18

Puc. 8.2

Conymemeyowue dyrxyuu. GRADIENT, DIFF.
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8. AHanuz n obpaboTka AaHHbIX

AnnpokcumManuusg v MHTepnoaauusa naHHbIX

POLYFIT AnnpoKcHMAauus JAHHBIX MOJIHHOMOM

Cunmaccuc:

p = polyfit(x, y, n)

[p, S] = polyfit(x, v, n)
Onucanue:

Oyuxuus p = polyfit(x, y, n) HaxoquT Ko3hGUIMEHTB! TOMHOMA P(X) CTEIICHH N,
KOTOPBII aNnpOKCUMUPYET (PYHKUHMIO Y(X) B CMBIC/IE METOAA HAMMEHBLIMX KBA/IPATOB.
BbixonoM sIBISETCA CTPOKA P UTMHBI N+1, cojepxatliasg K03DOUIMEHThI alllIpoKCH-
MUPYIOLLIETO TIOMMHOMA p(X) B IOPSIAKE YOBIBAHMS CTETICHEH

p(x)= P1X" + sz"—l tot DXt Dyt -

Oyukuus [p, S] = polyfit(x, y, n) Bo3Bpamaer Ko3¢bOUUMEHTH NOJIUHOMA P
M MaccuB 3anuceil S, KOTOPBI MOXHO MCIOJIB30BaTh COBMECTHO C (PYHKIIMEH
polyval [U1s1 OLIEHKM MOrpelHocTed MM npenackaszanus. Ecau omubku 3anaHus
HCXooHON YHKIMH y(X) HE3aBMCHUMBI U PACIPEACIEHbI 10 HOPMATBHOMY 3aKOHY
¢ MOCTOSTHHOM aucriepcueit, To ¢yHKuus polyval obecreynsaet 50-npoLEHTHBINT
/IOBEPUTEIbHBIA HHTEePBAI.

Tpumep:

PaccMoTpuM anrpokcrManmio GyHKUMM oluMOKM erf(x), KoTopasd siBAsieTCst
OrPaHHMYEHHOM CBCPXY (YHKUHUeH, B TO BPeMs KaK alMPOKCUMUDPYIOIKE MOIU-
HOMBI HCOTPAHUYEHHBI, YTO TIPUBOIUT K OIIMOKAM aIIPOKCUMAIIUH.

x = (0:0.1:2.5)"

y = erf(x);

BBIYMCIAUM KO3(DIHUIIMEHTH! allIPOKCUMUPYIOLIETO MOJIMHOMA CTETeH! 6:

p = polyfit(x, y, 6)

p=0.0084 -0.0983 0.4217 -0.7435 0.1471 1.1064 0.0004
BBIYMC/IMM 3HAYCHUS MOJIMHOMA B TOYKAX CETKU:

f = polyval(p, x);

CcPOPMUPYEM CNIEAYIOINYIO TabIMILY AaHHBIX:

table = [x y f y-f]

table =
0 0 0.0004 -0.0004 21000 0.9970 0.9969 0.0001
0.1000 0.1125 0.1119 0.0006 2.2000 0.9981 0.9982 -0.0001
0.2000 0.2227 0.2223 0.0004 2.3000 0.9989 0.9991 -0.0003
0.3000 0.3286 0.3287 -0.0001 2.4000 0.9993 0.9995 -0.0002
0.4000 04284 0.4288 -0.0004 2.5000 0.9996 0.9994 0.0002
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Cuctema VHXEHEPHbIX 1 Hay4dHbIx pacyeTros MATLAB 5.x. Tom 2

M3 Ttabnuusl BUAHO, 4TO Ha orpe3ke [0 2.5] TOYHOCTb arfpOKCMMaLMKU
HaxoauTcs B mnpeaesiax 3-4 3HAKOB; IMOCTPOMM rpaduky GYHKUMU M arIpoOKCU-
MUPYIOLIEro noJiMHOMa Ha oTpeske [0 5].

x = (0:0.1:5)"

y = erf(x);

f = polyval(p, x);

plot(x, y, "ob', x, f, '-g"), axis([0 50 2]), grid

Puc. 8.3
Kak cnegyer u3 aHanusa rpaduka, annpokcumaliusi BHe oTpeska [0 2.5] pacxomuTest.
Anzopumm:

ANNpoKcUMAauusi MOJIMHOMOM CBSi3aHa C BBIMMCIICHMEM MaTpuusl Baugep-
MOHAa V, 3JIeMEHTaMU KOTOPOM ABNAIOTCS 6a3uCHbIC QYHKUMK

vij=x 1,
Y MOCJICAYIOWIMM PEUICHUEM TEPEONPC/IC/IEHHOM CUCTEMbI JIMHCHHBIX YPaBHEHHUIA
Vp=y. ,
[Tosb3oBareb MOXET CaMOCTOATE/IBHO BHCCTH M3MEHeHHUst B M-daiin polyfit,
4yTOObl IPUMEHHUTD Apyrue 6asucHele QyHKUKH.

Conymcemaeyiowue gynxyuu: POLY, POLYVAL, ROOTS.
NTERPFT AnnpokcumMauns nepHoaHYeckoi GYHKIMM HA OCHOBE
_ OpbicTporo npeodpasopauns Oypbe
Cunmarcuc:
yp = interpft(y, n)
Yp= interpft(Y, n, dim)
Onucanue:
OyHKuMs yp = interpft(y, N} BO3BPAlLACT OAHOMCEPHBIA MACCHB MUCCIH, KOTOPbIit

ABISIETCS NIEPUOIMYECKON (DYHKUMEH, OIpeliC/ICHHOM B N TOYKAX U aIliIPOKCUMMU-
pytowueit oHoMepHbIit Maccus y. Ecau length(y) = m, a uHTepsay AMCKpeTHOCTH dy,

18



8. AHanua n 06paborka AaHHbIX

TO UHTEpPBa] AUCKPETHOCTU U yp onpelessercs 1o dopmyiae dyp =dy * m/n,
fIpMYEM N BCETAA I1PEBbILIAET M.

Ecnu BxoagHo#t aprymMeHT Y ABYMEPHBIA MaccuB, TO 00pabaThiBAIOTCA CTOAGIIBI
1 BO3BPALLIAETCS MAcCHB YD C TeM XK€ KOIMYECTBOM CTOJIOLOB, @ KOJUYECTBO CTPOK
paBHO N.

Oyukuusa Yp= interpft(Y, n, dim) BbIIONHSET aNNpPOKCHMAILMIO HaHHbIX,
34aITMCAHHBIX BIOJIb YKA3aHHOM pasMepHOCTH MHOTOMEPHOIO MAaccHBa.

IIpumep:

PaccmorpuM annmpoxkcuManuio GyHKUMM Y = sin(x), kotopas 3agaHa 11 Toukamu
Ha unTtepBaie [0 10].

x =0:10; y = sin(x);

xp = 0:0.25:10;

yp = interpft(y, 41);

xt = 0:0.01:10; yt = sin(xt);

plot(xt, yt, '), hold on, plot(x, y, 'ob', xp, yp), grid

1
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Puc. 8.4

Ha rpadmke nocrpoena touHast GyHKUMS y = Sin(x) ¢ yka3aHMEM TOYEK CheMa
JIAHHBIX M ¢¢ arnmpokcuMauus B 41 touke. Kaxk BUIHO M3 Tpaduka, arnpoxcu-
Mauust BHe HHTepBaa [0 1.5] MMeeT HapacTaloUY0 MOTPELHOCTb.

Conymcmeyiowue gynxyuu: INTERP1.

SPLINE, PPVAL,

Wnurepnonsduus GpyHKUHH OXHOM NepeMEHHON
MKPP, UNMKPP P byuu A p

KyOHYeCKHM CIiaiHoM

Cunmakcuc:

yi = spline(x, y, xi) v = ppval(pp, xx)
pp = spline(x, y) [breaks, coefs, |, k] = unmkpp(pp)
pp = mkpp(breaks, coefs)
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CucTemMa MHXEHEPHbBIX ¥ Hay4Hbix pacyeTos MATLAB 5.x. Tom 2

Onucaxue:

Oyukuus yi = spline(x, y, xi) MHTEpIOAMpPYET 3HAYEHUST DYHKUHUM Y B TOYKAX
Xi BHYTpH 00JIacTH onpefesieHUst GyHKUUM, UCTIONb3YsT KyOndyeckue crunaiHsl [1].

Pyukuus pp = spline(x, y) Bo3ppaiuaer pp-hopmy crulaiiHa, UCIONB3YEMYIO
B M-caitnax ppval, mkpp, unmkpp.

®yHkuus v = ppval(pp, XX) BbIYUCISIET 3HAYEHUE KYCOYHO-IJIAAKOIO IOJMU-
HOMa pp AJIS 3HAYCHUU apryMeHTa XX.

®yukuus [breaks, coefs, I, k] = unmkpp(pp) BO3Bpallla€T XapaKTePUCTUKHU
KYCOYHO-IIaAKOTO MOJIMHOMA Pp:

breaks - BekTOp pa3bueHUsa apryMeHTa;

coefs - KoapPuuMeHTH KyOMYECKUX CIUIaiHOB;

I = length(breaks) - 1;

k = length(coefs)/I.

Oyukuusa pp = mkpp(breaks, coefs) GopMUpyeT KYCOYHO-IJIAAKMIA TTOJIMHOM
pp TO €ro XapaKTepUCTHKAM.
[lpunmep:

3apagum cuHycouny Bcero 10 TOYKaMU M MPOBEAEM UHTEPNOJISLUIO KyOHU-
YeCKUMU CIUTAHHAMH, UCTIOJIB3YSI MEJIKYIO CETKY.

x =0:10; y = sin(x);

xt = 0:.25:10;

yi = spline(x, vy, xi);

plot(x, y, ‘o', xi, vi, 'g", grid
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Puc. 8.5
Onpeneanm pp-bopMmy cnnaiHa.
pp = spline(x, y);
[breaks, coeffs, |, k] = unmkpp(pp)
breaks = 0 1 2 3 4 5 6 7 8 9 10



8. AHanna v 06paboTka faHHLIX

coeffs =

-0.0419 -0.2612 1.1446 O

-0.0419 -0.3868 0.4965 0.8415
0.1469 -0.5124 -0.4027 0.9083
0.1603 -0.0716 -0.9867 0.1411
0.0372 0.4095 -0.6488 -0.7568
-0.1234 0.5211 0.2818 -0.9589
-0.1684 0.1509 0.9538 -0.2794
-0.0640 -0.3542 0.7506 0.6570
0.1190 -0.5463 -0.1499 0.9894
0.1190 -0.1894 -0.8856 0.4121

1= 10

k= 4

Brraucium pp-popMy B y310BbIX TOUKAX CETKH.

v = ppval(pp.x)

v=0 0.8415 0.9093 0.1411 -0.7568 -0.9589 -0.2794 0.6570 0.9894 0.4121 -0.5440
Aaeopumm:

HMureprnioasiuus crutaifHaMM MCIIOJB3YET BCIIOMOraTeIbHble (yHKUMM ppval,
mkpp, unmKkpp, KoTopbie 00pa3yloT HeGOIbLION nakeT Wit pabOThl ¢ KYCOYHO-
IJIALKUMU TTOTMHOMAMH.

CyuiecTBeHHO 00JIBLIMC BO3MOXHOCTH UIST paboThl CO CILIafHAMM Tpeso-
CTaBJISIET 110J1b30BATCIO ClICLHATN3MPOBaHHbII nakeT Spline Toolbox [2].

Conymemeyrowue gyuxuuu: INTERP1, INTERP2, INTERP3, INTERPN, PPVAL,
Spline Toolbox.

Cebiaku:

1. Carl de Boor. A Practical Guide to Splines. Berlin, 1978.

2. Spline Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1992.

LINTERPY, INTERP1Q | Onuomepnas Ta0AMYHAR NHTEPNONANNA

Cunmakcuc:

yi = interp1(x, y, xi)

yi = interp1(x, y, xi, '<semod>")

yi = interp1q(x, y, xi)

Onucanue:

@Oyukuud yi = interp1(x, y, Xi) CTPOUT KVCOUHO-JIMHEMHYIO UHTEPIIONUPYIOULYIC
KPHUBYIO VISl OHOMCPHOIO MAacCHBa Y, 3a4aHHOIO HA CETKE X; BBIXOAHOW Maccus
yi MOXKCT ObITL OlipedelicH Ha ©ojiee MEJIKON cetke xi, Ecin Y - IBYMCPHbBIA Maccus,
TO UHTEPNOJIUPYIOILAS KpUBAsh CTPOMTCA Uil KAXI0ro crofidua v Maccus Yi Oyier
iners pasmep length(xi)xsize(Y, 2). Jdnst 3HaucHMit xi BHC 00JIacTi 3ajaHus X
npucsauBactest 3HaueHuce NaN.

DvukLms yi = interp1(x, y, Xi, ‘“<aremod™') HO3BOISICT 334aTh METO;L UHTCPHOISILIHM.

i

i
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Cucrema MHXEHepPHbLIX ¥ Hay4Hbix pacdetos MATLAB 5.x. Tom 2

'nearest’ - cTyrneHyarass UHTEPIIOIALUUA;
‘linear’ - AMHEAHAS UHTEPIOJALUA;
‘cubic’ - Kybuyeckasi UHTepIIOsiLIMS
‘spline’ - Ky6HUYCCKHUE CIIIANHBL.

st BCex MHTEPIOMSIIMOHHBIX MCTOOB IIPEOJIAraeTCs, YTO apryMEHT X M3Me-
HSIETCA MOHOTOHHO. ECnu ceTka sIRisieTcs: paBHOMEDHOM, TO MOXHO TIPUMEHMTD YCKO-
PEHHYIO MHTEPIOJSILMIO, MCTIONB3Ysl METO/bI “*linear’, 'scubic', '*nearest, '+spline’.

CrienmanbHasg dyHKLHMA yi = interp1q(x, v, xi) peatu3yeT oYeHb OBICTPYIO JIM-
HERHYIO MHTEPNONALMIO OJHOMEPHOW ¢yHKuuM. Eciau Y - AByMEpHBI Maccus,
TO MHTEPIOIUPYIOLIAs KPUBAsT CTPOMTCH ISl KOKAOro crosidua u Maccus Yi OyaeT
nMeTh pasMep length(xi}xsize(Y, 2). [dns 3HaueHuit xi BHe o6nacTU 3asaHus X
npucsauBaercs 3HaueHHe NaN.

QyHkuus interp1q paboTaeT Ha HEPaBHOMEPHOM ceTKe OwicTpee, YeM (IyHKLMS
interp1. OmHako ¢yHkuus interpi(..., “linear’) paGoraet HA HCPAaBHOMCPHOW CETKe
ele OvicTpee.

[pumep:

3apangum cuxycouay Beero 10 TOYKAMM U MPOBCAECM MHTEDIIONSALMIO, UCIIONB3YS
MEJIKYIO CETKY.

x =0:10; y = sin(x};

xi = 0:.25:10;

yi = interp1(x, y, xi),

plot(x, y, ‘o', xi, vi, 'g"), hold on

yi = interp1(x, y, xi, ‘'nearest’ );

plot(x, y, 'ob', xi, yi, 'm")

yi = interp1(x, y, xi, 'spline');

plot(x, y, ‘'ob', xi, yi, 'b", grid, hold off
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8. AHamnna u 06paboTka AarHHbIX

Ancopumm:

MeTonp!l JIMHEAHOM M KyOMUECKOW MHTCPHONALMU PEUTM3YIOTCS JOBOJBHO
MPOCTO; YTO Xe KacaeTcsl MHTEPNOIAUMM CIUIaiiHaMu, TO B 9TOM CJIY4ae UCIIONb-
3yloTcsl BeroMmoratesbhble QyHkuuu ppval, mkpp, unmkpp, xotopsie o6pa3yior
HeOOTbLION NakeT /ia paboThl € KYCOYHO-TIAAKUMH ITOJMHOMAMH.

CyuectBeHHO OOblIME BO3MOXHOCTH TMOJB30BATENSAM [UI pelueHus pobiem
MHTEPNOMALMU U alllIPOKCUMALIMU NPEJOCTABMASET CHEHUATU3XPOBAHHBIA MAKeT
Spline Toolbox [1].

Conymcmeyrowue gynxyuu: INTERPFT, INTERP2, INTERPS, INTERPN, SPLINE.

Cebiaku:
1. Spline Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1992.

INTERP2 Jsymepnas Tabaminas MHTEPNOJISUHA

Cunmarcuc:

ZI = interp2(X, Y, Z, XI, Y})

21 = interp2(Z, XI, YI)

Zi = interp2(Z, ntimes)

Zi =interp2(X, Y, Z, Xl, Y1, ‘<memod>')

Onucanue:

Oyukums ZI = interp2(X, Y, Z, Xl, YI) Bo3Bpawaer maccuB Zl, COOTBETCT-
syiommid MaceuBam Xt 4 Y1 ¥ NOsydeHHbIH MHTEPIONSALUEM AaHHBIX, 3alaHHBIX
B MaccuBax X, Y un Z. MaccuBbl X U Y J0/KHBI OBITb MOHOTOHHBIMH U MMETh
¢opmar, cootBercTBylomwiMit GyHKUMM meshgrid. BeixogHoi MaccuB ZI MoxeT
ObiThb onpeaeneH Ha Oosee Mmenkoit cerke {XI, Y}, HO eciM TOYKHM HOBOH CeTKH
BBIXO/IAT 3a mpedesibl ceTkU {X, Y}, TO UM npucBauBaercs 3HadeHue NaN.

AprymeHTtsl X| U Yl MOryT 6bITh MacCHBAaMM, U B DTOM cCiy4ae 3HaueHusd Zi
onpeaensitores B Toukax (XI(, ), Yi(, j)). HakoHeu, MOXHO 3anaTh Xi KaK BEKTOP-
CTPOKY, a Yi KaK BEKTOp-Croidel; TOrAa 3TH BEKTOpbl OMpPEIesT CeTKy B (op-
Mmare ¢yHkuMHU meshgrid(xi, yi).

Oyukuua Z| = interp2(Z, Xl, Yl) npeanonaraet, uto X = 1:n u Y = 1:m, rae
[m, n] = size(Z).

Gyuxuuns Z! = interp2(Z, ntimes) BbIMNOJHICT PCKYPCUBHYIO WHTEPITOJILIMIO,
1oBropsisi ee ntimes pa3. KomaHaa interp2(Z, 1) paBHOCWIbHA KOMaH/e interp2(Z).

ODyukuusa ZI = interp2(X, Y, Z, X!, Yi, ‘<memod>') rno3sosiseT 3a4ath METOL
MHTECPONALMH:

'nearest’ - cTyreH4yaTas UHTEPIOJSILIMS,

‘linear’ - JIMHEeHHAasE MHTCPIOASUMS (110 YMOJIYAHUIO);
‘cubic’ - KyOHuccKast MUHTEPIOJSILHUS

‘spline’ - KyOnuyeckue CIUTaiHbl.
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CucremMa MHXEHEPHbIX v Hay4Hbix pacyeros MATLAB 5.x. Tom 2

g BCeX MHTEPIIOJSILIMOHHBIX METOIOB IPEAIIOJATACTCS, YTO aPryMEeHThl X
¥ Y U3MCHSIOTCS MOHOTOHHO M 3aiaHbl B ¢opMmate (yHKumM meshgrid. Ecin
ceTKa SIBISCTCSl PABHOMEDHOU, TO MOXHO [IPUMEHUTh YCKOPEHHYIO MHTEPIIONSILMIO,
MCII0Nb3Ysl MeTOBI '+linear’, 'xcubic', ‘*nearest', '+spline’.

IIpumep:

[lpoBeaeM nMHTEpHONALMIO GYHKIMY peaks, UCIIONb3YST MEJIKYIO CETKY.

[X, Y] = meshgrid(-3:0.25:3);

Z = peaks(X, Y);

X1, YI] = meshgrid(-3:0.125:3);

ZI = interp2(X, Y, Z, XI, YI);

mesh(X, Y, Z), hold on, mesh(XI, YI, ZI+15), hold off

Puc. 8.7
Conymemeyowue @yukyuu: INTERP1, INTERP3, INTERPN, MESHGRID, GRIDDATA.

INTERP3 Tpexmepnas TaOMHYHAS HHTEPNOJIALMS

Cunmaxkcuc:
Vi =interp3(X, Y, Z, V, Xi, YI, ZI)
VI = interp3(V, XI, Yl, Z1)
VI = interp3(V, ntimes)
VI =interp3(..., ‘<memod>")
Onucanue:

Oyukuusa VI = interp3(X, Y, Z, V, XI, YI, Z1) Bozspamaer maccus VI, coor-
BercTByolMid MaccuBaM Xl, Y|l v ZI M nonydeHHbId MHTEPHONSUMEH OAHHbIX,
3anadHbIX B MaccuBax X, Y, Z u V. BoixoaHoit MaccuB VI MoXeT ObITh OlipeAesieH
Ha Oonec Menko#d cetke {XI, YI, ZI}, HO eCin TOYKM HOBOM CETKM BBIXOIST 34
npeneiibl ceTkM {X, Y, Z}, To uM rpucBaupactcs 3HageHue NaN.

AprymenTtnt X!, Yt U ZI MoOryT ObITb MacCMBaMM, MU B 3TOM CJllydae 3HauyeHusi VI
onpeuenatores B Todkax (XI(i, j), Yi(i, j), ZI(, j)). Haxoxen, MoxXHO 3a1ath Xi, yi 1 zi B Buic
BCKTOPOB, ONMPEALIIAOILIMX CETKY, COOTBCTCTRYIONULYIO pyHKUMK meshgrid(xi, vi, zi).
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8. AHanu3 n o6paboTka faHHbIX

Dyukuusa VI = interp3(V, Xl, Y1, ZI) npeanonaraer, uto X =1:n,Y=1muZ = 1:;p.
rae {m, n, p] = size(V).

®yHkumst VI = interp3(V, ntimes) BHINOJHAET PEKYPCUBHYIO MHTEPIONALMIO,
rnosropsist ee ntimes pa3. Komanza interp3(V, 1) paBHocuibHa koMaHe interp3(V).

Oyukuus VI = interp3(..., '<memod>") O3BOMSICT 3a4aTh METON MHTEPIIO/ISLUUH:

‘nearest’ - CTymeHYaTas MHTEPITOJSLIU;

‘linear’ - TUHCHHAs MHTEPITONSALUA (110 YMOJYAHUIO);
‘cubic’ - KyOMuecKasi MUHTePIIOIS LS,
‘spline’ - KybHuyeckue CriIafiHbI.

J1st Bcex MHTEpHOJSIUMOHHBIX METOAOB MpPEAIOJaraeTcsi, YTo apryMeHTst X,
Y u Z U3MCHSIIOTCSI MOHOTOHHO U 3ajaHnl B chopMare ¢dyHkuuu meshgrid. Ecnu
CETKA SIBISIETCS] PABHOMEPHOMH, TO MOXHO IPUMEHHUTh YCKOPEHHYIO MHTEPIIONALHIO,
Hcnonb3yst MeTob! "*linear', '*cubic’, '+nearest’, '+spline’.
[Ipumep:

IIposenem unTepnongumio GyHkuuH flow, MCIONB3YS MENKYIO CETKY.

X, Y, Z, V] = flow(10);

X1, Y1, ZI) = meshgrid(.1:.25:10, -3:.25:3, -3:.25:3);

VI =interp3(X, Y, Z, V, XI, Yi, ZI); % Pasmep V - 31x41x27

slice(XI, Y1, ZI, VI, [6 9.5], 2, [-2 .2)]) shading flat

Puc. 8.8
Conymcmeyfozque (ﬁyﬂxuuu: INTERP1, INTERPZ2, INTERPN, MESHGRID.

INTERPN MHuoroMepHas T201MYHAA HHTEPOIALUA

Cunmarcuc:
VI =interpn(X1, X2, X3, ..., V, Y1, Y2, Y3, ...)
VI = interpn(V, Y1, Y2, Y3, ...)
VI = interpn(V, ntimes)

VI = interpn(..., '<memod>‘)
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Cucrema mHXEeHepPHbIX v HaydHbix pacyetos MATLAB 5.x. Tom 2

Onucanue:

Gynkuuns VI = interpn(X1, X2, X3, ..., V, Y1, Y2, Y3, ...) Bo3BpaiaeT maccus VI,
COOTBETCTBYIOLUMIT MaccuBaM Y1, Y2, Y3, ... M IONy4EHHBIA MHTEPIIONSILIMEN JaHHBIX,
3alaHHbIX B MaccuBax X1, X2, X3, ..., V. BeixonHo#i MaccuB VI MoxeT ObITh onpejie-
JIeH Ha 6ostee Meskoi cetke (Y1, Y2, Y3, ... }, HO eCllM TOYKKM HOBOM CETKU BBIXOIST
3a ripejesnl ceTku {X1, X2, X3, ..., }, To UM npucBauBaercsl 3HaueH1e NaN.

ApryMents! Y1, Y2, Y3, ... MOTYT ObITh MacCUBAMM, U B 3TOM CJyyae 3Hayc-
Hus VI onpepensiores B Toukax (YA(i, i), Y2(, j), Y3(i, j), ...). Hakoneu, moxno
3anath y1, y2, y3, ... B BUIE BEKTOPOB, ONPEACISIOIIUX CETKY, COOTBETCTBYIOLLYIO
dyuxunu ndgrid(y1, y2,y3, ..).

Oyukuus VI = interpn(V, Y1, Y2, Y3, ...) npeanonaraer, 4ro X1 = 1:size(V,1),
X2 = 1:size(V,2), X3 = 1:size(V,3) u T. 0.

Oyakuusa VI = interpn(V, ntimes) BbINOJHSET PEKYPCUBHYIO WHTEDITOJISLHIO,
noBTOpss ee ntimes pas. Komanza interpn(V, 1) pasHocwisRa KoManae interpn(V).

Oyukuus VI = interpn(..., ‘'<memod>') 1103BOJISICT 3a1aTh METOL UHTEPIIOSIUM;

‘nearest’ - cTymeHvaTasi VHTEPIIOIALMS,

‘linear’ - AMHEHHAsT UHTEPIOSAIUA (110 YMOITYaHUIO);
‘cubic’ - KyOUUeCcKass UHTCPIIONSIIHS;
‘spline’ - KyOMYeCKHe CIUTAHBI.

Iig BCeX MHTEPMNOJBIUMOHHBIX METO/IOB TPEANO/IaracTcsi, YTO apryMeHThI
X1, X2, X3, ..., U3MEHATCA MOHOTOHHO U 3agaHbl B dopMaTte dyHKUuM ndgrid.
Eciu cerka saBasiercs paBHOMEPHOM, TO MOXHO NMPUMEHUTh YCKOPEHHYIO HHTED-
MONALMIO, UCTIOAB3YS MeTO/bl "*linear’, '*cubic', '*nearest’, '*spline'.

Conymcmeyrowue gynxyuu: INTERP1, INTERP2, INTERP3, MESHGRID.

GRIDDATA JIByMepHAA HHTEPNOAAUMA HA HEPABHOMEPHOH CeTKe

Cunmakcuc:

Z! = griddata(x, y, z, X!, Y})

[X1, YI, ZI] = griddata(x, vy, z, XI, Y1)

[...] = griddata(..., '<memod>")
Onucarue:

Oynxuug Zt = griddata(x, v, z, X1, Y1) Bo3ppausaet Maccus ZI, KOTOpbIi orpesesncH
Ha HoBoit cetke {X|, YI} B pe3ynbrare HHTEPNOISALMHU UCXOAHOH (PYHKIIMHM Z, 33TaHHOM
Ha HepaBHOMEpHOH cetke {X, y}. ApryMeHtsl Xl u Y| MoryT ObITb MAaCCUBAMH, U B
3TOM cydae 3HavycHus ZI onpepensiiorest B Toukax (XI(i, j), Yi(, j)). HakoHeu, MoxHo
3a/1aTh Xi KaK BEKTOP-CTPOKY, A Yi - KAK BEKTOP-CTO/IOELL; TOTA 3TH BEKTOPLI OPEnessiT
ceTKy B dopmare byHkuMM meshgrid(xi, yi).

Dynkuus [Xi, Y1, Z1 = griddata(x, y, z, XI, YI) xpome maccuBa Z! Bo3Bpawacr
maccuBbl X, Y1, ynakosanHble B dhopMarte pyHkunu meshgrid.
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8. Ananuz v 06paboTka JaHHbIX

®yHkuus [...] = griddata(..., '<memod>') 103BOASIET 33aTh METOX MHTEPITOMSLIMH;

‘linear’ - JIMHCIiHAsg Ha OCHOBE TPUAHTY/ISUMHK (10 yMONYAHHUIO);
‘cubic’ - Kybuueckas MHTEPIIONALMS Ha OCHOBE TPUAHIYJISLINY;
‘nearest’ - cTyrieH4Yarass MHTCPIOSILUS;

'v4' - MHTEPNOJIALNS, pCAIM30BaHHas B Bepcusix MATLAB 4.x.

Mertoasi 'cubic’ 1 'v4' peanuayioT DIafKyo UHTEPTOIBILMIO, B TO BPEMS KaK METOMB
inear’ 1 'nearest’ 1alOT Pa3pbIBBl COOTBETCTBCHHO MO NCPBOH M BTOPON NMPOUZBOIHBIM.
Bce MeTonpl, 3a MckimoueHneM 'v4' OCHOBAHBI Ha TpUaHTys iU enone.

Arcopumm:

®yuxuua griddata(..., 'v4') ucrnonb3yeT METOA, H3TOXeHHBIH B pabore [1];
OCTaIbHblE (YHKIMK OCHOBAHBI Ha TPUAHTYIsUMM HenoHe [2].

Tpumep:

Onpenenum ¢GyHKUHUIO Ha ceTKe, 3agaHHoit 100 Toukamu, BHIOPAHHBIMHU
ciyvaitHo Ha oTpe3ke [-2 2.

rand('seed’, 0)

X =rand(100, 1) * 4 - 2;

y =rand(100, 1) * 4 - 2;

Z = x."exp(-x.*2 - y.*2)

Bexropsl x, y, z onpedenstor 100 ciyyaifHbIX TOYEK Ha NOBepXHOCTH GyHKUMH ZI,
KOTOPYIO 3a/laJlUM Ha CJICAYIOUICH PaBHOMEDHOH CETKe:

ti=-2:0.25:2;

[(XI, YI] = meshgrid(ti, ti);

Zl = griddata(x, y, z, XI, Y1);

TToctpouM noBepXHOCTh QYHKUMH, TOJYYEHHOH B pe3yIbTaTe WMHTEPHONSAHUU
Ha HepaBHOMEPHOM CJIy4ailHOW CeTKe.

mesh(Xl, YI, Zl), hold on, plot3(x, y, z, 'or'), hold off

Puc. 8.9
Convimemeyiowe @yuciun: DELAUNAY, INTERP2, MESHGRID.
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Cucrtema NHXEHEPHbIX 1 Hay4Hbix pacdetos MATLAB 5.x. Tom 2

Ceblaku:

1. Sandwell D. T. Biharmonic Spline Interpolation of GEOS-3 and SEASAT Altimeter
Data// Geophysical Research Letters. 1987. Vol. 2. P.139-142.

2. Watson D. E. Contouring: A Guide to the Analysis and Display of Spatial Data, Tarrytown;
New York: Pergamon (Elsevier Science, Inc.), 1992.

Feomerpuyeckuii aHanusa paHHbIX

DELAUNAY ITocTpoenue TPHAHTY.ISIMOHHOM CEeTKH

Cunmarcuc:
TRI = delaunay(x, y) k = dsearch(x, y, TRI, xi, yi)
TRI = delaunay(x, v, 'sorted’) k = dsearch(x, y, TRI, xi, yi, S)
T = tsearch(x, y, TRI, xi, yi)
Onpedeaenue:

IlycTh 3a13HO HEKOTOPOE MHOXCCTBO TOYUCK; TOLUA mpuaneyadyuen feione
Ha3bIBACTCSI MHOXECTBO JIMHUM, COSAMHSIONIMX KAXYIO TOYKY C €€ HeIOCpeaACT-
BCHHbIMH coceasmu. Tpuanrynsuus [e/ioHe cBs3aHa ¢ avarpammoit Bopouoro,
KOTOpas IpeAcTaBisieT cob0il MHOTOYTOJIbHUK, BCPLUMHAMH KOTOPOLO SIBJISIOTCS
LICHTPBI KPYIOB, ONMCAHHBIX BOKPYT TPEYFOJIBHMKOB JlcIOHC.

Onucanue:

Oynkuua TRI = delaunay(x, y) Bosspaliact Habop TPEVIOIbHUKOB, TAKO,
YTO HM O/IHA TOYKA K3 YUCNA 33JaHHBIX HE [PHHAUICKUT KPyraM, OHHCAHHLIM
OTHOCUTCJIBHO 3TUX TpEYrojibHUKoB. Kaxnas ctpoka marpuusl TRI pasmepa
mMx3 OIIPEeACSACT OAMH TAKON TPCYrOJIbHUK; BCPLUMHBI TPCYTONbHUKA 3a[aK0TCs
KAaK MHICKCBI COOTBETCTBYIOILMX 3JEMCHTOB BCKTOPOB X M Yy, Tak 410 X(TRI)
1 y(TRI} - 3T0 KOOPAMHATH! BEPLUMH.

®Oynkuus TRI = delaunay(x, y, 'sorted') KpoMe TOr0 BBLIIOIHACT COPTUPOBKY
TOYEK, CHayajla Mo NMepCMEHHON Y, a 3aTCM I10 TICPCMCHHOM X, UCKIIIoYast NOBTO-
PAOLKECs] BEPUIMHBI.

Tpuanryiasiuma [IeOHE cO30aeT TPUAHIYISILIMOHHYIO CETKY ISl CHy4anHo
paclipeic/ieHHbIX TOUYCK M MCIIOJIB3YCTCS Kak yTiiMra ¢hyHKuMamu griddata,
convhull, voronoi.

Oynkunsa k = dsearch(x, y, TRI, xi, yi) BO3BPAILACT KHACKC TOYKM (X, Y)
B MaccuBe [X y], KOTOpas IPUHAUICKUT TPUAHTIYISLUUU [lejioHe U sIBISICTCS BIU-
kKalueil K uccaeayeMoi Touke (xi, yi).

Oynxnus k = dsearch(x, y, TRI, xi, yi, S) HcHOAL3IVET CrCMANBHYIO pa3pe-
JKCHHYI0 MaTpuuy S= sparse(TRI(G,[1 1223 3]). TRI(;, [23 13 12]), 1, nxy, nxy).
ric nxy = prod(size(x)). 4To 10O3BOJSICT U3DCKATL cC HOPMUPOBAHHUS B NPOLICCCC
BBIYUCIIEHUH.
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8. AHanus v o6paboTka AaHHbIX

Oyukums T = tsearch(x, y, TRI, xi, yi) Bo3ppauiaetr HoMep CTPOKM MaccuBa TRI
(MHBIMH C/IOBAMH, TPEYrOJbHMK TPUAHTY/ISILUOHHOM CETKM), B KOTOPOM HAXOZHUTCS
Touka (xi, yi). Ecnu touka HaxouTcA BHE MNPEAE/IOB TPUAHTYIALMOHHON CETKH,
To pesynpratoM OyaeT NaN. Maccus [X y] npyHaaIeXuT Tpranrynsiuy Jenoxe.

Hpumep:
[MocrpouTts Tpuanrynsuuio Hdesnone mist 10 clyqyaifHbIX TOYCK.
rand('state’,0);
x = rand(1, 10);
y = rand(1, 10};
TRI = delaunay(x, y);
subplot(1, 2, 1),
trimesh(TRI, x, y, zeros(size(x))); view(2), axis([0 1 O 1]); hold on;
plot(x, y, ‘o’);
set(gca, 'box, 'on’);
CpaBuute ¢ guarpaMMoit BopoHOTO [J1sT TEX Xe TOYEK:
[vx, vy] = voronoi(x, y, TRI);
subplot(1, 2, 2), plot(x, y, 'rt+', vx, vy, 'b-"), axis([0 1 0 1]), grid, hold off
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Puc. 8.10
k = dsearch(x, y, TRI, 1/2, 1/2)
k= 4
Brimxaitumm k touke ( 0.5, 0.5) gBisgercst y3ea ¢ KOOpAUHATAMU
x(4) y(4)]
ans = 0.4860 0.7382

T =tsearch(x, y, TRI, 1/2, 1/2)

T= NaN

Touka (0.5, 0.5) pacnojioxcHa BHE NPCACI0B TPUAHTYASILMOHHOM CETKH
T = tsearch(x, y, TRI, 0.6, 0.6)

T= 4
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CucTema UHXeHEePHbIX U HaydHbIX pacyeros MATLAB 5.x. Tom 2

Touka (0.6, 0.6) NpUHAUICKUT TPEYFONBHUKY C BEPIIMHAMU
[X(TRI(4, 1)) y(TRI(4, )1
ans =

0.2311 0.7919

0.4860 0.7382

0.7621 0.4057

Conymemeyrowue ¢ynxyuu. CONVHULL, GRIDDATA, TRIMESH, TRISURF, VORONO! .

CONVHULL ITocTpoense BHIBYKIOi 000/104KH

Cunmakcuc:

K = convhull(x, y)

K = convhull(x, y,TRI)
Onucanue:

Oyukiusg K = convhull(x, y) Bo3BpalllaeT UHACKCHI TEX TOYEK, ONUCHIBAEMBIX
BEKTOPAMHU X M Y, KOTOPbIe ITPUHALIEXKAT BHITYKJION 0DOIOUKE.

Oyuknust K = convhull(x, y, TRI) HCIo/b3yeT TPUaHTYJISUMOHHYIO CETKY,
NOJNYYEHHYI0 ¢ roMoulblo QyHKIMK delaunay, 4To 1103BoJsieT U3bexath ee Gop-
MHPOBAHUS B NPOHECCE BHIYUCTICHUM,

[Ipumep:
[TocTpouThb BEINYKYIO 060NOUKY U PyHKLMK l\/} .

xx = -1:.05:1; yy = abs(sqrt(xx));
[x, y] = pol2cart(xx, yy),

k = convhull(x, y);

plot(x(k), y(k), 'r-, x, y, 'b+)
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Puc. 8.11

Conymemeyrowue gynxyuu: DELAUNAY, POLYAREA, VORONOI.
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8. AHann3 n 06paborka AaHHbIX

VORONOI Iocrpoenne anarpammsr Boponoro

Cunmaxkcuc:

voronoi(x, y)

voronoi(x, ¥, TRI)

h = voronoi(..., 'LineSpec')

{vx, vy] = voronai(...)

Onpedenenue:

TycTb 3a1aHO HEKOTOPOE MHOXCCTBO TOYEK Ha IUIOCKOCTH; TOTAA JUIA KAXOOoi
TAKOI TOYKM MOXHO NPOBECTU JIMHWM, KOTOPbIC OTAEHAIOT 3TY TOYKY OT GIIiKaii-
UIMX. DT JUHUH, JIOKATU3YS JaHHYKO TOYKY, 00pasylol MHOIOyrojsHMK Boponoro.
MHOXeCTBO TAKMX MHOTOYTOIbHUKOB OTMPEACHACT duazpammy Boporozo.

Onucanue:

Komanpa voronoi(x, y) crpour fuarpaMMy BOpoHOTO wist ToueK, KOOPAUHATHI
KOTOPbIX 33[aHbl BEKTOPAMH X U Y.

Komanga voronoi(x, y, TRI) vcrionp3yer TPUAHTYJISLIMOHHYIO CETKY, IOJY-
YEHHYI0 ¢ noMoulste GyHKUMMK delaunay, 4To rMo3BossieT U3bexaTh ¢ POPMUPO-
BAHHMS B NIPOLECCE BHIYUCICHUM.

Oynkuus h = voronoi(..., 'LineSpec’) crpout Auarpammy Boposoro, ucnonssyst 1iset 1
TUI JIMHUH, OrpefiessieMblit napaMerpoM 'LineSpec, a Takxe BO3BpauiaeT NecKpHITrop h.

®yukuusa [vx, vyl = voronoi(...) BO3BpalllaeT KOOPAMHATHl BEPIUUH MHOIO-
YrOJbHUKOB BopoHoro, tak uto komaunza plot(vx, vy, -, x, y, ') no3Bosser
ITOCTPOUTHL AuarpaMMy BopoHoro.

Tpumep:
ocrpoute auarpammy Boponoro mnst 10 cinyyaitHbiX TOUeK.
rand('state’, 0);
x =rand(1, 10); y = rand(1, 10);
{vx, vy] = voronoi(x, y);
plot(x, y, 'r+', vx, vy, 'b-"); axis equal, grid

U r r o e

psp-do--doLd

-0st -

I e A R

Puc. 8.12
Conymcemeyrowue hynxyuu, CONVHULL, DELAUNAY, DSEARCH.
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CucTema vHXeHepPHsIX 1 HaydyHbix pacdetos MATLAB 5.x. Tom 2

INPOLYGON TIpunasIeXHOCTD TOYKH 001ACTH, OFPAHMYEHHON MHOTOYTOILHHKOM

Cunmakcuc:

IN = inpolygon(X, Y, xv, yv)
Onucanue.

Oyukuna IN = inpolygon(X, Y, xv, yv) so3ppanitaer Marpuily IN, pasMephbl Ko-
TOPOM coBnanawT ¢ pasMepamu Marpuil X u Y. Kaxaptit snemeHt Matpuusl IN
nipunumaet 3Hadenune 1, 0.5 mnm 0, B 3aBUCUMOCTH OT TOIO, PACIOJIOXCHA JIH
TOYKA BHYTPHM, Ha FPaHUIEC WJIM BHE MHOIOYTOJAEHMKA, KOOPAMHATHl BCPLIMH
KOTOPOT'O 33aHbpl BEKTOpaMM Xv WM yv, bojlee TO4HO:

IN(p, g) =1 ecnu Touka (X(p, 0),Y(p. q)) pacrnoyoxeHa BHYTPH MHOIOYTOJIBHUKA;
IN(p, @) =0.5  ecsu Touka (X(p, ),Y(p, Q)) pacrioNOXeHa Ha TPAaHH MHOTOYIOJIbHUKA,;

IN(p,q) =0 ecimu Touxa (X(p, 9),Y(p, Q) pacronokeHa 3a npeienaMi MHOMOYTOIbHHKA.

Hpumep:
L = linspace(0, 2.*pi, 6); xv = cos(L)"; yv = sin(L)’;
xv = [xv; xv(D)]; yv = [yv; yv(1)];
X = randn(250,1); y = randn(250,1);
in = inpolygon(x,y,xv,yv};
plot(xv, yv, x(in}, y(in}, 'r+', x(~in}, y(~in), 'bo")
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Puc. 8.13
Conymemeyrowue gynkyuu. CONVHULL, DELAUNAY, DSEARCH.
RECTINT TInomanu obnacreii nepeceyenns JIByX ceMeiiCTB NPSAMOYTOILHHKOB
Cunmakcuc:
out = rectint(A, B)
Onucanue:

QDyuxnst out = rectint(A, B) Bo3aBpawiacT 3HauCHUS [WIOWALCH 1S 00nacTeii
TIEPECEYEHNST ABYX CEMENCTB IPSIMOYToJibHUKOB. CeMeicTBa NPAMOYIOJIbLHUKOR
OIPCACIIEHB! CICAYIOLUMM 00pasoM. Kaxablil npsaMoyroibHHUK 33aeTcst BCKTOPOM-
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8. AHanns n o6paboTka AaHHbIX

CTPOKOH U3 YCTBIPCX JICMCHTOB: IEPBbIC /BA XICMCHTA OMpPEec/IsOT KOOPAUHATBL X
[ Y JICBOFO HUXXHCTO YITa MPAMOYIOIbHUKR, CACAYIOUING IBA - JUIMHBI CTOPOH BIOJb
oced x U y. Ecu ceMCHCTBO A COACPKUT OMH IIPSIMOYIOJIbHMK, TO €ro pasMmep 1x4,
1 CCMCHCTBO B COACPKUT M MPIMOYIONBLHUKOB, TO cr'o pasmep mx4. B aToM ciyvae
BBLIXOJIOM sBisieTest BexTop pasmepoM 1xm. Ecnan maccuB A uMeer pasmep nx4,
A MaccuB B - mx4, To BbIXOAOM SBJILCTCS MACCUB PA3MEPOM Nxm.

[Ipumep:

TTocTponM NpPSMOYrONbHUKM JUISL ABYX ceMeHcTB A U B M 3akpacum oGnactu
HX IepeccyeHus.

Ax=[{1 1 7 7 1]

Bx=[3 3 4 4 3

6 6 8 8 6]
plot{Ax, Ay, 'r"), grid, hold on
plot(Bx', By', 'b"), axis([0, 9, 0, 8]}, grid

Xi=[3 3 4 4 3
6 6 7 7 6]
yi={2 5 5 2 2
4 5 5 4 4]
fill(xi', i, 'm’)
g t 1 ' ]
S L A
8 b= - - .=
LI Sp—
+ - - =
- I
2 - -
[ .
t
a SL

Puc. 8.14

BbluncinM miowany o01acTeil epeccycHms.
A=[1 2 6 3]
B=[3 1 1 4
6 4 2 3]
rectint(A, B)
ans= 3 1

Conymemeyioque gyuxuuy: POLYAREA.
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POLYAREA ITnowans, MEOrOYroJIbHUKA

Cunmakcuc:

S = polyarea(X, Y)

S = polyarea(X, Y, dim)
Onucanue:

Oyuxkuusg S = polyarea(X, Y) Bo3BpaideT 1I01La/Lb> MHOTOYTONBHNAKA, KOOD-
JAVHATBl BEPUIMH KOTOPOTO 33JaHbl Bekropamu X u y. Ecau X v Y - MaccuBhl
OIMHAKOBOTO pa3Mepa, TO BO3BPALLAIOTCS TUIOWALU MHOIOYIOIBHUKOB, 3aMaHHBIX
COOTBETCTBYIOIIMMU CTOJIOLIAMU 3THX MaccuBOB. Ecin X M Y - MHOTOMEpHbBIC
MacCHBbl, TO BO3BPAILAIOTCS TUIOWANH MHOIOYIONbHUKOB, 3aAaHHbIX CTOJIOLAMU
NIepBOI HECAWHUYHON PA3MEPHOCTH 3TUX MACCHBOB.

PyHkumMs S = polyarea(X, Y, dim) Bo3BpaliaeT niowaad MHOTOYTOJBHUKOB,
33JaHHBIX CTOOLAMM pa3MepHOCTH dim.

Ipumep:

ITocTpouM NpAMOYTOABHUKHU [UIST ABYX ceMcHCTB A M B M 3akpacuM obnactn
UX fepeceyeHu:

L = linspace(0, 2*pi, 6); xv = cos(L)"; yv = sin(L)";

xv = [xv i xv(1)]; yv = fyv; yv(D];

A = polyarea(xv, yv);

plot(xv, yv); fill{xv, yv, 'm"); title([Mnowage = ' num2str(A)]); axis image

grid, axes([-1 1-1 1]}

NAcwaLb » 23774

Puc. 8.15
Conymcmeyrowue gynkyuu: CONVHULL, INPOLYGON.
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8. AHann3 n o6paborka faHHbIX

YucneHHoe UHTErpuposaHue

[TRAPZ, CUMTRAPZ | HHTerpupoBanye METOXOM Tpameluii
Cunmarkcuc:
| = trapz(x, Y) I = cumtrapz(x, Y)
| = trapz(Y) I = cumtrapz(Y)
I = trapz(..., dim) | = cumtrapz{(..., dim)
Onucanue:

Dyukung | = trapz(x, Y) BHIYUCHASCT ONPeleNeHHBI UHTCTPAT OT QYHKLMH Y
110 fIEPEMCHHOM X B 33faHHbIX MPEACnaX, UCTIONbL3Ys METOJ TPancumit. ApryMeHTHE
X U y MOryr ObITh OJHOMEDHBIMU MAacCUBaMHU OJMHAKOBOIO pa3Mmepa, 1ubo
maccuB Y MOXET ObITh JIBYMEPHBIM, HO TOrAa JOJ/UKHO BBITONHSATBCH YCIOBHC
size(Y, 1) = length(x). B rocyieaHeM cnydae BBIYHC/ISETCS MHTErpasl WISl KaXA0To
cronbua. Ecin MaccuB Y MHOTOMEPHBIA U €ro TepBasi HEeAMHUYHAS pa3sMEepHOCTb
uMeeT pasmep length(x), To MHTCIpan BBIYUCIAETCA BAOAb 3TOH Pa3sMEPHOCTH.

Oyukumg | = trapz(Y) BbIYKUCASET WHTErpaNl, MPEANONaras, YTo Liar UHTEr-
PMPOBaHUS IIOCTOSIHEH M PaBeH CAMHMLC, B Clyyae, KOrga luar h omiMycH or
CIAMHHULBI, HO ITOCTOSAHEH, JOCTATOMHO BBIYMCIJICHHBIM MHTETpaJl YMHOXHUTH Ha h.

®yukupuy | = trapz(..., dim) BBIYUCISAIOT MHTErpasl BAO/b PAa3MECPHOCTH, YKa-
3aHHOM aprymMcHTOM dim.

Oyuxuuu | = cumtrapz(x, Y), | = cumtrapz(Y), | = cumtrapz(..., dim) BBIMUCHSIOT,
KPOMe TOro, BCC MPOMCXKYTOUYHbIE Pe3yJbTaThl MHTETPUPOBAHUA.
[pumeper:

BrruuciuM MHTCTpat
n

I= J‘sin(x) dx
0

Ero ToyHoe 3HAYEHWE PABHO ABYM.

Bri6bepeM paBHOMCPHYIO CETKY

x = 0:pi/100:pi; y = sin(x);
Toraa oba MHTErpaia

= trapz(x, y) u | = pi/100*trapz(y)

JAK0T OJMHAKOBBIN pe3y/bTaT:

[ =1.9998.

O6pa3ycM HCPABHOMCDHYO CCTKY, UCITIONL3YSI [CHEPATOP CIy4alHbIX YUCCT.

x = sort(rand(1,101)*pi); y = sin(x);

I =trapz(x, y)

| =1.9987.

Pe3ynbrar cuic MCHCC TOUCH, TTOCKOIBKY MAaKCUMasibHBIA M3 1uaros max(diff(x))
pascH 0.1810.
Conymemayiowue dyiunyiu: SUM, CUMSUM.
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Cucrema uHXeHePHbIX 1 HaydHbix pacdetoB MATLAB 5.x. Tom 2

[Quap,quabs |

BblyHcieHHe HHTETpaIOB METOAOM KBAAPATYP
Cunmarcuc:

| = quad(‘<uma gynkyuu>', a, b)

| = quad('<uma gynxyuu>', a, b, tol)

| = quad('<uma ¢ynxyuu>', a, b, tol, trace)

| = quad('fun’, a, b, tol, trace, P1, P2, ...)

| = quad§(...)
Onucanue:

KBanpartypa - 310 YUCICHHBIA METOM BBIYUCICHUS TUIOWAAU [0, TpaduKoM

DYHKUUM, TO eCTh BEIYUCIICHUE OIPEAEIEHHOro MHTErpajia Buia
b

= J' f(x) dx
a

Dynkuun quad 1 quad8 UCTIONMBL3YIOT Pa3HbIe KBAAPATYPHbIC (HOPMYIIBL.

®yukauu | = quad('<uma ¢gynxuuu>', a, b) u | = quad8('<ums gynxyuu>', a, b)
BBIYMCJISIIOT HHTErpan OT 3a/laHHOM (YHKUHMH; MOCHEJHSST MOXET ObITh Kak
BCTPOCHHOU dhyHKuMel, Tak u M-daiiiom.

Dyrkiuu | = quad(<uma gyuxyuu>', a, b, tol) u | = quad8('<ums gyuryuw>', a, b, tol)
BBIYUCISIIOT MHTCIPA ¢ 3aJaHHOW OTHOCUTENIBHOM ITorpelrrocrsio tol. Ilo ymorn-
yanuto ol = 1e - 3.

Qyuxkuuu | = quad(‘<uma gynkuu>', a, b, tol, trace) 1 | = quad8(‘<ums gynxuuu>',
a, b, tol, trace), koraa apryMeHT trace He paBeH HYIIO, CTPCGAT TOUCUHBIH rpaduk
NOABIHTErPAIbHON PYHKUUM.

Oyukunu | = quad(‘<ums @yuxyuw>', a, b, tol, trace, P1, P2, ..)
u | = quad8('<ums gyuxyuu>, a, b, tol, trace, P1, P2 ,..) no3BoJsiiOT nepeaars
3HaueHus napamerpos P1, P2, ... nogpinterpanbHoit PyHkumu. g toro yrods
BOCIIOJIb30BaThCSl 3HAYEHHMAMHU APTyMEHTOB tol M trace MO yMOJYaHMIO, AOCTa-
TOYHO NPH OOpalleHUM YyKa3aTb Ha MX MECTC MNYCThI¢ MACCHBBI, HalpHMep:
quad(‘fun’, a, b, {1, [], P1).

[pumepoi:

BeraucanM MHTErpasl
n

I= J.sin(x)dx
0
Ero TouHoe 3HaucHuUC 2,
| = quad('sin’, 0, pi, 1e-4, 1)
1= 2.0000
ToucuHbiil rpaduk NOABIHTCIPAILHON YHKIKN 11OKA3aH Ha puc. 8 16.
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Aseopumm:

ODyukuns quad ucrons3yet KpaaparypHbie dopmyibl Heiotona - Koteca 2-ro
nopsiaka (npasuno Cumricona), a dyHkuus quad8 - ¢opmyiibst 8-ro ropsiaxa [1,2].
[Tpy HAIUYIM B [TOABIHTEIPAIbHOIM (DYRKUMH OCOOCHHOCTEH THIA

1

I=Jﬁ—dx

npcunhomcance MCII0Tb30BaTh npouenypy quads.

Auaernocmuyeckue coobwenus:

@vHkumu quad U quad8 UCI0b3YIOT PEKYPCHBHBIH BbI30B. [I1g Toro 4TobbI
1PELOTBPATUTL BCCKOHCUHYIO PCKYPCHIO 1IPDU BBIMMCACHWMW CHHTYASPHBIX WMHTE-
rpanos, 1yoMHa pekypcuu orpanuucHa yposHem 10. Tlpu jgocTuxxenHuu a3toro
OTPAHMYCHHSL BbIAACTCS COOBLLUCHHE

Recursion level limit reached in quad. Singularity likely.

B npoyedvpe quad docmuenvima npedeasnas eaybuna pexypcuu. Pynkuyus,

BOZMONCHO, CUHYASPHA.

Oepanuuenus:

®yukuny quad 1 quad8 He TO3BONSIOT WHTETPUPOBATL (DYHKIIMU ¢ 0CODEH-~

HOCTHMM TUNa

I—J'__dx

B 3TOM CNVYae PCKOMEHAYCTCSA BBLACAUTH TAKUE YICHBI U MPOUHTEIPUPOBATH
X aHAIMTUUYCCKM, @ K OCTaTKY [PUMEHWTh Npouelypsl quad u quad8.
Conymcemeyiowue gyncyuu: SUM, CUMSUM, TRAPZ, QUADDEMO.
Cebtaxu:
i. Forsvthe G. E., Malcola M. A, Moler C. B. Computer Methods for Mathematical
Computations. Prentice-Hall, 1977.

1 Cnpasounur no cneyquiisiost dyrnnyuay : [lep. ¢ anrn. Tlon pen. M. Abpamosuua u U. Cruran.
M.: Havka, 1979, C. 683-684.
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DBLQUAD BblyHCIeHHE IBOHHBIX HHTErPaJIoB METO0M KBAaAPaTypP

Cunmakcuc:

| = dblquad('<uma ¢ynxyuu>', inmin, inmax, outmin, outmax)

| = dblquad('<umsa @yricyuu>', inmin, inmax, outmin, outmax, tol)

| = dblquad(‘<ums gyuxyuu>‘, inmin, inmax, outmin, outmax, tol, <memod>)
Onucanue:

Oyukima | = dbiquad(<ums gywxyue>', inmin, inmax, outmin, outmax) BblUHCHACT
NBOMHOU UHTerpat ot QVHKUMM <ums gyukyuu>(inner, outer), UCTIO/Ib3ysl KBA/iPATYPHBbIC
thopmyitel. TlepemeHHBIe inner u outer - 3TO MepeMeHHbBIE BHYTPCHHETO W BHCUIHETO
HUHTErpaIoB ¢ MpeacNaMy MHTCIPUPOBAaHUST COOTBETCTBEHHO inmin, inmax 1 outmin,
outmax. Cama rogeiHTerpaibHast QyHKUms fout = <ums @yurkyuu>(inner, outer) sisnsiercst
dyHKUIMEH OBYX NePEMEHHBIX M JO/KHA MMETh BCKTODHBIA apIyMEHT inner M CKalsp-
HBIiT apryMeHT outer; Boixo/ fout sipsicTcst BEKTOPOM.

Oyukum | = dblquad(‘<ums gyncyuu>, inmin, inmax, outmin, outmax, tol) mo3poaser
nepenath napamerp tol pyHkuuy quad uau quads.

Oynkuust | = dblquad(‘<uma dymxyun>', inmin, inmax, outmin, outmax, tol, <memod>)
MIO3BOJISICT 33a4aTh MCTOM WMHTCTPUPOBAHMSA, HONYCTUMBIC MMCHA U1 mapamerpa
<memod> - 310 quad, quad8 M ums YHKUMM, HAITMCAHHOI IOJIb30BATENIEM,
TIpU YCJIOBHHM, YTO 3TAa (PYHKUMS UMCET TaKOH Xe BBI3OB MU (DOPMHUPYET TAKON XKe
BBIXOJ, Kak (yHKumMM quad 1 quads.

[Ipumepsi:
BbIyMc/IMM MHTErpan
If 2r
V= [dy [(ysin(x)+ xcos(y))dx .
0
I= dbiquad(integrnd’, pi, 2*pi, 0, pi )
|= -9.8698
1= dblquad(‘integrnd’, pi, 2*pi, 0, pi, 1e-4 )
f= -9.8696

Convmemeyiowyue gyuxyuu: QUAD, QUADS, INLINE.

UHTerpmporatune oObikHOBEHHbIX anddepeHnanbHbIX yPaBHEeHUA

PeuwicHue cucreM OOLIKHOBCHHBIX AnpdepeHuMatbHbIX vpaBHeHU (OY)
C 3aJaHHBIMU HayallbHbIMM YCIAOBUAMM (3aaya KoLUM) MIPacT BAXHYIO poib
B IPAKTUKE UHXKCHCPHBIX BBIMUCICHUNA. B cuctemy MATLAB, Hauuuast ¢ sepeuu 5.0,
BKJIIOMCH crcuuabHbiit petnatcib OJY, KoTopblil VIIPOLIACT TO1b30BATE/IIO
BLIOOD MCTOHA PCUICHUS, 3aTAHUC HAYAIBHBIX YCJIOBHUH M YCTAHOBJICHMC ClieHH-
ANBHBIX ONMUMH A5l TTOBBIICHMS 3(PDCKTUBHOCTH HCITO/Ib3YEMBIX MCTOLOB.
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8. AHamu3 1 06paboTKa AaHHbIX

B TaGauie npuBeaeHbl OCHOBHBIE OICPALIMM, TIPUMCHSEMbIE TPU PELUEHKH
cucteM OY, pyHKLUMM, UX MOAACPXKHUBAKOIIME, & TAKKC OMUCAHO Ha3HaYeHHUE
ITUX DYHKLUIA.

Onepayusn Dynryus Haznanenue
Pewenue OY

oded5 [nanxue cucteMbl, MOPAAOK METOAA - CpefRuid
PopMupoBaHne odefile 3anmaTh npasble yactu cucTeMbl OY
3&1‘8[{“ Kom“ ...............................................
odeget ITony4uTs onumy peuratesns
odeset 3anath/M3MEHNUTb ONUMU peluarens
dopMupoBaHue odeplot TTepexonHsle npouecchl (GYHKUMM BpeMEHU)

BbIX0Ja perlaTens

odezero Pukcauua HyIeBOTO 3Ha4YeHus

SOLVER Pemarens OAY

Cunmakcuc:

{t, X] = solver('F', tspan, x0Q)

[t, X] = solver('F", tspan, x0, <onyuu>)

{t, X] = solver('F', tspan, x0, <onyuu>, p1, p2, ...)

[t, X, te, ye, ie] = solver('F', tspan, x0, <onyuu>)

{t, X, S] = solver( ...)

Onucanue:

Pewarens OJIY ucnosnib3yer painyHbIC YUCICHHBIC METO/bl, KOTOPbIE JOKHBEI
ObITb yKa3aHbl B KaueCTBE MMEHM, TO ¢CThb 3aMeHSITh UMA solver. Bce ¢yHkmm no-
3BOSIIOT pellaTh YpPaBHEHHS, 3adaHHble B aBHOM dopMe Koum x' = F(t, x); MeToasl
ode15s, ode23s, ode23t, ode23tb pelualoT Takxe U ypaBHCHUS B HESIBHOH ¢popMe
Buga Mx' = F(t, x); KxpoMe TOro, 5TM METOAbI, 338 UCKIIOYCHUEM 0de23s MoryT
ObITh MCIONb30BaHb! W Ui peweHuit OIY Bupa M(t)x' = F(t, x).

Oyrkuus [t, X] = solver('F', tspan, x0), rac tspan = [t0 f], uHTerpupyer cucteMy
OAY na unrepsane BpemeHu [tO tf] ¢ HauanbHbiMM yeioBusiMu x0. DyHKUUSA
BLIMKHCJCHMS MpaBbix Yacreit onpeacnasiercess umcHeM F. Kaxigas crpoka BBIXOA-
HOUO Maccupa X COOTBCTCTBYCT PCLUCHMIO B MOMCHTBl BPCMCHHU, OMpeaesieMble
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BektopoMm t. Jlist Toro uto6sl nonyuute pelieHHst B QUKCHPOBAHHBIE MOMCHTHI
BpeMeHH t0, t1, ..., tfinal, KoTopbic HOMXHBI ObITE YKA3aHbL B CTPOTO BO3PACTAIOLIEM
WIN CTPOro yObIBAIOWIEM 1IOPSIKE, HCOOXOIMMO 33JaTh COOTBCTCTBYIOUIMH BEKTOD
tspan = {t0 t1 ... tfinal].

Oyukuug {t, X] = solver('F', tspan, x0, <onyuu>) 1103BOJAET yKa3aTh AOIMO-
HUTeAbHbIC onuuK, GopMupyemsle ¢ oMoubio Gyrkuny odeset. B yucne yacro
HUCNONb3YEMBIX OINLUMIA CJICAYET OTMCTHUTH OTHOCHMTCI/IBLHYIO IMOrpeurHocth RelTol
(o yMomyaHuio 1e-3) 1 BeKTop abCOMOTHBIX IOIPeIHOCTeH AbsTol (1o yMom4aHuio
BCE€ KOMIIOHEHTHI paBHbI 1e-6).

Oyukuus [t, X] = solver('F', tspan, x0, <onyuu>, p1, p2, ...) M03BOISET Tepe-
JaTh 3HAYCHMUS MapamcTpoB pl, p2, ... TIPU BbIMMCHEHUM (QYHKIIUM [IPABbIX YaCTeH;
€CNU [IPY 3TOM OfILMU MCITOAB3YIOTCS 110 YMOJYAHUIO, TO HA MX MccTe CJeayeT
BBECTU 11YyCTOU MaccuB [ ].

dynkuus [t, X, te, xe, ie] = solver('F', tspan, x0, <onyuu>) npu ycIoBHH, UTO
onuust Events ycTaHOBJeHa B COCTOSIHMC 'on', 1103BOJISIET 3a(pMKCHPOBATh MO-
MEHT, KOrjla Kakasg-ivbo M3 YKa3aHHBIX NEPCMEHHbIX NIPUHUMAET 3HayeHuc 0.
Tpu 3TOM hyHKUMSA BLIYMCACHMS MPABBIX YacTeil AOIRKHA UMETh BU F(t, X, ‘events’).
Bonee noapo6Ho 310 06CYx)UaeTcs npu onucanuu ¢yHkuuu odefite. Beixon te -
3TO BEKTOP-CTO0CL MOMEHTOB BpeMEHU, KOrAa (PUKCHPOBAIOCH COOBITHE, BEKTOP Xe -
NepeyeHb COOTBETCTBYIOHIMX MEPEMEHHBIX, @ BEKTOP i€ - MHJEKChI COOBITHIA, YKA3bI-
BAIOLLME, B KAKOM HAIPABICHUM U3MCHSIOCH PElLEHUE B MOMEHT [1ePCCCUCHMS HYAs:
(-1) - yowiBauio, (+1) - po3pacrano, (0) - ToHbKO HUKCHPOBATOCE.

OyHkuun Buga [t, X, s] = solver(...) ¢ TpcCMsi BBIXOAHBIMU aPryMEHTAMH
MO3BOJIAIOT TOJNYYUTL CTATUCTUMECKME XapaKTCPUCTUKM pelIarcs; MpH 2TOM
BEKTOP-CTOJIOCI $ MMCET 6 KOMITOHCHTOB CIICAVIOLICTO HAa3HAYEHUS:

«  KOJIMYCCTBO YCIMEUIHBIX IHArOB;

«  KOJIMYCCTBO HeyAauHbIX MOIBITOK;

. KosnyecTBO Bb3oBOB hyHkuMHU F(t, X);

«  KosinyecTBO Bbi3oBOB (hyHkumu Hdxobu dF/dx;
«  KouuyecTBO LU-paszioxeHui,

+  KOJMYCCTBO PEICHMI BCIIOMOTATE/IbHBIX CUCTCM JIMHCHHDBIX YPABHEHM.

Hocneanne 3 napameTpa 3TOrO CIIMCKA [IPUMCHSIOTCS TOJNBLKO K pellaTesiM
JKECTKMX CUCTeM. Peurareib TakkKe BbIBOAUT 3TH IMAPAMCTPBI, €CJAW B aprymMeHTe
options ycTaHoBIEHO CBOKCTRO Stats.

ITpu obpauiciun x pewarcno OHY 6¢3 yKazaHMst BbIXOIHbLIX [1apaMeTpoB
solver(...) oH BbI3biBaeT (PYHKIMIO BbIBoAa odeplot /Uit MOCTPOCHMUS TPaPUKOB
pelrenus. Jpyroit crnocod opraHusalliMd BelBOJA rpadUKOB - YCTAHOBUTHL AJIs
onuuun OutputFen 3HaueHue odeplot. 3Hauckus 31oit onuuKu odephas2 u odephas3
1103BOSIOT BBIBCCTH LUBYMCPHBIC Y TPCXMEPHBIC $Da30BbIC 11OPTPLTHI.
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8. Ananuz u o6paboTka AaHHbIX

[Tp1 MHTCIPUPOBAHUM XECTKUX CHUCTEM C NMOMOIILK (GyHKIMN ode15s u ode23s
HCOOXOAMMO HaeXXHO U 3PhEKTUBHO BLIYUC/IATE AKOOHMAH CUCTEMbl YPAaBHCHUH, /IS
yero NpeaHa3HaycHbl crielMaibHbIe oliuuu. B yacrHocetu, com sxobuad dF/dx no-
cTosiHcH, onuust JConstant noymKHa ObITh YCTAHOBJICHA B COCTOSIHUC 'ON'; ecli (DyHK-
LMst BBIUMC/ICHMA NpaBbix yacTed F(t, [x1 x2 ...]) chopMHpoBaHA TaK, YTO CC BbIXOIOM
apnsitotess pyHKuMK [F(E, x1) F(t, x2) ...], To onuus Vectorized noyxHa ObITh YCTAHOB-
JICHA B cOCTOsTHME 'on’; eciu Matpuua cuctemsl dF/dx sirisicTes paspexeHHON W Tpe-
OycTesi ee Macka, coctoduas u3 0 U 1, (PUKCHPYIOLIUX 110I0:KCHUE HCHYJIEBBIX 3JICMEH-
16, TO onuus JPattern nomkHa ObITh YCTAHOBJACHA B COCTOSHHUC 'on', a (hyHKUUA
BLIMUCICHIS LIPABbIX YacTel nosbkia BuisbBathest B opme F([ 1, [ 1, jpattern’); ecimn
HEOOXOAMMO BLIMHCICHHE SKOOHMAHAa, TO JI0JLKHA ObITh YCTAHORICHA oMM Jacobian.

Oynxkunu odel15s, ode23s, ode23t, ode23th npuMEHHUMSBI U1 MHTSIPUPOBAHUS
OLY Buma Mx' = F(t, x) ¢ mocTosiHHON MaTpulleid M, KoTopasi 0OBIYHO NPCACTAB-
JICHA B Pa3pexXcHHOU Qopme U SBAACTCS HEBLIPOAAEHHO!. st BbIBONA HA 3KPaH
MaTpuubl M HeoOXOAMMO YCTAaHOBMTL Uil onuuu MassConstant 3HayeHnune ‘on’
M 33/1aTh BbI30B (DYHKIIMH BLIYMCIICHMS TIPaBBIX uacteit B popme F([ ], [], 'mass’).
M3 nepeuunciicHHbIX PYHKIMI Bce, KpoMme (PYHKUMKM 0de23S, MOIyT NPUMCHSITHCS
g peutcHuss OOV suna M(tx' = F(t, x), rae Matpuua M(t) sapiseTcst HeCTallMOHAPHOM,
HCBBIPOXKIUEHHON st JIoboro t M 00bI4HO pa3pexeHHoW. IS BbIBOJA 3HAYCHUIA
Marpuusl M(t) HEOOXOAMMO YCTAaHOBUTH /Uit onuuu Mass 3HaueHue 'on' U 3a1arh
BbI30B (DYHKUMH BBIYMCICHMSI [1paBblx yacTeil B popme F([], [ ], 'mass’).

Cilenyrowasi Tabauua MOXCT MOMOYb B BblOOpe (YHKLHM, UCIOIb3YCMOH
JUIA MHTCTPHUPOBAHMUSI.

Dyuvuua | Tun cucmemst |[lopsdok mounocimu | Haznavenue

odeds .. [namkag i Cpeamnit | Haubosee ynotpebumbi
ode23 “ Husxkuit Tpu HU3KKMX TPCOOBAHMAX K TOUHOCTY MU 14

....................................................................................... PELLICHNA YMEPCHHO KECTKUX 3T e,
ode113 « [TepemeHHBIR: [Tpu BuICOKMX TPCOOBAHUSX K TOUHOCTH U LTSI
OT HW3KOTO pelIcHHs 33124 CO CJIOXKHBIMU NMPABBIMM Yac-

ode15s Kectkas IlepeMeHHBI: Ecnu anroput™ ode4S cxoauTcs MeaneHHO
OT HU3KOTO W g peweHus cucreM OIY B HesBHOM
................................................... a0 cpeattero | qopme Ko

ode23s “ Huszkuit Ilpy HMU3KHX TpeOOBAHUSIX K TOYHOCTH U LI
pewweHus cucrtem OY B HessHoit dopme Ko-
LU C MOCTOSIHHOW MaTpULICH TTPU NPON3BOIHBIX

ode23t " YMepeHHBIH I pClUCHUST YMCDEHHO KCCTKUX  3aday
W ecM HeoOXOAUMO DELUCHUC U1 OCLMJI-
ode23tb “ Huskmit [pu HU3KEX TPeOOBAHHMSIX K TOUHOCTH U ILTS pe-
wieHnst cuctem OIY B HesisHoit dopme Kotum
C HCCTaLIMOHAPHON MATPULICH NMPU TIPOU3BOAHBIX
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Airoput™Mel, npuMeHsiemble B peiuaresie OHY, CyllecTBEHHO 3aBUCAT OT
TpebOBaHMI K TOYHOCTHU DPELICHUNA U TUIIA MHTETPUPYEMOH CHUCTEMBL {TMajKas,
XKECTKAST) ¥ /IOCTATOYHO ITOJIHO OnycaHbl B pabore [5].

[Tone3oBarens MOXET yKa3aTh WHTEPBAI MHTETPUPOBAHMS, HayaIbHBbIE YCIOBUA
W ONUMU peluartens, He Ipuberass K 3a4aHUI0 BXOMHBIX apIYMEHTOB, a MCIIONb3Ys
yHKuMIO onucanus Tpapblx yacreit odefile. Ecau aprymeHTHI - MycTble Matpuilsl,
TO peliatesb Bbi3bBaeT (GyHKumio odefile B dopMe [tspan, y0, options] = F([ 1, [], init)
C LEBIO BBIYMCAUTh 3HAYEHMS] apryMEHTOB, OTCYTCTBYIOIUMX BO BXOZHOM CIIMCKE.
IlycTeie apryMeHTHl B KOHIIE CIIMCKA BBOJA MOTYT OBITH ONVIUEHBL. 3TO 03HAYAET,
YTO AOIYCTUMBI C/IEAYIOIIHE (POPMBI BbI30BA pellare;is:

{t, X] = solver('F")

[t, X] = solver('F', [ ], x0)

[t, X] = solver('F', tspan, [ ], options)

[t, X] = solver('F', [ ], [ ], options)

OnuMy MHTETPUPOBAHUA MOIYT OBbiTh 3aJaHBI KAK C IOMOLIBIO (YHKIMH,
TAK ¥ U3 KOMAHAHOM cTpoku. Ecau ucrons3oBanuchk oba criocoba 3agaHus OIMLMit,
TO [IPUOPUTET UMEIOT ONMUMUK, 3a7aHHbIe U3 KOMAHIHOM CTPOKH.

Aneopumm:

OyHkuud oded5 peanusyer ssubie GopMysibi Pynre - KyrTbl 4-10 1 5-TO IOPSIIKOB;
3TO OJHOLLUArOBBLIN pellaTesb, KOTOPBIA /Ul BBIYMCICHHMST BeKTopa cocTosHus X(t)
B MOMEHT BPEMEHMU 1, UCIIOJIB3YET TONABKO 3HAYCHHe COCTOSIHUS X(tn.1) B IpeAbUTyLIMN
MOMEHT BpeMeHH t,y. DyHKUMIO 0ded5 pekoMeHIyeTCsl UCITOJIb30BaTh BCEraa B Ka-
4ecTBe 11POOHOI 1)1 UHTErPUPOBaHuMs HoBol cuctemsl OV [1].

OyHkuusa ode23 peanusyer gaBHble dopmynnl Pydre - Kytret 2-ro u 3-ro
NIOPAJKOB; 3TOT OJHOLLUATOBBLIA peluaTesib MOXET ObIThb I0JIe3eH NPH HUIKUX
TPeGOBAHUSIX K TOUHOCTH PEHICHMS ¥ NIPU YMEPEHHOM XECTKOCTH CHUCTEMBI [2].

®OyHkuus ode113 - 310 pelaresib MEPeMEHHOrO MOPAIKA, OCHOBAHHBIA Ha
dopmyne Anamca - bamBopra - My/nToHa; OH MOXeT oka3arscsi 3ddeKTuBHEe
yHKUMHK 0ded5 npu BRICOKMX TpeDOBaHUSIX K TOYHOCTH M B TeX Cnyyasx, Koria
BbICOKA TPY/IOEMKOCTb BBIMMC/IEHUsI TIPaBblX YacTei; 3TO MHOIOLIAIOBBIA pelIaTeNb,
KOTOPBIA TpeOyeT 3HAHMUA PpEIIeHMM B HECKOMBKMX TMPEALIECTBYIOLIMX TOYKax
JUTSl BBIYUMCICHMS pelueHMs B TeKylei Touke [3].

BuimenepeuncnenHble  anropuTMbl MPEAHA3HAYEHBl JUISI WHTETPUPOBAHMS
rnaakux cucrem. Ecau okaspiBaercsl, YTO OHM paboTaoT OYeHb MELIEHHO, BOC-
NOJIL3YITECh ONHUM M3 YKa3aHHBIX HUXE peluaTesieil 4 XeCTKUX CUCTEM.

OyHkuus ode15s - 310 pelnareib MEPEMEHHOrC NOPSAKA, OCHOBaHHLIM Ha
dopmynax uuncieHHoro aud@epeHUUpoBaHus. 1o yMONMYaHHIO HMCMNOJNB3YIOTCS
¢opMmybl psamMoro aubgepeHUMPOBaHUs, HO B KaycCTBE OIUUU MOIYT OBIThH
WICTI0Nb30BaHbl GopMYJibl 0bpaTHOro AuddepeHuposanns (Meton I'mpa), KOTOphbie,
KaK 1IpaBWIIO, CHUXAIOT CKOPOCTb MHTerpupoBanusi. PopMysibl NPSIMOro u o6-
parHoro anddepeHumMpoBanus ropsiaka 1 u 2 A-yCTOUYUBEI, TO €CTb YCTONUMBBI
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BO BCeH JICBOM MOAYILIOCKOCTH; (POpMysbl GoJiee BBICOKOTO IOPAAKA MUMCIOT MCHb-
ire obnactu yerounnocty. B dyHkiuu ode15s peannzosanel (popMysibl OT 1-T0 10
5-10 110psijika (110 YMOJIYAHMIO [IPUHAT NOpsoK 5). TIpU MHTEIPHPOBAHUM OCLIWIIIS-
{OPOB  PEKOMEHAYETCS IMOHWXATh [TOPSIIOK MCIIONb3YeMbIX (OPMYJT  UMCJICHHOTO
JuipdepeHUMpPOBaHMS 10 2, yTOObl PAclIMPHUTh 007ACTh YCTOMUMBOCTH. IlogoGHo
¢dyrkunu odet113 ¢ynkuus ode15s ucnonb3yer MHorowaroselit metoa. Eciv npen-
nonaractes, yrto cucrema OV xectkad win rnipuMeHeHHe GYHKUMM ode4b okasa-
Jioch HeaghdeKTHBHBIM, PEKOMCHIYCTCS 00pauiaThest K pyHKuuu ode15s 7).

Oyukuus ode23s ucnons3yver MoauduumposaHtyio dopmyny PoszeHbpoka 2-ro
{I0PSIZIKA; 1TOCKOJIbKY 3TO OAHOLIAIOBBIA PEUIATElb, TO OH MOXET OKa3atbCsl 3¢h-
dhexkTUBHEee PYHKUMM 0de15S npu HU3KUX TPpeOOBAHUAX K TOYHOCTH [7].

Dyrkumns 0de23t Ucosb3yeT METON Tpaneuuii ¢ MHTeprosiren. Bra GhyHKUKS
PCKOMEHJIYETCSL B TEX CIY4asX, €CIIM 33/(aya YMEPEHHO XeCTKas U UMCIICHHOE WHTEr-
PHPOBAHHUE HC JIO;KHO BHOCUTH UCKYCCTBEHHOTO e MIIGHPOBAHUS.

OyHkuus ode23tb peanusyet HeasHbld Meton Pyere - KyrTel, B mepBoii dase
KOTOPOI'O HCIOJNB3YETCA MCTO[ TpAllCUMil, a BO BTOpOi - GopMyasl 0OpaTHOIo
nvddeperunpoBanus 2-ro nopsiaka. [ogodHo dyHkumu ode23s 31a GyHKLUS
sthdexTupHee, yeM ode15s, Npy HU3KUX TpeBGOBAHUAX K TOYHOCTH {8, 9].

Hns 3b¢eXTUBHOTO MOACIUPOBAHUS CNOXHBIX THHAMUYECKUX CHUCTEM C He-
IIPEPBIBHBIM M IUCKPETHBIM BPEMEHCM PEKOMEHAVETCS MCTIONb3OBATh CIICLUATH-
3upoBaHHyO cuctemy SIMULINK [10], BXxoasiliyi0 B COCTaB NMPOrpaMMHbIX Tpo-
AVKTOB, BhiyckaeMmbix ¢upmoit The MathWorks, Inc.

Conymcmeyrowue gynkyuu. ODEDEMO, Simulink.,
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3asanue npasbix yacTeil cucremnt OJ1Y
Cunmaxcuc:
varargout = odefile( t, x, '<gnae>', p1, p2, ...)
Onucanue:

M-(aitn odefile - 310 WAabNOH I HaNUCaHUg M-(aitioB, ONUCHIBAIOLIMX CHUC-
TeMbl aMbPepeHIMATIBHBIX YpaBHEeHUH. OH cOgepsKUT HEOOXOAMMBIC 3arOTOBKM [UIS
onucanus cucrem OY, 3anaHHBIX KaK B ABHOM, Tak U HesaBHOM dopme Komm:

X' = F(t, x) - aBnas dopma Kouu;
Mx' = F(t, x) - HesiBHast hopma Komy;
M(t)x' = F(t, x) - Hessnas dopma Koiwn,
e t - He3aBUCUMAS TIepeMeHHas, 0ObIYHO BPCMSI;

X - BEKTOP COCTOSHUS;

F- Bexrop-dyHxuusa npaswix yacre# cucrempt OV,

M, M(t) - HEBBIPOXXIEHHBIC MATPULIBL.

Jns pewgenuwsi ypaBHenu# sraa M(t)x' = F(t, x) mpesHazsHaueHb TOABKO
dyHkuuu odelSs, ode23t, ode23tb, opueHTMpOBaHHBIC HAa XCCTKME CHUCTEMBI
OJY; mna peuteHus ypasHcHuM Bmia Mx' = F(t, X) MOI'YT ObITh HCIIONb30BAHbI
¢yHkuuu ode15s, ode23s, ode23t, ode23tb.

Kpome 3amanus npaebix dacteit B ¢aitie odefile MOXHO 3agaTh HavdaabHbIS
YCJIOBHUSI U MHTEPBaJd MUHTETPUPOBAHUSA.

st Toro 4ToObI UCITOMB30BaTh [AGIOH, HCOBXOAMMO BBITOIHUTL CICAYIOILMC
OTiepALIVM:

.  BBeCTH KoMauay help odefile;

.  CKONMpOBaTh TeKCT daia odefite B oT/ienbHbBIN daiin;

«  OTPCOAKTUPOBATh CKOMMPOBAHHbLIA (aitil, yIATUB U3 HCIO HEHYXHbBIC (DParMeHTh;
«  BCTaBMTb HeoOXOAMMYIO MHOPMaLMIo, THe 3TO yKa3ano B (aiine.

[To ymoyaHMio B peluarensx npeatonaraercs, 4ro cucteMmbl OJ1Y 3anaHbl B 8-
Holt dopme Kotitu dx/dt = F(t, X) 1 OHY HA K2KAOM 1Ae BLINONHAIOT BbI30B HYHKUKK
F = odefile(t, X). CneayeT NOMHUTB, YTO apryMeHTH! t 1 X 00S3aTC/IbHO OJDKHBL ObITh
nepesaHel QyHKIMH odefile, naxe ecyii OHM B HEHl He MCITONB3YIOTCs. TakuM obpa3om,
npocTeiumii 1WatoH yHKIMKM odefile BLIMISIAUAT CICAVIOLMM 00pazoM:

function F = odefile(t, x)

F = < Beectu yHKLHIO OT t /UK X, >,

B 6onee obuieMm ciayvae odefile Moxer ucnonb3opaTh 0ofbllee KOJIHUCCTBO
BXOJHBIX apryMCHTOB, a UMCHHO odefile(t, x, '<gaae>', p1, p2, ...), rac t u x - 11e-
PCMEHHBIC HHTEIPUPOBAHHUSA, <@iae> - CTPOKOBAst IICPCMCHHAL, KOTOpas BHI
BO3BpaulacMoit undopmaium, a p1, p2, ... - JOIIOJHUTENIBHbIC TAPAMETPBI.

JonycTrMbIc 3HAYEHHS (UIArOB M COOTBCTCTBYIONIAS UM MHAODMAIIMS 1TPC/I-
CTABACHD! B Cleayrouiet Tabaune.
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Draz Boszspawaeman ungpopmayus
" F(t, x)
(rycroit)

‘events’ Pukcauus HyIeBOro 3HaYeHUs

Huxe npuBeneH 11abaoH, KOTOPBIH WITIOCTPUPYET, KAK MOXHO 3allMcaTh
dyuxuuio odefile ¢ nByMs NONOIHUTENBHBIMY TapamMerpaMy p1 u p2. Drtor daiin
BKJTIOYAET TAKXKe MOAMGYHKIMMY U BCE BOZMOXHBIC BAPUAHTHI 3HAYCHUS iara.

function varargout = odefile(t, x, flag, pl, p2)

switch flag

case " % TlpaBeie yactn dx/dt = f(t, x).
varargout{l} = f(t, x, pl, p2);

case 'init’ % Brixon no yMmosyanuio [tspan, x0, options].
[varargout{1:3}] = init(pl, p2);

case 'jacobian' % Marpuna fxobu df/dx.
varargout{l} = jacobian(t, x, pl, p2);

case ‘jpattern’ % Macka pa3pexXeHHOH MaTpuLbl S.
varargout{1} = jpattern(t, x, pl, p2);

case 'mass ' % Marpuiisl Npy NPOU3BOAHBIX M(t) i M.
varargout{l} = mass(t, x, pl, p2);

case ‘events' % Bbixoa [value, isterminal, direction].
[varargout{1:3}} = events(l, x, pl, p2);

otherwise
error(|'Unknown flag ™ flag ™.'}]);

end

function dxdt = f(t, x, pl, p2)

dxdt = <Beeaute QyHKUMIO MEPEMEHHBIX { M/WIHK X, 4 TAKXKE napamerpsl pl, p2. >
{unction [tspan, x0, options] = init(p!, p2)

tspan = < BpeauTe MHTEPBAA WHTETPUPOBAHUS. >;

x0 = < BBeaure navaibpHoe ycnosue x0. >;

options = < Beeautc options = odeset(...) uau [ ]. >;
function dfdx = jacobian(t, x, pl, p2)

dfdx = < Beeaure Marpuny Sxobu. >;
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function S = jpattern(t, x, pl, p2)
S = < Beeaure Mmacky matpulbl SKobu. >;
function M = mass(t, x, pl, p2)
M = < Beeaure Marpuily [pu NpOU3BOAHBIX. >;
function [value, isterminal, direction} = events(t, x, pl, p2)
value = < Beeire BeKTOP NEPEMEHHBIX, 1Sl KOTOPBIX PUKCHPYETCS TIepeceueHye Hysist >
isterminal = <YKaXuTc OAHY WJIM HECKOJBKO MEPEMEHHBIX, /UISi KOTOPBIX JOC-
THOKCHUE HYJISt 3aBEepLIACT UHTETPUPOBAHME.>;
direction = < VYkaxure HanpaBjIcHME WM3MEHEHUs (DYHKIIMM B MOMEHT (DHMKCaALUU
CODOBITHS: ~]1 - B CTOPOHY YMEHbIUEHMS, | ~ B CTOPORY BO3pacraHusd, 0 - B JlO-
O60M HAIpaBICHUH.>;

Conymemeyrowue @gynkyuu: BSODE, BALLODE, BRUSSODE, FEM10DE, ORBITODE,
RIGIDODE, VDPODE.

odeset 3ananune onumit s pematens QY

Cunmaxkcuc: .

options = odeset(‘'ums_1', 3nauenue 1, 'uma_2', 3navenue 2, ...)

options = odeset(oldopts, 'umsa_1', snauenue 1, ...)

options = odeset(oldopts, newapts)

odeset
Onucanue:

Oynkuust options = odeset('ums_1', sunavenue 1, 'ums_2', suavenue 2, ..)
dopmupyer MaccuB 3anuceit options, B KOTOPOM KaXAOMY CBOWUCTBY NPUITMCHIBA-
€TCS HEKOTOPOE 3HAYCHMUE; HEIPUCBOCHHOMY 3HAUCHUIO NPUINUCHIBACTCS NyCTOH
MaccuB [ ]. JlocTaToyHO yKka3aTb TOJILKO NEDPBLIA CHMBOJ, MCIIONB3Yys JIIOOOI
PEerucTp KJIaBUaTyphI.

OyHkuus options = odeset(oldopts, 'uMs_1', 3HayeHMe 1, ...) 3aMEHSIET 3HAYEHUS
OTJEbHBIX OIIIUH. )

Oyukuusa options = odeset(oldopts, newopts) 3aMeHsieT HaOOp CTapbiX OIMUMIA
Ha0opoM HOBBLIX ONUMIA, HO €CJIM IIPH 3TOM AJiS KAKOW-IMOO 1“3 HOBBLIX OMI{Mif
ykazaHo [ ], To coxpansgercs npexuee 3saueHue. [1ycTh, HatpuMep,

oldopts

T F T T ol 7« T T ol aluo]
newopts

ITTLS [F T o0 " TololuTlul

odeset(oldopts, newopts)

Cr 7T s T ¢ Ta T T s T ol ol o}
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OyHkuus odeset cama 1o ccbe BBIBOAUT CIHMCOK BCEX OMIMI C yKa3aHUEM
1X BO3MOXHbBIX 3HAYCHUI U 3HAYCHMIA 10 YMONYAHUIO B DUIYPHBIX CKOOKAX:

odeset

AbsTol: [ positive scalar or vector {1e-6}]
BDF: { on | {off} ]

Events: [ on | {off} ]

InitialStep: [ positive scalar ]
Jacobian; [ on | {off} ]
JConstant: [ on | {off} ]
JPattern: | on | {off} ]

Mass: { on | {off} ]
MassConstant: [ on | {off}]
MaxOrder: [1]2|3 4] {5}]
MaxStep: [ positive scalar ]
OutputFen: [ string ]

OutputSel: [ vector of integers ]
Refine: [ positive integer ]
RelTol: { positive scalar {1e-3} ]
Stats: [ on | {off} ]

Vectorized: [ on | {off} ]

Te wian MHbIC ONMUMU MOIYT OKa3aTbCH HOHYCTUMBIMU TOJILKO MJISL OTAEIbHbBIX
METOLOB M (DYHKLMIH, [T03TOMY OHM B MEPBYKD OYEpCilb Pa3bUBAIOTCS Ha Cle-
LAYIOUIME KATCTOPHU:
. I'paHuupl [IOIPEILHOCTE MHTEMPUPOBAHHAL.
. BhIXOAHbBIE TTApAMETPLI PELLaTeIs.
. XapaxkrepHCTUKU SKOOHAHA.

. Dukcauus cobbITUA.

. XapaKTePUCTUKKA MATPUILBI TIPH IPOU3BOAHBIX.
. Olar uHTErpPUPOBAHUS.

. [Tapamerps! dhyHkuMK ode15s.

OnuiueM KaxkAyl U3 KaTeropuid B BUAC OTACILHOM TabIUILbI.

fpauuubz noepewnocmed UHmMezpuposaHus

Ceoticmeo 3nauenue Onucarue

RelTol Cxansip - {1e-3} [onyctuMass OTHOCUTCNBHAs TIOTPCLEHOCTD

........................................................ L1 BCCX KOMIIOHCHTOB BCKTOPA PELICHMA
AbsTol Ckansip wiu sektop {1e-6} ADBCOIOTHAs MNMOrPEUIHOCTh, €CIM  CKajAap,

TO NPUMEHACTCA LA BCEX KOMIMOHCHTOB BEK-
TOpa PEUICHUSA, €CIN BEKTOP, TO TIPUMECHA-
CTCA K COOTBCTCTBYIOIUIMM KOMIIOHEHTAM
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Buvixodnusie napamempst pewamens

Ceoticmeo Snavenue Onucanue

OutputFen | Cmoxa HUmst BoiGupacmoit  pyHKUMY  HOPMHUPOBAHHMS  BBIXOA:

Refine Lienoe [IpousBoauTt Gostec r7ankuii BhIBOA 32 CUCT YBCIMYECHMSI KO-
JIMYECTBA  BBIBOAMMBIX TOYEK, OMPCACISIEMOro IMapaMeTpoM
Refine. [Ins GonblUMHCTBA QYHKUMIA IO YMOJYAHMIO 3TOT
napametp paBed 1. OnHako n1s Metona ode45 Refine paseH
4, JInst Toro 4ToObl BBLIMO/IHUTL BLIBOI TOMBKO B MOMEHTBI
OTCUETA, COOTBETCTRYIOLUIMC 1ary UHTCIPUPOBaHMS, CIeayeT

Stats on | {off} Onpencisger, BBIBOAATCA WM HET CTATMCTHYECKHE Xa-
_PAKTEPUCTUKYM peliaTe;s

Xapaxmepucmuru sxobuana (uist dyukuuii ode15s u ode23)

Csoticmeo Snauerue Onucanue
_dConstant | on|{offy [ Ykaswsact, uto skoOuam dF/dx mocroament
Jacobian on | {off} Coobutaer pewaresio, uto odefile zanpawmsaet ap-
oo TYMCHTRE (1, X, fjacobian') u posspawaet df/dx
JPattern on | {off} Cooburaer pemareno, 4to odefile 3anpawmusaer apry-

meHTEL ([ 1, 1, ‘jpattern’) 1 Bo3BpaluacT Macky AKO6MaHa
dF/dx (cM. pyHKLIMIO brussode)

Vectorized { an | {off} CoobuiaeT petiaremo, uto odefile Gyaet GoOpMUpPOBATE BBIXOA
F(t, x) B BckTopuzoBaHHoi copme [F(t x1) F(t, x2) ...]. Uc-
TMO/IL30BAHUE TaKON (HOPMBL L1 PELLATGICH XKECTKUX CUCTCM
BO3MOKHO TOJBKO B TOM Ciydae, Kofga Matpuua Skobu
POpMUpYCTCSL YMCITCHHO (PCXKMM 110 YMOYAHUIO) U €CIH ¢
nomoLusio hyHKuMM odeset cBoitcTBo Vectorized 6bL10 yeTa-
HOBJICHO B COCTOsiHME 'On'

Durcayus cobbimus

Ceoticmeo Snauerue Onucanue

Events on | {off} CoodLuacT pewateiito, yto odefile sanmpalumBaeT apryMCHTBI
(t, x, 'events’), W BO3BpalACT MNAPAMCTPLI, CBA3AHHLIC
¢ coObTeM  "pCHICHUC TIEpeCCKIO  Hy/eBoe 3HAYCHME”
(cM. pyHkimto odefile)

Xapakmepucmurku mampuust npu npouseodnsx (uist GyHkumit ode15s u ode23)

Ceoticmeo SHauenue Onucanue
Mass on | {off} Coobruaer peluateo, uto odefile chopmuposan Taxk, yro
............................................................ $ynxus P, | ]. 'mass’) sosspansact sarpiny M My
MassConstant | on [ {off} CoobuiaeT pewarcito, dro odefile chopMUpORIH TUK, 4TO
Qyrrums F(t [ ] 'mass’) BO3BpaLacT MOCTOSIHEVIO MATPiLy M
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llae unmeepuposarus

Caoticmeo 3uauenue Onucanue

MaxStep [TonoxureabHoe | MakcMManbHO JOMYCTUMOC 3HAYCHME 1lara MHTETPUPOBaHUS
...................... G T e e et eere et e ee b
InitialStep | < « HayanbHoe 3HauycHMe Luara; peuiateib WCIOL3YeT 3TOT Luar

Y, eC/IU OLTMOKa 3HAUYMTENBHA, YMEHBLIACT €10

lapamempur gyukyuu ode15s

Ceoticmeo Suauenue Onucarue
MaxOrder | 1121314145} | Makcumaisrpiit nopanok Gopmynl HHTErpupoBaHus
BDF on | {off} Onpenenser, [OOMKHBI JM  HCIMOMb30BATLCA  (POPMYIEL

0bpaTHOro AUPGOCPEHUMPOBAHUSA BMECTO MCIIOIb3YCMBbIX
no ymonuau1io dopmyi npsMoro anddepeHUMpoBaHLs

Convmemeyiowue gyriyuu. ODEGET.

odeget W3Bieds 3naYeHHE ONLMH

Cunmarcuc:

o = odeget(options, 'uma'")

0 = odeget(options, 'ums, defauit)
Onucanue:

@yHKuMs 0 = odeget(options, 'ums’) U3RIEKAET 3HaYECHUE OMIMHM 'UmA U3 Mac-
CMBa 3amuceit options; cciiM 3HAYEHWE HE 33/1aHO, BO3BPALIACTCS 1yCTOH MACCUB.
JlocTatoyHo yKaszare TOALKO TMEPBBIA CUMBOJI UMEHHU OMULMM, UCIMOIL3YS J11000MH
PCTUCTDP KIIABHUATYPHI.

Oyukuusa o = odeget(options, 'ums’, default) Bo3spaiiaer 3naueHHe onuuu
110 YMOIYAHUIO, CCIIM TCKYLICE 3HAYCHME HE CMEUHQULMPOBAHO.

Conymcemeyrwuue pyrxyuu: ODESET.

odeplot ITocTpoenne rpadpnkos pemennit jaa cucremor QY

Cunmarcuc:

odeplot(tspan, x0, 'init"),

status = odeplot(t, X}

odeplot([ ], [], 'done’)

Onucanue:

Oyukuus status = odeplot(t, X) BbI3bIBaCTCS pelUaTe/ieM Ha KaXKAOM lliare
HHTCIPUPOBAHUS M CTPOMT IpaduKH MO BCCM TICPEMCHHBIM COCTOSIHMS. LISt TOro
4TODBI TOCTPOUTL IPAPUKM 110 OTHCABHLIM 1ICPCMCHHBIM, HEOOXOUMMO YKa3arh MX
HHICKCh B onumu OutputSel. IMpumcHeHue dyHkuMu odeplot A0/KHO OblTh
vikaszano B onuun OutputFen. Mynxknus odeplot UCITOIB3YCTCS 110 YMOJIYAHUIO B
1OM CJlydae, KOIta PClUaTe/ib BbI3LIBACTCS OC3 yKA3AHUSL BLIXOAHBIX APIYMCHTOB.
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B Hadasie uHTerpupoOBaHUs pellate/ib Bui3biBacT dyHKuuio odeplot(tspan, x0, 'init'),
a 3aTeM Ha KaxaoM wware dyHKuuio status = odeplot(t, x), tie t - Texyuice Bpemst, a X -
TeKYUIMH BEKTOP COCTOSTHMSI.

Ecnn orumst pewwatenst Refine donbie 1, To t - BeKTOp-CTONORL UCMONB3YEMBIX
MOMCHTOB BpeMEHH, a X - COOTBETCTBYIOIUMI MACCHB BEKTOPOB COCTOAHMS. Bhix0nHoM
napaMeTp Status npuHumaet 3Hadenue 1, cciim Haxara kHouka STOP mipexpauienust
riporiecca MHTerpupoBaHust, M 0 - B OCTATLHBIX ciydasx. [Ipy 3aBepiieHuy NpoLeayphl
WMHTCTPUPOBAHUSA BhI3bIBACTCA KomaHaa odeplot([ 1, {1, 'done’.

Conymemsyrowue gynkyuy. OQDEPHAS2, ODEPHAS3, ODEPRINT.

odephas2 Iocrpoenne apymepunoro ¢aszoBoro moprpera

Cunmarcuc:

odephas2(tspan, x0, 'init'),

status = odephas2(t, X)

odephas2([ ], [ ], 'done')

Onucanue:

DyHruus status = odephas2(t, X) BbI3BIBACTCH PSILATEHEM HA KAK/IOM LIAre UH-
TETPUPOBAHUSL M CTPOMT (PA30BBIA 1IOPTPCT, UCIIONL3YSL [BC IICPBbIC MEPEMEHHBIC
coctostHust. st Toro 4tofsl nocTpouth (a30RbIA TOPTPET JUIA JBYX NPOW3BOILHO
BHIOPAHHBIX TMECPEMEHHBIX, HCOOXOAMMO YKa3aTh MX MHAcKCH B oniwy OutputSel.
TMpumeHenue dyHkuun odephas2 A0/MKHO ObITE yKazaHo B onumu CutputFen.

B Hayane uHTerpupoBaHusi periaTciib Bhi3biBaeT (dyHkumo odephas2(tspan,
X0, 'init'), a 3aTeM Ha kaxuom iare dyHkuuio status = odephas2(t, x), e t -
TCKYLLEE BPEMS, A X - TEKYIUMH BEKTOP COCTOSIHUSA.

Ecnu onuust pewuatenst Refine Gosibliie 1, o t - Bekrop-cTonGen UCIOb3YeMbiX
MOMCHTOB BPEMCHH, a X - COOTBCTCTBYIOLUMIA MACCUB BEKTODOB COCTOSTHMSL.
Boixonuoit napamerp status npuHuMMaer 3uadcHue 1, cchiv Haxarta xHonka STOP
IpekpauicHMst npodecca MHTCIpuposadmst, U 0 - B octaibHbiX ciayuasix. [Ipy 3asep-
UICHMU NPOLeYPbl MHTEIPUPOBAHUS BbI3bIBACTCH KoMadaa odephas2(( ], [ ], 'done’).

Conymcmeyrowue ghyuxyuy. ODEPHAS3, ODEPLOT, ODEPRINT.

odephas3 TlocTpoenne TpexmepHoro ¢azosoro moprpera

Cunmakcuc:

odephas3(tspan, x0, "init'),

status = odephas3(t, X)

odephas3{([ ], [ ], 'done’)
Onucanue:

®yukuus status = odephas3(t, X) BbisblBacTca peluatelieM HA KAKIOM Liate
MHTEIPHUPOBAHUA M CTPOUT (Da3oBhIi 110PTPET, UCHONL3YS 3 MCPBLIC 1ICPCMCHHbBIC
coctostHust. [Litst Toro utobdsl 1ocTpouts a3oBbIi IOPTPET WL TPCX (IPOU3BOIBHO
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BHIOPAHHBIX IICPEMEHHDBIX, HCODXOAMMO YKa3aTh MX MHACKCH B onuuud QuiputSel.
IpuMeHerne GpyHKUUH odephas3 fomkHO ObITh YKa3aHo B onuuy OutputFen.

B Havane MHTErpMpOBaHMsi peliaTelb BhI3biBacT (GyHKUMIO odephas3(tspan, x0,
init'), a 3aTeM Ha kaxaom uiare ¢yHkunio status = odephas3(t, x), rue t - Tekyuice
BpeMs, a X - TeKYLMH BEKTOP COCTOSHUA.

Ecnu onuust peruarcia Refine Gonbute 1, To t - BeKTOp-CTONOELL UCTIONIB3YEMBbIX
MOMCHTOB BPEMEHM, a X - COOTBCTCTBYIOLIMI MAaCCHB BCKTOPOB COCTOSIHMS. BbiXxoaHom
jlapameTp status npummMmaeT 3HadyeHue 1, ecny Hakara KHonka STOP mpexpalleHus
jipoliecca MHTerpupoBanusi, M 0 - B OCTIbHBIX CTyyasx. [Ipy 3aBeplueHu poLeayps
MHTCIPUPOBAHMS BbI3bIBACTC KoMaHaa odephas3([ ], [ ], 'done’).

Conymemeyrowue @yrkyuu: ODEPHAS2, ODEPLOT, ODEPRINT.

Hewars pemehmii g cucremnr OJ1Y

Cunmarcuc:

odeprint(tspan, x0, 'init’),

status = odeprint(t, X)

odeplrint([ 1, [ ], 'done")

Onucanue:

DyHxuusa status = odeprint(t, X) BBI3bIBACTCS peUIATEIEM Ha KaX[OM LIare
WHTCIPUPOBAHMS M BBIBOAMT Ha Ie4arh PEIICHMS I10 BCEM IMepPeMEHHBIM CO-
CTOsIHUSL. g Toro ytoOpl BBIBCCTM OTAE/bHbIE TIEPEeMEHHbBIC, HCODXOOMMO yKa-
3aTh UX UHeKChb! B onunu OutputSel. [Mpumenenue pyHxuun odeprint Z0/DKHO
ObITE YKa3aHo B onuuu OutputFen.

B Havajie MHTeIpUPOBAHMA peLlaTenb BbidbiBaeT QyHKUMIO odeprint(tspan, x0, init'),
a 3aTeM Ha Kaxaom ware dynxkuuio status = odeprint(t, x), roe t - Tekyluee Bpemsi,
a4 X - TEKYW M BEKTOP COCTOSIHMS.

Ecnu onuusa pewarensi Refine Gosbiie 1, To t - Bekrop-cTonbeii HCIONB3yeMbIX
MOMEHTOB BpEMeHH, a X - COOTBCTCTBYIOLUMI MACCHMB BEKTOPOB COCTOSHHUS. BbIXOMHOM
napaMetp status npuHMMaet 3naucHue 1, ecnu Haxara kHonka STOP npekpalueHus
HpoLecca MHTErpupoBaHus, v 0 - B ocTaTbHbBIX ciiyqasx. [1pu 3aBepiieHuy HpoLUeaypsl
HHTCIPUPOBAHMS BbI3bIBACTCSA KoMaHaa odeprint([ ], [ 1, 'done’).

Conymemeyrowue @ynxyuy. ODEPHAS2, ODEPHAS3, ODEPLOT.

Mpumepsl NPUMEHEHUS pelaTens

TIpumep 1. Ypasnenus Jiinepa Osuixcenus meepdozo meaa (eaadkas cucmema):

Paccmotpum cucrtemy OV B dopme ypaBHCHUH 3Jiicpa, OlUCHIBAKOLIMX
CBOBOIHOC JIBMKEHUE TBEPAOIO Teia!
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X = XX, x(0)=0;
X, = —XX,, x,(0) = 0;

x; ==051x,x,, x(0)=0.

AHanUTAYECKUE DPELUEHUST 3TUX YPABHCHMEM H3BECTHHI U OTUCHIRAIOTCS
UMITHYECKUMH QYHKUMAMHU Axobu [1].

IIporpamma GOpMUpPOBaHMSt MpaBbix yacTeil odopmicHa B Bume M-daitna
rigidode. BhIITOJTHUM MHTErpUpPOBaHUE 3TOM CHCTeMbl MeTodoM Pyure - KyrtTh
Ha uHTepBate BpeMeHu [0 12} cek ¢ HavanbHpIMU yonopusmu [0 1 1] u noctponm
TpeXMepHbIi ($asoBblit NMOPTPET pelHeHUH 3TOM cucTeMbl. [id aTOTO ClleilyeT
3a/1aTh OMIMIO BhIBOAA (Ha3z0oBoOro moprpera

options = odeset('OutputFcn’, 'odephas3').

ToYHOCTHBIe XapakTCPUCTHKM M 3HAYCHHUS HIara MHTErPUPOBAHMSI MCIIOJIb-
3YJOTCSL 110 YMOJIHAHUIO.

[t, X, S] = ode45('rigidode’, [ ], [ ], options);

S=
19 KonuyecTBo ycnelnHbIX IIAr0B
2 KonuuecrBo HeylayHbIX MMOMBITOK BHIGOpa LIara
127 KonuuectBo BbI30BOB (hyHKUHHM rigidode
0 KonuuecTBo Bbi30BOB GyHKUMM dF/dx
0 Konuyectso LU-pa3noxeHuit
0 KosnyecTBo pelueHUi BCITOMOTIATEIbHBIX CHCTEM JIMHEMHBIX YpABHEHUH

TpexmepHslit (a3oBbI TMOPTPET WIS YpaBHEHMI Jiiiepa, OMUCHIBAIOILIMX
cBobogHOE NBUXKEHUE TBEP/OTO Tena, oKalad Ha puc. 8.17.
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lpumep 2. Ypasienue Ban dep Tloas (dcecmras cucmema):

PaccMotpum anddepeHIMAILHOC YpaBHeHMe 2-T'0 MOPsiIKA, M3BCCTHOE Kak
vpasHenue Bau gep TMoss [2]:

K4 p(x? —Di+r=0.

DTO YpPABHEHMUE MOXCT ObITh IpeicTaBieHo B Buae cucrembl OJIY B aBHOIM
¢popme Kowu:

X| = X5

%y = (1= xP )Ny =X

[porpamma hopMHUpoBaHHS TPaBbIx vacTeil oopmicHa B Buge M-gaitia vdpode.
20T (paiin Mo3BosisteT MCIIOL30BATh KaK aHATUTUYECKyIo (onius Jacobian), Tak
11 YMcTIeHRY0 (onums Vectorized) ¢opMy HpcAcTaricHust MaTpuubl Sxodu. 1o ymon-
YAHUIO 3HAYEHUE [t paBHO 1, H B 3TOM CJIyyac PCLUCHMS M CaMa CUCTEMa SIBJISIIOTCSI
rnagkuMy. Tpu 3dadycHun 1, pasHoM 1000, BOZHUMKAIOT penakCalMoOHHbIe KoJiebaHus,
KOTIa MMCIOTCS YYACTKH MCVICHHOIO M OueHb OBICTPOro pa3BUTHA IMPOLIECCOB; CHUCTC-
Ma B 3TOM CJIyYac XapakiCPU3YCTCs KaK KCCTKas. BBIMOJIHWUM MHTCIPUPOBAHME STOM
CUCTCMbI, UCTIONB3YSE (PYHKLMIO odel15s mcToidoM PyHre - KyTThl Ha MHTepBajc Bpe-
veHu [0 3000) cek ¢ HavabHBIMU veiIoBUsiMU [2 0].

IMocrpoum ricpexojHbie 1pouecchl (puc. 8.18, a), Ucrob3yst orurio Jacobian
11 3HaYcHUe rapaMerpa p, pasHoe 1000:

options = odeset('Jacobian’, 'on’);

[t, X, S] = ode15s('vdpode’, [ ], [ ], options, 1000);

S 591 | Konuuectso ycrcurHslx 11aros
225 | KonuyecTBo HeylauyHbIX IOIBITOK BbIOOpa 11ara
1749 | Kosmuectso Bbi3oBoB (PyHKUMH vdpode
45 | Konnyectso Bbi30BOB PyHKUMM dF/dx
289 | Koamnuectso LU-pasiioxeHUi
1747 | KoanuectBo pelicHUt BCIIOMOraTe/IbHbIX CUCTEM JIMHEMHbBIX YPaBHEHHUI

[TocTponm aBYMepHbIA (Pa30BbIil NMOPTPET pelleHuit 3Toit cucteMbl (puc. 8.18, 6).
3anannMmM CICAYIOLIMC OITLMK U 11apaMeTpbl HHTETPHUPOBAHHUS:

options = odeset('OutputFcn’, 'odephas?’, 'Vectorized', ‘on');

[t, X, S] = ode15s('vdpode’, [ ], [ ], options, 1000);

S =
455 | Konuuectso ycriciHbix 1aros
201 KojinuecTBo HeyaauHbIX 110MBITOK BBIOOpa wiara
1569 Konuuecrno soi3opon dhyHKUKM vdpode
43 Konuuecrso soizopos Gyvaxkuun dF/dx
249 | Ko:muccrso LU-pasioxcunit
1439 Ko/ muecrBo pericnit BCIIOMOTATCABHBIX CHCTCM JIMHEHMHbIX YPABHCHMIH
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Puc. 8.18. Ypasuenue Ban-gep-[lons: a - nepexonupiii npotecc; 6 - $ha3oBbIt MOpTPET

Ilpumep 3. Bprocceasmop (scecmkan cucmema):

Pacemorpum  nutdepeHimanbible YPAaBHEHUS, ONMMCHIBAIOILUE ITPOLECCHI
auddysuu B xumuyeckoi peakuuu [4],

w; = V4 ulv; —du; + (N + D)2 (ui_g = 2u; +up);

v,'- =3u; —u,~2v,- +a(N + 1)2(vH =2v; +viyy)
Ha CeTKE M3 1 YIIOB M Ha uHTepBayie BpeMeHH [0 10] ¢ napamerpom a, pasupM 0.02,
K HAYANBHBIMU YCHOBUSMU

1;(0) = 1+ sin(2my; );

vi(0) =3,
rae x;= if(ntl), i =1, .., n

TTonHoe KONMMUECTBO YpaBHEHMIt 3TOM CUCTEMBbl 20, HO Matpuna fAxobu
MMeeT MAaKCHMAIbHYIO LUMPUHY, PaBHYIO 5, €C/IM NepeMeHHEBIe YIOPSA0YeHbl KaK

U1, V4, Ug, Vg, ... . KOJIMYECTBO TOYEK CETKM /1 [TO YMOJYAHHIO PABHO 2, HO MOXeT
OLITh yBEJIMYEHO, CCIH MepelaTh 3TOT MapaMeTp PeLIaTesio B BUie

[t, X} = ode15s('brussode’, [ ], [1, []. n);

Yem Oonplle 3HAYCHHUE N, TeM OoJIee XKECTKOH OyaeT cucTeMa.
[TocTpoum azoBbic MOPTPETH! WIA ABYX S4YeeEK, moJjarass n = 2,
options = odeset('OutputFcn', 'odephas2’, 'OutputSel’, [ 1 2));

{t, X} = ode15s('brussode’, [ ], [ ), options);

options = odeset{'OutputFcr’, 'odephas2’, 'OutputSel’, [ 3 4));

{t, X] = ode15s('brussode’, [ ], { ], options);
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Puc. 8.19

[Tpumep 4. Memod Koneunbix 31eMenmos (Hessnas gopma Kowu):

PaccMoTpUMM OQHOMepHOE HeCTAMOHAPHOE YPaBHEHME B YACTHBIX INPOM3-
BOJIHBIX BUAA
4 du 3% u
ar - dx?
C Ha4YalbHBLIMH YCIOBUSAMHU
u(0, x) = sin{x)
W TPAaHUYHBIMU YCIOBUAMU
uft, 0y = uft, n) = 0.
WHtepBal UHTEIPUPOBAHMA I10 [POCTPAHCTBEHHONW [IepeMEHHOM X pa3dMBaeTcsi
Ha # y4acCTKOB C w1aroM A, paBHeiM 1/(n+1). Torua peueHye ypaBHEHUS MOXET OBITh
annpoKCMMHMPOBAHO HA OCHOBE METO/d KOHEYHBIX IEMEHTOB C/IEYIOLMM 00pa3oM:

lt, 1) = 1o (06,09

rae x; = krh, ¢, - KycouHo-nuHeiHas: GhyHKUMSA, paBHas 1 B Touke x; U 0 B oc-
T&JIbHBIX TOYKAX X;.
Takasg AMCKPETU3aLMs, U3BECTHASA 0 Ha3BaHWeM Merona [ajlepkuHa, Mpu-
BOOMT K cieaymoweit cucreme OY:
M(t)dc/dt = Rc,
rae c(t)=[cq(t) ... cy(t)], a TpexauaroHansHble MaTpuubl M(t) u R onpepensitotest
COOTHOWECHUAMU

exp(—1)2h/3, i=j

My =qexp(=t)n /6, i=;%1
0, i#zj=1j,j+1
~2/h, i=j

Ry=4 1/h, i=j*1
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Haitgem peweHue 3Toit cuctembt /uist N = 20 B MOMeHTh Bpemenu 0:0.5:1.5

[t, X] = ode15s(fem1ode’, [0:0.5:1.5], [ ], odeset('Mass', ‘'on'), 20);

[TocTpouM TPOCTPAHCTBEHHOE pacllpele/icHHE U(X) B YKA3aHHbIE MOMEHTBI
BPEMCHMU:!

plot(1:20, X(1:4, 1)), grid, hold on

gtext('t=0'), gtext('0.5'), gtext('1.0"), gtext('1.5")

1
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Puc. 8.20

[Tpumep 5. Qepanunennas npobaema mpex mea (ukcayus cobbimud);

PaccMOTpHM IOBMXKEHHME TOYKU B 110jIe TATOTEHMS ABYX TeJ, KOTOPOE OITHCHI-
BaeTca cieaylowen cucremon OAY:

X =Xx3;

Xy = X4
* *
~ doGr ) plx - )
X3 :2X4 +xl* 3 - 3 B
g 2
*
' X X
X4:—2X3+x2-'u32—#32
" )

rae p = 18245 " =1-y;

:‘I(x,+u)2+x§; 1'2=\’(x[—;1*)2+x32 .

ITepBbic ABa KOMIIOHEHTA BEKTOPA COCTOSHUST SBISIOTCS KOOPAUHATAMHA T10-
JIOXKEHUS TOYKU B MPOCTPAHCTBE, YTO TO3BOJNCT [IOCTPOMTb OPOUTY JBUKCHMS,
KaK 3TO IM0Ka3aHo Ha puc. 8.21. HauanpHbie ycmoBus BmibpaHbl Tak, 4yTOOLI Op-
6uTa ObUIR NEPUOAUYCCKON. DTO HO3BOMASIET UHTCPIIPETHPOBATh 3Ty OpOUTY Kak
Tpackropuio obneta JIyHnl M BO3BpauleHus Ha 3emiro. TpeboBaHMsl K pacueTy
TPaCKTOPMM HOCTATOMHO BbICOKW: OTHOCHUTC/BHAs ownMbka RelTol He JlojikHa
rpesbligars 1e - 5, a abcontorHas AbsTol - 1e - 4.

%
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Co0ObITUS, KOTOPBIe (PUKCUPYIOTCS B JAHHOI 3aa4¢, - 3TO TOUKA CTapTa M TOUKa
MAKCUMIBHOTO yaalleHus1 OT 3eMJlu.
options = odeset('Events', 'on');
[t, X, te, xe, ie] = oded5('orbitode’, [ ], [], options);
te = xe =

ie =
0.0000 1.2000 -0.0000 -0.0000 -1.0494 1
3.0953 -1.2616 -0.0012 -0.0005 1.0485 2
plot(X(:, 2), X(:, 1)), hold on, plot(xe(:, 2), xe(:, 1), 'or')
1.8 r " ; . 1
T SR R
A (A A
e I -~
s e SR
AL
DS,—--—-",«-f —————— [ S Ll dldiadid
k 1 1 !
N SO SRS VS
P Te———
vey I o o5 1
Puc. 8.21

C apyrumu npumepaMu HHTerpupoBadust cucteM OIY MOXHO O3HAKOMMTBCS,
00paTUBLIKCH K AEMOHCTPALIMOHHOMY (ailly odedemo.
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BoivncneHne MUHMMYMOB 1 HYNER QyHKLMM

| FMIN, FOPTIONS |

Munnmuzanns GYHKUHH OHOH nepeMeHHOM
Cunmakcuc:

xmin = fmin('<ums gyuxyuu>', x1, x2)

xmin = fmin(‘<umsa @gynxyuu>', x1, x2, options)

xmin = fmin{'<uma gynxyuu>', x1, x2, options, p1,..., p10)

[xmin, options] = fmin( ... )

options = foptions
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Onucanue:

DyHKUKS Xmin fmin('<uma  @ynxyuu>‘, x1, x2) BO3BpallaeT 3HAYEHHE
JIOKQJIbHOTO MUHMMYMa (pYHKUMU B MHTepBale X1 < x < x2.

Oyuxuus xmin = fmin('<uma gyrxyuu>, x1, x2, options) ucmnoab3yeT BeKTOp
YIIPaBAgIOMIUX NapaMeTpoB options, KOTOphIN BKUTIOYaeT 18 KOMIIOHEHTOB, OIU-
caHHbIX Huke. OH npenHa3HadeH IS HACTPOMKM ITOPUTMOB ONTUMM3ALIMM,
IIpPUMEHSAEMBIX KaK B cucTeMe MATLAB, Tak ¥ B nakere nmporpamm Optimization
Toolbox [1). OyHkuusa fmin ucroas3yeT TOMBKO 3 U3 STUX NAPAMETPOB:
options(1), options(2), options(14).

Qyuxkums xmin = fmin('<uma gynxyuu>', x1, x2, options, p1, ..., p10) nosso-
sger nepenath 4o 10 JOMOJHUTCABHBIX MApaMEeTPOB; €CIU OINMLMU HCIIONb3YIOTCS
110 YMOJIYaHMIO, TO BMECTO apryMeHTa options cieayeT yKa3aTh ITyCTOM MaCCHB.

Oyukuusa [xmin, options] = fmin(...) BO3BpamiaeT BEKTOD YHPaBISOILKX
riapameTpoB options, KOTOpble HCNOJB30BaNUCh aNTOPUTMOM, XU B YAaCTHOCTH
napametp options(10), GuKcHUpYOILMIT KOAMYECTBO BBITIONHEHHbIX WTEPALMH,
© niapaMeTp options(8), comepkaluit MUHUMAIBHOE 3HAYCHHE QYHKIIMH,

Qyukuus options = foptions Bo3BpaiaeT BEKTOP-CTPOKY MCXOOHBIX 3HA-
4YeHUI [MapaMeTpoB, UCIOIb3yeMbIX QYHKUUAMK fmin U fmins cuctemsl MATLAB
1 dynkumsiMu fminu, constr, attgoal, minimax, leastsq, fsolve nrakera Optimization
Toolbox. 3HayeHUs MO YMOIYAHHUIO NPHCBaUBAIOTCS. BHYTPU (DYHKIMH ONITMMHU3ALIMU
M MOTYT OT/IMYATHCH OT UCXOAHBIX 3HAYCHUHN.

Onyus Hasnavenue onyuu Hexodnoe 3navenue
3HaueHue 1O YMOAHAHUIO
options(1) BuIlROA MPOMEXYTOUHBIX PE3Y/bTATOB: 0 0
............................ 0, - He GuG00AMCA; 1 - OUGOIRMCA
moptions(Z) MTﬁp_a_uMOHHaﬁ TIOTPELIHOCTD 1Sl ApTYMEHTa 1e-4 15—_4"
m_options(3) I/Ire.;')auuonﬁ.am [TOrPELUHOCTD AN (bymgunn_ B le-4 1 1 ‘%4
moptions(4) TepMUHaNbHBIA KpUTEPHIk coGnmﬁeHuﬂ ................. 1e-6 T e
A 4ot OSSOSO NSO IV
optlons(S) ........ 6:115.2.1:1'61‘1451 0 0
options(®)  [ommowmsawes I 0
options(7) | Ancopuyt msseiworomoweia N 0 ] 0
options(®) | Suauetue wenesoit dyianen N IR SO
“options(9) | [lna Kontpons rpanmenTa ycTaosHTe B 1 | o | o
options(10) | KomntiecTeo BbinonHeHHsX nTepaunit | o I o T
“options(11) | KonnuecTso shiunchcHHbIX rpammentos | o | o
“options(12) | KonMuecTBo BoluMCIeHHbIX orpanndekmid | 0 | o
“options(13) | Koniecteo orpanndenui B e pasecrs | 0 | o
“options(14) | MakcuManLioe KONMUeCTBO wrepatmit, | O | fmin: 500
............................... n - xomiectso mepemennpix L. |fmins: 200xn
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options(15) | [TapameTrp, UCTOIL3YEMBIN NTPU HATUYHH 0 0
uesieBOH GyHKUMM
options(16) | MuHUManbHOE NIpUpALLIEHUE MEPEMEHHBIX 1e-8 1e-8
py BBIYUCICHHUH [PAfMCHTA
options(17) | MakcuManibHOE NMpUpALLEHHE TTEPEeMEHHbBIX 0.1 0.1
TIPY BBIYMCICHWHM TPaiMEHTa
options(18) | PasMep wiara MuHuMu3aumy h 0 h<1
Tpumep:

Bblucaum npHOAMXCHHOC 3HA4YGHHE TU MYTeM MWHMMM3aUMH  BbyHKUUU
y = cos(x) Ha oTpe3ke [3 4] ¢ uTepauMOHHOM TIOTPEUIHOCTHIO 110 X - 1e-12.
[xmin, opt] = fmin('cos’, 3, 4, {1, 1e-12});

Funcevals x f(x) Procedure
1 3.38197 -0.971249 initial
2 3.61803 -0.888633 golden
3 3.23607 -0.995541 golden
4 3.13571 -0.999983 parabolic
5 3.1413 -1 parabolic
6 3.14159 -1 parabolic
7 3.14159 -1 parabolic
8 3.14159 -1 parabolic
9 3.14159 -1 parabolic
xmin = 3.14159265402771
pi= 3.14159265358979

norm(xmin - pi) = 4.3792e-010

x=3:0.01:3.8;
y = cos(x);

plot(x, y, 'r"), grid, hold on
xt = [3.38 3.62 3.24 3.13]; yt=cos(xt);

h = plot(xt, yt, -0g"); set(h, 'LineWidth', 2)
title("®yHkuma y = cos(x)")

By UAA Y- COS(X)
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O6parIc BHUMAHHWE, YTO UMEPAUUOHHAS NHoZpeuiocms (Pa3HULA MEXIY ABYMS
COCCUHUMU MTCPALIMAMM) OTIMYAETCS OT Noepetniocmu esiducaents (PasHULA MCXIY

BbIMMCICHRBIM Y MAIIMHHBIM 3HAYCHVCM TT, YTO 110Ka3biBacT CJIgj1yloias Tabimna;

Homep onuuu opt Hexoonoe snauenue 3uauenue npu ewixode uz gyuxiyiu fmin
1 0 0
2 1.0000e-004 1.0000e-012
3 1.0000e-004 1.0000e-004
4 1.0000e-006 1.0000e-006
5 0 0
6 0 0
7 0 0
8 0 -1.0000e+000
9 0 0
10 0 9.0000e+000
11 0 0
12 0 0
13 0 0
14 0 5.0000e+002
15 0 0
16 1.0000e-008 1.0000e-008
17 1.0000e-001 1.0000e-001
18 0 0

AHamM3 TabJIMLbl MOATBEPXKAACT, YTO 3aZAHHAS MUTCPALUOHHAS MOTPCIIHOCTD
opt(2) pasHa 1.0000e-012; MuHUMaIbHOC 3HaucHMe QYHKUMU Opt(8) paBHO
-1.0000e+000; yucyio BeIMOMHEeHHBIX uTepaluii opt(10) pasHo 9.0000e+000 npu
MAKCUMAITBHO JOMYCTUMOM UUC/C UTepaliuil opt(14) = 5.0000e+002
Aneopumm:

DOyuxkuus fmin ucnosib3yeT MeToabt “30/0TOIO ceUcHUs” U napabosinueckoi
VHTCpLIonsanum {2].

Conymemeyrowue ynicyuu: FMINS, FZERO, Optimization Toolbox.
Ceblaku:
1. Optimization Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1997,

2. Forsythe G. E., Malcolm M. A., Moler C. B. Computer Methods for Mathematical
Computations, N.Y.: Prentice-Hall, 1976.

FMINS Munumuzauds GyHKIMKU HeCKONbKUX NePeMEHHBIX

Cunmakcuc:
xmin = fmins(‘<umsa gynxyuu>, x0)
xmin = fmins(‘<uma gpyuxyuu>', x0, options)
xmin = fmins(‘<uma @ynxyuu>', XQ, options, [ ], arg1,..., arg10)
[xmin, options] = fmins( ... )

Onucanue:
@yukups xmin = fmins('<wms dynkyuw>, x0) BO3BPALLACT BCKTOP XMIN, COOTBCTCT-
BYIOLLMH 3HAYCHUIO JIOKAIBHOTO MUHMMYMa (hYHKIIHH 1B OKPCCTHOCTH TOMKH X0.

60



8. AHanua n 06paboTka AaHHbIX

Gyukuua xmin = fmins(‘<umsa  @gyncyuu>', x0, options) MCIONB3yeT BEKTOP
VIIPABJISIOIMX [1apaMeTpoB options, KOTOPLIA BIUHIOUYAET 18 KOMITOHEHTOB, COOT-
peTcTBYIOWMX GyHKuMK foptions. Dynkums fmins ucnonp3yer ToNbKO 4 U3 3TUX
itapameTpoB: options(1), options(2), options(3), options(14).

@yukuua xmin = fmins('<uma gynkyuu>', x1, x2, options, p1, ..., p10) nosso-
aser nepenarb g0 10 AONONHUTENbHBIX TAPAMETPOB; €CJIM OMIMKY UCIIOJIb3YIOTCH
10 YMOJIYAHHUIO, TO BMCCTO apryMeHTa options cleayeT yKa3aTh IIYCTOH MacCHB.

Oynxursg [xmin, options] = fmins(...) BO3BpalllaeT BEKTOP YIPABISIOLINX
n1apameTpoB options, KOTOpble WCHOJB30BAIWCH AITOPUTMOM, M B YaCTHOCTH
rlapamerp options(10), (UKCUPYIOWMHA KOJMYECTBO BBIIOJIHEHHBIX MTEPaLUi,
¥ rapameTp options(8), coaepxaiiii MUHUMATBHOR 3HaYEHUE DYHKITM.

[Ipumep:

PaccMmoTpuM KilaccuyecKuit npumep MUHUMM3anuu ¢GyHkuuu Posenbpoka
OT JBYX MEPEMCHHBIX.

f(x) = 100(xy — x)? +(a— X1)?.

MMHMMYM 5TON DYHKUAM JOCTUTACTCS B TOUKE (3, a°) ¥ PaBeH Hy/mo. B KauecTse
HadaJlIbHOM TOYKHU OObIYHO BeIOHMpaercs Touka (-1.2 1).

Onpenenum M-daiin rosenbr(x, @), obccreyuBalOWUNA BBIYUCICHHE 3TOM
(YHKUMM U151 33]1laHHOTO TiapaMeTpa a.

function y = rosenbr(x, a)

if nargin<2,a=1; end
y =100 * (x(2) - x(1)*2)*2 + (a - x(1))"2;

PaccmoTtpum ciyvait a = 1.

[xmin, opt] = fmins('rosenbr’, [-1.2 1], [0, 1e-6));

xmin = 9.999997969915502e-001 9.999995750683192e-001

Homep onyuu opt Hcexodnoe 3navenue 3ua4enue npu evixode u3 gyrkyuu fmin
1 0 0
2 1.0000e-004 1.0000e-006
3 1.0000e-004 1.0000e-004
4 1.0000e-006 : 1.0000e-006
5 0 0
6 0 0
7 0 0
8 0 7.6989e-014
9 0 0
10 0 1.9900e+002
1" 0 0
12 0 0
13 0 0
14 0 4.0000e+002
15 0 0
16 1.0000e-008 1.0000e-008
17 1.0000e-001 1.0000e-001
18 0 0
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AHaU3 TabaULbl TIOATBEPKAACT, YTO 3a4aHHAS UTEPALIMOHHAS OTPEIIHOCTE
opt(2) pasHa 1.0000e-06; MuHMMaIbHOE 3HauyeHUE QyHKUMK opt(8) paBHO
7.6989e-014; uuciao BbITIOJNHEHHBIX urepauuii opt(10) pasno 1.9900e+002 rnipu
MAaKCUMAa/bHO JOHMYCTUMOM 4Mcie uTepaunii opt(14) = 4.0000e+002.

Aneopumm:

Oyukuys fmins peanusyer Meron Henpepa - Mugsa {2, 3], KOTOpbIH sBIsSleTCS
NPAMbIM METOIOM, HE TPeOYIOIUMM BBIUMACICHUS TpaiueHTa Wid WHOM HHbOp-
MAaLMU O MPOU3BOAHOMN, U CBA3AH C MOCTPOCHHEM CHMIUIEKCA B N-MEPHOM Npo-
CTPAHCTBE, KOTOPBIK 3ajgaercd n+1-f peplivHoil. B IByMCpPHOM NpOCTpaHCTBE
CUMILIEKC - 3TO TPEYTOJIBHUK, @ B TPEXMEPHOM ~ UpPaMUaa.

Ha kaxioM wary ajropyrMa HOBas TOUKa BBIOMPAETCsS BHYTPH WM BOIH3U
cuMIIiekca. 3HayeHne QYHKUMU B 3TOH TOYKE CPABHUBACTCS CO 3HAYCHHUSIMH B
BEPILIMHAX CUMIUIEKCA, U, KAK [PaBWIO, OLHA U3 BEPILUH 3aMCHACTCS 3TOM TOYKOM,
3aMaBasi TeM CaMbIM HOBBIA CUMIUICKC. 3T UTepaliuM TIOBTOPSIOTCA [0 TeX IIop,
MoKa JHaMeTp CHMIUICKCA HE CTAHCT MeHbUIC 3afaHHOW BEIUMMHBI MTePALllMOHHON
ITOTPELIHOCTH [10 [TEPEMEHHBIM X,

Conymcemeyrowue yuxyuu: FMIN, FZERO, Optimization Toolbox.
Cebvinku:
1. Optimization Toolbox: User’s Guide. Natick: The MathWorks, Inc., 1997.

2. Nelder J. A, Mead R. A Simplex Method for Function Minimization//Computer
Journal. Vol. 7. P. 308-313.

3. Dennis J. E., Woods D.J. New Computing Environments: Microcomputers in Large-Scale
Computing/ Ed. by A. Wouk// SIAM. 1987. P. 116-122.

FZERO Haxoxenue Hyseit GyHKUHM 01HO# 11epeMEHHOI

Cunmackcuc:

z = fzero('<umsa gyukyuu>', X)

z = fzero('<ums ghynxyuu>', x, tol)

z = fzero('<ums gynxyuu>', x, tol, trace)

z = fzero('<ums gynxyuu>', X, tol, trace, P1, P2, ...)
Onucanue:

®ynkuus z = fzero(‘<ums ¢ynkyuu>', X) HaXOAUT HYJb OXHOMEDHOM JCHCT-
BUTCAbHON (YHKUMU OT AEHCTBUTEALHOM rnepeMcHHOW. Korjna x ckaaspHas
BEJIMYMHA, TO DEUICHUE HILETCS B OKPCCTHOCTH 33aHHON 3TOH TOYKM IYTCM
OTBICKAHUSA MHTepBana, rac QyHKUMA MCHACT 3Hak. Ecam TakoH uHTepsan
He HaxoaMTcsl, To Bo3Bpalactcs 3HadeHue NaN. Koraa x BekTop UIMHBI 2, TO
OH MHTEPIIPETUPYETCS KAK MHTEPBAT MOMCKA, B KOTOPOM (DYHKLMS MECHSCT 3HAK.
B rtom ciyuae, eciu 310 He Tak, GopMUpycTCs coobliucHue 06 oubdKe.

Dyukuusa z = fzero('<ums @yuxuuu>, X, tol) BozppalaeT pe3yibTaT ¢ OTHOCH-
TCHBHOM TMOIPCUIHOCTBIO 1o, 3a1aBaeMoit nosib3oBateieM. T1o ymonuaruio tol = eps.
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Oyukuust z = fzero('<ums @ynxkyuu>', X, tol, trace) nNpu 3HaucHUH trace, or-
JHUHOM OT HYJIs, BBIBOJAMT HA KPaH TCPMMHAIA NPOMCKYTOUHDBIC PE3YJILTATHL.

Dynkuua z = fzero('<ums gyuxyuu>', x, tol, trace, P1, P2, ...) n103BoJseT Ie-
PCAATh JOIOMHUTCIBHBIC TAPAMETPbI U1 ONPEIC/ICHHS (DYHKLMY; CCIIM 3HAYEHMSE
apI'VMCHTOB tol M trace MCIObL3YIOTCS 110 YMOAYAHHIO, TO HA UX MECTC ClelyeT
YKA3aTh MYCTBIC MACCHBLI.

[ipumep:
Beruucim aeficTBuTeNbHbIC HYJIM noJMHOMA f(X) = X -4 x>+ 12,
CHavana cgopmupyeM M-daiin polynomé4 anst BEIYHUCICHUSA 3TOH QYHKILINMU:
function y = polynom4(x)
y =xM-4"x "3+ 12,
3dTeM HaMIeM KODPCHbL NOIHHOMA, crapryst 13 Touky x0 = -0.5:
z = fzero(' polynom4', -0.5, eps)
z = 1.746170944975038e+000;
Teriepb HalaeM KOpeHb MOJIMHOMA, ¢TapTyd U3 Touku x0 = 3.0:
z = fzero(' polynom4', 3, eps)
z = 3.777351952771215e+000;
TOYHBIE 3HAYCHMS KOPHEH MOIHHOMA MOIYT ObITh BHIYMCICHBI C OMOLLBIO DYHKIMU
roots({{1-4 00 12])
ans =
3.777351952771212e+000
1.746170944975038e+000
-7.617614488731261e-001 +1.113117638472703e+000i
-7.617614488731261e-001 - 1.113117638472703e+000i
HerpyaHo BUACTE, YTO 002 NOAX0AA AT COLNTACOBAHHBIC PE3YNILTATHI.
Aneopumm:
Dyukuma fzero MCNoAb3yeT METO[bI [CJCHHS OTpe3Ka I0T0JIaM, CexylueH
1 0OpaTHOM KBaapaTuyecKoil MHTepnonsuuu [1, 2].
Oepanuyenus.
DyHkiUa fzero onpeiessicT Hylb Kak TOUKY, Tie (QYHKUUS IepeceKacT oCh
X; TOYKH, B KOTOPbIX (DYHKLHS TOJIBKO KaCaeTCsl OCH X, HE CYUTAIOTCS HYJISAMMU.
OVHKUUSA BBIMOIHACTCA 10 TeX 1I0p, IoKa He OyaeT HaWACHO KOMITICKCHOE
pelUcHHE MM creHepupoBanbl pewenust Inf wim NaN.

Conymemeyrowue gyuxyuu: FMIN, ROOTS.
Cevbiaku:
1. Brent R. Algorithms for Minimization Without Derivatives. Prentice-Hall, N. Y. 1973.

2. Forsythe G. E., Malcolm M. A, Moler C. B. Computer Methods for Mathematical
Compurations. Prentice-Hall, N. Y. 1976.
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MpeobpasoBanuas Pypbe

FFT, IFFT O/HOMEpHbIE JMCKpeTHble MpAvoe U oGpaTHoe npeobpasopamms Dypre

Cunmarcuc:

Y = fft(X) X = iffi(Y)
Y = ffit(X, n) X = ifft(Y, n)
Y = fft(X, [ ], dim) Y =ifft(X, [], dim)
Y = fft(X, n, dim) Y = ifft(X, n, dim)
Onpedenenus:

HuckperHble npsaMoc u obpatHoe mpeobpazopanus Dyphe 47isi OAHOMEPHOTO
MaccuBa X JUIMHBL N onpeaeiisioTea cneayrouum obpasom:

N
X(K) = z x()e G2FING=1)(k-1).

N
x(k) :iz o 2RNG-1)(k=1).
N

Onucanue:

Dynkuma Y = ffti(X) BIUCISET JUIST MACCUBA JIaHHbIX X JUCKPETHOE IPeod-
pazosanue Pypse, UCHOAb3YS FFT-airoput™ ObicTporo Myphe-rpeodpaszopatus.
Ecnun maccuB X JBYMEDHBIH, BBIYUCISIETCS] JIHCKPETHOE IMPeOOPa30BAHME KAKIOrO
cronbua. Ecin X MHOroMepHbiif Maccus; TO BeIYUCHsAcTCA npeodpasoranue Dypoe
10 NIEPBOM HEENUMHUYHON Pa3MEpHOCTH.

Dyrkuus Y = fit{X, n) BbruMcHseT N-TOMEYHOE OUCKpeTHOE NnpeobpasoBanne
®ypoe. Ecnu length(X) < n, To Hemoctalomiue CTPoKM Maccusa X 3allOHSIOTCSH
RHyJsamy; ecau length(X) > n, To 1MIIBUE CTPOKU YOAISIOTCS.

Oynrkuuun Y = fft(X, [ ], dim) u Y = fft(X, n, dim) Beruncasior AUCKpeTHbIE Mpe-
obpazopanus Dypee o pasmepHocTu dim.

Oyuxuus X = ifft(Y) Buiavcsier oGparHoe npeobpasosanne Pypre s Maccrsa Y.
Ecin Y MHoroMepHblii MaccHB, TO BblYMCIsAeTCs: obpaTtHoe npeobpaszosaHue Pypoe
HO NEPBOIt HECAUHUYHON -pa3MEPHOCTH.

Dyukuma X = ifft(Y, n) BbluMcasgcT n-TodeyHoe 0OpaTHOE IPeobPa3OBAHMC
Dypre 11g Maccusa Y.

Oyrkumn X = ifft(Y, [ ], dim) 1 X = fft(Y, n, dim) BIYUCIKIOT OBpaTHbIC Hipe-
obpasopanus Qypbe no pazmepHocTu dim.

[Ipumepei:

OcHoBHOE HazraueHue npeobpasosanms Dypre - BLUICINTD YACTOTbI PErYIsPHBIX
COCTARTAIOLIMX CUTHAIA, 3alUYMJIEHHOIO noMexaMu. PacCMOTPUM JIAHHBIC, [10CTY-
naowve ¢ vactotoit 1000 Ty, Chopmupyem curnasn, cogepXalididl peryispHble
coctapisolmne ¢ yacrotaMu 50 u 120 I'u M cayvaiiHyio aJUTHBHYIO KOMIIO-
HCHTY C HYJACBBIM CPCAHUM,
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t=0:0.001:0.6;

X =sin(2 * pi * 50 *t) + sin(2 * pi * 120 * t);

y =X + 2 * randn(size(t));

plot(y(1:50)), grid

Ha puc. 8.23, ¢ nokasaH 5TOT CMrHa1. [ Ha Hero, TPYAHO CKa3aTh, Ka-
KOBBI YACTOThl €0 pPCryIAPHbLIX COCTaBsIIOMMX. Peannusys ogHOMEpHOE MNpeob-
pasoBaHue PDypbe 3TOro CUrHata Ha ocHOBC 512 Touyek M MoCTpouB rpaduk
CHCKTPAIBHON TUIOTHOCTH (puc. 8.23, §), MOXHO BBUIEIUTH [BC YACTOTHI, HA KO-
TOPBIX aMIDIMTYAA CICKTPa MakCcUMasibha. DTo yacTtornt 120 u 50 T

Y = fft(y, 512);

Pyy = Y.*conj(Y)/512;

=1000 * (0.255)/512;
plot(f, Pyy(1:2586)), grid
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Aneopumm:

Eciv uirHa 110¢/IeI0BATCALHOCTH BXOAHbBIX JIAHHBIX $BAACTCS CTEIEHBIO
YUCJIA 2, TO TIPUMEHSETCS AUITOPUTM OBICTPOro rpeobpazopaHus @ypese ¢ OCHO-
BAHUCM 2, UMCIOUIMH MAKCHMabHYIO MPOU3BOAUTEIBHOCTb. JDTOT AJITOPUTM
ONTUMH3NPOBAH Uil pabOTh! € ICHCTBUTCIBHBIMH JAHHBIMU; €CJIU JAHHBIE KOM-
IUIEKCHBIE, TO peanu3yeTcs KoMIuiekcHoe npeobpasopanue Pypoe. Sdbdekrns-
HOCTb NePBOro Ha 40 % Belllie BTOPOTO.

Ecau jutMHa BXO/JHOM 110CACAOBATEILHOCTH HE SIBJISIETCS CTENCHBIO YUCa 2,
ro 1pUMEHSICTCA TMpcobpa30oBaHUC CO CMELUAHHBIMM OCHOBAHMAMH, KOTOphIC
OIPEAC/IOTCH KAK NPOCTbIE MHOXKUTEAN JUIMHBL BXOAHOM 110CIEAOBATCIBHOCTH,
KOTOpast 1IpH HEOOXOAUMOCTH TTOABCPIacTCsT YCCUEHHIO.

Bpemst pacueTa CyLUCCTBCHHO 3aBUCHT 01 3HAYCHMS JUIMHBI MOCIGIOBATEIBHOCTH,
Fcan 3HAYCHMC JUIMHBE TOYHO Pa3siaractcsi Ha [POCTHIC MHOXKUTCAM, TO BLIYMC-
JICHUS IUTSL TAKOHM TTOCHCI0BATC/IBHOCTU BhINIGIHIIOTCA JJOCTATOYHO 6bICTpO; cCIIN
KC HC BCC MHOMXHTC/IM OKA3bIBAIOTCH TPOCTBIMU, U jIdXE HX 6)/[[CT MCHbBUIC, TO
BPEMS BLIYHCIACHNA CYHICCTBCHHO BO3pacTacT.
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Ecnn cpaBHuBath 3¢dheKTUBHOCTS BIYMCICHHA, TO IpeobpasoBanue Dypre ¢ oc-
HOBAaHMEM 2 JCICTBMTE/BHOM flocieoBaTe/ibHoCT u3 4096 Touek 3anvimaeT 2.1 ¢,
a KOMIUIEKCHOIt - 3.7 ¢. Q6pluHoe nipeobpasosanme Pypre s TIOCNIENOBATETBHOCTH
13 4096 Touyex 3aHUMACT 7 €, a [Uis mocsieaoBaTenbHocTH U3 4098 Toyek - 58 ¢.
Conymemeyrowue dyuxyuu.: FFT2, IFFT2, FFTSHIFT, Signal Processing Toolbox [1].
Cebinku:

1. Signal Processing Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1993.

JIBymepHbie HCKpETHBIE MpsMoe M ofparHoe mpeoGpasosanms Dypoe

Cunmaxcuc:

Y = fft2(X) X = ifft2(Y)
Y = fft2(X, m, n) X = ifft2(Y, m, n)
Onucanue:

Oynkuua Y = ft2(X) BbIYMCIACT 1S MAcCHBa AAHHBIX X JBYMEPHOE AMC-
KpeTHoe npeobpaszoBande Pypre. Ecim MaccuB X IByMepHBLA, BRIYHCAAETCS
JUCKPETHOE Mpeodpa3oBaHue Ul KaXAO0ro CTonbna.

QyHkuus Y = ff2(X, m, n) BLNUCISET ABYMEPHOS NMCKDPETHOE MpeoBpa3oBaHue
(Dypre B BUIE MaccHBa pasMepa Mxn; IIpH TOM HEIOCTAIOLIME CTPOKM H CTONOLBI
MaccHBa X 3aTONHSIOTCS HYJISIMM, A JIMIIHMC CTPOKH U CTOJIOLIBI YAQISIOTCS.

Oyukuua X = ifft2(Y) serunciser obparHoe npeobpazopanue Pypbe g
MaccuBa Y. -

Oyukuus X = ifft2(Y, m, n) Beruucnsger obparHoe Ipeobpazosanne Dyppe
Uit MaccBa Y B BUJEC MAacCHBA pa3mepa mxn.
pumepni:

PaccMotpuM TOT Xe npumep, 4yto U ans dynkuuu fft, Ho chopmupyem 2
BXOIHBIX MOCHCAOBaTeAbHOCTH (pHic. 8.24, a):

t=0:0.001:0.6;

X = sin(2*pi*50*1) + sin{2*pi*120*t);

y1 = x + 2*randn(size(t));

y2 = x + 2*randn(size(t));

y=1[yly2]

plot(y(1, 1:50)), hold on, plot{y(2, 1:50)), grid, hold off

IIpumennm 1ByMepHoe nipeobpasoBanue Dypee IS CUTHaIA Y HA OCHOBE 512
TOUYEK U NMOCTPOMUM rpaduK CIIeKTPaJbHON TUIOTHOCTHU. TeNeph MOXHO BBIACTUTH
2 4acToThl, HAa KOTOPBIX aMIIMTYda CreKTpa MaKCHUMAanbHA. ITO 4YacTtoTsl 100/2
v 240/2 T (puc. 8.24, 6).

Y = fft2(y, 2, 512);

Pyy = Y.*conj(Y)/512;

f = 1000*(0:255)/512;

plot(f, Pyy(1:256)), grid
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Puc. 8.24
Anzopumm:
JIByMepHOe IHUCKpeTHOE MpeoOpa3oBaHMUE CBA3AHO C OJHOMEPHBIM JIUCKPCTHBIM
npeoGpasopatueM Pypbe craeayonmmM obpasom:
fft2(X) = fft(fft(X).".’

Conymcmeyiowue @ynxyuu: FFT, IFFT, FFTSHIFT, Signal Processing Toolbox.

Cebiaku:
[. Signal Processing Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1993.

D e oOpasomanng ypae
Cunmakcuc:
Y = fftn(X) X = ifftn(Y)
Y = fftn(X, siz) X = ifftn(Y, siz)
Onucanue:

Dyukuus Y = fftn(X) BblMMCIAET 415 MHOTOMEPHOTO MACCHBA JAHHBIX X
n-MepHoe aUcKpeTHoe TIipeobpasoBaHue Pypne. Pe3ylnbTHUpYIOMIMA MacCHB Y
UMEET TC XE Pa3MepPBl, YTO U BXONHON MAaccuB X.

Oyuxuua Y = fftn(X, siz) BerancsisieT N-MEpROe IUCKpeTHOE MpeobpazosaHue Pyphe
B BH/E MHOIOMCPHOIO MacCHBa pa3Mepa S$iZ; MpPH 3TOM HEAOCTAIOWME Pa3MCPHOCTH
BXOQHOI0 MaccHBa X 3arOJHAIOTCS HYJISIMH, d JIMLIHHE Pa3MEPHOCTH YIAISIOTCS.

OyHkuus X = ifftn(Y) Bbiuucaser n-mepHoe obpatHoe rnpeobpasoBaHue Pypbe.
Pe3ynbTHpyioiuit MaccB X UMEET Te K¢ pa3Mepbl, YTO U BXOAHOM MaccuB Y.

DyHKUUsST X = ifftn(Y, siz) BHIYKUCISECT N-MEPHOE AUCKPETHOE peobpazoBaHue
Qypbe B BUIE MHOMOMCPHOIO MACCMBAa Pa3Mcpa Siz; NMpHU 3TOM HENOCTaIoILMe
PA3MCPHOCTH BXOJAHOIO Maccusa Y 3alIQJIHSAIOTCA HYJISMM, & JIMIIHME Pa3MEPHO-
CTU yAANIIOTCA.

Onucanue:

BbluMcIeHHE n-MepHbIX NpsAMoro M obparHoro ripeodpasoBanuit Dyphe

PABHOCHITBHO CJICUYIOLLMM I10C/ICI0OBATE/IBHOCTIAM OAHOMEPHBIX MPeOBPa3OBAHUIA;
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Y =X X=Y,

for p = 1:length(size(X)) for p = 1:length{size(Y?))
Y =fft(Y, [, p); X =ifft(X, [ 1, p);

end end

Bpemsi, TpeOyemoe Mist BLIMKCTIEHMI, 3aBUCHT OT BMIA Pa3IOXEHUS Ha IPOCThHIE
MHOXUTENH 3HAYEHUIH Pa3MEpPHOCTEH BXOJHOTO MAaCCHUBA;, B TOM Cjlyuae, KOTa
3HAYEHUS Pa3MEPHOCTEIl ABNSIIOTCA CTeNEHAMHU 110 OCHOBAHUIO 2, CKOPOCTb BbI-
YKCIEHUNA MaKCUMAJIbHA.
3amevanue:

C y4eroM omiboK OKPYINEHUs BO3MOXHO, YTO MOCACAOBATEILHOCTD 11Peoh-

pazopanmii ifftn(fftn(X)) He GygeT BoccTaHaBnuBaTh X, 2 MOXET BKJIIOYATh Manble
3HAYEHUS MHUMBIX YacTeid.

Conymcmeyowute ¢ynxyuu: FFT, FFT2, Signal Processing Toolbox [1].
Cebiaxu:
1. Signal Processing Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1998.

| FETSHIFT, IFFTSHIFT | TleperpynnupoBKa BBIXOIHBLIX MACCHBOB NpeoOpasosanvii Cypre
Cunmakcuc:

Y = fitshift(X)
X = ifftshift(Y)
Onucanue:

Oyukuus Y = fftshift(X) neperpynnupoBHIBacT BBIXOIHBIE MACCUBBI (DYHKIIMIA
fft, fft2 u fftn, pasMenias HyseByIO YyacToTy B LIgHTpPC CHEKTpa.

Ecan X - ofHOMEPHbIA MACCUB, TO BBIMTOJHACTCA LUKIIMYECKAS [EPeCcTAHOBKA
TPaBoOM U JIEBOM €ro IOJIOBUHBI;

X fitshift(X)
1 2 3 4 5 4 5 1 2 3

Eciu X - IByMEpHBIH MA4CCUB, TO MEHSIOTCS MECTAaMH KBaapaHThl: | < IV
ull o il

X=[ 0" e
MV
fitshift(X)

X fitshift(X)
[ vV Hi
v o1
Eciiv X - MHOrOMepHbIii MACCHUB, TO BbIMOJHACTCS I€pPerpylnnupoBKa sjc-
MEHTOB I10 KaxAo# pa3zmcpHocTH. [nsi veTsipexMcpHOTO MaccuBa X pasmepa
1x2x2%2 3TO BBIMISIMT CIACAYIOLIUM 00pa3zom:
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X( 2,1y = X{ 2,2) =
3 4 7 8
X 1,1) = X(:, 1,2) =
1 2 5 6
fitshift(X)
X( 2,1) = X(:,:,2,2}) =
6 5 2 1
X( 1,1) = XA( 1,2) =
8 7 4 3

Oynkumg X = ifftshift(Y) BeinonHsier 06paTHYIO ONEpanHio.
[pumep:

PaccMoTpuM TOT xe npuMep, KOTOPBIA paccMatpusaics M s GyHkuuu fft,
HO BBEJCM I1OCTOSIHHYIO COCTaBIsouLyo ¢ yposHeM 0.3:

t = 0:0.001:0.6;

X =sin(2 * pi * 50 * t) + sin(2 * pi * 120 * t);

y =x+ 2 *randn(size(t)) + 0.3;

plot(y(1:50)), grid

[Mpumenrm onHomepHoe npeobpazosaiue Pyphe Wi CUTHAIA Y U TOCTPOMM
pahuK CHCKTPAIILHONH MUIOTHOCTU. 3[eCh MOXKHO BBUICJIMTH 3 4YacTOThI, HA KOTOPBIX
aMTUIMTYAA CNICKTPpa MakcuMaribHa, 310 yactotsl 0, 58.4 u 140.1 Tu (puc. 8.25, a).

Y = fft(y);

Pyy = Y.*conj(Y)/512;

f=1000 * (0:255)/512;

plot(f, Pyy(1:256)), grid

ginput

58.4677 191.0979 140.1210 162.6113

Bhl1101HUM oriepaiiuu
Y = fftshift(Y);
Pyy = Y.*conj(Y)/512;
plot(Pyy), grid
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W3 anaymsa puc. 8.25, 6 cnenyer, 4ro HyleBas 4acTOTa CMECTHIACH B cepe-
IOUHY CHEKTPA.

Conymcmeyiowue ¢yurxyuu: FFT, FFT2, Signal Processing Toolbox [1].
Cebiaku:
1. Signal Processing Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1998.

Cseptka u punbrpauusa

| CONV, DECONV__ | CBepTKa OJHOMEDPHBIX MACCHBOB

Cunmarcuc:

z = conv(x, y) [a, r] = deconv(z, x)
Onucanue:

Eciu 3agaHbl ONHOMCPHBIE MAcCMBBl X ¥ Y [UIMHBI COOTBETCTBEHHO
m = length(x) u n = length(y), To cBeprka z - 3TO OAHOMEPHBIA MACCHUB /UIMHEI
m + n -1, k-il 3nemeHT KOTOpPOrO OTipeaeasiercs no hopmyie

min(k, m)
200= > X(ylke1-))-
j=max(1,k+1-n)

DyHKIMs Z = CONV(X, Y) BBIYUCIISIET CBEPTKY Z JBYX OMHOMEPHBIX MACCHUBOB X U Y.

Paccmarpueas 3T MaccHBBI Kak BBIOODKH M3 [ABYX CUTHAIOB, MOXHO cdop-~
MYJIMpOBaTh TCOPEMY CBEPTKH B ciieyrowieit opme:
Ecau X = fit([x zeros(1, length(y)-1]) u Y = fft([y zeros(1, length(x) - 1]) - coeraco-
eannsie no pasmepam npeobpazosanus Dypve cucHaioe X iy, mo cnpasediugo
coomuowenue conv(x, y) = ifft(X.*Y).

WHade 1oBopsi, CBEPTKA ABYX CHIHAIOB IKBUBANCHTHA YMHOXCHHIO Tipeod-
paszoBanunit Pypbe 3TUX CUrRANOB.
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®ynkuus [q, r] = deconv(z, x) BBIIIOJNHAET ONepaUiio, OOPaTHYO OIepaLun
CBEPTKU. DTa ONepalusi pPaBHOCWU/IbHA ONPEACACHHIO HMMITYyJIbCHOM XapaKTepHu-
ctKH dunpTpa. Eciiu cipaBesIMBO COOTHOUICHME Z = conv(X, ¥), Toq =Y, r=0,

Conymcmeyrowue gyuxyuu: Signal Processing Toolbox [1].

Ceblaku:
1. Signal Processing Toolbox User’s. Guide. Natick, MA: The MathWorks, Inc., 1998.

CONvV2 CBepTKa IBYMEPHBIX MACCHBOB

Cunmakcuc:

Z =conv2(X,Y)

Z = conv2(hcol, hrow, A)

Z=conv2(X, Y, ‘<onyus>')

Onucarue:

Oyuxuus Z = conv2(X, Y) BbIMUCISET CBEPTKY Z NBYMEPHBIX MaccuBoB X U Y.
Ecau maccHBbl MMEIOT Pa3Mepbl COOTBETCTBEHHO MXxNX ¥ Myxny, TO pa3Mmep
maccupa Z paBeH (mx + my - 1) x (nx + ny - 1).

Oynxuua Z = conv2{hcol, hrow, A) BLIYUCIAET CBEPTKY 110 CTOIOLAM, MC-
noJib3ys BekTop hcol, ¥ 1o cTpoKaM, MCIob3ysi BeKTop hrow.

Oyuxuus Z = conv2(X, Y, ‘<onyus>') UMeET OMUMIO LIS YIIPABIEHUS PA3MEPOM
MAacCUBa Z, KOTOPass MOXET NPUHUMATD CIEAYIOIIUE 3HAUYCHUS:

full - MOJIHOPa3MEpHas CBepTKa (110 YMONYaHHIO);

‘same’ - HEeHTpanbHas YacTh pa3Mepa MXxnXx;

‘valid" - meHTpanbHas 4acTh pasMepa (mx-my+1)x(nx-ny+1) npu ycaoBUH,

410 (Mxxnx) > (myxny).

IMpoueaypa conv2 seinonusercd Hanbonce 3GeKTHBHO, €CM BBITOJHEHO
yCJI0BHE (Mxxnx) > (Myxny), TO €CTh KOJMYECTBO JICMEHTOB MaccuBa X NpeBoc-
XOIUT KONUYECTBO JIEMEHTOB Maccusa Y.

ITpumep:
PaccmorpuM nBa MaccuBa X u Y.
X Y
8 1 6 11
3 5 7 1 1
4 9 2
W BBIMMCIMM MX CBEPTKY JUISL Pa3JUUHBIX 3HAUCHUIA ONUUHU.
Z =conv2(X,Y) Zs = conv2(X, Y, 'same’) Zv = conv2(X, Y, 'valid")
8 9 7 6 17 19 13 17 19
11 177 19 13 21 23 9 21 23
7 21 23 9 13 M 2
4 13 11 2
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—

CpaBHuBas CTOAOUBI NTOCAEHEH TaOJNIbl, MOXHO [MPOSICHUTE Ha3HAYCHHUE
orumit fult', ‘same’, ‘valid'.
Conymcemeyrowue gyurxyuu: CONV, DECONV, FILTER2, Signal Processing Toolbox [1].
Cebiaxu:
1. Signal Processing Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1998.

CONVN CBepTKa MHOTOMEPHBIX MACCHBOB

Cunmakcuc:

Z = convn(X, Y)

Z = convn(X, Y, ‘<onyus>')
Onucanue:

Oyukuns Z = conv2(X, Y) BEIYHCASCT CBEPTKY Z MHOTOMEPHEBIX MacCUBOB X
u Y. Ecnu MaccuBbl MMEIOT pasmepbl COOTBETCTBEHHO Size(X) u size(Y), To pasmep
MaccuBa Z paseH size(X) + size(Y) - 1.

Oyukimg Z = conv2(X, Y, ‘“<onyus>") UMeeT ONLMIO I YIPABIEHAS PasMEPOM
MaccuBa Z, KOTopast MOXET MPUHMMATh CIICAYOIUe 3HAYCHUS:

full - [MOJHOpa3MepHas CBEPTKaA (10 YMOIYAHUIO),

‘same’ - eHTpajibHasA 4acTh pa3Mepa size(X);

‘valid” - ueHtpaypHas yacth pasmepa max(size(X)-size(Y) + 1, Q)

B IIPEIIOJIOXEHUU, YTO MACCHB X HC JOTIOJNHACTCS HYJISMHU.

Conymcmeyrowue dynxyuu: CONV, CONV2, Signal Processing Toolbox [1].
Cestaku:
1. Signal Processing Toolbox User’s Guide. Natick: The MathWorks, Inc., 1998.

FILTER JuckperHas onanoMepHas GMIbTpaLHs

Cunmakcuc:
y = filter(b, a, X)

{y, zf] = filter(b, a, X)

ly, zf] = filter(b, a, X, zi)

y = filter(b, a, X, zi, dim)

[...] =filter(b, a, X, [ ], dim)

Onucanue:

Oyuxums y = filter(b, a, X) GUILTPYET CUIHAM, 3aNAHHBIA B BUAE OQHOMEp-
HOTQ MaccuBa X, UCHONb3YSA QAUCKPETHBIA QUIBTP, ONUCKHIBACMBI KOHEUHO-PA3-
HOCTHBIMM YPaBHEHUAMH BHA

a(1yy(n) =b(1) * x(n) + b(2) * x(n - 1} + ... + b{nb + 1) * x(n - nb)
-a(2)*y(n-1)- ... -a(na+ 1) *y(n-na),

py 3ToM BXoaHoU mapamerp b = [b(1) b(2} ... b(nb + 1)}, a napamerp a = [a(1) a(2) ...
... a(na+1)]. Ecum kosdbduument a(1) He paBed 1, TO BbUIOJIHACTCS €rO NMPUBCACHUE
K 1; ecnu koadhduument a(1) paseH 0, TO BBLIIACTCA COOBIUCHHS 00 OIIMOKE.
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Ecay X IByMepHBIA MAacCUB, TO 0OpaboTKa BBIMOJHIETCS 110 CTOIOLAM.

Fcau X MHOrOMepHbIA MaccuB, TO 00paboTKa BBITOMHSAETCS HAYMHAas
¢ TICPBO HEEAUHUYHOW Pa3MEPHOCTH.

OyHkuus [y, zf] = fiter(b, a, X) 1o3BonseT y4ecTb 3ana3bIBAHME B BBIXOLHOM
CUIHAJIE ¢ NOMOWIBIO BekTopa zf pasMepa max(size(a), size(b)) win MaccHBa TaKMX
BCKTOPOB VISl KAXI0ro crojibua Maccusa X,

Oyukuusa [y, zf] = filter(b, a, X, zi) yuuTeBaeT 3ana3ablBaHUs BO BXOJHOM
1 BBIXOJTHOM CHUTHA/IaX COOTBETCTBEHHO C MOMOUIBIO BeKTOpoB zi u zf. BxoaHo#
BCKTOP Zi (MJIM MacCUB BEKTOpOB) umeeT pazmep max(length(a), length(b))-1.

Gyukuuy y = filter(b, a, X, zi, dim) u [...] = filter(b, a, X, [ ], dim) BemonHsAOT
GhUNBTPALIMIO BLOJIb pa3MepHOCTH dim.

Conymcmeyrouwue gynxuuu: FILTER2, Signal Processing Toolbox [1].

Cevinku:
1. Signal Processing Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1998.

FILTER2 JHucKkpeTHas JBymepHas GuibTpaLHs

Cunmakcuc:

Y = filter2(B, X)

Y = filter2(B, X, ‘<onyus>')
Onucanue:

Oyukuusa Y = filter2(B, X) ¢uwibTpyeT CUrHAI, 3a0aHHbIH B BUAC ABYMCPHOTO
MaccuBa X, MCIIOJB3YST [OMCKPETHBIA UIbTp, ONMCHIBAGMbIA Marpulieid B.
PesynbraT MMeEET Te Xe pa3Mepbl, KOTOPbIE UMEET U MAacCuB X, M BbIMUCISIETCS
C UCMOJIB30BAHMUEM ABYMEPHOM CBEPTKHU.

Oynkumst Y = filter2(B, X, ‘<onyus>‘) uMeeT ONLMIO IS YITPARICHUS Pa3MEpoOM
MacCHBa Y, KOTOpasi MOXET IPUHUMATh CIIEAYIOLHE SHAYCHUS:

‘same’ - size(Y) = size(X) (110 yMOJIYaHHIO);
‘valid’ - size(Y) < size(X);
full - size(Y) > size(X).
Hpumep:
Paccmorpum ¢unbtp B 1 maccus X.
B X
1 1 8 1 6
1 1 3 5 7
4 9 2

U Bhruncaum pe3yabTaThl I pa3IMYHbIX 3HAYCHUM OIILIMH.
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Y = filter2(B, X) Y = filter2(B, X, ‘valid’) Zv=conv2(X, Y, full) ]
17 19 13 17 19 8 9 7 6
21 23 9 21 23 11 17 19 13
13 11 2 7 21 23 9
4 13 11 2

Conymcmeyrowue gyuxyuu: CONV2, FILTER, Signal Processing Toolbox [1].

Cebinku:
1. Signal Processing Toolbox. User’s Guide. Natick, MA: The MathWorks, Inc., 1998.

UNWRAP KoppexrupoBka ¢a3oBbix yrioB

Cunmarcuc:

Q = unwrap(P)

Q = unwrap(P, cutoff)

Q = unwrap(P, [ ], dim)

Q = unwrap(P, cutoff, dim)

Onucarue:

OyHkumg Q = unwrap(P) xoppekTrpyeT $a3oBbie YIIIbI JIEMEHTOB OAHOMEPHOIO
MaccuBa P nipu nepexoae uyepe3s 3HadeHME TC, JOMOJHSA MX 3HAMCHUSIMHU 270 LISt
TOTO, YToOB!l YOPaTh pa3pbiBbl (DYHKUMH; ecaM P ABYMEPHbLA MAacCHB, TO COOTBETCT-
Byfoljas QYHKIMST TIpUMeHSIeTca K cTonbuaM; eciny P MHOTOMEpHBIM Maccus, TO
yHKUMSA NPUMEHSICTCS K I1ePBOil HECAMHHYHOM pa3sMEepPHOCTH.

®yuaxuua Q = unwrap(P, cutoff) nmo3poasieT MOAL30BATENO M3MEHUTh 3HAYEHHUE
cutoff kpuTnyeckoro yria; no ymonuaHuio cutoff = 1.

Oyaxkuuyn Q = unwrap(P, [ 1, dim)u Q = unwrap(P, cutoff, dim) koppekTupyioT
thazossie yrIsl BIOJb pasMepHocTH dim MHOFOMEPHOTO MaccuBa P.

IIpumep:

PaccMOTPUM HeNpepbiBHBIA HEMUHUMAILHO-(Da30BbIi (WILTD, OMUCHIBACMBIN
nepeaaTouHoit QyHkumeit

num _ [t -1 .

den [ 2 2 1 1

BpluMCAUM  YAaCTOTHYIO XApaKTCPUCTUKY 0dToro GWibTpa B  AMAnasoHe
w = 0.1:0.01:10, ucnons3ys pyHkumto fregresp nakera Control System Toolbox [1]:

w=0.1:0.01:10; num=[1-1};den={12 2 11}

g = freqresp(num, den, sqrt(-1) * w);

Borurcnum ¢a3zoBbiif yrosi YacTOTHOM XapaKTepUCTUKHM 0e3 UCII0JIb30BaHUS
M C UCIIONB30BaHUEM (BYHKLIMM Unwrap:

ph1 = (180./pi) * (atan2(imag(g), real(q)));

ph2 = (180./pi) * unwrap(atan2(imag(g), real(g)));
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phi ph2
..................... 126.7350 it 1267350 ]
..... 1419270 e 14,9270
..... 11587123 2012677
1135.6888 2243112
135.0000 -225.0000
[139.3435 3306565 |
-145.0993 214.9007
-151.1794 208.8206
-157.1667 202.8333
-162.8839 197.1161
-168.2575 191.7425
-173.2642 186.7358
-177.9068 182.0932
177.7986 177.7986
173.8298 173.8298

M3 rtabnuubsl cnemyeT, 4TO NMPM BXOAE M BbIXO4e M3 AMANa3oHa YacToT
0.8-2.0 Tu dazoseie yrapl ph1 Npy JOCTHXCHUM KPUTHMYECKOrO YIia 7T TEpIAT
Pa3pbIBbl, KOTOPBIE YCTPAHAIOTCH QYHKUMUCH unwrap.

TToctponM ¢azoBeie yacToTHBIE XapakTepucTUKH ph1(w) 1 ph2(w)-360, KoTopsle
MOATBEPXKAAIOT CACNAHHbIC BHIBOMIDI.

semilogx(w, ph1), hold on, grid

semilogx(w, ph2-360, 'b'")
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Puc. 8.26

Conymemeyiouque gynkuuu: ANGLE, ABS, Control System Toolbox [1].
Cebtaku:
1. Control System Toolbox. User'’s Guide. Natick, MA: The MathWorks, Inc., 1997.
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9. PABOTA C PASPEXXEHHLIMU MATPULAMU

ITpu peuieHMM MHOIMX NPUKIAAHBIX 33724 MPUXOAUTCS MMETb ALNO C pa3-
DENCEHHBIMU Mampuyamiy, TO €CTb C MAaTpMLaMM, UMEKOILMMU MHOTO HYJICBBIX
aeMeHTOB. K uMcily Takux 3a1ad B [EpBYIO ovepeib ClieiyeT OTHECTH IPAHUYHBIE
3amayu g cucteM Anud@epeHIMANbHBIX ypaBHeHUii B YaCTHBIX TPON3BO/HBIX.
Bo3Hukaloliye npu 3TOM MOJEIM - 3T0, KaK NpaBHIO, KBAAPATHHIE MATPULbI
BBICOKOTO IMOPAIKA ¢ MAJILIM KOJIMYECTBOM HEHYJIEBBIX IMaroHalIcH.

M3sectho, YTO MaTpMIa TIOPsiaKA N TpeGYer JUlsi CBOETO XpaHEHMs n° GaifT orie-
PaTHBHOM TaMSITH, a4 BPCMS BbITIOJIHERMS MAaTPUYHBIX OTiepalil TIpONOPLIMOHATEHO n.
ToaToMy, KOrma KO/MYECTBO HEM3BECTHBIX IIEPCMEHHBIX OCTUIAET HECKOABKUX COTEH,
BBIYMCJIERMA C TIOJHBIMM MaTpULAMM CTAHOBSTCS HeXB(ECKTUBHBIME M HEOOXOAUMO
TIDMHUMATL BO BHUMAHHE CMeEneHb paspescenHocmy MarpULbl, TO €CTb OTHOLLUEHUE KO-
JIMYECTBA HCHY/IEBBIX JIEMEHTOB K OOIEMY KOIMNECTBY 31EMEHTOB MATPHLIBL.

Jlng paspexeHHONM MarpuLibl S NOpsilKa MxN ¢ KOJMYECTBOM HCHYJEBBIX 3ic-
MeHTOB NNZ(S) TpeOOBaHMs K 0ObEMY OMEPATHBHON 1aMsITU [PONOPLUOHAIBHEI NNZ.
BriuucnnTenpbHas COXHOCTh onepalmii ¢ 3JIeMEHTAMU Pa3PeXeHHOH MaTpUILBI
TaxoKe TPOIOPIMOHANIBHA NNZ, JTMHEAHO 3aBUCUT OT M M N M HE 3aBMCUT OT Mpo-
u3BeacHUA mxn. CI0XHOCTh TAKOW ONEpalMK, KAK DELICHWUE CUCTEMbI JIMHEHHBIX
YPABHECHUIA € PA3pEXKECHHOU MATpULICH, 3aBUCHUT OT YHOPSIOYEHUS IJIECMCHTOB
¥ 3alI0JTHEHHOCTM MaTpHLKbI, YTO ODCYXAAeTCs [IO3[Hee B 3TOM [JaBe.

Ilpu paboTte ¢ paspexeHHbLIMA MaTpULiaMu cobnogaeTcst GyHIaMeHTTLHbIHA
MPUHLMI BbIYUCIIUTENBHON CJIOXHOCTH: BpeMsl, HCOOXOAUMOE [UTS BBITTOSIHEHUS
MAarpUYHBIX ONEpaUMit C pa3pexXeHHON MATPUIICH, 11POIOPIMOHATLHO KOMMYECTBY
ApUPMETUNECKUX OMCPALUl C HCHYICBBIMHM 2JEMCHTAMM. DTO IIOATBEPXKIACT
WMPOKO PACIPOCTPAHCHHOE TNPaBMiO. BPEMS BBLIYMCJIEHMI NPOITOPUMOHAJIBHO
KOJIMYECTBY OICPALMi C IUIaBaOILEH TOYKOH.

B sToit rmaBe onucaH HOBBHIA K1ace OHEpaluii, pealM30BaHHbIX B CHCTEME
MATLAB, wist paboThl C paspexcennsimu mampuyami. 3T0 ONCPaUMU XpaHECHHUs,
npcobpasoBaHust, YHOPAAOYEHHst, IPAQUUECKOro IMpe/CTaBICHUS U PEIICHUS
3aga4 NTMHEeHHON anreopsl.

AnemeHTapuble pa3pexeHHbie MaTPULbl

SPARSE (DopmupoBaHHe PA3PEKEHHOH MATPHIIbL

Cunmarcuc:
S = sparse(A)
S = sparse(i, j, 8, m, n, nzmax)
S = sparse(i, |, s, m, n)
S = gparse(, |, s)

S = sparse(m, n)
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9. PaboTa C [paspexeHHbIMU MaTpuLamMu

Onucanue:

DyHKLMS sparse - 3TO BCTpoeHHast (yHKIMS, KoTopas (hOpMHUpYeT MATPULIbI
B COOTBETCTBMU C MPABUIAMM 3aIIUCH PA3PEXEHHBIX MATPUIIL, [IPUHATHIMU B CUC-
TeMe MATLAB; KOMMYeCTBO BXOAHBIX apIYMEHTOB 3TOM (PyHKUMH ~ OT 1 10 6.

OyHkuMsa S = sparse(A) NMpeoGpa3oBbIBAeT IMOAHYK) MATpPHIY B Pa3peXeHHYIO,
VIQIAS W3 OMKUCAHMS HY/ICBBIE DJIEMCHTBI, CCIM MCXOHAS MaTpHL@A Pa3peXeHHasl,
10 sparse(S) Bo3Bpaiaer S.

Obwast dopma pyHkuuu S = sparse(i, j, s, M, n, nzmax) UCIHOIb3YET CTPOKH
maccuia [i j s] st GOpMHUPOBaHMS PA3PEKEHHON MATPULIBI pa3Mepa Mxn C HEHy-
JICBBIMU 3JIEMEHTAMM, KOJMYCCTBO KOTOPHIX HC NIPEBBILIACT nzmax. BekTopsl i U |
33/1a10T MMO3UIUM JIEMCHTOB M SIBJIAIOTCSL LIEJIOUMCICHHBIMH, a BEKTOD S orpelie-
JSieT YMCIOBbIE 3HAYEHMS IJIEMEHTOB, KOTOPBIE MOIYT OBbITh NEHCTBHTE/IbHBIMU
WK KOMIDIeKCHbIMU. TIpy dopMupoBaHUM paspexXeHHONH MaTpUuUb! BCe CTPOKU
suaa [i j 0] u3 onucanus ypansaiorcs. JjiMHa pe3ybTUPYIOILEro BEeKTopa S TOYHO
COBIMAACT C KOJIMYCCTBOM HECHYJICBBIX 2JICMEHTOB Pa3peXeHHO MAaTPUIIbI.

Ob6pawenue Buga S = sparse(i, j, S, m, n) Npeanoyiaraer 1o yMOI4aHUIO, YTO
nzmax = lenght(s).

Obpaluenue Buxa S = sparse(i, j, S) Ilpeanonaraer, 410 m = max(i)
U n = max(j); 3T GYHKUMHM BBIYMCAAIOTCS paHblue, yeM OyayT yaajicHbl CTPOKU
C HYJIEBBIMU 3HAYCHUSAMH S.

O6pauienue Buaa S = sparse(m, n) pe3epBUPYET MPOCTPAHCTBO Ul paspe-
JKEHHOW MaTpuibl U paBHOCUJIbHO obpaiueHuio sparse([], [ 1, [], m, n, 0), rae Bce
MxN 3IEMEHTOB SBASIOTCS. HYJICBBIMM.

Haut paspexeHHBIMM MAaTpULIaMH MOTYT COBEPILATLCS JHOObIE apUMETHYECKHE,
JIOTMMECKME M MHIEKCHbIC OfEpaliu, TO XE CIPaBe//IMBO M Ul CMELIAHHBIX Olle-
PaHIOB - MOJHBIX M PA3PEXCHHBIX MAaccUBoB. OriepallMu ¢ OJHOPOAHBIMU OIEpaH-
JaMM RO3BPALIAIOT TOT XE TMI OIEpaHia; B ClIydyac CMELIAHHBIX OMNEPAH/IOB, Kak
MPaBWIO, BO3BPALUAETCA IIOJHbHA TMI, 33 UCKIIOYCHUEM CJyyaeB, KOraa B SIBHOM
BUJIC COXPAHSICTCH pa3pexeHHbIH Tur. Harpumep, 11py MOJIEMECHTHOM YMHOXCEHUU
MacCcHUBOB A * S, rae S - pa3peXeHHbIA MacCHB.

Hekortoppie onepauuy, Hanpumep S >=0, NpUBOAST K ICHEpaUMH TakK
HasmBaeMblx BS(Big Space)-Marpull, KOTOpbIe UMEIOT Pa3peXEHHYIO CTPYKTYpY,
HO O4YeHb OONBUIOE KOIMYECTBO HYJICBLIX 3/IEMEHTOB.

Hpumepwi:

Oynkuna S = sparse(t:n, 1:n, 1) dopMuUpyeT €AUHMYHYIO MATPHIY nNxn
C pa3pexeHHOR cTpyKTypoi M KoadduiuenrtoM sanonHenust 1/n. Tot xe pesynvrar
MOXET OBITH I10JIYYEH C FIOMOIMBIO ofiepartopa S = sparse(eye(n, n)), HO TpU 3TOM
MPOMEXYTOUHAs MaTpuLia OyaeT UMCETh 1I0JIHYIO CTPYKTYPY.

MaccuB Buga B = sparse(10000, 10000, pi), cocrosiimii U3 OAHOIO 3JIEMEHTA,
BEPOATHO, He O4YCHb I10JIC3€H, HO Takoc obpawcHue ponyctumo. He nwitaittecn
npuMeHuTh GyHKUHIO full(B); Bam noTpcdyetcsa 800 MbailT namsaTu.
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CucTemMa UHXEHEPHLIX Y Hay4Hbix pacyeTos MATLAB 5.x. Tom 2

TipuBoguMass HuXe I10C/IEAOBAaTEe/NbHOCTD OIIEPATOPOB CHadasia  onpenenser
CTPYKTYPY, a 3aTeM (POpPMHUDYET Pa3speKCHHYIO MaTpuuy.

li. . s] = find(S);

[m, n] = size(S);

S = sparse(i, j, s, m, n);

Conymcmeyiowue dynkyuu: DIAG, FIND, FULL, NNZ, NONZEROS, NZMAX, SPONES,
SPRAND, SPRANDSYM, SPY, katanor SPARFUN.

SPDIAGS ®@opmMupoBaHe JHATOHAJIEH PA3PEHKEHHOH MATPHILL

Cunmaxcuc:

[B, d} = spdiags(A)

B = spdiags(A, d)

A = spdiags(B, d, A)

A = spdiags(B, d, m, n)

Onucanue:

Dyukuua spdiags paciumpsieT BO3MOXHOCTM BCTpoeHHoi ¢(yHkuuu diag
¥ 1103BOJISET paboTaTh ¢ Pa3IMYHBIMU KOMOMHAIMAMU CICAYIOIMX TPEX MATpHLL,
KOTOPBIE MOTYT OBITh KaK BXOJAMHM, TaK U BeIxoaamy pyHKUuM spdiags:

A - Marpuua pasMepa mxn, KaK MpaBuiio (HO He 0GA3aTENIbHO), Pa3pexeHHast
C HEHYJICBLIMHM JICMCHTAMM HAa P QUArOHANAX;

B - MaTpuua pasMepa min{m, nyxp, KaK NpaBuio (HO He 0bs3aTesIbHO), NOJHAa,
CTONOLB!I KOTOPOH ABNAIOTCA AUATOHAIMHU A,

d - BEKTOp IUTMHBI P, UEJOYUCIEHHBIE JIEMEHTHI KOTOPOIO OIIPE/IE/ISioT HOMEPA
HEHYJIEBBIX AMaroHancii A (BEpXHHE AMArOHAIM HYMEDYIOTCH MOJIOXUTENbHBIMU
YUCIIAMM, HUXKHHUE - OTPULATEIBHBIMH).

I'py6o rosopsi, marpuubl A, B 1 BekTop d CBsi3aHpl ApYr C ApyroMm cledy-
1O1IUM 00pa3om:

fork=1:p
B{(:, k) = diag(A, d(k))
end

®dynkuus spdiags onpeaeisier cieyioliue 4 omnepauMu B 3aBUCHMMOCTH
OT KOJIMYECTBA BXOAHLIX apPTYMEHTOB:

+  BbIASAUTDb BCE HEHYJIEBBIE JUATOHAIN:
[B, d] = spdiags(A);
«  BbIACJIUTH YKA3aHHbIE [UATOHANHU;
B = spdiags(A, d);
+  3AMEHMTb YKA3aHHbIE AMATOHAJIA MATpUUbI A:
A = spdiags(B, d, A);
+  chopMUpOBATL PA3PCKEHHYIO MATPULLY PA3MCPa MxN 10 U3BCCTHBIM AUArOHAISIM.
A = spdiags(B, d, m, n);
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9. Pabota ¢ pa3pexeHHbIMY MaTpuLiamm

[Ipumep:

CcopMHpOBaTh TPEXAMArOHANLHYIO PA3PEXKCHHYI0 MATPHULY Uit PA3HOCTHONO
orieparopa 2-ro nops/xa, 3aaHHOro Ha CeTKe M3 N y3JIOoB.

e = ones(n, 1);

A = spdiags([e -2*e €], -1:1, n, n)

Teneps u3 Hee MOXHO CHOPMUpPOBATH TECTOBYIO MATpPHUIY YWIKWHCOHA
wilkinson(n), U3MEHssT 3JIEMEHTHI I1aBHOW AWaroHa u:

A = spdiags(abs(-(n-1)/2:(n-1)/2)’, 0, A)

B 3axuioyeHue BBIICTUM HCHYJICBBIE THATOHAIIH:

B = spdiags(A)

Conymcemsytougue gynkyuu. DIAG.

SPEYE ENuHHUHAA Pa3peReHHas MATPHLA

Cunmakcuc:

S = speye(m, n)

S = speye(n)
Onucanue:

Qynxima  speye(m, n) GOpMHUPYET DAa3peXEHHYI0 MATpHILy pasMmepa Mmxn
¢ ¢AMHULIAMHM Ha IVIaBHOI AMArOHAIM W HY/IEBBIMH BHEJMATOHATBHBIMM 3IeMEHTAMM.

QyHkums speye(n) paBHocHIbHA (GyHKIMM speye(n, n).

Hpumep:

Onepatop A = speye(1000) dbopMupyeT pa3pexXeHHBII MacCUB, COOTBETCT-
BYIOLUMIA eAMHMYHON Martpuue pa3Mepa 1000 x 1000 u TpebyeT Ist 3TOro BCETO
16 Kbaiit mamaTu. AHaTOTMYHBIA KOHEYHBIH pe3yabTaT MOXET ObiThb IM0JIyYyeH
¢ nomoLbio oneparopa A = sparse(eye(1000,1000)), HO B 3TOM ciy4yae Npome-
XYTOYHast MaTpuua OyaeT IMOJTHOM.

Conymcmeyrowue gynxyuu: SPALLOC, SPONES, SPRAND, SPRANDN, SPRANDSYM.

| SPRAND, SPRANDN _| Cyyaiinbie paspexseHHbie MATPHLbI
Cunmaxcuc:
R = sprand(S) R = sprandn(S)
R = sprand(m, n, alpha) R = sprandn(m, n, alpha)
R = sprand(m, n, alpha, rcond) R = sprandn(m, n, alpha, rcond)
Onucanue:

Marpuua suipa R = sprand(S) uMmeer Ty Xe CTPYKTYPY, KOTODYIO HMEET
M pa3spexeHHas Marpuua S, HO NpU 3TOM 3HAYEHHUS €€ HEHYAEBbIX 2JICMEHTOB
pacrpelic/iCHbI 110 PABHOMEPHOMY 3aKOHy B nHTteppaie (0, 1).
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Marpuua suga R = sprand(m, n, alpha) - 310 cnyyailHasr paspeskcHHast MaTpuia,
KoTopasg wumeer npubIM3MTENbHO alpha * m *n  HEHYJIEBLIX 3JEMEHTOB,
pacripeje/IEHHbIX 10 PABHOMEPHOMY 3aKOHy, rae alpha - xosdduumeHT 3amnoji-
HeHUA co 3HadeHueM B npenenax 0 < alpha < 1.

Marpuua Buga R = sprand(m, n, alpha, rcond) B JONOJHEHHE K BbILETEPE-
YUCJICHHBIM YCIOBUAM MMEET TAKKE YUCAO OOYCHOBIEHHOCTH [10 OTHOLUCHUIO
K oniepauuu obpauierusi, 6nm3koe K 3HadyeHMIo rcond. Matpuua R dopmupyetcs
B BUJE CYMMBl MaTpHL, paHra 1.

Ecnu rcond - Bekrop mnuds! Ir < min{m, n), To Matpuuia R umeeT B KauecTse
NEPBLIX If CUHTYISIPHBIX YUCEN 3HAYEHMST BCKTOpA rcond, a OCTAIbHBIE CHHIYISIP-
Hble YMCNIA paBHbl HYMIO. B arom ciiyyae Matpuua R reHepupyercs € TIOMOLLBIO
MaTpULL CIYYAHBIX TUIOCKMX BPAlICHUE, KOTOPHIC IIPMMEHSIOTCA K AMArOHATbHOM
MaTpHULC C 3aJaHHBIM CTIEKTPOM CHHTYJISIPHBIX YHCEII.

Marpuua suaa R = sprandn(S) umeer Ty XKe CTPYKTYPY, KOTOPYIO UMECT U pas-
PEXCHHAsE MaTpUlla S, HO MPU 3TOM 3HAYCHMUSE ©¢ HEHYJICBbIX DJICMEHTOB paciipe-
JETIeHbI 110 HOPMAITBHOMY 3aKOHY CO CPEIHHM, PaBHbIM HYJIIO, U IUcriepcueH 1.

Marpunia Bua R = sprandn(m, n, alpha) - 210 ciiyuaiiHas pa3pexeHHas MaTpuua,
KOTOpast umeeT npudnu3utensHo alpha * m * n HeHylIeBBIX 3NEMEHTOB, pacrpe-
JEeNCHHBIX 110 HOPM&JIBHOMY 3aKOHy, rac alpha - koadduuMeHT 3anonHeHus
CO 3HayeHMueM B nipeesiax 0 < alpha £ 1.

Marpuua Buna R = sprandn(m, n, alpha, rcond) B jiorofIHeHUE K BbILICEpe-
YUCIEHHBIM YCJIOBUSIM UMEET TAKKC YMCIIO ODYCTIOBJAEHHOCTH 110 OTHOLUCHUIO K
onepauuu odpaileHus, 01M3Koe K 3HaYcHUIO rcond. Ecnu rcond - BeKTOp UIMHBI
fr < min{m, n), To MaTpuua R MMeeT B KAUECTBE TEPBbIX I CMHTYISAPHBIX dMCcen
3HAYEHMsT BCKTOpa rcond, a OCT@ibHBIC CUHIY/SIDHbiC YMCIA paBHbI HymT0. B atom
ciy4yae Marpuua R reHepupyeTcs ¢ IOMOIUbIO MATpPUL, CIYYAa{HBIX TUIOCKUX Bpa-
LLIEHWA, KOTOPbiE MPAMEHSIOTCS K AMarOH&IbHOM MaTpyle C 3aJaHHBIM CIEKTPOM
CHHIYASIPHBIX YHCesl, Takue MaTpulbl HIPAKOT BaXHYIO POJib [IPU aHa/iu3e aured-
PaAUYECKUX U TOMOJOTUYECKUX CTPYKTYD.

Conymemeyrowue pynxyuu. SPRANDSYM,

L SPRANDSYM | CoiyyaiiHas pa3pexeHHAs CHMMETPHYECKAs MATPHIA

Cunmakcuc:

R = sprandsym(S)

R = sprandsym(n, alpha)

R = sprandsym(n, alpha, rcond)

R = sprandsym(n, alpha, rcond, kind)

Onucanue:

Marpuua R = sprandsym(S) - cnyuaiiHas CHMMETPUYECKash MATpHLA, T/1aBHas
JAWAroHanb ¥ HMXHUE TIOANMArOHANN KOTOPOM UMCIOT TY XC CTPYKTYPY, KOTOPYIO
UMECT M MaTpuua S; 3Ha4YeHUst €C HEHYACBbIX JJCMCHTOB DPAacIpCiCcHbI
10 HOPM@IBHOMY 3aKOHY CO CPC/iHMM, PABHBIM HYHIO, W avciicpeueii 1.
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Marpuuia Buga R = sprandsym(n, alpha) - 310 cityqailHast CUMMeTpUYeCKas
pa3pexeHHas MaTpula, KoTopas MMeeT NpuOmsutesbHO alphaxmx n HeHyIeBbIX
3JIEMEHTOB, PACNPEAC/IICHHBIX 10 HOPMAJIBHOMY 3aKkoHy, rie alpha - koadduuunent
3a110JTHEHMSI ¢O 3HadYeHueM B npeaenax 0 < alpha <1 1 Kaxablit 3neMeHT chopMUpOBaH
B BU/IE CYMMBbI HECKOJIbKUX HOPMAJIbHO PACIPE/IEIICHHBIX YUCE.

Marpuua R = sprandsym(n, alpha, rcond) UMeeT YMC/I0 0BYCIOBIEHHOCTH 110 OT-
HOLLICHUIO K Ofepatuu obpaliieHus, papHoe rcond. 3HAYCHUS CTYYaMHBIX 3JIEMEHTOB
HaxoaaTcs B mpenenax [-1 1] 1 CUMMETPUYHBI OTHOCHTEJIBHO HYJIsI, OZHAKO 3aKOH
pacrpesiesleHs He SBAsieTCsl paBHOMEepHbIM. Eciau rcond - BeKTOp JUIMHBL N,
TO Marpuua R uMeeT COOCTBEHHbIC 3HAYEHMsI, PaBHBIC 3JIEMEHTaM BEKTopa rcond;
TAKMM 00pa30M, €CJIM BEKTOp rcond MMEET MOJIOXHUTENBHbIC DJIEMEHThI, TO MaTpuila
R sIBIS€TCS MOJIOXHUTEILHO Olpe/eneHHON. B moboMm cinyyae Matpuia R reHepupyercst
¢ TIOMOILUBIO MATpPHULl CAyJalHbIX TUIOCKMX BpalleHUMH (MaTpuil SKobu), Kotopbie
HIPUMEHSIOTCST K IMArOHANLHOM MAaTpHULE C 33JaHHBIM CHEKTPOM COOCTBEHHBIX 3Ha-
UCHUH WJIM YMCJIOM OOYCJIOBJICHHOCTH. Takue MaTpuUbl UIPArOT BAXHYIO POJib IIPU
aHaIn3e aredpandeckKUX ¥ TOMOJOTMYECKUX CTPYKTYD.

Marpuua R = sprandsym(n, alpha, rcond, kind) Bcerga siBisieTCsl TIOJIOXM-
TEJIbHO ONPENEJEHHOM:

. ccun kind =1, To Matpuua R ¢opMUpyeTcss U3 MOJOXUTEIBHO OMpeACICHHOM
JIMaTrOHAJILHOM MaTrpMilbl C MOMOLUBID MAaTpULl CJAYyYaWHBIX IUIOCKMX BpAILICHUIA
C TOYHO 33JaHHBIM YHCIIOM OOYCIOBIECHHOCTH;

. ecnm kind = 2, To matpuua R ¢opMuUpyeTcs Kak CMellleHHas CyMMa MaTpHIl
BHELIHUX NPOU3BCUACHWIH; YACIO ODYCNIOBIEHHOCTH HE COOTBETCTBYET 3a/taH-
HOMY, HO CTPYKTypa I10 CPAaBHCHUIO C NPEABIAYILUM cliydaeM 0olice KOM-
MakTHa (Y4acTBYET MCHBLICC YUCIO TO/IMATOHAICH);

. ecam kind = 3, To npeanonaractest hopma R = sprandsym(S, alpha, rcond, 3)
W Marpuua R umeer Ty Xe CTPYKTYDY, KOTODYK WMeeT U marpuua S,
U 4uciI0 OOYCIIOBJICHHOCTH MPUOJIMXKEHHO paBHO 1/rcond, 3HaucHHMC KO3(d-
¢uuucHTa 3an07HEHUs alpha UrHopUpyeTcs.

Conymemeyrouue @ynxyuu: SPRAND, SPRANDN.

NMpeo6pa3soBaHune paspeXXeHHbIX MaTpuLy

FIND Onpenenenne MHICKCOB HEHYJIEBBIX 3JIEMEHTOB

Cunmarcuc:
k = find(x) k = find(<ycaosue>)
[i, j] = find(X) [i, j] = find(<ycaosue >)
(i, j. s] = find(X) [i, j, s] = find(<ycaosue >)
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Onucanue:

Oyukuus k = find(x) onpeaenser MHASKCH HEHY/IEBbIX 3JIEMCHTOB BEKTOPA X;
€C/IM TaKMX 3JIEMEHTOB HeET, TO pe3yJbTaToM SfBsEeTCA MycTod BexTop. Ecnm
BXOJOM SIBNIACTCS Marpuua X, TO npu JAaHHOM crocode Bbizosa ¢yHkiuu find
OHa paccMaTpuBacTCsi KaK BeKTOp-cTosibel; x(i), oOpa3oBaHHbBIK OObEAMHCHUEM
CTOJIOLIOB UCXOAHOM MATPHIIBI.

Oynxuma §, j] = find(X) Bo3BpailiaeT MHAEKCH: CTPOK U CTONIOHOB HEHYNEBBIX ie-
MEHTOB MaTpHilbl X; YaCTO MCIIONB3YeTCA fpU paboTe ¢ pa3pekeHHbIMK MATPHLIAMH.

Oyukuus [i, j, s] = find(X) Bo3BpaliaeT HHACKCH, @ TAKKE BEKTOP-CTONOEL S
HEHYJIEBBIX 3JIEMEHTOB MaTpUUKbL X.

Eci B Kayectse aprymenta ¢yHxkumu find ucnonsdyercs <yciogue>, To NepBble
[Be (yHKUMH 0ONAJaoT TeMU Xe CBOMCTBaMHM, a PyHkuwMs {i, j, s] = = find(<yciosue>)
Oyzer (opMHpOBaTh B KayeCTBE BEKTOpPA S BEKTOP ©AMHMLI BMECTO 3HAYECHMIA
HEHYJIEBBIX 3JIEMEHTOB.

Ipumep:
Ilycrs
M = magic(3)
M=
8 1 9
3 &6 7
4 9 2

Torna npumenenue ¢yHkumn find B popme
i, j, m] = find(M); {ij m]
JaeT pe3ynbTaT

ans =
1 1 8
2 1 3
3 1 4
1 2 1
2 2 5
3 2 9
1 3 6
2 3 7
3 3 2
a B cryyae
[i, j, m] = find(M > 6); {ijm]
OJTYYUM
ans =
1 1 1
3 2 1
2 3 1

Conymemeyrowue Gyuxyuu;.  NONZEROS, SPARSE, RELOP (Onepauui OTHOLLEHUS).
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FULL IIpeoGpasoBanue papeieHHON MATPHIBI B OJHYIO

Cunmarcuc:

A = full(S)
Onucanue:

®yuxupst A = full(S) namenseT cnocod XpaHeHUs] MATPULIBE B MIAMATH KOMITHIOTEDE;
CCJIM UCXOAHas Matpuua A Obuia noaHoi, To ¢pyHkuus full(A) Bosspaiaet A.

Tlycte X - Marpuia pasmepa mxn ¢ nz = nNnz(X) HEHYJCBBIMU IICMEHTAMHU.
Torga pns pasmeiieHust Bhixoga dyHxkuuu full(X) Tpebyercss NpoCTpaHCTBO ISt
m * n XeACTBUTENBHBIX YMCEI, B TO BPEMSI KaK BXO[HAs pa3pexcHHas MaTpula
sparse(X) TpeOyeT NpPOCTPaHCTBA [UISl pa3MeILeHHUs TOIBKO NZ JeACTBUTENbHBIX U
NZ + N LeJbIX YMcesl. BONBUIMHCTBY KOMIBIOTEPOB JUISI XpaHEHUSs NeCTBUTE b~
HOTO YUC/IA HYXHO BIBOE OOJbLIE NAMATH, YeM UIS LIEforo. ia Takux KOMIb-
I0TEpOB XxpaHeHHe B ¢opMe sparse(X) OyaeT sKoOHOMHYHeEe, yeM B (opMe full(X),
eonn kKoadduumeHT 3anomHcHUS nnz/(mxn) < 2/3. OnHako 00paboTka pa3pexeHHbIX
MATpuI] TPeOyeT CyILECTBEHHO DOMNBIICIO YMCIA OIEpalMii, YeM MOJHBIX, TaK 4TO
KO3(pOULIMEHT 3aMOAHEHHUST JOKeH OBITh CYIICCTBEHHO MeEHblle, yeM 2/3, yToObI
paboTa ¢ pa3pexeHHOI MaTpulieit okasanack 6oyee 3hPeKTUBHOM.

Ipumep:
PaccMOTpUM paspexeHHYIo MaTpuLy ¢ Ko3hdHUIMEHTOM 3anoHeHHs OKomo 2/3.

S = sparse(rand(200,200) < 2/3),
A = full(S); whos

Name Size Byrtes Class
(nepesennasn) (pazmep Maccuea) (pasmep namamu) (mun maccusa)

..... A}, 2000y 200 1 320000 ..}.doublearray (logical)
S 200 by 200 318432 sparse array (logical)

Grand total is 66469 clements using 638432 bytes.
OblLiee KOIMYECTBO BJIEMEHTOB - 66469, ucrnonb3oBaHo 638432 6aiir.

B stom cnyyae dyHkunu sparse(S) v full(S) TpebyioT npubIU3NTEIBHO OU-
HAKOBOro 00beMa MaMsTH LISl XPAHEHUST 3JIEMEHTOB.

Conymcemeyrowue dynxyuu. SPARSE.

5 = IIpeoGpazoBanue nauHbix B ASCII-hopmare
E CONVERT _ | B MACCHB PA3PEIKEHHOM CTPYKTYPHI
Cunmaccuc:
S = spconvert(D)
Onucanue:

O6bluHble QyHKUMK load # save nopuepxuBaloT padboTy ¢ MaccHBaMu pas-
PCKCHHONH CTPYKTYPBI, MO3TOMY HCT HCOOXOAMMOCTH BBOAMTL CHCHMAIbHbBIC
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KOMAH/Bl ISt 3arpy3Kh M BBITPY3KH Pa3peXeHHBIX MaccupoB. OJIHAKO eciH
BHEUIHUIT Gal COOEPXUT JaHHbIE O MACCUBE pa3speXeHHOW CTPYKTYpsl B ASCII-
¢dopmare, To Tpebyercs rnpeobpa3oBaHUE 3THX JaHHBIX BO BHYTPEHHIOW (HOpMy
xpaHeHus. Ilpearionaraercs, yTo BHEHIHUH Gaili MOXeT ObITh OPraHM30BaH B
BMJE MAaccHBa co CTPYKTypoH [i j s} mau [i j r s], a 4MCIO CTPOK JOIKHO OBITH
paBHO nnz wiu nnz+ 1. MaccuB ¢ Tpemst CTOMOLAMH COOTBETCTBYET JEHCTBU-
TENbHBIM 3JIEMEHTAM, a C YEThIPbMs CTOJOLAMH - KoMIUIeKCHbIM. TlocienHas
cTpoxa MacckBa Tira fm n 0] win [m n 0 0] MOXeT CIyXuThb [Vl 3a0aHusT PasMepoB pas-
DEXEHHOM MAaTpULblL.

PyHkiMg speonvert IpUMeHsICICst TOJIBKO A .mat- U ASCII-daitios. Ecim mar-
puuia D uMeeT paspexXeHHYIO CTPYKTYPY, TO HUKAKHX IpeobpasoBaHMil He TpeGyercs.
Hpumep:

HonyctM, uto ASCII-daitn uphill.dat comepxuT caeayromuit MacCUB TAHHBIX:
1.000000000000000
0.500000000000000
0.333333333333333
0.333333333333333
0.250000000000000
0.200000000000000
0.250000000000000
0.200000000000000
0.166666666666667
0.142857142857143
0.000000000000000

Maccus cocrout u3 11 CTpoK.

[MocnegoBaTeIBHOCT ONEPaTOPOB

load uphill.dat

H = spconvert{uphill)
3arpyXaeT JaHHbIC M BOCCTAHARIMBACT PaspeXEHHYIO MaTpuily sparse(triu(hilb(4)))
C y4eTOM OHINOOK OKPYIJICHMS.

B naHHOM ciiyyae NOC/NEAHSA CTPOKA HE SABIAETCS HeOOXONUMOIA, TTOCKOBKY
pasMmep Matpuibl ObLT ONPEAE/IEH YKa3aHUEM HEHYJIeBOTO ajleMeHTa (4, 4).

Conymcemeyruue gyrxyuu: HTML-cripaBka.

A BEONDCON-AN2 S
ADPDPERDDWWWNN-

PaboTa C HeHyNeBbIMU 3/IeMEeHTaMu

[TpoBepka MPHHALIEKHOCTH K KIACCY PA3PerKeHHbIX MATPULL

Cunmaxcuc:

k = issparse(X)
Onucanue:

Oyuxuusg issparse(X) rnpuHumaer snadeHde 1, eciu Marpuua X siisiercs
pa3pexcHHOM, n 0, ecv 1OJIHOM.
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9. Pa6oTa ¢ paspexeHHuiM MaTpuLamMmm

[Tockonbky 601bUIMHCTBO ByHKUUI cUcTeMBbI MATLAB paboTaeT KOppPeKTHO
¢ 000OMMM THUIIAMM MATPHIL, TO HA [IPAKTHKC IpUMeHeHUe ByHKUIMM issparse JuUls
pACIO3HABaHKWA TUMA MAaTPULLI JOCTATOYHO PEJKO.

Tpumep:
if issparse(X)
nrm = normest(X)
else
nrm = norm(X)
end
Conymcmeyioujue ¢ynxyuu: FULL, SPARSE.

@ KoJIM4ecTBO HEHY/IEBBIX J/IEMEHTOB

Cunmaxkcuc:
nz = nnz(S)
Onucanue:
Dyukimg Nnz(S) onpejacigeT KONUYecTBO HEHYNICBLIX 3JIEMEHTOB B pa3pe-

KCHHOUW MaTpHLc S.
Koaduumenr 3anosHeHUss pa3pcKeHHOW MaTpPHUIbl, KOTOPBIH BBIBOAMTCS
Ha 3KpaH 1o KoMaHie whos, onpe/esercsa no gopMyie nnz(S)/prod(size(S)).

[Ipumep:

Marpuua YHUAKMHCOHA - 3TO TpexnuaroHajabHas MaTpuua nopsaka 21 ¢ 20
HEHYJIEBbIMM JIEMEHTAMM Ha KaXI0H AUATOHAJIHU.

w = sparse(wilkinson(21)),

nnz(w)

ans = 60
Conymcmeyrowue gynkyuu: FIND, ISA, NNZ, NZMAX, SIZE, WHOS.

@opmMupOBAHHE BEKTOPA HEHY.JIEBBIX 3JIEMEHTOB

Cunmackcuc:
v = nonzeros(S)

Onucanue:

DyHkuus nonzeros(S) ¢opMupyeT BEKTOP HEHYJICBBIX IEMCHTOB MaTPHILbI,
BLIOMpas UX 110 CToHdUAM. JTa PyHKuus aHagoruyda dbyaxkuuu (i, j, v} = find(X),
HO B OT/JAMYHME OT IochiciHel GopMUpPYCT TOJbKO TpeTuit Bbixoa V. [Ipun atom,
KAK IPaBUJIO, BBITIOJIHSIETCS YCIOBHUC

length(v) = nnz(S) < nzmax(S) < prod(size(S)).

Conymemsyiowue ¢yuxuuu: NNZ, NZMAX, FIND, SIZE, WHOS, ISSPARSE.
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KoanuecTBo si9eeK MAMATH s pA3MeIlenns

HEHYJICBBIX JJIEMEHTOB

Cunmaxcuc:

n = nzmax(S)
Onucanue:

Iist monHOM Matpuusl F - 970 obluee KOMHYECTBO 3/EMEHTOB, OIpPEAe/isieMoe
cootHolenueM nzmax(F) = prod(size(F)); ais pa3peXeHHOR - 3TO KOJIMYECTBO SIUEEK
JUsL pa3MeLLeHUs HeHyAeBbIX 3leMeHTOB. Kak npaswio, dyHkumuy nnz(S) n nzmax(S)
JIAI0T OAMHAKOBBIE 3HadeHust. ONHAKO B cllyqae orepaluuii Hal paspeXeHHbIMH MaT-
pHULIAMH, B PE3YNIBTATE KOTOPBIX BO3HUKAIOT HOBBIC HCHYJIEBbIE 3JIEMCHTBI, HAIPUMED
onepauuit yMHoxeHust 1 LU-pa3nioxenusi, MOXeT ObITh BbIAE/AEHO OOJbILE 3IEMEH-
TOB MaMSITH, YeM 310 Tpebyercst NMpU KOHKPETHOM BbIMUC/IEHUU, TO eCTh BBITOIHSACTCS
ycsioue nnz(S) < nzmax(S).

Conymcemayrouue gyuxiyuu: FIND, ISA, NNZ, NONZEROS, SIZE, WHOS.

SPALLOC Bbie TS MPOCTPAHCTBO NAMATH IS PA3PEHEHHON MATPHIDE

Cunmakcuc:

S = spalloc(m, n, nzmax)
Onucanue:

Oynkuns S= spalloc(m, n, NnZmax) co34aeT MACCUB IS PA3PEKEHHONU MATPHULIBE
pa3Mepa mxn C yYeTOM TOIO, YTO KOJIMYECTBO HEHY/ICBBIX IJICMEHTOB HE 1IPEBbILACT
nzmax. 3areM MaTpuila MOXET ObITb 3anojiHeHa no cronduaM. Pyukuus spalioc(m,
n, nzmax) pasHocunsHa opme dyakumu sparse(( 1, [1, [ 1, m, n, nzmax).

Ipumep:

Eciiy U3BECTHO, YTO MAaTpULA MMEET MakCHUMyM 3 HEHY/NEeBBIX 3JIeMEHTa
Ha cronbel, To Haubosnee 3 dekTHBHDLI criocod ee POpMUPOBAHUS CACAYIOLINIA:

S = spailoc(n,n,3*n);

forj=1:n

S(;, j) = [zeros(n-3, 1) round(rand(3, 1))71;
end
full(S)
ans =

0 0 0 0 O

0 0 0 0 O

1 1 0 1 0

10 1 0 1

10 1 1 1

Conymemeyiowue ynxyuu: SPARSE.
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SPFUN Borunciienne (GYHKHHM TOJBKO A8 HEHYJIEBBIX JeMEHTOB

Cunmaxkcuc:

f = spfun(‘fun’, S)
Onucanue:

Pynxuma spfun npuMeHsier 3anaHHy0 GYHKIMIO TONBKO K HEHY/IEBBIM JICMEHTaM
paspexXeHHOU MatpuLibl. Mmst fun -~ 310 mMst M-(haitna, B KOTOpOM 3a1aHa BEIMUC/IAEMAst
(YHKUMS ¥ KOTOPIM B KAYECTBE BXOAHOIO apPTyMEHTA UCIIONb3YeT MaTpuily S.

[Tpumep:

Oynkuus suna f = spfun('exp’, S) BEIMMCISET Pa3pPeKeHHYIO MATPHULLY C TeM Xe KO-
>PPrLIMEHTOM 3aTI0MHERYS, KOTOPBI MMEET M Marpulia S, eCiii He YYUTHIBATE TIOARTIE-
HUA 2r1emeHToB exp(-inf) — 0. B 1o e BpeMst ¢yHKuMs exp(S) npumeHseT GYyHKIMIO
€XP K KDKIOMY /IEMEHTY MATPULIBI S M HYJIEBbIE AEMCHTBI CTAHOBSITCS €AUHUYHBIMH.

ITycts 3apaHa puaroHanbHasi pa3pexeHHasi MaTpuLUa pasMmepa 4x4:

Oynkuus f = spfun('exp’, S) uMeeT TOT Xe K0IDEOUIMEHT 3ANONHEHUS, YTO
W Marpuua S;

f —
1,1)2.7183
(2, 2) 7.3891
(3, 3) 20.0855
(4, 4) 54.5982
B To e BpeMs exp(S) cOREPXUT eNUHMIIBI HA MECTE HYJIEH.
fui ( p(S))
an
2. 7183 1.0000 1.0000 1.0000
1.0000 7.3891 1.0000 1.0000

1.0000 1.0000 20.0855 1.0000
1.0000 1.0000 1.0000 54.5982

Conymcmeyrwuue gyHxkyuu: FEVAL.

DopmHpoBAHHE MATPHLBI CBAZHOCTH

Cunmackcuc:

R = spones(S)
Onucanue:

DyHKUMSA SpPONes I'eHepUpYeT VISt 330aHHOM pa3peXCHHOM MaTpUIIbl MaTpULLY
CBSI3HOCTHM, KOTOpast UMCeT CTPYKTYDY MaTpHLbl S, B KOTOPOH HEHYJIEeBbIC 3jc-
MEHTbI 3aMEHeHbl Ha 1.
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Ipumepior:

®yukuua ¢ = sum(spones(S)) BBIMUCISIET KOIUYECTBO HEHYNEBBIX 3JIEMEHTOB
KaXJI0TO CcToJI01A.

OyHkuus r = sum(spones(S’))’ BLIYKCIIAET KOJIUYECTBO HEHYJIEBBIX 3JIEMEHTOB
Kaxaoi crpoku. Ilpu 3ToM cobntonaercs yerosue sum(c) = sum(r) = nnz(S).

Conymcmeyrowue gynxuuu. NNZ, SPALLOC, SPFUN.

XapaKTepucTuKu paspexeHHOW MaTpuLibi

NORMEST OueHKA 2-HODPMbI PA3PEXKECHHOA MATPHIBE

Cunmakcuc:

nrm = normest(S)

nrm = normest(S, tol)

[nrm, cnt] = normest(S)

Onucanue:

Jra GyHKUMSA M3HAYANBHO MpejiHa3HavYanach Uit paboThl ¢ pa3peKeHHLIMU
MarpUliaMH, XOTS OHA paboTaeT KOPPEKTHO U MOXeT ObITh 10JIe3HA AJISI OLEHKU
HOPMBI ¥ OOJIBIIMX ITOJIHBIX MaTpHII.

®yuxuusa nrm = normest(S) BrIUMCISET OLEHKY 2-HOPMBI MATPUUBI S ¢ OT-
HOCHUTEJIBHON MOTPEUIHOCTBIO 1€ - 6 (110 YMOIYAHUIO).

O@yHkuus nrm = normest(S, tol) BeYMCIAET OLEHKY 2-HOPMbI MATPUILI S
C 33JaHHOI OTHOCUTEJILHOMW MOTPeLIHOCTHIO tol.

@yukuus [nrm, cnt] = normest(S) MO3BOJSET ONPEAETUTh KOJIUYECTBO
UCII0/Ib30BAHHBIX OIepailuii.
Aneopumm:

Kaxzas urepauys BUTIOYAET ONEpaLiiio YMHOXEHMS MAaTPHLBI S Ha e TPAHCIIOHU-
poBaHHY10 S'. Takue onepalny BBIMOJIHAIOTCS 0 TeX Hop, NOKa BE [10C/ICA0BATEIbHBIE
OLICHKM HOPMBI He OYIYyT payivuaTecs B NPe/esiax 3aaHHOM MorpeliHocT! tol.

Ipumep:

Marpuua W = wilkinson(101) siBngeTcs TpexauaroHaIbHONM MaTpULIEi pasMepa
101x101; ee Mops/10K BIOJHE AOCTATOYEH, YTOOHI IIpOLIcAypa BhIYUCIEHHUS] HOP-
MbI norm(full{W)), koropas Bkitouaer onepauuio svd(full(W)), nposisuia HEKOTO-
pble HeraTUBHbIe CBOICTBa. Bpems BbiunciaeHua Ha komnbiotepe SPARC | coc-
TapysieT 4.13 ¢ M onpelesacT ToyHoe 3HaYeHue HOopMbl 50,7462, B To Xe Bpems

npoueaypa normest(sparse(W)) TpeOyeT Tosibko 1.56 ¢ M JaeT OUEHKY HOPMBI
50,7458.

Conymcemsyrouue gynxyuu: COND, CONDEST, NORM, SVD.
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CONDEST OueHka 4uca 06yCJI0BICHHOCTH MATPHUBI O 1-HOpMe

Cunmakcuc:

¢ = condest(A)

[c, v] = condest(A)
Onucanue:

Oynxuus ¢ = condest(A) BbIMMCISET OLEHKY YUCIA OOYCIORIEHHOCTH MATPHLIbI
A 10 OTHOLLEHUIO K OIlepanuy obpauieHus. It 3TOro UCIONb3yeTcsl MeTod Xeii-
mkepa (Hager) B Momaudukaumu Xaema (Higham) [1]. BbluucieHHOe 3HaueHUe
¢ SIBJISIETCS HUXKHEW OLIEHKOH yucia 0DYCIOBICHHOCTH MaTpuLibl A rio 1-HopMe.

Oynukuus [c, v] = condest(A), KpoMe TOro, BRIYUCIISIET TaKOH BEKTOP V, KOTOPbLA
vaoBneTBopsieT cootHouieHuo ||Av]] = ||Aljlivll/c. TaxuM obpa3oM, misi GOJBLIMX
C BEKTOD V SABJIIETCS alllPOKCUMAlIMel HY/Ib-BEKTOPa MAaTpUIIbl A.

Dra PyHKUMS NPUMEHUMa KaK K JICHCTBUTEJIBHBIM, TAK U K KOMILJIEKCHBIM
II0JIHBIM U pa3peKeHHbIM MaTpULIAM.

Ipumep:
CpaBHHUTE/IbHAS OlIEHKA HUXHEH IpaHMLIBL YMC/Ia ODYC/IOBAEHHOCTH MAaTpPHIIbI
W=wilkinson(101) npu npuMeHeHUH GyHKLMIA cond, rcond, condest:

cond(W) 1/rcond(W) condest(sparse(W))
ans = 189.9410 ans = 154.5382 ans = 276.2827

Haunnyywas oueHKa HIDXKHEH TPaHULIbl Beruucasercs dpyHkuueit condest.

Conymemgyrowue gynxyuu: COND, RCOND, NORMEST.

Ceblaku:

1. Higham N. J. Fortran codes for estimating the one-norm of a real or complex matrix, with
applications to condition estimation //ACM Trans. Math. Soft. 1988. Vol.14. P. 381-396.

CTpyKTYpHBiii PAaHT Pa3peiKeHHON MATpPHIbI

Cunmakcuc:
r = sprank(S)
Onucanue:
Oyukuust r = sprank(S) BBIUUCISIET CTPYKTYPHBIN PaHT Pa3pEeXeHHON MaTpHULp! S.
OH M3BeCTCH TAKXKE 10/ HA3BAHMSAMM MaKcuManbioe cederue (maximum transversal),
Makcumaabhoe coomeememsue (maximum assignment) U makcumansoe cosnadenie
(maximum matching), B TepMMHaxX TeOpHHU IpacdhoB.
JJ1s BEJIMYMHBI CTPYKTYPHOTO PaHIa BCETra BBITIOJHSETCSA YC/IOBUE
sprank(A) > rank(A);
foJee TOro, B TOYHON apudMeTHUKe C BEPOATHOCTLIO 1 BBIMOJIHAETCS YCJIOBUE
sprank(A) == rank(sprandn(A)).
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Ipumep:
Matpuua pasmepa 3 x 3 ciieayoLero BUaa:
2 01
A=10 0 O
3 0 x

HMMEET CTPYKTYpHBINA paHT sprank(A) = 2 ripy moOoM 3HAYCHMHM X; UTO KACAETCsl PaHTa
ITO MaTpPULLL, TO fank(A) = 2 BCIOAY, KPOMe TOYKH X = 3/2, 1/ OH paBcH CAMHUIIE.

Conymcmeyrowue gynxyuu. DMPERM, RANK.

Buayanuzauns paspeXeHHbiX MaTpul

ITocTpoenue rpada

Cunmakcuc:

gplot(A, xy)

gplot(A, xy, 'LineSpec')

[X, Y] = gplot(A, xy)

Onucanue:

®yukuus gplot(A, xy) ocyuiecTBisieT NOCTpoeHUe rpada, 3aAaHHOTO MacCU-
BamMu A ¥ xy. Ipagh G - 3T0O MHOXECTBO Y370B, IIPOHYMEPOBAaHHBIX OT 1 0 N, u
MHOXECTBO COeluHeHui (peGep) Mexay Humu. [Uist noctpoernus rpada tpebyer-
Csl ABE MATPHULBL: MAMpuua 83aumoceaseid A U mampuya koopduram pa3MeuleHUs
y310B Xy. Mampuya ezaumocesszeid A TakoBa, yto ce aneMeHT A(i, j) = 1, eciu
y3esl i CBA3aH C Y3JIOM j; Mampuya Koopouxam Y3JNOB pasMepa nx2 Onpenecsser
KoopaMHath! y3noB xy(i, ;) = [x(i) y(i)].

ObpauieHse B dopMe gplot(A, xy, 'LineSpec') no3soger UBMEHUTD LIBET YU THI
JIMHUHN, COSNVHSION{MX Y3/Ibl; IO YMOJIYaHUIO IpuHsTO LineSpec = g-.

Gyuxuus suaa [X, Y] = gplot(A, xy) dopMupyeT MacCUB KOOpAMHAT BePIUUH
rpada, mpudem Kaxziasi fapa BepUIMH BblgeleHa 3HaucHUsAMU tdna NaN. Otu
BEKTOPBI MOTYT ObITh MCIOJIb30BaHbl B JAJILHEHIIEM JUISl TTOCTpOeHHs rpada.
Ipumep:

PaccMorpum marpuity bucky pasmepa 60x60, KOTODYIO CBA3BIBAIOT C OMUCA-
HueM Qopmbl kynona (Buckminster Fuller dome, orcioma HasBanue bucky). Ee
rpad CoeIMHEHU, OMUCHIBAEMBIN Pa3peXeHHONH MaTpUUeil CBA3HOCTH pa3Mepa
60x60, HanoMHHaeT (PyTOOJILHBIA MY WIH CTPYKTYPY MOJIEKYJB! yriepoaa Cgg
(puc. 9.1).

[B, xyz] = bucky;

gplot(B, xyz(:, [1 2]), '), axis square
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9. Pabota c pa3pexeHHbsIMy MarpuLamim

Puc. 9.1
Conymcmeyiowue gyuxyuu: PLOT, SPY, TREELAYOUT, TREEPLOT, UNMESH.

SPY Bu3yaau3upoBaTh CTPYKTYPY Pa3PeKEHHON MATPHUBI

Cunmaxcuc:

spy(S)

spy(S, 'MarkSize')

spy(S, ‘LineSpec')

spy(S, 'MarkSize', 'LineSpec’)

spy(S, 'LineSpec’, 'MarkSize')

Onucanue:

QyHkims spy(S) orobpaxaer Ha rpauKe CTPYKTYPY [IPOU3BOIBLHON MaTpUilb S.
3ra dyHkumus saMeHseT QyHkuuo format+, Kotopas TpebyeT Ml BbIBOAA TOM Xe
MHGOpPMALIMK CIMILKOM MHOIO MECTa Ha 3KPaHE TEPMHUHAJA.

Oyuxuusa Buaa spy(S, 'MarkSize') Mo3BONAET YNPABIATL PA3MEPOM MapKepa,
UCIIOJIB3YEMOTO JIJIS1 BIBOJAA TOUEK; 110 YMoa4aHU10 MarkSize paBeH 6 nUKCeasM.

Oynkuust BUIa spy(S, 'LineSpec’) Mo3BossieT YNPaBIATh TUIIOM U LIBETOM BLIBO-
JUMMBIX TOMCK TIO NPABWIAM YKa3aHUs CBOMCTB NP Ucnonab3oBanuu ¢yHkums plot.

Oyukuuu spy(S, 'MarkSize', ‘LineSpec') u spy(S, 'LineSpec', 'MarkSize') 06b-
CIMHSIOT BO3MOXHOCTY [ABYX BbILIEOITMCAHHBIX (PYHKIIMIA.

[Ipumep:

Oro0OpasuM B BuIe rpaduka CTPyKTypy Matpuubl bucky pasMepa 60x60,
WCIIONB3Ysl Pa3Mep Mapkepa B 16 NUKCesei W KpacHblil LBET MapKepa B BUIE TOYKH
(pnc. 9.2).

B = bucky;

spy(B, 16,'.r")

91



Cucrema UHXeHepHbIX n Hay4YHbix pacyeroB MATLAB 5.x. Tom 2
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Conymcmeyrowue gynxyuu: FIND, SYMMMD, SYMRCM.

AnropmTMmbl ynopsao4eHus

RANDPERM @opmupoBanHe CIYYaHHBIX NEPECTAHOBOK

Cunmarcuc:

p = randperm(n)
Onucanue:

Oyukuyst p = randperm(n) BbIMOJIHAET CAYYalHYIO MEPEeCTAHOBKY LEJBIX YMCE
oT 1 10 n.

Conymcmeyowue gynkyuu: PERMUTE.

COLPERM Vnopsanouenne croa6uos ¢ y4eToM HX Pa3peReHHOCTH

Cunmakcuc:

j = colperm(S)
Onucanue:

Oyukuust j = colperm(S) Bo3BpalaeT Takoi BEKTOP MEPECTAHOBOK |, YTO
cTondust Marpuus! S(:,j) OyayT YHOPSACUCHHI 110 BO3PACTAHUIO YKUCHA HEHY/ICBBIX
2JIEMCHTOB. DTy MPOLEAYPY 1E1ecO00Pa3HO NPUMEHSATh TICPEA TEM, KAK BhIIIOJIHUTh
LU-pa3noxeHue.

Ecau S - cuMMmerpuyeckas Marpuiia, TO OKA3BIBAIOTCSl YIMOPSAOUCHHBIMU M
CTPOKH U cTONGUbL. EC/iM K TOMY Xe Matpuiia S siBjACTCS €1e W T10J0XKUTEIbHO
ONpEeAC/EHHON, TO TAKYIO NPOLELYPY TEPECTAHOBOK LEIeCO00Pa3HO MPUMEHSTD
fICpeN TeM, Kak BbinoanuTs LLT -paszinoxenue.

Aneopumm:

AJICOPUTM QUEHb MIPOCT, OH PEajM3yer COPTUPOBKY CTOMADLIOB 110 UMUCTY
HCHYJIEBBIX ICMEHTOB M BBIITISIAUT CIICAYIOIUM 0Gpa3om:

[l. j] = find(S);

lignore, p] = sort(diff(find(diff([0 |" inf]))));
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8. PaBota ¢ pa3pexeHHbIM MaTpULaMN

[Ipumepot:
Paccmorpum Matpuily Buaa
A = [ones(1, n); ones(n-1, 1) speye(n-1, n-1)]

Tpu N = 4;
n=4;
A = [ones(1, n); ones(n-1, 1) speye(n-1, n-1)I;
A = full(A)
A=
1T 1 1 1
11 0 0
1.0 1 0
1 0 0 1
Ee LU-pa3noxeHHe NMpeacTapseT MOYTH TIOJHYIO MaTpUILY
u(A)
ans =
1 1 1 1
11 0 41
-1 0 -1 1

11 1 2
DyHKUMSA YIIOPSI0YeHMST CTONOLOB j = colperm(A) BO3BpaillaeT BEKTOp Iepe-
CTaHOBOK j = [2:n 1], Tak 4r0o MaTpuia A(j, j) UMeeT cnenyouuit Bua:
j = colperm(A);

A(, j)
ans =

1 0 0 1

0o 1 0 1

o 0 1 1

1T 1 1 1

a ec LU-pa3toxeHre MMeCT TaKyIO Xe CTPYKTYPY HEHYJICBBIX DJICMEHTOB:

lu(AG.§)
ans =

1 0 0 1

0 1 0 1

0o 0 1 1

-t -1 -1 -2

Conymcmeyrowjue dyrxyuu: CHOL, COLMMD, LU, SYMRCM.

DM-aekoMno3unus pa3pexeHHoi MaTPHIbI

Cunmakcuc:
p = dmperm(S)
[p, q, r] = dmperm(S)
[p, g, r, s] = dmperm(S)
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Onucanue:

Oyukis p = dmperm(S) Bo3BpalLAeT BEKTOP MAKCUMMAJIbHOIO COOTBETCTBUS; CCIIY
HCXOIHAA MaTpUla S MMCCT MOJHbIA CTOABGLIOBBIA paHr, TO MaTpuua S(p, ;) sBIseTcs
KBAJPaTHON ¢ HCHYJICBOM AMaroHatbto. Martpuua S(p, ;) HazblBaeTcsl AcKOMITO3ULIMEH
Hanmeitka - Mengenscona (Dulmage - Mendelsohn) wiv DM-gekoMno3niuert.

Ecau S - npuBoaMMast MaTpuila, TO €CTh JIMHEHHAs cUcTeMa Sx = b Moxer
ObITh pellleHa npuBencHUEM S K BepxHeil OJIOWHON TpeyrojibHOH (hopMe, TO Takoe
pelIeHUE MOXKET ObITh HAWIIEHO METOJOM OOpPATHOU TNOACTAHOBKH.

Oyukuus [p, q, 1] = dmperm(S) orpefeser Takylo IIEPECTAHOBKY CTPOK p
U TaKyl TIEPECTAHOBKY CTONOLOB q M KBaOpaTHOH Marpuusl S, yto S(p, q) -
MaTpuua B BepXHEH TpeyronsHOU ¢opme. TpeTuil BBIXOAHOW ApTyMEHT I - 3TO
LIEJIOYMCIICHHBII BEKTOP, KOTOPBIA OMMCHIBAET IPaHUIIBI DJOKOB, TaK uTO 070K K
MaTpuLbl S(p, q) UMceT cieayrolupe rpaduubl: r(k) : rik + 1) - 1.

Oyukuus [p, g, r, s] = dmperm(S) ornpeaenser Takylo IepPeCTAHOBKY CTPOK P
W TAKYIO TEPEeCTAHOBKY CTONGLOB q A4 NPAMOYLOIBHOM MaTtpulel S, yto S(p, g) eCTb
MatpMia B BepxHeil TpeyronbHoii ¢opMe. I'paHuubl k-ro 65i0ka onpenessiorcs napa-
MeTpaMu T U s cortacHo cootHoiueHUo (r(k) : rik + 1) -1, s(k) : s(k + 1) -1).

B tepmuHax Teopuu rpadoB auaroHaibHble GJIOKM COOTBETCTBYIOT KOMIIO-
HeHTaM X0Jula CMEXHOTO rpada MaTpuLpbl A.

Conymcemsyrowue gynxyuu. SPRANK.

SYMRCM ’ RCM-ynops/104¢HHOCTD

Cunmaxcuc:

r = symrcm(S)
Onucanue:

@ynkuus r = symrem(S) Bo3BpaillaeT TAKON BEKTODP YIOPALOYEHHOCTH JUIS
CUMMETPUYECKOM MaTtpulibl S, 4to S(r, r) OymeT KOHUEHTPHUPOBATh HCHY/IEBbIC
2JIEMEHThl BOJM3U JMAroHaIM. JTO Xopoluee yrnopsiioyeHue Kak s LU-; tak
v g LLT-pasnoxeHust MaTpuLpl, YTO TO3BONSAET OTKA3aThCsl OT PaboThI € 3Jie-
MEHTAMH, YAAJCHHBIMHU OT JMarOHAIU. Takoe ynopsaoYeHUe Ha3bIBACTCS YIOpsi-
poucHueM Kartxunna - Makku (Cuthill - McKee).

Jist JeHCTBUTC/IBHBIX CUMMETPUUYECKMX PA3PEXCHHbBIX MATpHL COOCTBEHHBIE
3HaYeHUst S(r, r) COBNAAAIOT ¢ COOCTBEHHBLIMU 3HAYEHUAMU S, HO BPEMCHM Ha Bbi-
quciacHue eig(S(r, r)) Oyaer 3aTpayMBaThCs CYLLIECTBEHHO MEHbLUE, YeM A1 eig(S).
TTpumep:

WHTepecHbId ipuMep U1 aHaIM3a rpagoB NMpejICTABAACT MOMICHb, HOCSLIAS
Hazsanue Bucky ball. OHa npencrarasiet coboit 60 TOUCK, PAaBHOMEPHO pachpe-
JCJIeHHBIX Ha cdepe, TaK YTO PACCTOSIHME A0 COCCAHMX TOYeK OAMHAKOBO; Kaxias
TOYKA CBSI3aHA TOJIbKO € Tpemsi coceaHumu. Mogens Bucky ball accounupyercst
C YCTbIpbMSI PU3MUCCKMMU OOBCKTAMMU:
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9. Pabora c paspexeHHbIMM MaTpULLaMN

reone3nyeckuM KynonoM (Buckminster Fuller dome);

Moueiblo atoma yriepoaa Ceo;

yCeYEHHBIM 20-TpaHHUKOM (MKOCA3ApPOM);

MOZIENBbIO HYTOOBHOIO MAYa.

Marpuua cBA3HOCTH M1 Modeiu Bucky ball - 3To cumMeTpuyeckass MaTpuLa
pa3Mepa 60x60 ¢ TpeMsl HEHY/NICBHIMM 3JIECMEHTAaMHM B KaXJIOW CTPOKE M KaXIOM
CTOJIONE, TAK YTO 0OlIee KOJMYECTBO HEHYJ/IEBBIX 3JIeMeHTOB 180.

Ee rpad umeer 60 BepluMH, XOTOpHIE ITIPOHYMEPOBaHBI TaK, YTO FIOJIOBMHA
U3 HUX HaxoOuTCs B OJHOH, a TOJOBMHA B Ipyroit mnonycdepe (puc. 9.3, a),
W 3TH IOJIOBUHBI COEAMHEHBI BMeCTe. Takasg HyMepauus NPUBOAUT K CTPYKTYpe

MaTpuilbl, U306paXeHHO# Ha puc. 9.3, 6.
[B, V] = bucky;
k=1:30;
gplot(B(k, k),V(k, [1 2])), axis equal
for j=1.30
tedxt(V(j, 1), V(j, 2)+0.04, int2str(j));
en

1
T 13

1] 7N 12
b

[ =

45
7,
-1 as 1] 0s 1
a
figure(2), spy(B)
[ 0 o
"ty . ': .-: "
20 n 20f .7
40 s 40 '
80 N 80 R
o 20 B0 0 20 40 60
nz =180 nz =180
0 B
Puc. 9.3
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TIpumensia RCM-yriopsiioueHue
p = symrcm(B),

R=B(p, p);

spy(R)

MONYIUM MaTpuLy ¢ Y3KOM rojiocodt BOAM3M auaroHand (puc. 9.3, ¢), wupuHa
KOTOPOH MOXET ObITh BEIYMCIICHA CIICAYIOILUM 00pa3oM:

[i, j] = find(B);

bw = max(i-j) + 1

[IlupuHa mosocs! MaTpuilsl A pasHa 35, a Matpunbt R - 12.

Conymcmgyrowjue @yuxyuu: COLMMD, COLPERM, SYMMD.

Cebiaku:

1. George A., Liu J. Computer Solution of Large Sparse Positive Definite Systems. N. Y.
Prentice-Hall, 1981.

2. Gilbert J. R, Moler C., Schreiber R. Sparsc Matrices in MATLAB: Design and
Implementation//SIAM Jowrnal on Matrix Analysis and Applications. 1992. Vol. 13. P. 333-356.

COLMMD Ynopsagouenne no pazpeKeHHOCTH CTONOLOB

Cunmaxcuc:

p = colmmd(S)
Onucanue:

@Pyukumg p = colmmd(S) BO3BpalllaeT TAKOW BEKTOP VIOPALOYEHHOCTU
CTOJNIOLIOB Ui HECUMMETPUYECKOM MaTpuubl S, yto S(:, p) Oyaer uMMcTh Gojice
pa3pexeHHoe LU-pazioxenue, yem S.

Takoe yropsiaoueHUe aBTOMATHYECKH IIPUMEHSIETCS cUcTeMod MATLAB 1ipu
BBITIOJIHEHUM OIepanuii obpaillieHuss \ U / npu pelueHHMH CHCTCM JIMHCHHBIX
YPaBHEHUI C Pa3peKCHHBIMM MAaTPULIAMU.

Aneopumm:

AJTOPUTM  YIIOPSIAOUEHMS 110 PA3PEXKCHHOCTH CTONOLOB IS CUMMETPHUYCCKUX
Mmarpull onucaH B o03ope Dxopmxa (George) u Juy (Liu) [1]. st Hecum-
METPHYECKHUX MAaTPUIl aHAJIOTMYHBIA aAroOpuTM pa3paboTaH 3aHOBO M OITMCAH
B pabore 'minbepra (Gilbert), Moyncpa (Moler) u LlpaitGepa (Schriber) [2]. On
HallOMUHAET MPCXHUN QITOpUTM Ui MaTpuilbl A'* A, HO B AEHCTBUTEIBHOCTH
Takas Marpuua He GOpMUpPYyeTCs.

Ha xaxuom 1wary anroputMa M3 OCTABLIMXCS BbIOMpacTCsi BepLUMHA HU3LLCTO
NOPsAAKa, TO CCTb CTONOEH, UMEIOIMIH MHUHUMAJILHOE KOJMUYECTBO HCHYJICBBIX
3JIEMEHTOB, YAQIAET 3TY BEPIUMHY WU CTPOUT HOBbIA rpad, oObeauHss CTPOKU.
[Tocie n 1waroB Bce CTONOLBI OKA3BIBAXOTCA YAAJIEHHBLIMM WM MCpeCTaHOBKA
3aBepluaercs. Ui yCKOpPEHHMsST 3TOro Ipouecca HCIOAL3VIOTCS CleunalibHble
IIPUEMBI JUISI O/IHOBPEMCHHOTO BBITTOJIHCHUS HECKOJIBKUX LIATOB.
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9. Pabota ¢ pa3pexeHHbIMy MaTpuLammu

[Ipumep:

BHoBb obpaTuMesi K Marpuile bucky.

[B, V]= bucky;

p = colmmd(B);

spy(B, 16, 'r')

spy(B(:, p), 16, r)

Ob6pa3 matpuubl B rnokasaH Ha puc. 9.4, a, U3 KOTOPOro BHUAHO, YTO 3TO
pa3pexXeHHast MaTpULa, 31EMCHTbl KOTOPOH COCPEIOTOYEHBI Ha AUATOHAIN U ye-
TBIPEX TI0JI0CAX. YIIOPSAOUCHHUE M0 Pa3PEeXKEHHOCTH CTOJIOLOB C UCNOIL30BAHUEM
dbyHkuMu colmmd paspyluaet 3Ty CTpyKTYpy (puc. 9.4, 6)

B . B(:, p)
o = N
‘a. N at » at
- * - - -‘¢ L
My oy e S
20} & ", .t - 20 .g-io i &
5 as st 0t -
- ‘ﬂ% “s goer 2 S
L - : - ™ - -
. " . o -l N
to| . . - R A
- * - . > -y :. "
P * a * “ & _; -+ -
6o "-.?:G_d 60 o B
o 20 «a 50 a 20 (3] 60
1Z= 180 vz =130
a o

CpasnuBas  LU-pasnoxeHust Matpuusl B (puc. 9.4, ¢) n 1nepeynops-
no4eHHOM Matpuusbl B(:, p) (puc. 9.4, &), MOXHO YBUIETh, YTO KOJIMYECTBO HEHY-
JIEBBIX 3JIEMEHTOB B HUX PABHO COOTBETCTBEHHO 795 u 645.

spy(lu(B), 16, 'r)

spy{lu(B(:, p)), 16,'r)

lu(B) lu(B(:, p))
0 , o —
24 o
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20 0] KM, 3l
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i 2 PP
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a 21 [ 60
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Puc. 9.4
Conymemeyrowue gynkuyuu: COLPERM, LU, SPPARMS, SYMMMD, SYMRCM.
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Cebinxu:

1. George A., Liu J. The cvolution of the minimum degree ordering algorithm. //SIAM
Review. 1989. Vol. 31. P. 1-19.

2. Gilbert J. R, Moler C., Schreiber R. Sparse Matrices in MATLAB: Design and Implementation.
//STAM Joumal on Matrix Analysis and Applications. 1992. Vol. 13. P. 333-356.

SYMMMD CHMMeTPHYECKAS YIIOPSIOYEHHOCT

Cunmakcuc:

p = symmmd(S)
Onucanue:

Oyuxuust p = symmmd(S) BO3BpalaeT TaKOi BEKTOP YIOPSAOUSHHOCTH
CTOJIOLIOB I CUMMETPHUUYECKON MOJOXUTCALHO ONPCACACHHON MarpulUbl S, 4To
S(:, p) Gyzer uMeTh Gonee paspexeHHoe LLT-pasnoxenue, yem S.

Takoe ynopsaoyeHHe aBTOMATHUECKU MPUMEHSAETCS cucTeMoil MATLAB Tipu
BBIMOJIHEHMM OfEpanui obpaiieHust \ U / NpU peIueHMM JIUHEUHBIX CHCTEM
C pa3pexXeHHBIMU MaTpPHUUAMHU.

Aneopumm:

AJITOPUTM YITOPSITOYEHHS ALTs1 CUMMETPUYCCKUX MATPUILL OCHOBAH HA ITOPUTME
YIOPSAIOYEHUS 110 pa3pexeHHocTH cTonbuoB. Pakrtudecku dyHkuus symmmd dop-
MHpyeT MaTtpully K ¢ TakoH CTPYKTYpOil HCHVJEBBIX 3JIEMEHTOB, YTO CHMMETpUYc-
ckasg Marpuua K *K KMMECT Takylo e .CTPYKTYPY HEHYJICBBIX 3JIEMEHTOB, KakK
M UCXOIHAA MaTpuiua S, a 3aTcM BbI3biBacTcst PyHkiMsa colmmd wia K.

ITpumep:

"CpaBHMM [8a QJIFOPUTMA YIIOPANOUYCHUS, PealM30BAHHbBIC B BUAe QYHKIUI
symrcm u symmmd, xotopble IpeguiectsyioT LLT-pazmoxennio (pasznoxeHue
Xoneuxkoro) Marpuisl bucky pasmepa 680x60, Koropas onuchiBaeT rpad CBA3HOCTH
bucky (puc. 9.5, a) u umeet cTpykTypy (puc. 9.5, 6).

[B, V] = bucky; B = B + 4*speye(6Q);

gplot(B, V(:, [1 21)), axis equal

spy(B, 6, 'or'})

XOTs 3Ta 3ajaYa U He SBISeTCS OYEHb CIOXHOM, TeM HE MeHee ITOBEACHUE
ITOPUTMOB YIIOPSIIOYEHHUS SIBIACTCS TUIMUYHBIM. [IpuMeHeHUue (yHKUIMH symrcm
TIOPOX/AET JICHTOUHYIO Matpuuy {(puc. 9.5, 6), kotopast nocie LLT-pasnoxenus
OKa3bIBACTCS ISJIMKOM 3aIIOJIHEHHOUN BHYTpH JIeHTHI (puc. 9.5, d).

p = symrcm(B);

spy(B(p. p), 16, 'r')

spy(chol(B(p, p)), 16, 'r)

IMpumerchue byHKIMKU Symmmd NOPOXKIAET JCHTOYHYIO MATPULY C KDPYIIHBIMH
0JIOKaMH HYJICBBIX JICMEHTOB (puc. 9.5, I), KOTOpBIe He 3AMOJHSIOTCI U B IPOLECcce
LLT-pasnoxennst (puc. 9.5, €). Cjie0BaTe/bHO, ITOPUTM  CUMMETPUYECKOIT
YHOPAAOYCHHOCTH TpC6yCT MCHBUICTO BPEMCHH H o0beMa MaMsITU B Ipouecce
LLT-passioxeHust.

98



9. Pabora ¢ pa3pexXeHHbIMU MarpuLamm

Do =] H
o] 20 +0 -]
nr ~ 240

nr e 515 nI = 360
i [+
Puc. 9.5
Conymcmeyrougue ¢yuxyuu: COLMMD, COLPERM, SYMRCM.

Cebiaku:
1. Gilbert J. R, Moler C., Schreiber R. Sparse Matrices in MATLAB: Design and
Implementation//SIAM Journal on Matrix Analysis and Applications. 1992. Vol. 13. P. 333-356.

99



CucTemMa MHXeHepHbIX 1 HayqHbix packseTos MATLAB 5.x. Tom 2

Anroputmbl TMHEHON anreopobl

dakTopu3aums paspexeHHbix MaTpuL,

CHOLINC Henonnoe paznoxenne Xojieuxoro

Cunmakcuc:
R = cholinc(S, droptol) R = cholinc(S, '0") R = cholinc(S, 'inf)
R = cholinc(S, options) [R, p] = cholinc(S, ‘0") IR, p] = cholinc(S, 'inf)
Onucanue:

Ornieparop cholinc peaiuayer 182 BAPUAHTA HETIOJHOIO PANIOKEHUS XOJELKOTO;
€ 3a4aHHBIM [OPOTOM PA3PCKEHHOCTU ¥ C HYJIEBHIM YPOBHEM PACLIMPEHHUS, KO-
TOpbIC MOIYT OBbITh MCIIONL30BAHBI [UIS MPEABAPUTEIBHONA 0OpabOTKY TIpH PeILieHUH
HUTEPATUBHBIMU METOJAMHU OOJBIIMX CUCTEM JIMHEHHDBIX YPABHEHUH C CUMMETPH-
YEeCKMMHM TTOJIOXKUTENBHO OTIPEAEICHHBIMU MATPULIAMH.

®ynxima R = choling(S, droptol) BLIMOIHIET HEMOIHOE Pa3IoXeHUe XOJIELKOTO
[UISL Pa3speXeHHOM MATpullbt S ¢ 33aaHHBIM [IOPOroM pa3pexeHHocTH droptol.
Llopoe paspexcennocmu - 3T0 MUHUMAJIBHOC 3HAYEHHUC DJIEMEHTA MATPHLUbI, TIPH
KOTOPOM OH NPHPABHUBACTCS HYJHO.

Oyukuus R = cholinc(S, options) no3sossieT ykazars JOMOJIHUTENbHbBIE OIl-
UMM B MAaCCUBE 3allUceil ¢ TpeMs ITONSIMU:

Iloae Hasnavenue

_optionsdroptol | Mopor paspexcennoemn

.options.michol MonuguumposarHoe pasnoxenue Xoneukoro
options.rdiag 3aMCHUTL HYIW HA AWAroHanyd Matpuusl R

ITpu ycraHOBKe clielyeT YKa3blBaTh TOJBKO TE I10JISi, KOTOPbIE HEOOXOAMMBI.

DTU [HOAS UMEIOT CJIEIYIOLIME CieHM(UKALIMU:

[Tapamertp droptol - 3TO HEOTPULIATENBHOE YMCIO, KOTOPOE MCTIOAB3YeTCH B Ka-
YeCTBE [TOPOra Pa3pekKeHHOCTH IIPU PEAIM3ALMU HETIOJHOTO PA3IOXKEHHUST XOJICIKOIO.
3T0 pa3zIOXKCHUE OCHOBAHO Ha ReronHoM LU-paznoxenuu Oe3 BeiOOpa BeaylEro
3JIEMEHTA M MOCIEAYIOCM MaCcLITAOUPOBAHMH CTPOK BEPXHEH TPEYrOJIbHOM MaTpriibl
U, ucnons3yst B KauecTBe MacIlTabUPYIOIIEro MHOXUTESISE KBA/IPATHBIA KOPeHb /IMaro-
HaJBHOrO jiemeHTta. [locKonbKy HeHyneBble 3HaueHusa U(i, [) orpaHHueHBl CHM3Y
BeIMYMHOM droptol*norm(S(:, j)), To HeHyaeBble 3HaucHUA R(i, j) orpanu4eHbl CHU3Y
BenunHol droptol*norm(S(:, jHIR(, 1), onpeacsMOl KaK A0KaabHbill HOPO2 pazpedcen-
rocmu (localdroptol) st paznoxernust Xoneuxoro. Tpu 3HaveHun droptol, paBnom O,
U 110 YMOJTMAHWIO BBIMIONHSETCS TIOJHOE padIoXeH e XONeUKoro.

[MTapameTtp michol no3sosisieT BeIOpaTs I1b0 MogudHuMpoBarHoe (michol = 1), ;mbo
HemobuuuposaHHoe (michol = 0 1 1Mo yMOTYaHUIO) Pa3ioXeHUe XONEHKOro,



9. Pabota ¢ paspexeHHbiMi MaTpuLamm

[Mapametp rdiag rnpuHuMact 3HadeHue 0 unu 1 (o ymomdanuio 0). Eciu rdiag
paBHO 1, TO Bce HyNEBble JUATOHAIBHBIE DJIEMCHTBI BEPXHEH TPEYroJbHOM MaTpuibl
R 3aMcHsroTcs 3HaYeHUeM sqrt(localdroptol), yToGbl M30eKaTh CUHTYISIPHOCTH,

Oyrkuus R = choling(S, '0") BBINOJHSET HemNojgHoe pasioxeHue XoJeuKoro
Ui Pa3peXeHHOH CUMMETPHUYCCKON MOJOXUTCIIBHO OIMpPE/ICIICHHOR MaTpulsl S
C HYJIEBBIM YPOBHEM DPACLIMPCHUS, TO €CTh 0€3 YBCIUYECHUS KOJIMYECTBA HEHYJIe-
BbIX 3MIEMCHTOB. BepxHsAs TpeyronbHas Marpula R UMeeT B OCHOBHOM TY Xe CTPyK-
TYPY, UTO U triu(S), XOTsl HEKOTOPbIE IEMEHThI S, HC PABHBIC HYJIIO C TOYHOCTHIO J10
olIMOOK OKPYIJICHUS, MOTYT MMETh HYJIEBbIC 3HaueHus1 B Matpuie R. Cnenyer 3ame-
TUTh, YTO TOJOXUTCJIBHAS OIPCACJICHHOCTh WCXOAHOW MATPHULBI HE rapaHTUDYET
CYLICCTBOBAHUS PAIoKEHKs ¢ TpeOyembiMu cBoiicTBaMU. Korma gakropuzanms He-
BO3MOXHa, dopMupycTcst coobilicHue o6 owmmbke. Ecin dakropuzaums ycneiHa,
MaTpuibl R*R 1 S UMCIOT OAMHAKOBYIO CTPYKTYPY PaspeokeHHOCTH.

Oyukims [R, p] = cholinc(S, '0') ¢ AByMST BBIXOJAHBIMUY apryMeHTaMy HE IMpH-
BOAUT K hOPMUPOBAHUIO cOODNICHMS 06 olMOKe: ecmu R CylliecTByer, TO p pasHoO O;
HO ecly paKkTOpHU3aLMUd HEBO3MOXKHA, TO P - MOJOXHUTEIbHOE LIEJI0e YUCIo, a R -
BEpXHsISl TPEYTojbHast MaTpulia pa3Mepa gqxn, rac q = p-1, Tak 4Tto cTpykTypa R
U BEpPXHEH TPeyroJbHOM MOAMATPHULBI pasMepa gxn OOMHAKoBbL. Marpuup R™*R
U noaMarpuia S pasMepa gxq UMeEIOT OJMHAKOBYIO CTPYKTYPY Pa3peXeHHOCTH.

®yukuus R = choline(S, 'inf) BeInomHACT pavioxeHrue XOMCLKOrO JUIS ITONI0XKU-
TCJIBHO 110J1YOINPEIeIEHHBIX MATpUL, KOLAa B Mpoliecce (aKTopU3aLUK MTOABISIOTCA
HyJIEBbIC BEOYLIME IEMEHTHL. B 3TOM ciiyyae COOTBETCTBYIOILCMY IMArOHATLHOMY
ICMEHTY BEPXHCH TpCyrojibHOM Marpvub! R npucBaMBaercs 3HauyeHHWe inf, a ocTaib-
HbIM 3JICMCHTaM CTPOKH - HYJIEBbIE 3HAUYCHMA. TakuM 00pa3oM, COOTBCTCTBYIOILMIA
3JICMCHT B BEKTOpE PELUCHUSI MPUHYAMTCIBHO MPUPABHUBAECTCS HYMO. B cayyae otpu-
LIATENBHOIO 3HAUEHUS BEAYLICIO 3IeMeHTa (hopMupyeTcs coodLeHre 00 oLmobKe.

Qyukeys [R, p] = choline(S, 'inf) ¢ IByMst BBIXOJIHBIMK APTYMEHTAMU HE NIpU-
BOIUT K POPMUPOBAHMIO COOOUICHMS 00 OLIMOKe: eCI¥ S MOJOXUTESIBHO IOy~
OMpeAc/IeHHAss MaTpULa, TO P paBHO O; B UHBIX CIYYasiX P - MOJOXUTEABHOE LIeJIoe
4YUCIIo, a R - BepxHAs TPEyrojibHas Marpuua pasmepa (p-1)xn.

Oecpanutenus:

OyHKUMA TPUMEHUMA TOTBKO K KBAAPATHLIM Pa3peXCHHBIM MaTpULAM; 1pU
obpautcnuu K gynkuuam choline(S, '0% u choline(S, 'inf)} Marpunia S pomxna
OBITh ACHCTBUTETBHOM.

Tpumepesi:

PaccMOTpUM CHMMCTPHUYCCKYIO TMOJIOXKUTENIBHO OIPCIUCACHHYIO Martpuiy S,
CBA3AHHYIO C IIMTUTOYEUHOU anmnpoKCUMallMeil JialiacMaHa Ha CCTKEC pasMepa
nxn, 3anaBaeMou PyHKLMcH numgrid.

n = 25; S = delsq(numgrid('B', n));

spy(numgrid('B", n}),

spy(S, ')
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nnz(S)

ans = 1072
nnz(chol(S))

ans = 2655
nnz(cholinc(S, 1e-3))
ans = 2109

Takum obpa3om, ucxonnass Matpuua S umeet 1072 HEHYJIEBBIX 3/IEMEHTa, €€
TIONIHOE Da3dioxeHue XOoJeUKoro - 2655, a HemosHoe pasloXEHHUC C MOPOIOM
paspexeHHocTH 1e-3 - 2109 31eMeHTOB. |

Paccmorpum dyHxiimio R = cholinc(S, '0'), xoTopas BHIIOIHSET HEMOJIHOE
pasnoxeHue XONEUKOro IS pPa3peXeHHON Matpuiibi S ¢ HyACBHIM VDPOBHEM
paclUMpeHHsl, TO eCTh O€3 YBETMUCHUS KOJIMYECTBA HCHYJIEBBIX 3JIEMEHTOB,

S = delsg(numgrid('N’, 10));
R = choline(S, '0%;
isequal(spones(R), spones(triu(S)))
ans = 1

Marpuua
D = (R™R) .* spones(S) - S;

MMEET IEMCHTHI MOPS/IKA eps.

OnpejeuM OIUH U3 JHATOHANBHBIX 3TEMEHTOB paBHbIM O:
S(8, 8) = (;
[R2, p] = cholinc(S, '0%;

B sToMm cayyae p He paBHO O M cyluecTByeT Takas BEpPXHSAS TPEYrojibHag
Matpuua R pasmepa qxn, rie q = p-1, 4To cTpykrypa R u BepXHEH TPeyroabHoi
MOAMATPUIIBI pa3MepPa qxN MaTpULbl S OAUMHAKOBDI.

b= 8

size(R2)

ans=7 64

isequal1(spones(R2), spones(triu(S(1:p-1, : )
ans =
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ITycTh 3a1aHa MOJIOXKMTEIBHO MOJYONpele/icHHAsi pa3pekeHHas MaTpuua

S=sparse(f1 0 3 O
0 25 0 30
3 0 9 0

0 30 0 661},
Ee pasnoxeHue X0JIEUKOr0 UMEET HYJIEBOM BelyIIMii 3JIEMEHT B CTPOKE 3:
[R, p] = chol(S);
p
p=3
Torpa nenosHoe paznoxeHue XoicUKoro (opMHUpPVET BEPXHIOI TPEYTONBHYIO
Matpuuy Rinf, TpeTUH qUAroHaNBHBIN 3jeMEHT KOTOPOM paseH inf:
Rinf = cholinc(S, 'inf');

full(Rinf)

ans =

1 0 3 O

0 5 0 6

0 0 Inf O

0 0 0 25
Conymcmeyrowue @ynxyuu: CHOL, LUINC, PCG.
Cebvinku:

1. Saad Y. [rerative Methods for Sparse Linear Systems. Boston, MA: PWS Publishing
Company, 1996.

2. Zhang Y. Solving Large-Scale Linear Programs by Interior-Point Methods Under the
MATLAB Environment: Technical Report TR96-01. Baltimore: University of Maryland
Baltimore County, 1996.

LUINC Henoanoe LU-pa3ioxenne

Cunmakcuc:
LU = luinc(S, '0") LU = luinc(S, droptol LU = luinc(S, options)
[L, U] = luinc(S, '0') [L, U] = luinc(S, droptol) [L, U] = luinc(S, options)
[L, U, P] = luine(S, '0) [L, U, P] = luinc(S, droptol) [L, U, P] = luinc(S, droptot)
Onucanue:

Oneparop luinc peanusyer nBa BapuaHTa HenoiHoro LU-pazyioxeHus: ¢ 3anaH-
HbIM [OPOTOM Pa3peXEHHOCTU U C HYJIEBbIM YPOBHEM PACLUMPEHUS, KOTOPbIE MOIYT
ObITb MCIMOJIL30BAHBI VISt NPEIBAPUTEILHOM 00paboTKY MpK PELICHUU UTCPATUBHBIMHU
METOAAMHU OOJBbILUX CUCTCM JIMHEWHBIX YPABHCHMI C TNPOM3BOJIBHBIMM MATPUIIAMM.
Oncpatop IuinC pcanuayeT pazoXeHUEe MCXOIHOM MaTpuubl S Ha HWXKHIOK Tpe-
YTOJIBHYIO L, BEPXHIOIO TpeyrosibHyto U U MATpMILYy NEepecTaHoBoK P.

Oyuxkuusgs LU = luinc(S, '0") BoinoHsier Henosnoe LU-pasioxeHuc anst
Pa3peKCHHOM KBaJPATHONW MATpUUbl S ¢ HYJIEBbIM YpOBHEM pacluypeHus. Tpe-
YrOJibHbIC MHOXHWTEJIU UMEIOT TY XK€ CTPYKTYPY Pa3peXXEeHHOCTH, KaK U UCXOIHAs
marpuua S, a UX MPOU3BEIACHUE COINIACYCTCSE C MOJIHOM MATPULCH ¢ YUYETOM Iic-
pecraHoBok ¢Tpok. Oneparop LU = luing(S, '0") Bo3BpallaeT HUXXHUIL U BCPXHU
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TpeyrojbHble MHOXHTeJU B MaTpuue LU nubo B ucxomHoW marpuue S, eciu
BBIXO/JIHOM MacCHUB He yKa3aH. MaTpuua nepecTaHOBOK NOTepsiHA. BhinosHseTcs
ycaosue nnz(luine(S, '0°) = nnz(S) ¢ TOYHOCTBIO IO TEX 3JEMEHTOB, KOTOPBIE PaBHBI O
B IIpefenax OolMOOK OKpYTNCHUS.

Oyukuus [L, U] = luinc(S, '0") Bo3BpaliaeT BePXHIOW TPEYTOJIBHYIO MAaTPHLy
U 1 npousBeacHUE MaTpHllbl NIEPECTAHOBOK M HUXHETO TPEYrojibHOIO MHOXMUTE-
ns1 B Matpuue L. CTpyKTypbl pa3pexeHHOCTH MaTtpull L, U 1 S HecornoctaBuMsl,
HO KOJIMYECTBO HEHYJEBBIX 3JIEMCHTOB C TOYHOCTHIO /10 OLIMOOK OKPYTACHUS
yaosiaeTBopsiet ycinosuto nnz(L) + nnz(U) = nnz(S) + n, rae n - NopsiaoK MaTpULb!
S. IlpouspeaeHue L*U cornacyercsi co CTPYKTYpOH pa3pexeHHOCTH MaTpHIbL S,
TaK uTo marpuiia (L*U).*spones(S) - S uMeeT 371eMEHTHI TTOpsIKa eps.

Oynxkuus {L, U, P] = luinc(S, '0") Bo3BpallaeT HUXKHIOW TPEYrofbHyo Matpuiy L,
BEPXHIOI TpeyroibHyio marpuuy U v Matpuny nepecradopok P. Marpuua L umeer
TaKyl0 X€ CTPYKTYPY Pa3peXCHHOCTH, KaK M MaTpulla S ¢ yYeTOM IepeCTaHOBOK
CTpOK, TaK YTO BBHIUTOJNHSETCS ycnoue spones(L) = spones(iril(P*S)) ¢ TounocThio
[0 BO3MOXHOTO UCKIIOYEGHMS eIUHML Ha auaroHanu L, roe P*S moxer ObITh
pasHo O, ¥ Hynel B L, rne P*S moxer ObITe He paBHO 0 ¢ TOYHOCTHIO 10 OUIMGOK
okpymieHus. Marpuua U cornacyercsi co CTPYKTYpOi pa3pexeHHOCTH BepxHei
TPpeyrojJpHON MaTpuubl P*S, Tak yto spones(U) = spones(triu(P*S)) ¢ TOYHOCTHIO
J0 BO3MOXHOIO MCKIIIOYEHHMST Hynaed B U, rae P*S moxer ObiTh He paBHO 0 ¢
TOYHOCTBIO 10 olIUOOK oKpyrieHusa. [Ipoussenenue L*U cormacyercst co cTpyk-
TYPOU pa3peXeHHOCTH MaTpuupbl P*S, tak uto Matpuua (L*U).*spones(P*S) - P*S
MMEET 3JIEMEHTHI MTOPSIIKA €pPS.

Dynkuus LU = luinc(S, droptol) sbinosiHsier Heronnoe LU-painioxenue ans npo-
M3BOJIPHOM Pa3peXXeHHOM MatpHlibl S ¢ 3aIaHHBIM TIOPOFOM PaspexXeHHOCTH droptol.
Ilopoe paspexcenrocmu - 5T0 MAHUMAJILHOC 3HAYCHHUE HICMEHTA MAaTPMLBI, NIPU KO-
TOPOM OH IpUpaBHUBaeTcst Hymo. HenonHoe LU-pazioxeHue ¢ 3aaHHBIM [IOPOrOM
Pa3peXeHHOCTH SABJSCTCS HEINpEpBIBHOM armpokcuManueit rogHoro LU-passo-
KEHHS; 110 Mepe YMEHBILEHHUS NIOpora pa3peXeHHOCTH anrpoKCUMALMS CTAHOBUTCS
BCE TOYHEe W NpU nopore, pasHoM 0, mepexoauT B ToyHoe LU-paznoxenue. st
KAXIOTO CTOJOL@A TPEYroIbHONO MHOXHTENSL 3JIEMEHTHI, HE IPEBBILIAIOLIME JIOKATb~
HOTO T10pOTa Pa3pexXeHHOCTH, MCKITIOYAIOTCA. JJOKArbHbIL HOPO2 Pa3pedCceHHOCHU - 3TO
IPOU3BCACHHUE NOPOIa PA3pPeXeHHOCTH U HOPMBI COOTBETCTRYIOIIETO CTOAOHA MCXO-
HOM Marpuupl localdroptol = droptol*norm(S(:, j). Mckmouenne M3 3TOro mpasuna
COCTaB/ISIIOT TONBKO JMArOHANbHBIE 3JEMEHTHI, KOTOPHIE HE AC/DKHBI OOHYJIATLCH,
4TOObI U30EXKaTh CUHIYISIPHOCTH.

Oynxuus [L, U) = luinc(S,droptol) Bo3BpalliaeT BEpXHIOIO TPEYroibHYI0 MaT-
puy U u mnpousBeacHUE MaTPUUbl IIEPECTAHOBOK U HUXHErQo TPEYTOJbHOrO
MHOXUTEJ B MaTpule L.

Oynkumsa L, U, P] = luinc(S, droptol) Bo3BpalllaeT HUAKHIOK TPEYIOJIbLHYIO
MaTtpuuly L, BEPXHIOIO TPEYroibHyl0 MaTpuily U M Marpuuy IepectaHoBOK P.
IMpousseaeHre L*U gBisieTcsa annpokcuMauueit MaTpuiibl P*S.
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Oyuxuust LU = luine(S, options) Mo3BonseT yKazaTh JOMNOJHUTENbHbIE ONLMH
B MACCHBE 3aNMCeil C YeThIPbMSI MOJISIMU:

Hone Hasnauenue
_.Options.droptol | TIOPOr paspereHHOCTH | .
_options.milu MonnguunposanHoe LU-pasnoxenwe
_options.udiag 3aMEHUTh HYJIM Ha AMaroHaau Matpuusl U

options.thresh ITopor g BeIGOpa BEAYLIETO 3MEMEHTA

IIpu ycTaHOBKE ClIEAyeT YKA3bIBaTh TONBKO TE IO, KOTOPBIE HEOOXOIUMEL.

OTH T10J19 UMCIOT CIICAYIOLIME CrielUDUKALIUY:

ITapamerp droptol - 3To0 HEOTPULIATEILHOE YUCIO, KOTOPOE MCIIONL3YeTCd B
KAYeCTBE MOPOTa Pa3peXCHHOCTH TIPU pealu3alyU HenonHoro LU-pazioxeHud.
DTO pasgoxeHUe OCHOBaHO Ha LU-pa3noXeHUH ¢ UCMONB30BAHUEM JIOKAIBHOIO
nopora paspexeHHoctd. IIpy 3HayeHuu droptol, paBHOM 0, BBITONHSETCS IOJIHOE
L.U-pazioxeHue.

[Tapamerp milu no3Bonsier BbIOparTh OO MoauduUumMposatuoe (Milu = 1), 11bo
HeMoauduuuposaHHoe (milu = 0 1 o ymonuanuto) LU-paznoxenue. Mogudukauus
3aKJII0YAETCS B TOM, YTO MaJlble 3JJeMEHThI BHOBb (DOPMHpYEMOIO CTONOLA He OTOpa-
CBIBAIOTCS, @ BBIMMTAIOTCSA M3 TUATOHIM BEPXHETO TPEYTOABHOIO MHOXKHTET U,

[Tapamerp udiag npuHumaet 3Hadenue 0 win 1 (o ymonuanuio 0). Ecnu udiag
PaBHO 1, TO BCE HYJIEBBIC NMAIOHAJILHBIE DIIEMEHTBI BEPXHEU TPEYroNbHOM MaTpulibl R
3aMEHSIOTCS 3HAYEHHMEM JIOKATLHOIO 10pora paspexeHHocTH localdroptol, yToOnt
n30exaTb CUHTYISIPHOCTH.

ITapametp thresh no3sonser 3agars NOpor Npu BeIOOPE BEAYILETO BJIEMEHTA,
OH IpUMHMMAeET 3HadyeHUe B auanasoHe oT 0 1o 1 (1o ymomyanuio 1). Ecau gua-
rOHAJILHBIA 3JIEMCHT 1O MOAYJIO MEHBIUIE, YeM MNPOM3BEACHUC BHEAUArOHAJb-
HOIO 3JIEMEHTa Ha MHOXUTedb thresh, To ponp Beayiuero mepexoiuT K BHeIMUa-
roHajpHOMY 3jieMeHTy. I1pu 3HaueHuu thresh, pasHoM 0, B KayecTBe BedyLIETO
BCEraa BbIOMpaeTCs AMArOHAIbHbIN 3JIEMEHT.

ODyuxuusa [L, U] = luinc(S, options) BO3BpalacT BEpXHIO TPEYTOJIbHYIO MaT-
puy U U npou3BecHME MATpHULBI IIEPECTAHOBOK M HIMXKHEFO TPEYrojbHOro
MHOXMTENSE B MaTpuie L.

Dyukumsa [L, U, Pl = luinc(S, options) Bo3BpamiaeT HUXHIOK TPeyrojbHYIO
Marpuuy L, BepXHIOW TpEyrosibHyro Marpuuy U M Marpuily IepecTaHOBOK P.
TIpoussenenune L*U siBsieTcs annpoxkcumalMen Matpuyusl P*S.

Oepanuyenus:

DyHKOUS NPUMEHMMA TOJBKO K KBAJIPATHBIM Pa3peKCHHBIM MaTPHULIAM.
Tpumepni:

PaccmorpuM TectoByro Marpully west0479 pasmepa 479x479.

load west0479

S = west0479;
spy(S, 10, 'r"), spy(lu(S), 10, 'r)
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Puc. 9.7
nnz(S)
ans = 1887
nnz(lu(S))
ans = 16777
nnz(luinc(S, 1e-6))
ans = 10311

Taknm obpasom, ucxogHass Marpuia S umeer 1887 HEHYJIEBBIX 2JIEMCHTOB,
ee nojHoe LU-pasnoxeHue - 16777, a HEMOJIHOE PA3/IOKEHUE C NIOPOTOM paspe-
JKEHHOCTH 1e-6 - 10311 31eMEHTOB.

Paccmorpum ynkuuio luinc(S, '0"), KoTopasi BBHIONHAET HEHOJHOE Pa3iio-
keHne XONeUKOro sl pa3peXeHHOH MaTpullbl S ¢ Hy/IEBbIM YPOBHEM DaCILH-
pEHUs, TO eCTh 06€3 YBETMYECHUS KONHYCCTBA HEHYJIEBBIX 2JIEMEHTOB.

(L, U, P] = luinc(S, '0Y;
isequal(spones(U), spones(triu(P*S)))

ans =1
nnz(spones(L) ~= spones(tril(P*S)))
ans =74

D = (L*U) .* spones(P*S) - P*S; normest(D)
ans = 7.10889595793317e-015
CTPYXTYpbl Pa3peXeHHOCTH MaTpull L ¥ P*S paziuyaiorcst B 74 anemenrtax: 73
JIEMCHTa Ha JMaroHaIM, r¢c B MaTpULE L CTOAT €AMHULIBI, a B MaTpyLie P*S - HY/H,
a Takxe B no3uiuvu (206, 131), rae B Matpuue L crout 0, a B Marpuue P*S - (-1).
Martpuna uMeeT 2JIeMEHTHI NIOPALKa eps.

Conymcmeyiowue @yuryuu. LU, CHOLINC, BICG.

Cebiaku:
1. Saad Y. [lterative Methods for Sparse Linear Systems. Boston, MA: PWS Publishing
Company, 1996.
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9. Pabora ¢ paspexeHHbIMN MATPALaMM

PelleHne cucTem NMHERHbIX YpasHeHn

Pcuienne cucreM JIMHEHHBIX YpaBHEHMH peann3ycTcst JBYMs KiaccaMu
METOIOB - HApIMbIMU W LmepayuornsiMu. TIpsimbie METOObI HAXOMAT TOYHBIE PELUEHNS
CUCTEMBI 3a KOHEYHOE UMUCJIO MIaroB; OHHM OOBIYHO HCHOJB3YIOT Pa3IHUHbIC
BapHaHTBl MCTOJIA MCKIIIOYeHHs I'aycca M BBIIONHAIOT GaKTOPU3ALMIO MATPULIEI
B Buac LU-pasnoxeHus wid pasnoxeHus Xojeuxoro. Hmepayuonnsie MeTOIbI
HaXOMsIT 32 KOHEYHOE YMCAO LIAroB TOJBKO NPUOAMKEHHOE pelueHue U paboraror
C MAarpHULCH B LICJIOM, 2 HC C OTAEJIbHBIMU €€ 3JIEMCHTAMM.

[psmble McToapl paboTarOT JOCTATOYHO OBICTPO M LIMPOKO IPUMEHSIOTCS Ha
NPaKTUKE, CCIIM JOCTATOYHbI OOBEMBI MIAMATH LIS MX peanuzaumnul. [Ipsimble MeTonst
peaiu3oBaHbl B cucteme MATIAB kak BCTpoeHHble (DYHKUMU M 00J1aatoT HAUBBIC-
el 3 eKTUBHOCTBIO ISl MAaTpULl o0Lero Buga. MtepaiilMoHHbIE METOAbI OOBIMHO
TIPUMEHSIIOTCA K CIIEUMATbHBIM KJIACCaM YPaBHEHHIA, KaK MpaBuio OONbIIMX TOPSI-
KoB. OHu peanu3yrorcst B cucteme MATLAB B Buze M-QaisloB U MOTYT BKIIOYATH
B Ka4yecTBC BCIIOMOIATC/IbHBIX OICPALMA a/ITOPUTMBI IIPSIMBIX METOLOB.

PCG IIpenoGycaoBieH bl METO/] CONPAKEHHBIX MPAJHEHTOB
Cunmarcuc:
x = pcg(A, b)

X = pcg(A, b, tol)

x = pcg(A, b, tol, maxit)

x = pcg(A, b, tol, maxit, M)

x = pcg(A, b, tol, maxit, M1, M2)

X = pcg(A, b, tol, maxit, M1, M2, x0)

[x, flag] = pcg(...}

[, flag, relres] = pcg(...)

[x, flag, relres, iter] = pcg(...)

[x, flag, relres, iter, resvec] = pcg(...}

Onucanue:

ODyHKUMA X = pcg(A, b) peanu3yeT MONBITKY PELUICHUS CHUCTEMBI JIMHEMHHBIX
ypaBHeHUI A*X = b OTHOCHTE/IbHO HEU3BECTHOTO BekTopa X. Marpuua A ropsiika n
NpeIoiaracTcs CMMMETPUYCCKON U TIOJIOXKUTCIBHO ONpe/esicHHOM. PeiucHue
CTapTyeT ¢ HaYaIbHOTO MPUONMXKCHUS, 110 YMOJIYaHUIO COOTBETCTBYIOLLETO HYyJe-
BOMY BEKTODY AJIMHBI N, U UTEPALUM NPOJOJDKAIOTCA JO TeX IOp, MOKa METo
coiiaercs, JMOO 11pOM3OHIET OCTAHOB BBIUMCAEHUU, AUOO OyaeT NPEBBILLEHO
MAKCUMAIbHOE YHUCAO urepaumid. CXOOMMOCTb JOCTUIHYTA, KOIAa OTHOCHTE/IbHast
norpeuHocts norm(b - A*x)/norm(b) CTaHOBUTCS MECHbIIC HJIM PaBHOW 3alaHHOM
TIOTPELIHOCTH BbIYMCIICHHI (110 yMoJiuanuio 1e-6). MakcumanbHoe 4uciio UTe-
pauMit MPHHMUMACTCS 110 YMOJYaHUKO paBHbiM min(n, 20). Hukakoit npcasapu-
TCABbHONU 00OPAbOTKK MATPHLIbL HE BBITIOIHSETCH.

Ovukuug X = peg(A, b, tol) no3poasict 3a1aTh NOTPEUIHOCTD BIYMCICHUS tol.
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®yukuust x = pcg(A, b, tol, maxit) Mo3poasicT U3MEHUTh 3HAYCHUE MaKCH-
MILHOIO YMCJIa UTCpaLInii.

DyHkuuu x = pcg(A, b, tol, maxit, M) u x = pcg(A, b, tol, maxit, M1, M2) uc-
ITOJIL3YIOT BCIIOMOTaTeIbHBIe MaTpuubsl M mubo M=M1*M2, aisg Toro yrobbl npe-
obpa3oBaTh UCXOOHYIO CHCTeMy B Bua M*y = b, rae y = inv(M)*A*X, ¥ J0OCTUYB
bonee BhicOKOU 3dexTUBHOCTU perieHust. [TocKoNbBKY pelicHUsl CUCTEMbl BUA
M*y = b HIyTCs C IMOMOILBI0 BCTPOSHHOTO pPELIaTe/Isl, Pa3yMHO BBIMOJIHUTG (ak-
TOpU3aLMI0 MaTpHilbl M, NpuMeHsisi pa3jioxeHue Xoseukoro. Torma pelicHHE
OyIeT KCMOJIL30BATh ABA OIIEPaTOPa:

R = chol(M);

X = pcg(A, b, tol, maxit, R', R).

B stoMm ciyyae marpuna M gornxHa ObITb CUMMCTPHUCCKOM M ITOJNOXHUTEIBHO
olpeIeIeHHOH.

Eciau B xauectse matpuu M, M1, M2 Gyuer ykazaHa mycrash MaTpulia, TO
B 3TOM CJIyyae OHa MHTEDIIPETUPYETCH KaK CAMHUYHASA, TO €CTh HUKAKUX BCITO-
MOTaTe/IbHBIX ONepaluif He BBITOMHSETCS.

DyHkuua X = pcg(A, b, tol, maxit, M1, M2, x0) rno3posser U3MEHHUTb BEKTOP
HayalsHOM oueHku peiieHMst x0. Ecau B kavyectBe BekTopa X0 OymeT ykasaH
MYCTOH MAaccMB, TO B 3TOM CJIy4yac OH MHTEPIIPCTUPYCTCS KAaK HYJICBOM, TO €CTh
UCITONB3YEMBIN 10 YMONYAHUIO.

s Bcex BoliieonMcaHHBIX (OPM BbI30Ba BO3BpauaeTcs peleHue x. Eciu
pellieHUE TIOJIYYEHO, TO OHO BCE PAaBHO COTPOBOXIAETCS COOOIUEHUEM O BEJH-
YMHE OTHOCHMTENIHOM MOIPEIUHOCTH PEUICHUST M KOJIMYECTBE MCIOJIb3OBAHHBIX
urepaiyii. EcaM NMpeBBILICHO MAKCMMAJIBHOE YMC/IO UTepaudid MM Ipoliesypa
TpeKpaTWia c4YeT, BLIBOAUTCS COOTBETCTBYIOLUEE TIpeayIipexaaoliee coobUICHHUE.

Oyukuusa [x, flag] = pcg(...) Bo3spamiaer pelueHue u Quiar, yKasblBalOlIUH
Ha XapakTep CXOAUMOCTH PEIUCHUS:

3uauenue gaaza | Hudopmayus o cxodumocmu
0 Tlpouenypa pcg cxomuTcs K PEMICHUIO MPU 3aJaHHOM TOYHOCTH tol
________________ B IpeieniaX Yucia UTepauunii maxit
1 Ipoueaypa pcg MpeBbICKHIA MAaKCHUMAJIBHOE YUCIO MTepauuit maxit,
................. HE BOCTUIHY B CX O M O T st sssess s
2 OgHa M3 BCIIOMOTATEbHBIX CUCTEM BuIa M*y = r 1uioxo obycsiopieHa
S 1 HE BO3BPAUIACT TIPMEMIEMOTO PEIICHMA 13 BCTPOCHHOTO perareia |
3 [Tpoticaypa ocTaHOBIEHA, TIOCKOIBKY Be MOC/ICAOBATEABHBIE OLIEHKN
........................................ PELICHNA OKAZATHNCH OAMHAKOBBIMU | | ooeceeeeeetmseereessenessmss s seeneeeees
4 OfHa M3 BEJIMUMH B NPOLIECCE BBITOJAHEHUS TPOLENYPbl BBILLIA 32
Mpenesbl AOMYCTUMBIX UMCENT B KOMITBIOTEpE

Ecnu 3nayenue ¢uiara He paBHO O, TO BO3BPAIIAETCA TO pPCLICHME, KOTOPOE
COOTBETCTBYET MMHMMANbHOM OTHOCHTENbHOM IIOrPELIHOCTU ISl BCEX BbIITOJ-
HEHHbBIX 11aroB. 1Ipy yKasaHWM B KAuecTBC BLIXOAHOIO Itapamerpa (uiara HUKAKUX
coOOLIEH I He BBIBOJUTCS.
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9. Pabora ¢ pas3pexeHHbIMU MaTpuyamm

Oyukuus [x, flag, relres] = pcg(...) BO3BpalaeT TakxKe OTHOCUTENBHYIO TIO0-
rpeiiHocTh peticHust norm(b - A*x)/norm(b). Ecnu dnar pasen 0, To relres < tol,
dynxuus [x, flag, relres, iter] = pcg(...) Bo3BpalaeT HOMep MTEpalK, Ha KOTOPOi
OBLIO IIOAYYEHO PEIUEHME; 9TOT HOMED YaoBJIeTBopseT yenosuio 0 <iter < maxit.
Dyukuust [x, flag, relres, iter, resvec] = pcg(...) BO3BpalAeT HOPMbI HEBSI30K Ha Kak-
[IOM MTepallvM B BHIE BEKTOpA resvec HauMHasi C HeBs3kM resvec(1) = nomib - A*x0).
Ecnu ¢dnar paseH 0, To BEKTOp resvec MMeeT JUIMHY iter+1 W 3HauYeHHe IOCIeIHEro
KOMITOHEHTA JIOJKHO YIOBJICTBOPSTH YCA0BHMIO resvec(end) < tol*norm(b).
Hpumepus:
PaccMOTpHM cucTeMY JIMHEHBIX YPaBHEHHIT A*X = b, CBS3aHHYIO C NATUTOYEUHOK
alMpPOKCMMALIMEH JTarlacMaHa Ha ceTKe pasMmepa nxn.
n = 25; A = delsq(numgrid('C', n});
b = ones(length(A), 1);
[x, flag] = pcg(A, b}; flag
flag= 1
3HayeHnMe ¢uara paBHO 1, YTO O3HAYaeT OTCYTCTBUE CXOAMMOCTH IPH TOY-
HocTH 1e - 6 (110 yMoryaHuio) B Tnipeaenax 20 utepanuit (110 yMOJYaHUIO).
BoimonauM dakropusaluio MaTpuubl A C MOMOLUBIO HEIONHONO Pa3ToXEHUS
XOneLUKOro, yCTaHOBUM OTHOCUTE/BHYIO MOIPEIIHOCTh pelicHUst 1e - 8 u Mak-
CUMABHOE YMCAO0 uTepaumi - 10:
R = cholinc(A, 1e-3);
[x2, flag2, relres2, iter2, resvec2] = pcg{(A, b, 1e-8, 10, R, R);
flag2= 0
relres2
relres2 = 1.205%e-009
iter2
iter2= 6
resvec2
resvec2 =
20.761
1.5687
0.060282
0.0014501
6.2128e-005
1.4513e-006
2.5036e-008
3naycHue ¢anara flag2 paBHo 0, UTO O3HAYaeT CXOAMMOCTb C TOYHOCTBIO
relres2, paBHoit 1.2e - 009, Ha 6 urepauuu (mapamerp iter2). 3To JOCTUTHYTO 3a
CYCT MpEeABAPUTENIbHON (PAKTOPU3ALMK MATPULEl C NIOPOIOM Pa3pexXeHHOCTH e - 3.
3HaueHue resvec2(1) pasuo nomm(b), a 3HaueHue resvec2(7) paBHo norm(b - A™X2).
Terepb MOXHO MMOCTPOUTh OTHOCUTC/IBHYIO ITOIPELIHOCTH PCLUCHHUSI Ha KaXION
ntepauuu (puc. 9.8), Ucmonb3ysd QyHKIHUIO:
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semilogy(Q:iter2, resvec2/norm(b), '-0'), grid
xlabel('"Homep utepauuw’, 'FontName', 'Arial Cyr', 'FontSize', 12)
ylabel('[|b - Ax||/||b]|', 'FontSize', 12)
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Conymcmeyroujue @ynxyuu: BICG, BICGSTAB, CGS, CHOLINC, GMRES, QMR, \ .

Cebinku:

L. Barrett R., et al. Templates for the Solution of Linear Systems: Building Blocks for Iterative

Methods. SIAM, Philadelphia, 1994.

BICG

Meroa OHCONPSDKEHHBIX TPAZMEHTOB

Cunmakcuc:
x = bicg(A, b)
x = bicg(A, b, tol)
x = bicg(A, b, tol, maxit)
x = bicg(A, b, tol, maxit, M)
x = bicg(A, b, tol, maxit, M1, M2)
x = bicg(A, b, tol, maxit, M1, M2, x0)
[x, flag] = bicg(...)

[x, flag, relres] = bicg(...)

[x, flag, relres, iter] = bicg(...)

[x, flag, relres, iter, resvec] =
Onucanue:

bicg(...)

DyHKUHMA X = bicg(A, b) peaM3yeT MONBITKY PCIUEHUS CHCTEMbI TUHENHBIX
YPaBHEHUI A*X = b OTHOCUTEJIBHO HEM3BECTHOIO BEeKTOpa X. Marpuia A mopsiaika n
1IpE/IIo/IaraeTcs NpoM3BOJIbHON KBanparHoi. PelieHMe cTapTyeT ¢ HayaabHOIO
IPUOIMKEHUSA, 110 YMOMUAHHMIO COOTBETCTBYIOILCTO HYJICBOMY BCKTODPY IUTMHBI N,
W UTEPALIMU NPOJOIDKAIOTCS 10 TeX 110D, MoKa MeTon, cofaercst, ubo npon30iaeT
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9. Pabota ¢ pas3pexeHHbIMu MaTpuyamm

OCTAHOB BBIYMCJICHHUH, MO0 OyAET NMPeBbILICHO MAKCUMAIBHOE YUCIO UTEPaLIMiA.
CXoaMMOCTh JOCTHATHYTA, KOL[@a OTHOCMTENIBHAs! IorpellHocTb norm(b - A*x)/norm(b)
CTAHOBUTCS MEHbBlE WIM PABHOM 33JaHHOI IOIPEIHOCTY BBIYMCIEHHH (IO yMOJsI-
yaHuo 1e-8). MakCUMaibHOE YHUCIO MTEPALMil MPUHUMAETCS (10 YMOMYAHUIO PaBHBIM
min(n, 20). Hukakoit ripegBapUTeIbHON 00pabOTKY MaTpPUILIbl HE BBIMOIHSIETCS.

Oyukuusa x = bicg(A, b, tol) mo3possier 3a0aTh NOrPELIHOCTD BBIYUCIICHHUS tol.

Oynkumsa x = bicg(A, b, tol, maxit) nmo3BonsgeT U3MEHHUTh 3HAYCHHE MAKCH-
MAaJIBHOI'O YMCJIA UTEPALIUA.

®ynxuuu x = bicg(A, b, tol, maxit, M) u x = bicg(A, b, tol, maxit, M1, M2) uc-
MOJIB3YIOT BCIIOMoOraTesibHble MaTtpuibl Mmoo M=M1*M2, wisa toro ytobsl Ipe-
00pa3oBaTh UCXOOHYIO cUCTeMy B BuA M*y = b, rme y = inv(MY*A*X, 1 nocTtuyp
Gonee Boicokoi 3dgdekTuBHOCTH perieHus. [TocKonbky pelieHus] CUCTEMBl BUAA
M*y = b MIIYTCSI ¢ TTOMOIIBIO BCTPOCHHOTO PCIIATESI, Pa3yMHO BBINOJHUTL (ak-
TOPMU3ALMIO MaTpulibl M, npumensisi LU-pasnoxerue. Torna peienue dymer uc-
M0JIb30BATh [(BA ONEpaTOpa:

R = lu(M);

x = bicg(A, b, tol, maxit, R', R).

Ecan B xavectBe martpuu M, M1, M2 Oymer yka3zaHa nycras Marpula, To
B 3TOM CJIy4ac OHA MHTEPIPETUPYCTCS KaK CAMHUYHASA, TO €CTb HUKAKMX BCIIO-
MOTIaTe/IBHBIX OTCPalltil He BBITOJHSACTC.

Oyukuus x = bicg(A, b, tol, maxit, M1, M2, x0) nosposiseT UBMEHUTb BEKTOP
HauanbHOM oleHKM pewieHua x0. Eciu B xaucctBe pekropa x0 OyaeT yKa3aH
MyCTOH MaccuB, TO B 3TOM CJIy4ae OH MHTCPIIPETUPYETCS KaK HYJICBOIA, TO €CTh
WCIIOJIb3YEMBIii 10 YMOJIYaHHUIO.

Hns Bcex BblIEONUCAHHBIX (OPM BBI30BA BO3BpallaeTcsi peuieHue X. Ecau
peilieHME TI0JIYYEeHO, TO OHO BCC PABHO COMPOBOXIAETCS COODLICHHEM O BEIU-
YUHE OTHOCMTC/IBHOM MOrPelHOCTH PEUICHWS M KOJMYECTBE HMCIIOJIB30BAHHBIX
urepauuit. Ecay npeBbllieHO MakCHMAJIBHOE YMCIIO UTEPALMi WM Mpoleaypa
MpPEeKpaTHIIa CYET, BHIBOAMTCS COOTBCTCTBYIOLIEE NMPEAYNPEXAAIOHIEE COOOILEHHUE.

Oyukuus [x, flag] = bicg(...) Bo3Bpaiaer pciueHue W iar, yKasbIBAIOLIUN
Ha XapakTep CXOAMMOCTH PELIEHUST:

Snauenue aaza | Huopmayus o cxodumocmu
0 [Mpoueaypa bicg cxonuTcs K pelIeHUIO MPU 3afaHHOI ToyHOCTH tol

4 OnHa M3 BCAUYMH B IMPOLECCE BLIMOJIHCHUA TNPOUCAYPbl BBILLTA
34 NpEac/inl JONMYCTUMBIX HMCCT B KOMIIBIOTECPC
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Eciiu 3HayeHue duiara He pasHo O, TO BO3BpAlllacTCsl TO peliEHME, KOTOpoe
COOTBETCTBYeT MHHMMAJIbHON OTHOCHTE/IBHON MOTPELIHOCTH IS BCEX BBINON-
HeHHBbIX trarop. JIpM ykazaHUM B KayeCTBE BLIXOIHOTO napaMeTpa (ara HUKaKux
COOONICHUH HE BHIBOAMTCS.

OyHkuus [x, flag, relres] = bicg(...) BO3BpalllaeT Takxe OTHOCHTEIBbHYIO I10-
rpeiHocts peureHust norm(b-A*x)/norm(b). Ecnu ¢nar pasen 0, to relres < tol.

Oyukuws [x, flag, relres, iter] = bicg(...) Bo3BpalacT HoMep UTEpalmK, Ha KOTOPOi
ObUIO NOJYYEHO pellieHKE; STOT HOMED YAOBIEeTBOpsieT yenoBuio 0 < iter < maxit.

®ynkums [x, flag, relres, iter, resvec) = bicg(...) BO3BpaillacT HOPMBI HEBA30K HA KaX-
JOi MTepaUuMM B BHIE BEKTOpa resvec HadyuHasi ¢ HeBsisku resvec(1) = norm(b - A*x0).
Ecmu dnar pasen 0, To BeKTOp resvec MMeeT JUIMHY iter + 1 ¥ 3HAYCHUE MOCIEAHETD
KOMITOHEHTA JIOJKHO YIORJIETBOPATE YCIOBHIO resvec(end) < tol*norm(b).

Ipumepui:

PaccMorpuM cucteMy JIMHEHHBIX ypaBHeHU A*X = b, CBSI3aHHYIO C TECTOBOU
Matpuueit west0479 pasmepa 479x479.

load west0479

A = west0479; b = sum(A, 2);

ITockonbKy BEKTOp paBcH CYMME CTOJIOLIOB MATPULIBI CUCTEMEI, TO PELIEHUEM
TaKOM CHUCTEeMBI SBJISICTCSl e[IMHUYHBIN BEKTOp pa3Mepa 479x1; MopsaoK MaTpULBI
HE CJIMUIKOM BEJMK, 03TOMY HAMIEM TOYHOE DEeHICHME 3TOM CUCTEMEI C ITOMOLIBIO
BCTPOEHHOTO peliaTesisi

x=A\b;

norm(b - A*x} / norm(b)

ans = 6.8476e-018

Tenepp Halinem pewueHue, UCMONb3ys GYHKUMIO bicg

[x, flag, relres, iter, resvec] = bicg(A, b);

flag

flag= 1

relres

relres = 1

iter

iter=0

3HaueHue ¢rara paBHO 1, YTO O3HAYAET OTCYTCTBUE CXOAMMOCTH IPH TOY-
HocTy 1e-6 (o ymonyauuio) B mpefenax 20 urepauuit (Mo yMomdaHuio). 3HayeHve
napamerpa iter, paHoe 0, CBUJETEIbCTBYET O TOM, UTO MPOLIEAYpPa HEYCTONYMBA,
MOCKOJIBKY HYJIEBOE NPUONMIKEHHUE MMEET HAWMCHBUIYID OTHOCHUTEIbHYIO I10-
IPEIIHOCTD 10 CPABHEHUIO C TMOCJICAYIOIIUMH 1IAraMM; MUHUMAJbHAS [1OTpeLl-
HOCTb relres paBHa 1.

IToctpouM rpadik OTHOCHUTENBHOU NOrPEIUHOCTM HA KaXOOW uTepanuu
(puc. 9.9), ncrnoap3ys QYHKUHUIO

semilogy(0:20, resvec/norm(b), '-0'), grid

xlabel{'Homep utepauunu’, 'FontName’, ‘Arial Cyr', 'FontSize', 12)

ylabel('|lb - Ax||/||b|]', 'FontSize', 12)
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P - &x]¥IPil

]
i
a 5l 10 1
HONGP B TOPd Lk
Puc. 9.9

3r0T rpadMK CBUAETEIBLCTBYET O HEYCTOMYUBOCTH BBIUUCITUTEIBHOM MPOLEIYDbI.

BrinonuuM ¢akTopu3alyio MaTpyLbl A ¢ IOMOILBIO HenoiaHoro LU-pasno-
KEHUS C TIOPOTOM pa3peXeHHOCTH 1e-5:

L1, U1] = luinc(A, 1e-5);

Warning: Incomplete upper triangular factor has 1 zero diagonal.

It cannot be used as a preconditioner for an iterative method.
ITpedynpexcoenue: Bepxnuli mpeyeonvuviii  mHoxcumens umeem 1 Hynesol 3nemenm
Ha duaeonanu. Takoe paznoxcenue HenpuUMeHUMO 047 UMEPARUOHHO20 Memooa.

[pemynpexneHue yKa3blBaeT HA CHHIY/ISIPHOCTH LU-pa3noxeHus NP 33IaHHOM
MOpore pa3pexeHHOCTH.

YMeHBIIMM ITOPOr pa3peXeHHOCTH 10 1e-6, To ecth OydeM MCIONb30BaTh
MEHee pa3peKeHHYI0 MaTpULLy:

[L2, U2] = luinc(A, 1e-8);

nnz(A)

ans = 1887

nnz(L2)

ans = 6231

nnz(U2)

ans = 4559

B 5TOM ciiyyae npeaynpexaarolixX COOOLIEHUIT HET U BCe 3JIEMEHThl MaT-
puiibt U2 HeHyseBble. Ternepb MOXHO BOCIOJB30BaThes Npouenypoit bicg:

[x, flag, relres, iter, resvec] = bicg(A, b,1e-15, 10, L2, U2),

flag

flag= 0

relres

relres = 2.8664e-016
iter

iter= 8

TpebyeMoe pellicHUe NOJYyYEHO Ha 8-H UTepaluuu.
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Ternepb MOXHO IOCTPOUTb OTHOCHUTENIBHYIO MOIPELIHOCTh PELUCHUSI Ha KaXIOU
utepauuu (puc. 9.10), ucronp3ys QYHKUHKIO

semilogy(0:iter, resvec/norm(b), '-0'), grid

xlabel('Homep utepauun’, 'FontName', 'Arial Cyr', 'FontSize', 12)

ylabel('{|b - Ax])/||b]|', 'FontSize', 12)
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Conymemeyrowue gynrkyuu: BICGSTAB, CGS, GMRES, LUINC, PCG, QMR, \.
Cebinku: )

1. Barrett R., et al. Templates for the Solution of Linear Systems: Building Blocks for Iterative
Methods. SIAM, Philadelphia, 1994.

| BICGSTAB | VcToiiunBbiii METOA GHCONPSIKEHHBIX IPAIHEHTOB
Cunmakcuc:
x = bicgstab(A, b)
X = bicgstab(A, b, tol)
x = bicgstab(A, b, tol, maxit)
x = bicgstab(A, b, tol, maxit, M)

x = bicgstab(A, b, tol, maxit, M1, M2)

x = bicgstab(A, b, tol, maxit, M1, M2, x0)

[x, flag] = bicgstab(...)

[x, flag, relres] = bicgstab(...)

[x, flag, relres, iter] = bicgstab(...)

[x, flag, relres, iter, resvec] = bicgstab(...)
Onucanue:

Oyukuust x = bicgstab(A, b) peausyer NONBITKY PeLIEHUS CHCTEMB] JTHHEHbIX
ypaBHeHMi A*X = b OTHOCMTE/IBHO HEM3BECTHOIO BekTopa X. Marpuua A nopsiaka n
TIPCANOJIAraeTCcsl MPOM3BOJIBHON KBaaparHoi. PemieHue crapryeT ¢ HadaiabHOro
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S. Pabora ¢ paspexeHHbiMiu MaTpuLamm

NPUOIMKEHUS, TTIO0 YMOJYAHHMIO COOTBETCTBYIOILIETO HYJIEBOMY BEKTOPY IJIMHBI N,
M UTepalMH IPOAOCJIKAIOTCA JO TeX IOp, 10Ka METol coilnercs, JMOO Ipou3oiaer
OCTAaHOB BBIYMCIIEHHUH, MO0 OyaeT NPEeBbILICHO MAKCUMAIBHOE YUCIIO UTEPALIMH.
CX0OUMOCTh [OCTMIHYTA, KOIJIA OTHOCHTENbHAS TOrpeiHocts nomib - A*x)/norm(b)
CTAHOBMTCSl MCHBILIE WM paBHOi 33AaHHOU ITOrPCLUIHOCTA BBIYMC/ICHUH (110 YMOII-
YyaHuio 1e-6). MakcumabHOe YMCI0 UTepauuii NIPMHMMAETCS MO YMOJIYAHHIO paB-
HbIM min{n, 20). Hukakoit npeasapUTeibHOM 06pabOTKM MATPULIB! He BBITIONHSCTCS.

Oyukups x = bicgstab(A, b, tol) mo3sonser 3anaTh NOTPEIIHOCTL BHIMUC-
Jenus tol.

Oynkuusa x = bicgstab(A, b, tol, maxit) mo3BoJIsieT UBMEHUTb 3HAYEHHE MaK-
CUMAJIBHOTI'O YMCJIa UTCpALIM.

@yukuuy x = bicgstab(A, b, tol, maxit, M) 1 x = bicgstab(A, b, tol, maxit, M1, M2)
HCIOJNb3YIOT BCIIOMOrateibHple MaTpuubl M jnubo M=M1*M2, mns toro 4robw
1pco6pa3oBaTh UCXOMHYIO CHCTeMy B BUI M*y = b, rae y = inv(M)*A*x, u goctuyn
Gosiee BbICOKOM 3¢ dekTuBHOCTH pelicHUs. [loCKOBKY pellieHusT CUCTEMBI BUIA
M*y = b MILYTCS ¢ TIOMOLIBIO BCTPOSHHOIO pelliaTesNisi, pasyMHO BBINNOJHUTh (ak-
Topy3auMlo Matpuitbl M, ucnonp3yss LU-pasnoxenue. Torama pelueHue Oyger
HCI10JIb30BaTh J[BA OINEPaTopa:

R = iu{M);

x = bicgstab(A, b, tol, maxit, R’, R).

Ecnu B kadectBe Matpun M, M1, M2 Gynmer ykasaHa Inycras MaTpuia, TO
B 9TOM CJIy4ac OHa MHTEPHPETUPYETCS KaK CAMHUMHAS, TO €CTh HUKAKUX BCIIO-
MOTaTeJ/IbHBIX OMEPALIMil HE BBLITOJHSIETCS.

Dyuxuus x = bicgstab(A, b, tol, maxit, M1, M2, x0) nosposser U3MEHUTb BeK-
TOp HayanbHO olegHKH peureHus x0. Ecnu B kayecte BekTopa X0 6yner yKazaH
ITYCTOM MacCHB, TO B 3TOM Cjlydac OH MHTEPIPETUPYCTCA KaK HYJICBOH, TO €CTh
WUCHMOJIE3YEMBII IO YMOJIYAHHUIO.

Ina Bcex BbIUECONMCAHHBIX (OPM BHI30BA BO3BpalaecTcst pelieHue X. Ecau
pelUcHUE TOJYYCHO, TO OHO BCC PABHO COINPOBOXIACTCS COOOUICHHEM O BeJu-
YHUHC OTHOCHUTEJbHOH MOTPEIIHOCTA DEIUIEHUS M KOJMYECTBE MCIIOIb30BAaHHBIX
utepauuii, Eciy npeBpllleHO MaKCUMAaIbHOC YMCJIC HUTEpaluil wiv npoueaypa
[IPeKpaTHIa CUET, BLIBOJMTCS COOTBETCTBYIOUICE MPEAYIIPeXKaloliiee CoobIeHue.

Oyukuus [x, flag] = bicgstab(...) Bo3Bpaiaer peiueHue U Gar, yKasblBaHOLIMI
Ha XapakKTep CXOAMMOCTH PEILCHUS:

3uavenue naza | Hugopmauus o cxodumocmu
0 IIpouenypa bicgstab cxogutcsi K pelieHMI0 MpH 3a4aHHOH TOYHOCTH
......................... tol B npeneax yncna nTepaumii maxi
1 [Mpoueaypa bicgstab mnpeBblcMNa MaKCUMAILHOE HUMCAO WTEPAUMiA
ceeeeeereresesseeeneeresssne] o [NAXI, HE MOCTUTHYB CXOMUMOCTH oo
2 OnHa W3 BCIIOMOTATC/bHBLIX CUCTEM Bula M*™y = r ruioxo oOycroBneHa
1 He BO3BPALUACT MPHUCMICMOTO PELIEHHUS M3 BCTPOCHHOTO PeluaTeNs
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3 [pouenypa OCTaHOBJEHA, IMOCKONBKY [BE MOCIEAOBATENBHbIE OLEHKH
.............. PEIEHNA OKa3a/IMCch ONMHAKOBLIMI ...
4 OfHa M3 BeNMYuH B IIPOLIECCE BLITTOJHEHUS TNpPOLEAYPb BbILLTA
32 TIpejesibl JONYCTUMBIX YHCES B KOMIBIOTEPE

Ecnu 3HavyeHue ¢nara He paBHo 0, TO BO3BpAIACTCSA TO PELUEHHUE, KOTOPOE
COOTBETCTBYET MUHMMAJIbHOU OTHOCUTENBHOW IOrPEHIHOCTH [UISI BCEX BBHINIOJ-
HEHHBIX 1aroB. [Ipy yKaszaHMM B KauecTBE BHIXOAHOTO Iapamerpa ¢uiara HUKAKMX
COOOUICHHUI HE BBHIBOAUTCS.

Oynkuus [x, flag, relres] = bicgstab(...) BO3BpalaeT Takke OTHOCHUTEIBHYIO
HOTpelHOCTb petieHus: norm(b - A*x)/norm(b). Ecau dnar pasen 0, To relres < tol.

Oynkuwus [x, flag, relres, iter] = bicgstab(...) Bo3BpailiaeT HOMep MTepaLKit, Ha KOTo-
POit OBUIO MOJYHEHO peLlEHHME; STOT HOMCp YIOBIETBOPSET ycoBuio O < iter < maxit;
napaMmeTp MOXET INPUHUMAaTh KOO LETOYMCICHHOE 3HauYeHUE, JMOO IeI04YHuC-
JieHHOe 3HadeHue 1unoc 0.5, NOCKOIBbKY IS YCTOMYMBOCTH METOHA HMCIIOJb-
3VETCH JTOJIOBUHHBIA 11IAr.

®yuxuusa [x, flag, relres, iter, resvec] = bicgstab(...) Bo3BpauiaeT HOpMbI He-~
BA30K Ha KaXAOW HTepaliid B BMIE BEKTOpAa reSveC HayuHas ¢ HEBSI3KHU
resvec(1) = norm(b - A*x0). Eciu dumar paseH 0, To BEKTOD resvec UMeCT JUIKHY
2*iter + 1; 3Ha4YeHME TOCHEIHEr0 KOMITOHEHTA AOJDKHO YAOBIETBOPATH YCIOBHUIO
resvec{end) < tol*norm(b).

Ipumepoi:

PaccmotpuM cucteMy JIMHEHHBIX YPaBHEHMI A*X = b, CBSI3aHHYIO C TECTOBOM
Matpuueit west0479 pasmepa 479x479.

load west0479

A = west0479; b = sum(A, 2);

Haituem pewenue, ucnons3ys dyHkiuio bicgstab

{x, flag] = bicgstab(A, b);

flag

flag= 1

3HayeHue duiara pasHo 1, YTO O3HAYaeT OTCYTCTBUC CXONUMOCTU MpPH TOY-
HocTH 1e-6 (o yMosyaHuio) B npeaesnax 20 urepauuii (1o yMordaHHo).

BoinonHUM ¢akTopu3anuio Marpuibsl A ¢ MOMOILbI0 HenonHoro LU-pasno-
JKEHHsL C TIOPOTOM pa3pexeHHoCcTH 1e-5;

[L1, U1} = luinc(A, 1e-5);

Warning: Incomplete upper triangular factor has 1 zero diagonal.

It cannot be used as a preconditioner for an iterative method.
Ilpedynpescoenue: Bepxnuii mpeyeonvhbili MHOMCUMeAb umeem | Hyaeeod saemenm HQ
duaeornaau. Takoe PA3N0McerRUe HENnPUMEHUMO ona umepaylionHo20 mem oda.
[x1, flag1, relres1, iter1] = bicgstab(A, b, 1e-6, 20, L1, U1);
Warning: Matrix is close to singular or badly scaled.
Results may be inaccurate. RCOND = 0.000000e+000.
[pedynpescdenue: Mampuya 6auska k euiposicdenHol Ut nA0X0 Macuwmacupoeanda.
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Pezynsmam moxem bbims Hemoynbiv. RCOND = 0.000000e+000.

flag1

flagl = 2

relres1

relfres1 = 1

iter1

itert= 0

[peaynpe:xacHue yka3pIBaeT Ha BBIPOXACHHOCTb cucTeMbl U1*y = r Ha niepBoii
UTEPALIMHU.

VYMeHbIIUM TOpOr pa3pexeHHocT A0 1e-6:

[L2, U2] = luinc(A, 1e-6);

B »toM ciyyae npegynpexialoiiux cooOuieHW#E HET M BCe 3JIEMEHTHI MaT-
puLel U2 HeHyneBble. Terepb MOXKXHO BOCIIONB30BAThCA NpoLeaypoil bicgstab:

[x2, flag2, relres2, iter2, resvec2)] = bicgstab(A, b,1e-15, 10, L2, U2);

flag2

flag2= 0

relres2

relres2 = 2.8534e-016
iter2

ter2= 6

TpebyeMoe pellieHue MOJy4eHO Ha 6-H UTepaltH.

Tenepb MOXHO NOCTPOUTH OTHOCHTEJIBHYIO TMOIPELIHOCTh PELUCHUS] HA KaXKIOU
utepauuu (puc. 9.11), ucnons3yst GyHKUHMIO

semilogy(0:0.5:iter2, resvec2/norm(b), *-0"), grid

xlabel("Homep utepauuu', 'FontName', '‘Arial Cyr', 'FontSize', 12)

ylabel('||b - Ax]}/]|b]|', 'FontSize', 12)
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Puc. 9.11
Conymcmesyiowue gyniyuu’ BICG, CGS, GMRES, LUINC, PCG, QMR, \.
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Ceblaku:

1. Van der Vorst H. A. BI-CGSTAB: A fast and smoothly converging variant of BI-CG for
the solution of nonsymmetric linear systems// SIAM J. Sci. Stat.Compur. 1992. Vol. 13.
No. 2. P. 631-644.

2. Barrett R., et al. Templates for the Solution of Linear Systems: Building Blocks for Iterative
Methods. SIAM, Philadelphia, 1994.

Lcas | K8a/(paTHUHbIH METO/L CONPSRKEHHbIX IPATHEHTOB
Cunmaxcuc:
x = cgs(A, b)
x = cgs(A, b, tol)

x = cgs(A, b, tol, maxit)

x = cgs(A, b, tol, maxit, M)

x = cgs(A, b, tol, maxit, M1, M2)

x = cgs(A, b, tol, maxit, M1, M2, x0)

[x, flag] = cgs(...)

[x, flag, relres] = cgs(...)

[, flag, relres, iter] = cgs(...)

[x, flag, relres, iter, resvec] = cgs(...)

Onucanue:

Oynkuus x = cgs(A, b) peanusyer MONBITKY PELICHUS CHCTEMBbl JIMHCIHBIX
ypaBHEHUI A*X = b OTHOCHMTC/IBHO HEM3BECTHOIO BCKTOpa X. Marpuua A nopsiaxa n
NpCAnoaracTcsl MPOU3BOIbHON KBAAPaTHOM. PeilicHME CTAapTyeT ¢ HauyajlbHOIo
MPUOIMKEHUS, IO YMOMYAHHUIO COOTBETCTBYIOIIEIO HYJIEBOMY BEKTOPY UIMHBL N,
Y WTepalMM NPOJOLKAKTCA JO TeX NOp, 110KA METOL COMHETCs, JIMOO IIPOM3OMIET
OCTAHOB BBIYMCICHMH, KOO OydeT MPEBbILICHO MAKCUMAIBLHOE YUCIIO UTEPALIUI.
CXO/IMMOCTb JOCTUTHYTA, KOrfa OTHOCHTEMbHAs morpeuiHocts normb - A*x)nomi(b)
CTAHOBUTCSI MCHBIUE WM PAaBHOW 3aJaHHOM MOIPCIUHOCTYA BLIMUC/ICHUIT (110 yMonmua-
HUIO 1e-6). MakcMMaTibHOe YMCIIO WTEpaUMii NPMHUMACTCA 10 YMOJIYAHHUIO PaBHbIM
min(n, 20). Hukakoit npeaBapuTebHON 06paboTKM MAaTPULbl HE BLUTIONHSCTCSL.

OyHkums X = cgs(A, b, tol) no3soJisieT 3a1aTh MOrpeUIHOCTb BhIYMCIEHHUS tol.

®yukuusa x = cgs(A, b, tol, maxit) 1103BonseT MUIMEHUTb 3HAYECHUC MAKCH-
MaJILHOTO YKCTA UTepaluid.

Qynkiuu x = cgs(A, b, tol, maxit, M) n x = cgs(A, b, tol, maxit, M1, M2) ncrionssyror
BCroMoraresbHble Marpuibl M nu6o M=M1*M2, st Toro urobsl npeobpazosarh UC-
XO[HYIO cucTeMy B BUA M*y = b, rae y = inv(M)*A*x, 1 noctnus Gosee Bbicokoit addex-
TUBHOCTH peilicHust. TTockoneKy pellicHuUst cuctemsl BUaa M*y = b uiyres ¢ nomoiubio
BCTPOEHHOTO PELUATE IS, PAa3yMHO BBIIOJHUTE HaKTOPH3aLMIO MATPULIL M, HCTosb3ys
LU-paznoxenne. Tora peleHue GyaeT MCNonp308aTh ABa ONEPaTopa:

R = lu(M);

X = cgs(A, b, tol, maxit, R', R).
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Ecau B xavectse Marpuir M, M1, M2 Oyner ykasaHa nycrasg MaTpuua, TO B
5TOM CJIyYae OHA MHTepPINpeTUPYeTCS KakK CAMHHYHAS, TO eCTh HUKAKUX BCITIOMO-
TaTebHBIX ONEPALIMI HE BBUTOTHSETCS.

Oynkuua x = cgs(A, b, tol, maxit, M1, M2, x0) no3sonser UIMEHHUTL BEKTOD
HayanpHOM oileHkH pewieHUst x0. Ecnu B kadectBe BekTopa x0 OyHeT ykasaH
MyCTOH MaccuB, TO B 3TOM CJIy4a¢ OH HMHTEPNPETHUPYETCS KaK HY/IeBOH, TO eCTh
WUCIONB3YeMBIN IO YMOAYAHUIO.

Ilis Bcex BBIILIEONMCAHHBIX (DOPM BBI30Ba BO3Bpalliaercs pelneHue X. Ecau
peuIeHne IMOoJNIyYeHo, TO OHO BCE PABHO COIIPOBOXIACTCS COOOLUCHMEM O BEIU-
YUHE OTHOCMUTEJbHOW TOTPELIHOCTH PEHIEHUS] M KOJIMYECTBE MCIIONL30BAHHBIX
urepauMit. Ecnu npeBpllieHO MakCHMalbHOE YUCIO MTepaluil Wid npoleaypa
NpeKpaTuiia CYeT, BBIBOAUTCS COOTBETCTBYIONIES NMPCAYTIPEXKAAOIIES COODUICHME.

®ynkuus [x, flag) = cgs(...) Bozepautaer pelreHue M ¢iar, yKasblBalOLIUi Ha
XapaKTep CXOAMMOCTU PELUCHUSL

Suavenue gaaza | Hugopmanua o cxodumocmu

0 IMpouenypa cgs CXONUTCA K pPeELICHHIO MpPMU 3aJaHHON TOYHOCTH tol

4 OaHa ¥3 BeJUYMH B Tpolecce BBIMOJHEHHS npouecaypbl BbILJJIA
3a NpCeac/ibl AONYCTUMBIX YHCET B KOMIIBIOTEPE

Ecnn 3naveHue ¢iara He paBHO 0, TO BO3BpalllaeTcsl TO pelUeHUE, KOTopoe
COOTBETCTBYET MMHHMAJIbHOMH OTHOCHMTEJbHOM ITOIPCLUIHOCTM ISl BCEX BBINOJ-
HeHHbIX Luaros. Ilpu yka3aHMM B KayecTBE BBIXOAHOIO flapameTpa d¢riara HMKaKUX
COOOLUEHMIT HE BBIBOAUTCA.

Oyuxuua [x, flag, relres] = cgs(...) BO3BpalIaeT TakkKe OTHOCHTE/IBHYIO [0~
rpeiiHocTh peleHus norm(b - A*x)/norm(b). Ecau dnar pasen 0, ro relres < tol.

Dynkuus [x, flag, relres, iter] = cgs(...) Bo3BpaiuaeT HOMep UTEpalMK, HA KOTOPO
GbUIO NOAYYEHO PEHICHUE; ITOT HOMED YAOBAETBOPsET yciosuio 0 < iter < maxit.

dyukumd [x, flag, relres, iter, resvec] = cgs(...) BO3BpallacT HOPMbI HEBA30K Ha KaX-
[I0i UTepauny B BUIC BEKTOpA resvec HauMHasl ¢ HeBsi3ku resvec(t) = norm(b - A*x0).
Ecnu ¢aar pasen 0, To BeKTOp resvec UMeeT THHY iter + 1; 3HaYEHHME 110CIIEAHEIO KOM-
NOHCHTA IOJDKHO YAOBICTBOPSTH YCI0BUIO resvec(end) < tol*norm(b).

Tpumepor.

PaccMOTpUM CUCTEeMY JIMHEMHBIX ypaBHEHUI A*X = b, CBSI3aHHYIO C TECTOBOH
varpuueit west0479 pasmepa 479x479.

load west0479

A = west0479; b = sum(A, 2);
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Haitnem peieHue, UCosn3ysi GYHKUMIO CYS

[x, flag] = cgs(A, b);

flag

flag= 1

3HayeHue ¢rara paBHO 1, 4TO O3HAYAET OTCYTCTBHE CXOAMMOCTH IIPH TOY-
HocTH 1e-6 (1o yMonvaHUIo) B npefenax 20 uTepauuil (110 yMOJTYAHMIO).

BrirmonHuM cakTopu3alMio MaTpuiibl A ¢ MOMOILIBIO HemonHoro LU-pasno-
JKEHHS C TIOPOTOM pa3pexeHHocTH 1e-6:

[L2, U2] = luinc(A, 1e-6);

B 3TOM cnyyae mpeaynpeXaarollMX COOOLICHMH HeT M BCE 3JEMCHTHl Mat-
puusl U2 HeHyneBoie. Tereps MOXHO BOCHOJIB30BaThCA IIPOLEAYPOU Cgs:

[x2, flag2, relres?2, iter2, resvec2] = cgs(A, b,1e-15, 10, L2, U2);

flag2

flag2= 0

relres2

relres2 = 7.8833e-016
iter2

iter2= 5

TpebyeMoe peleHHe MOAYYEHO HA 5-if HTepaLvu.

Terepb MOXHO MOCTPOMTH OTHOCHTEIBHYIO IMOTPEILHOCTE PEIICHUS HA KaKION
urepaumy (puc. 9.12), Ucnosb3ys QyHKIIHIO

semilogy(Q:iter2, resvec2/norm(b), '-0'}, grid

xlabel('Homep utepauuu’, 'FontName', 'Arial Cyr', 'FontSize', 12)

ylabel('||b - Ax||/||b}|", 'FontSize', 12)

10

I - AxlHIpIl
{ l
N

HONGD kTGP UKLk
Puc. 9.12
Conymcmeyrouue gynxyuu: BICG, BICGSTAB, GMRES, LUINC, PCG, QMR, \ .
Cebinku:
1. Sonneveld P. CGS: A fast Lanczos-type solver for nonsymmetric linear systems// SIAM
J. Sci. Stat. Comput. 1989. Vol. 10, No. 1. P. 36-52.
2. Barrett R., et al. Templates for the Solution of Linear Systems: Building Blocks for Iterative
Methods. SIAM, Philadelphia, 1994.
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| GMRES 1 OGo0UIeHHBIA METO MAHUMATLHOM HEBAZKH
Cunmaxcuc:
x = gmres(A, b, restart)
x = gmres(A, b, restart, tol)
x = gmres(A, b, restart, tol, maxit)
x = gmres(A, b, restart, tol, maxit, M)
x = gmres(A, b, restart, tol, maxit, M1, M2)

x = gmres(A, b, restart, tol, maxit, M1, M2, x0)

[x, flag] = gmres(...)

[x, flag, relres] = gmres(...)

[, flag, relres, iter] = gmres(...)

[x, flag, relres, iter, resvec] = gmres(...)

Onucanue:

Oyuxuiust X = gmres(A, b, restart) peanusyer NonwITKy peuieHMsi CUCTEMBI
JIMHEMHBIX ypaBHEHUNA A*X = b OTHOCHTEJBHO HEM3BECTHOTO BeKTOpa X. Marpuua
A mopsiika n mpeanofaraeTcs IPOM3BONBHOM KBaApaTHOM. Pelenue crapryer ¢
HAa4YaJIbHOIO MPUOAMKEHMS, 110 YMOTYAHUIO COOTBETCTBYIOLIETO HYJICBOMY BEK-
TOpY IVIMHBL N; MpoUeAypa gmres BBINOJHSAET pecTapT MO IpollecTBUM restart
UTepalMi, UCIIOB3Yyd PElUEHME Ha IOCICAHEN UTEPAllMM B Ka4Y€CTBE HAYAJIbHOIO
Ul CHElYIOIEer0 UK, UTEpaluu TPOLOIDKAITCS [0 TeX II0p, MOoKa METOH
coigercsd, MO0 NMPOM3OMIET OCTAHOB BBIYMCJCHUH, MO0 OymeT NPEBBHILIEHO
MaKCUMAJIBHOE YHMCIO Hrepauuit. CxOOMMOCTb JOCTUTHYTA, KOLAa OTHOCHTE/IbHAs
norpewtHocts norm(b - A*x)/norm(b) CTaHOBUTCS MEHBLIE WIM PaBHOM 3ajaHHOMR
MTOTPELIHOCTA BBIYMCIACHHUI (M0 yMosyaHuio 1e-6). MakcUMalbHOE 4YUCIIO MTe-
pauuit MPUHMMAETCs MO yMOJ4aHHio paBHbIM min(n, 20). Huxakoi npeasapu-
TEJIbHOK 00paboTKU MATpHUIlbl HE BBIIIOTHACTCA.

Oyukuus x = gmres(A, b, restar, tol) mo3sosser 3a1aTh MOTPELIHOCTH BhI-
yucseHus tol.

Oynkuus x = gmres(A, b, restart, tol, maxit) mo3Bosnster U3MeHHUTh 3HAYEHUE
MaKCUMAaJILHOI'O 4KCJIa UTCpallMid,

Qynkumnu X = gmres{A, b, restart, tol, maxit, M) u x = gmres(A, b, restart, tol, maxit,
M1, M2) ucnons3ytor BcrioMoraresibHple MaTpuusl M mubo M=M1*M2, mig Toro
4TOObI TIPeoOpa3oBaTh UCXOAHYIO CUCTeMy B BuI M*y = b, rne y = inv(M)*A*x,
¥ poctudp Oonee BbicOKOH addextvBHOCTH pericHus. [lockonpky peieHus
cUcTeMBbI Buga M*y = b MIUYTCS ¢ MOMOIBID BCTPOSCHHOrO pellaTesi, pa3yMHO
BBINOAHUTb akTopu3auuvio Martpuubl M, ucnons3ys LU-pasnoxenue. Toraa
peulcHue GYAET UCIONb30BATh IBA OTEPATOpa

R = fu(M);

x = gmres(A, b, restart, tol, maxit, R, R).

Ecnn B kauectBe Mmatpuu M, M1, M2 6yaeTr ykasaHa nycras MaTpuila, TO
B 9TOM CJIy4ae OHa MHTEPIIPETUPYCTCs] KaK CAMHUYHAsI, TO €CTh HUKAKMX BCIIO-
MOTATEJIbHBIX OTICPAlivil HE BBLINOJHSCTC.
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OyHkuug x = gmres(A, b, restart, tol, maxit, M1, M2, x0) ro3BosisieT U3MEHUTD
BEKTOp HavyanmbHON oueHKW peuieHust x0. Ecnu B kaudectBe Bektopa x0 Oynmer
yKa3aH MyCTOH MaccuB, TO B 3TOM CJIy4ac OH MHTEPIIPETHUPYETCsl KaK HYJEBOIA,
TO €CTh UCIOJIB3YEMBbIiA 10 YMOJUAHHUIO.

JInst Bcex BBIIEOIMCAHHBIX (hOPM Bbi30Ba BO3BpalllaeTcsl peuieHue X. Ecim
pelleHUe ITOJIYYCHO, TO OHO BCE PABHO COINPOBOXJACTCSl COOOIICHHUEM O Beid-
YMHE OTHOCHUTEJIbHOM MOTPCITHOCTM DEIUCHUSI M KOJMYECTBE MCIOIb30BAHHBIX
utepauuii. Eciu npeBbllieHO MakCHMMAaJIbHOE YMCIO WTEpalMil WM Tpolieaypa
MPEeKPaTHIa CUET, BLIBOAMTCS COOTBETCTBYIOILEE MTPEAYNPEXAAIOLIEe COOOIICHHE.

Oyukuus [x, flag] = gmres(...) Bo3BpallaeT peilieHHe U (iar, yKasblBaOLIHiA
Ha XapaKTep CXOAMMOCTU PELICHMS:

3uauenue graza | Hugopmayus o cxodumocmu
0 [Mpouenypa gmres cXoouTcs K PEUICHUIO NP 3afaHHOU TOYHOCTH tol
ceeeseseeeesssoeeesssoe oo B TIPCHICTIAX UMCHIA MTEPALME Maxit
1 [Ipouenypa gmres mpeBsICUIIA MaKCUMAIBHOE 4YMCIO MTepauuit
maxit, He JOCTUTHYB CXOOMMOCTH
2 OnHa U3 BCIIOMOTATENLHBIX CUCTEM BUa M*y = r ruioxo obycroBieHa
...... Y He BO3BpAlIaeT NPUEMJIEMOTO PEIUEHMA U3 BCTPOSHHOTO peLiaTe/id
3 IIpouenypa ocTaHOBIEHA, TIOCKOJIBKY /IBE TOCIEI0BATE/IbHbIC OLIEHKHU
pelleHus] OKa3aauch OIMHAKOBBIMH

Eciu 3nauenue ¢iara He pasHo O, TO BO3BpAlLAETCs TO peleHUE, KOTOPOE
COOTBETCTBYET MUHMMAIBbHOW OTHOCHMTEJIBHOM IOTPELIHOCTH JUISL BCEX BbIINON-
HEHHbIX 1aroB. [Ipy ykasaHUM B KayecTBe BBIXOAHOIO rapaMerpa ¢uiara HUKaKHX
COOOUIEHUI HE BBIBOAUTCS.

Oyukunst [x, flag, relres] = gmres(...) BO3BpALLACT TAKXKE OTHOCHTEIbHYIO
TIOTPELHOCTD peteHust norm(b - A*x)/norm(b). Eciu dnar pasen 0, To relres < tol.

Oynxum [x, flag, relres, iter] = gmres(...) Bo3BpalacT HOMEpa UTEPALMIA BHEILIHETO
U BHYTPEHHEIO HMKIIOB, HAa KOTOPbIX ObUIO [OCTUTHYTO DEILEHME, HOMED WTCpaLuu
BHeLIHero uuxiIa iter(1) ynornersopsier yenosuio 0 < iter(1) < maxit; HomMep urepanuu
BHYTPEHHETO LMK iter(2) ynorneTBopset yciosuio O < iter(2) < restart.

Oyukuus [x, flag, relres, iter, resvec] = gmres(...) BO3BpalllaeT HOPMbI HEBSI30K Ha
KaX/0H HUTepalMU B BUAC BCKTOpA resvec HayMHas ¢ HeBs3ku resvec(l) =
= norm(b-A*x0). Eciu duiar pasen 0 u iter = [i j}, To BEKTOD resvec umeeT [UIMHY
(i - 1)*restart + j + 1; 3HaYeHUe NOCIEAHETO KOMIIOHEHTa JOJIXKHO YAOB/IETBOPATh
yeaoBuo resvec(end) < tol*norm(b).

Hpumepor:

PaccMoTpum cucteMy JIMHEHBIX ypaBHeHUH A*X = b, CBA3aHHYIO C TeCTOBO
marpuueit west0479 pasmepa 479x479.

load west0479

A = west0479; b = sum(A, 2),

HaitneM pelicHue, MCrionb3ys HyHKUMIO gmres
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9. Pabora ¢ paapexeHHbIMU MaTRPNLAaMU

[x, flag] = gmres(A, b, 5);

flag

flag= 1

3HayeHye ¢utara paBHO 1, YTO 03HAYAET OTCYTCTBUE CXOHUMOCTH IIPM TOYHOCTH
1e-6 (1o ymonyanuio) B npeaenax 20 utepaumii (o yMoJjyaHHIo).

BolTONHUM (hakToOpH3alUMio MaTpullbl A ¢ MOMoLLbI0 HenoiHoro LU-pasio-
XEHMSI C ITIOPOTOM pa3peXeHHOCTH 1e-6:

[L2, U2] = luinc(A, 1e-6);

B 3ToM ciivyae npeaynpexialoiMx COOBOLICHMI HCT M BCE DAEMEHThI MaT-
puubt U2 HeHysiesbie. Tenepb MOXHO BOCIIONIB30BATLCS MIPOLEAYpOi gmres;

[x2, flag2, relres2, iter2, resvec?] = gmres(A, b, 4, 1e-15, 10, L2, U2);

flag2

flag2= 0

relres2

refres2 = 1.4316e-016

iter2(1)

ans= 4

iter2(2)

ans= 4

TpebyeMoe pellieHHe TToNydeHO Ha 4-i BHEILHEH nocjie 16 BHyTPeHHUX UTEpPALIMIT.

Tenepb MOXHO TOCTPOMTH OTHOCHTENBHYIO TOTPEILHOCTD PEILCHUS HA KaXIoU
BHCLIHEH M BHYTpeHHed utepauru (puc. 9.13), MCIIONB3YsA TakKyl NOCIed0Ba-
TENBLHOCTh OMNEPATOPOB:

semilogy(0:length(resvec2)-1, resvec2/norm(b), -0"), grid

xiabel('Homep BHewHen urepaumu’, ‘FontName', 'Arial Cyr', 'FontSize', 12)

ylabel('|[b - Ax||/[|b||', 'FontSize', 12)
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Conymemeyrowgue ¢yvikiuu. BICG, BICGSTAB, CGS, LUINC, PCG, QMR, \ .
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Ceviaku:

1. Saad Y., Schultz M.H. GMRES: A generalized minimal residual algorithm for solving
nonsymmetric linear systems// STAM J. Sci. Stat. Compur. 1986. Vol. 7. No. 3. P. §56-869

2. Barrett R, et al. Templates for the Solution of Linear Systems: Building Blocks for Iterative
Methods. STAM, Philadelphia, 1994.

QMR | MeTo/ KBA3UMHHAMAJIBHOH HEBA3KH
Cunmakcuc:
x = gmr(A, b)

x = gmr(A, b, tol)

x = qmr(A, b, tol, maxit)

x = gmr(A, b, tol, maxit, M)

x = qmr(A, b, tol, maxit, M1, M2)

x = gmr(A, b, tol, maxit, M1, M2, x0)

[x, flag} = gmr(...)

{x, flag, refres] = gmr(...)

[x, flag, relres, iter] = gmr(...)

[x, flag, relres, iter, resvec] = gmr(...}

Onucanue:

Qyakuust x = gmr(A, b) peaqusyer NMOMBITKY PELUCHUS CUCTEMbI JMHEHHBIX
YPaBHCHHUH A*X = b OTHOCHMTE/NIBHO HEM3BECTHOTO BekTopa X. MaTpuua A mnopsiaka n
npeanoiaraeTcsl MpoU3BOJABHON KBAApaTHOW. PellieHHe CTApTyeT ¢ HAayaJlbHOTO
NPUOIIMKCHUS, TIO YMOJYAHUIO COOTBETCTBYIOLLETO HYJICBOMY BEKTOPY [UIMHBI N,
W UTEepaLMK MPOOJDKAIOTCH [0 TeX IOp, MOKAa MeTOH COIeTcd, JIMO0 NPOU3OMIET
OCTAHOB BbIYMCJIEHUI, 1100 OyIeT MpPeBBIIUCHO MAKCUMAIbHOE YHC/IO MTEepaLlMii.
CXOIMMOCTh [IOCTUTHYTA, KOLOA OTHOCUTE/IBHAST MOIPElHOCTh norm(b - A*x)/norm(b)
CTaHOBUTCSI MEHbIIC WIM PAaBHOM 3aJaHHO{ MOrPCHIHOCTH BBIMUC/ICHUN (IO yMOJ-
YaHKIO 1e-6). MakcuMaibHOE YHCIO UTepalMil NPUHUMAETCS M0 YMOTYAHUIO PaBHBIM
min(n, 20). Hukaxoit npeasapuTe/bHON 06pabOTKM MAaTPULILI HE BBUTOIHSETCS.

Oyuxuus x = gmr(A, b, tol) 1103BoJsIeT 331aTh MOTPEUIHOCTL BHIYUCICHHUA tol.

OyHkuusa x = gmr(A, b, tol, maxit) 1103B0JISeT UMEHHMTH 3HAUEHUE MAaKCH-
MaJIbHOTO YHC/Ia UTePaLUil.

@yukuuu x = gmr(A, b, tol, maxit, M) u x = gmr(A, b, tol, maxit, M1, M2)
HCIIONIB3YIOT BCIIOMOraTejbHble Matpuiel M nu6o M=M1*M2, mia Toro 4yTtoGsI
npeobpa3oBaTh UCXONHYIO CUCTeMY B BUA M*y = b, rae y = inv(M)*A*X, U 10CTUYb
Oosnee BbiCOKOM 3heKTUBHOCTHU pelicHUs. [TocKOMbKY pellleHust CHCTCMBI BU/A
M*y = b MUIyTCS C 110MOLLBIO BCTPOCHHOTO PELIATEIIsI, PA3YMHO BBIIIOJIHUTD (ak-
Topu3alMio Matpuusl M, npuMensis LU-pasnoxenue. Torga peiuecHUe OyaeT uc-
T10JIb30BaTh J1Ba Oreparopa:

R = lu(M};

x = gmr(A, b, tol, maxit, R', R).
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9. PaboTa C paspexeHHbIMu MaTRNLaMN

Ecnu B kauecrBe matpuir M, M1, M2 Gyaer ykazaHa nycras Marpula, TO
B 9TOM CJiy4ac OHA WMHTCPHPCTUPYETCS Kak CHMHUYHAS, TO €CTh HMKAKHX BCIIO-
MOTaTeJIbHBIX OflePallMil He BBLIITOJHSACTCS.

®Oyukuusa x = gmr(A, b, tol, maxit, M1, M2, x0) no3sojisier U3MEHUTb BEKTOD
HayayipHOM oueHku pewreHuss x0. Ecan B kauvectBe Bexropa X0 Oymer ykasaH
IIYCTOH MacCUB, TO B 3TOM CIy4ae OH UHTEPIIPETUPYETCS KaK HYNACBOW, TO eCThb
UCITOJIb3YEMBIHA TIO YMOJTYAHUIO.

Ins Bcex BhiweonucaHHbIX (HOpM BbI30Ba BO3BpallaeTcs pelleHue X, Ecam
PELIEHHE TIOYYEHO, TO OHO BCE PABHO COIPOBOX/IAETCS COODLIEHUEM O BElH-
YUHC OTHOCHTEJIBHOM MOTPEIIHOCTH PELICHUA M KOJWYCCTBE MCIIONBb30BAHHBIX
urepauyii. EciM npeBbilllieHO MaKCHMaTbHOE YMCJIO MTEpALMii WIK TIpOLEAypa
TIPEKpaTUiIa CUYCT, BLIBOAMTCS COOTBCTCTBYIOLICE IpelyNpexaamniee coodbieHue.

Oyukuua [x, flagl = qmr(...) Bo3BpattaeT peiieHue U uiar, yKasblBalOIUI
Ha XapakKTep CXOAUMOCTH PEILCHMS:

3uayenue praza | Hugopmayus o cxodumocmu

0 [Ipouenypa gmr cxoaurcA K pelICHUIO IpYU 3aJaHHOW TOYHOCTM tol
e} B TIPEACTAX WHCTA MTEPAUMA MaXit
1 flpoueaypa gmr mpeBbiCHJIA MAaKCUMaIbHOE YHUCIO HTepauuit maxit,

CXOAMMOCTH

3a NPCIC/ibl JOTTYCTUMBIX YHUCE/T B KOMIIBXOTEPE

Ecnu 3uavenue diara He paBHo 0, TO BO3BpAlIaETCst TO PELICHUE, KOTOpPOE
COOTBETCTBYCT MHHUMAIBHOU OTHOCMTCIIBHOM IOrpPEeLIHOCTH Uil BCEX BBINOI-
HEeHHbIX waroB. [Ipu ykaszanuu B Ka4eCTBC BLIXOIHONO Mapamerpa (iara HUKaKMX
COOOIICHUH HC BBIBOAMTCSL.

Gyukuus [x, flag, relres] = gmr(...) Bo3BpallaeT TakKe OTHOCUTEJIBHYIO T10-
rpewHocTh penleHust norm(b - A*x)/norm(b). Ecnu ¢uiar pasen 0, To relres < tol.

Dyukuus [x, flag, relres, iter] = gmr(...) Bo3BpaliaeT HOMEp UTepalH, HA KOTOPOH
GbUI0 MONYUCHO PCLUEHME; 3TOT HOMCP Y.I0BIeTBOpAET ycioBuio 0 < iter < maxit.

Dyuxuus [x, flag, relres, iter, resvec] = gmr(...) BO3BpaluacT HOPMbI HEBSI30K HA KaXK-
A0I UTepalivM B BUC BCKTOPA resvec Hauunad ¢ Hesstsku resvec(l) = norm(b - A*x0).
Ecnu ¢nar pasex 0, To BEKTOp resvec UMceT WiMHY iter + 1; 3HaueHMe MOCISIHCIO KOM-
MOHCHTA AO/IKHO VAOBICTBOPATh YCAOBUIO resvec(end) < tol*normy(b).

[Tpumepor.

PaccMOTpUM CUCTeMY JIMHEITHBIX ypaBHeHUH A*X = b, CBS3aHHYIO C TECTOBOH
marpuuci west0479 pasmepa 479x479.

load west0479

A = west0479; b = sum(A, 2),
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HaiigeM peuieHue, cnonb3ys GyHKUKIO gmr

[x, flag] = gmr(A, b);

flag

flag= 1

3nayeHue ¢uara paBHO 1, YTO O3HAYaET OTCYTCTBUE CXOOMMOCTH ITPH TOYHOCTU
1e-6 (1o ymonyaHuio) B npenenax 20 urepanuii (1o yMOon4aHHIo).

BhInonHuM (akTopu3aluio MaTpuisl A ¢ NOMOIIBIO HenoiHoro LU-pasio-
JKEHMS C TIOPOrOM PA3PEXXEHHOCTH 1e-6:

[L2, U2] = luinc(A, 1e-6);

B atoMm ciyyae mpeaynpexaaroiux cOOOLWEHUH HET U BCE DJIEMEHTHI MaT-
puiiel U2 HeHyneBbie. Terneps MOXHO BOCITOJNB30BAThCS NIPOLIEAYPOH CgS:

[x2, flag2, relres2, iter2, resvec2] = gmr(A, b,1e-15, 10, L2, U2),

flag2

flag2= 0

relres2

relres2 = 2.337e-016
iter2

iter2= 8

TpebyeMoe pelieHHE MONYYCHO Ha 8-# UTEpaLMHu.

Tenepb MOXHO TOCTPOUTh OTHOCHTENIbHYIO NOIPEUIHOCTS PELIEHMST Ha KaxIou
utepaluu (puc. 9.14), ucrnons3ya PyHKUIUIO

semilogy(Q:iter2, resvec2/norm(b), '-0'), grid

xlabel('Homep ntepauun’, 'FontName', 'Arial Cyr', 'FontSize', 12)

ylabel('{|b - Ax||/||b][', 'FontSize', 12)
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Conymcmeyrougue gyrxyuu: BICG, BICGSTAB, CGS, GMRES, LUINC, PCG, \ .

Cebaku:

I. Freund R.W., Nachtigal N.M. QMR: A quasi-minimal residualmethod for non-
Hermitian linear systems// J. Numer. Math. Vol. 60. 1991. P. 315-339.

2. Barrett R., ct al. Templates for the Solution of Linear Systems: Building Blocks for lterative
Methods. SIAM, Philadelphia, 1994,
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9. Pa6ota ¢ paspexeHHsIMU MaTpnLamu

BoluMcnernne COOCTBEHHbLIX 3HAYEHWIA 1 CUHIYARPHbLIX Yncen

EIGS BruucaeHne oTaeNbHBIX cOOCTBEHHBbIX 3HAYEHHI H BEKTOpPOB

Cunmakcuc:

d = eigs(A) = eigs('Afun’, n)

d = eigs(A, k) = eigs('Afun’, n, k)

d = eigs(A, k, sigma) d eigs(‘Afun’, n, k, sigma)

d = eigs(A, k, sigma, options) = eigs('Afun’, n, k, sigma, options)

d = eigs(A, B, ...) d = eigs('Afun’, n, B, ...)

[V, D] = eigs(A,...) [V, D] = eigs(‘Afun’, n, ...)

[V, D, flag] = eigs(A, ...) [V, D, f lag] = eigs('Afun’, n, ...}
Onucanue:

[Tpouenypa eigs pewact nonnywo npodiemy A*v = lambda*v u 0600IEHHYIO
mpobnemy A*v = lambda*B*v cOOCTBEHHBIX 3HAYEHHUN JUIS NMPOU3BOJIBHON KBal-
patHoit Matpuiibl A. TIpy 3TOM BBIYMCSICTCS 3alaHHOE KOMMYECTBO COOCTBEHHBIX
3HaYeHMH M BEKTOPOB B IPOTUBOBEC MNpOUELYpe eig, KOTopas BBIYHMCISET BCE
cOOCTBEHHbIE 3HAYEHUST U BEKTOPDBI.

Dyukumu d = eigs(A) u d = eigs(‘Afun’, n) pewaiot 3agauy Ha COOGCTBEHHBIC
3HAYEHMS, KOIJAa B Ka4yeCTBC I1EPBOr0O BXOJHOIO aApPTyMEHTAa MCIIONL3YeTCS JUOO
KBagpaTHass marpuna (110JIHasi WK pa3pexeHHasi, CUMMETPHUYEeCKas WM HeCHM-
METpUYECKas, OCHCTBUTC/IbHAS WIM KOMIUIEKCHAst), TM00 CTpOKa ¢ UMeHeM M-
¢daiina, KOTOPbIi NPHMMCHSIET JIMHEIHbI OTNepaTtop K CTONONAaM MaTpuiibl. B mo-
cJAeHEM ciiyyae RO/DKCH ObITh YKAa3aH BTOPOW apryMeHT N, 3aJaloilluid NopsgokK
matpuupl. Hanpumep, onepartop eigs('fft', ...) eigs(F, ...) BbINOJNHACTCA 3HAYU-
TeJIbHO ObIcTpee, yeM oneparop eigs(F, ...), rae F - sBHas ¢dopMa MaTpuLs! noce
BBIUMCIICHUS ObICTPOro npeobpazoBaHns Oypobe.

Dyukuuu d = eigs(A, k) u d = eigs('Afun’, n, k) no3sonsior 3agarb Tpebyemoc
KOJTUYECTBO K MaKCHMaJIbHBIX 110 MOAYIK COOCTBCHHBIX 3HaueHUH (o0 ymos-
yauuio k = min(n, 6)).

Oynkuuu d = eigs(A, k, sigma) u d = eigs('Afun’, n, k, sigma) nosponsioT
cneunpUIMpPOBaTh BbIYMCIAEMbIE CODCTBEHHbIC 3HavyeHus. Ilapamerp sigma
MOXET OBITH JIMOO YUCIOM, NTUOO CTPOKOM M3 ABYX CHUMBOJIOB.

Ecnu napamerp sigma pased O, TO BBIMMCASETCS K MMHUMIBHBIX IO MOZYJIO
cOOCTBEHHbBIX 3HAYCHUI; eCIU Sigma ACHCTBUTEJIBHOE UM KOMIUICKCHOE YMCIO,
TO OHO WHTEPNPETUPYETCA KAaK CABUT, YKA3bIBAIOILUU, YTO LOMKHO ObITh BBIYHMC-
JeHo Kk Oimkaiiumx K sigma coOCTBeHHbIX 3HauyeHuid. Ecay 3HavyeHue sigma
TOUHO COBMNANO ¢ CODCTBCHHBIM 3HAYEHUCM, (DYHKUMST OKAXETCS HECOCTOSITENb-
HOM M3-3a JejdeHUs Ha HYJb B BbipaxkeHuu 1/(lambda - sigma). B atom cayuae
CJIC/LYCT Ha4yaTh BLIYMCACHMS C HOBbIM 3HAYCHUEM Sigmaz2, OJM3KUM, HO HC paB-
HbIM sigma.
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Ecnu mapaMerp sigma - crpoka M3 JBYX CHUMBOJIOB, TO ONpeleeHbl Ciie-
Iayromue crennduKaum Ui COOCTBEHHBIX 3HAYCHUH!

sigma Hasnauenue
Im' ... BBIUMCIMTE MakcUMaTbHble IO MOLY/O SHAYCHUS (110 YMONYAHMIO) ..
'sm’ Brruncnute MMHMMAJBHBIC TTO MOJIYIIIO 3HAYEHUA (IKBUBATEHTHO sigma = 0)
Ir' BerynciuTe 3HaUYeHUA ¢ MAKCUMATbHBIMY JEACTBUTE/IbHBIMKM YaCTAMM
'sr' BBIYUCTUTE 3HAYEHUA C MUHHMATTbHBIMU JEHCTBUTEbHBIMI YACTAMH )
‘be' Brraucmuts floor(k/2) MuHuManbHeIX u ceil(k/2) MakcUMaNbHBIX CO6CTBCHHLIX
3HAYeHUHU

Oyukuuu d = eigs(A, k, sigma, options) u d = eigs('Afun', n, k, sigma, options)
MO3BOJISIOT CHELMGBUIIMPOBATH CEIYIOLIME ONLMU B MacCHUBE 3anuceii options:

Onyus OnucaHue 3unauenue no yMoa4anuw
options.tol YcnoBre CXOOMMOCTH: 1e-10
norm(A*V-V*D) < tol*norm(A) (W1 CUMMETPUYECKIIX MaTpULY)
1e-6
(151 HeCUMMETPMYECKUX MaTpHLI)
options.p PasMepHocTh Gasuca ApHonbaa 2’k
options.maxit | MakcHMaIbHOE KOMYECTBO UTEpALIUit @
options.disp KonnyecTBo cOOCTBEHHBIX 3HAYCHMH, 20
BBIBOJIUMBIX Ha KaXI0N HUTepaLyiL.
YcraHoBuTh B 0, ¢cnM He TpeGyercs
. TIPOMEXYTOYHOrOBpIBOJA |
options.issy TTonoxurenbHOE YUCIIO, €CITU MATpH- 0
m ua A cummeTpMdeckasg |
options.cheb | TTonoxurensHoe 4ucio, ecmu Afun - 0
CTpOKa, sigma - uucno vnu 'Ir', 'sr' u
€CIM JOJKHO OBITh TPUMEHEHO I0-
JMHOMMaIbHOE yCKopeHue |
options.v0 HauvanbHeiit BexTop s dakropusaimuy rand(n,1) - .5

ApHoJba

®ynkumu d = eigs(A, B,

..) ¥ d = eigs(Afun’, n, B,

...) pelIAIOT OGOOLICHHYIO 3a/1aqy

Ha coOCTBeHHble 3HaYeHMsl. Marpuiia B uMeeT Takue e pasMmepb!, Kak U Matpuiia A;
€CJIM MaTpyLa B He yKasaHa, TO UCMONB3yeTCsi eMHUYHAs Matpulia B = eye(size(A)).
Brixoa d - 310 BekTOp, conepxXallui k COGCTBEHHBIX 3HAYEHMIA.

B cny4ae 1BYX BBIXOIOHBIX apryMeHTOB dyHKumMu [V, D] = eigs(
= eigs('Afun’, n,

B cnyyae tpex BBIXOAHBIX aprymeHToB (yHkuuu [V, D, flag] = eigs(A

[V, D, flag] = eigs('Afun’, n, ...) BbIXoaHOM aprymeHT flag ykassiaet, 6bUta JIM pelleHa

A.)u[V, D] =

..) bopmupyroTcs mMatpuna V pasmepa kxn ¥ AMaroHaJbHas Mart-
puua D pasmepa kxk, takue, yro A*V = V*D unu A*V = B*V*D.

,) ni

ripobjeMa CoOCTBEHHBIX 3HAYEHHWI C 3aJaHHOM TOYHOCTHIO, 3HadyeHue flag = O
YKa3biBacT Ha CXOAMMOCTh, a 3HayeHMe flag = 1 HA pacxoAUMMOCTb NPOLETYPHI.
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IIpumepeor:

Paccmorpum paspexcHHyio marpuuy west0479 pasmepa 479x479, koropas
HMeeT ICHCTBUTEIbHBIE M KOMIUICKCHO-COTPSIKCHHBIE COOCTBCHHBIC 3HAUCHMS.
OyHkuMs eig BbrucsIeT Bce 479 COOCTBCHHBIX 3HAYEGHMH; ¢ TMOMOIUBIO (PYHKUMH
€igs JICTKO BbIYMUCIUTL 3a[@HHOC KOJMYECTBO MWUHMMAIbHBIX M MAaKCUMaJIbHBIX
110 MOAYJIIO COOCTBCHHBIX 3HAYEHMI

load west0479

d = eig{full(west0479));

dim = eigs(west0479, 8);

dsm = eigs(west0479, 'sm’);

% Puc. 9.15, a

semilogy(real(d(1:8)), abs(imag(d(1

semilogy(real(dim), abs(imag(dim)),

legend(' eigs(A, 8), ' eig(A), 2)

% Puc. 9.15, 6

plot(real(dsm), abs(imag(dsm)), '0"), hold on

plot(real(d(end-5:end)), abs(imag(d(end-5:end))), '+

legend(' eigs(A, "sm"), ' eig(A), 2)

plot(real(dsm), -abs(imag(dsm}), '0")

plot(real(d(end-5:end)), -abs(imag(d(end-5:end))), '+')

), '0"), hold on
), grid

)
o

grid
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Puc. 9.15. Co6cTBeHHBIE 3HAYEHMS TI0 MOIYIIO: 4 - MAKCUMABHEIE, O - MMHUMATIbLHLIC

Conymcmeyrowue gyuxyuu: EIG, SVDS.
Cebinku:

1. Radke R. A MATLAB Implementation of the Implicitly Restarted Arnoldi Method for
Solving Large-Scale Eigenvalue Problems. Houston Dept. of Computational and Applied
Math, Rice University, 1994.

2. Sorensen D. C. Implicit Application of Polynomial Filters in a k-step Arnoldi Method//
SIAM Journal on Matrix Analysis and Applications. 1992. Vol. 13. P. 357-385.

3. Lehoucq B., Sorensen D.C. Deflation Techniques within an Implicitly Restarted
[teration// SIAM Journal on Matrix Analysis and Applications. 1996. Vol. 17. P. 789-821.

E BblunceHHe OTAEAbHBIX CHHIYIAPHBIX YHCE
Cunmaxkcuc:

s = svds(A)

s = svds(A, k)

s = svds(A, k, 0)

U, S, V] =svds(A, ...)
Onucanue:

DyHKuuA s = svds(A) BbIMMCISET 5 MAKCHUMAaIbHBLIX CUHIVJISPHBIX 4UCEN
U CBSI3aHHBIX ¢ HUMM CHHTYISIPHBIX BEKTOPOB MPOM3BOJLHOM IIPSIMOYIOJbHOM
MaTpuLbl A,

OyHKuMA s = svds(A, k) BBIMMCIAET K MAKCUMAJIbHBIX CHHIY/ISDHBIX YHCEN
W CBSI3AHHBIX C HUMU CUHIYJISIPHBIX BEKTODOB.

Qyuxkums s = svds(A, k, 0) BbIUMCIsET K MUHUMAIBHBIX CHHIYIISIPHBIX YMCCIT
M CBSI3aHHBIX C HUMU CUHTIYJISIPHBIX BEKTOPOB.
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9. Pabora ¢ paspexeHHsbIMn MaTpuLiaMmim

O/MH BBIXOAHON apryMeHT BbIBOAMT BEKTOD CHUHIYIAPHBIX YMCEN;, B CiIy4ae
TPEX apryMeHTOB BBIBOJSTCSI:

. Matpuua U pa3Mepa mxk ¢ OpTOHOPMHUPOBAHHBIMM CTONOLAMH;
. [MAarcHalbHas MAaTpUULA CUHIYJISPHBIX yuces S pa3Mepa kxk;
« Marpuua V pazmepa nxk ¢ OPTOHOPMUPOBAHHBIMU CTONOLAMMU.

[TpousBeaenue U*S*V' gBnsercss Hawlydlluei anmpoKCUMalLMed paHra K s
UCXOAHOU NPSIMOYTOJIbHOM MaTpulibl A.

Anzopumm:

DyHkuusg svds(A, k) UCTIONb3YeT QYHKIMIO €igs LIS BBIYUCIEHUSA K MaKcH-
MajibHBIX COOCTBCHHBIX 3HAYEHHUH M COOTBETCTBYIOLUMX COOCTBEHHBIX BEKTOPOB
U1 pacluupeHHoit Matpuubl B = [0 A; A’ 0] pasamepa (m+n)x(m+n),

Oyukuus svds(A, k, 0) Hcnoab3yeT GYHKUMIO €igs LIS BRIYMCIEHUS 2K MU-
HUM&IBHBIX COOCTBEHHBIX 3HAUEHMI M COOTBETCTBYIOIUMX COOCTBEHHBIX BEKTOPOB
s Matpuus! B = [0 A; A' 0], a 3aTeM U3 HUX BBIOUpPaeTcs K I1OJIOXKUTEIBHBIX.

Ipumepst:

PaccMotpuM  paspexeHHyio Matpuly west0479 pasmepa 479x479. Dyukups svd
BBIYUCIISIET Bee 479 CHHIVIISIPHBIX YMCENT; C IOMOILBIO QYHKIMK SVdS JIETKO BEMHCIUTD

33JaHHOE KOJIMYECTBO MUHMUMANBHBIX M MAKCUMATBHBIX CHHIY/ISPHBIX YHCE]L.
load west0479
s = svd(full(west0479));
sl = svds(west0479, 4);
ss = svds(west0479, 6, 0);
% Puc. 9.16, a
plot(s(1:4), 'o"), hold on
plot(sl, '+'), grid
legend(’ svds(A, 4), ' svd(A)', 1)
% Puc. 9.16, 6
plot(sort(ss), '0'), hold on
plot(sort(s(end-5:end)), '+'), grid

legend(’ svds(A, 6, 0)', ' svd(A), 4)
:As:m .
[ 1 o suds(A, )
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Cucrema nHXeHEepHbIX 1 Hay4Hbix pacdetos MATLAB 5.x. Tom 2
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Puc. 9.16. CUHry/IpHble YHCIA: 4 - MAKCUMAJIbHEIE; 6 - MUHUMAaJIbHbIE

Conymcmeywuue ¢ynxyuu: SVD, EIGS.

Onepauuu Haa AepeBbAMU

ETREE . JlepeBo MaTpHubL

Cunmaxcuc:
p = etree(A) [p, q] = etree(A)
p = etree(A, ‘col’) [p, q] = etree(A, ‘col’)
p = etree(A, ‘sym’) [p, q] = etree(A, ‘'sym’)
Onucanue:

@yHkuusa p = etree(A) Bo3BpallaeT CTPYKTYPY AepeBa [UIS KBAJPATHON CHM-
METPUYECKON MaTpuibl A, 3HaueHHe p(j) - 3TO pOAUTENb CTOJIOIIA C HOMEPOM j
B Aepese; eciu p(j) = 0, To cronbell j - KOpeHb JepeBa.

OyHKLms p = etree(A, ‘col’) BO3BpalllacT CTPYKTYPY JiepeBa Uit MaTpUIIbI A’ * A,

OyHkuusA p = etree(A, ‘'sym’) paBHOCWIBHA QYHKIMK p = etree(A).

Oyukiwms [p, q] = etree(A, ...) B IONOJHEHNE K CTPYKTYpPE JAepeBa BO3BpAILAeT
TaKXKe BEKTOP MEPEeCTAHOBOK CTOJIOIIOB Q.

Hpumep:

PaccMoTpum MaTpuily A ciieaylolero Buaa:
A={10010100,0010;,1001)

A=
1 0 0 1
0 1 0 0
0O 0 1 0
1 0 0 1
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9. PaboTa ¢ pa3pexeHHbIMyU MarpuLamm

JTa MaTpMLla CUMMETpUUCCKas, U rpuMeHeHUe GyHKUUM etree gaer cile-
JYIOLLIMIA PE3yJIbTaT:

[p, q] = etree(A)

p= 4 0 0 0

g= 2 3 1 4
Conymcmeyrowue gynkyuu: ETREEPLOT, TREELAYOUT, TREEPLOT.

ETREEPLOT IlocTpoenue epeBa MaTpHIIbI

Cunmakcuc:
etreeplot(A)
etreeplot(A, c, d)

Onucanue:

Oyukuus etreeplot(A) CTPOUT depeBO Ui KBaAPATHOR MATpuilbl A; eciu
MaTpHIa HECUMMETPUUECKasi, TO eJaeT 370 it A + A’

Oyhkimg etreeplot(A, ¢, d) B nonofHeHHe K MOCTPOEHUIO AepeBa VISl KBAIPATHON
MaTpMILIBL A TO3BOJBIET YIPABJIATH MYTEM 33JaHUS TIApaMCTPOB C U d COOTBETCTBEHHO
LBCTOM M CUMBOJIaMH O0O3HAYEHHS Y3M0B M pebep. Eciau omuH M3 mapaMerpoB 3aMe-
HeH Ha ”, To Ha rpacduk He OyayT BBIBOAWUTHCS MO0 pebpa, smbo yaisl. Ecmu atn ma-
PaMETpbl HEe YKA3aHBbI, TO NPUHUMAIOTCA UX 3HAYCHUS 10 YMOTYAHUIO.

[Ipumep.
PaccmoTpuM Matpuily A Clieoyrollero BUAA:
A=[1001;0100;0010;1001]
A=
1 0 0 1
0 1 0 O
0O ¢ 1 0
1 0 0 1

DTa Marpuua CUMMMeTpMYecKasi, M NpuUMeHCHHUE (yHKIIMI etree u etreeplot
MaeT CleAYIOUIME PE3YIbTaThl:

[P, ] = etree(A)

p= 4 0 0 O

g= 2 3 1 4

etreeplot(A)

Ha puc. 9.17 noxaszaH rpaduK COOTBETCTBYIOLIETO JEpPEBa.

1

0.5

[t}
o

Puc. 9.17
Conymcmeyiougue ynxyuu ETREE, TREELAYOUT, TREEPLOT.
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CucremMa uHXeHepHbIX U Hay4Hbix pacdetoB MATLAB 5.x. Tom 2

[ TREELAYOUT | PasmeTuts jiepeso
Cuumakcuc:
[x, y, h, s] = treelayout(p, q)
Onucanue:

Dynkups [X, y, h, s] = treelayout(p, q) KCITONIB3yeT B Ka4eCTBE BXOMHBIX MApPaMETPOB
BEKTOP P(j), OTOXIECTRIAIMBII OO C POAMTENEM CTONDIA C HOMEPOM | B [igpese, Jinbo
¢ KOpHeM JepeBa, eciu p(j) = 0, a Taxoke BEKTOp q IepECTAHOBKM CToJIGLIOB. Eciu Bekrop
Q HE YKa3aH, TO OH BBIYUCIISIETCS B TIPOLIECCE BBITIOMHEHUSA DYHKIMM.

BoixogHbie napaMeTpsl X My - 3TO BEKTOPbl KOOPAMHAT Y3JIOB JIEpeBa, KOTOPOE
pasMellaeTcs B Mpeienax eAUHUYHOTO KBaJpaTa, 4Tobwl clienathk rpaduk ymob-
HBIM JUTSL BOCTIPUSITHUAL.

JlononHuTeNbHBIE BRIXOAHBIE MapaMeTprl h U S ONpeaessIoT COOTBETCTREHHO
BBICOTY M KOJMYECTBO Y3JIOB.

Bty QyHKUMIO Uenecoo0pa3HO MCMONB30BaTh B coyeTaHUM ¢ QyHKUMCH
nocrpoeHud rpacga gplot.

IIpumep:
PaccmoTpuM Matpuily A CIEIyIOLIEro BUAA;
A=[1001,0100;0010;1001]
A=
1 0 0 1
0 1 0 O
0 0 1 0
1 0 0 1

3ra MaTtpvlia CUMMETpMYecKas, M NMpUMcHeHUe (PyHKLUMi etree, treelayout

1 gplot maer cieayiolMe pe3ybTaThl:
[p, ] = etree(A)
p= 4 0 0 O
qg= 2 3 1 4
[x, y, h, s] = treelayout(p, q);
gplot(A, [x'y'], 'r-'), hold on
gplot(A, [x'y], 'bo’)

Ha puc. 9.18 noka3aH rpadmk COOTBETCTBYIOLUETO AepeBa.

0.7
9
0.8 i
0.5 ‘
0.4
a0 6
0.8
0 0.5 1
Puc. 9.18

Conymcemeayrowue dynxyuu: ETREE, ETREEPLOT, TREEPLOT.
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9. Pabota C paspexeHHbiMy MarpuLamu

TREEPLOT IlocTpoenne nepeBa MaTpHLbI

Cunmakcuc:

treeplot(p)

treeplot(p, c, d)
Onucanue:

Dynkuus treeplot(p) crpout aepeBo, ecid 3amaH BekTop P(), OTOXIECTRISEMBbIA
Jubo ¢ pomuresieM cronblia ¢ HOMEPOM j B iepeBe, OO ¢ KOpHEM JiepeBa, ey p(j) = 0.

dyukuus treeplot(p, ¢, d) B 10MONHEHHE K MOCTPOECHHUIO JepeBa IMO3BOJAET
yrpaBiasiTh UBETOM M CUMBOJAMH ODO3HA4YCHMUsS Y3J0B M pebep IyTeM 3ajaHus
COOTBETCTBEHHO napametpos ¢ M d. Ecny oguH U3 mapaMeTpoB 3aMEHEH Ha “, TO
Ha rpaduk He OynyT BBIBOAMTHCA JIMOO pebpa, nnbo y3nsl. Eciau 3TH mapaMeTpsl
HE yKa3aHbl, TO IPUHUMAIOTCS MX 3HAYEHHUS MO YMOJIYAHUIO.

TTpumep:
PaccMOTpuM MaTpully A cielyoLero BUaa:
A=[1001;0100;0010;1001]
A=
1 0 0 1
0O 1 0 O
0 0 1 0
1 0 0 1

DTa MaTpMla CMMMETpMYccKasi, ¥ npuMeHeHMe yHKumit etree n treeplot

JIACT CJICAYIOUIME PE3Y/IbTaThI:
[p. q] = etree(A)
p= 4 0 0 O
g= 2 3 1 4
treeplot(p, 'bo’, 'r'})
Ha puc. 9.19 nokazaH rpacduK COOTBETCTBYIOLLETO ACpeRa.
1

0.8

Puc. 9.19
Conymcemeyrowue gynkyuu: ETREE, TREELAYOUT, TREEPLOT.
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CUCTeMa HXEHEPHbIX 1 Hay4HbIX pacyeTos MATLAB 5.x. Tom 2

BcnoMmoraresnbHbie onepauuu

SPPARMS YcraHoBka napaMeTpoB A/ ANTOPUTMOB YIOPANQYEHAS
H NPSAMOro PCHICHUs JIMHCHHBIX YPABHEHHH
Cunmaxkcuc:
spparms

values = spparms

[keys, values] = spparms

value = spparms{‘<karn4>")
spparms('<iaou>", <snaueHue>)
spparms(<axa4eHus>)

Onucanue:

PaGora ¢ paspexeHHBIMM MarpuuaMu B cuUcTeMe MATLAB opraHusoBaHa
¢ MOMOUIBLIO CeuuasbHOro MoHuTopa SParse MONItor., BoNBIUMHCTBY 110JIb30-
Barejied 3HaHUe Ciy:KeGHbIX KOMaH/ pabGoThl ¢ MOHUTOPOM COBCPILIEHHO HE 00s-
3aTe/IbHO. JTU KOMAHIBI MPe/IHA3HAYCHBI TOJIBKO Ul TEX [10NL30BATE/ICH, KOTOpbIC
XOTeNM OBl YBUACTb M, BOIMOXHO, U3MEHUTh PAOOTY ANTOPUTMOB YIIOPSAAOYEHHUSA
U PELUEHHUS CUCTEM JIMHEHHBIX YPABHEHUH.

Dyukuus spparms cama o ccOe BHIBOAWUT HA 3KpaH OHNUCAHUST TEKYLLUX
YCTaHOBOK.

DyHKUMA values = spparms BbIBOAMT Ha 3KPaH 3HAUECHMS STHUX YyCTaHOBOK.

Dynkuus (keys, values] = sppamms BBIBOAUT BCKTOP 3HAUMCHUIA WU CUMBOJIBHYIO MAT-
pHlly, CTPOKHM KOTOPOH SIRNSIOTCS KJlo4aMu napametpos MoHuTopa SParse MONItor.

Oyukuus value = spparms('<ka/0¥>'} BbIBOJAUT 3HAYECHMUE [ApameTpa JUIs
JAHHOTO KIIoua.

OyHkuus spparms(<kaou>', <3Hauenue>) yCTaHaBIMBACT OMMH Win Oosce HacTpa-
MBACMbIX IIAPAMETPOB, KOTOPbIE UCHOJIB3YIOTCS B (hYHKUMSX yrnopsiiodeHust colmmd
1 symmmd, a TaKKe B ONEPalUsiX PELUCHUS CUCTCM IMHEHHBIX ypaBHeHUI / 1\,

Dyukuus spparms(values) npuMeHsietcsi 6¢3 BBIXOIHBIX NapaMeTpoB U ycTa-
HaBJIMBAeT 3HAYCHHUS, YKA3aHHbIC BO BXOJIHOM BEKTODE.

Oyuxius spparms('default’) ycranapnusaeT 3HAUSHUS MO YMOIUAHHIO.

®OyHkuusa spparms(‘tight’) ycraHapiIMBacT napaMcTpbl allTOPUTMOB YIIOPSIO-
YeHUS N0 pa3peXcHHOCTH K HauboJjiee “CTporuM” 3HAUYCHMUAM, YTO TIPUBOAWT
K NIpOUECAYPaM ynopsuodeHus 6e3 yJaJIcHUS CTPOK, KOTOPLIC TPedyioT Gonbluero
BPEMCHU BbITOJHEHUS.

B Humxecnenyolei tabnauiie npuBeicHbl paciuM@PPOBKU KIKOYCH IS rapa-
MCTPOB M MX 3HAUCHUI MO YMOTYAHUIO U B “CTPOTrOM cMbicie”.
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9. PaBora ¢ paspexeHHsIMN MaTpnLamm

Tapamemp

Koy 3navenus

HO YMOAHAHUIO 6 “cmpocom cmoicae”

values(1)

values(10)

Hpn 3TOM KJIIOUHU UMECIOT CJICAYIOLIUE 3HAYCHUSA!

Karouu 3nauenue
‘spumoni’ ®nar monuropa SParse MONltor:
0 - He BBIBOJAMT AMATHOCTUYECKUX COOBLIEHUH, 110 YMONMYAHHUIO;
1 - BbLIBOAWUT MHGOPMALINIO O BLIOPAHHOM aNrOPUTME;
2 - BBIBOAMT ZETAIbHYIO UHGMOPMALIMIO O paboTe aIrOpUTMOB
YIIOPAAOYEHUS
“thr_rel’, [Topor MUHUMABEHON pa3peKeHHOCTH
‘thr_abs’ thr_rel * mindegree + thr_abs
“exact d 0 - uUCrosb30BaHKE NMPUOTMKEHHBIX 3HAYEHUN Pa3peXeHHOCTH;
#0 - MCrOJb30BaHME TOUHBIX 3HAYCHUI Pa3pexXeHHOCTH
“supernd’ Llcioe > 1 - obbeaMHEHUC Y3/10B Kax/ble supernd 1uaroB
‘rreduce’ [lenoe > 1 - yaalcHUe CTPOK Kaxable rreduce 1aros
‘wh_frac’ B nipoueaype colmmd cTpoky ¢ KO3 PUIMEHTOM 3aMOJHEHM, PRI~
walouuM wh_frac, nponyckaroTtest
“autommd’ # 0 - B npouenypax \ ¥ / MCMOJL30BaTh YNOPALOYECHUE TT0 Pa3pesKeHHOCTH
‘aug_rel’, [Mapametp MaciiTabUpoBaHust HEBA3KY B NpoblieMe HaUMEHbIINX KBa-
‘aug_abs’ paTtoB, paBHblii aug_rel * max(max(abs(A))) + aug_abs.
Hanpumep, npu 3HaucHusax aug_rel = 0 1 aug_abs = 1 eaHuuHas
MaTpuLa I71aBHOro BepxHero brmoka 6yacT HeMacwTabupoBaHHOM
[pumeper:

Huxe npuBcAcHBl IMPUMEpPLl BbIMOJHEHUS BCIIOMOIATC/AbHBLIX OINCpaiiuii
M YKa3aH PYCCKMil NcpeBod cOoDILeHUt CUCTEMBI.
spparms (11 3HAYCHUM 10 YMOIYAHMIO)

No SParse MONItor output. Brixoansix naHHeix SParse MONItor

He dopMupyeT
mmd: threshold = 1.1 * mindegree + 1, mmd: <rtopor> = 1.1 * mindegree + 1:
using approximate degrees in A™A, NPUOVDKCHHBIE 3HAYCHUA PA3PCKCHHOCTH

npu padbotc ¢ A*A;
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CucTemMa UHXEHEPHLIX 1 Hay4YHbix pacdetns MATIAB 5.x Tom 2

supemode amalgamation every 3 stages, OOBCTHHEHNC VIJIOR - KAX/Ible 3 LIara;

row reduction every 3 stages, PCAVKIMAS CTPOK - KaxJible 3 1L1ara;
withhold rows at least 50% dense in VACPAKHBATL CTPOKK C PAZPCKCHHOCTHIO
colmmd. He MeHee 50 %.

Minimum degree orderings used by \and /. Jlns oricpaunii \ v / NMPUMEHATL yIIOPsSi/L0-
YCHUC TIO PA3PCKCHHOCTH.
Residual scale parameter = 0.001 * max(abs(A)).  Tlapamerp Hessizku: 0.001 * max(abs(A)).

[keys, values] = spparms

keys = values =
spumoni 0
thr_rei 1.1000
thr_abs 1.0000
exact_d 0
supernd 3.0000
rreduce 3.0000
wh_frac 0.5000
autommd 1.0000
aug_rel 0.0010
aug_abs 0
value = spparms('spumoni’)
value= 0.
Conymcmeyrowue gynkyuu: COLMMD, SYMMMD.
Cebiaku:

1. Gilbert J. R., Moler C., Schreiber R. Sparse Mairices in MATLAB: Design and [mple-
mentation//SIAM Journal on Matrix Analvsis and Applications. 1992, Vol. P. 333-356,

SYMBFACT XapakTepuCTHKM pA3N0Keuus X0aelKoro

Cunmakcuc:

count = symbfact(A)

count = symbfact(A, f)

[count, h, parent, post, R] = symbfact(A, f)

Onucanue:

OyHxius count = symbfact(A) BEIYHCISCT KOIMUCCTRO AIEMEHTOB B CTPOKAX BepX-
HEro TPEYIOBHOIO MHOXUTCIS PasoKCHUST XOACIKOID UCXOJHOM CHMMCTPUUICCKOH
MatpULbl A, 312 GVHKIUH BLINOIHACTCS THAUHTENLHO DbicTpee, HeM chol(A).

Oyukuus count = symbfact(A, “col’) ananusupyer sarputty A*A, He popmupys
€e B IBHOM BH/LC.

DyHkuumst count = symbfact(A, ‘sym’) ananoruusa upaneaype count = symbfact(A).

@yuxuus [count, h, p, q, R] = symbiact(A, f) Bo3paniact HCCKOILKO 1O10)1-
HUTCJIbHBIX BBIXOJAHBIX NAPAMCTPOB!

« h-BoIicoTy rpada;

«  p-napaMmeTpsl rpada;

+ (- BCKTOP LICPCCTAHOBKH CTONDIOB,

« R - wmarpuuy csiznoctin juist ipottenypbl chol(A).
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9. Pabora ¢ pa3pexeHHsIMU Marpuyamm

lipumep:
PaccMmoTpum MaTpully A CilelyIOIero Buja:
A=[4001,0100;,0010;1001]

A=
4 0 0 1
0 1 0 0
0 0 1 O
1 0 0 1

D10 CUMMETPHYCCKAsT MOJOXUTEIBHO ONpeAe/icHHAs MaTpUia, ¥ NPUMeHeHe
dyHkuuu chol(A) naet cienyoIMid pe3yabTaT:

L = chol(A)
L=

2 0 0 0.5

0 1 0 0

0 0 1 0

0 0 0 0.86603

Ilpumenenne ¢yHkuuu symbfact(A) BBIMUCISET KOJUYECTBO 3JIEMEHTOB
B CTPOKax Marpuup! L

¢ = symbfact(A)

c= 2 1 1 1

Ecnu x Martpuue A NPUMEHMTh AITOPUTM CHMMETPUYECKON YIOPSIOYEHHOCTH,
TO HEHYJICBbIC IEMCHTBI B PA3OoXEHUM XONEUKOro Gyayr KOHLECHTPUPOBATHCH
BOJIM3M AMAaroHaiIu. PaccMOTpUM MOC/e10BATE/IbHOCTS MPOLELYD

r = symmmd(A);

L = chol(A(r, )

L=

0

0

0.5

0.866

OO -
OO
ONOCO

0 03
¢ = symbfact(A(r, r))

c=1 1 2 1

Obpaiuenue Buga [count, h, p, g, R} = symbfact(A) BbMHCISET MapaMeTpsl
JUIst locTpoeHMs rpaga Marpuubl. [IpUBOAMMAS HYMKE T1OCTIEA0BATEILHOCTE OIe-
paTopoB HO3BOASAET NMOCTPOUTH IPad ¢ MPOHYMEPOBAHHBIMH BePIUIMHAMMU.

[c, h, p, g] = symbfact(A)

1 1

c= 2 1
h= 2
p= 4 0 0 0
g=s 2 3 1 4

[x, y] = treelayout(p, q);
gplot(A, [x' y'], 'bo'), hold on
gplot(A, [x'y1, ')
for j=1:size(A, 1)
text(x(j) + 0.02, y(j) + 0.02, int2str(}))
end

139



CucTema MHXEHEPHBIX n Hay4Hbix pacyeTos MATLAB 5.x. Tom 2

Ay

0.5

o 0.8 1

Puc. 9.20
Conymcemeyrowue @ynxyuu. CHOL, ETREE, TREELAYOUT.

®opMHupoBaHye PaCIUHPEHHOH MATPHIBI

IEAUGMENT J AJIA MeTOJAa HAUMCHBIIINX KBAJAPATOB

Cunmaxcuc:

S = spaugment(A)

S = spaugment(A, c)
Onucanue:

Oyuakumn S = spaugment(A) U S = spaugment(A, ¢) GOPMHUPYIOT pa3peXeHHYIO
KBJIPaTHYIO CHMMETPUMYECKYIO MaTPULy CJEAYIOIEH OJI0YHOM CTPYKTYDBI:

S=[c*l A; A’ 0}

Takasi pacluMpeHHas MAaTpULA UCTIONb3YeTCs /Ui MUHUMU3ALMU KBaIpaTUy-
Hoit QopMbl

min]|b— Ax].

X

Ecnu r = b - AX BHIIOJIHSET pOJb HEBSI3KU, @ C ~ MACIITAOUPYIOLMI MHOXHTEb,
TO pelJeHUE METOAOM HAMMEHBIIMX KBAJPATOB CBOAMTCHA K DELUCHUIO Clieayrouiei
CHCTEMBI JIMHEHHBIX YPaBHEHUI:

& 8]5]-[6)

Ecnuv ucxonHas mMatpuua A uMeeT pasMep M x N, TO pacliMpeHHass MaTpula
S umeet pazmep (M + n) x (M + n). B obo3HayeHusix cucremMsl MATLAB 9Ty cuc-
TEMY MOXHO OMMUCATh TaK:

S*[rlc; x]=1b; z],
rae z = zeros(n, 1).

OnpeneseHue ONTUMAIBHOIO 3HAYCHUS JUIS MacluTabHOro MHOXMTENSA ¢ OC-
HOBAaHO Ha BBIYMCIEHUM 3HAYCHUHM min(svd(A)) 1 norm(r), 4to TpedyeT OOIBLIMX
00beMOB pacueroB. Eciu 3HaueHME ¢ HE YKA3aHO SIBHO B BM/IE BTOPOTO Iapa-
METpa, TO MO YMOJYAaHUIO NPUMEHsETCcs 3HaueHue max(abs(A)))/1000. MoxHo
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9. PaBora ¢ paspexeHHbiMy MaTpuLamm

W3MEHUTh 3TO 3HAUYEHME, CCJIM BOCMONB30BATBCS (QYHKLUMEH spparms M 3a1arh
Apyrue 3HaueHUs Mg Koder aug_rel u aug_abs.

Onepalus pelleHUs] CUCTeM JMHEHHBIX ypaBHEeHUH X = A\b aBTOMAaTHYECKU
(POPMHUPYET PACHIMPEHHYIO MATpHUILy, OTIpeJesisisi 3HAUYeHHUe C 110 YMOMYaHUIO.

Ipumep:
PaccMOTpUM npocTyio cucreMy U3 TpeX ypaBHEHHH C JBYMS HEM3BECTHBIMMU.
Xq+ 2%, = 5;
3x4 = 6;
4X2 =7.

Iockonbky 3Ta cHUCTeMd HEeBGOJBIIMX PA3MEpPOB, OHA MOXET OBITH pelleHa
C UCIONB30BaHUEM OOBIYHBIX KOHCTPYKUMI cucTeMbl MATLAB, B JaHHOM CIIy4ae -
MOJIHBIX MATPHIL

A=[12;30;0 4];

b=[567];
x=A\b
X =
1.9592
1.7041

JT0 peleHUe 10 METOLY HAaMMEHBIUMX KBaIpaToB.
Tlonxon Ha OCHOBE PACIUUPEHHOW MATPULILL MCTIONB3YET QYHKUMIO spaugment:
S = spaugment(A, 1);,

KOTOpast GOpMHUPYET BCIIOMOTATEIBHYIO MATPUILY CIIEAYIOIIETO BUAA:

full(S)

ans =
1 0 0 1 2
01 0 3 0
0 0 1 0 4
1.3 0 0 0
2 0 4 0 O

B stoMm NpuUMepe HCIIOJIb30BAHO 3HAYCHUE MacluTabHoro MHoOXUTeNd ¢ = 1
U i y,£106CTBa YTEHHA pacrieyataHa NnoJiHag MaTpuua S. Jlaxe B 3TOM IIPOCTOM
IpuMepe 0o/iee MONOBUHL! 3IEMCHTOB MaTPHUIhl S PaBHBI HYIIIO.
BcnoMmorarensHast cucreMa HCITIOJIB3YET TAKXKE paCU.[I/lpeHHbe/'I BCKTOp IJIA
TIPaBOM 4acTH, KOTOPBIA (opMupyeTcs B BUiAe
y = [b; 0; 0];
B PE3yJIbTATE PELIEHUE BBIYMCIISETCS C ITOMOLLBIO PELIATENA JIMHEUHBIX YPABHEHUN
z=3\y,

a JUlsl PelIcHUS MPUMEHSAETCS MeTol McKimoueHusa [aycca. B cityyae paspexeHHbBIX
MAaTpUIL 1IPHA TAKOM IIOAXOME UCITOJIb3YIOTCSI MEHbIIHE OOBbEMBI ONEPATUBHON MaMSITH.
BbruncncHHoe pelieHNe UMCeT BUA,
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Cucrema MHXeHepHsIX v HayqHbix pacsetos MATLAB 5.x. Tom 2

Z=
-0.36735
0.12245
0.18367
1.9502
1.7041

3nech TICPBBIC 3 KOMIIOHEHTA XapaKTCPHU3YIOT BEKTOD HEBA3KH I, a IIOCJIEAHHC
2 KOMITOHEHTA OIIPCACIIAIOT PEUICHUE X, KOTOPOC COBIAAACT C IIPUBCACHHBIM BBILIE.

Conymcemeyrowue yuxyuu. SPPARMS.

OopMupoBaHHEe KOHEYHO-PA3HOCTHOH ANNPOKCHMAIMH JAMJIACHAHA
Cunmarcuc:
L = delsq(G)
Onucanue:

Oyukiua L = delsq(G) dbopMmupyeT paspexxeHHYIO MaTpMIly, COOTBETCTBYIOLLYIO
MATUTOYEYHOM KOHEYHO-Pa3HOCTHOM anmpOKCUMAlMK JaruiacuaHa Ha cetke G,
KOTOpast MOXeT ObiTh ChOpMUPOBaHA C TTOMOINBIO GYHKUUM numgrid.

C npumMeHeHneM GyHKUMH delsq 1Isi pelieHUs YPAaBHCHHUI B YACTHBIX IPO-
U3BOJHBEIX MOXHO O3HAaKOMHUTBCS € IOMOLLBIO ITporpaMMel delsgdemo.

Conymcmeyrowue gynkyuu: NUMGRID, DEL2, DELSQDEMO.

. MopMHpoBaHHe IBYMEPHBIX CETOK

Cunmarcuc:

G = numgrid('R’, n)
Onucanue:

Oyuknys G = numgrid('R’, n) 3a1aeT TOYKM IBYMEPHOM CETKM pa3Mepa nxn, pac-
MOIOKEeHHOH B obyact {-1<x <1, -1<y<1}, reoMeTpusi KOTOpOil orpenensiercs
cuMBOJIOM 'R, KOTOPBII MOXET NPUHUMATD, 3HAYCHHUS, YKa3aHHbIE Ha puc. 9.21.

Dyukums spy(numgrid(R', n) no3posisieT 0To6pa3uTh Ha rpaduke BUII 3TOM 00JIacTH.

FERIEBE LB

P
AdAdAAAdd ki b bbb b dh bAb b

s} 10 20 a} i0 45|
nie 25 nr= 325
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10. FPAOUHECKUE KOMAHAbI
N OYHKLUUN

B cocraB cucremnl MATLAB Bxoaur MolHasi rpadmyeckast IOACHCTEMA,
KOTOpas TOAACPXKMBACT KAK CPENCTBA BU3YAIU3ALUUU JIRYMEPHOU U TPEXMEPHOM
rpaduKy, TaK M CPecTBa Ipe3eHTAUMOHHON rpaduxu. Cliegyer BbBIICIUTD
HECKOJIBKO YpOBHEW paboThl ¢ rpaduyeckuMu obbekTaMu. B mepBylo ouepesab
9TO BHICOKOYPOBHEBBIA UHTepdec, BKIIOYAIOIUA KOMaHAb U PyHKIUK, OPUCH-
THPOBAHHBIE HA KOHEYHOTO II0/B30BATESt U MPEAHA3HAYEHHBIC VI [MOCTPOCHUS
rpadMKoB B IPSIMOYIOJBHBIX M TOJSPHBIX KOOPAMHATAX, TPEXMEPHBIX IOBEPXHO-
CTCH U NUHMIA YPOBHS, TMCTOIPAMM, CTOJOLIOBBIX AMArPaMM M APYrUMX CHELMAIBHBIX
rpacukoB. ['padpuucckue KOMaHOBl BHICOKOIO YPOBHSI aBTOMAaTMYECKU KOHTPO-
JIUPYIOT MacluTab, BhIOOP LBCTOB, HC TPeOysS MaHMITYJISUMNA CO CBOMCTBAMMU I'pa-
huueckux 0OBEKTOB.

COOTBETCTBYIOLIMI HU3KOYPOBHEBBIN MHTepdeic obecmeunBaeTcsi CpeicT-
BaMU JECKPUNITOPHOHU TpacMKHU, KOrda KaxXIoMy rpadHyecKoMy OOBEKT co-
CTAaBE PUCYHKA CTABUTCS B COOTBETCTBMC HEKOTOPLIH onucaresib (necxp’mop),
Ha KOTOPBI1 MOXHO CCBIIAThCS MPHU OOpallicHUM K 3ToMy 00bekTy. Mcronb3ys
JECKPUITTOPHYIO TPaduKy, MOXHO CO31aBaTh IpadUMKU CO CHOCKAMH, HNOSACHE-
HUSIMH, BBIAEJICHUEM OTAEJIbHBIX DIEMEHFOB U T. 1.

M3-3a orpaHnyeHHOro o6beMa CIIPaBOYHOTO NMOCOOUSA B HEro He BKIIKOUEHO
OMNUCaHUE TAKUX IpadUyeCKUX BO3MOXKHOCTCHM, KaK YNpaBlieHHE LBETOM, I10j1-
CBETKOM, aHUMaLYst, NpoeKTupoBanue rpaduyeckoro untepdeiica. 3aunrtepeco-
BaHHOMY YHMTATEJIIO CJIEAYeT OOpaTUTLCA K JIOKYMEHTALMK Mo cucteMe MATLAB,
pa3MellleHHOM Ha KOMIIAKT-IUCKe U Ha WWW-cepBepe GHpMBI.

AneMeHTbl BeCKPUNTOPHONU rpaduku

HeckpunropHas rpaguxka Handle Graphics - 310 00beKTHO-OPHUEHTUPOBAHHAS
rpacduueckas cucreMa, KOTopas MoAIepKUBacT KOMIIOHEHTBI, HCOOXOMUMbIC LIS
CO3/1aH#s1 KOMIIBIOTEPHBIX [PAGUKOB.

Obsexmamu 1OACUCTEMBI [IECKPUIITOPHOM rpadku ABSIOTCA 0A30BLIC Ipa-
(uueckue 1eMEHTBI, KOTOPBIE UCTIONB3YIOTCS I BU3YAIU3ALIMU JaHHbIX. KaxaoMmy
rpaduyeckoMy OOBEKTY PUCBAUBACTCA YHUKAIBHBIA MACHTU(HUKATOP, HA3bI-
BacMbli deckpunmopom. VICNONb3ys ACCKPHUIITOD, MOXHO VIIPABIAThL CEOUCHMEAMU
rpachuycckoro o0bLEKTa.

B cucteme MATLAB Hcno/b3yeTest cieyoliast nepapxust rpaduyueckux o6beKToB,
CBSI3AHHBIX C BU3YyAIM3aLMCH JAHHBIX.
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10. paguyeckue KOMaHObi U GyHKUMN

Root

Figure

Axes

] L i
| Line | | Patch | | surface | | Text |
I'padmueckuii 06nekT Root

Onucanue:

I'padmnueckuit 06bekT Root HAXOAUTCH B BEPIUMHE UEPAPXUU M COOTBETCTBYET
9KpaHy Komrbiotepa. CyllecTByeT ¢IMHCTBEHHBIM 00beKT Root, KOTOpKIA He uMeeT
poauTeneil, a Bce Opyrue rpaduucckue OOBEKThl SBISIOTCS €r0 ITOTOMKAMH.
IIpsiMbIM TTIOTOMKOM 3TOro OOBEKTa sIBJsieTcsl rpacduyeckui obbekr Figure.
Heckpurntop obbekta Root - 0. 3ToT 00BEKT CO3AACTCI B MOMEHT 3aITyCKa CHCTEMbI
MATLAB 1 He moxer ObITh yaaieH. TeM HC MEHee MOb30BaTe/lb MOXET YIIPaB/isiTh
Cro CBOMCTBaMH.

B sieBoM cronGue npUBOAMMON HWXE TabMUILI YKa3aHbl CBOMCTBA O0OBEKTa
Root ¢ mepcuHeM KX AOMYCTHUMBIX 3HAYCHMA M 3HAYCHUM, [PUHUMACMBIX 10O
yMojiuaHuo (B UIypHBIX CKOOKax), B MPAaBOH YAaCTU - TCKYLUWE 3HAYCHUS ITUX
CBOICTB. YUMTATENIO IIPENOCTARIACTCS BO3MOXHOCTh CAMOMY BHHUKHYTb B CBOWCTBA
rpadpuyeckux oOBEKTOB.

set(0) Pooget(D)
CallbackObject = [ ]
Language Language = russian
CurrentFigure CurrentFigure = [1]
Diary: [ on | off ] Diary = off
DiaryFile DiaryFile = diary
Echo: { on | off } Echo = off
ErrorMessage : ErrorMessage =
Format: | short | long ) shortE | longE | shontG I Format = shortG
longG | hex | bank | + | rational ]
FormatSpacing: [ loose | compact ] FormatSpacing = loose
PointerLocation PointerLocation = [65 51]
PointerWindow = [0]
Profile: [ on | off | Profile = off
ProfileFile ProfileFile =
ProfileCount ProfileCount = ]
ProfileInterval : Profile[nterval = [0.01]
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Cucrema vHXeHepHbIX 1 HaydHbix pacyeroB MATLAB 5.x. Tom 2

RecursionLimit RecursionLimit = [500]
ScreenDepth ScreenDepth = [16]

ScreenSize = [1 1 640 480]
ShowHiddenHandles: [ on | {off} ] 5 ShowHiddenHandles = off
Units: | inches | centimeters | normalized | | Units = pixels

points | pixels | characters | '

AutomaticFileUpdates: [ on | off ] AutomaticFileUpdates = on
ButtonDownFcn ButtonDownFcn =
Children Children = [1]
Clipping: [ {on} | off ] Clipping = on
CreateFen CreateFen =
DeleteFen DeleteFen =
BusyAction: { {queue} | cancel ] BusyAction = queue
HandleVisibility: [ {on} | callback | 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 i UserData = [ ]
Visible: [ {on} | off ] Visible = on

Conymcmsywwue komandsr: DIARY, ECHO, FIGURE, FORMAT, GCF, GET, SET.

FIGURE

I'padpuyeckuii o6vexT Figure

Onucanue:

I'paduueckue oOBbeKTHl Figure COOTBETCTBYIOT OT/EJIBHLIM TI'PAaUYECKUM
OKHAM Ha 3KpaHe¢ TePMMHANA, IAe OTOOPAKAIOTCS BU3YAIM3UPYEMbIC AAaHHBIC.
B cucteme MATLAB HeT orpaHUdYcHUN Ha KOJIMUECTBO CO3/1ABAEMBIX OKOH, OJHAKO
BO3MOXHbBIE OTPaHUYEHHUST MOTYT ObITh OOYCIIOBICHBl OCOGEHHOCTSAMY HCIIONb-
3yeMOro Komibiorepa. I'padpuyeckue oObekThl Figure ABASIOTCS TIPAMBIMU I10O-
ToMKaMu obbexra Root.

Bce BBICOKOYPOBHEBBIC KOMaHIbI M (DYHKIIMM, KOTOPHIE BHIBOAAT rpaduku,
Hanpumep plot, surf, contour, aBTOMaTUYCCKM CO3JAIOT Trpaduyeckyit 0OBEKT
Figure, eciM OH He cymiecTByeT. EcjM OTKpHITO MHOro rpaH4yecKMX OKOH,
TO OIHO M3 HUX BBIAC/ASCTCS B KAUeCTBE TEKYIlero rpadguueckoro oobekra.

Heckpuntopom rpaduycckoro obGbexra Figure sapnsietcss Homep rpadu-
YEeCKOTO OKHA.
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10. I'pagpuyeckne KoMaHab! u yHKUNN

B neBoM cronbue NMPUBOAMMOI HMXe TabaMIbl YKa3aHbl CBOHCTBA OOBEKTa
Figure ¢ mepeyHeM MX AOMYCTHMBIX 3HAYCHUIA, B NpaBoi YacTH - TEKyILME 3HAYECHUSt

3TUX CBOWCTB.

sct(1)
BackingStore: [ {on} | off
CloseRequestFen
Color
Colormap
CurrentAxes

CurrentObject

CurrentPoint

Dithermap

DithermapMode: [ auto | {manual} |

IntegerHandle: [ {on} | off ]
InvertHardcopy: [ {on} | off |
KeyPressFen

MenuBar: [ none | {figure} |
MinColormap

Name

NextPlot: [ {add} | replace | replacechildren ], .

NumberTitle: [ {on} | off ]
PaperUnits: [ {inches} | centimeters | normalized |
points ]
PaperOrientation: [ {portrait} | landscape ]
PaperPosition
PaperPositionMode: [ auto | {manual} ]

PaperType: | {usletter} | uslegal | AQ | A1 A2 | A3
A4|AS|BO|B1|B2|B3|B4|BS|arch-A|arch-B|
arch-C | arch-D | arch-E| A | B | C | D | E | tabloid |
Pointer: | crosshair | fullcrosshair | {arrow} | ibeam |
watch | topl | topr | boti | botr | left | top | right |
bottom | circle | cross | fleur | custom ]
PointerShapeCData

PointerShapeHotSpot

Position

Renderer: | {painters} | zbuffer | OpenGL ]
RendererMode: [ {auto} | manual ]

Resize: [ {on} | off ]

ResizeFen

ShareColors: | {on} | off ]
Units: | inches | centimeters | normalized | points I
{pixels} | characters }

T ge(l)

BackingStore = on
CloseRequestFen = closereq

Color = {11 1]

Colormap = { (64 by 3) double array}
CurrentAxes = [1.00183]
CurrentCharacter =

CurrentObject = |]

CurrentPoint = [0 0]

Dithermap = [ (64 by 3) double array]
DithermapMode = manual
FixedColors = [ (11 by 3) double array]
IntegerHandle = on
InvertHardcopy = on

KeyPressFen =
MenuBar = figure
MinColormap = [64]

Name = 3-D Plots in Handle Graphics
NextPlot = add

NumberTitle = off

PaperUnits = inches

PaperOrientation = portrait
PaperPosition = [0.25 2.5 8 6]
PaperPositionMode = manual
PaperSize = [8.5 11]
PaperType = usletter

Pointer = arrow

PointerShapeCData = { (16 by 16) double array}
PointerShapeHotSpot = [1 1}
Position = [5 156 436 282}
Renderer = zbuffer
RendcrerMode = auto
Resize = on
ResizeFen =
SelectionType = normal
SharcColors = on
Units = pixels
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WindowButtonDownFcn ! WindowButtonDownFcn =
WindowButtonMotionFcn ! WindowButtonMotionFcn =
WindowButtonUpFcn ! WindowButtonUpFcn =
WindowStyle: [ {normal} | modal ] WindowStyle = normal
ButtonDownFcn i ButtonDownFcn =
Children Children = [ (15 by 1) double array}
Clipping: | {on} | off ] ¢ Clipping = on
CreateFcn CreateFen =
DeleteFen DeleteFcn =
BusyAction: [ {queue} | cancel ] BusyAction = queue
HandleVisibility: [ {on} | callback | off ] HandleVisibility = on
HitTest: [ {on} | off | HitTest = on
Interruptible: [ {on} | off | ¢ Interruptible = on
Parent Parent = [0]
Selected: | on | off | Selected = off
SelectionHighlight: | {on} | off ] SelectionHighlight = on
Tag Tag =

Type = figure
UlIContextMenu i UlIContextMenu = {]
UserData UserData = [4.00085 7.00049 9.00049 11.0005

13.0005]
Visible: [ {on} | off | i Visible = on

Conymcmeyiowue komanowr: AXES, CLOSE, CLF, GCF, ROOT-00BEKT.

AXES I'paduyecknit o6nexT Axes

Onucanue:

Ipaduueckuit 0o6beKT Axes 3afacT o61acTh pasMmellieHMsl rpacduka B OKHE
obbekTa Figure. OOBekT Axes gBisieTcsl TIOTOMKOM As obbekTta Figure M B TO
Xe Bpemsi ponurteneM [l rpacduueckux oObekToB Line, Patch, Surface, Text,
KOTOpBIE IPUMEHSIIOTCS A5l BU3YATU3aLUK JAHHBIX,

Bce komanasl M dyHKUMM, KOTOpBIE BbIBOAAT rpaduku, Hanpumep plot, surf
contour, mesh, bar, aBTOMaruyecku CO3AAIOT rpaduyecKuit oObeKT Axes, eCjiM OH
He cylecTByeT. Ecim B onHom rpadvyeckoM OKHE CO34aHO HECKONBKO OOBEKTOB
Axes, TO OJIMH U3 HUX BbIACNACTCS B KAYECTBE TEKYLIETO rpahmyccKoro o0bexTa.

Heckpurrrop tpachuyeckoro o0beKTa Axes MOXET ObITh ONPEAEieH ¢ IOMOLLBIO
KOMaH/Ib! gca.

B neBoM cronbue 11puBoAMMON HiKe TabIUIIBl yKa3aHb! CBOICTBA 00ObeKkTa AXes
C MepeyHeM MX AONYCTMMBIX 3HAYCHMI, B MpPaBOMl YacTH - TCKYLIME 3HAUYCHWS 3TUX
CBOMCTB.
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10. papuyeckune koManasl ¥ PyHKUIN

set(gca)
AmbientLightColor
Box: | on | {off} ]
CameraPosition

CameraPositionMode: [ {auto} | manual ]
CameraTarget

CameraTargetMode: [ {auto} | manual |
CameraUpVector
CameraUpVectorMode: [ {auto} | manual ]
CameraViewAngle
CameraViewAngleMode: [ {auto} | manual }
CLim

CLimMode: { {auto} | manual }

Color

ColorOrder

DataAspectRatio

DataAspectRatioMode: | {auto} | manual |

DrawMode: [ {normal} | fast |

FontAngle: | {normal} | italic | oblique ]

FontName

FontSize

FontUnits: [ inches | centimeters | normalized |
{points} | pixels ]

FontWeight: [ light | {normal} | demi | bold ]

GridLineStyle: [ - | -- ] {:} | -. | none ]

Layer: [ top | {bottom} ]

LineStyleOrder

LineWidth

NexiPlot: | add | {replace} | replacechildren |

PlotBoxAspectRatio

PlotBoxAspectRatioMode: | {auto} | manual ]

Projection: | {orthographic} | perspective }

Position

TickLength

TickDir: | {in} | out }

TickDirMode: [ {auto} | manual ]

Title

Units: { inches | centimeters | {normalized} | points |

pixels | characters |
View
XColor
XDir: [ {normal} | reverse |
XGrid: [ on | {off} ]
XLabel
XAxisLocation: [ top | {bottom} ]

get(gea)
AmbientLightColor = [1 1 1]
Box = off
CameraPosition = [-121.971 -218.006

86.6025]
CameraPositionMode = auto
CameraTarget = [15 20 0]
CameraTargetMode = auto
CameraUpVector = {0 0 1]
CameraUpVectorMode = auto
CameraViewAngle = [10.3396]
CameraViewAngleMode = auto
CLim = [-6.32652 7.99662]
CLimMode = auto
Color = none
CurrentPoint = [ (2 by 3) double array]
ColorOrder = [ (6 by 3) double array)
DataAspectRatio = [1.5 2 1]
DataAspectRatioMode = auto
DrawMode = normal
FontAngle = normal
FontName = Helvetica
FontSize = [10]
FontUnits = points

FontWeight = normal
GridLineStyle = :

Layer = bottom
LineStyleOrder = -
LineWidth = [0.5]
NextPlot = replace
PlotBoxAspectRatio = [1 1 1]
PlotBoxAspectRatioMode = auto
Projection = orthographic
Position = [0.07 0.45 0.6 0.5]
TickLength = {0.01 0.025]
TickDir = out
TickDirMode = auto

Title = [32.0001]

Units = normalized

View = [-37.5 30]
XColor = {0 0 0]

XDir = normal

XGrd = on

XLabel = [29.0001}]
XAxisLocation = bottom
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XLim

XLimMode: | {auto} | manual ]
XScale: [ {linear} | log ]

XTick

XTickLabel

XTickLabelMode: [ {auto} | manual |
XTickMode: [ {auto} | manual |
YColor

YDir: [ {normal} | reverse ]
YGrid: [ on | {off} |

YLabel

YAxisLocation: { {left} | right ]
YLim

YLimMode: [ {auto} | manual ]
YScale: [ {linear} | log ]

YTick

YTickLabel

YTickLabelMode: [ {auto} | manual ]
YTickMode: | {auto} | manual ]
ZColor

ZDir: { {normal} | reverse |
ZGrid: [ on | {off} ]

Zlabel

ZLim

ZLimMode: | {auto} | manual ]
ZScale: [ {linear} | log ]

ZTick

ZTickLabel

ZTickLabelMode: | {auto} { manual ]
ZTickMode: [ {auto} | manual ]

ButtonDownFcn

Children

Clipping: | {on} | off ]

Createben

DeleteFen

BusyAction: [ {queue} | cancel ]
HandleVisibility: [ {on} | callback | off']
HitTest: { {on} | off ]

XLim = {0 30]
XLimMode = auto
XScale = linear
XTick = [0 10 20 30}
XTickLabel =

XTickLabelMode = auto
XTickMode = auto
YColor = [0 0 0]
YDir = normal
YGrid = on

YLabel = {30.0001}
YAxisLocation = left
YLim = [0 40]
YLimMode = auto
YScale = linear
YTick = [0 20 40]
YTickLSbel =

20
40

YTickLabelMode = auto
YTickMode = auto
ZColor = {0 0 0]
ZDir = normal
ZGrid = on
ZLabel = [31.0001]
ZLim = [-10 10)
ZLimMode = auto
ZScale = linear
ZTick = [-10 0 10]
ZTickLa%al =

0
10
ZTickLabelMode = auto
ZTickMode = auto

ButtonDownFcn =
Children = [16.0017)
Clipping = on
CreateFen =
DeleteFen =
BusyAction = qucue
HandleVisibility = on
HitTest = on
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Interruptible: { {on} | off ] i Interruptible = on
Parent i Parent = 1]
Selected: [ on | off ] i Selected = off
SelectionHighlight: [ {on} ] off ] i SelectionHighlight = on
Tag i Tag=

i Type = axes
UlIContextMenu i UlContextMcnu = | ]
UserData UserData = [ ]
Visible: { {on} | off ] i Visible = on

1 IpakTHYeCKOro OCBOEHUS CBOMCTB rpaduyeckoro obbekTa AXes BOCIOJb-
3yiTech JeMOHCTpalMOoHHBIM M-(aittom hndlaxis. Ha puc. 10.1 nokazano rpadmue-
ckoe okHO Handle Graphics and the Axis Object, KoTopoe NO3BOJISIET YIIPARIATE Ta-
KHUMH CBOMCTBaMK 0OBEKTa AXeS, Kak BbIOOp JIMHEHHOM, JOTapupMHUECKON W
TIOTYIOrAapU(MHUYECKON LUKAT 110 OCSIM, HUCIIONB30BAHUE CETKM, HAIPABICHUE U3Me-
HEHUA TIePEMEHHBIX 110 OCAM, LBET CETKU U PA3METKA OCei.

OkHo MiniCommand Window 1103BosIIcT BBOIUTH COOCTBEHHBIE KOMAaH/IbI
M YTIPaBJsiTh CBOMCTBAMHU IpadukKa.

'é Handle ﬁraphlcs and the A 3 Ub|ecl
Fue Edit = Window He!p .

100

plot(x, {{sin(1.7+)).~2). 7%);
set(gca, %Grid' 'on', 'Y Grid','on’);

Puc. 10.1

Conymemsyrowgue komanons. AXIS, CLA, CLF, FIGURE, GCA, GRID, SUBPLOT, TITLE,
XLABEL, YLABEL, ZL ABEL, VIEW.
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LINE

Onucanue:

I'padhuyeckue obbekThl Line sipnsitotcst rpadruccKUMM IPUMUTUBAMU, KOTOpPbIE
WCIIONB3YIOTCS [UISl CO3MAHUSA ABYMECPHBIX M TpexMepHbIX rpadukon. O6bekr Line
SBJISICTCS TIOTOMKOM 111 00bekTa AXes.

BpicokoypoBHEBBIc KOMaHAbl M ¢yHKUMK plot, plot3, contour cosmaor rpa-
¢uueckue oObeKTH Line.

Heckpuntop rpaduueckoro oobekra Line MoXeT OBITh M0JYUeH, Hanpumep,
¢ noMouislo GyHkinu h = plot(...).

B neBoMm cronbue npuBOAMMON HMXe TAONHIIB! yKaszaHbl CBOMCTBA OOBEKTA
Line ¢ mepeyHeM MX JOMYCTUMBIX 3HAYECHWIA, B MPABOH YAaCTH - TEKYIIME 3HAYCHUS
3THX CBOMCTB JUISL IMHUM € AecKpuntopoM h(2).

I'paduueckuii od6bvext Line

set(h(2)) i oget(h(2))
Color i Color=1[001]
ErascMode: [ {normal} | background | xor | none ] EraseMode = normal
LineStyle: [ {-} ] - |:|-. | none ] LineStyle = -
LineWidth LineWidth = [0.5]

Marker: [ + |o| *| .| x| square | diamond [ v | " | > Marker = none

| < | pentagram | hexagram | {none} |

MarkerSize : MarkerSize = [6]

MarkerEdgeColor: | none | {auto} | -or- a i  MarkerEdgeColor = auto
ColorSpec.

MarkerFaceColor: [ {none} | auto | -or- a ; MarkerFaceColor = none
ColorSpec.

XData i XData = [ (1 by 101) double array]

YData i YData = { (1 by 101) double array]

ZData ZData =[]

ButtonDownFcen ButtonDownFen =

Children Children = [ ]

Clipping: [ {on} | off ] Clipping = on

CreateFcn CreateFcn =

DeleteFen DeleteFen =

BusyAction: [ {queue} | cancel ] BusyAction = queue

HandleVisibility: [ {on} | callback | off ]
HitTest: [ {on} | off |

Interruptible: [ {on} | off ]

Parent

Selected: | on | off ]
SelectionHighlight: [ {on} | off |

Tag

UlContextMenu
UserData
Visible: | {on} | off ]

HandleVisibility = on
HitTest = on
Interruptible = on
Parent = [2.00024]
Selected = off
SelectionHighlight = on
Tag =

Type = line
UlContextMenu = | |
UserData = | |
Visible = on
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Jst MpakTHYecKoro OCBOEHMSI CBOMCTB rpacpuyeckoro obbekra Line Boc-
TIONIB3YMTCCh IEMOHCTpaUMOHHBIM M-daitoM hndlgraf. Ha puc. 10.2 nokasano
rpapuueckoc okHo Handle Graphics and Line Objects, koropoe mno3Bonser
YIpaBIsiTH TAKUMHU CBoMcTBaMU 00BbeKTa Line, KaK T, IUMPUHA JIWHUU, pa3Mmep
Mapkepa, UBCT JTUHUU.

Oxkno MiniCommand Window mNo3BOJSICT BBOAUTb COOCTBEHHbICE KOMAHABI
M YnpasisiTh CBOMCTBAMH Tpauka.

andle Graphics and Line Objects
Edit  Wjindow  Help

hnd-|=blof[xikxumps[x]];
set(hndl,'LineWidth',2)
set(hndl,'Color’,'cyan’]

Puc. 10.2
Conymcemeywuue komandsr: PATCH, PLOT, PLOT3, TEXT.

I'padmueckuii o6nekt Patch

Onucarue:

I'paduuecckuit obbekr Patch - 3TO OAMH WIM HECKOJBKO 3aKpaHICHHBIX
MHOTOYIOJIBHUKOB C BbIACJICHHBIMU TpaHulaMU. OObekT Patch sBiseTcss noToMKOM
Juist oObekTa Axes.

BricokoypoBHeBbie koMaHasl ¥ dyHkuuu fill, fill3, contour, contour3 coznator
rpaguueckue o0beKTbl Patch.

Heckpuntop rpaduyeckoro oObekra Patch MoXeT ObITb IOJIYYEH, HAMPUMED,
¢ nomoubio GyHkunu [c, h] = contour3(...).

B sleBoM cTONGLE NPUBOAUMOM HUXe TabiuLbl yKa3aHbl CBOHCTBA 0OBbeKTa
Patch ¢ rnepcuyHeM MX OOITYCTHMbBIX 3HAYCHMM, B IIPAaBOM YaCTH - TEKYLIMC 3Ha-
YCHMS ITUX CBOMCTB Wwist obbekTa Patch ¢ seckpunropom h(1).
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set(h(1))
CData
CDataMapping: [ direct | {scaled} |
FaceVertexCData

EdgeColor: [ none | flat | interp ] -or- {a ColorSpec}.
EraseMode: | {normal} | background | xor | none |
FaceColor: [ none | flat | interp ] -or- {a ColorSpec}.
Faces

LineStyle: { {-} | --|:| -. | none ]

LineWidth

| pentagram | hexagram | {none}

MarkerEdgeColor: [ none [ {auto} | flat | -or- a
ColorSpec.

MarkerFaceColor: | {none} | auto | flat | -or- a
ColorSpec.

MarkerSize

Vertices

XData

YData

ZData
FaceLighting: | none | {flat} | gouraud | phong }
EdgeLighting: [ {none} | flat | gouraud | phong ]

BackFaceLighting: [ unlit | Iit | {reverselit} |

AmbientStrength

DiffuseStrength

SpecularStrength

SpecularExponent

SpecularColorReflectance

VertexNormals

NormalMode: | {auto} | manual ]

ButtonDownFcn

Children

Clipping: [ {on} | off ]

CreateFen

DeleteFcn

BusyAction: [ {queuc} | cancel ]
HandleVisibility: [ {on} | callback | off }
HitTest: [ {on} | off ]

Interruptible: [ {on} | off ]

Parent

Marker: [ +{o|*]. |x|squam|d1amond|v|A|>|<

array]

get(h(1))

CData = [ (16 by 1) double array]
CDataMapping = scaled

FaceVertexCData = [ (16 by 1) double

array]

EdgeColor = flat

EraseMode = normal
FaceColor = none

Faces = [ (1 by 16) double array]
LineStyle = -

LineWidth = [0.5]

Marker = none

MarkerEdgeColor = auto
MarkerFaceColor = none

MarkerSize = [6]
Vertices = [ (16 by 3) double array}]
XData = [ (16 by 1) double array]
YData = [ (16 by 1) double array]
ZData = [ (16 by 1) double array]
FaceLighting = flat

_ EdgeLighting = none

BackFaceLighting = reverselit
AmbientStrength = [0.3]
DiffuseStrength = [0.6]
SpecularStrength = {0.9]
SpecularExponent = {10]
SpecularColorReflectance = [1]
VertexNormals = [ (16 by 3) double

NormalMode = auto

ButtonDownkFcn =
Children =[]
Clipping = on
CreateFen =
DeleteFen =
BusyAction = queue
HandleVisibility = on
HitTest = on
Interruptible = on
Parent = [1.0011]

Selected: | on | off ] Selected = off
SelectionHighlight: [ {on} | off ] SelectionHighlight = on
Tag Tag =
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: Type = patch
UiContextMenu ¢ UlContextMenu = {]
UserData i UserData = [-6]
Visible: [ {on} | off ] i Visible = on

Conymcmeyioume Komandst: FILL, FILL3, LINE, SHADING, TEXT.

SURFACE T'padmueckuii o6vexT Surface

Onucanue:

I'pacmueckuit 0bbekT Surface - 3T0 TpexXMEpHAas BM3yalM3aliMsd MacCHBa
JIAHHBIX, KO 3JICMCHT MACCHBA OINpPENEJISIET BbICOTY TOYKHM Hall IUIOCKOCTBIO X-Y.
TakuMm o6pazoM (popMHUpyeTcsS TpexMepHast ITOBEPXHOCTh, COCTOSINAS U3 YEThbl-
PEeXYroJbHUKOB, BCPIIMHbI KOTOPBIX ONPEICSIOTCS MAaCCMBOM MCXONHBIX JaHHBIX.
[TosepxHOCTL MOXET ObITh CIJIOIUHOM WJIM MHTEPIIONXPOBAHHOM UBETOM JHOO
MPCACTABAATh TOABKO CCTKY JIMHUIA, COSAMHSIIOWIMX BEPLUMHBL.

O6bexT Surface apisiercs MOTOMKOM 0ObeKTa Axes.

BricokoypoBHeBble KoMaH[bl ¥ byHKuMu pcolor, surf, mesh coznator rpadu-
yeckuit o0bekT Surface.

Heckpunrop rpadgmyeckoro obbekra Line MOXeT ObITh IMOJIYYEH, HAIIPUMED,

¢ nomoluso byHkuuu h = surf(...).

[X, Y] = meshgrid([-2:0.4:2]);

Z = X exp(-X.A2 - Y.A2),

% Puc. 10.3, a

fh = figure('Position’, [350 275 400 300}, 'Color', ‘'w');

ah = axes('Color’, [8 .8 .8], 'Xtick', [-2-1 0 1 2], "Ytick', [-2 -1 0 1 2});

sh = surface(‘Xdata', X, 'Ydata', Y, ‘Zdata', Z, ...
'FaceColor', get(ah, 'Color’) + 0.1, ...
'EdgeCoilor’, k', 'Marker', 'o', ...
‘MarkerFaceColor’, [0.5 1 0.85));

% Fuc. 10.3,6

view(3), grid on

ld=..l.|l.
-, _.----...

1

Puc. 10.3
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B s1eBOM cTOJI6LE NPUBOAMMONR HMXC TaOIMLbI YKa3aHbl CBOMCTBA 00bEKTA
Surface ¢ repeyHeM MX JONMYCTUMbIX 3HAYEHMH, B MIPaBOM YacTH - TEKYLIUe 3Ha-
YEHUS 3TUX CBOMCTB ISl TIOBEPXHOCTU C XECKPUIITOPOM Sh.

set(sh)

CData

CDataMapping: | direct | {scaled} ]
EdgeColor: [ none | flat | interp ] -or- {a ColorSpec}.
EraseMode: [ {normal} | background | xor | none ]

a ColorSpec.
LineStyle: { {-} | --|:|-. | none ]
LineWidth

< | pentagram | hexagram | {none} |
ColorSpec.

ColorSpec.
MarkerSize
MeshStyle: [ {both} | row | column ]
XData
YData
ZData
FaceLighting: [ none | {flat} { gouraud | phong }
EdgeLighting: | {none} | flat | gouraud | phong ]
BackFaceLighting: [ unlit | lit | {reverselit} |
AmbientStrength
DiffuseStrength
SpecularStrength
SpecularExponent
SpecularColorReflectance
VertexNormals

NormalMode: [ {auto} | manual ]

ButtonDownFcn

Children

Clipping: | {on} | off ]

CreateFen

DeleteFen

BusyAction: [ {queue} | cancel |
HandleVisibility: | {on} | callback | off ]
HitTest: [ {on} | off |

Interruptible: [ {on} | off ]

Parent

FaceColor: [ none | {flat} | interp | texturemap | -or-

Marker: [ +] o] *|.!x]|square | diamond |v |~ | > |
MarkerEdgeColor: [ none | {auto} | flat | -or- a

MarkerFaceColor: [ {none} | auto | flat ] -or- a

get(sh)
CData = { (3 by 3) double array]
CDataMapping = scaled
EdgeColor = [0 0 0]
EraseMode = normal
FaceColor = (0.9 0.9 0.9]

LineStyle = -
LineWidth = [0.5]
Marker = o

MarkerEdgeColor = auto
MarkerFaceColor = [0.5 1 0.85]

MarkerSize = [6]
MeshStyle = both
XData = [ (11 by 11) double array]}
YData = [ (11 by 11) double array]
ZData = [ (11 by 11) double array]
FaceLighting = flat
EdgeLighting = none
BackFaceLighting = reverselit
AmbientStrength = [0.3}]
DiffuseStrength = [0.6)
SpecularStrength = [0.9]
SpecularExponent = [10]
SpecularColorReflectance = [1]
VertexNormals = [ (11 by 11 by 3)

i double array]

NormalMode = auto

ButtonDownFcn =
Children = {]
Clipping = on
CreateFen =
DeleteFen =
BusyAction = queue
HandleVisibility = on
HitTest = on
Interruptible = on
Parent = [14.0002]
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Selected: [ on | off ] i Selected = off
SelectionHighlight: [ {on} | off ] ¢ SelectionHighlight = on
Tag i Tag=

i Type = surface
UlIContextMenu ! UlContextMenu = [ |
UserData i UserData = | ]
Visible: [ {on} | off | i Visible = on

s npakTHyeckoro ocBOeHMs CBOMCTB rpadmuecckoro obnekra Surface Boc-
NMONbL3YWTECh NEMOHCTPAUMOHHBIM M-gaitiom graf3d. Ha puc. 10.4 nokasano
rpacuueckoe okHo Handle Graphics and Line Objects, koTopoe mnossonser
YNpaBJisiTh TAKUMHU CBOUCTBAMU 0ObeKTa Line, KaK TUII, LUMPHHA JIMHUHK, Pa3Mep
Mapkepa, UBET JIUHUM,

OkHo MiniCommand Window Mo03BOJSE€T BBOAMTH COOCTBEHHBIE KOMaHIbI
W yIpasisiTh CBOMCTBAMM rpaduka.

'# 3-D Plots in Handle Graphics

z=peaks(25);
suif(2)
colormap{hsv}

Puc. 10.4
Conymcmayiowjite komanodst: LINE, PATCH, SHADING, SURF, TEXT.

I'pacpuyecknit o6bekr Text

Onucanue:

I'pacduueckie obbexTol Text - 310 cTpoku cumpojioB. OObnekT Text asasercs
NOTOMKOM 00BekTa Axes.

BricokoypoBsHeBble KOMaHibl M ¢yHkuuu title, xlabel, ylabel, zlabel, gtext
co3jaoT rpaguyeckue 0ObeKTh Text.

Heckpuritop rpaduyeckoro obbvekra Text MOXCT ObITh NONYYCH, HATIPUMED,
¢ noMouwbio GhyHkUKUK h = title(...).
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B neBom cronbue NnpUBOAMMOI HMXe TabNMubl YKazaHbl CBOMCTBA 0ObEKTa
Text ¢ repcyHeM HMX AOMYCTUMBIX 3HAYCHHUH, B 1IPABOM 4acTH - TEKyLIME 3HAUEHUS
STHX CBOWCTB st 00beKTa Text ¢ eckpunTopom h.

set(h)
Color

EraseMode: [ {normal} | background | xor | none ]
Editing: [ on | off ]

FontAngle: [ {normal} | italic | oblique }
FontName
FontSize

FontUnits: { inches | centimeters | normalized |

{points} | pixels ]
FontWeight: [ light | {normal} | demi | bold ]
HorizontalAlignment: [ {left} | center | right |
Position
Rotation
String
Units: [ inches | centimeters | normalized | points |
pixels | characters | {data}
Interpreter: [ {tex} | none ]

VerticalAlignment: [ top | cap | {middle} | baseline | :-

bottom ]

ButtonDownFcn

Children

Clipping: | {on} | off ]
CreateFen

DeleteFen

BusyAction: [ {queue} | cancel }
HandleVisibility: { {on} | callback | off |
HitTest: { {on} | off ]
Interruptible: [ {on} | off |
Parent

Selected: | on | off ]
SelectionHighlight: [ {on} | off ]
Tag

UlContextMenu
UserData
Visible: | {on} | off |

get(h)
Color = [0 0 0]
EraseMode = normal

Editing = off
Extent = [0.193548 1.01311 0.602151
0.0590164]

FontAngle = normal
FontName = Helvetica
FontSize = [10]
FontUnits = points

FontWeight = normal
HorizontalAlignment = center
Position = [0.497297 1.02303 9.16025]
Rotation = {0]

String = I'paduk dyHxKuMM

Units = data

Interpreter = tex
VerticalAlignment = bottom

ButtonDownFcn =
Children = [ }
Clipping = off
CreateFen =
DeleteFcn =
BusyAction = queue
HandleVisibility = off
HitTest = on
Interruptible = on
Parent = [1.0011}
Selected = off
SelectionHighlight = on
Tag =

Type = text
UlContextMenu = | ]
UserData = [ ]
Visible = on

Conymemeyrowue komandst: GTEXT, LINE, PATCH, TITLE, XLABEL, YLABEL, ZLABEL.
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10. Mpapuyeckune KoMaHabl N QyHKLNM

AnemeHTapHasa rpadpuka

DneMeHTapHble rpaduycckue GYyHKUMKM cUCTeMbl MATLAB [O3BOJISIOT
TOCTPOUTE HA DKPAaHE M BBIBCCTM Ha IEYATAIOLIEE YCTPOMCTBO CACAYIONIME TUIbI
rpaukos; JIMHEHAHBIN, TorapudMUIECKUA, ronyaorapudMUICCKUA, MTOISAPHBIN.

Hnst xaxmoro rpaguka MOXHO 3a1aTh 3arojioBOK, HaHeCcTH 0OO0O3HadeHUe
oceil 1 MaclTabHyIO CeTKYy.

LsymepHbie rpadumkn

PLOT I'paduk B IHHeiHOM MacmTade

Cunmakcuc:

plot(y)

plot(x, y)

plot(x, y, LineSpec)

plot(x1, y1, LineSpect, x2, y2, LineSpec2, ...)

plot(..., ‘PropertyName', PropertyValue, ...)

h =plot(...)

Onucanue:

Komanna piot(y) crpont rpaduk 21€6MEHTOB OHOMEPHOIO MacCUBAa y B 3aBU-
CUMOCTHM OT HOMEpa 3JIEMEHTA; €CM JIEMEHTBI MAcCUBa Y KOMIUIEKCHbBIE, TO CTPO-~
utcst rpaduk plot(real(y), imag(y)). Ecnn Y - nByMepHbIil IeHCTBUTEILHBIA MacCuB, TO
crposiTcsl rpaduKu UIsL CTOJIOLOB; B C/1y4ac KOMIUIEKCHBIX 3JIEMEHTOB UX MHMMBbIE
YACTH UTHOPUPYIOTCS.

Komanga plot(x, y) coorBeTcTByeT nocTpoeHUo rpaduka ¢yHKIMM, KOTAa
ONHOMEPHBIA MAacCUB X COOTBCTCTBYCT 3HAUCHUSIM apryMeHTa, a OJAHOMEDHBIN
Maccus y - 3HadeHusIM pynkuuu. Koraa oxgun u3 MaccuBoB X unu Y nubo oba
JIBYMEDHBIE, PEATU3YIOTCS CJIeAyoLIMe MOCTPOEHHS:

«  ecau MaccuB Y JIBYMEPHBIM, @ MACCUB X OJHOMEPHBIi1, TO CTPOsATCHA rpaduku

JUISL CTOJIOLIOB MaccuBa Y B 3aBUCHUMOCTH OT JIEMCHTOB BEKTOPA X;

«  €C/IM JBYMEPHBIM SIBJISETCSS MAacCHMB X, @ MAacCHB Y OJHOMEPHBIH, TO CTPOATCS

rpapuky CcTOjIOLI0B MacCcMBa X B 3aBUCMMOCTH OT 3JIEMEHTOB BEKTOpA Y;

« ecan oba maccuBa X ¥ Y [BYMEpPHBIE, TO CTPOSTCSI 3aBUCUMOCTH CTOJOLIOB

MaccuBa Y oT cronbuoB maccuba X.

Komanaa plot(x, y, LineSpec) no3poisieT BelACAUTh rpaduK (YHKIIMNA, YKA3aB
cnocob orobpaxeHWs JMHUM, crIocob OTOOpaxeHUs MapKepa TOYEK, LIBET JIMHUI
M Mapkepa ¢ IIOMOLIbIO CTPOKOBOW HepemeHHO#t LineSpec, kortopast Moxer
BKJIIOYATD [0 TPEX CUMBOJIOB M3 ClIeAyioleid Tablunlpl:
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Tun aunuu Tun mapxepa Llgem
HenpepriBHag - Touka . XKenrolit y
IrpuxoBas -- [Trioc + DuoneToBLIA m
JIBOMHOM NMYHKTUD : 3Be3noyka * Tony6oi C
L rpuxnyHKTUpHas - Kpyxox o) KpacHbiit r
Kpecr x 3eneHbIi g
Kganpat s Cunuit b
Pomb6 d benbrit w
ITaTurpanHmnk p YepHblit k
HIccTurpaHHUK h
CTpeska BHM3 v
Crpenka BBepx »
Crpesika BIEBO <
Crpenka Brpaso >

Ecnu uBer AMHUM HE YKAa3aH, OH BBIOMpACTCS M0 YMOJIYAaHUIO M3 LHECTH
TIEPBBLIX UBETOB, C XXEJITOTO 0 CHHEro, MOBTOPSISICh LUKJIMYECKH.

Komanpna plot(x1, y1, LineSpec1, x2, y2, LineSpec2, ..) CTpOMT Ha OZHOM
rpaduke HecKoJbKO rpaduueckux o0beKToB Line mwist dynxumit y1(x1), y2(x2), ...,
ONpeAe/uB JUIA KaXI0M M3 HUX CBO# croco0 oToOpaXeHHus.

Komanpa plot(..., 'PropertyName’, PropertyValue, ..) nospojiser 3agath 3HayeHMsI
CBOMCTB rpaduyeckoro oobekTa Line, COOTBETCTBYIOILEIO TOCTPOSHHOMY IpaduKy.

®ynkuus h = plot(...) Bo3BpalaeT BEKTOp JECKPUNTOPOB IS BCexX rpaduye-
CKMX 00BbeKTOB Line Tekyiuiero obbekTa Axes.

IIpumeper:

IMTocrpoum rpadmk dynkumu y = exp(2*cos(x)) Ha otpeske [0 47) ¢ waroM w/15:

x=0:pil15: 4*pi;

y = exp(2*cos(x));

plot(x, vy, 'b+) % puc. a

I'pacduk Ha puc. 10.5, @ oToOpaxkaeT 3HaUeHUS OJHOMEPHOTO MACCHMBA Y, CO-
crosero M3 61 snemMeHTta, Kak (GYHKUMIO 3JEMEHTOB MAacCUBA X, KCIIOJb3Ys
Mapkep "+".

I'paduk Ha puc. 10.5, 6 coeauHsieT TOUKM CIJIOWHON JIMHMER CHHErO LBETa

"

Y UCIIONb3YET MapKep "0" YepHOIo 1BeTa.
h = plot(x, y, 'b-', x, y, 'ko"} % puc. 6
h =
8.0001
1.0013

DTOT rpaduk cocTapieH M3 ABYX Ipadpuuecknx oobekToB Line.
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10. papuyeckue KoMaHabl n OyHKUN

Puc. 10.5
Ha puc. 10.5, ¢ nocrpoeHo nsa rpaduka GyHKUMII ¢ PAIMYHBIMU CIICHH-
buKaMAMHU [UIS TUHUIA U MapKEpOB!
x=0:pi/15: 4"pi;
y1 = exp(2*cos(x));
y2 = exp(2*sin(x));
h = plot(x, y1, -k*, x, y2, -.ko"} % puc.s
h=
3.0004
1.0015
Ha puc. 10.5, 2 nocrpoeH rpadvk (GyHKLMH, JJIsi KOTOPOro IEPEOTIpEnc/ieH Psijl
CBOICTB COOTBETCTBYIOLLEIO 00BbeKTa Ling, a UMEHHO IUMPHMHA JIMHUU - 2; LBET rpa-
HULIBI MapKepa - YEPHbIi; UBET MapKepa - 3eNcHbIi; pa3mep Mapkepa - 10:
x = -pi : pi/5 : pi;
y = tan(sin(x)) - sin(tan(x));
plot(x, vy, -rs', 'LineWidth', 2, ...
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‘MarkerEdgeColor', 'K, ...
'MarkerFaceColor’, 'd’, ...
‘MarkerSize', 10)
Conymcmeyrouue KoManobt. AXES, AXIS, GRID, LOGLOG, PLOTEDIT, PLOTYY,
SEMILOGX, SEMILOGY, XLABEL, XLIM, YLABEL,YLIM.

[ FPLOT, EZPLOT |

ITocTpoenne rpadmkoB dyHkumii
Cunmaxcuc:

fplot(‘<uma gynxyuu>', limits)

fplot(‘<umsa gynxyuu>', limits, tol)

folot('<umsa gynryuu>', limits, tol, n)

fplot('<umsa gynryun>', limits, tol, n, LineSpec)

fplot('<ums @ynxyuu>, limits, tol, n, LineSpec, p1, p2, ...)

[x, Y] = fplot(...)

ezplot('f(x)")

ezplot('f(x), [xmin xmax})

ezplot(*f(x), [xmin xmax], fig)

Onucanue:

Komaunga fplot(‘<umsa gynicyun>*, limits) crpour rpadmk QyHKuMu OfHOM me-
peMeHHO# B 3agaHHOM HMHTepBate limits = [xmin xmax]. Ecau aprymedr limits =
= [ xmin xmax ymin ymax ], To MpyHMMaeTcsl BO BHUMAaHUE ¥ 3afaHHBI HHTEp-
BT TIO OCHU Y. APryMeHT ‘<umsa @ynkyuu>‘ - 310 IMGo uMsa M-gaitna, nubo
crpoka puna 'sin(x), 'diric(x, 10Y, '[sin(x) cos(x)], koTopas MOXET ObITb BBIMUCIEHA
Pynxumelt eval. B ToM cilyyae, KOraa Belyucagemas QyHKIUS MHOTOMEpHasi, TO
hopMupyeTCH BEKTOP-CTPOKA TSI KAXKAOro 2AeMeEHTA BeKTopa X. HanpuMep, eciiu
OJHOBpeMeHHO Bpluucisiercst 3 ¢yHkumu [f1(x), f2(x), f3(x)], To AnsA BXOAHOIO
BeKropa X = [x1; x2] 6yaer chopMuporaHa cieayiouias Marpuua Y:

f1(x1) f2(x1) f3(x1)
f1(x2) f2(x2) f3(x2)

Komanga fplot('<ums gynxyuu>, limits, tol) crponT rpadvk QyHKIMM C OTHO-
CHUTepHOM oumbxoil tol (o ymonuanuio 2e-3), To ecTh ¢ ToyHocThio 0.2 %.
Takum 00pa3oM, MaKCUMallbHOE KOJMYECTBO LUArOB IO NEPEMEHHOM X MOXET
coctaButh (1/tol)+1.

Komanaa fplot('<ums @ynxyuu>', limits, tol, n) crpout rpadpuk GyHKunu ¢ MUHK-
MaJIBHBIM KOJIMYecTBOM Touek n+1 (1o ymomuanuio n = 1). Takum obpa3oM, Makcu-
MAJIBHBIM 11Ar 110 TIEPEMEHHON X MOXET COCTAaBMTB (1/n)*(xmax-xmin).

Komanpa fplot(‘<ums ynxyuu>', limits, tol, n, LineSpec) crpout rpadux
dyHKUMKM ¢ 3agaHHON crieundUkalUen nuHUM LineSpec, Kotopast 3aiacT THII
JIMHUM, CUMBOJI MApKepa M LIBET IO aHanormu ¢ pyHkuueir plot.

AprymenTel tol, n, LineSpec MOTyT BKIIIOUATLCA B CIIUCOK ApTyMEHTOB B JIIOGOM
MOPSiIKE.
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Komanpa fplot('<umsa gynxyuu>', limits, tol, n, LineSpec, p1, p2, ...) no3sonser
Nepeath TAPAMETPBbl BbIUMCISACMON QyHKiIMH. JIs MCIIOIB30BAHUS 10 YMOTYAHUIO
apryMeHToB tol, n, LineSpec 10CTaTOYHO yKa3aTth IyCThle MAacCHBHI [ .

Oyukiua [x, Y] = fplot(...) BosBpaitaer abcUMcChl M OPAMHATH QYHKUUM B BUIE
OJJHOMEPHOIO MacCHBa X M, BO3MOXHO, ABYMepHoro Maccusa Y. I'padux 1ipu 3T0M
He crpowmtes. ITocTpoenue rpaguka MOXHO BBINOJHUTD B JAIBHEHIIEM C ITOMOILLBIO
dbynxuuu plot(x, Y).
3ameuanue:

Hopasi pyHkums peanusyer aganTUBHLIN MeXaHM3M BbiOOpa 1uara, YToOBI
obecrneynTs Mpe3cHTAHOHHOE Ka4eCTBO TPaphuKOB.

Oyukuus fplot He UCMONBL3YET CPEACTB ASCKPUNTOPHON IPadUKH.

CHHTaKCcUC HOBOI KOMaHabl M GyHKuMu fplot oTiiMyaeTcss 0T UCIONBIYEMOro
B PAaHHHMX BEPCUSIX.

Komanpa ezplot('f(x)') mossonsier crpouth rpacduku ¢GyHKUMN OT OAHOM Ie-
PEMEHHOI, 3anMCaHHbIX B BUAC CUMBOJIBHOIO BBIPAXEHUS 110 IIPABWIAM S3bIKA
MATLAB. Ob6nacth onpencjieHus Takoid GYHKUMU ~ uHTepBad [-2n 2n], npuHu-
MaeMblif 110 yMoMyaHui. B kauecTBe 3arosioBka rpacyka UCHOJIL3YETCH UMS HWIN
CHMBOJIBHOE BhIpaXenue QyHKuuA.

Komanaa ezplot('f(x)', [xmin xmax]) ctpout rpadbuky B yKasaHHOM HHTEpBAje.

Komanaa ezplot('f(x)', [xmin xmax], fig) ctpout rpaduxu B rpaduyeckoM OKHe
¢ HoMmepoM fig. B aToM cnyyae 3arosioBok rpauka He BbIBOJUTCS.

[Ipumep:

ITocTpouM B 4eThIpex MOHOKHAX rpadUku PYHKLMHA, UCITONb3YSl pasjinyHble
crtocobst obpateHus K dyHxuuu fplot.

subplot(2, 2, 1), fplot(humps’, [0 1])

subplot(2, 2, 2), fplot('abs(exp(-j*x*(0:9))*ones(10, 1)), [0 2*pi})

subplot(2, 2, 3), fplot('[tan(x), sin(x), cos(x)]', 2*pi*[-1 1 -1 1])

subplot(2, 2, 4), fplot('sin(1 ./ x)', {0.01 0.1}, 1e-3)
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[TocTporM B 4eThlpex MOAZOKHAX rpadMku GyHKIMNA, KCIONB3YS Pa3jIMyHbIC
crioco0Obl o6paieHus K Gpysxkuuu fplot.
subplot(2, 2, 1), ezplot('sin(x)/ x")
subplot(2, 2 2), ezplot('(x*2+x+1)/(2*x*2+5"x +11)')
subpiot(2, 2, 3), ezplot('(real(exp(-j*/2))))
» 4), (

subplot(2, ezplot('humps(z)', [0 1))
dnia)l s 2y e AR AR EM ¢ 11
| 05
s 0.
0 0.2
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o
) ] 3 o 0.5 1
i
Puc. 10.6, 6

Pegaxtuposanue puc. 10.6, 6 BBRINOJHCHO B AMAJOrOBOM penakTope plotedit
cucteMsl MATLAB.

Conymcemesyiowue komanost. FEVAL, PLOT.,

LOGLOG I'padmk B norapudmMuueckoM Macirrabe

Cunmakcuc:

loglog(y)
loglog(x, y)
loglog(x, y, LineSpec)
loglog(x1, y1, LineSpec1, x2, y2, LineSpec?2, ...)
loglog(..., '‘PropertyName’, PropertyValue, ...)
= loglog(...})
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10. I'paguyeckne komaHabl n PyHKLN

Onucanue:

Komansst loglog(...) paBHOCHIbHB! GYHKIMSM plot, 32 UCKITIOYEHUEM TOTO, YTO
OHM MCIIOJIB3YIOT 110 O0EUM OCSM JIorapudMHUUECKUl MacITad BMECTO JIMHEHHOTO.

®ynkums h = loglog(...) Bo3BpailaeT neckKpunTop rpaguyeckoro odbekTa Line.
3ameuanue:

Ecaut npu noctpoeHuu Gojice OQHOTO Ipadpuka Bbl He yKasbIBaeTe crieldu-
KalMIO LBeTa U THIMA JIUHUU, TO 3TH XapPaKTePUCTUKH BLIOMPAIOTCS MOCASAOBa-
TCJILHO M3 CIIMCKOB, OMNPEACICHHBIX B CBOMCTBAX TEKYIUEro 0bbekTa Axes.
LIpumepo:.

IMoctpoum rpaguk y = exp(x) B jorapupmMuueckoM maciutabe U ycTaHOBUM
TOJILMHY JIMHUH, PABHYIO 2:

x = logspace(-1, 2, 10);

hi = loglog(x, exp{x), 'LineWidth', 2), hold on

hi= 1.0029
hm = loglog(x, exp(x), 'ks', 'MarkerFaceColor', 'y'), grid
hm = 3.0017

so

10

10

Puc. 10.7
Conymcemeyowue koxandsr. LINE, PLOT, SEMILOGX, SEMILOGY.

I
SEMILOGX, SEMILOGY | Tpadux B noxynorapudMuueckom MacmTade

Cunmakcuc:
semilogx(y)
semilogx(x, y)
semilogx(x, y, LineSpec)
semilogx(x1, y1, LineSpec1, x2, y2, LineSpec2, ...)
semilogx(..., 'PropertyName', PropertyValue, ...)
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h = semilogx(...)

semilogy(...)

h = semilogy(...)
Onucanue:

Komanabl semilogx(...) MCHIONB3YIOT JiorapuhMuyeckitii Maciutad mo ocu x
M JJMHEHHEI MaciiTab no ocu y.

Komanzger semilogy(...) vcrons3ylor JiorapudMudeckdid Maciutab 1o ocu y
Y JIMHEHHbI! MaciuTad Mo ocH X.

Oyuxkuun h = semilogx(...) ¥ h = semilogy(...) BO3BpalAIOT ACCKPHUIITOPHI
rpadpuyeckux oObeKTOB Line.
Hpumep:

[Toctpoum rpaduk y = exp(x) B nONy10rapupMUUECKOM MaciuTabe 1no ocH y
H YCTAaHOBUM TOMUMUHY JIMHUM, PABHYIO 2:

x=0:10;

hl = semilogy(x, exp{x), 'LineWidth', 2), hold on

hi = 1.0032

hm = semilogy(x, exp(x), 'ks', 'MarkerFaceColor', 'y"), grid
hm = 3.002

Puc. 10.8
Conymcmesyrouue komanos:. PLOT, LOGLOG.

POLAR I'padmk B noJsAPHLIX KOOPAHHATAX

Cunmarcuc:
polar(phi, rho)
polar(phi, rho, LineSpec)
h = polar(...)
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Onucanue:
Komanap polar(...) peau3yioT IHOCTpOEHHE rpauMKOB B IOJIAPHBIX KOOPIH-
HaTax, 3aJaBaeMbIX YIJIOM phi 1 paguycom pho.

lIpumep:

[Toctpoum rpadux ¢yskumu rho = sin(2 * phi) * cos(2 * phi) B nongpHbIX
KOOpAWHATAX:

phi=0:0.1: 2*pi; rho = sin(2 * phi).*cos(2 * phi);

hp = polar(phi, rho}, hold on

hp= 33
hm = polar(phi, rho, 'ks")
hm= 34

set(hp, 'LineWidth', 2)
set(hm, 'MarkerSize', 4, 'MarkerFaceColor', 'y')

180

Puc. 10.9
Conymemeyrowue xomande:, PLOT, LOGLOG.

PIoTYY I'pacduk c (ByMA OCAMH OPAMHAT

Cunmakcuc:
plotyy(x1, y1, x2, y2)
plotyy(x1, y1, x2, y2, '<¢ynxyus>")
plotyy(x1, y1, X2, y2, '@dyuxyus_ T, "ynkyus_2)
[AX, h1, h2] = plotyy(...)
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Onucanue:

Komanna plotyy(x1, y1, x2, y2) crpout rpaduku GyHKUKH, 3a1aHHBIX MacCHMBaMU
x1, y1 1 X2, y2 ¢ 1BYMsi OCSIMU OPIMHAT, JieBas U3 KOTOPBIX COOTBETCTBYET [TEPBOMY,
a npasasi - BropoMy rpachuky, UCITONB3ys [Uisl NIOCTPOEHUs (hyHKLMIO plot.

Komanga plotyy(x1, y1, x2, y2, '<¢hynkyus>') no3posiser ykaszarh QyHKUUIO,
UCHOIb3YEMYIO JUlsl TOCTpoeHus rpacukos, HanpuMmep plot, semilogx, semilogy,
loglog, stem, wjnu Jodyio apyryio GPYHKLUMIO, KOTOpas MO3BOJSIET OMPCACIUTH
aeckpunrop oosekta LINE miaM, MHBIMUM CJIOBaMH, OOpalllgHUC K KOTOPO# I0-
nyckaet dopmy h = function(x, y).

Komanpa plotyy(x1, y1, x2, v2, '@yuxyus_I', 'pynxuus_2) nosponser ykasarh
JIBe pasHbic (QYHKUMMU Ui MOCTPOCHHMS IpadMKOB COOTBETCTBCHHO IS JieBOW
Y TIPaBoOM OCed opaUHAT.

Oyuxuust [AX, h1, h2] = plotyy(...) Bo3BpamaeT BeKTOp AECKPUNTOPOB AX
00BEKTOB AXes COOTBETCTBEHHO JUIs JieBoi AX(1) u npasoit AX(2) oceit opauHar,
a TAKXe JecKpunTopsl h1, h2 nisd cOOTBETCTBYIOUIMX IpadUKOB.
llpumep:

Ioctpoum rpacduku dyHkumit y1 = sin(8*x)*exp(-x) u y2 = sin(2*x)*exp(-x)+1
CO CBOMMH OCAMHU OPAMHAT [ KXKAOTO rpaduka.

x=0:0.1:4,

[AX, h1, h2] = plotyy(x, sin{8*x).*exp(-x), X, sin(2*x).*exp(-x)+1), grid

set(h1, 'Marker', 's', 'MarkerSize', 5, 'MarkerEdgeColor', k', 'MarkerFaceColor, 'y')

set(h2, 'Marker', ‘o', 'MarkerSize', 5, 'MarkerEdgeColor', 'K, ‘MarkerFaceColor', 'y'")
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Conymcemeyroue komandsr. PLOT, LOGLOG.
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Tpexmepusbie rpadpukn

B cucreme MATLAB npeayCMOTPEHO HECKOJIBKO KOMaHa U (DyHKUMH Ul
[TOCTPOCHUST TPEXMCPHBIX TI'PA(PUKOB. 3HAYECHHUS 3JIEMEHTOB YHCIIOBOIO MAacCHBA
pACCMATPUBAKOTCH KaK Z-KOOPAUHATH TOUEK HAJ IUIOCKOCTBIO, OHpPEACISCMON
KOOpAMHATaMU X U Y. BOo3MOXHO HEeCKOIbKO CHOCODOB COEMMHEHUS 3THX TOYEK.
[Tepsbiit M3 HUX - TO MOCTPOBHUE ONHOW JIMHUMU B TPEXMEPHOM IPOCTPaHCTBE
UM MOCTpOeHME JjuHuKk B ceudeHusx (dyHxkuus plot3), Bropoit - mocrpoeHue
nopepxHoctei (Qyukuuu mesh u surf). [ToBepxuocTh, NOCTpOEHHAsA ¢ NOMOLLBIO
¢byHKUMM mesh, - 3TO ceTyaTask MOBCPXHOCTH, SUEHKHM KOTOPOH HMMEIOT LBET
(boHa, a MUX IpaHULBI MOIYT MMETh UBET, KOTOPHIA ONpPENe/iAeTCS CBOWCTBOM
EdgeColor rpaguueckoro obbekra Surface. IloBepxHOCTb, IOCTPOEHHAS C TO-
Moulblo QYHKUIUHU surf, - 3TO CIUIOILUHASI TTOBEPXHOCTb, Y KOTOPOU MOXET OBITh
3a/laH UBET HE TOJBKO IpaHMLIBl, HO U CAMOM siYeilKH; MOC/ICAHEE YIIPABIACTCH
cpoiictBoM FaceColor rpaguyeckoro obbekra Surface.

Huxe npuBOgUTCS MOC/I€I0BATCIBHOCTD 1IATOB, KOTOPAs HNOJIKHA OBITH BbI-
I0JIHEHA NIPU TIOCTPOEHHHU TPEXMEPHBIX I'PA(HKOB.

lllae | Helicmeue Henoavzyemste giynxuuu

1 [ToaroTOBUTL MCXORHBIC AAHHLIC {X, Y] = meshgrid([-2: 0.1 : 2))

2 Bripenuth rpadimueckoe okHO U ykaszate | figure(1)

................ TIONIOKEHNE TPAGUKA BHYTPH OKHA SUBRIONZ, 1, 2)
3 Bri3BaTh QYHKUMIO IOCTPOCHUA TPEX- h = surf(Z)
oo L MEPHOPO TPADUKA e
4 YCTaHOBHUTb MANUTPY K CNOCOG 3aKPacKU colormap autumn
TTOBEPXHOCTU shading interp
e oSS, 'EAGECOION, KY
5 YcTaHOBHTH TOUKY HPOCMOTpA view([30, 25])

Crenath HaIIMCH U nosicHeHud K rpadguky | xlabel(' x '), ylabel('y 7), zlabel(' z )
title('Mpadbnk dyHkuumn')

9 BriBecTH rpaduk Ha reqartb set(gcf, ' PaperPositionMode', ‘auto’)
print -dps2
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PLOT3 IlocTpoenne AMHMI B TOYEK B TPEXMEPHOM NPOCTPAHCTBE

Cunmakcuc:

plot3(X, Y, Z)

plot3(X1, Y1, Z1, LineSpec1, X2, Y2, Z2, LineSpec?, ...)

plot3(..., 'PropertyName’, PropertyValue, ...)

h = plot3(...)
Onucanue:

KomaHngs! plot3(...) apiasioTcst TpexMepHbIMU aHaioramu GyHKUuu plot(...).

Komangpa plot3(X, Y, Z), roe X, Y, Z - n1ByMepHble MAacCHUBBI OJWHAKOBOTO
pa3smepa, CTPOMT TOYKM ¢ KoopauHatamu X(i, :), Y(i, :}, Z(i, ;) mia xaxnoro
cTonbHa U COEAMHSET UX IIPIMBIMU JTUHUSIMU. .

Komanna plot3(X1, Y1, Z1, LineSpeci, X2, Y2, Z2, LineSpec2, ...) TO3BONsET BbIIE-
JuTh TpaduK YHKUMH, yKa3aB CHOcoO OTOBPAXEHMS JIMHUM, CHOCOO OTOOpAKEHMsE
Mapkepa ToYeK, LIBET JJMHKI M MapKepa ¢ TTIOMOLIBIO CTPOKOBOI IepeMeHHOM LineSpec,
KOTOpast MOXET BKITIOYATH JI0 TPEX CMMBOJIOB M3 CACAYIOLLIEH TaOMUIIBL:

Tun aunuu Tun mapkepa LJeem
HenpeprisHas - Touka . Kenrrri y
Irpuxosas - Imoc + PuoneToBbIit m
JIBOIHOI MyHKTHD : 3Be3noyxa * Tony6oii c
Ul tpuxnyHKTHpHas - Kpyxok 0 KpacHyilit r
Kpecr x 3eneHblit g
Ksagpar s Cunuit b
Pom6 d Benblit w
IlaTurpaHHuK o YepHuiii k
[HecTUrpaHHUK h
Crpenka BHU3 v
Crpenka BBepx ~
CTpenka BIEBO <
Crpenka BOpaso >

Ecau uBer JMHUM He yKa3aH, OH BbhIOMpaeTcs IO YMOJYAHMUIO M3 UIECTU
IEPBBIX LUBETOB, C XKEJITOIO 40 CHHErO, MOBTOPSISICH LIUK/IMYECKU.

Komanaa plot3(..., ‘PropertyName', PropertyValue, ...} mo3BojisieT 3a1arh 3Ha-
4eHUS CBOWCTB rpaduyeckoro obbekra Line, COOTBETCTBYIOLLEIO MOCTPOCHHOMY
rpaduKy.

®ynkuus h = plot(...) Bo3BpawaeT BEKTOp AeCKPHIITOPOB IS BCeX IPadhmyecKuxX
00beKToB Line Tekyluero oobexra Axes.

Hpumepoi:

IMoctpoum rpadux crupatn B BHAE JIMHUM B TPEXMEDPHOM JIPOCTPAHCTBE
(puc. 10.11, a).
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10. I'papuyeckue koMaHab v GyHKUMM

t=0:pi/50 : 10*pi;

plot3(sin(t), cos(t), t)

grid on

axis square

TTocrpoum rpaduk yHKUMU Z = X * eXp(-X2 - y2) B BUIIE CEYEHHH B TPEXMCPHOM
npoctpanctse (puc. 10.11, 6).

[X,Y]=meshgrid([-2:0.1:21]);

Z=X exp(-X"2-Y .22);

plot3(X, Y, Z)

2
=)

Puc. 10.11
Conymcemeyrowue komands: AXIS, LINE, MESH, PLOT, SURF, VIEW.

DopMHpOBaHKE MPAMOYTOJLHONH CETKH

Cunmakcuc:

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

[X, Y] = meshgrid(x)

(X, Y, 2] = meshgrid(x, y, z)

Onucanue:

DOynkuua [X, Y] = meshgrid(x, y) 3azaeT ceTky Ha IJIOCKOCTH X-Yy B BHIE
JBYMEpHbIX MaccuBos X, Y, KOTOpbIC ONPEACISIOTCS OAHOMEPHBIMH MaccHBaMu
x 1 y. Crpoku MaccyBa X ABJISIIOTCS KOTMMSMHU BEKTOpPA X, & CTOAGLbI - KONMUAMU
sekropa y. DopmupoBanne TaKMX MACCHMBOB YIIPOILAET BbIYMCICHME (DYHKLMI
/IBYX AEPEMEHHbIX, O3B0 [{PUMCHSTh ONEpaLlMy Hal MacCHBaMU.

Dyukumg [X, Y] = meshgrid(x} 1peacrapaser codoil ynpouieHHy© ¢dopmy
sanueu Ui bynkiugu [X, Y] = meshgrid(x, x).

Oynkuma [X, Y, Z] = meshgrid(x, y, Z) ¢opMUPYET TPEXMEPHYIO CCTKY ISt
BhIYMCIEHH PYHKUHI OT TPEX NCPEMEHHBIX.
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®ynxuus meshgrid aHanorMyHa GyHKUMM ndgrid, 3a UCKIIOYEHHEM JIUILD
TOI0, YTO TOPSAOK CJICAOBAHMS TMEPBBIX JABYX apTYMEHTOB Y HUX PasfMucH, TO
ectb byHkuus (X, Y, Z] = meshgrid(x, y, z) - 310 10 Xe camoe, uto [Y, X, Z] =
= ndgrid(y, x, z). M3-3a atoro dyukuust meshgrid gyduie mpucmocobieHa i
pelLleHust 3a1a4 B JEKApPTOBbIX KoOpaMHarax, a ¢yHKIus ndgrid - it MHOTOMEPHBIX
3amad. [lpumeneHue ¢yHxuuu meshgrid OrpaHUYEHO TOJBKO JABYMEPHBIMU
U TPEXMEPHBIMHU CETKAMM.
Ipumep:

3aja/iuM ABYMEPHYIO CETKY M IIOCTPOUM (YHKUMIO Z = sin(r)/r , 3aJaHHYIO
Ha kBajpare -8 <x<8,-8<y<8.

[X, Y] = meshgrid(-8 : 0.5 : 8);

R=sqgrt(X . A2 +Y A 2) + eps;

Z=sin(R) /R,

mesh(X, Y, Z)

Puc. 10.12
Conymcmeyiowue komandsi: NDGRID, SLICE, SURF.

| MESH, MESHC, MESHZ | TpexmepHas ceT4aTas NOBEPXHOCTH
Cunmaccuc:
mesh(X, Y, Z, C) meshc(X, Y, Z, C) meshz(X, Y, Z, C)
mesh(Z, C) meshc(Z, C) meshz(Z, C)
mesh(Z) meshc(Z) meshz(Z)
h = mesh(...) h = meshc(...) h = meshz(...)
Onucanue:

Komanpa mesh(X, Y, Z, C) BhiBOAMT Ha DKpaH CCTYATYIO TOBEPXHOCTH IJIf
3HAYEeHMI MaccuBa Z, ONPEACTICHHbIX HA MHOXCCTBE 3HAYEHMHA MaccUBOB X u Y.
Lsera y3noB nosepxHocTH 3afarorcst maccuBoMm C. Lieta pebep olpeaensorcs
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10. Tpagudeckne KoMaHabl M GyHKUNM

cpoiictsoM EdgeColor obbekra Surface. MoXHO 3a1aTh OOUHAKOBBIA UBET JUIS
Bcex pebep, OornpeacjiuB ero B BUAe BEKTOpa [r g b] MHTEHCMBHOCTH TPEX LIBETOB -
KPacHOTO, 3ejicHOoro, cuHero. Eciau onpeacauts crieundukaimio none, To pedpa
He Oyayt mnpopucoBbiBaTthesi. Ecnu onpenennts crnieumdukanuio flat, To et
pebep sYeHKU ONpCAC/ISiCTCS] IBETOM TOIO y3/1a, KOTOPBIA ObUI MTEPBBIM TIpH 00-
xone 31oit suedku. T1ockosbKy OfHM U Te Xe pedpa 0OXOAATCS HECKONBKO pas,
TO 1BeTa OynyT 3ameinartbcsa. Ecnu onpeaenurs cnieundukaimio interp, To 6yner
peanu3oBaHa JIMHEHHAs MHTEPHOISILUS LBETa MEXIY BEpIIMHaMU pedpa.

TipumeHeHue GyHkumu shading (3aTeHcHUE CETYATON NMOBEPXHOCTH) MOCHe
obOpamtenust Kk dyHkuun mesh usmeHsieT creuuduxauuun cpoiicte EdgeColor
u FaceColor cornacHo cieayiouici Tabnuie.

Ceoticmeo Tpumenseman dyrxyus
mesh shading flat shading interp
..EdgeColor flat flat . interp ...
FaceColor LiseT dhoHa Liget dbona LigeT ¢poHa

Komanga mesh(Z, C) BBINOMHACT Ty K¢ ONCPAUUIO, HO TIPH ITOM TIO OCSM X, Y
ucnonp3yiores orcyetsl X = 1:n, Y = 1:m, rae [m, n] = size(Z).

Komanzna mesh(Z) BbIBOANUT MOBEPXHOCTb, KaK B MPCALICCTBYIOLICM CJIydac,
HO B Ka4yeCTBC MacCHUBa I1BCTa MCMONb3yeTcsd MaccuB C = Z, TO €CTh LBCT B 3TOM
Cly4yae NPOonopuUOHAICH BBICOTE MOBEPXHOCTH.

Dyukuus h = mesh(...) Bo3spaiuaer aeckpuntop rpaduyeckoro oonekta Surface.

I'pynna koMang meshc(...) B IONOMHEHUE K TPEXMEPHBIM ITOBEPXHOCTSIM
CTPOMT IPOCKUUIO THHUIA ITOCTOSIHHOTO YPOBHSI.

Ipynma koMaHa meshz(...) B JOMONHCHUE K TPEXMCPHBIM MOBEPXHOCTAM CTPOUT
IUTOCKOCTh OTCYETA HAa HYJIEBOM YPOBHE, 3aKDbIBAasl MOBEPXHOCTb, JICKAILYIO HIKE
3TOTO YPOBHSL.

Oynkiuu h = meshe(...), h = meshz(...) Bo3BpawaloT geckpunrop h mid rpa-
¢puyeckoro obbekTa Surface.

Ipumepui:

TTocTpOMM TPEXMEPHYIO MOBEPXHOCTh (PYHKIMU Z = X * exp(-x*- y?) ¢ NpOoEK-
MMM JUHUR niocTosiHHOro ypoBHA (puc. 10.13, a).

[X,Y]=meshgrid([-2:0.1:2]);

Z=X* exp(-X.r2-Y A2)

meshc(X, Y, Z)

Ha puc. 10.13, 6 nocTpocHa T2 Xe PYHKLUMS C ITbEAECTAIOM OTCUETA

meshz(X, Y, Z).
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Puc. 10.13
Conymcmeyrowue komande: SURF, WATERFALL.

YiaaneHue HeBUIMMbIX JHHHI

Cunmaxcuc:

hidden on

hidden off

hidden
Onucanue:

Komanzga hidden on BKIIOYAET pexuM YAaleHMS HEBUIMUMBIX JUHHI. DTOT
PEXUM UCIIONB3YETCA TI0 YMOJIYAHHUIO,

Komanzga hidden off BeikTIoUaeT pexXuM yaaneHus: HEBUIAMMBIX JTMHMIA

KomaHna hidden peanusyet nepekitoyeHue ¢ OQHOrO peXuMa Ha APYToi.
Iloacuenue:

Komannp! hidden usMmensisoT 3Hauenue cpoiictea FaceColor obpexra Surface:
hidden on npucpauBaet cBoiicTBy FaceColor uset Color o6bexra Axes b0 LBET
Color obbekra Figure, eciu coitctBo Color o6bekTa Axes UMeeT 3HaYEHME none.

Conymcmeyrougue komanowl: MESH, SHADING.

| SURF, SURFC_| TpexmepHas CILIOMHASA NOBEPXHOCTH
Cunmakcuc:
surf(X, Y, Z, C) surfe(X, Y, Z, C)
surf(Z, C) surfc(Z, C)
surf(Z) surfc(Z)
h = surf(...) h = surfc(...)
Onucanue:

Komanaa surf(X, Y, Z, C) BbIBOAMT Ha 3Kpal CIUIOLIHYK ITOBEPXHOCTb €
peOpaMy NSl 3HAYCHHUIA Maccupa Z, OfpEACCHHOIO Ha MHOXCCTBE 3HAUCHUU
maccusoB X Y. Hper sueiiku 3agaetcst MaccuBoM C. UBeT pebGep - YepHbIif,
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10. [pagpuyeckne komarast v pyHKUIN

ornpeacisieTcs cBoitictBoMm EdgeColor, cneuudunmposaitsiM Kak [0 0 0]. MoxsHo
3a0aTh OJMHAKOBBIN LBET WIS BCeX pedep, Onpelc/MB ero B BUAe BekTopa [r g b]
MHTEHCMBHOCTU TpPEX LBETOB - KPAaCHOTO, 3€JICHOTO, CUHero. Eciu olpenesuThb
crieundUKalMio none, To pedpa He OYAYT NPOPUCOBHIBATLCA .

[pumenenne gynkuun shading (3aTeHeHUE CTIJIOWIHONR TIOBEPXHOCTH) I10C]IE
obpaiteHust K QyHKkuun surf uaMeHser crneuuduxauuu cpoitcts EdgeColor
u FaceColor rpagmuyeckoro odbekta Surface cornacHo craeyronieit tTabauire.

Ceoticmeo [Ipumensemas Qynxyus
surf shading flat shading interp
_EdgeColor ] 1000} .. none ... _none
FaceColor flat flat interp

Komanna surf(Z, C) BHINOIHSACT Ty Xe ONepaLuio, HO IIPU 3TOM TI0 OCHM X, Y
HCIOJIB3YIOTCS oTcyeThl X = 1:n, Y = 1:m, rae [m, n] = size(Z).

Komanzaa surf(Z) BbIBOOWT NOBEPXHOCTb, UCTOAL3YS B KauecTBE IBETA MACCHB
C = Z, 4TO 03HAYAET 3a/laHKe 1IBCTA MPONOPIIMOHAIBHO BBICOTE MOBEPXHOCTH.

Ipynna komaui surfc(...) B JOMNOMHEHHE K TPEXMEPHBIM MMOBEPXHOCTSIM CTPOUT
[TPOEKIIUIO JIMHUHM MOCTOSIHHOTO YPOBHS.

®yuxkunu h = surf(...), h = surfc(...) Bo3Bpawarr aeckpurrop h wig rpabu-
yeckoro obnekra Surface.
Hpumepsi:

TlocTpoMM CIDIOLIHYIO MOBEPXHOCTH C pedpaMu 4EPHOTO LiBeTa Anst (QYHKUMH
z = x*exp(-x* - y9).

[X,Y]=meshgrid([-2:0.1:2]);

Z=X.exp(-X."2-Y A2)

surf(X, Y, Z, gradient(Z))

colormap pink

brighten(0.5)
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PaccmoTpum nipumep cdepbl, KOTOpasi pacKpalleHa B COOTBETCTBMM C Mart-
puueit Anamapa (Hadamard), yacto Mcnionb3yeMod B TECODMM KOOMPOBaHMSA CUT-
HAJIOB U COCTaBJIEHHOW TOJILKO M3 IBYX uucen 1 u -1.

k=5n=2%k-1;

[X,Y, Z]=sphere(n);

C = hadamard(2 * k);

surf(X, Y, Z, C);

colormap({1 1 1; 2/3 2/3 2/3])

colorbar

an. 10.15

Aneopumm:

B obueM BUIE U 3alaHUsl TOBEPXHOCTH MOXHO MCITOJIb30BAaTh [Ba He3a-
BUCHMBIX IapaMeTpa i U j, KOTOpble M3MEHSIIOTCS HEIIPEPhIBHO, HAlpUMED B
npsiMoyrosibHMKe 1 < i <m; 1 < j < n; Toraa MoBepXHOCTE OYJET OrnpeaeisIThCs
tpeMst ¢yHkuusmu x(i, j), y(i, j), z(i, j). Korna i v j uensle 4yucna, OHM 3a0a10T
MPSIMOYTOJIBHYIO CETKY C LIEJIOYHUCAEHHBIMU 3HAYCHHMAMM 1S y310B. DyHKUUU
x(i, j), y(i, j), z(i, j) craHoBsiTCA AByMepHbIMM MaccuBamu X, Y, Z pa3sMmepa mxn.
Yerpeprast pyHKLMA - LIBET sTUCCK MOBEPXHOCTH C(i, j) 3anaer yerepryio Marpuiry C.

Kaxpas Touyka ceTyaTol IMOBEPXHOCTM MMeEeT B OOILEM CiIydae YeThIpex
cocelel, Kak MoKa3aHo Ha Clielylollei cxeme.

i-1, ]
Ljt— 0 — i, j#
i+1, ]
Takass INpsIMOYrojbHast CETKa TNPUBOAMT K pPa3OHEHMIO IIOBEPXHOCTH Ha
AYEHKHU, OIPaHUYCHHBIE 4YeThipbMsl pebpamu. Kaxablit BHYTPeHHHH  y3el

ITOBCPXHOCTH HMMECT YCThIPEX COCCHCﬁ, Y3€J1 Ha rpaHULEC - TpEX, Y3€J B yIily
ITOBEPXHOCTH - IBYX.
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10. Mpagunyeckmne KkoMaHab! u GyHKUMN

[{BeT Takoit ceTyaToil IMOBEPXHOCTH MOXET ObITh 3aJaH JBYMS CIOCOBAMM:
MO0 LBETOM OAHOM M3 BCPIUUH, MTUOO UBSTOM B UEHTPC SYCHKU.

PaccmoTrpum, kak B 3TOM ciyyae [eHcTByeT ¢yHKUMS 3akpacku shading.
Ecnu 3agano 3HaueHue shading interp, To 1BET sStYeiiKu onpeesieTcd KaK OMIu-
HeitHas (pyHKUHMsT MecTHBIX KoopauHar. Eciu 3amaHo 3Hadenue shading faceted
(npuusaTO MO yMouanuio) win shading flat, To BeT AYCHKU MOCTOSIHEH M OfIpe-
JAeNsIeTCs 1IBETOM BEpXHEH JICBON BEPLIMHBL, KAK [TOKA3aHO Ha CHCAYIOLWIEH cxeme.

@ J) (i, j+1)
C(i, J)
(i+1,]) (i+1,j+1)

Conymcmeyrowue komainde:: AXIS, CAXIS, COLORMAP, CONTOUR, MESH, PCOLOR,
SHADING, VIEW.

3areHense NOBEPXHOCTEH

Cunmaxcuc:

shading faceted

shading flat

shading interp
Onucarue:

Komanas! rpymirbl shading ycTaHaBnMBalOT CIIOCO0 3aTeHeHUs rpadruecKux
06bekToB Surface u Patch, kotopble CO34aI0TCS NPU UCI0b30BAaHUU (DYHKLUA
mesh, surf, pcolor, fill u fill3.

KomaHga shading faceted ycraHaBiuBaeT paBHOMEDHYIO DPAcKpacky s4cek
C HAHECCHMUEM 4YepHbIX rpaHeil. Takoe 3aTcHEHHE NOBEPXHOCTU YACTO OKA3bIBAETCS
Haubonee 3(h(HeKTUBHBIM U IPUHSITO 110 YMOJIYAHUIO.

Komanpna shading flat ycraHaBnuBacT pacKpacKy Kaxaod f4elKku WM rpaHd
ONpecIeHHBIMU IBCTAMU, KOTOPEIE 3aBUCAT OT LIBETA Y3/0B CETKH.

Komanna shading interp ycTaHaBIMBacT PACKpacKy KaKIOH SYCHKM WIM IDaHU
LIBETAMM, KOTOPBIC ONPEACIISIOTCS OMTMHENHON MHTEPIIONSLME 1IBETOB B YI1aX CETKMU,

Anzopumm: .

Komanae! rpynnel shading ycTaHaBIvBalOT Tpedyemble 3HAUYCHUS CBOMCTB
EdgeColor u FaceColor rpadmueckux oobekroB Surface u Patch. YcranasinnbaeMmble
3HAYEHHUsT 3aBMCST OT TOTO, SIBJISIETCS JIM TPEXMCPHbIM rpaduK ceryaToi
(byukuuns mesh) wiu crutowHoi (byHKUMA surf) TTOBePXHOCTBIO.

(X, Y] = meshgrid(-3 : 1/8 : 3);

Z = peaks(X, Y);

h = surfi(X, Y, Z),

h= 2.001

shading interp, colormap(gray)

axis([-33-3 3-8 8])
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Puc. 10.16
Conymcemesytowue komanosi: FILL, FILL3, HIDDEN, MESH, PATCH, PCOLOR, SURF.

BRIGHTEN analmeﬂue APKOCTbIO

Cunmakcuc:

brighten(beta)

brighten(h, beta)

newmap = brighten(beta)

newmap = brighten(cmap, beta)
Onucanue:

KomaHas! rpynrsl brighten no3BossitoT YNpasisTh SPKOCTBIO MAJIUTPHL.

Komanna brighten(beta) 3amensieT Texyiyro nanurpy Gonee sipkoit (0 <beta <1)
wiu Gonee TeMHoi (-1 < beta < 0), coxpaHsis Npu 3ToM LiBeTa. JiBe nocienosa-
TeJbHbIE KoMaHabl brighten(beta) u brighten(-beta) BoccTaHaBnMBaIOT UCXOOHYIO
SPKOCTh MATUTPBI.

Komanga brighten(h, beta) u3MeHseT IPKOCTb MATUTPBI VISt BCEX IIOTOMKOB
rpacuyeckoro obvekTa Figure ¢ zecKpUnTopoM h.

®yukuuss newmap = brighten(beta) Bo3ppaniaer Marpuily HOBOH NaJUTPHI,
HE M3MEHSIS MIPU 3TOM TEKYUIYIO TaTUTPYy.

®yHkiMa newmap = brighten(cmap, beta) Bo3ppailacT MaTpyily HOBOI NAIUTPEI,
TOJIYYEHHYIO U3 NMATATPBI CMap M, HE U3MEHSISI TIPH 3TOM TEKYLIYIO MaIMTPY.
Ancopumm:

JU1s M3MCHEHUS! SPKOCTM IMaJUTPbl 3JIEMEHTbl €€ MAaTPULIBI BO3BOAATCS
B CTEIICHb :

1-8, B>0

y=y_1

1+B’ B<O

Conymcmeyrowue komands; COLORMAP, RGBPLOT.
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10. Mpagpuyeckme KoMaHgbl U QyHKUUN

SURFL CILIOMHAS NOBEPXHOCTh € MOICBETKOM

Cunmakcuc:

surfi(Z)

surfl(X, Y, Z)

surfl(..., s)

surfl(..., s, k)

h = surfl(...)

surfl(..., light')

h = surfl(..., 'light’)

Onucanue:

I'padpuyeckue xkomanasl surfl(...) MTO3BOIAIOT BRIBECTH HA 3KPAaH MOBEPXHOCTH
C YMECTOM MOJEJIEit paccesiHusl, OTPAXCHUS U 3epkaiibHoro 3¢ dekra.

Komanger surfli(Z), surfi(X, Y, Z) co3#310T TpPEeXMEPHbIC HMOBEPXHOCTH,
UCIIONB3YA TIPUHATBIC MO YMOMYAHHIO KO3(dULMEHTBI MOAENIM IOACBETKH
1 GUKCHPOBAaHHOE MMOJIOKEHHE MCTOYHUMKA cBeta. Maccussl X, Y, Z onpeaesisior
KOOPAMHATHI [MOBEPXHOCTH.

Komanger surfl(..., s) no3BossitoT yKa3aTh HANpaBjiCHME HA MCTOYHUK CBETa
¢ TIOMOIUBIO BeKTOpa S = [Sx, Sy, Sz] B AeKapTOBBIX KOOP/MHATAX WJINU BEKTOpa
s =[az, elev] B cdepuueckux koopauHarax. [To yMonyaHMIO HampaBleHHC Ha
UCTOYHMK CABMHYTO Ha 45° IpPOTUB YacOBOU CTPEIKM OTHOCHTEIBHO TCKYIIEIo
HaIpaBieHUs NpocMoTpa. [lo yMoONYaHMIO TEKylllee HAMpaBiACHUE IIPOCMOTpa
HMceT asuMyT az = -37.5° 1 Bo3BhillleHHe elev = 30°.

Komangapr surfl(..., s, k) mo3BOASAIOT YNPaBiIATh [1apaMeTpPaMU PaccesiHUs, OT-
paxeHus U 3epKaibHOro 3ddekra, ucnonsdya sektop k = [ka, kd, ks, shine}, ko-
TOPBIN yYuTHIBACT 3HeKThl OTpaXXeHHOTO cBeTa ka, Auddy3Horo orpaxeHus kd,
3¢PKaNLHOrO oTpaxkeHus ks U 3epkanbHoro Hnecka shine. Tlo ymonuauuio Bek-
top k uMeeT 3HayeHus [0.55 0.6 0.4 10].

®yukiunu h = surfl(...) Bo3Bpawator aeckpunrop h s rpaduyeckoro oobekra
Surface.

Komanne! B dopme surfl(..., 'light’) co3gaior TpexmepHble TOBEPXHOCTH, UCIOMNL3YA
cBoicTBa Tpaduueckoro obbekta Light. DTo JaeT HECKONBKO HHbIE pe3y/bTaTbl
10 CPAaBHEHMIO C UCMIONB3yeMOil Mo yMomyanur ¢yHkuueii surfl(..., ‘cdata’), kotopas
M3MCHSIET LIBET MOBEPXHOCTH C YUESTOM TONBKO KOIDOUIMEHTOB OTpaXKeHUS.

DyHkuuu surfl(..., 'light’) Bo3ppawaoT BeKTOpHBINA feckpurtop h ais rpadu-
ycckux obbexToB Surface u Light.

Komanaa surfl(X, Y, Z) ucnionb3yer 3HaYCHHMst MapaMCcTPORB 10 YMOTYAHUIO.

Komanaet surfi(Z, ...) ctposar rpaduku, He yquuThiBasi YUCACHHBIX 3HAYCHMH
mMaccupoB X 1 Y.
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Sameuanue:

Ilpy BU3yaM3alMM MOBCPXHOCTEH C I10CBETKO CJIEAYET MCIIO/B30BATH
NaaUTPhI C JIMHCIHBIM U3MCHEHMEM MHTCHCUBHOCTH: gray, copper, bone, pink.

Topstaok pasMelieHUst TOYEK B MACCUBAX MO3BOMISIET OTOOPAKATh PARIMUHbIE TOUKU
IOBEPXHOCTH; €C/iA, HArpumep, TpeOyeTcsi MPOCMOTPETb MOBEPXHOCTB C IIPOTHBOIO-
JIOXHOI! CTOPOHBI, TO CAEAYET MCIIONIB30BaTh obpaliieHue B dopme surfi(X, Y', Z').

M3-3a Toro yro anroput™ surfl BEIYUCISET HOPMAIM K MOBEPXHOCTH, HEOO-
XOAUMO, YTOOBI BXOAHBIE MATPULIBI MMETH Pa3Mep 110 KpaifHeil Mepe 3x3.
Ipumepsi:

[Toctpoum nzobpaxeHue GyHKUUKM peaks, UCHOIb3ysa IOJCBETKY.

[X, Y] = meshgrid(-3 : 1/8 : 3);

Z = peaks(X, Y);

h = surfi(X, Y, 2)

h= 2.001

colormap copper, shading interp

"

44

Puc. 10.17
Conymcemeyrowue xKomandsi: COLORMAP, LIGHT, SHADING.

3afjaHune ocein KoopanHat

AXES Co3narb rpaduyeckuii 06BeKT Axes

Cunmakcuc:
axes
axes(' PropertyName', PropertyValue, ...)
axes(h)
h = axes(...)
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10. I'pagpuveckue koMaHOb! v QyHKLUMN

Onucanue:

Komarnna axes npenHasHaueHa Uil CO3daHUsi Trpaduyeckux OObeKTOB Axes
B TCKYILLIEM IpapryecKoM okHe Figure, UCIONb3yst 3HAYEHHUST CBOMCTB 10 YMOJIYAHHIO.

Komanna axes( PropertyName', PropertyValue, ..) cosmaer rpaduyeckuii
00BEKT AXES C YKa3aHHBbIMM 3HAYEHUSIMU CBOJICTB; €CTM KaKoe-jiub0o 3HauYeHUe
He creuu(pUIIMPOBAHO SIBHO, TO NMPUHUMAETCSI €O 3HAYCHMUE MO YMOIYAHUIO.

Komarna axes(h) nenaer rpaguucckuii 00seKT AXes ¢ JeCKPUNTOpOM h TeKyLHM.
ITpu 3TOM B CBO#CTBAX TeKyiLCro rpagudcckoro obbekta Figure neckpurrrop h ykassisa-
eTcsi NepBLIM B crnicke ceoifcta Children, a coiicty CurrentAxes npucBauBaeTcsl 3Ha-
yeHHe neckpurrropa h. Texyiwmit rpadudeckuil 00BeKT AXeS SIRISCTCA POAMTENIEM TS
rpacdmueckux o6bekTOB Image, Light, Line, Patch, Surface, Text.

Dynkuus h = axes(...) Bo3BpaIlaeT JeCKPUITTOP TEKyIEro oobekTa Axes.

Sameuanue:

IIpu padote ¢ cuctemoit MATLAB rpaduyeckuit 00beKT AXes Co3aeTcs aB-
TOMAaTHYECKH IpU OOpalicHUM K KOMaH[JaM, KOTOPBIC TTOPOXAAlOT rpadudeckue
obbekThl: Image, Light, Line, Patch, Surface, Text. KoManna aoryckaer B KayecTBe
BXOAHBIX apryMeHTOB napsl { PropertyName', PropertyValue}, a taxxe Maccuswl
3anUced M MacCUBBI STYCCK.

IUist ronydeHust TeKyUIMX 3HAYEHUH CBOUCTB OOBCKTa AXeS CJIefYeT UCIOIb30-
BaTh KOMaHAy get, a Juid yKa3aHusi HOBBIX 3HaucHui - komaHay set. Komanpa gca
IIPeIHA3HAYCHA JIJIA TTONyYeHHS 3HAYSHHUS JICCKPUIITOPA TEKYILEro 00beKTa AXes.

KomaHga axis, HO He axes, 00ecreunBaeT yrpolleHHBIH ciocod ynpasjieHUs
HEKOTOPBHIMM CBOMCTBAMM, CBA3AHHBIMU ¢ MacuiTabMpoBaHUEM U M300paXeHUEM
OCEU KOOpAMHAT.

B T0 Bpemst Kak OCHOBHOe Ha3HAucHME 0OBEKTa AXEeS cOo3ZaThb CHUCTEMY
KOOpAMHAT IS TNMOCTPOCHHUA IpadUKOB, CBOMCTBA 3TOro OODEKTa TMO3BOJIAIOT
YIIPaBAAThL cr1iocobaMU BbIBOAA JaHHBIX HA rpaduk.

Csovicreo Stretch-to-fill

ITo ymonuaxmio MATLAB pacTAruBacT OCH KOOPAMHAT TaK, YTOOBI 3aIlOIHMTH
BeCh 00BEM TIApauIesicnea, onpeaesieMoro 3HauCHUMM CBoiicTea Position. 310
NopoX/jaaeT rpaduku, KOTOPHIC HCMONAB3YIOT BCE HAOCTYNIHOE IIPOCTPAHCTBO
napaieaenunesa. OAHAKO B 3TOM CJIy4ac HCKOTOpbIE TPEeXMEpHbIe OOBEKTHI
(Trna cepbl) OKA3BIBAKOTCS UCKAKCHHBIMU U JJISI HUX Jydlle MPUMCHSTh Clie-
HMAJbHBIC TPeXMCPHbie KOIDGhUIMEHThI CKATHSE.

CsoiictBo  Stretch-to-fill  (pacTsiHyTb-3aM0/HNUTh) aKTUBHU3UPOBAHO, €CIH
cpoiictea DataAspectRatioMode, PlotBoxAspectRatioMode, CameraViewAngleMode
MMEIOT 3HAycHue auto, MUCIONB3yCMOE MO yMosuasuio. Ecnu 3HadeHusi ofHOTo
WIIH HCCKOJIBKHUX CBOMCTB YCTAHABJIMBAIUCH BPYUHYIO, TO CBOiicTBO Stretch-to-fill
OKAa3bIBACTCHA HCAKTHUBHBIM.
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[Ipumeper:
TpownmocTpupyem cBoiicTBO Stretch-to-fill Ha cneayroteM npumepe.
IToctpoum cdepy, He 3atparMBasg cBoiicTB DataAspectRatioMode,

PiotBoxAspectRatioMode, CameraViewAngleMode, KoTopeic 10 YMOMYaHHIO

HMEIOT 3HaucHMe auto, TO ecTb coxpaHsaa cBoitcTBo Stretch-to-fill akTUBHBIM.

Cdepa Ha puc. 10.18, a pacTssHyTa 10 BCEM OCSM M TIONHOCTHIO 3AIIONHACT Bbi-

NENMCHHBIN Mapayieenurick.
sphere
set(gca, 'DataAspectRatio’, [1 1 1], ...

'PlotBoxAspectRatio’, [1 1 1], 'ZLim', [-0.6 0.6])
colormap pink
Mamenum 3nauenue cuoiictBa CameraViewAngle, caciiap TeM caMpIM CBOMCTBO

Stretch-to-fill HeakTusHbBIM (pHc. 10.18, 6):
sphere
set(gca, 'CameraViewAngle', get(gca, ‘CameraViewAngie')+5)
colormap pink

Puc. 10.18

Jlpyroil npuMmep WUIOCTPUPYET BO3MOXHOCTh CO3J3HUSA MHOXECTBCHHBIX
OOBEKTOR B pPaMKaX OHOro rpaduyeckoro oxHa.

h(1) = axes('Position’, {0 0 1 1]); sphere

h(2) = axes('Position’, [0 G 0.4 0.6]); sphere
h(3) = axes('Position’, [0 0.5 0.5 0.5]); sphere
h(4) = axes('Position', [0.5 0 0.4 0.4]); sphere
h(5) = axes('Position', {0.5 0.5 0.5 0.3)); sphere
set(h, 'Visible', "off)

colormap pink
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10. I'paguyeckue KOMaHab! v PyHKUMN

Puc. 10.19
Conymcmeyrowue xomandsl: AXIS, CLA, FIGURE, GCA, SUBPLOT.

MacmraéupoBanune oceil H BHIBOJ HA 3KPaH

Cunmaxcuc:
axis([xmin xmax ymin ymax})
axis([xmin xmax ymin ymax zmin zmax])

v = axis
axis auto axis ij axis square axis off
axis manual axis xy axis vis3d axis on
axis tight axis equal axis normal
axis fill axis image
[mode, visibility, direction] = axis('state")
Onucanue:

Komanabl axis TO3BOJISIIOT MAHUITYJIMPOBATh OTAE/ILHBIMU CBOMCTBAMH TIpa-
tuyeckoro obbekTa Axes.

Komanpaa axis([xmin xmax ymin ymax]) ycTaHaBI1BaeT Maclitab no ocaM X, y
IUI TEKYWIEro rpaguyeckoro odbekra Axes.

Komanaa axis([xmin xmax ymin ymax zmin zmax]) ycTaHaBiMBaeT MaciuTad
TIO OCSIM X, Y, Z JUI aKTUBHOTO rpaduyeckoro oKHa.

DYHKUMA vV = axis BO3BpalllaeT BEKTOP-CTPOKY MacIUTabOB TI0 OCAM JUist aK-
TUBHOro rpacduka. Eciu rpaduk ABYMEpPHBI, TO v UMeeT 4 KOMIIOHEHTa; €CIH
TPEXMEPHBIN -~ 6 KOMIIOHEHTOB. Bo3Bpauiaemble 3HAYeHUSI COOTBETCTBYIOT CBOM-
crBam XLim, Ylim, ZLim ob6bekTa Axes.

Komanpa axis(auto’) BbI3bIBAET MEXaHU3M aBTOMAaTMYECKOIO YCTaHOBIEHHS
MpeneabHbIX 3HAYCHUM 110 OCSIM; IMPU ITOM TAKOl MEXaHU3M MOXET OBITh IpH-
MEHEH K OTIC/IBbHBIM OCAM WM coucTaHuio ocel. Hanpumep, koMaHga axis ‘auto X'
aBTOMATUYECKM BBIYMC/ISACT Mpejesibl TONMBKO M0 OCH X, a KOMaHAa axis 'auto yz' -
110 OCAM Y U Z.
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Komanasl axis manual 1 axis(axis) QUKCUPYIOT TeKylLMe 3HAYEHHs] MacluTaboB
VIS TToC/IEAYFOLLMX IPAGUKOB, KaK ecid ObI ObUT BKIIIOUEH pexxuM hold. B atom ciyyae
cpoyicrea XLimMode, YLimMode, ZLimMode ycraHapMBaroTCA Bpy4YHYIO.

Komana axis tight ycranarnusaeT Takue koadOUlIMeHTbl MaCLITAOUPOBAHUS
110 OCHM, YTO JMana3oH M3MEHCHMA MEPEMEHHBIX 110 BCEM OCHAM CTAHOBUTCH
OJIMHAKOBBIM., JTO OTJIMYAeTCs OT ACHCTBUA KOMaHIB! axis equal, KoTopasi ycra-
HaBJIMBAET OJMHAKOBBIE PACCTOSTHHUS MEXIY METKaMU.

Komanpaa axis fill mpuBoauT rpe/esbl o oCsIM K AMara3oHy U3MEHEHUs JJaHHbBIX.

Komanaa axis ij nepeMeiaeT Ha4ajo OTCYETa B JIEBbIM BepXHUU Yroj, IIpU
3TOM OCb i PAcONOXEeHa BEPTUKAIBPHO M 3HAYEHUS BO3PAcTalOT B HallPABACHUH
CBEpXY BHM3, OCh | PACIOJOXKEeHA FOPU3OHTANILHO U 3HAUCHKS BO3PACTAIOT B Ha-
TIpaBJIEHUH CJIEBA HAMpaBo.

KoManga axis xy Bo3BpailiaeT JeKapTOBy CUCTEMY KOOPAMHAT; Hayajlo OTcyeTa
HaxOMMUTCA B HUXHECM JIEBOM YIJIy; OChb X TOPU30HTa/IbHA M pa3Meyaercs clicBa
HaIpaBo, OCh Y BEPTUKAJIbHA M pa3MeyacTcsl CHU3Y BBEPX.

Komanna axis equal yctaHaBiuBaeT Maciutab, KOTOpBIM 00eCIeYMBaEeT OQH-
HaKOBBIEC PACCTOSHUS MEXIY METKAMU MO OCAM X, Y, Z.

Komanaa axis image paBHOCMJIBHA KOMaH/e axis equal, 3a HUCKIIOUCHUEM
JIMILG TOTO, YTO pa3Mep MO OCSIM CTPOro MpPUBSI3aH K JaHHBIM.

KomaHzaa axis square yCTaHABJIMBAeT OJIMHAKOBBIA IMArNa3oH U OJUHAKOBBIC
PACCTOSIHUSL MEXIY METKAMM IO OCSIM.

Komanpa axis vis3d dukcrpyer csolictso DataAspectRatio 1 nesaetT HeakTHBHBIM
cBoyicTBo Stretch-to-fill, 4ToOB! MOATEPKATE BPALLCHUC TPEXMEPHOro OOBEKTA.

KoManpga axis normal BOCCTaHABRIMBAET IOJIHOPA3MEPHBIA MAacCLITA0, OTMEHSis
MaciTabbl, YCTAHOBJICHHbBIC KOMaHAaMM axis square 1 axis equal.

Komanna axis off CHUMaeT ¢ ocell MX 0003HAUYCHUST U MapKephl.

KoManga axis on BOCCTaHABJIMBAET HA OCSIX MX O003HAUCHHUS U MapKepEHl.

dyukumns  [mode, visibility, direction] = axis('state’) Bosppamiaer 3 crpoku,
COOTBETCTBYIOLLME HEKOTOPBIM CBOMCTBAM 00bekTa AXes:

mode  ='auto' | 'manual’.

visibility = ‘on'] 'off.

direction = ‘xy' | 'Ij".

Hanpyvep, 3nayenve mapamerpa mode, paBHoe ‘auto’, 03HAYAeT, YTO CBOMCTBA
XLimMode, YLimMode, ZLimMode npuHuMaroT 3HadeHue auto; napamerp visibility
COOTBETCTBYET CBOMCTBY Visible, a napametp direction - BeIbOpYy HanparieHus OCei.

ITo yMOMuaHUIO 3TH NapaMeTpsl MPUHUMAIOT 3HaYeHust [‘auto’, ‘on’, 'xy’l.

Aneopumm:

B xomanpaax, riae ykasblBalOTCSI MAaKCUMaIbHbIE M MHUHUMA/IbHbIE 3HAYCHUSA
nepeMeHHbIX, ¢cBoicTBa XLim, Yiim, ZIim ycTaHABIMBAIOTCS B COOTBETCTBUU C 3TUMU
3HAUCHUIMMU; ITPU 3ToM cBoiicTBa XLimMode, YLimMode, ZLimMode nipunumaior
3HA4UCHME auto,
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Cneayromad Tabjamna WilloCTPUPYeT M3MCHCHUE 3HaYeHMI CBOMCTB 00bEKTa
AXes IpH BBINOJHSHUH Pa3IMYHBIX KOMaHA IPYIIbL axis.

Axes Property axis equal | axis normal axis square axis tightequal

not set not set 111

Stretch-to-fill disabled active . disabled disabled

Conymemeyvrwouue komands: AXES, GET, GRID, SET, SUBPLOT.

SUBPLOT Co3aaHHe NONOKOH

Cunmakcuc:

subplot(m, n, p)

subplot{mnp), subplot mnp

subplot(h)

subplot('Position’, {left bottom width height])

h = subplot(...)

Onucanue:

Komanap! subplot ponaBomsit pazoéusky rpaduiecKkoro OKHa Ha HECKOJIBKO
NPSAMOYTOJbHBIX [TOJOKOH; KaXJIOMY TOJAOKHY COOTBCTCTBYET CBOit rpaduyeckuit
00BbeKT Axes. I'pachmK BBHIBOAMTCSA B TO IIOJOKHO, KOTOPOE SBJISIETCS B JIAHHBIN
MOMCHT TEKYILHUM.

KomMaHnbi subplot(m, n, p), subplot{mnp) win subplot mnp, roe m, n, p (mnp) - 3
uudpbl, Mpou3BoaAT pa3bUBKY IpadMycCKOro OKHA HAa HECKOJIBLKO IOJOKOH;
3HAYECHHUC M YKA3bIBACT KOJAMYECTBO MOAOKOH MO TOPU3OHTAIM, N - M0 BEPTHUKAIH,
a p - HOMEp MOJOKHA, Kyaa OYyAeT BbIBOAWUTHCH OYepe/nHOi rpaduk. DTH Xe
KOMaH/Ibl MOI'YT MCIIOJIb30BaThCs [UIS IIEPEX0Aa OT OJAHOTO 1OJOKHA K APYroMy.

Komanzaa subplot(h) genaer ocu ¢ peckpuntopoM h TeKyiMMH.

Komanpaa subplot('Position’, [left bottom width height])cosnaer koopauHaTHeie
OCH B TIO3ULMM, onpeaeisieMoit BekTopoM [left bottom width height] B Hopmanu-
30BaHHbIX KOOpAMHATAX, M3MeHsoumxcs B ananasone ot 0.0 1o 1.0, rume left =
= xmin/xmax, bottom = ymin/ymax, width = 1- left, height = 1 - bdtom.

Dynkima h = subplot(...) Bo3spalliaer aecKpUITOp rpadhudeckoro oobekTa AXes.
Sameuanue:

Komanga subplot(111) He copnamaet ¢ koMaHnoit subplot(1,1,1) U ocTarieHa TONBKO
JUIs1 COBMECTMMOCTH € NPEALLIECTBYIOMMU BepcusiMu. Ee feiicTue 3aKmoyaeTcst B TOM,
yTO OHA NnpucBanBaeT cBoicTBY NextPlot oObekTa Figure 3HaucHME replace, 3To NpUBO-
JUT K TOMY, 4YTO cjiedyrolasi rpadmycckas KoMaHaa BbUIOHSET KomaHny clf reset,
yoangsl 110ToMKOB 00BekTa Figure M cozjaBas HOBbIA 0ObekT Figure B TO3MLIMM
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MO YMOJIYaHMIO, DTa KOMaHAa, ewin K Hell obpaiatorcst B dopme yHKUmM, He BO3-
BpALLIAET JIECKPHUITTOP, a PUKCUPYET OIUMOKY BBIXOAHOTO apryMeHTa.

Ilpumep:

Buizenum B rpaduueckoM okHe 4 MOAOKHA U MOCTPOMM rpaduxu QyHKIUMI,

3aJaHHBIX MapaMETPUYCCKHU.
t=0:pi/20 : 2*pi;
{x, y] = meshgrid(t);

h221 = subplot(221)

plot(sin(t), cos(t), 'LineWidth', 2)
axis equal

h221 = 1.0011

h222 = subplot(222)
Z = sin(x) + cos(y);
plot(t, z)

axis([0 2*pi -2 2])
h222 = 3.0001

h223 = subplot(223)
z = sin(x) .* cos(y);
plot(t, z)

axis([0 2*pi -1 1})
h223 = 45.0001

h224 = subplot(224)

z =sin(x) .A 2 -cos(y) A 2;
plot(t, z)

axis([0 2*pi -1 1])

h224 = 87.0001

1

n.s

o

-0s

Puc. 10.20
Conymcemeyrougue komandsr: AXES, CLA, CLF, FIGURE, GCA.
186



10. Mpagpuyeckue KOMaKabl v QYHKUMN

Koaddummentst MacTaGHpoBaHus JaHHbIX

[ DASPECT, PBASPECT | W KOOPIMHATHBIX OCE

Cunmakcuc:
daspect pbaspect
daspect([aspect_ratio]) pbaspect([aspect_ratio])
daspect('mode") pbaspect('mode")
daspect(‘auto’) pbaspect(‘auto’)
daspect(‘manual’) pbaspect('manual’)
daspect(h, ...} pbaspect(h, ...)

Onpedenenus:

Koadduuuenrs MaciitabupoBaHusi AaHHBIX 10 OCSIM ONPEACTISIOTCS CBOii-
crBoM DataAspectRatio rpaduueckoro obbsexkra Axes.

Koaddunuenrsr MaciutabupoBaHUs KOODAMHATHBIX OCECH  ONPENCHSIOTCH
csoitctBoMm PlotBoxAspectRatio rpagmueckoro obbexra Axes.

Onucanue:

Komanaa daspect BosspatacT 3HaucHust cBoidcTBa DataAspectRatio 11 Te-
Kylero rpaduycckoro oobekTa Axes.

Komanna daspect([aspect_ratio]) ycraHaBmmBacT 3HayeHus cpoiictsa Da-
taAspectRatio juis Tekyulero rpaguucckoro odbekTa AxeS B BHIE BCKTOpPA M3
Tpex xomroHeHToB. Hanpumep, pexktop Buaa [1 1 3] o3mavaer, 4To eaQMHMLA
MU3MEPEHHUS [0 OCSIM X, Y COOTBCTCTBYET TPCM CAMHHULAM M3MEPCHUS 110 OCH Z.

Komanna daspect('mode’) Bo3ppaluact Tekylce COCTOSIHME CBOMCTBA
DataAspectRatioMode, KkoTOpoc MOXCT IIpUHMMAaTh 3HaYeHUs auto uiau manual.

Komanga daspect(auto’) ycranasiausactT cpoiictBo DataAspectRatioMode
B COCTOsIHUME auto.

Komanpa daspect('manual’) yctaHasiusact cpoiictBo DataAspectRatioMode
13 COCTOsIHME manual.

Komanga daspect(h, ...) onpcaeiasier win VCTAaHABJIMBACT 3HAYCHUSL CBOMCTB
DataAspectRatio u DataAspectRatioMode s rpaduucckoro obnekta Axes
¢ JecKpHnTopoM h.

Komaniaa pbaspect Bo3spauiaer 3naueHUs csoiictea PlotBoxAspectRatio wist
TeKyniero rpaguycckoro odbekTa Axes.

Komaiiza pbaspect(faspect_ratio]) ycranasnupaer 3HaueHus cBoicrsa Plot-
BoxAspectRatio s Tekyiuero rpadudcckoro o0bekta Axes B BHAC BEKTOpa M3
Tpex KoMioxcHToB, Hanpumep, sektop Buza {1 1 1], npuHMMacMblit 110 yMOJIYAHMIO,
03HAYACT, YTO 00/aCTL pasMCILCHUS IpaduKa - 3T0 KvO, XOTS eCiIM aKTUBH3MPOBAHO
csoicrBo Streich-to-fill, To M300paKeHHME MOXET OTIMYATLCH OT Ky0a.

Komanga pbaspect('mode’) po3ppawiaeT Tekyilee COCTOsSHMC CBoicTBa Plot-
BoxAspectRatioMode, Koropoe MOXCT NPUHUMA1L 3HaYeHUs auto vy manual.

Kowmanuaa pbaspect('auto’) yeranapiusact cpoiictso PlotBoxAspectRatioMode
B COCTOSIHIC auto.
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KoManpa pbaspect('manual’) ycranasnupaeT cBoiicTeo PlotBoxAspectRatioMode
B COCTOSIHME manual.

Komanga pbaspect(h, ...) onpefensier i ycraHaBAuBaeT 3HaYCHMS CBOHCTB
PlotBoxAspectRatio u PlotBoxAspectRatioMode s rpadudeckoro o6bexra Axes
¢ JECKpUNITOPOM h.

Hoscnenus:

Eciu  3HaycHue cpovictBa DataAspectRatioMode coorsercrByer auto,
TO CHUCTEMA YCTaHABIMBAeT KO3(D@PUUMEHTH MAaCIUTAGUPOBAHUSA IS CBOUCTBA
DataAspectRatio Takumu, 4ToOnl M300paxcHue 06BEKTa 3aN0AHANO Tpaduieckoe
OKHO B MaKCHMMabHOM cTenenu. g peaiucTUYHOro H300paXeHHUsT Tpexmep-
HOro 0OBEKTa CJICAYCT YCTAHABIMBATEL 3HAUCHUE 3TOrO CBOMCTBA paBHbiM [1 1 1].

[Tpu py4HOM 3amaHMM 3HayeHHUit aus cBoiictB DataAspectRatio u DataAs-
pectRatioMode cpoiictBo Stretch-to-fill craHoBUTCH HeakTUBHBIM. DTO O3HAyaer,
4YTO NpHCBAaMBaHME Jaxe TEKyllero 3Hadenusa B dhopme daspect(daspect) Moxer
BBI3BATh UCKAXEHUE pachuKa.

Ecnu suadenve cpoiictsa PlotBoxAspectRatioMode coorsercrsyer auto, To cucreMa
YCTaHARIMBACT KOIXDULIMCHTBI MacluTtabupopadus Uit ceoiictsa PlotBoxAspectRatio
pastbiMu [1 1 1]. OmHAKO 5TO MOXET U3MEHUTBCA, €U OYJICT BBINTOJIHEHA PYYHAs YCTa-
HOBKA cpoiicTB DataAspectRatio, CameraViewAngle, Xiim, Yim, Zlim.

[lpy py4yHOM 3amaHuM 3Ha4YeHMil Wi cBoicTB PlotBoxAspectRatio u Plot-
BoxAspectRatioMode cpoiictBo Stretch-to-fill craHOBUTCA HeaKTHBHBIM. JTO O3HAYAET,
YTO MIPUCBAMBAHME AaKe TEKYLUETO 3HadeHus B Qopme pbaspect{pbaspect) moxer
BBI3BATh UCKAKCHUE [PaduKa.

[Ipumepbs:

PaccmoTpuM TPEXMEPHYIO TIOBEPXHOCTH, HTOOBI [IPOMUIIOCTPUPOBATL BAKAHUC
MaciuTabUpoOBaHMS JAHHBIX M OCEH HA U306PAXKAEMYIO ITOBEPXHOCTD.

[x, y] = meshgrid([-2 : .2 : 2]);

Z = X exp(-x.A2 - y.A2);

surf(x, vy, 2)

% Puc. 10.21 a

pbaspect

ans= 1 1 1

daspect

ans= 4 4 1
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Puc. 10.21

s Toro 4Tobnl NPOMIUTIOCTPUPOBATH CBA3b MeXay cBodCTBaMU PlotBoxAs-
pectRatio u DataAspectRatio, yctanopum ans xo3dduinenita Macirabuposarus
nanHbiX DataAspectRatio 3nayenue [t 1 1] u nposepum 3HaveHnme PlotBoxAs-
pectRatio (puc. 10.21, 6).

daspect([1 1 1]);

pbaspect

ans = 441

B sroM cnydae BeKTOp CBOMCTBA M3MEHMUIICS, YTOOBI NIPUCTIOCOOMTBCS K HO-
BOMY Maciiutaby AaHHbBIX.

Teneps ycranoBum misi KoabhouuMeHTa MacluTabupoBaHus oceit PlotBoxAs-
pectRatio 3HadcHue [1 1 1] 1 nposepuM 3radeHue DataAspectRatio (puc. 10.21, 6).

pbaspect([1 1 1]);

daspect

ans= 1 1 1

OOpatM BHUMAHME, YTO TCMCPh M3MEHWIMCH TPEUENbl M3MCHEHMS IO OCsM,
IOCKOJIBKY cneurdrumpoBaHbl 00a cBoiicTa- DataAspectRatio u PlotBoxAspectRatio.

Komanna pbaspect ro3posisict 1e3aKTMBAPOBaTh cBOICTBO Stretch-to-fill (puc. 10.22).
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h211 = subplot(211);
surf(x, y, z}, shading interp
h212 = subplot(212);
surf(x, y, z),
pbaspect(h211, 'manual’)
shading interp

Puc. 10.22
Conymcemeyrouwue Komander: AXIS, XLIM, YLIM, ZLIM.
XL, YLim, , zLim | JlonycTHMBIE IMANA30HBI 10 OCAM KOOPAHHAT
Cunmakcuc:
xlim ylim zlim
xlim({xmin xmaxl}) yim{fymin ymax)}) Zlim{[zmin zmax})
xlim{'mode") ylim('mode') zlim('mode')
xlim('auto’) ylim('auto") zlim(‘auto')
xtim('manual’) ylim('manual') zlim('manual’)
xlim(h, ...} ylim(h, .. zhim(h, ...)
Onpedenenusn:

HonyctriMple AMana3oHbl MO OCSIM KOOPAMHAT COOTBETCTBYIOT 3HAUCHUAM
cpoiticte XLim, YLim, ZLim rpaduueckoro obbekta Axes.
Onucanue:

Komariza *lim Bo3sspawact 3Ha4yeHue CBoiicTBa *Lim mia Tekyuero rpaguyc-
cKoro obbekTa Axes.

Komanaa *lim([*min *max]) ycTaHaRAMBAET 3HAUCHUSI CBOWCTBA *Lim s Te-
Kytiero rpadbuyeckoro obbekra Axes B BHAC BEKTOPA U3 JBYX KOMIIOHCHTOB.
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KomaHga *lim('mode') Bo3Bpalaer Tekyllee cOCTosiHME cBoicTBa *LimMode,
KOTOPOE MOXET NPHHMMATh 3Ha4YeHHUs auto wim manual.

Komanza *lim(‘auto') ycraHasnuBaeT cBoMCTBO *LimMode B coctosHue auto.

KomaHgaa daspect('manual’) ycranasiuBaeT cBOMCTBO *LimMode B cocTosiHMe
manual.

Komanpga *limt(h, ...) onpeaensier uiKM yCTaHABIMBaET 3HAYEHHUs CBOMCTB *Lim
u *LimMode mnst rpacmueckoro oopekTa AXes ¢ 1eCKpMnTopom h.

Tosachenus:

Ecau 3HayeHue cBoiictBa *LimMode cooTeeTcTByeT auto, HCIOIB3yeMOMY
N0 YMOJIYAHHUIO, TO CHUCTEMA CAMA YCTAHABIMBACT JOITYCTMMbIE JMAra3oHbl, KOTOPbIE
NPUOTIMKEHHO COOTBETCTBYIOT OTOOPXAaeMbIM JaHHBIM. [Tpy pyyHOM 331aHHK OTHOTO
M3 3TUX AUAIIA30HOB 3HayeHue cpoifctBa “LimMode nepexniodaercst Ha manual.

Caenyer OTMETUTb, YTO BBICOKOYPOBHEBbiE rpadHuecKre KOMAaHABI THIIA
plot, surf uamensiior cpoiicrsa *Lim, *LimMode. Ecin ycraHoBAeHBI mpeciabHbIe
JIMANAa30Hbl ¥ OHM JOJIXKHBI ObITH COXpPAHEHbI NIPY J00aBJIEHUU HOBBIX I'PAQUKOB,
HeoOXOAUMO MCHOJIB30BaTh KOMaHay hold.

Conymcmeyrougue komandsr: AXIS, DASPECT, PBASPECT.

Hanecenne ceTku

Cunmakcuc:
grid on
grid off
grid
OnucaHnue:
KomaHza grid on HaHOCUT KOOPAMHATHYIO CETKY Ha TEKYIUUE OCH.
Komanpga grid off ynansier KOOpIMHATHYIO CETKY.
KoManaa grid BLINOSHSET posib MePeKITIoYaTesst ¢ OAHoM GyHKLMU Ha APYTYIO.
Komanasl rpymnbl grid nepeiioyaloT coctosinue cpoitets ‘XGrid', YGrid',
‘ZGrid' o6bekra Axes co 3HayeHusa on Ha off 1 Haobopor.

Conymcmeytowue xomandet: TITLE, XLABEL, YLABEL.

BOX Hanecenne Kontypa obaacru

Cunmaccuc:

box on

box off

box
Onucanue:

Komanaa box on pucyeT KOHTYp NapajjiesieNnle]a, B KOTOPOM pa3MelaeTcs
TPEXMEPHLINA OOBEKT.

Komanna box off yaanser KoHTyp.
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Komanaa box BBIIONHSET POJIb ITEPEKIIoYaTeNs ¢ OfHOM GYHKIMU HA APYTYIO.
KoMauapr Ipynnsl box rnepexiiodaloT cocrtosiHue cpolictsa ‘Box’ oObekra
Axes co 3HayeHHd on Ha off © HaobOPOT.

Conymemeyruue Komanosr: AXES, GRID.

oLD ‘Ynpasienne pexxuMoM COXpPAHEHHA TEKylero
rpadinyecKoro OKHa

Cunmakcuc:
hold on
hold off
hold

Onucanue:

KoManaa hold on BKIKOYAET PEXUM COXPAHCHMS TEKYLLEro Ipacuka U CBOWCTB
00beKkTa Axes, TaK YTO MOCJIEIYIOLIMEe KOMAaHIbl TIPUBEAYT K A0OABIECHUIO HOBBIX
rpauKoOB B rpauyecKoM OKHE.

Komariza hold off Beixiioyaet pexxum coxpaHeHusi rpacduka.

Kowmanna hold peanuzyet nepexsiioueHue ¢ OJHOTO PEXMMa Ha Apyrou.
Tosacuenue:

Komanuel hold Bo3meificTBYIOT Ha 3HaueHUst coiicTBa NextPlot o0nexToB
Figure u Axes:

» hold on npuceamnpaer cpoifictBy NextPlot mist Tekyimux 06nekToB Figure n Axes
3HaueHMe add;
» hold off npucsamsaer cBomcry NextPlot s tekywmnx o6nektoB Figure

U Axes 3HaYcHUE replace.

Conymcmeyrowue komandsi: AXES, FIGURE, ISHOLD, NEWPLOT.

ZooMm Vnpassienne Macmrabom rpadmka

Curmakcuc:
zoom on zoom xon
zoom off zoom yon
Zoom zoom(factor)
zoom out zoom(fig, option)
zoom reset

Onucanue:

Komanna zoom on BrIOHYAaCT pekKMM MHTEPAKTHBHOIO MACILTAOUPOBAHHUA TEKY-
wiero obsekra Figure., Terepp NpM HaKATHUM JICBOM KIABUUIM MbBLLM BOJIM3M HHTEpC-
CYIOLLCI Bac Todku rpaduka Maciita® OKHA YBENMUMBACTCsI B 2 pa3a; MpPH HAKATHH
NPaBON KJIaBMILM MAcIuTab B 2 pa3a yMEHbLUACTCA. YACPKHBast JICBYIO KITaBMIlY, MOXHO
BBLIEJIUTD HYKHYIO 00,1aCTh rpaduka, pUCys PaCcTIIHMBAIOLIMACS MPSMOYIOIBHHUK.

Jist OAHOKHOMOYHON MBIILK YBCAMNCHHME Macurrada peasM3yeTest MPOCThiM Haka-
THEM KHOIIKH, 4 YMCHBUICHHE - OAHOBPCMCHHBLIM HAXATUEM KHOITKKW U KiaBHUILH Shift.
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HBoitHOE HaxaTHe HAa KHOIIKY MBILM B o6yiacTU 0ObekTa AXes BO3BpalLaeT
3TOT OOBEKT B HAYAJILHOE COCTOSIHUE.

Komanpa zoom off BRIKIIIOUAET PEeXUM MHTCPAKTUBHOI'O MacIITaOMPOBaHMS.

Komanga zoom out Bo3Bpaliaer rpaduk B UCXOTHOE COCTOSTHUE.

KoManga zoom reset 3anoMuHaeT TeKylui rpapyk Kak UCXoaHblid. B aToM
ciaydae KoOMaHaa zoom out WM JBOMHOE HaXaTHe Ha KHOIKY MbIIIK OyAeT BO3-
BPALLATH TeKYHIMi rpaduK B HOBOE MCXOJHOE COCTOSHUE.

Komangpsl zoom xon ¥ Zoom yon [03BOJISIOT BBIIOIHATL MacIUTaGUPOBaHUe
TOJIBKO MO BBIOPAHHOM OCH.

KomManpa zoom(factor) mo3possieT ycraHaBiuMBaTh KO3GULMEHT MacIITadu-
poBaHusl Jid rpaduka He BiAWSIE Ha MHTEPAKTUBHBIA peXuM. 3HA4YeHHMs Iapa-
Metpa factor, Gombiuue 1, yBeJMYMBAIOT MacluTab, a 3HAYECHUA, MeHbluMe 1,
JOJDKHBI ObiTh paBHbI 1/factor, 1 MX MOXHO MCITONIB30BaTh TOJBKO ITOCJIE YBEJIH-
4YeHUs Macluraba.

Komanga zoom(fig, option) mo3BonisieT yCTaHOBUTh KO3(DOUIMEHT MacliTa-
OupoBaHUA Wi rpadUYecKoro okHa ¢ HoMepoM fig.

Ipumep:

PaccMoTtpumM, KaKk MOXHO HAWTHU pelleHue ypaBHeHHs sin(x)/x =0 Ha oTpeske
0 < X £5 ¢ MOMOWIBIO UHTEPAKTHBHOIO MaCLUTAOUPOBAHUS.

x=[0:0.05:5] +eps;

plot(x, sin(x)./x}

grid

zoom

Hna nepexona or puc. 10.23, a K puc. 10.23, 6 6pU1a Bble/IcHa 00NacTh BOIU3U Hy-
JIeBOro 3HauyeHWsT (YHKUMH, YTO NO3BOJMWIO JIOKATM30BaTh pELIEHWE B OOJIacTH
3<x<3.2. Ilpu mepexone or puc. 10.23, 6 x puc. 10.23, ¢ macimab Obu1 yBenuueH
BIBOE MPOCTHIM HAXKATUEM JIEBOM KHOIMKHM MbILLIH; 3TO TO3BOIMIO JIOKATM30BATh pellie-
Hue B oonacti 3.1 < x < 3.2. JlanpHeHiMe MaHUITY/ISAIMHA AT BO3MOXHOCTD JIOKAITH30-
Barh peuicHue B o0sacti 3.1415 < x < 3.1420 (puc. 10.23, o).

B.0¢ powew-
0.03 pmew-=-
D.O02 powe---
o

o1 booooo

001 Few--=

082 [F-w----

Q04 F-owme---

[0 I« T S

193



CucrteMa MHXEHEPHbIX N HayyHbix pacdyeToB MATLAB 5.x. Tom 2
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Puc. 10.23
Conymcmeyroujie Komandsi: HTML-CIIpaBKa.

YnpaBneHue uBeToM

COLORMAP ITammurpa useros

Cunmarcuc:

colormap(C)

colormap('default’)

C = colormap
Onucanue:

IMaymrpa useros C - 370 MarpvLia pamepa m x 3 ICHCTBUTE/IbHBIX YMCE) U3 JHa-
nazoHa [0.0 1.0]. Ctpoka k namMTpel chOPMUPOBAHA U3 TPEX YMCEIT, KOTOPBIE YKA3BIBAIOT
HMHTEHCUBHOCTDL KPACHOIO, 3€JIEHOTO U CHHETO LIBETOB, TO eCTh C(K, :) = [r(k) g(k) b(k)].

Komanna colormap(C) ycraHaBnuBaeT nanurpy corjacHo marpuue C. Ecnu
3HaYeHMUE JIEMEHTA MATPUIIbl BBIXOAWT 32 Ipenesbl uHTepBana [0 1], Bhinaercs
coob1ieHue 06 oubKe

Colormap must have values in [0,1].

3nauenus anemenmog nasumput doaxcHsL Goims ¢ unmepsane [0 1].

Komanubt colormap(‘default’) wiu colormap(hsv) ycTaHaBIMBRIOT IITATHYIO
MAJIUTPY, KOTOpas COOTBETCTBYET Moaeaud hue-saturation-value (ommenok-
Hacviyennocms-3nauenue). T1ocne0BaTeIBHOCTE BETOB 3TOM MAIMTPHI COOTBET-
CTBYET LBETaM pallyry:

red Kpachmiit

magenta PUONETOBbIH




10. 'pagpuvecke koMaHabl U QyHKLnM

Dynkuust C = colormap npuceaupaeT Matpuue C 3HaYCHUE TEKYLIEH NATUTDBI.

B xaranore graph3d pasmenicHbl M-(aidnbl, KOTOpbie FeHEPUPYIOT 0OJIbILIOE
KOJAUYECTBO MAJUTP; KaxXablii M3 M-(ailioB AOMycKaeT B KayecTBE BXOJHOTO
apryMeHTa JJIMHY nanuTpsl. Hanpumep, KkOMana co3faeT naautpy u3 128 1BeTOB;
CC/IM pa3Mep HE YKa3aH, TO CO3/aeTcsl NaJIUTpa TeKyLel JTMHBL.

B cucreMe MATLAB peantu30BaHbI CIEGAYIOILUC ITATUTPbI

autumn

_hsv Mamurpa pagyre ]
jet PasHoBUIHOCTE hSV-TTUTHTPLE OT CMHETO 110 KPacHOTO yepes royooit, xembm
M OpaMKeBBIM
lines Tamrrpa ¢ oTTeHKaMy ceporo, orpeaeridemas cBovcTBoM Axes ColorOrder
Jpink . ...].Posopas manutpa ¢ oTTeMkamm nmactemnd
prism [Tanutpa ¢ YepefoBaHMEM KPACHOIO, opamKeBoro KENTOr0, 3¢JICHOTO,
__________________ CHHETO K (QMONETOBOTO
..spring [Tanutpa ¢ otTeHKamMu gmorneToBOrO M Xeutoro,
summer IManuTpa ¢ OTTEHKaMM 3€JIEHOTO ¥ XETOro
' Demag mamIpa
winter ITanutpa ¢ OTTEHKAMK CHHErO U 3€JIEHOro

Conymcmeyrowue Komandsi: BRIGHTEN, CAXIS, FIGURE, HSV, RGBPLOT, SPINMAP.

YcranopieHne COOTBETCTBHA MEX/IY NAIUTPOH LBETOB
4 MacTabMpoBaHueM ocei
Cunmarkcuc:

caxis([cmin cmax))

caxis auto

caxis manual

caxis(caxis)

vV = caxis
Onucanue:

Komanapl caxis maMeHsor 3HauycHust cBoiicts Clim, CLimMode rpaduyeckoro
00beKTa Axes. DTU KOMaHjibl YIIPARIAOT TpeoOpa3oBaHMeM HaHHLIX B {ATUTPY.
OHu M3MCHSIIOT cBOUcTBAa rpacuyeckux obbexkros Surface, Patch, Image, ecin
maccuB CData HeuesiouucieHHb, a cBoiicto CDataMapping MMecT 3HaucHME
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scaled. OHM He BJIHMSIOT Ha CBOWMCTBA 3THUX 00bekTOB, eciiv Maccus CData neso-
YyCcJIeHHBINA, a cpoitcTBo CDataMapping uMeer 3HaueHMe direct.

Komanga caxis({cmin cmax]) yCTaH4BAMBAET [IMAIa30H M3 MAJIUTPhI LBECTOB
JUISL OTOOpakeHHUsI JAHHbIX, 3HAYCHMS JaHHBIX, KOTOpBIC MEHBbUIE cmin, oToGpa-
XaloTcd B cmin, a 6oabluMe cmax - B cmax. 3HaueHusi B MHTepBaJia [cmin cmax)
oTo0paxarTCd JMHEHHO B UBETA TeKYyLUeH NaJIUTPHL.

KoMaHzga caxis auto ycraHamiuBaer LUTATHOE, TO €CTh MCIIOJL3YEMOE [0
YMOJUaHUIO OTOOPAKECHHE AAHHBIX B TIAJMTPY IIBETOB; B 3TOM C/lyYac OTCEKAIOTCS
LIBETA, KOTOPLIE COOTBETCTBYIOT 3HaueHUAM Inf 1 NaN.

Komanpasl caxis manual u caxis(caxis) GUKCHUPYIOT TEKYIUYIO TaJUTPY WIS
MOC/IeAYIOUIMX rpaMKOB, eciv OHU OyayT BBIBOIUTLCS B pexkume hold.

PyHKUMA V = caxis BO3BpalllaeT BEKTOP-CTPOKyY [cmin cmax].

Hloncuenue:

[Tpu BBIBOjIe Ha 3KpaH rpaduveckux oobek1oB Surface, Patch, Image, eciu
maccuB CData HeuenoyucneHHslii, a cpoitctgo CDataMapping uMeeT 3HadeHue
scaled, BBIMOJHAETCA MpeOOPa3OBAHMUE MACCHMBA B LBCTA MAIUTPHL. 3TO JIMHEIHOE
npeobpa3zoBaHMe yCTaHAB/IMBAECT COOTBETCTBUE MEXJy 3HaYeHuem C M3 MaccuBa
CData 1 HOMepoM CTpOKM index B MacCHBE MaiIMTPhi [UIMHBI M COMJIACHO Cile-
ayiouiel gopMmyie:

index = fix{(C-cmin)/(cmax-cmin)*m)+1.

IIpumep:
[X. Y, Z] = sphere(32), % Cdepa paguycom 1
C=2 % 3nauvenus ans C - B guanasone [-1 1].
surf(X, Y, Z, C) % H3obpaxenue cepsl
colormap pink % Tlanurpa pink
colorbar % Ilkana najuTpsl

Puc. 10.24
Conymemeytougue komanos: AXES, AXIS, COLORMAP, GET, MESH, PCOLOR, SET, SURF.
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10. [papuqeckne KomaHagbl U QyHKUN

N30bpaxeHne nNHUA ypoBHSA

CONTOUR M300pakeHne THHAH YPOBHA /I TPEXMEPHOI MOBEPXHOCTH

Cunmaxkcuc:

contour(Z) contour(x, y, Z)

Z
contourEZ, n) contour(x, y, Z, n)
contour(Z, v) contour(x, y, Z, v)
contour(..., LineSpec)

[C.h]= contour(...)

Onucanue:

Komanza contour(Z) pucyet aByMepHBIC JIMHUM YPOBHS TSI MACCHBA JJAHHBIX Z,
OIPCASISIOLINUX TTOBCPXHOCTL B TPEXMEPHOM MPOCTPAHCTBE 6€3 yyeTa JAMana3oHa
M3MCHEHHUS KOODIMHAT X U Y.

Komanga contour(x, y, Z), rie X U y - BeKTOpBI, DUCYeT JUHWM YPOBHS JUIS
MACCHBa JAHHLIX Z C YYETOM JHANa30Ha U3MEHEHUs KOOPAUHAT X U Y.

Komanawu contour(Z, n), contour(x, y, Z, n) PUCYIOT N JIMHUH YPOBHS IS
MacCHBa JAHHBIX Z; MO YMOJYaHMIo n paBHo 10.

Komanas! contour(Z, v), contour(x, y, Z, v) PUCYIOT JUHUU YPOBHS ISl 3a-
JAHHBIX 3HAYEHUI, KOTOpbIe YKa3aHbl B BEKTOpPE V.

Komanpa contour(..., LineSpec) pucyeT JIMHUM YPOBHS, THI U I[BET KOTOPBIX
onpeaendioTes napamerpoM LineSpec koMaHas! plot.

®ynkums [C, h] = contour(...) Bo3BpaluaeT Maccus C M BEKTOP-CTOJIOELL Nie-
ckpurtopos h rpaguyeckux 06bEKTOB Ul KaX/0H JMHUU ypoBHs. Ecau ykazaH
napaMerp LineSpec, to dyHkuusa contour ¢dopMmupyer rpadpuueckue 0ObEKTHI
Line; ecniu Het, TO rpaduueckue oobeKTel Patch.

Tlpumep:

IMoctpouts MHUK yPOBHS PYHKUMU 7 = X e =x*-y* g obmacn -2 < x<£2,-2<<y<3.

[X, Y] =meshgrid(-2:.2:2,-2:.2:3);

Z = Xxexp(-X.A2-Y.A2),

[C, h] = contour(X, Y, Z);

clabel(C, h)
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Cucrema NHXeHEPHbIX ¥ HayqdHbix pacderos MATLAB 5.x. Tom 2

TTocTpouTh U30IMHUKU KOMIUIEKCHOM GyHKUMK F(z) = fl’! 24 -1 B 1OSIPHBIX
- v

KOOP/AMHATAX.
% Puc. 10.26, a
[th, r] = meshgrid((0 : 5 : 360)*pi/180, 0:0.05: 1),
X, Y] = pol2cart(th, r);
Z=X+7*Y;
F=(Z r4-1).2(1/4)
surf(X, Y, abs(F)), hold on
surf(X, Y, zeros(size(X)}), hold off

% Puc. 10.26, 6

hp = polar({0 2*pi], [0 1]);
delete(hp)

hold on

contour(X, Y, abs(F), 30)

Puc. 10.26

Auaznocmuueckue coobujenus:

Ecnu MeHbuiast pasMEpHOCTh MaccuBa Z OKa3bIBaeTCS MEHbBUIC 2, TO BBIAACTCS
coobleHme

Matrix must be 2-by-2 or larger.

Mampuya doaxcna umems pazmep 2x2 uau bonsuie.
Oepanunenus:

[Tpu pabote ¢ komaHmoit U GyHKuMEH contour MpPCAllOAaracTCst, 4To 3e-
MEHTHI MAaCCUBOB X U Y MOHOTOHHO BO3pacTalor.
Conymcemeyrowte Komanos:: CLABEL, CONTOUR3, CONTOUREF, INTERPZ, QUIVER,

L CONTOURF | 3axpamennbie rpanKy IUHKA YPOBHS
Cunmakcuc:
contourf(Z) contourt(x, y, Z)
contourf(Z, n) contourf(x, y, Z, n)
contourf(Z, v) contourf(x, y, Z, v)

[C, h, CF] = contourf(...)
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10. Mpagudeckmne koMaHgb! N QyHKLmM

Onucanue:

Komannpr contourf(...) #300paxaioT AMHAM YPOBHSA M 3aKPALIUBAIOT 001aCTH
MEXIY HUMH, UCITOJIb3Ysl HEKOTOPBIN TMOCTOSHHBIM [BET. DTOT LIBET OTpPeAC/IseTCs
cpoitctBOM Colormap rpagpuyeckoro obdnekra Figure.

Komanna contourf(Z) pucyeT nByMepHble JIMHUM YPOBHS [UIS MACCHBA JAHHBIX Z,
ONpeesIAIOIIMX TOBCPXHOCTh B TPEXMEPHOM HpOCTPaHCTBe, 0€3 ydera nuanasoHa
W3MEHEHMST KOOPAMHAT X U Y.

Komanpna contourf(x, y, Z), Tae X M y - BEKTOPbl, PUCYET JMHUM YPOBHS IS
MAacCUBa JaHHBIX Z C YYETOM JIMANa30HA U3MEHEHUS KOOPIUHAT X U Y.

Komannpr contourf(Z, n), contourf(x, y, Z, n) pucyioT n JUHMIA YPOBHS JUIs
MAaCCHBa JAHHBLIX Z; IO YMOJ4YaHH1o n paBHo 10.

KoMmanast contourf(Z, v), contourf(x, y, Z, v) puCylOT JIMHMM YPOBHS Ui 3a-
JAHHBIX 3HAYEHHMIH, KOTOPBIE YKa3aHbI B BEKTOPE V.

Oyukuus [C, h, CF] = contourf(...) Bo3Bpaiuaer maccuB C, HCIIONb3yeMBbIi
¢dyaxuueit clabel, Bexrop-cronben peckpunTopoB h rpaduyeckux 0OBEKTOB
Patch u marpuny CF, ucnonp3yeMylo [UIst paCKpacku O0JIacTei.

Ilpumep:

IToctpoute 10 nuHUIt ypoBHSA GyHKUMU peaks(20).

contourf(peaks(20), 10);

colormap pink

brighten(0.7)

zO

Puc. 10.27
Conymcmeyrwuue Komandor: CLABEL, CONTOUR, CONTOUR3, QUIVER.

CONTOURS3 H306pakenHe TpeXMEPHBIX JHHHI YPOBHS

Cunmakcuc:
contour3(Z) contour3(X, Y, Z)
contour3(Z, n) contour3(X,Y, Z, n)
contour3(Z, v) contour3(x, y, Z, v)

contour3(..., LineSpec)
[C, h] = contour3(...)
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Onucanue:

Komanza contour3(Z) pucyer TpeXMepHbIE JIMHUM YPOBHS IUIS MacCHBa JAHHBIX Z,
OITPE/IC/ISIOIIMX TTIOBEPXHOCTh B TPEXMEPHOM TIPOCTPAHCTBE, G€3 yyera AuariasoHa
U3MEHEHVS KOOPAMUHAT X U Y.

Komanaa contour3(X, Y, Z), rae X U Y ~ IByMEPHbIC MAaCCUBBI, BBIYHUCICHHEIC
¢ noMouibo GYHKUMM meshgrid, pyUcyeT JIMHUM YPOBHA A1 MacCuBa NaHHBIX Z
C YYeTOM JMaTia30Ha M3MCHEHUS KOODAMHAT X U Y.

KoManget contour3(Z, n), contour(X, Y, Z, n) pucyioT n JIMHMIA YPOBHS IS
MacCKBa JaHHBIX Z; IT0 yMoM4aHuUIo h pasHo 10.

®yuxkuus [C, h] = contour3(...) Bo3Bpataet MaccuB C U BeKTop-crobel ae-
cKpunTopos h rpadpuyeckux 00BEKTOB A4 KaXIOM JMHMM YpOBHS. Eciau yKazaH
napaMeTp LineSpec, To ¢yHkimMsa contour GopMUpyeT rpagpuueckue 00OBeKTbI
Line; ecau Her, To rpaduyeckue odbekThl Patch.

Ipumep:

IlocTpouTh TPEXMEPHBIC JIMHUM YPOBHS (DYHKUUM Z = xe XY’ 5 oBmactu
2<x52,-2<<y<2.

[X, Y] = meshgrid([-2 : .25 : 2]);

Z = X*exp(-X.A2- Y.A2),

contour3(X, Y, Z, 30)

surface(X, Y, Z, 'EdgeColor', [.8 .8 .8}, 'FaceColor', 'none')

grid off

view(-15, 25)

colormap gray

brighten(-0.5)

T T
AT e T i
f";"’:_,——— v
(=
N ma
| =

-0 . P
2 ? %Ej

e,

-3 4]

Puc. 10.28

Oepanuuenus:
Ilpu pabote ¢ xoMaHaod M ¢yHKUMEHR contour3 npealtonaraeTcst, yto e-
MEHTb! MAaCCHUBOB X U Y MOHOTOHHO BO3DaCTaOT.

Conymemeyroujue komandor: CONTOUR, MESHC, MESHGRID, SURFC.
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10. Mpaguyeckue KomMaHabl v QyHKUNN

Haanucu u noscHenus K rpadpmkam

TITLE 3aro/I0BKH I8 JBYX- H TPEXMEPHbIX rpadHKOB

Cunmakcuc:

title(‘<mexcm>")

title(<umsa_gynxyuu>)

title(..., ' PropertyName', PropertyValue, ...)

h = title(...)
Onucatue:

Kaxnpiit rpaduyeckuit o0beKT AXeS MOXET COMPOBOXAATHCS CBOMM 3aro-
JIOBKOM, KOTOPBII pa3MellaeTcsl HaJ rpapuKOoM.

Komanpa title('<mexcm>") pazmelilaeT 3aroJioBOK B BHE YKa3aHHOIO TEKCTa
Haja rpadHKoM,

Komanpa title(<umsa_ghynxkyuu>) mospossieT npuMeHUTHh (QYHKIMIO, KOTOpasi
BO3BPALACT PE3YJILTAT B BUJIC CTPOKU, UCTIONB3YEMOW B KaUECTBE 3aroOBKA.

Komanpa title(..., ' PropertyName', PropertyValue, ...) no3Bonser ykasarth napy
CBOICTBO/3HAaYeHe Uit rpadudeckoro obbvekra Text, KOTOPBIM co3macTcs Ko-
MaH[I0# title.

OyHkuusa h = title(...) Bo3spallaeT geckpuntop rpadudeckoro obbekra Text.

IIpumep:
[TocTpoum pasHele rpaduKu B JBYX OKHaX M CHaOAMM MX pa3HbIMH 3arojoB-

KaMu. B riepBoM OKHE NOCTPOMM 3aBUCHMMOCTH TeMIepaTyphl 1o wmkane Lemscust
oT TeMriepatyphbl 1o 1lukane Papenreiita. Bo BropoM okHe nocTpouM rpadux

yHKIUU y = Ae™ sin(fr) 1 cHabmUM €ro 3aroJIoBKOM, CBSI3AHHBIM C MOMEHTOM
II0OCTPOEHHUS.

subplot(211)
f=-40:100;
¢ =(f-32)/1.8;

plot(f, c, 'LineWidth', 3}, grid
title(' Temnepatypa C(F) ', 'FontSize', 14)

subplot(212)

t=0:1000;

y = 0.25%exp(-5e-3*1) .* sin(0.2*t);
plot(t, y, 'LineWidth', 1.5), grid
title(datestr(now), 'FontSize', 9)
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Teuosparype C(F)

t
1
1
o zao s0o &00 200 1000

Puc. 10.29
Conymcmeyiouue Komanos: GTEXT, INT2STR, NUM2STR, PLOT, TEXT, XLABEL, YLABEL,
ZLABEL.
| XLABEL YLABEL ZLABEL | OBo3HaYenne oceil

Cunmarcuc:

xlabel('<mexcm>")

xlabel(<ums_gyukyuu>)

xlabel(..., 'PropertyName', PropertyValue, ...)
h = xlabel(...)

ylabel(...)

h = ylabel(...)

zlabel(...)

h = zlabel(...)

Onucanue:

I'paduyeckuii 00beKT AXES MOXET MMETh TOJBKO OJHY METKY ISl KaXAoi
13 KOOPIMHATHBIX OCEH X, Y, Z.

Komanpna *label('<mexcm>") noMelaer MeTKy BIOJIb COOTBETCTBYIOLIEH KOOP-
IUHATHOU OCH.

Komanpa *label(<uma_gynxyuu>) 1O3BONSICT NPUMEHUTH (YHKIMIO, KOTOpas
BO3BPAIIIACT PE3YJIbTAT B BUC CTPOKH, M MCIOIB30BATh €€ B KAYECTBE METKU OCH.

Komanna *label(..., 'PropertyName', PropertyValue, ...) mosBoasieT ykasark rapy
CBOMCTBO/3HaucHUE W5 rpaduueckoro obbekra Text, KOTOPBIA CO34AETCS ONHOMN
n3 KoMmaHa *label.

Oyukuuu h = *label(...) Bo3BpalaloT AecKpUnTOp rpadpuucckoro oobexra Text,

TToBTOpHOE HUCMONB30BAHUE KOMAH/ILI NPHUBOANUT K 3aMEHE CTAPOIO TEKCTA HOBbBIM.
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10. I'paduyeckue komarabl v GyHkUMN

IIpumep:

[MocTpoum 3aBncuMocts Temneparyps! no wikane Leabcus oT temneparypst 10
wikate apenreitta u cHAGnUM rpadmk 3aroJIOBKOM U METKaMM KOOPIMHATHBIX OCEil.

f =-40:100;

c=(f-32)1.8;

plot(f, c, ‘LineWidth', 3), grid

title(" C(F) ", 'FontSize', 14)

xlabei(' Temnepartypa, F°', 'FontAngle', ‘italic’, 'FontWeight', 'bold")

ylabel(' Temnepartypa, C° ', 'FontAngle’, 'italic', 'FontWeight', 'bold")

<R

Temprepamypa

[ S -

&
&F--
(2]
Bk - -

oo

m
a

Tewmnepamypa,

Puc. 10.30
Conymemeyroujue xomander: TEXT, TITLE.

CLABEL MapkHpoBKa JIHHHIHA YPOBHS

Cunmakcuc:
clabel
clabel

(C, h)

(
clabel(

(

(

(

h
,h, v
. h, ‘'manual’)

clabel(C)

clabel(C, v)

clabel(C, 'manual’)
Onucanue:

Komanael 1pyimnsl clabel MapkupyioT JIMHMM YPOBHsl, C(OPMHPOBAHHBIE
$yHxunsgMi contour, contour3, contourf.

Komanga clabel(C, h) Mapkupyer JMHUM YPOBHSI, Pa3MCILIAd METKU B Pa3pbiBax
JIMHUI YPOBHA M NOBOPAYUBAs UX IS YIODCTBA YTEHHMS.
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CuctemMa MHXEHEPHbIX 1 Hay4Hbix pacyeTos MATLAB 5.x. Tom 2

Komannaa clabel(C, h, v} MapKupyeT ToJIbKO JTHHHM YPOBHS, 334aHHBIC BEKTOPOM V.

Komanpa clabel(C, h, ‘manual’) MapkupyeT JIMHUM YPOBHEH B T03ULMSAX,
yKa3blBaeMbIX MepeMelleHreM Kypcopa. Haxatue JieBoM KAaBMILM MBIIIM MM
KJIaBUiM npobesia MapKUpyeT YKA3aHHYIO JIMHUIO YPOBHSI;, HaXaTHe KJIABUHIN
Return wiv npaBoii KHOMKY MBILIM 3ABCPIIAET MPOLECC MAPKUPOBKHU.

Komanga clabel(C) pobaenser MeTKM K JIMHMSIM YPOBHSL B CllyyallHO
BBHIOPAHHBIX TO3HLLUAX.

Komanga clabel(C, v) MapkupyeT JIMHUM YPOBHSL KOHTYpa, KOTOPbie 3aJaHbI
B BEKTODE V.

Komanga clabel(C, ‘manual’) MapkupyeT JMHUM YPOBHCH B MO3ULIMAX, YKa-
3BIBAEMBIX C [TOMOIIBIO MBILIH.

Ioscnenue:

B Ttex cayyasix, Korga KOMaHza UCIHOJL3YEeT ACCKPMITOP h, Mapkep JIMHUM
YPOBHS BCTABJISIETCS B DPaspbiB JIMHWM ¥ IIOBOPAYMBAETCS. HYXXKHBIM 0O0pa3oM.
Eciu xoMaHnga He MCIO/B3YeT NECKPUNTOP, TO B 3TOM Cjiydac IIPOU3BOAMTCS
MapKHPOBKa 3HAKOM + M YMCJIOBBIM 3HAYEHUEM.

Hpumep:

CreHepupoBaTb, HapUCOBaTh M MapKHUPOBATh JMHUK YPOBHS WIS (QYHKIMH
z=xe(X'Y)

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

Z =X exp(- XA2 - Y. 2);

[C, h] = contour(X, Y, Z);

clabel(C, h)

2

1.5

Puc. 10.31
Conymemeywujue komander; CONTOUR, CONTOURF.
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10. I'papuyeckmne komMaHas! 1 QyHKLMM

TEXT Buisoa Tekcra Ha rpaduk

Cunmaxcuc:

text(x, y, '<mekxcm>")

text(x, v, z, '<mexcm>")

text(...' PropertyName', PropertyValue...)

h = text(...)

Onucanue:

Komanpa text Bcerna cospaer rpadmucckuii obobekr Text.

Komanua text(x, y, '<mexcm>'y noMelLaeT B 3a0aHHOI TOUuKe (X, y) JABYMEPHOIO
rpadvka Hayano TeKCTa, yKa3aHHOro B KaYecTBe TPEThero apryMedra. Ecim x u y
OMHOMCPHBIC MACCHUBBI, 33[laHHBIIl TCKCT [TOMCILIAETCS BO BCE TO3ULIMM, OIIpele-
JisicMble KoopsiMHataMu [x(i) y(i)].

Komanna text(x, y, z, '<mexcm>") BBIBOJUT TEKCT Ha TPEXMEPHBIH rpaduk.

Komanpna text(...'PropertyName', PropertyValue ...) 1o3sojiger 3ajath napy
CBOUCTBO/3HAYCHUE IS rpaduyeckoro odbekra Text.

@yuxkuua h = text(..) Bo3BpauiaeT BeKTOP HCCKPHUNTOPOB M TpadhHYeCKUX
00BbEKTOB Text, ABIsIOmUXCs NoToMKaMu o0bekTa Axes.

[oscuenue:

KoopauHatel pa3MenieHUst TeKCTa {(apIyMEHTHI X, Y, Z ) OIpPeAeasioTcs enu-
HMUAMM U3MEPEHMSI, 3aIaHHBIMM cBoHCTBOM Units o6bexra Text (1o ymosuanuio
3T0 3HaycHMe 'data’; 3a MO3ULIMOHUPOBAHME CUMBOJIOB TEKCTA OTBEYAKOT CBOMCTBA
Extent, VerticalAlignment, HorizontalAlignment.

Crniesyer o6patiTh BHUMaHME Ha CBOMCTBO Interpreter {tex} | none, kotopoe yxa-
3BIBAET, YTO J10 YMOJYAHUIO MCMOJIL3YETCS MHTCPIIPETarop rpaduyeckux CHMBOJIOB
sa3pika TeX. D10 1no3poiisieT BO Beex komanaax (title, *label, legend, text), mopox-
Jaourx rpacduycckuii 0oueKT Text, UCIob30BaTh CUHTAKCUC sI3bIKa TeX /Uit Hanu-
CaHMsl TEKCTa C CUMBOJIAMM IPEYECKOTo aihaBuTa M APYTUMU 3HAKAMM.

Hanpumep, dopmyina Diticpa e’ = cos(@) + jsin(@) MOXET OLITL MpeaCTaBIeHa
B BUIE TEKCTOBOW CTpOKM Ha s3pike TeX: \ite{\phi} = cos(\phi) + | sin(\phi}). dssa
BBIBOJI2 3TA CTPOKA JIMOO HEMOCPEACTBEHHO BBOAMTCS B caMOW KoMaHie, Jubo
1iepesaeTes yepe3 cBoicTBo String obbekTa Text.

Csaovicteo String obvekra Text

3HAYCHUC STOTO CBOMCTBA MOXET ObITH 3a7aHO JiMOO B BMAE CAMHCTBCHHOW CTPOKH,
3aKIIOUEHHOM B KaBBIUKHM, JIMOO B BUIC HECKOMBKUX CTPOK, NMPENCTABIEHHBIX MACCUBa-
MU CTPOK Wi siiecK. CHOpMUPOBAHHBIE TAKUM 00pa3oM CTPOKH BbIBOITCS Ha rpadu-
KC B YKA3bIBAEMbIX TIO3MLMSX. BepTMKaIbHBIA CI31U BHIBOMMTCS KAK YACTh TEKCTOBOM
CTPOKU M HE MHTEPIIPCTUPYETCA KAK CHMBOJI KOHLIA CTPOoKU. Korpa ceoticteo Interpreter
UMEET 3HaYeHHE Tex (M0 YMOIYAHHUIO), MOXKHO WCITONB30BATH TMOAMHOXKECTBO KOMAaHI
s13bIKa TeX, YyroObl BbIBeCTH HA IpaduK rpeveckue OyKBbl KM MATEMATUYECKUE CHMBOSIbI.
Creitlyrowmas tabjiMua COAepXUT KOMAaHADbI SI3bIKa [UIS1 BBIBOJA COOTBETCTBYIOILMX
CHMBOJIOB.
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CucTemMa MHXEHEPHbIX 1 Hay4Hbix pacdetos MATLAB 5.x. Tom 2

Komanda ¢ Cumeon Komanda i Cumeon Komanda i Cumeon
\alpha o \upsilon H v \sim ~
i \leq <
\infty ©
\clubsuit &
: \diamondsuit +
Jeeta G \Gamma T heartsuit ¥
\eta n \Delta A \spadesuit A
\theta : 0 \Theta : e \leftrightarrow «
Tivartheta ‘ """""" u \Lambda A 1 Veftarrow —
\iota 1 \Xi CTTTE T \aparrow 0
\kappa : K i Iy \rightarrow —
\lambda Y \Sigma ) \downarrow \
\mu m \Upsilon Y \circ o
o LTy \Phi O \pm +
i 3 \Psi ¥y \geq 2
\pi o \Omega Q \propto o«
“irho I \forall v \partial 2
\sigma c \exists 3 \bullet : .
' \varsigma ¢ 1. \ni 3 \div =
\tau : T \cong H = \neq #
\eqL}'i'\; """"" . \approx ~ \aleph H N
\Im 3 Re R \wp e
\otimes : ® \oplus ® \oslash 2
\cap ~ \cup ' U "\'é.ﬁﬁéé"feq """" >
“\supset H > m\'é'L'l.Béélteq c \subset ) =
\int e T e \o o
“\rfloor T \iceil \nabla
Mfoor L edot il dots
perp T neg T o prime '
wedge 1 ~ \times x \0 %)
Nreeil ] \surd v \mid ‘ |
wee v \Vaﬁ:—)—l ___________ o \copyright ©
\langle ( \ranéié """" y

MoxHO 3a1aTh MOAUDUKATOPHI TTOTOKA, KOTOPHIE YNPABJIAIOT WPUDTOM:
\bf - xxupHeii wpudT (bold font);

\it - HaxyonHeli wpudT (italics font);

\sl - xocoit wipudt (oblique font), NpUMeHsIETCS PEAKO;

\rm - HopMaJibHbIA WIPpHGT (normal font);

\fontname{fontname} - onpejienuTe HOBOE CeMENHCTBO LPUDTOB;
\fontsize{fontsize} - onpeneauTs HOBBII pasmep wWpHUPTa.
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10. Mpagpuyeckue KoMaHAab U OyHKLMN

.

[Mepabie 4 moauduxaTopa SIRISIOTCS B3AMMHO MCKITIOYaroimMK. OIHaKO ¢ [TIOMO-
1ibo MosMbukaropa Yontname MoOXHO co3naBaTh KOMOMHALMN MOAU(HKATOPOB.

Obnactp neiictBusi MoaudukaTopa - BCS CTPOKA, 3a MCKITIOUEHMeM dhpar-
MEHTOB, 3aKJIIOYEHHBIX B PUTrypHbIC CKOOKH { }.

CuMBOJIbI HUXKHETO _ M BEPXHCIO ® MHIEKCOB BO3ACHCTBYIOT Ha CUMBOJ MU
ITOLICTPOKY, OMPEACICHHYIO B (DUIYPHBIX CKOOKAaX, HEMOCPEACTBEHHO C/EAYIOLUE
32 CUMBOJIOM.

Jl1s1 BBIBOZIA Ha TeyaTh CNCHUAIBLHBIX CHMBOJIOB MHTepIIpeTaTopa TeX Heol-
XO[IMMO, YTOGLI UM NpeAlecTBOBA 0OpaTHbIM cnat \, Hampumep: W\, \{, \}, \_, \*A,

Ecau cBoitcTBO Interpreter ycTaHOBIEHO B COCTOSTHUE 'mone', TO CUMBOJIBI
CTPOKH HE MHTEPIIPETUPYIOTCS, a HeIlOCPEICTBEHHO BBIBOASTCS Ha BKpaH.
Sameuanusa:

CHUMBOJIBI KHPUIHLBI UHTEPIIPETaTOPOM TeX He BOCIIPMHUMAIOTCH.

[To ymonyanuio cpoiictso FontName mmeer 3HaducHue Helvetica, 1o ecTh
MPU HAalIMCAHUM TEKCTa Hcnosb3yercs wpudT Helvetica, Kotopeiil noggepxusaer
CHMBOJBI KUpWLIMLB!, 1Ipy 3amaHuM Ipyroro MMEHM KUPWUTUYECKOro iupudTa
BO3HUKAIOT NMpobJieMBl NIPU KONMMPOBAHUU pHCyHKa B ¢opmate Windows Metafile
B 6ydep odbMeHa.

ITlpumepor:

3anucath B 3arooBKe rpaduka BeIpaxkeHMe It dyHKiuu Ae * sn(Bt) ,
WCIIONB3YA CUHTAKCHUC f3bIKa TeX.

t=20:1000;

y = 0.25%exp(-5e-3"t) .* sin(0.2*t);

plot(t, y, 'LineWidth', 1.5}, grid

set(get(ht, Title'), 'String’, ' \itAe*\rm\alphalitt} \imsin(vmibetalittirm) ', 'FontSize', 12)

set(get(hl, 'Xlabel'), 'String’, " \itt, \rm\mu\rmsec’, 'FontSize', 12)

Ae*'sin(p

028 T L T T
) 1 ] 1

02% 4--~«- -————— bm— - —— - R ER R
1 1 i '

0.1 ] T | —— A, S
1 ] 1 [l
t 1 1 ]

LRRE 1_ Py S, [P le e e = [E PP
' i |

t

n.os || r -i: _______ —emme e Ao ema o
/ [] nl ﬂ‘ [l 1

oHA ﬂrvv WW(WW“

o.os |[{L{L P e e qeemmae
Ll i 1 1

ot - oo e - e ;
1 1 ' 1

o.rs [ + N R oo deeeo
1 1 1 '

oxff L R R A AR
' Ll 1 4
.25 I 1 l

o zoo a0 500 =00 1000
Lpgec
Puc. 10.32

Conymcmeyrowue komanodst: GTEXT, INT2STR, NUM2STR, TITLE, XLABEL, YLABEL, ZLABEL .
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CucTeMa UHXKEHEPHLIX v HaydHbix pacteTos MATLAB 5.x. Tom 2

PazMecTuTh 3aJaHHbIHA TEKCT Ha rpaguke
E ¢ HCMOJIb30BABMEM MBIIIA
Cunmaxcuc:
gtext(‘<mexcm>')
h = gtext('<mexcm>")
Onucanue:

Komanna gtext('<mexcm>’) BbicBeUMBAET B aKTUBHOM TpaU4yeCKOM OKHE Ic-
PEeKpeCTHe, NIepeMEIliCHUE KOTOPOro IO3BOJISIET YKA3aTh MECTO BBOAA 3aJaHHOIO
TEKCTa; 110 32aBEPLUCHUU TO3UIIMOHUPOBAHUS HAXATHE KHOIKM MBIIUH WIH JII0-
00M KJIaBUIIM BBOAUT 33JAHHBIM TEKCT.

GOyt h = gtext(‘<mexcm>’) Bo3ppallaeT AECKPUNTOP rpadudecKOro
obbekTa Text.

Ipumepe::

Pasmectuts Ha rpaduxke puc. 10.32 rexct "3amyxarowas cunycouda”.

t=0:1000;

y = 0.25%exp(-5e-3*t) .* sin(0.2*1);

plot(t, y, 'LineWidth', 1.5), grid

set(get(nt, 'Title"), 'String', ' \itAe*\rm\alphalitt} \rmsin(\rm\betalithrm) *, ‘FontSize', 12)

set(get(hl, Xlabel'), 'String’, ' \itt, \rm\mu\rmsec ', 'FontSize', 12)

hgt = gtext('3atyxaowasn cuHycovaa');

hg =gtext(' ') ’
set(hg, 'String’, { A=0.25", "\alpha = 0.005"; ' \beta = 0.2 '})
aestyy, gh
0.25 — . - e
02 e D25
0.18 | SBMPATORE R CUMY COUDR a= EIIZIE
pen.
o.1
8.05 L ) ]
T —
-nos} ]
-0 | } }
-pisl
-0z]
-nzs — . . P S S— -
0 00 M0 IO 4«0 <00 &0 00 W0 SO0 10
hopsec
Puc. 10.33

Conymcmeyromue komandb: TEXT, GINPUT.
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10. ['papuyeckne komaHbl v QyHKUMN

LEGEND Toschenne K rpaduky

Cunmaxkcuc:
legend(‘<mexcm1>', ‘<mexcm2>, ‘<mexcm3>', ...)
legend(M)
legend(h, M)
legend('off"), legend off
legend(h,...)
legend(..., pos)
h = legend(...)
Onucanue:

Komanasr rpynnsl legend 103BONSIOT CONPOBOAWTH TPa(UK IMOSCHEHHUEM,
WIM JIETCHOOM, B KOTOpOH OTODpaxaercsi THUII KaXIOW JMHMM HAM Mapkepa
C MOSICHUTEIBHBIM TEKCTOM.

Komanpa legend('<mexcm1>’, ‘<mexcm2>', ‘<mexcm3>', ...) 100aBIsieT K Te-
KylteMy rpaduky MOSICHEHHE B BM/E YKa3aHHBIX TEKCTOBBIX CTPOK.

Komanna legend(M) dopmupyer mosgcHeHHMst M3 CTpoK MaccuBa M. Crenyer
MOMHUTh, YTO CTPOKM MaccuBa M JOKHBI UMETh OJUHAKOBYIO JUIMHY.

KomaHna legend(h, M) accounupyer Kaxaylo CTPOKY MaccubBa M ¢ cooTser-
CTBYIOLUMM rpadu4ecKuM OOBEKTOM, ONIPEACTSIeMBIM BEKTOPOM [ECKPUTITOPOB h.

Komangst legend('off’) u legend off ynansror nosicHeHue ¢ Tekyuiero rpaguka.

KomaHzaa legend(h, ...) BBIBOOZUT TIOSICHEHHE K rpaduyeckoMy oObekTy Axes
C JECKpUIITOPOM h.

Komanna legend(..., pos) UCTOJb3YeET CJAEAYIOLIME 3HAYCHUS MapaMmerpa pos,
9TOObI 32/1aTh MECTONOJIOXKCHUE JIETEHADL:

3nauenue pos Mecmononoxcenue nezeHobr

1.........| Bue rpaduka, crpasa

0 B oaHoM M3 YeThipex YIJIOB oﬁnacm rpaq)m(a TaK, 4ToObl 3aKPbLIBATh
| HAMIMEHbLLEE KOMMYECTBO TOYEK TPAdUKa
..... LI ?..‘.1.?9.‘?01‘{‘...‘?.'f’.‘?.?‘,.*.‘.‘?.’f.‘...YFT?.Y..‘.‘.E’fi‘.i.’.?.‘.‘f?‘...(.K‘.?.??.’.‘.E?.Y?T..C.ﬁ..’19,.W9.f.‘..“f‘.5‘.‘f?9.)‘“.........
o2 | Bacow pepxtemyraympaguca
) 8 ... Beom HukHeM yray rpaduKa
A | B rpasow mikmew yrry rpadpuka
....... {xy] KoOpamHaThl IEBOTO HUXKHETO yriaa oONacTy AereHanb:

Oynxuus h = legend( ...) Bo3Bpatuaet geckpunrop h rpaduyeckoro oobekra Axes.
JIns nepemenieHUs obaacTH ICreHAbl CIeayeT HaXaThb JeBYIO KHOIKY MBILUH,
HAaxoIsCh B 3TOH 00NacTH, a 3aTeM IICPEMECTUTE TOSICHEHHUE B HYXKHYIO [TO3ULIMIO.
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CucremMa HXeHepPHbIX 1 Hay4YHbix pacHeros MATLAB 5.x. Tom 2

Ipumepesi:

[Mocrpouts Ha onHoM rpaduke GyHKUUM a = sin(t), b = cos(t), a TakKe ux
CYyMMY B BUZIE JMCKpeTHOrO rpaduka B 60 TOUKax M CONPOBOANTD €70 ITOSICHEHUEM.

t = linspace(0, 2*pi, 60);

a = sin(t); b = cos(t);

x=1:60;

stem(x, a + b), hold on

hp =plot(x, a','d’, x, b', 'r"); set(hp, 'LineWidth', 2)

legend("a+b"', 'a=sin(t)', 'b =cos(t) ', 3), hold off

hx = xlabel(" t, mc ', 'FontSize', 12, 'FontAngle', 'italic', 'FontWeight', 'bold' );

titie(' y = sin(t) + cos(t) ', 'FontSize', 12, 'FontWeight', 'bold" )

vy = sin(t] + cos(t)

e

e e b oA = - —
A

i

— a=sth(h '
wemaem o COE(CD :
1.5 T 1 s ma il —.
a 10 20 an ] 50 60
f,wme
Puc. 10.34

Conymcemeyowie xomanows: PLOT.

COLORBAR HIkana namurpst

Cunmakcuc:

colorbar(‘vert’)

colorbar(‘horiz')

colorbar(h)

colorbar

h = colorbar(...)
Onucanue:

Komanpa colorbar('vert’) po6asnsier K TekyllieMy rpaduky BEpTUKANBbHYIO
LUKANY MajnTphbl.

KoMmanpna colorbar(‘horiz') nobasnsier K TeKyiieMy rpadyky ropH30HTATBHYIO
1IKany NajJuTphbl.
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10. paguqeckue KomaHasl 1 PyHKLYN

Komanpga colorbar(h) mobasnsier Kk rpaguky c¢ jgeckpunropoMm h LIKany
fanuTphel. Pa3MeileHue HIKajpl peaju3yercsl aBTOMAaTHYECKU B 3aBUCUMOCTH OT
COOTHOLUEHMS UIMPUHBI ¥ BBICOTHI rpaduka.

Komanpna colorbar 6e3 aprymMeHTOB MO0 MCIONB3YET yXKe CYIUECTBYIOLUYIO
BCPTUKAIBHYIO LLKATY HATUTPhl, TMOO pa3McllaeT Ha TeKyilieM rpaduke HOBYIO
BEPTUKATBHYIO HIKATY MATUTPBL.

®yukuus h = colorbar( ...) Bo3Bpaiaer neckpunrop h rpaduueckoro obbeKTa
Axes.

Conymemeyrougue komandol: COLORMAP.,

PLOTEDIT Jnanoroestit pegakrop rpapHky

Cunmakcuc:

plotedit on

plotedit off

plotedit

plotedit(fig)

plotedit(fig, on | off)

Onucanue:

Komanpa plotedit on nobasnsier MeHIO ToolS U MHCTPYMEHTAJBHYIO TaHETb
K TekyiueMy rpadpuyeckomy oonekty Figure (puc. 10.35).

Komanna plotedit off yaansier MHCTPYMEHTAUIBHYIO NaHEAb.

Komanpa plotedit nepexiioyaeT cOCTOSTHUE TEKYLLETO OKHa.

KomMmanga plotedit(fig) nepexiiouaer cocrosiHue rpaduyeckoro OKHa € JIeCK-
punrtopoM fig.

Komanpa plotedit(fig, on | off) Beimonnsier komanast plotedit on u plotedit off
IU1s1 rpaMYecKOoro OKHa ¢ JecKpunTopoM fig.

Korza OkHO AMATOroBOIO peflakTopa aKTMBHO, C [OMOLIBIO KHOMOK JWAIOrOBOM
MlAHEJIU MOXHO JIOTIOJIHUTh DPUCYHOK TCKCTOM, CIDEIKAMH WIM TOSCHUTCIBHBIMH
JIUHUAMH. Takue aHHOTAUMH B JATbHEMILIEM MOXHO [IEPEMELLATh C IIOMOLIBIO MBILLIH.

s penakTupoBaHHus rpapuyeckmx OOBEKTOB, U3 KOTOPBIX COCTABJEH PUCYHOK,
HECOOXOAMMO MCIMOIb30BATh MPABYI0O KHOMKY MBILIM UM PYKOBOACTBOBAaTbCSL BO3-
MOXHOCTAMM HMCIAAAOMIETO MEHIO.

Tlpumep:
t = linspace(0, 2*pi, 60);
a = sin(t); b = cos(t);
x=1:60;
stem(x, a + b), hold on
hp =plot(x, a', 'g", x, b, '"); set(hp, ‘LineWidth', 2)
legend('a+b",'a=sin(t)', 'b=cos(t)', 3), hold off
hx = xlabel(' t, mc ', 'FontSize', 12, 'FontAngle’, 'italic', ‘FontWeight', 'bold" );
title(' y = sin(t) + cos(t) ', 'FontSize', 12, 'FontWeight', 'bold’ )
plotedit % Puc. 10.35, a
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E R R L LE Ly

» Figure No. 1

LR T TR

e

R |

v

6

40,

t,Mc

212



10. Mpagudeckne KoMaHabl N OYHKLMN

Auansczawt psdax map
18 v T T T T

. s ;
A= sirll ! .-5"
R b= @s(h
o 1o 20 30 a S0 €0
fwe
(23
Puc. 10.35

Puc. 10.35, 6 nokaspBaeT HUCMANAOIES MCHIO, KOTOPOE ACCOIMHMPOBAHO
¢ rpapuueckuM 0OBEKTOM Line M MO3BOASIET KOPPEKTUPOBATL HEKOTOPbIE CBOWMCTBA
3TOro 00BbEKTa, B JAHHOM cily4yae TOJLHHY JUHHUH (LineWidth).

Ha puc. 10.35, ¢ BblBe#cH pe3ylIbTaT AMATOIOBOIO PENAKTUPOBAHUS 3CKU3A
¢ puc. 10.35, a. Untaresip caM MOXET HAUTH pa3Tnuusa B opopMIeHUM IPAdUKOB.

IMpennoxeHHbId penakTop SABAACTCS SKCNEpUMEHTambHBIM. Ero neiicteu-
TEJIbHbIC BO3MOXHOCTHA 3HaUMUTEJBbHO LIMPE, YEM IIPOJAEMOHCTPUPOBAaHHLIE BBIILIE.
B wactHOCTM, OH BK/IIOMAeT MHCTpYMeHTaNbHOE cpeactBo Graphics Property Editor,
KOTOpOE MO3BOJISICT ONPEACIUTh U OTKOPPECKTUPOBATH J110D0oe U3 CBOWCTB rpadu-
YeCKUX 0OBEKTOB, COCTABNAIOIIMX PEAAKTUPYEMbI PUCYHOK.

[TpennaraeM yMTaTesIsM CaMUM BKIIIOYUTLCSE B OCBOEHHE 3TOro rpaguye-
CKOro pefakrTopa.

Conymemeyrowue Komandsi; HTML-CIIpaBKa,

CneuuanbHas rpadpuka

Pasnen cneumanbHoit rpaduku BiiouaeT rpaduyeckue KOMaHIb! M QyHKUHAU
WIS TIOCTPOCHUSA CTONOLIOBBIX JMarpamMmM, TMCTOrPaMM, CPEACTB OTOOpaXeHUs
BCKTOPOB U KOMIUICKCHBIX DJICMCHTOB, BbIBOJA AMCKPCTHBIX IOCJEAOBATE/NbHO-
CTCH JAHHBIX, @ TAKXKC ABUKYUIUXCH TPACKTOPHIA KaK ISl [IBYMEPHOMH, TaK U As
TPEXMepHOIt rpachuKi.
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CucreMa MHXeHEePHbLIX ¥ Hay4Hbix pacyeTtos MATLAB 5.x. Tom 2

[BymepHas rpaduka

BAR, BARH CronGuossie 1MarpaMmbl

Cunmaxcuc:
bar(Y) barh(...)
bar(x, Y) [xb, yb] = barh(...)
bar(..., <wupuna>) h = barh(...)
bar(..., '<cmuas>")
bar(..., LineSpec)
[xb, yb] = bar(...)
h =bar(...)
Onucanue:

Komanzet bar(...}, barh(...) oroGpaxaioT 3HaYeHHUS BEKTOPA WIM IBYMCPHOIO
MacCcuBa B BUOE BEPTUKATIBHBLIX MM TOPU3OHTAIBHBIX CTOJOLOBBIX IHATpaMM.

Komanza bar(Y) B cityyae oiHOMEPHOTO MacCUBA BbIBOJAUT KaXKIbIA 3JIEMCHT
BEKTOpa Y B Bujle cronbua nuarpammel; ccan Y - IByMEpHbIH Maccus, To dop-
MUPYIOTCA KiacTepbl (TPYIIbl) CTONGLOB, COOTBETCTBYIOIIME 3HAYCHUSIM 3Jic-
MEHTOB CTpOKH. B 3TOM ciyyae OChb X pazMedaercsi METKaMH I10 KOJUYECTBY
CTpOK MaccuBa ot 1 o size(Y, 1).

Komanpa bar(x, Y) B ciyyae OTHOMEPHOTO MacCHBA BBHIBOAUT 3JIEMEHThl BEK-
TOpa Y B BUIE CTONOLIOB AMArpaMMbl B MO3UUMSAX, ONPEACASEMbIX BEKTOPOM X,
BJIEMEHTBl KOTOPOTO AODKHBI OBITh PACIIONIOXKEHBI B TOPAJKE BO3PACTAHMS; €CIIN
Y - IBYMEpHBI MAacCUB, TO B B3TOM CIy4yac B MO3HUUHMAX, ONPEAEASIEMBIX BCKTO-
POM X, Pa3MCLIAIOTCSA KJIACTEPhl CTO/IOLOB.

Komanna bar(..., <wupuna>) ycTaHaBIMBACT OTHOCUTEIBHYIO LIMPUHY cTOAOLA
avarpaMmbl. Tlo yMonyaHuio 310 3HavycHUe paBHo 0.8 B TeX ciyyasx, Koria oT-
CYTCTBYET BEKTOD X; 9TO O3HAYACT, YTO MEXAY CTOJIOLAMH eCTb HEDOIBILION TPo-
CBET; €C/IM IapaMeTp <wupuna> paseH 1, 1o cronbusl, oOpasywilude rpynmny,
KacawTcs, a NpH OOJIbLUIMX 3HAYCHUAX MEPEKPRIBAIOT APYT Apyra.

Komanpa bar(..., '<cmuas>') mossossieT 3aaath Croco® rpymIupoBaHUs
CTONDLIOB AMATPAMMBbI B KJIACTEP; MApaMeTp <cmuas> MOXET NPUHHUMATb OAHO U3
CHEeNYIOIUMX 3HAYCHHUIA:

<cmuav> Cnocod epynnuposanus

‘group’ PopMupyeTcst N KIACTEPOB 10 M BEPTUKATBHLIX CTOMGLIOB B KAXAOM, TIie N -
YHC/IO CTPOK, @ M - YUCNO CTON6LOB MacciBa Y

stack' DopmupyeTcs N KIACTEPOB N0 OZHOMY CTO/OUY, MIMCHYEMbIX CTEKAMM, TIPH 3TOM
BbICOTA CTEKA COOTBETCTBYET CYMME BJIEMEHTOR CTPOKHU, @ BIUIaL KAXKAOTO IMCMEHTA
ONIPEACTAETCH HaCTHMM 3TOTO CTEKA, OKPALIICHHBIMU B PA3HbIC 1IBETA
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10. Ipaguyeckne koMarabl U QyHKLNM

Komanza bar(..., LineSpec) nosposiseT ¢ noMoulpto napamerpa LineSpec 3anars
001Kt 1IBET /U1t BCeX CTONIOLOB IYarPAMMBI.

®ynkuus [xb, yb] = bar(...) He BeBoaUT rpacduka, a GOpMUPYET TAKHE MACCUBbI
xb ¥ yb, KOoTopble MO3BOJSAIOT MOCTPOUTL CTOJADIIOBYIO JIMATPAMMY C MOMOLIBIO
komaHg plot(xb, yb) u patch(xb, yb, C). D10 OTKpbIBacT OOJIbLIME BO3MOXHOCTU
JUT (pOPMHMPOBAaHUST CIOXHBIX I'PaUKOB, MO3BOJISIA, HAIIPUMED, BKIIIOYATh B HUX
CTONOIOBBIC AUATPAMMEBL.

®ynkuus h = bar(...) Bo3Bpaliaer BexTop h 1ecKpUIITOPOB IpaduyecKoro
obobekra Patch. Tlpu atoM kaxiaoMy cronbuy maccuBa Y COOTBETCTBYET OJUH
rpaduyeckuit obbexT Patch.

Komanner u ¢yHxuuu barh(...), [xb, yb} = barh(...), h = barh(...) dbopMupyior
CTOJIOLIOBbIE NUArpaMMbl, KOTOPBIE PACTIONAraloTCsi TOPU3OHTAIBHO.

lIpumepot:

CdopMmupyeM ciydyalinbiii Maccus pasmepa 5x3 u otobpa3uM ero B BUJE YETHIPEX
PA3HOBUIHOCTEN CTOJOLOBLIX JUAarpaMM.
Y = round(rand(5, 3)*10);
subplot(2, 2, 1), bar(Y, 'group’), title 'Tpynna'
subplot(2, 2, 2), bar(Y, 'stack’), title 'Crek’
subplot(2, 2, 3), barh(Y, 'stack’), title 'Crex’'
subplot(2,2,4), bar(Y,1.5), title Wupuna: 1.5
Fpynna Crex
10 20

Crex Wupunnua:ts

W s O

N

0 1o 20 1 3 4 5
Puc. 10.36
Conymcemeyrowue Qynkyuu u Komanosl: BAR3, HIST, PATCH, STAIRS.
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Cuctema rHXeHepHbIx 1 Hay4Hbix pacyetos MATLAB 5.x. Tom 2

CekropHasg auarpamMMa

Cunmaxcuc:

pie(x)

pie(x, v)

h = pie(...)

Onucanue:

Komanpa pie(x) oTofpaxaeT xaxapld 3JEMEHT BEKTOPAa X B BUIE CEKTOpA
JUArpaMMBl.

Komanna pie(x, v), rae v - Jiorudeckuid Bektop, cocrosamuii u3 0 u 1, orenser
OT IMarpaMMBl Te CEKTOPBI, KOTOPEIM COOTBCTCTBYIOT HEHYJIEBBIC 3JIEMEHTh] BEKTODA V.

@yukuust h = pie(...) Bo3Bpaillaer BeKTOp h AeCKpPUIITOPOB IpaduyecKUx
obbexToB Patch, CBA3aHHBIX ¢ ceKTOpaMu, U rpaduyeckux obobexTos Text, cs-
3aHHBIX ¢ AHHOTALMEH CCKTOPOB.

Sameuanue:

[Tpu noctpoeHyM CEXTOPHON AMATPAMMBI KCIIONBL3YSTCS HOPMUPOBAHHDLIA BeK-
TOp X = X/sum(x), KOTOPBIN OTIpeACNsicT pasMep Kaxaoro cekropa. Ecim sum(x) <1, to
HETOCPEICTBCHHBIC 3HAYEHMS JICMEHTOB BEKTOpa OIIPEAC/ISIOT PasMEphl CEKTOPOB;
Koraa sum(x) < 1, CEKTOpHasA AuarpaMMa OKa3blBACTCS HE3aMKHYTOM.

Ipumep:
[TocTpOUTh CEKTOPHYIO AMArpaMMmy U OTAC/IHTh OT Hee CEKTop 2.
x=[130.5252];
v={01000]
pie(x, v)
colormap pink

a%

Puc. 10.37

Conymcemayrowue gyniyuu: PIE3.
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10. Mpagpuyeckne koMaras! u QyHKUmm

ERRORBAR I'paduk c yka3aHHeM HHTePBAJA NMOTPEIIHOCTH

Cunmakcuc:
errorbar(Y, E)
errorbar(X, Y, E)
errorbar(X, Y, L, U)
errorbar(..., LmeSpec)

h = errorbar(...)

Onucanue:

Komamner errorbar(y, e) u errobar(x, y, e} crpost rpacduku GyHKUMI ¢ I10-

I'PCLIHOCTBIO £€ OTHOCUTENBHO KaXK/I0H TOYKU rpaduka.

Komanpa errorbar(X, Y, L, U) crpour rpaduk ¢GyHKUMHK Y B 3aBUCHMOCTH OT

X C YKa3aHMEM WHTCpBaa IOFpellIHOCTH, KOTOPBIN OIpeiessseTcs MaccuBaMu | 1 u.

MaccuBhr X, y, |, U I1OJKHBI OBITH OZHOrO pasmepa. ITorpeillHOCTM B KaXmou

Ttouke {x(i), y(i)} onpeaensiorcss OTKIOHeHUsIMM BHM3 I(i) u BBepx u(i) OTHOCH-

TE/IbHO TOYKM rpadmka, TaKk yTto CyMMapHas morpelrHoctb pasHa (i) + u(i). Eciu

X,Y,LuU - gByMepHbIc MacCHBBI, TO B 3TOM CJIyyae KaXIOMy CTOJOIY COOT-

BETCTBYET CBOM rpaduk.

Komanna errorbar(..., LineSpec) no3BossieT yrpasisTh THIIaMK JTUHHKA U MapKepa,

a TaKXKE LIBETOM MO aHAIOTHU ¢ TeM, KaK 3TO Aenaercd B KomaHae plot.
Dyukuusa h = errorbar(...) Bo3BpalliaeT BeKTop h AeCKpUIITOPOB rpadpuyecKux

o0bexroB Line.

1

IIpumep:

IToctpouts rpaduk ¢GyHKUMM Yy = Sin(X) C MHTCPBAJIOM MOIPEIIHOCTH te,
KOTOPBIN ONpeacaseTcsl KakK CTaHAapTHOE OTKJIOHEHME.

x=1:10;

y = sin(x),

e = std(y)*ones(size(x))/5;

errorbar(x, y, e)

Puc. 10.38

Conymemeyrigue dynkyuu: PLOT, STD.
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Cucrema MHXEHEPHBLIX 1 Hay4HbIX pacdetos MATLAB 5.x. Tom 2

HIST TlocTpoenue ruCTOrpaMmbl

Cunmarcuc:
hist(y)
hist(y, x)
hist(y, n)
[p, x] = hist(y, ...)
Onucanue:

KoMansl hist(...) mogcUMThIBalOT KOJIMYECTBO IEMEHTOB Maccupa y, 3Haye-
Hys KOTOPAIX MONANAloT B 3a/IaHHbIC MHTEPBAIL! U 0TOOpaxaloT ux Ha rpaduke;
JUTSL 3TOTO BECh AMAINa30H 3HAYSHMH Y JCTUTCS Ha N UHTEPBAIOB (110 yMOT4aHuio 10)
Y IIOACUMTHIBACTCH KOMUUYCCTBO ICMCHTOB B KAXKIOM M3 HHUX.

Komanzaa hist(y) BeiBoaut ructorpaMmy st 10 UHTEPBATIOB.

Komanga hist(y, n) BLIBOAUT THCTOTPAMMY ISt N MHTEPBASIOB.

Komanaa hist(y, x) BbIBOZUT TMCTOTpAMMY C Y4YETOM JIMANa30oHa U3MEHEHHS
TIEPEMEHHOM X.

dyuxumy [p, x] = hist(y, ...) GopMHUpYIOT TakMe MACCUBBI p U X, 4TO bar(x, p)
SBIACTCH IMCTOrPaMMOMN.

Ecan MaccuB Y ABYMepHBI, TO TMCTOTPAaMMa BBIBOAMTCS KaK CTOJIOLIOBas
JuarpaMMa ¢ rpyrniamu CToJIOLOB.

[Ipumepest:

TToctpouts rucrorpaMmy wist 10 000 ciayyallHBIX YKCe, paclpee/Ie HHBIX 110
HOpMalbHOMY 3akoHy (puc. 10.39, @), U rpynnoBble MMCTOIPaMMbl It MaccuBa Y
pasmepa 10000x3 (puc. 10.39, 6).

x=-29:0.1:29;

% Puc. 10.39%a

y = randn(10000, 1);

hist(y, x)

h = get(gca, 'Children’;

set(h, 'FaceColor', 'r', 'EdgeColor’, 'w')

% Puc. 10.396

Y = randn(10000, 3};

hist(Y, x)

¥ U

Puc. 10.39
Conymcmeytowue @ynkuuu: BAR, PATCH, STAIRS.
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10. Mpaguqeckue komanas v QyHKLUMN

STEM Juckpernsie rpagmxu

Cunmarcuc:

stem(Y)

stem(X, Y)

stem(..., fill')

stem(..., LineSpec)

h =stem(...)

Onucanue:

Komanaa stem(y) BeiBouuT rpadMK 37eMEHTOB OJHOMCPHOIO MacCusa y B BHIE
BEPTHKAJILHBIX JIMHMIT, KOTOPbIC 3aKAHYMBAIOTCA MApKEPOM (110 YMOJMAHHKIO - Kpyr).

KomManaa stem(x, y) BbiBoaut rpadMK 3jeMEHTOB MacCHBa Y B BUIE BepTH-
KaJlbHBIX JIMHHUA B IO3ULMSIX, OIPCAEISEMbIX MaCCUBOM X, 3JIEMEHTHI KOTOPOTC
J10:1KHbl OBITH PACIIONCKCHBI B NMOPSAKE BO3pacTaHUs. Eciu MacCHB Y [IBYMCDHbIi,
TO JMCKPETHBIA I'padMK BHIBOAUTCS B BHUAE BEPTUKAIBHBIX JUHUU M MapKepoB
Pa3HOIo LBETa.

Komanast stem(..., 'fill') npox3BoisT 3aKpacKy MapKepa.

Komanabt stem(..., LineSpec) No3BoNsOT yfpaB/siTh TUIIAMH JTUHKIA U Map-
KEpOB, HCIOJB3YCMbIX I TIOCTPOEHUS JAMCKPCTHOTO rpaduka, 110 aHaJIOrMH ¢
KOMaHaoH piot.

®ynkumg h = stem{...) Bo3BpalaeT BEKTOP JCCKPUIITOPOB h rpadmyeckux
06beKTOB Line ist BEpTUKAIbHBIX JIMHUI M MapKCpPOB.

[Ipumepoi:

[Toctpouts auckpeTHbiit rpaduk Wist BHIGOPKH U3 10 uucen, pacrpencieHHbIX
110 HOPMAJILHOMY 3aKOHY.

y =randn(10, 1);

h = stem(y)

set(h(1), 'MarkerSize', 8, ' MarkerEdgeColor ", ' r’, ' LineWidth ', 2)

title(' randn(10, 1) ")

>

S |

fandn(1d, 1)

§
| D R P
R T S T T TP I P .|
T .=
P R U [ SR
; !
R ;»-— B ;i—--
L g .%:—— _________ ":g’---

Puc. 10.40

Conymemesyrowue @yikiu: PLOT, BAR, STAIRS, STEM3.
219



Cuctema uHXEHEpHsIx 1 Hay4Hbix pac4etos MATLAB 5.x. Tom 2

STAIRS CTynenyaThiii rpamx

Cunmaxcuc:

stairs(Y)

stairs(X, Y)

stairs(..., LineSpec)

[xb, yb} = stairs{...)

Onucanue:

Komanza stairs(y) BeiBoauT rpadMk 31eMEHTOB OJHOMEDHOIO MAaccuBa y B BUIC
CTyneH4aToil QPyHKIUH.

Komanna stairs(x, y) BBIBoAUT rpapuk 371EMEHTOB MAaCCHBA Y B BU/E CTYNEHYATOM
DYHKIMK B TO3MLMAX, OTIPEHEsSIeMbIX MAacCUBOM X, BJIEMEHTbI KOTOPOTO JIOJDKHBI
OBITh PacHOJIOXeHbI B NOPs/IKE BO3pacTaHust. Eciiu maccuB Y JBYMEPHBIit, TO YHUCIIO
BbIBOJIMMBIX CTYIEHYaThIX GYHKUMI PABHO YHCITY CTPOK 3TOTO MaccHBa,

Komamne: stairs(..., LineSpec) no3Bosisiior ynpaeisiTh TUMIAMM JMHUWMA, UCIIO/b-
3yeMBIX I NIOCTPOSHMSI CTYTIEHYATOro rpaduka, 1o aHaloTHK ¢ KOMaHnoi plot.

Oyukuus [xb, yb] = stairs(...) He BeIBOAMT rpaduka, a GopMUDPYET Takue
MaccuBrl Xb M yb, KOTOpBIE NO3BOJNSAIOT MOCTPOWUTH CTYMEHYATYIO (DYHKIIUIO
C MOMOILBI0 KOMaHAak! plot(xb, yb).

Tpumepu:
IToctpouts cryneHYatslit rpaduk QyHKIMKU X = sin(t).
kt=0:0.25:10;
stairs(kt, sin(kt))
title(* sin(kT) '), xlabel(" kT ')

cin(hY)

[ X]

(X

X

6.3

Puc. 10.41
Conymcemeyowue gynukyuu: BAR, HIST.
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10. [pagpuqeckue KOMaHOb! M QYHKLAN

SCATTER Tlone Touek

Cunmarcuc:
scatter(x, vy, s, ¢)
scatter(x, y)
scatter(x, y, s)
scatter(..., <mun_mapkepa>)
scatter(..., ‘filled")
h = scatter(...)
Onucanue:

Komanna scatter(x, y, s, C) cTpouT 1osie TOYeK IyTeM BbIBOJA IIBETHBIX Map-
KCpOB B BMAC KPYILOB B TOYKAX IUIOCKOCTH, OIPEOe/siCMBIX BCKTOPaMM X H Y,
KOTOPSHIC HOJIKHBl UMETh OJIUHAKOBYIO JUIMHY.

Bekrop s Toit Xe MIMHBI MMO3BONSET 33Aarb Pa3MEp KaxXIOro Mapkepa Kak
3Ha4YeHHe pointsh2, rae points - 3To 3HayeHUe CBoMCcTBA Units (eAMHUIIA H3MEPEHMS)
rpaduueckoro odbekra Axes. ITapameTp MoXeT ObITH U CKaNsIPOM, M TOTAA pas-
MEphI BCEX MapKepPOB OJMHAKOBEHI.

Maccus C 11o3BosisieT 3a0aTh HBET KaX[Oro Mapkepa. Eciu 5To BEKTOp TOM
Ke JUIMHBI, KaK X U Y, TO €ro 3HaucHUst Oepyrcs B BUlC JIMHCHHON (DYyHKIIUK U3
TeKyllied nasuTpel; ecau mMaceus C umeet pasmep length(X)x3, To seta Mapxepa
ONpeACsIOTCs rgb-3HaYeHUAMMU.

Komanpa scatter(x, y) BuIBoAMT LiBeTHBIC Mapkeps! ¢ rapamerpamu Marker = o
(kpye), EdgeColor = [0 0 1] (cunezo yeema) n MarkerSize = 6 (pasmep), npunsd-
TBIMU 10 YMOTYAHUIO.

Komanpa scatter(x, y, s) BbIBOZMT MapKepbl B BHIE KDYTOB CUHEro IBeTa
¢ pasmepamu MarkerSize = sqrt(s).

Komanga scatter(..., <mun_mapkepa>) Nno3BoNseT U3MEHUTb THIT UCIOJib3ye-
MOTI'0 Mapkepa.

Komanapl scatter(..., ‘filled) 3akpamimparoT Mapkepbl CHHUM LBeTOM (1O
yMmosiyaHuio). Lser mapkepa ynpasisercs napamerpom MarkerFaceColor.

®yukuusa h = scatter(...) Bo3spamaer Bekrop h AecKpuntopoB rpacu4ecKux
00bekTOB Line; IIMHa 3TOro BeKTOpa COBMAAacT C [UTMHON BEKTOpa X.

Hpumepoi:

ITocTpouM mosne cTyyalHbIX TOYEK, MOTYYCHHBIX Ha OCHOBE BbhiOOpKU 100 Hop-
MAQJIBHO pacrpeaeICHHBIX CAYYaUHbIX BEUUMH 110 KaXI0H KOOPAUHATHOM OCH.

x = randn(100, 1); y = randn(100, 1);

scatter(x, y, 36, 'r', 'filled')
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CUCTeMa UHXEHEPHBLIX 1 Hay4Hbix pacdeTos MATLAB 5.x. Tom 2
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Puc. 10.42
Conymcmeywwue gynxyuu. PLOT, PLOTMATRIX, SCATTERS.
| PLOTMATRIX | Martpuua noeii Toyex

Cunmarcuc:

plotmatrix(X, Y)

plotmatrix(..., 'LineSpec')

[H, AX, GlobAx, P] = plotmatrix(...)

Onucanue: :

Komanaa plotmatrix(X, Y) cTpouT MaTpuuy Mojied TodYeK, rac Kaxmoe moje
TOYEK OTOOpAXaeT 3aBUCHMMOCTh IEMEHTOB CTOJOLOB MaccuBa X OT 2JIEMEHTOB
cTonbuoB MaccuBa Y. Ecid X - maccuB pasMmepa pxm, a Y - MaccuB pa3mepa
pxn, TO (opMHUpyeTcs Marpuua rpaduyecKux oObeKTOB Axes (KOODAMHATHBIX
oceit) pasmepa nxm. Komanpa plotmatrix(Y) pasHocuibHa komaHne plotmatrix(Y, Y),
HO B 3TOM CJy4yae AMArOHAJIbHbIE MOJA TOYEK 3aMEHSIOTCS THMCTOrpaMMaMHu,
KOTOpbIE cTposTest Komangamu hist(Y(:,i)).

Komauget plotmatrix(..., LineSpec) 1o3BoisOT yNnpasisaTh THIIOM M LIBETOM
MapKepa, MCIIOJb3YEMOTO0 Ui TIOCTPOCHUMS TI0/IEH TOYEK.

Oynxiusa [H, AX, GlobAx, P] = plotmatrix(...) Bo3BpaitiaeT MaTpily H neck-
PHIITOPOB I'papuuecKnuX 0oOBEKTOB Line, KOTOpbIC ONMCHLIBAIOT NOJSA TOYEK; Mat-
pHLY AECKPUIITOPOB AX JIOKaJbHBIX KOODAMHATHBIX oceil; geckpurnrop GlobAx
HCBUAMMBIX [I00AJILHBIX KOODAMHATHBIX OCCH, B KOTOPHIX pa3MeILaloTcs
JIOK&/IBHBIC KOOPAMHATHBIC OCH; MaTpully P aeckpuntopos 00bekToB Patch, cpsi-
3aHHbIX € rUctorpaMmaMi, [JiobaibHble KOOPAMHATHBIC OCH HE SIBISIOTCS TEKY-
IWUMH  OCSIMH, I[103TOMY KOMaHas! title, xlabel, ylabel ©yayr BbIOIHSATLCS
B JIOKQTbHBIX KOOPAHHATHLIX OCSIX, ONICHIBAEMBIX MATPUHLICH AX.
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10. Mpaguyeckue KoMaHabl v OyHKLN

IIpumepor:

CdopMmupyeM MacCUB HOPMA&IbHO DACIpeAC/ACHHBIX CNYYallHbIX Yuced X
pasMepa 50x3, rmoaBeprHeM €ro JMHEMHOMY Npeobpa3oBaHUIO M TIOCTPOUM Mart-
puly 1osiei TOUEK A1 HOBOTO MaccuBa Y.

X =randn(50, 3); Y=X"[-121;201;1-23;];

plotmatrix(Y, ' *r ")

10

Puc. 10.43
Conymcmeyrowjue gynkyuu: SCATTER, SCATTERS.

IucrorpaMma B NOJNAPHBLIX KOOPAMHATAX

Cunmaxcuc:

rose(phi)

rose(phi, n)

rose(phi, x)

[phi, r] = rose(phi, ...)

Onucarnue:

Komanapl rose(...) rMoacYUTBLIBAIOT U OTOOPaXaloT Ha rpauke KOJIU4eCTBO
VIJIOBBIX 3JIEMCHTOB B MaccUBC phi, 3HaueHHS KOTOpPBIX MOMAIAIOT B 3aJaHHbIMA
UHTEPBA; JISI 3TOrN0 BECh AMana3oH 3HayeHUH phi [EJUTCs Ha N UHTCPBAIOB
(no ymonyanuio 20) M MOACYUTHIBACTCS KOJIMYECTBO YIJIOBBIX JIEMEHTOB B KKIOM
MHTepBaie. Takas rUCTOrpaMMa U3BECTHA 110j1 HA3BAaHUEM DO3bl BETPOB,

Komanna rose(phi) ctpout po3y BeTpos st 20 MHTEPBANOB.

Komanaa rose(phi, n) cTtpoUT po3y BETPOB Ul N MHTEPBAJIOS.
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Cuctema vHXeHepHbIX 1 Hay4Hbix pacyeros MATLAB 5.x. Tom 2

Komanna rose(phi, x) HCIIOIb3YeT BeKTOp X, YTOOBI 3a/aTh KOJMYECTBO
M pasMelllcHUE CEKTOPOB; JUIMHA BCKTOPA OIIpEIC/sCT KOJIMYECTBO CEKTOPOB,
a 3HAYEHWs1 JIEMEHTOB COOTBETCTBYIOT LIEHTPAIBHOMY YTy KaXJOro CeKTopa.
Gynkuuu [phi, 1] = rose(...) dopmupyior Takue maccusbi phi v r, uto polar(phi, r)
SIBISICTCSL TUCTOTPAMMOL B MOJASAPHBIX KOOPAMHATAX.
Hpumep:

TToctpoum po3sy BeTpoB s 50 paBHOMEPHO PACTPESACHHbIX CIy4AHbBIX YHCE.
phi = 2*pi*rand(1,50),

rose(phi)
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Puc. 10.44

Conymcmayowue gynxyuu. COMPASS, FEATHER, HIST, POLAR.

[ coMPASS, FEATHER |

BexropHbie rpadmku

Cunmakcuc:
compass(z) feather(z)
compass(x, y) feather(x, y)
compass(..., LineSpec) feather(..., LineSpec)
h = compass(...)

Onucanue:

Komanpa compass(z) BbIBOIUT rpadukK KOMILIEKCHBIX ICMEHTOB OLHOMEpP-
HOTO MacCHUBa Z B BUIE BEKTOPOB-CTPEJIOK, UCXOMSLIUX U3 OJHON TOYKM (Hayana
KOODAMHAT).

Komanna compass(x, y) paBHOCUIbHA KOMaHIe compass(x + i*y).

Komanasl compass(..., LineSpec) Mo3BonsiOT 3aAaTh THIT JIMHUMA, CUMBOJI
MapKepa W LBET 1P 1TOCTPOCHUM BEKTOPOB-CTPCIIOK.
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10. Npaguyeckue KoMaHabl u OyHKLNM

@yHKUUS h = compass(...) BO3BPAIUAECT BEKTOP HECKPUNTOPOB rpadpHyecKux
06bekTOB Line.

Komanpa feather(z) BbIBOIMT rpachmk KOMIUIEKCHBIX 3JIEMEHTOB OJHOMEPHOIO
MacCuBa Z B BUIE BEKTOPOB-CTPEJOK, UCXOAAIUX M3 PABHOOTCTOAIIMX TOYEK
TOPM30HTAJIBHOM OCH.

KomaHnpa feather(x, y) paBHocuibHa koManjie feather(x +i * y).

Komanzst feather(..., LineSpec) no3BonsioT 3a1aTh TUIL JIMHKM, CUMBOJI MapKepa
M UBET MPHU TTOCTPOEHUH BEKTOPOB-CTPENOK.

®ynkuug h = feather(...) Bo3Bpaluaer BeKTOp OECKPHUNTOPOB rpacuuecKUX
00BekTOB Line.

Hpumepor.

ITocTpouTh BeKTOPHBLIA IpadMK COOCTBEHHBIX 3HAYCHMH IS CIyYaifHOM
MaTpuLsl pazMepa 20x20.

Z = eig(randn(20, 20));

compass(Z)

Puc. 10.45

M300pa3ute B BUAE BEKTOPOB-CTPEIOK rpadMK M3MEHEHHS YIjoB or -90°
A0 90° ¢ uHTepBanom 10°.

phi = (-90 : 10 : 90)*pi/180;

r = 2+xones(size(theta)),

[x, y] = pol2cart(phi, r);

feather(x, y);

225



CucTema nHXEHepHbIX 1 Hay4dHeix pacderos MATLAB 5.x. Tom 2

5 10 15 o

v
o

Puc. 10.46
Conymemeyruue gyuxyuu: ROSE, QUIVER.

QUIVER Hosne rpaanentos GyHKuHH

Cunmakcuc:
quiver(X, Y, DX, DY)
quiver(DX, DY)
quiver(..., s)
quiver(..., LineSpec)
quiver(..., LineSpec, ' filled ")
h = quiver(...)

Onucanue:

Komanna quiver(X, Y, DX, DY) ¢dopMmupyer 1 BbIBOAMT Ha 3KpaH II0JIE TPaileH-
TOB GYHKLMHU B BUIE CTPEOK NS KXKAOM MAph! 3JieMeHTOB Maccueos X 1 Y, a napel
aneMeHToB DX 1 DY MCHoNb3yloTes Ui YKA3aHUS HanpaB/IcHUS U pa3Mepa CTPENIKH.
Ecm x M y - oIHOMEpHbIe MacCuBbl pasMepoB length(x) = n u length(y) = m, e [m, n] =
= size(DX) = size(DY), 10 $HopMUpYeTCs M BBIBOIWTCSA HA 3KPAH 10JIe TPAIUEHTOB isl
KaXKOOH TOYKM; crpesku 3agatorest versepkamut {X()), y(i), DX(, j), DY(, j)}. Obparure
BHUMAaHHE, 4TO X COOTBCTCTBYET cTtonibiaM DX u DY, a y - cTpoKaMm.

Komanga quiver(DX, DY) ucnosb3yer MaccuBBt x =1 :nuy=1:m.

KomaHzb! quiver(..., S) MCIIOJB3YIOT CKalgp s Kak Ko3dduimeHT Maciuraba
CTPeJIKM, HanpuMep s = 2 BIBOE yBeauuMBacT, a S = 0.5 BABOe YMEHbBIUAET pa3-
MEp CTPEJIKH.

Komanasr B ¢opme quiver(..., LineSpec) no3sonsioT 3agath TUil JIMHUM,
CHMBOJI MapKepa W LBET N1PU MMOCTPOCHUU BEKTOPOB-CTPEJIOK.

Oyukung h = quiver(...) BO3BpallaeT BCKTOP AECKPHIITOPOB rpaduyeckux
00BeKTOB Line.
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10. Mpagpuyeckne KomaHas! ¥ GyHKLN

Tlpumep:

[TocTpouTh TONE HANpaBleHMH MiA GyHKUMM z=e XY 9 B obnactu
25<x52,-2<y<2,

[x, y] = meshgrid(-2 : .2 : 2);

Z = X."exp(-x.A2 - y.A2);

[dx, dy] = gradient(z, .2, .2);

contour(x, y, z), hold on

quiver(x, y, dx, dy)
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Puc. 10.47
Conymcmeyrwwue gynxyuu: CONTOUR, PLOT, QUIVERS.

COMET JBIDKeHHE TOYKH 110 TPAEKTOPHH

Cunmarcuc:

comet(y)

comet(x, y)

comet{x, vy, p)

Onucanue:

Komanga comet(y) pucyeT ABMXXEHMC TOYKM IO TPAGKTOPMH, 33JaHHOMN
OIHOMEPHBIM MacCHUBOM Y, B BUJIE I'OJIOBEI U XBOCTa KOMETEHI.

Komanpga comet(x, y) pucyerT OBUXEHHE TOYKMU M0 TPACKTOPUM, 3aJaHHOMU
MacCHBaMH X H Y.

KoManaga comet(x, y, p) ympapisieT [MHON xBocta KoMeThl p*length(y)
¢ NOMOLLbIO NTapaMeTpa p; 1o yMoiayanuio p = 0.10.
3ameyanue:

ITpu popMHpOBAHKUHK TPAEKTOPUM [IBUXEHUA KOMETHI CBOIMCTBO EraseMode juts
rpaguucckoro o6mpekra Line MMeeT 3HaueHHe none. 3TO 03HAYAET, YTO TaKOM
rpaduK Hesb3s paclieyaraTb, OH TAKXE UCYE3HET, €CJIM U3MCHUTH Pa3Mepsl Ipa-
(pUdeCcKOIo OKHa.
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Ilpumep:

Criegyrolas 1ocseoBaTe/IbHOCTb ONepaTopoB NO3BONISET HAOMIOAATh TPACKTOPHIO
JIBYDKCHHMS] TOYKM B BUAE KOMCTBI [List pazHocTH (yHKiwi tg(sin(t)) - sin(tg(t)).

t = -pi : pif200 : pi;

comet(t, tan(sin(t)) - sin(tan(t)}))
Conymcmeyrowe gynkyuu: COMET3.

Kycousno-auneiinbie rpaduku ¢ 3aKpackoit

Cunmaxcuc:

area(Y)

area(X, Y)

area(..., ymin)

area(...,'PropertyName’, PropertyValue,...)

h = area(...)

Onucanue:

Komanas! area(...) BHIBOAAT SMIEMEHTHI MacCHBa Y B BHLC OAHON WM HECKOJIBKUX
JIMHUI M 3aKpalivBalOT MPOCTPAHCTRO Mexay HuMu. Korma Y - nByMepHBIH Maccus
W JMHUAK DACTIONArarorcs OfHA HA [IPYTOM, 3aKpalileHHbie 001acTH MEXi1y HUMHU
XapaKTepHU3yIOT BKJIAN KOKAOIC IEMEHTA CTPOKU MaccHBa Y B BbICOTY JIMHUM.

KoManzga area(Y) BuiBoaKT JIMOO 3/EMEHTHI BEKTOPA, KOraa MacCuB Y OJIHO-
MCDHBI, TH00 CyMMY 3IEMCHTOB KaXIOro €Toj0la, Koraa MaccuB Y JBYMEDHBIA;
MpY 3TOM OCb X MacwTabupyercsi aBTOMAaTHYeCKM JMOO TIO JUIMHE BeKTOopa Y,
JIMOO HO YMCILy CTPOK MaccuBa Y.

Komanga area(X,Y) B ciy4yae oHOMEPHbBIX MAacCHBOB CTPOMUT 3aBUCUMOCThL Y
OT X, NPUYEM JIMHBI BEKTOPOB IOJKHBI ObITh OAMHAKOBBIMU, a4 3JIEMEHTHI Bek-
TOpa X MOHOTOHHO BO3pactaTb. Eciu MaccuB X ABYMEDHBIN, TO JOJDKHO BBIIOJ-
HSITECSL yenosue size(X)=size(Y), a 37eMeHTbl CTONOLOB MaccuBa X AOKHBI MO-
HOTOHHO Bo3pacTath. [lisi pacnojoXeHUs 3JIEMEHTOB BEKTOpa B MOPSIKE
BO3pACTaHUs CJEAYET MUCII0/1b30BaTh QYHKIMIO sort.

KomaHaa area(..., ymin) no3BOJISET yKa3aTh HUXHMIA YpPOBeHb 3aKpacKu
10 OCH Y; [10 YMOJYaHUIo ymin = 0,

Komanpa area(..., 'PropertyName’, PropertyValue, ...) io3songer 3aj1ath napy CBOM-
CTBO/3HadeHHUe Ijist rpaduueckoro oObekTa Patch, nopoxaaemoro dyHknueii area.

®Dynkuus h = area(...) Bo3BpallacT BEKTOP ACCKPUITOPOB Uist rpadbuuecKux
0bwexToB Patch; 110 ogHOMyY 00BEKTY Ha KaXAbli cTosnbel Maccusa Y.
3ameuanue:

KomaHaa co3faet ojiHy JIMHUIO IS BCEX JEMEHTOB BEKTOpa WM Ul OJ-
Horo cronbua Maccupa. llBera nMuHMIA BLIOMPAIOTCA KaK JIMHEHHAs] 3aBUCUMOCTb
LLBETOB BBIOpAHHOHN MaJUTPbI.
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10. Ipapudeckne KoOMaHab! u QyHKUMM

IIpumep:

BriBecT 3HaueHust 2IEMCHTOB Maccupa Y B BMAC KyCOYHO-JMHEMHBIX rpadHrKoB
C 3aKpackKoi obJlacTeil MexIy HUMHU.

Y=[153327153;,26 1]

area(Y)

grid on

colormap summer

set(gca, 'Layer', 'top')

12

2.5 3

Puc. 10.48
Conymemeyrowue gynxyuu: PLOT,

FILL 3aKpacka MHOTOYTOJIbHHKA

Cunmakcuc:

fill(X, Y, C)

fill(x, y, ‘<usem>")

fill(X1, Y1, C1, X2,Y2,C2, ..)

fill{..., 'PropertyName’, PropertyValue)

h = fill{...)

Onucanue:

Komanpa fill(X, Y, C), rne X 1 Y - MaccUBbl OZUHAKOBBIX PA3MEPOB, CTPOUT
JUI Kaxoro crojibua cBoil MHOroyroibHuK. Ecin maccus C - BEKTOp-CTpoOKa,
KOJIMUECTBO 3JIEMEHTOB KOTOPOM PaBHO YMCIY CTOJIOLOB MaccUBOB X 1 Y, win
MaccuB C - BeKTOp-CTONOCL, KOJMYECTBO 3JICMEHTOB KOTOPOTO PABHO HHUCAY
CTPOK MaccHBoB X U Y, TO €ro 3/IEMCHTBI UCIIOJIb3YIOTCSL KaK MHAEKCH! TeKyUIeH
NATMTPbl I8 3aJaHUs 1IBETOB B BepLIMHAX MHOroyrojbHuka. LIBeT BHYTpH
MHOI'OYTOJIbHUKA ONpeHe/sicTes] OWIMHCHIONW MHTEPNONSIUCH LIBCTOB B Y37ax.
Ecnmu maccus C ABYMEPHbBIA TEX XE PasMcpoB, 4TO M MaccuBbl X 1 Y, TO 3aKpac-
KA Pean3yCTCa MCTONOM MHTEPIIONSHNM, YTO PABHOCHJIbHO IPUMCHEHMIO KO-
Matiibt shading interpolated.
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Komanpa fill(X, Y, ‘<ugem>') 3akpaiuMpacT MHOIOYTOJbHHK, 3a1aHHbLIA Mac-
CHMBAMHK X, Y, LIBETOM, KOTOPBIM MOXET ObITh 33[aH JjIMO0 OAHMM H3 CHMBOJOB I,
g, b, c.m, y, w, k, T©0O0 BeKTOpOM [r g bl. BcpluMHBl MHOTOYIONLHHKA 3a4dt0TCs
COOTBETCTBYIOLIMMHU TapaMU 3JIEMEHTOB M4CCUBOB X, Y. MHOFOYrOibHUK JODKEH
OLITb 3AMKHYTBIM, NOPTOMY €ro IiepBasi U MOCJC/HHsH BEPUIMHBI, CCIM 3TO BO3-
MOXHO, COCAMHSIOTCS JIMHHEH.

Komanga fill(X1, Y1, C1, X2, Y2, C2, ...) NO3BOJSACT BbIlIOJHUTh 3aKpackKy
HabOOPOB MHOI'OYTOJILHUKOB PasHBIMU LLBCTAMM.

Komanpa fifl(..., '‘PropertyName’, PropertyValue, ...) no3poinsier 3afate napy cBoif-
CTBO/3HAYCHME Wi rpadudecKoro oonekTa Patch, ropoxnacMmoro ¢ynxumeit fill.

Oyurkaws h = fill(...) Bo3BpalLaeT BeKToOp-cTroadel] ACCKPUITIOPOB Ast 1pabuiecKux
obnekTos Patch, KOTopble COOTBETCTBYIOT 3aKpaleHHBIM MHOTOYTO/IBHMKAM.

TTpumeps:

[TocTpouM MHOTOYIOJIBHUK, COOTBETCTBYIOLLMI 1OpOXHOMY 3Haky STOP,

t=(1/16: 1/8 ;: 1)*2*pi;

x = sin(t);

y = cos(t),

fili(x, y, 'b')

axis square
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Puc. 10.49
Conymcmayrowue gynxyuu: AXIS, CAXIS, COLORMAP, FILL3, PATCH.

CreumanbHasa TpexmepHas rpadpuka

RIBBON JIeHTOYHAR NOBEPXHOCTH

Cunmakcuc:
ribbon(Y)
ribbon(X, Y)
ribbon(X, Y, <wupuna>)
h = ribbon(...)
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10. Mpaguyeckme koMaHabl 1 yHKLN

Onucanue:

Komanpa ribbon(Y) BbiBonuT croabusl MaccuBa Y B BUAE JICHTOYHBIX CEHCHUM
B TPEXMEPHOM TPOCTPAHCTBE, NIPU ITOM MAcCHB X OIpEAE/SIETCS B BUIE BEKTOpa
x = 1:size(¥,1).

Komanpa ribbon(X, Y) BeIBOgUT cTOnOLBl MaccuBa Y B BHUAC JIEHTOYHBIX
CCYCHUHA B TPEeXMEPHOM IIPOCTPAHCTBE, YYMTHIBAsi 3HAYCHUSI MaccuBa X; pa3Mepbl
mMaccuBoB X M Y JOJDKHBI COBIANATh.

Komanpa ribbon(X, Y, <wupuna>) mo3BoasieT 3aarth IIMPUHY JICHTHI,
10 YMOJTYaHUIO 3TOT napametp paseH 0.75.

Dynxuug h = ribbon(...) BosBpaiaer BeKTOp-CTONOEL JECKPUIITOPOB /ISt
rpadpuyeckux o0BeKTOB Surface, KOTOPbIE COOTBETCTBYIOT OTAEIBHBIM JIEHTAM.
ITpumepst:

ITocTponm JEHTOYHYIO TOBEPXHOCTh PyHKUUU peaks.

[x, y] = meshgrid(-3:.5:3,-3:.1:3);

z = peaks(x,y);

ribbon(y, z)

colormap pink

4 0
Puc. 10.50
Conymcmeyrwue @ynkyuu: PLOT, PLOT3, SURFACE.

|TRIMESH, TRISURF | TpexmepHbie TPHAHTYIALHOHHbIC NOBEPXHOCTH

Cunmakcuc:
trimesh(Tri, X, Y, Z) trisurf(Tri, X, Y, Z)
trimesh(Tri, X, Y, Z, C) trisurf(Tri, X, Y, Z, C)
timesh(... PropertyName', PropertyValue...)  trisurf(...' ProperfyName ', PropertyValue...)
h = trimesh(...) h = trisurf(...)

231



CucTema MHXeHepHbLIX u Hay4HbIx pacderos MATLAB 5.x. Tom 2

Onucanue:

Komanapl trimesh(Tri, X, Y, Z) u trisurf(Tri, X, Y, Z) orobpaxaloT TpUAHTYJIA-
LMOHHYIO CeTKy, 3a4aHHYyl Matpuieil Tri pasmcpa mx3, B BUAE CETYATOM MM
CIUIOLUHOM MOBEPXHOCTH.

Komanzs! trimesh(Tri, X, Y, Z, C) u trisurf(Tri, X, Y, Z, C) Mo3BOIAIOT 337aTh
TTJIUTPY LUBETOB.

Komanzap! trimesh(...' PropertyName', PropertyValue...) u trisurf(...'PropertyName',
PropertyValue...) no3BonsitoT 3ajarh Mapy CBOHCTBO/3HAYCHHE M IPadUyecKoro
o0bekTa Patch.

Oynkuun h = trimesh(...) 1 h = trisurf(...) BO3BpaIalOT HECKPHUITOPHI AJIst
rpaduyeckux oobekToB Patch.

[pumepot:
ITocTpouM TPUAHTYISIIIMOHHbIE TTOBEPXHOCTH ITsl (bYHKLMU peaks, omnpene-

JICHHOU Ha CIy4alHOM CETKe.
[x = rand(1, 50);
y = rand(1, 50);
z = peaks(6*x - 3, 6*x - 3);
tri = delaunay(x, y);
% Puc. 10.51,a
trimesh(tri, x, y, z}
% Puc. 10.51,6
trisurf(tri,x,y,z)

v
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Puc. 10.51
Conymcmayrowue gynkyuu: DELAUNAY, PATCH, SURF.

| BAR3, BAR3H |

CroJi010BbIE AMATPAMMBI

Cunmakcuc:
bar3(Y) bar3h(...)
bar3(x, Y) [xb, yb] = bar3h(...)
bar3(..., <wupuna>) h = bar3h(...)

bar3(..., '<cmuas>')

bar3(..., LineSpec)

[xb, yb] = bar3(...)
h = bar3(...)
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10. Mpaguyeckre KoMaHasl v OyHKLMN

Onucanue:

Komanspr bar3(...), bar3h(...) cTposiT TpexMepHBIe BEPTUKAILHbIE WM TOPHU-
30HTA/BHBIC CTOJDLIOBLIE AUATPAMMBI.

Komanaa bar3(Y) B ciyyae ofHOMEPHOTO MACCHBAa BBIBOOUT KaXIBIH 2Jic-
MCHT BEKTOpa Yy B BHJE CTOJNOLA JMarpaMMbl; eciid Y - JIBYMCPHBIA MAacCHB, TO
dbopmupytotcst  Kiiactepsl (IpyNnbi) CTONOLOB, COOTBETCTBYIOLIME 3HAYCHUSM
ATEMCHTOB CTPOKU. B 3TOM ciyyae oChb X pa3MeyaeTcss MCTKAMU T10 KOJIUYECTBY
cTpok Maccupa ot 1 go size(Y, 1).

Komanpa bar3(x, Y) B ciyyae OJHOMEDHOIO MAacCCHBA BBIBOAMT 3JIEMEHTHI
BEKTOPA Y B BUAE CTOJIOIOB HHUAIPAMMBI B MO3UIUAX, OINPEAC/SEMbIX BEKTOPOM
X, 3JIEMEHTbl KOTOPOTO JIOJKHBI OBITH PACIOIOXEHBL B ITOPSAKE BO3PACTAHMS;
ecnu Y - ABYMEDHBIA MacCuB, TO B 3TOM CJIy4ac B MO3UIMSIX, OTpPEACISIEMbIX
BEKTOPOM X, Pa3MeLLaOTCsl Ki1acTepbl CTOJIOLIOB.

Komanpga bar3(..., <wupuna>) ycraHaBIMBAaeT OTHOCHUTENIbHYIO ILUHPUHY
cronbua auarpammbl. [10 yMoJyaHHIO 3TO 3HadeHUe paBHO 0.8 B TeX Clyyasx,
KOrzZa OTCYTCTBYET BEKTOpP X; 3TO O3Ha4aeT, YTO MeEX[Oy CToJ0LaMM ecTb He-
0OoJIBLIOHM MpOCBET; €CAM NapameTp <wupuna> paBeH 1, TO CTOJOLBI, 00Opasyio-
i1e TPYNIly, KacaroTcs, a pH O0JIbIUMX 3HAYCHUSIX IIEPEKPLIBAIOT JPYT Apyra.

Komanpa bar3(..., '<cmuas>') No3BoAsieT 3alaThb CIOCOO TPYHIHMPOBAHUS
CTOJIOLIOB AMArpaMMBbl B KJIACTEpP; NapaMeTp <cmuav> MOXCT MPUHUMATh OJHO U3
CJIEAYIONMX 3HAUECHUH:

<cmuabL> Cnocob epynnupoganus

'detached’ JIns1 21eMEeHTOB CTpOoKM (GOPMUPYIOTCA OTAC/IbHBIE BJI0KH, KOTOpBIE

‘'stacked ®opMUpyeTCs N KJIACTEPOB MO OAHOMY CTONOLY, MMEHYeMBbIX CTEKaMu,
IIpY 3TOM BBICOTA CTCKA COOTBETCTBYET CYMMeE 3JICMEHTOB CTPOKH, a
BKJIaI KaXAOro 3JIeMEHTa OMpeleACTCs YacTAMHM 3TOr0 CTeKa, OKpa-

UIEHHBLIMY B pa3HLIC IBCTA

Komanpga bar3(..., LineSpec) no3sosisier ¢ nomoinblo rapamerpa LineSpec
32/1aTh OOLIMHA LBET AJIS1 BCEX CTOJNOLOB AUarpaMMbl.

Dyukuus [xb, yb] = bar3(...) He BbiBoauT rpaduka, a GopMUpPYET TaKUE Mac-
CHBBI Xb U yb, KOTOpbI€ MO3BOJISIIOT OCTPOUTHL CTOJIOLIOBYIO AMAarpaMMy ¢ ITOMO-
b KoMang plot(xb, yb) u patch(xb, yb, C). DTo OTKpBIBAET BO3MOXHOCTH IS
dopMuUpoBaHUS CHOXHBLIX PAdMKOB, 1103BOJISSA, HAMPUMEDP, BKIIOUATL B HUX
CTOJIOLIOBEIC UAIPAMMBI.

®yukung h = bar3(...) Bo3BpauaeT BexTop h necKpUNTOPOB rpauuecKoro
obbekTa Patch. Tlpu stoM Kaxuomy cronbuy maccuBa Y COOTBETCTBYET OIMH
rpacuyeckuit odbekT Patch.

233
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Komanaer 1 dynkuun bar3h(...), [xb, yb] = bar3h(...), h = bar3h(...) dhopmupyrot
cTonO10BbIE UATPAMMBbI, KOTOPbIE PACHOJIAralOTCA TOPHU3OHTAIBHO.

IIpumeput:

Cdopmupyem ciyyaitHblil MaccHB pasMepa 5x3 1 0TOGpa3suM ero B BUIE 4e-
TBIPEX Pa3HOBUAHOCTEH CTONOLIOBBIX JUAIPAMM.

Y = round(rand(5, 3)*10);

subplot(2, 2, 1), bar(Y, 'group’), title 'Tpynna'

subplot(2, 2, 2), bar(Y, 'stack’), title 'Crex’

subplot(2, 2, 3), barh(Y, 'stack’), title 'Ctex’

subplot(2,2,4), bar(Y,1.5), title 'UWunpuna: 1.5'

Y = cool(7);

bar3(Y, 'detached'), title( 'PasgensHo’) % Puc. a
bar3(Y, 0.25, 'detached '), title 'Wupuna: 0.25' % Puc. 6
bar3(Y, 'grouped '), title Tpynna' % Punc. B
bar3(Y, 0.5, 'grouped "), title 'Wupuna: 0.5' % Puc. r
bar3(Y, 'stacked’), title 'Crex’ % Puc. g

bar3(Y, 0.3,'stacked '), title 'lUnpunxa: 0.3' % Puc. e

colormap([100;010;00 1])

ILiupura: 25
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10. Mpaduyeckue KoManas v QyHKLMN

Puc. 10.52
Conymcmeyrowue ¢ryukuyiu: BAR, PATCH.

CexTopHas qHarpamma

Cunmakcuc:

pie3(x)

pie3(x, v)

h = pie3(...)
Onucanue:

Komanga pie3(x) orobpaxaeT KaXiplif 37eMCHT BEKTOpa X B BHIC CCKTOpA
JIMarpaMMbl.

Komanna pie3(x, v), rae v - tormyeckuit Bekrop, coctosiumit 13 0 ¢ 1, cMeiaer 1ot
CCKTOpP OT JUarpaMMbl, KOTOPOMY COOTBETCTBYET HEHVJIEBOM JIEMCHT BEKTOpA V.

®yukums h = pie3(...) Bo3ppamiaeT BeKTop h AeCKpUNTOPOB rpaduyecKUX
o0bekTOB Patch, Surface u Text.
Jameuanue:

Tlpu nocTpoeHUH CCKTOPHOM AMArpaMMbl UCIIONb3YETCs HOPMMPOBaHHbI BCKTOP
X = x/sum(x), KOTOPbIil OfpeaessieT pa3sMep Kaxaoro cexktopa. Ecnu sum(x) < 1, 1o
HEMOCPCACTBEHHBIE 3HAYCHHS DJICMCHTOB BEKTOpA OINpPEAE/AIOT Pa3sMepbl CEKTOPOB;
KOraa sum(x) < 1, CeKTOpHast AMarpamMma OKa3blBacTCsl HE3aMKHYTOM.

[pumep:
[TocTponTb CEKTOPHYIO IMarpaMMy M OTIE/IHThL OT Hee CeKTop 2.

x=[{1305252}
v=[01000}
pie3(x, v)
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Puc. 10.53

Conymcmeyiouee gynxyuu: PIE.

STEM3 JTucKpeTHbIe rpauKn

Cunmakcuc:
stem3(z)
stem3(X, Y, Z)
stem3(..., fill")
stem3(..., LineSpec)
h = stem3(...)
Onucanue:

Komanna stem3(z) BEIBOAUT rpaduK 3JIEMEHTOB OJHOMEPHOrO MAacCuBa Z B
BWIE BEPTUKAILHBIX JIMHUM, KOTOPHIC 3aKaHYMBAIOTCS B TOYKAX rpadyka MapKepoM
(110 YMOJIYAHUIO - KPYT); TIPDU 3TOM MAacCHBBI X U Y I€HEPUPYIOTCH aBTOMATHYCCKM.
Korga z - BeKTOp-CTpOKa, JMCKPEeTHBI rpaduk pacrionaraeTcsl BIOMb OCH X; KOra z -
BeKTOp-CTONOE, AMCKPETHBIN rpaduk pacrionaraeTcs BLOJIb OCH Y.

Komanna stem3(X, Y, Z) BeiBoaut rpaduk 31eMeHTOB MaccuBa Z B BUE BEPTU-
KIbHBIX JIMHWHA B MO3UIMSAX, ONpEle/sieMblx MaccuBaMM X M Y; Bce 3 Maccusa
JIOJDKHBI ObITh BEKTOPAMU WJIM IByMEPHBIMUA MAacCHBaMM OIMHAKOBOIO pasMepa.

Komanas! stem3(..., ' fill ') npon3BoAsAT 3aKpacKy Mapkepa.

Komanast stem3(..., LineSpec) mo3BoAsOT ynpasidTh TUIIAMM JIMHUA H
MapKepoB, UCIIOIb3YeMbIX I MOCTPOSHHUS AUCKPETHOro rpaduka, rno aHaJorMu
¢ KoMaHzo# plot.

Oyukuusa h = stem3(...) BO3BpalllacT BEKTOP JIECKPUIITOPOB h rpaguyeckux
00beKTOB Line AJist BEPTUKABHBIX JIMHUMA U MApKEPOB.

Ipumepsr:

[TocTpouTh AUCKPETHBIH IpaduK Ul BEIGOPKHU 13 10 YMCEN, paCIPEAeTEHHBIX
110 HOPMAJILHOMY 33KOHY.

t=0:0.1:10;
s=0.1+i;
y = exp(-s*t);

h = stem3(real(y), imag(y), t); view(-37.5, 60)
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set(h(1), 'LineWidth', 2)
set(h(2), 'MarkerSize', 8, 'MarkerEdgeColor', 'r', 'LineWidth', 1)
title(\iteA{st})

Puc. 10.54
Conymcemeyrowue gynxyuu. BAR, PLOT, STAIRS, STEM3.

SCATTER3 Hone Touyexk

Cunmarcuc:

scatter3(x, vy, z, s, ¢}

scatter3(x, y, z)

scatter3(x, y, z, s)

scatter3(..., <mun_mapkepa>)

scatter3(..., 'filled’)

h = scatter3(...)

Onucanue:

Komanpga scatter3(x, y, z, s, C) ¢TPOMT 1Ol TOYEK NyTeM BBLIBOAA LBETHBIX
MApPKEepOB B BHIE KPYrOB B TOYKAX, OMPECHEISIEMBIX BEKTOPAMHU X, Y, Z, KOTOPBIE
JHOJDKHBI KMETh OJIMHAKOBYIO [UIMHY.

Bekrop s Toi e JUIMHBI MO3BOJSIET 3a7aTh pa3sMep KaXaoro Mapkepa Kak
3HayeHWe points®2, rie points - 3To 3HaueHWe cBOitcTBa Units (equHULIa U3MEPEHHST)
rpachuueckoro obnekra Axes. IlapaMerp MoXer ObITH CKANSIPDOM, M TOFZA pa3sMepbl
BCEX MApKEPOB OAMHAKORBDI.

Maccus C no3BoJisieT 3aaTh LBET KAXKAOI0 Mapkepa. Eciu 3TO BEKTOp TOM
XC JUIMHbI, KAK X U Y, TO €ro 3HadeHUd OcpyTCs B BUJAC JIMHEAHON (QYHKUIMU U3
TCKVILCH NMaIUTphl; ecan Maccus C umeeT pasMep length(X)x3, To useta Mapkepa
onpeaeisorces rgb-3HaucHUIMH.
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Komanga scatter3(x, y, z) BBIBOAWT LBCTHBIE MapKepbl € fapameTrpaMu
Marker = o (kpye), EdgeColor = [0 O 1] (cunezo yeema) u MarkerSize = 6 (pazmep),
TIPUHSITHIMU 110 YMOJTYAHHUIO.

Komanna scatter3(x, y, z, S) BLIBOAUT MapKepsl B BUJie KPYrOB CMHEr0 UBETa
¢ pasmepaMu MarkerSize = sqrt(s).

Komannwt scatter3(..., <mun_mapkepa>) 1o3BOJAIOT U3MEHUTh THIl HUCIONb-
3yeMOTO MapKepa.

Komannpt scatter3(..., 'filled) 3akpainuBaroT MapKepsl CHMHUM LBETOM (10 YMOJI-
yanuio). l{Ber Mapkepa ynpasisieTca napamerpom MarkerFaceColor,

®yukiusa h = scatter3(...) Bo3painaer BexTop h AECKPUNTOPOB rpaduyecKux
0b0BeKToB Line.

Ipumepei:

ITocTpouM mojist TOYEK pa3HBIX Pa3sMEPOB B TPEXMEPHOM ITPOCTPAHCTBE.

[x, ¥, z] = sphere(16);

X =x(:)*.5 x(1)~.75 x())];

Y =[y()"5 y()*.75 y()l;

Z=[z()*.5 z(:)*.75 z(3)];

S =repmat([1 .75 .5]*10, prod(size(x)), 1);

C =repmat([1 2 3], prod(size(x)), 1);

scatter3(X(:), Y(2), Z(:), S(), C(:), 'filled"), view(-60,60)

-
Puc. 10.55
Conymcmeyrowue gpynxyuu; PLOT3, SCATTER.

QUIVER3 Ilone rpannentos GpyHkumn

Cunmakcuc:
quiver3(X, Y, Z, DX, DY, DZ)
quiver3({Z, DX, DY, DZ)
quiver3(..., s)
quiver3(..., LineSpec)
quiver3(..., LineSpec, ' filled ')
h = quiver3(...)
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Onucanue:

Komanna quiver3(X, Y, Z, DX, DY, DZ) dopmupyeT 1 BbIBOAMT Ha SKpPaH I10JiE
rPAAMEHTOB (DYHKLIMHU B BUIE CTPEJIOK B TOYKAX TPEXMEPHOIO IIPOCTPAHCTBA,
3a71aBacMbIX ateMeHTamu MaccusoB X, Y, Z, a anementbl DX, DY, DZ ucnonb3yrores
U YKA32HMS HAMPABICHUS 1 Pa3Mepa CTPE/IKH.

Komanna quiver3(Z, DX, DY, DZ) uCNONb3YCT LIEJIOYUCIEHHYIO CETKY.

Komanasr quiver3(..., s) HCIOAB3YIOT CKANSIPp S KaK KO3(PPUIMEHT MaclITaba
CTPEJIKH, HaNpuMmep S = 2 BABOEC YBCJANUMBAET, a S = 0.5 BOBOC YMEHBIIACT pasmep
CTPEJIKH.

Komanasr B dopme quiver3(..., LineSpec) no3sonsior 3ajate TMII JMHMH,
CHMBOJI MapKepa M LBCT [1IpY NMOCTPOCHUM BCKTOPOB-CTPEJIOK.

®Dyukuusa h = quiver3(...) BO3BpaillaeT BEKTOP HECKPHMITOPOB IpabHyecKuX
obwekToB Line.

[Ipumep:

ITocTpouTs 1oste HopMaseit K IMOBEPXHOCTH GVHKUMU Z= ¢ Gc+y%) B ofnactu
2<x<2,-1<y<1.

X, Y] = meshgrid(-2 : 0.25: 2,-1:0.2:1);

Z =X exp(-XA"2 -Y.A2);

[DX, DY, DZ] = surfnorm(X, Y, Z);

quiver3(X, Y, Z, DX, DY, DZ, 0.5);

hold on

surf(X, Y, Z), colormap pink

view(-35, 45), axis ([-22-11-.6 .6])

plotedit

Puc. 10.56
Conymemeyrowue gyukyuu: AXIS, CONTOUR, PLOT, PLOT3, QUIVER, SURFNORM, VIEW .
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COMET3 JIBHXKeHMe TOYKH N0 MPOCTPAHCTBEHHOH TPAEKTOPHH

Cunmaxcuc:

comet3(z)

comet3(x, y, z)

comet3(x, vy, z, p)

Onucanue:

Komanna comet3(z) pucyeT HBHMXEHME TOYKM II0 TPAaCcKTOPUHM, 3alaHHOU
OIIHOMEPHBIM MAaCCUBOM Z, B BUAC T'OJIOBbl MU XBOCTA KOMETHI.

Komanna comet3(x, y, z) pucyeT ABMXXCHHUE TOYKU 110 TPAEKTOPUH, 3alaHHOUN
MAaCCUBaMU X U Y.

Komanna comet3(x, y, z, p) yrpasnsieT JJIMHOM XBOCTa KOMeThI p*length(z)
¢ IIOMOMIBIO MapaMeTpa p; 1o ymonyaHumo p = 0.1,
3ameuanue:

IIpu GopMUPOBaHUHM TpacKTOPHH IBMXEHMSI KOMETHI CBOICTBO EraseMode
JUtst rpaduyeckoro oobekTa Line MMeeT 3HayeHMe none. DTO O3HAYaeT, YTO TaKOoM
rpachuK HEIb3sl pPacheyaTarb; OH TAKKE UCYE3HET, €CIM U3MEHMTh pa3Mephl Ipa-
¢uryeckoro okHa.

Hpumep:

ITpusogMMast HMXe IMOCIENOBATELHOCTL ONEPATOPOB MO3BOJIZET HAOIIOAATH
TPAaeKTOPHIO ABMKCHUS TOYKH B BUJE KOMETHIL.

t = -10+pi : pi/250 : 10+pi; ’

comet3((cos(2+t).A2).*sin(t), (sin(2+t).*2).*cos(t), t);
Conymcmeyiowue gynxyuu. COMET,

SLICE Ceuennst pYHKIMH OT TpeX NMepeMeHHbIX

Cunmarcuc:

slice(V, sx, sy, sz)

slice(X, Y, Z, V, sx, sy, sz)

slice(V, XI, Y1, ZI)

slice(X, Y, Z, V, X, YI, Z1)

slice(..., '<Memod>')

h = slicef(...)

Onucanue:

Komanpa slice(V, sx, sy, sz) CTPOUT IUIOCKMe cedeHMsI DYHKIIMU OT TpeX HEpEMEH-
HbIX V(X, Y, Z) BOOJb OCEHi X, Y, Z, KOTOPbIE MMEIOT PABHOMEPHOE pasbuieHue x = 1: N,
y=1:m,z=1:p; NO3UUMU CCUYCHHI ONPECHCIAIOTCS BEKTOPAMU SX, SY, SZ.
Pasmep Tpexmeproro maccupa V paBeH mxnxp, rge m = length(y), n = length(x),
p = length(z).
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10. Mpaguyeckne KOMaHabl vt PyHKLMN

Komanaa slice(X, Y, Z, V, sX, 8y, Sz) CTPOUT IUIOCKUE CCYCHUS PYHKIUM OT
Tpex nepeMeHHbIX V(X, Y, Z) BIONb OCEH X, Y, Z; TIO3ULIUU CEYCHMI ONPEeaCISIIOTCS
BCKTOpaM#u $X, sy, sZ. TpexmepHbic Maccubst X, Y, Z JOLKHBI ObiTh OPTOTOHAJIBHBI
JAPYr K JPYry, ¥ MX DJIEMEHTbI JOJXKHBI U3MEHSTHCSI MOHOTOHHO TakK, KaK 3TO
peannayercsi hynkuveit meshgrid. IBer kaxpoit Touku omnpepensiercs 3-D uH-
TepIoJALMEd B 00beMe V.

Komannwt slice(V, X1, Y1, Zi) u slice(X, Y, Z, V, X, Yl, ZI) crposr cedenus, 3ana-
BaeMpie AByMepHbIMM MaccuBaMHM X, Y|, Z| omuHakoBoro pazMepa. BTH MacCHUBHI
OMPEALIIIIOT MIOBEPXHOCTb, M (PYHKIMS V BBIYUCIISIETCS. B TOYKAX 3TOM MOBEPXHOCTH.

Komanza slice(..., '<memod>') 1103BoJISI€T 3a1aTh METO MHTEPIIOJISILIMN, KOTOPBIA
MOXET NIPUHUMATh OJHO U3 CIECAYIOLIUX 3HAYCHUI:

Memod Onucanue
_linear WHreprniofauus Ha OCHOBE JIMHEMHON TpHAHTYIAUMM
_cubic ] ] MHTeprnioniauud Ha OCHOBE KYOMYECKOM TPUaHTYIALMU

nearest HMHreprionsiuysa no 61kailiiuM cocensiM

Dynkums h = slice(...) BO3BpalLAET BEKTOP-CTONOCL ACCKPUITTOPOB Iist rPadHuecKux
00BeKTOB Surface, KOTOPEIMU ABJISIIOTCH CEUCHUS TPEXMEPHOUM (DYHKIIMH.

Ipumep:
3aduxcupyeM 3 MOJIOKEHUS MepeMelleHust cepbl B HEKOTOPOM OObeMe.

[xsp, ysp, zsp] = sphere;
slice(x, y, z, v, [-2 2], 2, -2) % Co3panne obbema ¢ ceveHussMm
fori=-3:3:3
hsp = surface(xsp+i, ysp, zsp);
rotate(hsp, [1 0 0], 90)
xd = get(hsp, 'XData'); yd = get(hsp, 'YData'); zd = get(hsp, 'ZData');
delete(hsp)
hold on
hslicer = slice(x, v, z, v, xd, yd, zd);
axis tight
xlim([-3 3})
view(-10, 35)
drawnow
%delete(hslicer)
hold off
end
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JRVAYRIATIAYY

27 a 1 4] 1 2
Puc. 10.57
Ecnu npu skcnepumeHTax C BBIIIEONUCAHHBIM KOJOM YUTATENh BOCCTAHOBUT
CTPOKY, TMOMELICHHYIO B KOMMEHTApU, U YCTAHOBUT LAl MU3MEHEHUs [MEPEMEHHOW
B LIMKJIe nopsiaka 0.5, TO YBHAMT IpoLece MPOXOXIecHUs chepbl yepe3 3T0T 00beM.
Conymcemeyrougue @ynxyuu: INTERP3, MESHGRID.

| WATERFALL | Tpexmepnas nopepxuocTh

Cunmakcuc:

waterfall(Z)

waterfall(X, Y, Z)

waterfall(..., C)

h = waterfall(...)

Onucanue:

Komanna waterfall(Z) ctpout 1noBepxHOCTb Uit 3HAUYCHUMH MaccuBa Z, oripeje-
JIEHHbLIX Ha MHOXecTBax x = 1:size(Z, 1), y = 1:size(Z, 1). Ona aHarornyHa KOMaHie
mesh, Ho He npopucoBbiBacT pedep cetku. Maccus Z 3azaeT Takxe MaluTpy LIBETOB,
Y, TaKUM 00pa3oM, IBET NMPOTNOPLUMCHAICH BBICOTE MTOBEPXHOCTU.

Komanga waterfall(X, Y, Z) cTpouT MOBEpXHOCTb [Ulsl 3HaUeHWi Maccupa Z,
OIpeJe/ICHHBIX HAa MHOXECTBaX 3HAYCHUH [ByMepHbIX MaccuBoB X, Y. Ecau
MaccuBbl oJHOMepHBIe M length(x) = n, length(y) = m, To size(Z) = [m, n] .

Komanse! waterfall(..., C) ucnonb3yror MaccuB C /15 3aaHus MATATPbI LBETOB,
Y €r0 pa3Mep IOJIKEeH COBMAJaTh ¢ pa3MepPOM MaccuBa Z.

®yukuus h = waterfall(...) Bo3Bpaluaer BekTop neckKpuntopos h mist rpadu-
4yecKux oobekToB Patch.
3ameuanue:

[ToBepxHOCTH, IOCTpPOEHHBIE C TIoMoulbio dyHkMK waterfall, aHanornyHbl Mo-
BEPXHOCTSAM, TOCTPOEHHBIM C TNOMOLUbI0 (YHKIMKM mesh, HO HUCHONB3YIOT rpa-
Pudeckue obbekThl Patch. st cozganus aHatOrMUHbIX rpadUKOB, HO UCTIONB3YIOIIMUX
rpadmueckuc o0bekThl Surface, HCOGXOAMMO 1IPUMeHUTH (YHKLMIO mMeshz U npu-
CBOUTH CBOHCTBY MeshStyle rpadmucckoro obbekta Surface 3HaueHUe row',
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10. [paguyeckue KomaHas u QyHKUMM

[pumepor;

MocTpouM TPCXMEPHYIO TIOBEPXHOCTh (PYHKLHMM Z = e(=X*-y")
[X, Y] =meshgrid({-2:0.1:2]);

Z=X *exp(- X r2-Y r2);

waterfall(X, Y, 2)

Puc. 10.58
Conymemeyrouiiie qSyHKuuu: AXES, AXIS, CAXIS, MEESHZ, SURF.

FILL3 3akpacka MHOTOYTOJILHAKOB B TPEXMEPHOM NMPOCTPAHCTBE

Cunmaxkcuc:

fill3(X, Y, Z, C)

fill3(X, Y, Z, '<yeem>")

fill3(X1, Y1, Z1, C1, X2,Y2, 22, C2, ...)

fill3(...,'PropertyName’, PropertyValue})

h = fill3(...)

Onucanue:

Komanpa fill3(X, Y, Z, C) BEINOAHSET MMOCTPOEHUE U 3aKPaCKy MHOTOYIOJIb-
HUKOB. Maccusbl X, Y, Z ofpeaeisior BePUIMHDBL, W LISl KaX10ro croabua crpo-
UTCSl CBOM MHOroyrojisHMK. Eciau Maccus C - BeKTOp-CTPOKd, KOJMYECTBO dJe-
MCHTOB KOTOPOi# PaBHO YMCHy cTOAOLOB MaccuBoB X u Y, win Maccup C -
BCKTOP-CTONGCI, KOJAYCCTBO 3JIEMCHTOB KOTOPOIO PaBHO YMC/1Y CTPOK MAacCHBOB X
1Y, TO Cro 3/IcCMEHThI UCTIOJB3YIOTCS KAK MHICKCHI TEKYILCH IAIUTPhl LIS 3a1aHUS
UBETOB B BepIUMHAX MHOTOYTOJIbHUKA.

KoMmanpa fill3(X, Y, Z, ‘<ygem>*) 3akpalunBsaeT MHOIOYIOJIbHUKH LIBETOM, KO-
TOPbIit MOXET ObITh 3aAaH JUOO OZHUM M3 CHMMBOJIOB T, g, b, ¢, m, y, w, k, nubo
BeKTopoM [r g b].

Komanpa fill3(X1, Y1, C1, X2, Y2, C2, ...) no3BoJsieT BbIIIOJIHUTH 3aKPACKy
1{abOpOB MHOI'OYr0;IbHUKOB Pa3HbIMM LBCTAMH.

Komanya fill3(..., 'PropertyName', PropertyValue, ...) no3posser 3anarb rapy CBOH-
c1Bo/3RauCHe ana rpadryeckoro obbexkra Patch, nopoxiacMoro dhynxunei fill3.
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Gynxuus h = fill3(...) Bosspawaer BekTOp-cTOAGEL ACCKPUIITOPOB IJIS I'pa-
(nueckux o0bekTOB Patch, KOTOPBIMU SBJISIIOTCA 3aKPaLIEHHBIE MHOTOYTONBHUKY.
Komanga fill3(...) npucsausaet ceoiictBy Facecolor 06bekra Patch ogno u3 3ua-

v

yenuit ‘flat’, ‘interp’ umu [r g b).
Ipumep:

TToctpoum 4 cyyaiiHO 335aHHBIX MHOTOYIOJIBHHUKA B TPEXMEPHOM ITPOCTPAHCTBE.
fill3{rand(3, 4), rand(3, 4), rand(3, 4), rand(3, 4))

1

08
0.6 ]
O.+ ]

nz

Puc. 10.59
Conymcmeyiowue gynxyuu: AXIS, CAXIS, COLORMAP, FILL, PATCH.

VIEWMTX Bulunc/ieHHe MATPHLBI YTIPABJICHHS YIIOM NPOCMOTPA

Cunmakcuc:

T = viewmtx(az, el)

T = viewmtx(az, el, phi)

T = viewmtx(az, e, phi, xc)

Onucanue:

Qynkuus T = viewmtx(az, el) BHIMHCASET MaTpUILY YIPABICHHMA YIIOM MPOCMOT-
pa, wiu obobwennyio mampuyy npeobpasoeanui NS ag@unrozo u3obpaxenus [1].
IlepeMeHHRBIC az M €l OIpelesIsiIOT COOTBETCTBEHHO YIVIbI a3UMYTa W BO3BHILleC-
HHA TOYKU NpocMoTpa. TToNOoXUTENBHBIE 3HAYCHUSA YIJIa a3MMYyTa COOTBETCTBYIOT
BPALLEHUIO BOKPYI' OCH Z NIPOTHMB 4acoBOM CTpeky. [TogoXuTeNnbHble 3HAYEHUS
yrjla BO3BBILUCHUSl COOTBETCTBYIOT TOYKE MPOCMOTPA, PACIOJIOXEHHOH CBEPXY
Hal 0DOBEKTOM, OTpUUATE/IBHBIE - CHU3Y MO OGBLEKTOM.

Qyukumst T = viewmtx(az, el, phi) BLUMCASET MaTPUIly YIPaBieHHs YITIOM
MPOCMOTPa WIA nepcnekmugHo2o U300paxeHus. Yron phi 3a1aeT MOBOPOT CUCTEMbI
KOOpJAMHAT OTHOCUTEIBHO OCH X U TEM CaMbIM ITO3BOJISIET YIIPABJIATH CTENCHbLIO
WCKaXEHUs 11EPCHICKTUBBLI B COOTBCTCTBUU CO CCAYIOUICH Tabnuueit.
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10. paguyecke koMmaHabl n GyHKUNN

Onucanue

Te;_x_c;_cxonnqecxoe n3obpaxeHne
.Hopmaneroe dpoTonsobpakenme

[pokoyrofibHoe M3obpaxeHue

Oynxuma T = viewmix(az, el, phi, v) BLIYKCISET MATPHULLY YIIPABACHMS YITIOM
NIPOCMOTPA ISl HepcneKmugHo20 N300PAXEHMS, UCTIONb3YS B KAUECTBE [ONONHU-
TEJIHOTO ITapaMeTpa BEeKTOp KOOPAMHAT vi Hab/oaaeMoi TOYKM (TOYKH HABEACHUS).
KoopauHaTsl paccMaTpuBaloTCst KaKk HOpMallM30BaHHbIe B guarnasone [0 1]; mo
yMonyaHuio Bektop vt = [0 0 0].

Tlpumepui:
3aaAuM BEKTODPBI, KOTOPbIE ONIPCACISIOT TPaHM SIUHHUYHOIO Kyoa:
=[0110001100111100j;
=[0011000110001111);
={00000111111001 10,

[Toctpoum adgibutHOE U306paKEHUE EAMHHUIHOTO KyOa.

A = viewmtx(-37.5, 30);

[m, n] = size(x);

x4d = [x(2), y( ), Z(2), ones(m*n,1)};

x2d = A*x4d,;

X2 = zeros(m, n); y2 = zeros(m, n);

x2(:) = x2d(1, :);

y2(:) = x2d(2, 3);

plot(x2, y2} % Puc. 10.60, a

[TocTpouM MepcrieKTUBHOE M300paXeHHe eAMHUYHOTO Ky6a.
A = viewmtx(-37.5, 30, 25);

[m, n] = size(x);

x4d = [x(), ( ), z(2), ones(m*n,1)]";
x2d = A*x4

X2 = zeros(m n); y2 = zeros(m, n);
x2(:) = x2d(1, :)./x2d(4, 3);

y2(:) = x2d(2, :)./x2d(4, %

plot(x2, y2) % Puc. 10.60, 6

13 0z

-az

0%

-ax
oA Y 0z o CE] Xy [X] ox

Puc. 10.60
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Conymemeyiowue @yuxyuu: VIEW.

Ceotiku:
1. Pomxepe ., Anamc Ix. MareMaTuyeckue ocHOBBI MAlUMHHOU rpadmku: [ep. ¢ auri.
M.: MawnHocTtpoeHue, 1980. 240 c.

VIEW Yipasiienne nojioxkeHneM TOYKH NPOCMOTpa

Cunmakcuc:
view(az, el) view(2)
view(faz el]) view(3)
view([x y z}) view(T)
[az, el] = view
T = view

Onucanue:

Komanan view(az, el) u view([az el]) 3a1a10T rmosioXKeHHe TOYKM TIPOCMOTPA,
U3 KOTOpOi HabmogaeTcsd QOBEKT, UCTIONB3YS YIVIBI a3UMMYTa U BO3BBILLICHUA.

KoManga view([x, v, z]) 3afaeT NMoJIOXKEHUE TOYKU ITPOCMOTPA B AEKapTOBOI
CUCTEME KOOPAMHAT.

Komanpma view(2) ycraHaBiuBaeT LUTATHOC IOJIOXKEHHUE TOYKM I[IPOCMOTpA
A ayMepHoit rpaduku: az = 0°, el = 90°.

KomaHna view(3) ycTaHaBIMBAaET IUTATHOE TMOJNIOXCHHME TOYKH ITPOCMOTpA
IUTSE TPEXMepHoit Tpaduku: az = -37.5°, el = 30°.

KomaHna view(T) ycTaHABIMBAET MOJIOXKCHUE TOUKHM [IPOCMOTPA B COOTBET-
CTBUH ¢ 0DOBIICHHONH MaTpulcH NpcoOpa3oBaHMil, BEIYUCACHHONR C MTOMOLIBIO
GyHKUUM viewmtx.

Oyakuus [az el] = view NPUCBAKMBACT TCKYLIME 3HAYCHUS YIJIOB a3MMYyTa
Y BO3BHILUCHUSA COOTBETCTBCHHO NMEPEMEHHBIM Az U el.

Oyukuusa T = view MPUCBAMBACT TCKYLUCE 3HAYCHHC O0BOGLICHHOW MAaTpHMLbI
peoOpasoBaHmMil LlepeMeHHON T.

Conymemeyrowue pyuxyuu: AXES, VIEWMTX.
ROTATE IoBopot rpaduyecKoro oobeKta

Cunmaxcuc:

rotate(h, <oce>, <yeos>)

rotate(..., <uauaso_ocu>)
Onucanue:

Komanpa rotate(h, <ocv>, <yeos>) BbINOAHAET NOBOPOT IpadMYCCKOro 00b-
€KT& ¢ [CCKPHMIITOPOM h BIOJb OCHM, HANpAaBICHME KOTOPOU 3a1aeTCs BCKTOPOM
<ech>, @ YIOil [OBOPOTA - apryMeHToM <yeos>. TTOBOPOT NopuuHsieTcst NMPaBuity
“1ipancit pykn”, Touka 3akperuieHus OCH - HAyalo KOOPAMHAT.

Kowmanaa rotate(..., <wawaiso_ocu>) no3soisieT ykaszarb HOBVIO TOUKY 3aKpCil-
JCHUS OCH C TIOMOUIBIO BCKTOPA <Hauaio_ocu>. [0 yMONUAHHIO TOUKOCH 3aKpeli-
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JICHUSI OCH SIBJISICTCS LIGHTP TPEXMEPHOIO MapaulejenuIlcaa, ONpeacssiolero
00/1acTh pasMelLeHus rpaduka.
Samenanue:

I'padnucckuili 0OBEKT, KOTODPBIH MNOABCPracTCA BpPAUICHUIO, JO/DKEH OBITH
MOTOMKOM TIpaguueckoro obnekra Axes. B nporecce mMoBopoTa AaHHBIE, KOTOpbIE
ONUCBHIBAIOT O0BCKT, MOAUDUUMPYIOTCSA, YTO OTIMYAaeT KOMaHOy rotate oT KoMaH[
view U rotate3d, KOTopble U3MEHSIOT TOAbKO TOYKY MPOCMOTPA.

Ocpb BpallieHUs ONpeeiIeTCS TOYKOM 3aKperleHUSA W elle OHHOH TOYKOM,
KoTopasi MOXeT ObITh 3afgaHa Jubo cepuueckumu ymiamu [az el], mbo nekap-
TOBbIMM KOOpAMHATaMHU [X Y z].

Ipumep:

IToBepHyTh rpadmyecknii oobexT Surface Ha 180° OTHOCHTEILHO OCH X.
h = surf(peaks(20));

rotate(h, [1 0 0], 180) zdir=[00 1];
center = [10 10 0J;
rotate(h, zdir, 45, center)

Puc. 10.61

Conymcemesyiowue @yuxyuiu: ROTATE3D, SPH2CART, VIEW.
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ROTATE3D IoBopor rpaduyeckoro 00’eKTa ¢ NOMOUIBIO MbILIH

Cunmaxkcuc:
rotate3d on | ON
rotate3d off
rotate3d

Onucanue:

Komangs rotate3d on | ON 103BOJSIIOT BBHIITOJIHUTE MOBOPOT OCEM BHYTPU
rpaduyeckoro obbekra Figure, UCHOIB3Ys MaHUNYIATOP Mbllb. IIpu HaxaTuu
Ha KJIaBUINy MBIIIM B 00nacTu rpaduka MOSBISETCS AHUMAIMOHHEBIN Hapaie-
JIENUIE, KOTOPHIM M3MEHSIET CBOE MOJIOKEHHE MpU IIEPeMElieHUH Mblun. [Ipu
3TOM B C/lyyae KOMaH[Ipl rotate3d on B JIEBOM HHXHEM YDy MOsRIsieTcss MHDOpMa-
LM 0 TEKYIIMX YVIVIAX a3UMyTa M BO3BBILICHUS; B clyyae koMauasl rotate3d ON
aTa UHPOpPMALUA NTOJABASIETCA.

Komanna rotate3d off BeIKII0YaeT HHTEPAKTHUBHBINM PEXUM IIOBOPOTA.

Komanna rotate3d BbINONHSIET pojib Nepekmovaress U3 pexxumon on | ON B off
1 o0parHo.

CoapaHue TBepAoOM KONMM n coxpaHeHue rpadmka

PRINT _BoiBox rpadHKa Ha nevats i B Gaiin

Cunmaicuc:

print [-d<mun_ycmpoticmea>] [-<onyus>] [<uma_gaiina>)
Onucanue:

Bce apryMeHThl KOMaHABI print sSBASIOTCA HeoOS3aTC/IIbHBIMHM, TO3TOMY MX
MOXHO TIPUMEHSATD B 1000 I10CICI0BATEIBHOCTY M B JIIOOBIX KOMOMHALMAX.

Komanpa print moceuiaeT coaepXUMoe akKTHUBHOro rpapMyeckoro okHa JUls
MeYaTd Ha MPUHTEP, YCTAHOBJICHHBIN MO YMOJNYaHUIO.

Komanpa print <uma_gaiina> 3anUCHIBACT COACPKUMOEC aKTUBHOIO rpacdu-
4ecKOro OkHa B ¢aiin B cdopMare yCTpOICTBA, YCTAHOBJIECHHOIO IO YMOJYAHHIO.
Ecmu daitn ¢ TakuM MMEHEM yxe CYIIECTBYET, TO COUEPXKMMOE OyleT IeperMcaHo,
eCJIM TOJIBKO HEe MCTIoNb3oBaHa onuust -append. Ecny apryment ums gaiiza ne
MMEET pacHIMpeHUsl, TO MPUMEHAETCS PaclUMPEHKE .pPS WK .eps, B 3aBUCUMOCTH
OT TOrO, Kakoe YCTPOMCTBO OIIpEleIeHO IapaMeTpoM -d<mun_ycmpoticmea>.
Eciau 3TOT napaMeTp He ofipejiesieH, TO UCIOIb3YETCS PAcIIMpeHUe Uit YCTPOH-
CTBa, NMPUHSTOrO MO YMOJIYAHHUIO, 32 UCKIIIOYEHHMEM oMNUUK -dmeta u -dbitmap,
KOrJa colepxxuMoe rpaduyeckoro OKHa Harpasisgercs B 6ycep oomena.

B cpene MS Windows napametp -d<mun_ycmpoucmsa> MOXeT IPUHUMATD
CIIEAYIOLINE 3HAYCHUS !
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Tlapamemp Hasnauenue

-dwin YepHo-6enas rneyarbh Ha NMOAKIOYEHHOM TIPUHTEPE

-V AKTHBHM3NPOBATh JMATOroBoe OKHO Print (110 yMOIYaHMIO TIOIABIEHO)

B coctaB cucremnl MATLAB BKJIIOYEHB! CJIEIYIOLIME JpamMBepbl IS YCT-
POWCTB reyaT B ctaHaapte PostScript

IHapamemp Hasnavenue
dps | YepHo-Genas neyats B cTaHpapte PostScript yposHs 1
_-dpsc | LlpeTHas neyaTh B cTaHpapre PostScript ypoua 1.
Ldps2 ] YepHo-0esiag meyath B craHaapre PostScript yposHst 2
.cdpsc2 1 UsetHas reyats B cTanmapre PostScript yposna 2
Ldeps .| Yepro-Genag neyars B cranzapre Encapsulated PostScript (EPS) yposhs 1
_-depsc | llBeTHad reyath B craHaapte EPS yposus 1
LdepsZ Ll epHo-Genas nevaty B craraapre EPS ypostis 2
_-depsc2 | IIpeTHad reyathb B craHaapTe EPS ypoBHs 1
J8hpgl o |.Beommarorrep HP TATOA e
Lol ] BriBo B dhadint mmocTpaumi ana Adobe [llustrator 88
-dmfile | BeiBon B M- mn MAT-daiin
_-dtiff Beieoa 8 dopMatre RGB TIFF (24 6uta) co cxatveM (TONBKO [UIsi pUCYHKOB)
-dtiffn Brigon B dopmare RGB TIFF (24 6uta) 6e3 cKatnd (TONBKO ISk PUCYHKOB)
-djpeg BriBon rpaduueckux obpasos B ¢popmate JPEG ¢ dhakTopom KavecTsa 75
eeveeneeseeseriennd ATOEKO JUIA DUCYHKOB) e
-djpegnn Brison rpaduueckux o6pazon B dopmMare JPEG ¢ dakTopoM KayecTsa nn
(00-99) (ToJIbKO [/isi PUCYHKOB)

Kak npaswso, ¢aitnel B popMare PostScript ypoBHs 2 MeHbllle 110 pa3MepaM
M BLIBOOATCA Ha neyaTh ObicTpee, yeM (aitint B hopmare PostScript ypoBus 1.
OnHaKo He BCE INPUHTEPHl MOANEPXKUBAIOT (GOPMAT YPOBHS 2, IIO3TOMY HEpel
HayaIOM MeEYaTu caeayeT YOeOAUTLCS B 3TOM.

®opmar TIFF, ucrnonb3yeMslil i BeIBOLA rpaduyeckmux obpasos, moanepxaH
BCEMM TEKCTOBBIMU PeJaKTOPaMH.

®opmat JPEG - 310 dopMaT C BbICOKOH CTENEHbIO CXATHSA, KOTOPbIA HC-
[10JIb3yeTC NpU 06paboTke U300paXeHMH M Ui BKJIIOUCHHMST M300paKeHMi
B HTML-10KYMEHTHI.

JonoaHutenbuble YCTPOUCTBA, I[IOJUIEPXKAHHbBIE C IIOMOLLBIO ApaiBEpOB
noctnpoueccopa GhostScript:
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Hapamemp Yempoicmea newamu
.dlaseriet S S
Ldletplus HP Lasertlett e
JOletzp [ HP Laseddet1IP o

-dijet3 HP LaserJet 111 e e e

-ddeskjet HP Desklet and DeskJetPlus

-ddjet500 CHP Desklet 500

-dcdjmono HP DeskJet 500C (yepHo-Genmas reyate)
_dedjcolor i HP Desklet S00C (24 Guta/miKeens)
.Gcdi500 | HP Desklet S00C o
Lodedidsso L HP DESKIE 550C oo
_-dpaintjet _HP PaintJet (uBeTHas reyath)

-dpijxi _| HP PaintJet (uBeTHas neyath)

-dpjetxl HP PaintJet XL (uBeTHas revars)

-dpjx{300 HP PaintJet XL300 (1BeTHas reyats)

-ddnj650c HP Designlet 650C

Canon BubbleJet BJ10e
_Canon BubbleJet BJ200

-dbjc600 ] Canon Color BubbleJet BJC-600 u BJC-4000

-din03 DEC LNO3

-depson _Cosmectumple ¢ Epson 9- u 24-Urospyathie IPUHTEPEL

-depsonc Epson LQ-2550 u Fujitsu 3400/2400/1200 (uBeTHas neyath)

-deps9high Cosmectumble ¢ Epson 9-nronbyaTie NpUHTEPEI C TPORHBIM PaspelieHUeM

-dibmpro _9-wronvuatpie IBM-nponpunTepst

-dbmp256 | Paitn B dopmare BMP (8 6uT)

-dbmp16m Paitn B popmare BMP (24 bura)

-dpcxmono MouoxpomHubidt popmar PCX-¢atna

-dpex16 Crapblit popmar PCX-daitna (EGA/VGA, 16 usetos)

-dpcx256 Hosplit popmar PCX-caiina (256 1BeToB)

-dpcx24b Qaiin B popmate PCX (24 6uta)

-dpbm | Tlepenocumelit popmat Bitmap (npoctoii (popMat)

-dpbmraw [TepeHocKMbtit opMmar Bitmap (HeoOpaboTaHHEI dopmar)
Jdegm Ieperocumenit popmar Graymap (npoctoit gopmar)

-dpgmraw | TlepeHocumplid dopmar Graymap (HeoOpaOOTaHHbIA dopmar)
..-dppm ..J..Hepenocumpiit popmar Pixmap (npocto#t dopmar)

-dppmraw TTepeHocumnlit popmar Pixmap (HeoOpaboTaHHbIM (opMar)

CHCJIYPOHU/IC OIIIMH TOAACPKNBAIOTCH Ha BCECX BBIYMCIUTCIIBHBIX rmaT(popmax.
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Hapamemp Hasznavenue
-tiff Ho6asuts Kk dopMaty Encapsulated PostScript npensapvte;bublid
.................................. MpoCMOTp UBCTHAIX 0Bpasoe B popwate TIFE
'-loq_?(.e. AAAAAA Yuurnisath QRQ?S{{!{‘_F‘P“ YICTIO/1b3OBAHMM YCTPOICTB EPS u PS
-cmyk o _ﬂlﬁlcnonwos'z'nb na.rmrpyCMYK BMecTo RGB B ¢popmare PostScript
-append | Hobasuts x cyuiecreylomemy Gaiiny PostSeript ..
mumber OnpencnuTs, paspeutcie B CHMKMIY TOTKQ/MOM
-adobecset Hcrionesonats 1o ymondarmio Habop cumsonos PostSeript
-fhandle . BbiBecTH Ha neyaTh rpaduHecKuil oOLeKT ¢ YKA3aHHBIM JAECKPHITOPOM
s ] A0 YMOMMAHUIO TCKYWNA 0ObKT Figure)
-swindowtitle Brisccrn Ha neyath okBO cucteMbl  SIMULINK  rpaduueckuit
..................................... OBBeKT ¢ yKA3AHHBIM JMCHEM (110 YMONYaHWIO TeKylad cueTeMa)
painters ... | BUIBECTH, NCTIONEIYS ANTODUTM PUCOBAHMA oo
cZbuffer .| Burscctit venombsys Z-OyRep
-nout [ToaaBuTb BLIBOA HA (1¢4aTh YIIPARTSIOIWMX MEMEHTOB rpadudeckoro

HHTepdeiica Nonb3oBaTens

Conymcmeyrwwue @yuxyuu; FIGURE, ORIENT.

ORIENT Pa3melneHue TBEPAOH KOMHH HA CTPAHHLE

Cunmaxcuc:

o = orient

orient landscape

orient portrait

orient tall

orient(fig)

orient(fig, <opuermayus>)
Onucanue:

Komanibl rpynnbl orient yCTaHABIMBAIOT 3HA4YeHUsi CBOMCTB PaperOrientation
# PaperPosition rpacdnueckoro obbvekrta Figure.

®vHKMA 0 = orient Bo3BpallaeT CTPOKY, KOTOpas YKa3biBaeT CHOcod pasMc-
LLICHHS TBepAOH KOMNUH Ha CTpaHuile. DTo - portrait, landscape, tall. Opuerrauus
portrait o3Hayact, YTO HAMOOJBLIMK PA3MEP OPUEHTHUPOBAaH CBEpPXY BHU3; Taxas
opveHTaUNa Mcronb3yercest 1o ymondyanuoo. OpreHtanus landscape o3Havaer,
4TO HAMGOIbLIMI pa3sMep OPMEHTHPOBAH CjicBa Hailpapo. Pasmeruenne tall osuayvacr,
qTO 1IpH OpHCHTALIMK portrait rpaduK 3aHUMUCT BCIO CTPaHHUILY.

Komaria orient landscape pa3meinact TBEPAYIO KOIMIO TpadUyeckoro OxkHa
Ha HOJHVIQ CTPAHMILY ¢ OpHeHTauuel landscape.

Kosmania orienl portrait pasMelIacT TBEPIYIO KOTIHMIO IPAgGHYCCKOIO OKHA
B UDSIMOYI QUIEHUKC ¢ OTHOWICHHCM CTOPOH 4/3 B cepeiiHe CTPaHMLbL.
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Komanna orient tall pasMemaer TBepaylo KONUIO rpapMyeckoro OKHa Ha
ITOJIHYIO CTpaHMLy ¢ OpMeHTauMen portrait, octapisisi OTCTyI OT Kpasi 1/4 miofima.

Komanpa orient(fig) Bo3Bpaiuiaer opucHrauuio rpaguyeckoro obbekra Figure
¢ JecKpunropoM fig.

KoManga orient(fig, <opuenmayus>) ycTaHapiMBaeT yKa3aHHYIO OPUEHTALIMIO
g rpadpuueckore obbexTa Figure ¢ geckpunropou fig.

Conymcmayrowue gpynxyuu: PRINT, SET.



11. NAKET NPUKJIAOHbIX MPOrPAMM
NOTEBOOK

B cocras nporpamMmHoro obecrieueHus cucreMbl MATLAB Bepcuit 5.X BKITIO-
YEHO HOBOE CPEACTBO U CO3JAHMA “XUBBIX” KHMI, TO €CTh KHMI, KOTOpbIC
MOTYT ObITh BBIMHCCHBI U3 cpelibl peaaktopa Microsoft Word, Takum cpeacreom
seisiercst TITT Notebook.

IHonsmue M-kummu. JJoxyMeHT, co3manubiii B cpege [ITTIT Notebook, HasbiBaercs
M-KHHTOH. M-KHHIa BKJIIOYACT TEKCT, KOMaHAbI cMcTeMbl MATLAB M pe3yabTaTtel uX
BBINOJIHEHMS. Ee MOXHO TpeacTaBisaTh cebe MMbo Kak 3alMCh Pe3y/IbTaTOB MHTEpaK-
TUBHOIO CeaHca paboThl, CONPOBOXIAEMYIO TEKCTOM, JIMOO KaK JIOKYMEHT,
B KOTOPbid NOMELLEHBI UCTIONHIAEMbIE KOMaHAbl CUCTEMBI MATLAB ¥ MX pe3y/IbTaThl.

Ma6aon M-kuaru. IIpu co30aHMM WIM pEJAKTHUPOBAHUM M-KHHUIM DERaKTOD
Word ucnonb3yer cneuuanbHplii wabnon M-book. 3ror mwabsion nossossier no-
JNY4UTh JOCTyll K cucteMe MATLAB #3 JOKyMeEHTa perakropa Word U ynpasiATh
ero GopMaTUPOBaHUEM.

Koraa co3paerca wiu oTkpsiBacTCs M-KHMra, 1abyioH:

«  3anyckaer cucteMy MATLAB, ecn OHa He ObUIa 3alylieHa, U TIOAACPXUBACT
JTMHAMHYeCKMHA 0OMeH naHHbIMU MeXay Word 1 MATLAB Ha OCHOBE MHTEp-
deitca DDE (Dynamic Data Exchange);

«  COHEPXUT MakpOKOMAaHB!, KOTOPhIE ITO3BOSIOT cucteMe MATLAB 06paba-
TBIBATh CHELHAIBHBIE THUIIBI S4YE€€K, B KOTOPBIE 3ANMCLIBAIOTCH KOMaHbI
U onepatopsl A3bika MATLAB ¥ pe3yibTaThl UX UCIONHEHUS,

. noaaepxusaeT B peaakrope Word meHio Notebook;

»  TIOAUEPXUBACT CTUIIM JJIS TEKCTA U AYEeK.

Pa6oTta B cpepe MMM Notebook

Hns toro yrodel Hauyath pabory ¢ IIIIIT Notebook, HeobxoauMo mpexiae
Bcero 3anyctuth pemakrop Word. Cnenyrommit mar coctout B TOM, 4Tobbl MO0
OTKDbITb HOBYIO M-KHHUTY, JINOO HPOLOKUTh PEaKTUPOBAHME CYNICCTBYIOLLEH.

Co3nanue HOBoi M-kumrd. s aToro cieayeT BBIOpath oniuuio New u3 MeHIO
File pemakropa Word; 3areM B 3TOM [MQJOTOBOM OKHE BbIOpaTh wAGKOH
M-book.dot (puc. 11.1).
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New

General ‘ Leé;ers&Fages] YME(II'IOSl Bep s] '

w |

o
Blank

Document

Puc. 11.1
Pepakrop Word co3gaeT HOBbIM JOKYMCHT, HCHONb3ys wwiabaoH M-book,
nobasisier MeHIO Notebook u 3anyckaer cucremy MATLAB (puc. 11.2).

W Microsoft Word - Jloxyment2 ‘ !E

@ Daiin [gpam(aE ‘Bun Berasea mopga CepBic Taﬁmua Na(eboo Flepesoy ' OkHo | :_1

Dl@IIJ*@i&M FQHI@JW-J i xixalm ';IJE ‘am{mz
iostHbM _J ]TmesNewHoman _j 110 ] )I(l,{('glgé ’rgsigi §:!::]§E
1 %]E]I} nillll llli:"; __| M @1 | | »

3 ! 4 ! 5 v Al
iCp 1 Paza 1 11 ‘Ha 1™ Cr1 Kot SRR
Pyc. 11.2
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11. MNaker npuknannsix nporpamm Notebook

Pepakruposanuue M-Kuury. ist TOro 4ToOBl 1IPUCTYIUTD K PEAAKTUPOBAHMIO YXKe

CYLUECTBYIOIIEN M-KHUIM, HAZO BBIMOJIHUTh OAHO M3 CICAYIOIUUX NEHCTBHIA:

«  3amycTuTh pejgakrop Word M OTKDBITH CYLIECTBYIOUIYI0O M-KHUTY, UCIIONb3YS
onuuio Open u3 MeHIO File;

. 3anyctuth peaakrop Word, BBIOPaTb M OTKPBITE M-KHUIY M3 CIIMCKA MOCIENHUX
PENaKTMPOBAaHHbBIX JOKYMECHTOB M3 HWXXHEH YacTH HUCTanatoulero MeHio File;

«  ABaXJbl IUEJKHYTb Ha fOKyMeHTe M-book.

Penaxtop Word oTKpbIBacT HOKYMEHT, UCIOAb3ys wabaon M-book, crapryer
cructeMy MATLAB, eciim oHa He Oblna akTUBHOM, U no6aBssieT MeHio Notebook,

IIpeobpa3oBanne poxymenta Word B M-kuury. /{j1st TOro 4ytobbl KOHBEPTHPOBATH
CO3llaHHBIA paHee B peaakrope Word JOKYMEHT B M-KHHUTY, HeOOXOIMMO
BBIMOJIHUTG CNEAYIONIME 1IATH!

1.  OTKpbITh HOBYIO M-KHHTY.

2. Bnibpars onmmio File n3 mMeHio Insert.

3. BoiOpate ¢aiin, KoTopblil 4OIXKEH OBITh TPEOOpa3z0oBaH.

4. Haxarp knaBuly Enter.

Hanucanue M-kHurn

Harnucanue M-KHUIM CBSI3aHO C BBOJOM TEKCTa, @ TaKXKE ONEPaTopOB MU KOMaHI
cuctembl MATLAB.

BBoa Tekcra. Drta onepallMsi aHATOTMYHA BBOAY TEKCTa B ITPOM3BOJILHBIN JIOKY-
MEHT, co3gaBaeMblil B pemakrope Word. Mcrnonb3ysl pasjiMuHble CTHIIM, MOXHO
YIpasaath WPUGTAMU U APYTHUMU aTPUOYTAMHM NpPEICTABICHUSA TEKCTA, OXHAKO
CNIeyeT UMETH B BUAY, YTO MO YMOJYAHMIO [UISL TEKCTA MPUHAT cTiIb Normal.

Beoa onepaTopoB ¥ komaHa cHcremMbl MATLAB. [1ns 3anucd KOMaHi M OfEpaTtopoB
cucteMbl MATLAB ucnonb3yloTcs crneliyalbHbie suelxu 68oda, KoTopbie JuGO
BKJTIOYEHBI B TEKCT, JIMOO COCTOSIT U3 OJHOM MIIM HECKOJIBKUX KOMAHIHEBIX CTPOK.
s co3manus BXOAHOM AYEHKHU ClIEAyeT:

1. BsecTu xoMaHay B BMAE TCKCTAa M, HE HaxXuMas KJaBuiuy Enter, ocraBuTh

KypCcop B KOHIIC TEKCTa.

2. Boibpars komanay Define Input Cell u3 menio Notebook nubo ucnosnb3oBaTh

KomOuHauuo kiasuiu Alt-D.

[TITIT Notebook orpesensier KOMaHy Kak svelky 660da, NoMeLUasl €¢ B CreLH-
aIbHBIE CKOOKM M OPMATUPYS CMIELMAIBHBIM CTUIEM. Bce BXOHHBIC SYEAKM OTMeE-
YAIOTCS KMPHBLIMK CKOBKAMK CEpOro LIBETa, KOTOPbIC CYLIECTBEHHO OTAMYAIOTCA OT
CKOBOK, UCITONb3yeMbIX L1 0B03HAYCHUST MATPHULL PA3MEPOM U LUIMPHUHOU; IS M30-
OpaKeHUs CUMBOJIOB - XUPHBIK WPHGT TCMHO-3C/ICHOIO 1iBETA.
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Wcnoynenue xomMana. [ns Toro 4ytoObl BBIMOJHUTE KOMaHAY cUcTeMBI MATLAB,
paHee He OTPEACTSHHYIO B KaYeCTBe BXOIHOM sSYeHKHU, HEOOXOIMMO:

BpecTn KOMaHAy KaK TeKCT, OCTABUTb Kypcop Ha STOM CTPOKE B KOHLIE TeKcTa
Y HE HaXMMarThb KiaaBuily Enter;

1. Bpectu xoMmaHay B BUjE TEKCTa M, He Haxmmas KiaBuluu Enter, ocTaBuTth
Kypcop B KOHIIE TEKCTA.

2. BriGpars xomangy Evaluate Cell uz menwo Notebook nuGo ucrionb3oBaTh
KoMbuHauuo knasui Ctri-Enter.

TIITIT Notebook kpome stueek BBOIA MCIIONB3YET TAKXKE SIYCHKHU BbIBOAA, YTOOBI
COXPAHMTb BbIYMCJIEHHBIE Pe3y/ibrarhl. SYeKM BbIBOJA CIIEAYIOT HEMOCPEACTBEHHO
3a SYeMKaMHU BBOJA M NMOMEYAIOTCS CIELMATBHBIMU CKOOKAMM, [UIsi BBIBOJA YMCEN
Y TEKCTAa UCHOJB3YIOTCS CUMBOJIbI CHHETO 1[BETA; COOOMIEHHUA 06 OITMOKaX BHIBO-
JSITCS CMMBOJIaMU KPacHOTO LBETA.

IHpumep:
1. HarmevaraeM B ctpoke koMmaHay cucreMsl MATLAB: a = magic(3)

2. Hcmonbzyem xkomannpy Evaluate Cell u3 meHo Notebook mnu xoMOuHauuio
krapuur Ctri-Enter.
[ITITT Notebook oTo6pa3ut KoMaHAy KakK syeiiKy BBOAA M BHIBEACT PE3yJIbTaT

B SIYEHKY BBIBOJA:
a = magic(3)

a:
8 1 6
3 5 7
4 9 2

MpHorocTpoysbie syeiikd BBOJA. EciM BBOASTCS KOoMaHAbl MATLAB, KoTopble
3aHMMAIOT HECKOJIBLKO CTPOK, TO HEOOXOAMMO 00S3aTe/IbHO BbIAECIUTH BCE CTPOKM,
4yT0o0BI TGO ONPEACTUTh UX KAK SUCHKU BBO/A, TUOO BBIYUCIUTD MX.

ABTOMATHYECKAsA HHMIHAJIH3AUNA KoMaHa. J[J1s1 aBTOMAaTHYECKON MHULIMATA3ALUU
KOMAH/I NIPY OTKPBITUM M-KHHUIM HeOoOXOOUMO OIpEeAcAUTh KOMAHIbl KaK Aveuku
aemocmapma (autoinit cells). B1o Haubonee ObICTPBIN U npocTol criocod dop-
MUpoBaHUAa paboyeil obnactu. fueiiky aBTOCTapTa -~ 3TO TE Xe STYSHKM BBOJA CO
CJIEAYIOIIMMU AOTIONHHUTEIbHBIMU CBOMCTBAMU:

«  IIIIIT Notebook BbiumciisieT siueitky aBrocTapta Ipy1 OTKPLITHM M-KHUIH;
«  KOMaH[bI B SiYCKaX ABTOCTAPTA U300PAKAIOTCS CUMBOIAMU TEMHO-CUMHETO LIBETA.

Co3nanue sveex aBrocrapra. Co3narh sYeHKU aBTOCTAPTA MOXHO JBYMsI CIIOCOOaMU:

1. Bsecru KOMaHAbl B BUIC TEKCTA, a 3aTCM OIPEIC/IUTh UX KaK SYCUKY aBTO-
crapra, ucrosb3ys koMmanay Define Autolnit Cell.

2. Ecin xoMaHObl onpedefeHbl KaK suciika BBOZA, TO €€ MOXHO KOHBEPTHPOBATb
B stYEHKY aBTOBBLI3ORBA, MCTOb3ys KomaHay Define Autolnit Cell.
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IIpumep:
a = magic(3)
a =
8 1 6
3 5 7
4 9 2

IIpuHyauMTe/ibHOE BBIMHCJIEHHE SYEHKH aBTocTapTa. [ TIPMHYIUTEIBHOIO
BbIYMCJICHHMS STYSHKH aBTOCTApTa CJIEAYeT:

1. Tlo3uumoHMpPOBaThH Kypcop B siUeiiKe aBTOCTapTa.
2. Hcnonssosars koMaHay Evaluate Cell wiu coyeranne xnasuiu Ctrl-Enter.

OObeguHeHue KOMaHA, B rpynnbl

IIIITT Notebook no3BonseT BBOOMTH ITOCNEAOBATEIBHOCTh KOMaHI CHCTEMBI
MATLAB u paboTath ¢ Hell KdK ¢ IPYIIOHN suyeek BBoda. Ipynna seex - 310 MHOTO-
CTPOYHAas SMeiiKa BBOAA WIKM aBTOCTAPTa, KOTOpas BIUIIOYACT Oosiee ONHOM KOMAHTIBI.

B rpynmy sideek Heib3sl BKJIIOYATh TEKCT WIM SYEHMKHM BbIBOAA. Pe3ynpraThl
BBIMMCJICHUS TPYOIIBl IYEEK XPAHSITCS B ONHOM S4YeiiKe BbIBOMA, KOTOPasi pacio-
JIaTAeTCS HEelOCPEACTBEHHO 3a IPYNIION sSYeeK BBOJA.

IIpu cospanmu rpynnel syeek ITIITT Notebook ompenessier ee xak s4yeilKy
BBOIA, €CJIM TOJBKO IIepBasi CTPOKA He SIBISIETCS SYEHKOM aBTOCTApTa; B IIOC/IEIHEM
cJiydyae Bcs Ipynia oObABISeTCS SYEMKOM aBTOCTapTa.

Eciu rpynna syeek BKIIOYAECT KOMAaHAbI, KOTOPHIE MPOM3BOAAT TEKCTOBBII
WM YMCJIOBOM BBIXOJ, @ TAaKXe KOMaHabl rpadu4eckoro BBEIBOLA, TO YHCIIOBBIC
JaHHbIC MU TEKCT BCEraa BBIBOMATCS IIEPBLIMM, HE3aBUCUMO OT JAEMCTBUTEILHOM
110CJ1eI0BATENILHOCTY KOMaH 1 B IPYIIIIE.

Ipynnbl syeek 4pe3BBIYAHHO TIONE3HBI, KOLA HECKOJIBKO KOMaH[ TOMHO-
CTBIO 33ja10T rpaduyeckuit obpas. Ecim 310 caenaHo MMEHHO Tak, To GOpMUPY-
eTCSl eJIMHCTBEeHHBIA rpadMK, KOTOPBIM OTpaXaeT BCe CBOICTBA, 33JaHHbIE B KO-
Mangax. Ecan xxe xoMaHza nocrtpoeHusi rpadpuxka opopmicHa B BUIE OTICABHOMN
AYEHKH, TO BBIYUC/ISIEMBIE SYCHKU TCHEPUPYIOT MHOXECTBO IrpadUKOB.

Co3ganne rpynnsl ssueeK. Uit co3gaHus rpyIisl siueek HeoOX0AMMO:

1. BbuieauTs syeiiku BBOAA, KOTOPhIE MPCAIonaracTcs 0ObIUHUTE B TPYIIY: CCIN
B COCTaBe BBIICJCHHBIX OKA3WIMCh AYCHKM BBIBOJA, TO OHM YIAISAIOTCS, CCJIU
BbiAENCHHBIM (PPArMEHT BKJIIOYACT TEKCT, TO OH padMelliaeTcA IOCHe IPYIinbi, 32
HUCKTIOYEHUEM TOrO CJlyyast, KOLAA TEKCT MpeJLICCTBYET IEPBON sYeiKe BBO.A,
eCJIM OKAa3a1ach BBIICJCHHONH 4acThb WM BCH siYeliKa BBIBOJA M HC 3arpoHyTa
siyeiiKa BBOIA, TO B IPYITY BKJIIOYAETCS COOTBETCTBYIOLIAS BXOAHAs s1YeiKa.

2. Ilpumenurs komanny Group Cells nian xombuHanuio xiasuum Alt-G.

[TITIT Notebook rpeoGpazoBpiBaeT BhIAENCHHBIC sUeifky B OOLLYIO pynny u 3a-
MCHSIET MapKephl sIUEEK €AMHCTBEHHON Napoi cKoOOK.
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Boruncaende rpynnbl sdeek. s BblUMCeHUsT TPYMHbl S49€eK HEOOXOLMMO
BBIITOJTHUTE T€ XK€ OTEpalliy, YTO M IS BBIIIOJTHEHHUS STUEHKM BBOJA, @ UMEHHO:

1. TIo3uiMOHMPOBATH KypCOp B JIIOOOM MecTe IPYIIIb! SueeK WIK B SYEHKE BbIBOLA.
2. HUcnonb3osate komanny Evaluate Cell nnu xom6uHauuio xnasui Ctri-Enter.

HpI/I BBIYMCJIICHNHW TPYNNbI AYCCK PE3yJibTar pasMeIIacTCsa B €IMHCTBEHHOM
siyelike BbiBoga. I1o yMOMYaHMIO siuedKa BBIBOZA DACloyaraeTcsl Cpasy 3a Ipymrioi
siyeeK, KaK TOJIbKO HAYMHAIOTCS BbIYMCIEHUS. ECIM BBIYMCICHHUS BHITIOMHSAIOTCS
HPpH HATUIMH AYCUKU BbIBOJA, TO PE3YJIbTAaT IMOMCIIACTCA B HEE.

Hpumep:

3T0T NpUMEDP TOKa3bpIBACT LIaryk, CBA3AHHLIC C npeo6pa3OBaH14eM g4YeeK
BBO/Ia B TPYIIIY SYEEK U MOCTAEAYIOLIMM €€ BHIYMCIICHUEM.
3amnmcaTes fS4YEeVKM BBOLA:

t = 0:pi/10:2*%pi;

[X, Y, 2] = cylinder (4*cos(t)+1);

mesh(X, Y, Z)

BRIOEIMTL SYEMKHM:
t = 0:pi/10:2*%pi;
[X, Y, Z] = cylinder(4*cos(t)+1);
mesh(X, Y, Z)
pyMeHUTsL xoMaHny Group Cells, 4yToGBl CO3HATL IDEYIINY S4Yeek
t = 0:pi/5:2*pi;

[X, Y, Z] = cylinder(4*cos(t)+1});
mesh (X, Y, Z)
UToOk BBIUMCIIMT Trpynny ayeex, BOCIHOJIb3YUTECH KOMaHOon

Evaluate Cell wmmm xoMbuHauumeM kjaBum Ctrl-Enter.

Ha sxpan GyneT BeIBEACHO TO Xe, YTO M300paxeHo Ha puc. 11.3

Puc. 11.3
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Wcnonb3oBanne komana u onepartopoB MATLAB BHyTpM TekcTa

[ITIIT Notebook mnosponser nomMciuath KOMaH/bl M oreparopbi MATLAB
HENMOCPEACTBEHHO B TEKCT CTPOKM MM naparpaca. st 5TOro Hago BHINOJHUTD
TaKyIO ITOCJ/IeI0BATENLHOCTD ONEepalnit;

1. HaneyaraTb TEKCT BMECTE C OIIEPAaTOPOM MJIM KOMaHIOM.
2. BbluenuTb B TeKCTe KOMaH/y WK OfNeparop.
3. Tlpumenuts koMaHay Evaluate Cell wim xombuHaimto kiaBui Ctrl-Enter.

PaccMOTpuM 3Ty BO3MOXHOCTh Ha CIEAYIOLIEM TIpHMEpE.

IIpumep:
Komanga z = magic (3) reHepupyeT MarMyeckuil kaapar pasMepa 3x3
zZ =
8 1 6
3 5 7
4 9 2

Kax moxazsigaet arot nipumep, TITIIT Notebook npeobpa3oppiBacT KOMaHIy
B SIYEHMKY BBOJA, IIOCHUIAET HA HCIIOJIHEHUE B CUCTEMY MATLAB M BBIBOAMUT
pE3YNABTATHL B siYyeHKe BLIBOAA.

30HbI BhYUCREHAA

CylLecTBYET BO3MOXHOCTh pa3dMBarh M-KHUTY Ha aBTOHOMHEIE CCKIIMH, HA3bI-
BACMbIE 30HAMU BbiMUCAeHUE. 30HA BBIMUCICHHUI - 3TO HEIIPEpBIBHBINA GJIOK, KOTODBIi
BKJTIOYAET TEKCT, SSCUKHM BBOJA U BBIBOJIA, CBA3AHHBIC C OMUCAHHEM HEKOTOPOH Ofle-
pauuu wiu rpodaeMsl. TIITIT Notebook onpenessier 30HY BBIYUCIEHHI KaK CEKIHIO
IOKYMEHTa Y TIOMEYaeT ¢ HA4yalo M KOHELl, 33 UCKIIYCHMEM Hayana M KOHLA HO-
KyMEHTa. M-KHHIAa MOXET COAEPXaTh JI000E KOJUYECTBO TAKUX 30H.

IlperiogaBaTeN M MOrYT HCHOJbL30BaTh 3TY BO3MOXHOCTB, YTOObLI TOAIOTO-
BUTb, HanpuMep, MHOXECTBO KOHTPOJIbHBIX BONPOCOB WiIM 3amady. Onpejenss
JUIS K&KO0W 3a7a4d 30HY BHIYMCJICHUH, MOXHO CO31aBaTh M OTJIAXKMBaTh MX aB-
TOHOMHO. CTOMT OTMETHUTh, YTO IEPEMEHHBIC OTAEJILHOM 30HBI HE ABJISIOTCH
JIOKQJIbHBIMU MEPEMEHHBIMHM TOJIBKO 3TOH 30HbI.

3ananne 30H BhIUMCIeHdH. KaK TOJBKO HANMCAH TEKCT M CO3/aHbI STYCIKH BBOAA,
MOXHO OIPEACTINTL 30HY BBIYMCIICHUHI, UCIIOB3YS CHCAYIOIIWE WAry;
1. BrizenuTb gyeiku M TEKCT, BKIIOYAEMBbIE B 30HY BBIYMCIICHUH,
2. Tpumecuuts koManay Define Calc Zone.

Ecniu B 1oKyMeEHTE yxKe CYILECTBYIOT KaK SYeiKM BBOJAQ, TAK U SYCHKM BbIBOAA,
TO HPH ONPCACICHUM 30HBI BEIMUCICHUA JOJLKHBI ObITh BBIICJICHBL U T€ U APYTHE.

Boluncsienne 30u. Ui Toro 4YTOOBl MCIONHUTL KOMAH[Abl 30HbI BbIMHUCICHMH,
HEeo0X0AUMO:
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1. TloamuuoHMpoBaTh KypCcOp B 30HE BbIYMCIICHUIA.
2. Tlpumenuts KoManay Evaluate Calc Zone win xomOuHaumo kiasui Alt-Enter.

TITIIT Notebook mochiiacT Kaxayr fuyeilky BBOAA U3 30HbBI BBIYMCICHMH
B cucremy MATLAB mist ucrnonHeHusi. Tlo ymonuanuio Notebook pasmeiuaer
A4YEHKY BBIBOJA Cpa3y HoOCJe 30HbI BbIYMCIICHHIl. Eciiv 30Ha BbIYUCAEHMH BKIIO-
YaeT AYEHKY BBIBOJA, TO PE3y/IbTar IOMEIIAETCS B 3Ty SA4eiiKy, rae Obl HU ObuIo
€e Pacro/IoXECHHE B CO3/1aBacMoil M-KHHrE.

MpeobpazoBaHve s4elikn B TEKCT

HOnsg rtoro yr1oOBl npcoOpa3oBaTh A4YEHUKY BBOJA (SUEHUKY aBTOBBI3OBA WIU
Ipyniy g4ecK) B TEKCT, HEOOXOAMMO:

1. Tlo3umoHMPOBATH KYyPCOp B JIIOGOM MeCTe SUCHKH.
2. TIpumenurs koManay Undefine Cells wiu kombuHauuio xiasui Alt-U.

Notebook npeofpa3syer a4eiiky B TEKCT, MpUMeHsist cTWIb Normal, 11pu 31oM
syeiika BHIBOAA BO BHMMAHUE HE NPUHMMACTCS.

Boinecenne oxna MATLAB Ha nepeaumil miam. [{ns pasmerieHusa okHa MATLAB

Ha MCpejHeM IUTaHe CIEAYET MCIIONb30BaTh KoMan iy Bring MATLAB to Front.
[Monnepxanue LiesocTHocTH paboueit obnactu. Korna B oyHoM ceaHce paboThl

¢ peaakropom Word obOpabareiBactesi Oonee OaHOI M-KHMIHM, BBITOJIHSIIOTCSA

CJIEAYIOIUUE YCIOBUS: ’

+  BCe M-KHHIM MCHOJIB3YIOT OHY WU Ty XE KOIMMIO CHCTeMbl MATLAB (oaun
npolecce);

+  BCC M-KHHMIU MCITOJIB3YIOT OJHY M TY Xe pabouyio obaacTs.

Eciu HeCKONBKO OJMHAKOBBIX MUMEH ISl IICPEMEHHBIX MCIIONb3YIOTCA B He-
CKOJIbKMX M-KHHMIaX, TO BO3MOXHO MX B3auMHoe BaustHue. UTobbl obecieuuThb
LEJIOCTHOCTL pabouci o0nacTy AN KaxIOod M-KHHUIH, Hafo B IEepBO#A AYeilke
ABTOBBI30BA ISl KaXA0H M-KHUIY ONMpPERCIUTh, KOMaHLy clear.

Boiuucnenue ayeex

M-KHUIY MOXHO paccMarpuBaTh Kak JHEBHMK CE€aHca paboThl C CUCTEMOM
MATLAB, npu 3TOM B M-KHUIe aKKypaTHO OTCJIEXMBAIOTCS BCE CBA3UM MEXIAY
WCTONB30BAHHBIMU oneparopaMy. OfHAKO, ec/iM MPUXOAMTCS U3MEHSTb WU
VAATISATh slYeWKY BBOAA B IpOLECcCe HAMMCAHUS M-KHMIM, HAAO TOMHUTb, YTO
Notebook He BBIMOJHSET ABTOMATMYECKOTO MMEPEBLIYUCICHUS sUeeK, KOTOPBIC
MOTYT OKa3aThCsl 3aBUCUMBIMM OT BHECEHHBIX M3MeHeHHUU. B pesynprate moxer
0Ka3aThCAd HAPYWEHHOH HENPOTHBOPEYUBOCTh HAHHBIX.

IIpu pabote Ham KHUTOM LENCCOOOPA3HO NMECPHOIMUCCKH TIPUMEHSTh KOMAHY
Evaluate M-book, uy100bl rapaHTMpOBaThb HENPOTHBOPCUMBOCTL HWCIIOAb3YCMBIX
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IAHHBLIX, MOXHO NPUMEHSITb MEXAHW3M 30H BbIUMCICHWH, YTOOLI ODLEIMHUTHL
CBSI3aHHbIE KOMAaH/Ibl B OTICIbHYIO CEKUMI0 M-KHHMIM, a 3aTeM IPUMEHUTE
koMmanay Evaluate Calc Zone, 4yToObI UCITOIHUTD HX.

B arom pasgene rpusciicHBl OCOOCHHOCTH BBIYMCIIEHMS OTHEJIBHBIX AYeek,
NOCJICAOBATEIBLHOCTH SIY€EK, BLIYMCICHUIA B LIMKJIC M BbIYMCIEHUS M-KHHUT.

Borunciienne sdeeKk BBOJA, fYeeK ABTOBBI30OBA M rpynn sdeek. /Ui Toro uTtofnl
BBIYMCJIUTh TAKME STYCHKHU, HEODXOAUMO:

1. Tlo3uuuoHupoBaTh Kypcop B MOOOM MecTe si4eiiKK BBOZA WIM B COOTBETCT-
ByIOLIeH siueiiKe BBIBOJA.

2. TIpumenuts Komanay Evaluate Cell unu xomOuHauuio kinapuiu Ctrl-Enter.

Ecnu auyeiixut BerBoga oTCyTCTBYIOT, TO Notebook pasmeniaet ux cpasy nocie
g4yeiiKi BBOJAQ; €CJIM SIMEHKM BBIBOAA YK€ CO3JAaHBI, TO HOBBIE Pe3yNbTaThl pai-
MEILAOTCS B HUX, Ta¢ Obl B KHHATE OHU HY HAXOAWIMUCH.

Borauciaenne nociieoBaTeNIbHOCTH sieeK BBOAA. J[1s BeluMcieHHs Gojee yeM
OIHOM KOMaHAbl WJIM onepatopa cucteMbl MATLAB, pa3MeIlleHHBIX B pasHbIX,
HO HEMPEPLIBHO CJICAYIOIIMX OHA 3a APYrou siyeiikax BBOAa, HEOOXOAMMO:

1. BbLIENMTD MOCENOBATE/IBHOCTD STUECK U TEKCT, KOTOPBIN BKIIOYACT STYEHKH BBOZA.

2. Hpumenuts komaHay Evaluate Cell win xomOunaumo Kiasum Ctri-Enter.

Notebook BblYKCISET KaXaylo sYEHKY BBOJa B BbIAEAEHHOM (parMeHre,
co31aBasi, eciu HeobXOANMO, SIUCKKM BHIBOAA WM pa3Mellasl pe3ysbTaTr B Cylie-
CTBYIOLLIUX STUEHKAX.

Boruncienne M-KHMrH B 1iesioM. [[isi 3TOTO ClieyeT UCIIONB30BaTh KOMaHy Evaluate
M-book wim xombuuanmio xmasuin Aft-R. ITTTIT Notebook HayuMHaer BBIYMCIECHME
M-KHHUIHA C CaMOro Hayaja, He3aBUCUMO OT MeCTa PACIONIOXEHHS Kypcopa, W Bbl-
yuensteT Kaxiaylo sueiiky. ITo mepe BoruucicHus Notebook BKIOYAaeT HOBBIE SHEHKU
BbIBOJIA WJIM Pa3MELLAeT PE3y/IbTaThl B CYLLICCTBYIOLIIMX SUEHKAX.

Kontpob BbMHCIEHHA A4eeK. 1151 KOHTpOJsST pe3yNbTaTOB WCIIONHEHUsST sSueeK
TIPU BbIYUCACHUN M-KHUTHU PEKOMCHIYETCS HCIIONb30BaTh OMHI0 Stop evaluating on
error. Eciu onuMsl BKIIOYEHA, TO MPY BO3HWUKHOBCHUM OILUMOKM AaidbHeiiluce
BBIYMC/ACHUE TIPEKPAILACTCS;, CCAM HET, TO BBIYUCACHUS BBITOJNHSIIOTCA I10J1-
HOCTbIO, HE3ABUCHMO OT UMEIOLIMXCS OHIUOOK.

Boiunciaenue 304, g BeIYUCIEHUS 30H HEOOXOAUMO:
I. Tlo3uUMOHKUPOBATH KypCOD B JIIOOOM MECTEC 30HBI.
2. Ilpumenurs komanay Evaluate Calc Zone unn xombuHaiwio kinaeuin Alt-Enter.

Notebook BblYMCASIET 30HY HE3ABUCHUMO OT MeCTa PAacIONOXEHUS Kypcopa
M CO3/4CT, €C/IM HeOOXOAMMO, SYEHKM BbIBOJAA MJIM pPa3MELIACT Pe3yiibTal B Cy-
LIECTBYIOILIUX STYeHKax.
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Boiyucienue koMana B uukiae. L1 TOro 4ToObl BHIYMCIWUTE I10CEA0BATCIIBHOCTD
KOMaH/] [TOBTOPHO, HEOOX0AUMO:

1.

BoliaeanTs Aycitky BBOAA, BKIIOYAS TEKCT M SYEHKM BBIBOAZ, PAa3MCLUEHHDIC
MeXJ1y HUMMU.

2. TlpnumeHuTs KoMaHny Evaluate Loop unu komMbGuHanmio kiasuii Alt-L
ITII1 Notebook BbIBeET Ha 3KpaH CICAYIOLIYIO JIMAOTOBYIO TlaHe b (puc. 11.4).
[a B aluate Lo » v
8 1 6 op
3 5 7 e
4 9 2] Loop Count:
i Stop After;
[d=a+al '
[ -
z58 32 1892
26 180 224
128 28E £4]
Puc. 11.4
C 1OMOLUBIO 3TOH AMATIONOBOI TTAHEIM MOXHO PEATM30BaTh CJIEAYVIOLME OIepaLvu:
. 3agatb B none Stop After KoAMYECTBO UMKIOB BBIMMCIECHMH KOMaHi WIH
OnepaTopos;
«  3aNyCTMTb BBIYMCJICHMSA, MCIIOJIb3YsSl KHOIKY Start, KoTopas Ipu 3TOM
WHBEPTHUPYETCS B KHOMNKY Stop;
«  IIPMOCTAHOBMTH BLINIOJHEHME KOMAaH/ C TIOMOILbIO KHOIMKM Pause, koropas
HpH 3TOM npeobpa3oBbiBaeTcsl B KHOMKY Continue;
«  HM3MEHHMTb CKOPOCTH BBIYMUCICHHMI C ITIOMOLLBIO KHOTIOK Faster 11 Slower;
«  IIpepBaTh BHITOJHEHHUE LMKJIIA, HCTI0IL3YsT KHOIIKY Stop.
Hpumep:

st MmaTpuliel

a = magic(3)

a =

8 1 6
3 5 7
4 9 2
BBIINIONIHUTB CJICAYIOUTMIA olicpatop 3 pasa:
a = ata
a =
04 8 48
24 40 56
32 72 16
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Onepauuu ¢ peaynbTaTamMu BbINMCIIEHUA

B aToM pasgene o6Cy)AaIOTCA BO3MOXHbIC ONEPALMM C PE3YJIBTATAMU BHIYUC-
JIEHWH, BBINOJHACMBIX B M-KHUTE, B TOM UYUCAC ONCPaLuyl Hal sveiikamu BbIBOJA,
BBIBOII YUCNIOBOI U rpadudeckoi MHMOPMALINK, 2 TAKXKE MeYaTh Pe3yALTATOB.

Onepauuu ¢ gyeidkaMy BeIBONA. ECiy BRIYMCISCTCS siyeiika BBona, IS KOTOPOi
He co3naHo syeiiku Beiopa, TITIIT Notebook pasmeniaer guciiky BLIBOAA Cpasy
33 AYEHKOW BBOJA; CCJIM SYCIKA BBIBOLA YXKE CYLUECTBYET, TO PE3yjbTaTl foMe-
y1aeTcs B Hee, rge Obl OHA HU pacrosiaranach B M-KHuUTE.

Ecnu BeiuMcHsieTcs Ipynma f4Yeek, TO Pe3yNbTaT clefdyeT cpasdy 3a 3ToR
IpYIIOH K 3aHUMACT OAHY SYeiKy BBIBOAA.

BoiBoa pe3y/TATOB BBIMMC/IEHHI HA TepMUHAL. [IpY BEIBOMC Pe3y/bTATOB BEMUCIICHMIA
Ha TEPMHHAN ¢ riomolibio KomaHab! Notebook Options MoxHO yriparists GopMaToM
BBIBOJA YMCJIOBBIX AAHHBIX M Pa3MEPaMM IPapUUECKOro OKHa.

IIpeoOpa3soBanme sueexk BbIBOAA B TeKCT. L MpeoGpasoBaHus gUCeK BHIBOLA B TEKCT
nipumensiercss komanga Undefine Cells. Ecny BhIXOAOM SRIAIOTCA YUC/IOBBIE JAHHBIC
win Tekct, To Notebook ynanser Mapkepbl sMeHKH U IPEOOPA3OBBIBACT COMCPKUMOE
B TEKCTOBBI ¢hopMar, ucrions3yst ctiib Normal. Eciu Beixofgom sensiercst rpaduxa,
To Notebook yaanseT MapKepbl T4eiKHU BbIBOIA, COXPAHSISI ee cogepxumoe. [Tpy sTom
KOMaH/Ia HUKaK He ACHCTBYET Ha COOTBETCTBYIOLLYIO STUEiiKy BBOIA.

Ing toro urobsl MpeobpasoBath sYeiiKy BhIBoga B OpPMAT TEKCTa KHUTH,
HeODXOIMMO BBIIIOJIHUTL CJIEAYIOLINE ACACTBUS:

1. Bbigenuts 1mpeoOpa3oBEIBAEMYIO SHCHKY.
2. Tlpumenuts komaHay Undefine Cells win koM6uHanmio xiapuur Alt-U.

Jist Toro 4ToGhl YIAIUTh SYCHKY BBIBOAA, UCIIONB3YTe KoMaHjy Purge Qutput
Cells 1111 koMOMHaUM©O Ki1asuil Alt-P.

BeiBoa Ha nevyatr M-kuurd. s oToro ucnonssyvercd koMadaa Print uz mexmwo File.
Pcaakrop Word cobiogaer ciedyioliye NpaBiia IIPU BbIBOAE HA Ieyatrh A4ECK
M-KHHIH:

»  MAapKephl g4ecK He BHIBOAITCS HA Ileyarh;

. g4YeHKM BBOJA, ABTOBBI30BA M BBIBOJA (BKJIIOYAs cooOlIEHMsST 06 olrMbKax)
11eYaTarTCs B COOTBETCTBUM C BbIODAHHBIMH JUIS HUX CTWISIMU. Eciu Tpeby-
€TCs yepHo-6eJiasi redarb BMECTO LIBETHOH M OTTEHKOB CEpPOro, TO CJICAYET
BHECTH COOTBETCTBYIOLUIME U3MECHECHMS B CTHIM.

Hamenenne cruieit B mabnone M-kumrn. 11a6ion M-KHury, B XOTOPOM TIPEROTIpE-
JeJIeHbl CTWIIM Ul TEKCTa M siyeek, ucronb3yer crib Normal penakropa Word s
neyars tekcra U ctuinm, 3anasaecmble TTTTIT Notebook, st pacnedarku styeek.

Tak, ecnu M-KHMra pacrieyaThbIBACTCS Ha UBCTHOM IPHUHTEPE, TO SMEHKH
BBOJA TEYATAIOTCH TEMHO-3CIICHBIM 1IBETOM, SUCHKM BbIBOJAA - CUMHUM, a SUCHKU
ABTOBLIOBA - TCMHO-CHHUM LBCTOM; COOOLIcHNA 00 OINOKAX - KPACHBIM LIBETOM.
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Ecnn M-KHMIa pacriedaTbiBaeTCsl Ha YEPHO-0eJjioM IMPUHTEpE, TO 3THU LBETa Ipe-
06pa3oBLIBAIOTCA B OTTeHKM ceporo. Eciu TpeGyeTcsi TOJIBKO YepHBIA LBET, TO
HeobX0OMMO U3MEHUTH LBeTa B cTuisix Input, Output, Autolnit u Error.

Cregyronias Tabnuia ofMCHIBAET CTHIM, NPUHATBIE Mo yMonyaHmio B TTTIIT
Notebook. Ecnu Tpebyercst U3MeHHTb CTH/Ib, TO 3Ta TaOJMLA MOMOXET B Jallb-
HeHILIEeM BEPHYTHCS K NIEPBOHAYAJIBHBIM CTUJISIM.

Cmuab Hpughm Pasmep, nynkm Buidenenue | Ligem
_Normal Times New Roman 0w o YepHoiit
. Autolnit CourierNew | ... 10 Bold | TeMuo-cunmid
Error | N 10 ) KpacHpiit
1411 LA 10 I TemHo-senenblit
“"Output ‘o 10 B CuHuit
Ilpedynpexncdenue:

Ecrm Bbl M3MeHsIeTe CTWIb, TO penaktop Word IpUMEHSIET ero Ko BCeM CUMBOJIaM
M-KHHTH, KOTOpBIE€ HCITONIB3YIOT €10, H MPEATAracT OILIMIO, YTOOBl H3MEHHUTD 1LHAO/IOH.
Byasre BHMMATeIbHBI, BHOCH M3MEHEHMS B 1AbJIOH, ITOCKOJIBKY 3TO O3HAa4aeT, 4To
3T U3MEHEHHSI OTPA3SITCS HA BCEX BHOBb CO30aBAaEMbIX M-KHHTaXx.

YnpasneHue popmaTtom BbiBOAA YMCEN

VnpapneHue ¢GopmaToM BBIBOZA YHUCEN peanu3yeTcss € IIOMOLUBIO ONUMU
Numeric Format quanoroBoro okHa Notebook Options (puc. 11.5). Inst gocryna
K IMaJIOrOBOMY OKHY HeobxoauMmo npuMeHUTh komaHay Notebook Options.

Notebook Options

~Numeric Foimat-= -

€«—Y¥YcraHoBka dopmarta yucen

Cwidh o Jo —

Height - J35
b . i

IV Stop evaluating on eftor

Cancel 1

Puc. 11.5
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Onuust Numeric Format peann3oBaHa B BHAC HUCNANAIOIIEIO CIIMCKA, KOTOPbIit
COOTBETCTBYET BCEM BO3MOXHOCTSAM KOMaHabl format cucrembr MATLAB.
Ha puc. 11.6 nokasaH CIMCOK JOCTYIMHBIX (hOpPMATOB.

Notebook Options
“Nugmenic Format- o /

E

«—— Crcox YucioBsix opMaToB

_ Urnits. v]lnches "i

Cwidh [f
Height  [35

¥ Stop evaluatingonenor:

: 0K ” ’ . ‘Qancet J

Puc. 11.6
KpoMe Toro, MOXHO yIIpaBiaTh MCIMOJIb30BaHUEM IIPOGEIa MEXIY SYEHKAMU
BBOZA M siyeiikamu BoiBoga: ¢dopmar Loose gobasnsier mpolGes Mexiay s4edKamu,
a ¢opmar Compact - HeT.
[Mocne BrIGOpa BeeX oMMt ¢opMara HalO MOATBEPAUTH YCTAHOBKM HAaXATHEM
Kj1aBuIUW Enter. DTH yCTaHOBKM He OyIyT 3aA¢HCTBOBAHBI JO TEX IIOp, MOKa HE
OyneT MepeBLIYMCICHA COOTBETCTBYIONIAs A4YeiKa BBOAA.

YnpaBneHue rpadpuy4eckum BbIBOOOM

Cpean onuunit xomangsl Notebook Options mnpucyrcrBylor onuud Figure
Options, KoTOpble MO3BOJSIIOT YIIPAB/IATE BKJIIOUEHUEM PUCYHKA B M-KHUIY, €TI0
pa3MepoM, a TaKXKe CriocoboM BIBOJA Ha Iteyarts (rianurpa u3 16 wnm 256 useroB).

Bxinoyenne pucynka B TeKCT M-KHMIH. [lo yMoiuaHuio co3jaBacMble PUCYHKH
MOMCLIAIOTCS B M-KHMTY, OIHAKO MOXHO OTMCHUTHL onuuio Embed Figures in M-book,
U B 3TOM CIIy4ya¢ PUCYHOK OYHET BUACH TOJBKO B rpaddMyecKOM OKHE CHUCTEMBI
MATLAB (puc. 11.7).
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16088 -
" Compact

OTMeHHUTD 3TOT (B1axok
— juia orobpaxeHus rpacduka
B OTIE/IbHOM OKHE

Heghts B5 T

¥ Stop evaluating on enér

8K { Lancel 1 :

Puc. 11.7

PucyHKH, pa3sMelllaeMble B TEKCTE, HE BKIIOYAIOT OOBEKTOB rpaduyecKoro
unrepdeiica nons3osarenss GUI, reHepupyembix GyHKIMsIMHU uicontrol u uimenu.

TIITIT Notebook mposepsier, BKIIOUaTh PUCYHOK B M-KHUIY WJIM HET, IIPOBEPSA
cBoicTBO Gurypel Visible; ecau ero cocrostHue off, TO PUCYHOK BKJIIOYAETCS
B KHHUI'Y, €CJIM ON, TO PUCYHOK OTOOpaxKaeTcs TONAbKO B rpadMUYECKOM OKHE.

Vnparnenue BoiBogoM rpadmka. Komanna Toggle Graph Output for Cell pa3pewaer
WIK TIOJABJIAET BbIBOJA PMCYHKA JUIA AaHHOU siueiku Bropa. sl ee mpMMeHEHUsA
HAJI0 PA3MECTUTH Kypcop B MOJIC STUCHKMA BBOAA U BLIOPATh 3TY KOMaH/y M3 MCHIO
Notebook Options. B aToM cnyyae B cTpoKe KOMaHAB! rpaduuyeckoro BbIBOAA
MosIBUTCA yBeaoMIleHHe (no graph), a Bciien 3a siyeiKoil BBoJA MOSIBUTCS MyCTas
CTPOKa, YTOObI 00O3HAYUTD, YTO rpadMyYecKUid BbIBOA MogapiieH. st Toro 4yrodbl
paspeluTs rpaduyeckuil BHIBOIA, HAA0 Pa3MECTUTh Kypcop B rosie STYCHKU BBOAA
¥l BHOBb BOCIIOJIb30BaThCsl KoMaHaoit Toggle Graph Output for Cell. IIpu 3TOM yBe-
JoMieHue (no graph) ucuesHer. Jta KoMaHJa nofasiser oniuio Embed Figures
in M-book, ecnu oHa GbiIa yCTAaHOBJICHA.

Ynpasienne pazmepoM pucyHka. PasMep pUCyHKa yCTAHABIMBAETCS C MOMOLLIBIO
koMaHabl Notebook Options; ykassieast B nosisix Width u Height mimpuny M BeicoTy
pUCYHKa M Haxumasl kiaBuwy Enter, MOXHO 3adMKCHpPOBAaTh HEOOXOIUMBINA
pasMep mousist. OTH U3MCHCHUSI BCTYNAIOT B JIEHCTBHC TOJIBLKO TIOC/AC TNeEpecyeTa
COOTBETCTBYIOLLEH SUEHKM BBO/A.
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MOXHO Takxe H3MCHATh pa3mepsi (GHUIypsl, MaHumyiaupys e¢ rpaduuec-
KMMHU JICCKPHIITOpaMU. Bblieiinte (hurypy, HaxXumas Ha JIEBYIO KHOIKY MBIIUK B
¢¢ MPOM3BOABHOM MccTe; Word BbLAeTHUT KOHTYpP 3TOr0 PUCYHKA, KOTOPbLI Bbi-
HOAHSIET pojib Ipacduucckoro geckpunrtopa. IlepeMellicHue YrJIOBOrO JACCKDPHUII-
TOPA KOPPEKTUPYCT MONOKCHUE CMCXKHBIX CTOPOH, @ repeMellieHHe CpearMHHOrO
JACCKPUNTOPA KOPPEKTHPYCT PACNONOXEHUe caMOd CTOpoHK!. Eciu mocie Takux
WU3MCHEHHIT PUCYHOK TCPEBLIYMCAACTCS 3aHOBO, TO OH BOCCTAHABJIMBACT CBOM
IICPBOHAYATIBHBIC PA3MCPBL.

Yaanenue nycroro NpoCTPAHCTBA BOKpYr rpadmka. Cynic¢TBYET BO3IMOXHOCTH
BBIPE3aTh 00JACTH ITYCTOTO TIPOCTPAHCTBA BOKPYr pHcyHKa. Jlnsg 2toro,
yAepXKuBast KiaaBuuly Shift, cieagyeT mnepeMeinatb HECKPUITOP YCTAHOBKHM
pa3MepoB Tak, YTOOb! yOa1MTh HCHYXXHBIE 00/1aCTH.
Jobasaenune npocrpancTsa BOKPYr rpadmka. [Ing atoro cricayet, viepxXupag Kia-
puiy Shift, nepeMciLarh JECKPHOTOP YCTAHOBKH PAa3sMEPOB OT LICHTPA PUCYHKA,
pery;JIupyst paiMepsl KOHTVPA.
BeiBoa rpagmka na neyatb. Ecniu HAa meyaTh BBIBOAMTCH PHCYHOK, KOiOpbIA
BKJIFOYACT NOBEPXHOCTHU MJIX MHOTOYIOJbHHMKHU, TO 110 YMOJIYAHHIO UCHOIb3YETCH
nanutpa u3 16 usetos. Eciu Tpebyercs nasurtpa u3 256 1BETOB, TO HANO ybe-
auTbes, yro onuus Use 16-Color Figures BeixioyeHa (puc. 11.8).
Sameyanue:

Jra onuus OYUET IPUMEHSTHCA TOIMBKO K BHOBb I'CHEPUDYEMOMY Ipaduky.
Takum obpazoM, yToObl UCIIONB30BATh HYXKHYIO MATUTPY, HALO €C CHAYyala ycra-
HOBMTh, @ YX¢ 3aTCM CreHCPUPOBaTh Irpadux.

Prbusciaietilbiciimati
L 3o haort

|G Laose
| Compant

: mee Ophons
: ¥ Embed Fguresm M “book .,

r Use 16-Color F;guies :

5 Units o =] ®naxoxk spibopa 16~ win
i hes > [y N
: o — 256-UBCTHOM IIAMTPBl IIPH

- widin [t ' neyary pUCyHKa
- Height - 35

V' Stap evaluating an artor

TS|

Lancel J

Puc. 11.8
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.

Komanaw MM Notebook

Huxe B HopstiKe WX CHACIOBAHMSI OMMCAHBI KOMAaH/bl, IIPEACTABJICHHBIC
B McHIo Notebook penaktopa Microsoft Word u ucnonssyembie TITITT Notebook
npu pabote ¢ M-kHuro#t (puc. 11.9).

Motebook

Defing ihput Cell Blt+s

Define futoint Cell

Deéfine Calc Zone

Undefine: Cells At
“Purge Outplt Celis Blt+s

- Group Cells Alt+n

‘Ungroug Cells

Hide Cell Markers Ak

Toggle Graph Output for. Cell

Evaluate Cell - Crl+Enter
Evaluate Calc Zone ~ Alt+Enter
Evaluate M-baak Al
Evaluate Loop Alt+g
Bring MATLABto Front " Alt+
Notebook Options..:
Puc. 11.9
| Define Input Cell _| Co3aTth AueiiKy BBOIA
Cunmakcuc:
Define Input Cell
Onucanue:

Komanpa Define Input Cell co3naeT sueiiky BBOAA, BKIOUasi B Hee TEKYIIUH
naparpad, BblIeJIEHHBIN TEKCT WIM SYCHKY aBTOBBI30BA.

Ecnu Bbl BOCNOJIB3YyETECH 3TOM KOMaHAOU, KOrAa Kypcop HAXOMUTCsl B TEKCTE
naparpada, To Bech naparpad oyaer npeobpazoBaH B syeiiky BBoga. Ecau BhUIeNeH
HCKOTOPBIN (hparMeHT TeKCTa, TO MMCHHO OH W OyaeT Ipeobpa3oBaH B SYCHKY
BBOJA. EC/iM Kypcop HaxoguTcs B IOMC SIYECKU ABTOBBI30OBA, TO IO 3TOU KOMaH/E
OHa OyneT npeoOpa3oBaHa B SUCHKY BBOJA.

Dopmar gycHKU BBOAA MUCIOB3YET CTHIb Input, KOTOPBIH BKITIOUAST KUPHBIT
mpuct Courier New kernst 10 TEeMHO-3€/ICHOIO 1IBETA.
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Define Autolnit Cell 1 Co3path suelKy aBTOBBI30BA
Cunmaxrcuc:

Define Autolnit Cell
Onucanue:

Komanpa Define Autolnit Cell cosiaer siueiiky aBTOBbI3OBa, BKIIOYAs B Hee
TeKyLIUI naparpac, BeiACJCHHBIA TCKCT WIK SYCHKY BBoJA. B nanpHeliueM syeifka
aBTOBbBI30BA OY/JCT BbIYUCISTHCS aBTOMATHYECKH ITPH OTKPHITUM M-KHUTH.

Ecnu Bel BOCMOJNB3YETECH 3TOIM KOMAHIOM, KOTA KYPCOP HAaXOAMTCS B TEKCTE
naparpada, To Bech nmaparpadg 6yaer mpeobpa3oBaH B SIMCHKY aBTOBbI30Ba. Eciu
BBIJIEJICH HEKOTOPHIN (PATMEHT TEKCTA, TO UMCHHO OH M OyieT mnpeobpa3oBaH
B SYCHKY aBTOBBI3OBA. ECHM Kypcop HaXOmUTCSl B IMOjie STYCHKH BBOAA, TO MO 3TOM
KOMaH/ie oHa OyaeT rnpeobpa3oBaHa B SUCHKY aBTOBBI3OBA.

MopMar sueiiku aBTOBBI30BA MCMOMB3YeT CTHAL Autolnit, KOTOphIl BKIIOYAET
XKupHbIA wpudT Courier New kersns 10 TeMHO-CHHero uBera.

I Define Calc Zone 1 Co3jarh 30HY BbIYHCJICHHS

Cunmakcuc:
Define Calc Zone

Onucanue:

Komanpa Define Calc Zone onpeaensier BbIIENECHHBIA TEKCT, SYCHKK BBOIA
M BbIBOAA B KA4YECTBE 30HbI BbIYMC/ICHUA. DTa 30Ha OOBCAMHSCT TEKCT, TYCHKKU BBOAA
M BBIBOAA, KOTOPBHIE BMECTE ONMCHIBAIOT HCKOTOPYIO ONEPALIMIO WIH 33a7a4y.

IITTIT Notebook onpenensier 30HY BBIYUCIACHUS KAK CEKLHUIO JOKYMCHTa,
BBLACHIASA €€ MAPKCpPaMu, OAHAKO MApKephl HE BBIBOAATCS, CEKIM pacrosiaractes
B HayaiC M B KOHLE JJOKYMCHTA.

| Undefine Cells | IIpeoGpasoBaTh s4eiKy B TEKCT

Cunmakcuc:
Undefine Cells

Onucanue:

Komanpa Undefine Cells nipeoGpa3oBbiBacT BbLicICHHBIE SYEHKHM B TEKCT.
Ecian Hukakue sUCilKi He BblAEICHBI, HO Kypcop HaXO[AMICs B HEKOTOPOIl sSiYCHKE,
To Notebook npeoOpa3oBLIBAET TONBKO 3TY HUCHKY, 1IPU ITOM YAWIIIOTCS MAPKEPh
AaJuciiky, a ec hopMar cootseTeryeT cTuio Normal,

IMpu npeobpazoBanuy SNCHKM BBOJA ABTOMATMYCCKM MMpcoOpasoBbiBacics
i A4YelKa BbiBOAA, HO He HaoBopoT. Eciu npeobpasopbiBacTcst siuciika BbIBOAA,
concpxkaas rpaduxky, To rpaUUEcKUil BbIBOJ B M-KHHIE COXPaHSETCsI, HO OH
bosice He ByACT aCCOUMHUPOBAH ¢ SYEHKONR BBOLA.
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| Purge Output Cells | Yiaurh S4edKn BbIBOJIA

Curmarcuc:
Purge Output Cells
Onucanue:
Komanna Purge Output Cells ynansier Bce BblIETIEHHBIE SYEHKM BbIBOJA.

l Group Cells |

Co31aTh MHOTOCTPOUHYI0 SYEHKY BBOJA
Cunmaxcuc:
Group Cells

Onucanue:

Komanzna Group Cells npeoGpa3oBbIBaeT Bbllle/IeHHbIE SUEHKH BBOJA B €AUH-
CTBEHHYIO MHOTOCTPOYHYIO SIYeiIKy BBOJIa, KOTOpasi HA3bIBACTCA epynnoll a4eex.

Ecnu BeineneHHbI dparMeHT BKInoYaeT teker, To Notebook momeulaer ero
nocsie rpymnsl syeek. OJHAKO €CM TEKCT MpeJllecTBYCT TEPBOM A4eiiKe BBOAA
B IPYIIE, TO OH OCTACTCs HAa MECTe.

Ecnu BblneneHHbiit dparMeHT BKIIOYAeT sueiiku BhIBoja, To Notebook ynanser
nx. Ecnu nepen vcmosnb30BaHMEM KOMAH/IbL BBIIEAEHBI BCE WIM YacTh A4€eK BbIBOJA,
To Notebook BiUTIOUAET COOTBETCTBYIOIIME STMEMKM BBOAA B IPYIY sTYEEK.

Ecnuv nepsast ctpoka B Ipyrmie si4eiiKu™ SIRIAETCA SMEHKOM aBTOBBI3OBA, TO BCS
IPYIIIa SYEEeK BOCIIPMHUMAETCSH Kak ITOCTICIOBATEBHOCTD SIYEEK ABTOBBI30BA; B MPO-
TMBHOM C/Iy4ac TPYINA PaBHOCIWIbHA IOC/ICIOBATEILHOCTH sfueeK BBoaa. I'pymmy
SIYECK MOXHO IPeoOpa3oBaTh B SYEHKY aBroBbi3oBa KomaHaoil Define Autolnit Cell.

CrpykTypa Ipymsl HauGolnee Toie3Ha, KOrAa, HAIpUMep, MOC/ie10BaTeIbHOCTD
KOMaHJ UJIY OMepaTopoB GOpMUpYET OAMH rpaduk.

BobruucnuTs Ipyriny sideek MOXHO ¢ IIOMOLUBIO KoMaH/ipl Evaluate Cell, mpu stom
BCE PE3YNLTaThl BHIMUCIICHUI OyIyT pa3MelLiaThesl B eIMHCTBEHHOM Aueiike BbIBOJA.

»

| Ungroup Cells | IIpeo6pa3zoBaTs rpyniy s4eeK B A4eilKH BBOAA

Cunmaxcuc:

Ungroup Cells
Onucanue:

Komanaa Ungroup Cells npeoGpa3oBbiBaeT TEKYILYIO FPYIIY S4YEeK B I0OCIC-
JOBATEJILHOCTD STYECK BBOAA WIM SIYECK ABTOBBI30BA. EC/IM IPyIa siueeK SABJIAETCA
A4eMKON BBOJA, TO OHA MPCOOPA3OBLIBACTCS B SYCHKY BBOAA; €CJIM IPYIA suyeeK -
sdeiKa aBTOBBI30BA, TO OHA NpeoOpa3oBBIBAETCA B SIYCHKY aBTOBHIZOBa. Ilpn

3TOM SIYCHKA BBIBOJIA, ACCOLMMPOBAHHAS C TPYNIIOH guecK, yAalsaercs.
I'pynna srucck siBiseTest TeKYUICH, €CIM BbIIIOIHSIIOTCS CICIYIOILUC YCTIOBUS:
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«  KYPCOD HAXOOUTCS B I0JIe STON rpyniibl;

»  KypCOp HaXOAMTCS B KOHIIC CTPOKM, B KOTOPOH PacIoNoXeH 3aKphiBarou{uii
MapKep [UIsl TPYIIIIBI S9CeK;

«  KYpCOp HAXOIMTCS B sSIMEHKE BbIBOJA, CBA3AHHON C JAHHOM IPYNIIOH A4eek,
€CJIU TPYyIIa syeek BbIAC/ICHA.

| Hide/Show Cell Markers | CKpbITb/TIOKA32Th MapKephbl STICHKH

Cunmaxcuc:
Hide (Show) Cell Markers

Onucariue:

Komanna Hide Cell Markers mo3sonsier caenath HEBUAMMBIMU MapKephl S4ceK
1o Bceil M-kuure. Korna komaHaa BeIOpaHa, oHa u3MeHsiercst Ha Show Cell Markers.

3T KOMaHAbl HMKAK HE BIMAIOT Ha pacleydyarky sd4yeek, IOCKOJIbKY
Notebook BoobuIc He meyaTacT MapKepbl, HC3ABMCHUMO OT TOTO, BUAMMBI OHU Ha
3KpaHe WU HET.

[ Toggle Graph Output for Cell | 3anpeTnts/paspemuTs BHIBOA rpadpuKa

Cunmakcuc:
Toggle Graph Output for Cell

Onucanue:

Komanaa Toggle Graph Output for Cell mo3sonsieT 3anpeTuTh WM paspelInThb
Bblog, rpaduKa [Uist JAHHOM ST4YCHKU BBOAA.

Ecnu siyeiika BBOA WM aBTOBBI30BA CO3JAET PMCYHOK, a Bbl Xe/acTe NOJABUTH
€10 BBIBOJ, TO CJIEAYET MOMECTUTh KypCOp B TOJIE SilUeiKU BBOAA M BHIOpATh 3TY KO-
MaHay. CooblueHue (no graph) OyAeT MOMELLCHO TOC/AC MapKepa SIYeiKy BBOAA, YTO-
©Obl yKa3aTh, YTO BbIBOA Ipacduka IS Toi A4eiiKy nogasneH. YToObl paspeiinTs BhI-
BoiI rpadMKa [UISt 3TOM SUCHKM, CIeIyeT MOMECTUTh KypCOp B II0Jie s4eilKi BBOA W
BbIOpath 3Ty Xe KomaHmy eule pa3. Ilomera (no graph) 6ymer ymaseHa. Komanma
Toggle Graph Qutput for Cell otmensier onuuio Embed Figures in M-book, eciiu 3ta
oniust ObI1a YCTAHOBMIEHA B 1Manorosoit naxesim Notebook Options.

[ Evaluate Cen | BbI4HMCAHTD AYeHKY
Cunmaccuc:
Evaluate Cell
Onucanue:

Komanga Evaluate Cell mocwsinacT TEKyILYO SIYCHKY BBOAA WIM IPYIINY sYecK
B cpelly cucTteMbl MATLAB wist 06paboTKu. Pc3ynbTaThl BHIMUCIEHMS WM COOD-
weHus 06 omuUbKax pasMciIaloTes B sUeiiKax BbiBoga. Suyeiika BBOAA COACPXMT
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KOManay Win omepaTtop cucteMbl MATLAB. I'pynna siyeek - 3TO OfiHa MHOIO-
CTpOYHAS SYeiKa BBOJA, KOTOPas COACPXUT Gosiee OAHOW KOMAH[bI WM orepa-
Topa cucteMbl MATLAB.

Korna Belumcisiercss siyeilka BBOJA, JUISS KOTOPOU HE CYLIECTBYET SIYEHKH
BerBoga, To ITTIIT Notebook pasMelnaer Takyio sueiKy cpa3y 3a sSi9CHKOi BBO/A;
€CM S4YciiKa BHIBOJA YXE€ CYLIECTBYET, TO De3y/JIbTaThl PAa3MElLUAIOTCs B 3TOH
A4eitke, rae Obl BHYTpY M-KHUIM OHA HY Haxoounach. Ecnu BHUMCILETCS rpynna
SIYEEK, TO BCE PE3Y/IbTAThl PA3MEIIAIOTCS B €IMHCTBEHHOMU sTYCHKE BRIBOJA.

Slyelika BBOJA WIM TPYMNA SUYEEK SBISIOTCS TCKYILIMMM, €CITH BBITIOJHSIOTCS
CJICAYIOUIVE YCIIOBUSI:

«  Kypcop HaXOAMTCS B [OJIC 3THX SYECK;
«  KypCOp HAaxoAMTCs B KOHIIE CTPOKH, B KOTOPOH PAcIOIOXEH 3aKPhIBAIOUIMA

Mapkep siYcKY BBOJA WJIM TPYTITIBI SIUCEK;

+  KYpPCOp HaxOmMUTCAd B AYCHKe BBIBOJA, CBS3aHHOW ¢ JaHHOH sYeiiKoi BBOMA

WJIM TPYIIION siHeeK;

«  €CNIM AYEeHKa BBOJA WJIM FPYTINA SYEeK BBIIEJICHEI.

Brluuciaenue, KOTopoe BKIIOYAET UTMHHYIO OTEPALIMI0, MOXET BbI3BATh CH-
TyallMiO, Ha3pIBaeMylo OJIOKMpOBKOH TaiiMepa. Eciu 310 ciyyaercss, Word BeIBOAMAT
coobuieHue 0 OJOKMpOBKE TaliMepa M CTpalliMBaeT, OyaeTe JiM Bbl TIPONONXKATH
BBIYMCNIEHUST WIIW 3aBEPUIMTE MX B JAHHBIM MOMEHT. ECu BB NpomoinkaeTe BhI-
yucaeHusa, To Word copacbiBaeT GJOKUPOBKY M HAaYMHAET OTCYET AOMYCTUMOIO
MHTEpBATAa ¢ Hayaa. JOMyCTMMBI MHTEPB1 OJIOKUPOBKH SIBISETCS BHYTPEHHHUM
napaMeTpoM penaktopa Word ¥ He MOXET ObITh U3MEHEH.

[ Evaluate Calc Zone J

Borauciuts 30Hy
Cunmaxrcuc:
Evaluate Calc Zone

Onucanue:

Komanza Evaluate Calc Zone niochutaeT sueiiKy BBoAA W3 TEKYILEH 30HBI BEIYUC-
JIeHUs1 B cpely cucteMbl MATLAB s o6pabotku. Tekyliasi 30Ha BBIYMCIEHUS - 3TO
CEKLMsl JOKYMEHTa peaakropa Word, B KOTOpOit HaXO[UTCH KypCop.

Hns kaxnoit sueiiku Beoaa ITITIT Notebook reHepupyer sf4eilKy BBIBOAA.
Ecnu sueiika BBIBOA HE CYLUECTBYET, TO OHA CO3JAETCS M PA3MEILAeTcs cpasy 3a
AYEHKON BBOMA; €CJIM CYLIECTBYET, TO PE3YJLTATHI Pa3MEIlAlOTCs B 9TOU siueiike,
rae Obl BHYTpY M-KHHTH OHA HE HaXONWIACh.

| Evaluate M-book | BoluMcIHTE M-KHATY

Cunmakcuc:
Evaluate M-book
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Onucanue:

Komanga Evaluate M-book BbluMCIsieT M-KHHAry UEJIMKOM, IIOCbLIast BCE
siqelKM BBo/A B cpeay cuctembl MATLAB mna obpaGorku. Beruciaenne nagnuaercst
¢ Hayasla KHUIM, He3aBUCUMO OT TEKYIIEH IMO3UIUU Kypcopa.

st kaxnont siueiiku seoga TITHIT Notebook renepupyer siyeiiky BblBOIA.
Ecnu siyeiika BpIBoza HE CYWUIECTBYET, TO OHA CO3/AETCsi M Pa3MellacTcs cpasy 3a
AUCHKON BBOJA; CC/IM CYUICCTBYET, TO PE3YJIbTAThl PasMEIIAIOTCS B 2TOH suciike,
rae Obl BHYTPH M-KHWIM OHA HE HAXOAHJIACK.

Evaluate Loop BuIMMCIBTh S9eHKH BBOAA B LHKIE

Cunmarcuc:

Evaluate Loop
Onucanue:

Komanga Evaluate Loop no3BossieT OpraHu30BaTh BBIYUCIICHUE BBIAEACHHDBIX
A4eeK B LUMKIIE.

Jis 3T0ro HeoGXOMMO BBITOIHUTH CIAEAYIOUIME LIArk:

Breizenuts siueiiki BBOAA, KOTOPBIC NOJDKHBI ObITh BEIYMCHEHBI HECKONBKO Pa3.

2. Bribpars koMmaHay u3 McHio Notebook, mocjie yero Ha IKpaHe IMOABUTCH
ciacayioilast guanorosas naveas (puc. 11.10).

Evaluate Loop

Loop Count . B

. .Loop Speed: Slower ‘ Faster '

Start ’ ! Llose i

Stop After:

Puc. 11.10

VYKazarb KOJMYECTBO LIMK/IOB, KOTOPOE HEOOXOIMMO BbIITOMHWUTHL HAM BbIACICH-
HbIMU siyeiikaMu B mosie Stop After, 3areM Haxars Ha knaBuuny Start. Tlpu srom
MEeTKa Ha KHorke miMexsiercd Ha Stop. TITITT Notebook HaunHaeT UcnonHeHue Ko-
MAaHI 1 YKa3biBaeT KOJIMMECTBO 3aBePIICHHBIX uTepaluii B none Loop Count.

J1st yBeJIMUCHHUS 3a/1EePXKH B KOHLE KAXKIOH UTepalMH HaAO HaxXaTb KHOIIKY
Slower; pis yMenbuienus - Faster,

Y1oObl TPUOCTAHOBUTEL BbIIOHCHME KOMAHI, CIICAYET Hakath KHOMKy Pause. [Tpu
5TOM MCTKA Ha KHOMNKE M3MeHsicress Ha Resume. st NponoskeHUs BbIMMCICHUU -
Hakath kHonky Resume. [List 1ipekpaiiciing o0paboTku 1peHa3HaueHa KHoika Stop.

Yrobb! 3aKkpbiTh Ananorosoc okHo Evaluate Loop, Haxmute kHouKy Close.
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Beinect komanaHoe okno MATLAB

[ Bring MATLAB to Froﬂ Ha nepeHuil IaH

Cunmarcuc:
Bring MATLAB to Front
Onucanue:

Komanpaa Bring MATLAB to Front nipenHasHayeHa juis TOro, 4ToObl Ha 3KpaHe
TEPMMHA/Ia BBIHECTU KOMaH/IHOe OKHO MATLAB Ha nepeIHui MaH.

J anam]elme BbIBO/JIOM HA TCPMHHAJ PE3YJIAbTATOB

[ Notebook Options BbIYHCIIEHHH B M-KHHre

Cunmakcuc:
Notebook Options

Onucanue:

Komanga Notebook Options nosposisier NpoBepUTh U U3MEHUTH OTLMH, CBSI3aH-
Hble C BBIBOJOM Ha 3KPaH YMCJIOBBIX M IPAPUUECKHUX PE3YNLTATOB BbIMUCICHMIA
B M-knure. [Ipu BeIOOpe 310N KomaHabl Notebook BrICBeuMBaeT Ha 3KpaHe clie-
IYIOUIYIO IHUAJIOTOBYIO NaHesb (puc. 11.11).

Notebook 0

Numeﬂc Format
(Shorl

+ {oose
" Compact

~Fgute Ophons
vz Embed Figures in M-book

IV Use 16-Colot Figures -

Urits {Inches 3
width 4 |
, Henghl {3.5

v - Stop evaluating on error

Puc. 11.11]
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Yupasnenune dopmaroM BeiBoga uMced. YcraHokM Numeric Format ynpasnsior
dopmaroM 4yuciIOBOro Boizona. MOXHO M3MEHsITb CNnocod Ipe/CTABICHUS YH-
CJIOBBIX AAaHHBIX NP KX BBIBOJE HA TCPMMUHAN, BuiOupas onumio dopmara u3
CIKCKA. DTH YCTAHOBKM COOTBETCTBYIOT ONLMAM Komauiawl format cucremsl
MATLAB. KpoMe Toro, MoXHO yripaBnsite IpobeaMud MexXay suciikaMy BBOJA
U syeilkaMu BbIBOaa, BbiOupas dopmartsl Loose miu Compact.

HAng nonrBepXneHUsT BbIODAHHBIX YCTAHOBOK ClleNyeT HaxarTh KHonky OK.
3T YCTAHOBKHM HE BAMSIIOT HA BBIBEACHHBIC PE3YNIbTATh, OHU ACHCTBHUTEIBHDI TONBKO
TOrAA, KOIAA Bl BEIMUCTACTE HOBBIC WM IePeBBLIYMCIICTe MpexHue sueitku. Knornka
Cancel 1103BoJIsIeT OTKa3aThCs OT TOJIBKO UTO BBIOPAHHBIX YCTAHOBOK.

Yiparnenne sbiBomom rpaduxu. Crenyroe ycraHoBkM Figure Options 1o3BosisitoT

YIIPaBJISATh BHIBOLOM IpachuKu:

. ¢naxok Embed Figures in M-book yrpasisieT noMeleHUEM PUCYHKOB B M-
kuury. Ilo ymon4anuio (iaxox BbIBOAa IpPadMKH B M-KHUIY BKIIOYeH. Eciu
dmaxok He ormedeH, To Notebook BeiBoguT rpaMKy B OTACJBHOM rpadu-
yeckoMm okHe. Komanga Toggle Graph Output for Cell urHopupyeT onuuio
Embed Figures in M-book, eciu oHa 6bna ycTaHOBIICHS;

« ¢naxok Use 16-Color Figures ynpapnsieT BeiOopoM 16-pBeTHOM unu 256-
LIBCTHOI najinutpbl. ECMK HA Ie4ars BHIBOASTCS IIBETHBIE MHOI'OYIOJNILHUKU
WJIM TTOBEPXHOCTH, HEOOXOAUMO MCIIONB30BaTh 16-LBETHYI MANTMUTPY BMECTO
256-uBETHOM, IPUMEHSEMON 110 yMOa4aHUIo; 16-uBeTHas najauTpa obecre-
YMBACT IIPABWJILHYIO I1€4ATh HA LBETHOM MWJIM YEPHO-OEJIOM C NOJYTOHAMMU
NpHuHTepe; 256-1BeTHAA MAJIMTPa BbIBOAMT Ha Me4yaTh B YCPHOM IIBETC HE3a-
BUCUMO OT yCTpofCTBa BHIBOAA;

«  cnucok Units u mosia Width, Height ynpasnsior pasmepoM pucyHka. EavHuua
M3MEPCHMA YCTAHABMUBACTCA U3 crucka Units, a TOYHBIC pasMepbl [0 LLIMPUHE
U BbICcOTE onpenensioresa noasMu Width 1 Height.

KoHTposis npy BbMCIeHMH MHOXKecTBeHHbIX sdeek. Pnaxok Stop evaluating on error
TO3BOJISIET KOHTPOJIUPOBATH BBIYMCIICHHE I10CACIOBATENIBHO HCIIOHACMBIX SUCEK MPH
BBIMUC/IEHUH NIOJIHONW M-KHUrH. Eciiu aTa ofuims oTMeueHa, To TIpH BO3HHKHOBEHHH
OWMBKM HU OJIHA 13 MOC/ICAYIOUIMX SYEEK HE BbIYMCIIICTCS; €CJM HET, TO BbIYMC-
JIEHUA TIPOIOIEKAIOTCS HE3aBUCUMO OT TOTO, BOSHMKAOT OLIMOKH WM HET.

Knonku OK u Cancel. [Ins noatsBepXaeHHs BbIOpaHHbBIX YCTAHOBOK HMCIOIb3YETCH
KHonka OK. DTH yCTaHOBKM [LEHCTBYIOT TOJIbKO HA pE3YJbTarbl, KOTOPbIC OYAVT
[IOJIYUEHBI [10CNE HakaTud KHOMKHU. OHU HEe BIMSIOT HA PAHEC BBIYUCIEHHBIC
Pe3YIIBTATHI, C/IM TOJNIBKQ COOTBETCTBYIOMIMC AUCHKM BBOAA HE OYAYT HEPCBBIMUC-
JieHbl, KHorka Cancel ciiyXuT U1 OTKa3a OT BhIOPaHHbBIX YCTAHOBOK.
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WHOEKCHbIE YKA3ATEJIN

Komanpbl, pyHkuun n onepartopsbl cuctembl MATLAB 5.x

Komandet,

pyrKyuu,
onepamopbt

Hasnavenue

Komanisl 00mero Ha3HayeHHst

Cnpasounsie komaHdbt

Texyuias cripaBka B KOMaHZHOM CTpOKe

readme

Hosoctn o Tekyueit sepeunt MATLAB

Ynpaenenue paboueii obaacmoio

load CuntpiBaHue nepeMeHHbix U3 MAT-daitna
save 3anuce nepemenHbix 8 MAT-gattn .~~~
quit 3apepitichye padotsl B cucteme MATLAB

Ynpaenenue komandamu u gynxyusmu

_Cnucok hailyIoB B TEKYLIEM KaTajiore
_Tpocmotp Texera M-dadina

Komnuasiuus MEX-dyHkumnu

Ynpaenenue nymamu docmyna

editpath

OTpeaakTUpoBaTh J1yTL J10CTyra
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UIHAOeKCHble yka3aTenu

Yupasaenue xomanonem oxnom

_Dxo-KoManaa

[IpepniBatve BhINOAHERNA

Komander onepayuonnoli cucmemb

N IlepeiiTyt B APYTON KATAMOT .
pwd ITyTb 1oCcTYNa X TEKYIUEMY KaTalory
_dir CopnepxnMoc TCKYLICTo KaTaaora

Ynanuth daiin

Tonkmountbes K Web-cep

computer OnpenenuTs TUI UCTIONB3YEMOTO KOMILIOTEPA

Omaadka M-gaiinos

debug [TpocMOTpeTE CIMCOK KOMAH)L OT/IANKK

dbstop 3apaTh KOHTPONBHYO TOYKY
dbclear YAQIUTh KOHTPONBHYIO TOUKY

T1ponoIXKUTb BBHITONTHEHUE

| ITpocMOTpeTh CITUCOK KOHTPOJLHLIX TOYEK

BhbInoyHUTE OJIHY WJIM HECKOJIbKO KOMaH/l OTIaJK1

promsum

JuarpamMa [lapeto

Omneparopbl,

CHeHHAJIbHbIC CHMBOJIbI, NEPEMEHHBIE U KOHCTAHTHI

Apughmemuneckue onepamopet

Croxenue
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_ YHapHOC BbIYMTZHMC

.. power

\ midivide

__I'mrdivide IpaBoe geneHue MaTpiL

.2\ ldivide JleBoe neneHue A MACCHBOB e

Ldrdvide | TTpaBoe AeneHne WA MACCHBOR | ..o
kron TeHsopHoe npousseneHUe BEKTOpOS

Onepamoper omuouenus

= € L TOKMCCTBEHHO | o eeeeeeeeees e es e
~= ne | He toxmectBeHHO
< it Mesplge
> fol¢ bosbiue
<= e Menplue MM paBHO
>= ge | Bonblue mmm pasHo

Joeuueckue onepamopbst

& Jlornuecxoe U
an

d ................
| or | Jlormyeckoe MIM
~ not | Jlornueckoe HET
xor Jlornyeckoe MCKITIOYUTEJIBHOE UJIHA
any Mcrtunno, ccnu xoTs 661 1 31eMEHT BEKTOpA HE PABCH HYJl0
all VICTUHHO, ec/M BCe 3TEMEHTBL BEKTOPa HE PaBHbl HYIIIO
CneyuaisHble cumMeonbl

: CeueHne MaccuBa
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VIHaexcHble ykaazaresiu

subsindex

O6bearTHEHNE IEMCHTOB B CTPOKY

WHaexc nogMaccuna

Onepamopsi nopaspadnoi obpabomku

_ bitand Iopa3spsannoe U
_bitemp buThl nononHenus
b

3agatb 6uT

Y3HaTh GUT

[TopaspsaHelil ciBUT

Onepamopsi obpabomku MHONCecms

union ObbenHEHUE MHOXKECTB
unigue Boigenenne MHOoXectBa
_intersect TlepeceueHne MHOXECTB
setdiff PasnocTs MHOXECTB
_setxar UCKIIIOUYUTEJIBHOE W na mHoXecTs
ismember HcTHHHO, ecii 3TO 3IEMEHT MHOXECTBA
Cneyuanbhste nepemennbie U KOHCMAHMbL
_ans Pe3ynpTar BLINOIHEHUS [OCTeAHEeR onepauMn
__realmax
realmin |
_pi .141592653589793e+000
0] MHHMas eAMHNLA, J_ )
inf beckoHeyHoe 3HAYeHUe, 0
NaN Heuuncnopoe 3nauenue

KonuuecTso onepauuii ¢ niaBaolled TOYKON

@yHKnUY BLIYMCACHUSA BPEMEHH ¥ JAT

Texyuee epems u dama

a

Tekyiee Bpemst M fata B opme yucaa
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Ocrosuble ynxyuu

datenum

I/IHTCpBaJI HCTIONTE30BAHHOI'O BPEMEHU

Tunbl JAHHBIX

Mnoeomepusie maccugst

] cat

OO6beIUHUTh MACCUBEI

squeeze

Maccuent sueex

_cell2struct

num2cell

struct2cell

[Tpeobpa3oBaTh MacCUB CTPYKTYP B MAaCCHB siueeK

Maccusst 3anucei

struct

isstruct

Co3natb MaccUB 3amnncei

McTHHHO, eC/IM 3TO MAcCUB 3anucei
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WHaexcHsie ykasarenu

S[3BIK MporpaMMuUpoBaAHMS

MaCCHBbl, MATPHIBI H ONEPAUMH HAN HUMH

Maccuebr u mampuysr cneyuanstozo euda

DopMUpOBaHUe BEKTOPOB ¥ TIOAMATPULL

Xapalcmepucmulcu maccusos

logical

np€06pﬂ3OBaTb YUCJIOBBIC 3JIEMCHTBI B JIOTHUYECKHUEC

Onepayuu Had maccusamu u Mampuyamu

reshape

ind2sub

[1peobpa3zoBalKe NOcAeA0BaTENbHON HyMEpaUMM B MHOTOMCPHYIO
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Maremarnyeckue (QyRKINH

sin CuHyc

atan .. ApKTaHIeHe ettt e
_atan2 4 ApKTaHIeHC OT IBYX apryMEHTOB

atanh lunep6oauyeckui apxkragreye
“sec CexaHc

acoth 'Mnep6onmyecKuii apKKOTaHICHC
Tpancyendenmusie gynkyuu
LEXp DKCHOHCHUMANEHAA GYHKUMS
log QyHKUNs HATYPAILHOIO JIorapudma
_log10 Jlorapu¢m no ocHopanmw 10~~~
log2

pow2 )

nextpow2 baunxaliuas creneHb 9KCMOHEHTH! 110 OCHOBAHMIO 2

Dyuruuu 06pabomry KOMRAEKCHBIX YUCen

abs AOCONIOTHOE 3HAYCHUE KOMITIEKCHOTO 4UCia

cplxpair CopTHpoBKa KOMIUIEKCHO-COMp nap
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UHaekcHbie ykalatenu

Orpyeaenue

1 MOOYAbHAS apUMemuKa

foor .

Monnas raMma-pyHKUMA

Henonxad ramma-QyHKUMSE

Hatypanbnsiit norapugm monHoii ramma-hyHKUMM

Teopemuko-uucaogsie Qynxyuu
Jfactor ] [Paznoxenne uncaa Ha mpocTele MBOXWTEAM
isprime HcTuHHO, ecy 4Mcio npocToe

nchoosek

BbIYMCACHUE UMCIa COYCTaHMIA, Cﬁ
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DyHKkyuu npeobpazoeanus cucmem Koopournam

cart2sph

' sph2cart

hsv2rgb

rgb2hsv

[Tpeobpazoranue rgb-nanutpel B hsv-Naaurpy

JIuneiinas anredpa

Konnexyus mampuy

hankel Martpuua [NaHkens
hib
invhilb
_.magic
.pascal Matpuua Ilackans
rosser Marpuna Peccepa
Woepliz Marpuua Tenznua
vander Matpuua BanoepmoHzaa
wilkinson Marpuia YunkuHcoua
Mampuunsii ananus
Bbiyyc/ieHe HOPM BEKTOPOB M MaTpHIL

norm

rref

subspace

BeluucaeHue yra Mexay HoANnpoCTPaHCTBAMU

Pewenue cucmem auHelinbix ypasnenuti

Iscov

MeTtoa HaMEeHbUIMX KBaAparoB B ITPUCVTCTBUM ILIYMOB
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WHaeKCHbIe yKka3arenu

Cobcmeennvie 3navenus u CUHSYAAPHbBLE HUcad

polyeig _PerieHvie MOTMHOMUANBHBIX MATPUYHbIX ypaBHeHst
condeig BriuucneHue yucia o6ycaoBIeHHOCTH MO OTHOILEHHIO K 3a7a4e Ha cob-
................................. CTBCHHDIC 3HAYCHNA
hess [MpupeneHne MaTpuubl K opme XecceHbepra
9z O6obweHHas npobneMa COBCTBEHHDIX 3HaYCHNH
schur ITpuBeneHue Marpuubl K gopme [Hypa
Beiuucaenue gynxyui om mampuy
expm
Jogm

BoiuncieHne byakumu A"

Brruncrnenue npou3BobHBIX QYHKUMHA OT MaTpuu

Ymunumot

grdelete

rsf2csf

cdf2rdf

balance

planerot

DopMupoBaHne MaTpUlbl BpauieHUs1 [MBenca

Toaunomor u

onepayuy Had Humu

_polyval

BruluncneHue rnojuHoMa

. poiyfit ANMNPOKCUMALINS TAHHBIX TIONMHOMOM
polyder BpldyC/IeHHEe POM3BOIHON ToMHOMa,

GOV Y MHOKEHNE [0 I OMOB | oot
deconv JleneHune NOAMHOMOB

AHalM3 JaHHBIX M npeoOpasosanne Dypne

bazoevie onepayuu

MakcuMaIbHbIH KOMITOHEHT MacCHBa

KomMmnoHeHT
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prod Hponssenenne aneMenToB Maccuba
_cumsum CyMMMpOBaHHUE C HAKOTUIEHMEM
cumprod ITpon3sBeaeHME C HAKOTUICHHUEM

YQucnennoe uHmezpupoeanue

cumtrapz UncneHHOe MHTErpUPOBAHKWE METOAOM TPATIELMI C HAKOILIEHHEM
trapz UncneHHOe MHTEIPYPOBAHME METOAOM TparleLMit
q JIEHHOE MHTETPHPOBAHHME METOIOM KBAJPATYp

UCICHHOC UHTCIPUPOBAHNE MECTOAOM HrloToHa - Korteca

BbIyHcIeHe ABOWHOTO MHTETpaia

Botuucnenue munumymos u nynei dynxyui

fmin MunuMuzauus QyHKUMM OfHONH MEPEMEHHOMN
fmins Munumusaumna QYHKUMH HECKOJBKMX NMEPEMEHHBIX
fzero HaxoxneHve Hynel QYHKUMK OOHOH rniepeMeHHOI

Annpokcumayus u unmepnoasyus OaHHbIX

interp1

OnHomepHast TaGIMYHAS MHTEPIONSLHUS

interpiqg

interp2

interpft

griddata

ppval

spline

HHreprionsiunst KyGUYECKHUM CITaiiHOM

Teomempuueckui anaus danHsix

delaunay

dsearch

tsearch

convhull

voronoi

inpolygon
rectint

polyarea

OBnacTb MHOTOYI1 0;TBHHKA

Botwucnenue xoneunsix pa3H0cmeLZ

diff ATNNPOKCHMAUNS MPOU3BOAHBIX KOHEYHBIMUA PA3HOCTAMH
gradient BuluncneHue rpaadeHTa QyHKIMMU
del2 Annpokeumauus Jlannacuana
Koppeasiuuonnoin ananus
correoef L. Boruucnenne KOSQOUUUEHTOB KOPPEASUMA .
cov BoluyicicHHe MaTpULbl KOBapHaUUii
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UHaekcHble ykasaresin

Ipeobpazoeanus Pypse
O, HOM(ZPH 1 LlI/ICKpC'l:HOC npeo6pa3osal—mc (Dypbc

fftshift Casur NOCTOSIHHOMN COCTABJIAIOIIEH B LICHTP CHEKTpa

Ceepmia u guasmpayus

filter JuckpetHas ogHOMepHas ¢bmipTpaumps

filter2 JUMCcKpeTHas AByMepHas (QUIbTpauus

conv CBepTKa OIHOMEpHBIX MaccuoB
conv2 CpepTKa IBYMEPHBEIX MacCHBOB

convn CpepTka N-MepHbIX MaccBoB
deconv Ornepauus, o6paTHasi CBEPTKE (NeIeHUE TIOANHOMOB)

3gyKko060e socnpousgederue

sound O3BYYUTL OTHOMEPHBIA MACCHB YHCEN

soundsc MaciutabupoBsaTh M 03BYYUTL OJHOMEPHBIH MacCUB 4MCEll

muz2lin

lin2mu [Tpeobpa3zoBaHue JMHENHOIO CMTHAA B u-KOIWPOBAHHBIM

Pemenue oObiknoBeHHbIX AuddepeHunanbubix ypasuennii (OY)
Pewamenu ONY

_0de113 Hexectkue OJ1Y, MeTO NEPEMEHHBIX COCTOSHMIA
ode15s Kectkue OJ1Y, METO NEPEMEHHBIX COCTOAHUM
ode23 Hexectkue OJ1Y, MeToa HU3KOTO Mopsaaka
ode23s Xectkue OJ1Y, meton Pynre - KyTTel 3-ro nopsaka
oded5 Hexectkue OIY, meroa Pynre - KyTThl 4-10 nopsaaka
odefile Onucanue cucteMbsl O/1Y

Heckpunmopras noddepxcka onyuii pewamens
odeset Cospnatb/M3MEHUTh ONLUMK peLate]is

odeget [lonyunTs onumMu peluartens

Dopmuposanue 6bix0006 pewamens
odeplot
~odeph

pexMepHast ¢a3oBas IJIOCKOCTb

odeprint KoMaHIHOe OKHO BLIBOJA Ha NneyaThb

PaboTa ¢ pa3pexkeHHBIMH MATPHLAMHE

Onemenmapibie paspexcenivie Mampuibl
sparse PopMUPOBAHUE PA3PEKEHHOM MATPULILI




Cucrema UHXeHepHsIX 1 Hay4Hbix pacyetos MATLAB 5.x. Tom 2

spdiags

Crny4aliHag paspexCHHAA MATPULA ¢ 3ICMEHTAMU, PACTIPEAeICHHBIMU

DopMUpOBaHHE TUATOHAJIEH PA3PEKCHHON MaTpULIbL

Xapaxmepucmuky paspexceHHbIX Mampuy,

normest

OLieHKa 2-HOPMBI Pa3peXeHHOW MaTpHLIL!

BrluucneHne CTpyKTypHOTO paHra

Ipeobpazosanue paspexcennvix mampul

spconvert

[peo6pasoBaHue pPaspeKeHHON MAaTPULILL B [TOJIHYIO

BoccraHoBmeHHe pa3pexeHHo MaTpuLibl 13 BHenHero ASCII-dopmara

Patoma ¢ HEHYAe8bIMU I1eMenmamu

nnz

Konuuectso HCHVYJICBBIX 3JICMCHTOB

nonzeros

Boluncnenue Q)YHKLU/II/I TONAbKO OJid HCHYJICBLIX 3/1EMCHTOB

Onepayuu Hao epagom paspexcerHod Mampuis

treeplot

ITocTpoeHue nepeBa CTPYKTYpbI

Aneopummsl ynopsadouenus

_colmmd

YHOPSHIO‘{CHVIC MO _pa3peXcHHOCTH CTOJIOLOB

DM -1cKoMNo3uLMs paspexXeHHON MaTpULbL

Pewenue cucmem ypasHeHuil ¢ pasperceHnuimu Mampuyamu

MeToa COnpPsIKCHHbBIX I'PAIVEHTOB

KBaznMUHMMU3aUM HEBA3ZKHU
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HpaekcHbie ykasarenu

Bu3ya/1u3auu,<l PAa3peAHCeHRbIX Mampuy

.9
spy

BH3yanusanms CTPYKTYPhI Pa3peXeHHO

Bcnomozamenshute onepayuu

__spparms

spaugment

DOpMHUPOBAHUE PACUIKPEHHON MATPULIBI Il METONA HAMMEHBLIUX
KBaJpaToB

DjeMeHTapHaa rpaduka

Jsymepuvie epaguru

Tpag

__semilogy

oty

Tpadmx
Tpad

I'paduK ¢ ABYMSI BEPTUKAJIBHBIMU OCSIMU

Tpexmepubie epachuxu

plot3
contour
__contourc DopMUPOBaHUE MACCHUBA ONMCAHMA JIMHUIA ypoBHeH
_ contour3 MzobpaxeHye TPeXMEPHLIX IMHUA ypoBHA
_meshgrid PopmupoBaHue AByMepHbIX MmaccupoB XuyY
..mesh, TpexmepHas ceTyaTas OBEPXHOCTL . ..
meshc TpexmepHad ceTyaTtast MOBCPXHOCTh € MPOEKUMEN JIMHUN TIOCTOAHHOTO
. B U000 000U
meshz TpexmepHas ceTyaras MOBEPXHOCTH C [LIOCKOCTBIO OTCYETA Ha HYJICBOM

_YPOBHE

surfl

B a5t SOOI
3aTeHeHHas ceTyartasi MOBEPXHOCTh C MOACBETKON

Koopdunam

3MeHeHHe macuitaba B rpadudyeckoM OKHe

anaeﬂeuue ueemom

caxis

YcTaHOBJIGHHUE COOTBETCTBUS MEXRY HELHVITpO]?I LBETOB
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colstyle
_pedlor .
__rgbplot
.spinmap
hsv2rgb
_rgb2hsv
shading
brighten
“contrast
hidden (
whitebg YnpasneHye uBeToM ¢oHa
Harumper ysemog
hsv [Manutpa pagyry
hot IManuTpa ¢ YepelOBAHUEM YEPHOTO, KPACHOTO, XENTOTo U fejjoro
9ray o Jlunefiiad nannTpa B OTTEHKaX ceporo
__bone Cepas manuTtpa ¢ OTTEHKOM CHHefo
copper JInneiiHas nanuTpa B OTTEHKAX Meau
pink Po3oBas nanutpa ¢ OTTEHKAMHU T1acTeNln
white Mamurpa 6eroro
flag TManuTpa ¢ yepelOBaHUEM KPacHOro, 6€10ro, CMHEro M YepHOro
lines Hamurpa, onpenengemaa csoiicteom ColorOrder
colorcube RGB-nantutpa ¢ oTTeHKamMu ceporo
jet PasnoBuaHOCTE hsv-nammrper ~
prism INanutpa ¢ YyepeaoBaHMEM KPacHOTrO, OPaHXKEBOIO, XEJITOro, 3¢JeHOTo,
~cool y6oro u nonerqégro
autumn [TanuTpa ¢ OTTEHKAaMM KpacHOro u xeiroro
spring { TNanuTpa ¢ OTTEHKAMMU KENTOro U YUONETOBOIO
winter IManuTpa ¢ OTTEHKaMM TonyGoro 1 3¢/1€HOTo
summer IanuTpa ¢ OTTEHKAMHU XeJITOro U 3eJICHOTO

Ynpasaenue nodceemioil

diffuse ekt ANPPY3HOTO paccesHuUs
lighting | Ynpapnenue 1o 5
material
spscular ..
surfnorm

[TocTpoeHne HopMasell K TOBEPXHOCTH

Ynpasnenue yeaom npocmompa

rotate3d

HHTepakTHBHBIE TIOBOPOTH TPEXMEPHOT0 06BEKTa
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WiHnekcHbie ykasarenu

Haonucu u noscuenus k epauxam

Xabel QBOIHAUCHIE OCH X ot
ylabel OBOZHBUEHUE OCH Y | e
_Zlabel _Ob6osnayenme ocuz
__clabel MapKHpOBKa JIMHU YPOBHA
__colorbar Ixana manurpet
title 3aromopok rpagyka
text JobaBneHne K TEKYLIEMY IpaUKy TeKCTa
gtext PasMmelneHue TeKCTa Ha rpaduke € TOMOLIBIO MBI
legend [ToscHeHue K rpaduky

Cozdanue meepdoti konuu u coxpanerue epagura

orient PasMeuleHue TBEpOOW KOMMM Ha CTpaHMue
print BeiBoa rpaguka Ha neyatb wm s gajn
printopt 3agaHve ONMUMIA reyaTv 110 YMOJTYaAHMIO

CrnennanbHas rpauka

Jeymepnvie epaguru

area 3akpacka obracreii rpaguKa

bar Cronbuosaa aparpaMma

barh CronbuoBasd anarpaMMa ¢ TOPU3OHTAIbHEIM PacTIONIOKEHUEM
comet | JIBYXCHUC TOUKM TIO TPACKTOPUN
_compass I'pauk BEKTOPOB-CTPEJIOK, MCXONAUIMX U3 Hayala KOOPAMHAT
_errorbar Ipaduk ¢ ykazaHueM MHTEPBaIA NIOTPELUHOCTH
_ezplot IlocTpoenue rpadMKOB C UCTIOIL30BAHMEM IUANOTOBOIO OKHA

feather I'pahuk BEKTOPOB-CTPEJIOK, UCXOASAUIMX U3 PAaBHOOTCTOSILIMX TOUYCK

..... TOPM3OHTAILHOM OCH

fill 3akpacka MHOTOYTOILHUKOB

hist TTocTpoetne rMCTOrpamMMel

pareto I'paduK pe3ynpTaToB NPOGUIMPOBAHUS TIPOTPAMMEI

pie Kpyrosas auarpaMma

plotmatrix ['papyx MaTpULL!

quiver Ipadux nong Hampasfewut

ribbon . W3obpaxeHue JIMHUA HA TPEXMEPHOM rpadmke
Jstairs | CTYTMEHYATRIA TDADUK || e

stem ['padhK NMCKPETHBIX 3HAYECHUM

Tpexmepras epaguxa




CucreMa MHXEHePHbIX 1 HaywHbix pacyetoB MATLAB 5.x. Tom 2

quiver3

waterfall

PHOM TIpDOCTpAHCTBE

1 gyerKamMu

TpexmepHasi OBEPXHOCTHL §€3 IPOPUCOBKY pefiep CeTKH

Paboma ¢ epapuseckumu obpazamu

MacwiTabuposanue 1 BbiBOA Tpadmieckoro obpasa

imfinfo

UHndopmanus o cTpykrype rpadudeckoro gaina

AHuMauuonHble 803MONCHOCU

.capture o] 33XBAT TPADUMHCCKON PMIVPRL | s
_getframe 1. Cosaatb GpeiM 11 aHUMaLWK
moviein Britennh namate nog GpeliMsr annMatimm

:mfram_(-:jg‘i_rp _IIpeobpazopanue ¢peitMa B rpaguyeckuii obpas
im2frame IIpeobpasoBaHue rpaduyeckoro obpasa B dpeiim

Obsemuoie epaguueckue obsexmel

_patch 3aKpall¢HHBIA MHOTOYTOJIBHMK
__cylinder Bomonuuts pacver wwvHEpa
sphere BEITONHUTE pacyeT cephl

Heckpunropras rpaduka

Cozdanue u ynpasnenue epaguueckum oKHOM

‘OTKpBITH I'paUyECKOe OKHO (KOMaHaa)

refresh

OOHOBUTB rpapuICcCKOE OKHO

Cosdanue u ynpasaenue ocamu Koopounam




UnaexcHsie yka3arenn

uimenu

h

I'paguueckuit 00LeKT pate

I'padmuecknil 00BEKT Uimenu

Onepayuu nao

epaguteckumu obsexmamis

YCTaHOBUTEL CBOMCTBA IrpadhuiuecKoro obhekTa

findobj

copyobj

Vmurumo:

closereq

newplot

BoccTaHoBneHMe WITATHBIX 3HAaYeHUH cBoiictBa NextPlot

TI'padmuecknii nurepdeiic nonszoparens (GUT)

Dynxyuu GUI

uicontrol

Bribop, repeMeLleHte, U3MEHEHE Pa3MEpOB, KOIMMPOBaHUE OOBEKTOB
_C TIOMOLIBIO MBILIK

OXHniaHue HaXaTHs KJIABULIY KITABUATYPbl WIKM MBILIK B 110o€e rpadu-
YECKOTO OKHA

propedit

3MeHUTL CBOMCTRA 00BCKTA
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CucremMa vHXeH

ePHbIX ¥ Hay4Hbix pacdeTos MATLAB 5.x. Tom 2

,ZZMG/IOZOBble naweau

Co3sfaHue naHeau coobLUeHNN

warndig

uigetfile

file

waitbar

Tlanenn oxugaHvsa

Cozdanue menrw

Jmakemenu | Co3aTh CTPYKTYPY MCHIO e
.menubar | YCTaHoBUTh WTaTHbIE SHaUCHM CBOVCTBa MenuBar

umtoggle MsMmenuTs cTatyc checked obbekTa uimenu

winmenu Coznats MOAMEHIO JUisi TVHKTa MeHIo Window

Co3zdanue ko

HOK uHcmpyMeHma/szod naneau

btngroup Cosaarb KHOMKY H3 MHCTPYMEHTATLHOM MTAHEN
_ btnstate 3anpocHTh COCTOAHME KHOITKH

btnpress YnpasneHue KHOTIKAMU WHCTPYMEHTAILHON NaHeau
_btndown Haxars kHonKy

btnup OTnyCTUTL KHONKY

Vmuaume 3a0anus ceoticms obsexmos figure u axes

__setuprop

3agaTh CBOIICTBO

mC ruprop

.......... P

Y1a1Th CBOMCTBO

Benomoeamenstote ymuaumost

"alichild




UHAeKCHble ykasarenu

remapfig | Mamennts pacnionoxenne obeexra figure

Jsetptr ) YeTaHOBUTH yKasaTenp Ha obpektfiguee

L 3anpocuTk yKasatenmb Ha obvekrfigure
overobj 3anpocuTh JeCKpUNTOp 06BEKTA 110 €ro yKazaTeo

Obpabotka crpok

OcHoenbie gynrkyuu

_blanks ChopMHUpOBaTh CTPOKY NTPOOEIOB
_cellstr ITpeobpa3oBaTh MACCHB CUMBOINIOB B MACCHB SYECK I CTPOK
Lohar CopMHpOBaTE MACCHB CHMBOTIOB
.deblank Ynanrs npodesiel B KOHUE CTPOKH .
double [TpeobpazoBaTs CUMBOJIBI CTPOKM B YHUCIIOBLIE KOJBI

IIposepra cmpok

ischar VICTMHHO, €CJIM 3TO MacCMB CUMBOJIOB (CTpOKa)
_Iscellstr W cTHHHO, €c/ii 3TO MACCHB sTueeK JUTS CTPOK

isletter HcTrHHO, eciiu 3TO CHMBOJ angaBuTa

isspace HctrHHoO, ecnu 910 npoben

Onepayuu nad cmpoxamu

streat T'opusoHTaIbHOE 06BEAMHEHME CTPOK
strvcat BepTrkasibHOe 06BEIMHEHME CTPOK
_strcmp CpaBHUTL CTPOKM
strncmp CpaBHHUTBb N CMBOJIOB CTPOK
findstr Haiitn 3anatHylo cTpoky B cocTaBe apyrodicrpokn
strjust BelpaBHaTs MaccwB cumBOIOB.
_strmatch Haittn Bce coBnaneHns e
strrep 3aMeHUTh OJHY CTPOKY JIpYyToi
strtok Haittu yacTh CTPOKHM, OTPAHUYEHHYIO Pa3feUTeAIMU
upper ITepeBeCTH BCE CMMBOJILI CTPOKM B BEPXHUH perucTp
Tlower [lepeBecTy BCe CUMBOJIBI CTPOKH B HWXKHHMI PETUCTD
Ipeobpazosanua cmpok
numa2str IIpeobpasoBaHue YUCIa B CTPOKY
|nt25tr IlpeobpagoBaHue UeJOroBCTpoKy
“mat2str [1peobpa3oBaHye MaTPULILI B CTPOKY
str2mat OObeMHEHNE CTPOK B MaTpuLy
Tstrznum [peoGpaszoBatue CTPOKU B apUbMCTHYECKOE BHIPAXKEHHE U €ro

BBIYMCIICHUE

sscanf

TTpounTaTh CTPOKY C Y4YeTOM hopMara

IIpeobpazoseanus cucmem CHUCAEHUS

hex2num
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bin2dec

dec2base

ITpeobpa3oBaTh ABOMUYHYIO CTPOKY B ACCATUUHOE YHUCIIO

[Ipeobpa3oBarh AecaTHYHOE YUCIO B B-cTpoky

Onepanun BBoAa-BhIBOAA (aiiIoB

Omxkpoimue u 3aKpvimue gainoe

fclose

3akpbiTh daitn

Heouunsie ¢hatinbt

, fread

3anucarh IBOMYHbBIC AaHHBIC B (aiin

Dopmamuposannsie paiinbl

fscanf [IpounTars GopMaTHpPOBAHHLIC NaHHBIE U3 daiiTa
fprintf
fgetl .
fgets ITpouuTath ¢
input WHTepakTUBHBII BB

THosuyuonuposarue gaiina

ferror

frewind

YCTaHOBUTH YKa3aTeslb B HAYaIO dafina

Paboma ¢ kamanoeamu

matlabroot

tempname

3anpocuTb UMsl BpeMeHHoro daiia

Hmnopm-axcnopm gainoe




UHOekcHbie yKasarenu

wk1write

3JIEMCHTLI

3alsATbIMU

3anucaTe Gaiin B 37eKTpoHHyo Tabauuy Lotus123

Hmnopm-sxcnopm epaguyeckux obpaszoe

imwrite

3anmcath rpadudeckuii obpas s daiin

Hmnopm-sxcnopm 36yxogsix gaiinos

wavwrite

wavread

Cuurarh 3BYKOBOY dain .wav

Knaccel 00beKTOB M NpOrpaMMupoBanne

Knaccst obsexmoe

Co31aTb MacCHB STYEEK

06beicmno—opueumupoeaﬂﬂoe npoepammuposarnue

class Co3natb 00bEKT MM BO3BPATUTH KJIacc 0ObEKTa
methods ITokazaTh METOABI JAHHOI'O Kjlacca

isa W cTHHHO, €CTTM OOBEKT MPUHAIEXKNT TAHHOMY KJIaccy
isobject McTuHHO, ecny 370 00BEKT

inferiorto OTHOUIEHUE HU3LIEro Kiacca

superiorto OTHOMICHUE BHICHIEro Kiacca

ITepeonpedenenue memodoe

[lepeonpenennth METOX ISt @ - b
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vertcat .| Hepeonpeneauts Meton wnd faib] i,
e Tlepeonpenenuts MTOR g a<=b
| 11EPEONIPERETNTE METOR A B SD | s
‘gt [epeonpenemnrts MeTOA i a>b

ge [lepeonpenenuTs METON IS 8>=h e

eq [lepeonpenenuts MeTon ANd

ne [epeonpenenwty MeToOA gsi2~=pb

not INepeonpenennTs METON WSt

and IepeonpeneuTs MeTON 1S

or [lepeonpeneIMTh METON LTS

subsasgn IlepeonpenennTs METON 1S .

subsref IepeornpeneanTh METOI TSI

colon Ilepeonipenenvts MeTOA 1A a:b

transpose ITepeonpenenuts METON IUIA @.'

ctranspose Ilepeonpenemuts MeTOL 198’

subsindex Iepeonpenenuts MeTon s x{a)

Hurepdeiicsi DDE u ActiveX
Humepgeiic DDE

ddeadv YCTaHOBUTH KOHCYJIbTATUBHYIO CBA3b
ddeexec [Tocnate cTpOKY Ha BHINTOJIHEHUE
ddeinit Wunumuposate DDE-qpanor
ddepoke [TocnaTh JaHHBIC B IPWIOXKEHME
ddereq 3anpocHTh NaHHBIE OT NpWJIOXeHwa
ddeterm 3apepunte DDE-nmaior
ddeunadv 3aBepLINTh KOHCYJIBTATUBHYIO CBA3b
Humepgeiic ActiveX
actxcontrol Coanatb 9/eMeHT yrpagiedus
actxserver Co31aTh JIOKATBHBIN UM YIAJEHHBIA cepBep
activex Konctpyktop nntepdeiica ActiveX
get [TonyunTs cBolcTBa MHTEpdeiica
set YcTaHOBUTH CBOMCTBA MHTEpQEca
invoke BoizBath MeTox JUI 00bekTa ActiveX
felease . Brinomnte nutepdedic
delete Ynanute uHTepdeiic
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ViHaekcHble ykalaresm

Komangei MMM Notebook

Komarodwt

Hasnauenue

.Purge Output Cells

Group Cells

Evaluate Calc Zone
luate k

VripasacHite BLIBOAOM HA TEPMMHAN PE3Y/ILTATOB BLIYMC-
neHuit 8 M-kuure

Longe
Rational
Compact

KOPOTKOE YHCIIO
IUTMHHOE YHCSI0
LIECTHALUATEPUYHOC HHCIIO

KOMMCPUCCKUIT hopMar

CHMBOABLHBIH hopMar

KOPOTKOC 43¢0 (3KCMIOHEHLMaILHAS (opma)
JUTHHHOE 4UCI0 (3KCMOHCHIMUILHAA DopMa)
$opmar pauroransHore uucna

IOAABACHUC 1TPOBEIIOB MEXKAY CTPOKAMM
BOCCTaHOB/IEHUE TIPO

Figure Options:

YrpagsicHue BLIBOAO

Embed Figures in M-book
Use 16-Color Figures

~KHHUTY

inches

Centimeters

Points

op evaluating on error

KOHTpOJ{b TIPU BLIYUCACHUN MHOXCCTBCHHBIX AYECK
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NMPEAMETHbIN YKA3ATEJ1b

A
abs, 282
acos, 282
acosh, 282
acot, 282
acoth, 282
acsc, 282
acsch, 282
activex, 298
actxcontrol, 298
actxserver, 298
addpath, 276; 296
airy, 283
align, 293
all, 278
allchild, 294
and, 278; 298
angle, 282
ans, 279
any, 278
AREA, 228; 291
asec, 282
asech, 282
asin, 282
asinh, 282
atan, 282
atan2, 282
atanh, 282
autumn, 290
AXES, 148; 180; 292
AXIS, 183; 289
axlimdlg, 294

B
balance, 285
BAR, 214; 291
BAR3, 232; 291
BAR3H, 232; 291
BARH, 214; 291
base2dec, 296
besselh, 283
besseli, 283
besselj, 283
besselk, 283
bessely, 283
beta, 283
betainc, 283
betaln, 283
BICG, 110; 288
- BICGSTAB, 114;

288

bin2dec, 296

blanks, 295

bone, 290

BOX, 191; 292

BRIGHTEN, 178;
290

btndown, 294

btngroup, 294

btnpress, 294

btnstate, 294

btnup, 294

C
calendar, 280
capture, 292
cart2pol, 284
cart2sph, 284
cat, 280
CAXIS, 195; 289
cbedit, 293
cd, 277
cdf2rdf, 285
ceil, 283
cell, 280; 297
celi2struct, 280
celldisp, 280
celiplot, 280
cellstr, 295
CGS, 118; 288
char, 295; 297
chol, 284
CHOLINC, 100; 284
cla, 292
CLABEL, 203; 291
class, 297
cle, 277
clear, 276
clf, 292
clock, 279
close, 292
closereq, 293
clruprop, 294
COLMMD, 96;
288
colon, 298
COLORBAR, 210;
291
colorcube, 290
COLORMAP, 194;
289
COLPERM, 92; 288
colstyle, 290
COMET, 227; 291
COMET3, 240; 291

300

compan, 284
COMPASS, 224;
291
computer, 277
cond, 284
condeig, 285
CONDEST, 89; 288
conj, 282
CONTOUR, 197,

289
CONTOURS3, 199;
289
contourc, 289
CONTOUREF, 198;
291
contrast, 290
CONY, 70; 283;
287
CONV2, 71, 287
CONVHULL, 30
convhull, 286
CONVN, 72; 287
cool, 290
copper, 290
copyobj, 293
CORRCOEF, 12;
286
cos, 282
cosh, 282
cot, 282
coth, 282
COV, 10; 286
cplxpair, 282
cputime, 280
cross, 283
csc, 282
csch, 282
csvread, 296
csvwrite, 297
ctranspose, 278; 298
CUMPROD, 4;
- 286
CUMSUM, 3; 286
CUMTRAPZ, 35;
286
cylinder, 292
D
DASPECT, 187
date, 279
datenum, 280
datestr. 280
datetick. 280

datevec, 280
dbclear, 277
dbcont, 277
dbdown, 277
DBLQUAD, 38; 286
dbquit, 277
dbstack, 277
dbstatus, 277
dbstep, 277
dbstop, 277
dbtype, 277
dbup, 277
ddeadyv, 298
ddeexec, 298
ddeinit, 298
ddepoke, 298
ddereq, 298
ddeterm, 298
ddeunadyv, 298
deal, 280
deblank, 295
debug, 277
dec2base, 296
dec2bin, 296
dec2hex, 295
DECONV, 70; 285;
287

DEL2, 15; 286
DELAUNAY, 28
delaunay, 286
delete, 277; 293; 298
DELSQ, 142
demo, 276
det, 284
diag, 281
dialog, 294
diary, 277
DIFF, 13; 286
diffuse, 290
dir, 277
dimread, 297
dimwrite, 297
DMPERM, 93; 288
dos, 277
double, 295; 297
dragrect, 293
drawnow, 293
dsearch, 286

E
echo, 277
edit, 276
editpath. 270; 296

ANAnOrmn@n



lpeaMeTHbii ykasarens

edtext, 294

eig, 285

EIGS, 127; 285

ellipj, 283

ellipke, 283

end, 281

eomday, 280

eps, 279

eq, 278; 298

erf, 283

erfc, 283

erfcx, 283

erfinv, 283

ERRORBAR, 217;
291

errordlg, 294

etime, 280

ETREE, 132; 288

ETREEPLOT, 133;
288

exp, 282

expint, 283

expm, 285

eye, 281

EZPLOT, 162; 291

F

factor, 283

fclose, 296

FEATHER, 224;
291

feof, 296

ferror, 296

FFT, 64; 287
FFT2, 66; 287
FFTN, 67; 287
FFTSHIFT, 68; 287
fgetl, 296

fgets, 296
fieldnames, 280
FIGURE, 146; 292
filesep, 296

FILL, 229; 291
FILL3, 243; 291
FILTER, 72; 287
FILTER?2, 73; 287
FIND, 81; 281; 288
findobj, 293

findstr, 295

fix, 283

flag, 290

flipdim. 281

fliplr, 281

flipud, 281

floor, 283

flops, 279

FMIN, 57; 286
FMINS. 60; 286

fopen, 296
FOPTIONS, 57
format, 277
FPLOT, 162
fprintf, 296
frame2im, 292
fread, 296
frewind, 296
fscanf, 296
fseek, 296
ftell, 296
FULL, 83; 288
fullfile, 296
funm, 285
fwrite, 296
FZERO, 62; 286
G
gallery, 284
gamma, 283
gammainc, 283
gammaln, 283
gca, 292
gcbf, 293
gcbo, 293
ged, 283
gcf, 292
gco, 293
ge, 278, 298
get, 293; 298
getenv, 277
getfield, 280
getframe, 292
getptr, 295
getstatus, 294
getuprop, 294
ginput, 293
GMRES, 121; 288
GPLOT, 90; 289
GRADIENT, 13; 286
gray, 290
GRID, 191; 289
GRIDDATA, 26;
286
gt, 278; 298
GTEXT, 208; 291
guide, 293
H
hadamard, 284
hankel, 284
help, 276
helpdesk, 276
helpdlg, 294
helpwin. 276
hess, 285
hex2dec, 295
hex2num, 295
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HIDDEN, 174; 290

hidegui, 294

hilb, 284

HIST, 218; 291

HOLD, 192; 289;

292

home, 277

horzcat, 279; 297

hot, 290

hsv, 290

hsv2rgb, 284; 290
I

i, 279

IFFT, 64; 287
IFFT2, 66; 287
IFFTN, 67; 287
IFFTSHIFT, 68
im2frame, 292
imag, 282

image, 292; 293
imagesc, 292
imfinfo, 292
imread, 297
imwrite, 297
ind2sub, 281

inf, 279

inferiorto, 297
inline, 297

inmem, 276
INPOLYGON, 32
inpolygon, 286
input, 296
inputdlg, 294
int2str, 295
INTERPI, 21; 286
INTERPIQ, 21; 286
INTERP2, 23; 286
INTERP3, 24
INTERPFT, 18; 286
INTERPN, 25; 286
intersect, 279

inv, 284

invhilb, 284
invoke, 298
ipermute, 280

isa, 297

iscell, 280
iscellstr, 295
ischar, 295
isempty, 281
isequal, 281
isfield. 280

isfinite, 279
ishandle, 293
ishold, 292

isinf, 279

isletter, 295

istogical, 281
ismember, 279
isnan, 279
isnumeric, 281
isobject, 297
isprime, 283

isreal, 282

isspace, 295
ISSPARSE, 84, 288
isstruct, 280

J
i, 279
jet, 290

kron, 278

Icm, 283

Idivide, 278; 297
le, 278; 298
LEGEND, 209; 291
legendre, 283
length, 281

light, 293

lighting, 290
lin2mu, 287
LINE, 152; 292
lines, 290
linspace, 281
listdlg, 294

load, 276; 296
log, 282

log10Q, 282

log2, 282

logical, 281
LOGLOG, 164; 289
logm, 285
logspace, 281
lookfor, 276
lower, 295

Iscov, 284

It, 278; 298

fu, 284

LUINC, 103; 284

M
magic, 284
makemenu, 294
mat2str, 295
material, 290
matlabre, 296
matlabroot, 296
MAX. 6; 285
MEAN, 9; 285
MEDIAN, 8; 285
menu, 294
menubar, 294
menuedit, 293
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MESH, 172; 289
MESHC, 172; 289
MESHGRID, 171;
281; 289
MESHZ, 172; 289
methods, 297
mex, 276
mexext, 296
MIN, 7; 285
minus, 277; 297
MKPP, 19
midivide, 278; 297
mod, 283
more, 277
movie, 292
moviein, 292
mpower, 278; 297
mrdivide, 278; 297
msgbox, 294
mtimes, 278; 297
muZ2lin, 287

N
NaN, 279
nchoosek, 283
ndgrid, 280
ndims, 280; 281
ne, 278; 298
newplot, 293
nextpow2, 282
nnls, 284
NNZ, 85; 288
NONZEROS, 85;

288

norm, 284
NORMEST, 88; 288
not, 278; 298
now, 279
null, 284
num2cell, 280
num2str, 295
NUMGRID, 142
NZMAX, 86; 288

0
ode113, 287
ode15s, 287
ode23, 287
ode23s, 287
oded5, 287
odefile, 287
odeget, 287
odephas2, 287
odephas3, 287
odeplot, 287
odeprint, 287
odeset, 287
ones, 281

or, 278; 298
ORIENT, 251; 291
orth, 284

overobj, 295

pack, 276
pagedlg, 294
pareto, 291
partialpath, 296
pascal, 284
PATCH, 153; 292,
293
path, 276; 296
pathsep, 296
pause, 277
PBASPECT, 187
PCG, 107; 288
pcode, 276
pcolor, 290
perms, 283
permute, 280
pi, 279
PIE, 216; 291
PIE3, 235; 291
pink, 290
pinv, 284
planerot, 285
PLOT, 159; 289
PLOT3, 170; 289
PLOTEDIT, 211
PLOTMATRIX,
222; 291
PIOTYY, 167; 289
plus, 277; 297
pol2cart, 284
POLAR, 166; 289
poly, 285
POLYAREA, 34
polyarea, 286
polyder, 285
polyeig, 285
POLYFIT, 17, 285
polyval, 285
polyvalm, 285
popupstr, 294
pow2, 282
power, 278; 297
PPVAL, 19; 286
primes, 283
PRINT, 248; 291
printdig, 294
printopt, 291
prism, 290
PROD, 4; 286
profile, 277
propedit, 293
pwd, 277

Q
QMR, 124; 288
qr, 284
grdelete, 285
rinsert, 285
UAD, 36; 286
QUADS, 36; 286
questdlg, 294
quit, 276
QUIVER, 226; 291
QUIVERS, 238; 292
qz, 285
R

rand, 281

randn, 281

RANE?PERM, 92;
28

rank, 284
rat, 283
rats, 283
rbbox, 293
rdivide, 278; 297
readme, 276
real, 282
realmax, 279
realmin, 279
RECTINT, 32
rectint, 286
refresh, 292
release, 298
rem, 283
remapfig, 295
repmat, 281
reset, 293
reshape, 281
residue, 285
rgb2hsv, 284; 290
rgbplot, 290
RIBBON, 230; 291
rmfield, 280
rmpath, 276
ROOT, 145
roots, 285
ROSE, 223
rosser, 284
rot90, 281
ROTATE, 246; 292
ROTATE3D, 248;
290

round, 283
rref, 284
rsf2csf, 285

S
save, 276: 296
SCATTER, 221
SCATTERS3, 237
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schur, 285

sec, 282

sech, 282
selectmoveresize, 293
SEMILOGX, 165;

289
SEMILOGY, 165;
289
set, 293; 298
setdiff, 279
seffield, 280
setptr, 295
setstatus, 294
setuprop, 294
setxor, 279
SHADING, 177; 290
shg, 292
shiftdim, 280
sign, 283
sin, 282
sinh, 282
size, 281
SLICE, 240; 292
SOLVER, 39
odefile, 44
odeget, 49
odephas2, 50
odephas3, 50
odeplot, 49
odeprint, 51
odeset, 46
SORT, §; 286
SORTROWS, §; 286
sound, 287
soundsc, 287
SPALLOC, 86; 288
SPARSE, 76; 287,

297
SPAUGMENT,
140; 289
SPCONVERT, 83;
288

SPDIAGS, 78; 288
specular, 290
SPEYE, 79; 287
SPFUN, §7; 288
sph2cart, 284
sphere, 292
spinmap, 290
SPLINE, 19; 286
SPONES, 87; 288
SPPARMS, 136; 289
SPRAND, 79; 288
SPRANDN, 79; 288
SPRANDSYM, 80;
288



lpenmerHbii ykasartens

SPRANK, 89; 288
spring, 290
sprintf, 295
SPY, 91; 289
sqrt, 282
sqrtm, 285
squeeze, 280
sscanf, 295
STAIRS, 220; 291
STD, 9; 285
STEM, 219; 291
STEM3, 236; 292
str2mat, 295
str2num, 295
strcat, 295
stremp, 295
strjust, 295
strmatch, 295
strncmp, 295
strrep, 295
strtok, 295
struct, 280; 297
struct2cell, 280
strvcat, 295
sub2ind, 281
SUBPLOT, 185; 289
subsasgn, 298
subsindex, 279; 298
subspace, 284
subsref, 279; 298
SUM, 3; 286
summer, 290
superiorto, 297
SURF, 174; 289
SURFACE, 155;
293
SURFC, 174; 289
SURFL, 179; 289
surfnorm, 290
svd, 285
SVDS, 130; 285
SYMBFACT, 138;
289
SYMMMD, 98;
288
SYMRCM, 94; 288

T
tan, 282
tanh, 282
tempdir, 296
tempname, 296
TEXT, 157; 205;

291; 292

tic, 280
times, 278; 297
TITLE, 201; 291
toc, 280

toeplitz, 284

trace, 284

transpose, 278; 298

TRAPZ, 35; 286

TREELAYOUT,
134; 288

TREEPLOT, 135;
288

tril, 281
TRIMESH, 231; 292
TRISUREF, 231; 292
triu, 281
tsearch, 286
type, 276

U
uicontrol, 293
uigetfile, 294
uimenu, 293
uint8, 297
uiputfile, 294
uiresume, 293
uisetcolor, 294
uisetfont, 294
uiwait, 293
uminus, 278; 297
umtoggle, 294
union, 279
unique, 279
unix, 277
UNMKPP, 19
UNWRAP, 74; 282
uplus, 277; 297
upper, 295

A\’

vander, 284

ver, 276

vertcat, 279; 298
VIEW, 246; 290
VIEWMTX, 244; 290
vms, 277
VYORONOI, 31
voronoi, 286

w
waitbar, 294
waitfor, 293
waitforbuttonpress,
293

warndlg, 294
WATERFALL,
242; 292
wavread, 297
wavwrite, 297

web, 277
weekday, 280
what, 276
whatsnew, 276

which, 276 C

white, 290 CrielMaibHble
whitebg, 290 cuMBonbl, 278
who, 276

whos, 276
wilkinson, 284
winmenu, 294
winter, 290
wk1tread, 297
wk1write, 297

X
XLABEL, 202; 291
XLIM, 190
xor, 278

Y
YLABEL, 202; 291
YLIM, 190

Z
zeros, 281
ZLABEL, 202; 291
ZLIM, 190
Z0O0M, 192; 289

I
[1ITIT Notebook
Bring MATLAB
to Front, 274
Define Autolnit
Cell, 269
Define Calc
Zone, 269
Define Input
Cell, 268
Evaluate Calc
Zone, 272
Evaluate Cell, 271
Evaluate Loop,
273
Evaluate M-book,
272
Group Cells, 270
Hide/Show Cell
Markers, 271
Notebook
Options, 274
Purge Output
Cells, 270
Toggle Graph
Output for
Cell, 271
Undefine Cells,
269
Ungroup Cells, 270
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