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IlpenucnoBue

YuebHoe nmocobue MOCBSIIEHO UCC/IEJA0BAHUIO Psifa CTATUCTUAYE-
CKUX 3a/1a4 B MaTeMaTndeckoM makere MATLAB (Bepcusi 6.x).

C pasBuTHeM HAyKU MATEMATHKY MPU UCCIEIOBAHNM 33Ja9H BCE
Jale IPUXOJUTCs 00paIaTbest K KoMmubiorepy. Kommnbiorep Moxker wc-
MTOJI30BATHCS JJIsI IBYX IieJieil: 1100 jisi TPOBEPKKU HEKOTOPOT'O YTBEp-
KJIeHUsT Ha Psifie IPUMepOB, JIU00 [JIst TTOJIyYeHUs] TUIIOTE3bI, OCHOBAH-
HO¥ Ha OOJIBIIIOM KOJIMYECTBE YUCJIEHHBIX IPpUMEPOB. Maremaruyeckuit
nmakeT MATLAB 1no3BoJISIET 3alIMCHIBATH AJTOPUTMBI, CBA3aHHBIE C TEX-
HUYECKVMMU BBIUUCJIEHUSIMYU, B HECKOJIBKO pa3 ObICTpee, YeM IIPU HaIu-
CaHMM IPOrpaMm B Apyrux cpenax. fA3sik MATLAB siBjsieTCst IPOCTHIM
A1 u3ydeHus u npuMenenns. MATLAB OCHOBaH Ha IPUHIUIE HEIO-
CPe/ICTBEHHOI'O UCIIOJTHEHHUs ¥ OPUEHTHPOBAH Ha paboTy ¢ MaTPHUIAMH,
9TO JENaeT ero yaoOHBIM M €CTECTBEHHBIM MHCTPYMEHTOM 00paboTKu
JTAHHBIX.

Hesnbio yuebHOro mocobust sIBAsSIeTCst MO3HAKOMUTD YUTATEIIs C UC-
nonb3oBanreM MATLAB Ha psie npuMepoB peIleHus CTATUCTAIECKIX
33434 /i TOro, 4ro0bl OH MOr 3 (PEKTUBHO UCCJIEI0BATH CBOIO HAY4-
HYIO 3aJa4y.

B ocHOBy mocoOust 110/102k€H Ky PC JIEKIUI, YUTAEMbIX HA MATEMATH-
KO-MexaHn4deckoM dakysbrere CIIOIY.

ITocobue cocrouT u3 ByX pa3nenoB. B mepBom pa3nese n3maraior-
¢S OCHOBBI TporpaMMupoBanus B makete MATLAB. Bo BTopom paznese
KPaTKO (hOPMYJIUPYETCs PsiJi CTATUCTUYECKUX 33724 U 00CyK/1aeTcst ux
peanu3aius B nmakere MATLAB. B nocobuu paccMaTpuBarOTCs TaKue
3a/1a9H, KaK BBIYUCJICHUE CTAIMOHAPHOIO PACIpeesieHNns MapPKOBCKOM
uemnu, BeraucieHue uarerpasnaa merogom Morre-Kapsio, umuranuonuoe
MOJIEJIMPOBAHKE, HAXOXKICHHUE OLEHOK MAKCUMAJIbHOI'O [IPABIONOI00MSI,
CHEeKTPAJIbHbIM aHaIu3 U (PUIbTPALWs, AHAJIU3 BPEMEHHbBIX DPsiJIOB Me-
ronoMm «I'ycenunas-SSA, mocTpoeHne ONTUMAJILHBIX TIJIAHOB PErPECCH-
OHHBIX JKCIIEPUMEHTOB, 3313493 KJIACCU(MUKAIMN U300PAKEHUA U I10-
CTPOEHNE HEHPOHHBIX CETell.



1. OcHOBBI MpOrpaMMHUPOBaHUA B MATLAB

Maremaruyeckuii makeT MATLAB — 9T0O MHTEPAKTUBHAS CUCTEMA,
B KOTOPOH OCHOBHBIM 3JIEMEHTOM JIAHHBIX SIBJISIETCS MATPUIA. DTO O3~
BOJISIET 3AIUCHIBATH AJITOPUTMBI, CBSI3AHHBIE C TEXHUYECKUMU BBIYHC-
JIEHWSIMU, B HECKOJIbKO Pa3 ObICTpee, YeM MpPY HAMKCAHUUA IPOTrPAMM
Ha C wim Pascal. CiioBo MATLAB npousonuio or matrix laboratory.
B MATLAB BaxkHasi poJib OTBOAUTCS CIIEIUAJIU3UPOBAHHBIM HAOOpaM
dyukiwmii, HazbBaeMbrx toolboxes. OHU TIO3BOJISIIOT PEINATH YACTHBIE
KJIACCHI 330249, B YaCTHOCTH, CTATUCTUIECKONH 00OpabOTKM JAHHBIX, Pe-
mennst nudepeHnraIbHbIX YPABHEHNM, aHAIN3a HEHPOHHBIX CETEM,
BeUBJIETOB, HEYETKOM JIOrMKH, 00pabOTKU CUIHAJIOB U T.I.

OcuoBrOe 0KkHO nporpammbl MATLAB COfEpKUT HECKOJIBKO I0/I-
OKOH:

® KOMAaHJIHOE OKHO,

® OKHO CO CIIMCKOM MPEILIIYIIMX KOMAH],

® OKHO Jijisi BbIOOpa paboveil manku,

® OKHO C MEPEMEHHBIMU U3 pabodero NpoCTPaHCTBA.

B komaHHOM OKHe 3HAK > O3HAYAET IPHUIJIANIEHNE BBECTH HOBYIO
komany. IIpu Haxkaruu Ha Enter komaHa HAYMHAET BBINOIHATHCS U
ee pe3yJsibTaT BbIBOAUTCS HA 9KpaH. Kciiu B KOHIE KOMAH/IbI IIOCTABUTH
TOYKY C 3aIsiToi, TO pe3ysbrar He Oyiaer BbiBeneH. Knapuma 1 uc-
[MOJIB3YETCs I [EPEX0Aa K mpenbpiaymuM koMmaungaMm. Eciu mabpars
HECKOJIBKO CHUMBOJIOB, TO KJIABUING T HAWAET HPEIbIAYILYI0 KOMAHIY,
KOTOpasi HAYUHAETCSI C ITUX CUMBOJIOB.

KomaHHOE OKHO MOXKHO HCTIOJIB30BATh KAK OOBIMHBIN KaJIbKYJIs-
TOp, TaK W Jis BBI30Ba ClieHapues (daiiia co CnucKOM KOMaHJI, KOTO-
PBI€ IIOCJIEI0BATENIBHO BBIIOIHSIOTCS).

Komanzga help — 310 caMmblii 0CHOBHOM CIIOCOO ONpeneeHus CUH-
TAKCUCA U TOBEJEHUS OTAEHbHBIX (DyHKuuit. st BBIBO/IA, TIOMOIIH IO
HEKOTOPO (byHKIimy HAR0 HaOpars help ¢ umenem dynkiuu. Komanzaa
helpwin orkpeiBaer okuo momonu. Komanna lookfor mossossier nckarhb
GbyHKIMY 110 33JaHHOMY KJIIOYEBOMY CJIOBY.

Pabouee npocrpasncTBO — 9T0 001aCTH MTAMSTH, TOCTYIIHAS U3 KO-
MaHJIHOM CTPOKM M CIEHAPHUEB. 3J€Ch XPAHSITCS MIEPEMEHHbIe, CO3/IaH-
HBIE B TeKyIeM ceance. KoMaH 1a save COXpaHsieT comep:kanme paboye-
r0 MPOCTPAHCTBA B (aiia ¢ pacimpeHneM mat, KOTOPBI MOXKeT ObITh
mpounTaH KoMaHzo# load B mociemyromux ceancax paborst MATLAB.



ITo ymosryanuio nanHble COXpaHSIOTCs B ABondHOM (popmare. Eciu Bbl
XOTHUTE UCII0JIb30BaTh JaHHble BHE MATLAB, TO JJaHHbIE MOXKHO COXPa-
HUATH B TEKCTOBOM BH/JIE, YKA3aB MapaMerp -ascii.

Pabouast manka siBjsieTcss IEPBO B MapIpyTe MOUCKA, KOTOPBI
[IpescTaBisieT cO00i yIOPsTOYeHHbIH CIUCOK namnokK. Korga Bl BbI3BI-
BaeTe pyHKumio, MATLAB ucnosnHsier mepsbiii dhaill HA CBOEM IIyTH,
KOTODBIH nMeeT 3amanHoe nMs. OTpemakTUpPOBATH MapIIPYT IMTOUCKA
MOXKHO depe3 menio "Set Path".

1.1. Beipaxkxenus

Ilepemennbie

B nporpamme MATLAB HeT HEOOXOAMMOCTH B OIpEIEJIEHUN TH-
IIa TIEpEMEHHBIX U uX pa3MepHocTH. Korma MATLAB BCTpedaeT HOBOe
UM TTepEMEHHO, OH aBTOMATUYECKN CO3JAET MMePEMEHHYIO U BBIIEJIA-
eT COOTBeTCTByIONMi 00beM mavsitu. Eciiu mepeMeHHON mpucBamBa-
eTcs HOBOe 3HadeHne, T0 MATLAB wm3MeHsIeT ee COCTaB U BBIIEIsIET
JIOIIOJIHMTEJIbHY IO AMSATH 110 HeobxoaumocTu. Komanzaa clear ¢ umenem
[IEPEMEHHON yJaJisieT ee u3 IaMATH, 8 KomaHaa clear all ynansier Bce
IepeMeHHbIe.

Nmena mepemMeHHBIX COCTOSAT U3 OyKB, Iudp U CUMBOJIOB TOIYED-
kuBaHusa. MATLAB 4yBCTBUTE/EH K PETUCTPAM, Pa3/IN4aeT CTPOYHBIE
v 3aryiaBHbIe OyKBBI. UTOOBI YBUIETH 3HAYEHNE TEPEMEHHOM, HAIO BBE-
CTU ee UMs B KOMAHJIHOM CTPOKE.

Yucaa

MATLAB XpaHUT 4YHUCJIa B MAIIUHHOM IIPEJCTABJICHUN U UCIOJIb-
3yeT IPUHATYIO JECATUYHYIO CUCTeMy cuucieHust. Muumble uucia uc-
mOJIB3YIOT | wiu | Kak cyddurc. Bor HekoTOphIE PUMEDHI:

3 -99 0.1250 1.4506e-10 4-3i 0.21014-0.3454j
Komanga format ynpasasier ¢popmarom BeIBOIA umcesn HA 3kpan. MATLAB
nMeeT HECKOJIBKO ClIeUaJIbHBIX KOHCTAHT:

pi — 3.14159265...;

realmin — HauMeHbIIEe YUCIIO C IIABAIONIEH TOYKOI;
realmax — HauboJIbIIEE YUCIIO C ILJIABAIOIIEH TOYKOI;
Inf — OECKOHEYHOCT;

NaN  — me uwmcio.

BeckoHeYHOCTD TOSIBISIETCST IPU JEJIEHUN HA HYJIb WIM [PHU MIEPEoJi-
Henny, a NaN npu Bbramciennu Beipazkennit Tuna 0/0 uam 0o — 00.



OmnepaTopsi
B BoipazkeHusix uCnoab3y0Tcsi 00bI9HbIe ApU(METUYECKUE OTepa-
[[MU ¥ IPABUJIA CTAPIINHCTBA:

—, + — BBIYUTAHUE, CJIO?KECHUE,
* — YMHOKEHUE, JEJICHUE;
JIEBOE JIeJICHUE;

> —"
\

— BO3Be€/I€HUE B CTEIECHb;
— KOMIIJIEKCHO COIIPDAXKEHHOE TPAHCIIOHUPOBaHUE.

~

i MaTpuIr 3TH Onepaluu OmpeesieHbl eCTECTBEHHBIM Obpa3oM. Kc-
JI IEPEMHOXKAIOTCS MATPUIIHI HETTOAXOAAINX pa3MepoB, MATLAB BbvI-
JacT OMUOKY. Y MHOYXKEHNE U IEJIEHUE MATPUI] Ha, YUCIIO OCYIIECTBIISET-
Csl IO MATEMATUIeCKUM npasusiaM. [lpu cioxenun (BbIYUTAHUY) 9UCTIA,
C MaTpUIEi, 3TO YUC/IO CKIAIBIBAETCS (BBIYUTAELTCSI) CO BCEMU IJIEMEH-
TaMu MaTpuipl. JIjs MaTpUIl OIpeaeeHbl TAKXKe MM03JIEMEHTHBIE OIle-
panuwn:

¥, ./ — nosneMeHTHOE YMHOXKEHUE, JIEJI€HNE;
.\ — Ho3JIeMEHTHOE JIEBOE JeNIeHuE;
" — II03JIEMEHTHOE BO3BEJIEHUE B CTEIEHb;
.I - HeCOHpﬂ)KeHHOe ManI/I‘-IHOe TpaHCHOHI/IpOBaHI/Ie.

1.2. Pabora ¢ marpurnamu

st acpdexruBuoit paborer B MATLAB Haj0 CHAYAIA HAYIUTHCS
paborars ¢ marpunamu. Marpuna 8 MATLAB — 3710 Tabsaura guces,
CTPOKHU U CTOJIOIBI KOTOPO# HyMmepyioTces ¢ 1. Ocoboe 3HaueHe npuia-
erca MarpunaM 1 X 1, KOTOpBIe ABJISIOTCA CKAIAPaMU, IIyCTOU MATPHUIIE
u MarpunaMm-sekTopaM. MATLAB OpraHu3oBaH TakK, YTOOBI KOMAaHIbI
HaJl MATPUIAMU ObLIM KaK MOYKHO 00Jiee eCTeCTBEHHBIMU, U TIO3BOJISIET
TaK 2Ke JIETKO OIEPHPOBATH C IEJIBIMI MATPHUIAMU, KAK U C IIPOCTHIMU
YUCTIAMH.

Marpuily MOXKHO CO3/aTh IIEPEYUCIICHUEM €€ 3JIEMEHTOB, 3arpy-
3UTh W3 BHEITHero hailyia v MoIyIuTh Kak pe3ynbrar dyHkimu. Ilpn
YKa3aHUM CIHCKA JIEMEHTOB MATPHIBI HAJA0 CODJIIONATH CJIEIyIONne
yCJIOBUST: 1) OTIENATH 3JIeMEHThI IPOOEIAMY WK 3AISITHIMY, 2) UCTIOJb-
30BaTh TOYKY C 3AIATON [jisl 0603HAYEHUS] OKOHIAHUSL CTPOKH, 3) OKPY-
2KaTh BECh CIMCOK 3JIEMEHTOB KBaJpaTHbIME cKoOkamu. Hampuwmep, B

pe3ybTare KOMAaH/1bl
A=[135;246]



MATLAB co3zacr nepemerHyo A pasmepHocTu 2 X 3 u 0ToOpasur ee
ceayomuM 06pa3oM:

A=
1 3 b5
2 4 6
Beiparkenne B=[ | coxpansier mycryio maTpuiy B nepementyio B. Die-

MEHT B CTpOKe ¢ u crosbre j marpunpsl A obosnavaercs A(ij). Ecan

MONBITATHCS WCIIOJIH30BATh 3HAYEHNE JIEMEHTA ¢ MHIEKCAMH 33 TIpeJie-

Jamu pasmepHocry (Hanpumep, z=A(3,2)), MATLAB BbLaacT omuobKy.

C pyroii CTOpOHBI, €CAK BbI COXpaHsieTe 3HAYEHWE BHE MATPHIBI, TO

pa3Mep MaTpullbl YBEJINYUBACTCA 10 NMOAXOAANINX PA3MEpPOB U HOBBIC

anemenTor obuystiorcsi. Hanpumep, B pesynbrare A(3,5)=9 nonyuurcs
A=

1 3 5 0 O
2 4 6 0 O
0 0 0 0 9
7151 co3maHust MATPUI] UMEIOTCST CIeAYIoNye DyHKINN:
ones(n)  — marpuua u3 1 pa3mepa n X n;
ones(n,m) — marpuua u3 1 pa3mepa n X m;
zeros(n,m) — Marpuna U3 HyJjei;
eye(n,m) — eAMHWYHAS MATPHIA;
rand(n,m) — marpuna co caydaiiHeIMu uncaamu p.p. Ha [0, 1];

randn(n,m) — marpuna co caydaiineivu guciaamu u3 N (0,1).

Eciu umeercs tekcroBbiit daiisn ¢ mmenem mytab.dat, cdpopmupo-
BAHHBIA B BUE IPIMOYTOJIbHOM TabJIMIIbI YMCE, OTAEJIEHHbIX IPObesia-
MU, C PABHBIM KOJIUYECTBOM JJIEMEHTOB B KaXKJIOU CTPOKE, TO KOMAH/1a
load mytab.dat coznacr nepemennyo mytab, B KoTopoii Oyser XpaHUThb-
Cs MaTpUIlA, MPOYUTAHHAS U3 (aitia.

JABoeroune
JBoeroune — onuH 13 HanbOJIEe BayKHBIX 0nepaTopoB. OH CIyKUT
JUTsT CO3JAHUSI CIIUCKA 3HAYEHUH U nMeeT JBe (POPMbI: OJHOKPATHOE U
JByKpaTHOe jgBoeroune. Boipaxkenue 1:4 naeT BeKTOP-CTPOKY
1 2 3 4
st nostydenusi 0OpaTHOrO MHTEPBAJIA CJIELYET ONKMCATH IIPUPALIEHNE,
Hanpumep, 50:-4:35 naer
50 46 42 38
Beipazxenue 0:pi/4:pi naer



0 0.7854 1.5708 2.3562 3.1416
Ecim r < s, To Bbipaxkenust s:r u r:-0.1:s garor mycroii Bekrop. Pabora

C TIOAMATPULIAMY OCYIIECTBJISETCS CJIELYIOIMM 00pa30M:

b=A(.j) — BBIOOD j-rO cTOOIA;

b=A([4 3 2],:) — BbIGOD cTpPOK ¢ HOMepamu 4, 3 u 2;

C=[AB] — CKJIGUBAHUE 110 [OPU30OHTAJIY;

C=[A:B] — CKJICUBAHUE 110 BEPTUKAJIK;

A(:1)=b — 3amena 1-ro crposbua Ha BeKTOp b;

A(3,[1:4]) =0 — obuysnerue s;eMeHTOB B 3-if cTpoKe ¢ 1-ro mo
4-#1 crosberr;

AG3) =[] — yzaaJsienue 3-ro cTosoa.

rJie MATPHUIbl B BbIPAKEHUAX JIOJI2KHbI UMETh IOJXOJSIIE Pa3Mephl.
Kpome Toro, /18 MHACKCA MOCIETHErO 3JIEMEHTa B HEKOTOPOH pa3Mep-
HOCTHU MMEeTC s KJII0UeBOe CJI0BO end:

b =A(:,[end-2:end]) — BBIGOD nMOCHAEHUX TpPEx CTOAOIOB;
A(end,:) =] — yJIaJIeHUe TOCJEeTHEH CTPOKH.

SJIeMeHTI)I MaTpunbl MOTL'yT 6I)ITI> IPOHYMEPOBAHBI OJHUM HWHACKCOM:
CHAYAJIa HYyMEpPYIOTCs 3jieMeHThbl 1-ro crosibua, 3arem 2-ro u T..:

b=A(:) — sanucbiBanue BCEX 93JIEMEHTOB MATPUIBI B BUJIE
cronbiia;

s =A(6) — BbIGOpD 6-r0 IEMEHTA MATPULBI, PACCMATPUBAEMON B
dopwme cTosbia.

st paboThI ¢ MATPUIIAMYU UMEIOTCSI CJIe/LyOIUe OCHOBHBIE (DYHKIIUU:

A — TPAHCIIOHUPOBAHUE;

sum(A) — CcyMMa 3j1eMeHTOB (110 cToJbIaM);

sum(A,dim) — cymMMma B1oJIb yKa3aHHO#M pazmepHocTH (1 — o
croafuam, 2 — 0 CTPOKAM);

cumsum(A) — HAKOILJIGHHBIE CyMMBI 3JIEMEHTOB (IO CTOJG-

nam);

prod(A) — npousBezeHue (10 CToIonaM);

mean(A)  — cpexnee (110 cToOsOIAM);

std(A) — KBaJIPATUYHOE OTKJIOHEHHUE (110 CTOJIOIAM );

cov(A) — KOBAPHUAIMOHHAS MATPUIIA,;

corrcoef(A) — KOppeIAIuOHHAS MATPUIA;

size(A) — BEKTOP, COAEp KAyl pa3Mepbl MATPHUIBI IO
Ka2KJI0i Pa3MepHOCTH;

length(v) — nmmHa BEKTODA;



diag(A) — BekTOp-cTOI0EL U3 JIEMEHTOB, CTOSAMIMX HA JAUATO-

HAJIN;

diag(v) — amaronanbHas MATPUIA C IJEMEHTAMHU BEKTOPA HA
JAATOHAJIN;

eig(A) — marpuna COGCTBEHHBIX BEKTOPOB U JAMArOHAJIBHAS

MATPUIA COOCTBEHHBIX YHCE;
svd(A) — Beraucienue SVD-pazioxenus.

ITpumeps! UCTIOIL30BAHNS ITUX (DYHKIIUN JaHBI B pasuese 2.

B makere MATLAB ecth mOJiHBI HAOOP TPUTOHOMETPUYECKUX U
conyrcrBytomumx (ynkuuit (sin, cos, asin, acos, exp, log). B uacraocru,
MMEIOTCsI CJIeAyoue DyHKIIN:

fix — okpyrienue K (;

floor — okpyrsenue Kk —o0;

ceil — OKpYIVIEHHUE K +00;

round — okpyryieHHe K OJrKaiieMy HeIoMYy;
mod  — 3HAKOBBIN OCTATOK OT JIEJICHUST;

rem — OCTAaTOK OT ,[LeﬂeHI/IH;

sign  — 3HAaK;

abs  — momysib;

finite — ucTuHA, eCiU YUCTIO KOHEUHO;

isprime — mucTHUHA, €C/IM YUCJIO TPOCTOE.

Ecmu B kadecTBe aprymMeHTa y 3TuX (QYHKIWHA yKa3aTbh MATPHILY, TO
pe3ynbraTroM OyZer MaTpula u3 3HadeHuit PyHKIU /17151 KayKJI0ro dJje-
MenTa. B MATLAB uctuse cooTBeTCTBYET 1, a 3Ha4eHuI0 J10Kb — 0.

Jnst paboThl ¢ MaTPUIIAMU, PACCMATPUBAEMBIME KAaK MHOXKECTBA
3HAYEHUH, UMEIOTCsI Cieayomme DyHKIUM:

intersect(A,B) — BekTOp 00IIMX 3JIEMEHTOB, YIIOPSAIOYEHHBIH 110
BO3PACTAHUIO;

ismember(b,A) — BekTOp TOI ke JMHBI, YTO U b, comepxKamuii
1 Ha mecTax Tex 3;eMeHTOB b, KOTOpBIE TIPU-
Haiexkar MHOKecTBy A, u 0 nHaue;

union(A,B) — BEKTOp OObEeJMHEHHBIX 3HA4YeHUil 0e3 1MoBTOo-
PSAIOIIUXCSL HJIEMEHTOB;

unique(A) — BEKTOD 3HAYEHUl, KOTOPHIE HE TIOBTOPSIIOTCS;

isequal(A,B) — ucTuHA, €C/IM MATPUIBI COBIIAIAOT;

any(A) — HMCTHHA, €CJIU CYIIECTBYET 3JIEMEHT He PABHbIHA
HYJIIO;



all(A) — HMCTHHA, €CJI BCe 3HAUEHUsI HE PABHBI HYJIIO;
isempty(A) — ucruna, eciiu MaTPULQ, IyCTasl.

IIpu pabore ¢ mMarpunamu uMeerCsi BO3MOXKHOCTb OOpalleHusi K
MOIMHOKECTBY CBOMX 3JIEMEHTOB C TIOMOIIBIO TAK HA3BIBAEMON JIOrude-
CKOI MHIEKCAIUN. JIOrnuecKne BeKTOPa, CO3JAHHbIE C TIOMOIIBIO JIOTH-
YECKUX OMEPATOPOB U OMEPATOPOB CPABHEHUSI, MOTYT OBITH UCIOJIB30-
BaHbBI JIJIsI CCHUIKYM HA TOAMACCUBBI. IIpeamnosoRumM, 9ro X — OOBIKHO-
BEHHAST MATPUIEA U L — MaTpuiia Takoro xe pa3mepa, HO COAepIKaInast
soruyeckue 3Hauenus. Torma X(L) 3amaer snementst X, B KOTOPBIX 9J1e-
MeHTHI L HeHyJsieBbIe. DTOT BUJ WHAEKCAIMA MOXKET ObITH OCYIIECTBIICH
33 OJIVH IIAr YKA3aHUEM JIOTMYecKoi omeparmu. OTMeruM, 9T JIOTH-
YECKUE 3HAYEHUsA BBITJIAIAT HpI/I BbIBO/IE€ KaK 1 n 0, HO HE ABJIAKTCA
guciaamu. Hanpumep, B pesyabrare x = x(finite(x)) u3 Bexkropa x Gymyr
ybpanbl asiemenTs! co 3uadenneM NaN u Inf, komanma

x = x( abs(x—mean(x)) <= 3xstd(x) )
TMPUBEIET K YIAJECHUIO TeX 3HAUEHUM, KOTOPHIE OTKJIOHSIIOTCS OT CPejl-
Hero 6oJjiee, YeM Ha TPU CTAHIAPTHBIX OTKJIOHEHWS, 8 BHIPAYKEHUE

A(~isprime(A)) =0
npuBener K OOHYJIEHHIO BCEX 4mcesl MaTpuibl A, KOTOpBIE HEe 001a/1a-
10T cBolicTBoM mpocToThl. Pyukmus find onpenensier nHAEKCH MaccuBa,
9JIEMEHTOB, YAOBJIETBOPSIONINX 33 JAHHBIM JIOTUUECKUM yCIOBUSAM (115t
MAaTPWUI[ UCTIOIBL3YeTCsl OIHOMEpHOe WHeKcupoBanue). Hampumep, pe-
3YJIBTATOM KOMAHT,

A=[137;249];

k = find(isprime(A))’
Oyaner

k = 2 3 5

1.3. IImkJbl 1 yCcJIOBHBIE BbIPa>kKeHUS

Jlormyeckwuii omepaTop UMeeT BHI
if Jormaeckoe yciosue
OIePaTOPLI
elseif sormueckoe yciosne
OIepaTOPbI
else
OIepaTOPhI
end
Omneparop BIOOpa UMEET BUT,
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switch nepemenHnas
case 3Hagenunel
OmepaToOpbl
case 3Ha4eHHE2
OmepaToOpbl
otherwise
OTepaTOPbI
end
BeomosiHsieTCcs TOMBKO TEPBBIM COOTBETCTBYOMUI Ciry4dail. Takum 00-
pa3oM, HeT HeOOXOAMMOCTHU B UCIOJIL30BaHNM orneparopa break.
Mukn for moBTOpsieT rpymnmy oneparoposB (bPUKCHPOBAHHOE, MPEI-
OIIPE/IEJIEHHOE YKCJIO Pa3:
for mepemennas — BEKTOp 3HAYCHUI
OI1epaTOPBI
break
OIepaTOPbI
end
Iukn while BemosEsieT rpymny OnepaTopoB, NOKa, BHIIOJIHSAETCS JIOTU-
9ECKOe yCJIOBUE
while sioruueckoe yciaosue
OmepaToOpbl
end
Omneparop break nozBosisier 10CPOYHO BbIXOAUT U3 HUKJIOB. Hamnpumep,
CIIeIyIOIIe KOMAHIBI TPUBOJSAT K PeIeHnio ypasHerns ° — 2z —5 = 0
npu z € [0, 3]:
a=0; fa =-Inf;
b = 3; fb = Inf;
while b-a > 1e-10
x = (a+b)/2;
fx = x"3-2x%x-5;
if fx ==
break
elseif sign(fx) == sign(fa)
a=x; fa="fx
else
b =x; fb = fx;
end
end
X
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1.4. CTpoku, MaccuBbI U CTPYKTYPBI

Crtpokn B MATLAB — 3TO MaTpuIbl CUMBOJIOB. B ocHOBe mpes-
CTaBJIEHUSI CHMBOJIOB B CTPOKAX JIEXKUT UX KOJMPOBAHUE: KAXK/IOMY CUM-
BOJIy COOTBETCTBYET HEKOTOPbIA KO €O 3nadenwem ot 0 mo 255. s
¢ opMHUPOBaHUS CTPOKH HCIOJIb3yeTCsl OOUHAPHLIA anocTpod, s='abc’.
IlepemenHnast s ecTh M0 CyTH BEKTOP C KOAAMHU CUMBOJIOB. 715t paboThI
CO CTPOKaMH, B YACTHOCTH, UMEIOTCSI CIeAYIONHe (PyHKINN

char(b) — npeobpazoBaHue MACCUBA YHUCEN LEJBIX I[0JI0-
2KUTEJIBHBIX YHCEJI B MaCCUB CUMBOJIOB;

double(s) — npeobpa3oBaHue CTPOKU B BEKTOP KOJIOB;

s=blanks(n) — dbopMupoBanue crpoku u3 n npobeos;

deblank(s) — BO3BPALIAET CTPOKY C YJAJEHHBIMM M3 KOHIA
pobeamu;

ischar(s) — WCTWHA, €CJIU § €CTh CUMBOJIbHAS IEPEMEHHAST;

findstr(s1,s2) — BeKTOp MHJIEKCOB, ¢ KOTOPHIX HAYMHAETCS IO/~
CTPOKA S2 B CTPOKe S1;

strcmp(sl,s2) — ucruHA, €CM IBE CTPOKU PABHBL;

strrep(s1,s2,s3) — 3amMenHa BCex MOACTPOK S2 HA $3 BHYTpH S1;

int2str(A) — MaCCUB CHMBOJIOB, KOZbl KOTOPBIX €CThb OKPYT-
JIGHUSI 9JIEMEHTOB MaTpULbI A;

mat2str(A,n) — mpeoOpa3yer MaTpUIly B CTPOKY, UCIOJL3YS 7

nudp TOCTe TECATUIHON TOYKHU, PACCTABJISIS
TOYKU C 3aNATOM /1Jisi 0003HAYEHMI KOHIIA CTPOK
7 00paMJisisi KBaJAPATHBIMUA CKOOKAMU;

eval(s) — obpaTHOe K mat2str mpeobpa3oBaHue;

num2str(A,n) — mpeobpasyer MATPHIly B BEKTOP CTPOK, UCIIOJIb-
3ys 1 uudp 10CJIe AECATUIHON TOYKY;

str2double(s) — mpeo6pazoBaHme CTPOKYU B BEIIECTBEHHOE YHUCIIO.

CTpOKM MOXKHO CKJIEMBATh TaK K€, KAK W MATPUIIBI, HAIIPUMED,
s=[sl, s2] Ay KOHKaTeHAIMH IBYX CTPOK, s=[sl; s2] nmnsi obbequHe-
HUsI CTPOK Apyr Hax apyrom. Pyukuus s=sprintf(format,...) 3anucsBaer
dbopmaTrpoBaHHbIE TaHHBIE B BuIe CTPpoku. [lapamerpsr dhopmaTupo-
Banus anagormdabl C++. @ynkuus A=sscanf(s,format) amammsupyer
CTPOKY € yderoM ¢opmara.

MHuoromepubie MaTpunbl B MATLAB — 310 marpunbr 60see
geM ¢ aAByMsi uHAeKcamMu. OHU MOryT OBITH CO3aHBI BEI30BOM (DYHKITUH
zeros, ones, rand, randn ¢ 6osiee yem nByMsi aprymentamu. Hampumep,
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B Pe3yJ/IbTare KOMaHJ:

n =4
A = eye(n);
p = perms(n);

M = zeros(n, n, size(p, 1));
for k = 1:size(p,1)
M(:, :, k) = A, p(k, 2));
end
marpuna M GyzeT XpaHUTb TIOCIEIOBATENBHOCTD IEPECTAHOBOK (CTOJIO-
[OB) €IMHUYHON MaTPUIIBL.

Maccussl siueek B MATLAB — 3TO MHOTOMEpPHBIE MACCUBBI, JJIe-
MEHTBI KOTOPBIX SIBJISIIOTCS TAHHBIMU PA3HBIX THUIIOB M Pa3MEpPHOCTEN.
MaccuBbI CO3AI0TCS TyTEM 3aKJIIOUEHNST pa3HOOOPA3HOM TPyNbl 00b-
ekTOB B (durypabie ckoOku. PurypHbie CKOOKH TaKKe UCIOJIb3YIOTCS C
VMHIEKCAMU IS TIOJIYY€HHs JTOCTYIA K COJEPKAHUIO PA3INYHBIX side-
ek. @ynkuus cells cozgaer maccus mycrbix 3semenroB. Hampumep, B
pe3ysbrare

M = cells(8,1);
fork=1:8
M{n} = randn(k);
end
A = M{5}
Oyser CO37aH MacCUB, COAEPKAINUI [10CIEJ0BATEIHLHOCTD KBAIPATHBIX
MaTPUL, PA3HOIO Pa3Mepa.

CTpyKTYpPbI — 9TO MHOI'OMEPHBIE MACCUBBI C 3JIEMEHTAMU, IOCTYTI

K KOTOPBIM OCYINECTBJISIETCs Yepe3 mossi. Hanpumep:

S.name = 'Tom’;

S.score = 83;

S.height = 15;
CO3/1aeT CKAJIAPHYIO CTPYKTYPY € TpeMs HOJsMHU. TaK KaK CTPYKTYPbl
IO CyTH SIBJISTIOTCS MACCUBAMM, BbI MOXKETE JOOABJISATD B HUX JIEMEHTHI.
Ilonst moryT no6aBiasATHCS OO IO OTHOMY:

S(2).name = 'Nemo';

S(2).score = 79;

S(2).height = 24;
00 MOJIHOCTBIO:

S(3) = struct('name’, 'Jerry’, 'score’, 88, 'height’, 19);
Ecth HEeCckoJIbKO CrIOCOBOB nepesarTh pasJjMyHbIe HOJs B JAPyrue Mac-
cuBbl MATLAB. Hanpumep, nepemennas scores=[S.score] Gyzer BekTo-
POM, COZeprKaIuM yKa3aHHOE IOJI€ BCEX 3JIEMEHTOB CTPYKTYPHI.
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1.5. I'paduka

MATLAB uMeeT mUPOKUE BO3MOXKHOCTHU JIJIsi TPADUIECKUX U300~
paxkenwuii BekTopoB u Marpuil. OcobenHoctbio MATLAB siBjisieTcst TO,
YTO HAJO SIBHO CO3/aTh MATPUILY 3HAYEHUH (DYHKIIUU B ONMPEIEJICHHBIX
[OJIb30BATEJIEM TOYKAX M 3aTEM TMOCTPOUTH rPAdUK MO ITON MATPUIE
C IOMOUIBI0 HEKOTOPOH (PYyHKIMK PUCOBAHUS.

st n300pakenusi CKaIsipHOM (pyHKimu HA nockocru MATLAB
umeer QyHKImiO plot, KoTopasi uMeer pasjmyuHbIe aprymMeHThl. KoMan-
na plot(y) cos3maer kycouno-nuneiiHbIi rpaduk 3aBUCUMOCTH JIEMEH-
TOB BEKTOpa Yy OoT uHzekcoB. Komanzma plot(x,y) cosmaer rpaduk 3a-
BUCUMOCTH BEKTOPA Yy OT BEKTOPA X, WX JJIMHBI JIOJDKHBI COBIAJIATD.
Hanpuwmep, nys nocrpoenns rpaduka dyuxmmu sin(z) npu z € [0, 27]
CIENIAEM CJIEYIOIIEe:

t = 0: pi/100 : 2xpi;

y = sin(t);

plot(t, y)
Bozos dyukimu plot ¢ MEOrOYHC/IEHHBIMU TAPAMY X-Y CO3/Ia€T HECKOJIb-
KO JIOMQHHBIX Ha OJJHOM DUCYHKE, HAIIpUMep:

y2 = sin(t — 0.25);

y3 = sin(t - 0.5);

plot(t,y, t,y2,t,y3)
B03MOXKHO M3MEHEHME [BETAa, CTHJIsS JIMHUHA ¥ MAPKEPOB CJIELyIOUIM
0obpazoMm:

plot(t,y,'user mapkep ctuns')
Tperuit aprymesT go/KeH ObITh CTPOKOI U3 HE O0jIee TPEX CHMBOJIOB:
NIEPBBI CAMBOJI ONpeJiesideT IIBET, BTOPOM — MapKep, TPeTUil — THIl
smanm. Hampuwmep, plot(x,y,'y+:') CTpOMT kenTyi0 MyHKTHPHYIO JIO-
MaHHYI0 ¥ TIOMEINAET MapKep + B KAXKIYI0 TOYKY JaHHBIX. Ipyrue
BO3MOYKHOCTHM MOYKHO Y3HATh, €CJIM BHIOTHUTEL KoMaHuay help plot. Ko-
manzaa plot(z) a4y BEKTOpa zZ KOMILIEKCHBIX YUCEN CTPOUT rpaduk 3a-
BUCUMOCTHU JIEACTBUTEJIbHON YaCTU OT MHUMOIL.

Oyukius plot aBTOMaTUYECKM OTKPBHIBAET HOBOE OKHO, €CJIU JI0
9TOro ero He ObLIO HA dKpaHe. Kaxi0e OKHO n300pakeHust UMEeT CBOM
HOMED, KOTODBIH yKA3BIBAET B 3arojoBke okHa. Komannga figure(n) or-
KPBIBAET WJIM AKTUBU3UPYET OKHO C JIAHHBIM HOMEPOM, B KOTOpOe OyayT
BBIBOJUTCS PE3YJIbTATHI TOCIEAYIOMUX KOMaH, pucoBanus. Komanna
hold on mo3Bosisier 106GaBISTL HOBbIE KPUBBIE HA CYIIECTBYIOIINMA TPa-
UK, IpU 3TOM U3MEHSIIOTCS OCH, €CJIU 3TO Heobxonumo. s prucoBanust
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HECKOJIbKMX I'PADHUKOB OTAE/IbHO B OHOM OKHEe MATLAB umeer KOMaH-
ny subplot(n,m,p). 9ra koMana pa3buBaer OKHO HA MATPUIYy N HA M
moarpaduKoB 1 BEIOUPAET p-ii rpaduK TEKYIIMM, HAIIPUMED:

figure(1)

subplot(2,2,1); hist(t)
subplot(2,2,2); plot(t,y,".")
subplot(2,2,3); plot(y, t,”.")
subplot(2,2,4); hist(y)

3mech koMaHma hist crpouT rucTorpaMMy, paccMaTpuBasi BEKTOP Kak
BBIOODKY.

s Busyanm3aryu (GyHKIAKA ABYX MEPEMEHHBIX HEOOXOIUMO CO-
31aTh MATPUIl X u Y, COCTOSIIUE U3 OJUHAKOBBIX CTPOK U CTOJIOIOB
coorBercrBenHo. Oyukuuss meshgrid npeobpasyer obnacrb ompeese-
HUsl, 33JQHHYIO0 Yepe3 BEKTOpa X u Y, B Marpuibl X u Y JJIsi UCHOJIb-
30BaHUsI U BbluucjieHud (QyHKumuu JIByX nepemenubix. CTpoku mar-
purnbt X aybaupyroT BEKTOP X, & CTOJOIBI Y — BEKTOP Y. IDTO CIe-
JIQHO Misi yA0OCTBA, HANPUMED, JUJIsi MOCTPOeHUsi rpaduka GyHKIUU
f(z,y) = sin(y/22 + y2)//22 + y? nanumewm:

x=[8:04:8]

y=1[9:05:09]

[X,Y] = meshgrid(x,y);

R = sqrt(X."2+Y."2);

Z = sin(R)/(R+1e-50);

mesh(X,Y,Z)
JobaBjieHne o4eHb MAJEHBKOIO YUCJIa, [TO3BOJISIET N30e3KaTh HEOIpeIe-
sernoctn 0/0. @ynkupm mesh m surface 0TOGpaskaT TOBEPXHOCTH B
Tpex m3mepenusix. [Ipu 3tom mesh cozmaer kapkacHyi0 TOBEPXHOCTH,
1€ IBETHbLIE JIMHUU COCIUHAKOT TOYKU B COCEIHUX yB.HaX, a (l)yHKI_H/Iﬂ
surface BMecre ¢ JinHUSIME OTOOPAYKAET B I[BETE W CAMY TOBEPXHOCTD.
Takske MOXXHO yKa3bIBATb BEKTOPA 3HAYEHWUIA 10 OCSAM X U Y, 8 UMEHHO
MOYKHO TUCaTh Tak: surf(x,y,Z).

MaTpuirsl MOryT 0TOOPAXKATHCS KaK N300PAXKEHUsI. DJIEMEHTBI MAT-
purbr X — nesibie yucaa ot 1 10 128 — onpenessitoT HHAEKC B MAJTUTPE
map. 9Ta maauTpa 3aJaeTcsa MaTpulei pasmepa 128 X 3, cTpoka KOTo-
poii xpauur RGB 1uBer, nHanpumep:

image(X)
colormap(map)
rae X © map — 3apaHee CO3JaHHbIE MATPUIIBI.
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st mmockoro n3obpaskenusi rpaduKoB JIByMEPHBIX (DYHKIUHN Cy-

miectByior (ynkuuu contour u pcolor. @yukuus contour(X,Y,Z,n) co-
3maer n KOHTYpHbIX juauil. Pyukius pcolor(X,Y,Z) cozmaer mcesmo-
UBETHOH rpaduK U3 3aKPAIIEHHBIX MIPIMOYTrOJIbHUKOB. Hamnpumep, Ko-
MaH/IbI

contour(X,Y,Z,20)

hold on

pcolor(X,Y,Z)

shading interp
OPUBOJAT K MOCTPOEHUIO KOHTYDHBIX JIMHUI Ha, CTJIAYKEHHOM IBETHOM

dome.
Komanzma axis mmeer HECKOJIBKO BO3MOXKHOCTEH Ijisi HACTPOUKH

Macmrada, opueHTanuu u kodddunmenta, cxxarusi. Hanpuwmep,
axis([xmin xmax ymin ymax zmin zmax])
YCTAHABJINBAET TIPENeIbHbIE 3HAYEHUs. [[Jisi yCTAHOBKHU MpPEJeJIbHBIX

3HaveHnl Takxke mmerorcs komaaael xlim([min max]), ylim([min max]),
zlim(Jmin max]). Komanzga grid on Brimouaer cerky, a xkomanga grid off
BoiKjI04aeT ee. @yukiuu xlabel, ylabel, zlabel nobassisitor noanucu x co-
orBercTByIonmM ocsim. Oyukius title mobaBIisieT 3aroI0BOK B BEPXHIOK
qacTb oOkHa. DyHKums text nobaBisieT TEKCT B JiI000e MeCTO rpaduka.
B nognucsx MOKHO IpUMEHSITH NpOCTeiiine KoMan bl TEX:

xlabel('0 \leq \it t \leq 2\pi")

text(0,1,'Touka (0,1)")

1.6. Coenapuu u byHKIIAN

Daiisibl, KOTOPBIE COAEPKAT KO Ha s3bike MATLAB, umeroT pac-
mupernue m. MATLAB unMeeT TEKCTOBBIN DEJAKTOD IS HAIIMCAHUA U
ornanku m-daitnos. CymecTByer nBa BUaa m-(ailjioB: CIEHAPUU U
dyukipm. Ilo ymomgannio HOBbIE m-(aitibl COXPAHSIIOTCS B TEKYIIEH
nanke. Eciu Bbl pazpaboranu MHOTO m-}aiiyioB, TO CJIeLyeT UX CrpyI-
MUPOBATH B OT/EJbHBIE TANKA TI0 CMBICILY, B cOOCTBeHHBIE toolboxes, u
106aBUTH ITH TANKU B MAPIIPYT MOUCKA Yepe3 myHKT MeHio "Set Path".

CueHapuu He UMEIOT BXOJIHBIX U BBIXOAHBIX aprymeHToB. Korzia
BbI BBI3BIBAETE CLEHADWI, yKa3aB umst daitia 6e3 pacimpenusi B KO-
MaHAHOU cTpoke, MATLAB npoCTO BBI3BIBAET KOMAH/IbI, COAEpKAIIe-
cs1 B daitie. CrieHapUU MOTYT OIEPUPOBATH CYIECTBYIONIUMH TAHHBIMA
n3 paboyero NpocTpaHCTBA U MOI'YT CAMU CO3/aBaTh 3TU JaHHbIe. Bee
epEeMEHHBIE, CO3IaHHBIE BO BpeMs pabOThI CIIEHAPYST, OCTAIOTCS B pabo-
YeM MPOCTPAHCTBE JJIsl UCIOJb30BAHMS B TIOCIEAYIOMINX BHIUUCICHUSIX.
Hanpuwmep, cuenapuit
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n = 32;
% 3apaHee BbigensiemM namsTh ANs yBenuyeHus beicTpogeiicTeus
r = zeros(1,32);

fork =3:n
r(k) = rank(magic(k));
end
r % BbIBOJ BEKTOPA Ha 3KpaH
bar(r)

BBIUUCIISIET PAHT MArM4YeCKNX KBaJPATOB U CTPOUT CTOJOMKOBYIO JHa-
rpammy. Ecnu 661 He OGbLIO BTODO CTPOKM, TO B KAXKJOU HUTEpALUU
LUK PA3MEP BEKTOPA YBEIUYMBAJICS Obl HA 1, 94TO mpuBesio ObI K BbI-
JIeJIEHUIO HOBOM IIAMsITH U KOIMPOBAHMIO JJIEMEHTOB BeKTOpa. Takoe
npeBapuUTeIbHOE BBIJEJIEHUE BEIET K CYIIECTBEHHOMY yBEJIHYe-
HUIO OBICTPOIEHCTBUS IPOrPAMMBL.

DyHKIUN NUMEIOT BXOJHBIE M BBIXOIHBIE aPTyMEHTHI U ONIEPUPYIOT
C JIOKAJIbHBIMM TIEpEMEHHBIMH, & (Dailyi HAUMHAETCS € 3ape3epPBUPOBAH-
HOro cyioBa function. Vmst daiina n uMst GyHKIMA JOTKHO OBITH OJHUM
U TEeM XKe.

Ecnu BBl x0THTE 3aBecTH IJI00AJIBHBIE TIepeMeHHbIE, YTOObI B
HECKOJIbBKUX (l)yHKI_H/IHX n B CI_[eHa,pI/IHX NCII0JIb30BATH O,ILHy nrTy 2Ke 11e-
peMeHHyI0, ee Hy>KHO 00bsiBuTh Kak global. Onpenenenne global mosxk-
HO OBITH CEJIAHO JI0 MCIIOJIh30BaHMsI caMoil nepemenHoi. Hamnpuwmep,
daitn fib.m

function f = fib(n, v1, v2)
f = zeros(1, n);
if (nargin == 1)

f(1) =1;f(2) = 1;
elseif (nargin == 2)

f(1) = v1; f(2) = 1,

else

f(1) = v1; f(2) = v2;
end
fork =3:n

f(k) = f(k-1)+f(k-2);
end
f = f(1:n);

COMIEPXKUT (DYHKITUIO, BO3BPAIIAIOIIYI0 BEKTOD, COMAEPKAIIUI TEPBHIE 71
qncen psaga uboHayn ¢ 33 JaHHBIMU HAYAJIBHBIMY YCIOBUSMEU V1 1 v2.
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DToT npumep mokKasbiBaeT ocobeHHocTh byHKimiE MATLAB — nepe-
MEHHOE YMCJI0 apryMeHTOB. DTa (DYHKIHUsT MOXKET ObITh HUCIIOIH30BaHA
B Pa3JMYHBIX (hOpMax:

x=1ib(9,2,3); y=1ib(9,2); z=Aib(9);
Buyrpu Tena dyHKunu Bcerga IpuCcyTCTBYIOT ABE IEpeMeHHbIE nargin u
nargout, KOTOpbIe PABHBI YUCJIY BXOJHBIX M BBIXOJHBIX aPI'YMEHTOB IIPU
KaxxJoM BbI3oBe dyukuuu. Hanpumep, cienyromast GyHKIus nmeer
HECKOJIbKO BBIXOJIHBIX apI'yMEHTOB:

function [f, g, status] = myfun(x,y)

status = ...

if (nargout==1)

f = x"3+xxy+y " 2+xxexp(y);

else

f = x"34xxy;

g = y " 2+xxexp(y);
end;

Jomnyckatorcs cyiefyonye BbI30Bbl TaKON (DyHKIUM:
nx = myfun(x,y); [nx, ny] = myfun(x,y); [nx, ny, s] = myfun(x,y);

B daiute-dyukumu moxer O6bITh 00bSIBJIEHO HECKOJBKO (DYHKIIHIA,
npuyYeM uMsi IepBOi YHKIWUM JOJKHO COBIAJATH C uMeHeM daitia.
Hpyrue dbyuxiuu (KpoMe nepBoil) JOCTYIHBI JJIs UCIOIb30BAHUS TOJIb-
KO B (PyHKLMSX U3 3TOro (haiiia.

BekTopusamusi — 0OauH U3 HOAXOA0B K IPOrPAMMUPOBAHUIO HA
s3pike MATLAB. JleBu3 3TO MOAXOa — <«2KH3Hb CJIMIIKOM KOPOTKA,
4TOOBI TPATUTH BPEMsi HA 3aIKUCh IUKJIOBy. [IpOCThIM IIpUMeEpOM sIBJIsi-
ercsi co3panue Tabymubl 3HadeHnit byHKIAN:

n = 1001; x = 0; y = zeros(1,n);

fork=1:n
y(k) = log(x);
x = x+0.01;
end

BekTopu3oBanHasi BEPCUST ITOTO KOJA, BHITJISIIUT CAELYIOMUM 00pa3oMm:
x=0:0.01:10;
y = log(x);
BekTopusarmus Takxke oTHOCHTCS K 0c000# 3amucu COOCTBEHHBIX (DYHK-
uuu (CO CKaJISIPHBIMU APTyMEHTAMU ), TAK YTOOBI [IPU BbI30BE (DYHKIUK
OT MATPUILI MOJIYyYUJIACh ObI MATPUIA 3HAYEHUN. DTO, B YACTHOCTH,
HEOOXOIMMO TIPU WCMOJIL30BaHUM (DYHKIMI WHTErpupoBauus. Hampu-

mep, byukiws myf
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function f = myf(x)

f = x"2+xxexp(x);
HE BEKTOPU30BaHA. Ee BEKTOPU30BAHHASI BEPCUST UMEET BUT

function f = myf(x)

f = x.”2+x.xexp(x);
st 6osee CI0XKHBIX NPOIPAMM BO3MOXKHOCTH BEKTOPU3ALMU HE TAK
O9EBHIHA.

1.7. ®yskmun ot byHKIUH

B srom paznerne 6yayT paccMoTpeHbl (DYHKINH, KOTOPHIM B Kade-
CTBE apryMEHTOB HAJO TepenaBaTh apyrue yskiuu. Takumu (HyHK-
[USIMU, B YACTHOCTH, SIBJISIIOTCS (DYHKIUY, PEAU3YIONME AJTOPUTMbI
HAXOXK/IEHUsI KOPHEl, ONTUMU3AIMY, HTErPUPOBAHNS, PeleHus aud-
depeHnraIbHOrO yPaBHEHUSI.

®ynkuus fzero('fun_name’ x0) mmer kopens ypasrenus, rae X0
€CTh HAYAJIbHAS TOYKA JJIsi UTEPANMOHHOIO AJIrOPUTMA IMOUCKA KOP-
us1. Hanpumep, B pesynbrare x=fzero(’sin’,2.9) nmaiimem, aro x=3.1416.
Dyukius fsolve (13 toolbox optim) uimer pemenue cucrembl ypaBHEHU
F(z)=0.

®yukupn quad('f _name’,a,b) u quad8 (quadl 8 MATLAB 7.X) BbI-
YUCJIAIOT UHTEPAJ METOJAMHA HU3KOTO M BBICOKOTO MOpsizkoB. Hampu-
Mep, pesyabrar komauabl I=quad(’sin’,0,pi) 6yaer rakum I=2.0000166.

@yukuys fmins('f _name’,x0) 8 MATLAB 5.x (fminsearch B Bepcusix
MATLAB 6.X u Bblille) uier MUHUMYM (DYHKIMUA MHOTUX [I€DEMEHHbBIX
¢ HauasbHOM Toukoi X0. Hampumep, onpenenum dpyHKIMO Tpex mepe-
MEHHBIX CJIEAYIOUTIM 00pa3oM:

function v = myfun(x)

v = x(1)*(x(1)+1)+(x(2)-1)"2-cos(x(3));
Torpa B pesyabrare x=fmins('myfun’,[0.1, 0.1, 0.1]) momymm, aTo nepe-
MeHHas x pasHa [-0.5, 1.0, 0.0]. 3agayn Ha MaKCHUMyM HAJ0 CBO-
JIATH K 3371a9aM H3, MUHUMYM.

1.8. Pabora ¢ mosimHOMaMu

ITonmrom B MATLAB 3amaeTcsi BEKTOPOM KO3 DUITMEHTOB, HAUN-
Hasi ¢ Ko duimenTa mpu crapreit crenern. Hampumep, mosuHOMY
23 — 2z + 4 cootsercTByer BekTOD [1,0,-2,4]. [l pabOTHI ¢ MOIMHO-
MaM¥ CyIIECTBYIOT CJIEAYIOIe KOMaHbl, e a, b, d, p, ¢ — nosmHOMBI,
r — BEKTOD KOpHel, S — maccuB To49ek, M — KBaJpaTHas MATPHIA:
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poly(r) — 3aJlaHMe TTOJIMHOMA, TT0 KOPHSIM;

polyval(p,S) — BBIYHCJICHHUE 3HAYMEHUI IOJMHOMA B TOYKAX S;

polyvalm(p,M) — BBIYKCJIGHWE 3HAYEHUH TOJIMHOMA, IJIsl MaT-
PUYHOTO apryMeHTa;

polyder(p) — muddepeHnpOBAHAE TOJIAHOMA;

polyder(a,b) — muddepeHnupoBaHTe TPOU3BEIeHNS a-b;

[d.p]=polyder(a,b) — nuddbepenuuposanme npobu a/b;

conv(a,b) — YMHOXK€EHWE TIOJIMHOMOB;

[a.p]=deconv(a,b) — nenenme mosmHEOMOE;

residue(a,b) — paznoxenwue a/b va nmpocreie 1pobu;

roots(p) — BBIYKUCJIEHUE KOPHEH [OJIMHOMA.

IIpu pabore ¢ nMOIMHOMAMHU BBICOKUX CTEIEHEH MOryT BO3HUKATH
omubky Berauciaennit. Hanpumep, npu HaX0XK 1€HUU KOPHEH 0JIMHOMOB
C YHCTO BEIIECTBEHHBIMM KOPHSIMH MOLYT IIOJIy4aThCs KOMILIEKCHBIE
qucina, roots(poly([1:21])), u npu BbIYMCIEHNN 3HAYEHW NOJMHOMA B
MaJIoit OKpecTHOCTH KpaTHoro KopHs, polyval((z — 1)7,0.99:1e-4:1.01).

1.9. Pemrenne nuddepeHMUaIbHBIX ypaBHEHMH

MATLAB umeet psi GyHKImii, B yactHOCTH, 0de23, oded5, odell3,
odel5s, ode23s, mO3BOISIONNE PEITIATH CUCTEMbI OOBIKHOBEHHBIX JHd-
depennnanbubix ypasuenuit (OLY) nepsoro mopsinka y' = F(t,y) ¢
HE3aBUCHMOM IT€PEMEHHON ¢ U BEKTOPOM HEM3BECTHBIX (DYHKIWH y =
y(t) meromamu Pynre-Kyrra pasHbIx MOpsiKOB U APYTUMU METOIAMHU.
O6paiuenust KO BceM (DyHKIUSIM OJMHAKOBO:

[T.Y] = ode23('funF’, [TO T1], Y0)
3zaeco [TO T1] — orpesok, Ha KoTopoM uHTerpupyercs cucrema OLY, YO
— BeKTOp Haua bHbix ycjaoBuit y(T0). Pesynbrarsl pemenus: pa3menia-
orcst B Marpuie Y, KaKasi CTPOKa KOTOPOU ecTh 3HavYeHune (DyHKIUU
y(t) B MOMeHTBI BpemeHu ¢, pacnosiokenubie B croyoue T. Ums dyHk-
uuu funF 3amaer npasyio yacts cucrembr OIY. MATLAB uMmeeT J0M0JI-
HUTEJIbHbIE BO3MOXKHOCTH JJisi perenust auddepeHnuanbHbIX yPaBHe-
HUIi, KOTOPbIE MOXKHO HalTu B OKHe momoinu. B gacraoctu, MATLAB
umeetT B cBoeM coctase naker PDE fns pernenus ypaBHeHU B 9aCTHBIX
IPOU3BOIHBIX.
IIycTb, Hanpumep, Tpedyercs: pemuTh CUCTEMY

YL =1 + 2y2ys,
Ys = Y2 — t(y1 +y3),
ys =1+ Y2
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Ha orpe3ke [0,4] ¢ maganpabiM yemosuem y1(0) =1,y2(0) =0,y3(0) =2.
s pemenust HanmiieMm ¢aitn myDE.m, B KOTOPOM HAIIMILEM:
function dy = myDE(t,y)
dy(1) = y(1) + 2xy(2)*y(3);
dy(2) = y(2) - tx(y(1)+y(3));
dy(3) = y(1) + y(2);
B cnenapun teneps Hanwuiem:
[T.Y] = ode45('myDE’, [0,4], [1,0,2]);
% Tenepb Bu3yanusmpyem pelueHne
plot(T,Y(:,1), T.Y(:,2), T,Y(:,3)) % rpacduku dyHkunii y;(t)
plot3(Y(:,1), Y(:,2), Y(:.3)) % ¢asosas Tpaektopus 8 R3
comet(Y(:,1), Y(:,3)) % nogemxHas dasosas Tpaektopus B R?

1.10. Pa6ota c daitiamu

BricrpeiMu u ymobHbIME B pabOTe SIBJISIIOTCST KOMAHIA Save i
coxpaHenusi uadOpMaIMKu BO BHenmHuM daitn u komauga load mis ee
CYUTBIBAHUSA. I/IH(bOpMa,IlI/IH MOZKET COXPaHATHCA KaK B IBOUIYHOM KOZIE,
TaK U B TEKCTOBOM Buie. Hampumep:

save data a b % 3anuck a,b B daiin data.mat B gBon4HOM KofE
save out.txt —ascii a % 3anucb a B TekcTOBbIN dhaiin out.txt
fori=1:30

a = rand(i); % 3anuck B pasHble alinibl pasHbIX AAHHBIX

save(['date’, int2str(i)], '—ascii’, 'a’)

end

MATLAB Tak:ke uMeer caemyoimue 60jee ruOKue Onepaiuu BBOIA-

BBIBOJIA, HATIOMUHAOIINE CTaHIAPTHBIE MYyHKIWMY si3bika C:

fopen — orkpoirue daiia w/r/a, t/b;

fclose — 3akpwiTue (aiina;

fread — cunThiBanMe GUHAPHBIX JAHHBLIX U3 (aiiia;
fwrite — 3ammch TAHHBIX B OWHAPHOM BHIE;

fscanf — cumThBaHWE HOPMATUPOBAHHBIX JAHHBIX;
fprintf — 3ammch maHHBIX B daiir;

fgetl — cumThBaHME cTPOKU 6e3 CIIyKEOHBIX CUMBOJIOB;
fgets — cumThIBaHME CTPOKHU CO CoryKEOHBIX CMMBOJIOB;

dimread — arenwe maHHBIX ¢ pa3meaUTENAMEM U3 TEKCTOBOTO (aiina;
txtread — yrenue PoOpMATUPOBAHHLIX JAHHBIX U3 TEKCTOBOrO (aiija.

s canrsiBanus tabsmi Excel ects komanga xlsread.
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st umnopra-skcnopra rpadudeckux (aition npeHa3HauYeHbl KO-
Mangel imread u imwrite:
A = imread('pic.jpg’.'jpg’)
imwrite(A,’pic.bmp’,’bmp’)
MATLAB ywmeer paborars ¢ daitiamu, B 9aCTHOCTH, B (hopMarax jpg,
bmp, tif, pcx. Marpuna comepKuT 4mCJIa TUIIA, Uint8 co 3HAYEeHUSIMU
or 0 mo 255. B GONBIMMHCTBE CIIy4YaeB Cpaly MOCJe OTKpbITHsS (haiiia
cnenyer mucarb dA=double(A) ny1s u3menenust Tuna yucesa u paboTaTh
¢ Marpureii dA u3 BemecTBeHHBIX uucesna. Pasmep marpuibi A paBeH
N X M st 9epHO-0eJIBIX N300PAYKEHUH U PABEH N, X M X 3 JJIsl IIBETHBIX
uzobpaxkenuit. Komana imfinfo mossosisier y3uars napamerpst rpadu-
geckoro daiina.
st *MIOpPTa-9KCIOPTA 3BYKOBBIX (DANIOB MMEIOTCS KOMAaH/IbI
[Y, fs, bits] = wavread(’sound.wav’,[n1 n2])
wavwrite(Y, fs, bits, ‘sound.wav’)

Maccus Y comepxxkut uncia or —1 10 1 1 mmeer pa3MepHOCTD JIJINHA BhI-
GOpKHM Ha 9MCIIO KaHaoB. Ecim He yKa3aH BTOPOH apryMeHT B BBI30OBE
GbyHKIMHI, TO CIUTHIBALTCS BC BBIOOPKA, (BCE OTCYETHI), & HE yKAZAHHAS
noaseibopka (orcuersr). Ilepemennas fs xpanur gacrory qucKperu3a-
mmu (B repuax). Ilepemennas bits ykaseiBaer uucio Gut, ucnosnb3ye-
Moe mpu oruPOBKE CUTHAJA TI0 AMILIUTYAE. Pe3ylbTaToM KOMAaHIbI
sz=wavread(’'snd.wav’, 'size’) Gyner BeKTOp, KOTODBIH COMEPKUT OOD-
eM BbIGOPKY U uucio Kanauos. Komanga sound(Y, fs) Bocnpoussomut
3BYKOBOU CHUT'HAJI.

2. Ilpumeps! pemeHusd 3aaa4
2.1. MapkoBckue 1ienu

IIycrs P — nepexojHasi MaTpUIa MapKoBCKoi 1emu. Crarnuonap-
HOE PAaCIpeeeHne yI0BJIeTBOpsieT ypaBuenuto mP = w. U3 ompene-
JIGHUS CJIEJIyeT, 4TO IepexoHas Marpuna P umeer cOOCTBEHHOE YuC-
JIO, paBHOE 1, ¥ 7 IPONOPIMOHAJIEH COOTBETCTBYIOMIEMY COOCTBEHHOMY
BekTOpy. Kpome Toro, cymectsyer lim,, P* = P* u kaxnast crpoka P*
paBHA T.

3apgadva. Haiitu cranmoHapHOe paclipeesieHne u MOCTPOUTE TPa-
GbUK 3aBUCHMOCTH HECKOJBKHUX HOPM OTKJIOHEHWH marpwui P™ or mpe-
JeJIbHOM.

st pelneHust 33439y HAIUIEM CJIEAYOMUI ClIeHaPUii:
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m = 6; % pa3mep matpuupl P
P = rand(m); % cospagum cnyuaiinyto matpuyy P
% Hopmanusyem Tak, 4Tobbl CymMMa no Kaxzoii ctpoke = 1
P = diag(1./sum(P,2))xP
[Vecs, Eigs] = eig(P’); %Haxogum c.4. n c.B. nepexogHoi MaTpuLbl
fori=1:m
if (abs(Eigs(i,i)—1)<1e-9)
StatDistr = Vecs(:,i)’; % wwem pewenne ypaeHeHusi P'v=v
end
end
StatDistr = StatDistr/sum(StatDistr) % nopmanuzyem
n = [2:7]; % 6ynem cumTaTh HOPMbI OTKIOHEHMI ANS 3TUX T
limitP = ones(m)xdiag(StatDistr);
norms = zeros(4,length(n)); % Belgenum namsTe
for j = 1:length(n)
M = P~n(j) — limitP;
norms(1,j) = sqrt(sum(sum(M."2)));

)
norms(2,j) = norm(M,Inf); % max(sum(abs(M')))
norms(3,j) = norm(M,1); % max(sum(abs(M)))
nc;)rms(4,j) = norm(M); % max(sqrt(eig(MxM’)))
en

figure(1); clf % oTkpbiBaem okHO ¢ Homepom 1 n ouunwiaem ero
CurvesPrm = {'r-, 'g-', 'b!, 'k-'};
fori=1:4
hold on
plot(n, norms(i,:), CurvesPrm{i})
end
title('different norms’)
xlabel('n’)

2.2. BprumciaeHue mHTerpajoB MmeronoM MoHTte-Kapiio

Boraucnenue narerpaga J no merony Monre-Kapiio coctour B mo-
CTPOEHMH CITy9aiiHoi BeauauHLL £ Takoi, uro B = J u D¢ = 02 < oo,
U MCIOJIb30BaHUM 3aKOHA Gobimux wucesn (3BY). A umenno npomo-
nmemmpyem &1, . ..,En. omoxum Jy = %Zil &. Torma Jy — J mo
BepositHocTd ipu N — oo (mo 3BY) u P((Jy — J)@ < z) > P(z)
(mo uenrpanbhoii npenesnsuoit Teopeme (IIIIT), &(z) — byukuus pac-
npezenenus HopMaibHOro 3akona N (0, 1). loBepurenbHblii HHTEPBA
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JJid UICTUHHOI'O 3HAYE€HUA MHTEerpaJia ¢ HaAe2KHOCTBIO 1-— Y paBe€H

)5

337_0'[]_’_.7]7_0'
VN NN

rae vy u & cest3aubl coorHomenueM ®(z,) = (1 +v)/2. Ons 95% na-
JeXKHOCTHU L5y, ~ 1.96. [Tomoxum

(Jn =

1 Y 1 X
2 _ = L 2 _ = 2 _ 72
sh = N;(a JIN) N;a Ji.

Torma sy — o mo 3BY.

Bamaua. [|jis unrerpana J = fol sin(z + e~%) dr Bbraucaurs Jy
npu pasHbix N IS ClIydasl 3aBUCAMBIX M HE3aBUCUMBIX OLEHOK W TI0-
crpouThb rpaduk JN € JOBEPUTEIbHBIMYU HHTEPBAJIAMHU.

JlJ11 BBIYMCJICHHS] MHTErPaJIa IOCTPOMM CJIydaiiHyIo Bequduny & =
sin(a+e~ %), rme o pABHOMEDHO PACIPETEJICHHAS CILy IaiiHAS BEJIMINHA,
Ha [0, 1]. st noCTpOEHNsT HE3ABUCUMBIX OLEHOK Jy, 1 J), UCIOIb3Yy-
I0TCSl Pa3HbIE peaju3aunuu Ciaydaiinoit Besmuamsbt €. js mocTpoeHust
3aBUCUMBIX OIEHOK Jy, u Jy, mcrnonb3yorcs min{Ny, Na} omaux u
TeX JKe Peasu3aluii CaydaiHoi BeanauHbI .

2.3. PpakrTajbl

3amada. M300pa3uTh TOYKW HA IJIOCKOCTHU, MOJIyIAEMbIe UTEPA-
TUBHO 4epe3 cucreMy ypasHenuit. ®pakras Mira curve 3amaercs cie-
AyIomeil CuCTeMOIi:

Tpy1 = byr + F(y),
Ykt1 = =Tk + F(Tpy1),

rae F(z) = az +2(1 — a)z?/(1 + 2?), |a| < 1, b ~ 1. Jna nocrpoenus
HCHONTB30BATH CJIELYIONHE HAYAIbHBIE JAHHBIE U CPABHATE TPACKTOPUH
upu b = by u npu b = be, n = 10000:
a b1 b2 1 Y
0.5 109998 3 0
-0991 098 4 0
0.99 1 0.9998 0 12
-0481 099 4 0
0251 099 3 0
0.7 1 0.9998 0 12.1
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B kauecrse ynpakunenust uzobpasure ¢ppaxras Henon’s model, ko-
TOPBIN 33J1aeTCA CIeAYIOIUMU YDABHEHUAMMU:

Tpr = azy — b(yr — 7)),
Yk+1 = bz + alyr, — 23),

rae |a| < 1,b=+vV1—a2 k =1,...,n. JJas mOCTPOEHUST MCTIOAB3yHTE
CJIeTyIOIAe HAYAJbHBIC JAHHbIE:

n =200, a = 0.24, (z1,y1) = (0.5696,1622) u (z1,y1) = (0.565, 165),
n = 2000, a = 0.24, (z1,y;1) — 40 3navenwuit p.p. na [—1,1]2.

2.4. ImuTanuoHHOE MOJeJIMpOBaHUE

B psize 3a1a4 Tpebyercs HaliTH 3aKOH PACIPEIe/IeHUsT HEKOTOPO
CIyJalHON BEJIMYMHBI, KOTOPAas 33/aHAa IIOCPEICTBOM CJIOXKHOI aJiro-
purmuyeckoit opmysbl. Halitu siBHBIA B pacnpee/ieHus He BCEra
ymaercsi. B aTom ciryyae e qMHCTBEHHBIM CPEICTBOM SIBJISIETCS MOZEJIV-
pOBaHMe 3TOH CirydaiiHOl BenmunHbl. BeIOOpOUYHOE pacrpeaeneHue Oy-
JET CXOIUTCS K UCKOMOMY.

3apgaga. Paccmorpum ypHOBYO cxeMy. BHadase B ypHe HAXOIUTCS
21 YEPHBIX MIAPOB U Y1 OEJIBIX MIAPOB. 3aTEM UTEPATUBHO TOBTOPSIETCST
CJIEIYIOMMI MPOIECC: AOCTaeM Iap, CMOTPUM HA IIBET, BO3BPAIIAEM
map oOpaTHO, KJIaJeM Iap TAKOro xke msera, k = 1,...,n. Hapucosarb
(BBIGOpOUHOE) pacnpenenenue 7, = Tn/(Tn + yYn), npu n = 100, n =
300. Hapucosarb 20 Tpaekropuii (zk,yr), k = 1,...,300, Ha omHOM
PUCYHKE.

Ha omroMm pucynke OyayT m300parkeHbl JIOMaHbIE, pa3derarome-
¢ W3 JIEBOTO HVMXKHEro yrjia B CaydYaiiHOM HampasjeHuu. Ha apyrom
pucyHke Oyzer n300pazkeHa BbIOOPOYHAS ILJIOTHOCTD CJIy4aiiHOM Beiu-
YUHBI 1),. VI3BECTHO, 9TO IIPU N — OO PaCIpeesieHne CJIy YaifHON BeJu-
YUHBI 1), CTPEMUTCs K OeTa pacrpesesieHuro.

2.5. OueHkKN MaKCHMAaJIBHOTO MpaBAonogo0us

Mycrs (21,...,ZN) €CTh BHIOOPKA U3 T€HEPAIHHON COBOKYIIHOCTH
C IJIOTHOCTBIO pacnpenesenusi f(x,0), roe @ ecrb BeKTOp mapamer-
pos pacnpezenenus. QUeHKa MAKCHMATBHOrO npasaononobus (OIIM)
napamerpa 6 MakcuMusupyer (PyHKIMIO NPaBAonoao0us, 3a1aBaeMy0
dopmymoit L(4) = vazl f(zj,0). dusi 1UCKPETHOrO pacIpeie/IeHust
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L) = vazl P¢(¢{ = zj;). dus naxoxuenus OMII 06br4HO peruaror
cucreMy u3 HEOOXOMMMBIX yCioBuit sxcTpemyma O 1n L(6)/00 = 0.

3amaua. Haiitu oneHKr MaKCHMAaJIbHOTO MPABIONOI00NS JIJIsT BbI-
OOPKY U3 CJIOXKHO OUHOMUAJILHOTO pactpenesenus. CoyJaiinas Beiu-
gnHa £ WMEET CJIOKHO OMHOMHMAILHOE DACIpEe/IeHre ¢ MapaMeTpa-
mu (n1,p1,N2,P2), €ciau npousBoasmas GpyHknus umeer sun h(t) =
(it + @)™ p2 + @)™, a

n2

P(¢ = j) = bo(jlna,prma,p2) = D blilna, p2)b(ilina, pr),
i=[j/m1]

j = 0,1,...,n1n2, tae seipaxenue b(j|n,p) = Cipiq"=I, ¢ = 1 —p,
OTIpeJIeIsieT BEPOSITHOCTU OOBIYHOTO OMHOMMAIHLHOTO PACIIPEeIeIeHus.

B kadectBe ynpaxkuenusi Hadiqure OMII nnst BeIOOpKM M3 OTpH-
ATEJbHO OMHOMMAJILHOrO PaClpeesienust ¢ mapaMerpaMu (n,p), Be-
posiTHOCTH KOTOpOro 3anatorcst dopmymnoit P(€ = j) = b_(jlk,p) =
C;‘Cq-kpkqja q= 1 iy 2 .7 = 07 ]-a RN

3amaga. Paccmorpers dyHKIMIO npaBmonoaodus Kak (OyHKIUO
nByx nepemenssix f(p1,p2) = L(p1,p2,n1,n2). llapamerpst ny, ny can-
TATh W3BECTHBIMU U PABHBIMM HUCTHMHHBIM 3HA4YEHUsIM. 1pedyercsi Bbl-
qucauTb 30 urepanuit METO/Ia MOKOOPAMHATHOIO MOIbEMA C HAYAb-
HO# Toukoii (0.7,0.3) k MakcuMmymy byHKIMU U U306PA3UTH UTEPALIUK
Ha IJIOCKOM M300pakeHuu (PyHKIUU.

B kadecTBe ympaxkHEHUS JJIs1 OTPUIATEIBHO OMHOMUATILHOTO PAc-
npeznenenus: paccmorpute f(ni,p1) = L(ny,p1) npu venenom ny (upu
3TOM (haKTOPHAT B OIPEIEJIEHNN BEepOSITHOCTEI 3aMeHsieTcst Ha [-dyn-
KIIUIO).

JoBepuresibabie mHTEpBaib! qjasi OMII

U3 Teopuu uzsectHo (Pao, 1968), 94TO Tpu HEKOTOPBIX YCIOBUSAX
aCUMIITOTHYECKasi KOBApUAIMOHHAS MATPHUIa B OIeHOK MaKCHMAaJIbHO-
ro TPaBIOIION00MsT 6 umeer Bug B = R~!, rne R — koBapuanuoHHAs
MaTpuIa Ciaydaiinoi Bejuaunsl g(£),

B B T
g(z) = (6—911nf(37,0),...,Elnf(wﬁ)) 0 =(01,...,0,)7,

BBIOOPKA B3ATa U3 TEHEPAJIBHON COBOKYIHOCTH C IJIOTHOCTBIO PACIIPE-
nenenust f(x,0) u cnydaiinas senudmHa £ wmeer mwiIoTHOCTH f(z,6).
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Ormerum, 4T0 MareMarmyeckoe oxujanue g(£) paBHO HYJIO, U, Cle-
nosarensro, R = Eg(€)gT (€). Inaronansabie saeMenTsl MaTpumsl B
OTIPEJIEISIOT JJIMHY JOBEPUTEIHHBIX NHTEPBAJIOB.

ITocTpoum nmoBepuTesbHBIE MHTEPBAJIBI JIJIsI TAPAMETPOB OTPHUIA-
TeJbHO OMHOMHUAJILHOTO pacnpejenenus. IIpu HenmesoM mapamerpe n
pacrpesiesieHre uMeeT BU/

L'k +j)
(k)T (G +1)
STI/I BEPOATHOCTU MOZKHO BBIYUCJIATH, HE UCIIOJIb3ys F—(byHKILI/IIO:
(k+j=D+j=2)k

4!

b_(jlk,p) = pF(1—=p), j=0,1,...

b_(jlk,p) = (1-p).

YacTHble MPOU3BOIHBIE UMEIOT BU

) _ koo
= Inb_(jlk,p) = - = ——,
ap (j1k,p) » 1-p

0 |

- Inb_(jlk,p) =) —— +Inp.

ok i:0k+z

CrayaJia pacCMOTPHUM CJIydaii, KOraa napaMerp k ussecred. Torma
MBI UMEeeM

D¢k
1-p)?  p?(1-p)

Orcrofa oy yaeM y-10BePUTENILHbBIN MHTEPBAJI JJIsT P TPU U3BECTHOM k

z, 132(1—15)>

8 29
Ts :E(a—plnb_(ﬂk,p)) =D6—plnb—(£lk,p) =1

Ty ﬁz(l_ﬁ) 5+

(A‘TN A

rae ®(z,) =1—7/2n ®(z) ecrs GyHkuyMst pacnpeeeHns: CraHIapT-
HOTO HOPMAJILHOT'O 3aKOHA.

Paccmorpum Temepn ciiyuail, KOrma mapamerp p u3BecTeH. 10-
/13, UCIOJIb3Y S OIPEe/IeJIeHNe MaTEMATUIECKOT0 OKIIAHISI M PABEHCTBO
g(&) = 0, umeem

2

-1 2 oo [j—1
1 1 .
r11:E<Zk—H+1np> :Z(Zk—_}_z+lnp> b—(]|kap):
i=0

j=0 \1i=0
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2

:i (JikiJ —In®p.

=0 \i=0

Orcrofa oy yaeM y-10BEepUTE/IbHBINA MHTEPBAJI JJIst k TIPU U3BECTHOM P

(I?; S B " ) .

V711 N vV TAll N
Iepeiinem Teneps K ciiydaio 060MX HEM3BECTHBIX mapaMerpoB. Orme-
THM, YTO JUATOHAJbHBIE 9IeMEHTHI MaTpuipbl R = (r;;) y2Ke HaiiIeHbI.
MozkHO noKazaTb, 4To 712 = —1/p. Cnegosarensro, matpuna B = R~1
[IPUHUMAET BUJ

_ 1 k p(1—p)
b= ruk—(1—-p) (p(l —p) rup*(l —P)) ’

Orcrofa moJyyaeM y-I0BEPUTEIbHBIE HHTEPBAJIBL JIJist P U K

PaE p*(1—p) PNE p*(1 —p)
VN kE—(1—=p)/fn VN k—Q-=p)/fn)’

.737 ]'{} + l'»y

)

VEn-A-p/MN -1 -p /N
3ameTuM, 9TO ITH JOBEPUTENIbHBIE MHTEPBAJIBLI IIUPE, 9€M WHTEPBAJIbI,
MOJIyYeHHBIE B TIPETOJIOKEHUN TOTO, 9TO APYTOil MapaMeTp U3BECTEH.

PaccMoTpuM Teneph BOMPOC MOJIyYeHUs JOBEPUTETHLHBIX NHTEPBA-
JIOB [IJIsE CJIOXKHO GUHOMHUAJIBLHOTO pacrpesenenus. Hemocpencreentoe
muddepentmposanue In be(§|n1, p1,n2, p2) M0 HapaMeTpam NPUBOIUT K
caenyromumM hopMysIam:

k-

)

na

Z ’I’LQ! (ml)' %
= il(ng — i)l jl(ing — j)!
i=[j/n1]

xpy(1 —p2)"> " (il (1 = p1) ™ = (ina — )pl(1 — p1)"™ ),

0 .
% nby(jl6) =

1
Op1 b2 (7160)

n2

0 1
2— Inba(jl6) = ———= . T .
oo " 2(716) b2(516) z':]'jz/nl'\ il(ng —0)! jl(ing — 5)!

X (ipy H (1 = p2)™ " — (ng — i)ph(1 — p2)™ " pl (1 — pr) ™ .

ng! ('ml)'
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OTH 3HAYEHUSI MOXKHO IOJIY4YUTh, UCIOJIb3Ysl CBOMCTBA TPOU3BOISIIEN
dbyukiym. dnddepennupys

ning

3" ba(jl0)8 = hit) = (pat + @)™ p2 + g2)™
3=0

1o HekoTopomy napamerpy (8 = (n1,p1,na,p2)), moaydaem

ninz

Y
6—0ibz(j|0)t3 = a—ei((p1t+q1)n11’2 +q2)"™.

=0

B pesysnbrare nmeem

0 ) 1 0 .
Hanpuwmep:
0
8_plh(t) =na((pit + 1) p2 + @) peni(pit + @)™ TN (E - 1),
0 _ n—
ap; () = (it + @)™ P + )™ (at + a)™ ! - 1),

0
a—mh(t) =na((prt+ q1)p2 + @)™ In((prt + 1)™ " 'p2 + o).

XoTs MPOM3BOIHBIE II0 N1, N2 COAEPKAT JIorapudM, psaas! Teitopa 3Tux
GbYHKIWMI CoAep:KAT KOHEYHOE YNCII0 HEHYJIEBBIX KO3 MUIIEHTOB.

B uacrHOCTH, TOBEpUTENBHBIN MHTEDPBAJ MJIsi P; NPU U3BECTHBIX
ni,ng, P2 UMEET BUL

riae

' (Inba(j|ni,p1 + €,n2,p2) — Inba(j|n1, p1,n2, p2) 2 4
~y ) ba(71).
7=0

rmocJieiHee IpUOINKeHne yI0OHO 115t TPYObIX YUCIEHHBIX PACYETOB.
ITony4ueHuble TOBEPUTEIbHBIE UHTEPBAJIBL SIBJIAIOTCS ACUMITOTHYE-
CKUMU ¥ BEepHBI TIpu 00sbmux 00bemax BeiOOpku N. st Toro 9robst
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[IOJIy9HUTh [OBEPUTEJIbHBI MHTEPBAJ IPU MajieHbKux [N u Haiitu 1O
3Hadenue N, HAYMHAsI C KOTOPOrO BEPHA ACUMIITOTAYECKAsi (HOpMyIia,
HEOOXOAMMO BOCITIOJI30BATHCS METOJIOM CTATUCTHIECKOTO MO/IEITMPOBA-

uusi. Ouenka nmapamerpos § = (x1,...,ZN) M0 BHIGOPKE U3 reHEPaJIb-
HO} COBOKYIIHOCTH C IJIOTHOCTBIO pacupenesenus f(x|6) mmeer pacmpe-
penenne P =Png = L(0(&,...,€N)), Toe & — He3aBUCHMBIE CIIydail-

Hble BEJIMYMHBI € IUIOTHOCTBIO pacnpenesenus f(x|0). Haiitu sBHblil u
upocToit Buz P odensb TpyaHo. Mogesupysi, Mbl MOXKEM IOJLy YUTh IPU-
Gsim>keHMe K pacnpegesernto P. A uMEeHHO, MOAEIUPYsT HECKOJILKO BbI-
06opoK (x%”, e ,wg\],)), O KaXKJ0!U BBIYUCINM OIIEHKU é(j), j=1,...,L.
OTH OIEHKHU, TOXKe 00pa3ysi BEIOOPKY, XapaKTEPU3YIT PACIPEIesICHUe
P. B wacrHOCTH, Y %-10BEepUTENbHbINA HHTEPBAT 00pa3oBaH (1 —7)/2 u
(14++)/2 kBaaTunsiMU BHIGOPOUHOM (DYHKIMKM PACIIPEAEIIEHNST, TIOCTPO-
€HHOU 1O (9(1), - 70(L))-

Bagmaga. I[Toayuuts BbIGOPKY. ITocrpouts 90%-ubiii u 95%-nblii
JIOBEPUTE/IbHBIE MHTEPBAJIBL JJIsi IAPAMeTPOB. Bbrauciauts u n306pa-
3uTh (BBIOOPOYHBIE) PACIPE/eSIeHNs] OLEHOK MapaMeTpoB. Boraucantsb
0.05, 0.1, 0.5, 0.9 u 0.95 KBaHTHUIN y MIOJTyIEHHBIX PACIIPEIEICHUI.

2.6. CunekTpanbHbIil aHa/n3 U puIbTPaIUs

B srom pasmene MBI pacCMOTPHM HEKOTOPBIE KJIACCHYECKHE WH-
CTPYMEHTBI UCCJIEOBAHNS CTAIMOHAPHBIX MMPOIECCOB.

Ilycts &, — muckperHbIl cTanMOHAPHBIN mporece co cpexaum (.
Dyuxiusa R(n) = Egi,&, Ha3bBaeTCsd KOBAPUALMOHHON (hyHKuIMed
nporecca. V3 Teopuu mpoIieccoB U3BECTHO, UTO IS JIIOOOMH CTAIHOHAD-
HOI TIOCJIeIOBATEIHLHOCTH CyImecTByeT Mepa F'(+) Takasi, 94To

R(n) = / i M F(d)),

U OPTOrOHAJIbHAS CTOXACTUYECKAst Mepa fi(-) Takasi, 4To

™

b= [ emu@y
—T

u F(d\) = E|u(d)\)|?. D™n paBeHcTBa Ha3BIBAIOTCS CHEKTPATLHBIMU

PA3JTOKEHUAMU . N3 unx BBITEKAELT, YTO CTa,ILI/IOHapHI:Jﬁ mponecc MOXK-

HO pAacCCMATPUBATHL KaK CYMMY 3JIEMEHTAPHBIX TPUTOHOMETPUYIECKUX

dbyHKIWit co cydalinbivu aMmmmuTygaMu. CrekTpaibHOe Pa3JIoKeHne
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yCTaHABJIMBAET CBA3b ME2K/1Y BPEMEHHBIM U YaCTOTHBIM OIIMCAHUEM O/I-
HOI'O M TOro ke 00bekTa. Jljisi HeIPEePBIBHOIO IIPOIECCA TAKXKE BEPHO
CIIEKTPAJILHOE PA3JIOKEHUE, TOJIHKO 00JIaCTh HHTErPUPOBAHNS 3aMEHSI-
erca Ha npamyoo. Ecmu F(d)\) = f(A)d\, To B cuny Toro, uro pas-
JIOXKEeHUE TPeCTaBjser coboit mpeobpasoBanune DPypre, cupaBeminBo
BBIPAYKEHUE [JIs CIIEKTPAJIbHON toTHOCTH f(A)

o0

f(A) = i R(n)e—z’nk‘

™
k=—

OueHky CpeaHero M KOBAPHUAIMOHHON (DYHKIMH 110 PEATU3AIUN
(z1,-..,TN) UMeIOT BUJ

1 N 1 N—n
r= Nj_zlxj; R(n) = 5— J—Z1 TjTjtn-

OLeHKa CIEKTPAJILHON ILJIOTHOCTH
2

1 N
FO\) = —— oA
=55 ]Zl 3¢

SIBJISIETCS HECOCTOSTENIbHOM. JIjisi mcnpaB/ieHns: OLEHKU HCIOJIb3YeTCs
CIIEKTPAJIbHOE OKHO W(¥), KOTOPOE IPUMEHSIETCs CJIELYIOMUM 00pa3oM:

fulV) = / FO = v)w(v) dv.

CriekTpaJsbHOE OKHO €CTh HeKOTOpast (pyukuus w(v), s KOTOPOii BbI-
nonusiiorest yeaosust: 1) [w(v) dv = 1, 2) w(v) = w(—v), 3) noxoxecrs
Ha, Ie16Ta (DYHKINIO, U KOTOPOE BHIOMPAETCST TaK, YTOOBI OIEHKA, fw \)
OBLIa, COCTOSITETHHOMN.

Qubrparueii HA3bIBAETCS BBIYUCJIEHUWE Psia 1), 00 psaxy &, 1o
dopmyiie

+oo
M= biTnij,
J)j=—00

KOTOpAas LpeJCcTas/isier co0oi smueiinoe npeobpazosanue. Yuca b; na-
3bIBalOTCH KO durmenravmu buiabrpa. Ouiabrpaiius MIPUMEHSIETCS B
caydasix, KOrja u3 psiia TpeOyeTcsi BBIIEIUTDH CJIaraeMoe C 3aJaHHOMN
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YaCTOTHON IIOJIOCOH, Ui yCTPAHUTD 33JaHHYIO 4acTOTY, UM CIVIQIUTh

psan. Beegem nepenarounyio dynkuuio dunbrpa b(A) = j—:ioo bje M,
Taxoe Ha3BaHUE JAHO B CUIY BAa’KHOTO PABEHCTBA MEXKIY CIEKTPAJIb-

HBIMH TJIOTHOCTSIMU UCXOTHOTO ¥ (DPUIBTPOBAHHOIO MTPOIIECCa,

Fa ) = )P fe ().

OTO paBEHCTBO €CTh, HA CAMOM Jiesie, TeopeMa o cBeprke. Takum obpa-
30M, MHOIOKPATHOE TPYAOEMKOE IPSMOE U OOPATHOE IIPeoOpa30oBaHKE
Oypbe MOXKET ObIThb 3aMEHEHO Ha IIPOCTOE JIMHEHHOE IPeoOpa30oBaHue
¢ 3apaHee HaiiIeHHBIME KO3 durmeHTaMu GUIbLTPa ¢ MOAXO/SINEH Ie-
PeIaTOYHON XapaKTEePUCTUKOMN.

ITpu BBIgEIEHNN YACTOTHOM TOJOCH! [A1, A2] dbuabTp ¢ nepenaTod-
HO# XapaKTepucTHKOi 11y, 3,1(A) MMeer GecKoHeYHOE YHCII0 HEHYTeBBIX
ko3ddunmenTos. Ha npakTuke 111 GUIBTPAINK PSIOB CTPOSIT (PUITH-
TPbI C KOHEYHBIM YUCJIOM KOI(DDUITMEHTOB TAKUX, YTOOBI IIEPEeIaTOIHAST
XapaKTEePUCTHUKA ObLIa OJIM3KA K WIEATHHOIA.

Hns ananm3a psamoB MATLAB, B 9aCTHOCTH, WMEET CJIEIYIOIIHE
byHKIMH:

fit(x,N) — 6oIcTpoe peobpasoBanne Oyphbe;
ifft(p) — obparnoe mpeobpazosanue Pypbe;
conv(x,y) — CBepTKa;

filter(b,a,x) — dbunbrpanus.

PaccMorpum npumep aHasm3a BPEMEHHOTO Psifiad, HOJLy 9€HHOIO CyMMU-
POBAHMEM JBYX MEPUOIUYECKUX COCTABJISIONMX U CIYyYaiHON OMMOKH:

FS = 1000; % uyactoTa guckpeTtusauum

t = 0:1/FS:0.7; % TOYKM, B KOTOPbIX BbIYNCSETCS PYHKLNS

N = length(t); % anuuva pspa

x = sin(2xpixtx50)+sin(2xpixtx120)+rand(size(t));

px = fft(x); % penaem npeobpazosaHue Pypbe

f = FSx[1:N/2]/N; % 3Ha4eHus no ocu = gnsi nepnogorpammsl

pgx = px.xconj(px)/N; % Bbiuncnsiem nepnogorpammy

subplot(2,1,1)

plot(t,x)

title('series’)

subplot(2,1,2)

plot(f,pgx([1:N/2]))

title('periodogram’)
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MO)KHO BI/ILLeTI)7 4q9T0 a,MH.TII/ITyﬂa CHeKTpa MaKCUMaJIbHA B 3 TO4YKaX:
0, 50 u 120. Ormerum, 9TO JUUIsi BELIECTBEHHBIX PSJIOB CHEKTPAIbHAS
ILUTOTHOCTh CHMMeTpuYHA. [109TOMYy MBI M300pa3UIN TOJIBKO MOJIOBU-
Hy BekTOpa pgx. Kpome Toro, px(1) comep:Kur CyMMy UCXOIHBIX JaH-
HbIX, a px(N/241) npu yerHom N coorBercTByer yacrore Hajiksucra. A
UMEHHO JIJIsi OOHAPYKEHUs YACTOThI fi YaCTOTA AUCKPETU3AINU JTOJIHK-
Ha ObITh HE MeHee 2fg (T.e. PACCTOSTHUE MEXK/Yy COCEJHUMM TOUKAMU HE
6osee 1/(2fo))-

JIJ1st IpOBEPKM TEOPEMbI O CBEPTKE BEKTOPOB X U b Hamuinem:

px = fft([x, zeros(1,length(a)-1]);
pb = fft([b, zeros(1,length(x)-1]);
yl = conv(b,x)
y2 = ifft(px.xpb)

Bekropsr yl1 u y2 6yayT cOBIaJATh.

W3BecTHO, YTO CKOMB3sIINEe CpeHee MPUBOIUT K CLUIAXKUBAHUIO,
T.e. K YIAJIEHUIO BBICOKOYACTOTHBIX COCTaBJsonmX. Hampumep, BOC-
0JIb3yeMCsi (DUIBTPOM C OMHAKOBBIMU KOI(DDUIMEHTAMA It PeAJIu-
3AIMK CKOJIB3SIIErO CPEIHErO:

x = sin(2xpixtx20)+rand(size(t));

y = filter(ones(1,11)/11,1,x);

plot(t,x,t,y)
Omuako ¢GpuabTpanysi TPUBOIUT K 3aMa3/IbIBAHUIO BO BpeMeHu. Ouiib-
rparus ¢ nomoupio hyukuuu filtfilt(b,a,x) u3 nakera signal ucpassier
9TOT HEJOCTATOK.

B makere signal mmeercsi OrPOMHOE KOJMYECTBO (DYHKITH JIJIst
00paboTKu psimoB. it BEIYMC/IEHUS JAHHBIX JIsT IIOCTPOEHMS IIEPUO-
Jorpammbel umeercs ¢yukiws periodogram. Hanpumep:

[pgx, f] = periodogram(x,[ ].N,FS) % no N Toukam BekTopa x;

periodogram(x,[ ].N,FS) % noctpoenue rpacuxa.

Dyukius freqz Beraucsier nepeaarounyio xapakrepuctuky (I1X) durb-
Tpa, 337aBaeMy0 (HopMysIoin

aryr =bizp + ...+ bpr1Th—p — Q2Yk—1 — - .- — Cmt1Yk—m,

w pasiyio [(V)[2/|a(\)*
[h, f] = freqz(b,a,n,FS) % pnuna sektopoe h.f pagHa n
freqz(b,a,n,FS) % noctpoenne rpacuka MX
C momomwto FilterDesignToolbox M0oxkHO BU3yasbHO 3a7aBaTh Tepena-
TOYHYIO XapakTepucTuky dunbrpa. @yuknus firl Beraucisier koadbdu-
UEHTHI (PUIBTPA, C 33JAHHBIMU XAPAKTEPUCTAKAMEI
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b = firl(n,q,'type’) % anuna a pasHa n

b = fir1(32,[0.4 0.6]) % nonocoeoit bnnbTp 1o 4,0.6]

b = fir1(32,0.3,"low’) % dunbTp HU3KMX HacToT 1[g g 3]

b = fir1(32,0.8,’high’) % cdbunbTp BepxHMx HacToT 19 5 1]
Yewm Gouibirie auHa GuUIbTPa, TEM OJIMKE €r0 MEPEJATOYHAS XapAKTe-
PHUCTHUKA K UJEATHHON, HO Xy2Ke MOJIyYaeTCsT HAYaJI0 OThUIBTPOBAHHO-
ro psifia W MeJJICHHEEe PeaKIusl Ha W3MEHEHWe CTPYKTYPHI psza. IIpo-
BEPHUTH XaPAKTEPUCTUKHU (DUILTPA MOKHO CIEIYIONAM 00pa3oM:

figure(3) % pucyetcs npeobpasosavne Pypbe B pasHbIx WKanax
freqz(b,1)
[h.f] = freqz(b,1,50,FS)
figure(4)
plot(f,abs(h))
3apmaga. [Ipounrars wav-daiia, ybpars mym u 3anucarb pe3yiib-
Tar B daiin.
Crieryromuii criegHapuii O3BOJISIET YOPATh TOJIBKO «IIUIEHBES.
fname = 'win.wav’
[Y, FS, BITS] = wavread(fname);
pass = [300/(FS/2) 3000/(FS/2)];
% nponyckaem vactoTsl oT 300y go 3kl
b = firl(round(FS/100),pass);
Y = filter(b,1,Y);
sound(Y,FS) % o3ByumBaHne paHHbIx
wavwrite(YY,FS,BITS, out.wav')

2.7. Metoxn «I'ycenunma»-SSA

st aHaIM3a BPEMEHHBIX DPSiIOB IPEIJIOKEHO B JINTEPATYPE MHO-
xkectBO MeronoB. Ocobennocrrio Meroma «[ycenuna»-SSA siBysiercst
TO, YTO ITOT METOI SIBJISIETCS] HEMapaMeTpudecKuM. Jlajee Mbl mpuBe-
JIeM OCHOBHBIE MTOHATHUST 0a30BOT0 ajaropurMa. [1oHOE onucanue MeToaa
«I'ycennas-SSA moxuO Hajitu B [2], [3].

PaCCMOTpHM pan F= (fl; .- 'afN); rae f] = f(JA)a f(t) — HEKO-
Topasi QyHKIHsI, A — HEKOTOPBI BpPEMEHHON UHTEPBAJ. ¥ METOJA eCTh
nenbri mapamMerp L, KOTOPBIH HA3BIBAETCS JIMHOM OKHA (IIMHON Ty-
cernnpl). O6prano BeOMpaior L takoe, uto 1 < L < N/2. Paay F
COIIOCTABUM TPAEKTOPHYIO MATPHUILY
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i fa fz ... -yt

f2 f3 f4 “ee fN_L+2
X = (my) ;5 M = f3 f4 f.5 fN—‘L+3
f:L fL‘—',-l fL‘+2 .. fN

Hanee mocrpouM cunryasipHoe pasioxkenue (SVD) TpaekTopuoit Mar-
pHUIIbI

L
X= Z \//\_jujvjr,
j=1

IJe A\j ¥ U; €CTh COOCTBEHHBIE YNCJIA ¥ OPTOHOPMUPOBAHHBIE COOCTBEH-
HEIe BeKTOpa KosapuanuonHoit Marpunst S = XX7, A; > 1. Bektop
v; Ha3BIBAIOT (PAKTOPHBIM BEKTOPOM, & \//\_jvj HA3BIBAIOT j-M BEKTO-
pom riaBubx KommouenT (I'K) mo amamorum ¢ repMmuHOsorueii ¢dpax-
TOPHOTO aHaJu3a. BEeKTOPBI 4; M v; TaKyKe HA3BIBAIOTCS JIEBBIMHU U
[PABbIMH CHHIYJISIPHBIME BeKTOpamu MaTpunsl X. Joms Ag/ Y ; Aj mo-
Ka3bIBAeT BKJaJ k-Ii KOMIIOHEHTHI B 0oOIuee moBeneHue psga. O6o3Ha-
aum Xy = mukv,{. Marpuna X ne sBasercs tpaekropuoii. Ilo-
9TOMYy mpH OOpPAaTHOM comocTasjieHud Marpuibl X(p) = (T(k)i,;) PALY
Firy = (f(x);) mPOBesiem ycpegHenue BIO/b IuaroHaIel

L
1
fwi =1 ) B(kyij—L41
=1

misi L < 3 < N — L+ 1, njna kpailHUX JIEMEHTOB Psibl YCPEIHEHUE
[IPOMCXOIUT 110 MEHBIIEMY YUC/IY 9J1eMEeHTOB. B pedysbrare nmomydaem,
9TO MCXOIHBIN psifi F' MpeICTABIISIETCS B BUJIE CYMMBI PSITOB

L
fi =Y Fwys-
k=1

Oka3bIBaeTCst, YTO OMUCAHHAS MPOLEAYPa MPUBOAUT K TOMY, UTO OT-
JIeJIbHBIE CJIaraeMble MOI'yT ObITh MHTEPIPETHPOBAHBI KAK COCTABJISIIO-
1Ue TPEeHa, ePUOANIECKOM KOMIIOHEHTHI, UJIH Ty Ma.

W3 nuneitnoit anrebpor ciaenyer, uro ecau r = rankX, To r =
rank XX7, SVD paziokenue TpaeKTOpHO# MaTpuibl X MMeeT pOBHO
T HEHYJIEBBIX COOCTBEHHBIX YHCET W 7 PABHO Pa3MEpPHOCTU JIMHEHHOTO
MPOCTPAHCTBA, HATSIHYTOTO HA CTOJIOIHI MATPHUIIBT X.

TosopsT, uro psixm F' umeer panr r, ecau r = rank X He 3aBUCHAT OT
LuN(L>r,N>L+r).
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Paccmorpum psij npumepos. Paur skcnonennuasissoro psga f; =
a’ pasen r = 1, tak kax j-it cronben X pasen a’(1,a,...,a" )T,
Paur tpuronomerpuueckoro psga f; = cos(j27w + a) paseH 2 npu
0 < w < 0.5, Tak KaK ¢ UCHOJIB30BaHNEM (DOPMYJIBI KOCHHYCA CYMMBbI
apPryMeHTOB, MOJIy9aeTCs, 9TO j-i crosiber; X paBeH JMHEHHON KOMOU-
HAIUM JIByX BEKTOPOB ¢ Kod(durmentamu cos(iw) u — sin(iw). Panr
nosmHOMAATBHOTO psiga f; = q(j) = jP7 4+ gp2iP 2+ ...+ q1j + Qo
paBeH p, Tak Kax j-ii cTosiber; X paBeH JUHENHOM KOMOMHAIIMY P JIMHEH-
HO He3aBucuMBIX BekTopos (0%, 1% 28 (L -1)T k=0,...,p—1.
Panr psana f; = jP 'a; cos(jw + a) we npesocxomut 2p. OueBuaHO, 9TO
PaAHT CyMMBI PSIIOB HE MPEBOCXOAUT CYMMbI PAHIOB OTIEIbHBIX PSIIOB.

Moxno nokaszars [3], uro 060 GECKOHEUHbIH DS KOHEUHOIO
paHra ABJISIETCS CyMMOI TIPOU3BEICHUI SKCIIOHEHTHI, KOCUHYCA, U MOJIV-
Homa. Kpome Toro, mycTh MCXOMHBIH DSl €CTh CyMMa, CIaraéMbIX BUIA,
fi = q(j)a; cos(jw + a). Torna mpu BHIIOIHEHAN YCIOBHHA PA3IEIIMO-
cri (cM. [2]) KOMIIOHEHTBI CHHIYJISIPHOIO PA3JIOKEHUST MOXKHO Pa3buTh
HA IPYIIIbL, COOTBETCTBYIOIIUE CJAraeMbIM UCXOAHOIO Psiia.

Paccmorpum psim korewnoro pamra 7 (r < L) ¢ moGaBneHHBIM K
HeMy HEOOJIBIIUM LHIyMOM. B CHJIy HENPepBIBHOCTH CUHIYJISIDHOE Da3-
JIoXKeHue OyeT OTJIMYaThC HE3HAUYUTENIBHO OT PA3JIOXKEHUST HE3AILY M-
JIEHHOT'O Psifid. A MMEHHO MBI IIOJIy 9uM T OOJIBIIUX COOCTBEHHBIX YHCEI C
UHTEPIPETUPYEMbIMU COOCTBEHHBIMU BEKTOPAMY B BUJIE TPOU3BEICHUS
9KCIIOHEHTBI, KOCUHYCA U TOJUHOMA, ¥ L — 7 MaJleHbKuX COBCTBEHHBIX
YHCEJT.

Bamada. s psina f; =2exp(—0.015)+sin(275/7)+1.5 cos(275 /17),

N = 120, L = 34 c mymoM npoBectu anaim3 meronoMm <«['ycenumas-
SSA. M306pa3uTh COOCTBEHHBIE YHUCIIA, TIEPBHIE & COOCTBEHHBIX BEKTO-
pOB (OTﬂeJIbHO n HOHapHO) 1 BbIYUCJIUTH OTKJIOHEHUE BOCCTAHOBJIEHHO-
ro psima o 5 'K ot mezanrymaeHHOTO psiga.

Meton «I'ycernma»-SSA nns moJeit

Paccmorpum Teneps Momudukanmo Mmerona «['ycenunas-SSA miis
00paboTku u306parkenuii (IByMepHBIX Crydaitubix noseit). Ilycrs qana
marpuna Y pasmepa N1 X Ny. Boibepem HEKOTOpPBI HMPsIMOYTOJIBHUK
pasmepa Ly X Ly (1 < Lj, < Ni/2), KoTOpBIit MBI OyZ€M HAa3bIBATH OK-
HoM. ITepeHyMepOBaB 3JIeMEHTHI TOTO OKHA, IIOCTPOYHO, IMOJIYYUM BEK-
TOp M3 MaTPUIpl. B Hadale OKHO PA3MECTHM B JIEBOM BEPXHEM YIJLy
Marpuisl Y. Bymem asurath okHO BrpaBo. Korma moxommm 1o mpaBo-
TO Kpast MATPUIILI Y, CIIyCKaeMCsl Ha, OJIHY TIO3UIUIO BHU3 U JBUTAEMCS
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OIATH CJIEBA HANPABO ¥ T.7. BO Bpems IBMKEHWSI CONEPIKUMOE OKOH
[peBpaiaeM B CTOJ0Lbl TPAGKTOPHOM Marpunpbl X. Jlajee mpoBoaum
CUHTYJISIPHOE PA3JIOXKEHWe MATPUITLI X ¥ BOCCTAHOBJIEHHUE TI0 HECKOJIh-
KUM TIEPBBIM TJIABHBIM KOMIIOHEHTAM.

Bamaua. s kaprusaku (100 x 100 mukc) mOCTPOUTH BOCCTAHOB-
senust o 9,10, ...,40 I'K. Pe3yabrars: 3anucats B onuH (daii.

Kuaccudukanms nsobparkeHuii Ha 0a3e meToza

«IT'ycenunma»-SSA

IIycts nanbr nBa n3obpaxkenusi Y1 u Y2 — nBe MaTpuUIlbl ONMHAKO-
BbIX pa3mepos. OPukcupyem mekoropoe okHo L. ITocrpoum st kax10-
ro n300parkeHust TPaeKTOpHbIe MaTpunpbl X; 1 Xo. HopMupyem ux Ha
KOHCTAHTBI TaK, 9YTO0bI CyMMa, COOCTBEHHBIX YMCEJ MATPULL, S; = X,X?
Oputa paBHa, 1. Beemem marpuiny X, COCTABIEHHYIO U3 MATPHUIL X;, CTO-
AM@X ApYyr Haj apyroM. HerpyaHo BuieTh, 4TO COOCTBEHHBIE HHCIIA
MaTPHIIbI

S =xxT = ( SlT Xlxg)
XoX| So

JIIsI OJIMHAKOBBIX M300pazkeHuii B 1Ba pa3a 60Jiblie COOCTBEHHBIX YU CEJ
marpunbt S1. Ha 31oM cBolicTBE COOCTBEHHBIX YHCET Mbl BBEIEM MEpY
Gsn30cTH IBYX M300paykeHuii. A UMEHHO, MyCTh /\gj ), ceny )\9 ) ecth cob-
crBeHHble yuciaa S; U Ar,..., A2, ecrb cobcrsenuble ducaa S. Hampu-
Mep, B KA4eCTBE MEPBI OIM30CTU MOKHO B3ATh BEJUIHUHY

m 2
av1y2) =Y (n =AM —a?)

i=1
npu #HekoTopoM m < r = LyL,. Bynem cuamrarh, 910 ABa m300pake-
mus omuuakosbl npu d(Y1,Y2) < ¢ u pasmmuaner npu d(Y1,Y2) > ¢,
[JIe ¢ — HEKOTOpasi KOHCTAHTA, KOTOPast JOJKHA OBITH ONpeeieHa Ha,
«0bydaroreity BHIOOpKE N300parKeHuil.

3amaga. IlocTtpours mo 8 pas3Hbix YepHO-OeIbIX W30OparKeHUIA

(12x12nukc) 6ykB A u C. Ha ocHoBe Hafopa MX 3allyMJI€HHBIX 00pa-
30B MOCTPOUTH JUCKPUMUHAHTHYIO (DYHKIIUIO HA OCHOBe SSA, KoTOpast
NPUHUMAET B3, 3HAYEHUs: OJMHAKOBbIE OyKBbI mju pasubie. Qupese-
JINTh HpO]_[eHT HpaBI/IJIbHOFO paCHOBHaBaHI/IH JIA APyrux BaIHyM.HeHHbIX
006pa3o0s..
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2.8. OnTumManbHBIE ILTaHBI IKCIIepruMeHTa

IlycTb pe3ysnbTaThl SKCIEPUMEHTa Yi,...,Yyn € R onucemBaroTcs
yPaBHeEHHEM

y; =n(z;,B) +¢j,j=1,...,N,

I YCJIOBUS TIPOBEICHNS SKCIIEPUMEHTA T1, . . . , TN € X — TOYKU HEKO-
TOPOrO MHOXKECTBA MiaHupoBanust X, 7(z, §) — u3BeCTHAs BEIECTBEH-
naa byskmus, B = (Bi,...,0m)T € Q — BEKTOp HEM3BECTHLIX TIApa-
merpoB, N — of1ee 4ucjio udMepeHuil, OmudKyu u3MepeHuit €1, . .. ,EN
— HEKOPPeJIMPOBAHHBIE CJydailHble BeJHIMHBI Takue, 4uro Eg; = 0,
EE? =0%, j=1,...,N.

[Tox HempepbIBHBIM MIJIAHOM SKCIIEPUMEHTA, IOHUMAETCs JUCKPET-
Hasi BEPOATHOCTHASI MEPa

£N _ Tl e I
wy ... wWp )’
n
rae T # Tj, Y wj = 1, wj > 0, n — YHCO PA3TMYHBIX TOYEK B
IJIAHe, T; — YCJIOBHUS HPOBEJIEHUs IKCIEPUMEHTA, W; — BECOBBIE KO-
spdunpmentor. IIpu npakTHYecKOM MCIIOJIB30BAHNN HENPEPHIBHBIX 1A~
HOB CJIeJlyeT IPOBOAUTH npub/m3nresibno w;jN u3mepeHuil B TOUKe Tj,
i=1,...,n.
Marpura

M(© = M(E5) = [ £(2.6)17 (@, p)E(do)
x
HA3bIBAETCs MH(OPMAIMOHHON MaTpPHIIEi, Te

o o "
1@ = 1@8) = (5 -@:B), s o (2,)

/81 /Bm
€CTh BEKTOp perpeccuu. M3BECTHO, 4TO ACUMIITOTUYECKAs IUCIEPCU-
OHHAsI MATPUIA OIEHOK IaPAMETPOB METO/a HAMMEHBINIUX KBAIPATOB
npornoprmonansaa M ~1(€). Bomee mompo6HO 0 Teopuu TTAHMPOBAHUS
9KCIIEPUMEHTA MOXKHO ITPOYUTATH B [1, 7).

Jlokanbuo D-onmumanbubiil wian £ = £*(f) aBasercs peeHuem

3a/1a41

(det M (€)™ = sup.
£e=
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DTOT KPUTEPHI ONTUMAIILHOCTH COOTBETCTBYET TPEOOBAHUIO MUHUMU-
3anuu 00'bEMA JIOBEPUTEIILHOTO SJLIUIICOUIA. [Ijisi u3MepeHus: Ka4ecTBa,
MPUMEHEHUs] HEKOTOPOro IJiaHa, & JJis 3HAYEHWs MapaMeTpoB [ eCTh
mousitue 3dHEeKTUBHOCTH
1/m 1/m
(det M(¢, 8)) (det M (¢, B))

o e @t MG, B)7™ (@t (e (8), )™

BazkubiM 3s1eMeHTOM TEOPHUH OIITUMAJIBHOI'O INIAHUPOBAHUA ABJIAKOTCA
TE€OPEMbI IKBUBAJICHTHOCTH, KOTOPBIC yCTAaHABJ/JINBAKOT HeO6XO,HI/IMbIe u

JOCTATOYHBIE YCJIOBUS ONTUMAJIBHOCTY WiaHa. [na D-kpurepus crpa-
BeJIJINBA CJIEIYIOAsS TeOpeMa.

Teopema 2.1. Ilaan &}, asasemca D-onmumanvrvm mozda u
moavko mozda, Kozda dynwryua d(z, &) = fL(z)M~L(&) f(@) ydo-
8.4€MBOPALM HEPABEHCMBY

maxd(z,{p) < m.

Kpome moeo, d(z},£) = m, 2de z7 — mouxa naana E,.

IIpm mpakTUYECKOM NPUMEHEHWH MBI HE 3HAEM WMCTUHHOTO 3HAYEHUS
B* mapamerpoB, 4T00BI UCHOJIB30BATh mwiaH £*(f), a 3HaeM UMb ero
HEKOTOPYIO OLIEHKY ,3 (anpuoOpHO WM U3 NPEIBAPUTENLHBIX IKCIIEPH-
MenToB). Bojiee nparMaTuYHbIM SBJISIETCS UCIOJIL30BAHUE MAKCUMMH-
HBIX TWIAHOB. IlycTb () ecTh HEKOTOPOE MHOXKECTBO BO3MOXKHBIX 3HA-
geHuil mapaMerpoB. MakcuMuHHBIN D-ONTUMAJbHBIA IUIAH SIBISETCS
peleHreM 331a9u

glelgeffp(g,ﬂ) — mgax.

I[.TIS{ MaKCUMUHHBIX TIJIAHOB TaK>Ke €CTh TEOPEMbI JKBUBAJICHTHOCTH.

Teopema 2.2. Ilaan £ asasemces marcumunrowm D-onmumans-
HOLM M0200 U MOABKO M020a, K0200 CYWECMEyem pacnpedeserue T Ha
MHOJICECTNGE

N ={Beq]etn(c.B) = minefin(c", 5)}
makxoe, 4o HEPABEHCTNEO0

/ fT(2, )M, B)f (z, B)dn*(B) < m (1)
N(&*)

svinoansemcs das ecex x € X. Kpome moeo, pasencmeo 6 (1) docmu-
20€MCA 80 8CET MOYKATL MAKCUMUHH020 D-onmumasvrozo niana.
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MuoxecrBo N (£) — 3T0 MHOXKECTBO TE€X 3HAYEHUI MAPAMETPOB, HA, KO-
TOPBIX JOCTUraeT MUHUMYM 3ddexkTuBHoCTH 151 T1aHa .

3amava. IlocTtpours mMakcumMuHHBIN D-ONTUMAJBHBINA TLUIAH TSt
vomenn 1)(x, 8) = are” "% + aze 2% x € X = [0,00), u MHOMNKECTBA
Q={a =1,bp =4,ap0 =2,bp € [1—21+2}upunz=02mu
BBIMIOJIHUTDH [IPOBEPKY [0 TEOpPEMe IKBHUBAJIEHTHOCTH.

2.9. Heitponnuble cetn

Moz meitpornbivu cersimu (HC) mompasyMeBarOTCs BHIYUCIUTE b
HBIE CTPYKTYPBI, KOTOPBIE ACCOIUUPYIOTCS C TPOCTHIMUA OUOJIOTHIECKH-
MU IIPOIECCAMU MO3ra. DJIEMEHTapPHBbIM IPeodpa3oBaTesieM B JAHHBIX
ceTsix ABNseTcs (MCKyCCTBEHHBIN ) HEHPOH, HA3BAHHBINA TAK II0 AHAJIOTUH
¢ 6uosiornueckuM mnpororunoM. B cocraB HelpoHA BXOAST yMHOXKUTE-
s (CHHAICHI), CyMMATOD W HeJIWHEHHBIH npeobpasoBaTesns. CuHATICH
OCYIIECTBJIAIOT CBA3b MEXKJy HeUPDOHAMHU W YMHOXKAIOT BXOJHON CHT-
HaJI HA YMCJI0, XapaKTepusyoiiee cuiay cBs3u. CyMMaTop BBITTOIHSET
CJIOYKEHUE CUTHAJIOB, TIOCTYTAONINX MO CHHAITUYECKUM CBSI3SIM OT IPY-
rux HeiiponoB. HesmneitHbiit npeobpa3oBaTess peann3yer HeJTHHEHHY IO
GBDYHKIMIO OJHOTO aPryMEHTa — BBIXOJA CyMMATOPa. DTa (DYyHKIMS Ha-
3piBaercs "dyukipei akrusanuu". Maremarndeckast MOJeNb HEAPOHA,
ONUCHIBAETCS COOTHOIIEHUSIMU

Y =f(8)7 s = zwi$i+b7
=1

rjie Yy — BBIXOAHOM curHas HeiipoHa, f — yHKumsi akruBauuu, s —
pe3yabTaT CyMMHPOBAHWs, N — UHUCJIO BXOIOB HEHPOHA, w; — BEC
1-TO cWHAaICca, b — cMelleHue, ¥; — 3Ha4YeHUe Ha i-M Bxome. Hamnbosee
YHOTPEOUTENBHBIME SIBJSIIOTCS (DYHKIINHU U3 CJIeIYIOIIEro MepeyHs: mo-
poroBasi f(s) = 1 (s), 3HaKoBas f(s) = sign(s), morucrudeckas
f(s) = 1/(1 4+ e7?), momynuneitnas f(s) = s, = s1jg oo](s), MuHeiiHas
f(s) = s, paamanbnas f(s) = e~* , MuHefiHAs ¢ HACHIEHIEM, CUTMOH-
nasnbHast f(s) = (e*—e~%)/(e®*+e~?), tpeyrospHas f(s) = (1—|s|)+. B
nmakere MATLAB um coorBercrByror dbyukuuu hardlim, hardlims, logsig,
poslin, purelin, radbas, satlin, satlins, tansig, tribas.

Heitpornasi ceth — 3T0 HAOOP HEHPOHOB, COEAMHEHHBIX MEXKIY CO-
6oii. Kak mpaBwio, pyHKIMN akTUBAIMKM HEAPOHOB (PUKCHUPYIOTCS, 3
Beca u cMenienus sijisorcs napamerpavu HC. Hekoropbie BXOAb! Hell-
POHOB ITIOMEYEHbI KaK BHEIITHUE BXOObI CETHU, a HEKOTOPHBIE BBIXOAbI — KaK
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BHEIIHUWE BbIXOJAbI CETH. HOﬂaBa&{ .TIIO6I:Ie YuCJjia Ha BXOJbI CETH, MbI
[IOJIy4aeM KAaKOR-TO HAOOp 4mCeJs HA BbIXOJAaX ceru. Takum oOpazom,
pabora HepoceTH COCTOUT B MPEOOPA3OBAHUM BXOIHOIO BeKTOpa X B
BBIXOTHOH BEKTOD Y, IpUYeM 3TO MPpeoOPA30OBAHME 33JAETCS BECAMU Ce-
. [IpakTryaecknu a100y0 33739y MOXKHO CBECTH K 33/1a9e, PeraeMoi
ueiipoceTsio. Ilocrpoenne HC cocrout u3 AByX 3Tanos: BLIOOp TUMA (TO-
nosioruu) cetu u noabop Becos (00ydenue) ceru. Ha mepsom srarme cie-
AyeT OnpeneiuTh CKOJIBKO HeﬁpOHOB MBI XOTUM HUCIIOJIB30BATH, KaKUE
GbyHKIMY AKTUBAINH B3STh, KAK COEUHUTD HEUPOHBI MeXK Ty c000ii. 1o
TOIIOJIOTHH CE€TU MO2KHO PA3OECJIUTH Ha IIOJTHOCBA3HBIEC, MHOFOCHOﬁHbIe,
ci1abocBsi3HbIE ceTu, ceTu 6e3 ODPATHBIX CBsA3el U ¢ 0OpPATHLIMU CBsi-
3simu. OBpaborka B3anMOueiCTBUsI BCEX HEHPOHOB BEJETCsl IIOCJIONHO.
B nakere MATLAB peaJin30BaHbl HaubOoJ1€e NOIYJISPHBIE U U3y YEHHbBIE
apxuTeKTypbl. TeopeTudeckoit ocHoBoi yist nocTpoerust HC siBiisiercst
clenyroliee yrBepKIeHue.

Ilpengoxxenne 2.1. Jlaa 1106020 mHnoocecmsea nap SLOIHHLL-
6UTOONUT 6eKMOPO8 Npouseoavrol pasmeprocmu {( Xy, Yi) 1o, cywe-
cmeyem dsyrcaotinan 00nopodnas HC ¢ nocaedosamesvHumu c8A37-
MU, C CUMmoudasvbroli nepedamounoti GyHKkyued u KOHEUHbLM YUCAOM
HEUPOHO8, KOMOPas 0 Kadcdozo 6rodnozo eexmopa Xy dopmupyem
6bLL00H0t sexmop Yy.

Ipyroii pe3ysibrar roBoput o Tom, 4yro HC siBjisifoTCsi yHUBEpCAIbHBIMU
ANTIIPOKCUMUPYIOMMMI CBOMCTBAMMU.

IIpeamoxxenne 2.2. Jhobas Henpepvienas GYHKUUL HO 3QGMKEHY-
MOM 02PAHUNEHHO MHONCECTNEE MOCEM GBIMb PAEHOMEPHO NPUOAU-
oHCEHA PYHKYUAMU, BOHUCAAEMBIMY HEUPOHHBIMU CEMAMY, ECAU HYHK-
YUA AKMUBAUUY HeTPOHa 08axCIb Henpepuieho Juddeperyupyema.

Ha sTopom srtane mocrpoennss HC nam cieayer oOyunTh BHIOPAHHYIO
HC, T.e. momobparh Takue 3HAYEHUSI €e BECOB, YTOOBI CeTh paboTasa
Hy)kHbIM 00pazoM. Obyyernne HC mpousBoguTcst ciieayromum 00pa3om.
Tloouepento npumepsl u3 6a3bl AJaHHBIX nogatorcsa Ha Bxon HC. Eciau
[IOJIyYEHHBI! OTBET OTKJIOHSIETCS JAJIEKO OT TpeOyeMOro 3Ha4YeHus, TO
MTO/ICTPANBAIOTCS Beca cetu. Ecmm ommubka Masa, st BCEX TPUMEPOB,
MbI ToBOpuM, 4T0 HC 06y4ena. Oka3biBaeTcs, 9TO mMocie MHOTOKPATHO-
ro mpeabsisiaerust mpumepoB Beca HC crabunnsupyrorces, npuaem HC
JIa€T TPABUJIbHBIE OTBETHI HA BCE (WJIM MOYTH BCE) MpUMEPHI u3 6a3bl
nauubx. [pu pemmennu psizia 3a1a4 (B 4aCTHOCTH, JJIsl KJIACTEPU3AIN )
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obyuenue HC npoucxonur «6e3 yuwmressi». Takum obpazom, obydenue
HC npespaiaercs B 33/1a4y MHOIOMEPHOU OTUMU3AIME DOIBIION pa3-
MEPHOCTH, B OOIIEM CIIyYae 3TO MHOTOIKCTPEMAJILHAST HEBBITYKJIAs 3a-
nmaga. st pernenus 3Toi 331391 MOTYT OBITH MCIOJIB30BAHBI AJITOPUT-
MBI JIOKQJILHON ONTUMU3AIMUA C BBIYHCIEHUEM MPOU3BOIHBIX IEPBOTO
u/uam BTOpOro mopsizika (trainbfg, trainbr, traincgb, traincgf, traincgp,
traingd, trainwb, traingdx). BaxkHo oT™MeTUTH, 4TO Ka4eCTBO O0yYeHUsT
HC nampsiMyro 3aBUCHAT OT KOJUYECTBA MPUMEPOB B O0YUAOIIEH BbI-
OOpKe, a TaKXKe OT TOTO, HACKOJIBKO MOJIHO THU IPUMEPHI OMUCHIBAIOT
JAHHYIO 33Ja4y.

OcuoBubiMu Hegocrarkamu annapara HC siBysiorest orcyrcrBue
crporoit Teopun 110 BbeIOOpY crpykrypy HC u npakruyeckasi HEBO3-
MOXKHOCTb M3BJIeY€HMs IPUOOpeTreHHbIxX 3HaHui u3 00y4uennoit HC. HC
MPAKTHYECKH BCEIMIA €CTh «9YEPHBIN SIMUKY JJIsl UCCIE0BATES.

HeiipouHbIe ceTn IJisi allIPOKCHMAaIIH
st BoccTanoBsieHus 3HadeHuit y = 77(z) B IPOU3BOJIbHBIX TOYKAX 110
Habopy map (x;,y:), 7 = 1,...,n, MATLAB umeer cnenuanbayo QyHK-
o newgrnn(P,T,spread), koropast co3maeT qBYXCJIONHYI0 HEHPOHHYTO
cerh. ITapamerp spread 3a1aeT OTKIIOHEHTE; 9eM OOBIIE ITO 3HAICHUE,
TeM ryaxke Oyzer amnpokcumarus. Hanpumep:

P=[1-08-0.5-020.10.30.70.91]

T = P.” 240.2+randn(size(P))

net = newgrnn(P, T, 0.05);

nP =[-09-0.300.40.8]

nY = sim(net,nP) % onpoc HC B 3agaHHbIX Toukax
Dyuxius newrb(P,T,goal,spread) co3maer aByxXCioiiHy0 pajuaIbHYIO
HeHpPOHHYIO ceThb. AprymenT goal 3a7aeT cpeIHeKBaIPATUIHY IO OIIUOKY
Ha obyuaromieit Boibopke. Hampumep:

net = newrb(P,T,0,0.9);

nY = sim(net,nP)
Jjisi moCTpOeHusT JIMHENHOM pPerpeccuu CaeayeT BOCIOIb30BATHCS JIM-
ueiinoit HC, koropas 3amaercs dbyuxmueit newlin(PR,S,ID,LR), rne PR
€CTh MATPUIA MUHUMAJIBHBIX U MAKCUMAJbHBIX 3HAYEHUH, S — 9ucyio
9JIEMEHTOB B BBIXOAHOM BeKTOpe, |ID — BekTOp BXOAHOIM 3a1epxkKu, LR
— kovddunuent odbyyenus, Hanpumep:

P = sort(5*rand(1,10));

T = 2%P — 1+0.3%randn(size(P));
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maxlr = maxlinlr(P, bias’); % sbiuncn. koadd. 0byqeHus
net = newlin(minmax(P),1,[0],maxlr);

net = train(net,P, T);

nP = [1:0.4:4];

plot(P,T,'b’,nP,sim(net,nP),’'r")

HeiipoHHuble ceTu [Jis MPOrHO3UPOBaHUs IIPoIlecca

Juis mocTpoeHus JIMHEHHOrO IPOrHO3a 10 NPeablIymuM L 3nadenusm
Bocnosib3yemcsi pynknueit newlind, koropasi crponr smneiinyo HC:

t = 0:0.4:80;

N = length(t); N2 = ceil(N/2);

x = [sin(t([1:N2])) sin(t([N2+1:end])/2)/2];

L=7;

P = zeros(L,N);

fori=1:1L

P(i,i+1:N) = x(1,1:N-i);

end

net = newlind(P,x);

plot(t,x,'b’ ,t,sim(net,P),’r')
Jljist mOCTPOEHMS AJANTUBHOTO JTMHEHHOTO IPOTHO3a CJIELYET UCII0JIb30-
Barb JmHeiinyio HC ¢ aganrusnoit nacrpoiikoit Beco HC. Koppekru-
POBK& BECOB M CMEINEHMH MPOU3BOAMTCS IIOCJIE IPEIbIBJICHUsT OYEPEI-
HOrO BEKTOpa u3 00y4aromeii BHIOOpKU. A janTuBHAsI HACTPORKA yI00Ha,
npu paboTe B peaibHOM Bpemenu. Hanpumep:

T = con2seq(x); % npeobp. MmaTpuubl B Maccue siueek

net = newlin(minmax(x),1,[1:L],0.1);

[net,y,resid] = adapt(net,T,T);

plot(t,x,'b’,t,cat(2,y{:}).,'r")

HeiipoHnusble ceTn ajd KJacTepmus3aruu

s BBISIBJIEHUST TIEHTPOB KJIACTEPOB CIyKUT cjoii Koxonena, KOTO-
poiit siBasiercst onuocioiinoit HC, B KOTOpO# BBRIXOZ KaxKJ0T0 HEHpPOHA
SIBJISIETCSI CyMMO# B3BEIIIEHHBIX 3JIEMEHTOB BXOJHBIX cUrHAIOB. ObOyde-
uue HC npoucxomgur 6e3 yunressi. Hanpumep, paccMOTpUM JBYMEPHBIH
CIIyJai:

clusters = 5; % nyctb bynet 5 knactepos no 10 Touek

points = 10;

sigma = 0.03;
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C = rand(2, clusters);
P=T]
fori =1 : points
P=[P C]
end
P = P+sigmaxrandn(size(P));
% cozpagum HC pns BbisiBNEeHMs 3aaHHOrO YMCna KNacTepoB
net = newc(minmax(P), clusters, 0.1);
net.trainParam.epochs = 500;
net = init(net); % wHULManu3aunsi 3Ha4eHUi BECOB 1 CMELLEHUT
net = train(net, P); % obyuaem HC
centres = net.IW{1};
plot(P(1,)).P(2.:)./+") % pucyem uncx. pannbie
hold on % pucyem ueHTpbl KnactTepos
plot(centres(:,1),centres(:,2),’or')
y = sim(net, [0.5; 0.5]) % kakomy knacTepa NpUHaAIEXUT TOHKA

HeiiponHbie ceTn 1Jisi pacno3HaABaHUS
Paccmorpum cieyronryio noctanoBky 3aaa4un. Iloctpouts HC muist pac-
no3HaBaHus n300pakenuii rpex 6yks (12 x 12 nukc). Oupenenurs mpo-
LEHT NMPABUJIBHOI'O PACIIO3HABAHUA IJid 3aIly MJICHHBIX H306pa)KeHHﬁ.
Jlist perienust 330390 HAIUINEM CIIEHAPUIA:
let = {'a’, 'd, 'f'};
YP=[]6=[]
fori =1:7x3
filename = [let{ceil(i/7)}, '0', num2str(1+mod(i-1,7)), '.jpg’];
Y = imread(filename, ’jpg'); Y = Y(:,:,1);
YP = [YP, double(Y(:))]: % nobaensiem n3obp. kak cronbey
G =[G, ceil(i/7)]; %nobasnsem Homep GykBbI
end
YT = ind2vec(G);
[R, Q] = size(YP);
[S2, Q] = size(YT);
S1 = 10; % uuncno HeilpoHOB B NepBOM CJoe
sigma = 155;
net = newff([min(YP,[ ].2), max(YP,[ ].2)+sigma],[S1 S2]....
{'logsig’, 'logsig'}, "traincgp’);
net.LW{2,1} = net.LW{2,1}x%0.01;
net.b{2} = net.b{2}+0.01;
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goal = 0.05;
net.performFcn = 'sse’;
% kpuTepuii OCTaHOBKM MO CPefHEe-KBAAPaTUYHON OnbKe
net.trainParam.goal = goal; % 3HaueHue ocTaHOBKU
net.trainParam.show = 20;
% uwactota oTObBpaXkeHNs MPOMEXYTOUHBIX PE3Y/IbTATOB
net.trainParam.epochs = 200;
% MakcumManbHO 4nMCno nTepaynii obyyeHus
net.trainParam.mc = 0.95; % napameTtp obyyeHus
[net, tr]=train(net,YP,YT); % oby4aem HC
if(tr.perf(end)>goal)

[net, tr]=train(net,YP+sigmaxrand(size(YP)),YT);
end
if(tr.perf(end)>goal)

[net, tr]=train(net,YP+sigmaxrand(size(YP)),YT);
end
a = sim(net,YP) % nposepka HC
a = sim(net,YP+sigmaxrand(size(YP)))
corrclassif = sum(sum(round(a)==YT))/prod(size(a))

Kaxk Bunno u3 npumepos, mpobaema cuate3a HC cunbHO 3aBucur
OT peraeMoil 337a4u, JaTh OOIMe PEKOMEHIAINA 3aTPY/THUTEIbHO. B
60JII)HII/IHCTB€ CJIy4daeB HpHeM.HeMbIﬁ BApUAHT TOJYyYaeTCd Ha OCHOBE
WHTYUTHUBHOTO moabopa. jisi pemeHnsi HEKOTOPBIX THUIIOB 337a4 yKe
cyumecTByioT onrumanbubie apxurekrypbl HC. Eciu ke 3aia4a He mo-
2KeT ObITh CBEJEHA HU K OJHOMY M3BECTHBIX TUIIOB, Pa3pabOTYuKy Ipu-
XOAWTCS PEMIATH CIOKHYIO 33439y CUHTE3d HOBOM apXUTEKTYDBHL.

Bosee moapobuyio nHdGOpMAIIHIO IO CTPYKTYPAM, AJITOPATMAM 00Y-
4enus u ucnosb3osanmio HC moxuO Haiitu B [4, 5].
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