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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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JI71% oeHKH Ka9ecTBa MPOBEIEHHOI0 AHATH3IA TacTO HCIOMB3VIOT JOTIOMHHE-
TeIbHEIE KPHTEPHH, K KOTOPBIM OTHOCHTCH TpadHK B3IBEIIEHHEIX OCTATKOB,
MO3BOAIOMIHI EHIVAIEHO OLEHHBATE CTENEHE COBNAJCHHA HIMEDAEMEIX JaH-
HEIX H TeopeTHYeCKOH MoIeTH. B cryiae, KOrga TOUKH XapakTePHCTHEH HMEHT
HOPMAIBHOE PachpeleleHHe, B3IBEIICHHBIE OCTATEH MOEHO PacCiHTATE IIO

Gopryze
R = 5TEB) =12 W (2.4)

Tk
rae Ve flxg.#) — 3HaTeHNA IOCTPOSHHOH H TeopeTHIECKOoH XapakTepHCTHK COOT-
BETCTBEHHO. 0 — CPeIHEKBAIPAaTHYECKOE OTEJIOHEHHE B OlIEHEE K-H TOYKH Xa-
PAKTEPHCTHEH. EcIH 3KCIepHMEHTATBHAS H TEOPETHYECKAR XAPAKTEPHCTHKH
COTTIACYIOTCH, TO BIBENIeHHBIE OCTATKH PaclpeIeleHEl HOPMAIBHO BO3IIE HYIe-
Bﬂrc; 3HAYEHHA.

hl

(=R -

| . i -
w M«Wl W\““‘ lf J*:E NEPINSIPAYS

3 0.z

.

=]

=

“ 04 1 1.3 z P 0 40 : £a s 190
i

Puc. 2.3. T padEH B35 eIeHHEX OCTATEOS (CI65A) H aFTOROPPRIAHONECH (YVHEIHE B35 IIeHHEE
OCTATHOE {CIIPABa) B CIYHae COTTACHT HIMEpPAEMEIX TAHHBIX H TeOpeTHISCKOH MOTemH

EcomH MexEIy 3KCOePHMEHTANBEHOH H TeOpPeTHUECKOH XapaKTepHCTHEAMH
HMEITCH HeIHATHTEIRHEIE CHCTEMATHIECKHE OTIIOHEHHA, HEPAIMHIHMEIE IO
rpadHEY B3BEMISHHBIX OCTATKOB, TO A4 HX HAXOEICHHA OPHMEHASTCA asiMo-
KOPPEITYUOHHAA @VHKYUA 838EUEHHBIY OCTNAMKOE, ONPeIe/IfeMad KAk

;Ell'l'—.ll'.'l". BR N
A _ N—k+1 =1 [(Rigk—1
- lEN R.E
N=i=1"

O6pMHEO BEHOHpakT 1=i=N/2. BemmumHa A; = 1. o3Ha9aeT. 94T0 KaxIoe
3HAUEHHE B3BEIISHHEIX OCTATEOE IIOMHOCTEH) KOPPETHpPYeT ¢ CaMHM CODOH.
EcaH oTKIOHeHHA MeE IV 3KCIIEPHMEHTAIEHEIME H TEOPEeTHIECKHMH JaHHEIMH
CAVIAHHEI, TO INPH XOPOMIeM COBMAJEHHH HIMEPAeMEIX TAHHED H TeOpeTHHE-
CKOH MOJETH aBTOKOPPETAITHOHHAA () VHEIHA B3BEIIeHHEX OCTATKOE OCITHILTH-
PVeT ¢ MAJIoH aMILTHTYIOH OKOIO HYIIA.

(2.5)

Hopazok BEIDOTHeHEA
1. Hayuure dvaxumn MATLAB: fopen, load path, fscanf. nlinfit,
niparci, chiZinv, tinv, diag.
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2. PeammsyiiTe zarpy3ky ¢afna ¢ JaHABIMH C [IOMOINBK BCTPOSHHEIX
dvuxuwi fopen, path, fscanf (load). ®aiin gannaex (data® txt) comepmuT Haﬂc:p
IKCIEPHMEHTANBHEIX TOUEK H OUEHOK OMHOOK (Xg Ve Op). THe k=1, 2,.... N.
[MocTpoiiTe rpadHE 3KCIEpPHEMEHTANBHEX JaHHex V(x). ['padHE goTHeH HMETh
3ArCJIOBOK H MOIHCH OCEH.

3. CormacHo BalleMy BapHaHTY 3amporpaMMHpyiTe TpH dyvasmma fx, 4).

4. Peammzvyiite npouenypy HMHEK ampanmia JaHHEIX ¢ DOMOIIBED TPEX 3a-
NaHHEIX GVHENHE HavamTeHble DpHROTH&SHHS A8 MDapaMeTpoR QYHEKIHE BEI-
OHparTcA NpoH3IBONEHO. [J(nf nOponeIypel ONTHMHIAUHH BOCIONBIVHTECH
tdyaxmmei Matlab nlinfit

5.  OueHHTe Ka9ecTBO aHANH3A JAHHEIX C [IOMOIIBK HOPMHPOBAHHOTO
KPHTEpHA _,ff., rpadHEa E3BCINEHHEIX OCTATEOE H HX ABTOKOPPEIALHOHHOH
¢vExmm. [padEkE JOMAHE] HMETH 3aTONOBEH H MOANHCH OCeH YEaXHTe
G VHEIHIO, KOTOPad ANIPOKCHMHPYET Halop JaHHEIX V(Y) HAHTYYIDIHM oOpa-
zoM. OTobpaiuTe Ha ofHOM rpadHEe HIMEPEHHVIO XapaKTEpHCTHEY V(X) H am-
IPOECHMHPVIOITVID QyHEIHI. ['padHK NoMEKeH HMETEH 3aroIOBOK H IIONIHCH
ocef.

6. Iloctpoiire 68% OOBEpHTENEHEIE HETEPBAIEL /11 OLEHOK MapaMEeTpPOR.
JoBEpHTENBHEIE HHTEPBANE! BEMHCIAOTCE mo dopMyne (2.3) H ¢ moMOmEBRO
¢ yuxuEH niparci. CpaBHHTe IONy4eHHEIE pe3yIbTaTe. HenoneayiTe QyHKUHE
tinv, diag.

dopma oraéTa: pabOTAKOIIHA NpPOrpPaMMHBIH MOV, PEANHIVIOIIHH 3a-
IaHHE, THCTHHT IporpaMM. BEIBOOE! IO pPe3yIETaTaM 0OpPa0OTEH IKCIEpHMEH-
TANBHEIX JAHHED.

Toamuya 2.1
BapHaHTH 3a1aHHI
BaprasT Jaxon HMasasie* | BapmasT Jakon JlanHBIC™
pacmpeneIeHHA pacmpeneleHHA
1 3.5,6 datal txt 7 47,8 data7 txt
2 1,39 data2 txt 8 2.4, 6 data8 tut
3 1,3,8 data3 txt 9 1,6,8 data® fxt
4 3.4.7 data4. txt 10 6,79 datal0. txt
5 469 data5. txt 11 2,6, 8 datall txt
6 2.4 8 data6. txt 12 1,89 datal? txt

* baln JAaHAEDN COCTOHT H2 TPEX KOVIOHOK, B KOTOpPED, COOTBETCTEBEHHO, JAMHCAHE 3HA-
9EeHHA Xg, Vi, Ok
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Totmya 2.2

JaK0HBI WIOTHOCTH pacnpeTeTeHHA 'EJI}"II.'E][HI BEIHYHH

N 3AK0H pacmpene- ObnacTe 3a0aHAA H IL10THOCTE pacHpenene-
o'n JIeHHA mapaMeTpsl HAH [{x)
] X € (—o0;00), 1 (x—m)?
! Hopanessii meR ao>0 o ZHEII?[ 2a?
1 ya—ipq_ b1
) _— x €(0; 1), TR
ﬂ:::{}: b= H[ﬂ b] — J"‘{a]!"{b]
"% = Tla+b)
x € (0; o), x x?
3 P 1 —oiz
e o ER oz 7| 202
" € (0; o0), -
4 Beiifya Iﬂ:::{g &i? abx"'exp (—ax®)
_ X € (—uoo; o), a
5 Jlammaca " E{R. H}E; Eexp[—a|x—b|]
€ (0; 02),
6 | Toxasaremsmsi x ) [} :’ ) Aexp (=A%)
x € (0; o), x%exp (—x/b)
7 I Taairre LAy
— a=-15=0 b+ (a + 1)
1
g 7 X € (0;00), _ ™2 L eyp (—x/2)
n>0 225 (3)
x € (0;00), 3
0 Makceemnna . [E :} J2/maixtexp (—ax?[2)

KoBTpoabHEEIe BODPOCHI

1. n= Kakmx 331349 o0padoTKH IKCIIEPHMEHTANLHEIN JaHHEIX HCIIONB: Y-

eTCH HeIHHeHHEIH METO0J HAHMEeHBIIHX KBaIpaTos’

2. B @eM COCTOHT CVTE METOJ3 HAHMEHEINHY KBAIPAaTOR’

3. 3anHmHTe BHI BRIPAXEHHA L4 Henesod GyaxmaEsa 8 HMHE.

4. Uewmy paBHEI Beca B BEIpAMEHHH I [eleBoil QVHEIHE ¥, (6)?

5. HeMy paBHO 9HCIO CTeNeHeH CBODOMOE! V B BEIPAXEHHH T8 HOPMHPO-

3
BaHHOTO }, 7

6. Kammu oOpazoM BEMHCIHTE JOBEPHTEIEHEIH HHTEPBAN LA OIeHEHHO-

ro mapasetpa 87
ﬂ

Jna KakHx mened Hcmonb3yioTcs dvaxmmE MATLAB: fopen, load,

path, fscanf, nlinfit, niparci, chi2inv, tinv, diag?
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JABOPATOPHAA PABOTA Ne 3
METO/ I TABHBIX KOMIIOHEHT

eas paﬁom HPEIE'H{‘IECEOE OCBOCHHE MCTOOA INIABHBEIX KOMIIOHCHT ITIH

PEIICHHA 3ala™ CHHECHHA DAZMEPHOCTH H BHIVAIHIAIOHH MHOTOMEPHELX JaH-
HEIX.

KPATKHE CBEJEHHA

Bo MHOTHX 3ECIEpPHMEHTAX OO0 00paloTHKe MHOTOMEPHEIX JAHHEIX IIPHXNO-
OHTCA CTANMKHBATBECH C 33Ja9aMH CEA3AHHEIMH ¢ HATTATHEIM IpedcTaBIcHHEM
JAHHEIX (EH3VAIH2AMHA JAHHEIX ). CHEDEEHHEM PasMepHOCTH JAHHEIX Oe3 cyme-
CTBEHHOH MOTepH HH(QOPMATHEHOCTH JAHHEIX HIH (CEATHEM JAHHEIX), CTPeM-
NeHHeM K JTaKOHH3IMY HCCTeIVeMbIX JaHHBIX (VIIpOIIeHHe TaHHEIX). 4 peme-
HHA NOJ00HEIX 33039 HCIIOMB3VEOTCA METOIE]L, B KOTOPHX CHHAEHHE Pa3sMepHO-
CTH IIPOCTPaHCTBA IMPOHCXOIHT OJHOBPEMEHHO C €T0 NpeodpazoBaHHEM. ITO —
METOJ TTTABHBEIX KOMIIOHEHT, (DAKTOPHEIA aHAIH3. KaHOHHYECKHH aHamH3. Xa-
PaKTepHOH OCOOEHHOCTBI) IJAHHEIX METOJOB ABIAETCA TO, YT0 MPOHCXOIHT
BEIDOD H OIEHEA 3HATHMOCTH HE OTASTLHEIX [MEPEMEHHEBIX, a HHOOPMATHEHEIX
0 COBOKVIIHOCTH TPVII NepeMeHHEIX. B maHHOH padoTe paccMAaTpPHBASICH
METOJ TTIABHEIX KOMIIOHEHT.

B o0mem BHAE 3373493 CHHACHHA PAa3MEPHOCTH IPHIHAKOBOIO MPOCTPAHCT-
Ba MOKET OBITh CQOPMVIHDPOBAHA CIEIVIOMEM oopazoM. [IyeTs MHOTOMEDHEIE
JAHHBIE TPeIcTaBleHEl N - THCIOM HCCAeIVEMEIX ODBEKTOB M, Ma, ..., Hy
(Tadm. 3.1). KaKmemd H3 KOTOPRIX M; = (Xyy, Xi ..., Xi). § = 1, K XapakTepHsy-
eTcq HaGopon H2 K — npHzHaKOE X7, A (H3MepAeMEIX XapakTepHCTHE 005-
eKTOB).

Tagmumya 3.1
Habop MEOTOMEPHBIX TAHHBIX
% X . X
ny | Xp Xz ... Xig
nmy | Xn Xpm ... Xk
Ay | Xn1 X Xng

HeobxoguMo oOpedelHT: Takoe JIHHEHHOe Ipeo0palcBaHHE, 3aJaBaeMoe
MaTpHIEeH .4, B pe3yisTaTe JeHCTBHA KOTOPOro HCXOJHEIE JaHHEIE BEIpAKaOT-
cA HabopoM (MaTpHUEH) IMaBHEXX KoMmoHeHT Z = (Z), Z; ..., Zp). TOe NepBEe
M — rIaBHEIX KoMmoHeHT (M =< K). obecmedHBaoT TpebOveMVIo JOTH JHCIED-
CHH } TPV IPH3HAKOE (Kak mpagmmo, 7y = 0.95).
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MaTpHUa IMTABHEIX KOMIOHEHT CTPOHTCH HA OCHOBE MAaTPHIIEI BECOBRIX KO-
apdummenTor 4 = {ay}, i=1,.., KB j=[,.., K yIHTHBAIONHX TECHOTY CBA3H
MEXTY HCXOOHEIMH MPHIHAKAMH H INTABHEIMH KOMITOHEHTAMH:

Z=XA. (3.1)
rae Z = (Z;, Z, ..., Zy) — MaTpHIa Bcex K IMaBHEIX KoMmoHeHT B X = (X, X, .,
Xy) — MaTpHIA HCXOOHEIX IPHZHAKOE. B pazBepHYTOM BHIE j-af IMTABHAS KOM-
[IOHEHTA MATPHUE! Z BEIPAXAESTCH Uepe: BEKTOPEl NPHIHAKOE CISIYIOMHM 00-
pazoM:

%=HEX;+H$X3+ ...+{'I_;;,'Xx, {32)
rae 3MeMeHTH ay, i=1, ..., Kuj=1, ., K, —Ha3sBaloTCA MapaMeTpaMH 3arpy3EH
ITIABHEIX KOMIIOHEHT.

3agaga CEOOHTCA K OIMPeeleHHI MATPHIE 4 (HaXOoEIeHHD HEeH3BeCTHRIX
napaMeTpoB ay, rae i=J1, .., K mj=1,. ., K). ]laq 3Toro HCIOIB3YVeTCA amNapat
MaTPHYHOH anre0psl. 3IeMeHTH MaTPHUE! 4 PacCYHTHIBAKTCA Ha OCHOBE KOp-
PEALHOHHOH MaTPHUE R (IOCTpOSHHOH IO BXOZHEIM JaHHEIM M, i=1,...N),
pPEIIEHHEM CHCTEM MTHHEHHEIX VPARHEHHH

RA=AA, (3.3)
rfe MaTpHIa
A 0 0 0
A = 0 4 0 O (3.4)
0o 0 .0
0 0 0 A

COOepEHT HA I'TMABHOH MHATOHATH CODCTEEHHEIE 3HAUeHHA KOpPPEIAUHOHHOH
MaTpHUE R, TakHe, 9T0 A;24:> . >/; a KOOPIHHATE] CODCTBEHHEIX BEKTOPOB
ABJIAIOTCE HCKOMEIMH NapaMeTpaMH a; =1, ... Kuj=1, . K IlpHdeM BHIOIHA-
£TCH PABEHCTRO
A=c(Z), i=1...K. (3.5)
CyMMa BEIDOPOYHEIX AHCHEPCHH HCXOTHEIN NMPHIHAKOE PABHA CYMME BEI-
OOpOYHEIX JHCIIEPCHH OPOoeKHA 0OBEKTOR HA IMIABHEIE KOMITOHEHTEL
o (Z)+0N(Z)+ 40N Z) =0 (X)+0 (X)) + . +0 (Xp). (3.6)
Hecmotpa Ha To, 9To BEMecTo K NPHIHAKOE HNONy9IaeTcA TAKOE He KoIHIe-
CTEO IMTABHEIX KOMIIOHEHT, BEJIAJ OONBINEH TacTH ITIABHEIX KOMIIOHEHT B 00E-
ACHAEMYIO JHCIIEPCHI0 OKAa3klBaeTcd Hebonemun. HcrmodaroT H2 paccMorpe-
HHA T€ [JIABHEIE KOMIIOHEHTEL, BETAI KOTOpHIX Mal IIpH nomomm M mepBhIX
(rambonee BeCOMEIX) ITABHEIX KOMIIOHEHT MOKHO COBACHHTE OCHOBHVIO 9aCTh
CYMMAapHOH JHCIIEPCHH B AHHEIX.
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IITaz 4. BEMHCIHTE MAaTPHIE 4 H /A OyTeM pemeHHs cHCTeM THHeHHBIX VpaB-
HenHi (3.3)
Illaz 5. PaccaHTaTh NPOSKOHHE 0OBEKTOE HA [MABHEIE KOMIIOHEHTE
Z=X4A4. (3.12)

Jameuanue. B 2aKmodeHHe OTMETHM, IPeEIe 9eM HAYHHATE AHATH? [TaB-
HEIX EOMIIOHEHT NEIeco00paiHe MPOBEPHTh IHATHMO TH OTIHIASTCE OT €IH-
HHYHOH MAaTPHIE KOPPEIAITHOHHAA MATPHIA HCXOJHEIX HODMHPOBAHHEIX JaH-
HEIX. B mpennoloXeHHH, 9T0 HCXOOHEIE JaHHEE TOTIHHAMTCA MHOTOMEPHOMY
HOPMATEHOMY PAcTIPEIeNeHEHRD, MOKHO BOCIIONB30BATECA CTATHC THECH

E
d=NY 7 (3.13)

raery . i=j, =1, Kuj=1 _ K- HelMAroHANLHEIE JIEMEHTE KOPPEISIIHOH-
HOH MaTpHUE R. CTaTHCTHKR d HOZMHHSETCH ) -pacupegeneHmio ¢ K(K-1)/2
CTelleHAMH CBODOMEl. ECmH KoppenfUHOHHAS MAaTPHIA HCXOOHBIX JaHHEIX He
OTIHYIASTCH OT eOHHHIHOH MaTPHIEL, T. €. d < ,1/‘) BEIMHCISHHOE NPH 3aJaHHOM
YPOBHE JOBEPHTEIRHOH BEPORTHOCTH H 2aJaHHOM HHCJIE CTeleHeH cBo0OmEL TO
NpHMEHEHHE MeT0JA [TABHBX KOMIIOHEHT HelleIecoobpasHo.

Hopagoxk EEID0THEHEA

1. C moMOIWE KOMaHOE == help wayunts yexumn eig, fliplud, fliplr,
corrcogf, cov, corr, scatter.

2. PazpaboTaTe anropHTM METO0Ia IMTAEHEIX KOMIIOHEHT H IIPOrpaMMHO eTo
PeaTH20EaTE B cpede MATLAB.

3. BunomHHTE aHATHZ 3KCIEPHMEHTATBRHEIX JAHHEIX METOOOM IVIABHEIX
EOMIIOHEHT.

s  3arpysHTE JaHHEIE COIJIACHO BalleMy BapHaHTy. OTobDpazHTe gaHHEIE
HA 3KPaHe MOHHTOpA B BHAe Tabmumm (Hanomobue Tatm. 3.1).

» HopumupoBaTe (CTAHIapTHIHPOBATH) HCXONHEIE 3KCIEPHMEHTAIBHEIE
JaHHEE. IIoCTPOHTE KOppPeldlHOHEYI0 MaTPHITY.

» VIOCTOREpHTCH, 9T0 KOPPEIAIHOHHAS MATPHIA 3HATHMO OTIHYAETCH
OT €IHHEHETHOH MATPHITEL

¢  PaccuHTaTE NPOEKIHHE 00BEETOR HA IMTABHEIE KOMIIOHEHTEL

4. ITpoH3BECTH AHATH? PEIVIETATOR PADOTH METONA IMIABHEIX KOMIIOHEHT.

* JIpoBepHT: pPaBEHCTEC CYMM BEIDOpPOTHEDL JHCIOEPCHH HCXOIHELDL IIPH-
3HAKOE H BHIOOPOYHBEIX JHCHEPCHH NPOeEIHH 00BEKTOB HA ITIABHEIE
HKOMIIOHEHTEL

o OmnpegenHT: OTHOCHTEIRHYID JOIK pazdpoca, NpHXOOAIOVEOCHE HA
TTIABHEIE KOMIIOHEHTEL. [[oCTpOHTE MAaTPHIY KOBAapHAIHH I IDOeK-
ITHH 00EEKTOE Ha IIABHEIE KOMIIOHEHTEL
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¢ Ha ocHoBe nepBex M = 2 rMaBHEIX KOMIIOHEHT MIOCTPOHTE AHATPAMMY

paccesHHA. J[aTh COOEPHATENBHYI HHTEPNPETAITHIO IIEPBEIX JBYX
[TIABHEIX KOMIIOHEHT.

dopma ordera: PaboTarIHA OporpaMMHEIH MOOVIE, PEATHIVIOIIHHE 32a-
IaHHe, TEKCTH Oporpam. PezyisTaTel MeTOa [MABHEIX KOMIIOHEHT. BHBOIE
IO Pe3yIETATaM 00padOTHH 3KCIePHMEHTAIBHEIX JaHHELY.

Tadmuya 3.2
BapHaHTHI 3agaHmi
BapraaT JanHLIe Baprant JanHLIe
1 datal txt T data? txt
2 data? txt 8 data8 txt
3 data3 txt o data? txt
4 datad txt 10 datal0 txt
5 datas txt 11 datall txt
G datat txt 12 datal? txt

KoBETpoabHEIE BOOPOCHI

1. [Ins karHx 3ama4 o0OpabOTKH 3KCIEpPHMEHTANBHEIX JaHHEIX HCIIOIB3 Y-
€TCA METOJ ITABHEIX KOMIIOHEHT?
2. B deM COCTOHT CYTE METOAA [TIABHEIX KOMIIOHEHT?

3. UYemy paBHO MAaTEMaTHYECKOE OEHIAHHE H JHCIEPCHA CTAHOAPTHIO-
BaHHOH NepeMeHHOH?

4. Kaxoea gHcniepcHs i-H ITaBHOH KOMIIOHEHTEI?

5. Yewmy paBHA CyMMa BEIDOPOYHEIN THCIEPCHH NPOEKIHH ODBEKTOE Ha
TTIABHEIE KOMIIOHEHTEL?

6. Kaxoea oTHOCHTENRHAaA HoiA pazdpoca, IPpHXONAINAACA HA j-VIO [TIAB-
HYK KOMIIOHEHTY?

7. Kaxkopa OTHOCHTENBHAd JOMA pazdpoca, NMPHXOAANIAACE HA | MepBREIX
TTIABHEX KOMIIOHEHT !

8. UenecooOpasHO JH HCIIONB30OBAHHE METO/A [NIABHEIX KOMIIOHEHT, eClIH
KOBAPHAITHOHHAR MaTPHIIA HCXOJHEIX IPH3IHAKOB JHATOHATEHAA!

9. Kaxk OpoBepHTE FHAYHMOCTE EKOPPEIAIHOHHOH MATpPHIE! HCXOIHEIX
TAHHEIX?

10. Kaxoea HHTeplpeTallHd OEPBEIX JBYX [NIABHEIX KOMIIOHEHT?

11. Kaxof BHI CEATH MeETY NPHIHAKAMH H I'TAEHEIMH KOMITOHeHTaMH?

12. ns kakumx nened Hcmonk3yiorcs dvexmas MATLAB: eig fliplud
fiplr, corrcoef, cov, corr, scatter?
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JABOPATOPHAA PABOTA Ne 4
HEPAPXHYECKHE METO/IbI
KTACTEPHOI'O AHAJTH3A

Henr pabGorel. IIpakTHYecKOe OCBOSHHE METONOB HEpPapXHYECKOTO KIa-
CTEPHOTO AaHATH3A JAHHEIX.

KPATKHE CBEJEHHA

Pemenne 2a0avH paz0HeHHA MHOKECTEA 3IEMEHTOR De3 o0yUeHHA HaIRIBA-
€TCH KIACTEPHBEIM aHATH30M. KIacTepHBIH aHAIHZ He TpedyeT anpHOPHOH HEH-
dopMamEH 0 JAHHEIX H MO3BOMAET Pa3JellHTh MHOMKECTBO HCCAETYeMEIX 005-
EKTOB HA TPYIIE NOXOEHX 00BEKTOR — KIACTEPEL. 3TO JAET BOIMOKHOCTE Pe3-
KO COKpAaIaTs OonbITHe 0OBEMEl JAHHEIX, JeIaThk HX KOMIIAKTHEIMH H HATTIAT-
HEIMH.

3amaTy KIacTepH3alHH MOKHO chOopMYIHPOBATE CIISIVIOMHM 00pazoM.

HmMeeTca HEKOTOPOE KOHEYHOE MHOKECTEO ODBEKTOBR NPOHIBONBHOH IpPH-
pomsl C = {ny.n,, ..., Ny}, KAOKALIH H3 KOTOPBIX M;.= (X;;, X ..., Xg) i = 1, N,
XapakTepH3ayercs HabopoM H2 K — OpPHIHAKOE (H3MEPSEMEIX XapaKTEPHCTHE
00BexToR). Heo0XomMo KIacCTEpHI0BATE 3TH OOLEKTEL T.€. PasOHTE HX MHO-
JEECTBO Ha 3aJaHHOS HIH NPOHIBONBHOE KOMHYECTBO IPYIN (KTACTEPOE HIIH
KJIACCOB) TAKHM 00pasoM., 9T00BI B KARIVIO TPYIINY OKa3alHCh BETHYEHHEIMH
ODBEKTEI, OMHIKHE MEEIY CO00H B TOM HIH HHOM CMBICTHE. ANpHOpPHAA HH-
dopManmd ¢ KIaccCHOHKAIMH 0DBEKTOR IIPH 3TOM OTCYICTBVET. TakHM obpa-
30M, HEOOXOOHMO Pa3bHTs MHOXECTBO BeKTopoB C Ha & momapHO Hemepece-

3
KaIOMHXCA KTaccoB C)...... Cp Tak, ITOOH UCF. =C.rmel<k<N.
i=1
J18 HaXOEISHHA ONpeAeIeHHOrD PeIleHHA JAaHHOH 3aJadH HeoOXOoJHMO
23aTE:
* Ccmocod cpaBHeHHA 00BEKTOB MEXTY cobof (Mepy cXomacTea);
*  Crocod KIACTepH2AIHH,

* paz0HEHHE JAHHEIX IO KIacTepaM (VCTAHOBISHHE THCIA KIACTEPOE).
Jl18 cpaBHeHHS ABYX OOBEKTOE M; H H; MOTYT OBITE HCIIONBIOBAHE CIETVEO-

IIHE MEPEL
1. EpKIHmoBO paccTOfHHE
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dy(n;.n;) = |:i (xz —x; M (4.1)
i1

2. cTaHDApTH3HpOBaHHOe EBKIHIOBO paccToAHHE

-
& Oy — x;‘.']

b | =

d(n:'-”j}z Z—l : (4-3)

Il ¢; — QHCIIEPCHA 10 /-MY IPH3HAKY,

3. MeTpHEA ropoga

K
dy(n.m)=>
=1

4.  paccrozane MuHEOBCKOTO

) a;

xﬁ—xﬁ|; (4.3)

5 >
dMnht( ;.M } = [Z (Iﬂ - ‘H)Pj| 2 (44}
=l

roep=12_. o
5. paccroaaHe MaxamorodHCca

1 T
dyan (.1 ;) = (n; —=n; )C (n; —nj) (4.5)
rae €' — KOBAPHAITHOHHAR MATPHIIA BXOTHEIX JAHHELX;

6. wmeTpHEA Hedsmeea

dq(n!-,n_,-]=1§|51|_:-g# X5 —x_”|- (4.6)

ITo comocobaM KIACTEPHIANHEE METOMEl KIACTEDHOTO AHATHIA MOKHO pa3le-
TIHTE HA JB€ DOIBIIHE TPYINIE: HEPADXHIECKHE H HEHEPAPXHIeCKHE METOIEL

PaccuaTpHBaeMEle 3Jeck Hepap-
XHYeCKHe METOOE HCOOMBIVEOT IIO-
CIeTOEATENRHOS 00BEIHHEHHS 00BeK-
TOE B KJIACTEpEl, MATEIE KIACTEDEL B
OOIBIIHE, KOTOPOE MOXKET OBITE BHIY-
ATBHO OTOOpAaXEEHO E BHIOE JepeRa
BICKEHHEDL KIAcTEpOB — JEHIpO-
rpasel (pHC. 4.1), OpH >ToM THCIO
EJIacTepOB CKPEITO HIH yoiloBHO. Kak
IpaBHI0, Ha TIpade AeHIparpaMMED
BIOIE OCH X paclolaraiT HoMeEpa
ODBEKTOB, a BIOJIE OCH V — 3HATEHHA
MEPEI CXOACTEA.

o

258k

sk

18

ik

asE

ATt

FiE & @1 217 1 2 812 & 14 5 ud 18 13 D8

Puc. 4.1. Nenaperpama
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HEPEPKH'EGCEEE METONEI JEJINTCH Ha:

*  gzloMEpamueHble, XapaKTepHIVEMEIE IIOCIEIOBATEbHEIM 00BEIEHH-
€M HCXOJHEIX OOBEKTOE H COOTBETCTEVIOIIHM VMEHBIIEHHEM WTHCIIA
KJIACTEPOE (IOCTpOeHHE KIACTEPOR CHH3Y BEEPX);

*  JusuzuvHbE (IeTHMEIE), B KOTOPEIX THCIO KIACTEPOB BO3PACTAET Ha-
9HHAA C OJHOIO, B PE3VILTaTe €0 00pa3yeTcd HOCIedOoBaTeILHOCTE
PacCINeIUIAOIIHKCA TPV (IOCTpOeHHE KIACTEPOR CBEPXY BHH3).

MeTonrl HepapXHYUECKOTO KIACTEPHOTO AHATHIA PANIHYIANOTCA [0 COOCODY
HIH MeTOIY CEA3EIBAaHHA OOBEEKTOBR B KIAacTephl. EcIH KlacTephl i H j 00BeIH-
HAKOTCA B KIACTep & H TpeDYeTcH paccUHTaTh PAacCTOHHHE J0 KIACTEpPAa 5, TO
HAHOOJIEE HacT0 HCOOIEIVIOTCA CIEIVIOINHE METOOEl CBAIRIBAHHA OOBEE-
TOB/KIacTEpOB 7" H 5-

1. MeTom OMHEHETo cOCeda (paccTOfHHE MeXEAy OMmEAAImMH cocems-
MH-OMHHAAIIIMH 00BeKTaMH KIacTepos)

dps = ﬂ]j.[l{ﬂ:-& d.?'-i]; [4-'?]

2.  MeToJ JAaTbHero cocefa (paccTofHHE MeETY CAMBIMH JATHHHMH COCe-
ZAMH)

s = m:“-:(dm ﬂrj&}; [43}

3. MeTon cpeaHeH CBA3H (CpeHee PacCTOSHHE MEEIY BCEMH O00BEETaMH
AP KIACTEPOR € VIETOM PACCTOSHHE BHYTPH KIACTEPOE)

_ md, + ?:P:I'J,-(J'TJ-_; , 9)
m; + m;

rI

TAE m; H M;j — 9HCI0 00BEKTOB B i-OM H j-OM KIacTEPax COOTBETCTEEHHO,
4. [eHTPOHIHEIH METOT
Iy
m; -+ m;

5. MeTonD MeIHAHHOH CBA3H
de; =(dis +di) /2 +dy /4. (4.11)

Taxksam obpazoM, B OONBIIOH KIACTep OOBEOHHAKTCHE TE€ MAlBIE KIACTEPEL,
PAcCTOAHHE MEA Iy KOTOPEIMH MEHHMAIEHO.

Oyenra pazmyua. Henons3yeTcs Ind onpefeleHHs HAHOOMee ONTHMATEHO-
ro BEIOOpa METPHYECKOrD PAcCTORHHA H MeTOHa CEAZEIEAHHA 00BeKTOB. [[Ba
HayTaJ BEIOpAHHEIX 0DOBEKTAa HAa HEPApXHYECKOM JEpEEe CBEIAHEI MEETY coDOH
TAK HA3EIBAEMEM KOQEHETHISCKHM PACCTOSHHEM, BETHIHHA KOTOPOTO OMpexe-
IfeTcAd PACCTOAHHEM MEeR IV IBVMH EIACTEPAMH, B KOTOPHIX HAXOOATCH JaHHEIE
obBexTEl. Mepol THHeHHOH CBA3H MeXIY Ko eHeTHIECKHMHE H MeTPHISCKHMH
PACCTOSHHAMH SBISETCE KOQEHeTHISCKHH KOppeldlHOHEEIA KoadduumerT A
IMocTpoeHHE HEPapPXHIECKOr0 JEPEBA CIHTAESTCA YCIEIIHEIM, &ClTH KodeHeTH-
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YeCKHH KOppelfUHOHHEIH KoaddHIHeHT 6mmsok K 1. [[na HaGonee yoOemmHoH
KIAcTePHIAIHH CTPOHTCA JEHIPOTPaMMa HEPAPXHIECKOTO JEPEBa.

Bridenenue sHauumux riacmepos. JNA BHOeIeHHA 3HAYHMEIX KIACTEpPOB
MOAHO 33JaTk HEKOTOpPOE MOpPOroBOE 3HadeHHe I MepEl pacCTOAHHH CXOICTEA
(ropH:0HTATBHAR DePOEHIHKYISpHAT oCch I Ha AeHgporpanue puc. 4.1). Yucmo
3HAYHMEIX KIACTEPOB ONpeIe/aeTcd KOTHIeCTEOM NepecedeHHH THHHH IopoTa
T H cBAzeH HepapxHUecKoro JepeBa. lIpHden Kaxdad HI OTCEKaeMEIX JTHHHeH
[IOpOra BeTBeH JepeBa OvaeT GopMHPOBATE OTOEABHEIR KiacTep. Ha npakTHke
9acTO BEIDOHPAaXOT MOPOroBoe 3HadeHHe I Ha OCHOBE BHIVAJIBHOIC AHAJIH3A
IIIOTHOCTH BeTERH NOCTPOSHHEOH IeHIPOTPAMMEL

AIETepHATHBHEIH CMIOCOD BEIIESIEHHA 3HAYHMEIX KIACTEPOR — MeTOZ 3aja-
HHA QHKCHPOBAHHOTO THCIA KIACTEPOE. [loporoBoro 3HaweHHe MepEl CXOACTEA
1 yCTAaHABIHBAETCA B KOPHE HEPAPXHYIECKOI'O JEpeBa. 3aTeM 3HAUCHHE [I0pOora
T mocTeneHHO CHHKAETCH IO TeX IOp, MOKA He OyAeT YCTAHOBIEHO YHCIO Ie-
pecedeHHH ITHHHH Hopora I’ H cBizeH HepapXHYecKolo JepeBa paBHOE 3aJaH-
HOMY KOIHYECTBY KIaCcTEepoB.

OCHOEHEIE 3TANLI HEPAPXEIECKOr0 KJIacTepHoroe agaamza B MATLAB

Sman I. BEIMHCIEHHE MATPHOE! PACCTOAHHA MeEIy o0bekTaMH D (pyHEE-
HA pdist, squareform).

Fman 2. CBAEBaHAE HIH [PYIIIHPOEEA 00BEKTOR E OHHADHEIE HepapxHde-
CKHe JepeBnd (geHaporpamMyel) (dyvakmem linkage, dendrogram).

Dman 3. OueHEa KadecTBa KIacTepHIAUHH (QVHEIHE cophener).

Dman 4. BElOeneHHe 3JHATHMELX KIacTepoE (QyHEIHA cluster).

Iman 5. BH3vaTH3aOHT H aHATH3 3HATHMEIX KTacTepoB (DVHERDHS greatter).

]Iﬂpil,IlDK ERIDOTHEeHHAA

1. C moMomEe:0 KoMaHAE! == help H3yunTe QVHEDHH pdist, squareform, lin-
kage, dendrogram, cophenet, cluster, gscatter.

2. 3arpy3HTL JaHHEIE COTVIACHO BamleMy BapHAHTV. IlocTpoHTs rpadmtde-
CKOE H300paMeHHe IKCIEPHMEHTATEHED JAHHEDL.

3. BEMHCIHTE PACCTOAHHA MEXEIY 00BRekKTaMH. Hcoone3:0BaTeE MEpEl IR
pacteTa pacCTOSHHE COTIACHO BapHAHTY (Tatm. 4.2).

4. BRINOIHATE KIACTEPHEIH AHAIH3 HCXOHEIX JAaHHBIX METOIOM HEpapXH-
HEeCcKOH KIACTEPHIANHH 10 METOJaM CBAIEIBAHHA COTJIACHO BapHAHTY (Tabm
4.2)

5. BEINOTHHETE AHATHI KAYeCTEA KIACTEPHIAINH ¢ IMOMOIIBRKY BEIMHCITEHHSA
Ko EHETHIECKOT O KOPPeTIIHOHHOrO KodddHIHeRTa. 3amonauTs Tabmny 1ma
KO eHETHIECKOT 0 KOPPeIAIHOHHOT0 KoaddumienTa (Tadm. 4.1).
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Totmma 4.1
Obosmagenns KodeHeTHIECKET K03 HIHEHTOE

MeTog MeTpuka
CEAZRIBAHHAA | 1 i 3
1 Kir | K12 | ki3
2 K21 | K22 | Ko
3 Kap | Ko | K3

6. OnpegenuTs Hanbooee H HaHMeHee 3 eKTHEHEIE cIOCO0E HepapxHde-
CKOH KIACTePH3IAUHHE I AHATH3a HCXOTHOTO Habopa JaHHEX (MaKCHMATBHEIE
H MHHHMATEHEIE KO3(OHIHEHTEH H COOTESTCTEYIOMIHE HM CIOCOOEI KIACTEpH-
zammH). g Harboaee 3¢ dekTHEROrO ciocoba HepapXHIecKOH KIaCTepH3IAIHH
MOCTPOHTE JeHAPOrPaMMY Pe3yIbTATOR KIACTEPHOTO AHAIHZA.

7. OnpenenHTs KOMHYECTEO JOCTOREPHEIX KilacTepoB. 114 BRIIENEHHR 2HA-
YHMEIX KIaCTEPOE HCMONBIOBATE IOPOTOROE IHAYEHHE, PACCYHTAHHOE IO MET-
PHEE DACCTOSHHH HIH MEeTOZOM 3aJaHHA QHKCHPOBAHHOTO THCIA KIACTEDPOE.

8. PaccHHTaTE HeHTPE! H BHYTPHEIACTEPHYIO JHCIEPCHIO MOIYVIEHHEIX KIa-
CTEpOB, TEOMETPHYECKHE PACCTOAHHA OT 3JIEMEHTOE [0 LEHTPOB KIACTEpOE,
PACCTOSHHA MEXETY HeHTpaMH KiacTepos. OTobpazuTs rpadHIecKH HalqeHHEIE
EJIACTEDPEl H HX HEHTPE (HCIOMB30BATE JHATPAMMY PacCcedHHS B EETeE).

dopma ordera: PadoTaromHil mporpaMMHEIH MOIVIE, PEalHIVIONIHH 3a-
IaHHe, TEKCTEl IporpaMM. Pe3yIeTaThl HepapXHUeCKoH KIacTepH3IalHH. BEIEO-
IEI IO PE3IVIBTATAM 0OpabOTKH SKCIIEPHMEHTATEHEIX JAHHEIX.

Tatimmya 4.2
BapHaHTH 3agaHHil
Bapnaar | Merpaxu (paccroaann) | Merons! ceazniBannd | IanAkie
1 1,2,3 a,bc datal txt
2 1.3,4 a b, d data2 txt
3 1.4.5 a,be data3 tct
4 1.5, 6 ace datad txt
5 1,2, 4 acd data5 et
] 1,35 a,de dataf. et
7 1.4, 6 b.cd data7 txt
8 1,2,5 b,ce data8. txt
o 1.3,6 b.d e data® et
10 1,2,6 c,d e datal( txt
11 2.4,6 a,bc datal1.txt
12 2,36 a, b, d datal2 txt
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* MeTtpHrH paccTofHEd: 1 — EBKMHIOBO, 2 — CTAaHIAPTHIHpOBAHHO: EBKTHIOEO, 3 —
ropona, 4 — Maxamanobuca, 5 — Muskoeckoro (p = 4), 6 —HeOrnmera.

** MeTome! CBTIEIBAHNA. A — OMIDEHETO coceda, b — JATRHeTo COCeTa, ¢ — CpeaHeH CBa-
3H, d — DeHTPOHIHEIL € — MeJHAHHOH CBT3H.

Tagnumya 4.3
B mcToIHBIT JaHHBIE 108 KIaCTepH3aLMNN

Xy X
My | Xpp X2
Mz | X33 Xm;2

iy | Xar Xae

KoBTpoabHBIE BOOPOCH

1. B deM 3aKTHOMaeTCH 3373493 KIacTepHOTO aHATHa”

2. JIns xarmx 3agaq o0padOTEH 3KCIEPHMEHTAIEHEIN JAHHEX HCIIOIBI Y-
HOTCH METOIBI HEPAPXHIECKOI0 KIacTEPHOI O AHATH3A 7

3. IlepeuncinTe OCHOBHEIE MEPEI CPAaBHEHHA 00OBEKTOE MERIV CODOH.

4. Yto Takoe meHOporpaMma’

5. HYro mpeacTaRIAOT coDOH HepapXHIECKHE ArTOMEepPATHBHEIE METOIEI
KTAacTepHOT O AHATH3IAT

6. HYro OpeAcTABIAIOT cOOOH HepapXHIeCKHe JHEHIHMHEIE MeTOIRl KIa-
CTEpHOT O AHATHIA?

7. TlepeuncianTe OCHOBHEIE CIIOCOOEI CEAIRIEAHHA OOBEKTOR B KIIACTEPEL

8. Uro Takoe KodeHeTHIECKHH KOPPETAIHOHHEEIH ko3 dHIHeHT?

9. B uem 3aKm0Yal0TCA OCHOBHEIE 3TAIEl HEPAPXHYECKOro KIACTEPHOrO
aHaTH3a?

10. KaxM odpazoM ONpedeIHTE: 3HATHMOS HHCIO KIacTepoB”?

11. Ins xaxex uenedl Henoms3yioTces dvEkuaE MATLAB: pdist, square-
form, linkage, dendrogram, cophenet, cluster, gscatter?
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JABOPATOPHAA PABOTA Ne S
HEHEPAPXHUYECKHE METO/IbI
KJACTEPHOI'O AHAJIH3A

Iens pabotel [IpakTHYUecKoe OCBOSHHE HEHEPAPXHHUECKOrO KIACTEPHOIO
AHATH3A MHOTOMEPHEIX JAHHEIX HAa IPHMEpPe MeTOIaA A-CpemHIN.

KPATKHE CBEJEHHA

Jamauel KIACTEPHOrO AHANH3IA ABNAETCH OPrAHHIANNA HAOMHOIASMEBIX TaH-
HEIX B HAaTJAOHEIE CTPVETVPE — KIacTephl. HcXoIHEIE JaHHEIE MOTVT ORITE
NpeIcTABIEHE B BHIE MAaTpPHIOE! X CTPOKH KOTOPOH COOTBETCTBYIOT ODBEKTaM
(HabmogenmanM). a CTOMOUE! HX MpH3HAKaM (cM. Tabm 5.1). Tpedverca pasoHTs
33TaHHOE MHOMKECTEQ ODBEKTOB Ha KIACTEPEL.

Taomma 5.1
HHBI‘DMEP]I:HE JAHHBIE
|l X . X
my | Xppo X1z ... Xk
My | X3 X1 ... Xk
Ry | Xy Xa2 XNE

IIpu GonpmoM KommdecTBe o0bexToB (N = 200) HepapxmYecKHe MeTOIEL
KIacTEPHOIO AHATHIA HENPHTOOHEI, BEHIY OOIBIIHY BEMMHCIHTEILHBIX 3aTPAT
H CIOXHOCTH HHTEpPIpeTallHH JepeBa KIACTepoB. B TakHX cIyIafx MOIYT HC-
NIONB30BATECA HEHEPAPXHYECKHE METONE! KIACTEPHOIO AHATH3A, OJHHM H3I KO-
TOPHIX ABAAETCA MeTod K-cpemHHx. CyTh 3TOr0 MeToJa 3aKTodaeTcd B Cle-
oyviomeM. [Ipeamono#HEM, Yi&e HMEHTCH CHIOTe3El OTHOCHTETRHO HHCIA KIa-
CTEPOB — T.€. 33PAHEE ONPeeleH0 KOMHIECTBO KIACTEPOE &, HAa KOTOPEIE HE0O-
XOIHMO Pa30HTE HMelomHecH 00BekTEl. CpelH MHOXECTBa 0OBEKTOB BRIOHpaA-
W0TcA £ OOBEKTOB B KAYeCTBE HATANBHEIX LEHTPOE KlacTepoB. s Kakmoro
0DBEKTAa PAaCcCYHTEIBAKOTCA PACCTOAHHSA JI0 LIEHTPOB KIACTEPOB. H JaHHEIH 00B-
€KT OTHOCHTCE K TOMY KIacTepy, PaccTOfHHE OO0 KOTOPOTO OKAazalock MHHH-
ManeEe. [Tocnme dero, s 3TOM0 KIACTEpa (B KOTOPOM HIMEHHIOCH KOTHYE-
CTEC OOBEKTOB) PACCUHTEIBACTCA HOBOE MOIOMKEHHE LEHTPA KIAcTepa (Kak
cpemHee MO KAEIOMY IPHIHAKY X;) o BeceM BETIOUEHHEIM B KIacTep O0BEKTaM.
B o0meM coydae, B Pe3VABTATE NPHMEHEHHA METONA A-CPEIHHX HCXOTHOE
MHOEECTEO OOBEKTOB Pa3feNdeTcd POBHO HA 4 PasiHYHELX KIACTEPOE, PACIIO-
TOXEEHHEIX Ha BO3MOKHO OOIBIIHX PACCTOAHHAX APYVT OT IpYyTa.
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Paccroaune MEFEAY COBCETAMH M; H Ay MOBEET OBITE BEMMHCIEHO, HallpHMED.

0 CIEIYEOITHM GhopMyTIam:
1. EBKIHA0BO pacCTOAHHE
1

dy(n,n,)= [ﬁqrﬂ_rﬂl; (5.1)

=1
2. paccrosHHe MHHEOBCKOTO

MHI'H.-(HE = _; [Z (Ir} _;I )Pj| (52}

Jns xpaHeHHS HHQOPMALHH O NPHHALICEKHOCTH 00OBEKTA K HEKOTOPOMY
KIACTEPY B MeTOfe k-cpefHHX BBOAHTCE MaTpHna U = {ugp. i=1...  Nuj=1
2. B nepeom cTombne MaTpHUE U7 cogep&aTcd HHIEKCH KIACTEPOE, K KOTOPEIM
OTHOCATCH 00BEKTEl JAHHEIX, EO BTOPOM CTONOIE — PACCTOSHHA OT 0OBEKTOR J0
COOTBETCTEEHHEIX IEHTPOB KIACTEPOE.

ANTOPHTM k-CpeIHHX HBISETCA HTEPAIHOHHEIM. DBIOK-CcXeMa anropHTMA
HEHEPAPXHYECKOH KIACTEPHIAOHHE IO METORY A-CPedHHX NpPeIcTABICHA HA
pHC. 5.1.

Anzopumm Memoda k-cpedHin

Illaz 1. MHHITHATH3AITHA Ha9albHLIX MapaMeTpoB MeToma (bmox 1, puc. 5.1).

3amaTe: § - KOMHIECTEO IPeAlonaraeMEIX KIACTEPOB, MATPHIY KOOp-

nEHaT nenTpoB wiactepo C'U = {g™}. I = 1.2, k (sanpmMep, Bubpats k

00BeKTOR H3 (afina HCXOOHBIX JaHHEBLX), MaTPHITY [x'fm, Hav9aJBHOS IHAYCHHE

dVHKLHOHATA KadecTBa KiacTepHzanHeE (0 (HeKOTOpoe GONBIIOE UHCIO) H

TOYHOCTE €70 BEMHCIEHHA £ (11 OCTAHOEKH ANTOPHTMA). Y CTAHOBHTE HOMED
HTepamHH m = 1.

Illaz 2. Pacc9HTATh PACCTOAHHA OT ODBEKTOB Mj, M2, ..., Hy OO OEHTPOR KIa-
crepor C™ Y onmpemeneHHEX Ha NpeIEITVINE HTEpAlHH. 3aMOIHHTE MATPHITY
U™ wmexoms B3 PACTIONOXEHHA LIEHTPOR C™Y pramcTeHHEIX Ha npeaslTyIOeH
HTepamss (onok 2). PaccIHTATS 3HaYeHHe ()YHKIHOHAIA Ka9ecTBa KIacTepH3a-
man O™ (c yaetom €™,

Illaz 3. TlpoBepHTs yoaoBHe ocTaHoBKHE anropat™a | O™ — 0™V | < £ (6nok
3). IIpm 3TOM OIEHHBAETCH, MIPHBEIO JTH HOBOE 00beIHHEHHE OOLEKTOB B Kia-
CTEPEI K CYIIECTECHHOMY YIVIIICHHID KAa49eCcTEA KIAcTepH3anHH. EcIH ycIoBHe
BEIIONHAESTCA, TO 3aBEePIIHTE NpoLece KIacTepHzameH (6mox 6). Huawe mepeii-
TH K wazy 4.

IITaz 4. PACCHHTATE HOBOE MOMOXKEHHE IEHTPOR KIacTepoB C' KiK cpelHee
apHpMeTHIECKOE IO KOOPIHHATAM ODBEKTOB, BXONAITHX B COOTEETCTEVIOIIHE
KIacTepsl (Omox 4).
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T —.i' ! = =
Ilaz 5. Verasosute O = O™ 1 nepefit K wazy 2 (Horofl HTepalHm) ¢
m=m+ 1 (bmox 5).

f/— Bxon )
1 ‘—'|—’

HErmaatH3amea napaMeTpos
C'ﬂ’=[u;. ny, ..., ng, e Q'g"
g, m=1

5

Pacger paccToAHEE A0 DEHTPOE
I
EMACTEPOE '™ u samoxEenne

"™ Pacaer O™
A
HET
4 !
PacueT HOERIX DEHTPOE
Enactepos O
m=mt+1
5 6 il
o [Moctpoerne
fm-1j_ i)
o=qQ EmacTepo mo [T
e
Brixon,
. Y

Pue. 5.1. Brok-cxeMa aaroPHTMA HeHePAPXETIeCcKol KIACTePHIANNE 00 METOIY K-CpemHy
ABTOMATHYECKAA IPYIIHPOEKA OOBEKTOB B KIACTEPH NpeKpallacTcid IpH
BEIMOTHEHHH OOHOTO HI KPHTCDHEE OCTAHOBEH ABTOMATHHUCCEOTD IPVIIIIHPOBA-
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HHA. Ha NpakTHKe HCIONBIVIOTCA CIEIVIOITHE BHIOE KPHTEPHEB KavecTBa aB-
TOMAaTHYECKOTO IPYIIHPOBAHET (D YHEITHOHAE KA9ECTEA KIACTEPHIAIHH):

1. Cynnda paccTOAHHH A0 HEHTPOE KIACTEPOB:
i
0,=%% d€.c; > min. (5.3)

-1 &5,
| — HoMmep wmactepa, /=1, 2, .., k. n;— BeKTOp NIPH3HAKOE i-T0 00BEKTa B [-0M
KJIacTepe, S;— MHOXECTBO OOBEKTOR B [-O0M KmacTepe.
2. CyMmMa KBagpaTOR PAcCTOAHHHE J0 [EHTPOR KIACTEPOE:

k
0,=> > d €.c, >min- (54
i=1 5,
| — HoMmep mmactepa, / = 1, 2, .., k. n; — BEKTOp MIPH3HAKOE i-TO 00BEKTa B [-0M
KIacTepe, S;— MHO®EcCTBO 00BEeKTOR B [-OoM KmacTepe.
3. CynmMa BHYTPHEJIACTEPHEIX PAacCTOAHHH MeETY 00OBeKTaMH:

L -
_Q3=z zdﬁ,ni_;}mm- (5.5)
=1 i.jes5,
OCHOBHEIM HEJOCTATEOM AMTOPHTMA K-CPeHHX SBIAETCA TO, ITO OCYIIECT-
BISETCH TOKATBHAL, A He rModanbHAY MEHHMH3AIMHA PyvERmHoHana (.

]Iﬂpll,!lt}l{ BERINOTHEeHHHA

1. Hayuurs dyexumn MATLAB: scatter, gscatter, min, pdist, hist, std.

2.  3arpysETE JaHHEIE COINIACHO BaIleMy BapHAHTY (Tadm. 5.2). IlocTtpo-
HTh IpadHYecKoe H3IOOpAKEHHEe 3KCIEPHMEHTANBHEIX MAHHEIX (JHATPAMMY
paccedsHHf). BH3ValbHO OLEHHTE YHCIO KIACTEPOE A IO IOCTPOEHHOMY H3IO-
OpameHHD.

3. Pa3paboTaTh alropHTM KIACTEPHIAIMH K-CPEJHHX H MPOTPAMMHO €TI0
peanH30BEaTE B cpege MATLAB.

4. DLINOIHHETE KIACTEPHEIH aHAIH3 HCXOOHEIX JAHHEIX METOOOM K-
CPemHHX (mapaMeTpel MeToga cM. B Tabm 5.2). OnpemensTs HanbDomee ONTH-
MATBHOE THCIIO KIACTEPOB k.

5. PaccuHTaTs UEHTPEl ODOMY9eHHEIX KiacTepoB. Otobpazurs rpadmte-

CKH HafNeHHEIE KIACTEPHE (HCIIONB30BATE JHATPAMMY PACCESHHA B IBETE).

$opma orvera: PaboTaiomui nporpaMMHEIH MOIVIE, PEealHIVIOIIHH 3a-
IaHHEe, TEKCTH OporpaMM. Pe3yiIbTaThl HeHepapXHUeCKOH KIAcTepHIALHH Aal-
TOPHTMOM K-CpemHHX. BEIBOZEI IO pe3yabTaTaM oOpaboTEH 3KCIepHMEeHTAIb-

HEIX TAHHEIX
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Todmma 5.2
BapuaHTHI 3aTaHITE

5 Memuxa "?'}'HE]IHHEH.‘I
APHAHT (paccrosmne) Ka9ecTBA KIa- JaHHAEIE
CTepH3alHA
1 EBKTHIOBO O, datal tx=t
2 FrETHI0RO 0; data? txt
3 ErxTHO0BO J; datad. txt
4 ErxmHaoRo 0, datad txt
5 FRETHIORO O; data5 txt
] EBKIHIOBO s dataf_tx=t
7 Mumxorckoro (P = 4) 0, data7 txt
8 Memropcroro (P =4) o5 data8. txt
0 Mumxorckoro (P = 4) 0; data® txt
10 Memroecroro (P =4) ) datal(.txt
11 Memroeckoro (P =4) 0; datall txt
12 Memropcroro (P =4) 0 datal2 txt

KoHTpOIBHBIE BOOPOCEI

1. B 4eM 3aimodMaeTCA 3313493 HEHepapXHIeCcKor O KIAaCTEPHOTO aHATH3A7

2. 1 xarmx 33739 00pabOTEH 3KCIEPHMEHTATRHED JTAHHEX HCIIOIBI Y-
IOTCA METOIEl HEHEPAPXHIECKOTO KIACTEPHOTO aHaTH3a”

3. B ueM cVTh aNTOpPHTMA K-CpeIHHX?

4. IlepeyHcIHTe OCHOBHEIE 3TAllEl HEPAPXHYIECKOT 0 KIaCTEPHOIO AHATH3A
IO METOXY A-CpeHHX.

5. JInf KaKHX UeTeidl B aNropHTMe f-CPeIHHX BEOOHTCA MATPHIA pa3dHe-
HuE U7

6. Kakse KpHTEpPHH OCTAHOBKH aBTOMATHYECKOH KIACTEPHIAIHH HCIIONE-
IVIOTCH Ha OpakTHEE”

7.  KakmM 00pazoM OIEHHTE THCI0 KTACTEPOR B ANTOPHTME K-CPETHHX 7

8. JInf xaxux menell Hcnonb3vioTced dyekmmm MATLAB: scatfer, gscat-
ter, min, pdist, hist, std?
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JJABOPATOPHAA PABOTA Ne 6
HEHPOHHBIE CETH. CETH KOXOHEHA

Iens paboTel: H3VIEHHS CAMOOPTAHHIVIONTHECH HeHPOHHEIX CeTeH Ha OC-
HOBE CJ108 H KapT KoXOHeHa I pelneHHs 3a13Y KIAcCHPHKAINN, KIacTepH3a-
ITHH H BHIYATHIAOHH MHOTOMEPHEIX JAHHEIX.

KPATKHE CBEITEHHA

Heiipoaakie ceTH. HefipoHHEIE CETH NPEACTABIAT CODOH MHPOREHH KPVT
ATTOPHTMOE MAIMHHHOTO 00VIeHHA H HCIIOIE3VIOTCA A4 PEINeHHA 33139 KIac-
CHOHEAIIHH, KTACTEPHIAUHH, CIIAKHBAHHA (VHEDHHA, TPOTHOIHPOBAHHA, OII-
THMH3IAIHH, YIIPABIEHHA H AIPeCalTHH TAMATH.

OcHOBOH HeHPOHHOH CeTH HABIAETCA HCKYCCTBEHHEIH HEHPOH — MaTeMaTH-
gecKaf MOIeNs HeHApoHAa MO3Ta HHBEX OpraHHiMoB. HokyccTEeHHEIH HeApoH
COCTOHT H3 CHHAIICOB (VMHOKHTENeH), A1pa H akcoHa. HeHpoH BoCIpHAHMAET
EXOIHEIE CHTHAJIEL U9epes CHHANCH. KamIaelH cHHaNc HMeeT Bec, KOTOpEIH OI-
pedendeT, HACKOJIEKO COOTEETCTBVIOIIHA BXOJ HEHPOHA BIHAET HA €r0 COCTOR-
HHE. #Ip0 HeHPOHA COCTOHT H2 CYMMATOPAa H HEIHHEHHOTO [IPE00paz0oBaTeld.
CyMMaTOp BEINIOMHAST CAOKEHHE CHTHATOB, IMOCTVIIAMKINHX [I0 CHHATICAM OT
IPVIHX HEHPOHOB, H BHEIIHHX BXOOHEBIX CHIHAIOB. HelHHeHHEIH Opeodpazo-
BATENL PEATHIVET HEMHHeHHVID (VHEITHIO OJHOTO apTryMeHTa — QYHEIHIC aK-
THRAITHH (IepeIaTOTHVI0 DVHEIHR ).

CocTofHHe HEHPOHA CO CMEIIeHHEM, HA BX0O KOTOPOro MOCTYIAET BXOTHOHR
BEKTOp 00BEKTA ;. (KaEdeli 00BEKT 1= (X;1, X2, ., Xip). § = 1, N, XapakTepH-
3yeTcH HadopoM H3 K — npuzHakoe X, ... Yy, H3MepAeMEIX XapaKTepHCTHE 00E-
€KTOE) B 00IIeM CIyHae ONpeIerIseTCh CYMMATOPOM IO GopMyIIe

s=XL wix;+b (6.1)

rae K — 9HCIO0 BXOJOB HEHPOHA, Wj — BEC j-TO CHHAICA, b — CMEINeHHe, HEKOTO-
PEIH HACTPAHEAEMEIH CEAJAPHEIH [OapaMeTp HeHpOHA, KOTOPRIH HE ABIASTCA
BEXOZOM.

BemxomHol cHrHEan GopMHpVeTcE Ha akcoHe. Uepes aKCOH OTASIBHEIH HeH-
POH MOEET CBAIBIBATHCA ¢ JPVIHMH HeHpOHAMH. 3HAUeHHE aKCOHA ONpeemii-
eTCH HeTHHEHHEIM IpeobpazoBaTelIeM oo Gopnyie

y = f(s). (6.2)

rae [ — HVHEITHA aKTHEAITHH.
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HOna dopMHEpOBAHHA HCKYCCTBeHHOH HefpoHHOH cetH (MHC) oraennHEIe
HeHpOHE! 00BEIHHAOTCA B CETH ¢ OIpedeIeHHOH TomonorHel. DYHKITHHE aKTH-
BaLHH HeHPOHOE BEIOHPANOTCE H QHECHPYIOTCA HA 3TAlle NPOSKTHPOBAHHA Ce-
TH, BeCa CETH ABIAKTCA ef IDapaMeTpaMH H MOTYT H3MEHATH CBOH 3HAYCHHA.
Patora HHC zaxmoqaeTcs B NpeodpPAaz0BAHHH HE2ABHCHMEIX NepeMeHHEIX
00BEETa M; = (Xjp, Xi2 ..., Xip) B BEIXOJOHYIO 3ABHCHMYVIO NEPEMEHHVIO Vi,

ITpu npoekTHpoBadud HHC cHavana BeIOHpanT GVHEIHH aKTHBALIHH, KO-
THY9eCTBO BXOJO0B HEHPOHOB, TONOIOTHK) CETH. 3aJakT KOMHYECTEO HEHpPOHOR,
KOIHYECTBO CJIOEB CETH (eC/IH OHH €CTh) H MPOBOAST HAYATBHVE) HHHITHAH3A-
LTHIO BECOE HEHPOHOB. 3aTeM CETE 00VIANT, HCIIONBIYA IIE 3TOr0 00VIANIIVED
BEIDOPEY — HaDOp H3BECTHEIX BEKTOPOB 1= (X;y, X5 -, Xg) B Y= (¥, V2 . V1),
i=1,..,L L=N. ObyaeHHe HeHpPOHHOH CETH INPOHIBOIAT C IIOMOIIEI CIIEITH-
ATBHO PazpadOTAHHEIX AMTOPHTMOE, [IOZBOIAHOITHE OBICTPO HAaCTPAaHBAaTh Beca
HHC (manpmMep, amropHTMEl Xeb0a, aganTHEHOro o0VIeHHT, 00paTHOTO pac-
IPOCTPaHeHHA OIMHOKH). B 3aBHCHMOCTH OT THIIA CETH MOTYT IPHMEHATECE JBa
MoaXola K OOyIeHHIO. 00VIEHHE ¢ VIHTeIeM H 00VUeHHe 0e3 VIHTENd (azam-
THEHOE 00YIeHHE).

O0yaeHHe ¢ VIHTEIEM IOPeIoIaraeT, 9TO I8 KAXI0r0o BXOJHOTO 00BeKTa
H; CYIIECTBYET MeTKa KJIacca );, NpedcTaBIARINad cobDoH TpedyeMEIH BERIXOT.
BMecTe OHH COCTAaBIRIOT IEMEHT 3TATOHHOH HIH 00VHammed EBEIOOPKH.
OORMHO HEHpPOHHAA CETE O0Y4AeTCHd HA OJHOH HIH HEKOTOPOM HWHCIE TAKHX
ERIDOpOK. [IpeTEARIAETCA ITATOHHEIH ODBEKT, 3aT€M BEITHCIAETCH BEIXOI HeH-
poHHOH ceTH. BEIXOI CeTH CPaBHHEAeTCA ¢ COOTBETCTBVIONIEH METKOH KIacca
TAHHOIO 0DBEKTA, PAa3HOCTE (OIMHOKA) ¢ IOMOIIEK 0DpPaTHOH CBA3H MOJASTCH B
HeAPOHHVIO CeTh, H BeCa HIMEHAIOTCA B COOTEETCTEHH C ANTOPHTMOM, CTPeMA-
ITHMCA MHHHMHIHPOBATE OIMHOKY. OOBEKTH 00VYIaOIIero MHOKECTEA IpPelh-
ABIAKOTCA IIOCAEIOBATEIBHO, BRIMHCIAKTCA OIIHOKH, BECAa NOACTPAHBAKTCA
1A KEAZJ0TO 00BEKTa J0 TeX MOop, IOKA OIMHOKA 10 BCEMY O0VHANINEMY Mac-
CHEY HE JOCTHTHET MHHHMANBHOIO 3HATEHHA.

B Xoze oOvieHHA Oe2 VIHTeId HEHPOHHOH CETH NPeTBABIAIOTCA TOIBKO
00BEKTEL, 0e3 MEeTOK KIAacCOB V;. a BEIXOJEI CETH QOPMHPYVIOTCA CAMOCTOSTENE-
HO C YV4eTOM TOIBEKO BXOJHEIX H IPOH3BOTHEIX OT HHX CHrHANoB. O0yIaromHi
ATTOPHTM MOACTPAHEAET Beca HEHPOHHOH CETH TaK, YTODEI MOMYIATHCE COITIA-
COBAHHEIE BEIXOIHEIE BEKTODEL, T. € UTOOEl IpPeIEABICHHE JOCTATOYHO OIH2-
KHX BXOJHEIX BeKTOPOR [aBAlI0 OJHHAKOBEIE BEIXOIBI. [lpomecc obyvieHHA.
CA€J0BATEILHO, BEIIEIAET CTATHCTHHUECKHE CBOHCTEA 00VIAINEr 0 MHOXKECTEA
H IPYIIIHEPYET CXOIHBIE BEKTOPE! B KIaccel [IpeTBABIeHHEe HAa BXOJ BEKTOpA H3
JAHHOTO KJIacca JAcT oNpelelleHHEIH BRIXOTHOH CHTHAN, HO J0 OOVIEHHT He-
BO3IMOKHO IIPeICKA3aTh, KAKOH BEIXOJ OVIEeT NPOH3BOIHTECA JAHHEIM KJIACCOM
BEXOIHEIX BEKTOPOB.
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Caoii KoxoseHa (c10l «copeBEYWIMEICH» HelpoHoB). HefipoHHEIE ceTH
KoxoHeHa NpeacTABIA0T coDOH KIacc HEHPOHHEIX CeTeH, OCHOBHEIM 3INIeMeH-
TOM KOTOPEIX SBIAeTCA ciof KoxoHera. AnropHTM (VHEIHOHHpPOBAHHA CaMO-
obyuaromerocd ciod KoxoHeHa SBNgeTcd OJHHM H2 BApHAHTOB KIacTepHIAlHH
MHOTOMEPHEIX JaHHEX. [l0 AHANOTHE C AITOPHTMOM KIaCTEPHIaUHE k-
CpedHHX, HeHpoHEI cI0f KoXoHeHa MpeiCTABIAIOT COOOH V3AEl HTH LeHTPH
EnacTepoB. HefipoHHAA ceTs ¢ KOHKYpHpVIOImIEd nepemaTouHod dyHmEuHeH
compet AHATHIHPYET BRIXOHEIE 3HATEHHA HeHPOHOB CI0A H B Ka4ecTBe pe-
3VABRTATA BEIIAET HOMEP HaHOONee DIHIKO pPAacHonoKeHHOTo HeHpOHAa CEeTH
(wefipona-nobeauTend) K KiaccHHIHpyeMoMy 00bekTy #; (puc. 6.1). Homep
AKTHEHOT'O HeHpoHa-MobeIHTENS ompeaendeT TV IPVIONY (KIacTep), K KOTOpo#
HaHOOJIee OIH20K BXOQHOH BEETOp OOBEKTA ;.

CocTofAHHE j-T0 HEHpPOHA XapakTepHIVETCAd PacCTOAHHEM MEXEIV 00B-
€KTOM 7i; H j-TO HEHpPOH B MPOCTPAHCTEE HCXOOHEIX MPH3HAKOE (a1 EBKIHI0BA
PACCTOAHHA )

Pl |

Z (xﬂ _;l r : I:ﬁ' 3)

TAe 5; — BEIXOQ j-TO HefipoHa. ;= {Wj } — BEKTOp BecoB j-To HefpoHa. Jame-
gaade: B Matlab-peamuzanmn cios Koxonena B dopuyme (6.3) Tamke cyMMH-
pyeTca mapaMeTp bj, KOTOPEIH HCTIONMB3IYeTCA 1A THKBHIAIHH 3 dekTa HeIyE-
CTEHTEIBHOCTH HEHPOHOR VIAIEHHBIX OT OCHOBHOTO CKOIUIEHHS BXOJHEIX CHI-
HAJIOB.

Fue. 6.1 Caofi Koxomesa. [logossTenssedl cHrEAT (eTHEHDA) QOPMEpYETCE TONBEC YV OFHOTO
HeHpOHA — t:ElEE]JﬂEE.-]]DDEﬂ:ETBJL‘I}:- pacmonokeHHOre HauGonee GIHSKO K BXONHOMY OJBERTY M.
E-8X07108 Ha KaIhiH H3 HEHPOHOE NPeICTABIEHk B BHIE CINTCIIHEIX THHHH.

BexTop Beca w; HE'ﬁpDI—IE—HﬂﬁE,EI;E[‘I‘EJ}H MOTHQHIHPYETCA Ha BETHIHHY Aw;
TAK, 9TO0B! PACCTOAHHE MEATY HHM H 00BEKTOM #; CTANIO elE MeHBIIe
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rae fi; — mapaMeTp CEOPOCTH 00y4eHHA. Pe3vibTaT Takoro o0yUeHHT 3aKTHOTA-
€TCA B TOM, UTO NODEIHBINHHA HEeHPOH, BEPOATHO, BEIHTPAeT KOHKVPEHIHIO H B
TOM CIyHae, KOIJa OVOeT NPeICcTABISH HOBEIH BXOMHOH BEKTOp. OMHIKHE K
OpeIsIIVIOEMY. H ero [Iodeda MeHee BepoATHA, Korda OVIeT NpelcTaBlIeH Bek-
TOP, CYIIeCcTBeHHO OTIHYIAKIIHACA OT IpeIslayInero. Koraa Ha BXOJ CeTH Io-
CTyIaeT BCE DOMbIOee H DONBIIEe YHCIO BEKTOPOB, HEHPOH, ARMAKITHACA OIH-
AAHIIHM, CHOEA KOPPEKTHPYEeT CBEOH BecOBOH BexTOp Wi B KoHedHOM cuUETe,
eCIH B CJI0f HMEETCH JOCTAaTOYHOE KOMHYecTBO HeHPOHOB, TO Ka#Jad IpyIma
OIHIKHX BEKTOPOE OKAXETCH CBAIAHHOH C OJHHM H3 HEHpPOHOE cI0d. B 3ToM H
3AKIH0YASTCA CBOHCTEO CaMOOpraHHIanHH cilod KoxXoHeHa 3agada Haxosde-
HHf HEH3BECTHEIX BeKTOpoB cMemennid b = {b; b, __ b;} u Becoe wefiponos IV
= {wy. wo,____ wy}, roe J—9HCI0 HefpOHOB, PellaeTCs HTePalHOHHBIM METOI0M
(bvurmHa frain).

CamoopraEmsviompecd KapTel Koxosena. JJansHeHIIHM Pa3zBHTHEM CI0H
KoxXoHeHA CTAMH CaMOOPTaHHIVIOINHeCH KapTel Koxomena (mep c amrm. Self-
Organizing Maps). CamoopraHnsyiomascd kapTa KoxoHeHa — 3T0 OOHOCTOH-
Hafd HeHpOHHAA CeTh 063 CMEIIeHHA ¢ KOHKYPHPVIOIIEH dVHKIHeH compet.
HMEINAT ONpeleIeHHVI0 TONOIOTHI pPa3MelleHHA HeHpoHOER B K-MepHOM
OPOCTPAHCTBE NPH3IHAKCE. B oTmmare oT o4 KoxoHeHa Kapta KoxoEeRa mo-
ciae 0DyUeHHA NMOLIepAKHEAET TaKoe TONOIOTHUECKOE CBOHCTBO, KOrJa OmH3-
KHM BXOTHEIM BEKTOPAM COOTBETCTIBVIOT OMIHIKO PacloIOoXEeHHEIE AKTHBHEIE
HelpoHEl. Kak mpaBmno, kapTta KoxXoHeHAa OpedcTaBIdaeT coDOH IBYVMEPHVIO
CETKY C NMpAMOVIOIBHEIMH HIH MIeCTHYTOIRHEIMH TIeHKAMHE, B YV3IaX KOTopoH
PaCTIONaralTcd HeHpoHE! (pHC. 6.2).

] H» N3 My

n
z O0BeKThI
g HefipoHEI
Fue. 6.2. ©parmenT kapal KoxoHeHa © DpEMoyTombHOHE KoEGHTypanses. HeSposm cets coens-
HEHEl ¢ COCEIHHMH HedipoHaumH. [IpH o0y49eEHH DONCTPAHEAROTCH BECa He TOMBED «HeHpPOHA-

noSemHTeTy, HO H ero coceleli. K-BXOJ0E HA KAEIREH HI HeHpCHOB NPeIcTABJIEHEl B BHIE
CIUTOIIHELE JHEHE.

B xoge cozgaHud KapTel KoXoHeHAa B Hadale 3aJaéTcid e KOHQHIypaIllHa
(mpAMOYVTONBEHAS HAH IMECTHYTONBHAR), KOMHYSCTEC HEHPOHOB H PasMep Kap-
TBL. 3aTeM NPOBOIHTCA HHHIHATHIAIMNA BECOB HeHPOHOB, A4 Hero MpHMEHA-
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IOTCA CTHENHATHHEIE ANTOPHTMEL (B MpocTeieM coydae, Beca HHHIHATHIHDY-
HOTCHE MANEIMH CIyIaHHEIMH 3HAYCHHAMH). Y Ia<9HO BEIOPAHHEIH cOocod HHH-
IHATH3AIHE MOXET CYIIEeCTBEHHO VCKOPHTE IIpollecce o0y4IeHHA ceTH. OcobeH-
HOCTBHO KapT KoxXoHeHa ZBIAeTCE 00DVHUeHHe De3 VHHTENs — pe3yIeTaT o0Yyde-
HHA 3aBHCHT OT CTPYETYPBI HCXOOHBIX JaHHEIX. OOHH H3 cnocoOoB oDyHeHHA
EapThl KoXoHEHa 3aKTHOYASTCA B TOM, 9TO HAa KaEJIOM IMare oOyueHHS HI HC-
X0OHOTO HaDdopa NAHHEIX CAYHaHHO BEIOHpAaeTCH OOHH H3I BEEKTOPOB, a 2aTeM
IPOH3BOAHTCA IOHCK HAaHDONEe MOXOMETr0 HAa HEro BekTopa KoaddHIHeHTOR
HeHpoHOB. [IpH 3TOM BEIOHpaeTCHE «HEHPOH-IOOEOHTENb», BEKTOP KOTOPOrO
HaHOOIee OIH20K K BeKTOopY BXomoR. [locie Toro, Kak oH HaHTeH, IPOHIBOOHT-
Cf KOPPEKTHPOBKA BeCOB HeHpOHHOH ceTH. IIpH 3ToM, B OTIHYHE OT CJIOH «CO-
PEBHVIOITHXCHY HEHPOHOB, OCYINECTBIASTCA KOPPEKIIHA BECOBOTO BEKTOpa He
TOMBEKO «HEHPOHA-MODEIHTENT», HO H BECOBBIX EEKTOPOE OCTANBHBIX aK-
THEHBIX HeHPOHOE, XOTA H B MEHBINEH CTENEHH — B 3AaBHCHMOCTH OT YIATeHHA
0T «HeHpoHA-obegHTeD:. KopPeKTHPOBEH BecoB HefipoHoe Aw,, pacmono-

JEHHEIX B OKPECTHOCTH HeflpoHa nobemHTens Aw;, BEIOIHAETCH CIETVIOIIHM
obpazoM (c yIeTOM BeKTOpa BXOAA ;= (Xj, Xz __ Xk )\

Aw, = A hgy (w,—ny), (6.5)

rae hy — mapaMeTp ckopocTH obydeHHa. A =1 g g=7 A=05 nma g+ j 2 dy
< Ry . Tle dg— paccTOSHHE MeX Iy HeHPOHAMH g H j, Ry — pagHyc OKPecTHOCTH
HefipoHa mobemuTens, 4 =0 R g #j Hd; = R,

B pe3yneTaTe, BEEKTOPE] BECOB «HEHPOHA-MODEIHTENA» H €r0 OMIIDKAHIIHY
cOoCelieH MepeMelNanTcy DIIkKe K BXOJHOMY BekTopy. TopMa H BeIH9IHHA OK-
pPeCTHOCTH R BOKPYT «HeHpOHA-IOOEIHTENA» B Ipolecce 0DyIeHHS HIMEHAT-
cA. HaumHawT ¢ o4eHb Gonemo# obmacTH R (MOMeT BEIHYATh BCE HEHPOHE
cnoa Koxomera). 3agada HaXOXISHHA HEHIBECTHEIX BEKTOPOE BECOB HEHpPOHOB
WV pemaeTca HTEPAHOHHEIM MeTOROM (DVHEIHA train).

]Iﬂp:ll,!lﬂK EbRIOOTHEHHA

3agamme 1. Pemenne 3a1a9H KIaccHOHEAHE ¢ TOMOIMIER cnof KoxoHeHa.

1. 3arpy3uTh B MaMATh KOMILITEPA HCXOOHEIE JaHHEIE BAET0 BAPHAH-
Ta (Tabm. 6.1) u oToOpasuTe HX Ha 3kpaue (Joad, fscanf. scatter, plot). $aiin
nauuex Cohonen data™ txt.

2. Co3pats H 00VIHTE cl10H KoXOHEeHA 3aJaE KOMHISCTEO HEHPOHOE paB-
HEIM MPEINOIaracMOoMY KOMHYECTBY KIacTepoB (nmewc, frain, JIA MpocMOTpa
COIEPEHEMOre 00BEKTa CeTH hel HCIIONB30BaTh QVHEIHI0 disp(net)). YcraHo-

42



BHTH KOMTHYIECTEO UHKIOE 00VIEHHA CeTH, HCMOMB3VE 3MEMEHT epochs (mpHMep:
net trainParam.epochs =100).

3.  OnpenemHTs NEHTPH KIACTEPOE — KOODIHHATEI HeHpoHoB ner [T},
ITV — MacCHE f9eeK ¢ MaTPHIIAMH BeCOB BXomoe. JI{/, j} — MaTpHILI 14 CI04 §
0T BXOZHOTC BeKTOopa j. IIpocMOTp coZepEHMOrC MaccHBa fueek — celldisp.
KnaccHQHIHpPOBATE HCXOOHEIE OOBEKTEl B KIACTEPEl, HCXOOA H3 MPHHITHIA
“HHIOEKC HEHpPOHA COOTBETCIEVET HHAEKCY KIACTEPA, K KOTOPOMY OIpeleleH
3aflaHHEIA 00BekT” (sim, veclind).

4.  Otobpazute rpadHYecKH HAHISHHEIE KIACTEPEl H HX ILIEHTPE
(gscatter).

5.  3a71aTh OpPOH3BOABHEIH OOBEKT, OMHIKHA K OJHOMY HI LeHTPOB KIa-
crepoB (HeHpoHOB). BHIOTHHTE KIACCHOHKAIIHKY daHHOTC OOBeKTa (sim,
vec2ind). IIpOBepHTE IPAaBHNIBHOCTE KIACCHOHKAIIHE 00BEKTA.

3aganme 2. Pemenne 3agavH KIACTEPHIAIMNH C IOMOIIER KapT KoxoreHa.

1. Co3gate HefipoHHVIO ceTh (mpHMep. 2*2) Ha ocHoBe KapT KoxomeHa
(newsom).

2. OOyuHMTE CeTh Ha OCHOBe KapT KoxomeHa (neftrainParam.epochs
=100, train) HCMIOML3VE BREIODOPKEY Ballero BapHaHTa (Tatm. 6.1). Pafin JaHHEX
Learning data™ fxt.

3.  KnaccudHHpoBaTh HCXOOHBIE 0OBEKTH B KIACTEPE] C HCIONBIOBAHH-
eM pazpaboTaHHOH HelipoHHOMH ceTH (5im, vec2ind).

4. 3arpyzETs dafin gasHex PCA data™ txf cormacHo BallEMY BapHaHTY
(Tadn. 6.1). Pail1 comgepAHT HCXOZHEIE JAHHEIE B KOOPIHHATAX MEPBRIX ABVX
ITABHEIX KOMIIOHEHT Z; H Z;. OToOpazHTs rpadHHeckH HCXOOHBIE JAHHBIE Ha
IHATpaMMe PACCESHHA C YVIETOM KIACCHOHEAIHMH 00BEKTOB HeHPOHHOH CETBIO
(gscatter, axis).

5.  CrpynnepoBaTh 0OBEKTHl B KIACTEDHL, PACCIHTATH CPEIHHE 3HATEHHA
0 KaEJOMV NPHIHAKY B KIacTepax (mean).

6. JIf KakIOro KIacTepa MOCTPOHTL IpadHE CPeIHHX 3HAYUeHHH OpH-
3HAKOE OOBEKTOB (XApaKTepHCTHYECKHX BEKTOPOE) MOMABIIMX B KIacTep (sub-
plot, plot. subtitle).

7. OTobpazHTs DPOSKIIHH O0OBEKTOB HA OCH Z) H £, BEIKOYEHHEIX B Kak-
ORI KIacTep, B KoMaHETHoM okHe Matlab.

dopma oTdeTa: PadoTarIIHA IpOrpaMMHEIH MOIVIE, PEA/I2 VEOLITHE 3a-
TAHHA.
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BapuaBTHI 3a13HEE

Taamnga 6.1

JanHBIE
Bapuast K 3agaHA 1 K 3aJaHH 2
1 Cohonen datal txt learning datal txt PCA datal txt
2 Cohonen data? txt lLearning data? txt PCA datal txt
3 Cohonen data3 txt learning data3d txt PCA data3.txt
4 Cohonen datad txt learning datad txt PCA datad txt
3 Cohonen data5 txt lLearning data5 txt PCA data5.txt
1] Cohonen datab txt Learning datab txt PCA datab txt
7 Cohonen data? txt Learming data? txt PCA data7/.txt
3 Cohonen data8. txt Learming data8. txt PCA data8.txt
g Cohonen data® txt Learming data® txt PCA data® txt
10 Cohonen datal(.txt Learning datal(.fxt PCA datal0.fxt
11 Cohonen datall.txt Learning datall.txt PCA datall it
12 Cohonen datal2 txt Learning datal2 txt PCA datal? fxt

KoBTpoIbHBIE BOOPOCH]

1. e KarHx 3a30a9 00padoTEH 3KCIEepPHMEHTAILHEIN JAHHEIX HCIIOIEIY-

IOTCA HelpoHHEIE ceTH KoxoHeHa?

Yrto Takoe HCKYCCTBEHHEIH HeHpoHT
B =em zakmodaeTcd o0yIeHHE C YIHTEIEM H 0€3 VIHTeId !
OmHIIHTE TpHHEIHT padoTe 108 KoXoHeHa.
ONHIIHTE IpHHIHD padoTE KapTe KoxoHeHa.
HeM XapakTepH3VeTCH COCTOAHHE j-TO HeHpOHA B cIoe KoxoHeHa?
Karzmi oDpazoM BEIOpAaTE pasmMep clIof H KapTel Koxorera?

LI L

HeTepnpeTHpyHATe NDOTVISHHYIO KapTy KoxXoHeHa?
Ina Kakux nened Henonbk3vioTes dvasmaa MATLAB: newe, newsom,
train, sim, celldisp, vec2ind, subplot?

ML o
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JABOPATOPHAA PABOTA M 7
CTOXACTHUYUECKHE METO/IbI ITOHCKA

IIene paGoThl: MPAKTHIECKOS OCBOEHHE ANTOPHTMOE NPOrPAMMHEDOBAHHA
CTOXACTHYSCKHX MEeTOIOB MOHCKA II0DaNbHOTO 3KCTPEMYMa (MHHHMYMA) MHO-
TrOMOTATEHOH HeleBoH QVHIIHHE HeCKONBEHY NepeMeHHEIX.

KPATKHE CBEJEHHA

CToXacTHYECKHE METOOR! MOHCKA MOIBOIANT HAXOINHTE [MIOOATEHEIE 3KC-
TPEMYMEl MHOTOMOJANBHEIX (yHEUHE Kak npaemno, gaHHas 3ajatda Xapak-
TepPHA 1A AHATH2?a “TPAIHEIX JIKCHEPHMEHTAIBHEIX JAHHEIX C BEICOKHM YPOB-
HeM 3KCHEePHMEHTATEHOrO ITyMa. CpeIH MHOXECTEA JOKATBHEIX IKCTPEMYMOB
(MHHIMYMOB) UeneBoH GVHENEH HeoOXOOHMO ONpeleNHTh HCTHHHEIH, T.e.
rI00aNbHEI MHHHMYM, IEHCTBHTENBHO COOTBETCTBVIOIIHH (GH3HTECKHM MIa-
paMeTpaM HcclIeIyeMEIX IpoleccoB. B maHHOH padoTe paccMAaTpPHBAKOTCH IBA
MeTONa CTOXACTHYECKOro MOHCKA: NPOCTOH CTOXACTHYECKHH MOHCK H METOX
HMHTAITHH OTAHTa (0T aHrn. «simulated annealingy).

ITpocToil cToxacTEIecKHEA DoECK. [IpoleTypa OpoCcTOlD CTOXAcTHISCKOTO
IIOHCKA 3aKTHYAeTCH B BEMHCICHHH UeTeBoH QVHEUHH B N TOUKAaX cIyIaiHO
MoJCOPAHHEX KOMOHHAIHA 3HAYeHHH NepeMeHHEIN. Cpenn N BEIMHCIEHHEIX
BeMHYHH (VHEUHH HAXOOIT MHHHMAIBHOE 3HAYEHHE, UTO COOTBETCTBYET INI0-
OaTEHOMY MHHHMYMY (QVHEEOHH. TOYHOCTE HAXOMIEHHSN I00AIEHOTO MHHH-
MyMa IOBBEIIAeTCA IpH N—oc. BEIOOp CIVIaHHEIX TOYEK MOMKET IIPOH3IBOIHTE-
CH PAa3THYHEIMHE criocodaMH. B npoctefmen cayaae N ToMeK BEIOHPAKTCH CIY-
YaHHEIM 00PA30M B COOTEETCTEHH ¢ PABHOMEPHEIM 33KOHOM PACIIPeIeIeHHA.

IIycrs F{X) — MHOTO3KCTPEMAaNbHAS (VHEIHA HECKOILEHX [epeMEHHBIX,
roe X = (xp. 35, ... xy]f — BeKTOp NepeMeHHEX, IPH OTPAHHIeHHAX ;= X < by
k=12, .M

;:L‘I.Eﬂph'.??‘l‘lf RPOCINOZO CIHOXACMNHeCKO20 RONCKA

Ilaz 1. 3agate N — 9HCIO CIyIaHHBIX TO49eK. BEMHCIHTE CIViaHHBIE TOUKH
X, roe x,; = a;, + (b, — ay )&,;. TOe &y — peaH3aUHA PAaBHOMEDPHO paclpeme-
NMeHHOH CayIalHOH BeIHYHHE Ha mHTepBane (0:1). =1.2, . N k=12 . M.

IlTaz 2. Beraacaets N 3nagennd dyesmmn F(X;). roei=1.2, .. N

IlTaz 3. OnpenenuTs MEHHEMATbHOE 3Ha4eHHe FX):

F(X,.m) = min; F(X;). Bextop X,,;, COOTBETCTRBYET IIOGATEHOMY MHHHMYMY
dyHEIHH F.

-

-3
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Metog EMETAaODEE oTXxEra. MeTog HMHTAIHE OTEHIA NEPBOHAYAILHO
NPHMEHANCA U9 MOJETHPOBAHHA IMpomecca (OopMHEPOBAHHA KPHCTAUIHYECKHX
peméTok. HazpamHe MeTOJa MPOHCXOIOHT OT (PHIHYECKOTO MPOIEcca OTHAHTA,
OpHMEHAEMOT0 JUIH NONMYVHEHH «HASANBHOH» EPHCTALIHYecKoH peméTkH. B
WHAEATEHOH) KPHCTAILTHYECKOH CTPVETYPE BCE ATOMEI HAXOAATCH B €€ y3ajax,
HMER MHHHMATBHVIO NOTeHIHATBHYIO 3HEPIHIO, JedekToR HeT. [lna mocTHEe-
HH# TAKOI'0 COCTOAHHSA BElIeCTBO «OTAEHIAHTY) — HAIPEBAKT 0 BEICOKOH TeM-
nepaTypsl I, a zaTeM MELIEHHO OXJIAaXIAK0T, IOMAN0E0 YMEHEBIIAS TEMIEPaTy-
py. IIpH 3ToM aTOMEI COBEpINAIOT HEIHAYHTENLHEIE NEpPEMEINEHHS, BEPOAT-
HOCTEH KOTOPBIX YMEHBINAETCA C MOHIKEHHEeM TeMmmnepaTyphl. Ha xaxmoM mare
CHCTEME ATOMOE JAeTCH HEKOTOPOE BpeMA, AMIA TOro, IToDEl OONBIIHMHCTBO H3
HHX OKAa2aJI0Ch B COCTOAHHH C MHHHMAJIBHOH IIPH J3HHOH TEMIIEPAaType 3HEp-
reci. Tpu normkennH T go (), aTOMEI 3aHHMAIOT COCTOAHHE C HEKOTOPOH HO-
TEHITHAILHOH 3HEPrHeH, IPHOMIKAIOMeHCT K MEHHMATEHOH.

B xome MOZeTHpOBAaHHH OTAHIA B PE3VILTATE MEPeMEleHHA ATOMA, BEI-
YHCISETCA €0 NOTEHUHANBHAA 3HeprHA. EcIH 3Heprua yMeHEBIIAeTCd — aTOM
CHegyeT MepeMecTHT:E B HOBYIO MO3HIHIO. HHawe, paccuHTEIBaeTcE BEpOAT-
HocTs P = exp(-AE/KT), rme K = const, H TeHEPHPYETCH £, PEATH3ALHT PaBHO-
MEpHO pacIpeleTéHHoH cTyiaiHoH BenHIHHLl Ha HHTepBane (0,1). Ecm & < P.
TO NIEPEX0] ATOMA B HOBOE COCTOAHHE TAKKE NPHHHMAETCH.

B MeTofle HMHTAaIHH OTAHIA, TMOHCK MHHHMYMa HOeneBoH ¢yHEmEH F(X)
OCYIIecTBIAfeTCHE CAeIYIOMHEM 00pa3omM. 3aJaeTcd HAYaILHOE COCTOAHHE, Xa-

PaKTEPHIVEMOE BEKTOPOM IapaMeTpoE X{). 3arTeM, IO OpHHOHINY CIVIAHHOIO
GIVEIAHHA TeHEPHPYeTcA HOBOE COCTOAHHe X . ECIH 3HaueHHe NeleBoi
(O VHEIMH B HOBOM COCTOSHHH JTy9me npexHero (AE<(0), To IOHCK MpomoinKa-
eTCH H3 HOBOTO cocTofHHA (X = X ). Heaqe, crygafHEIM 00pazoM pasmIrpHEA-
eTcA mo BepoATHOCTH P = exp(-AE/T) mpHHATHe pemeHrs X H3 3ampelmeHHOM
obmacte (AE=(0). B MeTome, M4 KOHTPOAA JBHACHHA B 3alpEIICHHYH 00-
NaCTh, HCIONB3YeTcA napaMerp I — TeMuepaTypa. [IpH yMeHBIIEHHH TeMmepa-
TYPEl, ABHAEHHE B 3ApPEIIeHHYI0 00IACTE NPOHCXOIHT MEHEee HHTEHCHEHO.
TouHOCTE HaxXoXEIEeHHA [NTODANEHOIO MHHHMYMA 3aBHCHT OT CKOPOCTH IIOHH-
EEHHA TEMIIEPATYPH (VESIHIHEAETCH OPH DOMee MEIEHHOM MOHHHEHHH TeM-
EepaTypEL).

Ha npakTHEe peamH3IallHH MeTOIA HMHTAITHH OTAHTa ONpeJe/IfioTCA BEIOO-
pPOM 323KOHA NOHHKEHHA TEMIEPATYPHL, CIOCODOM TeHepalHH IOJOXKEeHHA
Npo0OHOH TOYKH, BEIPAKEHHEM 14 BEPOATHOCTH IPHHEATHA IPODHOH TOTEH.
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IITaz I. 3amaTe MAKCHMATEHYK H MHHEMATEHYIO TeMIEpaTypPsl (HalpHMep,
I'=350; Tp=0.001), CEOpPOCTE NOHEKEHHA TEMIEPATYPH V (HanpHMep, v = 0.99
(0 < <1)).

Illgz 2 BR1OpaTs HadanbHEIE DpHOMCEeHHA X{), TeKvIoyio Todky X momo-

#uTh X= X|) H HoMep TexyImeil urepamss Metoma [ = 0.
Ilfaz 3. 1 =] + 1. TeHepauHs HOBHIX MpHOIHKeHHA X B HANPABICHHH MH-
HHEMYMa $VHEIHE F-

X, =x, +2,-T, (7.1)
re I — pealH3alHd HOPMAIbHOH CTAHIAPTHIHPOBAHHOH CIYIaHHOH BeIHIHHEI
N(0:1), k=12, ... M

J1s ycEOpeHHA OpOHeIyPEl CXOOHMOCTH ANTOPHTMAa PEKOMEHIVETCA HC-
[IONB30BATH NPHOIHACHHA
X = x +2 T+ (1 + T —1), (7.2)
rae & — pealH3alHd PAaBHOMEPHO pachpeleleHHOH CaydaiHOH BelHIHHEI Ha
mHTepBane (0:1). k=12, .. M
Jra  To4kH X [IPOBEPHTE  BEIOIOMHEHHE TIPAHHYHEIX  VCIOBHH:
a, < rﬁ, < b,. k=1,2, ... M B cryiae HX HapyIIeHHA ODOBTOPHTE wias 3.

Illaz 4. Beraucmts F (X). F (X). Eom AE=F (X)-F(X)<0.170 X=X u
NEPEHTH K wazy 0.

HHa4e, BRMHCIHTE BEPOSTHOCTE MIEPEX0Ia B HOBVIO ToUkY P = exp(-AE /T).

ITaz 5Ecma (& < P), roe £ — peanHzamHd PaBHOMEPHO pacOpeleleHHOH
cIyaafiHoH BemHuHHE Ha HHTepBane (0;1), To X=X, uHage T=v*T Ecmm T <
T}, TO nepelTH K wiazy 6, HHaY9e K wWazy 3.

IlTgz 6. Ecmm T < Tp, TO 3aBepIIHTE NOHCK, HHAYE NEPeATH K wazy 3.

]Iﬂpﬂ,IIﬂR BERINO.THeHHHA

1. C noMompK KOMaHIH == help HayuHTeE QVHEUHEE meshgrid, mesh,
surface, min (cM. npumepsl 1 1 2).

2. ITocTpoMTE TPEXMEpHEIH rpadHK 3aJaHEH0H QVHEIHH COTIAcCHO BalleMy
EapHaHTY.

3. PeanHz0BaTE adropHETM OPOCTOr0 CTOXACTHUECKOrD MOHCKA IMODANEHOTO
MHHHMYMA [eleBoH () VHEIHE COrMIACHO BallleMy BapHAHTY.

4. PeanH30BaTh AMTOPHTM METOA3 HMHTAIMHH OTAHTA.

5. CpaBHHTE TOYKH IMI0DANEHOr0 MHHHMYMA H 3HAYEeHHS QVHEIHH B MHHH-
MYMe, OllpefeleHHEIE PeATH20BaHHEEIMH MeTOJAMH CTOXACcTHIeCKOro IOHCKA.
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dopma orgera: PadoTaromuid nporpaMMHBIH MOIVIE, PEaNHIVIOIIHHE 3a-
IaHHe, TeKCTEl IporpamMy. Pe3yIbTaTel 3IHAYEHHA II00ATBHEIX MHHHMYMOE,
HAaHIEHHEDL ¢ MOMOIMIEI IPOCTOrO CTOXACTHIESCKOro MOHCKA H METoZa HMHTA-
ITHH OTAHra. BEIBOAEI IO pe3yIsTaTaM pabOTEl METONOB.

Tagnuya 7.1
PYHKIHH 118 NPpOTPAMMHOH peaTH3aHn
Taofans-
Ne Byrxums D'F:]':u"“‘ '"’“":(':;J Min(F)
(x; 1)
, | FOey)=837.9657- xsin( ) - S00<x<500 | (42098, 00
. 500<y<500 | 42098) '
—ysin(yf[y]) Y
2 (-0.0898;
. F{r-.y}=t4-1-1r‘-?llr'+1:~»'+ J=x<3, 0.713),
= . 2=zy=12 (0.0808; -1.03
+4(y* - 1)y 20.713)
F(x,y)=20+] x* ~10cos(2rx) | + o
| P2 : oL | oo 0
+[_}" - lﬂms{lﬂ'yj] = ¥=
F(x.y)= X4y B{cos(x) + cos(v))
s | T el Eexed (©; 0) 24
A=3_B=1)
2 2 ¢ i
| e o XY [ ¥ 10=x=10 _
5 | F(x,3)= 5 ms{x}cnsl{l «EJH 10<y<10 (0; 0) 0
F(x,y)= —zﬂexp[ ~Joze s }-‘}] _
6 A0=x=30 0- 0 0
exp 0.5*(cos(2rx)+cos(2xy)) + 30<v<30 (0:0)
+20 +exp(l)
2 ]
e XY _
F(x.y)= — B(cos(x) +cos By
. (x.3) y (cos(x) +cos(})), g S 3 - 1
rge A=2 B=6
g 1+ ms(l!-.,,‘:-:’ +3%) §5<x<5 _
F{x:.}:)=_ ] 2 S o o B I:Dﬂ} _1
0.5+ 3°)+ 2 S52y<3
A s [y 10=x<10 _
S | Flx.y)= CDSEI}CDSLE; 10=y<10 0; 0 -1
N — : v \ -500 < x <3500 2098, -
10 | F(x.y)=xsin(ff) - ysinfhh | 22 vos00 | ooy | 579
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x2+ z
11 F(x.y)= AJJ — B(cos(x) +cos(»)), _g.:ix.;:g ©:0) 18
B y= g
roed=2 B=0
] :: _{ - - -
12| Fry)= -0 ) MR ©:0) 2
(x*+ y)+1 b B

KoHTpoaLHEIe BOOPOCH

1. ITepeuncnHTe OCHOBHEIE 3TAMEL IPOCTOTO CTOXACTHIECKOTO IOHCEA.

2. ITepeuncnHTe OCHOBHEIE 3TAMNEl METONA HMHTAIHH OTHHIA.

3. Kakas ocobeHHOCTE METOJA OTHHIA MO3BOIAET HAXOTHTE HMEHHO [II0-
DANBHEIH MHHHMYM, A HE JOKATEHEIAT

4. C KaxoH IeIbl0 B METOJE OTAHHIA BEROAHTCA IDapaMeTp TeMneparypa? 3a-
EHCHT JIH OT TEMIIEPAaTyPEl BeIHIHHA OTEIOHEHHA IPpo0HOH TOYKH OT TEKVIIETO
[IOIOXEHHA MEHHMYMA7

5. OOBACHHTE TEPMHH 3ANPEUjEHHAA 001acMb B METOE OTAHIA.
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