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BBEJEHHE

Hactoamee H3JaHHe OpeJcTaBIAeT cODOH PYKOBOACTBO K JaDOpPaTOpPHOMY
NPAETHEVMY 0 Eypcy «HHETeIIekTVaIsHEIH aHATH? JaHHEN». JlabopaTopHELE
PAaDOTE] BEIMONMHAIOTCAE B HHTETPHPOBAHHOH BEMHCIHTETEHOH cpege MATLAB.
Iens HacToAmMEro NpakTHKYMa — HayIHTE CTYAEHTA NPHMEHATH MEeTOIBl HH-
TEUTEKTYAILHOTC AHATH3A JAHHEIX J14 PeIIeHHA PAJa NPHEIATHEIX 33739 00-
Pa0OTEH H 3HATHIA MHOTOMEPHEIX HaOODOE J3aHHEIX HA IIPHMEPE HCIOILIOBA-
HuA cpeasl MATLAB. TeMaTHka DpPakTHEVMA OXBATHIEAET ANTOPHIMEI HETH-
HeHHOT0 MeT0Ia HAHMEHLITHY KEAIPATOR, METOA ITIABHEIX KOMIIOHEHT, METO-
OB CTOXACTHYECKOIO MOHCKA IKCTPEMYMOB (VHELHH, a Takke IPHMEHEHHE
HEHPOHHBIX CeTeH A KIACTEPH3AHE H KIACCH)HEAIHH TaHHEX. [IpHBeneH-
HEI® CIIPaBOYHEIE TeOpPETHUESCKHe CBelIeHHR COJEePHEAT AOCTATOYHEIE 00BeM
HHEQOPMALTHH, HCKTHOYANIHA Heo0X0 HMOCTD IPHOEraTh JPYTHM HCTOUHHEAM
IHTEPaTVPE B X0J¢ BHIIOMTHEHHA MPAKTHIECKHX padoT.

ITpHiaraeTcd KOMIAKT-THCE. CONEp:KAITHA (hafinel 3aMaHHid H IPHIOKEHHH

K I1a00paTOPHOMY IMPAKTHEYMY.



JJABOPATOPHAA PABOTA AMel

OCHOBbBI PABOTHEI B MATLAB

ens padoTel. HayienHe 3IeMeHTOR S3EIKA, OCHOBHEIX QVHEIHA H CPEIE]
MATLAB. Pemenne cHCTeM JIHHEHHEIX VpaBHeHHH. (C030aHHE NOIB3I0BATENE-
CEKHX (VHEUHE H nocTpoeHHe HX rpadHioE B cpexge MATLAB. Havuenne re-
HEepaTopa 0a30BOH CIVIAHHOH BETHTHHEL

Kpatkme cBememma. Cuctema MATLAB (MATrix LABoratoty) mpemHa-
3Ha4eHA 014 BEIIOIHEHHA HAYIHEIX H HEDEKEHEPHEIX PAcUeTOB Ha KOMIIBHOTEDE.
C ee noMomE:0 3pQEKTHEHO PeIIANOTCA 3aJa9H BEITHCIHTEEHOH MATEMATHEH,
IHHEHHOH aareOpsl, MaTeMAaTHYECKOH CTATHCTHEH H MAaTeMaTHYECKOIOo MoJe-
MHPOBAHHA (CHMBONMBHAR MATEMATHEA, VPABHEHHY B WACTHEIX TIPOH3BOIHEIX,
YHCIEHHOE HHTETPHPOBAHHE, ANNPOKCHMAITHA, pellleHHe ONTHMHIAIHOHHEIX
zagaq). B coctag MATLAB BXOOHT HECKONBKO ECATEOB CIEIHATHIHPOBAH-
HEIX nakeToB (Toolbox), mpegHazHaYeHHEIX 414 0OpabOTKH JAHHEIX B paslIHY-
HEIX OOJIACTAX HaVKH H T€XHHKH (CHCTEMEl YIIPABICHHA, HEYeTKHE CHCTEMEL,
HEHAPOHHEIE CEeTH. UHAPOBas 00padOTEA CHIHAIOE H H300pameHHH, aHAIHI
EPEMEHHEIX PATOE).

MATLAB - 3T0 OOHOEPEMEHHO H ONEPAUHOHHAA CPeda H A3EIK IIporpaM-
MHpOBaHHA. f2EIK HHTepnpeTaTopa komaHt MATLAB npocT H Jerko mogaa-
eTca H3yieHHo. H3 KoMaHIHOH CTPOKH MOXKHO BEIZBATE OTJENBHYI0 KOMAHIY
HIH [POTPaMMy (IOCIENOBAaTENBHOCTE KOMAHT), ODOPMISHHYID B BHAE M-
thafima.

1. 3arpvika cacteMel MATLAB m padoTa B rTaBHOM OKHe

Jarpvaute MATLAB: rmonka yvek / IIporpammer /| MATLAB. Cosgats
HAa JOCTYIIHOM IHCEE COOCTECHHYI HANKY. MMA NANKN HAOUpaiime AamuHCKN-
mu Gyvreamu. Texymed nankoi cpegel MATLAB Ha3HAUBTE CEOK CO3TAHHVIO
manky (cu. puc. 1.1).

belp \\N |

Current Directeny: | ChUsers\damuiucrparophDocuments\ MATLAE Lai

FPuc. 1.1, Orno Terymed mam® cpeas MATLAB

BrrucieHHS MOAHO NPOHIBOIHTE NPAMO B KOMaHIHOM OKHe. J[14 3Toro B
TTABHOM OKHE IOCIE CHMBONIA - HaOepHTe MHOOBIE apHOMETHYSCKHE OeHCT-
BHA. PezyiIeTaT OVIeT COXpaHeH B ABTOMATHYIECKH CO3IAHHOH IIEPEMEHHOH ans.



[IpH BEIIOIHEHHH OONBIIOr0 KOMHYSCTBA BEIMHCIEHHH (HampHMep., NpH
peanTH3aHH HEKOTOPOTO AMMOPHTMA) paboTaTh B MOJOOHOM PeXHME He BCETIA
yaobHo. B TakHMx cayvHagx caegyeT o opMHTE BEIMHCIEHHA B BHAS m-Gainos.

Jagagme 1. BrmoasEHTe DpPOHIBOMLHEIE BEMMHCIEHHA B KOMAHTHOM OKHE,
IOMpPoOVHTE HCNONMB30BATh PAINMHIHEIE apHOMeTHISCKHE ONepallHH H 3ajaiite
€ MOMOIIBERK KPYVIIEX CKOOOK IPHOPHTET HX BEINIQITHEHHA.

2. CozzaEme m-daiiia

M-thafinel, KaK MPaBHIO. CONEPHEAT MOCIEIOBATENRHOCT, KOMaHI PakTH-
TeckH B m-paile comepAMTcad Kol NONb3OBATENBCKOH IPOrpaMMElL, KOTOPEIH
yI0DHO PEIAKTHPOBATE H JONOIHATE.

Hna cozmanus m-daiza cregyer zafdta B MeHio Filel New' M-file. B pe-
3VILTATE OTKPHIBAETCA TeKCToBEIH pegakTop MATLAB. npenHa3HAYeHHEIH J714
CO3JAHHA H PeIaKTHPOBAHHA IOTO0HEX (DaHIoB.

Teneps cuemyeT COXPaHHTE m-pafin: B MeHI0 pegakTopa File\ Save as...\ B
ITHATOTOBOM OKHE 3371aTek BMA ¢aiiia’ OK.

B cozgapmoM m-daiile MOKHO 3amporpaMMHpPOBATE IOOEE apHMeTHIE-
CKHE BEMHECIeHHA. OHH OVIYT COXpaHeHH B 3ToM (afime, H HX MOEHO BEIION-
HHTE Ha JpyToM KOMIOBIOTEpe, Ha KoTopoM veraHoeTeH MATLAB.

ITome3no BKIOTATE B m-dailt ¢yEsmio path, KoTopas 3agaéT myTh OHCKa
G VHEIMH H $afiloB. K KOTOPEIM IPOHCXOOHT oOpalleHHe.

Hampemep. B TeKyInel manke cofep#HTcd Manka Functions, B KoTOpoH Ha-
xomuTca dadin myfinc m. UToOs BE3BATE (DVHEIHIO MVfunc HeoOXOOHMO VEA-
3aTh IMyTh A1A ee moHcka: path(Functions” path)

BHHMAHHE! Husg daiina He IoDKHO HAYHHATBCA ¢ MHAPEL COOSpPEATE
mpodensl. g 3aJaHHA HMeHH (aiina coegyeT HCIOIB30BATE TONBKO JIATHH-
CKHE OVEBEL

3agamme 2. Coszgafite m-(afin ¢ IpOHIBOMBHEIM HMeHeM. COXPaHHTE €T0 B
CBO€H padodeH Ianke.

3. HcooaszoBaHHE COPABOTHOH CHCTEME]

MATLAB comep&HT OOIBIIOS YHCIO BCTPOSHHEIX MATEMATHIECKHX (VHE-
mui. [n1g Toro. 9TOOH NOML30BATECA BCTPOSHHOH (QVHEDHEH HeoOXoZHMO
IHATh, KaKHE [MApaMeTpPEl H B KaKOoH NMOCTIeIoBaTeIRHOCTH CIEIVEeT B He€ mepe-
naeaTe. COpaBKy O BCTPOSHHOH (VHIITHH MOKHO OOTYIHTE HAOPAaE B KOMAHI-
HOM OKHE KOMAaHZy help H Janee HMA HCOOMBIVEMOH (QVHEIHH (HAIpHMEp,
sin): help sin. BEI30B PacIIHPEHHOH CIPABKH IPOHIBOOHTCA HI ITABHOTO MEHID
MATLAB: Help' Product help (i mHaxate knasumy F1). IloHcKE HvEHOH



O VHEIIHH OCYIDECTBIAETCH B CTPOKE MOHCKEA IO HEKOTOPOMY ETHUEBOMY CIIO-
BY.

Jagamme 3. TIOTVIHTE COPABKY MO CIETVIOMIHM OMEPAITHAM H QVHKITHAM: ™.
asin, inv, plot.

4. DBcooMoraTelbHBIe HYVHKOEA

O9EcTEa 3KpaHa ¢ DoMomEB0 ¢/c. C IOMOITBI KOMAaHIE ¢/c MOEHO OUH-
CTHTE BHIHMOE COIepEHMOe KoMaHTHOTo okHa cHeTeMel MATLAB g sToro
B TJIABHOM OKHE HeoOXOTHMO MpPOCTO HadpaTh clc H HakaTh KIAaBHITY Beox
(Enter) — 3xpaH OMHCTHTCA OT BCEX BEEIEHHEIX 3AITHCEH.

OgmcTea paboderec mpocTpaHCTEA. Padoues MOPOCTPAHCTEC CHCTEME
MATLAB (Workspace) — cenHAIBHO 3ape3epBHPOBAHHAS 00/IACTE ONEPATHE-
HOH [AMATH, B KOTOpPOH XpAaHATCA 3HAYECHHA NEePEMEHHEIX, BEMMHCIAEMEIX B
PaMEAX TEKVIIET O CeaHCa.

C momomer KoMaHael clear all mponzBenHTe OMHTEY pabotdero mpocTpas-
ctBa cHcTeMEl MATILAB — coTpHTe H2 ONepaTHBHOH NAMATH ECE BRIMHCICH-
HEI€ IHA4UEHHA NEPEMEHHEIX.

Jagamme 4. [IpoHipeaHTe OMHCTEY 3KPaHa H padotMero IpoCTPAHCTEA.

5. Pabora ¢ BeKTOpaMH H MATPHOAME

OfbABRIeHAe BEeKTOPOE H MATpHN. OOLABNeHHe BEKTOPOE H MATPHI TIPO-
HIBOOHICH CIETVIOMHEM 00paZ0OM:

1: % CozpamMe EBEXTOPA
;67T 8B % 10y 11 12 13 14 15]:; % CozpaHMe MaTpPMIH

1T
v=|1

4
4

S
LR ¥
inoin

Ecau nocne ofp4BIEHEHE BeKTOpa (HIH MATPHUEL) IOCTABHTE TOUKY C 3aIlIATOH
(:). To peaymeTaT V (mam M) 6VIST BEMHCIEH, HO 3HAMEHHA NEPEMEHHEIX BEI-
BOJHTCA B KOMAHTHOE OKHO He OVIVT.

JocTyn K oTJeIBHEIM 31eMeHTaM BeKTopa H MaTpEOBL. JocTyo K OT-
IeTLHOMY 3TEMEHTV BEKTOpa: Vi(3) — TPeTHH 37IeMeHT BeKTopa V.
JOoCTVII K OTHAEIEHOMY 3JEMEHTY MaTPHIBL: M(2, 3] — 3[IéMeHT MaTPHIEL H3
ETOPOH CTPOKH H TPETEET0 CTOI0NA MaTpHUE! M.
JocTyn Ko BceMY TPETREMY CTONOmy MaTpHEIel M: M(:, 3).
JocTyn Ko BEceH BTOpPOH cTpoke MaTpHOE M: M2

HofapdeEde H ViadeHHe CTOA6DOB MaTpHEOBLI. [Jo0aBRTIeHHE CTPOKH K

MATPHITE:

M=[1 2345 12345;1234S5];
S=[1 2 3 4 5];

M=[M:5]:

[M:



HoGaepnemne cToadma K MaTpHIe (HCIIONB3IVeTCH 3al9Tad BMECTO TOUKH ¢ 3amd-
TOH B IOCIIETHEM OMepaTope):

M=[1 2 3 4 5; 12 345; 123 425]);

S=[1; 2: 3]:

M=[M,5];

Y naneHHe BCEro TPEThero cTonona MaTpHIel M: M(:, 3)=] 1.

VY naneHnne ecefl BTOpoH CTPOKH MaTpHIEI M- M (2, 1) =]

6. HaxoxzeEHe MAKCHMAIBHOI0 H MEHEMAJIBHOIO 3/1eMeHTOB MaT-
PHOBI

ITycTe gaHa MaTpEUa C. C moMomeio §VHEKDHE Mmin. Max MOKHO HaXOOHTE
MHHHMAJTBHEIE H MAKCHMANBHEIE ITEMEHTH [0 CTPOKAM, MO CTOMONAM H IO
BCEH MATPHIE:

min(C,[ ].1) — BeKTOp MHHHMAIBHEIX 3TEMEHTOB, HAllIeHHBIX [0 CTOMOMY.

min(C[ ].2) — BeKTOp MHHHMAIBHEIX 3MEMEHTOB. HAHIEHHBIX 10 CTPOKE
(amamoryaHO A4 ¢ VHKITHH max).

J17 moHCEa MHHHMATBHOTO H MAaKCHMATBHOTO 3IEMEHTa 0 BeeH MaTpHIe
COOTEETCTRVIOMAS VHEIHA (Min HIH max) IpHMeHIeTCH JBa paza.

3agasde 5. BeemuTe B test matrix.in onHcaHHEIE BEINE IPOOeIVPEl 00B-
ABJIEHHA BEKTOpPAa H MATPHIEI, MPOLUEIVPE! JOCTYIIA K 3IMeMeHTaM BeKTopa H
MAaTpPHUEL, [IOHCK MHHHMATEHOIO H MAKCHMATBHOIO ¥IEMEHTA B MaTpHUe. [Tpo-
CMOTPHTE Pe3VILTAT B KOMAHIHOM OKHE.

JooapeTe B test_matrix.m Kol JOOABIAIIIHA H VIATAOIIHA BEKTOP K
MaTpHIIE.

Jagagme 6. O0pgEHTe MaTpHUy C pazMepHOCTH 5 CTPOK Ha 5 CTOMOLIOE C
IPOH3BONBHEIMH 37MeMeHTaMH. C MOMOINB QVHKIHE Min, max HAHIHTe MH-
HHMAIBHEIE H MAaKCHMAIEBHEIE 3I€MEHTEl 110 CTPOKAaM, IO CTOI0IAM H IIo BeeH
MaTpHIIE.

Jo0aEeTe COOTBETCTEVIOIIHE Ko B (pafn test matrix.m.

7.  MmBoroMepHEIe MAaCCHBEI

- |
C |
bgir B

MI—IDF{]MEPI{EIG MACCHBEL — MacC-

CHEHI C PasMepHOCTBID DOIBINE OBVX -
F1o. 0. .
(puc. 1.2). [Ina mocTyma K 3IeMeHTY 14! ,/'{

Wb

TAKOMO MACCHBA HeoOXOOHMO 3aja- ias: 7 ;_, -
BaThk TPH H DOJNEe HHIEKCA. R L P

Jdngs  oOBABNEHHE, HaIpHMEp,

TPEXMEPHOTO MACCHEA COCTOAIETD Puc. 1.2 CxeumaTHdeckoe NOpeIcTaBI=HHE
TDERMEDHOID MaCCHBA



H3 HyleH clIeIyeT BHZBaTh (PVHEITHEO Zeros():
L = zeros(2,3,4):

B pe3yasTaTe MOTYIHTCHE TPEXMEPHEIH MACCHE (IPOCTPAHCTESHHAS MATPH-
I1a), COCTOANIHA H3 JBYMEPHBIX MATPHIIL

JoCTyI K 3IeMeHTY OCYIIECTBIACTCE MYTeM VEAIAHHA HHISKCOE ITd TPeX-
MEPHOI'O MACCHBA. A(HOMSp CTPOKM, HOMEp cCTonfla, HOMED MaTDMIH):
A(1,2,1).

Pazmep maccEBa. PazMep BeKTOpa, MATPHUB! HIH MHOTOMEPHOTO MACCHBA
MO®HO YV3HATE, BEI3BAB DVHEIMIO size():

size (k) :

TpaHCHOHHpPOBAHHE EBEKTOpPa. [PAHCIOHHPOBAHHE EBEKTOPA H MATPHIED
OCYIIECTBAASTCH IOMOIIBE) OTIePALTHH -

b=[1 2 3 4];
s=h';

5. ApEdMeTHEYecKHe oNepPAOHHE ¢ BeKTOPAMHE H MATPHIOAME
ITo yMoOT9aHHD Bee OeficTeHA (+, — ¥, /. ™ - BO3BeIeHHE B CTENeHb ) BHIIOI-
HAKTCHE HAT MATPHITAMH 10 IPAaBHIIAM JIHHEHHOH aITre0pEL

2]:
4]

-

a=[2

L3 Cad
[ I

[e =y

=a+hb;
r[[.‘I:E MOMNIEMEHTHOID NEPEMHOECHHE OBYVX BEETODOB HEDEK{].IHMG HCIIOIE-
30BATH ONEPATOP TOUEA:

d=a.*b;

B pezynpTaTe mepeMHOMEHHA BEKTOpPAa HAa BEKTOP IO MPABHIAM JTHHEHHOH
anredpel moTyIasM THCIO (BekTop b OpH 3TOM HAZ0 TPaHCIOHHPOBATE):

a=[2 3 4 5];
b=[1 2 3 4];
c=a%*(b'):

CnegyeT MOMHHTB, WTO I8 BEIIONHEHHA JeHCTBHH HAJ IEMEHTAMH MAT-
PHII, Tepel 3HakaMH ¥, / | * HeoOXOoOHMO JOMOIHHTEIEHO MOCTABHTE TOTKY.

9. MaccHEEB CTPOKOEERIX HDepeMeHHEIX



Co3gagne CTPOKOEBOH NepeMeHHOH NPOHIBOIHTCA ¢ HCIOIB30BAHHEM OJHHAD-
HEIX KABEMEK

Distance = '"euclidsan’

Co3ganHe MacCHBA CTPOKOBBIX NEPEMEHHBIX MPOH3BOZHTCA C IOMOINBIO
MaccHea g9eek (cell array)

Distances = {"euclidean', 'cityblock', 'minkowski'}

Jagagme 7. [loMyYHTE pelleHHe X 3aJaHHOH CHCTEMEl JHHEHHEIX VpaBHe-
HHH BEHIA A* X = B, roe A — kBafmpaTHas MaTpHIa 1 % n, B — BexTOp pazMepHO-
CTH #. PelmerHe DJaHHOH CHCTEMEl YPABHEHHH MOXHO IOTYVIHTE, HADPAaE CTPOKY
EO0Tda

X =inv (L) *B,

OpHIeM NpeIBAPHTEIEHO CIeIVeT 33JaTh 3HAYUEHHA MATPHIE! A H BekTopa B,
hyHEIHA i7v() — BEMHCIIET 00PaTHYIO MATPHITY IUIE MATPHIE A

Hna coyaags A=[2 1; 3 4] w B=[4; 11] pemmure ypasuerne A* x = B. O6pa-
THTé EHHMAHHE, UTO BEKTOP B — COCTOHT HE OJHOIO CTONOUA (HCIONBIVETCH
Pa3deHTENb CTOMOIIOR MATPHIIE! TOYKA ¢ 3amaToH ().

[TpoBepbTe HAHIEHHOE PEIIEHHE, IOACTABHE €70 B HCXOJTHOE YPaEHEHHE.

JobaesTe B test_mairix.m cOOTEETCTRYIOINHE KOT.

10. Pabora c rpadmkoi
ITpHMep mporpaMMEl, PeATHIVIOMEH nocTpoeHHe rpaduka QyHKIHHE sin.

x=0:0.1:6.28; % QEEABNSHME ESKTOpa aprnymMeHTa 0<X<E.28 ¢ mamom (.1
yv=8in(x): % PBRUMCIEHMS SHAYSHMM QOVHEHIMM B IaOaHHHEE TOUHAN
plot(x,v) % [ocTpoedrne rpaduea GvHRIM

grid on; % QrofpazeHME CSTHH

title ('"Functicmn 3in(x)') % SaromosckE IpaiMea

Xlabel ("Argumsnt x') % [logmucey OO0 OCH X

vlabel ("Function v') % [logmMces OO0 oCH Y

11. Coxpasesme ¢EHIVpE ¢ rpadpEKOM B 3IaJaHHOM IpadEIecKoM
opmare (iiff)

J1a coXpaHeHHR TEKYIIEro OKHA ¢ rpadHEOM B 3aJaHHOM TpadHIeckoM
topuMaTe HeoOXOZHMO, HE 33AKPHEBAf 3TO OKHO, HADpPaTe B KOMAHITHOM OKHE
CIIETVIOMIHA KO (€ro MOMKHO TAKKE BCTABIATE B KOI m-daiia)

print -dtiff -r300 Graphic

10



rae —dtiff ykasomBaet dopuat daiina (tff). -»300 — paspemenne daiima (300
dp1). Graphic — mma daiina ¢ pucyHEoM (Donee mompodHO 0 QVHKUHH print
CMOTpHTE B crpaBke MATLAB).

3agagme 8. Cozgafite dafin test graphic.m. B xoTopoM HabepHTE IpHEE-
nernelf kog n. 10. CoxpaunTe nonydenssf rpaduk & popuate tiff ¢ paspeme-
uHHeM 200 dp1 (mva daiina opoHzBONBHOE).

12. MMocTpoeHHE TPeXMepHEIX IpahHKOR

PaccMOTPHM MOCTPOSHHE TPEXMEPHBIX rpadHkos GVHKIHE Ha mpHMepe GYHE-
uH Pozertpora. Cozgafite daiit vrosenbrock.m :

function z=vrosenbrock(x,v)
z=100%(y - x.*2)."2 + (l-x)."2;

B orgencHoM m-¢afine EBEOHTE KO, BEIEIBANINHE ¢yvHEEIHI PozeHOpoka:
Lx=-5; Jlegas TpadMila OAOR X

Bx=E; lpapars ITpaHMila OO X

stepx=0.05; % Mar oo OoCH X

2L
B
2
k]

Ly=-5; % JleEas I'paHMia IO ¥
Ey=5; % [lpaEas TpaHMIa OO ¥
stepy=0.05; % Dar mo ocH ¥

% Co3maHMs CeTHM HOOpOMHAT
¥3=Lx:stepx:Bx;
va=Ly:stepy Ry,

% BRUMCISHME IOaHHHEX OIS TpDESXMepHODO Ipadmnza
[X,¥] = meshgrid(xs,vs):
7

L}
= wvrosenbrock (X,Y)

£ [MocTpoSHME TpexXMepHOTC DpabmMea Dpadi
surfc(xs,vs,Z)
3agamme 8. Cozmaiite daiin test 3Dgraphic.m. 8 xoTopoM HabepHTe OpH-
BeJeHHEIH BRINe KOg 1. 12.

13. CozgaEHe DoIbL30BATEILCKEX (P VEKIHR

PaccMOTpHM 33039y peATH3aOHH (VHEITHH, BOIBPAINANOINIEH 3HAUSHHA
OBYMepHOH cayiaiiHof pemruHbl 5=(XY). paBHOMEpHO paclpeIeT&éHHOH Ha
INIOCKOCTH ¢ 23JAHHEIMH TPAHHIOAMH (TPAaHHIE! 0OJACTH H3MEHEHHS JOLEHED
33JaBaThCA B IPOTPaMME).

TpedyeTcs NOCTPOHTE:

11



a) rpadHE, OTPaXEAKITHE 3HATCHHA PeaTH3allHH CTVIAHHOH BeTHIHHEL S Ha
ITOCKOCTH B BHAE TOTEK:

) THCTOrPaMMEl PacTIpelele HHd KOMIOHSHT JEVMEpHOH cayIaiHoH BeTH-
YHHEL

Coynamme pyvaromn. BHAMAHHWAE! v daiina, cogepaamero o0BaBIe-
HHe (D VHKITHH, JOTHHO COBMATATE ¢ HMeHeM QYHKITHH.

BeenuTe B HOBBIH m-taiin cnegyromms kog ¢dvEsIHE (HMa dafita copnaga-
eT ¢ HMeHeM (JYVHKITHH), a 3aTeM COXPaHHTe (afn:

functicn [X,Y]=my_func(¥X left, X right, ¥ left, ¥ right, H)

£ TeEepauMA N SHAYSHMA COVEaMHON BelMuUMEH ¥ B ofmacTH SamasMA X
E=¥ left + rand(N,1)* (X right - X left):;

£ TepcpammA N SHAYSHMA CAOVEaMHON EEeIMYMEH ¥ B ofmacTH Zamasma T
¥=Y left + rand(H,1)*(¥_right - ¥ l=fzc):

DyHEIHA rand() — TeHepaTop 3HAYMEHHH CIYIAHHOH BETHYHHEI, PABHOMEp-
HO pachpefelnéHHOH Ha HHTepsane [0:1]. Beizoe rand(N,1) — Bo3BpalmacT Bek-
TOP H3 OTHOI'O CTOIOIA H V cTpok. Pe3yieTaT QyHKUHE My _func BO3BpamIaeTCs
E BEETOpax X m ¥
3agamme 8. Cosgafite HOBRIH m-(aiin H COXpaHHTE €ro HON HMEHEM
my_func. B dafine noMecTHTE pa3MeIIEHHOE BHINE ONMHCAHHE (VHEIHH
my_func.
Brizop cofcTBenHol dyvERmEn. Cozgafite daiin test_ my_func.m. B KoTo-
POoM BEEIHTE CIEIVIOIIHE KO
£ SamaHMe IManaIoHa MSMeHeHMA X
¥ left=-2:
# _right=3Z;
% SanmaHmMe OMANASOHE MIMEHEHHMA T
Y left=-3;
Y right=3;
¥ SamaHMe KOIMYSCTEa CIeHEDHMPDOEaHHREX TOYSK
H=1000;
% BuracE JvHmiiMd
[Z,Y]=my_ func(X left, ¥ right, ¥ left, ¥ right, H):

BulMACIeHEHEe TECTOIPAMMBI ¢ moMombEo Nrisfc. B dafine test_ my_ func.m
Io0aBETe CIAeTYIONIHE KO
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¥ HMEMOMamM=aliMa IHMCTOoODDaMME

BinNumber=20;
k=0 :BinNumbzsr;

% BruMCcASHMEe TpaHMII KapMaHoOE Ha ock X

X bins=X_left + k* (¥ _right - ¥ left) /BinNumber;
% BruMcracHME TpaHMII KApMaHoOE Ha ocH Y

¥ bins=Y left + k*(Y_right - ¥ left) /BinNumber:
% DBEUMCHISHMEe THCTOTparME SOA X

H X = histc(X,¥ _bins);
% BruMCHSHEME THCTOTpAMME OIS Y

N ¥ = histc(Y,¥_bins):

OTtofpazedEe THCTOTPAMMBI ¢ DoMOmMEBK (VERODEE bar. B daine
test_my_func.m go0aEsTe CAIVIOMHEE KO

figure;
bar (¥ bins, H_X):
figure;
bar(Y_bins, H ¥):

Jagmamme 9. Cozmafite dafin test mv_func.m. B xoToponM HadepuTe Kom
NEMOHCTPHPVIOIIHA padory ¢yvukmEH my func. 3amycTHTe mporpasMMy H Ipo-
CMOTPHTE PE3VIBTAT € PadoTEL

CozgafiTe 3arOIOBKH THCTOTPAMM H HNOIIHCH IO OCAM ¢ MOMOINBED VHE-
mHA title, xlabel, yiabel, nodasEe HX mocne QyHKIHE bar.

3agamme 10. CozgafiTe QVHKIUHIO MY _gauss_gen, KOTopaf TeHepHpPVET 3a-
IaHHOE KOMHYeCTBO COVIAHHEIN BeTHIHH [V, HMEeHNIHX [ayCCOBCKOE paclpe-
IeleHHE C 33JAHHEIM MATEMAaTHIeCEHM OEHIAHEHeM m H JucnepcHed D Ilo-
CTpoifiTe rHcTOrpaMMy (pHc. 1.3).

Ina 3Toro BOCHONBIVHTECH BCTPOSHHOH (QyHEUHeH randn(), KoTOpaf Io-
3BOJIEET MOIYVYATE PEATHIAOHKD CIVYaHHOH BeIHYHHEI ¢ C FaYCCOBCKHM pac-
npeleneHHeM ¢ mapaMerpaMs m=0 B D=1 Peanuzauug S TpeGvenoil cryuai-
HOH BEIHIHHEI MOEET OBITE IOTYIeHA [I0 IPABHIY.

B =m+avD.

Koz, peanH:VIOIDHE CcO3ZaHHVE (QVHEDHK (IOCTPOSHHE THCTOIPaMMEI),
COXpaHgeTe B HOBOM Qafine test_my_gauss_gen.m.
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14. TI@rawr

$opMHEpPOBAHHE MATPHIEL ¢ IOMOIIER mHEIA for . Ilpmaep:

n=5; % HKooMusCTED CTROR
m=10; % HommgecTeo cTonfuos
5 dopMMpVEM HYIIEEVD MATPHMIY O DASMEpOM I X M
O = zeros(n,m};
% B UMHIS SanoHasM HMATPHMIY O HOSEMH SHaYEHMEMHM
for £k = 1l:n

for 1 = 1l:m

Q({k,]) = round(ld*rand):

znd

end

Tuxn while. TIpmdep:

-
L=y

while k < 20

disp(["Hrepaumms ', numZstr(k)]):

k=k+1;
end
3anycTHTe OpOorpaMMYy HA BREINOIHeHHE (knasHma F35) ITpocMOTpHTE pesvils-
TATEl BEINIOTHEHHA MPOrpaMMEl B rmaeHoM okHe MATLAB.

3agamgme 11. Cozgafite dafn test_cyvcle.m. B KoTopoM copMuEpyiiTe MaT-

pHITY () ODPOHIBOIRHOTO PasMepa H 3IAN0MHHTE €€ CIyVIAHHEIMH [eTElMH THC-
namH. Beieegute B raasHoM okHe MATLAB (Command Window) Marpamy Q

(mobaBeTe B KOOI KoMaHTY disp(Q)).
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3agamme 12. B dafine test_cvcle.m pealH3viTe OHET, IO3BOIAKIIHA BEI-
YHCIATE CYMMY 3TeMeHTOB MaTpHUEL (). Beck HeoOXOOHMEIR KOJ HAITHIIHTE B
thaiine test_cvcle.m.

15. Pabora ¢ TeKCTOBBLIMH (ailtamm

3amucey B daiin ¢ noMomso dyexumH fprint. [Ipmep:

x=0: 0.1 : 5;

v o= 2¥x. 2 +x - 1

M= [z ¥]:

% SOpMMpOEAHME ZaTOJIOEEA OaHHEX
str="SHaueHMs OvEHEIMHM ¥ = 2¥X"Z + X - 1';

% OrkpuTie dafma c MocETHiMxaTopor f£id omA samcH

fid = fopen|("MyFile.txt", 'wt'):

% SanMch IaroNCBORE OAHHHEX

fprintf(fid, "$s\n',str);

£ Sanuck OaHHEX (MaTpMua M) B daiin B dopMaTe MeMCTEMTESIBHHEY YHOST
fprintf(fid, "$6.2f #1zZ.8f\n' M):

% SakpuTHE daMna c MOosHTHOMEaTopoM f£id

fclose (£id) ;

YUTeHHEe JaHHEIX H3 (Qaiina ¢ moMomsi dVEKIHE fScanf. [Ipmep:

% OTKpHTHE daMila oIA YTEHMS
fid = fopen("MyFile.txt','c");
% UTcHMEe NepBOM CTpORM Dakma
S = fgetl(fid):
% UrsHMe OaHHEHX E MATDMUOY L, MMEEOYED OES CTRORHM

L = fscanf(fid, "%®g %g', [Z2 inf]):

% TpaHCHOHEMpOBEAHME MATPHIN C LUSIED NPeOCTAENSHMA IDaHEEX B EMOS IEVX
KOMOHEOK

E=4&";

£ Samppmrie bafina ¢ mosETHbMzaTopowm £id
foclose (£id) ;
% patuyscros oTofpascHME DaHHHXR
Plot{A(:,1)A(:,2),"-*"):
title ('"Function v = 2%x"2 + Xx - 1') % Sarocmoecox rpaiMea
xlabel {"Argument x") [MognMck I OCH X

-3
R-]
vlabel ("Function v'") % [MognMce NI OCH ¥

3agamme 13. CozpaiiTe HOBRIA m-(ain ¢ HMeHeM write txt, B KOTopoM Ha-
OepHTe KOO 3AMMHCH JAaHHEIX ¢ TOMOINEN QVHENHH fprinif. 3amycTHTE Ko Ha
BEMoIHeHHe (iapHma F3). OtxpofiTe co3IaHHBIA TEKCTOBEIA (ailn H vOeTH-
TECh, ITO 3aMMHCE MPOILTA KOPPekTHO (B dhafine ecTh JaHHEIE).

3agasme 14. CozgaiiTe HOBEIE m-dain ¢ EveHeM read txt, B KoTopoM Ha-
OepHTe KOJ CIHTBIBAHHA HI (aiina ¢ IOMOmB0 fscanf 3amycTHTEe IporpaMMy
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Ha BRIMOMHeHHE (Kn1aeHma F5) BeleeguTe Ha 3KpaH MaTpHIY JaHHEX H3 dai-

Jda.

dopma oTIéTa: paboTAKIIHE IPOTPAMMHEIE MOTVIH, PEATHIVIOMIHE 3a7a-
HHS, JTHCTHHT [IPOTPaMM.

b~

9.

KoBTpoabHEEIe BOOPOCEI

KakmnM oOpazoM MpoH3BOJATCA BEIYHCIEHHA B KOMAHIHOM OKHE
MATLAB?

Kak nonyaeTs HEGOopMamHo o Tpebyemoi pyvaximma MATLAB?
MoxHO TH B HMeHH m-(afna HCIOMB30BaTh OVEBRl KHPH/LTHIBL VCTA-
HABIHBATE MPo0eNEl, HAYHHATE HMA daiiia ¢ uudpe?

Kax o0pazoM VIAIHTE H2 ONePAaTHEHOH IMaMATH NepeMEHHEIE, Iapezep-
BHPOBAHHEIE BO BpeMdA paboded ceccHET

C noMomesr EakoH koMaHTel MATLAB npoH3BOIHTCA OUHCTEA pabo-
9ero okHa?

Kax o0eARHTE BekTOp, MaTpHIy? BrieemiTe B padoweM OKHE 3IeMEHT
BEKTOPA, MaTPHITEL

Kak qo0aBHTE 3aJaHHEI CTOMOEN/ CTPOKY K MaTpHIe?

YTo mpoH30HIET B pe3yasTaTe NpHMeHeHHA onepanuH b, roe b — za-
JAHHEIH BEETOpP.

Kax onpedenuTs pazMep MATPHITELT

10.C momompeto Kakofi ¢ymxmm MATLAB npoHIBOOMTCE NOCTPOEHHE

IByMepHOTo rpaduka dpyeenue? TpexmepHoro rpaduka dyHEmHE?

11. MomeTr mH HMA QVHELHHE OTIHYATECA OT HMeHH (afita, B KOTOPOM Ha-

XOTHTCA 2 OMHCcAHHeT

12. C momomsio kakux dyermmd MATLAB npoHIBoOHTCH 3aIHCE/MTeHHE

B/m3 daiin(a)?
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JJABOPATOPHAS PABOTA N:2
HEJIHHEWHBIH METO HAHMEHBIITHX
KBAJIPATOB

Iens pafoThl: OpakTHYeCKOe OCBOSHHE AHANTH3A 3KCIEPHMEHTANBHEIX
DAHHEIX C IOMOINBER HETHHEAHOTO METOOA HAHMEHBINHK KEATPATOR.

KPATKHE CBEIEHHA

B 3KCIepHMEHTATEHOH MPAKTHEE YacTO HIMEDAIT HEKOTOPYIO XapaKTepH-
CTHEY, KOTOPVEO MOXKHO BEIPA3HTE 3aBHCHMOCTEI V(x). IIpH 3ToM mOmydaroT
Habop ToUeK (X Vp). TAe k= 1.2 N. N— KOIH9ecTBO TOUEK B Habope JaHHBIX.

OcHoBHOA LENBH aHa-
H3a JaHHBEIX J(x) SBIdeTCH
noIoop HEKOTOPOH
OHH HIH Mofenn flx, &)
rae 8 = (6. 6. ... &) —
BEKTOp [apaMeTpPoE Mo-
TH, 3HAYEHHd KOTOpOH
HAHIyHIIHM 00pazoM COB-
OajardT CcoO  3HAUCHHAMH
HIMEPEeHHOH BETHYHHEL V.
Ddyaxmno flx, §) HasEBaOT
DU 0.5 1 1.5 v (He}_m.efﬂ.lﬂﬁ perpec-
- OHHOH Mogensio (puc. 2.1).

X

Puc 2] Bmo m3uepeRmEod XApaKTePHCTHEH HaSopa

TAHHEX V(X) H AMNpoRcEMHEpPYomed ee §yrsms flx, §) B SonsummHCTBE CIyHa-

€B Mombop BETHOYAET Cae-

oviomrHe mary: 1) eedop BEOa dvesumpm fix. §); 2) HHHOHATHIALMA BEKTOpa

IapaMeTpoR ¢ HATATBHBEIMH NPHOMHHeHHAMH, 3) H3MeHeHHe 3Ha9eHHH Mapa-

MeTpoE & 10 TeX mop, [MoKa He OVIET JOCTHTHYTO HAHTYYIIEE COBMATEHHE Me-
way flx. 8) my(x).

Brok-cxeMa npoledyphl aHATH3IA 3KCIEPHMEHTANTBHEIX JAHHEIX IPeICcTAB-
meHa Ha pHe. 2.2 B dnoxe 1 2337030TCd HATAMEHEIE OPHOTIGEEHHS 14 TapaMeT-
poe dvurumH flx. §). CTeneHs COBMAJECHHS JAaHHEIX V(X) H TEOPETHUECKOH MO-
nems fix. @) oneHHBaeTCA TYTEM HX CPaBHEHHA [0 3aJaHHOMY KPHTepHE (GIoK
4). TTogbop mapaMeTpoB dvHKIH fix, §) TIPOHBODHTCA ¢ MIOMOINBED ITPOIIETY-
phl onTHMH3AImHHA (Omok 5). Jn% HafiIeHHEIX OUEHOK HapaMeTpoe @ cTposrca
NOBepHTEMBHEIE HHTEPBANEL (60K §). BH3valbHAS ONEHKA Ka4ecTBa allpok-
cHMAIHH (010K 7) 3aKIi09aeTcd B OTODpa#eHHH Ha OOHOM rpadHie 3HAYCHHE
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IKCTIEPHMEHTANEHEIX H TEOPETHIECKHY JAHHEX (IpHMep, pHC. 2.1.), mocTpoe-
HHH rpad)HKa B3IBEINEHHBIX OCTATEOER H HX ABTOKOPPEISUHOHHOH (yHKIHH
(oprMep, puc 2.3).

Havanshme
NpHOTECHAS 1719
MAPAMCTDOR

thyHKILHN
2
- 3
v
Hamepernnan ANMPOKCHMHPYROIAA
XAPAKTCPHCTHER iy HKLIHE
i
4 X -
- . IMpouenypa
Kpurepuii ~—HET»
ONTHMH3AITHH
JA
b v v 7
OueHKH napaMeTpos Busyanwnas oucHga
ANTNPOKCAMHPYIONISH KA4CCTRA
'El]_'ﬁ"IIKII}‘IH ANTPOECHMALHH

8 v
,H.UBUITHTCJ']EHHC
|r1i|"|'L"|:'.||3-i:L']Lr| JITTE O CHOE
napameTpos HyHKIHH

FPue 2 2. bick-cxeMa OpoleIypel aHATHA JECISPHMEHTANBREIX TAHHBIX

J18 33a7aHAA HAYANEHEIX IHAYWEHHH OapaMeTpoE § HCOOMEIVIOTCA CIENH-
ANBHEIE AMTOPHTMEL, VIHTEIBAKINHE CEOHCTBA QVHEUHH flx. §), THOO Ha9aIs-
HEI€ 3HAYeHHA # 3a7a0Tcd HCXOOA H3 VOIOBHH 3a0aqH.

MeTon anmpoOKCHMAIHH 3KCIEPHMEHTAIBHEIX JAHHEIX, B KOTOPOM B Kade-
CTBE KPHTEpHA COTJIACHA BEICTYIIAeT MHHHMYM CVMMEI KBAIPATOBR OTKIOHEHHH
IHAYCHHH HIMEpPEHHOH XapakTepHCTHEKH OT 3HAYEHHH AllIpOKCHMHpDVIOMEH
OVHEUHH, HIBECTEH KaK HEJTNHEHHBIN Memod HAUMEHBINX KEéadpamos

(HMHK).
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B HMHEK npe;u‘mnamercxl, UTO 3HAYCHHA HIMEPEHHOH XapakTepPHCTHEH Vi
MOTIHHAKTCA HOPMATBHOMY PacOpele/IeHHI0 ¢ MATEMATHISCKHM OKHIAHHEM
Vi H CpeTHeKBAJPATHISCKHM OTKJIOHEHHEeM Op B 3TOM cIydae, B Ka4ecTBe MH-
HHMH3IHPVMOH Delerofl QVHEIHH BREIOHPAIOT BRIpAKEHHS

£(0) = Ty, (Leee)” 21)

Bripazenne (2.1) BRICTYIIAET B KAYSCTBE KPHTEPHA COTTACHS. €70 MHHH-
MAaTBEHOE 3IHAUEHHEe COOTBETCTBYVET HAHIVIIIEMY COBIAJCHHID SECIEPHMEH-
TANBHEIX JAHHEIX H TeOpeTHYecKOH MomemH. JacTo BeIHYIHHY f HOPMHPYVIOT
Ha 9HCI0 cTemeHel cBoboE v (MpHBEgeHEHOE Y2 ):

Xt ==, (22)
rae v = N-p-1 — smcao cTeneHed CBOOOIEL, P — YHCIO OOEHHEAEMEIX TApaMET-
POB (KOMHYECTBO 3MEMEHTOB B BeKTope &)

IIpH COrMACHH TEOPEeTHYECKOH H HCXOIHOH XapakTepHCTHE Y- — 1.

B DOIBRIIHHCTEE CIVYASE IHAWEHHA ¢p, KOTOPEIE TPEOVIOTCE IIA PacieéTa [Io
dopyyme (2.1). HeHIBeCTHEI H LIS HX ONpeleeHHA CIeIVeT HCIONB30BATh
AHOO Pa3THYHEIE TPHOTHESHHA, TOTVISHHBIE I8 KOHKEPETHOTO BHOA XapaKTe-
PHCTHKH V., JTHOO NPOBOOHTE CEPHIO HIMEPEHHH C HX IMOCIeIVIOINEeH CTATHCTH-
gecKol oOpadoTroi. HanmpamMep, s rHEcTorpaMyM (€CIH Vp— 9acTOTa COOLITHA)
OORIMHO ERIDHPAROT 0= ‘.':1'1.

Il MOMCKa MHHHMVMA IeTeBol dvHEmEH (2.1) OpHMEHSIOTCE Pa3THYHEIE
MEeTOIE! OMTHMHIANNH. MeTon X yka-/[#ueca, Meton [Iayama, meton Pozerbpo-
Ka, MeTrog Mapreapara-Jleeenoepra. Meron [aycca-HeloToHa, METOO HaHCKO-
PEHIIETO CIIVCKA.

J1% yCcTaHOBIEHHA TOYHOCTH HAHIEHHEIX OLEHOK MapaMeTpOB PacCYHTEHI-
BaKOTCA J08ePUMETbHBIE UHMEPSATH — HHTEPBAT 3HAUEHHH OLICHHEAEMOTO IIa-
paMeTpa. B KOTOPOM C OMpeIenéHHOH BEpPOATHOCTBIO f HaXOmHTCA HCTHHHOE
3HAYeHHE MApaMeTpa. B cIyYae. KOr7a ONEHKA MapaMeTpa § HMeeT HOpMAIb-
HOE pacmpedeIcHHe, IUTT MOCTPOSHHA ONEHKH [-IPOIEHTHOTO JOBEPHTENBHOTO
HHTEPEATIA MOKHO BOCIIONB30BATECH BEIpAACHHEM:

0~ tapofCy S0 =T+ tiap[Cp (2.3)
TIe fgn, — KBAHTHIE NMopanka of2 pacnpeneneHns CTeiogeHTa © v= N-1 cTeme-
HAMH CBOOONEIL, COOTESTCTEVIOIUHH JOBEPHTEILHOH BepoaTHOocTH S = (1-a).
3HAYEeHHA KOTOpOH 0OEMMHO 3amaroTcd B gHamazome 0.95.....0.99, C; — mmaro-
HATMBHEIH 371eMEHT KOBAPHAITHOHHOH MATPHIE (ABTIAeTCA OUSHKOH MOTPEeIrHo-

CTH mapaMeTpa 8).

* MMpemonomerme o6YCIOBIEHO TEM, 9TO HA HIMEDAEMYE0 BelHTHHY BIHAET MECHECTEO CTV-
TaAHHBD HAKTOPOE H CTEMEHb HX BIHARHA OPEMEPHO OTHHAKOBA.

* Hampemep, opa § = 093 (g = 0.05) m v=20 szanmm pacnopesetcars CTOOSHTA fy0, ~ -
2.09.
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